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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comisidon de la Comunidad Andina, se le comunica:

1. Documentos estudiados

1.1. Descripcidn: Folios: 274 a 511 Como se radico inicialmente.
1.2. Reivindicaciones: Folios: 512 a 513 Como se radicoé inicialmente.
1.3. Prioridad: Folio 1: JP 2004-217065; 26/jul/2004

JP 2004-340104; 25/nov/2004
2. Objeto de la invencion -

Titulo de la solicitud: DERIVAO NOVEDOSO DE GICLOHEXANO, PRODROGA DE
ESTE, Y AGENTE TERAPEUTICO QUE CONTIENE EL MISMO PARA DIABETES.

SRR RSV LI
Definir el objeto de la i invencion tal como aparece relvmdlcado son los derivados de
(arilal-quilC+.s-ariloxi)-6-(hidroximetil)ciclohexano-1,2,3-triol de férmula Markush:
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-Reivindicaciones 1-13: Un compuesto-de la formula ().

-Reivindicacion 14-16: Composiciones que los contienen

-Reivindicacién 17: Procedimiento de tratamlento que consiste en administrar un
compuesto a un paciente.

Se catalogdé la invencién, segun la Clasificacion Internacional de Patentes (IPC.):
C07C43/23, CO7D 209/12, A61K31/085, A61P3/04.

3. De la solicitud de Patente

3.1, Reivindicaciones (articulo 30 D 486 de la C.A.N.)

-Las reivindicaciones 1-7 son muy amplias y especulativas, toda vez que la formula
Markush (1) no tiene ninguna porcién fija, todas sus partes con mutantes y sumado a
sus posibles combinaciones no encuentran sustento técnico real en la descripcion,
ademas los significados de los sustituyentes Ar' y Ar’ estd en términos
denominaciones genéricas, que encierran un incalculable nimero de estructuras que
tampoco encuentran sustento en la descnpcnon ademas que no tiene perfectamente
delimitado el alcance de lai mvengon todo eso es inaceptable en la reivindicaciones.
Es especulativo porque no son extrapolacmnes estrechamente relacionadas con
lo que se describi6, las reivindicaciones deberian presentar una generalizacion
razonable de los ejemplos dados en'la parte descriptiva.

-También se reclama “prodrogas” el término técnico correcto es “profarmaco” y es
para cuando realmente existen estructuras que al metabolizarse proporcionan un
principio activo deseado libre. Para el presente caso es puramente imagiantivo, ya
aque conduce a un alcance indefinido sin claridad, porque el termino profarmaco
incluye compuestos obtenidos a partir de otro compuesto mediante reacciones
quimicas para obtener estructuras que estan estructuralmente alejadas del material
de partida. Ademas, es un intento de definir la materia en términos del resultado a
conseguir. Por lo tanto, no es permisible este tipo reivindicaciones.

Las reivindicaciones 14, 15 y 16 no es claras, ya que el encabezado no es
congruente con el resto del texto de la reivindicacion, se encabeza como una
composicion farmacéutica y el texto que debe ser expresado como caracteristicas
técnicas o elementos técnicos ConStItUtIVQS es una mezcla de uso y método de
tratamiento, lo cual no define tecmcamenteTé composucmn farmacéutica.

Las reivindicaciones no cumplen con el requisito de definicion, claridad, concisién o
sustento por la descripcion de acuerdo. al art. 30 de la Decision 486.y/o art.22
Tratado PCT.

4. Excepcion a la patentabilidad (articulo 20 D486 literal d))

-La reivindicacién 17 reclama un método de tratamiento para el cuero humano o
animal, por lo tanto se encuentra comprendido en lo dispuesto por el articulo 20
D486 literal d).




5. Determinacion del Estado de la Técnica

Considerando la fecha de prioridad reclamada de la presente solicitud de patente
26/jul/2004, se realizo la busqueda del estado de la técnica, en bases de datos
donde ésta oficina tiene acceso libre, para busquedas de documentos relacionados
con la materia que se reclama como nueva e inventiva en la presente solicitud.

Algunos de los documentos mas relevantes se presentan en la siguiente tabla:

r:l Fecha de

°| Documento - Titulo R
publicacién

Glucopyranoisyloxy - benzylbenzene
derivatives, miedicinal compositions
containing de same and intermediates for
_ the preparation of the derivatives.

| D2 | WO0174834 o-glucoside SGLT2 inhibitors and method | 11/0ct/2001
f C-aryl glucoside SGLT2 inhibitors and

D1 | WO01/068660 20/sep/2001

y D3 | US20020137903 26/sep/2002
| method
D4 | WO02064606 | OluCOPyranoisyloxybenzylbenzene 22/ago/2002
| derivatives and medicinal use thereof
| D5 | WO0236602 Novel Pyrazole .d.envatlves and diabetes 10/may/2002
: remedies containing the same
| D6 | US20030114390 C-aryl glucoside SGLT2 inhibitors and 19/un/2003
| method

Nitrogen-containing heterocyclic
D7 | WO2004058790 derivatives  medicinal compositions 15/juli2004

l{f containing de same and medicinal use
3 thereof e

j Novel thiopheriylglycoside derivatives and
| D8 | W02004007517 met'f‘.ibdf”’” for ‘::“‘“ﬁ'roduct.io.n thereof
] medicaments, comprising said
:i compounds and use thereof

22/enef/2004

12. Analisis de patentabilidad (articulo 14 D.486 de la C.A.N.)

12.1 Novedad (articulo 16 D486 de la C.A.N.)

La solicitud en estudio reclama como nuevo e inventivo:

los derivados de (arilal-quilCy.3-ariloxi)-6-(hidroximetil)ciclohexano-1,2,3-triol de
férmula Markush:
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- Al comparar |la materia reclamada en la presente solicitud, con el estado de la
técnica, esta oficina encuentra

Que D1 [WO01068660=EP1270584], especialmente en la pags.1,2,4,5,11,12-17;
D2[WO0174834]) especialmente  pags.7-14,29-32,48-50,ejemplos  6-101;
D3[US20020137903] especialmente pags. 1-7,12-14;
D4[WO02064606=EP1338603] especialmente pags. 1-12, 21-24, ejemplos 2-40;
D5[W00236602] especialmente pags.1-8, 10, 13, 26-28; D6[US20030114390]
especialmente pags. 1,3-10 y reivindicaciones;D7 [W0O2004058790=EP1577317]
todo, especialmente pgas.1, 3-10,24,25, 26, tabla 1 y reivindicaciones; D8
[W02004007517] espacialmente pags. 1-4, 12,14,16,tabla 1; tal como puede verse
en las anterioridades ya divulgan compuestos reclamados bajo la férmula Markush |
de la solicitud. En consecuencia, los compuestos reclamados ya habian sido
divulgados, asi como las composiciones farmacéuticas que los contienen por lo tanto
la presente solicitud no cumple con el requnsnto exigido en el articulo 16 D486 de la
C.AN

b r'.ﬂﬁ
13. Conclusion: e bree s

?:'i’A

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

*Cuando un solicitud no cumple con el reqU|S|to de novedad obviamente no posee
nivel inventivo.

Documento N° Reivindicaciones afectadas Requisito que afecta
; D1 1-17 Novedad
f D2 117 Novedad
‘ D3 1-17 Novedad
| D4 117 Novedad
‘ D5 1-17 Novedad
_ D6 1-17 . Novedad
‘ D7 1-17 Novedad
| D8 L 11T Novedad

14 Respuesta a los argumentos del solicitante:

En cumplimiento del articulo 45 de la D'ecvisié_.xn 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de 60 dias contados
a partir de la fecha de notificacion de la pres'ente comunicacion. En caso de no dar
respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesion, se denegara la patente.
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Notifiquese el presente oficio conforme a lo dispyesto en el numeral 5.2, literal ), del
capitulo quinto del titulo primero défa Circular Unica N° 10 de 2001.

ALIX CARMENZA CESPEDES DE VERGEL
Jefe de Divisijéydé Nuevas Creaciones

El anterior requerimiento fue notificado por fijacion en lista, de fecha

[CONCEPTO TECNICO No »55 2. [EXAMINADOR TECNICO C6d .N0.202012
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DERIVATIVES

(57)  The present invention rclates to glucopyrano-
syloxybenzylbenzene dervatives represented by the
general formula:

| R‘R2

M

wherein R? represents a hydrogen atom or a hydroxy
(lower alky!) group; and R? represents a lower alkyl
group, a fower alkoxy group, & lower alkylthio group, a
hydroxy(lower alkyl) group, a hydroxy(iower alkoxy)
group, a hydroxy(lower alkylthio) group efc., and salts
thereof, which have an excellent inhibitory activity in hu-
man SGLT2 and are useful as agents for the prevention
ortreatment of diabetes, obesity etc.. and intermediates
thereof.

Prmad by wouve, 75001 PARIS (FR)
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EP 1270 584 A1
Description
Technical Field

{0001] The present nvention relates to glucopyranosyloxybenzylbenzene denvatives and pharmaceutically accept-
able safts thereof which are useful as medicaments, pharmaceutical compositions comprising the same and interme-
diates thereof.

Background Art

{0002} Diabetesis one of lifestyle-related discases with the background of change of eating habit and lack of exercise
Hence, diet and exercise therapies are performed in patients with diabetes. Furthermore, when its sufficient control
and continuous performance are difficult, drug treatment is simultaneously performed. Now, biguanides, sulfonylureas
and agents for reducing insulin resistance have been employed as antidiabetic agents. However, biguanides and sul-
fonylureas show occasionally adverse effects such as lactic acidosis and hypoglysemia, respectively. In a case of using
agents for reducing insulin resistance, adverse effects such as edcma occasionally are observed, and it is also con-
cerned for advancing obesity. Therefore, in order to solve these problems, it has been desired to develop antidiabetic
agents having a new mechanism.

{0003] In recent years, development of new type antidiabetic agents has been progressing. which promote urinary
glucose excretion and lower blood glucose level by preventing excess glucose reabsorption at the kidney (J. Clin.
Invest., Vol .79, pp.1510-1515 (1987)). In addition, it is reported that SGLT2 {Na'/glucose cotransporter 2} is present
in the S1 segment of the kidney's proximal tubule and participates mainly in reabsorption of glucose filtrated through
glomerutar (J. Clin. [nvest., Vol.93, pp.397-404 (1994)). Accordingly, inhibiting a human SGLT2 activity prevents rea-
bsorption of excess glucose at the kidney, subsequently promotes excreting excess glucose though the urine, and
normalizes blood glucose level. Therefore, fast development of antidiabetic agents, which have a potent inhibitory
activity in human SGLT2 and have a new mechanism, has been desired. Furthermore, since such agents promote the
excretion of excess glucose though the urine and consequently the glucose accumutation In the body is decreased,
they are also expected to have a preventing effect on abesity.

Discl of the Ir

{0004] The present inventors have studied earnestty to find compounds having an inhibitory activity in human SGLT2.
As a result, it was found that glucopyranosyloxybenzylbenzenc derivatives represented by the following general formula
(1) show an exceltent inhibitory activity in human SGLT2 as mentioned below. thereby forming the basis of the present
invention.

{0005] The present inventian is to provide the following glucopyranosyloxybenzylbenzene derivatives and pharma-
ceutically acceptable salts therepf, which show an inhibitory activity in human SGLT2 in vivo and exerl a hypoglycemic
effect by excreting excess glucose in the urine through preventing the reabsorption of such glucose at the kidney,
pharmaceutical compositions comprising the same and intermediates thereof.

[0006] This is, the present invention relates to a glucopyranosyloxybenzylbenzene derivative represented by the

general formula:
Ho O (D
HOY N “OH
OH

wherein R represents a hydrogen atom or a hydroxy(lower atkyl} group; and R2 represents a lower alky! group, a lower
alkoxy group, a lower alkylthio group, a hydroxy(lower alkyl) group, a hydroxy(lower alkoxy) group, a hydroxy(iower
alkylthio) group, a lower alkoxy-substituted (lower atkyl) group, & lower alkoxy-substituted (lower alkoxy) group or a
fower alkoxy-substituted (lower alkyithio) group, or a phammaceutically acceptable salt thereof.

{0007] The present invention relates to & pharmaceutical composition comprising as the active ingredient a glucop-
yranosyloxybenzylbenzene derivative represented by the above general formula () or & pharmaceutically acceptable
sall thereof.

Lt Y K
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[0014] For example. the compounds represenled by the above generdd formula {l) of the present invention can be
prepared using a bensylphenol derivative represented by the general formula (i) of the present invention according
to the following procedure:

c/l: R ' ' R'?
R“:: a salt ([”)0% “ﬁj\ O
Soby™

o an :
o

' R R?
Process 2 o
— m/\Q,O
Alkaline .,
hydrolysis L ‘o4 43}

wherein R represents a hydrogen atom or a protected hydroxy{ lower alkyl) group; R'2 represented a lower alkyl
group, a lower alkoxy group, a lower alkyithio group, a protected hydmxy(lower alky!) group, a protected hydroxy(lower
atkoxy) group, a protected hydroxy(lower alkylthio} group, an lower alkoxy-substituted (lower alkyl) group, a lower
alkoxy-substituted {lower alkoxy) group or a lower alkoxy-substimted (lower alkyithio) group; X represents a leaving
group such as a trichloroacetoimidoyloxy group, an acetoxy group; a bromine atom or a fluorine atom; and R and R2
have the same meanings as defined abdve )

Process 1

[0015] A glucoside represented by the ahove generat formula (V) can be prepared by subjecting a benzylphenol
derivative represented by the above general formula (1) or a salt thereof to glucosidation using a glycosyl-donor rep-
resented by the above general formula (1) such as 2,3 ,4,6-tetra-O-acetyl-1-O-trichloroacetomidoyl-o-D-glucopyran-
ose, 1,2,3,4,6-penta-O-acetyl-f-D-glucopyranose, 2,3 4,6-tetra-O-acetyl-o, -D-glucopyranosyl bromide and 2,3,4 6-tct-
ra-O-acetyl-B-D-glucopyranosyl fluoride in the presence of an activating reagent such as boron trifluoride dicthy) ether
complax, silver trifiuoromethanesulfonate, tin(IV) chioride or trimethysilyl trifluoromethanesulfonate in an inert solvent.
As the solvent used, dichloromethane, toluene, acetonitrile, nitromethane, ethyl acetate, diethyl ether, chloroform, a
mixed solvent thereof and the like can be illustrated. The reaction temperature is usually from -30°C to reflux temper-
ature, and the reaction time is usually from 10 minutes to 1 day, varying based on a used starting material, solvent and
reaction temperature.

Process 2

[0016] Acompound () of the present invention can be prepared by subjecting a glucoside represented by the above
general formula (IV) to alkaline hydrolysis to remove the hydroxy-protective groups. As the solvent used, water, meth-
anol, ethanol, tetrahydrofuran, a mixed solvent thereof and the like can be llustrated, and as alkaline materials, sodium
hydroxide, sodium methoxide, sodium ethoxide or the like can be used. The treatment temperature is usually from 0°C
1o reflux temperature, and the treatment time s usually from 30 minutes to 6 hours, varying based on a used starting
material, solvent and treatment temperature. Such treatment can be carryed out by suitably changing or adding an
other procedure in the usual way depending on a used hydroxy-protective group.

[0017] For example, the compounds represented by the above general formula (Il of the present invention and salts
thereof which are used as starting materials in the aforementioned production process can be prepared according lo
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the following procedure:

2o
R'l2
QY e
O\M 4

) oD

Process A . Condensation

" yo Process B O O R
O o
O

Oxidation using .0

o o a Dess-Martin M
wID reagent ) V1D
Removing the
Catalytic Process D Process C protective
.hydrogenation group
{Occasionally Reduction
i:‘:::éﬁgig; (subgéquently _
the protective reduction and
group) : 1nt_1;qduction of
. {subsequently a ptqg;lc‘active group
-reduction and when R* is a lower
introduction of alkoxycarbonyl
.4 protective group group),. -
when R' is a lower
"alkoxycarbonyl . : W
group) \ . Y o .
OH ' or a salt
an

whercin M represents a hydrogen atom or a hydroxy-protective group; R* represents a hydrogen atom, a protected
hydroxy(lower atkyl) group or a lower alkoxycarbonyt group; one of Y and Z is MgBr, MgCl, Mg! or a lithium atom, while
the other is a formyi group; ana R and R12 have the same meanings as defined above. Process A

{0018} A compound represented by the above general formula (V1l) can be prepared by condensing a benzaldehyde
derivative represented by the above general formula (V) with a Grignard reagent or 8 lithiurn reagent represented by
the above general formula (VI), or by condensing a Grignard reagent or a fithium reagent represented by the above
general formula (V) with a benzaidehyde dervative represented by the above general formula (V1) in an inert sotvent.
As the solvent used, tetrahydrofuran, diethyl ether, a mixed solvent thereof and the like can be illustrated. The reaction
temperature is usually from -78°C to reflux lemperature, and the reaclion time is usually from 10 minutes to 1 day,
varying based on a used starting material, solvent and reaction temperature,

Process B
[0019] A compound represented by the above general formuta (VIII) can be prepared by subjecting a compound

represented by the above general formuta (VII) to oxidation using a Dess-Martin reagent in an inert solvent. As the
solvent used. dichloromethane, chloroform, acetonitrite, a mixed sotvent thereof and the like can be illustrated. The
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residue was purified by column chromatography on sitica gel {eluent bexanc/ethyl acctale  4/1) lo give a diphenyl-
methanot compound (0.91g). The obtained diphenyimethano! compound (0.90g) was dissolved in dichloromethanc
(15mL}. To the solution was added a Dess-Martin reagent (1,1,1 -trifacetyloxy)- 1.1 dihydro-1,2-benziodoxot-3{ 1H}-one)
{1.59), and the mixture was stirred at 25°C for 26 hours. To the reaction mixture were added diethyl ether (75mL) and
1mol/L aqueous sodium hydroxide solution (30mL), the mixture was stirred vigorously, and the organic layer was sep-
araled. The organic layer was washed with 1mol/L aqueous sodium hydroxide solution (30mL), water (30mL, 3 times)
and brine (30mL). dried over anhydrous sodium sulfate, and the soivent was removed under reduced pressure. The
residue was purified by column chromatography on silica gel (eluent: hexane/ethyl acetate ~ 15/1-9/1) to afford &
kelone compound (0.82g). A mixture of the obtained ketone compound (0.81g), p-loluenesulfonic acid monohydrate
(0.10g) and methanol {14mL.) was stirred at 60°C for 4 hours. After cooling to ambient temperature, the reaction mixture
was concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (eluent:
hexane/ethyl acetate ~ 15/1) to give a deprolected compound (0.69g). The obtained deprotected compound (0.68g)
was dissolved in tetrahydrofuran (11mL), triethylamine (0.41mL) and methyl chioroformate (0.22mL) were added to
the solution, and the mixture was slirred at 25°C for 1 hour. Furthermore, triethylamine {(0.11mL) and methy! chloro-
formate (0.061mL) were added to the reaction mixture. and the mixture was stirred for 30 minutes. The reaction mixture
was filtered, and the filtrate was concentraled under reduced pressure. The residue was dissolved in tetrahydrofuran
(14imiL) and water (7mL), sodium borohydride (0.40g) was added to the solution, and the mixture was stired at 26°C
for 7 hours. To the reaction mixture was added dropwise 1mol/L hydrochioric acid (15mL), and the mixture was extracted
with ethyl acetate (75mL). The extracl was washed with water (20ml), a saturated aqueous sodium hydrogen carbonate
solution (20mL) and brine (20mL), dried over anhydrous sodium sulfate, and the solvent was removed under reduced
pressure. The residue was purified by column chromatography on silica gel (eluent: hexane/ethy! acetate ~ 8/1) to give
2-(4-ethylthiobenzyl)phenol {0.629).

1H-NMR (CDCly) & ppm:

1.29(3H,t,J.-7.3H7), 2.90 (2H, q, J-7.3H7), 3.96 (2H, 5), 4.62 (1H, s}, 6.75-6.80 (1H, m), 6.85-6.95 (1H m) 7.05-7.20
(4H, m), 7.20-7.30 (2H, m) .

Reference Example 14

éi(A-MelhoxWenzyl)phtajyl 2,3,4,6-tetra-O-acetyl-fi-D-glucopyrenoside

~[i)043]« “To asolution of 2-(4-methoxybenzyl)phenol {46mg) and 2:3,4 6-tetra-O-acetyl-1-O-trichloroacetoimideyl-a.-D-
ghicopyranose (0.13g) in dichloromethane (2mL) was added boron trifluoride diethyl ether complex (0.033mL), and
..2tlhe:mixture was stirred at room temperature for 1 hour. The reaction mixture was purified by column chromatography
 on, aminopropy! silica gel {eluent: dichloromethane) to give 2-(4-methoxy-benzyl)pheny! 2,3,4,6-terta-O-acoty!-B- D-
- glucopyranoside {0.11g).
TH-NMR (CDCly) & ppm:
191 (3H, s}, 2.03 (3H, 5), 2.05 (3H. 5), 2.08 (3H, 5), 3.77 (3H, 5), 3.80-3.95 (3H,m), 4.17 (1H, dd, J-2.5, 12.2H7), 4.29
(1H, dd, 4- 5.5, 12.2Hz), 5.1 (1H, d, J -7.5Hz), 5.10-5.25 (1H, m), 5.25-6.40 (2H, m), 6.75-6.85 (2H, m), 6.95-7.10
(5H, m), 7.10-7.25 {1H, m)

Reference Example 16

2-{4-Methybenzyl)phenyl 2,3 4 6-tetra-O-acetyl-3-D-glucopyranoside

[0044] Thetitle compound was prepared in a similarmannerto that described in Reference Example 14 using 2-(4-me-
thyl-benzyl)phenol instead of 2-(4-methoxybenzyl)phenol.

1H-NMR {CDCl,) 8 ppm:

1.89 (3H, s), 2.03 {3H, 5), 2.05 (3H, 5), 2.07 (3H, s), 2.30 (3H, 5), 3.80-3.95 (3H,m), 4.17 (1H, dd, J=2.5, 12.3Hz), 4.28
(1H, dd, J-5.5, 12.3Hz), 5.11 (1H, d, J=7.5Hz), 5.10-5.25 (1H, m), 5.26-5.40 (2H, m), 6.90-7.20 (8H, m)

Reference Example 16

2-(4-Ethylbenzyl)phenyi 2,3,4,6-tetra-O-acetyl-B-D-glucopyranoside

{0045] The title compound was prepared in a similar manner to that described in Reference Example 14 using
2-{4-ethyl-benzyl)phenol instead of 2-(4-methoxybenzyi)phenol.

TH-NMR (CDCly) § ppm:

1.20 (3H, 1, J-.7.6H/), 1.87 (3H, 5), 2.03 (3H, 5). 2.05 (3H, s}, 2.08 (3H, s}, 2 60 (2H, q, J:-7.6Hz), 3.80-4.00 (3H, m),
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418 (1H, dd, J. 2.3, 12.2Hz), 428 (1H, dd. § 5.4, 12 2Hs), 5.11 (1H. d.J 76H,). 5 10-5.25 (1H, m), 5.25-540 (24,
m). 6.90-7.25 (8H, m)

Reference Example 17

2-{4-Isobutylbensyl)phenyl 2,3,4 6-tetra-O-acctyl f-D-glucopyranssice

[0046] Thetitle compounawas prepared in asimilar manner to that described in Reference Example 14 using 2-{4-iso-
butyl-bensyliphenol instead of 2-(4-methoxybenzyljphenol.

TH-NMR (CDCl,) 8 ppm:

0.88 (6H, d, J-:6.6Hz), 1.756-1.90 (1H, m), 1.87 (3H, 5), 2.03 (3H, 5), 2.05 (3H, 5), 2.08 (3H, 5), 2.42 (2H, d, J=7.2Hz),
3.80-3.95 (3H, m), 4.18 (1H, dd, J- 2.4, 12.3H2), 4.28 (1H, dd, J-56, 12.3Hz), 5.11 (1H, d, J- 7.6Hz), 5.10-5.25 (1H,
m), 5.25-5.40 (2H, m), 6.90-7.25 {8H, m)

Reference Example 18

2-(4-Ethoxybenzyl)phenyl 2,3,4 6-tetra-O-acetyl-B-D-glucopyranoside

[0047] The litic compound was prepared in a similar manner to that described in Reference Example 14 using
2-(4-ethoxy-benzyphenot instead of 2-(4-methoxybenzyl)phenol.

TH-NMR (CDCl5) § ppm:

1.39 (3H, 1, J--7.0Hz), 1.91 (3H, s), 2.03 (3H, 5), 2.05 (3H, s), 2.07 (3H, 5), 3.80-3.95 (3H. m). 3.98 (2H, q, J- 7.0H2),
418 (1H, dd, J-2.5, 12.3H7), 4.28 (1H. dd, J=5.6. 12.3H7), 510 (1H, d, J=7.7Hz), 5.15-5.25 (1H, m), 5.25-5.40 {2H,
m), 6.76-6.85 (2H, m), 6.95-7.10 {8H, m), 7.10-7.20 (1H, m)

Reference Example 19

2-(4-Isopropoxybenzyl)phenyl 2,3 4,6-tetra-O-acetyl-f-D glucopyranoside

[0048] Thetitic compound was prepared ina similarmanner to that described in Reference Example 14 using 2-(4-iso-
propoxy-benzyl)phenot instead of 2-(4- methoxybenzyl)phenol

TH-NMR (CDCls) 8 ppm:

1.30 (6H, d, J-6.0Hz), 1.90 (3H, s), 2.03 (3H, &), 205(3H s), 208 (3H. s), 380390(3H m), 4.18 (1H, dd, J-2.3,
12.3Hz), 4.28 (1H, dd, J. 5.5, 12.3H7), 4.48 (1H, heptet, J-6.0H7), 5.10 (1H,d, J. 7.7H7), 5 10-525(1H, m), 5.25-5.40
(2H, m), 6.70-6.85 (2H, m), 6.90-7.10 (5H, m), 7.10-7.20 {iH, m)

Reference Example 20

5-Acetoxymethyl-2-(4-ethylbenzyl)phenyl 2,3 ,4,6-tetra- O-acetyl-f-D-glucopyranoside

[0049] The ttle compound was prepared in a similar manner to that described in Reference Example 14 using S-ac-
etoxy-methyl-2-(4-ethylbenzyl)phenol instead of 2-(4-methoxy-benzyliphenol.

TH-NMR (CDCly) 8 ppm:

1.20 (3H, 1, J-7.6H2), 1.88 (3H, 5), 2.02 (3H, 5), 2.05 (3H, 5), 2.07 (3H, 5), 2.09 (3H, 5). 2.60 (2H, q, J-7.6Hz), 3.80-3.95
(3H, m), 420 (1H, dd, J-2.4, 12.3Hz), 4.27 {(1H, dd, J=5.3, 12.3Hz), 5.00-5.10 {2H,m), 5.13 (1H, d, J=7.4Hz), 5.15-6.40
(3H, m), 6.95-7.15 (7H, m)

Reference Example 21

Acetoxymethyl-2-(4-propoxybenzyl)phenyl 2,3.4,6-tetra-O acetyt-B-D-glucopyranoside

[0050] The title compound was prepared in a similar manner to that described in Reference Example 14 using 5-ac-
etoxy-methyl-2-(4-propoxybenzyl)phenol instead of 2-(4-methoxy-benzylphenol.

1H-NMR (CDCly) § ppm:

1.01 (3H, 1, J=7.4Hz), 1.70-1.85 (2H, m), 1.92 (3H, 5), 2.03 (3H, 5), 2.05 (3H, 5), 2.07 (3H, ), 2.09 (3H, 5), 3.80-3.95
(SH, m), 4.20 (1H, dd, J-2.4, 12.3Hz), 4.27 (1H, dd, J=5.3, 12.3Hz), 5.00-5.10 (2H, m), 5.12 (1H, d,J=7.4Hz),5.155.40
(3H, m), 6.75-6.85 (2H, m), 6.95-7.10 (5H, m)
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Rcference Example 22

2{4-{2-Acetoxyethylibenzyl|-5-acetoxymethylphenyt 23,4 6-tetra-O-acety!-B-O-glucopyranoside

[0051] The title compound was prepared in a similar manner to that described in Reference Example 14 using
2-{4-{2-accloxycthylbensyl)-5-acetoxymethylphenal instead of 2-{(4-methoxybensyljphenal.

TH-NMR (CDCls)  ppm:

1.89 (3H, s}, 2.03 {3H, s), 2.03 (3H, s), 2.05 (3H, s), 2.07 (3H, 8), 2.09 (3H, 5), 2.88 (2H. 1, J 7.1Hz), 3.85-3.95 (3H,
m). 4.15-4.35 (4H, m), 5.00-5.10 (2H, m), 5.13 (1H. d, J- 7.5H/), 5.15-5.40 (3H, m). 6.95-7 15 (7TH, m)

Example 1

2-{4-Methoxybenzyl)pheny! 8-D-glucopyranoside

[0052] Sodium methoxide (28% methanol solution; 0.12mL) was added (o a solution of 2-{4-methoxybenzyl)phenyl
2,3,4 6-tetra-O-acetyl-f-D-glucopyranoside (0.11g) inmethanol (4mL), and the mixture was stirred al roomicmperature
for 30 minutes. The solvent was removed under reduced pressure. The residue was purified by column chromatography
on silica gel (eluent: dichloromethane/methanol = 10/1) to give 2-(4-methoxy-benzyl)pheny! B-D-glucopyranoside
(65mg).

1H-NMR (CD,0D) 3 ppm:

3.35-3.55 (4H, m), 3.69 (1H, dd, J=5.1, 12.1Hz), 3.73 (3H, ), 3.80-4.00 (2H, m), 4.03 (1H..d, J-15.1Hz), 4.91 (1H, &,
J-7.4Hz), 6.75-6.85 (2H,m}, 6.85-6.95 (1H, m), 6.95-7.10 (1H, m), 7.10-7.20 (4H. m)

Example 2

2-(4-Methyibenzyl)phenyl -D-glucopyranoside

{0053] The title compound was prepared in a similar mannerto that described in Example 1 using 2-(4-methytbenzyt)
phenyl 2,3 .4,6-tetra-O-acetyl-p-D-glucopyranoside instead of 2«{4-methoxybenzyljphany! 2,3 4,8-tetra-O-acetyl-§-D-
glucopyranoside. o, .

'H-NMR {CD,0OD) & ppm: . .

2.27 (3H, s), 3.35-3.55 (4H, m), 3.69 (1H, dd, J::6.2, 12.0Hz), 3.80-3.90 (1H, m), 3.94 (1H. d, J: 15.0Hz), 4.05 (1H, d,
J:-15.0Hz), 4.85-4.96 (1H, m), 6.85-6.95 (1H, m), 6.95-7.20 (THum). -

Example 3

2-{4-Ethylbenzyl)pheny! B-D-glucopyranoside

[0054) The title compound was prepared in a similar manner to that described in Example 1 using 2-(4-ethytbenzyl)
phenyl 2,3.4,6-letra-O-acetyl-f-D-glucopyranoside instead of 2-(4-methoxybenzyliphenyl 2,3 4,6-tetra-O-acety-f-D-
glucopyranoside.

TH-NMR (CD,0D} & pprm:

1.15-1.25 {3H, m), 2.50-2.65 (2H, m), 3.35-3.55 (4K, m), 3.65-3.75 (1H,m), 3.80-4.00 (2H, m), 4.06 (1H, d, J=14.9Hz),
4.85-5.00 (1H, mm), 6.85-7.00 (1H, m), 7.00-7.20 (7TH, m)

Example 4

2-({4-Isobutylbenzylphenyl B-D-glucopyranoside

[0055] The titlecompound was prepared in a similar manner to that described in Example 1 using 2-(4-isobutylbenzyl)
phenyt 2,3.4,6-tetra-O-acetyl-p-D-glucopyranoside instead of 2-(4-methoxybenzyl)pheny! 2,3,4,6-tetra- O-acety!-B-D-
glucopyranoside.

1H-NMR (CD;0D} 3 ppm:

0.80-0.95 (6H, m), 1.70-1.90 (1H, m), 2.41 (2H, d, J=7.1Hz), 3.30-3.55 (4H, m), 3.60-3.76 (1H, m), 3.80-3.95 (1H, m),
3.95 {1H, d, J=15.0Hz), 4.06 (1H, d, J-15.0Hz), 4.85-4.95 (1H, m), 6.80-7.20 (8H, m)
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Example 5

2-(4-Ethoxybenzyhphenyl B-D-glucopyranoside

[0056] The title compound was prepared in a similar manner to that described in Example 1 using 2-{(4-ethoxybenzyl}
phenyl 2,3 4 6-tetra-O-acetyl-B-D-glucopyranoside instead of 2-{4-methoxybenzyl)phenyl 2,3 .4 6-letra-O-acety!-B-D-
glucopyranoside.

TH-NMR (CD30D) & ppm:

1.35(3H, 1, J 6.8H/). 3.35-3.55 (4H, m), 3.60-3.75 {1H, m), 3.80-4.10 (5H, m), 4.90 (1H, d, J-7.1Hz), 6.70-6.85 {2H,
m), 6.85-6.95 (1H, m), 7.00-7.20 {5H, m)

Example 6

2-{4-Isopropoxybenzyljphenyl §-D-Glucopyranoside

[0057] The title compound was prepared in a similar manner o that described in Exampie 1 using 2-(4-isopropoxy-
benzyl)pheny! 2,3,4,6-tetra-O-acetyl-B-D-glucopyranoside instead of 2-(4-methoxybenzyl)phenyl 2,3,4,6-tetra-O-
acetyl-§-D-glucopyranoside.

1H-NMR (CD,0D) 8 ppm:

1.27 {6H, d, J=6.0Hz), 3.35-3.55 (4H, m), 3.69 (1H, dd, J~5.4, 12.1Hz), 3.88 (1H, dd, J-2.0, 12.1Hz), 3.91 {1H, d,
J=15.0Hz), 4.02 (1H, d, J==15.0Hz), 4.51 (1H, heptet, J-6.0Hz), 4.91 (1H, d, J-7.7Hz), 6.70-6.85 (2H, m), 6.85-6.95
(1H, m), 7.00-7.10 (1H, m}, 7.10-7 20 (4H, m)

Exampte 7

iHydmxymelhy|-2-(4~propoxyben1yl)phenyl B-D-gluco-pyranoside

[0058) - The title compound was prepared in a similar manner to that described in Example 1 using 5-acetoxymethyl-

2-{4-propoxybenzyl)phenyl-  2,3,4,6-tetra-O-acety|--D-glucopyranoside instead of 2-(4—rneﬂ10xybenzyl)phenyl‘

2,3,4 6-tetra- O-acetyl-f-D-glucopyranoside.
1H-NMR {CD,0D) § ppm:

g

-1.0243H, t, J-7.4H2), 1.70-1.85 (2H, m), 3.30-3.55 (4H, m), 3.65-3.75 {1H, m), 3.80-3.95 (4H, m), 4.00 (Hd, .

J-180H2), 4.54 (2H, 5). 4.93 (1H, d, J.-7.4Hz), 6.70-6.86 (2H, m), 6.856.95 (1H, m), 7.02 (1H, d, J-7 7H7), 7.057120
@Hmy - .

Example 8

2-(4-Ethyibenzyt)-6-hydroxymethylphenyl B-D-glucopyranoside

{0059] The tille compound was prepared in a similar manner to that described in Example 1 using 5-acetoxymethyt-
2-{4-ethytbenzyiphenyl 2,3 4,6-tetra-O-acelyl-B-D-gluco-pyranoside  instead  of 2-(4-methoxybenzyl)phenyl
2,3,4 6-tetra- O-acetyl-B-D-glucopyranoside.

1H-NMR (CD40D) & ppm:

1.19 (3H, t, J=7.6Hz), 2.57 (2H, q, J-7.6Hz), 3.30-3.55 (4H, m), 3.65-3.75 (1H, m), 3.85-4.00 {2H, m), 4.04 (1H, d,
J::15.0Hz), 4.54 (2H, s), 4.93 {1H, d, J-7.4Hz), 6.85-6.95 (1H, m), 7.02 (1H, d, J-7.7Hz), 7.06 (2Hd, J-8.1Hz),
7.10-7.20 (3H, m)

Example 9

244-{2-Hydroxyethyhbenzyl]-5-hydroxymethyiphenyl §-D-glucopyranoside

[0060] The title compound was prepared in a similar manner to that described in Example 1 using 2-|4-(2-acetoxye-
thyl)-benzyl]-5-acetoxymethylphenyl 2,3,4,6-tetra-O-acetyl--D-glucopyranoside instead of 2-{4-methoxybenzyl)phe-
ny! 2,3,4,8-tetra- O-acetyl-B-D-glucopyranoside.

TH-NMR (CD,0OD) & ppm:

2.76 (2H, t, J-7.1Hz), 3.30-3.55 (4H, m}, 3.60-3.75 (3H, m), 3.85-4 00 {2H, m}, 4.05 (1H, d, J-14.6Hz), 4.54 (2H, s},
4.92 {(1H, d, J=7 2Hz2), 6.85-6.95 (1H, m), 7.03 (1H, d, J-7.9Hz), 7.09 (2H, d, J-7.8Hz), 7.10-7.20(3H, m)
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Example 10

2-4-{2-Hydroxyethyl)benzyilphenyl §-D-glucopyranoside

[0061] To asolution of 2{4-(2-benzoyloxyethylbenzyllphenol (0 49g) and 1.2,3,4 6-penta-O-acetyl-B-D-glucopyran-
osc {1.7g)in loluene (5.2mL) and dichloromethanc (2.2mL) was added boron triftuoride dicthyl ether complex (0.56m L).
and the mixture was stired at 25-C for 8 hours. To the reaction mixture were added ethyl acetate (70mL) and a saturated
agueous sodium hydrogen carbonate solution (25mL), and the organic layer was separated. The organic layer was
washed with brine (25ml) and dried over anhydrous sodium sulfate, and the solvent was removed under reduced
pressure. The residue was dissolvedin methanol {5ml.) andtetrahydrofuran {2.5mL}, sodium methoxide {28% methanol
solution, 0.14mL) was added to the solution, and the resulting mixture was stirred a1 25°C for 12.5 hours. Tothe reaction
mixiure were added ethyl acetate {75mL) and water (20mL). and the organic layer was separated. The organic layer
was washed with brine (20mL) and dned over anhydrous sodiurm suffate, and the solvent was removed under reduced
pressure. The residue was dissolved in methanol {7.5mL), sodium methoxide (28% methanol solution, 0.085mL) was
added 10 the solution, and the resulling mixture was stirred at 25°C for 5 hours. The reaction mixture was purified by
column chromatography on silica gel {eluent: dichtoromethanc/methano! . 4/1). The solvent was rermoved under re-
duced pressure, diethyl ether was added to the residue, and the resutting precipitates were collected by fiftration. The
obtained solid was washed with diethyl ether and dried under reduced pressure to give 2-{4-(2-hydroxyethyl)benzyl]
phenyl B-D-glucopyranoside (0.47g).

TH-NMR (CD40D) § ppm:

2.76 (2H, t, J=7.1Hz), 3.35-3.55 (4H, m), 3.65-3.75 (3H, m), 3.88 (1H, dd, J-1.8, 11.8Hz), 3.95 (1H, d, J=15.2Hz), 4.07
(1H, d, J~15.2Hz), 4.90(1H, d, J-7 4Hz), 6.85-6.95 (1H, m), 7.00-7 20 (7H, m)

Example 11

244-(3-Hydroxypropyl)bensylphenyi B-D-glucopyranoside

[0062] The title compound was prepared in a similar manner to that described in Example 10 using 2-(4-(3-benzoy-
loxy-propyljbenzylphenol instead of 2{4-(2-benzoyloxyethyl}-benzyliphenol.

1H-NMR (CD,0D) 3 ppm:

1.70-1.85 (2H, m}, 2.65-2.66 (2H, m), 3.30-3.60 (6H, m), 3.69 (1H, dd, J=5.2, 11.9Hz), 3.88 (1H, dd, J-2.0, 11.9Hz),
3.95 (1H, d, J=:15.1Hz), 4.06 (1H, d, = 15.1Hz), 490 (1H, d, J: 7.3Hz), 6.85-6.95 (1H, m), 7.00-7.20 (7H, m)

Example 12

2-{4-Ethyithiobenzyf)pheny! §-D-glucopyranoside

{0063 To a solution of 2-{4-ethyithiobenzyl)phenol (0.51g) and 1,2,3,4,6-penta-C-acetyl-8-D-glucopyranose (2.49)
in toluene (6.3mL) and dichloromethane (2.7mL) was added boron trifiuoride diethyt ether complex (0.78mL), and the
mixture was stirred al room temperature for 9 hours. To the reaction mixture were added cthyl acetale (70mL) and a
saturated aqueous sodium hydrogen carbonate solution (25mL), and the organic layer was scparated The organic
layer was washed with brine (25mL], dned over anhydrous sodiumn sulfate, and the solvent was removed under reduced
pressure. The residue was dissolved in methanol (10.5mL), sodium methoxide (28% methanol solution, 0.08ml.) was
added (o the solution, and the mixture was slirred at 25°C for 18 hours. To the reaction mixiure were added ethy!
acetate (76mL) and water (20mL}, and the organic layer was separated. The organic layer was washed with brine
(20mL), dried over anhydrous sedium sulfate, and the solvent was removed under reduced pressure. The residue was
purified by column chromatography on silica gel (eluent: dichloromethane/methanol - 10/1). The solvent was removed
under reduced pressure, diethy! ether was added to the residue, and the resulting precipitates were collected by filira-
tion. The obtained colorless solid was washed with diethy! ether and dried under reduced pressure to give 2-(4-ethyl-
thisbenzyl)pheny! B -D-glucopyranoside (0.51g).

1H-NMR (CD,0D) § ppm:

1.24 (3H, 1, J::7.3Hz), 2.88 (2H, q, J-7.3Hz), 3.35-3.55 {4H, m), 3.69 (1H, dd, J=5.0, 12.2Hz), 3.88 (1H, dd, J=2.0,
12.2Hz), 3.95 (1H, d, J=15.1Hz), 4.08 (1H, d, J=15.1Hz), 4.91 (1H, d, J=7.3H2), 6.85-7.00 (1H, m), 7.00-7.10 (1H, m),
7.10-7.30 (64, m)
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Description of the Invention

In accordance with the present invention, O-aryl:
élucoside compounds are provided which have the structure
I.°

10
‘wherein

/oti‘;r”/on
!
7
L\ s
R® or heteroaryl;

R R% R}, and R? are the same or different and are

when Y is

independently selected from hydrogen, OH, OR’, lower
15 alkyl, or halogen, or two of R R®> R? and R! together
with the carbons to which they are attached can form an

annelated five, six or seven membered carbocycle or
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heterocycle which may contain 1 to 4 hetercatoms in fhe
ring which are N, 0, S, S0, and/or SO0a;

R’ and R® are the same or differcnt and are
independently selected from hydrogen, OH, OR’®, -OAryl,
-OCHyAxryl, lower alkyl, cycloalkyl, Aryl, arylalkyl, CFs,
arylalkenyl, —-OCHF,, -GCCFj, halogen, —-CN, -CO.R™, -COH,
COR®E, CHOHR®, CH(OR™)R®™, -CONR®R®?, -NHCOR’®, -NHSO.R™
~NHSO,Aryl, -SR™, -SO0R’, -S0,R’, -SO,Aryl, —OCH,CO.R™,
~OCH,CO,H, —OCH,CONRPR®®, —OCH,CH,NR®R®®, or a five, six or
seven membered heterocycle which may contain 1 to 4
heteroatoms in the ring which are N, O, S, SO, and/or
S0,, or R® and RS together with the carbons to which they
are attached form an annelated five, six or seven
membered carbocycle or heterocycle which may contain 1
to 4 heteroatoms in the ring which are N, O, S, SO,
and/or SOz; ;

R’I, R7a’ R7b, R'Ic’ R7d, R'Ie’ R'lf’ R’lg’ R7h’ and R7i are
independently lower alkyl; '

rE, r%, R%, R%, R®, R®®, R%, R%, and R®™ are the
same or different and are lndependently selected from
hydrogen, alkyl,aryl, arylalkyl, cycloalkyl, or together
with the nitrogen to which they are attached form an
annelated five, six or seven membered heterocycle which
may contain 1 to 4 heteroatoms in the ring which are N,
0, S, SO, and/or SO ’

A is O(CHz)m, S, NH(CHz)n, or (CHz), where n is 0-3
and m is 0-2, and a pharmaceutically acceptable salt
thereof, all stercoisomers thereof, and all prodrug
esters thereof.

The compounds of formula I of the invention as

defined above also include the following provisos that

RG
where A is CH, and Y is ~_4<;=;\f
and when

._9_
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1) R' is OH and R® is alkyl, at least onc of R', R’, R
and R® is not hydrogen, and preferably 4-R® is
other than hydrogen;

2) R® and R® are OH, at least one of R*, RY, R’ and R®
is not hydrogen, and preferably 4-R® is other
than hydrogen;

3) R? is methyl, R® is OH, and R® is alkyl, at least
one of R, R}, and R' is not hydrogen; and

4) R? is chlorine, at least one of R, R3, RY, R® and
R® is not hydrogen, and preferably 4-R® is other
than hydrogen.

In the compounds of formula I, where A is O(CHa)nm
or NH{CH;)m, the heterocatom O or N will be linked to the
aryl ring directly joined to the glucoside moiety.

The compounds of formula I of the invention
possess activity as inhibitors of the sodium dependent
glucose transporters found in the intestine and kidney of
mammals and are useful in the treatment of diabetes and
the micro- and macro-vascular complications of diabetes
such as retinopathy, neuropathy, nephropathy, and wound
healing.

The present invention provides for compounds of
formula I, pharmaceutical compositions employing such
compounds and for methods of using such compounds.

In addition, in accordance with the present
invention, a method is provided for treating diabetes,
especially type II diabétes and related diseases
including complications of diabetes, including
retinopathy, neuropathy, nephropathy and wound healing,
and related diseases such as insulin resisténce,
hyperglycemia, hyperinsulinemia, Syndrome X, elevatéd
blood levels of fatty acids or glycerol, obesity,
hypertriglyceridemia, atherosclerosis and hypertension,
and for increasing high density lipoprotein levels,
wherein a therapeutically effective amount of a compound

- 10 -
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of structure I of the invention is administered to a
human patient in need of treatment.

In addition, in accordance with the present
invention, a method is provided fcr treating diabetes and
related diseases as defined above and hereinafter,
wherein a therapeutically effective amount of a
combination of a compound of structure I of the inventicn
and one, two or more of other types antidiabetic agents
and/or one, two or more other types of therapeutic agents
is administered to a human patient in need of treatment.

The conditions, diseases, and maladies
collectively referred to as “Syndrome X" (also known as
Metabolic Syndrome) are detailed in Johannsson J. Clin.
Endocrinol. Metab., 82, 727-34 (1997).

The term “other type of therapeutic agents” as
empioyed herein refers to one or more antidiabetic agents
(other than SGLT2 inhibitors of formula I), one or more
anti-obesity agents, and/or one or more lipid-lowering
agents (including anti-atherosclerosis agents).

In the above method of the invention, the compound
of structure I will be employed in a weight ratio to the
antidiabetic agent(s) and/or hypolipidemic agent{(s)
(depending upon its mode of operation) within the range
from about 0.01:1 to about 300:1, preferably from about
0.1:1 to about 100:1, and more preferably from about
0.1:1 to about 10:1.

Preferred are compounds of formula IA

iA
RG
2
R R1 //‘\\
R® \\
A R®
4
Ro b
HO
HOY “fon
OH

wherein A is CHz or O or S.

- 11 -
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More preferred are compouncs of formula IA where A

is CHy;
R is H, halogen or alkyl;
R? and R® are each H;
5 R> is H.

Most preferred are compounds of formula I of the
structure IB
IB

HO

HOVY KLY
OH
10 where R! is hydrogen, halogen or alkyl or R' and R! are
independently H or alkyl;
R® is hydrogen, alkyl, R'0, CHF;0, CF30 or R'*S.

.Examples of preférred compounds of formula I of

15 the invenﬁion include compounds having the structure

Me "l’\in!I(ﬁ\M@
oy oy
HO HO
r:;g;(”/on M/m
OH OH

WO 01/74834 PCT/USO1/10092

10

15

*R® = H unless otherwise indicated

SO O O O ™ Rﬁ
CH, | H | & H a-MeO
CH, H H H H _ 4 -tBu
CH, H H H H 4-MeS
CH, H H H H 4-iPr
CH, H H H H 4-c1
CH, H H H H 4-CF,
CH, H H H H 4-CF,O
CH, Me g H H H
CH, H 54 Me 4-MeS
CH, H H H Me 4-Me
CH, Ccl H H H H

The present invention provides foxr compbunds of
formula I, pharmaceutical compositions employing such
compounds and for methods of using such compounds.

The compounds of formula I of the invention may be
prepared as shown in the following reaction schemes and
degcription thereof wheérein temperatures are expressed in
degrees Centigrade.

Compounds of formula I of the invention can be
prepared from compounds of formula II
I

AcO

AcoY “oac
OAc

by treatment of II with a base such as LiOH or NaOH in a

solvent such as 3:1 MeOB/H;0 or 3:2:1 MeOH/THF/HO.
Compounds of formula II can be prepared by reacting

commercially available 2,3,4,6-tetra -O-acetyl-a-D-

glucopyranosyl bromide III

59




| WO 01/714834
11
| Br
| o
AcO T
|
| AcOVY “Hoac
} OAc
| with compounds of formula IV
v
2
R R
R® Y
| .
| K
5 g OH

butyl~4~méthylpyridine.

10
Scheme 1
R? 1 8
R AcO N Ag,0
rR® Y
A Aco\\‘ "//OAc
R‘ OH OAc
v ITT
2
R? r! R R'
3 3
R hs R Y
A A
4 LiOH R4
R o o o o
AcO HO
AcoV “Yonc HOY “lon
. OAc OH
IT I

PCT/LS/1092

in the presence of Ag,C in a solvent such as lutidine or
guinoline or in the presence of silver triflate in a

solvent such as CHaCl, containing a base such as 2,6-di-t-

Compounds of formula IV where A is (CHp), with n =

3 can be prepared from compounds of formula V

- 14 -
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The term "metal ion" refers to alkali metal ions
such as sodium, potassium or lithium and alkaline earth
metal ions such as magnesium and calcium, as well as zinc
and aluminum.

Unless otherwise indicated, the term "aryl" or
“Aryl” as employed herein alone or as part of another
group refers to monocyclic and bicyclic aromatic groups
centaining 6 to 10 carbons in the ring portion (such as
phenyl or naphthyl including l-naphthyl and 2-naphthyl)
and may optionally include one to three additional rings
fused to a carbocyclic ring or a heterocyclic ring (such
as aryl, cycloalkyl, heterocaryl or cycloheteroalkyl rings

for example

o
LD T o o
v \.‘"“l L , _\,0 = P = ’
N N N RN N \__ Nj/\j-_
<;:H::;}— ,0=<g:ﬂ::;}— ’ <b | & <§ | &
N Nr™ X Y w
N o

and may be optionally substituted through available
carbon atoms with 1, 2, or 3 groups selected from
hydrogen, halo, haloalkyl, alkyl, haloalkyl, alkoxy,
haloalkoxy, alkenyl, trifluoromethyl, trifluoromethoxy,
alkynyl, cycloalkyl—élkyl, cycloheteroalkyl,
cycloheteroalkylalkyl, aryl, heteroaryl, arylalkyl,
aryloxy, aryloxyalkyl, arylalkoxy, alkoxycarbonyl,
arylcarbonyl, arylalkenyl, aminocarbonylaryl, arylthio,
arylsulfinyl, arylazo, hetercarylalkyl,
hetercarylalkenyl, heteroarylheteroaryl, heteroaryloxy,
hydroxy, nitro, cyano, amino, substituted amino wherein
the amino includes 1 or 2 substituents (which are alkyl,

aryl or any of the other aryl compounds mentioned in the

- 29 -
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definitions), thiol, alkylthio, arylthio, heteroarylthio,
arylthioalkyl, alkoxyarylthio, alkylcarbonyl,
arylcarbonyl, alkylaminocarbonyl, arylaminocarbonyl,
alkoxycarbonyl, aminocarbonyl, alkylcarbonylioxy,
arylcarbonyloxy, alkylcarbonylamino, arylcarbonylamino,
arylsulfinyl, arylsulfirylalkyl, arylsulfonylamino or
arylsulfonaminocarbonyl and/or any of the alkyl
substituents set out herein.

Unless otherwise indicated, the term "lower
alkoxy"”, "alkoxy", "aryloxy" or "aralkoxy" as employed
herein alone or as part of another group includes any of
the above alkyl, aralkyl or aryl groups linked to an
oxygen atom.

Unless otherwise indicated, the term "substituted
amino" as employed herein alone or as part of another
group refers to amino substituted with one or two
substituents, which may be the same or different, such as
alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
cycloheteroalkyl, cyclohetercalkylalkyl, cycloalkyl,
cycloalkylalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl or
thioalkyl. These substituents may be further substituted
with a carboxylic acid and/or any of the alkyl
substituents asvset out above. In addition, the amino
substituents may be taken together with the nitrogen atom
to which they are attached to form l-pyrrolidinyl, 1-
piperidinyl, l-~azepinyl, 4-morpholinyl, 4-
thiamorpholinyl, l-piperazinyl, 4-alkyl-l-piperazinyl, 4-
arylalkyl-l-piperazinyl, 4-diarylalkyl-l-piperazinyl, 1-
pyrrolidinyl, 1-piperidinyl, or l-azepinyl, optionally
substituted with alkyl, alkoxy, alkylthio, halo,
trifluoromethyl or hydroxy.

Unless otherwise indicated, the term "lower
alkylthio"™, alkylthio™, “arylthio"” or "aralkylthio" as
employed herein alone or as part of another group
includes any of the above alkyl, aralkyl or aryl groups
linked to a sulfur aton.

- 30 -
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Unless otherwise indicated, the term ™lower
alkylamino"”, "alkylamino", "arylamino", or
"arylalkylamino" as employed herein alone or as part of
another group includes any of the above alkyX, aryl or

5 arylalkyl groups linked to a nitrogen atom.

Unless otherwise indicated, the term "acyl" as

employed herein by itself or part of another group, as

defined herein, refers to an organic radical linked to a
o

carbonyl ( g ) group; examples of acyl groups include any
10 of the alkyl substituents attached to a carbonyl, such as
alkanoyl, alkenoyl, aroyl, aralkanoyl, heteroaroyl,
cycloalkanoyl, cycloheterocalkanoyl and the like.
Unless otherwise indicated, the term
“cycloheteroalkyl” as used herein alone or as part of
15 another group refers to a 5-, 6- or 7-membered saturated
or partially unsaturated ring which includes 1 to 2
hetero atoms such as nitrogen, oxygen and/or sulfur,
linked through a carbon atom or a heteroatom, where
possible, optionally via the linker (CH;)p, (where p is 1,

OGO
@C o G, O
N 0 Oﬁ
X077
o5

25

N

30 and the like. The above groups may include 1 to 4
substituents such as alkyl, halo, oxo and/or any of of
the alkyl substituents set out herein. 1In addition, any

N,
LD O
-

- 31 -
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of the cycloheteroalkyl rings can be fused to a
cycloalkyl, axryl, heteroaryl or cycloheteroalkyl ring.
Unless otherwise indicated, the term "heterocaryl"

as used herein alone or as part of another group refers

5 to a 5- or 6- membered aromatic ring which includes 1, 2, -

3 or 4 hetero atoms such as nitrogen, oxygen or
sulfur,and such rings fused to an aryl, cycloalkyl,
heteroaryl or cycloheteroalkyl ring (e.g.
benzothiophenyl, indolyl), and includes possible N~

10 oxides. The heteroaryl group may optionally include 1 to
4 substituents such as any of the the alkyl substituents
set out above. Examples of heteroaryl groups include the
following: '

=

Q.
o O U

15
N N N N,
S TS @[ Lo oS °ji} ,
©;\,\-:N\___/N. s)r[n¢,<0\',
\N;N N\ lI’ /N/ N/\/O N/\/ 1 /N\ \/‘
x\N,\ﬁ, DA G Ve <1,
N—N N—N N—N Ny =N
A R » j
L/‘s) ' L/‘o) ' [/ lli) ’ [/‘o/N ! &\N_/) .
20 '

and the like.
The term "cycloheteroélkylalkyl" as used herein
alone or as part of another group refers to
25 cycloheteroalkyl groups as defined above linked through a
C atom or heterocatom to a (CHz)p chain.
The term "heterocarylalkyl" or "heteroarylalkenyl”
as used herein alone or as part of another group refers
to a hetercaryl group as defined above linked through a C
30 atom or heteroatom to a -{CH2)p- chain, alkylene or

alkenylene as defined above.
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Ryan MJ, Johnson G, Kirk J, Fuerstenberg SM, Zager RA and
Torok-Storb B. 1894. HK~2: an immortalized proximal
tubule epithelial ceil line from normal adult human
kidney. Kidney International 45: 48-57.

The following Working Examples represent preferred
embodiments of the present invention. BAll temperatures
are expressed in degrees Centigrade unless otherwise
indicated.

Example 1
Me
o O
HO
OV “Yom
OH

A. 4—Methyl—2’—hydroxybenzhydrol
To a 500ml round bottom  flask containing 100 mL of
THF under Ar was added commercial 1 M p-methylphenyl

magnesium bromide/EtZO {100 mL, 100 mmol). Subsequently,
salicylaldehyde'(4.9 g, 40.3 mmol) was added dropwise in
four equal portions spaced over 2 hr. After 20 min, once
HPLC analysis revealed the aldehyde to be consumed, the

reaction was quenched by dropwise addition of 26 ml of

sat'd NH,C1/H,0 to produce a white paste. To this
suspension was added 200 mlL of PhMe and sufficient H,0 to
permit stirxing. The organic layer was decanted
whereupon the white paste was triterated a second time
with 1:1 THF/PhMe. After decanting, the combined organic
layers were concentrated using a rotary evaporator to
obtain 9.7 g of crude 4-methyl-2‘-hydroxybenzhydrol.

- 48 -
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B.  2-(4':Methylbenzyl)phenol

To a solution of crude Part A 4-methyl-2'-
hydroxybenzhydrol (9.7 g containing no more than 40 mmol)
in 175 ml: of MeOH was added 0.59 g of 10% P4/C and 1.7S
mL of TFA. The suspension was stirred for 40 hr under 1
atmos. H,, filtered thrcugh celite and concentrated to

yield 8.6 of crude 2-(4'-methylbenzyl)phenol as an oil.

05

AcOY “Uone
OAc

AcO

A mixture of Part B 2- (p-methylbenzyl)phenol (8.6
g, containing no more than 37 mmol), 2,6-di-t-butyl-4-
methylpyridine (10.6 g, 52 mmol), 2,3,4,6-tetra—O-acetyl-
o-D-glucopyranosyl bromide (17.5 g, 43 mmol)} in 270 mL
CH,Cl, was stirred until homogeneous prior to cooling to
0°. After addition of AgOTf (12.2 g, 47 mmol) to the
cold solution, the reaction was stirred 1 hr prior to
addition of additional 2,3,4,6-tetra -O-acetyl-a-D-
glucopyranosyl bromide (7.6 g, 18 mmol) and AgOTE (6.5 g,
25 mmol) . An additional 100 mL of CH,Cl, was required to
dilute the suspension to maintain stirring. After 30
min, the suspension was directly loaded on a silica gel
column which was eluted initially with 25% EtOAc/hexane.
The undesired minor o anomeric product eluted first
followed by desired title B-0O-glucoside tetraacetate as
the eluant increased from 25-35% EtOAc/hexane. After
concentration, the crude product, dissolved in the
minimum EtOAc, was induced to crystallize by addition of
hexane. A total of 8.25 g of pure desired title beta
isomer plus 3 g of impure material was obtained.
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To a solution of Part C compound (8.25 g, 15 mmol)
in 35 mL of CH,Cl, was added MeOH (200 mL) followed by 0.7
ml; of 1 N NaCOH in H,0. After 2 hxr, when the reaction was
complete as determined by HPLC, the volatiles were
removed using a rotary evaporator. The residue, dissolved
in a 1:10:10 mixture of H,0/CH,C1,/MeOH (42 mL), was
diluted with CH,Cl, (400 mL) and subsequently loaded onto
a silica gel column. The desired product (5.68 g), after
elution with 5-7% of MeOH/CH,Cl, and removal of the
volatiles, was isolated as a white solid.

'H NMR (400 MHz, CD,0D) & 7.15-7.08 (m, 4H), 7.05 (m, 3H),
6.91 (m,1H),4.93 (d, 1H, obscured), 4.04 (d, 1H, J=14 Hz),
3.95 (4, 1H, J=14 Hz), 3.88 (d, 1H, J=12 Hz),-3.68 (44,
iH, J=12, 3 Hz), 3.52-3.36 (m, 4H), 2.27 (s, 3H).

HPLC retention time: 6.88 min, Zorbax C-18 4.6x75mm, 2.5
wlL/min, detection at 220 nm, 8 min gradient 0-100% B hold
3 min at 100% B. Solvent A: 10% MeOH/H,0 + 0.2 % H,PO,

Solvent B: 90% MeOH/H,0 + 0.2 % H,PO,.

Anal Caled for C,H,0, LC-MS (M+Na) 383
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e e = e i e = G e o
22 CH, H ) H H s 4-styrenyl 449_1
Anal Calecd for C_H,,0,S LC-MS: [M+H] 379, [M+Na)l 401, 23 CH, H H i H 3-Me 361
[2M+Na] 779. 24 CH, H H H H 3-MeQ 377
25 L cH, H H H H 2-MeO 377
5 Examples 6 to 99 26 CH, H H H H 2-Et 375
In a manner analogous to that of Examples 1 to 5, 27 CH, H H H H 2,4-Me, 375
| the compounds of the invention in the following table 28 CH, H H H H 3-C1,4-Me 394
|
| were prepared. 29 cH, " H H H 3,4-0CH,0 391
|
| . 30 CH, clL H H H H 381
| R
| R2 iy /\ 31 CH, Me H H B H 361
o Q/\ i 32 CH, H Me H H H 361
A R a3 CH, H ¥ H o4 H 365
; R4° O 34 CH, H c1 H H H 381
| Ho 35 CH, H (p- H H H 465
HOW “Non MeBn)
10 CoH 36 CH, H Cl H H 2-HO,5-C1 431
37 CH, H cl H Br H 459
| *(R°= B unless otherwise indicated) 18 ' EC;”'HF‘ = Br H Br u '503
\ . 2
] Bx. A 'S 2 3 4 5 * .
# R R R R R MS or 39 CH, B- | (1,1,3, H " 2,4-C1, 527
.
] L .
| C/MS 3-Me,-
(X + H)* Bu)
|
6 CH, H H H
| z j = 2 347 40 CH, B " MeO H s 377 |
‘ 7 CH, H H +« H H 2-HO 363 a1 cH, H H MeO H 4-Me 391
8 CH, H H H H 4-MeO 377 a2 cu " - Pro H H 405
S -~ — 2
| 9 CH, H H H H 4-tBu 403 43 cH, u u Me H u 361
S EE o
| 10 CH, H H H H 4-Me3 393 24 ci - H c1 B H 381
2
| 11 CH, H H H H 4-Ph 423 45 CH H " H cL H 381
‘ 2
12 CH, H H H H 4-Bno 453 46 cn, H H H Me 4-MeS 407
13 CH, H H H H 4-iPr 389 a7 CcH, H H H Me 4-HO 377
14 cH " H H H 4-c1 1 -
% 2 C 38 48 CH, H H B Me 4-Me 37%
15 CH, H H H H 4-MeS0, 425 a9 cH, B H H Me 4-MeSO, 439
16 CH, H H H H 4~CF, 415 S0 Bond H H H H H 333
17 CH, H H H H 4-CF,0 431 51 (CH,) 5 H H H H H 361
18 CH, H H H H 4-0CH,CO,H 426 52 (CH,), H H H H H 375
19 CH, H H H H 4-OCH,COMe 435 53 ocH, H H H H H 363
| 20 CH, H H H H 4-OCH,CONEt, 476 54 OCH,CE, H H H H 4-MeO 407
| 21 CH, H H H H | 4-OCH,CH,NMe, 434
‘ - 60 -
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VR - — e 5
-1 NH T H H H H 4--Me T 361 R2 /R
L 4 ) e —_ [entalayN— 1
56 | wEem, | ® " H H H 362 R “
2 4. . - 4 —_— —— R3 SN 5
57 |  NHCH, H H H u 4-Me 376 A R
S8 NHCH, H H H H 2,3-Benzo 412 R¢ o
b e — ——— _ -_— 0
59 NHCH, H H B 54 4-MeO 392 HO
| 60 NHCH, H g H E 4-CF, 430 HOV “on
61 NHCH, B H H H 3-Me 376 OH
4 s _ ]
o2 —— a H u . P 205 *(R* = H unless otherwise indicated)
- MS or LC/MS
63 NHCH, H H H H 4-Mes 408 Ex. # A RrR? R? R? R* R® {M+H) *
64 NHCH, H H H H 2-Me 376 70 CH, | Me H H H 4-Me 392 (M+NH4)
65 NHCH, H H H H 2,3-0CH,0 406 71 CH, | Me | H H H 4-Et 387 (M-H)
66 | NHCH,CH, H H H B | H 376 72 CH, | Me H H H 4-Cl
73 CH, | Mé | H H H 4~MeS
Q g 74 | cH, | Me | B | H H 4-MeO
== = o
( / Q\(P« ’/\@ : 75 | CH, | Me | H | H H 4-HO
No O o o 76 cH, | Me | | ® H 4-Mes0,
HO HO Ho : 77 CH, | Me | H | H H 4-CF,0 502 (M-
HOY "o HOW K7 HOY “UoH _ H+MeCO27)
OH oH oH : ! :
Example 67 Example 68 Example 69 78 L, He 1 2 g £
M+H 398 M+H 353 M+H 374 v 72 CH, (Me (B LB LB Lohe
5 - 80 CH, Me H H H 4-HOCH,
81 CH, | Me | H| H H 4-CHF,0
82 CH, | H | B | #H | Me 4-Et
83 CH, | H | H | H | Me 4-CHF,0
|84 CH, | H | H | H | Me H 378 (M+NH4)
85 CH, H H H Me 4-C1
86 CH, H H H Me 4-AC
87 CH, H H H Me 4 -HOCH,
88 CH, H H H Me 4-CF,0 |
- |
89 CH, | H | H ]| H Me 4-CH,0 | 408 (M+NH4)
90 CH, | H { H# | H H 4-Ac |
91 CH, H H H H 4-HOCH,
92 cy, | 5 | H ]| H H 4-CHF,0
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2
R R!
R3- Heteroaryl
A
4
R o o
HO
HOV “oH
OH
Ex # A R R? rR? R* Heteroaryl
93 CH, H H H 5§ 2-Pyridine
94 CH, H H H H 3-Pyridine
95 CH, H H H H 2-Oxazole
96 CH, H H H H 2-Thiazole
97 | cH H H H H 2-Benzthiazole
98 CH, H H H H 3-Quinoline
99 CH, Me H H H 2-Oxazole
100 | cu, H H y Me 2-Thiazol
101 CH, H H | H Me 2-Oxazole
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A'meihod is also provided for treating diabetes and related
diséasés employing an SGLT2 inhibiting amount of the
above compound alone or in combination with another
antidiabetic agent or other therapeutic agent.

US 2002/0137903 Al

C-ARYL GLUCOSIDE SGLT2 INHIBITORS AND
METHOD

[0001] ‘Ihis application is a continuation-in-pant of U.S.
application Scr. No. (09/679,027 filed Oct. 4, 2000 which
takes priority from U.S. provisional application No. 60/194,
615 filed Apr. 5, 2000 and U.S. provisional application No.
60/158,773 filed Oct. 12, 1999,

FILED OF THE INVENTION

[0002] ‘Ihe present invention selates to C-aryl glucosides
which arc inhibitors of sodium dependent glucose Lransport-
ors found in the iotesting and kidacy (SGLI2) and to a
method for treating diabetes, especially type 11 diabetes, as
well as hyperplycemia, hyperinsulinemia, obesity, hyperirig-
lyceridemia, Syndrome X, diabetic complications, atheco-
sclerosis and related discases, employing such C-aryl glo-
cosides alone or in combination with ooc, two or more other
type antidiabetic agent andfor onc, two or more other type
therapeutic agents such as bypolipidemic agents.

I!ACKGROUND OF TIILE INVENTION

[0003] Approximatcly 100 million people worldwide suf-
fer from type ‘1 diabetes (NIDIDM), which is characterized
by hyperglycemia dug to exeessive hepatic glucose produc-
tion and peripheral insulin resistance, the oot causes for
which are as yet unknown. Hyperglycemia is considered to
be the major risk factor for the development of diabetic
complications, and is likely 10 contribute dircetly to the
impairment of insulin seerotion seen in advanced NIDDM.
Normalization of -plasma glucose in NIDDM patients would
be predicted to improve insulin action, and to offset the
development of diabetic complications. An inhibitor of the
sodium-dependent glucose transporter SGLI2 in the kidney
would be expected to aid in ihe normatization of plasma
glucose levels, and perbaps body wcight, by cnhancing
glucose cxerction.

[0004] “Ihe developroent of novel, safc, and orally active
antidiabetic -ageats is also desired in order to complement
cxisting therapics, including the sulfonylurcas, thiazo-
lidinediones, metformin, and insulin, and (o avoid the poten-
tial side effects associated with the use of these other agents.

[0005] [lyperglycemia is a hallmark of typc Il diabetes
(NIDDM); consistent control of plasma glucose levels in
diabctes can offset the development of diabetic complica-
tions and heta cell faiture scen in advanced discase. Plasma
glucose is normally filtered in the kidney in the glomerutus
and actively reabsorbed in the proximal tubule. SGIIT2
appears to be the major transporter respousible for the
reuptake of glucose at this site. The SGLI specific inhibitor
phlorizin or closely related analogs inhibit this reuptake
process in diabetic rodents and dogs resulting in normaliza-
tion of plasma glucose levels by promating plucose excre-
tion without bypoglycemic side effects. Long term (6 month)
treatment of Zucker diabetic rats with an SGL12 inhibitor
has been reported to improve insulin response 10 glycemia,
improve insulio sepsitivity, and delay the oaset of nephr-
opathy and ncuropathy in these animals, with no detectable
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pathology in the kidney and o clectralyte imbalance io
plasma. Sclective inhibition of SGUT2 in diabetic paticnts
would be expected to normalize plasma glucose by enhanc-
ing the excrction of glucose in the urine, thereby improving
insulin scositivity, and delaying the development of diabetic
complications.

[0006] Nincty percent of plucose reuptake in the kidney
oceurs in the epithelial colls of the carly $1 sepment of the
renal cortical proximal tubule, and SGLT2 is likely to be the
major transporter responsible for this reuptake. SGLT2 is a
672 amino acid protein costainiog 14 membrane-spanning
segments that is predominantly expressed in the carly S1
scgment of the reonal proximal tubules. The substrate speci-
ficity, sodium dependeace, and localization of SGIT2 are
consistent with the propertics of the high capacity, low
affinity, sodium-dependent glucose transporter previously
characterized in human cortical kidney proximal tubules. In
addition, hybrid depletion studics implicate SGIII2 as the
predominant Na™/glucose cotransporier in the ST segment of
the proximal tubule, since virtually all Na-dependent ghu-
cose transport activity encoded in mRNA from ral kidoey
cortex is inhibited by an antiscnse oligonueleotide specific to
rat SGLI2. SGUI2 is a candidate gene for some forms of
familial glucosuria, a genetic aboormality in which renal
glucose reabsorption is impaired to varying degrecs. None
of these syndromes investigated to date map to the SGLT2
locus on chromusome 16. However, the studics of highly
homologous rodent SGETs strongly implicate SGLT2 as the
major renal sodium-dependent transporter of glucose and
suggest that the glucosuria locus that bhas been mapped
cncodes an SGLT2 regulator. Iohibition of SGLT2 would be
predicled o reduce plasma glucose levels via enhanced
glucose cxcretion in diabetic paticots.

[0007] SGLI1, another Na-dependent glucose cotrans-
porter that is 60% identical 10 SGLI2 at the amino acid
level, iIs expressed in the small intestine and in the more
distal S3 segment of the renal proximal tubule. Despite their
scquence similaritics, human SGIZF1 and SGLII2 are bio-
chemically distinguishable. For SGIT1, the molar ratio of
Na* to glucose traosported is 2:1, whereas for SGLT2, the
ratio is 1:1. The K, for Na* is 32 and 250-300 , for SGLT1
and SGLTZ, respectively. K, valves [or uptake of glucose
and the nonmctabolizable glucose analog a-methyl-D-glu-
copyranosidec (AMG) arc similar for SGLT1 and SGLI2, i.c.
0.8 and 1.6 mM (glucosc) and 0.4 and 1.6 mM (AMG) for
SGLT1 and SGLT2 transporters, respectively. However, the
two transporters do vary in their substrate specificities for
sugars such as galactose, which is a substrate for SGLT1
only.

[0008] Administration of phlorizin, a specific inhibitor of
SGLT activity, provided proof of concept in vivo by pro-
moting glucose excretion, lowering fasting and fed plasma
glucose, and promoting glucose utilization without hypogly-
cemic side effects in several diabetic rodent models and in
one caninc diabetes model. No adverse cffects on plasma ion
balance, rcnal function or rcnal morphology have been
observed as a consequence of phlorizin treatment for as long
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as two weeks. In addition, no hypoglycemic or other adverse
cffeets have been observed when phlorizin is administered to
normal animals, despite the presence of glycosuna. Admin-
istration of an inhibitor ol renal SGLLs for a 6-month period
(‘Tanabe Sciyaku) was reported (o imprave lasting and fed
plasma glucose, improve insulin secretion and utilization in
obese NIDDM ral models, and offsct the development of
nephropathy and neuropathy in the absence of hypoglycemic
or renal side effects.

[0009] Phlorizin itself is unattractive as an oral drug sioce
it is a nonspecific SGLTT/SGLIY inhibitor that is hydro-
lyzed in the gut to its aglycone phlorctin, which is a poteat
inhibitor of facilitated glucose transport. Concurrent inbibi-
tion of facilitative glucose transporters (GLUTS) is undesir-
able since such inhibitors would be predicted to exacerbate
peripheral insulin resistance as well as promote hypoglyce-
mia in the CNS. Tahibition of SGLT1 could also have scrious
adverse consequences as is illustrated by the bereditary
syndrome  glucose/galactose  malabsorption  (GGM), in
which mutations in the SGLI1 cotransporter result io
impaired glucose uptake in the intestine, and life-threatening
diarrhca and dchydration. The biochcmical differences
between SGIT2 and SGLTI, as well as the degree of
sequence divergence between them, allow for identification
of selective SGLI2 inhibitors.

[0010] 1T familial glycosuria syndromes are conditions

* ih which intestinal glucosc transport, and renal transport of

other ions and amino acids, are gormal. Familial glycosuria

. paticats appear to develop normally, have normal plasma

glucose levels, and appear to suffer no major health deficits
as a consequence of their disorder, despite sometimes quile
high (110-114 g/daily) levels of glucose excreted. The major
symptoms ecvident in these patients include polyphagia,
polyuria and polydipsia, and the kidneys appear to be normal
in structure and function. Thus, from the cvidence available
thus far, defeets in renal reuptake of glucose appear to have
minimal long ierm negative consequences in olherwisce
norma! individuals.

[0011] The following references disclose C-aryl gluco-
sides SGL.T2 inhibitors for trcating diabcetes.

[0012] WO 01/27128 discloses compounds of the struc-
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{0013] where
[0014) A s O, S, NH, or (CH), where n is 0-3;
[0015]) R’, R* and R* are independently hydrogen,
Ol1, OR?, alkyl, CI'y, OCHF,, OCF,, SR™ or halo-
gei, cle;

[39]
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[0016] R® and R” arc independeatly hydrogen, OIL,

OR™, OAryl, OCH,Aryl, alkyl, cycloalkyl, €V,

OCHE,, —OCE,, balogen, cte, These compounds

are repuded to be inhibitors of the SGIT2 transporter

and conscquently represent a mode for treatment of
diabetes and complications thereol’.

[0017] WO 98/31697 discloses compounds of the struc-
ture

[G"
R

(ORY,

[0018] Where Ar includes, among others, phenyl, biphe-
ayl, diphenylmetbane, dipbenylethane, and diphenylether,
and RY is a glycosidc, R? is I1, OII, aming, balogen, carboxy,
alkyl, cycloalkyl, or carboxamido, and R? is hydrogen, alkyl,
or acyl, and k, m, and n are independently 1+4. A subset of
compounds disclosed-in WO 98/31697 contains compounds
of the following structurcs

(&%
Vi /‘\\ ey
<
Y

(OrR™,

Q-

A is O or (Clgy Where x= 0 § *
R3 s bycrogen, alkyt or acyl group where r.is 14
RY s bydrugen. alkyl, OH, NHy, talugen, CO;H or
carboximide where k is 1 4

{0019} which are disclosed for use in the treatment or
prevention of inflammalory diseases, autoimmune diseases,
infections, cancer, and cancer metastasis, reperfusion disor-
ders, thrombosss, uleer, wounds, osteoporosis, diabetes mel-
litus and athcrosclerosis, among others.

DUESCRIFTION OF THE INVENTION

[0020] In accordance with the preseot inveation, a C-aryl
glucoside compound is provided which has the structure

e~
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{0021] iocludiog pharmaccutically acceptable  salts
thereof, all stercoisomers thereof, and all prodrug csters
thereot,

{0022] ‘The compound of formula | possesses aciivity as
inhibitors of the sodium dependent glucose (ransporters
found in the intestine and kidney of mammals and is usclul
in the treatment of diabetes and the micro- and macrovas-
cular complications of diabetes such as retinopathy, ocur-
opathy, nephropathy, and wound healing.

[0023] ‘I'the present invention provides for compound of
formula I, pharmaccutical compositions cmploying such a
compound and for methods of using such a compound.
[0024] in addition, in accordance with the present inven-
tion, a method is provided for treating or delaying the
progression or onsct of diabetes, especially type 1 and type
11 diabetes, including complications of diabetes, including
retigopathy, acuropathy, nephropathy and delayed wound
healing, and related discases such as insulin resistaoce
(impaired glucose homcostasis), hyperglycemia, hyperin-
sulinemia, clevated blood levels of fatty acids or glyccrol,
obesity, hyperlipidemia including hypedrsiglyceridemia,
Syndrome X, athcroscicrosis and hypertension, and for
increasing high deasity lipoprotein lcvels, whercin a thera-
peutically eflective amount of a compound of structure bis
administered to a human palient in need of treatment.

[06025} In addition, in accordance with the present inven-
tion, a method is provided for treating diabetes and related
discascs as defined above and hereioafter, wherein a thera-
peutically effective amount of a combination of 2 compound
of structure 1 and another type of antidiabetic agent and/or
another type of therapeutic agent such as a bypolipidemic
agent is administcred to a humao paticnt in need of treat-
meol.

[0026] The coaditions, discascs, and maladics collectively
referred to as “Syndrome X” (also known as Metabolic
Syndromc) are detailed in Johannsson J. Clin. Endocrinol.
Metah., 82, 727-34 (1997).

[0027] The term “other type of therapcutic agents” as
cmployed hercin refers 1o onc or morc aatidiabetic agents
(other than SGLT2 inhibitors of formula ), one or more
anti-obesily agents, anti-hyperiensive agents, anti-platelet
agents, anti-atherosclerotic agents and/or one or more lipid-
lowering agents (including anti-atherosclerosis agents).
[0028] 1In the above mcthod of the invention, the com-
pouad of structure I of the inventios will be cmployed in a
weight ratio to the one, two or more antidiabetic agent
andfor omc, two or mor¢ other type therapeutic agent
(depending upon its mode of operation) within the range
from about 0.01:1 to about 300:1, preferably from about
0.1:1 1o about 10:1.

DETAILED DESCRIPTION OF THE
INVENTION
[0029] Ibe compound of formula I of the invention can be
prepared as shown in the following reaction scheme and
description thercof wherein temperaturcs are cxpressed in
degrees Centigrade.
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[0030] Compound of formula [ caa be preparcd as shown
in Scheme 1 by treatment of compound of formula II

[0031] with a basc such as LiOH or NaOH in a solvent
such as a 1:2:3 mixture of H,O/FHE/McOH or aq. McOH or
aq. B0l

[0032] The compound of formula I} (which is a novel
intermediate that readily crystallizes) provides a convenient
means to purify crude compound of formula la which was
obtained as a mixture of a and § anomers.

[0033] The compound of formula 1I cap be prepared by
trcatment of compound of formula Ja with Ac,Q in a selvent
such as Cl,Cly containing pyridioe and a catalyst such as
dimethylaminopyridine (DMAP).

[0034] Compounds of formula la can be prepared by
reduction of a compound of formula IIE with a reducing
agent such as Et,SiH in a solveat such as 1:1 CH,Cl,/McCN
at ~10° in 1he presence of a lewis acid catalyst such as
BF,.ELO.
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[0035] ‘The compound of formula Il can altcenatively be
prepared from compound of formula 11 by first acetylating
compound of formula 1l with Ac,O in a solvent such
toluene or CI,Cl, containing a base such as Iluoig’s basc or
E1,N and a catalyst such as DMARP to generate compound of
formu)a TV.
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[0036]) Subscquent conversion of compound of formula IV
1o compound of formula II can be achieved by treatment at
20° treatment with a reducing ageat such as ELSiH i a
solvent such as McCN containing 1 equiv of H,O and a
Lewis acid catalyst such as BF; ELO.

Scheme |

it

LiOH
HO

o™’

OH

R1,SiH /
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[0037] The compound of formula HI can be prepared, as
outlined in Scheme 2, by 1) addition of a cold TIIF solution
ol an aryl lithium of formula V 1o a persilylated glucono-
lactoae of formula VI in a solvent such as teluene at —75°.
Subscquently, a methanol solution of a protic acid such
methanesulfonic acid (MSA) is added after 30 min and the
solution stirred at 20° until transformation of the interme-
diary lactol to 111 is complete.

Vi

{0038] ‘The compound of formula VI can be p'réparb,d by
treatment of commercially available D-gluconolactone with
a silylating agent such as timethylsilyl chloride in a solvent
such as THT containing a base such as N-methylmorpholine.

[0039] ‘The compound of formula V can be prepared by
treatment of compound of formula VI with ap alky! lithium
such as n-Bul.i or t-Bul.i in a solvent such as THF at -75°.

Br

[0040] The compound of formula VII can be readily
prepared by treatment of compound of formula VHI with a
reducing agent such as B,SiH in a solvent such as 1:1
CH,CL,/MeCN at 0°-20° in the presence of a Lewis acid
catalyst such as BF,.E(,O.
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{0041] The compouad of formula VIII cao be prepared by
Friedel-Craft acylation of commercially available ethoxy-
benzene (phenctole) with 2-chloro-5-hbromabenzoyl chlo-
ride in a solvent such as CH,Cl, conlaining an cquivalent of
a Lewis Acid such as AlCl; or AlBr,.

[0042] 2-Chloro-5-bromobenzoyl chloride is readily pre-
pared from commercially available 2-chloro-5-bromoben-
zoic acid by treatmeat with oxalyl chloride in a solvent such
as CI1,Cl, containing a catalylic amount of DME.

Scheme 2
EO
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~continued

[0043]

v

2)MBA

Listed below are definitions of various terms uscd
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[0063] DMAP=4-dimctbylaminopyridine
[0064] NaBil,=sodium borohydridc
[0065] o-Bul.i=n-butyllithivm
[0066] Pd/C=palladium on carbon
[0067] KOli=polassium hydroxide
[0068] NaOH=sodium hydroxide
[0069] [iOll=lithium bydroxide
[070] K,CO,=potassium carbonate
[0071] NallCO;=sodivm bicarbonate
[0072] Ar=argon

[06073] N_=nitrogen

[0074] min=minutc(s)

[0075] h or hr=hour(s)

[0076] 1.=liter

[0077] mL-milliliter

[0078] . =microlitcr

[0079]  g=gram(s)

in the description of the instant invention. These definitions
apply to the terms as they are used throughout the specifi-
cation (unless they are otherwise limited in specific
instances) cither individually or as part of a langer group.

[0044] The followiap, abbreviations are employed herein:

[0080] mg=railligram(s)
[0081] mol=moles
[0082] mmol=millimole(s)

[0083]

meqg=ailliequivalent

[0045] Ph=phenyi

[0046] Bn=bcnzyl '
[0047] t-Bu=tertiary butyl’

[06048] Mec=mcthyt

[0049] Et=ctbyl

[0056] TMS=trimethylsilyl

[0051] TBS=tert-butyldimethylsilyl
[0052] TIiF=tetrahydrofuran
{0053] Et,O=dicthyl cther

{0054] FE10Ac=ethyl acetate
{0055] DMF=dimethyl formamide
[0056] McOH=mcthanol

[0057} EiOH=cthanol

[6058] i-PrOH=isopropanol

[0059] IHOAc or AcOH=acetic acid
[0060] TFA=trifluoroacctic acid
{0061] i-Pr,NEt=diisopropylethylaminc

{0062)

Et;N=tricthylamine

[0084] RI'=room temperature

[0085] sat or sat'd=saturated

[0086] aq.=aqucous

[0087] TLC=thin laycr chromatography

[0088] HPLC=high performance liquid chromatogra- _

phy
[0089] 1.C/MS=high performance liquid chromatogra-
phy/mass spectromelry

[0090] MS or Mass Spee=mass spectromelry
[0091] NMR=puclcar magpetic resonance
[0092] mp=mchting point

[0093] Unless otherwise indicated, the term “lower alkyl”
as cmployed bercin alonc or as part of amother group
includes both siraight and branched chain hydrocarbons
containing 1 to 8 carbons, and the terms “alkyl” and “alk”
as ewployed herein alone or as part of another group
includes both straight and branched chain hydrocarboos
containing 1 10 20 carbons, preferably 1 to 10 carbons, more
preferably 1 to 8 carboos, in the pormal chain, such as
methyl, cthyl, propyl, isopropyl, butyl, t-butyl, isobutyl,
pentyl, hexyl, isohexyl, heptyl, 44-dimethylpeatyl, octyl,
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2.2 4-trimethylpeatyl, noayl, deeyl, undeeyl, dodecyl, the
various branched chaia isomers thereol, and the like as well
as such groups including 1 10 4 substituents such as halo, for
cxample F, Br, O or [ or CF5, alkyl, alkoxy, aryl, aryloxy,
aryl(aryl) or diaryl, arylalkyl, arylalkyloxy, alkenyl, alkynyl,
cycloalkyl, cycloatkenyl, cycloalkylalkyl, cycloalkylalky-
loxy, optionally substituted amino, hydroxy, hydroxyalkyl,
acyl, alkanoyl, hetervaryl, heteroaryloxy, cyclobeteroalkyl,
arylheteroaryl, arylalkoxycarbonyl, heteroarylalkyl, het-
eroarylatkoxy, aryloxyalkyl, aryloxyacyl, alkylamido,
alkanoylamino, arylcarbonylamino, nitro, cyano, thiol,
haloalkyl, trihaloalkyl and/or alkylthio.

[0094]  Unless otherwise indicated, the term “cycloalkyl”
as cmployed herein alone or as part of another group
includes saturated or partially unsaturated (containing 1 or 2
double bonds) cyclic hydrocarbon groups containing 1 to 3
rings, including monocyclicalkyl, bicyclicalkyl and uricycli-
calkyl, containing a total of 3 to 20 carbops forming the
rings, preferably 3 o 10 carbons, forming the ring and which
may be fused o 1 or 2 aromatic rings as described for aryl,
which include cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
bexyl, cycloheptyl, cyclooctyl, cyctodecyl and cyclodode-
cyl, cyclobexenyl,

{0695] any of which groups may be optionally substituted
with 1 10 4 substituents such as halogen, alkyl, alkoxy,
hydroxy, aryl, aryloxy, arylalkyl, cycloalkyl, alkylamido,
alkanoylamino, oxo, acyl, arylcarhbonylamino, amino, nitro,
cyano, thiol and/for alkylthio and/or any of the alkyl sub-
stitucots.

[0096] The term “alkanoyl” as used herein alone or as part
of another group refers to alkyl linked to a carbonyl group.

[0097] The term “halogen” or “balo™ as vscd herein alone
or as part of another group refers to chlorine, bromine,
fluorine, and iodine, with chlorine or fluorine being pre-
ferred.

[0098] ‘Ihe term “metal ion” refers to alkali metal ions
such as sodium, potassium or lithivm and alkaline carth
metal fons such as magnesivm and calcium, as well as zinc
and aluminum.

[0099] Unless otherwise indicated, the term “aryl” or
“Ary}” as employed berein alone or as part of another group
refers to monocyclic and bicyclic aromatic groups conlain-
ing 6 1o 10 carbons in the rog portion (such as pheanyl or
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naphthyl including )-paphthyl and 2-paphtbiyl) aod may
optionally include one to three additional rings fused to a
carbocyclic ning or a heterocyelic ring (such as aryl,
cycloalkyl, heteroaryl or cycloheteroalkyl rings tor example

hegegied

AN

=<j© <I)“
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[0100] and may be optionally substituted through avail-
able carbon atoms with 1, 2, or 3 groups sclected from
hydrogen, halo, haloalkyl, alkyl, haloalkyl, alkoxy,
haloalkoxy, alkenyl, trifluoromcthyl, trifluoromethoxy, alky-
nyl, cycloilkyl-alkyl, cycloheteroalkyl, cycloheteroalkyla-
Lkyl, aryl, heteroaryl, arylalkyl, aryloxy, aryloxyalkyl, ary-
lalkoxy, alkoxycarbonyl, arylcarbonyl, arylalkenyl,
aminocarbonylaryl, arylthio, arylsulfinyl, arylazo, het-
eroarylalkyl, heteroarylalkenyl, beteroarylbeteroaryl, het-
eroaryloxy, hydroxy, nitro, cyano, amino, substituted amino
wherein the amino includes 1 or 2 subslituents (which are
alkyt, aryl or any of the other aryl compounds mentioned ia
the definitions), thiol, alkylthio, arylthio, heteroarylthio,
arylthicalkyl, alkoxyarylihio, alkylcarbonyl, arylcarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, alkoxycarboayl,
aminocarbonyl, alkylcarbonyloxy, arylcarbonyloxy, alkyl-
carbonylamino, arylcarbonylamina, arylsulfinyl, arylsulfi-
nylalkyl, arylsulfonylamino and arylsulfonaminocarbonyl
and/or any of the alkyl substituents set out herein.

[0101] Ubnless otherwisc indicated, the term “lower
alkoxy”, “alkoxy”, “aryloxy” or “aralkoxy” as employcd
hercin alone or as part of another group includes any of the
above alkyl, aralkyl or aryl groups linked to an oxygen atom.

[0102] Unless otherwise indicated, the term “lower alky-
ithio”, alkylthio”, “arylthio” or “aralkylthio™ as cmployed
herein alone or as part of another group includes any of the
above alky), aralkyl or aryl groups linked to a suifur atom.

[0103] The term “polybaloalkyl” as uscd herein refers to
an “alkyl” group as defined above which includes from 2 to
9, preferably from 2 to 5, halo substituents, such as F or Cl,
preferably F, such as CF,CI,, CF; or CF,CF,CH,.

[0104] ‘Fhe term “polyhaloalkyloxy™ as used herein refers
to an “alkoxy” or “alkyloxy” group as defined above which
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humans, monkeys, dogs, ctc. by an oral route, far cxampic,
in the form of Lablets, capsules, granukes or powders, or they
can be administered by a parenteral route in the form ol
injcctable preparations, or they can be adminisiered intra-
nasally or in transdermal patches. ‘The dose Jor adults is
preferably between 10 and 2,000 myg per day, which can be
administered in a single dose or in the form of individual
doses (rom 1-4 times per day.

[0172] A typical injectable prepacation is produced by
aseptically placing 250 mg of compounds of structure T into
a vial, ascptically freeze-deying and scaling. For use, the
contents of the vial arc mixed with 2 mL of physiological
saline, to produce an injectable preparation.

[0173] SGI:12 inhibitor activity of the compounds of the
invention may be determined by use of an assay system as
set oul below.

[0174] Assay for SGLII2 Activity

{0175] The mRNA sequence for buman SGLII2 (GenBank
#M95549) was cloned by reverse-transcription and ampli-
fication from human kidncy mRNA, using standard molecu-

lar biology techniques. The ¢cDNA scquence was stably-

transfected into CHO cclls, and clones were assayed for
SGLI2 activity essentially as described-in Ryan et al.
(1994). Evaluation ol inhibilion of SGLf2 activity in a
clooally selected celf line was performed cssentially as
described in Ryan ct al,, with the [ollowing, modifications.
Cells were grown in 96-well plates for 2-4 diys to 75,000 or
30,000 cells per well in F-12 nutricat mixtuce (Ham's k-132),
10% fetal bovine scrum, 300 ug/ml Genceticin gnd penicillin-
streptomoycin. At confluence, cells were washed twice with
10 mM Ikepes/Tuis, pll 7.4, 137 mM N-metbyl-D-ghicam-
ine, 5.4 mM KCl, 2.8 mM CaCl,, 1.2 mM MgSQ,. Cells
then were iacubated with 10 uM ['*C]AMG, and 10 M
inhibitor (tinal DMSO=0.5%) in 10 mM Hepes/Ttis, pll 7.4,
137 mM Na(l, 54 mM K(Cl, 28 mM Ca(l,, 1.2 mM
MgSO0, at 37° C. for 1.5 hr. Uptake assays were quenched
with ice cold 1xPBS contajning 0.5 mM phlorizia, and cells
were then lysed with 0.195 NaOH. After addition of MicroS-
cint scintillation {tuid, the cells were allowed to shake for 1
hour, and then [*"CJAMG was quantitated on a ‘lopCouat
scintillation counter. Controls were performed with and
without NaCl. For determination of LCy, values, 10 inhibi-
tor councentrations were used over 2 log intervals in the
appropriate responsc range, and triplicate plates were aver-
aged across plates.

[0176] Ryan M J, Johnson G, Kirk J, l'uerstenberg S M,
Zager R A and Torok-Storb B. 1994. HK-2: an immortalized
proximal tubule epithelial cell line from normal adult human
kidney. Kidoey International 45: 48-57.

[0177] ‘The following Working Examples represent pre-
ferred embodiments of the present invention. All tempera-
tures are expressed in degrees Centigrade valess otherwise
indicated.
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[0178] A. 5-Bromo-2-chloro-4'-cthoxybenzophenone

[0179] To a stirred suspension of commercial 5-bromo-2-
chlorobenzoic acid (250 g, 1.06 mol) in 450 mL of CHCl,

-containing oxalyl chloride (1.1 mol) was added 1.5 ml. of

DME. Once the vigorous cvolution of gas ceased, the
reaction was slirred overnight prior 1o removal of the
volaiiles under vacuum using a totary cvaporator. After
dissolving the crude 5-bromo-2-chlorobenzoyl chloride in

200 mi of CH,Cl,, the yellow solution was transferred to a |

2 1. 3-neck flask equipped with an overhead stirrer and an
internal thermomcter. The stirred mixture was cooled to —3°
prior 1o adding phenctole (130 g, 1.08 mol). AICI; (140 g,
1.07 mol) was added via a solid addition funnel over 30 min
1o insure that the temperature did not exceed 4°. The copious
amounts of HC1 gas which begaa to evolve after 60% of the
AICT, bad heen added were trapped by passing (he gas over
a stirred cone. NaOH solution. HPLC revealed the reaction
to bec 95% complete 10 minutes after the addition was
finishcd. After the mixture was stirred at 4° for 1 br, the
reaction was quenched by pouring over ice. Subscquently,
the suspension was diluted with H,0 (1 1) and extracted 3x
with CH;Cl,. The combined organic extracts were washed
2x with 1N HC, 1x with H,0, 2x with 1M NaOH, and 2x
with brine prior to drying over Na,SO,. After removal of the
volatiles, HP1.C revealed the residue to be a 1:7 mixture of
ortho/para isomurs. Recrystallization 2x from 400 ml. of
absolute EtOH yielded 230 g (64%) of 5-bromo-2-chloro-
4'-ethoxybenzophenone.

ot
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{0180] B. 5-Bromo-2-chloro-4"-cihoxydiphenylmethane

[0181] ‘lo a sticred solution of ELSiH (400 ml., 2.51 mof
and 5-bromo-2-chloro-4'<thoxybenzophenone (390 g, 1.15
mol) io 900 ml. of a 1:2 mixture 1,2-dichloroethanc/McCN
at 10° €. was added BIF,.E0 (150 mT, 1.58 mol) at such
a ratc thal the wmperature did sot exceed 20°. Caution a
maoderate exotherm insucs during the addition. After stirring
overnight at 20° C., HPLC revealed the reaction to be Y%
complete. After adding an additional 40 ml. Lt,Sill and 15
ml. of BF;.ELO, the reaction was heated to 50° for 3 hr.
(Note clevaled lemperatures increase formation of the Riter
reaction  product N-acetyl 5-bromo-2-chloro-4'-ethoxy-
diphenylmethylamine). Upon cooling, the reaction was
quenched with 120 g of KOII in 300 mL of H.O. After
stirring 2 hr, the layers were scparated. “The aqueous layer
was extracted 2x with CI1,Cl,; the combined onraaic layers
were washed 1x with 300 ml. portions of 2M KOH, 2x with
H,O containing 10% brine to aid phasc scpacation aad with
brinc 2x prior W drying over Na,SO,. After removal of the
volatiles, the residuc was reerystallized from absolute EOH
o yicld 230 g of 5-bromo-2-chloro-4'-cthoxydiphenyl-
methanc as a white solid.

[0182] C. 2,3,4,6-tctra-O-Trimcthylsilyl-B-D-glucolac-

tone

[0183] To a stirred -5° C. solution of gluconolactone (239
£, 1.34 mol and N-methylmorpholine (1180 ml., 10.73 mol)
in 2.4 L of THIF under Ar was added trimethylsilyl chloride
(1022 ml., 8.05 mol) via dropping funnel at a rale such that
the temperature did not exceed 5° C. After 1 hr the sticred
reaction was heated to 35° C. for 5 hr whereupoo it was
allowed to cool to 20° C. as the reaction stirred overnight.
Alter dilution with 3.6 L of toluene, the mixture was cooled
10 0-5° C. prior to cautiously adding 7 L. of 11,0 at a rate
such that the temmperature did oot exceed 10° C. Note, a
scvere exotherm results upon addition of 1he first portion of
11,0. After mixing, the phases were allowed 10 separate and
then split. The organic phase was washed with aq. Nal,PO,
(2L), 11,0 (1 L), and brine (1 L). The organic layer was then
conceatrated under vacuum using a rotary evaporator; the
resultaot light yellow oil was twice taken up 250 ml. of
1oluene and reconcentrated 1o yield 616 g of title compouad.
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[0184] To a stirred -78° solution of Part B S-bromo-2-
chloro-4"-¢thoxydiphenylmethane (150 g, 0.46 moi) in 1.15
1. of 1:2 dry TH¥/tolucoe under Ar was added 184 ml.of 2.5
M n-Bul.i in hexane dropwisc (o insuse the lemperaiure
remained below —~70°. After stirring for 30 minutes follow-
ing the addition, this solution was transfcrred by cannula to
a stirrec] —78° solution of Part C 2,3,4,6-tetra-O-trimethyl-
silyl-B-D-glucolactone (236 g, 0.51 mol) in 1.1 1, of wlucne
al a rale thal maintaiped. the reaction below —70°. The
solution was stirred for 30 min at =78° prior to quenching by
addition of 1 I. of McOIT containing methancsulfonic acid
(41.8 ml., 0.64 mol). ‘The reaction stirred overnight as the
temperature rose to 20° C. HPLC analysis ceveals two new

" peaks corresponding to the mass of the expected O-meth-

ylglucoside; the ratio typically vacies from 95:5 to 80:20.
The desired product corresponds to the major one with
shorter retention time. Note longer reaction times or addition
of 50% morc methanesulfonic acid will coavert all of the
isomeric product to the desired O-metbyiglucoside. The
reaction, once complete, was quenched by the addition of
NaHCO_ (37 g, 0.37 mol) in 200 ml. of H,0. If the plf was
not weakly basic, more NaHCO; was added prior 1o dilution
2 fold with H,O and 3 extractions with EtOAc. The com-
bined EtOAc fractions were washed with brine and dried
over Na,SO,. After concentration usiag a rotary evaporator,
the residue was dissolved in hot toluene (150 mL). The
resulting solution was poured into a liter of stirred hexanc.
The precipitate was collected by vacuum filtration; the
resulting filter cake was washed 2x with 500 ml. of hexane
and then air dried to yield 171 g of title compound in the
form of a whitc solid.

OAc
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|8185] To a stirred ~10° solution of Part D O-methylglu-
coside (123 g, 0.28 mol) in 1.2 Lof 1:1 CTLCL/MeCN was
added Lt Sill (65.27 g, 0.56 mol) followed by addition of
BELELO (59.75 g, 042 mol) at a ralc such that the
temperature was maintained between —5-—10°. The stered
solution was allowed o warm to 0° over 5 hr. When HPLC
analysis revealed that the reaction was complete, the reac-
tion was quenched by addition of satd. aq NaHCQO, (310
ml.}. The organic volatiles werc removed under vacuum
using a rotary evaporator. The residue was partitioned
between 2 1. cach of E1OAc and H,0. Afier scparating
phascs, the H,0 layer was extracted 2x with 2 1. portions of
E1OAc. The combined organic phases were washed with
H,O (2 L) and with brine (2 1) prior to drying over MgSO,
and then concentrated using a rotary evaporator to yicld
104.6 g of yellow solidificd foam. Afler dissolution of this
residue in CIE,CL, (750 mL), pyridine (200 g, 2.53 mol) was
added followed by Ac 0 (261.1 g, 2.56 mol) in one portion.
After the resulting exotherm raising the temperature from
28° 10 47° had subsided, DMAP (1.56 g, 13 mmol) was
addcd. The reaction was quenched after 1.5 hr by addition of
1,0 (1.8 L) once HPLC analysis indicated the reaction to be
complete. The mixture was exiracied 2x with CH,CL (total
volume 2.7 L); the combined organic layers were washed 2x
with IN HCL (1.8 L), 2x with brine (1.8 L) prior to drying

over MgSO,. The residuc, after concentration using a rotary

cvaporator, was recrystallized from absotute LtOH (750 mL)

to yicld 89.5 g of the desired totraacetylated B-C-glucoside

as a whitc solid. ‘The mother liguors contained the corre-
sponding a-C-glucoside as well as a more polar furanose
ISomer.

AcO’

OAc

[0186] Alicroatively the O-methylglucoside of Part 1) can
first be aceylated and then reduced to yicld the desired
tetraacetylated C-arylglucoside utilizing the following, pro-
cedure.

[0187] A solution of Part D O-methylglucoside (3.0 g, 6.8
mmol) in toluene (45 mL) containing diisopropylethylamine
(6.9 ml., 40 mmol) was cooled 10 0° prior to addition of
acctic anhydride (3.35 mi,, 35.5 mmol) and DMAP (84 mg,
0.68 mmol). The solution was allowed to gradually warm to
20°; after six hours, tlc analysis revealed complete conver-
sion to tetraacetate. The reaction was quenched by addition
of 50 mL of 20% H,PO,. After scparation of the laycrs, the
aq. phase was cxtracted 2x with toluene. The combincd
organic phases were washed 1x with 50 m(. of H,O prior to
concentration under vacuum. The resultant oil was dissolved
in 20 mL of toluene and reconcentrated to yield a thick oil
(4.15 g) thal was used without further purification.
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|0188] A solution of the above crude oil (4.15 g, 6.8
mmol) in MeC'N (60 ml.) containing onc egivalent of T1LO
(123 mg, 6.8 mmol) was cooled 1o 0 prior to addition of
tL,8iH (3.27 mL,, 20.5 mmol) followed by BE 10,0 (1.73
ml., 13.7 mmol). Afler stirming for 1 br, the solution was
allowed to warm to 20°. After 4 br, once periodic HPLC
analysis revealed that the reaction was no longer progressiog
beyond G0%, an additional 2 ml, of Et,Sill and 1 mlI, of
BF,,.L1,0 was added. Two hours later, no starting material
remained by HPLC analysis. After adding ag NatlCO, 1o
quench the reaction, the mixture was stirred 30 mio prior to
being extracted 3x with E1OAc. 'The combined organic
layers were washed 1x with ag NallCO, aod bring prior to
drying over Na,SO,. The oil obtained after concentration
under vacuum was dissolved in 70 ml. of hot 25% EIQAc/
hexane. Upon cooling, 2.45 g of desiced tetraacetylated
B-C-arylglucoside crystallized which was subsequenity iso-
lated by filtration.

OH

[0189] To a stirred 20° solution of letraacetylated B-C-
glucoside (27.2 g, 49 mmol) (prepared as described ia Part
E), in 480 ml. of 2:3:1 THE/McOH/H, 0 was added LLiOH-
11,0 (2.3 g, 57 mmol). After stirring ovemnight, the volatiles
were removed using a rotary cvaporator. The residue, after
being dissolved in FtOAc (300 mL), was washed 1x with
brine (150 mL), Ix with brine (50 mL) containing 10 wL. of
5% aq KHSO4 and linally with brine (50 mL.) prior to drying
over Na,80,. The volatilkes were removed using a rolary
evaporator and the resultant oil in the minimum amount of
CH,CI, foamed under vacuum 1o yicld 20.4 g of desired title
C-arylglucoside as a glassy off white solid containing 0.11
mol % of EtOAc.

[0190] HPLC rctention time: 7.08 min, 94% pure, YMC
S5 C-18 4.6x50 mm column, 2.5 mL/min, detection at 220
oM; 8 min gradicat 0-100% B bold S min ai 100% B.
Solvent A: 10% McOI/H,0 40.2% 11,PO,. Solvent B: 90%
McOH/H,0 +0.2% H,PO,.

{0191] "Il NMR (500 Mliz, CD,OD) §7.33 (d, 111, J=b
11z), 7.31 (d, 1H, }=2.2 Hz), 7.31 (dd, 11, J=6 Iz, 1=2.2 112),
7.07(d, 211, J=8 8 Hz), 6.78 (d, 211, J=8.8 Hz), 4.07-3.90 (m,
TH), 3.85 (d, 1H, J=10.6 Hz), 3.69 (dd, 1H,J=5.3, 10.6 Hz),
3.42-3.25 (m, 411) 11z), 1.34 (1, 311, J=7 11).

[0192] '*C NMR (125 Mllz, CD,OD) 8158.8, 1400,
139.9,134.4,132.9, 131.9, 130.8, 130.1, 128.2, 115.5, 82.9,
822, 79.7, 76.4, 71.9, 64.5, 63.1, 39.2, 15.2.

[0193] Anal Caled for Cy,11,,C10, LC-MS [M+Na*] 431;
found 431.




ADEHBHEMIESOTAME h - ERHE

(19) t# R ENA9 A M RE
EREBR

(43) EfR 2R
2002 ££8 A22 H (22.08.2002)

PCT

00 000 OO0 O

(10) ERRAMES
WO 02/064606 A1l

(51) BEREESE  COTH 15203, A61K 31/7034, A61P
43100, 3/10, 3/04, 3/06, 9/10, 9/12, 9/02, 7/10, 19/06
) EREESS: PCT/JP02/01178

(22) ERHER: 2002 ££2 B 13 B (13.02.2002)

4511 Nagano (JP). B ¥ (FUJIOKA Minoru) [JP/JP];
T 394-0044 R EFIR M4 % 1-6-25 Nagano (JP). tB
# #5 (NAKABAYASHI, Takeshi) [JP/JP]; T 390-0312
EFRALRT BEREE/ A347-5 LYV REB
$ Nagano (JP). %% IE % (ISAJI,Masayuki) [JP/JP];
T399-0704 BB R BRH LK ELBF1763-189 Nagano

(IP).
(25 BEREROEIE: B&iE

(81) HEE (EM): AE, AG, AL, AM, AT, AU, AZ, BA, BB,
(26) @ﬁ’.&ﬂﬁ@gg : E *sﬁ BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK,

30 BrET—4:

¥5BR2001-037729 2001 ££2 §14 H (14.02.2001) JP

(71) HEA KEER{ETOEEFRIODVT): Fvt -

1 RBEI#EHBKX S (KISSEI PHARMACEUTICAL
CO., LTD.) [JP/JP]; T399-8710 BEFIR A& FE19
& 488 Nagano (JP).

(12) RPEF,; LU

(75) REAE/HEBA (KEIZO2VLWTOH): KRR EBE
(FUSHIMLNobuhiko) [JP/IP); T 390-0313 BB R
WA M ATEAS-6 Nagano (JP). HE i

DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU,
ID, IL, IN, IS, JP, KE, KG, KR, KZ, LC, LK, LR, LS, LT,
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ,
OM, PH, PL, PT,RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZM, ZW.

H‘(s4") EEE (AB): ARIPO ¥ (GH, GM, KE, LS, MW,

+.g, MZ, 8D, SL, SZ, TZ, UG, ZM, ZW), 2 — 5 ¥ P Kl

"(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 —0 v /%%

" F (AT, BE, CH, CY, DE, DK, ES, FIL, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE, TR), OAPI ¥ (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

(TATANLKazuya) [JP/JP]; T 3900805 BB R t#hx HTARES:

K 1-3-5 4 2 X — 221203 Nagano (JP). A
% & (FUJIKURA,Hideki) [JP/JP]; T 390-0851 R ¥
WA KFER4I2-1 EXT 1 RLRER
101 Nagano (JP). B4 #¥ (NISHIMURA,Toshihiro)

EfRETREE

2XFI—-FRUMOBEIIOVTIE, BHRGTESLD
FBPCTHEY FOEBBRICEBEATNS I0— FLBRER

S65

UP/IP]; T399-8304 REFR MR B BEEIXFRR OHIELR/~+1 28H.

(54) Title: GLUCOPYRANOSYLOXYBENZYLBENZENE DERIVATIVES AND MEDICINAL USE THEREOF

0 0 0 O O

(54) BEADQERH: FILaAEFT/ VLT FRIAVOURVEVERERVTOERAR
. Ve PO B B '
'(37), Abgtr‘act: Glucopyranosyloxybenzylbenzene derivatives repre-
sented by the following general formula (I) and pharmacologically
acceptable salts thereof which are useful as preventives or remedies
for diseases caused by hyperglycemia such as diabetes, complications
* of diabetes and obesity because of having an improved oral absorba-
bility and exerting an excellent human SGLT?2 activity inhibitory ef-
. fect (invivo): (I) wherein P represents hydrogen or a group constitut-
" ing a prodrug; R! represents hydrogen, optionally substituted amino,
carbamoyl, optionally substituted lower alkyl, optionally substituted
lower atkoxy, etc.; R? represents hydrogen or lower alkyl; and R? rep-
resents optionally substituted lower alkyl, optionally substituted lower

R O S

(D

alkoxy, optionally substituted lower alkylthio etc.

MERHA)

WO 02/064606 A1l




Europiiisches Patentamt

(19) 0’ European Patent Office
Office européen des brevets

TR

(1) EP 1 367 060 A1

(12} EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43} Date of publication:
03.12.2003 Bulletin 2003/49

(21) Application number: 02701540.3

(22) Date of filing: 13.02.2002

(51) intc1”. CO7H 15/203, A61K 31/7034,
A61P 43/00, A61P 3/10,
A61P 3/04, A61P 3/06,
A61P 9/10, A61P 9/12,
AB1P 9/02, A61P 7/10,
A61P 19/06

{86) International application number:
PCT/JP02/01178

(87) international publication number:
WO 02/064606 (22.08.2002 Gazette 2002/34)

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PTSETR
Designated Extension Stales:
ALLTLV MKRO SI )

(30) Priority: 14.02.2001 JP 2001037729

(71) Applicant: Kissei Pharmaceutical Co., Ltd.
Matsumoto-shi Nagano 399-8710 (JP)

(72) Inventors:
* FUSHIMI, Nabuhiko
Matsumoto-ghi, Nagano 3900313 (JP)
» TATANI|, Kazuya X
Matsumoto-ghi, Nagano 390-0805 {JP)

FUNKURA, Hideki

Matsumoto-shi, Nagano 390-0851 (JP)
NISHIMURA, Toshihlro
Minamiazumi-gun, Nagano 399-8304 (JP)
FUJIOKA, Minoru

Okaya-shi, Nagano 394-0044 (JP)
NAKABAYASHI, Takeshi

Matsumoto-shi, Nagano 390-0312 (JP})
{SAJI, Masayuki

Shiojiri-shi, Nagano 399-0704 (JP}

(74) Representative: Hayes, Adrian Chetwynd
_ Boult Wade Tennant,
Verulam Gardens
70 Gray’s Inn Road
London WC1X 88T (GB)

(57)  Thepresentinvention provides glucopyranosy-
toxybenzylbenzene derivalives represented by the gen-
eral formula:

A /2 R
Roys
o}

m

(54) GLUCOPYRANOSYLOXYBENZYLBENZENE DERIVATIVES AND MEDICINAL USE THEREOF

wherein P represents a hydrogen atom or a group form-
ing a prodrug; R! represents a hydrogen atom, an op-
tionally substituted amino group, a carbamoylgroup, an
optionally substituted lower alkyl group, an optionally
substituted lower alkoxy group, etc.; R2 represents a hy-
drogen atom or a lower alkyl group; and R3 represents
an optionally substituted lower alky! group, an optionally
substituted fower alkoxy group, an optionally substituted
lower atkyithio group, etc., which have an improved orat
absorption, and exert an inhibtory activity in human
SGLT2, and therefore are useful as drugs for the pre-
vention or treatment of a diseasc associated with hyper-
glycemia such as diabetes, diabetic complications or
obesity, or phammaceutically acceptable salts thereof,
and phamnaceutical uses thercof
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Description
Technical Fietd
[0001] The present .nvention relates to glucopyranosyloxybenzylbenzene derivatives and phammaceutically accept-
able salts thercof which are uscful as medicaments and phamaceutical uses thereof.

[0002] More particutarly, the present invention relates to glucopyranosyloxybenzylbenzene derivatives represented
by the general formula:

wherein P represents a hydrogen atom or a group forming a prodrug; Rt represents a hydrogen atom, an amino group,
& mono or di(lower alky!)-substituted amino group, & cyano group, a carbamoyl group, a tower atky! group. a lower
afkoxy group, a fower alkoxy-substituted (fower alkyl) group, & lower alkoxy-substituled (lower alkoxy) group, a car-
hamoyl{lower alkyl) group, a lower afkoxycarbonyl-substituted (lower alkyl) group, a lower alkoxycarbonyl-substituted
(lower alkoxy) group, a carboxy({lower alkyl} group, a carboxy{lower alkoxy) group, or a group represented by the
general formula: P1-0-Al- wherein P? represents a hydrogen atom or a group forming a prodrug; and Al represents
a single bond, a lower alkylene group, or a lower alkyleneoxy group: R represents a hydrogen atom or a lower alkyl
group; R3 represents a lower atky! group, a lower alkoxy group, a lower alkylthio group, a lower alkenyloxy group, an
aralkyloxy group, a lower alkoxy-substiluted (lower akyl) group. a lower atkoxy-substituted (lower alkoxy) group, a
lower alkoxy-substituted {lower alkyithio} group, a carboxy group. a fower alkoxycarbonyl group, a cyaho group, an
aralkyloxy {lower alkyl) group, a cyano{lower alkyl) group, a carbamoy! group, a carbamoyl (lower alkyl) group, an
amino group, amono or di (lower atkyl)-substituted amino group, & lower alkoxycarbonyl-substituted (lower alkyl) group,
a lower alkoxycarbonyl-substituted {lower alkoxy} group, a carboxy (lower alkyl) group, a carboxy(lower alkoxy) group,
or a group represented by the generat formuia: P2-O-A2- wherein P2 represents-a hydrogen atom or a group forming
a prodrug; and A2 represents a lower alkylene group, a lower alkyleneoxy group, & lower alkylenethio group, or a lower
alkenylene group; and with the proviso that both of A1 and R2 do not represent hydrogen atoms when at least one of
P, P! and P2 represents a group forming a prodrug and R3 represents a lower alkyl group, a lower alkoxy group, &
lower alkylthio group, a lower atkoxy-substituted (lower alkyl) group, a lower alkoxy-substituted (lower alkoxy) group,
or lower alkoxy-substituted (lower alkylthio) group, or pharmaceutically acceptable salts thereof, which are useful as
agents for the prevention or treatment of a disease such as diabetes, diabelic complications or obestty, of which glu-
copyranosyloxybenzylbenzene derivatives, which have an inhibilory activity in human SGLT2, represented by the gen-
eral formula:

R RZ.R"
HO o (Im

HO' Y “OH
OH

wherein R represents a hydrogen atom, an amino group, a mono or dilower atkyl)-substituted amino group, a cyano

99.<=
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group, a carbamayl group. a lower alkyl group, a lower alkexy group. a tower atkoxy-substituted {lower aikyl), a lower
aikoxy-substituted (lower alkoxy) group, a carbamoyl(lower akyl) group. 4 lower alkoxycarbonyl-subslituted {lower
aiky!) group. a lower alkoxycarbonyl-substituted (lower afkoxy) group, A carboxy(lower alkyl) group, a carboxy{lower
ajkoxy) group. or a group represented by the general formula: HO-A™- wherein Al represents a single bond, a lower
alkylene group, or a lower alkyleneoxy group; R? represents a hydrogen atom or a lower alkyl group; RO represents a
Jower alkyi group, a lower alkoxy group, A lower alkylthio group, a lower alkenyloxy group, an aratkyloxy group, a lower
alkoxy-substituted (ilower alkyl) group, a lower alkoxy-substituted (lower alkoxy) group, a lower alkoxy-substituled (low-
er alkylthio) group, a carboxy group, a ‘ower atkoxycarbonyl group, a cyano group, an aralkyloxy (lower alkyl) group,
a cyano(lower alkyl) group, a carbamoyl group, a carbamoy! (lower alkyl) group, an amino group, a mono or di (lower
alkyl)-substituted amino group, a lower alkoxycarbonyl-substituted (lower aliyl) group, a lower alkoxycarbony|-substi-
tuted {lower alkoxy) group, a carboxy({lower aikyl) group, a carboxy(iower alikoxy) group, or a group represented by the
generat formula; HO-A2- wherein A2 represents a tower alkylene group, a lower alkyleneoxy group, a lower alkylenethio
group, or a lower aikenylene group; and with the proviso that both of R and R2 do not represent hydrogen atoms when
RO represents a lower alkyl group, a lower alkoxy group, a fower alkylthio group, a lower alkoxy-substituted (lower alkyl)
group, a lower alkoxy-substituted (lower alkoxy) group, or lower alkoxy-substituted (lower alkylthio) group, are active
forms, and to phammaceutical uses thereof.

Background Art

[0003] Diabetes is one of lifestyle-related diseases with the background of change of eating habit and lack of exercise.
Hence, diet and exercise therapies are performed in patients with diabetes. Furthermore, when its sufficient control
and continuous performance are difficult, drug treatment is simultaneously performed. Now, biguanides, sulfonylureas
and insulin sensitivity enhancers have been employed as antidiabetic agents. However. biguanides and sulfonylureas

. show occasionally adverse effects such as lactic acidosis and hypoglycemia, respectively. In a case of using agents

for reducing insulin resistance, adverse effects such as edema are occasionally observed, and it is also concerned for
advancing obesity. Therefore, in order lo solve these problems, it has been, desired to develop antidiabetic agents
having a new mechanism. :

[0004] In recent years, development of new type antidiabetic agents has been progressing, which promote urinary
glucose excretion and lower blood glucose level by preventing excess glucose reabsorption at the kidney (J. Clin.
Invest,, Vol.79, pp.1510-1615 (1987)). In addition, it is reported that SGLT2 (Nat/glucose cotransporter 2) is present

in the 51 segment of the kidney's proximal lubule and participates mainly in reabsorption of glucose filtrated through -

giomeralar (J. Clin. Invest., Vol.93, pp.397-404 (1994)). Accordingly, inhibiting & human SGLT2 activity prevents tea-,
bsorption of excess glucose at the kidney, subsequently promoles excreting excess glucose though the usine, and
normalizes blood glucose level, Therefore, fast development of anlidiabetic agents which have a potent inhibitory
activity in human SGLT2 and have a new mechanism has been desired. In addition, since such agents promoté the
excretion of excess glucose though the urine and consequently the glucose accumulation in the body is decreased,
they are atso expected to have a prevenling or alleviating effect on obesity and a urinating effect. Furthermore, the
agents are considered to be useful for various related diseases which occur accompanying the progress of diabetes
-or abesity due to hyperglycemia. - f

Discl of the | ti

[0005] The present inventors have studied earnestly to find compounds having an inhibitory activity in human SGLT2.
As a resull, it was found that compounds represented by the above general formula (1) are converied into glucopyran-
osyloxybenzylbenzene derivatives represented by the above general formula (11} as their active forms in vivo, and show
an excellent inhibitory activity in human SGLT?2 as mentioned below, thereby forming the basis of the present invention.
[0006] The present invention is to provide the following glucopyranosyloxybenzylbenzene derivatives and pharma-
ceutically acceptable salts thereof, which exert an inhibitory aclivity in human SGLT2 in vivo and show an excelient
hypeglycemic effect by excreting excess glucose in the urine through preventing the reabsorption of such glucose at
the kidney, and pharmaceutical uses thereof.

{0007] This is, the present invention relates lo a glucopyranosyloxybenzylbenzene derivative represented by the
general formula:
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wherein P represents a hydrogen atom or a group forming a prodrug; R represents a hydrogen atom, an amino group,
a mono or di{lower alkyl) -substituted amino group, & cyano group, a carbamoyl group. a lower alky! group, a lower
alkoxy group, a lower afkoxy-substituted (lower alkyl), a lower alkoxy-substituted {lower alkoxy) group, a carbamoyl
(lower alkyl) group, & lower alkoxycarbonyl-substituted (lower atkyl} group, a lower alkoxycarbonyl-substituted (lower
alkoxy) group, a carboxy(lower alkyl) group, a carbaxy(lower alkoxy) group, or a group represented by the gencrat
formuta: P1-O-A'- wherein P! represents a hydrogen atom or a group forming a prodrug; and Al represents a single
bond, a lower alkylene group, or a lower alkyleneoxy group; R2 represents a hydrogen atom or a lower alkyl group; R3
represents a lower alky! group, a Jower alkoxy group, a lower alkylthio group, a tower alkenyloxy group, an aralkyloxy
group, a lower alkoxy-substituted (lower alkyl) group, a lower alkoxy-substituted {lower alkoxy) group, & lower alkoxy-
substituted {lower alkylthio} group, a carboxy group, a fower alkoxycarbony! group, a cyano group, an aralkyloxy( lower
alkyt) group, a cyano(lower alkyl) group, a carbamoyl group, a carbamoy! {lower alkyl) group, an amino group, a mono
or di (lower atky})-substituted amino group, a lower alkoxycarbonyl-substituted (tower alkyl) group, a tower alkoxycar-
bonyi-substituted {lower alkoxy) group, a carboxy(lower alkyl) group, a carboxy{lower alkoxy) group, of a group rep-
resented by the general formula: P2.0-A2- wherein P2 represents a hydrogen atom or a gfoup forming a prodrug; and
A2 represents a lower alkylenc group, a lower alkyleneoxy group. a lower afkylenethio group, or a lower alkenylene
group; and with the proviso that both of R and R? do not represent hydrogen atoms when at least one of P, P1 and
P2 represents a group forming a prodrug and R3 représents a lower alky! group, a lower alkoxy group, a lower atkyithio
group, a lower alkoxy-substituted (lower alkyl} group, a lower alkoxy-substituted (lower alkoxy) group, or lower atkoxy-
substituted (lower alkylthio} group, or a pharmaceuticélly acceptable salt thereof. ’ )

[0008] The present invention reiates to a pharmaoeht‘iéal composition, a human SGLT2 inhibitor and an agent for
the prevention or treatment of a disease associated with hyperglycemia, which comprises as the active ingredient a
glucopyranosyloxybenzylbenzene derivative represenled by the above general formula (1) or a phamaceutically ac-
ceptable salt thereof. . ) . i

[0008] The present invention relates to a method for the prevéntion or treatment of a disease associated with hyper-
glycemia, which comprises administering an effective amount of a glucopyranosyloxybenzylbenzene derivative repre-
sented by the above general formula (I) or a phamaceiutically acceptable salt thereof.

{0010] The present invention relates to a use of a glucopyranosyloxybenzylbenzene derivative represented by the
above general formula () or a pharmaceutically acceplable salt thereof for the manufacture of a pharmaceuticat com-
position for the prevention or treatment of a disease associaled with hyperglycomia.

[0011] Furthermore, the present invention relates to a pharnmaceutical combination which comprises (A) a glucop-
yranosyloxybenzylbenzene derivative represented by the above general formula {I) or a phamaceutically acceptable
salt thereof, and (B) at least one member selected from the group consisting of an insulin sensitivity enhancer, a glucose
absorplion inhibitor, a biguanide, an insulin secretion enhancer, an insulin preparation, a glucagon receplor antagonist,
an insulin receptor kinase stimulant, a tripeptidyl peptidase 4 inhibitor, a dipeptidyl peptidase IV inhibitor, a protein
tyrosine phosphatase-18 inhibitor, a glycogen phosphorylase inhibitor, a glucose-8-phosphatase inhibitor, a fructose-
bisphosphatase inhibitor, a pyruvate dehydrogenase inhibitor, a hepatic gluconeogenesis inhibitor, D-chiroinsitol, a
glycogen synthase kinase-3 inhibitor, glucagon-like peptide-1, a glucagon-like peptide-1 analogue, a glucagon-like
peptide-1 agonist, amylin, an amylin analogue, an amylin agonist, an aldose reductase inhibitor, an advanced glycation
endproducts formation inhibitor, a protein kinase C inhibitor, a ~y-aminobutyric acid receptor antagonist, a sodium chan-
nel antagonist, a transcript factor NF-xB inhibitor, a lipid peroxidase inhibitor, an N-acetylated-a-linked-acid-dipeptidase
inhibitor, insulin-tixe growth factor-1, platelet-derived growth factor, a platelet-derived growth factor analogue, epidermal
growth factor, nerve growth factor, a carnitine derivative, uridine, 5-hydroxy- 1 -methylhidantoin, EGB-761, bimoclomol,
sulodexide, Y-128, a hydroxymethyl-glutaryl coenzyme A reductase inhibitor, afibric acid derivative, a fy-adrenoceptor
agonist, an acyl-coenzyme A cholesterol acyltransferase inhibitor, probcol, a thyroid hormone receptor agonist, a cho-
lesterot absorption inhibitor, a lipase inhibitor, a microsomal triglyceride transfer protein inhibitor, a tipoxygenase inhib-
itor, a carnitine palmitoyl-transferase inhibitor, a squatene synthase inhibitor, a tow-density lipoprotein receptor enhanc-
er, a nicotinic acid derivative, a bile acid sequestrant, a sodium/bile acid cotransporter inhibitor, a cholestero! ester
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transfer proteirHinhibiter, 2n sppetite suppressant, an angolensin-converting enzyme inhibitor, a neutral cndopeptidasc
inhibitor, an angiotensin |l receptor antagonist, an endothclin-converting enzyme inhibitor, an endothelin receplor an-
tagonist, a diuretic agent, a calcium antagonist, a vasodilating antihypertensive agent, a8 sympathetic blocking agent,
a centrally acting antihypertensive agent, an w,-adrenoceptor agonist, an antiplatelets agent, a uric acid synthesis
inhibitor, a uricosuric agent and a urinary alkalinizer. The present invertion relates to a method for the prevention or
treatment of a disease associated with hyperglycemia, which compriscs administering an effective amount af (A} a
glucopyranosyloxybenzylbenzene derivative represented by the above general formuia (1) or a pharmaceutically ac-
ceptable salt thereof, in combination with (B) at least one member selected from the group consisting of an insulin
sensitivity enhancer, a glucose absorption inhibitor, a biguanide, an insulin sccretion enhancer, an insulin preparation,
a glucagon receptor antagonist, an insulin receptor kinase stimulant, a tripeptidy! peptidase |l inhibitor, a dipeptidyl
peptidase IV inhibitor, a protein tyrosine phosphatase-1B inhibitor, a glycogen phosphorylase inhibitor. a glucose-
6-phosphatase inhibitor, a fructose-bisphosphatase inhibitor, a pyruvale dehydrogenase inhibitor, a hepatic glucone-
ogenesis inhibiter, D-chiroinsitol, a glycogen synthase kinase-3 inhibitor, glucagon-like peptide-1, a glucagon-like pep-
tide-1 analogue, a glucagon-iike peptide-1 agonist, amytin, an amylin analogue, an amyiin agonist, an aldose reductase
inhibitor, an advanced glycation endproducts formation inhibitor, a protein kinase C inhibitor, a y-aminobutyric acid
receptor antagonist, a sodism channel antagonist, a transcript factor NF-xB inhibitor, a lipid peroxidase inhibitor, an
N-acetylated-o-linked-acid-dipeptidase inhibitor, insulin-like growth factor-, platelet-derived growth factor, a platelet-
derived growth factor analogue, epidenmal growth factor, nerve growth factor, a carnitine derivative, uridine, 5-hydroxy-
1 -methylhidantoin, EGB-761, bimoclomol, sulodexide, Y-128, a hydroxymethyl-glutaryl coenzyme A reductasc inhib-
itot, a fibric acid derivative, a B4-adrenoceptor agonist, an acyl-coenzyme A cholesterol acyltransferase inhibitor, prob-
col, a thyroid hormone receptor agonist, acholestero! absorption inhibitor, alipase inhibitor, a microsomal triglyceride
transfer protein inhibitor, a lipoxygenase inhibitor, a camitine palmitoyl-transferase inhibitor, a squalene synthase in-
hibitor, a low-densily lipoprotein receptor enhancer, a nicotinic acid derivative, a bile acid sequestrant, a sodium/biie
acid cotransporter inhibitor, a cholesterol ester transfer protein inhibitor, an appetite suppressant, an angiotensin-con-
verting enzyme inhibitor, a neutral endopeplidase inhibitor, an- angiotensin 1l receptor antagonist, an endothelin-con-
verting enzyme inhibitor, an endothelin receptor antagonist, a diuretic agent, a calcium antagonist, a vasedilating an-
tihypertensive agent, a sympathetic blocking agent, 4 centrally acting antihypertensive agent, an ap-adrenoceptor ag-
onist, an antiplatelets agent, a uric acid synthesis irhibitor, & uricosuric- agent and a urinary alkalinizer.

{0012] The present invention relates to a use of (A) a glucopyranosyloxybenzylbenzene derivative represented by
the above general formula (f) or a pharmaceutically acceptablc salt thercof, and (B) al least one member selected from
the group consisting of an insulin sensitivity enhancer, 4 glucose absorption inhibitor, abiguanide, an insulin secretion
enhancer, an insulin preparation, a glucagon receptor antagonist, an insulin receptor kinase stimulant, a tripeptidyl
peptidase I! inhibitor, a dipeptidy! peptidase IV inhibitor; a protein tyrosine phosphatase-18B inhibitor, a glycogen phos-
phorylase inhibitor, a glucose-6-phosphatase inhibitor, a fructose-bisphosphatase inhibitor, a pyruvate dehydrogenase
inhibitor, a hepatic gluconeogenesis inhibtor, D-chireinsitel, a glycogen synthase kinase-3 inhibitor, glucagon-like pep-
tide-1, a glucagon-like peptide-1 analogue, 2 giucagon-like peptide-1 agonist, amylin, an amylin analogue, an amylin
agonist, an aldose reductase inhibitor, an advanced glycation.endpraducts formation inhibitor, a protein knase C in-
hibitor, a y-aminobutyric acid receptor antagonist, a sodium channe! antagonist, a transcript factor NF-xB inhibitor, a
lipid peroxidase inhibitor, an N-acetylated-u-linked-acid-dipeptidase inhibitor, insulin-like growth factor-1, platelet-de-
rived growth factor, a plalelet-derived growth factor analogue, epidermal growth factor, nerve growth factor, a camitine
derivative, uridine, 5-hydroxy-1-methylhidanioin, EGB-761, bimoclomol, sulodexide, Y-128, a hydroxymethyl-glutaryt
coenzyme A reductase inhibitor, a fibric acid derivative, a By-adrenoceplor agonist, an acyl-coenzyme A cholesterol
acyltransferase inhibitor, probcol, a thyraid hormone receplor agonist, a cholesterol absorption inhibitor, a lipase inhib-
itor, a microsomal triglyceride transfer protein inhibitor, a lipoxygenase inhibitor, a camitine palmitoyl-transferase in-
tibitor, a squalene synthase inhibitor, a low-density lipoprotein receptor enhancer, a nicotinic acid derivative, a bile
acid sequestrant, a sodiumvbile acid cotransporter inhibitor, a cholesterol ester transfer protein inhibitor, an appetite
suppressant, an angiotensin-converting enzyme inhibitor, a neutrat endopeptidase inhibitor, an angiotensin il receptor
antagonist, an endothelin-converting enzyme inhibitor, an endothelin receptor antagonist, a diuretic agent, a calcium
antagonist, a vasodilating antihypertensive agent, a sympathetic blocking agent, a centrally acting antihypertensive
agent, an ap-adrenoceptor agonist, an antiplatelets agent, a uric acid synthesis inhibitor, a uricosuric agent and &
urinary alkafinizer, for the manufacture of a pharmaceutical composition for the prevention or treatment of a disease
associated with hyperglycemia.

[0013] Inthe present invention, the term "prodrug” means a compound which is converted into a glucopyranosyloxy-
benzylbenzene derivative represented by the above general formula (1) as an active form thereof in vivo. As examples
of groups forming prodrugs, a hydroxy-protective group used generally as a prodrug, such as a lower acyl group, a
fower alkoxy-substituted (lower acyl) group, a lower alkoxycarbonyl-substituted {lower acyl) group, a lower alkoxycar-
bonyl group and a lower alkoxy-substituted (lower alkoxycarbonyl) group, are illustrated.

[0014]  As the glucopyranaxyloxybenzybenzene derivatives represented by the above general formuta (1), for exam-
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ple, compounds represcnted by the general formuta:

R" RZ Rl:!
0.0

(12)

wherein P10 represents a hydrogen atom, & lower acy! group, & lower alkoxy-substituted (lower acyl) group, a lower
alkoxycarbonyl-substituted (lower acyl) group, a lower alkoxycarbonyl group or a lower alkoxy-substituted {lower alkox-
ycarbonyl) group; R represents a hydrogen atom, an amino group, a mono or di{ lower alkyl)-substituted amine group,
a cyano group, a carbamoyl group, a lower alkyl group, a lower alkoxy group, a lower alkoxy-substituted (lower alkyi),
a lower alkoxy-substituted (lower alkoxy) group, a carbamoyl(lower alkyl) group, a lower alkoxycarbonyl-substituted
(tower alkyl) group, & lower alkoxycarbonyl-substituted (lower alkexy) group, a carboxy(lower alkyl) group, a carboxy
(lower alkoxy) group or a group represented by the general formula: p11.0-Al- wherein P! represents a hydrogen
atom, a lower acyl group, a lower alkoxy-substituted (lower acyl) group, a lower alkoxycarbonyl-substituted (lower acyl)
group, a lower alkoxycarbonyl group and a lower alkoxy-substituted {lower alkoxycarbonyl) group; and Al represents

a single bond, a lower alkylene group or a fower alkylencoxy group; R?2 represents a hydrogen atom or a lower atkyl -

group; R13 represents a lower alkyl group, a lower alkoxy group, a lower alkyithio group, a lower alkenyloxy group, an
aralkyloxy group, & lower alkoxy-substituted (lower alkyl) group, a lower alkoxy-substituted (IoWer alkoxy) group, &
lower alkoxy-substituted {lower alkylthio) group, a carboxy group. a lower alkoxycarbonyl group, a8 Cyano group, an
aralkyloxy( lower alkyl) group, a cyano(lower alkyl) group, a carbamoyl group, a carbamoy! {lower atkyl) group, an
amina group, amono or di ( lower alkyl)-substituted amino group, & lower alkoxycarbonyl-substituted (lower alkyl) group,

a lower alkoxycarbonyl-substituted (lower alkoxy) group, & carboxy (lower akyl) group, a carboxy(lower alkoxy) group ’

or a group represented by the general formula; P12-0-A2- wherein P12 represents a hydrogen atom, a lower acyl group,

.. Jower alkoxy:-substituted (lower acyl) group, a lower alkoxycarbonyl-substituted (lower acyl} group, a'lower alkoxy--
- carbonyl group or a fower alkoxy-substituted (lower alkoxycarbonyl) group; and A2 represents a lower alkylene group,

‘& lower alkyleneoxy group, a lower alkylenethio group or a lower alkenylene group; and with the proviso that both of

. Ri1 and-A2 do not represent hydrogen atoms when at feast one of P10, P!t and P12 represents a fowegracyl-group, a
- - Jower alkoxy-substituted (lower acyl) group, a lower alkoxycarbonyl-substilu(ed (lower acyl) group, a ldwer alkoxycar-
bonyl group or a lower alkoxy-substituted (lower alkoxycarbonyl) group and R13 represents a lower atkyl group, a tower
“alkoxy group, a lower alkylthio group, a lower alkoxy-substituted (lower alkyl) group, a lower alkoxy-substituted (lower

-aikoxy) group or lower alkoxy-substituted (lower alkylthio) group, or phamaceutically acceptable salts thereof are
illustrated. -
[0015) In the present invention, the term “lower alkyl group" means a straight-chained or branched alkyl group having

1 to 6 carbon atoms such as a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyt group, an’

isobutyl group, a sec-butyl group, a tert-butyl group, a pentyt group, an isopentyl group, a neopentyl group, a tert-pentyl
group, a hexyl group or the like; the term "lower alkoxy group" means a straight-chained or branched alkoxy group
having 1 to 6 carhon atoms such as a methoxy group, an ethoxy group, a propoxy group, an isopropoxy group, a butoxy
group, an isobutoxy group, a sec-butoxy group, a tert-butoxy group, a pentyloxy group, an isopentyloxy group, a ne-
opentyloxy group, a fert-pentyloxy group, & hexyloxy group or the like; and the term “lower alkyithio group” means a
straight-chained or branched alkylthio group having 1t0 6 carbon atoms such as a methyithio group, an ethylthio group,
apropylthio group, an isopropyithio group, a butylthio group, an isobutylthio group, a sec-butylthio group, a tert-butylthio
group, a pentylthio group, an isopentyithio group, a neopentylthio group, & tert-pentylthio group, a hexylthio group or
the like. The term “lower alkoxy-substituted {lower aikyl) group means the above lower alkyl group substituted by the
above lower alkoxy group; the term “lower alkoxy-substituted (lower alkoxy) group means the above lower alkoxy group
substituted by the above lower alkoxy group; and the term “lower alkoxy-substituted (lower alkylthio) group means the
above lower alkylthio group substituted by the above lower alkoxy group. The term “lower alkylene group® means a
straight-chafned or branched alkylene group having 1 to 6 carbon atoms such as a methylene group, an ethylene
group, a trimethylene group, a propylene group orthe like; the term “lower alkyleneoxy group” means a straight-chained
or branched alkyleneoxy group having 1 to 6 carbon atoms; the term *lower alkylenethio group” means a straight-
chained or branched alkylenethio group having 1 to 6 carbon atoms; and the term *lower alkenylene group” means a
straight-chained or branched alkenylene group having 3 to 6 carbon atoms such as a 1-propenylene group or the like.
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The term "lower alkenyioxy group® muans a straignt-chained or branched alkenyloxy group having 2 to 6 carbon dtoms
such as an allyloxy group or the like; the term “araikyloxy group® means the above lower alkoxy group substituted by
an ary! group such as a pheny! group, a naphthy: group, such as a benzyloxy group or the like; the term "aralkyloxy
(tower alkyl) group” means the above lower alkyl group substituted by the above aralkyloxy group; the term "cyano
(lower alkyl) group" means the above lower alkyl group substituted by a cyano group, the temm “carbamoyl (lower alky!)
group” means the above lower alkyl group substituted by a carbamoyl group; and the temm “mono or di{lower alkyl)
substituted amino group” means an amino group mono- or di-substituted by the above fower alkyl group. The
term “lower alkoxycarbonyl group® means a straight-chained, branched or cyclic alkoxycarbonyl group having 2to 7
carbon atoms such as a methoxycarbonyl group, an ethoxycarbonyl group, an propytoxycarbonyl group, an isopropy-
loxycarbonyl group, a butyloxycarbonyl group, an isobutyloxycarbony! group, a sec-butyloxycarbony! group. a lert-
butyloxycarbonyl group. a pentyloxycarbonyl group, an isopentyloxycarbonyl group. a neopentyloxycarbonyl group, a
tert-pentyloxycarbonyl group, a hexyloxycarbonyl group, and a cyclohexyloxycatbonyl group orthe like, the term “lower
alkoxycarbonyl-substituted (lower alkyl) group" means the above lower alkyl group substituted by the above lower
alkoxycarbonyl group; the temn “lower alkoxycarbonyl-substituted (lower alkoxy) group” means the above lower alkoxy
group substituted by the above lower alkoxycarbony! group; and the temn “lower alkoxy-substituted (lower alkoxycar-
bonyl} group means the above lower alkoxycarbonyl group substituted by the above alkoxy group such as a 2-meth-
oxyethoxycarbony| group. The term “carboxy(lower alkyl) group® means the above lower alkyl group substituted by a
carboxy group; and the term " carboxy (lower alkoxy) group” means the above lower alkoxy group substiluted by a
carboxy group. The term "lower acyl group” means a straight-chained, branched or cyclic acyi group having 2 to 7
carbon atoms such as an acety! group, a propionyl group, a butyry! group, an isobutyryl group, a pivaleyl group, a
hexancy! group and a cyclohexylcarbonyl group, and the term "lower alkoxy- substituted (lower acyl} group means the
above lower acyl group substituted by the above lower alkoxy group; the term “lower alkoxycarbonyl-substituted (lower
acyl) group means lhe above lower acyl group substituted by the above tower alkoxycarbonyl group such as a 3 -{ethox-
ycarbonyl)propionyl group. .

[0016] As 2 group forming a prodrug in the prevent invention, a lower acy! group or a lower alkoxycarbonyl group is
preferable. As compounds of the present invention, prodrugs of 2-{4-cthylbenyl)-5-hydroxymethylpheny) -D-glucop-
yranoside or 2{4-(2-hydroxyethy!)benzyijphenyt B-D-glucopyrancside, such as 2-{4-ethyibenzy!)-5-hydroxymethylphe-
ny! 6-O-ethoxycarhony!-f-D-glucopyranoside, 2-(4-ethylbenzyl)-5-pivaloyloxymethyiphenyl B-D-glucopyranoside, 2-
(4-ethylbenzyl)-5-hydroxymethyiphenyl 6-O-butyry!-f-D-giucopyranoside, 5-acetoxymethyl-2-(4-ethylbenzyl)phenyi 6-
O-acetyl-ﬂ-D-qucopyranoside,2-(4-ethylben1yl)6-(emoxycarbunyloxymelhyl)phenyl[}—D—g!ucopyranoside,2-(4~ethyl-
benzyl)-5-hydroxymethyiphenyt 6-C-hexanoyl-p-D-glucopyranoside, 2-{4-ethylbenzyl)-5-hydroxymethylphenyl 6-O-
pivaloyl-f-D-glucopyranoside, 2-(4-ethylbenzyl)-5-hydroxymethylphenyl &-O-isobutyl-oxycarbonyl-p-D-glucopyrano-
side, 2-(4-ethylbenzyl)-5-hydroxymethylphenyl 6-CHisopropyloxycarbonyl-B-D-glucopyranoside, 2-{4-(2-hydroxyethyl)
benzyllphenyl 6-0-athoxycarbonyl-3-D-glucopyranoside, 2-[4-(2-hydroxyethyl)-benzyllpheny! 6-O-acetyl-B-D-glucop-
yranoside, 2-{4-(2-acetoxyethylibenzyllphenyl 6-C-acetyl-B-D-glucopyranoside or the like, are preferable.

{0017] The compounds represented by the above generat formula (I} of the present invention can be prepared, for
example, by introducing a hydroxy-protective group usable in & prodrug into a hydroxy group of a glucopyranoxyloxy-
benzylbenzene derivative represented by the following general formula {!11) according to the following procedure or
analogous procedures thereof:

R /2 AS P an Al S R2 R?
L >
Ho’\[:j’ Optionally separation PO
by chromatography, or -
He o deptrotection of a HO L ‘OH
OH hydroxy groyp or an

(1 apino group. n

wherein PP represents a group forming a prodrug; R* represents a hydrogen atom, an optionally protected amino group,
an optionally protected mono (lower alkyl) -substituted amino group, a di(lower alkyl)-substituted amino group, a cyano
group, a carbamoyl group, a lower akyl group, a lower alkoxy group, a lower alkoxy-substituted (lower alkyl) group, a
lower alkoxy-substituted (lower alkoxy) group, a carbamoyi(lower alkyl) group, a lower alkoxycarbonyl-substituted (low-
er alkyf) group, a lower atkoxycarbonyl-substituted (lower alkoxy) group, a carboxy({lower atkyl) group, a carboxy({lower
alkoxy) group or a group represented by the general formula:P31.0-At- wherein P31 represents a hydrogen atom or a
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hydroxy-prolective group; and Al represents a single bond. a lower alkylene group or a lower alkylencoxy group; R®
represents a fower alkyl group, a lower alkoxy group, a lower alkylthio group, 2 lower alkenyloxy group, an aralkyloxy
group, a lower alkoxy-substituted (lower alkyf) group, a lower alkoxy-substituted (lower alkoxy) group, a lower alkoxy-
substituted {lower akylthio) group, a carboxy group, a lower atkoxycarbonyl group, a cyano group, an aralkyloxy(lower
atkyl) group, a cyano{lower &lkyl) group, a carbamoyl group. a carbamoyl(lower alkyl} group, an optionally protected
amino group, an optionally protecied mono(fower alkyf)-substituted amino group, a di(lower alky!)-substituted amino
group, a lower alkoxycarbonyl-substituted (lower alkyl) group, alower alkoxycarbonyl-substituted {lower alkoxy) group,
a carboxy(lower alkyl) group, & carboxy(lower alkoxy) group or a group represented by the general formula: P32-0-A2-
whercin P32 represents a hydragen atom or a hydroxy-protective group: and AZ represents a lower alkylene group, &
lower alkyleneoxy group. a lower alkylenathio group or a lower alkenylene group; X represents a leaving group such
as a bromine atom or a chiorine atom; and P, R', R2 and R? have the same meanings as defined above.

[0018] A prodrug represented by lhe above general formula {1) can be prepared by protecting a hydroxy group of a
glucopyranoxyloxybenzylbenzene derivative represented by the above general formula {[If) with a reagent for protecting
represented by the above general formula (IV) in the presence of a base such as pyridine, triethylamine, N,N-diiso-
propylethylamine, picoline, lutidine, colfidine. quinuciidine, 1,2,2,6,6-pentamethylpiperidine or 1.4-diazabicyclo[2.2.2]
actane in an inert sotvent or without any selvent, occasionally followed by isolating the desired compound using column
chromatography etc. or removing the hydroxy- and/or amino-protective group in conventional means. As the inert
solvent used in the reaction to prepare a prodrug, dichloromethane, acetonitrile, ethy! acetate, diisopropyt ether, chio-
roform, tetrahydrofuran, 1 2-dimethoxyethane, 1, 4-dioxane, acelone, tert-butanol, a mixed solvent thereof and the like
can be illustrated. The reaction temperature is usually from -40°C to reflux temperature, and the reaction time is usually
from 30 minutes to 2 days, varying based on a used starting material, solvent and reaction temperature.

{0019] For example, the compounds represented by the above generai formula (Ilt) which are used as starting ma-
terials in the aforementioned production process can be prepared according to the foliowing procedure:
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wherein M represents a hydroxy-protective group; X! represents a leaving group such as a trichloroacetoimidoyloxy
group, an acetoxy group, a bromine atom or a flucrine atorm; one of Y and Z is MgBr, MgCl, Mgl or a fithium atom,
while the other is a formyl group; and R2, R# and R5 have the same meanings as defined above.

Process 1

[0020] A compound represented by the above general formula (VII} can be prepared by condensing a benzaldehyde
derivative represented by the above general formula (V) with a Grignard reagent or a lithiurn reagent represented by
the above general formula (VI), or by condensing a Grignard reagent or a lithium reagent represented by the above
general formula (V) with a benzaldehyde derivative represented by the above general formuta (Vi) in an inert solvent.
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As the solvent used, tetrahydroluran, dicthyl ether, a mixed solvent thereof and the like can be illustrated. The reaction
temperature is usually from 78°C 1o reflux temperature, and the reaction time is usually from 10 minutes to 1 day,
varying based on a used starting material, solvent and reaction temperature.

Process 2

[0021] A compound represented by the above general formula (Vill) can be prepared by subjecting a compound
represented by the above general formula (Vil) to oxidation using a Dess-Martin reagent in an inert solvent. As the
salvent used. dichloromethane, chloroform, acetonitrile, a mixed solvent thereof and the like can be illustrated. The
reaction temperature is usually from 0°C to reflux temperature, and the reaction time is usually from 1 hour to 1 day,
varying based on a used starting material, solvent and reaction temperalure.

Process 3

[0022] A compound represented by the above general formula (IX) can be prepared by removing the protective group
M of a compound represented by the above general formula (VIIl) in conventional means, condensing the resulting
compound with methyl chloroformate in the presence of a base such as triethylamine, diisopropylethylamine or N,N-
dimethylaminopyridine in an inert solvent, and subjecting the resutting carbonate derivative to reduction using a re-
ducing agent such as sodium borohydride. As the solvenl used in the condensation reaction, tetrahydrofuran, dichlo-
romethane, acetonitrile, ethyt acetate, diethyl ether, a mixed solvent thereof and the iike can be lustrated. The reaction
temperature is usually from 0°C to reflux temperature, and the reaction fime is usually from 30 minutes to 1 day, varying
pased on a used starting material, solvent and reaction temperature. As the solvent used in the reduction reaction, a
mixed solvent with tetrahydrofuran and water, and the like can be illustrated. The reaction temperature is usually from
0°C to reflux temperature, and the reaction time is usually from 1 bour to 1 day, varying based on a used starting
material, solvent and reaction lemperature. The compound represented by the above general formula (X} can be
converted into a salt thereo! such as a sodium salt or a potassium salt in the usual way.

Process 4

[0023] A compound represented by the above general formula (X} can be prepared by ‘subjecting a compound
represented by the above general formula (VII) to catalytic hydrogenation usinga patiadium catalyst such as palladium-
carbon powder in the presence or absence of an acid such as hydrochioric acid in an inert solvent, and removing a
protective group M in the usual way as occasion demands. As the solvent used in the catalytic hydrogenation, methanol,
ethano!, tetrahydrofuran, ethyl acelate, acetic acid, isopropanol, a miked solvetit thereof and the like can be illustrated.
The reaction temperature is usually from room temperature to reflux temperature, and the reaction time is usually from
30 minutes to 1 day, varying based on a used starting material, solvent and reaction temperature. The compound
represented by the above generat formula (IX) can be converted into a salt Theteofsuch as a sodium salt or a polassium
salt in the usual way. . FERNE

[0024] inthe above generalformulae (V), V1), (VI), (VII) and (IX) in the above processes 1to4, a compound wherein
R4 represents an optionally protected amino group, an optionally protactod mono(lower alky!) -substituted amino group,
a di (lower alky!) -substituted amino group, acyano group, 8 carbamoy! group, a catbamoy!{lower alkyl) group, a fower
alkoxycarbonyl-substituted (lower alkyl) group, a carboxy(lower alkyl) group or a group represented by the general
formula: P31-0-A'1- wherein P3! represents a hydrogen alom or a hydroxy-protective group; and Al represents a
lower alkylene group; and/or RS represents a cyano group, a cyano{lower alkyl) group, a carbamoy! group, a carbamoyl
(lower alkyl) group, an optionally protected amino group, an optionalty protected mono(lower alkyl}-substituted amino
group, a di{ ower alkyl)-substituted amino group, a lower alkoxycarbony!-substituted (lower afkyl) group, a carboxy
(tower alkyl) group or & group fepresented by the general formula: P32.0-A12- wherein P32 represents a hydrogen
atom or a hydroxy-protective group; and A2 represents a lower alkylene group or a lower alkenylene group can be
converted into a corresponding compound with a lower alkoxycarbony! group as a substituent group in an usual way
and then can be subjected to the next processes 110 6.

Process 5

{0025] A glucoside represented by the above general formula (XI) can be prepared by subjecting a benzylphenol
derivative represented by the above general formula (IX) or a saft thereof to glucosidation using a glycosyl-donor
represented by the above general formuia (X) such as 2,3,4,6-tetra-O-acetyl-1-O-trichloroacetoimidoyl-a-D-glucop-
yranose, 23,4 6-tetra-O-acetyl-1-O-trichloroacetoimidoyl-B-D-glucopyranose, 1,2,3,4,6-penta-O-acetyl-B-D-gtucop-
yranose, 2.3,4,6-tetra-O-acetyl-a-D-glucopyranosyl bromide or 2,3,4 6-tetra-O-acetyl-8-D-glucopyranosy! fluoride in
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the presence of an activating reagent such as porun trifluoside ciathytether complex, sitver triflusromethanesulfonate,
lin(IV) chioride or rimethyl-sily! trifluoromethanesulfonate in an inert solvent. As the solvenl used, dichloromethane,
toluene, acelonitrile, nitromethane, ethy! acetate, dicthyl ether, chioroform, a mixed solvent thereof and the like can
be illustrated. The reaction temperature is usually from -30°C to reflux temperature, and the reaction time is usually
from 10 minutes to 1 day, varying based on a used starting material, solvent and reaction temperature.

[0026] Amang compounds represerted by Lhe above general formula (X1}, a compound wherein R4 is a prolected
mono(lower alkyl) -substituted amino group can also be prepared by subjecting the corresponding compound wherein
R4 is a protected amino group oblained by the above process 5 to reaction with a proper agent introducing a lower
alkyl group such as a lower alkyl hatide, mesylic acid ester, tosylic acid ester and the like in the presence of an alkaline
material such as sodium hydride, potassium carbonate or the like in a solvent such as tetrahydrofuran, N,A-dimethyl-
formamide, dimethyl sulfoxide, a mixed solvent thereof or the tike.

Process 6

{0027] A compound represented by the above general formula {111} can be prepared by subjecting a glucoside rep-
resented by the above general formula (X)) to alkaline hydrolysis to remove the acety! groups. As the solvent used,
water, methanol, ethanol, tetrahydrofuran, a mixed solvent thereof and the like can be illustrated, and as alkaline ma-
terials, sodium hydroxide, sodium methoxide, sodium ethoxide or the like can be used. The treatment temperature is
usually from 0°C to reflux lemperature, and the trealment time is usually from 30 minutes to 6 hours, varying based
on a used starting material, soivent and treatment temperature. In the case that R* or/and RS has a hydroxy- or amino-
protective group, such- treatment of the above process can be carried out by suitably changing in conventional means
depending on a used protective group as occasion demands, or can be followed by another procedure to remove the
protective group in conventional means to prepare a desired compound represented by the above general formula ().
[0028] tn the aforementioned production process, the term “"hydroxy-protective group” means a hydroxy-protective
group used in general organic reactions such as a benzyl group, a methoxymethyl group, an acetyl group, tert-butyl-
methylsily! group, fert-butyidiphenylsityl group and the like, and the ierm “amino-proteclive group® means an amino-
protective group used in general organic reactions such as a benzyloxycarbonyl group, a tert-butoxycarbonyl group,
a phthaloyl group, a benzyl group, an acetyl group and the fike. .

[0029] A compound representedby the above general formula (1X) which was used in the aforementioned productiotr
process can be prepared according to the following procedure: LT

Rt éz RS Process 1 Rt o2 R°
\Ej' + ‘xz\/©/ — O @ : '
oH CH -

Condensation

«In (11 (10

wherein X2 represents a leaving group such as a chlorine atom or the like; and R?, R* and R5 have the same meanings
as defined above.

Process 7

{0030] A compound represented by the above general formula (1X) can be prepared by subjecting a phenol derivative
represented the above general formuia (XII) to benzylation using a benzyl derivative represented by the above formula
(XHI} in the presence of an alkaline material such as lithium hydroxide or the like without any solvent. The reaction
temperature is usually from 50°C to 200°C, and the reaction time is usually from 30 minutes to 1 day, varying based
on used starting material, solvent and reaction temperature.

[0031] Of compounds represented by the above general formula (Ill). & compound represented by the following
general formula (lita), for exampie, can be prepared using a carboxylic acid derivative represented by the following
general tormuta (XIV) according to the following procedure;
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2

. _ 6
R L x A-COOR
| P Process 8

Reduction HO

—®  jo“ Y "OM
xXiv) - | (111a)

A O R’ A__OH
0

wherein A represents a straight-chained or branched atkyl group having 1 to 6 carbon atoms or a straight-chained or
branched alkenyl group having 2 to 5 carbon atoms; R8 represents a hydrogen atom or a lower alkyl group; and R?
and R* have the same meanings as defined above.

Process 8

[0032] A compound represented by the above general formula (llia) can be prepared by subjecting a carboxylic acid
derivative represented by the above general formula (XIV) to reduction using a reducing agent such lithium aluminum
hydride, borane, lithium berohydride or the like in a solvent such as tetrahydrofuran, diethy! ether, methanol, ethanol,
a mixed solvent thereof or the like. The reaction temperature is usually from 0°C to reflux temperature, and the reaction
time is usuelly from 30 minutes to i day, varying based on a used starting material, solvent and reaction temperature.
[0033] Ot compounds represented by the above generat formula (iHl) . a compound represented by the following
generat formula (l1Ib), for example. can be prepared using a phenol derivative reprosented by the following general
formula (lic) according to the foliowing procedure;

2
Process 9 A R R
L

XV
- HO 0.0
—_—

Ocasionally Ho™ oM (111b)
(1Lfc) removing a OH

protective

group

wherein R7 represents a lower alkoxy! group, a lower alkoxy-substituted (fower alkoxy) group, a lower atkoxycarbonyl-
substituted (lower alkoxy) group, a carboxy (lower alkoxy) group or a group represented by the general formula: p3t-
0-A21- wherein P3! represents a hydrogen atom or a hydroxy-protective group; and A'' represents a lower alkyleneoxy
group; R8 represents a lower alkyl group, a lower alkoxy-substituted {lower alkyl) group, a lower alkoxycarbonyl-sub-
stituted (lower alkyl) group, or a group represented by the general formula: P31-0-A31- wherein P3! represents a hy-
drogen atom or a hydroxy-protective group; and A3 represents a lower alkylene group; X3 represents a leaving group
such as a chlonne atom, a bromine atom, an iodine atom, a mesyloxy group, a tosyloxy group or the like; and R? and
R5 have the same meanings as defined above.

Process 9

[0034] A compoundrepresented by the above general formuta (11Ib) can be prepared by subjectinga phenol derivative
represented by the above general formula (liic) to O-atkylation using an alkylating agent represented by the above
general formula (XV) in the presence of an alkaline material such as sodium hydride, potassium carbonate, cesium
carbonate, polassium tert-butoxide, sodium hydroxide, potassium hydroxide, sodium hydrogen carbonate or the like
in a solvent such as tetrahydrofuran, N, M-cimethyfformamide, dimethyl sulfoxide, acetonitrile, a mixed solvent thereof
or the like, and followed by deprotection in an usual way as occasional demands. The reaction temperature is usually
from 0°C to reflux temperature, and the reaction time is usually from 30 minutes to 1 day, varying based on a used
starting material, solvent and reaction temperature.
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(1H,d. v * 5H/), 6.87 (1H, dd. J 1.5, 7.7Hz). 7 05-7 20 (SH, m}
Reference Example 10
5-Acetoxymethyl-2-(4-cthylbenzyliphenyl 2,3,4 6-tetra-O-acetyl-B-D-glucopyranoside

[0083] To a solution of 5-acetoxymethyl-2-(4-ethylbenzyl)phenol {0.59 g) and 2,3,4,6-1etra-O-acetyl-1-C-trichioroac-
eto-imidoyl-«-D-glucopyranose (1.1 g) :n dichloromethane (15 mL} was added boron trifluoride diethyl ether complex
(0.31 mL), and the mixlure was stirred al 0 °C for 30 minutes. The reaction mixture was puritied by column chroma-
tography on silica gel (eluent: hexane/ethyl acetate - 2/1-3/2) to give 5-acetoxymethyl-2-(4-ethytbenzyl)phenyl
2,3,4,6-tetra-O-acetyl-B-D-glucopyranoside (1.0 ).

1H-NMR (CDCl3) & ppm:

1.20 (3H, 1, J: 7.6Hz), 1.88 (3H, 5), 2.02(3H, 5), 2.05(3H, 5),2.07 (3H, 5), 2.09 (3H, 5), 2.60 (2H, q, J7.6Hz), 3.80-3.96
(3H, m), 4.20 (1H, dd, J-2.4, 12.3Hz), 4.27 (1H, dd, J- 6.3, 12.3Hz), 5.00-5.10 {2H,m), 5.13 (1H, d, J-7.4Hz), 6.15-5.40
(3H, m), 6.95-7.15 (7H, m)

Reference Example 11
5-Acatoxymethyl-2-(4-propoxybenzyliphenyl 2,3,4,6-tetra-O-acetyl-B-D-glucopyranoside

[0084] - The title compound was preparedin a similar manner to that described in Reference Example 10 using 5-ac-
etoxymethyl-2-{4-propoxybenzyiphenol snstead of 5-acetoxymethyl-2-{4-ethytbenzyl)phenol.

. 'H-NMR (CDCly) & ppm:

1.01 (3H, 1, J-7.4Hz). 1.70-1.85 (2H, m), 1.92 (3H, 5), 2.03 (3H, S), 2.05 (3H, 8}, 2.07 (3H. 5), 2.09 (3H, 5), 3.80-3.95
(5H,m), 420 (1H, dd, J- 2.4, 12.3Hz), 4.27 (1H, dd, J=5.3, 12.3Hz2), 5.00-5.10 (2H, m), .12 (1H, d, J--7 4H2), 5.155.40
(3H, m), 6.75-6.85 (2H, m), 6.95-7.10 (5H, m) .

é-[4-(2-Acctoxyethyl)benlyl]~5-acetoxymethylphenyl2,3,4,G-Ielra-Oacctyl-B-D-qucopyra_noside . .

{0085} The title compound was prepared in a similar manner to that described in-Reference Example 10 using

2-{4-(2-acetoxyethyl)benzyl}-6-acetoxymethylphenol instead of 5-acetoxymethyl-2-(4-ethybenzyliphenot.
1H-NMA (CDCl;) § ppm: e

1.89 (3H, ), 2.03 (3H, s), 2.03 (3H, s), 2.05 (3, 5), 2.07 (3H, ), 2.03 (3H, 5), 2.88 (2H,1.',;|-'7.1Hz], 3.85-3.95 (3H,

m). 415-4.35 (4H, m}), 5.00-5.10 (2H, m), 5.13 (1H. d, J--7.6Hz), 5.15-5.40 (3H, m), 6.95-7.15 (7H, m)
Reference Example 13 .
2-{4-Ethylbenzy!)-5-hydroxymethylphenyl 3-D-glucepyranoside

[0086] Sodium methoxide {28% methano solution; 0.3 mL) was added to a solution of 5-acetoxymethyl-2-{4-ethyl-
benzyl)pheny! 2 3,4,6-etra-O-acetyl-B-D-glucopyranoside (1.0g) in methanol (12 mL), and the mixture was stirred at
room temperature for 40 minutes. The solvent was removed under reduced pressure. The residue was purified by
column chromatography on sitica gel (eluent: dichloromethane/methanol = 7/1) to give 2-{4-ethylbenzyl)-5-hy-
droxymethylpheny! B-D-glucopyranoside (0.68 g).

TH-NMR (CD50D) & ppm:

1.19 (3H, t, J-7.6H2), 2.57 {2H, q, J=7.6H7), 3.30-3.56 (4H, m), 3.65-3.75 (1H, m), 3.86-4.00 (2H, m), 4.04 (1H, J,
J=15.0Hz), 4.54 (2H, s), 4.93 (1H, d, J-7.4Hz), 6.85-6.95 (1H, m), 702 (1H, d, J~7.7Hz), 7.06 (2H, d, J=8.1Hz),
7.10-7.20 (3H, m)

Reference Example 14
§-Hydroxymethyt-2-(4-propoxybenzyl)phenyl §-D-glucopyranoside
[0087] The title compound was prepared in a similar manner to that described in Reference Example 13 using 5-ac-

eloxymethyi-2-(4-propoxybenzyl)phenyl 23,4 ,6-tetra-O-acelyl-B-D-glucopyranoside instead of S-acetoxymethyl-
2-{4-ethylbenzyl)phenyl 2,3,4 6-tetra-O-acetyl-f-D-glucopyranoside.
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1H-NMR {CD,0D) & ppm:

1.02 (3H, t, 4.7 4H7), 170-185 (24, m), 3.30-3.55 (4H, m), 3.65-3.75 (111, m), 3.80-3.85 (4H, m), 4.00 (1H. ¢\,
J..15.0H7), 454 (2H, 5). 4.93 (1H. d. J .7.4Hz), 6.70-6.85 (2H, m), 6.85-6.95 (1H, m). 7.02 (1H, d, J: 7.7H), 7.05.7.20
(3H, m)

Reference Example 15
2-{4-{2-Hydroxyethyl)benzyil-5-hydroxymethylphenyt -D-glucopyranoside

[0088] The title compound was prepared in a similar manner to that described in Reference Example 13 using
2-{4-{2-acetoxyethyl)benzyl]-5-acetoxymethylphenyl 2,3,4 6-tetra-O-acetyl-p-D-glucopyranoside instead of 5-ace-
toxymethy!-2-(4-ethytbenzyl)pheny! 2.3,4 6-tetra-O-acetyl-§-D-glucopyranoside.

TH-NMR (CD;0D) & ppm:

2.76 (2H, t, J-7.1Hz), 3.30-3.55 (4H, m), 3.60-3.75 (3H, m), 3.85-4.00 (2H, m}, 4.05 (1H, d, J- 14.6Hz), 4.54 (2H, s),
4.92 (1H, d, 4-7.2Hz), 6.85-6.95 (1H, m), 7.03 (1H, d, J-7.9Hz), 7.09 (2H, d, J- 7 8Hz), 7.10-7.20 {3H, m)

Reference Example 16
2-[4-(2-Hydroxyethyl)benzylphenyl p-D-glucopyranoside

{0089] To asolution of 2{4-{2-benzayloxyethyl)benzyllphenot (0.49g) and 1 ,2.3,4 6-penta-O-acetyl-f-D-glucopyran-
ose (1.7g) in toluene (5.2mt } and dichloromethane (2.2mL) was added boron trifiuoride diethyl ether complex (0.56mL),
and the mixture was stirred at 25°C for 8 hours. To the reaction mixture were added ethyl acetate (70mL) and 2 saturated
aqueous sodium hydrogen carbonate solution (25mL), and the organic layer was separated. The organic layer was
washed with brine (25mL) and dried over anhydrous sodium sulfate, and the solvent was removed under reduced
pressure. The residue was dissolvedin mcthanol {5mL) and tetrahydrofuran {2.5mL), sodium methoxide (28% methanol
solution, 0.14mL) was added tothe solution, and the resutting mixture was stirred at 25°C for 12.5 hours. To the reaction
mixture were added ethy! acetate (75mL) and water (20mL), and the organic layer was separated. The organic layer
was washed with brine (20mL)-and dried aver anhydrous sodium suffate, and the sotvent was removed under reduced
pressure. The residue was dissolved inmethanot (7:5mL), sodiummethoxide (28% methanol solution, 0.085mL) was
added 1o the solution, and the resulting mixture was stirred at 25°C for 5 hours. The reaction mixture was purified by
column chromatography on silica gel (eluent: dichloromethane/methanol  4/1). The solvent was removed under re-
duced pressure, diethyi ether was added to the residue, and the resulting precipitales were collected by filtration. The
obtained solid was washed with dicthyl ether and dried under reduced pressure to give 2-{4-(2-hydroxyethyl)benzyl|
phenyl B-D-glucopyranoside (0.47g).

1H-NMR (CD,0D) & ppm: .

2.76 (2H,1, J-7.1H/), 3.35-3.55 {(4H, m), 3.65-3.75 (3H, m), 3.88 (1H. dd, J- 1.8, 11.8H2), 3.95(iH,d, J-16.2H7), 4.07
(1H, d, J-+15.2Hz), 4.90 (1H, d, 4 .7.4Hz), 6.85-6.95 (1H, m), 7.00-7.20 (7H, m)

Reference Example 17
2-{4-(3-Hydroxypropyl)benzyllpheny! B-D-glucopyranoside

[0090] The title compound was prepared in a similar manner to that described in Reference Example 16 using
2-{4-{3-benzoyloxypropylibenzyljphenol instead of 2{4-(2-benzoyloxyethyl)benzyl|phenol.

TH-NMR (CD,0D) § ppm:

1.70-1.85 {2H, m), 2.65-2.65 (2H, m), 3.30-3.60 (6H, m), 3.68 (1H, dd, J-6.2, 11.9Hz), 3.88 (1H, dd, J=2.0, 11.9Hz),
3.95 (1H, d, J=-15.1Hz), 4.06 (1H, d, J-15.1Hz), 4.90 (1H, d, J-.7.3Hz), 6.85-6.95 (1H, m), 7.00-7.20 (7H, m)

Reference Example 18
Methyl 4{(2-benzyloxyphenyl)hydroxymethyljpenzoate

[0091] A Grignard reagent was prepared from 2-benzyloxybromobenzene (5.3 g), magnesium (0.49 g) and tetrahy-
drofuran (160 mL). The obtained Grignard reagent was added to a solution of methyl terephthalaidehydate (3.3 g) in
tetrahydrofuran {60 mL), and the mixiure was stired atroom temperature for 1 hour. To the reaction mixture was added
water and ditute hydrochioric acid, and the mixiure was extracted with ethyl acetate. The organic layer was washed
with brine and dried over anhydrous sodium sulfate. The solvent was removed under reduced pressure, and the residue
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Reference Example 23
Ethyi (E)-3{4-(2-hydroxybenzy!) phenyl| acrylate

{0096] To a solution of triethyl phosphonoacetate (0 89 mL) in tetrahydrofuran {30 miL) was added potassium tert
butoxide (0.50 g). and ihe mixture was stirred at room temperature for 15 minules. A solution of 4-(2-bensyloxybensyl)
benzaidehyde {1.0 g) 1n tetrahydrofuran (10 mL} was added to the reaction mixture, and the mixture was stirred at
room temperature for 6 hours. To the resulting mixture was added dilute hydrochloric acid, and the mixture was extracted
with ethyl acetale. The organic layer was washed wilh brinc and dried over anhydrous magnesium sulfate, and the
solvent was removed under reduced pressure. Thetesidue was punfied by column chromatography on silica gel {eluent:
hexanel/ethyl acetate - 10/1) to give ethy! (£)-3-[4-(2-benzyloxybenzyl)phenyl]acryiate (0.86 g). To the obtained ethyl
(£)-3{4-(2-benzyloxybenzyl)phenyllacrylate (0.86 g) were added trifluoroacetic acid (9.5 mi}, water (0.5 mL} and dime-
thyl sulfide {1.0 mL), and the mixture was stirred at room temperature overnight. The solvent was removed under
reduced pressure, and the residue was purified by column chromatography on silica gel {eluent: hexane/ethy! acetate
— 3/1) to give ethyl (E)-3{4-(2-hydroxybenzyl)phenyljacrylate (0.51 g).

1H-NMR (CDCly) & ppm:

1.33 (3H, t, J-7.2Hz), 4.01 (2H, ), 4.26 (2H, q, J: 7.2Hz), 4.96 (1H, s), 6.38 (1H, d, J~16.1Hz), 6.75-6.80 (1H, m),
6.85-6.95 (1H, m), 7.05-7.20 {2H, m), 7.20-7.30 (2H, m), 7.40-7.50 (2H, m), 7.65 (1H, d, J=16.1Hz)

Reference Example 24
(E)-2{4-{2-Ethoxycarbenylvinyljbenzyllphenyt B-D-glucopyranoside

[0097] 7o a suspension of ethyl (£)-3-[4-(2-hydroxybenzyl)-phenyijacrylate {0.34 g) and 1,2,3.4,6-penta-O-acetyt-
$-D-glucapyranose (1.4 g) in dichioromethane {3 mL) and toluene (9 mi.} was added boron trifluoride diethy! ether
complex (0.45.mL), and the mixture was stirred at room temperature overnight. The reaction mixture was concentrated
under reduced pressure, and the residue was purified by column chromatography on silica gel (eluent: hexane/ethyl
acetate = 4/1) to give (E)-2-(4-(2-ethoxycarbonylviny)benzylphenyl 2,3 4,-6-tetra- O-acetyl-B-D-glucopyranoside (0.47
g). To the solution of the oblained (E)-2-[4-{2-ethoxycarbonylvinyl)-benzyllphenyt 23,4 6-tetra-C-acetyl--D-glucop-
yranoside (0.46 g} in methanot (5 mL) was added sodium methoxide (0.010 g), and the resufting mixture was stirred
al room temperatyre for 30 minutes. The reaction mixture was concentrated under reduced pressure, and the residue

was purified by-column chrématography on silica gel (eluent- ethyl acetate) 1o give (E)-2-{4-(2-ethoxycarbonylvinyl)

benzyl]phenyt f-D-glucopyranoside (0.31 g).
TH-NMR (CD,QD) &:ppm:

1.31 (3H; t, J=7.2Hz), 3.30-3.55 (4H, m), 3.68 (1H, dd, J:.6.3, 12.0Hz), 3.88 (1H, dd, J=1.9, 12.0Hz), 4.00 {1H. d,

J-14.9H2), 4.15 (1H, dd, J-14.9H2), 4.22 (2H, q, J- 7 2Hz), 492 (1H, d, J 7.1HZ), 6.45 (1H, d, J~16.1Hz), 6.90:7.00
(1H, m), 7.05-7.20.(3H,m), 7.25-7.35 (2H, m), 7.45-7.55 (2H, m), 7.64 (1H, d, J-16.1HZ)

Reference Example 25
2-{4-Methoxycarbonylbenzyljphenyl 2,3,4,6-tetra-O-acetyl-f-D-glucopyranoside

[0098] To a suspension of methy! 4-(2-hydroxybenzyl)bensoate (0.053g) and 1,2,3,4,6-penta-O-acetyt-B-D-glucop-
yranose (0.26 g) in dichloromethane (1 mL) and toluene (3 mL) was added boron trifluoride diethyl ether complex
(0.083 mL), and the mixture was stirred at room temperature overnight. The reaction mixture was concentrated under
reduced pressure, and the residue was purified by column chromatography on silica gei (etuent: hexane/ethy| acetate
= 4/1) to give 2-(4-methoxycarbonylbenzyl)phenyl 2.3,4,6-tetra-O-acetyl-BD-glucopyranoside (G.067 g).

1H-NMR {CDCly) & ppm:

1.87 (3H, s}, 2.03 (3H, 8), 2.05 (3H, 5), 2.07 (3H, s}, 3.80-4.05 (6H, m), 4.16 (1H, dd, J-2.7, 12.4Hz}, 4.28 (1H, dd,
J=5.8, 12.4H2), 5.10-5.20 (2H, m), 5.26-5.35 (2H, m), 6.95-7.10 (3H, m), 7.15-7.25 (3H, m), 7.90-7 95 (2H, m)

Reference Example 26
4-Allyloxy-2'-(methoxymethyloxy)diphenyimethanol
{0099] A Grignard reagent was prepared from 4-allyloxybromobenzene (1.7 g}, magnesium (0.19 g), a catalylic

amoun! of iodine and tetrahydrofuran (3 mL). To the obtained Grignard reagent was added a solution of 2-(methoxymeth-
yioxy)benzaldehyde (0.88 g) in tetrahydrofuran (19 mL). and the mixture was slirred at room temperature for 30 minutes.
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ridine (2 mL) was adued ethyi chleroformate {0 037 mL, 2 mol equivaient), and the mixture was stired at room tem-
perature for 17 hours. To the reaction mixture was added 1 mol/L hydrochloric acid, and the mixture was extracted with
ethyl acetale. The extract was washed witht 1 molL hydrochloric acid and water, and dried over anhydrous magnesium
sulfale, and the solvent was removed under reduced pressure. The residue was purffied by preparative thin jayer
chromatagraphy on silica gel {eluent: dichloromethane/methanol- 10/1) and recrystailized (recrystaliization solvent:
acclonethexane  1/1) o give 2-(4-clhylbensyl)-5-hydroxymethylpheny! 6-O-cthoxycarbonyl-p-D-glucopyranoside
(0.020 9).

TH-NMR (CD50D) & ppm:

1.18 (3H, 1, J-7.5H/), 1.20-1.30 (3H, m), 2 57 (2H, g, 3..7.5Hr), 3.30-3.55 (3H, m). 3.65-3.65 (1H, m), 384 (1H, d,
J=15.0Hz), 4.02 (1H, d, J=15.0Hz), 4.05-4.20 (2H, m), 4.26 (1H, dd, J=6.6, 11.7Hz), 4.47 (1H, dd, J-2.3, 11.7Hz),
4.50-4.60 (2H, m), 4.90 (14, ¢, J=7.4Hz), 6.90-7.15 (7H, m)

Example 2-27

[0191] The compounds listed in Table 1 were prepared in a similar manner to that described in Example 1 using their
corresponding starting materials.

{Table 1]

Example No R! ‘RE : _ R3
2 Hydroxymethyl group Hydr;één_alom . Propoxy‘ group
3 Hydrogen atom Hydrqgen atom 3-Hydroxypropyl group
4 Mcthyl group Methyl group Methoxy group
I 5 Hydrt;xymethyl group Hydrogen-atom |. 2-Hydroxyethyl group
6 T~ Methoxy group Hydrogen atomi i Methoxy group
T 7 Methoxymethyl group Hydrb_g;;-;tom Methoxy group
8 Methyl group Methyl group 3-Hydroxypropyl group
9 Methyl group Methyl group 2-Hydroxyethyl group
10 Amino group Hydrogen atom Ethyl group
1" N-Methylamino group Hydrogen atom Ethyl group
12 Carbamoyl group Hydrogen atom Ethyl group
13 Carbamoyimethyl group Hydrogen atom Ethyl group
14 Cyano group Hydrogen atom Methoxy group
15 Methoxymethyloxy group Hydrogen atom Ethyl group
16 Hydroxy group Hydrogen atom Ethyl group
17 2-Hydroxyethyloxy group Hydrogen atom Ethyl group
18 3-(Ethoxycarbonyl)propyloxy group | Hydrogen atom Ethyl group
19 Methoxy group Hydrogen atom 2-Hydroxyethyl gr(;l_.lp

el <
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[Table 1} (continued)

[Exampleno | R L . ']
- ‘20 -1 .l-iydrogen alom T -Hy.dro_g;':;\—aglznﬁ_m . B:.:n/ylox>y ;'o:p_ o

2? - —H;drogen atom - Hydrogen atom w‘(Sa)mroup -
i 22 o Hydrogengl.omﬂ - Hy::l?ogc;t atom T -Arylgxy/gr;Up‘ ]
| Hydrogenaiom | Hydrogenatom | N.N-Dmethylamino group |

24 Hydrt;g; atom Hydrogen atom Mc{hggoégdr;l group

25 Hydrogen atom Hydrogen atom Cya;(;;;myl group

26 Hydrogen atom Hydrogen atom Carbamoy! group

27 Hydrogen atom Hydrogen atom (E)-S»;Iydroxy-1 -propenyl group

Example 28

2-{4-Ethylbenzyl)-5-pivaloyloxymethylpheny! B-D-glucopyranoside

[0192] The title compound was prepared in a similar manner to that described in Example { using pivaloy! chioride
(1.5 mol equivalent) instead of ethyl chloroformate.

1H-NMR (CD40D) & ppm:

1.15-1.25 (12H, m), 2.58 (2H, q, J. 7.6Hz), 3.35-3.55 (4H, m), 3.65-3.75 (1H, m), 3.85-385 (1H, m), 3.94 (1H, ¢,
J=15.1H7), 4.05 (1H, d, J-15.1Hz), 492 (1H, d, J-7.5H7), 5.05 (2H, ), 6.91 (1H, dd, J-1.1, 7.8H/), 7.03 (1H, d,
J=7.8Hz}, 7.07 {2H, d, J=8 0Hz), 7.13 (2H, d, J=8.0Hz), 716 (14, d, J=1.1Hz)

Example 29
2~(4~Ethy!benzyl)~5»hydroxymelhylphenyl 6-0butywl-ﬂ-[)’-’élﬁcopyranoside‘

[0193] The title compound was prepared in a similar manr_iér to that described in Example 1 using butyryl chloride
(2.5 mol equivalent) instead of ethyl chloroformate.’ AR '

TH-NMR (CD;0D) 3 ppm: L
0.90 (3H, 1, J::7.4Hz), 1.19 (3H, 1, J. 7.6H2), 1.50-1.65 (2H, m}; 2.25-2.35 (2H, m), 2.58 (2H, q, 3 7.6H7), 3.30-3.55
(3H, m), 3.65-3.65 (1H, m), 3.95 (1H, d, J.115.1Hz), 4.02 (1H, d, J-15.1Hz), 4.21 (1H, dd, 1-6.4, 11.8Hz), 4.35-4.50
(1H, m), 4.55 (2H, s}, 4.91 (1H. d, J- 7.1Hz), 8.90-7 15 (7H, m) '

.

Example 30
§-Acetoxymethyl-2-(4-ethylbenzyl)phenyl 6-O-acetyl-B-D-glucopyrarioside

[0194] The title compound was prepared in a similar manner to that described in Example 1 using acetyl chloride
{2.5 mol equivalent) instead of ethyl chloroformate.

TH-NMR (CD;0D) 8 ppm:

1.18 (3H, t, J-7.6Hz), 2.03 (3H, 5}, 2.06 (3H, 5), 2.68 (2H, g, J=7.6Hz), 3.30-3.55 {3H, m), 3.55-3.70 (1H, m), 3.85 {1H,
d, J-15.1Hz), 4.03 (1H, d, J-15.1Hz), 4.21 (1H, dd, J=6.4, 11.9Hz), 4.42 (1H,dd, J-2.0, 11.8Hz), 4.89 (1H, d, J--7.2HZ),
5.00-5.10 (2H, m), 6.90-7.15 (7H, m)

Example 31

2-(4-Ethylbenzyl)-5-(ethoxycarbonyloxymethyl)pheny! B-D-glucopyranoside

[0195} The titte compound was prepared in a similar manner to that described in Example 1.

1H-NMR (CD,0D) 8 ppm:

1.19 (3H, 1, J-7.6Hz), 1.26 (3H.1, J- 7.1H2), 2.68 (2H, q, J~7.6Hz), 3.35-3.55 (4H, m), 3.71 (1H, dd. J-5.0, 12.0Hz),

3.89 (1H, dd, J=1.9,12.0Hz), 3.85 (1H, d, J=15.0Hz), 4.05 (1H, d, J=15.0Hz), 4.16 (2H, q, J=7.1Hz). 4.92 (1IN, d,
J~7.4Hz), 5.00-5.15 (2H, m), 6.94 (1H, dd, J- 1.4, 7.7Hz), 7.04 (1N, d, J=7.7Hz), 7.07 {2H, d, J-8.0Hz), 7.13 {2H, d,
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J B.OHA, 719 (1H. d, J 1 4Hz)
Example 32
2-{4-Ethylbenzyl)-5-hydroxymethylphenyl 6-O-hexanoyl-B-D-glucopyranoside

[6196] The title compound was prepared in a similar manner to that described in Example 1 using hexanoyl chloride
(2.5 mol equivalent) instead of ethyl chiorofomate.

1H-NMR {CD,OD) 3 pprm:

0.86 (3H, t, J:-7.1Hz), 1.19 (3H, t, J=7.6Hz), 1.20-1.35 (4H, m), 1.50-1.65 (2H, m), 2.25-2.40 (2H, m), 2.50-2.65 (2H,
m), 3.30-3.65 (3H, m), 3.55-3.65 (1H,m), 3.95 (1H, d, J:114.9Hz), 4.02 (1H, d, J: 14.9Hz), 4.21 (1H, dd, J- 6.3, 11.9Hz),
4.35-4.50 (1H, m), 455 (2H, s}, 4.91 (1H, d, J- 7 2H7), 6.85-7.20 (7H, m)

Example 33
2-(4-Ethylbenzyl)-5-hydroxymethylphenyl 6-O-pivaloyl-B-D-glucopyranoside

[0197] The title compound was prepared in a similar manner to that described in Exampie 1 using pivaloyl chloride
(1.6 mol equivalent) instead of ethyl chlorofarmale.

TH-NMR (CD40D} & ppm:

1.14(9H, s), 1.19 (3H. 1, J- 7.6H2z), 2.57 (2H, q, J=7.6Hz), 3.30-3.50 (3H, m), 3.50-3.65 (1H, m), 3.95(1H, d, J- 14.8H2),
4.01 (1H, d, J-14.8Hz), 4.17 (1H. dd, J-6.3, 11.8Hz2), 4.42 (1H. dd, J=2.2, 11.8H2), 454 (2H,s), 4.90-5.00 {1H, m),
6.90-7.15(7H, m) -

Example 34
2-(4-Ethylbenzy)-5-hydroxymethylphenyl 6-O-isobutyloxycarbony!-§-D-glucopyranoside

[0198] The titie compound was prepared in a similar manner to that described in Example 1 using isobutyf chloro-
formate (2.0 mol equivalent) instead of ethyl chioroformate. - . .
TH-NMR (CD,0D) 3 ppm: .

0.89 (6H, d, J-6.6Hz), 1.17(3H, t, J-7 6H2), 1.80-1.95 {1H, m), 2.56 (2H, q, J: 7.6M2), 3.40-3.60 (3H, m), 3.60-3.70
(*H,; m), 3.80-3.90 (2H, m), 3.94 (1H, d, J- 15.0H7). 4.02 (1H, d, J-15.0Hz), 4.29 (1H, dd, J=5.9, 11.7Hz), 4.49°(tH, -

dd, J2.0,11.7Hz), 4.56 (2H, s), 4.80-5.00 (1H, m), 6.90-7.20 (7H, m) .

Example-35
2-(4-Ethylbenzyl)-5-hydroxymethylphenyl 6-O-isopropyloxycarbonyi-B-D-glucopyrancside

{0169] The title compound was prepared in a similar manner to that described in Example 1 using isopropyl chioro-
formate (2.0 mol equivalent) instead of ethyl chloroformate.

1H-NMR (CD40D) § ppm:

1.19(3H, 1, J.7.5H7), 1.22 (3H, d. J. 6.1Hz), 1.24 (3H, d, 4=6.1H2), 2.57 (2H, q, J-7.5H7), 3.30-3.55 {3H,m), 3.65-3.70
(1H, m), 3.95 (1H, d, J-15.0H7), 4.02 (1H, d, J-15.0Hz), 4.25 (1H, dd, J- 6.3, 11.7H7), 4.46 (1H, dd, J-2.3, 11.7Hz),
4.50-4.60 (2H, m), 4.70-4.85 (1H, m), 4.85-4.95 (1H, m), 6.90-7.20 (7H, m})

Exampte 36
2-[4-(2-Benzyloxyethyl)benzyllphenyl 6-O-ethoxycarbony!-f-D-glucopyranoside

[0200] The'litle compound was prepared in a similar manner to that described in Example 1 using 2-[4-(2-benzyloxye-
thyl)-benzyljphenyl f-D-glucopyranoside instead of 2-(4-ethylbenzy!)-5-hydroxymethylphenyl B-D-glucopyranoside.
TH-NMR (CD,0D) 3 ppm:

1.22 (3H, 1, J=7.1Hz), 2.84 (2H, 1, J::7.0Hz), 3.36-3.40 (1H, m), 3.40-3.55 (2H. m), 3.55-3.65 {1H, m), 3.66 (2H, t,
J<7.0Hz), 3.97 (1H, d, J::15.3Hz), 4.06 (1H, d, J=15.3Hz), 4.05-4.20 (2H, m}), 4.28 (1H, dd, J=6.1, 11.7Hz), 4.44 (1H,
dd, 3-2.1, 11.7Hz), 4.48 (2H, §), 4.89 (1N, d, J-7.8Hz), 6.85-6.95 (1H, m), 7.00-7.05 (1H, m), 7.05-7.20 (6H, m),
7.20-7.35 (5H, m)

YLS
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Example 37
2-{4-(2-Hydroxyethylibenzyllpheny! 6-C-ethoxycarbonyl-B-D-glucopyranoside

{0201] To a solution of 2-{4-(2-benzyloxyethyl)benzyljpheny! 8-O-ethoxycarbony!-B-0-glucopyraneside (0.18 g} in
ethyl acetale (4 mL}) and ethanol (1 mL) was added 10% pailadium-carbon powder (0.072 g), and the mixturc was
stirred under a hydrogen atmosphere at -oom temperature for 18 hours. Insoluble materials were removed by filtration,
and the solvent of the filtrate was removed under reduced pressure. The residue was purified by column chromatog-
raphy on silica gel {eluent: dichloromethane/methane! — 20/1-10/1) to give 2-{4-{2-hydroxycthyl)bensyllphenyl 6-O-
ethoxycarbonyl-B-D-glucopyranoside (0.11 g).

TH-NMR {CD,0D} & ppm:

1.23 (3H, 1. J-7.0Hz). 2.76 (2H, 1, J- 7.1+z), 3.30-3.55 (3H, m), 3.55-3.65 (1H, m), 3.71 (2H,t.J -7.1Hz),3.96 (1H. ¢,
J-116.1Hz), 4.05 (1H, d, J=15.1Hz), 4.05-4.20 (2H, m). 4.29 (1H,dd, J--6.5, 11.7H2), 4.44 (1H, dd, - 2.2, 11.7H2), 4.88
(1H, d, J~7.5Hz), 6.85-6.95 (1H, m), 7.00-7.05 (1H, m}, 7.05-7.20 (6H, m)

Example 38

2-{4-{2-Benzyloxyethyhbenzytjphenyl §-C-acetyl-B-D-glucopyranoside

[0202] The titie compound was prepared in a similar manner to that described in Example 36 using acetyl chloride
instead of ethyl chloroformate.

1H-NMR {CD50D} & ppm:

2.01(3H, s),2.84 (2H, 1, 4-6.9H/), 3.30-3.65 {3H, m}, 3.55-3.65 (1H.m), 3.66 (2H, t, J6.9H,), 3.97 (1H.d, J..14.8H7),
4.06 (1H, d, J~14.9Hz), 423 (1H, ad, J--6.4, 11.8H7}. 438 (1H,dd, J- 2.2, 11.9H7), 4.48 (2H 5), 4.89 (1H.d, J-7.4Hz7),
6.85-6.95 (1H, m), 7.00-7.05 (1H, m), 7.05-7 20 (6H, m), 7.20-7.35 (SH, m) .
Example 39

2-{4-(2-Hygroxyethyl)benzyl] phenyl 6-C-acetyl-B-D-glucopyranoside

[0203] The titie compound was prepared in a simitar manner to that described in Exampie 37 using 2-{4-(2-benzy-

loxyethyly-benzyljphenyt 6-O-acety!-B-D-glucopyranoside instead of 2-[4-(2-benzyloxyethyl)benzyllphenyl 6-O-ethox-

ycarbonyl-§-D-glucopyranoside.

1H-NMR (CD,0D} § ppm: Y
2.02 (3H, §),2.76 (2H, t, J-7.1Hz), 3.30-3.55 (3H, m), 3.55-3.65 (1H, m), 3.71 (2H, t, J=7.1Hz). 3.96 (1H. d, J- 15.0Hz),
4.05 (1H, d, J- 15.0Hz),4.23 (1H, dd, J 6.4, 11.8Hz), 4.38 (1H, dd, J=2.2, 11.8Hz), 4.88 {(1H, ¢, J 7.8Hz), 6.90-6 95

(1H, m), 7.00-7.20 (7H, m)
Example 40
2-[4-(2—Aoe16xyelhyl)benzyl] phenyl 6-O-acetyl-f-D-glucopyranoside

[0204) The titte compound was prepared in & similar manner to that described in Example 38 using 2-{4-(2-hydroxye-
thyl)-benzyljphenyl 6-O-acetyl--D-glucopyranoside instead of 2{4-(2-benzyloxyethyl)benzyllphenyl 6-O-acetyl-§-D-
glucopyranoside.

1H-NMR (CD,0D) & ppm:

1.98 (3H, s), 2.02 (3H. s), 2.86 (2H, 1, J=6.9H2), 3.30-3.55 (3H, m), 3.55-3.65 (1H, m), 3.97 (1H, d, J=15.1Hz), 4.08
(1H, d, 3-15.1Hz), 4.15-4.30 (3H, m), 4.38 (1H, dd. J- 2.2, 12.2H7), 4.89 (1H, d, J--7.6Hz), 6.90-7.00 (1H, m), 7.00-7.20
(7H, m)

Test Example 1

Assay for inhibitory effect on human SGLT2 activity 1) Construction of the plasmid vector expressing human SGLT2
[0205] Preparation of the cDNA library for PCR amplification was performed by reverse transcription of a total RNA
deprived from human kidney (Ori gene) with ofigo dT as the primer, using SUPERSCRIPT Preamplification System

(Gibco-BAL: LIFE TECHNOLOGIES). The DNA fragment coding for human SGLT2 was amplified by the PCR reaction,
in which the human kidncy cDNA library described above was used as the template and the following oligo nucleotides
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Description
Background of the invention

[0001] The present invention relates to new pyrazole derivatives and diabetic medicine which have those compounds
as an active ingredient.

[0002] Na'-dependent glucose transporter (SGLT) is a membrane protein which transports glucose, and SGLT-1
and SGLT-2 are known. SGLT-2 mainly expresses in renal uriniferous tubules. Glucose that is filtered in glomeruli is
reabsorbed at the renal uriferous tubules via SGLT, and the glucose taken is reused in the body through the bloodstream.
When SGLT is inhibited, the amount of the glucose reabsorbed at renal uriniferous tubules lowers, and the glucose is
discharged through urine. As a result, it is considered that the level of blood sugar decreases. At the present time, no
medicine is clinically used such as that inhibiting reabsorption of glucose in the kidney.

Disclosure of the Invention

{0003] The object of the present invention is to provide new pyrazole derivatives.

{0004] The object of the present invention is also to provide a pharmaceutical composition containing the new com-
pounds.

[0005] The object of the present invention is also to provide a pharmaceutical composition for the treatment of dia-
betes which comprises the new compound.

{0006] The object of the present invention is to find and provide diabetic-medicine which is easy to synthesize, less
toxic and has higher curative effect.

[0007] The present invention also intends to provide urinary sugar excretion inducers which have the new com-
pounds.

- [0008] Further, the present invention intends to provide the use of the new compounds for preducing a pharmaceutical

composition which reduces renal glucose reabsorption at renal uriniferous tubules.

{0009] The inventors have synthesized various derivatives (1A) or (1B) wherein glucose (namely, § -D-glucopyran-
ose)or glucuronic-acid (namely, 3 -D-glucopyranoside uronic acid) is bonded to pyrazole, and vigorously investigated
the action of those derivatives on urinary sugar excretion. As the result of animal tests, they have found that the com-
pounds of general formula (1A) or (1B) have the outstanding action on urinary sugar excretion and completed the

.. presant invention, These compounds have not ever been synthesized and, therefore, are compfetely new pyrazale-

O-glycoside derivatives and pyrazote-O-glucuronide derivatives.
[001D]. ‘Namely, the present invention provides pyrazole derivatives of the following geherat formula {1A) or (1B) or
pharmaceuticaily acceptable salts thereof:

R4
R3 } R3 R4
R5 RS
R2 Y R2 Y
(CH)n o r, z CHn Ay
= I
N \ .
(1A) ae)

wherein X represents a B -D-glucopyranosyl group, of which one or more hydroxy! groups may be acylated or § -D-
glucurony! group, of which one or more hydroxy! groups may be acyiated and carboxyl group may be esterified; Y
represents a lower alkyl group or perfluoro lower alkyl group; Z represents a hydrogen atom, lower alkyl group, perfluoro
lower atkyl group, aralkyl group or phenyl group; R1 to RS may be the same or different and represent a hydrogen
atom, lower alkyl group, perfiuoro lower alkyl group, lower alkoxy group, perfluoro lower alkoxy group, lower alkylthio
group, perfluoro lower alkylthio group, lower akky! amino group, halogeno group, fower atkanoy| group, lower alkenyl
group or lower alkyny| group, and n represents an integer from 0 1o 3.
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[0011] The presentinvention prov:des a pharmaceutical composition which comprises the above-mentioned pyrazole
derivatives or pharmaceutically acceptab e salts thereof as ar active ingredient.

[0012] The present invention also provides a pharmaceutical composition for the treatment of diabetes which com-
prises the above-mentioned pyrazole derivatives or pharmaceutically acceptable salts thereof as an active ingredient.
{0013] The present invention also provides urinary sugar excretion inducers which comprise the above-mentioned
pyrazole derivatives or pharmaceutically acceptable salts thereof as an active ingredient.

[0014) Further, the present invention provides the use of the above-mentioned pyrazole derivatives or pharmaceu-
tically acceptable salts thereof for producing a pharmaceutical composition which reduces renal glucose reabsorption
at renal uriniferons tobules.

Best Mode for Carrying out the Invention

[0015] The term "lower” in the present specification indicates 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms.
The terms “alky!”, "alkenyl” and “alkyny!” in alkyl group, perfluoro lower alkyl group, lower alkoxy group, perfluoro lower
alkoxy group, lower alkyithio group, perfluoro lower alkylthio group, lower alkyl amino group, lower alkanoyl group,
lower alkenyt group or lower alkynyl group may be linear or branched.

{0016] An alkyl part in "aralkyl group” in the present specification is a lower alkyt group. An aryl part in "aralkyl group”
is a monocyclic or bicyclic aromatic substituent having 5 to 12 carbon atoms.

{0017] Examples of the alky! group include methyl group, ethyl group, propyl group, butyl group, pentyl group, iso-
propyl group, isobutyl group and isopentyl group. The perfiuoro lower alkyl group is, for example, a trifluoromethyl
group. Examples of the lower alkoxy group are methoxy group, ethoxy group, propytoxy group and isopropyloxy group.
The perfluoro lower alkoxy group is, for example, a trifluoromethoxy group. The lower alkylthio group includes such as
methylthio group, ethylthio group and propylthio group. The perfluoro lower alkylthio group is, for example, trifluor-
omethyilthio group. The lower alky! amino group includes such as methyl amino group, ethyl amino group, propyl amino
group, dimethyl amino group and diethyl amino group. The lower-atkanoyl group is, for example, acetyl group and
propionyl group. The lower alkenyl group includes such as vinyl-group, propenyl group and 2-methyl-1-propenyl group.

.- The lower alkynyl group is, for example, ethynyl group and propynylgtpup. The aralky! group includes such as benzyl
. @roup, benzylgroup of which a benzene ring may have one or more subsfituents, phenethyl group and phenethyl group
. of which a benzene ring may have one or more substituents. The substituents of benzyl group and phenethyl group
. herein include lower alkoxy group, lower alky! group, halogeno group and halogeno:lower alkyl group. Examples of

the-halogeno group are fluorine atom, bromine atom, chiorine atom and-igdine atom.

{0018] The groups for acylating hydroxy! group include acyl group and.carbamate group; acyl group includes such
as acetyl group, propionyl group, benzoyl group and pivaloyl group; carhamate éroup includes such as methylt carbonate
group, ethyl carbonate group, propyl carbonate group, isopropyl carbgnate group and phenyl carbonate group. The
groups for esterifying carboxyl group include lower alky! group such-as methyl group, ethyl group; propyl group and
isopropyl group.

[0019] In the above-mentioned general formula (1A) or (1B}, one or more hydroxyl-groups of B -D-glucopyranosyl

. group which is a group represented by X may be acylated. Especially, one or more hydroxyl groups of the said group

may be acylated with the groups selected from atkanoyi groups having 2 to 20 carbon atoms, lower alkoxycarbonyl
groups and benzoyl group. Examples of such groups are 6-O-acetyl- j -D-glucopyranosyl group and 6-O-methoxycar-
bonyl- §§ -D-glucopyranosyl group.

[0020] Further, one or more hydroxyl groups of B -D-glucurony! group which is a group represented by X may be
acylated and its carboxyl group may be esterified. Especially, one or more hydroxyl groups of the said group may be
acylated with the groups selected from alkanoyl groups having 2 to 20 carbon atoms, lower alkoxycarbonyt groups and
benzoyl group and its carboxylic acid may be esterified with lower alkyl group. An example of such groups is 6-O-
methyl- § -D-giucuronyl group.

[0021] The groups represented by X are preferably  -D-glucopyranosyl group, 6-O-acetyl- § -D-glucopyranosy|
group, 6-O-methoxycarbonyl- B -D-glucopyranosyl group, § -D-glucuronyl group and 6-O-methyi- § -D-glucuronyl
group. Among them, § -D-glucopyranosyl group and f§ -D-glucuronyl group are more preferable. Particularly, the group
represented by X is preferably f§ -D-glucopyranosyl group of which one or more hydroxyl groups may be acylated with
the groups selected from alkanoyl groups having 2 to 20 carbon atoms, lower alkoxycarbonyl groups and benzoyl
group. It is more preferable that the group is acylated with alkanoyl group having 2 to 6 carbon atoms or lower alkox-
ycarbonyl group. Among them, one hydroxyl group is preferably acylated. Most preferably, the hydroxyl group con-
nected to a carbon atom at the 6th position is acylated. Examples of such groups represented by X are 6-O-acetyl- §§
-D-glucopyranosyl group and 6-O-methoxycarbonyl- B -D-glucopyranosyl group.

[0022] The groups represented by Y are preferably lower alkyl group having 1 to 3 carbon atoms or perfluoro lower
alkyl group having 1 to 6 carbon atoms. A methyl group and trifluoromethyl group are particularly preferable.

[0023] The groups represented by Z are preferably hydrogen atom and lower alky! group having 1 to 6 carbon atoms.
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A hydrogen atom, lower alky' group having 1 to 3 carbon atoms, unsubstituted aralky! group of aralkyl group of which
an ary! part at the 4tn position is substituted and unsubstituted phenyl group are also preferable. Further, hydrogen
atom, methyi group, ethyt group, propy! group, isopropyl group, unsubstituted benzyl group or benzyl group of which
an aryi part at the 4th position is substituted and unsubstituted phenyl group are more preferable. Among them, hy-
drogen atom, methyi group, ethyl group, propy! group and isopropy! group are more preferable, and isopropyl group
is particularly preferable.

[0024] The groups represented by R1 to R5 are preferably lower alky! group having 1 to 6 carbon atoms, lower
alkylthio group having 1 to 6 carbon atoms, halogeno atom, lower alkoxy group, lower alkenyl group and lower alkyny!
group. A methy! group, ethyl group, methyithio group, ethylthic group, fluorine atom, methoxy group, vinyl group, pro-
penyl group, ethynyl group and propynyl group are more preferable. it is particularly preferable that one or two groups
represented by R1 to RS are one of the above-mentioned preferable groups and the rest of the groups are hydrogen
atom. In this case, at least R3 is preferably one of the above-mentioned preferable groups. When two groups in Rt to
RS are one of the above-mentioned preferable groups, they may be the same or different from each other, but they
are preferably different from each other. Further, when R3 is either lower alkyl group, lower atkoxy group, lower alkenyl
group or lower alkyny] group, R4 or R5 is preferably a fluorine atom. It is preferable that one of R1, R2, R4 and R5 is
halogeno group, or R1, R2, R4 and RS are all hydrogen atom and R3 is lower alkyl group, lower alkoxy group, lower
alkenyl group or lower alkynyl group. it is also preferable that one of R1, R2, R4 and R5 is a fluorine atom and R3 is
methyl group, ethyl group, methoxy group, vinyl group or ethynyt group.

[0025]) Itis preferable that n represents an integer 1.

[0026] Y in general formula (1A) or (1B) is preferably triflucromethyl group.

[0027} Further, it is preferable that in general formuta (1A) or (1B), Y is trifluoromethyl group and n is 1.

[0028] It is also preferable that in general formula (1A) or (1B), Y is trifluoromethyl group, nis 1 and X is §§ -D-
glucopyranosy! group, of which one or more hydroxy| groups may be acylated with the groups selected from alkanoy!
group having 2 to 20 carbon atoms, lower alkoxycarbonyl group and benzoyl group.

[0029] it is also preferable that in general formula (1A) or (1B), Y is trifluoromethyl group.nis 1 and X is §§ -D-
glucuronyl group, of which one or more hydroxy! groups may be acylated with the groups selected from alkanoyl group
having:2 to 20 carbon atoms lower alkoxycarbonyl group and benzoyl group and its carboxyli¢ Beidmay be estenfled
with alkyi group.

{0030] Itis also preferable that in general formula (1A} or (1B), Y is trifluoromethy| group, n is 1 and X is B D-
glucopyranosy! group.

[0031}.. Mt is also preferable that in general formula (1A) or (1B), Y is trifluoromethy! group, -n is 1 antt X is 6-acetyl
-D—g!ucopyranosyl group. .

[0032] . Itis also preferable that in general formula (1A) or (1B), Y is trifluoromethy! group, n is 1 and X is 6-carbometh-

oxy-  -D- glucopyranosyl group.

[0033] it is aiso preferable that in general formula (1A) or (1B), Y is trifluoromethyl group nis1and X is g -D-
glucurony! group.

[0034] Itis also preferable that in general formula (1A) or (1B), Y is trifluoromethyl group, n is 1 and X is 6- methyl<
B -D-glucuronyl group.

[0035] ltis also preferable that in general formula (1A) or {1B), X is B -D-glucopyranosyl group, of which one or more
hydroxyl groups may be acylated with the groups selected from alkanoyi group having 2 to 20 carbon atoms, lower
alkoxycarbony! group and benzoyl group.

[0036] Itis also preferable that in general formula (1A) or (1B), X is 8 -D-glucopyranosyl group, of which one or more
hydroxyl groups may be acylated with lower alkoxycarbonyl group.

{0037] Itis also preferable that in general formula (1A) or (1B), Y is lower alkyt group having 1 to 3 carbon atoms or
perfiuoro lower alkyl group having 1 to 6 carbon atoms; n is 1; X is B -D-glucopyranosyi group, of which one or more
hydroxyl groups may be acylated with the groups selected from alkanoy] group having 2 to 20 carbon atoms, lower
alkoxycarbonyl group and benzoyl group; Z is a hydrogen atom, lower alkyl group having 1 to 3 carbon atoms, unsub-
stituted aralkyl group or aralkyl group of which an aryl part at the 4th position is substituted or unsubstituted pheny!
group; one of R1, R2, R4 and R5 is a halogeno group, or R1, R2, R4 and RS are all hydrogen atom and R3 is a lower
atkyl group, lower alkoxy group, halogeno group, lower alkenyl group or lower alkynyl group.

[0038] Itis also preferable that in general formula (1A} or (1B), Y is a methyl group; n is 1; X is § -D-glucopyranosyl
group, of which one or more hydroxyl groups may be acylated with the groups selected from alkanoyl group having 2
to 20 carbon atoms, lower alkoxycarbonyl group and benzoyl group; Z is an isopropyt group; R3 is a lower aikyl group
and R4 or R5 is a fluorine atom.

[0039] Itis also preferable that in general formula (1A) or (1B), Y is a methyl group; nis 1; X is B -D-glucopyranosyl
group, of which one or more hydroxyl groups may be acylated with the groups selected from alkanoyt group having 2
to 20 carbon atoms, lower alkoxycarbonyt group and benzoyi group: Z is an isopropyl group; R3 is a lower alkoxy group
and R4 or RS is a fluorine atom.
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[0040] itis also preferable that in general tormula (1A) or {(18), Y is a methyl group; nis 1; Xis [} D-glucopyranosy!
group, of which one or more hydroxy: groups may be acylated with the groups selected from alkanoyl group having 2
to 20 carbon atoms, lower alkoxycarbonyl group and benzoyl group: Z is an isopropyl group; R3 is a lower alkynyl group.
{0041} It is also preferable that in general formula (1A) or (1B), Y is a methyl group: nis 1; X is f -D-glucopyranosy|
group, of which one or more hydroxyl groups may be acylated with the groups selected from alkanoy! group having 2
to 20 carbon atoms, lower alkoxycarbony! group and benzoy! group; Z is an isopropyl group: R3 is lower alkynyl group
and R4 or R5 is a fluorine atom.

[0042] It is also preferable that in general formula (1A) or (1B), Y is a methyl group; n is 1; X is B -D-glucopyranosy!
group, of which one or more hydroxyl groups may be acylated with the groups selected from alkanoyl group having 2
to 20 carbon atoms, lower alkoxycarbonyi group and benzoyl group; Z is an isopropyl group; R3 is a lower alkenyl group.
[0043] Itis also preferable that in general formula (1A) or (1B), Y is a methyi group; nis 1; X is § -D-glucopyranosyl
group, of which one or more hydroxyl groups may be acylated with the groups selected from alkanoy! group having 2
to 20 carbon atoms, lower alkoxycarbonyl group and benzoyl group; Z is an isopropyl group; R3 is a lower alkenyl
group and R4 or RS is a fluorine atom.

[0044] it is also preferable that in general formula {1A) or (1B), Y is a methyl group or trifluoromethyl group; n is 1;
X is 8 -D-glucopyranosyl group, of which one or more hydroxyl groups may be acylated with the groups selected from
alkanoyl group having 2 to 20 carbon atoms, lower alkoxycarbony! group and benzoy! group; Z is a hydrogen atom,
isopropyl group, aralky! group or phenyl group; one of R1, R2, R4 and R5 is a fluorine atom and R3 is a methyt group,
ethyl group, methoxy group, vinyl group or ethyny! group.

[0045] The compounds or pharmaceutically acceptable salts thereof described below are also preferable:
4-({4-methylthiophenyl) methyl)-S-(trifluoromethyl)-1H-pyrazole-3-O- B -D-giucopyranoside;

4-({4-ethylthiophenyl} methyl)-5-(triflucromethyl)-1H-pyrazole-3-O- B -D-glucopyranoside;

4-({(4-propylthiophenyl) methy!)-5-(triflucromethy!)- 1H-pyrazole-3-O- 8 -D-glucopyranoside;

4-((4-isopropylthiophenyl) methyl)-5-(triflucromethyl)- 1 H-pyrazole-3-O- f§ -D-glucopyranoside;

4-{(4-methylpheny!) methyl)-5-(triflucromethyt)-1H-pyrazoie-3-O- § -D-glugopyranoside;

4-({4-ethylphenyl) methyl)-5-(trifluoromethyl)-1H-pyrazole-3-O-  -D-glucopyranoside;

4-({4-propyiphenyl) methyl}-5-(triflucromethyl)- 1H-pyrazole-3-O- B -D-glugopyranoside;

. 4-({4-isopropylphenyl) methyl)-5-(trifluoromethyl)-1H-pyrazole-3-O- B -D-glucopyranoside: .

4-({4-vinylphenyl) methyl)-5-(trifluoromethyl)-1H-pyrazole-3-O-.§ -D-glucopyranoside;

4-((4-ethynylphenyl) methyl)-5-(trifiucromethyl)- 1H-pyrazole-3-O- §§ -D-glucopyranoside; -+

4-{(4-methylthiophenyi) ethyl)-5-(trifluoromethyl)- 1H-pyrazole-3-O- B -D-glucopyranoside;

4-((4-ethyithiophenyl) ethyl)-5-{trifluoromethyl}-1H-pyrazole-3-O- B -D-glucopyranoside;

4-({4-propyithiophenyl) ethyl)-5-(trifluoromethyl)-1H-pyrazole-3-O- B -B-glugopyranoside;

4-({4-isopropylthiophenyl) ethyh)-5-(trifluoromethyl)-1H-pyrazole-3-O- § -Dglucopyranoside;

4-({3-methylthiophenyl) ethyl)-5-(trifluoromethyt)- 1H-pyrazole-3-O- § -D-glucopyranoside;

4-((3-ethylthiophenyl) ethyl)-5-(trifluoromethyl)-1H-pyrazole-3-O-  -D-glucopyranoside;

4-((3-propylthiophenyl) ethyl)-5-(trifluoromethyl)-1H-pyrazole-3-O- B -D-glucopyranoside;

4-((3-isopropylthiophenyl) ethyl)-5-(trifiuoromethyt)- 1TH-pyrazole-3-O- § -D-glucopyraneside;
4'-{(4'-methylthiophenyl) methyl)-5'-trifluoromethyl-3'-O-(6-0-carbomethoxy-.§ -D-glucopyranosyl)-1H-pyrazole;
4'-((4-ethylphenyl) methyl)-5'-(trifluoromethyl)-3'-0-(6-0-carbomethoxy- B -R-glucopyranosyl)-1H-pyrazole;
4'-((4"-methylthiophenyl) methyl)-5'-triflucromethyl-3'-0-(2,3,4,6-0O-tetraacetyl- B-D-glucopyranosyl)-1H-pyrazole;
4'-((4-ethylphenyl) methyl)-5'-(trifluoromethyl)-3'-0-(2,3,4,6-0-tetraacetyl- } -D-glucopyranosyl}-1H-pyrazole;
4-[(4-trifuoromethoxyphenyl) methyl]-5-trifluoromethyl-1H-pyrazole-3-O- 8 -D-glucopyranoside;
4'-[{4'-trifluoromethoxyphenyl) methyl]-5'-triflucromethyl-1H-pyrazole-3'-O-(2,3 4,6-0-tetraacetyl)- § -D-glucopyrano-
side;

4'-[(4'-trifluoromethoxyphenyl) methyl}-5'-triflucromethyl-1H-pyrazole-3'-O-(6-carbomethoxy)- B -D-glucopyranoside;
4-[(4-ethylphenyl) methyl]-1-benzyl-5-triflucromethyl-1H-pyrazole-3-O- § -D-glucopyranoside;

4*-[(4-ethylphenyl) methyl]-1'-benzyl-5'-trifluoromethyl-1H-pyrazole-3'-0-(2,3,4,6-tetraacetyt}- B -D-glucopyranoside;
4-[(4-ethylphenyl) methyl]-1'-benzyl-5'-trifluoromethyl-1H-pyrazole-3'-C-(6-carbomethoxy)- B -D-glucopyranoside;
4-{(4-ethylphenyl) methyl]-1-[(4-methoxyphenyl) methyl]-5-trifluoromethyt-1H-pyrazole-3-O- B -D-glucopyranoside.;
4'-[(4-ethylphenyl) methyl]-1'-[(4-methoxyphenyl) methyl]-5'-triftuoromethyl-1H-pyrazole-3'-O-(2,3,4,6-tetraacetyl)- B
-D-glucopyranoside;

4'-[(4-ethylphenyl) methyl]-1'-[(4-methoxyphenyl) methyl]-5"-trifluoromethyl-1H-pyrazole-3'-O-(6-carbomethoxy)- § -D-
glucopyranoside;

4-{(4-ethylphenyl)} methyl]-1-phenyl-5-triflucromethyl-1H-pyrazole-3-O- § -D-glucopyranoside;

4'-[{4-ethylphenyl) methyl]-1’-phenyl-5'-trifluoromethyl- 1H-pyrazole-3'-0-(2,3,4,6-tetraacetyl)- § -D-glucopyranoside;
4'-[(4-ethylphenyl) methyl])-1'-phenyl-5'-trifluoromethyl- 1 H-pyrazole-3'-O-(6-carbomethoxy)- § -D-glucopyranoside:
4'-({3-fluoro-4-methoxyphenyl) methyl)-1'-isopropyl-5'-methyl- 1H-pyrazole-3'-O-(6-carbomethoxy)- B -D-glucopyran-
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oside; .
4'-{(3-flucro-4-methyiphenyl) methyl)-t*-isopropyl-5'-methyl-1H-pyrazole-3'-O-(6-carbomethoxy)- § D-glucopyrano " )
side;

4'-((2-fluoro-4-methoxyphenyl) methyi)-1'-isopropy|-5' methyl- 1H-pyrazole-3'-O-(6-carbomethoxy)- B -D-glucopyrano-
side;

4’-((2-fluoro-4-methylphenyl)} methyl)-1'-isopropyl-5'-methy!-1H-pyrazole-3'-O-~(6-carbomethoxy)- B -D-glucopyrano-
side;

4'~((2-fluoro-4-ethyiphenyl) methyl)- 1"-isopropyl-5'-methy!- 1H-pyrazote-3'-O-(6-carbomethoxy)- B -D-glucopyrano-
side;

4'-((3-fluoro-4-ethy!phenyl) methyl)-1'-isopropyl-5'-methyl-1H-pyrazole-3'-O-(6-carbomethoxy)- § -D-glucopyranoside;
4'-((4-ethynylphenyl) methyl)-1'-isopropyl-5'-methyl-1H-pyrazole-3'-O-(6-carbomethoxy)- B -D-glucopyranoside;
4'-((2-flucro-4-ethynylphenyl) methyl)-1'-isopropyl-5'-methyl-1H-pyrazole-3'-O-(6-carbomethoxy)- §§ -D-glucopyrano-
side;

4’-((3-fluoro-4-ethynyiphenyl) methyl)-1‘-isopropyl-5'-methyi-1H-pyrazole-3'-O-(6-carbomethoxy)- B -D-glucopyrano-
side;

4'-((4-(1-propynyl) phenyl) methyl)- 1™-isopropy!-5'-methyl-1H-pyrazole-3'-O-(6-carbomethoxy)- B -D-glucopyranoside;
4'~((3-flucro-4-(1-propynyl) phenyl) methyl)-1'-isopropyl-5'-methyl-1H-pyrazole-3'-O-(6-carbomethoxy)- B -D-glucop-
yranoside;

4'-({2-fluoro-4-(1-propynyl) phenyly methyl)-1'-isopropyl-5'-methyl-1H-pyrazole-3'-O-(6-carbomethoxy)- B -D-glucop-
yranoside;

4-((3-fluoro-4-methoxyphenyl) methyl)-1-isopropyl-5-methyl-1H-pyrazole-3-O- g-D-glucopyranoside;
4-((3-fluoro-4-methylphenyl) methyl)- 1-isopropyl-5-methyl-1H-pyrazole-3-O- §§ -D-glucopyranoside;
4-((2-fluoro-4-methoxyphenyl) methy!)-1-isopropyl-5-methyl- 1H-pyrazole-3-O- f§ - D-glucopyranoside;"
4-((2-fluoro-4-methylphenyl) methy!)-1-isopropyl-5-methyl- 1 H-pyrazole-3-O- B -D-glucopyranoside;
4-((2-fluoro-4-ethylphenyl) methyl)-1-isopropyl-5-methyl- 1 H-pyrazole-3-O- §§ -D-glucopyranoside; -
4-({3-fluoro-4-ethylphenyl) methyl)-1-isopropyl-5-methyl-1H-pyrazole-3-O- § -D-glucopyranoside;
4-((4-ethynylpheny!) methyi)- 1 -isopropyl-5-methyl-1H-pyrazole-3-O- B -D-giucopyranoside;
4-((2-fluoro-4-ethynylphenyl) methyl)-1-isopropyl-5-methyl-1H-pyrazole-3-O- 3 -D-glucopyranéside;
4-((3-fluoro-4-ethynylphenyl) methyl)-1-isopropyl-5-methyl-1H-pyrazole-3-O- § -D-glucopyranoside;
4-({(4-(1-propynyl) phenyl) methyl)-1-isopropy!-5-methyl-1H-pyrazole-3-O- f§ -D-glucopyranoside;

© 4-((3:fluoro-4-(1-propynyl} phenyl) methyt)-1-isopropyl-5-methyl-1H-pyrazole-3-O-8 -D-glucopyranoside; *

4-((2-fluorg-4-(1-propynyl) phenyl) methyl)- t-isopropyl-5-methyl-1H-pyrazole-3-O-f -D-glucopyranoside;
4-((4-methylthiophenyl) methyl)-5-(trifluoromethyl)-1H-pyrazole-3-yi- § -D-glucopyranoside uronid acid;
4-((4-ethyithiophenyl) methyl)-5-(trifluoromethy!)- 1 H-pyrazole-3-yl- B -D-glucopyranoside uronic acid: -
4-((4-propylthiophenyl} methyl)-5-(trifluoromethyl)-1H-pyrazole-3-yl- § -D-giucopyranoside uronic acid;
4-((4-isopropylthiophenyl) methyi)-5-{trifluoromethyl)- 1H-pyrazole-3-yl- B -D-glucopyranoside uronic acid;
4-((4-methyiphenyl) methyi)-5-(triflucromethyi)-1H-pyrazole-3-yl-  -D-glucopyranoside uronic acid;
4-((4-ethylphenyl) methyl)-5-(trifluoromethyl)- 1H-pyrazole-3-yi- B -D-glucopyranaside uronic acid:
4-((4-propylphenyl) methyl)-5-(trifluoromethyl)-1H-pyrazoie-3-yl- § -D-glucopyranoside uronic acid;
4-({4-isopropylphenyl) methyl)-5-(trifluoromethyl)-1H-pyrazole-3-yi- § -D-glucopyranoside uronic acid;
4-((4-vinylphenyl) methyl}-5-(triflucromethyl)- 1H-pyrazole-3-yl- B -D-glucopyranoside uronic acid;
4-((4-ethynylphenyl) methyl)-5-{trifluoromethyl)- 1H-pyrazole-3-yl- f§ -D-glucopyranoside uronic acid; -
4-((4-methylthiophenyl) ethyl)-5-(trifluoromethy!)- 1 H-pyrazole-3-yl- § -D-glucopyranoside uronic acid;
4-((4-ethylthiophenyl) ethyl)-5-(trifluoromethyl)-1H-pyrazole-3-yl- § -D-glucopyranoside uronic acid;
4-((4-propyithiopheny!) ethyl)-5-(trifluoromethyl)-1H-pyrazole-3-yl- B -D-glucopyranoside uronic acid,
4-((4-isopropyithiophenyl) ethyl)-5-(trifluoromethyt)-1H-pyrazole-3-yl- B -D-glucopyranoside uronic acid:
4-((3-methyithiophenyli) ethyl)-5-(trifluoromethyl)-1H-pyrazole-3-yl- § -D-glucopyranoside uronic acid;
4-((3-ethylthiophenyl) ethyl)-S-(trifluoromethyl)-1H-pyrazole-3-yl- § -D-glucopyranoside uronic acid;
4-((3-propylthiophenyl} ethyl)-5-(trifluoromethyi)-1H-pyrazole-3-yl- § -D-glucopyranoside uronic acid,
4-((3-isopropylthiophenyl) ethyl)-5-(triflucromethyl)-1H-pyrazole-3-yl- B -D-glucopyranoside uronic acid;
methyl 4-({4-methylthiophenyl) methyl)-5-(trifluoromethyl)-1H-pyrazole-3-yl- B -D-glucopyranouronate; and
ethyl 4-((4-methytthiophenyl) methyl)-5-(triflucromethyl)-1H-pyrazole-3-yl- B -D-glucopyranouronate.
[0046] Among the above-mentioned examples, the following compounds or pharmaceutically acceptable salts there-
of are particularly preferable:

4-((4-methyithiopheny!) methyl)-5-(trifluoromethyl)-1H-pyrazole-3-O- B -D-glucopyrancside;
4-((4-ethylphenyl) methyl)-5-(trifluoromethyt)-1H-pyrazole-3-yl- B -D-glicopyranoside uronic acid;
4{(4-ethylphenyl) methyl]-1-benzy!-5-trifluoromethyl- 1H-pyrazole-3-O-  -D-glucopyranoside;
4'-{(4'-ethyiphenyl) methyl}-1'-benzy!-&"-trifluoromethyi-1H-pyrazole-3'-O-(6-carbomethoxy)- B -D-glucopyranoside;
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4 {{4 ethylphenyl) methylj-1 {(4-methoxyphenyl) methyl]-S 4 fluoromethy:- 1H-pyrazoie-3-O- 8 -D-glucopyranoside;

4’ (4 ethy:pnenyl} methyl}-1' [(4" methoxyphenyl) methyl] 5'-trflucromethy!-1H-pyrazole-3'-O-{6-carbomethoxy)- § - D-
glucopyranoside:

4-[(4-ethylphenyl) methyi} t phenyt-5-trifluoromethyl-1H-pyrazote-3-O- § -D-glucopyranoside;

4'-{(4"-ethylphenyl) methyl]-1'-phenyi-5'-trifluoromethyl- tH-pyrazole-3'-O-(6-carbomethoxy)- 8 -D-glucopyranoside;
4-[{3-fluoro-4-methoxyphenyl} methyi}-1-isopropyl-5-methyl- 1H-pyrazole-3-O- § - D-glucopyranoside;
4'-[(3'-Huoro-4-methoxyphenyl) methyl}-1'-isopropyl-5'-methyl- 1H-pyrazole-3'-O-(6-carbomethoxy)- B -D-glucopyran-
oside;

4-[{2-fluoro-4-methoxyphenyl) methyl}-1-isopropyl-6-methyl-1H-pyrazole-3-O- B - D-glucopyranocside;
4'-[(2-fluoro-4-methoxyphenyl) methyl]-1'-isopropyl-5'-methyl- 1 H-pyrazole-3'-O-(6-carbomethoxy)- § -D-glucopyrano-
side;

4-[(3-fluoro-4-methylphenyl) methyl]-1-isopropyl-5-methyl-1H-pyrazole-3-O- B -D-glucopyranoside; and
4'-[(3"-fluoro-4'-methylphenyl) methyl]-1‘-isopropy!-5'-methyl-1H-pyrazole-3'-O-{6-carbomethoxy)- 3 -D-glucopyrano-
side.

[0047] Among the above-mentioned examples, the following compounds or pharmaceutically acceptable salts there-
of are particularly preferable:

ICHJ

s
CF,
Z "NH
HO =N
HO
0 0
OH
o OH
. OH
OH
2 3

- [0048] The following compounds or pharmaceulically acceptable salts thereof are also preferable:

4'-{(4-ethylphenyl) methyl]-1'-isopropyl-5-methyi-1H-pyrazole-3'-O-(6-carbomethoxy)- B -D-glucopyranoside; and
4-[(4-ethylphenyl) methyl]-1-isopropyl-5'-methyl-1H-pyrazole-3-O- B -D-glucopyranoside.

[0049] As methods for producing pyrazole derivatives (1A) or (1B) in the present invention, for example, the com-
pounds are produced in accordance with methods described below when X is § -D-glucopyranosyl group or B -D-
glucuronyl group.
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Description
Background of the Invention

[0001] The presentinvention relates to new pyrazole derivatives and diabetic medicine which have those compounds
as an active ingredient.

[0002) Nat-dependent glucose transposter (SGLT) is a membrane protein which transports glucose, and SGLT-1
and SGLT-2 are known. SGLT-2 mainly expresses in renat uriniferous tubules. Glucose that is filtered in glomeruli is
reabsorbed at the renal uriferous tubules via SGLT. and the glucose taken is reused in the body through the bloodstream.
When SGLT is inhibited, the amount of the glucose reabsorbed at renal uriniferous tubules lowers, and the glucose is
discharged through urine. As a result, it is considered that the level of blood sugar decreases. At the present time, no
medicine is clinically used such as that inhibiting reabsorption of glucose in the kidney.

Bisclosure of the Invention

[0003) The object of the present invention is to provide new pyrazole derivatives.

f0004) The object of the present invention is also to provide a pharmaceutical composition containing the new com-
pounds.

{0005] The object of the present invention is also to provide a pharmaceutical composition for the treatment of dia-
betes which comprises the new compound.

[0006] The ohject of the present invention is to find and provide diabetic-medicine which is easy to synthesize, less
toxic and has higher curative effect.

[0007] The present invention also intends to provide urinary sugar excretion inducers which have the new com-
pounds.

[0008] Further, the present invention intends to provide the use of the hew compounds for producing a pharmaceutical
composition which reduces renal glucose reabsorption at renal uriniferous tubules.

[0009) The inventors have synthesized various derivatives (1A) or (1B} wherein glucose (namely, f§ -D-glucopyran-
ose) or glucuronic acid (namely, f} -D-glucopyranoside uronic acid) is bonded to pyrazole, and vigorously investigated
the.action of those derivatives on urinary sugar excretion. As the result of animal tests, they have found that the com-
pounds- of general formuia (1A) or (1B) have the outstanding action on urinary sugar excretion and completed the
present invention. These compounds have not ever been synthesized and, therefore, are completely new pyrazole-
O-glycoside derivatives and pyrazole-O-glucuronide derivatives.

[0010] Namely, the present invention provides pyrazole derivatives of the following general formuia (1A) or (18) or
pharmaceutically acceptable salts thereof:

R4
R3
RS
R2 Y Y
(CHZ)D / ;‘/z (CH )n \N
== /
N N,
(A 18)

wherein X represents a B -D-glucopyranosyl group, of which one or more hydroxyl groups may be acylated or §§ -D-
glucuronyl group, of which one or more hydroxyl groups may be acylated and carboxyl group may be esterified; Y
represents a lower alky! group or perfluoro lower alkyl group: Z represents a hydrogen atom, lower alkyl group, perfluoro
lower alkyl group, aralkyl group or phenyl group; B1 to RS may be the same or different and represent a hydrogen
atom, lower alky! group, perfluoro lower alkyt group, lower alkoxy group, perfiuoro lower alkoxy group, lower alkyithio
group, perfluoro lower alkylthio group, lower alkyl amino group, halogeno group, lower atkanoy! group, lower alkenyl
group or lower akynyl group, and n represents an integer from O to 3.
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R CF, Et H CF, Et CF, Et
R \ N \ N- 3
Na Na TR — Na
TBSC! DEAD
o4

OT18S 10 PPh, oT18S (11)
CF, Et
CF, Et N.N {
N [
NS 9

. oF, Et
N )
o]
—— o - CH,o’u‘o o._.0
NaOH aq . C1CO0CH, . .
EtOH HO oH pyridine HO "OH
OH (1) or oM {15)

coltidine

[0053] For example,the compound shown as the compound (21) of the present invention can be obtained by methods
described as follows. Ethyl acetoacetate and 3-flucro-4-methoxybenzalidehyde are reacted with trimethylsilylchloride
and sodium iodide in acetonitrile to obtain an intermediate (16) and by forming a ring structure with hydrazine, 1,2-di-
hydro-4-{(3-fluoro-4-methoxylphenyl)  methyl]-5-methyl-3H-pyrazole-3-one  (17) can be obtained. Then,
2,3,4,6-tetrabenzyiglucopyranose is reacted with a hydroxyl group on pyrazole thereof in accordance with Mitsunobu
reaction to obtain (18) and a nitrogen atom in the 1st position of pyrazole thereof is isopropylated by cesium carbonate
and isopropy! iodide to obtain compound (19). A benzyl-protecting group of (19) is deprotected under hydrogen atmos-
phere by 20%Pd({OH), to obtain compound (20), and a hydroxy! group at the 6th position of (20) is reacted with methy|
chlorocarbonate in collidine to obtain the intended compound (21).
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CICOOCH,

- > 0

Collidine

{0055] Pyrazole-0-glycoside derivatives and pyrazole-O-glucuronide derivatives of the present invention produced
by the above-mentioned methods can be easily isolated and purified from the reaction mixture by ordinary methods

<~

]

0

HO

e

F

OH
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“on

0
g W CHy
NHNH, N—
e 7\
Ny
Toluene
F OH
(22) 23)
H CHJ
A\ F
LA
isopropyl iodide
9 €sCO0 5
P ——————- ]
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H CF, Z S—
N |
Na =

Example Compound 5

Et

Example Compound 4

\0’®" cF, Et
N

N \

o N

J 0._0

CH,0™ O

HO™

o

OH
OH
Example Compound 6
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Et

OH

Example Compound 7

Example Compound 11
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Example Compound 8

Example Compound 12

20

25

30

35

40

45

55

EP 1 338 603 A1

r F
N \
0.__s0
HO
Ho ™ “on
oM
Example Compound 13 Example Compound 14
...< CH, ~«-< CH,
N N
/ i
LEN ) N \
1] 0 /ﬁ\ 0 0
Ho o7 o
Ho ' “oH o™ "’ o
OH .
Example Compound 15 Example Compound 16
. 0\(
H CH,
/
N \
0-__-0
HO
Ko™ “on Referential lixample Compound |
OH
Example 17

Evaluation of inhibiting activity on renal brush border membrane glucose uptake

[0111] The test compound was dissolved in 100mM Mannitol-10mM HEPES/Tris (pH7.4) and solutions having var-
ious concentrations were prepared.

Renal brush border membrane was prepared from a rat kidney and the solutions of the test compounds were added
thereto and the product was incubated at 37°C for 30 minutes. Then 4C-D-glucose was added and the mixture was
incubated for 1 minute. After the reaction of glucose uptake was stopped by a solution containing 1mM of phloridzin,
the activity of 14C-D-glucose on 14C was measured by a liquid scintillation counter. The intensity of inhibition was cal-
culated by subtracting the amount of taken glucose that is independent on sedium from the amount of taken glucose
of the object samples. The results of the evaluation are shown in Table 1.
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57 ARSTRACT

A mcthod is provided for (reating diabeies and related
diseases employing an SGIT2 [nhibiting amount of a com-
pound of the lommuta

alone or in combinaiion with one or more other antidiabetic
ageni(s) or other therapeutic ageal(s).

UsS 2003/0114390 Al

[0016] 1.P 773220-A1 discloscs dervatives of structure 13

ROy

o R

OH

KR! alkapayl if R? - (1
R? - atkaxycarhonyl if R* = #

[0017] 1P 08027006-A discloses derivalives of structure A
where various combinations of the glucose bydroxyl are
acylated andt appears to be similar 1o EP S98359A1

[0018] P 084254-Al appears 10 cacompass derivatives of
structure B disclosed in JP 09188625A.

{0019] Other disclosurcs and publications which disclose
SGILT2 inh:bitors include the following:

[0020] K. 'Isujihara et al, Chem. Pharm. Bull. 44,
1174-1180 (1996)

[0021] M. Hongn ct al, Chem. Pharm, Bull. 46,22-33
(3998) '

[0022] M. Hoogu ct al, Chem. Pharm. Bull. 46,
1545-1555 (1998)

[0023]  A. Oku ct al, Diabetes, 48, 1794-1800 (1999)

[0024] §P 10245391 (Dainippon} discloses 500 structures
as hypoglycemic agents for trcatment of diahetes. These are
O-glucosides of hydroxylated coumacins.

[0025] WO 98/31697 discloscs compounds of the slruc-
lure

(OR?,

[0026] Where Ar includes, amang others, phenyl, biphe-
ayl, diphenylmethaoc, diphenylcthane, and dipheayletber,
and R! is a glycoside, R*is H, OH, amina, halogen, carboxy,
alkyl, cycloatkyl, or carboxamido, and R? is hydrogen, alkyl,
or acy), and k, m, and n are independently 1-4. A subsct of
compounds disclosed in WO 98/31697 conlains compounds
of the following structurcs

Jun. 19, 2003

®! Aryl

“ou

ol

Ais O or (CHly), where x .0 2
R is hydrogen, atkyl or acyl group wheee ais 1-4
1R is hydrogea, alkyl, OIL NH;, balogen, COaf1 ot
carhoximide where kis 1—4

[0027] A is 0 or (CIL), where x=0-3
[0028] R? ix hydrogen, alkyl or acyl group where a is
-4 .

[0029] R* is hydrogen, alkyl, OI, NIL, balogen,
COLH or carboximide where kis 1-4

(0030} wbich are disclosed for use in the treatment or
preveation of inllammatory disgases, autoimmune dise
infections, cancer, and cancer metastasis, reperfusion dw)r*
ders, thrombosis, ulour, wounds, asteoporosis, diabetes mel-
fitus and atherosclerosis, among others.

DESCRIPFION OFF 111 INVENTION

[0031]  In. accordanée. with the present inventiv, C-aryl
gluooside compoutds ure provided which have the structure
1 - - .

10032} whercin

[0033] R', R¥ and R arc indcpendently hydrogen,
OH, OR, alkyl, ¢ Fa, OCHE,, OCF,, SR or halo-
gea, o two of R', R* and R* togetber with the
carboas 10 which lhcy are attached can form an
annclated five, six or seven membered carbocycle or
heterocycle which may contain 1 to 4 beteroatows in
the ring which are N, 0, 8, 80, and/or SO;;

[0034] R and R* arc independeatly hydrogen, OII,
OR>, OAryl. OCILAryl, alkyl, cycloalkyl, CUy,
OCHE,,  OCF,, balogen, CN, CO,R™,
—CO,IL - -COR™, -~ -CH(OINR®,
—CHOR®MHR™, —CONR°R™, —NHCOR®,
—NIISO,R>, —NIISO,Aryl, Aryl, —SR®,

<
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SORY, - SO, —S8O.Aryl, or a five. six or
seven membered heterocycle which may contain 1 o
4 heteroatoms in the ring which arc N, O, §, S0,
andfor SO, or R? and R? together with the cachons
to which they are attached form aa annclated five, six
or seven membered carbocycle or heterocycele which
may contain I to 4 beteroatoms in the ring which are
N, Q. S, SO, and/or SO,;

[0035] RZ, R™, R, R*, R, R, R, R*% R™" and
R* are independently alkyl;

[0036] RS, R*", R®®, R* aod R* are independently
hydrogen, alkyl, aryl, alkylaryl or cycloalkyl, or R®
and R®® together with the nitrogen to which they arc
attached form an acnelated five, six or seven mem-
bered heterocycle which may contain | to 4 heteroa-
toms in the ring which are N, O, §, 80O, and/or SO,;

[0037] Ais O, S, NH, or (CH,), where nis 0-3, and
a pharmaccutically acceptable salt thereof, all stere-
visomers hereof, and all prodrug csters thereof.

[0038] ‘The compounds of formula T posscss activity as
inhibitors of the sodium dependent glucose (ransporters
found ir the intestine and kidney of mammals and arc useful
in the treatment of diabetes and the micro- and macrovas-
cular complications of diabetes such as relinopathy, neur-
opathy, ucphropathy, and wound healing.

[0039] The prescnt invéntion provides, in particular, for
methods of using such compounds.

[0040] Specifically, in accordance with the present inven-
tion, a method, is provided for trcating or delaying the
progressina or, opset of diabetes, especially type I and type
I diabetes, including complications of diabetes, including
retinopathy, ncuropathy, oephropathy and delayod wound
healing, and related discases such as insulin resistance
(impaired glucose homcostasis), hyperglycemia, hyperin-
sulinemia, glevated blood levels of fatty acids or glycerol,
obesity, hypedipidemia including hypeririglyceridemia,
Syndrome X, atherosclerosis and hypertension, and for
increasing high density lipoprotein levels, wherein a thera-
peutically effective amount of a compound of structure I is
administered 10 a human patient in need of treatrent.

{0041} [n addition, in accordance with the present inven-
tion, a method is provided lor treating, diabetes and related
diseases as defined above and hercinafter, wherein a thera-
peuticatly cffective amount of a combination of a compound
of steucture 1 and another type of antidiabetic agent and/or
another type of therapeutic agent such as a hypolipidemic
agenl is administered 10 a2 buman patient in need of (reat-
ment.

[0042] ‘Ihe conditions, discases, and maladies collectively
referred to as “Syndrome X” (also known as Metabolic
Syndrome) are detailed in Johannsson J. Clin. Endocrinol.
Metab., 82, 727-34 (1997).

[0043] ‘Ihe term “other type of therapeutic agents” as
employed hercin refers to one or more aagtidiabetic agents
(other than SGLI2 inhibitors of formula 1), one or more
anti-obesity agents, anti-hypertensive agents, anti-platclet
ageats, anti-athcrosclerotic ageats and/or onc or more lipid-
lowering agents (including anti-atherosclerosis agents).

[0044] 1n the above method of the invention, the com-
pound of structure I of the invention will be employed in a
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weight ratio to (he one, two or moce antidiabetic agent
andjor one, Iwo or more other type therapeutic agent
(depending upon its mode ol operation) within the range
from about 0.01:1 10 about 300:1, preferably from about
O.1-1 to about HEL.

|0045] Prefecred is the use of compounds of formula 1A

Ol

[0046]) whercin A is CH, or O or S and is linked meta to
the glucoside;

[0047] R*, R? and R™ arc indcpendently: sclected
from 11, lower alkyl, halogen, OR®, or OCIE, or two
of R', R? and R* arc 11 and the other.is lower alkyl,
halogen, OR® or OCHE,;

[0048] R> and R* are independently selected from

lower alkyl, OR®™, —OCHF,, —SR>, 0il,

~COLRT, -3,4(0OCH,0)—, —COR®,
CIIOINR®, —CI(OR*™R™, CI7,,

R*—C—NH—.

[0049] —SORS  —SO,R™, aryl, —NHSO,Aryl,
—NHSO,R*, COOH, thiadiazole, tetrazole, —OCH,Aryl,
—OCF;, OAryl, or H.

[0050] More preferred is the use of compounds of formula
1 where A is Cliy;

0051] R’ is hydrogen, halogen or lower alkyl;
ydrog!

[0052] R? and R** are each H;

[0053] R®isH;

[0054] R* is lower  alkyl,  —COR®,
- ~CIOIRCIDRY, R, R, R*0, —OCHE,,
OCF or - SR™.

US 2003/0114390 Al

{0055] Most preforred is 1he use of comspou ormula ula ula
I of the structure TB

(13

o4

[0056] where R* is hydrogen, halogen or Jower a a* is is is
lower alkyl, R0, —OCHL;, or —SR*. 1t read thad thad
that R" be linked para to the glucoside bond th substituent be
linked at the para posit: -

DETAILED DESCRIPTION OF 'THE Li
{0057} ‘Ihe compounds of formula [ can be pre show show
shown in the following reaction schemes and dep there bere
hereof wherein temperatures arc expressed in des igrad grad
grade.
[0058]  Compounds of formula I can be prep awn ion inp
in Scheme 1 by treatment of compounds of fea

Bn(Y

320"

[0059] (where Bn=beo: with [1, in the prescoce of a
catalyst sus d/C /C /C employing a solvent such as McOH
or EIOH2 ferab erab crably PA(OH), using a solvent such as
EtOAc. rrely, ly, ly, compounds of formula § can be prepared
heal of: of: of compounds of formula I with a Lewis acich,,
BC, BC, BCl,, or BC1,.Mc.S in a solveot such as CH,CL, 78
Compounds of formula I can also be preparcd by treatment
of compounds of formula Il in a solvent such as ESH
containing BF, E(,0, at 20°,

[0060] Compounds of formula 1l can be prepared by
treatment of compounds of formula 1 with silancs such as

Jun. 19, 2003

Ct,Sill or preferably (iPr),Sill in a solvent such as McCN
or mixtures of MeCN/CH,CL, containing a |ewis acid such

as BELLGO at =30°.
/
R} / \
(3
v
R?

[0#61] Compounds of formula TH can be prepared by
coupling of a compound of formula IV

w
5
w &S
R /\/ x
o /Q\
- R
=
BY R?
[0062] with compound V.
v

Odn

[0063] Compounds of formula IV are aclivated for cou-
pling by treatment with n-BulLi or t-Bul.i a1 -78° in a solvent
such as THT prior to addition of lactonc V. Preparation of
lactone V is described in. R. Beohaddou, S Ceemeckd, et al.,
Carbohydr. Res., 260 (1994), 243-250.

Scheme 1
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-continued
R’

A
IS
J N
T

=X A ipesins
S

) in

OBn

[0064] Compounds of lormufa IV where A is (CHy),
where n=1-3 can be prepared as shown in Scheme 2 by
treatment of compounds of formula VI

vi
«
/ /x
Rz'/\/Rl \\RJ
XM (CHaY
S
R?
Br
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[0065] with silaocs such as EGSHI ia a solvent such as
McCON or CHLC, containing a |ewis acid such as BF; E1,0
or THA at +30° 1o +60°.

{0066] Compounds of formula VI can be prepared by
coupling commercially available bromobenzaldehydes of
formuia VIl

vil
1

R
R"‘é\/
Ealll
Br §/\Kz
0

[0067] with ¢ither the lithium or magnesivm organomet-
alic derivative of compouods of formula VI

Vit

(L)

/

Br

{0068] ~ in a solveot such as L1, O or THF using conditions
familiar to those skilled in the art.

[0069] Compounds of formula VIII are cither commer-

cially available or readily prepared by standard methods ) . "
known to those skilled in the art. . '
Scheme 2
R
R 7
] a \ o

/1 XS
\\\B R

H
" ®3 7ML v}
(CH {
B
I
RO
/ /X
2 Rl \
R —
O 3
/\ \ Oy K
wad
Br Rr? ol
vi
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~continucd

FtSif
vi -

v
A (Clip

[0070] Compounds of formula | where R is (?Il(()Rs)RM
cao be prepared by treatment of compounds of formula |
where R is COR™ sequentially with 1) an acetylating agent
such as Ac,O in a solvent such as pyridine alonc or CILCL,
conlaining 1.5 equivalents of a base such as EGN, 2) a
reducing agent such as NaBH, i 4 solvent such as E(OH, 3)
an alkylating agent such as R*"Br or R®™ in the preseoce of
a base such as NAH in a solvent such as DME, and 4)
alkaline ester hydrolysis coaditions such as LiOH io a 2:3:1
mixture of THE/Mc¢OH/H, 0.

[6071] Compounds of formula | where R is CHOH)R®
can be prepared by treatment of compounds ol formula 1
where R* is COR® with a reducing agen! such as NaBH, in
a solvent such as EtO1L

[6072] Compounds of formula I where R* is COR® can be
prepared by treatment of compounds of formuta 11 where R*
is COR®™ with a Lewis acid such as BCl; or BBr at -78° in
a solvent such as CH,Cl,.

[0073] Compounds of formula 1) where A is CH, and R*
is —COR®™ can be prepared as shown in Scheme 3 by
coupling commercially available or readily accessible com-
pounds of formula IX

[0074] where Z is Br or Cl with compounds of formula X

BoO

Jun. 19, 2003 h

[0075] by heatiog the two componcnts tn a solvent such as
PhMc in the presence of a catalyst such as Pd(PPh,),.

[0076] Compounds of formula X can be prepared from
compounds of formula X1

b

10t

OBn

[6077] by treatment with (BuySn), and a catalyst such as
Pd(Ph,P), in a solvent such as toluene.

[0078] Cuu.i]ﬁbunds of formula Xl can be prepared from
compounds of formula XII

* . K

[0079] by treatment with silanes such as iPc;Sill or Et,SiH
in a solvent such as MeCN containing a Lewis acid such as
BL,.LL0 at -30°.

[0080] Compounds of formula XII can be prepared by
coupling compound V with the organolithium oblained upon
treatment of compounds of formula X1

X1

pEa
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[O081] with n-Bul.i or t-BuLi at ~78° in TIIF.

Scheme 3

13n()

»! BaO™

RE
(,\’ X OBn
— »nl_lula A4

fit55iH
R

PA(PhaT"Y,

Jun. 19, 2003

~continued

OBn

[0082] An altemative synthesis (Scheme 4) of compounds
of formula [V whete A is CH, entails reduction of com-
pounds of formula XIV

X

[0083] with a reducing agent such as LGSitlin a solvent
such as McCN or CHLC, or mixtures thereof containing a
calalyst such as BF;.Et,O.

[0084] Compounds of formula XIV can he readily pre-
pared by Fricdel-Craft acylation of commercially available
hydrocarbons of formula XV

XV

[0085] with rcadily available acid chlorides of formula
XVI

Xvi

US 2003/01 14390 Al

[O086] in a solveot such as S, containing two cquivalcats
of a Lewis Acid such as AlCI, or AlBr,.

Scheme 4
R} /K1
4\
N
13 R’
R’
s S,
A XV
/ N AICH, CS;
Br o)
XVI
RY

1is8il
.

o /\R' / x
v
> <X,
R
=
Br O

R?

R J )
y S
\Rl-

3

&

7
~—

181

where A = Cliy

[0087]) Compounds of formula [l where Ais a bond can be
prepared as shown in Scheme 5 by coupling compounds of
formula XI with compounds of formula XVI1

XvH
>2L L
B’
A~y
¢
Rr3
[0088] or ihe corresponding boronic acid XVIH.

Xvii

o

N/ /R‘
e
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{0089] Coupliog catails heating in the presence of a cata-
lyst such as Pd(PPh,), cmploying a solvent such as 3:1
PhMC/ELOH coolaining Na,CO;. Compounds of {ormula
XVHE are cither commercially available or can be preparcd
upon treatment of compounds of formula XVII with BCE in
a solvent such as CILCL,. Compounds of formula XVl can
te prepared by heating compounds of formufa XIX

o
)

|0090) o a solvent such as DMSQO containing a catalyst
such as PdCl,.dppf and a basc such as KOAc with com-
pound XX,

XX

XX
O, o

O O
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{0091] Compounds of formula II, where A-—CH, and
RZ*==0H1, can he prepared as shown in Scheme 6 upon
sequential teeatment of compounds of formula XXI

XXI

Bn(y

B

OBn

[0092]  with a base such as Nall jollowed by heating with
compounds of formula [X in a solvent such as PhiMe.

{0093] Compounds of formula XXI can be prepared from
compovads of formula XXIT

XX

[0094] by treatment with silanes such as ESiH or
i-Pg,Sill in a solvent such as MeCN cootaining a Lewis acid
such as BEF, L0 at -30°.

[0095] Compounds of formula XXII can be prepared by
coupling the compound of formula V with activated metal-
lated denivatives of compounds of formula XXIT

Sk
Lson

[0096] which are prepared by sequential treatment of
XXITI with a basc such as Nall, KH, or KOtBu followed by
an alkyllithium such as aBul.i or tBul.i in a solvent such as
dry THE.

/ A
L\\yon

XXin

1) Nall

Scheme ¢
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3

Xy Kot
x‘\%\/R
o. .0 (1)
HO
HO™ “OH

oH

[wherein X! represents N or CR’;

X2 represents N or CR?;

X3 represents N or CR?;

X4 represents N or CR*;

and with the proviso that one or two of X'. X2, X3 and X* represent N;

R represents a C, g cycloatkyl group which may have the same or different 1 to 3 groups selected from the following
substituent group (A). a Cg_q aryl group which may have the same or different 1 to 3 groups selected from the
following substituent group (B}, a C; o heterocycloalkyl group which may have the same or different 1 to 3 groups
selected from the following substituent group (A), or a C g heteroaryl group which may have the same of different
1 1o 3 groups selected from the following substituent group (B): R1 to R* are the same or different, independently
represents a hydrogen atom or a group selected trom the following substituent group {D};

substituent group {A) consists of a halogen atom, a nitro group, a cyano group, an oxo group, -G, -OG2, -SG2,
N(G2),,, C(mO)G2, -C=OIOG, -C=OIN(G2),. -S(=0),G2, -8(=0),0G?, -S(=O);N(G?),. 5=0)G 1, -OC(=0)G "
-OC(=O)N(G?),. -NHC(=0)G?, -08(=0),G!, -NHS(=0),G' and -C(=O)NHS(~0),G';  *

substituent group(B} consists of a halogen atom, a nitro group, a cyano group . -G'., -0G?, -SG2, -N(G3),, -G30G*,
-GEN(GH),. -C(=0)G2, C(=0)0G2, C(=O)N(G2),, -S(=0),G2. -S(=0),0G, -S(=0),N(G2}.} -S(=0)G ", -OC(=0)
G, -OC{=O)N(G?),, -NHC(=0)G%, -0S(=0),G!, -NHS(=0),G' and -C(=O)NHS(=0),G' )

{in the substituent group (A) andror (B). G' represents a Cy ¢ alkyl group which may have the same or different 1
to 3 groups selected from the following substituent group (C), 2 C, 5 alkenyl group which ay have the same or
different 1 to 3 groups selected from the following substituent group (C). a Cy 5 alkynyl group which may have the
same or different 1 1o 3 groups selected from the following substituent group (C), a Cj.g Gycloalkyl group which
may have the same or different 1 to 3 groups selected from the following substituent group-(C), a Cg - aryl group
which may have the same or different 1 to 3 groups selected from the following substituent group (D). a C;o
heterocycloalkyl group which may have the same or different 1 to 3 groups selected from the-following substituent
group {C), a C, g heteroaryl group which may have the same or different § to 3'groups sélected from the foliowing
substituent group (D);

G? represents a hydrogen atom, a C . atkyl group which may have the same or different 1 to 3 gmupé selected
from the following substituent group (C), a C,.g alkenyl group which may have the same or different 1 to 3 groups
selected from the following substituent group (C). a C; ¢ alkyny! group which may have the same of different 1 to
3 groups selected from the foliowing substituent group {C). a C, ¢ cycioalkyl group which miay have the same or
different 1 to 3 groups selected from the following substituent group (C). a Cg ¢ aryl group which may have the
same or different t to 3 groups sefected from the following substituent group (D), a Coq heterocycloalkyl group
which may have the same or cifferent 1 to 3 groups selected from the following substituent group {D), aCyq
heteroaryl group which may have the same or different 1 to 3 groups selected from the following substituent group
(D), and with the proviso that G2 are the same or different when there are more than one G2 in the substituents:

G3 represents a C, g alkyl group;

G# represents a C, g alky! group which may have the same or different 1 1o 3 groups selected from the following
substituent group (C), and with the proviso that G* are the same or different when there are more than one G*in
the substituents,

substituent group (C) consists of a halogen atom. a nitro group, a cyano group, an oxo group. -GS, OGS, -SGS.
-N(GB),, -C{=0)GE, -C(=O)OGS, -C (»O)N(GE),. -5(=0),G8, -S(=0},0GE, -S(=0),N(GP),. -5(=0)GS, -OC(=0)GS.
-OC(=O)N(G8),, -NHC(=0)GS, -OS(~0),G5. -NHS(=0),G5 and -C(=O)NHS(=0),G%; and

substituent group (D) consists of a halogen atom, a nitro group. a cyano group. -G8, 0GB, -SG8, -N(GS),, -C{=0)
G8, -C{=0)OGS, -G(=OIN(GH),, S(=0),G8. -5(=0);0GS, -S(=O),N(GE),, -S(=0)GS. -OC(=0)GS, -OC(=OIN(GE)5.
-NHC(=0)G8, -OS(=0),G5, -NHS(=0),G5 and -C(=O)NHS(=0),G*

(in the substituent group (C) and/or (D}, G° represents a Cy.g alkyl group, a HO-C, g atkyl group, a Cpq alkenyl
group, a C, g alkynyl group. a C, 4 cycloalkyl group. a Cag.1p aryl group, a C, g heterocycloalkyl group or aCy o
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heteroaryl group,

GS represents a hydrogen atom. a C,.¢ alky: group, a C,, ¢ alkeny! group, 3 C.., alkynyl group, a Cj 4 cycioalkyl
group, a C,, ¢ aryl group. a C. 4 heterocycloalkyl group or a C. , heteroary! group, and with the proviso that Go
are the same o different when there are more than one Gf in the substituents))

and with the proviso that when X' and X2 independently represent N or CH:

X2 represents N or CR2 {with the proviso that 37 represents a hydrogenatom, ahalogenatom, a C, ¢ alky! group.
a Cy » cycloalkyl group, -O-C, 5 alkyl, an amino group, NH-C; ; acyl, NH-Cy g alkyl or -N(C, ¢ alkyl),). and

X4 represents N or CA# (with the proviso that R* represents a hydiogen atom of a C, 5 alkyl group). R represents
the above -detined group except for the following substituent:

jol

{wherein Z represents a hydrogen atom, a halogen atom. a C,.g alkyl group which may have a substituent selected
from the foliowing substituent group (a). -O-C, ; alkyl which may have a substituent selected from the following
substituent group (B). -S-C, ¢ alkyl which may have a substituent selected from the following substituent group (B8}
or a Cy.g cycloakyl group: substituent group {a) consists of a halogen atom. a hydroxy group and -O-C,_g alkyl; and
substituent group (B) consists of a hydroxy group and -O-C, ¢ alkyl)}or 2 pharmaceutically acceptable salt thereof,
or a prodrug thereof.

[2] a nitrogen-containing heterocyclic derivative as described in the above [1] wherein R represents a pheny| group
which may have the same or different 1 to 3 groups selected trom the following substituent group (B). or a phar-
maceutically acceptabie salt thereof, or a prodrug thereof )

. [wherein substituent group (B8) consists of a halogen atom, a nitro group, a cyana group, G, -OG?, -8GZ, -N(G?),,

_GI0GH, -GIN(GA)y, -C(=0)G2, -C=OYOG2. -C(=O)N(G?);, -5(=0),G2, -5(=0),0G?, -S(=0);N(G?),, *5(=0)G.
OC(~0)G, -OC(=O)N(G?),, -NHC(~O)G?, -0S(=0),G, -NHS(~O),G' and -C(~O)NHS(~0),G*
(in the substituent group (B}, G' represents a C, ¢ alkyl group which may have the same or different 1 1o 3 groups

. selected from the following substituent group {C), a C,, ¢ alkenyl group which may have the same or differedt 1 to

groups selected from the following substituent group (C), a C, ¢ alkynyl group which may have the same or
fierent 1 to 3 groups selected from the following substituent group (C), aCsg cycloalkyl group which may have

“ihe same or different 1 to 3 groups selected from the following substituent group {C). a Cq +q ary! group whlch,‘:_hay

. have the same or different 1 to 3 groups selected from the following substiluent group (D), a C, 5 heterocycloatkyt

group which may have the same or different 1 to 3 groups selected from the following substituent group (C). 8 Cyg-
. peteroaryl group which may have the same or different 1 1o 3 groups selected trom the following substituent-group . -

D)

G? represents a hydrogen atom, a C. ; alky! group which may have the same or different 1 to 3-groups selected -

from the following substituent group (C). a C,.g alkenyt group which may have the same or difterent 1 to 3 groups
selected from the following substituent group (C). a C; ¢ alkynyl group which may have the same or different 1 to
.3 groups selected from the following substituent group (C), a C34 cycloalky! group which may have the same or
different 1 1o 3 groups selected from the following substituent group (C), a Cg ¢ aryl group which may have the

“same or different 1 to 3 groups selected from the foliowing substituent group (D). a C,.g heterocycloalky! group

which may have the same or different 1 to 3 groups selected from the following substituent group (D), a Cy 5
heteroaryl group which may have the same ot different 1 to 3 groups selected from the following substituent group
(D). and with the proviso that G2 are the same or different when there are more than one G? in the substituents :
G3 represents a Cy_¢ alkyl group;

G* represents a C, ¢ alky! group which may have the same or different 1 to 3 groups selected from the following
substituent group (C). and with the proviso that G* are the same or different when there are more than one G* in
the substituents;

substituent group {C) consists of a halogen atom, a nitro group, a €yano group, an 0xo group, -G8, OGS, -SG8,
-N(GB},, -C(=O)GE. -C(=0)OGE, -C(=OIN(GB),. -S(=0),G3, -S(m0),0GS. -S(=0)N(GE),, -S(=0)G?, -OC(=0)GS,
LOC(=O)N(GB),, -NHC(=0)GE, -OS(»0),GP, -NHS(=0),G8 and -C(=O)NHS(-0),G*; and

substituent group (D) consists of a halogen atom. a nitro group, a Cyano group, ¢ -OG8, -SGB, -N(G5),, C(=0)GE,
C(=0)0GS, -C(=O)N(GE),. -S(m0),GS. -S(=0),0G8. S(=0),N(GS),. -S(=0)G?, -OC(=0)GS. -OC(=OIN(G),.
NHC(=O)G8, -0S(=0),G5, -NHS(=0),G* and -C(=O)NHS(=0),G®

(in the substituent group {C) and/or (D), G5 represents a C, g alkyl group, a Cy.g alkenyl group, a Cp.g alkynyl
group, a Cy ¢ cycloalkyl group, a Cg g aryl group. 3 Co o heterocycloalkyl group or a C, o heteroaryl group: and
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naphthylgroup. The term "Cy 3 heterocycloalkylgroup” means a group derived from a 3 to 8-membered heterocycloalkyl
group containing the same or different 1 or 2 helero aloms selected from an oxygen atom, a sulfur atom and a ruirogen
atom in the ring such as morpholine. thiomorpholine. tetrahydroturan, tetrahydropyran. aziridine. azetidine, pyrolidine.
imidazolidine, oxazoline, piperidine, piperazine. pyrazolidine or the Ike, or a group derived from a 5 or 6-membered
heterocycioalkyl group as defined above fused with an aliphatic or aromatk carbocycle or a heterocycle such as a
cyclohexane ring, a benzene ring, a pyridine ring or the like. The term “C, g heteroaryl group” means a group derived
from a § or 6-membered heteroaryl group containing the same or different 1 to 4 hetero atoms selected from an oxygen
atom, a sulfur atom and a nitrogen atom in the ring such as thiazole, oxazole. isothiazole, isoxazole, pyridine, pynmidine,
pyrazine, pyridazine, pyrrole, thiophene, imicazole, pyrazole. oxadiazole, thiadiazole, tetrazole, furazan or the like, or
a group derived from the above heteroaryl group fused with a 5 or 6-membered aromatic carbocycle or heterocycle
such as a benzene ring, a pyrazole ring, a pyridine ring or the like. The term “halogen atom™ means a fluorine atom, a
chlorine atom, a bromine atom or an iodine atom.

[0009] In the present invention, the term “prodrug” means a compound which is converted into a nitrogen-containing
heterocyclic derivative represented by the above general formula {I) as an active form thereof in vivo. As prodrugs of
a nitrogen-containing heterocyclic derivative represented by the above general formula (1) or pharmaceutically accept-
able salts, for example, a compound represented by the general formula:

X2
X3 et
T )
Ia
PO 0 ©
HOY “OH
OH

wherein P represents a group forming a prodrug; and X7, Xz, X3, X4 and R have the same meanings as defined above,
or a pharmaceutically acceptable salt thereof are illustrated. .

{0010] As examples of groups forming prodrugs, a hydroxy-protective group which can be used generally in a prodrug
such as a G, 50 acyl group, a Cy.¢ akyl-O-C;; acyl group, a’d, ¢ alkyt-OC{=0)-C,, ; acyl group. C; ¢ alkkyl-OC(=0)-,
Cq.g akyl-O-C, ¢akyl-OC(=0)-, a benzoyl group, a Cy; acyl-O-methyl group, atl ('C,zdacyloqelhyl group, a
C,.galkyl-OC(=0)O-methyl group, a 1-{Cyg a|kyI—OC(=O)O'-)'elhyl group, a C4 g cycloalkyl-OC(=0)O-methy! group, a
1-(C3.4 cychoalkyl-OC(~0)O-Jethyl group, an ester group condensed with an amino acid. a phosphoric acid derivative
or a cinnamic acid derivative and the like can be illustrated, and an amino-protective group which can be used generally
in a prodrug such as a C,.; acyl group, a C, akyl-O-C, 2cyl group, a C,.¢ alkyl-OC(=0)-C,_; acyl group: Cy.4
alkyl-OC(=0)-, C,.g alkyl-O-C. galkyl-OC(=0)-. a benzoy! group. a C. sacyl-O-methyl group, al1-(C, ,acyl-O-)ethyl
group, a C,_ sakyl-OC(--0)O-methy! group. a 14(C, s alkyl-OC(=0)O-Jethy! group, a Cy.¢ cycloalkyl-OC(~O)O-methyl
group, 3 14{Cyg cycloatkyl-OC{=Q)O-)ethyi group. an amide group condensed with an amino acid and the like can be
illuswated. Moreover, a sulfonamide-protective group which can be used generally in a prodrug such as a C,.7 acyl-
O-methyl group. a 1-(Cp.; acyl-O-)ethyl group, a C, galkyt-OC(+0)O-methyl group, al-(C, ¢ alky!-OC(=0)0-)ethyl
group. a Cy g cycloalkyl-OC(=0)O-methyt group, a 1-C3 g cyctoalkyt-OC(=0)O-)ethyl group and the like can be iltus-
trated. Furthermore, as examples of groups forming prodrugs, a sugar residue such as a glucopyranosyl group, a
galactopyranosyl group and the fike can be illustrated, for example, such a group can be introduced into the hydroxy
group at the 4 or 6-position of the glucopyranosyl group. Of the compounds of the present invention, in a prodrug, a
group forming a prodrug may be at any nydroxy group. amino group. sulfonamide group or the like, and two or more
such groups are acceptable. The term “C, 5 acyl group™ means a straight-chained or branched acyl group having 2
to 20 carbon atoms such as an acetyl group. a propionyl group, a butyryl group, an isobutyryl group. a valeryl group,
a plvaloy! group. a hexanoyt group, a lauroyl group, a myristoyl group, a palmitoyl group. a stearoyl group or the like.
{0011] The term "hydroxy-protective group” means a hydroxy-protective group used in general organic syntheses
such as a benzyl group, ap-methoxybenzyl group, ap-nitrobenzyl group, a methoxymethyt group, a methyl group. an
acetyl group. a tert-butyldimethyisilyl group, an allyi group, a benzoyt group, a pivaloyl group, a benzyloxycarbonyl
group, a 2-trimethylsilylethoxymethyl group or the like; the term “thiol-protective group” means a thiol-protective group
used in general organic syntheses such as a benzyl group. a p-methoxybenzyl group, a p-nitrobenzyl group, an acetyl
group. a benzoyl group, a pivaloyl group, a benzyloxycarbony! group or the like; the term "amino-protective group™
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means an amino-protective group used m general organic syntheses such as a benzyioxycarbonyi group, a tert-bu-
toxycarbony! group, a benzyl group, a p-methoxybenzyl group. a tnfluoroacetyl group, an acetyl group or the like; and
the term “carboxy-protective group™ means a carboxy-protective group used in general organic syntheses such as a
benzyl group. a tertbutyidimethytsilyl group, an allyl group ot the ke

(0012] As examples of nitrogen-containing heterocyclic dervatives represented by the above general formuta (i) of
the present invention, various pyridine derivatives, various pyridazine derivatives, various pyrimidine derivatives, var-
ious pyrazine derivatives, various triazine derivatives and various tetrazine derivatives can be illustrated. in addition,
in cases that there are tautomers in the present compounds, the present invention includes all tautomers.

[0013] The nitrogen-containing heterocyclic derivatives represented by the above general formuta (1) of the present
invention and prodrugs thereot can be prepared, for example. according to the reactions described by the following
Scheme 1.

Scheme 1

or a salt thereof

(un

[Process 1]
A sugar donor

o)
- (Process 2]
Hydrolysis
3
)|(I2'X:X‘
x%/R "
{Process 3] A proqr}ag of a nitrogen-
0. (o} —— cor g h chic
HO Deriving inlo a prodruf  gerivative represented by the
HO™ ““oH (ex. P~ ¥ (IV)) above genera! formula (1)
OH
m
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wherein L represents a hydroxy -protective group: P represents a group forming a prodrug; Y' represents a ieaving
group such as a chiorine atom, a bromine alom or the like: and X1, X2 X3, X* and R have the same meanings as
defined above.

Process 1

[0014] A corresponding compound represented by the above generat formula (I1) can be prepared by subjecting an
alcohol compound represented by the above formuta (Ilf) or a salt thereof to glycosidation using a sugar donor such
as acetobromo-a-D-ghicose in the presence of a silver salt such as silver carbonate, silver oxide or the like or a base
such as potassium carbonate, sodium hydride or the like in an inert solvent. As the solvent used in the glycosidation
reaction, for example, acetonitrile, tetrahydrofuran. dichioromethane, toluene, N, N-dimethylformamide, a mixed solvent
and the like can be illustrated. The reaction temperature is usually from room temperature to reflux temperature. and
the reaction time is usually from 2 hours to 2 days, varying based on a used starting material, solvent and reaction
temperature.

Process 2

[0015] A nitrogen-containing heterocyclic derivative represented by the above general formuta (I) of the present
invention can be prepared by subjecting a compound represented by the above general formula (11} to alkaline hydrol-
ysis. As the solvent used in the alkaline hydrolysis, methanol, ethanol, tetrahydrofuran, water, a mixed solvent thereot
and the lke can be illustrated, and as the base used, sodium hydroxide, potassium hydroxide, sodium methoxide.
sodium ethoxide and the like can be illustrated. The reaction temperature is usually from 0°C to room temperature,
and the reaction time is usually from 30 minutes to 6 hours, varying based on a used starting material, solvent and
reaction temperature.

Process 3

{0016] - A prodrug of a nitrogen-containing heterocyclic derivative represented by the above general formuia (1) (for
ple, a prodrug rep! d by the above general formula (la)) can be prepared by introducing hydroxy-protective

groups generally capable lor use in a prodrug into hydroxy groups of a nitrogen-containing heterocyclic desivative

tepresented by the above general formuia (1) using. for example. an agent for introducing a hydroxy-protective group

represented by the above general formula (V) in the usual way. -

:[0017] For example, a compound represented by the above general formula (l11} used as a starting materiat it the

‘above production method (Scheme 1) can be prepared according to the reactions as described in the following Scherhe
2 .
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zgonist, amylin, an amyin analogue, an amylin agonsst, an aldose reductase nhibitor, an advanced glycation endprod
.cts formation mhtbitor. a protein kinase C nhibitor, a y-aminobutync acid antagonist, a sodium channel antagonist, a
transcript factor NF «B inhibitor, @ fipid peroxidase inhibitor, an N-acetylated- linked-acid-dipeptidase mhibitor, insulin-
like growth factor [, platelet-derived growth factor, a platelet dernwved growth factor analogue, epidermal growth factor,
nerve growth factor, a carnitine dedvative, undine, 5-hydroxy-1-methythydantoin, EGB-761, bimoclormoi, sutodexide.
¥-128, an angiotensm-converting enzyme inhihitor. a neutral endopeptidase inhibitor, an angiotensin {1 receptor antag-
onist, an endothelin-converting enzyme inhibitor, an endothelin receptor antagonist und a diuretic agent is preferable;
and the combination with at least one member of the group consisting of an aklose reductase inhibitor, an angiotensin-
converting enzyme inhibitor, a neutral endopeptidase inhibitor and an angiotensin I receptor antagonist is more pref-
erable. Furthermore, for obesity, the combination with at least one member of the group consisting of an insulin sen-
sitivity enhancer, a glucose absorption inhinitor, a biguanide, an insulin secretion enhancer. insulin or an insulin ana-
logue, a glucagon receptor antagonist, an insulin receptor kinase stimulant, a tripeptidy! peptidase il inhibitor, a dipep-
tidyl peptidase IV inhibitor, a protein tyrosine phosphatase-18 inhibitor, a glycogen phosphorylase inhibitor, a glucose-
6-phosphatase inhibitor. a tructose-bisphosphatase inhibitor, a pyruvate dehydrogenase inhibitor, a hepatic glucone-
ogenesis inhibitor, D-chiroinositol. a glycogen synthase kinase-3 inhibitor, glucagon-like peptide-1, a glucagon-like
peptide-1 analogue, a glucagon-like peptide-1 agonist, amylin, an amylin analogue, an amylin agonist. a §;-adreno-
ceplor agonist and an appetite suppressant is preferable; and the combination with at least one member of the group
consisting of a B5-adrenoceptor agonist and an appetite suppressant is more preferable.

[0081] When the pharmaceutical compositions of the present invention are employed in the practical treatment,
various dosage forms are used depending on their uses. As examples of the dosage forms, powders, granules, fine
granules, dry syrups, 1ablets, capsules. injections, solutions, ointments, suppositories. poultices and the like are iilus-
trated, which are orally or parenterally administered.

f0082] These pharmaceutical compositions can be prepared by admixing with or by diluting with and dissolving in
an appropriate pharmaceutical additive such as excipients, disintegrators, binders, lubricants, diluents, buffers, isoto-
nicities, antiseptics, moistening agents, emulsifiers, dispersing agents, stabilizing agents, dissolving aids and the like,
and formulating the muxture in accordance with pharmaceutically conventionat methods depending on their dosage
forms. in case of the use of the compound of the present invention in combination with the drugs other than 8GLT2
inhibitors, they.can be prepared by formulating each active ingredient together or individually.

. [0083] When ihe pharmaceutical compositions of the present invention are employed in the practical ireatment, the

dosage of a nilrogen-contaming heterocyclic derivative represented by the above general formula (1) or a pharmaceu-
tically acceptabie salt thereof, or a prodrug thereof as the active ingredient is appropriately decided depending on the
age, sex, body weight and degree of symptoms and treatment of each patient. which is approximately within the range
of from 0.1 to-1,000 mg per day per adult human in the case of oral administration and approximately within the range
of from 0.01 to 200 mg per day per adult human in the case of parenteral administration. and the daily dose can be
divided into ope to several doses per day and administered suitably. Also, in case of the use of the compound of the
present invention in combination with the drugs other than SGLT2 inhibitors, the dosage of the compound of the present
invention can be decreased depending on the dosage of the drugs other than SGLT2 inhibitors.

Examples

[0084] The presentinvention is further illustrated in more detail by way of the following E: ples and Test E: P
However, the present invention is not limited thereto.

Example 1
[0085]
GH N © CH,
N~ -
0
HO
HO" “oH
OH
24
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Process 1
2-Benzyloxy 4.6 -dimethylpyridin-3-yl 3-fiuoro- 4-methylphenyl methanot

[0086] A Grignard reagent was prepared n the usual way using 1-bromo-3-fluoro-4-methylbenzene {0.53g), Mag-
nesium (0.069g). a catalytic amount of iodine and tetrahydrofuran (SmL). To a tetrahydrofuran soiution of the Grignard
reagent was added a solution of 2-benzyloxy-3-formyl-4 6-dimethylpyridene {0.34g} in tetrahydrofuran {5mL}) at 0°C.
After the reaction mixiure was stirred at room temperature for 1 hour, a saturated aqueous ammonium solution and
water were added, and the mixture was extracted with diethyl ether. The organic layer was washed with brine and dried
over anhydrous magnesium sulfate, and the solvent was removed under reduced pressure. The residue was purified
by column chromatography on silica gel {(hexane/ethyl acetate = 6/1) to give the title compound (0.39g}.

Process 2

3-{3-Fuoro-4-methylbenzyl)-4 6-dimethyl-1 H-pyridin-2-one

[0087] Yo a solution of 2-benzyloxy-4,6-dimethylpyridin-3-yl 3-fluoro-4-methylpheny! methanol (0.39g) in ethanol
{10mL) was added a catalytic amount of paliadium carbon powder, and the mixture was stirred at room temperature
under a nitrogen atmosphere overnight. After the insoluble material was removed by filtration, the solvent of the filtrate
was removed to give the title compound {0.22g).

1H-NMR (CDClg}  ppm:

2.14 (3H. 5). 2.20 (3H, d. J=1.1Hz), 2.22 (3H, 5), 3.88 (2H. 5), 5.86 {1H., s), 6.85-6.95 (2H, m), 6.95-7.10 (1H. m)

Process 3

2~(2.3.4.6-Tetra-O-acethyl—B~D-gluoopyranosyloxy)-s-(a-lIuoro~4-methylbenzyl)-d_s—dimemylpyridine

[0088} To a solution of 3-(3-fluoro-4-methylbenzyl)-4,6-dimethyl-1H-pyridin-2-one {0.089) and acetobromo-a-D-glu-
cose (0.15g) in dichloromethane (2ml) was added silver carbonate (0.090g), and the mixture was stirred at room
temperature overnight in the shade. The insoluble matenal was removed by filtration, and the liltrate was purified by
column chromatography on aminopropytated sitica gel (dichioromethane) to give the title compound (0.173).
TH-NMR (CDCly) & ppm: i

1.78(3H, ). 2.00 (3H. 5}, 2.04 (3H, 5); 2.04 (3H, 5}, 2.16(3H, 5), 2.17-2.20 (3H. m), 2.38(3H. 5). .79 (1H. d, J=15.7Hz),
3.93 (1H, dad, J=2.5, 4.7, 10.1Hz), 3.97 (1H,d, J=15.7Hz), 4.13 (1H,dd, J=2.5, 12:3Hz),4.25 (1H, dd, J=4.7, 12 3Hz),
5.10-5.20 (1H, m), 5.25-5.40 (2H, m), 6.15-6.25 {1H, m), 6.60-6.70 (2H, m), 6.75-6.80 (1H. m), 6.95-7.05 (1H. m)

Process 4
2-(3-D-Glucopyranosyloxy)-3-(3-fiuoro-4-methylbenzyl)-4 6-dimethylpyridine

[0089] To a solution of 24(2,3.4,6~lelra-Oacelyl-ki~DgIucopyranosyloxy)—34(3»ﬂuoro-4~methylbenzyl)—d,e-dimelhyl-
pyridine (0.17g) in methanol (5mL) was added sodium methoxide (28% methanol solution, 0.028mL). and the mixture
was stirred at room temperature for 1 hour. The solvent of the reaction mixture was removed, and the reskiue was
purified by column chromatography on sitica ge! (dichloromethane/methanol - 10/1) to give the title compound (0.U81g).
'H-NMR (CD30D) & ppm:

2.17 (6H. s), 2.36 (3H, s). 3.30-3.55 (4H, m), 3.67 (1H. dd. J=5.3, 11.9Hz), 3.84 (1H, dd. J=2.4, 11.8Hz), 3.94 (1H. d,
J=15.6Hz), 4.06 (1H, d. J=15.6Hz), 5.85-6.00 (1H, m), 6.70-6.80 (1H, m), 6.80-6.95 (2H, m}, 7.00-7.10 (1H, m)

Examples 2-3

[0090] The compounds described in Table 1 were preparedina similar manner to that described in Example 1 using
corresponding starting materials.
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{Table 1]
Example | Chemical structure 'H-NMR (CD,OD) & ppm:

1225 (34, 5)., 3.35-3.60 (4K, m). 3.68
(1M, dd, J=5.0, 12.0Hz), 3.84 {1H, 4,
J=12.0Hz), 3.92 {1H, d, J=15.4Hz). 3.96
(1H, d, J»15.4Hz), 5.80-5.95 (1H, m),
6.85-7.20 (SH. m), 7.30-7.45 (1H, m),
7.90-8.05 (1M, m)

Example ~ 2.20 (3H. ). 3.35-3.60 {4H, m), 3.70
3 @\/@ (1H, 4d, 5.0, 12.0Hz), 3.85 (1H, dd,
J=2.1, 12.0Hz), 3.97 (1H, 4, J=16.7Hz).
0o CH. 4.02 (1H, d. J=16.7Hz), 5.85-5.95 (1H.
HO 3 im), 6.80-6.95 (1H, m), 7.00-7.25 (SH,

HO" “OH m), 7.90-8.05 (1R, m)

Test Example 1

Assay for inhibitory effects on human SGLT2 activity

1) Cloning and construction of the vector expressing human SGLT2

[0091] The cDNA library was prepared for PCR amplification by reverse transcription from total RNA deprived from
human kidney (Ori gene) using oligo-dT as a primer. Using this cDNA library as a template, the base sequence coding
210 2039 bp of human SGLT2 (AGCESSION: M35549, M95299), which was reported by R. G. Wells et al., was amplified
by PCR method and inserted into the multi-cloning site of pcONAS.1(-) (Iavitrogen). The DNA sequence inserted was
perfectly matched to the previously reposted sequence.

2) Establishment-of cell line stably expressing human SGLT2

[0092] The expression vector of human SGLT2 was digested by Sca { into a linear DNA. The linear DNA was trans-
tected into CHO-K 1 cells by means of lipofection (Effectene Transfection Reagent: QIAGEN). Neomycin resistant cell
lines were obtained by cuiture in the medium containing 1 mg/mL, of G418 (LIFE TECHNOLOGIES), and then the
activity against the uptake of methyl-a-D-glucopyranoside was measured by the method described below. The cell
line, which showed the greatest uptake activity, was selected and designated as CS2-5E. Afterward, CS2-5E cells
were cuitured in the presence of G418 at 200 ug/mL.

3) Measurement of the inhibitory activity against the uptake of methyl-o-D-glucopyranoside (a-MG})

[0093] CS2-5E cells were seeded into a 96-well culture plate at a density of 3 x 10* celis/well and cultured for 2
days, and were used in the uptake assay. A mixture of non-radiotabeted (Sigma) and 4C- labeled a-MG {Amersham
Pharmcia Biotec) was added to the uptake bufter (pH 7.4; containing 140 mM sodium chloride, 2 mM potassium chioride,
1 mM calcium chloride, 1 mM magnesium chloride, 10 mM 2-[4-(2-hydroxyethy!)-1-piperazinyijethane sulfonic acid.
and 5 mM tris(hydroxymethyl)aminomethane} at the final concentration of 1 mM. A test compound was dissotved in
dimethy: sulfoxide, and then appropriately diluted with distilled water. The test compound solution was added to the
uptake buffer containing 1 MM a-MG, and designated as a measurement buffer. For the control group, the measusrement
tusffer without any test compound was prepared. For measuring the basal uptake, a basal uptake measurement buffer
which contains 140 mM chorine chioride instead of sodium chloride was prepared. After removing the culture medium
of cells. 180 pL of the pre-treatment buffer (the basal uptake buffer without «-MG) was added to each well and incubated
at 37° C for 10 minutes. After repeating once the same treatment, the pre-treatment buffer was removed. To each well
was added 75 yL of the measurement buffer or the basal uptake buffer was added and incubated at 37°C. After 1 hour,
the measurement bulfer was removed, and cells were washed twice with 180 pL per well of the washing buffer (the
basal uptake buffer containing 10 mM non-labeled a-MG). The cells were solubilized by 75 pL per well of 0.2 moVL
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O enz Die betrifft ncuc Thiophenglycosidderivae der Formel (1), warin die Reste die angegebenen
3 Bedeutungen haben, sowie deren physiclogisch vertedglichen Salzz und Verfahren zu deren Herstelhung. Die Verbindungen cignen
sich z.B. als Antiliabetika.

.
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Beschreibung

Neue Thiophenglycosidderivate, Verfahren zu deren Herstellung, diese Verbindungen

enthaltende Arzneimittel und deren Verwendung

Die Erfindung betrifit substituierte Thiophenglycosidderivate, deren physiologisch
vertragliche Salze sowie physiologisch funktionelle Derivate.

Bekannt ist das Antirheumatikum Tenidap (&-D-glucopyranosid-uronsaure, 5-{(Z)-{1-
10 (aminocarbonyl}-5-chios-1 ,2-dihydro-2-oxo-3H-indol-3-ylidenhydroxymethy!3-thienyl)

{H.G. Fouda et al., CA:'-'1'997:165448) sowie 3-Amino-2-benzoyl-5-glucopyranosyl-

amino-thiophen-Verbindungen (J. Fuentes et al, Tetrahedron Asymmetry, 1998, 9,

2517-2532

)-

15 Der Erfindung lag die Aufgabe zugrunde, neue Verbindungen zur Verfigung zu

stelien, mit

denen eine Privention und Behandlung von Diabetes Typ 1 und Typ 2

mbglich ist.

Die Erfindung betrifft daher Verbinduhgen der Formet |,

20
HO

HO

HO

n
? R A
(o) \ TTR3, .
OH R2 Cye2 |

worin bedeuten

25 R1, R2

Wasserstoff, F, Cl, Br, J, OH, NO2, CN, COOH, CO(C+-Cg)-Alkyl,
COO(C-Cg)-Alkyl, CONH2, CONH(C1-Cs)-Alkyl, CON[(C1-Cg)-Alkyl]2, (C1~
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Cs)-Alkyl, (C2-Cs)-Atkenyl, (C2-Ce)-Alkinyl, (C1-Ce}-Alkoxy, HO-(C1-Cs)
Alkyl, {C+-Cg)-Atkoxy-(Cs-Ca)-alkyl, Phenyl, Benzyl, (C+-Ca)-Alkylcarbonyl,
wobei in den Alkyl- und Alkoxyresten ein. mehrere, oder atle
Wasserstoff(e) durch Fluor ersetzt sein Kk&nnen;

S0-NH,, SONH(C1-Ce)-Alkyl, SON[(C1-Ce)-Alkyl]z , S-(C-Ce)-Alkyl, S-
(CHz)o-Phenyl, SO-{C4-Cs)}-Alicyl, SO-{(CHz)o-Phenyl, SO,{(C1-Ce)-Allcyl,
S0,-(CHz)o-Phenyl, wobei o = 0 — 6 sein kann und der Pﬁenylrest bis zu
zweifach mit F, Ci, Br, OH, CF3, NO», CN, OCF3, (C4-Ce)-Alkoxy, (C1-Cs)-
Alkyl, NH; substituiert sein kann; ' ’ :

NHaz, NH-(C1-Cg)-Alkyl, N((C1-Cs)-Alkyl)2, NH(C1-Cr)-Acyl, Phenyl, O-
(CHg)-Phenyl, wobei o = 0 — 6 sein kann, wobei der Pheriylring ein bis 3-
fach substituiert sein kann mit F, Cl, Br, J, OH, CF3, NO2, CN, OCF3, (Cs-
Cg)-Alkoxy, (C1-Cs)-Alkyl, NHz, NH(CrCsH‘;lkY'. N((C+-Ce)-Alkyl)2, SO
CHj;, COOH, COO-(C1-Cag)-Alkyl, CONH,;

A (Co-C1s)-Atkandiyl, wobei ein oder mehrere C-Atome des Alkandiylrests
unabhangig voneinander durch -0O-, {C=0)-.-CH=CH-~, -C=C-, -S-, -
CH(OH)-, -CHF-, -CFz-, (8§=0)-, -{(SO2)-. -N((C1-Ce)-Alkyl)-, -N((C1-Ce)-
Alkyl-Phenyl)- oder -NH- ersetzt sein kdnnen;

n eine Zaht von O bis 4,

Cyci ein 3 bis 7 gliedriger gesattigter, teilweise geséttigter oder ungesattigter
Ring, wobei 1 C-Atom durch O oder S ersetzt sein kann;

R3, R4, R5 Wasserstoff, F, Cl, Br, J, OH, NO2, CN, COOH, COO(C:-Cs)-Alkyl,
CO(C1-Cy)-Alkyl, CONH,, CONH(C1-Cg)-Alkyl, CON[(C+-Cg)-Alkyll2, (C+-
Ca)-Alkyl, (C2-Ce)-Alkenyl, (C2-Cs)-Alkinyl, (C1-Ci2)-Alkoxy, HO-(C+-Ceg)-
Alkyl, (C+-Ce)-Alkoxy-(C1-Ce)-alkyl, wobei in den Alkyl- und Alkoxyresten
ein, mehrere, oder alle Wasserstoff(e) durch Fluor ersetzt sein kénnen;
SO.-NH3, SONH(C1-Ce)-Alkyl, SON[{(C1-Ce}-Alkyl]2 , S-(C1-Cs)-Alkyl. S-
(CH2)s-Phenyt, SO-{C1-Ca)-Alkyl, SO-(CHz)o-Phenyl, S02-(C1-Ce)-Alkyl,

PCT/EP2003/006841
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S0O,{CHj3)-Phenyl, wobei o =0 — 6 sein kann und der Phenylrest bis zu
zweifach mit F, Cl, Br, OH, CF3, NO3, CN, OCFj3, (C4-Cs)-Alkoxy, (C1-Cs)-
Alkyl, NH; substituiert sein kann; . .

NHz, NH-{C-Ceg)-Alkyl, N{{C1-Ce)-Alkyl)2, NH{C1-Cr}-Acyl, Phenyl, (CHz).-

5 Phenyl, O«(CHa),-Phenyl, wobei 0 = 0 — 6 sein kann, wobei der

Phenylring ein bis 3-fach substituiert sein kann mit F, Cl, 8r, J, OH, CF3,
NO2, CN, OCF;3, (C,-C;;)—Alkoxy. {C1-Ce)-Alkyl, NH2, NH{C+-Cg)-Alkyl,
N((C1—Cs)—Alkyi)z. S0,-CHs, COOH, COO-{C1-Ce}-Alkyl, CONH;;

oder : .

10 R3 und R4 gemeinsam mit'den sie tragenden C—Atomeﬁ einen 5 bis 7 giiedrigen,
gesittigten, teilweise oder vollstandig ungeséttigten Ring Cyc2, wobei 1
oder 2 C-Atom(e) des Ringes auch durch N, O oder S ersetzt sein kdnnen
und Cyc2 gegebenenfalls durch (C4-Ce)-Alkyl, (C2-Cs)y-Alkenyt, (Cz-Cs)-
Alkinyl, wobei jeweils eine CHz-Gmppe durch O ersetzt sein kann, oder

15 ) durch -H, F, Cl, OH, CF3, NO2, CN, COO(C1-C4)-Alkyl, CONHz, CONH(C;-
" Cg)-Alkyl, OCF3 substituiert sein kann und
R5 Wasserstoff,
sowie deren pharmazeutisch vertraglichen Salze. no s

20
Bevorzugt sind Verbindungen der Forme! |, worin A mit dem Thienylring in 2 Position ~
verknOpft ist.

" Bevorzugt sind femer Verbindungen der Formel |, worin bedeuten
25
R1, R2 Wasserstoff, F, Cl, Br, J, OH, NOz, CN, COOH, CO(C4-Cg)-Alkyl,

COO(C1-Ce)-Alkyl, CONH2, CONH(C1-Ce)-Alkyl, CON[(C1-Cg)-Alkyl]2, (C1-
Cg)-Alkyl, (C2-Co)-Alkenyl, (Cx-Ce)-Alkinyl, (C1-Ce)-Alkoxy, HOAC1-Cs)-
Alkyl, (C1-Ce)-Alkoxy-(C1-Ce)-atkyl, Phenyl, Benzyl, {C+-Cs}-Alkylcarbonyl,

30 SO-(C+-Cs)-Alkyl, wobei in den Alkyl- und Alkoxyresten ein, mehrere, oder
alle Wasserstoff(e) durch Fluor ersetzt sein konnen;

oLS
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10
R3, R4, R5

15

R3 und R4
20

25
RS

(Co-C1s)-Alkandiyl, wobei ein oder mehrere C-Atom(e) des Alkandiylrests
unabh#ngig voneinander durch -O-, -(C=0)-, -CH=CH-, -C=C-, -§-, -
CH(OH)-, -CHF-, -CFz, (§=0)-, -(SO2)-, -N{(C1-Ce}-Alkyl}., N((C+-Ce)-
Alkyl-Phenyl)- oder -NH- ersetzt sein kdnnen;

eine Zahi 2 oder 3;

ein S bis 6 gliedriger gesattigter, teilwéise gesittigter oder ungesattigter
Ring, wobei 1 C-Atom durch O oder S ersetzt sein kann; .

Wasserstoff, F, Cl, Br, J, OH, NOz, CN, COOH, COO(C1-Cg)-Alkyt,
CO(C1-Ca)}-Alkyl, CONH,, CONH(C4-Ce)-Alkyt, CON[(C1-Ce)-Alkyllz, (C-
Ca)-Alkyt, (C-Ce)-Alkenyl, (Cx-Co)-AlkinYl, (C1-C1z)-Alkoxy, HO-(C+-Ce)-
Alkyl, (C-.-Cs)~AIkoxy—(C1-Cs)—alkyl. (G1-C4')~Alky|‘Pheny'l. {C1-Cs)-Alkoxy-
Phenyl, S-{C1-Ce)-Alkyl, SO-(C1-Ce)-Alkyl, wobei in den Alkyt- und’
Alkxoyresten ein, mehrere, oder alle' Wasserstoff(e) durch Fluor ersetzt
sein kdnnen;

oder

gemeinsam mit den sie tragenden C-Atomen einen 5 bis 7 gliedrigen,
geséttigten, teilwéise oder volistandig ungesattigten Ring Cyc2, wobei 1
oder 2 C-Atom{e) des Ringes auch durch N, O oder S ersetzt sein konnen
und Cyc2 gegebenenfalls durch (C1-Cg)}-Alkyl, (C2-Cs)-Alkenyl, (C2-Cs)-
Alkinyi, wobei jeweils eine CHz-Gruppe durch O ersetzt sein kann, oder
durch H, F, Cl, OH, CF3, NO,, CN, COO(C1-C4)-Alkyl, CONHz, CONH(C:-
C4)-Alkyl, OCF 3 substituiert sein kann, und

Wasserstoff.

Besonders bevorzugt sind Verbindungen der Formel I, worin

30
R1, R2

Wasserstoff, (C1-Cs)-Alkyl, (C1-Ca)-Alkaxy, HO-(C1-Ca)-Alkyl, (C1-Ca)-
Alkoxy-(C1-Ca)-alkyl, F, Cl, CF3, OCF3 , OCH,CF3 (C1-Co}AlYI-CF -,

10

15

WO 2004/007517

Verfahren A:

Es wird die Verbindung der allgemeiﬁen Formel A, wobei R1 und R2 die oben
beschriebenen Bedeutungen haben, in DMF mit CsCO; oder einer anderen
geeigneten Base deprotoniert und anschliefend mit Benzylbromid umgesetzt, wobei
eine Verbindung der allgemeinen Formel B erhalten wird.

PCT/EP2003/006841

P

Die Verbindung B wird in einer Mischung aus Methanol, Tetrahydrofuran und Wasser

gelost und durch Umsetzung mit Lithiumhydroxid in die Verbindung der allgemeinen

Forme! C tiberflihrt.

Die Verbindung C wird mit N,O-Dimethylhydroxylamin unter Verwendung von

Propanphosphonséureanhydrid oder ginem anderen geeigneten AktivierungsreaQenz

zur Kniipfung von Amidbindungen in die Verbindung der allgemeinen Formel D

aberfihrt.
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Die Verbindung der allgemeinen Formel L, wobei R1 und R2 die oben beschriebenen
5 Bedeutungen haben, wird in Methylenchioﬁd geldst und unter Eiskiihiung mit einer
Verbindung der aligemeinen Formel M, wobei Cyc1, Cyc2, n, R3, R4, RS die oben
beschriebenen Bedeutungen haben, zur Verbindung der aligemeinen Forme! N
umgesetzt. ' ’ :
10 Die Verbindung N wird in Methylenchilorid geltst und mit BBra-Dimethyisulfidkomplex
‘'umgesetzt, und man erhait so die Verbindung der aligemeinen Formel G.

Die Verbindung G wird mit Essigsdure-4,5-diacetoxy-6-acetoxymethyl-2-bromo-
tetrahydro-pyran-3-yl-ester und Kaliumcarbonat in einer Mischung aus Methytenchlorid
15 und Wasser in die Verbindung der aligemeinen Formel H umgesetzt.

Die Verbindung H wird eéntweder zunschst mit Natriumborhydrid in einer Mischung aus
Methanol und Tatrahydrofuran umgesetzt und anschlieBend in Etnanol unter
Wasserstoffatmosphare in Gegenwart von Palladium auf Kohle in die Verbindung der

20 aligemeinen Formel J Gberfihrt, oder die Verbindung H wird in Acetonitril geidst und in
einer Mischung aus Natriumcyanoborhydrid und Chlortrimethylsitan direkt zur
Verbindung der aligemeinen Formel J umgesetzt.

papers
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Verfahren C: ' )
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Es wird die Verbindung der aligemeinen Formel L, wobei R1 und R2 die oben
5 beschriebenen Bedeutungen haben, in DMF geldst und mit Phosphoryichlond versetzt,
wobei eine Verbindung der aligemeinen Formet P erhalten wird.

BES
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Tabelle 1: Verbindungen der Formel |

29
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HO
HO. .
2 R A N
HO o/<\_<?s)/ ~——R3,
. Cyc i
OH re /N g Y f/'
8sp. |R1, R2 A (Verkntipfung [ Cyct R3, R4, R5 ms*
in 2-Position )
Thienyl)
1 H, H -COCHzCHy |Ph- 4-OCHa, H, H ok
2 H.H -CO-CHzCHz |Ph 3-0-(CHz)z-0-4, H ok
3 H.H ~CO-CHzCHz |Ph 3-O-CH;-04, H oK
4 H.H “CO<CH,CHy |Ph 3-CH=CH-04, H ok
5 H,H COCHzCH,- |3-Thiophen [H, H, H B ok
) H,H COCHzCHy |2-Thiophen [H, H, R™ ok
7 H, H CHr R 4-O-CHs, H, H oK
8 |H.H —Co- Ph 4-6CH,, A H ok
9 H.H “CHx “Ph IH, A H ok
10 |H.H -CH{OH)- Ph H HH ok
11 |A.H “CH,- Ph 4-0-CoHs, H. H ok
M2 |/ H CH- Ph 3-O-CHz, 40-CHs, H ok
3 |H.H CHz Ph 30Crfim HH ok
14 [HH -CHz- Ph (4°F H, H ok
5 |H,H “CHz- Ph 41 H, H ok
8 [HA CHx Ph 4NO, H.H oK
17 |H.H —CHy- Ph [4Chs H. A ok

WO 2004/007517 PCT/EP2003/00684)
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18 JH. H CHz Ph 3-CHa, H, H ok
19 |H.H CHx Ph 2-CHa, H, H ok
20 |H.H -CHz- Ph 4-CHs, H, H ok
21 [H.H ~CHy Ph 3-CHa, 4-O-CHs, 5-CHj | Ok-
22 (A, A Thy T Ien 30-CF-04, H ok
23 A, H “CHz- Ph 4-C3Hy, H, H ok
24 (H,H -CHy- Ph 4-C(CHa)s, H, H ok
425 H.A - Ph 40F, W H ok
26 0. H CHy Ph 4-O-CHzPh, A, H ok
37 |A.A <y 3Thiophen [H,H. H oK
28 |H.H CHx- 2-Thiophen |4-CH=CH-CH=CH-5, H |ok
29 |H. H CHz Ph 3°0-CHa, H, H ok
30 |H.H CHx Ph 4CN A H ok
31 HH CHy 7 Ph 3°0-CHz0-4, H, B ok
132 TH,H -CHp Ph 4-S-CHy, H, H ok
33 [H.H CH Ph 4-0-CyHg, H, H oK
34 H H CHz Ph 4-OCF,, H, H ok
35 |H,H THz . Ph 4-COOH, H, A ok
% [H.H CH-Chr PR T T [40CHs B H ok
37 A -CA=CH- - PR 2-0-CHa, 1, H ok
38 |H.H CH=CitT Ph aF, 1R ok
39 |H.H ~CH=CH- Ph TaCrL i H ok |
40 |H.H ~CH=CH-~ Ph 4-0CzHs, H, H ok
41 {H,H “1-CH=CH- Ph 4CHs, H.H ok
42 H, H -CH=CH- ~ ~ |Ph 4-OH, H, H ok
43 |H.H CH;CHz Ph 4F, H H ok
4 [A.H CHzCHz~ Fh 4-CLH. R ok
45 |H,H “CH;CHz Ph 4-O-CqHs, H, H ok
26 [H,H “CHzCH~ Ph 4CHa, H, H ok
47 JH.H CHCHz Ph 4-OH, H, H ok
48 [H.H CH=CH-CHz |Ph 4-OCHs, H, H ok

665
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H
49 A H T [-CHrCH,CH, [Ph 4-0-CH3, H, H ok
5 [H.H CH=CH-CHz |Ph 3-O-CH,-O-4, H ok
51 |5CH(CHg)z, H [-CHz Ph 4-0CHy, H H ok |
52 |5Ph, H -CHy Ph 4°0CHs, H. H oK
53 |5-CHa, H CHx Ph 40CH, o, H ok
54 |5-Cra A Ty “TIRR 40Chs, AL H oK
55  |H,H CO-NH-CHz- [Ph H HH ok
56  |H,H CONH-CHz |Ph _ |4OCHs H,H ok
57 |H,H “CONHCHz |Ph 3°0-CHO4, H ok
58 |H,H -CONH-CH |Ph 4-0CFs, H, H ok

* Unter der Angabe "MS ist ok™ wird verstanden, dass ein Massenspektrum oder
HPLC/MS gemessen wurde und.in diesem der Molpeak M+1 (MH*) und/oder M+18
(MNH,*") und/oder M+23 (MNa") nachgewiesen wurde )




