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Industria y Comercio
SUPERINTENDENCIA

.COLO 14418-841-005-8

At 419 PRESENIACION  Fotos: 5z

FORMULARIO UNICO DE SOLICITUD DE PATENTE

" PCT
ENTRADA EN FASE NACIONAL
SOLICITUD DE:
@ Patente-de Invencion. [ Patente de Modelo de Utilidad.
Capitulo I. Clcapitulo 1.
Nombre: CHUGAI SEIYAKL KABUSHIKI
KAISHA, soci_edad constituida y
SOLICITANTE j:::otinte bajo las ieyes de IDENTIFICACION
(71) - C.C. ] NIT d
. Direccién: 5-1, Ukima 5-chome, C.E. a Otro a
" Kita-ku,
y Tokio 1158543, Cual ___
Jgpdn Numero
Domicllio: Tokio 1158543, Japon.
@ Nombre: EMILIO FERRERO IDENTIFICACION
Direccién: Carrera 4% No. 72-35 c.C. E NIT D
REPRESENTANTE | Toléfono: 347 3611 C.E. O ore [
o AP DERADO Fax: 211 86 50
E-mail: cli myp.com. Cual ___
Domicilio: Bogota, Colombia. Nomero 438.019 T.P 31.929
@ 1. Hiroharu MATSUOKA 3. Masahiro NISHIMOTO,
c/o Chugai Selyaku Kabushiki c/o Chugai Seiyaku Kabushiki
Kaisha of 135, Kaisha of 135,
INVEN(;mR (ES) Komakado 1-chome, Komakado 1-chome
* 2eml Gotenba-shi, Gotenba-shi
4 Shizuoka 4128513, Shizuoka 4128513,
Japén Japdn
2. Tsutomu SATO 4. Nobuo SHIMMA
c/o Chugai Seiyaku Kabushiki c/o Chugai Seiyaku Kabushiki
Kaisha of 135, Kaisha of 200,
Komakado 1-chome, 200, Kajiwara,
Gotenba-shi, Kamakura-shi,
Shizuoka 4128513 Kanagawa 2478530,
Japén Japén
G PCT (86)

Salicitud Internacional No. PCT/JP2005/013634
Publicacion Intemacional No. WO 2006/011489 A1° Fecha: 02 de Febrero de 2006

Fecha: 26 de Julio de 2005

Titulo (54)

DERIVADO NOVEDOSO DE CICLOHEXANO, PRODROGA DE ESTE Y SAL DE

ESTE, Y AGENTE TERAPEUTICO QUE CONTIENE EL MISMO PARA DIABETES

I@ Clasificacién Internaci nal (51) CO07C 43723 COY¥D -209/)2_ A6l 3’/‘:&:

A6lP 3y



CAVELIER ABOGADOS

COLO 14410-841-005-8

ID-28 WPC14410

(32) Fecha

(31) Numero de Solicitud

JP

Prioridad | (33) Pals de Origen |.
si No[l JP

26 de Julio de 2004

25 de Noviembre de 2004

2004-217065
2004-340104

@ Comprobante de pago No.: 07-4,260

Fecha: Enero 15 de 2007

juridica.
Poderes, si fuere el caso.

« it:ile'

-
-
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Declaraciones.
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dibujos)

@

OO a0aod

Arte final 12x12

de esta solicitud.

R

Anexos:

Documento de cesién del inventor al solicitante o a su causante.

Copia del examen preliminar efectuado por la IPEA.
Traduccién del examen preliminar efectuado por la IPEA.
De ser el caso, copia del contrato de acceso.

De ser el caso, documento que acredite la licencia o autorizacién de uso de conocimientos
tradicionales de las comunidades indigenas.

De ser el caso, certificado de depdsito del material biolégico.

Otros: VER HOJA DE DOCUMENTOS ANEXOS

Comprobante de pago de la tasa de presentacién de la solicitud por $ 482.000.00.
Comprobante de pago por reivindicacién de prioridad.
Documento que acredita la existencia y representacion legal cuando el solicitante sea persona

Copia de la solicitud intemacional. (Resumen, descripcién, reivindicaciones, dibujos)

Traduccién de la solicitud intemacional al castellano. (Resumen, descripcién, reivindicaciones,

De sar el caso, informacién sobre otras solicitudes de patente o titulos obtenidos en el
extranjero por el mismo fitular o su causante, relacionadas parcial o totalmente con la invencion

7
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@ Figura Caracteristica
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_® Solicito la concesién de la patente,
NOMBRE: EMILIO FERRERO

FIRMA : . A o~
C.C. 438.018 de Usaguén T.P. 31.929
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CAVELIER ABOGADOS COLO 14419-841-005-8 ID-28 WPC14419 q

D cument s anexos

1. [X] Publicacion Interacional WO 2006/011469 A1
Paginas en el idioma original 238
Paginas en espafiol 238
R ivindicaciones: Nimero (s) 17
Figuras: Numero (s) 6

2. [X] Forma PCT/ISA/210. Informe de Blsqueda Internacional.
3. X Extracto de publicacion.

NO SE REALIZARON MODIFICACIONES EN LA FASE
INTERNACIONAL



‘CAVELIER 179
" ABOGADOS

EDIFICIO SISIQ
CARRERA 44 N* T2-28
QOGOTA, 8- COLOMRIA

REPRESENTACION Y PODER

Colo 413 41 0oV}

e

Representacién y Poder con autenticacién notarial y Apostill
para patsates, piodalos de ulifidad, disafios Industrisles,
marcas de fibrica, nombres comsrciales, ensefias, nombres
dec dominio, lemss comerciales, Uecencias.

Representation and Power-of- Aftornsy with notarial
avthentication and Apostille for patents, utility models,
industrial designs, trademarks, commercial names, trade

emblens, domsin names, slogans, licenses:

REPRESENTATION AND POWER- OF- ATTORNEY

Yo (noaotros), shajo firmado (s)/1 (we), ths undersigned

Jaald
0710

CHUGAI SEIYAKU KABUSHIKI XAISHA
domiciliado (s) en/of 5-1, Ukima 5-chome,

Kita-ku, Tokyo 115-8543 Japan, hereby ratify the Iﬁltﬂlt
application No. 04.090,189 filed by EMILIO FERRERO on September 10, 2004 and

por ¢l pressots nombramos & EMILIO FERRERO, . 31929;
GONZALO PERDOMO, tpu. 831; LUZ CLEMENCIA DE PAEZ, tpa.
23533 y GERMAN CAVELIER, tpe. §32, domiciliados en Is Carrera 4°
7233, Bogotl, Colombin, ¢n obedecimieno & lo dispuiesms m o
'irnblodelﬂimhmddcwpdemdo.dpdmm
perincipal y lod demds como mplentes, <o su orden, como mis (uestrog)
represeniantas en todas (09 ammivs de propiedsd indumrial con facalmd
pura ndblr notiiceciones y nombrar mspoderados judicisles o
uﬂuﬁmh.ph.mmhnmqlmidpﬁpl
u—dnmomdlmwnhd:ﬁmhnduqlﬂh
misma regls se splicard cuando el ssgundo representants suplents haya
de reomplazar al primero, o ol verostu ol sogundo. En tales casos, el
represcatunte principal, o of.primare, o segumdo suplente, oo su camo, 0
munhmménhmwhmbnnﬂm
dulmuhwmdapwﬂmﬂﬂunmnwﬂmo
nm?mﬂ?ﬂhw.owhm.ndmyﬂ
o% tratars do imgedimento, can e certificado respectivo. i alguno do les
nombrados fhitare definitivamidnts, of sigmicnte wward sa lugar. Cuando
cesare Ia muencia ¢ impedinwnto de represeniantc fxincipal, o da m
mewmﬁmw.nmuo.pddnimh
represenincién, wn su orden, uno u otros segiin « cas, asuniindola por
.wlohubdndmhmdnnmmdql&dmdeh
represeniacién por el primero, scpvndo o tercer suplentx cu $u caso.

—

Adcmis, conflaro (confirimos) poder & Jos abogados ' wriibs Bombyados,
pers obuoner la proteccidn de mi (nusgtrs) propicded industrial y conem
In compermicin degles], 3 curyn efecyo mutorizo {mmod) a loa dichos
wpodarades pare e ma (nos) represcaten anie cualasquiers entidades o
pearsonas, sferzan o no jurisdiocibn, especiaiments aute las del orden
adwinistrativo. coptancioso_sdminlertivo y judicial, a2l como los
bribunales de arblamento, co todo Jo concernlomte » Jos siguisnies
wszmros: &) Obtencién do parantes de invancidn, modelos de wilidad, y
disafios Indusriaier; el registro de mercas do fibres, colcotivas,
defensivas, do¢ wavicio, lemas comercialer, nombres comerciales,
wnsclias, nombres de dominio, variedades vegetales y denominacioney do
origsa; s rmovacidn, truspaso, cambio de mombre o domicilio,
cancclscidn volintaria; y el regisro de licanclas de umn de esos derechos;
b) Las accioncs de ootmpotencia desleal, provecclén del comsumider,
oposiclonss u observaclones, canoclscién sdminigarivn y judiclal,
vulidad, mxdidas osutclsres, concasién do Hemnciss, b il W
potecsidn dn sscrecos Industriales, y en general los juicios civiles,
penales, adminirrativos o confenciosa_sdminiracvos relacicoados con
colos derechos. acciones y procesol que promovaTos © e nos

CAVELIER ABOGADOS
WPFPODEDI-179 (MINUTA 12.1.1.2.5)

-

In due compliance with the lorma of paragraph 1st. of ardcla 543 of the
Commpeccial Code, do heraby appoint EMILIO FERRERO, tpa. 31929;
GONZALO PERDOMO, pa. 831; LUZ CLEMENCIA DE PAEZ, oo
23555 wnd GERMAN CAVELIER, tpa. 832, domicijed &z Carrers 4° N
7235, Bogotd, Colombls, the finst s principal .md the others as
altcrnates, In the order of thelr sppointment, ax our represantatives for all
industrial proporty maters with faculty m reecive potifictions and to
sppolnc atiorncys i and out of Court. The first alterriase shall raplace the
principal in case of his absence ur of wmporul or definitive imnpediment.
Ths szme rule will apply when the second sitemats repregenmrive is 1o
replace the fink onc, or whan the third is to replase the fink or scomd
alternates in their wum, or both of tham, second. In mich cases, the
mincipal representative, or the fire or scoond altsmptes in thalr turm, or
both of them, shall mate thair intemtion not tD Kot As Meprasentatives
through & declarstion givan before & Nowry Pablio in Colombia, or befors
8 Notacy or another Public Official or a Colombisn Coamul abroad; and in
cusc of impediment, the spproprists certificatc shall suffice. If sny of the
sppuinmees wers © be defimitely sbsant, the following alternate shall mks
his place. When the sbsence or impediment of the, principal
repressntative, or of the first o second wlternate In their turn ceases, the
Teproscusation can be maken aguin in their sequance, by the principal, the
fom or second altcrnadc depending on casc, and the mere fact or
cxcrcise will suffice. The exercisc of the rapresenttion by the first,
second or third altcryates in disir tum shall end at such tims.

nlmﬁumplmlon.puudu:mlhe
congumer, oppasidons or cbsrvetions, edminisgrative or Court

.eancellation, nullity, infringement, grenting of licentes, the action for writ

mandsnws, the protection of wads secyem, and in gencral the civil, panal,
wd miminisrarive suits rclating 1o those right; scdoms mnd suits
instituted by me (us) or against me (us). And thar in all the sbove maniers
they may eubstirure this Power of Attorney, compromise, conclliste, sdmit



&

i Uﬁy Y pars quit on tndos Low ssuntos xxibe dessrminados, pusdn hhﬂdhmﬁﬁ.mm:ﬁnu@nﬁbmmw
patimlr etz roandwm, transigic, concilisr, admitr Jos hechos el representxtives without & power of atomney.
proceso, desistlr, capceler, reciblr, renunclar, y matificer los actos de

ageates oficloscs.
Dedo y fimmado hoy/Given mnd signed this 16th day of September, 2004
- @/n  Tokyo, Japan
N Preosident, CEO
Signanme
CHUGAX SEIYAKU KABUSHIXI KAISHA
j" .
V¥ La
IRA
H—U’
?
v et -'-".-.f'.; s‘.u
PABLO : :.:ui
- o‘r’.‘r.%" BARAJAS g
' "Rl TP
[~
CAVELIER AROGADOS

WPPODEDI-179 (MINUTA 12.1.12.5) l
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Registratiop NofG] of 2001

Notarial Certificate

This is to certify that Manami SEKIGUCHI, the
attorney of Osamu NAGAYAMA, President, CEO of CHUGAIL
SEIYAKU KABUSHIKI KAISHA, a Japanese body corporate of 5-1,
Ukima 5-chome, Kita-ku, Tokyo, Japan has stated in my very
presence that sald Osamu NAGAYAMA acknowledges himself to
have signed the attached Power of Attorney in compliance
with the authority bestowed on him as President, CEO of
CHUGAI SEIYAKU KABUSHIKI KAISHA.

The foregoing was duly proven by the sertified5oppi:

of the company reglster issued by Tokyo 7"

No. 1-10, Nihombashi, Kabuto-cho,
Chuo-ku, Tokyo, Japan

J

N0 1-10 NOMBASH! RABUTC-CRO/
CIO-KU TOXYO JAPAR

9
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APOSTILLE
(Convention de La Haye du b octobre 1961)
1. Country: JAPAN
This public document

. has been signed by Norio Akiyama
. acting in thecapacity of of Notary of the Tokyo Leg

w N

4. bears the seal/stamp of =
Certified
- 5. at Tokyo : 6. QOCT,
7. by the Ministry of Foreign Affairs
8. 04- N2 003170
9. Seal/stamp: 10. Signature

Shinichi HAGIWARA
For the Minister for Foreign Affairs

[+]
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TRADUCCION OFICIAL No. 10.13/04d realizada por Diego Vargas, Traductor
Oficial, Resolucién No. 0001 de 1999 del Ministerio de Justicia y

registrado ante el Ministerio de Relaciones Exteriores de Colombia.

A continuacién se traducen los sellos y legalizaciones de un documento
escrito en inglés y espafiol por medio del cual CHUGAI SEIYAKU KABUSHIKI
KAISHA, domiciliado en el 5-1, Ukima S5-chome, Kita-ku, Tokio 115-8543
Japn, por el presente ratifica la solicitud de patente No. 04.090.189
presentada por el Doctor Emilioco FERRERO el 10 de Septiembre de 2004 y
adicionalmente otorga derechos de representacién y poder a los Poctores
EMILIO FERRERO, tpa. 31929; GONZALO PERDOMC, tpa. 831; LUZ CLEMENCIA DE
PAEZ, tpa. 23555; y GERMAN CAVELIER, tpa. 832, domiciliados en 1la
Carrera 4 No. 72-35, Bogotd D.C., Colombia.

Dado y firmado el 16 de Septiembre de 2004 en Tokio, Japdn, por
Osamu NAGAYAMA, Presidente y Director Ejecutivo.

Firma Ilegible

Firma
CHUGAI SEIYAKU KABUSHIKI KAISHA

Registro No. 561 de 2001

Certificado Notari{;“af“;.
El presente es pard‘certificar‘gge Manamlﬁ'
Osamu NAGAYAMA, Presidente y Director Ejecuti de CHUGAI SEIYAKU
KABUSHIKI-KAISHA, sociédad an6nima japonesa do fiada en S5-1 Ukima
S-chome, Kita-ku, Tokio, Jap6n, ha declarado enforesencia mfa que el
mencionado Osamu NAGAYAMA reconoce que €l mismo firmé el adjunto
Poder de conformidad con la autoridad a &l investida como
Presidente, Director Ejecutivo de CHUGAI SEIYAKU KABUSHIKI KAISHA,
Lo anterior fue debidamente probado con la copia certificada del

registro de la compafifa expedido por® la Oficina de Asuntos Legales

de Tokio del Gobierno Japonés, con fecha del 21 de Julio de 2004.



Expedido hoy 7 de Octubre de 2004

Firma ilegible
Notario Pfblico Norio Akiyama

No. 1-10, Nihombashi, Kabuto-cho
_Chuo-ku, Tokio, Japén
Sello: Oficina de Asuntos Legal de Tokio
OFICINA DE NOTARIO
No. 1-10, Nihombashi, Kabuto-cho
Chuo-ku, Tokio, Japén

Sellos rojos al lado de la firma y en la parte superior del documento.

APOSTILLA
(Convention de La Haye du 5 octubre 1961)
1. Paip: JAPON .
-t
Este documento pilblico et S S
A
I:'E'I e
2. ha sido firmado por Norio Akiyama :ég'_ L, B8
Bg T EE
3. actuando en calidad de Notario de la Oficinyiide ABuntda
23 - =
Legales de Tokio e
4. lleva el sello/estampilla de
Certificado g
. RS
5. en Tokilo . . 6. — s
[a¥] . ‘;‘.‘,
7. por el Ministerioc -de Relaciones g MY
e

8. 04 - No. 003170¥ ~ ~——

9. Sello/estampilla

LACH
P e,

o° e Firma Ilegible

-~ )

& m

- » Shinichi HAGIWARA

o (3]

2 )

s . . ot Por el Ministro de Relacicnes Exteriores
Japon

Es traduccifbn fiel y completa de la cual se deja copia en esta

oficina para su confrontacién.

DVZ/ID-6065/WPCL002G/COLO 14419-841- 001 7 _@Eﬁ':f F/ﬁéi?é

TRADUCTOR E INTERPRETE ORICIAL
ESPANIOL - INGLES — INGLES - ESPAROL
RES. 000! DE ENERCl) 4 DE 19997
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CAVELIER

AB GADOS

EDIFICIO SISKI
CARRERA 4a N" 7238

BOGOTA, 8 — COLOMEIA

CESION

Ya, (nosotros) abgjo Grmade (s)

Hiroharu MATSUOKA, Tsutomu SATO,
Magahiro NISHIMOTO and Nobuo SHIMMA

iciindo() e ¢/o CHUGAI SEIYAKU KABUSHIKI n:m#.
of 135, Komakado l-chome, Gotenba-shi,
Shizuoka 412-8513 Japen, respectivamente,
(lst-3zd inventores) y
c/o CHUGAL SEIYAKU KABUSHIKI KAISHA
of 200, Eajiwara, Kamakura-shi,

Kanagawa 247-8530 Japon (4to inventor).

mnos) bajo juramenmo ser imico(s) y verdadera(s) lnventor(es)
ds |a invencién:
DEROVADOSCICLOHEXANO NOVEL, PRODROGA DEL
MISMO Y SAL DEL MISMO Y AGENTE

TERAPEUTICO QUE 10 CONTIENE PARA
DIABETES.

decluro(mmos) asf miamo que oedo{emos) y transfiera{erimos), sin
limitacidn, a favor de la sociedad

CHUGAT SEIYAKU KABUSHIKI KAISHA

constitulda y existante de conformidad con las loyes de
JAPON

5-1. Ukima 5-chome, Kita-ku.
Tokio 115-8543 Japon

ndmhhdu-iﬂmnndﬂnhmdhyqullma
Compalila quada facultada psra sollehar en su nombre la parente de
inventién correspondientc en Is Repdblica &= Cobmbll.

Dado y frmado hoy/Given mnd sigoed this 27 de Octubre. 2006
ai Tokio, Japon

puity Hiroharu MATSUOKA

rewttomes Ul

Dado y firmudo hoy/Given and signed this
om/m

psroy Magahiro NISHIMOTO

\

1

——QCAVELIER ABOGADOS
I PODEOI- 374

374

yae L

ASSIGNMENT -

I {we), the undarsigned

Hiroharu MATSUOKA, Tsutomu SATO,
Masahiro NISHIMDTO and Nobuo SHIMMA

of c/o CHUGAI SEIYAKU KABUSHIKI KAISHA
of 135, Komakado l-chome, Gotenba-shi,
Shizuoka 412-8513 Japan, respectively,
(let-3rd inventors) and
c¢/o CHUGAI SEIYAEU KABUSHIKI KAISHA
of 200, Krjiware, Kamakura-shi,
Kanagawa 247-8530 Japan(4th inventor)

smue(s) under oath to be sole and mrue inventor(s) of the imvendon:

NOVEL CYCLOHEXANE DERIVATIVE, PRODRUG
THEREOF AND SALT THEREOF, AND
THERAPEUTIC AGENT CONTAINING THE SAME
FOR DIABETES

siate as well, that nxxign, without reservations or imimtions @ Bvour
of

CHUGAI SEIYAKU KABUSHIKI KAISHA

8 corporation constituted and existing in conformity with the laws of

Japan

dorlcdled in

5-1, Ukima 5-chome, Kita-ku,
Tokyo 115-8543 Japan

all rights mherent o mid invention end that the above mandioned
company hereby is énabled wo apply, Io ity game, for the corresponding
patent invention, in the Republic of Colombia

Dado y frmado hoy/Given and signed this 27th day of
ofin Tokyo » anan October ’ 2006

potfoy Tsutomu SATO

Dado y firmado hoyGiven and signed thiz

w/in
paifty Nobuo SHIMMA
FimalSignatwre Yot DB oot

ﬁ



Registration No. 7;7 of 2006

Notarial Certificate

This 18 to certlfy that Manami SEKIGUCHI, the
attorney-in-law of Hiroharu MATSUOKA, Tsutomu SATO and
Masahiro NISHIMOTO of c/o CHUGAI SEIYAKU KABUSHIKI KAISHA
of 135, Komakado l-chome, Gotenba-shi, Shizuoka 412-8513
Japan and Nobuo SHIMMA of c/o0 CHUGAI SEIYAKU KABUSHIKI
KAISHA of 200, Kajiwara, Kamakura-shi, Kanagawa 247-8530
Japan, respectively, have stated in my very presence that
sald Hiroharu MATSUOKA, Tsutomu SATO, Masahiro NISHIMOTO
and Nobuo SHIMMA acknowledge themselves to have signed the
attached Assignment.

Dated this 8th day of November, 2006.

Notary Public  “aci.ied Suzukd

No. 1-10, Nihombashil, Kabuto-cho,
Chuo-ku, Tokyo, Japan
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ULEINTTAN

APOSTILLE
(Convention de La Haye du § octobre 1961)

1. Country: JAPAN
This public document

2. has been signed by Yasuyuki Suzuki

8. acting in the capacity of Notary of the Tokyo Legal Affairs Bureau

. beara the seal/stamp of

[ 3

Certified
. at Tokyo 6. NOY. 8.2006
by the Ministry of Foreign Affairs
. 06- N2 021418
, Seal/stamp: 10. Signature

K. 4 oba?

Kazutoyo OYABE
For the Minister for Foreign Affairs

© ® 3 o




Libro de registro 2006 No.733
CERTIFICADO

El suscrito notario certifica que Hiroharu Matsuoka, Tsutomu Sato,Masahiro Nishimoto y
Nobuo Shinma de Chugni Seiyaku Kabushiki Kaisha, a traves de su representante Manami
Sekiguchi manifestaron al suscrito notario que reconocen las firmas que aparecen en ¢l
documento anexado como suyas.

En el Despacho notarial, Noviembre 8, 2006.
1 — 10, Kabtocho, Nihonbashi,Chuo — Ku, Tokio.

Notario adscrito al Departamento de Asuntos Juridicos de Tokio -
Yasuyuki Suzuki (firma y sello)

CERTIFICACION
Certifico que Ia firma que aparece arriba ¢s del Notario adscrito al DepmnmemiodeAsunm
Juridicos de Tokio, y su sello estampado tambien es legitimo.

Noviembre 8,2006 Jefe del Departamento de Asuntos Juridicos de Tokio
Nobuhisa Toda (sello oficial) '
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TRADUCCION OFICIAL NJ. 01.02/07a realizada por Diego Vargas, Traductor
Oficial, Resolucion No. 0001 de 1999 del Ministerio de Justicia vy

registrado ante el Ministerio de Relaciones Exteriores de Colombia.

A continuacién se traducen los sellos y legalizaciones de un
documento mediante el cual Hiroharu MATSUOKA, Tsutomu SATO, Masahiro
NISHIMOTO y Nobuo SHIMMA, domiciliados en c/o CHUGAI SEIYAKU
KABUSHIKI KAISHA 135, Komakado 1l-chome, Gotenba-shi, Shizuoka 412-
8513 Japdén, respectivamente, (primer a tercer inventores) y c/o
CHUGAI SEIYAKU KABUSHIKI KAISHA 200, Kajiwara, Kamakurd¥shi, Kanagawa
247-8530 Japébn (cuarto inventor) declaran ser Gnicos y verdaderos
inventores de la invencién “NUEVO DERIVADO DE CICLOHEXANO, PROFARMACO
DEL MISMO Y SALES DEL MISMO Y AGENTE TERAPEUTICO QUE CONTIENE EL
MISMO PARA LA DIABETES” y declaran asi mismo que ceden y transfieren
a favor de CHUGAI SEIYAKU KABUSHIKI KAISHA, una sociedad constituida
y existente de conformidad con las leyes de Japébn, domicil%ada en 5-
1, Ukima 5-chome, Kita-ku, Tokic 115-8543 Japébn, todos los derechos
inherentes a dicha invencién y que la citada comparfiia éueda facultada
para solicitar a su nombre la patente de invencién correspondiente en
la Repiblica de Colombia.

Dado y firmado el 27 de octubre de 2006 en Tokio, Japén.

Por Hiroharu MATSUOKA Por Tsutomu SATO
Firma Firma Ilegible Firma Firma Ilegible
Por Masahiro NISHIMOTO Por Nobuo SHIMMA
Firma Firma Ilegible Firma Firma Ilegible

Registro No. 733 de 2006

Certificado Netarial
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El pr'esent'e es para certificar que Manami SEKIGUCHI, el
apoderadc de Hiroharu MATSUOKA, Tsutomu SATO y Masahiro NISHIMOTO
domiciliados en c/o CHIGAI SEIYAKU KABUSHIKI KAISHA 135, Komakado 1-
chome, Gotenba-shi, Shizuako 412-8513 Jap6bn y Nobuo SHIMMA
domiciliados en c/o CHIGAI SEIYAKU KABUSHIKI KAISHA 200 Kajiwara,
Kamakura-shi, Kanawaga 247-8530 Japdén, respectivamente, han declarado
en ml presencia que los suscdiches Hiroharu MATSUOKA, Tsutomu SATO,
Masahiro NISHIMOTO y Nobuc SHIMMA reconocen ellos mismos haber
firmado la adjunta cesién.

Fechado hocy 8 de noviembre de 2006.

Firma ilegible
Notario Pablico

No. 1-10, Nihombashi, Kabuto-cho,
Chuo-ko, Tokio, Japén

Oficina de Asuntos Legales de Tokic
OFICINA DE NOTARIO

No. 1-10, Nihombashi, Kabuto-cho,
Chuo-ko, Tokio, Japén

Texto en japonés

APOSTILLA

(Convention de La Haye du 5 octubre 1961)

1. Pais: JAPON

Este documento piblico

2. ha sido firmado por Yasuyuki Suzuki
3. actuando en calidad de Notario de la Oficina de Asuntos Legales
de Tokio

4. lleva el sello/estampilla de

Certificado
5. en Tokio 6. NOV. 8 2006
7. por el Ministerio de Relaciones Exteriores
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SPECIFICATION

NOVEL CYCLOHEXANE DERIVATIVE, PRODRUG THEREOF AND SALT THEREOF,
. AND THERAPEUTIC AGENT CONTAINING THE SAME FOR DIABETES

I
TECHNICAL FIELD

[0001] The present invention relates to cyoclohexane
derivatives, their prodrugs and their pharmaceutically
acceptable salts which are useful as drugs. Particularly, the
present invention relates to cyolohexane derivatives, their
prodrugs and'their salts which are useful as prophylactic or
therapeutic agents, which cause an effegt by inhibiting Na‘-
glucose co-transporter 2 (SGLT2), for diabetes such as insulin
dependent diabetes (type I diabetes) and insulin independent
diabetes (type II Giabetes), diabetic complications and
diseases such as obesity caused by hyperglycemia.

BACKGROUND ART

[0002] "In recent years, the number of diabetic patients
has increased due to the westernized dietary habits and
chronic lack of exercise and the like. In diabetic patients,
the insulin secretion and insulin sensitivity are both reduced
by chronic hyperglycemla and this invites further rise in
blood sugar levels to deteriorate the condition of the disease.
As the therapeutic ageants for diabetes, biguanide drugs,
sulfonylurea drugs, glycosidase inhibitor drugs, insulin
resistance 1mprovihg agents'iiu the like have been usged.
However, as the s{de effecta assoclated with these agents,
lactic acidosis is reported for the bigunide drugs, and
hypoglycemia is reported for sulfonylurea drugs and diarrhea

is reported for the glycosidase inhibitors, and therefore the

2
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actual condition is that the development of therapeutic agents
‘for diahbtealhaving a new mechanism of action different from
that of thesé drugs is earnestly desired.
[0003] It was reported (see Non-patent Document 1) that
phlorizin, a natural-occurring glucose derivative, inhibits
reabsorption of excess glucose in the kidney by inhibiting
sodium-dependent glucose co-transporter 2 (SGLT2) present in
the Sl site of renal proximal convoluted tubule and promotes
glucose excretion to exhibit lowering of blood sugar levels,
and since then the study of therapeutic agents for diabetes
based on theISGLTz inhibition has been ;agerly conducted.
[0004] é?or example, in Japanese Patent Publication
2000-080041 Q (Patent Document 1), International Publication
Nos. WO01/068660 (Patent Document 2), WO04/007517
(Patent Document 3) and the like, compounds used as SGLT2
inhibitors hfe reportgd. However, since phlorizin and the
compounds described in the above-described Patent Applicationa
have a glucose molety as a common partial structure, and it is
regarded as a problem that on oral administration, these
compounds are easlily hydrolyzed by glucosidase present in the
emall intestine or the like, and their pharmacological action
quickly disappears. In the case of phlorizin, it is reported
that phloretin, Epa aglycon of the phlorizin, strongly
inhibits a sugar tiansﬁzitef“ui the facilitated diffusion type.
For example, when phlorizin is intravenously administered to a
rat, ;n a&verse effect of reducing the intracerebral glucose
concentration is reported (refer to, for example, Nonpatent

Document 2).
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[0005] Then, in order to prevent such decomposition and
improve hhaorption efficiency, some attempt to convert such
c&mpounds to prodrugs thereof has been carried out. ¥When a
prodrug is administered, it is desired that the prodrug be
appropriately metabolized in or near a target organ to change
into an active compound. However, since various metabolic
enzymes are present in a living body and individual
variabllity is considerable, in many cases, it is difficult to
provide an actlon of a prodrug stably. Further, the
converaion of the glycoside bond of the_compound to a carbon-
carbon bond'ﬁas been attempted (refer to Patent Documents 4 to
8). Houeveﬁ, further improvement of the properties as a drug,
including activity, metabolic stability and the lika_are
demanded.
Patent Document 1: .Japanese Patent Publication 2000-
' 080041 A
Patent Document 2=-International Publiocation No.
WO001/068660 Pamphlet
Patent Document 3: International Publication No.
WO04/007517 Pamphlet
Patent Dbcument 4: qs Patent Publication 2001/041674 A
Patent Document 5: US Patent Publication 2002/137903 A
Patent Docunient 6: International Publication No.

——

,  W001/027iZ8-Pamphlet

Patent Document 7: International Publication No.
W002/083066 Pamphlet

Patent Document 8: International Publication No.

W004/013118 Pamphlet
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Non-patent Document 1l: J. Clin. Invest., 93, 1037 (1994)
‘Non-patent Document 2: Stroke, 14, 388 (1983)
DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0D06] An object of the present invention is to provide
cyclohexane derivatives having suitable properties as a drug.
An object of the present invention is particularly to provide
cyclohexane -derivatives qhich have blood sugar level lowering
action and furthermore have suitable properties as drugs, such
as prolonged effect, metabolic stability and safety.
Furthermore}lan object of the present invention is to provide
pharmaceutiéal compositions which are used for preventing or
treating diabetes such as insulin-dependent diabetes (type I
diabetes) and insulin-independent diabetes (type II diabetes).
diabetic complications, and diseases such as obesity caused by
hyperglycaﬁla. ]

MEANS TO SOLVE THE PROBLEM

[0007] As the result of strenuous investigations by the
present inventors in order to‘nchieve the above-described
objects, the inventors found that cyclochexane derivatives
rapresenfed by formula (I) have excellent action of inhibiting
SGLT2 and the present invention has been completed.

[oc008] That_is, according to one aspect of the present
invention, there 1h pr;;idaﬁ“l*cyclohexnne derivative
reprq?ented by formula (I):

[0009] [Formula 1)



A

(1)

[0010] wherein

A 18 -0-, -CH;-, or -NH-:

n 1sﬁnn integer selected from 0 and 1:

R® and‘R’ are esach independently a hydrogen atom, or
a cghbg alkyl group

mis a; integer selected from 1 to 3;

Q 1s'sklected g;om Q* to Q* represented by the
foliohing formulae:

[0011] [Formula 2]



R
" RN
R? F%a
01 Qz 03
RS RY
R R
R? - R4 e
: éa 53
:‘- Q* Q°
[0012] wherein

R!, R?, R}, RY, and RS are each independently
selected from a hydrogen atom, a hydroxy group,
a C,-C¢ alkyl group which may be substituted with
one or more Ra, a C,-C; alkoxy group which may
be substituted with one or more Ra, a C;-C;,
aralkyloxy group which may be substituted with
one or more Rb, and -OC(=0)Rx;

Rx is a c;-i‘:s alkyl group which may be substituted
with one or more Ra, an aryl group which may be
substituted ;;.th Ote~or more Rb, a heterocaryl
group which may be substituted with one or

- more Rb: a C;-Cs alkoxy group whioch may be

- subatituted with one or more Ra, or -NReRf,

Ar' is an arylene group which may be substituted
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with one or more Rb, or a heteroarylene group

" which may be substituted with one or more Rb,
where the hetercarylene group may form a fused
ring with an aromatic carbocycle or an aromatic
haterocycle;

Ar? is an aryl group which may be substituted with
one or more Rb, or a hetercaryl group which
may be substituted with one or more Rb:

Ra 1s each independently selected from a halogen
atom, a hydroxy group, a cyano group, a nitro
group, a carboxy group. a C,-C¢ alkoxy group
which may be substituted with one or more Rc, an
aryl group which may be substituted with one or
more R4, an aryloxy group which may be
substituted with one or more Rd, a heteroaryl
gfoup which may be substituted with one or more
Rd: a heteroaryloxy group which may be
substituted with one or more R4, a mercapto group,
a C,-Cs alkylthio group, a C,-Cs alkylsulfinyl
group, a C;-Cs alkylsulfonyl group, -NRfRg, and a

'cl-c. alkquarbonyl group which may be substituted
with one or more ReC;

Rb is each independently selected from a C,-C,
alkyl gréﬁp w&Iﬁh may be substituted with one or
more Rc, a C,-C¢ alkenyl group which may be
substituted with one or more Rc, a C3-Cs

* cycloalkyl group which may be substituted with

one or more Rc, a C,-C,4 aralkyl group which may

S ]
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be substituted with one or more Rd, a halogen

" atom, a hydroxy group, a cyano group, a nitro
group, a carboxy group, a C;~-C¢ alkoxy group which
may be subatituted with one or more Rc, an aryl
group which may be subatituted with one or more
Rd, an aryloxy group which I;IB.Y be substituted
with one or more Rd, a heterocaryl group which
may be substituted with one or more Rd, a
heteroaryloxy group which may be
substituted with one or more Rd, a mercapto
group, a C;-C¢ alkylthio group, a C;-Cg
alkylsulfinyl group. a C;-Cs alkylsulfonyl group,
. -NRf,_Rg, a C;-C; alkylcarbonyl group which may be
substituted with one or more Rc, a C;-Cs
alkyilenedioxy group, a heterocyclyl group.
-CO;Ri, and -CONRIR};

Rc 1- each independently selected from a halogen
atom, a hydroxy group. a cyano group, a nitro
group, a carboxy group, a C;,-Cs alkoxy group
which may be substituted with one or more
-halogen ato:_ns, an aryl group which may be
substituted with one or more Rd, an aryloxy
groi:p which ma_y_ be substituted with one or more
R4, a het;roml gr-c'ﬁfﬁ which may be substituted
\_vith; one or more R4, a heteroaryloxy group which
may be substituted with one or more Rd, an amino
'group. a C;-C¢ alkylamino group, and a di(C;-Cq
alkyi)am:l.no group;
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R4 is each independently selected from a C;-Ce

" alkyl group whlch may be substituted with one or
more halogen atoms, a C;-C¢ alkoxy group which
may be substituted with one or more halogen atoms,
a C;-C,y aralkyl group which may be substituted
with one or more halogen atoms, a halogen atom, a
hydroxy group. a cyano group, a nitro group. an
amino group, a C;-C¢ alkylamino group, and a
di(C;-C¢ alkyl)amino group;

Re is a hydrogen atom, a C;-Cs a}kyl group which
mni'be substituted with one or more Rc, an aryl
gréup which may be subsgstituted witﬁ one or more
Rd, or a heteroaryl group which may be
substituted with one or more Rd:

Rf is a hydrogen atom, or a C;-C¢ alkyl group which
may be substituted with one or more Rc;

Rg is a hydrogen atom, a C,-C; alkyl group which
may be subatituted with one or more Rc, a C;-C¢
alkylcarbonyl group which may be substituted
with one or more Rc, an aryl group which may be
substituted_with one or more Rd, a heterocaryl
group which may be substituted with one or more
Rd," a carbamoyl group, a C;-Cs alkoxycarboxy
grou? whiéh m;;-be ‘substituted with one or more
Rc, or a C;-C¢ alkylsulfonyl group which may be
substituted with one or more RcC:

Re and Rf, and Rf and Rg may form a 4- to 7-

mamb?red heterocycle together with the nitrogen
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atom to which they are bonded, respectively; and
Ri and R] are each independently selected from a
hydrogen atom, a C,-C¢ alkyl group which may be
substituted with one or more Rc, a C;-Cs cyclo-
alkyl group which may be substituted with one
or more Rc, and a C;-C, aralkyl group which may
be substituted with one or more Rd,
or a prodrug or a pharmaceutically acceptable salt thereof.
[0013] According to another aspect of the present
invention, there is provided a cyclohexane derivative
rapresented'ﬁy formula (I), whersain n 1; l, or a prodrug or a
pharmnceutiéglly acceptable salt thereof. Herein, A is
preferably -O- or -NH-. Further, the substitution aystem on
Ar' is preferably that the substituent -(CR®R’).-Ar? 1-3 bonded
to a ring atom adjacent to the ring atom to which the
substituent’ A is bonded. For example, when Ar' is a phenylene
group, an ortho substitution is preferred and, for exampls,
when Ar!' is a thienylene group, 2,3-subsatitution or 3,4-
substitution is preferred and furtharmore, for example, when
Ar' is a pyridinylene group, 2,3-substitution, 3,4-
substitution, 4,5-substitution or 5,6-subtitution is preferrad.
Further, when Ar! 1s-a pyrazolylene group, 3,4-substitution,
4.5-nubstitution_pr 1,5-subtitution is preferred. The
substituent A and the substituent -(CR'R’)s-Ar? may be bonded
to a ring niJrogen atom.
[00143 - A;cording to still another aspect of the present
invention, Fhere is provided a cyclohexane derivative

represented by formula (I), wherein n is 0, or a prodrug or a
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pharmaceutically acceptable salt thereof. Herein, the
"substitution system on Ar' is preferably that the substituent
-(CR*R").-Ar? is bonded to the second ring atom departing from
the ring atom to which Q is bonded. For example, when Ar® is
a phenylene group, a meta substitution is preferred and, for
example, when Ar' is a pyridinylene group, 2,4-substitution,
3,5-substitution, 4,6-substitution or 1,6-subtitution is
preferred. Further, when Ar' is an indolylene group, 1,3-
substitution, 3,4-substitution, 4,6-substitution or 5,7-
subtitution is preferred. Further, whep Arl is a pyrazolylene
group, 1,3-substitution, 3,5-substitution or 1,4-subtitution
is preferreé. The substituent A and the substituent -{CR*R’).-
Ar? may be bonded to a ring nitrogen atom. _

[0015] "In the above-described formula (I), m 1s
preferably oﬁe. Further, Ar' is preferably a phenylene group,
a naphthyléne group, & thienylene group, a pyridinylene group.
an 1ndolyl$he group, Oor a pyrazolylene group, and particularly
preferred are_ a phenylene group, a thienylene group, a
pyridinylens group, and an indolylene group (and these groups
may be substituted with one or more Rb).

[0016] In the above-described formula (I), m is
preferably one, and further Ar? is preferably a phenyl group,
a naphthyl group, a thienyl group, & benzofuranyl group, a
benzothienyl grouﬁ, a ;;nzoiIaxolyl group, & 2,3-
dihyq;obenzofuranyl group, or a 2,3-dihyrobenzothienyl group.
and particularly ;referrad are a phenyl group, a benzodioxolyl
group, #&nd a 2,3-dihydrobenzofuranyl group (and these groups

may be substituted with one or more Rb).

50



- 12 -

[0017] In the above-described Q' to Q°, it is preferred
that R', R?, R’, R* and R® are each independently selected from
a-hydroxy group and -OC{=0)Rx.

[o018] According to a further aspect of the present
invention, there is provided a compound of the above-described
formula (I), wherein m 18 1; n 18 1; A is -O- or -NH-; Ar' is
a phenylene group, a naphthylene group, a thienylene group, a
pyridinylene group, an indolylene group or a pyrazolylene
group (and these groups may be substituted with one or more
Rb): Ar? is a phenyl group, a naphthyl qroup, a thienyl group,
a benzofura@yl group, a benzothienyl group, a benzodioxolyl
group, a 2.i-dihydrobenzofuranyl group or a 2,3-
dihyrobenzothienyl group (and these groups may be substituted
with one or more Rb): and R', R?, R?, R' and R® are each
independently selected from a hydroxy group and -OC{=0)Rx, or
a prodrug 6E'a pharmaceutically acceptable salt thereof.
[0019] -Abcording to a still further aspect of the present
invention, there is provided a compound of the above-described
formula (I), wherein m is 1; n is 0; Ar' is a phenylene group,
a naphthylene group, a thienylene group, a pyridinylene group,

an indolylene group, or a pyrazolylene group (and these groups

O\

may be substituted with one or more Rb): Ar? is a phenyl group,

a naphthyl groupn., a th{gyyl group, a benzofuranyl group, a
benzothienyllgrouﬁl a benzodidkolyl group, a 2,3-
dihyq;obqplofuranyl group, or a 2,3-dihyrobenzothienyl group
(and these groups may be substituted with one or more Rb): and
R*, R?, R®’, R' and R® are each independently selected from a

hydroxy group and -OC(=0)Rx, or a prodrug or a
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pharmaceutically acceptable salt thereof.
'[0020]  According to a still further aspect of the present
iﬁvention. there is provided a compound selected from:
[2- (4-methoxybenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[15,2R, 3R, 4R, 65]-4-hydroxymethyl-6-[3-{4-methoxybenzyl)-
phenyllcyclohexane-1,2,3-triol;
[2-(4-trifluoromethoxybenzyl )phenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-(4-cyclopentylbenzyl)phenyl]-Sa-carba-f-D-glucopyranoside;
[2-(4-chlorobenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
(z-beniylphényl)=Sa-carba-ﬁ-D-glucopyranoaide:
[2-(4-iaopr5pylbenzy1)phenyl]-Sa—carba-ﬂ-D-glucopyranoside:
[2-(4-cyclopropylbenzyl)phenyl]-Sa-carba-f-D-glucopyranoside;
[2-(4-n-proﬁ§lbenzyl)phenyl]-Sa-carba-ﬂ-D-glucopyranoside:
[2-(4-trifluoromethylbenzyl)phenyl]-5a-carba-pf-D-gluco-
pyranoside;
[2-(4-methfisulfanylbenzyl)phenyl]-5a-carba-ﬂ-n-gluco-
pyranoside;
[3-£fluoro-2-(4-methoxybenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;
[2-(3-trif1uorumethylbenzy1)phenyl]-5a-carba-ﬁ-b-gluco-
pyranoside;
[2-(4—metho£gbenzyl)-4:Epthylpheny1]-5a—carba-p-D-gluco-
pyranoside; ' =
[2-(Q:matpoxybenzgl)phenyll-5a-carba-ﬂ-D-glucopyranoside;
[z-(4-methox!benzyl)-4-methoxyphenyl]-5a-Farba-ﬂ-D-gluco-
pyranoside;.

[2- (4-methoxybenzyl) -6-methylphenyl] -5a-carba-f-D-gluco-
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pyranoside:
'[2-(4-mnihoxybenzyl)-4-£1uorophany1]-5a-carba-B-D-gluco-
pyranoside;
[2-(3-fluorobenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-(3-methylbenzyl)phenyl]-5a-carba-p-D-glucopyranoside;
[5-fluoro-2-(4-methoxybenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside:
[2-(4-methylsulfonylbenzyl)phenyl]-5a-carba-p-D-gluco-
pyranoside;

[2-(4-f1uorobenzyl)pheny1]-Sa-carba-ﬂ-Dtglucopyranoside:

[2-(3,4-dimethoxybenzyl)phenyl]-5a-carba-B-D-gluco-pyranoside;

[2-(4-ethylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-(4-hydroxy?enzyl)pheny1]-Sa-oarba-ﬂ-n-glucopyranoqide:

[2- (4-cyanobenzyl)phenyl] -5a-carba-p-D-glucopyranoside;
[2-(3-trifluoromethoxybenzyl)phenyl]-5a-carba-pf-D-gluco-
1:||_v‘v1:'l.mos:l.t'la;'I
[2-(4-am1naﬁethy1benzyl)phenyl]-Sa-carba-ﬂ-D-glucopyrnnoside:
[5-methoxy-2-(4-methoxybenzyl)phenyl]-5a-carba-f-D-gluco-
pyranosids;
[2-(4-methoxycarbonylbenzyl)phenyl]-5a-carba-f-D-gluco-
pyranosi&e:
[2-(4-carbamoylbenzyl)phenyl]-5a-carba-8-D-glucopyranoside;
[z-(4-N.N-dih@thu;carbamoylbenzyl)phenyl]-Sa-carba-ﬂ-n-
glucopyranoside; T~
[2-(4:eth9xybenzy1)phanyll-5a=carba-ﬂ-D-gluoopyrunoaida:
[2-(4-difluoromethoxybenzyl)phenyl]-Sa-carba-f-D-gluco-
pyrancsite; .
[2-(i-tert-bqulben:yl)phenyl]-SA-CHIbA-ﬂ-D-glucopyranoside:

ol
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[2-(4-methylbenzyl )phenyl] -5a-carba-f-D-glucopyranoside;
'[2- (4-methoxybenzyl)phenyl]-5-trifluoromethylthiophen-3-y1]-
55-carba-ﬂ-D-glucopyranosida:
[3-methoxy-2-(4-methoxybenzyl)phenyl]-5a-carba-f§-D-gluco-
pyranoside:
[2-(4-methoxybenzyl)-3-methylphenyl]-5a-carba-p-D-gluco-
pyranoside;
[2-(3-fluoro-4-methoxybenzyl)phenyl]-5a-carba-a-D-gluco-
pyrancside:
[4-(4-cyclopropy1ben:y1)pyridin-a-yl]-Sg-carba-ﬂ-D-gluco-
pyranoside;
[2-(4-cnrbo§ybenzy1)phenyl]-5a-carba-ﬂ-D-glucopyranoside;
[2-(4-v1ny1bgn:y1)phenyl]-5a-carba-ﬂ-D-glucopyranosi@e;
{2-[4-(2,2-difluorovinyl)benzyl]lphenyl}-5a-carba-p-D-
glucopyranoside;
[2-(2.3-diﬁydroben:ofqran-s-ylmathyl)phenyl]-5a-carba-ﬂ-D-
glucopyrnndﬁide:
[2-(3-fluoro-4-mathylbenzyl)phenyl]-Sa-cgrba-ﬂ-n-gluco-
pyranoside;
[2-(4-methoxy-3-methylbenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside; _
[2-(4-pyrazol-1l-ylbenzyl)phenyl]-5a-carba-p-D-gluco-
pyranoside:; -

—
——

[2-(3—chloro:4-mefﬁoxybenzyi7§heny1]-Sa-carba-B-D-gluco-
pyraqpsi@g: _
[2-(3,4-methylenedioxybenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;

[2-(4-cyclobutylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;



- 16 -

[2-(4-acetylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
'[2-(4-m§thoxybenzy1)-5-mathylphenyl]-5a-carbn-ﬂ-D-gluco-
piranoside;
[2-(4-ethylbenzyl)thiophen-3-yl]-5a-carba-pf-D-gluco-
pyranoside;
[2-(benzothiophen-2-yl)}methylphenyl]-Sa-carba-p-D-gluco-
pyranoside;
(R)}-{2-[1-(4-cyclopropylphenyl)ethyl]lphenyl}-5a-carba-p-D-
glucopyranoside:;

(S)-{2-[1-(4-cyclopropylphenyl)ethyl |phenyl}-5a-carba-p-D-
gluconyrnnogide:
[2-(4-cyclo§ropylbenzyl)-5-mathylthiophen-3-y1]-5a-carba-B-D-
glucopyranoside:
[2-(4-ethylﬁenzy1)-5-methylthiophen-3-yll-5a-carba-B-D-
glucopyranoside;
[5-chloro-i-(4-cyclopropylbenzyl)thiophen-a-yll-Sa-carba-ﬂ-D-
glucopyranékide:
(1R,2S,3R,6R)~-6-[2~-(4-cyclopropylbenzyl)phenoxy]-4-
(hydroxymethyl )cyoclohex-4-ene-1,2,3-triol;

(1R, 2S, 3R, 6R)-4-hydroxymethyl-6-[2-(4-methoxybenzyl) -
phanoxy]éyclohex-4-qne-1.2,3-triols

(1R, 2S,38,6R)-4-[3-(4-ethylbenzyl)phenyl]-6-(hydroxy-
mathyl)cycléhex«l-ene—ilz.3-tr101:

(1R, 2R, 35, 4R, 5R)-1-[3- (4-ethyThenzyl) - 4-methoxyphenyl] -5-
(hydqpxyqpthyl)cyglohezane-l.2.3.4-tetraolg
(1R,2R,3S,45,6R)-4-[3-(4-ethylbenzyl)-4-methoxyphenyl]-6-
(hydroxymethyl )cyclohexane-1,2,3-triol;
(1R,2R,3S8,.4R,5R)-1-[2-ethoxy-5-(4-ethylbenzyl )phenyl]-5-
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(hydroxymethyl)cyclohexane-1,2,3,4-tetraol;
'(1R, 2R, 38, 4S, 6R) -4- [ 2-ethoxy-5-( 4-ethylbenzyl)phenyl]-6-
(ﬁydroxynothyl)cyclohaxane-l.2.3-tr101:
(1R, 2R,3S,4R,5R)-1-[5-(4~-ethylbenzyl)-2, 4-dimethoxy-phenyl]-5-
{(hydroxymethyl )cyolohexane-1,2,3,4-tetraol;
(1R, 2R, 35,48,6R)-4-[5-(4-ethylbenzyl) -2, 4-dimethoxy-phenyl]-6-
{hydroxymethyl }cyclohexane-1,2,3-txriol;
(1R, 2R, 35,4R,5R)~-1-[5~-(4-ethylbenzyl)-2-methylphenyl]-5-
(hydroxymsthyl)cyclohexane-1,2,3,4-tetraol;
(1R, 2R, 35,48,6R)-4-[5-(4-ethylbenzyl)-2-methylphenyl]-6-
(hydroxymatﬁyl)cyclohexane-l.2,3-triol:
(1R.ZR,3S,4ﬁa53)-1-[5-(4-ethy1benzy1)-2-methoxypheny1]-5-
(hydroxymethyl )cyclohexane-1,2,3,4-tetraol;
(1R, 2R, 3S,4S,6R)-4-[5- (4-ethylbenzyl) -2-methoxyphenyl]-6-
(hydroxymethyl )cyclohexane-1,2,3-triol;
(1R,2R,3S,4h,ER)-1-[5-14-ethylbenzy1)iz-trifluoromathoxy-
phenyl]-5-(iydroxymathyl)cyclohexane-l,2.3.4-tetr¢ol:
(1R,2R,35.45.%3)-4-[5-(4-1aopropylben:y1)-2-nathoxy-phenyl]-6—
(hydroxymethyl )cyclohexane-1,2,3-triol;
(1R,2R,35,45,6R)-4-[3-(4-ethylbenzyl )phenyl])-6-{hydroxy-
methyl)cfclohexnne-l,z.3-tr101;
(1R,2R,3S,45,.6R)-4-[3-(4-hydroxybenzyl)phenyl]-6-
(hydroxymathil)cgclohegege-l.2,3-triol;
(1R.23.35,4S.§R)-4;[5-(4-etﬁ;Ianlyl)-z-hydroxyphenyll-6-
(hydrgxym@thyi)cyc}ohaxana—l,2.3-triol=
(1R, 2R,35,45,6R)-4-[3-(4-cyclopropylbenzyl)phenyl]-6-
(hydroxymethyl )cyolohexane-1,2,3~trlol;
(1R, 2R, 35, 4R, 5R) -1-[ 5- (4-ethylbenzyl)-2-£fluorophenyl]-5-
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(hydroxymethyl)cyclohexane-1,2,3,4-tetraol;

'(18,2R, 35, 4R, 5R)-1-[5-(4-ethylbenzyl)-2-fluorophenyl]-5-
(hyﬂroxymethyl)cyclohexane-1,2,3,4-tetraol;
(1R.2R.38,4R,5R)-5-hydroxymathy1-1-[3-(4-methoxybenzyl)-
phenyl]cyclohexane-1,2,3,4-tetraol;

(15.2R,3S8,4R, 5R) -5-hydroxymethyl-1-[3-(4-methoxybenzyl) -
phenyl]cyclohexane-1,2,3,4-tetraol: and
4-[1-(4-ethylbenzyl)-1H-indol-3-yl]-6-(hydroxymethyl)-
cyclohexane-1,2,3-triol,

or a prodrug or a pharmaceutically accegtable salt thereof.
[0021)] "'According to another aspect of the present
invention, ﬁhere is provided a pharmaceutiocal composition
comprising tye compound of the above-described formu;a (1)
which is used as a Na‘'-glucose co-transporter inhibitor.
[0022] According to still another aspect of the present
invention, ‘there is provided a pharmaceutical composition
camprising'iho compound of the above-described formula (I),
which is used for preventing or treating diabetes such as
insulin-dependent diabetes (type I ‘diabetes) and insulin-
independent diabetes (type II diabetes), dilabetic
complieaiions caused by hyperglycemia, or obesity.

[0023] According to a further aspect of the present
invention, there_is provided a method of preventing or

treating diaqetes such as insulin-dependent diabetes (type I

Vas

diabetes) and insulin-independent diabetes (type II diabetes),

diabatic comqlieationa caused by hyperglycemia and obesity,
which comprises administering an effective amount of the

compound of the above-described formula (I), or a
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pharmaceutically acceptable salt thereof to a patient.
'[0024]  In the above-described Q' to Q°, the groups
represented by R*, R?, R’, R* and R°® may be each independently.
for example, a hydroxy group,
a C,-C; alkyloxy group, a C,-Cy; aralkyloxy group or
-OC(=0)Rx, and particularly R', R?, R’, R* and R® are preferably
all hydroxy groups.
[0025] In the compounds of the present invention, n is
preferably 1 and in this case, A is preferably -0- or -NH-,
and particularly preferred is -0-.
[0026] In the above-described formula (I}, Ar' and Ar? may
be substituégd with one to four subatituenta Rb and as the Rb,
a halogen atq:n: a hydroxy group; a C;-Cs; alkyl group and a
C3-Cy cycloalkyl group which may be substituted with one to
four substituents selected from a halogen atom, a hydroxy
group and l-..n amino group: a C,-C¢ alkyloxy grou.p and a C;~-Cg¢
alkylthio Qiéup which may be substituted with one to four
substituonts;selected from a halogen atom, a hydroxy group and
an amino group; a cyano group; a C;-C; alkyl-sulfonyl group; a
nitro group; @ carboxy group; -NReRf (wherein Re i1s a hydrogen
atom, a é;-cslalkyl g_roup. a C,-Cs alkylcarbonyl group, a
carbamoyl group, & C;-Cs alkylsulfonyl group or a C;-Cg
alkoxycarboﬂzl group: and Rf 1s a hydrogen atom or a C;-C,
alkyl group)ﬂ 5- or G-Q;EerGEEyl group; or a 4- to 6-membered
hetergcyc}yligroug is preferred.
[0027] Among the group represented by Ar!, the arylene
group 1s a nivalant group camﬁosed of an aromatic carbocycle,

preferably an aromatic carbocycle having 6 to 10 carbon atoms
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and includes, for example, a phenylene group and a naphthylene
'group. Eha heteroarylene group is a divalent group composed
of an aromatic heterocycle, preferably a 6- to l0-membered
aromatic hetercoycle and includes, for example, a
heteroarylene group containing a pyrrole ring, an indole ring,
a thiophene ring, a benzothiophene group, a furan ring., a
benzeofuran ring, a pyridine ring, a quipoline ring, an
isoquinoline group, a thiazole ring, a benzothiazole ring, an
isothiazole ring, & benzoisothilazole ring. a pyrazole ring, an
indazole ring, an oxazole ring, a benzoxazole ring, an
isoxazole r@ng. a benzoisoxazole ring, an imidaszole ring, a
beﬁzoimidazéle ring, a triazole ring, a benzotriazole ring, a
pyrimidine ring, a uridine ring, a pyrazine ring or a
pyridazine ring. As the Ar', particularly a phenylene group,
a naphthylene group and a heteroarylene group containing a
pyridine rihg. a pyrrqle ring, an indole ring, a thiophene
ring, a bgﬂ;o-thiophene ring, a furan ring, a benzofuran ring
or a pyrazole ring are preferred, and more preferred are a
phenylene group, a thienylene group, a pyridinylene group and
an indolyene group.

[0028] . Among the group represented by Ar’, the aryl group
is a phenyl group, a naphthyl group or an azulenyl group, and
the heteroaryl group is a pyrrolyl group., an indolyl group, &
pyridyl group, a qhinolyl gfsﬁi, an lsoquinolyl group, a
thienyl group. a anzothienyl group, a furyl group, a
benzofuranyl group. a thiazolyl group, a benzothiazolyl group.
an isothiaxolyl group, a benzo-isothiazolyl group, a pyrazolyl

group. an indazolyl group. an oxaxolyl group. & benzoxazolyl
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group, an isoxazolyl group., a benzoisoxazolyl group, an
'imidazoiyl group, a ben:imidazolyllgroup, a trlazolyl group,
b;nzotriazolyl group, a pyrimidinyl group, an uracilyl group.
a pyrazinyl group, a pyridazinyl group or the like, and as the
Ar?, a phenyl group, a naphthyl group, a thienyl group, a
benzothienyl group, a benzodioxolyl group, a furyl group. a
benzofuranyl group, or 2,3-dihydrobenzofuranyl group 1is
preferred, and furthermore preferred is a phenyl group, a
benzodioxolyl group, or 2,3-dihydrobenzofuranyl group.

[0029] The term "C;-C¢ alkyl group'_ns used herein means a
linear or b?anched chain alkyl group having 1 to 6 carbon
atoms and includes, for example, methyl, ethyl, n-propyl,
i-propyl, n-butyl., s-butyl, i-butyl., t-butyl, n-pentyl,
3—methy1but§1, 2-methylbutyl, l-methylbutyl, l-ethylpropyl,
n-hexyl, 4-methylpentyl, 3-methylpentyl, 2-methylpentyl.
l-methylpeﬁtyl, 3-ethylbutyl, and@ 2-ethylbutyl, and preferable
C1-Cg alkyl_groups include, for example, linear or branched
chaln alkyl groups having one to three carbon atoms, and
particularly preferred are methyl and ethyl.

[0030] The term "C3;-Cy cycloalkyl group” as used herein
means a Eyclic alkyl group having 3 to 8 carbon atoms and
includes, for example, cyclopropyl. cyclobutyl, cyclopentyl.
cyclohexyl.'cyolnheptyEL and cyclooctyl.

[0031] The te;m "C1-Cg EIEB:Y group” as used herein means
an alkyloxy &roup_paving a linear or branched chain alkyl
group havingfl to 6 carbon atoms as the alkyl moliety and
includes, for example, methoxy, ethoxy, n-propoxy. l-propoxy,
n-butoxy, s-butoxy, 1-butoxy, t-butoxy, n-pentoxy,
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3-methylbutoxy, 2-methylbuoxy, l-methylbutoxy, l-athylpropoxy.
‘n-hexyloxy, 4-methylpentoxy, 3-metylpentoxy, 2-methylpentoxy,
llmethylpentoxy. and 3-ethylbutoxy.

[0032] The term “aryl group” as used herein means an aryl
group having an aromatic hydrocarbon ring having 6 to 10
carbon atoms and includes, for example, phenyl, l-naphthyl and
2-naphthyl.

{0033] Tlhe term "C,-C;, aralkyl group” as used herein
means an arylalkyl group having 7 to 14 carbon atoms and
containing the already defined aryl group and includes, for
example, beh:yl, 1-phenethyl, 2-phenethyl, l-naphthylmethyl,
and z-naphtﬂylmathyl.

[0034] T!le termm *C,-C;4 aralkyloxy group” as used herein
means an arylalkyloxy group having 7 to 14 carbon atoms and
containing the already defined aralkyl group and includes, for
example, beh;yloxy, l-phenethyloxy, 2-phenethyloxy.
1-naphthylﬁ;thyloxy and 2-naphthylmethyloxy.

[0035] The term “"heterocaryl group” as used herein means a
5- to l0-membered aromatic heterocyclyl group containing one
or more heterocatom independently selected from an oxygen atom,
a nitrog;n atom and a sulfur atom and includes, for example,
furyl, thienyl. pyrrolyl. imidazolyl, pyrazolyl, oxazolyl,
1aoxazoly1.‘qhiaaolyl._Esothia:olyl. oxadiazolyl, thiadiazolyl,
triazolyl, tetra:oiyl. pyridiIT pyrimidinyl, pyrazinyl,
pyridgzinyl, }ndo;yl, quinolinyl, and isoquinolinyl.

Preferred hetercaryl groups are 5- to 6- membered heteroaryl
groups such as a pyrrolyl group, a pyrazol§1 group, an
imidazolyl group. and a pyridyl group, and particularly the
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pyrazolyl group is preferred.

'[0036] - The term “aryloxy group” as used herein means an
aiyloxy group having the already defined aromatic hydrocarbon
group having 6 to 10 carbon atoms as the aryl moiety and
includes, for example, phenoxy, l-naphthoxy. and 2-naphthoxy.
[0037] The term “heterocaryloxy group” as used herein
means a heteroaryloxy group having the already defined 5- to
10-membered aromatic heterocyclyl group which contains one or
more heteroatom selected from an oxygen atom, a nitrogen atom
and a sulfur as the heteroaryl molety and includes, for
example, fu%yloxy. thienyloxy, pyrrolyloxy, imidazolyloxy, '
pyrazolyloxy, oxazolyloxy, isoxazolyloxy, thiazolyloxy.
1noth1azoly1qu. oxadilazolyloxy. thiadilazolyloxy, triazolyloxy,
tetrazolyloxy, pyridinyloxy, pyrimidinyloxy, pyrazinyloxy,
pyridazinyloxy, indolyloxy, quinolinyloxy. and
1aoquinoliﬁfloxy. Preferred heteroaryloxy groups are 5- to
G-mamhered.iateroaryloxy groups.

[0038] The term "C;-C¢ alkylamino group” as used herein
means an alkylamino group having a linear or branched chain
alkyl group having 1 to 6 carbon atoms as the alkyl molety and
1nc1udes; for example, methylamino, ethylamino, n-propylamino,
i-propylamino, n-butylamino, s-butylamino, i-butylamino,
t-butylamino, nznentyleﬂ}no, 3—mathflbutylam1no,
2-methylbutylamino, l-methyibitylamino, 1-ethylpropylamino,
n-hegylam;no; 4-methy1pentylam1no. 3-methylpentylamino,
2-methylpentylamino, l-methylpentylamino, 3-ethylbutylamino,
and 2-ethylbutylamino.

[0039] The term “di(C,-C; alkyl)amino group” as used
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herein means a dialkyl;mino group having a linear or branched
‘chain alkyl group having 1 to 6 carbon atoms as the two alkyl
m:;iet:l.ea which may be the same or different. The "di(C,-Cg
alkyl)amino group” includes, for example, dimethylamino,
diethylamino, di-n-propylamino, d4i-i-propylamino, di-n-
butylamino, methyl-n-butylamino, methyl-s-butylamino, methyl-
i-butylamino, mmthyl-t-butylam?no. ethyl-n-butylamino, ethyl-
s-butylamino, ethyl-i-butylamino, and ethyl-t-butylamino.
[0040] The term "C,;-Cs alkylthio group” as used herein
means an alkylthioc group having a linear or branched chain
alkyl group:h&ving 1l to 6 carbon atoms as the alkyl moiety and
includes, fér example, methylthio, ethylthio, n-propylthio, i-
propylthio, q-butylthio, s-butylthio, i-butylthio, t-butylthio,
n-pentylthio, 3-methylbutylthio, 2-methylbutylthio,
l-methylbutylthio, ‘l1-ethylpropylthio, n-hexylthio,
4-methy1pen¥flthio, 3-methylpentylthio, z-methylpantyltﬁio.
1-methylpentylthio., 3-ethylbutylthio, and 2-ethylbutylthio.
[0041] The term "C;-C¢ alkylsulfinyl group” as used herein
means an alkylsulfinyl group (-S0-R) having a linear or
branched chain alkyl group having 1 to 6 carbon atoms as the-
alkyl moiety and 1nc}udes. for example, methylsulfinyl,
ethylsulfinyl, n-propylsulfinyl. i-propylsulfinyl,
n—butylsulfihyl,_p-butxifulfinyl. i-butylsulfinyl,
t-butylsulfinyl, n;pentylsuiEIﬁyl. 3-methylbutylsulfinyl,
z-metpylbytylsulfypyl. l1-methylbutylsulfinyl,
l-ethylpropylsulfinyl, n-hexylsulfinyl, 4-methylpentylsulfinyl,
3-methylpentylsulfinyl, 2-methyl-pentylsulfinyl,
l-methylpentylsulfinyl, 3-ethylbutyl-sulfinyl and
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2-ethylbutylsulfinyl.

‘[0042] The term "C;-Cs alkylsulfonyl group” as used herein
m-enns ‘an alkylsulfonyl group having a linear or branched chain
alkyl group having 1 to 6 carbon atoms as the alkyl moiety and
includes, for example, methylsulfonyl, ethylsulfonyl,
n-propylsulfonyl, i-propylsulfonyl, n-butylsulfonyl,
s-butylsulfonyl, i-butylsulfonyl. t-butylsulfonyl,
n-pentylsulfonyl, 3-methylbutylsulfonyl, 2-methylbutylsulfonyl.
1-methylbutylsulfonyl, l-ethylpropylsulfonyl, n-hexylsulfonyl,
4-methylpentylsulfonyl, 3 -methylpentylm_:lfonyl .

2-methyl -pejltylaulfonyl » l-methylpentylsulfonyl, 3-ethylbutyl-
sulfonyl, at;:d 2-ethylbutylsulfonyl.

[0043] 'I'!le group "-0C(=0)-Rx" as used herein includes,
for example, a C;-Cs alkylcarbonyloxy group, & C;-Cy,
aralkylcarbonyloxy -group, a C;-Cs alkoxycarbonyloxy group, and
a Cy-Cyy ara"lkyloxycarb_onyloxy group. - Here, the C,-Cg
alkylcarbon}ioxy group includes, for example, an acetyloxy
group, a prop_ionyloxy group. a butylyloxy group and
pivaloyloxy group, and particularly the acetyloxy group is
preferred. The C,-C,, aralkylcarbonyloxy group includes, for
example,. benzylca.rbopyloxy group and naphthylmethylcarbonyloxy
group, and the benzylcarbonyloxy group is preferred.

[0044] The C,-Cs alkoxycarbonyloxy group includes, for
example, a methoxy;zarb;yloxy\group. and an ethoxycarbonyloxy
group, and preferr_ed is methoxycarbonyloxy group. The C;-Cy4
aralkyloxycarbonyloxy group includes, for example, a
benzyloxycarbonyloxy group and a naphthylmethyloxycarbonyloxy
group, and preferred is benzyloxycarbonyloxy group.
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[0045] The term “halogen atom” as used herein includes,
'for example., a fluorine atom, a chlorins atom, a bromine atom
and an iodine atom.

[0046] The term “4- to 7-membered heterocycle” as used
herein means a heterocycle which may be completely saturated
or partially or completely unsaturated and contains one
nitrogen and may further contain one or more hetercatoms
independently selected from an oxygen atom, a nitrogen atom
and a sulfur atom and includes, for example, azetidine,
pyrrolidine, piperidine, and mnrpholine: and preferred 1is
piperidine.

[0047] égpe term “"aromatic carbocycle” as used herein
means a 6- tq 10-membered aromatic carbocycle and includes,
for example, a benzene ring and a naphthalene ring.

[0048] The term "aromatic heterocycle” as used herein
means a 5- to 6- membered aromatic heterocycle containing one
or more heteroatom independently seleoted from an oxygen atom,
a nitrogen atom and a sulfur atom and includes, for example, a
pyrrole ring, an indole ring, a thiophene ring, a
benzothiophene ring, a furan ring, a benzofuran riné, a

' pyridine.ring. a quinoline ring, an isoquinoline ring, a _
thiazole ring, a benzothiazole ring, an isothiazole ring, a
benzoisothidzole _ring, a pyrazole ring, an indazole ring, an
oxazole ring, a bﬁhzox;;ala'itng. an isoxazole ring, a
ben:q}soxazole ring, an imidazole ring, a benzoimidazole ring,
a triazole ring, a benzotriazole ring, a pyrimidine ring, a
uracil ¥ing, a pyrazine ring, and a pyridazine ring.

[0049] The term “heterocyclyl group” as used herein means
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a 4- to 7-membered heterocyclyl groﬁp which containa one or
"‘more heteroatom independently selected from an oxygen atom, a
nitrogen atom and a sulfur atom and may be completelf
saturated or partially or completely unsaturated and includes,
for example, azetidinyl, pyrrolidinyl, piperidinyl,
piperazinyl, pyrrolyl, imidazolyl, imidazolinyl, pyrazolyl,
pPyrazolinyl, oxazolinyl., morpholinyl, thiomorpholinyl, pyridyl.
pyrazinyl, pyrimidinyl, pyridazinyl, hexamethyleneimino, furyl,
tetrahydrofuryl, thienyl, tetrahydrothienyl. dioxolanyl,
oxathiolanyl, and dioxanyl. The substitution position on the
hetarocyclyi group 1s not particularly limited as far as it is
the nuhstitétable position on a carbon atom or a pitrogen atom.
[0050] Tpe term "C;-C; alkylenedioxy group” as used herein
is a divalent group represented by the formula: -0—(C;-Cs
alkylene)-0- and includes, for example, a methylenedioxy group,
an ethylenedioxy group and a dimethylmethyenedioxy group.

[0051] —Purther, the compounds of the present invention
include mixtures of various types of tautomers, sterecliosmers
such as optliocal isomers and their isolated iscmers.

[0052] The compounds of the present invention may form
aclid addition_salts._ Further depending on the type of the
substituent, Fhey may form salts with bases. Such salts
include, for'?xnmple, qE}d addition salts of mineral acids

such as hydroghloric acid, ﬁ;ﬁibbramic acid, hydrolodic acid,
sulfugic gcidl nitfio acld and phosphoric acid; organic acids
such as formi& aclid, acetlic acid, propionic aclid, oxalic acid,
malonic &cid,’ succinic acid, fumaric acid, maleic acid, lactic

acid, malic agid. tartarioc acid. citric acid, methanasulfonic



4t

- 28 - ,
acid and ethanesulfonic acid; acidic amino acids such asg
"agparaginic acid and glutamic acid. Further, salts formed
with bases include salts with inorganic bases such as sodium,
potassium, magnesium, calcium and aluminum; salts with organic
bages such as methylamine, ethylamine and ethanolamine; salts
with basic amino acids such as lysine and ornithine; and
ammonium salts.
[0053] Furthermore, the compounds of the present
invention include the hydrates and pharmaceutically acceptable
various solvates, polymorphs and the like.
[0054] :Further, the compounds of the present invention
are not limited to the compounds as wlll be described in
Examples below and include all cyclohexane darivativgs
represented by the above-described formula (I) and
pharmaceutically acceptable salts thereof.
[0055] "Further, the present invention includes the
compounds ﬁh;ch are converted to the compounds represented by
the above-described formula (I) by the metabolism in a living
body and their pharmaceutically acceptable salts, that is, so-
called prodrugs. The groups which form the prodrugs of the
compoundﬁ of the present invention include, for example, those
described in Prog. Med., 5, 2157-2161(1985) and those
described in Development of Drugs (Molecular Designing) 7.
163-198, Hirokawa Shoten, 1930%
[0056] The campounds of the present invention can be
produced by applying various known synthetic methods depending
on the characteristic features based on the type of the basic

skeleton or the substituent. In this instance, when there 1is
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a case such that the group is preferably protected with an
'approprihte protective group at the stage of the starting
m&terial or an intermediate from a production technigue
viewpoint, the protective group can be eliminated in later
steps to obtain a desired compound. The groups which require
protection in the production step include, for example, a
hydroxy group and a carboxy group, and the protective groups
for “these groups include the protective groups described in
Greene and Wuts: Protective Groups in Organic Synthesis, 2nd
ed. The protective group used and the Feaction conditions for
introducing and eliminating the protective group are suitably
gselected baépd on known technigques such as the above-described
documents. .

[0057] The compounds of the present invention have an
inhibitory ac;ivity of sodium-dependent glucose transporter 2
(SGLT2) (J..ciin. Invest.., 93, 397(1994)) relating to the
renal glucose reabsortion. By the inhibition of SGLT2, the
glucose reabsorptionia reduces, excess. glucose i1s excreted and
hyperglycemia is remedied without giving a load on the f-cells
of the pancreas to bring about a therapeutic effect on
diabetes.and an imprpved effect on insulin resistance.

[0058] Thus, according to one aspect of the present
1nvention,.fhere_;s provided a drug for preventing or treating
a disease or a con&1t1;;: which can be improved by inhibiting
the sgnwz activity, for example, diabetes, diabetes-related
diseases and giabetic complications.

[0059] - _The term “diabetes” as used herein includes, type

I diabetes, type II diabetes and other types of diabetes due
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to specific causes. Further, the term "diabetes-related
‘diseases” as used herein includes, for example, obesity,
h}perinsulinemia, saccharometabolic disorder, hyperlipidemia,
hypercholesterolemia, hypertriglyceridemia, disorder of lipid
metabolism, hypertension, céngostive heart failure, edema,
hyperuricemia and gout.

[0060] Further, the term “diabetic complications” as used
herein includes both acute complications and chronic
complications. The “acute complications® include, for example,
hyperglycemia (ketoacidosis and the like) and infectious
diseases (such as skin, soft tissues, biliary tract,
reapiratoryésystem and urinary tract) and the “chronic
complicationq' include, for example, microangio-pathy
(nephropathy and retinopathy), arteriosclerosis (such as
atherosclerosis, myocardial infarction, cerebral thrombosis
and lower iimbo arterial obstruction), neuro-pathy (such as a
sensory nei;e, a motor nerve and an autonomic nerve) and foot
gangrene. The major diabetic complications include, for
example, diabetic retinophathy, diabetic nephropathy and
diabetic neuropathy.

[0061] Purther,_tha compounds of the present invention
can be used in combination with a diabetes treating agent, a
diabetic complication EEPrapeutic agent, a hyperlipidemia
therapeutic agent.-a hypertéﬁiion therapeutic agent or the
like yhiqp has a mechanism of action different than that of
SGLT2 activity inhibitors. By combining the compounds of the
present invention with the other agents. an additive effect

can be expected compared to the effect obtained from each
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single agent in the above diseases.
"[0062] ) The “"diabetes therapeutic agents and diabetic
cbmplication therapeutic agents” which are usable in
combination include, for example, insulin sensitivity

enhancers (such as PPAR y agonist, PPAR a/y agonist, PPAR §

agonist and PPAR a/y/8 agonist), glycosidase inhibitors,
biguanide drugs, insulin secretion promoters. insulin
preparations, glucagon receptor antagonists, insulin receptor
kinage promoters, tripeptiydly peptidase II inhibitors,
dipeptidyl pqptidnse IV inhibitors, progein tyrosine
phonphataaelin inhibitors, glycogen phosphorylase inhibitors.
glucoaa-s-pﬁésphntase inhibitors, gluconeogenesis inhibitors.
fructose bisﬁhosphotase inhibitors, pyruvate dehydrogenase
inhibitors, glucokinase activators, D-chiro-inositol, glycogen
synthase kinase 3 inhibitors, glucagon-like peptide 1,
gluoagon-like peptide-1 analogs, glucagon-like peptide-1
agoniats, iﬁwrin. amyrin analogs, amyrin agonists,
glucocorticoid receptor antagonists, ll1f-hydroxysteroid
dehydrogenase inhibitors, aldose reductase inhibitors, protein
kinase C inhibitors, y-aminobutyric acid receptor antagonists.
sodium cﬁannel antaqonists, transcription factor NF-xB
inhibitors, IKK f§ inhibitors, lipido-peroxidase inhibitors,
N—aeetylated-a-11nked-es}d-d1peptidnse inhibitors, insulin-
like growth factor-I, platelet=derived growth factor (PDGF),
plata}et-garived growth factor (PDGF) analogs, epidermal
growth factor (EGF). nerve growth factor, carnitine
derivatives, Fridine, 5-hydroxy-1l-methylhydantoin, EGB-761,
bimoclomel, sulodexide, Y-128 and TAR-428.
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[0063] As the diabetes therapeutic agents and the
"diabetioc complication therapeutic agents, the following are
111ustrated.

[0064] "Biguanide drugs” include, for example, metformin
hydrochloride and phenformin.

[0065] Among “insulin secretion promoters”, sulfonylureas
include, for example, glyburide (glibenclamide), glipizide,
glyclazide and chlorpropamide, and non-sulfonylureas include.
for example, nateglinide, repaglinide and mitiglinide.

[0066] :Insulin preparations” 1nclqde recombinant human
insulin and animal-derived insulin, and are classified into
three groupé according to the time of action, that is, the
immediate-acting type (human insulin and human neutral
insulin), the medium type (an insulin-human isophane insulin
agqueous auqunsion. a human neutral insulin-human isophane
insulin aqdeous suspension, a human insulin zinc agueous
suapension.;nd an insulin zinc aqueocus suspension) and the
enlonged-acting type (a;human crystalline insulin zinc
suspension).

[0067] "Glycosidase inhibitors® include, for example,
acarbose; vogliboae_and miglitol.

[0068] PPAR y agonists of "insulin sensitivity enhancers”
include, for example, Efpglitazone, ploglytazone and
roslglytazone, and PPAR alyiaiil agonists include, fof example,
HK-?Q? (;FP-ZQT), tesaglitazar, LM 4156, LY 510929, DRF-4823
and TY-51501, and PPAR § agonists include, for example,
GW-5015I6. .

[0069]) "Tripeptidyl peptidase II inhibitors” include, for
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example, UCL-139.
"[{o070] "Dipeptidyl peptidase IV inhibitors” include, for
eiamplo, NVP-DPP728A, LAF-237, MK-0431, P32/98 and TSL-225.
[0071] "Aldose reductase inhibitors” include, for example,
ascorbyl gamolenate, tolrestat, epalrestat, fidarestat,
sorbinil, ponalrestat, risarestat and zenarestat. .

[0072] “y-Aminobutyric acid receptor antagonists” include,

for example, topiramate.

[0073] “Sodium channel antagonists” include, for example,
mexiletin hydrochloride.

[0D74] ""Transcription factor NF-xB inhibitors” include,
for examplei dexlipotam.

[0075] “"Lipoperoxidase inhibitors” include, for example,
tirilazad mésflate.

[0076] "N-Acetylated a—linked-acid-dipeptidase
inhibitors” include, for example, GPI-5693.

[0077] “"Carnitine derivatives" include, for example,
carnitine and levacecarnine hydrochloride.

[o078] “Hyperlipidemia therapeutic agents and the
hypertension therapeutic agents” which can be used in
combination include, for example, hydroxymethylglutaryl
coaenzyme A reductnse-inhibitors. fibrate compounds,
fi-adrenaline receptor agonists, AMPK activators, acyl coenzyme
A: choresterol acyi tr;;;fefina inhibitors, probucol, thyroid
hormone receptor agonists, choresterol absorption inhibitors,
lipase 1n£1b1tors,-microsomo triglyceride transfer protein
1nh1bitors..1ipoxygenase inhibitors, carnitine palmitoyl

transferase inhibitors, squalene synthase inhibitors, low
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density lipoprotein receptor promoters, nicotinic aciad
'derivatifes. bile acid adsorbents, sodium conjugated bile acid
tiansporter inhibitors, cholesteryl ester transfer protein
inhibitors, angiotensin converting enzyme inhibitors,
angiotensin II receptor antagonists, endothelin converting
enzyme inhibitors, endothelin receptor antagonists, diuretics,
calcium antagonists, vasodilating hypotensive agents,
sympathetic blocking agents, central hypotensive agents, a;-
adrenergic receptor agonists, antiplatelet agents, uric acid
formation inhibitors, uric acid excretion stimulants, urine
alkalifyingldganta, anorectics, adiponectin receptor agonists,
GPRAO agoniéta and GPR40 antagonists.

[0079] Ap the hyperlipemia therapeutic agents and the
hypertension therapeutic agents, the following are illustrated.
[0080] “Hydroxymethylglutaryl coenzyme A reductase
1nhibitors; include. for example, fluvastatin, lovastatin,
pravastatiﬂ: cerivagtatin and pitavastatin.

[0081] "Fibrate compounds” include, for example,
bezafibrate, beclobrate and binifibrate.

[0082] "Squalene synthase inhibitors” lnolude, for
exumple,-TAx-475. a-phosphonosulfonate derivatives (as
described in US Patent No. 5,712,396).

[0083] ‘Acyl_coenﬁxpo A: cholesterol acyl transferase
inhibitors® include, for example, CI-1011, NTE-122, FCE-27677,
RP-73}63._HCC-147_§nd DPU-129.

i0084] "Low density lipoprotein receptor promoters”
include,” for example, MD-700 and LY-295427.

[0085] "Microsome triglyceride transfer protein
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inhibitors (MTP inhibitors)” include, for example, compounds
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"as described in US Patent Specification Nos. 5,739,135,
5,712,279, 5,760,246 and the like.

[0086] "Anorectics” include, for example, adrenaline-
noradrenalin? ;gonists (mazindol, ephedrine and the like),
serotonin agonists (selective serotonin retake inhibitors such
as fluvoxamine), adrenalin:serotnin agonists {sibutramine and
the like), melanocortin 4 receptor (MC4R) agonists and
a-melanocyte concentrating hormones (a-MCH), leptin, cocaine-
and amphetamine-regulated transcript (C§RT) and the like.
[0087] " "Thyroid hormone receptor agonists® include, for
example, lyéthyronine sodium and levothyroxine sodium.

[0088] ‘Fholesterol adsorption inhibitors® include, for
example, ezetimibe.

[0089] "Lipase -inhibitorse” include, for example, orlistat.
[0090} " *Carnitine palmitoyl transferase inhibitors”
include, for example, etomoxir.

[0091] "Nicotinic acid derivatives” include, for example,
nicotinic acid, nicotinamide, nicomol and nicorandil.

[0092] "Bile acid adsorbents” include, for example,
cholestyfamine, colqstilan and cholesevelam hydrochloride.
[0093] "Anglotensin-converting enzyme inhibitors® inoclude,

for example, captopril, enalapril maleate, aracepril and

cilazapril. —

[0094] *Angiotenain II receptor antagonists” include, for
example, candesartan cilexetil, losartan potassium and
eprosartan mesylate.

[0095] “Endothelin-converting enzyme inhibitors® include,
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for example, CGS5-31447 and CGS-35066.

"[0096] “Endothelin receptor antagonists® include, for
eianple. L-749805, TBC-3214 and BMS-182874.

[0097] For example, in the therapy of diabetes and the
like, it is suitable that the compounds of the present
inventioh are used together with one or more agent selected
from the group consisting of insulin sensitivity enhancers
{PPAR y agonists, PPAR a/y agonists., PPAR 0 agonists, PPAR
a/y/d agonista and the like), glycosidase inhibitors., biguanide
drugs, insulin secretlion promoters, 1nsglin preparations and
dipeptidyl peptidase IV inhibitors.

[0098] érurther, it is suitable that tha compounds of the
present invention are used together with one or more agent
gelected from the group consisting of hydroxymethyl-glutaryl
coenzyme A reductase inhibitors, fibrate compounds, squalene
synthetase 1nh1b1torst acyl coenzyme A: cholesterol acyl
trannferaserinhibitors, low density lipoprotein receptor
promoters, microsome triglyceride transfer protein inhibitors
and anorectics.

[0099] The drugs of the present invention can be
administéred aystemipally or topically or orally or
parenterally, for example, rectally. subcutaneously,
intramuscularly._intravenously or percutaneously.

[0100] The coﬁpouﬁs; of the present invention which are
used as drugs may be in any form of a solid composition, a
liquid composition and another composition and are most
suitably selected as the need arises. The drugs of the

present invention can be produced by incorporating a
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pharmaceutically acceptable carrier into the compounds of the
‘present invention. Specifically, a excipient, a filler, a
Blndar. a disintegrator, a coating agent, a sugar-coating
agent, a pH adjustor or a solubllizing agent which is
conventionally used or an agqueous Or nonageuous solvent 1is
added to the compounds of the present invention to prepare
tablets, pills, capsules, granule, dusting powders, powders,
liquids and solutions, emulsions, suspensions, injections or
the like by the conventionally employed techniques for
pharmaceutical formulations. The exciplents and fillers
include, for example, lactose, magnesium stearate, starch,
talc, gelatin. agar, pectin, acacia, olive oil, sesame o0il,
cacao butter, ethylene glycol and other substances usually .
used.

[0101] Further, the compounds of the present invention
can be made into formulations by forming clathrate compounds
with a-, ﬂ-_or y-cyclodextrin or methylated cyclodextrin.
[0102] The dose of the compounds of the present invention
varies depending on the diseass., the status of the disease,
weight, age, sex and the route of administration, and is
preferabiy 0.1 to 1,000 mg/kg weight/day, more preferably 10
to 200 mg/kg welght/day and can be adiministered once a day or
dividedly severa] times a day.

[0103] The coﬁpoun;; of ths present invention can be
synthesized, for example, by the production methods as shown
in the foilowing S;hemes. Further, "Bn" in the following
Schemes represents a benzyl group.

[0l04] 2.3,4,6-Tatra-0-banzyl-5a-carba-a-D-glucopyranose
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(IV) of a key intermediate can be produced, for example, in
the folibwing manner.

[0105] Scheme 1

[0106] [Formula 3]

2y Eope0ge L

D-glueal an an ()]

[Formula 4]

[0107] ‘First, after the primary hydroxy group of D-glucal
is protected (for example, protection with a tert-butyl-
dimethylsilyl group), two secondary hydroxy groups are
protected by benzyl groups, and then the protective group of
the primﬁry hydroxy group is eliminated (for example, when the
protective group is a tert-butyldimethylsilyl group, it is
eliminated by tetrabutylammonium fluoride) to synthesize a
3,4-41-0-benxyl-D-glucal (IT}=

[0108] Next, the compound (II) can be converted to a
3.4,6- tri O-benzyl-5a-carba-D-glucopyranose (III) via five
steps [Chem. Commun., p.925 (1998)].

[0109] The compound (III) can be converted to 2,3.,4,6-
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tetra-0O-benzyl-5a-carba-a-D-glucopyrancse (IV) via two steps
'[Liebigs. Ann. Chemi., p.267 (1995)1.
[blln] A compound (V) can be produced by the method as
described in a document [J. Chem. Soc. Perkin Trans. 1, 3287
(1991)]. Further, as shown in the following Scheme 2, the
compound (V) can be also produced from the compound (IV) by a
gsuitable oxiding reagent (for example, activated DMSO in the

Swern method or PCC, PDC, Deas-Martin periodinane or the like)
Scheme 2

[0111] [Formula 4]

OH
i A 0B
: - oxidation 080
_ i 0Bn X 0Bn
0Bn OBn 0Bn  0Bn
(V) (v)
[0112] "The compound (IV) can be converted to a compound

(VII) as aﬁawn below.
[0113] Scheme 3
[0114] [Formula 51

i g
[~
=

] »<

.»08n 1) Mitsunobu reaction

J,OBn ; J,OBn
2) hydrolysis

: g i 0Bn
£ -— = =
0Bn : = OHp__0Bna 0Bn 0Bn

(1)) (v1) vi1)
"\\\\\ . X:leaving group

[0115] The compound (IV) can be derivatized to 2,3,4.,6-




)

54

~ 40 -

tetra- -benzyl-5a-carba-p-D-glucopyranocse (VI), for exampla,

‘by performing hydrolysis after the Mitsunobu reaction with

b;nzoic acid.

[01l16] Next, a compound (VII) in which X is a halogen
atom can be produced by allowing a suitable halogenation agent
{for example, phosphorus oxychloride, phosphorus oxybromide,
phosphorus trichloride, phosphorus tribromide, carbon
tetrachloriﬁe-triphenylphosphine, carbon tetrabromide-
triphenylphosphine, N-chlorosucclinimide-triphenylphosphine, N-
bromosuccinimide-triphenylphosphine, iodine-triphenylphosphine
or the like) to act on the compound (VI).

[0117] é?urthar, a compound (VII) in which X is a
methanesulfonyloxy group, p-toluenesulfonyloxy group, a
trifluoromethanesulfonyloxy group or the like can be produced
by allowing methanesulfonyl chloride, p-toluenesulfonyl
chloride, ihhydrous trifluoromethane-sulfonic acid or the like
to act on fﬁe compound (IV) in a suitable solvent under basic
conditions.

[0118] For example, a compound of the following formula:

O

————

{01191 [Formula 6]

=tH11)
[0120]) vherein R'' is the same as the above defined Rb;
and Ar® is the same as above defined, which is an intermediate
of the compound of formula (I) can be synthesized with

reference to the following documents: International
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Publication Nos. WO01/68660, WO01/074834, WO01/074835,
'WO02/28872, WO02/44192, WO02/064606, WO03/011880 and
WO04/014931.

[0121] For example, the following compounds:
[0122] [Formula 7]

0 0
sif‘" .szfu
R! OH R! OH
x

(I1x)
[0123] wherein R'? is the same as the above defined Rb;

and Ar? is the same as above defined, which are intermediates
of the campéund of formula (I) can be asynthesized with
reference.to the following document: International qulication
No. W0041001517.

[0124] For example, the following compound:

{0125] [Formula 8]

(x1)
[0126]  wherein R* is the same as the above defined Rb;
and Ar? is the same as above defined, which is an intermediate
of the compound of formula (I) can be synthesized with
raferance to the fbllo;Ihg documents: International
Eublifation Nos. W001/16147, WO02/36602, WO02/053573,
N0021068459, H002;568440, WO02/088157, W002/098893,
W003/020737 and WO03/090783.

[0127] For example, the following compound:
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[{0128] [Formula 9]
0
1
xt Ar
P
N om
xi)
[0129] wherein X!, Xx?, X* and X' are each a nitrogen atom

or C-R and one or two of X!, X?, X® and X' are nitrogen atoms;
and R is the same as the above defined Rb, which is an
intermediate of the compound of formula (I) can be synthesized
with referei_we to the following document: International
Publ:l.cat:l.on:;:No. W003/000712.

[0130] For example, the following compound:

[0131] [Formula 10)

- H|s_g\m!
- ' NH

2
xit)

[0132] wherein R}® is the same as the above defined Rb;
and Ar? is the same as above defined, which is an intermediate
of the compound of formula (I) can be prepared according to

the following Scheme 4.

Schema 4 . —
[0133] [Formula 11]



. X 1) Walkyl
Il"—'—\ or Maryl Arl
- ] /
NO; 2) Ar’-CHO NH,
(Xiv) {xv) xin)
[0134] wherein R!® is the same as the above defined Rb:

M-alkyl and M-aryl are each an organometallic reagent such as
n-butyllithium, phenyl lithium and phenyl magnesium bromide; X
is a halogen such as chlorine, bromine and iodine; and Ar? is
the same as above defined.
[0135] ‘That 1s, the compound (XIII{ can be synthesized by
allowing a épitable organometallic reagent (n-butyllithium,
phenyl lithium, phenyl magnesium bromide or the like) to act
on a compound (XIV), then reacting the resulting compound with
Ar®’-CHO to derivatize a compound (XV), and thereafter
performing a4 suitable reduction reaction (catalytic
hydrogenatidn using a }alladium catalyst or the like).
[0136] The compounds of the present invention can be
produced, for example, according to Scheme 5 as shown below.
Scheme 5
[0137) [Formula 12]

!
|Il_/q\ Ar
080 y Witsusobu NV N 0

ST =

OH l Ar!

T el
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(n onn Oin  OBn O OH
B - i av) avin
[0138] ) ‘wherein R'! is the pams as the above defined Rb;

and Ar?® ie the same as above defined.
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[0139] That 1s, the compound of the present invention can
"be produced by condensing the compound (IV) with the compound
(VIII) under the conditions of the Mitsunobu reaction using an
azo reagent and a phosphine and then performing deprotection
under catalytic hydrogenation conditions using a palladium
catalyst or the like or performing deprotection by boron
trifluoride-dimethylsulfide or the like. The azxo reagents
which can be used in the synthesis of the compounds of the
present invention include, for example, diethyl
azodicarboxylate, tetramethylazodicarboxamide and 1,6-
dimethyl-l.s.1-hexahydro-1.4,6,1-tetraz;oin-2.5-dione. and the
phosphines énclude. for example, triphenylphosphine,
tributylphosphine, 2-(dicyclohexylphosphino)biphenyl and
tri(tert-butyl)pheasphine, Further, the compounds of the
present invention can be also synthesized by the Mitaunobu
reaction using a phonqhorane reagent. The phosphorane reagent
which can be used herein includes, for example,
(cyanomethylene)tributylphosphorane and (cyano-
methylene)trimethylphosphorane. Further, the substituent R'
of the compound (XVII) or the substituent of Ar’ (a halogen,
or a hydroxy group after converting to a triflate or the like)
can be also convertaa with the use of a tin reagent, a boric
aclid or tha-iikq_}n the presence of a palladium catalyst.
[0140] Further, tﬁ;-caﬂpbunds of the present invention
can be also produced, for example, according to Scheme 6 as
shoun-belbw. )

Scheme 6
[0141] [Formula 13]
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[0142] vherein X* is a halogen such as chlorine, bromine

and ilodine or a leaving group such as a methanesulfonate and a
trifluoromethanesulfonate; R!!' is the same as the above defined
Rb; and Ar?’ is the same as above defined.

[0143] éThat is, the compound (XVI) can be produced by
condensing the compound (VII) with the compound (VII;) in a
suitable solvent under basic conditions. The bases which can
ba used here;n include, for example, sodium hydride, potassium
carbonate and potassium tert-butoxide.

[0144] ‘Further, the compounds of the present invention
can be also produced, for example, according to Scheme 7 as
shown below.

Scheme 7

[0145] [Formula 14]
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[0146] 'wherein R'! is the same as the above defined Rb; R”
is a C;-Cq a_j’lkyl group, a C;~C,;, aralkyl group or amn aryl group:
and Ar? is the same as above defined. _

[0147] ‘That 1s, the compound (XVII) of the present
invention can be produced by condensing the compound (IV) with
the compouﬁd-(XVIII) under the conditions of the Mitsunobu
reaction uélng an azo reagent and a phosphine, then converting
the alkoxfcarbonyl group of the resulting compound to a formyl
group by the conventional method to form a compound (XX), then
allowing Ar?-M (wherein M is lithium, a magnesium halide or
the like) to act on_tha compound (XX) to be converted to a
compound (XXI), and thereafter eliminating the hydroxy group
and the benfZyl groups simultaneously under catalytic
hydrogenation conditio;: or‘EIIminating them stepwise by
raduq}ng Fha hydrqu group with trimethylsilane or the like
and then eliminating the benzyl groups with boron trifluoride-
dimethyIsulfide.

[0148] Further, the compounds of the present invention
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can be also produced, for example, according to Scheme 8 as
-uhown bélow.

- Scheme 8
[0149] [Formula 15]

o
/ ll'l y M,I
M Witeunebu 1) Kalkyl '\
(I reaction ar I-lll‘l
rJ:f]: I)MLGD FJE:]: n
[ [ ] lln
&ai1) O8n
anu) un)
[o1501] wherein X' is a halogen atom; R! ig the same as

the above défined Rb; and Ar? is the same as above defined.
[0151] That 1s, a compound (XXI) can be synthesized by
derivatizing the compound (IV) and the compound (XXII) to a
campound_(x*III) by the Mitsunobu reaction and then allowing
an organcmetallic reagent (a lower alkyl lithiup such as
n—butyllitﬂium or the 1like) to act on the compound (XXIII) to
be reacted with Ar*-CHO.
[0152] Further, the compounds of the present invention
can be also produced, for example, according to Scheme 9 as
shown below.

Scﬁama 9
[0153] [Formula 16]
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[0154] wherein X*!' and X*? are each a halogen atom; R" is

'independently selected from a C;-Cs alkyl group; R is the

same as the above defined Rb; and Ar® is the same as above
defined.
[0155] That is, a hexaalkylditin is allowed to act on a
compound (XXIII) in the presence of a palladium catalyst to
derivatize a compound (XXIV) which is then reacted with Ar3-
CH,X*? in the presence of a palladjium catalyst to synthesize a
compound -(XVI) . The hexaalkylditin as used herein includes,
for example, hexamethylditin and hexabu'l_:ylditin. and the
palladium ci_ttalyat includes, for example,
tetrakintr:l.ﬁhe:;ylphos;:hine palladium (0) and 1,2-
bis (diphenylp_hosphorinoethano }dichloropalladium (II).
[0156] Purther, the compounds of the present invention
can be also produced, for example, according to Scheme 10 as
shown below'.

Scheme 10
[0157] [Formula 17]

+ /\Iu\ 'llﬂlnn U "
fatr=F

e llln lln v
[0158] whereir-: R'? is the same as the above defined Rb;
and Ar’ is the same as above defined.
[0159] That is, the compound (IV) is condensed with the

compound (IX) under the conditions of the Mitsunobu reaction

using an axzo reagent and a phosphins to derivatize a compound
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(XxXv), and thereafter the ketone reduction and the elimination
‘of the an:yl groups are simultaneously performed undef
chtalytiq hydrogenation conditions using a palladium catalyst
or the like, or performed stepwlise by reduction of the ketone
with sodium borohydride or the like and then the elimination
of the benzyl groups with a palladium catalyst to produce a
compound (XXVI) of the pressnt invention.
[0160] Further, the compounds of the present invention
can be also produced, for example, according to Scheme 11 as
shown below.

Schemé 11l
[0161] [roru_;';ula 18]
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[0162] wherein R'? 13 the same as the above defined Rb;
‘and Ar® is the same as above defined.
[0163] That is. the compound (IV) is condensed with the
compound (X) under the conditions of the Mitsunobu reaction
using an azo reagent and a phosphine to derivatize a compound
(XXVII), and thereafter Ar’-M (wherein M is lithium, a
magnesium halide or the like) is allowed to act on the
compound (XXVII) to convert it to a compound (XXVIII), and
thereafter the elimination of the hydroxy group and the benzyl
groups is performed simultaneously or s?epwise under catalytic
hydrogenation conditions using a palladium catalyst or the
like to proéuce a compound (XXVI) of this invention.
[0164] Further, the compounds of the present invention
can be also produced, for example. according to Scheme 12 as
shown below.
Scheme 12

[0165] [Formula 19]

1 S
X Bh R < iy g .
Al LR f(;j:“ | (¢:'
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. OBn 0Bn o OH
- - (axin (xxx)
T ———
[0166] whersin X5 is the same as above defined; R!® is the

same as the above defined Rb; and Ar?’ is the same as above
defined."

[0167] That is, the compound (XXX) of this invention can
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be produced by reacting the compound (VII) with the compound
'(XI) 1n-a suitable solvent in the presence of a base to
dﬁrivatize a compound (XXIX)., and thereafter the elimination
of the benzyl groups is performed under ca;alytic
hydrogenation conditions using a palladium catalyst or the
like to produce the desired compound.
[0168] Further, in the production method of Scheme 10,
the compound (XXXI) (wherein X!, X?, X® and X' and Ar? is the
same as above defined) of the present invention can be
synthesized by using the compound (XII) lnstead of the
compound (I?).
[0169] [Formula 20)

Y~ YOH
OH OH
(Xxxi)
[0170] Further, the compounds of the present invention

can be also produced, for example, according to Scheme 13 as

shown below. -
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Scheme 13
'[0171] [Formula 21]
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[0172] wherein X is a halogen atom; R!’ is the same as the

above defined Rb; and Ar® is the same as above defined.

[0173] That is, the compound (XXXV) of this invention can
be produéed. by subjecting the compound (IV) to the Mitsunobu
reaction with phthalimide, allowing hydrazine or methylamine
to act on the resulting compound to derivatize a compound
(XXXII), then perf;)m.tn—g- the coupling reaction with a compound
(XJIXI:_I:I) in the presence of a palladium catalyst [for example,
tris(dibenzylideneacetone)di-palladium (0) or 1,1'-
bia(diphenylphosphinoferrocene)-dichloropalladium (II)] or a

copper reagent [for example, copper lodide (I)] to convert the
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compound {XXXII) to compound (XXXIV), and thereafter
'oliminafing the benzyl groups under catalytic hydrogenation
conditions using a palladium catalyst or the like.
[0174] Further, the compound (XXXII) can be synthesized
by. performing the Mitsunobu reaciion of the compound (IV) with
sodium azide or the like and thereafter allowing
triphenylphosphine or the like to act on the resulting
compound.
[0175] Further, the compound (XXXIII) can be produced
according to Scheme 14 by allowing A:‘-q to act on a compound
(XXXVI) to derivatize a compound (XXXVII) and thereafter
treating thé compound (XXXVII) with triethylsilane in the
presence of a boron trifluoride-diethylether complex,
trifluorcacetic acid or the like.

Scheme 14

o
[0176] [Formula 22]

O0H
CHO
? 2
R - N At R"—+-\\ Ar
\ =
X X X

Qo 1) _ (xxavin (XXX111)

[0177] wherein X 1s the same as above defined; R' is the
pame ag the above defined Rb;—und Ar’ is the same as above

defined.
[0178] Further, the compounds of the present invention

can be also produced, for example, according to Scheme 15 as

shown below.
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Schaeme 15
'[0179] [Formmla 23]
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[0180] wherein R!® is the same as the above defined Rb;

and Ar is the same .as above defined.

[0181] "That is, a compound (XXXX-I) can be produced by
allowing a suitable alkyl lithium (for example, n-butyllithium
or the like) to act on a compound (XXXVIII) to be reacted with
a compound (V) and catalytically hydrogenating the obtained
compound (XXXIX-I) with a palladium catalyst or the like. In
the aame-manner. a cpmpqund (XXXX-II) can be directly produced
by catalytically hydrogenating the compound (XXXIX-II) with a
palladium catalyst or can be produced by acetylating the
hydroxy group and ihan-:iimiﬁiting the acetoxy group and the
benly} groups by catalytlic hydrogenation reaction using a
palladium catalyst or the like (if necessary, an acid such as
hydrochloric acid is added). Herein, the compound (XXXVIII)
can be synthesized, for example, by the method as described in
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International Publication No. W001/27128.
‘[o182] The compound (XXXX) can be also produced, for
a;:ample. according to tho. method of Scheme 16 as shown below.
Scheme 16
[0183] [Formula 24]

CHy CH,
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[01B4] - vherein X’ and X** are halogen atoms; R is the

same as the above defined Rb; and Ar? is the same as above

defined. - -

o

[0185] That :I.;. a suitabie alkyl lithium (for example,
n-but_yll:l._thium or _the like) is allowed to act on a compound
(XOXI) and is reacted@ with the compound (V) to derivatize a .
compound {XXXXII), and the resulting hydroxy group is

converted to a thiocarbonyloxy group by
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methylthiocarbonylation or lmidazolylthiocarbonylation, and
‘then deoxygenation is performed by allowing a radical reaction
abent (for example, a tin hydride reagent such as tributyltin
hydride, a silane agent such as diphenylsilans, a combination
of diphosphorous scid or diethyl phosphite with a tertiary
amine) to act on the compound (XXXXII) in the presence ;f a
suitable radical initiator (for example, 2.,2'-azobisiso-
butyronitrile. benzoyl peroxide or the like) to synthesize a
compound (XXXXIII). Then, the compound {(XXXXIII) is converted
to the benzyl halide (XXXXIV) under suigable halogenation
conditions (for example, by N-bromosuccinimide, bromine,
hydrogen brépide or the like), and the benzyl halide (XXXXIV)
is reacted with an aryl halide (including an heteroaryl
halide) in the presence of a suitable catalyst [for example,
tetrakistriphenyl-phosphine palladium (0), 1,2-
bis(diphenylphosphinocethane)-dichloropalladium (II) or the
like}, and thereafter debenzylation is performed to derivatize
a compound (XXXX).

[0l86] The intermediate (XXXXIV) can be produced by the
method of Scheme 17 as shown below.
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Scheme 17
"[0187] [Formula 25)
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{o188] “wherein R!® is the same as the above defined Rb: P

is a protective group; X is a halogen atom; and Ar? is the
same as above defined.

That is, after the hydroxy group of a compound (XXXXVI)
is protaéted by a sultable protective group (for example, a
tert-butyldimethylsilyl group, a tetrahydro-pyranyl group or
the like), a suitable alkyl lithium (for example,
n-butyllithium or the 1:;3) i acted on the resulting
compound and reacted with the compound (V) to derivatize a
compound ixxxxvxz): Then, the tertiary hydroxy group is
" converted to, for example, a thio-carbonyloxy group by

methylthiocarbonylation or imida-zolylthiocarbonylation, and
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then a radical reaction qgant (for example, a tin hydride
'reagent such as tributyltin hydride, a silane agent such as
diphenylsilane, a combination of diethyl phosphite or
diphosphorous acid with a tertiary amine) is allowed to act on
the resulting compound in the presence of a sultable radical
initiator (for example, 2,2’'-azobisisobutyronitrile, benzoyl
peroxide) to convert it to a compound (XXXXVIII).
Subsequently, the deprotection ias performed to obtain a
compound (XXXXIX), and thereafter by suitable halogenation
conditions (for example, when X is brom;ne atom, the
conditions using N-bromosucoinimide, bromine, carbon
tetrabromidé=or the like in the presence of
triphenylphosphine), the compound (XXXXIV) can be synthesized.
[018%] The compound (L) can be also produced, for example,
according to Scheme 18 as shown below.

Scheme 18
[0190] [Formula 26]
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[0191] wherein R is the same as the above defined Rb;

and Ar? is the same as above defined.

That 1is, the compound (L) of the present invention can
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be produced by using the compound (LI) or the compound (LII)
'1nstead bf the compound (IV) in the production method of
séhama 5. The compound (LI) can be synthesized by the method
as described in a document [J. Org. Chem., 63, 5668 (1998)]
and the compound (LII) can be synthesized by the method as
described in a document [Tetrahedromn, 56, 7109 (2000)]

[0192] Further, the compounds of the present invention

can be also produced, for example, according to Scheme 19 ag

shown below.
[0193] Scheme 19
[0194] [Forqula 27]
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[0195] wherein R!’” is the same as the above defined Rb; X

is the s;mo as above defined; Tf is a trifluoromethane-
sulfonyl group; and Ar’® is the same as above defined.

That is, a_campoqgg (LV) can be produced by treating a
compound (LIV) obt;ined by f;Iflating the compound (V)
together with a compound (LVII) obtained by allowing a
suitable alkyl lithium (n-butyllithium or the like) to act on
the compound (XXXIII) to be treated with a boric acid ester

(trimethyl borate or the like) in the presence of a palladium
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catalyst (tetrakistriphenylphoxphine palladium or the like).

‘A compound (LVI) can be produced by treating this compound

(hV) with boron trichloride or the like in the presence of
pentamethylbenzene or the llke.

[0196] The method for produoing the compounds of the
present invention is not limited to the above-described
methods. The compounds of the present invention can be
synthesized, for example, by sultably combining the steps
included in Schemes 1 to 19.

EFFECT OF THE INVENTION

[0197] ‘The compounds of the present invention not only
have S5GLT2 inhibition action but also have suitable properties
as drugs such as metabollc stability, oral absorbabi;ity. drug
effect durability and safety. Thus, pharmaceutical
compositionas having an action of lowering blood sugar levels
which are used for the prophylaxis or treatment of diabetes
such as insulin-dependent diabetes (type I dlabetes) and
insulin-independent diabetes (type II diabetes), dlabetic
complications and obesity caused by hyperglycemia are provided
by the present invention.

Examples

[0198] The contents of the present invention will be
explained irr further details by the following examples and
experimental exampie bgz'thi‘iroaent invention is not limited
to thgir contents.

[0199] - Each aLbreviation in the following examples has
the following meaning.

NMR: Nuclear magnetic resonance spectrum (TMS internal
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standard);

‘'MS: Mass spectrometric analysis valus;

HPLC: High-speed liquid chromatography:

[0200] NMR, MS and HPLC are measured by the following
equipment.

NMR: JOEL JNM-EX-270 (270 MHz), Varian Merocury 300 (300 MHz)
or JOEL JNM-ECP 400 (400 MHz):

MS: LCQ of Thermo Finigan or Micromass ZQ of Waters;

HPLC: 2690/2996 (Detector) of Waters.

[0201] The measurement conditions of HPLC are as follows

unless otherwise described.

[0202] Column: YMC-Pack ODS-A 6.0x150 mm, 5 ym
Mobile Phase=.31ution by applying a gradient of from 0.1l%
"% . - TFA/MeCN (53) plus 0.1% TPA/H,0 (95%) to

0.1% TFA/MeCN (100%) for 20 minutes, and

tharaaft9r under the same condition [0.1%

TFA/M&CN (100%)] for five minutes

Flow Rate: 1.5 mL/minute -.

Column Temperature: Room temperature

Detection Condition: Total plot of the entire wavelength
of 230 to 400 nm

[0203] Example 1

[2-(4-Methoxybenzyl)phenyl]-5a-carba-fi-D-glucopyranoside
(1) Synthesis of'2-(2:;.4.F=Tetrn-0-ben:yl-Sa-carba-ﬂ-D-

glucopyranosyl)benzoic Acid Methyl Ester

‘To ; methyl ;alicylate (72 pL, 0.557 mmol) THF solution
(400 uL); triphenylphosphine (146 mg, 0.557 mmol) and
2,3,4.5,6-tetra-0O-benzyl-5a-carba-a-D-glucopyranose (200 mg,
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0.371 mmol) were added, and diethylazodi-carboxylate (DEAD,

'88 uL, 0.557 mmol) was added dropwise thereto, and the mixture

éblution was stirred at room temperature for 10 hours. The
reaction mixture was concentrated under reduced pressure, and
the obtained residue was purified by preparative thin-layer
chromatography (TLC) [developing solution=ethyl acetate:n-
hexane (1:3)] to obtain the title compound (123 mg, 49%).
[0204] 'H-NMR (CDC1;) 8: 1.60-1.80 {2H, m), 2.15-2.24 (1H,
m), 3.48-3.64 (4H, m), 3.75-3.90 (1H, m), 3.83 (3H, ®), 4.43
(3H, 8), 4.53 (1H, 4, J=10.7Hz), 4.51-4:98 (6H, m), 6.95-7.02
(l1H, m), 7.10-7.50 {22H, m), 7.78 (1H, a4, J=1.65, 7.75Hzx)
MS (ESI*): éps [M+Na}*
(2) Synthesis of 2-(2,3,4,6-Tetra-O-benzyl-5a-carba-f-D-

glucopfranosyl)benzyl Alcohol

Lithium aluminum hydride (10.4 mg, 0.274 mmol) was added
to a THF solution (360 uL) of 2-(2,3.4,6-tetra-O-benzyl-5a-
carba-p—D-dlucopyranosyl)henzoic aclid methyl ester (123 mg,
0.183 mmol) in small portions and the reactlon mixture was
stirred in an oil bath (55°C) for three hours. The reaction
mixture was cooled to room temperature, and then water was
added thereto and extracted with ethyl acetate. The organic
layer was washed with a saturated sodium chloride aqueous
solution and dried (anhydrous magnesium sulfate), and then the
golvent was distilied ;;aar'iinucad pressure. The obtalined
residue was purified by preparative TLC [developing
solut;on-;thyl acékate:n-hexane (1:3)] to obtain the title
compound (95 mg, B18%). '
[0205] 1H-NMR (CDC1,) 8: 1.60-1.80 (2H, m), 2.16-2.22 (1H,
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m), 3.46-3.74 (5H, m), 4.43 (3H, 8), 4.54 (1H, 4, JI=10.7H=z),

'4.66 (2H, br s), 4.81-4.96 (5H, m), 6.94-7.31 (24H, m)

MS (ESI'): 667 [M+Na]’
(3) Ssynthesis of 2-(2,3,4,6-Tetra-0O-benzyl-5a-carba-p-D-

glucopyrqnosyl)ben:aldahyda

To a 2-(2,3,4,6-tetra-0-benzyl-5a-carba-p-D-gluco-
pyranosyl)benzyl alcohol (95 mg, 0.147 mmol) dichloro-meathane
solution (1.5 mL), a Dess-Martin reagent (94 mg, 0.221 mmol)
was added, and the mixture solution was stirred at room
temperature for 45 minutes. Insolublea_were removed from the
reaction mixture by filtration and the filtrate was
concentrnte& under reduced pressure. The obtained residue was
purified by p;eparative TLC [developing solution=ethyl
acetate:n-hexans (1:3)) to obtain the title compound (77 mg.
8l1%).
{02061 H-NMR (CDGl;) 8: 1.60-1.80 (2H, m), 2.17-2.23 (1H,
m), 3.48-3.78 (SH, m), 4.44 (3H, 8). 4.54 (1H, 4, J=10.7Hz),
4.73-4.97 (5H, m), 7.00-7.32 (22H, m), 7.50 (1H, 44, J=1.48,
7.83Hz), 7.83 (1H, dd, J=1.49, 7.58Hz), 10.4 (1H, &)
(4) Synthesis of [2-(2,3.4,6-Tetra-0O-benzyl-5a-carba-p-

D-élucopyranosyl)phenyl]-4-methoxyphenylmathanol

To a dlethyl ether solution (120 uL) of 2-(2,3,4,6-
tetra-o-benlil-Sa:curbq:P-D-gluco- pyranosyl)benzaldehyde (77
mg. 0.119 mmol), a 4-methoxyphéhylmagnesium 0.5 M THF solution
(480 L, 9.238 mmn}) was added, and the mixture solution was
stirred at room temperature for 13 hours. A saturated
ammonium™chloride aqueous solution was added thereto and the

mixture was extracted with ethyl acetate. The organic layer
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was dried (anhydrous magnesium sulfate) and the polvunt was

"concentrated under reduced pressure. The cbtained residue was

purified by preparative TLC [developing solution=ethyl
acetate:n-hexane (1:3)] to obtain the title compound (66 mg,
74%).
[0207] H-NMR (CDC1,) 8: 1.60-1.80 (2H, m), 1.95-2.09 (1H,
m), 2.66 (1H, 4, J=4.76Hz), 3.38-3.79 (5H, m), 3.65 (1.2H, s8),
3.69 (1.8H, 8), 4.33-4.93 (9H, m), 5.96-6.16 (1H, m), 6.73-
7.42 (28H, m)
MS (ESI*): 773 [M+Nal® -
(5) Synthesls of [2-(4-Methoxybenzyl)phenyl]-S5a-carba-f-
D-gluéopyranosida
To [2-(2,3.4,6-tetra-0-bensyl-5a-carba-§-D-gluco-
pyrasyl)phenyl]-4-methoxyphenylmethanol (66 mg, 0.0879 mmol),
hydro-chloric acid.methanol solution (2 mL) containing a 20%
palladium hydroxide carbon (10 mg) was added and the rection
mixture was stirred under a hydrogen atmosphere for three
houra. After the reaction, the reaction mixture was filtered
and the filtrate was concentrated under reduced pressure, and
the obtained residue was purified by preparative TLC
[developing solution= methanol:dichloro-methane (1:10)] to
obtain the title compound (20 mg, 61%).
[0208] ‘H-NMR (CD;OD) 8: 0.89-1.03 (1H, m), 1.40-1.60 (1H,
m), 2.02-2.10 (IH,-m),-;:18:3734 (2H, m), 3.45-3.51 (2H, m),
3.67-?.71 (1K, m), 3.73 (3H, &), 3.82-3.99 (2H, m), 4.13-4.22
(1R, m), ;.78 (ZH; d, J=8.57Hz), 6.80-6.86 (1H, m), 6.99-7.16
(5H, m) - _
MS (ESI*): 397 [M+Na]’
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HPLC Retention Time: 10.6 minutes

‘Example 2

[18, 2R, 3R, 4R, 65] -4-Hydroxymathyl-6-[3-(4-methoxybenzyl)-

phenyl lJcyclohexane-1,2,3-triol

(1) Synthesis of [2R,35,4R,5R]-2,3,4-Trisbenzyloxy-5-
benzyloxymethyl-1-[3-(4-methoxybenzyl)phenyl]cyclo-
hexanol
To a solution of 3-(4-methoxybenzyl)-1-bromobenzene

{155 mg, 0.559 mmol) in THF (0.80 mL), an n-butyllithium

2.44 M hexane solution (0.23 mL, 0.559 mmol) was added

dropwise at -78°C and the mixture solution was stirred for 25

minutes. Téén, a solution of 2,3,4-tribenzyloxy-5-(benzyloxy-

methyl)cyclohexanone {200 mg, 0.373 mmol) in THF (o.jo mL) was
added dropwise thereto and the reaction mixture was stirred
for 75 minutes. To the reaction mixture was added a saturated
ammonium chloride aqugpus golution and the mixture was
extracted wlith ethyl acetate, and the organic layer was washed
with a saturated sodium chloride agueous solution, and then
dried over anhydrous magnesium sulfate. The solvent was
concentrated and the obtained residue was purified by silica
gel chroﬁatography [developing solution=ethyl acetate:n-hexane

(2:5)] to obtain the-title compound (80 mg, 27%) as a mixture

of 1R-isomer- and l5-l1somer.

[0209] H-NMR kCDCi:i 8:71782-1.92 (1H, m), 2.39-2.44 (1H,

m), 2.56-2.64 (1H, m), 3.34-3.39 (1H, m)., 3.55-3.80 (2H, m),

3.66 E3H.-a). 3.78-(23. 8), 3.87-3.94 (2H, m), 4.42-5.04 (BH,

m), 6.61-6.84 (4H, m), 7.06-7.40 (23H, m), 7.55-7.66 (1H, m)

{(2) Syntheslis of Acetic Acid [2R,3S,4R.5R]-2,3,4-Tris-
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benzyloxy-5-benzyloxymethyl-1-[3-(4-methoxybenzyl)-
phenyl]cyoclohexyl Ester
To a solution of [2R,35,4R,5R])-2,3,4-trisbenzyloxy-5-
benzyloxymethyl-1-[3-(4-methoxybenzyl)phenyl]cyclohexanol
(20 mg)., triethylamine (0.008 mL) and 4-dimethylamino-pyridine
(0.7 mg) in dichloromethane (0.10 mL), acetic anhydride (0.003
mlL) was added under cooling with ice and the reaction mixture
was stirred at room temperature for two hours. Then, acetyl
chloride (0.003 mL) was added thereto under cooling with ice
and the reaction mixture was stirred at room temperature for
30 minutes. a saturated sodium hydrogen-carbonate aqueous -
solution waé added thereto and the mixture was extracted with
dichloromethane, and the organic layer was dried over
anhydrous mﬁ§neaium sylfate. The solvent was concentrated and
the obtained residue was purified by preparative TLC
[developing solution=ethyl acetate:n-hexane (2:5)] to obtain
the title compound (4.2 mg).
fo210] lH-NMR (CDC1,) b: 1.85 (3H, s), 2.03-2.17 (2H, s),
3.20-3.49 (3H, m), 3.60-3.72 (2H, m), 3.67 (3H, 8), 3.87 (2H,
B), 4.07 (1H, 4, J=9.9Hz), 4.39-4.95 (8H, m), 6.72 (2H, 4,
J-B.GHI); 6.99-7.40 (24H, m), 7.54 (1H, 4, J=7.8Hz), 7.65 (1H,
8)
MS (BSI'): 794 [M+H:0]"
(3) Synthesis of [1S,2R,3K R, 65]-4-Hydroxymethyl-6- [3-
(4-methoxybenzyl )phenyl]loyclohexane-1,2,3-triol

-To ; mathnnoi (0.2 mL)-THF (0.2 mL) solution of acetic
acid [2R,3S,4R,5R]-2,3,4-trisbenzyloxy-5-benzyloxymethyl-1-[3-
(4-methoxybenzyl)phenyl]cyclohexyl ester (4.2 mg), a 20%
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palladium hydroxide-carbon (3 mg) was added and the mixture
"solution was stirred under a hydrogen atmosphere for three
hours. The reaction mixture was filtered and the filtrate was
concentrated and the obtained residue was purified by
praparative TLC [developing solution=dichloromethane:methanol
(9:1)] to obtain the title compound (1.7 mg) as a single
diastereomer.

[0211] 'H-NMR (DMSO-ds) 8: 1.24 (1H, ad, J=12.9, 12.6Hz),
1.48 (1H, m), 1.65 (1H, 4t, J=13.8, 3.3Hz), 2.43 (1H, d4t,
Je10.4, 4.2Hz), 3.05-3.17 (2H, m), 3.26:3.40 (2H, m), 3.60
(1H, m), 3.71 (3H, 8), 3.83 (2H, 8), 4.15 (1H, 4, J=4.8Hz),
4.21 (1H, t;‘ J=5.1Hz), 4.45 (1H, br), 4.60 (1H, br), 6.84 (2H,
m), 6.93-7.08 (3H, m), 7.10-7.20 (3H, m)

MS (ESI*): 376 [M+H,0]*

Example 3

[2-(4 -Trifiuorometho:_:!benzzl )phenyl]-5a-carba-pf-D-gluco-
pyrasnoide
{1) Synthesis of (2-Benzyloxyphenyl)-(trifluoromethoxy-

phenyl)methanol

In a nitrogen stream, an n-butyllithium hexane solution
(1.59 H.-8.7 nL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzens (3.3 g, 12.64 mmol) in THF (126 mkL)
at -78°C and the_mixture solution was stirred at the same
temperature for 15-m1n;:;n.'"Tb this solution, a solution of
4-tr1?1uoromethoxyben:aldahyde (2.0 g, 10.52 mmol) in THF
(42 mL) was added dropwise at -78°C. The reaction mixture was
stirred at the same temperature for 40 minutes and at 0°C for

45 minutes, and then a saturated ammonium chloride aqueous



Bt

~ 68 -

solution was added thereto and the mixture was extracted with
‘ethyl acetate. The organic layer was washed with a saturated
sodium chloride agueous solution and dried (anhydrous
magnesium sulfate)., and then the solvent was Aistilled under
reduced preassure. The obtained residue was purified by silica
gel column chromatography [developing solution=sthyl
acetate:n-hexane (1:10)] to obtain the title compound (3.03 g,
77%) as a colorless oil. .
[0212] 'H-NMR (CDCl;) &: 2.98 (1H, d, J=5.8Hz), 5.01 (24,
8), 6.02 (1H, 4, J=5.6Hz), 6.84-7.00 (2H, m), 7.03-7.37 (1l1R,
m) :
(2) 5ynthésia of 2-(4-Trifluoromethoxybenzyl)phenol

A 20% pglladium hydroxide catalyat (150 mg) was added to
a solution of (2-benzyloxyphenyl)-(4-
trifluoromethoxyphenyl)methancl (1.5 g, 4.01 mmol) in methanol
(27 mL) and furthermore 36% HC1l (0.33 mL) was added thereto.
The mixture solution was stirred under a hydrogen atmosphere
for 16 hours, and then cooled to 0°C, potassium carbonate
(0.54 g) added thereto and the mixture -was stirred for 30
minutes, and then the catalyst was removed by filtration. The
solvent ﬁus distilleg under reduced pressure and the obtained
residue was purified by silica gel column chromatography
[developing Bolutlon=ethyl acetate:n-hexane (1:10)] to obtain
a white solid titl; coﬁ;;und‘rr.os g, 97%).
[0213]  ‘'H-NMR (CDCl,) d: 3.98 (2H, s), 4.83 (1H, 8), 6.77
(1H, 4, J=7.7Hz), 6.89 (1H, t, J=7.3Hz), 6.99-7.13 (4H, m),
7.23 (2H, 4, J=8.1Hx)
(3) Synthesis of [2-(4-Trifluoromethoxybenzyl)phenyl]-
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5a-carba-f-D-glucopyranoaide

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
nglucopyranoae (400 mg, 0.74 mmol) and tributyl-phosphine
(0.28 mL, 1.11 mmol) were added to a solution of 2-(4-tri-
fluoromethoxybenzyl)phenol (298 mg, 1.11 mmol) in toluene
(2.5 mL) under cooling with ice, and then tetra-
methylazodicarboxamide (TMAD, 191 mg, 1.11 mmol) was added
thereto at the same temperature. The reaction mixture was
stirred overnight while gradually raising its temperature to
room temperature. The reaction mixture_waa concentrated under
reduced pressure, and the obtained residue was treated with
silica gel éolumn chromatography [developing solutionsethyl
acetate:n-hexane (1:10)] and furthermore preparative TLC
[developing solution=ethyl acetate:n-hexane (1:5)]. The
obtained crude product was dissolved in a tetrahydrofuran
(1.4 mL)-methanol (2.8 mL) mixed solution, a 20% palladium
hydroxide éitalyst (40 mg) added thereto and the mixture was
stirred under a hydrogen atmosphere for 1.75 hours, and then
the catalyst was filtered off. The solvent was distilled
under reduced pressure, and the obtained residue was purified
by prepaiative TLC {developing solutionsmethylene chloride:
methanol (10:1)] to-obtnin the title compound (67 mg, 21%).
[0214] iH-NMR (CD,OD) &: 0.85-0.99 (1H, m), 1.44-1.61 (1H,
m), 2.00-2.11 (1H. m), 3.1273733 (2H. m), 3.38-3.48 (2H, m),
3.64-3.73 (1&. m), 3.93 (1H, 4, J=14.8Hz), 4.07 (1lH, 4,
J-14.8Hz)l 4.12-4:23 (1H, m), 6.86 (1H, t, J=7.3Hz), 6.96-7.17
(5H, m), 7.29 (2H, 4, J=8.6Hz)

MS (ESI*): 428 [M]’
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HPLC Retention Time: 12.7 minutes
" Example 4
[2- (4-Cyclopentylbenzyl)phenyl] -5a-carba-B-D-glucopyranoside

(1) Synthesis of (2-Benzyloxyphenyl)-{4-bromopheayl)-
meathanol

In a nitrogen stream, an n-butyllithium hexane solution
(1.59 M, 11.57 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (4.4 g, 16.72 mmol) in THF (168 mL)
at -78°C and the mixture solution was stirred at the same
temperature for 15 minutes. To this solution, a solution of
4-bronpbenzyldahyda {2.47 g, 13.34 mmol) in THF (50 mL) was
added dropwine at -78°C. The reaction mixture was stirred at
the same temperature for 30 minutes and at 0°C for 30 minutes,
and then a saturated ammonium chloride agqueous solution was
added thereto and the mixture was extracted with ethyl acetate.
The organic layer was washed with a saturated sodium chloride
agueous solution and dried (anhydrous magnesium sulfate). and
then the solvent was distilled under reduced pressure. The
obtained residue was purified by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:10)] to obtain the title compound (4.08 g, 83%) as &
colorleas oill.
[0215] H-NMB (€DCly) 3: 2.96 (1H, d, J=6.1Hz), 5.01 (2H,
s), 5.97 (1H, a, J;S.QH:). 6.85-6.99 (2H, m), 7.09-7.39 (11H,
m) )
{(2) Synthesis of l-Benzyloxy-2-(4-bromobenzyl)benzene

In"a nitrogen stream, triethylsilane {(1.84 mL,

11.55 mmol) and a boron trifluoride-diethylether complex
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(1.33 mL; 10.5 mmol)} were added to a solution of (2-
" benzyloxyphenyl) - (4-bromophenyl )methanol (3.88 g, 10.5 mmol)
in acetonitrile (19.5 mL) at -40°C and the mixture was stirred
at the same temperature for 0.5 hour. A saturated potassium
carbonate agqueous solution was added to the reaction mixture
and the mixture was extracted with ethyl acetate. The organic
layer was washed with a saturated sodium chloride agqueous
solution and dried (anhydrous magnesium sulfate), and then the
solvent was distilled under reduced pressure. The obtained
residue was purified by silica gel colupn chromatography
[dsvaloping'éolution-ethyl acetate:n-hexans {(1:10)] to obtain
the title cémpound (2.86 g, 77%).
[0216] Hg-mm (CDC1;) &: 3.95 (2H, =), 5.03 (2H, s), 6.81-
6.92 (2H. m)ﬁ 6.96-7.36 (11H, m)
(3) Synthesis of .1-[4-(2-Benzyloxybenzyl)phenyl)]cyclo-

pentanol

In a nitrogen stream, an n-butyllithium hexane solution
(1.59 M, 294 mL) was added dropwise to a solution of 1-
benzyloxy-2-{4-bromobenzyl)benzene (1.5 g, 4.25 mmol) in THF
(16.5 mL) at -78°C and the mixture was stirred at the same
temperatﬁra for 30 minutes. To this mixture, a solution of
cyclopentanone (357 mg, 4.25 mmol) in THF (4 mL) was added
dropwise at ~-78°C. Tha_feaction mixture was stirred at the
same temparature for 50 minutés and at 0°C for one hour, and
then a saturated ammonium chloride aqueoua solution was added
the:e;o aﬁd the mi;ture was extracted with ethyl acetate. The
organic layer was washed with a saturated sodium chloride

aqueous solution and dried (anhydrous magnesium sulfate), and
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then the solvent was distilled under reduced pressure. The
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" obtained residue was purified by silica gel column
dhrqmntography [developing solution=ethyl acetate:n-hexane
(1:10).)] to obtain the title compound (1.14 g, 75%) as a
calorless olil.
[0217] 'H-NMR (CDCl,) 8: 1.47-2.02 (8H, m), 4.00 (2H, s),
5.03 (2H, 8), 6.79-6.89 (2H, m), 7.02-7.36 {(11H, m)
(4) Synthesis of 2-(4-Cyclopentylbenzyl)phenol

To a solution of 1-[4-(2-benzyloxybenzyl)phenyl]-
cyclopentanol (1.14 g, 3.19 mmol) in methanol (21 mL), a 20%
palladium hydroxide catalyst (114 mg) was added, and
furthermoreiast HCl (0.255 mlL) was added thereto. The mixture
was stirred under a hydrogen atmosphere overnight, and then
cooled to 0°C., potassium carbonate (425 mg) was added thereto
and the mixture was stirred for 20 minutes, and then the
catalyst was filtered off. The solvent was distilled under
reduced prdﬁsure and the obtained residue was purified by
silica gel column chromatography [developing solutionsethyl
acetate:n-hexane (1:20)] to obtain the title compound (744 mg,
92%) as a white solid.
o218} . 1H-NMR ((_:DCJ.;) 5: 1.44-1.84 (6K, m), 1.93-2.09 (2H,
m), 2.84-3.00 (1H, m), 3.95 (2H, 8), 4.76 (1H, =), 6.76 (1H,
d, J=8.1Hz),. 6.87 (1H, t, J=7.3Hz), 7.02-7.20 (6H, m)
(5) Synthesis otnlz-E:: s16pentylbenzyl)phenyl]-5a-

_carpn-ﬁ-D-glycopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyranose (500 mg., 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-
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cyclopentylbenzyl)phenol (351 mg, 1.39 mmol) in toluene
"(3.1 mL) under cooling with ice, and then
t-etrunethyla:odica.rboxamide (TMAD, 239 mg, 1.39 mmol) was
added thereto at the same temperature. The reaction mixture
wap stirred overnight while gradually raising its temperature
to room temperature. The reaction mixture was concentrated
under reduced pressure, and the obtained residue was treated
with silica gel column chromatography [developing solution=n-
hexane:dichloromethane:acetone (12:3:1)] to obtain a crude
product (555 mg). The obtained crude p;oduct was dissolved in
a tet:ahydr'qfuran (0.9 mL)-mathanol(l.8 mL) mixed solution, a
20l-pn11adiép hydroxide catalyst (12.6 mg) was added theret
and the mixture was stirred under a hydrogen atmosphere for
seven hours, ;nd then the catalyst was filtered off. The
solbent was distilled under reduced pressure and the obtained
residue was purified by preparative TLC [developing solution=
methylene chloride:methanol (10:1)] to obtain the title
compound (40 mg, 58%).

[0219] 'H-NMR (CD,OD) 8: 0.79-0.96 (1H, m), 1.44-1.86 (7H,
m), 1.93-2.07 (3H, m), 2.84-2.99 (1H, m), 3.12-3.31 (2H, m),
3.37-3.48 (2H, m), 3.62-3.71 (1H, m), 3.86 (1H, d, J=14.8Hz),
3.98 (1H, 4, J-li.BH;), 4.08-4.20 (1H, m), 6.83 (1H, ¢t,
Jm=7.3Hz), 6.93-7,14 (7H, m) '
MS (EST'): 413 [MsH]*
HPLC Retention Time: 14.5 minutes

Example 5-
- [2-(4-Chlorobenzyl)phenyl]-5a-carba-f-D-glucopyranoside
(1) Synthesis of (2-Benryloxyphenyl)-(4-chlorophenyl)-
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methanol

In a nitrogen stream, an n-butyllithium hexane solution
(2.44 M, 10.3 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (6.0 g, 22.8 mmol) in THF (228 mL) at
-78°C and the mixture was stirred at the same temperature for
30 minutes. To this solution, a solution of
4-chlorobenzaldehyde (2.67 g, 19.0 mmol) in THF (76 mL) was
added dropwise at -78°C. The reaction mixture was stirred at
the same temperature for two hour and further more at 0°C for
one hour. Water was added thereto and the mixture was
extracted w}th ethyl acetate. The organic layer was washed
with a satu;atad sodium chloride aqueous solution and dried
(anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica.gel column chromatography [deaveloping
solution-efhyl acetate: n-hexane (1:5)] to obtain the title
compound (4.76 g, 77%).
[0220] 1H-NMR (CDC1,) 8: 2.94 (1H, =), 5.01 (2H, s), 5.99
(1H, 8), 6.92-7.00 (22H, m)., 7.17-7.41 (11H, m)
(2) Synthesis of l-Benzyloxy-2-(4-chlorobenzyl)benzene

In a nitrogen stream, triethylsilane (2.8 mL, 17.6 mmol)
and a boron trifluoride-diethyl ether complex (1.84 mL, 14.6
mmol) were added to a solution of (2-benzyloxyphenyl)-(4-
chlorophenyl)methanol (4.76 T~14.6 mmol) in acetopitrile
(150 mL) at -40°C 9nd the reaction mixture was stirred at the
same tp-erature for 2 hours and furthermore at 0°C for one
hour. Water was added thereto and the mixture was extracted

with methylene chloride. The organic layer was washed with a
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saturated sodium chloride agqueous solution and dried
(anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:10)] to obtain the title
cuﬁpound (3.85 g, 85%).
[0221] 'H-NMR (CDC1,) 8: 3.97 (2H, s), 5.03 (2H, &), 6.87-
6.92 (2H, m), 7.08-7.37 (11H, m)
(3) Synthesis of 2-(4-Chlorobenzyl)phenol
In a nitrogen stream, dimethylsulfide (105.1 uL,
2.43 mmol) and a boron trifluoride-diethyl ether complex (51.3
uL, 0.4 mmo%) were added to a solution of l-benzyloxy-2-(4-
ehlorobenzyi)benzene (50.0 mg, 0.16 mmol) in methylene
chloride (2.0 mL) under cooling with ice, and the reaction
mixture was stirred for 19 hours while gradually raising its
temperature to room temperature. Thereafter water was added
thereto under cooling'iith ice and the mixture was extracted
with methylene chloride. The organic layer was washed with a
saturated sodium chloride aquaous solution and dried
(anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate: n-hexane (1:5)] to obtain the title
compound (33.4 m;l'94%f7' —~—~—
[0222] 1H-NMR (CDC1,) 8: 3.95 (2H, s), 4.60 (1H, =), 6.75-
6.78 ilH.-m), 6.86-6.92 (1H, m), 7.07-7.27 (6H, m)
(4) Synthesis of [2-(4-Chlorobenzyl)phenyl]-5a-carba-f-
D-glucopyranoside
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In a nitrogen stream, 2,3.,4,6-tetra-O-benzyl-5a-carba-a-
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D-glucopyranose (500 mg, 0.93 mmol) and tributyl-ph sphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-
chlorobenzyl)phenol (304 mg, 1.55 mmol) in toluene (2 mL)
under cooling with ice, and then tetramethylazo-dicarboxamide
(TMAD, 239 mg, 1.29 mmol) was added thereto at the sams
temperature.. The reaction mixture was stirred for 20 hours
while gradually raising its temperature to room temperature.
The reaction mixture was concentrated under reduced pressure,
and the obtained residue was treated with silica gel column
chromatography [developing solution-eth&l acetate:n-hexanes
(1:10)]. Téa obtained crude product was dissolved in
mathylene chloride (8 mL), and dimethyl sulfide (2.17 mL, 50.2
mmol) and a’ boron trifluoride-diethyl ether complex (1.08 mL,
8.51 mmol) were added thereto under cooling with ice. The
reaction mixture was stirred for 25 hours while gradually
ralsing its temperature to room temperature, and then water
was addad thereto under cooling with ice and the mixture was
extracted with methylene chloride. The organic layer was
washea with a saturated sodium chloride aqueous solution and
dried (ahhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by-silica gel column chromatography [developing
solution-methylené'chlgzideﬁuaéhanol (10:1)] to obtain the
title compound (122.6 mg, 35%).

[0223]  gaem (CD;0D) 8: 0.95 (1H, dd, J=13.2, 11.1Hx),
1.53 (1#, m), 2.00-2.09 (1H, m), 3.20 (1H, 4, J=8.7Hz), 3.25
{(1H, 4, J=5.1Hxz), 3.43-3.51 (2H, m), 3.68-3.71 (1H, dd, J=3.9,
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3.9Hz), 3.91'(1H, 4, J=14.7Hz), 3.99 (1H; d, J=15Hz), 4.15-
4.23 (1H, m), 6.85 (1H, t, Jw7.5Hz), 7.03 (1H, 4, J=9.0Hx),
7.08-7.23 (6H, m)

MS (BSI’): 379 [M+H]®

HPLC Retention Time: 11.7 minutes

Example 6

{2-Benzylphenyl)-5a-carba-f-D-glucopyranoside

{1) Synthesis of 2-Benzylphenol

To a solution of 2-(4-chlorobenzyl)phenol (618.5 mg, 2.83
mmol) in methanol (20 mL), a 20% palladium hydroxide catalyst
(240 mg) was added. The mixture was stirred under a hydrogen
atmosphere i?r three days, and then the catalyst was filtered
off. The solvent was distilled under reduced pressure and the
obtalned reb;due was purified by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:4)] to obtain the title compound (348.4 mg, 67%).

[0224] “IH-NMR (CDC1,) 8: 3.99 (2H, s). 4.65 (1H, B), 6.79
(1H, 4, J=8.1Hz), 6.89 (1H, t, J=7.5Hz), 7.09-7.31 {6H, m)
(2) Synthesis of (2-Benzylphenyl)-Sa-carba-f-D-gluco-
pyranosalide
Inla nitrogen_stream. 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-benzyl-
. phenol (256.5 mg,-l.as—;molf‘tn toluene {2 mL) under cooling
vith‘}ce. and then tetramethylazodi-carboxamide (TMAD, 239 mg.
1.39 mmoi) was nd&ed thereto at the same temperature. The
reaction mixture was stirred for 21 hours while gradually

ralsing its temperature to room temperature. The reaction
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mixture was concentrated under reduced pressure, and the
"obtained residue was treated by silica gel column
chrqmatographr [developing solution= ethyl acetate:n-hexane
(1:10)]. The obtained crude product was dissolved in a
methanol-THF (1:1) mixed solution (14 mL) and a 20% palladium
hydroxide catalyst (118.8 mg) was added thereto and the
mixture was stirred under a hydrogen atmosphere for 15 hours,
and then the catalyst was filtered off. The solvent was
distilled under reduced pressure and the obtained residue was
purified by silica gel column chromntog;aphy [developing
solution= methylene chloride:methanol (10:1)] to obtain the
title compoﬁnd (84 mg, 26%).
[0225] H-NMR (CD;OD) 3: 0.95 (1H, dd4, J=12.0, 11.7Hz),
1.49-1.59 (1H, m), 2.03-2.09 (1H, m), 3.20 (1H, 4, J=9.0Hz),
3.25 (1H, 4, J=5.7Hz), 3.34 (4H. 8). 3.44-3.50 (2H, m), 3.68
(1H, ad, J=3.9, 4.2Hsz), 3.94 (1H, 4, J=15Hz), 4.0 (1H, 4,
J=15Hx), 4.13-4.22 (1H, m), 6.84 (1H, t, J=6.3Hx), 7.03 (1H,
d, J=6.3Hz), 7.06-7.24 (7H, m)
MS (ESI'): 345 [M+H]"

HPCL Retention Time: 10.6 minutes

Example 7 |

[2-(4-Isopropylbenzyl)phenyl]-5a-carba-f-D-gluco-pyranoside

(1) Synthesis of (2-Benzyloxyphenyl)-(4-isopropyl-
phenyl)methanol

In a nitrogen stream, an n-butyllithium hexane solution
(2.44 M, 5.14 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (3.0 g, 11.4 mmol) in THF (114 mL) at

-78°C and the reaction mixture was stirred at the same
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temperature for 30 minutes. To this dolution, a solution of
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" 4-isopropylbenzaldehyde (1.41 g, 9.49 mmol) in THF (38 mL) was
added dropwise at -78°C. The reaction mixture was stirred at
the same temperature for one hour and furthermore at 0°C for
one hour. Water was added thereto and the mixture was
extracted with ethyl acetate. The organic layer was washed
with a saturated sodium chloride aqueous solution and dried
(anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:5)] to obtain the title
compound (2%63 g, 84%).
[0226] 'H-NMR (CDC1;) 3: 1.26 (6H, d, J=7.8Hz), 2.84-2.94
(1H, m), 5.02 (2H, s), 6.02 (1H, 8), 6.90-7.00 (2H, m), 7.15-
7.34 (11H, m)
(2) Synthesis of 2-(4-Isopropylbenzyl)phenol

To a solution of (2-benzyloxyphenyl)-(4-
isoprpylphenyl)methanol (2.63 g, 7.92 mmol) in methanol (50
mkL), a 20% palladium hydroxide catalyst (263 mg) was added and
furthermore 2N-HCl (0.4 mlL) was added thereto, and the mixture
solution was stirred under a hydrogen atmosphere for 15 hours,
and then the cataly;t was filtered off . fhe solvent was
distilled under reduced pressure and the obtained residue was
purified by qilicd'gel_;bluﬁﬁ‘chromntography [developing
solution-ethfl acetate:n-hexane (1l:4)] to obtain the title
compound-(1.31 g,-7al).
[0227] -  ‘H-NMR (CDCl;) O: 1.24 (6H, 4, J=7.8Hz), 2.82-2.92
(1H, m), 3.96 (2H, B), 4.67 (1H, 8), 6.79 (1H, 4, J=9,0Hx),
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6.88 (1H, t, J=B.4Hx), 7.10-7.15 (6H, m)
"(3) Synthesis of [2-(4-Isopropylbenzyl)phenyl-5a-carba-
) B-D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0-benzyl-5a-carba-a-
D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-
isopropylbenzyl)phenol (315.1 mg, 1.39 mmol) in toluene (2 mL)
under cooling with ice, and then tetramethylazodicarboxamide
(TMAD, 239 mg, 1.39 mmol) was added thereto at the same
temperature. The reaction mixture was stirred for 20 hours
while gradually raising its temperature to room temperature.
The reaotioélmixture was concentrated under reduced pressure,
and the obtained residue was treated by silica gel cqlumn
chromatography [developing solution=ethyl acetate:n-hexane
(1:10)]. The obtained crude product was dissolved in a
methanol-THF (1:1) mixed solution (14 mL) and a 20% palladium
hydroxide catalyst (127.8 mg) was added thereto and the
mixture was stirred under a hydrogen atmosphere for 15 hours,
and then the catalyst was flltered off. The solvent was
distilled under reduced pressure and the obtained residue was
purified'by sllica gel column chromatography [developing
solution=methylene éhloridasmathnnol (10:1)] to obtain the
title compound (97.1 mg, 27%).
[0228] 'y NMR (CDyOD) 8: %94 (1H, a4, J=12.9, 12.0Hz).
1.22 (6H, 4, J=6.9Hz), 1.48-1.58 (1H, m), 2.02-2.09 (1H, dt,
J=3.9, 4.5Hl), 2.;5-2.81 (1H, m), 3.12-3.24 (2H, m), 3.43-3.49
(2H, m) 3.§ﬁ (1H, 44, J=»6.6, 4.2Hz), 3.89 (1H, 4, J=14.4Hx),
4.01 (1H, 4, J=14.7Hz), 4.13-4.21 (1H, m), 6.84 (1H, t,
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J=6.3Hz), 7.02 (1H, 4, J=6.3Hz), 7.06-7.15 (6H, m)

MS (ESI*): 387 [M+H]*

HPCL Retention Time: 13.1 minutes

Example 8

{2-(4-Cyclopropylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside

(1) Synthesls of (2-Benzyloxyphenyl)-(4-cyclopropyl- |
phenyl )methanol

In a nitrogen astream, an n-butyllithium hexane solution
(2.6 M, 3.5 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (2.2 g, 8.3 mmol) in THF (83 mL)
at -78°C and the mixture was stirred at the same temperature
for 30 minuies. To this solution, a solution of
4-cyclopropylbenzaldehyde (1.1 g, 6.9 mmol) in THF (280mL) was
added dropwise at -78°C. The reaction mixture was stirred at
the same temperature for one hour. Water was added theret
and the miitére was extracted with ethyl acetate. The organic
layer was ;hshed with a saturated sodium chloride agueous
solution and dried (anhydrous magnesium sulfate), and then the
solvent was distilled under reduced pressure. The obtained
residue was purified by silica gel column chromatography
[daveloﬁing aolutioq-ethyl acetate:n-hexane (1:5)] to obtain
the title ocompound (1.7 g, 75%).
[0229] “IH-NMR (CDQ&E) 8: 0.65-0.69 {(2H, m), 0.92-0.97 (2H,
m), 1.86-1.90 (1H, m), 2.88 TIH, 4, J=6Hz), 5.03 (2H, s),
6.03_(13. 4, J=6Hz), 7.17-7.26 (5H, m), 7.32-7.35 (4H, m)
MS (ESI*): 315 [M+Na)]®
(2) Synthesis of l-Benzyloxyphenyl-2-(4-cyclopropyl-

benzyl)benzene
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In a nitrogen stream, triethylsilane (0.73 mL, 4.6 mmol)
'and a boron trifluoride-diethyl ether complex (0.5 mL, 4.0
mﬁol) were added to a solution of (2-benzyloxyphenyl)-(4-
oyclopropylphenyl)methanol (1.3 g, 4.0 mmol) in acetonitrile
(7-mL) at -40°C and the mixture solution was stirred at the

same temperature for 1.5 hours and furthermore at 0°C for 30
minutes. Water was added thereto and the mixture was
extracted with methylene chloride. The organic layer was
washed with a saturated sodium chloride agqueous solution and
dried (anhydrous magnesium sulfate), ang then the solvent was
distilled under reduced pressure. The obtained residue was
purified byisilica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:7)] to obtain the title
compound (1.2 g, 95%).

[0230] 'H-NMR (CDC1,) 8: 0.63-0.67 (2H, m), 0.89-0.94 (2H,
m), 1.84-1.87 (1H, m), 3.98.(2H, 8), 5.06 (2H, 8), 6.87-6.97
(4H, m), 7.08-7.26 (4H, m), 7.31-7.37 (5H, m)

MS (ESI'): 332 [M+H;0]"

(3) Synthesis of 2-{4-Cyclopropylbenzyl)phenol

: In a nitrogen stream, dimethyl sulfide (2.2 mL,

51.7 mmoi) and a bo;on trifluoride-diethyl ether complex (1.1
mL, 8.8 mmol) were added to a solution of l-benzyloxy-2-(4-
cyclo-propyIbenzyl)benzene (1.1 g, 3.5 mmol) in methylene
chloride (24 mL) uhdar-;;oliﬁﬁ‘with ice, and the reaction
mixtq;a vas stirrgd for 23 hours while gradually raising its
temperature to room temperature. Water was added thereto

under ocoling with ice and the mixture was extracted with

methylene chloride. The organic layer was washed with a
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saturated sodium chloride agueous solution and dried
(anhydr&us magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate: n-hexane (1:4)] to obtain the title
compound (620.7 mg, 79%).
[0231] 'H-NMR (CDCl13) 8: 0.65-0.67 (2H, m), 0.90-0.94 (2H,
m), 1.85-1.86 (1H, m), 3.95 (2H, s), 4.90 (1H, 8), 6.79 (1H,
d, J=8.1Hz), 6.88 (1H, t, J=7.7Hz), 7.11 (2H, 4, J=8.1Hz),
7.20 {(4H, 4, J=7.7Hz)
MS (ESI'): 247 [M+Nal®
(4) Synthééis of [2-(4-Cyclopropylbenzyl)phenyl]-5a-

cnrba-ﬁ-D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-O-benzyl-5a-carba-a-
D-glucopyrunqse (557 mg. 1.03 mmol) and tributyl-phosphine
(0.37 mL, i.55 mmol) were added to a solution of 2-(4-
oyclopropyibgn!yl)phenol (348 mg, 1.55 mmol) in toluene
(3.5 mL) under cooling with ice, and then tetramethylazo-
dicarboxamide (TMAD, 267 mg, 1.55 mmol) was added thereto at
the same temperature. The reaction mixture was stirred for
15 hours-uhile gradgally ralsing its temperature to room
temperature. The reaction mixture was concentrated under
reduced pre!qural and the obtained residue was treated with
silica gel column Ehro;;fogfiﬁny [developing solution=ethyl
aoetqpe:n-hexane (1:10)]. The obtained crude product was
dissolved in methylene chloride (3.5 mL), and dimethyl sulfide
(1.3 mL, 30.3 mmol) and a boron trifluoride-diethyl ether

complex (0.65 mL, 5.1 mmol) wers added thereto. The reaction
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mixture was stirred for 14 hours while gradually raising its
'temperature to room temperature, and then water was added
therato under cooling with ice and the mixture was extracted
with methylene chloride. The organic layer was washed with a
saturated podium chloride agqueocus solution and dried
(anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=methylene chloride: methanol (9:1)] to obtain the
title compound (97.8 mg, 25%).

[0232] "IH-NMR (CD,OD) 8: 0.57-0.61 (2H, m), 0.81-0.95 (3H,
m), 1.50 (1&. s). 1.79-1.85 (1H, m), 1.99-2,03 (1H, m), 3.15-
3.33 (2H, m), 3.42-3.48 (2H, m), 3.66-3.72 (1H, m), 3.81-3.99
(2H, g, J=1l4.7Hz), 4.41-4.85 (1H, m), 6.80-7.15 (BH, m)

MS (ESI'): 407 [M+Nal®

HPCL Retention Time: 12.3 minutes

Example 9

[2-(4-n-Propylbenzyl )phenyl]-5a-carba-f-D-glucopyranogide
(1) Synthesis of [2-(4-n-Propylbenzyl)phenyl]-5a-carba-

f-D-glucopyranoside

l-ﬁenlylomy-z-}4-cyclopropylen:y1)ben:ene (640.8 mg,
2.0 mmol) as synthesized in Example 8 was dissolved in
2,2-dimethylpropanol ({E_mn), a 20% palladium hydroxide
catalyst (64 mg) was added thePeto and the mixture was stirred
for two hours under a hydrogen atmosphere, and then the
catalyst was filtered off. The solvent was distilled under
reduced pressure, and the obtained residue was treated by

silica gel column chromatography [developing solution=ethyl
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acetate:n-hexane (1:4)]. To a solution of the obtained crude
‘product (348 mg) in toluene (3.5 mL), 2,3,4,6-tetra-O-benzyl-
si-oarba-a-D-glucopyranose (557 mg, 1.03 mmol) and
tributylphosphine (0.39 mL, 1.55 mmol) were added under
copling with ice, and then tetramethylazodi-carboxamide (TMAD,
267 mg, 1.55 mmol) was added thereto at the same temperature.
The reaction mixture was stirred for 20 hours while gradually
raising ite temperature to room temperature. The reaction
mixture was concentrated under reduced pressure, and the
obtained residue was treated with silica gel column
chromatogrn@@y [@eveloping solution=ethyl acetate:n-hexane
(1:5)]. Thé obtained crude produoct was dissolved in 2,2-
dimethylpropanol (15 mL), a 20¥% palladium hydroxide qatalyst
{159 mg) was added thereto and the mixture was stirred under a
hydrogen atmosphere for 17 hours, and the catalyst was
filtered off. The solvent was distilled under reduced
presasure, and the obtained residue was purified by silica gel
column chromatography [developing solution=methylene chloride:
methanol (9:1)] to obtain the title compound (164.4 mg).
[0233] 'H-NMR (CD,0OD) 8: 0.88-0.94 (4H, m), 1.48-1.63 (3H,
m), 2.05;2.09 (1H, m), 2,52 (2H, t, J=7.7Hz), 3.13-3.30 (2H,
m), 3.46 (2H, m), 3.70 (1H, m), 3.87 (1H, 4, J=15Hz), 3.98
(1H, 4, J=15Hz),_4.60-4.88 (1H, m), 6.84 (1H, t, J=7,.3Hz),
7.00-7.16 (78, m)
MS (R?I*): 387 [M+H]"

HPLC Retention Time: 13.3 minutes
Example 10 .

2-(4-Trifluoromsthylbenzyl nyl]-5a-carba-f-D-gluco-
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pyranoside
(1) Synthesis of (2-Benzyloxyphenyl)-(4-trifluoromethyl-
) phenyl )methanol

In a nitrogen stream, an n-butyllithium hexane solution
(2.44 M, 4.0 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (2.6 g, 9.9 mmol) in THF (100 mL) at
-78°C and the reaction mixture was stirred at the same
temperature for 30 minutes. To this solution,
4-trifluoromethylbenzaldehyde (1.6 g, 9.0 mmol) was added
dropwise at -78°C. The reaction mixture was stirred at the
same tanporh?ure for two hours, and the; water was added
thereto and: the mixture was extracted with ethyl acetate. The
organic layer was washed with a saturated sodium chloride
aqueous solution and dried (anhydrous magnesium sulfate), and
than Fhe solvent was distilled under reduced pressure. The
obtained résidue was purified by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:5)] to obtain the title compound (2.6 g, 82%).
[0234] H-NMR (CDC1,) 8: 3.01 (1H, 4, JI=6.3Hz), 5.02 (2H,
a4, J=11.4, 4.8Hz), 6.05 (1H, 4, J=6.3Hz), 6.94-7.02 (2H, m).
6.96-7.16 (2H, m), 7.24-7.33 (5H, m), 7.44 (2H, 4, J=7.1Hx),
7.53 {(2H, 4. J-B.TH;)
MS (ESI*): 359 [Eyﬂ]*
(2) Synthesis of 2-(4-Triftveromethylbensyl)phenol

To a solution of (2-benzyloxyphenyl)-(4-
trifi;oraﬁathylph;nyl)-mathanol (2.46 g, 6.85 mmol) in
methanol (qa.s'mL). a 20% palladium hydroxide catalyst (246
mg) was added and furthermore 36% HCl (0.59 mL) was added
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thereto, and the mixture solution was stirred under a hydrogen
"atmosphere for 3.5 hours, and then the catalyst was filtered
off. The solvent ﬁas distilled under reduced pressure and the
obtained residue was purified by silica gel column
chromatograpﬁy [developing solutionsethyl acetate:n-hexane
(1:8)1 to_obtain the title compound (1.49 g, 86%).
[0235] 1H-NMR (CDCl)) 5: 4.03 (2H, =), 4.72 (1H, 8), 6.77
(1B, 4, J=6.0Hz), 6.89 (1H, t, J=4.8Hz), 7.08-7.15 (2H, m),
7.33 (2H, 4, J=6.0Hz), 7.52 (2H, 4, J=6.0H=z)
MS (ESI*): 275 [M+Nal®
(3) Synthegls of [2-(4-Trifluoromethylbenzyl )phenyl]-5a-

carbaéﬂ-n-glucopyranosido

In a nitrogen stream, 2,3,4,6-tetra-0-benzyl-5a-carba-a-
D-glucopyranose (500 mg. 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.;9 mmol) were added to a solution of 2-(4-
trifuornmefhylbenzyl)?hnnol (351 mg, -1.39 mmol) in tolueﬁe
(3 mL) undéi:cooling with ice, and then tetra-
methylazodicarboxamide (TMAD, 239 mg, 1.39 mmol) was added
thereto at the same temperature. The reaction mixture was
stirred for 20 hours while gradually raising its temperature
to room femparatu:e. The reaction mixture was concentrated
under reduced pressﬁro. and the obtained residue was treated
by silica gel column chromatography [developing solution=
ethyl acatnté:n-hdiane-zl=167?: The obtained crude product
was dissolved in a methanol-THF (1l:1) mixed solution (5 mL)
and ;-20; palladidm hydroxide catalyst (20 mg) was added
thereto -and the mixture was stirred under a hydrogen

atmosphere for 2 hours, and then the catalyst was filtered off.
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The solvent was distilled under reduced pressure and the
obtainedi residue was purified by ailica gel column
ci:romatographr [developing solution= methylene
chloride:methanol (10:1)] to obtain the title compound (74 mg,
19%).

[0236] 'H-NMR (CD,OD) &: 0.89 (1H, ad, J=11.7, 12.9Hz),
1.48-1.61 (1H, m), 2.05 (1H, 4dt, J=13.2, 4.2Hz), 3.15-3.34
(2H, m), 3.42-3.49 (2H, m), 3.69 (1H, dd4, J=3.9, 10.5Hz),
3.96-4.15 (2H, 4d, J=14.7, 28.2Hx), 4.17-4.24 (1H, m), 6.87
(1H, -4t, J=1.2, 7.5Hz), 7.02-7.20 (3H, m), 7.38 (2H, 4,
J=8.1Hz), 7.51 (2H, 4, J=8.4Hz)

MS (ESI*): 4-:35 [M+Na]*

HPLC Retention Time: 12.3 minutes

Example 11 ~

[2-(4-Methylsulfanylbenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside .
(1) slrnth-ea:l.s of (2-Benzyloxyphenyl)-(4-methylsulfanyl-

phenyl )methanol

In_ .a nitrogen stream, an n-butyllithium hexane solution
(1.59 M, 6.92 mL) was added daropwise to a solution of 1-
benzylox:v-z-bromoben_:ene (2.89 g, 11.0 mmol} in THF (38 mL) at
-78°C and the mixture solution was stirred at the same
temperature for 30 m:l.ntﬂ:_es. To this solution, a solution of
4-methylsu1£anylbe-n:aldehyde\n.61 g, 11.0 mmol) in THF (12
mL) was added dropwise at -78°C. The reaction mixture was
stirred at the same temperature for one hour, and then water
was addéd thereto and the mixture was extracted with ethyl

acetate. The organic layer was washed with a saturated sodium
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chloride aqueous solution and dried (anhydrous magnesium
"sulfate), and then the solvent was distilled under reduced
pressure. The obtained residue was purified by silica gel
column chromatography [developing solution= ethyl acetate:n-
hexane (1:5)] to obtain the title compound (2.14 g, 58%).
[0237] 'H-NMR (CDC1,) 3: 2.47 (3H, s), 2.92 (1H, a,
J=6.0Hz), 5.03 (2H, s8), 6.02 (1H, 4, J=6.0Hz), 6.92-7.00 (2H,
m), 7.21-7.34 (11H, m)
(2) Synthesis of l-Benzyloxy-2-(4-methylsulfanyl-

benzyl)benzene

In a hitrogen stream, triethylsil;ne (1.23 mL, 7.72
mmol) and aiﬁoron trifluoride-diethyl ether complex (0.88 mL,
5.48 mmol) were added to a solution of (2-benzyloxy-phenyl)-
(4-mathylaulfany1phenyl)-methanol (2.13 g, 6.3 mmol) in
acetonitrile (15 mL) at -40°C and the mixture solution was
stirred at the same temperature for 1.5 hours and further at
0°C for 30 minutes, and then water was added thereto and the
nixture was extracted with methylene chloride. The organic
layer was washed with a saturated sodium chloride aqueous
solution and dried (anhydrous magnesium sulfate), and then the
solvent was distilled under reduced pressure. The obtained
residue was pur;fie& by silioca gel coluﬁn chromatography
[developing-solution=ethyl acetate:n-hexane (1:10)] to obtain
the title ccgpound (1.;-9. 93%) .
[0238]) "IH-NHR (CDC1;) &8: 2.46 (3H, 8), 3.97 (2H, 8), 5.05
(2H, -s). -6.8.'.::-6.9; (2H, m), 7.10-7.35 (11H, m)
(3) Synthaéiﬂ of 2-(4-Methylsulfanylbenzyl)phenol

In a nitrogen stream, dimethylsulfide (7.25 mL, 138
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mmol) and a boron trifluoride-diethyl ether complex (2.1 mL,
‘8.8 mmol) were adﬁad to a solution of l-benzyloxy-(4-
methylsulfanylbenzyl)benzene (1.9 g, 5.9 mmol) in methylene
chloride (15 mL) under cooling with ice, and the reaction
mixture was stirred for 48 hours while gradually raising its
temperature to room temperature. Water was added thereto
under cooling with ice and the mixture was extracted with
methylene chloride. The organic layer was washed with a
saturated sodium chloride aquecus solution and dried
(anhydrous magnesium sulfate), and then_the solvent was
distilled uhder reduced pressure. The obtained residue was
purified byésilica gel column chromatography [developing
solution= ethyl acetate:n-hexane (1:5)] to obtain thg title
compound (liis g, 91%).
[0239] lH-NMR (CDC1,;) 8: 2.46 (3H, ®), 3.95 (2H, =), 4.65-
4.75 (1H, br s), 6.78 (1H, 4, J=7.6Hz), 6.89 (1H, t, J=7.6Hx),
7.09-7.21 (6H, m)
(4) Synthesis of [2-{4-Methylsulfanylbenzyl)phenyl]-5a-

carba-p-D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-O-benzyl-5a-carba-a-
D-glucop&ranose (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mol)- were added to a solution of 2-(4-
methylsulfanybenzyl)phenol (320 mg, 1.39 mmol) in toluene
(2 mL) under coolihg -i:h icé;—~and then
tetramethylazodicarboxamide (TMAD, 239 mg. 1.39 mmol) was
added-the;eto at thn same temperature. The resction mixture
was stirred for 20 hours while gradually raising its

temperature to room temperature. The reaction mixture was
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concentrated under reduced pressure, and the obtaingd residue
‘was treated by silica gel column chromatography [developing
ﬁblution-athyl acetate:n-hexane (1:10)]. The obtained crude
product was dissolved in methylene chloride (10 ml), and
dimethylsulfide (3.28 mL, 63 mmol) and a boron trifluoride-
dilethyl ether complex (0.94 mL, 5.9 mmol) were added thereto
under cooling with ice. The reaction mixture was stirred for
20 hours while gradually ralsing its temperature to room
temperature, and then water was added under cooling with ice
and the mixture was extracted with methylene chloride. The
organic 1ay§é was washed with a saturated sodium chloride
aqueous solﬁtion and dried (anhydrous magnesium sulfate), and
then the sol&ent was digtilled under reduced pressure. The
obtained residue was purified by silica gel columm
chromatography [developing solutions methylene
chloride:methanol (10:1)] to obtain the title compound (102 mg,
28%). )
[0240] H-NMR (CD,OD) 8: 0.80-0.95 (1H, m), 1.45-1.60 (1H,
m), 2.00-2.10 (1H, m), 2.42 (3H, 8), 3.12-3.33 (2H, m),
3.40-3.50 (2H, m), 3.63-3.70 (1H, m), 3.86 (1H, 4, J;lsﬂz),
4.00 (IHL a, J-lSH:!, 4.15-4.23 (1H, m), 6.84 (1H, t,
J=7.0Hz), 7.00-7.18 (7H, m)
MS (BSI*): 391 [M+H]®

——

HPLC Retention Time: 11.6 mindtes
Example 12
[3-Fluoro-2-(4-methylbenzyl)phenyl]-5a-carba-fi-D-gluco-

pyranoside .
(1) Synthesis of (2-Benszyloxy-6-fluorophenyl)-(4-
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methoxyphenyl )methanol

Td-a THF solution (50 mL) of 2-benzyloxy-6-fluoro-
b;n:aldehyﬂs (2.25.g, 9.8 mmol) as desoribed in International
Publication WO 04/048335, a 4-methoxyphenyl-magnesium bromide
THF solution (0.5 M, 21.5 mL) was added dropwise in a nitrogen
stream at room temperature. The reaction mixture was stirred
at room temperature for 1.5 hours, and then a saturated
ammonium chloride agqueous solution was added thereto under
cooling with ice and the mixture was extracted with ethyl
acetate. The organic layer was washed with a saturated sodium
chloride aq@eous solution and dried (anhydrous magnesium
sulfate), ahd then the solvent was distilled under reduced
pressure. The obtained residue was purified by silica gel
column chrohatography [developing solution= ethyl acetate:
n-haxane (1:5)] to-obtain the title compound (2.82 g, 85%).
[0241] .1H-NHR (CDC1,) 8: 3.78 (1H, 4, J=12Hz), 3.80 (3H,
), 4.98 (ih, d, J=12Hz), 5.05 (1H, 4, J=12Hz), 6.20 (1H, 4,
J=12Hz), 6.74-6.84 (4H, m), 7.11-7.31 (8H, m)
(2) Synthesis of 3-Fluoro-2-(4-methoxy)phenol

To a solution of (2-benzyloxy-6-fluorophenyl)-(4-
mathoxypﬁanyl)mathaqol (2.54, 7.51 mmol) in methanol (20 ml),
a 20% palladium hydroxide catalyst (381 mg) was added and
furthermore 2N-HC1 (2 QE) was added thereto. The mixture
solution was stirr;d under ihiidrogen atmosphere for 24 hours,
and then the catalyst was filtered off. The solvent was
distilled under reduced pressure, and the obtained residue was
purified by silica gel column chromatography [developing
solution=athyl acetate:n-hexane (1:4)] to obtain the title
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compound (1.48 g, 85%).

'[0242]  'H-NMR (CDC1,) 8: 3.76 (3H, s), 3.96 (2H. s), 4.90
(iH. br s), 6.57 (1H, 4, J=8.0Hz), 6.67 (1H, t, J=8.0Hz), 6.82
(2H, 4, J=9.0Hz), 7.06 (1H, 44, J=8.0, B.0Hx), 7.19 (2H, 4,
J=9.0Hxz )

(3) Synthesis of [3-Fluoro-2-(4-methoxybenzyl)phenyl]-
5a-carba-p-D-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-

D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 3-fluoro-2-
(4-methoxybenzyl)phenol (323 mg, 1.39 mmol) in toluene (2 mL)
under eooliﬁg with ice, and then tetra-methylazodicarboxamide
(TMAD, 239 mg, 1.39 mmol) was added thereto at the same
temperature. The reaction mixture was stirred for 20 hours
while gradually raising its temperature to room temperature.
The reactién:mixture was concentrated under reduced pressure,
and the obfﬁined residue was treated by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:10)]. The obtained crude product was dissolved in a
methanol-THF (1:4) mixed solution (5 mL) and a 20% palladium
hydroxidb catalyst (63 mg) was added thereto. The mixture was
stirred under a hydrogen atmosphere for 24 hours, and then the
catalyst wad filtered off. The solvent was distilled under
raduced pres;ure.- Thg-;btaiiau residue was purified by silica
gel qplumn chromatography [developing solutlion=methylene
chloride:methanol (10:1)] to obtain the title compound (86 mg,
24%).

[0243] 1H-NMR (CDyOD) &: 0.90-1.05 (1H, m), 1.45-1.60 (1H,
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m), 2.00-2.10 (1H, m), 3.17-3.35 (2H, m), 3.45-3L52 (?H. m).
-3.65-3.i0 (1H, m)}, 3.72 (3H, 8), 3.93 (2H, 8), 4.15-4.25 (1H,
m), 6.67 (1H, t, J=8.0Hz), 6.76 (2H, d, J=9.0Hz), 6.86 (1H, d,
J=8.0Hz), 7.09-7.18 (3H, m)

MS. (ESI”): 391 [(M-H]"

HPLC Retention Time: 10.8 minutes

Example 13
[2-(3-Trifluoromsthylbenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside

(1) Synthesis of (2-Ben:yloxyphany1)-ga-trifluoromathyl-

phany})methanol

In a ﬁitrogen stream, an n-butyllithium hexane solution
(2.7 M, 3.4 nL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (2.0 g, 7.6 mmol) in THF (50 mL)
at -78°C and the mixture solution was stirred at the same
temperatur; for 30 minutes. To this solution,
4-trifluordhethylben:aldehyde (2.0 g, 11.4 mmol) was added
dropwise at -78°C. The reaction mixture was stirred at the
same temperature for three hours, and then water was added
thereto and the mixture was extracted with ethyl acetate. Th
organic iayur was quhed with a saturated sodium chloride
agqueous solution and dried (anhydrous magnesium sulfate), and
then the solvent_was d{:?illed under reduced pressure. The
obtained residue ﬁ;s purified by silica gel columm
chroqgtoq;aphy [developing solution=athyl acetate:n-hexane
(1:4)] to obtain the title compound (2.2 g, 80%).
t0244] " .H-NMR (CDCly) 8: 3.03 (1H, 4, J=6.3Hz), 4.97-5.07
(24, m), 6.06 (1H, 4, J=6.3Hz), 6.95-7.03 (2H, m), 7.16-7.20
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(2H, m), 7.26 (1H, dd, J=7.7, 2.0Hz), 7.29-7.36 (4H, m), 7.39

'(1H, 4, J=7.7Hz), 7.46-7.55 (2H, m), 7.67 (1H, 8)
(E) Syntheslis of 2-(3-Trifluoromethylbenzyl)phenol

To a sqlution of (2-benzyloxyphenyl)-(3-trifluoro-
methylphenyl)methanol (3.32 g, 9.3 mmol) in methanol (50 ml),
a 20% palladium hydroxide catalyst (165 mg) was added and
furthermore 36% HCl (0.2 mL) was added thereto. The mixture
solution was stirred under a hydrogen atmosphere for 72 hours,
and then the catalyst was filtered off. The solvent was
distilled under reduced pressure, and tpe obtained residue was
purified by silica gel column chromatography [developing
solution-ethyl acetate:n-hexane (1l:4)] to obtain the title
compound (2.26 g, 96%). ]
" [0245] "'H-NMR (CDCl;) 8: 4.04 (2H, s), 4.90 (1H, 4,
Je=2.0Hz), 6.76 (1H, 4, J=8.1Hz), 6.86-6.90 (1H, m), 7.09-7.16
(2H, m), 7.34-7.46 {(3H, m), 7.50 (1H, =).
(3) Syntﬁbsis of [2-(3-Tr1f1uoromathylben:yl)phenyl]-5&-

carba-p-D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-O-benzyl-5a-carba-a-
D-glucopyranocse (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mﬁ, 1.39 mmol) were added to a solution of 2-(3-tri-
fluoromethylbenzyl)phenol (351 mg, 1.39 mmol) in toluene
{3 mL) undef coqQling with ice, and then tetra-
mathylazodicarboxémida-ITHABT‘z39 mg, 1.39 mmol) was added
tharg;o qt the same temperature. The reaction mixture was
gtirred for 20 hours while gradually raising its temperature
to room temperature. The reaction mixture was concentrated

under reduced pressure, and the obtained residue was treated
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by silica gel columm chromatography [developing solutionsethyl
"acetate:n-hexane (1:10)]. The obtained crude product was
dissolved in a methanol-THF (5:2) mixed sclution (7 mlL) and a
20% palladium hydroxide catalyst (45 mg) was added thereto,
and the mixture was stirred under a hydrogen atmosphere for 15
hours, and then the catalyst waé filtered off. The solvent
was distilled under reduced pressure and the obtained residue
was purified by silica gel column chromatography [developing
solution=methylene chloride:methanol (10:1)] to obtain the
title compound (56 mg, 14%).

[0246) 'H-NMR (CD,OD) 8: 0.88-1.02 (1H, m), 1.52-1.68 (1H,
m), 2.10 (1R, at, Je=13.4, 3.9Hz), 3.20-3.38 (2H, m), 3.45-3.55
(2H, m), 3.74 (1H, ‘44, J=4.1, 10.8Hz), 3.99 (1H, d, Jel4.7Ha),
4.18 (1H, 4a, J=15.4Hz), 4.20-4.32 (1H, m), 6.89-6.95 (1H, m),
7.08 (1H, 4, J=7.7Hz), 7.16-7.26 (2H, m), 7.42-7.58 (4H, m)
NS (ESI'): 413 [M+H]*

HPLC Retention Time: 12.0 minutes

Example 14

[2-(4-Methoxybenzyl)-4-methylphenyl]-5a-carba-f-D-gluco-

pyranoside

(1) Syﬁthesis of ;-Ben:yloxy-2—brumo-4-methy1banzene

To a solution of 2-bromo-4-methylphenol (1.5 g, 8.0
mmol) in N, N-dimethylformamide (40 mL), potassium carbonate
(1.32 g, 9.6 mmol) was added ENd furthermore benzyl bromide
(1.05 mL, B.8 mmol) was added thereto. The mixture solution
was stirred at roa; temperature for 12 houra, and then water
was added thereto and the mixture was extracted with ethyl

acetate. The organic layer was washed with a saturated sodium
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chloride aqueous solution and dried (anhydrous magnesium
'sulfate), and then thbe solvent was distilled under reduced
p-rassure. The obtained residue was purified by silica gel
column chromatography [developing solution= ethyl acetate:
n-hexane (1l:4)] to obtain the title compound (1.72 g, 77%).
[0247] 'H-NMR (CDCl:) 8: 2.30 (3H, B8), 5.12 (2H, 8), 6.82
(1H, 4, J=8.4Hz), 6.99-7.03 (1H, m), 7.28-7.41 (4H, m), 7.45-
7.48 (2H, m)
(2) Synthesis of. (2-Benzyloxy-5-methylphenyl)-(4-

methoxyphenyl Jmethanol

In a l;uitrogen stream, an n-butyllithium hexane solution
(2.7 M, 2.75 mL) was added dropwise to a solution of
l—benzyloxy-z--bromo-4—mthy1ben:ena (1.72 g: 6.2 mmol) in THF
(S0 mL) at -78°C and the mixture solution was stirred at the
same temperature for 30 minutes. To this solution,
4-methoxfbe'h:aldahyde (1.27 g, 9.3 mmol) was added dropwise at
-78°C. The reaction mixture was stirred at the same
temperature for two hours, and then water was added thereto
and the mixture was extracted with ethyl acetate. The organic
layer was washed with a saturated sodium chloride aqueous
solut:lon- and dried (_anhydrous magnesium sulfate), and then the
solvent was distilled under reduced pressure. The obtained
residue was purified by_‘silica gel column chromatography
[developing solution=ethyl acetate:n-hexane (1:4)] to obtain
the t:_l.t:l.e' compound_ (1.46 g, 70%).
[0248] 'H-NMR (CDCl;) 3: 2.28 (3H, s), 2.88 (1H, 4,
J=9.,2Hz), 3.80 (3H, 8), 5.00 (2H, &), 5.99 (1H, 4, J=5.6Hzx),
6.80-6.88 (3H, m), 7.00-7.05 (1H, m), 7.13 (1H, 4, J=1.8Hz),
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7.19-7.34 (7H, m)
“(3) Synthesis of 2-(4-Methoxybenzyl)-4-methylphenol

To a solution of (2-benzyloxy-5-methoxyphenyl)-(4-
methoxyphenyl)- methanol (1.46 g, 4.3 mmol) in methanol (20
ml), a 20% palladium hydroxide catalyst (73 mg) was added and
furthermore 36% HCl (0.1 mL) was added thereto. The mixture
was stirred ?nder a hydrogen atmosphere for 72 hours, and then
the catalyst was filtered off. The solvent was distilled
under reduced pressure, and the obtained residue was purified
by silica gel column chromatography [developing solutionsethyl
acetate:n-hexane (1l:4)] to obtain the title compound (0.8 g,
80%). :
[(0249] 'H-NMR (CDCl,) 8: 2.24 (3H, s8), 3.77 (SH._E), 3.89
(2H, 8),. 4.55-4.56 (1H, m), 6.65-6.69 (1H, m), 6.80-6.86 (2H,
m), 6.88-6.94 (2H, .m), 7.11-7.16 (2H, m)
. (4) synthesis of [2-(4-Methoxybenzyl)-4-methylphenyl]-

Sa-ciiba-ﬂ-D-gluoopyrnnoaide

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyrancse (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-.
methoxybenzyl)-4-methylphenol (317 mg, 1.39 mmol) in toluene
(3 mL) under coolin§ with lce, and then tetra-
methylnzodicnrbq!pmide (TMAD, 239 mg, 1.3% mmol) was added
thereto at the same te;;;rafﬂru. The reaction mixture was
stirred for 20 hours while gradually raising its temperature
to ro;m t;mperatufg. The reaction mixture was concentrated
under reduced pressure, and the obtained residue was treated

by silica gel column chromatography [developing solution=ethyl
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acetate:n-hexane (1:10)}. The obtained crude product was

'dissolved in a methanol-THF (5:2) mixed solution (7 mL) and a

20% palladium hydroxide catalyst (44 mg) was added thereto,

and the mixture was stiried under a hydrogen atmosphere for

4 hours, and then the catalyst was filtered off.. The solvent

was distilled under reduced pressure and the obtained residue

was purified by silica gel column chromatography [developing

solution= methylene chloride:methanol (10:1}] to obtain the

title compound (88 mg, 24%).

[0250] 'H-NMR (CD,OD) 8: 0.88-1.02 (1H, m), 1.42-1.60 (1H.

m), 2.04 (1H, 4t, J=13.4, 4.0Hz), 2.21 (3H, s), 3.17-3.32 (2H,

m), 3.43-3.&1 (2H, m), 3.70 (1H, 44, J=4.1, 10.7Hz), 3.74 (3H,

s), 3.82 (1H, 4, J=14.7Hz), 3.92 (1H, 4, J=14.7Hz), 4.06-4.16

(1, m), 6.7f—6.82 (2H, m), 6.86-6.96 (3H, m), 7.06-7.15 (2H,

m) )

MS (ESI*): 389 [M+H]*

HPLC Retention Time: 11.2 minutes

Example 15

[2-(S-Hbthoxybenzyl)pgenzll-5a-carbi-ﬂ-D-gluggpy:ﬁnoaide

(1) Synthesis of (2-Benzyloxyphenyl)-(3-methoxyphenyl)-
methanol

To a solution of 2-benzyloxybenzaldehyde (3.0 g, 1l4.1
mmol) in THF (50_mL), a solution of 4-methoxyphenyl-magnesium
bromide in THF (1.0 M. 17.0 EL) was sdded dropwise in a
nitrogen stream under cooling with ice. The mixture was
stirr;d ai room ta;perature for one bour, and then a saturated
ammonium- chloride aqueous solution was added thereto under

cooling with ice and the mixture was extracted with ethyl
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"chloride aqueous solution and dried (anhydrous magnesium

sﬁlfate). and then the solvent was distilled under reduced
pressure. The obtained residue was purified by silica gel
column chromatography [developing solution=ethyl acetate:n-
hexane (1:4)] to obtain the title compound (4.92 g, 100%).
[0251] 'H-NMR (CDC1,) 8: 2.97 (1H, a4, J=1.1, 6.0Hz), 3.73
(3H, s), 4.98-5.10 (2H, m), 6.03 (1H, 4, J=6.0Hz), 6.77-6.82
(1H, m), 6.88-7.01 (4H, m), 7.19-7.35 (9H, m)
(2) Synthesis of z-(S-Hbthoxybanzyl)ppanol
To a éolution of (2-benzyloxyphenyl)-(3-

nathoxyphenil)mathnnol (1.68 g, 5.24 mmol) in methanol (50 ml),
a 20% pallad;um hydroxide catalyst (168 mg) was added and
furthermore 36% HCl (0.2 mL) was added thereto. The mixture
was stirred under a hydrogen atmosphere for 24 hours, and then
the cataly;t was filtered off. The solvent was distilled
under radué;d pressure, and the obtained residue was purified
by silica gel column chromatography [developing solution=ethyl
acetate:n-hexane {l1:4)] to obtain the title compound (1.29 g,
100%).
[0252]  ‘H-Nm (CDC1;) 8: 3.76 (3H, s), 3.97 (2H, 8), 4.69
(1H, 8), 6.73-6.92 (5H, m), 7.10-7.23 (3H, m)
(3) Synthesis .of [2-(3-Methoxybenzyl)phenyl] -5a-carba-f-
D-glucopyraﬁsside =

_In a nitrogqp stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyranose (500 mg., 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(3-

methoxybenzyl )phenol (298 mg, 1.39 mmol) in toluene (3 mL)
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under cooling with ice, and then tetramethylazodi-carboxamide
'(TMAD, 239 mg, 1.39 mmol) was addea thereto at the same
t;mparature.. The reaction mixture was stirred for 20 hours
while gradually raising its temperature to room temperature.
The reaction mixture was concentrated under reduced pressure,
and the obtained residu; was treated by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:10)]1. The obtained crude product was dissclved in a
methanol-THF (5:2) mixed solution (7 mL) and a 20% palladium
hydroxide catalyst (55 mg) was added thereto., and the mixture
was stirredlunder a hydrogen atmosphere for four hours, and
then the caiqust was filteraq off. The solvent was distilled
under reduceq pressure and the obtained residue was purified
by silica géi column chromatography [developing
solution-matﬁylena-chlorida:mathanol (10:1)] to obtain the
title compound (111 mg, 32%).

[0253] ‘IH-NHR {CD,OD) &: 0.97-1.11 (1H, m), 1.52-1.68 (1H,
m). 2.12 (1H, 4at, J=13.4, 4.0Hs), 3.22-3.39 (2H, m), 3.49-3.56
(2H, m), 3.72-3.78 (1H, m), 3.78 (3K, s), 3.92 (1H, 4,
Jml4.8Hz), 4.05 (1H, 4, J=14.8Hx), 4.18-4.27 (1H, m),
6.72-6.95 (4, m), 1.05-7.22 (4H, m)

MS (ESI*): 375 [M+H]®

HPLC Retentign Time: 10.6 minutes

——

Example 16 —
[z-(4-Ha§poxyben:gl)-4-methoxyphnnyl]-5a-carba-ﬂ-D-g1uco-
pyranoside

(1) Synthesis of 2-Benzyloxy-5-methoxybenzaldehyde
To a solution of 2-hydroxy-S-methoxybenzaldehyde (3.0 g,
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19.7 mmol) in N,N-dimethylformamide (50 mL), potassium

'carbonate (3.27 g, 23.6 mmol) was added and furthermore benzyl

bromide (2.6 mL, 21.7 mmol) was added thereto. The reaction
mixture was stirred at room temperature for 24 hours. and then
water was added thereto and the mixture was extracted with
ethyl acetate. The organic layer was washed with a saturated
sodium chloride agqueous solution and dried (anhydrous
magnesium sulfate), and then the solvent was distilled under
reduced pressure. The obtained residue was purified by silica
gel column chromatography [developing sglution-athyl acetate:
n-hexane (1:4)] to obtain the title compound (4.8 g, 100%).
[0254] - JH-NMR (CDCly) 8: 3.80 (3H, s), 5.15 (2H, B)., 6.99
(1H, &, J=9.0Hz), 7.11 (1H, 4d, J=3.4, 9.1Hz),. 7.32-7.44 (6N,
m), 10.50 (1H, =)
(2) Synthesis of - (2-Benzyloxy-5-methoxyphenyl)-(4-

mathoiiphenyl)maghanol

In a Eitrogen stream, to a solution of 2-benzyloxy-5-
methoxy-benzaldehyde (2.0 g, 8.25 mmol) in THF (50 mL), a
solution of 4-methoxyphenylmagnesium bromide in THF (0.5 X,
19.8 mL) was added dropwise under cooling with ice. The
mixture Eolution was Btirred at room temperature for one hour,
and then a saturated ammonium chloride agqueous solution was
added thereto under cooling with ice and the mixture.wus
extracted with eth}l aézfatéf“The organic layer was washed
with‘g saturated sodium chloride aqueous solution and dried
(anhydroﬁ; magnesium sulfate), and then the solvent was
distilleéd under reduced pressura. The obtained residue was
purified by silica gel column chromatography [developing
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solution= ethyl acetate: n-hexane (1l:1)] to obtain the title

"compound (2.9 g, 100%).

[b255] 'H-NMR (CDC1,;) 3: 2.85 (1H, 4, J=5.4Hz), 3.76 (3H,
B), 3.79 (3H, 8), 4.96 (2H, s), 5.99 (1H, 4, J=5.4Hz), 6.74
(1H, a4, 3-278. 9.0Hz), 6.81-6.87 (3H, m), 6.94 (1H, 4,
J=4.1Hz), 7.19-7.36 (7H, m)
(3) Syntheeis of 2-{4-Methoxybenzyl)-4-methoxyphenol

To a solution of (2-benzyloxy-5-methoxyphenyl)-(4-
methoxyphenyl)methanol (2.54 g, 7.25 mmol) in methanol (50 ml),
a 20% palladium hydroxide catalyst (250_ng) was added and
furthermmraiésl HC1l (0.25 mL) was added thereto. The mixture
was stirrediﬁndar a hydrogen atmosphere for 14 hours, and then
the catalyst was filtered off. The solvent was distilled
under reduced pressure, and the obtained residue was purified
by silica gel column chromatography [developing solution=ethyl
acetate:n-ﬁe;ane (1:4)] to obtain the title compound (1.62 g,
918). )
[0256] JH-NMR (CDCl,) 8: 3.74 (3H, s), 3.78 (3H, 8), 3.90
(2H, 8), 4.41 (1H, br s), 6.64-6.86 (5H, m), 7.11-7.16 (2K, m)
(4) Synthesis of [2-(4-Methoxybenzyl)-4-methoxyphenyl]-

Sa;carba-ﬂ-n-qlucopyranosida

In a nitrogen stream, 2,3,4,6-tetra-O-benzyl-5a-carba-a-
D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 nkL, 1.39 mmol) were add&d to a solution of 2-(4-
mathq?ybqp:yl)-4-nathoxyphenol (340 mg, 1.39 mmol) in toluene
(3 mL) under cooling with ice, and then tetra-
methylazodicarboxamide (TMAD, 239 mg, 1.39 mmol) was added

thereto at the same temperature. The reaction mixture was
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'to roum.tampernture. The reaction mixture was concentrated
u;dar reduced pressure, and the obtained residue was treated
by silica gel column chromatography [developing solutionwethyl
acetate:n-hexane (1:10)]. The obtained crude product was
dissolved in a methanol-THF (5:2) mixed solution (7 mL) and a
20% palladium hydroxide catalyst (40 mg) was added thereto,
and the mixture was stirred under a hydrogen atmosphere for 6
hours, and then the catalyst was filtered off. The solvent
was distilled under reduced pressure and the obtained residue
was purifieé by silioca gel column chromatography [developing
solution= méthylene chloride:methanol (10:1)] to obtain the
title compound (128 mg, 34%).

[0257] -"H-NHR (CD,OD) &: 0.94-1.08 (1H, m), 1.45-1.62 (1H,
m), 2.06 (1H, dt, J=13.0, 4.0Hx), 3.20-3.34 (2H, m), 3.46-3.56
(2H, m), 3.50-3.80 (1R, m), 3.73 (3H, 8), 3.79 (3H, 8), 3.88
(1H, 4, J-i;.BHI), 3.96 (1H, 4, J=14.8Hz), 4.04-4.14 (1H, m),
6.67 (1H, &, J=3.1Hz), 6.74 (1H, 44, J=3.1, 8.7Hz), 6.80-6.68
(2H, m), 7.00 (1H, 4, J=8.7Hx), 7.12-7.18 (2H, m)

MS (ESI'): 405 [M+H]*

HPLC Retention Time: 10.2 minutes

Example 17

[2-(4-Methoxybensyl) - 6-methylphenyl] -5a-carba-p-D-gluco-

——
pyranoside
(1) _Synthesis of 2-Benzyloxy-3-methtylbenzaldehyde

To a solution of 2-hydroxy-3-methylbenzaldehyde (3.0 g.
22.07 mmol) in N,N-dimethylformamide (50 mL), potassium

carbonate (3.65 g, 26.4 mmol) was added and furthermore benzyl
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bromide (2.9 ml, 24.2 mmol) was added thereto. The mixture
'was stifred at room temperature for 26 hours. and then water
w;n added thereto and the mixture was extracted with ethyl
acatate. The organic layer was washed with a saturated sodium
chloride aqueous solution and dried (anhydrous magnesium
sulfate), and then the solvent was distilled under reduced
pressure. The obtained residue was purified by silica gel
column chromatography [developing solution=ethyl acetate: n-
hexane (1:4)] to obtain the title compound (5.0 g, 100%).
[0258] 1y-mm (CDC1;) 3: 2.36 (3H, 8), 4.97 (2H, @), 7.16
(1H, t. J-7}4Hl), 7.36-7.49 (6H, m), 7.68 (1H, dd, J=1.4,
7.8Hx), 10.26 (1H, d, J=0.5Hz)
(2) Synthaqia of (2-Benzyloxy-3-methylphenyl)-(4-

mathoiyphenyl)mathanol

In a n;trogen stream, to a solution of 2-benzyloxy-3-
mathyl-ben;aldahyda (1.87 g, 8.25 mmol) in THF (50 mL), a
golution of-4-methoxyphanylmagnen1um bromide in THF (0.5 M,
19.8 mL) was added dropwise under cooling with ice. The
mixture was stirred at room temperature for one hour, and then
a saturate-d ammonium chloride aqueous solution was added
thereto ﬁndar cooling with ice and the mixture was extraoted
with ethyl acetate. The organic layer was washed with a
saturated sédium_chloregg agueous solution and dried
(anhydrous magnasiﬁm sulfatETT‘and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
golutions ethyl acetate: n-hexane (1:5)] to obtain the title
compound (2.76 g, 100%).
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[0259] 'H-NMR (CDCl1,) 8: 2.36 (3H, s), 2.63 (1H, d,

'J-S.DHlf, 3.78 (3H, »), 4.64-4.73 (2H, m), 6.02 (1H, A,

J;S.OHI), 6.77-6.86 (24, m), 7.02-7.08 (1H, m), 7.15-7.21 (2H,
m), 7.22-7.28 (2H, m)}, 7.34-7.40 (5H, m)
(3) Synthesis of 2-(4-Methoxybenzyl)-6-methylphenol

To a solution of (2-benzyloxy-3-methylphenyl)-(4-
methoxyphenyl)-methanol (2.76 g, 8.25 mmol) in methanol (30
ml), a 20% palladium hydroxide catalyst (276 mg) was added and
furthermore concentrated hydrochloric acid (0.27 mL) was added
thereto. The mixture was stirred under a hydrogen atmosphere
for 18 hours, and then the catalyst was filtered off. The
solvent waséd;atillad under reduced pressure, and the obtained
residue was pprified by silica gel column chromatography
[developing solutionwethyl acetate:n-hexane (1:4)] to obtain
the title compound -(1.75 g, 93%).
[0260] "1y NMR (CDCLs) 8: 2.22 (3H, s), 3.78 (3H, s), 3.93
(2H, @), 4.63 (1H, br s), 6.77-6.86 (3H, m), 6.96-7.05 (2H,
m), 7.11-7.17 (2H, m)
{4) Synthesia of [2-(4-Methoxybenzyl)-6-mathylphenyl]-

5a-carba-f-D-glucopyranoside

In.a nitrogen ptreum, 2,3,4,6-tetra-0-benzyl-5a-carba-a-
D-glucopyranose (500 mg., 0.93 mmol) and tributyl-phosphine
{0.35 mL, 1.39 mmol) HQE? added to a soclution of 2-(4-
nethoxyben:yl)-G-m;thylphendi"Talﬂ mg, 1.39 mmol) in toluene
(3 mL) unger pool;Fg with ice, and then tetra-
methylazodicarboxamide (TMAD, 239 mg, 1.39 mmol) was added
thereto at the same temperature. The reaction mixture was

Btirred for 48 hours while gradually raising its tempearature
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to room temperature. The reaotion mixture was concentrated

"under reduced pressure, and the obtained residue was treated

by silica gel column chromatography [developing solutionmethyl
acetate:n-hexane (1:10)]. The obtained c¢rude product was
dissolved in a methanol-THF (5:2) mixed solution (7 mL) and a
20% palladium hydroxide catalyst (72 mg) was added thereto,
and the mixture was stirred under a hydrogen atmosphere for 4
hours, and tﬁan the catalyst was flltered off. The solvent
was distilled under reduced pressure and the obtained residue
was purifiedlby silica gel column chromatography [developing
solutionw m@thylene chloride:methanol (10:1)] to obtain the
title compoﬁnd (180 mg, 50%).

[0261] 1I_-I-IIIAIR {(CD,0D) &§: 1.16-1.35 (2H, m), 1.74-1.88 (1H,
m), 2.33 (3H, 8), 3.16-3.26 (2H, m), 3.42-3.52 (1H, m), 3.54-
3.68 (2H, m), 3.74-(3H, 8), 3.92-4.02 (2H, m), 4.08 (1H, 4,
.1-15.311:),"5.'17-6.33 (2H, m), 6.86-6.91 (2H, m), 6.96-7.04
(1H, m), 7.05-7.12 (2H, m)

MS (ESI*): 411 [M+Nal*

HPLC Retention Time: 10.8 minutes

Example 18

[2-(4-Ha£hoxybenzy1{-4-fluorgphsg!;]-Sa-carba-B-D-gluco-

pyxrancside '

(1) Synthésis of (2-Benzyloxy-5-fluorophenyl)-(4-
mathoxyphenfﬁ)ma;;;noif“

In a nitrogen stream, an n-butyllithium haxane solution
(2.44 M, 2.4 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromo-4-fluorocbenzene (1.5 g, 5.33 mmol) in THF

(60 mL) at -78°C and the mixture was stirred at the same
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temperature for 30 minutes. To this solution, a solution of

' 4-methoxybenzaldehyde (0.6 g. 4.42 mmol) in THF (20 mL) was

a.dded dropwise at -78°C. The reaction mixture was stirred at
the same temperature for one hour, and then a saturated
ammonium chloride agqueous solution was added thereto and the
mixture was extracted with eéthyl acetate. The organic layer
was washed with a snturafed sodium chloride agqueous solution
and dried (anhydrous magnesium sulfate), and then the solvent
was distilled under reduced pressure. The obtained residue
was purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:5)] to obtaincthe title’
compound (0398 g, 66%).
[0262] 'H-NMR (CDC1,) 8: 2.66 (1H, dd, J=0.8, 4.9Hz), 3.80
(3H, 8), 4.98 (2H, 8), 6.01 (1H, 4, J=4.9Hz), 6.83-6.90 (4H,
m), 7.14 (1H, 44, J=3.0, 9.0Hz), 7.20-7.34 (7H, m)
(2) Syntﬂasis of 4-Fluoro-2-(4-methoxy-benzyl)phenol

To a.;olution of (2-benzyloxy-5-fluorophenyl)-(4-
methoxyphenyl)-methanol (0.98 g, 2.90 mmol) in methanol (18.6
mL), a 20% palladium hydroxide catalyst (98 mg) was added and
furthermore 2N-HC1l (1 mnL) was added thereto. The mixture was
stirred ﬁnder a hydqogen atmosphere for 15 hours, and then the
catalyst was filtered off. The solvent was distilled under
reduced pressura., and EE’ obtained residue was purified by
silica gel column Ehromatogfiﬁhy [developing solutlion=athyl
acetate:n-hexane (1:6)] to obtain the title compound (0.55 g,
82%).
[0263] ~ . H-NMR (CDCl,;) d: 3.78 (3H, 8), 3.89 (2H, B), 4.65
(1H, br s), 6.68-6.73 (1H, m), 6.77-6.87 (4H, m), 7.11-7.12
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(2H, m) '
(3) Synthesis of [2-(4-Methoxybenzyl)-4-fluorophenyl]-

S5a-carba-f-D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-
methoxybenzyl)-4-fluorophenol (323 mg, 1.39 mmol) in toluene
(3 mL) under cooling with ice, and then tetra-
methylazodicarboxamide (TMAD, 239 mg, 1.39 mmol) was added
thereto at tpa same temperature. The reaction mixture was
stirred for fa hours while gradually raising its temperaturé
to room temp%fatura. The reaction mixture wus_concentrated
under reduceq-prasuu:e, and the obtained residue was treated
by silica gel column chromatography [developing solution=ethyl
acetate:n-hexane (lilo)]. The obtained ocrude product was
dissolved in a methanol-THF (5:2) mixed solution (7 mL.) and a
20% palladium hydroxide catalyst (22 mg) was added thereto,
and the mixture was stirred under a hydrogen atmosphere for
four hours, and then the catalyst was filtered off. The
solvent was distilled under reduced pressure and the obtained
residue was purified by silica gel column chromatography
[developing solution= methylene chloride:methanol (10:1)] to
btain the title'Eqnpound'(lgghfg. 29%).
[0264] 'HNMR (CD,OD) &: 0.99-1.13 (1H, m), 1.50-1.65 (1H,
m), 2.08 (1H, at, J=13.4, 4.0Hx), 3.22-3.35 (2H, m), 3.50-3.57

~(2H, m), 3.75 (1H, 44, J=4.0, 10.7Hx), 3.79 (3H, s8), 3.87-4.02

(2H, m), 4.11-4.21 (1H, m). 6.79 (1H, 44, J=3.1, 9.4Hz), 6.83-
6.92 (3H, m),:7.06 (1H, 4a, J=4.7, 8.9Hz), 7.12-7.20 (2H, m)

29



- 110 -
MS (ESI*): 415 [M+Na]®
'HPLC Retention Time: 10.9 minutes
Example 19
I2-(3-Fluorobenzyl)phenyl]-5a-carba-fi-D-glucopyranoside
(1) Synthesis of (Z-Benlyloxyphsnyl)-(3-f1uorophenyl)-I
methanol

In a nitrogen stream, an n-butyllithium hexane solution
(2.44 M, 5.65 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzens (3.3 g, 12.5 mmol) in THF (40 mL) at
-78°C and the mixture solution was stirred at the same
tamparature;for 30 minutes. To this mixture, a solution of
3—f1uorobenéaldehyﬂe (1.40 g, 11.3 mmol) in THF (5 mL) was
added dropwise at -78°C. The reaction mixture was stirred at
the same temperature for one hour, and then water was added
thereto and the mixture was extracted with ethyl acetate. The
organic lafbr was washed with a saturated sodium chloride
agqueous soiﬁtion and dried (anhydrous magnesium sulfate), and
then the solvent was distilled under reduced pressure. The
obtained residue was purified by silica gel column
chromatography [developing sclution=ethyl acetate:n-hexane
(1:10)] to obtain the.title compound (2.26 g, 65%).
[0265] 'H-NMR (CDC1;) 8: 3.00 (1H, d, J=6.3Hz), 5.57 (1H,
d, J=1l1.5Hz), 5.60 ‘1“:_9' J=ll.5Hz}, 6.01 (1H, 4, J=6.3Hz),
6.85-7.15 (5H, m), 7.17-7.4 (7TH, m)
MS (ESI'): 308 [M]"
(2) Synthesis of 2-(3-Fluorobenzyl)phenol

To a solution of (2-benzyloxyphenyl)-(3-
fluorophenyl )methanol (2.54 g, 7.51 mmol) in methanol (30 ml).
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a 20% palladium hydroxide catalyst (300 mg) was added and
‘furthermore 2N-HC1 (0.3 nL) was added thereto. The mixture
sblution was stirred under a hydrogen atmosphere for five days,
and then the catalyst was filtered of£. The solvent was
distilled under reduced pressure, and the obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:10)] to obtain the title
compound (620 mg, 42%).
[0266] 'H-NMR (CDC1;) 8: 3.98 (2H, s)., 4.70 (1H, 8), 6.75-
7.3 (B8H, m)
MS (ESI'): 201 [M-H]"
(3) Synthésis of [2-(3-Fluorobenzyl)phenyl]-5a-carba-f-

D-glucqpyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyranose (400 mg, 0.743 mmol) and tributyl-phoaphine
(0.278 mL, 1.11 mmol) were added to a solution of 2-(3-
fluoroben:ji)phanol (225 mg, 1.11 mmol) in toluene (2.5 mL)
under cooling with ice, and then tetramethylazo-dicarboxamide
(TMAD, 192 mg, 1.11 mmol) was added thereto at the a;me
temperature. The reaction mixture was stirred for 14 hours
while gr&dually rais;ng its temperature to room temperature.
The reaction mixture was concentrated under reduced pressure,
and the obtained_residue was treated by silica gel column
chromatography [da;aloéz;g solition=ethyl acetate:n-hexane
(1:10!]. ‘Th; obtained crude product was dissolved in a
methanol-THF (5:2) mixed solution (7 mL) and a 208 palladium
hydroxide catalyst (40 mg) was added thereto, and the mixture

was stirred under a hydrogen atmosphere for 24 hours, and then
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‘under reduced pressure and the obtained residue was purified
B} silica gel column chromatography [developing
solution=methylene chloride:methanol (10:1)] to obtain the
title compound (76 mg, 28%).
[0267] 'H-NMR (CD;0D) 8: 0.99 (1H, a4, J=24.7, 13.2Hz),
1.45-1.62 (1H, m), 2.09 (1H, dt, J=12.6, 4Hz), 3.16-3.3 (2H,
m), 3.4-3.55 (2H, m), 3.71 (1H, 44, J=10.7, 3.8Hz), 3.93 (1H,
d, J=14.9Hz), 4.05 (1H, 4, J=14.9Hx), 4.1-4.3 (1H, m),
6.8-6.95 (3H, m), 7.0-7.06 {2H, m), 7.08-7.27 (3H, m).
MS (ESI'): 363 [M+H]', 385 [M+Na)'
HPLC Retention Time: 10.9 minutes
Example 20

[2—;3-Hbthzibenzzl]pheny1]-5a-cnrba-ﬂ-D-glucopyranos;do
(1) Synthesis of [2-(3-Methylbenzyl)phenyl]-5a-carba-p-

D-glﬁoopyranosige

In a-;itrogen stream, 2,3,4.6-tetra-0O-benzyl-5a-carba-fi-
D-glucopyranose (413 mg, 0.743 mmol) and tributyl-phosphine
{0.233 mL, 1.15 mmnol) were added to a toluene (2.5 nlL)
solution of 2-(3-methylbenzyl)phenol (228 mg, 1.15 mmol) as
dascribéﬁ in Uzbekskil Khimicheskil Zhurnal (1984), 6, 31-4
and the like under cooling with ice, and then
tetramathyli:odianrboxefida (TMAD, 198 mg, 1.15 mmol) was
added thereto at fﬁa same taﬁiirature. The reaction mixture
was q;irqed for 1§ hours while gradually raising its
temperature to room temperature. The reaction mixture was
concentrated under reduced pressure, and the obtained reslidue

was treated by silica gel column chromatography [developing
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solution=ethyl acetate:n-hexane (1:10)]. The obtained crude

‘product was dissolved in a methanol-THF (2:5) mixed solution

(7 mL) and a 20% palladium hydroxide catalyst (40 mg) was

added thereto, -and the mixture was stirred under a hydrogen
atmosphere for six hours, and then the catalyst was filtered
off. The solvent was distilled under reduced pressure and the
obtalned residue was purified by silica gel columm
chromatography [developing solution=methylene °
chloride:methanol (10:1)] to obtain the title compound (109 mg,
40%).

.[0268] ._IH-NHR (CD,OD) &8: 0.95 (1H, 44, J=24.4, 12.9Hz),

1.45-1.62 (iH, m), 2.06 (1H, 4t, J=13.1, 4.0Hz), 2.27 (3H, 8),
3.15-3.30 (2H, m), 3.42-3.52 (2H, m), 3.70 (1H, &d, J=10.7,
3.9Hz), 3.87 (1H, 4, J=14.8Hz), 3.98 (1H, 4, J=14.8Hz), 4.1-
4.25 (1H, m), 6.81-6.88 (1H, m)., 6.9-7.2 (7H, m)

MS (ESI*): 376 [M+NH(]*, 359 [M+H]®

HPLC Retention Time: 11.4 minutes

Example 21

[5-Fluoro-2-(4-methoxybenzyl)phenyll-5a-carba-fi-D-gluco-

pyranosids
(1) Synthesis of 2-Benzyloxy-1-bromo-4-fluorobenzene

Potassium carbonate (2.61 g, 18.8 mmol) was added to a
solution of "2-brgmo—5-fluorophenol (3.0 g, 15.7 mmol) in DMF
(15.7 mL) and the ﬁixt;;; was Btirred in a nitrogen stream at
room ;empgratura ﬁpr 15 minutes. T¢é this solution, benzyl
bromide (2.69 g. 15.7 mmol) was added dropwise at the same
temperature. and the mixture solution was gtirred at the same

temperature overnight. To the reaction mixture was added a
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potassium hydrogensulfate agueous solution, and the mixture
'was extracted with etbyl acetate. The organic layer was
iﬁshad with a saturated sodium chloride agueous solution and
dried (anhydrous magnesium sulfate), and then the solvent was
distilled under reduce pressure. The obtained residue was
purified by silica gel column chromatography (developing
solution=n-hexane) to obtain the title compound (4.31 g, 98%)
as a colorless oil.

[0269] 'H-NMR (CDC1,) d: 5.14 (2H, 8), 6.56-6.72 (2H, m).
7.31-7.52 (6H, m) )
(2) Synthesis of (2-Benzyloxy-4-fluorophenyl)-(4-

methoéyphenyl)mathanol

In a n;trogen stream, an n-butyllithium hexane solution
(1.59 M, 3.14 mL) was added dropwise to a solution of 2-
benzyloxy-l-bromo-4-fluorobenzene (1.4 g, 5.0 mmol) in THF
(50 ml) atﬂ;78°c and the mixture was stirred at the same
temperaturé-for 15 minutes. To this solution, a solution of
4-methoxybenzaldehyde (680 mg, 4.99 mmoi) in THF (15 mL) was
added Aropwise at -78°C and the mixture was stirred at the
same teamperature for 1.5 hours, and then a saturated ammonium
chloride-aqueous so;ution was added thereto and the mixturs
was extracted with ethyl acetate. The organic layer was
washed with ‘a saturated sodium chloride aqueous solution and
dried (anhydrous ﬁigne;zhm sulrate), and then the solvent was
diat;}leq_undar reduced pressure. The obtalned residue was
purified by silica gel column chromatography [developing
solutior= n-hexane:dichloro-methane:acetone (12:3:1)] to

obtain the title compound (1.41 g, B83%) as a colorless oil.
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[0270] H-NMR (CDC1,) 8: 2.67 (1H, 4, J=5.0Hz), 3.79 (3H,
'8), 4.99 (2H, 8), 6.00 (1H, 4, J=3.8Hz), 6.62-6.70 (2H, m),
6.81-6.86 (2H, m), 7.19-7.38 (8H, m)
{3) Synthesis of 2-(4-Methoxybenzyl)-5-fluorophenol

To a solution of (2-benzyloxy-4-fluorophenyl)-(4-
methoxyphenyl)-methanol (2.095 g, 6.19 mmol) in methanol (20
mL), a 20% palladium hydroxide catalyst (200 mg) was added and
furthermore 2N-HCl (0.3 mL) was added thereto. The mixture
was stirred under a hydrogen atmosphere for 16 hours, and then
the catalyst was filtered off. The solvent was distillea
under reduced pressure, and the obtained residue was purified
by silica gél column chromatography [developing solution=ethyl
acetate:n-haggne (1:5)] to obtain the title compound (489 mg,
34%).
[0271] 'H-NMR (CDCls) 8: 3.78 (3H, B), 3.89 (2H, e}, 4.88
(1H, s). 6.50-6.40 (2H, m), 6.80-6.88 (2H, m), 7.04 (1H. dd,
J=6.6, 8.2Hz), 7.08-7.15 (2H, m)
MS (ESI"): 231 [M-H]"
(4) Synthesls of [5-Fluoro-2-(4-methoxybenzyl)phenyl]-

5a-carba-pf-D-glucopyranoside

In‘a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-fi-
D-glucopyranose (500 mg, 0.928 mmol) and tributyl-phosphine
(0.346 mL, 1.39 mmol) were added to a solution of
2- (4-methoxybenzyl)-5-£luoropisnol (323 mg, 1.39 mmol) in
toluege (?.5 mL) upder cooling with ice, and then
tetramethylaxzodicarboxamide (TMAD, 240 mg, 1.39 mmol) was
. added thireto:at the same temperature. The reaction mixture

was stirred for 17 hours while gradually raising its
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temperature t room temperature. The reaction mixture was
‘concentrated under reduced pressure, and the gbtalned residue
ﬁis treated by silica gel column chromatography [developing
solution= ethyl acetate:n-hexane (1:10)]. The obtained orude
product was dissolved in a methanol-THF (2:5) mixed solution
(7 mL), and a 20% palladium hydroxide catalyst (40 mg) was
added thereto and the mixture was stirred under a hydrogen
atmosphere for 22 hours, and then the catalyst was fliltered
off. The solvent was distilled under reduced pressure. The
obtained residue was purified by silica gel column
chromatography [developing solution= methylene
chloride:mcihanol (10:1)] to obtain the title compound (59 mg.
16%).

[0272] H-NMR (CD,OD) 3: 1.00 (1R, dd, J=24.4, 12.9Hz),
1.5-1.65 (1H, m), 2.04 (1H, 4t, J=13.4, 4.1Hx), 3.17-3.35 (2H,
m), 3.43-3.55 (2H, m), 3.65-3.75 (1H, m), 3.73 (3H, =), 3.81
(1H, 4, J-ig.lﬂz). 3.90 (1H, 4, J=15.1Hx), 4.1-4.22 (1H, m),
6.56 (1H, 4t, J=8.5, 2.7Hz), 6.75-6.88 (3H, m), 7.0-7.13 (3H,
m)

MS (ESI*): 415 [M+Na]l®

HPLC Retention Time: 11.0 minutes

Example 22
Lg-(4-Heththul£nnylbagégglpheny;]-5a-ca:ba-ﬂ-g:gluno-
pyranoside ' =

(1) _SYnthesia og_(Z-Benzyloxyphanyl)-(4-methylsu1£anyl-

‘'phenyl )methanol
In" a nitrogen stream, a solution of 4-methylsulfanyl-

phenylmagnesium bromide in THF (0.5 M, 35 mL) was added
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dr pwise to a solution of 2-benzyloxybenzaldehyde (2.60 g,
'12.2 mmol) in THF (24 mL) at 0°C and the mixture was stirred
ai room temperature for two hours, and then a saturated
ammonium chloride agueous solution was added thereto under
cooling with ice and the mixture was extracted with athyl
acetate. The organic layer was washed with a saturated sodium
chloride agqueous solution and dried (anhydrous magnesium
sulfate), and then the solvent was distilled under reduced
pressure. The obtained residue was purified by silica gel
column chromatography[developing solutionwethyl acetate:n-
hexane (1:4)] to obtain the title compound (3.91 g, 95%).
[0273] :;}u-m (CDC1,) 8: 2.47 (3H, s), 2.91 (1H, a,
J=5,.8Hz), 5.03 (2H, s), 6.01 (1H, 4, J=6.0Hz), 6.90-7.00 (2H,
m), 7.15-7.35 (11H, m)
(2) Synthesis of . (2-Benzyloxyphenyl)-(4-methanesulfonyl-

phenfi)mathanol_ .

In a ﬁitrogen stream, m-chloroperbenzoic acid (4.40 g,
22.2 mmol) was added to a solution of {(2-benzyloxyphenyl)-(4-
methyl-sulfanylphenyl)methanol {3.00 g, 8.92 mmol) in
methylene chloride (25 mL) at 0°C and the reaction mixture was
stirred it the samaltemperatura for 30 minutes. The
precipitate was removed by filtration and the filtrate was
washed with ‘a 2N_sodium hydroxide aqueous solution. The
washed solution was ax;;;ctéa“with methylene chloride, and the
combiged organic layer was washed with water and a saturated
sodium chloride aéﬁeous solution and dried (anhydrous
magnesium sulfate), and then the solvent was distilled under

reduced pressure to obtain the title compound (3.18 g, 9%7%).
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[0274] lH-NMR (CDCl;) 3: 3.02 (3H, 8), 3.03 (1H, 4,
'J-G.Sﬂlf, 5.00 (1H, J=11.4Hz), 5.04 {(1H, 4, J=11.5Hz), 6.09
(1H, 4, J=6.2Hz), 6.95-7.03 (2H, m), 7.16-7.22 (2H, m), 7.24-
7.38 (5H, m), 7.53 (2H, 4, J=8.1Hz), 7.84 (2H, 4, J=8.6Hx)
(3) Synthesis of 2-(4-Methanesulfonylbenzyl)phenol

In a nitrogen stream, a 20% palladium hydroxide catalyst
(299 mg) and 36% HC1l (150 pL, 1.78 mmol) were added to a
solution of (2-benzyloxyphenyl)-(4-methane-
sulfonylphenyl)methanol (3.00 g, 8.14 mmol) in a mixture of
methanol (30 mL) and ethyl acetate (30 mL), and the mixture
was stirred under a hydrogen atmosphere for six hours. To ‘the
reaction miéture was added sodium hydrogencarbonate and the
mixture was stirred for 30 minutes to be neutralized, and then
the catalyst was filtered off. The solvent was distilled
under reduced pressure and the obtained residue was purified
by silica gel column thdmatographr [developing solution=ethyl
aoatate:n-ﬁ;xane (1:2)] to obtain the title compound (1.81 g,
85%).
[0275] H-NMR (CDCl,) 8: 3.02 (3H, s), 4.06 (2H, s), 5.00
(1H, 8), 6.77 (1K, 4, J=7.9Hz), 6.89 (1K, dt, J=7.5, 1.2Hx),
7.08-7.1% (2H, m), 7.42 (2H, 4, J=B.6Hz), 7.82 (2H, 4,
J=8.4Hz)
(4) Sjnthshin_gf [2-(4-Methanesulfonylbenzyl }phenyl]-5a-

carba-ﬂ-n-glﬁcop;;;noéiai

_In a nitrogen stream, 2,3,4,6-tetra-0-benzyl-5a-carba-a-
D-gluco-pyranose (500mg, 0.928 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-
methylsulfanylbenzyl)phenol (365 mg, 1.3%9 mmol) in a mixture
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of toluene (2 mL) and THF (1 ml) under cooling with ice, and
‘then tetramethylazodicarboxamide (TMAD, 242 mg, 1.41 mmol) was
ahdad thereto at the same temperature. The reaction mixture
was stirred for 25 hours while gradually raiging its
temperature to room temperature. The reaction mixture was
concentrated under reduced pressure, and the obtained residue
was treated by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (l:4 to 1:2)]. The obtained
crude product was dissolved in a mixture of methanol (3 mL)
and THF (2 mL), and a 20% palladium hydroxide catalyst (27.2
mg) and oneZQrop of 2N hydrochloric acid were added thereto,
and the mixiure was stirred under a hydrogen atmosphere for
2.5 hours. To the reaction mixture was added a sodium
hydrogencarbonate agueous solution to neutralize the mixture,
and then the catalyst was filtered off. The solvent was
distilled under reduced pressure, and the obtained residue was
purified bf-silica gel column chromatography (developing
golution=methylene chloride: methanol (8:1)] to obtain the
title compound (120 mg., 31%). _

[0276] 14-NMR (CD,OD) &: 0.91 (1H, ddad, J=13.0, 13.0,
13.0Hz), 1.53 (1H, m), 2.03 (1H, ddd, J=13.0, 4.0, 4.0Hz),
3.07 (3H, s), 3.19 (1H, a4, J=8.9, B8.9Hz), 3.28 (1H, a4,
J=9.0, 9.0HEZ), 3,43 (IEL ad, J=9.0, 9.0Hz), 3.50 (1lH, 44,
J=10.7, 6.1Hz), 3.67 (1H, ad,J=10.7, 4.0Hz), 4.02 (1H, 4,
J-l‘.}H:)! 4.16 ({H, 4, J=14.5Hz), 4.14-4.26 (1H, m), 6.088
(1H, t, J=6.2Hz), 7.04 (1H, 4, J=8.1Hz), 7.17 (1H, 4,
J=7.5Hz), 7.18 (1H, t, J=7.5Hz), 7.48 (1H, 4, J=8.4Hz), 7.80
(1H, 4, J=B.4Hz)
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MS (ESI*): 423 [M+H]*, 440 [M+NH,)*, 445 [M+Nal*
'HPLC Retention Time: 9.0 minutes
Example 23

[2-(4-Fluorobenzyl)phenyl]-5a-carba-f-D-glucopyranoside
(1) Syntheais of 2-(4-Fluorobenzyl)phenol

In a nitrogen stream, an n-butyllithium hexane solution
(1.59 M, 4.9 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (2.04 g, 7.75 mmol) in THF (60 mL) at
-78°C and the mixture was stirred at the same temperature for
20 minutes. To this solution, a aolutign of 4-
f£fluorobenzaldehyde (801 mg, 6.45 mmol) in THF (10 mL) was
added dropwisa at -78°C. The mixture was stirred at the same
temperature fpr 1.5 hours, and then a saturated ammonium
chloride agueous solution was added thereto and the mixture
was extracted with .ethyl acetate. The organic layer was
washed witﬁ'a saturated sodium chloride agueous solution and
dried (anhfarous magnesium sulfate), and then the soivent vae
distilled under reduced pressure to obtain a crude product
(2.35 g) of the title compound. To a solution of the cobtained
crude product in methanol (15 mL), a 20% palladium hydroxide
catalyst-(las mg) was added and furthermore 2N-HC1l (400 uL)
was added thereto. The mixture was stirred under a hydrogen
atmosphere for three hours, and then the catalyst was filtered.
The solvent was di;tilizh undér reduced pressure and the
obtaiged residue was purified by silica gel column
chromatography [developing solutionsethyl acetate:n-hexane
(1:5)] to optain the title compound (996 mg, 77%).
[0277) 'H-NMR (CDCl,) 8: 3.95 (2H, B8), 4.72 (1H, 8), 7.77
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(1H, 44, J=7.9, 1l.1Hz), 6.88 (1H, td, JI=7.5, 1.1Hz), 6.96 {1H,
'ad, J=8.7, 8.7Hz), 7.06-7.20 (4H. m)
(2) Synthesls of [2-(4-Fluorobenzyl)phenyl]-5a-carba-f-

D-glucopyranoside

In a nitrogen stream, 2,3.,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyranose (500 mg, 0.928 mmol) and tributyl-phosphine
(0.35 mL, 1.40 mmol) were added to a solution of 2-(4-
fluorobenzyl)phenol (284 mg, 1.40 mmol) in toluene (3 mL)
under cooling with ice, and then tetramethylazo-dicarboxamide
(TMAD, 241 mg, 1.40 mmol) wae added thereto at the same
temperaturo;| The reaction mixture was stirred for 21 hours
while graduilly raising its temperature to room temperature.
The reaction:mixtu:e was concentrated under reduced pressure,
and the obtained residue was treated by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:8 to 1=5)]. The obtained crude product was dissolved in a
methanol (i-mL)—THF (2 mL) mixed solvent and a 20% palladium
hydroxide catalyst (18.4 mg) and a drop of 2N hydrochloric
acid were added thereto, and the mixture was stirred under a
hydrogen atmosphere for 1.5 hours. To the reaction mixture
was addaa a saturated sodium hydrogencarbonate aqueocus
solution to neutralize the mixture, and the catalyst was
filtered off. The solvent was distilled under reduced
preasure and the ostained residue was purified by silica gel
column ch;umatogrqphy [developing solution=methylene chloride:
methanol (10:1 to 8:1)] to cobtain the title compound (153 mg,
46%). )

[0278] 1H-NMR (CD,OD) 8: 0.99 (1H, 4dd, J=12.9, 12.9,
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12.9Hz), 1.55 (1H, m), 2.08 (1H, 444, J=13.2, 3.9, 3.5&:),
'3.22 (1H, ad, J=9.0, 9.0Hx), 3.30 (1H, 44, J=9.0, 9.0Hz), 3.48
(1H, 44, J=8.7, 8.7Hz), 3.51 (1H, @4, J=10.8, 6.0Hz), 3.70
(1H, 4ad, J=10.8, 4.2Hz), 3.90 (1H, 4, J=14.7Hz), 4.02 (1H, 4,
Jwl4.7Hz), 4.20 (1H, 4dd, J=11.4, 9.0, 4.8Hz), 6.85 (1H, t,
J=7.5Hz), 6.93 (1H, dd, J=8.9, 8.9Hz), 7.02 (1H, d, J=8.1Hx),
7.06-7.23 (4H, m)

MS (ESI*): 363 [M+H]*

HPLC Retention Time: 10.9 minutes

Example 24 i

[2-(3,4-Dimethoxybenzyl)phenyl]-5a-carba-f-D-gluco-pyranoside
(1) Synthésis of 2-(3,4-Dimethoxybenzyl)phenol

In a n:l._trogen stream, an n-butyllithium hexane solution
(1.59 M, 4.4 nL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (1.74 g, 6.61 mmol) in THF (30 mL) at
-78°C and the mixture solution was stirred at the same
temperature- for one hour. To this solution, a solution of
3,4-dimethoxybenzaldehyds (1.00 g, 6.02 mmol) in THF (8 mL)
was added dropwise at -78°C. The reaction m:thu::e was stirred
at the pame temperature for 1.5 hours, and then a saturated
amonil.m- chloride agueous solution was added thereto and the
mixture was extracted with ethyl acetate. The organic layer
was washed with a satu.r:_tad sodium chloride agqueous solution
and drled (anhyd.rou-:ls mgnesiﬁ“‘lulfate) , and then the solvent
was d;.st:l.:_l.].ed und.e.r reduced pressure to obtain a orude product
(2.38 g). The obtained orude product was dissolved in
methanol (20 mL) and a 20% palladium hydroxide catalyst (196
mg) was added and furthermore 2N-HCl (30 pL) was added thereto.
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The mixture solution was stirred under a hydrogen atmosphere
‘for 23 hours, and then the catalyst was filtered off. The
solvent was distilled under reduced pressure and the obtained
residue was purified by silica gel column chromatography .
[developing solution=ethyl acetate:n-hexane (1:5)] to obtain
the title compound (653 mg, 44%).
[0279] 'H-NMR (CDC1,) d: 3.82 (3H, s), 3.85 (3H, s), 3.94
(2H, 8), 4.73 (1H, B), 6.74-6.82 (2H, m), 6.78 (1H, 8), 6.89
(1H, td4, J=7.5, 1.1Hz), 7.08-7.17 (2H, m)
(2) Synthesis of [2-(3,4-Dimethoxybenzyl)phenyl]-5a-

carba-p-D-glucopyranoside

In a ﬁitrogen stream, 2,3.4,6-tetra-0-benzyl-Sa-carba-a-
D-glucopyranose (504 mg, 0.936 mmol) and tributyl-phqsphine
(0.35 mL, 1:‘5 mmol) were added to a solution of 2-(3,4-
dimethoxybenzyl)phenol (342 mg, 1.40 mmol) in a mixture of
toluene (ZJB mL) and THF (1.0 mL) under cooling with ice, and
then tetraﬁithyla:odicarboxamida (TMAD, 242 mg, 1.41 mmol) was
added thereto at the same temperature. The reaction mixture
was stirred foxr 22 hours while gradually raising its
temperature to room temperature. The reaction mixture was
concentrﬁted under reduced pressursa and the obtained residue
wvas treated by silica gel column chromatography [developing
solution= ethyl acetate:n-hexane (1:3)]. The obtained crude
product was dissolved in a m&thanol (2 mL)-THF (2 mL) mized
aolvaPt and a 20% palladium hydroxide catalyst (21.9 mg) was
added the;eto. Tﬁg mixture solution was stirred under a
hydrogen  atmosphere for five hours, and then the catalyst was
filtbrad off. The solvent was distilled under reduced pressure
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and the obtained reaidue was purified by silica gel column
'chromatégraphy [developing solution=methylene chloride:
methanol {10:1)] to obtain the title compound (108 mg, 38%).
[0280] H-NMR (CD,0D) 8: 1.01 (1H, &4d, J=13.1, 13.1,
11.6Hz), 1.55% (1H, m), 2.08 (1H, 4ad, J=13.3, 3.8, 3.8Hz),
3.21 (1H, 44, J=9.2, 9.2Hz), 3.29 (1H, dd, J=8.9, 8.9Hz), 3.48
(1H, 44, Je=9.2, 9.2He), 3.49 (1H, 44, J=10.7, 6.3Hz), 3.70
(1H, 44, J=10.7, 4.1Hz), 3.76 (3H, 8), 3.78 (3H, 8), 3.87 (1H,
d, J=14.8Hz), 3.96 (1H, d, J=14.8Hz), 4.19 (1H, ddd, J=11.5,
9.0, 4.6Hz), 6.73 (1H, 44, J=8.3, 2.0Hz), 6.81 (1H, 8)., 6.82
(1H, 4, J=8.3Hz), 6.84 (1H, td, J=7.5, 1.2Hz), 7.02 (1H, 4,
J=7.5Hz), 7-;..03 (1H, 44, J=7.5, 1.5Hz)., 7.14 (1H, tda. J=7.2,
1.7Hz)

MS (ESI'): 405 [M+H)*

HPLC Retention Time: 9.7 minutes

Example 25 ]
[2-‘4-Ethxi5en:xllnggnxll-Sa-carba-E-D-glucog;;nnoside

{1) Synthesis of [2-(4-Ethylbenzyl)phenyll-5a-carba-f-D-

glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-O-benzyl-5Sa-carba-a-
D-glucop}ranose (400 mg, 0.74 mmol) and tributyl-phosphine
(0.28 mL, 1.11 mmol) were added to a toluene (2.5 mL) solution
of z-(4-ethi1ben;yl)ph5291 (236 mg, 1.11 mmol) as described in
International Publication Nos. W004/052902, WO01/074834 and
the like Fndar coqling with ice, and then
tetramethylazodicarboxamide (TMAD, 191 mg, 1.11 mmol) was
added thereto at the same temperature. The reaction mixture

was stirred for 25 hours while gradually raising its
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temperature to room temperature. The reaction mixture was

'concentfﬁted under reduced pressure, and the obtained residue

w;s treated by silica gel column chromatography [developing

solutionwethyl acetate:n-hexane (1:10)]. The obtained crude

product was dissolved iln a methanol-THF {1:2) mixed solution

(4 mL) and a 20% palladium hydroxide catalyst {20 mg) was

added thereto. The mixture was stirred under a hydrogen

atmosphere for 1.5 hours, and then the catalyst was filtered

off. The solvent was distilled under reduced pressure and the

obtained residue was purified by TLC [developing

solution-mafhylene chloride:methanol (10:1)] to obtain the

title campoénd (40 mg, 14%).

[0281] 'H-NMR (CD,OD) &: 0.86-1.00 (1H, m), 1.19 (3H, t,

J=7.6Hz), 1.45-1.62 (1H, m), 2.00-2.11 (1H, m), 2.57 (2H, q,

J=7.6Hz), 3.16-3.30 (2H, m), 3.43-3.49 (2H, m), 3.70 (1H, 4d,

J=10.6, 4.1hz). 3.84-4.02 (2H, m), 4.12-4.24 (1H, m), 6.83

(1H, t, J=7.4Hz), 6.99-7.16 (7H, m)

MS (ESI'): 395 [M+Nal® '

HPLC Retention Time: 12.3 minutes

Example 26

[2-(4- a:o benzyl yl]-5a-carba-f-D-glucopyranogide

(1) Synthesis of [2-(4-Hydroxybenzyl)phenyl]-5a-carba-f-
D-gludbpwranoaidg_

Under a nitrogen atmoiiiare. a solution of boron
tribromide 1& dichlorometbane (1.0 M, 0.80 mL, 0.80 mnol) was
added to a solution of [2-(4-methoxybenzyl)phenyl]-5a-carba-p-
D-glucop'yraﬁoa:l.de (100 mg, 0.27 mmol) as obtained in Example 1

in dichloromethane (1.3 mL) at -78°C. The cooling bath was
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removed and the reaction mixture was stirred at room

'temperafure for one hour. The reaction mixture was
cbncentrated under reduced pressure and the obtained residue
was purified by HPLC (developing sclution=methanol:20 mM
ammonium acetate agueous solution) to obtain the title
compound (45 mg, 47%).

[(0282] 'H-NMR (CD;OD) 8: 0.92-1.06 (1M, m), 1.47-1.67 (1H,
m), 2.03-2.11 (1H, m), 3.18-3.34 (2H, m), 3.45-3.52 (2H, m),

- 3.71 (1H, 44, J=10.7, 4.1Hz), 3.79-3.95 (2H, m), 4.12-4.22

(1H, m), 6.65 (2H, 4, J=8.4Hz), 6.83 (1@. t, J=7.3Hz), 6.99-

7.16 (5H, m)

MS (ESI'): i§1 [M+H]*

HPLC Retention Time: 8.9 minutes

Example 27

[2-(4-Cyanobenzyl nyl]-Sa-carba-f-D-glucopyranoside

(1) Synthesis of [2-(4-Cyanobenzyl)phenyl]-Sa-carba-f-

D-glﬁhopyrano:ida

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyranose {500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-cyano-
ben:yl)phanol (291 ng, 1.39 mmol) in a mixture of toluene
(2 mL) and THF (1 mL) under cooling with ice, and then
tetramathylizodinnrbomef}da (TMAD, 239 mg, 1.39 mmol) was
added thereto at the same température. The reaction mixture
was q;ir;pd for li hours while gradually ralsing its
temperature to room temperature. The reaction mixture was
concentrated under reduced pressure, and the obtained residue

was treaated by silica gel column chromatography [developing
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solutionwethyl acetate:n-hexane (1:5)] and preparative TLC
‘[developing solution= ethyl acetate:n-hexane (1:3)] to obtain
a crude product (130 mg). The obtained crude product (55 mg)
was dissolved in methylene chloride (0.50 mL), and Aimethyl-
sulfide (0.19 mL, 4.4 mmol) and a boron trifluoride-diethyl
ether complex (0.095 mL, 0.75 mmol) were added thereto under
cooling with ice. The reaction mixture was stirred at room
temperature for five hours, and then water was added thereto
under cooling with ice and the mixture was extracted with
ethyl acetate. The organic layer was wgshad with a saturated
sodium chloride aqueous solution and dried (anhydrous
magnesium sélfate), and then the solvent was distilled under
reduced pressure. The cocbtained residue was purified_by TLC
[developing solution=methylene chloride:methanol (10:1)) to
obtain the title compound (17.5 mg, 12%).

[0283] "lH_NMR (CD,OD) 8: 0.83-0.96 (1H, m), 1.44-1.60 (1H,
m), 1.99-2.07 (1H, m), 3.14-3.32 (2H, m), 3.38-3.50 (2H, m}),
3.67 (1H, a4, J=10.7, 4.0Hz), 3.93-4.13 (2H, m), 4.15-4.22
(1H, m), 6.85 (1H, t, J=7.3Hz), 7.01 (1H, 4, J=7.9Hz), 7.1l1-
7.18 {(2H, m), 7.37 (2H, 4, J=8.2Hz), 7.55 (2H, 4, J=8.1lHz)
MS (ESI'): 392 [M+Na]®

HPLC Retention Time: 10.2 minutes

Example 28 _ _
[2-(3 -Trifluomti:gbenzzﬁm enyl]-5a-carba-f-D-gluco-
EzganPsidP )
(1) Synthesis of 2-(3-Trifluoromethoxybenzyl)phenol

In a pitrogen stream, an n-butyllithium hexane solution
(2.44 M, 4.3 nL) was added dropwise to a solution of 1-
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benzyloxy-2-bromobenzene (2.5 g, 9.5 mmol) in THF (95 mL)

‘at -78'6.and the mixture was stirred at the same temperature
for 30 minutes. To this mixture, a solution of 3-
trifluoromethoxybenzaldehyde (1.5 g, 7.9 mmol) in THF (32 mL)
was added dropwise at -78°C. The reaction mixture was stirred
at the same temperature for two hours and furthermore at 0°C
for one hour, and then water was added thereto and the mixture
was extracted with ethyl acetate. The organic layer was
washed with a saturated sodium chloride agueous solution and
dried (anhydrous magnesium sulfate), and then the solvent was
distilled u?dar reduced pressure. The obtained residue was
treated by silica gel column chromatography [developing
solution=ethyl acetate:n-hexans (1:5)]. The obtained crude
product was dissolved in methanol (20 mL) and a 20% palladium
hydroxide catalyst (200 mg) was added and furthermore 2N-ECl
(0.187 mL)'was added thereto. The mixture was stirred under a
hydrogen aéhosphere for 13 hours. Potassium carbonate

(850 mg) was added to the reaction mixture and the mixture was
stirred at room temperature for 30 minutes, and then the
catalyst was filtered off. The solvent was distilled under
reduced iressura and the obtained residue was purified by
silica gel column chromatography [developing solution=ethyl
aaetate:n-h&xane.(l:S)1hﬁo obtain the title compound (1.40 g,
99%). - o
[0284]  H-NMR (CDCl;) &: 3.99 (2H, s), 4.71 (1H, br s),
6.76 (1H, 4, J=7.9Hz), 6.92-6.86 (1H, m), 7.02-7.15 (5H, m),
7.29 (1H, 4, J=7.3Hz)

(2) Synthesis of [2-(3-Trifluoromathoxybenzyl)phenyl]-
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Sa-carba-f-D-glucopyranoside

Iﬁ-n nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-o-
D;glucopyrnnose (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(3-
trifluoromethoxybenzyl)phenol (373 mg, 1.39 mmol) in toluene
(2 mL) under cooling with ice, and then tetra-
methylazodicarboxamide (TMAD, 239 mg, l1.39 mmol) was added
thereto at the same temperatu;p. The reaction mixture was
stirred for 20 hours while gradually raising its temperature
to room temperature. The reaction mixture was concentrated
under reducéd pressure, and the obtained residue was treated
by silica gél column chromatography [developing solutionwethyl
acetate:n-hexane (1:10)]. The obtained crude product was
dissolved in a methanol-THF (1:2) mixed solvent (10 mL) and a
20% palladium hydroxide catalyst (100 mg) was added thereto,
and the regétion mixture was stirred under a hydrogen
atmosphere.}or 13 hours, and then the catalyst was filtared
off. The solvent was diatilled under reduced pressure and the
obtained residue was purified by TLC [developing
solution=methylene chloride:methanol (10:1)] to obtain the
title cuﬁpound (104 mg, 26%).
[0285] H-NMR (CD,OD) 8: 0.86-1.00 (1H, m), 1.45-1.60 (1H,
m). 2.01-2.09 (1H, m),;1.15-3.31 (2H, m), 3.41-3.48 (2H, m).
3.68 (1H, ad, J=10.7, 4.1Hz), 3.88-4.11 (2H, m), 4.13-4.95
(1H, m), §.82-6.81 (1H, m), 7.00-7.30 (7H, m)
MS (ESI'): 429 [M+H]*
HPLC Retention Time: 12.4 minutes

Example 29
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[2-(l-Aminamathzlbenle)gggnzl]-Sa-carba-g-b-gluuog!ran pide

'ncetio abid salt

(i) Synthesis of [2-(4-Aminomethylbenzyl)phenyl]-5a-

carba-f-D-glucopyranoside acetic acid salt

The corude product (63 mg) of [2-(4-cyanobenzyl)-phenyl]-
2.3,4,6-tetra-0O-benzyl-5a-carba-p-D-glucopyranoside as
obtained in Example 27 was dissolved in a methanol-THF (1:2)
mixed solvent (1 mL) and a 20% palladium hydroxide catalyst
was added thereto and the mixture solution was stirred under a
hydrogen atmoaphere for 23 hours. The catalyst was filtered,
and the solfant was dietilled under reduced pressure to obtain
a crude proéhct of [2-(4-aminomethylbenzyl)phenyl]-2,3.4.,6-
tetra-0-benzyl-5a-carba-f-D-glucopyranoside. This cxude
product was dissolved in methylene chloride (0.55 mL) and
dimethyl sulfide (0.22 mL, 5.1 mmol) and a boron tri-fluoride-
dlethyl ether complex (.11 mL, 0.86 mmol) were added thersto
under cooli;g with ice, and the mixture was stirred at room
temperature for 22 hours. The reaction mixture was
concentrated under reduced pressure and the obtalned residue
was purified by HPLC (developing solution= methanol:20 mM
ummonium.acetnte aqueous solution) to obtain the title
compound (19 mg).
[0286] H-NMR (CD;OP_) 8: 0.85-0.99 (1H, m), 1.42-1.58 (1H,
m). 1.88 (3H. s), 1.93-2.01 (if, m), 3.14-3.67 (5H, m), 3.87-
4.07 !2H,_m). 4.01_(2H. 8), 4.11-4.20 (1H, m), 6.79-6.85 (1H,
m), 6.99 (1H, 4, J=4.1H), 7.01-7.16 (2H, m), 7.25 (2H, 4,
J=8.4Hz), 7.29 (2H, d, J=8.5Hz) '
MS (ESI*): 374 [M+H]"®
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HPLC Retention Time: 7.3 minutes
"Example 30
[5-Methoxy-2- ( 4-methoxybenzyl)phenyl ] - 5a-carba-B-D-gluco-
pyranoside
(1) Synthesis of [5-Methoxy-2-(4-methoxybenzyl)phenyl]-

5a-ocarba-f-D-glucopyranoside
In a nitrogen atream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-

D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
{(0.35 mL, 1.39 mmol) were added to a solution of 5-methoxy-2-
(4-methoxybenzyl)phenol (340 mg. 1.39 mmol) as described in
International Publication Nos. WO04/058682, WO02/064606,
H0021044192éor the like in toluene (3 mL) under cooling with
ice, and then tetramethylazo-dicarboxamide (TMAD, 239 mg, 1.39
mnol) was adﬁed thereto at the same temperature. The reaction
mixture was stirred for 17 hours while gradually raising its
temperaturé to room temperature. The reaction mixture was
concentrated under reduced pressure, and the obtained residue
was treated by silica gel column chromatography [developing
solutioneathyl acetate:n-hexane (1:3)]. The obtained crude
product was dissolved in a metbanol-THF (1:2) mixed solvent (5
mL) and a 20% palladium hydroxide catalyst (50 mg) was added
thereto, and the re;ction mixture was stirred under a hydr gen
atmosphere for three hours, and then the catalyst was filtered
££. The solvent was ;IﬁtiiI!u under reduced pressure and the
hta;yed residue was purified by TLC [developing
-olution;ﬁothylen; chloride: methanol (10:1)] to obtain the
title compound (119 mg. 32%).

[0287]) H-NMR (CD,OD) 8: 0.84-0.98 (1H, m), 1.44-1.60 {1H,
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m), 1.98-2.06 (1H, m), 3.13-3.47 (5H, m), 3.77 (3H, 8), 3.82
'(3H, 8), 3.71-3.88 (2H, m), 4.06-4.16 (1H, m), 6.41 (1H, ad,
J=2.3, 8.2Hz), 6.58 (1H, 4, Je2.1Hz), 6.75 (2H, 4, J=8.7Hz),
6.94 (1H, A4, J=8.2Hz), 7.05 (2H, 4, J=8.6Hz)

MS. (ESI*): 405 [M+H]*

HPLC Retention Time: 10.7 minutes

Example 31
-{4-Methoxycarbonylbenzyl nyl]-5a-carba-f-D-gluco-

pyranoside
(1) Synthesis of 4-((2-Benzyloxyphenyl)hydroxymethyl]-
benzoioc Acid Methyl Ester

In a nitrogen stream, an n-butyllithium hexane solution
(2.71 M, 12.1 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (7.84 g, 29.8 mmol) in THF (300 mL)
at -78°C and the reaction mixture was stirred at the same
temperntur; for 30 minutes. To this mixture, a solution of 4-
methyl ester-benzaldehyde (4.78 g. 29.1 mmol) in THF (100 mL)
was added dropwise at -78°C. The reaction mixture was stirred
at the same temperature for one hour, and then water was added
thareto and the mixture was extracted with ethyl acetate. The
organic iayar-wns washed with a saturated sodium chloride
agqueous solution and dried (anhydrous magnesium sulfate), and
then the solvent._was d{:yilled under reduced pressure. The
obtained residue w;s purifiéahﬁy gilica gel column
chrongtog?aphy [dqyaloping golution= ethyl acetate:n-hexane
(1:5)]1 to obtain the title compound (4.15 g. 41%).
[0288] ~ . !H-NMR (CDCl;) d: 3.06 (1H, 4, J=6.2Hz), 3.91 (3H,
s), 5.02 (2H, 44, J=5.8, 11.4Hs), 6.07 (1H, 4, J=6.2Hz), 6.94-
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7.00 (2H, m), 7.18-7.42 (9H, m), 7.96 (2H, 4, J=8.4Hzx)
'(2) Synthesis of 4-(2-Benzyloxybenzyl)benzoic Acid
- Methyl Ester

In a nitrogen stream, triethylsilane (2.27 mL, 13.5
mnol) and a boron trifluoride-diethyl ether complex (1.52 mL,
11.868 mmol) were added to a solution of 4-[(2-

. benzyloxyphenyl)-hydroxymethyl ]benzoic acid methyl ester
(4.15 g, 11.9 mmol) in acetonitrile (22.7 mL) at -40°C and the
mixture solution was stirred at the same temperature for 1.5
hours and further at 0°C for 30 minutes. Water was added
thereto and the mixture was extracted with methylene chloride.
The organioilayer was washed with a saturated sodium chloride
agueous solugion and dried (anhydrous magnesium sulfate), and
then the solvent was distilled under reduced pressure. The
obtained residue was purified by silica gel column
chramntogribhy [developing sélution-ethyl acetate:n-hexane
(1:10)] to obtain the title compound (2.39 g, 62%).

[0289] H-NMR (CDCl,) d: 3.89 (3H, s), 4.05 (2H, s), 5.02
(2H, 4, J=5.8Hz), 6.92 (2H, 4, J=7.9Hz)., 7.12-7.36 (9H, m),
7.91 (2H, 4, J=8.0Hz)

M5 (ESI*): 333 [M+H)*

(3) Synthesis of 4-(2-Hydroxybenzyl)benzolc Acid Mathyl

Ester - - -

To a aolutioh of 4-(z:Eshzyloxybenzyl)benzoic aclid
methyl ea_ter (2.39- g, 7.19 mmol) in methanol (70 mL), a 20%
palladium hydroxide catalyst (239 mg) was added. The mixture
was stirred under a hydrogen atmosphere for five hours, and

then the catalyst was filtered off. The solvent was distilled
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under reduced pressure to obtain the title compound (1.16 g,
'968).
[0290] H-NMR (CDC1;) 8: 3.89 (3H, 8), 4.04 (2H, 8). 4.76
(1H, s8), 6.77 (1H, 4, J=8.0Hx), 6.89 (1H, t, J=7.3Hz), 7.13
(2H, m), 7.29 (2H, 4, J=8.4Hz), 7.94 (2H, 4, J=B8.0Hz)
MS (ESI*): 243 [M+H]'
(4) Synthesis of [2-(4-Methoxycarbonylbenzyl)phenyl]-2,3,
4,6-tetra-O-benzyl-5a-carba-f-D-glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-0-benzyl-5a-carba-a-
D-glucopyranase (1.10 g, 2.04 mmol) and_tributyl-phosphine
(0.77 mL, 3.06 rmmol) were added to a solution of 4-(2-
hydroxybenzél)ben:oic acid methyl ester (741.4 mg, 3.06 mmol)
in toluene (6.9 mL) under cooling with ice, and then_
tetramethylazodicarboxamide (TMAD, 526.5 mg, 3.06 mmol) was
added thereto at the same temperature. The reaction mixture
was stirred for 20 hours while gradually raising its
temperaturdhto room temperature. The reaction mixture was
concentrated under reduced pressure, and the obtained residue
was purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:10}] to obtain the title
compound (429.0 mg, 28%).
[0291] 'H-NMR (CD,OD) 8: 1.40 (1H, ad, J=12.0, 12.0Hz),
1.65-1.74 (IH, m), 2.00-2.09 (1H, m), 3.43-3.59 (2H, m), 3.84
(3H, 8), 4.00 (2H, 8), 4.32°3792 (8H, m), 6.91 (IH, t,
J-0.0F:), 7.04-7.32 (25H, m), 7.87 (2H, 4, J=8.0HE)
(5) Synthesis o£ [2-(4-Methoxycarbonylbenzyl)phenyl]-
5a-carba-f-D-glucopyranoside
[2-(4-Methoxycarbonylbenzyl)phenyl]-2,3,4,6-tetra-0-
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benzyl-5a-carba-p-D-glucopyranose (38.1 mg, 0.05 mmol) was
'dinnolvdé in a methanol-THF (2:1) mixed solvent (1.5 mL) and a
zbt palladium hydroxide catalyst (5 mg) was added thereto.
The mixture was stirred under a hydrogen atmosphere for 24
hours, and then the catalyst was filtered off. The solvent
was distilled under reduced pressure and the obtained residue
was purified by silica gel column chromatography [developing
solution=methylene chloride:methanol (10:1)] to obtain the
title compound (12.9 mg, 65%).
[0292] 'H-NMR (CD,OD) 8: 0.89-1.00 (1H, m), 1.47-1.62 (1H,
m), 2.03-2.99 (1H, m), 3.16-3.23 (2H, m), 3.42-3.49 (2H, m),
3.51-3.87 (iﬂ. m), 3.95 (3H, 8), 4.00-4.17 (2H, m), 4.19-4.23
(1H, m), 6.87 (1H, 4, J=7.4Hz), 7.31 (1H, 4, J=7.6Hz), 7.12-
7.20 (2H, m), 7.32 (2H, 4, J=8.4Hz), 7.88 (2H, d, J=8.4Hz)
MS (ESI*): 403 [Ms+Na)'
Example 32

[2-{4-Carbamoylbenzyl)phenyl]-5a-carba-fi-D-glucopyranoside
(1) Synthesis of [2-(4-Carboxybenzyl)phenyl]-2,3,4,6-

tetra-0-benzyl-5a-carba-p-D-glucopyranoside

Under a nitrogen atmosphere, a 5N-sodium hydroxide
agqueous Qolution (0.}5 mL) was added to a solution of [2-(4-
methoxycarbonyl-benzyl)phenyl)-2,3,4,6-tetra-0O-benzyl-5a-
carba-ﬂ-D-gIhcopgranosq_!100.0 mg, 0.13 mmol) in ethanol-THF
(4:1) mixed solvent (1.5 mL) &t room temperature and the
mixture s9lut10n was stirred for 22 hours. Theresafter, to the
reaction mixture was added a 5N-hydrochlorlic acid aqueous
solution under cooling with ice to neutralize the mixture.
The resulting mixture was extracted with methylene chloride
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and dried (sodium sulfate) and concentrated under reduced
‘pressure to obtain the title compound (91.3 mg, 94%).
[0293) 'H-NMR (CDCl,) 8: 1.42 (1H, add, J=12.4, 12.4,
12.4Hz), 1.55-1.67 (1H, m), 2.00-2.04 (1H, m), 3.41-3.61 (2H,
m), 4.02 (2H, s8), 4.35-3.92 (B8H, m), 6.92 (1H, ¢t, J=?7.3Hz},
7.05-7.32 (25H, m), 7.92 (2H, 4, J=7.7Hz)
MS (ESI*): 749 [M+H]®
(2) Synthesis of [2-(4-Carbamoylbenzyl)phenyl]-2,3.,4,6-

tetra-0-benzyl-5a-carba-fi-D-glucopyranoside

Under a nitrogen atmosphere, l-hydroxybenzotrizole
monohydrate:(s.o mg, 0.07 mmol) and l—e;hyl-S-(a-dimothyl-
aninopropylicnrbgdiimida hydrochloride (12.0 mg, 0.07 mmol)
ware added to a solution of [2-(4-hydroxycarbony1bengyl)-
phen:;]-z.a;i.S-totra-O-ben:yl—5a-carba-ﬂ-D-glucopyranoside
(45.0 mg, 0.06 mmol) in N,N-dimethylformamide (1.2 mL) at room
temperature and the reaction mixture was stirred for one hour,
and then ammonia water (0.5 mL) was added thereto under
cooling with ice and the mixtuere was stirred for 27 hours.
The reaction mixture was concentrated under reduced pressure
and purified by TLC (developing solution= methanol:methylens
chlorida;1=10) to obtain the title compound (39.1 mg, 89%).
[0254] ‘H-NMR (éDCl;) 6: 1.31-1.49 (1H, m), 1.62-1.76 (1H,
m), 1.96-2.08 (1H, m), 3.39-3.66 (2H, m), 4.02 (2H, 8),
4.33-4.96 (8H, m), 6.88-6.97—(1H, m), 7.04-7.39 (25H, m),
7.54-7.61 {(2H, m)
MS (3:51*); 748 [M+H)®
(3) Synthesis of [2-(4-Carbamoylbenzyl)phenyl]-5a-carba-

B-D-glucopyranoside
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To a 8 lution (3 mL) of [2-(4-carbamolybenzyl)-phenyl]-
2,3,4,S-Eetra-o-ben:yl-Su-carba-ﬂ-n-glucopyranosida (39.1 mg,
0.05 mmol) in methanol-THF (2:1) solvent (3 mL), a 20%
palladium hydroxide catalyst (5 mg) was added. The mixture
solution was stirred under a hydrogen atmosphere for 24 hours,
and then the catalyst was filtered off. The solvent was
distilled under reduced pressure and the obtained residue was
purified by TLC ([developing solution=methanol:methylene
chloride (1:5)] to obtain the title compound (19.2 g, 99%).
[0295] 'H-NMR (CD,OD) §: 0.92 (1H, ad, J=11.7, 11.7Hz),
1.48-1.62 (1H, m), 1.96-2.08 (1H, m), 3.16-3.33 (4H, m), 3.42-
3.59 (2H, m), 3.65-3.73 (1H, m), 3.93-4.26 (3H, m), 6.87 (1H,
t, J=7.3Hz), 7.02-7.21 (3H, m), 7.31 (2H, 4, J-B.ZH:), 7.74
(2H, 4, J=8.1Hz)

MS (BSI'): 388 [M+H]"

HPLC Retentlon Time: 8.0 minutes

Example 33
[2-(4-N,N-Dimethylcarbamoylbenzyl)phenyl]-5a-carba-f-D-

glucopyranoside
(1) Synthesis of [2-(4-N,N-Dimethylcarbamoylbenzyl)-

phényl]-z.3,4,§-tatra-o—bansyl-Sa-carba-p-n-gluco-

pyranoside

Under a nitrogen atmosphere, l-hydroxybenzotrizole
monohydrate (9.0 mg, 0.07 midI) and l-ethyl-3-(3-dimethyl-
aminopropyl)carboq§1mide hydrochloride (12.0 mg, 0.07 mmol)
were added to a solution of [2-(4-carboxybenzyl)phenyl]-
2,3,4,6-tetra-0-benzyl-5a-carba-fi-D-glucopyranoside (45.0 mg.
0.06 mmol) as obtained in Example 32 in N,N-dimethylformamide

156



|57

-.138 -

(1.2 mL) at room temperature and the reaction mixture was
‘stirred for one hour. A N,N-dimethylamine agueous solution
(b.s mL) was added thereto under cooling with ice and the
mixture was stirred for 27 hours. The reaction mixture was
concentrated under reduced pressure and purified by
preparative TLC (developing solution= methanol:methylene
chloride=1:10) to obtain the title compound (44.1 mg, 96%).
[0296] 'H-NMR (CDCl;) 3: 1.42-1.52 {1H, m), 1.66-1.78 (1H,
m), 2.05-2.14 (1H, m), 2.83 (3H, 8), 3.04 (3H, B), 3.44-3.68
(5H, m), 3.99 (2H, 8), 4.35-4.53 (1R, m!. 4.68 (2H, 8), 4.83-
4.94 (3H, m), 6.91 (1H, t, J=7.3Hz), 7.04-7.36 (27H, m)
MS (ESI*): :I_::'IG [M+H]*
(2) Synthesis of [2-(4-N,N-Dimethylcarbamoylbenzyl)-

phenyl]-5a-carba-f-D-glucopyranoside

To a methanol-THF (2:1) solution (3 mL) of [2-(4-N,N-
dinnthylcafbamolybenzzl)phenyl]—2,3.4u6-tetra-0-benzy1-5a-
carba-f-D-glucopyranoside (44.1 mg, 0.06 mmol), a 20%
palladium hydroxide catalyst (5 mg) was added. The mixture
solution was stirred under a hydrogen atmosphere for 24 hours,
and then the catalyst was filtered off. The solvent was
dintilleﬁ under redqoed pressure and the obtained residue was
purified by TLC [developing solution=methanol: methylene
chloride (1:5)] to obteiy the title compound (20.1 mg, B87%).
{0297] 4R (CD;0D) 8: 0386-1.00 (1H, m), 1.45-1.58 (1H,
m)., ;:98-?.06 (lﬂt m), 2.95 (3H, s), 3.03 (3H, s8), 3.13-3.49
(5H, m), 3.62-3.68 (1H, m), 3.88-4.21 (3H, m), 6.91 (1lH, t,
Ju7.2Hz), 6.98-7.15 (3H, m), 7.26 (4H, =)
MS (ESI'): 416 [Ms+H]’
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HPLC Retentl n Time: 8.9 minutes
'Example 34
[2-(4-Ethoxybenzyl) 1] -5a-carba-f-D-glucopyranoside

(1) Synthesis of 2-(4-Ethyoxybenzyl)phenol

In a nitrogen stream, an n-butyllithium hexane solution
(2.71 M, 3.8 mL) was added dropwise to a solution of
1-benzyloxy-2-bromobenzene (2.5 g, 9.5 mmol) in THF (90 nL)
at -78°C and the mixture solution was stirred at tbe same
temperature for 30 minutes. To¢ this mixture, a solution of
4-ethoxybenzaldehyde (1.29 mL, 1.86 mmol) in THF (30 mL) wase
added dropw%ne at -78°C. The reaction mixture was stirred at
the same teﬁparatura for two hours, and then water was added
thereto and the mixture was extracted with ethyl acetate. The
organic 1ay§r was washed with a saturated sodium chloride
aqueous solution and dried (anhydrous magnesium sulfate), and
then the sdivant was dlstilled under reduced pressure and the
obtalned ro;idue was treated by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
{1:5)]. To a methanol solution (26.8 mL) of the obtained
crude product, a 20% palladium hydroxide ocatalyst (147 mg) was
added un& furthermore 36% HCl (0.4 mL) was added thereto. The
mixture was stirred under a hydrogen atmosphere for 24 hours,
and then the catalyst was filtered off. The solvent was
distilled under re&nced preQ;GEh and the obtained residue was
purified by silica gel column ohromatography [developing
solutionwethyl acetate:n-hexane (1:5)] to obtain the title
compound (828.1 mg, 38%).

[0258] 1H-NMR (CDCl,) &: 1.39 (3H, t, J=7.0Hz), 3.93 (2H,
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8)., 3.99 (2H, q, J=7.0Hz), 6.77-6.90 (4H, m), 7.09-7.14 (4H,
‘m) -
(i) Synthesis of [2-(4-Ethoxybenzyl)phenyl]-5a-carba-p-

D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopyranose (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-
ethoxybenzyl)phenol (319.6 mg, 1.4 mmol) in toluene (3.2 mL)
under cooling with ice, and then tetramethylazo-dicarboxamide
(TMAD, 239 mg, 1.39 mmol) was added thegeto at the same
temperatura; The reaction mixture was stirred for 20 hours
while grnduélly raising its temperature to room temperature.
The reaction pixture was concentrated under reduced pressure,
and the obtained residue was treated by silica gel column
chromatography [developing solutionsethyl acetate:n-hexane
(1:10)]. The obtained crude product was dissolved in methanol
(5 mL) and a 20% palladium hydroxide catalyst (56 mg) was
added thereto, and the reaction mixture was stirred under a
hydrogen atmosphere for 24 hours, and then the catalyst was
filtered off. The solvent was distilled under reduced
prossure.and the ob;ained residue was purified by silica gel
column chromatography [developing solutionsmethylene
chloride:methanal (10:{1] to obtain the title compound (133.5
mg, 36%8). -
[0299]  ’'H-NMR (CD,OD) 3: 0.89-1.03 (1H, m), 1.35 (3H, t,
Ju7.1Hz), 1.48-1.62 (1H, m), 2.02-2.11 (1H, m), 3.18-3.33 (3H,

———

m), 3.35 (2H, 8), 3.44-3.52 (2H, m), 3.68-3.74 (1H, m),
3.81-4.02 (4H, m), 4.13-4.23 (1H, m), 6.74-6.87 (4H, m), 6.99-
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7.17 (4H, m)
'MS (ESI*): 411 [M+Na)*
HPLC Retention Time: 11.4 minutes
Example 35

[2-(4-Difluoromethoxybenzyl)Ehonxl]-5a-carba-§-n-glucof
pyranoside
(1) Synthesis of 2-({4-Difluoromethoxybenzyl)phenol

In a nitrogen stream, an n-butyllithium hexane solution
(2.71 M, 3.8 mL) was added dropwise to a solution of
1-benzyloxy-2-bromobenzens (2.5 g, 9.5 mmol) in THF (90 mL) at
-78°C and tée mixture solution was stirred at the same
tamparatureifor 30 minutes. To this solution, a solution of
4-d1£1uoromt_hoxybenlaldnhyde (1.23 mL, 1.86 mmol) in THF (30
mL) was added dropwise at -78°C. The reaction mixture was
stirred at the same temperature for two hours, and then water
was added fhareto and the mixture was extracted with ethyl
acetate. fﬁe organic layer was washed with a saturated sodium
chloride aqueous solution and dried (anhydrous magnesium
sulfate), and then the solvent was distilled under reduced
pressure and the obtalned r;nidue was treated by silica gel
column chromatography [developing solutioneethyl acetate:n-
hexane (1l:5)] to obtain a crude product. To a solution of the
obtained crude p:oduct_ip methanol (26.8 mL), a 20% palladium
hydroxide catalys£ (147 mg)-ail added and furthermore
conoqptrq;ed hydrqchlorio acid (0.4 mL) was added thereto.
The mixture solution was stirred under a hydrogen atmosphere
for 24 hours, and then the catalyst was filtered off. The

solvent was distilled under reduced pressure and the obtained
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residue was purified by silica gel column chromatography
‘[developing solution=ethyl acetate:n-hexane (1:5)] to obtain
the title compound (1.03 g, 42%).
[0300] 'H-NMR (CDC1,) 8: 3.97 (2H, 8), 6.46 (1H, t,
Ju74.4Hz), 6.77 (1H, 4, J=8.0Hz), 6.87-6.91 (1H, t, Jw7.3Hz),
7.03 (2H, 4, J=8.4Hz), 7.09-7.15 (2H, m), 7.21 (2H, 4,
J=8,.0HZz)
(2) Synthesis of [2-(4-Difluoromethoxybenzyl)phenyl]-5a-

carba-p-D-glucopyranoside

In a nitrogen stream, 2.3.4,6-tetga-o-benzyl-Sa-cnrbn-a-
D-glucopyra@ose (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1&39 mmol) were added to a solution of 2-(4-4i-
fluoromethoxybenzyl)phenol (350.0 mg, 1.4 mmol) in tqluene
(3.2 mL) under cooling with ice, and then tetra-
methylazodicarboxamide (TMAD, 239 mg, 1.39 mmol) was added
thereto at the same temperature. The reaction mixture was
stirred fozrzo hours while gradually raising its temperature
to room temperature. The reaction mixture was concentrated
under reduced pressure, and the obtained residue was treated
by silica gel column chromatography [developing solutionsethyl
acetnte:ﬁ-hexane (1:}0)]. The obtalned crude product was
dissolved in methanol (5 mL) and a 20% palladium hydroxide
catalyst (69 ;g)_yaa added thersto, and the mixture solution
was stirred under i hy&;bgeﬁ“itmosphere for 24 hours, and then
the qgta;?st was flltered off. The solvent was distilled
under reduced pressure and the obtained residue was purified
by silica gel column chromatography [developing
solution=methylene chloride:methanol (10:1)] to obtain the
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title compound (153.1 mg, 40%).

'[_03011 'H-NMR (CD,OD) 8: 0.87-1.01 (1H, m), 1.48-1.62 (1H,
m), 2.01-2.11 (1H, m), 3.17-3.34 (2H, m), 3.43-3.54 (2H, m),
3.67-3.73 (1H, m). 3.96 (2H, ad, J=22.9, 14.7Hz), 4.14-4.26
(1H, m), 6.72 (1H, t, J=74.5Hz), 6.83-7.25 (8H, m)

MS (ESI'): 433 [M+Na]®

HPLC Retention Time: 11.6 minutes

Example 36

[2-(4-tert-Butylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside
(1) Synthesls of (2-Benzyloxyphenyl)-{4-tert-butyl-

pheny})mathanol

In a ﬁitrogan stream, an n-butyllithium hexane solution
(2.44 M, 5.65 mL) was added dropwise to a solution of 1-
benzyloxy-z;bronobenzene (3.3 g, 12.5 mmol) in THF (126 mL) at
-78°C and the mixtire solution was stirred at the same
temperatur; for 30 minutes. To this ‘solution, a solution of
4-tert-but;1ben:n1dehyde (1.68 g, 10.4 mmol) in THF (42 mL)
was added at -78°C. The reaction mixture was stirred at the
same temperature for one hour, and then water was added
thereto and the mixture was extracted with ethyl acetate. The
organic layer was washed with a saturated sodium chloride
agqueous solution and dried (anhydrous magnesium sulfate), and
then the solvent-was distilled under reduced pressure. The
obtained residue was purifiéahﬁy silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
{1:5)] to obtain the title compound (2.17 g. 60%).
[0302] - H-NMR (CDC1;) 8: 1.32 (9H, s), 2.86 (1H, br =),
5.02 (2H, s), 6.03 (1H, 8), 6.03-7.00 (2H, m), 7.13-7.39% (11H,
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'(2) Synthesis of 2-(4-tert-Butylbenzyl)phenol
) To a solution of (2-benzyloxyphenyl)-(4-tert-

butylphenyl)methanol (2.17 g, 6.26 mmol) in methanol (27 mL),
a 20% palladium hydroxide catalyst (217 mg) was added and
furthermore 2N-HCl (0.52 mL) was added thereto. The mixture
was stirred under a hydrogen atmosphere for 24 hours, and then
the catalyst was filtered off. The solvent was distilled and
the obtained residue was purified by silica gel columm
chromatography [developing solutions etpyl ac;tate=n-hexane
(1:10)] to obtain the title compound (1.3 g, 86%).
[0303] éH-NHR (CDC1;) &: 1.29 (9H, s), 3.96 (2H, 8), 4.65
(1H, 8), 6.75-6.91 (2H, m), 7.09-7.32 (6H, m) )
(3) Synthesis of [2-(4-tert-Butylbenzyl)phenyl]-5a-

carba-f-D-glucopyranoside

In a hitrogen stream, 2,3.4,6-tetra-0O-benzyl-5a-carba-a-
D-glueopyrﬁiosa (500 mg, 0.93 mmol) and tributyl-phosphine
(0.35 mL, 1.39 mmol) were added to a solution of 2-(4-tert-
butylbenzyl)phenol {334 mg, 1.39 mmol) in toluene {2 mL) under
cooling with ioce, and then tetramethylazo-dicarboxamide (TMAD,
239 mg, i.39 mmnol) was added thereto at the same temperature.
The reaction mixture was stirred for 20 hours while gradually
ralsing its'tamparaturehFo room temperature. The reaction
mixture was concenirated under reduced pressure, and the
obtained ;asidue-!ga Fraated by silica gel column
chromatography [developing solution=ethyl acetate:n-hexane
(1:10)].” The obtained crude product was dissolved in a
methanol-THF (1l:1) mixed solvent (12 mL) and a 20% palladium
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hydroxide catalyst (60 mg) was added thereto, and the mixture
ﬁus stiried under a hydrogen atmosphere for 24 hours, and then
tﬁa catalyst was filtered off. The solvent was distilled
under reduced pressure and the obtained residue was purified
by-silica gel column chromatography {developing
solution=methylene chloride:methanol (10:1)] to obtain the
title compound (57 mg, 15%).

[0304] 'H-NMR (CD,0D) &: 0.89-1.01 (1H, m), 1.29 (SH, =),
1.53-1.59 (1H, m), 2.04-2.11 (1H, m), 3.19-3.3.4 (2H, m), 3.45-
3.51 (2H, m), 3.71 (1H, 44, J=10.8, 4.5Hz), 3.95 (2H, m), 4.19
(1, m), 6.84 (1H, m), 7.01-7.17 (5H, m), 7.26-7.28 (2H, m)
(ESI*): 401 [M+H]®

HPLC Retention Time: 13.7 minutes

Example 37 -

[2-(4-Methylbenzyl )phenyl] -Sa-carba-f-D-glucopyranoside
(1) 8yntﬁesis of (2-Benzyloxyphenyl)-p-tolylmethanol

In a ;1trogen stream, an n-butyllithium hexane solution
(2.44 M, 5.65 mL) was added dropwise to a solution of 1-
benzyloxy-2-bromobenzene (3.3 g, 12.54 mmol) in THF (126 mL)
at -78°C and the mixture was stirred at the sams temperature
for 30 minutes. To this mixture, a solution of 4-
methylbenzaldehyde (1.28 g, 10.6 mmol) in THF (42 mL) was
added at -78°C. -The re_g__ct:l.on mixture was stirred at the same
temperature for on; hour, aﬂahfhen water was added thereto and
the mixture was extracted with ethyl acetate. The organio
layer was washed with a saturated sodium chloride agueous
solution and dried (anhydrous magnesium sulfate), and then the

solvent was distilled under reduced pressure. The obtained
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residue was purified by silica gel column chromatography
"[developing solution=ethyl acetate:n-hexane (1:5)] to obtain
the title compound (2.3 g, 718%).
[0305] '"H-NMR (CDC1,) 8: 2.33 (3H, s), 2.87 (1H, 8), 5.02
(2H, 8), 6.03 (1H, s), 6.09-6.99 (2H, m), 7.09-7.34 (11H, m)
{2) Synthesis of 2-(4-Methylbenzyl)phenol

To a solution of (2-benzyloxyphenyl)-p-tolylmethanol
(1.5 g, 4.43 mmol) in methanol {27 mL), a 20% palladium
hydroxide catalyst (150 mg) was added and furthermore 2N-HCl
(0.37 mL) was added thereto. The mixture was stirred under a
hydrogen at@osphare for 24 hours, and then the catalyst was
filtered o!ﬁ. The solvent was distilled under reduced
pressure and the obtained residue was purified by silica gel
'column chromatography [developing solutioneethyl acetate:n-
hexane (1:10)] to obtain the title compound (617 mg, 70%).
[0306] JIH-NHR {CDC1;) &: 1.55 (3H, 8), 3.95 (2H, 8), 4.65
(1H, 8), 6.75-6, 90 (2H, m), 7.09-7.25 (6H, m)
(3) Synthesis of [2-(4-Methylbenzyl)phenyl]-S5a-carba-fi-

D-glucopyranoside

In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-
D-glucopfranose (soq mg, 0.93 mmol) and tributyl-phosphine
(0.35 mLL, 1.39 mmol) were added to a solution of 2-(4-
methylbenzyXI)phepol (275 mg, 1.39 mmol) in toluene (2 mL)
under cooling with-iee:‘;nd'ih!n tetramethylazodi-carboxamide
(TMAD, 23? mg, 1.39 mmol) was added thereto at the same
temperature. The reaction mixture was stirred for 20 hours
while graduplly raising its temperature to room temperature.

The reaction mixture was concentrated under reduced pressure,
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and the obtained residue was treated by silica gel column
‘chromatography [developing solution=ethyl acetate:n-hexane
(i=10)]. The obtained crude product was dissolved in a
methanol-THF ,(1:1) mixed solvent (8 mL) and a 20% palladium

. hydroxide ocatalyst (44 mg) was added thereto, and the mixture
was stirred under a hydrogen atmosphere for 24 hours, and then
the catalyst was filtered off. The solvent was distilled
under reduced pressure and the obtained residue was purified
by silica gel column chromatography [developing
solution=methylene chloride:methanol (19=1)] to obtain the
title conpo@nd (20 mg, 6%).

[0307] %}H—m (CDOD) &: 0.84-0.97 (1H, m), 1.44-2.03 (1H,
m), 1.96-2.03 (1H, m), 2.22 (3H, 8), 3.13-3.30 (2H, q). 3.39-
3.46 (2H, m), 3.64 (1H, 44, J=10.8, 4.5Hz), 3.95 (24, m), 4.12
(1H, m), 6.76-6.81.{1H, m), 6.92-7.03 (5H, m), 7.06-7.11 (2H,
m) - .

MS (ESI*): 381 [M+Nal*

HPLC Retention Time: 1l.4 minutes

Example 38
[2- (4-Methoxybenzyl)-5-trifluoromethylthiophen-3-yl]-5a-carba-

B-D-glucopyranoside
(1) Synthesis of 3-Benzyloxy-2-(4-methoxybenzyl)-5-tri-

fluoromethylthiophene

To a solution of-?a-béiiyloxy-s-trifluoramathylthiophon-
2-y1)_—(4-methoxy-phenyl)mthanone (220.2 mg, 0.56 mmol) as
synthesized by th;'method described in International
Publication No. WO04/007517 and triethylsilane (1.34 mL, 8.41
mmol) in dichloromethane (1.1 mL), trifluoroacetic acid (3 mL)
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was added at 0°C in a nitrogen stream over five minutes. The
-roactioﬂ mixture was stirred at the same tamperature for 6.75
h;urs, and then triethylsilane (0.9 mL, 5.61 mmol) was added
thereto. The reaction mixture was stirred at the same
temperature for 16.75 hours, and then concentrated under
reduced pressure. The obtained residue was purified by silica
gel column chromatography [developing solution=ethyl |
acetate:n-hexane (1:10)] to obtain the title compound (108.8
mg, 51%).
[0308] H-NMR (CDC1,) &: 3.79 (3H, 8), 3.96 (2H, &), 5.04
(2H, 8), 6.82 (2H, 4. J=8.6Hx), 7.11 (2H. &, J=8.6Hz), 7.16
(1H, 8), 7.30-7.41 (5H, m)
(2) Syntheais of 2-(4-Methoxybenzyl)-5-trifluoromethyl-

thiopﬁen-a-ol

To a solution of (3-benzyloxy-2-{(4-methoxybenzyl)-5-
trifluoram;thylthionhene {(170.5 mg, 0.45 mmol) in
dichlorumeéinne (4.5 mL), a solution of boron tribromide-
dimethylsulfide complex in dichloromethane (0.47 mL, 0.47
mool) was added at -78°C in a nitrogen stream. The reaction
mixture was stirred at the same temperature for f£ive minutes
and then at 0°C for 11 hours. To the reaction mixture, water
was added and the resulting mixture was extracted with
methylene chloride. The organic layer was washed with a
paturated sodium hydrogenoa;saiate agqueous solution and a
saturated sodium chioride aqueous solution and dried
(anhydrous sodium sulfate), and then the solvent was distilled
under reduced pressure. The obtained residue was purified by
sllica gel column chromatography [developing solutionwethyl
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acetate:n-hexane (1:5)] to obtain the title compound {(117.0 mg,
90%).
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[0309] !H-NMR (CDC1;) 8: 3.80 (3H, B), 3.97 (2H, B), 4.47
(1H, s), 6.87 (2H, d, J=B.6Hz), 6.98 (1H, 8), 7.19 (2H, 4,
J=8.6Hx)

(3) Synthesis of [2-(4-Methoxybenzyl)-5-trifluoromethyl-
thiophen-3-yl]-2,3,4,6-tetra-0-benzyl-5a-carba-p-D-
glucopyranoside
In a nitrogen stream, 2,3,4,6-tetra-0O-benzyl-5a-carba-a-

D-glucopyranose (146 mg, 0.27 mmol) and tributyl-phosphine

(0.10 mL, 0,41 mmol) were added to a solution of 2-{4-

mathylbenzyil-5-trifluorumethylthiophen-3-01 (117 mg, 0.41

mmol) in toluene (0.85 mL) under cooling with ice, and then

tetramethylizodicarboxamida (TMAD, 70 mg, 0.41 mmol) was added
thereto at the same temperature. The reaction mixture was
stirred at ioam temperature for 18.5 hours. The reaction
mixture waa_trented by silica gel column chromatography

[developing solution=ethyl acetate: n-hexane (1:10 to 1:8)].

The obtained product was purified by preparative TLC

[developing solution=ethyl acetate:n-hexans (1:8)] to obtain

the title compound (47.2 mg).

[0310] 'H-NMR (CDCl;) &: 1.56-1.80 (2H, m), 1.96-2.10 (1H,

m), 3.40-3.70 (SH, m), 3.75 (3H, 8), 3.96 (2H, 8), 3.96-4.16

(1H, m). 4.44 (2H, s), 4.53 (I, 4, J=11.0Hz), 4.70-5.00 (SH,

m), 6.79 (2H, 4, qu.GHl), 7.06-7.38 (23H, m)

(4) Synthesis of [2-(4-Methoxybenzyl)-S5-trifluoromethyl-
thiophen-3-yl]-5a-carba-p-D-glucopyranoside
In a niﬁrogen stream, [2-(4-methoxybenzyl)-5-tri-
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fluoromethylthiophen-3-yl1]-2,3,4,6-tetra-0-benzyl-5a-carba-f-

'D-glucopyranonide (45.2 mg, 0.056 mmol) was dissolved in

methylene chloride (0.5 mL), and dimethylsulfide (0.145 mL,
3.35 mmol) and a boron trifluoride-diethyl ether complex {0.07
mL; 0.56 mmol) were added thereto under cooling with ice. The
reaction mixture was stirred at the same temperature for five
minutes and then at room temperature for 19 hours, and then a
saturated sodium hydrogencarbonate agqueous solution and water
were added thereto under cooling with ice and extracted with
methylene chloride. The organic layer was washed with a
saturated aédium chloride aqueous sclution and dried
(anhydrous sodium sulfate), and then the solvent was distilled
under reduced pressure. The obtained residue was purified by
TLC [develoﬁing solution=n-hexane:acetone {1l:1)] to obtain the
title compound (12:.2 mg, 49%).

(0311]  ‘'H-NMR (CD;OD) 8: 1.15-1.35 (1H, m), 1.40-1.65 (1H,
m), 1.95-2.15 (1H, m), 3.15-3.35 (2H, m), 3.35-3.60 (2H, m),
3.65-3.80 (1H, m), 3.75 (3H, m), 3.90-4.06 (1H, m), 4.01 (2H,
m), 6.84 (2H, 4, J=8,.3Hx), 7.16 (2B, 4, J=8.3Hz), 7.40 (1H, 8)
MS (ESI*): 448 [M]*

HPLC Retention Time: 12.4 minutes
Example 39
[3-Methoxy-2-(4-methoxybenzyl)phenyl]-5a-carba-f-D-gluco-

pyranoside —
(1) _Synthesis of 2-Benzyloxy-6-methoxybenzolc Acid

Benzyl Ester
¥While. stirring a mixture of 6-methoxysalicylic acid
(5.07 g, 30.15 mmol) and sodium hydride (60% w/w, 3.02 g,
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75.38 mmol) under c oling with ice, DMF (30 mL) was added
‘thereto. The mixture solution was stirred at the same
t&mperature for 10 minutes, and then benzyl bromide (8.95 mL,
75.38 mmol) was added thereto over 5 minutes and the reaction
mixture was stirred at the same temperature for 30 minutes and
at room temperature for 2.5 hours. To the reaction mixture
was added a saturated ammonium chloride agueous solution and
water under cooling with ice., and the mixture was extracted
with ether. The organic layer was washed with water and a
saturated ammonium chloride agqueous solqtion and dried
(anhydrous @odium sulfate), and then the solvent was distilled
under raducé=bressura. The obtained residue was purified by
silica gel column chromatography [developing solution=ethyl
acetate:n-héx;ne (1:10 to 1:5)] to obtain the title compound
(6.24 g, 59%).
[0312] "l NMR (CDCl,) 8: 3.81 (3H. s), 5.08 (2H, 8), 5.35
(2H, 8), 6.55 (1H, 4, J=5.9Hz), 6.58 (1H, 4, J=5.9Hz), 7.15-
7.45 (11H, m)
(2) (2-Benzyloxy-6-methoxyphenyl )methanol

In a nitrogen stream, to a suspension of lithium
aluminum hydride (0.88 g, 23.14 mmol) in ether (35 mL), a
solution of 2-benzyloxy-6-methoxybenzoic acid benzyl ester
(6.2 g, 17.80 mmol) in ether (20 mL) was added at room
temperature over 15 migzies:““?he reaction mixture was stirred
for tyo hours under heating to reflux. Ethyi acetate (2 mL)
was added-dropwis;-to the reaction mixture under cooling with
ice and then a saturated Rochelle salt agqueous solution !20
mlL) was added dropwise thereto and the mixture was stirred at
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room temperature for 20 hours. The reaction mixture was
'subjoctéd to Celita filtration and to the filtrate was added a
s;turatad Rochelle salt agqueous solution {15 mL) and the
mixture was extracted with ether. The organic layer was
washed with a saturated sodium chloride agueous solution and
dried (anhydrous sodium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=ether: n-hexane (1:1)] to obtain the title compound
(4.75 g, 100%).

[0313] H-NMR (CDC1,) 8: 2.48 (1H, t, J=6.8Hz), 3.85 (3H,
8), 4.84 (2/1, 4, J=6.8Hz), 5.10 (2H, =), 6.58 (1H, d,
J=8.4Hz), 6.62 (1H, 4, J=8.2Hx), 7.20 (1H, 44, J=8.4, 8.2Hz),
7.28-7.47 (5H, m)
(3) Synthesis of (2-Benzyloxy-6-methoxyphenyl)-(4-
neéhoxyphanyl)methnnol

In a';itrogan stream, a solution of (2-benzyloxy-6-
methoxyphenyl)- methanol (3.52 g. 14.41 mmol) and N-
methylmorpholine N-oxide (NMO, 2.53 g, 21.61 mmol) in
dichloromethane (14.5 mL) was coocled in a water bath, and
tetra-n-fropylammnn;um perruthenate (TPAP, 152 mg, 0.43 mmol)
was added thereto. The reaction mixture was stirred for 20
minutes at the same temperature and at room temperature for
1.75 hours, and tﬁ;n subjecE;a'to Celite filtration and the
solvent was distilled under reduced pressure. The obtained
residue was treated by silica gel column chromatography
idavuloﬁing solution=ethyl acetate: n-hexane (1:3 to 1:2.5)].

The obtained compound was dissolved in THF and cooled in a
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water bath, and a solution of 4- methoxyphenylmagnesium
‘bromide in THF (0.5 M, 30.3 mL) was added dropwise thereto in
a-nitrqgen stream. The reaction mixture was stirred at room
temperature for 1.25 hours, and then a saturated ammonium
chloride aqueous gsolution was added thereto at room
temperature and the mixture was extracted with ether. The
organic layer was washed with a saturated ammonium chloride
aqueous solution and dried (anhydrous sodium sulfate). and
then the solvent was distilled under reduce pressure. The
obtained residue was purified by silica_gal column
chramatogra@ﬁy [developing solution= ethyl acetate:n-hexane
(1:4 to 1=3i5)] to obtain the title compound (3.66 g, 72%).
[0314] 'H-NMR (CDC1,) 3: 3.78 (3H, s), 3.81 (3H, s), 4.28
(1H, a4, J-li.?Hx), 4.99 (1H, 4, J=11.5Hz), 5.06 (1H, 4,
J=1l1.5Hz), 6.33 (1H, 4, J=11.7Hz), 6.61 (1H, 4, J=7.6Hz), 6.64
(1H, 4, J-f.ﬁﬂ:), 6.80 (2H, 4, J=8.7Hz), 7.10-7.40 (BH, m)
(4) 3-Hafhoxy-2-(4-methoxybenzy1)phanol

To a solution of (2-benzyloxy-6-methoxyphenyl)-(4-
methoxyphenyl ) -methanol (2.13 g, 6.08 mmol) in methanol (50
mL), a 20% palladium hydroxide catalyst (0.32 g) was added and
furthermbre 2N-HC1 (1.8 mL) was added thereto. The reaction
mixture was atirred under a hydrogen atmosphere for 24 hours,
and then the catalyst was filtered off. The solvent was
distilled under r;ﬁuced pressiute and the obtained residue was
puriﬁ;ad_py ailicg gel column chromatography [developing
solution=ethyl acetate:n-hexane (l:4)] to obtain the title
compound (1.31 g. 89%).

[0315] 1H.NMR (CDCl,) 8: 3.76 (3H, s8), 3.82 (3H, s), 3.98
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(2H, 8), 4.67 (1H, 8), 6.45 (1H, 4, J=8.1Hz), 6.52 (1H, 4,
'J=8.2Hz), 6.79 (1H, d, J=B.6Hz). 7.07 (1H, A4, J=8.1, B.2Hz).
7l17 (1H, 4, J=8.6Hz)
(5) Synthesis of [3-Methoxy-2-(4-methoxybenzyl)phenyl]-

5a-carba-f-D-glucopyranoside

In a nitrogen stream, to a solution of 3-methoxy-2-(4-
methoxybenzyl)phenol (343 mg, 1.40 mmol) in toluene-THF mixed
solvent (toluene 2.5 mL, THF 0.3 mL), 2,3,4,6-tetra-O-benzyl-
5a-carba-a-D-glucopyranose (504 mg, 0.94 mmol) and
tributylphosphine (0.35 mL, 1.40 mmol) were added under
cooling with ice, and tetramethylasodicarboxamide (TMAD, 242
mg, 1.40 mmél) was added thersto at the same temperature. The
reaction mixture was stirred for 1.25 hours under cooling with
ice and then at room temperature for 22 hours. The reaction
mixture was treated by silica gel column chromatography
[developing solution=ethyl acetate:n-hexane (1:10 to 1:5)].
The ohtainea crude product was dissolved in a methanol-THF
{1:4) mixed solution (10 mL), and a 20% palladium hydroxide
catalyst (94 mg) was added thereto and the mixture solution
was stirred under a hydrogen atmosphere for 5 hours, and then
the catuiyst was filtered off. The solvent was distilled
under reduced pressure and the obtained residue was purified
by silica gel column chromatography [developing
solution=methylene chloride:methanol (15:1 to 10:1)] to obtain
the title compound (121 mg, 32%).
[0316] 'H-NMR (CD,OD) 8: 0.85-1.05 (1H, m), 1.40-1.65 (1H,
- m), 1.95-2.15 (1H, m), 3.10-3.30 (2H, m), 3.40-3.55 (2H, m),
3.60-3.75 (1K, m), 3.71 (3H, 8), 3.79 (3H, 8), 3.92 (2H, 8),
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4.05-4.25 (1H, m), 6.59 (1H, 4, J=8.2Hz), 6.65-6.75 (3H, m),
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'7.05-7.15 (3H, m)

M5 (ESI‘): 405 [M+H]'
HPLC Retentlion Time: 10.6 minutes
Example 40

[z;ji-Hbthoxybanzyl)-3-msthyln§enzl]-5a-carba-§-D-gluco-
pyranoside
(1) Synthesis of (2-Benzyloxy-6-methoxyphenyl)methanol

In a nitrogen stream, to a suspension of lithium
aluminum hydride (0.82 g, 21.50 mmol) 19 ether (30 mL), a
solution of'2-ben:yloxy-G-mathyl-banzoic acld ethyl ester
(4.47 g, 16&54 mmol) in ether (15 mL) was added at room
temperature over 10 minutes. The reaction mixture was stirred
under heating to reflux for one hour. Ethyl acetate (2 mL)
was added dropwise .to the reaction mixture under cooling with
ice, and then a saturated Rochelle salt agqueous solution (20
mL) was added thereto dropwise and the mixture was stirred at
room temperature for one hour. The reaotion mixture was
subjected to Celite filtration. To the filtrate was added a
saturated Rochelle salt aqueous solution (10 mL) and the
mixzture ﬁas extracted with ether. The organic layer was
washed with a saturated sodium chloride aqueous solution and
dried (anhydrous _sodium sulfate), and then the solvent was
distilled under rehuce;‘breiiﬂro. The obtained residue was
purig}ed by silica gel column chromatography [developing
solution=ethyl acéfate:n-haxano (1:4)] to obtain the title
compound (3.84 g, 100%).

[0317] H-NMR (CDC1ls) 8: 2.20 (1H, 4, J=6.6Hz), 2.40 (3H,
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8), 4.79 (2H, 4, J=6.6Hz), 5.11 (2H, s), 6.83 (2H, 4,
'J=7.9Hz), 7.15 (1H, t, J=7.9Hz), 7.25-7.50 (5K, m)
(é) Synthesis of 2-Benzyloxy-6-methylbenzaldehyde

In a nitrogen stream, a solution of (2-benzyloxy-6-
methoxyphenyl)-methanol (3.46 g, 15.16 mmol) and N-
methylmorpholine N-oxide (NMO, 2.66 g, 22.73 mmol) in
dichloromethane (10 mL) was cooled in a water bath and tetra-
n-propyl-ammonium perruthenate (TPAP, 152 mg, 0.43 mmol) was
added thereto. The reaction mixture was stirred at the same
temperature for 1.75 hours, and then subjected to Celite
filtration énd the solvent was distilled under reduce pressure.
The obtaineé residue was purified by silica gel column
chronatography [developing sclution=ethyl acetate: n-hexane
(1:5)] to obtain the title compound (3.08 g, 90%).
[0318) ‘H-NMR (CDC1;) d: 2.59 (3H, =), 5.16 (2H, s), 6.82
(1B, 4, J=7.3Hz), 6.90 (1H, d, J=8.4Hz), 7.25-7.50 (6H, m).
10.73 (1H, 8)
(3) Synthesis of (2-Benxzxyloxy-6-methylphenyl)-(4-

methoxyphenyl)methanol

In a nitrogen stream, a solution of 2-benzyloxy-6-
methoxyb;n:aldahyda (3.08 g, 13.6 mmol) in THF (10 mL) was
cooled in a water bath, and a solution of 4-methoxyphenyl-
magnesium bromida THF gg:s M, 30.3 mL) was added dropwise
thereto. The mixtﬁre solution was stirred at room temperature
for 1.75 hours, and then a saturated ammonium chloride aqueous
solution was added thereto under cooling with ice and the
mixture was. extracted with ether. The organic layer was

washaed with a saturated ammonium chloride aqueous solution and
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dried (anhydrous sodium sulfate), and then the solvent was
'distilldﬁ under reduced pressure. The obtained residue was
pﬁrifiod by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:6 to 1:5)] to obtain the
title compound (4.75 g, 100%).
[0319] 'H-NMR (CDCl,) &: 2.38 (3H, s), 3.80 (3H, 8), 4.09
(1H, 4, J=11.2Hz), 4.88 (1H, 4, J=11.5Hz), 5.00 (1H, 4,
J=11.5Hz), 6.03 (1H, 4, J=11.2Bz), 6.75-6.90 (4H, m), 6.90-
7.05 (2H, m), 7.10-7.35 (6H, m)
(4) Synthesis of 2-(4-Methoxybenzyl)-3-methylphenol

To a éqlution of (2-benzyloxy-6-methylphenyl)-(4-
thoxyphenél)-methanol (2.39 g, 7.15 mmol) in methanol {50
mL), a 20% pqlladium hydroxide catalyst (0.36 g) was added and
furthermore 36% HCl (0.36 mL) was added thereto. The mixture
was stirred under a hydrogen atmosphere for 11 hours, and then
the cntalyéf was flltered off. The solvent was distilled
undear radué;d praessure and the obtained residue was purified
by sllica gel column chromatography [developing solution=ethyl
acetate:n-hexane (1:5)] to obtain the title compound (1.40 g,
B6%).
[0320] H-NMR (CDCl,) 8: 2.28 (3H, ), 3.76 (3H, s), 3.99
(2H, 8), 4.61 (1H, 8), 6.67 (1H, 4, J=8.1Hz), 6.70-6.85 (3H,
m), 6.95-7.15 (3H, m) -
(5) Synthesis of [2-(4-Methaiybenzyl)-3-methylphenyl]-5a-

_oa;pa-ﬂ-D-g;poopyranosido

In a nitrogen stream, to a solution of 2-(4-methoxy-
benzyl)—3-methylphenol (318 mg, 1.39 mmol) toluene-THF mixed
golvent (toluene 1 mL, THF 0.1 mL), 2,3,4,6-tetra-O-benzyl-5a-
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carba-a-D-gluc pyranose (500 mg, 0.93 mmol) and
"tributylphosphine (0.35 mL, 1.39 mmol) were added under
c&oling with ice, and tetramethylazodicarboxamide (TMAD, 242
mg, 1.40 mmol) was added thereto at the same temperature. The
reaction mixture was stirred for 10 minute under cooling with
ice and then at room temperature f£for 23 hours. The reaction
mixture was treated by silica gel column chromatography
[developing solution=ethyl acetate:n-hexane (1:7 to 1:6)].

The aobtained corude product was dissolved in a methanol-THF
(1:3) mixed solvent (4 mL), and a 20% pelladium hydroxide
catalyst (66 mg) was added thereto and the mixture solution
was stirred%nnder a hydrogen atmosphere for 6.5 hours, and
then the catalyst was filtered off. The solvent was_diatillod
under reduced pressure and the obtained reside was purified by
silioca gel column chromatography [developing
solution-méfﬁylene chloride: methanol (10:1)] to obtain the
title oampoﬁnd (55 mg, 15%).

[0321] H-NMR (CD,0D) 8: 0.85-1.05 (1H, m), 1.45-1.65 (1H,
m), 2,00-2.15 (1H, m), 2.21 (3H, s), 3.15-3.30 (2H, m), 3.40-
3.55 (2H, m), 3.65-3.75 (1H, m)., 3.72 (3H, s8), 3.94 (1H, 4,
J-lS.OH:). 4.06 (IH,.d, J=l15.0Hz), 4.05-4.20 (1H, m), 6.70-
6.80 (3H, m), 6.91 (1H, 4, J=B8.2Hz), 6.95-7.10 (3H, m)

MS (ESI'): 411 [M+Nal®

——

HPLC Retentlon Time: 11.2 mifiutes
Example 41

[2-(3-Fluoro-4-methoxybenszyl)phenyl]-5a-carba-a-D-
glucopyranoside
(1) Synthesis of (2-Benzyloxyphenyl)-(3-fluoro-4-
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methoxyphenyl Jmethanol

In-a nitrogen stream, an n-butyllithium hexane solution
(i.54 M, 6.79 mL) was added dropwise to a solution of
l1-benzyloxy-2-bromobenzene (2.5 g, 9.50 mmol) in THF (30 mL)
at- -78°C and the mixture was stirred at the same temperature
for 30 minutes. To this solution, a solution of 3-fluoro-4-
methoxybenzaldehyde (1.32 g, 8.56 mmol) in THF (8 mL) was
added dropwise at -78°C. The mixture was stirred at the same
temperature for one hour, and then a saturated ammonium
chloride aqueous solution was added thereto and the mixture
was axtractéd with ethyl acetate., and the organic layer was
washed withéa saturated sodium chloride agqueocus solution and
dried (anhyd;ous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:5)] to obtain the title
compound (5179 g, 96%).
[0322] H-NMR (CDCl;) 8: 2.92 (1H, 4, J=5.8Hx), 3.87 (3H.
B), 5.03 (2H, s8), 5.98 (1H, 4, J=6.0Hz), 6.85-7.10 (5H, m),
7.21-7.35 (7H, m)
(2) Syﬁthesis of ;—(3-Pluoro-i-mathoxybenzyl)phenol

To a (2-benzyloxyphenyl)-(3-fluoro-4-methoxyphenyl)-
methanol (1.50 g, 4.43_EP01) methanol solution (29 mL), a 20%
palladium hydroxid; catalysf‘?lso mg) waas added, and
furthprmo;e ZN-HC{ (2 mL) was sdded thereto. The mixture was
stirred under a hydrogen atmosphere for 15 hours, and then the
catalyst was filtered off. The solvent was distilled under

reduced pressure and the obtained residue was purified by
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silica gel column chromatography [developing solution=ethyl
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'acetnta;n-hazane (1:5)] to obtain the title compound (0.95 g.
92¢).
[0323] 1H-NMR (CDC1;) ¥: 3.85 (3H, s), 3.91 (2H, 8), 4.69
(1H, br 8), 6.77 (1H, a4, J=1.1, 8.0Hz), 6.84-6.97 (4H, m),
7.09-7.16 (2H, m)
(3) Synthesis of [2-(3-Fluoro-4-methoxybenzyl )phenyl]-

5a-carba-p-D-glucopyranoside

In a nitrogen stream, to a solution of 2-(3-fluoro-4-
methoxybenzyl)phenol (323 mg, 1.39 mmol) in tolueme (3 mL),
2,3.4,G-tetéq-o-benayl-5a-oarba-a-D-glucopyranoae (500 mg,
0.93 mmol) &nd tributylphosphine (0.35 mL, 1.39 mmol) were
added undsr qpoling with ice, and tetramethylazodi-carboxamide
(TMAD, 242 ﬁg, 1.40 mnol) was added thereto at the same
temperature. The reaction mixture was stirred for 40.5 hours
while grnduhlly ralsing its temperature to room temperature.
The rcactio; mixture was treated by silica gel column
chramatography [developing solution= ethyl acetate:n-hexane
(1:6)]. The obtained crude product was dissolved in a
methanol-THF (1:2) mixed solvent (6 mL), and a 20% palladium
hydroxid; catalyst (65 mg) was added thereto and the mixture
was stirred under a hydrogen atmosphere for two hours, and
then the catalyst was g&}tered off. The solvent was distilled
under reduced pres;ure and fi:'obtainad reside was purified by
silica gel column chromatography [developing
solutionsmethylene chloride:methanol (10:1)] to obtain the
title compound (78 mg, 21%).

[0324] H-NMR (CD,OD) 8: 0.85-1.05 (1H, m), 1.40-1.65 (1H,
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m), 1.95-2.15 (1H, m), 3.35-3.60 (2H, m), 3.60-4.00 (3H, m),
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3.81 (3H, B), 4.05-4.25 (1H, m), 6.70-7.20 (7H, m)

MS (ESI*): 392 [M)*

HPLC Retention Time: 10.7 minutes

Example 42
[4-(4-Cyclopropylbenzyl)pyridin-3-yl]-5a-carba-B-D-gluco-
pyranoside

(1) Synthesis of 3-(2-Trimethylailylethoxymethoxy) -

pyridine

Sodium hydride (3.85 g, 96.3 mmol) was washed@ with
hexane and dimethoxyethane (90 ml.) was added thereto.
3-Hydroxypytidine (4.97 g, 52.3 mmol) was added to the
obtained mixture under cooling with ice over 10 minutes and
the reactilon mixture was stirred for 10 minutes, and then
2-(trimethylsilyl)ethoxymethyl chloride (10.0 mL, 56.5 mmol)
was added thereto under cooling with ice over 25 minutes. The
reaction mixture was stirred at room temperature for
14.5 hours. Under cooling with ice, to the reaction mixture
was added water and the mixture was extracted with etber and
the organic layer was drled over anhydrous magnesium sulfate
and concentrated under reduced pressure. The obtained residue
was purified by silica gel flash column chromatography
[developing "solution=n-hexane:ethyl acetate (3:1)] to obtain
the title product (10.8 g, 97%).
[0325] H-NMR (CDC1,) 3: 0.00 (9H, s), 0.93-0.98 (2H, m),
3.73-3.79-(2H, m): 5.24 (2H, s8), 7.18-7.23 (1H, m), 7.34-7.38
(1H, m), 8.25 (1H, 4d, J=4.7, 1.4Hz), 8.40 (1H, 44, J=3.0,
0.6Hz)
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(2) Synthesis of (4-Cyclopropylphenyl)-[3-(2-trimethyl-

silylethoxymethoxy)pyridin-4-yl]methanol

In a nitrogen stream, a t-butyllithium n-pentane
solution (1.47 M, 6.20 mmol) was added dropwise to a solution
of 3-(2-trimethylsilylethoxymethoxy)pyridine (1.77 g, 7.85
mmol) in anhydrous THF (31 mL) at -78°C over 25 minutes. The
mixture was stirred at -70°C for one hour, and then a solution
of 4-cyclopropylbenzaldehyde (1.49 g, 10.19 mmol) in ether
(10 mL) was added thereto over 25 minutes, and the reaction
mixture was stirred at -70°C for two hours and at room
temperature for two hours. To the reaction mixture was added
a saturated.ammonium chloride aqueous solution, and the
mixture was extracted with ether, and the organic layer was
dried over anhydrous magnesium sulfate. After filtration, the
solvent was distilled under reduced pressure, and the obtained
residue was purified by silica gel flash column chromatography
[develop1n§ solution=n-hexane:ethyl acetate (2:1)] to obtain
the title product (2.17 g, 74%).
[0356] H-NMR (CDCl,) 8: -0.04 (9H, 8), 0.61-0.66 (2H, m),
0.84-0.96 (4%, m), 1,.79-1.90 (1H, m), 3.48-3.59 (2H, m), 5.13
(2H, a4, J=22.8, 6.9Hz), 6.00 (1H, 8), 6.97-6.99 (24, m),
7.20-7.23 (2H, m), 7.48 (1H, 4, J=4.9Hz), 8.18 (1H, 4,
J=4.9Hz), 8:27 (]lH, 8)
(3) Synthesis of (4-Cyclojopylphenyl)-[3-(2-trimethyl-

) silylethoxymethoxy)pyridin- 4-yl |methanone

In a nitroge-n stream, Dess-Martin Periodinane (2.71 g,
6.39 mmol) was added to a solution of (4-cyclopropyl-phenyl)-
[(3-¢ 2-trimetl;ysilylethoxy-methoxy)pyr:l.d:l.n-4 -yl]methanol (2.17
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g, 5.84 mmol) in methylene chloride (31 mL), and the reaction
.mixture.ﬁns stirred at room temperature for 1.5 hours.
Fhrtharmoro. the Dess-Martin Periodinane (0.27 g, 0.64 mmol)
was added to the reaction mixture and the obtained mixture was
stirred for 1.5 hours. Insolubles were filtered and the
filtrate was washed with a saturated sodium hydrogencarbonate
aqueous solution and a saturated sodium chloride and dried
over anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by amino silica gel column chromatography [developing
solution= afhyl acetate:n-hexane (l:1)] to obtain the title
product (1.96 g, 91%).
[0327] lH-NMR (CDC1;) O: -0.04 (9H, 8), 0.76-0.90 (4H, m),
1.05-1.12 (2H, m), 1.92-1.98 (1H, m), 3.56-3.62 (2H, m), 5.17
(2H, 8), 7.09-7.13-(2H, m). 7.19-7.21 (1H, m}, 7.67-7.71 (2H,
m), 8.40 (1H, 4, J=4.67Hz), 8.65 (1H, s)
(4) Syntﬁ;sis of {(4-Cyclopropylphenyl)-(3-hydroxy-

pyridin-4-yl)methanone

p-Toluenesulfonic acid monohydrate (3.03 g, 15.9 mmol)
was added to a solution of (4-cyclopropylphenyl)-[3-(2-
trimathyis1lylethox!methoxy)pyridin-4-yl]methanone (1.96 g,
5.30 mmol) in THF (49 mL) and the mixture solution was stirred
at 65°C for ope hour. The reaction mixture was coolad to room
temperature and a ;aturated-;aaium hydrogencarbonate agqueous
solution was added thrersto and the mixture was extracted wigh
ether, and the organic layer was drled over anhydrous
magnesium sulfate. After filtration, the solvent was

distilled under reduced pressure, and the obtained residue was
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purified by silica gel flash column chromatography [developing

~ 164 -

-s lution=n-hexane:ethyl acetate (2:3)] to obtain the title

product (1.10 g, 87%).

[0328] 'H-NMR (CDC1,)3: 0.80-0.86 (2H, m), 1.09-1.16 (2H,

m), 1.97-2.03 (1H, m), 7.18-7.22 (2H, m), 7.42 (1H, 44, JI=5.2,

0.6Hz), 7.63-7.68 (2H, m). 8.24 (1H, 4, J=5.2Hz), B8.59 (1H, 4.

J=0,6Hz), 11.15 (1H, =)

(5) Synthesis of (4-Cyclopropylphenyl)-[3-((1R,28,35,4R,
5R)-2,3,4-trigbenzyloxy-5-benzyloxymethylcyoclo-
hexyloxy)pyridin-4-yl]lmethanone
In a é;trogen stream, diisopropylazodicarboxylate

(0.14 mL, 0572 mmol) was slowly added dropwise to a mixture of

(4-cyclopropylphenyl)-{3-hydroxypyridin-4-yl)methanone (0.18 g,

0.74 mmol), (1S,28,35,4R,5R)-2,3,4-trisbenzyloxy-5-

benzyloxymethylcyolohexanol (0.20 g, 0.37 mmol),

triphanylpﬂosphina (0.19 g. 0.74 mmol) and toluene (1.3 mL)

under coolihg with lce. The reaction mixture was stirred at

room tamperﬁtura for three hours, and then the solvent was
distilled under reduced pressure and the obtalined residue was
purified by silica gel flash column chromatography [developing
solution;n-hexanesethyl acetate (2:3)] to obtain the title

product (0.20 g, 71%).

[0329] 1H-NHR‘(CDQ_:!_._;_) 8: 0.67-0.73 (2H, m), 1.00-1.06 (2H,

m), 1.39-1.47 (1K, m), 1.81-1.88 (1H, m), 2.09-2.16 (1H, m),

3.37-3.58 (5&, m), 4.36-4.51 {6H, m), 4.76-4.86 (3H, m), 6.98-

7.07 (4H, m), 7.13-7.35 (19H, m), 7.62-7.66 (2H, m), 8.34 (1H,

d, J=4.9Hz), 8.54 (1H, 8)

(6) Synthesis of (4-Cyclopropylphenyl)-[3-((1R,28,35,4R,
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5R)-2,3,4-trigsbenzyloxy-5-benzyloxymethyloyclo-

hexyloxy)pyridin-4-yl]methanol

Sodium borohydride (40 mg, 1.06 mmol) was added to a
solution of (4-cyclo-propylphenyl)-[3-((1R,2S,3S,4R,5R)-2,3,4-
trisbenzyloxy-5-benzyloxymethyloyclohexyloxy)pyridin-4-
Yllmethanone (0.20 g, 0.26 mmol) in THF (1.37 mL) and water
(0.67 mL) under cooling with ice and the reaction mixture was
stirred at room temperature for 14.5 hours. To the reaction
mixture, THF was added, and concentrated sulfuric acid (0.2
al) was added thereto under cooling with ice and the reaction
mixture was:qtirrad for 10 minutes. To the obtained reaction
mixture was-added a saturated sodium hydrogencarbonate agueous
solution and the mixture was stirred at room temperature for
10 minutes. The resulting mixture was extracted with ethyl
acetate and the organic layer was dried (anhydrous magnesium
sulfate). ahd then the solvent was distilled under reduced
pressure. &ha obtained residue was purified by silica gel
column chromatography [developing solutionwethyl acetate:n-
hexane (3:2)] to obtain the title product (0.20 g, 100%) as a
diastersomeric miitura.
[0330] e (CDC1,) &: 0.47-0.53 (1H, m), 0.58-0.63 (1H,
m), 0.80-0.92 (2H, m), 1.09-1.27 (2H, m), 1.68-1.84 (2H, m),
3.32-3.64 (5H, m), 4.3&:}.53 (4H, m), 4.70-4.88 (5H, m), 5.84
(0.5H, 8), 5.96 (015H, 8), 6.95-6.97 (3H, m), 7.05-7.35 (21H,
m), 7.43-7.48 (lﬂt m), 8.20-8.24 (2H, m)
MS (ESI*): 762 [M+H]®
(7) Synthesis of 4-[Chloro-{4-cyclopropylphenyl)methyl-

3-((1R,25,35,4R,5R)-2,3,4-trisbenzyloxy-5-
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benzyloxymethylcyclohexyloxy)pyridine

Iﬁ a nitrogen stream, thionyl chloride (0.05 mL, 0.68
mﬁol) was added to a solution of (4-cyclopropylphenyl)-[3-
((1R,25,3S,4R,5R)-2,3,4~-trisbenzyloxy-5-benzyloxymethyl-
cyclohexyloxy)pyridin-4-yl]methanol (0.20 g, 0.26 mmol) in
methylene chloride (3.0 mL) under cooling with ice and the
mixture was stirred at room temperature for two hours. To the
reaction mixture was added a saturated sodium
hydrogencarbonate aqueous solution and the mixture was
axtraocted wiéh methylene chloride and the organic layer was
aried (anhy?rous magnesium sulfate), and then the solvent was
distilled uﬁdar reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
aolution-etﬁyl acetate:n-hexane (1:1)] to obtain the title
product (0.20 g, 100%) as a diastereomeric mixture.
[0331] .'H-NHR (CDC1;) &: 0.51-0.53 (1H, m), 0.61-0.64 (1H,
m). 0.83-0:;3 (2H, m), 1.10-1.18 (1H, m), 1.66-1.77 (3H, m),
2.15-2.27 (1H, m), 3.30-3.66 (5H, m), 4.38-4.55 (4H, m), 4.83-
4.91 (4H, m), 6.23 (0.5H, 8), 6.39 (0.5H, n), 6.85-6.96 (3H,
m), 7.11-7.33 (21H, m), 7.54-7.58 (1H, m), 8.26-8.42 (2H, m)
MS (EBI*): 780[M+H]*
(8) Synthesis of 4-{(4-Cyoclopropylbenzyl)-3-((1R, 25,38,
4R.5R)-2,3,4-trisbenzyloxy-5-benzyloxymethyloyclo-
hexyloxy)pyridine
In a nitrogen stream, zinc (0.14 g, 2.14 mmol) was added

to a solution of 4-[chloro-{4-cyclopropylphenyl)-methyl]-3-
((1R,25:38r4n,52)-2,3.4-trisben:ylaxy-S-hen:yloxymathyl-

cyclohexyloxy)pyridine (0.22 g, 0.28 mmol) in methylene
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chloride (4.1 mL) and acetic acid (12.4 mL), and the mixture
'solutioﬂ was stirred at room temperature for 14 hours. To the
f;action mixture was added ethyl acetate and the mixture was
washed with a saturated hydrogencarbonate aqueous solution and
dried (anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1l:1)] to obtain the title
product (0.14 g, 67%).

[0332] H-NMR (CDCl;) 8: 0.57-0.62 (2H, m), 0.86-0.92 (2H,
m), 1.51-1.59 (1H, m), 1.70-1.85 (2H, m), 2.08-2.15 (1H, m),
3.44 (1H, dﬁ. Ju9.1, 2.5Hz), 3.53-3.70 (4H, m), 3.87 (2H, 4,
Jul.6Hz), 4.42-4.54 (4H, m), 4.71 (2H, 44, J=17.6, 10.7Hz),
4.83-4.93 (3H, m), 6.90-7.34 (25H, m), 8.11 (1H, @, J=4.7Hz),
8.35 (1H, s)

(9) Syntﬁesis of [4-(4-Cyclopropylbenzyl)pyridin-3-yl]-

Sa-c;iba-ﬂ-D-glucopyranoside
In a nitrogen stream, entamethylbenzene (0.40 g, 2.70

mmol) and a solution of boron trichloride in methylene
chloride (1.0 M, 1.00 mL, 1.00 mmol} was added to a solution

f of 4-}4-oyoloprogylphenyl)-[3-((IR.ZS.3S.4R.5R)-2.3.4-
trisbenzyloxy-5-benzyloxymethyl-cyclohexyloxy)pyridine (136 mg,
0.18 mmol) in methylene chloride (7.1 mL) at -78°C and the

mixture was stirred at -78°C for 3.5 hours. To the reaction
mixture, methanol (1.7 mL) was added, and then a sodium

methoxide methanol solution (1.0 M, 4 ml) was added thereto
and the‘reacq1on mixture was stirred at room temperature for

10 minutes. Insclubles were filtered and the filtrate was
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concentrated under reduced pressurs. The obtained residue was
purified by silica gel column chromatography [developing
sblution- methylene chloride: methanol (5:1)] to obtain the
title product (66 mg, 95%).
[0333] 'H-NMR (CD,OD) 8: 0.60-0.65 (2H, m), 0.88-0.95 (2H,
m), 1.06-1.19 (1H, m}, 1.56-1.61 (1H, m), 1.81-1.88 (1H, m),
2.05-2.12 (1H, m), 3.20-3.27 (2H, m), 3.47-3.55 (2H, m), 3.72
(1H, 4d, J=10.7, 3.8Hz), 3.90-4.03 (2H, m), 4.28-4.36 (1H, m),
6.97 (2H, td, J=8.2, 1.9Hx), 7.07-7.10 (3H, m), 8.00 (1R, 4,
J=4.7Hx), 8.5_!0 (1H, =)
MS (ESI'): 386 [M+H]'
HPLC Retention Time: 8.40 minutes
Example 43

[2-gl-Carbogzbenzzllphenyll-5:-carba-B-D:glucog!ranosida
To a methanol-THF solution (10 mL-5 mL) of [2-(4-

mathoxycargonylbenlyl)phonyl]-5a-carhh-ﬂ-n-glucopyranoside
(72.0 mg, o‘.1 mmol) as obtained in Bxamplelal. a 20% palladium
hydroxide catalyst (7.2 mg) was added. The mixture was
stirred under a hydrogen atmosphere for 15 hours, and then the
catalyst was filtered off. The solvent was distilled under
reduced éreasure to obtain the title compound (38.2 mg, 100%).
[0334] 1g-NMR (CD,OD) 8:0.86-1.00 {1H, m), 1.51-1.58 (1H,
m), 2.01-2.11 (1#, m), 3.16-3.34 (2H, m), 3.43-3.50 (2H, m).
3.67-3.73 (1H, m), 3.95-4.88 (3H, m), 6.87 (1H, t, J=13.5Hz),
7.03 _(1!-!,_ da, J-'I.ll_l!l). 7.12-7.21 (2H, m), 7.30 (2H, a,
J=8.1Hz), 7.88 (2H, 4, J=8.1Hz)

MS (ESI*): 389 [M+H]"

HPLC Retention Time: 10.6 minutes
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Example 44

-[2-;4-Vinxlbenlezpheny1]-5a-carba-ﬂ-D-g;ucopx;anoside
(1) Synthesis of 2-(4-Bromobenzyl)phenol

In a nitrogen stream, dimethylsulfide (1.83 ml,
42.46 mmol) and boron trifluoride-diethyl ether complex (0.9
mL, 7.07 mmol) were added to a solution of l-benzlyoxy-2-(4-
bromobenzyl)benzene (1.0 g, 2.83 mmol) in methylene chloride
(30.0 mL) under cooling with ice. The reaction mixture was
stirred for 19 hours while gradually raising its temperature
to room temperature, and then water was_ added theretoc under
cooling w1t§'1ce and the mixture was extracted with methylene
chloride. The organic layer was washed with a paturated
sodium chloride aguecus solution and dried (anhydrous
magnesium sﬁlfate), and then the solvent was distilled under
reduced pressure. "The obtained residue was purified by silica
gel columnachromatogrnphy [developing solution=ethyl acetate:
n-hexane (i;5)l to obtain the title compound (527 mg, 70.8%).
[0335] JH-NMR (CDC1,) 3: 3.92 (2H, 8), 4.62 (1H, s), 6.73-
6.76 (1H, m), 6.85-6.99 (1H, m), 7.06-7.14 (4H, m), 7.35-7.40
(2H, m)
(2) Synthesis of Trifluoromethanesulfonic acid (1S,2R,3S,

4R,5R) -Trisbenzyloxy-5-(benzyloxymethyl)cyolohexyl

Ester -

emay

Pyridine (205 uL, 2-55_;501) was added to a solution of
(18,2R, 38, 4R,5R) -tris-benzyloxy-5- (benzyloxymethyl) -
cyclohexanol (300 mg, 0.557 mmol) in methylene chloride
(5.5 mL) and the mixture was cooled to 0°C, and then
trifluoromethanesulfonic acid anhydride (210 pL, 1.25 mmol)
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was added thereto. The reaction mixture was stirred at the
'snmn taﬁperatura for one hour, and then a saturated sodium
h&drogencarbonate aqueous solution was added thereto and the
mixture was extracted with methylene chloride. The combined
organic layer was washed with a saturated potassium
hydrogensulfate aqueous solution and a saturated sodium
chloride agqueous solution, and dried over magnesium sulfate.
The solvent was distilled to cobtain a orude product (380 mg).
[0336] 'H-NMR (CDC1;) 8: 1.83 (1H, 4d, J=15.9, 14.0Hz),
2.00-2.14 (2H, m), 3.39 (1H, 44, J=9.2, 2.3Hz), 3.50 (1H, ad,
J=9.6, 2.6Hz), 3.56 (1H, dd, J=10.2, 9.3Hz), 3.75 (1H, d&d,
Ju9 .2, 3.4Hi). 3.86 (1H, a4, J=9.5, 9.3Hz), 4.40 (2H, s), 4.50
(1H, 4, J=10.8Hz), 4.62 (1H, d, J=11.4Hz), 4.79 (1H, dd,
J=10.7Hz), 4.82 (1H, 4, Jw1l.5Hz), 4.89 (1H, 4, J=10.7Hz),
4.92 (1H, 4, J=10.7Hz), 5.33 (1H, br), 7.15-7.30 (20H, m)
(3) Syntﬂeais of [2-(4-Bromobenzyl)phenyl]-5a-carba-f-D-

gluoéiyranoside

In a n;t:ogen stream, a solution of l-benzyloxy-2-(4-
bromo-benzyl)benzene (386 mg, 1.46 mmol) in DMF (1 mL) was
cooled in an ice bath, and NaH (60%, 52 mg) was added thereto.
The raacfion mixture was stirred at the same temperature for
10 minutes, and then this reaction mixture was added dropwise
to a suspension of trifluoromsthane-sulfonic acid
(18,3R, 38, 4R, 5R) -trisbenzyloxy-5- (benzyloxy- mesthyl)cyolohexyl
ester. (655 mg, 0.97 mmol) in DMF (2.5 mL) at -40°C. The
reaction mixture was stirred at the same temperature for two
minutes, at from -40°C to 0°C for 30 minutes and then at 0°C

for one hour. To the reaction mixture was added a saturated
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8 dium chloride agueous solution and water. The resulting

' solution was extracted with ether, and the organic layer was

Qﬁshad with water and a saturated sodium chloride agueous
solution and dried over sodium sulfate. The residue obtained
by distilling the solvent was roughly purified by silica gel
column chromatography [developing solution= ethyl acetate:n-
hexane (1:5)] to obtain a crude product (200 mg). The
obtained crude product was dissolved in methylene chloride
(2.5 mL) in a nitrogen stream. Dimethylsulfide (0.6 mL, 13.48
mmol) and a boron trifluoride-diethyl ether complex (284 puL,
2.2 mmol) w@re added thereto under cooling with ice. The
reaction mixture was stirred for 25 hours while gradually
raising its ﬁemperature to room temperature, then water was
added thereto under cooling with ice and the mixture was
extraocted with methylene chloride. The organic layer was
washed with a saturated sodium chloride aqueous solution and
dried (anhfarous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=methylene chloride:methanol (10:1)] to obtain the
title prﬁduct (40.0 mg, 42.9%).

[0337] H-NMR (CD;OD) 8: 0.85 (1H, q. J=13.2, Jwll.lHsz),
1.44-1.59 (IH, m), 2.0%:?.09 (1H, m), 3.13 (1H, 4, J=B.7Hz),
3.19 (1H, d. J=5.1Hz), 3.23-3.26 (2H, m), 3.37-3.45 (2H, m),
3.631?.6q (1H, ddﬂ J=10.6, 3.9Hz), 3.81 (1H, 4, J=14.4Hz),
4.10 (1H, 4, J=14.4Hz), 4.09-4.18 (1H, m), 6.79 (1H, t.
J=7.5Hz), 6.96 (1H, 4, J=9.0Hz), 7.03-7.13 (4H, m), 7.27-7.32
(2H, m)
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(4) Synthesis of [2-(4-Vinylbenzyl)phenyl]-5a-carba-f-D-
] giucopyranosida

In a nitrogen stream, [2-(4-bromobenzyl)phenyl]-5a-
carba-f-D-glucopyranoside (40 mg, 0.094 mmol) was dissolved in
tolyene (2 mL), and tributylvinyltin (36 mg, 0.11 mmol),
tetrakis(triphenylphosphine)palladium (0) (2.7 mg) and 2,6-a1i-
tert-butyl-4-methylphenocl were added thereto, and the mixture
was refluxed at 110°C for 15 hours. The reaction mixture was
cooled to room temperature and the solvent was distilled under
reduced pressure. The obtailned residue_was purified by
preparativeiTLc [developing solution=methanol :methylene
chloride (1&10)] to obtain the title product (9 mg, 25.7%).
[0338] H-NMR (CD;0OD) &: 0.86 (1H, ¢, J=12.0, 11,7). 1.42-
1.55 (1H, m), 1.96-2.03 (1H, m), 3.10-3.19 (2H, m), 3.22-3.25
(2H, m), 3.36-3.44 - (2H, m), 3.63 (1H, ad, J=10.6, 4.1Hz),
3.81-4.08 (ZH, m), 4.09-4.16 (1H, m), 5.07 (1H, 44, J=11.0,
1.2Hz), 5.63 (1H, 4d, J=18.0, 1.2Hz), 6.61 (1H, dd, J=18.0,
11.0Hz), 6.78 (1H, t, J=7.3Hz), 7.03 (1H, 4, J=»6.3Hx), 7.02-
7.24 (6H, m)
MS (BESI'): 370 M}’
HPLC Ret;ntion Tima{ 11.8 minutes
Example 45

{2-[4-(2,2-Difluarovinyl)benzyl |phenyl}-5a-carba-f-D-
glucopyranoside T

(1) _Synthesis of 1-Diethoxymethyl-4-(2,2-difluorovinyl)-
benzene
In a nitrogen stream, an n-butyllithium hexane solution

(2.44 M, 9.94 mL) was added dropwise to diiso-propylamine
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(3.40 mL, 24.2 mmol) cooled in an ice bath and then THF (20
‘mL) was added thereto. The obtained mixture was cooled
t-c) -78°C, and diethyl (difluoromethyl}-phosphonate (3.62 mL,
23.1 mmol) was added dropwise thereto. The reaction mixture
was stirred at the same temperature for five minutes, and then
terephthalaldehyde monodiethylacetal (4.2 mL, 21.0 mmol) was
added dropwise thereto. The reaction mixture was stirred at
the same temperature for 50 minutes, at room temperature for
20 minutes and at a temperature of 70°C to 75°C for 34 hours.
After cooling the reaction mixture, a saturated ammonium
chloride aqéeous solution and water were added to the reaction
mixture and:the resulting mixture was extracted with ether.
The organic :I-:ayer was washed with a saturated ammonium
chloride agqueous solution and dried over sodium sulfate. The
residue obtained by distilling the solvent under reduced
pressure w;ﬁ purified by silica gel column chromatography
[davelopiné-solution-ethyl acetate:n-hexane (1:20)] to obtain
the title compound (1.10 g, 22%).
[0339] H-NMR (CDCl,) 3: 1.24 (6H, t, J=7.1Hz), 3.45-3.68
(4H, m), 5.27 (1H, 44, J=26.4, 3.8Hz), 5.49 (1lH, =), 7.32 (2H,
4a, J-O.4k:), 7.44 (2H, 4, J=8.4Hz)
(2) Synthesis of 4-(2,2-Difluorovinyl)benzaldehyde

In a nitrogen stream, a 2M hydrochloric acid aqueous
solution (2.5 mL) was added to-a solution of 1l-diethoxymethyl-
4-(z,3-di?1u6rov1qy1}ben:eno {998.1 mg, 4.12 mmol) in ether
(4 mL) cooled in an ice bath and the reaction mixture was
stirred at the same temperature for three minutes and at room

temperature for 3.75 hours. The reaction mixture was
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extracted with ether and the organic layer was washed with a
'saturatéd sodium hydrogen carbonate agqueous solution and a
ﬁﬁturated sodium chloride agueous solution, and Adried over
sodium sulfate. The solvent was distilled under reduced
pressure to obtain a crude compound.
[0340] 'H-NMR (CDC1;) 8: 5.37 (1M, ad, J=25.7, 3.5Hz),
7.49 (2H, 4, J=8.4Hz), 7.85 (2H, 4, J=8.4Hz), 9.98 (1H, l)
(3) Synthesis of (2-Benzyloxypheny1)-lif(z,z-difluoro-

vinyl)phenyl jmethanol

In a nitrogen stream, a solution of 2-
benzyloxybr?mobenzene (1.63 g, 6.18 muol) in THF (4mL) was
cooled to -78°C, and an n-butyllithium hexane solution (2.44 M,
2.66 mL) was added dropwise thereto. The reaction mixture was
stirred at the same temperature for 25 minutes, and then a
solution of 4-(2,2-difluorovinyl)benzaldehyde previously
prepared 15 THF (1 mL) was added dropwise thereto. The
reaction miitu:e was stirred at the same temperature for 1.25
hours, and then a saturated ammonium chloride aqueous soluti n
and water was added thereto. The resulting mixture was
extracted with ether and the organic layer was washed with a
saturateﬁ ammonium qploride aqueous solution and dried over
aodium sulfate. The residue obtained by distilling the
solvent under readuced Effasura was purified by silica gel
column chromntogra;h! [devaisilng solutionsethyl acetate:n-
hexane (135)] to qptain the title compound (1.17 g, 81%).
[0341] IH-NMR (CDCl,) 3: 2.94 (1H, 4, J=6.1Hz), 4.98-5.04
(2H, m), 5.26 (1H, 44, J=26.4, 3.8Hz), 6.03 (1H, 4, J=6.1Hz),
6.886-7.04 (2H, m), 7.14-7.38 (1l1H, m)



12

--178% -

(4) Synthesis of l-Benzyloxy-2-[4-(2,2-difluorovinyl)-
' be-nzyl ]benzene

In a nitrogen stream, a solution of (2-benzyloxyphenyl)-
[4-(2,2-flucorovinyl) -phenyllmethanol (1.14 g, 3.24 mmol) in
methylens chloride (10 mL) was cooled to -78°C, and
triethylsilane (5.17 mL, 32.35 mmol) was added thereto. A
boron trifluoride-diethyl ether complex (0.49 mL, 3.88 mmol)
was added dropwise to the reaction mixture over five minutes
and the reaction mixture was stirred at -78°C for five minutes
and then under cooling with ice for 10 minutes. A saturated
sodium hydrégencarbonate aqueous solution and water were added
thereto and’the resulting mixture solution was extracted with
methylene chloride. The organic layer was washed with a
saturated sodium chloride agqueous solution and dried over
sodium sulfate. The residue obtained by distilling the
solvent undhr reduced prepsure was purified by silica gel
column chrd;atographw [developing solution=ethyl acetate:n-
hexane (1:30)] to obtain the title compound (984.5 mg, 90%).
[0342] 'H-NMR (CDCl1,) 8: 4.00 (2H, s), 5.05 (2H, s), 5.23
(1H, 44, J=26.2, 3.8Hx), 6.85-6.95 (2H, m), 7.05-7.40 (11H, m)
(5) Syﬁthasis of 27[4-(2.2-Dif1uorov1nrl)ben:yl]phenol

In a nitrogen stream, a solution of l-benzyloxy-2-[4-
(2,2-D1£1uofbv1nx1)ben!!}]ben:ene (984.5 mg, 2.93 mmol) in
methylene chloride (12 mL) was cooled to -78°C, and a baron
tribrgmidg-dimathg}sulfida methylene chloride solution (1.0 M,
7.32 mL) was added dropwise thereto. The reaction mixture was
.stirred at the same temperature for two minutes and under

cooling with }ce for two hours, and furthermore the boron
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trifluoride-dimethylsulfide methylene chloride solution
'(4.39 mﬂ) was added dropwise thereto. The reaction mixture
ﬁis stirred at the same temperature for 3.5 hours, then a
sodium hydroxide agueous solution and a saturated sodium
hydrogencarbonate agqueous solution was added thereto and the
mixture was extracted with methylene chloride, and the organic
layer was washed with a saturated sodium chloride agueous
solution and dried over sodium sulfate. The residue obtained
by distilling the solvent under reduced pressure was purified
by silica gel column ch.romatog_raph! [developing solution=ethyl
acetate:n-h'_exane (1:7)] to obtain the title compound (647.5 mg,
90%). "‘.
[0343) 'H-NMR (CDC1,) b: 3.98 (2H, =), 4.62 (1H, s), 5.24
(1H, ad, J=26.2, 3.8Hz), 6.78 (1H, 4, J=B8.1Hz), 6.84-6.94 (1H,
m), 7.04-7.32 (6H, m)
(6) Synthesis of {2-[4-(2.2-Difluorovinyl)benzyl]-

phan;l}-5a-carba-p-n-glucopyranoaide

In a nitrogen stream, a solution of 2-[4-(2,2-
difluorovinyl)benzyl)phenol (80 mg, 0.324 mmol) in DMP (1 mL)
was cooled in an ice bath, and NaH (60%, 13 mg) was added
thereto.- The reaction mixture was stirred at the same
temperature for 10 minutes, and then this reaction mixture was
added dropwise to a sus_?_ens:l.on of trifluoromethane-sulfonic
acid (1S,2R,3S,4R,5R)-trisbentyloxy-5- (benzyloxy-
mathy_:l.)cy_c].ohexyl _ester (181 mg, 0.270 mmol) in DMF (2.5 mL)
at -40°C. The reaction mixture was stirred at the same
temperature for two minutes, at -40°C to 0°C for 30 minutes and

at 0°C for one hour. To the reaction mixture was added a
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saturated sodium chloride aqueous s lution and water and the
.mixturalias extracted with ether, and the organic layer was
w;shed with water and a saturated sodium chloride agueous
solution and dried over sodium sulfate. The residue obtained
by  distilling the solvent under reduced pressure was purified
by silica gel column chromatography [developing solution=ethyl
acetate: n-hexane (1:7)] to obtain a target product (180.7 mg).
In a nitrogen stream, 65 mg (0.0848 mmol) out of the product
was mixed with pentamethylbenzene (188 mg, 1.27 mmol) in a
nitrogen stream and dissolved in methylene chloride (2.5 mL).
After cooliég the mixture solution to -78°C., a boron
trichloride’methylene chloride solution (1.0 M., 0.42 mL) was
added dropwiqe thereto. The reaction mixture was stirred at
the same teﬁperature for 2.25 hours, and then methanol (0.5
mL) was added droﬁwise thereto. At the same temperature, a
sodium methoxide methanol solution (1 M, 1.26 mL) was added
dropwise, ihd the reactlon mixture was stirred at room
temperature for 15 minutes. The mixture was filtered and the
filtrate was concentrated under reduced pressure and the
obtained residue was purified by preparative TLC [developing
solution;mathanol=mqthylane chloride (1:10)] to obtain the
title product (22.1 mg, 64%).

[0344] 1H-NMR (CDﬂ@E) d: 0.82-1.04 (1H, m), 1.44-1.64 (1H,
m), 1.98-2.12 (1H.-m). 3.12:5728 (2H, m), 3.40-3.54 (2H, m),
3.69 le._dd, J-1Q.7. 4.0Hz), 3.89 (1H, 4, J=14.8Hx), 4.02
(1H, 4, J=14.8Hz), 4.10-4.26 (1H, m), 5.40 (1H, 4d, J=27.0,
4.0Hz), 6.78-6.90 (1H, m), 6.96-7.30 (7H, m)

M5 (ESI*): 406 [M]*
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HPLC Retention Time: 18.51 minutes
.Hnasureﬁant Conditions of HPLC
Column: YMC-Pack ODS-A 6.0x150 mm, 5 pm
Mobile Phase: Elution by applying a gradient of from 10 mM
AcONH,/H,0 (95%) plus 10 mM AcONH,/MeOH (58) to
10 mM AcONH,/MeOH (100%) for 20 minutes, and
thereafter under the same condition [10 mM
ACONH,/MeOH (100%)] for five minutes
Flow Rate: 1.5 mL/minute
Column Temperature: Room temperature
Detection ?ondition: Total plot of the entire wavelength
% of 230 to 400 nm
Examples 46 to 58 -

The t&rget compound was obtained by performing the same
operation as in the above-described Examples with the use of
the correaﬁonding starting materials ‘and reagents,
respectivei}.

[0345] Example 46

[2-(2,3-Dihydrobenzofuran-5-ylmethyl)phenyl ] -5a-carba-p-D-
glucopyranoside

1H-NMR (i:n,on) 8: 0.93 (1H, q, J=13.2Hz, J=11.4Hx), 1.49-1.58
(1H, m), 2.01-2.07 (1H, 4t, J=13.2, 4.5Hz). 3.12 (1H, t,
J=8.4Hz), 3.20 (1H, d, J=9.3Hs), 3.25 (1H, 4, J=4.B8Hz), 3.30-
3.53 (2H, m), 3.69 (1H, a4, J=6.6, 4.2Hz), 3.85 (1H. d,
J=15Hz), 3.91 (1H, d, J=15Hxz), 4.13-4.21 (1H, m), 4.47 (2H, t,
J=8.7Hz), 6.59 (1H, A4, J=B.4Hz), 6.83 (1H, t, J=7.2Hz), 6.89
(1H, 4, J=8.1Hz), 6.99-7.15 (4H, m)

M5 (ESI'): 386 [M]*
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HPLC Retention Time: 10.5 minutes

'Example 47
5- 3-Fluoro-4-methylbenzyl 1}-5a-carba-f-D-gluco-
pyranoside
1H-NMR (CD,OD) &: 0.99 (1H, q, J=12.6Hz), 1.48-1.59 (1H, m),
2.04-2.10 (1H, 4t, J=13.2, 4.2Hz), 2.18 (3H, s), 3.18-3.32
(2H, m), 3.44-3.51 (2H, m), 3.68 (1H, 44, J=6.9, 3.9Hz), 3.89
(1H, 4, J=15HE), 3.97 (1H, 4, J=15Hz), 4.14-4.22 (1H, m),
6.81-6.90 (3H, m), 7.00-7.17 (4H, m)
MS (ESI'): 376.4 [M]"
HPLC Retent%on Time: 1l1.7 minutes
Example 48 *
(2-(4-Methoxy-3-methylbenzyl)phenyl]-5a-carba-f-D-gluco-
pyranosids
'H-NMR (CD,0D) 3: 0:94 (1H, @, J=12.9, 11.7Hz), 1.47-1.57 (1H,

m). 2.01-2.08 (1H, d4t, J=13.2, 4.2Hz), 2.12 (3H, s), 3.18-3.34
(2H, m), 3.45-3.52 (2H, m), 3.68 (1H, A4, J=6.6, 4.2Hz), 3.75
(3H, 8), 3.84 (1H, 4, J=14.7Hz), 3.90 (1H, 4, J=14.7Hz), 4.14-
4.21 (1H, m), 6.76 (1H, 4, J=8.7Hx), 6.83 (1H, t, Jw?7,5Hz),
6.95-7.15 (5H, m)

MS (Esx*iaaas [M+H]*

HPLC Reteation Time: 11.5 minutes

Example 49 -
Lg-(4-Pyrazol-1-y1£en:yl)ph;;iil-5a-carba-ﬂ-D-gluco-gx;anoside
'H-NMR (CD,OD) 8: 0.95 (1H, q, J=12.9, 11.4Hz), 1.49-1.59 (1H,
m), 2.02-2.09 (1H, 4t, J=12.3, 4.2Hz), 3.20 (1H, 4, J=9.0Hz),

——

3.23 (1H, 4, J=6.3Hz), 3.43-3.53 (2H, m), 3.67 (1H, 44, J=6.6,
4.2Hz), 3.98 (1H, 4, J=14.7Hx), 4.07 (1H, 4, J=15Hz), 4.16-
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4.24 (1H, m), 6.49 (1H, 8), 6.87 (1H, t, J=7.5Hz), 7.05 (1H,
'a, Jm=8.1Hz), 7.14 (2H, @, J=7.5Hz), 7.35 (2H, A, J=B.4Hz),
7.56 (2H, d, J=8.4Hz), 7.68 (1H, s), 8.12 (1H, s)

MS (ESI®): 411 [M+H]*®

HPLC Retention Time: 10.5 minutes

Example 50

[2-(3-Chloro-4-methylbenzyl )phenyl]-5a-carba-f-D-gluco-
pyranoside

1H-NMR (CD,0D) &8: 0.94 (1H, 4d, J=24.4, 13.2Hz), 1.5-1.65 (1H.
m), 2.05 (1H, 4t, J=13.5, 4.1Hz), 3.18-3.35 (2H, m), 3.43-3.55

(26, m), 3.70 (1H, &4, J=10.7, 4.1Hxz), 3.82 (3H, s), 3.82 (1A,
a, J-u.anni, 3.97 (1H, 4, J=l4.8Hz), 4.15-4.25 (1H, m), 6.86
(1K, td, J=7.4, 1.1Hz)., 6.92 (1H, 4, Ju8.2Hz), 7.0-7.2 (5H, m)
MS (ESI'):409 [M+H]*, 431 [M+Na]®

HPLC Retention Time: 11.25 minutes

Example 51J

13-(3.4-Hbfixlaned;oxyben:yl)gpenyl]-Sa-oarbn-ﬂ-D-g;gpo-
pyranoside

‘H-NMR (CD,OD) 8: 1.01 (1H, q, J=12.7Hz), 1.45-1.64 (1H, m),
2.04-2.13 (1H, m}, 3.19-3.35 (4H, m), 3.46-3.54 (2H, m), 3.69-

3.74 (IH; m). 3.89 (2H, q, J=16.1Hz), 4.15-4.22 (1H, m), 5.86
(2B, 8), 6.68 (3H, 8), 6.85 (1H, t,J=6.1Hz), 7.00-7.18 (3H, m)
MS (ESI*): 3B9 [MsH]*

HPLC Retention Time: 10.6 minutes
Example 52

[2-(4-Cyclobutylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside

y-NMR (CD5;0OD) d: 0.81-0.96 (1H, m), 1.45-1.61 (1H, m), 1.78-
2.37 (7H, m), 3.15-3.34 (5H, m), 3.40-3.55 (2H, m), 3.66-4.76



0
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"t, J=B.1Hz), 6.97-7.17 (TH, m)
MS (BSI'): 425 [M+Na)*
HPLC Retention Time: 13.6 minutes

Example 53
[2-(4-Acetylbenzyl)phenyl]-5a-carba-fi-D-glucopyranoside

'H-NMR (CD;OD) 3: 0.84-0.98 (1H, m), 1.50-1.56 (1H, m), 2.00-
2.08 (1H, m), 2.55 (3H, s), 3.15-3.32 (3H, m), 3.42-3.50 (2H,
m), 3.65-3.70 (1H, m), 3.94-4.24 (3H, m). 4.89 (2H, ), 6.86
(1H, t, J=7.3Hz), 7.03 (1H, 4, J=8.1Hz), 7.12-7.20 (2H, m).
7.34 (2H, d,-J=8.1Hz), 7.86 (2H, 4, J=8.1Hz)

MS (ESI’): :iasmu]*

HPLC Retention Time: 9.3 minutes

Example 54
[2-(4-Methoxybenzyl)-5-methylphenyl]-5a-carba-f-D-gluco-
nzganosida.

H-NMR (CD:0D) 8: 0.92-1.06 (1H, m), 1.51-1.66 (1H, m), 2.08
(1H, 4t, J=13.2, 4.0Hz). 2.32 (3H, s), 3.21-3.40 (2H, m),

3.47-3.56 (2H, m), 3.71-3.78 (1K, m), 3.77 (3K, s), 3.84 (1H,
d, J=14.2Hz), 3.95 (1H, 4, Jwl4.2Hz), 4.14-4.26 (1H, m), 6.68-
6.72 (1H, m), 6.78-6.85 (2H, m). 6.86-6.91 (1H, m), 6.97 (1H,
d, J=7.8Hz), 7.10-7.16 (2H, m)

MS (ESI’): 388 [M]*

——

HPLC Retention Time: 11.26 minutes

Example 55
[2-(4-Ethylbenzyl)thiophen-3-yl]-5a-carba-fi-D-gluco-pyrancside

lH-NMR (CD,OD) 8: 1.20 (1H, t, J=7.6HHx), 1.40-1.80 (1H, m),
2.04-2.09 (1H, m), 2.59 (2H, g, J=7.58Hx), 3.19-3.55 (5H, m),
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3.88-3.96 (1H, m), 3.99 (2H, m), 6.89 (24, 4, J=5.4Hx), 7.06-
'7.15 (5H, m)
II-S (ESI*): 378 [M]*
HPLC Retention Time: 11.9 minutes
Example 56

L}ganzothiogggp-z-xl!mathzlgggnxl]-Sa-carba-B-D:gluoo-
pYranoside )

1H-NMR (CD,OD) 8: 1.04 (1H, m), 1.40-1.80 (l1H, m), 2.08-2.16
(1H, m), 3.14-3.67 (5H, m), 4.14 (lH, 4, J=15.7Hz), 4.19-4.27

(1H, m), 4.36 (1H, 4, J=15.5Hz), 6.89 (1H, 4d, J=8.1, 6.6Hz),
7.02 (1H, s), 7.07 (1H, 4, J=8.1Hz), 7.17-7.28 (4H, m), 7.63
(18, 4, J=736Hz), 7.71 (1H. 4. J=7.6Hz)

M5 (ESI*): 400 [M]*

HPLC Retention Time: 12.0 minutes

Example 57

{2-11-(4-Cyclopropylphenyl)ethyl |phenyl}-5a-carba-B-D-

glucopyranoside [less polar-isomer isolated bx n:eparativg TLC

{developing solution:methanol:methylene chloride= 1: 10)]

'H-NMR (CD,OD) 8: 0.40 (1H, 44, J=9.3, 9.0Hxz), 0.56-0.66
(2H, m), 0.84-0.96 (2H, m), 1.36-1.54 (1H, m), 1.52 (3H, 4,
J=6.6Hx), 1.76-1.88 (2H, m), 3.04-3.12 (1H, 44, J=10.8, 9.9Hx),
3.25 (1H, t, J=10.8Hz), 3.26-3.40 (1H, m), 3.42 (1H, t,
Je9.9Hz), 3.64 (1H, dd, J=10.4, 4.8Hz), 4.08-4.22 (1H, m),
4.50 (1H, a4, J=12.0, 6.3Hxz), B.84-6.99 (4H, m), 6.99-7.06 (2H,
m), 7.06-7.28 (1H, m), 7.20-7.26 (1H, m)

MS (ESI*): 399 [M+H]"
' HPLC Retention Time: 12.7 minutes

Example 58
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{2-[1-(4-Cyclopropyl l)ethyl nyl}-5a-carba-p-D-
'glucopyranoside [more polar-isomer isolated by preparative TLC
(developing solution:methanol:methylene chloride=l: 10)]

'B-NMR (CD,OD) 8: 0.56-0.66 (2H, m), 0.84-0.96 (2H, m), 1.10
(l1H, 44, J=9.6, 9.0Hz), 1.44-1.64 (1H, m), 1.53 (3H, d,
J=6.6Hz), 1.76-1.88 (1H, m), 2.13 (1H, 4dd, J=12.2, 4.5,
3.3Hx), 3.20-3.28 (2H, m). 3.44 (1H, t, J=10.5Hz), 3.53 (1H,
ad, J=11.4, 6.6Hz), 3.73 (1H, 44, JI=11.4, 2.4Hz), 4.06-4.22
(1H, m), 4.50 (1H, 44, J=12.0, 6.3Hz), 6.82-7.03 (4H, m),
7.06-7.16 (4H, m)

MS (ESI'): 399 [M+H]'

HPLC Ratention Time: 12.7 minutes

Example 59
[2-(4-Cyclopropylbenzyl)-5-metbylthiophen-3-yl]-5a-carba-p-D-

glucopyranoside
(1) Synthesis of (4-Cyclopropylphenyl)-(3-methoxy-5-

methylthiophen-2-yl)methanone

Mathyl iodide (2.53 mL, 40.6 mmol) was added to a
solution of (4-cyclopropylphenyl)-(3-methoxy-5-thiophen-2-
yl)methanone (1.05 g, 4.06 mmol) as syntheslzed in the same
manner as in Example 38 in THF (20 mL) under a nitrogen
atmosphere. This solution was cooled to -78°C, and a lithium
diisopropylamide heptane-THF-ethylbenzene solution (2.0 M,
2.44 mL, 4.88 mmol) was addéa-thereto over 20 minutes. The
reaction mixture was stirred at the same temperature for three
hours. f; this séiution, furthermore the lithium
diisopropylamide heptane-THF-ethylbenzene solution (2.0 M,

2.44 nl., 4.88 mmol) was added over 20 minutes and the reaction
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mixture was stirred for two hours, and a saturated ammonium
'chloride solution wap added thereto. The resulting mixture
whs extracted with ethyl acetate and the organic layer was
washed with a saturated sodium chloride agqueous solution and
dried (anhydrous magnesium sulfate), and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=sthyl acetate:n-hexane (1:5)] to obtain the titlés
compound (589 mg, 53%).
[0346] 1H-NMR (CDCl,) 8:.0.74-0.80 (2H, m), 1.00-1.06 (2H,
m), 1.91-1.97 (1H, m), 2.49 (3H, s), 3.81 (3H, s), 6.62 (1H,
s)., 7.08 (2!:"!. d, J=7.9Hz), 7.68 (2H, 4, J=8.3Hz)
(2) Syntheqis of (4-Cyclopropylphenyl)-(3-hydroxy-5-

methyithiophen-2-yl)methanone

In a nitrogen stream, a boron trichloride methylenes
chloride solution (1.0 M, 6.4 mL, 6.4 mmol) was added to a
solution of-(4-oyulopropylpheny1)-(3-mathoxy-5-mathylthiophen-
2-yl)methanone (582 mg, 2.14 mmol) in methylene chloride (12
mL) at -15°C and the reaction mixture was stirred for one hour.
Water was added thereto and the mixture was extracted with
nothylané chloride._ The organic layer was washed with a
saturated sodium chloride aqueous solution and dried
(anhydrous magnagium sulfate), and then the solvent was
distilled under rehuce&hbreﬁaﬁra. The obtained residue was
purified Py silicg gel column chromatography [developing
solution=methanol:methylene chloride (1:100)] to obtain the
title compound (497 mg, 90%).

[0347) 'H-NMR (CDCl,) &: 0.76-0.82 (2H, m), 1.03-1.10 (2H.
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m), 1.93-1.98 (1H, m), 2.49 (3H, a), 6.57 (1H, s8), 7.15 (2H,
'a, Ja8.4Hz), 7.85 (2H, 4, J=8.4Hz), 12.80 (1H, s)

(5) Synthesis of (4-Cyclopropylphenyl)-[5-methyl-3-
((1R,25,38,4R,5R)-2, 3, 4-triabenzyloxy-5-benzyloxy-
methylcyclohexyloxy)thiophen-2-yl]methanone
In a nitrogen stream, diisopropylazodicarboxylate (0.27

mL, 1.39 mmol) was added Adropwiese to a mixture of

(4-cyclopropylphenyl) - (3-hydroxy-5-methylthiophen-2-

yl)methanone (360 mg, 1.39 mmol), (1S,28,3S,4R,5R)-2,3.4-

trisbenzyloxy-S5-benzyloxymethylcyclohexanol {500 mg, 0.93

muol), triphenylphosphine (365 mg. 1.39 mmol) and toluene (3.1

mL) under céoling with ice. The mixture was stirred at room

temperature for 15 hours, and then the solvent was distilled

under reduced pressure and the obtained residue was purified
by silica gel flash column chromatography [developing
aolution-n:ﬁexane= ethyl acetate (4:1)] to obtain the title

compound (557 mg, 33%).

[0348] 1H-NMR (CDCl;) 8: 0.70-0.73 (2H, m), 0.99-1.02 (2H,

m), 1.35-1.50 (1H, m), 1.64-1.72 (1H, m), 1.87-1.94 (1H, m),

2.07-2.14 (1H, m), 2.44 (3H, 8), 3.36-3.56 (5H, m), 4.07-4.13

(1H, m),-4.33-4.08 (8H, m), 6.61 (1H, s), 7.01 (2H, 4,

Jn7.9Hz), 7.05-7.35 (22H, m), 7.62 (2H, 4, J=8.2Hz)

(4) Synthesis of 2-(!:Fyolopropylbenxyl)-5-mathyl-3-
[(1R,2S,3S,4R,5R)-2,3, é-Erisbenzyloxy-5- (benzyloxy-

_matpyl)cyclqpexyloxy]thiophane
In a nitrogen stream, chlorotrimethylsilane (0.46 mL,
3.56 mmol) and sodium cyanoborohydride (230 mg, 3.65 mmol)

were added to an solution of (4-cyclopropylphenyl)-[5-methyl-
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3-((1R,2S.35.4R.53)-2.3.4-trisben:yloxy-§-
-benlyloiymathylcyulohaxyloxy)thiophen-z-yllmathanone (237 mg,
0:30 mmol) in acetonitrile(5 mL) under cooling with ice and
the reaction mixture was stirred at 0°C for one hour.
Methylene chloride was added thereto and the mixture was
subjected to Celite filtration, and the solvent of the
filtrate was distilled under reduced pressure. The obtained
residue was purified by silica gel column chromatography
[developing solution= ethyl acetate:n-hexane (1:10)] to obtain
the title compound (135 mg, 58%).

[0349] -fH-NHR (CDC1;) 8: 0.58-0.65 (2H, m), 0.86-0.94 (2H,
m), 1.23-1.28 (1H, m). 1.57-1.65 (1H, m), 1.77-1.86 (1H, m),
2.06-2.12 (1H, m), 2.33 (3H, 8). 3.43-3.65 (5H, m), 3.93 (2H,
8), 3.98-4.08 (1H, m), 4.44 (2H, 8), 4.51 (1H, 4, J=10.8Hx),
.4.75-4.97 (5H, m),-6.55 (1H, s), 6.92 (2H, 4, J=8.1Hz), 7.10
(2H, 4, J=8.1Hz), 7.18-7.37 (20H, m) -
(5) Synthesis of [2-(4-Cyclopropylbenzyl)-5-methyl-
thiophen-3-yl)-5a-carba-f-D-glucopyranosids
In a nitrogen stream, pentamethylbenzene (390 mg,
2.63 mmol) and a boron trichloride methylene chloride solution
(1.0 M, 6.00 mL, 0.88 mmol) were added to a solution of 2-(4-
cyclopropylbenzyl)-5-methyl-3-{{1R,25,35,4R,.5R)-2,3,4~
trisben:yloiy-saxben:y%gfymothyl)-cyclohexyloxylthiophene (134
mg. 0.18 mmol) in methylene chloride (6 mL) at -78°C and the
reaction mixture was stirred at -78°C for one hour. Methanol
was added to the reaction mixture and the solvent was
distilled under reduced pressure. The obtained residue was

purified by silica gel column chromatography [developing
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solution=methylene chloride:ethanol (20:1)] to obtailn the
'title compound (35 mg, 49%).
[-0350] H-NMR (CD,OD) 31 0.62-0.68 (2H, m), 0.90-0.97 (2H,
m), 1.10-1.21 (1H, m), 1.43-1.56 (1H, m), 1.82-1.95 (1H, m),
2.03-2.11 (1H, m), 2.36 (34, s), 3.25-3.90 (6H, m), 3.94 (2H,
m), 6.63 (1H, m), 6.98 (2H, 4, J=8.4Hz), 7.11 (2H, 4, J=7.9Hx)
MS (BSI"): 403 [M-H]"
Example 60
{2-(4-Ethylbenzyl)-5-methylthiophen-3-yl]-5a-carba-fi-D-

glucopyranoside

The ti.n:get compound was obtained by performing the same
operation l.;i in Example 59 with the use of the corresponding
starting material and reagents.

[0351] "‘H-NIIR {(CD,OD) 8:1.10-1.22 (4H, m), 1.40-1.54 (1H,
m), 2.02-2.09 (1H, m), 2.33 (3H, 8)., 2.58 (2H, 4, J=7.6Hz),
3.22-3.25 ("21'.!, m), 3.28-3.35 (2H, m), 3.39-3.45 (1H, m). 3.52
(1H, dd, J=10.7, 6.2Hz), 3.71 (1H, a4, J=10.7, 4.0Hz), 3.83-
3.90 (1H, m), 6.60 (1H, s), 7.06 (2H, 4, J=8.2Hz), 7.11 (2H,
d, J=8.2Hz)

MS (ESI'): 393 [M+H]*, 415 [M+Nal®

Example -61

[5-Chloro-2-(4-cyclopropylbenzyl thiophen-3-yl]-5a-carba-p-D-

glucopyranoside

——

(1) Synthesis of 4-Cyclopropyl-N-methoxy-N-methyl-
. benzamide
In a nitrogen stream, an n-butyllithium hexane solution
(1.6 M, 6.0. mL, 9.59 mmol) was added dropwise to an solution

of l1-bromo-4-cyoclopropylbenzene (1.8 g, 9.13 mmol) in



1%

- 188 -

anhydrous THF (30 mL) at -78°C over 15 minutes. This solution
'was stirred at -78°C for 10 minutes, and a solution of N,N'-
dimethoxy-N,N’-dimethylurea (1.42 g, 9.59 mmol) in THF (15 mL)
wag added dropwlise thereto. The reaction mixture was stirred
at room temperature for 30 minutes. To the reaction mixture
was added a saturated ammonium chloride aqueous solution and
the mixture was extracted with ether, and the organic layer
was dried over anhydrous magnesium sulfate. After filtration,
the solvent was distilled under reduced pressure, and the
obtained residue was purified by silica gel column
chromatograbhy [developing solution=n-hexane:ethyl acetate’
(4:1)] to oétain the title compound (875 mg, 95%).
[0352] 'H-NMR (CDC1;) &: 0.73-0.78 (2H, m), 0.97-1.03 (2H,
m), 1.87-1.94 (1H, m), 3.34 (3H, 8), 3.56 (3H, s), 7.08 (2H,
d, J=8.3Hz), 7.60 (2H, d, J=8.3Hx)
(2) Synthesis of (5-Chloro-3-methoxythiophen-2-yl)-(4-

cycl&iropylphnnyl)mathnnone

In a nitrogen stream, an n-butyllithium n-hexane
solution (1.6 M, 2.43 mL, 3.88 mmol) was added dropwise to a
solution of 2-bromo-5-chloro-3-methoxythiophene (862 mg, 3.88
mmol) as synthesized by the method described in a document [L.
Org. Chem., 58, 4629-4633 (1993)] in anhydrous THF (15 mL) at
-78°C. This mixture wag stirred at -78°C for ten minutes, and
a solution of 4-cyclopropyl-N-methoxy-N-methylbenzamide (875
mg, 4:26 muol) in THF (3 mlL) was added daropwise thereto. The
reaction mixture was stirred at -78°C for 30 minutes. A

saturated ampmonium chloride aqueous solution was added to the

reaction mixture and the resulting mixture was extracted with
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ethyl acetate, and the organic layer was dried over anhydrous
'magnesiﬁm sulfate. After filtration, the solvent was
dlstilled under reduced pressure, and the obtained residue was
purified by asilica gel column chromatography [developing
solutionsn-hexane:ethyl acetate (4:1)] to obtain the title
compound (714 mg, 63%).
[0353] H-NMR (CDCl,;) 3: 0.75-0.81 (2H, m), 1.02-1.08 (2H,
m), 1.92-1.98 (1H, m), 3.80 (3H, 8), 6.78 (1H, 8), 7.10 (2H,
a, J=B8.3Hz), 7.68 (2H, 4, J=8.3Hz)
(3) Synthesis of [5-Chloro-2-(4-cyclopropylbenzyl)-
thiop@en-a-yll-Sa-carba-B-D-glucopyranoaida
The target compound was obtained by performing the same
operation as ;n Example 59 with the use of the synthesized (5-
chloro-3-methoxythiophen-2-yl)-(4-cyclo-propylphenyl )methanone
and the corresponding rsagents.
[0354]) ” H-NMR (CD,OD) &: 0.63-0.66 (2H, m), 0.88-0.93 (aH,
m), 1.15-1.21 (1H. m), 1.61-1.67 (1H, m), 1.82-1.87 (1H, m),
1.99-2.03 (1H, m), 3.22-3.57 (4H, m), 3.70-3.74 (1H, m), 3.87-
3.91 (1H, m), 3.92 (2H, 8), 6.86 (1H, ®)., 6.97 (2H, 4,
JwB8.1Hz), 7.09 (2H, 4, J=8,1Hz)
MS (ESI*): 425 [M+H]*
Example 62
(lk.zs,an,sﬂl-GnLg-(4:g!glongggzéggg!x;lpganoxy]-4-

(hydroxymethyl)cyclohex-4-ene-I,2,3-triol
(1) _Synthesis of 1-(4-Cyclopropylphenyl)methyl-2-[(1R,4R,

55,68)-4,5,6-trisbenzyloxy-3-(benzyloxymethyl) -
cyclohex-2-enyloxy]benzene
In a nitrogen stream, 2-(4-ocycloprpylbenzyl)phenol and
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tributylphosphine (70 puL, 0.28 mmol) were added to a solution
'of (1S,4R,585,65)-4,5,6-tris(benzyloxy)-3-

- 1%0 -

(benzyloxymathyl)cyclohax-z-enol (51 mg, 0.095 mmol) as
described in a document [J. Org. Chem., 63, 5668-5671 (1998)]
in toluene (300 pL) under cooling with ice, and then
tetramethylazodicarhoxamide (48 mg, 0.28 mmol) was addad
thereto at the same temperature. The reaction mixture was
stirred at the same temperature for 20 hours and then hexane
was added thereto and the precipitate was filtered and the
solvent of the filtrate was distilled. The obtained residue
was purifie@ by preparative TLC [developing solution=ethyl
acetate=n-héxane (1:5) to obtain the title compound (44 mg,
62%). _

[0355] H-NMR (CDC1l;) 8: 0.54 (2H, m), 0.84 (2H, m), 1.75

(1H, m)., 3.82-3.92-(3H, m), 3.93 (2H, =8), 4.19 (1lH, 4,

3-12.531),-1.35 (1H, br), 4.41 (1H, 4, J=11.7Hz), 4.46 (1H, 4,

J=11.8Hz), 4.61 (1H, 4, J=10.7Hz), 4.68 (1H, d, J=10.2Hz),

4.72 (1H, 4, J=10.5Hz), 4.79 (1H, 4, J=10.8Hz), 4.85 (1lH, 4,

J=10.7Hz), 4.99 (1H, 4, J=11.0Hz), 5.04 (1H, br), 5.65 (1H,

8), 6.8-7.4 (28H, m)

(2) Syﬁthelis of (}R.ZS,32,6R)-6-[2-(4-Cyulopropyl-
benzyl)phenoxy)-4-(hydroxymethyl )cyclohex-4-ene-
1,2,3-triol _

In a nitroge; straam,'EﬁBbron trichloride 1.o'u
mothy;ene_chloridg_solution (160 uL, 0.16 mmol) was added to a
solution of 1-(4-cyclopropylphenyl)methyl-2-[(1R,4R,558,68)-
4.5.G-trls-benzyloxy-a-(bon:yloxymsthyl)-cyulohex-z-
enyloxylbenzene (12 mg, 0.016 mmol) and pentamethylbenzene
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(24 mg, 0.17 mmol) in methylene chloride (300 uL) at -78°C,
"and tha.ﬁlxture was stirred at the same temperature for 1.5
h;urs. After addition of methanol, the temperature of the
resulting solution was raised to room temperature and the
solvent was distilled under reduced pressure. The obtained
residue was purified by preparative TLC [developing
solution=methanol:mathylene chloride (1:8)] to obtain the
title compound (4.1 mg, 70%).

[0356] 'H-NMR (CD;0D) 8: 0.61 (2H, m), 0.89 (2H, m), 1.83
(1H, m), 3.55 (1H, 44, J=10.5, 7.8Hx), 3.72 (1H, 44, J=10.5,
7.8Hz), 3.8? (1H, 4, J=14.8Hz), 3.93 (1H, 4, J=14.9Hz), 4.11
(2H, br s),>4.15 (1H, 4, J=7.8Hz), 4.80 (1H, 4, J=7.6Hz), 5.60
(iH, t, J=1.5Hz), 6.84 (1H, t, J=7.3Hz), 6.93 (2H, 4,
J=8.1Hz), 7.06 (1H, 4, J=8.2Hz), 6.97-7.18 (3H, m)

MS (ESI*): 405 [M+Na]*

HPLC Ratenﬁlon Time: 12.5 minutes

Example 63 )

{1R.2S, 3R, 6R)-4-Hydroxymethyl-6-[2-(4-methoxybenzyl) -

phenoxylcyclohex-4-ene-1,2,3-triol

(1) Synthesis of 1-(4-Methoxyphenyl)methyl-2-[(1R,4R,
55;68)-4,5,6-t;1nben:yloxy-3-(bonzyloxymethyl)-
cyclohax-2-anyloxy)]benzene
In a nltrogsn stream, 2- (4-methoxybenzyl)phenol (299 mg,

1.40 mmol) and tributylphosphine (380 pL, 1.53 mmol) were

added to a nolutiop of (15,35,48,5R,6R)~-4,5,6-trisbenzyloxy-1-

(benzyloxymethyl)cyclohane-1,3-diol (561 mg, 1.01 mmol) as

described in a document [Tetrahedron, 56, 7109-7122 (2000)] in

toluene (3 mL) under. cooling with ice, and then

10
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tetramethylazodicarboxamide (261 mg, 1.52 mmol) was added
'theroto-at the same temperature. The reaction mixture was
aiirred at the same temperature for 20 hours and then hexane
was added thereto, and the precipitate was filtered and the
solvent of the filtrate was distilled.
The obtained residue was purified by silica gel column
chraoamatography [developing solution=ethyl acetate:n-hexane
(1:7 to 1:1) to obtain the title compound (312 mg, 42%).
[0357] 'H-NMR (CDCl1;) 8: 3.64 (3H, s)., 3.80-3.95 (3H, m).
3.92 (2H, 8), 4.19 (1H, 4, J=13.6Hz), 4.36 (1H, br), 4.41 (1H,
d; J-11.9Hl?. 4.46 (1K, 4, J=11.8Hz), 4.64 (1H, 4, J=11.0Hz).
4.69 (1H, di J=10.8Hz), 4.71 (1H, d, J=10.8Hz), 4.79 (1H, 4,
J=10.8Hz), 4.95 (1H, 4, J=11.0Hz)., 4.99 (1H, 4, J=11,0Hz),
5.05 (1H, br), 5.67 (1H, s), 6.71 (2H, 4, J=8.7Hz), 6.80-7.40
(26H, m)
MS (ESI*): 755 [M+Nal®,
(2) Synthesis of (1R,2S,3R,6R)-4-Hydroxymethyl-6-[2-(4-

methoxybenzyl )phenoxyloyclohex-4-ene-1,2,3-triol

In a nitrogen stream, a boron trichloride 1.0 M
methylene chloride solution (6.0 mL, 6.0 mmol) was added to a
solution.of 1-(4-matpoxyphany1)mathyl-z-[(1R,4R,58,68)-4.5.6-
trisbenzyloxy-3-({benzyloxymethyl )oyclohex-2-enyloxylbenzene
(312 mg, 0.426 mmol) 1n___mathylone chloride (12 mL) at -78°C,
and the mixture was stirred at the temperature for 1.5 hours.
Afte:_add;tion of Fsthanol. the temperature of the resulting
golution was raised to room temperature and the solvent was
distilled under reduced pressure. The obtained residues was

purified by silica gel column chromatography [developing

N
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solution= methanol:methylene chloride (1:8)] to obtain the
"title compound (37.9 mg, 24%).

[0358] H-NMR (CD,OD) b: 3.56 (1H, dd, J=10.5, 8.0Hz),
3.73 (14, m), 3.73 (3H, s), 3.88 (1H, 4, J=14.9Hz), 3.92 (1H,
4,. J=14.9Hz), 4.11 (2H, br s), 4.16 (1H, m), 4.81 (1H, m),
5.61 (1H, t, J=1.7Hxz), 6.77 (2H, 4, J=8.7Hz), 6.84 (1H, t,
J=7.3Hz), 6.99 (1H, 4, J=8.1Hz), 7.04 (1H, 4, J=7.5Hz), 7.10
(2H, 4, J=8.9Hz), 7.13 (1H, m)

MS (ESI’): 395 [M+Nal®

HPLC Retention Time: 10.8 minutes

Example 64

(1R, 25,35, 6R) -4~ [3- (4-Ethylbenzyl)phenyl]-6-(h -
methyl)cyclohex-4-ena-1,2,3-triol

(1) Synthesis of 3-(4-Ethylbenzyl)phenylboronic Aocid

In a nitrogen stream, a solution of .:l-bromo—:-l-(tl-
ethylbenzyl)benzene (2.19 g, 7.96 mmol) in THF (20 mL) was
cooled to -78°C, and an n-butyllithium hexane solution (2.44 M,
3.42 nlL) was added dropwise thereto and the mixture scolution
was stirred at the same temperature for 20 minutea. After
addition of trimethyl borate (2.68 mL, 23.87 mmol), the
reaction mixture was stirred at the temperature for five
minutes and at room temperature for 12.5 hours. After cooling
the reaction mixture in an ice bath, concentrated sulfuric
acid (10 mL) was added dropwls®s thereto and the mixture
soluti..on was stirred at the same temperature for one hour.
The mi:tu:;:-e was ex.tracted with ether and the organic layer was
" washed with water and then dried over sodium sulfate. To a

white solid obtained by distilling the solvent under reduced
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pressure was added hexane-sthyl acetate (10:1)}(5 mL), the

‘mixture was filterated and then the obtained solid was washed

with hexane-ethyl acetate (10:11). The obtained white powder

was dried under reduced pressure to obtain the title compound

(604.2 mg, 32%).

[0359] H-NMR (CDCl,) 8: 1.22 (3H, t, J=7.6Hz), 2.62 (2H,

g, J=7.6Hz), 4.07 (2K, 8), 7.10-7.20 (4H, m), 7.36-7.44 (2H,

m), 8.00-8.10 (2H, m)

(2) Synthesis of Trifluoromethanesulfonic Acid (3R,4R.S5S,
6R)-4,5,6-Trisbenzyloxy-3-(benzyloxymethyl)cyclohax-
l-enyl Ester -

In a é}trogsn gtream, an n-butyllithium hexane solution

(322 uL, 0.787 mmol) was added dropwise to diisopropylamine

(113 pL, 0.806 mmol) cooled in an ice bath, and THF (0.8 mL)

was added thereto. . The obtained solution was cooled to -78°C,

and a solution of (2R.§S,4R.SR)-z.i.srtrisben:yloxy-s-

(benzyloxymethyl)-cyclohexanone (205.9 mg. 0.384 mmol) in THF

(1l mL) was added dropwise, and the mixture was stirred at the

same temperature for 12 minutes. A solution of N-(5-chloro-2-

pyridyl)triflimide (452 mg, 1.15 mmol) in THF (1.2 mL) was
added dropwise thereto and the reaction mixture was stirred at
the same temparature.for 2.5 hours. A saturated sodium
hydrogencarbonntg_aqueous solution and water were added
thereto to stop the re;;%ion‘!nd the resulting mixture was

extracted with ether. The organic layer was washed with a

sutur;ted-sodium cLlorids agueocus solution and dried over

sodium sulfate. The solvent was distilled under reduces

preasure and the obtained residue was purified by silica gel

1%
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column chromatography [developing solution=ethyl acetate:n-
‘hexane (1:10 to 1:8) to obtain the title compound (161.4 mg,

631).

[0360] 'H-NMR (CDC1,) 8¢ 2.60-2.70 (1H, m), 3.40-3.58 (2H.

m). 3.70 (1H, dd, J=9.9, 9.7Hz), 3.90 (1H, 44, J=9.7, 7.1Hx).

4.32-4.54 (4H, m), 4.70-4.94 (5H, m), 5.76-5.83 (1H, m), 7.10-

7.40 (20H, m)

(3) Synthesis of 1-(4-Ethylbenzyl)-3-{(3R,4R,58,68)-4,5,
6-trisbenzyloxy-3-{benzyloxymethyl)cyclohex-1l-enyl]-
benzene
In a nitrogen stream, dioxane-water (10:1)(12 mL) was

added to a éixture of trifluoromethanesulfonic acid (3R, 4R,

55,6R)-4,5,6-trisbenzyloxy-3-(benzyloxymethyl)cyclohex-1-enyl

ester (656 mg, 0.981 mmol), KyPO; (250 mg, 1.18 mmol), KBr (140

mg, 1.18 mmol), 3-(4-ethylbenzyl)phenylboronic acid (283 mg,

1.18 mmol) and PA(PPhy), (56.6 mg., 0.049 mmol), and the

reaction miiture wvas heated and stirred at a temperature of

100°C to 105°C for 26 hours. After cooling the reaction
mixture, a saturated sodium chloride agqueous solution and
_water were added thereto. The resulting solution was

extraotea with etheq. and the organic layer was washed with a

saturated sodium chloride agueous solution and dried over

sodium sulfate. _The sg&yant was distilled under reduced
pressure, and the ;btained f;Eldua was purified by silica gel
column ch;omatogrgphy [@eveloping solution=ethyl acetate:n-
hexane (1:10 to 1:8) to obtain the title compound (510.0 mg,

73%).

{0361] H-NMR (CDC1;) 8:1.19 (3H, t, J=7.6Hz), 2.58 (2H,
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g, J=7.6Hz), 2.64-2.75 (1H, m), 3.5’ (1H, ad, J=8.9, 5.9Hz),
'3.64 (lﬁ, dad, J=8.9, J3.5Hz), 3.68-3.79 (1H, m), 3.92 (2H, =),
4.07 (1H, 44, J=9.7, 7.3Hz), 4.31 (1H, d, J=10.6Hz), 4.45 (2K,
8), 4.48 (1H, 4, J=10.6Hz), 4.54 (1H, 4, J=10.9Hz), 4.79-5.00
{4H, m), 5.85-5.92 (1H, m), 6.73-6.82 (2H, m), 6.98-7.42 (26H,
m)
(4) Syntheais of (1R,2S5,35,6R)-4-{3-(4-Ethylbenxzyl)-

phenyl]-6-(hydroxymethyl )cyclohex-4-sne-1,2,3-

triol

In a nitrogen stream, a solution of 1-(4-ethylbenzyl-3-
[(3R,4R,55,68)-4,5,6-trisbenzyloxy-3-(benzyloxymethyl) -
cyclohex-z-ényloxy]ban:ene (494.5 mg, 0.692 mmol) and
pentamethylbenzene (1.05 g, 7.06 mmol) in methylene théride
(38 mL) was cooled to -78°C, and a BCl; methylene chloride
solution (1.0 M, 7.54 mL) was added dropwise thereto. The
reaction mixture was atirred at the temperature for ten
minutes and‘at -70°C for 1.5 hours, and then methanol (20 mL)
was added thereto. The residue obtained by distilling the
solvent under reduced pressure was roughly purified by silica
gel column chromatography [developing
-olution;mathanol=me;hylene chloride (1:20 to 1:10) and then
purified by preparative TLC [developing
solution-mathnnol_mathylana chloride (1:10)] to obtain the
title compound (46 2 mg, 19%)
"H-NMR (CD,0D) 8: 1.19 (3H, t, J=7.6Hz), 2.27-2.44 (1H, m),
2.58 (2H, q, J=7.6Hz)., 3.44-3.68 (3H, m), 3.76-3.94 (3H, m),
4.45-4.57 (1H, m), 5.74-5.84 (1H, m), 6.95-7.25 (8H, m)
MS (ESI'): 372 [M+H;0]"
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HPLC Retention Time: 18.37 minutes
‘Measurement Conditions of HPLC
Column: YMC-Pack ODS-A 6,0x150 mm, 5 pm
Mobile Phase: Elution by applying a gradient of from 10 mM
AcONH,/Ha0 (95%) plus 10 mM AcONH,/MeOH (5%) to
10 mM AcONH,/MeOH {100%) for 20 minutes, and
thereafter under the same condition [10 mM
AcONH,/MeOH (100%)] for five minutes
Flow Rate: 1.5 mL/minute
Column Temperature: Room temperature ]
Detection Condition: Total plot of the entire wavelength
: of 230 to 400 nm

Example 65

(1R.2R,3S,4R,5R)-1-[3-(4-Ethylbenzyl)-4-methoxyphenyl]-5-

hydro thyl lohexane-1,2,3,4-tetraol
(1) Synthesis of (1R,2R,3S,4R,5R)-2,3,4-trisbenzyloxy-5-

( ben:_ylomethyl) =1-[3-(4-ethylbenzyl)-4-methoxy-

phenyl]lcyclohexanol and (15,.2R,3S,4R,5R)-2,3.4-

trisbenzyloxy-5-(benzyloxymethyl)-1-{3-{4-ethyl-

benzyl)-4-methoxyphenyl Jcyclohexanol

In a nitrogen stream, an n-butyllithium hexane solution
(2.70 M, 1.03 mL) was added dropwise to a solution of 4-bromo-
2-(4-eothylbenzyl)-1-methoxybenzene (908 mg, 2.98 mmol) in THF
(10 mL) while being cooled £5=78°C. The reaction mixture was
stirr_ed at the same temperature for 10 minutes. To this
aoiution,-a solut:l.-on of (2R,38.4R,5R)-2,3,4-trishenzyoxy-5-
(benzyloxymethyl)-cyclchexanone (1.00 g, 1.86 mmnol) in THF (2
nl.) was added dropwise and the rasulting solution was stirred
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"of a saturated ammonium chloride agqueous solution and ﬁater.
fha obtainad solution was extraocted with ethyl acetate, and
the organic layer was washed with water and then dried over
sodium sulfate. The residue obtained by distilling the
solvent under reduced pressure was purified by silica gel
column chromatography [developing solution=ethyl acetate:n-
hexane (1:5 to 1l:1) to obtain (I1R,2R,35,4R,5R}-2,3,4-tris-
benzyloxy-5-(benzyloxymethyl)-1-[3-(4-ethylbenzyl)-4-
methoxyphenyl]lcyclohexanol (0.32 g, 23%? and (15,2R,3S,4R,
SR)-2,3,4-trisbenzyloxy-5-(benzyloxymethyl)-1-{3-(4-~
ethylben:yli-4-methoxyphenyl]cyolohexnnol (0.89 g, 64%).
[0362] (;R)-Isomar=‘H-NHR (CbCl;) 8: 1.17 (3H, t,
J=7.6Hz), 1.80-2.00 (2H, m), 2.20-2.36 (1H, m), 2.55 (2H, 4,
J=7.6Hz), 2.91 (1H, 4, J=2,0Hz), 3.35-3.42 (1lH, m), 3.65-4.05
(10H, m), 4.41-4.45 (3H, m), 4.59 (1H, 4, J=10.7Hz), 4.81 (1H,
a, J-10.7ﬂi3, 4.87 (1H, 4, J=10.7Hz), 4.90 (1H, 4, J=10.7Hz),
6.78-6.84 (3H, m), 6.99-7.20 (6H, m), 7.20-7.40 (18H, m)
(18)-Isomer: 'H-NMR (CDCl,) &: 1.12 (3H, t, J=7.6Hz), 1.40-1.54
(2H, m), 1.78-1.88 (1H, m), 2.35 (1H, 44, J=3.3, 13.7Hz), 2.43
(1H, 8), 2.47 (2H, q. J=7.6Hz), 3.34 (1H, d4, J=0.9, 8.9Hz),
3.53-3.72 (4H, m), 3.80 (3H, 8), 3.86-3.93 (2H, m), 4.41 (2H,
B), 4.49 (1M, 4, _J=10.7Hz), 4.67-4.79 (2H..n). 4.83 (1H, 4,
J=10.7Hxz), 5.02 (1&, d:‘3-1f77ﬂl). 6.78 {1H, 4, J=8.4Hz), 7.00
(2H, 9, J=7.9Hz), 7.10 (2H, 4, J=7.9Hz), 7.14-7.20 (2H, m),
7.21-7.40-(18H. mil 7.56-7.63 (2H, m)
(2) Synthesis of (1R, 2R,3S5,4R,5R)~-1-[3-(4-Ethylbenzyl)-
4-methoxyphenyl]-5-(hydroxymethyl)cyclohenane-1,2,3,
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To a @ lution of (1R,2R,3S,.4R,5R)-2,3,4-trisbenzyloxy-5-
(benzyloxymethyl)-1-[3-(4-ethylbenzyl)-4-
methoxyphenyl]cyclohexanol (50.0 mg, 0.067 mmol) in THF (0.5
mL) and methanol (2 mL), a 20% palladium hydroxide catalyst
(10 mg) wﬁs added and the mixture was stirred under a hydrogen
atmosphere at room temperature for 15 hours. After filtering
the catalyst, the filtrate was concentrated under reduced
pressure. The obtained residue was purified by preparative
TLC [developing solution=methanol:methylene chloride (1:10}]
to obtain tpa title compound (20 mg, 74;).
[0363] ;ijn-mm (CD;OD) &: 1.22 (3H, t, J=7.6Hz), 1.65-1.84
(2H, m), 2.01-2.14 (1H, m), 2.60 (2H, g, J=7.6Hx), 3:39-3.46
(1H, m), 3.62-3.75 (4H, m), 3.82 (3H, s), 3.94 (2H, 8)., 6.94
(1H, &, J=8.4Hz), 7.06 (2H, 4, J=8.2Hz), 7.13 (2H, 4,
Jw8.2Hz), 7.30-7.38 (%H. m)
ME (ESI*): 420 [M+H,0]"
HPLC Retention Time: 17.70 minutes
Measurement Conditions of HPLC
Column: YMC-Pack ODS-A 6.0x150 mm, 5 pm
Mobile Phase: Elution by applying a gradient of from 10 mM
monﬁ./n.o (95%) plus 10 mM AcONH,/MeOH (5%) to
- 10 mM AcONH,/MeOH (100%) for 20 minutes, and
thaisafézi urider the same condition [10 mM
AcONH,/MeOH (100%)] for five minutes
Flow inte; 1.5 mL/hinute
Column Temperature: Room temperature

Detection Condition: Total plot of the entire wavelength
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of 230 to 400 nm

'Example 66

(1R, 2R,3S,45,6R) -4-[3-(4-Ethylbenzyl ) -4-methoxyphenyl]-6-
(hyaroxymethyl)cyclohexane-1,2,3-triol

(1) Synthesis of 2-{4-Ethylbenzyl)-1-methoxy-4-[(1§,28,

3R,4R,5R)-2,3,4-trisbenzyloxy-5-(benzyloxymethyl) -

oyclohexyl lbenzene

A golution of the (15,2R,35, 4R,5R)-2,3,4-trisbenzyloxy-
5-{benzyloxymethyl)-1-[3-(4-ethylbenzyl)-4-
methoxyphenyl]cyclohexanol (124 mg, 0.1? mmol) as obtained in
Example 65 in methylene chloride (2 mL) was cooled to -5°C,
and triethyisilane (0.39 mL, 2.44 mmol) was added thersto. To
the mixture., triofluoroacetic acid (0.12 mL, 1.6 mmol) was
added and the reaction mixture was stirred at -5°C for one
hour, and then a saturated sodium hydrogen-carbonate was added
thereto. The resulting mixture was extracted with methylene
chloride and the organic layer was washed with a saturated
sodium chloride aqueous solution and then dried over sodium
sulfate. The solvent was distilled under reduced pressure and
the obtained residue was purified by sllica gel column
chromntoéraphy [dsvg}oping solution=ethyl acetate:n-hexane
(1:9)] to obtain the title compound (10 mg, 8%).
[0364] ‘H-NMR (CDCl,) 8: 1.17 (3H, t, J=7.6Hz), 1.58-1.96
(30, m). 2.56 (2H, q, J=7.6HEJS 2.55-2.70 (1H, m), 3.43-3.62
(5H, P). 3.78-4.00 (6H, m), 4.43 (2H, a), 4.44 (1H, 4,
J-9.9HI).-4.56 (1&, d, J=10.8Hz), 4.82-4.93 (3H, m), 6.75-6.82
(3H, m), 6.99-7.18 (9H, m), 7.20-7.38 (15H, m)
(2) Synthesis of (1R, 2R,35,45,6R)-4-[3-(4-Ethylbenzyl)-
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4-methoxyphenyl]-6-({hydroxymethyl )oyclohexane-1,2,
3-triol
To a solution of 2-(4-ethylbenzyl)-l-methoxy-4-

[(15,25,3R,4R,5R)-2,3,4-tris-benzyloxy-5-

(banzyloxymethyl )cyclohexyl]benzene (10 mg. 0.013 mmol) in THF

(0.2 mL) and methanol (1 mL), a 20% palladium hydroxide

catalyst (10 mg) was added and the mixture was stirred under a

hydrogen atmosphere at room temperature for 13 hours. After

filtering the catalyst, the filtrate was concentrated under

reduced pressure. The obtained residue was purified by

preparative TLC [developing solution= methanol:methylene

chloride (1&10)] to obtain the title compound (3.9 mg, 75%).

[0365] "!:l-NHR (CD;OD) &8: 1.23 (3H, t, J=7.4Hz), 1.34-1.48

(1H, m), 1.60-1.76 (1H, m), 1.83 (1H, 4at, J=13.5, 3.5Hz),

2.48-2.66 (3H, m), -3.30-3.38 (2H, m), 3.42-3.52 (1H, m), 3.58-

3.65 (1H, ﬁ), 3.77 (1H, 4, J=4.0Hz), 3.82 (3H, s), 3.92 (2H.

8), 6.91 (1H, 4, J=8.2Hxz), 7.02-7.14 (6H, m)

MS (ESI'): 406 [M+H;0]"

HPLC Retention Time: 12.53 minutes

Measurement Conditions of HPLC

Column; YMC-Pack ODS-A 6.0150 mm, 5 jm
Mobile Phase: Elution by applying a gradient of from 10 mM

- A_Q_DNH;IHQO (95%) plus 10 mM AcONH,/MeOH (5%) to
10 mM AcONH,/MSUH (100%) for 20 minutes, and
thereafter under the same condition [10 mM
Aco;ll-l.lneon (100%)] for five minutes

Plow Rate: 1.5 mL/minute

Column Temperaturae: Room temparature
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Detection Condition: Total plot of the entire wavelength
of 230 to 400 nm

Example 67
{1R.2R,3S,4R,5R)-1~-[2-Ethyl-5-(4-athylbenzyl)phenyl]-5-

h thyl )Joyclohexane-1,2,3,4-tetraol
(1) Synthesis of (3-Bromo-4-ethqupheny1)-(4-ethy1-

phenyl )methanol

THF (10 mL.) was added to magnesium (353 mg, 14.5 mmol),
and furthermore l-bromo-4-ethylbenzene (2 mL, 14.5 mmol) was
added dropwise thereto and the mixture was heated to reflux
for one hour. The reaction mixture was cooled to 0°C, and a
solution oféa-brono-i-ethoxybenzaldehyda (2.21 g, 9.68 mmol)
in THF (5 mL) was added thereto and the reaction mnixture was
stirred at tﬁe same temperature for 1.5 hours. To the
reaction mixture, a aa;urated ammonium chloride agueous
solution was added and the resulting mixture was extracted
with ethyl acetate. The extract was washed with a saturated
sodium chloride agueous solution and dried over magnesium
sulfate. The residue obtained by distilling the solvent under
reduced pressure was purified by silica gel column
chromatography [developing solutione=n-hexane to n-hexane:ethyl
acetate (3:1)] to oﬁfain the title compound (2.83 g, 88%).
[0366] IJH-NMR (CDCl3) 8: 1.22 (3H, t, J=7.6Hz), 1.45 (3H,
t, 3=7.0Hz), 2.14 (1N, 4, J<¥SHz), 2.63 (2H, q. J=7.5Hz).
4.07 (ZH qg. J=7. OHI). 5.74 (1H, 4, J=3.5Hz), 6.83 (1H, 4,
J=8. 4Hz). 7.17 (2H d, J=8.1Hz), 7.20-7.30 (3H, m), 7.56 (1H,
4, J=2.1Hz)
(2) Synthesis of 2-Bromo-l-ethoxy-4-(4-ethylbenzyl)-
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benzene

Triethylsilane (2.7 mL, 16.9 mmol) and a boron
trifluoride-diethyl ether complex (1.2 mL, 9.47 mmol) were
added to a solution of (3-bromo-4-ethoxyphenyl)-(4-
ethylphenyl)methanol (2.83 g, 8.44 mwol) in methylene chloride

(20 mI.)' at 0°C and the mixture was stirred for three hours.

Methanol (50%)-water (4 mL) was added to the reaction mixture

and the resulting mixture was extracted with methylene

chloxide. The extract was washed with a saturated sodium
chloride aqueous solution, and then dried over magnesium
sulfate. T@a residue obtained by distilling the solvent under
reduced preépure was purified by silica gel column
chromatography {(developing solution=n-hexane to n-hexane-ethyl

acetate [4%(v/v])]} to obtain the title compound (2.69 g, 100%).

[0367] !H-NMR (CDCli;) 8: 1.22 (3H, t, J=7.6Hz), 1.45 (3H,

t, J=7.0Hz), 2.62 (2H, q, J=7.6Hz), 3.85 (2H, 8), 4.06 (2H, q.

J=7.0Hz), 6.79 (1H, d, J=B8.4Hz), 7.00-7.15 (3H, m), 7.36 (1H,

d, J=2.1Hx)

(3) Synthesis of (1R,2R,35,4R,.5R)- and (15,2R,35,4R,5R)~-
2,3,4-Trisbenzyloxy-5-benzyloxymethyl-1-[2-ethoxy-5-
(4;ethy1bensy1)pheuyllcyclohnxanol
In a nitrogen stream, an n-butyllitbium hexane solution

(1.59 M, 2.30 mL, 3.66 mmol) was added dropwise to a solution

of z-brono-l-ethoxf-i-(::otﬁfIfbenzyl)ban:ene {1.18 g, 3.70

mmol) in THF (9 mL) while being cooled to -78°C. The reaction

mixture was stirred at the same temperature for one hour, and
then a solution of (2R,35,4R,5R)-2,3,4-trisbenzyloxy-5-

(benzyloxymethyl)-cyclohexanone (1.50 g, 2.80 mmol) in THF
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(4.5 mL) was added dropwise thereto and the reaction mixture
‘'was stirred at -78°C for 10 minutes. A saturated ammonium
citlor:lde aqueous solution was added thereto to stop the
reaction. The resulting mixture was extracted with ethyl
acetate, and the organic layer was washed with a saturated
gsodium chloride agueous solution and then dried over magnesium
sulfate. The residue obtained by distilling the solvent under
reduced pressure was purified by silica gel columm
chromatography [developing solution=ethyl acetate:n-hexane
(1:4)] to obtain a (1R)-1somer (884 mg._u%) and a (1S)-isomer
(740 mg, 34 %).

[0368] :;,(m)-:somem 'H-NMR (CDC1;) 8: 1.23 (3H, t,
Ja7.6Hz), 1.37 (3H, t, J=7.0Hz), 1.70 (1H, 4d, J=14.3, 4.1Hz),
2.20-2.35 (IH, m), 2.62 (2H, g, J=7.6Hz), 2.67-2.82 (1H, m),
3.0-3.3 (1H, br), 3.43 (1H, 44, J=8.8, 2.0Hzx), 3.71 (1H, a4,
J=9.8, 9.8Hz), 3.83 (1H, A4, J=8.9, 4.0Hz), 3.86-4.10 (3H, m).
3.91 (2H, si, 4.44 (2H, 8), 4.48 (1H, 4, J=10.3Hz), 4.58 (1lH,
br), 4.63 (1H, 4, J=10.3Hz), 4.85 (1H, 4, J=11.0Hz), 4.88 (1H,
d, J=11.0Hz), 4.95 (1H, 4, J=10.8Hz), 6.75 (1H, 4, J-8.4Hz!,
6.79 (2H, 4, J=7.0Hz), 7.00-7.40 (24H, m), 7.53 (1H, 4,
J=2.0Hz)

(18)-Isomer: 'H-NMR (CDCl,) 8: 1.12 (3H, t, J=7.6Hz), 1.30 (3H,
t, J=7.2Hz),"1.40-1.55 (1H, m), 1.76 (1H, 44, J=13.3, 13.3Hz),
2.50 (2H, q, J-T.Sﬁz), ;t74 TIw, 44, J=13.7, 3.2Hz), 3.38 (1H,
dd, J=9.0, 2.8Hz), 3.54 (1H, dd, J=9.0, 5.3Hz), 3.64 (1lH, ad,
J=10.8, 8:733). 3.;6 (1H, 44, J=9.5, 9.5Hz), 3.89 (2H, s),

" 4.0-4.1 (2H, m), 4.39 (2H, 8), 4.53 (1H, dd4, J=11.0Hx), 4.64-
4.72 (3H, m), 4.77 (1lH, 4, J=11.7Hz), 4.79 (1H, 4, J=10.5Hz),
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4.87 (1H, 4, J=10.8Hz), 4.98 (1H, 4, J=11.7Hz), 6.98-7.42 (25H,

‘'m), 7.67 (1H, @, J=1.8Hz)

(4) Synthesis of (1R,2R,3S,4R,5R)-1-[2-Ethoxy-5-(4-ethyl-
benzyl)phenyl]-5-(hydroxymethyl)cyclohexane-1,2,3,
4-tetraol
To n-solution of (1R,2R,3S5.4R,5R)-2,3,4-trigbenzyl-oxy-

5-(benzyloxymethyl)-1-[2-ethoxy-5-(4-ethylbenzyl)-

phenyllcyclohexanol (600 mg, 0.772 mmol) in THF (6 mL) and
methanol (3 mL), a 20% palladium hydroxide catalyst (60 mg)
was added and the mixture was stirred under a hydrogen
atmosphere for 2.5 hours. After filtering the catalyst, the
filtrate waé concentrated under reduced pressure. The
obtained reaigue was purified by silica gel column
chromatography {developing solution=methylene to methylene
chloride methanol [12%(v/v)]} to obtain the title compound

(197 mg, 61%).

[0369] -ll'l-m (CD;OD) &: 1.18 (3H, t, J=7.6Hz), 1.43 (3H,

t, J=7.0Hz), 1.60 (1H, 4d, J=14.3, 4.1Hz), 2.01 (1H, m), 2.43

(1H, 44, J=14.0, 13.0Hz), 2.57 (2H, q, J=7.5Hz), 3:39 (1R, 44,

J=10.5, 9.3Hz), 3.60-3.68 (3H, m), 3.85 (2H, =), 4.03 (2H, m),

4.34 (IH; 4, 3-9.21!2_), 6.82 (1H, 4, J=8.2Hz), 6.99 (1H, @4,

J=8.4Hz, 2.3Hxz), 7.45 (1H, 4, J=2.3Hz)

MS (ESI'): 434 [M#H0]"

HPLC Retentlon Time: 18.71 minttes

HeasufumaFt COndit}ons of HPLC

Column: YMC-Pack ODS-A 6.0x150 mm, 5 um

Mobile Phase: Elution by applying a gradiant of from 10 mM

AcONH,/H;0 (95%) plus 10 mM AcONH./MeOH (5%) to



10 mM AcONH,/MeOH {(100%) for 20 minutes, and
thereafter under the same condition [10 mM
AcONH,/MeOH (100%)] for five minutes
Flow Rate: 1.5 mL/minute
Column Temperature: Room temperature
Detection Condition: Total plot of the entire wavelength
of 230 to 400 nm
Example 68
{1R,2R,35,45,6R)-4-[2-Ethoxy-5-(4-ethylbenzyl )phenyl] -6-

{hydroxymethyl)cyclohaxane-1,2,3-triol

(1) Synth?sis of (1R,2R.3S.4S,6Rl-4-[2-2thoxy-é-(4-
ethyléenzyl)phenyll-s-(hydroxymathyl)cyulohexane-
1,2,3-triol ]

To a sbiution of the (1S5,2R,3S5,4R,5R)-2,3,4~-tris-
benzyloxy-5-benzyloxymethyl-1l-[2-ethoxy-5-(4-ethylbenzyl)-
phenyl]cyclohexanol (402 mg, 0.517 mmol) in THF (4 ml) and
methanol (2 mL) as obtained in Example 67, a 20% palladium
hydroxide catalyst (78 mg) was added and the mixture solution
was stirred under a hydrogen atmosphere for 19 hours. After
filtering the catalyst, the filtrate was concentrated under
reduced bresuura. The obtained residue was purified by silica
gel column chromntog;aphy [developing solution«methylene
chloride: methanol (10:1)] to obtain the title compound (42 mg,

——

20%). T

[0370] iH-NMR (CD,OD) &: 1.18 (3H, t, J=7.6Hz), 1.25-1.50
(1H, ;), i.38 (3H,-t. J=7.0H2), 2.62 (1H, m), 1.78 (1H, m),
2.57 (24, q, J=7.6Hx), 2.95-3.15 (1H, br), 3.25-3.33 (2H, m),
3.54 (1H, 44, J=10.8, 6.1Hz), 3.73 (1H, a4, J=10.8, 3.BHz),
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3.65-3.85 (1H, m), 3.83 (2H, 8), 4.00 (2H, q, J=7.0Hz), 6.81
"(1H, 4, J=B.4Hz), 6.94 (1H, aa, J=8.3, 2.1Hz), 7.04 (1H, 4,
J=1.7Hz), 7.06 (4H, 8)

MS (ESI*):401([M]*

HPLC Retention Time: 12.98 minutes

Examples 69 to 74

The target coﬁpounds were obtained by performing the
same operation as in Example 67 or Example 68 with the use of
the corresponding starting materials and reagents,
respectively.

[0371) 'Example 69

(1R,2R,35,4ﬁ.5k)-1-[5-(4-Etgy1benzy1)-2,4-dimethox1:phanyl]-5-

h thyl lohexane-1,2,3,4-tetraol _

1H-NMR (CDyOD) 3: 1.17 (3H, t, J=7.6Hz), 1.61 (1H, 4d, J=13.9,
3.8Hx), 1.90-2.10 (1H, m), 2.22 (1H, 44, J=1:3.9, 13.2Hz), 2.55
(2H, q, J=7.6Hxz), 3.32-3.42 (1H, m), 3.58-3.70 (3H, m), 3.76-
3.88 (2H, m), 3.80 (3H, s), 3.84 (3H, 8), 4.19 (1H, 4,
J=9.1Hz), 6.58 (1H, s), 7.00 (2H, 4, J=8.2Hz), 7.06 (2H, 4.
J=8.2Hz), 7.35 (1K, 8)
MS (ESI'): 455 [M+Nal’

HPLC Retention Time: 17.83 minutes
Measurement Conditiéns of HPLC

Column: YMC-Pack ODS-A 6.0x150 mm, 5 um

Mobile Phase: Eluiion-gi applying a gradient of from 10 mM

, ACONH,/H0 (95%) plus 10 mM AcONH,/MeOH (5%) to

10 -IIIII AcONH,/MeOH (100%) for 20 minutes, and
- thereafter under the same condition (10 mM

AcONH,/MeOH (100%)] for five minutes



Column Temperature: Room temperature

Flow Rate: 1.5 mL/minutes

Detecti n Condition: Total plot of the entire wavelength
of 230 to 400 nm

Example 70
(1R,2R,35,45,6R)-4-[5-(4-Ethylbenzyl)-2,4-dimethoxy-phenyl]-6-

(hydroxymethyl) oyclohexang- 1,2,.3-triol

l1H-NMR (CD,OD) 8: 1.17 (3H, t, J=7.6Hz), 1.24-1.48 (1H, m),

1.52-1.82 (2H, m), 2.56 (2H, 4, J=7.6Hz), 2.86-3.08 (1H, m),

3.24-3.29 (1H, m), 3.48-3.67 (2H, m), 3.68-3.84 (3H, m), 3.79

(3H, s), 3.81 (3H, 8), 6.56 (1H, =8), 6.?3 (1H, 8), 7.01 (2H.

d, J=3.6Hz), 37.05 (2H, 4, J=8.6Hz)

MS (ESI'): 416 [M]'

HPLC Retention Time: 18.26 minutes

Meagsurement ‘donditions of HPLC

Column: YMC-Pack ODS-A 6.0x150 mm, 5 pm

Mobile Phase: Elution by applying a gradient of from 10 mM
ACONH,/H;0 (95%) plus 10 mM AcONH,/MeOH (5%) to
10 mM AcONH,/MeOH (100%)} for 20 minutea, and
thereafter under the same condition (10 mM
AcONH,/MeOH (100%)] for five minutes

Flow Rate: 1.5 mL/minute

. Column 'l.‘emperature; Room temperature

Detection COnd.it__ions Total plot of the entire wavelength

of 230 Tv 400 nm
Example 71

(1R,2R,3S,4R,.5R)-1-[5-(4-Ethylbenzyl)-2-methylphenyl]-5-
h thyl lohexane-1,2,.3,4-tetraol




H-NMR (CD,OD) d: 1.19 (3H, t, J=7.6Hz), 1.70 (1H, m), 1.94
"(1H, m), 2.05 (1H, m), 2.53 (3H, 8), 2.58 (2H, q, J=7.6Hz),
3.40 (1H, 4, J=9.2Hz), 3.67 (2H, 4, J=4.6Hz), 3.73 (1H, 4,
J=9.2Hz), 3.87 (2H, 8). 4.01 (1H, d, J=9.2Hz), 6.91 (1H, dad,
J=7.6, 1.5Hz), 7.01 (1H, 4, J=7.6Hz), 7.07 (4H, m), 7.42 (1H,
8)

MS (BSI*): 409 [M+Na]*

Example 72

(1R,2R,35,45,6R)-4~-[5-(4-Ethylbenzyl) -2-methylphenyl]-6-
(hydroxymethyl)cyclohexane-1,2,3-triol ]

lH_.NMR (CDsOD) 3: 1.19 (3H, t, J=7.6Hz), 1.24-1.37 (1H, m),.
1.59-1.81 (2H. m), 2.30 (3H, s), 2.57 (2H, q, J=7.6Hz), 2.93
(1H, m), 3.34 (2H, m), 3.50-3.63 (2H, m), 3.75 (1H, dd,
J=10.7, 4.2Hz), 3.86 (2H, 8), 6.87 (1H, 4, J=7.6Hz), 7.03 {1H,
d, Je7.6Hz, 2.1Hz), 7.07 (4H, 8), 7.11 (1H, B)

MS (ESI'): 369 [M-H]™

Example 73 ~

(1R,2R,35,4R,.5R)-1-[5-(4-Ethylbenzyl)-2-methoxyphenyl]-5-

h thyl lohexane-1,2,3,4-tetraol

H-NMR (CD,OD) 8: 1.13 (3H, t, Jw7.6Hz), 1.56 (1H, 44, J=14.1,
3.9Hz), 1.94-2.04 (1H, m), 2.24 (1H, 44, J«13.9, 13.2Hz), 2.51
(2H, q, J=7.5Hz), 3.-24-3.37 (1H, m), 3.57-3.63 (3H, m), 3.74
(3H, s), 3.80-3.90 (2H, m), 4.22 (1H, 4, J=9.1Hz), 6.80 (1H,
4, J=8.4Hz), 6.95-5.01-?55.1577 7.41 (1H, 4, J=1.2Hz)
MS (ESI'): 425 [M+Na]l®
HPLC iatehtion Tiﬁh: 11.69 minutes
" Example 74

(1R,2R,35,4S,6R)-4-[5-(4-Ethylbenzyl) -2-methoxyphenyl]-6-
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{hydroxymethyl)cyclobhexane-1,2,3-triol

1-NMR (én,on) 8: 1.18 (3H, t, J=7.6Hz), 1.24-1.50 (1H, m).
1.54-1.85 (2H, m), 2.57 (2H, 4, J=7.6Hz). 2.90-3.18 (1H, m),
3.24-3.34 (2H, m), 3.54 (1H, ad, J=10.7, 5.9Hz), 3.60-3.78
(2H, m), 3.76 (3H, s), 3.83 (2H, s), 6.82 (1H, 4, J=8.4Hz),
6.96 (1H, ad, J=8.4, 2.0Hz), 7.01-7.11 (5H, m)

MS (ESI'): 404 [M+H.0]*

HPLC Retention Time: 12.33 minutes

Example 75
(1R,2R,35,4R,5R)-1-[5-(4-Ethylbenzyl)-2-trifluoromsthoxy-

phanyll-5-(ﬁ&d:oxymethyl)cgglohexane-l.2.3.4-tetraol

The térget compound was obtained by performing the same
operation as in Example 67 with the use of the corresponding
staring matérial and reagents.

[0372] 'H-NMR (CD;OD) &: 1.17 (3H, t, J=7.6Hz), 1.73 (1H,
da, J-lO.le}. 2.00-2.12 (2H, m), 2.58 (2K, q, J=7.5Hz), 3.35
(1H, d4a, J-;.3. 9.3Hz), 3.58-3.72 (2H, m), 3.66 (1H, ad,
J=9.2, 9.2Hz), 3.93 (2H, s), 3.99 (1H, 4, J=8.9Hz), 7.09 (4H,
8), 7.13 (2H, m), 7.69 (1H, 4, J=1.4HE)

MS (ESI*): 474 [M#Nal®

HPLC Ret;ntion Time: 13.09 minutes

Examples 76 to 78

The taigat—compoqgga were obtained by performing the
- —_
same operation as in Example 68 with the use of the
corresponding staring raw materials and reagents, respectively.

[0373] Example 76
(1R, 2R, 35,48,6R)-4-[5-(4-Isopropylbenzyl)-2-methoxy-phenyl]-6-

(hydroxymeathyl )cyclohexans-1,2,3-triol
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'H-NMR (CD,0D) 8: 1.21 (6H, 4, J=6.9Hz), 1.29-1.42 (1H, m),
'1.59-1.81 (2H, m), 2.78-2.89 (1H, m), 3.06-3.10 (1H, m), 3.26-
3.34 (2H, m), 3.55 (1H, dd, J=10.7, 6.0Hz), 3.62-3.85 (5H, m),
3.84 (2K, s), 6.82 (1H, 4, J=8.5Hz), 6.96 (1H, A4d, J=8.2,
2.2Hz), 7.05-7.11 (5H, m)

MS (ESI*): 400 [M]*

HPLC Retention Time: 13.07 minutes

Example 77
(1R, 2R, 35,45, 6R

methyl )oyolohexane-1,2,3-triol

'H-NMR (cn,ci_n) 8: 1.24 (3H, t, J=7.5Hz), 1.43-1.53 (1H, m),
1.61-1.78 (‘.;I.H, m), 1.85 (1H, 4t, J=13.4, 3.7Hz), 2.56-2.68

(34, m), 3.29-3.40 (2H, m), 3.50-3.66 (2H, m), 3.80 (1H, 4d,
J=10.9, 3.9Hz), 3.94 (2H, @), 7.04-7.27 (8H, m)

MS (ESI*): 357 [M]*-

HPLC Retention Time: 12.12 minutes

-

Example 78
{1R,2R,35,45,6R)-4-[3-(4-Hydroxybenzyl)phenyl]-6-(hydroxy-
methyl)oyclohexane-1,2,3-triol

'H-NMR (CD,OD) 8: 1.43-1.52 (1H, m), 1.64-1.78 (1H, m), 1.85
(1H, at, J=12.5, 3.7Hz), 2.55-2.66 (1H, m), 3.33-3.40 (2H, m),
3.50-3.64 (2H, m), 3.76-3.84 (1H, m), 3.88 (2H, 8), 6.68-6.74
(2H, m), 7.00-7.14 (SH, m), 7.20-7.25 (1H, m)

MS (ESI'): 362 [M+H;01* e

HPLC Bstqption Tiqa: 13.70 minutes

Example 79

(1R, 2R, 3S, 48,6R)-4-[5-(4-Ethylbenzyl) - 2-hydroxyphenyl-6-

h thyl lohexane-1,2,3-triol
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In a nitrogen atream, a gsolution of the (1R, 2R.3S,4S,
'GR)-4-[5-(4-athylbenzyl)-z-mathoxyphenyll-6-(hyuroxy-
ﬁﬁthyl)crolohaxane-l.z.a-triol (40 mg, 0.1 mmol) as obtained
in Example 74 in methylene chloride (1 mlL) was cooled to -78°C
and a BBr; methylene solution (1.0 M, 0.31 mlL) was added
dropwise thereto and the mixture was stirred at the same
temperature for 10 minutes and under cooling with ice for two
hours. Furthermore the BBr; methylene chloride solution (0.2
'mL) was added dropwise thereto and the mixture solution was
gtirred at the same temperature for 3.5 hours, and then a
sodium hydr:t_ax:l.de.methanol solution (0.93 mL) was added thereto.

. The rasidueiobtained by distilling the solvent under reduced

'. presassure was_purifiod by silica gel column chromatography
[daveloping'solution-ethyl acetate:n-hexane (l1l:14)) to obtain
the title compound-(3.5 mg, 9.1%).
[0374] 'lﬂ—m {CDyOD) &: 0.87-0.98 (1H, 8), 1.19 (3H, t,
J=7.8Hz), 1.39-1.52 (1K, m), 1.59-1.66 (1H, m), 1.78-1.83 (1A,
dt, J=13.5, 3.6Hz), 2.56 (2H, q, J=7.8, 7.5Hz), 2.96-3.07 (1H,
m), 3.34 (1H, 8), 3.54-3.59 (1H, m), 3.62-3.69 (1H, m), 3.72
(1H, 44, J=6.6, 3.9Hz), 3.80 (2H, s), 6.68 (1H, d, J=8.4Hz),
6.80 (IH; ad, J-8.4[ 2.0Hz), 6.99 (1H, 8)., 7.05 (4H, 8)

Q MS (BSI*): 372 [M]*
HPLC Retention Time: 1{;? minutes
Example 80 - —
(1R, 2R, 3S, 48, 6R) -4~ 3-(4-Cyclopropylbenzyl ) phenyl -6-
(hxg;ggxggthxl]gxclohaxane-l,:,3-t;101

(1) Syntheals of 4-(3-((3aS,4S,5aR,9aR,9bR)-2,2,8,8-
tetramethyl-hexahydro[l,3]dioxolo[4°,5':3,4]benzo-
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[1,2-4])[1.3]dioxin-4-yl)benzyl]lphenol

(1R, 2R, 35,45, 6R) -4-[3- (4-Hydroxybenzyl )phenyl-6-
(hydroxymethyl)cyclohexane-1,2,3-triol (47 mg, 0.136 mmol) as
obtained in Example 78 was dissolved in N,N-dimethylformamide
(1. mL) and the resulting mixture was stirred under cooling
with ice. 2,2-Dimethoxypropane (142 mg, 1.36 mmol) and
successively p-toluenesulfonic acid hydrate (2 mg) were added
to the reaction mixture. The resulting mixture was stirred at
room temperature for 30 minutes, and a saturated ammonium
chloride aqueous solution was added thereto to stop the
reaction. ?he mixture was extracted with ethyl acetate, aind
the organioilayer was washed with water and dried over sodium
sulfate. Thq residue obtained distilling the solvent under
reduced pressure was purified by preparative TLC [developing
solution=ethyl acetate: n-hexane (1:4)] to obtain the title
compound (54 mg, 59%).
[0375] -IH-NHR (CDC1,) &: 1.11-1.24 (1H, m), 1.42 (6H, 8a),
1.46 (3H, 8). 1.53 (3H, 8), 1.73 (1H, at, J=13.7, 3.9Hz),
1.80-1.93 (1H, m), 2.94 (1H, 4t, J=-4.0, 11.0Hz), 3.59-3.92 (7H,
m), 4.85 (1H, s8), 6.71-6.76 (2H, m), 7.00-7.08 (5H, m), 7.19-
7.23 (1H, m) |
(2) Synthesis of Trifluoromethanesulfonic Acid 4-[3-

((3:5:45.Enn,QaI:EPR)-2,2,8.B-tetramathyl-haxahydro-

[1.3]dioxoloi4'.5'=3.iTF§nzo[1.2-d][1.31610x1n-4-

_yl)PenlylpoPnyl Ester

4-[3-((3a5,48.5aR,9%9aR,9bR)-2,2,8,8-Tetramethyl-
hexahydro[l,3]dioxolo[4',5":3,4]benzo[1,2-4][1,3]dioxin-4~
yl)benzyl]lphenol (34 mg, 0.08 mmol) was dissolved in methylen
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chl ride (0.8 mL) and the mixture was stirred under cooling
'with ic;. Pyridine (15 mg, 0.19 mmol), 2-[N,N-
b-:l.s( trifluoromethanesulfonyl)amino]pyridine (34 mg, 0.096
mmol), and successively N,N-dimethylaminopyridine (1 mg) were
added thereto and the reaction mixture was stirred at room
temperature for 30 minutes, and water was added thereto to
stop the reaction. The mixture was e::tracte-d with methylene
chloride and the organic layer was washed with water and dried
over sodium sulfate. The residue obtained by distilling the
solvent under reduced pressure was purified hy preparative TLC
[daveloping-' solutionwethyl acetate:n-hexane (1:4)] to obtain
the title compound (37 mg, 83%).
{03761 1H-NMR (CDC1,) &: 1.11-1.24 (1K, m), 1.42.(6H, 8),
1.43 (3H, si. 1.53 (3H, 8), 1.74 (1H, 4t, J=13.7, 3.9Hz),
1.80-1.93 (1H, m}, 2.96 (1H, 4t, J=11.1, 3.6Hz), 3.59-3.92
{5, m), 3.'98 {2H, 8), 7.00-7.03 (2H, m), 7.10-7.35 (6H, m)
(3) Synth‘el:l.s of (3aS5,45,5aR,%9aR,9bR)-4-[3-(4-Cyclo-

propylbenzyl)phenyl]-2.2.8,8~-tetramethyl -hexahydro-

[1,3)dioxolo[4’.5':3,4)benzofl,2-4][1,3]1d10xin

In a nitrogen stream, toluene (0.5 mL)-water (0.01'-1 mL)
was added to a mixture of trifluoromethanesulfonic acid 4-[3-
((3a5,4s.5a.l!.9ak.9bn)-2.2.8,B-tetramethyl-haita-
hy‘dro[l.:!]d:foxolo[«l',5'__=_3,4]benlo[1.2-d][1,3]dioxin-4-
yl)benzyl]phenyl ester (38 E0.0GB mmol), K;PO, (65 mg, 0.31
mmol ), sodium bromide (7 mg, 0.068 mmol), cyclo-propylboronic
acid (9 mg, 0.10 mmol) and PA{PPh;), (8.0 mg, 0.007 mmol}, and
the reaction mixture was heated at 100°C and stirred for six

hours. The reaction mixture was cooled to 0°C and water was
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added thereto. The resulting solution was extracted with
.othyl ndﬁtnte, and the organic layer was washed with a
s;turnted sodium chloride agueocus solution and dried over
sodium sulfate. The solvent was distilled under reduced
pressure and the obtained residue was purified by preparative
TLC [developing solution=methyl acetate:n-hexane(l:4)] to
obtain the title compound (10 mg, 33%}.
[0377] ‘H-NMR (CDC1;) d: 0.62-0.68 (2H, m), 0.89-0.96 (2H,
m), 1.10-1.24 (1H, m), 1.42 (3H, &), 1.43 (3H, s8), 1.46 (3H,
8), 1.54 (3H, 8), 1.74 (1H, 4at, J=13.7, 3.9Hz), 1.80-1.93 (2H,
m), 2.94 (1$ﬂ dt, J=10.9, 3.6Hz), 3.59-3.96 (6H, m), 6.96-7.07
(7H, m), 7.i6-1.25 (1H, m)
(4) Synthegis of (1R,2R,3S,48,6R)-4-[3-(4-Cyclopropyl-

benzyl)phenyl]-6- (hydroxymethyl)cyclohexane-1,2, 3-

triol

A solution of (3aS,48,5aR,9aR,9bR)-4-[3-(4-cyclo-
propylbenzfi)phenyll-2.2,8,a-tetramathyl-hexnhydro[1,3l-
dioxolo[4',5":3,4]benzo[1,2-d][1,3]dloxin (10 mg, 0.022 mmol)
in dioxane (0.2 mL) was cooled to 0°C and a 2N hydro-chloric
acid solution (0.2 mL) was added dropwise thereto. The
ranction-mixtura was stirred at the same temperature for three
hours, and then a saturated sodium hydrogancarbonate agqueous
solution was added thagg}o. The resulting solution was
extracted with matﬁylene chloride and the organic layer was
washed wiyh a satq?ated sodium chloride agueous solution and
dried over sodium sulfate. The residue obtained by distilling
the solvent. under reduced pressursa was purified by preparative

TLC [developing solution= methanol:methylene chloride (1:10)]
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to obtain the title compound (4.5 mg, 51%).

-[0378].- 1H-NMR (CD;OD) 3: 0.63-0.68 (2H, m), 0.91-0.98 (2H,
A), 1.42-1.52 (1H, m), 1.62-1.78 (1H, m), 1.80-1.94 (2H, m),
2.54-2.66 (1H, m), 3.33-3.40 (2H, m), 3.50-3.68 (2H, m), 3.79
(1H, a4, J=10.9, 3.9Hz), 3.93 (2H, 8), 6.85-7.16 (7H, m),
7.21-7.26 (1H, m)

MS (BESI'): 386 [M+H;0]*

HPLC Retention Time: 18.49 minutes
Measurement Conditions of HPLC

Column: YMC-Pack ODS-A 6.0x150 mm, 5 pm

Mobile Phn?e: Elution by applying a gradient of from 10 mM

‘_:‘= ACONH,/H0 (95%) plus 10 mM AcCONH,/MeOH (5%) to

10 mM AcONH,/MeOH (100%) for 20 minutes, and
thereafter under the same condition [10 mM
AcONH,/MeOH (100%)] for five minutes

Flow Rate: 1.5 mL/minute

Column Teﬁberature: Room temperature

Detection Condition: Total plot of the entire wavelength

of 230 to 400 nm

Example 81
(1R, 2R, 3§, 4R, 5R) -1- [S-(4-Ehylbenzyl)-2-fluorophenyl]-5-

{hydroxymethyl }cyclohexane-1,2,3,4-tetraol

(1) Synthésis of (IR:ER, 35,4R,5R)- and (1S8,2R,3S,.4R,5R)-
2,3, 4-Trisbenzyloxy-5-behzyloxymethyl-1-[5- (4-ethyl-
_begfyl)-z-f%uorophenylloyclohexnnol
In a nitrogen stream, an n-butyllithium hexane solution
(2.44 M, 0.368 mL) was added dropwise to an solution of 2-
bromo-4-(4-athylbenzyl)-1-fluorobenzene (0.263 g, 0.5000 mmol)
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in ether (3.0 mL) at -78°C and the mixture solution was
‘stirred -at the same temperature for two hours. To thils
s;:lution, a solution of 2,3,4-tris-benzyloxy-5-
methylcyclohexane (0.483 g, 0.900 mmol) in THF (1.5 mL) was
added thereto and the reaction mixture was stirred for two
hours. The reaction was stopped by addition of a saturated
ammonium chloride agueous solution and the resulting mixture
was extracted with ethyl acetate. The organic layer was
washed with a saturated sodium chloride agueous solution and
dried (anhydrous magnesium sulfate), and then the solvent was
distilled ui_;der reduced pressure. The obtained residue was
purified by-silica gel column chromatography [developing
solution=ethyl acetate:n-hexane (1:4)] to obtain a (1R)-isomer
(0.117 g. 1'}.3%) and a (1S)-isomer (0.311 g, 46.1%) of the
title compound.
[0379] '(1R)-Isomer: H-NMR (CDCl,) 8: 1.15-1.32 (3H, m),
1.81-1.92 (1!!. br), 2.20-2.38 (2H, br), 2.62 (2H, q, J=9.8Hz),
3.07 (1H, br), 3.40-3.55 (1H, m), 3.66-3.80 (2H, m). 3.84-4.06
(4H, m)., 4.28 (1H, 4, J=12.3Hz), 4.45 (2H, 8), 4.58 (2H, ¢t,
J=12.1Hz), 4.80-4.96 (3H, m), 6.76-6.84 (2H, m), 6.86-7.00 (1H,
m), 7.02;7.44 (23H, m), 7.52-7.60 (1H, m)
(1S)-Igomer: H-NMR (CDCl;) 8: 1.13 (3H, t, J=1.5Hz), 1.34-1.55
(1H, br), 1.84 (iH, t, J=2.4Hz), 2.50 (2H, q, J=1.5Hz), 2.75
(1R, aa, J=2.4, 0.-9!!:), 2.93-71'!!, d, J=0.9Hx), 3.37 (1H, 44,
J=10.5, 6_.6!!:), 3._57-3.18 (3H, m), 3.86-4.06 (3H, m), 4.40-
5.00 (8H, m), 6.80-7.60 (26H, m), 7.72-7.84 (1H, m)
(2) Synthesis of (1R,2R,3S,4R,5R)-1-[5-(4-Ehylbenzyl)-2-

f£luorophenyl]-5- (hydroxymethyl)cyclohexane-1,2,3,4~
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tetraol

Té a mixture solution of (1R,2R,35,4R,5R)-2,3,4-
éiisbenzyloxy-5-benxyloxympthy1-1-[5-(4-athy1ben:y1)-2-
fluorophenyl]cyclohexanol (271 mg, 0.361 mmol) in methanol-THF
(1:1) mixed solvent (20 mL)., a 20% palladium hydroxide
catalyst (40 mg) was added thereto. The mixture was stirred
undsr a hydrogen atmosphere for 30 minutes, and then the
catalyst was flltered off. The solvent was distlilled under
reduced predsure and the obtained residue was purified by
gilica gel column chromatography [developing
solutionsmethanol: methylene chloride (1:10)] to obtain the
title compound (44.6 mg. 31.6%).
[0380] H-NMR (CD,OD) 8: 1.18 (3H, t, J=7.2Hx), 1.15-1.26
(1H, m), 1.48 (1H, ad, J=13.5, 13.2Hz), 2.57 (2H, q, J=7.8Hz),
2.73 (1H, a4, J=13.5, 3.0Hz), 3.30-3.80 (1H, m), 3.50 (1H, 44,
J=9.9, 5.7&:). 3.53-3.66 (2H, m), 3.83-3.92 (3H, m), 6.94 (1H,
da, J-12.3: 8.1Hz), 7.00-7.25 (S5H, m), 7.95 (1H, 4dd, J=7.8,
1.8Hz)
MS (ESI'): 413 [M+Nal)’
HPLC Retention Time: 10.9% minutes

Example 82
(1S,2R,3S,4R.5R) -1-[5- (4-Ethylbenzyl)-2-fluorophenyl]-5-

(hydroxymethyl)cgclohexane-1,2,3, 4-tetraol

To a solution of (1S.2R,3S.4R,5R)-2,3,4-trisbenzyloxy-5-

benzyloxymethyl-1-[5-(4-ethylbenzyl)-2-
fluorophenyllcyclohexanol (33 mg, 0.044 mmol) as obtained in
Example 81 in methanol-THF (1:1) mixture(l.4 mL), a 20%
palladium hydroxide catalyst (7.5 mg) was added. The mixture
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was stirred under a hydrogen atmosphere for 2.5 hours, and
.then thé catalyst was filtered off. The solvent was distilled
ﬁﬁdar reduced pressure and the obtained residue was purified
by silica gel column chromatography [developing solution=
methanol:methylene chloride (1:10)] to obtain the title
compound (17.5 mg, 100%).

[0381] H-NMR (CD,OD) 8: 1.18 (3H, t, J=7.5Hz), 1.70-1.79
(1H, m), 1.98-2.11 (2H, m), 2.57 (2H, q, J=7.8Hz), 3.32-3.45
(1H, m), 3.60-3.71 (3H, m), 3.90 (2H, s), 3.94 (1H, 4,
J=9.0Hz), 6.91 (1H, 44, J=12.3, 8.1Hz), 7.02-7.12 (5H, m),
7.53 (1H, ad, J=7.8, 2.4Hz)

MS (ESI‘): 413 [M+Na]*

HPLC Retention Time: 11.7 minutes

Example 83

(1R, 2R, 35,4R,5R)-5-Hydroxymethyl-1-[3-(4-methoxybenzyl)-
phenyl]oyciohexane-l.2.3.4-tetraol

The f;rgot compound was obtained by psrforming the same
operation as in Example 81 with the use of the corresponding
starting material and reagents.

[0382] H-NMR (CDsOD) 8: 1.62-1.80 (2H, m), 1.94-2.10 (1H,
m), 3.40.(1H. dd, J=10.5, 8.7Hz), 3.62-3.72 (4H, m), 3.73 (3H,
e), 3.89 (2H, s), 6.70-6.82 {(2H, m), 7.00-7.03 (2H, m), 7.06-
7.12 (2H, mJ, 7.22 (IH:_F, J=7.8Hz), 7.27-7.32 (1H, m), 7.34-
7.37 (1H, m) - A
MS (ESI*): 375 [M+H]’
HPLC Retention Time: 9.53 minutes

Example B84 .

(15,2R,35,4R,5R) -5-Hydroxymethyl-1-[3- (4-mathoxybenzyl)-
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phenyl]ocyclohexane-1,2,3,4-tetraol

- Th; target comp und was obtained by performing the same
oﬁeration as 1n Example 81 with the use of the corresponding
starting material and reagents.

[0383] 'H-NMR (CD,OD) d: 1.28-1.44 (1H, m), 1.56 (1H, t,
J=13.2Hx), 2.35 (1H, 4t, J=13.5, 3.0Hz), 3.45 (1H, 44, J=11.1,
6.0Hz), 3.60-3.70 (3H, m), 3.73 (3H, 8), 3.89 (2H, 8), 6.77-
6.82 (2H, m), 7.00-7.05 (1H, m), 7.06-7.13 (2H, m), 7.20 (1H,
t, J=7.8H), 7.60-7.65 (1H, m), 7.68-7.70 (1H, m)

MS (ESI*): 397 [M+Nal®

HPLC Retent%on Time: 14.6 minutes

Example 85 *:
!;j;-(4-Bthy1panzy1)-1H—1ndol-3-y1]-6-(hydroxymaghyl)-

cyclohexane-1,2,3-triol

(1) Synthesis of -1-(4-Ethylbenzyl)-1H-indole

To a';olution of indole (4.0 g, 34.1 mmol), potassium
hydroxide (2.40 g, 42.6 mmol) in ethanol (200 mL) was added
and the mixture solution was stirred at room temperature for
two hours. The solvent was distilled under reduced pressure.
The residue was dissolved in acetone (200 mL), and 1-
chloromafhyl-4-ethylpenlene (5.28 g, 34.1 mmol) was added
thereto. The reaction mixture was stirred at room temperature
a whole day and night._gpd then subjected to Celite filtration
and the filtrate w;s diutiliza‘under reduced pressure. The
obtained ;esidue was purified by silica gel colummn
chromatography [developing solution=ethyl acetate:n-hexane
(1:500)] to. obtain the title compound (3.8 g, 47%).

[0384] H-NMR (CDCls) 8: 1.19 (3H, t, J=7.6Hz), 2.60 (2H,
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q, J=7.6Hz), 5.27 (2H, s), 6.53 (1H, 44, J=3.1, 0.7Hx), 7.03
-(ZH. d.-J-7.6H:), 7.07-7.22 (5H, m), 7.29 (1H, 4, J=8.0Hz),

7:64 (1H, 4, J=6.8Hx)

(2) Synthesis of 3-Bromo-l-(4-ethylbenxy)-1H-indole
A solution of 1-(4-ethylbenzyl)-1lH-indole (2.0 g,

8.50 mmol) in DMF (20 mL) was added dropwise to a solution of

bromine (0.46 mL, 8.93 mmol) in DMF (20 mL) at room

temperature. The reaction mixture was stirred for two hours,
and then poured intc an ice-cooled sodium pyrosulfurous acid
aqueous solution. The resulting mixture was extracted with

ethyl aceta?e, and the organic layer was washed with a

saturated sodium hydrogencarbonate aqueous solution and a

saturated sodium chloride aqueous solution and dried,

(anhydrous ﬁagneaium sulfate), and then the solvent was

distilled under reduced pressure. The residue was

recrystallizad from ethyl acetate and n-hexane to obtain the

title conp;hnd (1.68 g, 63%).

[0385] 'H-NMR (CDC1,) 8: 1.20 (3H, t, J=7.6Hz), 2.61 (2H,

g, J=7.6Hz), 5.23 (2H, 8)., 7.05 (2H, 4d, J=8.0Hz), 7.11-7.22

(5H, m), 7.30 (1H, a4d, J=6.5, 1.9Hz), 7.57 (1H, 44, J=6.5,

1.9Hz) _

(3) Synthesis of (2R,35,4R,.5R)-2,3,4-Trisbnezyloxy-5-
ben:yioxymathyl-l:[1-(4-ethy1benzyl)-1H-1ndol-3-yl]-
cyclohexanoi =

_Ina nitrogqp stream, a solution of 3-bromo-1-(4-

ethylbenzyl)-1H-indole (427 mg, 1.36 mmol) in THF (8 mL) was

cooled to -78°C, and an n-butyllithium hexane solution (1.6 M,
0.89 mL, 1.43 mmol) was added thereto. The reaction mixture
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was stirred at the same temperature for five minutes. To this

'solut:l.oli, a solution of (2R,35,4R,5R)-2,3,4-trisbenzyloxy-5-

(-benlylomathyll-oyclohexanone (875 mg, 1.63 mmol) in THF

(5.6 mL) was added dropwise and the mixture was stirred at -

78°C for two hours. The reaction was stopped by addition of a

saturated ammonium chloride agqueous solution. The resulting

mixture was extracted with ethyl acetate, and the organic

layer was washed with water and then dried over sodium sulfate.

The residue obtained by distilling the solvent was purified by

silica gel column chromatography [developing solution=ethyl

ucetate:n-h:_exnne (1:10)] to obtain a less polar-isomer (354 mg.

34%) and a l;nore polar-isomer (115 mg, 11%) of the title

compound. .

[0386] ‘Less Polar-Isomer: 'H-NMR (CDCl,) 8: 1.18 (3H, t,

J=7.2Hz), 1.93 (2H; m), 2.40 (1H, m), 2.61 (2H, q., J=7.2Hz),

3.40-5.22 (-151-!. m), 7.02-7.40 (28H, m), 7.93 (1H, 4, JI=8.0Hz)

More Polar:Inomam H-NMR (CDC1,) &: 1.18 (3H, t, J=7.6Hx),

2.40 (1H, m), 2.38 (2H, m), 2.58 (2H, q. Jw7.6Hz), 3.41-5.24

(15H, m), 6.83 (1H, 4, J=8.0Hz), 7.03-7.34 (27H, m), 7.75 (1H,

d, J=7.6Hz)

(4) Sy-ntheﬂ:l.l of 1.-(4-Ethylbanlyl)-3-[(18.25.3!.4]!.5!)-
2,3,4-trisbenzyloxy-5-(benzyloxymethyl)cyoclohaxyl]-
1H-indole _ -

In a nitroge;a stream, ?ﬂethyls:llane (0.21 mL, 1.22

mnl)_ was added d:_'opwise to a solution of {(2R,3S5,4R.5R)-2,3.,4-

trisbnezyloxy-5-benzyloxymethyl-1-[1-{4-athylbenzyl)-1H-indol-

3-ylloycdlohexanol (469 mg, 0.61 mmol) in methylene chloride (6

mL) at 0°C. A boron triflucoride-diethyl ether complex (0.093
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mL, 0.73 mmol) was added dropwise thereto over five minutes
'and the reaction mixture was stirred at 0°C for two hours. A
Qﬁturated sodium hydrogencarbonate agqueous solution was added
to the reaction mixture and the resulting mixture was
extracted with methylene chloride. The organic layer was
washed with a saturated sodium chloride aqueous solution and
dried over sodium sulfate. The residue obtained by distilling
the solvent under reduced pressure was purified by silica gel
column chromatography [daveloping solution= ethyl acetate: n-
hexane (1:15)] to obtain the title compound (232 mg, 51%).
[0387] H-MMR (CDC1y) 8: 1.17 (3H, t, J=7.6Hz), 1.87 (2H,
m), 2.27 (1H, m), 2.58 (2H, q, J=7.6Hz), 3.36 (1H, d4d, J=9.0,
1.7Hz), 3.59-3.70 (2H, m), 3.88-4.00 (2H, m), 4.12 (1H, t,
J=8.6Hz), 4.38 (2H, 8), 4.47 (1H, 4, J=11.4Hz), 4.54 (1K, 4,
Ju2.7Hz), 4.58 (1H, 4, J=3.1Hz), 4.80 (1H, 4, J-lO.?Hli. 4.89
(1H, 4, J-iﬂ.?Hl), 4.98 (1H, 4, J=10.7Hz), 5.25 (2H, 4.
J=4.9Hx), 6.97 {2H, 4, J=8.4Hz), 7.05 (2H, 4, J=8.0Hx), 7.08-
7.35 (24H, m), 7.62 (1H, 4, J=7,2Hz)
(5) Synthesis of (1R,2R,35,4S,6R)-4-[1-(4-Ethylbenzyl)-1H-

indol-3-yl]-6-(hydroxymethyl)cyclohexane-~1,2,3-triol

In-a nitrogen stream, dimethylsulfids (0.72 mL) and a
boron trifluoride-diethyl ether complex (0.36 mL, 2.8 mmol)
were added to a.aolutigE of 1-(4-ethylbenzyl)-3-[(15,25,3R,
4R,SR)-2,3.41tris;Senzyloxy:§:1ben:ylo:ymothyl)oyclohexyl]-1H-
indole (213 mg, 2.28 mnol) in methylene chloride (4.7 mlL)
under cooling with ice. The mixture solution was stirred at
room temperature for 64 hours, and then water was added

thereto under cooling with ice and the resulting solution was
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extracted with methylene chloride. The organic layer was
‘'washed with a saturated sodium chloride agueous solution and
dfied (anhydrous magnesium sulfate) and then the solvent was
distilled under reduced pressure. The obtained residue was
purified by silica gel column chromatography [developing
solution=methylens chloride: methanol (50:1)] to obtain the
title compound (45 mg, 41%).
[0388] H-NMR (CD,OD) 8: 1.17 (3H, t, J=7.6Hz), 1.66 (1H,
m), 1.79 (1H, m), 2.16 (1H, m), 2.58 (2H, ¢, J=7.6Hz), 3.33
(1H, m), 3.57 (1H, 44, J=10.7, 6.1Hz), 3.69 (1H, 44, J=10.7,
4.2He), 3.76-3.88 (3H, m), 5.29 (2H, 8), 6.98-7.11 (6H, m),
7.24 (1H, d‘;.= J=8.0Hz), 7.30 (1H, s), 7.62 (1H, 4, J=7.6Hz)
MS (ESI*): 396 [M+H]"

The structural Formulae of the compounds of the above-
described Examples -are shown in Table 1 to Table 10.
[0389] [Table 1]

Table 1

Example Structural Formula

~OH

Example
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[0390] [Table 2]
Table 2
Example Structural Formula | Example | Structural Formula
. b XLC
0 0 F 0 7
Exa:;ple f .OH Exu:ple JOH
HO Y OH HO Y "OH
OH OH
L
Exu:ple . \OH . Exm:ple OH
:.:HO " VOH HO ’EaIOH
OH OH
OO, X
Example |, Example F
|\°H \\m
? ﬁ w0
- Ho Y~ YOH Y~ YOH
OH OH
TCC,
Examplq OH Example LOH
6 ) 11 ( ]
HO v OH HO Y OH
OH OH
OO0
Exa:ple O OH Example @ o) @ o~
ﬁ 12 +OH
HO " v"vou HO on
- B Y
OH
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[0391] [Table 3]

Table 3
Example | Structural Formula | Example | Struotural Fomul_a
LF F
O TCO..
Example o] Example OH
T e | e X
HO HO " "OH
x“oH o
OH
oY
Example LOH Example 0
14 a ﬁ 19 nOH
= O o HO OH
° o
| L
Example 0 Example OH
15 | «dou 20 v@i
HO
HO oH 14 oH
OH
16 «OH 21 + OH
"lo v 0'1 m Y m
- _ OH OH
- _o O 0~ 20
Example t.\OH Example OH f’o
17 HO 22 *
B Y OH mﬁoﬂ
o B
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[0392] [Table 4]
' Table 4
Example Structural Formula Example | Structural Formula
JASS
ixample ° F Example
N ﬁm “ ~/¢L°H
HO H OH HO Y “OH
OH OH
o\
AL, YAS Y™
Exa;‘ple JOH Exa;ngnle ) JOH  AcO
e”°~4’:::;bu HO "o
% OH OH
25 »OH 30 \,J:t]iOH
- ko Y~ YOH HO Y~ TOH
- OH - OH
Example @ 9 O OH Example 9 ‘ ~
26 OH 31 OH C
HO "o ' HO\v"~on
OH OH
- @ (o]
A = SN |
Rxaple O N Exapte oH &
HO " "OH HO Y "OH
- -OH OH

[0393] [Teble 5]
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Table 5
Example Struotural Formila Example Structural Formula
¢ L
F
Exanple Example
* ~4J:t]:°H . o \OJ:tJ:OH
HO Y OH HO v VOH
OH OH
O, )
Example LOH Example | @o’
> . V@‘ ” >
. Y "OH HO " \v"vou
= OH OH
Example LOH Example i :0 j 0~
* «@ C e O
- HO y QH HO o
- OH on
Exampl 9 O Example O 9 OI
ple
i FSestl LR e
HO " \v"“ou HO v ~oH
OH OH
| .
Na
" O —— 0
Example Example
37 A OH 42 ‘,@:OH
-] M Avon Moy Son
OH OH

[0394] [Tables 6]
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Table 6
Example Structural Formula Example | Structural Formula
m
Example I Example
43 «OH O 48
HO r OH
OH
Example I 0 I Example
44 - JOH 49 i
;O on
- w
S AP
0 i
Example . OH Example
45 . ﬁ 50
HO Y OH
OH
Example Example
46 51
Example Example
47 52

[0395] [Table 7]
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Table 7
Biample- Structural Formula Example | Structural Formula
Example I Example o
" 53 "&OH 0 58 ‘,;I:;E[m
OH
HO Y OH mare polar- omer
OH
Example Example
54 59
I OM OM
Example ) OH I Example
55 . - 60
HO v ~OH
= OH
s
Example OHE Example
56 N 61
HO Y. OH
OH
) i —
Example QM Example
57 - 62
o
-1 lnas pola- isomer

[0396] [Table 8]
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Table 8
Enmplé Struotural Formula Example | Structural Formula
Example Example
- 63 68
Y
Example Example "-%
64 69 OH
HO. " oH
OH
T - ~
Example Example
65 HOJ .OH 70
HO " ~oH
OH
— -
Example Example
66 OH 71
HO " OH
OoH
Example Example
67 72

{0397] [Table 9]
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Table 9
Example Structural Formula | Exampla Btructural Fornﬁla
OH
Example Example OH
73 78 .
HO v “OH
OH
Example Example
74 79
Example Example
75 a0
Example ~o Example
76 OH 81
HO O
OH
Example Example
77 82

[0398] [Table 10]

>
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Table 10
Example Structural Formula
Example
83
Example
84
Example
85 ~OH
HOA\"oH
. OH
[0399] Experimental Example 1

Test for Confirming Action of Inhibiting Human Na'-Glucose Co-

transporters (SGLT1 and SGLT2)

(1) Prephration of Human SGLT1 Expression Vector

PCR was perforﬁad by KOD+DNA polymerase (a product of
Toyobo Co., 'Ltd.) by taking a buman small intestine-derived
cDNA library (a prbduc;‘;f Clontech) as a template with the
use q? a synthesized DNA primer to amplify human EGLTI ODNA.
Then, thQ-amplifiéﬁ fragment was olon;d to pcRIIl-Topo vector
with the use of a Topo TA Cloning Dual Promoter kit (a product

of Invitrogen) and introduced into E. coli competent cells
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(TOP10, a product of Invitrogen) and clones which exhibited
‘resistance to ampicillin were proliferated in an LB mediuym
c&ntaining ampicillin (50 mg/L). From the proliferated
E. coll, a plasmid was purified according to the usual way
(see Maniatls et al., Molecular Cloning). By taking this
plasmid as a template, PCR was performed by KOD+DNA polymerase
with the ugse of a synthatic DNA primer into which restriction
enzyme recognition pites had been introduced to amplify human
SGLT1 cDNA (a fragment added with an Eco RI recognition site
on the upstream side and a Hind III recqgnition site on the
downstream side). This amplified fragment was subjected to
Eco RI and éind III digestion, and the digested fragments were
connected to the recognition sites of expression vector pcDNA
3.1(-) (a produot of Invitrogen) with the use of a Rapid DNA
Ligation kit (a product of Roche Diagonostic). The connected
exprassion'iector was introduced into E. coli competent cells
(DH5a, a praduct of Invitrogen) and proliferated in an
ampioillin-containing LB medium to obtain a human SGLT1
expression vector according to the usual way.

[0400] (2) Preparation of Human SGLT2 Expression Vector
Pcﬁ vas perforpad by KOD+DNA polymerase by taking a
human kidney-derived oDNA library (a product of Clontech) as a
template with the use of a syntheasixed DNA primer to amplify
human SGLT2 CDNA. Then, the Emplified fragment was cloned to

pcRII:Topo vactor yith the use of the Topo TA Cloning Dual
Promoter kit and then introduced into E. coli competent cells
(TOP10) and clones which exhibited resistance to ampicillin
were proliferated in an LB medium containing ampicillin (50
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mg/L). From the proliferated E. coli, a plasmid was purified
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'aocordiﬁg to the usual way. By taking this plasmid as a
t;mplate. PCR was performed by KOD+DNA polymerase with the use
of a synthetic DNA primer into which restriction enzyme
recognition sites had been introduced to amplify human SGLT2
cDNA (a fragment added with Xho i recognition site on the
upstream side and a Hind III recognition site on the
downstream side). This amplified fragment was subjected to
Xho I and Hind III digestion, and the digested fragments were
connected to their recognition sites of the expression vector
PCDNA 3.1(-) with the use of the Rapid DNA Ligation kit. The
connected eipression vector was introduced into E. coli
competent cells (DH5c) and proliferated in an ampicillin-
containing LB medium to obtain a human SGLT2 expression vector
acoording to the usual way.
[0401] (3) Preparation of Human SGLT1 Stable Expression
) Cell and Human SGLT2 Stable Expression Cell

The human SGLT1 expresslion vector or the human SGLT2
expression veotor which was digested with restriction enzyme
Pvu I was introduced into CHO-K1 cells with the use of FuGene
(a produét of Roche Diagonostics). After introduction of the
gene, the cells were incubated in a DMEM medium (a product £
Gibco) contdlning.peniqi}lin (50 U/mL, a product of Sigma},
streptomycin (50 m&/L. a prdaaat of Sigma), Genetiocin (200
mg/L._a product of Nakalai Tesque) and 20% bovine fetal serum
in the presence of 5% CO; at 37°C for about three weeks to
obtain Genticin-resistant clones. From these clones, cells

capable of stably expressing human SGLT1 or the human SGLT2
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were selected and obtained by using sodium dependent sugar
(mathyl;a-D-glucopqranoside) intake activity as an index.
[b402] {4) Measurement of Methyl-a-D-glucopyranoside
Intake Inhibition Activity

The human SGLT1 stable expression CHO cells or the human
SGLT2 stable expression CHO cells was seeded in a 96-well
plate to a density of 30,000 to 40,000 cells/well and
incubated for four to six days. Next, the medium of the
culture plate was removed, and a pretreatment buffer (a buffer
containing 140 mM of choline chloride, 2 mM of potassium
chloride, 1 mM of calcium chloride, 1 mM of magnesium chloride,
10 mM of 2-{4-(2-hydroxyethyl)-1l-piperazinyl]ethanesulfonic
acid and tris(hydroxymethyl)-aminomethane and having a pH of
7.4) was added in an amount of 150 ML per well and then left
to stand at 37°C for 20 minutes. The pretreatment buffer was
removed and the pretreatment buffer was again added in an
amount of 50 pL per well and then left to stand at 37°C for 20
minutes. To 100 mL of a buffer (a buffer containing 140 mM of
sodium chloride, 1 mM of potassium chloride, 1lmM of magnesium
chloride, 1 mM of methyl-a-D-glucopyranoside, 10 mM of 2-[4-
(z-hyuroﬁyethyll-l-qiperalinyl]ethanesulfonio acid and
tris(hydroxymethyl)aminomethane and having a pH of 7.4), there
was added aid mixed 6.3 mL of methyl-a-D-(U-'‘C)}glucopyrancside
(200 mCi/L, a product of Amérsham Pharmacia Biotech) to
prepare an intake buffer, and a test compound was dissolved in
this intake buffer and the resulting solution was used as a
buffer for determining inhibition activity. Further, as a

control, a test compound-free intake buffer was used.
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Furthermore, in order to determine a basic intake in the

c;ntaining 140 mM of choline chloride instead of the sodium
chloride was prepared in the same manner and used in the
determina-tion. The pretreatment buffer was removed from the
wells of the culture plate and a buffer for determining
inhibition activity was added in an amount of 35 ulL per well
and was left to stand at 37°C for 45 minutes. Then, the
buffer for determining inhibition activity was removed and a
washing buffer (a buffer solution containing 140 mM of choline
chloride, ZZmM of potassium chloride, 1 mM of calcium chloride,
1l mM of magﬁesium chloride, 10 mM of methyl-a-D-
glucopyranos;da, 10 mM of 2-[4-(2-hydroxy-ethyl)-1-
piperazinyliathanesulfonic acid and tris-

(hydroxymethyl )aminomethane and having a pH of 7.4) was addad
in an umouﬁ% of 300 uL per well and immediately removed. This
washing opé;ation was repeated again and a cell solubilizing
solution (1 M of sodium hydroxide and 0.1% of sodium lauryl
sulfate) was added in an amount of 30 uL per well to
solubllize cells. Thereto was added 15 uL of 2 M hydrochloric
acid, una 40 uL of the obtained solution was transferred to a
Luma-plate (a produoct of Packard) and was left to stand
overnight af'roam.tempefgtura to evaporate the solvent. The
radiocactivity of tﬁe sample';E‘the plate was determined on a
Topcount gmanufnctyred by Packard). The test compound
concentration (ICso value) which inhibited 50% of intake, when
the value obtained by deduoting a basic intake from the intake
of the control was taken as 100%, was calculated from the
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' (EL£it ver.3). As a result, the compounds of the present
1-nvent:l.on exhibited remarkable SGLT2 inhibition action. The
ICs values for the SGLT2 inhibition of the representative
compounds of the present invention are shown in Table 11.

[0403] [Table 11]

Table 11

Test Compound | ICs,, Value (nM) | Test Compound | IC,, Value (nM)
Example 1 61 Bxample 59 8.9
Example 2 111 Exemple 62 7.1
Example 8. 7 Example 64 6.6
anmglg 11 . 14 Example 68 18
Example 13 18 Example 69 5.1
Example 25 . 31 Example 70 7.4 .
Example 42 7.7 Example 73 11
Exl;m!;.le 44 . 16 Example 54 14
Enmpie 55 17 )

INDUSTRIAL APPLICABILITY

[0404] By the present invention, cyclochexane compounds
which exhibit the action of inhibiting SGLT2 activity or their
pharmaceutically acceptable salts can be provided. The
compounds of the present invention are useful as prophylactic
or therapeutic agents for diabetes, diabetes-related diseases

or diabetic complicaticns.
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CLAIMS

‘1. A compound represented by formula (I)

[i‘omula 1]

?rz
(CR°R")p,

Pl
)\

(h

wherein _
" A 18 '-0-, -CHs-, or -NH-;
n is an integer selected from 0 and 1;
R' ana R’ are each independently a hydrogen atom or
a C;~C¢ alkyl group
m is an integer selected from 1 to 3;
Q 18 selected from Q' to Q° represented by the
following formulae:

[Fomul_il . 2]

NS
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,.\\R1
4
7 "R : " VR2
= e
Q' Q? Q?
HS
SR
4
: : R?
= :,
i Q4 05

wherein
R', R?, R R', and R® are each independently

Eelected from a hydrogen atom, a hydroxy group,
a C3-C¢ alkyl group which may be substituted with
one or more Ra, a C;-C¢ alkoxy group which may

be substituted with one or more Ra, a C;-C;,
aralkyloxy group which may be substituted with
one or more Rb, and -0C(=0)Rx;

Rx is a C;-Cs alkyl group which may be substituted
with ane or Ere Ra, an aryl group which may be
subnt:l.tu-tad with one or more Rb, a heteroaryl

_group wh_:l.ch may be substituted with one or
more Rb, a C;-Cs; alkoxy group which may be

gubstituted with one or more Ra, or -NReRf,

Ar! is an arylene group which may be substituted
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with one r more Rb, or a heteroarylene group

" which may be substituted with one or more Rb,
where the heteroarylene group may form a fused
ring with an aromatic carbooycle or an aromatic
heterocycle;

Ar? is an aryl group which may be substituted with
one or more Rb, or a heteroaryl group which
may be substituted wlth one or more Rb:;

Ra is esach independently selected from a halogen
atom, a hydroxy group, a cyanc group, a nitro
gr@up. a carboxy group, a C;-C¢ alkoxy group
wh;.oh may be substituted with one or more Rc, an
aryl group which may be substituted with one or
more Rd, an aryloxy group which may be
substituted with one or more Rd, a heteroaryl
gfoup which may be substituted with one or more
Rd, a heteroaryloxy group which may be
substituted with one or more R4, a mercapto group,
a C;-C¢ alkylthioc group, a C;-C¢ alkylsulfinyl
group, a C;-Cs alkylsulfonyl group, -NRfRg, and a

- 'cl-c. alkylcarbonyl group which may bs substituted
with one or more Ro;

Rb i® each independently selected from & C,-Cg
alkyl group wh?ch may be substituted with one or
more Rc, a C;-C; alkenyl group which may be
;ubst:l.tut-ed with one or more Rc, a C3-C,

- cycloalkyl group which may be substituted with

ons or more Rc, a C;-C;, aralkyl group which may
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be substituted with one or more RE, a halogen

" atom, a hydroxy group, a cyano group, a nitro
group., a ocarboxy group, a C,;-C¢ alkoxy group which
may be substituted with one or more Rc, an aryl
group which may be substituted with one or more
R4, an aryloxy group which may be substituted
with one or more R4, a hetercaryl group which
may be substituted with one or more R4, a
hetercaryloxy group which may be
substituted with one or more Rg. a mercapto
group, a C;-Cs alkylthio group, a C;-C,
al;}.ylaulf:l.nyl group, a C,-C¢ alkylsulfonyl group,
-NRfRg, a C,-C¢ alkylcarbonyl group which may be
substituted with one or more Rc, a C;-C,
alkylenedioxy group, a heterocyclyl group.
-CO;R1, and -CONRiRJ;

Rc 1s each independently selected from a halogen
atom, a hydroxy group, & cyano group, a nitro
group, a carboxy group, a C;-C; alkoxy group
which may be substituted with one or more

-halogen ato-ms, an aryl group which may be
substituted with ons or more Rd, an aryloxy
group which may be substituted with one or more
R4, a het;roar;l group which may be substituted
with one or more Rd, a heterocaryloxy group which
;nay be su-bat:ltuted with one or more Rd, an amino

- group, a C,-C¢ alkylamino group, and a di(C,-C,
alkyl)amino group:
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Rd 18 each independently selected from a C,-C;

- alkyl group which may be substituted with one or
more halogen atoms, a C;-Cs alkoxy group which
may be substituted with one or more halogen atoms,
a C;-C;4 aralkyl group which may be substituted
with one or more halogen atoms, a halogen atom, a
hydroxy group, a cyano group, a nitro group, an
amino group, a C;-C¢ alkylamino group, and a
di(C;-C¢ alkyl)amino group:

Re 1is a hydrogen atom, a C;-C; q;kyl group which
ma? be substituted with one or more Ro, an aryl
gréup which may be substituted with one or more
Rd, or a heteroaryl group which may be
substituted with one or more Rd;

Rf is a hydrogen atom, or a C;~-C¢ alkyl group which
méy be substituted with one or more Rc;

Rg *ia a hydrogen atom, a C,~-C¢ alkyl group which
may be substituted with one or more Rc, a C;-Cg
alkylcarbonyl group which may be substituted
with one or more Rc, an aryl group which may be

-suhntituteq with one or more R4, a hetercaryl
group which may be substituted with one or more
Rd, a anrbamo!i.group. a C,-Cs; alkoxycarboxy
group uhi&h may be substituted with one or more
‘Fc. or a_pl-c. alkylesulfonyl group which may be
substituted with one or more Ro;

Re and Rf, and Rf and Rg may form a 4- to 7-

membered heterocycle together with the nitrogen
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atom to which they are bonded, respectively; and
-Ri and Rj are each independently selected from a

hydrogen atom, a C;-Cs alkyl group which may be

substituted with one or more Rc, a C;-Cy cyclo-

alkyl group which may be substituted with one

or more Ro, and a C;-C;4 aralkyl group which may

be substituted with one or more Rd,
or a prodrug or a pharmaceutically acceptable salt thereof.
2, The compound according to claim 1, wherein n is 1,
or a prodrug or a pharmaceutically acceptable salt thereof.
3. The ci-?mpound according to claim 1 or 2, wherein A is -O-
or ~NH-, orf;a prodrug or a pharmaceutically acceptable salt
thereof.
4. The cc-impound according to claim 2 or 3, wherein the
substituent -(CR°R7),-Ar? is bonded to a ring atom adjacent to
the ring ai:om to which the substituent A is bonded on Ar’,
or a prodru; or a phnmceutically‘acceptable salt therxeof.
S. The compound according to claim 1, wherein n is 0, or a
prodrug or a pharmaceutically acceptable salt thereof.
6. . The compound according to claim 5, wherein the
substituent -(CR°R’).-Ar? is bonded to the second ring atom
departing from the ring atom to which Q is bonded on Ar',
or a prodru§ or & ?ha.rm_e_ceutically acceptable salt thereof.
7. The compound according‘_t—; any one of claims 1 to 6,
wherejin m is 1,
or a prodrug or a pharmaceutically acceptable salt thereof.
8. The compound according to any one of claims 1 to 7,
wherein Ar! 15 a phenylene group, & naphthylene group. a
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thienylene group, a pyridinylene group. an indolylene group,
‘or a pyfazolylene group, where these groups may be substituted
wﬁth one or more Rb,
or a prodrug or a pharmaceutically acceptable salt thereof.
9.. The compound according to any one of claims i to 8,
wherein Ar? is a phenyl group, a naphthyl group, a thienyl
group, a benzofuranyl group, a benzothienyl group, a
benzodioxolyl group, a 2,3-dihydrobenzofuranyl group; or a
2,3-dihyrobenzothienyl group, where these groups may be
substituted with one or more Rb, ]
or a prodrug or a pharmaceutically acceptable salt thereof.
10. The cémpound according to any one of claims 1 to 9,
wherein )

R, R*, R, R* and R! are each independently selected from
a hydroxy group and -OC{(=O)Rx,
or a prodrﬁg or a pharmaceutically acceptable salt thereof.
11. The dampound according to claim 1, wherein m is 1; n 1is
1; A 1s -O- or -NH-; Ar' is a phenylene group, a naphthylene
group., a thienylene group, a pyridinylene group, an indolylene
group, or a pyrazolylene group, where these groups may be
subatitufed with one or more Rb; Ar? is a phenyl group, a
naphthyl group, a thienyl group, a benzofuranyl group. a
benzothienyl grqup. a benzodioxolyl group, a 2,3-
dihydroban:ofuranfi grgzi. or & 2,3-dihyrobenzothienyl group,
wherg_thefe groups may be substituted with ocne or more Rb: and
R!, R}, R’, R* and R® are each independently selected from a
hydroxy group and
-0C(=0O)Rx,
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or a prodrug or a pharmaceutically acceptable salt thereof.
12. The compound according to claim 1, wherein m is 1; n is
o} Ar' is a phenylene group, a naphthylene group, a thienylene
group, a pyridinylene group, an indolylene group or a
pyrazolylene group, where these groups may be substituted with
one or more Rb; Ar? is a phenyl group, a naphthyl group, a
thienyl group., & benzofuranyl group, a benzothlenyl group, a
benzodioxolyl group, a 2,3-dihydrobenzofuranyl group, or a
2,3-dihyrobenzothienyl group, where these groups may be
substituted with one or more Rb; and th R?, R}, R' and R® are
each independently selected from a hydroxy group and -OC(=O)Rx,
or a prodru; or a pharmaceutically acceptable salt thereof.
13. A compound gelected from: ]
[2- (4-methoxybenzyl)phenyl]-5a-carba-p-D-glucopyranoside;
[1S,2R.3R,4R,6S])-4-hydroxymethyl-6-[3-(4-methoxybenzyl)-
phanyl]cycibhpxane-l,q.a-triolg
[2-(4-tr1flaoromethoxybanzyl)phenyl]-Sa-oa:ba-p-n-gluoo-
pyranoside;
[2-(4-cyclopentylbenzyl)phenyl] -5a-carba-p-D-glucopyranoside;
[2-(4-chlorobenzyl )phenyl]-5a-carba-fi-D-glucopyranoside;
(z-benzyiphanyl)-5u-parba-ﬂ-D-glucopyranosido:
[2-(4-isopropylbenzyl)phenyl]-5a-carba-fi-D-glucopyranoside;
[2-(4-cycloﬁropylbenly;lyhonyl]-5a-carba-B-D-gluoopyranosida:
lzv(4-n-propylben:il)phsnyl1:33=earba-ﬂ-D-glucopyrunonids:
[2-(4:tr1f1uoromathy1ben:yl)phenyl]-5u-carba-B-D-gluco-
pyranosid;: -
[2-(4-methylsulfanylbenzyl)phenyl]-5a-carba-f-D-gluco-
pyranoside;
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[3-fluoro-2-(4-meth xybenzyl)phenyl]-5a-carba-B-D-gluco-
" pyranoside;
[}-(3-trifluoromathylbenzyl)phenyl]-5a-carba-B-D-gluco-
pyranoside;
[2-(4-methoxybenzyl) -4-methylphenyl]-5a-carba-pf-D-gluco-
pyranoside;
[2-(3-methoxybenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-(4-msth§xybenzyl)-4-mothoxyphenyl]-Su-carba-ﬂ-n-gluco-
pyranoseide;
{2- (4-methoxybenzyl) -6-methylphenyl] -5a-carba-f-D-gluco-
pyranoside;’
[2-(4-methoXybenzyl)-4-fluorophenyl] -5a-carba-f-D-gluco-
pyranoside: _
[2-(3-f1uor6baﬁ:yl}phenyl]-5a-carba-ﬂ-n-glucopyranosida:
[2-(3-methylbenzyl)phenyl] -5a-carba-f-D-glucopyranoside;
[s-fluoro-i-(4-methoxyben:yl)phenyl]ESa-oarba-ﬂ-D-gluco-
pyranoside;
[2-(4-methylsulfonylbensyl )phenyl]-S5a-carba-p-D-gluco-
pyranoside;
[2-(4-fluorobenzyl )phenyl]-5a-carba-f-D-glucopyranoside;
[2-(3.4-ﬁimathoxybeqzyl)phenyl]-5a—curba-ﬂ-n-gluco-pyranoside:
[2-(4-ethylbenzyl )phenyl]-5a-carba-f-D-glucopyranoside;
[2-(4-hydroiyben:yl)phegy1]-Sa-carba-ﬂ-D-glucopyrnnoside:
[z-(4-cyanobenzy1)ihsny1]-Sa:airba-ﬁ-D-glucopyranosido:
[2-(q;tr;;luoromagpoxybenzyl)phenyl]-Sn—carba-ﬂ-n-gluco-
pyranoside;
[2-(4-aminomethylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[5-mathoxy-2-(4-methoxybenzyl )phenyl]-5a-carba-f-D-gluco-
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pyranocsaide;
'[?-(4-m;thoxycarbonylbenzyl)phsnyl]-Sa-carba-ﬂ-b-gluco-
pyranoside:;
[2-(4-carbamoylbenzyl)phenyl]-5a-carba-fi-D-glucopyranoside;
[2-(4-N,N-dimethylcarbamoylbenzyl)phenyl]-5a-carba-f-D-
glucopyranoside;
[2- (4-ethoxybenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-(4-difluoromethoxybenzyl )phenyl]-5a-carba-p-D-gluco-
pyranoside;
[2-(4-tert-butylbenzyl)phenyl]-5a-carba-f-D-glucopyranoside;
[2-(4-mathy}benzyl)phony1]-5a-cnrba-B-D-glucopyranosido: )
[2- (4-methokybenzyl)phenyl]-5-trifluoromethylthiophen-3-y1]-
5a-carba-p-D-glucopyranoside;
[3-methoxy-i-(4-methoxybénay1)phany1]-Sa-onrba—ﬂ-n-gluco-
pyranoside;
[2-(4-meth6¥ybenzy1)-3-mathy1pheny1]-Sa-carba-ﬂ-b-gluco-
pyranoside;_
[2-(3-fluoro-4-methoxybenzyl )phenyl]-5a-carba-f-D-gluco-
pyranoside;
[4-(4-cyplopropylben:yl)pyridin-s-yll-Sa-carba-ﬂ-n-gluco-
pyranoside:
[2-(4-carquybenzyl)phenyll-5n-carba-ﬂ-D-glucopyranoside:
[2-(4-v1nylﬁbn:yi)?hsn!1]-5a-carba-ﬂ-D-gluaopyranoaide:
{2-[4-(2,2-difluorovinyl)beﬁ;;i]phenyl}-Sn-oarba-ﬂ-D-
glucopyranoside:;
[2-(2,3-dihydrobenzofuran-5-ylmethyl)phenyl]-5a-carba-f-D-
glucopyranoside:

[2-(3-fluoro-4-methylbenzyl )phenyl] -5a-carba-f-D-gluco-
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pyranoside;
-[2-(4-m;thoxy-3-mathy1ben:y1)pheny1]-5a-cnrba-B-D-gluoo-
p&ranonida: ]
{2-(4-pyrazol-1l-ylbenzyl)phenyl]-5a-carba-f-D-gluco-~
pyranoside;
[2-(3-chloro-4-methoxybenzyl)phenyl]-5a-carba-p-D-gluco-
pyranoside;
[2-(3,4-methylenedioxybenzyl )phenyl ] -5a-carba-p-D-gluco-
pyranoside;
[2-{4-cyclobutylbenzyl)phenyl]-5a-carba-fi-D-glucopyranoside;
[2-(4-acetyiﬁen:y1)pheny1]-5a-carba—ﬂ-D-glucopyranosido: '
[2-(4-mothoiybon:yl)-S-methylphenyll-5a-carba-B-D-gluco-
pyranoside;
[2-(4-ethy1£en:y1)thiophan-a-yll-5a-carba-ﬂ-D-gluoo-
pyranoside;
[2-(benzotﬁiophan-z-yl)mathylphenyl]-Sa-carba-p-n-gluco-
pyranosides_
{R)-{2-[1-(4-cyclopropylphenyl)ethyl]phenyl}-5a-carba-f-D-
glucopyranoside;
(S)—{z-[;-(4-cyclopropylphenyl)ethyl]phanyl}-Sn-carba-ﬂ-D-
glucopyranoside; '
[2-(4-cyclopropylbenzyl)-5-methylthiophen-3-yl)-5a-carba-p-D-
glucopyranoside;— _ -
[2-(4-ethylbenlylj-5-mathyl£;ISphen-3-yll-5a—carba-B-D-
glucopyranoside;
[5-chloro-2-(4-cyclopropylbenzyl)thiophen-3-yl]-5a-carba-p-D-
glucopyfhnosida;
(1R,28,.3R,6R)-6-[2-(4-cyclopropylbenzyl)phenoxy] -4~
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{hydroxymathyl Joyclohex-4-ene-1,2,3-triol;

"(1R, 28, 3R, 6R) - 4-hydroxymethyl-6- [ 2- ( 4-methoxybenzyl ) -
pﬁenoxy]cyclohax-i-ene-l,2.3-tr101;

(1R, 25,38,6R)-4-[3-(4-ethylbenzyl)phenyl)-6-(hydroxy-
methyl)cyclohex-4-ene-1,2,3-triol;
(ln,zn.as,ia,sn)-l-[3-(4-ethy;benzyl)-4-methoxyphenyl]-5-
(hydroxymethyl )oyolohexane-1,2,3,4-tetraol;

(1R, 2R, 35,45,6R)-4-[3-(4-ethylbenzyl)-4-methoxyphenyl]-6-
(hydroxymethyl )cyclohexane-1,2,3-triol;
(1R,2R,35,4R,5R)-1-[2-ethoxy-5-(4-ethylbenzyl )phenyl]-S-
(hyﬂroxynat%yl)cyclohexane-l.2.3.4-tetraol:
(1R,2R,3S,4é.63)-4-[z-ethoxy-s—(4-ethylbenzy1)phenyl]-6-
(hydroxymathgl)cyclnhexane-l,2,3-tr101: ]
(;R.ZR.SS.4ﬁ,sn)-1-[5-(4-ethy1benzyl)-2.4-dimethoxyphenyl]-5-
(hydroxymethyl)oyclohexane-1,2,3,.4-tetraol:

(1R. 2R, 3S, 4S,6R)-4-[5-(4-ethylbenzyl)-2, 4-dimethoxyphenyl]-6-
(hydroxymefﬁyl)oycloha:ane-1.2,3-triols
(1R,2R,35,.4R.5R)~1-[5-(4-ethylbenzyl)-2-methylphenyl]-5-
(hydroxymethyl Joyclohexane-1,2,3,4-tetraol;
(1R,2R,35,45,6R)-4-[5-(4-ethylbenzyl)-2-methylphenyl]-6-
(hyﬂroxyﬁathyl)cyclopaxane-l,2.3-tr101:
(1R,2R,35,4R,5R)-1-[5-(4-ethylbenzyl)-2-methoxyphenyl]-5-
(hydroxymatﬁ?l)quloheffye—1,2,3.4-tatraol:

(1R, 2R, 38, 48, 6R) -4- [ 5- (4-ethylbenzyl) -2-methoxyphenyl] -6-
(hydrpxymgthyl)ayq}ohexane-l.2.3-tr101=
(1R,2R,38,4R,5R)-1-[5-(4-ethylbenzyl)-2-trifluoromethoxy-
phenyl] -5~ (hydroxymethyl )cyclohexane-1,2,3,4-tetraol;
(1R,2R,38,45,6R)-4-[5-(4-1isopropylbenzyl)-2-methoxy-phenyl)-6-
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(hydroxymethyl )cyclohexane-1,2,3-triol;
" (1R, 2R, 35,48, 6R) -4~ [3- (4-ethylbenzyl)phenyl]-6- (hydroxy-
ﬁathyl)cyclohaxnne—l.2.3-triol=
(1R,2R,35,48,6R)-4-{3-(4-hydroxybenzyl )phenyl]-6-
{hydroxymethyl )cyclohexane-1,2,3-triol;
{1R,.2R,35,45,6R)-4-[5-(4-ethylbenzyl)-2-hydroxyphenyl]-6-
(hydroxymethyl)cyclohexane-1,2,3-triol;
(1R,2R,3S,45,6R)-4-[3-(4-cyclopropylbenzyl)phenyl]-6-
(hydroxymethyl )cyclohexane-1,2,3-triol;
(1R,2R,as.ln,5R)-1-[5-(4-ethylben=yl)-2:f1uoropheny1]-5-
(hydroxymethyl)cyclohexnne-1.2.3.4-tetraol=
(15,2R,3s.4é.5R)-1—[5-(4-ethylben:yl)-z-fluorophenyll-5-
{hydroxymethyl )cyclohexane-1,2,3,.4-tetraol; .
(1R,2R,38,4R,5R) -5-hydroxymethyl-1-[3-(4-methoxybenzyl)-
phenyllcyclohexane-1,2,3,4-tetraol;
(18, 2R, 38, 4R, 5R) -5-hydroxymethyl-1-[3- ( 4-methoxybenzyl) -
phenyl]cyclohexane-1,2,3,4-tetraol; and
4-[1-(4-ethylbenzyl)-1H-indol-3-yl)-6-(hydroxymesthyl)-
cyclohexane-1,2,3-triol,
or a prodrug or a pharmaceutically acceptable salt thereof.
14. A bharmnceuticgl composition comprising a ocompound
according to any one of claims 1 to 13, which is used as a
Na'-glucose to-transporter inhibitor.
15. A pharmaceutical-;;mpdzltion comprising a compound
accorging to any one of claims 1 to 13, which is used for
provnntin; or tre;£ing diabetes, diabetic complications caused
by hyperylycemia, or obesity.
16. The pharmaceutical composition according to claim 15,
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wherein the diabetes is insulin-dependent diabetes (type I
'diabetes) or insulin-independent diabetes (type II diabetes).
i?. A method of preventing or treating diabetes such as
insulin-dependent diabetes (type I diabetes) and insulin-
independent diabetes (type II diabetes), diabetic
complications caused by hyperglycemia or obesity., which
conprises administering a therapeutic effective amount of a

compound according to any one of claims 1 to 13 to a patient.

T
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ABSTRACT
A cyclohexane derivative having the funotion of reducing

& blood sugar level and having preferable properties required
of medicines, such as long-lasting drug activity, matabolic
stabllity, and safety: and a medicinal composition for use in
the prevention or treatment of diseases attributable to
hyperglycemia, such as diabetes, e.g., insulin dependent
dliabetes mellitus (type 1 diabetes) or noninsulin-dependent
diabetes mellitus (type 2 dlabetes), complications of dlabetes,
and obesity. The derivative i1s a compoupd represented by the
formula (I):

[Formula 1]=

li\rz
| (clzn“H’)m
- 1
) ] [}ri;;l\r
Q

(1)

(wherein A is -0-, -CH;-, or -NH-: n is an integér selected
between 0 ard 1; R* and R’ each independently is hydrogen or

Ci¢ alkyl; m is an integer selBoted among 1-3; Q is selected

among the following formulae Q' to Q°;



[Formula 2]

%""ll'

Ar! is optibnally substituted arylene or optionally
substituted heterocarylene, provided that the heteroarylene may
be bonded to an aromatic carbooycle or aromatic heterocycle to
form a fused ring; and Ar? is optionally substituted aryl or
optionally substituted heterocaryl). a prodrug of the compound,
or a phaimaceutical%y acceptable salt of either. Also provided
are a medicine, a mediocinal composition, or the like each

containing the compound.

A §
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ESPECIFICACION

DERIVADO NOVEDOSO DE CICLOHEXANO, PRODROGA DE ESTE Y SAL DE

ESTE. Y AGENTE TERAPEUTICO QUE CONTIENE EL MISMO PARA
DIABETES

CAMPO TECNICO

[0001] La presente invencion se relaciona con derivados de ciclohexano,
sus prodrogas y sus sales farmacéuticamente aceptables que son (tiles como
drogas. Parficularmente, la presente invencién se relaciona con derivados de
ciclohexano, sus prodrogas y sus sales que son Utiles como agentes profilacticos o
terapéuticos, que causan un efecto al inhibir el co-transportador 2 de Na* - glucosa
(SGLT2), para diabetes tal como diabetes dependiente de insulina (diabetes tipo I)
y diabetes independiente de insulina (diabetes tipo I1), complicaciones diabéticas y

enfermedades tales como la obesidad causadas por la hiperglicemia.

TECNICA ANTERIOR

[0002] En afios recientes, el nimero de pacientes diabéticos se ha
incrementado debido a los habitos occidentalizados de la dieta y a la falta cronica
de ejercicio y similares. En pacientes diabéticos, la secrecién de insulina y la
sensibilidad a la insulina se reducen ambos por la hiperglicemia crénica y esto
invita al incremento adicional en los niveles de azicar en la sangre a deteriorar la
condicién de la enfermedad. Como agentes terapéuticos para la diabetes, se han
utilizado drogas biguanida, drogas sulfonilurea, drogas inhibidoras de glicosidasa,

agentes que mejoran la resistencia a la insulina y similares. Sin embargo, como



efectos colaterales asociados con estos agentes, la acidosis lactica se reporta
para la droga bigunida, y la hipoglicemia se reporta para drogas sulfonilurea y la
diarrea se reporta para los inhibidores de glicosidasa, y por lo tanto la condicién
actual es que el desamolio de agentes terapéuticos para diabetes tengan un
mecanismo de accion diferente de aquellos de estas drogas se desea

encarecidamente.

[0003) Se report6 (ver Documento 1 no patente) que el florizin, un derivado
de glucosa de ocurrencia natural, inhibe la reabsorcion del exceso de glucosa en
el rifién al inhibir el co-transportador 2 de glucosa dependiente de sodio (SGLT2)
presente en el sitio S1 del tibulo convolucionado préximo renal y promueve la
excrecién de glucosa para exhibir la disminucion de los niveles de azicar en la
sangre, y desde entonces el estudio de los agentes terapéuticos para diabetes con

base en la inhibicidon SGLT2 ha sido ansiosamente conducido.

[0004] Por ejemplo, la Publicacién de Patente Japonesa 2000-080041 A
(Documento de Patente 1), las Publicaciones Intemacionales No. W001/068660
(Documento de Patente 2), WO04/007517 (Documento de Patente 3) y similares,
se reportan compuestos utilizados como inhibidores SGLT2. Sin embargo, en
razén a que el florizin y los compuestos descritos en las Solicitudes de Patente
anteriormente descritas tienen una porcién glucosa como una estructura parcial
comtun, y se considera como un problema que en la administracion oral, estos
compuestos son facilimente hidrolizados por la glucosidasa presente en el intestino
delgado o similares, y su accién farmacolégica desaparece rapidaments. En el
caso del florizin, se reporta que el floretin, el aglicon del fiorizin, inhiben
fuertemente un transportador de azucar del tipo de difusién facilitada. Por ejemplo,

cuando el florizin es administrado intravenosamente a una rata, se reporta un



efecto adverso de reduccién de la concentracién de glucosa intracerebral (referirse

a, por ejemplo, el Documento 2 no patente).

[0005] Entonces, con el fin de evitar tal descomposicin y mejorar la
eficiencia de la absorcion, se ha llevado a cabo algin intento de convertir tales
compuestos a prodrogas de éstos. Cuando se administra una prodroga, se desea
que la prodroga sea apropiadamente metabolizada en o cerca al érgano blanco
para cambiarlo a un compuesto activo. Sin embargo, en razén a que varias
enzimas metabdlicas estan presentes en un cuerpo vivo y la variabilidad individual
es considerable, en muchos casos, es dificil suministrar una accién de una
prodroga establemente. Ademas, se ha intentado la conversién de la unién de
glucésido del compuesto a una uniébn carbono - carbono (refiérase a los
Documentos de Patente 4 a 8). Sin embargo, se demanda la mejora adicional de
las propiedades como una droga, que incluye la actividad, estabilidad metabdlica y

Documento de Patente 1: Publicacién de Patente Japonesa 2000-080041 A

Doéumento de Patente 2: Publicacion Intemacional No.
WO001/068660 Panfleto

Documento de Patente 3: Publicacién interacional No.
WO04/007517 Panfleto

Documento de Patente 4: Publicacién de Patente US 2001/041674 A

Documento de Patente 5: Publicacién de Patente US 2002/137903 A

Documento de Patente 6: Publicacién Internacional No.
WO01/027128 Panfleto

Documento de Patente 7: Publicacioén Internacional No.
W002/083066 Panfleto



Documento de Patente 8: Publicacion Intemacional No.
WO04/013118 Panfileto

Documento No Patente 1: J. Clin. Invest., 83, 1037 (1994)

Documento No Patente 2: Stroke, 14, 388 (1983)

DESCRIPCION DE LA INVENCION
PROBLEMA A SER RESUELTO POR LA INVENCION

[0008] Un objeto de la presente invencibn es suministrar derivados de
ciclohexano que tienen propiedades adecuadas como droga. Un objeto de la
presente invencion es particularmente mejorar los derivados de ciclohexano que
tienen un nivel de azucar en la sangre que disminuye la accién y adicionalmente
tiene propiedades adecuadas como drogas, tales como efecto prolongado,
estabilidad y seguridad metabdlica. Adicionaimente, un objeto de la presente
invencién es suministrar composiciones farmacéuticas que sean (tiles para evitar
o tratar la diabetes tales como |a diabetes dependiente de insulina (diabetes tipo |)
y diabetes independiente de insulina (diabetes tipo II), las complicaciones

diabéticas, y enfermedades tales como la obesidad originada por la hiperglicemia.

MEDIOS PARA RESOLVER EL PROBLEMA

[0007] Como resultado de persistentes investigaciones por los presentes
inventores con el fin de lograr los objetos anteriomente descritos, los inventores
enconfraron que los derivados de ciclohexano representados por la formula (i)
tienen excelente acciébn de inhibir el SGLT2 y se ha completado la presente

invencion,

(as



[0008] Esto es, de acuerdo con un aspecto de la presente invencion, se

suministra un derivado de ciclohexano representado por la formula (l):

[0008]) [Formula 1]

(SRR
|

0
[0010] en donde
A es -0O-, -CHz, 0 —=NH-;
n es un entero seleccionadode 0 y 1;
R® y R’ son cada uno independientemente un dtomo de hidrégeno, o
un grupo alquilo Cy-Cg
m es un entero seleccionado de 1 a 3;

Q se selecciona de Q' a Q° representado por las siguientes férmulas:

[0011] [Férmula 2]

T



[0012]

en donde

R', R?, R}, R*, y R% son cada uno independientemente seleccionados de un
atomo de hidrégeno, un grupo hidroxi, un grupo alquilo Cy-Cs que
puede ser sustituido con uno 0 mas Ra, un grupo alcoxi C+-Cs que se
puede sustituir con uno o mas Ra, un grupo araiquiloxi C--C14 que
puede ser sustituido con uno o0 mas Rb, y -OC(=O)Rx;

Rx es un grupo alquilo C1-Cs que se puede sustituir con uno o mas Ra, un
grupo arilo que se puede sustituir con uno o mas Rb, un grupo
heteroarilo que se puede sustituir con uno o mas Rb, un grupo alcoxi
C1-Cs que se puede sustituir con uno o més Ra, o —-NReRf,

Ar' es un grupo arileno que se puede sustituir con uno o mas Rb, o un
grupo heteroarileno que se puede sustituir con uno o méas Rb, donde
el grupo heteroarileno forma un anillo fusionado con un carbociclo
aromatico o un heterociclo aromético;

Ar? es un grupo arilo que se puede sustituir con uno o més Rb, o un grupo
heteroarilo que se puede sustituir con uno o mas Rb;

Ra es cada uno independientemente seleccionado de un atomo de

halégeno, un grupo hidroxi, un grupo ciano, un grupo nitro, un grupo

1524



carboxi, un grupo alcoxi C4-Cg que se puede sustituir con uno o mas
Rc, un grupo arilo que se puede sustituir con uno o mas Rd, un
grupo ariloxi que se puede sustituir con uno o mas Rd, un grupo
heteroarilo que se puede sustituir con uno o méds Rd, un grupo
heteroariloxi que se puede sustituir con uno 0 mas Rd, un grupo
mercapto, un grupo alquiltio C4-Cg, un grupo alquilsulfinilo C4-Cg, un
grupo alquilsulfonilo Ci-Cs, -NRMRg, y un grupo alquilcarbonilo C4-Cg
que se puede sustituir con uno o mas Rc,

Rb es cada uno independientemente seleccionado del grupo alquilo C4-Cs
que se puede sustituir con uno o méas Rc, un grupo alquenilo C¢-Cg
que se puede sustituir con uno o mas Rc, un grupo cicloalquilo Cs-Ca
que se puede sustituir con uno 0 mas Rc, un grupo aralquilo C7-C14
que se puede sustituir con uno o mas Rb, un atomo de halégeno, un
grupo hidroxi, un grupo ciano, un grupo nitro, un grupo carboxi, un
grupo alcoxi Cy-Cs que se puede sustituir con uno o mas Re, un
grupo arilo que se puede sustituir con uno o mas Rd, un grupo ariloxi
que se puede sustituir con uno o mas Rd, un grupo heteroarilo que
se puede sustituir con uno o més Rd, un grupo heteroariloxi que se
puede sustituir con uno o mas Rd, un grupo mercapto, un grupo
alquiltio C4-Cg, un grupo alquilsulfinilo C1-Cg, un grupo alquilsulfonilo
C+-Cs, -NRRg, un grupo alquilcarbonilo C+-Cs que se puede sustituir
con uno o mas Rc, un grupo alquilenodioxi C4-Cs, un grupo
heterociclilo, -COzRi, y -CONRIR];

Rc es cada uno independientemente seleccionado de un &atomo de
halégeno, un grupo hidroxi, un grupo ciano, un grupo nitro, un grupo
carboxi, un grupo alcoxi C4-Cg que se puede sustituir con uno o més

atomos de halégeno, un grupo arilo que se puede sustituir con uno o

o
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mas Rd, un grupo ariloxi que se puede sustituir con uno o més Rd,
un grupo heteroarilo que se puede sustituir con uno o mas Rd, un
grupo heteroariloxi que se puede sustituir con uno o méas Rd, un
grupo heteroariloxi que se puede sustituir con uno o mas, un grupo
amino, un grupo alquilamino C4+-Cg, y un grupo di (alquilo C4-Cg)
amino;

Rd es cada uno independientemente seleccionado de un grupo alquilo Cs-
Ce, que se puede sustituir con uno o mas atomos de halégeno, un
grupo alcoxi C4+-Cas que se puede sustituir con uno o més étomos de
halégeno, un grupo aralquilo C7-C14 que se puede sustituir con uno o
mas atomos de halégeno, un dtomo de haldégeno, un grupo hidroxi,
un grupo ciano, un grupo nitro, un grupo amino, un grupo alquilamino
C1-Cps, ¥ un grupo di(alquilo C1-Cg) amino;

Re es un atomo de hidrégeno, un grupo alquilo Cy-Cs que se puede sustituir
con uno o més Rc, un grupo arilo que se puede sustituir con uno o
mds Rd, o un grupo heteroarilo que se puede sustituir con uno o méas
Rd;

Rf es un dtomo de hidrégeno, o un grupo alquilo C+-Cg que se puede
sustituir con uno o mas Rc;

Rg es un atomo de hidrégeno, un grupo alquilo C4-Cs que se puede sustituir
con uno © mas Re, un grupo alquilcarbonilo C1-Cs que se puede
sustituir con uno o més Rc, un grupo arilo que se puede sustituir con
uno o mas Rd, un grupo heteroarilo que se puede sustituir con uno o
méas Rd, un grupo carbamoilo, un grupo alcoxicarboxi C1-Cs que se
puede sustituir con uno 0 mas Rc, 0 un grupo alquilsulfonilo C4-Ce

que se puede sustituir con uno o més Rc;



Re y Rf, y Rf y Rg pueden formar un heterociclo de 4 a 7 miembros junto
con el &atomo de nitrbgeno al cual ellos estdn unidos,
respectivamente; y Ri y Rj son cada uno independientemente
seleccionados de un dtomo de hidrégeno, un grupo alquilo C4-Cg que
se puede sustituir con uno o méas Rc, un grupo cicloalquilo C3-Cg que
se puede sustituir con uno 0 méas Re, y un grupo aralquilo C7-Cy4 que

se puede sustituir con uno 0 mas Rd,
0 una prodroga o una sal farmacéuticamente aceptable de éste.

[0013] De acuerdo con otro aspecto de la presente invencién, se suministra
un derivado de ciclohexano representado por la férmula (1), en donde n es 1, o una
prodroga o una sal farmacéuticamente aceptable de éste. Aqul, A es
preferiblemente —O- o —NH-. Ademés, el sistema de sustitucién sobre Ar' es
preferiblemente que el sustituyente —(CR®R™)m-Ar? se una a un 4tomo del anillo
adyacente al atomo del anillo al cual el sustituyente A esta unido. Por ejemplo,
cuando Ar' es un grupo fenileno, se prefiere una sustitucién orto y, por ejemplo,
cuando Ar' es un grupo tienileno, se prefiere la sustitucién 2,3 o la sustitucion 3,4
y adicionalmente, por ejemplo, cuando Ar' es un grupo piridinileno, se prefiere la
sustitucién 2,3, la sustitucién 3,4, la sustitucidn 4,5 o la sustitucién 5,6. Ademas,
cuando Ar' es un grupo pirazolileno, se prefiere la sustitucién 3,4, la sustitucion
4,5 o la sustitucion 1,5. El sustituyante A y el sustituyente (CR®R)y-Ar? se puede

unir a un atomo de nitrégeno del anillo.

[0014] De acuerdo con un aspecto adn adicional de la presente invencién,
se suministra un derivado de ciclohexano representado por la férmula (l), en

donde n es 0, o una prodroga o una sal farmacéuticamente aceptable de éste.

7Dy
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Aqul, el sistema de sustitucién sobre Ar' es preferiblemente que el sustituyente —
(CR°R")m-Ar se una al atomo del segundo anillo partiendo desde el &tomo del
anillo al cual Q esta unido. Por ejemplo, cuando Ar' es un grupo fenileno, se
prefiere una sustitucién meta y, por ejemplo, cuando Ar' es un grupo piridinileno,
se prefiere una sustitucion 2,4, sustitucion 3,5, sustitucion, sustitucion 4.6 o
sustitucion 1,8. Ademds, cuando Ar' es un grupo indolileno, se prefiere una
sustitucion 1,3, una sustitucién 3,4, una sustitucién 4,6 o una sustitucidn 5,7.
Ademds, cuando Ar' es un grupo pirazolieno, se prefiere una sustitucién 1,3,
sustitucion 3,5 o sustitucion 1,4. El sustituyente A y el sustituyente (CR°R”)m-Ar?

8e pueden unir a un dtomo de nitrégeno del anillo.

[0015] En la formula (l) anteriormente descrita, m es preferiblemente uno.
Ademas, Ar' es preferiblemente un grupo fenileno, un grupo naftileno, un grupo
tienileno, un grupo piridinileno, un grupo indolileno, o un grupo pirazolileno, y
particularmente preferidos son un grupo fenileno, un grupo tienileno, un grupo
piridinileno, y un grupo indolileno (y estos grupos se pueden sustituir con uno o

mas Rb).

[0018] En la férmula (1) anteriormente descrita, m es preferiblemente uno, y
ademds Ar® es preferiblemente un grupo fenilo, un grupo naftilo, un grupo tienilo,
un grupo benzofuranilo, un grupo benzotienilo, un grupo benzodioxolilo, un grupo
2 3-dihidrobenzofuranilo, o un grupo 2,3-dihidrobenzotienilo, y se prefiere
particularmente un grupo fenilo, un grupo benzodioxolilo, y un grupo 2,3-

dihidrobenzofuranilo (y estos grupos se pueden sustituir con uno o mas Rb).
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[0017] En los Q' a Q° anteriomente descritos, se prefiere que R', R? R®, R*
y R sean cada uno independientemente seleccionados del grupo hidroxi y —

OC(=O)Rx.

[0018] De acuerdo a un aspecto adicional de la presente invencion, se
suministra un compuesto de la férmula (I) anteriormente descrita, en donde m es
1: n es 1; A es —O- 0 —NH-; Ar! es un grupo fenileno, un grupo natftileno, un grupo
tienileno, un grupo piridinileno, un grupo indolileno o un grupo pirazolileno (y estos
grupos se pueden sustituir con uno o mas Rb); A es un grupo fenilo, un grupo
naftilo, un grupo tienilo, un grupo benzofuranilo, un grupo benzotienifo, un grupo
benzodioxolilo, un grupo 2 3-dihidrobenzofuraniio o un grupo 23-
dihidrobenzotienilo (y estos grupos se pueden sustituir con uno o mas Rb); y R',
R? R? Ry R® son cada uno independientemente seleccionados de un grupo
hidroxi y -OC(=0O)Rx, o una prodroga o una sal farmacéuticamente aceptable de
éstos.

[0019] De acuerdo a un aspecto atin adicional de la presente invencion, se
suministra un compuesto de férmula (I) anteriormente descrita, en donde m es 1; n
es 0; Ar' es un grupo fenileno, un grupo naftileno, un grupo tienileno, un grupo
piridinileno, un grupo indolileno, o un grupo pirazolileno (y estos grupos se pueden
sustituir con uno o més Rb); Ar* es un grupo fenilo, un grupo naftilo, un grupo
tienilo, un grupo benzofuranilo, un grupo benzotienilo, un grupo benzodioxolilo, un
grupo 2,3-dihidrobenzofuranilo, o un grupo 2,3-dihidrobenzotienilo (y estos grupos
se pueden sustituir con uno o mas Rb); y R', R% R R*y R® son cada uno
independientemente seleccionados de un grupo hidroxi y “OC(=0O)Rx, o una

prodroga o una sal famacéuticamente aceptable de éstos.

Y
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[0020] De acuerdo con un aspecto adicional de la presente invencion, se

suministra un compuesto seleccionado de:

[2-(4-metoxibencil)fenil]-5a-carba-B-D-glucopiranosida,

[1S. 2R, 3R, 4R, 6S]-4-hidroximetil-8-[3-(4-metoxibencil)-feniljciclohexano-1,2,3-
triol;

[2-(4-trifluorometoxibencil)fenil)-5a-carba-8-D-glucopiranosida;

[2{(4-ciclopentilbencil)fenil]-5a-carba-B-D-glucopiranosida;

[2-(4-clorobencil)fenil]-5a-carba-B-D-glucopiranosida;

(2-bencilfenil)-5a-carba-B-D-glucopiranosida;

[2-(4-isopropilbencil)fenil]-5a-carba-B-D-glucopiranosida,;

[2-(4-ciclopropilbencil)fenil}-5a-carba-B-D-glucopiranosida;

[2{4-n-propilbencil)fenil]-5a-carba-B-D-glucopiranosida;

[2-(4-trifluorometilbencil)fenil]-5a-carba-B-D-glucopiranosida;

[2-(4-metilsulfanilbencil)fenil)-5a-carba-B-D-glucopiranosida;
[3-fluoro-2-(4-metoxibencil)fenil]-5a-carba-§-D-glucopiranosida;

[2-(3-trifluorometilbencil)fenil]-5a-carba-B-D-glucopiranosida,;

[2-(4-metoxibencil)}-4-metilfenil}-5a-carba-B-D-glucopiranosida;

[2<(3-metoxibencil)fenil]-5a-carba-B-D-glucopiranosida;

[2«(4-metoxibencil)-4-metoxifenil]-5a-carba-B-D-glucopiranosida,;

15
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[2-(4-metoxibencil)-6-metilfenil]-5a-carba-B-D-glucopiranosida;
[2-(4-metoxibencil)-4-fluorofenill-5a-carba-B-D-glucopiranosida;
[2-(3-fluorobencil)fenil}-5a-carba-B-D-glucopiranosida;

[2-(3-metilbencil}fenil]-5a-carba-8-D-glucopiranosida;
{5-fluoro-2-{(4-metoxibencil)fenil]-5a-carba-B-D-glucopiranosida;

[2-(4-metilsulfonilbencil)fenil}-5a-carba-B-D-glucopiranosida;
[2-(4-fluorobencil)fenil}-5a-carba-B-D-glucopiranosida;
[2-(3,4-dimetoxibencil)fenil]-5a-carba-B-D-glucopiranosida;
[2-(4-etilbencil)fenil]-5a-carba-B-D-glucopiranosida;
[2-{4-hidroxibencil)fenil}-5a-carba-p-D-glucopiranosida;
[2-(4-cianobencil)fenil]-5a-carba-8-D-glucopiranosida,
[2-(3-trifluorometoxibencil)fenil]-5a-carba-B-D-glucopiranosida;
[2{4-aminometilbencil)fenil}-5a-carba-p-D-glucopiranosida;
[5-metoxi-2-(4-metoxibencil)fenil}-5a-carba-B-D-glucopiranosida;
[2-(4-metoxicarbonilbencil)fenil]-5a-carba-$-D-glucopiranosida;
[2-(4-carbamoilbencil)fenil]-5a-carba-B-D-glucopiranosida;
[2-(4-N,N-dimetilcarbamoilbencil)fenil]-5a-carba-B-D-glucopiranosida;

[2-(4-etoxibencil)fenil}-5a-carba-B-D-glucopiranosida;
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[2-(4-difluorometoxibencil)fenil]-5a-carba-B-D-glucopiranosida;
[2-(4-terc-butilbencil)fenil]-5a-carba-B-D-glucopiranosida;
[2-(4-mefilbencil)fenil}-5a-carba-3-D-glucopiranosida;
[2-(4-metoxibencil)fenil]-5-trifluorometiltiofeno-3-ill-5a-carba-B-D-glucopiranosida;
[3-metoxi-2-(4-metoxibencil)fenil]-5a-carba-B-D-glucopiranosida;
[2-(4-metoxibencil)-3-metilfenil}-5a-carba-f-D-glucopirancsida;
[2-(3-fluoro-4-metoxibencil)fenil]-5a-carba-B-D-glucopiranosida;
[4-(4-ciclopropilbencil)piridin-3-il]-5a-carba-g-D-glucopiranosida;
[2-(4-carboxibencil)fenil]-5a-carba-B-D-glucopiranosida;
[2<(4-vinilbencil)fenil]-5a-carba-B-D-glucopiranosida;
{2-14-(2,2-difluoravinil)bencillfenil}-5a-carba-g-D-glucopiranosida;
[2-(2,3-dihidrobenzofuran-5-iimetil)fenil}-5a-carba-p-D-glucopiranosida;
[2-(3-fluoro-4-metilbencil)fenil]-5a-carba--D-glucopiranosida;
[2-(4-metoxi-3-metilbencil)fenil]-5a-carba-f~D-glucopiranosida;
[2-(4-pirazol-1-ilbencil)fenill-5a-carba-B-D-glucopiranosida;
[2-(3-cloro-4-metoxibencil)fenil]-5a-carba-p-D-glucopiranosida;
[2-(3,4-metilenodioxibencil)fenil}-5a-carba-B-D-glucopiranosida;

[2-(4-ciclobutilbencil)fenill-5a-carba-B-D-glucopiranosida;
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[2-(4-acetilbencil)fenil]-5a-carba-B-D-glucopiranosida;
[2-(4-metoxibencil)-5-metilfenil}-5a-carba--D-glucopiranosida;
[2-(4-etilbencil)tiofeno-3-il}-5a-carba-B-D-glucopiranosida;
[2-(benzotiofeno-2-il)metilfenil}-5a-carba-p-D-glucopiranosida;
(R){2{1-(4-ciclopropilfenil)etil}fenil}-5a-carba-B-D-glucopiranosida;
(S){2-[1-(4-ciclopropilfenil)etillfenil}-5a-carba-B-D-glucopiranosida;
[2-(4-ciclopropilbencil)-5-metiltiofeno-3-il]-5a-carba-B-D-glucopiranosida;
[2-(4-etilbencil)-5-metiltiofeno-3-il}-5a-carba-B-D-glucopiranosida;
[5-cloro-2-(4-ciclopropilbencil)tiofeno-3-ill-5a-carba-B-D-glucopiranosida;

(1R,2S,3R,8R)-8-[2-(4-ciclopropilbencil)fenoxi]-4-(hidroximetil)ciclohex-4-ano-
1,2,3-triol;

(1R,2S,3R,6R)-4-hidroximetil-6-[2-(4-metoxibencil)-fenoxi]ciclohex-4-ano-1,2,3-
triof;

(1R,2S,38,6R)-4-[3-(4-etilbencil)fenil}-8-(hidroxi-metil)ciclohex-4-ano-1,2,3-triol;

(1R,2R,3S,4R,5R)-1{3{4-etilbencil}-4-metoxifenil}-5-(hidroximetil)ciclohexano-
1,2,3,4-tetraci;

(1R,2R,3S 485,6R)-4-[3-(4-etilbencil)-4-metoxifenil]-6-(hidroximetil)ciclohexano-
1,2,3-triol;

(1R,2R,3S 4R, 5R)-1-{2-etoxi-5-(4-etilbencil)fenil]-5-(hidroximetil)ciclohexano-
1,2,3,4-tetracl;



16

(1R,2R,38 4S5 6R)-4-[2-etoxi-5-(4-etilbencil)fenil]-8-(hidroximetil)ciclohexano-1,2,3-
triol;

(1R.2R,3S 4R,5R)-1-{5-(4-etilbencil)-2,4-dimetoxi-fenil]-5-(hidroximetil)ciclohexano-
1,2,3,4-tetraol;

(1R,2R, 38,45 6R)-4-[5-(4-etilbencil)-2,4-dimetoxi-fenil]-8-(hidroximetil)ciclohexano-
1,2,3-triol;

(1R,2R,3S 4R,5R)-1-[5-(4-etilbencil)-2-metilfenil]-5-(hidroximetil)ciclohexano-
1,2,3,4-tetraol;

(1R,2R,3S,4S,6R)-4-[5-(4-etilbencil)-2-metilfenil]-8-(hidroximetil)ciclohexano-1,2,3-
triof;

(1R,2R, 38 4R,5R)-1-[5-(4-etilbencil)-2-metoxifenil}-5-(hidroximetil)ciclohexano-
1,2,3,4-tefraol;

(1R,2R, 38,48 6R)-4-[5-(4-etilbencil)-2-metoxifenil}-8-(hidroximetil)ciclohexano-
1.2,3-triol;

(1R,2R,3S 4R, 5R)-1-[5-(4-etilbencil)-2-trifluorometoxi-fenil]-5-
(hidroximetil)ciclohexano-1,2,3 4-tetraol;

(1R,2R, 38 48 6R)-4-[5-(4-isopropilbencil)-2-metoxi-fenil]-8-
(hidroximetil)ciclohexano-1,2,3-triol;

(1R,2R, 35,48 ,6R)-4-[3-(4-etilbencil)fenil}-8-(hidroxi-metil)ciclohexano-1,2,3-triof;

(1R,2R,3S,48,6R)-4-[3-(4-hidroxibencil)fenil}-8-(hidroximetil)ciclohexano-1,2, 3-triol;

(1R,2R,3S,4S 6R)-4-[5-(4-etilbencil)-2-hidroxifenil]-8-(hidroximetil)ciclohexano-
1,2, 3-triol;

(1R,2R,3S,4S,6R)-4-[3-(4-ciclopropilbencil)fenil]-6-(hidroximetil)ciclohexano-1,2,3-
triol;
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(1R,2R,3S 4R, 5R)-1{5-(4-etilbencil)-2-fluorofenil]-5-(hidroximetil)ciclohexano-
1.2,3 4-tetraol;

(1S,2R,35,4R,5R)-1-{5-(4-etilbencil)-2-fluorofenil]-5-(hidroximetil)ciclohexano-
1.2,3,4-tetraol;

(1R,2R,3S,4R,5R)-5-hidroximetil-1-[3-(4-metoxibencil)-fenil}-ciclohexano-1,2,3,4-
tetraof;

(15,2R,3S,4R,5R)-5-hidroximetil-1-[3-(4-metoxibencil)-fenil}-ciclohexano-1,2,3,4-
tetraol; y

4{1-(4-etilbencil)-1H-indol-3-il]-8-(hidroximetil)-ciclohexano-1,2,3-triol;

o una prodroga o una sal farmacéuticamente aceptable de éstos.

[0021] De acuerdo con otro aspecto de la presente invencién, se suministra
una composicién farmacéutica que comprende el compuesto de la férmula (1)
anteriormente descrita que se utiliza como un inhibidor co-transportador de

glucosa Na*.

[0022] De acuerdo con otro aspecto adicional de la presente invencion, se
suministra una composicion faémacéutica que comprende el compuesto de la
férmula (I) anteriormente descrita, que se utiliza para evitar o tratar diabetes tal
como diabetes dependiente de insulina (diabetes tipo I) y diabetes independiente
de insulina (diabetes fipo II), complicaciones diabéticas causadas por

hiperglicemia, u obesidad.

[0023) De acuerdo con un aspecto adicional de la presente invencién, se

suministra un método para prevenir o tratar diabetes tal como diabetes

290
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dependiente de insulina (diabetes tipo 1) y diabetes independiente de insulina
(diabetes tipo IlI), complicaciones diabéticas causadas por hiperglicemia y
obesidad, que comprenden administrar una cantidad efectiva del compuesto de la
formula (1) anteriormente descrita, o una sal farmacéuticamente aceptable de

éstos a un paciente.

[0024] En los Q' a Q° anteriormente descritos, los grupos representados por
R, R% R? R*y R°® pueden ser cada uno independientemente, por ejemplo, un
grupo hidroxi,

Un grupo alquiloxi C4-Cs, un grupo aralquiloxi C;-Ci4 0 -OC(=O)Rx, y
particulamente R', R?, R}, R* y R® son preferiblemente todos grupos hidroxi.

[0025] En los compuestos de la presente invencion, n es preferiblemente 1 y en

este caso, A es preferiblemente —-O- o —NH-, y particularmente preferido es -O-.

[0026] En la férmula (l) anteriormente descrita, Ar' y Ar® se puede sustituir
con uno a cuatro sustituyentes Rb y como el Rb, un &tomo de halégeno; un grupo
hidroxi; un grupo alquilo C4-Cg ¥ un grupo cicloalquilo Cs-Cg que se puede sustituir
con uno a cuatro sustituyentes seleccionados de un dtomo de halégeno, un grupo
hidroxi y un grupo amino; un grupo alquiloxi C1-Cs y un grupo alquiltio C4-Cs que
se puede sustituir con uno a cuatro sustituyentes seleccionados de un dtomo de
halégeno, un grupo hidroxi y un grupo amino; un grupo ciano; un grupo alquil-
sulfonil C4-Cg; un grupo nitro; un grupo carboxi; -NReRf (donde Re es un dtomo de
hidrégeno, un grupo alquilo C+-Cg, un grupo alquilcarbonilo Cs-Cg, un grupo
carbamoilo, un grupo alquilsulfonilo C4-Cg 0 un grupo alcoxicarbonilo C1-Cg; y Rf
es un atomo de hidrégeno o un grupo alquilo C4-Cg); un grupo 5- o 6- heteroarilo; o

un grupo heterociclilo de 4 a 6 miembros se prefieren.
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[0027] Entre el grupo representado por Ar', el grupo arileno es un grupo
divalente compuesto de un carbociclo aromatico, preferiblemente un carbociclo
aromético que tiene 6 a 10 4tomos de carbono e incluye, por ejemplo, un grupo
fenileno y un grupo naftileno. El grupo heteroarileno es un grupo divalente
compuesto de un heterociclo aromatico, preferiblemente un heterociclo aromatico
de 6 a 10 miembros e incluye, por ejemplo, un grupo heteroarileno que contiene
un anillo de pirrol, un anillo de indol, un anillo tiofeno, un grupo benzotiofeno, un
anillo de furano, un anillo de benzofurano, un anillo de piridina, un anillo de
quinolina, un grupo isoquinolina, un anillo de tiazol, un anillo de benzotiazol, un
anillo de isotiazol, un anillo de benzoisotiazol, un anillo de pirazol, un anillo de
indazol, un anilio de oxazol, un anillo de benzoxazol, un anillo de isoxazol, un
anillo de benzoisoxazol, un anillo de imidazol, un anillo de benzoimidazol, un anillo
de friazol, un anillo de benzotriazol, un anillo de pirimidina, un anillo de uridina, un
anillo de pirazina o un anillo de piridazina. Como el Ar', se prefiere particularmente
un grupo fenileno, un grupo naftileno y un grupo heteroarileno que contienen un
anillo de piridina, un anillo de pirrol, un anillo de indol, un anillo de tiofeno, un anillo
de benzo-tiofeno, un anillo de furano, un anillo de benzofurano o un anillo de
pirazol, y son méas preferidos un grupo fenileno, un grupo tienileno, un grupo

piridinileno y un grupo indolieno.

[0028] Entre el grupo representado por Ar?, el grupo arilo es un grupo fenilo,
un grupo naftilo o un grupo azulenilo, y el grupo heteroarilo es un grupo pirrolilo,
un grupo indolilo, un grupo piridilo, un grupo quinolilo, un grupo isoquinolilo, un
grupo tienilo, un grupo benzotienilo, un grupo furilo, un grupo benzofuranilo, un
grupo tiazolilo, un grupo benzotiazolilo, un grupo isotiazolilo, un grupo benzo-

isotiazolilo, un grupo pirazolilo, un grupo indazolilo, un grupo oxazolilo, un grupo
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benzoxazolilo, un grupo isoxazolilo, un grupo benzoisoxazolilo, un grupo
imidazolilo, un grupo benzimidazolilo, un grupo triazolilo, un grupo benzotriazolilo,
un grupo pirimidinilo, un grupo uracililo, un grupo pirazinilo, un grupo piridazinilo o
similares, y como el Ar?, un grupo fenilo, un grupo natftilo, un grupo tienilo, un
grupo benzotienilo, un grupo benzodioxolilo, un grupo furilo, un grupo
benzofuranilo, o un grupo 2,3-dihidrobenzofuranilo se prefieren, y adicionaimente
se prefiere un grupo fenilo, un grupo benzodioxolilo, o un grupo 23-

dihidrobenzofuranilo.

[0029] El término “grupo alquilo C1-Cs" como se utiliza aqul significa un
grupo aiquilo de cadena lineal o ramificada que tiene 1 a 6 4tomos de carbono e
incluye, por ejemplo, metilo, etilo, n-propilo, i-propilo, n-butilo, s-butilo, i-butilo, t-
butilo, n-pentilo, 3-metilbutilo, 2-metilbutilo, 1-metilbutilo, 1-etilpropilo, n-hexilo, 4-
metilpentilo, 3-metilpentilo, 2-metilpentilo, 1-metilpentilo, 3-etilbutilo, y 2-etilbutilo, y
los grupos alquilo C4-Ce preferibles incluyen, por ejemplo, grupos alquilo de
cadena lineal o ramificada que tienen uno a tres &tomos de carbono, ¥y

particularmente preferidos son metilo y etilo.

[0030] El témino “grupo cicloalquilo C3-Cs” como se utiliza aqul significa un
grupo alquilo clclico que tiene 3 a 8 atomos de carbono e incluye, por ejemplo,

ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, cicloheptilo, y ciclooctilo.

[0031] El témino "grupo alcoxi C4-Cg” como se utiliza aqul significa un grupo
alquiloxi que tiene un grupo alquilo de cadena lineal o ramificada que tiene 1 a 8
Atomos de carbono como la porcién alquilo e incluye, por ejemplo, metoxi, etoxi, n-

propoxi, i-propoxi, n-butoxi, s-butoxi, i-butoxi, t-butoxi, n-pentoxi, 3-metilbutoxi, 2-

4%
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metilbutoxi, 1-metilbutoxi, 1-etilpropoxi, n-hexiloxi, 4-metilpentoxi, 3-metilpentoxi, 2-

metilpentoxi, 1-metilpentoxi, y 3-etilbutoxi.

[0032] El término “grupo arilo” como se utiliza aqul significa un grupo arilo
que tiene un anillo de hidrocarburo aromatico que tiene 6 a 10 atomos de carbono

e incluye, por ejemplo, fenilo, 1-naftilo y 2-nattilo.

[0033] El término “grupo aralquilo Cr-C¢4" como se utiliza aqui significa un
grupo arilalquilo que tiene 7 a 14 4tomos de carbono y que contiene el grupo arilo
ya definido e incluye, por ejemplo, bencilo, 1-fenetilo, 2-fenetilo, 1-naftiimetilo, y 2-

naftiimetilo.

[0034] El término "grupo aralquiloxi Cr-C14" como se utiliza aqul significa un
grupo arilalquiloxi que tiene 7 a 14 &tomos de carbono y que contienen el grupo
aralquilo ya definido e incluyen, por ejemplo, benciloxi, 1-fenefiloxi, 2-fenetiloxi, 1-

naftiimetiloxi, y 2-naftilmetiloxi.

[0035] E! término “grupo heteroarilo” como se utiliza aqul significa un grupo
heterociclilo aroméatico de 5 a 10 miembros que contiene uno o0 mas heterodatomos
independientemente seleccionados de un atomo de oxigeno, un étomo de
nitrégeno y un atomo de azufre e incluye, por ejemplo, furilo, tienilo, pirrolilo,
imidazolilo, pirazolilo, oxazolilo, isoxazolilo, tiazolilo, isotiazolilo, oxadiazolilo,
tiadiazolilo, triazolilo, tetrazolilo, piridilo, pirimidinilo, pirazinilo, piridazinilo, indolilo,
quinolinilo, e isoquinolinilo. Los grupos heteroarilo preferidos son grupos
heteroarilo de 5 a 6 miembros tales como un grupo pirrolilo, un grupo pirazolilo, un
grupo imidazolilo, y un grupo piridilo, y particularmente se prefiere el grupo

pirazolilo.
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[0036]) El término “grupo ariloxi® como se utiliza aqui significa un grupo
ariloxi que tiene el grupo hidrocarburo aromético ya definido que tiene 6 a 10
atomos de carbono como la porcién arilo e incluye, por ejemplo, fenoxi, 1-naftoxi, y

2-naftoxi.

[0037] El término "grupo heteroariloxi® como se utiliza aqui significa un
grupo heteroariloxi que tiene el grupo heterociclilo aromdtico de 5 a 10 miembros
ya definido que contienen uno o més heterodtomos seleccionados de un dtomo de
oxigeno, un &tomo de nitrbgeno y un azufre como la porcion heteroarilo e incluye,
por ejemplo, furiloxi, tieniloxi, pirroliloxi, imidazoliloxi, pirazoliloxi, oxazoliloxi,
isoxazoliloxi, tiazoliloxi, isotiazoliloxi, oxadiazoliloxi, tiadiazoliloxi, triazoliloxi,
tetrazoliloxi, piridiniloxi, pirimidiniloxi, piraziniloxi, piridaziniloxi, indoliloxi,
quinoliniloxi, y isoquinoliniloxi. Los grupos heteroariloxi preferidos son grupos

heteroariloxi de 5 a 8 miembros.

[0038] El término “grupo alquilamino C4-Cg” como se utiliza aqui significa un
grupo alquilamino que tiene un grupo alquilo de cadena lineal o ramificada que
tiene 1 a 6 atomos de carbono como la porcién alquilo e incluye, por ejemplo,
metilamino, etilamino, n-propilamino, ipropilamino, n-butilamino, s-butilamino,
butilamino, t-butilamino, n-pentilamino, 3-metilbutiiamino, 2-metilbutilamino, 1-
metilbutilamino,  1-etilpropilamino, n-hexilamino, 4-metilpentilamino, 3-
metilpentiiamino, 2-metilpentilamino, 1-mefilpentilamino, 3-etilbutilamino, y 2-

etilbutilamino.

[0038] El témino "grupo di (alquilo Ci-Ce)amino® como se utiliza aqul

significa un grupo dialquilamino que tiene un grupo alquilo de cadena lineal o
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ramificada que tiene 1 a 6 4omos de carbono como las dos porciones alquilo que
pueden ser iguales o diferentes. El "grupo di (alquilo C1-Ce)amino” incluye, por
ejemplo, dimetilamino, dietilamino, di-n-propilamino, di-i-propilamino, di-n-
butilamino, metil-n-butilamino, metil-s-butilamino, metil-i-butilamino, metil-t-

butilamino, etil-n-butilamino, etil-s-butilamino, etil-i-butilamino, y etil-t-butilamino.

[0040] El término “grupo alquiltio C1-Ce’ como se utiliza aqul significa un
grupo alquiltio que tiene un grupo alquilo de cadena lineal o ramificada que tiene 1
a B 4tomos de carbono como la porcién alquilo e incluye, por ejemplo, metilito,
etiltio, n-propiltio, i-propiltio, n-butiltio, s-butiltio, i-butiltio, t-butiltio, n-pentiltio, 3-
metilbutiltio, 2-metilbutiltio, 1-metilbutittio, 1-etilpropiltio, n-hexiltio, 4-metilpentiltio,

3-metilpentiltio, 2-metilpentiltio, 1-metilpentiltio, 3-etilbutiltio, y 2-efilbutiltio.

[0041] El término “grupo alquilsuifinilo C4-Cs" como se utiliza aqul significa
un grupo alquilsulfinilo (-SO-R) que tiene un grupo alquilo de cadena lineal o
ramificada que tiene 1 a 6 4tomos de carbono como [a porcién alquilo e incluye,
por ejemplo, metilsulfinilo, etilsulfinilo, n-propilsulfinilo, i-propilsulfinilo, n-
butilsulfinilo, s-butilsulfinilo, i-butilsulfinilo, t-butilsulfinilo, n-pentilsulfinilo, 3-
metilbutilsulfinilo, 2-metilbutilsulfinilo, 1-metilbutilsulfinilo, 1-etilpropilsulfinilo, n-
hexilsulfinilo, 4-metilpentilsulfinilo, 3-metilpentilsulfinilo, 2-metil-pentitsulfinilo, 1-
metilpentilsulfinilo, 3-efilbutil-suffinilo y 2-etilbutilsulfinilo.

[0042)] El término “grupo alquilsulfonilo C+-Cg" como se utiliza aqui significa
un grupo alquilsulfonilo que tiene un grupo aiquilo de cadena lineal o ramificada
que tiene 1 a 6 atomos de carbono como la porcién alquilo e incluye, por ejemplo,
metilsulfonilo, etilsulfonilo, n-propilsulfonilo, i-propilsulfonilo, n-butilsulfonilo, s-

butilsulfonilo, i-butilsulfonilo, t-butilsulfonilo, n-pentilsulfonilo, 3-metilbutilsulfonilo, 2-
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metilbutilsulfonilo, 1-metilbutilsulfonilo, 1-etilpropilsulfonilo, n-hexilsulfonilo, 4-
metilpentilsulfonilo, 3-metilpentilsulfonilo, 2-metil-pentilsulfonilo, 1-

metilpentilsutfonilo, 3-etilbutil-sulfonilo y 2-etilbutilsutfonilo.

[0043] El grupo “-OC(=0)-Rx" como se utiliza aqul incluye, por ejemplo, un
grupo alquilcarboniloxi C1-Cs, un grupo aralquilcarboniloxi C-C+4, un grupo
alcoxicarboniloxi C+-Cg, ¥ un grupo aralquiloxicarboniloxi C-Cy4. Aqul, el grupo
alquilcarboniloxi C4-Cs incluye, por ejempio, un grupo acetiloxi, un grupo
propioniloxi, un grupo butililoxi y un grupo pivaloiloxi, y particularmente se prefiere
el grupo acetiloxi. E! grupo aralquilcarboniloxi C»-C44 incluye, por ejemplo, el grupo
benzilcarboniloxi y el grupo naftimetilcarboniloxi, y se prefiere el grupo

benzilcarboniloxi.

[0044] El grupo alcoxicarboniloxi C4-Cg incluye, por ejemplo, un grupo
metoxicarboniloxi, y un grupo etoxicarboniloxi, y se prefiere el grupo
metoxicarboniloxi. El grupo aralquiloxicarboniloxi C7-C44 incluye, por ejemplo, un
grupo benziloxicarboniloxi y un grupo naflilmetiloxicarboniloxi, y se prefiere el

grupo benziloxicarboniloxi.

[0045] El término “a4tomo de halégeno® como se utiliza aqui incluye, por

ejemplo, un datomo de fitior, un étomo de cloro, un 4tomo de bromo y un atomo de

yodo.

[0046] El término “heterociclo de 4 a 7 miembros" como se utiliza aqul
significa un heterociclo que puede ser completamente saturado o parciaimente o
completamente insaturado y contiene un nitrébgeno y puede ademas contener uno

o mas heteroatomos independientemente seleccionados de un dtomo de oxigeno,
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un atomo de nitrébgeno y un atomo de azufre e incluye, por ejemplo, azetidina,

pirrolidina, piperidina, y morfolina, y se prefiere la piperidina.

[0047] El tdrmino “carbociclo aromatico® como se utiliza aqul significa un
carbociclo aromético de 8 a 10 miembros e incluye, por ejemplo, un anillo de

benceno y un anillo de naftaleno.

[0048] El término “heterociclo aromatico” como se utiliza aqul significa un
heterociclo aromético de 5 a 6 miembros que contiene uno 0 mas heterodtomos
independientemente seleccionados de un atomo de oxigeno, un &tomo de
nitrégeno y un atomo de azufre e incluye, por ejemplo, un anillo de pirrol, un anillo
de indol, un anillo de tiofeno, un anillo de benzotiofeno, un anillo de furano, un
anillo de benzofurano, un anillo de piridina, un anillo de quinolina, un anillo de
isoquinolina, un anillo de tiazol, un anillo de benzotiazol, un anillo de isotiazol, un
anillo de benzoisotiazol, un anillo de pirazol, un anillo de indazol, un anillo de
oxazol, un anillo de benzoxazol, un anillo de isoxazol, un anillo de benzoisoxazol,
un anilio de imidazol, un anillo de benzoimidazol, un anillo de triazol, un anillo de
benzotriazol, un anillo de pirimidina, un anillo de uracilo, un anillo de pirazina, y un

anillo de piridazina.

[0049] El término “grupo heterocicliio” como se utiliza aqul significa un grupo
heterociclio de 4 a 7 miembros que contiene uno o mas heterodtomos
independientemente seleccionados de un &atomo de oxigeno, un &tomo de
nitrdgeno y un 4tomo de azufre y puede ser completamente saturado o parcial o
completamente insaturado e incluye, por ejemplo, azetidinilo, pimrolidinilo,
piperidinilo, piperazinilo, pirrolilo, imidazolilo, imidazolinilo, pirazolilo, pirazolinilo,

oxazolinilo, morfolinilo, tiomorfolinilo, piridilo, pirazinilo, pirimidinilo, piridazinilo,
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hexametilenoimino, furilo, tetrahidrofurilo, tienilo, tetrahidrotienilo, dioxolanilo,
oxatiotanilo, y dioxanilo. La posicién de sustitucién sobre el grupo heterociclilo no
esta particularmente limitada en tanto esta es la posicion sustituible sobre un

atomo de carbono o un &tomo de nitrébgeno.

[0050] El término “grupo alquilenodioxi C1-C3" como se utiliza aquf es un grupo
divalente representado por la fdrmula: -O-(alguileno C4-C3)-O- e incluye, por
ejempio, un grupo metilenodioxi, un grupo etilenodioxi y un grupo

dimetiimetienodioxi.

[00561] Ademas, los compuestos de la presente invencion incluyen mezclas
de varios tipos de tautdmeros, estereoisémeros tales como isdmeros opticos y sus

iabmeros aislados.

[0052] Los compuestos de la presente invencion pueden formar sales de
adiciéon de acido. Dependiendo ademas del tipo de sustituyente, ellos pueden
formar sales con bases. Tales sales incluyen, por ejemplo, sales de adicién de
éicidos minerales tales como acido clorhidrico, acido bromhldrico, 4cido yodhidrico,
acido sulfirico, dcido nitrico y acido fosfdrico; acidos organicos tales como 4cido
formico, acido acético, acido propidnico, écido oxalico, acido malénico, acido
succlnico, acido fumarico, dcido maléico, acido lactico, acido mdlico, acido
tartarico, acido cltrico, Acido metanosulfénico y acido etanosulfénico; amino acidos
acldicos tales como 4cido asparaginico y écido glutamico. Ademds, las sales
formadas con bases incluyen sales con bases inorgdnicas tales como sodio,
potasio, magnesio, calcio y aluminio; sales con bases organicas tales como
metilamina, etilamina y etanolamina; sales con amino acidos basicos tales como

lisina y ornitina; y sales de amonio.

264
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[0053] Ademads, los compuesios de la presente invencidon incluyen los
hidratos y los varios solvatos farmacéuticamente aceptables, polimorfos y

similares.

[0054] Ademas, los compuestos de la presente invencioén no estan limitados
a los compuastos como se describira en los Ejemplos de adelante e incluyen todos
los derivados de ciclohexano representados por la formula (I) anteriomente

descrita y sales farmacéuticamente aceptables de éstos.

[0055] Ademas, la presente invencion incluye los compuestos que son
convertidos a los compuestos representados por la formula () anteriormente
descrita mediante el metabolismo en un cuerpo vivo y s8sus sales
farmacéuticamente aceptables, esto es, las as! llamadas prodrogas. Los grupos
que forman las prodrogas de los compuestos de la presente invencién incluyen,
por ejemplo, aquellos descritos en Prog. Med., 5, 2157-2181 (1985) y aquellos
descritos en Development of Drugs (Molecular Designing) 7, 163-198, Hirokawa
Shoten, 1980.

[0056] Los compuestos de la presente invencién se pueden producir al
aplicar varios métodos sintéticos conocidos dependiendo de las particularidades
caracteristicas con base en el tipo de esqueleto basico o el sustituyente. En esta
instancia, cuando existe un caso tal que el grupo es preferiblemente protegido con
un grupo protector apropiado en la etapa del material de partida o en un
intermedio desde el punto de vista de técnica de produccién, el grupo protector se
puede eliminar en etapas posteriores para obtener un compuesto deseado. Los

grupos que requieren proteccion en la etapa de produccién incluyen, por ejemplo,
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un grupo hidroxi y un grupo carboxi, y los grupos protectores para estos grupos
incluyen los grupos protectores descritos en Greene and Wuts: Protective Groups
in Organic Synthesis, 2nd ed. Los grupos protectores utilizados y las condiciones
de reaccién para introducir y eliminar el grupo protector son adecuadamente
seleccionados con base en técnicas conocidas tales como los documentos

anteriormente descritos.

[0057] Los compuestos de la presente invencién tienen una actividad
inhibitoria del transportador 2 de glucosa dependiente de sodio (SGLT2) (J. Clin.
Invest., 93, 397 (1994)) que se relaciona con la reabsorcidn de glucosa renal. Por
la inhibicion del SGLT2, la reabsorcién de glucosa se reduce, y el exceso de
glucosa se excreta y la hiperglicemia se remedia sin dar una carga sobre las
células B del pancreas para concretar un efecto terapéutico sobre la diabetes y un

efecto mejorado sobre la resistencia a la insulina.

[0058] Asi, de acuerdo con un aspecto de la presente invencién, se
suministra una droga para evitar o tratar una enfermedad o una condicién, que se
puede mejorar al inhibir la actividad SGLT2, por ejemplo, diabetes, enfermedades

relacionadas con diabetes y complicaciones diabéticas.

[0059] E! témino “diabetes” como se utiliza aqul incluye, diabetes tipo |,
diabetes tipo 1l y otros tipos de diabetes debido a causas especificas. Ademds, el
término “enfermedades relacionadas con diabetes” como se utiliza aqul incluye,
por ejemplo, obesidad, hiperinsulinemia, desorden sacarometabdlico,
hiperlipidemia, hipercolesterolemia, hipertrigliceridemia, desorden de metabolismo

lipido, hipertension, falla cardiaca congestiva, edema, hiperuricemia y gota.

20
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[0060] Ademas, el tdrmino “complicaciones diabéticas” como se utiliza aqul
incluyen tanto complicaciones agudas como complicaciones cronicas. Las
"complicaciones agudas® incluyen, por ejemplo, hiperglicemia (setoacidosis y
similares) y enfermedades infecciosas (tales como piel, tejidos suaves, fracto
biliar, sistema respiratorio y tracto urinario) y las “complicaciones cronicas®
incluyen, por ejemplo, microangio-patia (nefropatia y retinopatia), arteriosclerosis
(tales como aterosclerosis, infarto del miocardio, trombosis cerebral y obstruccién
arterial del fimbo inferior), neuropatia (tal como un nervio sensorial, un nervio
motor y un nervio autonémico) y gangrena del pie. Las principales complicaciones
diabéticas incluyen, por ejemplo, retinopatia diabética, nefropatia diabética y
neuropatia diabética.

[0061] Ademads, los compuestos de la presente invencién se pueden utilizar
en combinacién con un agente para tratar la diabetes, un agente terapéutico de
complicacion diabética, y un agente terapéutico de hiperlipidemia, un agente
terapéutico de hipertensién o similar que tiene un mecanismo de accién diferente
de aquel de los inhibidores de la actividad SGLT2. Al combinar los compuestos de
la presente invencién con otros agentes, se puede esperar un efecto aditivo
comparado con el efecto obtenido de cada uno de los agentes simples en las

enfermedades anteriores.

[0082] Los “agentes terapéuticos de diabetes y agentes terapéuticos para
complicacién diabética® que son (tiles en combinacién inciuyen, por ejempio,
mejoradores de la sensibilidad de insulina (tales como el agonista PPAR vy, el
agonista PPAR aly, el agonista PPAR § y el agonista PPAR aly/ 8), los inhibidores
de glicosidasa, las drogas de biguanida, los promotores de secrecién de insulina,

las preparaciones de insulina, los antagonistas del receptor de glucagon, los

20L
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]

promotores de quinasa del receptor de insulina, los inhibidores de tripeptidil
peptidasa I, los inhibidores de dipeptidil peptidasa IV, los inhibidores de la
proteina tirosina fosfatasa-1B, los inhibidores de glicogen fosforilasa, los
inhibidores de glucosa-6-fosfatasa, los inhibidores de gluconeogénesis, los
inhibidores de fructosa bisfosfatasa, los inhibidores de piruvato deshidrogenasa,
los activadores de glucoquinasa, D-quiro-inositol, los inhibidorea de glicogen
sintasa quinasa 3, péptido 1 similar a glucagén, analogos de péptido 1 similar a
glucagon, agbnistas de péptido 1 similar a glucagén, amirina, analogos de amirina,
agonistas de amirina, antagonistas del receptor glucocorticoide, inhibidores de
11p-hidroxiesteroide deshidrogenasa, inhibidores de aldosa reductasa, inhibidores
de la protelna quinasa C, antagonistas del receptor de acido y-aminobutirico,
antagonistas del canal de sodio, inhibidores de factor de trascripcidn NF-kB,
inhibidores de IKK B, inhibidores de lipido-peroxidasa, inhibidores de dipeptidasa
de acido ligada a a N-acetilada, factor-| de crecimiento similar a insulina, factor de
crecimiento derivado de plaqueta (PDGF), anélogos de factor de crecimiento
derivado de plaqueta (PDGF), factor de crecimiento epidémico (EGF), factor de
crecimiento nervioso, derivados de camitina, uridina, 5-hidroxi-1-metilhidantoina,

EGB-761, bimoclomol, sulodexido, Y-128 y TAR-428.

[0063] Como los agentes terapéuticos de diabetes y los agentes

terapéuticos de complicacién diabética, se ilustran en los siguientes.

[0064] Las “Drogas de biguanida® que incluye, por ejemplo, clorhidrato de

metformina y fenformina.

[0065] Entre los “promotores de secrecidon de insulina”, las sulfonilureas

incluyen, por ejemplo, gliburida (glibenclamida), glipisida, gliclasida y
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clorpropamida, y las no sulfonilureas incluyen, por ejemplo, nateglinida, repaglinida

y mitiglinida.

[0068] Las ‘“preparaciones de insulina® incluyen insulina humana
recombinante e insulina derivada de animal, y se clasifican en tres grupos de
acuerdo con el tiempo de accién, esto es, el tipo de accién inmediata (insulina
humana e insulina neutral humana), el tipo medio (una suspensiéon acuosa de
insulina isofano de insulina humana, una suspensidon acuosa de insulina isofano
de insulina humana neutra humana, una suspensién acuosa de zinc de insulina
humana y una suspensién acuosa de zinc de insulina) y el tipo de accién alargada

(una suspension de zinc de insulina cristalina humana).

[0087] Los “Inhibidores de glicosidasa™ incluyen, por ejemplo, acarbosa,

voglibosa y miglitol.

[0088) Los agonistas PPAR y de los “mejoradores de sensibilidad de
insulina” incluyen, por ejemplo, troglitazona, pioglitazona y rosiglitazona, y los
agonistas dobles de PPAR daly incluyen, por ejemplo, MK-767 (KRP-297),
tesaglitazar, LM 4156, LY 510929, DRF-4823 y TY-51501, y los agonistas PPAR &

incluyen, por ejemplo, GW-501516.

[0069] Los “inhibidores de tripeptidil peptidasa II" incluyen, por ejemplo,
ucL-139.

[0070) Los “inhibidores de dipeptidil peptidasa IV” incluyen, por ejemplo,
NVP-DPP728A, LAF-237, MK-0431, P32/88 y TSL-225.
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[0071] Los “inhibidores de aldosa reductasa” incluyen, por ejemplo, ascorbil
gamolenato, tolrestat, epalrestat, difarestat, sorbinil, ponalrestat, risarestat y

zenarestat.

[0072] Los “antagonistas del receptor de dcido y-aminobutirico” incluyen, por

ejemplo, topiramato.

[0073] Los “antagonistas del canal de sodio” incluyen, por ejemplo,
clorhidrato de mexiletin.
[0074] Los “inhibidores NF-kB del factor de trascripcion® incluyen, por

ejemplo, dexlipotam.

[0075] Los “inhibidores de lipoperoxidasa® incluyen, por ejemplo, tirilazad
mesilato.
[0076] Los “inhibidores de dipeptidasa de é4cido ligado a a N-acetilada”

incluyen, por ejemplo, GP1-5693.

[0077] Los “derivados de carnitina” incluyen, por ejemplo, camitina y

clorhidrato de levacecarnina.

[0078] Los ‘“agentes terapéuticos de hiperipidemia y los agentes
terapéuticos de hipertensién” que se pueden utilizar en combinacién incluyen, por
ejemplo, inhibidores de hidroximetilglutaril coenzima A reductazo, compuestos de
fibrato, agonistas receptores de pi-adrenalina, activadores de AMPK, acil

coenzima A: inhibidores de colesterol acil transferasa, probucol, agonistas del
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receptor de la hormona tiroides, inhibidores de absorcion de colesterol, inhibidores
de lipasa, inhibidores de proteina da transferencia de triglicérido microsoma,
inhibidores de lipoxigenasa, inhibidores de camitina palmitoil transferasa,
inhibidores de escualeno sintasa, promotores del receptor de lipoprotelna de baja
densidad, derivados de acido nicotinico, absorbentes de écido bifiar, inhibidores
del transportador de dcido de bilis conjugado con sodio, inhibidores de proteina de
transferencia de colesteril éster, inhibidores de la enzima que convierte
angiotensina, antagonistas del receptor de angiotensina [l, inhibidores de enzima
que convierte endotelina, antagonistas del receptor de endotelina, diuréticos,
antagonistas de calcio, agentes hipotensivos vasodilatadores, agentes de bloqueo
del simpatico, agentes hipotensores centrales, agonistas de receptor az-
adrenergico, agentes antiplaqueta, inhibidores de la formacion de &cido drico,
estimulantes de la excrecidn de acido drico, agentes alcalificantes de urina,
anorexicos, agonistas receptores de- adiponectina, agonistas GPR40 vy

antagonistas GPR40.

[0079] Como los agentes terapéuticos de hiperiipidemia y los agentes

terapéuticos de hipertension, se ilustran los siguientes.

[0080] Los ‘inhibidores de hidroximetilglutari coenzima A reductasa®
incluyen, por ejemplo, fluvastatina, lovastatina, pravastatina, cerivastatina y

pitavastatina.

[00B1] Los “compuestos de fibrato” incluyen, por ejemplo, bezafibrato,
beclobrato y binifibrato.



[0082] Los “inhibidores de escualeno sintasa® incluyen, por ejemplo, TAK-
475, derivados de a-fosfonosulfonato (como se describié en la Patente US No.

5,712,396).

[0083) "Acil coenzima A: inhibidores de colesterol acil transferasa® incluyen,
por ejemplo, CI-1011, NTE-122, FCE-27677, RP-73163, MCC-147 y DPU-129.

[0084] Los “promotores del receptor de lipoprotefna de baja densidad”
incluyen, por ejemplo, MD-700 y LY-205427.

[0085] Los ‘“inhibidores de proteina de transferencia de microsoma
triglicérido (inhibidores MTP)" incluyen, por ejemplo, los compuestos como se
describieron en las Especificaciones de Patente. US No. 5,739,135, 5,712,279,
5,760,246 y similares.

[0086] Los “anoréxicos” incluyen, por ejemplo, agonistas de
adrenalina-noradrenalina (mazindol, efedrina y similares), agonistas de serotonina
(inhibidores selectivos de retoma de serotonina tales como, fluvoxamina),
agonistas de adrenalin-serotonina (sibutramina y similares), agonistas del receptor
de melanocortina 4 (MC4R) y hormonas que concentran a-melanocito (a-MCH),

leptina, trascripto regulado por cocalna y anfetamina (CART) y similares.

[0087]Los "agonistas receptores de la hormona tiroides® incluyen, por ejemplo,

liotironina sodio y levotiroxina sodio.

[0088] Los “inhibidores de absorcién de colesterol® incluyen, por ejemplo,

azetimiba.
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[0088] Los "inhibidores de lipasa” incluyen, por ejemplo, ortistat.
[0080] Los “inhibidores de carnitina palmitoil transferasa® incluyen, por

ejemplo, etomoxir.

[0091] Los “derivados de acido nicotinico® incluyen, por ejemplo, acido

nicotinico, nicotinamida, nicomol y nicorandil.

[0092] Los ‘“absorbentes de éacido biliar" incluyen, por ejemplo,

col stiramina, cloestilan y clorhidrato de colesevelam.

[0083) Los “inhibidores de enzima que se convierte en agiotensina® incluyen,

por ejemplo, captopril, enalapril maleato, aracepril y cilazapril.

[0084] Los “antagonistas de! receptor de angiotensina II* incluyen, por

ejemplo, candesartan cilexetil, losartan potasio y eprosartan mesilato.

[0095] Los ‘inhibidores de enzima que se convierten en endotelina®

incluyen, por ejemplo, CGS-31447 y CGS-35068.

[0098] Los "antagonistas del receptor de endotelina” incluyen, por ejemplo,
L-749805, TBC-3214 y BMS-182874.

[0087) Por ejemplo, en la terapia de diabetes y similar, es adecuado que los
compuestos de la presente invencién sean utilizados junto con uno o més agentes

seleccionados del grupo que consiste de mejoradores de la sensibilidad de
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insulina (agonistas PPAR y, agonistas PPAR aly, agonistas PPAR &, agonistas
PPAR o//8 y similares), inhibidores de glicosidasa, drogas biguanida, promotores
de la secrecion de isulina, preparaciones de insulina e inhibidores de dipeptidil

peptidasa V.

[0098] Ademds, es adecuado que los compuestos de ia presente invencién
sean utilizados junto con uno 0 mas agentes seleccionados del grupo que consiste
de inhibidores de hidroximetil-glutarii coenzima A reductazo, compuestos de
fibrato, inhibidores de escualeno sintetiza, acil coenzima A: inhibidores de
colesterol acil transferasa, promotores del receptor de lipoproteina de baja
densidad, inhibidores de protelna de transferencia de microsoma triglicérido y

anorexigénico.

[0089] Las drogas de la presente invencién se pueden administrar
sisteméticamente o tépicamente u oraimente o parenteraimente, por ejemplo,
rectaimente, subcutdneamente, intramuscularmente, intravenosamente o

percutaneamente.

[0100] Los compuestos de la presente invenciébn que son utilizados como
drogas pueden estar en cualquier forma de una composicion sdlida, una
composicién liquida y otra composicién y son més adecuadamente seleccionados
en la medida en que surja la necesidad. Las drogas de la presente invencion se
pueden producir al incorporar un vehiculo farmacéuticamente aceptable en los
compuestos de la presente invencion. Especificamente, un excipiente, un lienador,
un ligador, un desintegrador, un agente de recubrimiento, un agente de
recubrimiento de azicar, un ajustador de pH o un agente solubilizante que es

convencionalmente utilizado o un solvente acuoso o no acuoso se agregan a los
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compuestos de la presente invencién para preparar tabletas, pildoras, capsulas,
granulo, talcos polvorosos, polvos, liquidos y soluciones, emuilsiones,
suspensiones, inyecciones o similares y las técnicas convencionalmente
empleadas para formulaciones farmacéuticas. Los excipientes y llenadores
incluyen, por ejemplo, lactosa, estearato de magnesio, almidon, talco, gelatina,
agar, pectina, acacia, aceite de oliva, aceite de sésamo, manteca de cacao, etileno

glicol y otras sustancias usuaimente utilizadas.

[0101] Ademas, los compuestos de la presente invencién se pueden hacer
en formulaciones al formar compuestos de clatrato con a-, B- o y-ciclodextrina o

ciclodextrina metilada.

[0102] La dosis de los compuestos de la presente invencidon varia
dependiendo de la enfermedad, el estado de la enfermedad, el peso, la edad, el
sexo y la ruta de administracion, y es preferiblemente 0.1 a 1,000 mg/kg peso/dia,
més preferiblemente 10 a 200 mg/kg peso/dia y se puede administrar una vez al

dla o dividir varias veces un dla.

[0103] Los compuestos de la presente invencién se pueden sintetizar, por
ejemplo, mediante métodos de produccion como se muestra en los siguientes
Esquemas. Ademads, “Bn® en los siguientes Esquemas representa un grupo

bencilo.

[0104] 2,3,4,6-Tetra-O-bencil-5a-carba-a-D-glucopiranosa (IV) de un

intermedio clave se puede producir, por ejemplo, de la siguiente manera.

[0105] Esquema 1
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[01086] [Férmula 3]
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[0107] Primero, después de que el grupo hidroxi primario de D-glucal es

protegido (por ejemplo, proteccién con el grupo terc-butil-dimetilsililo), dos grupos
hidroxi secundarios son protegidos mediante grupos bencilo, y luego el grupo
protector del grupo hidroxi primario se elimina {(por ejemplo, cuando el grupo
protector es un grupo terc-butildimetilsililo, este se elimina mediante fluoruro de

tetrabutilamonio) para sintetizar un 3,4-di-O-bencil-D-glucal (ll).

[0108] Luego, el compuesto (il) se puede convertir a un 3,4,6-tri-O-bencil-
5a-carba-D-glucopiranosa (lil) por via de cinco etapas [Chem. Commun., p.925

(1998)).

[0108] El compuesto (lll) se puede convertir a 2,3,4,6-tetra-O-bencil-5a-
carba-a-D-glucopiranosa (IV) por via de dos etapas [Liebigs. Ann. Chemi., p.287
(1995)].

SN
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[0110] Un compuestos (V) se puede producir mediante un método como se
describié en el documento [J. Chem. Soc. Perkin Trans. 1, 3287 (1891)]. Ademas,
como se muestra en el siguiente Esquema 2, el compuesto (V) también se puede
producir del compuesto (IV) mediante un reactivo oxidante adecuado (por ejemplo,

DMSO activado en el método Swem o PCC, PDC, periodinano Dess-Martin o

similar)
Esquema 2
[0111] [Férmula 4]
¥ °
" addacifn 0Bn
08n 0Ba 0Bn OBn

({} )] W

{0112] El compuesto (IV) se puede convertir a un compuesto (Vil) como se

muestra adelante.

[0113] Esquema 3

[0114] [Formuia 5]
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[0115] E! compuesto (IV) se puede derivar a 2,3,4,8-tetra-O-bencil-5a-carba-
©
B-D-glucopiranosa (VI), por ejemplo, al desarrollar hidrélisis después de la

reaccion Mitsunobu con écido benzoico.

[0118] Luego, un compuesto (Vil) en el cual X es un atomo de halégeno se
puede producir al permitirle a un agente de halogenacién adecuado (por ejemplo,
oxicloruro de fésforo, oxibromuro de fésforo, tricloruro de fésforo, tribromuro de
fdsforo, tetracloruro-trifenilfosfina de carbono, tetrabromuro-trifeniifosfina de
carbono, N-clorosuccinimida-trifenilfosfina, N-bromaosuccinimida-trifeniffosfina,

yodo-trifenilfosfina o similar) actuar sobre el compuesto (VI).

[0117] Ademds, un compuesto (Vi) en el cual X es un grupo
metanosulfoniloxi, un grupo p-toluenosulfoniioxi, un grupo
trifluorometanosulfoniloxi o similar se puede producir al permitirie al cloruro de
matanosulifonilo, al cloruro de p-toluenosulfonilo, al dcido trifluoromstano-sulfénico
anhidro o similares actuar sobre el compuesto (IV) en un solvente adecuado bajo

condiciones basicas.
[0118] Por ejemplo, un compuesto de la siguiente férmula:

[0119] [Fémmula 6]
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[0120] en donde R'' es igual que el anteriormente definido Rb; y Ar es igual
como se definié anteriormente, que es un intermedio del compuesto de férmula (l)
que se puade sintetizar con referencia a los siguientes documentos: Publicaciones
Intemacionales No. W001/68660, WO01/074834, WO01/074835, W002/28872,
WO002/44192, WO02/064606, WO03/011880 y WO04/014931.

[0121] Por ejemplo, los siguientes compuestos:

[0122] [Fémula 7]
L (0 R
({}1] o

[0123]en donde R' es igual a como se defini6 anteriormente Rb; y Ar* es igual
como se definié anteriormente, que son intermedios de los compuestos de férmula
() que se pueden sintetizar con referencia al siguiente documento: Publicacién

Intemacional No. WO04/007517.
[0124] Por ejemplo, el siguiente compuesto:

[01285] [Formula 8]

H
xi)

3
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[0126] en donde R'™ es igual a como se definié anteriormente Rb; y Ar* es
igual como se definid anteriormente, que es un intermedio del compuesto de
férmula (l) que se puede sintetizar con referencia a los siguientes documentos:
Publicaciones Internacionales No. WO01/16147, W002/366802, WO002/053573,
WO002/068438, WO02/068440, WO02/088157, W0O02/098893, WO003/020737 y

wWO003/090783.
[0127] Por ejempio, et siguiente compuesto:
[0128) [Férmula 9]
0
1
~F om

(xin

[0129) en donde X', X2, X y X* son cada uno un atomo de nitrégeno o C-

Ry uno de dos de X', X2, X3 y X* son atomos de nitrégeno; y R'* es igual a como
se definié anteriormente Rb, el cual es un intermedio del compuesto de férmula (1)
se puede sintetizar con referencia al siguiente documento: Publicacién

Internacional No. WQ03/000712.

[0130] Por ejemplo, el siguiente compuesto:

[0131] [Férmula 10]
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ll._EI\ Art
KH,

xin

[0132) en donde R'® es igual a como se definié anteriormente Rb; y Ar es
igual a como se definié anteriormente, el cual es un intermedio del compuesto de

férmula (1) se puede preparar de acuerdo al siguiente Esquema 4.

Esquema 4
[0133] [Férmula 11]
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[0134] en donde R'® es igual a como se definié anteriormente Rb; M-alquilo
y M-arilo son cada uno un reactive organometélico tal como n-butilitio, fenil litio y
bromuro de fenil magnesio; X es un halégeno tal como cloro, bromo y yodo; y Ar

es igual a como se definié anteriormente.

[0135]) Esto es, el compugato (Xlll) se puede sintetizar al permitile a un
reactivo organometalico adecuado (n-butilitio, fenil litio, bromuro de fenil magnesio
o similar) acutar sobre un compuesto (XIV), luego haciendo reaccionar el
compuesto resultante con Ar-CHO para derivar un compuesto (XV), y
posteriormente desarrollar una reaccién de reduccién adecuada (hidrogenacion

catalltica utilizando un catalizador de paladio o similar).



[0136] Los compuestos de la presente invencibn se pueden producir, por

ejemplo, de acuerdo al Esquema 5 como se muestra adelante.

Esguema 5
[0137] [Férmula 12]
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[0138] en donde R’ es igual a como se definié anteriomente Rb; y Ar® es
igual a como se definié anteriormente.
[0139] Esto es, el compuesto de la presente invencién se puede producir al

condensar el compuesto (V) con el compuesto (Vill) bajo las condiciones de la
reaccion de Mitsunobu utilizando un reactivo azo y una fosfina y luego
desarrollando la desproteccién bajo condiciones de hidrogenacién catalitica
utilizando un catalizador de paladio o similar o desarrollando la desproteccion
mediante trifluoruro-dimetilsulfuro de boro o similar. Los reactivos azo que se
pueden utilizar en la sintesis de los compuestos de la presente invencion incluyen,
por ejemplo, dietil azodicarboxilato, tetrametilazodicarboxamida y 1,8-dimetil-1,5,7-
hexahidro-1,4,6,7-tetrazocin-2,5-diona, y las fosfinas incluyen, por ejemplo,
tirfenilfosfina, tributilfosfina, 2-(diciclohexilfosfino)bifenilo y tri{terc-butil)fosfina.
Ademas, los compuestos de ia presente invencién también se pueden sintetizar
mediante la reaccién de Mitsunobu utilizando un reactivo de fosforano. El reactivo

de fosforano el cual se puede utilizar aqui incluye, por ejemplo,
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(cianometilenojtributilfosforano y (ciano-metileno)trimetilfosforano. Ademas, el
sustituyente R'! del compuesto (XVII) o del sustituyente de Ar* (un halégeno, o un
grupo hidroxi después de convertir a un triflato o similar) también se puede
convertir con el uso a un reactivo de estafio, un acido bdrico o similar en la

presencia de un catalizador de paladio.

[0140] Ademés, los compuestos de la presente invencidon también se pueden

producir, por ejemplo, de acuerdo at Esquema 6 como se muestra adelante.

Esquema 6
[0141] [Férmula 13]
- @\/\lr'
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[0142] en donde X° es un halégeno tal como cloro, bromo, y yodo o un

grupo saliente tal como metanosulfonato y un triflucrometanosulfonato; R'! es
igual a como se definié6 anteriommente Rb; y Ar* es igual a como se definid

anterfiormente.

[0143] Esto es, el compuesto (XVI) se puede producir al condensar el
compuesto (VII) con el compuesto (VIII) en un solvente adecuado bajo condiciones
basicas. Las bases que se pueden utilizar aqul incluyen, por ejemplo, hidruro de

sodio, carbonato de potasio y terc-butdxido de potasio
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[0144] Ademads, los compuestos de la presente invencién también se
pueden producir, por ejemplo, de acuerdo al Esquema 7 como se muestra

adelante.

Esquema 7
[0145] [Férmuia 14]

e e
am oan
o
Y o
ars RNy NN
| : : [ : .
(]
e oo - W
oy o)
[01486] en donde R'' es igual a como se definié anteriormente Rb; R” es un

grupo alquilo C1~Cg, un grupo aralquilo Cr-C14 0 un grupo arilo; y A es igual a

como de definié anteriormente.

[0147] Esto es, el compuesto (XVIl) de la presente invencién se puede
producir al condensar el compuesto (IV) con el compuesto (XVIll) bajo las
condiciones de la reaccién de Mitsunobu utilizando un reactivo azo y una fosfina,
luego convirtiendo el grupo alcoxicarbonilo del compuesto resultante a un grupo
formilo mediante un método convencional para formar un compuesto (XX), luego

pemmitile al A>-M (en donde M es litio, un haluro de magnesio o similar) actuar
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sobre el compuesto (XX) para ser convertido a un compuesto (XXI), y
posteriormente eliminar el grupo hidroxi y los grupos bencilo simultdneamente bajo
condiciones de hidrogenacién catalitica o eliminarios paso a paso al reducir el
grupo hidroxi con trimetilsilano o similar y luego eliminar los grupos bencilo con
trifloruro-dimetilsulfuro de boro.

[0148] Ademaés, los compuestos de la presente invencion también se
pueden producir, por ejempio, de acuerdo al Esquema 8 como se muestra

adelante.

Esquema 8

[0149] [Férmula 15])
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[0150] en donde X'' es un 4tomo de halégeno; R'' es igual a como se

definid anteriormente Rb; y Ar* es igual a como se definié anteriormente.
[0151] Esto es, un compuesto (XXI) se puede sintetizar al derivar el
compuesto (IV) y el compuesto (XXII) a un compuesto (XXIII) mediante la reaccién
de Mitsunobu y luego permitirle a un reactivo organometlico (un alquil litio inferior
tal como n-butillitio o similar) actuar sobre el compuesto (XXIll} para reaccionar

con Ar>-CHO.

320
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[0152] Ademas, los compuestos de la presente invencién también se
pueden producir, por ejemplo, de acuerdo al Esquema 8 como se muestra

adelante.

Esquema 9
[0153] [Férmula 16]
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[0154] en donde X*' y X2 son cada uno un atomo de halégeno; R" es
independientemente seleccionado de un grupo alquilo C1-Cg; R'! es igual a como

se defini6 anteriormente Rb; y Ar® es igual a como de defini6 anteriormente.

[0155] Esto es, a un hexaalquildiestafio se le permite actuar sobre un
compuesto (XXIIl) en la presencia de un catalizador de paladio para derivar un
compuesto (XXIV) el cual es luego reaccionado con Ar>-CH,X? en la presencia de
un catalizador de paladio para sintetizar un compuesto (XV1). El hexaalquildiestafio
como se utiliza aqul incluye, por ejemplo, hexametildiestafio y hexabutildiestafio, y
el catalizador de paladio incluye, por ejemplo, tetrakistrifenilfosfina paladio (0) y
1,2-bis (difenilfosforinoetano)dicloropaladio (lI).

3
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[0156] Ademds, los compuestos de la presente invencién también se
pueden producir, por ejemplo, de acuerdo al Esquema 10 como se muestra

adelante.

Esquema 10
[0157] [Férmula 17)]
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[0158] en donde R'? es igual a como se definié anteriormente Rb; y Ar? es

igual a como se definié anteriormente.

[0158] Esto es, el compuesto (IV) se condensa con el compuesto (IX) bajo
las condiciones de la reaccidon de Mitsunobu utilizando un reactivo azo y una
fosfina para derivar un compuesto (XXV), y posteriormente la reduccién de cetona
y la eliminacidn de los grupos bencilo son simultdneamente desarmrolladas bajo
condiciones de hidrogenacién catalitica utilizando un catalizador de paladio o
similar, o desarrollado paso a paso mediante la reduccion de la cetona con
borohidruro de sodio o similar y luego la eliminacién de los grupos bencilo con un
catalizador de paladio para producir un compuesto (XXVI) de la presente

invencién.

By
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[0160] Ademés, los compuestos de la presente invencion también se
pueden producir, por ejemplo, de acuerdo al Esquema 11 como se muestra

adelante.

Esquema 11
[0161] [Férmula 18]
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[0162] en donde R'? es igual & como se definié anteriormente Rb; y Ar* es

igual a como se definié anteriormente.

[0183] Esto es, el compuesto (IV) se condensa con el compuesto (X) bajo
las condiciones de ia reaccién de Mitsunobu utilizando un reactivo azo y una

fosfina para derivar un compuesto (XXVIl), y posteriormente Ar*-M (donde M es
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litio, un haluro de magnesio o similar) se le permite actuar sobre el compuesto
(XXVII) para convertirio a un compuesto (XXVIII), y posteriormente la eliminacion
del grupo hidroxi y los grupos bencilo se desarrollan simultdneamente o paso a
paso bajo condiciones de hidrogenacion catalltica utilizando un catalizador de

paladio o similar para producir un compuesto (XXVI) de esta invencion.

[0164] Ademds, los compuestos de la presents invencién también se
pueden producir, por ejemplo, de acuerdo al Esquema 12 como se muestra

adelante.

Esquema 12
[0165] [Férmula 19]

[0166) en donde X® es igual a como se definié anteriormente; R'® es igual a

como se definié anteriormente Rb; y AP es igual a comos se definié anteriormente.

[0167] Esto es, el compuesto (XXX) de esta invencién se puede producir al
hacer reaccionar el compuesto (V) con el compuestoc (XI) en un solvente
adecuado en la presencia de una base para derivar un compuesto (XXIX), y

posteriormente la eliminacién de los grupos bencilo se desarrolla bajo condicionea

U



52

de hidrogenacién catalitica utilizando un catalizador de paladio o similar para

producir el compuesto deseado.

[0168] Ademés, en el método de produccién del Esquema 10, el compuesto
(XXXI) (en donde X', X2, X y X* y A es el mismo como se defini6 anteriormente)
de la presente invencién se puede sintetizar al utilizar el compuesto (XIl) en lugar

del compuesto (IX).

[0168] [Férmula 20)
1% !
v 1
*k‘-I\‘r
X
¢ o
(1
Xxx1)
[0170] Ademas, los compuestos de la presente invencién también se

pueden producir, por ejemplo, de acuerdo con el Esquema 13 como se muestra

adelante.

Esquema 13
[0171] [Férmula 21)

B
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[0172] en donde X es un atomo de hal6geno; R es igual a como se defini6

anteriormente Rb; y Ar? es igual a como se definié anteriormente.

[0173] Esto es, el compuesto (XXXV) de esta invencién se puede producir al
someter el compuesto (IV) a la reaccion de Mitsunobu con eftalimida,
permitiéndole a la hidracina o metilamina actuar acbre el compuesto resultante
para derivar un compuesto (XXXI1), luego desarmollar la reaccion de acoplamiento
con un compuesto (XXXIIl) en la presencia de un catalizador de paladio [por
ejemplo, tris{(dibencilidencacetona)di-paiadio (0) o 1,1"-bis(difenilfosfinoferroceno)-
dicloropaladio (ll)] o un reactivo de cobre [por ejemplo, yoduro de cobre (l)] para
convertir el compuesto (XXXII) a un compuesto (XXXIV), y posteriormente eliminar
los grupos bencilo bajo condiciones de hidrogenacion catalitica utilizando un

catalizador de paladio o similar.
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[0174] Ademas, el compuesto (XXXII') se puede sintetizar al desarrollar la
reaccion de Mitsunobu del compuesto (IV) con una azida de sodio o similar y
posteriormente permitie a la trifenilfosfina o similar actuar sobre el compuesto

resuttante.

[0175] Ademas, el compuesto (XXXIII) se puede producir de acuerdo al
Esquema 14 al permitirle al Ar>-M actuar sobre un compuesto (XXXVI) para derivar
un compuesto (XXXVIl) y posteriomente trata el compuesto (XXXVII) con
frietilsilano en la presencia de un complejo de trifloruro de boro-dietileter, acido

trifluoroacético o similar.

Esquema 14

[01786] [Férmula 22]
O
G0 ?
R"-@[ — A . l"-@(\ Ar'
X X X
{xxxV1) Oxxvi i) ouxing
[0177] en donde X es igual a como se definié anteriormente; R'? es igual a

como se defini6 anteriormente Rb; y Ar® es igual a como se definié anteriormente.

[0178] Ademas, los compuestos de la presente invencién también se
pueden producir, por ejemplo, de acuerdo al Esquema 15 como se muestra

adelante.

Esquema 15

B2y
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[0179] [Férmula 23]
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[0180] en donde R'® es igual a como se definié anteriormente Rb; y Ar es
igual a como se definié anteriormente.
[0181] Esto es, un compuesto (XXXX-1) se puede producir al permitirle a un

alquil litio adecuado (por ejemplo, n-butillitio o similar) actuar sobre un compuesto
(XXXVIIl) para reaccionar con un compuesto (V) e hidrogenar cataliticamente el
compuesto obtenido (XXXIX-I) con un catalizador de paladio o similar. De la
misma manera, un compuesto (XXXX-ll) se puede producir directamente al
hidrogenar catallticamente el compuesto (XXXIX-II) con un catalizador de paladio
o se puede producir al acetilar el grupo hidroxi y luego eliminar el grupo acetoxi y
los grupos bencilo mediante reaccién de hidrogenacién catalltica utilizando un
catalizador de paladio o similar (8i es necesario, se agrega un acido tal como &cido
clorhidrico). Aquf, el compuesto (XXXVIIl) se puede sintetizar, por ejemplo,
mediante el método como se describid en la Publicacion Internacional No.

WO01/27128.
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[0182] El compuesto (XXXX) se puede también producir, por ejemplo, de

acuerdo con el método del Esquema 18 como se muestra adelante.

Esquema 168
[0183] [Férmula 24)

(xxxxi)
.I
OIXIY) (xxxxy) ann
[0184] en donde X y X?* son 4tomos de halégeno; R'® es igual a como se

defini6 anteriormente Rb; y Ar” es igual a como se definié anteriomente.

[0185] Esto es, un alquil litic adecuado (por ejemplo, n-butillitio o similar) se
le permite actuar sobre un compuesto (XXXXI) y reacciona con el compuesto (V)
para derivar un compuesto (XXXXII), y el grupo hidroxi resultante se convierte a un
grupo tiocarboniloxi mediante metiltiocarbonilacién o imidazoliltiocarbonilacién, y

luego la desoxigenacion se desarrolla al permitir un agente de reaccion radical
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(por ejemplo, un reactivo de hidruro de estafio tal como hidruro de tributilestafio,
un agente de silano tal como difenilsilano, una combinacion de 4cido difosforoso o
dietil fosfito con una amina terciaria) para actuar sobre el compuesto (XXXXII) en
la presencia de un iniciador radical adecuado (por ejemplo, 2,2'-azobisiso-
butironitrilo, benzoil peréxido o similar) para sintetizar un compuesto (QOOXIII).
Luego, el compuesto (XXXXIIl) se convierte al haluro de bencilo (XXXXIV) bajo
condiciones de halogenacibn adecuadas ({(por ejemplo, mediante N-
bromosuccinimida, bromo, bromuro de hidrégeno o similar), y el haluro de bencilo
(XXXXIV) reacciona con un haluro de arilo (incluyendo un haluro de heteroarilo) en
la presencia de un catalizador adecuado [por ejemplo, tetrakistrifenil-fosfina
paladio (0), 1,2-bis(difenilfosfinoetanc)-dicloropaladio (ll}) o similar], vy

posteriormente la desbencilacién se desarrolla para derivar un compuesto (XOOXX).

[0186) El intermedio (XXXXIV) se puede producir mediante el método del

Esquema 17 como se muestra adelante.

Esquema 17
[0187] [Férmula 25]

220



58

v
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desproteceién
[0188] en donde R'® es igual a como se definid anteriomnente Rb; P es un

grupo protector; X es un dtomo de halégeno; y Ar? es igual a como se definid

anteriormente.

Esto es, después del que el grupo hidroxi de un compuesto (XXXXVI) se
protege mediante un grupo protector adecuado (por ejemplo, un grupo terc-
butildimetilsililo, un grupo tetrahidro-piranilo o similar), un alquil litio adecuado (pro
ejemplo, n-butillitio o similar) actta sobre el compuesto resultante y racciona con el
compuesto (V) para derivar un compuesto (JOXXVII). Luego, el grupo hidroxi
terciarioc se convierte a, por ejemplo, un grupo tio-carboniloxi mediante
metiltiocarbonilacién o imida-zoliltiocarbonilacién, y luego un agente de reaccién
radical (por ejemplo, un reactivo de hidruro de estafio tal como hidruro de
tributilestafio, un agente de silano tal como difenilsilano, una combinacién de dietil
fosfito o éacido difosforoso con amina terciaria) se le permite actuar sobre el

compuesto resultante en la presencia de un iniciador radical adecuado (por
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ejemplo, 2,2-azobisisobutironitrilo, benzoil peréxido) para convertiio a un
compuesto (OXIXVIN). Subsecuentemente, la desproteccion se desarrolla para
obtener un compuesto (XXXXIX), y posteriormente mediante condiciones de
halogenaciéon adecuadas (por ejemplo, cuando X es un atomo de bromo, las
condiciones que utilizan N-bromosuccinimida, bromo, tetrabromuro de carbono o
similar en la presencia de trifenilfosfina), el compuaesto (XXXXIV) se puede

sintetizar.

[0189] El compuesto (L) también se puede producir, por ejemplo, de

acuerdo al Esquema 18 como se muestra adelante.

Esquema 18
[0190] [Férmula 28]
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[0191] en donde R"! es igual a como se definié anteriormente Rb; y Ar es

igual a como se defini6é anteriormente.

Esto es, el compuesto (L) de la presente invencién se puede producir al
utilizar el compuesto (LI) o el compuesto (LIl) en lugar del compuesto (IV) en el

método de produccién del Esquema 5. El compuesto (LI) se puede sintetizar
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mediante el método como se describié en el documento [J. Org. Chem., 83, 5668
(1998)] y el compuesto (LIl) se puede sintetizar mediante el método como se
describié en un documento [Tetrahedron, 56, 7109 (2000)).

[0192) Ademés, los compuestos de la presente invencién también se puede

producir, por ejemplo, de acuerdo al Esquema 19 como se muestra adelante.

[0183]) Esquema 19

[0194] [Férmula 27]
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[0195] en donde R'? es igual a como se defini6 anteriomente Rb; X es igual

a como se definié anteriormente; Tf s un grupo trifluorometano-sulfonilo; y Ar? es

igual a como se definié anteriormente.

Esto es, un compuesto (LV) se puede producir al tratar un compuesto (LIV)
obtenido al triflatar el compuesto (V) junto con un compuesto (LVIl) obtenido al
permitirle a un alquil litio adecuado (n-butillitio o similar) actuar sobre el compuesto
(XXXIII) a ser tratado con un éster de acido bérico (trimetil borato o similar) en la

presencia de un catalizador de paladio (tetrakistrifenilfosfina paladio o similar). Un

2333
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compuesto (LVI) se puede producir al tratar este compuesto (LV) con tricloruro de

boro o similar en la presencia de pentametilbenceno o similar.

[0196] El método para producir los compuestos de la presente invencién no
se limita a los métodos anteriormente descritos. Los compuestos de la presente
invencién se pueden sintetizar, por ejemplo, al combinar adecuadamente las

etapas incluidas en los Esquemas 1 a 18.

EFECTO DE LA INVENCION

[0187] Los compuestos de la presents invencién no solamente tienen accién
de inhibicion SGLT2 sino también tienen propiedades adecuadas como drogas
tales como estabilidad metabdlica, absorbabilidad oral, durabilidad del efecto de
droga y seguridad. Asl, las cpmposiciones famacéuticas que tienen una accion de
disminuir los niveles de azlcar en la sangre que son utilizadas para la profilaxis o
tratamiento de diabetes tales como diabetes dependiente de insulina (diabetes tipo
) y diabetes independiente de insulina (diabetes tipo Il), complicaciones diabéticas
y obesidad causada por hiperglicemia se suministran por medio de la presente

invencién.

Elemplos

[0188] Los contenidos de ia presente invencidn se explicardn en detalies
adicionales mediante los siguientes ejemplos y ejemplos experimentales pero a

presente invencién no esta limitada a sus contenidos.
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[0188] Cada abreviatura en los siguientes ejemplos tienen los siguientes
significados.

RMN: Espectro de resonancia magnética nuclear (estdndar intemo TMS);

MS: Valor del analisis espectrométrico de masa;

HPLC: Cromatografia liquida de alta velocidad,;

[0200] RMN, MS y HPLC son medidos con los siguientes equipos.

RMN: JOEL JNM-EX -270 (270 MHz), Varlan Mercury 300 (300 MHz) o JOEL
JNM-ECP 400 (400 MHz);

MS: LCQ de Termo Finigan o Micromass ZQ de Waters;

HPLC: 2690/2996 (Detector) de Waters.

[0201] Las condiciones de medicién del HPLC son como sigue a menos que
se describa otra cosa.
[0202] Columna: YMC-Pack ODS-A 6.0x150 mm, 5 ym

Fase Moévil: Eluci6n al aplicar un gradiente desde 0.1% TFA/MeCN (5%) mas 0.1%
TFA/H20 (85%) a 0.1% TFA/MeCN (100%) durante 20 minutos,
y posteriomente bajo las mismas condiciones [0.1%
TFA/MeCN (100%)] durante cinco minutos

Tasa de Flujo: 1.5 mL/minuto

Temperatura de Columna: temperatura ambiente

Condicién de Deteccién: gréfica total de la longitud de onda completa de 230 a
400 nm

[0203] Eiemplo 1
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[2-(4-Metoxibencil)fenill-5a-carba-B-D-glucopiranosida

(1)  Sintesis de éster de metilo de acido 2-(2,3,4,6-Tetra-O-bencil-5a-carba-B-D-

glucopiranosil)benzoico

A un salicilato de metilo (72 ul, 0.557 mmol) se agregan solucién de THF
(400 pL), trifenilfosfina (146 mg, 0.557 mmol) y 2,3,4,5,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (200 mg, 0.371 mmol), y dietilazodi-carboxilato (DEAD, 88 pulL,
0.557 mmol) se agrega gota a gota a este, y la solucién de mezcla se agita a
temperatura ambiente durante 10 horas. Se concentra la mezcla de reaccion bajo
presién reducida, y se purifica el residuo obtenido por cromatografia de capa
delgada preparativa (TLC) [solucién de ravelatlio=acetato de etilo: n-hexano (1:3)]

para obtener el compuesto del titulo (123 mg, 48%).

[0204] 'H-RMN (CDCls) 5: 1.60-1.80 (2H, m), 2.15-2.24 (1H, m), 3.48-3.64 (4H, m),
3.75-3.80 (1H, m), 3.83 (3H, 8), 4.43 (3H, s), 4.53 (1H, d, J=10.7Hz), 4.51-4.98
(BH, m), 8.95-7.02 (1H, m), 7.10-7.50 (22H, m), 7.78 (1H, dd, J=1.65, 7.75Hz) MS
(ESI'): 685 [M+Na]*

(2) Sintesis de 2-(2,3,4,8-Tetra-O-bencil-5a-carba-f-D-glucopiranosil)bencil

Alcohol

Hidruro de aluminio litio (10.4 mg, 0.274 mmol) se agrega a una solucién de
THF (360 plL) de éster de metilo de acido 2-(2,3,4,8-tetra-O-bencil-5a-carba-p-D-
glucopiranosil)benzoico (123 mg, 0.183 mmol) en porciones pequefias y la mezcla
de reaccion se agita en un bafio de aceite (55° C) durante tres horas. La mezcla

de reaccion se enfria a temperatura ambiente, y luego se agrega agua a esta y se
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extrae con acetato de etilo. Se lava la capa orgénica con una solucién acuosa de
cloruro de sodio saturada y se seca (sulfato de magnesio anhidro), y luego se
destila el solvente bajo presion reducida. Se purifica el residuo obtenido por TLC
preparativo [solucién de revelado=acetato de etilo: n-hexano (1:3)] para obtener el

compuesto del titulo (95 mg, 81%).

[0205] 'H-RMN (CDCls) &: 1.60-1.80 (2H, m), 2.18-2.22 (1H, m), 3.46-3.74 (5H, m),
4.43 (3H, s), 4.54 (1H, d, J=10.7Hz), 4.66 (2H, br s), 4.81-4.98 (5H, m), 6.84-7.31
(24H, m) MS (ES!*): 667 [M+Na]*

(3) Sintesis de 2-(2,3,4,6-Tetra-O-bencil-5a-carba-p-D-

glucopiranosil}benzaldehido

A un alcohol 2-(2,3,4,6-tetra-O-bencil-5a-carba-p-D-gluco-piranosifjbencilo
(95 mg, 0.147 mmol) se agrega solucién dicloro-metano (1.5 mL), un reactivo
Dess-Martin (94 mg, 0.221 mmol), y la solucién de mezcla se agita a temperatura
ambiente durante 45 minutos. Se remueven los insolubles de la mezcla de
reacciéon mediante filtracién y se concentra el filtrado bajo presién reducida. Se
purifica el residuo obtenido por TLC preparativo [solucién de revelado=acetato de

etilo: n-hexano (1:3)] para obtener el compuesto del titulo (77 mg, 81%).

[0206] 'H-RMN (CDCls) &: 1.80-1.80 (2H, m), 2.17-2.23 (1H, m), 3.48-3.78 (5H, m),
4.44 (3H, s), 4.54 (1H, d, J=10.7Hz), 4.73-4.97 (5H, m), 7.00-7.32 (22H, m), 7.50
(1H, dd, J=1.48, 7.83Hz), 7.83 (1H, dd, J=1.49, 7.58Hz), 10.4 (1H, s)

(4) Sintesis de [2-(2,34,6-Tetra-O-bencil-5a-carba-p-D-glucopiranosil}fenil]-4-

metoxifeniimetanol
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A una solucion de dietil éter (120 pl) de 2-(2,3,4,8-tetra-O-bencil-5a-carba-
B-D-gluco- piranosiljbenzaldehido (77 mg, 0.119 mmol), un 4-metoxifeniimagnesio
0.5 M solucién de THF (480 plL., 0.238 mmol) se agrega, y la solucién de mezcla se
agita a temperatura ambiente durante 13 horas. Una solucién acuosa de cloruro
de amonio saturado se agrega a esta y la mezcla se extrae con acetato de etilo.
La capa organica se seca (sulfato de magnesio anhidro) y el solvente se concentra
bajo presion reducida. Se purifica el residuo obtenido por TLC preparativo
[solucién de revelado=acetato de etilo: n-hexano (1:3)] para obtener el compuesto

del titulo (66 mg, 74%).

[0207]'H-RMN (CDCly) 8: 1.60-1.80 (2H, m), 1.85-2.09 (1H, m), 2.66 (1H, d,
J=4.78Hz), 3.38-3.79 (5H, m), 3.65 (1.2H, s), 3.89 (1.8H, s), 4.33-4.93 (SH, m),
5.96-6.16 (1H, m), 6.73-7.42 (28H, m)

MS (ESI*): 773 [M+NaJ'

(5) Sintesis de [2-(4-Metoxibencil)fenil}-5a-carba-p-D-glucopiranosida

A [2-(2,3,4,6-tetra-O-bencil-5a-carba-B-D-gluco-pirasil}fenil]-4-
metoxifenilmetanol (66 mg, 0.0879 mmol), solucion de metanol &cido clorhidrico (2
mL) que contiene un 20% de hidréxido de carbono paladio (10 mg) se agrega y la
mezcla de reaccion se agita bajo una atmosfera de hidrogeno durante tres horas.
Después la reaccién, la mezcla de reaccién se filtra y se concentra el filtrado bajo
presién reducida, y se purifica el residuo obtenido por TLC preparativo [solucidn de
revelado= metanol.dicloro-metanc (1:10)] para obtener el compuesto del titulo (20

mg, 61%).

333



[0208] 'H-RMN (CD;OD) &: 0.89-1.03 (1H, m), 1.40-1.60 (1H, m). 2.02-2.10 (1H,
m). 3.18-3.34 (2H, m). 3.45-3.51 (2H, m). 3.67-3.71 (1H, m), 3.73 (3H, s), 3.82-
3.89 (2H, m), 4.13-4.22 (1H, m), 6.78 (2H, d, J=8.57Hz), 6.80-6.86 (1H, m), 6.96-
7.16 (5H, m) MS (ESI"): 397 [M+Na]'

Tiempo de Retencién de HPLC: 10.6 minutos.

(1) Sintesis de [2R,35,4R,5R]-2,34-Trisbenciloxi-5-benciloximetil-1-{3-(4-

metoxibencil)fenillciclo-hexanol

A una solucion de 3-(4-metoxibencil)-1-bromobencena (155 mg, 0.559
mmol) en THF (0.80 mL), una solucion de hexano butillitio 2.44 M (0.23 mL, 0.559
mmol) se agrega gota a gota a -78" C y la solucién de mezcla se agita durante 25
minutos. Luego, una solucién de 2,3 4-tribenciloxi-5-(benciloxi-
metil)ciclohexanona (200 mg, 0.373 mmol) en THF (0.70 mL) se agrega gota a
gota a este y la mezcla de reaccion se agita durante 75 minutos, A la mezcla de
reaccién se agrega una solucién de cloruro de amonio acuosa saturada y la
mezcla se extrae con acetato de etilo, y se lava la capa organica con una solucion
acuosa de cloruro de sodio saturada, y luego se seca sobre sulfato de magnesio
anhidro. E! solvente se concentra y se purifica el residuo obtenido por
cromatografia de gel de silice [solucién de revelado=acetato de etilo: n-hexano
(2:5)] para obtener el compuesto del titulo (80 mg, 27%) como una mezcia de

isémero 1R y isémero 1S.
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[0209] 'H-RMN (CDCls) 3: 1.82-1.92 (1H, m), 2.38-2.44 (1H, m), 2.56-2.84 (1H, m),
3.34-3.39 (1H, m), 3.55-3.80 (2H, m), 3.66 (3H, s}, 3.78 (2H, s), 3.87-3.94 (2H, m),
4.42-5.04 (8H, m), 6.61-6.84 (4H, m), 7.08-7.40 (23H, m), 7.55-7.66 (1H, m)

(2) Sintesis de Ester de [2R,3S,4R,5R]-2,3,4-Tris-benciloxi-5-benciloximetil-1-

[3«(4-metoxibencil)-fenil]ciclohexilo de dcido acetico

A una solucidon de [2R,3S 4R,5R}-2,3 4-trisbenciloxi-5- benciloximetii-1-{3-
(4-metoxibencil)fenillciclohexanol (20 mg), trietilamina (0.008 mL) y 4-
dimetilamina-piridina (0.7 mg) en diclorometano (0.10 mL), se agrega anhidrido
acético (0.003 mL) bajo enfriamiento con hielo y la mezcla de reaccién se agita a
temperatura ambiente durante dos horas. Luego, se agrega cloruro de acetilo
(0.003 mL) a este bajo enfriamiento con hielo y la mezcla de reaccién se agita a
temperatura ambiente durante 30 minutos. Una solucibn acuosa de
hidrogencarbonato de sodio saturado se agrega a esta y la mezcla se extrae con
diclorometano, y la capa organica se seca sobre sulfato de magnesio anhidro. El
solvente se concentra y se purifica el residuo obtenido por TLC preparativo
[solucién de revelado=acetato de etilo: n-hexano (2:5)] para obtener el compuesto

del titulo (4.2 mg).

[0210] 'H-RMN(CDCly) 5: 1.85 (3H, s), 2.03-2.17 (2H, s), 3.20-3.49 (3H, m), 3.60-
3.72 (2H, m), 3.67 (3H, s), 3.87 (2H, s), 4.07 (1H, d, J=9.8Hz), 4.39-4.85 (8H, m),
6.72 (2H, d, J=8.6Hz), 6.98-7.40 (24H, m), 7.54 (1H, d, J=7.8Hz), 7.85 (1H, 8)

MS (ESI*): 794 [M+H,0]"

(3) Sintesis de [18,2R,3R,4R,85]-4-Hidroximetil-6-{3-(4-

metoxibengcil)feniljciclohexano-1,2,3-triol
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A un metanol (0.2 mL)-THF (0.2 mL) solucién de éster de [2R,35,4R,5R}
2,3 4-trisbenciloxi-5-benciloximetil-1-[3-(4-metoxibencil)feniljciclohexilo de &4cido
acético (4.2 mg), se agrega un 20% de hidréxido de paladio-carbono (3 mg) y la
solucién de mezcla se agita bajo una atmésfera de hidrégeno durante tres horas.
La mezcla de reaccién se fitra y se concentra el filtrado y se purifica el residuo
obtenido por TLC preparativo [solucién de revelado=diclorometano: metanol (9:1)]

para obtener el compuesto del titulo (1.7 mg) como un diastereébmero Gnico.

[0211]'"H-RMN (DMSO-de) 5: 1.24 (1H, dd, J=12.9, 12.6Hz), 1.48 (1H, m), 1.65
(1H, dt, J=13.8, 3.3Hz), 2.43 (1H, dt, J=10.4, 4.2Hz), 3.05-3.17 (2H, m), 3.26-3.40
(2H, m), 3.60 (1H, m), 3.71 (3H, 8), 3.83 (2H, s), 4.15 (1H, d, J=4.8Hz), 4.21 (1H, t,
J=5.1Hz), 4.45 (1H, br), 4.80 (1H, br), 6.84 (2H, m), 6.83-7.08 (3H, m), 7.10-7.20
(3H, m)

MS (ESI"): 376 [M+H;0]"

Eiemplo 3

[2-(4-Trifluorometoxibencil)fenil]-5a-caba-B-D-glucopirasnoida

(1) Sintesis de (2-Benciloxifenil)-{trifluorometoxi-fenil)metancl

En una corriente de nitrégeno, una solucién de hexano n butillitio {(1.59 M,
8.7 mL) se agrega gota a gota a una solucién de 1-benciloxi-2-bromobenceno (3.3
g, 12.64 mmol) en THF (126 mL) a -78° C y la solucién de mezcla se agita a la
misma temperatura durante 15 minutos. A esta solucién, una solucién de 4-

trifluorometoxibenzaldehido (2.0 g, 10.52 mmol) en THF (42 mL) se agrega gota a
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gota a -78° C. La mezcla de reaccién se agita a la misma temperatura durante 40
minutos y a 0° C durante 45 minutos, y luego una solucion acuosa de cloruro de
amonio saturado se agrega a esta y la mezcla se exirae con acetato de etilo. Se
lava la capa organica con una solucién acuosa de cloruro de sodio saturada y se
seca (sulfato de magnesio anhidro), y luego se destila el solvente bajo presion
reducida. Se purifica el residuo obtenido por cromatografia de columna de gel de
sllice [solucién de revelado=acetato de etilo: n-hexano (1:10)] para obtener el

compuesto del titulo (3.03 g, 77%) como un aceite incoloro.

[0212)'H-RMN (CDCly) &: 2.98 (1H, d, J=5.8Hz), 5.01 (2H, s), 6.02 (1H, d,
J=5.6Hz), 6.84-7.00 (2H, m), 7.03-7.37 (11H, m)

(2) Sintesis de 2-(4-Trifiuorometoxibencil)fenol

Un catalizador de hidréxido de paladio al 20% (150 mg) se agrega a una
solucion de (2-benciloxifenil)-(4-trifluorometoxifenil)metanol (1.5 g, 4.01 mmol) en
metanol (27 mL) y adicionaimente se agrega 36% de HCI (0.33 mL) a este. La
solucién de mezcla se agita bajo una atmésfera de hidrégeno durante 16 horas, y
luego se enfrla a 0° C, se agrega carbonato de potasio (0.54 g) a esta y la mezcla
se agita durante 30 minutos, y luego se remueve el catalizador mediante filtracion.
Se destila el solvente bajo presién reducida y se purifica el residuo obtenido por
cromatografla de columna de gel de sllice [solucién de revelado=acetato de etilo:
n-hexano (1:10)] para obtener un sélido blanco del compuesto del titulo (1.05 g,
97%).

[0213]) 'H-RMN (CDCly) 8: 3.98 (2H, s), 4.83 (1H, 8), 6.77 (1H, d, J=7.7Hz), 6.89

(1H, t, J=7.3Hz), 6.99-7.13 (4H, m), 7.23 (2H, d, J=8.1Hz)
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(3) Sintesis de [2-(4-Trifluorometoxibencil)fenill-5a-carba-p-D-glucopiranosida

En una corriente de nitrégeno, se agregan 2,34 ,6-tetra-O-bencil-5a-carba-
N-D-glucopiranosa (400 mg, 0.74 mmol) y tributil-fosfina (0.28 mL, 1.11 mmol) a
una solucién de 2-(4-tri- fluorometoxibencil)fencl (298 mg, 1.11 mmol) en tolueno
(25 mL) bajo enfriamiento con hielo, y Iluego se agrega tetra-
metilazodicarboxamida (TMAD, 191 mg, 1.11 mmol) a este a ia misma
temperatura. La mezcla de reaccidn se agita durante la noche mientras
gradualmente se eleva su temperatura a temperatura ambiente. Se concentra la
mezcla de reaccién bajo presion reducida, y se trata el residuo obtenido con
cromatografia de columna de gel de silice [solucién de revelado=acetato de etilo:
n-hexano (1:10)] y adicionaimente TLC preparativo [soiucién de revelado=acetato
de etilo: n-hexano (1:5)]. Se disuelve el producto crudo obtenido en una solucién
mezclada de tetrahidrofurano (1.4 mL)-metanol (2.8 mL), se agrega un catalizador
de hidréxido de paladio al 20% (40 mg) a esta y la mezcla se agita bajo una
atmésfera de hidrégeno durante 1.75 horas, y luego se filtra el catalizador. Se
destila el solvente bajo presién reducida, y se purifica el residuo obtenido por TLC
preparativo {solucién de revelado=cloruro de metileno: metanol (10:1)] para

obtener el compuesto del titulo (67 mg, 21%).

[0214] 'H-RMN (CDsOD) 5: 0.85-0.99 (1H, m), 1.44-1.61 (1H, m), 2.00-2.11 (1H,
m), 3.12-3.33 (2H, m), 3.38-348 (2H, m), 3.64-3.73 (1H, m), 3.83 (1H, d,
J=14.8Hz), 4.07 (1H, d, J=14.8Hz), 4.124.23 (1H, m), 6.86 (1H, t, J=7.3Hz), 6.96-
7.17 (5H, m), 7.20 (2H, d, J=8.6Hz)

MS (ESI"): 428 M]"

Tiempo de Retenciéon de HPLC: 12.7 minutos
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Ejemplo 4

[2-(4-Ciclopentilbencil}fenill-5a-carba-8-D-glucopiranosida

(1)  Sintesis de (2-Benciloxifenil)-(4-bromofenil)- metanol

En una corriente de nitrdgeno, una solucién de hexano n butillitio (1.59 M,
11.57 mL) se agrega gota a gota a una solucién de 1-benciloxi-2-bromobenceno
(4.4 g, 16.72 mmol) en THF (168 mL) a -78° C y la solucién de mezcla se agita a la
misma temperatura durante 15 minutos. A esta solucién, se agrega gota a gota
una solucién de 4-bromobenzaldehido (2.47 g, 13.34 mmol) en THF (50 mL) a -78°
C. La mezcia de reaccion se agita a la misma temperatura durante 30 minutos y a
0° C durante 30 minutos, y luego una solucién acucsa de cloruro de amonio
saturado se agrega a esta y la mezcla se extrae con acetato de etilo. Se lava la
capa orgdnica con una solucidn acuosa de cloruro de sodio saturada y se seca
(sulfato de magnesio anhidro), y luego se destila el solvente bajo presion reducida.
Se purifica el residuo obtenido por cromatografla de columna de gel de sllice
[soluciébn de revelado=acetato de etilo: n-hexano (1:10)] para obtener el

compuesto del titulo (4.08 g, 83%) como un aceite incoloro.

[0215]'H-RMN (CDCly) &: 2.96 (1H, d, J=8.1Hz), 5.01 (2H, s), 5.97 (1H, d,

J=5.9Hz), 6.86-8.99 (2H, m), 7.09-7.39 (11H, m)

(2) Sintesis de 1-Benciloxi-2-(4-bromobencil)benceno
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En una cormiente de nitrégeno, trietilsilano (1.84 mL, 11.55 mmol) y un
complejo de dietiléter-trifluoruro de boro. (1.33 mL, 10.5 mmol) se agregan a una
solucién de (2-benciloxifenil)-(4-bromofenil) metanol (3.88 g, 10.5 mmol) en
acetonitrilo (19.5 mL) a -40° C y la mezcla se agita a la misma temperatura
durante 0.5 hora. Se agrega una soluciéon acuosa de carbonato de sodio acuoso
saturado a la mezcla de reaccién y la mezcla se extrae con acetato de etilo. Se
lava la capa orgdnica con una solucion acuosa de cloruro de sodio saturada y se
seca (sulfato de magnesio anhidro), y luego se destila el solvente bajo presion
reducida. Se purifica el residuo obtenido por cromatografla de columna de gel de
sllice [solucion de revelado=acetato de efilo: n-hexano (1:10)] para obtener el

compuesto del titulo (2.86 g, 77%).

[0216] 'H-RMN (CDCly) 8: 3.85 (2H, s), 5.03 (2H, s), 6.81- 8.92 (2H, m), 6.96-7.36
(11H, m)

(3) Sintesis de 1-[4-(2-Benciloxibencil)fenil]ciclo-pentanol

En una corriente de nitrégeno, una solucién de hexano n butillitio (1.59 M,
294 mL) se agrega gota a gota a una solucibon de 1-benciloxi-2-(4-
bromobencil}benceno (1.5 g, 4.25 mmol) en THF (168.5 mL) a -78° C y la mezcla se
agita a la misma temperatura durante 30 minutos. A esta mezcla, se agrega gota a
gota una solucién de ciclopentanona (357 mg, 4.25 mmol) en THF (4 mL) a -78° C.
La mezcla de reaccién se agita a la misma temperatura durante 50 minutos y a 0°
C durante una hora, y luego se agrega una solucién acuosa de cloruro de amonio
saturado a esta y la mezcla se exirae con acetato de etilo. Se lava la capa
organica con una solucién acuosa de cloruro de sodio saturada y se seca (sulfato

de magnesio anhidro), y luego se destila el solvente bajo presién reducida. Se
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purifica el residuo obtenido por cromatografla de columna de gel de silice [solucién
de revelado=acetato de etilo: n-hexano (1:10),] para obtener el compuesto del

titulo (1.14 g, 75%) como un aceite incoloro.

[0217} "H-RMN (CDCls) 5: 1.47-2.02 (8H, m), 4.00 (2H, ), 5.03 (2H, s), 6.79-6.89
(2H, m), 7.02-7.36 (11H, m)

(4) Sintesis de 2-(4-Ciclopentilbencil)fenol

A una solucidn de 1-[4-(2-benciloxibencil)fenil]-ciclopentanol (1.14 g, 3.19
mmol) en metanol (21 mL), se agrega un catalizador de hidroxido de paladio al
20% (114 mg), y adicionalments se agrega 36% de HCI (0.255 mL) a esta. La
mezcla se agita bajo una atmdsfera de hidrégeno durante la noche, y luego se
enfria a 0° C, se agrega carbonato de potasio (425 mg) a esta y la mezcla se agita
durante 20 minutos, y luego se filtra el catalizador. Se destila el solvente bajo
presién reducida y se purifica el residuo obtenido por cromatografia de columna de
gel de silice [solucion de revelado=acetato de etilo: n-hexano (1:20)] para obtener

el compuesta del titulo (744 mg, 82%) como un sélido blanco

[0218] 'H-RMN (CDCls) 5: 1.44-1.84 (6H, m), 1.93-2.08 (2H, m), 2.84-3.00 (1H, m),
3.95 (2H, s), 4.76 (1H, 8), 6.76 (1H, d, J=8.1Hz), 8.87 (1H, t, J=7.3Hz), 7.02-7.20
(6H, m)

(5) Sintesis de [2-(4-Ciclopentilbencil)fenil}-5a-carba-B-D-glucopiranosida

En una comriente de nitrégeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.83 mmol) y tributikfosfina (0.35 mL, 1.39 mmol) a
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una solucién de 2-(4-ciclopentilbencil)fencl (351 mg, 1.39 mmol) en tolueno (3.1
mL) bajo enfriamiento con hielo, y luego se agrega tetrametilazodicarboxamida
(TMAD, 239 mg, 1.39 mmol) a esta a la misma temperatura. La mezcla de
reaccién se agita durante la noche mientras graduaimente se eleva su temperatura
a temperatura ambiente. Se concentra la mezcla de reaccibn bajo presion
reducida, y se trata el residuo obtenido con cromatografia de columna de gel de
sllice [solucién de revelado=n- hexano:diclorometano: acetona (12:3:1)] para
obtener un producto crudo (655 mg). Se disuelve el producto crudo obtenido en
una solucién mezclada de tetrahidrofurano (0.9 mL)-metanol(1.8 mL), se agrega
un catalizador de hidréxido de paladio al 20% (12.6 mg) a esta y la mezcla se agita
bajo una atmésfera de hidrégeno durante siete horas, y luego se filtra el
catalizador. Se destila el solvente bajo presién reducida y se purifica el residuo
obtenido por TLC preparativo [solucién de revelado= cloruro de metileno: metanol

(10:1)] para obtener el compuesto del titulo (40 mg, 58%).

[0219] 'TH-RMN (CD,OD) 5: 0.78-0.98 (1H, m), 1.44-1.86 (7H, m), 1.93-2.07 (3H,
m), 2.84-2.99 (1H, m), 3.12-3.31 (2H, m), 3.37-3.48 (2H, m), 3.62-3.71 (1H, m),
3.86 (1H, d, J=14.8H2), 3.98 (1H, d, J=14.8Hz), 4.08-4.20 (1H, m), 6.83 (1H, t,
J=7.3Hz), 6.93-7.14 (TH, m)

MS (ESI"): 413 [M+H]"

Tiempo de Retencién de HPLC: 14.5 minutos

Ejemplo 5

[2-{4-Clorobencil)fenil]-5a-carba-8-D-glucopiranosida

(1) Sintesis de (2-Benciloxifenil)-(4-clorofenil)}-metanol
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En una comiente de nitrdgeno, una solucién de hexano n butillitic (2.44 M,
10.3 mL) se agrega gota a gota a una solucién de 1-benciloxi-2-bromaobenceno
(6.0 g, 22.8 mmol) en THF (228 mL) a -78° C y la mezcla se agita a la misma
temperatura durante 30 minutos. A esta solucién, una solucion de 4-
clorobenzaldehido (2.87 g, 19.0 mmol) en THF (78 mL) se agrega gota a gota a -
78° C. La mezcla de reaccion se agita a la misma temperatura durante dos horas y
adicionaimente a 0° C durante una hora. Se agrega agua a esta y la mezcla se
extrae con acetato de etilo. Se lava la capa organica con una solucion acuosa de
cloruro de sodio saturada y se seca (suffato de magnesio anhidro), y luego se
destila el solvente bajo presién reducida. Se purifica el residuo obtenido por
cromatografia de columna de gel de silice [solucién de revelado=acetato de etilo:

n-hexano (1:5)] para obtener el compuesto del titulo (4.76 g, 77%).

[0220] 'H-RMN (CDCls) 5: 2.94 (1H, ), 5.01 (2H, 8), 5.99 (1H, 8), 6.92-7.00 (22H,
m), 7.17-7.41 (11H, m)

(2) Sintesis de 1-Benciloxi-2-(4-clorobencil)benceno

En una cormriente de nitrégeno, se agregan trietilsilano (2.8 mL, 17.6 mmol) y
complejo de distil éter-trifluoruro de boro (1.84 mL, 14.6 mmol) a una solucién de
(2-benciloxifenil)-(4-clorofenil) metanol (4.76 g, 14.6 mmol) en acetonitrilo (150 mL)
a -40° C y la mezcla de reaccion se agita a la misma temperatura durante 2 horas
y adicionalmente a 0° C durante una hora. Se agrega agua a esta y la mezcla se
extrae con cloruro de metileno. Se lava la capa organica con una solucién acuosa
saturada de cloruro de sodio y se seca (sulfato de magnesio anhidro), y luego se

destila el solvente bajo presién reducida. Se purifica el residuo obtenido por

243



76

cromatografia de columna de gel de sllice [solucién de revelado=acetato de etilo:

n-hexano (1:10)] para obtener el compuesto del titulo (3.85 g, 85%).

[0221] 'H-RMN (CDCls) 5: 3.97 (2H, 8), 5.03 (2H, s), 6.87- 8.92 (2H, m), 7.08-7.37
(11H, m)

(3) Sintesis de 2-(4-Clorobencil)fenol

En una comriente de nitrdgeno, se agregan dimetilsulfuro (105.1 pl, 2.43
mmol) y complejo de dietil éter-trifluoruro de boro (51.3 pL, 0.4 mmol) a una
solucién de 1-benciloxi-2-(4-clorobencil)benceno (50.0 mg, 0.16 mmol) en cloruro
de metileno (2.0 mL) bajo enfriamiento con hielo, y la mezcla de reaccién se agita
durante 18 horas mientras gradualimente se eleva su temperatura a temperatura
ambiente. Después se agrega agua a esta bajo enfriamiento con hielo y la mezcla
se extrae con cloruro de metileno. Se lava la capa orgénica con una solucién
acuosa de cloruro de sodio saturada y se seca (sulfato de magnesio anhidro), y
luego se destila el solvente bajo presion reducida. Se purifica el residuo obtenido
por cromatografia de columna de gel de sllice [solucién de revelado=acetato de

etilo: n-hexano (1:5)] para obtener el compuesto del titulo (33.4 mg, 94%).

[0222] 'H-RMN (CDCls) 5: 3.95 (2H, s), 4.80 (1H, s), 8.75- 6.78 (1H, m), 6.86-6.92
(1H, m), 7.07-7.27 (6H, m)

(4) Sintesis de [2-(4-Clorobencil)fenil}-5a-carba-pB-D-glucopiranosida

En una corriente de nitrégeno, se agregan 2,3,4 6-tetra-O-bencil-5a-carba-

p-D-glucopiranosa (500 mg, 0.83 mmol) y tributil-fosfina (0.35 mL, 1.38 mmol) a
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una solucién de 2-(4-clorobencil)fanol (304 mg, 1.55 mmol) en tolueno (2 mL) bajo
enfriamiento con hielo, y luego se agrega tetrametilazo-dicarboxamida (TMAD, 238
mg, 1.29 mmol) a esta a la misma temperatura. La mezcla de reaccidén se agita
durante 20 horas mientras gradualmente se eleva su temperatura a temperatura
ambiente. Se concentra la mezcla de reaccién bajo presién reducida, y se trata el
residuo obtenido con cromatografla de columna de ge! de silice [solucidn de
revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve el producto crudo
obtenido en cloruro de metileno (8 mL), y se agregan dimetil sulfuro (2,17 mL, 50.2
mmol} y un complejo de dietil éter-trifluoruro de boro {(1.08 mL, 8.51 mmol) a este
bajo enfriamiento con hielo. La mezcla de reaccién se agita durante 25 horas
mientras gradualmente se eleva su temperatura a temperatura ambiente, y luego
se agrega agua a esta bajo enfriamiento con hielo y la mezcla se extrae con
cloruro de metileno. Se lava la capa organica con una solucion acuosa de cloruro
de sodio saturada y se seca (sulfato de magnesio anhidro), y luego se destila el
solvente bajo presién reducida. Se purifica el residuo obtenido por cromatografia
de columna de gel de silice [solucién de revelado=cloruro de metileno: metanol

(10:1)] para obtener el compuesto del titulo (122.8 mg, 35%).

[0223] 'H-RMN (CD,OD) &: 0.95 (1H, dd, J=13.2, 11.1Hz2), 1.53 (1H, m), 2.00-2.09
(1H, m), 3.20 (1H, d, J=8.7Hz), 3.25 (1H, d, J=5.1Hz), 3.43-3.51 (2H, m), 3.68-3.71
(1H, dd, J=3.9, 3.9Hz), 3.91 (1H, d, J=14.7Hz), 3.99 (1H, d, J=15HZ), 4.154.23
(1H, m), 8.85 (1H, t, J=7.5Hz), 7.03 (1H, d, J=9.0Hz), 7.08-7.23 (6H, m)

MS (ESI"): 378 [M+H]'

Tiempo de Retencién de HPLC: 11.7 minutos

Ejemplo 8
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(2-Bencilfenil)-Sa-carba-B-D-glucopiranosida

(1) Sintesis de 2-Benciifenol

A una solucién de 2-(4-clorobencil)fenol (618.5 mg, 2.83 mmol) en metanol
(20 mL), se agrega un catalizador de hidréxido de paladio al 20% (240 mg). La
mezcla se agita bajo una atmésfera de hidrdgeno durante tres dias, y luego se
filtra el catalizador. Se destila el solvente bajo presién reducida y se purifica el
residuo obtenido por cromatografla de columna de gel de sllice [solucion de
revelado=acetato de etilo: n-hexano (1:4)] para obtener el compuesto del titulo

(348.4 mg, 67%).

[0224] 'H-RMN (CDCl) &: 3.99 (2H, 8), 4.85 (1H, 8), 6.79 (1H, d, J=8.1Hz), 6.89
(1H, , J=7.5Hz), 7.08-7.31 (6H, m)

(2) Sintesis de (2-Bencilfenil)-5a-carba-f-D-gluco- piranosida

En una corriente de nitrdgeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.93 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a
una solucién de 2-bencil-fenol (256.5 mg, 1.39 mmol) en tolueno (2 mL) bajo
enfriamiento con hielo, y luego tetrametilazodi-carboxamida (TMAD, 239 mg, 1.39
mmol) se agrega a esta a la misma temperatura. La mezcla de reaccion se agita
durante 21 horas mientras gradualmente se eleva su temperatura a temperatura
ambiente. Se concentra la mezcla de reacciéon bajo presién reducida, y se trata el
residuo obtenido por cromatografia de columna de gel! de silice solucién de
revelado= acetato de etilo: n-hexano (1:10)]. Se disuelve el producto crudo

obtenido en una solucién mezclada de metanol-THF (1:1) (14 mL) y se agrega un
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catalizador de hidréxido de paladio al 20% (118.8 mg) a esta y la mezcla se agita
bajo una atmésfera de hidrégeno durante 15 horas, y luego se filtra el catalizador.
Se destila el solvente bajo presion reducida y se purifica el residuo obtenido por
cromatografila de columna de gel de sllice [solucibn de revelado= cloruro de

metileno: metanol (10:1)] para obtener el compuesto del titulo (84 mg, 28%).

[0225] '"H-RMN (CDsOD) 8: 0.85 (1H, dd, J=12.0, 11.7Hz), 1.49-1.59 (1H, m), 2.03-
2.08 (1H, m), 3.20 (1H, d, J=9.0Hz), 3.25 (1H, d, J=5.THz), 3.34 (4H, 8), 3.44-3.50
(2H, m), 3.68 (1H, dd, J=3.9, 4.2Hz), 3.94 (1H, d, J=16Hz), 4.0 (1H, d, J=15H2),
4.13-4.22 (1H, m), 6.84 (1H, t, J=6.3Hz), 7.03 (1H, d, J=6.3Hz), 7.08-7.24 (7H, m)
MS (ESI*): 345 [M+H]"

Tiempo de Retencién HPLC: 10.6 minutos

Ejemplo 7

[2-(4-Isopropilbencil)fenill-5a-carba-B-D-gluco-piranosida

(1) Sintesis de (2-Benciloxifenit)(4-isopropil-fenil)metanol

En una cormiente de nitrégeno, una solucién de hexano n-butillitio (2.44 M,
5.14 mL) se agrega gota a gota a una solucién de 1-benciloxi-2-bromobenceno
(3.0 g, 11.4 mmol) en THF (114 mL) a -78° C y la mezcla de reaccion se agita a la
misma temperatura durante 30 minutos. A esta solucién, una soluciéon de 4-
isopropilbenzaldehldo (1.41 g, 9.49 mmol} en THF (38 mL) se agrega gota a gota
a -78° C. La mezcla de reaccién se agita a la misma temperatura durante una hora
y adicionaimente a 0° C durante una hora. Se agrega agua a esta y la mezcla se

extrae con acetato de etilo. Se lava la capa orgénica con una solucién acuosa de
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cloruro de sodio saturada y se seca (sulfato de magnesio anhidro), y luego se
destila el solvente bajo presién reducida. Se purifica el residuo obtenido por
cromatografia de columna de gel de sllice [solucién de revelado=acetato de etilo:

n-hexano (1:5)] para obtener el compuesto del titulo (2.63 g, 84%).

[0226] "H-RMN (CDCls) &: 1.28 (6H, d, J=7.8Hz), 2.84-2.94 (1H, m), 5.02 (2H, s),
8.02 (1H, 8), 6.90-7.00 (2H, m), 7.15-7.34 (11H, m)

(2) Sintesis de 2-(4-Isopropilbencil)fenol

A una solucién de (2-benciloxifenily{4- isoprpilfenil) metanol (2.63 g, 7.92
mmol) en metanol (50 mL), se agrega un catalizador de hidréxido de paladio al
20% (263 mg) se agrega y adicionalimente HCI 2N (0.4 mL) a esta, y |a solucion de
mezcla se agita bajo una atmdsfera de hidrégeno durante 15 horas, y luego se
filtra el catalizador. Se destila el solvente bajo presién reducida y se purifica el
residuo obtenido por cromatografia de columna de gel de silice [solucién de
revelado=acetato de etilo: n-hexano (1:4)] para obtener el compuesto del titulo

(1.31 g, 73%).

[0227] 'H-RMN (CDCls) &: 1.24 (8H, d, J=7.8Hz), 2.82-2.82 (1H, m), 3.96 (2H, 8),
4.67 (1H, 8), 8.79 (1H, d, J=9.0Hz), 6.88 (1H, t, J=8.4Hz), 7.10-7.15 (6H, m)

(3) Sintesis de [2-(4-Isopropilbencil)fenil-5a-carba-p-D-glucopiranosida

En una corriente de nitrdgeno, se agregan 2,3 4,6-tetra-O-bencil-5a-carba-

a-D-glucopiranosa (500 mg, 0.93 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a

una solucién de 2-(4-isopropilbencil)fenol (315.1 mg, 1.39 mmol) en tolueno (2 mL)

3R
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bajo enfriamiento con hielo, y luego se agrega a esta tetrametilazodicarboxamida
(TMAD, 238 mg, 1.389 mmol) a la misma temperatura. La mezcla de reaccion se
agita durante 20 horas mientras gradualmente se eleva su temperatura a
temperatura ambiente. Se concentra la mezcla de reaccidon bajo presion reducida,
y se trata el residuo obtenido por cromatografia de columna de gel de sllice
[solucién de revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve el producto
crudo obtenido en una solucidn mezclada de metanol-THF (1:1) (14 mL) y se
agrega un catalizador de hidréxido de paladio al 20% (127.8 mg) a esta y la
mezcla se agita bajo una atmésfera de hidrégeno durante 15 horas, y iuego se
filtra el catalizador. Se destila el solvente bajo presién reducida y se purifica el
residuo obtenido por cromatografla de columna de gel de silice [solucién de
revelado=cloruro de metileno: metanol (10:1)] para obtener el compuesto de! titulo

(97.1 mg, 27%).

[0228] 'H-RMN (CD;0D) &: 0.84 (1H, dd, J=12.8, 12.0Hz), 1.22 (6H, d, J=6.8Hz),
1.48-1.58 (1H, m), 2.02-2.09 (1H, dt, J=3.9, 4.2Hz), 2.78-2.87 (1H, m), 3.12-3.24
(2H, m), 3.43-3.49 (2H, m), 3.68 (1H, dd, J=6.6, 4.2Hz), 3.89 (1H, d, J=14.4H2),
4.01 (1H, d, J=14.7Hz), 4.134.21 (1H, m), 6.84 (1H, t, J=6.3Hz), 7.02 (1H, d,
J=8.3Hz), 7.06-7.15 (6H, m)

MS (ESI*): 387 [M+H]"

Tiempo de Retencion HPLC: 13.1 minutos

Ejemplo 8

[2-(4-Ciclopropilbencii)fenil]-5a-carba-B-D-glucopiranosida

(1) Sintesis de (2-Benciloxifenil)-(4-ciclopropil-fenil) metanol
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En una corriente de nitrégeno, una solucién de hexano n butillitio (2.8 M, 3.5
mL) se agrega gota a gota a una solucién de 1-benciloxi-2-bromobenceno (2.2 g,
8.3 mmol) en THF (83 mL) a -78° C y la mezcla se agita a la misma temperatura
durante 30 minutos. A esta solucién, una solucién de 4-ciclopropilbenzaldehido
(1.1 g, 6.9 mmol) en THF (280 mL) se agrega gota a gota a -78° C. La mezcla de
reaccién se agita a la misma temperatura durante una hora. Se agrega agua a
esta y la mezcla se extrae con acetato de etilo. Se lava la capa organica con una
solucién acuosa de cloruro de sodio saturada y se seca (sulfato de magnesio
anhidro), y luego se destila el solvente bajo presién reducida. Se purifica el residuo
obtenido por cromatografia de columna de gel de sllice [solucién de
revelado=acetato de etilo: n-hexano (1:5)] para obtener el compuesto del tftulo (1.7
g, 75%).

[0229) 'H-RMN (CDCls) 5: 0.65-0.89 (2H, m), 0.82-0.87 (2H, m), 1.86-1.80 (1H, m),
2.88 (1H, d, J=6Hz), 5.03 (2H, s), 8.03 (1H, d, J=BHz), 7.17-7.28 (5H, m), 7.32-
7.35 (4H, m)

MS (ESI*): 315 [M+Na]'

(2) Sintesis de 1-Benciloxifenil-2-(4-ciclopropil-bencil)benceno

En una comrriente de nitrégeno. trietilsilano (0.73 mL, 4.6 mmol) y complejo
de dietil éter-trifluoruro de boro (0.5 mL, 4.0 mmol) se agregan a una soiucién de
(2-benciloxifenil)-{(4-ciclopropilfenil)metanol (1.3 g. 4.0 mmol) en acetonitrilo (7 mL)
a 40° C y la solucion de mezcla se agita a la misma temperatura durante 1.5
horas y adicionaimente a 0° C durante 30 minutos. Se agrega agua a esta y la

mezcla se extrae con cloruro de metileno. Se lava la capa orgédnica con una
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solucién acuosa de cloruro de sodio saturada y se seca (sulfato de magnesio
anhidro), y luego se destila el solvente bajo presién reducida. Se purifica el residuo
obtenido por cromatografla de columna de gel de sllice [solucién de
revelado=acetato de etilo: n-hexano (1:7)] para obtener el compuesto del titulo (1.2
g. 95%).

[0230] 'H-RMN (CDCly) &: 0.63-0.67 (2H. m). 0.80-0.84 (2H. m). 1.84-1.87 (1H, m).

3.98 (2H. 8). 5.08 (2H. s). 6.87-6.97 (4H. m). 7.08-7.268 (4H. m). 7.31-7.37 (5H. m)

MS (ESI*): 332 [M+H.0T*

(3) Sintesis de 2-(4-Ciclopropilbencil)fancl

En una comiente de nitrdgeno. dimetil suffuro (2.2 mL, 51.7 mmoi) y
complejo de dietil éter-trifiuoruro de boro (1.1 mL, 8.8 mmol) se agregan a una
solucién de 1-benciloxi-2-(4-ciclo-propilbencil)benceno (1.1 g. 3.5 mmol) en cloruro
de metileno (24 mL) bajo enfriamiento con hielo, y la mezcla de reaccion se agita
durante 23 horas mientras graduaimente se eleva su temperatura a temperatura
ambiente. Se agrega agua a esta bajo enfriamiento con hielo y la mezcia se extrae
con cloruro de metileno. Se lava la capa orgénica con una solucion acuosa
saturada de cloruro de sodio y se seca (sulfato de magnesio anhidro), y luego se
destila el solvente bajo presién reducida. Se purifica el residuo obtenido por
cromatografia de columna de gel de sllice [solucién de revelado=acetato de etilo:

n-hexano (1:4)] para obtener el compuesto del tituio (620.7 mg, 79%).

[0231] *H-RMN (CDCls) &: 0.85-0.67 (2H, m), 0.90-0.84 (2H, m), 1.85-1.88 (1H, m),
3.85 (2H, 8), 4.80 (1H, s), 6.78 (1H, d, J=8.1Hz), 6.88 (1H, t, J=7.7Hz), 7.11 (2H, d,
J=8.1Hz), 7.20 (4H, d, J=7.7Hz)



MS (ESI*): 247 (M+Na]'
(4) Sintesis de {2-(4-Ciclopropilbencil)fenil]-5a-carba-f-D-glucopiranosida

En una corents de nitrégeno, 2,3,4,6-tetra-O-bencil-5a-carba-a-D-
glucopiranosa (557 mg, 1.03 mmol) y tributil-fosfina (0.37 mL, 1.55 mmol) se
agregan a una solucién de 2-(4-ciclopropilbencil)fenol (348 mg, 1.55 mmol) en
tolueno (3.5 mL) bajo enfriamiento con hielo, y luego se agrega tetrametilazo-
dicarboxamida (TMAD, 267 mg, 1.55 mmol) a esta a la misma temperatura. La
mezcla de reaccion se agita durante 15 horas mientras gradualmente se eleva su
temperatura a temperatura ambiente. Se concentra la mezcla de reacciéon bajo
presién reducida, y se trata el residuo obtenido con cromatografia de columna de
gel de silice [solucién de revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve
el producto crudo obtenido en cloruro de metileno (3.5 mL), y se agregan dimetil
sulfuro (1.3 mL, 30.3 mmol) y complejo de dietil éter-trifluoruro de boro (0.65 mL,
5.1 mmol) a este. La mezcla de reaccién se agita durante 14 horas mientras
gradualmente se eleva su temperatura a temperatura ambiente, y luego se agrega
agua a esta bajo enfriamiento con hielo y la mezcla se extrae con cloruro de
metileno. Se lava la capa organica con una solucién acuosa de cloruro de sodio
saturada y se seca (sulfato de magnesio anhidro), y luego se destila el solvente
bajo presién reducida. Se purifica el residuo obtenido por cromatografla de
columna de gel de sllice [solucién de revelado=cloruro de metileno: metanol (9:1)}

para obtener el compuesto del titulo (97.8 mg, 25%).

[0232]'H-RMN (CDs0OD) &: 0.57-0.81 (2H, m), 0.81-0.85 (3H, m), 1.50 (1H, s),
1.79-1.85 (1H, m), 1.99-2.03 (1H, m), 3.15-3.33 (2H, m), 3.42-3.48 (2H, m), 3.66-
3.72 (1H, m), 3.81-3.99 (2H, g, J=14.7Hz), 4.41-4.85 (1H, m), 8.80-7.15 (8H, m)
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MS (ESI"): 407 [M+Na]'
Tiempo de Retencion HPLC: 12.3 minutos

Eiemplo 8

[2<(4-n-Propilbencil)fenil]-5a-carba-p-D-glucopiranosida

(1) Sintesis de [2-(4-n-Propilbencil)fenil]-5a-carba-p-D-glucopiranosida

1-Benciloxi-2-(4-ciclopropilenzil)benceno (640.8 mg, 2.0 mmol) se sintetiza
como en el Ejemplo 8 se disuelve en 2,2-dimetilpropanol (12 mL), se agrega un
catalizador de hidroéxido de paladio al 20% (64 mg) a este y la mezcla se agita
durante dos horas bajo una atmdésfera de hidrégeno, y luego se filtra el catalizador.
Se destila el solvente bajo presion reducida, y se trata el residuo obtenido por
cromatografla de columna de gel de silice [solucién de revelado=acetato de etilo:
n-hexano (1:4)]. A una solucién del producto crudo obtenido (348 mg) en tolueno
(3.5 mL), 2,3,4,6-tetra-O-bencil-5a-carba-a-D-glucopiranosa (557 mg, 1.03 mmol)
y tributilfosfina (0.39 mL, 1.55 mmol) se agregan bajo enfriamiento con hielo, y
luego tetrametilazodi-carboxamida (TMAD, 2687 mg, 1.55 mmol) se agrega a esta a
la misma temperatura. La mezcla de reaccion se agita durante 20 horas mientras
graduaimente se eleva su temperatura a temperatura ambiente. Se concentra la
mezcla de reaccién bajo presion reducida, y se trata el residuo obtenido con
cromatografia de columna de gel de sllice [solucién de revelado=acetato de etilo:
n-hexano (1:5)]. Se disuelve el producto crudo obtenido en 2,2-dimetilpropanol (15
mL), se agrega un catalizador de hidréxido de paladio al 20% (158 mg) a esta y Ia
mezcla se agita bajo una atmdsfera de hidrégeno durante 17 horas, y se filtra el

catalizador. Se destila el solvente bajo presién reducida, y se purifica el residuo



obtenido por cromatografla de columna de gel de silice [solucion de
revelado=cloruro de metileno: metanol (9:1)] para obtener el compuesto del tltulo

(164.4 mg).

[0233] 'H-RMN (CDsOD) 5: 0.88-0.84 (4H, m), 1.48-1.63 (3H, m), 2.05-2.09 (1H,
m), 2.52 (2H, t, J=7.7Hz), 3.13-3.30 (2H, m), 3.48 (2H, m), 3.70 (1H, m), 3.87 (1H,
d, J=15Hz), 3.98 (1H, d, J=15Hz), 4.80-4.88 (1H, m), 6.84 (1H, t, J=7.3Hz), 7.00-
7.16 (TH, m)

MS (ESI*): 387 [M+H]'

Tiempo de Retencién de HPLC: 13.3 minutos

Ejemplo 10

[2-{4-Trifluorometilbencil}fenill-Sa-carba-3-D-gluco-piranosida

(1) Sintesis de (2-Benciloxifenil)-(4-trifluorometil-fenil)metanol

En una comiente de nitrdgeno, una solucién de hexano n butillitio (2.44 M,
4.0 mL) se agrega gota a gota a una solucién de 1-benciloxi-2-bromobenceno (2.6
g, 9.9 mmol) en THF (100 mL) a -78° C y la mezcla de reaccién se agita a la
misma temperatura durante 30 minutos. A esta solucion, 4-
trifluorometilbenzaldehido (1.8 g, 9.0 mmol) se agrega gota a gota a -78° C. La
mezcla de reaccion se agita a la misma temperatura durante dos horas, y luego se
agrega agua a esta y la mezcla se extrae con acetato de etilo. Se lava la capa
orgédnica con una solucién acuosa de cloruro de sodio saturada y se seca (sulfato
de magnesio anhidro), y luego se destila el solvente bajo presion reducida. Se

purifica el residuo obtenido por cromatografia de columna de gel de sllice [solucién
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de revelado=acetato de efilo: n-hexano (1:5)] para obtener el compuesto del titulo

(2.6 g, B2%).

[0234]'H-RMN (CDCls) 8: 3.01 (1H, d, J=6.3Hz), 5.02 (2H, dd, J=11.4, 4.8Hz),
8.05 (1H, d, J=6.3Hz), 6.94-7.02 (2H, m), 6.96-7.16 (2H, m), 7.24-7.33 (5H, m),
7.44 (2H, d, J=7.1Hz), 7.53 (2H, d, J=8.7Hz)

MS (ESI*): 350 [M+H]*

(2) Sintesis de 2-(4-Trifluorometilbencil)fenol

A una solucion de (2-benciloxifenil)-(4-trifluorometilfenil}-metanol (2.46 g,
6.85 mmol) en metanol (68.5 mL), se agrega un catalizador de hidroxido de
paladio al 20% (246 mg) y adicionalmente se agrega 36% de HCI (0.59 mL) a esta,
y la solucién de mezcla se agita bajo una atmésfera de hidrogeno durante 3.5
horas, y luego se filtra el catalizador. Se destila el solvente bajo presién reducida y
se purifica el residuo obtenido por cromatografia de columna de gel de sllice
[solucién de revelado=acetato de etilo: n-hexano (1:8)] para obtener el compuesto

del titulo (1.48 g, 86%).

[0235] 'H-RMN (CDCl3) 8: 4.03 (2H, s), 4.72 (1H, 8), 8.77 (1H, d, J=6.0Hz), 6.89
(1H, t, J=4.8Hz), 7.08-7.15 (2H, m), 7.33 (2H, d, J=6.0Hz), 7.52 (2H, d, J=6.0Hz)
MS (ESI"): 275 [M+NaJ'

(3) Sintesis de [2-(4-Trifluorometilbencil)fenil}-Sa-carba-p-D-glucopiranosida

En una corriente de nitrdgeno, se agregan 2,3,4,8-tetra-O-bencil-5a-carba-

a-D-glucopiranosa (500 mg, 0.83 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a



una solucion de 2-(4-trifuorometilbencil)fenol (351 mg, 1.39 mmol) en tolueno (3
mL) bajo enfriamiento con hielo, y luego se agrega tetra-metilazodicarboxamida
(TMAD, 238 mg, 1.3%9 mmol) a este a la misma temperatura. La mezcla de
reaccibn se agita durante 20 horas mientras graduaimente se eleva su
temperatura a temperatura ambiente. Se concentra la mezcla de reaccién bajo
presion reducida, y se trata el residuo obtenido por cromatografia de columna de
gel de silice [solucién de revelado= acetato de etilo: n-hexano (1:10)]. Se disuelve
el producto crudo obtenido en una solucién mezclada de metanol-THF (1:1) (5 mL)
y se agrega a esta un catalizador de hidréxido de paladio al 20% (20 mg) y la
mezcla se agita bajo una atmdsfera de hidrégeno durante 2 horas, y luego se filtra
el catalizador. Se destila el solvente bajo presién reducida y se purifica el residuo
obtenido por cromatografla de columna de gel de sllice [solucién de revelado=
cloruro de metileno: metanol (10:1)] para abtener el compuesto del titulo (74 mg,

19%).

[0236] 'H-RMN (CDsOD) &: 0.89 (1H, dd, J=11.7, 12.8Hz), 1.48-1.81 (1H, m), 2.05
(1H, dt, J=13.2, 4.2Hz), 3.15-3.34 (2H, m), 3.42-3.49 (2H, m), 3.60 (1H, dd, J=3.9,
10. 5Hz), 3.864.15 (2H, dd, J=14.7, 28.2Hz), 4.17-4.24 (1H, m), 6.87 (1H, dt,
J=1.2, 7.5Hz), 7.02-7.20 (3H, m), 7.38 (2H, d, J=8.1Hz), 7.51 (2H, d, J=8.4Hz)

MS (ESI*): 435 [M+Na]'

Tiempo de Retencién de HPLC: 12.3 minutos

Ejemplo 11
[2-(4-Metilsulfanilbencil)fenif]-5a-carba-p-D-gluco-piranosida

(1) Sintesis de (2-Benciloxifenil)-(4-metilsulfanil-fenil)metanol



En una cormriente de nitrégeno, se agrega una solucion de hexano n butillitio
(1.59 M, 6.92 mL.) gota a gota a una solucién de 1-benciloxi-2-bromobenceno (2.89
g, 11.0 mmol) en THF (38 mL) a -78° C y la solucién de mezcla se agita a la
misma temperatura durante 30 minutos. A esta solucién, se agrega una solucion
de 4-metilsulfanilbenzaldehido (1.67 g, 11.0 mmol) en THF (12 mL) gota a gota a -
78" C. La mezcla de reaccién se agita a la misma temperatura durante una hora, y
luego se agrega agua a esta y la mezcla se extrae con acetato de etilo. Se lava la
capa organica con una solucién de cloruro de sodio acuoso saturado y se seca
(sulfato de magnesio anhidro), y luego se destila el solvente bajo presién reducida.
Se purifica el residuo obtenido por cromatografia de columna de gel de sllice
[solucién de revelado= acetato de etilo: n-hexano (1:5)] para obtener el compuesto

del titulo (2.14 g, 58%).

[0237]'H-RMN (CDCls) 5: 2.47 (3H, 8), 2.82 (1H, d, J=6.0Hz), 5.03 (2H, 8), 8.02
(1H, d, J=8.0Hz), 8.92-7.00 (2H, m), 7.21-7.34 (11H, m)

(2) Sintesis de 1-Benciloxi-2-(4-metilsulfanil-bencil)benceno

En una corriente de nitrégeno, se agregan trietilsilano (1.23 mL, 7.72 mmol)
y complejo de dietil éter-trifluoruro de boro (0.88 mL, 5.48 mmol) a una solucién de
(2-benciloxi-fenil)-(4-metilsulfanilfenil}-metanol (2.13 g, 6.3 mmol) en acetonitrilo
(15 mL) a -40° C y la solucién de mezcla se agita a la misma temperatura durante
1.5 horas y adicionaimente a 0° C durante 30 minutos, y luego se agrega agua a
esta y la mezcla se extrae con cloruro de metileno. Se lava la capa organica con
una solucién acuosa de cloruro de sodio saturada y se seca (sulfato de magnesio
anhidro), y luego se destila el solvente bajo presién reducida. Se purifica el residuo

obtenido por cromatografia de columna de gel de sllice [solucion de
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revelado=acetato de etilo: n-hexano (1:10)] para obtener el compuesto del titulo

(1.9 g, 95%).

[0238] '"H-RMN (CDCly) 8: 2.48 (3H, s), 3.97 (2H, s), 5.05 (2H, s), 6.85-6.95 (2H,
m), 7.10-7.35 (11H, m)

(3) Sintesis de 2-(4-Metilsulfanilbencil)fenol

En una cormriente de nitrégeno, se agregan dimetilsutfuro (7.25 mL, 138
mmof) y un complejo de dietil éter-trifuluoruro de boro (2.1 mL, 8.8 mmol) a una
soluciéon de 1-benciloxi-(4-metiisulfanilbencil)benceno (1.9 g, 5.9 mmol) en cloruro
de metileno (15 mL) bajo enfriamiento con hielo, y la mezcla de reaccion se agita
durante 48 horas mientras gradualmente se eleva su temperatura a temperatura
ambiente. Se agrega agua a esta bajo enfriamiento con hielo y la mezcla se extrae
con cloruro de metileno. Se lava la capa organica con una solucién acuosa de
cloruro de sodio saturado y se seca (sulfato de magnesio anhidro), y luego se
destila el solvente bajo presién reducida. Se purifica el residuo obtenido por
cromatografia de columna de gel de silice [solucién de revelado= acetato de etilo:

n-hexano (1:5)] para obtener el compuesto del titulo (1.19 g, 91%).

[0238) "H-RMN (CDCly) 5: 2.48 (3H, s), 3.95 (2H, s), 4.85- 4.75 (1H, br s), 8.78
(1H, d, J=7.6Hz), 6.88 (1H, t, J=7.6Hz), 7.08-7.21 (6H, m)

(4) Sintesis de [2-(4-Metilaulfanilbencil)fenil]-5a-carba-p-D-glucopiranosida

En una cormriente de nitrégeno, se agregan 2,3,4,8-tetra-O-bencil-5a-carba-

a-D-glucopiranosa (500 mg, 0.93 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a
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una solucién de 2-(4-metilsulfanibencil)fencl (320 mg, 1.39 mmol) en tolueno (2
mL) bajo enfriamiento con hielo, y Iluego se agrega a esta
tetrametilazodicarboxamida (TMAD, 239 mg, 1.38 mmol) a la misma ternperatura.
La mezcla de reaccién se agita durante 20 horas mientras graduaimente se eleva
su temperatura a temperatura ambiente. Se concentra la mezcla de reaccion bajo
presion reducida, y se trata el residuo obtenido por cromatografia de columna de
gel de sllice [solucién de revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve
el producto crudo obtenido en cloruro de metileno (10 mL), y se agregan a este
dimetilsulfuro (3.28 mL, 63 mmol) y un complejo de dietil éter-trifluaruro de boro
(0.4 mL, 5.9 mmol) bajo enfriamiento con hielo. La mezcia de reaccion se agita
durante 20 horas mientras graduaimente se eleva su temperatura a temperatura
ambiente, y luego se agrega agua bajo enfriamiento con hielo y la mezcla se
extrae con cloruro de metileno. Se lava la capa orgdnica con una solucién acuosa
de cloruro de sodio saturado y se seca (suifato de magnesio anhidro), y luego se
destila el solvente bajo presion reducida. Se purifica el residuo obtenido por
cromatografia de columna de gel de sllice [solucion de revelado= cloruro de

metileno: metanol (10:1)] para obtener el compuesto del titulo (102 mg, 28%).

[0240] 'H-RMN (CD,OD) 5: 0.80-0.95 (1H, m), 1.45-1.60 (1H, m), 2.00-2.10 (1H,
m), 2.42 (3H, 8), 3.12-3.33 (2H, m), 3.40-3.50 (2H, m), 3.63-3.70 (1H, m), 3.88 (1H,
d, J=15Hz), 4.00 (1H, d, J=15Hz), 4.154.23 (1H, m), 6.84 (1H, t, J=7.0Hz), 7.00-
7.18 (7H, m)

MS (ESI*): 391 [M+H]"

Tiempo de Retencién de HPLC: 11.6 minutos

Ejemplo 12

b2\
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(1) Sintesis de (2-Benciloxi-8-fluorofenil)-(4-metoxifenil)metanol

A una solucibn de THF (50 mL) de 2-benciloxi-8-flucro-benzaldehido
(2.25.g, 9.8 mmol) como se describe en la Publicacién Internacional WO
04/048335, una solucién THF bromuro de 4-metoxifenil-magnesio (0.5 M, 21.5 mL)

se agrega gota a gota

En una comiente de nitrbgeno a temperatura ambiente. La mezcla de
reaccidn se agita a temperatura ambiente durante 1.5 horas, y luego una solucién
acuosa de cloruro de amonio saturado se agrega a esta bajo enfriamiento con
hielo y la mezcla se extrae con acetato de etilo. Se lava la capa organica con una
soluciobn acuosa de cloruro de sodio saturado y se seca (sulfato de magnesio
anhidro), y luego se destila el solvente bajo presién reducida. Se purifica el residuo
obtenido por cromatografia de columna de gel de silice [solucion de revelado=
acetato de etilo: n-hexano (1:5)] para obtener el compuesto del titulo (2.82 g,
85%).

[0241] 'H-RMN (CDCl,) 8: 3.78 (1H, d, J=12Hz), 3.80 (3H, s), 4.98 (1H, d, J=12H2),

5.05 (1H, d, J=12Hz), 6.20 (1H, d, J=12Hz), 8.74-6.84 (4H, m), 7.11-7.31 (8H, m)
(2) Sintesis de 3-Fluoro-2-(4-metoxi)fenol
A una solucién de (2-benciloxi-8-fluorofenil)-(4-metoxifenil)metanol (2.54,

7.51 mmol) en metanol (20 ml), un catalizador de hidroxido de paladio al 20% (381

mg) se agrega y se agrega a esta adicionalmente HCI-2N (2 mL). La solucién de

265
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mezcla se agita bajo una atmésfera de hidrdgeno durante 24 horas, y luego se
filtra el catalizador. Se destila el solvente bajo presién reducida, y se purifica el
residuo obtenido por cromatografia de columna de gel de silice [solucion de
revelado=acetato de etilo: n-hexano (1:4)] para obtener el compuesto del titulo

(1.48 g, 85%).

[0242] '"H-RMN (CDCh) 5: 3.76 (3H, s), 3.96 (2H, s), 4.90 (1H, br s), 6.57 (1H, d,
J=8.0Hz), 8.67 (1H, t, J=8.0Hz), 8.82 (2H, d, J=9.0Hz), 7.06 (1H, dd, J=8.0, 8.0Hz),
7.19 (2H, d, J=8.0Hz)

(3)  Sintesis de [3-Fluoro-2-(4-metoxibencil)fenil}- 5a-carba-p-D-glucopiranosida

En una cormriente de nitrégeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.83 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a
una solucién de 3-fluoro-2- (4-metoxibencilifenol (323 mg, 1.39 mmol) en tolueno
(2 mL) bajo enfriamiento con hielo, y luego se agrega a esta tetra-
metilazodicarboxamida (TMAD, 239 mg, 1.39 mmol) a la misma temperatura. La
mezcla de reaccién se agita durante 20 horas mientras gradualmente se eleva su
temperatura a temperatura ambiente. Se concentra la mezcla de reaccion bajo
presién reducida, y se trata el residuo obtenido por cromatografia de columna de
gel de sllice [solucién de revelado=acetato de etilo: n-hexano (1:10)]). Se disuelve
el producto crudo obtenido en a metanol-THF (1:4) solucién mezclada (5 mL) y se
agrega a esta un catalizador de hidréxido de paladio al 20% (63 mg). La mezcla se
agita bajo una atmésfera de hidrégeno durante 24 horas, y luego se filtra el
catalizador. Se destila el solvente bajo presién reducida. Se purifica el residuo

obtenido por cromatografia de columna de gel de sllice [solucién de



revelado=cloruro de metileno: metanol (10:1)] para obtener el compuesto del titulo

(88 mg, 24%).

[0243] 'H-RMN (CDsOD) &: 0.90-1.05 (1H, m), 1.45-1.60 (1H, m), 2.00-2.10 (1H,
m), 3.17-3.35 (2H, m), 3.45-3.52 (2H, m), 3.65-3.70 (1H, m), 3.72 (3H. 8), 3.93 (2H,
8), 4.15-4.25 (1H, m), 8.87 (1H, t, J=8.0Hz), 8.76 (2H, d, J=9.0Hz), 6.88 (1H, d,
J=8.0Hz), 7.09-7.18 (3H, m)

MS (ESI-): 391 [M-HT

Tiempo de Retencion de HPLC: 10.8 minutos

Ejemplo 13

(1)  Sintesis de (2-Benciloxifenil)-(3-triflucrometil-fenil) metanol

En una corriente de nitrégeno, una solucién de hexano n butillitio (2.7 M, 3.4
mL) se agrega gota a gota a una solucién de 1-benciloxi-2-bromobenceno (2.0 g,
7.6 mmol) en THF (50 mL) a -78° C y la solucién de mezcla se agita a la misma
temperatura durante 30 minutos, A esta solucién, se agrega gota a gota 4-
trifluorometilbenzaldehido (2.0 g, 11.4 mmol) a -78°* C. La mezcla de reaccibn se
agita a la misma temperatura durante tres horas, y luego se agrega agua a esta y
la mezcla se extrae con acetato de etilo. Se lava la capa organica con una
solucién acuosa de cloruro de sodio saturada y 8o seca (sulfato de magnesio
anhidro), y luego se destila el solvente bajo presion reducida. Se purifica el residuo

obtenido por cromatografla de columna de gel de silice [solucién de



revelado=acetato de etilo: n-hexano (1:4)] para ol;tener el compuesto del titulo (2.2

g. 80%).

[0244] 'H-RMN (CDCl,) 8: 3.03 (1H, d, J=8.3Hz), 4.97-5.07 (2H, m), 6.06 (1H, d,
J=6.3Hz), 6.85-7.03 (2H, m), 7.16-7.20 (2H, m), 7.26 (1H, dd, J=7.7, 2.0Hz), 7.29-
7.36 (4H, m), 7.39 (1H, d, J=7.7Hz), 7.48-7.55 (2H, m), 7.67 (1H, s)

(2) Sintesis de 2-(3-Trifluorometilbencil)fenol

A una solucién de (2-benciloxifenil)-(3-trifiuoro-metilfenil)metanol (3.32 g,
8.3 mmol) en metanol (50 ml), se agrega un catalizador de hidréxido de paladio al
20% (168 mg) y adicionalmente se agrega a esta 36% de HCl (0.2 mL) . La
solucion de mezcla se agita bajo una atmésfera de hidrégeno durante 72 horas, y
luego se filtra el catalizador. Se destila el solvente bajo presién reducida, y se
purifica el residuo obtenido por cromatografla de columna de gel de sllice [solucién
de revelado=acetato de etilo: n-hexano (1:4)] para obtener el compuesto del titulo

(2.26 g, 86%).

[0245] 'H-RMN (CDCly) &: 4.04 (2H, s), 4.90 (1H, d, J=2.0Hz), 6.768 (1H, d,
J=8.1Hz), 6.86-8.90 (1H, m), 7.08-7.16 (2H, m), 7.34-7.46 (3H, m), 7.50 (1H, s).

(3) Sintesis de [2-(3-Trifluorometilbencil)fenil]-5a-carba-p-D-glucopiranosida

En una comiente de nitrégeno, se agregan 2,3 4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.93 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a
una solucion de 2-(3-tri- fluorometilbencil)fenocl (351 mg, 1.39 mmol) en tolueno (3

mL) bajo enfriamiento con hielo, y luego se agrega a esta tetra-



metilazodicarboxamida (TMAD, 239 mg, 1.39 mmol) a la misma temperatura. La
mezcla de reaccion se agita durante 20 horas mientras gradualmente se eleva su
temperatura a temperatura ambiente. Se concentra la mezcla de reaccién bajo
presién reducida, y se trata el residuo obtenido por cromatografia de columna de
gel de sllice [solucién de revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve
el producto crudo obtenido en una solucién mezclada de metanol-THF (5:2) (7 mL)
y se agrega a esta un catalizador de hidréxido de paladio al 20% (45 mg), y la
mezcla se agita bajo una atmdésfera de hidrégeno durante 15 horas, y luego se
filtra el catalizador. Se destila el solvente bajo presién reducida y se purifica el
residuo obtenido por cromatografla de columna de gel de sllice [solucién de
revelado=cloruro de metileno: metanol (10:1)] para obtener el compuesto del titulo

(56 mg, 14%).

[0246] '"H-RMN(CDsOD) &: 0.88-1.02 (1H, m), 1.52-1.68 (1H, m), 2.10 (1H, dt,
J=13.4, 3.9Hz), 3.20-3.38 (2H, m), 3.45-3.55 (2H, m), 3.74 (1H, dd, J=4.1, 10.8H2),
3.99 (1H, d, J=14.7Hz), 4.18 (1H, d, J=15.4Hz), 4.20-4.32 (1H, m), 6.89-8.85 (1H,
m), 7.08 (1H, d, J=7.7Hz), 7.16-7.26 (2H, m), 7.42-7.58 (4H, m)

MS (ESI"): 413 [M+H]"

Tiempo de Retencién de HPLC: 12.0 minutos

(1) Sintesis de 1-Benciloxi-2-bromo-4-metilbenceno
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A una solucibn de 2-bromo-4-metilfenol (1.5 g, 8.0 mmol) en N,N-
dimetilformamida (40 mL), se agrega carbonato de potasio (1.32 g, 8.6 mmol) y
adicionalmente se agrega a esta bromuro de bencilo (1.05 mL, 8.8 mmol). La
soluciéon de mezcla se agita a temperatura ambiente durante 12 horas, y luego se
agrega agua a esta y la mezcla se extrae con acetato de etilo. Se lava la capa
organica con una solucién acuosa de cloruro de sodio saturada y se seca (sulfato
de magnesio anhidro), y luego se destila el solvente bajo presién reducida. Se
purifica el residuo obtenido por cromatografia de columna de gel de sllice [solucion
de revelado= acetato de etilo: n-hexano (1:4)] para obtener el compuesto del titulo

(1.72 g, 77%).

[0247]'H-RMN (CDCls) &: 2.30 (3H, ), 5.12 (2H, s), 6.82 (1H, d, J=8.4Hz), 6.99-
7.03 (1H, m), 7.28-7.41 (4H, m), 7.45-7.48 (2H, m)

(2) Sintesis de (2-Benciloxi-5-metilfenil)(4-metoxifenil)metanol

En una comiente de nitrégeno, se agrega gota a gota una solucién de
hexano n butillitio (2.7 M, 2.75 mL) a una solucién de 1-benciloxi-2-bromo-4-
metilbenceno (1.72 g, 8.2 mmol) en THF (50 mL) a -78° C y la solucién de mezcla
se agita a la misma temperatura durante 30 minutos. A esta- solucién, 4-
metoxibenzaldehido (1.27 g, 9.3 mmol) se agrega gota a gota a -78° C. La mezcla
de reaccién se agita a la misma temperatura durante dos horas, y luego se agrega
agua a esta y la mezcla se exirae con acetato de etilo. Se lava la capa organica
con una solucién acuosa de cloruro de sodio saturada y se seca (sulfato de
magnesio anhidro), y luego se destila el solvente bajo presioén reducida. Se purifica

el residuo obtenido por cromatografia de columna de gel de silice [solucién de



revelado=acetato de etilo: n-hexano (1:4)] para obtener el compuesto del titulo

(1.48 g, 70%).

[0248] 'H-RMN(CDCl) 5: 2.28 (3H, s), 2.88 (1H, d, J=8.2Hz), 3.80 (3H, s), 5.00
(2H, 8), 5.98 (1H, d, J=5.8Hz), 6.80-6.88 (3H, m), 7.00-7.05 (1H, m), 7.13 (1H, d,
J=1.8Hz), 7.18-7.34 (7H, m)

(3) Sintesis de 2-(4-Metoxibencil)-4-metilfenol

A una solucién de (2-benciloxi-5-metoxifenil}-{4-metoxifenil)- metanol (1.46
g, 4.3 mmol) en metanol (20 ml), se agrega un catalizador de hidréxido de paladio
al 20% (73 mg) y adicionalmente se agrega a esta 36% de HCI (0.1 mL). La
mezcla se agita bajo una atmésfera de hidrégeno durante 72 horas, y luego se
filtra el catalizador. Se destila el solvente bajo presién reducida, y se purifica el
residuo obtenido por cromatografia de columna de gel de silice [solucién de
revelado=acetato de etilo: n-hexano (1:4)] para obtener el compuesto del titulo (0.8

g. 80%).

[0249) 'H-RMN (CDCl) &: 2.24 (3H, s), 3.77 (3H, ¢), 3.89 (2H, 8), 4.55-4.56 (1H,
m), 8.85-8.69 (1H, m), 6.80-8.86 (2H, m), 6.88-8.84 (2H, m), 7.11-7.18 (2H, m)

(4) Sintesis de [2{(4-Metoxibencil)-4-metilfenil]-5a-carba-p-D-glucopirancsida

En una corriente de nitrégeno, se agregan 2,3 4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.93 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a
una solucién de 2-(4-metoxibencil)-4-metilfenol (317 mg, 1.39 mmol) en tolueno (3

mL) bajo enfriamiento con hielo, y luego se agrega a esta tetra-



metilazodicarboxamida (TMAD, 239 mg, 1.39 mmol) a la misma temperatura. La
mezcla de reaccion se agita durante 20 horas mientras graduaimente se eleva su
temperatura a temperatura ambiente. Se concentra la mezcla de reaccién bajo
presidn reducida, y se trata el residuo obtenido por cromatografia de columna de
gel de sllice [solucién de revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve
el producto crudo obtenido en una solucién mezclada de metanol-THF (5:2) (7 mL)
y se agrega a esta un catalizador de hidréxido de paladio al 20% (44 mg), y la
mezcla se agita bajo una atmésfera de hidrégeno durante 4 horas, y luego se filtra
el catalizador. Se destila el solvente bajo presién reducida y se purifica el residuo
obtenido por cromatografla de columna de gel de silice [solucién de revelado=
cloruro de metileno: metanol (10:1)] para obtener el compuesto del titulo (88 mg,

24%).

[0250] 'H-RMN (CD;OD) &: 0.88-1.02 (1H, m), 1.42-1.60 (1H, m), 2.04 (H, dt,
J=13.4, 4.0Hz), 2.21 (3H, s), 3.17-3.32 (2H, m), 3.43-3.51 (2H, m), 3.70 (1H, dd,
J=4.1, 10. THz), 3.74 (3H, s), 3.82 (1H, d, J=14.7Hz), 3.82 (1H, d, J=14.7Hz), 4.06-
4.18 (1H, m), 6.77-6.82 (2H, m), 6.86-8.96 (3H, m), 7.06-7.15 (2H, m)

MS (ESI*): 389 (M+H]*

Tiempo de Retencién de HPLC: 11.2 minutos

Ejemplo 15

[2-(3-Metoxibencil)fenil]-5a-carba-B-D-glucopiranosida

(1) Sintesis de (2-Benciloxifenif)-(3-metoxifenil)- metanol

St
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A una solucién de 2-benciloxibenzaldehido (3.0 g, 14.1 mmol) en THF (50
mL), se agrega gota a gota una solucién de bromuro 4-metoxifeni-magnesio en
THF (1.0 M, 17.0 mL) en una corriente de nitrégeno bajo enfriamiento con hielo. La
mezcla se agita a temperatura ambiente durante una hora, y luego una solucién
acuosa de cloruro de amonio saturado se agrega a esta bajo enfriamiento con
hielo y la mezcla se extrae con acetato de etilo. Se lava la capa organica con una
solucién acuosa de cloruro de sodio saturada y se seca (sulfaio de magnesio
anhidro), y luego se destila el solvente bajo presion reducida. Se purifica el residuo
obtenido por cromatografla de columna de gel de sllice [solucion de
revelado=acetato de etilo: n-hexano (1:4)] para obtener el compuesto del titulo

(4.92 g, 100%).

[0251] 'H-RMN (CDCls) 5: 2.97 (1H, dd, J=1.1, 8.0Hz), 3.73 (3H, s), 4.88-5.10 (2H,

m), 8.03 (1H, d, J=6.0Hz), 6.77-8.82 (1H, m), 6.88-7.01 (4H, m), 7.19-7.35 (8H, m)

(2)  Sintesis de 2-(3-Metoxibencil)fenol

A una solucién de (2-benciloxifenil)-(3-metoxifenil)metanol (1.68 g, 5.24
mmol) en metanol (50 ml), se agrega un catalizador de hidréxido de paladio al
20% (168 mg) y adicionalmente se agrega a esta 36% de HC1 (0.2 mL) . La mezcla
se agita bajo una atmdsfera de hidrégeno durante 24 horas, y luego se filtra el
catalizador. Se destila el solvente bajo presién reducida, y se purifica el residuo
obtenido por cromatografla de columna de gel de sllice [solucién de
revelado=acetato de etilo: n-hexano (1:4)] para obtener el compuesto del titulo

(1.29 g, 100%).

53
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[0252) 'H-RMN (CDCl) &: 3.76 (3H, 8), 3.97 (2H, s), 4.69 (1H, s), 8.73-8.92 (5H,
m), 7.10-7.23 (3H, m)

(3) Sintesis de [2-(3-Metoxibencil)fenil]-5a-carba-p-D-glucopiranosida

En una corriente de nitrégeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.83 mmol) y tributil-fosfina (0.35 mL, 1.38 mmol) a
una solucién de 2<(3-metoxibencil)fenol (288 mg, 1.39 mmol) en tolueno (3 mL)
bajo enfriamiento con hielo, y luego tetrametilazodi-carboxamida (TMAD, 239 mg,
1.39 mmol) se agrega a esta a la misma temperatura. La mezcla de reaccién se
agita durante 20 horas mientras gradualmente se eleva su temperatura a
temperatura ambiente. Se concentra la mezcla de reaccién bajo presién reducida,
y se frata el residuo obtenido por cromatografia de columna de gel de silice
[solucién de revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve el producto
crudo obtenido en una solucibn mezclada de metanol-THF (5:2) (7 mL) y un
catalizador de hidréxido de paladio al 20% (55 mg) se agrega a esta, y la mezcla
se agita bajo una atmoésfera de hidrégeno durante cuatro horas, y luego se filtra el
catalizador. Se destila el solvente bajo presién reducida y se purifica el residuo
obtenido por cromatografla de columna de gel de silice [solucibn de
revelado=cloruro de metileno; metanol (10:1)] para obtener el compuesto del titulo

(111 mg, 32%).

[0253] 'H-RMN (CDyOD) §: 0.87-1.11 (1H, m), 1.52-1.68 (1H, m), 2.12 (1H, dt,
J=13.4, 4.0Hz), 3.22-3.38 (2H, m), 3.49-3.56 (2H, m), 3.72-3.78 (1H, m), 3.78 (3H,
8), 3.92 (1H, d, J=14.8Hz), 4.05 (1H, d, J=14.8Hz), 4.18-4.27 (1H, m), 6.72-8.92
(4H, m), 7.05-7.22 (4H, m)

MS (ESI"): 375 [M+H]*

3
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Tiempo de Retencién de HPLC: 10.6 minutos

Ejemplo 18

(1) Sintesis de 2-Benciloxi-5-metoxibenzaldehldo

A una solucién de 2-hidroxi-5-metoxibenzaldehido (3.0 g, 19.7 mmol) en
N,N-dimetilformamida (50 mlL), se agrega carbonato de potasio (3.27 g, 23.6
mmol) y adicionaimente se agrega a esta bromuro de bencilo (2.6 mL, 21.7 mmol).
La mezcla de reaccion se agita a temperatura ambiente durante 24 horas, y luego
se agrega agua a esta y la mezcla se extrae con acetato de etilo. Se lava la capa
orgénica con una solucion acuosa de cloruro de sodio saturada y se seca (sulfato
de magnesio anhidro), y luego se destila el solvente bajo presién reducida. Se
purifica el residuo obtenido por cromatografia de columna de gel de silice [solucién
de revelado=acetato de etilo: n-hexano (1:4)] para obtener el compuesto del tltulo

(4.8 g, 100%).

[0254] 'H-RMN (CDCI3) &: 3.80 (3H, ), 5.15 (2H, s), 6.99 (1H, d, J=8.0Hz), 7.11
(1H, dd, J=3.4, 9.1Hz), 7.32-7.44 (6H, m), 10.50 (1H, s)

(2) Sintesis de (2-Benciloxi-5-metoxifenil)-(4-metoxifenil)metanol
En una corriente de nitrdgeno, a una solucién de 2-benciloxi-5- metoxi-

benzaldehido (2.0 g, 8.25 mmol) en THF (50 mL), se agrega gota a gota una

solucién de bromuro de 4-metoxifeniimagnesio en THF (0.5 M, 19.8 mL) bajo
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enfriamiento con hielo. La solucidn de mezcla se agita a temperatura ambiente
durante una hora, y luego una solucién acucsa de cloruro de amonio saturado se
agrega a esta bajo enfriamiento con hielo y la mezcia se extrae con acetato de
efilo. Se lava la capa orgénica con una solucién acucsa de cloruro de sodio
saturada y se seca (sulfato de magnesio anhidro), y luego se destila el solvente
bajo presion reducida. Se purifica el residuo obtenido por cromatografia de
columna de gel de silice [solucién de revelado= acetato de etilo: n-hexano (1:1)]

para obtener el compuesto del titulo (2.9 g, 100%).

[0255] '"H-RMN (CDCls) &: 2.85 (1H, d, J=5.4Hz), 3.78 (3H, s), 3.79 (3H, s), 4.96

(2H, s), 5.99 (1H, d, J=5.4Hz), 6.74 (1H, dd, J=2.8, 9.0Hz), 6.81-6.87 (3H, m), 6.84

(1H, d, J=4.1H2), 7.19-7.36 (7H, m)

(3) Sintesis de 2-(4-Metoxibencil)-4-metoxifenol

A una solucién de (2-benciloxi-5-metoxifenil)-(4-metoxifenil)metanol (2.54 g,
7.25 mmol) en metanol (50 mi),se agrega un catalizador de hidréxido de paladio al
20% (250 mg) y adicionaimente se agrega a esta 36% de HCI (0.25 mL). La
mezcla se agita bajo una atmésfera de hidrégeno durante 14 horas, y luego se
fitra el catalizador. Se destila el solvente bajo presién reducida, y se purifica el
residuo obtenido por cromatografia de columna de gel de silice [solucién de
revelado=acetato de etilo: n-hexano (1:4)] para obtener el compuesto del titulo

(1.82 g, 91%).

[0256] 'H-RMN (CDCly) 5: 3.74 (3H, 8), 3.78 (3H, s), 3.00 ( 2H , 8), 4. 41 (1H, br s),
6. 64- 6. 86 (5H, m), 7. 11-7. 16 (2H, m)

316



104

(4) Sintesis de [2-(4-Metoxibencil)-4-metoxifenil}-5a-carba-B-D-glucopiranosida

En una cormriente de nitrégeno, se agregan 2,3.4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.93 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a
una solucién de 2-(4-metoxibencil)-4-metoxifenol (340 mg, 1.39 mmol) en tolueno
(3 mL) bajo enfriamiento con hielo, y luego se agrega a esta tetra-
metilazodicarboxamida (TMAD, 239 mg, 1.39 mmol) a la misma temperatura. La
mezcla de reaccién se agita durante 20 horas mientras gradualmente se eleva su
temperatura a temperatura ambiente. Se concentra la mezcla de reaccién bajo
presién reducida, y se trata el residuo obtenido por cromatografia de columna de
ge! de sllice [solucién de revelado=acetato de etilo: n-hexano (1:10)). Se disuelve
el producto crudo obtenido en una solucién mezclada de metanol-THF (5:2) (7 mL)
y se agrega a esta un catalizador de hidroxido de paladio al 20% (40 mg), y la
mezcla se agita bajo una atmdsfera de hidrégeno durante 6 horas, y luego se filtra
el catalizador. Se destila el solvente bajo presién reducida y se purifica el residuo
obtenido por cromatografla de columna de gel de sllice [solucion de revelado=
cloruro de metileno: metanol (10:1)] para obtener el compuesto del titulo (128 mg,

I4%).

[0257] 'TH-RMN (CDsOD) 8: 0.84-1.08 (1H, m), 1.45-1.62 (1H, m), 2.08 (1H, dt,
J=13.0, 4.0Hz), 3.20-3.34 (2H, m), 3.46-3.56 (2H, m), 3.70-3.80 (1H, m), 3.73 (3H,
8), 3.79 (3H, s), 3.88 (1H, d, J=14.8Hz), 3.98 (1H, d, J=14.8H2), 4.04-4.14 (1H, m),
6.87 (1H, d, J=3.1Hz), 6.74 (1H, dd, J=3.1, 8.7Hz), 6.80-8.88 (2H, m), 7.00 (1H, d,
J=8.7Hz), 7.12-7.18 (2H, m)

MS (ESI*): 405 [M+H]*

Tiempo de Retencién de HPLC: 10.2 minutos

>
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Ejemplo 17

[2-{4-Metoxibencil)-6-metoxifenill-5a-carba-B-D-gluco-piranosida

(1) Sintesis de 2-Benciloxi-3-metilbenzaldehido

A una solucién de 2-hidroxi-3-metilbenzaldehido (3.0 g, 22.07 mmol) en
N,N-dimetilformamida (50 mL), se agrega se agrega carbonato de potasio (3.65 g,
26.4 mmol) y adicionalmente se agrega a esta bromuro de bencilo (2.9 mL, 24.2
mmol). La mezcla se agita a temperatura ambiente durante 26 horas, y luego se
agrega agua a esta y la mezcla se extrae con acetato de etilo. Se lava la capa
orgdnica con una solucién acuosa de cloruro de sodio saturada y se seca (sulfato
de magnesio anhidro), y luego se destila el solvente bajo presiéon reducida. Se
purifica el residuo obtenido por cromatografia de columna de gel de silice [solucién
de revelado=acetato de etilo: n- hexano (1:4)] para obtener el compuesto del titulo

(5.0 g, 100%).

[0258] 'H-RMN (CDCls) 5: 2.38 (3H, s), 4.97 (2H, s), 7.18 (1H, t, J=7.4Hz), 7.36-
7.49 (6H, m), 7.688 (1H, dd, J=1.4, 7.8Hz), 10.26 (1H, d, J=0.5Hz)

(2) Sintesis de (2-Benciloxi-3-metilfenil)-(4- metoxifenif)metanol

En una corriente de nitrdgeno, a una solucidon de 2-benciloxi-3-metil-
benzaldehido {1.87 g, 8.25 mmol) en THF (50 mL), se agrega gota a gota una
soluciéon de bromuro de 4-metoxifenilmagnesio en THF (0.5 M, 18.8 mL) bajo
enfriamiento con hielo. La mezcla se agita a temperatura ambiente durante una

hora, y luego una solucién acuosa de cloruro de amonio saturado se agrega a esta

foa
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bajo enfriamiento con hielo y la mezcla se extrae con acetato de etilo. Se lava la
capa organica con una solucién acuosa de cloruro de sodio saturada y se seca
(sulfato de magnesio anhidro), y luego se destila el solvente bajo presién reducida.
Se purifica el residuo obtenido por cromatografia de columna de gel de silice
[solucién de revelado= acetato de etilo: n-hexano (1:5)] para obtener el compuesto
del titulo (2.76 g, 100%).

[0259] 'H-RMN (CDCly) 3: 2.36 (3H, s), 2.63 (1H, d, J=5.0Hz), 3.78 (3H, s), 4.64-
4,73 (2H, m), 6.02 (1H, d, J=5.0Hz), 6.77-6.86 (2H, m), 7.02-7.08 (1H, m), 7.15-
7.21 (2H, m), 7.22-7.28 (2H, m), 7.34-7.40 (5H, m)

(3) Sintesis de 2-(4-Metoxibencil)-8-metilfenol

A una soluciéon de (2-benciloxi-3-metilfenil)-(4-metoxifenil)-metanol (2.76 g,
8.25 mmol) en metanol (30 ml), se agrega un catalizador de hidrdxido de paladio
al 20% (276 mg) y adicionalmente se agrega acido clorhidrico concentrado (0.27
mL) a esta. La mezcla se agita bajo una atmésfera de hidrégeno durante 18 horas,
y luego se filtra el catalizador. Se destila el solvente bajo presidon reducida, y se
purifica el residuo obtenido por cromatografla de columna de gel de silice [solucion
de revelado=acetato de etilo: n-hexano (1:4)] para obtener el compuesto del titulo

(1.75 g, 93%).

[0280] 'H-RMN (CDCly) 3: 2.22 (3H, s), 3.78 (3H, ), 3.93 (2H, s), 4.63 (1H, br 8),
6.77-8.86 (3H, m), 8.96-7.05 (2H, m), 7.11-7.17 (2H, m)

(4) Sintesis de [2-(4-Metoxibencil)-8-metilfenil}-5a-carba-p-D-glucopiranosida
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En una corriente de nitrégeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.83 mmol) y fributil-fosfina (0.35 mL, 1.39 mmol) a
una solucién de 2-(4- metoxibencii)-8-metilfenoi (318 mg, 1.39 mmol) en tolueno (3
mL) bajo enfriamiento con hielo, y luego se agrega a esta tetra-
metilazodicarboxamida (TMAD, 239 mg, 1.39 mmol) a la misma temperatura. La
mezcla de reaccién se agita durante 48 horas mientras graduaimente se eleva su
temperatura a temperatura ambiente. Se concentra la mezcla de reaccién bajo
presién reducida, y se trata el residuo obtenido por cromatografia de columna de
gel de sllice [solucion de revelado=acetato de etilo: n-hexano (1:10)). Se disuelve
el producto crudo obtenido en una solucién mezclada de metanol-THF (5:2) (7 mL)
y se agrega a esta un catalizador de hidréxido de paladio al 20% (72 mg), y la
mezcla se agita bajo una atmésfera de hidrégeno durante 4 horas, y luego se filtra
el catalizador. Se destila el solvente bajo presion reducida y se purifica el residuo
obtenido por cromatografla de columna de gel de silice [solucion de revelado=
cloruro de metileno: metanol (10:1)] para obtener el compuesto del titulo (180 mg,

50%).

[0261] 'H-RMN (CD3OD) &: 1.16-1.35 (2H, m), 1.74-1.88 (1H, m), 2.33 (3H, s),
3.16-3.26 (2H, m), 3.42-3.52 (1H, m), 3.54-3.68 (2H, m), 3.74 (3H, s), 3.92-4.02
(2H, m), 4.08 (1H, d, J=15.3Hz), 6.77-6.83 (2H, m), 6.86-6.91 (2H, m), 6.96-7.04
(1H, m), 7.05-7.12 (2H, m)

MS (ESI*): 411 [M+Na]'

Tiempo de Retencion de HPLC: 10.8 minutos

Ejemplo 18

25

380
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(1) Sintesis de (2-Benciloxi-5-fluorofenil)-(4-metoxifenil)metanol

En una cormrriente de nitrdgeno, una solucidén de hexano n-butillitio (2.44 M,
24 mL) se agrega gota a goita a una solucibn de 1-benciloxi-2-bromo-4-
fluorobenceno (1.5 g, 5.33 mmol) en THF (60 ml.) a -78° C y la mezcla se agita a
la misma temperatura durante 30 minutos. A esta solucién, se agrega gota a gota
una solucién de 4-metoxibenzaldehido (0.6 g, 4.42 mmol) en THF (20 mL) a -78°
C. La mezcla de reaccion se agita a la misma temperatura durante una hora, y
luego una solucidn acuosa de cloruro de amonio saturado se agrega a esta y la
mezcla se extrae con acetato de etilo. Se lava la capa orgénica con una solucién
acuosa de cloruro de sodio saturada y se seca (sulfato de magnesio anhidro), y
luego se destila el solvente bajo presién reducida. Se purifica el residuo obtenido
por cromatografla de columna de gel de silice [solucidn de revelado=acetato de

etilo: n-hexano (1:5)] para obtener el compuesto del titulo (0.98 g, 66%).

[0262] 'H-RMN (CDCly) 8: 2.68 (1H, dd, J=0.8, 4.8Hz), 3.80 (3H, s), 4.98 (2H, s),
6.01 (1H, d, J=4.9Hz), 6.83-6.90 (4H, m), 7.14 (1H, dd, J=3.0, 8.0Hz), 7.20-7.34
(7H, m)

(2) Sintesis de 4-Fluoro-2-(4-metoxi-bencil)fenol

A una solucién de (2-benciloxi-5-fluorofenil)-(4-metoxifenil)}-metanol (0.98 g,
2.90 mmol) en metanol (18.6 mL), se agrega un catalizador de hidréxido de
paladio al 20% (98 mg) y adicionalmente se agrega a esta HCI 2N (1 mL). La
mezcla se agita bajo una atmésfera de hidrogeno durante 15 horas, y luego se

fitra el catalizador. Se destila el solvente bajo presion reducida, y se purifica el
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residuo obtenido por cromatografla de columna de gel de silice [solucién de
revelado=acetato de etilo: n-hexano (1:8)] para obtener el compuesto del titulo

(0.55 g, 82%).

[0263] 'H-RMN (CDCl3) 3: 3.78 (3H, ), 3.89 (2H, 8), 4.85 (1H, br s), 6.68-8.73 (1H,
m), 6.77-6.87 (4H, m), 7.11-7.12 (2H, m)

(3) Sintesis de [2-(4-Metoxibencil)-4-fluorofenil]- 5a-carba-p-D-glucopiranosida

En una corriente de nitrdgeno, se agregan 2,3,4,68-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.93 mmol) y tributil-fosfina (0.35 mL, 1.38 mmol) a
una solucién de 2-(4- metoxibencil)}-4-fluorofenol (323 mg, 1.39 mmol) en tolueno
(3 mL) bajo enfriamiento con hielo, y luego se agrega a esta tetra-
metilazodicarboxamida (TMAD, 239 mg, 1.39 mmol) a la misma temperatura. La
mezcla de reaccion se agita durante 48 horas mientras graduaimente eleva su
temperatura a temperatura ambiente. Se concentra la mezcla de reaccidén bajo
presion reducida, y se trata el residuo obtenido por cromatografia de columna de
gel de sflice {solucién de revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve
el producto crudo obtenido en una solucién mezclada de metanol-THF (5:2) (7 mL)
y se agrega a esta un catalizador de hidréxido de paladio al 30% (22 mg), y la
mezcia se agita bajo una atmdsfera de hidrégeno durante cuatro horas, y luego se
filtra el catalizador. Se destila el solvente bajo presidon reducida y se purifica el
residuo obtenido por cromatografla de columna de gel de sllice [solucién de
revelado= cloruro de metileno: metanol (10:1)] para obtener el compuesto del titulo

(103 mg, 28%).
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[0264] '"H-RMN (CDsOD) 5: 0.98-1.13 (1H, m), 1.50-1.65 (1H, m), 2.08 (1H, dt,
J=13.4, 4.0H2), 3.22-3.35 (2H, m), 3.50-3.57 (2H, m), 3.75 (1H, dd, J=4.0, 10.7Hz2),
3.79 (3H, s), 3.874.02 (2H, m), 4.11-4.21 (1H, m), 6.79 (1H, dd, J=3.1, 8.4H2),
6.83- 6.92 (3H, m), 7.08 (1H, dd, J=4.7, 8.9Hz), 7.12-7.20 (2H, m)

MS (ESI*): 415 [M+Na]"

Tiempo de Retenciéon de HPLC: 10.9 minutcs

Ejemplo 18

[2-(3-Fluorabencillfenill-5a-carba-8-D-glucopiranosida

(1) Sintesis de (2-Benciloxifenil)-(3-fluorofenil)- metanol

En una comriente de nitrdgeno, se agrega gota a gota una solucién de
hexano n butillitio (244 M, 565 mL) a una solucidon de 1-benciloxi-2-
bromobenceno (3.3 g, 12.5 mmol) en THF (40 mL) a -78° C y la solucion de
mezcla se agita a la misma temperatura durante 30 minutos. A esta mezcla, se
agrega gota a gota una solucién de 3-fluorobenzaldehido (1.40 g, 11.3 mmol) en
THF (6 mL) a -78° C. La mezcla de reaccion se agita a la misma temperatura
durante una hora, y luego se agrega agua a esta y la mezcla se extrae con acetato
de etilo. Se lava la capa orgénica con una solucién acuosa de cloruro de sodio
saturada y se seca (sulfato de magnesio anhidro), y luego se destila el solvente
bajo presidn reducida. Se purifica el residuo obtenido por cromatografla de
columna de gel de sllice [solucién de revelado=acetato de etilo: n-hexano (1:10)]

para obtener el compuesto del titulo (2.26 g, 65%).

38>
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[0265] 'H-RMN (CDCls) 8: 3.00 (1H, d, J=6.3Hz), 5.57 (1H, d, J=11.5Hz), 5.60 (1H,
d, J=11.5Hz), 6.01 (1H, d, J=8.3Hz), 6.85-7.15 (5H, m), 7.17-7.4 (7TH, m)
MS (ESI"): 308 [M]+

(2) Sintesis de 2-(3-Fluorobencil)fenol

A una solucién de (2-benciloxifenil)-(3- fluorofenil)metanol (2.54 g, 7.51
mmol) en metanol (30 mi), se agrega un catalizador de hidréxido de paladio al
20% (300 mg) y adicionalmente se agrega a esta HCI 2N (0.3 mL). La solucién de
mezcla se agita bajo una atmésfera de hidrégeno durante cinco dias, y luego se
fiitra el catalizador. Se destila el solvente bajo presiéon reducida, y se purifica el
residuo obtenido por cromatografila de columna de gel de sllice [solucién de
revelado=acetato de etilo: n-hexano (1:10)] para obtener el compuesto del tituio

(620 mg, 42%).

[0266] 'H RMN (CDCly) &: 3.98 (2H, s), 4.70 (1H, 8), 6.75-7.3 (8H, m)
MS (ESI"): 201 [M-HT

(3) Sintesis de [2-(3-Fluorobencil)fenil}-5a-carba-p-D-glucopiranosida

En una cormiente de nitrégeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (400 mg, 0.743 mmol) y tributil-fosfina (0.278 mL, 1.11 mmol) a
una solucién de 2-(3- fluorabencil)fenol (225 mg, 1.11 mmol) en tolueno (2.5 mL)
bajo enfriamiento con hielo, y luego se agrega a esta tetrametilazo-dicarboxamida
(TMAD, 192 mg, 1.11 mmol) a la misma temperatura. La mezcla de reaccién se
agita durante 14 horas mientras graduaimente se eleva su temperatura a

temperatura ambiente. Se concentra la mezcla de reaccién bajo presion reducida,
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y se trata el residuo obtenido por cromatografla de columna de gel de sllice
[solucion de revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve el producto
crudo obtenido en una solucin mezclada de metanol-THF (5:2) (7 mL) y se
agrega a esta un catalizador de hidréxido de paladio al 20% (40 mg), y la mezcla
se agita bajo una atmésfera de hidrdgeno durante 24 horas, y luego se filtra el
catalizador. Se destila el solvente bajo presién reducida y se purifica el residuo
obtenido por cromatografla de columna de gel de sllice [solucion de
revelado=cloruro de metileno: metanol (10:1)] para obtener el compuesto del titulo
(76 mg, 28%).

[0267] 'H-RMN (CD,0D) &: 0.99 (1H, dd, J=24.7, 13.2Hz), 1.45-1.62 (1H, m), 2.09
(1H, dt, J=12.6, 4Hz), 3.16-3.3 (2H, m), 3.4-3.55 (2H, m), 3.71 (1H, dd, J=10.7,
3.8Hz), 3.93 (1H, d, J=14.9H2), 4.05 (1H, d, J=14.9Hz), 4.1-4.3 (1H, m), 6.8-6.85
(3H. m), 7.0-7.08 (2H, m), 7.08-7.27 (3H, m).

MS (ESI*): 363 [M+H]", 385 [M+Na]'

Tiempo de Retencién de HPLC: 10.8 minutos

Ejempilo 20
[2- (3-Metilbencil)fenil]-5a-carba-B-D-glucopiranosida
(1) Sintesis de [2-(3-Metilbencil)fenil]-5a-carba-B-D-glucopiranosida
En una cormriente de nitrbgeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
p-D-glucopiranosa (413 mg, 0.743 mmol) y tributil-fosfina (0.233 mL, 1.15 mmol) a

una solucidon de tolueno (2.5 mL) de 2-(3-metilbencil)fenol (228 mg, 1.15 mmol)

como se describe en Uzbekskii Khimicheskii Zhumal (1984), 6, 314 y similares

585
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bajo enfriamiento con hielo, y luego se agrega a esta tetrametilazodicarboxamida
(TMAD, 198 mg, 1.15 mmol) a la misma temperatura. La mezcla de reaccién se
agita durante 15 horas mientras gradualmente se eleva su temperatura a
temperatura ambiente. La mezcla de reaccién se concentra bajo presién reducida,
y se trata el residuo obtenido por cromatografla de columna de gel de silice
[solucién de revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve el producto
crudo obtenido en una solucién mezclada de metanol-THF (2:5) (7 mL) y se
agrega a esta un catalizador de hidréxido de paladio al 20% (40 mg), y la mezcla
se agita bajo una atmdsfera de hidrégeno durante seis horas, y luego se filtra el
catalizador. Se destila el solvente bajo presiéon reducida y se purifica el residuo
obtenido por cromatografla de columna de gel de silice [solucibn de
revelado=cloruro de metileno: metanol (10:1)] para obtener el compuesto del titulo

(109 mg, 40% ).

[02688] 'H-RMN (CD;0D) &: 0.85 (1H, dd, J=24.4, 12.8Hz), 1.45-1.62 (1H, m), 2.06
(1H, dt, J=13.1, 4.0Hz), 2.27 (3H, s), 3.15-3.30 (2H, m), 3.42-3.52 (2H, m), 3.70
(1H, dd, J=10.7, 3.9Hz), 3.87 (1H, d, J=14.8Hz), 3.98 (1H, d, J=14.8Hz), 4.1-4.25
(1H, m), 6.81-6.88 (1H, m), 6.9-7.2 (7H, m)

MS (ESI"): 376 [M+NH,]" 359 [M+H]"

Tiempo de Retencién de HPLC: 11.4 minutos

Ejemplo 21

[5-Fluoro-2-(4-metoxibencil)fenil]-5a-carba-B-D-gluco-piranosida

(1) Sintesis de 2-Benciloxi-1-bromo-4-fluorobenceno
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Se agrega carbonato de potasio (2.61 g, 18.8 mmol) a una solucién de 2-
bromo-5-flucrofeno! (3.0 g, 15.7 mmol) en DMF (15.7 mL) y la mezcla se agita en
una comiente de nitrégeno a temperatura ambiente durante 15 minutos. A esta
solucion, se agrega gota a gota bromuro de bencilo (2.68 g, 15.7 mmol) a la
misma temperatura y la solucibn de mezcla se agila a la misma temperatura
durante la noche. A la mezcla de reaccién se agrega una solucién acuosa de
hidrogensulfato de potasio, y la mezcla se extrae con acetato de etilo. Se lava la
capa orgénica con una solucién acuosa de cloruro de sodio saturada y se seca
(sulfato de magnesio anhidro), y luego se destila el solvents bajo presién reducida.
Se purifica el residuo obtenido por cromatografia de columna de gel de sllice
(solucién de revelado=n-hexano) para obtener el compuesto del titulo (4.31 g,

98%) como un aceite incoloro.

[0269] 'H-RMN (CDCls) 5: 5.14 (2H, s), 6.56-8.72 (2H, m), 7.31-7.52 (6H, m)

(2) Sintesis de (2-Benciloxi-4-fluorofenil)-(4- metoxifenil) metanol

En una corriente de nitrégeno, se agrega gota a gota una solucién de
hexano n butillitio (1.59 M, 3.14 mL) a una solucién de 2-benciloxi-1-bromo-4-
fluorobenceno (1.4 g, 5.0 mmol) en THF (50 ml) a -78° C y la mezcla se agita a la
misma temperatura durante 15 minutos. A esta solucién, se agrega gota a gota
una solucién de 4-metoxibenzaldehido (680 mg, 4.99 mmol) en THF (15 mL) a -
78° C y la mezcla se agita a la misma temperatura durante 1.5 horas, y luego una
solucién acuosa de cloruro de amonio saturado se agrega a esta y la mezcla se
extrae con acetato de etilo. Se lava la capa organica con una soluciéon acuosa de
cloruro de sodio saturada y se seca (sulfato de magnesio anhidro), y luego se

destila el solvente bajo presién reducida. Se purifica el residuo obtenido por

30t
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cromatografia de columna de gel de sllice {solucibn de revelado= n-
hexano:dicloro-metano:acetona (12:3:1)] para obtener el compuesto del titulo (1.41

g, 83%) como un aceite incoloro.

[0270) 'H-RMN (CDCl) : 2.67 (1H, d, J=5.0Hz), 3.79 (3H, s), 4.89 (2H, s), 6.00
(1H, d, J=3.8Hz), 6.62-8.70 (2H, m), 6.81-6.86 (2H, m), 7.19-7.38 (8H, m)

(3) Sintesis de 2-(4-Metoxibencil)-5-fluorofenol

A una solucién de (2-benciloxi-4-fluorofenil)-(4- metoxifenil)-metanol (2.095
g, 6.18 mmol) en metanol (20 mL), se agrega un catalizador de hidroxido de
paladio al 20% (200 mg) y adicionaimente se agrega a esta HC| 2N (0.3 mL). La
mezcla se agita bajo una atmodsfera de hidrégeno durante 16 horas, y luego se
filtra el catalizador. Se destila el solvente bajo presién reducida, y se purifica el
residuo obtenido por cromatografia de columna de gel de silice [solucion de
revelado=acetato de etilo: n-hexano (1:5)] para obtener el compuesto del titulo

(489 mg, 34%).

[0271]'H-RMN (CDCls) &: 3.78 (3H, s), 3.89 (2H, s), 4.88 (1H, s), 6.50-6.40 (2H,
m), 6.80-6.88 (2H, m), 7.04 (1H, dd, J=8.8, 8.2Hz), 7.08-7.15 (2H, m)
MS (ESI): 231 [M-H]

(4) Sintesis de [5-fluoro-2-{4-metoxibencil)fenil]- 5a-carba-B-D-glucopiranosida
En una cormriente de nitrégeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-

B-D-glucopiranosa (500 mg, 0.928 mmol) y tributil-fosfina (0.346 mL, 1.39 mmol) a

una solucién de 2-(4-metoxibencil)-5-fluorofenol (323 mg, 1.38 mmol) en tolueno
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(25 mL) bajo enfriamiento con hielo, y luego se agrega a esta
tetrametilazodicarboxamida (TMAD, 240 mg, 1.39 mmol) a la misma temperatura.
La mezcla de reaccién se agita durante 17 horas mientras graduaimente elevan su
temperatura a temperatura ambiente. Se concentra la mezcla de reaccién bajo
presién reducida, y se trata el residuo obtenido por cromatografia de columna de
gel de sllice [solucién de revelado= acetato de etilo: n-hexano (1:10)). Se disuelve
el producto crudo obtenido en una solucién mezclada de metanol-THF (2:5) (7
mL), y se agrega a esta un catalizador de hidréxido de paladio al 20% (40 mg) y la
mezcla se agita bajo una atmésfera de hidrégeno durante 22 horas, y luego se
filtra el catalizador. Se destila el solvente bajo presion reducida. Se purifica el
residuc obtenido por cromatografla de columna de gel de sllice [solucién de
revelado= cloruro de metileno: metanol (10:1)] para obtener el compuesto del titulo

(59 mg, 16%).

[0272] 'H-RMN (CD4OD) &: 1.00 (1H, dd, J=24.4, 12.8Hz), 1.5-1.85 (1H, m), 2.04
(1H, dt, J=13.4, 4.1Hz), 3.17-3.35 (2H, m), 3.43-3.55 (2H, m), 3.65-3.75 (1H, m),
3.73 (3H, s), 3.81 (1H, d, J=15.1Hz), 3.80 (1H, d, J=15.1Hz), 4.1-4.22 (1H, m),
6.56 (1H, dt, J=8.5, 2.7Hz), 6.75-6.88 (3H, m), 7.0-7.13 (3H, m)

MS (ESI*): 415 [M+Na]

Tiempo de Retencién de HPLC: 11.0 minutos

Ejemplo 22

(1) Sintesis de (2-Benciloxifenil)}-(4-metilsulfanil-fenillmetanol

3l
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En una corriente de nitrdgeno, se agrega una solucién de bromuro de 4-
metilsulfanil-fenilmagnesio en THF (0.5 M, 35 mL) gota a gota a una solucién de 2-
benciloxibenzaldehido (2.60 g, 12.2 mmol) en THF (24 mL) a 0° C y la mezcla se
agita a temperatura ambiente durante dos horas, y luego una solucién acuosa de
cloruro de amonio saturado se agrega a esta bajo enfriamiento con hielo y la
mezcla se extrae con acetato de etilo. Se lava la capa organica con una solucién
acuosa de cloruro de sodio saturada y se seca (sulfato de magnesio anhidro), y
luego se destila el solvente bajo presién reducida. Se purifica el residuo obtenido
por cromatografia de columna de gel de silice [solucién de revelado=acetato de

etilo: n- hexano (1:4)] para obtener el compuesto del titulo (3.91 g, 95%).

[0273] 'H-RMN (CDCls) 5: 2.47 (3H, 8), 2.91 (1H, d, J=5.8Hz), 5.03 (2H, s), 6.01
(1H, d, J=8.0Hz), 6.80-7.00 (2H, m), 7.15-7.35 (11H, m)

(2) Sintesis de (2-Benciloxifenil)-(4-metanosulfonil-fenil)metanol

En una cormriente de nitrdgeno, se agrega acido m-cloroperbenzoico (4.40 g, 22.2
mmol) a una solucién de (2-benciloxifenil)-(4- metil-sulfanilfenil)metanol (3.00 g,
8.92 mmol) en cloruro de metilenc (25 mL) a 0° C y la mezcla de reaccion se agita
a la misma temperatura durante 30 minutos. Se remueve el precipitado mediante
filtracion y el filtrado se lava con una solucién acuosa de hidréxido de sodio 2 N.
La solucion lavada se extrae con cloruro de metileno, y la capa organica
combinada se lava con agua y una solucién acuosa de cloruro de sodio saturada y
se seca (sulfato de magnesio anhidro), y luego se destila el solvente bajo presion

reducida para obtener el compuesto del titulo (3.18 g, 97%).

290
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[0274] 'H-RMN (CDCl,) &: 3.02 (3H, ), 3.03 (1H, d, J=8.3Hz), 5.00 (1H, J=11.4Hz),
5.04 (1H, d, J=11.5Hz), 8.09 (1H, d, J=6.2Hz), 6.95-7.03 (2H, m), 7.16-7.22 (2H,
m), 7.24-7.38 (5H, m), 7.53 (2H, d, J=8.1Hz), 7.84 (2H, d, J=8.6Hz)

(3) Sintesis de 2-(4-Metanosulfonilbencil)fenol

En una cormriente de nitrdgeno, se agregan un catalizador de hidroxido de
paladio al 20% (289 mg) y 36% de HCI (150 OL, 1.78 mmol) a una soiucién de (2-
benciloxifenil)-(4-metano- sulfonilfenil) metanol (3.00 g, 8.14 mmol) en una mezcla
de metanol (30 mL) y acetato de etilo (30 mL), y la mezcla se agita bajo una
atmdsfera de hidrégeno durante seis horas. A la mezcla de reaccién se agrega
hidrogencarbonato de sodio y la mezcla se agita durante 30 minutos hasta ser
neutralizada, y luego se filtra el catalizador. Se destila el solvente bajo presién
reducida y se purifica el residuo obtenido por cromatografia de columna de gel de
silice [solucién de revelado=acetato de efilo: n-hexano (1:2)] para obtener el

compuesto del titulo (1.81 g, 85%).

[0275] 'H-RMN (CDCly) &: 3.02 (3H, s), 4.08 (2H, 8), 5.00 (1H, s), 8.77 (1H, d,
J=7.9Hz), 6.89 (1H, dt, J=7.5, 1.2Hz), 7.08-7.17 (2H, m), 7.42 (2H, d, J=8.8Hz),
7.82 (2H, d, J=B.4Hz)

(4) Sintesis de [2-(4-Metanosulfonilbencil)fenil}-5a-carba-p-D-glucopiranosida

En una cormriente de nitrégeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
a-D-gluco-pirancsa (500 mg, 0.928 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a
una solucién de 2-(4- metilsulfanilbencil)fenol (365 mg, 1.39 mmol) en una mezcla

de tolueno (2 mL) y THF (1 mL) bajo enfriamiento con hielo, y luego se agrega a
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esta tetrametilazodicarboxamida (TMAD, 242 mg, 141 mmol) a la misma
temperatura. La mezcla de reaccion se agita durante 25 horas mientras
gradualmente se eleva su temperafura a temperatura ambiente. Se concentra la
mezcla de reaccién bajo presidon reducida, y se trata el residuo obtenido por
cromatografia de columna de gel de sflice [solucién de revelado=acetato de etilo:
n-hexano (1:4 a 1:2)]. Se disuelve el producto crudo obtenido en una mezcla de
metanol (3 mL) y THF (2 mL), y se agregan a este un catalizador de hidréxido de
paladio al 20% (27.2 mg) y una gota de écido clorhidrico 2 N, y la mezcia se agita
bajo una atmésfera de hidrégeno durante 2.5 horas. A la mezcla de reaccién se
agrega una solucién acuosa de hidrogencarbonato de sodio para neutralizar la
mezcla, y luego se filtra el catalizador. Se destila el solvente bajo presién reducida,
y se purifica el residuo obtenido por cromatografla de columna de gel de silice
[solucidn de revelado=cloruro de metileno: metanol (8:1)] para obtener el

compuesto del titulo (120 mg, 31%).

[0278] '"H-RMN (CD50D) &: 0.91 (1H, ddd, J=13.0, 13.0, 13.0Hz), 1.53 (1H, m),
2.03 (1H, ddd, J=13.0, 4.0, 4.0Hz), 3.07 (3H, s), 3.19 (1H, dd, J=8.9, 8.9Hz), 3.28
(1H, dd, J=9.0, 9.0Hz), 3.43 (1H, dd, J=9.0, 9.0Hz), 3.50 (1H, dd, J=10.7, 6.1Hz),
3.87 (1H, dd, J=10.7, 4.0Hz), 4.02 (1H, d, J=14.5Hz), 4.16 (1H, d, J=14.5H2), 4.14-
4.26 (1H, m), 8.88 (1H, t, J=6.2Hz), 7.04 (1H, d, J=8.1Hz), 7.17 (1H, d, J=7.5Hz),
7.18 (1H, t, J=7.5Hz), 7.48 (1H, d, J=8.4Hz2), 7.80 (1H, d, J=8.4Hz)

MS (ESI): 423 [M+H]", 440 [M+NH,]", 445 [M+Na]'

Tiempo de Retencién de HPLC: 8.0 minutos

Ejemplo 23

[2-(4-Fluorobencil)fenill-5a-carba-f-D-gluco-piranosida
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(1) Sintesis de 2-(4-Fluorobencil)fenol

En una corriente de nitrbgeno, se agrega gota a gota una solucién de
hexano n butillitio (1.59 M, 4.8 mL) a una solucién de 1-benciloxi-2-bromobenceno
(2.04 g, 7.75 mmol) en THF (60 mL) a -78° C y la mezcla se agita a la misma
temperatura durante 20 minutos. A esta solucién, una solucion de 4-
fluorobenzaldehido (801 mg, 6.45 mmol) en THF (10 mlL) se agrega gota a gota a -
78° C. La mezcla se agita a la misma temperatura durante 1.5 horas, y luego una
solucién acuosa de cloruro de amonio saturado se agrega a esta y la mezcla se
extrae con acetato de etilo. Se lava la capa organica con una solucién acuosa de
cloruro de sodio saturada y se seca (sulfato de magnesio anhidro), y luego se
destila el solvente bajo presion reducida para obtener un producto crudo (2.35 g)
del compuesto del titulo. A una solucién del producto crudo obtenido en metanol
(15 mL), se agrega un catalizador de hidréxido de paladio al 20% (186 mg) y
adicionalmente se agrega HCI 2N (400 ul) a esta. La mezcla se agita bajo una
atmésfera de hidrégeno durante tres horas, y luego se filtra el catalizador. Se
destila el solvente bajo presion reducida y se purifica el residuo obtenido por
cromatografia de columna de gel de silice [solucién de revelado=acetato de etilo:

n-hexano (1:5)] para obtener el compuesto del titulo (996 mg, 77%).

[0277]'H-RMN (CDCls) &: 3.85 (2H, 8), 4.72 (1H, 8), 7.77 (1H, dd, J=7.9, 1. 1H2),
6.88 (1H, td, J=7.5, 1. 1Hz), 6.96 (1H, dd, J=8.7, 8.7H2), 7.06-7.20 (4H, m)

(2) Sintesis de [2-(4-Fluorobencil)fenil]-5a-carba-B-D-glucopiranosida
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En una comients de nitrégeno, se agregan 2,3.4,8-tetra-O-bencil-5a-carba-a-D-
glucopiranosa (500 mg, 0.928 mmol) y tributil-fosfina (0.35 mL, 1.40 mmol) a una
solucién de 2-(4-fluorobencil)fencl (284 mg, 1.40 mmol) en tolueno (3 mL) bajo
enfriamiento con hielo, y luego tetrametilazo-dicarboxamida (TMAD, 241 mg, 1.40
mmol) se agrega a esta a la misma temperatura. La mezcla de reaccion se agita
durante 21 horas mientras graduaimente se eleva su temperatura a temperatura
ambiente. Se concentra la mezcla de reaccion bajo presién reducida, y se trata el
residuo obtenido por cromatografla de columna de gel de silice [solucién de
revelado=acetato de etilo: n-hexano (1:8 a 1:3)]. Se disuelve el producto crudo
obtenido en un solvente mezclado de metanol (4 mL)}-THF (2 mL) y se agregan a
este un catalizador de hidréxido de paladio al 20% (18.4 mg) y una gota de acido
clorhidrico 2 N, y la mezcla se agita bajo una atmdsfera de hidrégeno durante 1.5
horas, A la mezcla de reaccion se agrega una solucibn acuosa de
hidrogencarbonato de sodio saturada para neutralizar la mezcla, y se filira el
catalizador. Se destila el solvente bajo presion reducida y se purifica el residuo
obtenido por cromatografla de columna de gel de silice [solucién de
revelado=cloruro de metileno: metanol (10:1 a 8:1)] para obtener el compuesto del

titulo (153 mg, 46% ).

[0278] *H-RMN (CDsOD) 5: 0.99 {1H, ddd, J=12.9, 12.8, 12.9Hz), 1.55 (1H, m),
2.08 (1H, ddd, J=13.2, 3.9, 3.89Hz), 3.22 (1H, dd, J=9.0, 9.0Hz), 3.30 (1H, dd,
J=9.0, 9.0Hz), 3.48 (1H, dd, J=8.7., 8.7Hz), 3.51 (1H, dd, J=10.8, 6.0Hz), 3.70 (1H,
dd, J=10.8, 4.2Hz), 3.90 (1H, d, J=14.7Hz), 4.02 (1H, d, J=14.7H2), 4.20 (1H, ddd,
J=11.4, 9.0, 4.8Hz), 6.85 (1H, t, J=7.5Hz), 6.93 (1H, dd, J=8.9, 8.9Hz), 7.02 (1H, d,
J=8.1Hz), 7.08-7.23 (4H, m)

MS (ESI'): 363 [M+H]'

Tiempo de Retencién de HPLC: 10.9 minutos

204
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Ejemplo 24

-(3,4-DimetoxibencilYfenill-5a-carba-p-D-alu iranosida

(1) Sintesis de 2-(3,4-Dimetoxibencil)fencl

En una corriente de nitrdgeno, una solucién de hexano n butillitio (1.59 M,
4.4 mL) se agrega gota a gota a una solucion de 1-benciloxi-2-bromobenceno
(1.74 g, 6.61 mmol) en THF (30 mL) a -78° C y la solucién de mezcla se agita a la
misma temperatura durante una hora. A esta solucion, se agrega gota a gota una
solucién de 3,4-dimetoxibenzaldehido (1.00 g, 6.02 mmol) en THF (8 mL) a -78° C.
La mezcla de reaccién se agita a la misma temperatura durante 1.5 horas, y luego
una solucién acuosa de cloruro de amonio saturado se agrega a esta y la mezcla
se extrae con acetato de etilo. Se lava la capa orgénica con una solucién acuosa
de cloruro de sodio saturada y se seca (sulfato de magnesio anhidro), y luego se
destila el solvente bajo presidon reducida para obtener un producto crudo (2.38 g).
Se disuelve el producto crudo obtenido en metanol (20 mL) y se agrega un
catalizador de hidroxido de paladio al 20% (196 mg) y adicionalmente se agrega a
esta HCI 2N (30 pl). La solucién de mezcla se agita bajo una aitmosfera de
hidrégeno durante 23 horas, y luego se filtra el catalizador. Se destila el solvents
bajo presién reducida y se purifica el residuo obtenido por cromatografia de
columna de gel de silice [solucién de revelado=acetato de etilo: n-hexano (1:5)]

para obtener el compuesto del titulo (653 mg, 44%).

[0278] 'H-RMN (CDCly) 8: 3.82 (3H, 8), 3.85 (3H, 8), 3.94 (2H, s), 4.73 (1H, 8),
8.74-6.82 (2H, m), 8.78 (1H, 8), 6.89 (1H, td, J=7.5, 1. 1Hz), 7.08-7.17 (2H, m)
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(2) Sintesis de [2-(3,4-Dimetoxibencil)fenil}-5a-carba-p-D-glucopiranosida

En una cormriente de nitrégeno, se agregan 2,3,4 6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (504 mg, 0.836 mmol) y tributil-fosfina (0.35 mL, 1.40 mmol) a
una solucién de 2-(3,4-Dimetoxibencil)fenol (342 mg, 1.40 mmol) en una mezcla
de tolueno (2.5 mL) y THF (1.0 mL) bajo enfriamiento con hielo, y luego se agrega
a esta tetrametilazodicarboxamida (TMAD, 242 mg, 1.41 mmol) a la misma
temperatura. La mezcla de reaccibn se agita durante 22 horas mientras
graduaimente se eleva su temperatura a temperatura ambiente. Se concentra la
mezcla de reaccién bajo presion reducida y se trata el residuo obtenido por
cromatografla de columna de gel de sllice [solucién de revelado= acetato de etilo:
n-hexano (1:3)]. Se disuelve el producto crudo obtenido en un solvente mezclado
de metanol (2 mL)-THF (2 mL) y se agrega a esta un catalizador de hidréxido de
paladio al 20% (21.9 mg) . La solucién de mezcla se agita bajo una atmésfera de
hidrégeno durante cinco horas, y luego se filtra el catalizador. Se destila el
solvente bajo presion reducida y se purifica el residuo obtenido por cromatografia
de columna de gel de sllice [solucidn de revelado=cloruro de metileno: metanol

(10:1)] para obtener el compuesto del titulo (108 mg, 38%).

[0280] 'H-RMN (CDsOD) 8: 1.01 (1H, ddd, J=13.1, 13.1, 11.6Hz), 1.55 (1H, m),
2.08 (1H, ddd, J=13.3, 3.8, 3.8Hz), 3.21 (1H, dd, J=9.2, 8.2Hz), 3.29 (1H, dd,
J=8.9, 8.9Hz), 3.48 (1H, dd, J=9.2, 9.2Hz), 3.49 (1H, dd, J=10.7, 6.3Hz), 3.70 (1H,
dd, J=10.7, 4.1Hz), 3.76 (3H, 8), 3.78 (3H, s), 3.87 (1H, d, J=14.8Hz), 3.96 (1H, d,
J=14.8Hz), 4.18 (1H, ddd, J=11.5, 9.0, 4.8Hz), 6.73 (1H, dd, J=8.3, 2.0Hz), 6.81
(1H, ), 6.82 (1H, d, J=8.3Hz), 6.84 (1H, td, J=7.5, 1.2Hz), 7.02 (1H, d, J=7.5Hz),
7.08 (1H, dd, J=7.5, 1. 5H2), 7.14 (1H, td, J=7.2, 1. THz)
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MS (ESI*): 405 [M+H]["
Tiempo de Retencién de HPLC: 9.7 minutos

Ejemplo 25

[2-{4-Etilbencil)fenil]-5a-carba-f-D-glucopiranosida

(1) Sintesis de [2-(4-Etilbencil)fenil]-5a-carba-p-D- glucopiranosida

En una comriente de nitrégeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-o-D-
glucopiranosa (400 mg, 0.74 mmol) y tributil-fosfina (0.28 mL, 1.11 mmol) a una
solucién de tolueno (2.5 mL) de 2-(4-etilbencil)fenol (236 mg, 1.11 mmol) como se
describe en la Publicacién Intemacional Nos. WO04/052902, WO01/074834 y
similares bajo enfriamiento con hielo, y luego se agrega a esta
tetrametilazodicarboxamida (TMAD, 191 mg, 1.11 mmol) a la misma temperatura.
La mezcla de reaccion se agita durante 25 horas mientras gradualmente eleva su
temperatura a temperatura ambiente. Se concentra la mezcla de reaccién bajo
presidn reducida, y se trata el residuo obtenido por cromatografla de columna de
gel de sllice [solucién de revelado=acetato de efilo: n-hexano (1:10)]. Se disuelve
el praducto crudo obtenido en una solucién mezclada de metanol-THF (1:2) (4 mL)
y se agrega a esta un catalizador de hidréxido de paladio al 20% (20 mg). La
mezcla se agita bajo una atmdsfera de hidrégeno durante 1.5 horas, y luego se
filtra el catalizador. Se destila el solvente bajo presién reducida y se purifica el
residuo obtenido por TLC [solucién de revelado=cloruro de metileno: metanol

(10:1)} para obtener el compuesto del titulo (40 mg, 14%).

A
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[0281] "H-RMN(CD3OD) o: 0.86-1.00 (1H, m), 1.19 (3H, t, J=7.6Hz), 1.45-1.62 (1H,
m), 2.00-2.11 (1H, m), 2.57 (2H, q, J=7.6Hz), 3.16-3.30 (2H, m), 3.43-3.49 (2H, m),
3.70 (1H, dd, J=10.6, 4.1Hz), 3.84-4.02 (2H, m), 4.124.24 (1H, m), 6.83 (1H, t,
J=7.4Hz), 6.98-7.16 (7H, m)

MS (ESI*): 385 [M+NaJ"

Tiempo de Retencion de HPLC: 12.3 minutos

Ejemplo 26

(1) Sintesis de [2-(4-Hidroxibencil)fenil]-5a-carba-p-D-glucopiranosida

Bajo una atmésfera de nitrégeno, se agrega una solucién de tribromuro de
boro en diclorometano (1.0 M, 0.80 mL, 0.80 mmol) a una solucién de [2-(4-
metoxibencil)fenil]-5a-carba-f-D-glucopiranosida (100 mg, 0.27 mmol) como se
obtiene en el Ejemplo 1 en diclorometano (1.3 mL) a -78° C. Se remueve el bafio
frio y la mezcla de reaccidn se agita a temperatura ambiente durante una hora. Se
concentra la mezcla de reaccién bajo presion reducida y se purifica el residuo
obtenido por HPLC (solucién' de revelado=metanol: 20 mM de solucién acuosa de

acetato de amonio) para obtener el compuesto del titulo (45 mg, 47%).

[0282] 'H-RMN (CDsOD) 5: 0.92-1.08 (1H, m), 1.47-1.67 (1H, m), 2.03-2.11 (1H,
m), 3.18-3.34 (2H, m), 3.45-3.52 (2H, m), 3.71 (1H, dd, J=10.7, 4.1Hz), 3.79-3.95
(2H, m), 4.12-4.22 (1H, m), 6.85 (2H, d, J=8.4Hz), 8.83 (1H, t, J=7.3Hz), 6.95-7.18
(5H, m)

MS (ESI*): 381 [M+H]*

294
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Tiempo de Retencién de HPLC: 8.9 minutos

Ejemplo 27

[2-(4-Cianobencil)fenil]-5a-carba-p-D-glucopiranosida

(1)  Sintesis de [2-(4-Cianobencil)fenil}-5a-carba-p-D-glucopiranosida

En una comiente de nitrdgeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.93 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a
una solucién de 2-(4-Ciano-bencil)fenol (281 mg, 1.39 mmol) en una mezcla de
tolueno (2 mL) y THF (1 mL) bajo enfriamiento con hielo, y luego se agrega a esta
tetrametilazodicarboxamida (TMAD, 239 mg, 1.389 mmol) a la misma temperatura.
La mezcla de reaccién se agita durante 14 horas mientras graduaimente se eleva
su temperatura a temperatura ambiente. Se concentra la mezcla de reaccion bajo
presién reducida, y se trata el residuo obtenido por cromatografia de columna de
gel de silice [solucion de revelado=acetato de etilo: n-hexano (1:5)] y TLC
preparativo [solucién de revelado= acetato de etilo: n-hexano (1:3)] para obtener
un producto crudo (130 mg). El producto crudo obtenido (65 mg) se disuelve en
cloruro de metileno (0.50 mL), y se agregan a este dimetil-sulfuro (0.19 mL, 4.4
mmol) y complejo de dietil éter-trifluoruro de boro (0.085 mL, 0.75 mmol) bajo
enfriamiento con hielo. La mezcla de reacciéon se agita a temperatura ambiente
durante cinco horas, y luego se agrega agua a esta bajo enfriamiento con hielo y
la mezcla se extrae con acetato de etilo. Se lava la capa organica con una
solucién acuosa de cloruro de sodio saturada y se seca (sulfato de magnesio

anhidro), y luego se destila el solvente bajo presién reducida. Se purifica el residuo
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obtenido por TLC [solucién de revelado=cloruro de metileno: metanol (10:1)] para

obtener el compuesto del titulo (17.5 mg, 12%).

[0283] '"H-RMN (CD,OD) &: 0.83-0.86 (1H, m), 1.44-1.80 (1H, m), 1.88-2.07 (1H,
m), 3.14-3.32 (2H, m), 3.38-3.50 (2H, m), 3.67 (1H, dd, J=10.7, 4.0Hz), 3.934.13
(2H, m), 4.15-4.22 (1H, m), 6.85 (1H, t, J=7.3Hz), 7.01 (1H, d, J=7.8Hz), 7.11-7.18
(2H, m), 7.37 (2H, d, J=8.2Hz), 7.55 (2H, d, J=8.1Hz)

MS (ESI*): 392 [M+Na]’

Tiempo de Retencién de HPLC: 10.2 minutos

Eiemplo 28

(1) Sintesis de 2-(3-Triflucrometoxibencil)fenol

En una corriente de nitrégeno, una solucién de hexano n butillitio (2.44 M,
4.3 mL) se agrega gota a gota a una solucion de 1-benciloxi-2-bromobenceno (2.5
g. 9.5 mmol) en THF (95 mL) a -78° C y la mezcla se agita a la misma temperatura
durante 30 minutos. A esta mezcla, se agrega gota a gota una soluciéon de 3-
trifluorometoxibenzaldehido (1.5 g, 7.9 mmol) en THF (32 mL) a -78° C. La mezcla
de reaccion se agita a la misma temperatura durante dos horas y adicionalmente a
0° C durante una hora, y lueqgo se agrega agua a esta y la mezcla se extrae con
acetato de etilo. Se lava la capa orgénica con una solucién acuosa de cloruro de
sodio saturado y se seca (sulfato de magnesio anhidro), y luego se destila el
solvente bajo presién reducida. Se trata el residuo obtenido por cromatografia de

columna de gel de sllice [solucién de revelado=acetato de etilo. n-hexano (1:5)].
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Se disuelve el producto crudo obtenido en metanol (20 mL) y se agrega un
catalizador de hidréxido de paladio al 20% (200 mg) y adicionalmente se agrega a
esta HCI 2 N (0.187 mL). La mezcla se agita bajo una atmésfera de hidrégeno
durante 13 horas. Se agrega carbonato de potasio (850 mg) a la mezcla de
reaccion y la mezcla se agita a temperatura ambiente durante 30 minutos, y luego
se filtra el catalizador. Se destila el solvente bajo presién reducida y se purifica el
residuo obtenido por cromatografla de columna de gel de sllice [solucion de
revelado=acetato de etilo: n-hexano (1:5)] para obtener el compuesto det titulo
(1.40 g, 99%).

[0284] 'H-RMN (CDCls) &: 3.90 (2H, s), 4.71 (1H, br s), 8.76 (1H, d, J=7.9Hz), 6.92-
6.86 (1H, m), 7.02-7.15 (5H, m), 7.29 (1H, d, J=7.3Hz)

(2) Sintesis de [2-(3-Trifluorometoxibencil)fenil]-5a-carba-p-D-glucopiranosida

En una corriente de nitrégeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.93 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a
una solucion de 2-(3-trifluorometoxibencil)fenol (373 mg, 1.39 mmol) en tolueno (2
mL) bajo enfriamiento con hielo, y luego se agrega a esta tetra-
metilazodicarboxamida (TMAD, 239 mg, 1.39 mmol) a la misma temperatura. La
mezcla de reaccidén se agita durante 20 horas mientras gradualmente se eleva su
temperatura a temperatura ambiente. Se concentra la mezcla de reaccion bajo
presién reducida, y se trata el residuo obtenido por cromatografia de columna de
gel de sflice [solucién de revelado=acetato de efilo: n-hexano (1:10)]. Se disuelve
el producto crudo obtenido en un solvente mezclado de metanol-THF (1:2) (10 mL)
y se agrega a esta un catalizador de hidréxido de paladio al 20% (100 mg), y la

mezcla de reaccion se agita bajo una atmdésfera de hidrogeno durante 13 horas, y

YOl
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luego se filtra el catalizador. Se destila el solvente bajo presidon reducida y se
purifica el residuo obtenido por TLC [solucién de revelado=cloruro de metileno:

metanol (10:1)] para obtener el compuesto del titulo (104 mg, 26%).

[0285] 'H-RMN (CDsOD) 8: 0.88-1.00 (1H, m), 1.45-1.60 (1H, m), 2.01-2.09 (1H,
m), 3.15-3.31 (2H, m), 3.41-3.48 (2H, m), 3.68 (1H, dd, J=10.7, 4.1Hz), 3.88-4.11
(2H, m), 4.13-4.95 (1H, m), 6.82-8.87 (1H, m), 7.00-7.30 (7H, m)

MS (ESI'): 420 [M+H]"

Tiempo de Retencidon de HPLC: 12.4 minutos

Ejemplo 29

glucopiranosida

(1) Sintesis de sal de acido acético [2-(4-Aminometilbencil)fenil]-5a-carba-p-D-

glucopiranosida

El producto crudo (63 mg) de [2-(4-Cianobencil)-fenil] 2,3,4,6-tetra-O-bencil-5a-
carba-p-D-glucopiranosida como se obtiene en el Ejemplo 27 se disuelve en un
solvente mezclado de metanol-THF (1:2) (1 mL) y se agrega a esta un catalizador
de hidréxido de paladio al 20% y la solucidn de mezcla se agita bajo una
atmdsfera de hidrdgeno durante 23 horas. Se filira el catalizador, y se destila el
solvente bajo presiébn reducida para obtener un producto crudo de [2-(4-
aminometilbencil)fenil]-2,3,4,68- tetra-O-bencil-5a-carba-p-D-glucopiranosida. Este
producto crudo se disuelve en cloruro de metileno (0.55 mL) y dimetil sulfuro (0.22

mL, 5.1 mmol) y se agregan a este un complejo de dietil &ter-tri-fluoruro de boro

gov
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(0.11 mL, 0.86 mmol) bajo enfriamiento con hielo, y la mezcla se agita a
temperatura ambiente 22 horas. La mezcla de reaccién se concentra bajo presion
reducida y el residuo obtenido se purifica por HPLC (solucién de revelado=
metanol: 20 mM de solucion acuosa de acetato de amonio) para obtener el

compuesto del titulo (19 mg).

[0286] 'H-RMN (CD;OD) &: 0.85-0.88 (1H, m), 1.42-1.58 (1H, m), 1.88 (3H, s),
1.93-2.01 (1H, m), 3.14-3.67 (5H, m), 3.87-4. 07 (2H, m), 4. 01 (2H, s), 4.11- 4.20
(1H, m), 8. 79 - 6. 85 (1H, m), 6.99 (1H, d, J=4.1H), 7.01-7.18 (2H, m), 7.25 (2H, d,
J=8.4Hz), 7.29 (2H, d, J=8.5Hz)

MS (ESI*): 374 [M+H]*

Tiempo de Retencién de HPLC: 7.3 minutos

Ejemplo 30 [5-Metoxi-2-(4-metoxibencil)-4-metilfenil]-5a-carba-p-D-gluco-

piranosida

(1) Sintesis de [5-Metoxi-2-(4-metoxibencil)fenil]- 5a-carba-f-D-glucopiranosida

En una corriente de nitrégeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosida (500 mg, 0.93 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a
una solucién de 5-metoxi-2-{(4-metoxibencil)fenol (340 mg, 1.39 mmol) como se
describe en la Publicacién Intemacional Nos. WO004/058682, W002/084606,
WO002/044192 o similares en tolueno (3 mL) bajo enfriamiento con hielo, y luego
tetrametilazo-dicarboxamida (TMAD, 239 mg, 1.39 mmol) se agrega a esta a la
misma temperatura. La mezcla de reaccién se agita durante 17 horas mientras
graduaimente se eleva su temperatura a temperatura ambiente. Se concentra la

mezcla de reaccidn bajo presién reducida, y se trata el residuo obtenido por

yos
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cromatografia de columna de gel de silice [solucion de revelado=acetato de etilo:
n-hexano (1:3)]. Se disueive el producto crudo obtenido en un solvente mezclado
de metanol-THF (1:2) (6 mL) y se agrega a esta un catalizador de hidréxido de
paladio al 20% (50 mg), y la mezcla de reaccién se agita bajo una atmésfera de
hidrégeno durante tres horas, y luego se filtra el catalizador. Se destila ei solvente
bajo presidon reducida y se purifica el residuo obtenido por TLC [soluciébn de
revelado=cloruro de metileno: metanol (10:1)] para obtener el compuesto del titulo

(118 mg, 32%).

[0287] 'H-RMN (CDsOD) &: 0.84-0.98 (1H, m), 1.44-1.60 (1H, m), 1.98-2.08 (1H,
m), 3.13-3.47 (5H, m), 3.77 (3H, 8), 3.82 (3H, 8), 3.71-3.88 (2H, m), 4.064.16 (1H,
m), 6.41 (1H, dd, J=2.3, 8.2Hz), 8.58 (1H, d, J=2.1Hz), 6.75 (2H, d, J=8.7Hz), 6.94
(1H, d, J=8.2Hz), 7.05 (2H, d, J=8.6Hz)

MS (ESI*): 405 [M+H]"

Tiempo de Retencién de HPLC: 10.7 minutos

Ejemplo 31

(1) Sintesis de éster de mefilo de écido 4-J(2-Benciloxifenifjhidroximetil}-

benzoico

En una corriente de nitrégeno, una solucién de hexano n butillitio (2.71 M,
12.1 mL) se agrega gota a gota a una solucién de 1-benciloxi-2-bromobenceno
(7.84 g, 28.8 mmol) en THF (300 mL) a -78° C y la mezcla de reaccién se agita a

la misma temperatura durante 30 minutos. A esta mezcla, una solucién de éster de

S
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4 metil-benzaldehido (4.78 g, 29.1 mmol) en THF (100 mL) se agrega gota a gota
a -78° C. La mezcla de reaccién se agita a la misma temperatura durante una
hora, y luego se agrega agua a esta y la mezcia se extrae con acetato de etilo. Se
lava la capa orgdnica con una solucién acuosa de cloruro de sodio saturada y se
seca (sulfato de magnesio anhidro), y luego se destila el solvente bajo presion
reducida. Se purifica el residuo obtenido por cromatografia de columna de gel de
sllice [solucibn de revelado= acetato de eftilo. n-hexano (1:5)] para obtener el

compuesto del titulo (4.15 g, 41%).

[0288] *H-RMN (CDCl3) &: 3.08 (1H, d, J=6.2Hz), 3.91 (3H, s), 5.02 (2H, dd, J=5.8,
11.4Hz), 6.07 (1H, d, J=6.2Hz), 6.94-7.00 (2H, m), 7.18-7.42 (8H, m), 7.96 (2H, d,
J=8.4Hz)

(2) Sintesis de éster de metilo de acido 4-(2-Benciloxibencil)benzoico

En una corriente de nitrdgeno, se agregan trietilsilano (2.27 mL, 13.5 mmol)
y complejo de dietil éter-trifiuoruro de boro (1.52 mL, 11.88 mmol) a una solucién
de éster de acido 4-[(2-benciloxifenil)-hidroximetiljbenzoico (4.15 g, 11.9 mmol) en
acetonitrilo (22.7 mL) a -40° C y la soluciébn de mezcla se agita a Ja misma
temperatura durante 1.5 horas y adicionalmente a 0° C durante 30 minutos. Se
agrega agua a esta y la mezcla se extrae con cloruro de metileno. Se lava la capa
orgénica con una solucion acuosa de cloruro de sodio saturada y se seca (sulfato
de magnesio anhidro), y luego se destila el solvente bajo presién reducida. Se
purifica el residuo obtenido por cromatografia de columna de gel de silice [solucién
de revelado=acetato de etilo: n-hexano (1:10)] para obtener el compuesto del titulo

(2.39 g, 62%).

oS
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[0288] 'H-RMN (CDCl) &: 3.89 (3H, 8), 4.05 (2H, ), 5.02 (2H, d, J=5.8Hz), 6.92
(2H, d, J=7.9Hz), 7.12-7.38 (9H, m), 7.91 (2H, d, J=8.0Hz)
MS (ESI*): 333 [M+H]*

(3) Sintesis de éster de metilo de acido 4-(2-Hidroxibencil)benzoico

A una solucién de éster de metilo de acido 4-(2-benciloxibencil)benzoico
(2.39 g, 7.18 mmol) en metanol (70 mL), se agrega un catalizador de hidrdxido de
paladio al 20% (238 mg). La mezcla se agita bajo una atmoésfera de hidrégeno
durante cinco horas, y luego se filira el catalizador. Se destila el solvente bajo

presion reducida para obtener el compuesto del titulo (1.16 g, 96%).

[0290] '"H-RMN (CDCly) &: 3.89 (3H, s), 4.04 (2H, 8), 4.76 (1H, s), 6.77 (1H, d,
J=8.0Hz), 8.88 (1H, t, J=7.3Hz), 7.13 (2H, m), 7.29 (2H, d, J=8.4Hz), 7.94 (2H, d,
J=8.0Hz)

MS (ESI*): 243 [M+H[*

(4) Sintesis de [2-(4-Metoxicarbonilbencil)fenil}-2,3,4,6-tetra-O-bencil-5a-carba-

B-D-glucopiranosida

En una corriente de nitrégeno, se agregan 2,3 4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (1.10 g, 2.04 mmol) y tributil-fosfina (0.77 mL, 3.08 mmol) a una
solucién de éster de metilo de acido 4-(2- hidroxibencil)benzoico (741.4 mg, 3.06
mmol) en tolueno (6.9 mL) bajo enfriamiento con hielo, y luego se agrega a esta
tetrametilazodicarboxamida (TMAD, 5265 mg, 3.06 mmol) a la misma
temperatura. La mezcla de reaccion se agita durante 20 horas mientras

graduaimente se eleva su temperatura a temperatura ambiente. Se concentra la
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mezcla de reaccién bajo presion reducida, y se purifica el residuo obtenido por
cromatografla de columna de gel de sllice [solucion de revelado=acetato de etilo:

n-hexano (1:10)] para obtener el compuesto del titulo (429.0 mg, 28%).

[0281] "H-RMN (CDsOD) 8: 1.40 (1H, dd, J=12.0, 12.0Hz), 1.65-1.74 (1H, m), 2.00-
2.09 (1H, m), 3.43-3.59 (2H, m), 3.84 (3H, 8), 4.00 (2H, s), 4.32-3.92 (8H, m), 6.91
(1H, t, J=8.0Hz), 7.04-7.32 (25H, m), 7.87 (2H, d, J=8.0H2)

(5) Sintesis de [2-(4-Metoxicarbonilbencil)fenil]-5a-carba-p-D-glucopiranosida

Se disuelve [2-(4-Metoxicarbonilbencil)fenil]-2,3,4,6-tetra-O-bencil-5a-carba-
p-D-glucopiranosa (38.1 mg, 0.05 mmol) en solvente mezclado de metanol-THF
(2:1) (1.5 mL) y se agrega a esta un catalizador de hidréxido de paladio al 20% (5
mg). La mezcla se agita bajo una atmoésfera de hidrégeno durante 24 horas, y
luego se filtra el catalizador. Se destila el solvente bajo presién reducida y se
purifica el residuo obtenido por cromatografia de columna de gel de silice [solucién
de revelado=cloruro de metileno: metanol (10:1)] para obiener el compuesto del

titulo (12.9 mg, 65%).

[0292] 'H-RMN (CD;OD) 8: 0.88-1.00 (1H, m), 1.47-1.62 (1H, m), 2.03-2.09 (1H,
m), 3.16-3.23 (2H, m), 3.42-3.49 (2H, m), 3.51-3.87 (1H, m), 3.95 (3H, s), 4.00-
447 (2H, m), 4.19-4.23 (1H, m), 8.87 (1H, d, J=7.4Hz), 7.31 (1H, d, J=7.6H2),
7.12-7.20 (2H, m), 7.32 (2H, d, J=8.4Hz), 7.88 (2H, d, J=8.4Hz)

MS (ESI*): 403 [M+Na]*

Ejemplo 32
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[2-(4-Carbamoilbencil)fenill-5a-carba-B-D-glucopiranosida

(1) Sintesis de [2-(4-Carboxibencil)fenil]-2,3.4,68-tetra-O-bencil-5a-carba-f-D-

glucopiranosida

Bajo una atmésfera de nitrégeno, se agrega una solucién acuosa de
hidréxido de sodio 5 N (0.15 mL) a una solucibn de [2-(4-metoxicarbonil-
bencil)fenil]-z.a.4,e-tetra-o-benciI-5a-carba-pTD-gluoopiranosa (100.0 mg, 0.13
mmol) en un solvente mezclado de etanol-THF (4:1) (1.5 mL) a temperatura
ambiente y Ia solucion de mezcla se agita durante 22 horas. Después, a la mezcla
de reaccién se agrega una solucidn de écido clorhidrico 5 N bajo enfriamiento con
hielo para neutralizar la mezcla. La mezcla resultante se extrae con cloruro de
metileno y se seca (sulfato de sodio) y se concentra bajo presién reducida para

obtener el compuesto del titulo (91.3 mg, 54%).

[0293] 'H-RMN (CDCl) 8: 1.42 (1H, ddd, J=12.4, 12.4, 12.4Hz), 1.55-1.67 (1H, m),
2.00-2.04 (1H, m), 3.41-3.61 (2H, m), 4.02 (2H, s), 4.35-3.92 (8H, m), 6.92 (1H, 1,
J=7.3Hz), 7.05-7.32 (25H, m), 7.82 (2H, d, J=7.7Hz)

MS (ESI*): 749 [M+H[*

(2) Sintesis de [2-(4-Carbamoilbencil)fenil]-2,3,4,6-tetra-O-bencil-5a-carba-p-D-

glucopiranosida

Bajo una atmoésfera de nitrégeno, se agregan monohidrato de 1-
hidroxibenzotrizol (8.0 mg, 0.07 mmol) y clorhidrato de 1-etil-3-(3-dimetil-
aminopropil)carbodiimida (12.0 mg, 0.07 mmol) a una solucién de [2-(4-

hidroxicarbonilbencil)-fenil]-2,3,4,6-tetra-O-bencil-5a-carba-p-D-glucopiranosida
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(45.0 mg, 0.06 mmol) en N,N-dimetiformamida (1.2 mL) a temperatura ambiente y
la mezcla de reaccion se agita durante una hora, y luego se agrega agua
amoniacal (0.5 mL) a esta bajo enfriamiento con hielo y la mezcla se agita durante
27 horas. Se concentra la mezcla de reaccién bajo presion reducida y se purifica
por TLC (solucién de revelado= metanol: cloruro de metilenc=1:10) para obtener el

compuesto del titulo (39.1 mg, 88%).

[02984] 'H-RMN (CDCly) &: 1.31-1.49 (1H, m), 1.62-1.76 (1H, m), 1.96-2.08 (1H, m),
3.39-3.68 (2H, m), 4.02 (2H, s), 4.33-4.96 (8H, m), 6.88-6.97 (1H, m), 7.04-7.39
(25H, m), 7.54-7.61 (2H, m)

MS (ESI*): 748 [M+H]'

(3) Sintesis de [2-(4-Carbamoilbencil)fenil]-5a-carba-B-D-glucopiranosida

A una solucion (3 mL) de [2-(4-carbamoilbencil)-fenil]-2,3,4,6-tetra-O-bencil-
5a-carba-p-D-glucopiranosida (38.1 mg, 0.05 mmol) en solvente de metanol-THF
(2:1) (3 mL), se agrega un catalizador de hidréxido de paladio al 20% (5 mg). La
solucién de mezcla se agita bajo una atmésfera de hidrégeno durante 24 horas, y
luego se filtra el catalizador. Se destila el solvente bajc.a presion reducida y se
purifica el residuo obtenido por TLC [solucién de revelado=metanol: cloruro de

metileno (1:5)] para obtener el compusesto del tituio (19.2 g, 99%).

[0285] 'H-RMN (CDs0OD) 8: 0.82 (1H, dd, J=11.7, 11.7Hz), 1.48-1.62 (1H, m), 1.96-
2.08 (1H, m), 3.18-3.33 (4H, m), 3.42-3.59 (2H, m), 3.85-3.73 (1H, m), 3.934.26
(3H, m), 8.87 (1H, t, J=7.3Hz), 7.02-7.21 (3H, m), 7.31 (2H, d, J=8.2H2), 7.74 (2H,
d, J=8.1Hz)

MS (ES!*): 388 [M+H]"

A
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Tiempo de Retencién de HPLC: 8.0 minutos

Ejemplo 33

(1) Sintesis de [2-(4-N,N-Dimetilcarbamoilbencil)-fenil}-2,3,4,6-tetra-O-bencil-

5a-carba-f-D-giuco-piranosida

Bajo una atmésfera de nitr6geno, se agregan monohidrato de 1-
hidroxibenzotrizol (8.0 mg, 0.07 mmol) y clorhidrato de 1-etil-3-(3-dimetil-
aminopropil)carbodiimida (12.0 mg, 0.07 mmol) a una solucibn de [2-(4-
carboxibencil)fenil]-2,3,4,8-tetra-O-bencil-5a-carba-B-D-glucopiranosida (45.0 mg,
0.08 mmol) como se obtiene en el Ejemplo 32 en N,N-dimetilformamida (1.2 mL.) a
temperatura ambiente y la mezcla de reaccién se agita durante una hora. Se
agrega una solucion acuosa de N,N-dimetilamina (0.5 mL) a esta bajo enfriamiento
con hielo y la mezcla se agita durante 27 horas. Se concentra la mezcla de
reaccion bajo presion reducida y se purifica por TLC preparativo (solucién de
revelado= metanol: cloruro de metileno=1:10) para obtener el compuesto del titulo

(44.1 mg, 96%).

[0286] 'H-RMN (CDCl) 8: 1. 42-1. 52 (1H, m), 1.66-1. 78 (1H, m), 2.05-2.14 (1H,
m), 2.83 (3H, s), 3.04 (3H, s), 3.44-3.68 (SH, m), 3.99 (2H, s), 4.354.53 (1H, m),
4.68 (2H, s), 4.83-4.94 (3H, m), 6.91 (1H, t, J=7_3Hz), 7.04-7.36 (27H, m)

MS (ESI*): 776 [M+H]"
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(2) Sintesis de [2-(4-N,N-Dimetilcarbamoilbencil)-fenil]-5a-carba-p-D-

glucopiranosida

A una solucibn de metanolTHF (2:1) (3 mL) de [2-(4-N,N-
Dimetilcarbamolibencil)fenill-2,3,4,6-tetra-O-bencil-5a-carba-p-D-glucopiranosida
(44.1 mg, 0.06 mmol), se agrega un catalizador de hidrédxido de paladio al 20% (5
mg). La solucién de mezcla se agita bajo una atmésfera de hidrégeno durante 24
horas, y luego se filtra el catalizador. Se destila ef solvente bajo presién reducida y
se purifica el residuo obtenido por TLC [solucién de revelado=metanol: cloruro de

metileno (1:5)] para obtener el compuesto del titulo (20.1 mg, 87%).

[0297] 'H-RMN (CD;0OD) &: 0.86-1.00 (1H, m), 1.45-1.58 (1H, m), 1.88-2.08 (1H,
m), 2.95 (3H, 8), 3.03 (3H, s), 3.13-3.48 (5H, m), 3.62-3.68 (1H, m), 3.88-4.21 (3H,
m), 6.91 (1H, t, J=7.2Hz), 6.98-7.15 (3H, m), 7.26 (4H, s)

MS (ESI*): 416 [M+H]

Tiempo de Retencién de HPLC: 8.9 minutos

Ejemplo 34
[2-{4-Etoxibencil)fenil}-5a-carba-B-D-glucopiranosida
(1) Sintesis de 2-(4-Etioxibencil)fenol
En una comriente de nitrégeno, se agrega gota a gota una solucién de
hexano n-butillitio (2.71 M, 3.8 mL) a una solucién de 1-benciloxi-2-bromobenceno

(2.5 g, 9.5 mmol) en THF (80 mL) a -78° C y la mezcla solucion se agita a la

misma temperatura durante 30 minutos. A esta mezcla, se agrega gota a gota una

i
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solucién de 4-etoxibenzaldehido (1.29 mL, 1.86 mmol) en THF (30 mL) a -78° C.
La mezcla de reaccion se agita a la misma temperatura durante dos horas, y luego
se agrega agua a esta y la mezcla se extrae con acetato de etilo. Se lava la capa
orgénica con una solucién acuosa de cloruro de sodio saturado y se seca (sulfato
de magnesio anhidro), y luego se destila el solvente bajo presién reducida y se
trata el residuo obtenido por cromatografia de columna de gel de sllice [solucién
de revelado=acetato de etilo: n-hexano (1:5)]. A una solucién de metanol (26.8 mL)
del producto crudo obtenido, se agrega un catalizador de hidréxido de paladio al
20% (147 mg) y adicionalmente se agrega a esta 36% de HCI (0.4 mL). La mezcla
se agita bajo una atmésfera de hidrégeno durante 24 horas, y luego se filtra el
catalizador. Se destila el solvente bajo presién reducida y se purifica el residuo
obtenido por cromatografla de columna de gel de sllice [solucion de
revelado=acetato de etilo: n-hexano (1:5)] para obtener el compuesto del titulo

(828.1 mg, 38%).

[0298] 'H-RMN (CDCls) &: 1.39 (3H, t, J=7.0Hz), 3.93 (2H, s), 3.99 (2H, q,
J=7.0Hz), 6.77-8.90 (4H, m), 7.08-7.14 (4H, m)

(2) Sintesis de [2-(4-Etoxibencil)fenil]-5a-carba-B-D-glucopiranosida

En una comiente de nitrégeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.93 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a
una solucién de 2-(4-etoxibencil)fenol (319.8 mg, 1.4 mmol) en tolueno (3.2 mL)
bajo enfriamiento con hielo, y luego se agrega a esta tetrametilazo-dicarboxamida
(TMAD, 239 mg, 1.39 mmo!) a la misma tempenratura. La mezcla de reaccién se
agita durante 20 horas mieniras graduaimente se eleva su temperatura a

temperatura ambiente. Se concentra la mezcla de reaccion bajo presion reducida,

Y2
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y se trata el residuo obtenido por cromatografia de columna de gel de silice
[solucién de revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve el producto
crudo obtenido en metanol (5 mL) y se agrega a esta un catalizador de hidréxido
de paladio al 20% (56 mg), y la mezcla de reaccién se agita bajo una atmdsfera de
hidrégeno durante 24 horas, y luego se filtra el catalizador. Se destila el solvente
bajo presién reducida y se purifica el residuo obtenido por cromatografla de
columna de gel de sflice [solucion de revelado=cloruro de metileno: metanol (10:1)]

para obtener el compuesto del titulo (133.5 mg, 36%).

[0298] 'H-RMN(CD,0D) &: 0.88-1.03 (1H, m), 1.35 (3H, t, J=7.1Hz), 1.48-1.62 (1H,
m), 2.02-2.11 (1H, m), 3.18-3.33 (3H, m), 3.35 (2H, s), 3.44-3.52 (2H, m), 3.66-
3.74 (1H, m), 3.81-4.02 (4H, m), 4.134.23 (1H, m), 8.74-6.87 (4H, m), 6.89- 7.17
(4H, m)

MS (ESI*): 411 [M+Na}’

Tiempo de Retencién de HPLC: 11.4 minutos

Ejemplo 35

(1) Sintesis de 2-(4-Difluorometoxibencil)fenol

En una comriente de nitrégeno, una solucién de hexano n butillitio (2.71 M,
3.8 mL) se agrega gota a gota a una solucién de 1-benciloxi-2-bromobenceno (2.5
g, 9.5 mmol) en THF (90 mL) a -78" C y |a solucion de mezcla se agita a la misma
temperatura durante 30 minutos. A esta solucién, se agrega gota a gota una
solucién de 4-diflucrometoxibenzaldehido (1.23 mL, 1.86 mmol) en THF (30 mL) a

ife
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-78° C. La mezcla de reaccién se agita a la misma temperatura durante dos horas,
y luego se agrega agua a esta y la mezcla se extrae con acetato de etilo. Se lava
la capa organica con una solucién acuosa de cloruro de sodio saturada y se seca
(sulfato de magnesio anhidro), y luego se destila el solvente bajo presién reducida
y se trata el residuo obtenido por cromatografla de columna de gel de sllice
[solucién de revelado=acetato de etilo: n- hexano (1:5)] para obtener un producto
crudo. A una solucién del producto crudo obtenido en metanol (26.8 mL), se
agrega un catalizador de hidréxido de paladio al 20% (147 mg) y adicionalmente
se agrega a esta acido clorhidrico concentrado (0.4 mL). La solucién de mezcla se
agita bajo una atmésfera de hidrégeno durante 24 horas, y luego se filtra el
catalizador. Se destila el solvente bajo presidn reducida y el residuo obtenido se
purifica por cromatografia de columna de gel de sllice {[solucibn de
revelado=acetato de etilo: n-hexano (1:5)] para obtener el compuesto del titulo

(1.03 g, 42%).

[0300]'H-RMN (CDCl3) &: 3.97 (2H, 8), 6.48 (1H, t, J=74.4Hz), 6.77 (1H, d,
J=8.0Hz), 6.87-6.81 (1H, t, J=7.3H2), 7.03 (2H, d, J=8.4H2), 7.08-7.15 (2H, m),
7.21 (2H, d, J=8.0H2)

(2) Sintesis de [2-(4-Diflucrometoxibencil)fenil}-5a-carba-B-D-glucopiranosida

En una corriente de nitrégeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.93 mmaol) y tributil-fosfina (0.35 mL, 1.38 mmol) a
una solucién de 2-(4-di-flucrometoxibencil)fenol (350.0 mg, 1.4 mmol) en tolueno
(3.2 mL) bajo enfriamiento con hielo, y luego se agrega a esta tetra-
metilazodicarboxamida (TMAD, 239 mg, 1.39 mmol) a la misma temperatura. La

mezcla de reaccidn se agita durante 20 horas mientras graduaimente se eleva su

U
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temperatura a temperatura ambiente. Se concentra la mezcla de reaccion bajo
presion reducida, y se trata el residuo obtenido por cromatografia de columna de
gel de silice [solucién de revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve
¢l producto crudo obtenido en metanol (5 mL) y se agrega a esta un catalizador de
hidréxido de paladio al 20% (69 mg), y la solucién de mezcla se agita bajo una
atmdsfera de hidrégeno durante 24 horas, y luego se fittra el catalizador. Se destila
el solvente bajo presidn reducida y se purifica el residuo obtenilo por
cromatografia de columna de gel de sllice [solucibn de revelado=cloruro de

metileno: metanol (10:1)] para obtener el compuesto del tituio (153.1 mg, 40%).

[0301]'"H-RMN (CD5OD) 8: 0.87-1.01 (1H, m), 1.48-1.62 (1H, m), 2.01-2.11 (1H,
m), 3.17-3.34 (2H, m), 3.43-3.54 (2H, m), 3.67-3.73 (1H, m), 3.96 (2H, dd, J=22.9,
14.7Hz), 4.14-4.26 (1H, m), 6.72 (1H, t, J=74.5Hz), 6.83-7.25 (8H, m)

MS (ESI*): 433 [M+Na]"

Tiempo de Retencién de HPLC: 11.6 minutos
Ejemplo 36
[2-(4-terc-Butilbencil)fenill-Sa-carba-§-D-glucopiranosida
(1) Sintesis de (2-Benciloxifenil)-{4-terc-butil-fenil)metanol

En una comiente de nitrégeno, se agrega gota a gota una solucion de
hexano n-butillitio (244 M, 5685 mL) a una solucibn de 1-benciloxi-2-
bromobenceno (3.3 g, 12.5 mmol) en THF (126 mL) a -78° C y la solucién de

mezcla se agita a la misma temperatura durante 30 minutos. A esta solucién, se

agrega una soluciéon de 4-terc-butilbenzaldehido (1.68 g, 10.4 mmol) en THF (42

IS
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mL) a -78° C. La mezcla de reaccidn se agita a la misma temperatura durante una
hora, y luego se agrega agua a esta y la mezcla se extrae con acetato de etilo. Se
lava la capa organica con una solucién acuosa de cloruro de sodio saturado y se
seca (sulfato de magnesio anhidro), y luego se destila el solvente bajo presion
reducida. Se purifica el residuo obtenido por cromatografia de columna de gel de
sllice [solucion de revelado=acetato de etilo: n-hexano (1:5)] para obtener el

compuesto del titulo (2.17 g, 60%).

[0302] 'H-RMN (CDCls) &: 1.32 (8H, s), 2.86 (1H, br 8), 5.02 (2H, s), 6.03 (1H, s),
6.03-7.00 (2H, m), 7.13-7.39 (11H, m)

(2) Sintesis de 2-{4-terc-Butilbencil)fenol

A una solucién de (2-benciloxifenil){(4-terc-butilfenil)metanol (2.17 g, 6.26
mmol) en metanol (27 mL), se agrega un catalizador de hidréxido de paladio al
20% (217 mg) y adicionalments se agrega a esta HCI 2N (0.52 mL). La mezcla se
agita bajo una atmésfera de hidrégeno durante 24 horas, y luego se filtra el
catalizador. Se destia el soivente y se purifica el residuo obtenido por
cromatografla de columna de gel de sllice [solucién de revelado= acetato de etilo:

n-hexano (1:10)] para obtener el compuesto del titulo (1.3 g, 86%).

[0303] '"H-RMN (CDCly) &: 1.29 (8H, s), 3.96 (2H, ), 4.85 (1H, s), 8.75-6.91 (2H,
m), 7.09-7.32 (6H, m)

(3) Sintesis de [2-(4-terc-Butilbencil)fenil]-5a-carba-p-D-glucopiranosida

\[o
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En una corriente de nitrégeno, se agregan 2,3 .4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.93 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a
una solucion de 2-(4-terc-butilbencil)fenol (334 mg, 1.39 mmol) en tolueno (2 mL)
bajo enfriamiento con hielo, y luego se agrega a esta tetrametilazo-dicarboxamida
(TMAD, 239 mg, 1.39 mmol) a la misma temperatura. La mezcla de reaccién se
agita durante 20 horas mientras gradualmente se eleva su temperatura a
temperatura ambiente. Se concentra la mezcla de reaccién bajo presion reducida,
y se trata el residuo obtenido por cromatografia de columna de gel de sllice
[solucién de revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve el producto
crudo obtenido en un solvente de metanol-THF (1:1) (12 mL) y se agrega un
catalizador de paladio al 20% (60 mg) a esta, y la mezcla se agita bajo una
atmoésfera de hidrégeno durante 24 horas, y luego se filtra el catalizador. Se destila
el solvente bajo presibn reducida y se purifica el residuo obtenido por
cromatografila de columna de gel de sllice [solucién de revelado=cloruro de

metileno: metanol (10:1)] para obtener el compuesto del titulo (67 mg, 15%).

[0304] 'H-RMN (CD,OD) &: 0.88-1.01 (1H, m), 1.28 (8H, s), 1.53-1.59 (1H, m),
2.04-2.11 (1H, m), 3.19-3.34 (2H, m), 3.45-3.51 (2H, m), 3.71 (1H, dd, J=10.8,
4.5Hz), 3.95 (2H, m), 4.19 (1H, m), 6.84 (1H, m), 7.01-7.17 (5H, m), 7.26-7.28 (2H,
m)

MS (ESI'): 401 [M+H]*

Tiempo de Retencién de HPLC: 13.7 minutos

Ejemplo 37

[2-(4-Metilbencil)fenil]-5a-carba-B-D-glucopiranosida

41¥
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(1) Sintesis de (2-Benciloxifenil)-p-toliimetanol

En una corriente de nitrégeno, se agrega gota a gota una solucion de hexano n
butillitio (2.44 M, 5.85 mL) a una solucidon de 1-benciloxi-2-bromobenceno (3.3 g,
12.54 mmol) en THF (126 mL) a -78° C y la mezcla se agita a la misma
temperatura durante 30 minutos. A esta mezcla, se agrega una solucién de 4-
metilbenzaldehido (1.28 g, 10.6 mmol) en THF (42 mL) a -78° C. La mezcla de
reaccion se agita la misma temperatura durante una hora, luego se agrega agua a
esta y la mezcla se extrae con acetato de etilo. La capa organica se lava con una
solucién acuosa de cloruro de sodio y se seca (sulfato de magnesio anhidro), y
luego el solvente destila bajo presion reducida. El residuo obtenido se purifica por
cromatografia de columna de gel de sflice [solucién de revelado=acetato de etilo:

n-hexano (1:5)] para obtener el compuesto del titulo (2.3 g, 71%).

[0305] 'H-RMN (CDCly) 8: 2.33 (3H, s), 2.87 (1H, s), 5.02 (2H, s), 6.03 (1H, s),
6.09-6.99 (2H, m), 7.09-7.34 (11H, m)

(2) Sintesis de 2-(4-Metilbencil)fenol

A una solucidon de (2-benciloxifenil)-p-toliimetanol (1.5 g, 4.43 mmol) en
metanol (27 mL), se agrega un catalizador de hidréxido de paladio al 20% (150
mg) y adicionalmente se agrega a esta HCI 2N (0.37 mL). La mezcla se agita bajo
una atmésfera de hidrégeno durante 24 horas, y luego se filtra el catalizador. Se
destila el solvente bajo presién reducida y se purifica el residuo obtenido por
cromatografia de columna de gel de sflice [solucién de revelado=acetato de etilo:

n- hexano (1:10)] para obtener el compuesto del titulo (617 mg, 70%).

M



146

[0306] 'H-RMN (CDC13 ) & : 1. 55 (3H, 8), 3. 85 (2H, ), 4. 85 (1H, s), 6.75-8, 80
(2H, m), 7.08-7.25 (6H, m)

(3) Sintesis de [2-(4-Metilbencil)fenil]-5a-carba-p-D-glucopiranosida

En una comiente de nitrbgeno, se agregan 2,3,4,6-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (500 mg, 0.93 mmol) y tributil-fosfina (0.35 mL, 1.39 mmol) a
una solucién de 2-(4-metilbencil)fenol (275 mg, 1.39 mmol) en tolueno (2 mL) bajo
enfriamiento con hielo, y luego se agrega a esta tetrametilazodi~carboxamida
(TMAD, 239 mg, 1.39 mmol) a la misma temperatura. La mezcla de reaccion se
agita durante 20 horas mientras gradualmente se eleva su temperatura a
temperatura ambiente. Se concentra la mezcla de reaccion bajo presiéon reducida,
y se trata el residuo obtenido por cromatografia de columna de gel de sllice
[solucién de revelado=acetato de etilo: n-hexano (1:10)]. Se disuelve el producto
crudo obtenido en un solvente mezclado de metanol-THF (1:1) (8 mL) y se agrega
a esta un catalizador de hidréxido de paladio al 20% (44 mg), y la mezcla se agita
bajo una atmésfera de hidrégeno durante 24 horas, y luego se filtra el catalizador.
Se destila el solvente bajo presién reducida y se purifica el residuo obtenido por
cromatografla de columna de gel de sllice [solucién de revelado=cloruro de

metileno: metanol (10:1)] para obtener el compuesto del titulo (20 mg, 6%).

[0307] 'H-RMN (CD,OD) 8: 0.84-0.87 (1H, m), 1.44-2.03 (1H, m), 1.88-2.03 (1H,
m), 2.22 (3H, s), 3.13-3.30 (2H, m), 3.38-3.46 (2H, m), 3.64 (1H, dd, J=10.8,
4.5Hz), 3.95 (2H, m), 4.12 (1H, m), 6.76-8.81 (1H, m), 6.82-7.03 (5H, m), 7.08-7.11
(2H, m)

MS (ESI'): 381 [M+Na]"

Tiempo de Retencién de HPLC: 11.4 minutos
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Ejemplo 38

(1) Sintesis de 3-Benciloxi-2-{4-metoxibencil)-5-tri-fluorometiltiofen

A una solucion de (3-benciloxi-5-trifluorometiltiofen-2-il)-(4-metoxi-
fenil)metanona (220.2 mg, 0.56 mmol) como se sintetiza por el método descrito en
la Publicacién Intemacional No. WO04/007517 y trietilsilano (1.34 mL, 8.41 mmol)
en diclorometano (1.1 mL), se agrega &cido trifluoroacético (3 mL) a 0° C en una
corriente de nitrégeno durants cinco minutos. La mezcla de reaccion se agita a la
misma temperatura durante 8.75 horas, y luego se agrega a esta triefilsilano (0.9
mL, 5.61 mmol). La mezcla de reaccién se agita a la misma temperatura durante
16.75 horas, y luego se concentra bajo presidon reducida. Se purifica el residuo
obtenido por cromatografla de columna de gel de silice [solucion de
revelado=acetato de etilo: n-hexano (1:10)] para obtener el compuesto del titulo

(108.8 mg, 51 %).

[0308] 'H-RMN (CDCly) 3: 3.78 (3H, s), 3.96 (2H, 8), 5.04 (2H, s), 6.82 (2H, d,
J=8.6Hz), 7.11 (2H, d, J=8.8Hz), 7.18 (1H, s), 7.30-7.41 (5H, m)

(2) Sintesis de 2-(4-Metoxibencil)-5-trifluorometil- tiofen-3-ol
A una solucibn de (3-benciloxi-2-(4-metoxibencil)-5- trifluorometiltiofen

(170.5 mg, 0.45 mmol) en diclorometano (4.5 mL), se agrega una solucién de

complejo de dimetilsulfuro-tribromuro de boro en diclorometano (0.47 mL, 0.47
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mmol) a -78° C en una cormiente de nitrégeno. La mezcla de reaccion se agita a la
misma temperatura durante cinco minutos y luego a 0° C durante 11 horas. A la
mezcla de reaccion, se agrega agua y la mezcla resultante se extrae con cloruro
de metileno. Se lava la capa orgadnica con una solucibn acuosa de
hidrogencarbonato de sodio saturada y una solucién acuosa de cloruro de sodio
saturada y se seca (sulfato de sodio anhidro), y luego se destila el solvente bajo
presién reducida. Se purifica el residuo obtenido por cromatografia de columna de
gel de sllice [solucidn de revelado=acetato de etilo: n-hexano (1:5)] para obtener el

compuesto del titulo (117.0 mg, 80%).

[0309] 'H-RMN (CDCls) &: 3.80 (3H, 8), 3. 87 (2H, ), 4. 47 (1H, s), 6.87 (2H, d,
J=8.6Hz), 6.98 (1H, s), 7.18 (2H, d, J=8.6Hz)

(3) Sintesis de [2-(4-Metoxibencil)-S-trifluorometil-tiofen-3-il}-2,3,4,6-tetra-O-

béncil-5a-earba—B-D- glucopiranosida

En una corriente de nitrbgeno, se agregan 2,3,4,8-tetra-O-bencil-5a-carba-
a-D-glucopiranosa (1468 mg, 0.27 mmol) y tributil-fosfina (0.10 mL, 0.41 mmol) a
una solucién de 2-(4- metilbencil)-5-triflucrometiltiofen-3-ol (117 mg, 0.41 mmol} en
tolueno (0.85 mL) bajo enfriamiento con hielo, y luego se agrega a esta
tetrametilazodicarboxamida (TMAD, 70 mg, 0.41 mmol) a la misma temperatura.
La mezcla de reaccién se agita a temperatura ambiente durante 18.5 horas. La
mezcla de reaccidon se trata por cromatografla de columna de gel de sllice
[solucién de revelado=acetato de etilo: n-hexano (1:10 a 1:8)]. Se purifica el
producto obtenido por TL.C preparativo [solucién de revelado=acetato de etilo: n-

hexano (1:8)] para obtener el compuesto del titulo {(47.2 mg).
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[0310] 'H-RMN(CDCls) &: 1.56-1.80 (2H, m), 1.86-2.10 (1H, m), 3.40-3.70 (5H, m),
3.75 (3H, 8), 3.96 (2H, 8), 3.96-4.18 (1H, m), 4.4 (2H, s), 4.53 (1H, d, J=11.0Hz),
4.70-5.00 (5H, m), 8.79 (2H, d, J=8.6Hz), 7.06-7.38 (23H, m)

(4) Sintesis de [2-(4-Metoxibencil)-5-trifluorometil- tiofen-3-il}-5a-carba-p-D-

glucopiranosida

En una cormriente de nitrégeno, [2-(4-metoxibencil)-5-tri-fluorometiltiofen-3-il}-
2.3.4 B-tetra-O-bencil-5a-carba-B-D-glucopiranosida (45.2 mg, 0.056 mmol) se
disuelve en cloruro de metileno (0.5 mL), y se agregan a este dimetilsulfuro (0.145
mL, 3.35 mmol) y complejo de dietil éter-trifluoruro de boro (0.07 mL, 0.56 mmol)
bajo enfriamiento con hielo. La mezcla de reaccibn se agita a la misma
temperatura durante cinco minutos y luego a temperatura ambiente durante 19
horas, y luego se agregan una solucién acuosa de hidrogencarbonato de sodio
saturada y agua a esta bajo enfriamiento con hielo y se extrae con cloruro de
metileno. Se lava la capa organica con una solucidn acucsa de cloruro de sodio
saturada y se seca (sulfato de sodio anhidro), y luego se destila el solvente bajo
presién reducida. Se purifica el residuo obtenido por TLC [solucién de revelado=n-

hexano: acetona (1:1)] para obtener el compuesto del titulo (12.2 mg, 48%).

[0311] '"H-RMN (CD50OD) &: 1.15-1.35 (1H, m), 1.40-1.65 (1H, m), 1.85-2.15 (1H,
m), 3.15-3.35 (2H, m), 3.35-3.60 (2H, m), 3.65-3.80 (1H, m), 3.75 (3H, m), 3.90-
4.08 (1H, m), 4.01 (2H, m), 6.84 (2H, d, J=8.3Hz), 7.16 (2H, d, J=8.3Hz), 7.40 (1H,
5)

MS (ESI"): 448 [M]"

Tiempo de Retencién de HPLC: 12.4 minutos
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(1)  Ester de bencilo de 4cido de 2-Benciloxi-8-metoxibenzoico

Mientras se agita una mezcla una mezcla de acido 6-metoxisalicllico (5.07
g, 30.15 mmol) y hidruro de sodio (60% p/p, 3.02 g, 75.38 mmol) bajo enfriamiento
con hielo, se agrega a esta DMF (30 mL). La solucién de mezcla se agita a la
misma temperatura durante 10 minutos, y luego se agrega a esta bromuro de
bencilo (8.95 mL, 75.38 mmol) durante 5 minutos y la mezcla de reaccién se agita
a la misma temperatura durante 30 minutos y a temperatura ambiente durante 2.5
horas. A la mezcla de reaccidn se agrega una solucién de cloruro de amonio
acuoso saturado y agua bajo enfriamiento con hielo, y la mezcla se extrae con
éter. Se lava la capa orgédnica con agua y una solucion de cloruro de amonio
acuosa saturada y se seca (sulfato de sodio anhidro), y luego se destila el solvente
bajo presién reducida. Se purifica el residuo obtenido por cromatografla de
columna de gel de sliice [solucién de revelado=acetato de etilo: n-hexano (1:10 a

1:5)] para obtener el compuesto del titulo (6.24 g, 59%).

[0312] 'TH-RMN (CDCls) 5: 3.81 (3H, s), 5.08 (2H, s), 5.35 (2H, s8), 6.55 (1H, d,

J=5.9Hz), 6.58 (1H, d, J=5.9Hz), 7.15-7.45 (11H, m)

(2) (2-Benciloxi-8-metoxifenil)metanol

En una corriente de nitrégeno, a una suspension de hidruro de aluminio litio

(0.88 g, 23.14 mmol) en éter (35 mL), se agrega una solucion de éster de bencilo
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de acido 2-benciloxi-8-metoxibenzoico (6.2 g, 17.80 mmol) en éter (20 mL) a
temperatura ambiente durante 15 minutos. La mezcla de reaccion se agita durante
dos horas bajo calentamiento a reflujo. Se agrega gota a gota acetato de etilo (2
mL) a la mezcla de reaccién bajo enfriamiento con hielo y luego una solucién
acuosa de sal Rochelle saturada (20 mL) se agrega gota a gota a este y la mezcla
se agita a temperatura ambiente durante 20 horas. La mezcla de reaccién se
sujeta a filtracidon con Celita y al filtrado se agrega una solucién acuosa de sal
Rochelle saturada (15 mL) y la mezcla se extrae con éter. Se lava la capa
organica con una solucién acuosa de cloruro de sodio saturada y se seca (sulfato
de sodio anhidro), y luego se destila el solvente bajo presién reducida. Se purifica
el residuo obtenido por cromatografia de columna de gel de slilice [solucién de
revelado= éter: n-hexano (1:1)] para obtener el compuesto del titulo (4.75 g,
100%).

[0313]'H-RMN (CDCly) 8: 2.48 (1H, t, J=6.8Hz), 3.85 (3H, s), 4.84 (2H, d,
J=6.8Hz), 5.10 (2H, 8), 6.58 (1H, d, J=8.4Hz), 6.62 (1H, d, J=8.2Hz), 7.20 (1H, dd,
J=8.4, 8.2Hz), 7.28-7.47 (5H, m)

(3) Sintesis de (2-Benciloxi-8-metoxifenil)-(4- metoxifenil)metanol

En una corriente de nitrdgeno, una solucién de (2-benciloxi-8- metoxifenil)-
metanol (3.52 g, 14.41 mmol) y N-6xido de N-metilmorfolina (NMO, 2.53 g, 21.61
mmol) en diclorometano (14.5 mL) se enfria en un bafio de agua, y se agrega a
esta perrutenato de tetra-n-propilamonio (TPAP, 152 mg, 0.43 mmol). La mezcla
de reaccién se agita durante 20 minutos a la misma temperatura y a temperatura
ambiente durante 1.75 horas, y luego se sujeta a filtracién con Celita y se destila el

solvente bajo presion reducida. Se trata el residuo obtenido por cromatografia de

42



152

columna de gel de sllice [solucién de revelado=acetato de etilo: n-hexano (1:3 a
1:2.5)]. Se disuelve el compuesto obtenido en THF y se enfria en un bafio de
agua, y se agrega gota a gota a este una solucibn de bromuro de 4-
metoxifeniimagnesio en THF (0.5 M, 30.3 mL) en una comriente de nitrégeno. La
mezcla de reaccién se agita a temperatura ambiente durante 1.25 horas, y luego
una solucidn acuosa de cloruro de amonio saturado se agrega a esta a
temperatura ambiente y la mezcla se extrae con éter. La capa organica se lava
con una solucién acuosa de cloruro de amonio saturada y se seca (sulfato de
sodio anhidro), y luego se destila el solvente bajo presién reducida. El residuo
obtenido se purifica por cromatograflfa de columna de gel de sllice [solucién de
revelado= acetato de etilo: n-hexano (1:4 a 1:3.5)] para obtener el compuesto del

titulo (3.86 g, 72%).

[0314] 'H-RMN (CDCls) 5: 3.78 (3H, ), 3.81 (3H, 8), 4.28 (1H, d, J=11.7Hz), 4.99
(1H, d, J=11.5Hz), 5.06 (1H, d, J=11.5Hz), 6.33 (1H, d, J=11.7Hz), 8.61 (1H, d,
J=7.6Hz), 6.84 (1H, d, J=7.8Hz), 8.80 (2H, d, J=8.7Hz), 7.10-7.40 (8H, m)

(4) 3-Metoxi-2-(4-metoxibencil)fenol

A una solucién de (2-benciloxi-8-metoxifenil)-(4-metoxifenil)-metanol (2.13
g, 6.08 mmol) en metanol (50 mL), se agrega un catalizador de hid.réxido de
paladio al 20% (0.32 g) y adicionalmente se agrega a esta HC| 2N (1.8 mL). La
mezcia de reaccién se agita bajo una atmésfera de hidrégeno durante 24 horas, y
luego se filtra el catalizador. Se destila el solvente bajo presién reducida y se
purifica el residuo obtenido por cromatografia de columna de gel de sllice [solucién
de revelado=acetato de etilo: n-hexano (1:4)] para obtener el compuesto del titulo

(1.31 g, 89%).
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[0315] 'H-RMN (CDCls) &: 3.76 (3H, s), 3.82 (3H, s), 3.98 (2H, s), 4.67 (1H, s), 6.45
(1H, d, J=8.1Hz), 6.52 (1H, d, J=8.2Hz), 6.79 (1H, d, J=8.6Hz), 7.07 (1H, dd,
J=8.1, 8.2Hz), 7.17 (1H, d, J=8.6H2)

(5) Sintesis de [3-Metoxi-2-(4-metoxibencil)fenil]-5a-carba-p-D-glucopiranosida

En una comiente de nitrégeno, a una solucibn de 3-metoxi-2-(4-
metoxibencil)fenol (343 mg, 1.40 mmol) en un solvente mezclado de tolueno-THF
(tolueno 2.5 mL, THF 0.3 mL), se agregan 2,3 4, 6-tetra-O-bencil- 5a-carba-a-D-
glucopiranosa (504 mg, 0.84 mmol) y tributilfosfina (0.35 mL, 1.40 mmol) bajo
enfriamiento con hielo, y se agrega a esta tetrametilazodicarboxamida (TMAD, 242
mg, 1.40 mmol) a la misma temperatura. La mezcla de reaccion se agita durante
1.25 horas bajo enfriamiento con hielo y luego a temperatura ambiente durante 22
horas. La mezcla de reaccién se trata por cromatografia de columna de gel de
sllice {solucién de revelado=acetato de etilo: n-hexano (1:10 a 1:5)]. Se disuelve el
producto crudo obtenido en una solucién mezclada de metanol-THF (1:4) (10 mL),
y se agrega a esta un catalizador de hidréxido de paladio al 20% (84 mg) y la
solucién de mezcla se agita bajo una atmdsfera de hidrégeno durante 5 horas, y
luego se filtra el catalizador. Se destila el solvente bajo presién reducida y se
purifica el residuo obtenido por cromatografla de columna de gel de silice [solucion
de revelado=cloruro de metileno: metanol (15:1 a 10:1)] para obtener el compuesto

del titulo (121 mg, 32%).

[0316] 'H-RMN (CDOD) &: 0.85-1.05 (1H, m), 1.40-1.65 (1H, m), 1.85-2.15 (1H,

m), 3.10-3.30 (2H, m), 3.40-3.55 (2H, m), 3.60-3.75 (1H, m), 3.71 (3H, 8), 3.79 (3H,
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8), 3.92 (2H, 8), 4.05-4.25 (1H, m), 6.58 (1H, d, J=8.2Hz), 6.65-6.75 (3H, m), 7.05-
7.15 (3H, m)
MS (ESI*): 405 [M+H]"

Tiempo de Retencién de HPLC: 10.6 minutos

Ejemplo 40

(1) Sintesis de (2-Benciloxi-8-metoxifenil)metanol

En una corriente de nitrégeno, a una suspensién de hidruro de aluminio litio (0.82
g, 21.50 mmol) en éter (30 mL), se agrega una solucién de éster de etilo de acido
2-benciloxi-6-metil-benzoico (4.47 g, 16.54 mmol) en éter (15 mL) a temperatura
ambiente durante 10 minutos. La mezcla de reaccibén se agita bajo calentamiento a
reflujo durante una hora. Se agrega gota a gota acetato de etilo (2 mL) a la mezcla
de reaccién bajo enfriamiento con hielo, y luego se agrega a esta gota a gota una
solucion acuosa de sal Rochelle saturada (20 mL) y la mezcla se agita a
temperatura ambiente durante una hora. La mezcla de reaccibn se sujeta a
filtraciobn con Celita. Al filtrado se agrega una solucién acuosa de sal Rochelle
saturada (10 mL) y la mezcla se extrae con éter. Se lava la capa orgénica con una
solucién acuosa de cloruro de sodio saturada y se seca (sulfato de sodio anhidro),
y luego se destila el solvente bajo presién reducida. Se purifica el residuo obtenido
por cromatografla de columna de gel de sllice [solucién de revelado=acetato de

etilo: n-hexano (1:4)] para obtener el compuesto del titulo (3.84 g, 100%).
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[0317]'"H-RMN (CDCly) 8: 2.20 (1H, d, J=6.6Hz), 2.40 (3H, 8), 4.78 (2H, d,
J=6.6Hz), 5.11 (2H, s), 6.83 (2H, d, J=7.8Hz), 7.15 (1H, t, J=7.9H2), 7.25-7.50 (5H,

m)

(2) Sintesis de 2-Benciloxi-6-metilbenzaldehido

En una corriente de nitrbgeno, una solucién de (2-benciloxi-6- metoxifenil)-
metanol (3.46 g, 15.16 mmol) y N-6xido de N-metilmorfolina (NMO, 2.68 g, 22.73
mmol) en diclorometano (10 mL) se enfria en un bafio de agua y se agrega a esta
perrutenato de tetra-n-propil-amonio (TPAP, 152 mg, 0.43 mmol). La mezcla de
reaccion se agita a la misma temperatura durante 1.75 horas, y luego se sujeta a
filtracién con Celita y se destila el solvente bajo presién reducida. Se purifica el
residuo obtenido por cromatografla de columna de gel de sllice [solucibn de
revelado=acetato de etilo: n-hexano (1:5)] para obtener el compuesto del titulo

(3.08 g, 90%).

[0318] 'H-RMN (CDCls) &: 2.59 (3H, &), 5.16 (2H, ), 6.82 (1H, d, J=7.3Hz), 6.90
(1H, d, J=8.4Hz), 7.25-7.50 (8H, m), 10.73 (1H, s)

(3) Sintesis de (2-Benciloxi-8-metilfenil)-(4- metoxifenil)metanol

En una comiente de nitrbgeno, una solucibn de 2-benciloxi-8-
metoxibenzaldehido (3.08 g, 13.6 mmol) en THF (IO mL) se enfria en un bafio de
agua, y se agrega gota a gota a esta una solucidon de THF bromuro de 4-
metoxifenil-magnesio (0.5 M, 30.3 mL). La solucibn de mezcla se agita a
temperatura ambiente durante 1.75 horas, y luego una solucién acuosa de cloruro

de amonio saturado se agrega a esta bajo enfriamiento con hielo y la mezcla se
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extrae con éter. Se lava la capa orgénica con una solucién de cloruro de amonio
acuosa saturada y se seca (sulfato de sodio anhidro), y luego se destila el solvente
bajo presion reducida. Se purifica el residuo obtenido por cromatografila de
columna de gel de sllice [solucion de revelado=acetato de etilo: n-hexano (1:6 a

1:5)] para obtener el compuesto del titulo (4.75 g. 100%).

[0319] 'TH-RMN (CDCly) &: 2.38 (3H. s). 3.80 (3H. 8). 4.09 (1H. d. J=11.2Hz). 4.88

(1H. d. J=11.5Hz). 5.00 (1H. d. J=11.5H2). 6.03 (1H. d. J=11.2Hz). 8.75-8.90 (4H.
m). 6.80-7.05 (2H. m). 7.10-7.35 (8H. m)

(4) Sintesis de 2-(4-Metoxibencil)-3-metilfenol

A una solucidn de (2-benciloxi-8-metiffenil)-(4-metoxifenil)-metanol (2.39 g.
7.15 mmol) en metanol (50 mL). Se agrega un catalizador de hidréxido de paladio
al 20% (0.36 g) y adicionalmente se agrega a esta 36% de HCI (0.36 mL). La
mezcla se agita bajo una atmésfera de hidrégeno durante 11 horas, y luego se
fitra el catalizador. Se destila el solvente bajo presion reducida y se purifica el
residuo obtenido por cromatografila de columna de gel de sllice [solucion de
revelado=acetato de etilo: n-hexano (1:5)] para obtener el compuesto del titulo

(1.40 g. 86%).

[0320] 'H-RMN (CDCls) 5: 2.28 (3H. 8). 3.76 (3H. 8). 3.99 (2H. s). 4.81 (1H. s). 6.67
(1H. d. J=8.1Hz). 6.70-8.85 (3H. m). 6.95-7.15 (3H. m)

(5) Sintesis de [2-(4-Metoxibencil)}-3-metilfenil]-5a-carba-p-D-glucopiranosida
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En una corriente de nitrégeno, a una solucién de 2-(4-metoxi-bencil)-3-
metilfenol (318 mg. 1.38 mmol) solvente mezclado de tolueno-THF (tolueno 1 mL,
THF 0.1 mL), se agregan 2.3.4.6-tetra-O-bencil-5a-carba-a-D-glucopiranosa (500
mg, 0.93 mmol) y tributilfosfina (0.35 mL, 1.39 mmol) bajo enfriamiento con hielo, y
se agrega a esta tetrametilazodicarboxamida (TMAD, 242 mg, 1.40 mmol) a la
misma temperatura. La mezcla de reaccion se agita durante 10 minutos bajo
enfriamiento con hielo y luego a temperatura ambiente durante 23 horas. La
mezcla de reaccién se trata por cromatografla de columna de gel de sllice
[solucién de revelado=acetato de etilo: n-hexano (1.7 a 1:6)]. Se disuelve el
producto crudo obtenido en un solvente mezclado de metanol-THF (1:3) (4 mL), y
se agrega a esta un catalizador de hidréxido de paladio al 20% (66 mg) y la
solucién de mezcla se agita bajo una atmésfera de hidrégeno durante 6.5 horas, y
luego se filtra el catalizador. Se destila el solvente bajo presién reducida y el
residuo obtenido se purifica por cromatografla de columna de gel de sllice
[solucién de revelado=cloruro de metileno: metanol (10:1)] para obtener el

compuesto del titulo (55 mg, 15%).

[0321] 'H-RMN (CD30D) &: 0.85-1.05 (1H, m), 1.45-1.85 (1H, m), 2.00-2.15 (1H,
m), 2.21 (3H, s), 3.15-3.30 (2H, m), 3.40-3.55 (2H, m), 3.65-3.75 (tH, m), 3.72 (3H,
s), 3.84 (1H, d, J=15.0H2), 4.06 {1H, d, J=15.0Hz), 4.05-4.20 (1H, m), 6.70-8.80
(3H, m), 8.91 (1H, d, J=8.2Hz), 6.85-7.10 (3H, m)

MS (ESI*): 411 [M+NaJ'

Tiempo de Retencién de HPLC: 11.2 minutos

Eiemplo 41

[2-(3-Fluoro-4-metoxibencil)fenill-5a-carba-a-D-glucopiranosida

4
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(1) Sintesis de (2-Benciloxifenil)-(3-fluoro-4-metoxifenil)metanol

En una comiente de nitrégeno, se agrega gota a gota una solucién de hexano n
butillitio (1.54 M, 6.79 mL) a una solucién de 1-benciloxi-2-bromobenceno (2.5 g,
9.50 mmol) en THF (30 mL) a -78° C y |]a mezcla se agita a la misma temperatura
durante 30 minutos. A esta solucién, se agrega gota a gota una solucién de 3-
fluoro-4-metoxibenzaldehido (1.32 g, 8.56 mmol) en THF (8 mL) a -78° C. La
mezcla se agita a la misma temperatura durante una hora, y luego se agrega a
esta una solucién acuosa de cloruro de amonio saturado y la mezcia se extrae con
acetato de etilo, y se lava la capa orgédnica con una solucién acuosa de cloruro de
sodio saturada y se seca (sulfato de magnesio anhidro), y luego se destila el
solvente bajo presién reducida. Se purifica el residuo obtenido por cromatografia
de columna de gel de silice [solucién de revelado=acetato de etilo: n-hexano (1:5)]

para obtener el compuesto del titulo (2.79 g, 96%).

[0322] 'H-RMN (CDCls) &: 2.92 (1H, d, J=5.8Hz), 3.87 (3H, s), 5.03 (2H, s), 5.98
(1H, d, J=8.0Hz), 6.85-7.10 (5H, m), 7.21-7.35 (7H, m)

(2) Sintesis de 2-(3-Fluoro-4-metoxibencil)fenol

A un (2-benciloxifenil)-(3-fluoro-4-metoxifenil)-metanol (1.50 g, 4.43 mmol)
solucion de metanol (29 mL), se agrega un catalizador de hidréxido de paladio al
20% (150 mg), y adicionaimente HCI 2N (2 mL) se agrega a esta. La mezcla se
agita bajo una atmésfera de hidrégeno durante 15 horas, y luego se filtra el
catalizador. Se destila el solvente bajo presion reducida y se purifica el residuo

obtenido por cromatografila de columna de gel de sllice [solucion de

Y2
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revelado=acetato de etilo: n-hexano (1:5)] para obtener el compuesto del titulo

(0.95 g, 92%).

[0323] 'H-RMN (CDCls) &: 3.85 (3H, s), 3.1 (2H, s), 4.89 (1H, br &), 6.77 (1H, dd,
J=1.1, 8.0Hz), 6.84-6.97 (4H, m), 7.08-7.16 (2H, m)

(3) Sintesis de [2-(3-Fluoro-4-metoxibencil)fenil}-5a-carba-3-D-glucopiranosida

En una comiente de nitrébgeno, a una solucibn de 2-(3-fluoro-4-
metoxibencil)fenol (323 mg, 1.39 mmol) en tolueno (3 mL), se agregan 2,3,4,6-
tetra-O-bencil-5a-carba-a-D-glucopiranosa (500 mg, 0.93 mmol) y tributiifosfina
(0.35 mL, 1.39 mmol) bajo enfriamiento con hielo, y se agrega a esta
tetrametilazodi-carboxamida (TMAD, 242 mg, 1.40 mmol) a la misma temperatura.
La mezcla de reaccidén se agita durante 40.5 horas mientras gradualmente se
eleva su temperatura a temperatura ambiente. La mezcla de reaccién se trata por
cromatografla de columna de gel de sllice {solucién de revelado= acetato de etilo:
n-hexano (1:6)]. Se disuelve el producto crudo obtenido en un solvente mezclado
de metanol-THF (1:2) (8 mL), y se agrega a esta un catalizador de hidréxido de
paladio al 20% (65 mg) y la mezcla se agita bajo una atmdsfera de hidrégeno
durante dos horas, y luego se filtra el catalizador. Se destila el solvente bajo
presién reducida y el residuo obtenido se purifica por cromatografia de columna de
gel de sllice [solucién de revelado=cloruro de metileno: metanol (10:1)] para

obtener el compuesto del titulo (78 mg, 21%).

[0324) 'H-RMN (CD-OD) 8: 0.85-1.05 (1H, m), 1.40-1.85 (1H, m), 1.85-2.15 (1H,
m), 3.35-3.60 (2H, m), 3.60-4.00 (3H, m), 3.81 (3H, s), 4.05-4.25 (1H, m), 6.70-
7.20 (7TH, m)

IEY:
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MS (ESI+): 382 [M]'
Tiempo de Retenciéon de HPLC: 10.7 minutos

Ejemplo 42

(1) Sintesis de 3-(2-Trimetilsililatoximetoxi)-piridina

Hidruro de sodio (3.85 g, 96.3 mmol) se lava con hexano y se agrega a esta
dimetoxietano (90 mL). Se agrega 3-Hidroxipiridina (4.97 g, 52.3 mmol) a la
mezcla obtenida bajo enfriamiento con hielo durante 10 minutos y la mezcla de
reaccion se agita durante 10 minutos, y luego se agrega a esta cloruro de 2-
(trimetilsililjetoximetilo (10.0 mL, 56.5 mmol) bajo enfriamiento con hielo durante
25 minutos. La mezcla de reaccién se agita a temperatura ambiente durante 14.5
horas. Bajo enfriamiento con hielo, a la mezcla de reaccién se agrega agua y la
mezcla se extrae con éter y la capa orgéanica se seca sobre sulfato de magnesio
anhidro y se concentra bajo presién reducida. Se purifica el residuo obtenido por
cromatografla de columna flash de gel de sllice [solucién de revelado=n-hexano:

acetato de etilo (3:1)] para obtener el producto del titulo (10.8 g, 82%).

[0325] 'H-RMN (CDCls) &: 0.00 (SH, s), 0.93-0.88 (2H, m), 3.73-3.79 (2H, m), 5.24
(2H, s), 7.18-7.23 (1H, m), 7.34-7.38 (1H, m), 8.25 (1H, dd, J=4.7, 1.4Hz), 8.40
(1H, dd, J=3.0, 0.6Hz2)

(2) Sintesis de (4-Ciclopropilfenil)-{3-(2-trimetil-sililetoximetoxi)piridin-4-

illmetanol
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En una corriente de nitrégeno, una solucién de n-pentano t-butillitio (1.47 M,
620 mmol) se agrega gota a gota a wuna solucibn de 3-(2-
trimetilsililetoximetoxi)piridina (1.77 g, 7.85 mmol) en THF anhidro(31 mL) a-78° C
durante 25 minutos. La mezcla se agita a -70° C durante una hora, y luego se
agrega una solucién de 4-ciclopropilbenzaldehido (1.49 g, 10.19 mmol) en éter (10
mL) a esta durante 25 minutos, y la mezcla de reaccién se agita a -70° C durante
dos horas y a temperatura ambiente durante dos horas. A la mezcla de reaccién
se agrega una solucién de cloruro de amonio acuosa saturada, y la mezcla se
extrae con éter, y [a capa orgédnica se seca sobre sulfato de magnesio anhidro.
Después de filtracion, se destila el solvente bajo presidén reducida, y se purifica el
residuo obtenido por cromatografia de columna flash de gel de sllice [solucién de
revelado=n-hexano: acetato de etilo (2:1)] para obtener el producto del titulo (2.17
g, 74%).

[0326] 'H-RMN (CDCl) 8: -0.04 (8H, ), 0.61-0.66 (2H, m), 0.84-0.98 (4H, m),
1.79-1.90 (1H, m), 3.48-3.59 (2H, m), 5.13 (2H, dd, J=22.8, 8.9Hz), 6.00 (1H, s),
6.97-6.99 (2H, m), 7.20-7.23 (2H, m), 7.48 (1H, d, J=4.9Hz), 8.18 (1H, d, J=4.9Hz),
8.27 (1H, s)

(3) Sintesis de (4-Ciclopropilfenil)-[3-(2-trimetil-sililetoximetoxi)piridin-4-

ifmetanona

En una corriente de nitrégeno, se agrega Peryodinano Dess-Martin (2.71 g,
639 mmol) a una solucion de (4-ciclopropil-fenil)-{3-(2-trimetisililetoxi-
metoxi)piridin-4-iljmetanol (2.17 g, 5.84 mmol) en cloruro de metileno (31 mL), y la

mezcla de reaccidon se agita a temperatura ambiente durante 1.5 horas.
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Adicionalmente, se agrega el Peryodinano [;ess-Marlin (0.27 g, 0.64 mmol) a la
mezcla de reaccién y la mezcla obtenida se agita durante 1.5 horas. Se filtran los
insolubles y el filtrado se lava con una solucion acuasa de hidrogencarbonato de
sodio saturada y un cloruro de sodio saturado y se seca sobre sulfato de magnesio
anhidro), y luego se destila el solvente bajo presion reducida. Se purifica el residuo
obtenido por cromatografia de columna de gel de silice amino [solucién de
revelado= acetato de etilo: n-hexano (1:1)] para obtener el producto del titulo (1.98
g, 91%).

[0327] '"H-RMN(CDCls) 3: -0.04 (8H, ), 0.78-0.90 (4H, m), 1.05-1.12 (2H, m), 1.82-
1.98 (1H, m), 3.56-3.62 (2H, m), 5.17 (2H, 8), 7.08-7.13 (2H, m), 7.19-7.21 (1H, m),
7.67-7.71 (2H, m), 8.40 (1H, d, J=4.67Hz), 8.65 (1H, 5)

(4) Sintesis de (4-Ciclopropilfenil)-(3-hidroxi-piridin-4-il)metanona

Se agrega monohidato de 4cido p-toluenosulfénico (3.03 g, 15.9 mmol) a
una solucién de (4-ciclopropilfenil)-[3-(2-trimetilsililetoximetoxi)piridin-4-iljmetanona
(1.96 g, 5.30 mmol) en THF (49 mL) y la solucién de mezcla se agita a 65° C
durante una hora. La mezcla de reaccién se enfria a temperatura ambiente y se
agrega a esta una solucién acuosa de hidrogencarbonato de sodio saturada y la
mezcla se extrae con éter, y la capa orgdnica se seca sobre sulfato de magnesio
anhidro. Después de filtracién, se destila el solvente bajo presién reducida, y el
residuo obfenido se purifica por cromatografia de columna fiash de gel de sflice
[solucién de revelado=n-hexano: acetato de efilo (2:3)] para obtener el producto
del titulo (1.10 g, 87%).

U35
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[0328] 'H-RMN (CDCly)b: 0.80-0.86 (2H, m), 1.09-1.16 (2H, m), 1.87-2.03 (1H, m),
7.18-7.22 (2H, m), 7.42 (1H, dd, J=5.2, 0.8Hz), 7.83-7.68 (2H, m), 8.24 (1H, d,
J=5.2Hz), 8.59 (1H, d, J=0.8Hz), 11.15 (1H, s)

(5) Sintesis de (4-Ciclopropilfenil){3-((1R,2S5,3S8,4R,5R)-2,3 4-trisbenciloxi-5-

benciloximetilciclo-hexiloxi)piridin-4-ijmetanona

En una comiente de nitrégeno, diisopropilazodicarboxilato (0.14 mL, 0.72
mmol) se agrega lentamente gota a gota a una mezcla de (4-ciclopropilfenil)-(3-
hidroxipiridin-4-ilmetanona (0.18 g, 0.74 mmol), (15,25,354R,5R)-2,3 4-
trisbenciloxi-5-benciloximetilciclohexanol (0.20 g, 0.37 mmol), trifenilfosfina (0.19 g,
0.74 mmol) y tolueno (1.3 mL) bajo enfriamiento con hielo. La mezcla de reaccién
se agita a temperatura ambiente durante tres horas, y luego se destila el solvente
bajo presién reducida y se purifica el residuo obtenido por cromatografla de
columna flash de gel de silice [solucién de revelado=n-hexano: acetato de etilo

(2:3)] para obtener el producto del titulo (0.20 g, 71%).

[0329] 'H-RMN (CDCl) 8: 0.87-0.73 (2H, m), 1.00-1.08 (2H, m), 1.39-1.47 (1H, m),
1.81-1.88 (1H, m), 2.09-2.16 (1H, m), 3.37-3.58 (5H, m), 4.36-4.51 (6H, m), 4.76-
4.86 (3H, m), 6.98-7.07 (4H, m), 7.13-7.35 (19H, m), 7.62-7.66 (2H, m), 8.34 (1H,
d, J=4.9Hz), 8.54 (1H, 8)

(6) Sintesis de (4-Ciclopropilfenil){3-((1R,2S5,35,4R, 5R)-2,3,4-trisbenciloxi-5-
benciloximetilciclo-hexiloxi)piridin-4-iljmetanol
Se agrega brohidruro de sodio (40 mg, 1.08 mmol) a una solucién de (4-
ciclo-propitfenil)-[3{(1R,2S,3S 4R,5R)-2,3 4-trisbenciloxi-5-

126
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benciloximetilciclohexiloxi)piridin-4-ijmetanona (0.20 g, 0.28 mmol) en THF (1.37
mL) y agua (0.67 mL) bajo enfriamiento con hielo y la mezcla de reaccion se agita
a temperatura ambiente durante 14.5 horas. A la mezcla de reacciéon, THF se
agrega, y 4cido sulfiirico concentrado (0.2 mL) se agrega a esta bajo enfriamiento
con hielo y la mezcla de reaccién se agita durante 10 minutos. A la mezcla de
reaccién obtenida se agrega una solucién acuosa de hidrogencarbonato de sodio
saturada y la mezcla se agita a temperatura ambiente durante 10 minutos. La
mezcla resultante se extrae con acetato de etilo y la capa organica se seca
(sulfato de magnesio anhidro), y luego se destila el solvente bajo presion reducida.
Se purifica el residuo obtenido por cromatografia de columna de gel de sfilice
[solucidn de revelado=acetato de etilo: n- hexano (3:2)] para obtener el producto

del titulo (0.20 g, 100%) como una mezcla diastereomérica.

[0330] *H-RMN (CDCls) 3: 0.47-0.53 (1H, m), 0.58-0.83 (1H, m), 0.80-0.92 (2H, m),
1.08-1.27 (2H, m), 1.68-1.84 (2H, m), 3.32-3.64 (5H, m), 4.34-4.53 (4H, m), 4.70-
4.88 (5H, m), 5.84 (0.5H, s), 5.96 (0.5H, s), 6.85-8.87 (3H, m), 7.05-7.35 (21H, m),
7.43-7.48 (1H, m), 8.20-8.24 (2H, m)

MS (ESI*): 762 [M+H]"

(7) Sintesis de 4-[Cloro-(4-ciclopropilfenil)metil-3-{(1R,25,38,4R,5R)-2,3 4-

trisbenciloxi-5-benciloximetilciclohexiloxi)piridina

En una corriente de nitrégeno, se agrega cloruro de tionilo (0.05 mL, 0.68
mmol) a una solucibn de (4-ciclopropilfenil)-[3{(1R,2S5,35,4R,5R)-2,3 4-
trisbenciloxi-5-benciloximetil-ciclohexiloxi)piridin-4-iljmetancl (0.20 g, 0.26 mmol)
en cloruro de metileno (3.0 mL) bajo enfriamiento con hielo y la mezcla se agita a

temperatura ambiente durante dos horas. A la mezcla de reaccidn se agrega una

Uz
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solucién acuosa de hidrogencarbonato de sodio saturada y la mezcla se extrae
con cloruro de metileno y la capa orgéanica se seca (sulfato de magnesio anhidro),
y luego se destila el solvente bajo presién reducida. Se purifica el residuo obtenido
por cromatografia de columna de gel de sllice [solucién de revelado=acetato de
etilo: n-hexano (1:1)] para obtener el producto del titulo (0.20 g, 100%) como una

mezcla diastereomérica.

[0331] 'H-RMN (CDCl,) 5: 0.51-0.53 (1H, m), 0.61-0.64 (1H, m), 0.83-0.93 (2H, m),
1.10-1.18 (1H, m), 1.86-1.77 (3H, m), 2.15-2.27 (1H, m), 3.30-3.88 (5H, m), 4.36-
4.55 (4H, m), 4.83-4.91 (4H, m), 6.23 (0.5H, 8), 6.38 (0.5H, 8), 6.85-8.96 (3H, m),
7.11-7.33 (21H, m), 7.54-7.58 (1H, m), 8.26-.42 (2H, m)

MS (ESI"): 780[M+H]*

(8) Sintesis de 4-(4-Ciclopropilbencil)-3-((1R,2S,3S,4R,5R)-2,3,4-trisbenciloxi-

5-benciloximetilciclo-hexiloxi)piridina

En una oorrienté de nitrégeno, se agrega zinc (0.14 g, 2.14 mmol) a una
solucion de 4-{cloro-(4-ciclopropilfenil}-metif}-3-((1R,2S5,35,4R,5R)-2,3.4-
trisbenciloxi-5-benciloximetil-ciclohexiloxi)piridina (0.22 g, 0.28 mmol} en cloruro de
metileno (4.1 mL) y 4cido acético (12.4 mL), y la solucién de mezcla se agita a
temperatura ambiente durante 14 horas. Se agrega a la mezcla de reaccién
acetato de etilo y la mezcla se lava con una solucién acuosa de hidrogencarbonato
saturado y se seca (sulfato de magnesio anhidro), y luego se destila el solvente
bajo presién reducida. Se purifica el residuo obtenido por cromatografia de
columna de gel de silice [solucién de revelado=acetato de etilo: n-hexano (1:1)]

para obtener el producto del titulo (0.14 g, 87%).

423
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[0332] 'H-RMN (CDCls) 8: 0.57-0.62 (2H, m), 0.86-0.82 (2H, m), 1.51-1.58 (1H, m),
1.70-1.85 (2H, m), 2.08-2.15 (1H, m), 3.44 (1H, dd, J=8.1, 2.5Hz), 3.53-3.70 (4H,
m), 3.87 (2H, d, J=1.6Hz), 4.42-4.54 (4H, m), 4.71 (2H, dd, J=17.6, 10.7Hz), 4.83-
4.93 (3H, m), 8.90-7.34 (25H, m), 8.11 (1H, d, J=4.7Hz), 8.35 (1H, 8)

(9) Sintesis de [4-{4-Ciclopropilbencil)piridin-3-il}-5a-carba--D-glucopiranosida

En una comriente de nitrégeno, se agrega entametilbenceno (0.40 g, 2.70
mmol) y una solucién de tricloruro de boro en cloruro de metileno (1.0 M, 1.00 mL,
1.00 mmol) a una solucién de 4-(4-ciclopropilfenil)-[3-((1R,2S,35,4R,5R)-2,3,4-
trisbenciloxi-5-benciloximetil-ciclohexiloxi)piridina (136 mg, 0.18 mmol) en cloruro
de metileno (7.1 mL) a -78° C y la mezcla se agita a -78° C durante 3.5 horas. a la
mezcla de reaccion, se agrega metanol (1.7 mL), y luego se agrega a esta una
solucién de metanol metdxido de sodio (1.0 M, 4 mL) y la mezcla de reaccién se
agita a temperatura ambiente durante 10 minutos. Se filtran los insolubles y el
filtrado se concentra bajo presion reducida. Se purifica el residuo obtenido por
cromatografla de columna de gel de sllice [solucion de revelado= cloruro de

metileno: metanol (5:1)] para obtener el producto del titulo (66 mg, 895%).

[0333] '"H-RMN (CD;0OD) &: 0.80-0.65 (2H, m), 0.88-0.85 (2H, m), 1.08-1.19 (1H,
m), 1.56-1.61 (1H, m), 1.81-1.88 (1H, m), 2.05-2.12 (1H, m), 3.20-3.27 (2H, m),
3.47-3.55 (2H, m), 3.72 (1H, dd, J=10.7, 3.8Hz), 3.90-4.03 (2H, m), 4.28-4.36 (1H,
m), 6.97 (2H, td, J=8.2, 1.9Hz), 7.07-7.10 (3H, m), 8.00 (1H, d, J=4.7Hz), 8.30 (1H,
s)

MS (ESI*): 386 [M+H]"

Tiempo de Retenciéon de HPLC: 8.40 minutos

{A
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Ejemplo 43

[2{4-Carboxibencil)fenill-5a-carba-3-D-glucopiranosida

A una solucibn de metenol-THF (10 mL - 5 mL) de [2-(4-
metoxicarbonilbencil)fenil]-5a-carba-f-D-glucopiranosida (72.0 mg, 0.1 mmol)
como se obtiene en el Ejemplo 31, se agrega un catalizador de hidréxido de
paladio al 20% (7.2 mg). La mezcla se agita bajo una atmdsfera de hidrégeno
durante 15 horas, y luego se filtra el catalizador. Se destila el solvente bajo presion
reducida para obtener el compuesto del titulo (38.2 mg, 100%).

[0334] '"H-RMN (CD3OD) $:0.86-1.00 (1H, m), 1.51-1.58 (1H, m), 2.01-2.11 (1H,
m), 3.16-3.34 (2H, m), 3.43-3.50 (2H, m), 3.67-3.73 (1H, m), 3.95-4.88 (3H, m),
6.87 (1H, t, J=13.5H2), 7.03 (1H, d, J=7.4Hz), 7.12-7.21 (2H, m), 7.30 (2H, d,
J=6.1Hz), 7.88 (2H, d, J=8.1Hz2)

MS (ESI*): 389 [M+H]"

Tiempo de Retencion de HPLC: 10.8 minutos

Ejemplo 44

[2-{(4-vinilbencil)fenill-5a-carba-B-D-glucopiranosida

(1)  Sintesis de 2-(4-Bromobencil)fenol

En una cormriente de nitr6geno, se agregan dimetilsulfuro (1.83 mL, 42.46

mmol) y complejo de dietil étertrifluoruro de boro (0.9 mL, 7.07 mmol) a una
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solucién de 1-benciloxi-2-(4- bromobencil)benceno (1.0 g, 2.83 mmol) en cloruro
de metileno (30.0 mL) bajo enfriamiento con hielo. La mezcla de reaccién se agita
durante 19 horas mientras graduaimente se eleva su temperatura a temperatura
ambiente, y luego se agrega agua a esta bajo enfriamiento con hielo y la mezcla
se extrae con cloruro de metileno. Se lava la capa orgénica con una solucion
acuosa de cloruro de sodio saturada y se seca (sulfato de magnesio anhidro), y
luego se destila el solvente bajo presién reducida. Se purifica el residuo obtenido
por cromatografia de columna de gel de sllice [solucién de revelado=acetato de

etilo: n-hexano (1:5)] para obtener el compuesto del titulo (527 mg, 70.8%).

[0335]'H-RMN (CDCls) 5: 3.92 (2H, s), 4.62 (1H, s), 6.73- 8.76 (1H, m), 6.85-6.99
(1H, m), 7.08-7.14 (4H, m), 7.35-7.40 (2H, m)

(2) Sintesis de éster de (1S8,2R,35,4R,5R)-Trisbenciloxi-5-

{benciloximetil)ciclohexil de acido trifluorometanosutfénico

Se agrega piridina (205 ulL, 253 mmol) a una solucibn de
(18,2R,3S,4R,5R)-tris-benciloxi-5-(benciloximetil)-ciclohexanol (300 mg, 0.557
mmol) en cloruroc de metileno (5.5 mL) y la mezcla se enfrla a 0° C, y luego se
agrega a esta anhidrido de acido trifluorometanosulfénico (210 pl., 1.25 mmol). La
mezcla de reaccidn se agita a la misma temperatura durante una hora, vy luego se
agrega a esta una solucién acuosa de hidrogrencarbonato de sodio saturada y la
mezcla se extrae con cloruro de metileno. La capa organica combinada se lava
con una solucién acuosa de hidrogrensulfato de potasio saturada y una solucion
acuosa de cloruro de sodio saturado, y se seca sobre sulfato de magnesio. Se

destila el solvente para obtener un producto crudo (380 mg).

uall
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[0336] 'H-RMN (CDCls) 3: 1.83 (1H, dd, J=15.9, 14.0Hz), 2.00-2.14 (2H, m), 3.39
(1H, dd, J=0.2, 2.3H2), 3.50 (1H, dd, J=8.6, 2.6Hz), 3.56 (1H, dd, J=10.2, 9.3Hz),
3.75 (1H, dd, J=8.2, 3.4Hz), 3.86 (1H, dd, J=8.5, 9.3Hz), 4.40 (2H, s), 4.50 (1H, d,
J=10.8Hz), 462 (1H, d, J=11.4Hz), 4.79 (1H, dd, J=10.7Hz), 4.82 (1H, d,
J=11.5Hz), 4.88 (1H, d, J=10.7Hz), 4.92 (1H, d, J=10.7Hz), 5.33 (1H, br), 7.15-7.30
(20H, m)

(3) Sintesis de [2-(4-Bromobencil)fenil]-5a-carba-p-D-glucopiranosida

En una cormriente de nitrébgeno, una solucién de 1-benciloxi-2-(4- bromo-
bencif)benceno (386 mg, 1.48 mmol) en DMF (1 mL) se enfrla en un bafio helado,
y se agrega a esta NaH (80%, 52 mg). La mezcla de reaccién se agita a la misma
temperatura durante 10 minutos, y luego se agrega gota a gota esta mezcla de
reaccibn a una suspensién de éster de (1S,2R,3S,4R,5R)-trisbenciloxi-5-
(benciloxi- metil)ciclohexilo de acido triflucrometano-sulfénico (655 mg, 0.97 mmol)
en DMF (2.5 mL) a -40° C. La mezcla de reaccion se agita a la misma temperatura
durante dos minutos, desde -40° C a 0° C durante 30 minutos y luego a 0° C
durante una hora. A la mezcla de reaccién se agrega una solucién acuosa de
cloruro de sodio saturada y agua. La solucién resultante se extrae con éter, y se
lava la capa orgénica con agua y una solucidn acuosa de cloruro de sodio
saturada y se seca sobre sulfato de sodio. El residuc obtenido al destilar el
soivente se purifica por cromatografia de columna de gel de silice [solucion de
revelado= acetato de etilo: n-hexano (1:5)] para obtener un producto crudo (200
mg). Se disuelve el producto crudo obtenido en cloruro de metileno (2.5 mL) en
una corriente de nitrégeno. Se agregan a este dimetilsulfuro (0.6 mL, 13.48 mmol)
vy complejo de dietil éter-trifluoruro de boro (284 uL. 2.2 mmol) bajo enfriamiento

con hielo. La mezcla de reaccidn se agita durante 25 horas mientras gradualmente

o\



170

se eleva su temperatura a temperatura ambiente, luego se agrega agua a esta
bajo enfriamiento con hielo y la mezcla se exirae con cloruro de metileno. Se lava
la capa organica con una solucién acuosa de cloruro de sodio saturada y se seca
(sulfato de magnesio anhidro), y luego se destila el solvente bajo presion reducida.
Se purifica el residuo obtenido por cromatografia de columna de gel de sllice
[solucién de revelado=cloruro de metileno: metanol (10:1)] para obtener el

producto del titulo (40.0 mg. 42.8%).

[0337]'H-RMN (CDsOD) &: 0.85 (1H. q. J=13.2. J=11.1Hz). 1.44-1.58 (1H, m).
2.03-2.08 (1H, m). 3.13 (1H. d. J=8.7Hz). 3.19 (1H. d. J=5.1Hz). 3.23-3.26 (2H. m).
3.37-3.45 (2H. m). 3.63-3.68 (1H. dd. J=10.8. 3.0Hz). 3.81 (1H. d. J=14.4Hz). 4.10
(1H. d. J=14.4Hz). 4.09-4.18 (1H, m). 6.78 (1H. t. J=7.5Hz). 6.96 (1H. d. J=0.0Hz).
7.03-7.13 (4H. m), 7.27-7.32 (2H. m)

(4) Sintesis de [2-(4-Vinilbencil)fenil]-5a-carba-p-D- glucopiranosida

En una comiente de nitrégeno, [2-(4-bromobencil)fenil}-5a-carba-p-D-
glucopiranosida (40 mg, 0.094 mmol) se disuelve en tolueno (2 mL), y se agregan
a este tributilviniltin (36 mg, 0.11 mmol), tetrakis(trifenilfosfina)paladio (0) (2.7 mg)
y 2,68-di- terc-butil-4-metilfenocl, y la mezcla se refluye a 110° C durante 15 horas.
La mezcla de reaccion se enfrla a temperatura ambiente y se destila el solvente
bajo presién reducida. Se purifica el residuo obtenido por TLC preparativo
[solucién de revelado=metanol: cloruro de metileno (1:10)] para obtener el

producto del titulo (9 mg, 25.7%).

[0338] 'H-RMN (CD3OD) &: 0.86 (1H, q, J=12.0, 11.7), 1.42-1.55 (1H, m), 1.96-2.03

(1H, m), 3.10-3.19 (2H, m), 3.22-3.25 (2H, m), 3.36-3.44 (2H, m), 3.63 (1H, dd,
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J=10.8, 4.1Hz), 3.81-4.08 (2H, m), 4.094.16 (1H, m), 5.07 (1H.. dd, J=11.0, 1.
2Hz), 5.63 (1H, dd, J=18.0, 1.2Hz), 6.61 (1H, dd, J=18.0, 11.0Hz), 6.78 (1H, t,
J=7.3Hz), 7.03 (1H, d, J=6.3Hz), 7.02-7.24 (6H, m)

MS (ESI"): 370 [MI'

Tiempo de Retencion de HPLC: 11.8 minutos

Ejemplo 45

(1) Sintesis de 1-Dietoximetil-4-(2,2-difluorovinil)-benceno

En una comiente de nitrégeno, una solucién de hexano n butillitio (2.44 M,
8.84 mL) se agrega gota a gota a diiso-propilamina (3.40 mL, 24.2 mmol) se enfria
en un bafio de hielo y luego se agrega a esta THF (20 mL). La mezcla obtenida se
enfria a -78° C, y se agrega dietil(difluorometil)-fosfonato (3.62 mL, 23.1 mmol)
gota a gota a este. La mezcla de reaccién se agita a la misma temperatura durante
cinco minutos, y luego se agrega gota a gota a este tereftalaldehido
monodietilacetal (4.2 mL, 21.0 mmol). La mezcla de reaccién se agita a la misma
temperatura durante 50 minutos, a temperatura ambiente durante 20 minutos y a
temperatura de 70° C a 75° C durante 34 horas. Después de enfriar la mezcla de
reaccion, se agregan una solucién de cloruro de amonio acuosa saturada y agua a
la mezcla de reaccidn y la mezcla resultante se extrae con éter. Se lava la capa
orgénica con una solucién de cloruro de amonio acuosa saturada y se seca sobre
sulfato de sodio. El residuo obtenido al destilar el solvente bajo presién reducida

se purifica por cromatografla de columna de gel de silice [solucion de
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revelado=acetato de etilo: n-hexano (1:20)] para obtener el compuesto del titulo

(1.10 g, 22%).

[0338] 'H-RMN (CDCly) &: 1.24 (6H, t, J=7.1Hz), 3.45-3.68 (4H. m), 5.27 (1H, dd,
J=28.4, 3.8Hz), 5.49 (1H, 8), 7.32 (2H, d, J=8.4Hz), 7.44 (2H, d, J=8.4Hz2)

(2) Sintesis de 4-(2,2-Difluorovinil)benzaldehido

En una cormiente de nitrébgeno, se agrega una solucién acuosa de &acido
clohidico 2 M (25 mL) a una solucibn de 1-dietoximetil4-(2,2-
difluorovinil)benceno (898.1 mg, 4.12 mmol) en éter (4 mL) se enfrla en un bafio
de hielo y la mezcla de reaccién se agita a la misma temperatura durante tres
minutos y a temperatura ambiente durante 3.75 horas. La mezcla de reaccién se
extrae con éter y se lava la capa organica con una solucibn acuosa de
hidrogencarbonato de sodio saturada y una solucién acuosa de cloruro de sodio
saturada, y se seca sobre sulfato de sodio. Se destila el solvente bajo presién

reducida para obtener un compuesto crudo.

[0340] '"H-RMN (CDCls) &: 5.37 (1H, dd, J=25.7, 3.5Hz), 7.49 (2H, d, J=8.4Hz),
7.85 (2H, d, J=8.4Hz), 9.98 (1H, 8)

(3) Sintesis de (2-Benciloxifenif)-[4-(2,2-difluoro-vinil)feniljmetanol

En una cormriente de nitrégeno, una solucién de 2-benciloxibromobenceno
(1.63 g, 6.18 mmol) en THF (4mL) se enfria a -78° C, y se agrega gota a gota a
esta una solucion de hexano n butiliitio (2.44 M, 2.66 mL). La mezcla de reaccion

se agita a la misma temperatura durante 25 minutos, y luego se agrega gota a
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gota a esta una solucibn de 442 2-difluorovinil)benzaldehido previamente
preparada en THF (1 mL). La mezcla de reaccién se agita a la misma temperatura
durante 1.25 horas, y luego se agrega una solucién acuosa de cloruro de amonio
saturado y agua a esta. La mezcla resultante se extrae con éter y se lava la capa
organica con una solucién acuosa de cloruro de amonio saturado y se seca sobre
sulfato de sodio. El residuo obtenido al destilar el solvente bajo presién reducida
se purifica por cromatografla de columna de gel de silice [solucion de
revelado=acetato de etilo: n- hexano (1:5)] para obtener el compuesto del titulo

(1.17 g, 81%).

[0341] 'TH-RMN (CDCly) &: 2.94 (1H, d, J=6.1Hz), 4.98-5.04 (2H, m), 5.26 (1H, dd,

J=26.4, 3.8Hz), 6.03 (1H, d, J=6.1Hz2), 6.88-7.04 (2H, m), 7.14-7.38 (11H, m)

(4) Sintesis de 1-Benciloxi-2-[4-(2,2-diflucrovinil)-bencillbenceno

En una corriente de nitrégeno, una solucién de (2-benciloxifenil)-[4-(2,2-
fluorovinii)-feniljmetanol (1.14 g, 3.24 mmol) en cloruro de metileno (10 mL) se
enfrla a -78° C, y se agrega a esta trietilsilano (5.17 mL, 32.35 mmol). Se agrega
gota a gota complejo de dietil éter-trifluoruro de boro (0.48 mL, 3.88 mmol) a la
mezcla de reaccién durante cinco minutos y la mezcla de reaccién se agita a -78°
C durante cinco minutos y luego bajo enfriamiento con hielo durante 10 minutos.
Se agregan una solucién acuosa de hidrogencarbonato de sodio saturada y agua
a esta y la solucién mezcla resultante se extrae con cloruro de metileno. Se lava la
capa organica con una solucién acuosa de cloruro de sodio saturada y se seca
sobre sulfato de sodio. El residuo obtenido al destilar el solvente bajo presién

reducida se purifica por cromatografia de columna de gel de sllice [solucion de
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revelado=acetato de etilo: n- hexano (1:30)] para obtener el compuesto del titulo

(984.5 mg, 90%).

[0342] 'H-RMN (CDCl,) 5: 4.00 (2H, s), 5.05 (2H, s), 5.23 (1H, dd, J=26.2, 3.8Hz),
6.85-8.95 (2H, m), 7.05-7.40 (11H, m)

(5) Sintesis de 2-[4-(2,2-Diflucrovinil)benciilfencl

En una comiente de nitr6geno, una solucidn de 1-benciloxi-2-[4-(2,2-
Difluorovinil)bencillbenceno (984.5 mg, 2.83 mmol) en cloruro de metileno (12 mL)
se enfria a -78° C, y se agrega gota a gota a este una solucién de cloruro de
metileno dimetilsulfuro-tribromuro de boro (1.0 M, 7.32 mL) La mezcla de reaccién
se agita a la misma temperatura durante dos minutos y bajo enfriamiento con hielo
durante dos horas, y adicionalmente se agrega gota a gota a este una solucion de
cloruro de metileno dimetilsulfuro-trifiuoruro de boro (4.39 mL). La mezcla de
reaccién se agita a la misma temperatura durante 3.5 horas, Luego una solucién
acuosa de hidréxido de sodio y una solucién acuosa de hidrogencarbonato de
sodio saturada se agrega a esta y la mezcla se extrae con cloruro de metileno, y
se lava la capa orgédnica con una solucién acuosa de cloruro de sodio saturada y
88 seca sobre sulfato de sodio. El residuo obtenido al destilar el solvente bajo
presién reducida se purifica por cromatografia de columna de gel de silice
[solucion de revelado=acetato de etilo: n-hexano (1:7)] para obtener el compuesto

del titulo (847.5 mg, 80%).

[0343] '"H-RMN (CDCls) &: 3.98 (2H, s), 4.62 (1H, 8), 5.24 (1H, dd, J=26.2, 3.8Hz),
6.78 (1H, d, J=8.1Hz), 6.84-6.84 (1H, m), 7.04-7.32 (8H, m)
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(8) Sintesis | de (2-[4-(2,2-Diflucrovinil)bencil]-fenil)-5Sa-carba-p-D-

glucopiranosida

En una comiente de nitrébgeno, una solucion de 2-[4-(2,2-
Difluorovinil)bencillfenol (80 mg, 0.324 mmol) en DMF (1 mL) se enfrla en un bafio
helado, y se agrega a esta NaH (60%, 13 mg). La mezcla de reaccién se agita a la
misma temperatura durante 10 minutos, y luego esta mezcla de reacciéon se
agrega gota a gota a una suspensién de éster de (1S,2R,3S,4R,5R})-trisbenciloxi-
5-(benciloxi-metil)ciclohexilo de acido trifluorometano-sulfénico (181 mg, 0.270
mmol) en DMF (2.5 mL) a -40° C. La mezcla de reacciéon se agita a la misma
temperatura durante dos minutos, a <40° C a 0° C durante 30 minutos y a 0° C
durante una hora. A la mezcla de reaccién se agrega una solucion acuosa
saturada de cloruro de sodio y agua y la mezcla se extrae con éter, y se lava la
capa orgénica con agua y una solucién acuosa de cloruro de sodio saturada y se
seca sobre sulfato de sodio. El residuo obtenido al destilar el solvente bajo presion
reducida se purifica por cromatografila de columna de gel de silice [solucién de
revelado=acetato de etilo: n-hexano (1:7)] para obtener un producto objetivo
(180.7 mg). En una comiente de nitrdgeno, 65 mg (0.0848 mmol) salen del se
mezcla con pentametilbenceno (188 mg, 1.27 mmol) en una corriente de nitrégeno
y se disuelve en cloruro de metileno (2.5 mL). Después de enfriar la solucién de
mezcla a -78° C, se agrega gota a gota a esta una solucién de cloruro de metileno
tricloruro de boro (1.0 M, 0.42 mL). La mezcla de reaccion se agita a la misma
temperatura durante 2.25 horas, y se agrega gota a gota luego metanol (0.5 mL) a
esta. A la misma temperatura, se agrega gota a gota una solucién de metanol
metdxido de sodio (1 M, 1.26 mL), y la mezcla de reaccién se agita a temperatura
ambiente durante 15 minutos. La mezcla se filtra y se concentra el filtrado bajo

presién reducida y se purifica el residuo obtenido por TLC preparativo [solucién de
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revelado=metanol: cloruro de metileno (1:10)] para obtener el producto del titulo

(22.1 mg, 84%).

[0344] 'H-RMN (CDyOD) 8: 0.82-1.04 (1H, m), 1.44-1.84 (1H, m), 1.98-2.12 (1H,
m), 3.12-3.28 (2H, m), 3.40-3.54 (2H, m), 3.69 (1H, dd, J=10.7, 4.0Hz), 3.89 (1H,
d, J=14.8Hz), 4.02 (1H, d, J=14.8Hz), 4.104.26 (1H, m), 5.40 (1H, dd, J=27.0,
4,0Hz), 6.78-6.90 (1H, m), 6.96-7.30 (7H, m)

MS (ESI*): 406 [MI*

Tiempo de Retencién de HPLC: 18.51 minutos

Condiciones de Medicién de HPLC

Columna: YMC-Pack ODS-A 8.0x150 mm, 5 pm
Fase Mavil: Elucién al aplicar un gradiente de entre 10 mM AcONH,/H20 (95%)
més 10 mM AcONH,/MeOH (5%) a 10 mM AcONH/MeQOH (100%)
durante 20 minutos, y de ahl en adelante bajo la misma condicién [10
mM ACONH,/MeOH (100%)] durante cinco minutos
Indice de Flujo: 1.5 mL/minuto
Temperatura de Columna: Temperatura Ambiente

Condicion de Deteccién: gréafica total de longitud de onda completa 230 a 400 nm

Ejemplos 48 a 58+

El compuesto objetivo se obtiene al desarrollar la misma operacién como se
describié en los Ejemplos anteriores con el uso de los materiales de partida y

reactivos correspondientes, respectivamente.
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[0345] Ejemplo 46

[2-(2,3-Dihidrobenzofuran-S-glucopiranosida

'H-RMN(CD50D) &: 0.93 (1H, q, J=13.2Hz, J=11.4Hz), 1.48-1.58 (1H, m), 2.01-
2.07 (1H, dt, J=13.2, 4.5Hz), 3.12 (1H, t, J=B.4Hz), 3.20 (1H, d, J=0.3Hz), 3.25
(1H, d, J=4.8Mz), 3.30-3.53 (2H, m), 3.69 (1H, dd, J=8.8, 4.2Hz), 3.85 (1H, d,
J=15Hz), 3.81 (1H, d, J=15Hz), 4.13-4.21 (1H, m), 4.47 (2H, t, J=8.7Hz), 6.59 (1H,
d, J=8.4Hz), 6.83 (1H, t, J=7.2H2), 6.8 (1H, d, J=8.1Hz), 6.99-7.15 (4H, m)

MS (ESI"): 386 [M]"

Tiempo de Retencion de HPLC: 10.5 minutos

Ejemplo 47

2-(3-Fiuoro-4-metilbencil)fenill-5a-carba- luco-piranosida

H-RMN(CD;0D) &: 0.99 (1H, q, J=12.8Hz), 1.48-1.59 (1H, m), 2.04-2.10 (1H, dt,
J=13.2, 4.2Hz), 2.18 (3H, s), 3.18-3.32 (2H, m), 3.44-3.51 (2H, m), 3.68 (1H, dd,
J=8.9, 3.8Hz), 3.89 (1H, d, J=15Hz), 3.97 (1H, d, J=15Hz), 4.14-4.22 (1H, m), 6.81-
6.90 (3H, m), 7.00-7.17 (4H, m)

MS (ESI*): 376.4 [M]*

Tiempo de Retencién de HPLC: 14.7 minutos

Ejemplo 48
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'H-RMN(CD,0OD) &: 0.94 (1H, q, J=12.9, 11.7Hz), 1.47-1.57 (1H, m), 2.01-2.08
(1H, dt, J=13.2, 4.2Hz), 2.12 (3H, s), 3.18-3.24 (2H, m), 3.45-3.52 (2H, m), 3.68
(1H, dd, J=8.6, 4.2Hz), 3.75 (3H, s), 3.84 (1H, d, J=14.7Hz), 3.90 (1H, d,
J=147Hz), 4.14-4.21 (1H, m), 6.76 (1H, d, J=B.7Hz), 6.83 (1H, t, J=7.5Hz), 6.95-
7.15 (5H, m)

MS (ESI1"):389 [M+H]"

Tiempo de Retencién de HPLC: 11.5 minutos

Ejemplo 49

'H-RMN(CDsOD) &: 0.95 (1H, q, J=12.8, 11.4Hz), 1.48-1.59 (1H, m), 2.02-2.08
(1H, dt, J=12.3, 4.2Hz), 3.20 (1H, d, J=8.0Hz), 3.23 (1H, d, J=6.3Hz), 3.43-3.53
(2H, m), 3.67 (1H, dd, J=6.6, 4.2Hz), 3.98 (1H, d, J=14.7Hz), 4.07 (1H, d, J=15Hz),
4.16-4.24 (1H, m), 6.49 (1H, s), 6.87 (1H, t, J=7.5Hz), 7.05 (1H, d, J=8.1Hz), 7.14
(2H, d, J=7.5Hz), 7.35 (2H, d, J=8.4H2), 7.56 (2H, d, J=8.4Hz), 7.68 (1H, s), 8.12
(1H, 8)

MS (ESI"): 411 [M+H]"

Tiempo de Retencién de HPLC: 10.5 minutos

Ejemplo 50

[2-(3-Cloro-4-metilbencil)fenil]-5a-carba-§-D-gluco-piranosida

"H-RMN(CDsOD) 5: 0.94 (1H, dd, J=24.4, 13.2Hz), 1.5-1.65 (1H, m), 2.05 (1H, dt,
J=13.5, 4.1Hz), 3.18-3.35 (2H, m), 3.43-3.55 (2H, m), 3.70 (1H, dd, J=10.7, 4.1H2),

S\



179

3.82 (3H, s), 3.82 (1H, d, J=14.8Hz2), 3.97 (1H, d, J=14.8Hz), 4.154.25 (1H, m),
6.86 (1H, td, J=7.4, 1.1Hz), 8.92 (1H, d, J=8.2Hz), 7.0-7.2 (5H, m)

MS (ESI):400 [M+H]", 431 [M+Na]'

Tiempo de Retencién de HPLC: 11.25 minutos

Ejemplo 51

2-(3,4-Metilenodioxibencilfenill-5a-carba-g-D-gluco-piranosida

TH-RMN(CD;0D) &: 1.01 (1H, q, J=12.7Hz2), 1.45-1.64 (1H, m), 2.04-2.13 (1H, m),
3.19-3.35 (4H, m), 3.46-3.54 (2H, m), 3.68-3.74 (1H, m), 3.89 (2H, q, J=16.1Hz),
415422 (1H, m), 5.86 (2H, s), 6.68 (3H, s), 6.85 (1H, t,J=8.1Hz), 7.00-7.18 (3H,
m)

MS (ESI*): 389 [M+H]'

Tiempo de Retencién de HPLC: 10.6 minutos

Ejemplo 52

2-(4-Ciclobutilbencil)fenill-S5a-carba- lucoranosida

'H-RMN(CD3OD) 8: 0.81-0.96 (1H, m), 1.45-1.81 (1H, m), 1.78-2.37 (7H, m), 3.15-
3.34 (5H, m), 3.40-3.55 (2H, m), 3.86-4.76 (1H, m), 3.95 (2H, q, J=13.7Hz), 4.13-
4.24 (1H, m), 6.87 (1H, t, J=8.1Hz), 6.97-7.17 (7H, m)

MS (ESI*): 425 [M+Na]'

Tiempo de Retencidn de HPLC: 13.6 minutos

Ejemplo 53
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-(4-Acetilbencil)fenill-Sa-carba-p-D-glucopiranosida

'H-RMN(CD;0D) &: 0.84-0.98 (1H, m), 1.50-1.56 (1H, m), 2.00-2.08 (1H, m), 2.55
(3H, s), 3.15-3.32 (3H, m), 3.42-3.50 (2H, m), 3.65-3.70 (1H, m), 3.94-4.24 (3H,
m), 4.88 (2H, s), 8.86 (1H, t, J=7.3Hz), 7.03 (1H, d, J=8.1Hz), 7.12-7.20 (2H, m),
7.34 (2H, d, J=8.1Hz), 7.86 (2H, d, J=8.1Hz)

MS (ESI*): 386[M+1]"

Tiempo de Retencién de HPLC: 8.8 minutos

Ejemplo 54

'H-RMN(CDsOD) 5: 0.82-1.08 (1H, m), 1.51-1.66 (1H, m), 2.08 (1H, dt, J=13.2,
4.0Hz), 2.32 (3H, 8), 3.21-3.40 (2H, m), 3.47-3.56 (2H, m), 3.71-3.78 (1H, m), 3.77
(3H, 8), 3.84 (1H, d, J=14.2Hz), 3.95 (1H, d, J=14.2Hz), 4.14-4.26 (1H, m), 6.88-
6.72 (1H, m), 6.78-6.85 (2H, m), 6.86-6.91 (1H, m), 6.97 (1H, d, J=7.8H2), 7.10-
7.16 (2H, m)

MS (ESI*): 388 M

Tiempo de Retencién de HPLC: 11.26 minutos

Ejemplo 55

HSD
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TH-RMN(CD1OD) &: 1.20 (1H, t, J=7.6Hz), 1.40-1.80 (1H, m), 2.04-2.09 (1H, m),
2.58 (2H, q, J=7.58Hz), 3.18-3.55 (5H, m), 3.88-3.96 (1H, m), 3.80 (2H, m), 6.89
(2H, d, J=5.4Hz), 7.068-7.15 (5H, m)

MS (ESI*): 378 [M]*

Tiempo de Retencién de HPLC: 11.9 minutos

Ejemplo 56

Benzotiofen-2-il)metilfenil]-5a-carba-B-D-gluco-piranosida

'H-RMN(CD5OD) &: 1.04 (1H, m), 1.40-1.80 (1H, m), 2.08-2.16 (1H, m), 3.14-3.67
(5H, m), 4.14 (1H, d, J=15.7Hz), 4.19-4.27 (1H, m), 4.38 (1H, d, J=15.5Hz), 6.89
(1H, dd, J=8.1, 6.6Hz), 7.02 (1H, 8), 7.07 (1H, d, J=8.1Hz), 7.17-7.28 (4H, m), 7.63
(1H, d, J=7.6Hz), 7.71 (1H, d, J=7.6Hz)

MS (ESI*): 400 [M]*

Tiempo de Retencién de HPLC: 12.0 minutos

Ejemplo 57

{211-(4-Ciclopropilfenil)etillfenil}-5a-carba-B-D-glucopimnosida [isémero _menos
polar_aislado por TLC preparativo (solucién de revelado:metanol: cloruro de
metileno= 1: 10)}

'H-RMN (CDsOD) &: 0.40 (1H, dd, J=9.3, 8.0Hz), 0.58-0.66 (2H, m), 0.84-0.96 (2H,
m), 1.38-1.54 (1H, m), 1.52 (3H, d, J=6.6Hz), 1.76-1.88 (2H, m), 3.04-3.12 (1H, dd,
J=10.8, 9.9Hz), 3.25 (1H, t, J=10.8Hz), 3.26-3.40 (1H, m), 3.42 (1H, t, J=9.9Hz2),

SN
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3.64 (1H, dd, J=10.4, 4.8Hz), 4.08-4.22 (1H, m), 4.50 (1H, dd, J=12.0, 8.3Hz),
6.84-6.99 (4H, m), 6.99-7.08 (2H, m), 7.08-7.28 (1H, m), 7.20-7.26 (1H, m)

MS (ESI*): 399 [M+H]"

Tiempo de Retencién de HPLC: 12.7 minutos

Ejemplo 58

I {2-[1-{(4-ciclopropillfenil)etillfenil}-5a-carba-f-D-glucopiranosida [isomero més polar

'H-RMN (CDs0OD) &: 0.56-0.66 (2H, m), 0.84-0.96 (2H, m), 1.10 (1H, dd, J=9.6,

9.0Hz), 1.44-1.64 (1H, m), 1.53 (3H, d, J=6.6Hz), 1.76-1.88 (1H, m), 2.13 (1H, ddd,
J=12.2, 4.5, 3.3Hz), 3.20-3.28 (2H, m), 3.44 (1H, t, J=10.5Hz), 3.53 (1H, dd,
J=11.4, 6.6H2), 3.73 (1H, dd, J=11.4, 2.4Hz), 4.06-4.22 (1H, m), 4.50 (1H, dd,
J=12.0, 6.3Hz), 6.82-7.03 (4H, m), 7.06-7.16 (4H, m)

MS (ESI*): 309 [M+H]"

Tiempo de Retencion de HPLC: 12.7 minutos

Eiemplo 59

(1)  Sintesis de (4-Ciclopropilfenil)-(3-metoxi-5-metiltiofen-3-il)metanona

Se agrega yoduro de metilo (2.53 mL, 40.6 mmol) a una solucidén de (4-
ciclopropilfenil)-(3-metoxi-5-tiofen-2-il)metanona (1.05 g, 4.08 mmol) se sintetiza
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de la misma forma como en el el Ejemplo 38 en THF (20 mL) bajo una atmésfera
de nitrégeno. Esta solucién se enfria a -78° C, y se agrega a esta una soluciéon de
etilbenceno-THF-heptano diisopropilamida de litio (2.0 M, 2.44 mL, 4.88 mmol)
durante 20 minutos. La mezcla de reaccidon se agita a la misma temperatura
durente tres horas. A esta solucién, adicionalmente se agrega la solucion de
etibenceno-THF-heptano diisopropilamida de litio (2.0 M, 2.44 mL, 4.88 mmol)
durante 20 minutos y la mezcla de reacciéon se agita durante dos horas, y se
agrega a esta una solucién de cloruro de amonio saturada. La mezcla resultante
se extrae con acetato de efilo y se lava la capa orgdnica con una solucién acuosa
de cloruro de sodio saturado y se seca (sulfato de magnesio anhidro), y luego se
destila el solvente bajo presi6bn reducida. Se purifica el residuo obtenido por
cromatografia de columna de gel de silice [solucién de revelado=acetato de etilo:

n-hexano (1:5)] para obtener el compuesto del titulo (589 mg, 53%).

[0348] 'H-RMN (CDCls) 5: 0.74-0.80 (2H, m), 1.00-1.06 (2H, m), 1.91-1.87 (1H, m),
2.49 (3H, s), 3.81 (3H, &), 6.62 (1H, 8), 7.08 (2H, d, J=7.8Hz), 7.68 (2H, d,
J=8.3Hz)

(2) Sintesis de (4-Ciclopropilfenil)-(3-hidroxi-5-metiltiofen-2-iljmetanona

En una corriente de nitrébgeno, se agrega una solucién de cloruro de
metileno ftricloruro de boro (1.0 M, 8.4 mL, 6.4 mmol) a una solucién de (4-
ciclopropilfenil)-(3-metoxi-5-metiltiofen-2-il)metanona (582 mg, 2.14 mmol) en
cloruro de metileno (12 mL) a -15° C y la mezcla de reaccién se agita durante una
hora. Se agrega agua a esta y la mezcla se extrae con cloruro de metileno. Se
lava la capa orgénica con una solucién acuosa de cloruro de sodio saturado y se

seca (sulfato de magnesio anhidro), y luego se destila el solvente bajo presion

WS
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reducida. Se purifica el residuo obtenido por cromatografia de columna de gel de
sllice [solucidn de revelado=metanol: clorurg de metileno (1:100)] para obtener el

compuesto del titulo (497 mg, 80%).

[0347] 'H-RMN (CDCls) §: 0.76-0.82 (2H, m), 1.03-1.10 (2H, m), 1. 93 -1. 88 (1H,
m), 2. 49 (3H, s), 8. 57 (1H, 8), 7. 15 (2H, d, J=8.4Hz), 7.85 (2H, d, J=8.4Hz), 12.80
(1H, s)

(3) Sintesis de (4-Ciclopropilfenil){5-metil-3-((1R,2S,35,4R,5R)-2,3 4-

trisbenciloxi-5-benciloxi- metilciclohexiloxi)tiofen-2-ifjmetanona

En wuna comente de nitrbgeno, se agrega gota a gota
diisopropilazodicarboxilato (0.27 mL, 138 mmol) a una mezcla de (4-
ciclopropilfenil)-(3-hidroxi-5-metittiofen-2-il)metanona (360 mg, 1.39 mmol),
(18.2S,3S 4R,5R)-2,3,4-trisbenciloxi-5-benciloximetilciclohexanol (500 mg, 0.83
mmol), trifenilfosfina (365 mg, 1.39 mmol) y tolueno (3.1 mL) bajo enfriamiento con
hielo. La mezcla se agita a temperatura ambiente durante 15 horas, y luego se
destila el solvente bajo presion reducida y se purifica el residuo obtenido por
cromatografia de columna flash de gel de sllice [solucién de revelado=n-hexano:

acetato de etilo (4:1)] para obtener el compuesto del titulo (237 mg, 33%).

[0348] 'H-RMN (CDCls) 5: 0.70-0.73 (2H, m), 0.88-1.02 (2H, m), 1.35-1.50 (1H, m),
1.64-1.72 (1H, m), 1.87-1.94 (1H, m), 2.07-2.14 (1H, m), 2.44 (3H, 8), 3.36-3.56
(5H, m), 4.07-4.13 (1H, m), 4.33-4.88 (8H, m), 6.61 (1H, 8), 7.01 (2H, d, J=7.9Hz2),
7.05-7.35 (22H, m), 7.62 (2H, d, J=8.2Hz)
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(4) Sintesis de 2-(4-Ciclopropilbencil)-5-metil-3-[(1R,2S,3S,4R 5R)-2,3,4-

trisbenciloxi-5-(benciloxi- metil)ciclohexiloxiltiofen

En una comiente de nitrégeno, se agregan clorotrimetilsilano (0.48 mL, 3.56
mmol) y cianoborohidruro de sodio (230 mg, 3.65 mmol) a una solucién de (4-
ciclopropilfenil)-[5-metil-3-((1R,28,38,4R,5R)-2,3,4-trisbenciloxi-5-
benciloximetilciclohexiloxi)tiofen-2-iljmetanona (237 mg, 0.30 mmol) en acetonitrilo
{5 mL) bajo enfriamiento con hielo y la mezcla de reaccién se agita a 0° C durante
una hora. Se agrega a esta cloruro de metileno y la mezcla se sujeta a filtracién
con Celita, y el solvente del filtrado se destila bajo presidn reducida. Se purifica el
residuo obtenido por cromatografla de columna de gel de sllice [solucion de
revelado= acetato de etilo: n-hexano (1:10)] para obtener el compuesto del titulo

(135 mg, 58%).

[0349] "H-RMN (CDCly) &: 0.58-0.65 (2H, m), 0.86-0.84 (2H, m), 1.23-1.28 (1H, m),
1.57-1.85 (1H, m), 1.77-1.88 (1H, m), 2.08-2.12 (1H, m), 2.33 (3H, s), 3.43-3.85
(5H, m), 3.83 (2H, 8), 3.98-4.08 (1H, m), 4.4 (2H, 8), 4.51 (1H, d, J=10.8Hz), 4.75-
4.97 (5H, m), 8.55 (1H, 8), .92 (2H, d, J=8.1Hz), 7.10 (2H, d, J=8.1Hz), 7.18-7.37
(20H, m)

(5) Sintesis de [2-(4-Ciclopropilbencil)-5-metil-tiofen-3-il]-5a-carba-p-D-

glucopiranosida

En una comiente de nitrégeno, se agregan pentametilbenceno (380 mg,
2.63 mmol) y una solucion de cloruro de metileno tricloruro de boro (1.0 M, 0.88
mL 088 mmol) a una solucion de 2-(4-ciclopropilbencil)-5-metil-3-

[(1R.28,3S 4R,5R)-2, 3 4-trisbenciloxi-5-(benciloximetil)-ciclohexiloxiltiofen (134

S



186

mg, 0.18 mmol) en cloruro de metileno (8 mL) a -78° C y la mezcla de reaccién se
agita a -78° C durante una hora. Se agrega metanol a la mezcla de reaccion y se
destila el solvente bajo presién reducida. Se purifica el residuo obtenido por
cromatografia de columna de gel de silice [solucion de revelado=cloruro de

metileno: etanol (20:1)] para obtener el compuesto del titulo (35 mg, 49%).

[0350] 'H-RMN (CDsOD) &; 0.62-0.68 (2H, m), 0.90-0.97 (2H, m), 1.10-1.21 (1H,
m), 1.43-1.56 (1H, m), 1.82-1.95 (1H, m), 2.03-2.11 (1H, m), 2.36 (3H, s), 3.25-
3.90 (6H, m), 3.94 (2H, m), 8.63 (1H, m), 6.98 (2H, d, J=8.4Hz), 7.11 (2H, d,
J=7.9Hz)

MS (ES'-): 403 [M-H]"

Eiemplo 80

El compuesto objetivo se obtiene al desarrollar la misma operacién como en

el Ejemplo 59 con el uso de los material de partida y reactivos cormespondientes.

[0351]'H-RMN (CDsOD) 8:1.10-1.22 (4H, m), 1.40-1.54 (1H, m), 2.02-2.09 (1H,
m), 2.33 (3H, s), 2.58 (2H, d, J=7.6Hz), 3.22-3.25 (2H, m), 3.28-3.35 (2H, m), 3.39-
3.45 (1H, m), 3.52 (1H, dd, J=10.7, 8.2Hz), 3.71 (1H, dd, J=10.7, 4.0Hz), 3.83-3.90
(1H, m), 6.80 (1H, s), 7.06 (2H, d, J=8.2Hz2), 7.11 (2H, d, J=8.2Hz)

MS (ESI*): 383 [M+H]', 415 [M+Na]*

Ejemplo 61
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(1) Sintesis de 4-Ciclopropil-N-metoxi-N-metil-benzamida

En una corriente de nitrégeno, se agrega gota a gota una solucién de
hexano n butillitio (1.6 M, 8.0 mL, 8.59 mmol) a una solucién de 1-bromo-4-
ciclopropilbenceno (1.8 g, 9.13 mmol) THF anhidro (30 mL) a -78° C durante 15
minutos. Esta solucién se agita a -78° C durante 10 minutos, y se agrega gota a
gota a esta una solucién de N,N’-Dimetoxi-N,N'-dimetilurea (1.42 g, 8.58 mmol) en
THF (15 mL). La mezcla de reaccidén se agita a temperatura ambiente durante 30
minutos. A 1a mezcla de reaccién se agrega una solucién de cloruro de amonio
acuosa saturada y la mezcla se extrae con éter, y la capa orgénica se seca sobre
sulfato de magnesio anhidro. Después de filtracion, se destila el solvente bajo
presién reducida, y se purifica el residuo obtenido por cromatografia de columna
de gel de sllice [solucién de revelado=n-hexano: acetato de etilo (4:1)] para

obtener el compuesto del titulo (875 mg, 95%).

[0352] "H-RMN (CDCly) 8: 0.73-0.78 (2H, m), 0.87-1.03 (2H, m), 1.87-1.84 (1H, m),
3.34 (3H, s), 3.56 (3H, 8), 7.08 (2H, d, J=8.3Hz), 7.60 (2H, d, J=8.3Hz)

(2) Sintesis de (5-Cloro-3-metoxitiofen-2-il)-{4-ciclopropilfenil)metanona

En una corriente de nitrégeno, se agrega gota a gota una solucién de n-
hexano n-butillitio (1.6 M, 2.43 mL, 3.88 mmol) a una solucién de 2-bromo-5-cloro-
3-metoxitiofen (882 mg, 3.88 mmol) como se sintetiza por en método descrito en el
documento [L. Org. Chem., 58, 4629-4633 (1893)] en THF anhidro (15 mL) a -78°

C. Esta mezcla se agita a -78° C durante diez minutos, y se agrega gota a gota a

Ueo
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esta una solucibn de 4-ciclopropil-N-metoxi-N-metilbenzamida (875 mg, 4.26
mmol) en THF (3 mL). La mezcla de reacciéon se agit; a -78° C durante 30
minutos. Una solucién de cloruro de amonio acuosa saturada se agrega a la
mezcla de reaccién y la mezcla resultante se extrae con acetato de etilo, y la capa
orgénica se seca sobre sulfato de magnesio anhidro. Después de filtracién, se
destila el solvente bajo presion reducida, y se purifica el residuo obtenido por
cromatografla de columna de gel de sllice [solucion de revelado=n-hexano:

acetato de etilo (4:1)] para obtener el compuesto del titulo (714 mg, 63%).

[0353] 'H-RMN (CDCls) 8: 0.75-0.81 (2H, m), 1.02-1.08 (2H, m), 1.92-1.88 (1H, m),
3.80 (3H, s), 6.78 (1H, s), 7.10 (2H, d, J=8.3Hz), 7.68 (2H, d, J=8.3Hz)

(3) Sintesis de [5-Cloro-2-(4-ciclopropilbencil)-tiofen-3-il}-Sa-carba-p-D-

glucopiranosida

El compuesto objetivo se obtiene al desarrollar la misma operacién como en
el Ejemplo 59 con el uso de la (5-cloro-3-metoxitiofen-2-il)-(4-ciclo-

propilfeni)metanona sintetizada y los comespondientes reactivos.

[0354] 'H-RMN (CD;OD) &: 0.63-0.66 (2H, m), 0.88-0.83 (2H, m), 1.15-1.21 (1H,
m), 1.61-1.87 (1H, m), 1.82-1.87 (1H, m), 1.99-2.03 (1H, m), 3.22-3.57 (4H, m),
3.70-3.74 (1H, m), 3.87-3. 81 (1H, m), 3. 82 (2H, 8), 6.86 (1H, ), 6.97 (2H, d,
J=8.1Hz), 7.09 (2H, d, J=8.1Hz)

MS (ESI"): 425 [M+H]*

Ejemplo 682



189

(1) Sintesis de 1-(4-Ciclopropilfenil)metil-2-[(1R,4R,58,6S)-4,5,6-trisbenciloxi-3-

(benciloximetil)-ciclohex-2-eniloxilbenceno

En una comiente de nitrdgeno, se agregan 2-(4-ciclopropilbencil)fenol y
tributilfosfina (70 pL, 0.28 mmol) a una solucion de (1S,4R,55,65)4,5,6-
tris(benciloxi)-3- (benciloximetil)ciclohex-2-enol (51 mg, 0.0895 mmol) como se
describe en el documento [J. Org. Chem., 63, 5668-5671 (1888)] en tolueno (300
pl) bajo enfriamiento con hielo, y Iluego se agrega a esta
tetrametilazodicarboxamida (48 mg, 0.28 mmol) a la misma temperatura. La
mezcla de reaccion se agita a la misma temperatura durante 20 horas y luego
hexano se agrega a esta y el precipitado se filtra y el solvente del filtrado se
destila. Se purifica el residuo obtenido por TLC preparativo [solucion de
revelado=acetato de etilo: n-hexano (1:5) para obtener el compuesto del titulo (44
mg, 62%).

[0355] 'H-RMN (CDCls) 5: 0.54 (2H, m), 0.84 (2H, m), 1.75 (1H, m), 3.82-3.92 (3H,
m), 3.93 (2H, s), 4.19 (1H, d, J=12.5Hz), 4.35 (1H, br), 4.41 (1H, d, J=11.7Hz),
4.46 (1H, d, J=11.8Hz), 4.61 (1H, d, J=10.7H2), 4.68 (1H, d, J=10.2Hz), 4.72 (1H,
d, J=10.5Hz), 479 (1H, d, J=10.8Hz), 4.85 (1H, d, J=10.7Hz), 4.99 (1H, d,
J=11.0Hz), 5.04 (1H, br), 5.65 (1H, 8), 6.8-7.4 (28H, m)

(2) Sintesis de (1R,2S,3R,8R)-8-12-(4-Ciclopropil-bencil)fenoxi]-4-

(hidroximetil)ciclohex-4-eno-1,2,3-triol

Yol
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En una comiente de nitrdgeno, se agrega una solucion de cloruro de
metileno tricloruro de boro 1.0 M (160 pL, 0.16 mmol) a una solucidén de 1-(4-
ciclopropilfenil)metil-2-[(1R,4R,5S,85)4,5,6-tris-benciloxi-3-(benciloximetil)-
ciclohex-2-eniloxilbenceno (12 mg, 0.016 mmol) y pentametilbenceno (24 mg, 0.17
mmol) en cloruro de metileno (300 ul) a -78° C, y la mezcla se agita a la misma
temperatura durante 1.5 horas. Después de la adicién del metanol, la temperatura
de la solucion resultante se eleva a temperatura ambiente y se destila el solvente
bajo presidon reducida. Se purifica el residuo obtenido por TLC preparativo
[solucidbn de revelado=metanol: cloruro de metileno (1:8)] para obtener el

compuesto del titulo (4.1 mg, 70%).

[0356] "H-RMN (CDsOD) &: 0.81 (2H, m), 0.88 (2H, m), 1.83 (1H, m), 3.55 (1H, dd,
J=10.5, 7.8Hz), 3.72 (1H, dd, J=10.5, 7.8Hz), 3.89 (1H, d, J=14.8H2), 3.93 (1H, d,
J=14.9H2), 4.11 (2H, br s), 4.15 (1H, d, J=7.8Hz), 4.80 (1H, d, J=7.6Hz), 5.80 (1H,
t, J=1.5Hz), 6.84 (1H, t, J=7.3H2), 6.83 (2H, d, J=8.tHz), 7.06 (1H, d, J=8.2Hz),
6.97-7.18 (3H, m)

MS (ESI*): 405 [M+Na]'

Tiempo de Retencion de HPLC: 12.5 minutos

Ejemplo 63

(1) Sintesis de 1-(4-Metoxifenil)metil-2-{(1R,4R,5S,6S)4,5,6-trisbenciloxi-3-

(benciloximetil)-ciclohex-2-eniloxibenceno
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En una corriente de nitrdgeno, se agregan 2-(4-metoxibencil)fenol (299 mg,
140 mmol) y tributifosfina (380 plL, 1.53 mmol) a una solucibn de
(18,35,45,5R,6R)-4,5,8-trisbenciloxi-1-(benciloximetil)ciclohane-1,3-diol (561 mg,
1.01 mmo!) como se describe en el documento [Tetrahedron, 56, 7108-7122
(2000)] en tolueno (3 mL) bajo enfriamiento con hielo, y luego se agrega a esta
tetrametilazodicarboxamida (261 mg, 1.52 mmol} a la misma temperatura. La
mezcla de reaccién se agita a la misma temperatura durante 20 horas y luego se
agrega a esta hexano, y el precipitado se filtra y el solvente del filtrado se destila.
Se purifica. el residuo obtenido por cromatografia de columna de gel de sllice
[solucién de revelado=acetato de etjlo: n-hexano (1:7 a 1:1) para obtener el

compuesto del titulo (312 mg, 42%).

[0357] 'H-RMN (CDCHs) 5: 3.84 (3H, s), 3.80-3.85 (3H, m), 3.92 (2H, s), 4.19 (1H,
d, J=13.6Hz), 4.36 (1H, br), 4.41 (1H, d, J=11.9Hz), 4.46 (1H, d, J=11.8Hz), 4.64
(1H, d, J=11.0Hz), 4.69 (1H, d, J=10.8H2), 4.71 (1H, d, J=10.8Hz), 4.79 (1H, d,
J=10.8Hz), 4.85 (1H, d, J=11.0HZ), 4.99 (1H, d, J=11.0Hz), 5.05 (1H, br), 5.67 (1H,
8), 8.71 (2H, d, J=8.7Hz), 6.80-7.40 (26H, m)

MS (ESI*): 755 [M+Na]'

(2) Sintesis de (1R,28,3R,B8R)-4-Hidroximetil-6-{2-(4-

metoxibencil)fenoxijciclohex-4-eno-1,2,3-triol

En una corriente de nitrégeno, se agrega una soilucién de cloruro de
metileno tricloruro de boro 1.0 M (6.0 mL, 8.0 mmol) a una solucién de 1-(4-
metoxifenilmetil-2-](1R,4R,5S,8S)-4,5,6-trisbenciloxi-3-(benciloximetil)ciclohex-2-
eniloxilbenceno (312 mg, 0.426 mmol) en cloruro de metileno (12 mL) a -78° C, y

la mezcia se agita a la temperatura durante 1.5 horas. Después de la adicion del

(ot
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metanol, la temperatura de la solucién resultante se eleva a temperatura ambiente
y se destila el solvente bajo presién reducida. Se purifica el residuo obtenido por
cromatografia de columna de gel de silice [solucién de revelado= metanol: cloruro

de metileno (1:8)] para obtener el compuesto del titulo (37.9 mg, 24%).

[0358) '"H-RMN (CD,OD) 5: 3.58 (1H, dd, J=10.5, 8.0Hz), 3.73 (1H, m), 3.73 (3H,
s), 3.88 (1H, d, J=14.9Hz), 3.92 (1H, d, J=14.9H2), 4.11 (2H, br s), 4.16 (1H, m),
4.81 (1H, m), 5.61 (1H, t, J=1.7H2), 6.77 (2H, d, J=B.7Hz), 6.84 (1H, t, J=7.3H2),
6.99 (1H, d, J=8.1Hz), 7.04 (1H, d, J=7.5Hz), 7.10 (2H, d, J=8.9Hz), 7.13 (1H, m)
MS (ESI*): 395 [M+Na[*

Tiempo de Retencion de HPLG: 10.8 minutos

Ejemplo 684

(1) Sintesis de dcido 3-(4-Etilbencil)fenilborénico

En una comiente de nitrdgeno, una solucibn de 1-bromo-3-(4-
stilbencil)benceno (2.19 g, 7.96 mmol) en THF (20 mL) se enfria a -78° C, y se
agrega gota a gota una solucién de hexano n-butillitio (2.44 M, 3.42 mL) aestay la
solucién de mezcla se agita a la misma temperatura durante 20 minutos. Después
de la adicién del borato de trimetilo (2.68 mL, 23.87 mmol), la mezcla de reaccién
se agita a la temperatura durante cinco minutos y a temperatura ambiente durante
12.5 horas. Después de enfriar la mezcla de reaccién en un bafio helado, se
agrega gota a gota a esta acido sulfirico concentrado (10 mL) y la solucién de

mezcla se agita a la misma temperatura durante una hora. La mezcla se extrae
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con éter y se lava la capa organica con agua y luego se seca sobre sulfato de
sodio. A un sélido blanco obtenido al destilar el solvente bajo presién reducida se
agrega hexano-acetato de etilo (10:1) (5 mL), la mezcla se filtra y luego el sélido
obtenido se lava con hexano-acetato de etilo (10:1). El polvo blanco obtenido se

saca bajo presion reducida para obtener el compuesto del titulo (604.2 mg, 32%).

[0358] 'H-RMN (CDCly) &: 1.22 (3H, t, J=7.8Hz), 2.62 (2H, q, J=7.6Hz), 4.07 (2H,
8), 7.10-7.20 (4H, m), 7.36-7.44 (2H, m), 8.00-8.10 (2H, m)

(2) Sintesis de éster de (3R,4R,58,8R)4,5,6-Trisbenciloxi-3-

(benciloximetil)ciclohex-1-enilo de acido triflucrometanosulfénico

En una corriente de nitrégeno, se agrega gota a gota una solucién de
hexano n butillitio (322 pL, 0.787 mmol) a diisopropilamina (113 pL, 0.806 mmol)
se enfria en un bafio de hielo, y se agrega a esta THF (0.8 mL). La solucién
obtenida se enfrla a -78° C, y se agrega gota a gota una solucién de
(2R,38,4R,5R)-2 4,5-trisbenciloxi-S-{benciloximetil)-ciclohexanona (205.8 mg,
0.384 mmol) en THF (1 mL), y la mezcla se agita a la misma temperatura durante
12 minutos. Una solucién de N-(5-cloro-2-piridil)triflimida (452 mg, 1.15 mmol) en
THF (1.2 mL) se agrega gota a gota a estay la mezcla de reaccién se agita a la
misma temperatura durante 2.5 horas. Se agregan una solucibn acuosa de
hidrogencarbonato de sodio saturada y agua a esta para detener la reaccion y la
mezcla resultante se extrae con éter. Se lava la capa organica con una solucion
acuosa de cloruro de sodio saturada y se seca sobre sulfato de sodio. Se destila el
solvente bajo presion reducida y se purifica el residuo obtenido por cromatografia
de columna de gel de sllice [solucién de revelado=acetato de etilo: n- hexano (1:10

a 1:8) para obtener el compuesto del titulo (161.4 mg, 83%).
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[0360] 'H-RMN (CDCls) &: 2.60-2.70 (1H, m), 3.40-3.58 (2H, m), 3.70 (1H, dd,
J=0.9, 9.7Hz), 3.90 (1H, dd, J=0.7, 7.1Hz), 4.324.54 (4H, m), 4.70-4.84 (5H, m),
5.76-5.83 (1H, m), 7.10-7.40 (20H, m)

(3) Sintesis de 1-(4-Etilbencil)}-3H{(3R,4R,58,85)4,5,6-trisbenciloxi-3-

(benciloximetil)ciclohex-1-enill-benceno

En una corriente de nitrégeno, se agrega dioxano-agua (10:1)(12 mL) a una
mezcla de éster de (3R,4R,5S,6R)-4,5,6-trisbenciloxi-3-(benciloximetil)ciclohex-1-
enilo de acido trifluorometanosulfdnico (656 mg, 0.981 mmol), KsPO3; (250 mg,
1.18 mmol), KBr (140 mg, 1.18 mmol), acido 3-(4-etilbencil)fenilborénico (283 mg,
1.18 mmol) y Pd(PPhs)s (56.8 mg, 0.049 mmol), y la mezcla de reacciébn se
calienta y agita a temperatura de 100° C a 105° C durante 26 horas. Después de
enfriar la mezcla de reaccion, se agregan una solucién acuosa de cloruro de sodio
saturado y agua a esta. La solucién resultante se extrae con éter, y se lava la capa
orgénica con una solucién acuosa de cloruro de sodio saturado y se seca sobre
sulfato de sodio. Se destila el solvente bajo presién reducida, y se purifica el
residuo obtenido por cromatografla de columna de gel de sllice [solucién de
revelado=acetato de etilo: n- hexano (1:10 a 1:8) para obtener el compuesto del

titulo (510.0 mg, 73%).

[0361] 'H-RMN (CDCly) 5:1.19 (3H, t, J=<7.6Hz), 2.58 (2H, q, J=7.6Hz), 2.64-2.75
(1H, m), 3.54 (1H, dd, J=8.9, 5.9Hz), 3.64 (1H, dd, J=8.9, 3.5Hz), 3.68-3.79 (1H,
m), 3.82 (2H, s), 4.07 (1H, dd, J=9.7, 7.3Hz2), 4.31 (1H, d, J=10.6Hz), 4.45 (2H, s),
4.48 (1H, d, J=10.6Hz), 4.54 (1H, d, J=10.9Hz), 4.79-5.00 (4H, m), 5.85-5.92 (1H,
m), 6.73-6.82 (2H, m), 6.98-7.42 (26H, m)

Wy
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(4) Sintesis de (1R,2S,3S,6R)4-[3-(4-Etilbencil)-fenil]-8-(hidroximetil)ciclohex-

4-eno-1,2,3- triol

En una comiente de nitrbgeno, una solucion de 1-(4-etibbencil-3-
[(3R,4R,5S,8S)-4,5,6-trisbenciloxi-3-(benciloximetil)-ciclohex-2-eniloxi]pbenceno
(484.5 mg, 0.692 mmol) y pentametilbenceno (1.05 g, 7.06 mmol) en cloruro de
metileno (38 mL) se enfrla a -78° C, y se agrega gota a gota a esta una solucién
de cloruro df metileno BCls (1.0 M, 7.54 mL). La mezcla de reaccién se agita a 1a
temperatura durante diez minutos y a -70° C durante 1.5 horas, y luego se agrega
a esta metanol (20 mL). El residuo obtenido al destilar el solvente bajo presién
reducida se purifica por cromatografia de columna de gel de sllice [solucion de
revelado=metanol: cloruro de metileno (1:20 a 1:10) y luego se purifica por TLC
preparativo [solucidn de revelado=metanol: cloruro de metileno (1:10)] para

obtener el compuesto del titulo (46.2 mg, 18%).

'H-RMN(CDsOD) &: 1.19 (3H, t, J=7.6Hz), 2.27-2.44 (1H, m), 2.58 (2H, q,

J=7.6Hz), 3.44-3.68 (3H, m), 3.76-3.94 (3H, m), 4.454.57 (1H, m), 5.74-5.84 (1H,

m), 6.95-7.25 (8H, m)

MS (ESI*): 372 [M+H,0]"

Tiempo de Retencién de HPLC: 18.37 minutos

Condiciones de Medicién de HPLC

Columna: YMC-Pack ODS-A 8.0x150 mm, 5 ym

Fase Mévil: Elucion al aplicar un gradiente de entre 10 mM AcONH/H20 (85%)
méas 10 mM AcONH/MeOH (5%) a 10 mM AcONH,MeOH (100%)
durante 20 minutos, y de ahl en adelante bajo la misma condicién [10

mM AcONH4/MeOH (100%)] durante cinco minutos
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Indice de Flujo: 1.5 mL/minuto
Temperatura de Columna: Temperatura Ambiente

Condicion de Deteccion: grafica total de longitud de onda completa 230 a 400 nm

Ejemplo 65

1,23, 4-tetraol

(1) Sintesis de (1R,2R,35.4R,5R)-2,3 4-trisbenciloxi-5-(benciloximetil)-1-{3-(4-
etilbencil)-4-metoxi-feniljciclohexanol = y (18,2R,3S.4R,5R)-2,3,4-

trisbenciloxi-5-(benciloximetil)-1-[3-(4-etil-bencil)-4-metoxifenillciclohexanol

En una corriente de nitrégeno, se agrega gota a gota una solucién de
hexano n buftillitio (2.70 M, 1.03 mL) a una solucidn de 4-bromo-2-(4-etilbencil)-1-
metoxibenceno (808 mg, 2.98 mmol) en THF (10 mL) mientras se enfrla a -78° C.
La mezcla de reaccién se agita a la misma temperatura durante 10 minutos. A esta
solucion, ase agrega gota a gota una soluciéon de (2R,3S,4R,5R)-2,3,4-trisbenzioxi-
5-(benciloximetil)-ciclohexanona (1.00 g, 1.86 mmol) en THF (2 mL) y la solucién
resultante se agita a -78° C durante 30 minutos. La reaccioén se detiene por adicién
de una solucién acuosa de cloruro de amonio saturado y agua. La solucién
obtenida se extrae con acetato de etilo, y se lava la capa orgéanica con agua y
luego se seca sobre sulfato de sodio. El residuo obtenido al destilar el solvente
bajo presién reducida se purifica por cromatografia de columna de gel de sllice
{solucién de revelado=acetato de etilo: n- hexano (1:5 a 1:1) para obtener

(1R,2R,35,4R,5R)-2,3,4-tris-benciloxi-5-(benciloximetil)-1-[3-(4-etilbencil)4-
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metoxifenillciclohexanol (0.32 g, 23%) y (15,2R,35,4R,5R)-2,3,4-trisbenciloxi-5-
(benciloximetil)-1-[3-(4-etilbencil)-4-metoxifenillciclohexanol (0.88 g, 64%).

[0362] Isdmero (1R): "TH-RMN(CDCl) 8: 1.17 (3H, t, J=7.6Hz), 1.80-2.00 (2H, m),
2.20-2.36 (1H, m), 2.55 (2H, d, J=7.6Hz), 2.81 (1H, d, J=2.0Hz), 3.35-3.42 (1H, m),
3.854.05 (10H, m), 4.41-4.45 (3H, m), 4.59 (1H, d, J=10.7Hz), 4.81 (1H, d,
J=10.7Hz), 4.87 (1H, d, J=10.7Hz), 4.80 (1H, d, J=10.7Hz), 6.78-6.84 (3H, m),
8.99-7.20 (6H, m), 7.20-7.40 (18H, m)

Isémero (1S): "H-RMN(CDCh) 8: 1.12 (3H, t, J=7.6Hz), 1.40-1.54 (2H, m), 1.76-
1.88 (1H, m), 2.35 (1H, dd, J=3.3, 13.7Hz), 2.43 (1H, 8), 2.47 (2H, q, J=7.8H2),
3.34 (1H, dd, J=0.9, 8.9Hz), 3.53-3.72 (4H, m), 3.80 (3H, s), 3.86-3.93 (2H, m),
4.41 (2H, 8), 4.49 (1H, d, J=10.7Hz), 4.67-4.79 (2H, m), 4.83 (1H, d, J=10.7THz),
5.02 (1H, d, J=11.7Hz), 6.78 (1H, d, J=8.4Hz), 7.00 (2H, d, J=7.8Hz), 7.10 (2H, d,
J=7.9Hz), 7.14-7.20 (2H, m), 7.21-7.40 (18H, m), 7.56-7.63 (2H, m)

(2) Sintesis de (1R,2R,3S 4R, 5R)-1{3-(4-Etilbencil}-4-metoxifenil]-5-
(hidroximetil)ciclohenano-1,2,3, 4-tetraol

A una solucién de (1R,2R,3S,4R,5R)-2,3,4-trisbenciloxi-5- (benciloximetil)-
14{3-(4-etilbencil)-4-metoxifenillciclohexanol (50.0 mg, 0.067 mmol) en THF (0.5
mL) y metanol (2 mL), se agrega un catalizador de hidréxido de paladio al 20% (10
mg) y la mezcla se agita bajo una atmdsfera de hidrégeno a temperatura ambiente
durante 15 horas. Después de filtrar el catalizador, se concentra el filtrado bajo
presién reducida. Se purifica el residuo obtenido por TLC preparativo [solucion de
revelado=metanol: cloruro de metileno (1:10)] para obtener el compuesto del titulo

(20 mg, 74%).

Yo
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[0383] 'H-RMN (CDsOD) &: 1.22 (3H, t, J=7.6Hz), 1.85-1.84 (2H, m), 2.01-2.14
(1H, m), 2.80 (2H, q, J=7.6Hz), 3.39-3.46 (1H, m), 3.82-3.75 (4H, m), 3.82 (3H, s),
3.94 (2H, s), 6.94 (1H, d, J=8.4Hz), 7.08 (2H, d, J=8.2Hz), 7.13 (2H, d, J=8.2Hz2),
7.30-7.38 (2H, m)

MS (ESI"): 420 [M+H,0T"

Tiempo de Retencién de HPLC: 17.70 minutos

Condiciones de Medicion de HPLC

Columna: YMC-Pack ODS-A 8.0x150 mm, 5 ym

Fase Mdvil: Elucién al aplicar un gradiente de entre 10 mM AcONH,/H;O (95%)
méas 10 mM AcONH/MeOH (5%) a 10 mM AcONH,/MeOH (100%) durante
20 minutos, y de ahl en adelante bajo la misma condicion [10 mM
AcONH,/MeOH {100%)] durante cinco minutos

Indice de Flujo: 1.5 mL/minuto

Temperatura de Columna: Temperatura Ambiente

Condicién de Deteccion: gréafica total de la longitud de onda completa de 230 a

400 nm

Ejemplo 86

(1R,2R,38.4S B6R)-4-[3-(4-Etilbencil)-4-metoxifenill-8-(hidroximetil)ciclohexano-
1,2 3-friol

(1) Sintesis de 2-(4-Etilbencil}-1-metoxi-4-[(1S5,25,3R 4R,5R)-2,3,4-

trisbenciloxi-5-(benciloximetil)-ciclohexillbenceno

LA
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Una solucion del (1S,2R,3S, 4R,5R)-2,3,4-trisbenciloxi-5-(benciloximetil)-1-
[3-(4-etilbencil)-4-metoxifenil]ciclohexanol (124 mg, 0.16 mmol) como se obtiene
en el Ejemplo 85 en cloruro de metileno (2 mL) se enfria a -5 C, y se agrega a
esta trietilsilano (0.38 mL, 2.44 mmol). A la mezcla se agrega acido trifluoroacético
(0.12 mL, 1.6 mmol) y la mezcla de reaccion se agita a -5° C durante una hora, y
luego se agrega a esta un hidrogencarbonato de sodio saturado. La mezcla
resultante se extrae con cloruro de metileno y se lava la capa orgédnica con una
solucién acuosa de cloruro de sodio saturada y luego se seca sobre sulfato de
sodio. Se destila el solvente bajo presién reducida y se purifica el residuo obtenido
por cromatografla de columna de gel de silice [solucién de revelado=acetato de

etilo: n-hexano (1:9)] para obtener el compuesto del titulo (10 mg, 8%).

[0384] 'H-RMN (CDCl) 8: 1.17 (3H, t, J=7.8Hz), 1.58-1.96 (3H, m), 2.56 (2H, q,
J=7.6Hz), 2.55-2.70 (1H, m), 3.43-3.62 (5H, m), 3.78-4.00 (6H, m), 4.43 (2H, s),
4.44 (1H, d, J=9.9Hz), 4.56 (1H, d, J=10.8Hz), 4.82-4.93 (3H, m), 6.75-8.82 (3H,
m), 6.99-7.18 (8H, m), 7.20-7.38 (15H, m)

(2) Sintesis de (1R,2R,38,4S,6R)-4-{3-(4-Etilbencil)-4-metoxifenil]-8-

(hidroximetil)ciclohexano-1,2, 3-triol

A una solucién de 2-(4-etilbencil)-1-metoxi-4- [(1S,2S5,3R,4R,5R)-2,3, 4-tris-
benciloxi-5-(benciloximetil)ciclohexillbenceno (10 mg, 0.013 mmol) en THF (0.2
mL) y metanol (1 mL), se agrega un catalizador de hidroxido de paladio al 20% (10
mg) y la mezcla se agita bajo una atmésfera de hidrégeno a temperatura ambiente
durante 13 horas. Después de filtrar el catalizador, se concentra el filtrado bajo

presién reducida. Se purifica el residuo obtenido por TLC preparativo [solucién de

183
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revelado= metanol: cloruro de metileno (1:10)] para obtener el compuesto del titulo

(3.9 mg, 75%).

[0385]'H-RMN (CDsOD) &: 1.23 (3H, t, J=7.4Hz), 1.34-1.48 (1H, m), 1.60-1.76
(1H, m), 1.83 (1H, dt, J=13.5, 3.5H2), 2.48-2.66 (3H, m), 3.30-3.38 (2H, m), 3.42-
3.52 (1H, m), 3.58-3.65 (1H, m), 3.77 (1H, d, J=4.0Hz), 3.82 (3H, s), 3.92 (2H, s),
8.91 (1H, d, J=8.2Hz), 7.02-7.14 (8H, m)

MS (ESI*): 406 [M+H;0O]"

Tiempo de Retencién de HPLC: 12.53 minutos

Condiciones de Medicién de HPLC

Columna: YMC-Pack ODS-A 6.0x150 mm, 5 ym

Fase Movil: Elucién al aplicar un gradiente de entre 10 mM AcONH4/H20 (95%)
mas 10 mM AcONH,/MeOH (5%) a 10 mM AcONH,/MeOH (100%) durante
20 minutos, y de ahl en adelante bajo la misma condicién [10 mM
AcONH/MeOH (100%)] durante cinco minutos

Indice de Flujo: 1.5 mL/minuto

Temperatura de Columna: temperatura ambiente

Condicién de Deteccion: gréfica total de longitud de onda completa 230 a 400 nm

Ejemplo 67

(1) Sintesis de (3-Bromo-4-etoxifenil){4-etil-fenil)metanol

W
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Se agrega THF (10 mL) a magnesio (353 mg, 14.5 mmol), y adicionaimente
se agrega gota a gota a este 1-bromo-4-etilbenceno (2 mL, 14.5 mmol) y la mezcla
se calienta a reflujo durante una hora. La mezcla de reaccién se enfria a 0°C, y se
agrega a esta una solucién de 3-bromo-4-etoxibenzaldehido (2.21 g, 9.68 mmol)
en THF (6 mL) y la mezcla de reaccién se agita a la misma temperatura durante
1.5 horas. a la mezcla de reaccién, una solucién de cloruro de amonio acuosa
saturada se agrega y la mezcla resultante se extrae con acetato de etilo. El
extracto se lava con una solucién acuosa de cloruro de sodio saturada y se seca
sobre sulfato de magnesio. El residuo obtenido al destilar el solvente bajo presién
reducida se purifica por cromatografila de columna de gel de sllice [solucién de
revelado=n-hexano a n-hexano: acetato de etilo (3:1)] para obtener el compuesto

del titulo (2.83 g, 88%).

[0366] 'H-RMN (CDCls) 5: 1.22 (3H, t, J=7.6Hz), 1.45 (3H, t, J=7.0Hz), 2.14 (1H. d,
J=3.5Hz), 2.63 (2H, q, J=7.5Hz), 4.07 (2H, g, J=7.0Hz), 5.74 (1H, d, J=3.5Hz), 6.83
(1H, d, J=8.4Hz), 7.17 (2H, d, J=8.1Hz), 7.20-7.30 (3H, m), 7.56 (1H, d, J=2.1Hz)

(2) Sintesis de 2-Bromo-1-etoxi-4-(4-etilbencil) -benceno

Se agregan trietilsilano (2.7 mL, 16.9 mmol) y un complejo de dietil éter-
trifluoruro de boro (1.2 mL, 8.47 mmol) a una solucién de (3-bromo-4-etoxifenil)-(4-
etilfenillmetanol (2.83 g, 8.44 mmol) en cloruro de metileno (20 mL) a 0° C y la
mezcla se agita durante tres horas. Se agrega metanol (50%)-agua (4 mL) a la
mezcla de reaccidn y la mezcla resultante se extrae con cloruro de metileno. El
extracto se lava con una solucién acuosa de cloruro de sodio saturada, y luego se
seca sobre sulfato de magnesio. El residuo obtenido al destilar el solvente bajo

presion reducida se purifica por cromatografla de columna de gel de sllice

W
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(solucion de revelado=n-hexano a n-hexano-acetato de etilo [4%(v/)]) para

obtener el compuesto del titulo (2.68 g, 100%).

[0367] '"H-RMN (CDCl) 5: 1.22 (3H, t, J=7.8Hz), 1.45 (3H, t, J=7.0Hz), 2.62 (2H, q,
J=7.6Hz), 3.85 (2H, &), 4.06 (2H, g, J=7.0Hz), 6.78 (1H, d, J=8.4Hz), 7.00-7.15
(3H, m), 7.36 (1H, d, J=2.1Hz)

(3) Sintesis de (1R,2R,354R,5R)- y (1S.2R.35,4R,5R)-2,3 4-Trisbenciloxi-5-

benciloximetil-1-[2-etoxi-5-(4-etilbencil)fenil]ciclohexanol

En una cormiente de nitrégeno, se agrega gota a gota una solucién de
hexano n butillitio (1.59 M, 2.30 mL, 3.66 mmol) a una solucién de 2-bromo-1-
etoxi-4-(4-etil-bencil)benceno (1.18 g, 3.70 mmol) en THF (89 mL) mientras se
enfria a -78* C. La mezcla de reaccién se agita a la misma temperatura durante
una hora, y luego se agrega gota a gota a esta una solucién de (2R,3S,4R,5R)-
2,3 4-trisbenciloxi-5-(benciloximetil)-ciclohexanona (1.50 g, 2.80 mmol) en THF
(4.5 mL) y la mezcla de reaccidén se agita a -78° C durante 10 minutos. Una
solucion acuosa de cloruro de amonio saturado se agrega a esta para detener la
reaccion. La mezcla resultante se extrae con acetato de etilo, y se lava la capa
orgdnica con una solucidn acuosa de cloruro de sodio saturada y luego se seca
sobre sulfato de magnesio. El residuo obtenido al destilar el solvente bajo presién
reducida se purifica por cromatografia de columna de gel de sllice [solucion de
revelado=acetato de etilo: n-hexano (1:4)] para obtener un lsémero (1R) (884 mg,
41%) y un Isémero (1S) ( 740 mg, 34 %).

[0368] Isémero (1R): 'H-RMN(CDCh) &: 1.23 (3H, t, J=7.6Hz), 1.37 (3H, t,
J=7.0Hz), 1.70 (1H, dd, J=14.3, 4.1H2), 2.20-2.35 (1H, m), 2.62 (2H, q, J=7.6Hz),
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2.87-2.82 (1H, m), 3.0-3.3 (1H, br), 3.43 (1H, dd, J=8.8, 2.0Hz), 3.71 (1H, dd,
J=8.8, 9.8Hz), 3.83 (1H, dd, J=8.9, 4.0Hz), 3.868-4.10 (3H, m), 3.91 (2H, s), 4.44
(2H, s), 4.48 (1H, d, J=10.3Hz), 4.58 (1H, br), 4.63 (1H, d, J=10.3Hz), 4.85 (1H, d,
J=11.0Hz), 4.88 (1H, d, J=11.0H2), 4.95 (1H, d, J=10.8Hz), 6.75 (1H, d, J=8.4Hz),
6.79 (2H, d, J=7.0Hz), 7.00-7.40 (24H, m), 7.53 (1H, d, J=2.0Hz)

Isémero (1S): TH-RMN(CDCls) 8: 1.12 (3H, t, J=7.6Hz2), 1.30 (3H, t, J=7.2Hz), 1.40-
1.55 (1H, m), 1.76 (1H, dd, J=13.3, 13.3Hz), 2.50 (2H, q, J=7.6Hz), 2.74 (1H, dd,
J=13.7, 3.2Hz), 3.38 (1H, dd, J=9.0, 2.8Hz), 3.54 (1H, dd, J=8.0, 5.3Hz), 3.64 (1H,
dd, J=10.8, 8.7Hz), 3.86 (1H, dd, J=0.5, 9.5Hz), 3.89 (2H, s), 4.0-4.1 (2H, m), 4.38
(2H, s8), 4.53 (1H, dd, J=11.0Hz), 4.64-4.72 (3H, m), 4.77 (1H, d, J=11.7Hz), 4.79
(1H, d, J=10.5H2), 4.87 (1H, d, J=10.8Hz), 4.98 (1H, d, J=11.7Hz), 6.98-7.42 (25H,
m), 7.67 (1H, d, J=1.8Hz2)

(4) Sintesis de (1R,2R,3S,4R,5R)-1-[2-Etoxi-5-(4-etil-bencil)fenil]-5-
(hidroximetil)ciclohexano-1,2,3, 4-tetraol

A una solucién de (1R,2R,3S,4R,5R)-2,3 4-trisbencil-oxi-5-(benciloximetil)-
1-[2-etoxi-5-(4-etilbencil)-fenillciclohexanol (600 mg, 0.772 mmol) en THF (6 mL) y
metanol (3 mL), se agrega un catalizador de hidréxido de paladio al 20% (60 mg) y
la mezcla se agita bajo una atmésfera de hidrogeno durante 2.5 horas. Después
de filtrar el catalizador, se concentra el filtrado bajo presién reducida. Se purifica el
residuo obtenido por cromatografia de columna de gel de sllice (solucién de
revelado= metileno a cloruro de metileno metanol [12%(v/v)]) para obtener el

compuesto del titulo (197 mg, 61 %).

[0369] '"H-RMN (CD,0D) &: 1.18 (3H, t, J=7.6Hz), 1.43 (3H, t, J=7.0Hz), 1.60 (1H,
dd, J=14.3, 4.1Hz), 2.01 (1H, m), 2.43 (1H, dd, J=14.0, 13.0Hz), 2.57 (2H, q,
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J=7.5Hz), 3.38 (1H, dd, J=10.5, 9.3Hz), 3.80-3.68 (3H, m), 3.85 (2H, s), 4.03 (2H,
m), 4.34 (1H, d, J=9.2Hz), 8.82 (1H, d, J=8.2Hz), 6.99 (1H, dd, J=8.4Hz, 2.3H2),
7.45 (1H, d, J=2.3Hz)

MS (ESI*): 434 [M+H,0]"

Tiempo de Retencién de HPLC: 18.71 minutos

Condiciones de Medicion de HPLC

Columna: YMC-Pack ODS-A 6.0x150 mm, 5 um

Fase Movil: Elucién al aplicar un gradiente de entre 10 mM AcONH./H;0 (95%)
més 10 mM AcONH,/MeOH (5%) a 10 mM AcONH,/MeOH (100%) durante
20 minutos, y de ahl en adelante bajo la misma condicién [10 mM
AcONH/MeOH (100%)] durante cinco minutos

Indice de Flujo: 1.5 mL/minuto

Temperatura de Columna: Temperatura Ambiente

Condicidon de Detecciodn: gréfica total de longitud de onda completa 230 a 400 nm

Ejemplo 88

(1)  Sintesis de (1R,2R, 38 4S 6R)-4-[2-Etoxi-5-(4-etilbencil)fenil]-6-

(hidroximetil)ciclohexano-1,2,3-triol

A una solucién del (1S,2R,3S,4R,5R)-2,3,4-tris- benciloxi-5-benciloximetil-1-
[2-etoxi-5-(4-etilbencil)-fenillciclohexanol (402 mg, 0.517 mmol) en THF (4 m1) y

metanol (2 mL) como se obtiene en el Ejemplo 87, se agrega un catalizador de
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hidréxido de paladio al 20% (78 mg) y la mezcla solucibn se agita bajo una
atmésfera de hidrégeno durante 19 horas. Después de filtrar el catalizador, el
filtrado se concentra bajo presién reducida. El residuo obtenido se purifica por
cromatografla de columna de gel de silice [solucion de revelado= cloruro de

metileno: metanol (10:1)] para obtener el compuesto del titulo (42 mg, 20%).

[0370] 'H-RMN (CDsOD) 8: 1.18 (3H, t, J=7.6Hz), 1.25-1.50 (1H, m), 1.38 (3H, t,
J=7.0Hz), 1.62 (1H, m), 1.78 (1H, m), 2.57 (2H, q, J=7.6Hz), 2.95-3.15 (1H, br),
3.25-3.33 (2H, m), 3.54 (1H, dd, J=10.8, 6.1Hz), 3.73 (1H, dd, J=10.8, 3.8Hz),
3.65-3.85 (1H, m), 3.83 (2H, s8), 4.00 (2H, q, J=7.0H2z), 6.81 (1H, d, J=8.4Hz), 6.94
(1H, dd, J=8.3, 2.1Hz), 7.04 (1H, d, J=1.7Hz), 7.06 (4H, 8)

MS (ESI):401[M"

Tiempo de Retencion de HPLC: 12.98 minutos

Ejemplos 69 a 74
Los compuestos objetivc se obtienen al desarrollar la misma operacion

como en el Ejemplo 67 o el Ejemplo 68 con el uso de los comespondientes

materiales de partida y reactivos, respectivamente.

[0371] Elemplo 69

-1,2.3 4-tetraol

'H-RMN(CD,0D) 3: 1.17 (3H, t, J=7.6Hz), 1.61 (1H, dd, J=13.9, 3.8Hz), 1.90-2.10
(1H, m), 2.22 (1H, dd, J=13.9, 13.2Hz), 2.55 (2H, q, J=7.6Hz), 3.32-3.42 (1H, m),
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3.58-3.70 (3H, m), 3.76-3.88 (2H, m), 3.80 (3H, 8), 3.84 (3H, s), b4.19 (1H, d,
J=9.1Hz), 8.58 (1H, s), 7.00 (2H, d, J=B.2Hz), 7.08 (2H, d, J=8.2Hz), 7.35 (1H, )
MS (ESI*): 455 [M+Na]'

Tiempo de Retencién de HPLC: 17.83 minutos

Condiciones de Medicién de HPLC

Columna: YMC-Pack ODS-A 6.0x150 mm, 5 um

Fase Movil: Elucién al aplicar un gradiente de entre 10 mM AcONH¢/H0 (95%)
méas 10 mM AcONH,/MeOH (5%) a 10 mM AcONH4/MeOH (100%) durante
20 minutos, y de ahl en adelante bajo la misma condicién [10 mM
AcONH/MeOH (100%)] durante cinco minutos

Indice de Flujo: 1.5 mL/minuto

Temperatura de Columna: Temperatura Ambiente

Condicién de Deteccion: gréfica total de longitud de onda completa 230 a 400 nm

Ejemplo 70

'H-RMN(CD;0D) 5: 1.17 (3H, t, J=7.8Hz), 1.24-1.48 (1H, m), 1.52-1.82 (2H, m),
2.56 (2H, d, J=7.6Hz), 2.86-3.08 (1H, m), 3.24-3.29 (1H, m), 3.48-3.67 (2H, m),
3.68-3.84 (3H, m), 3.79 (3H, s), 3.81 (3H, &), 8.56 (1H, 8), 6.83 (1H, 8), 7.01 (2H, d,
J=8.6Hz), 7.05 (2H, d, J=8.6H2)

MS (ESI'): 418 [M['

Tiempo de Retencién de HPLC: 18.26 minutos
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Condiciones de Medicién de HPLC

Columna: YMC-Pack ODS-A 6.0x150 mm, 5 um

Fase Mdvil: Elucién al aplicar un gradiente de entre 10 mM AcONH4/Hz0 (95%)
mas 10 mM AcONH,/MeOH (5%) a 10 mM AcONH./MeOH (100%) durante
20 minutos, y de ahl en adelante bajo la misma condicién [10 mM
AcONH/MeOH (100%)] durante cinco minutos

Indice de Flujo: 1.5 mL/minuto

Temperatura de Columna: Temperatura Ambiente

Condicién de Deteccidn: gréfica total de longitud de onda completa 230 a 400 nm

Ejemplo 71

1,2.3 4-tetracl

'H-RMN(CD;0D) &: 1.18 (3H, t, J=7.6Hz), 1.70 (1H, m), 1.84 (1H, m), 2.05 (1H,
m), 2.53 (3H, s), 2.58 (2H, q, J=7.6Hz), 3.40 (1H, d, J=8.2H2), 3.67 (2H, d,
J=4.8H2), 3.73 (1H, d, J=9.2Hz), 3.87 (2H, s), 4.01 (1H, d, J=9.2Hz), 6.91 (1H, dd,
J=7.6, 1.5H2), 7.01 (1H, d, J=7.6Hz), 7.07 (4H, m), 7.42 (1H, 8)

MS (ESI"): 409 [M+Na]"

Ejemplo 72
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"H-RMN(CD;sOD) &: 1.18 (3H, t, J=7.8H2), 1.24-1.37 (1H, m), 1.50-1.81 (2H, m),
2.30 (3H, ), 2.57 (2H, q, J=7.6Hz), 2.83 (1H, m), 3.34 (2H, m), 3.50-3.63 (2H, m),
3.75 (1H, dd, J=10.7, 4.2Hz), 3.88 (2H, s), 6.87 (1H, d, J=7.6Hz), 7.03 (1H, d,
J=7.6Hz, 2.1Hz), 7.07 (4H, s), 7.11 (1H, 8)

MS (ESI*): 369 [M-H]

Ejemplo 73

1,2 3 4-tetraol

'H-RMN(CD30D) 5: 1.13 (3H, t, J=7.6Hz), 1.56 (1H, dd, J=14.1, 3.9Hz2), 1.94-2.04
(1H, m), 2.24 (1H, dd, J=13.9, 13.2Hz), 2.51 (2H, q, J=7.5Hz), 3.24-3.37 (1H, m),
3.57-3.63 (3H, m), 3.74 (3H, s), 3.80-3.90 (2H, m), 4.22 (1H, d, J=9.1Hz), 6.80 (1H,
d, J=8.4Hz), 6.95-7.01 (5H, m), 7.41 (1H, d, J=1.2Hz)

MS (ESI*): 425 [M+NaJ'

Tiempo de Retencion de HPLC: 11.68 minutos

Ejemplo 74

1,2 3-triol

'"H-RMN(CD;OD) 8: 1.18 (3H, t, J=7.6Hz), 1.24-1.50 (1H, m), 1.54-1.85 (2H, m),
2.57 (2H, d, J=7.6Hz), 2.90-3.18 (1H, m), 3.24-3.34 (2H, m), 3.54 (1H, dd, J=10.7,
5.9Hz), 3.60-3.78 (2H, m), 3.76 (3H, ), 3.83 (2H, s), 6.82 (1H, d, J=8.4Hz), 6.96
(1H, dd, J=8.4, 2.0Hz), 7.01-7.11 (5H, m)
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MS (ESI'): 404 [M+H,O}"

Tiempo de Retencién de HPLC: 12.33 minutos

Ejemplo 75

ciclohexano-1,2.3 4-tetraol

El compuesto objetivo se obtiene al desarrollar la misma operacién como en

¢l Ejemplo 67 con el uso del correspondiente material de partida y reactivos.

[0372] 'H-RMN (CDsOD) 8: 1.17 (3H, t, J=7.6Hz), 1.73 (1H, d, J=10.1Hz), 2.00-
2.12 (2H, m), 2.58 (2H, q, J=7.5Hz), 3.35 (1H, dd, J=9.3, 9.3Hz), 3.58-3.72 (2H,
m), 3.66 (1H, dd, J=9.2, 9.2Hz), 3.93 (2H, s), 3.99 (1H, d, J=8.9Hz), 7.09 (4H, s),
7.13 (2H, m), 7.89 (1H, d, J=1.4Hz)

MS (ESI*): 474 [M+Na]'

Tiempo de Retencién de HPLC: 13.09 minutos

Eiemplos 76 a 78
Los compuestos objetivo se obtienen al desarrollar la misma operacion
como en el Ejemplo 68 con el uso de los correspondientes materiales crudos de

partida y reactivos, respectivamente.

[0373] Ejemplo 76
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ciclohexano-1,2,3-triol

'H-RMN(CD;0D) 5: 1.21 (8H, d, J=6.8Hz), 1.29-1.42 (1H, m), 1.59-1.81 (2H, m),
2.78-2.89 (1H, m), 3.08-3.10 (1H, m), 3.26-3.34 (2H, m), 3.55 (1H, dd, J=10.7,
6.0Hz), 3.62-3.85 (5H, m), 3.84 (2H, s), 6.82 (1H, d, J=8.5Hz), 8.96 (1H, dd, J=8.2,
2.2Hz), 7.05-7.11 (5H, m)

MS (ESI*): 400 [M]"

Tiempo de Retencién de HPLC: 13.07 minutos

Ejemplo 77

'H-RMN(CD:OD) 8: 1.24 (3H, t, J=7.5Hz), 1.43-1.53 (1H, m), 1.81-1.78 (1H, m),
1.85 (1H, dt, J=13.4, 3.7Hz), 2.56-2.68 (3H, m), 3.29-3.40 (2H, m), 3.50-3.66 (2H,
m), 3.80 (1H, dd, J=10.9, 3.9Hz), 3.94 (2H, s), 7.04-7.27 (8H, m)

MS (ESI'): 357 (M]*

Tiempo de Retencién de HPLC: 12.12 minutos

Ejemplo 78

(1R.2R,3S 4S,6R)-4-[3-(4-Hidroxibencil)fenill-8-(hidroxi-metil)ciclohexano-1,2,3-

tri
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'H-RMN(CD;OD) 8: 1.43-1.52 (1H, m), 1.84-1.78 (1H, m), 1.85 (1H, dt, J=12.5,
3.7Hz), 2.55-2.66 (1H, m), 3.33-3.40 (2H, m), 3.50-3.64 (2H, m), 3.76-3.84 (1H, m),
3.88 (2H, s), 6.68-6.74 (2H, m), 7.00-7.14 (5H, m), 7.20-7.25 (1H, m)

MS (ESI*): 362 [M+H.0]*

Tiempo de Retencién de HPLC: 13.70 minutos

1,2,3-triol

En una cormriente de nitrégeno, una solucién del (1R,2R,3S,4S,6R)-4-{5-(4-
etilbencil)-2-metoxifenil}-8-(hidroxi-metil)ciclohexano-1,2,3-triol (40 mg, 0.1 mmol)
como se obtiene en el Ejemplo 74 en cloruro de metileno (1 mL) se enfria a -78° C
y se agrega gota a gota a esta una solucion de metileno BBr3 (1.0 M, 0.31 mL) y la
mezcla se agita a la misma temperatura durante 10 minutos y bajo enfriamiento
con hielo durante dos horas. Adicionalmente se agrega gota a gota a esia la
solucién de cloruro de metileno BBr3 (0.2 mL) y la solucién de mezcla se agita a la
misma temperatura durante 3.5 horas, y luego se agrega a esta una solucién de
metanol hidroxido de sodio (0.83 mL). El residuo obtenido al destilar el solvente
bajo presioén reducida se purifica por cromatografia de columna de gel de sllice
[solucién de revelado=acetato de etilo: n-hexano (1:4)] para obtener ef compuesto

del titulo (3.5 mg, 9.1%).

[0374] "H-RMN (CD,0D) &: 0.87-0.98 (1H, s), 1.19 (3H, t, J=7.8Hz), 1.39-1.52 (1H,
m), 1.59-1.66 (1H, m), 1.78-1.83 (1H, dt, J=13.5, 3.6Hz), 2.56 (2H, q, J=7.8,
7.5Hz), 2.96-3.07 (1H, m), 3.34 (1H, s}, 3.54-3.59 (1H, m), 3.62-3.69 (1H, m), 3.72
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(1H, dd, J=6.8, 3.9Hz), 3.80 (2H, 8), 6.68 (1H, d, J=8.4Hz), 8.80 (1H, dd, J=8.4,
2.0Hz), 6.99 (1H, s8), 7.05 (4H, s)

MS (ESI'): 372 [M]*

Tiempo de Retencién de HPLC: 11.2 minutos

Ejemplo 80

(1)  Sintesis de 4{3-((3aS;4S,5aR,9aR,9bR)-2,2,8,8-tetrametil-
hexahidro[1,3]dioxolo{4',5":3,4]benzo-[1,2-d][1,3]dioxin-4-i)benciflfeno!

(1R,2R,38,4S,6R)-4-[3-(4-Hidroxibencil)fenil-8-(hidroximetil)ciclohexano-
1,2,3-triol (47 mg, 0.136 mmol) como se obtiene en el Ejemplo 78 se disuelve en
N,N-dimetilformamida (1 mL) y la mezcla resultante se agita bajo enfriamiento con
hielo. Se agregan 2,2-Dimetoxipropano (142 mg, 1.36 mmol) y sucesivamente
hidrato de 4cido p-toluenosulfénico (2 mg) a la mezcla de reaccién. La mezcla
resultante se agita a temperatura ambiente durante 30 minutos, y una solucién
acuosa de cloruro de amonio saturado se agrega a esta para detener la reaccion.
La mezcla se extrae con acetato de etilo, y se lava la capa organica con agua y se
seca sobre sulfato de sodio. El residuo obtenido al destilar el solvente bajo presién
reducida se purifica por TLC preparativo [solucién de revelado=acetato de etilo: n-

hexano (1:4)] para obtener el compuesto del titulo (34 mg, 58%).

[0375] '"H-RMN (CDCls) &: 1.11-1.24 (1H, m), 1.42 (6H, s), 1.46 (3H, 8), 1.53 (3H,
s), 1.73 (1H, dt, J=13.7, 3.9Hz), 1.80-1.93 (1H, m), 2.84 (1H, dt, J=4.0, 11.0Hz2),
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3.59-3.92 (7H, m), 4.85 (1H, s), 8.71-6.78 (2H, m), 7.00-7.08 (5H, m), 7.19- 7. 23
(1H, m)

() Sintesis de éster de 4-[3-((3aS,4S,5aR,9aR,0bR)-2,2,8,8-tetrametil-
hexahidro-{1,3]dioxolo[4’,5':3 4]benzo[1,2-d][1,3]dioxin-4- il)bencillfenilo de

écido trifluorometanosulfénico

4-[3-((3aS,48,5aR,9aR,9bR)-2,2,8,8-Tetrametil-hexahidro[1, 3]dioxolo

[4',5":3,4]benzo[1,2-d][1,3]dioxin-4-il)bencillfencl (34 mg, 0.08 mmol) se disuelve en
cloruro de metileno (0.8 mL) y la mezcla se agita bajo enfriamiento con hielo. Se
agregan a esta piridina (15 mg, 0.18 mmol), 2-{N,N-
bis(trifluorometanosulfonil)amino]piridina (34 mg, 0.086 mmol), y sucesivamente
N,N-dimetilaminopiridina (1 mg) y la mezcla de reaccion se agita a temperatura
ambiente durante 30 minutos, y se agrega agua a esta para detener la reaccién.
La mezcia se extrae con cloruro de metileno y se lava la capa orgénica con agua y
se seca sobre sulfato de sodio. El residuo obtenido al destilar el solvente bajo
prasion reducida se purifica por TLC preparativo [solucién de revelado=acetato de
etilo: n-hexano (1:4)] para obtener el compuesto del titulo (37 mg, 83%).

[0376] 'H-RMN (CDCly) 8: 1.11-1.24 (1H, m), 1.42 (BH, s), 1.43 (3H, s), 1.53 (3H,
s), 1.74 (1H, dt, J=13.7, 3.9Hz), 1.80-1.83 (1H, m), 2.96 (1H, dt, J=11.1, 3.8H2),
3.58-3.92 (5H, m), 3.98 (2H, s), 7.00-7.03 (2H, m), 7.10-7.35 (6H, m)

(3) Sintesis de (3aS,4S,5aR,%aR,9bR)-4-[3-(4-Ciclo-propilbencil)fenil}-2,2,8,8-
tetrametil-hexahidro-[1,3]dioxolo[4',5":3,4]benzo[1,2-d][1,3]dioxin
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En una comiente de nitrégeno, se agrega tolueno (0.5 mL)-agua (0.017 mL)
a una mezcla de éster de 44{3-((3aS,4S5,5aR,8aR,9bR)-2,2, 8, 8-tetrametil-hexa-
hidro[1,3]dioxolo[4',5":3,4]benzo[1,2-d][1,3]dioxin-4-il)bencillfenilo de éacido
trifluorometanosulfénico (38 mg, 0.068 mmol), KsPO4 (85 mg, 0.31 mmol), bromuro
de sodio (7 mg, 0.068 mmol), acido ciclo-propilborénico (8 mg, 0.10 mmol) y
Pd(PPhj) (8.0 mg, 0.007 mmol), y la mezcla de reaccion se calienta a 100° C y se
agita durante seis horas. La mezcla de reaccion se enfria a 0° C y se agrega agua
a esta. La solucion resultante se extrae con acetato de etilo, y se lava la capa
organica con una solucién acuosa de cloruro de sodio saturada y se seca sobre
sulfato de sodio. Se destila el solvente bajo presion reducida y se purifica el
residuo obtenido por TLC preparativo [solucidn de revelado=acetato de etilo: n-

hexano(1:4)] para obtener el compuesto del titulo (I0 mg, 33%).

[0377]'H-RMN (CDCly) 8: 0.62-0.68 (2H, m), 0.89-0.96 (2H, m), 1.10-1.24 (1H, m),
1.42 (3H, 8), 1.43 (3H, 8), 1.46 (3H, s8), 1.54 (3H, 8), 1.74 (1H, dt, J=13.7, 3.9Hz),
1.80-1.93 (2H, m), 2.94 (1H, dt, J=10.9, 3.6Hz), 3.50-3.96 (8H, m), 6.96-7.07 (7H,
m), 7.16-7.25 (1H, m)

(4) Sintesis de (1R,2R,38,4S,6R)-4-[3-(4-Ciclopropil-bencil)fenil]-6-

(hidroximetil)ciciohexano-1,2,3-triol

Una solucibn de (3aS,4S,5aR,9aR, 9bR)-4-[3-(4-ciclo-propilbencit)fenil]-
2,2,8,8-tetrametil-hexahidro[1,3]-dioxolo[4',5":3,4]benzo[1,2-d][1,3]dioxin (10 mg,
0.022 mmol) en dioxano (0.2 mL) se enfria a 0° C y se agrega gota a gota a esta
una solucién de acido clorhidrico 2N (0.2 mL). La mezcla de reaccién se agita a la
misma temperatura durante tres horas, y luego una solucién acuosa de

hidrogencarbonato de sodio saturada se agrega a esta. La solucién resultante se
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extrae con cloruro de metileno y se lava la capa orgéanica con una solucién acuosa
de cloruro de sodio saturada y se seca sobre suffato de sodio. El residuo obtenido
al destilar el solvente bajo presién reducida se purifica por TLC preparativo
[solucibn de revelado= metanol: cloruro de metileno (1:10)] para obtener el

compuesto del titulo (4.5 mg, 51%).

[0378]. 'H-RMN(CD,0OD) &: 0.63-0.68 (2H, m), 0.91-0.88 (2H, m), 1.42-1.52 (1H,
m), 1.62-1.78 (1H, m), 1.80-1.94 (2H, m), 2.54-2.66 (1H, m), 3.33-3.40 (2H, m),
3.50-3.88 (2H, m), 3.79 (1H, dd, J=10.8, 3.9Hz), 3.93 (2H, s), 6.85-7.18 (7H, m),
7.21-7.26 (1H, m)

MS (ESI"): 386 [M+H,0]"

Tiempo de Retencién de HPLC: 18.49 minutos

Condiciones de Medicién de HPLC

Columna: YMC-Pack ODS-A 6.0x150 mm, 5 um

Fase Movil: Elucion al aplicar un gradiente de entre 10 mM AcCONHJ/H20 (95%)
mas 10 mM AcONH,/MeOH (5%) a 10 mM AcONH,/MeOH (100%) durante
20 minutos, y de ahl en adelante bajo la misma condicion [10 mM
AcONHJ/MeOH (100%)] durante cinco minutos

Indice de Flujo: 1.5 mL/minuto

Temperatura de Columna: Temperatura Ambiente

Condicién de Deteccion: gréfica total de longitud de onda completa 230 a 400 nm

Ejemplo 81

1,2.3.4-fetraol
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(1) Sintesis de (1R,2R,35,4R,5R)- y (18,2R,3S,4R,5R)-2,3,4-Trisbenciloxi-5-

benciloximetil-1-[5-(4-etil-bencil)-2-fluorofenil]ciclohexanol

En una comiente de nitrdgeno, se agrega gota a gota una solucién de
hexano n butillitio (2.44 M, 0.368 mL) a una solucién de 2- bromo-4-(4-etilbencif)-1-
fluorobenceno (0.263 g, 0.9000 mmol) en éter (3.0 mL) a -78° C y la solucién de
mezcla se agita a la misma temperatura durante dos horas. A esta solucién, se
agrega una solucién de 2,3,4-tris-benciloxi-5- metilciclohexano (0.483 g, 0.800
mmol) en THF (1.5 mL) y la mezcla de reaccidn se agita durante dos horas. La
reaccién se detiene por adicion de una solucidn de cloruro de amonio acuosa
saturada y la mezcla resultante se extrae con acetato de etilo. Se lava la capa
orgénica con una solucién acuosa de cloruro de sodio saturada y se seca (suffato
de magnesio anhidro), y luego se destila el solvente bajo presion reducida. Se
purifica el residuo obtenido por cromatografia de columna de gel de sllice [solucion
de revelado=acetato de efilo: n-hexano (1:4)] para obtener un Isémero (1R) (0.117

g, 17.3%) y a Isémero (1S) (0.311 g, 46.1%) del compuesto del titulo.

[0379] Isémero (1R): 'H-RMN(CDCh) &: 1.15-1.32 (3H, m), 1.81-1.92 (1H, br),
2.20-2.38 (2H, br), 2.62 (2H, q, J=8.8Hz), 3.07 (1H, br), 3.40-3.55 (1H, m), 3.66-
3.80 (2H, m), 3.84-4.06 (4H, m), 4.28 (1H, d, J=12.3Hz), 4.45 (2H, s), 4.58 (2H, t,
J=12.1Hz), 4.80-4.96 (3H, m), 6.76-6.84 (2H, m), 6.86-7.00 (1H, m), 7.02-7.44
(23H, m), 7.52-7.80 (1H, m)

isdémero (1S): 'H-RMN(CDCl) 8: 1.13 (3H, t, J=1.5Hz), 1.34-1.55 (1H, br), 1.84
(1H, t, J=2.4Hz), 2.50 (2H, q, J=1.5H2), 2.75 (1H, dd, J=2.4, 0.9Hz), 2.93 (1H, d,
J=0.9Hz), 3.37 (1H, dd, J=10.5, 8.6Hz), 3.57-3.78 (3H, m), 3.86-4.06 (3H, m), 4.40-
5.00 (8H, m), 6.80-7.60 (26H, m), 7.72-7.84 (1H, m)

)
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(2) Sintesis de (1R.2R,38,4R,5R)-1{5-(4-Etilbencil)-2-fluorofenil]-5-

(hidroximetil)ciclohexano-1,2,3,4-tetraol

A una solucibn de mezcla de (1R,2R,35,4R,5R)-2,3,4-trisbenciloxi-5-
benciloximetil-1-[5-(4-etilbencil)-2-fluorofenillciclohexanol (271 mg, 0.361 mmol) en
solvente mezclado de metanol-THF (1:1) (20 mL), se agrega a esta un catalizador
de hidroxido de paladio al 20% (40 mg). La mezcla se agita bajo una atmdsfera de
hidrégeno durante 30 minutos, y luego se filtra el catalizador. Se destila el solvente
bajo presién reducida y se purifica el residuo obtenido por cromatografla de
columna de gel de sllice [solucién de revelado=metanol: cloruro de metileno (1:10)]

para obtener el compuesto del titulo (44.8 mg, 31.6%).

[0380] 'H-RMN (CDOD) 8: 1.18 (3H, t, J=7.2Hz), 1.15-1.26 (1H, m), 1.48 (1H, dd,
J=13.5, 13.2Hz), 2.57 (2H, q, J=7.8Hz), 2.73 (1H. dd, J=13.5, 3.0Hz), 3.30-3.80
(1H, m), 3.50 (1H, dd, J=9.9, 5.7H2), 3.53-3.66 (2H, m), 3.83-3.92 (3H, m), 6.94
(1H, dd, J=12.3, 8.1Hz), 7.00-7.25 (5H, m), 7.85 (1H, dd, J=7.8, 1.8Hz)

MS (ESI'): 413 [M+Na]*

Tiempo de Retencién de HPLC: 10.9 minutos

Ejemplo 82

1,2,3 4-tetraol

A una solucién de (1S,2R,3S,4R,5R)-2,3,4-trisbenciloxi-5-benciloximetil-1-

[5-(4-etilbencil)-2-fluorofenil]ciclohexancl (33 mg, 0.044 mmol) como se obtiene en

Q0
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el Ejemplo 81 en una mezcla de metanol-THF (1:1) (1.4 mlL), se agrega un
catalizador de hidréxido de paladio al 20% (7.5 mg). La mezcla se agita bajo una
atmosfera de hidrégeno durante 2.5 horas, y luego se filtra el catalizador. Se
destila el solvente bajo presién reducida y se purifica el residuo obtenido por
cromatografla de columna de gel de silice [solucidn de revelado= metanol: cloruro

de metileno (1:10)] para obtener el compuesto del titule (17.5 mg, 100%).

[0381)'H-RMN (CD3OD) &: 1.18 (3H, t, J=7.5Hz), 1.70-1.78 (1H, m), 1.98-2.11
(2H, m), 2.57 (2H, q, J=7.8Hz), 3.32-3.45 (1H, m), 3.60-3.71 (3H, m), 3.90 (2H, s),
3.84 (1H, d, J=9.0Hz), 8.91 (1H, dd, J=12.3, 8.1Hz), 7.02-7.12 (5H, m), 7.53 (1H,
dd, J=7.8, 2.4H2)

MS (ESI"): 413 [M+Na]"

Tiempo de Retencién de HPLC: 11.7 minutos

El compuesto objetivo se obtiene al desarrollar la misma operaciébn como en

el Ejemplo 81 con el uso del correspondiente material de partida y reactivos.

[0382] 'TH-RMN (CD;OD) 8: 1.62-1.80 (2H, m), 1.94-2.10 (1H, m), 3.40 (1H, dd,
J=10.5, 8.7Hz), 3.62-3.72 (4H, m), 3.73 (3H, s), 3.89 (2H, s), 6.70-8.82 (2H, m),
7.00-7.03 (2H, m), 7.06-7.12 (2H, m), 7.22 (1H, t, J=7.8H2), 7.27-7.32 (1H, m),
7.34-7.37 (1H, m)

MS (ESI"): 375 [M+H]"
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Tiempo de Retencion de HPLC: 8.53 minutos

El compuesto objetivo se obtiene al desarrollar la misma operaciéon como en

el Ejemplo 81 con el uso del material de partida correspondiente y reactivos.

[0383] 'H-RMN (CD,OD) &: 1.28-1.44 (1H, m), 1.56 (1H, t, J=13.2Hz), 2.35 (1H, dt,
J=13.5, 3.0Hz), 3.45 (1H, dd, J=11.1, 6.0Hz), 3.60-3.70 (3H, m), 3.73 (3H, s), 3.89
(2H, s), 6.77-6.82 (2H, m), 7.00-7.05 (1H, m), 7.06-7.13 (2H, m), 7.20 (1H, t,
J=7.8Hz), 7.60-7.65 (1H, m), 7.68-7.70 (1H, m)

MS (ESI*): 397 [M+Na]'

Tiempo de Retencién de HPLC: 14.6 minutos

Ejemplo 85

(1) Sintesis de 1-(4-Etilbencil)-1H-indol

A una solucién de indol (4.0 g, 34.1 mmol), se agrega hidréxido de potasio
(2.40 g, 42.6 mmol) en etanol (200 mL) y la solucibn de mezcla se agita a
temperatura ambiente durante dos horas. Se destila el solvente bajo presion

reducida. El residuo se disuelve en acetona (200 mL), y se agrega a este 1-
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clorometil-4-atilbenceno (5.28 g, 34.1 mmol). La mezcla de reaccién se agita a
temperatura ambiente un dia y noche entero, y luego se sujeta a filtraciéon con
Celita y el fittrado se destila bajo presion reducida. Se purifica el residuo obtenido
por cromatografla de columna de gel de sllice [soluci6bn de revelado=acetato de

etilo: n-hexano (1:500)] para obtener el compuesto del titulo (3.8 g, 47%).

[0384] 'H-RMN (CDCl) 8: 1.19 (3H, t, J=7.6Hz), 2.80 (2H, q, J=7.6Hz), 5.27 (2H,
8), 6.53 (1H, dd, J=3.1, 0.7Hz), 7.03 (2H, d, J=7.6Hz), 7.07-7.22 (5H, m), 7.28 (1H,
d, J=8.0Hz), 7.84 (1H, d, J=6.8Hz)

(2) Sintesis de 3-Bromo-1-(4-etilbenzi)-1H-indoi

Una solucion de 1-(4-etilbencil)-1H-indol (2.0 g, 8.50 mmol) en DMF (20 mL)
se agrega gota a gota a una solucién de bromo (0.48 mL, 8.93 mmol) en DMF (20
mL) a temperatura ambiente. La mezcla de reaccion se agita durante dos horas, y
luego se vierte en una solucién acuosa de acido pirosulfuroso de sodio enfriada
con hielo. La mezcla resultante se extrae con acetato de etilo, y se lava la capa
orgénica con una solucién acuosa de hidrogencarbonato de sodio saturada y una
solucién acuosa de cloruro de sodio saturada y se seca (sulfato de magnesio
anhidro), y luego se destila el solvente bajo presién reducida. El residuo se
recristaliza de acetato de etilo y n-hexano para obtener el compuesto del titulo

(1.88 g, 63%).

[0385] '"H-RMN (CDCls) &: 1.20 (3H, t, J=7.6Hz), 2.61 (2H, q, J=7.6Hz), 5.23 (2H,
8), 7.05 (2H, dd, J=8.0Hz), 7.11-7.22 (5H, m), 7.30 (1H, dd, J=6.5, 1.89Hz), 7.57
(1H, dd, J=6.5, 1.8Hz)

Wit
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(3) Sintesis de (2R,3S,4R,5R)-2,3,4-Trisbenciloxi-5-benciloximetil-1-[1-(4-
etilbencil)-1H-indol-3-il]-ciclohexanol

En una corriente de nitrégeno, una solucién de 3-bromo-1-(4- etilbencil)-1H-
indol (427 mg, 1.36 mmol) en THF (8 mL) se enfrla a -78° C, y se agrega a esta
una solucién de hexano n butillitio (1.6 M, 0.89 mL, 1.43 mmol). La mezcla de
reaccion se agita a la misma temperatura durante cinco minutos. A esta solucién,
se agrega gota a gota una solucién de (2R,3S 4R,5R)-2,3 4-trisbenciloxi-5-
(benciloximetil)-ciclohexanona (875 mg, 1.63 mmol) en THF (5.8 mL) y la mezcla
se agita a 78° C durante dos horas. La reaccidn se detiene por adicién de una
solucién acuosa de cloruro de amonio saturado. La mezcla resultante se extrae
con acetato de etilo, y se lava la capa orgdnica con agua y luego se seca sobre
sulfato de sodio. El residuo obtenido al destilar el solvente se purifica por
cromatografla de columna de gel de sllice [solucién de revelado=acetato de etilo:
n-hexano (1:10)] para obtener un isémero menos polar (354 mg, 34%) y un

isbmero mas polar (115 mg, 11%) del compuesto del titulo.

[0386] Isémero Menos Polar: *H-RMN(CDCls) &: 1.18 (3H, t, J=7.2Hz), 1.93 (2H,
m), 2.40 (1H, m), 2.61 (2H, q, J=7.2Hz), 3.40-5.22 (15H, m), 7.02-7.40 (28H, m),
7.93 (1H, d, J=8.0Hz)

Isdbmero Mas Polar: '"H-RMN(CDCls) 5: 1.18 (3H, t, J=7.6Hz), 2.40 (1H, m), 2.38
(2H, m), 2.58 (2H, q, J=7.6Hz), 3.41-5.24 (15H, m), 6.83 (1H, d, J=8.0Hz), 7.03-
7.34 (27H, m), 7.75 (1H, d, J=7.6Hz)

(4) Sintesis de  1-(4-Efilbencil)-3-[(1S,2S,3R 4R,5R)-2,3,4-trisbenciloxi-5-

(benciloximetif)ciclohexil]-1H-indol

W
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En una corriente de nitrégeno, se agrega gota a gota trietilsilano (0.21 mL,
1.22 mmol) a una solucién de (2R,3S,4R,5R)-2,3,4-trisbenciloxi-5-benciloximetil-1-
[1-(4-etilbencil}-1H-indol-3-illciclohexanol (469 mg, 0.61 mmol) en cloruro de
metileno (6 mL) a 0° C. Se agrega gota a gota a esta complejo de dietil éter-
trifluoruro de boro (0.093 mL, 0.73 mmol) durante cinco minutos y la mezcla de
reaccion se agita a 0° C durante dos horas. Se agrega una solucién acuosa de
hidrogencarbonato de sodio saturada a la mezcla de reaccion y la mezcla
resultante se extrae con cloruro de metileno. Se lava la capa organica con una
solucién acuosa de cloruro de sodio saturada y se seca sobre sulfato de sodio. El
residuo obtenido al destilar el solvente bajo presion reducida se purifica por
cromatografla de columna de gel de silice [solucién de revelado= acetato de etilo:

n- hexano (1:15)] para obtener el compuesto del titulo (232 mg, 51%).

[0387] 'H-RMN (CDCh) &: 1.17 (3H, t, J=7.6Hz), 1.87 (2H, m), 2.27 (1H, m), 2.58
(2H, g, J=7.6Hz), 3.36 (1H, dd, J=6.0, 1. THz), 3.58-3.70 (2H, m), 3.88-4.00 (2H,
m), 4.12 (1H, t, J=8.6Hz), 4.38 (2H, 8), 4.47 (1H, d, J=11.4Hz), 4.54 (1H, d,
J=2.7Hz), 4.58 (1H, d, J=3.1Hz), 4.80 (1H, d, J=10.7H2), 4.89 (1H, d, J=10.7Hz),
4.98 (1H, d, J=10.7Hz), 5.25 (2H, d, J=4.9Hz), 6.97 (2H, d, J=8.4Hz), 7.05 (2H, d,
J=8.0Hz), 7.08-7.35 (24H, m), 7.62 (1H, d, J=7.2Hz)

(5) Sintesis de (1R,2R,3S,4S,6R)-4-[1-(4-Etilbencil)-1H-indo!-3-il]-8-

(hidroximetil)cicliohexano-1,2,3-triol

En una corriente de nitrdgeno, se agregan dimetilsulfuro (0.72 mL) y
complejo de dietil éter-trifluoruro de boro (0.36 mL, 2.8 mmol) a una solucién de 1-
(4-etilbencil)-3-{(1S,28,3R 4R, 5R)-2, 3 4-tris-benciloxi-5-(benciloximetil)ciclohexil}-

1H-indol (213 mg, 2.28 mmol) en cloruro de metileno (4.7 mL) bajo enfriamiento

S
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con hielo. La solucibn de mezcla se agita a temperatura ambiente durante 84
horas, y luego se agrega agua a esta bajo enfriamiento con hielo y la solucién
resultante se extrae con cloruro de metileno. Se lava la capa orgéanica con una
solucién acuosa de cloruro de sodio saturada y se seca (sulfato de magnesio
anhidro) y luego se destila el solvente bajo presién reducida. Se purifica el residuo
obtenido por cromatografia de columna de gel de silice [solucion de
revelado=cloruro de metileno: metanol (50:1)] para obtener el compuesto del titulo

(45 mg, 41%).

[0388] 'H-RMN (CDsOD) &: 1.17 (3H, t, J=7.6Hz), 1.66 (1H, m), 1.79 (1H, m), 2.16
(1H, m), 2.58 (2H, q, J=7.6Hz), 3.33 (1H, m), 3.57 (1H, dd, J=10.7, 8.1Hz), 3.69
(1H, dd, J=10.7, 4.2Hz), 3.76-3.88 (3H, m), 5.28 (2H, s), 6.98-7.11 (6H, m), 7.24
(1H, d, J=8.0Hz), 7.30 (1H, 8), 7.62 (1H, d, J=7.6H2)

MS (ESI*): 396 [M+H]".

La Férmula estructural de los compuestos de los Ejemplos anteriormente descritos

se muestran en la Tabla 1 a la Tabla 10

[389] [Tabla 1}

Tabla 1

o
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[0399] Ejemplo Experimental 1

Ensa ara confirmar la accidn inhibidora de los co-transportadores Na*-Glucosa

(SGLT1y SGLT2)

(1) Preparacién del Vector de Expresién SGLT1 Humano

Se desarrolia PCR mediante KOD+ polimerasa de ADN (un producto de
Toyobo Co., Lid.) al tomar una librerla de cADN derivada de intestino delgado
humano (un producto de Clontech) como una plantilia con el uso de un iniciador de
ADN sintetizado para amplificar el cADN SGLT1. Luego, se clona el fragmento
amplificado para el vector pcRIl-Topo con el uso de un Kit Promotor de Clonacioén

Dual Topo TA (un producto de Invitrogen) e introducido en células competentes de
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E. coli (TOP10, un producto de Invitrogen) y los clones que exhiben resistencia a
la ampicilina se proliferan en un medio LB que contiene ampicilina (50 mg/L). Del
E. coli proliferado, se purifica un pldsmido de acuerdo con la forma usual (ver
Maniatis et al., Molecular Cloning). Al tomar este pldsmido como una plantilla, el
PCR se desarrolla mediante KOD+ polimerasa de ADN con el uso de iniciador de
ADN sintético en el que los sitios de reconocimiento de enzima de restriccion se
han introducido para amplificar el cADN SGLT1 humano (un fragmento agregado
con un sitio de reconocimiento Rl Eco sobre el lado comriente arriba y un sitio de
reconocimiento Hind lll en lado corriente abajo). Este fragmento amplificado se
somete a digestion Eco Rl y Hind llI, y los fragmentos digeridos se conectan con
los sitios de reconocimiento del vector de expresién pcADN 3.1(-) (un producto de
Invitrogen) con el uso de un kit de Ligacién de ADN Répido (un producto de Roche
Diagonostic). El vector de expresién conectado se introduce en las células E. colji
competentes (DH5a, un producto de Invitrogen) y se proliferan en un medio LB
que contiene ampicilina para obtener un vector de expresién SGLT1 humano de

acuerdo con la forma usual.

[0400] (2) Preparacion del Vector PCR de Expresion SGLT2 Humano se desarrolla
mediante KOD+ polimerasa de ADN al tomar una librerla de cADN derivada de
riidn humano (un producto de Clontech) como una plantilla con el uso de un
iniciador de ADN sintetizado para amplificar el cADN SGLT2. Luego, el fragmento
amplificado se clona para el vector pcRIl-Topo con el uso del Kit Promotor Dual de
Clonacién Topo TA y luego introducido en las células competentes E. coli (TOP10)
y los clones que exhiben resistencia a la ampicilina se proliferan en un medio LB
que contiene ampicilina (50 mg/L). Del E. coli proliferado, se purifica un pldsmido
de acuerdo con la forma usual'. Al tomar este plasmido como una plantilla, e PCR

se desarrolla mediante KOD+ADN de polimerasa con el uso de un iniciador de

SOY
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ADN sintético en el que los sitios de reconocimiento de enzima de restriccién se
han introducido para amplificar el ;cADN SGLT2 humano (un fragmento agraegado
con el sitio de reconocimiento Xho | en el lado comiente amiba y un sitio de
reconocimiento Hind lil en el lado corriente abajo). Este fragmento amplificado se
somete a digestion Xho | y Hind lll, y los fragmentos digeridos se conectan a sus
sitios de reconocimiento del vector de expresién pcADN 3.1(-) con el uso un kit de
ligacion de ADN Rapido. El vector de expresién conectado se introduce en las
células competentes E. coli (DH5a) y proliferan en un medio LB que contiene
ampicilina para aobtener un vector de expresién SGLT2 humano de acuerdo con la

forma usual.

[0401] (3) Preparacién de la Célula de Expresion Estable SGLT1 Humana y la
Célula de Expresién Estable SGLT2 Humana

El vector de expresion SGLT1 humano o el vector de expresion SGLT2
humano que se digiere con la enzimka de restriccién Pvu | humano se introduce
en células CHO-K1 con el uso de FuGene (un producto de Roche Diagonostics).
Después de introduccién del gen, las células se incuban en un medio DMEM (un
producto de Gibco) que contiene penicilina (50 U/moL, un producto de Sigma),
estreptomicina (50 mg/L, un producto de Sigma), Geneticin (200 mg/L, un producto
de Nakalai Tesque) y 20% de suero bovino fetal en la presencia de 5% CO; a 37°
C durante aproximadamente tres semanas para obtener clones con resistencia a
la Genticina. A partir de estos clones, la células capaces de expresar el SGLT1
humano establemente o0 el SGLT2 humano se seleccionan y obtienen al utilizar la
actividad de toma de azdcar dependiente de sodio (metil-a-D-glucopiranasida)

como un Indice.
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[0402] (4) Medicién de la Actividad de Inhibicion de la Toma de Metil-a-D-

glucopiranosida

Las células CHO de expresion estable del SGLT1 humano o la célula CHO de
exprasion estable del SGLT2 humano se siembran en una placa de 96-pozos a un
densidad de 30,000 a 40,000 células/pozo e incuban durante seis dias. Luego, se
remueve la placa de cultivo del medio, y un amortiguador de pretratamiento (un
amortiguador que contiene 140 mM de cloruro de colina, 2 mM de cloruro de
potasio, 1 mM de cloruro de calcio, 1 mM de cloruro de magnesio, 10 mM de acido
2-{4-(2-hidroxietil)-1-piperaziniljetancsulfénico y tris(hidroximetil)-aminometano y
que tiene un pH de 7.4) se agrega en una cantidad de 150 uL por pozo y luego se
deja hasta reposos a 37° C durante 20 minutos. El amortiguador de pretratamiento
se remueve y el amortiguador de pretratamiento se agrega de nueve en una
cantidad de 50 plL por pozo y luego se deja para reposo a 37° C durante 20
minutos. A 100 mL de un amortiguador (un amortiguador que contiene 140 mM de
cloruro de sodio, 1 mM de cloruro de potasio, 1 mM de cloruro de magnesio, 1 mM
de metil-a-D-glucopiranosida, 10 mM de 4cido 2-[4-(2-hidroxietil)-1-
piperazinilletanosulfénico y tris(hidroximetil)aminometano y que tiene un pH de
7.4), se agrega y mezcla 8.3 mL de metil-a-D-(U-'*C)glucopiranosida (200 mCilL,
un producto de Amersham Pharmacia Biotech) para prepare un amortiguador de
toma, y un compuesto de ensayo se disuelve en este amortiguador de toma y la
solucién resultante se utiliza como un amortiguador para determinar la actividad de
inhibicién. Adicionalmente, como un control, se utiliza un ensayo de amortiguador

de toma libre de compuesto.

Adicionaimente, con el fin de determinar una toma bésica en la ausencia del

compuesto de ensayo y sodio, un amortiguador de toma basica contiene 140 mM
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de cloruro de colina en cambio de cloruro de sodio se prepara en la misma forma y
utilizada en la determinacién. El amortiguador de pretratamiento se remueve de
los pozos de la placa de cultivo y se agrega un amortiguador para determinar la
actividad de inhibiciébn en una cantidad de 35 pL por pozo y se deja para reposo a
37° C durante 45 minutos. Luego, se remueve el amortiguador para determinar la
actividad de inhibicidn y el amortiguador de lavado (un solucién de amortiguador
que contiene 140 mM de cloruro de colina, 2 mM de cloruro de potasio, 1 mM de
cloruro de calcio, 1 mM de cloruro de magnesio, 10 mM de metil-a-D-
glucopiranosida, 10 mM de acido 2-[4-(2-hidroxi-etil)-1-piperazinilletanosulfénico y
tris-(hidroximetillaminometano y que tiene un pH de 7.4) se agrega en una
cantidad de 300 puL por pozo y se remueve inmediataments. Esta operacién de
lavado se repite de nuevo y se agrega una solucidn de solubilizacién celular (1 M
de hidréxido de sodio y 0.1% de lauril sulfato de sodio) en una cantidad de 30 ulL
por pozo para solubilizar células. A estas se agrega 15 ul de 2 M de dcido
clorhidrico, y 40 uL de la solucién obtenida se transfiere a una placa Luma (un
producto de Packard) y se deja para reposc durante la noche a temperatura
ambiente para evaporar el solvente. La radioactividad de la muestra sobre la placa
se determina en una Topcount (fabricado por Packard). La concentracién del
compuesto de ensayo (valor ICso) que inhibe el 50% de la toma, cuando el valor
obtenido al deducir una toma bésica de la toma de control de toma como 100%, se
calcula de la curva de inhibicién de concentracion al utilizar un software aritmético
(ELfit ver.3). Como un resultado, los compuestos de la presente invencién exhiben
accion de inhibicion SGLT2 destacada. Los valores ICso para la inhibicién del
SGLT2 de los compuestos representativos de la presente invencién se muestran

en la Tabla 11.

[0403] [Tabla 11]

S0



S0

238
Tabla 11
Compuesto de Compuesto de
) Valor ICsg (NM) Valor ICsp (nM)
Ensayo Ensayo

Ejemplo 1 61 Ejemplo 59 8.9

Ejemplo 2 11 Ejemplo 62 71

Ejemplo 8 7 Ejemplo 64 8.6
Ejemplo 11 14 Ejemplo 68 18
Ejemplo 12 18 Ejemplo 69 5.1
Ejemplo 25 3 Ejemplo 70 7.4
Ejemplo 42 7.7 Ejemplo 73 1
Ejemplo 44 16 Ejemplo 54 14
Ejemplo 55 17

APLICABILIDAD INDUSTRIAL

[0404]Mediante la presente invencién, los compuestos de ciclohexano que
exhiben la accidn de actividad SGLT2 inhibidora o sus sales farmacéuticamente
aceptables se pueden suministrar. Los compuestos de la presente invencién son
atiles como agentes profilacticos o terapéuticos para diabetes, enfermedades

relacionadas con diabetes o complicaciones diabéticas.
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REIVINDICACIONES

1. Un compuesto representado por la formula (1)

[Férmula 1]

Ar?

(SRR
1

l/id:
Q
()
en donde

A es -O-, -CHz, 0 -NH-;

n es un entero seleccionadode Oy 1;

R® y R? son cada uno independientemente un 4tomo de hidrégeno o
un grupo alquilo C4-Cp

m es un entero seleccionado de 1 a 3,

Q se selecciona de Q' a Q® se representa por la siguiente fdrmula:

[Férmula 2]
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en donde
R', R% R3, R* y R® cada uno se seleccionan independientemente de

un atomo de hidrégeno, un grupo hidroxi, un grupo alquilo C4-Cg que
puede ser sustituido con uno o méds Ra, un grupo alcoxi C4-Cg que
puede ser sustituido con uno 0 mas Ra, un grupo aralquiloxi C7~C14

que puede ser sustituido con uno o mas Rb, y -OC(=0O)Rx;

Rx es un grupo alquilo C{-Cg que puede ser sustituido con uno o mas
Ra, un grupo arilo que puede ser sustituido con uno o mas Rb, un
grupo heteroarilo que puede ser sustituido con uno o mas Rb, un

grupo alcoxi C1-Cs que puede ser sustituido con uno o més Ra, or -

NReRf,

Ar! es un grupo arileno que puede ser sustituido con uno o més Rb, o
un grupo heteroarileno que puede ser sustituido con uno o méas Rb,
en donde el grupo heteroarileno puede formar un anillo fusionado

con un carbociclo aromatico o un heterociclo aromatico;
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Ar? es un grupo arilo que puede ser sustituido con uno o més Rb, o un

grupo heteroarilo que puede ser sustituido con uno o més Rb;

Ra se selecciona cada uno independientemente de un &tomo de
halégeno, un grupo hidroxi, un grupo ciano, un grupo nitro, un grupo
carboxi, un grupo alcoxi C-Cs que puede ser sustituido con uno o
mas Rc, un grupo arilo que puede ser sustituido con uno o més Rd,
un grupo ariloxi que puede ser sustituido con uno o mas Rd, un
grupo heteroarilo que puede ser sustituido con uno o mas Rd, un
grupo heteroariloxi que puede ser sustituido con uno o mas Rd, un
grupo mercapto, un grupo alquiltio C1-Cg, un grupo alquilsulfinilo C4-
Ce, un grupo alquilsufonilo C4-Cs, -NRfRg, y un grupo alquilcarbonilo

C1-Cs que puede ser sustituido con uno o méas Rc;

Rb se selecciona cada uno independientemente de un grupo alquilo
C+-Cs que puede ser sustituido con uno o maa R, un grupo alquenilo
Ci1-Ce que puede ser sustituido con uno o més Rec, un grupo
cicloalquilo C3-Cy que puede ser sustituido con uno o més Rc, un
grupo aralquilo C7-C4 que puede ser sustituido con uno o mas Rd,
un dtomo halégeno, un grupo hidroxi, un grupo ciano, un grupo nitro,
un grupo carboxi; un grupo alcoxi C1-Cg que puede ser sustituido con
uno o mas Rc, un grupo arilo que puede ser sustituido con uno o
mas Rd, un grupo ariloxi que puede ser sustituido con uno o més Rd,
un grupo heteroarilo que puede ser sustituido con uno o més Rd, un
grupo heteroariloxi que puede ser sustituido con uno o mas Rd, un
grupo mercapto, un grupo alquiltio C4-Cg, un grupo alquilsulfinito C4-

Cs, un grupo alquilsulfonil C+-Cs, -NRfRg, un grupo alquilcarbonilo
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C1-Cs que puede ser sustituido con uno o mas Rc, un grupo

alquilenodioxi C4-Cs, un grupo heterociclilo, -CO2Ri, y -CONRIR)j;

Rc se selecciona cada uno independientemente de un atomo de
halégeno, un grupo hidroxi, un grupo ciano, un grupo nitro, un grupo
carboxi, un grupo alcoxi C-C¢ que puede ser sustituido con uno o
mas atomos de halégeno, un grupo arilo que puede ser sustituido
con uno o mas Rd, un grupo ariloxi que puede ser sustituido con uno
o mas Rd, un grupo heteroarilo que puede ser sustituido con uno o
mas Rd, un grupo heteroariloxi que puede ser sustituido con uno o
mas Rd, un grupo amino, un grupo alquilamino C4-Cg, ¥ un grupo

di(alquil C1-Cg)amino;

Rd se selecciona cada uno independientemente de un grupo alquilo
C1-Cs que puede ser sustituido con uno o més dtomos de halégeno,
un grupo alcoxi C4-Cg que puede ser sustituido con uno o més
atomos de halégeno, un grupo aralquilo C-Ct4 que puede ser
sustituido con uno o méas atomos de halégeno, un atomo halégeno,
un grupo hidroxi, un grupo ciano, un grupo hitro, un grupo amino, un

grupo alquilamino C4-Cg, ¥y un grupo di(alquilo C4-Ce)amino;

Re es un dtomo de hidrégeno, un grupo alquilo C-Cs que puede ser
sustituido con unoc o més Rc, un grupo arilo que puede ser sustituido
con uno o méas Rd, o un grupo heteroarilo que puede ser sustituido

con uno o méas Rd;



243

Rf es un dtomo de hidrégeno, o un grupo alquilo a C4-Cg que puede ser

sustituido con uno o mas Rc;

Rg es un atomo de hidrogeno, un grupo alquilo C1-Cs que puede ser
sustituido con uno o méas Rc, un grupo alquilcarbonilo C4-Cg que
puede ser sustituido con uno o mas Rc, un grupo arilo que puede ser
sustituido con uno o méas Rd, un grupo heteroarilo que puede ser
sustituido con uno o méas Rd, un grupo carbamoilo, un grupo
alcoxicarboxi C1-Cg que puede ser sustituido con uno o mas Rc, o un
grupo alquilsulfonilo C4-Cg que puede ser sustituido con uno o més

Rc;

Re y Rf, y Rf y Rg pueden formar un heterociclo de 4- a 7- miembros
junto con el atomo de nitrdgeno al cual ellos estdn unidos,

respectivamente: y

Ri y Rj se seleccionan cada uno independientemente de un atomo de
hidrégeno, un grupo alquilo C4-Cs que puede ser sustituido con uno o
méas Re, un grupo cicloalquilo Cs-Cs que puede ser sustituido con
uno o mas Rc, y un grupo aralquilo C-C44 que puede ser sustituido

con uno 0 mas Rd,

0 una prodroga o una sal farmacéuticamente aceptable de estos.

2. El compuesto de acuerdo con la reivindicacién 1, en donde n es 1, 0 una

prodroga o una sal farmacéuticamente aceptable de estos.
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El compuesto de acuerdo con la reivindicacién 1, en donde A es -O- 0 -

NH-, o una prodroga o una sal farmacéuticamente aceptable de estos.

El compuesto de acuerdo con la reivindicacion 2 o 3, en donde el
sustituyente -(CR®R”)-Ar* se une al atomo del anillo adyacente al
atomo del anillo al cual el sustituyente A estd unido a Ar', o una

prodroga o una sal farmacéuticamente aceptable de estos.

El compuesto de acuerdo con la reivindicacién 1, en donde n es 0, o una

prodroga o una sal farmacéuticamente aceptable de estos.

El compuesto de acuerdo con la reivindicacibn 5, en donde el
sustituyente -(i'.:R'R')..,.-AI'\rz se une a un segundo atomo del anilio que
parte del 4tomo de anillo al que Q se une con Ar', o una prodroga o una

sal farmacéuticamente aceptable de estos.

El compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a
6,endondemes 1,

0 una prodroga o una sal farmacéuticamente aceptable de estos.

El compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a
7. en donde Ar' es un grupo fenileno, un grupo naftileno, un grupo
tienileno, un grupo piridinileno, un grupo indolileno, o un grupo
pirazolileno, en donde estos grupos se pueden sustituir con uno o mas
Rb,

© una prodroga o una sal farmacéuticamente aceptable de estos.

S
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9. El compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a
8, en donde Ar? es un grupo fenilo, un grupo naftilo, un grupo tienilo, un
grupo benzofuranilo, un grupo benzotienilo, un grupo benzodioxolilo, un
grupo 2,3-dihidrobenzofuranilo, o un grupo 2,3-dihirobenzotienilo, en
donde estos grupos se pueden sustituir con uno o mas Rb,

o una prodroga o una sal farmacéuticamente aceptable de estos.

10. El compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a

8, en donde

R', R4 R? R*y R’ se seleccionan cada uno independientemente de un
grupo hidroxi y -OC(=0)Rx,

0 una prodroga o una sal farmacéuticamente aceptable de estos.

11. El compuesto de acuerdo con la reivindicacion 1, en donde mes 1; n
es 1; A es -O- 0 -NH-; Ar' es un grupo fenileno, un grupo naftileno, un
grupo tienileno, un grupo piridinileno, un grupo indolileno, o un grupo
pirazolileno, en donde estos grupos se pueden sustituir con uno o més
Rb; Ar? es un grupo fenilo, un grupo naftilo, un grupo tienilo, un grupo
benzofuranilo, un grupo benzotienilo, un grupo benzodioxolilo, un
grupo 2,3-dihidrobenzofuranilo, o un grupo 2,3-dihidrobenzotienilo, en
donde estos grupos se pueden sustituir con uno o mas Rb; y R', R%,
R®, R*y R® se seleccionan cada uno independientemente de un grupo
hidroxi y
-OC(=O)Rx,

© una prodroga o una sal farmacéuticamente aceptable de estos.

=3
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12. El compuesto de acuerdo con la reivindicacién 1, en dondemes 1: n
es 0: Ar' es un grupo fenileno, un grupo naftileno, un grupo tienileno,
un grupo piridinileno, un grupo indolileno o un grupo pirazolileno, en
donde estos grupos se pueden sustituir con uno o més Rb: Ar? es un
grupo fenilo, un grupo nattilo, un grupo tienilo, un grupo benzofuranilo,
un grupo benzotienilo, un grupo benzodioxilo, un grupo 2,3-
dihidrobenzofuraniio, o un grupo 2,3-dihirobenzotienilo, en donde
estos grupos se pueden sustituir con uno o mds Rb: yR', RZ R}, R'y
R® se seleccionan cada uno independientemente de un grupo hidroxi
y -OC(=O)Rx, o una prodroga o una sal farmacéuticamente aceptable

de estos.

13. Un compuesto seleccionado de:
[2-(4-metoxibencil)fenil]-5a-carba-B-D-glucopiranosida; [1S,2R,3R,4R,6S]4-
hidroximetil-8-{3-(4-metoxibencil)-fenillciclohexano-1,2,3-triol;
[2-(4-trifluorometoxibencil)fenil}]-5a-carba-p-D-gluco-piranosida;
[2-(4-ciclopentilbencil)fenil}-5a-carba-B-D-glucopiranosida;
[2-(4-clorobencil)fenil}-5a-carba-p-D-glucopiranosida;
(2-bencilfenil)-5a-carba--D-glucopiranosida;
[2-(4-isopropilbencil)fenil]-5a-carba-p-D-glucopiranosida,;
[2-(4-ciclopropilbencil)fenil}-5a-carba-B-D-glucopiranosida;
[2-(4-n-propilbencil)fenil]-5a-carba-B-D-glucopiranosida;
[2-(4-trifluorometilbencil)fenil]-5a-carba-p-D-gluco-pirancsida;
[2-(4-metilsulfanilbencil)fenil]-5a-carba-p-D-gluco-piranosida;
{3-fluoro-2-(4-metoxibencil)fenil]-5a-carba-p-D-gluco-piranosida;

[2-(3-trifluorometilbencil)fenil]-5a-carba-p-D-gluco-piranosida;
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[2-(4—metoxibencil)-4—metilfeniI]—Sa-carba-ﬂ-D-gluco-pir;anosida;
[2-(3-metoxibencil)fenil}-5a-carba-p-D-glucopiranosida;
[2-(4-metoxibencil)-4-metoxifenil]-5a-carba-B-D-gluco-piranosida;
[2-(4-metoxibencil)-6-metilfenil]-Sa-carba-p-D-gluco-piranosida;
[2-(4-metoxibencil)-4-fluorofenil]-5a-carba-p-D-gluco-piranosida;
[2-(3-fluorobencil)fenil]-5a-carba-B-D-glucopiranosida;
[2-(3-metilbencil)fenil]-5a-carba-B-D-glucopiranosida;
[5-fiuoro-2-(4-metoxibencil)fenil}-5a-carba-g-D-gluco-piranosida,;
[2-(4-metilsulfonilbencil)fenil]-5a-carba-p-D-gluco-piranosida;
[2-(4-fluorobencil)fenil]-5a-carba-p-D-glucopiranosida;
[2-(3,4-dimetoxibencil)fenil}-5a-carba-f-D-gluco-piranosida;
[2-(4-etilbencil)fenil]-5a-carba-p-D-glucopiranosida;
[2-(4-hidroxibencil)fenil]-5a-carba-B-D-glucopiranosida;
[2-(4-cianobencil)fenil]-5a-carba-f-D-glucopiranosida;
[2-(3-trifluorometoxibencil)fenil]-5a-carba-p-D-gluco-piranosida;
[.2-(4-aminometilbencil)feniI]-5a-carba-ﬂ-D-qucopiranosida;
[5-metoxi-2-(4-metoxibencil)fenil]-5a-carba-p-D-gluco-piranosida;
[2-(4-metoxicarbonilbencil)fenil]-5a-carba-p-D-gluco-piranosida;
[2-(4-carbamoilbencil)fenill-5a-carba-p-D-glucopiranosida;
[2-(4-N,N-dimetilcarbamoilbencil)fenil]-5a-carba-f-D-glucopiranosida;
[2-(4-etoxibencil)fenil}-5a-carba-p-D-glucopiranosida;
[2-(4-difluorometoxibencil)fenil}-5a-carba-p-D-gluco-piranosida;
[2-(4-terc-butilbencil)fenil]-5a-carba-p-D-glucopiranosida; [2+(4-
metilbencil)fenil]-5a-carba-p-D-glucopiranosida;
[2-(4-metoxibencil)fenil]-5-trifluorometiltiofen-3-if]-5a-carba-B-D-

glucopiranosida;

SW
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[3-metoxi-2-(4-metoxibencil)fenil]-5a-carba-p-D-gluco-piranosida;
[2-(4-metoxibencil)-3-metilfenil]-5a-carba-pB-D-gluco-piranosida;
[2-(3-fluoro-4-metoxibencil)fenil]-5a-carba-p-D-gluco-piranosida;
[4-(4-ciclopropilbencil)piridin-3-il]-5a-carba-B-D-gluco-pirancsida;
[2-(4-carboxibencil)fenil]-5a-carba-p-D-glucopiranosida;
[2-(4-vinilbencil)fenil]-5a-carba-p-D-glucopiranosida;
{244-(2,2-difluorovinil)bencillfenil}-5a-carba-B-D-glucopiranosida;
[2-(2,3-dihidrobenzofuran-5-iimetil)fenil}-5a-carba-p-D-glucopiranosida;
[2-(3-fluoro-4-metilbencil)fenil]-5a-carba-p-D-gluco-piranosida;
[2-(4-metoxi-3-metilbencil)fenil]-5a-carba-p-D-gluco-piranosida,;
[2-(4-pirazol-1-ilbencil)fenil}-5a-carba-B-D-gluco-piranosida;
[2-(3-cloro-4-metoxibencil)fenil]-5a-carba-B-D-gluco-piranosida;
[2-(3,4-metilenedioxibencil)fenil}-5a-carba-f-D-gluco-piranosida;
[2-(4-ciclobutilbencil)fenil]-5a-carba-pB-D-glucopiranosida;
[2-(4-acetilbencil)fenil]-5a-carba-p-D-glucopiranosida;
[2-(4-metoxibencil)-5-metilfenil]-5a-carba-p-D-gluco-piranosida;
[2-(4-etilbencil)tiofen-3-il}-5a-carba-p-D-gluco-piranosida;
[2-(benzotiofen-2-il)metilfenil}-5a-carba-g-D-gluco-piranosida;
(R){2-[1-(4-ciclopropiifenil)etillfenil)-5a-carba-p-D-glucopiranosida;
(S)-(2-[1-(4-ciclopropilfenil)etillfenil}-5a-carba-p-D-glucopiranosida;
[2-(4-ciclopropilbencil)-5-metiltiofen-3-il]-5a-carba-f-D-glucopiranosida;
[2-(4-etilbencil)-5-metiltiofen-3-il]-5a-carba-p-D-glucopiranosida;

[5-cloro-2-(4-ciclopropilbencil)tiofen-3-il}-5a-carba-p-D-glucopiranosida;

(1R,28,3R,6R)-8{2-(4-ciclopropilbencil)fenoxi]-4-(hidroximetil)ciclohex-4-ene-

1,2,3-triol;

s5U
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(1R,2S,3R,6R)4-hidroximetil-8{2-(4-metoxibencil)-fenoxi]ciclohex-4-ene-
1,2,3-triol;

(1R,28,38,6R)-4-[3-(4-etilbencil)fenil}-6-(hidroxi-metil)ciclohex-4-ene-1,2,3-
triol;

(1R,2R,38,4R,5R)-1{3<{4-etilbencil)-4-metoxifenil]-5-
(hidroximetil)ciclohexano-1,2,3 4-tretraol;

(1R,2R,3S,4S,6R)-4-[3-(4-etilbencil)-4-metoxifenil]-6-
(hidroximetil)ciclohexano-1,2,3-triol;

(1R,2R,38 4R, 5R)-1-[2-etoxi-5-(4-etilbencil)fenil]-5-(hidroximetil)ciclohexano-
1,2,3 A-tretraol;

(1R,2R,3S,4S,6R)-4-[2-etoxi-5(4-etilbencil)fenil]-8-(hidroximetil)ciclohexano-
1,2,3-triol;

(1R,2R,38 ,4R,5R)-1-[5-(4-etibencil)-2,4-dimetoxifenil]-5-
(hidroximetil)ciclohexano-1,2,3,4-tretraol;

(1R,2R,3S,4S,6R)-4-[5-(4-etilbencil)-2,4-dimetoxifenil]-6-
(hidroximetil)ciclohexano-1,2,3-triol;

(1R,2R, 38 4R,5R)-1-[5-(4-etilbencil)-2-metilfenil]-5-(hidroximetil)ciclohexano-
1,2,3 4-tretraol;

(1R,2R,38,48,6R)4-[5-(4-atilbencil)-2-metilfenil]-8-(hidroximetil)ciclohexano-
1,2,3-triol;

(1R,2R,3S,4R,5R)-1{5-(4-etilbencil}-2-metoxifenil}-5-
(hidroximetil)ciclohexano-1,2,3,4-trefraol;

(1R,2R,38S,4S,6R)-4-[5-(4-etilbencil)-2-metoxifenil]-6-
(hidroximetil)ciclohexano-1,2,3-triol;

(1R,2R, 38 4R,5R)-1-[5-(4-etilbencil)-2-triflucrometoxi-fenil]-5-
(hidroximetil)ciclohexano-1,2,3,4-tretraol;
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(1R,2R,35,485,8R)-4-[5-(4-isopropilbencil)-2-metoxi-fenil}-6-
(hidroximetil)ciclohexano-1,2,3-triol;

(1R,2R,3S,4S,6R)-4-[3-(4-etilbencil)fenil}-8-(hidroxi-metil)ciclohexano-1,2,3-
triol;

(1R,2R,3S 48,6R)4-{3-(4-hidroxibencil)fenil]-6-(hidroximetil)ciclohexano-
1,2,3-triol;

(1R,2R,3S,4S,6R)-4-[5-(4-etilbencil)-2-hidroxifenil}-8-
(hidroximetil)ciclohexano-1,2,3-triol;

(1R,2R,3S,4S,6R)-4-{3-(4-ciclopropilbencil)fenil}-8-(hidroximetil)ciclohexano-
1,2,3-triol;

(1R,2R,3S 4R,5R)-1-[5-(4-etilbencil)-2-fluorofenil}-5-
(hidroximetil)ciclohexano-1,2,3,4-tetraol;

(18,2R,3S,4R,5R)-1-[5-(4-etilbencil)-2-fluorofenil]-5-(hidroximetil)ciclohexano-
1,2,3,4-tetraol;

(1R,2R,3S,4R,5R)-5-hidroximetil-1-[3-(4-metoxibencil)}-fenilciclohexano-
1,2,3,4-tetraol;

(1S,2R,3S 4R,5R)-5-hidroximetil-1-[3-(4-metoxibencil)-feniljciclohexano-
1.2,3,4-tetraol; y

4-[1-(4-etilbencil)-1H-indol-3-il-6-(hidroximetil)-ciclohexano-1,2,3-triol,

0 una prodroga o una sal farmacéuticamente aceptable de estos.

14. Una composicidon farmacéutica que comprende un compuesto de
acuerdo con una cualquiera de las reivindicaciones 1 a 13, que se

utiliza como un inhibidor co-transportador Na*-glucosa.

15. Una composicién farmacéutica que comprende un compuesto de

acuerdo con una cualquiera de las reivindicaciones 1 a 13, que se



18.

17.
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utiliza para prevenir o tratar diabetes, complicaciones diabéticas

causadas por hiperglicemia, u obesidad.

La composicién farmacéutica de acuerdo con la reivindicacion 15, en
donde |a diabetes es diabetes dependiente de insulina (diabetes Tipo
1) o diabetes independiente de insulina (diabetes tipo I1).

Un método para prevenir o tratar diabetes tal como diabetes
dependiente de insulina (diabetes tipo I) y diabetes independiente de
insulina (diabetes tipo Il), complicaciones diabéticas causadas por
hiperglicemia u obesidad, la cual comprende administrar una cantidad
terapéutica efectiva a un paciente de acuerdo con la composicion de

una cualquiera de las reivindicaciones 1 a 13.

ST\
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Un derivado de ciclohexano que tiene la funcién de reducir un nivel de azicar en
la sangre y que tiene propiedades preferidas requeridas de medicina, tal como
actividad de droga de larga duracién, estabilidad metabdlica, y seguridad; y una
composicién médica para uso en la prevencién o tratamiento de enfermedades
atribuidas a hiperglicemia, tal como diabetes, por ejemplo, diabetes mellitus
dependiente de insulina (diabetes tipo 1) o diabetes mellitus no dependiente de
insulina (diabetes tipo 2), complicaciones de diabetes, y obesidad. El derivado es

un compuesto representado por la fébrmula (I):

[Férmula 1]

()
(en donde A es -O-, -CHs-, 0 -NH-; n es un entero seleccionado entre O y 1,
R® y R” son cada una independientemente hidrégeno o alquilo C1-Ce;
m es un entero seleccionado entre 1-3; Q se selecciona entre las
siguientes formulas Q' a Q%

[Férmula 2]
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-
Qt

2

Ar' es un arileno opcionaimente sustituido o heteroarileno opcionalmente
sustituido, con la condicibn de que el heteroarileno puede estar unido a un
carbociclo aromético o heterociclo aromético para formar un anillo fusionado; y Ar?
€s un arilo opcionalmente sustituido 0 un heteroarilo opcionalmente sustituido),
una prodroga del compuesto, o una sal farmacéuticamente aceptable de estos.

También se suministran una medicina, una composicién medicinal o similar, cada

una contiene el compuesto.

<l
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