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PATENTE DE INVENCION ] MODELO DE UTILIDAD [ ___ | Art. 33 Decision 486/00

Indicacién que se salicita una patente

Datos de identificacion del solicitante o de la persona que presenta la solicitud
Descripcion de la invencién

Dibujos de ser estos pertinentes

Comprobante de pago de las tasas establecidas (de ser el caso formato de descuento)

Completa :] Incompleta [:l
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PATENTE DE INVENCION PCT [ X_| MODELO DE UTILIDADPCT [ ] Art. 33 Decisién 486/00
Circular Unica

Indicacion que se solicita una PCT
Datos de identificacién del solicitante o de la persona que presenta la solicitud

Copia de la solicitud en espafiol, tal como fue presentada inicialmente (capitulo descriptivo,
reivindicatorio, resumen)

Dibujos de ser estos pertinentes
Comprobante de pago de las tasas establecidas (de ser el caso formato de descuento)

Completa [ X_| Incompleta [ |

DISENO INDUSTRIAL ] (Art. 119 Decision 486/00)

Indicacion que se solicita disefio industrial
Datos de identificacién del solicitante o de la persona que presenta la solicitud

Representacidn grafica y fotografica del Disefio Industrial 0 muestra del material que incorpora
el disefio

J UL

Comprobante de pago de las tasas establecidas

Completa [ | incompleta [ |

ESQUEMA DE TRAZADO 1 (Art. 92 Decision 486/00)

Indicacion que se solicita un esquema de trazado

Datos de identificacién del solicitante o de [a persona que presenta la solicitud
Representacion grafica de un esquema de trazado

Comprobante de pago de las tasas establecidas

0L

Completa :l Incompleta [::l
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PCT
ENTRADA EN FASE NACIONAL
@ SOLICITUD DE:
[[X JPatente de Invencisn. [ JPatente de Modelo de Utilidad.
[ [X Icapituio! [_Jcapituio
Nombre; SHIONOGH & CO., LTD. ]
IDENTIFICACION
SOLICITANTE {71) Direccién: 1-8, Doshomachi 3-chome
Chuo-ku, Osaka-shi C.C. ) nr [
Osaka 541-0045
JAPON
_ Domiicilio: Osaka - JAPON
” Lugar de Constitucion: JAPON CE D Otro I:l
Teléfono: Fax: Cual
E-mail: Numero
Nombre: MARGARITA CASTELLANOS A. IDENTIFICACION
REPRESENTANTE
O APODERADO Direccion: CALLE 94A No. 7A-09 cc. {x] NT [
Teléfono: 7560770  Fax: 7550158 ce. [ otro []
Cual -
E-mail:  info@castellanosyco.com Numero 39'779.654 TPA  70.819
INVENTOR (ES) (72) VER ANEXO # 1
(8 PCT(86)
m Solicitud Internacional No. PCT/JP2009/068400 Fecha 271072009
Publicacién Internacional No. WO 2010/050468 A1 Fecha 06/05/2010
@ Titulo (54) CEFAROSPQORINAS QUE TIENEN UN GRUPO CATECOL

Clasificaci6n Internacional (51)

CO7D 50524, A61K 31/5365, A61K 31/546, AB1K 31/55, A61P 31/04, CO7D 501/46,

d g

CO07D 519/06
Prioridad (33} Pais de Origen {32) Fecha (31) Numero de Solicitud
P 31/10/2008 2008250828
sik] ~No [
(® comprobantes de pago Nos. 11-0023005 y 11-0023008 Fecha Marzo 14 de 2014

Instrucciones para el diligenciamiento del presente formulario, ver reverso de esta pagina,

e —————
P102-F06 (2008-06-09)
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Anexos

[CX"JComprobante de pago de la tasa de presentacion de la solicitud.

mDocumento que acredita la existencia y representacion legal cuando el solicitante sea persona juridica.
Poderes, si fuere el caso, junto con 1a sustitucién del mismo a mi favor

DDocumento de cesion del inventor al solicitante ¢ a su causante.

[_Jpectaraciones.

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

Traduccién de la solicitud internacional al castellanc (Resumen, descripcion, reivindicaciones, dibujos).
DCopia del examen preliminar internacional efectuado por la Autoridad Internacional de Examen Preliminar (IPEA).
[_Jraduccion del examen preliminar internacional efectuado por la IPEA.

r De ser el caso, copia del contrato de acceso.

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

[Joe ser el caso, certificado de depésito del material biologico.

mﬁ\ne final 12x12

DDE ser &l caso, informacion sobre otras solicitudes de patente o titulos obtenidos en el extranjero por el mismo
titular 0 su causante, relacionadas parcial o totalmente con la invencion de esta solicitud.

De ser el caso, modificaciones efectuadas a la solicitud internacional.
Otros: Tarjeta Propietario, Extracto para la publicacién

@ FIGURA CARACTERISTICA:
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@ Solicito la concesién de la patente,

NOMBRE: MARGARITA CASTELLANOS ABONDANO

FIRMA;

. No. 39'779.654 Usaquén - TPA 70.819.,

Y= Bara 201

Instrucciones para el diligenciamiento del presente formulario, ver reverso de esta pagina. - MCA/gcb - P2170

PI02-FO6 (2008-06-09)
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CASTELLANOS & COLTDA
ABOGADOS
Calle 94 A No. 7 A-09
Bogot4, D.C. - COLOMBIA

ANEXO # 1
INVENTORES

1. YASUHIRO NISHITANI
c/o Shionogi & Co., Ltd.
12-4, Sagisu 5-chome
Fukushima-ku, Osaka-shi
Osaka 553-0002
JAPON

2. KENJI YAMAWAKI
c/fo Shionogi & Co., Ltd.
12-4, Sagisu 5-chome
Fukushima-ku, Osaka-shi
Osaka 553-0002
JAPON

3. YUSUKE TAKEOKA
c/o Shionogi & Co., Ltd. Shionogi Innovation Center for Drug
Discovery, North 21, West 11
Kita-ku, Sapporo-shi
Hokkaido 001-0021
JAPON

4. HIDEKI SUGIMOTO
¢/o Shionogi & Co., Ltd.
12-4, Sagisu 5-chome
Fukushima-ku, Osaka-shi
Osaka 553-0002
JAPON

5. SHINYA HISAKAWA
c/o Shionogi & Co., Ltd.
12-4, Sagisu 5-chome
Fukushima-ku, Osaka-shi
Osaka 553-0002
JAPON

6. TOSHIAKI AOKI
¢/o Shionogi & Co., Ltd.
12-4, Sagisu 5-chome
Fukushima-ku, Osaka-shi
Osaka 553-0002
JAPON
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PODER POWER OF ATTORNEY

. .
El Jos) suscrito () _en_representacidn de 1 (we) the undersigned. Shionogi & Co., Ltd.

Shionogi & Co., Ltd.

domiciliado {s) en_1~84 Doshomachi 3-chome, Chuo-ku

of

Osaka-shi, Osaka 541-0045 JAPON

1-8, Doshomachi 3-chome, Chuo-ku

Csaka-shi, Osaka 541-0045 JAPAN

nombra(n} por el presente a XIMENA CASTELLANOS A. y/o
MARGARITA CASTELLANOS A. abogadas con oficinas en la Carrera 9 No. 93-
09, Bogoté - Colombia para

hereby granis) Power of Attorney to XIMENA CASTELLANOS A. and/or
MARGARITA CASTELLANOS A. atromneys residing at Carrera 9 No. 93-09
Bogota - COLOMBIA to

¥ para obtener la protecddn de mi (nuestra) propiedad industrial y con este

fin autorizamos a dichos apoderados para que nos representen ante ]

cualesquiera autoridades o personas de los Grdenes administrative,
contencioso-administrativo y judidal en todo 10 relacionado con los siguientes
¥ gestiones:

a} Obtencidn de patentes de invencion , modelos y dibujos industriales;
registro de marcas de fabrica, de serviclo, colectivas o defensivas y de
denominaciones de ofigen; depdsito de nombres y ensefias comerciales; su
renovacién promoga, inscripeidn de traspaso y cambio de nombre o domidilio,
cancelacién voluntaria y ef registro de licencias de uso de esos derechos;
b} Para Ia obtencién de Registros Sanitarios; €) Acciones de oposicitn,
observacitn, cancelacidn, nulidad, medidas cautelares y en general los juidos
civiles, penales, administrativos o contencioso-administrativos que
promevamos o se nos promuevan, pudiendo en todos los actos ¥ gestiones
ammiba determinados sustituir £ste mandato, transigir, desistir, recibir, cancelar,
renunciar, aceptar notificaciones y nombrar apéderados judiciales y
extrajudicales. )

Dado ¥ firmado hay__18 de Octubre del 2002

and to obtain the protection of my (oun industrial property, for which purpose
we authorize the said amorneys to represent us before any authorities or

"persons, spedally those, adrinistrative contentious and judicial, in alf matters

concerning the following -

a) Obtention of patents, models and designs; registration of trademarks,
service, collective and defensive marks, and of designafions of arigin; the
deposit of commercial names and ensigns; its renewal , sxtension, recordal
of assignments, change of name or demicile, voluntary cancellation; and the
registration of licenses of use of the above rigths; b) For de obtention of
Sanitary Registrations; ¢ Actions of opposltion, cancellation, nullity,
infringement, granting of licenses; and in general the civil, ciminal and
administrative suits related to those rigths; actions and suits instituted by us
or against us; and that in all the above matters they may substitute this
Power of Attorney, compromise, desist, cancel, receive, renounce, accept

notifications and appoint attorneys in fact, in or out of Court .
Given and signed this_ 18th day of October, 2002

. = LT

&,

in___ Osaka, JAPAN B

en Osaka, JAPON py  Motozo SHIONO, President
Shionogi & Co., Ltd., :
Por Shionogi & Co., Ltd. B RN

Motozo SHIONO - Presidente

tary should execute on other side)
(Consular legalization necessary)

Osaxalecar ArrairsBuReAu

‘NOTARY,

(Notary should execute on other side)
(Consular legalization necessary)

\wslee &

1-2, HIRANO-MACH], 2-CHOME,
CHUO-KU, OSAKA JAPAN

) ALVARO CASTELLANOS M.&LCIA.

Carrera 9 No, 93-09 - P.0. Box 6349 - Bogot4, Colombia.
S: [571) 610 7420 /60 / 80 - Fax. (5?1) 610 0706 - e-mail acastelk@impsat.net.co
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e RECIBO DE CAJA
Industria y Comercio
SUPERINTENDENCIA

No. 11 - 0023005

Bogota D.C., Marzo 14 de 2011 - 15:02:03

RECIBIDO DE : CASTELLANOS Y Y CO N1 800.174.641

*** Soporte del Pago ***

TIPO PAGO BANCQO CUENTA | No. PAGQ FECHA PAGQ VR.PAGO
CONSIGNACION BANCO DE BOGOTA 062754387 20234535 14/03/2011 18.315.950.00

*** Conceptos Pagados ***

_CANT RENTISTICO CONCEPTO Ve UNDITARIQ  Vr CONCEPTO
1 50005-01-01 SOLICITUDES ‘ 1 IL%%N&EOSN DE $OL. DE PATENTE DE 571.000.00 571.000.00

$571.000.00

SON: “*QUINIENTOS SETENTA Y UN MIL PESOS MONEDA CORRIENTE"

Responsa IS

.- . ‘ ) SUPERINTENDENCIA DE ! ]
‘ Recibo_de }a’,&ﬁado al Expediente No. Soel i Y COMERGIO

RS

3320- -00000-0000
Fecha: 2011-0502 13:52:56  Dep. 2020 DIR.NUEVASCR

Tra. 11 PATENTEIYN Eve: 378 FASENACI
Act. 411 PRESENTACION Folios: 483 ONALI

Sede Centro: Carrara 13 Na. 27 - 00 Pisos 3,4,5 y 10 Bogota, D.C.- Colombia

Wob: www,sic.gov.co e.mai: info@sic.gov.co Conmutador: {571) SB70000 Fax: (571) $870284 Linoa: 018000-310165 Calt Center: {571) 6513240
. Marzc 14 de 2011 - 15:02:07
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APOSTILLE

(Convention de La Haye du 5 octobre 1961)

Country: JAPAN

This public document

- has becn signed by Isan ABE

. acting in the capacity of Notary Public of the Osaka

Legal Affairs Burcau

bears the seal/stamp of - Isao ABE, Notary Public

Certified

. at Osaka 5 0CT.21.2002

- by the Ministry of Foreign Affairs

. No. 03188

10.  Signature:

For the Minister fur/F:g;ggg :
s "’ﬁ: N

~ iy,
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(TRANSLATION)
Registered N0.8 2 0 /2002 -

NOTARIAL CERTIFICATE

This is to certify that Motozo SHIONO, President of SHIONOG! & CO.,
LTD., a corporation existing under the laws of Japan and residing at 1-8,
Doshomachi 3-chome, Chuo-ku, Osaka, Japan, who has been authorized to grant
Power of Attorney, has stated by his agent, Asako HIRATA, in my presence that
said Motozo SHIONO acknowledged himself to have singed the Power of
Attorney attached hereto.

At the office of Isao ABE, Osaka, Japan
On this 18* day of October, 2002

e Al
7

Isao ABE
NOTARY

Osaka Legal Affairs Bureau
1-2, Hirano- Machi, 2-Chome,
. Chuo- ku, Osaka Japan

f/ Osaialcar, AFFARSBL
‘NOTARYX

"\!-% HIRANO-MACHL 2-CHOME,
CHUO-KU, OSAKA JAPAN

600009
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CERTIFICATE
This is to certify that the annexed Notarial Certificate has

been execated by Notary,duly apthorized and practising in Oseka,
Japan, and that the Official Seal appearing on the same is genuine.

- Date 02.10.27

o ————
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----- TRADUCCION OFICIAL No. 02-1101~---=xevmceemmmmmme o

de un documento escrito en INGLES, el cual para su identificacion lleva el
sello de la Traductora e Intérprete Oficial, Res. 2755/68 y 01144/97 de
Minjusticia, al igual que la presente, «-———-m-smmmomme e
CERTIFICADO NOTARIAL
La presente es para certificar que Motozo SHIONO, Presidente de
SHIONIGI & CQ., LTD. una sociedad existente bajo las leyes del Japén y
residente en 1-8, Doshomachi3-chome, Chuo-ku, Osaka, Japon, quien ha
sido autorizado para otorgar Poder, ha manifestado por medio de su
agente, Asako HIRATA, en mi presencia que dicho Motozo SHIONO
reconocié él mismo haber firmado el Poder adjunto al presente.
En la oficina de isao ABE, Osaka, Japon
Hoy dia 18 de Octubre de 2002
(tdo) ilegible
Isao ABE
NOTARIO
Oficina De Asuntos Legales de Osaka
1-2, Hirano- machi, 2-Chome,
Chuo-ku, Osaka, Japon

(Seilo} Oficina de Asuntos

NOTARIO

DE BERNAL

]
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Chuo-ku, Osaka, Japon

CERTIFICADO .
La presente es para certificar que la firma que aparece anteriormente ha sido
impuesta por Notario, debidamente autorizado y en ejercicio en Osaka, Japén, y
que el sello oficial que aparece en el mismo es auténtico.
Fecha: 02.10.21

Director de la Oficina de Asuntos Legales de Tokyo
. APOSTILLA
{Convencién e La Haya del 5 de Octubre de 1961},
1. Pais: JAPON
Este documento publico
2. ha sido firmado por Isao ABE
3. actuando en su carécter de Notario Piblico de la Oficina de Asuntos
Legales de Osaka

4. lleva el selio de Isao ABE, Notario Publico

Certificado
5. en Osaka 6. E]1 21 de Octubre de 2002

7. por €l Ministerio de Relaciones Exteriores

8. No. 03188

9, Sello:
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Takeshi SATO

Por el Ministro de Relaciones Exteriores.

Es traduccion fiel y completa, a la cual me remito,

Bogot4, Noviembre 13, 2002
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(19) H RABIPT B RS '
XL, O O O IIIIIILH;IIIII:I![EI AR O
(10) B 2HES
43) BfR 2R .
2010 % 5 A 6 H(06.05.2010) WO 2010/050468 Al

1) BERMFTSE ' - ABTEEREMNSTE12%45 K55
CO7D 505/24 (2006.01)  AGIP 31/04 (2006.01)° WEHKXSHA Osaka (). WK B Z(vA-
AGIK 31/5365 (2006.01) - CH7D 501/46 (2006.01) - MAWAKI, Kenji) [JP/IP]; T 5530002 KBR AT KR
AGIK 31/546 (2006.01)  CO7D 519/06 (2006.01) FEEENSTHE 12845 HEHSHEH
AB1K 31/55 (2006.01) ' pankc- o |7q Osaka (JP). TTE  #5 88 (TAKEOKA,
) ERHEES. PCT/IP2009/068400 - ﬁ"g%"'%) 'fpﬁ”%‘ QT 001-‘/0?12-1} E;ﬁ@lj%gﬁ jﬁ j\tf :E g
(22) EFFHER: 2009 £ 10 B 27 B(27.10.2009) ¥ 3 —AN Hokkaido (JP). & HESUGI-
=y A e MQTO, Hideki) (JP/IP]; T 5530002 KR FFAKAT+E
(25) EFHBAOEE: : BAREE %%‘%M 5TH 1 2%;4? 1;55;,%@%&3&
9 = /A\BRO) =B HAZE = Osaka (JP), l (HISAKAWA,
al E_']W'L\Ef , HE ;inya) [IP/IPY; T 5530002 KERFFKRATIEERE
@0 BEET—2. ‘ METEH12%45 HEFEHEHBAHR
4558 2008-280828 2008 & 10 A 31 B(31.10.2008) Jp Osaka (IP). TR £ (AOKI, Toshiaki) [JP/IP) T
a1 HEA CREZBR 2 TORERIZONT) & 5530002 XE&H?XBEH‘T?%%E%M 578128

735 RS B 7 2 % (Shionogi & Co., Ltd.) [JP/P]. T 4% EHERERKIRIN Oskaqr).
5410045 KIRFFRIRA P REEBETI3TEB 1HE  (74) REA B HE, 5 TAKAYAMA, Hirotsugu
8% Osaka (IT). ctal), T 5530002 RERABRTESEXEMS TH
(717) EBAE; 5L U : 12845 BHEBHEHKIASH HANUEL

(75) EHB/MBEA CKBIZ 2 TOH): BS EE Osaka(IP)
(NISHITAN]Y, Yasuhiro) [JP/IP]; T 5530002 KR A

$REA]

2010/050468 A1 TN T 00 0 SRR O

(54) Title: CEPHALOSPORIN HAVING CATECHOL GROUP
(34) RPOBM . AT A—LVEFFHFTE2ET770AR) U5

E cood

e S )
N' ;———f!l/ /N‘.‘-" )
/\0 o %\A ™ G—B—=—D (n
. I

7 ) .

(57) Abstract: Disclosed is a cepbem compound represented by formula (I) [wherein X represents N, CH, or C-Cl; T repsesents S,
or the like; A and G independently represent a lower alkylene, or the like; B represents a single bond, or the like; D represenis a
single bond, -NR"-CO-, -CO-NR’-, -NR"-CO-NR’-, or the like; E represents a lower alkylene which may be substituted; F repre-
sents a single bond, or a phenylene which may be substituted; R3, R, R? and Rf independently represent a hydrogen, a halogen, a
nitrile, or ~OR®; R® represents a hydrogen, or the like; and a group represented by formula (IT) represents a saturated or unsaturat-
ed monocyclic or ring-fused quaternary ammonium group which has ai least one N atom and may be substituted, wherein the
dashed line represents a bond in the ring], an ester of the cephem compound, a protected product of the cephem compound in
which an amino group located on the ring in the chain on the 7-position side is protected, a pharmaceutically acceptable salt of the
cephem compound, the ester or the protecied product, or a solvaie of the cephem compound, the ester, the protected produst or the
pharnaceutically acceptable salt, which has a broad antibacterial spectrum and particularly has a potent antibacterial activity
against B-Jactamase-producing Gram-negative bacteria.  Also disclosed is a pharmacentical composition comprising the cephem
compound, the ester, the protected product, the pharmaceutically acceptable szlt or the solvate.

ENE: 3 oF
(EEA
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WO 2010/050468 Al HllllIl!lllll[(lllllllll[lIIIII T A0 0 A

(81) 18 E@(‘.\%TU)QL‘BEU L TOREOERE NA, SD, SL, SZ, TZ, UG, ZM, ZW), 1 — 35 & 7
SEASEIHE ) AR, AG, AL, AM, AO, AT, AU, AZ, BA, (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — B w /<
BB, BG, BH, BR, BW, BY, BZ, CA, CH, CL, CN, CO, (AT, BE, BG, CH, CY, CZ, DE, DK, £, ES, FL FR, GB,
CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, FI, GR, HR, MU, IE, IS, IT, LT, LU, LV, MC, MK, MT, NL,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, I, IS, NO, PL, PT, RO, SE, SI, SK, SM, TR), OAPI (BF, B3J,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, N¥, SN.
LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, TD, TG}.

MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PE, PG, PH, B
PL, PT, RO, RS, RU, SC. S, SE, $G, SK, SL, §M, 5T, 11 BRIER: |

SV, 8Y,TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, — ERREHRE (RHF 21 £03))
VN, ZA, ZM, ZW.

89) JERE ERDHENBY %’CG)E%E(DIEEH%
SEAUATEE): ARIPO (BW, GH, GM, KE, LS, MW, MZ,

LEGREARY bAUEREL, BIZp—S948v—HRET S ARREICN LBNVAESEERYT . £ -
(ﬂ¢‘X@N~CHRHC—CI\T@S%\A&UG@ﬁﬁ7w#bJ$ BIZEEEF. DIgH
B, ~NR’—CO—~, —CO—NR’ —XiZ~-NR' —CO—NR"—%. EXEBBRIATLTE L0
ﬁﬂ?»#bz.FHE%%R@%@&&TUT%&U?IZDJ\RS,R4FF&URGM%Q@*
LTHKE. NBY Y, ZPYNLRIFT—-0ORE, REEEAMIILTKEE, Bz, K13, 7 EL
NEF# 1EULETD, BREATOTLLIVENE L EIFBNOEERA L HESERDIGT >
EoDLETHS, BWIREBAOKEEETRT, ) TRENIDELIILESY. TAFALEK, BLLEE
D7 HAEORLEDT I/ RICHEGTAFREFX G IN o ORHELHBSNIEEL LT o OB
W, YPIZZThESF T 2EEER TINS5,
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DESCRIPTION
CEPHAROSPORINS HAVING A CATECHOL GROUP

[Technical Field]
[0001]

The compounds of the present invention are rélated to cephem compounds, which
have a wide antimicrobial spectrum, and in particular exhibit potent antimicrobial activity
against beta—lactamase producmg Gram negative bacteria, and pharmaceutical
composition comprising the same. ’ '

[Background Art] '
[0002]

To déte,'a variety of beta-lactam drugs have been developed and beta-lactam
drugs have become clinically extremely important antimicrobial drugs. However, there are
increasing number of bacterial typés which have obtained resistancy‘against beta-lactama
drugs by producirig’beta~lactama’se which degrade beta-lactam drugs.

According to the Ambler ‘molecular classification, beta-lactamase are largely
classified into four classes. SpeCIflcaHy, those are Class A (TEM type, SHV type, CTX-M
type and the like), Class B (IMP type, VIM type, L-1 type and the like), Class C (AmpC
type) and Class D (OXA type and the like). Amongst these, Classes A, C and D types are
largely classified into serine—beta-’lactameise, and on the other hand, Class B type is
classified in to metallo-beta-lactamase. It has been known that both have respectively
different mechanisms to each other.in terms of hydrolysis of beta-lactam drugs.

Recently, clinical problem has been occurring due to the existence of Gram
negative bacteria which have become highly resistant to beta-lactam drugs including
Cephems and Caf‘bapenems by production of Class A or D types serine-beta-lactamase
and Class B type metallo-beta-lactamase which have extended their substrate spectrum.
Particularty, metallo—beta-lactamase'is known to be one of the causes of obtaining multi-
resistancy in Gram negative bacteria. Cephem compounds which exhibit intermediate
activity against metallo-beta-lactamase producing Gram negative bacteria are known
(e.g., Patent Literature 1 and Non-Patent Literature 1). However, there is a demand for
devetopment of Cephem compounds which exhibit more potent antimicrobial activity, in
particular effectivity against a variety of beta-lactamase producing Gram negative bacteria.
{0003] '
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One of known antimicrobials having high anti-Gram negative bactericidal activity is
Cephem compourids having a catechol group intramolecularly (e.g., Non-Patent
Literatures 2-4). The action thereof is that the catechol group forms a chelate with Fe®,
thereby the compound is efficiently incorporated into the bacterial body by means of Fe3+
transportation system on the cel.lula_r membfa_ne {tonB-dependent iron transport system).
Therefore, research has been. cdnducted .on compounds having catechol or similar
structure thereto, on the 3-position side chain 6r 7-position side chain on the Cephem
backbone, | A
{0004] _ . ,

Patent Literatures 2-8 and Non-patent Literatures 2-11 and 16 disclose
compounds havin'g‘_a catechol or a sturcture similar thereto on the 3-position side chain of
the Cephem backbone. o | '

Patent Literature 9 and Non-patent Liierafures 12-15 disclose compounds having a
catecho! or a étur_cture similar thereto on the 7-position side chain of the Cephem
backbone.

Non-patent Literatures 7, 9, 10 ahd 12-15 describe Cephem compounds which
have been stabilized against beta-lactamase.

However, these references do not ‘disclose the compounds of the present
invention. Furthermore, these 'references, which describe Cephem compounds having
catechol group ‘intramolecularly, have no specific -description regarding metallo-beta-
l[actamase of Cia.s‘s B type, or antibacterial activity against wide spetcrum of Gram
negative bacteria including Class B type. .

Patent Literatures 10 and 11 do not specifically disclose Cephem compounds
having catechol type substituents. -

[Prior Art References]

{Patent Literature]

[0005]

[Patent Literature 1] international Publication Nb. 2007/119511 pamphlet

[Patent Literature 2] Japanese L_aid-'Open F’u_blii:aition No. H3-173893

[Patent Literature 3] Japanese Laid-Open Pﬁblication No. H2-15080

[Patent Literature 4] Japanese I-_aid-Open Publication No. H2-28187

[Patent Literature 5] Japanese Laid-Open Publication No. H2-117678

[Patent Literature -6] Japanese PCT National Phése Laid-Open Publication No. H6-
510523 '
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[Patent Literature 7] Japanese Laid-Open Publication No. H5-213971
[Patent Literature 8] Japanese Laid-Open Publication No. H2-28185
[Patent Literature 9] Japanese Laid-Open Publication No. H6-345776
[Patent Literature 10] International Publication No. 2007/096740 pamphlet
[Patent Literature 11] International Publication No. 2003/078440 pamphlet
[Non-Patent Literature] | .
[00086] o .
[Non-Patent Literature 1] The Journal of Antibiotics, VVoi 61, pp.36-39(2008)
[Non-Patent' Literature 2] The Journai of Antibiotics, Vol. 43, pp.1617-1620(1990)
[Non-Patent Literature 3] The Journal of Antibictics, Vol.42, pp.795-8_06(1 989)
[Non-Patent Literature 4] The Journal of Antibiotics, Vol.46, pp.833-839(1993)
[Non-Patent Litefa‘iure 5] The Journal of Antibiotics, Vol.46, pp.840-849(1983)
[Non-Patent Literature 6] The Jqurhél of Antibiotics, Vol.46, pp.850-857(1993)
{Non-Patent Literature 7] Thé Journal of Anti‘bioti'cs, Vol.46, pp.1458-1470(1993)
[Non-Patent Litérat_ure 8] The Journal of Antibiotics, Vol.48, pp.1371-1374(1995)
[Non-Patent Literature 9] The Journal of Medicinal Chemistry, Vol.35, pp.2631-
2642(1992) N |
[Non-Patent Literature 10] The Journal -of Medicinai Chemistry, Vol.35, pp.2643-
2651(1992) '
[Non-Patent Literature 11) Bidorganic & Medicinal Chemistry Letters, Vol.5, pp.963-
966(1995) :
[Non-Patent Literéfure 12] The Journal of Antibiotics, Vol 48, pp.417-424(1995)
[Non-Patent Literature 13] The Journal of Antibiot_ics, Vol.41, pp.377-391(1988)
[Non-Patent Literature 14) The J,ourhai of Ar_itibii'atics, Vol.49, pp.496-498(1996)
[Non-Patent Literature 15] The Journal of Antibiotics, Vol.46, pp.1279-1288(1993)
[Non-Patent Literature 16} Applied Microbiology and Biotechnology, Vol.40, pp.892-
897(1994)
[Abstract of Invention]
[Problems to be solved by the Invention]
[0007] o -

The present invention provides Ce_phem compounds which exhibit potent
antimicrobial spectrum against.a ;uariety of bacteria including Gram negative bacteria

and/or Gram positive bacteria.
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Preferably, the present invention provides Cephem compounds which exhibit
potent antimicrobial activity against beta-lactamase producing Gram negative bacteria.

More preferably, the present invention provides Cephem compounds which exhibit
potent antimicrobial activity against multi-dfug resistant microbials, in particular, Glass B

5 type metalio-beta-lactamase producing Grarh negative bacteria.
Still preferably, the present invention provides Cephem compounds which do not
exhibit cross—resiétance against Rnown Ceph'em drug or Carbapenem drugs.
[Means for solving the probiems] ‘
[0008]
10 The bresént invention provides Cephem combounds which have solved the above-
mentioned problems having at least following structural features:

1) The compounds of the pfesent invention have cyclic quarterly ammonium group
on the 3-position éide chain, and a catechol type substituent on the extreme thereof,
preferably, have a chloride atom on fhe benzene ring of the catechol group;

15 2) The compounds 6f 'the present- invention have a spacer moiety (-G-B-D)
between the’qua'rterly ammonium group and the catechol type substituent;

3) The compounds of the present invention have an aminothiadiazol ring or
aminothiazol ring on the 7-position side chain, and a carboxylic group on the extreme of
the oxime moiety: |

20 [0009]
Specifically, the present invention provides the following inventions:

1) A compound of the formula:

[Formula 1]
S"-.
X 0O
HQN—<\ | H R3
N/J\“)‘L /:__ R4
N/\o 5 G—B—D—( (1)
E\ R®
' F.. Rt
/
HOQC

25  wherein, _
Xis N, CH or C-CI;
Tis §, 5=0, CH, or O;
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A is lower alkylene, lower alkenyléne or Iqwér élkynylene;

G is a single bond, optionally substituted .[ower alkylene, optionally substituted lower
alkenylene, or optionally substituted lower alkynylene;

B is a singie bond or 5- or 6-membered heterocyclic group containing at least 1 to 3 N
atom(s};

D is a single bond, -CO-, -O-CO-, -CO-0O-, -NR -, -NR”-CO-, -CO-NR" -, -NR’ -CO-
NR'-, -O-, -8, -80-, -80; -NR -, -NR’-80; -, -CH, -NR" -CO- or -S0; ;

Eis optionally-substituted lower a_lkylene;' |

F is a single bond or optionally éubstitutec_! phenylene;

R®, R*, R®and R each is independently hydrogen, halogene, nitrile, or -ORE

R each is independentiy hydrogen or optionally substituted lower alky!;

R® each is independently hydrogen, lower alkyl, halo(lower)alkyl, lower alkylcarbony
or carbamoyl; | |

A group of the'.ft‘armula:

[Formula 2]

@ -
N -
A/\ G

is an optionally- substituted, saturated oriuhsaturated, monocyclic or fused cyclic
quarternary ammonium group contaihing at least one or more N atom(s);

the broken line shows a bond in the ring; -

provided that wHen G bonds to a cationic N atom, the broken line is absent, and when
G does not bond to a cationic N atom, the broken line shows a single bond between the
cationic N atom and a neighboring étom or _sho'w.s lower alkylene between the cationic N
atom and a ring-forming atom other than the neighboring atom; and when G is a single
bond, B is a single bond and D is-NH-CO- or--S-, a group of the formula:

[Formula 3]

is not a group of the formula:
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[Formula 4]
= f'
|
A—Nx
@ \/

wherein, a hydrogen atom(s) may be substituted;

G

an ester, a protected compound .at the amino on the ring in the 7-side chain, a

pharmaceutically acceptable salt or a solvate thereof.

[0010Q]

2} The compound, or an ester, a protected. compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable salt, or a solvate thereof according to item 1),
wherein ' '

said formuia

[Formula 5] A

@
N
A/\

is the following formula:

[Formula 6]
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3

wherein n is an integer from 0 to 5; k is an integer from 0 to 5, q is an integer from 0 to 3,
R is halogen, hydroxy, lower aiikyll, halo(lowef)élkyl, lower alkoxy, or halo(lower}alkoxy,
provided that R'® may be identical or different at k or q occurrences, and A and G are as

defined in item 1).

[0011]
3) The compound, or an ester, a protected compound at the amino on the ring in the 7-

side chain, a pharmaceutically acceptable salt,’or a solvate thereof according to item 1),

wherein

said formula

[Formula 7] '
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®
N.

Is the formula:

[Formula 8]
(HO k )n (Rw)q
@ @%\N\
G
A/N\\G . A/NW

Wherein n, k g and R are as defined in item 2), and A and G are as defined in item 1).
[0012] _

4) The compound, ‘or an ester, a protected'compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable. salt, or a solvate thereof according to any one

of items 1)-3), wherein R® and R* aré -OR®, whetein R8 is as defined in item 1).

[0013] )
5) The compound, or an ester, a protected compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable salt, or a solvate thereof according to any one

of items 1)-3}, wherein

the farmula
[Formula 9]
R3
R4
§ B

RE
is the formuia:
[Formula 10]
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RS DHB
— )
HB

wherein R, R*, R®, R® and R® are as defined-in item 1),

[0014]

6) The compound, or an ester, a protected compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable salt, or a solvate thereof according to any one
of items 1)-3), wherein ’ '

the formula:

{Formula 11]

R3
. H4
R5
HS
is the formula
[Formula 12}
Cl OH
| o

wherein R®, R, R® and R°® are as defined in it_em".1').

[0015] _

7) The compound, or an ester, a protected compound at the amino on the ring in the 7-
side chain, a pharmaceuticaily acceptable salt, or a solvate thereof according to any one
of items 1)-6), wherein A is -CHz -, -CH -CHj -, -CH, -CH, -CH, -, -CH=CH-, -CH=CH-CH, -
or -CH, -CH=CH-. ‘ o

[0016] ' |

8) The compound, or an ester, a brotected pbmpound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptabie salt, or a solvate thereof according to any one
of items 1)-7), wherein G is a single bond, -CHy -, -CHy -CHa -, -CHy -CHa -CHa -, -CH=CH-,
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-CH=CH-CH; -, -CH, -CH=CH-, -CH»-CH(CHj3 -, -CH, -CH( Pr}- or -CH, -CH(Ph)-, wherein
'Pr refers to isopropyl group, and Ph refers to a phenyl group.

[0017] _

9) The compound, or an ester, a protected'compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable sait, or a solvate thereof according to any one

of items 1)-8), wherein B is a single bond or the formula:
N ' N

[Formula 13]

O
YooY e XY

’ ] . ar .
[0018]
10} The compound, or an ester, a protected-compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable salt, or a solvate thereof according to any one
of claims 1-9, wheréin D is a single bond, -CO-, -0-CO-, -CO-O-, -NR’ -, -NR” -CO-NR’ -, -
NR™-CO- or -CO-NR’ -, wherein R”.is as defined in item 1).
[0019] . | o
t1) The compound, or an ester, .a protectedn c_ompound at the amino on the ring in the 7-
side chain, a pharmaceutically accéptable salt, or a solvate thereof according to any one
of items 1)-8), wherein D is a single bond, -CO-, NR -CO-NR’ -, -NR’-CO- or -CO-NR’ -,
wherein R’ is as defined in item 1), '
[0020] . )
12) The compound: or an ester, a protected compound at the amino on the ring in the 7-
side chain, a phér_maceuticaily acceptable sélt, or a solvate thereof according to any one
of items 1)-11), wherein E is the‘for'rr;ula:
[Formula 14]

AL (m;’a " RU C_%‘h
“2><ﬁ 3 Mf" | >—<f

wherein R' and R? are each independently hydrogen, halogen, an optionally substituted

lower alkyl, an optionally substituted lower alkyithio, or an optionaily substituted phenyl,
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R'" and R™ are each independently hydrogen, an optionally substituted lower alkyl, an
optionally substituted carboxyl, or a carbamoyl, and m refers to an integer of 1 to 5.

{0021} '

13) The compound, or an ester, a protected compound at the amino on the ring in the 7-
side chain, a phar'nﬁaceutically acceptable éalt, or a solvate thereof according to any one
of items 1)-12), wherein R’ and R® are each indépendently hydrogen or a lower alkyl.
[0022] o -

14) The compound, or an ester, a protected compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable salt, or a solvate thereof according to any one
of items 1)-13), wherein X is N.

{0023]

15) The compound, or an ester, a protected compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable salt, ‘or a solvate thereof according to any one
of items 1)-13), wherein wherein X is GH or G-Cl.

[0024] ‘ B

16) The compound, or an ester, a protected conﬁpound at the amino on the ring in the 7-
side chain, a phérmaceutically acceptable salt, or a solvate thereof according to any one
of items 1)-15), wherein T is S.

[0025) _

17) The compour'ld', or an ester, a protected compound at the amine on the ring in the 7-
side chain, a phafmaceutically acc‘e'ptable salt, or a solvate thereof according to item 1,
wherein o -

Xis N, CH or C-Ci;»

TisS;

A is a lower alkylene; _

G is a single bond or a lower atkylene;

the formula: '

[Formula 15]

@
N.
/ AN
A
is the formula:

[Formula 16]
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Jn

& | ®
A//N\\G or A//fN
B is a single bond;

nis an integer of10-3;

D is -NH-CO- or -CO-NH-;

E is the formula:

[Formula 17]

Me><ﬁ71‘m <ﬁ7"r-,, . ﬁ’y_k

Me ;"f Fﬂf o . rrr’_‘.

wherein Me refers to a methyl group;

F is a single bond; - _ | o

R* and R* are -OH, and R® is hydrogen or Cl, and R® is hydrogen.

[0026]

18) A pharmaceutical composition comprising the compound, or an ester, a protected
compound at the armino on the ring in the 7-side chain, a pharmaceutically acceptable salt,
or a solvate thereof according to any one of items 1-17.

[0027] _ ' L

19) The pharmaceutical compoéition according to item 18), which has an antimicrobial
activity. |

[0028]

20) A method for treating an infectious disease, characterized in the step of administering
the compound, or an ester, a protected compo'und at the amino on the ring in the 7-side
chain, a pharmaceutically acceptable salt, or a solvate thereof according to any one of
items 1)-17). ‘ '

[0029) ‘

21) The compound, or an estér, a protected‘compound at the amino on the ring in the 7-
side chain, a phérmaceutically acceptable salt, or a solvate thereof according to any one
of items 1-17, which is for treating an infectious disease.

[0030] | |
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22) Use of the corﬁpound, or an ester, a prbtected compound at the amino on the ring in
the 7-side chain, a pharmaceutically acceptablé salt, or a solvate thereof according to any
one of items 1)-17), for manufact.urin'g an infectiéds disease therapeutic agent.
[0031] _ '

The present invention provides -the following inventions as alternative
embodiments:
17) A compound of the formula:
[Formula 18]

wherein
Xis N, CH or C-CI;
Tis §, 8=0, C:;Hg or O; N
A is lower alkylene, lower alk,enyiene or Io_Wer alkynylene;
B is lower alkylene, lower alkenylene, lower alkynylene or 5- or 6-membered
heterocyclic groﬁp containing at least 1to 3 N atom(s) ;
D is a single bond, a lower alkylene, -CO-, -O-CO-, -CO-0-, -NR’ -, -NR"-CO-, -
CO-NR' -, -NR”-CO-NR’ -, -O-, -5, -S0-, -S0; -NR' -, -NR’ -S0; - or -S0, -
E is an optionally substituted lower alkylene;
Qis Nor CFig, ' o
R®*, R*, R** R® and R® each is independently hydrogen, halogene, nitrile, or -
OR?; -
R’ each is independently hydrogen or optionally substituted lower alkyi;
RPeach is independently hydrogen, lower alkyl, halo(lower)alkyl, lower
alkylcarbonyi or carbamoyi; and -
a group of the formula

[Formula 19]

H(@\f )
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fs an optionally substituted, saturated or unsaturated, monocyclic or fused cyclic

quarternary ammonium group containing at least one or more N atom(s);

or an ester, a protected compound at the ammo on the ring in-the 7-side chain, a

pharmaceutically . acceptable salt, or a solvate thereof, provided that the following is
5 excluded:

[Formula 20]

H?_N—<\
j/_(f/]\p I- O
Me>< . COO@ \/mOH

COOH

[0032] ,

2') The compound, or an ester, a protected compound at the amino on the ring in the 7-

side chain, a pharmaceutically acceptable salt, or a solvate thereof according to item 1,
10 wherein '

said formula

[Formula 21]

®
A/IQ\_B

is the following formula:
[Formula 22]

10 '
k(R‘)\ n 8 : 5. =
o ol ~ @
@N S 2) - @N\ | JREAN
e S , A 8 B

15  wherein n is an integer from O to 5, R10 is halogen, hydroxy, or a lower alkyl, k is an
integer from 0 toA4, and A and B are as defined in item 1.
[0033]
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3} The compound, or an ester, a protected compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable salt, or a solvate thereof according to claim 1,
wherein h |

said formula

[Formula 23]

®
A/G\B

is the formula:

[Formula 24]
k LR"Q)\;H_S n -
/ . i -
) & N-..
& p

wherein n, R'® and k are as defined in item é'), and A and B are as defined in item 1Y).
[0034] |

4') The compound..or an ester, a pfotected corhbound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable séﬁ, or a solvate thereof according to any one
of items 19)-8'), wherein R* and R* are -OR®, wherein R® is as defined in item 1°).

[0035]

5) The compound, or an ester, a protected compouﬁd at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable. salt, or a solvate thereof according to any one
of claims 1-3, wherein

the formula: .

[Formula 25)

R? R?
R® .
Q RG

is the formula:
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[Formula 26}

RS OR®

§*<_/ o

Re . .
wherein R®, R® and'R® are as defined in item-1').
[0036]

6') The compound, or an ester, a protected compound at the amino on the ring in the 7-

side chain, a pharmaceutically acceptable salt, or a solvate thereof according to any one
of items 19-59, W-Herein A is -CH;-, -CH;-CH;-, -CH,-CH,-CH; -, -CH=CH-, -CH=CH-
CH, - or -CH, -CH=CH-. '

[0037] -

7') The compound, or an ester, a protected compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable salt, or a solvate thereof according to any one
of item 1)-6'), wherein B is -CH, -, -CH, -CH; -, -CH, -CH, -CH; -, -CH=CH-, -CH=CH-CH, -
, =CH. -CH=CH- or the formula: '

[Formula 27)

Iy . Jf '
s ~ X
"T;\ 'R
/N\ fi C

or

{0038} _

8') The compound, or an ester, a pr‘otected‘cor‘hpound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable salt, or a solvate thereof according to any one
of items 1')-7'), wherein D is a single bond, -CO-, -0-CO-, -C0O-0-, -NR’ -, -NR”-CO-NR’ -,
-NR"-CO- or -CO-NR’ -, wherein R is as defined in item 1.

[0039] ' |

9') The compound, or an ester, a protected cdmpound at the amino. on the ring in the 7-
side chain, a pharmaceutically acceptable salt, ‘or a solvate thereof according to any one
of items 1)-7'), wherein D is -CO-, -NR” -CO-NR’ -, -N& -CO- or -CO-NR’ -, wherein R is
as defined in item 1. | |

[0040]
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10') The compound, or an ester,.a protected compound at the amino on the ring in the 7-
side chain, a phafmaceutically acceptable salt, or a solvate thereof according to any one
of claims 1')-8"), wherein E is the formula:

[Formula 28]

HL\V/;“h (" , R A,

: N
2 . : o/
R \,ﬁ ¥ oor Rt »

wherein R' and R? are each independently hydrogen, halogen, an optionally substituted
lower alkyl, a lower alkyithio, or an optionally substituted phenyl, R'" and R'® are each
independently hydrogen, an optionally substituted lower aikyl, an optionally substituted
carboxyl, or a carbamoyl, and m refers to an integer of 1 to 5.

[0041] '

11°) The compound, or an ester, a protected compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable salt, or a solvate thereof according to any one
of items 1-10'), wherein R” and R® are each independently hydrogen or a lower alkyl.
[0042) B |

12') The compound, or an ester, a-pro‘tected cdmpound at the amino on the ring in the 7-
side chain, a pharmaceutically apcebtable salt, or a solvate thereof according to any one
of items 1-11", wherein X is N. |

[0043] |

13’) The compound, or an ester, a protected compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable salt, or a solvate thereof according to any one
of items 1-11"), wherein X is CH or C-Cl. .

[0044] _

14’} The compouﬁd, or an ester.'a p.rotected' .compound at the amino on the ring in the 7-
side chain, a pharmaceutically acceptable salt, or a solvate thereof according to any one
of items 1')-13"), wherein T is S. '

[0045] o

15) The compound, or an ester, a protected compound at the amino on the ring in the 7-
side chain, a pharmaceutically accéptable salt, .or a solvate thereof éccording to item 17,
wherein - '

X is N, CH or G-Cl:



10

15

20

18

TisS;
the formula:
[Formula 29]

@
A/r\Q\,B.

is the formula:
[Formula 30]

In

@

N
x~ m

A'is a lower alkylene;

B is a lower alkylene;

n is an integer of b—3;

D is -NH-CO- or -CO-NH-;
E is the formula:

[Formula 31]' |

Me><i‘1“‘~

Me H’H—

wherein Me refers to a methyl group;
Qis CH; |

R®and R* are -OH, and R® is hydrogen or Cl, and R® is hydrogen.

[004€]

600024

16') A pharmaceutical composition comp{rising. the compound, or an ester, a protected

compound at the amino on the ring in the 7-side chain, a pharmaceutically acceptable salt,

or a solvate thereof according to any one of items 1}-15",

[0047]

17°) The pharmaceutical composition according to item 16, which has an antimicrobial

activity.
[Effects of The Invention]
[0048]
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The compddnds of the present invention are useful as a pharmaceutical product in
that the compounds have at least one of the following features:

1) The compound exhibits .potent _antf‘rﬁicrobial spectrum against a variety of
bacteria including Gram negative bacteria and/or Gram negative bacteria;

2) the compounds exhibit potent antimicrobial activity against beta-lactamase
producing Gram negative bacteria; ]

3) the compounds exhibit potent antimicrobial activity against muiti drug resistant
bacteria, in particular, Class B type, metallo-beta-lactamase producing Gram negative
bacteria; . o L

4) the compounds do n'ot exhibit cross resistance with known Cephem drugs
and/or Carbapenem drugs; | ) -

5) the compounds do not exhibit side effécts such as fever after administration into
the body. | '

[Best Mode of Carrying out the Invention]
[0049] ‘

The respe'(_:t‘ive terms used herein aré as defined alone or in combination with other
terms as follows: ‘ | '

"Halogen" includes f[u.orine, chlorine,- bromine and iodine. Preferably, halogen is
fluorine, chlorine or bromine, and mare preferably halogen is chlorine.

“Lower alkyl" includes linear or branched alkyl having 1-8 carbans, preferably 1-6
carbons, and more preferably 1-3 carbons, and include for example, methyl, ethyl, n-
propyl, isopropyl; n-butyl, isobutyl, sec-butyl, fert-butyl, n-pentyl, isopentyl, neopentyl,
hexyl, isohexyl, n—heptyl, ischeptyl, n-octyl and the like.

The lower alkyl moiety in halo{lower)alkyl”, "lower alkylcabonyl®, “lower alkylthio”,

"lower alkoxy", "hydroxy(lowen)alkoxy", - ‘“lower alkoxy(lower)alkoxy",
‘hydroxy(lower)alkoxy", “lower alkoxy(lower)alkoxy"', ‘lower atkylamino", lower
alkylimino", "lower atkylcarbamoyl”, "hydroxy(lower)alkylcarbamoyl”, "lower

alkylsulfamoyt”, "lower alkylsulfinyl’, "lower alkylthio", and the like is as above in "lower
atky!". .

Substituents in "an optionally substituted lower alkyl" is at least one of those
groups selected from "Substituents group alpha".
[0050] |

"Substituents group alpha” is a groub'cdnsisting of halogen, hydroxy, iower alkoxy,

hydroxy(lower)alkoxy, lower alkoxy(lower)alkoxy, carboxy, hydroxy(lower)aikoxy, lower
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ailkoxy(lower)alkoxy, amino, acylamino, lower atkylamino, imino, hydroxyimino, lower
alkoxyimino, Tower alkylthio, carbamoyl, lower alkylcarbamovyl,
hydroxy(lower)alkylcarbamoyl, sulfamoyl, lower alkylsulfamoyl, lower alkytsulfinyl, cyano,
nitro, carbocyclic group, and hete_rocyclic gro‘up.'L |

(0051] _

"Halo(lower)alky!" refers to a group in-which at least one position of a lower alkyl is
substituted with. the above ’halogen”, and include, for example, monofluoromethyi,
difluoromethyl, triflioromethyl, monochloromethyl, monobromomethy!, monofluoromethyl,
monochioroethyl, and the like,

[0052] o

"Lower a!.kylene" includés linear allkylene having 1-8 carbons, preferably 1-6
carbons, and more preferably 1-3 carbons. and include, for example, methylene, ethylene,
n-propylene, n-butylene, n-pentylene, n-hexylene'and the like.

“Lowér alkenylene" includes linear- alkenyl havlng 2-8 carbons, preferably 2-6
carbons, more preferably 2-4 carbons having at feast one double bond at any position,
and include, for example, vinyléne, allyiene, propenylene, bu’éenylene, prenylene,
butadienylene, pe'n;renylene, pentadienylene; hekenylene, hexadienylene, and the like.

"Lower alkynylene" includes é linera alkynylene having 2-8 carbons, preferably 2-6
carbons, more preferably 2—4.ca‘rbons, haviné at least one triple bond at any position, and
include, for éxarhpr;a, ethynylene, propynylene, butyriylene, pentynylene, hexynylene and
the like.

[0053]

Substituents of "an optionally substituted lower alkylene", "an optionally substituted
lower alkenylene’, and "an optionally substituted lower alkynylene" include at least one
group selected from Substituent Group Alpha.

"An optionally substituted lower alkylene" is a group in which the -CHy- moiety of
"lower alkylene" in.c'!udes the cases where as described in the formula:

[Formula 32j

B =C

H12 .

R" and R' are each independently hydrogen, an optionally substituted lower alkyl, an

optionally substituted carboxyl, or a carbamoyl, and m refers to an integer of 1 to 5, the
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cases where the substients ‘are taken together to form a ring, and cases where the
substituents are taken together to form a bond with an adjacent carbon atom.

Substituents of "an optionally substitﬁted phenylene" and “an optionally substituted
pheny!l" include at least one group selected from the Substituent Group Alpha.

[0054] o o

"Carbocyclic group" includes. cycloalkyl, cycloalkenyl, aryl and non-aromatic fused
carbocyclic groups and the like. - _

"Cycloalkyl" is a carbocyclic group having 3-10 carbons, preferably 3-8 carbons,
more preferably "4-8 carbons, and includes, for example, cyclopropyl, cyciobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cycloodtyl, cyclononyl and cyclodecyl, and the like.

"Cycloalkenyl" includes those in which at least one double bond is included in the
ring of the cycloaikyl at any posftion_, and spébifica!!y include, for example, cyciopropenyl,
cyclobutenyl,  cyclopentenyl, éyclohexe_n&l, cycloheptynyl,  cyclooctynyl, and
cyclohexadienyl and the like. '

"Aryl". inéludes phenyl, naphtyl, anthryl and phenanthryl and the like, and in
particular, phenyl is preferable. _

"Non-aromatic fused carboéyclic group" includes group in which two or more cyclic
groups selected fro'm the "cycloalkyl", "cycloalkenyi" and "aryl" are fused, and specifically,
includes, for example, indanyl, indenyl, tetrahydronaphtyl, and fluorenyl and the like.

*Heterocyclic group” ithlees heteroéyclic groups having at least one hetero atom
arbitrartly se’lectéd.from O, S and N, in the ring thereof, and specificaily includes, for
example, 5-membered or 6-membered heteroaryl such as pyrrolyl, imidazolyl, pyrazolyl,
pyridyl, pyridazinyl, pyrim.idinyl, pyrazinyl, t‘riazollyl_, triazinyl, tetrazolyl, isoxazolyl, oxazolyl,
oxadiazolyl, isothiazolyl, thiazolyi, thiadiazolyl, fljryi and thienyl and the like; bicyclic fused
heterocyclic groups such as indolyl, iscindolyl, indazolyl, indolylizinyl, indolynyl,
isoindolinyl, quinolyl, isoquinolyl, cinnoninyl, phthalazinyl, quinazotinyl, naphtylizinyl,
quinoxanilyl,- purinyl,  pteridinyl, benzopyranyl,  benzimidazolyl,  benzotriazolyl,
benzisoxazolyl, .Benzoxazoly[, benzoxadiazoyl, benzisothiazolyl, benzothiazolyl,
benzothiadiazolyl, benzofuryl, isobenzofuryl, benzothienyl, benzotriazolyl, imidazopyridyl,
pyrazolopyridine,. quinazolinyl, _qui-nolyl, i_soq.Ui.nofyI, naphtylidinyl, dihydrobenzofuryl,
tetrahydrogquinolyl; tetrahydroisoquinolyl, dihydrobenzoxazine, tetrahydrobenzothienyl, and
the like; tricyclic fused heterocyclic group such as carbazolyl, acridinyl, xanthenyl,
phenothiadinyl, phenoxathiinyl, phenoxazinyi, dibenzofuryl, imidazoquinolyl and the like;

non-aromatic heterocyclic group such as dioxanyl, thiiranyl, oxiranyl, oxathioranyl,

00037
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azetidinyl, thianyl, thiazolidine, pyrrrolidinyt, pyrrolinyl, imidazolidinyl, imidazolinyl,
pyrazolidinyl, pyrazolinyl, pyperadinyl, morpholinyl, morpholino, thiomorpholinyl,
thiomorpholino, dihydropyridyl, dihyrobenzimidazolyl, tetrahydropyridyl, tetrahydrofuryl,
tetrahydropyranyl,” tetrahydrothiazolyl, ~  tetrahydroisothiazoiyi, dihydrooxazinyi,
hexahydroazepinyl, tetrahdydrodiézepinyl, ‘and the like.
[0055] o o

"5~ or B-membered heterocyclic group containing at least 1 to 3 N atom(s)"
includes, for example, any of those groups as follows:
[Formula 33]

/ e ;; Y Y A
\[/j N NH
\Q“\ﬁ VRS VIR G VI v

/ A S
m\xf;' N\”N EQ\ Q\f =L

Preferably, it inciudes any group as follows:
[Formula 34] -

;; o
G, A,

[005€]
wherein a quartery ammonium group as shown in Formula:
[Formula 35]
®
A * G

is a saturated or unsaturated, monocyclic or fused cyclic quaternary ammonium group
preferably including 1-4 N atoms, rnbre pref_erably 1-3 N atoms, and still more preferably
1-2 N atoms, and including 1-4, preferably 1-2 substituents, and said ring may include an
additional one or more O and/or'S atoms.

Hetero rings which form the quaternary ammonium group is as follows:
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Saturated- hetero ring containing N atom includes, for example, azetidine,
pyrrolidine, pyrazolidine, thiazofidine, oxazolidine, imidazolidine, piperidine, piperazine,
morpholine, thiomorphoaline,azepane, azocane, quinuclidine, and fused ring containing the
same, and preferably pyrrolidine, piperazine, azepane, or quinuciidine.

Unsaturated N-atom containing hetéro ring includes, for example, monocycle (for
example, pyrral, pirazol, imidazol, oxazol, isoxazol, thiazol, isothiazol; pyridine, pyridazine,
pyridimine, pyrazine, triazine, t_riazbl, 2,3-qihydfo-1H—pyrrol, 2,5-dihydro-1H-pyrrol, and
fused bicyciic ring containing these monocycle in the ring {for example, indole,
benzimidazole, benzopyrazole, indolydine, quinoline, isoquinoline, quincline, phtalazine,
quinazoline,  benzoisoxazole, benzoxazole, benzoxadiazole,  benzoisothiazole,
benzthiazole, benzoxadiazole, benzisothiazole, benzthiazole, benzotriazole, purine,
indoline, 1H-pyrrolo[3,2-b}pyridine, 1H-pyrrazolo[4,3-b]pyridine, 1H-pyrazolo[4,3-
blpyridine,  thiazolo[4,5-c]pyridine, 1,4—d_ihydro—pyrido[3,4—b]pyrazine, 1,3-dihydro-
imidazo[4,5-c]pyridine and thé like), and preferably, pyrrol, imidazole, pyridine,
benzimidazole, 2,5-dihydro-1 H-pyrrble. |
[0057)

Specfficaily,. for example, heterocyclic groupé which optionally have a plurality of
substituents at an appropriate position, for éxample, as described below are included.
Substituents include at least one éelected from an optionally substifﬁted lower alkyl or a
Substituted Group Alpha:
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54

[Formula 36]

.W

wherein n is an integer from 0 to 5, k is an-integer from 0 to 4, R' is halogen, hydroxy,

lower alkyl, halo({lower)alkyl, lower alkoxy, or halo(lower)alkoxy, provided that R'® may be

identical or different at k occurrences.

[0058]

5
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Moare preferébly, the following heterocyclic groups are included as follows:
[Formula 37) '

(H‘O k

wherein n is an integer from 0 to 5, k is an iﬁtéger from 0 to 4, q is an integer from 0 to 3,
R' is halogen, hydroxy, lower alkyl, halo(fower)alkyl, lower alkoxy, or halo(lower)alkoxy,
provided that R”f may be identical or different at k or g occurrences

[0059] |

Stili more preferably, the heterocyclic groups are included as follows:
[Formula 38]
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n, k, g and R™ are as defined above.
{0080]

The heterocyclic group as shown as follows is most preferable.
[Formula 39] '

Jn

@ ) .

/N B ®N
VH"% Y , %
wherein n is as defined above,
[0061] '

"A saturatéd or unsaturatéd‘, monocyclic or fused cyclic quaternary ammonium
group including at least one N étoms" is a saturated or unsaturated, monocyclic or fused
cyclic quaternary ammonium group preferably including 1-4 N atoms, more preferably 1-3
N atoms, and still more preferably 1-2 N atoms, and including 1-4, preferably 1-2
substituents, and said ring may include additional one or more O and/or S atoms.

[0062] |

Specifically, the heterocyclic ‘groups which may have a plurality of substituents at

an appropriate position are included as follows, for example. Substituents include a group

selected from an optionally substituted lower alkyl or Substituents Group Alpha:
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[Formula 40]
Jo H e, = - = o P
: @EEﬁ G- NN -
e N /N\ NH "1-111 ~
HHHL F HLL'L/ ' H’R‘L == HN“-I\/J ‘LHHL o\//N
S fi%”! Ao 5
@ &
N N NP aN N T
HL‘{ NH < NH NH
.y ™ Y A T _
= e = : #‘H\%/ rﬁ% A%/ | f{%/ lﬁla“
grﬁ .“‘H%N\ | B _§/~\ S ) \\NH \_—JNH
s , . HN—N N N
= rLL' KQ(E/ /N@ T A %)/}1& - ng/%“‘w
JA A G T kO T
- S
N:/ N:-/ . N:/. , N:/ 8 / 5 /
Ts <
QA ¢ t TE% | or |
ah . Dn ™
LLLL'H, N:/O 2 . 5 ﬁ{ N

wherein n is an integer from 0 to '5, 313 is halogen, hydroxy, lower alkyl, k is an integer of 0
to 4, Rx is an optionally substitute'd lower alkyl, and furthermore, hydrogen atom in NH

may be substituted with a group selected from an optionally substituted lower alkyl or
Substituents Group. Alpha. '
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[0063]
More preferably, the heterocyclic group which may be substituted at an appropriate
position is as follows. Substituents include those .groups selected from an optionally

substituted lower élkyl or Substituted Group Alpha.

[Formula 41] N »
8 o L > = | @ ~ l
o SN a2
R K - 1

ol 1 el ]
___%, ““éfL;;giijy——g ,ﬁ%g/N\\oaﬁiii
- "

wherein n, R and k are as defined above,
[0064]

More preferably, the heterocyclic groups‘afe included as follows:
[Formula 42]

(P~

@N _
R
wherein n, R'® and k are as defined above. .~ -
[0065] '
The nomenclature of the substitution position on the Cephem backbone of
Compounds (I) and (1) are as follows. 7-position side chain and 3-position side chain as
used herein referé ‘to a group which binds to the 7-position or 3-position of the Cephem

backbone as shown below.
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[Formula 43]

[0066]
Esters of Compounds (1) and (') préfera!:riy include, those esters at the carboxyl at
5 the 7-position side chain or at the 4-position. - Esters at the carboxyl at the 7-position side

chain refers to a compound which has an esterified structure as shown in the formula as

follows:

[Formula 44}

WA

N /Z:

NS

R200C

wherein E and Fis as defined in item 1), and R1 —is an ester residue of the carboxyl

10 protecting group and the like. The esters include those esters which are readily
metabaolized in the body to form a carboxy state..

Esters at the 4-position of Compounds () and (I} refer to compounds which have

an esterified structure at the 4-position moiety as shown in the formula as follows:
[Formula 45) '

—N
F 2,

COOR"
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wherein A and T is as defined in item 1), and Rb is an ester residue such as a carboxylic
protecting group -and the like, and P- is a ‘counterion such as halogen. Such esters
include those esters which are readily metabolized to form a carboxylic state.

The above mentioned carboxylic protecting groups include lower alkyl (for
example, methyl, ethyl, t-butyl), optionally substituted aralkyl (for example, benzyl,
benzhydry!, phenéfhyL p-methoxybenzyl, p-nitrobenzyl}, silyl group (t-butyldimethyisityl,
dipheny! t-butylsilyl) and the like. '

[0067] .

Compounds protected at the amino of the thiazol or thiadiazole ring of the 7-
position side chain of Compounds (I} or {I')} refer to compounds in which the thiazo! or
thiadiazol rings are a ring as shown in the formula:

{Formula 48]

S—x
RCHN—<\ /H\

Y
wherein X is as defined in item 1, and R® refe_ré to an amino protecting group. Such amino
protecting groups include groups which are readiiy metabolized in the body to form amino.
Such aminb protecting groups include [lower — alkoxycarbonyl (for example, t-
butoxycarbonyt, benzyloxycarbonyl, p-nitrobenzyloxycarbonyl), optionally  substituted
aralkanoy! (for example, p-nitrobenzoy!}, acyl (for example, formyi, éhloroacetyl) and the
like. B | |
[0068] | _

Pharmaceutically accéptable salts of-Compounds (I} and (') include, for example,
salts or intramoléc‘uiar salts formed with inorganic base, ammonia, organic base, inorganic
acid, organic acid, basic amino acid, halogen ions and the like. Such inorganic base
include alkali metal (Na, K and the'|i_ke), aIAkali earth metal (Mg and the like), organic base
inciudes procaine, '2-phenylsthylbenzyl amine, "dibenzylethylene diamine, ethanolamine,
diethanolamine, trishydroxymethyl  aminomethane, polyhydroxalkylamine, N-methyl
glucosamine and the like. 'Iriorganic acids include, for example, hydrochloric acid,
hydrobromic-acid, sulfuric acid, nitric acid, phosphoric acid and the like. Organic acids
include, for exambie, p-toluene suifonic acid, methane suifonic acid, formic acid, acetic
acid, trifluoroacetic acid, maleic acid and the Iike.:.' Basic amino acids include, for example,

lysine, arginine (F$" ), ornithine, histidine and the like.
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As used herein, "solvate” refers to a solvate with water or organic solvent (for
example, methanol, ethanol, isopropy! aicohol, acetone), and preferably hydrate.
(0069] '

The Compounds (I} and (I') ‘of the present invention are not limited to particular
isomers but include any possible isomers and racemates as exemplified as follows:

in Compounds (1) and (I'):
[Formula 47] B

FR s
F
Co0&

includes

{Formula 48]
H H : :
l ul .
Nl
ae Or = @m

In E of Corhbounds (1) and (1),
[Formula 49]

R
R2

b
includes

[Formula 50]

Furthermbr_e, Formula (I} includes the following isomers:
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[Formula 51]

»J’JH O " fr’/_o

|
—_—

0
OH . #{%&0 «-"H{'\%/ 0
7y — &
o ™ oH Z0oH
, wherein -OH group may form a salt with a counter cation (for example, Na*, K*, Li* and

the like).
[0070]

S

The compounds of the present invention are preferably those compounds as
specifically shown as follows: |

Formula (1}

[Formula 52]
H2N—ﬂ@ ~ R
ROy
= SG—B—D (1)

° cooc) - . RS
\ .

/
HOOC

Preferable embodiments of Formula (1) are as foilows:
1} Compounds wherein Tis S (hereinafter T'is 51)
[0071]
2) Compounds wherein A is a lower élkylenel or .a.lower alkenylene (hereinafter A is at);
compounds wherein A is -CH- (hereinafter A is a2);
compounds wherein A is -CH; -CH; -, -CH; -CHz-CH; - or -CH=CH-CH, - (hereinafter A is
a3d);
Preferably, A is a2 as described above.
[0072]
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3) Compounds wherein B is a single bond (héreinafter B is b1)
compounds wherein B is
(Formula 53]

(hereinafter B is b2)

Preferably, B is b1.

[0073] '

4) Compounds wherein D is a single bond or -CO— (hereinafter D is d1);
compounds wherein D is —NH_—C‘O-,'-‘N(CHS)-CO-, -CO-NH-, -CO-N{CHaj)- or -NH-CO-NH-
(hereinafter D is d2) o

more preferably, D is d2 as described above.

[0074]

5) Compounds wherein E is -CH,- (hereinaﬁer Eisel);

compounds wheréin E is -CH(CHa)- (hereinafter .E is e2);

compounds wherein E is -C(CHa)s- (herelnafter Eis e3);

compounds wherein E is as follows:

{Formula 54]

Ho ™ H\ o H. %\ )
“)C{ =< e\

H o rooe - QO hioc

More preferably, E is e2 or e3 as déscribed above.

[0075]

6) Compounds wherein F is a single bond or phenylene {hereinafter F is f1)

[0076] | ,

7} Compounds wherein G is a lower aIkerne or Iower alkenylene (hereinafter G is g1);
compounds wherem Gis -CHy -, CHE -CH; -, or -CH, -CH, -CH, - (hereinafter G is g2);
Compounds wherein G is -CH:QH— or -CH:QH-CHQ - (hereinafter G is g3);

Compounds wherein G is a single bond (hereinafter G is g4)
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compounds wherein G is -CH, -CH(CHa }-, -CHz -CH('Pr)- or -CH,-CH(Ph)- (wherein iPr
refers to isopropy! group, PH refers to a p'hen'yl group) (hereinafter G is g5).
More preferably, G is g2 above.
[0077] h
8)Compounds wherein X i CH, C-Cl or X (hereinafter X is x1).
[0078] | -
9)Compounds wherein the formula: -
(Formula 55]

N

S G

A

is the formula:
[Formula 56)

Jn
®
N
e

{wherein n is an integer of. 1 to 5, and A and G is as defined above) (Hereinafter hi),;

compounds wherein the formula:
[Formula 57] o

@
//’/hktl
A > G
is the formula:

[Formula 58j:

wherein A and G are as defined above (hereinafter h2).
[0079] ' '

10) Compounds wherein R* and R* are -OH, and R® and R® are hydrogen, hereinafter i1);



10

15

20

25

30

00051

35

compounds whergin R® and R* are -OH, and-R® |s hydrogen and R® is halogen (hereinafter
i2); '
compounds wherein R® and R* are -OH, and R® and R® are halogen (hereinafter i3);
More preferably, R®, R*, R® and R® are i2 mentioned above.
[0080] |
Further preferable embodiments of Compound () are those in which the
combination of T,-A, B, D, E, F G, X and the formula:
[Formula 59]

xS

and R% R* R®and R® are as follows: .

(s1, a1, bl, d1, el,.f1, g1, x1, ht, i1),(s1, a1, b1, d1, e1, f1, g1, x1, h1,i2),(s1, a1, b1, d1,
et, f1, g1, x1, h1,i3),{s1, a1, b1, di, ef, f1,-g'_1, x1, h2, i1),(s1, at, b1, d1, el, f1, g1, x1,
h2, i2),(s1, a1, b1, di, el, f1,.g1, x.1, h2,-i3),(s1,‘a1, b1, di, el, i1, g2, x1, hi, i1),{s1, at,
b1, di, el, f1, g2, x1, h1, i2),(s1, a1, b1, d1, el, f1, g2, x1, h1,i3),{s1, at, b1, di, el, 1,
g2, x1, h2, i1),(s1,-at, b1, d1, ef, f1, g2, x1, h2, i2'),(s1, al, b1, di, et, f1, g2, xt, h2,
i3),(s1, a1, b1, d1, et, f1, g3, x1, h1, i1),(s1', al, b1, d1, e1, f1, g3, x1, h1, i2),(s1, at, bi,
d1, e1,11, g3, x1, h1,i3),(s1, a1, b¥, d1, e1, 11, g3, x1, h2, i1),(s1, a1, b1, di, el, 1, g3,
x1, h2, i2),(s1, a1-, bt, d1, e1, 1, g3, x1, h2, i3),(s1, a1, b1, d1, e, 1, g4, x1, h1, i1),(s1,
at, b1, d1, el, f1, g4, x1, h1,_i2),(sﬂ, al, b1,_d1, el, f1, g4, x1, h1, i3),{s1, a1, b1, d1, el,
1, g4, x1, h2, i1),(s1, a1, bt, d1, e1, 1, g4, x1, h2, i2),(s1, a1, b1, d1, e1, f1, g4, x1, h2,
i3),(s1, al, b1, d1 .et, 11, g5, x1, hi, i1),(s1, a1, b1, d1, e1, f1, g5, x1, h1, i2),(s1, al, b,
di, et, f1, g5, x1, ht, i3),(s1, at, b1, d1, e‘!, 1, g5, xt, h2, i1),(s1, al, bi1, d1, e1, f1, g5,
x1, h2, i2),(s1, a1, b1, d1, ei, f1, gS, x1, h2, 13).!(51, al, b1, di, e2, f1, g1, x1, h1, i1),{s1,
al, b1, d1, e2, 1, Q1, x1, h1, i2),(s1, a1, b1; d1, e2, f1, g1, x1, h1, i3),(s1, a1, b1, d1, e2,
f1, g1, x1, h2, i1),'(s1, al, b1, di, e'2, f1, g1, x1, h2, i2),(s1, a1, bi, d1, e2, {1, g1', x1, h2,
13),(s1, al, bt, di, e2, 1, 92,'x1', h1, i1),(s1, at, b1, di, e2, f1, ge, x1, hi,i2),(s1, at, bi,
dt, e2, f1, g2, x1,_h1, i3),(s1, a1, b1, d1, e2, f1, g2, x1, h2, i1),(s1, a1, b1, di, e2, f1, g2,
x1, h2, i2),(s1, a1, b1, d1, e2, f1, g2, x1, h2, i3),(s1, a1, b1, d1, e2, f1, g3, x1, hi, i1),(s1,
al, bt, d1, e2, 1, g3, x1, hi, i2),(s1, at, b1, d1, e2, f1, g3, x1, h1, i3),(s1, a1, b1, d1, e2,
1, g3, x1, h2, i1);(81, a1, b1, d1, e2, f1, g3, x1,°h2, i2),(s1, a1, b1, d1, e2, 1, g3, x1, h2,
i3),(s1, a1, b1, di, e2, f1, g4, x1, h1; i1),(s1, a1, b1, di, e2, f1, g4, x1, h1, i2),(s1, a1, b1,
di1, e2, f1, g4, x1, h1,i3),(s1, ai, b1, d1, e2; f1, g4, x1, h2, i1),(s1, at, b1, d1, e2, f1, g4,
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x1, h2, i2),(s1, al, bi, d1, €2, 1, g4, x1, h2, i3),(s1, al, b1, d1, e2, f1, g5, x1, hi, i1),(s1,
al, b1, d1, e2, f1; g5, x1, hi, i2),(s1, at, b1, d1, e2, f1, g5, x1, h1, i3),(s1, al, b1, d1, e2,
f1, g5, x1, h2, i1),(s1, a1, b1, d1, e2, f1, g5, x1, h2, i2),(s1, a1, b1, d1, e2, 1, g5, x1, h2,
i3},(s1, a1, b1, d1, e3, {1, g1, x1, hi, i1),(s1,'a1,-b1, di1, e3, f1, g1, x1, h1, i2),(s1, a1, b1,
d1, e, f1, g1, x1, h1, 3),(s1, al, b1, d1, €3, f1, g1, x1, h2, i1),(s1, at, bi, d1, e3, f1, g1,
x1, h2, i2),(s1, a1 ,- b1, di, e3, f1, g1, x1, h2, i3),(s1, a1, b1, d1, 3, f1, g2, x1, h1, i1),(s1,
al, b1, di, e3, f1, g2, x1, h1, i2),(s1, af, b1, d1, e3, f1, g2, x1, h1, i3),(s1, al, bi, di, e3,
f1, g2, x1, h2, i1),{s1, ai, b1, d1, eS, 1, g2,‘x1;'.t'12, i2),(s1, a1, b1, di, &3, f1, g2, xi, h2,
i3),(s1, a1, b1, d1, e3, f1, g3, x1, ht, i1),(s1, a1, b1, d1, e3, f1, g3, x1, h1, i2),{s1, a1, b1,
di, e3, f1, g3, x1, h1,i3),(s1, a1, b1, di, e3; f1, g3, x1, h2, it),(s1, at, b1, d1, €3, 1, g3,
x1, h2, i2),(s1, ai, b1, d1, e3, f1, g3, x1, h2, i3),(s1, at, b1, d1, 3, f1, g4, x1, h1, i1),(s1,
a1, b1, d1, 3, f1,’g4, x1, h1, i2),(s1, a1, b1, d1, e3, {1, g4, x1, h1, i3),(s1, a1, b1, di, e3,
1, g4, x1, h2, i1),{(s1, al, bi, d1, €3, f1, 94, x17, h2, i2),(s1, a1, b1, d1, e3, f1, g4, x1, h2,

i3),(s1, a1, b, di, e3, f1, g5, x1, ht, i1),(s1, at, b1, di, e3, f1, g5, x1, h, i2),(s1, a1, bi

d1, e3, f1, g5, x1, h1, 3),(s1, a1, b1, d1, €3, f1, g5, x1, h2, i1),(s1, al, bi, d1, &3, f1, g5,
X1, h2, i2),(s1, a1, b1, d1, e3, f1, g5, x1, h2,i3),(s1, a1, bi, d1, e4, f1, g1, x1, h1, i1),(st,

al, b1, d1, e4, f1, g1, x1, ht, i2),(s1, a1, b1, d1, e4, f1, g1, x1, h1,i3),(s1, al, b1, d1, e4,
f1, g1, x1, h2, i),(s1, a1, b1, d1, e4, 1, g1; x1, h2, i2),(s1, a1, bi, d1, e4, 11, g1, x1, ha,
i3),(s1, a1, b1, di, e4, f1, g2, x1, ht,i1),(s1, a1, b1, d1, e4, 1, g2, x1, h1, i2),(s1, a1, b,
di, e4, f1, g2, x1, ht,i3).(s1, at, b1, d1, e4, f1; g2, x1, h2, i1),(s1, a1, b1, d1, e4, 1, g2,
x1, h2, i2},(s1, a1', 51, d1, e4, 1, g2, x1, h2, '53),‘(31, al, b1, d1, e4, f1, g3, x1, hi, i1),(s1,
al, b1, di, e4, f1, g3, x1, h1, i2),(s1; at, b1, d1, e4, f1, g3, x1, h1, i3),(s1, a1, b1, d1, e4,
11, g3, x1, h2, i1),(s1, at, b1,.d1, e4, f1, g3,-x1, h2, i2),(s1, a1, b1, d1, e4, f1, g3, x1, h2,
i3),(s1, a1, b1, d1, e4, H1, g4, x1, hi, i1),(s1,'al, b1, di, e4, 1, g4, x1, hi, i2),(s1, at, b1,
d1, e4, f1, g4, x1, h1,i3),(s1, a1, b1, di, e4, f1, g4, x1, h2, i1),(s1, a1, b1, d1, e4, f1, g4,
x1, h2, i2),(s1, al, b1, d1, e4, f1, g4 x1, hé, i3),(s1, a1, b1, d1, e4, f1, g5, x1, h, i1),(s1,
at, b1, d1, e4, f1; QS, x1, hi, i2),(s1, al, b1; 'd1;' ed, {1, g5, x1, h1, i3),(s1, a1, bl, di, e4,
f1, g5, x1, h2, i1),'(s1, al, b1, di, e4, f1, g5, x1, h2, i2),(s1, ai, b1, d1, e4, f1, g5, x1, h2,

i3),(s1, a1, b1, d2, e1, f1, g1, x1, h1, i1),
[0081]

(s1, a1, b1, d2, e1, 1. g1, x1, h1, i2),(s1, a1, b1, d2, e1, 1, g1, x1, hi, i3),(s1, a1, bi, d2,
et, 1, g1, x1, h2, i1),(s1, a1, b1, d2, e1, f1, g1, x1, h2, i2),(s1, a1, b1, d2, 1, f1, g1, x1,
h2, 13),(s1, a1, b1, d2, e1, f1, g2, x1, hi, n),_(s_{,i at, b1, d2, e1, f1, g2, x1, h1, i2),(s1, af,
b1, d2, e1, f1, g2, x1, h1, i3),(s1, a1, b1, d2, e1, f1, g2, x1, h2, i1),(s1, a1, bi, d2, ef, 1,



10

15

20

25

30

(00033

37

g2, x1, h2, i2),(s1, a1, b1, d2, el, f1, g2, x1, h2, i3),(s1, a1, b1, d2, el, f1, g3, x1, ht,
i1).(s1, a1, b1, d2, e1, f1, g3, x1, h1, i2),(s'1,la1., b1, d2, e1, 1, g3, x1, h1, i3),(s1, a1, b1,
d2, e1, 11, g3, x1; h2, i1),(s1, a1, b1, d2, e1,'f1,‘ g3, xt1, h2, i2),(s1, a1, b1, d2, e1, f1, g3,
x1, h2, i3),(s1, a1, b, d2, e1, f1, g4, x1, h1, i1),(s1, a1, b1, d2, e1, f1, g4, x1, h1, i2),(s1,
al, b1, d2, e1, f1, g4, x1, h1, i3),(s1, a1, b1, d2, e1, {1, g4, x1, h2, i1),(s1, a1, b1, d2, et,
f1, g4, x1, h2, i2),(s1, al, b1, d2, e1, f1, g4, X1, h2, i3),(s1, al, b1, d2, e1, f1, g5, x1, h1,
H),(s1, a1, b1, d2, e1, f1, g5, x1, h1, i2),(s1, at, b1, d2, e1, f1, g5, x1, h1, i3),(s1, af, b1,
d2, el, f1, g5, x1, h2, i1),(s1, a1, b1, d2, e, f1, g5, x1, h2, i2),(s1, al, b1, d2, e1, {1, g5,
X1, h2, 3),(s1, a1, b1, d2, e2, f1, g1, x1, hi, i1);(s1, a1, b1, d2, €2, f1, g1, x1, h1, i2),(s1,
al, b1, d2, e2, f1,g1, x1, hi,i3),(s1; al, b1, d2, e2, f1, g1, x1, h2, i1),(s1, al, b1, d2, e2,
1, g1, x1, h2, i2),(s1, a1, b1,d2, e2, f1, g1, x1, h2, i3),(s1, al, b1, d2, e2, f1, g2, x1, hi,
i1},(s1, a1, b1, d2, e2, f1, g2, x1, hi, i2},(s1, a1, bl d2, e2, f1, g2, x1, h1,i3),(s1, at, b1,
d2, e2, f1, g2, x1,'h2, i1),(s1, al, b1, d2, e.?',. f1, g2, x1, h2, i2),(s1, a1, b1, d2, e2, f1, g2,
x1, 2, i8),(s1, a1, b1, d2, €2, f1, g3, x1, h1, i1),(s1, a1, b1, d2, €2, f1, g3, x1, h1, i2).(s1,
atl, b1, d2, e2, f1, g3, x1, hi, i3),(s1, a1, b1, d2, e2, f1, g3, x1, h2, i1),(s1, a1, b1, d2, e2,
f1, g3, x1, h2, i2).(s1, at, b1, d2, e2, f1, g3, x1, h2, 13),(s1, a1, b1, d2, e2, 1, g4, x1, hi,
i1),(s1, a1, b1, d2, e2, 1, g4, x1, hl, i2),(s1, a1, b1, d2, €2, 1, g4, x1, h1, i3).(s1, ai, b1,
d2, e2, 11, g4, x1, h2, i1),(s1, al, b1, d2, e2, f1, g4, x1, h2, i2),(s1, at, b1, d2, e2, 11, g4,
x1, h2, i3),(si, al, bi, d2, e2, f1, g5, x1, ht, i1),(s1, at, b1, d2, e2, f1, g5, x1, ht, i2),(s1,
al, b1, d2, e2, 1, g5, x1, h1, i3),(s1, al, b1, d2, e2, f1, g5, x1, h2, i1},(s1, a1, b1, d2, e2,
1, g5, x1, h2,i2),(s1, al, b1, d2, é2, 1, g5, x1; h2, i3),(s1, at, b1, 82, ed, 1, g1, x1, hi,
i1),{s1, al, b1, d2'? .93, f1, g1, x1, h1,i2),(s1; ai, b1, d2, 3, f1, g1, x1, h1, i3),(s1, al, b1,
d2, €3, f1, g1, x1, h2, i1),(s1, a1, b1, d2, &3, f1, g1, x1, h2, i2),(s1, al, b1, d2, e3, f1, g1,
x1, h2, i3),(s1, ai, b1, d2, 93; f1., g2, x1, h1,-i1),(s1, al, b1, d2, e3, f1, g2, x1, ht, i2),(s1,
at, b1, d2, e3, f1, g2, x1, ht, i3),{s1, a1, b1, d2, 3, f1, g2, x1, h2, i1),(s1, a1, b1, d2, e3,
1, g2, x1, h2, i2),(s1, a1, b1, d2, e3, f1, g2, x1, h2, i3),(s1, a1, b1, d2, e3, f1, g3, x1, h1,
i1),(s1, a1, b1, d2, e3, f1, g3, x1, h1, i2),(é1, al, b1, d2, e3, 1, g3, x1, h1, i3),(s1, a1, b1,
d2, e3, f1, g3, x1; h2, i1),(s1, at, b1, d2, e3, 'ﬂ,.‘gS, x1, h2,i2),(s1, a1, b1, d2, e3, f1, g3,
x1, h2, i3),(s1, a1; b1, d2, e3, f1, g4, x1, ht, i1),(s1, a1, b1, d2, e3, f1, g4, x1, h1, i2),(s1,
atl, b1, d2, e3, f1, g4, x1, h1,'53j,(s1, ai, b1,d2,-e3, f1, g4, x1, h2, i1),(s1, al, b1, d2, e3,
f1, g4, x1, h2, i2),(s1, al, b1, d2, e3, f1, g4, x1, h2, i3),(s1, a1, b1, d2, e3, 1, g5, x1, ht,
i1).(s1, a1, b1, d2, e3, 1, g5, x1, h1,i2),(s1, a1, b1, d2, e3, f1, g5, x1, hi, i3),(s1, af, b,
d2, e3, 11, g5, x1, h2, i1),(s1, a1, b1, d2, e3, f1, g5, x1, h2, i2),(s1, a1, b1, d2, e3, f1, g5,
x1, h2, i3),(s1, al, b1, d2, e4, f1, g1, x4, hi, H);(s1, al, b1, d2, e4, 1, g1, x1, h1, i2),(s1,
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al, b1, d2, e4, f1,_g1, x1, h1,i3),(s1, a1, b1, d2, e4, f1, g1, x1, h2, i1),(s1, a1, bl, d2, e4,
1, g1, x1, h2, i2),(s1, a1, b1, d2, e4, f1, g1, x1, h2, i3),(s1, al, b1, d2, e4, f1, g2, x1, h1,
i1),(s1, a1, b1, d2, e4, f1, g2, x1, ht, i2),(§1, ail, bt, d2, e4, f1, g2, x1, h1, i3),(st, al, b1,
dz2, e4, f1, g2, x1; h2, i1),(s1, a1, b1, d2, e4,f1 ,"g2, x1, h2, i2),(s1, al, b1, d2, e4, 1, g2,
x1, h2, i3),(s1, al, b1, d2, e4, f1, g3, x1, h1, i1),(s1, at, b1, d2, e4, 11, g3, x1, hi, i2),(s1,
at, b1, d2, ed, f1, g3, x1, h1,'i3},(s1, a1, b1,d2, e4, f1, g3, x1, h2, i1),(s1, a1, b1, d2, e4,
f1, g3, x1, h2,i2),(s1, at, b1, d2, e4, f1, g3, x1, h2, i3),(s1, al, b1, d2, e4, {1, g4, x1, hi,
i1),(st1, at, bi, d2, e4, f1, g4, x1, hi, i2),(s1_', al, b1, d2, e4, f1, g4, x1, hi, i3),(s1, a1, bi,
d2, e4, f1, g4, x1, h2, i1),(s1, a1, b1, d2, e4, f1, g4, xt, h2, i2),(s1, a1, b1, d2, e4, {1, g4,
x1, h2, i8),(s1, al, b1, d2, e4, 1, g5, x1, h1, i1);(s1, a1, b1, d2, e4, 1, g5, x1, h1, i2),(s1,
al, b1, d2, e4, f1,¢5, x1, hi, i8),(s1, al, b1, 62, e4, f1, g5, x1, h2, i1),(s1, a1, b1, d2, e4,
f1.g5,x1, h2,i2),(s1, a1, b1, d2; e4, f1, g5, x1, h2, i3),

[0082] _

(s1, a1, b2, d1, et1,f1, g1, x1, h1, i1),(s1, a1',. b2, d1, et, f1, g1, x1, h1, i2),(s1, a1, b2, d1,
el, f1, g1, x1, h1, i3),(s1, a1, b2, d1, &1, f.1', g1, x1, h2, i1),(s1, af, b2, di, et, f1, g1, x1,
h2, i2),(s1, a1, b2, d1, e1, f1, g1, x1, h2, i3),(_s‘|',_ al, b2, di, et, f1, g2, x1, h1, if),{s1, a1,
b2, d1, et, i, 92.,_ x1, h1, i2),(s1, al, b2, d1, e1, f1, g2, x1, hi, i3),(s1, a1, b2, d1, ef, f1,
g2, x1, h2, i1),(s1, a1, b2, d1, e1, 1, g2, x1, h2, i2),(s1, a1, b2, d1, e, 1, g2, x1, h2,
i3),(81, a1, b2, d1, e1, f1, g3, x1, hi, i1),(s1, a1,'b2, di, e, f1, g3, x1, h1, i2},(s1, a1, b2,
d1, e1, f1, g3, x‘i,~h1, i3),(s1, a1, b2, d1, el, f1, g3, x1, h2, i1),(s1, a1, b2, d1, e, f1, g3,
x1, h2, i2),(s1, a1, b2, d1, e1, f1, g3, x1, h2, i3),(s1, a1, b2, d1, el, f1, g4, x1, h1, i1),(s1,
al, b2, d1, e1, f1, g4, x1, hi, i2),(s-1-, at, b2, d1, e1, f1, g4, x1, hi, ié),(s1, al, b2, di, e,
1, g4, x1, h2, “)".(‘;’1' al, b2, d1, e1, f1, g4, x1, h2, i2),(s1, a1, b2, d1, e, f, g4, x1, h2,
i3),(s1, a1, b2, d1, ef, 1, g5, x1, h‘I', i1),(s1, a1, b2, d1, e1, 1, g5, x1, h1, i2),(s1, atl, b2,
di, ef, 1, g5, x1, ht, i3),(s1,-a1., b2, d1, e1,~ 1, g5, x1, h2, i1),(s1, al, b2, d1, el, 1, g5,
x1, h2, i2),(s1, a1, b2, dt, el, 1, g5, x1, h2, i3),(s1, a1, b2, d1, e2, 1, g1, x1, ht, i1),(s1,
al, b2, di1, e2, f1, g1, x1, h1, i2),(s1, a1, b2, d1, e2, f1, g1, x1, h1,i3),(s1, a1, b2, d1, e2,
1, g1, x1, h2, i1),(s1, a1, b2, d1, e2, f1, g'1, x1, h2, i2),(s1, a1, b2, d1, e2, f1, g1, x1, h2,
i3),(s1, a1, b2, dt, e2, f1, g2, x1; h1, i1),(s1, a1;' b2, d1, e2, f1, g2, x1, h1, i2),(s1, a1, b2,
d1, e2, f1, g2, x1, h1, i3),(s1, a1, b2, d1, e2, f1, g2, x1, h2, i1),(s1, al, b2, di, 2, f1, g2,
x1, h2, i2),(s1, a1, b2, d1, e2, f1, g2, x1, h2,i3),(s1, a1, b2, d1, e2, 1, g3, x1, h1, i1),(s1,
at, b2, d1, e2, f1, g3, x1, h1, i2),(s1, a1, b2, d1, e2, f1, g3, x1, h1, i3),(s1, a1, b2, d1, e2,
f1, g3, x1, h2, i1),(s1, a1, b2, di, 2, f1, g3, x1, h2, i2),(s1, a1, b2, d1, e2, 1, g3, x1, h2,
i3),(s1, al, b2, d1, €2, 11, g4, x1, h1, i1),(s1, a1, b2, d1, e2, 1, g4, x1, h1, i2),(s1, a1, b2,
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d1, €2, f1, g4, x1, h1, 3),(s1, at, b2, d1, e2, f1, g4, x1, h2, i1),(s1, a1, b2, d1, e2, 1, g4,
x1, h2, i2),(s1, at, b2, d1, e2, f1, g4, x1, h2, i3),(s1, a1, b2, d1, e2, f1, g5, x1, h1, i1),(s1,
al, b2, dt, e2, f1, g5, x1, h1, i2),{s1, ai, b2, d1, e2, f1, g5, x1, h1, i3),(s1, al, b2, d1, e2,
f1, g5, x1, h2, i1),(s1, a1, b2, d1, €2, f1, g5, x1, h2, i2),(s1, a1, b2, d1, e2, f1, g5, x1, h2,
i3),{s1, a1, b2, dt, &3, {1, g1, x1, h1, i1),(s1, al b2, d1, e3, f1, g1, x1, h1,i2),(s1, a1, b2,
d1, e3, f1, g1, x1,'h1, i3),(s1, a1, b2, d1, e3, f1, g1, x1, h2, i1),(s1, al, b2, d1, 3, 1, g1,
X1, h2, i2),(s1, al, b2, d1, e3, f1, g1, x1, h2,7i3),(s1, a1, b2, d1, 3, f1, g2, x1, h1, i1),(s1,
ail, b2, d1, e3, f1, g2, x1, hi, i2},(s1, at, b2, d1, e3, f1, g2, x1, h1, i3),(s1, al, b2, d1, e3,
t1, g2, x1, h2, i1),(s1, a1, b2, d1, €3, 1, 92_; x1, h2, i2),(s1, a1, b2, d1, 3, f1, g2, x1, h2,
i3),(s1, a1, b2, d1, e3, f1, g3, x1, hi, i1),(s1, a1., b2, di, eg, f1, g3, x1, h1, i2),(s1, a1, b2,
dt, e3, f1, g3, x1, k1, i3),(s1, ai, b2, d1, e3, _f1;:§3, x1, h2, i1),(s1, a1, b2, d1, €3, f1, g3,
x1, h2, i2),{s1, a1, b2, d1, e3, 1, g3 x1, h2, ié),(s1, at, b2, d1, e3, f1, g4, x1, ht, i1),(s1,
al, b2, d1, e3, f1, g4, x1, ht,i2),(s1, a1, b2,.d1, €3, f1, g4, x1, h1, i3),(s1, a1, b2, d1, &3,
f1, g4, x1, h2, i1),(s1, a1, b2, d1, €3, f1, g4, x1, h2, i2),(s1, a1, b2, d1, 3, f1, g4, x1, h2,
i3).(s1, a1, b2, d1, e3, f1, g5, x1, h1, i1),(s1, a1, b2, d1, &3, f1, g5, x1, hi, i2),(s1, af, b2,
g1, e3, f1, g5, x1, h1, i3),(s1, af, b2, d1, e3; 1, g5, x1, h2, i1),(s1, a1, b2, d1, e3, f1, g5,
X1, h2, i2),(s1, atl, b2, d1, e3, f1, g5, x1, h2, 13)',_(51, al, b2, di, e4, f1, g1, x1, hi, i1),(s1,
at, b2, di, e4, f1',_g1, x1, ht, i2);(s1? at, b2,' 61, e4, f1, g1, x1, h1,i3),(s1, at, b2, di, e4,
f1, g1, x1, h2, i1),(s1, a1, b2, d1, eA4, i, g1,_x'1, h2, i2),(s1, at, b2, d1, e4, f1, g1, x1, h2,
i3),(s1, a1, b2, d1, e4, f1, g2, x1, h1,i1),(s1, at, b2, di, e4, f1, g2, x1, h1,i2),(s1, at, b2,
dt, e4, f1, g2, X1, 1, i3),(s1, a1, b2, d1, e4, f1, g2, x1, h2, i1),(s1, a1, b2, d1, e4, f1, g2,
x1, h2,i2),(s1, a1, b2, d1, e4, f1, g2, x1, h2,i3),(s1, a1, b2, d1, e4, f1, g3, x1, h1, i1),(s1,
al, b2, di1, e4, f1, g3, x1, ht, i2),(s-1-, al, b2, d1, e4, f1, g3, x1, hi, ié),(s1, at, b2, di1, e4,
f1, g3, x1, h2, i1),(s1, a1, b2, d1, e4, 1, g3, x1, h2, i2),(s1, a1, b2, d1, e4, f1, g3, x1, h2,
i3),(s1, a1, b2, df, e4, f1, g4, x1, hi, i1),{s1, at, b2, d1, e4, 11, g4, x1, h1, i2),(s1, a1, b2,
di, e4, 1, g4, x1, hi, i3),(s1,-aTI, b2, di, e4,~ f1, g4, x1, h2, i1),(s1, at, b2, di, e4, {1, g4,
x1, h2, i2),(s1, a1, b2, d1, e4, f1, g4, x1, h2,13),(s1, a1, b2, d1, e4, {1, g5, x1, h1, i1),(s1,
alt, b2, di, e4, f1, g5, x1, h1, i2),(s1, al, b2,:d1, e4, f1, g5, x1, hi,i3),(s1, al, b2, di, e4,
f1, g5, x1, h2, it),(s1, a1, b2, d1, &4, 1, g5, x1, h2, i2),(s1, a1, b2, d1, e4, 1, g5, x1, h2,
i3), . o

[0083]

(s1, at, b2, d2, e1, f1, g1, x1, b1, i1) (s1, a1, b2, d2, e1, {1, g1, x1, h1, i2),(s1, a1, b2, d2,
el, 1, g1, x1, hi, i3),{s1, a1, b2, d2, ei, f1, g1, x1, h2, i1),(s1, a1, b2, d2, et, fi, at, x1,
h2, i2),(s1, a1, b2, d2, e1, f1, g1, x1, h2, i3),(s1, a1, b2, d2, e1, 1, g2, x1, h1, i1),{s1, af,
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b2, d2, e1, {1, g2, x1, h1, i2),(s1, al, b2, d2, e1, f1, g2, x1, ht, i3),(s1, a1, b2, d2, e1, {1,
g2, x1, h2, i1),(s1, al, b2, d2, é1, f1, g2, x1, h2, i2),(s1, at, b2, d2, e1, f, g2, x1, h2,
i3),(s1, al, b2, dz, el, f1, g3, x1, hi, i1),(s1, a1, b2, d2, et, f1, g3, x1, h1, i2),(s1, a1, b2,
de, el, f1, g3, x1, I'ﬁ, 13),(s1, a1, b2, d2, e1, f1, g3, x1, h2, i1),(s1, a1, b2, d2, e1, f1, g3,
x1, h2, i2),(s1, al, b2, d2, ef, f1, g3, x1, h2, i3),(s1, a1, b2, d2, e, 1, g4, x1, h1, i1),(s1,
al, b2, d2, e1, f1; g4, x1, hi, i2),(s1, a1, b2, d2; e, f1, g4, x1, h1, i3),(s1, atl, b2, d2, e,
f1, g4, x1, h2, i1),(s1, a1, b2, d2, et, {1, g4, x1, h2, i2),(s1, a1, b2, d2, el, f1, g4, x1, h2,
i3),(s1, a1, b2, d2, e1, f1, g5, xT, h1, i1),(s1, a1, b2, d2, e1, f1, g5, x1, h1, i2),(s1, a1, b2,
dz, e1, 11, g5, x1, h1, i3),(s1, al, b2, d2, el, f1, g5, x1, h2, i1),(s1, a1, b2, d2, e1, 11, g5,
x1, h2, i2),(s1, al, b2, d2, e, f1, g5, x1, h2., i3),(s1, a1, b2, d2, e2, f1, g1, x1, hi, i1),(s1,
al, be, d2, e2, f1, g1, x1, ht, i2),(s1, a1, b2, dé, e2, f1, g1, x1, h1,i3),(s1, a1, b2, d2, e2,
f1, g1, x1, h2, i1),(s1, al, b2, d2, eé, 1, g1, x1;1 h2, i2),(s1, a1, b2, d2, e2, {1, g1, x1, h2,
i3),(s1, a1, b2, d2, e2, f1, g2, x1, h1, i1),(s1,' at, b2, d2, e2, 1, g2, x1, hi, i2),(s1, at, b2,
de, e2, f1, g2, x1, h1, i3),(s1, a1, b2, d2, e2, {1, g2, x1, h2, i1).(s1, a1, b2, d2, e2, f1, g2,
X1, h2,i2),(s1, at, b2, d2, e2, f1, g2, x1, h2, i3),(s1, a1, b2, d2, e2, f1, g3, x1, h1, i1),(s1,
al, b2, d2, e2, f1,g3, x1, h1, i2),(s1, a1, b2',._d2, ez, ;‘1, g3, x1, ht, i3),(s1, a1, b2, d2, e2,
f1, 93, x1, h2, i1),(s1, a1, b2, d2, e2, 1, g3, x1, h2, i2),(s1, al, b2, dz, e2, f1, g3, x1, h2,
i3),(s1, a1, b2, d2, e2, {1, g4, x1, h1, i1),(s1, at, b2, d2, e2, {1, g4, x1, h1,i2),(s1, a1, b2,
d2, e2, f1, g4, x‘l., h1, i3),(s1, a1', b2, d2, €2, Vf'1,.g4, x1, h2, i1),(s1, a1, b2, d2, e2, f1, g4,
x1, h2,i2),(s1, at, b2, d2, e2, f1, 94, x1, h2,_i3).(s1, at, b2, d2, e2, f1, g5, x1, h1, i1),(s1,
al, b2, d2, e2, f1, g5, x1, h1, i2),(s1, al, b2, d2, e2, f1, g5, x1, ht, i3),(s1, a1, b2, d2, e2,
f1, g5, x1, hé, i1),(s1, al, b2, d2, e2, f1, g5; x1, h2, i’2),(s1, al, b2, d2, e2, 11, g5, x1, h2,
i3),(s1, a1, b2, d2, e3, f1, gt, x1, hi, i1),(s_1,_é1, b2, d2, eg, f1, g1, x1, h1, i2),(s1, a1, b2,
dz, e3, f1, gt, x1, h1,i3),(s1, af, b2 d2, e3, f1, g1, x1, h2, i1),(s1, 51, b2, d2, e3, f1, g1,
x1, h2, i2),(s1, af, b2, d2, e3, {1’ g1, x1, 2. i3),(s1, a1, b2, d2, e3, f1, g2, x1, h1, i1),(s1,
al, b2, d2, e3, 1, g2, x1, h1, i2),(s1; at, b2, d2, e3, f1, g2, x1, h1,i3),(s1, a1, b2, d2, e3
f1, g2, x1, h2, i1),(s1, al, b2,.d2‘, ed, f1, g2,‘x1, h2, i2),(s1, at, b2, d2, €3, 11, g2, x1, h2,
i3),(s1, at, b2, d2, e3, f1, g3, x1, h1, i1),(s1, a1, b2, d2, e3, {1, g3, x1, h1, i2),(s1, a1, b2,
d2, e3, f1, g3, x1, hi, i3),(s1, al, b2, d2, e3, f1, g3, x1, h2, i1),(s1, a1, b2, d2, e3, f1, g3,
x1, h2, i2),(s1, a1, b2, d2, e3, f1, g3, x1, h2, i3),(s1, al, b2, d2, 3, f1, g4, x1, h1, i1),(s1,
al, b2, d2, e3, f1; g4, x1, h1, i2),(s1, a1, b2, d2; e3, 1, g4, x1, h1,i3),(s1, al, b2, d2, 3,
1, g4, x1, h2, i1),(s1, a1, b2, d2, e3, f1, g4, x1, h2, i2),(s1, a1, b2, d2, e3, 1, g4, x1, h2,
i3),(s1, at, b2, d2, 3, f1, g5, x1, h1,i1),{s1, a1, b2, d2, e3, f1, g5, x1, h1, i2),(s1, ai, b2,
de, e3, f1, g5, x1, hi, i3),(st1, at, b2, d2, 93, f1, g5, x1, h2, i1),(s1, al, b2, d2, e, f1, g5,
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x1, h2, i2),(s1, af, 52, d2, e3, f1; g5, x1, h2; i3),(s1, al, b2, d2, e4, f1, g1, x1, h1, i1),(s1,
at, b2, d2, e4, f1..g1, x1, ht, i2),(s1; al, b2, d2, e4, f1, g1, x1, h1,i3),(s1, at, b2, d2, e4,
1, g1, x1, h2, i1),{s1, a1, b2, dé, ed, f1, g1, x1, h2, i2),(s1, a1, b2, d2, e4, f1, g1, x1, h2,
3),(s1, a1, b2, d2, e4, {1, g2, x1, h1, i1).(s1, a1, b2, d2, e4, {1, g2, x1, h1, i2),(s1, at, b2,
d2, e4, f1, g2, x1, 1, i3),(s1, a1, b2, d2, e4, f1, g2, x1, h2, i1),(s1, a1, b2, d2, e4, {1, g2,
x1, h2, i2),(s1, a1, b2, d2, e4, 11, g2, x1, h2, i3),(s1, a1, b2, d2, e4, f1, g3, x1, h1, i1),(s1,
al, b2, d2, e4, 15 ¢3, x1, hi, i2),(s1, a1, b2, d2; e4, f, g3, xt, hi, i3),(s1, ai, b2, d2, e4,
1, g3, x1, h2, i1),(s1, a1, b2, d2, e4, 11, g3, x1, h2, i2),(s1, al, b2, d2, e4, {1, g3, x1, h2,
i3}.(s1, a1, b2, d2, e4, f1, g4,'x1, h1, i1},(s1,ai, b2, d2, e4, 1, g4, x1, h1, i2),(s1, al, b2,
d2, e4, f1, g4, x1, h1,i3),(s1, ai, b2, d2, e4, 1, g4, x1, h2, i1),(s1, al, b2, d2, e4, f1, g4,
x1, h2, i2),(s1, a1,‘ b2, d2, e4, f1, g4, x1, h2., i3).(s1, a1, b2, d2, e4, f1, g5, x1, h1, i1),(s1,
al, b2, d2, e4, f1, g5, xt, h1, i2),(s1, a1, b2, d2, e4, f1, g5, x1, hi, i3),{s1, at, b2, d2, e4,
f1, g5, x1, h2, i1),(s1, a1, b2, d2, e4, 1, g5, x1, h2, 2),(s1, al, b2, d2, e4, 11, g5, x1, h2,
i3},

(0084] _

(s1, a2, b1, d1, e, f1, g1, x1, hi, i1),{s1, a2, b1, d1, e, f1, g1, x1, h1, i2),(s1, a2, b1, d1,
el, f1, g1, x1, h1,7i3),(s1, a2, b1, d1, et, 1, g1, x1, h2, i1),(s1, a2, b1, d1, et, f1, g1, x1,
h2, i2),(s1, a2, b1, di1, e1, f1, g1, x1, h2, i3),(s1, a2, b1, d1, e, 1, g2, x1, hi, i1),(s1, a2,
b1, d1, e, f1, g2, x1, ht, i2),(s1, a2, b1, di, ef, 1, g2, x1, h1,i3),(s1, a2, b1, d1, e1, f1,
g2, x1, h2, i1),(s:l,, az, b1, dt, é1, f1, g2, x1, h2, i2),(s1, a2, b1, d1, el, 1, g2, x1, h2,
13),(s1, a2, b1, d1, ef, f1, g3, x1, hi, i1),(s1, a2, b1, d1, e1, f1, g3, x1, h1, i2),(s1, a2, bi,
di, et, {1, g3, xj, h1, i3),(s1, a2, bt, d1, ef, f1, .93, x1, h2, i1),(s1, a2, b1, d1, el, f1, g3,
x1, h2, i2),(si, a2, bi, d1, el, f1, g3, x1, h2,'i3),(s1, a2, b1, d1, e, f1, g4, x1, ht, i1),{s1,
az, b1, d1, el, f1, g4, x1, h1, i2),(s1, a2, b1, d1, e1, f1, g4, x1, h1, i3),(s1, a2, b1, d1, e1,
1, g4, x1, h2, i1),(s1, a2, b1, di, é1‘, f1, g4, x1; h2, i2),(s1, a2, b1, d1 el, f1, g4, x1, h2,
i3),(s1, a2, b1, d1, ‘e1, f1, g5, x1, h1, i1),(s1, a2, b1, d1, e1, f1, g5, x1, hi, i2),(s1, a2, b1,
di, e, f1, g5, x1,r hi, i3},(s1, a2, b‘1‘, d1, e1, f1, g5, x1, h2, i1),(s1, a2, b1, di, el, f1, g5,
x1, h2, i2),(s1, a2, b1, dt, e1; f1‘, g5, x1, h2,—i8),(s1, az, b1, d1, e2, 1, g1, x1, hi, i1),(s1,
a2, b1, d1, e2, 11, g1, x1, h1, i2),(s1, a2, b1, d1, e2, f1, g1, x1, h1, i3).(s1, a2, b1, d1, e2,
f1, g1, x1, h2, i1),(st, a2, b1, d1, e2, f1, g1, x1, h2, i2),{s1, a2, b1, d1, 2, f1, g1, x1, h2,
i3),(s1, a2, b1, d1, e2, f1, g2, x1, ht, i1),(é1, a2, b1, d1, e2, f1, g2, x1, h1, i2),(s1, a2, b1,
di, e2, f1, g2, x1; h1,i3),{s1, a2, b1, d1, e2.,‘f1,;g2, x1, h2, i1),(s1, a2, b1, di, e2, f1, g2,
x1, h2, i2),(s1, a2, bi, d1, e2, f1, g2, x1, h2, i3),(s1, a2, b1, d1, e2, fi, g3, x1, ht, it},(s1,
a2, b1, d1, e2, f1, g3, x1, h1,i2),{s1, a2, b1, d1, €2, f1, g3, x1, h1,i3),(s1, a2, bt, d1, e2,
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f1, g3, x1, h2, i1),(s1, a2, b1, d1, e2, f1, g3, x1, h2, i2).(s1, a2, b1, d1, e2, 1, g3, x1, h2,
3),(s1, a2, b1, d1, &2, f1, g4, x1; hi, i1),(s1; a2, b1, di, e2, 1, g4, x1, h1, i2),(s1, a2, b1,
d1, e2, f1, g4, x1,l hi, i3),(s1, a2, b1, d1, e2, f1, g4, x1, h2, i1),(s1, a2, b1, d1, e2, f1, g4,
x1, h2, i2),(s1, a2, b1, d1, e2, f1, g4, x1, h2,'i3),(s1, a2, b1, d1, €2, f1, g5, x1, hi, i1),(s1,
a2, b1, di, e2, f1, g5, x1, h1, i2),(s1, a2, b1, d1, e2, f1, g5, x1, h1, i3),(s1, a2, b1, d1, e2,
f1, g5, x1, h2, i1),té1, az, b1, di, ez, f1, g5, x1, h2, i2),(s1, a2, b1, di1, e2, {1, g5, x1, h2,
i3),(s1, a2, b, di, e3, f1, g1, x1, h'1., i1),(s1, aa, b1, di, e3, f1, g1, x1, h1,i2),(s1, a2, b1,
d1, e3, 1, g1, x1, h1,i3),(s1, a2, b1, d1, e3, 11, g1, x1, h2, i1),(s1, a2, b1, d1, e3, 1, g1
x1, h2, i2),(s1, a2, b1, d1, e3, {1, g1, x1, h2, i3),(s1, a2, b1, di, e3, f1, g2, x1, ht, i1).(s1,
a2, b1, di, e3, f1, g2, x1, h1,7i2),(s1, a2, b1,/d1, e3, f1, g2, x1, h1, i3),(s1, a2, b1, d1, e3,
1, g2, x1, h2, i1),(s1, a2, b1, d1, €3, f1, g2, x1, h2, i2),(s1, a2, b1, d1, €3, f1, g2, x1, h2,
i3),(s1, a2, b1, d1, 3, f1, g3, x1, h1, i1),(s1, a2, b1, d1, 3, f1, g3, x1, h1, i2),(s1, a2, b1,
d1, e3, f1, g3, x1, h1, i3),(s1, a2, b1, d1, e3, f1, g3, x1, h2, i1),(s1, a2, b1, dt, e3, 1, g3,
x1, h2,i2),(s1, a2, b1, d1, €3, f1, g3, x1, h2, i3);(s1, a2, b1, d1, &3, f1, g4, xi, h1, i1),(s1,
a2, b1, d1, €3, f1,g4, x1, hi, i2),(s1, a2, b1, di, €3, f1, g4, x1, h1, i3),(s1, a2, b1, d1, e3,
1, g4, x1, h2,i1),(s1, a2, b1,.d1, e.3, 1, g4, x1, _h2, i2),(s1, a2, b1, d1, e3, f1, g4, x1, h2,
i3),(s1, a2, b'1, d1, e3, f1, g5, x1, h1, i1),(st1, a2, b1, d1, €3, f1, g5, x1, h1, i2),(s1, a2, b1,
dit, e3, f1, g5, x1,°h1, i3),(s1, a2, b1, d1, e3, f1, g5, $<1, h2, 11),(s1, a2, b1, di, 3, f1, g5,
x1, h2, i2),(s1, a2, b1, d1, €3, 1, g5, x1, h2, i3),(s1, a2, b1, d1, e4, f1, g1, x1, h1, i) (s1,
az, b1, di, e4, f1, g1, x1, h1, i2),(s1, a2, b1, dt, e4, f1, g1, x1, h1,i3),(s1, a2, b1, d1, ed
1, 1, x1, h2, i1),(s1, a2, b1, d1, e4, 1, g1, x1, h2, i2),(s1, a2, b1, d1, e4, f1, g1, x1, h2
i3),(s1, a2, b1, d1, e4, f1, g2, x1, h1,i1),(s1, a2, b1, d1, e4, 1, g2, x1, h1, i2),(s1, a2, b,
di, e4, f1, g2, x1, h1, i3),(s1, a2, b1, d1, e4, f1, g2, x1, h2, i1),(s1, a2, b1, d1, e4, 1, g2,
x1, h2, i2),(s1, a2, b1, d1, e4, f1, g2, x1, h2, i3),(s1, a2, b1, d1, ed4, 1, g3, x1, hi, i1),(st,
az, bi, d1, e4, f1, g3, x1, h1, i2),(s1, a2, b1, d1, e4, f1, g3, x1, hi, i3),(s1, a2, b1, d1, e4,
1,63, x1, h2, i1),(s1, a2, b1, d1, e4, 1, g3, x1, h2, i2),(s1, a2, b1, d1, ed, {1, g3, x1, h2,
i3),(s1, a2, bt, df, 64, f1, g4, xt, h1, i1),(s1; 'a2,.' b1, d1, e4, f1, g4, x1, h1,i2),(s1, a2, b1,
d1, e4, {1, g4, x1, h1, i3),(s1, a2, b, d1, e4, 1, g4, x1, h2, i1),(s1, a2, b1, d1, e4, 1, g4,
x1, h2, i2),(s1, a2, b1, d1, e4, 11, g4, x1, h2, i3),(s1, a2, b1, d1, e4, f1, g5, x1, h1, i1).(s1,
a2, b1, d1, €4, f1, g5, x1, h1, i2),(s1, a2, b1, d1, e4, {1, g5, x1, h1, i3),(s1, a2, b1, d1, e4,
1, g5, x1, h2, i1),(é1, az, b1, d1, e4, f1, g5, x1, h2, i2),(s1, a2, b1, d1, e4, f1, g5, xi, h2,
i3}, ‘ ‘ -
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(s1, a2, b1, d2, e1, f1, g1, x1, h1,i1),(s1, a2, b1, d2, e1, f1, g1, x1, hi, i2),(s1, a2, bt, d2,
et, f1, g1, x1, h1,i3),(s1, a2, b1, d2, el, f‘1, gtl, x1, h2, i1),(s1, a2, 61, dz, e1, f1, g1, x1,
h2, i2),{s1, a2, bT, 62, el, f1, g1, x1, h2, i3);(’s1,l az, b1, d2, e1, f1, g2, x1, hi, i1),(s1, a2,
b1, d2, e1, f1, g2, x1, h1, i2),(s1, a2, b1, d2, e1, 1, g2, x1, hi, i3),(s1, a2, b1, d2, e1, f1,
g2, x1, h2, i1),(s1, a2, b1, d2, é1, 1, g2, x1, h2, i2),(s1, a2, b1, d2, e1, f1, g2, x1, h2,
i3),(s1, a2, b1, d'2,_ el, f1, g3, x1, h1, i1),(s1, a2, b1, d2, et, f1, g3, x1, h1, i2),(s1, a2, b1,
dz2, et, f1, g3, x1, 51, 13}.(s1, a2, b1, d2, e1, f1, g3, x1, h2, i1),(s1, a2, b1, d2, e1, f1, g3,
x1, h2, i2),(s1, a2, b1, d2, e1, 11, g3, x1, h2, 13).(s1, a2, bt, d2, e, 1, g4, x1, ht, i1),(s1,
a2, b1, d2, et, f1; g4, x1, h1,i2),(s1, a2, b1, d2; e1, f1, g4, x1, h1, i3),(s1, a2, bi, d2, e1,
1, g4, x1, h2, i1),(s1, a2, b1, d2, et, f1, g4, x1, h2, i2),(s1, a2, b1, d2, e1, f1, g4, x1, h2,
i3),(s1, a2, b1, d2, e1, f1, g5, xT, h1, i1),(s1,a2, b, d2, el, f1, g5, x1, h1, i2),(s1, a2, b1,
d2, e1, f1, g5, x1, h1,i3).(s1, a2, b1, d2, e1, f1, g5, x1, h2, i1),(s1, a2, b1, d2, e1, 11, g5,
x1, h2, i2),(s1, a2, b1, d2, e1, f1, g5, x1, h2..' i3),(s1, a2, b1, d2, e2, 1, g1, x1, hi, i1),{s1,
a2, b1, d2, e2, f1, g1, x1, h1, i2),(s1, a2, b1, d2, e2, f1, g1, x1, h1, i3),(s1, a2, b1, d2, e2,
f1, g1, x1, h2, i1),(s1, a2, b1, d2, e2, fi, gt, x1, h2, i2),(s1, a2, b1, d2, e2, f1, g1, x1, h2,
i3),(s1, a2, b1, d2; €2, f1, g2, x1, ht, i1),(s1,. a2, b1, d2, e2, f1, g2, x1, hi, i2),(s1, a2, b1,
d2, e2, f1, g2, x1, h1,13),(s1,-a2, b1, d2, €2, 1, g2, x1, h2, i1),(s1, a2, b1, d2, e2, f1, g2,
x1, h2, i2),(s1, a2, b1, d2, e2, f1, g2, x1, h2, i3),(s1, a2, b1, d2, €2, f1, g3, x1, h1, i1),(s1,
a2, b1, d2, e2, f1,'g3, x1, hi, i2),(s1, a2, b1, d2, e2, f, g3, x1, h1, i3),(s1, a2, b1, d2, e2,
f1, g3, x1, h2, i1),(s1, a2, b1, d2, €2, f1, g3, x1, h2, i2),(s1, a2, b1, d2, e2, f1, g3, x1, h2,
i3).(s1, a2, b1, d2, e2, f1, g4, x1, ht, i1),(s1, a2, b1, d2, e2, f1, g4, x1, h1, i2),(s1, a2, b1,
d2, e2, 11, g4, x1, ht, i3),(s1, a2, b1, d2, e2','f1,'g4, x1, h2, i1),(s1, a2, b1, d2, e2, 1, g4,
X1, h2, i2),(s1, a2, b1, d2, e2, f1, g4, x1, h2,_13),(s‘|, az, b1, d2, 2, f1, g5, x1, hi, i1),{s1,
az, b1, d2, e2, f1, g5, x1, ht, i2),{s1, a2, b1, d2, e2, 1, g5, x1, h1,i3),(s1, a2, bi, d2, e2,
ft, g5, x1, hé, i1j,{s1. a2, bt, d2, e2, f1, g5, x1, h2, i'2),(s1, a2, b1, d2, e2, f1, g5, x1, h2,
i3),(s1, a2, bt, d2, e3, {1, g1, x1, ht, i1),(s1, a2, b1, d2, e3, f1, g1, x1, ht, i2),(s1, a2, b1,
dz, 3, f1, g1, x1, h1,i3),(s1, a2, b1 d2, e3, f1, g1, x1, h2, i1},(sT, c—;2, b1, d2, e3, 1, g1,
x1, h2, i2),(s1, a2, b1, d2, €3, f1; g1, x1, h2; i3),(s1, a2, bi, d2, e3, f1, g2, x1, h1, i1),(s1,
a2, b1, d2, e3, 1, g2, x1, h1, i2),(s1, a2, b1, d2, €3, f1, g2, x1, h1, i3),(s1, a2, b1, d2, e3,
f1, g2, x1, h2, i1),(s1, a2, b1, d2, e3, f1, g2, x1, h2, i2),(s1, a2, b1, d2, €3, f1, g2, x1, h2,
i3),(s1, a2, b1, d2,_ e3, 1, g3, x1, h1,11),(s1,-a2, b1, d2, e3, {1, g3, x1, h1, i2),(s1, a2, b1,
dz2, e3, f1, g3, x1, ht,i3),(s1, a2, b1, d2, e3, 11, g3, x1, h2, i1),(s1, a2, b1, d2, €3, 1, g3,
x1, h2, i2),(s1, a2, bt, d2, e3, f1, g3, x1, h2, i3),(s1, a2, b1, d2, €3, f1, g4, x1, h1, i1),(s1,
a2, bi, d2, e3, f1; g4, x1, hi, i2);(s1, a2, b1, d2; 3, f1, g4, x1, h1,i3),(s1, a2, b1, d2, e3,
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1, g4, x1, h2, i1),(s1, a2, b1, d2, €3, 1, g4, x1 , b2, i2),(s1, a2, b1, d2, €3, f1, g4, x1, h2,
i3),(s1, a2, bi, d2, é3, 1, g5, x1; hi, i1),{s1; a2, b1, d2, 3, {1, g5, x1, h1, i2),(s1, a2, b1,
d2, e3, f1, g5, x1, hi, i3).(s1, a2, b1, d2, e3, f1, g5, x1, h2, i1),(s1, a2, b1, d2, e3, 1, g5,
x1, h2, i2),(s1, a2, bt, d2, €3, 1, g5, x1, h2, i3),(s1, a2, b1, d2, e4, {1, g1, x1, hi, it),(s,
a2 b1, d2, &4, f1,‘g1, x1, h1,i2),(s1, a2, b1, d2, e4, f1, g1, x1, h1,i3),(s1, a2, b1, d2, e4,
f1, g1, x1, h2, i1),(s1, a2, b1, d2, e4, f1, g1, x1, h2, i2),(s1, a2, b1, d2, e4, f1, g1, x1, h2,
i3),(s1, a2, b1, d2, e4, 1, g2, x1, h1, i1),(s1, a2, b1, d2, e4, {1, g2, x1, h1, i2),(s1, a2, b1,
d2, e4, f1, g2, x1; A1, i3),(s1, a2, b1, d2, e4, f1 ,7'92, X1, h2, i1),(s1, a2, bt, d2, e4, f1, g2,
x1, h2, i2),(s1, a2, b1, d2, e4, f1, g2, x1, h2, i3),{s1, a2, b1, d2, e4, f1, g3, x1, h1, i1),(s1,
az, b1, d2, e4, f1, g3, x1, h1,'i2),(s1, a2, b1, d2, e4, f1, g3, x1, h1, i3),(s1, a2, b1, d2, e4,
f1, @3, x1, h2, i1),(st, a2, b1, d2, e4, 11, g3, x1, h2, i2).(s1, a2, b1, d2, e4, {1, g3, x1, h2,
i3),(s1, a2, b1, d2, e4, f1, g4, x1, ht, i1),(s‘l., a2, b1, d2, e4, f1, g4, x1, ht, i2),(s1, a2, b1,
d2, e4, f1, g4, x1, h1, i3),(s1, a2, b1, d2, e4, f1, g4, x1, h2, i1),(s1, a2, b1, d2, e4, {1, g4,
X1, h2, i2),(s1, a2, b1, d2, e4, f1, g4, x1, h2, 13),(s1, a2, b1, d2, e4, 1, g5, x1, hi, i1),(s1,
a2, bt, d2, e4, f1, g5, x1, h1, i2),(s1, a2, b1, d2, e4, f1, QS, x1, h1, i3),(s1, a2, b1, d2, e4,
f1, g5, x1, h2, i1),(s1, a2, bt, d2, e4, f1, g5,-x1, h2,i2),(s1, a2, b1, d2, e4, {1, g5, xt, h2,
i3),

[0086]

(s1, a2, b2, d1, e1, f1, g1, x1, h1,i1),(s1, a2, b2, d1, e1, f1, g1, x1, hi, i2).(s1, a2, b2, d1,
el, 1, g1, x1, h1, i3),(s1, a2, b2, d1, e, f1, _g1',._>'<1, h2, i1),(s1, a2, b2, d1, e, 1, g1, x1,
h2, i2),(s1, a2, bé, at, el, f1, g1; xt, h2, i3),'(s1, az, b2, d1, et, f1, g2, xi, ht, i1),(s1, a2,
b2, d1, e1, 1, g2, x1, hi, i2),(s1, a2, b2, d1, e1, 11, g2, x1, h1, i3),(s1, a2, b2, d1, e1, 1,
g2, X1, h2, i1),(s1, a2, b2, di, el, f1, g2, x1, h?, i2),(s1, a2, b2, d1, e1, f1, g2, x1, h2,
i3),(s1, a2, b2, a1, et, f1, g3, x1, hi, i1),(s1, a2, b2, d1, e1, f1, g3, x1, h1, i2),(s1, a2, b2,
d1, e1, 11, g3, x1, h1,i3),(st, a2, b2, d1, el, f1, g3, xt, h2, i1),(s1, a2, b2, d1, ef, f1, g3,
x1, h2, i2),(s1, a2, b2, d1, et, f1, QS, x1, h2, i3},{s1, a2, b2, d1, e, 1;1, g4, x1, ht, i1),(s1,
a2, b2, d1, el, f1, g4, x1, hi, i2)(s1, a2, b2; d1. e1, 1, g4, x1, hi,i3),(s1, a2, b2, d1, ef,
f1, g4, x1, h2, i1),(s1, a2, b2, d1, 1, f1, g4, X1, h2, i2),(s1, a2, b2, d1, et, f1, g4, x1, h2,
i3),(s1, a2, b2, d1, e1, 1, gs,'x{, hi, i1),(s1, a2, b2, d1, e1, 1, g5, x1, h1, i2).(s1, a2, b2,
di, et, f1, g5, x1,>h1, i3).(s1, a2, b2, d1, ef, f1, g5, x1, h2, i1),(s1, a2, b2, d1, e, f1, g5,
x1, h2, i2),(s1, a2, b2, d1, ef, f1, g5, x1, h2, i3),(s1, a2, b2, d1, &2, f1, g1, x1, ht, i1),{s1,
a2, b2,d1, e2, f1, g1, x1, hi, i2),(s1, a2, b2, d1, e2, f1, g1, x1, h1, i3),(s1, a2, b2, d1, e2,
f1, g1, x1, h2, i1);(31, a2, b2, d1; e2, f1, g1, x1, h2, i2),(s1, a2, b2, d1, &2, f1, g1, x1, h2,
i3).(s1, a2, b2, d1, e2, f1, g2, x1, hi, i1},(s1, a2, b2, d1, e2, 1, g2, x1, h1, i2),(s1, a2, b2,
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di, e2, 1, g2, x1, h1, i3),(s1, a2, b2, d1, e2, f1, g2, x1, h2, i1),(s1, a2, b2, di, e2, 1, g2,
x1, h2, i2),{s1, a2, b2, d1, €2, f1, gé, x1, H2, i3),(s1, a2, b2, d1, e2, ﬁ, g3, x1, ht, i1),(s1,
a2, b2, di, e2, f1, QS, x1, h1,i2),(s1, a2, b2; dt, e2, 1, g3, x1, h1, i3),(s1, a2, b2, d1, e2,
f1, g3, x1, h2, i1),(s1, a2, b2, d1, e2, f1, g3, x1, h2, i2),(s1, a2, b2, d1, e2, f1, g3, x1, h2,
i3),(s1, a2, b2, d1, e2, f1, g4, x1l, h1, i1),(s1, a2, b2, d1, e2, 1, g4, x1, h1, i2),(s1, a2, b2,
di1, e2, f1, g4, x1',‘h1, i3),(s1, a2, b2, d1, e2, f1, g4, x1, h2, i1),(st, a2, b2, d1, e2, f1, g4,
x1, h2,i2),(s1, a2, b2, d1, e2, f1, g4, x1, h2, i3),(s1, a2, b2, d1, e2, f1, g5, x1, h1, i1).(s1,
a2, b2, d1, e2, f1, g5, x1, h1, i2),(s1, a2, b2, di, e2, f1, g5, x1, ht, i3),(s1, a2, b2, d1, e2,
1, g5, x1, h2, i1);{$1, a2, b2, d1, e2, f1, g5, x1, h2, i2),(s1, a2, b2, d1, e2, 11, g5, x1, h2,
i3),(s1, a2, b2, d1, €3, 11, g1, x1, h1, i1),(s1, a2, b2, d1, e3, f1, g1, x1, h1, i2},(s1, a2, b2,
d1, e3, f1, g1, x1, 11, i8),(s1,'a2, b2, d1, e3; 1, g1, x1, h2, i1),(s1, a2, b2, d1, e3, f1, g1,
x1, h2,i2),(s1, a2, b2, d1, 3, f1, g1, x1, h2, i3),(s1, a2, b2, di, e3, f1, g2, x1, h1, i1),(s1,
az2, b2, di, 3, f1,'g2, x1, hi, i2),(s1, a2, b2', di, e3, f1, g2, x1, h1, i3),(s1, a2, b2, dt, e3,
1, g2, x1, h2, i1),{s1, a2, b2, d1, e3, f1, g2, x1, h2, i2),(s1, a2, b2, d1, e3, 1, g2, x1, h2,
i3),(s1, a2, b2, d1, e3, f1, g3, x1, hi, i1),(st, a2‘,‘, 52, di1, e3, f1, g3, x1, hi,i2},(s1, a2, b2,
d1, ed, f1, g3, x1, h1,i3),(s1, a2, b2, d1, &g, 1‘1 g3, x1, h2, i1),(s1, a2, b2, d1, €3, f1, g3,
x1, h2, i2),(s1, a2, b2, di, €3, f1, g3, x1, h2,.i3),(s1, a2, b2, d1, 3, 1, g4, x1, h1, i1),(s1,
az, b2, di, egd, f1, g4, x1, ht, i2),(s1, a2, b2, d1, e3, f1, g4, x1, h1,3),(s1, a2, b2, d1, €3,
f1, g4, x1, h2, i1),(s1, a2, b2, d1, €3, f1, g4, x1, h2, i2),(s1, a2, b2, di, e3, {1, g4, x1, h2,
i3),(s1, a2, b2, d1, e3, f1, g5, x1, h1,i1),(s1, a2, b2, d1, e3, f1, g5, x1, ht, i2),(s1, a2, b2,
di, e3, f1, g5, xt, h1,13),(s1, a2, b2, d1, e3, 1, g5, x1, h2, i1),(s1, a2, b2, d1, &3, {1, g5,
x1, h2, i2),(s1, aé, b2, dt, e3, f1; g5, x1, h2, i3),(s1, a2, b2, di, e4, f1, gl, x1, ht, i1),(s1,
az, b2, di, e4, f1, g1, x1, hi, i2),(31, ae, b2.‘d1, ed, f1, g1, x1, h1,i3),(s1, a2, b2, di, e4,
1, g1, x1, h2, i1),(s1, a2, b2, d1, e4, f1, g1, x1, h2, i2),(s1, a2, b2, d1, e4, f1, g1, x1, h2,
13),(s1, a2, b2, d-1 . e4, 1, g2, x1, h1, i1),(s1, a2, b2, d1, e4, 1, g2, x1, h1, i2),(s1, a2, b2,
di, e4, f1, g2, x1, hi, i3),(st, a2, b2, d1, e4, f1, 92, x1, h2, i1),(s1, a2, b2, d1, e4, f1, g2,
x1, h2, i2),(s1, a2, b2, di, e4, 1, g2 x1, h2, i3},(s1, a2, b2, d1, e4, ﬁ, g3, x1, hi, i1),(s1,
a2, b2, di, e4, f1, Qs, x1, b1, i2),(s1, a2, b2, d1, e4, f1, g3, x1, hi, i3),(s1, a2, b2, d1, e4,
1, g3, x1, h2, 11),7(51, a2, b2, di1, e‘éi, H, g3, x1, h2, i2),(s1, a2, b2, d1, e4, {1, g3, x1, h2,
i3),(s1, a2, b2, d1, e4, f1, g4, x‘I‘, h1, i1),(s1,‘a2,'b2, di, e4, f1, g4, x1, h1, i2),(s1, a2, b2,
di, e4, f1, g4, x1,‘h1, 13).(s1, a2, b2, d1, e4, f1, g4, x1, h2, i1),(s1, a2, b2, d1, e4, f1, g4,
x1, h2, i2),(s1, a2, b2, d1, e4, f1, g4, x1, h2, i3),(s1, a2, b2, d1, e4, 1, g5, x1, ht, i1),(s1,
az, b2, d1, e4, f1, g5, x1, hi, i2),(s1, a2, b2, d1, e4, f1, g5, x1, ht,i3),(s1, a2, b2, d1, e4,
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f1, g5, x1, h2, i1j,(S1, az, b2, d1, e4, f1, g5, x1, h2, 12),(s1, a2, b2, d1, e4, f1, g5, x1, h2,
i3),

[0087] _ .

(s1, a2, b2, d2, e'1,'f1, g1, x1, h, i1),(S1, a2','b2.', d2, e1, f1, g1, x1, ht, i2),(s1, a2, b2, d2,
el, f1, g1, x1, h1, i3),(s1, a2, b2, d2, el, 1, g1, x1, h2, i1),(s1, a2, b2, d2, e1, f1, g1, x1,
h2, i2),(s1, a2, b2, d2, e1, 11, g1, x1, h2, i3),(s1, a2, b2, d2, e1, H, g2, x1, hi, H),(s1, a2,
b2, d2, e1, f1, g2, x1, h1, i2),(s1, a2, b2, d2, el, f1, g2, x1, h1, i3),(s1, a2, b2, d2, el, f1,
g2, x1, h2, i1),(s1,'a2, b2, d2, e1, f1, g2, x1, h2, i2),(s1, a2, b2, d2, el, f1, g2, x1, h2,
i3),(s1, a2, b2, d2, e1, f1, g3, x1, 11, i1),(s1, a2, b2, d2, ef, 1, g3, X1, h1, i2),(s1, a2, b2,
d2, el, f1, g3, x1; h1, i3),(s1, a2, b2, d2, e1,f1, g3, x1, h2, i1),(s1, a2, b2, d2, e, f1, g3,
x1, h2, i2),{s1, a2, b2, d2, e, f1, g3, x1, h2, i3),(s1, a2, b2, d2, el, {1, g4, x1, h1, i1),(s1,
a2, b2, d2, e1, f1, g4, x1, h1,i2),(s1, a2, b2,-d2, e1, f1, g4, x1, h1, i3),(s1, a2, b2, d2, e1,
f1, g4, x1, h2, i1),(s1, a2, b2, d2, el, f1, g4, x1, h2, i2),(s1, a2, b2, d2, e1, {1, g4, x1, h2,
i3),(s1, a2, b2, d2, et, f1, g5, x1, hi, i1),(s1l, az, b2, d2, el, f1, g5, x1, hi, i2),(s1, a2, b2,
d2, e1, f1, g5, x1, h1, i3),(s1, a2, b2, d2, e1, f1, g5, x1, h2, i1),(s1, a2, b2, d2, e1, 1, g5,
x1, h2, i2),(s1, a2, b2, d2, e1, 1, g5, x1, h2, i3),(s1, a2, b2, d2, e2, 1, g1, x1, h1, i1),(sT,

- az, b2, d2, e2, f1, g1, xi, hi, i2),(s1, a2, b2, d2, e2, f1, g1, x1, h1,i3),(s1, a2, b2, d2, e2,

f1, g1, x1, 2, i1),(s1, a2, b2, d2, €2, f1, g1, x1, h2, i2),(s1, a2, b2, d2, e2, 1, g1, x1, h2,
i3),(s1, a2, b2, d2, e2, f1, g2, xt, h1, i1),(s1, a2, b2, d2, e2, {1, g2, x1, h1, i2),(s1, a2, b2,
d2, e2, f1, g2, x1,'h1, i3),(st, a2, b2, d2, €2, 11, g2, X1, h2, i1),(s1, a2, b2, d2, e2, 1, g2,
x1, h2,i2),(s1, a2, b2, d2, e2, f1, g2, x1, h2, i3),(s1, a2, b2, d2, e2, {1, g3, x1, h1, i1),(s1,
a2, b2, d2, e2, 1, g3, x1, h1, i2),(s1, a2, b2, d2, &2, f1, g3, x1, ht, i3),(s1, a2, b2, d2, e2,
f1, 93, x1, h2, i1)',,(s1, a2, b2, d2, e2, f, 93,'£1,-h2, i2),(s1, a2, b2, d2, e2, f1, g3, x1, h2,
i3),(s1, a2, b2, d2, €2, f1, g4, x1, h1, 11),(31,_32, b2, d2, e2, f1, g4, x1, h1, i2),(s1, a2, b2,
d2, e2, f1, g4, x1, h1,i3),(s1, a2, b2, d2, e2, f1, g4, x1, h2, i1),(s1, a2, b2, d2, e2, f1, g4,
x1, h2, i2),(s1, a2, b2, d2, €2, 1, g4, x1, h2, i3).(s1, a2, b2, d2, e2, 1, g5. x1, ht, i1),(s1,
a2, b2, d2, e2, f1, g5, x1, h1, i2),(s1, a2, b2, d2, e2, {1, g5, x1, h1, i3),(s1, a2, b2, d2, e2,
f1, g5, x1, h2, i1),(s1, a2, b2, d2, e2, f1, g5, x1  h2, 2),(s1, a2, b2, d2, 2, f1, g5, x1, h2,
i3),(s1, a2, b2, d3, €3, 11, g1, x1; h1, i1),(s; a2, b2, d2, e3, 1, g1, x1, h1,i2),(s1, a2, b2,
d2, e3, f1, g1, x1, h, i3),(s1, a2, b2, d2, €3, f1, g1, x1, h2, i1),(s1, a2, b2, d2, 3, f1, g1,
x1, h2, 12),(s1, a2, b2, d2, €3, 11, g1, x1, h2, i3),(s1, a2, b2, d2, €3, 1, g2, x1, h1, i1),(s1,
az, b2, d2, €3, fi, g2, x1, hi, i2),(s1, a2, b2, d2, €3, 1, g2, x1, h1, i3),(s1, a2, b2, d2, 3,
f1, g2, x1, h2, i1),(s1, a2, b2, d2, €3, f1, g2, x1, h2, i2),(s1, a2, b2, d2, e3, f1, g2, x1, h2,
i3),(s1, a2, b2, d2, e3, f1, g3, x1, h, i1),(s1, a2, b2, d2, €3, 1, g3, x1, h1, i2),(s1, a2, b2,
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dz, e3, f1, g3, x1, ht, i3),(s1, a2, b2, d2, e3,- f1, g3, x1, h2, i1),(s1, a2, b2, d2, e3, f1, g3,
x1, h2, i2),(s1, a2, b2, d2, e, f1, g3, x1, h2, i3),(s1, a2, b2, d2, e3, f1, g4, x1, h1, i1),(s1,
az, b2, d2, e3, f1, g4, x1, hi, i2),(s1, a2, b2, d2, e3, 1, g4, x1, h1, i3),(s1, a2, b2, d2, 3,
f1, g4, x1, h2, i1),(s1, a2, b2, d2, 3, 1, g#, x1, h2, i2),(s1, a2, b2, d2, e3, f1, g4, x1, h2,
i3),(s1, a2, b2, d2, 83, H, g5, x1; hi, i1),(s1, a2, b2, d2, 3, 1, g5, xt, hi, i2),(s1, a2, b2,
d2, e3, f1, g5, x1,. h1,i3),(s1, a2, b2, d2, €3, f1, g5, x1, h2, i1),(s1, a2, b2, d2, e3, f1, g5,
x1, h2, i2),(s1, a2, b2, d2, €3, f1, g5, x1, h2,i3),(s1, a2, b2, d2, e4, f1, g1, x1, hi, i1).(s1,
a2, b2, d2, e4, f1, g1, x1, h, i2),(s1, a2, b2, d2, e4, 11, g1, x1, h1, i3),(s1, a2, b2, d2, e4,
1, g1, x1, h2, i1),(§1, a2, b2, dz2, e4, f1, g1, x1, h2, i2),(s1, a2, b2, d2, e4, f1, g1, x1, h2,
i3),(s1, a2, b2, d2, e4, f1, g2, x1, h1, i1),(s1, az, b2, d2, e4, 1, g2, X1, hi, i2),(s1, a2, b2,
d2, e4, 1, g2, x1, hi, i3),(s1, a2, b2, d2, e4, f1, g2, x1, h2, i1),(s1, a2, b2, d2, e4, f1, g2,
x1, h2, i2),(s1, a2, b2, d2, e4, f1, g2, x1, h2, i3),(s1, a2, b2, d2, e4, {1, g3, x1, h1, i1),(s1,
az2, b2, d2, e4, f1, g3, x1, h1,'i2),(s1, a2, b2,-d2, e4, f1, g3, x1, h1, i3),(s1, a2, b2, d2, e4,
1, g3, x1, h2, i1),(s1, a2, b2, d2, e4, f1, g3, x1, h2, i2),(s1, a2, b2, d2, e4, f1, g3, x1, h2,
i3),(s1, a2, b2, d2, e4, 1, g4, x1, h1, i1),(s1, a2, b2, d2, e, {1, g4, x1, hi, i2),(s1, a2, b2,
dz2, e4, f1, g4, x1, h1, i3),(s1, a2, b2, d2, e4, f1, g4, x1, h2, i1),(s1, a2, b2, d2, e4, f1, a4,
x1, h2,12),(s1, a2, b2, d2, e4, f1, g4, x1, h2, i3),(s1, a2, b2, d2, e4, {1, g5, x1, hi, i1),(s1,
a2, b2, d2, e4, f1, g5, x1, h1, i2),(s1, a2, b2,. d2, e4, 1, g5, x1, h1, i3),(s1, a2, b2, d2, e4,
f1, g5, x1, h2, it),(st, a2, b2, d2, e-4, 1, g5, .x1, 'h2, i2),(st, a2, b2, d2, e4, f1, g5, x1, h2,
i3),

(0088]

(s1, a3, b1, d1, e1, f1, g1, x1, hi, i1),(s1, a3, b1, d1, e1, f1, g1, x1, h1,i2),(s1, a3, b1, d1,
el, f1, g1, x1, hi, i3),(s1, a3, b1, dt, e1, f1, g1, x1, h2, i1),(s1, a3, b1, d1, e1, f1, g1, x1,
h2, i2),(s1, a3, b1., d1, el, 1, g1, x1, h2, i3),'('51,. a3, b1, di, e1, f1, g2, x1, ht, i1),(s1, a3,
b1, d1, el, f1, g2, x1, ht, i2),(s1, a3, b1, dt, e, f1, g2, x1, ht, i3),(s1, a3, b1, d1, el, f1,
g2, x1, h2, i1),(s1, a3, b1, d1, el, f1, g2, x1, h2, i2),(s1, a3, b1, d1, el, f1, g2, x1, h2,
i3),(s1, a3, b1, d1, e1, f1, g3, x1, hi, i),(s1, a3, b1, d1, e1, 1, g3, x1, hi, i2),(s1, a3, b1,
di1, el, f1, g3, x1, h1,i3),(s1, a3, b1, di, e_1, f1, g3, x1, h2, i1),(s1, a3, b1, d1, et, 1, g3,
x1, h2, i2),(s1, a3, b1, d1, e1, f1, g3, x1, h2, i3)(s1, a3, b1, d1, e1, 11, g4, x1, h1, i1),(s1,
a3, b1, di, e, f1, §4, x1, h1,i2),(s1, a3, b1, d1, e, f1, g4, x1, h1, i3),(s1, a3, b1, di, ef,
1, g4, x1, h2, i1),(s1, a3, bi, di, e'1', f1, g4, X1, h2, i2),(s1, a3, b1, d1, e, f1, g4, xi, h2,
i3),(s1, a3, b1, d1, e, f1, g5, x1, hi, i1),(s1, a3, b1, di, ei, f1, g5, x1, h1, i2),(s1, a3, b,
d1, et, 1, g5, x1‘,.h1, i3),(s1, a3, b1, di1, et, f1, g5, x1, h2, i1},(s1, a3, b1, di, et, 1, g5,
X1, h2, i2),(s1, a3, b1, di, e1, f1, g5, x1, h2, i3),(s1, a3, b1, d1, e2, f1, g1, x1, ht, i1),(s1,
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a3, b1, dt, e2, f1, g1, x1, h1, i2),(s'1; a3, b1, d1, e2, f1, g1, x1, ht, i3),(s1, a3, b1, d1, e2,
f1, g1, x1, h2, i1),(s1, a3, bl, di, e2, f1, g1,-x1, h2, i2),(s1, a3, b1, d1, e2, f1, g1, x1, h2,
i3),(s1, a3, b1, d1, 2, f1, g2, x1, h1,i1),{s1, a3, bi1, d1, e2, f1, g2, x1, h1, i2),(s1, a3, b1,
d1, e2, 1, g2, x1, h1, i3),(s1, a3, b1, d1, €2, {1, g2, x1, h2, i1),(s1, a3, b1, d1, e2, f1, g2,
x1, h2, i2),(s1, a3, b1, di, e2, {1, g'2, x1, H2, i3),(s1, a3, b1, d1, e2, f1, g3, x1, h1, i1),(s1,
a3, b, di, e2, f1; QB, x1, hi, i2),(s1, a3, bi, 'd1," e2, 1, g3, x1, h1, i3),(s1, a3, b1, d1, e2,
1, 93, x1, h2, i1),(s1, a3, b1, d1, e2, f1, g3, x1, h2, i2),(s1, a3, b1, d1, e2, f1, g3, x1, h2,
i3),{s1, a3, bi, di, e2, {1, g4,'x1‘, hi,i1),(s1, a3, b1, d1, €2, 11, g4, x1, h1, i2),(s1, a3, b1,
d1, e2, 1, g4, x1, h1,i3),(s1, a3, b1, d1, e2, 1, g4, x1, h2, i1),(st, aé, b1, d1, e2, f1, g4,
x1, h2, i2),(s1, a3,- 51, di, e2, f1, g4, x1, h2,i3),(s1, a3, b1, d1, e2, f1, g5, x1, h1, i1),(s1,
a3, b1, d1, e2, f1, g5, x1, h1, i2),(s1, a3, b1, di, €2, f1, g5, x1, h1, i3),(s1, a3, b1, di, e2,
1, g5, x1, h2, i1),(s1, a3, b1, d1, e2, f1, g5, x1,-h2, i2),(s1, a3, b1, di, e2, f1, g5, x1, h2,
i3),(s1, a3, b1, d1, €3, f1, g1, x1, h1, i1},(s1, a3, b1, di, €3, f1, g1, x1, h1, i2},(s1, a3, b1,
d1, e3, f1, g1, x1, hi, i3),(s1, a3, b1, di, e3; f1, g1, x1, h2, i1),(s1, a3, b1, d1, 3, f1, g1,
x1, h2, i2),(s1, a3, b1, d1, e3, f1, g1, x1, h2, i3),(s1, a3, b1, d1, e3, 1, g2, x1, h1, i1),{s1,
a3, b1, d1, e3, f1, g2, x1, h1, i2),(s1, a3, b1', d1, e3, f1, g2, x1, h1,i3),(s1, a3, b1, d1, e3,
f1, @2, x1, h2, i1),{s1, a3, b1, di, e3, f1, g2, x1‘, h2, i2),(s1, a3, b1, d1, e3, {1, g2, x1, h2,
13),(s1, &3, b1, d1, e3, f1, g3, x13 h1, i1},(s1, ,aB',p b1, dil, e3, f1, g3, x1, h1, i2),(s1, a3, b1,
di, e3, 1, g3, x1, h1, i3).(s1, a3, b1, d1, 93; f1, g3, x1, h2, i1),(s1, a3, b1, d1, e3, 1, g3,
x1, h2, i2),{s1, a3, b1, di, e3, f1, gé‘ X1, h2,_i3),(s1, a3, b1, di1, e3, f1, g4, x1, h1,i1),(s1,
a3, b1, d1, e3, f1, g4, x1, ht, i2),(s1, a3, b1, d1, 3, f1, g4, x1, h1, i3),(s1, a3, b1, d1, €3,
1, g4, x1, h2, i1),(s1, a3, b1, d1, 3, f1, g4, x1, h2, 1‘2),(51, a3, b1, di, €3, f1, g4, x1, h2,
13),(s1, a3, b1, d1, &3, f1, g5, x1, h1, i1),(s1, a3, b1, d1, e3, f1, g5, x1, h1,i2),{s1, a3, b1,
d1, €3, f1, g5, x1, h1, i3),(s1, a3, b1, d1, €3, f1; g5, x1, h2, i1),(s1, a3, b1, d1, €3, f1, g5,
x1, h2, i2),(s1, aé, b1, d1, e3, f1, g5, x1, h2, .iS),‘(s1, a3, b1, d1, e4, f1, g1, x1, hi, i1),(s1,
a3, bi, d1, e4, f1, g1, x1, ht, i2),(s1, a3, b1,_d1, e4, f1, g1, x1, h1, i3),(s1, a3, b1, d1, e4,
f1, g1, x1, h2,i1),(s1, a3, b1, d1, e4, f1, g1, x1, h2, i2),(s1, a3, b1, d1, e4, {1, g1, x1, h2,
i3),(s1, a3, b1, d1, e4, f1, g2, x1, hi, i1),(s1, a3, b1, d1, e4, f1, g2, x1, hi, i2),(s1, a3, b1,
d1, e4, f1, g2, x1, ht, i3),(s1, a3, b1, d1, e4, 1, g2, x1, h2, i1),(s1, a3, b1, di, e4, f1, g2,
X1, h2, i2),(s1, a3, b1, d1, ed, 1, g2, x1, h2, i3),(s1, a3, b1, d1, e4, 11, g3, x1, h1, i) (&1,
a3, b1, d1, e4, f1, g3, x1, h1, i2),(s1, a3, b1; 'cn," e4, f1, g3, x1, h1, i3),(s1, a3, b1, d1, e4,
1, g3, x1, h2, i1),‘(s1, a3, b1, d1, e4, 1, g3, x1, h2, i2),(s1, a3, b1, di, e4, fi, g3, x1, h2,
i3),{s1, a3, b1, d1, e4, f1, g4,'x1', h1,i1),(s1, a3, b1, d1, e4, f1, g4, x1, hi, i2),(s1, a3, b1,
d1, e4, f1, g4, x1,_h1, i3),(s1, a3, b1, d1, e4, f1, g4, x1, h2, i1),{s1, a3, b1, d1, e4, 11, g4,
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x1, h2, i2),(s1, a3, b1, d1, e4, f1, g4, x1, h2, i3),(s1, a3, bi, d1, e4, f1, g5, x1, h1, i1),(s1,
a3, b1, d1, e4, f1, g5, x1, ht, i2)_,(s'1; a3, b1, d1, e4, f1, g5, x1, hi,i3},(s1, a3, b1, di, e4,
f1, g5, x1, h2, i1),(s1, a3, b1,.d1, e4, f1, g5,-x1, h2, i2),(s1, a3, b1, d1, e4, f1, g5, x1, h2,
i3), ' '

[0089]

(s1, a3, b1, d2, e1, f1, g1, x1, hi, i1),(s1, 53, b1, d2, el, f1, g1, x1, h1, i2),(s1, a3, b1, d2,
el, 1, g1, x1, ht; iB),‘(s1, a3, b1, d2, e1, f1 ,-'g1,- x1, h2, it),(s1, a3, b1, d2, el, f1, g1, x1,
h2, i2),(s1, a3, b1, d2, el, f1, g1, x1, h2, i3),(s1, a3, b1, d2, e1, f1, g2, x1, ht, i1),(s1, a3,
b1, d2, el, f1, g2, x1, h1, i2),(s1, a3, b1, d2, e1, f1, g2, x1, ht,i3),(s1, a3, b1, d2, e, f1,
g2, x1, h2, i1),(s1, a3, b1, d2, el, f1, g2, x1, h2, i2),(s1, a3, b1, d2, el, f1, g2, x1, h2,
3),(s1, a3, b1, d2, &1, f1, g3, x1, h1, i1),(s1, a3, b1, d2, e1, f1, g3, x1, hi, i2),(s1, a3, b,
dz, et, f1, g3, x1, h1, i3),(s1, a3, b1, d2, e, f1, g3, x1, h2, i1},(s1, a3, b1, d2, et, f1, g3,
X1, h2,i2),(s1, a3, b1, d2, e1, 1, g3, x1, h2, ES).;-(S1, a3, b1, d2, e, f1, g4, x1, h1, i1),(s1,
a3, b1, d2, e, 11, g4, x1, ht,i2),(s1; a3, b1, d2, el, f1, g4, x1, h1, i3),(s1, a3, b1, d2, ef,
f1, g4, x1, h2, i1),(s1, a3, b1,d2, el, ft, g4,x1, h2, i2),(s1, a3, b1, d2, e1, f1, g4, x1, h2,
i3),(s1, a3, b1, d2, e, f1, g5, x1, h1,i1},(s1, a3, b1, d2, el, f1, g5, x1, h1, i2),(s1, a3, b1,
dz, et, f1, g5, x1, hi, i3),{s1, a3, b1, d2, e1.,.f1, g5, x1, h2, i1),{s1, a3, b1, d2, e1, f1, g5,
x1, h2,i2),(s1, a3, b1, d2, el, f1, g5, x1, h2, i3j,(s1, a3, b1, d2, e2, f1, g1, x1, h1, i1),(st,
a3, b1, d2, e2, f1, g1, x1, hi, 12)3(51', a3, b1, d2, e2, f1, g1, x1, ht, i3),(s1, a3, b1, d2, e2,
1, g1, x1, h2, i1),(s1, a3, b1, d2, e2, 1, g1,Ax_1, h2, i2),(s1, a3, b1, d2, e2, f1, g1, x1, h2,
i3),(s1, a3, b1, d2, e2, f1, g2, x1, h.‘l, i1),(s1,.a3, b1, d2, e2, f1, g2, x1, h1, i2),(s1, a3, b1,
de, e2, {1, 92, X1, h1,i3),(s1, a3, b1, d2, e2, {1, g2, x1, h2, i1),(s1, a3, b1, d2, e2, f1, g2,
x1, h2, i2),(s1, a3, b1, d2, €2, f1, g2, x1, h2, i3),(s1, a3, b1, d2, e2, 1, g3, x1, h1, i), (s1,
a3, b1, d2, e2, f1, g3, x1, hi, i2),(s1, a3, b1, d2, 2, 1, g3, x1, ht, i3),(s1, a3, bt, d2, e2,
f1, g3, x1, h2, i1),(§1, a3, b1, d2, e2, f1, g3, x1; h2, i2),(s1, a3, b1, d2, 2, f1, g3, x1, h2,
i3),(s1, a3, bi, d2, &2, f1, g4, x1, h1, i1),(s1, a3, b1, d2, e2, {1, g4, xd, h1, i2),(s1, a3, b1,
d2, e2, f1, g4, x1, ht, i3),(s1, a3, b'1., d2, e2, f1, g4, x1, h2, i1),(s1, a3, b1, d2, e2, f1, g4,
x1, h2, i2),(s1, a3, b1, d2, e2, {1, g4, x1, h2,_i3),(s1, a3, b1, d2, e2, 1, g5, x1, h1, i1),(s1,
a3, b1, d2, e2, 1, g5, x1, h1, i2),(s1, a3, b1, d2, e2, 1, g5, x1, hi, i3),(s1, a3, b, d2, €2,
1, g5, x1, h2, i1),(s1, a3, b1, d2, e2, f1, g5, x1, h2, i2),(s1, a3, b1, d2, e2, 1, g5, x1, h2,
i3).(s1, a3, b1, d2, €3, 11, g1, x1, h, i1),(s1, a3, b1, d2, &3, 1, g1, x4, h1, i2),(s1, a3, b1,
d2, e3, f1, g1, x1; hi, i3).(s1, a3, b1, d2, e3; ft ,Ag1, x1, h2, i1),{s1, a3, b1, d2, e3, f1, g1,
x1, h2, i2),(s1, a3, b1, d2, €3, f1, g1, x1, h2, i3),{s1, a3, b1, d2, &3, f1, g2, x1, hi, i1).(s1,
a3, b1, d2, e3, f1, g2, x1, hi, i2),(s1, a3, bi, d2, €3, f1, g2, x1, h1, i3),(s1, a3, b1, d2, e3,
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f1, g2, x1, h2, i1),(s1, a3, b1, d2, é3, 1, g2, x1; h2, i2),(s1, a3, b1, 82, e3, f1, g2, x1, h2,
i3),(s1, a8, b1, d2, €3, 1, g3, x1, h, i1),(s1, a3, b1, d2, e3, f1, g3, x1, hi, i2),(s1, a3, b1,
d2, e3, f1, g3, x1, h1,i3),(s1, 33, b'1', d2, e3, 11, g3, x1, h2, i1),(s1, a3, b1, d2, e3, f1, g3,
x1, h2, i2),(s1, a3, b1, d2, 3, f1, g3, x1, h2,‘i3),(81, a3, b1, d2, €3, 1, g4, x1, h1,i1),(s1,
a3, b1, d2, e3, fi,_g4, x1, h1, i2),(s1, a3, b1, d2, e3, f1, g4, x1, h1,i3),(s1, a3, b1, d2, e3,
1, g4, x1, h2, i1),(s1, a3, b1, d2, e3, f1, g4, x1, h2, i2),(s1, a3, b1, d2, e3, f1, g4, x1, h2,
i3),(s1, a3, b1, d2, e3, 1, g5, x1, h1, i1),(51, a3, b1, d2, e3, f1, g5, x1, h1, i2),(s1, a3, b1,
d2, 3, f1, g5, x1; A1, i3),(s1, a3, b1, d2, 3,1, g5, x1, h2, i1),(st, a8, b1, d2, €3, 1, g5,
x1, h2, i2),(s1, a3, b1, d2, €3, f1, g5, x1, h2, i3),(s1, a3, b1, d2, e4, f1, g1, x1, hi, i1),(s1,
a3, b1, d2, e4, f1, g1, x1, h1, i2),(s1, a3, b1, d2,e4, f1, g1, x1, ht,i3),(s1, a3, bt, d2, e4,
f1, g1, x1, h2, i1),(s1, a3, b1, d2, e4, f1, g1, x1, h2, i2),(s1, a3, b1, d2, e4, {1, g1, x1, h2,
i3),(s1, a3, b, d2,’ é4, 1, 92, x1, h1, i1},(s1, a3, bi, d2, e4, f1, g2, x1, h1, i2),(s1, a3, b1,
d2, e4, f1, g2, x1, h1, i3),(s1, a3, b1, d2, e4, f1, g2, x1, h2, i1),{s1, a3, b1, d2, e4, f1, g2,
x1, h2, i2),(s1, a3, b1, d2, ed, 1, g2, x1, h2, i3),(s1, a3, b1, d2, ed, 1, g3, x1, h1, i1),(s1,
a3, b1, d2, e4, 11, g3, x1, h1, i2},(s1, a3, b1, d2, e4, {1, g3, x1, hi, i3),(s1, a3, b1, d2, 4,
f1, g3, x1, h2, i1},(s1, a3, b1, d2, e4, f1, g3,x1, h2, i2},(s1, a3, b1, d2, e4, 11, g3, x1, h2,
13),(s1, a3, b1, d2, e4, {1, g4, x1, h1, i1),(s1, a3, b1, d2, e4, f1, g4, x1, h1, i2),(s1, a3, b1,
d2, e4, f1, g4, x1, h1, i3),{s1, a3, bi, d2, 94, f1, g4, x1, h2, i1),{(s1, a3, b1, d2, e4, f1, g4,
x1, h2, i2),(s1, a3, b1, d2, e4, f1, g4, x1, h2, i3),(s1, a3, b1, d2, e4, {1, g5, x1, hi, i1).(s1,
a3, b1, d2, e4, f1, g5, x1, h1, i2),(s1, a3, b1, d2; e4, f1, g5, x1, h1, i3),(s1, a3, b1, d2, e4,
f1, g5, x1, h2, i1),(s1, a3, b1, d2., ed, 1, g5, x'_1, h2, i2),(s1, a3, b1, d2, e4, f1, g5, x1, h2,
i3), '

[0090] _

(s1, a3, b2, d‘l, etl,f1, g1, x1, h1, i1),(s1, a3, b2, d1,.e1, 1, g1, x1, h1,i2),(s1, a3, b2, df,
el, fi, g1, x1, hi, i3),(s1, a8, b2, d1, e1, f1, g1, x1, h2, i1),{s1, a3, b2, d1, e1, f1, g1, x1,
h2, i2),(s1, a3, b2, d1, el, f1, g1, x1, h2, i3),(s1, a3, b2, d1, ef, f1, g2, x1, h1, i1),(s1, a3,
b2, d1, 1, 1, g2, x1, hi, i2),(s1, a3, b2, d1’ &1, f1, g2, x1, hi, i3).(s1, a3, b2, d1, e, 11,
g2, x1, h2, i1),(s1, a3, b2, d1, _e1,'f1, g2, x1, h2, i2),(s1, a3, b2, d1, et, f1, g2, x1, h2,
i3),(81, a3, b2, d1, el, f1, g3, x1, h1, i1),(51,-a3, b2, di, el, f1, g3, x1, hi, i2),(s1, a3, b2,
d1, e, 11, g3, x1,.h1, i3),(s1, a3, b2, d1, e1, f1, g3, k1, h2, i1),(s1, a3, b2, d1, e1, f1, g3,
x1, h2, i2),(s1, a3, b2, di, e1, f1, g3, x1, h2, i3),(s1, a3, b2, d1, el, f1, g4, x1, h1, i1),(s1,
a3, b2, di, e1, f1, g4, x1, h, i2),(51,. a3, 52, di, e, 11, g4, x1, h1,13),(s1, a3, b2, d1, e1,
f1, g4, x1, h2, i1);(s1, a3, b2, d1; el, f1, g4, X1, h2, i2),(s1, a3, b2, d1, e1, f1, g4, x1, h2,
i3),(s1, a3, b2, d1, et, f1, g5, x1, h1, i1),(s1, a3, b2, d1, e, f1, g5, x1, h1, i2),(s1, a3, b2,



10

15

20

25

30

680067

51

d1, e, f1, g5, x1, h1, i3),(s1, a3, b2, d1, e1, f1, g5, x1, h2, i1),(s1, a3, b2, d1, e1, f1, g5,
x1, h2, i2),(s1, a3, b2, d1, e1, fi, gS, x1, h2, i3},(s1, a3, b2, d1, e2, ﬁ, g1, x1, ht, i1),{s1,
a3, b2, d1, e2, f1',.§1, x1, h1,i2),(s1, a3, b2; d1, e2, f1, g1, x1, hi, i3),(s1, a3, b2, d1, e2,
f1, g1, x1, h2, i1),(s1, a3, b2, d1, e‘é, f1, g1, x1, h2, i2),(s1, a3, b2, di, e2, f1, g1, x1, h2,
i3),(s1, a3, b2, d1, e2, f1, g2,‘x1., h1, i1),(s1,‘a3,'b2, di, e2, f1, g2, x1, h1, i2),(s1, a3, b2,
di1, e2, f1, g2, x1,_h‘l, i3),(s1, a3, b2, d1, e2, f1, g2, x1, h2, i1),(s1, a3, b2, d1, e2, f1, g2,
x1, h2, i2),(s1, a3, b2, d1, e2, f1, g2, x1, h2, i3),(s1, a3, b2, d1, e2, {1, g3, x1, h1, i1),(s1,
a3, b2, d1, e2, f1, g3, x1, h1, i2),(s1, a3, 52, d1, e2, f1, g3, x1, h1,i3),(s1, a3, b2, d1, e2,
f1, g3, x1, h2, i1);,(51, a3, b2, d1, e2, fi, g3, x1, h2, i2),(s1, a3, b2, d1, e2, f1, g3, x1, h2,
i3),(s1, @3, b2, d1, €2, f1, g4, x1, h1, i1),(s1, a3, b2, d1, e2, f1, g4, x1, h1, i2),(st, a3, b2,
di, e2, 1, g4, x1, h1, i3),(s1, a3, b2, d1, e2, 1, g4, x1, h2, i1},(s1, a3, b2, di, e2, 1, g4,
X1, h2, i2),(s1, a3, b2, di, e2, f1, g4, x1, h2,,i3),(s1, a3, b2, di, e2, f1, g5, x1, hi, i1),(s1,
a3, b2, di1, e2, f1,‘gs, x1, h1,i2),(s1, a3, b2, di, e2, f1, g5, x1, h1, i3),(s1, a3, b2, d1, e2,
1, 95, x1, h2, i1),(s1, a3, b2, d1, e2, f1, g5, x1, h2, i2),(s1, a3, b2, d1, e2, 1, g5, x1, h2,
13),(s1, a3, b2, di, €3, f1, g1, x1, h1-, i1),{s1, a3‘,i 52, di, e3, f1, g1, x1, ht, i2),(s1, a3, b2,
d1, e3, f1, g1, x1,h1,i3),(s1, a3, b2, d1, e3, f1, g1, x1, h2, i1),(s1, a3, b2, d1, e3, f1, g1,
X1, h2, i2),(s1, a3, b2, d1, e3; ft, g1, x1, h2,-i3),(s1, a3, b2, d1, e3, f1, g2, x1, h1, i1),(s1,
a3, bz, d1, e3, fi, g2, x1, h1, i2),(s1, a3, b2, d1, 3, f1, g2, x1, h1, 13),(s1, a3, b2, d1, e3,
f1, g2, x1, h2, i1),(s1, a3, b2, d1, e3, 1, g2, x1, h2, 12),(s1, a3, b2, d1, e3, f1, g2, x1, h2,
i3),(s1, a3, b2, d1, e, f1, g3, x1, h1, i1),(s1, a3, b2, d1, e3, f1, g3, x1, h1, i2),(s1, a3, b2,
di, e3, f1, g3, x1, h1, i3),(st, a3, b2, d1, &3, 1, g3, x1, h2, i1),(s1, a3, b2, d1, e3, {1, g3,
x1, h2, i2),(s1, a3, b2, d1, e3, f1; g3, x1, h2; i3),(s1, a3, b2, d1, e3, 1, g4, x1, hi, i1),(s1,
a3, b2, d1, e3, f1, g4, x1, hi, i2),(s'1, as, b2,_d1, e3, 1, g4, x1, h1,i3),(s1, a3, b2, d1, €3,
f1, g4, x1, h2, i1),(s1, a3, b2, di, e3, f1, g4, x1, h.?, i2),(s1, a3, b2, d1, 3, f1, g4, x1, h2,
i3),(s1, a3, b'2, di1. e3, f1, g5, x1, ht, i1),(s1, a3, b2, 61, e3, f1, g5, x1, hi, i2),(s1, a3, b2,
d1, e3, f1, g5, x1, h1,i3),(s1, a3, b2, di, e3, f1, g5, x1, h2, i1),(s1, a3, b2, di1, e3, f1, g5,
x1, h2, i2),(s1, a3, b2, d1, e3, {1, g5, x1, h2, i3),(s1, a3, b2, d1, e4, f1, g1, x1, h1, i1),(s1,
a3, b2, d1, e4, f1’,_§1, x1, h1, i2),(s1, a3, b2; d1, e4, f1, g1, x1, h1, i3),(s1, a3, b2, d1, e4,
f1, g1, x1, h2, i1),(s1, a3, b2, d1, €4, 1, g1, x1, h2, i2),(s1, a3, b2, d1, e4, f1, g1, x1, h2,
i3),{s1, a3, b2, di, e4, f1, g2,.x1, h1, i1),(s1,_a3,'b2, d1, e4, f1, g2, x1, hi, i2),(s1, a3, b2,
di, e4, f1, g2, x1, h1,i3),(s1, a3, b2, d1, e4, f1, g2, X1, h2, i1),(s1, a3, b2, d1, e4, f1, g2,
x1, h2, i2),(s1, a3, b2, d1, e4, f1, g2, x1, h2, i3),(s1, a3, b2, d1, e4, f1, g3, x1, h1, i1),(s1,
a3, b2, d1, e, f1, g3, x1, h1, i2),(s1, a3, b2, d1, e4, f1, g3, x1, hi, i3),(s1, a3, b2, d1, e4,
1, g3, x1, h2, i1);,(s1, a8, b2, d1, e4, f1, g3, 'x1,"h2, i2),(s1, a3, b2, d1, e4, f1, g3, x1, h2,
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i3),(s1, a3, bé, dl1 ce4 1, g4, xi, h1, i1),(s1, a3, b2, d1, e4, 1, g4, x1, hi, i2),(s1, a3, b2,
d1, e4, f1, g4, x1, h1, i3),(s1, a3, b2, d1, e4, 11, g4, x1, h2, i1),(s1, a3, b2, d1, e4, 11, g4,
X1, h2, i2),(s1, a3, b2, d1, e4, 1, g4, X1, h2, i3},(s1, a3, b2, d1, e4, f1 g5, x1, ht, i1),(st,
a3, b2, d1, e4, f1, g5, x1, hi, i2),(s1, a3, b2; d1, e4, 1, g5, x1, hi, i3),(s1, a3, b2, d1, e4,
f1, g5, x1, h2, i1),(s1, a3, b2, d1, e‘4, f1, g5, x1, h2, i2),{s1, a3, b2, di, e4, 11, g5, x1, h2,
3), - o

[0091] g ,

(s1, a3, bz, d2, et, f1, g1, x1, h1, i1),(s1, a3, b2, d2, e1, f1, g1, x1, h1, i2),(st, a3, b2, d2,
el, f1, g1, x1, h1, i3),(s1, a3, b2, d2, el, fl1, g1, x1, h2, i1),{s1, a3, b2, d2, el, f1, g1, x1,
h2, i2),(s1, a3, b2, d2, el, 1, g1, x1, h2, i3),(s1 agd, b2, d2, et, {1, g2, xt, hi, i1},(s1, a3,
b2, d2, e1, f1, g2, x1, h1, i2),(s1, a3, b2, d2, el f1, g2, x1, hi, i3),(s1, a3, b2, d2, ef, f1,
92, x1, h2, i1),(s1, a3, b2, d2, e1, 1, g2, x1, h2, i2),(s1, a3, b2, d2, el, ft, g2, x1, h2,
i3},(s1, a3, b2, d2, el, i1, g3, x1, ht, i1),(s1', a3, b2, d2, el, f1, 93, x1, ht, i2),(s1, a3, b2,
dz, e1, 1, g3, x1,.h1, i3),(s1, a3, b2, d2, e1, f1, g3, x1, h2, i1),{s1, a3, b2, d2, el, f1, g3,
x1, h2, i2),(s1, a3, b2, d2, e1, {1, g3, x1, h2, i3),(s1, a3, b2, d2, e1, f1, g4, x1, h1, i1},(s1,
a3, b2, dz, et, f1, g4, x1, hi, i2),(s1‘, a3, b2, d2 éT, t1, g4, x1, h1, i3),(s1, a3, b2, d2, ef,
f1, g4, x1, h2, i1),(s1, a3, b2, d2, et, f1, g4, x1, h2, i2),(s1, a3, b2, d2, e1, f1, g4, x1, h2,
13),(s1, a3, b2, d2, et, f1, g5, xt, h1,i1),(s1,-a3, b2, d2, e1, f1, g5, x1, h1, i2),(s1, a3, b2,
d2, e1, f1, g5, x1, ht, i3),(s1, a3, b2, d2, el, {1, g5, x1, h2, i1),(s1, a3, b2, d2, e1, 1, g5,
x1, h2,i2},(s1, a3, b2, d2, e1, f1, g5, x1, h2., i3),(s1, a3, b2, d2, e2, 1, g1, x1, h1, i1),(s1,
a3, b2, d2, e2, f1, g1, x1, h1, i2),(s1, a3, b2, d2, e2, f1, g1, x1, h1,i3),(s1, a3, b2, d2, e2,
f1, g1, x1, h2, i1),(s1, a3, b2, d2, e2, 1, g1, x1,h2, i2),(st, a3, b2, d2, e2, f1, g1, x1, h2,
i3),(s1, a3, b2, d2, e2, f1, g2, x1; ht, i1),(s1,' a3, b2, d2, e2, f1, g2, x1, h1, i2),(s1, a3, b2,
d2, e2, f1, g2, x1, hi, i3),(s1, a3, b.2, d2, e2, f1, g2, x1, h2, i1),(s1, a3, b2, d2, e2, 1, g2,
x1, h2, i2),(s1, a3, b2, d2, e2, f1, g2, x1, h2, 13),(51, a3, b2, d2, e2, f1, g3, x1, h1, i1),(st,
a3, b2, d2, é2, f1,-g3, x1, h1, i2),(s1, a3, b2, d2, e2, ﬁ, g3, x1, h1, i3),(s1, a3, b2, d2, e2,
1, g3, x1, h2, i1),(s1, a3, b2, d2, e2, f1, g3, x1, h2, i2),(s1, a3, b2, d2, e2, f1, g3, x1, h2,
i3),(s1, a3, b2, d2, e2, f1, g4, x1, hi, i1),(s1, a3, b2, d2, &2, f1, g4, xﬂ, h1, i2),(s1, a3, b2,
dz, e2, f1, g4, x1',l HT, i3),(s1, a3, b2, d2, e2, ‘f1,'g4, x1, h2, i1),(s1, a8, b2, d2, e2, f1, g4,
x1, h2, i2),(s1, a3, b2, d2, e2, f1, g'4', x1, h2,i3),(st, a3, b2, d2, e2, 1, g5, x1, hi, i1),{s1,
a3, b2, dz2, e2, f1, g5, x1, h1,.i2),(91, as, b2,~d2,'e2, 1, g5, x1, h1,i3),(s1, a3, b2, d2, e2,
f1, g5, x1, h2, i1),(51, ag, bz, dz, e2, 11, g5, x1, h2, i2),(s1, a3, b2, d2, e2, f1, g5, x1, h2,
i3).(s1, a3, b2, d2, e3, f1, g1, x1, h1,i1),(s1, a3, b2, d2, e3, f1, g1, x1, h1,i2),(s1, a3, b2,
d2, e3, f1, g1, x1, hi, i3),(s1, a3, b2, d2, é3, f1, g1, x1, h2, i1),(s1, a3, b2, d2, €3, fi, g1,
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x1, h2, i2),(s1, a3, b2, d2, e3, f1, g1, x1, h2, i3),(s1, a3, b2, d2, e3, 1, g2, x1, hi, i1),(s1,
a3, b2, d2, e'3, fi,.QE, x1, h1, i2),(s1, a3, b2, d2, e3, 1, g2, x1, h1, i3),(s1, a3, b2, d2, e3,
f1, g2, x1, h2, i1),(s1, a3, b2, d2, 3, f1, g2, x1, h2, i2),(s1, a3, b2, d2, €3, f1, g2, x1, h2,
i3),(s1, a3, b2, d2, e3, f1, g3, x1, hi, i1),(s1, a3, b2, d2, e3, f1, g3, x1, hi, i2),(s1, a3, b2,
d2, e3, f1, g3, x1, Fﬂ, i3),(s1, a3, b2, d2, e3; f1, g3, x1, h2, i1),(s1, a3, b2, d2, 3, 1, a3,
x1, h2, i2),(s1, a3; b2, d2, e3, f1, 93', x1, h2, i3),(s1, a3, b2, d2, e3, f1, g4, x1, hi, i1),(s1,
a3, b2, d2, e3, f1, g4, x1, h1,‘i2)‘,(s1, a3, b2,'d2,'93, f1, g4, x1, h1,i3),(s1, a3, b2, d2, 3,
f1, g4, x1, h2, i1),(s1, ad, b2, d2, e3, f1, g4, x1, h2, i2),(s1, a3, b2, d2, 3, f1, g4, x1, h2,
i3),(s1, a3, b2, d2, €3, f1, g5, x1, h1, i1},(s1, a3, b2, d2, 3, f1, g5, x1, h1, i2),(s1, a3, b2,
d2, e3, 11, g5, x1, hi, i8),(s1, a3, b2, d2, €3, f1, g5, x1, h2, i1),(s1, a3, b2, d2, 3, f1, g5,

x1, h2, i2),(s1, a3, b2, d2, €3, 1, g5, x1, h2, 'i3),"(s1, a3, b2, d2, e4, f1, g1, xt, h1, i1),(s1,

a3, b2, d2, e4, 1, g1, x1, h1,i2),(s1, a3, b2, d2, e4, f1, g1, x1, h1, i3),(s1, a3, b2, d2, e4,
f1, g1, x1, h2, i1),(s1, a3, b2, d2, e4, f1, g1,'x1, h2, i2),(s1, a3, b2, d2, e4, f1, g1, x1, h2,
3),(s1, a3, b2, d2, e4, f1, g2, x1, h1, i1),(s1, a3, b2, d2, e4, 11, g2, x1, h1, i2),(s1, a3, b2,
dz, e4, f1, g2, x1,.h1, i3),(s1, a3, b2, d2, e4, f1, g2, x1, h2, i1),(s1, a3, b2, d2, e4, 1, g2,
x1, h2,i2),(s1, a3, b2, d2, e4, f1, g2, x1, K2, i3),(s1, a3, b2, d2, e4, f1, g3, x1, hi, i1),(st,
a3, b2, dz2, e4, f1, g3, x1, hi, i2),(s1', a3, b2,. d2 é4, 1, g3, x1, h1, i3),(s1, a3, b2, d2, e4,
f1, g3, x1, h2, i1),(s1, a3, b2, d2, e4, f1, g3, x1, h2, i2),(s1, a3, b2, d2, e4, f1, g3, x1, h,
i3),(s1, a3, b2, d2, e4, f1, g4, xt, h1, i1),(s1,-a3, b2, d2, e4, f1, g4, x1, h1, i2),(s1, a3, b2,
d2, e4, 1, g4, x1, hi, i3),(s1, a3, b2, d2, e4, 11, g4, x1, h2, i1),(s1, a3, b2, d2, e4, 1, g4,
x1, h2, i2),(s1, a3, b2, d2, e4, f1, g4, x1, h2, i3),(s1, a3, b2, d2, ed, f1, g5, x1, h1, i1),(s,
a3, b2, d2, e4, f1, g5, x1, h1, i2),(s1, a3, b2, d2, e4, f1, g5, x1, h1, i3),(s1, a3, b2, d2, e4,
1, g5, x1, h2, i1)3($1, ag, b2, d2, e4, f1, g5, x1,.h2, i2),(s1, a3, b2, d2, e4, f1, g5, x1, h2,
3). | |

[0092] )

Amongst the combinations above, particularly preferable combinations are as
follows: (s1, a2, b1 dz, e2, f1, g1, x1, hi, i1),(s1, a2,'b1, de, e2, f1, g1, xt1, hi, i2),(s1, a2,
b1, d2, e2, 1, g1, x1, h1, i3),(s1, a2, b1, d2, e2, t1, g1, xi, h2, i1),(s1, a2, b1, d2, e2, f1,
gt, x1, h2, i2),(s1, a2, b1, d2, e2,- 11, g1, x1, h2, i3),{s1, a2, b1, dé, e2, f1, g2, x1, hi,
i1),(s1, a2, b1, d3, e2, 11, g2, X1, h1, 2),(s1; a2, b1, d2, e2, 11, g2, x1, h1, i3),(s1, a2, b1,
d2, 2,11, g2, x1, h2, it),(s1, a2, b1, d2, e2, 1, g2, x1, h2, i2),(s1, a2, b1, d2, e2, H, g2,
x1, h2, i3),(s1, a2, b1, d2, e2, ﬁ., g4, x1, 1, i1),(s1, a2, b1, d2, e2, f1, g4, x1, hi, i2),(s1,
az2, b1, d2, e2, f1, g4, x1, h1, i3),(s1, a2, b1, d2, e2, f1, g4, x1, hg, i1},(s1, a2, b1, d2, 2,
f1, g4, x1, h2, i2),(s1, a2, b1, d2, e2, f1, g4, x1, h2, i3),(s1, a2, b, d2, e3, 11, g1, x1, h1,

9
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i1),(s1, a2, b1, d2, 3, 1, g1, x1, h1, i2),(s1,‘é2, b1, d2, e3, f1, g1, x1, h1,i3),(s1, a2, bi,
d2, e3, f1, g1, x1, h2, i1},(s1, a2, b1, d2, €3, f1, g1, x1, h2, i2),(s1, a2, b1, d2, 3, f1, gl,
x1, h2, i3),(s1, a2, b1, d2, e3, 1, g2, x1, ht, i1),(s1, a2, b1, d2, e3, f1, g2, x1, h1, i2),(s1,
a2, b1, d2, e3, 1, g2, x1, h1,i3),(s1, a2, b1, d2, €3, {1, g2, x1, h2, i1),(s1, a2, b1, d2, e3,
1, g2, x1, h2, i2),(s1, a2, b1, d2, és, f1, g2, x1, h2, i3).(s1, a2, b1, 62, e3, f1, g4, x1, h1,
i1),(s1, a2, b1, d2, e3, 11, g4, x1; h1, i2),(s1; a2, b1, d2, €3, f1, g4, x1, h1, i3),(s1, a2, b,
d2, €3, f1, g4, x1, h2, i1),(s1, a2, b1, d2, €3, f1, g4, x1, h2, i2),(s1, a2, b1, d2, e3, f1, g4,
x1, h2, i3). o T
[0093] ‘

The compounds represented by formula (i) of the present invention can be

manufactured, for example, by a general synthesis method described below.
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[Formula 60j
i _ 5 _
LG __-COR" irst step Second step "
=7 NTTO AR T PO g SO
) S \Y;
i
S\x
, - CHN—L b
Sy . REHN \N Co,RY
RCHN‘<\ d - |
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o' ' /
y it E\
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; R“PN—<\
. . “ge HN, N ];(
J;N() /@ Sixth step / /Y Fourth step \1)\\ -
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COOR N . \COOR*’
Vil Vi
. (X
Seventh step Fifth step
<
e g "ol
J\(L “HL 2
)f o
_ o / Eighth step N i
/ COORb T < €000
\
CooR? CCOH
y ‘ . : !

(wherein, E, F, X, A, T, R®, R®, R, P, and |
[Formula 61)

s

are defined as above LG and Y are leaving groups {for example, hydroxy, halogen (Cl,

Br, 1), carbamoyloxy, acyloxy, methanesulfonyloxy, toluenesulfonyloxy that may be
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substituted, etc.};R? is hydrogen or. a carboxy protecting group;R°® is.hydrogen or a amino
protecting group.) . '

[0094] ‘

1) Raw Materials of the 7-F’oslition Side Chaiﬁ: Synthesis of Compound (IV)

The first step; '

Compound (I} is obtained by a reaction with N-hydroxyphthalimide in the
presence of Compound (ll} (LG is hydroxy) and Mitsunobu reagent, or in the presence of
Compound (Il) (LG is another leaving group) énd a base (such as sodium hydroxide,
sodium methoxide). '

An amount of N-hyd'rokyphthalimidé used is generally 1-5 molar equivalents,
preferably, 1-2 molar equivalents, relative to Compound (il).

Examples 'df reaction solvents include ethers (e.g., dioxane, tetrahydrofuran,
diethyl ether, tert-butyl methyl ether, diisopropyl <ether), halogenated hydrocarbons (e.g.,
dichloromethane,. chloroform, _carbon tetracﬁloride), hydrocarbons (e.g., n-hexane,
benzene, toluene), amides (e.g, formamide, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methylpyrrolidone), and the tike, and mixed solvents and the like
thereof. )

A reaction temperature is in a range of, generally, about -50-100°C, preferably
about -40-50°C, and more preferably about .—30-0°C.

[0095] ‘ -

The second step: _

N-Methylhydrazine or. hydrézine was added and reacted to Compound (!} to
provide Com_pound (IV).

An amount -of N-methylhydrazine or hydraziﬁe used is in a range of about 1-10
molar equivalents, preferably 1-5 molar equivalents, more preferably 1-2 molar
equivalents, relative to Compound (ill).

Examples'_c'af reaction solvents incI'L'Jde' ethers (e.g., dioxane, tetrahydrofuran,
diethyl ether, tert-butyl methyl ethe'r., diisopropyl ether), esters (e.g., ethyl formate, ethyl
acetate, isopropyl acetate), halogenated hyd;oca'rbons (e.g., dichloromethane, chioroform,
carbon tetra'chlo'ride), hydrocarbons (e.g., n-hexane, benzene, toluene), alcchols (e.g.,
methanol, ethanol, isopropanol), amides (e.g., formamide, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methylpyrrol'idone),.ketones (e.g., acetone, rﬁethyl ethyl ketone),
nitriles (e.g., MeCN, propionitrile), d]methyl‘suh‘oxide, water, and the like, and mixed

solvents and the Ii.ke thereof.
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A reaction temperature is in a range of, generally, about 0-100°C, preferably about
0-50°C, more preferably about 10-30°C.
[0096] ) '

The third step: _

Compound (IV) is added and reactéd to Compound (V), which is commercially
available or obtéined by a known method, to provide Compound (V1). (For example, it is
described in Bioorganic & Medicinal Chemistry, Vol. 15, p. 6716-6732 (2007)).

N-Methylhydrazine or hydrézine is édded and reacted to Conﬁpound (111} to provide
Compound (IV). L

Examp!es-of reaction solvents include ethers {(e.g., dioxane, tetrahydrofuran,
diethyl ether, tert-butyl methyl éther, diisopropy! ether), esters (e.g., ethyl formate, ethyl
acetate, isopropy! acetate), halogenated hydrocarbons (e.g., dichloromethane, chloroform,
carbon tetrachloridé), hydrocarbons (e.g., .n-hexane, benzene, toluene), alcohols (e.g.,
methanol, ethanol, isopropanol), amides (e.q., _fo_rmamide,' N,N-diméthylformamide, N,N-
dimethylacetamide, N-methylpyrrolidone), ketones (e.g., acetone, methyl ethyl ketone),
nitrites (e.g., MeCN, propionitrile), ' dimethylsulfoxide, water and the like, and mixed
solvents and the like thereof.

A reaction temperature is in a range of, generall, about 0-100°C, preferably about
0-50°C, more preferably about 10-30°C.

[0097]
2) 7-Position Amidation and 3-Po_siti0n Side Chéih Formation; Synthesis of Compound (X)

The fourth step (7-position a.midation‘réaction):

Compound (IX) is provided by reacting Compound (VI} and Compound (V11), which
are commercially available or synthesized according to methods described in literature
{e.g., Japanese Laid-Open Publication No.'60-231654, Japanese Laid-Open Publication
No. 62-149682, etc.). In this case, preferably, R* and R® are carboxy protecting groups,
R® is an amino protecting group, and R? and R® are hydrogen. |

An amouﬁt of Compound (V1) used tS ih a range of, generally, about 1-5 moles,
preferably 1-2 moles, relative to 1 mole of Compound (VII).

Examples of reaction solvents include ethers (e.g., dioxane, tetrahydrofuran,
diethyl ether; ter‘t—b‘utyt methyl ether, diisopropyl ether), esters (e.g., ethyl formate, ethyl
acetate, isopropyt acetate), halogenated hydrocarbons (e.g., dichloromethane, chloroform,
carbon tetrachloride), hydrocarbohs (e.g., n-hexane, benzene, tolﬁene), amides (e.g.,

formamide, N,N—dimethylformamide, N,N-dimethylacetamide, ~N-methylpyrrolidone),
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ketones (e.g., acetone, methyl ethyl ketone), nitriles (e.g., MeCN, propionitrile),
dimethylsulfoxide, water, and the like, and mixed solvents and the Iikg thereof.

A reaction temperature is in a range of, generally, about ;40~80°C, preferably
about -20-50°C, r.r]o're preferably about -10-30°C.

Furthermore, a compo_uqd Of' which T is SO in Compound (IX) can be provided by
oxidizing a compound of which T is S in Cc;mpound (IX). Examples of oxidizing agents
include m-chlordp_e,rbenzoic acid (m-CPBA), hydrogén peroxide, peracetic acid, and the
like.

The above-described amidation reéction,may be carried out after a carboxy moiety
is converted to & reactive derivative (e.g., —i'nofganic base salt, organic base salt, acid
halide, acid azide,' acid anhydride, m'ixéd acid anhydride, active amide, active ester, active
thioester). Examples of such inorganic bases include alkali metals (e.g., Na, K, etc.),
alkaline-earth metais (e.g., Ca, Mg), and the like. -Examples of organic bases include
trimethylamine, R triethylamine, tert-butyldimethylamine, dibenzylmethylamine,
benzyldimethylamine, N-methyimorphaline, diisqprOpylethylamine. and the like. Examples
of acid halides inctude acid chloridés, acid bromides, and the like. Examples of mixed
acid anhydrides include mixed acid anhydrides of mono-alkyl carbonate, mixed acid
anhydrides of aliphatic carboxylic acid, mixed acid anhydrides of aromatic carboxylic acid,
mixed acid anhydrides of organic sulfonic acid, and the like. Examples of active amides
include amides with nitrogen-containing heferocyclic compound, and the like. Examples
of active esters include organic.phosphoric esters (e.g., diethoxyphosphoric esters,
diphenoxyphosphotic esters, and the like), p_—ni‘t_r'ophenyl esters, 2,4-dinitrophenyl esters,
cyanomethyl esters, and the like. . Examﬁles of active thioesters include esters with
aromatic heterocyclic thiol . comhound (e.g.,_ 2-pyridylthiol esters), and the like.

Furthermore, in the above-described reaction, a suitable condensing agent may be used

as desired. For example, hydrochloric acid salt of 1-dimethylaminopropyl-3-
ethylcarbodiimide (WSCD-HCI), N,N'-dicyclohexylcarbodiimide, N,N-carbonyldiimidazole,
N,N'-thiocarbonyldiimidazole, ' N-ethoxycarbonyl-2-ethoxy-1,2-dihydroguinoline,

phosphorus ox.ychloride. all-:'oxy‘acetylerie, 2-chloromethylpyridinium  iodide, 2-
fluoromethylpyridinium iodide, triflijoroacetic_ énhydride, and the like can be used as a
condensing agent. '

[0098] |

The fifth step (3-position side chain forming reaction):
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Compound (X) is provided by reacting Cohﬁpound (1X) and a corresponding tertiary
amine (i.e., rsaturated or unsaturated and monocyc[ic heterocycie or condensed-ring
heterocycle having at least one or more N atoms which may be substituted). In this case,
preferably, R* and R® are carboxy protecting groups, and R® is an amino protecting
group. “ ‘ ' -

An amount of a correqundihg tertiary amine used is in a range of, generally, 1-5
moles, preferably 1-2 moles, relative to 1 mol‘e of Compound (1X).

Exampleé of reaction solvents include ethers (e.g., dioxane, tetrahydrofuran,
diethyl ether, tert-butyl methyl ether, diisopropyl ether), esters {e.g., ethyl formate, ethyl
acetate, isopropyl acetate), halogehated hydrocar.bons (e.qg., dichloromethane, chloroform,
carbon tetrachloride), hydrocarbons (e.g., fi-hexane, benzene, toluene), amides (e.g.,
formamide, N,N'-dimethylformamide, N, N-dimethylacetamide, N-methylpyrrolidone),
ketones (e.g., acetone, méthyl ethyl ketone), nitriles (e.g., MeCN, propionitrile),
dimethylsulfoxide, water, and the like, and mixed solvents and the like thereof.

A reaction .témperature is in a range of, generally, -20-60°C, preferably -10-40°C,
more preferably 0-20°C. ' _

Furthermore, a compound of which T-is.'SO in Compound (X) can be provided by
reducing the compound of which T is SO in Compound (X). Examples of reducing agents
include potassium iodide - acetyi chloride, and the like.

[0099] 4
3) 3-position side chain formation and 7-position amidation; Synthesis of Compound (X)

The Sixth Step (3-position side chain forfning reaction):

Compound .(VIlI) is provided by reacting Compound (VII) with a corresponding
tertiary amine (i.e., saturated or unsaturated and monocyclic heterocycle or condensed-
ring heterocycle having at Ieast.oné or rhore_ N atoms which may be substituted). In this
case, preferably,_ R isa carboxy protecting groub, and R® is an amino protecting group.

An amount of a corresponding tertiary amine'used is in a range of, generally, 1-5
moles, preferably 1-2 moles, relative to 1 mole of Compound (VHI).

Examples of reaction solvents include ‘ethers (e.g., dioxane, tetrahydrofuran,
diethyl efher, tert;butyl methyl ether, diisopr'bpy.l ether), esters (e.g., ethyl formate, ethyl
acetate, isopropyl acetate), halo_geriéted hydrocarbons (e.g., dichloromethane, chloroform,
carbon tetrachloride), hydrocarbons (e.g., ﬁ-héxane, benzene, toluene), amides (e.g.,

formamide, N,N_—dimethyiformamide, N,N-dimethylacetamide, N-methylpyrrolidone),
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ketones (e.g., acetone, methyl .ethyl ketone), nitriles (e.g., MeCN, propionitrile),
dimethylsulfoxide, water, and the like, and mixed .solvents and the like thereof.

A reaction temperature is in a range of, genérally, -20-60°C, preferably -10-40°C,
more preferably 0-20°C.

[0100] _

The Seventh Step (7-position amidatibn réaction):

Compound (X) is provided b'y reacting Compound (VIll) and Compound (V1). in
this case, preferably, R* and R® are carboxy_ protecting groups, R® is an amino protecting
group, R® and R® are hydragen. '

An amount of Compound (V1) used is in a range of, generally, about 1-5 moles,
preferably 1-2 moles, relative to 1 mole of Compound (VIH). -

Examples’ of reaction solvents inc1Udé ethers (e.g., dioxane, tetrahydrofuran,
diethyl ether, tert-butyl methyl ether, diisopropy! ether), esters (e.g., ethyl formate, ethy!
acetate, isopropyl acetate), halogenated hydrocarbons (e. g., dichloromethane, chloroform,
carbon tetra‘chldri;je), hydrocarbons (e.g., n-hexane, benzene, toluene), amides (e.g.,
formamide, N,N—dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone),
ketones (e.g., acetone, methyl “ethyl ketone), nitriles (e.g., MeCN, propionitrile),
dimethyfsulfoxide, and the like, and mixed solvents and the like thereof.

A reaction temperature is in a range of, generally, about -40-80°C, preferably
about -20-50°C, more preferably about -10-30°C.,

The above-described amidation reaction may be carried out after a carboxy moiety
is converted to a reactive derivative (e.g.,. inorganic base sait, organic base salt, acid
halide, acid azide, acid anhydride, mixed acid a.nhydride, active amide, active ester, active
thioester}). Examples of such inorganic bases include alkali metal (e.g., Na, K, and the
like), alkali earth metal {e.g., Ca, Mg). Exarrﬁp._les of organic bases include trimethylamine,
triethylamine, tert-butyldimethylamine, dibenzyimethylamine, benzyldimethylamine, N-
methylmorpholine, diisopropylethylamine, and the iike. Examples 61‘ acid halides include
acid chiorides, acid bromides, and the like. Examplés of mixed acid anhydrides include
mixed acid anhydrides of mono-alkyl carbonate, mixed acid anhydrides of aliphatic
carboxylic acid, mixed acid anhydrides of aromatic carboxylic acid, mixed acid anhydrides
of organic sulfonic acid, and the like. Exah%pfés of active amides include amides with
nitrogen-containing heterocyclic cdmpound,_ and the like. Examples of active esters
include organic phosphoric esters (e.g., diethoXyphosphoric ester, diphenoxyphosphoric

ester, and the like), p-nitrophenyl ester, 2,4-dinitrophenyl ester, cyanomethyl ester, and
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the like. Examp‘les of active thioesters include esters with aromatic heterocyclic thiol
compound (e.g., 2-pyridyithiol estefs), and thé like. Furthermore, in the above-described
reaction, a suitable condensing agent may be used as desired. For example, hydrochloric
acid  salt | of . 1-dimethylaminopropylsS-ethy[cérbodiimide (WSCD-HC)), N,N'-
dicyclohexylcarbodiimide, N,N’—carbonyldiirﬁidazole, N,N’-thiocarbonyldiimidazole, N-
ethoxycarbonyl-2-ethoxy—1,2—dihydfoquino|ine, phosphorus oxychlor{de, alkoxyacetylene,
2—ch|oromethylpyf_idinium iodide, '2—ﬂuorometh'ylp'yridinium iodide, trifluoroacetic anhydride,
and the like can be usedas a condehsing agent.

Furthermore, a compbuﬁd of which T is SO in Compound (X} is obtained by
reducing the'compqund of which T is SO in.Compound (X). Examptes of reducing agents
include potassium iodide - acetyl chloride, and the like.

[0101] ' '
4) Deprotection Reaction

The Eighth Step:

Compound () is provided by subjecting Compound (X) to a deprotection reaction
with a method well-known to those skilled in the art.

Examples | of reaction solvents include ethers (e.g.,, anisole, dioxane,
tetrahydrofuran, diethyl ether, tert-butyl methyl ether, diisopropyl ether), esters (e.g., ethyl
formate, ethyl acetate, n-butyl acetafe), halogenéfed hydrocarbons (e.g., dichloromethane,
chloroform, carbon tetrachloride), -hydrocarbons (e.g., n-hexane, benzene, toluene),
amides (e.g., formamide; ° N N-dimethylformamide, N,N-dimethylacetamide, N-
methylpyrrolidone), ketones (e.g., acetone, methyl ethyl ketone), nitriles (e.g., MeCN,
propionitrile}, nitords (e.g., nitromethane, hitroethane, nitrobenzene)}, dimethylsulfoxide,
water, and the like. These solvents may be used alone or in a combination using two or
more of such solvents. ' e

A reaction. temperature ié in a rang'e' of, generally, about -30-100°C, preferably
about 0-50°C, more preferably aboﬁt 0-10°C.. |

As a catalyst, Lewis acid (e.g.,, AICl, SnClq, TiCly ), protonic acid {e.g., HCI, HBr,
H, SO,, HCCOH); and the like can be used. -

The obtained Compound (i} is further chemically modified, and thereby an ester, or
a compound of which an amino on the thiazole ring at the 7-position thereof is protected,
ora pharmaceutiéailly acceptable salt, or a solvate thereof can be synthesized.

[0102] : ‘
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The compounds of the present invention have s wide antimicrobial activity
spectrum, and méy be used for hrevgntion oiflt'he'rapy against a variety of diseases caused
by causative bacteria in a v.ari‘ety'of mamr_néls including humans, for example, airway
infectious diseases, urinary system infectious diseases, resipiratory system infectious
diseases, sépsié,.‘nephritis,cholecystitis, oral cavity infectious diseases, endocarditis,
pneumonia, bone marrow membrane my_elitis,‘ otitis media, enteritis, empyema, wound
infectious diseases, opportunistic infection and the like. -

[0103] ’ ‘

The compounds of the present invention are effective in particular against Gram
negative bacteria, preferably, Gram negative'bacteria of enterobacteria (E. coli, Kiebsiella,
Serratia, Ent’eroba_qter, Citrobacter, Morganelia, Providentia, Proteus and the like), Gram
negative bacteria colonized in resipiratory system {Haemophillus, Moraxella and the like),
and Gram negative bacteria of g'lucose'non fermentation (Pseudomonas aeruginosa,
Pseudomonas othér than P. aeruginosa, Stenofrophomonas, Burkholdelia, Acinetobacter
and the like). Classes A, B, C and D beta-lactamase produced by these Gram negative
bacteria are extremely stable against metallo-beta-lactamase belonging to Class B
including in particular IMP type, VIM type, L-1 type and the like, as such, these are
effective against a \/ariety of beta-lactam dr‘ug resistant Gram negative bacteria including
Cephem and Carbapenem. Moreover, the compounds of the present invention has
antimicrobial actjvity against Grafn posit_ive.' bacteria including methicillin resistant
staphylococcus aureus (MRSA), penicilline reéistant Staphylococcus pneumoniae, and the
like. Still more preferable compounds have features such as blood concentration in which
such is highly bioavailable, long duration of effects, and /or significant tissue migration.
More preferable compounds are safe in terms of side effects. More preferable
compounds have high water solubility, and thus preferable as an injecting drug, in
particular.

[0104] _

Compounds () may be _adfninistered_ barenterauy or orally as an injection agent,
capsules, tablets, and granules, and preferably, administered as an injecting agent.
Amounts to be édministered may be usually, per 1 kg of body weight of a patient or
animal, about 0.1-100mg/day, preferably, about 0.5-50 mg/day, if desired, divided into 2-4
times per day. Carriers when uséd- as an injection agent is for exémple, distilled water,
saline and the 1iké,. and further base and the like may be used for pH adjustment. When

used as capsules, granules, tablets, carriers may be known exhipients (for example,
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starch, lactose, sucrose, calcium carbonate, calcium phosphate and the like), binders (for
example, starch, acacia gum, carboxymethyl pelldlose, hydroxypropyl cellulose, crystalline
cellulose, and thé like), Iubricanis (for exarhple, magnesium stearate, taic and the like),
and the like. ‘
(0105]

Hereinaﬁer, tﬁe.present invention is described in more detail with working examples
and experimental examples. However, the present invention is not limited to them.

In Examples, the meaning of ea'ch abbreviation is as described be-low.

AcOEt: ethyl acetate A

THF: tetrahydrofuran

DMF: N,N-dimethylformamidé

PMB-Cl: para-methoxybenzylchioride

i-Prz O: diisopropyl ether

MeOH: methyl alcohol

NaOH: sodium hydroxide

Ets N: triethylamine

MsCl: methanesulfonylchloride

MgSO‘;: magnesium sulfate

AcCl: acetylchloride

AICI; : aluminum chloride

ODS: octadodeeylsilyl

MeCN: acetonitrile

DMA: dimethylacetamide

AcQi-Pr: isopropyl acetate

NaHS0O, : sodium hydrogen sulfite

NaHSO, : sodium hydrogen sulfate

TFA: trifluoroacetic acid ‘ o

WSCD-HCI: hydrochloric acid. salt of N—ethyI-N‘-(S-dimethylaminopropyl)carbodiimide

Me: methy! | |

Et: ethyl

Pr: propyl

Ph: phenyl

PMB: para-methoxybenzyl

t-Bu: tert—butylv_ ‘
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i-Pr: isopropyl
Boc: tert-butoxycarbony!
BH: benzhydryl
Ms: methanes.uh‘onyl
5 Trt: trityl ‘

TBS: tert-butyldimethylsilyl
Bn: benzyl |

{0106}

Example 1

10 Synthesis of Corripéund (1-1)
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[Formula 62]
HOOC\%/
.0
v LK.
T 0 o
s-N O NA AN~ OH
o 5 N
2 OH
-4
c o o o 0
MeO on Hoﬁr‘LOH PMBOD)\OPMB
MeO 1 HO , : PMBO .
S NHe
. oo . C OPMB
PMBO 5 H
PMBO” _ o G

t'-BuOocjp -
BocHN—( m ;j,\g\/ : % 6

5-N,
COOBH‘

B t-BuOOij
H
N .
BOCHN~<’ m o o ) I-1
= OPMB
| H :

COOBH
L . 8 . =

Step (1) Compound 1 — Compound 2
A suspension of Compound 1 (10.83 g,. 50 mmol) in dichloromethane (100 mL) was
5 cooled to 0°C, and then BBry (18.91 ml, 200 mmol) was added drop-wise thereto over 15
minutes. It was stirred at 0°C for 15 minutes é‘nd then at room temperature for 3 hours.
The reaction mixture was poured into 2M hydrochloric acid containing ice, followed by
adding AcOEt and THF thereto, -and then dichloromethane was evaporated under reduced
pressure, subsequently separating the solution. The organic layer was washed with water

10 two times, washed with saturated brine, and then dried over MgS0O,. MgSO, was
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removed by filtration, and then coné:entration and drying in vacuo yielded Compound 2 as
a pale orange powder (5.46g, 58% yield).

Compound 2: _

"H-NMR (DMSO0-ds) T(delta): 6.78 (1H, d, J = 8.4 Hz), 7.24 (1H, d, J = 8.1 Hz), 9.28 (1H,
br), 10.38 (1H, br), 12.56 (1H, br).

Step (2) Compouﬁd 2— Compound 3

To a solution of Compound 2 (5.43 g, 28:8 mmol} in DMF (58 mL) was added K, COQO;
(13.93 g, 101 mmol), PMB-CI (15.69 ml, 115 mmo!), and sodium iodide {(4.32 g, 28.8
mmol) in turn, followed by stirring at 70°C for 3 hours. The reaction solution was cooled to
room temperature, and then poured into water and AcOEt. At this time, because solid
was precipitated, i-Pr, O was added thereto, and thus the solid was fﬁlly precipitated. The
solid was filtrated,‘washed with’ water, washed with i-Pr, O, and then air-dried to yield
Compound 3 as a pale orange solid (13.5 g, 86% vyield).

Compound 3: l -

"H-NMR (CDCl,) M{delta): 3.80 (3H, s), 3.81 (3H, s); 3.82 (3H, s), 4.93 {2H, s), 5.08 (2H,
s), 5.27 (2H, s), 6.81-6.92 (7H, m}, 7.32-7.40 (6H, m), 7.63 (1H, d, J = 9.0 Hz).

Step (3): Compound 3 — Compound 4 "

To a solution of Compound 3 (13.53 g, 24.64 mmol} in MeOH (100 mL) and THF (100
mL) was added aqueous 2M NaOH- solution (37.0 mi, 73.9 mmol), followed by stirring at
70°C for 80 minutes. After the reaction sohution was cooled to room temperature, THF
and MeOH were evaporated under reduced pressure, and then AcOEt, 2M hydrochloric
acid, and water were added thereto. As a‘.result, solid was precipitated. The solid was
filtrated and then air-dried to yield Compound 4 Vas a white solid (8.58-g, 81% yield).
Compound 4: _ | . B
"H-NMR (DMS0-ds) Ci(deita): 3.75 (3H, s), 3.78 (3H, s), 4.88 (2H, s), 5.18 (2H, ), 6.86
(2H, d, J = 8.7 Hz), 6.99 (2H, d,J = 8.7 H2),.7.23 (1H, d, J = 9.0 Hz), 7.29 (2H, d, J = 8.6
Hz), 7.45 (2H,d, J =86 Hz), 761 (1H,d,J=7.8 Hz).

Step (4): Compound 4 — Compound 6 g

To a solution of Compound 4 (0.858 g, 2 mmol) in DMA(10 mL) was added Et; N (0.36
mi, 2.6 mmol), followed by cooling to -15°C, and then MsCl (0.187 ml, 2.4 mmol) was
added, subseque'ntly further stirring at -15°C for 1 hour. Compound 5 (0.507 ml, 4 mmol)
was added thereto, followed by,stifring for 1‘hour at -15°C. To the reaction solution was
added agueous 5% sodium hydrogen carbonate solution and AcOEt, and then the solution

was separatéd. After one-time extraction from the adueous layer with AcOEt, the organic
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layer was washed with water, aﬁd then was.hled with saturated brine. The organic layer
was dried over MgSO,, Subseqﬁenﬂy MgS0O, was removed by filtration, and then
concentrated. To the residue AcOi-Pr was added, and then the precipitated solid was
filtrated, dried in vacuo to yield Compound 6 as a whiée solid (0.708 g, 67% vyield).
Compound 6: ‘ : )

"H-NMR (DMSO-dg) DO{deita): 1.65-1.68 (4H, m), 2.44-2.56 (4H, m), 3.26-3.34 (4H, m),
3.74 (3H, s), 3.76 (3H, 5), 4.87 (2H, s), 5.14'(2H, s), 6.86 (2H, d, J = 8.7 Hz), 6.97 (2H, d,
J =87 Hz), 711 (1H,d, J = 8.7 H’zj, 7.18 (1H, d, J = 8.7 Hz), 7.30 (2H, d, J = 8.7 Hz),
742 (2H,d, J=87Hz), 822 (1H,t,J=5.7 Hz).

Step (5): Corﬁpoﬁnd 7 — Compound (-1}

To Compound 7 (0.935 g, 1 mmol) and Compound 6 (0.525 g, 1 mmol) DMF (3 mL)
was added to dissolve them, followed by sﬁrring at room temperatureﬁfor 4 hours. DMF (3
mL) was further added thereto, followed by-CbSIing to -40°C, and then potassium iodide
(1.16 g, 7 mmol) and AcCl (0.285 ml, 4 mmol) were added thereto, subsequently stirring at
0°C for 2 hours. The reaction solution was poured into ice water and AcOEt, and then the
solution was'separated. After one-time extraction from the aqueous layer with AcOEt, the
organic layer was Washed with water, and then washed with saturated brine. The organic
layer was dried over MgSQO,, sub'sequenfly MgSQ, was removed by filtration, and then
concentration and subsequent drying in vacuo yielded Compound 8 as a brown oil. This
was used for the next reaction without purification.

The whole amount of Compound 8 obtained was dissolved in dichloromethane (15 ml),
followed by cocling to -40°C, and then anisole {1.09 ml, 10.00 mmol) and 2M AICl, -
nitromethane sol_u‘éi'on (5.00 ml, 10 mmol) wére added thereto in turn, subseguently stirring
at 0°C for 90 minutes. To the reaction solution was added 2M hydrochloric acid, MeCN, i-
Pr, O, and hexane that had been cooled to O?C‘,'_éubsequenthently stirring for a while. As
a result, insolubles appeared. Thg supernafé_nt and the insolubles were separated, after
the solution of the supernatant was separated, the aqueous layer was combined with the
insolubles. 2M hydrochloric acid and MeCN were added thereto, and thus the insolubles
were dissolved. HP resin was added thereto, and- then MeCN was evaporated under
reduced pressure. The resulting mixed solution was purified by HP and ODS
chromatography. The resulting solution of the title compound was concentrated in vacuo,
and then Iyophilized to yield Corripou_nd (I-1) ‘as a white powder (246 mg, 33% yield).
Compound (I-1): '

Go0083
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"H-NMR (DMSO-dg) T(delta): 1.47 (6H, s), 1.99-2.09 (4H, m), 3.37-3.51 (8H, m), 3.76-
ssomﬂnmseiﬁHdJ:1i1HmsnéﬁHdJ=1&2H@5150HdJ=5JHa
5.72 (1H, dd, J = 5.1,8.3 Hz), 6.78 (EH, s), 8._2;1 (2H, m}), 8.43 (1H, br), 9.51 (1H, d, J = 8.1
Hz). |

5 Elementary énalysis for CyaHz 2 CINg 010 S,-3.6H, 0 .
Calcd.: C, 42.58; H, 4.95; Cl, 4.33; N, 13.70; S, 7.84 (%)
Found.: C, 42.55; H 4.80; Cl, 4.16; N, 13.72; S 7.62 (%)
[0107] ' '
Example 2

10 Synthests of Compound (I-2) |

[Formula 63]
HOOC\%/

- ﬂ J;"W,JVN\/\ )gc[

: OPMB
. ‘ H -
bBuOOC\%/ : <z:T/\\/ OPMB

BocHN~<f;ﬂ/J\n’ ;IjT:;:L\J/.. - | -

COOPMB
tBuOOC\%/

I-2
BocHN /‘:T/l\ﬂ’ O
R p=otall S

- COOPMB | OPME
- N 11 ‘ ) _

Step (1): Compound 9 — Compouhd {1-2) |
To Compound 9 (3.55 g, 4 mmol) and Compound 10 (1.96 g, 4 mmol) was added DMF

15 (10mbL) to dissolve them, followed by stirring at room temperature for 3.5 hours. DMF (20
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mL) was further added thereto, followed by cooling to -40°C, and then potassium iodide
(4.65 g, 28 mmol) and AcCl (1.14 mi, 16 mmol) were added thereto, subsequently stirring
at 0°C for 1 hour.. The reaction ‘solution waé poured into ice water and AcOEt, and then
the solution was separated. After dne—time e_xfraction from the agueous tayer with AcOEt,
the organic layer was washed with water, and ihen washed with saturated brine. The
organic Iayef was -dried over MgSQ,, followed by MQSO4 was removed by filtration, and
then concentration and subsequent drying in vacuo yielded Compound 13 as a reddish
brown oil. This was used for the next reaction without purification.

The whole arﬁ_o.unt of Compound 11 obtained was dissolved in dichloromethane (60
ml), followed by cooling to -40?C,énd then anisole (4.37 mi, 40 mmol) and 2M AICl; -
nitromethane solution (20.00 ml, 40.0 mmohl) were added thereto in turn, subsequently
stirring at 0°C for 40 minutes. While maintaining the reaction temperature at 0°C, i-Pr, O
was added to the reaction solution, and then 2M hydrochloric acid was added small-
potion-wise thereto, subsequently étirring. .As a result, insolubles apbeared, and then the
resulting insolublées gathered and agglomera’ted. After the supernatant was removed, i-
Pr, O was added to the mass of the insolubles, followed by washing the insolubles, and
then the supernatant was discarded. This operation was repeated several times. Ice
water and MeCN were added to the insolubles to dissolve, and then HP resin was added
thereto, subseque.r{tly evaporating MeCN under reduced pressure. The resulting mixed
solution was purified by HP and ODS chrdmatqg_raphy. The resulting solution of the title
compound was coricentrated in vacuo, and subsequently lyophilized to yield Compound (I-
2) as a pale yellow powder (0.65 g, 23% vield).

Compound (I-2): :

"H-NMR (DMSO-ds) G(delta): 1.45 (3H, s), 1.46 (3H, s), 1.98-2.08 (4H, m), 3.36-3.48
(8H, m), 3.77-3.84 (2H, m), 3.94 (1H, d, J - 13.5 Hz), 5.03 (1H, d, J = 13.2 Hz), 5.18 (1H,
d, J = 5.1 Hz), 5.76 (1H, dd, J = 5.1,8.1 Hz), 6.72 (1H, s}, 6.77 (1H, d, J = 8.4 Hz), 7.20
(1H, d, J = 8.1 Hz),.8.53 (2H, m), 9.23 (1H, s), 9.43 (1H, d, J = 8.1), 9.61 (1H, s).
Elementary analysis for C;oHasN; 014 S: -4.'9H2 0

Calcd.: C, 44.70; H, 5.60; N, 12.-16;.8, 7.96 (%) |

Found.: C, 44.69; H, 5.10; N, 12.28; S, 7.47 (%)

[0108] '

Example 3

Synthesis of Compound (I-3)
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[Formula 64]

HOOC\%/

szﬁ J;KWJ\JN\/\ J\@

cQ cl- 0O cl 0
HO oh PMBO. & OPMB . PMBO oH
HO . . PMBO L PMBO
Gl c cl
12 B 13 14
N NH2 . cL
C, OPMB
6 . H ‘
O/\/ oPMB
o o
15

Cl -
OPMB
H

+ Buooc\‘p o ' G\'/\/NW/QOPMB
. - o <l
BocHN\(ﬂ j;‘/\;l\/ 15

COOPMB

t-Buooc\’p ' ' N ]
N o cl 1-3

COOPMB |
- - 16

Step (1): Compotind 12 — Compound 13

To a solution of Compound 12 (2.23 g, 10 mmol} in DMF (22 mL) was added K, CO,
(4.84 g, 35 mmol), PMBCI (5:45 mi, 40 mmol), and potassium iodide (1.5 g, 10 mmol) in
turn, followed by stirring at 70°C for 1 hour. The reaction solution was cooled to room
temperature, and {hen poured into ice water and AcOEt, followed by separating the

solution. After one-time extraction from the aqueous layer with AcOEt, the organic layer
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was washed with water, and then washed with saturated brine. The organic layer was
dried over Mg@SQ,, subsequently MgSO, was' removed by filtration, and then
concentrated. The crude product was purified' by flash column chromatography to yield
Compound 13 as a pale yellow liguid (5.37 g, 92% yield).

Compound 13: . ' | o

"H-NMR (CDCl;) G(delta): 3.816 (3H, s), 3._8A23 (3H, s), 3.83 (3H, s), 4.97 (2H, s), 5.05
(2H, s), 5.29 (2H, s), 6.86-6.93 (6H, M), 7.33-7.41 (6H, m), 7.65 (1H, s).

Step (2): Cofnpoﬂnd 13 — Compound 14 '

To a solution of Compound 13 {5.37 g, 8.2 mmol) in MeOH (54 mL) and THF (54 mL)
was added agueous 2M NaOH solﬁtion {13.8 ml,-27.6 mmol), fo!lowéd by stirring at 70°C
for 1 hour. The reaction solution was codled to room temperature, followed by
evaporating THF and MeOH under reduced pressure, and then AcOEt, 2M hydrochloric
acid, and water were added thefeto, subseqdently separating the solution. After one-time
extraction from t'he_.aqueous layer with AcOEt, the organic layer was washed with water,
and then washed with saturated brine. The organic layer was dried over MgSQ,,
subsequently MgSO, was removed by filtratipn_, and then concentrated. i-Pr,O was
added to the residue, and then the precipitated solid was filtrated, dried in vacuo 1o yield
Compound 14 as a white solid (2.19 g, 52% yield).

Compound 14: o )

"H-NMR (DMSO-ds) O(delta): 3.76 (3H, s), 3.77 (3H, s), 4.98 (2H, s), 5.06 (2H, s), 6.91-
6.97 (4H, m), 7.33-7.39 (4H, m), 7.65 (1H, s).

Step (3): Compound 14 — Compound 15 °

To a solution of Compound 14 (1.390 g, 3 mmo) in DMA (14 mL) was added Et;N
(0.582 ml, 4.2 mmol), followed by cooling to -15°C, and then MsCl (0.304 ml, 3.9 mmol)
was added, subsequently stirring at -15°C for 70 minutes. Compound 5 (0.760 ml, 6
mmol) was added thereto, followed by further stirring at -15°C for 1 hour. To the reaction
solution was added water and AcOEt, followed by separating the solution. After one-time
extraction from the aqueous layer with AcOEt, the organic layer was washed with water,
and then washed with saturated brine. The organic layer was dried over MgSQ,,
subsequently MgSO,; was remdved_ by filtréti'on, and then the filtrate was concentrated.
The crude product was purified by flash columh chromatography to yield Compound 15 as
a white powder (1.01 g, 60% yield). |



10

15

20

25

30

S 72

"H-NMR (CDCl;) T(delta): 1.8 (4H, br), 2.61 (4H, br}, 2.75 (2H, m), 3.56-3.58 (2H, m),
3.823 (3H, s), 3.828 (3H, s), 4.98 (2H, s), 5._01 (2H, s), 6.87-6.92 (4H, m), 7.36-7.40 (4H,
m), 7.47 (1H, s). '

Step (4): Compound 9 — Compound (I-3) - | .

A solution of Compound 15 (0.89 g, 1.59 mmol) in DMF (5 mL) was degassed, and
then Compound 9 (t=092) (1.54 g, 1.59 mrhol) was added thereto, followed by stirring at
room temperature for 5 hours., DMF (10 mL) was further added thereto, followed by
cooling to -40°C, and then potassium iodide (1.85 g, 11.1 mmoly and AcCi (0.454 ml, 6.36
mmol} were édded thereto, subsequently stirring at 0°C for 2 hours. The reaction solution
was poured into ice water and AcQEt, and then NaHS0,; was added thereto, followed by
separating the solution. After one-time extraction from the agueous [ayer with ACOEt, the
organic layer was .v;fashed with water, and then washed with saturated brine. The organic
layer was dried over MgSQ,, subs‘équently MgSO, was removed by filtration, and then
the filtrate was concentrated éna subsequeni drying in vacuo yielded Compound 16 as an
orange powder. 'This was used for the next reaction without purification.

The whole amount of Compound 16 obtained was dissolved in dichloromethane (20
ml), followed by cooling to -40°C, and thén anisole (1.74 ml, 15.9 mmoi) and 2M AICI, -
nitromethane solution (7.96 ml,- 15.9 mmol)'.w'ere added thereto in turn, subsequently
stirring at 0°C for 90 minutes. While maintaining the reaction temperature at 0°C, i-Pr, O
was added to the reaction solution, and then 2M hydrochloric acid was added small-
portion-wise, subsequently stirring. As a result, insolubles appeared, and then the
resulting insoluble.s' gathered and agglomerated. After the supernatant was removed, i-
Pr, O was added to the mass of the insolubles, followed by washing the insolubles, and
then the supernatant was disca_rded. This, Qp‘er.ation was repeated several times. Ice
water and MeCN were added to the insolubles, followed by dissolving it, and then HP
resin was added, subsequently evaporating MeCN under reduced pressure. The resulting
mixed solution was purified by HP and ODS chromatography. The obtained solution of
the titte compound was concentrated in Vacuo, and subsequently lyophilized to yield
Compound (I-3) as a white powder (498 mg, 40% yield),

Compound (I-3): . ' o

'H-NMR (DMSO-ds) O(delta): 1 44 (3H, s), 1.45 (3H, s), 2.04-2.09 (4H, m), 3.28-3.54
(8H, m), 3.75-3.86 (2H, m), 3.92 (1H, d, J = _15.5 Hz), 5.05 (1H, d, J = 13.5 Hz), 5.17 (1H,
d, J=5.1Hz),573 (1H, dd, J = 4.8,8.1 Hz), G.Té (1H, s), 6.98 (1H, s), 7.29 (2H, br), 8.58
(1H, m), 9.43 (1H,-d, J = 8.1 Hz). ‘ '
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Elementary analysis for CaoHg 5 Cla N7 Q405,-3.5H; O
Calcd.: C, 42.41; H, 4.74; Cl, 8.34; N, 11.54; S, 7.55 (%)
Found.: C, 42.54; H, 4.80; CI, 7.78; N, 11.58; S, 7.45 _(%)
[0109] ‘

Example 4

Synthesis of Compound (I—4)

[Formula 65] .
HOOC\%/
.0
HzNhﬂf':ﬂ//Lig, N N N
S o{ . ~TN OH
. Coo - - o cl
-4
AN
¢ o G‘ NHz cl

: 0
PMB 17

oﬁLOH X @Mﬁﬁﬁopms
PMBO . ' OPMB
t-BuOOC\k _

.,('3 X
Now @ .

BocH N:[)\H/N N

OcHN—” .

‘<S ! 0] j;N'/ ' |
g ~
0

COOPMB .
bBuOOC\%/ - ]
’O . - .
N | ‘N S . - OPMB
BocHN~ﬂf_]T/L\N’ Yy g -4
S o NN NN
g OPMB
COOPMB | e
L o 19 _

18

Step (1): Compound 4 — Compound 18 )

To a solution pf,Compound 4(3.43¢g,8 mm'ql) in DMA (35 mL) was added Etz N (1.55
ml, 11.2 mmol), followed by coo.linglto -15°C, and then MsC! (0.810 ml, 10.4 mmol) was
added, subsequently stirring at :1550 for 1 hdur. Compound 17 (2.02 ml, 16 m_mol) was
added theret_o, followed by further stirring at ~15°C for 1 hour. Water and AcOEt was
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added to the reaction solution, and then separated. After one-time extraction from the
aqueous layer with AcOEt, the organic Iayérlwas washed with water, and then washed
with saturated brine. The organic Iéyer was dried_ over MgSQ,, subsequently MgS0Q, was
removed by filtration, and then the filtrate was concentrated. AcOi-Pr was added to the
residue, and then the precipitated solid was filtrated, dried in vacuo to yield Compound 18
as a white solid (2.98 g, 69% yield).

Compound 18: ‘ .

"H-NMR (CDCl;) C(delta): 1.67 (4H, br), 1.77-1.81 (2H, m), 2.48 (4H, br), 2.62 (2H, 1, J =
6.3 Hz), 3.55 (2H, g, J = 6.0 Hz), S.Bﬁ (3H, s), 3.83 (3H, s}, 4.94 (2H, s), 5.07 (2H, s), 6.84
(2H, d, J = 8.4 Hz), 6.90-6.93 (3H, m), 7.34-7.37 (6H, m), 7.76 (1H, m).

Step (2): CofnpoLmd 9 — Compound (I-4) '

A solution of Compound 18 (1.62 g, 3 mmol) in DMF (8 mL) was degassed, and then
Compound 9 (f = 0.92) (2.89 g, 3 hnmol) Was added thereto, followed by stirring at room
temperature for 45 hours. DMF (16 mL) was fuﬁher added thereto, followed by cooling to
-40°C, and then pbtassium iodide (3.49 g, 21 mmol) and AcCl (0.856 ml, 12 mm'ol) were
added thereto, subsequently sfirring at 0°C for 1 hour. To the reaction solution was
poured ice water and AcOEt, and then NaHSO; was added, followed by separating the
soluton. After one;time extraction from the aqueous layer with AcOEt, the organic layer
was washed with water, and then'washed with saturated brine. The organic layer was
dried over MgSO,, subsequently MgSO; was removed by filtration, and then
concentration and drying in vacuo yielded Compound 19 as a brown powder. This was
used for the next reaction withotit purification:

The whole amount of Compound 19 obtained was dissolved in dichloromethane (40
ml), followed by édoling to -40°C, and theh anisole {3.28 ml, 30 mmal) and 2M AICI; -
nitromethane solution (15 mi, 30 mmol) were added thereto in turn, -subsequently stirring
at 0°C for 2 hours. . While maintainihg the re~act|:o'n temperature at 0°C, i-Pr, O was added
to the reaction solution, and then .2M hydrochloric acid was added small-potion-wise
thereto, subsequently stirring. ‘As a result, .insolubies appeared, and then the resulting
insolubles gathered and agglomerated. After the supenatant was removed, i-Pr,O was
added to the mass of the insolubles, followed by washing the insolubles, and then the
supernatant was discarded. This operation was repeated several times. Ice water and
MeCN were added to the insolubles, followed by dissolving it, and then HP resin was
added thereto, sﬁbsequently evépor_ating MéCN under reduced pressure. The resulting

mixed solution was purified by HP and ODs.chromatography. The resulting solution of
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the title compound was concentrated in'vacz)o, and subsequently lyophilized to vyield
Compound (I-4) as.a white powder (0.56 a, 2_4%"_yield).
Compound (I-4): - g
"H-NMR (DMSO0-dg) O(delta): 1.21 (3H, s), 1.22 (3H, 8), 1.72-1.82 (6H, m), 3.19 (8H, m),
5 364(2H, d,J=168Hz),3.71 (1H,d, J = 13.8 Hz), 4.68 (1H, d, J = 14.1 Hz), 4.94 (1H, d,
J = 5.1 Hz), 5.50-5:55 (1H, m), 6.49 (1H, s}, 6.53 (2H, d, J = 3.3 Hz), 7.07 (2H, br), 8.17
(1H, m), 9.04 (1H, br), 9.20 (1H, d, J = 8.7), 9.90 {1H, br).
Elementary analysis for Cs 1 Hs 5 CIN; O4 'S, -4.6H2 )
Caled.: C, 43.85; H, 5.37; Cl, 4.18; N, 11.55; S, 7.55 (%)
10 Found.: C, 43.81; H, 5.19; Cl, 5.63; N, 11.58; S, 7.36 (%)
[0110] |
Example 5
Synthesis of Compound (I-5)

[Formula 686]
HOOC\//. .
0

N’ -
| H '
N N 8 OH
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. g—N 9] G N2~ Nf\/\/ N oM
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t-BuOOG\'//
0
Nowo 9
“W“ys
BocHN~<’ |
g-N. O N = I
7 COOBH
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A OPMB I.5
BOCHN~</ f H
S” ; = - OPMB

_ COOBH | 0
— . 20 : -
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15
Step (1):
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A solution of Cdmpound 18 (1.62 g, 3 rhmol) in DMF (9 mL) was degassed, and then
Compound 7 (2.80 g, 3 mmol) was -added thereto, followed by stirring at room temperature
for 4.5 hours. DMF (18 mL) was further added thereto, followed by cooling to -40°C,
potassium iodide (3.49 g, 21 mmoi) and AcCl (0.856 mi, 12 mmol) were added,
subsequently stirring at 0°C for 2 hburs. lce.water and AcOEt was poured to the reaction
solution, and then NaHSO, was added, followed by separating the soluton. After one-
time extraction from the aqueous layer with AcOEt,-the organic layer was washed with
water, and then washed with saturated brine. The organic layer was dried over MgSQ,,
subsequently MgSO4 was removed by flltratIOn and then concentration and drying in
vacuo yielded Compound 20 as a brown powder This was used for the next reaction
without purification. - _ |

The whole amount of Compound 20 obtained was dissolved in dichloromethane (40
mi), followed by. cooling to -40°C, and then anisole (3.28 ml, 30 mmol) and 2M AICI,-
nitromethane solution (15 ml, 30 mmol) were added in turn, subsequently stirring at 0°C
for 3 hours. While maintaining the reaction temperature at 0°C, i- PrQO was added to the
reaction solution, and then 2M ‘hydrochloric -acid was added small-potion-wise thereto,
subsequently stirr:mg. As a result, insolubtes appeared, and then the resulting insolubles
gathered and agglomerated.' After the subenatant was removed, to the mass of the
insolubles was 'acjded i-Pr. O, followed by washing the insolubles, and then the
supernatant was discarded. This operation was repeated several times. Ice water and
MeCN were added to the insolubles to dissolve, and then HP resin was added thereto,
subsequently evaporating MeCN under reduced pressure. The resulting mixed solution
was purified by HP and ODS chromatography. The obtained solution of the ftitie
compound was concentrated in vacuo, and subsequently lyophilized to yield Compound (I-
5) as pale yellow powder (188 mg, 8% vyield).

Compound (I-5): h | 7

"H-NMR (DMSO-dg) T(delta): 1.46 (6H, s), 1.95-2.07 (6K, m), 3.27-3.37 (8H, m),
3.77-3.83 (3H, m),-5.02 (1H, d, J = 14.1 Hz),_S:dB (1H, d, J = 4.8 Hz), 564 (1H, dd, J =
4.8,8.4 Hz), 6.71-6.79 (2H, m), 8.20.(2H, br), 8.50 (1H, m), 8.23 (1H, br), 8.50 {1H, d, J =
7.5). _

Elementary analysis for C3 ¢ Hz s CINg Q4 S5 -4.5H; 0
Calcd.: C, 42.48; H; 5.23; Cl, 4.18; N, 13.21; S, 7.56 (%)
Found.: C, 42.64; H, 5.09; Cl, 3.91; N, 13.07; S, 71?(%)
[0111]
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Example 6
Synthesis of Compound (I-6)

[Formula 67]
Hooc\‘p

He“%’ J/J\W j;f \)w“‘\/\ k@

o C)

OPMB
PMBO 21 Me
]@AOH ‘ § ‘ G\]/\/NT(@OPMB

PMBO 0 <

22
tBuOOCjL |
|| o E 29
e, —

COOPMB

- 8 )
t-BuOOC\k _ L
BocHN~—¢ ﬁ T el -6
P OPMB

coorPmMB !
- _ 3 _

5 Step (1): Compound 4 — Compound 22 o
To a solution of Compound 4 (2.57 g, 6 mmol) in DMA (25 mL) was added Et; N (1.16
ml, 8.4 mmol), followed by cooling 'to -15°C, and then MsC! (0.608 ml, 7.8 mmol) was
added, subsequently stirring at -15°C for 50 minutes. Compound 21 (1.81 g, 12 mmol)
was added thereto, followed by further stirriqg at -15°C for 70 minutes. Water and AcOEt

10 was added to the reaction solution, subsequently separating the solution. After one-time
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extraction from the aqueous layer with AcOEL, the organic layer was washed with water,
and then washed with saturated brine. The organic layer was dried over MgSQ,,
subsequently MgS0, was removed by fiftration, and then concentrated. The crude
product was combined with unpurified ‘Corhpound 22 (4 mmol), which had been
synthesized elsewhere, and then was purified'b'y flash column chromatography to yield
Compound 22 as a yellow il (4.87 g, 84% yield).

Compound 22: . ‘ .

'H-NMR (CDCly) O(delta): 1.68 (2H, s), 1.77-1.80 (2H, m), 2.28-2.30 (2H, m), 2.53-2.60
(B8H, m), 2.75 (1H; 1, J = 7.2), 2.81 (1.5H, s), 3.12 (—1.5H, s), 3.17 (1H, m}), 3.79 (3H, s),
3.83 (3H, s}, 4.97 (2H, s), 5.05 (2H, s), 6.80-6.84 (2H, m), 6.89-6.97 (4H, m), 7.31-7.36
(4H, m). | : .

Step (2): Compod_nd 9— Compdunc{ (1-8)

A solution of Compound 22 (f = 0.95) (1 70 g, 3 mmol} in DMF (8 mL) was degassed,
and then Compound 9 (f = 0.92) (2.89 g, 3 r;lmo'l) was added thereto, followed by stirring
at room temperétur_e for 4 hours. DMF (16 mlL) was further added thereto, followed by
cooling to -40°C, and then potassium iodide (3.49 g, 21 mmol) and AcCl (0.856 ml, 12
mmol) were added thereto, subseduently étirring at 0°C for 1 hour. lce water and AcOEt
were poured to the reaction solution, and trhen NaHSO,; was added, followed by
separating the soluton. After one-time extraction from the aqueous layer with AcOEt, the
organic layer was washed with Water, and then washed with saturated brine. The organic
layer was dried over MgSO,, subsequently MgSQ, -was removed by filtration, and then
concentration and arying in vacuo yielded Compound 23 as an orange powder. This was
used for the next reaction without purification.

The whole amount of Compound 23 obtained was dissolved in dichloromethane (40
mi), followed by cooling to -40°C, .and then anisole (3.28 m!, 30 mmo!} and 2M AICl, -
nitromethane solution (15 mi,” 30 mmol) were added thereto in turn, subsequently stirring
at 0°C for 1 hour. While maintaining the reaction temperature at 0°C, i-Pr, O was added to
the reaction solutiéh, and then 2M hydrochlbric acid was added small-potion-wise thereto,
subsequently stirring. As a result,-insolubles appeared, and then the resulting insolubles
gathered and agglomerated. After the supenaténi was removed, i-Pr, O was added to the
mass of the insolubles, followed by washing‘the insolubles, and then the supernatant was
discarded. This operation was repeated several times. Ice water and MeCN were added
to the insolubles, followed by dissolving it, and 'Fhen HP resin was added thereto,

subsequently evaporating MeCN under reduced pressure. The resulting mixed solution
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was purified by HP and ODS chromatography. The obtained solution of the title
compound was concentrated in vacuo, and subsequently lyophilized to yield Compound (I-
6} as a white powder (0.94 g, 41% vyield).

Compound (I-6): _

"H-NMR (DMSOQ-dg) O(delta); 1.43 (3H, s), 1.44 (3H, s), 2.06 (4H, m), 2.80 (3H, s), 3.43
(8H, br), 3.71-3.87 (2H, m), 3.99_(1H, d, J = 13.5 Hz), 5.03 (1H, d, J = 13.5 Hz), 5.15 (1H,
d, J=51Hz), 572 (iR, dd, d = 5.1, 8.4 Hz.),' 6.56 (1H, d, J = 8.1 Hz), 6.71 (1H, s), 6.80
(1H, d, J = 8.1 Hz), 7.27(2H, br), 9.43 (1H, d, J = 8.1 Hz).

Elementary analysis for for Ca i H3g CIN; 04 ¢ Ss -4.2H2 0

Caled.: C, 44.22; H; 5.32; Cl, 4.21; N, 11.65; 8, 7.62 (-%)

Found.: C, 44.20; H, 5.32; Cl, 4.25 N, 11.73; 8, 7.84 (%)

(0112]

Example 7

Synthesis of Compound (i-7) _

[Formula 68]
HOOC\%/
) /ﬁ
=T ;EQU\/\N*C[
o , OH

FBuOOC\%(
H ' .
N il 22
BocHN-</ ; Wj\/

COOBH -

7

FBuOOC\%/

BocHN“{’ ?/J\H/ o, . " -7
- N\/\NJ\©:OPMB

| Me

COOBH | OPUE

- 24 _ H
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Step (1)}: Compound 7 — Compo_und {I-7)

A solution of Compound 22 (f = 0.95) (1.70 g, 3 mmol) in DMF (8 mL) was degassed,
and then Compound 7 (2.80 g,"3 mmol) was added thereto, followed by stirring at room
temperature for 4 hours. DMF (16 mL) was further added thereto, followed by cooling to -
40°C, and then potassium iodide (3.49 g, 21 mmol} and AcCl (0.856 ml, 12 mmol) were
added, subsequently stirring at 0°C for 1.5-hours. To the reaction solution was poured ice
water and AcOEt,.and then NaHSO; was added, followed by separating the soluton.
After one-time extraction from -the,aqueou.s layer with AcOEt, the organic layer was
washed with water, and then.washéd with saturated brine. The organic layer was dried
over MgSQ,, subsequently MgSQO, was removed by filtration, and then concentration and
drying in vacuo yielded Compound 24 as a brown ;Sowder. This was used for the next
reaction without purification. ' ) _

The whole amount of Compound 24 obtained was dissolved in dichloromethane {40
ml), followed by 'c_ooling to -40°C, and theh'an.isole (3.28 ml, 30 mmol) and 2M AICl; -
nitromethane solution (15 ml,_ 30 n'ir'nol) were added in turn, subsequently stirring at 0°C
for 1 hour. While maintaining the reaction t.emp'erature at 0°C, i-Pr, O was added to the
reaction soIUtioh, and then 2M hydrochloric acid was added small-potion-wise thereto,
subsequently stirring. As a result, insolubles appeared, and then the resulting insolubles
gathered and agglomerated. After the sup.enatant was removed, i-Pfg O was added to the
mass of the insolubles, followed by washing-t'he"insolubles, and then the supernatant was
discarded. This o'peration was repeated several times. Ice water and MeCN were added
to the insolubles to dissolve it and then HP resin was added thereto, subseguently
evaporating MeCN under reduced pressure. The resulting mixed solution was purified by
HP and ODS chrbmatography. The obtained solution of the title compound was
concentrated in vacuo, and subsetqpently'lyophili_zed to vield Compound (I-7) as a white
powder {0.78 ¢, 34% yield). '

Compound (I-7): - , .

"H-NMR (DMSO-ds) I(delta): 1.47 (6H, s), 2.07.(4H, br}, 2.82 (3H, s), 3.35-3.57 (8H, m),
3.76-3.88 (2H, m), 4.01 (1H, d, J = 12.9 Hz), 5.06 (1H, d, J = 13.5 Hz), 5.16 (1H, d, J = 5.1
Hz), 5.73 (1H, dd, J = 5.4,8.4 Hz), 6.58 (iH, d, J = 7.8 Hz), 6.82 (1H, d, J = 8.1 Hz),
8.21(2H, br), 9.49 (1H, d, J = 8.4). - |

Elementary analysis for for C3oHz s CINg 01 52 4.1H,0

Calcd.: C, 42.84; H, 5.18; Cl, 4.22; N, 13.32;.81, 7.62 (%)

Found.: C, 42.81; H, 5.10; CI, 4.30; .N, 13.36:.S, 7.77 (%)

-~

et o
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Example 8

Synthesis of Compound (I-8)
[Formula 69]
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To a solution of Compound 26.(1.25 g, 7.0'mmol) in dimethylacetamide (12 mL) was

added triethylaming (2.43 mL, 17.5 mmol), foilowed by cooling to -15°C, and then

methanesulfonyl chloride (0.35 mL,. 4.55 mrﬁol) was added, subsequently stirring for 1

hour at -15°C. Then a solution of Compound 25 in dimethylacetamide (5 mL) was added

thereto, followed by stirring for 1 hour. Into the reaction solution was added ethy! acetate

(50 mL) and 5% sodium hydrogen carbonaté solution: The organic layer was washed with

water, washed with saturated brine, dried over magnesium sulfate, filtrated, and then

5
Step (1): Compound 25 — Compound 27
10
evaporated under ‘reduced pressure.
15

Isopropyi ether was added to the residue to

precipitate solid, and then collected to yield Compound 27 (1.90q, 98% vyieid).
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Compound 27: ,

"H-NMR (CDCl;) O(delta): 1.48-1.85 (8H, m}, 2.63-2.75 (6H, m), 3.40-3.50 (2H, m), 3.80
(3H, s), 3.83 (3H, s), 6.80-6.84 (2H, m), 6.85-7.00 (3H, m), 7.15-7.20 (1H, m), 7.32-7.37
(m, 3H), 7.48-7.52{1H, m). _ ,

Step (2): Compound 28 — Compound 29 — Compound (I-8)

Compound 28 (888 mg, 1 mmol) and Compound 27(553 mg, 1 mmol) were dissolved
in dimethyiformamide {2 mL), followed by stirring at room temperature for 3 hours.
Dimethylformamide (2 mL) and potassium iodide (1.16 g, 7 mmol} .were added thereto,
followed by cooling to -40°C, and then acetyl’;:hloride (0.285 mL, 4 mmol) was added
thereto, subsequently stirring at O"C,for 1 hour. To the reaction solution was added water
and ethyl acetate. The organic Iéyer was.\fvashed with water, washed with saturated
brine, dried over magnesium sulfate, filtrated; and then evaporated under reduced
pressure to y.ield Compound 29 as a powder. _

Compound 29 was dissolved in_methylehe chloride (10 ml) and anisole (1 mi}, followed
by cooling to -40°C. 2M AICI; -nitromethane solution (5 mi) was édded, subsequently
stirring at 0°C for 50 minutes. To the reaction solution was added aqueous 2M HCI (60
ml), acetonitrile (50 ml), and ether '(ﬁ 00 ml). The aqueous layer was washed with ether,
concentrated in vacuo, and tﬁen subjected iﬁto HP-208S column chromatography eluting
the desired Com'po,und with acetonitrile-water. Collécted fractions were concentrated in
vacuo. The concentrated solution was lyophilized to yield Compound (I-8) as a white
powder (252 mg, 32% yield). | )

Compound (I-8): *

'H-NMR (D; O) O(delta): 1.49 (3H,s), 1.50 (3H, s}, 1.60-1.80 (4H, m), 1.82-2.10 (4H, m),
3.39-3.70 (6H, m), 3.72-3.85 (4H, m), 3.93 (1H, d, J = 13.8 Hz), 4.14 (1H, d, J = 13.8 Hz),
5.36 (1H, d, J = 5.1 Hz), 5.87 (1H, d, J = 5.1 Hz), 6.70-6.72 (2H, m), 6.98 (1H, s).
Elementary analyéié for for C32Ha5 CIN; 044 S,-4.8H, 0

Calcd.: C, 44.34; H, 5.54; Cl, 4.09; N, 11.31; O, 2’_].32; S, 7.40 (%)

Found.: C, 44.51;H, 5.39; CI, 3.79; N, 11.30; S, 7.44 (%)

[0114]

Example 9

Synthesis of Compound (I-9)
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[Formula 70}

HaN— | M
I

N

5\/\rr \@OH
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N
H Ot-Bu HCl . oH
30 31 - R 33
OpN OPMB “HpN OPMB 11 O H
g \©: — N\/YN OPMB
OPMB OPMB . 8 \@[
" ‘ OPMB
34 35 35

Step (1): Compound 30 — Compound 32

To a solution é)_f‘Compound 31(2g, 28.1 'rﬁmbl) in THF (10 mL) was added Compound
30 (5.41 g, 42.2 mmol), follow_ed‘ by étirring at room temperature for 2 hours. Ethyl acetate
and water were added thereto, followed by -extrac:tion from the aqueous layer with ethyl

acetate, and then the organic layer was washed with saturated brine. The organic layer
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was dried over magnesium sulfate, filtrated,”and then concentrated in vacuo to yield the
title compound 32 (4.98 g, 89% vyield).
Compound 32: B _
"H-NMR (CDCl,) O(delta): 1.46 (9H, s), 1.74-1.80 (4H, m), 2.40-2.60 (m, 6H), 2.70-2.75
(m, 2H). o -
Step (2}: Compound 32 — Compound 33

To a solution of Compound 32 {4.98 g, 25 mmol} in methylene chioride (20 mL) was
added trifluoroacetic acid (20 mL), foliowed by stirring overnight. After concentration in
vacuo, 4M HCl in"ethyl acetate solution (9.37 mL, 37.5 mmol) was added thereto. The
precipitated sofid of Compound 33 was washed with ethyl acetate (3.74 g, 83% vyield).
Compound 33: ' )
"H-NMR (D; O) ﬁ(delta): 1.95-2.20 {44, m) 2 84 2.89 (2H, m}, 3.10-3.20 (2H, m), 3.44-
3.52 (2H, m), 3.62-3.80 (2H, m)..
Step (3): Compo_und 34 — Compound 35

A solutioh of .Compound 34 (7.08 g, 17.9 mrﬁol) in ethyl acetate (350 mlL) and
methylene chloride (100 mL) was degassed under reduced pressure, and then replaced
with nitrogen. Platinum dioxide (550 mg, 1.54 -mmol) was added’thereto, foltowed by
hydrogenation, Aﬁér 2 hours, the reaction solution was filtrated, and then the filtrate was
evaoprated under reduced pressure Isopropyl ether was added to the residue to
precipitate solid, and then collection of the prempltated solid yielded Compound 35 (5.64 g,

86% vield). =

Compound 35:
'H-NMR (CDCl;) O(delta): 3.80 (3H, s), 3.81 (3H, §), 4.94 (2H, s), 5.01 (2H, s), 6.18-6.23
(1H, m), 6.30-6.32 {1H, m), 6.72-6.78 (1H, m);.6.'80-6.90 (4H, m), 7.26-7.42 (4H, m).
Step (4): Compound 33 + Compound 35 — Compound 36

To a solution of Compound 33 (359 mg, 2 mmol) in dimethylacetamide (6 mL) was
added triethylamine (1.38 mL, 10 mmol), followed by cooling to -15°C, and then
methanesulfonyi éhloride (0.21 mL, 2.80 mmol) was added, subsequently stirring for 1
hour at -15°C. A solution of Compound 35 in dimethylacetamide (5-mL) was added, and
then the solution.was allowed to wérm up to r-obm temperature. Ethyl acetate (50 mL)
was added into the reaction solution and 5% sedium hydrogen carbonate solution was
added. The organic layer was washed with water, washed with saturated brine, dried over

magnesium sulfate, filtrated, and then evaporated under reduced pressure. The residue



10

15

20

25

30

000101

85

was purified by silica gel column chromatography to yield Compound 36 (266 mg, 27%
yield). ' ’

Compound 36: - -

"H-NMR (CDCl;) 'j(delta): 1.82-1.87 (4H, m), 2.50-2.60 (2H, m), 2.62-2.66 (4H, m), 2.80-
2.86 (m, 2H), 3.79(3H, s), 3.80(3H; s), 5.02 (2H, s}, 5.07 (2H, s), 6.70-6.90 (m, 6H), 7.29-
7.50 (5H, m). 4 | : -

Step (5): Compound 28 + Compound 36 — Compound (-9}

Compound 28 (517 mg, 0.54 mmol} and Compound 36 (266 mg, 0.54 mmol) was
dissolved in dimethylformamide (4 mL), followed by stirring at room temperature for 3
hours. Dimethylformamide (3 mL) and potaésium iodide (630 mg, 3.79 mmol) were added
thereto, followed by cooling to -40°C, and then acety! chloride (0.155.mL, 2.17 mmol) was
added thereto, subsequently stirring at 0°C for 1 hour. Then 1M phosphorus tribromide in
methylene chioride solution (1.08 mL) was‘ further added at 0°C thereto, subsequently
stirring for 30 minutes. To the r.eaétion solution was added water and ethyl acetate. The
organic layer was washed with water, washed wiih saturated brine, dried over magnesium
sulfate, filtrafed, and then evaporated under reduoed_pressure to yield Compound 37 as a
powder. _ ] _

Compound 37 was dissolved in methylene ‘chloride (10 ml) and anisole (0.6 m),
followed by coo!iﬁg'to -40°C. 2M AICl, -nitromethane solution (2.7 ml) was added thereto,
subsequently stirring at 0°C for 30 fﬁinutes. To the reaction solution was added aqueous
2M HC! (60 mL), acetonitrile {50 mL), and ether {100 mL). The aqueous layer was
washed with'ethér,,_followed by concentration in vacuo, and then subjected into HP-208S
column chromatography, subsequently eluting the desired compound with acetonitriie-
water. Collected fractions were cbncentréted in.vacuo. The concentrated solution was
lyophilized to yield Compound (1-9) as a white pd’wder {129 mg, 33% vield).

Compound (1-9); '

'H-NMR (D, 0) O(delta): 1.49 (3H, s), 1.50 (3H, s), 2.10-2.30 (4H, m), 2.80-3.12 (2H, m),
3.41-3.80 (8H, m), 4.02 and 3.92 (2H, ABq, J = 15.5 Hz), 5.34 (1H, d, J = 4.8 Hz), 5.84
(1H,d,J=4.8 Hz),‘6.77-6.80 (1H, m), 6.83-6.96 (1H, m), 6.90-6.98 {2H, m).

Elementary analysis for for C3 4 Hs s N; O g S, 4.6H; O

Caled.: C, 45.00; H; 5.56; N, 12.25; 0, 29.18; S, 8.01 (%)

Found.: C, 45.02; H, 5.39; N, 12.35; 8, 7.92 (%)

[0115]

Example 10



0cg0102

86

Synthesis of Compound {I-10)

[Formula 71]

H2N—<\ I

38 o 39 ' 40

BocHN—G lT)L
ZC‘

CO,t-Bu 0 OPMB
28

f\ ‘ OH —_— 1-10

CO tay O OPMB ‘ . OH

BDCHN-<\ |

41

Step (1): Compound 39 + Compound 38 — Compound 40
5 To Compound 39 (914 myg, 25 mmol) was added tetrahydrofurah (100 mL), followed
by cooling to 0°C. ll'riphosgene (297 mg, 1 mmol) and triethylamine {0.52 mL, 3.75 mmol)
were added, subsequently stirring ‘at room temperaturefor 30 minutes. After cooling to
0°C again, triethylamine (0.5'2 'mL, 3.75 mlﬁol)'and Compound 38 (314mg, 2.75mmogl)
were added, 'folldwr_ad by stirring at room temperature-for 30 minutes. Ethyl acetate(50 mL)
10 and 5% sodium hydrogen carbonate solution were added into the reaction solution. After
extraction from the aqueous layer with ethyl acetate, the organic layer was washed with

saturated brine, -dtied over magnesium sulfate, filtrated, and then evaporated under
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reduced pressure. Isopropyl ether was then added to the residué to precipitate solid.
Collection of the precipitated solid yielded Compound 40 (1.06 g, 84% yield).

Compound 40: .

"H-NMR (CDCl;) [i(delta): 1.62-1.68 (4H, m), 2.43-2.55 (4H, m), 2.62 (2H, t, J = 5.7 Hz),
3.31 (2H, dd, J = 5.1, 11.1 Hz), 3.79 (3H, s), 3.80 (3H, s}, 5.00 (2H, s), 5.03 (2H, s), 6.60-
6.69 (1H, m), 6.82-6.88 (5H, m), 7.11-7.13 (1H, m), 7.27-7.37 (4H, m).

Step (2): Compound 28 — Compound 41 — Cohpound {-10)

Compound 28 (955 mg, 1 mrlnol)' and Compbﬁnd 40 (506 mg, 1 mmol) were dissolved
in dimethylformamide (4 mL), fol!owed by- étirring at room temperature for 3 hours.
Dimethylformamide (3 mL) and potassium iodide (630 mg, 3.79 mmol) were added thereto,
followed by cooling to -40°C, and then acetyl chloride {(0.155 mL, 2.17 mmol) was added
thereto, subsequently stirring at 0°C for 1 hour. Water- and ethyl acetate were added to the
reaction solution. The organic layer was washed with water, washed with saturated brine,
dried over magnesium sulfate, filtrated, and theri evaporated under reduced pressure to
yield Compound 41 (738 mg) as a powder. o

Compound 41 (1.38 g} was diséloved,in n_'léthylene chloride (10 ml) and anisole (1 mlj,
followed by cooling to -40°C. 2M AICI, -nitromethane solution {5 ml) was then added,
subsequently stirring at 0°C for 50 minutes. Aqueous 2M HCI (60 mL), acetonitrile (50 mL),
and ether (100 mL) were then added to the reaction solution. The agueous layer was
washed with ether, subsequently .concentrating in vacuo, and ther; subjeéted into HP-
205S cotumn chrbrﬁatography, followed by eluting the desired compound with acetonitrile-
water. Collected .fractions were concentrated in vacuo. The concentrated solution was
lyophilized to yieid Compound (1;10) as a white powder (98.3 mg, 13% vyield).

Compound (I-10}: .

"H-NMR (D, O) T(delta): 1.48 (3H, s), 1.49 (3H, s}, 2.12-2.20 (4H, m), 3.20-3.80 (10H, m),
3.90 (1H, d, J=16.8 Hz), 4.04 (1H,d, J = 16.8 Hz), 5.32 (1H, d, J = 4.8 Hz), 5.84 (1H, d, J
= 4.8 Hz), 6.60-6.70 (1H, m), 6.80-6.85 (2H, m), 6.96 (1H, s).

Elernentary analysis for C3oHz g Ng Q1 S2:4.6H, O

Calcd.: C, 44.18; H, 5.59; N, 13.74; O, 28.64; S, 7.86 (%)

Found.: C, 44.26; H, 5.38; N, 13.74; S, 7.56‘(%)

[0116] h

Example 11

Synthesis of Compeound (I-11)
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[Formula 72]
3
0
HQN_<\ ]\H\H
N .N);rs o
N o
0 N = J:_J\/\N OH
L o ) ‘H .
COH 070 OH
T-11 .
S S
" BocHN— | BocHN—, |
o . Nj\ﬂ,CDQH N ICOQH
Q o] ’ 44 0 N“O
N_O _— HgN_O )
\)LOt-Bu ,\/Lkonau KI]’OI-BU
o] .
42 . 43 : 45 Q
BocHN—<\ |
07 OPMB COatBuo oPMB
BocHN—<\ | ,, 80cHN—<\ I ,l
cl
OPMB
COtBu
2t-BuO® ~OPMB COtBuo 0PMB OPMB
"ds
49 50
. .
BOCHN_<\:I\T)L
J;f cl
N JOH
O o] \/\N —_— .1
Cth 5.0 © ~OH
. 51

Step (1): Compound 42 — Comp'oun_d 43 — 'C'ompound 45

A solution of Compound 42 (2.77 g 10 mmc_)lj in methylene chloride (12 mL) was cooled

to 0°C, and then methylhydrazine (0.53 mL, 10 mmol) was added thereto, followed by

stirring for 30 minutes. The reaction solution was filtrated, and then concentrated until the

filtrate reached about half-volume. After I\/I_ethanol (25 mL} was added thereto followed by

cooling to 0°C, Compound 44 (2.72 g, 10 mmol) was added thereto, subsequently stirring
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for 30 minutes a’nd‘ then stirring at room temperature for 90 minutes. Then ethyl acetate
(200 mL) and 0.2M HCI solution were added thereto. The organic layer was washed with
water, washed with saturated brine, dried over magnesium sulfaté, filtrated, and then
evaporated under reduced pressure. To the residue was added ether, and then coliection
of the precipitated solid yielded Compound 45 (3.22 g, 80% vyield).
Compound 45: L T
"H-NMR (DMSO-ds) O(delta): 1.42 (9H, s), 1.47 (9H,.s), 4.62 (2H, 8}, 7.41 (1H, s).
Step (2): Compouhd 45 — Compound 47 |

To a solution of Compound 45 (3.22 g, 8.02 mmol) in dimethylacetamide: (30 mL) was
added triethylamine (1.45 mL, 10.4 rhmol), fqlloWéd by cooling to -15°C. Methanesuifonyl
chloride (0.75 mL, 8.63 mmol) was added, followed by stirring for 15 minutes, and then N-
methylmorpholine (1.76 mL, 16.0 mmol) and Compound 46 (3.08 g, 7.62 mmol) were
added thereto, subsequently stirring for 1 hour. Then ethyl acetate (200 mL) and dilute
hydrochloric acid were added thereto. The organic layer was separated, washed with
aqueous 5% sodium hydrogen carbonate solution, washed with water, washed with
saturated brine, dried over magnesium sulfate, filtrated, and then evaporated under
reduced pressuré. The residue \.Nas, purified' by silica gel column chromatography to yield
the desired compound (5.28 g, 88% yield). |
Compound 47:
P H-NMR (CDC[g.) G(delta): 1.42 (9H, s), 1.49 (9H, s), 3.61 and 3.48 (2H, ABq, J = 18.0
Hz), 3.81 (3H, s), 4.47 (2H, s), 4.77 and 4.‘72‘ (2H, ABg, J = 17.1 Hz), 5.05 (1H, d, J = 48
Hz), 5.20 {1H, d, J = 12.0 Hz), 5.25 (1H, d, J = 12.0 Hz}, 5.83 (1 H,.‘dd, J =48, 87 Hz),
6.87-6.91 (2H, m}, 7.33-7.37 (m, 3H), 8.10-8.15 {1H, br), 8.74 (1H, d, J = 8.7 Hz).
Step (3): Compouhd 47 — Compouﬁd 48

A solution of Compound ;47.(5.28 g, 7.02 mmol) in methylene chloride (50 mL) was
cooled to -40°C, and then m-chloroperbenzoic acid (1.62 g, 7.02 mmol) was added,
subsequently warming up from -40°C to -10°C gradually. Aqueous 5% sodium thiosulfate
solution was added to terminate the reaction. Methylene chioride was evaporated under
reduced pressure, ‘and then ethyl acetate and water were added thereto, The organic
layer was washed with aqueous 5% sodium -hydrogen carbonate solution, washed with
saturated brine, dried over 'mégnesium sulfate, filtrated, and then evaporated under
reduced pressure. This was used for the next reaction without purification. The yielded
amount was 5.39 g (100% yield).
Compound 48:
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"H-NMR (CDCl,) O(delta): 1.42 (9H, s), 1.54 (9H, s), 3.40 (1H, dd, J = 1.5, 18.3 Hz), 3.80
(1H, d, J = 18.3 Hz), 4.22 (1H, d, J = 12.6 Hz), 4.57 (1H, dd, J = 1.5, 4.8 Hz), 4.74 (2H, s),
510 (1H, d,J = 1-2..6 Hz), 5.24 (1H, d, J = 12.0 Hz), 5.29 (1H, d, J = 12.0 Hz}, 6.07 (1H,
dd, J=4.5, 9.2 Hz), 6.88-6.92 (2H, m), 7.34—7.37' (2H, m), 8.38 (1H, d, J = 9.2 Hz).

Step (4): Compound 48 — Compound 49 R

Compound 48 (5.39 g, 3.15 mmol) in THF (60 mlL) was cooled to 15°C, and then
potassium iodide (3.15 g, 21.05 mmol) was -added, followed by stirring for 1 hour. Then
ethyl acetate and aqueous 5% sodium thiosulfate solution were added thereto. The
organic layer was washed with water, washéd with saturated brine, dried over magnesium
suifate, filtrated, and then evaporated under red'uced pressure. This was used for the next
reaction without purification. The yielded amount was 5.42 g (90% vyield).

Compound 49: . | ‘

"H-NMR (CDCl;) C(delta): 1.41. (QH, s), 1.50 (9H, s), 3.55 (1H, d, J = 18.0 Hz), 3.72 (1H,
d, J = 18.0 Hz), 3.80 (3H, s), 4.17 (d, 1H, J = 9.6 Hz), 457 (1H, d, J = 4.5 Hz), 4.71 (2H,
s), 479 (1H,d, J=9.6 Hz}, 5.24 (1H,d, J=11.7 Hz)', 5.30 (1H, d, J = 11.7 Hz), 6.02 (1H,
dd, J = 4.5, 9.6 Hz), 6.80-6.92 (2H, m), 7.24-7.39 (3H, m), 8.36 (d, 1H, J = 9.6 Hz).

Step (5): Compound 49 + Compound 50 — Compound 51

Compound 49 (1.85¢g, 2 mmbl) and Conip'odnd 50 (1.05 g, 2 mmol) were dissolved in
dimethylformamide (2 mL), _fqlloWed by stirring at room temperature for 2 hours.
Dimethylformamide (4 mL) and potassium iédidé (2.32 g, 14mmol) were added thereto,
followed by booiing to -40°C, and then acetyl chloride (0.571, 8.00 mmol} was added,
subsequently stirring at 0°C for 1 hour. To the reaction sclution was added water and
ethyl acetate. The organic layer Was waéhed.with water, washed with saturated brine,
dried over magnés'ium sulfate, filtrated, and 'thé'n evaporated under reduced pressure to
yield Compound 51 as a powder. -

Compound 51 was dissolved in methylene chloride (20 ml) and aniéole (2 mil), followed
by cooling to -40°C. 2M AIC); -nitromethane solution (10 ml) was then added thereto,
subsequently stirriﬁg at 0°C for 50 minutes. To the reaction solution was added then
aqueous 2M HCI (50 mL), acetonitrile (50 mL}), and ether (100 mL)." The agueous layer
was washed with-ether, subsequently concentrating in vacuo, and then subjected into HP-
205§ column chromatography, followed by eluting the desired compound with acetonitrile-
water. Collected fractions were concentrated in vacuo. The concentrated solution was
lyophilized to yield Compound (i-11) as a white powder (430 mg, 30% vield).

Compound (I-11): |
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TH-NMR (D, Q) D'(delta): 2.10-2.35-(4H, m), 3.40-3.80 (10H, m), 3.94 (1H, d, J = 14.1 Hz),
412 (1H, d, J = 14.1 Hz), 4.57 (2H, 5), 5.34 (1H; d, J = 4.8 Hz), 5.87 (1H, d, J = 4.8 Hz),
6.67 (2H, 5),7.02 (1H, s).

Elementary analysns for Co 5 Hag CIN; Oy 82 4,0H, 0

Caled.: C, 42.24; H, 4.81; C|, 4.45; N, 12.31; O, 28.13; S, 8.05 (%)

Found.: C, 42.52;.H, 4.73; Cl, 4.21; N, 12.486; S,-T’.?O (%)

{0117}

Reference Example 1

General syntheis methods of side chain amines (a)-(n)

[Formula 73] |

Bn : .
~o _Gu\/\NH O o vy |
ooz x Ao 2 Ne~ 0
- Bn — . . H
Y'Y EwN o
oo X Bn
@ ®) | ©

As illustrated in the synthesis route above, -an equivalent mole of oxalyl-chloride was
added to a methylene chioride (10 V) solution (éuépension) of benzoic acid derivative (A),
which corresponds to side chains (a)-(n), fdlibwed by stirring at room temperature for 2
hours. After concentration in vacdo until reaching about-half volume, the resultant was
added to an amine (1.0 equivalent/Ets N (1.2 equivalent)/'l'HF solution), which corresponds
to side chains (a)-{n), that had been cooled to -20°C, subsequently stirring for 30 minutes.
Diluting with methylene chloride, washmg_wnh water, drying, and then concentrating the
fittrate yielded desired amine (C) (side chains, (‘a)-(n)) (90% or higher vyield). Physical
constans of side chalns (@)-(n) are shown below
[0118) '

Side chain (a)
[Formula 74]

0
G\I\//\/HT(@[O

o Bn
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"H-NMR (CDCl; ) Ci(defta): 1.72-1.88 (6H, m), 2:50-2.62 (4H, m), 2.68 (2H, 1, J = 5.7 Hz),
3.52-3.57 (2H, m), 5.19 (4H, s), 6.90 (1H, d, J =8.7 Hz), 7.21-7.60 (11H, m), 7.56 (1H, d, J
= 1.8 Hz), 8.49 (1H, bs). :

LC/MS (ES +): 445 (M+H")

[0119)
Side chain (b)
[Formula 75)
C‘ O  PMB
N\/\N (8]
H
. Y0
-. PMB

"H-NMR (CDCl;) {1(delta): 1.72 (4H, bs), 2.59 (4H, bs), 2.70 (2Ht, J = 4.5 Hz), 3.51-3.55
(2H,m), 8.79 (6H,'s), 5.10 (4H,5); 6.81-6.95 (6, m), 7.26-7.37 (5H, m), 7.53 (1H, bs)
LC/MS (ES +): 491 (M+H") | |

[0120]

Side chain (¢

[Formula 76)

O o Bn
N\/\N o]
H +
0

" Bn

"H-NMR (CDCl;) Ti{delta): 1.75-3.05 (12H, m}, 5.17 (2H, s), 5.18 (2H, s), 6.85-6.97 (3H,
m), 6.25-6.45 {11H, m). o

LC/MS (ES +): 431.(M+H")

[0121]

Side chain (d)

[Formula 77]

Bn

G Rk
N\/\N 0
e L

B

" Bn
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"H-NMR (DMSO-ds) C(delta): 1.45-3.60 (12H, m), 2.89 (3H, s), 5.15 (2H, s), 5.17 (2H, s),
6.90-7.16 (3H, m), 7.22-7.48 (10H, m).

LC/MS (ES +): 445 (M+H*")

[0122]

Side chain (e)

[Formula 78]

O O Cl! Bn
Nv’\N . 0
H

0

]

Bn

"H-NMR (CDCl;) J(delta): 1.70-1.83 (4H, m), 2.50-2.59 (4H, m), 2.70 (2H, t, J = 6.3 Hz),
3.52-3.60 (2H, m), 5.04 (2H, ), 5.16 (2H, s), 6.89-6.96 (2H, m), 7.26-7.51 (11H, m).
LC/MS (ES +): 465 (M+H") | "

[0123] ‘

Side chain (f)

[Formula 79]

C, 0 ¢ Bn
H

0
Ll Bn

"H-NMR (CDCly) O{delta): 1.63-1.86 (4H, m), 2.57 (4H, bs), 2.72 (2H, d, J = 6.0 Hz),
3.52-3.59 (2H, m), 5.07 (2H, s), 5.13 (2H, s), 6.96 (1H, bs), 7.23-7.50 (12H, m).

LC/MS (ES +): 499 (M+H*) '

[0124]

Side chain (g}

[Formula 80]

$n
0
0 Bn
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"H-NMR (CDCly) ﬁ(delta): 1.38-1.80 (8H, m), 3.35-3.56 (6H, m), 5.18 (2H, s), 5.19 (2H,
s), 6.91 (1H, d, I = 8.4 Hz), 7.24-7.52 (11H, m), 7.57 (1H, d, J =2 Hz); 8.32 (1H, b.s).
LC/MS (ES +): 459" (M+H*) '

[0125]

Side chain (h)

[Formula 81]

0 Bn
N\/\N 0
" 8]

"H-NMR (CDCly) T(delta): 1.47-1.48(2H, m), 1.52-1.63(4H, bs), 2.35-2.50 (4H,m), 2.57
(2H,tJ = 4.5 Hz ), 3.49-3.53(2H, m), 5.20(2H,s), 5.21(2H, s), 6.93 (TH.d.J = 6.3 Ha),
7.03(1H, bs), 7.25-7.55(12H, m).

LC/MS (ES! positive): 445 (M+H')

[0126] ' |

Side chain (i)

[Formuia 82]

lO Cl Bn
N\/\N 0]
H

0

Bn
"H-NMR (CDCl3) Ci(delta): 1.40-1.63 (8H, m), 2.42 (2H, bs), 2.54 (2H, 1, J = 6 Hz), 3.50-
3.58 (2H,m), 5.05 (2H, d, J = 4.8 Hz), 517 (2H, d, J = 4.8 Hz), 6.96 (1H, d, J = 8.7 Hz),
7.10 (1H, bs), 7.22-7.58 (11H, m). '
LC/MS (ES +): 479 (M+H7)
[0127]
Side chain (j)
[Formula 83]

O O ¢l Bn
N\/-\N O
H

0

Cl Bn
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"H-NMR (CDCly) Ci(delta): 1.40-1.75 (6H, m), 2.42 (4H, bs), 2.53 (2H, t, J = 6 Hz), 3.48-

3.56 (2H, m), 7.01 (1H, bs), 7.25-7.62 {10H, m), 7.56 (1H, s).
LC/MS (ES +): 513 (M+H") '

[0128]

Side chain (k)

[Formula 84]

G, 8
M ::9
0 _ Bn
"H-NMR (CDCl5) Didelta): 1.30-1.95 (14H, m), 2.45-2.58 (4H, m), 2.45-2.90 (1H, m), 5.18
(2H, s), 5.19 (2H, s), 6.89-6.96, 3H, m), 7.23-7.45 (12H, m).
LC/MS (ES +): 471 (M+H*) '
[0129]

Side chain (1)
[Formula 85]

eV

O Cl Bn

'H-NMR (CDCly ) D(delta): 1.45-1.70 (4H, m), 1:80 (4H, bs), 2.12-2.30 (1H, m), 2.83-3.10
(1H, m), 2.57 (4H; bs), 2.83-3.10 (2H, m), 4.55-4,72 (1H, m), 6.85-6.92 (2H, m), 7.23-7.70
(10H, m).

LC/MS (ES +): 505 (M+H")

[0130]

Side chain (m)

[Formula 86]

0 ‘C!‘ Bn
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"H-NMR (CDCl;) G{delta): 1.30;1.70 (4H, m-), 1.81 (5H, bs), 1.93-2.12 (1H, m), 2.25-2.34
(1H, m), 2.57 (4H,.bs), 4.50-4.61 (1H, m}, 5.02-5.09 (4H, m}), 7.24-7.50 (11H, m).

LC/MS (ES +): 539 (M+H*)

{0131]

Side chain {n)

[Formula 87}

"H-NMR (CDCl,) O(delta): 1.38-1.80 (8H, n%), 3.35-3.56 (6H, m), 5.18 (2H, s), 5.19 (2H,
s), 6.91 (1H, d, J = 8.4 Hz), 7.24-7.52 (11H, m), 7.57 (1H, d, J = 2 Hz), 8.32 (1H, b.s).
LC/MS (ES +): 485 (M+H") |

[0132]

Reference Example 2

By methods below, Compound (F) or (G) was synthesized.

[Formuia 88}
PHE
. . D] G‘wn)j\@
H Sw Oy
Boc-N | N é BOI:"N 3 l N
_&I“Lm)— j;l" PHB _ﬁ" W i H
ND o7 N —- b o -/‘N
X DOR E LodR
2K/ AT
*oor Y)SCODR PMB
(0}
HaN S Oy : :
1AICE 7 ankols” _‘(?ullﬁ{“‘“‘}_gs IO NaHCO3 );-r
- K o j’)\’ﬂ“/\" OH N\/"‘N
2)HP-20 g D Lo0® H coo®
chromatography Y%:OOH ' OH- Y 00Na oH
(F) (%

Cephem (D), which is a raw material obtained by a known method, was dissolved in
DMF (5 V), and then an amine (eq'uivalent. mole).of side chain (a)-(ri), shown above, was
added, followed b;} stirring at room temper'atljre for several hours. After ice-cooling,
potassium iodide (7 equivalents) and acetyl chioride (5 equivalents) were added,
subsequently stirring for 1 hour. To 5% brine (50 V) containing sodium thiosulfate was
slowly added with stirring.  The precipitated deposit-was filtrated, and then washed with

water, followed by lyophilization. The dried matter (E) was dissolved in methylene
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chloride (20 V) and nitromethane (1'0 V), followed by adding, at room temperature, anisole
(10 equivalents) and then oM éluminum chloride/nitromethane solution (10 equivalents),
subsequently stifri_nlg for 1 hour. Afier reacting, the reaction mixture was poured into cold
1M hydrochloric acid/acetonitrilefisopropyl ether (3/1/5). The aqueous layer was
separated, subjected into HP-20 column chromatography, and then purified. After eluting
with acetonitrile/water, the eluate was concentrated in vacuo, and then lyophilized to yield
ojective (F). As required, desired compound (F) was dissolved in sodium hydrogen
carbonate solution, and then subjected into HP-20 column chromatography. Eiuted
fractions were concentrated, and then lyophilized to yield sodium salt (G).

Examples o'f'Compound (F) or (G) (Cbmpound (-12) - Compound (1-34)) are shown
below.
[0133]
Example 12
Compound (I-12)
[Formula 89]

Hz'H‘lHL -
rfgw 5.8
N~y OH
coo® JUOH
Me coon .

"H-NMR (DMSO-d;) O(delta): 1.45 (3H, ), 1.46 (3H, 5), 1.92-2.19 (4H, m). 3.00-3.95
(11H, m), 3.95, 5.07 (2H, ABq, J = 13.8 Hz), 5.16 (1H, d, J = 5.1 Hz), 5.73 (1H, dd, J =
5.1,9.6 Hz), 6.73 (1H, 5), 6.78 (2H, 8), 7.29 (2H; bs), 8.43 (1H, bs), 9.44 (1H, d, J = 8.4).
LC/MS (ES +): 752 (M+H') B

IR (KBr) cm ' ; 3308, 1773, 1607, 1532, 1471

Elementary analysis tor C3oHa 4 CiN; 0 5,-3.8H, O

Calcd.: C, 43.99; H, 5.24; Cl, 4.49; N, 12.11: S, 7.77 (%)

Found.: C, 43.91; H, 5.11; Cl, 4.32; N, 11.95; S, 7.81 (%)

[0134]

Example 13 7

Compound (I-13)

s
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[Formula 90j

e Rt

Me Coo
Me” ‘cooH

"H-NMR (DMSO-'ds) O(delta): 1.40 (3H, s), 1.41 (3H, §), 1.72-2.10 (4H, m), 3.05-3.80
(10H, m), 3.85,5.02 (2H, ABq; J=99 Hz.), 5.09 (1H, d, J = 3.9 Hz), 5.67 (1H, dd, J = 3.9,
6.5 Hz), 6.72 (1H, d, J = 6.0 Hz), 7.14 (1H, d, J = 6 Hz), 7.23 (1H, 3).

LC/MS (ES +): 719 (M+H")

IR (KBr) cm™': 3301, 1777, 1599, 1514, 1464

Elementary analysis for CogHs 4 CINg O ¢ Ss :3.9H2 0

Calcd.: C, 44.15; H, 5.51; N, 14.05;.S, 8.18 (%)

Found.: C, 44.14; H, 5.34; N, 14.20; §, 8.13 (%) .

[0135]

Example 14

Compound (I-14)

[Formula 91]

'H-NMR (DMSO0-dg) O(delta): 1.43(3H, d, J = 5.1 Hz), 1.84-2.16 (4H, m), 3.20-5.10 (13H,
m), 5.14 (1H, d, J = 3.9 Hz}, 5.74 (1H, dd, J.= 3.9, 6.3 Hz), 6.78 (1H, d, J = 6.0 Hz), 7.21
(1H, d, J = 6.3 Hz), 7.31 (1H, s).

LC/MS (ES +): 738" (M+H")

IR (KBr) em': 3301, 1778, 1599, 1542, 1512

[0138]

Example 15

Compound (I-15)
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[Formula 92]

Ci
o
H2N—<\

) Cl
N\/\NN\CEOH

coo”’
Me"'< . ~7 oM

COONa

LC/MS (ES +): 772 (M+H")

IR (KBr) cm '+ 3292, 1771, 1589, 1537, 1473
(0137] - o
Example 16 _

Compound (I-186)

fFormula 93]

Cla
O
H2N <\

Cl

Ve coo”’ OH
COOH cl

"H-NMR (DMSO-d; + CD, OD) [(delta): 1.41 (3H, d, J = 7.2 Hz), 1.79-2.23 (4H, m), 2.98-
3.90 (10H, m), 3.94, 6.03 (2H, ABg, J = 13.5 Hz), 4.57 (1H, q, J = 6.6 Hz), 5.14 (1H, d, J =
5.4 Hz), 6.9 (1H, bs). ' -

LC/MS (ES +): 808 (M+H")

IR (KBr) o *: 3305, 1779, 1613, 1538, 1474, 1403

Elementary analysis for CagHy o Cls N7 010552, 4H2 O

Calcd.: C, 40.81; H; 3.83; N, 12.11 (%)

Found.: C, 40.96; H, 4.13; N, 11.53; (%)

[0138]

Example 17

Compound (1-17}
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[Formula 94]

"H-NMR (DMSO-dg) C(delta): 1. 46 (3H, .s) 1,47 (3H, s), 1.50-1 99 (6H, m), 2.80-3.93
(10H, m), 3.97, 501 (2H, ABq, J = 14.4 Hz),-5.18 (1H, d, J = 4.8 Hz), 5.75 (1H, dd, J =
4.8, 7.8 Hz), 6.74 (1H, s), .79 (1H, d, J = 8.1 Hz), 7.21 (iH, d, J = 8.1 Hz), 7.30 (3H, s),
8.52 (1H, bs). o '

LC/MS (ES +): 732(M+H")

IR (KBr) cm': 3301, 1774, 1600, 1515, 1470

Elementary analysis for C3 1 Hz7N; 044 S, -4.5Hg O

Caled.: C, 45.88; H; 5.91; N, 11.81; S, 7.87 (%) -

Found.: C, 45.80; H, 5.70; N, 12.086; S, 7.89 (%)

[0139] '

Example 18 .

Compound (1-18) h

[Formula 95]

HN - HC|
M j;rﬁ;ly”\/\”k@w

COO0 ~OH

Me COOH

"H-NMR (DMSO-ds) Odelta): 1.43 (3H, s), 149 (3H, §), 1.22-1.95 (6H, m), 3.07-4.08
(11H, m), 4.95-5.13 (1H, m), 5.15 (1H, d, J = 4.8 Hz), 5.72-5.83 (1H, m), 6.63-6.84 (3H,
m).

LC/MS (ES +) ;766 (M+H")

IR (KBr) em™': 3324, 1770, 1600, 1537, 1470

Elementary analysis for C3{ Ha g CIN; Oy S2-8H, O

Caled.: C, 41.07; H, 6.54; N, 10.37; S, 6.75 (%) *
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Found.: C, 40.90; H, 5.76; N, 10.77; S, 7.04 (%)
[0140] '
Example 19

Compound (1-19)"

[Formula 98]

e
j;r =

Me
Me™ ‘cooH

N\/\N

"H-NMR (DMSO-dg) D(delta): 1.44 (3H, s, 1.46 (3H, s), 1.58-1.97 (6H, m),3.08-3.95
(10H, m), 4.44, 5.07 (2H, Abg, J = 14.1 Hz), 518 (1H; d, J = 5.1 Hz), 5.78 (1H, dd, J = 5.1,
8.1 Hz), 6.72 (1H, é), 7.00 (1H, s), 7.30 (2H, bs), 8.50 (1H, bs), 9.43 (1H, d, J = 8.1 Hz).
LC/MS (ES +): 800 (M+H"*) _ - "
IR (KBr) cm’': 3322, 1778, 1614, 1531, 1470
Elementary analysis for Cz 1 Hy 5 Cla.N; Oy S, 5.0H, O
Calcd.: C, 41.91; H, 5.36; N, 10.86 (%)
Found.: C, 41.80; H, 5.09; N, 11.01 (%)
[0141] B
Example 20
Compound (I-20) .
[Formula 97)
S-y O H

NG

"H-NMR (D, 0) C(delta): 1.36 (6H, S), 1.50-1.91 (6H, m), 2.92-4.06 (13H, m}), 4.58-4.80
(TH, m), 5.21 (1H, d, J = 8.9 Hz), 5.72 (1H, d, J = 3.9 Hz), 6.58 (1H, d, J = 6.6 Hz), 7.04
(2H, bs). '

LC/MS (ES +): 733 (M+H")
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IR (KBr) cm' : 3206, 1772, 1592, 1519, 1468
[0142] -

Example 21

Compound ([-21)

[Formula 98]

s-Clo | |
HaN— M
N ];1’
N\/\N
coo’
Me"'<
COOH

00118

“H-NMR (DMSO-ds + CD, OD) f{delta): 1.45(3H, d, J = 7.2 Hz), 1.50-1.95 (6H, m), 2.83-
3.90 (10H, m), 3.96, 5.09 (2H, ABq, J = 13.8 Hz), 4.63 (1H, q, J = 6.3 Hz), 5.16 (1H, d,
=5.1 Hz), 5,73 (1H, d, J = 5.1 Hz), 6.79 (1H, d, J = 8.4 Hz), 7.21 (1H, dd, J = 2.4, 8.4 H2),

7.30 (1H, d, J = 2.4 Hz).

LC/MS (ES +): 752 (M+H*") . .

IR (KBr) cm™': 3308, 1779, 1601, 1538, 1513; 1453
Elementary analysis for C; 5 Ha 4 CIN; 019 8;-3.8H, O
Calcd.: C, 44.12; H, 5.27; Cl, 4.40; N, 11.74; S, 7.58 (%)
Found.: C, 43.81; H, 5.11; Cl, 4.32; N, 11.95; S, 7.81 (%)

10143]
Example 22
Compound (1-22)
[Formula 99] , _
H2N—<\
Cl
N\/\NJ\@OH
COO
Meu 1 |< ‘ o OH

COONa

LC/MS (ES +): 786 (M+H*) _
IR (KBr) cmv ' : 3290, 1772, 1599, 1539, 1473
[0144] '
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Example 23
Compound (1-23)
[Formula 100]

S
HoN—G
N

"H-NMR (D, 0) O(detta): 1.11 (3H, d, J = 7.2 Hz), 1.03-1.74 (6H, m), 2.82-3.38 (11H, m),
4.20-4.60 (2H, m), 5.00 (1H, d, J = 5.1 Hz), 554(1H d,J =51 Hz), 6.63 (1H, s).

LC/MS (ES +): 822 (M+H") '

IR (KBr) cm': 3298, 1770, 1600, 1538, 1470

[0145] o o

Example 24

Compound (1-24)

[Formula 101]

"H-NMR (DMSO-d; + CD; OD).O(delta): 1,45 (3H, s), 1.47 (3H, s), 1.83-2.21 (4H, m),
3.00 (3H, s), 3.25-3.97 (10H, m), 4.01, 4.96 (2H, Abq, J = 13.5 Hz), 5.14 (1H, d, J = 5.1
Hz), 6.74 (1H, d, J = 5.1 Hz), 6.72-6.80 (3H, m), 6.87 (1H, s).

LC/MS (ES +): 732 (M+H*)

IR (KBr) cm ' : 3194, 1778, 1595, 1530, 1490

Elementary analysis for Ca 1 Ha7 N, O; 4 Ss -'3.4H§ O

Calcd.: C, 47.01; H, 5.65; N, 12.23; S, 8.05 (%) -

Found.: C, 46.95; H, 5.57; N, 12.36; S, 8.09 (%)

[0146)

Example 25
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Compound (1-25)
[Formula 102]

'H-NMR (DMSO-ds + CD; OD) -D(delta): 1.42 (3H, d, J = 6.9 Hz), 1.52-2.21 (4H, m), 2.99
(3H, s), 3.09-4.00 (10H, m), 4.05, 4.90 (2H, ABq, J = 12 Hz), 4.60 (1H, q, J = 6.9 Hz), 5.12
(1H, d, J = 5.1 Hz), 5.75 (1H, d, J = 5.1 Hz), 6.70-6.98 (3H, m).

LC/MS (ES +): 752 (M+H") -

IR (KBr) o™ ': 3308, 1779, 1669, 1593, 1537,.1489, 1447

Elementary analysis for C5oHas CIN; Q50 S2-1:9H, O

Calcd.: C, 45.44; H, 4.54; Cl, 5.01; N, 12.88 (%) -

Found.: C, 45.82; H, 4.84; Ci, 4.51; N, 12.45 (%)

[0147] R

Example 26

Compound (i-26). -

[Formula 103]

s--Clo . R
HaN—G L)LH S OH
" .J'-.I,@&:?
\ O i OH
0 CoO 0
Me'

"H-NMR (DMSO-dg) D(delta): 1.43 (3H, d, J-= 7.2Hz), 1.78-2.16 (6H, m), 2.93-3.82 (10H,
m), 3.82, 5.03 (2H, ABq, J = 14.1 Hz), 4.60 (1H, q, J = 7.2 Hz), 4.74 (1H, d, J = 4.8 Hz),
5.54 (1H, dd, J = 4.8, 8.4 Hz), 6.71 (1H, d J = 8.1 Hz), 6.30-6.40 (2H,m).

LC/MS (ES +): 752 (M+H") '

IR (KBr) cm™' :3311, 1777, 1595, 1540, 1512, 1457

Elementary analysis for C3o Hs g CINz 0105, :2.5H2 0

Calcd.: C, 45.10; H, 4.90; CI, 4.59; N, 12.59 (%)
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Found.: C, 45.20; H, 4.93; CI, 4.45;’N, 12.30 (%) -
[0148] o ' a
Example 27

Compound (1-27)

[Formula 104] '

H2N—<\

RieeEa e,

Mem(
COONa

"H-NMR (D, 0) fi(delta): 1.29 (3H, d, J = 6.9 Hz), 1.33-1.97 (8H, m), 2.88-3.90 (11H, mj,

4.38-4.67 (2H, m), 4.76 (1H, d, J = 5.1 Hz) 550(1H d, J = 5.1 Hz), 6.65 (1H, d, J = 8.1
Hz), 6.98-7.17 (2H, m).

LC/MS (ES +): 766 (M+H")

IR (KBr) cm™ ' : 3929, 1776, 1594, 1543, 1447, 1397

[0148)

Example 28

Compound (1-28)

[Formula 105]

S. 0O K .
HzN—<\N | N S . :
| 193 :
:I;Ng\/N OH
\ © ; \O
M. O CO0 N oH
Me” coon -0

"H-NMR (DMSO-ds) O(delta); 1.43 (3H, s), 1.46 (3H, s), 1.50-2.22 (8H, m), 2.60-4.30
(11H, m), 3.95, 5.01 (2H, ABg, J = 12.9 Hz), 5.17 (1H, b, J = 4.8 Hz, 5.73 (1H, dd, J = 4.8,
7.8), 6.60-6.97 (4H, m), 7.27 (2H, bs), 9.49 (1H, bs). _

LC/MS (ES +): 758 (M+H") _'

IR (KBr) cm ' : 3196, 1778, 1590, 1530, 1444

Elementary analysis for Cs s Ha g Ny O16S3.5H, 0

Calcd.: C, 47.97; H, 5.5%; N, 12.24 (%)
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Found.: C, 48.28; H, 5.65; N, 11.94 (%)

[0150]

Example 29
Compound (I-29)
[Formula 106]

I NAUN _~_OH
LG

Me” cooH o 0 .Cl

"H-NMR (DMSO-dg) O(delta): 1.44 (3H, s), 1.46 (3H, s), 1.30-2.33 (6H, m), 2.60-4.06

(11H, m), 4.44-4.72 (1H, m), 4.83-5.03 (1H, m), 6.47-6.88 (3H, m), 7.28 (2H, bs).

LC/MS (ES +): 792" (M+H*)

IR (KBr) cm " : 3302, 2970, 1773, 1606, 1532,1445
Elementary analysis for C; 3 Hy s CIN; Oy o Sz -4.8H, O
Calcd.: C, 45.23; H, 5.63; Cl, 4.10; N, 10.89; S, 7.08 (%)
Found.: C, 45.10; H, 5.46; CI, 4.03; N, 11.16; S, 7.30 (%)
[0151] '

Example 30

Compound (I-30)

[Formula 107]

S-y O
H2N_<\N’”\[)L“ S (_) :
| ® '
N H%,N OH
\ O e @ |
Me><o_. COO‘ N. , OH

Me” toona .0

"H-NMR (D,.0) f(delta): 1.34 (3H, s), 1.36 (3H, s), 1.52-2.29 (8H, m), 2.68-3.80 (11H, m),
3.88,4.53 (2H, ABq, J = 13.8 Hz), 517 (1H, d, J = 5.1 Hz), 5.71 (1H, d, J = 5.1 Hz), 6.60-

6.82 (3H, m).
LC/MS (ES +): 759.(M+H")
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IR (KBr) cm '+ 3309, 1772, 1588, 1526, 1448
[0152]

Example 31

Compound (I-31) .

[Formula 108] |

Clg
IﬁN—ﬁxi[T/i. S [—)
y INQ,JNN o on
\b © cooe'Wi:Eer::f
Me (- : N OH

"H-NMR (D2 0) T(delta): 1.30 (3H, d, J = 6.9 Hz), 1.55-2.28 (8H, m), 2.63-4.10 (11H, m),
4.38-4.62 (2H, m),"5.17, d,J=4.8Hz, 572 (‘IH,_ d, J = 4.8 Hz), 6.63-6.82 (3H, m).
LC/MS (ES +): 778 (M+H") : ' -

IR (KBr) cm': 3292, 1773, 1589, 1446, 1374,

Elementary analysis for Ca2Ha s CIN; Q50 S, Né-?.SHg )

Caled.: C, 41.33; H, 5.86; Cl, 3.53; N, 10.31 (%)

Found.: C, 41.09; H, 5.39; CI, 3.79; N, 10.48 (%)

[0153] '

Example 32

Compound (I—32)

[Formula 109]

HoN—4
IKL;r N
G m

cqowa

LC/MS (ES +): 812 (M+H") )
IR (KBr) em'': 3313, 1772, 1599, 1541, 1449
[0154] o

Example 33
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Compound (I-33)
[Formula 110]

N o
H,N L/“— ];';/)\/ - N
Me'-'< Coo O« NG

COONa o c

LC/MS (ES +): 845 (M+H")

IR (KBr) cm' : 3315, 1769, 1597, 1540
[0155] ' '
Example 34

Compound (1-34)

[Formula 111] |

N _
th—ﬁ‘jLTj“N
Me COONa

LC/MS (ES +): 745 (M+H") | N
IR (KBr) cm': 3305, 1770, 1673, 1589, 1521 -
[0156]

Example 35

Synthesis of Compound (1-35)
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[Formula 112}

— 1-3%

OPMB
““ COOPMB\I::j
COOBH OPMB

Step (1): CompOL;nd 52 + Compdund 43 — Cdmpound 54
Compound 52 (3.65 g, 3.58 mmol) an_d. Compound 53(1.90 g, 3.58 mmol) were
5  dissolved in dimethylformamide (10 ml), followed by stirring at room temperature for 6
hours. To the reaction solution was added DMF (Sbml), subsequently cooling to -40°C,
and then potassium iodide (4.16 g, 25.06 mmol} followed by AcCI{1.022 ml, 14.32 mmol)
were added. After stirring for 1 hou.rrunder ice-cooling, the reaction sélution was poured to
the mixed solutioh_ 61‘ ethyl acetate and aque’o'us‘NaHSOS solution. The organic layer was
10  separated, washed with water, dried, and then evaporated to yield Compound 54 as a
powder. The resulting Compéuﬁd 54 was used for the next reaction without purification.
Step (2): Compound 54 — Compound (I-35)
Compound 54 (3.58 mmol) was dissolved in methylene chloride (20 mi) and anisole
(3.9 mi}, followed by cooling to -30°C. 2M AICl; -nitromethane solution (17.9 ml, 35.8
15 mmol) was then added, subsequently stirring 'for.'30 minutes. To the reaction solution was
then added i-Pr, O (40 ml) followed by 2M-hydrochloric acid, subsequently stirring for 5
minutes. As a result, oily deposit precipitated. The supernatant solution was removed by

decantation, -and then dilute hydrochloric acid and MeCN were added to the deposit to
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dissolve. HP-ZOSS resin was added to theISOIQtion‘ followed by concentration, and then
subjected into HP-20SS co_[umn' chromatography, subsequently eluting with water-
acetonitrile. Fractions containing the desired compound were concentrated in vacuo, and
then Iyophilizéd fo.yield Compound (I-35) as a powder (180 mg, 6% yield).

Compound (I-35}): .

'H-NMR (D, O) O(delta): 1.43 (SH; d, J = 6.9 Hz), 1.60-2.19 (8H, m) 2.80-3.62 (9H, m),
3.42, 3.75 (2H, Abg, J = 15.6 Hz), 3.95, 4.98 (2H, ABq, J = 12.9 Hz), 4.61 (1H,q, J = 7.2
Hz}, 5.14 (1H, d, J ~ 5.1 Hz), 571 (1H, dd, J = 4.8, 8.4 Hz), 6.45 (1H, m), 6.71 (1H, d, J =
8.1 Hz), 6.75 (1H, d, J = 8.1 Hz); 6.86 (1H, s), 7.43 (2H, bs), 9.32-9.68 (3H, m).

MS(ESI): 778 © (M+H)

Elementary analysis for C3oHz s N7 014 S, Cly -5.5H, 0

Caled.: C, 43.81; H, 5.40; N, 11.18; S, 7.31; Cl, 4.04 (%)

Found.: C, 43.78; H, 5.26; N, 11.29; S, 7.39; Cl, 3.93 (%)

[0157] '

Example 37

Synthesis of Compound {I-37)

[Formula 113]

@/\ i@iOPMB @/\ j'\C[OPMB
OPMB OPMB
56

e l’} }—f g j\HL ﬁ % OH

OH
>Sroeul 0% ~OPMB : ’ OH 0 OH  CFCo0r

0
64 ' T I-37

Step (1): Compound 62 — Compound 63

Toa sofu.tion'ofrCOmpound 62 (1.72 g, 4.0 mmol)' in dimethylformamide (7 mL), under
ice-cooling with stirring, was added 1-hydroxybenzotriazole (595 mg, 4.40 mmol) and
hydrochloric acid salt of ethyldiﬁethylaminopr_Opyloarbodiimide (8;13 mg, 4.40 mmol).
After stirring at ro'or.n temperature for 1 hour, the reaction solution was ice-cooled again, a
solution of Compound 56 (1'03. g,'?.3? mmol) in dimethylformamide (3 mL) waé added

over 5 minutes. After stirring at the same temperature for 4 houwrs, the solvent was
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evaporated under reduced pressure. The residle was poured into cold water (30 mL),
and then adjust;ad to pH 10 'with 20% équéous sodium carbonate solution. The
precipitation was filtrated, and theh dried in vacuo to yield Compound 63 {1.99 g, 90%
yield). |

Compound 63: |

"H-NMR (DMSO0-ds) O(delta): 1.49 (6H, t, J =78 Hz), 2.85 (6H, t. J = 7.8 Hz), 3.26 (2H,
d, J = 6.3 Hz), 3.80 (3H, s), 3.83 (S.H, s}, 4.95 (2H, s), 5.09 (2H, s),_ 6.36 (1.H, t, 6.3 Hz),
6.82-6.96 (5H, m), 7.25 (1H, s), 7.31-7.36 (4H; m), 7.47 (1H, d, J = 8.7 Hz).

Step (2): Compouhd 64 — Compouricl {I-37)

To a solution of Compound 64 (637 mg, 0.8 mmol) in dimethylformamide (2.0 mL) was
added Comp‘oun'd_GS(SOT mg, 0.92 mmol) and sodium bromide (165 mg, 1.6 mmol) under
ice-cooling. The reaction solution was stirred for 3 hours in a water bath at 15°C, and then
dimethylformamide (4 mL) was added, and subsequently cooled to -40°C. At -40°C,
phosphorus tribromide (151 uL, 1.6 mmol)_waé then added, followed by stirring at the
same temperature for 1 hour. The. reaction solution was poured into 5% brine {100 mL),
subsequently stirring for 15 minutes, and then the precipitation was filtrated. The filter
residue was-then dried in vacuo to yield a light brown solid. A solution of this solid in
methylene chloridé'(4 mL) was added to a _éofution of TFA (7.0 mL) with anisole (746 ulL)
under ice-cooling with stirring. This reaction solution was stirred at room temperature for
1.5 hours, and then TFA was evapdrated unde“r i'educed pressure, while maintaining the
temperature of the water bath at 25°C or beldw. The residue was added into diisopropyl
ether (80 mL) under ice-cooling with stirring, followed by filtrating the precipitation. The
residue was concentrated in vacuo to yield Compound (I-37) (808 mg, 69% yield) as a
powder. '

Compound (1-37): ‘ )

"H-NMR (D, O) C(delta): 1.48 (3H, s), 1.50 (3H, s), 1.95 (6H, brs), 3.32-3.51 (9H, m), 3.88
(2H, m), 4.60 (1H, d. J=13.5 H), 5.35 (1H, d, J = 5.1 Hz), 5.86 (1H, d, J = 5.1 Hz), 6.68
(1H,d,J = 8.4 H2), 6.73 (1H, d, J = 8.4 Hz). |

Elementary analysis for Cg o Ha y CIF3 Ny Oy » S5 4.0 Hp 0-0,4CF3 COOH-0.3(Cs H; OC, Hy )
Caled.: C, 42.19; H, 4.39; N, 9.01; S, 5.547 Cl, 3.53; F, 7.91 (%)

Found.: C,42.24 ; H,4.80; N,9.42; §,6.16 ; Cl, 3.41 ; F, 7.67 (%)

[0158] |

Example 38

Synthesis of Combound (1-38)
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Step (1): Compound 61 — Compound (I-38)

Toa solutio'n of Compound 61 (675 mg 0.8 mmol) in dimethylformamide (2.0 mL)
was added Compound 63 (485 mg, 0.88,mnjdl) and sodium bromide (165 mg, 1.6 mmol)
under ice-cooling. The reaction solution was stirred for 3 hours in a water bath at 15°C,
and then dirﬁethylformamide (4 mL) was added thereto, and subsequently cooted to -
40°C. At -40°C, phosphorus tribromide ‘(151- {L, 1.6 mmol) was then added thereto,
followed by stirring at the same terﬁperature for-1.-hour. The reactionﬂ Soiutioh was poured
into 5% brine (100‘ mL), subsequently stirring for 15 minutes, and then the precipitation
was filtrated. The filter residue was dried in vacuo to yield a light brown solid. A solution
of this solid in methylene chl-ori.de (4 mL) was added to a solution of TFA(7.0 mL} with
anisole (738 pL, 8.76 mmol} under ice-cooiing with-stirring. This reaction solution was
stirred at room temperature for 1.5 hours, and.then TFA was evaporated under reduced
pressure, while maintaining the temperature of the water bath at 25°C or below. The
residue was added into diisopropyl ether (80 mL) under ice-cooling with stirring, followed
by filtrating the precipitation. This solid was dried, dissolved in aqueous sodium hydrogen
carbonate, and then subjected into ODS column. chromatography, followed by eluting the
desired compound with water-acetonitrile. The fractions containing the desired compound
were concentrated in vacuo, and then the cbncentrated solution was lyophilized 1o yield a
powder (264 mg). This powder was dissolved in water/acetonitrile/0.1M HCI. HP20SS
was added thereto, concentrated, and then_sdbjected into HP column chromatography
eluting the desired compound with water-aceténitrile. The fractions containing the desired
compound were concentrated:- in vacuo, .and then the concentrated solution was
lyophilized to yield Compound {I-38) (100 mg, 13% yield) as a powder.

Compound (I-38): " '
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"H-NMR (D, ) Ci(delta): 1.52 (3H, s), 1.53 (3H, 5), 1.94 (6H, t, J = 7.5 Hz), 3.34-3.51 (9H,
m), 3.85-3.91 (2H, m), 458 (1H, d, J = 13.5 Hz), 5.35 (1H, d, J = 4.8 Hz), 5.88 (1H, d, J =
48Hz),685(1H,d, J=8.4Hz), 6,89 {(1H, d, J = 8.4 Hz).
Elementary analyéié for a1 Has CINg 01052 4.9 H, O

5 Caled.: C, 43.07; H, 5.30; N, 12.89; S, 7.06 (%)
Found.: C, 42,92 ; H, 5.30 : N, 12.92; S, 7.39 (%)
[0159] '
Example 41
Synthesis of Compound (1-41)

10 [Formula 115]

%\Nf\/\. 0
PMBO N=/ NH; D
/\\/\N
_OH 69 (/:JN H
PMBO o . N ’ OPMB
0] OPMB
63 A } 70
OPMB
OPMB

BooHN— ]\HL ];f;j\/ - BockN—( ]W)L ];ff\/ (

COOt Bu ‘ : COOI Bu

71 : o 72

OH

_ OH
S ]\)L j;f% H o)

COOH 0

Step (1): Compound 68 — Cdmbound 70
Compound 68 (1.58 g, 4.00 mmol) was dissolved in dichloromethane (30 mi), and then
Compound 69 (0.48 ml, 4.00 mmol) and WSCD-HCI (920 mg, 4.80 mmol) were added,

15  followed by stirring at room temperature for 3 hours. After adding water, the organic layer
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was washed_ with water, washed with saturated brine, and then dried over magnesium
sulfate, subsequently evaporating the solvent under feducecl pressure. Diethyl ether was
added to the resulting residue, and then filirated to yield Compound 70 as a colorless
powder (1.71 g, 85% yield).

Compound 70: .7 ‘ |
"H-NMR (CDCl3) D{delta): 2.09 (2H, m), 3._43 (2H, m), 3.80 (3H, s), 3.81 (3H, s), 4.03
(2H, t, J = 6.9 Hz), 5.09 (2H, s), 5.10 (2H, ), 6.28 (1H, t, J = 6.5 Hz), 6.86-6.91 (5H, m),
£.96 (1H, s),'T.OG (1H,s), 7.20 (1H, dd, J = 8.4, 2.0 Hz), 7.31-7.36 (4H, m), 7.45-7.50 (2H,
myj.

Step (2): Compound 71 — Compodnd 72 —> Compound {1-41}

Compound 71 (934 mg, 1.00 mmol) was diésolved in dimethylformamide (2 ml)}, and
then Compound 70 (0.48 ml, 4.00 mmol) was added, followed by stirring at room
temperature for 2.5 hours. Dirﬁethylfcrmam"ide (6 ml) was added, and then the reaction
solution was’ cooled to -40°C. Subsequently, potassium iodide (1.16 g, 7.00 mmol)} and
acetyl chloride (0.35? ml, 5.00 mmol} were. added, and the mixiure was allowed to warm
up to 0°C over 1 hour and further'stirring'at 0°C for 1 hour. Ethyl acetate and aqueous
NaHSO0, solution were added. The organic Jayer was washed with water, washed with
saturated brine, dried over magnesium sulfate, filtrated, and then concentrated in vacuo to
yield Compound 72 as a powder.

The above-described crude Compound 72 (1.42 @) was dissolved in methylene
chloride (15 ml) and anisole (1.1 ml), and subsequently cooled to -25°C. 2M AICI; -
nitromethane solution (5.0 ml) was added, follbwed by stirring at temperature between -
25°C and -5°C for 1 hour. The re_action soluti_on'Was then transferred into a solution of 1N-
HCI:MeCN (1:1) at 0°C. Diisopr_opyl ethéﬁ was added, followed by separation and
extraction. To the aqueous layer was added HP-20SS resin, and then acetonitriie was
evaporated under reduced pressure. The mixed solution was subjected into HP-20SS
column chromatography eluting the desired compouﬁd with acetonitrile-water. Fractions
containing the desired compound were collected, and then concentrated in vacuo. The
concentrated solution was lyophilized to yield ‘Compound (I-41) as a powder {470 mg,
60% yield). | o
Compound (I-41): o o
"H-NMR (DMSO-ds) C(delta): 1.42 (6H, br), 2.05 (2H, br), 3.17-4.20 (6H, m), 4.87 (1H, d,
J = 12.0 Hz), 5.03.(1H, m), 5.15 (1H, d, J = 12.0 Hz), 5.71 (1H, m), 6.71 (1H, s}, 6.77 (1H,
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d,J=4.0Hz),7.16 (1H,d, J=4.0 ‘Hz), 7.28.(.3H, br), 7.76 (1H, s), 7.93 (1H, s), 8.27 (1H
br), 8.28 (1H, s), 9.52 (1H, br). |
MS(ESI): 729 * (M+H) *
Elementary analysis for C;4Hg 3 Ng 04 5S,°3.0H, O

5 Calcd.: C, 45.88; H 4.78; N, 14.55; S, 8.44 (%) *,
Found.: C, 46.03; H 4.89; N, 14.31; S,8.19 (%)
[0160] '
Example 42
SwﬁhegsofCompound(L4a

10 [Formula 116}
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Step (1): Compound 73 + Compéund 74 — Compound 75 — Compound 76

To Compound 73 (2.04 g, 3.0.0. mmol) waé added toluene (8 mi), dimethylformamide
(0.8 mL), potassium iodide (199 mg, 1.2 mmot), and potassium carbonate (3.73 g, 27
mmol), subséquently stirring at room temperature for 15 minutes. To the reaction solution
was added Compound 74 (3.94 mi, 45 mmol), followed by stirring at 65°C for 2 hours.
Ethyt acetate and water were added to the reaction solution. The organic layer was
washed with watér: washed with saturated bﬁné, dried over magnesium sulfate, filtrated,
and then concentrated in vacuo to yié|d Compound 75(3.28 g).

To Compound 75 (3.28 g, 23.4 mmol) waé added water (10 ml), followed by heating at
reflux for 5 hours.. The reaction solution was concentrated, followed by adding methanol
thereto, and then filtration yielded Compound 76 (3.28 g).

Compound 78: B | .
"H-NMR (DMSO-dg) O(delta): 4.82 (2H, s), 6;89.'(1H, s}, 7.14 (1H, s), 7.63 (1H, s).
Step (2): Compound 76 + Compound 77 — Compound 78

To Compound 76 (126 mg, 1.0 mmol) was added dichloromethane (4 ml), Compound
77 (365 mg, 1.00 mmof), and WSCD-HCI (249 mg, 1:30 mmol), foliowed by stirring at 0°C
for 1 hour and then'at room temperature for 1 hour. Dimethylformamide (2 ml) was added,
subsequently stirring for 1 hou‘r,_ and then concentrated in vacuo to evaporate
dichloromethane.. Dimethylformamide (2 mi) was added, and then allowed to stand for 3
days. Dichioromethane and water were then added. The organic layer was washed with
water, washed with saturated brine, dried over magnesium sulfate, and then filtrated to
yield Compound-78 (390 mg, 58% yield, 70% potency). '

Step (3): Compound 71 + Compound 78 — Compound 79 — Compound ([-42)

Compound 71 (538 mg, 0.58 mmol) was dissolved in dimethylformamide {2 ml), and
then Compound 78 (380 mg, 0.58 mmo, 70%'-potency) was added thereto, followed by
stirring at 0°C for 2 hours and then at room 'te._mperature for 3 hours. Dimethylformamide
(6 ml) was added, and then .the réaction solutipn was cooled to -40°C. Subsequently,
potassium iodide (670 mg, 4.04 mmol) and acetyl chloride (0.206 mi, 2.88 mmol) were
added, followed by stirring at -40°C for 30 minutes énd further at 0°C for 1 hour. Ethyl
acetate and aqueous NaHSO, solution were added. The organic layer was washed with
water, washed wit!j saturated brine, dried over magnesium sulfate, filirated, and then
concentrated in vécuo 1o yield Cdmp_ound 79 és é powder.

The above-described crude Corhpound 79 was dissolved in methylene chloride (10 mi)

and anisole (0.63 ml), followed by cooling to -30°C. 2M AIC; -nitromethane solution (2.89
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mi) was added thereto, subsequently stirring at temperature between -30°C and -10°C for
1 hour. The reaction solution waé transferred into a solution of IN-HCI:MeCN (1:1) at 0°C.
Diisopropy! ether was added, and rhen the sﬁlution was separated. HP-20SS resin was
added to the_aqqeous layer, and then acetonitrile‘ was evaporated under reduced pressure.
The mixed solution was subjected into HP:20SS column chromatography, subsequently
eluting the desired compound with acetonitrile-water. Fractions containing the desired
compound were collected, and then concentrated in vacuo. The concentrated solution
was lyophilized to.y'ield Compound (1-42) as a powder (70 mg, 17% vyield).

Compound (i-42): o | -

"H-NMR (DMSO-ds ) G{delta): 1.42 (6H, d, .J-= 5.6 Hz), 2.91-3.91 (2H, m), 4.77 (1H, d, J =
13.6 Hz), 4.99 (1H,.m), 5.1 (2H, br), 5.20 (1H, d, J = 13.6 Hz), 5.66 (1H, m), 6.58 (1H, d,
J=8.4Hz}, 6.64 (1H, s), 6.74 (1H, d, J = 8.4 Hz), 7.04 (1H, s), 7.20 (1H, br), 7.63 (1H, s),
7.91 (1H, s), 9.29 (1H, s), 9.50 (1H, br), 10.4 (1H, 5). '

MS(ESI): 701 * (M+H) * - o

Elementary analysis for C,gHz g Ng O o S2-4.4H; O

Caled.: C, 43.02; H, 4.53; N, 14.33; S, 8.50 (%)

Found.: C, 43.12; H, 4.76, N, 14.37; S, 8.22 (%)

[0161] .

Example 43

Synthesis of Compound (lI-1)
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Step (1): Compound 1a — Compound 1d
Compound 1a (3 g, 7.51 mmol) was disolved in methylene chioride (30 mL), followed
by cooling to -30°C, and then methylhydrazi'ne (0.402 mL, 7.51 mmol) was added thereto,

subseqguently stirring for 40 minutes. The reaction solution was filtrated, and then to the

filtrate was added .methanol (15 mL) followed by Compound 1c (2.045 g, 7.51 mmol),
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subsequently stirring. The reaction solution was concentrated in vacuo, and then to the
residue was purified water, followed by extraction with ethyl acetate. The separated
organic layer was washed with purified water, washed with saturated brine, and then dried
over anhydrous magnesium sulfate._ Magnééium sulfate was removed by filtration, and
then the solvent was evaporated under reqﬁced pressure to yield Compound 1d as a
yellow oily substance (3.96 g, 100% yield.). |

"H-NMR (CDClg) (delta): 7.40-7.13 (10H, m), 6.86 (1H, s), 5.71-5.56 (2H, m), 1.11 (9H,
s}). _

Step (2): Compound 1d — Compound 1e

Hydrochloric ac1d salt (3.41 g, 7.56 mmol) of dlphenylmethyl 7-amino-3-chloromethyt-
3-cephem-4-carboxylate was suspended in ethyl acetate (40 mL), and then Compound 1d
was added thereto, and sub.se‘quently cooléd to -40°C. To the reaction solution was
added phenyl diCh[orophosphate (1.356 mL, 9.08 mimol), and then added drop-wise N-
methylmorpholine (2.459 mL, 22.69 mmol), followed by stirring at -40°C. To the reaction
solution was then added aqueoué 10% éuccinic acid solution. The organic layer was
separated, washed with agueous 5% sodiurm H’ydrogen carbonate, washed with purified
water, and then washed with saturated brine. The organic layer was dried over anhydrous
magnesium sulfate, and then rr{agnesium sulfate was removed by filtration. The solvent
was evaporated under reduced pressure, and then the resulting residue was purified by
silica gel chromatdgraphy to yield 1e as a yellow oily substance (3.65 g, 49% yield).
"H-NMR (CDCly) C(delta): 7.46-7.20 (21H, m), 6.93 (1H, s), 6.92 (1H, s}, 5.89 (1H, dd, J
=9.2, 5.0 Hz), 587 (1H,d, J = 1.8 Hz), 5.63 -(ﬂ'vi, d, J = 1.8 Hz), 4.87 (1H, d, J = 5.0 Hz),
4.47 (1H, d, J = 12.0 Hz), 4.29 (1H, d, J = 11.1 Hz), 3.42 (1H, d, J = 18.5 Hz), 3.23 (1H, d,
J = 18.8 Hz), 1.52 (9H, s).

Step (3): Compound 1e¢ — Compound 1f _

Compound 1e (3.67 g, 3.71 mmol) was dissolved in methylene chloride (40 mL), and
subsequently cooled to -30°C. 65% m-chloroperbenzoic acid (0.984 g, 3.71 mmol) was
added, followed by.stirring for 80 minutes. Aqueous 1% sodium hydrogen sulfite solution
(40 mL) was added, and then thé organic Iaye_r was separated. The organic layer washed
with aqueous 5% sodium hydrogeﬁ carbonate, washed with purified water, washed with
saturated brine, and then dried over anhydrous magnesium sulfate. Magnesium sulfate
was removed by filtration, and then the solvent was évaporated under reduced pressure,
The resulting residue was subjected into silica gel chromatography to yield Compound 1f

as a yellow oily substance (2.67 g, 77% yield). '
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"H-NMR (CDCl;) O(delta): 7.49-7.26 (24H, rh), 6.94 (1H, s}, 6.89 (1H, s}, 6.16 (1H, dd, J
=9.8,4.7 Hz), 5.75 (1H, d, J = 2.0 Hz), 5.57 (1H, d, J = 2.0 Hz), 5.29 (1H, br s), 4.88 {1H,
d, J = 12.4 Hz), 4.13-4.10 (1H, m), 3.37 (1H, d, J = 18.6 Hz), 281 (1H, d, J = 19.7 Hz),
1.52 (8H, s). _ ' -

Step {4): Compound 1f — Compéund 1g

Compound 1f (2.67 g, 2.8_5mm6|) was diséolved in tetrahydrofuran {25 mL}), and then
degassed under light-shielded condition. Under nitrogen atmosphere, to the reaction
solution was.then added potassium icdide (1.28 g, 8.55 mmol), subsequently stirring. To
the reaction solution was then added agqueous 4% sodium hydrogensulfite solution (25
mL), followed by extraction from fhe aqueous- layer with ethyl ace;fate. The separated
organic layer was _v;zashed with purified watef, washed with saturated brine, and then dried
over anhydrous magnesium su{fate.‘ Magnesium sulfate was removed by filtration, and
then the solvent was evaporated under rec-iuced pressure to yield Compound 1g as a
yellow oily substance,

"H-NMR (CDCly) [{delta): 7.50-7.26 (36H, m), 6.98 (1H, ), 6.90 (1H, 8), 6.12 (1H, dd, J
= 9.5, 4.6 Hz), 5.73 (1H, d, J = 1.9 Hz), 5.54 (1H,.d, J = 1.9 Hz), 5.28 (1H, br 5), 4.74 (1H,
d, J = 9.3 Hz), 4:10-4.04 (1H, m), 3.30 (1H,'d,-'J = 17.2 Hz), 296 (1H, d, J = 18.1 Hz),
1.59-1.47 (9H, m). ‘

Step (5): Compound 1g — Compound 1i — Compound (lI-1)

Compound 1g (1.12 g, 1 mmol) was dissolved in-dimethylacetamide (3 mL), and then
Compound 1h (6-5'9 mg, 1 mmol) was added thereto, subsequently stirring at room
temperature for five and half hours. To the reaction solution was added purified water,
followed by extraction with ethyl aéetate. Thé’ 6rganic layer was washed with purified
water, washed with saturated brine, and then dried over anhydrous magnesium sulfate.
Magnesium sulfate was removed by filtration, and then the solvent was evaporated under
reduced pressure to yield Compound 1i. )

Then, Compound 1i was dissolved in rﬁethylene chloride (15 mL), and subsequently
cooled to -50°C. To the reaction solution-was then added phosphorus tribromide (0.189
mL, 2 mmol), followed by stirring at -50°C for 1-hour. Anisole (1.09 mL, 10 mmol) and 2
mol/L aluminum chloride/nitromefhane solution (5 mL, 10 mmol) were then added thereto,
followed by stirring at 0°C. To the réaction sofution was then added purified water (30 mL)
and diisopropyl ether (50 mL). To the reaction .solution was added acetonitriie and 2 N
hydrochloric‘acid,-and then the precipitation was dissoived, subsequently the agueous

layer was separated. The organic layer was extracted with a mixed solution of
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water/acetonitrile/dilute hydrochloric acid, and then to the combined aqueous layer was
HP20SS resin, followed by concentration. The concentrated suspension was subjected
into HP20SS/0DS ‘column chromatography, subsequently eluting with water-acetonitrile.,
An aqueous 0.2 N sodium hydroxide solution was used for fractions containing the desired
compound to obtain a sodium salt,’and then concentrated in vacuo. The concentrated
solution was Iyopﬁilized to yield Compound (]I?1) as a powder (245 mg, 32% yield).

MS (m+1) = 736.00 o 3

Elementary analysis for CagHzeCliN70408aNa; (Hz0)s s(NaHCO3): 4

Caled.: C, 38.81; H, 4.23; CI, 3.81; N, 10.52: S, 6.88; Na, 5.18

Found.: C, 38.56; H, 4.50; Cl, 4.55; N, 11.08; S,7.19; Na, 5.38

"H-NMR (D, O) C{delta): 7.18 (1H; s), 6.78-6.75 (2H, m), 5.91 (1H,ﬂd, J = 4.9 Hz), 5.32-
5.28 (2H, m), 5.15 (1H, br s), 4.74-4.82 (1H, ™), 4.10 (1H, d, J = 13.9 Hz), 3.82-3.54 (13H,
m), 2.21-2.07 (5H, m). 3 |

[01862]

Example 44 .

Synthesis of Compound (11-2)
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Step (1): Compound 2a — Compouhd 2b

Compound 2a-(3.77 g, 9.44 mmol) was suépended in diethyl ether (280 mL), and then
an ether solution (100 mL) of -diazomethane (29.1 mmol), prepared from N-methyl-N-
nitrosourea (3 g, 29.1 mmol), was added. After.stirrin’g at 0°C overnight, diethyl ether was
concentrated in vacuo until the volume 'reached about 200 mL, and then filtrated.
Collection of the filtrated residue yielded Compound 2b (2.911 g, 70% vield). This was
used for the next step (2) without purification, et¢.‘ |
Step (2): CompOL;nd 2b — Compbund 2c |

Compound 2b‘ (2.911 g, 6.59 fnmol) wegé suspended in toluene (30 mL), and then
subjected to heating at reflux for 8 hours and 30 minutes. After the reaction solution was
cooled, the p'reci.pitated solid was filtrated, and then dried in vacuo to yield Compound 2¢
(1.35 g, 3.28 mmol). o
"H-NMR (DMSO-de) C(delta): 7.85 (4H, s), 7.50-7.21 (10H, m), 6.86 (1H, s}, 1.78 (2H, dd,
J =86, 54Hz),1.52 (2H, dd, J = 8.6, 5.4 Hz).
Step (3): Compouhd 2c— Compoun'd 29

Compound 2c (1.35 g, 3.27 rﬁrnol) was uéed,'and treated similarly as described above
to yield Compound 2g (2.52 g, 92% vield).

"H-NMR (CDCl) Ti(delta): 8.19 (1H, br s), 8.02 (1H, d, J = 9.1 Hz), 7.49-7.18 (27H,
m), 6.97 (1H, s), 6.89 (1H, s), 5.98 (1H, dd, J = 9.1, 5.0 Hz), 5.02 (1H, d, J = 5.0 Hz), 4.52
(1H,d, J = 11.8 Hz), 4.32 (1H, d, J = 11.8 Hz), 3.48 (1H, d, J = 18.3 Hz), 3.23 (iH, d, J =
18.3 Hz), 1.75-1.54 (15H, m). '
Step (4): Compound 2g — Compound 2h

Compound 2g (2.52 g, 2.5 mmol) was used, and. treated similarly to described above
to yield Compound 2h (2.07 g, 87% yield).
"H-NMR (CDCly} M{delta): 8.32 (1H, br s), 7.86 (1H, d, J = 9.7 Hz); 7.49-7.20 (27H, m),
6.97 (1H, s}, 6.91 {1H, s), 6.16 (1H, dd, J ='9j, .4.5 Hz), 4.90 (1H, d, J = 13.4 Hz), 4,54
(1H.dd, J = 4.6, 1.3 Hz), 4.18 (1H, d, J = 12.3 Hz), 3.73 (1H, d, J = 18.5 Hz), 3.32 (1H, d,
J = 18.6 Hz), 1.64-1.53 (15H, m).
Step (5): Compound 2h — Compound 2i _

Compound 2h (2.07 g, 2.18 mmol} was used, and treated similarly as described above
to yield Compound 2i (2.23 g, 91% yield). - .
"H-NMR (CDCl;) O{delta): 8.36 (1H, br s), 7.86 (1H, d, J = 9.7 Hz), 7.50-7.10 (23H, m),

6.98 (1H, s), 6.90 (1H, s), 6.1 (1H, dd, J = 9.7, 4.9 Hz), 4.75 (1H, d, J = 9.0 Hz), 4.52
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(1H, dd, J = 4.9, 1.1 Hz), 4.07 (1H,-d, J =95 Hi), 3.66 (1H, d, J = 18.8 Hz), 3.49 (1H, d, J
= 18.8 Hz), 1.69-1.43 (15H, m). B
Step (6): Compound 2i — Compound 2k — CQmpound (11-2)
Compound 2i (1.12 g, 1 mmol) was used, and treated similarly as described above to
yield Compound (H-2) (312 mg, 40% yield).
MS (m+1) = 750.00 '
Elementary analysis for CaoHa1CINO10S:Na(H:0)3(NaHCO3)  (NaCl); s(H0): 5
Calcd.: C, 36.46; H, 4.01; Ci, 8.68; N, 9.60; S, 6.28; Na, 7.88
Found.: C, 36.48; H, 4.15; CI, 4.26; N, 9.82; §, 6.33; Na, 7.93
"H-NMR (D 0) fi(delta): 7.03 (1H, br s), 6.84;6.73 (2H, m), 5.84 (1H, d, J = 4.5 Hz), 5.34
(1H,d, J = 4.5 Hz), 4.76-4.71 (1H, m), 4.11 (1H, d, J = 13.3 Hz), 3.98-3.42 (11H, m), 2.31-
2.05 (4H, m), 1.43-1.17 (4H, m). '
[0163]
Example 45
Synthesis of Compound (Ii-3)
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[Formula 119]

HZN_Q:JJ\}N%:)\JO ! 0 -CI
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3e

Step (1): Compound 3a — Compound 3b

Compound 3a (18.6 g, 584 mmol) was dlssolved in tetrahydrofuran (190 mL), and
then N-hydroxyphthalimide {11.44 g, 70.1 mmoi) and triphenylphosphine (18.39 g, 70.1
mmol) were added thereto. To the reaction solution was then added drop-wise diisopropyl
azodicarboxylaté (13.63 mL, 70.1 mmof), subsequently stirring at room temperature. The

reaction solution was concentrated /n vacuo, and then to the resulting residue was added
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methanol (300 mL), followed by stirring at 0°C. The precipitated solid was filtrated and
then dried under reduced pressure to yield ¢ompound 3b (8.70 g, 32% yield).

"H-NMR (CDCly) O{delta): 7.77-7.69 {4H; m),77.56 (2H, dd, J = 7.7, 1.7 Hz), 7.39-7.36
(3H, m), 7.31-7.23 (7H, m), 7.18_-7.15 (3H, m), 7.09-7.01 (2H, m}, 6.93 (1H, s), 6.04 (1H,
s). . | .
Step (2): Compound 3b — Compou'nd (I-3) .

Compound 3b (4.63 g, 10 mmol) was used, and treated similarly to described above to

. yield Compound 3c. Compound 3¢ (1.068 g, 1 mmol) was dissolved in methylene chloride

(10 mL), and then Compound 3d (0.588 g, 1 mmol), hydrochloric acid sait (0.23 g, 1.2
rmmol} of 1-(dimethylaminopropyl)-3-ethylcarbodiimide, and pyridine (0.105 mL, 1.3 mmol)
were added thereto, followed by'stirr.ing at -10°C for 1 hour. To the reaction solution was
added purified water, followed by extraction_ffom agueous layer with methylene chloride.
The organic layer was washed with purified water, washed with saturated brine, and dried
over anhydreus .magnesium sulfate. Magnésium sulfate was removed by filtration, and
then the solvent was evaporated under reduced pressure to yield Compound 3e.

Then Compound 3e was dissoived in methylene chioride (15 mL), and subsequently
cooled to -30°C. "Anisole (1.1 mL, 10 mmoly and 2 mol/L. aluminum chioride/nitromethane
solution (5 mL, 10 mmol) were added, followed by stirring at 0°C. To the reaction solution
was then added purified water (30 mL) and d_iisopropyl ether (50 mL). Acetonitrile and 2 N
hydrochloric acid were added to the treated reaction solution to dissolve the precipitation,
then the agueous layer was separated. The organic layer was extracted with a mixed
solution of purified water/acetonitril’e/di[ute'hydrec;hloric acid, and then HP20SS resin was
added to the combined aqueous layers, followed by concentration. The concentrated
suspension was subjected into HP20SS/0ODS column chromatography, subsequently
eluting the desired compound with aqueous dilute hydrochloric acid-acetonitrile, and then
fractions containing .the desired compound were concentrated in vacuo. The concentrated
solution was Iyophﬂized to yield Compound "([1-3_) as a powder (91 mg, 11% yield).
Elementary analysis for CaqHaqCIN;O1082(H20)4(HC; 5 -

Calcd.: C, 44.05; H, 4.73; Cl, 9.56; N, 10.58; S, 6.92

Found.: C, 43.80; H, 4.55; CI, 9.53; N, 10.41; S, 6.65

*H-NMR (DMSO-ds) O(delta): 10.20 (1H, br-s), 0.64 (1H, d, J = 7.0 Hz), 8.53 (1H, br s),
7.51-7.36 (6H, m), 6.85-6.75 (3H, m), 594 (1H, dd, J = 8.0, 5.0 Hz), 5.58 (1H, s), 5.26
(1H, d, J = 5.0 Hz); 4.65 (1H, d, J = 13.7 Hz), 4.30 (1H, d, J = 14.3 Hz), 3.93 (1H, d, J =
16.6 Hz), 3.69-3.50 (9H, m), 2.17-1.96 (4H, br m).
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[0164]

Example 46

Synthesis of Compound (11-4)

[Formuila 120] : : .
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Step (1): Compound 4a — Compound 4c¢

D-arginine 4a (10.42 g, 70 mmol) was dissolved in aqueous 2 N sulfuric acid solution,
and then potassium bromide was added thereto, and subsequently cooled to -10°C.
Sodium nitrite (9.58 g, 138 mmol} was then added to the reaction solution, followed by
stirring. The reaction solution was extracted With tetrahydrofuran, and then the organic
layer was dried over anhydrous magnesium suﬁ‘éte. Magnesium sulfate was removed by
filtration, and then the solvent was e,vaporatéd. under reduced pressure to yield 11.14 g of
Compound 4b. : | .

Compound 4b (5.88 g) was suspended in chlroroform (60 mL) and tetrahydrofuran (30
mL), diphenyldiazomethane (6.12 g, 31.5 mmol), folléwed by stirring at room temperature
for two and haif hours. The reaction solution was concentrated in vacuo, and then ethyl
acetate and aqueous 5% sodium hydrogen ‘carbonate were added, subsequently
separating the ofganic layer. The organic Iéy’er- was washed with purified water, washed
with saturated brine, and then.dri'e-d over ahhydrous magnesium sulfate. Magnesium
sulfate was removed by filtration, and then‘the'sowent was evaporated under reduced
pressure. The iresuiting residue was subjected into silica gel chromatography to vyield
Compound 4c as an oily substance (8.62 g, 79% yieid).

"H-NMR (CDCl,) [(delta): 7.42-7.30 (14H, m), 6.87 (1H, s), 4.81 (1H, dd, J = 8.1, 6.6
Hz), 3.16 (1H, dd; J = 15.7, 8.1 Hz), 2.88 (1H,‘dci, J=157,6.5Hz).
Step (2): Compound 4¢ — Compound 4d

N-hydroxyphthalimide (7.?7 'g, 47.7 fnmbl) was dissolved in dimethylformamide (85
mL), and then potassium carbonate (4.24 g, 35.7 mmol) was added thereto, subsequently
stirring at room teﬁtperature. To the reaction solution was then added a solution of
Compound 4c¢ (8.63 g, 23.83 mmoi) in dirhethyi_fo_rmamide (45 mb), followed by stirring at
room temperature for 6 hours and 40 minuies, The reaction solution was poured into 400
mL of purified water, and then the precipitated amorphous solid was filtrated. The
obtained solid was then suspended in methanol. The resulting solid was filirated, and
then the residue was dried in vacuo to yield Compound 4d (1.83 g, 17%).

"H-NMR (CDCly) C(delta): 7.78-7.71 (4H, m) 7.35-7.22 (10H, m), 6.91 (1H, s), 6.51 {(1H,
br s}, 5.45 (1H, br s}, 5.25 (1H, dd; J = 7.5, 5.0 Hz), 3.04 (1H, dd, J = 16.5, 7.5 Hz), 2.95
(1H, dd, J = 16.5, 5.0 Hz). o L

Step (3): Compound 4d — Compound (li-4}

Compound 4d was used, and treated simi!arly as described above to yield Compound
(H-4) (88 mg, 11% vyield).
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MS (m+1) = 781.03 _
Elementary analysis for CaoHasCINgO41S2(H20)35(HC o s
Calcd.: C, 41.52; H, 4.77; Cl, 6.13; N, 12.81: 8, 7.39
Found.: C, 41.52; H, 4.73; Cl, 6.29; N, 12.94; S, 7.48
5 'H-NMR (DMSO-dg) O(delta): 10.23 (1H, br s), 9.47 (1H, d, J = 8.2 Hz), 9.34 (1H, br s),

8.45 (1H, br s), 7.42 (1H, br s), 7.29 (2H, sj, 6.97 (1H, br s}, 6.81-6.75 (3H, m), 5.78 (1H,
dd, J = 8.2, 5.0 Hz), 5.19 (TH, d, J = 5.2 Hz), 5.00-4.87 (2H, m), 4.02 (1H, d, J = 13.1 Hz),
3.88 (1H, d, J=17.1 Hz), 3.81-3.17 (6H, m),'2".64 (2H, d, J = 6.4 Hz), 2.16-1.98 (4H, m).
[0165] |

10  Example 47 _
Synthesis of Compound (11-5)
[Formula 121}
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Step (1): Compound 5a — Compound 5¢

Compound 5a (Ref. Journal of Labelled Compound and Radiopharmaceuticals 45; 5;
2002; 371-378) (1194 mg, 4 mmol) was dissolved in 1,4-dioxane (10 mL). Then purified
water (1 mL), Compound 5b (820 mg, 4 mmol), potassium carbonate (1658 mg, 12 mmol),
and tetrakistriphenylphosphine palladium (231 mg, 0.2 mmol) were added thereto in turn,
followed by heating at reflux. Purified wate} was added to the reaction solution, folowed
by extraction from the agqueous layer with ethyi acetate. The organic layer was washed
with purified water, and then washéd with satd_réted brine, After the organic layer was
dried over anhydrous magnesium _sulfate, hégnesium sulfate was removed by filtration,
and then the soivent was evaporated under. reduced pressure. To the resulting residue
was then added diisopropyl ether. Insolubles were filtrated, washed with diisopropyl ether,
and then dried in vacuo to yield Compound 5c (415 rﬁg, 42% vyield).
"H-NMR (CDCl;) D{delta): 8.64 (2H, dd, J = 4.5, 1.6 Hz), 7.35 (2H, dd, J = 4.5, 1.6 Hz),
7.05(1H, d, J = 8.5 Hz), 6.91 (1H, d, J = 8.5 HzJ, 3.93 (3H, s), 3.91 (3H, s).
Step (2): Compoﬁnd 5¢ — Comploun_d 56

Compound 5¢ (415 mg, 1.66 m'mol) was_dissolved in methylene chloride (4 mL), and
then a 1 mol/L solution of horon tribromide in niethylene chioride (4.16 mL, 4.16 mmol)
was added theréto, followed by stirring at room temperature for 30 minutes. To the
reaction solution was added methanol, and then the solvent was evaporated under
reduced pressure. The resulting Eesidue was filtrated, washed witl’; methylene chicride,
and then dried in '\/écuo to yield Compound 5d.
'H-NMR (D, 0) El(delta) 8.74 (2H d, J= 64Hz) 8.14 (2H, d, J = 6.4 Hz), 7.06 (1H, d, J
=8.5Hz),7.01 (1H,d,J = 85Hz)
Step (3): Compour_\q 5d — Compound 5e

Compound 5d (332 mg, 1.097 mmol) was suspended in dimethylformamide (3 mL),
and then potassium carbonate (531 mg, 3.84 mmol) and 4-methoxybenzyl chloride (0.329
mL, 2.414 mmol)- were added thereto in turn, subsequently stirring at room temperature.
Purified water was then added to the reaction solution, followed by extraction from the
aqueous layer with ethyi acetate. The organic layer was washed with purified water, and
then washed with saturated brine. The brganic layer was dried over anhydrous
magnesium sulfaté; subsequently removing_. magnesium sulfate by filtration, and then the
solvent was evaporated under reduced pressure. The resulting residue was subjected

into silica gel chromatography to »yielld Compp,qﬁdSe (276 mg, 55% vield).

o
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"H-NMR (CDCl;) O(delta): 8.65 (2H, dt, J = 7.6, 2.7 Hz), 7.37 (6H, dt, J = 9.5, 3.6 Az 7

7.03-6.97 (2H, m), 6.93 (2H, ddd, J = 9.3, 5.0, 2.5 Hz), 6.84 (2H, dt, 4 = 9.2, 2.5 Hz), 5.10
(2H, s), 5.01 (2H,.), 3.84 (3H, 5), 3.80 (3H, 8).
Step (4): Compound 5e — Compound 5f — Compound (I1-5)

Compound 5Se (276 mg, 0.898 mmol) was used, and treated similarly as described
above to yield Compound (I1-5) (240 mg, 58% yield).
MS (m+1) = 689.08 '
Elementary analysis for CESH25C|N50982(H20)2_6'
Calcd.: C, 45.70; H, 4.14; Cl, 4.82; N, 11.42; S, 8.71
Found.: C, 45.96; H, 4.05; Cl, 4.85; N, 11.39; S, 8.36 |
"H-NMR (DMSQ-ds) O(delta): 9.44-9.36 (3H,. m), 8.21 (2H, d, J = 6.7 Hz), 7.27 (2H, s},
6.94 (2H, s), 6.69 (1H, s), 5.73 (1H, dd, J = 8.3, 5.0 Hz), 5.64 (1H, d, J = 13.4 Hz), 5.14-
5.04 (2H, m); 3.56 (1H, d, J = 17.8 Hz), 3.15 (1H, d, J = 17.8 Hz), 1.40 (6H, s).
[0166]
Example 48

Synthesis of Com.pound (1I-8)
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[Formula 122]
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Step (1): Compound 6a — Compound B¢ _

Compound 6a.(2.99 g, 10 mmol) and Compound 6b (2.26 g, 11 mmol) were used, and

5 treated similarly as described above to yield Compound 6¢ (1.92 g, 77% yield).
'H-NMR (CDCly ) O(delta): 8.68-8.62 (1H, m), 8_.59 (1H,id, J = 3.1, 1.6 Hz), 7.76 (1H, dtd,
J = 7.8, 1.6,'1.6 Hz), 7.34 (1H, ddt, J = 7.8, 4.8, 1.4 Hz), 7.05 (1H, dd, J = 8.6, 1.2 Hz),
6.92 (1H, dd, J = 8.6, 1.2 Hz), 3.96-3.90 (6H, m). )
Step (2): Compound 6c — Compound 6d — Compound 6e — Compound 6f —
10 Compound (lI-6) '

Compound 6¢ (1.9 g, 7.61 mmolj was used, and treated similarly as described above
to yield Compound 6d (1.54 g, 67% yield). '-rhen Compound 6d (1.54 g, 5.90 mmol) was
used, and treate'd,similarly to described above to yield Compound 6e (1.18g, 49% vyield).
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Compound 6f (1.16 g, 1.09 mmol) was used, and treated similarly as described above to
yield Compound-{ll-8) (410 mg, 53% yield).

MS (m+1) = 689.10

Elementary analysis for CsHzsCliNsOsSa(Hz0)a(NaHCOs), .

Calcd.: C, 41.88; H, 3.76; C1, 4.25; N, 10.07: S, 7.68; Na, 3.03

Found.: C, 41.84; H, 4.15; Ci, 4.65; N, 10.35; S 7.65; Na, 3.30

"H-NMR (D, O) Ti(delta): 9.10 (1H, s), 8.89 (1H, d, J = 5.8 Hz), 8.58 (1H, d, J = 8.1 Hz),
8.08 (1H,t, J = 7.1 Hz), 6.95-6.90 (3H, m), 5.83 (1H, d, J = 4.7 Hz), 5.64 (1H,d, J = 14.6
Hz), 5.33 (1H, d, J'= 15.1 Hz), 5.28 (1H, d, J = 4.7'Hz), 3.68 (1H, d, J = 17.8 Hz), 3.22
(1H, d, J = 17.8 Hz), 1.44 (6H, s). '

[0167)

Example 49

Synthesis of Compound (II-7)
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Step (1): Compound 7a — Compound 7b
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Compound 7a (8.34 g, 70 mmol) was dissolved in methylene chloride (80 mL), and
then m-chloroperbenzoic acid (18.58 g, 70. mmol) was added thereto, subsequently
stirring at 0°C for 45 minutes. To the reaction solution was added an aqueous soluticn of
sodium hydrogen sulfite (8.01 g, 77 mmol), and then.adjusted to pH 10 with aqueous 2 N
sodium hydroxide—éolution. After extractioﬁ from the aqueous layer with chloroform and
tetrahydrofuran, the organic layer was dried over anhydrous -magnesium sulfate.
Magnesium sulfate-was removed byl filtration, and then the solvent was evaporated under
reduced pressure to yield Compound 7b as a Qray solid (8.46 g, 89% yield).

"H-NMR (CDCl;) S(delta): 8.05 (1H, d, J = 6.3 Hz), 7.14-7.05 (2H, m), 318 (2H,t, J=7.6
Hz), 3.03 (2H, t, J = 7.6 Hz), 2.28-2.10 (2H, m).
Step (2): Compound 7b — Compound 7¢

Compound 7b (4 g, 29.6 mmol) was dissolved in chloroform (20 mL), and
subsequently cooled to 0°C. To the reaction solution was added phosphorus oxybromide
(16.97 g, 53.2 mr.nol), followed by heating at reflux. Ice (& g) was added into the reaction
solution, and then adjusted to pH 10 with agheous 2 N sodium hydroxide solution. The
aqueous layer was then extracted with chloroform, The separated organic layer was
washed with. pur.iﬂed water, washed with saturated brine, and then dried over anhydrous
magnesium sulfate. Magnesium sulfate was removed by filtration, and then the solvent
was evaporated under reduced préssure. The resulting residue waé subjected into silica
gel chromatogra;:ihy;r to yield Compound 7¢ (922 mg, 16% yield).

"H-NMR (CDCl; ) [i{delta): 8.12 (TH; d,J=55Hz),7.22 (1H,d,J =55 Hz), 3.12 (2H, t, J
= 7.7 Hz), 2.98 (2H, t, J = 7.7 Hz), 2.22-2.09 (2H, ).
Step (3): Compound 7h — Compound 7i

Compound 7h (2.19 g, 7.34 mmol) was dissolved in dimethylsulfoxide (20 mL), and
then 4,4,4'4'55,5'5'"-octamethyl-2,2-bi(1,3 2-dioxaborane) (2.05 ¢, 8.07 mmol), [1,1-
bis(diphenylphosphino)ferrocene] dichloropallad.ium(l[)-methylene chloride complex (599
mg, 0.734 mmol),‘and potassium acétate (2.16 g, 22.01 mmol) were added thereto in turn,
subsequently heating to 80°C and stirring.” To the reaction solution was then added
purified water, followed by extraction with ethyl acetate. The organic layer was washed
with purified wate‘r,' and then washed with saturated brine. After the organic layer was
dried over anhydrous magnesium ‘sulfate, magnesium sulfate was removed by fiitration,
and then the solvent was evaponated under _rr;_zd‘Uc.:ed pressure. The resuiting residue was

subjected into silica gel chromatography to yield Compound 7i (413 mg, 19% vield).

o
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"H-NMR (CDCl;) (defta): 7.43 (1H,d, J = 8.4 Hz), .79 (1H, d, J = 8.4 Hz), 3.88 (3H, s),
3.83 (3H, s), 1.36 (14H, s). R
Step (4): Compound 7¢ — Compound 7d — Compound 7e

Compound 7c (923 mg, 4.66 mmol) and Compound 7i (1.08 g, 3.60 mmol) were used,
and treated similarly to described above to yield Compound 7d (845 mg, 81% vyield). Then
Compound 7d (845 mg, 2.92 mmol} was us_éd, and treated similarly to described above to
yield Compound 7e (741.6 mg, 74.1 % yield.) |
'H-NMR (DMSO-ds) D(delta): 1_0.28 (1H, br 5)9.54 (1H, br s}, 8.64 (1H, d, J = 6.0 Hz),
7.65 (1H, d, = 6.0 Hz), 6.89 (1H, d, J = 8.2. Hz), 6.75 (1H,d, J =8.2 Hz), 3.27 (2H,t, J =
75Hz),290(2H,t,J =75 Hz},-2.é2-2.12 (2H, m).
Step (5): Compound 7e — Compound 7f

Compound 7e (741 mg, 2.16 mmol) was .dissolvéd in dimethylformamide (7 mL), and
then triethylamine (0.899 mi, 6.49 mmol), ihidazoie (442 mg, 6.49 mmol), and chloro-t-
butyldimethylsilane (978 mg, 6.49 mmol) wete added, subsequently stirring at room
temperature. Té the reaction sol'ution wé’s ;then added purified water, followed by
extraction with ethyl acetate. The organic layér was washed with purified water, and then
washed with saturated brine. After the organic layer was dried over anhydrous
magnesium éulféte, magnesium sulfate was removed by filtration, and then the solvent
was evaporated under reduced pressure. _To the resulting residue was added diisopropy!
ether, and then filirated. The fesidue was. washed with diisopmropyl éther to yield
Compound 7f (871 ‘mg, 92% vyield).
"H-NMR (CDClg).D(derta): 8.35 (1H, d, J = 5.2 Hz), 6.93 (1H, d, J = 5.2 Hz), 6.80 (1H, d,
J=83Hz), 6.67 (1H,d,J= 8.3 ‘Hz), 3.08 (2H,t,J = 7.7 Hz), 2.77 (2R, t, J = 7.2 Hz), 2.13-
2.03 (2H, m), 1.04 (9H, s}, 1.00 (9H, s}, 0.26 (6H, s), 0.22 (6H, 3).
Step (6): Compound 7f — Compound 7g — Compound (I-7)

Compound 7f (490 mg, 1 mmol} was used, and treated similarly to described above to
yield Compound (l1:7) (287 mg, 38% vyield). .- -
MS (m+1) = 729.21 .
Elementary‘analysis for CayHzCINgOsS2Na(H:0)s 5
Caled.: C, 43.79; H, 4.62; Cl, 4.17; N, 9.88; S, 7.54; Na, 2.70
Found.: C, 44.09; H, 4.57; Cl, 5.02; N, 8.82; S, 6.71; Na, 2.76
"H-NMR (DMSO-ds} Ti(delta): 9.15 (1H, d; J = 6.8 Hz), 7.70 (1H, d, J = 6.8 Hz), 6.79 (1H,
d,J =81 Hz), 671 (1H, s), 6.59 (1H, dd, J = 10.5, 8.2 Hz), 576 (1H, t, J = 6.2 Hz), 5.50
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(1H,d,J=13.9 Hz) 513 (1H, ), 5.06 (1H, d, J = 5.0 Hz), 3.46 (1H, d, J = 11.7 Hz), 3.15
(1H, d, J=17.5 Hz), 2.94 (3H, q, J = 7.0 H2), 2.25-2.07 (2H, m), 1.41°(6H, d, J = 16.8 Hz).
[0168] | '
Exampie 50

5  Synthesis of Compound (lI-8)
[Formuia 124]
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Step (1): Compound 8a —» Compound 8¢
Compouhd 8b. (3.26 g, 7.6 mmol) was dissolved in dimethylacetamide, and
Q@ subsequently cooled to -15°C. To the reaction solution was then added triethylamine

(1.475 mil, 10.64 mmol) and methénesulfonyl chioride (0.829 mL, 16.64 mmol), followed
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by stirring. To the reaction solution was then added- a solution of Compound 8a (1.02 g,
7.6 mmol} dissolve‘d in dimethylacetamide (1 mL), subsequently stirring at 0°C. Purified
water was added to the reaction sb_lution,'followed by extraction with ethyl acetate. The
organic layer was washed with purified water, and then washed with saturated brine. After
the organic layer was dried over anhydrous magnesium sulfate, magnesium sulfate was
removed by filtration, and then the solvent was evaporated under reduced pressure. The
resulting residue was subjected into silica ge! chromatography to vield Compound 8¢ (1.25
g, 30% yield). |
MS (m+1) =545.2
Step (2): Compound 8¢ — Comp_ourid 8d — Cofnbound (11-8)

Compound 8¢ (623 mg, 1 mmol) was used;, and treated similarly to described above to
yield Compound (lI-8) (305 mg, 34% yield). .
MS (m+1) = 772.16
Elementary analysis for ngHnglNTO1oSgNa(NaHCO3jo,2(H20)4_7
Calcd.: C, 43.18; H, 4.34; C), 3.96; N, 10.95; S, 7.16; Na, 3.08
Found.. C, 44.09; H, 4.57; C1,5.02; N, 8.82; S, 6.71; Na, 2.76
[0169] ' | -
Exampie 51 _
Synthesis of Compound (11-9)
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[Formula 125]
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Step (1): Compound 9a — Compound 9b . _

Compound 9a (12.8 g, 57.3 mmol) was dissolved in ethanol, and subsequently cooled
to -5°C. To the réaction solution.was added sodium borohydride (1.41 g, 37.3 mmol}, and
then calcium chloride (4.14 g,_S?'.S mmol)_Was added small-portion-wise, followed by

stirring for 45 minutes. The reaction solution was poured into purified water (120 mL), and
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then ethanol was concentrated in- vacuo. The precipitated solid was filtrated to yield
Compound 9b (4.71 g, 45% yield).

"H-NMR (CDCl,) O(delta): 9.16 (1H, d, J = 1.8 Hz),,8.29 (1H, dd, J = 1.8, 8.4 Hz), 7.35
(1H,d, J =84 Hz),— 4.83 (2H, br s), 4.42 (2H, q, J = 6.9 Hz), 3.69 (l1H, s), 1.42 (3H, t, J =
6.9 Hz). B ' :

Step (2): Compound 9b — Compound 9¢

Compound 9b (7.56 g, 41.7 mmol) was suspended in methylene chloride, and
subsequently cooled to 0°C. To the reaction solution was then added triethylamine (6.36
mL, 45.9 mmol}-and methanesuifonyl chloride (3.57 mL, 45.9 mmol) in turn, followed by
stirring at 0°C. Purified water was then 'added to the reaction solution, followed by
extraction with ethyl acetate. The organic-layef was washed with purified water, and then
washed with safurated brine. After the ,ofgénic layer was dried over anhydrous
magnesium sulfate, magnesium sulfate waé .removed by filtration, and then the solvent
was concentrated in vacuo. - The resulting residue was dissolved in dimethylformamide
(110 mL}, and then sodium azide (4.07 g, 62.6 mmol) was added, subsequently stirring at
80°C. To the reaction solution was added purified wéter, followed by extraction with ethyl
acetate. The organic layer was washed with purified water, and then washed with
saturated brine. After the organic layer was dned over anhydrous magnesium sulfate,
magnesium sulfate was removed by filtration, and then the solvent was concentrated in
vacuo. The resulting residue was then subj_ected into silica gel chromatography to vield
Compound 9¢ (8.18 g, 95% vield). ‘

"H-NMR (CDCia-) (delta): 9.18 (1H, d, J = 2.1 Hz), 8.32 (1H, dd, J = 8.1, 2.1 Hz), 7.44
(1H, d, J =8.5Hz), 4.57 (2H, brs), 4.42 (2H,q,J = 7.0 Hz), 1.42 (3H, 1, J = 7.0 Hz).
Step (3): Compound 9¢ — Compodnd 9d _ ”

Compound 9¢ (8.18 g, 39.7 mmol) was dissolved in tetrahydrofuran (80 mL), and then
triphenylphosphiné (11.45 g, 43.6 'mmol) was added, subsequently stirring until gas
evolution ceased. To the reécﬁon solution was then added purified water (7.15 g, 397
mmol), followed by stirring at 60°C. The solvent was-evaporated under reduced pressure,
and then the resulting residue was subjected into silica gel chromatography to yield
Compound 9d as green oily substance (6. 81 g, 95% vyield).

"H-NMR (CDCl3} [1(delta): 9.15.(1H, d, J =.2.0-Hz), 8.25 (1H, dd, J = 8.0, 2.0 Hz), 7.38
(1H, d, J = 8.0 Hz), 4.41 (2H, q, J = 7.4 Hz), 4.05 (2H, s), 1.71 (2H, s), 1.41 (3H,1, J= 7.4
Hz). o

Step (4): Compound 9d — Compound 9e

¢

Y
rd
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To formic acid (7.25 ml) was added écetic anhydride (7.14 mlL, 76 mmol),
subsequently heating to 50°C for- 30 minutes, and thus a mixed acid anhydride was
prepared. Compound 9d (6.'81' g, 37.8 mmol) was dissolved in methylene chloride (70
mL), and then the prepared mixed acid anhydride wad added drop-wise thereto, followed
by stirring at roo.nlq temperature. To the reaction solution was then added agueous
saturated sodium hydrogen carbonate, fd!lowgd_ by extraction with” ethyl acetate. The
organic layer was washed with purified water, and then washed with saturated brine. After
the organic layer was dried over anhydrous magnesium sulfate, magnesium sulfate was
remaoved by filtration, and then the solvent was evaporated under reduced pressure. The
resulting residue was then subjected into silica gel chromatography to yield Compound 9e
(7.16 g, 91% yield). |
"H-NMR (CDCl;) O(delta): 9.14 (1H, d, J = 2.1 .Hz), 8.35 (1H, s), 8.28 (1H, dd, J = 2.1, 8.1
Hz), 7.35 (1H, d, J = 8.1 Hz), 6.88 (1H, br s), 4.68 (2H, d, J = 5.2 Hz), 4.42 (2H, q, J = 7.1
Hz), 1.42 (3H, 1, J.= 7.1 Hz). a
Step (5): Compound 9¢ — Compou.nd of _

Compound 9e (7.15 g, 34.3 mmol) was dissolved in toluene (70 mL), and then
phosphorus oxychloride (6.38 mL, 68.7 mmol) wés added, followed by reflux under
heating. To the reaction solution was then added aqueous saturated sodium hydrogen
carbonate, followed by extraction with ethyl acetate. The organic layer was washed with
purified water, aﬁd then washed with saturait.ed-brine. The organic layer was dried over
anhydrous magnesium sulfate,‘subsequently' removing magnesium suffate by filtration,
and then the solvent was evaporated under reduced pressure. To the resulting residue
was added diisdpropyl ether, and then filtrated. The filtrated residue was washed with
diisopropyl ether to yield Compound 9f as a yellow solid (5.38 g, 82% vyield).

'H-NMR (CDCly) O(delta): 8.75-8.70 (1H,' m), 8.21 (1H, s), 7.47-7.41 (2H, fn), 7.23 (1H,
dd, J = 9.7, 1.2 Hz), 4.40 (2H, q, J = 7.1 Hz), .41 (3H, t, J = 7.1 H2).
Step (6): Compound 9f — Compound 9g

Compound 9f (2.85 g, 15 ‘mmol) was dissolved in tetrahydrofuran (30 mL), and
subsequently co’ol_gd to -78°C. To the reaction solution was then added drop-wise a 1
mol/L diisobutyl aluminum hydride/toluene solution (37.5 mL, 37.5 mmol), followed by
stirring at -78°C. To the reaction's_olutioh was added sodium sulfate decahydrate, and
then anhydrous sodium sulfate .was added,gsUbsequently stirring while warming up to

room temperature. The treated reaction solution was then filtrated. The filtrate was
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evaporated under reduced pressure, and then the resulting residue was subjected into
silica get chromatography to yield Compound‘gg"(1 .18 g, 53% yield).

"H-NMR (CDCl,) i(deita): 8.06 (1H, s), 7.95-7.91 (1H, m), 7.46-7.36 (2H, m), 6.70 (1H,
dd, J=9.3, 1.3 Hz), 4.66-4.62 (2H, m).

Step (7): Compound 9g — Compound 8h . ‘

Compound 9¢g .('1.18 g, 7.96 mmol) was dissolved in dimethylformamide (10 mL), and
subsequently cooled to 0°C. To the reaction solution was added diphenyiphosphoryl
azide (2.05 mL, 9.56 mmol), and then 1,8-diazabicyclo[5.4.0]undec-7-ene (1.44 mL, 9.56
mmol) was added drop-wise thereto, followed by stirring at room temperature. - Purified
water was then added to the reaction solution, followed by extraction with ethy! acetate.
The organic layer was washed with purified water, and then washed with saturated brine.
The organic layer was dried over anhydroi.ls magnesium sulfate, and then magnesium
sulfate was removed by filtration. . The soh.rent'was evaporated under reduced pressure,
and then the regu,lting residue was subjec@edr into silica gel chromatography to yield
Compound 9h. | , |
H-NMR (CDCl3) f{delta): 8.02'(1H, s), 7.93-'7.90 (1H, m), 7.47 (1H, d, J = 9.4 Hz), 7.44
(1H, 5), 6.66 (1H, dd, J = 9.4, 1.3 Hz), 4.29 (2H, ).

Step (8): Corﬁpound 9h — Compound 8i — Compouﬁd 9k

Compound h (1.13 g, 6.53 mmol) was used, and treated Similarly as described above
to yield Compound 8i. Compound 9i was dissolved in dimethylformamide, and then
Compound 9j (S:Qé g, 7.18 mmol), 1—hydro'xybenzotriazote (971 mg, 7.18 mmol), and
hydrochloric acid salt (345 mg, 1 8 rﬁmol) of 1-(dimethylaminopropyl)-3-ethylcarbodiimide
were added in turn, subsequéntly stirring at‘ room temperature. To the reaction solution
was added purified water, and then the precipitatéd solid was filtrated. The filtrated
residue was washed with ethyl acetate fo yield Compound 9k (2.2 g, 60% yield).

"H-NMR (DMSO-dg) D(delta); 8.93-8.80 (2H, m), 8.33 (1H, s), 7.69-7.59 (A2H, m), 7.43
(2H, d, J = 8.6 Hz}, 7.31 (2H, d, J = 8.6 Hz), 7.21 (2H, s}, 7.03-6.93 (3H, m), 6.90-6.83
(2H, m), 5.16 (2H, s), 4.88 (2H, s), 4.37 (2H, d; J = 5.7 Hz), 3.78-3.73 (H, m).

Step (9): Compound 9k — Compound (II-9)

Compound 9k (558 mg, 1 mmol) was treated similarly as described above to yield

Compound (1i-9) (éf? mg, 47% yield).

MS (m+1) = 785.31 |

Elementary analysis for CagHEBCINBQOSZNa(NaHCOG)o_a(HQO)&B
Caled.: C, 41.41;, H, 4.29; CI, 3.78; N, 11.96; S, 6.85; Na, 3.19
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Found.: C, 41.19; H, 4.23; Cl, 4.03; N, 12.24; S, 6.87; Na, 2.79

"H-NMR (D, O) Ti{delta): 9.41 (1H, s), 8.25 (1H, s), 8.00 (1H, s), 7.68 (1H, d, J = 9.8 Hz),
7.18 (1H, d, J = 8.6 Hz), 6.95-6.86 (2H, m), 6.79 (1H, d, J = 8.4 Hz), 5.81 (1H, d, J = 4.6
Hz), 5.40 (1H, d, J = 14.5 Hz), 5.26 (1H, d, J = 49 Hz), 5.18 (iH, d, J = 14.5 Hz), 4.51
(2H, s), 3.65 (1H, d, J = 18.0 Hz), 3.24 (1H, d, J = 18.0 Hz), 1.52-1.38 (6H, m).

[0170]

Example 52 o

Synthesis of Compound (Il-10) : ‘ -
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[Formula 126]
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Step (1): Compound 10a — Coﬁpound 10b —

Compound 1'0a, (11.04 g, 40 mmol) was dissolved in diethyl ether (100 mL) and
methylene chloride (400 mL), and then diphenyldiazomethane (17.09 g, 88 mmol) was
added thereto, subsequently stirring at room temperature for 1 hour. The reaction solution
was concentrated in vacuo, and then hexane was added thereto. The resulting solid was
filtrated to yield Cémpound 10b (22.6 g, 93%).-

"H-NMR(DMSO-ds ) O(delta): 5.15 (2H, s), 693 (2H, s), 7.30-7.50 (20H, m).
Step (2): Compound 10b — Compound 10c .

Compound 105.(12.17 g, 20 mmol) was dissolved in dimethylformamide (60 mL), and
then triethylamine (3.05 mL, 22.0 mmol) was added thereto, subsequently stirring at room
temperature for 1-hour. The _reaétion soi_utic_)n‘ was then poured into aqueous dilute
hydrochloric acid ‘solution, followed by extraction with ethyl acetate. The organic layer
was washed with water, and 'then washed with saturated brine. After drying over
anhydrous magnesium sulfate, the solvent was evaporated under reduced pressure to
yield Compound 10¢ (10.3 g, 98%). |
'H-NMR(CDClI, ) C{delta): 5.29 (1H,s), 6.59 (1H, s), 6.60 (1H, s), 7.10-7.50 (20H, m).

Step (3): Compound 10c — Compound 10d

N-hydroxyphthalimide (2.28 Q, 14 mmoi) ‘lwas suspended in dimethylformamide (10
mLb), and then sodium hydride (60%, 480 mg, 12 mmol) followed by Compound 10c were
added thereto, subsequently stirring at room tefnperature for 30 minutes. The reaction
solution wasr then poured into ice-cold wafter, folloWed by extraction with ethyl acetate.
The organic layer was washed with aqueous 10% sodium hydrogen_.carbonate, and then
washed with saturajed brine. After drying over anhydrous magnesium sulfate followed by
filtrattion, the solx}ent was evaporated under réduced pressure. To the residue was added
diethyl ether, and then the resqltin'g solid was filtrated to yield Compound 10d (2.50 g,
41%). -
1H-NMR(CDCIQ 1(delta): 5.87 {1H, s}, 6.84 (1H, s), 6.86 (1H, s), 7.10-7.40 (20H, m},
7.27-7.90 (44, m).

Step (4): Compound 10d — Compdund 10é — Compound 10g

Compound 10d was dissolved in methylene éhloride (70 mL}, subsequently cooled to -
78°C, and then n’iethylhydrazine (0.60 mL, 11.34 mmol) was added thereto, followed by
stirring for 1 hour under ice-'co'oling. The precipitated solid was filtrated, and then the
filtrate was concentrated in vacuo. To the residue was then added ethyl acetate. The

separated organic layer was washed with aqueous 5% sodium hydrogen carbonate, and
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then washed with saturated brine. After drying over anhydrous magnesium sulfate
followed by filtration, the solv'en't was concentrated in vacuo. To the residue was added
methanol (100 mL) and then, at 0°C, Compound 10f was added, subsequently stirring
overnight. The reaction solution was conceritrated in vacuo, and then ethyl acetate was
added thereto. The separated organic Iayér was washed with aqueous 0.2 N hydrochloric
acid, and then washed with saturated brine. After drying over anhydrous magnesium
sulfate followed by filtration, the solvent was concentrated in vacuo. The resulting residue
was purified by silica gel column chromatography to yield Compound 10g (2.91 g, 35%).
"H-NMR(DMSO-dg) O(delta): 1.49 (9H, s), 6.12 (1H, s}, 6.80-7.00 (3H, m), 7.20-7.60
(20H, m). h .‘
Step (5): Compound 10g + Compound 10h — Compound 10i

Compound 1Qg (2.91 g, 3.97 rﬁmol) was dissolved in methylene chioride (30 mL),
subsequently cooled to -30°C, and then Compound 10h (1.60 g, 3.97 mmol), N-
methyimorpholine (2.18 mL, 19:8 mmol), and phenyl dichlorophosphate (0.589 mL, 3.97
mmol) were added thereto in turn. The reaction solution was stirred at -30°C for 1 hour.
Agqueous dilute hydrochloric acid solution was-added to the reaction solution, followed by
concentration in vacuo. After the concentréted' solution was extracted with ethyl acetate,
the organic layer was washed with ‘aqueous 5% sodium hydrogen carbonate, and then
washed with satu.rated brine. Aﬁer drying over anhydrous magnesium suifate followed by
filtration, the solvent was concentréted in vaéuo. The resulting residue was purified by
silica gel column chromatography to vield Compdund 10i (2.79 g, 88%).
! H-NMR(DMSO;ds.) J(delta): 1.53 (9H, s), 3.25(1H, d, J = 18.0 Hz), 3.46 (1H, d, J = 18.0
Hz), 3.78 (3H, s}, 4.33 (1H, d, J = 11.7 Hz),.4.57 (1H, d, J = 11.7 Hz), 4.81 (1H,d = 4.8
Hz), 5.16 {1H, d, J = 5.7 Hz), 5.21- (1H, d, J = 5.7 Hz), 5.85-5.90 (-1 H, m), 6.03 (1H, s),
6.80-7.00 (7H, m}, 7.10-7.40 (20H, m). |
Step (6): Compouhd 10i — Compouﬁd 10j

Compound 10i (2.79 g, 2.2‘6 mmol) was dissolved in methylene chloride (30 ml},
subsequently cdol_ed to -40°C, and then 65% m-chloroperbenzoic acid (573 mg, 2.49
mmol) was added thereto, followed by warming. up to -10°C over 2 hours. To the reaction
solution was added agueous 5% ‘spdium'thios_u!fate solution, and then concentrated in
vacuo. The concéntrated solution was then. extracted with ethy! acetate. The organic
layer was washed with aqueous 5% sodium hydrogen carbonate, and then washed with

saturated brine. The organic layer was dried over anhydrous magnesium sulfate, and
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then the solvent Wés evaporated under reduced pressure to yield Compound 10j (2.61 g,
100%). | | | |
'H-NMR{CDCl,) O(delta): 1.45 .(QH, s), 3.39 (1H, d, J = 17.7 Hz)}, 3.79 {3H, s), 4.00-4.30
(2H, m), 4.93 (1H, d, J=17.7 Hz), 5.16 (1H, d, J =11.7 Hz), 533 (1H, d, J = 11.7 Hz),
5.80-6.20 (2H, m), 6.80-7.10 (4H, m), 7.11-7.60 (24H, m).

Step (7): Compound 10j — Compound 10k

Compound 10j (2.48 g, 2.26 mmol) was' dissolved in tetrahydrofuran (30 mL),
subsequently cooled to 15°C, and then potassium iodide ( 1.06 g, 6.78 mmol) was added
thereto, followed by stirring for 1 hour. To the reaction solution was added aqueous 5%
sodium thiosulfate solution, and then the solvent.was concentrated in vacuo. The
concentrated soluﬁbn was extracted with ethyl acetate, and then the organic layer was
washed with saturated brine. The organic layer was dried over anhydrous magnesium
sulfate, and then the solvent was eQaporated. _uﬁder reduced pressure to yield Compound
10k (2.72 g, 98%). _ _

"H-NMR(CDCl;) TO(delta): 1.43 {9H, m), 3.35 (1K, d, J = 18.3 Hz), 3.79 (3H, s), 4.00-4.30
(2H, m), 4.63 (1H, d, J = 18.3 Hz}, 515 (1H, d, J = 11.7 Hz), 5.35 (1H, d, J = 11.7 Hz),
5.90-6.20 (2H, m), 6.80-7.14 (4H, m), 7.15-7.60 (24H, m).

Step (8): Compound 10k — Compound 10rﬁ —»Compound (11-10)

Compound 10k (1.23 g, 1 mmol) and Compound 101 (525 mg, 1 mmol) were dissolved
in dimethylformamide {3 mL), subsequently étirring at room temperature for 2 hours. The
reaction solution was diluted with dimethylfo_nﬁamide (6 mL), and then potassium iodide
(1.16 g, 7 mmol) was added, followed by coo!ing to -40°C. Acetyl chloride (0.285 mL, 4
mmol) was then added, subsequently stirring at 0°C for 1 hour. Ice and ethyl acetate were
then added thereto. The organic layer was separated, washed with water, and then
washed with saturated brine. After drying over anhydrous magnesiu;n sulfate followed by
filtration, the solvé_n'-t was evaporated under reduced pressure to yield Compound 10m.

Then Compound 10m was QE396lved in methylene chloride (10 mL) and aniscle (0.6
mL), and subsequently cooiéd to -40°C. T;) the reaction solution was then added 2M-
aluminum chloride/_nitromethane solution (2.7 mL), followed by stirring at 0°C for 50
minutes. To the reaction solution was then added aqueous 2 N hydrochieric acid (60 mL),
acetonitrile (50 mL), and diethyl ether (100 mL). . The agueous Iayef was separated, and
then washed with diethyl ether. The solve'nt" was then concentrated in vacuo. The
concentrated solution was subjected into HP-208S column chromatography eluting with

acetonitrile-water, and then desired fractions were concentrated in vacuo. The
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concentrated solution was Iyopholiied to yield Compound (1i-10) as "a white powder (205
mg, 26%). ' o |

"H-NMR(D, O) D(delta); 2.22-2.40 (4H, m), 3/40-4.20 (12H, m), 5.34 (1H, d, J = 4.8 Hz),
5.65 (1H, s), 5.85 (1H,d, J = ;4.8. Hz), 6.72 (2i-|, s), 7.19 (1H,s).

Elementary analysis for C o Mz o CIN; Oy 2 S2-3.0H, O

Calcd.: C, 43.19; H, 4.35; Cl, 4.25; N, 11.75, 0,.28.77; S, 7.69 (%)

Found.: C, 43.12; H, 4.47; Cl, 4.22; N, 11.79; S, 7,55 (%)

[0171] -

Example 53

Synthesis of Compound {II-11)
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[Formula 127]
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Step (1): Compound 11a + Compound 11b — Compound 11¢
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Compouhd 1'1a.(3.00 g, 7.0 mmol) was-dissolved in dimethylacetamide (30 mL), and
then triethylamine (1.26 mi., 9.10 mmol) was added, and subsequently cooled to -15°C.
To the reaction solution was added methanesulfonyl chloride (0.236 mlL, 8.40 mmol),
followed by stirring for 1 hour at -1 5°C. To the reaction solution was then added a solution
of Compound 115 in dimethylacetafnide (5 mL), subsequently stirring for 1 hour. Ethyl
acetate (50 mL) and 5% sodium‘hydrogeh carbonate solution were added into the reaction
solution, and the'n.t_he organic layer was separated. - The organic layer was washed with
water, and then washed with saturated brine. . After drying over anhydrous magnesium
sulfate, the solvent was evaporated under reduced pressure. The resulting residue was
purified by silica gel column chromatography.to yield title compound 11c¢ (3.63 g, 92%).
"H-NMR(CDCl,) T(delta): 1.50-2.10 (8H, m), 2.20-2.80 (4H, m), 2.81-3.10 (2H, m), 3.40-
4.00 (9H, m), 4.80-5.05 (m, 2H), 5.06-5.20 (m, 2H), 6.80-7.00 (4H, m), 7.20-7.40 (6H, m).
Step (2): Compound 11d + Compound 11¢ — Compound 11e — Compound {lI-11)

Compound 118'(1.06 g, 1 mmol) and Compound 11c (565 mg, 1 mmol) were dissolved
in dimethylformamide (3 mL), subsequently stirring at room temperature for 2 hours. The
reaction solution was diluted with dirhethylforma{rﬁide (6 mL), followed by cooling to -40°C,
and then phosphorus tribromide (0.189 mL, 2 mmol}) was added thereto, subsequently
stirring for 1 hour. ice and ethyl acetate were then added to the reaction solution. The
separated organic layer was washed with water, and then washed with saturated brine.
After drying over ‘anhydrous magnesium sulfate followed by filtration, the solvent was
concentrated in vacuo to yield Compound t1e. .

Then, Compound 11e was dissolved in methylene chloride (10 mL) and aniscle (0.6
mL}, and subseqL.JentIy cooled to' -40°C. 2M-aluminum chloride/nitromethane solution (2.7
mL} was then added to the reaction' solution,_fbllowed by stirring at 0°C for 50 minutes. To
the reaction solqtion was then added agueous 2N hydrochloric acid (60 mL), acetonitrile
(50 mL), and> diethyl ether (100 mL). The aqueous aner was separated, and then washed
with diethyl ether. The solvent was then concentrated in vacuo. The concentrated
solution was subjected into HP-2ﬁSS column -chromatography elu’ging with acetonitrile-
water, and then 'fréctions containing the desired Compound were collected. Collected
aqueous solution was adjusted to pH:G with aqueous 0.02 N sodium hydroxide solution,
and then concentrated in vaa‘:o. The coﬁcentrated solution was lyophilized to yield
Compound (il-11) as a white powder (222 mg, 27%)."
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"H-NMR(D, O) O(delta): 1.48 (3H, ), 1.50 (3H, s), 1.80-2.60 (8H, m), 3.90 (1H, d, J =
14.1 Hz), 4.24 (1H,.d, J = 14.1 Hz), 5.36 (1H, d, J = 4.8 Hz), 5.86 (1H, d, J = 4.8 Hz), 6.50-
6.90 (2H, m), 6.98 (1H, ). |

Elementary analysis for Cy s Hy s CIN; Oy o S, Na-4.8H, 0-0.8(NaHGOy)
Caled.: C, 41.90; H, 5.03; CI, 3.66; N, 10.12;'0, 28.40; S, 6.22; Na, 4.27 (%)
Found.: C, 41.74; H, 5.03; Cl, 3.24:'N, 10.61; S, 6.97; Na, 4.79 (%)

[0172] o S

Example 54 .

Synthesis of Compound (II-12)
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[Formula 128]
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Step (1): Compound 12a — Compound 12b A
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Compound 12a {2.63 g, 15 mmol) ahd tfiethylamine {4.16 mL, 30 mmol) were
dissolved in methylene chloride .(20' mL), and then cooled to 0°C. To the reaction solution
was then added methanesulfonyl chloride (1.29'mL, 16.5 mmol), subsequently warming
up to room témp'erature gradually. The reaction solution was stirred at room temperature
for 0.5 hour, and then triethylamine (4.16 mL, 30 mmol} and methanesulfonyl chloride
(1.29 mL, 16.5 mmol) were added.l .To the rea(_:tion solution was thén added 5% sodium
hydrogen carbonate solution, followed by extraction with methylene chloride. The organic
layer was dried dver anhydrous mégnesium'sulfate, filtrated, and then concentrated in
vacuo. To the concentrated solution was then pytrolidine (16.1 mL, 195 mmol),
subsequently heat_ing to 50°C with stirring. To the reaction solution was added aqueous 1
N hydrochloric acid solution, and then the aqueous layer was separated. To the aqueous
layer was added agueous 1 N sodium hydroxide solution, and then extracted with ethyl
acetate followed by methylene chioride. The 6rganic layer was dried over magnesium
sulfate, followed by filtration, and then the solvent was concentrated in vacuo to
Compound 12b as a crude product. Comipound 12b was used for the next reaction
without purification. .

"H-NMR(CDCl, )} ij'(delta): 1.76 (3H, d, J = 66 Hz), 1.44 (9H, s), 1.70-1.90 (4H, m), 2.20-
2.65 (6H, m), 3.35-3.50 (1H, ). |
Step (2): Compound 12b — Compouhd 12¢

The crude product {an amount .equivaIentv_to 2 mmol), which contains Compound 12b
obtained in the previous step, was dissolved in methylene chloride (1 mL), and then
triflucroacetic acid (4.62 mL) was added thereto, su'bsequently standing overnight. The
reaction solution was concentrated in vacuo, and then methylene chioride (2 mL) was
added thereto. 4 N hydrochloric acid/ethyl acetate (1.25 mL, 5 mmol) was then added at
0°C thereto, followed by stlrnng The so[vent was then concentrated in vacuo to yield
Compound 12c¢ as a crude produt Compound 12c was used for the next reaction without
purification. o
'H-NMR(D, 0) Didetta): 1.45 (3H d J=60 Hz) 1.80-2.40 (4H, m), 3.00-3.50( 4H, m),
3.61-3.64 (2H m), 3.68-4.00 (1H, m).

Step (3): Compound 12¢ + Compound 12d — Compound 12e

Compound 12d (686 mg, 1.6 hmol) was dissolved in dimethylfo;mamidé (7 mL), and
then cooled to OC Hydrochloric  acid salt (337 mg, 1.76 mmol) of N-(3-
dimethylaminoprobyl)—N'-ethylcarbo‘d'iimide, and 1-hydroxybenzotriazole (270 mg, 1.76

mmol) were added in turn, subsequently stirrfng at room temperature for 30 minutes. After
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the reaction solution was cooled to 0°C, a dimethylformamide (2 mL) solution of a
composition (an a'.rr‘lount equivalent to 2 mmb‘l), which comprises Compound 12c obtained
in Step (2), was added thereto, foilo'Wed by adding triethylamine (0.99 mL, 7.2 mmol). Into
the reaction solution was thén added ethyi acetate(50 mL) and 5% sodium hydrogen
carbonate solutibn: The separated organic layer ‘was washed with water, and then
washed with saturated brine. The organic layer was dried over anhydrous magnesium
sulfate, and then the solvent was é\taporafed under reduced pressure to yield Compound
12e (714 mg, 83% yield from Compound 12a).

' H-NMR(CDCl, ) lj(delta): 1.32 (3H, d, J = 6.3 Hz), 1.60-1.80 (4H, m), 2.40-2.80 (6H, m),
3.80 (3H, s), 3.83 (3H, 5), 4.10-4.25 (1H, m), 4.94 (2H, s), 5.07 (2H, s}, 6.80-7.00 (6H, m),
7.25-7.50 (4H, m),

Step (4): Compouﬁd 12f + Compound 12e — Compound 12g — Compound (1I-12)
Treatment similar to that described above yielded_Compound (1-12) (140 mg, 18%).
"H-NMR(D, 0) O{delta): 1.20-1.80 (QH, m), -2.60—2.40 (4H, m), 3.20-3.80 (8H, m), 3.95
(1H, d, J = 14.1 Hz), 4.20 (1H, d, d = 14.1 H2), 5.36 (1H, d, J = 4.8 Hz), 589 (1H, d, J =
4.8 Hz), 6.60-6.80 (2H, m), 6.97(1H, s).

Elementary analysis for Cs 3 Hz s CIN; O4 o Sz Na-4.8H, O-0.8(NaHCO;)

Calcd.: C, 41.90; H; 5.03; CI, 3.66; N, 10.12; O, 28.40; S, 6.22; Na, 4.27 (%)

Found.: C, 41.74; H, 5.03; Cl, 3.24; N, 10.61; S, 6.97: Na, 4.79 (%)

[0173] ' -

Example 55

Synthesis of Compound (I1-13) .
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[Formula 129]
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Step (1): Compound 13a — Compound 13b .-
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Compouhd 1.3a (336 mg, 1.5 mmol) and 3—pyfroline (0.251 mL, 3.3 mmol)} were
dissolved in acetonitrile, and then potassium iodide (249 mg, 1.5 mmol) and potassium
carbonate (622 mg, 4.5 mmol) weré-added, subsequently heating to 50°C for 1 hour. 1 N
hydrochloric acid'_énd ethyl acetate were added, and then the the aqueous layer was
separated. To the separated aguédus layer was added aqueous 1 N sodium hydroxide
solution, and then the aquéous layer waé extracted with ethyl acetate, followed by
methylene chlori'de.(two times). The organic layer was dried over anhydrous magnesium
sulfate, foliowed by filtration, and then the .solvent was evaporated under reduced
pressure to yield Compound 13b (288 mg, ‘90% yield).

"H-NMR(CDCI; ) ‘D(defta): 1.44 (9H, s), 2.70-2.90 (2H, m}), 3.10-3.40 (2H, m), 3.60-3.70
(4H, m), 5.77 (2H, s). '
Step (2): Compound 13b — Compound 13¢

Compound 13b (289 mg, 1.36 mmol) was dissolved in methylene chloride (1 mL), and
then trifluoroacetié acid (3 mL) was added thereto, subsequently standing overnight. The
reaction solution was then evaporated under reduced pressure~ The residue was
dissolved in methylene chloride (2 ‘mL), and_tﬁén a 4 N hydrochloric acid/ethyl acetate
solution (0.85 mL) was added thereto, followed by stirring. The solvent was evaporated
under reduced pressure to yield'Compouhd 13c as a crude product. Compound 13¢ was
used for the next reaction without purification. ) ‘

"H-NMR(D; O) O(delta): 3.40-3.50 (2H, m)', 3.60-3.80 (2H, m}, 4.00-4.60 (4H, m), 5.85
(2H,9). |
Step (3): Compound 13¢ + Compound 13d — Compound 13e

Treatment similar as describéd above yieid-ed Compound 13e (468 mg, 85%). .

" H-NMR(CDCls ) O(delta): 2.80-3.00 (2H, m), 3.51-3.55 {(6H, m), 3.79 (3H, s), 3.80 (3H,s),
4.96 (2H, s), 5.07 (2H, s), 5.77 (2H, s), 6.80—7.00‘(4H, m}), 7.25-7.60 (6H, m).
Step (4): Compound 13f + Compound 13e — Compoﬁnd 13g — Compound (I1-13)

Treatment similar as described above yielded Compound {i-13) (@OO mg, 43%).
"H-NMR (D; 0) O(delta): 1.48 (3H, s), 1.50 (3H, s), 3.40-4.00 (6H, m), 4.20-4.60 (6H, m),
533 (1H,d, J = 5'.‘1'Hz), 5.85 (1H, d, J = 5.1 'H'z),‘ 5.99 (2H, s), 6.72 {2H, s), 6.97 (1H, s).
Elementary analysis for Cs o Hs 1 _CIN% 04652 Na-4.1H, 0-1.0(NaHCO,)

Calcd.: C, 40.03; H, 4.36; Cl, 3.81; N, 10.54; O 29.42; S, 6.90; Na, 4.94 (%)
Found.: C, 39.90; H, 4.46; Cl, 3.71; N, 10.88; S, 7.12; Na, 5.32 (%)

[0174] '

Example 56

-1
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Synthesis of Compound {ii-14)
[Formula 130]
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Step (1): Compound 14a — Compoﬁnd 14¢ — Cdmpound 14d

Compound 14a (859 mg, 5.54 mmol) was suspended in thionyl chloride (3.94 mL, 54.0
mmol), subsequently stirring at '80°C for 2 hours. After thionyl chloride was evaporated
under reduced pressure, dimethylacetamide was added to the residue. The reaction

solution was cooled to 0°C, and then Cofnpound 14c (1.64 g, 4.5 mmol) was added

-
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thereto, followed by adding triethylémine (1._25 mL, 9 mmol). The reaction solution was

then poured into agueous sodium carbonate, followed by extraction with ethyl acetate.

The organic -Iaye.r was dried over anhydrous magnesfum sulfate, and then the solvent was

evaporated under reduced pressure to yield Compound 14d {1.70 g, 75%). _

" H-NMR(CDCl;) D(delta): 1.70-1 .9.0 (6H, m), 2.90-3.10 (6H, m), 3.80ﬂ (3H, s), 3.81 (3H, s),

5.01 (2H, s), 5.05'_(éH, s), 6.80-7.00 (5H, m), 7.20-7.40 (6H, m).

Step (2): Compound 14e + Compouhd 14d — Compound 14f — Compound (i1-14)
Treatment similar as descﬁbéd above yiel-ded'Compound (1-14) (318 mg, 44%).

"H-NMR(D, O) J(delta): 1.49 (3H, s), 1.51 (3H, s), 2.10-2.40 (6H, m), 3.20-4.00 (10H, m),

5.35 (1H, d, J = 4.8 Hz), 5.88 (1H, d, J = 4.8 Hz), 6.70-6.80 (iH, m), 6.80-6.90 (2H, m),

6.97 (1H, 5). - :

Elementary analysis for C3; Hys N; 014 Sz Na-‘4.3H2 O

Calcd.: C, 46.12; H, 5.44; N, 12.15:.0, 28.34; S, 7.94 (%)

Found.: C, 46.01; H, 5.20; N, 12.13; S, 8.05 (%)

[0175]

Example 57

Synthesis of Compound (I1-15)
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[Formula 131]
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Step (1): Compound 15a — Compound 15d

Synthesis of Compound 15d. from Combound 15a was carried out according to WO
2002/076979. o | . |
Step (2): Compo_und 15e + Compound 15d - Cdmpound 15f

Compouﬁd 15e-{1.51 g, 3.52 mmol) was dissolved in methylene chloride (20 mL), and
then diisopropylethylamine (1.48 mL, 8.45 mmoi), 1-methylimidazole,-COmpound 15d (621
mg, 4.19 mmol), and diphenyl chiorophosphate {0.872 mL, 4.19 mmo'I) were added in turn,
followed by stirriri'g‘. The solverit was concentrated in vacuo, and then the residue was
purified by silica gel column chrqmatbgraphy to yield Compound 15f (981 mg, 50%).
'H-NMR (CDCl;) O(delta): 1.'80—2.00 {(2H, m-), 2.60-2.72 (2H, m), 2.82-3.00 (2H, m), 3.80
(3H, s), 3.84 (3H, s), 4.99 (2H, s}, 5.13 (2H, s), 6.80-8.40 (12H, m).
Step (3): Compound 15g + Compound 15f — Compound 15h — Compound (JI-15)

Treatment similar as described above yielded Compound (lI-15) (249 mg, '31%).
"H-NMR (D, 0) ri(delta); 1.48 (6H, s), 1.60—'2.00 (4H, m), 2.60-2.80 (2H, m), 2.90-3.10
(2H, m}), 3.23 (1 H, d, J=18.3 Hz); 3.43 (1H, d, J = 18.3 Hz), 5.13 (1H, d, J = 14.7 Hz),
5.23 (1H, d, J = 4.5 Hz), 5.82 (1H, d, J = 4.5 Hz), 6.73-6.77 (1H, m), 6.92 (1H, s), 7.00-
7.07 (1H, m), 8.33-8.35 (1H, m), 8.44-8.47 (1H, m).
[0176] R
Example 58
Synthesis of Compound (Ii-16)
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Step (1): Compound 16a — Compound 16b

Compound 16a (7.12 g, 30 iﬂmol) was dissolved in methylene chloride (50 mL), and
then triethylamine (8.32 mL, 60 mmol) was added. -The reaction solution was cooled to
0°C, and then met‘HaneSUIfonyI chloride (2.57 mL, 33 mmol) was added drop-wise over 10
minutes. After the reaction soiutio_n was stirrg_d at room temperature for 20 minutes,

aqueous saturated sodium hydrogen carbonate was added thereto, subsequently the
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organic layer was separated. After the organic Iayér was dried over anhydrous scdium
sulfate, sodium sulfate was removed by filtration, and then the solvent was concentrated
in vacuo. Pyrrolidine (32.3 mL, 380 mmol) was then added to the resulting concentrated
residue, foIIowed',by heating to SO"C for 2.5'.hdurs with stirring. Excess pyrrolidine was
evaporated under reduced pressure, and then water wasl added to the resulting
concentrated residue, followed by extraction with ethyl acetate. The organic layer was
washed with wéter, washed with saturated brine, and then dried over anhydrous
magnesium sulfate. Magnesium sulfate was removed by filtration, and then the solvent
was concentrated in vacuo. The résulting crude product was purifieél by silica gel column
chromatography to ‘yield 16b as a white solid (7.23 g, 83%).
"H-NMR (CDCIa).D(delta): 1.39 (QH, 8), 1.73-1.77 (4H, m), 2.42-2.57 (5H, m), 2.76 (1H,
dd, J = 9.9, 12.3 Hz), 4.59 (1 H, Br), 5.54 (I1H,-d, J =4.2Hz), 7.20-7.34 (5H, m).
Step (2): Compound 16b — Compound 16¢ — Compound 16e

Compound 16b (7.23 g, 24.9 mmol) was dissolved in methylene chloride (35 mL), and
then trifluoroacetic acid (34.5 ml, 448 mrhol) was added, subsequently stirring at room
temperature overnight. The solvent was evaporated under reduced pressure, and then
ethyl acetate was added to the resulting concentrated residue, followed by extraction with
aqueous 2 N hydrochloric acid solution. An‘aqueous 2 N sodium hydroxide solution was
then added 1o the aqueous layer until the aqueous layer had a pH 7-8, followed by
extraction with méthylene chioride. The oréanjc layer was dried over anhydrous sodium
sulfate, and then sodium sulfate was removed by filtration. The solvent was concentrated
under reduced perssure, and then further dr'ield't:n vacuo to yield Compound 16¢ as a
brown oil. The obtained 16¢c was used for the next reaction without purification.

Compound 16d (6.43 g,-15 mmol) ‘was dissolved in dimethylformamide (70 mL),
subsequently cooled to 0°C, and then hydrochloric acid salt (3.16 g, 16.5 mmol) of N-(3-
dimethylaminopropyl)-N*-ethylcarbodiimide ‘and 1-hydroxybenzotriazole (253 g, 165
mmol) were added thereto in turn, followed by stirring at room temperature for 1.5 hours.
The reaction solution was cooled to 0°C, and theh Compound 16c (3.43 g, 18 mmol) and
triethylamine (6.2'4 mL, 45 mmoi) were added thereto, subsequently stirring at 0°C for 2
hours and then standing at room témperaturga.overnight. Water and tetrahydrofuran were
added to the reaction mixture, followed by extraction with ethyl acetate. The organic layer
was washed.with aqueous saturated sodium hydrogén carbonate, washed with saturated
brine, and then dried over anhydrous r_nagnesium suifate. Magnesium sulfate was

removed by filtration, and then the solvent was:concentrated in vacuo. Isopropyl acetate
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was then added to the residue obtained. The resulting solid was filtrated, and then dried
in vacuo to yield Compound 16e as a white solid (6.31 g, 70%).

"H-NMR (DMSO-ds) O{delta): 1.66 (4H, br), 2.50 (4H, br), 2.56 (1H, g, J = 6.3 Hz), 2.81
(1H, dd, J =93, 12.0 Hz), 3.74 (3H, s), 3.76 (3H, s), 4.87 (2R, s}, 5.06 (1H, dd, J = 9.0,
15.0 Hz), 5.16 (2H, s), 6.87 (2H,rd, J=87 Hi), 6.97 (2H,d, J =87 Hz), 7.09 (1H,d, J =
8.4 Hz), 7.18-7.26 (2H, m), 7.29-7.34 (4H, m), -7.37—7.40 (2H, m), 7.42 (2H, d, J = 8.7 Hz).

Step (3): Compound 16e + Compound 16f — Cofnpound 16g — Compound (lI-16)

Compouhd 16e (1.20 g, 2.0 mmol} was sUspended in a mixed solvent of
dimethylformamide (6 mL) and tetrahydrofuran (4 mL). Then Compound 16f (2.12 g, 2.0
mmol } and sodium hydrogen carb.onate ( 0.34 g, 4.0 mmol) were e;clded thereto in turn,
subsequently stirf’ir;g at room temperature for 4 hours. The reaction solution was cooled
to -40°C, and then phosphorus trib’rémide (0.377 mL, 4 mmol) was added, subsequently
stirring at 0°C for 1 hour. Icé-c.oid water wés added to the reaction mixture, followed by
extraction with ethyl acetate. The organic layer was washed with water, washed with
saturated brine, and then dried over anhydrous magnesium sulfate. Magnesium sulfate
was then removed by filtration. The solvént was concentrated under reduced pressure,
and then further dried in vacuo to yield Compd‘und 16 g as a brown formed solid. The
obtained Compound 16g was used for the next reaction without purification.

The whole amount of Compound 1GQ obtained was dissolved in methylene chloride
(30 mL), subsequently cooled to -40°C, and then anisole (2.19 mL, 20 mmol) and 2M-
aluminum chloridé/hitromethane solution (10 mL, 20 mmol) were added thereto in turn,
followed by stirring at 0°C for 1 hour. To the reaction solution was then added aqueous 2
N hydrochloric acid solution, ac_etoﬁitrile, an.d diiéopropyl ether that had been cooled to
0°C, subsequently stirring to completely dissolve insolubles. To the separated aqueous
layer was added HP20-SS resin, and then acetonitrile was concentrated in vacuo. The
resufting mixed solution was purified by ODS column chromatography. To the obtained
solution of the desired Compound was then added aqueous 0.2 N sodium hydroxide
solution until the solution had pH=6.0. Excess sodium hydroxide was then neutralized by
adding one piece of dry ice. The resulting soltjtibn was concentrated in vacuo, and then
lyophilized to yield Compound (11;1 B)asa white powder (0.48 g, 28%).

"H-NMR (D, ) O(delta): 1.48 (3H, s), 1.49 (3H, s), 3.42-3.94 (9H, m), 4.25 (1H, d, J =
14.4 Hz), 5.25 (1H, d, J = 4.8 Hz), 5.71 (1H, br),l5.83 (1H,d, J=4.8 Hz), 6.57 (1H, d, J =
8.4 Hz), 6.67 (1H, d, J = 8.1 Hz), 7.48 (5H, br). '

Elementary analysis for:Cs g Ma » C!N7 0405:Na‘0.1NaHCO;-4.8H, O .
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Calcd.: C, 45.87; H, 4.98; Cl, 3.75; N 10.37; S, 6.79 (%)
Found.: C, 45.85; H, 5.05; Ci, 3.93; N, 10.29; §, 672(%)
[0177]

Example 59

Synthesis of Compound (il-17)
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Step (1): Compound 17a — Compound 17b — Compound 17¢
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Compound 17a (5.0 g, 24.6 mmol) was diésolved in methylene chloride (40 mL}, and
then triethylamine (6.82 mL, 49.2 rﬁmol) was added thereto, subsequently cooling to 0°C.
Methanesulfonyl chloride (2.11 mL, 27.1 mmof) was added drop-wise to the reaction
solution over 10 minutes. The reaction solution wés stirred at room temperature for 1
hour, and then aqueous saturated sodium hydrogen carbonate was added thereto,
followed by extraction with methylene chloride. The organic layer was dried over
anhydrous magnésium sulfate, and then m'é'gn.esium sulfate was removed by filtration.
The solvent was then evaporat'ed’l.mder re‘duced pressure. Pyrrolidine (26.4 mit, 320
mmol) was added to the resulting concentrated residue, subsequently heating to 50°C for
2.5 hours with siirring. Excess pyrrolidine was evaporated under reduced pressure, and
then ethyl acetate was added to the resulting concentrated residue, followed by extraction
with aqueous 1 N hydrochloric acid solution. TQ the aqueous layer was added aqueous 2
N sodium hydroxide solution until the solution-had a pH of 7-8, followed by extraction with
methylene chloride. The organic iayer was washed with water, and then dried over
anhydrous magnesium sulfate. Magnesium sulfate was removed by filtration, and then
concentrated in Vaquo to yield Compound 17b as a white solid. The obtained Compound
17b was used for the next reaction without purification.

The whole amount of Campound 17b'0btain‘ed was dissolved in methylene chloride
(22 mL), and then trifluoroacetic acid (22.0- mL, 285 mmol) was added, subsequently
stirring at room temperature overnight. The solvent was evaporated under reduced
pressure, and then ethyl acetate was added to the concentrated residue, followed by
cooling to 0°C. 4 N hydrochioric acid/ethyl acetate solution (40 mL) was then added to the
solution, subsequéhtly stirring at 0°C for 15 .minutes. The resulting solid was filtrated, and
then dried in vacuo to yield Compound 17¢ as a- white solid (3.50 g, 62%).

"H-NMR (DMSO-ds) [i(delta): 0.97 (6H, dd, J ='3.3, 6.9 Hz), 1.87-2.13 (5H, m), 2.93-3.15
(2H, m), 3.45-3.59 (4H, m), 3.76 (1H, br), 5.75l_(2H, br).
Step (2): Compound 17¢c — Compound 17e .

Compound 17d (6.43 g, 15 mmol) was dissolved in dimethylformamide (70 mL),
subsequently cooling to 0°C, and then hydrochloric acid salt (3.16 g, 16.5 mmol) of N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide, and 1-hydroxybenzotriazole (2.53 g, 16.5
mmol} were added thereto in turn, followed by stirring at room temperature for 1.5 hours.
The reaction soluﬁon was cooled to 0°C agair‘l, and then Compound 17¢ (3.44 g, 15 mmol)
and triethylamine (10.4 mL, 75 mmbl) were a_dded, subsequently stirring at 0°C for 2 hours

and further left standing at room temperature ovérnight. Water and tetrahydrofuran were
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added to the reaction mixture, followed by extrabﬁon with ethyl acetate. The organic layer
was washed with aqueous saturated sodium hydrogen carbonate, washed with saturated
brine, and then dried over .anhydrous magnesium sulfate. Magnesium sulfate was
removed by filtration, and then the solvent was conc_entrated in vacuo. Diisopropyl ether
was then added to the resulting residue. The resulting solid was filtrated, and then dried
in vacuo to yield Compound 17e as a white solid (6.21 g, 73%). _

"H-NMR (DMSO-dg) D(delta): 0.89 (6H, dd, J = 6.9, 16.2 Hz), 1.66 (4H, br), 1.84 (1H, d,
J=7.2, 18.6 Hz), 2.39-2.51 (6H, En), 3.75 (1l-'l,.‘s), 3.76 (1H, s), 3.94 (1H, m}, 4.87 (2H, s),
5.15 (2H, s), 6.87 (2H, d, J = 8.7 Hz), 6.96 géH, d, J =87 Hz), 7.05 (1H, d, J = 8.7 H),
7.18 (1H, d, J = 8.7 Hz), 7.32 (2H, d, J = 8.7 Hz), 7.42 (2H, d, J = 8.7 Hz), 7.97 (2H, d, J =
9.0Hz. .. '

Step (3): Compound 17e + Compound 17f _—'§ ‘Compound 17g — Compound (H-17)

Compound 17e (1.20 g, 2.’0 mmol) was dissolved in a-. mixed. solvent of
dimethylformamide. (6 mL) and tetrahydrofuran '(2 mL}, and then Compound 17f (2.12 g,
2.0 mmol) and s'odium hydrogen'éarbonate' (0.34 g, 4.0 mmol) were added thereto,
subsequently stirring at room'te'mperature for 2 hours. The reaction solution was cooled
to -40°C, and th'e_nl phosphorus tribromide (0.377 mL, 4 mmol) was added, followed by
stirring at 0°C for 1 hour. Ice-cold water was then added to the reaction mixture, folloed
by extraction with ethyl acetate. The orgénic layer was washed with water, washed with
saturated brine, and then dried over anhydroué‘ magnesium sulfate. Magnesium suifate
was removed by filtration, and then the solvent was evaporated under reduced pressure to
yield Compound 17g as a brown formed solid. The obtained Compound 17g was used for
the next reaction without purification. .

Then the whole amout of Compound 17g obtained was dissolved in methylene chloride
(30 mL), and then anisole (2.19 mL, 20 mmol) and 2M-aluminum chloride/nitromethane
solution (10 mL, 20 mmol) were addéd at -40_‘TC-ir{ turn, subsequently stirring at 0°C for 1.5
hours. To the reaction solution was added 2 N hydrochloric acid, acetonitrile, and
diisopropyl ether that had been cooled to 0°C, followed by stirring to completely dissolve
insolubles. The. agueous layer was then separated. HP20-SS resin was added to the
aqueous layer, and then acetonitrile wéé concentrated /in vacuo. The resulting
concentrated solution was purified. by ODS column chromatography, An aqueous 0.2 N
sodium hydroxidg solution was added to the solution of the resulting desired compound

unti! the solution had pH=6.0. Excess sodium hydroxide was then neutralized by adding
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one piece of dry ice. The obtained solutioh was concentrated -in vacuo, and then
lyophilized to yield Compound (l|717j as a white 'pbwder (823 mg, 50%).

"H-NMR (D, O) 0{deta): 0.95-1.05 (5H, m), 1.49 (3H, s), 1.51 (3H, s), 2.07 (1H, br), 2.19
(4H, br), 3.43-3.69 (8H, m), 3.99 (1H, d, J = 16.8 Hz), 4.18 (1H, d, J = 13.8 Hz), 4.54 (1H,
m), 5.37 (1H, d, J = 5.4 Hz), 5.90 (1H, d, J = 5.1 Hz), 6.73 (2H, m), 6.98 (1H, s).
Elementary analysis for:Cs 3 Hy g CIN; Oy o S» Na-0.2NaHCO, -4.0H, O

Caled.: C, 44.05; H, 5.26; Cl, 3.92; N, 10.83; S, 7.09 (%)

Found.: C, 44.07; H, 5.30; Cl, 4.14; N, 10.72; S,'_ESZQB (%)

[0178] ‘ | |

Exampile 60

Synthesis of Compound (I1-18)
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[Formula 134]
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Step (1): Compound 18a — Compound 18b
Compound 18a.(6.45 g, 30 mmol) was dissolved in tetrahydrofuran (70 mL), and then
diphenyldiazomethane (6.99 g, 36 mmol) was added thereto. The reaction solution was

then stirred at room temperature for 1 hour, subsequently heating at reflux for 2 hours.
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The reaction mixture was concentrated in vacuo, and then Methanol was added to the
residue. The resulting solid was filirated, and then dried in vacuo to yield Compound 18b
as a white solid (9.01 g, 79%). . - .
"H-NMR (CDCly) TI(delta): 4.50 (2H, s), 7.11 (1H, s), 7.25-7.49 (12H, m), 8.11 (2H, d, J =
8.1 Hz). . |
Step (2): Compound 18b — Compo-und 18¢ . _

Compound i8b (9.0 g, 23.6 mmol) and N—ﬁydroxyphthalimide (4.62 g, 28.3 mmol)
were dissolved in -dimethylformamide (30 'mL), and then triethylamine (3.93 mL, 28.3

mmol) was added thereto, subsequently heating to 50°C for 1 hour with stirring. ice-cold
water and tetrahydr_ofuran were then added to the reaction solution, followed by extraction
with ethyl acetafe. The organic layer waé Washed with aqueous saturated sodium
hydrogen carbonate, washed with Sz;lturated brine, and dried over anhydrous magnesium
sulfate. Magnesium sulfate was remove;:i by filtration, and then the solvent was
concentrated in Vac.uo. n-Hexane was then added to the resulting residue. The resulting
solid was filtrated, and then dried in vacuo to yield Compound 18c as a white solid (8.28g,
85%). L

"H-NMR (CDCls ¥ D(delta): 5.27 (2H, s), 7.10'(1H, s), 7.25-7.44 (10H, m), 7.63 (2H, d, J =
8.4 Hz), 7.71-7.82 (4H, m), 8.14 (2H, d, J = 8.4 Hz)

-

Step (3): Compound 18¢ — Gbrhpound 18d — Compound 18f

Compound 1‘8_c (6.95 g, 15 mmol} was dissoclved in methylene chloride (70 my),
subsequently cooliﬁg to 0°C, and then methylhydrazine (0.88 mL, 16.5mmol) was added
in one portion, followed by stirring at 0°C for.1_.5 hours. The resulting solid was then
removed by filtration. The solvent was evaporated under reduced pressure, and further
dried in vacuo to yield Compound 18d as a pale yellow solid. The obtained Compound
18d was used for the next reaction without purification.

Then a solution of Compound 18e (4.08 g, 15 mmol) in methanol (40 mL) was cooled
to 0°C. To this solution was added a metﬁylene chioride (20 mL) solution of the whole
amount of Compound 18c obtained as describéd above, followed by stirring at 0°C for 1
hour and further at.room temperatufe for 1 hou%_. 'The reaction solution was concentrated
in vacuo, and then water was added to tHe: residue, followed by extraction with ethyl
acetate. The organic layer was waéhed with water, washed with saturated brine, and then
dried over anhydrous magnesium sulfate. Magnesium sulfate was removed by filtration,

and then the solvent was concentrated in vacuo. After methanol was added to the

-

39



10

15

20

25

30

170

(o)
(g
D
N

x)

resulting residue, the resulting solid was filtrated, and then dried in vacuo to yield
Compound 18f as a white solid (6.23g, 71%). )

"H-NMR (DMSO-dg) O(delta): 1.46 (9H, s), 5.31 (2H, s}, 7.04 (1H, s), 7.27-7.43 (7H, m),
7.52-7.55 (6H, m), 8.11 (2H, d, J = 8.4 Hz).
Step (4): Compoungd 18f + Compound 18g — _Cérhpound 18h — Compound (II-18)

-

Compound 18g (2.37 g, 2.22 mmol}) was dissolved in methylene chloride (30 mL),
subsequently cooling to -10°C. .Thén Compo_uhd 18f (1.18 g, 2.0 mmol), hydrochloric acid
salt (0.51 g, 2.67 mmol) of N-(3-dimethylaminobropyi)—N'—ethylcarbodiimide, and pyridine
(0.233 mL, é.89 mmol) were added thereto in turn, éubsequently stirring at -10°C for 1.5
hours. Agueous 2 N hydrochloric acid solution (2 mL) was added to the reaction mixture,
and then concentrated in vacuo. Water was then added thereto, followed by extraction
with ethyl acetate'.' ‘The organic layer was washed with water, washed with saturated brine,
and then dried over anhydrous 'rﬁagnesium sulfate. After magnesium sulfate was
removed by filtration, the solvent was evap-oratéd under reduced pressure, and further
dried in vacuo to yield Compound 18h as a brown formed solid. The obtained Compound
18h was used for the next reaction without purification.

The whole amount of Compou'n_d 18h.obtained was dissolved in methylene chloride
(15 mL}, subsequéntly cooling ‘to -40°C, a’nd" then anisole (1.97 mL, 18 mmol) and
triflucroacetic acid (30 mL) were added thereto in turn, followed by stirring at 0°C for 1
hour. The solvent was evapofated under reduced pressure, and then ice-cold water,
acetonitrile, and’ diisopropyl ether were added thereto.  After the aqueous layer was
separated, HP20-éS resin was added thereto, acetonitrile was concentrated in vacuo.
The resulting mixed solution was pu_rified by ODS column chromatography.  An aqueocus
0.2 N sodium hydroxide solution was added to the obtained solution of the desired
compound until the solution had ‘pH=6.0, and then excess sodium hydroxide was
neutralized by adding one piece of dry ice.- The resulting solution was concentrated in
vacuo, and then lyophilized to yield Compound (l1-18)_as a white powder (138 mg, 7%).
"H-NMR (D, Q) O(delta): 2.20 (4H, br), 3.24‘(1 H, d, J =17.4 Hz), 3.41-3.91 (10H, m}, 4.08
(1H, d, J = 14.1 Hz), 5.22 (1H, d, J = 5.1 Hz), 5.26 (2H, §), 576 (1H, d. J = 4.8 Hz), 6.80
(1H, d, J = 8.1 Hz), 6.89 (1H, d, J = 8.4 Hz), 6.93 (1H, s), 7.46 (2H, d, J = 8.1 Hz), 7.81
(2H,d, J = 8.1 Hz). A
Elementary analysis for:Cs 4 H; SCENT 01 052Na-0.2NaHCO,-5.6H, O
Caled.: C, 43.70; H, 4.76; CI, 3.77; N, 10.43; S, 6:82 (%)

Found.: C, 43.67; H, 4.70; CI, 3.80; N, 10.44; S, 7.05 (%)
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[0179]
Example 61
Synthesis of Compound (I[-19)

[Formula 135]
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Step (1): Compound 19a + Compound 19b — Compound 19¢

5-Aminopyridine 19a (0.951 g, 10 mmo.l),._ Compound 19b (4.72 g, 11.00 mmal), 1-
hydroxybenzotriazole (1.486 g, .11..00 mmol}, and hydrochloric acid salt (2.109 ¢, 11.00
mmol)  of  N-(8-dimethylaminopropyl)-N'- ethylcarbodnmlde were  dissolved in
dlmethy!acetamtdeUQ 5 mL), subsequently” stlrnng at 70°C for 8.5 hours. Distilled water
was added 1o the reaction solution, and then the precipitated solid was filtrated. The
filtrated residue was washed with aqueous saturated sodium hydrogen carbonate, washed
with distilled water and then washed with dnsopropyl ether. The residue was dissolved in

methanol, followed by stirring _for 3.5 hours under reflux. The reaction solution was
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filtrated, and then the filtrated residu‘e was waso'od with methanol. The residue was dried
in vacuo to yield Compound 19¢ as a white solid (1.41 g, 2 8%).

'H-NMR (DMSO-dg) D(delta): 10.80 (1H; 5),-9.09 (2H, s), 8.93 (1H, s), 7.48-7.26 {6H, m),
6.99 (2H, d, J = 8.5 Hz), 6.88 (2H, d, J = 8.5 Hz), 5.21 (2H, s), 4.93 (2H, ), 3.77 (3H, s),
3.75 (3H, ). ’

Step (2): Compound 19¢ + Compound 19d — Compound 19e .

Compound 19¢.(0.506 g, 1.00 mmol) and Compound 19d {0.940 g, 1.00 mmol) were
dissolved in dimethylacetamide ‘(3 mL), suoséquently stirring at room temperature for 6
hours. Dimethylformamide (30 mL) was aoded to the reaction solution, followed by
cooling to -40°C, and then phosphorus tribrorhide (0.19 mL, 2.00 mmol) was added
thereto. The. reaction solution was stirred at -40°C for 3 hours, and then ethyl acetate and
ice water were added thereto. The organic layer was extracted with operation of
separation, then washed with saturated brine, and further driéd over anhydrous
magnesium sulfa:t_e'. Magnesium sulfate wa's"filﬁated, the solvent was evaporated under
reduced pressure to Compounq 19é as a formed solid. The obtained 19e was used for
the next reaction without puriﬁcation. ‘

Step (3): Compound 19e — Compound (II-19)

The whole amount of the crude Compound 19e obtained by the previous reaction was
dissolved in methylene chloride (1'5, mL),Asubs,equentIy cooling to -40°C. Anisole (1.09
mL, 10.0 mmol) and 2M-aluminum chloride/hitromethane solution (5.00 mL, 10.0 mmol)
were added thereto in turn, followed by stirring at 0°C for 2 hours. To the reaction solution
was added distilied water, acetonitrile, diisopropyl ether, and aquecus 2 N hydrochloric
acid solution, and then stirred. Because precipitation appeared, the supernatant was
separated by deoa‘ntation. The aqueous layer was separated from the supernatant by
operation of separation. The aqueous layer was combined with the~decantation residue,
and then aqueous 2 N hydroohloric-acid solution and acetonitrile were added to make a
homogeneous solution. HP-20SS resin was added to the solution, concentrated,
subjected into column chromatography connecting HP20SS column and subsequent ODS
column, and then purified. The resulting solution of the desired compound was
concentrated in vacuo, and then Iyophilized‘. to yield Compound (II-19} as a white powder
(58 mg, 8%). . : )

"H-NMR (D, 0) UJ(delta): 8.34 (1H, s}, 7.18 (1H, d, J = 8.5 Hz), 6.86 (1H, d, J = 8.5 Hz),
6.58 (1H, s), 6.35 (1H, d, J = 2.2 Hz), 5.79 '(1'_H, d, J = 4.7 Hz), 5.46 (1H, d, J = 4.7 Hz),
512 (1H, d, J = 10.6 Hz), 5.03-4.66‘ (3H, m), 4.48 (1H, d, J = 10.6 Hz), 1.32 (6H, s).
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MS (m+1) = 733
Elementary analysis for CasHzCINaO:0SoNa(NaHC g 5(Hz0)s.
Calcd.: C, 35.75; H, 3.83; CI, 3.58; N, 11.31; S, 6.47; Na, 5.80 (%)
Found.: C, 35.53; H, 3.63; Cl,'5.26; N, 11.80;-S, 6.59; Na, 3.04 (%)
5 [0180]
Example 62
Synthesis of Compound (II-20)
[Formula 136]
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10 Step (1): Compound 20a + Compound 20b — Compound 20c
Compound 20a (1.00 g, 1.16 mmo!l) and Compound 20b(0. 606 g, 1.10 mmol) were

dissolved in dmethylformamlde (3.5 mL), subsequently stirring at room temperature for 3
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hours. Ethyl acetété and aqueous 0.2 N hydrochloric acid solution were then added to the
reaction solution. The organic layer was separated, washed with aqueous 0.2 N
hydrochloric acid. solution, washed With satur_afed brine, and then dried over anhydrous
magnesium sulfate.  Magnesium -sulfate was filirated, and then the solvent was
evaporated under reduced pressure to yield 20c as a formed solid. The obtained
Compound 20c was used for the next reaction without purification.

Step (2): Compound 20c — Compound (II-20)

The whole amount of the crude. Compound '20c obtained by the previous.reaction was
treated similarly as.described above to yield Compound (1l-20) as a white powder (83 mg,
10%). S
"H-NMR (D; Q) T(delta): 7.00 (?IH,l s), 6.93 (1H, d, J = 8.5 Hz), 6.88 (1H, d, J = 8.5 H2),
523 (1H,d,J=2.6Hz), 513 (1H,d, J=286 Hz); 4,94-4.56 (3H, m), 4.33 (1H, d, J = 13.6
Hz), 3.97-3.85 (2H,:m), 3.53-3.33 (8H, m), 1:98-1.91 (6H, m).

MS (m+1) = 751 ~ o

Elementary analysis for CsoHa1CIN;NaQS2(NaHCO3)5(H20) 45
Caled.: C, 40.92; H, 4.56; CI, 3.96; N, 10.95; S, 7.16; Na, 3.85 (%)
Found.: C, 40.76; H, 4.63; CI,_4.09;'N, 10.89; S, 7.34; Na, 2.77 (%)
[0181] o

Example 63 |

Synthesis of Compound (1I-21)
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{Formula 137]
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Step (1): Compound 21a + Compound 21b — Compound 21¢c

Treatment similar to that described. above yielded Compound 20c¢ as a formed solid.
The obtained 20c was used for the next reat_ﬁtion without purification.

Step (2): Compound 21¢ — Compound (I-21)

The whole amount of the crude Compound 21¢ obtained by the previous reaction was
treated similarly to that described above to yieid Compound (ll-21) as a white powder (406
mg, 48%). L -

"H-NMR (D2 O) D(delta): 6.98 (1H, s}, 6.92 (1H, d J = 8.4 Hz), 6.87 (1H, d, J = 8.4 Hz),
5.85 (1H, d, J = 6.0 Hz), 632 (1H, d, J = 5.0 Hz), 3.88-3.80 (2H, m), 4.86-4.55 (3H, m),
3.53-3.27 (8H, m), 1.94-1.88 (6H, m), 1.47 (3H,d, J = 7.1 Hz).
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MS (m+1) = 765

Eiementary analysis for C4;Hz3CIN,NaO,0S,(NaHCO3)q 5(H20)45

Calcd.: C, 41.61; H, 4.71; Cl, 3.90: N, 10.78; S, 7.05; Na, 3.79 (%)

Found.: C, 41.78; H, 4.87; Ci, 4.01; N,10.77; S, 7.07; Na, 2.74 (%)
5 [0182]

Example 64

Synthesis of Compound (il-22) -

[Formula 138]
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10  Step (1): Compound 22a + Compound 22b — Compound 22¢
According a method similar to that described in Bioorg. Med. Chem. 2007, 15, 6716,
the obtained. Compound 22a (892 mg, 1 mmol) and Compound 22b {525 mg, 0.99 mmol)

were dissolved in dimethylacetamide (3 mL)_, and then potassium iodide (450 mg, 3 mmol)
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was added to the reaction solution in a water bath, subsequently stirring at room
temperature for 100 minutes. ~Dimethylformamide (6 mL) was added to the reaction
solution, followed by cooling to 0°C, potassium iodide (1.33 g, 8 mmol) and acety! chloride
(0.43 mL, 6 mmdl) were added thereto | in turn, subsequently stirring at the same
temperature for one hour. The reaction solution was then diluted with ethyl acetate. An
aqueous 10% sodium hydrogen‘sulfite solut_ion.'.Was added thereto, and then the organic
layer was separated. The organic layer was washed with saturated brine, and then dried
over magnesium sulfate. Magnesium sulfate.was filtrated, and then concentrated in vacuo
to yield Compound 22c. Compound 22c was used for the next reaction without
purification. '
Step {2): Compound 22¢ — Compound (11-22) )
The whole amount of the crude Compound 22c described above was dissolved in
methylene chloride {8 mL) and ahisqle (1.1 mL, 10 mmol), and then cooled to -40°C. 2M-
aluminum chloride/nitromethane solution 5 .mL, 10 mmol) was then added thereto,
subsequently stirring for one hour in an ice bath. The reaction solution was solved into a
mixed solutibn bf- aqueous 1 N hydrochloric acid solution and acetonitrile, and then
diisopropyl ether was added thereto. After t'he aqueous layer was separated, HP-2058
resin was added, and then conéentrated in vacuo. The conceﬁtrated solution was
subjected to OD'S‘ column chromatography eiuting with water-acetonitrile.  Fractions
containing the desired compound were concentrated in vacuo, and then Iyophlilized to
yield Compound (11-22) (338.3 mlg, 46%) as a powder.
MS: 738.03 (M+H)
"H-NMR (DMSO-ds) {delta): 9.60 {(1H, d, J = 8.52 Hz), 8.48 (1H, 1, J = 5.8 Hz), 7.28 (2H,
br s), 6.88-6.78 (3H, m), 5.78 (1H, dd, J = '8.2, 5.2 Hz), 5.19 (1H, d, J = 5.2 Hz), 5.08 (1H,
d, J = 13.5 Hz), 4.63 (1H, q, J =7.2 Hz), 3.96 (iH, d, J=13.2 Hz), 3.87 (1H,d, J = 16.5
Hz), 3.60-3.55 (9H, m), 2.17-2.01 (4H, m), 1.45 (3H, d, J = 7.2 Hz).
Elementary analysis for C,5 Hs 2 CIN; 1 0 S, 5.1(H, 0)
Calcd.: C, 41.96; H, 5.12; N, 11.81; S, 7.73 ; Cl, 4.27 (%)
Found.: C, 41.91; H, 492 ; N, 12.07: S, 7.78 : Cl, 4.08 (%)
[0183] '
Example 65
Synthesis of Compound (I1-23)
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Step (1): Compound 23a + Compound 23b — Compound 23c

Compound 23a (4 g, 33.9 mmol) was dissolved in tetrahydrofuran (50 mL). While
stirring, a tetrahydrofuran solution. (30 mL) of diphenyldiazomethane 23b (6.91 g, 35.6
mmol} was added drop-wise thereto. After the reaction solution was stirred at room
temperature for two hours, the solvent was evaporated under reduced pressure. n-
Hexane (100 mL).\}vas then added to the residue. The resulting solid was filtrated, and
then washed with n-hexane to yield Compound 23c (8.25 g, 86%) as a solid. -
"H-NMR (CDCls) G3(delta): 7.36-7.29 (10H, m), 6.96 (1H, 5), 4.16 (1H, d, J = 3.2 Hz), 2.67
(1H, brs), 2.23-2.13 (1H, m), 1.02 (3H, d, J = 7.0Hz), 0.77 (3H, d, J = 7.0 Hz).
Step (2): Compound 23¢ + Compound 23d — Compound 23e

Compound 23c (8.17 g, 28.7 mmol) was dissolved in tetrahydrofuran (80 mi), and
then triphenylphosphine (8.29 g, 31.6 mmbl), Compound 23d (5.16 g, 31.6 mmol), and
diisopropyl azodicarboxylate (6.15 mL, 31-.6 rhmol) were added thereto in turn. After
stirring at room temperature for three hours, 'f[r'iphenylphosphine (1.51 g, 5.74 mmol),
Compound 23d (0.93 g, 5.74 ﬁmqi), and diisopropyl azodicarboxylate (1.1 mL, 5.74
mmol) were added thereto in turn, foliowed by further stirring for 45 minutes. The solvent
was evaporated under reduced pressure, and thén methanol (120 mL) was added. The
resulting solid was filtrated, and then washed with methanol to yield Compound 23e (7.46
g, 60%) as a solid. ' B )
"H-NMR (CDCl,) O(delta): 7.79-7.72 (4H, m), 7.38-7.20 (10H, m), 6..98 {1H, s}, 4.65 (1H,
d,J =714 H2), 21_45-2.34 (1H, m), 1.18 (3H,d, J = 6.73 Hz), 1.00 (3H, d, J = 6.73 Hz).
Step (3): Compound 23e — Compo'u'nd 23f — Compound 23h

Compound 23e (3.01 g, ? mmol) was d}ssolved in methylene chloride (30 mL), and
then methylhydfa_z_ine (0.39 mL, 7.35 mmol) was added thereto under ice-cooling,
subsequently stirring at the same temperature for one hour. The resulting solid was then
removed by filtration. Methanol (1 5 mL) Was added to the filtrate, and then Compound
23g (2.00 g, 7.35' mmol) was added thereto u'ndér ice-cooling, subsequently stirring at the
same temperaturé for three hours. The solvent was then evaporated under reduced
pressure. Ethyl acetate and water were added-thereto, and then the organic layer was
separated. The organic layer was washed with saturated brine, and then dried over
anhydrous magne-sium sulfate. Magnesium sulfate was filtrated, and then the solvent was
evaporated under reduced pressure. After evaporation, ethy! acetate was added to the

resulting solid to yield Compound 23h (1.66 g; 44%) as a solid.
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"H-NMR (CDCl,) C(delta): 7.38-7.26 (10H, m), 6.94 (1H, s), 4.96 (1H, d, Jd = 3.7 Hz},
2.41-2.30 (1H, m), 1.07 (3H,d, J=7.0 Hz), 0.85 (3H,d, J=7.0Hz). °

MS: 552.22 (M-H). - '

Step (4): Compound 23i — Compound 23]

Compound 23i (45.1 g, 100' mmol) was suspended in methylene chloride (750 mL),
and then 2,6-lutidine (24.5 mL, 210 mmol} and trityl chloride (30.7 g, 110 mmol) were
added under ice-édoling in turn, subsequeflmly stirring at room temperature for 3 hours.
2,6-Lutidine (5.8 mL, 50 mmol) was added to thé reaction solution, followed by stirring 165
minutes, and then trityl chloride (_8.3? g, 30m_mo]) was added thereto, subsequently stirring
for 30 minutes. 2;6-Lutidine (5.8 mL, 50 mmol) was further added to the reaction solution,
and then left standing at room temperature overnight. An aqueous 1 N hydrochloric acid
solution was added to the reaction solution, and the_an the organic layer was separated.
The organic layer was washed with water,'Washed with saturated brine, and then dried
over anhydrous magnesium sulfate. Magnesium sulfate was removed by fiitration, and
then evaporation yielded Compound 23] (84.7 ).

"H-NMR (CDCIaj_ O{delta): ?.51‘-7.2_4 (25H, m), 6.98 (1H, s), 4.80 (1H, dd, J = 9.8, 4.8
Hz), 4.28-4.43 (3H, m), 3.48 (1H, d, J = 18.1_Hz), 3.35 (1H, d, J = 18.1 Hz), 3.00 (1H, d, J
= 9.9 Hz). '

Step (5): Cofnpoﬁnd 23] — Compound 23k -

The crude Compound 23j (84.7 g) obtaind as described above was dissolved in
methylene chloride, and then a éolution of m-chloroperbenzoic aéid (75%, 23 g, 100
mmol) in methylene chioride (200 mL) was added thereto under ice-cooling, subsequently
stirring at the sahe temperature for 30 minutés. m-Chloroperbenzoic acid (75%; 6.90 g,
30 mmol) was further added, féliowed by s;tirrin'g for 3¢ minutes under ice-cooling. An
aqueous sodium hydrogen carbonate solution was ‘added to the reaction solution, and
then the organic layer was separated. The organic layer was washed with aqueous 5%
sodium sulfite solution, washed with wate'r, washed with saturated brine, and then dried
over anhydrous magnesium sulfate. Magne‘sitim sulfate was removed by filtration, and
then the solvent was evaporated uhder reduced pressure. The resulting redsidue was
dissolved in a small amount of methylene chloride, and then diisopropyl ether was added.
After the resulting solid was filtrated, the filtrated residue was washed with diisopropyl
ether, and then dried in vacuo to yield Compound 23k (59.8 g, 89%) as a solid.

"H-NMR (CDCl;) T(delta): 7.57-7.28 (25H, m), 6.92 (1H, s), 4.89-4.84 (2H, m), 4.04 (1H,
d, J = 12.2 Mz), 3,46-3.56 (3H, m), 3.05 (1H, d, J.= 185 Hz).
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Step (6): Compo'urjq 23k + Compound 23| — Compound 23m

Compound 23k (13.5 g, 20 mmol) and Compound 23! (10.5 g, 20 mmol) was dissolved
in dimethylacetamide (60 mL), and then was degassed in a water bath. While the reaction
solution was stirred, potassium iodide (8.99 ¢, 60 mmi) was added thereto, followed by
stirring at room temperature for 90. minutes, Dimethylformamide (100 mL) was added to
the reaction solution under ice-cooling, followed by degassing, and then potassium iodide
{(26.6 g, 160 mmol} and acetyl chloride (8.56' mL, 120 mL) were added thereto in turn,v
subsequently stirri'n'g at the same temperafure for one hour. The reaction solution was
then poured into a solution of sodium hydrogen.sulfite (68 g) dissolved in brine (1200 mL).
The resulting solid.was filtrated,_and then washéd with water. The filtrated residue was
dissolved in methylene chloride, washed with Qvater, and then washed with saturated brine.
The organic layer was then dried over anhydrous magnesium sulfate. Magnesium sulfate
was removed by filtration, and then the solvent was eyaporated under reduced pressure to
yield Compound 23m {27.3 g).
Step (7): Compound 23m — Compound 23n 5

The crude Compound 23m (27.3 g) obtain‘ed as described above was dissolved in
acetone (130 ij, and then aquéoug 6N hydrochloric acid solution (4.93 mL, 29.6 mmol)
was added thereto at room temperéture for ;3..5 hours. Methylene chloride (500 mL) was
added to the reaction solution to dilute, and then dried over anhydrous magnesium sulfate.
Magnesium Suiféte.was removed by filtration, and then the solvent was evaporated under
reduced pressure to yield 23n (26.6 g).
MS: 903.35 (M+H). | |
Step (8): Compotnd 23n + Compound 23h — Compound 230

Compound 23n (1.18 g, 1.1 'mmol), Compound 23h (554 mg, 1 mmol), and
hydrochloric acid salt (253. mg, 132 mmol) of N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide were dissolved in methylene chloride (15 mL), and then cooled to 0°C.
Pyridine {0.12 mL, 1.43 mmol) was added to the reaction solution, followed by stirring for
one hour under ice-cooling. Aqueous 2 N 'hydrcpch!oric acid solution {1 mL), ethyl acetate,
and water were added to the reaction solution, and then the organic layer was separated.
The organic layer was washed with saturated brine, and then dried over anhydrous
magnesium sulfate. Magnesium sulfate was removed by filtration, and then the solvent
was evaporated under reduced pressure to yield Compound 230 (1.52 g).
MS: 1438.58 (M+H) o
Step (9): Compound 230 — Compound (I1-23)
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The crude Compound 230 ‘(1.52 g) obtained as described above was dissolved in
methylene chlori'de.(a mL}) and aniscle (1.1 mL, 10 mmol), and then cooled to -40°C. 2M
aluminum chloride/nitromethane solution (5 mL, 10 mmol) was added thereto, followed by
stirring at a temperature between -10°C and -5°C for one hour. The reaction solution was
dissolved into aqueous 1 N hydrochioric acid solution and acetonitrile, and then the
aqueous layer was separated. After the aqueous layer was washed with diisopropyl ether,
HP-20SS resin was added thereto, and then concentrated in vacuo. The concentrated
solution Was-subjected to ODS column chromatography, eluting with aqueous hydrochloric
acid solution-acetonitrile. Fractions containing the desired compound was concentrated in
vacuo, and then lyophilized to yield Compound (11-23) (195.9 mg, 26%) as a powder.

MS: 766.07 (M+H).- o L

"H-NMR (DMSO-dg) Li{delta): 9.67 (1H, d, J = 8.0 Hz), 8.53 (1H, t, J = 5.2 Hz), 6.82 (1H,
s), 6.78-6.75 (2H, m}, 5.93 (1H,dd, J = 8.0, 5.2 Hz), 5.31 (1H, d, J = 5.0 Hz), 4.66 (1H, d,
J=13.9Hz), 4.36 (1H, d, J = 5.1 Hz), 4.29 (2H, d, J = 14.6 Hz), 3.99 (3H, d, J = 17.1 H2),
3.62-3.40 (9H, m), 2.15-1.89 (5H, m), 0.96 (6H, dd, J = 5.1, 6.7 Hz).

Elementary analysis for C3 ; Hz s CIN; Q44 S» -'4.2(H2 0)-1.9(HCI)

Caled.: C, 40.86; H, 5.12; N, 10.76; S, 7.04 ; C1,'11.28 (%)

Found.: C, 40.86 ; H, 5.03 ; N, 10.72.; S, 6.99 ; Cl, 11.20 (%)

[0184] | |

Example 66

Synthesis of -Compound (11-24)
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Step (1): Compound 24a — Compound 24b — Compound 244

Compound 24a {2.99 g, 7 mmol), synthesized similarly by a method described in
Bioorg. Med. Chem. 2007, 15, 6716, was dissolved in methylene chloride (30 mL).
Methylhydrazine: (0.37 mL, 7 mmol) was then.added thereto under ice-cooling,
subseguently stirri'rig at the same temperafure for one hour. The solid which appeared
during the reaction was then removed by filtration. Methanol (15 mL) was added to the
filtrate, and then Compound 24¢ (1:91 g, 7_mrﬁdl) was added thereto under ice-cooling,
followed by stirring at the same temperattjre for one hour. After stirring at room
temperature for another three hours, ethyl acetate and aqueous 0.1 N hydrochloric acid

solution were added thereto. The organic layer was separated, washed with water,
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washed with saturated brine, and then dried-err anhydrous magnesium sulfate. After

magnesium sulfate was removed by filtration, the solvent was concentrated in vacuo, and

then diisopropyl ether was added to the residue. The resuiting solid was filtrated, and

then washed with diisopropyl ether to yield Compound 24d (2.29 g, 59%) as a solid.

MS: 552.05 (M-H). o

"H-NMR (CDCl;) D{delta): 7.37-7.23 (10H, m), 6.92 (1H, s}, 2.64-2.51 (4H, m), 2.06-2.03

(2H, m), 1.55 (9H, s). o

Step (2): Compound 24e + Compound 24f — Compound 24g — Compound (11-24)
Compound 24e {1.18 g, 1.1 ramol) and Compound 24f (546 mg, 0.99 mmol) were used,

and Compound 24g and Compound (lI-24) were obtained according to a procedure similar

to that described above. ..

Compound 24g (1.67 g). MS: 1437.59 (M«H).

Compound (II-24) (251.7 mg, 33%) -

MS: 764.04 (M+H) K ‘

"H-NMR (DMSO-ds) O{delta): 9.75 (1H, d, J.= 8.2 Hz), 8.55 (1H, br s), 6.86-6.78 (2H, m),

5.97 (1H, dd, J = 8.2, 5.2 Hz), 5.35 (1H, d, J = 5.2 Hz), 4.68 (1H, d, J = 14.6 Hz), 4.31 (1H,

d, J =13.7 Hz}, 4.02 (1H, d, J = 17.1 Hz), 3.66-3.10 ('9H, m), 2.78-2.67 (2H, m), 2.46-1.84

(10H, m). _ .

Elementary analysijs for Gz 1 H3 4 CIN; Oy 4 S, -3.9(H, 0)-1.7{HCJ)

Caled.: C, 4153 ; H, 4.89; N, 10.94; S, 7.15 ; CI, 10.68 (%)

Found.: C, 41.33; H, 4.85; N, 11.66; S, 6.89 ; CI, 10.75 (%)

[0185] '

Example 67 '

Synthesis of Compound (I!-25)
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[Formula 141]
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Step (1): Compound 25a + Compound 25b — Compound 25¢ -

Compound 25a (1.91 g, 2.83 rﬁmol) and Cobmpound 25b (1.56 g, 2.83 mmol) were
dissolved in dimethylacetamide (9 mL), and then degassed in a water bath. While the
reaction solution was stirred, potassium iodide (1.27 g, 8.49 mmol) was added thereto,
followed by stirring at room temperature for 40 minutes. Dimethyiformamide (15 mL) was
added to the reaction solution under Icé-cooiing, followed by degassing, and then
potassium iodide (3.76 g, 22.6 mmol) and adetyl chloride (1.21 mL, 17.0. mmol) were
added thereto in.tu_rn, subsequently stirring at 'th'e same temperature for one hour. The

reaction solution was then poured into a solution of sodium hydrogen sulfite (8.5 g)
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dissolved in brine (150 mL). The resulting solid was filtrated, and then washed with water,
The obtained solid was dissolved in methylene‘chloride, washed with wa;fer, and then
saturated brine. "The organic layer was then dried over énhydrous magnesium sulfate.
Magnesium sulfate was removed by filtration, and then the so!veni was evaporated under
reduced pressure to yield Corhpbund 25¢ (3.56 g).

MS: 1171.44 (IVI-i-H). _

Step (2): Compound 25¢ — Compound 25d

The crude Compound 25¢ (3.56 g} obtaingac_i as described above was dissolved in
acetone (20 mL),- and then aqueous 6 N hydrochloric acid solution (0.68 mL, 4.06 mmol)
was added thereto, subsequently ‘stirring at room temperature for 5 hours, Methylene
chloride and methanol were added to the reaction solution to dilute, and then dried over
anhydrous magnesium sulfate. Magnesium sulfate was removed by filtration, and then
the solvent was evaporated under reduced bressure to yield 25d (3.83 g).

MS: 929.56 (M+H). : : -
Step (3): Compound 25d + Compound 25e — Compound 25t

Compound 25d (1.20 g, 1.1 mmol) and Cqmpound 25e (554 mg, 1 mmol) were used,
and Compound 25f (1.34 g) waé obtained according to a procedure similar to that
described above,

MS: 1464.89 (M+H)
Step (4): Gompound 25f — Compound {II-25) X .

The whole amount of 25f obtained as described above was dissolved in methylene
chloride (2 mL) a;nd anisole (0.83 mL, 7.63 hrﬁol), and then ice-cooled. Trifluoroacetic
acid (8.5 mL, 110 mmol) was th.en'added thgfeto, subsequently stirring under ice-cooling
for one hour. Trifluoroacetic acid (2 mL) was further added thereto, followed by stirring at
room tempefatufe for 30 minutes. After the solvent was evaporated under reduced
pressure, diisopropyl ether was added the_reto,- and then the resulting solid was filtrated.
The obtained solid was then dissolved in acetonitrile and agueous 1N hydrochloric acid
solution. HP-208S resin was added thereto, and then concentrated in vacuo. The
concentrated solu-tion was then subjected to 'ODS column chromatography, eluting with
water-acetonitrile.  An aqueéué 0.2 N sodium’ hydroxide solution was then added to
fractions contaihing the desired compound to obtain a sodium salt. The solvent was
concentrated in vacuo, and then lyophilized to yield Compound {1I-25) (201.2 mg, 29%) as
a powder. ' ' )

MS: 792.21 (M+H)
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"H-NMR (D, 0) G{delta): 6.97 (1H, ), 6.90-6.83 (2H, m), 5.85 (1H, d, J = 4.8 Hz), 5.34
(1H, d, J = 4.8 Hz), 458 (1H, d, J = 14.5 Hz), 4.34 (1H, d, J = 5.2 Hz), 3.89-3.83 (2H, m),
3.50-3.33 (9H, m), 2.15-2.13 (1H, m), 1.98-1.84 (6H, m), 0.99 (6H, 1, J = 6.9 Hz).
Elementary analysis for Cs 3 Ha 7 CIN; Oy o S, Na-4.8(H; 0):0.1(NaHCO5)

Calcd.: C, 43.73 ; .H, 518 ; N, 10.78 , S,7.05;Cl 390, Na, 2.78 (%)

Found.: C, 43.87 ; H,5.17 ; N, 10.72 ; S, 6.63 ; Cl, 3.94 ; Na, 2.88 (%)

[0186]

Example 68

Synthesis of Compound (11-26)
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[Formula 142}
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Step (1): Compound 26a — Compound 26b

To Compound 26a (1 g, 6.44 mmol), éynthesized similarly by a method described in
Helv. Chim. Acta. 1954, 37, 1672, was added thionyl chloride (7 ml), subsequently
heating at reflux for two hours. After thionyl chloride was evaporated under reduced
pressure, xylene was added thereto, and then concentrated in vacuo again. The
concentrated solution was cooled to 0°C, and then an aqueous solution (25 mL) of sodium

azide (1.67 g, 25.'./'mmol) was added thereto-with stirring, followed by stirring at the same
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temperature for 10 minutes. Po@aséiﬁm carbonate was then added to the reaction solution
untit effervescence ceased. Aﬂer extraction- with toluene, the organic layer was washed
with anhydrous rhagnesium sulfate, and then magnesium sulfate was removed by filtration.
The resulting solution was then heated at reflux for 45 minutes. After extraction with
aqueous 6 N hydrochloric acid solﬁtion, tﬁe separated aqueous Iayér was further heated
at reflux for 150 minutes. The reaction solution Was cooled to room temperature, and then
concentrated in vacuo. After isopropanol was added to the residue, the resulting solid
was filtrated, washed with isOpfopanol, and then dried in.vacuo to yield Compound 26b
(655.9 mg, 51%). .
"H-NMR (D, O} D(delta): 3.57 (6H,t,J=7.6 Hz), 2.26 (6H,t, J = 7.6 Hz).
MS: 127.11 (M+H). | o
Step (2): Compound 26¢ — Compound 26d + Compound 26b — Compound 26e
Compound 26c (858 mg, 2 mmol) was dissolved in dimethylacetamide (9 mL), and
then cooled to -15°C. Triethylamine (0.33 mL, 2.4 mmoal) was added to the solution, and
then methanesulfonyl chioride (0.20 mL, 2.6 mmol) was added thereto, followed by stirring
for 30 minutes at temperature between -1 0°C and -5°C. The reaction solution was cooled
to -15°C, and then triethylamine (0.92 mk., 7.2. mmol) and Compound 26b (478 mg, 2.4
mmol) were added.thereto in turn, subsequently Stirring for 90 minutes under ice-cooling.
An aqueous 0.2 N sodium hydroxide solutioﬁ was added to the reaction solution, followed
by extraction with ethyl acetate. fhe organic layer was washed with water, washed with
saturated brine, and then dried over anhydrous'magnesium sulfate. Magnesium sulfate
was removed by filtration, and then the solvent —was concentrated in vacuo. The
concentrated solution was subjected to silica gel column chromatography, eluting with
chioroform/methangl. Fractions containing the desired compound were concentrated in
vacuo to yield Cohpound 26e (459.5 mqg, 43%). |
MS: 537.19 (M+H). o | '
'H-NMR (CDCly) D(delta): 7.37-7.34 (4H, m‘), 6.91 (2H, dd, J = 8.5, 2.1 Hz), 6.83 (2H, d,
J = 8.5 Hz), 5.85 (1H, br s}, 5.08 (2H, s), 4.94 (2H, s), 3.83 (3H, s), 3.81 (3H, s), 3.01 {6H,
t,J=7.6Hz}, 1.98 (6H,t, J = 7.6 Hz).
Step (3): Compound 26f + Compou.n.d 26e -—>.Compound 26g
Compound 26f '(450 mg, 0.84 mmol) was'diésoived in dimethylformamide (3 mL), and
then degassed. Compound 26e (783 mg, 0.84 mmol) was then added thereto, followed
by stirring at room temperature for 40 minutes. After the reaction solution was diluted with

ethyl acetate, aqueous 10% sodium hydrogen sulfite solution was added, and then the
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organic layer was 4s.eparated. The organic layer Was washed with water, and then washed
with saturated brine. The o_rganiéllaye,r was dried over magnesium sulfate, and then
magnesium sulfate was filtrated. The solvent was evaporated under reduced pressure to
yield Compound 26g (1.04 g). ‘
MS: 1343.92 (M+H).

Step (4): Compound 26g — Compdund 265 )

The whole amount (1.04 g) of the crude Corﬁpound 269 obtained as described above
was dissolved inldimethylformamid'e (6 mL}), and then cooled to -40°C. Phosphorus
tribromide (0.10 mL, 1.06 mmloi)‘ was added to the reaction solution, followed by stirring at
the same temperature for 40 minutes. Ethyl acetate was added to the reaction solution to
dilute, and then thé organic fayer was separated. The organic layer was washed with
water, and then washed with satlrated brine._ After the organic layer was dried over
anhydrous magnesium sulfate, magnesium sulfate was filtrated, and then the solvent was
evaporated under reduced pressure to yield Compound 26h (931 mg).

MS: 1327.87 (M+H)
Step (4): Compound 26h — Compound (11-286)

The whole amount {931 mg) of the crudé Compound 26h obtained as described above
was used, and treated according to a proceduré similar to that described above, and thus
Compound (lI-26) (292.7 mg, 59%) was obta_fned asa powder.

MS: 764.28 (M+H). ; "

"H-NMR (D, Q) T(delta): 6.99 (1.0H, s), 6.89 (2H, dd, J = 8.1, 14.5 Hz), 5.89 (1M, d, J =
5.0 Hz), 5.37 (1H, d, J = 5.0 Hz), 4.63 (1H, d, J = 13.1 Hz), 3.92 (2H, dd, J = '15.0, 10.4
Hz), 3.49-3.79 (6H, m), 3.43 (1H, d, J = 17.5 Hz), 2.34-2,56 (6H, m), 1.52 (6H, d, J = 4.6
Hz). | | S .

Elementary analysis for C; 1 Hz 3 CIN7 Oy 0 Sz Na-B.6(H, 0)-0.2(NaHCO;)

Calcd.; G, 40.65 ;._H, 507 : N, 10.64 S, 6.96 '; ci, 3.85; Na, 2.99 (%)

Found.: C, 40.54 ; H, 4.85; N, 10.81; S, 7.26 ; Cl, .79 ; Na, 3.05 (%)

[0187] '

Example 69 |

Synthesis of Compound (11-27)
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[Formula 143]
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Step (1): Compound 27a + Compound 27b — Compound 27¢ 7

Compound 2?a (214 g, 5 m-mo!) was suspended in tolueneﬁ (25 mL}), and then
triethylamine (0. 83 ml, 6 mmol) and dlphenylphosphoryl azide (1.29 mL, 6 mmol) were
added thereto in turn, followed by heatlng at reflux for one hour. Compound 27b (0.86 g,
7.5 mmol) was then added, subsequently heatlng at reflux for another two hours. The
reaction solution was cooled to room temperature, and then the solvent was evaporated
under reduced pressure. Water was added to the residue, followed by extraction with
ethyl acetate and tetrahydrofuran, and then the organic layer was concentrated in vacuo.
Isopropanol was added to the resulting residue, and then the resulting solid was filtrated to
yield 27c (1.84 g, 68%).
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'H-NMR (DMSO-ds) D (delta): 8.65 (1H, br s), 7.91 (1K, br s), 7.67 (1H, dd, J = 14.9, 9.6
Hz), 7.39 (2H, d, J = 7.3 Hz), 7.29 (2H, d, J = 7.6 Hz), 7.09 (1H, dd, J = 18.4, 8.9 Hz), 6.95
(2H, d,J=7.6 Hi_), 6.86 (2H, d, J = 7.8 Hz), 5.06 (2H, s), 4.89 (2H, s), 3.76 (3H, s), 3.74
(3H, s}, 3.29-3.10 (2H, m), 2.48—_2.4'2‘ (6H, m), 1.70-1.67 (4H, m).

MS: 540.36 (M+H). o

Step (2): Compound 27d + Compound 27¢ — Compound 27e

Compound 27d (1011 mg, 1.2 mmol) was dissolved in dimethylacetamide (5 mL), and
then degassed in a water bath. F"otassiu.m iodide (540 mg, 3.6 mr:nol) was then added
thereto, followed by} stirring at room temperatUre"for 20 minutes. Compound 27c (648 mg,
1.2 mmol) was added to the réaction solution, subsequently stirring at room temberature
for one hour. Ethyi acetate and water were added to the reaction solution, and insolubles
were removed by filtration. The organic layer separated from the filirate was washed with
agueous 10% sodiﬁm hydrogen sulfite solution, washed with water, washed with saturated
brine, and then dried over anhydrous ﬁnagnesium sulfate. Magnesium sulfate was
removed by filtration, and then the solvent was concentrated in vacuo. The concentrated
residue was dissolved in dimethylformamide (12 mL), and then cooled to -40°C.
Phosphorus tribromide (0.17 mL, 1.84 mmol) was added thereto, followed by stirring at the
same temperature for 90 minutes. Ethyl acetate was added to the reaction solution to
dilute, and then water was added thereto..‘ The organic layer was separated, and then
dried over anhydrous magnesium sulfate. - Magnesium sulfate was filtrated, -and then the
solvent was evaporated under repiucéd pressuré'_tb yield Compound 27¢ (1.05 g).

MS: 1330.11 (M+H) . | ‘
Step (3): Compound 27e — Compound {11-27) _

The whole amount (1.05 g) of the crude Compound 27e obtained as described above
was used, and treated according to a procedure simiiar to that described above, and thus
Compound (11-27) (90.7 mg, 16%) was obtained as a powder.

MS: 767.37 (M+H). .

"H-NMR (D, O) Ei_(delta): 6.99 (1H, 5), 6.88 ('EIH,‘S), 5.87 (1H, d, J = 4.8 Hz), 5.35 (1H, d, J
=49 Hz), 478 (1H, d, J = 14.QH2; 4.08 (1H, d, J = 14.0 Hz), 3.91 (1H, d, J = 16.9 Hz),
3.76-3.33 (9H, m), 2.25-2.15 (4H, m), 1.50 (6H, d, J = 4.1 Hz).

Elementary énalysis for CagHs 4 CINg Oy o SyNa-5.7(H, O)

Calcd.: C, 40.40 ; H, 5.13 N, 12.56; §, 7.19; Cl, 3.98 ; Na, 2.58 (%)

Found.: C, 40.37 ; H, 5.00; N, 12.48; S, 7.48 ; Cl, 3.83 ; Na, 2.36 (%)

[0188] ' | B
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Synthesis of Compound (li-28)

< Pt

[Formula 144]

I-28
0
Na : .
HO-N O
OH O O OH - oM
3 ' © o4
28b . 0
CO,H CO,BH - CO,BH 28e
28a 28c o
. R . ,
Bo N Co,H CO,BH
NH, BOCHN—" | 2 2
0] 3 e
- 28g ' p
CO,BH o BOCHN*-%J/kCCbH
28f 28h B
[*HgN .
< \lr—-" 0. Cl :
/ HK@OPMB | -
'COZ’BH OPMB :

28i

( : ‘COEBH

BocHN-</ h
j/: / N J\©:OPMB .28
CO.BH OPMB

28
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Step (1): Cor_npo_und 28a + Compound 28b — Co‘mpound 28¢c

Compound 28a-(4.29 g, 28.2 mmol}, synthesized -similar[y by a method described in J.
Org. Chem. 1993, 58, 6372, was disolved in tetrahydrofuran _.(40 mL), and then
diphenyldiazomethgne 28b (8.21 g, 42.3 mmol} was added, followed by heating at reflux
for 20 hours. Thé_ solvent was evaporated under reduced pressure, and then subjected to
silica gel column chromatography, éiuting with ethyl acetate-hexane. Fractions containing
the desired compound were concentrated in l-/aCUO to yield Compound 28c (7.95 g, 89%).
"H-NMR (CDClg') O(delta): 8.11 (1H, s), 8.07 {1H, d,J = 7.7 Hz), 7.59 (1H, d, J = 7.7 H2),
7.48-7.26 (9H, m), 7.12 (1H, s}, 4.76 (2H, d, J = 5.7 Hz), 1.78 (1H, t, J = 5.7 HZ).
Step (2): Compound 28¢ + Compodnd 28dl—> Compound 28e ) |

To Compound 28¢ (7.95 g, 25.0 mmol) was édded tetrahydrofuran (140 mL), and then
N-hydroxyphthalirhide 28d (4.89 g, 30 mmol) and triphenylphosphine (7.86 g, 30 mmol)
were added thereto in turn, éubsequently cooling to 0°C. Diisopropyl azodicarboxylate
{7.28 mL, 37.5 mmol) was then added to the reaction solution, followed by stirring at room
temperature for twd hours. The solvent was evaporated under reduced pressure. After
methanol was added to the resulting residue under ice-cooling, thé resulting solid was
filtrated, and then dried in vacuo to yield Compound 28e (7.84 g, 68%).
"H-NMR (CDCl;) D(delta): 8.24 (1H, s), 8.15 (1H, d, J = 7.9 Hz), 7.85-7.78 (3H, m), 7.75-
7.68 (2H, m), 7.51 (1H, t, J = 7.7 Hz), 7.43 (4H, dd, J = 7.9, 1.4 Hz), 7.38-7.26 (6H, m),
7.10 (1H, s), 5.27 (2H, s). .
Step (3): Compound 28e — Compound 28f - Compound 28h

To Compound 28e (5.56 g, 12 mmol) was added methylene chloride (25 mL), and then
methylhydrazine (0.64 mL, 12 mmdl) was a_dd'ed thereto under ice-cooling, followed by
stirring at the same temperature for one houf. iThe solvent was evaporated under reduced
pressure, and then methano! (45 ImL} was.added. Under ice-cooling, Compound 28g
(3.27 g, 12 mmol) was then added, subsequently stirring for three hours. The solvent was
evaporated under - reduced pressure, and then éthyl acetate, tetrahydrofuran, and
saturated brine were added thereto. The organic layer was separated, and then the
solvent was evaporated under reduced pressure. to yield Compound 28h (7.49 g, 97%).
'H-NMR (CDCl, )'_E](delta): 8.11 '(1HI, s), 8.04.(1H, d, J =8.1 Hz), 7.56 (1H, d, J = 7.6 Hz),
7.46-7.24 (12H, m), 7.12 (1H, s), 5.26 (2H, s).
Step (4): Compound 28i + Compound 28h — Compound 28]
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Compound 28i {1.60g, 1.5 mmdl) and Co_rﬁpound 28h (793 mg, 1.35 mmol) were used,
and Compound 28] (1.68 g) was obtained aécording to a procedure similar to that
described ablove. o —

MS: 1472.84 (M+H). ‘ ,
Step (5): Compound 28j — Compound (1-28)

The whole ar'r_aclaunt of the crude Compo'und 28] obtained as described above was
dissolved in methylene chloride (3 r'n‘L) and anisole (1.07 mL, 9.78 mmol), and then cooled
to 0°C. Trifluoroacetic acid (12 mL, 110 mrﬁol) was then added to the reaction solution,
followed by 'stirr'ing for 30 minutes under ice-cooling. Trifluorcacetic acid (4 mlL) was
further added to the reaction solution, subsequently stirring at room temperature for 90
minutes. After the solvent was evéporated under.reduced pressure, aiisopropyl ether was
added, and then ‘the resuiting sofid was filtrated. The solid was dissolved in acetonitrile
and aqueous 1 N hydrochioric acid solution, ‘and then HP-20SS resin was added. The
solvent was concentrated in'va'cuo, subjecfed to ODS column chromatography, eluting
with water-acetonitrile.  An aqueous 0.2 N sodium hydroxide solution was used for
fractions containiﬁgi the desired compound to obtain a sodium salt. The fractions were
concentrated in vacuo, and then lyophilized to yield Compound (i1-28) (204.6 mg, 23%) as
a powder. '

MS: 800.24 (M+H) _ .

"H-NMR (D, O) O(delta): 7.80 (1H, s), 7.79 (1M, d, J = 7.63 Hz), 7.55 (1H, d, J = 7.17 Hz),
7.41 (1H, 1, J = 7.93 Hz), 6.97-6.92 (2H, m), 6.82 {(1H, d, J = 8.08 Hz), 5.75 (1H, d, J =
4.88 Hz), 5.26 (2H,'s), 5.21, 4.73 (1H, d, J = 4.88 Hz) (1H, d, J = 4.88 Hz), 4.10 (1H, d, J =
14.64 Hz), 3.93-3.47 (3H, m), 3.27 {1H, d, J = 16.62 Hz), 2.12-2.26 {4H, m). -

Elementary analysis for Cs 4 Hy 3 CIN; 04 Sz Na-5.2(H; 0)-0.1{NaHCO;)

Caled.: C, 4.31; H, 474 N, 10.61; S, 6.94 ; Cl, 3.84 ; Na, 2.74 (%)

Found.: C, 44.16 ; H, 462; N, 10.77; §,7.12; Cl, 4.07 ; Na, 2.86 (%)

(0189}

Example 71

Synthesis of Compound {11-29)
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Step (1): Compound 29a — Compound 26h -

Compound 29a, synthesized. similarly by a method described in J. Am. Chem. Soc.
2001, 123, 1856, was used, and Compound_ éQh was obtained according to a procedure
similar to that described above. |
Compound 290 (7:75 g, 107%)

"H-NMR (CDCl,) T(delta): 8.18 (1H, dd, J = 8.5, 1.1 Hz}, 7.55 (1H, td, J = 7.5, 1.2 Hz),
7.47-7.25 (12H, m), 7.11 (1H, 8), 476 (2H,d, J = 7.4 Hz), 3.72 (1H, t, J = 7.4 Hz).
Compound 29e (10.2 g, 90%) -

"H-NMR (CDCl;) D(delta): 8.16 (1 H d, J=76Hz),7.86-7.70 (5H, m), 7.59 (1H,t,J=7.5
Hz), 7.46-7.24 (11H, m), 7.05 (1H, s), 5.66 (2H, s).

Compound 29h (4.03 g, 69%)

'H-NMR (CDCl;) O(delta): 8.08 (1H, d, J = 7.5 Hz), 7.58 (1H, d, J = 7.6 Hz), 7.52-7.24
(13H, m), 7.06 (1H. 5), 5.66 (2H,s). "

MS: 588.20 (M+H).

Step (2): Compound 29i + Compound 29h — Compound 29) — Compound (11-29)

Compound 29i (793 mg, 1.35 mmol)'and Compound 29h {793 mg, 1.35 mmoi) were
used, and Compound (lI-29) was obtained according to a procedure similar to that
described above. R
Compound 29j (1.78 g)

MS: 1473.89 (M+H).

Compound (l1-29) (157.3 mg, 17%) . -

MS: 800.23 (M+H) _

"H-NMR (D..0) C(delta): 7.52-7.44 (2H, m), 7.40-7.30 (2H, m), 6.95 (1H, s), 6.90 (1H, d, J
= 8.24 Hz), 6.82 (1H, d, J = 8.24 Hz), 5.80 (i H, d, J=4.73 Hz), 5.44 (2H, s}, 5.28 (1H, d, J
= 5.08 Hz), 4.83 (1H, d, J = 14.18 Hz), 4.10 (ﬁH, d, J = 14.18 Hz),. 3.92-3.36 (10H, m},
2.21-2.18 (4H, m). . o o

Elementary analysis for Cs « Hs 5 CIN; O; ¢ S, Na-4.6(H; 0)-0.2(NaHCO; )

Caled.: C, 44.56 ; H, 4645 N,10.64; S, 6.96. Cl, 3.85 ; Na, 2.99 (%)

Found.: C, 44.51;H,460,N,10.71; 5, 6.85;Cl, 3.74 ; Na, 2.98 (%)

[(0190] | '

Example 73

Synthesis of Compound (I1-31)
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[Formula 146]
cl =
o o
H,N—C [ LR ' '
N NJ;rO o
N NN OH
0 o ) \/\H
> Coo oH
COOH . ‘
1-31
. | e I
: H. S O
HCI- H,N 0 Boc-N— |
G No~_Cl- - + - N .
COOBH M%,,O
Meé COOBH
H s-Clo | o 0
BOC_N_QNIKLH o ' G\l\/\N OBn
' | o H :
N N____Cl '
. 0O T/\L’ 31d OBn
>mh COOBH . :
COOBH
3tc ~
cl

Mo o Nw/j\g}s/\nk@[o'sn 11-31
| H
>....< CooBH o.Bn

Step (1): Compound 31a + Compound 31b — Compound 31c
Compound 31a (2.18 g, 5 mmol) and Compound 31b (2.94 g, 5 mmol) was suspended
5 in methylene chloride (20 mL). Pyr'idine (0.48 mL) and hydrochloric acid salt '(1.05 g) of N-

(S-dimethylaminoprbpy!)-N'-ethyrcarbodiimide‘wére then added thereto under ice-cooling,
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followed by stirring for 30 minutes. The reaction solution was diluted with ethyl acetate

and water, and then the organic layer was -éepérated. The organic layer was washed with

water, dried over anhydrous magnesium sulfate, and then concentrated in vacuo. The

residue was purified by silica gel .column chrbmatography to yield Compound 31c (3.82 g).

"H-NMR (CDCly) O(delta): 0.93.(3H, d, J= 39 Hz), 0.95 (3H, d, J = 4.8 Hz), 1.47 (8H, s),

2.15-2.20 (1H, m), 4.40-4.66 (5H, m), 5.33 (1H, d J=3.0Hz), 582 (1H,dd, J =3.0,7.0

Hz), 6.89 (1H, ), 694 (11H, 5}, 7.12-7.63 (21H, m), 9.39 (1H. d, J = 6 Hz).

Step (2): Compound 31c¢ + Compound 31d 5 Compound 31e — Compound {N-31)
Compound 31c was dissolved in-DMF (5-fold voiume), and then ;;otassium iodide (1.5

equivalents) and'_éompound 31d (equivaiéht mole}) were added thereto, followed by

stirring at room temperature for 2 'Hours. The solution was slowly added to stirred 5%

brine (50-fold volume), and thén the precipitaited deposits were filtrated. The filirated solid

was washed with. water, suspended in water, and then lyophilized to vyield the crude

product 31e (100%). The crude product 31e was dissolved in methylene chioride (20-fold

volume) and nitromethane (10—fo|d,vo|urhe). Anisole (10 equivaléhts) followed by 2M

aluminum chloride/nitromethane solution (10 .'equivaients) were then added at room

temperature, subéequently stirring-for 1 hour. After reacting, the reaction solution was

poured into cold 1N hydrochlbrib acid/acetonitrile/diisopropy! ether (3/1/5). The aqueous

layer was separated, and then subjected to HP-20 -column chromatography to purify it.

After eluting witﬁ 'acetonitrile/water, eluates were concentrated in vacuo, and then

lyophilized to yield Compound (I1-31).

LC/MS (ES +): 750-(M+H") | N

IR (KBr) cm': 3309, 1784, 1667, 1608, 1532 .

Elementary analysis for Cy 1 Ha s CIN; Oy 1 $:3.6H, O

Caled.: C, 45.68; H, 5.34; N, 12.03; C|, 4.35; S, 3.93 (%)

Found.: C, 45.56; H, 5.02; N, 12.25; Cl, 4.56; S, 4.06 (%)

[0191] |

Example 74 )

Synthesis of Compound (11-32)
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[Formula 147]
S Cl 0
H I ,
HaN— | -
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0 o ] H
Me i COO OH
COOH '
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- <r1 Bn
Boc- N—<\ | . 0
;;r 20 g,
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COOBH )
32a

BocN—QjI%)L | o &

(o 3n

];rjj\‘/N\/\N 0
COOBH o IH-32

COOBH : Bn
' 32¢

Step (1): Compound 32a + Compound 32b — Compound 32¢ — Corﬁpound (11-32)
Compound 32'a‘(a mixture of [5(alpha), D'(beté)-sulfoxide = 7:2) (0.68 g, 0.7 mmol) and
5 Compound 32h were dissolved in dl:methylformamide (6 mL), and then potassium iodide
(0.21g, 2 equivalents) was added thereto, fo‘Ilow'ed by stirring at room temperature for 1.5
hours. The SOquion was slowly added to stirred 5% brine (50-fold volume), and then the
precipitated deposits were filtrated. The filtrated solid was washed with water, suspended
in water, and then lyophilized to yiéld the ‘crude product 32¢ (1.079)". The crude product
10 32c was dissolved in methylene chloride -(20.-'fold volume) and nitromethane (10-fold
volume). Anisole (10 equivalents) followed by 2M aluminum chloride/nitromethane
solution (10 equivalents) were added at room temperature, subsequently stirring for 1
hour.  After re'aqting, the reaction sofution was-poured into cold 1N hydrochloric

acid/acetonitrile/diisopropyl ether (3/1/5). The aqueous layer was separated, and then
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subjected to HP-20 column. chromatog[éphy to purify it After eluting with
acetonitrile/water, eluates were concentrated in vacuo, and then lyophilized to vyield
Compound (é mixture of O{alpha), O(beta)-sulfoxide = 80:1 5) (11-32).

LC/MS (ES +): 755 (M+H")

IR (KBr) cm™'; 8207, 1790, 1611, 1530

Elementary analysns for Cogq Ha» CINT 044 82 -3. 4H2 0

Caled.: C, 42.71; H, 4.80; N, 12.92, CI, 4.35; S, 7.86 (%)

Found.: C, 42.67; H, 4.68; N, 12.17; Cl, 4.30; S, 7.71 (%)

[0192] '

Test Example 1

Compound (I} of the present invention was investigated for the antimicrobial
activity thereof. ' |

(Test methods)

(Microbe/Strain species Nos. 1-14):

Measurement of Minimum Inibitory Concentration (MIC, microg/ml) was conducted
according to the .s'tandard method of the Japan Society for Chemotherapy, and the
amount of bacteria for inoculation was 1000cfu/spot, and sensitive disc medium was used
as the test medium: and conducted Qsing agar p;léte incubation.

(Microbe/Strain species Nos. 15-17):

Measurement of Minimum Inibitory Cencentration (MIC, microg/mt) was conducted
according to. the CLSI (Clinical and Laboratory Standards Institute) and the amount of
bacteria for inoculation was 10000cfu/spot, and Mueller-Hinton agar medium was used as
the test medium, and conducted using agar.plat'e incubation.

Test results are shown in Tables 1-6.- In the tables, a unit of the values of
inhibitory activity is microg/ml (ug/mi). B |
[0193] ‘
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[Table 1]
Bacteria . . L . foarative] Compound Compound Compound
Sti{l.;'__n ‘Bacteria Species Strain Name. - g:miu:ﬂ Y oa—1) | a—2) (=2
1 |Kilebsiella pneumoniae ATCC 700603 16 0.5 025 | 0.125
2 |Psesudomonas aeruginosa SR24 4 0.063 | 0.063 | 0.031
3 |Pseudomonas asruginosa SR27060 - éa 0.25 0.125 | 0.125
4 |Acinetobacter baumannii SR24396, 64 | 0125 | 025 | 0.125
5 [Stenotrophomonas maltophilia  |[SR21970 16 05
[0194)
[Table 2]
Bacteria . ’ Compound [Compound | Compound | Compound
Ba S i
Stri]?;',n cleria Species Stra.m Name (1—8) G-12) | t—15) (1—17)
1 |Klebsiella pneumoniae ATCC 700603 pias | 025 |~ 0125 | 0.25
2 |Pseudomonas aerugincsa SR24 0.031 | 0.083 0.063 | 0.063
3 |Pseudomonas aeruginosa SR27060 0.125 | 0.125 0.125 | 0.125
4  |Acinetobacter baumannii SR24396 0.25 0.25 0.25 05
5 |Stenotrophomonas maftophiia  |SR21970 0.5 4 05
5 .
[0195]
[Table 3]
Bacteria ) . . Compound |Compound | Compound Compound
Sthrg.n Brcteria Species Strain Narﬁe a—18) | 1—19) (1—22) (]_23)
1 Klebsiella pneumoniae ATCC 700803 0125 0.125 0.125 0.031
2 |Pseudomonas aeruginosa SR24. 0.063 | 0.063 | 0.063 0.031
3 |Pseudomonas aeruginasa  |SR27060 0.25 | 0.125 0.125 0.125
4 |Acinetabacter baurmannii .{SR24396 025 | 0.125 0.25 . 0.125
5  |Stenotrophomonas maltophitia |SR21976 0.5 0.25 4
10 [0196]
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[Table 4]
BECtE!riG . . . o Compound | Compound-} Compound |Compound | Compound
Str‘rlz{a){n Bactoria Spacies _ Strain Name. ) (1—25) | {1—28} (llf1) a—2) | ui—a).
1 |Klebsiella preumoniae ATCC 700603 05 0.5 0.5 05 | 0125
2 |Pseudomonas aeruginose SR24 0.125 | 0.125 | 0.125 | 0.125 | 0.125
3 |Pseudomonas aeruginosa SR27060 .25 0.5 0.25 0.25 0.5
4 |Acinetobacter baurmannii 5R24398 0.5 1 03125 | 0125 | 0.25
§ |Stenotrophomonas maltophilia |SR21 97 0 2 0.5 1
[0197]
[Table 5]
Bacteris e . Compound [ Compound [ Compound | Compound | Compound
s :
S | Pooiern Species Strain Name (—4) | =10)} (r—12)| tr—13) | (i—16)
1 |Klebsielia pneumoniae " |aTCC 700803 0.5 05 | 025 1 025 | 0.125
2 |Pseudomonas aeruginosa - SR24 0.125 | 0.125 | 0.063 | 0.063 | 0.125
3 |Pseudomonas aeruginosa |SR27060 " 0.25 0.25 0.25 0.5 0.25
4 | Acinetobacter baumanhii SR24396 0.25 0.25 0.25 0.25 0.5
5 | Stenotrophomonas maltaphilia  |SR21870 1 b 1 1 1
[0198]
[Table 6}
Bacteria . . . Compound | Compourid | Compound ! Cotmpound | Compound
Str\'rfc';n Bacteria Specias Strain Name {i-17) | t1=22) | t1—23) | t1—24) | t5—25)
1 [Klepsiella pneumoniae ATCC 700603 0.25 05 0.125 | 0125 | 025
2 |Pseudomonas aeruginosa ~ |SR24 0.0683 | 0.125 | 0.125 | -0.063 | 0.063
3 |Pseudominas aeruginosa - ISR27060 . 0.25 0.25 0.25 0.5 0.25
4 |Acinetobacter baumannii ' |$R24396 - 05 | 0125 | 025 | 0.125 | 0.25
5 |Stenotrophomonas maltophilia SR219?£} 1 2 05 05 1
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Bacterial. strains described in the above tables and enzyme (beta-lactamase)

produced thereby are explained in Table 7.

[0199] )

[Table 7]
Bacteria Species Strain Name PErg'f]fjr::d Strain Type
K. pneumdniae ATCC700603 SHV 18 ESBL producer stram
Paerugmosa "SR24 None -”.CeftaZIdlme sens:tlve étram
P aeruginosa Sk2roso -1 MELmsdesan
A. baumannii  SR24396 - " None :
g maitophma .......SH21970.....:_................ L— gghgﬁﬁ:ﬁf:&ﬁg‘ntStram) .

[0200]
[Formula 148

HQN—@YL ij)\/o I

. O\

COO@
Me . OH

COOH

Comparative Compound 1

As shown in the above results, thé compounds of the present invention were
shown to have a wide antimicrobial spectrum, ih particular, potent antimicrobial spectrum
10 against Gram negative bacteria, and/or effectiveness against multi-drug resistant bacteria,
and exhibited high stability against beta—lactémase producing Gram negative bacteria. In
comparison to Comparative Compound 1 having no catechol group, it was shown that the
compounds of the present invention have more potent antimicrobial activity.
[0201] '
15 Formulation Example 1

-

Powder of a compound of the present invention is loaded to prepare an injection
agent. . ' g
[Industiral Apphcabillty]
[0202]
20 The éombounds of the present invention have a wide antimicrobial spectrum, and

are effective as an antimicrobial drug ha\/ing high stability against beta-lactamase
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producing Gram negative bacteria. Moreover, the compounds have good bicavailability,

and high water solubility, and thus particularly effective as an injection agent.
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CLAIMS
1. A compound of the formula:
[Formula 1] =
S'-.
X 0O
N
|-
N
/O O
E
\
. F
/.
HOOC
wherein,

Xis N, CHor C-CI;

Tis 8, $=0, CH, or O;

Ais lower alkylene, lower alkenylene or Iower‘alkynylene;

G is a single bond, optionally substituted lower élkylene, optionally substituted lower
alkenylene, or optionally substituted lower alkynylene; )

B is a single bopd or 5- or 6-membered heterocyclic group containing at least 1 to 3 N
atom(s); -' - o

D is a single bond, -CO-, -0-CO-, -CO-G-, -NR”-, -NR”-CO-, -CO-NR' -, -NR’ -CO-
NRY-, -0-, -§-, -80-, -850, -NR*, -NR?-S0, -, -CH, -NR” -CO- or -S0; -;

Eis optiohally substituted lower alkylene; '

F is a single bond or optionally substituted phenylene;

R*, R*, R°and R® each is indebendenfly hydrogen, halogen, nitrile, or -OR®

R’ each is indépéndentfy hydrogen or opti’onélly substituted lower alkyi;

R®each is indépendently hydrogen, lower alkyl, halo(lower)alkyl, lower alkylcarbonyl or
carbamoy; o '

A group of the _fc_)rmula:

[Formula 2]
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is an optionally substituted, saturated or unsaturated, monocyclic or fused cyclic
quaternary ammonium group containing at least one or more N atom(s);

the broken line showing a bond in the ring;

provided tﬁat -
when G bonds to a cationic N atom, the broken line is absent; )
when G does not bond to a cationic N atomn, the broken line shows a éingle bond between
the cationic N ato'm- and a neighboring atom ‘or shows lower alkylene between the cationic
N atom and a ring-forming ato_mloth'e;r than the neighboring atom; and
when G is a single bond, B is a s'ingle bond and D is-NH-CO- or -S-, a group of the
formula: '

[Formula 3]

@
N
A/\‘\\

is not a group of the formula:

[Formula 4]

A—@NJ

wherein, a hydrogen atom(s) may be substituted;

or an ester, a protected compound at the amino on the ring in_the 7-side chain, a

pharmaceutically acceptable salt, or a solvate thereof.

2. The compound, or an _es_ter,‘ é protect_eld compound at the amino on the ring in the
7-side chain, a pharmaceutically acceptable salt, or a solvate thereof according to claim 1,
wherein - )

said formula

[Formula 5]
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is the following formula:

[Formula 6]
(R) &
Jo
~
& e

©)
AN
A G
or AT

wherein n is an integer from 0 to 5, k is an integer from 0 to 5, q is an integer from 0 to 3,

R' is halogen, hydroxy, lower alkyl, halo(lo’Wer)aIkyJ, lower alkoxy, or halo(lower)alkoxy,
provided that R'® may be identical or different at k or g occurrences, and Aand G are as

defined in claim 1.

3. The compound, or an ester, a protected compound at the amino on the ring in the

7-side chain, a pharmaceutically aéceptable sait, or a solvate thereof\accordi-ng to claim 1,

wherein

N
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said formula

[Formula 7]

is the formula;

[Formuia 8]

AL

GeLzas

wherein n, k, g and R*® are as defined in claim 2, and A and G are as defined in claim 1.

4. The compound, or an ester, a protected compound at the amino on the ring in the

7-side chain, a pharmaceutically acceptable éalt, or a solvate thereof according to any one

of claims 1-3, wherein R® and R* are -OR®, wherein R® is as defined in claim 1.

5. The compound, or an ester, a protécted_c_ompound at the amino on the ring in the

of claims 1-3, wherein

the formula
[Formula 9]
RS
Rfl
| X

R'B
is the formula:

[Formula 10]

7-side chain, a pharmaceutically acceptable s‘alt;‘ or a solvate thereof according to any one
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Rrs OR®
OR®

HS
wherein R®, R* R® R°® and R® are as defined in claim 1.

6. The compound, or an ester; a protected.compound at the amﬂino on the ring in the
7-side chain, a pha}maceuticaily acceptable salt, or a solvate thereof according to any one
of claims 1-3, whérein '

the formula:

[Formula 11]

RB

R4

% )
RS
is the formula
[Formuia 12]

Cl QH
| o

wherein R®, R*, R® and R® are as defined in claim 1.

7. The compdﬁnd, or an ester, a protected compound at the amino on the ring in the
7-side chain, a pharmaceutically acceptable salt, or a solvate thereof-according to any one
of claims 1-6, wherein A is -CHy -, ~CHz -CHy =, -CHz -CH -CHa -, -CH=CH-, -CH=CH-CH, -
or -CH, -CH=CH-.

8. The compound, or an ester, a protected compound at the amino on the ring in the
7-side chain, a pharmaceutically acceptable'salt, or a solvate thereof according to any one
of claims 1-7, wherein G is a single bond, -CHj -, -CH,-CH, -, -CH, -CH; -CH; -, -CH=CH-,
-CH=CH-CH; -, -CH, -CH=CH-, ~CH;-CH(CHj)-; “CH, -CH(' Pr)- or -CH, -CH(Ph)-, wherein

iPr refers to isopropyl group, and Ph refers to a phenyl group.
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9. The compound, or an ester, a protected compound at the amino on the ring in the
7-side chain, a pharmaceutically ac'cleptablé salt, or a solvate thereof according to any one
of claims 1-8, wher&in B is a single bond or the formula:

{Formula 13}

/\Q\_;f Sy F

10. The compound, or an ester, a protected compound at the amino on the rihg in the
7-side chain, a pharmaceuticélly‘ acceptabie éalt, ‘or a solvate thereof according to any one
of claims 1-9, wherein D is a single bond, -CO-, -O-CO-, -CO-O-, -NR” -, -NR” -CO-NR’ -, -
NR"-CO- or -CO-NR’ -, wherein R is as defined in claim 1.

11. The compound, or an ester, a protected 'compound at the amino on the ring in the
7-side chain, a pharmaceutically acceptable salt, or a solvate thereof according to any one
of claims 1-9, wherein D is a single bond, -CO-, -NR’ -CO-NR’ -, -NR” -CO- or -CO-NR’ -,

wherein R’ is as defined in Claim 1.

12. The compound, or an ester, a protécted compound at the amino on the ring in the
7-side chain, a pharmacedutically acceptable salt, or a solvate thereof according to any one
of claims 1-11, wherein E is the formula:
[Formula 14] - -
- /C——

2
R F'Ir H,-" or . R f,:’r
wherein R' and F“{zv are each independently'hydrogen, halogen, an optionally substituted
lower alkyl, a lower atkylthio, or an optionally substituted phenyl, R'"" and R' are each

independently hydrogen, an optionally subsiituted lower alkyl, an optionally substituted

carboxyl, or a cafb_amoyl, and m refers to an integer of 1 to 5.
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13. The COmegnd, or an ester, a protected compound at the amino on the ring in the
7-side chain, a pharmaceutically acceptable salt, or a solvate thereotf according to any one

of claims 1-12, wherein R” and R® are each independently hydrogen or a lower alkyl.

14. The compound, or an ester; a protected compound at the amino on the ring in the
7-side chain, a pharmaceutically acceptable $alt, or a soivate thereof according to any ¢cne

of claims 1-13, wherein X is N,

15. The compound, or an ester, a protécted compound at the aminc on the ring in the
7-side chain, a pharmaceutically acceptable salt, or a solvate thereof according to any one
of claims 1-13, wherein X is CH or C-Cl.

186. The compound, or an ester, a protected compound at the amino on the ring in the
7-side chain, a pharmaceutically acceptab!e'salt, or a solvate thereof according to any one
of claims 1-15, wherein T is S. ' .
17. The compound, or an estér, a protecied compound at the amino on the ring in the
7-side chain, a pharmaceutically, ac.ceptable _sélt, or a solvate thereof according to claim 1,
wherein _ |

X is N, CH or C-Cl;.

Tis S;

A is a lower alkylene;

G is a single bond_ ora lower alkylene;

the formula: :

{Formula 15]

A . G
is the formula;
[Formula 16}

In - G

@ .
N ®N

A g or A/
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B is a single bond;

n is an integér of 0-3;

D is -NH-CO- or -CO-NH-;
E is the formula:

[Formula 17]

Me ILL”- ' hLHlk ST ﬁﬁl‘u
SC el Wl
Me S -
b "o b or " b
wherein Me refers to a methyl group; |

F is a singie bond;

R®and R* are -OH, and R® is hydrogen or Cl, and R® is hydrogen.

18. A pharmaceutical composition comprising the compound, or an ester, a protected
compound at the amino on the ring in the 7-side ohaiﬁ, a pharmaceutically acceptable salt,

or a solvate thereof according to any one of claims 1-17.

19. The pharrﬁaceuticaf compasition aCCO‘r‘dil;lg to claim 18, which has an antimicrobial
activity. '

20. A methdd_ for treating an infectious disease, characterized in the step of
administering the compound, or an ester, a protected compound at the amino on the ring
in the 7-side chain, a pharmaceutibaliy acbeptab[e salt, or a solvate thereof according to
any one of claims 1-17. |

21. The compound, or an ester, a protected compound at the amino on the ring in the
7-side chain, a pharmaceutically acceptable salt, or a-solvate thereof according to any one
of claims 1-17, which is for treating an infectious disease.

22. Use of the compound, or an ester, a protected compound at the amino on the ring
in the 7-side chain, a pharmaceutically acceptable sait, or a solvate thereof according to

any one of claims 1-17, for manufacturing an-infectious disease therapeutic agent.
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ABSTRACT

The ‘present invention provides Cephem - compounds which have a wide
antimicrobial spectrum and have potent antimicrobial activity against beta-factamase

5  producing Gram negative bacteria as follows:

A compound of the formula:

[Formula 1]

HQN—<\

N'\ IQ\ /QG__B_D "

COO@

/
\
/
HOOC

10  wherein,
Xis N, CH or C-Cl
Tis S or the like;
Aand G are Iower alkylene or the like;
B is a single bond or the hke
15 D is a single bond, -NR” -, -CO-, -CO-NR -, -NR’ <CO-, -NR’ -CO-NR -, or the like;
E is optionally substituted lower alkylene;
F is a single bond or optionally substituted phenylene;
R®, R*, R°and R®each is independently hydrogen, halogene, nitrile, or the like:
or an ester, a compound protected at the amino on the ring in the 7-side chain, a

20  pharmaceutically acceptable salt, or a solvate thereof.
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CEFAROSPORINAS QUE TIENEN UN GRUPQ CATECOL

CAMPO TECNICO

S Los compuestos de la presente invencién se refieren a compuestos Cefem,
los cuales tienen un amplio espectro antimicrobiano, y en particular exhiben potente
actividad antimicrobiana contra bacterias Gram negativo que producen beta-lactamasa, y

composicion-farmacéutica que comprende los mismos.

10 ANTECEDENTES DE LA INVENCION

A la fecha, se ha desarrollado-una variedad de farmacos beta-lactama y los
grupos beta—lacta_ma han llegado a ser farmacos antimicrobianos extremadamente
importantes de manera clinica. Sin embargo, hay un nGmero incrementado de tipos

15  bacterianos han o_btenido resisteﬁcia contra farmacos beta-lactar;la al ﬁroducir beta-
lactamasa, que d;egradan férmac.osl beta-lactéma.

De acuerdo a la clasificacién molecular Ambler, la beta-lactamasa se
clasifican am‘pliam‘ente en cuatro clases. Especificamente, aquellas son clase A (tipo TEM,
tipo SHY, tipo CTX-M y lo similar), clase B '(tipo'IMP, tipo VIM, tipo L-1 y lo simitar), clase C

20 (tipo AmpC) y clase D (tipo OXAy fo similar)». E_ntre estas los tipos de clases A, Cy D se
clasifican ampliamente en seriﬁa—beta-lacténﬁasa, y por otra parte, el tipo clase B se
clasifica en metalo-beta-lactamasa. Se ha conocido que ambas tienen mecanismos
diferentes re‘spec':ti_v_amente entre si en términos de hidrélisis de farmacos beta-lactama.

Recientemente, el problema clinica ha ocurrido debido a la existencia de

25  bacterias Gram negativo que se tornan altam_e'nte resistente a farmacos beta-lactama
incluyendo Cefems y Carbapenemos mediante la produccién de tipos serina-beta-

lactamasa clase A o D y tipo metalo-beta-lactamasa clase B que tienen extendido su
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especlro de sustrato. Particularménte, metalo-beta-lactamasa se cc;noce pér ser una de
las causas de ot')tencién de mu.lti-resistenc.ia. en bacterias Gram negativo. Compuestos
Cefem que exhiben actividad" intermedia -contra metalo-beta-lactamasa que produce
bacterias Gram r'tegativc se conocen (por ejemplo, literatura de patente 1y literatura no de
patente 1). Sin embargo, hay una demand_a para el desarrollo de compuestos Cefemn que
exhiben actividad antimicrobiana més potent_e', en particular eféctividad contra una
variedad de beta-lactamasa que 'prqduce baétérias Gram negativo.

Uno de los antimicrobianos conocidos que tienen actividad bactericida anti-
Gram negativo es el compuesto Cefem que tiene un grupo catecol intramolecularmente
(por ejemplo, literaturas no de patente 2-4). La accién de los mismos es que el grupo
catecol forma un_q_ueiato con Fe*, con lo cual el compuesto se incorpora eficientemente
en ¢l cuerpo bacteriano por medio del sisterﬁé de transportacion de Fe®* en la membrana
celular (sistema de transporte de hierro dep‘endiente de tonB). Por lo tanto, la busqueda
se ha conducido en compuestos gque tienen catecol ¢ estructura similar del mismo, en la
cadena lateral en Ia posicién 3 o cadena, lateral en la posicién 7 en la cadena primaria
Cefem.

Las literaturas de patente 2-8 y literaturas de no patente 2-11 y 16
describen compuestos que tienen un catecol 0 una estructura similar a este en la cadena
lateral en la posibic’m 3 de la cadena primaria Cefem.

Literatura de patente 9 vy .Iite'ratura de no patente 12-15 describen
compuestos que tienen un catecol o una es_truét(:ra similar a este en la cadena lateral de
la posicién 7 de la cadena primaria Cefem.

Las literaturas de‘no patente ?, 9,10 y 12-15 describen compuestos Cefem
que se han éstabi!izado contra beta-lactamasa.

Sin embargo, estas referenciéé no describen los compuestos de la presente
invencién. Ademas, estas referenciés, que _deé‘cfiben compuestos Cefem gue tienen un

grupo catecol inframolecularmente,’ no tienen descripcién especifica con respecto a
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metalo-beta-lactamasa del tipo clase B, o actividad antibacteriana contra un amplio

espectro de bacterias Gram negativo incluyendo tipo clase B.

Literaturas de patente 10 y 11 no describen especificamente compuestos

Cefem que tienen sustituyentes }ipo catecol.

5
Referencias de la técnica anterior
10 | Liferatura de patente
[Literatura de patente 1] publicécién internacional No. 2007/119511 panfleto
[Literatura de patenté 2] pub_lica.ci.én japonesa abierta al publico No. H3-
173839
[Literatura de bat'ente 3] pubiicac’ién japonesa abierta al publico No. H2-
15 15090 |
[Literatura de patente 4] publicécién japonesa abierta al publico No. H3-
28187 | .
[Litératura de patente 5] publicacién japonesa abierta al pablico No. H2-
117678 . - |
20 | [Literatura de patente 6] publicacién -japonesa abierta al publico en fase
nacional PCT No. H6-510523 - - .
[Literatura de patenté 7] pub_lica-(':i.én japonesa abierta al publico No. H5-
213971 |
[Literatura de batente 8] publ-icac'ién japonesa abierta al publico No. H2-
25 28185 _

345776

[Literatura de patente 9] publicacion japonesa abierta al plblico No. H6-
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[Literatura de patente 10] 'publicaci.én internacional No. 2007/096740

{Literatura de patente 11] publicacién internacional No. 2003/078440

Literatura de no patente

[Literatura de no patente 1] Tﬁe Journal of Antibiotics, Vol 61, pp.36-

panfleto
panfleto
39(2008)

[Literatura de
1620(1990)

[Literatura de
806(1989)

[Literatura de
839(1993)

[Literatura de
849(1993}

[Literatura de
857(1993)

[Litératura de
1470(1993)

[Literatura de
1374(1995)

[Lifefatura de

Pp.2631-2642(1992)
~ [Literatura
Pp.2643-2651(1992)

[Literatura

de

de

r_wo_paténte 2] The Journal of Antibiotics, Vol. 43, pp.1617-
no patente Sj The Jo'urnal of Antibiotics, Vol.42, pp.795-
no- pafente 4].'TI;eI Journal of Antibi(;tics, VO|.46,' pp.833-
.no' patente 5]-The. Journal of Antibiotics, Vol.46, pp.840-
no patente 6j Tr.y.e' Journal of Antibiotics, Vol.46, pp.850-
no pat;ante 7] _The. Journal of Antibiotics, Vol.46, bp.1458-
no patente 8].The JOL.-trnaI of Antibiotics, Vo!.48, pp.1371-
no 'pattante 9] -Thé Journal of Medicinal Chemistry, Vol.35,
no patente 10] Thé Joqrnal of Medicinal Chemistry, Vol.35,

no patente 11] Bicorganic & Medicinal Chemistry Letters,
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Vol.5, pp.963-966(1995)

[Litefatura de no patente 12] The Journal of Antibiotics, Vol.48, pp.417-

424(1995)
[Lit'er'atura de no 'patfante 13]'TI'.|e Journal of Antibiotics, Vol.41, pp.377-
391(1988) | |
- [Literatura de no patente 14] The Journal of Antibiotics, Vol.49, pp.496-
498(1996) )
[Literatura de no pétente 1.5] The: Journal of Antibiofics, Vol.46, pp.1279-
1288(1998) | o

[Literatura de -no patente 16] Applied Microbiology and Biotechnology,

Vol.40, pp.892-897(1994)

BREVE DESCRIPCION DE LA INVENCION

Problemas a ser resueltos por-la invencidén

- La _presente invencion provee compuestos Cefem que exhiben potente
espectro antimicrobiano contra una variedad- de bacterias incluyendo bacterias Gram
negativo y/o bacter!as Gram positiv-o. -.

Preteriblemente, ia lpresentel invencién provee compuestos Cefem que
exhiben actividad antimicrobiaria potente contra beta-lactamasa que produce bacterias
Gram negativo.

Mas preferiblemente, la presente invencion provee compuestos Cefem que
exhiben potente actividad antimi¢robiana _ccntra microbios resistentes a maltiples
farmacos, en particular, metalo-beta-,lactama‘sé tipo clase B que producen bacterias Gram
negativo.

- Preferiblemente todavia, la presente invencién provee compuestos Cefem

que no exhiben resistencia cruzada contra farmaco Cefem o fArmacos carbapenem.
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Medios para resolver I‘os problemas
~ La presente invencién provee ﬁom_puestos Cefern que resuelven los
problemas antes mencionados que tienen ai menos |0s siguientes aspectos estructurales:
1) Los compuestos de la presente invencién tienen un grupo amonio
5  cuaternario ciclico .en la cadena lateral poSibiéh 3, ¥ un sustituyente tipo catec_ol en su
extremo, preferiblemente, tienen uh atomo cl_ofuro en el anillo benceno del grupo catecol;
- 2).Los compuestos de la presente invencion tienen un radical espaciador (-
G-B-D) entre el grﬁbo amonio cuaternario y el sustituyente tipo catecol;
3) Los compuestos de la présente invencioén tienen un anilio aminotiadiazol
10 o anillo aminotiaioi en la cadena Ia’geral pos’iAcié.n 7,y un grupo carboxilico en el extremo
del radical oxima. | |
- Especificamente, la presente invencién provee las siguientes invenciones:

1) Un compuesto de ta formula:

o AR @;

/ CO0O
\

/

HOOC .
Férmula 1

20 en donde,

XesN, CHo C-Ci;

Tes §, $=0, CH; 0 O;

A es alquileno inferior, alquenileno inferior o alquinileno inferior;

G es un enlace sencillo, alguileno inferior sustituido opcionalmente,
25 alguenileno inferior sustituido opcionalmente, o alquinileno inferior  sustituido

opcionalmente;

" B'es un enlace sencillo 0 grupo heterociclico de 5 o 6 miembros que
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contiene al menos 1 a 3 Atomos de N; |

D es un enlace. sencillo, CO-, -0-CO-, -CO-O-, -NR-, -NR'-CO-, -CO-NR",
-NR’-CO-NR’-, -O-, -8-, -S0-, -S0,-NR’-, -NR"-SO,-, -CH,-NR’-CO- 0 -SO,-;

E eélalquifeno inferior opcionalmente sustituido;

F es un enlace sencillo 0 feﬁiieno.lopcionalmente sustithido;

F{a,'_i‘%“, R®y R® bada uno s iﬁdeper;dientemente hidrégeno, haldgeno,
nitrilo, o0 —OR®; | |

. R” cada uno es hidréggno independientemente o alquilo inferior

opcionalmente sustituido;

-

R® cada uno es hidrogeno independientemnente, alquilo inferior, haloalguilo
inferior, alquilcarbonilo inferior o carbamoilo;

Un grupo de la-térmula:

© N~ 5
. Férmula2

€S un grupo amohio cuaternario, ciclico, monociclico o fusionado, saturado
0 insaturado; opCiqpaImente sustituido que contiene al menos uno o mas atomos N;

la linea de puntos muestra un enlace en el anilto;

siempre que cuando G se una a.un atomo N catiénico, la linea de puntos
estd ausente, y cuando G no se une a un étqmo N cationico, la linea de puntos muestra
un enlace sencillo entre el dtomo N catidénico y un atomo cercanc o muestra alquileno
inferior entre el atomo N catiénico y un atomo formador de anillo diferente del atomo
cercano; y cuando G es un enlape sencillo, B es un enlace senr_:illo, B es un enface

sencillo y D es -NH-CO- o —S-, un grupo de la férmula:



&

. N‘\
.A/\\ SN
‘Férmula 3

5 no es un grupo de la férmuia:

Formula 4
10 en donde, un o unos atomos de hidrégeno se pueden sustituir;
un éster, un compueéto protegid_o' en el aming en el anillo en la cadena
lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo.
2) El compues‘to,' 0 un ééter,‘ un ‘compuesto protegido en e! amino en el
anillo en la céldeha lateral 7, una sallfarmacéuticamehte aceptable, o un solvato del mismo

15 de acuerdo al punto 1), en donde dicha férmula

Formula 5

20 es la siguiente férmula:

25
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Férmula 6

| eﬁ donde n es un nimero entero de 0 a 5, k es un namero entero de 0 a 5,

q es un nimero entero de 0 a 3, R'® es haldgeno, hidroxi, alquilo inferior, haloalquito

inferior, alcoxi inferior, o haloalcoxi i‘nferior s_ierr-ip-re y cuando R'® sea idéntico o diferente
en ocurrencias k o p, y Ay G son como se definen en el punto 1).

3) El compues.to,‘ o un éster,- un compuesto protegido en el amino en el

anilto en la cédena lateral 7, una sal farmacéuticameﬁte aceptable, o un solvato del mismao

de acuerdo al punto 1), en donde dicha férmula

@
A .G
Férmula 7 -

Es-la férmula:

Formula 8
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R
10:
O

10

| Eh donde n, k, g y R' son como se definen en el punto 2}, y Ay G son

como se definen en el punto 1). | .

4) El compuesto, o ﬁn éster, un éompuesto protegido en el amino en el

anillo en fa cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo

de acuerdo a cualquiera de los buntos 1)-3),. en donde R® y R* son -OR®, en donde R® es
como se defilne én- el punto 1).

5) Ef compuesto, o-un éstef, uh compuesto protegido en el amino en el

anitlo en la cadenalateral 7, una.sal farmacéuticamente aceptable, o un solvato del mismo

de acuerdo a cualquiera de los puntbs 1)-3), en donde la férmula

.
Fé’rﬁula 9

es1a férmula:

R5S OR®

—

Fduta 10

en'donde R?, R*, R*, Ry R® son como se definen en el punto 1).
6) Ei compuesto, o un éster, un compuesto protegide en el amino en el
anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo

de acuerdo a cualdUiera de los puntos 1)-3), en donde la férmula:
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Férmula 11

es la férmula

Cl - OH

e

Férmula 12

en'd'onde R, R* R® yR® son'éorﬁo se definen en el punto 1).

7) El compuesto, o .un éster,_ﬁn compuesto protegide en el amino en el
anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato def mismo
de acuerdo a cualﬁuiera de los puntos 1)-65, en donde A es -CH;-, -CH,-CH,-, -CH,-CH,-
CHyr, CH=CH:, -CH=CH-CHz- 0 -CHy-CH=CH-. |

8) EI compuesto, o un éster, IUn.compuesto protegido en el amino en el
anilio en la cadena lateral 7, una sél farmacéuficamente aceptable, o un solvato del mismo
de acuerdo a cualquiera de los puntos 1)-7), en donde G es un enlace sencillo, -CH,-, -
CHo-CHz-, —CHQ-CHE-CHQ-, -CH=CH-, -CH=CH-CH,-, -CHz-CH=CH-, -CH»-CH(CHa)-, -CH,-
CH(Pr)- 0 -CHx-CH(Ph)-, en dondé :‘Pr se-refier‘e- a un grupo isopro;;ilo, y Ph se refiere a
un grupo fenilo. . o

9) El compuesto, o .un éster,- un compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo

de acuerdo a cualquiera de los puntos 1)-8), en donde B es un enlace sencillo o la

formula:

/
Vo e O
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10} El compuesto, o un éster, -un compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmaceuticamente aceptable, o un solvato del mismo
de acuerdo a cualﬁ'uiera de los puntos 1)—9_5, en donde D es un enlace senciilo, -CO-, -0O-
CO-, -CO-O-, -NR-, -NR’-CO-NR"-, -NR-CO: 0 -CO-NR'-, en donde R’ es como se
define en el puntd 1'). -

11) El compuesto, o. un éster, Aun_ compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo
de acuerdo a cuaiduiera de los puntos 1)-9), en donde D es un enlace sencillo, -CO-, -
NR"-CO-NR'-, -NR’-CO- 0 -CO-NR"-, en dbndeFf es como se define en el p'unto 1).

1Qj él compuesto', o un éstei',"uri compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sél farmacéuticamente aceptable, o un solvato del mismo

de acuerdo a cualguiera de los puntos 1)-11), en donde E es de la férmula :

.". ‘- ‘ =R
.‘.LL ) N ) . R 1 h{'\‘_i‘
__ '>C_ < |
Formula 14 I
s o R12 P

o L -

en donde R' y R* son cada uno independientemente hidrégeno, halégeno,
un alquilo inferior sustituido opcionalmente, un alquiltio inferior opcionaimente sustituido, o
un fenilo opcionalmente sustituido, .H” y R™ son cada uno independiéntemente hidrégeno,
un alquilo inferior. opcionalmenté s.ustituido,' Qn carboxilo opcionalmente sustituido, o un
carbamoilo, y m se refiere a un nimero entero de 1 a 5.

‘ 13)_EI compuesto, o un éster, un compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farma_cédticamente aceptable, o un solvato del mismo
de acuerdo a cualquiera de los ‘puntos 1)-12), en donde R’ y R® son cada uno
independientemente hidrégeno o un.alquilo iﬁferior.

14) El compuesto, o un éster, un. compuesto protegido en el amino en el

anillo en la cadeha lateral 7, una sal farmaceuticamente aceptable, o un solvato del mismo
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de acuerdo a cua'lquiera de los pﬁntos 1)-13j ,A '_en donde X es N,

15) Ef compuesto, o un éster, un compuesto protegido en el amino en el
anillo en la cadeng lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo
de acuerdo a cualquiera de los puntos 1)-1_3), en donde X es CH o C-Cl.

-

16) El compuesto, o un éster, un ‘compuesto protegido en el amino en el
anillo en ia cadena lateral 7, una‘sal .farmacéuﬁcamente aceptable, o un solvatc del mismo
de acuerdo a cualquiera de los puntos 1)-15), endonde T es S.

‘ 17)_EI compuesto, 0 un éster, un compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmag:éuticamente aceptable, o un solva_lto del mismo
de acuerdo al punto 1, en donde

XesN,CHoC-Cl;
Tes§;

~ Aes un alquileno inferior;

G es un enlace sencillo o un alquileno inferior;

la fé:mula:
& )
A : G
Férmula 15
es la formula: X
) Jn o G
N N
A6 a :
. Férmula 16

B es un enlace senciilo;
n es-un nimero enterb de 0-3; .
D es —NH-CO- 0 —CO-NH-;

E es la férmula:
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Férmula 17

en donde Me se refiere a un grupo metilo;

F es.un enlace seljcillo;

R®y R* son —OH, y R® es hidrégeno o Cl, y R® es hidrégeno.

18} Una comp'os'icién farmacéutica que comprende el compuesto, o un
éster, un cofnpués_to protegido en el amino en el anillo en la cadena lateral 7, una sal
farmacéuticamente aceptable, o un solvato .dél mismo de acuerdo a cualquiera de los
puntos 1-17.

19} La composicién farmacéutica de acuerdo con el punto 18), que tiene
una actividad antimicrobiana.

| 20) .Un método para el tratamiento de una enfermedad infecciosa,
caracterizado porque la etapa de administrar ei compuesto, 0 un éster, un compuesto
protegido en el amino en el aniilo.en la qa_dé‘da lateral 7, una sal farmacéuticamente
aceptable, o un solvato del mismo dé acuerdo-a cualquiera de los puntos 1)-17).

21) el compueétc;, D un éster} un compuesto protegido en el amino en el
anilloen la cédeﬁa lateral 7, una sal farmacéuticamente aceptable, o un solvato dei mismo
de acuerdo a cualquiera de los. puntos 1}—']7). gue es para el. tratamiento de una
enfermedad infeccioso. | -

22)'Uso del compuesto, o un éster, un compuesto protegido en el amino en
el anillo en ia cadena lateral. 7; una sal farﬁadéuticamente aceptable, 0 un solvato del
mismo de aéuerdoa cualquiera de los puntos 1)—17-), para la manufactura de un agente
terapéutico para enfermedad infecciosa. - -

La ptesente invencidn provee_lasl'séguientes invenciones como modalidades

alternativas;
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1} Un compuesto de la formula; ﬂ
S
HEN—<\ R
N
i j/_j/ \4
/ k % RS ( [, )
COO@ : el RS
-COOH . Formula 18
en donde

XesN,CHo C.-CII;
| T és S, §=0, CH, u §;
A es alquileno inferior, alquenlleno mfenor 0 alquinilene inferior;
B es alguileno mferlor alquemleno inferior, alguinileno inferior o un grupo
heterociclico de 5 o 6 miembros que contiene al menos 1 a 3 dtomos de N;
D esun enlacé sencillo, un alc‘quiléno inferior, -CO-, -O-CO-, -CO-0O-, -NR'-,
-NR’-CO-, -CO-NRT-, -NR’-CO-NR'-, -0-, -S-, -SO-, ;Soz-NH7-, -NR’-S0,-, -CH;-NR’-CO-
0-S0- - ~
E es'alquileno inferior opcionalme'nte sustituido;
QesNo CR®,
| R®, R*, R, R® y R® cada uno ;as independientemente hidrégeno, halégeno,
nitrilo, o —OR%,; -
R’ cada uno es hidrég’enol independientemente o alguilo inferior
opcionalmente sustituido;
R® cada uno es hidrééeno independientemente, alquilo inferior, héloalquilo
inferior, alquilcarbonilo inferior o carbamoilo; y |

un grupo de la férmula
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Férmula 19
es un grupo amonio-cuaternério, ciclico, monociclico o fusionado, saturado
0 insaturado, opciohalmente sustituido que contiene al menos uno o mas atomos N;
o uh éster, un comp‘u'esto protegido en el amino en el anillo en la cadena
5 lateral 7, una sa_l farmacéuticamente aceptable,'o un solvato del mismo, siempre que lo

siguiente se excluya:

= ' >
N0
- H . .
HLN%NJ\HLN Lo
Me. O O |
T ee Ny,
10 Me
. COQH .

Formula 20
2') El compuesto, o un éster, un compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo

de acuerdo al punto 1), en donde dicha férmula

15
x~ ~—"TB |
~ Férmula 21 ) -
esla siguiente férmula:
10 ) '
20 k(R ‘)\ ;' n B g =
Q@ . < ol | el |
M @ @N | N A/N <z
K e o T B,
. - . 8.
@)rﬁ:\ e el @l | o |
ar = PN PLRN PN
, A CN—B A N—B A f:fN
Nﬂ s : =
25 o Formula2z . O RN

en donde n es un nimero entero de 0 a 5, R10 es halégeno, hidroxi, 0 un

alquilo inferior, k es un nimero entero de 0 a 4, y Ay B son como se definen en el punto
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3') El compuesto, o un éster, un compuesto protegido en el amino en el

anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo

de acuerdo a la reivindicacién 1, en donde dicha férmula

5 : .
©,
- A/O\B- '

Férmula 23

es la féormula:

k (R‘Q:l\{-mm(.\} n

/ =
10 \@ @@:}aa
| */ﬁ\\e K

Formula 24
en donde n, R™ y k son como se define en el punto 2’): y Ay B son como se
define en el punto 1), | h
15 4y El compuesto, ¢ un éster; un.compuesto protegido en el amino en el
aniillo en la cadeha lateral 7, una sai farmacéuticamente aceptable, o un solvato del mismo
de acuerdo con cualquiera de fos puntos 1')-3), en donde R y R* son —~OR?®, en donde R°
€8 COMO se deﬁng en el punto 1').
5’) El compuesto, o un éster, -un compuesto protegido en el amino en el

20 anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo

de acuerdo con cualquiera de las reivindicaciones 1-3, en donde ia férmula:

25 o Férmula 25

es la férmuta;
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Férrﬁula 26

en donde R®, R®y Ré son como se definen en el punto 17)

6') El compuesto, o un éster, un compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo
de acuerdo a cualq’uiera de los puﬁtos 11)-5"), en donde A es -CH,-, -ﬁCHa-CH.g-, -CH;-CH;-
CHy-, -CH=CH., -CH=CH-CH- 0 -CHg-CH=CH-.

7’} El compuesto, o un éster; un_compuesto protegido en el amino en el
anillo en la cadena .Iateral 7, una sal farmaceuticamente aceptable, o un solvato del mismo
de acuerdo a cualquiera de los puntos 1)-67, en donde B es -CHy-, -CHx-CHz-, -CHz-CHy-

CHy-, -CH=CH-, -CH=CH-CH,-, -CH,-CH=CH- ¢ la férmula:

5 7 £ l

N e
| S A LN
T~ Formula 27 il
£
0

B’)_E_I compuesto, o un e'ster,'uh_ compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo
de acuerdo a cualquiera de los puntos 17)-67, en donde D es un enlace sencillo, CO-, -O-
CO-, -CO-0-, -NR’-, -NR'-CO-NR'-, NR’-CO- 0 -CO:NR’, en donde R’ es como se define
en el punto 17).

9 El compuesto, o un éster, un bompuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo
de acuerdo a cualquiera de los puntos 1')-7), en donde D es -CO-, -NR"-CO-NR'-, -NR'-

CO-o -CO-NRT-; en donde R’ es como se define en el punto 1').
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10) £! compuesto, o un éster,'un compuesto protegido en el amino en el

anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo

de acuerdo a cualquiera de los puntos 1')-9), en donde E es la férmula:

N (g AL
5 RE/\\\" _ \ /C |
‘ ;"f , . r"'f e R12 J,H‘
Formula 28
" en donde R' y R? son cada uno independientemente hidrégeno, halégeno,
un alquilo inferior sustituido opcionalmente, un alquiltio inferior opcionalmentz_e sustituido, o

10 unfenilo opcionalmente sustituido, R™ y R™ son. cada uno independientemnente hidrégeno,
un alquilo inferior opcicnalmente s_ustituido,. Qn carboxilo opcionalmente sustituido, o un
carbamoilo, y m se refiere a un nimero entefo de 1 a 5.

' 11")_‘EI compuesto, 0 un éster, un compuesto protegido en el amino en el
anillo en la cadena lateral 7, una se;l farmaceuticamente aceptable, oun solvato del mismo

15 de acuerdo a cualquiera de los puntos 11-10), en donde R’ y R® son cada uno
independientemente hidrdgeno o un-alquilo inferior.

12') El compuéstb, 0 un éster, un compuesto protegido en el amino en el
anillo en la cédeha lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo
de acuerdo a cualquiera de los puntos 1')-13"), en donde X es N.

20 13’} El compuesto, o un éste_r, u‘n'compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato déel mismo
de acuerdo a cualguiera de los huntos 17)-11 ) en donde X es CH o C-CI.

- 14’)- Ef compuesto, o un éster, un corhpuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o_un solvate del mismo

25  de acuerdo a cualquiera de los p_untds 1)-13), e"n- donde T es S.

15" El compuesto, o 'un éster, un compuesto protegido en el amino en el

anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo
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de acuerdo al punto 1'), en donde
Xes N, CHo C-C;
TesS; o

la formula:

Férmuta 29

es la formula:
)n
N o
K "B

Formula 30
A es alquileno inferior;
B es-alquileno inferior;
n es un numero entero de 0-3;

D s =NH-C0O- 0 —CO-NH;

Me H"‘s

Me

E es la formula;

Férmuia 31
en-donde Me me refiere a un grup"@ metilo;
Q és CH,; ‘
| R®y R* son —OH, y R® es hidrégeno o Cl, y R® es hidrégeno.
16) Una composicién farmeiééutica c-1ue comprende el compuesto, 0 un
éster, un compuesto protegido en _eI amino en QI anillo en la cadena lateral 7, una sal

farmacéuticamente aceptable, o un solvato del mismo de acuerdo a cualquiera de los

puntos 1-15").
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17"} La compasicion farmacéutica de acuerdo con el punto 16'), que tiene

una actividad antimicrobiana.

Efectos de 1a invencién

Los compuestos de la presénte invéncién son Utiles como un producto
farmacéutico en que los compuestos tienen.al rﬁenos uno de los siguientes aspectos:

1) - El compuesto ekhibe espe‘c'-:t.ro antimicrobianc potente contra una
variedad de bacte}ias incluyendo bacterias Gram negativo y/o bacterias Gram negativo;

2} los compuestos exhiben a-ctividad antimicrobiana potente contra beta-
lactamasa qgue produce bacterias Gram negativo; '

3} los compuestos exhiben éotividad antimicrobiana potente contra
bacterias resistentés a miltiples-gramos, particdlarmente, tipo de la clase B, metalo-beta-
lactamasa que prdduce bacterias Gram negativo;

4)‘ los compuestos no exhiben resistencia cruzada con los farmacos Cefem
conocidos y/o los farmacos de Carbapenem';

5) los compuestos’ no exhiben gfeotos secundarios tales como fiebre

después de la administracién en ei cuerpo. - .

DESCRIPCION DETALLADA DE LA INVENCION

Los términos respectivos Ljsado_s_aqut' son como sé€ definen de manera
individual 6 en combinacién con otros términcs éomo sigue:

“Halégeno” incluye ﬂiior, cloro, bromo y yodo. Preferiblemente, haldégeno es
flGor, cloro o bromo, y més preferiblemente halégéno es cloro. “Alquito  inferior”
incluye alquilo linear o ramificado que tiene_'1 -8 carbonos, preferiblemente 1-6 carbonos, y
mas preferiblemente 1-3 carbonos, e 'incluye por ejemplo, métilo, etilo, n-propilo,

isopropilo, n-butilo, isobutilo, sec-butilo, terc-‘butilo, n-pentilo, isopentilo, neopentilo, hexilo,

Ry
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isohexilo, n—HeptiIo,'isoheptiIo, n-octilo y los 'similares:

E! radical alquilo inferior en un “Haloalquiio inferior", “alquilcabonilo inferior”,
“un alquiltio inferior”, “alcoxi inferior”, “hidroxialcoxi inferior”, “alcoxi inferior-alcoxi inferior”,
“hidroxialcoxi im‘e'rior”, “alcoxi inferior-alcoxi ‘inferior”, “alquilamino inferior”, "aldui!imino
inferior?, “alquilcarbamoilo inferior”, "hidroxialduilcarbamoilo inferior”, “alguilsulfamaoilo
inferior”, “alquilsulfinilo inferior”, “alquiltio inf'e_rior" y Io. similar es como se menciond antes
en “alquilo inferior”. : ' | -

Los sustituyentes en “un alquilo ihferior opcionalmente substituido” son por
lo menos uno de ésos grupos_selec’c'ionados “grupo alfa de los sustituyentes”. |

“Sustituyentes grupo alfa” es un 'grupo que consta de haldgeno, hidroxi,
alcoxi inferior, hidroxialcoxi inferior, alcoxi. inferior-alcoxi inferior, carboxi, hidroxialcoxi
inferior, alcoxi inferior-alcoxi infer_ior, z;‘{mino3 _acilamino, alquilamino inferior, imino,
hidroxiimino, alcoxiimino inferior, alquiltio in'ferlior, carbamoilo, alguilcarbamoilo inferior,
hidroxialguilcarbamoilo inferior, 'sul'fémoilo, glduilsulfamoilo inferior, alquilsuffinilo inferior,
ciano, nitro, grupo carbociclice, y grupo hetero'cr’dico._

"Haidalquilo inferior” se refieré a un grupo en donde al menos una posicion
de un alquilo inferior se sustituye con el ‘halégeno” anterior, ¢ incluye, por ejemplo,
monoﬂuorometilo',_ 'difluorometilo, trifluorom'etii'o, monoclorometilo, monobromometilo,
monofiuorometilo, monocloroetilo, y lo similar. A

“Alquileno inferior” incluye alquileno linear que tiene 1-8 carbonos,
preferiblemente 16 carbonos, y mas préfer_iblemente 1-3 carbonos, e incluye, por
ejemplo, metileno, etileno, n-propiléno, n-blutilen_o, n-pentileno, n-hexileno y lo similar.

“Aliqﬁenileno inferior” incluye ' aIdueniIo linear que tiene 2-8 carbonos,
preferiblemente 2-6 carbonos, més'preferiblemente 2-4 carbonos, gue tienen al menos un
enlace doble en.cualquier posicién, e incluye, por ejemplo, vinileno, alileno, propenileno,
butenileno, preﬁitleno, butadienileno, . pentenileno, pentadienileno, hexenileno,

-

hexadienileno, y lo similar.
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“Alquinileno inferior” incluye alguinileno linear que tiene 2-8 carbonos,
preferiblemente 26 carbonos, mas preferiblemente 2-4 carbonos, que tienen al menos un
enlace ftriple en cualquier posiéi(’)n, e.incluye, por ejemplo, e:tinileno,' propinileno,
butinileno, pentinill_e'no, hexinileno y Iq similar. o

Sustituyentes de un alquiieﬁo inferior sustituido opcionalmente”, “un
alquenileno inferior opcionalmente sustituido”, y “un alquinileno inferior opcionalmente
sustituido” incluyeﬁ.al menos un grupo seleccionados de grupo alfa del sustituyente.

“Un alquileno inferidr. sustitﬁido opcionalmente” es un grupo. en donde el

radical -CH,- de “alquileno inferior” incluye los casos como los descritos en la férmula:

( " ﬁﬁ’k R . H‘i

| >c—<

Yoooowl
Férmula 32 «

R”-,y R™ son cada uno indebéndientemente hidrégeno, un alguilo inferior
opcionalmente sustituido, un carboxilo opcionalmente sustituido, o un carbamoilo, y m se
refiere a un ndmero entero de 1 a 5, los casos donde los sustituyentes se toman juntos
para formar un anillo, y casos donde los sustituyentes se toman juntos para formar un
enlace con un étomo de carbono aayacente. ‘

Sustituyentes de. un fenile-nl.:la opciocnalmente sustituido” y “un fenilo
opcionalmente sustituido” incluyen al menos un grupo seleccionado del grupo alfa def
sustituyente.

“Grupo carbociclico” incluye 'cicloalqui!o, cicloalquenilo, arilo y grupos
carbociclico fusionado no aromético 'y lo similar.” -

‘Cicloalquilo” es un grupd : carbociclico que tiene 3-10 carbonos,
preferiblemente 3-8 carbonos, mas preferiblemente 4-8 carbonos, e incluye, por ejemplo,
ciclopropilo, 'cicl'obptilo, ciclopentilo, ciclohexilo, cicloheptilo, ciclooctilo, ciclononilo y

ciclodecilo, y Io similar.
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"Cicloaiguenilo" incldye aqueIJtSs en donde al menos un enlace doble se
incluye en el anillo del cicloalquilo en cualquier posicién, y especificamente incluyen, por
ejemplo, cicloprébenilo, ciclobutenilo, ciclopentenilo, ciclohexenilo, cicloheptinilo,
ciclooctinito, y ciclohexadienilo y lo .similar.. )

"Ar.i_lc;” incluye feni'lo, naftilo, éﬁtrilo y fenantrilo y lo similar, y en particular,
fenilo es preferible., |

- “Grupo carbociclico fusionadq no aromatico” incluye el grupo en donde dos
0 mas grupos ci<l:Iicos seleccionados del “cicioalquilo”, “cicloalquenilo” y “arilo” se
fusionan, y especificamente, inclﬁye, por ejemplo, indanilo, indeni[o, tetrahidronaﬂilo, y
fluorenilo y lo sim.ilar. | o

“Grupo heterociclico” incluye grupos heterociclicos que tienen al menos un
heteroatomo arbit_rariamente seleccionado de O, S y N, en el anilio del mismo, y
especificamente incluye, por ejempio, heteroarilo de 5 miembros o 6 miembros tales como
pirrolilo, imidazolilo: pirazolito, piridélo, piridazinilo, pirimidinilo, pirazini}o, triazolilo, triazinilo,
tetrazolilo, isoxazolilo, oxazoiilo., qxadiazoiild_, isotiazolilo, tiazolito, tiadiazolilo,. furilo y
tienilo y lo similar; grupos’ heterociclicos: fusionados biciclicos tales como indolilo,
isoindolilo, ‘indaz_qlilo, indolilizinilo, indelinilo, isoindolinilo, quinolilo, isoquinolilo,
cinnoninilo, ftalazinilo, quinazolinilo, nfafti'lizinilo, quinoxanililo, purinilo, pteridinilo,
benzopiranilo, bencimidazolilo, - benzotr@az‘pli!o, bencisoxazolilo, benzoxazolilo,
benzoxadiazoilo, benzisotiazoliro_,, benz-otiazolilo, benzotiadiazolilo, benzofurilo,
isobenzofurilo, benzotienilo, benzotriazolilo, imidazopiridilo, pirazolopiridina, quinazolinilo,
quinolilo, ' isdqqinolilo, naftilidinilo, .- dihidrobenzofurilo, fetrahidroqguinolilo,
tetrahidroisoquinolilo, dihidrobenszazina_,‘ tetrahidrobenzotienilo, y lo similar; grupo
heterociclico fusigqado triciclico tal como carba'zolilo, acridinilo, xantenilo, fenotiadinilo,
fenoxatiinilo, fenoxazinilo, dibenzofurilo, imidéchuinolilo y lo similar; grupo heterociclico

no aromatico tales como dioxanilo, tiiranifo, oxiranilo, oxatioranilo, azetidinilo, tianilo,

tiazolidina, pirrrdlidinjlo, pirrolinilo, imidazolidinilo, imidazolinilo, pirazolidinilo, pirazoiinilo,
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piperadinilo,  morfolinilo, morfolino,  tiomorfolinilo,  tiomorfolino,  dihidropiridilo,
dihirobenzimidazalilo, tetréhidropiridilo,' - tetrahidrofurilo, tetrahidropiranilo,
tetrahidrotiazolild,_. tetrahidroisotiazolilo,. dihidrooxazinilo, hexahidroazepinilo,
tetrahdidrodiazepinilo, y lo similar.

“Grupo heterociclico de 5 o 6 iﬁiembros que contiene al menos 1 a 3

atomos de N” incluye, por ejemplo, cualquiera de aquelios grupos como sigue:
H

IO SR Y Y A

N N/ﬁ \/j N NR
o, E I R
N

"‘;f\m | ;\N 2 NH

Preferiblemente, incluye cualquier grupo como sigue:

Férmul

Formula 34

en donde un grupo amonio cuaternario como se muestra en la formula:

. ‘@
- P

€s un grupo amor{% cuaternario, ciclicd, monociclico o fusionado, saturado

0 insaturadd, preferiblemente incluyendo 1-4 étorﬁos de N, més preferiblemente 1-3
atomos de N, y mas preferiblemente todavi’a 1-2 atomos de N, e incluyendo 1-4,
preferiblemente 1-2 sustituyentes,r y dicho-,elin.illo puede incluir uno o mas atomos

adicionales de O Wo S.

Heteroanillos que forman el grupo amonio cuaternario es como sigue:
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Heteroanillo saturadd que c_o_ntiehe un atomo N incluye, por ejemplo,
azetidina, pirrolidina, pirazolidina, - tiazolidina, oxazolidina, imidazolidina, piperidina,
piperazina, morfolina, tiomorféliha, azepano, azocano, quinuclidina, y anillo fusionado que
contiene lo rhismb, y preferiblemente pirrolidina, piperazina, azepano o quinuclidina.
Heteroanillo que contiene 4tomo de N insaturado incluye, por ejemplo,
monociclo (por ejemplo, pirrolo, piraiol, imida;oi', bxazol, isoxazol, tiazol, isotiazol, piridina,
piridazina, pirimidina, pirazina, tridzina, triazol, 2,3-dihidro-1H-pirrolo, 2,5-dihidro-1H-
pirrolo, y anillo hiciclico fusioha;jo que contiéne este monociclo en el anillo (por ejemplo,
indol, bencirﬁida.zol, benzopirazol, indolidina, quinoli.na, isoquinolina, quinolina, ftalazina,
quinazolina, benzoisoxazol, benzoxazol,- bénzoxadiazol, benzoisotiazol, benztiazol,
benzoxadiazol, bencisotiazol, benitiazol, _ber;'zfriazol, purina, indolina, 1H-pirrolo[3,2-
bjpiridina, 1H—pirrézoio[4,3-b]piridinai, 1H-pirazolo[4,3-b]piridina, tiazolo[4,5-c]piridina, 1,4-
dihidropirido[3,4-b]pirazina, | 1l-3-dihidroimidazé{4,5—c]piridina y lo similar), vy
preferiblemeﬁte,.pirrol, imidazol, piridina, behcimidazél, 2 5-dihidro-1H-pirrol.
Especificamente, por ejemﬁlo, grupos heterociclicos que opcionalmente
tienen una pluralidad de sustituyenfes en una ﬁésicic’m apropiada, por ejemplo, como se
describe abajo sé incluyen. Sustittiyentes incluyen al menos uno seleccionado de un

alquilo inferior sustituido opcionalmente o un grupo alfa sustituido:
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Féfmula_ 36

en donde n es un ndmero entero de 0 a 5, k es un nimero entero de 0 a 4,

R™ es haldgeno, hidroxi, alquilo inferior, haloalquilo inferior, alcoxi inferior, o haloalcoxi

inferior, siempre y cuando R'° sea idéntico o diferente en ocurrencias k.

sigue:

Mas preferiblemente, los siguientes grupos heterociclicos se incluyen como

-
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Formula 37 )

en donde n es un numero entero de 0 a 5, k es un nimero entero de 0 a 4,
g es un nimero de 0 a 3, R'® es halégeno, hidroxi, alquilo inferior, haloalquilo inferior,
alcoxi inferior, o haloalcoxi inferior, siempre y cuando R sea idéntico o diferente en

ocurrencias k o q.

. Mas preferiblemente todavia, los grupos heterociclicos se incluyen como

sigue:

(R“’ k )n (R“’) P

@ =
N N
Férm_U[a 38

n, k, g y R son como se definen-antes.
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- ELgrupo heterociclico como se muestra a continuacion es mas preferible.

). o )
P @
PN N
g \;; , Formgla 39

. en donde n es como se definid antes.

o

“Un.g';rupo amonio cuaternario ciclico, monociclico o fusionado, saturado o
insaturado incluyendo al menos ljn étorﬁo N". es un grupo amoniZ) cuatefnario ciclico,
monociclico o fus-i_onado, saturado o.insaturéd'o, Vpreferiblemente incluyendo 1-4 atomos N,

10  mas preferiblemente 1-3 atomos .N, y todavia mas preferiblemente 1-2 atomos N, e
incluyendo ademés uno o mas atomos de Oy/oS.

Espemﬂcamente tos grupos heterociclicos que pueden tener una pluralidad
de sustituyentes en una posicion: aproplada se incluyen como\3|gue por ejemplo.

Sustituyentes mcluyen un grupo seleccmnado de un alquilo inferior sustituido

15 opcionalmente o grupo alfa de sustituyentes:-

20

25
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Férmula 40

* en donde n es un nimero entero de 0 a 5, R™ es halégeno, hidroxi, alquilo
inferior, k es un nimero entero de 0 a 4, Rx.es un alquilo inferior opcionalmente sustituido,
y ademas, atomo, de hidrogeno en NH puede._sﬁs.tituirse con un grupo seleccionado de un
25  alquilo inferior opcﬁionalmente sustituido o grupo alfa de sustituyentes.
Mas preferib!eﬁwénte, el grupé heterociclico que puede sustituirse en una

posicion apropiada es como sigue. Los sustituyentes incluyen aquellos grupos
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g
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(o)}
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seleccionados de un alquilo inferior sustituido opcionalmente o grupo alfa sustituido.

® |
& @ @ | @ | N
N N Na N ""-.(
5
= = = =
® ’/\N ® | @ | @ |
N/ \f"ﬁ N N N
~ NP N N
ﬁk’a , ‘H%’: N—% % : N——% N
N==/ : = o\/g/
Formula 41 .
10 en donde n, R™y k son como se definen antes.
Més preferiblemente, los grupos heterociclicos se incluyen como sigue:
—
@ N\;é
/Ni‘/
15 4

Férm~uia 42
| eﬁ donde n, R'y k son coma se definen antes.
La nomenclatura de la posicién de sustitucion en la cadena primaria Cefem
20 de los compuestos:{l) y (I') son com-o siguen.-‘L;é\‘cadena lateral de posicién 7 y la cadena
lateral de posiciéh 3 como se usa aqui se refiere a un grupo que se une a la pos'icién 70

posicidon 3 de la cadena primaria Cefem como se muestra abajo.

25
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Férmulé-_43
Esteres de compuestos (1) y {I') preferiblemente incluyen, aquelios ésteres
en el carboxilo en la cadena iaterai de pc‘)sricién 7 0 en la posicién 4. Esteres en el
carboxilo en la badena lateral de posicic’m- 7 se refiere a un compuesto que tiene una

5  estructura esterificada como se muestra en la férmula como sigue:

O

10 F ‘ -

reooc”

NI

Formula 44
en donde Ey F slon como sehdefi'ne en el punto 1), y R1 es un residuo de
éster del gru.po protector carboxilo y lo similar. Los ésteres incluyen aquellos esteres que
15 se metabolizan facilmente en el cuerpo paré forfnar un estado carboxi.
Estetes en la posic.ién 4 de ibé compuestos (1) y (I') se refieren a
compuestos que .tienen una estruétura_este‘riﬁcada en ef radical posicién 4 como se

muestra en la férmula como sigue:

.. H '
E_N T ®
20 ];Q\ \ ~
AN AR
- o A po f’ﬁ

COOR®

Férmula 45
en donde Ay T son como se“definen en el punto 1), y Rb es un residuo de
25  éster tal como un grupo de prote‘c_cién carboxilipo y similares, y P- es un contraién tal
como halégeno. Tales ésteres incluyen aquélld’s ésteres que se metabolizan faciimente

para formar un estado carboxliico.
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Los grupos de proteccion ca‘r-boxﬂicos antedichos incluyen un alquilo inferior
{(por ejemplo, metilo, etilo, t-butilo), aralquilo "opcionalmente substituido (por ejemplo,
bencilo, benzhidrilo, fenetilo,. p'—rﬁetoxiben’cilo, p-nitrobencilo), el grupo éililo (-
butildimetilsitlo, t-butilsililo difenilo) y los similares.

Compuestos protegidos en ellémino dél anillo tiazol o tiadiazol de la cadena
lateral posicién 7 de los compuestos (1) ¢ (I ég refiere a compuestos en los cuales los

anillos de tiazol o'tiadiazol son un anillo como se muestra en la férmula:

L S~y

F{CHN—<\ /|k

N~ ff
FérmUIa.'46

en donde X es c.om'o’ se deﬂr)é en el punto 1, y R se refiere a un grupo
protector amino. Dichos grupos protectores arﬁino_incluyen grupo que se metabolizan
facilmente en el 6uerpo para formar amin_.o. Dichos grupos protectores amino incluyen
alcoxicarbonilo inferior  (por ejemplo, t-butoxicarbonilo, bénciloxicarbonilo, p-
nitrobenciloxicarb't_)r-milo), opcionalmente aralcanoilo sustituido opcionalmente (por ejemplo,
p-nitrobenzoilo), acilo (por eje_mplo,'formilo, c_IdroracetiIo) y lo similar.

Sales farmacéuticamente acebtables de compuestos () y (I') incluyen, por
ejemplo, sales o ééles intramoleculares for'ma;ias con base inorganica, amoniaco, base
organica, acido inorgéanico, Acido 'orgénic.o, amihoécido basico, iones de halégeno y lo
similar. Dicha b-als.e inorganica incluye rmetal alcalino (Na, K y lo similar), metal
alcalinotérreo (Mg vy lo similar).. bése orgénj(;a i‘ncluye procaina, 2-feniletilbencil a mina,
dibenciletilen diamina, etanolamina, dietanolamina, trishidroximetii aminometano,
polihidroxalquilamiﬁa, N-metil glucosamina y lo similar. Acidos inorganicos incluyen, por
gjemplo, acido clorhidrico, Acido br'omhidri-co, é:;ido sulfdrico, acido ﬁitrico, écido fosférico

y lo similar. Acidos organicos incluyen, por ejemplo, acido p-tolueno sulfénico, 4cido
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metano sulfénico, acido férmico, acido acético, acido trifluoroacético, 4cido maieico y lo

similar. Aminoacidos basicos incluyen, por ejemplo, lisina, arginina (7} ), ornitina,

histidina y lo similar.

Como se usa équi, “solvato” ‘se refiere a un solvato con agua o solvente
organico (pdr gjemplo, metanol, etanol, alcohol isop;ropilico, acetona), y preferiblemente
hidrato.

Los tompuestos (I) yA(I’) de la-pr-ésente invencién no se limitan a isdbmeros
particulares pero' incluyen cualquiér isc’)me'ro posible y racemato posible como se
ejemplifica comq sigue: ‘

En los compuestos (I} y (I):

Hr%

COO@
Formula 47
" incluye
S
?@f ey
e O a2
Formula 48

En E de los compuestos (1) y (1),
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Férmula 49
incluye ,
R2 . R2\\\\
] Y | N
Formula 50
Ademas, la formula (I') incluye los siguientes isémeros:
AN A
N = HN. 2
OH
1
A f N
/
® : @ 0
“C ’”;“ — e — ¢
|
P X > oH
15

Férmula 51
en donde el grupo —OH puede formar una sal con un contra catién (por
ejemplo, Na*, K, Li* y lo similar).
Los compuestos de la preséh_te invenciéon preferiblemente son -aquellos

20  compuestos como se muestra especificamerite como sigue:

" Férmula (i):
HQN—<\/K[)L r; " R3 .
) | R
g g\ e
/ CO00 . RS
25 \ : a6
/

HOOC
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Formula 52
' I\/I'odalidades preferibles de férmula (l) son como sigue:
1) compuestos en dpnde Tes S (en adelante T es s1)
2) _Cpmpuestos en donde A es.uh-_alquileno inferior o un alguenileno inferior
5 (en adelante Aesatl); -
compuestos en donde A es —CH,- {en adelante A es a2);
" compuestos en donde A es CHy-CHy-| -CHy-CHy-CH,- 0 -CH=CH-CH,- {en
adelante A es a3); |
Preferiblemente, A es a2 como se describe antes.

10 3) compuestos en donde B es un enlace sencillo (en adelante B es b1)

compuestos en donde B es

7

-;\ON\;“.’ R

Ny O
\O&Tﬁo s

15
Férm.ula 53
| (eﬁ adelante B es b2)
Preferiblemente, B es bi.
4) Compuestos en dohde D e.s‘_ur‘i énlace sencillo o ~CO- (en adelante D es
20 di1);
compuestos en donde D es -NH-CO-, -N(CH)-CO-, -CO-NH-, -CO-N(CHy)-
0 —NH-CO-N.H- (Aen‘ adelante D es d2) més‘_preferibiemente, D es d2 como se describe
antes.
5) Compuestos en doﬁde Ees —CHz (en adelante E es e1);
25 compuestos en donds E es —CH(CHg)- (en adelante E es e2);

compuestos en donde E es —C(CHs)s- (en adelante E es e3;

compuestos en donde E es como sigue:
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Férmula 54
Mas preferibierheﬁte, E es.e2 0 e3 como se describe antes.
| 6).Compuestos en donde F es un enlace sencillo o fenileno {(en adelante F

es f1). -
7) Compuestos en dbnde G es un alquileno inferior o alguenileno inferior
{en adelante G es'g1 );

compuestos eh ‘donde G eé -CHz-, -CH,-CHz, 0 -CH»-CH,-CHj- (en
adelante G és gé) o -

Compuestos en donde G es CH=CH- o -CH=CH-CH,- (en adelante G es
g3); | -

Corﬁpuestos en donde G es un enlace sencillo (en adelante G es gé)

Compuestos eh d.onde G es -sziCH(CHa)-, -CH-CH(Pr)- 0 -CH,-CH(Ph)-
(en donde iP.r se refiere a grupo isopropilo, Ph se reﬁ‘ere a un grupo fenilo) (en adelante G
es g5). , : | -

Mas preferiblemente, G es gE.ant.é‘rior.

8) Compuestos en donde X es CH, C-Cl o X (en adelante X es x1). |

9) Compuestos en donde la formula;
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es la formula;

)

@ .

AN .

Formula 56
(en donde n es un nimero entero de 1 a 5, y Ay G es como se define

antes) (en adelante ht);

10 compuestos en donde la férmula: -
o/
A N
Férmula 57
15 es la férmula: : ' -
e
g
Férmula 58
20 en donde Ay G son como se definen antes (en adelante h2).

10} Compuestos en donde R®'y R* son —OH, y R® y R® son hidrégeno, en
adelante i1); | |
~ compuestos en donde R® y R’ son —OH, y R’ es hidrogeno y R® es
halégeno (en adelante i2); '
25 compuestos en doride R® y R* son —OH, y R® y R® son halégeno (en
adelante i3); |

Més preferiblemente, R, RY, R_S.y R® son i2 mencionados antes.
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Modalidades adicionales p'referi_bl_es del compuesto~(l) son aguellos en

donde la combinacién de T, A, B, D, E, F G, Xy la férmula:

® N

K \

Formula 59

y Fi3 R*, R®y R® son como sigder{:

(s1, at, bt, d1, e1, 11, g1, x1, 1, 1), (s1, at, b, d1, o1, f1, g1, x1, I, 2, (61, a, b1, 1,
et, f1, g1, x1, h1,i3), (s1, a1, bi, di, el, f?,_g1, x1, h2, 1), (s1, a1, b1, di, e1, f1, g1, x1,
h2,i2), (s1, al, bi. d1, e1, 1, g1, x1, h, i3}, (s1, al, b, d1, e1, 1, g2, x1, h1, i1), (51, a,
b1, d1, e, f1, g2, x1, h1, i2), (s1, a1, b1, d1, e1, 1, g2, x1, h1, i3), (51, a1, bt d1, e1, f1,
g2, x1, h2, 1), (1, a1, b1, d1, e, f1, g2, x1, h2, ), (51, al, b1, d1, e1, f1, g2, x1, h2, i3)
(s1,a1, b1, d1, e1, 11, g3, x1, b1, 1), (s1, at, b1, d1, e1, H, g3, x1, hi, i2), (s1, at, b1, d,
et, 1, g3, x1, h1,3), (s1, a1, b1, d1, e1, f1, g3, x1, h2, i1), (s1, a1, b1, d1, e1, 1, g3, x1
h2,i2), (s1, a1, b1, d1, e1, 1, g3, x1, h2, i3), (s1, al, bi, d1, e1, 1, g, x1, h1, i1}, (s1, af,
b1, d1, e1, f1, g4, x1, ht, i2), (s1, a1, b1, d1, 1,11, g4, x1, hi, 13), (51, at, b1, d1, e1, 1,
g4, x1, h2, 1), (s1, at, bi, d1, &1, 1, g4, x1, h2, i2) (s1, a1, b1, o1, e, 1, g, x1, h2, i3),
(1, a1, bi, d1, e, f1, g5, x1, b, I1), (s1: a1, b1, d1, e, f1, g5, x1, b, i2), (s1, at, b1, o,
el, 11, g5, x1, ht, i3), (s1, a1, b1, d1, e1, 11, g5, x1, h2, i1), (51, a1, b1, d1, e1, f1, g5, x1,
h2, i2), (61, al, b1, 1, &1, 1, g5, x1, h2, 3), (s1, a, b, a1, e2, 1, g1, x1, h1, i1), (&1, a1,
b1, d1, €2, H, g1, x1, h1, i2), (s1, a1, b1, d1, 2,1, g1, x1, hi, i), (61, a, b1, d, €2, 71,
g1, x1, h2, i1), (s1, a1, b1, dt, e2, f1, g1, x1, h, i2), (s1, al, b1, d1, €2, 1, g1, x1, h2, 3),
(s1, a1, b, d1, e2, f1, g2, x1. 11, i1}, (s, at; b, di, 2, 1, g2, x1, b1, @), (s1, a1, b1, 1,
e2, 1, g2, x1, h, i3), (s1, a1, b1, d1, €2, f1, g2, x1, h2, i1), (s1, a1, b1, d1, e2, 1, g2, x1
h2, 12), (s1, a, b1, d1, o2, 1, g2, x1, h2, 3), (61, a, b1, d, €2, 1, g3, x1, ht, 1), (1, a,
b1,d1,e2,ﬂ,g3,g1,hni2L(s1,é1,b1,d1,e2;ﬂ,gs,x1,h1,my (o1, al, b, d1, e2, 11,

g3, x1, h2, it), (s1, al1, b1, d1, e2, f1, g3, x1, l.j2, i2), (s1, a1, b1, d1, e2, f1, g3, x1, h2, i3),
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(s1, al, b1, d1, e2, 11, g4, x1, hi, i1), (s1,a1., b1, d1, €2, f1, g4, x1, hi,i2), (s1, a1, b1, df,
e2, 11, g4, x1, h1, i3), (s1, a1, b1, d1, 2, f1, g4, x1, h2, i1), (s1, a1, b1, d1, e2, 1, g4, x1,
h, i2), {s1, a1, bi.,'d‘I, e2, 1, g4, x1., h2, i3), (s1, a1, b1, d1, €2, 1, g5, x1, h1, it), (s1, a1,
b1, d1, e2, 11, g5, x1, h1, i2), (s1, al, b1, d1, 62, 1, g5, x1, hi, i3), (s1, a1, b, d1, €2, 1,
g5, x1, h2, i1), (s1, a1, b1, d1, €2, f1, g5, x1, h2, i2), (s1, a1, bi, d1, e2, f1, g5, x1, h2, i3),
(s1,a1, b1, d1, €3, 1, g1, x1, h1, i), (s1,a_1l,b_1,d‘l, 63,1, g1, x1, h, i2), (s1, a1, b1, d1,
e3, f1, g1, x1, hi, i3), (s1, a1, b1, d1, €3, 1, gl, x1, h2, i1), (s1, a1, b1, d1, €3, f1, g1, x1,
h2, i2), (s, at, bi_,.dT, e3, 11, g1, x1, h2, i3), (s1,a1, b1, d1, e3, 11, g2, x1, h, i1), (s1, a1,
b1, d1, 3, f1, g2, x1, hi, i2), (s1, a1, b1, d1,;93,.f1, a2, x1, hi, i3), (s1, ai, b1, d1, 3, f1,
92, x1, h2, i1), (s1, a1, b1, d1, €3, f1, g2, x1, h2, i2), (s1, a1, b1, d1, €3, f1, g2, x1, h2, i3),
(s1,a1,b1,d1,e3.,‘f1, g3, x1, h1, i1), (s1, a1, b1, d1, €3, f1, g3, x1, h1, i2), (s1, a1, b1, d1,
€3, 11, g3, x1, h1, 3), (s1, at, b1, d1, 3, f, g3, x1, h2, i1}, (s1, a1, b1, d1, €3, 1, g3, x1,
h2,i2), (s1, at, b1, d1, e3, 1, g3, x1, h2, i3), (s1,a1, b1, d1, €3, 1, g4, x1, hi, i1), (s1, at,
b1, d1, e3, f1, g4, x1, hi, i2), (s1, aﬁ, b1, d1; 3, 1, g4, x1, h1, i3), (s1, a1, b1, d1, €3, 1,
g4, x1,h2,i1), (s1, a1, b1, d1, €3, f1, g4, x1, h2, i2), {s1, a1, b1, d1, 3, f1, g4, x1, h2, i3),
(s1, at, b1, di, e3,'f1, g5, x1, hi, i1), (s1, at, b1, d1, e3, f1, g5, x1, h1,i2), (s1, a1, b1, di,
€3, 11, g5, x1, ht, i3), (s1, at, b, a1, e3, 1, o5, x1, h2, i), (s1, a1, b, d1, e3, f1, g5, x1,
h2, 12}, (s1, al, b1 di, e3, f1, 95., x1, h2, i3),' (s‘l ai, b1, d1, e4, f1, g1, x1, hi, i), (s1, at,
b1, d1, e4, f1, g1, x1, hi, i2),(s1, a1, b1, d1; e4, 1, g1, x1, h1, i3), (s1, a1, b1, d1, e4, f1,
g1,x1,h2,i1), (s1, a1, b1, d1, e4, 11, g1, x1, h2, i2), {s1, a1, b1, d1, e4, 1, g1, x1, h2, i3),
(s1, a1, b1, d1, e4, f1, g2, x1, hi, i1}, (s1, a1,'b1, di, e4, f1, g2, x1, h1, 12}, (s1, a1, b1, d1,
e, f1, g2, x1, h1, i3), (s1, al, b1, 61, e4, f1, g2, x1, h2, i1), (s1, a1,;31,d1, e4, 11, g2, 1,
h2, i2), (s1, a1, bt, d1, e4, 1, g2-, x1, h2, i3), (s1,at, b1, d1, e4, f1, g3, x1, hi, i), (s1, a1,
b1, d1, e4, f1, g3, x1, h1, i2), (s, a1, b1, d1; e4, f1, g3, x1, h1,i3), (s1, a1, b1, d1, e4, f1,
g3, x1, h2, i), (s1, a1, b1, d1, e4, f1, g3, x1, h2, i2), {s1, a1, b1, d1, e4, 1, g3, x1, h2, 3),
(s1,a1, b1, d1, e4, f1, g4, x1, 1, i), (s1, a1, b1, d1, e4, 11, g4, x1, h1, i2), (s1, a1, b1, dt,

e4, f1, g4, x1, h1,i3), (s1, a1, b1, d1, e4, f1, g4, x1, h2, i1), (s1, al, b1, d1, e4, f1, g4, x1,
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h2,i2), (s1, a1, b1, d1, e4, f1, g4, x1, h2,i3), (s1, a1, b1, d1, e4, f1, g5, x1, ht, i1), (s1, at,

b1, d1, e4, f1, g5, x1, h1, i2), (s1, a1, b1, d1,’e4, {1, g5, x1, h1, i3), (s1, al, b1, d1, e4, f1,

95, X1, h2, i1), (s1, a1, b1, d1, 4, 1, g5, 1, h2, i2), (s1, a1, b1, d1, e4, 1, g5, x1, h2, i3),

(s1, a1, b1, d2, e1 1, g1, x1, h1 |1)

{s1,a1,b1,d2, e1, i1, g1, x1,-h1,i2), (s1, a1, b, d2, e1, f1, g1, x1, h1,i3), (s1, a1, b1, d2,

el, f1, g1, x1, h2, i1), (s1, al, b1, d2, e1,f1‘, g1, x1, h2, i2), {s1, a1, b1, d2, e1, f1, g1, x1,

h2, 13), (s1, a1, b1, d2, e1, 1, g2, x1, ht, i1) (s1, a1, b1, d2, el, f1, g2, x1, h1,i2), (s1, at,

b1, d2, &1, 1, g2, x1, h1, i3), (s1, a1, b1, d2, el,f1, g2, x1, h2, i1), (s1,a‘1,b1,d2, et, 1

!

92, x1, h2, i2), (s1, a1, b1, d2, e1, 1, g2, x1, h2, i3), (s1, a1, b1, d2, e1, f1, g3, x1, h1, i1),

(s1,at, b1, d2, el, f1, g3, x1,h1,i2), (s1, a1; b1, d2, el, f1, g3, x1, ht, i3), (s1, al, b1, d2,

el, 11, g3, x1, h2, i1), (s1, at, b1, d2, el, f1,.¢3, x1, h2, i2), (s1, a1, b1, d2, ef, f1, g3, x1,

h2, i), (s1, a1, b, d2, e1, f1, g4, x1, h1, i1), (s1, a1, b1, d2, e1, {1, g4, x1, h1, i2), (1, al,

b1, d2, el, f1, g4, x1, h1, i3}, (s1, al, b1, d2, el, f1, g4, x1, h2, i1), (s1, a1, b1, d2, e1, 1,

g4, x1, h2,i2), (s1, a1, b1, d2, e1, f1, g4, x1, h2, i3), (s1, a1, b1, d2, e1, 11, g5, x1, h1, i1),

(s1,at, b1, d2, e1, f1, g5, x1,'h1, i2), (s1, al; b1,d2, et, f1, g5, x1, h, i3), (s1, a1, b1, d2,

el, f1, g5, x1, h2, i), {s1, ai, b1, d2, ef, f1_,-95, x1, h2,i2), (s1, a1, b1, d2, e1, f1, g5, x1,

h2, i3), (s1, a1, b1, d2, e2, f1, g1, x1, h1, i), (s1, a1, b1, d2, e2, f1, g1, x1, h1, i2), (s1, at,

b1, d2, e2, f1, g1, x1, h1, i3}, {s1, a1, b1, d2, e2, 1, g1, x1, h2, 1), (s1, a1, b1, d2, e2, 1,

g1, x1, h2, i2), (st, a1, b1, d2, e2, 11, g1, x1, h2, i3), (s1, a1, b1, d2, e2, f1, g2, x1, hi, i1),

(s1,a1, b1, d2, e2, 11,92 x1, hi, i2), (s1, at; b1, d2, e2, f1, g2, x1, h1, i3), (s1, a1, b1, d2,

e2, f1, g2, x1, h2, i1}, (s1, a1, b1, d2, e2, {1, g2, x1, h2, i2), (s1, a1, b1, d2, e2, f1, g2, x1,

h2, i3), (s1, a1, b1, d2, €2, f1, g3, x1, 1, i1), (s1, a1, b1, d2, €2, 1, g3, x1, h1, i2), (s1, af

b1, d2, e2, {1, g3, x1, h1, i3}, (s1, al, b1, d2,'92., 1, g3, x1, h2, i1), (s1, al, b1, d2, e2, f1

1

1

g3, x1, h2, i2), (s, al, b1, d2, e2, ft, g3, x1, h2, i3}, (s1, a1, b1, d2, e2, {1, g4, x1, h1, i1),

(s1, a1, b1, d2, e2, 1, g4, x1, h1, i2), (s1, al, b1, d2, e2, {1, g4, x1, hi, i3), (s1, ai, b1, d2,

e2, f1, g4, xi, h2, i1), (s1, a1, b1, d2, e2, f1, g4, x1, h2, i2), (s1, a1, b1, d2, €2, f1, g4, x1

¥

h2,i3), (st, a1, b1, d2, e2, f1, g5, x1, ht, i1), (s1, a1, b1, d2, e2, 1, gs, x1, ht,i2), (s1, al,
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b1, d2, e2, f1, g5, x1, hi, i3),l(s'1, al, b1, d2, e2, f1, g5, x1, h2, i1), (s1, a1, b1, d2, e2, f1,
g5, x1, h2, ié), (s‘1o, atl, bi,d2, e2, 1, g5, xt, h2, i3), (s1, al, b1, d2, e3, 1, g1, x1, hi, i1),
(s1, at, b1, d2, e3, f1, g1, x1, h1', i2), (s1, al, b1, d2, e3, f1, g1, x1, hi, i3), (s1, a1, b1, d2,
e3, f1, g1, x1, h2, i), (s1, a1, b1, dé, e3, f1, g1‘,'. ;(1, h2, i2), (s1, a1, b1, d2, e3, 11, g1, x1,
h2,i3), (s1, a1, b1, d2, €3, f1, g2, x1, h1, i1), (s1, a1, b1, d2, e3, f1, g2, x1, hi, i2), (s1, a,
b1, d2, 3, f1, g2, x1, h1, i3),.(s‘1, at, bi, d2; e3, f1, g2, x1, h2, i1}, (s1, ai, b1, d2, e3, f1,
g2, x1, h2, ié), (é1;-a1, b1, d2, 3, 11, g2, x1, h2, i3), (s1, a1, b1, d2, €3, f1, g3, x1, h1, i1),
(s1, a1, b1, d2, €3, f1, g3, x1, hi, i2), (s1, a1, b1, d2, €3, f1, g3, x1, hi, i3), (s1, a1, b1, d2,
e3, f1, g3, x1, h2,i1), (s1, at, bl, dé, e3, f1, 93.,1*1, h2,i2), (s1, a1, b1, d2, e3, f1, g3, x1,
hz,i3), (s1, at, b1', d2, e3, f1, g4, x1, hi, i), (s1, al, b1, d2, e3, f1, g4, x1, h1, i2), (s1, al,
b1, d2, e3, 1, g4, x1, hi, i3),.(s.1, al, b1, d2: e3, f1, g4, x1, h2, i1), (s1, a1, b1, d2, e3, f1,
g4, x1, h2, ié), (s1,-a1, b1, d2, e3, f1, g4, x1, h2, i3}, -(s1, at, b1, d2, e3, 1, g5, x1, ht, i1),
{s1, a1, b1, d2, e3, f1, g5, x1, h1,i2}, (s1, ai, bi, dz, e3, f1, g5, x1, h1,i3), {(s1, a1, b1, d2,
ed, f1, g5, x1, h2; i1), {(s1, al, bt, dé, e3, f1, gS >.<1, h2, i2), (s1, a1, b1, d2, e3, f1, g5, x1,
h2, i3), (s1, a1, b1, d2, e4, 1, gl, x1, hi, i1), (1, a1, b1, d2, e4, 1, g1, x1, h1, i2), (s1, a,
b1, d2, e4, f1, gj, x1, h1,i3), (s1, al, b1, d2: e4,'f1, g1, x1, h2, i1), (s1, al, b1, d2, e4, {1,
g1, x1, h2, i2), (s1,al, b1, d2, e4, f1, g1, x1, h2, i3), '(51, al, b1, d2, e4, 11, g2, x1, h1, i),
(s1, a1, b1, d2, e4, f1, g2, x1, hi, i2), (s1, af, b-1, dz2, e4, f1, g2, x1, hi,i3), (s1, al, b1, d2,
e4, f1, g2, x1, h2; i1), (s1, a1, b1, d2, e4, f1, ‘92;‘x1, h2, i2), (s1, a1, b1, d2, e4, f1, g2, x1,
ho, i3), (1, al, b1, d2, e4, 1, g3, x1, ht, 1), (s1, a1, b1, d2, e4, f1, g3, x1, ht, 2), (s1, al,
b1, d2, e4, f1, g3, x1, h1,13), (s1, a1, b1, d2, ed, H, g3, x1, h2, i1), (s1, a1, b1, d2, e4, 1,
g3, x1, h2, i2), (s1, a1, b1, d2, e4, 1, g3, x1, h2, i3), (s1, at, b1, d2, e4, f1, g4, x1, hi, i1),
(s1,a1, b1, d2, e4, f1, g4, x1, h1,i2), (s1, a1, b1, d2, e4, {1, g4, x1, 1, i3), (s1, a1, b1, d2,
e4, f1, g4, x1, h2, ill), (s1, a1, b1, d2, e4, f1, 'g4,.'x1, h2, i2), (s1, a1, b1, d2, e4, {1, g4, x1,
h2,i3), (s1, a1, b1, d2, e4, f1, g5, X1, b1, 1), (s1, a1, b1, d2, e4, f1, g5, x1, h, i2); (s1, al,
b1, d2, e4, f1, g5, x1, h1, i3}, (51, a1, b1, d2, e4,-f1, g5, x1, h2, it), (s1, a1, b1, d2, e4, f1,

g5, x1, h2, i2), (s1, at, b1, d2, e4, 1, g5, x1, h2, i3),
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(st,at, b2, d1, ef, f1, g1, x1, h1, i), (s1, af, 52, dt, et, f1, g1, x1, h1,i2), (s1, a1, b2, d1,
el, f1, g1, x1, h1, i3), (s1, ai, bé, di, e1, f1, g1, x1, h2, i1), (s1, a1, b2, d1, e1, f1, g1, x1,
h2, i2), (s1, a1, 52, d1, et, f1, g1, x1, h2,i3), (s1, a1, b2, d1, e1, f1, g2, x1, ht, i1), (s1, al,
b2, d1, e1, 11, g2, x1, ht, i2), (s1, at, b2, d'1,-e1, f1, 92, x1, h1,13), (s1, at, b2, d1, e1, {1,
g2, x1, h2, i), (s1,.a1, b2, d1, e1, 1, g2, x1, _hé; i2)‘ (s1, at1, b2, d1, el, f1, g2, x1, h2, i3),
(s1, a1, b2, d1, e1, f1, g3, x1, hi, i1), (s1, a1, b2, d1, e, f1, g3, x1, h1, i2), (s1, a1, b2, d1,
e, f1, g3, x1, ht, i3), (s1, a1,' bé, di, ef, f1,-93,'x1, h2, i1), (s1, a1, b2, d1, et, f1, g3, x1,
h2, i2), (s1, é1, b2 d1, el, 1, g3, x1, h2, i3), (s1, at, b2, d1, e, 1, g4, x1, h1, i1}, (s1, ai,
b2, d1, e, f1, g4, x1, h1, i2), (s1, a1, b2, d1, et, 1, g4, x1, h1, i3), (s1, a1, b2, di, et, 1,
g4, x1, h2, i1), (s1,-a1, b2, d1, el, f1', g4, x1!.lj|.2.; 52), (s1, a1, b2, d1, el, f1, g4, x1, h2, i3),
(s1, at, b2, d1, ef, 1, g5, x1, h1,i1), (s1, a1, b2, d1, e1, f1, g5, x1, h1, i2), (s1, ai, b2, di,
el, f1, g5, x1, h1,i3), (s1, a1,I bé, di, e1;f1,‘95, x1, h2, i1), (s1, a1, b2, d1, e1, f1, g5, x1,
h2,i2), (s1, é1, b2 d1, ef, f1, g5, x1, h2, i3), (s1, a1,'b2, di, e2, f1, g1, x1, h,i1), (s1, at,
b2, di, e2, f1, g1, x1, hi, i2), (s1, at, b2, d.1, eé, 1, g1, x1, h1,i3), (s1, a1, b2, d1, e2, f1,
g1, x1, h2, i1), (s1,-at, b2, d1, e2, ﬂ', al, x1,-hé;~ i2), (s1, at, b2, d1, e2, f1, g1, x1, h2, i3},
(s1, al, b2, d1, eé, f1, g2, x1, hi, i1), (s1, a1, b2, d1, e2, 1, g2, x1, h1, i2), (s1, al, b2, d,
ez, f1, g2, x1, h1, i3), (s1, af ,l bé, di, e2, f1,‘g2, x1, h2, 1), (s1, a1, b2, d1, e2, 1, g2, x1,
h2, i2), {s1, é1, b2, d1, e2, i1, g2, x1, h2, i3)','(s1, a1,.b2, dt, ez, f1, g3, x1, ht,i1), (s1, at,
b2, d1, e2, f1, g3, x1, h1, i2), {(s1, al, b2, d-1, eé, f1, g3, x1, h1, i3}, (s1, a1, b2, d1, e2, f1,
a3, x1, h2, i1), (s1,'a1, b2, d1, e2, f1‘, g3, x1, h2 52), (si, al, b2, d1, e2, f1, g3, x1, h2, i3},
(s1, a1, b2, d1, eé, f1, g4, x1, h1, i1')‘, (s1,al, b2, d1, e2, f1, g4, x1, h1, i2), (s1, a1., b2, d1,
e2, f1, g4, x1, hi, i3), (s1, a1, b2, d1, e2, f1,‘g4, x1, h2, i1}, (s1, a1, b2, d1, e2, {1, g4, x1,
h2, i2), (s1, a1, b2, d1, e2, 1, g4, x1, h2, i3), (s1, a1,’b2, di, e2, 1, g5, x1, h1,i1), (s1, af,
b2, d1, e2, f1, g5, x1, h1,i2), (s1, al, b2, d1, eé, f1, g5, x1, ht, i3), {s1, at, b2, d1, e2, 1,
g5, x1, h2, i), (s1, atl, b2, d1, e2, f1, g5, x1,-'h2; i2), (s1, a1, b, d1, e2, f1, g5, x1, h2, i3),
(s1, at, b2, d1, eS, 1, gt, x1, ht, i1’); (s1, a1, b2, d1, e3, f1, g1, x1, h1,i2), (s1, a1‘, b2, di,

e3, 1, g1, x1, h, i3), (s1, a1, b2, d1, €3, f1, g1, x1, h2, i1), (1, al, b2, d1, €3, f1, g1, x1,
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h2,i2), (s1, a1, b2,"d1, €3, f1, g1, x1‘, h2, i3), (si'-, .a1, b2, d1, e3, f1, g2, x1, h1, i1), (s1, a1,
b2, d1, e3, f1, 92,‘x1, h1, i2), (s1, at, b2, d1, &3, f1, g2, x1, h1,i3), (s1, at, b2, d1, e3, 1,
g2, xt, h2, i1), (31, at, b2, d1‘, ed, f1, g2, x1 ,‘ h2,'i2), (s1, a1, b2, di, e3, f1, g2, x1, h2, i3),
(s1, at, b2, d1, e3,f1, g3, x1, h1, i1), (s1, ai, b2, d1,'e3, 1, 3, x1, h1,i2), (s1, al, b2, d1,
e3, f1, g3, x1, h1,i3), (s1, a1, b2, d1, e3, f1-, g3, x1, h2, i1}, (s1, al1, b2, d1, 3, f1, ¢3, x1,
h2, i2), (s1, a1, b2,'d1, €3, f1, g3, x1, h2, i3), (s1, at, b2, d1, €3, 11, g4, x1, h1, i1), (s1, al,
b2, di, e3, f1, g4,‘x1, ht, i2), (s1, a1', b2, di, e3, f1, g4, x1, h1, i3), {s1, al, b2, di, e3, f1,
g4, x1, h2, i1_), {s1, a1, b2, d1, e3, f1, g4, x1, h2,'i2), (s1, a1, b2, d1, e3, f1, g4, x1, h2, i3),
(s1, al, b2, d1, e3, 1, g5, x1, hi, i1), (s1, ai, b2, d1,‘e3, f1, g5, x1, h1, i2), (s1, a1, b2, d1,
e3d, f1, g5, x1, h1,i3), (s1, a1, b2, dj, e3, f1, g5 x1, h2, i1), (s1, a1, b2, d1, &3, f1, g5, x1,
h2, i2), (s1, a1, b2, d1, 3, f1, g5, x1, h2, i3), '(s1", at, b2, d1, e4, f1, g1, x1, h1, i1), (s1, af,
b2, di, e4, 1, g1,.x1, h1, i2), {s1, é1l, b2, di, e4, 1, g1, x1, h1, i3), (s1, a1, b2, d1, e4, f1,
gi, x1, hz, i1), (s1, a1, b2, d1, e4, 1, g1, x1, h2,.i2), (s1, a1, b2, di, e4, f1, g1, x1, h2, i3},
(s1, a1, b2, d1, e4, f1, g2, x1, hi, i1), (s1, a1 , b?, di, e4, f1, g2, x1, hi,i2), (s1, al, b2, d1,
e4, f1, g2, x1, ht,i3), (s1, a1, b2, d1 ed, 1, g2, x1, h2, i1), (s1, a1, bz, d1, e4, 1, g2, x1,
h2, i2), (s1, al, b2, d1, e4, f1, g2, x1, h2, i3); '(s1", al, b2, di, e4, f1, g3, x1, h1, i1), (s1, a1,
b2, d1, e4, f1, g3, x1, hi, i2), (s1, eﬁl, b2, di, ed, f1, g3, x1, h1, i3), (s1, a1, b2, d1, e4, 1,
g3, x1, h2, i1}, (s1, a1, b2, d1, e4, f1, g3, x1, h2,-i2), (s1, a1, b2, d1, e4, f1, g3, x1, h2, i3),
(s1, al, b2, di, e4', H, g4, x1, ht, i1), (s1,a_1.,-bl2, d1, e4, f1, g4, x1, ht,i2), (s1, a1, b2, d1,
ed, f1, g4, x1, hi, i3), (s1, a1, b2, d1, e4, ﬁ, g4, x1, h2, 1), (s1, a1, b2, d1, e4, 1, g4, x1,
h2, i2), (s1, af, bé,'d1, e4, f1, g4, x1, h2, i3), ‘(51.', al, b2, d1, e4, f1, g5, x1, h1, i1), (s1, a1,
b2, di, e4, f1, g5, x1, h1, i2), (s1, a1, b2, d1, e4, 1, g5, x1, h1, i3), (s1, a1, b2, d1, e4, 1,
g5, x1, h2,i1), (s1, a1, b2, d1, e4, f1, g5, x1, h2, i2), (s1, a1, b2, d1, e4, 1, g5, x1, h2, i3},

(s1, al, b2, d2, e‘I-, If1, g1, x1, hi, i1), (s1, af,'bz, d2, e1, f1, g1, x1, h1,i2), (s1, ai, b2, d2,
e1, 1, g1, x1, hi, i3), (s1, al, b2, d2, ef, f1, g1, x1, h2, i), (s1, a1, b2, d2, &1, 1, g1, x1,
h2, i2), (s1, a1, bé,.d2, el, f1, g1, x1, h2, i3), (s1, al, b2, d2, e, f1, g2, x1, hi, i1), {s1, a1,

b2, d2, el, f1, g2, x1, h1,i2), (s1, af, b2, d2, e1,_ 1, g2, x1, h1, i3}, (s1, at, b2, d2, el, {1,
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g2, x1, h2, i), (s1, a1, b2, d2, el, f1, g2, 21, h2,i2), (s1, a1, b2, d2, el, f1, g2, x1, h2, i3),
(s1, a1, b2, d2, ei_,'ﬁ, g3, x1, hi; i1), (s, a1‘,7b2.', d2, e, f1, g3, x1, hi, i2), (s1, a1, b2, d2,
et, f1, g3, x1, h1, i3), (s1, al, b2, dé, el, f1,_§3, x1, h2, i1), (s1, at, b2, d2, e1, f1, g3, x1,
h2, i2), (s1, a1, b2, d2, e, f1, g3, x1, h2, i3), (s1, al, b2, d2, e1, 1, g4, x1, h1, i1}, (s1, al,
b2, d2, et, 11, g4,.x.1, ht, i2), (s1, al, b2, dé,-ej, f1, g4, x1, h1,i3), (s1, a1, b2, d2, el, f1,
g4, x1, h2, i1), (s1, a1, b2, d2, e1, f1, g4, x1, h2, i2), (s1, a1, b2, d2, &1, f1, g4, x1, h2, i3),
(s1, a1, b2, d2, ei_,‘ﬁ, g5, x1, h1, i1), (s1, a1','b2', d2, et, 1, g5, x1, h1,2), (s1, a1, b2, d2,
el, {1, g5, x1, h1, i3), (s1, a1, b2, d2, et, f1,_§5, x1, h2,i1), (s1, a1, b2, d2, et, f1, g5, x1,
h2,i2), (s1, a1, b2, d2, et, f1, g5, x1, h2, i3), (s1, a1, b2, d2, e2, f1, g1, x1, h1, i1), (51, a1,
b2, d2, e2, 1, g‘l,vx'1, h1,i2), (s1, at, b2, d2, e2, f1, g1, x1, hi, i3), (81, a1, b2, d2, e2, H,
g1, x1, h2, i1), (s1, a1, b2, d2, e2, f1, g1, xﬁ, h2, i2), (s1, a1, b2, d2, 2,1, g1, x1, h2, i3),
(s1, al, b2, d2, eé,'ﬁ, g2, x1, ht, 1), (s1, af, b2, d2, €2, {1, g2, x1, h1, i2), (s1, a1, b2, d2,
e2, 11, g2, x1, h1,i3), (s1, a1, b2, 32, ez, f1,.gé, X1, h2, 1), (s1, a1, b2, d2, e2, f1, g2, x1,
h2, i2), (s1, a1, b2, d2, e2, f1, g2, x1, h2, i3)_, (s1,al1,b2, d2, e2, f1, g3, x1, ht, i1), (s1, at,
b2, d2, e2, f1, g3,-);1, hi,i2), (s1, a1, b2, d2,'e2, f1, g3, x1, h1,i3), (s1, a1, b2, d2, e2, {1,
g3, x1, h2, i1), (s, al, b2, d2, e2, H, g3, 21, h2, i2), (s1, a1, b2, d2, o2, 1, 9;3, x1, h2, i3),
(s1, a1, b2, d2, e2, {1, g4, x1, h1. i1), (s1, al, b2, 2, €2, 1, g4, x1, hi, i2), (51, a, b2, d2,
e2, f1, g4, x1, h1, i3), (s1, al, b2, ci2, e2, f1,-94, x1, h2, i1), (s1, a1, b2, d2, e2, f1, g4, x1,
h2,i2), (s1, a1, b2, d2, €2, 1, g4, x1, h2, i3), (s1, a1,-b2, d2, e2, f1, g5, x1, h1, i1), (s1, af,
b2, d2, ez, f1, g5, x1, h1,i2), (s1, atl, b2, d2, e2, f1, g5, x1, h1, i3), (s1, a1, b2, d2, e2, f1,
g5, x1, h2, i1), (s1, ai, b2, d2, 2, ﬂ, g5, x1, h2, i2), (s1, a1, b2, d2, ﬁez, f1, g5, x1, h2, i3),
(s1, al, b2, d2, eé, 1, g1, x1, h1; i), (s1, a‘l‘,IEOE, d2, e3, i1, g1, x1, h1, i2), (s1, ai, b2, d2,
e3d, f1, g1, x1, h1,i3), {s1, at, b2, d2, e3, f1,-g1, x1, h2, i1), (s1, at, b2, d2, e3, f1, g1, x1,
h2,i2), (s1, at, b2, d2, €3, f1, g1, x1, h2, i3), (s1, a1,b2, d2, e3, f1, g2, x1, h1, i), (s1, a1,
b2, d2, e3, f1, g2, x1, h1, i2), (s1, al, b2, c_j2, e3, f1, g2, x1, h1,13), (s1, a1, b2, d2, e3, fi,
g2, x1, h2, i1), (s1, a1, b2, d2, e3, f1, g2, x1,-h2,. i2), (s1, al, b2, dz, ;33, f1, g2, x1, h2, i3),

(s1, a1, b2, d2, e3, 1, g3, x1, ht, i1}, (s1, a1, b2, d2, €3, f1, g3, x1, h1, i2), (s1, a1, b2, d2,
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e3, f1, g3, x1, h1,‘icl’,), (s1, a1, b2, d2, e3, f1, g3, x1, h2, i1), (s1, al, b2, d2, 3, {1, g3, x1,
h2, 12), (s1, at, b2, 42, €3, 11, g3, x1, h2, i3), (s1.a1, b2, d2, €3, i, g4, x1, h1, i), (s1, at,
b2, d2, e3, 1, g4.,‘x1, hi, i2), (s1., at, b2, d2',“93-, f1, g4, x1, h1,i3), (s1, al, b2, d2, e3, f1,
g4, x1, h2, i1}, (s1, at, b2, d2, e3, ﬁ, g4, x1,:h2, i2), (s1, a1, b2, d2, €3, f1, g4, x1, h2, i3),
(s1,a1, b2 d2, 3,1, g5, x1, ht, i1), (s1, a1, b2, d2,.e3, f1, g5, x1, h1,12), (s, a1, b2, d2,
e3d, f1, g5, x1, ht, ié), (s1, a1, b2, d2, &3, f1, g5, x1, h2, i1), (s1, a1, b2, d2, e3, f1, g5, x1,
h2,i2), (s1,at, b2, d2, e3, f1, g5, x1 h2, i3), (s1, a1, b2, d2, e4, 1, gﬂ1, x1, hi, i1), (s1, a1,
b2, d2, e4, f1, g1.,.x1, h1, i2), (s1., at, b2, d2',‘-<‘a4A, f1, g1, x1, h1,i3), (s1, a1, b2, d2, e4, 1,
g1, x1, h2, i1), (s1, a1, b2, d2, 4, f1, g1, x1; h2,i2), (s1, a1, b2, d2, e4, f1, g1, x1, h2, i3),
(s1,al, b2, d2, e4, 1, g2, x1, h1,i1), (s1, a1, b2, d2,-e4, f1, g2, x1, h1, i2), (s1, a1, b2, d2,
ed, 11, g2, x1, h1,i3), (s1, a1, b2, d2, e4, f_‘I, gz, x1, h2, i1}, (s1, a1, b2, d2, e4, f1, g2, x1,
h2,i2), (s1, a1, b2, d2, e4, f1, g2, x1 h2, i3), (s1,al, b2, d2, e4, {1, g;3, x1, h1,i1), (s1, at,
b2, d2, e4, 11, g3,-x1, ht, i2), (51-, &}1, b2, dé, ed, 11, g3, x1, h1, i8), (s1, a1, b2, d2, e4, f1,
g3, x1, h2, i1), (s1, a1, b2, d2, €4, f1, g3, x1, h2,.i2), (51, a1, b2, d2, e4, 1, g3, x1, h2, i3),
(s1, a1, b2, d2, é4; .ﬂ, g4, xi, ht, i1}, (s1, a1, b2, d2,e4, f1, g4, x1, hi, i2), (s1, a1, b2, d2,
ed, f1, g4, x1, h1,i3), (s1, a1, b2, d2, e4, f1, g4, xt, h2, i1}, (s1, al, b2, d2, e4, f1, g4, x1,
h2, i2), (s1, al, b?,_d2, e4, 1, g4, x1, h2, i3), _(S‘l-_, al, b2, d2, e4, f1, g5, x1, h1, i), (s1, af,
b2, d2, e4, f1, g5, x1, h1, i2), (s1, at, b2, d2', §4, f1, g5, x1, ht, i3}, (s1, a1, b2, d2, e4, 1,
g5, x1, h2,i1), (81, al, b2, d2, e4, f1, g5, x1, h2, i2), (st, a1, b2, d2, e4, f1, g5, x1, h2, i3),

(s1,a2, b1, d1, é1,.f1, gt, x1, h1,i1), (s1, a2, b1, d1,’et, f1, g1, x1, h1,i2), (s1, a2, b1, d1,
et, 1, g1, x1, h1,i3), (s1, a2, b1, d1, e, f1, g1, x1, h2, i1), (s1, a2, b1 d1, e1, f1, gi, x1,
h2,i2), (s1, a2, b1,.d1, e1, f1, g1, x1, h2, i), (s1, a2, b1, d1, e1, 1, g2, x1, hi, i1), (s1, a2,
b1, d1, et, f1, g2, x1, h1, i2), (s1, a2, b1, d1, é1, f1, g2, x1, ht, i3), (s1, a2, b1, d1, ei, f1,
g2, x1, h2, i1), (s1, a2, b1, d1, é1, f1, g2, x1, h2,:2), (s1, a2, b1, d1, el, f1, g2, x1, h2, i3),
(s1,a2, b1, d1, e1, f1, g3, x1, h, i1), (1, @2, b1, d1,'e1, 1, g3, x1, h1, i2), (s1, a2, b1, d1,
el, f1, g3, x1, h1, i3}, (s1, a2, b1, d1, e, f1, g3, x1, h2, i1), (s1, a2, b1, d1, e1, f1, g3, x1,

h2, i2), (s1, a2, b1,.d1, e, f1, g3, x1, h2, i3), (s1, a2, b1, d1, e, f1, g4, x1, h1, i), (s1, a2,
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bt, d1, el, 1, g4, x1, hi, i2), (s1, a2, b1, d1, e1, 1, g4, x1, h1,13), (s1, a2, b1, d1, e1, 1,
g4, x1, h2, i1), (s1, a2, b1, di, et, f1, g4, x'1, h2, i2), (s1, a2, b1, d1, e1, f1, g4, x1, h2, i3),
(s1,a2, b1,d1, el, 1, g5 x1, hi, i1.)‘_, (s1, a2, b1, d1, e, f1, g5, x1, hq1, i2), (51, a2, b1, df,
el, f1, g5, x1, h1,-i3), (s1, a2, b1., di, et, f1,- gs, x1, h2, i1}, (s1, a2, b1, d1, e1, f1, g5, x1,
h2,i2), (s1, a2, b1, d1, e1, f1, g5, x1, h2, i3),(s1, a2, b1, d1, e2, f1, g1, x1, h1, i1), (s1, a2,
b1, d1, e2, f1, gi,_>§1, h1,i2), (s1, a2, b1, d1, €2, f1, g1, x1, h1, i3}, (s1, a2, b1, d1, e2, f1,
gt, xt, h2, i1), (s1, a2, b1, d1, e2, f1, g1, x1, 'h2, i2), (s1, a2, b1, d1, e2, f1, g1, x1, h2, i3),
(s1,82, b1, d1,e2,f1, g2, x1, ht, 1), (s1, a2, b1, 01, €2, f1, g2, x1, h1, i2), (s1, a2, b1, d1,
e2, f1, g2, x1, h1,i3), (s1, a2, b1, d1, e2, fi ,' gz, x1, h2, i1), (s1, a2, b1, d1, e2, f1, g2, x1,
h2,i2), (s1, a2, b1, d1, e2, f1, g2, x1, h2, i3),"(s1, a2, b1, d1, e2, f1, g3, x1, h1, i), (s1, a2,
b1, d1, e2, fi, g3, x1, h1,i2), (s1, a2, b1, d1; e2, f1, g3, x1, h1, i8), (s1, a2, b1, d1, e2, 1,
g3, x1, h2, 1), (s1, a2, b1, d1, €2, 1, g3, x1, h2, i2), (s1, a2, b1, d1, e2, f1, g3, x1, h2, i3),
(s1,a2,b1, d1, e2, f1, g4, x1, h1, i), (s1, a2, b1, d1, 2, {1, g4, x1, h1, i2), (s1, a2, b1, d1,
e2, f1, g4, x1, h1,713), (s1, a2, b1, d1, e2, 1, Q4, x1, h2, i1), (s1, a2, b1, d1, e2, f1, g4, x1,
h2, i2), (s1, a2, b1, d1, e2, 1 ,'gz'l, x1, h2,i3), (s1, a2, bi, d1, e2, f1, g5, x1, ht, i1), (s, a2,
b1, d1, €2, fi, g5, x1, hi, i2), (s1, a2, b1, di; éz, f1, g5, x1, h1, i3), (s1, a2, b1, di, e2, 1,
g5, x1, h2, i), (s1, a2, b, d1, e2, {1, g5, x1, .h2', i2), (s1, a2, b1, d1, €2, f1, g5, x1, h2, i3),
(s1,a2, b1, d1, e3,:f1, g1, x1, h1, i), (s1, a2.,‘b1':, d1, e3, f1, g1, x1, h1, i2), (s1, a2, b1, d1,
e3, 11, g1, x1, h1,’i3), (s1, a2, b1, d1, e3, 11, g1, x1, h2, i1), (s1, a2, b1, di, e3, 1, g1, x1,
h2, i2), (s1, a2, b1, d1, 3, f1, g1, x1, h2, i3), (s1; a2, b1, d1, &3, 1, g2, x1, hi,i1), (s1, a2,
b, d1, e3, 1, gé,.x1, h1,i2), (s1, a2, b1, d1, &3, f1, g2, x1, h1, i3), (s1, a2, b1, d1, e3, f,
g2, x1, h2, i), (s1, a2, b1, d1, e3, f1, g2, x1, h2, i2), (s1, a2, b1, d1, €3, {1, g2, x1, h2, i3),
(s1, a2, b1, d1, €3,1, g3, x1, h1, 1), (s1, a2, b1, d1, €3, 1, g3, x1, h1, 2}, (s1, a2, b1, d1,
e3, f1, g3, x1, h1,i3), (s1, a2, b1, d1, €3, f1, g3, x1, h2, i), (s1, a2, b1, d1, e3, f1, g3, x1,
h2, i2), (s1, a2, b1, d1, e3, ﬂ,'gé, x1, h2, i3), (s1, a2, b1, d1, €3, 1, g4, x1, h, i1), (s1, a2,
bi, di, e3, f1, g4,-x1, ht,i2), (s1, a2, b1, d1, €3, f1, g4, x1, h1, i3), (s1, a2, b1, di, e3, f1,

g4, x1, h2, i1), (s1, a2, b1, d1, e3, f1, g4, xi, h2, i2), (s1, a2, b1, di, €3, f1, g4, x1, h2, i3),
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(s1, a2, b1, d1, e3, f1, g5, x1, hi, i1), (s1, a2, b1, d1, e3, 1, g5, x1, h1, i2), (s1, a2, b1, d1,
e3, f1, g5, x1, hi, 13), (s1, a2, b1, d1, e3, f1,°g5, x1, h2, i1), (s1, a2, b1, d1, 3, f1, g5, x1,
h2,i2), (s1, a2, b1, d1, e3, f1, g5, x1, h2, i3), (s1, a2, b1, d1, e4, 1, gj, x1, h1,i1), (s1, a2,
b1, d1, e4, f1, g1, x1, h1, i2), (s1, a2, b1, d1, e4, f1, gi, x1, h1,i3), (s1, a2, b1, di, e4, f1,
gt x1, h2, i1), (s1, a2, b1, d1, e4, f1, g1, x1, h2, i2), (s1, a2, b1, d1, e4, f1, g1, x1, h2, i3},
(s1, a2, b1, d1, e4, f1, g2, ><1,'h1', i1), (s1; a2, b1,d1, e4, 1, g2, x1, h1, {2}, (s1, a2, b1, d1,
e4, f1, g2, x1, h‘i,.i3), (s1, a2, b1, d1, e4, f1, g2, x1, h2, i1), (s1, a2, b1, d1, e4, f1, g2, x1,
h2,i2), (1, a2, b1, d1, e4, f1, g2, x1, h2, i3), (s1, a2, b1, d1, e4, f1, g3, x1, h1,i1), (s1, a2,
b1, d1, e4, f1, g3, x1, h1, i?), (s1, a2, b1, d1_,_e4., ‘ﬁ, g3, x1, h1,i3), (s1, a2, b1, d1, e4, f1,
g3, x1, h2,i1), (s1, a2, b1, d1, e4, 11, g3, x1, h2,i2), (s1, a2, b1, d1, e4, f1, g3, x1, h2, i3),
(s1, a2, b1, d1, e4, f1, g4, x1,Ah1', i1}, (st, a2; b1, d1, e4, f1, g4, x1, ht,i2), (s1, a2, b1, d1,
ed, f1, g4, xi, h‘i, i3), (s1, a2, b1, di, e4, {1, g4, x1, h2, i1), (s1, a2, b1, di, e4, f1, g4, x1,
h2, i2), (s1, a2, b1, d1, e4, f1, g4, x1, h2, i3j, (s1, a2, b1, d1, e4, 1, g5, x1, h, i1}, (51, a2,
b1, d1, e4, f1, g5, x1, h1, i2), (s1, aé, b1, d1.,,e£-l, ‘f1, g5, x1, h1,13), (s1, a2, bi, di, e4, f1,
g5, x1, h2, i1}, (31', a2, b1, d1, e4, f1, g5, x1, h2, i2), (s1, a2, b1, d1, e4, f1, g5, x1, h2, i3),

(s1, a2, bi, d2, e1, {1, g1, x1,-h1‘, i1), (s1, a2; b1, d2, e1, f1, g1, x1, hi, i2), (51, a2, b1, d2,
et, f1, g1, xf, h1,13), (s1, a2, b1, d2, et, f1, g1, x1, 1;12, i), (s1, a2, b1, d2, e, f1, g1, x1,
h2, i2), (s1, a2, b1, d2, e1, f1, g1, x1, h2,i3), (s-1, a2, b1, d2, el, f1, g2, x1, h1, i1}, (s1, a2,
b1, d2, e1, f1, g2; x1, h1, i2), (s1, aé, b1, d2_,-e1“-, .ﬁ, g2, x1, h1,i3), (s1, a2, b1, d2, e1, f1,
02, x1, h2, i1), (s1‘, a2, b1, dz2, el, 11, g2, xt, h2, i2), (s1, a2, b1, d2, e1, f1, g2, x1, h2, i3),
(s1, a2, b1, d2, et, f1, g3, x1,lh1', i1), (st, 32:' b1, d2, el, f1, g3, x1, h1,i2), (s1, a2, b1, d2,
el, f1, g3, x1., h1,13), (s1, a2, b1, d2, et, f1, g3, x1, 52, i1}, (s1, a2, b1, d2, et, f1, g3, x1,
h2,i2), (s1, a2, b1, d2, et, f1, g3, x1, h2, i3j, (5.1, a2, b1, d2, et, f1, g4, x1, h1, i1), (s1, a2,
b1, d2, e1, f1, g4, x1, h1,i2), (s, aé, b1, d2,'e1l", f1, g4, x1, h1,i3), (s1, a2, b1, d2, ef, f1,
g4, x1, h2, i1), (s17, a2, b1, d2, e1, f1, g4, x1, h2, i2), (s1, a2, b1, d2, et, f1, g4, x1., h2, i3),
(s1, a2, bt, d2, e1, f1, g5, x1, h1,i1), (s1, a2: b1,'d2, et, f1, g5, xt, h1,i2), (s1, a2, b1, d2,

e1, 1, g5, x1, h1,13), (s1, a2, b1, d2, e1, f1, g5, x1, h2, i), (s1, a2, b1, d2, e1, f1, g5, x1,
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h2,i2), (st, a2, b1, d2, ef, f, g5, x1, h2, i3}, (s1, a2, b1, d2, e2, {1, g1, x1, h1, i1), (s1, a2,

b1, d2, e2, f1, g1, x1, hi, i2),‘(sl1, a2, bi, d2;- e2, f1, g1, x1, h1,i3), (s1, a2, b1, d2, e2, f1,

g1, x1, h2, i1l), (51', a2, b1, d2, e2, f1, g1, x1, h2, i2), -(31, az, b1, d2, e2, f1, g1, x1, h2, i3},

{s1, a2, b1, d2, e2, f1, g2, x1, h1, i1), (81, a2, b-1,.d2, e2, f1, g2, x1, hi, i2), (s1, a2, b1, d2,

5 e2, {1, g2, x1, h1,i8), (s1, a2, b, dé, e2, f1, gé;- ;<1, h2, i), (s1, a2, b1, d2, e2, f1, g2, x1,
h2, i2), (s1, a2, b1, d2, e2, i1, g2, x1, h2, i3), {s1, a2, b1, d2, e2, f1, g3, x1, hi, i1); (s1, a2,

b1, d2, e2, f1, g3, x1, hi, i2),'(sl1, az, bf, d2; e2,' f1, g3, x1, ht, i3), {s1, a2, b1, d2, e2, f1,

g3, x1, h2, i1.), (s1,a2, b1, d2, e2, f1, gé, x1',‘ h2, i2), '(s1, az, b1, d2, e2, f1, g3, x1, h2, i3},
(s1,a2, b1, d2, e2, 11, g4, x1, h1,i1), (s1, a2, b1, d2, e2, f1, g4, x1, h1, i2), (s1, a2, bt, d2,

10 e2,11, g4, x1, h1;i3), (s1, a2, bt, dé, e2, f1, g4-," ;41, h2, 1), (s1, a2, b1, d2, e2, f1, g4, x1,
hz, i2), (s1, a2, b‘l., d.2, e2, f1, g4, x1; h2, 13), (s1, a2, b1, d2, e2, f1, g5, x1, h1, i1); (s1, a2,

b1, d2, e2, f1, g5, x1, ht, i2), (s1, a2, b1, d2: e2,‘ 1, g5, x1, h1,i3), (s1, a2, b1, d2, e2, {1,

g5, x1, h2, i1}, {s1,'a2, b1, d2, e2, f1, g5, x1',- hz, i2}, -(31, az, b1, dz2, e2, f1, g5, x1, h2, i3),

(s1, a2, b1, d2, e3, f1, g1, x1, hi, i1}, (s1, aé, b.1, dz2, e3, f1, g1, x1, hi, i2), (s1, a2, b1, d2,

15 €3, f1, g1, x1, h1;i3), (s1, a2, bt, d2, e3, f‘i.»'g1,“ x1, h2, i1), (s1, a2, b1, d2, e3, f1, g1, x1,
h2, i2}), (s1, a2, b1‘, d2, e3, f1, g1, x‘1‘, h2, i3), (s1, a2, b1, d2, e3, {1, g2, x1, hi, i1); (s1, a2,

b1, d2, e3, fj, g2, x1, h1, i2), (s1, a2, b1, d2, e3,' f1, g2, x1, ht, i3), (s1, a2, b1, d2, e3, 1,

g2, x1, h2, i1), (s1, a2, b1, d2, e3, f1, g2, x1 h2, i2), (s1, a2, b1, d2, e3, f1, g2, x1, h2, i3},

{s1, a2, b1, d2, 3, f1, g3, x1, hi, i1)_, (s1, a2, b1, d2, 3, 11, g3, x1, h1, i2), (s1, a2, bi, d2,

20 e§, 1, g3, x1, hi; ié), (s1, a2, bt, d2, e3, f1; '93;' X1, h2, 1), (s1, a2, b1, d2, 3, f1, g3, x1,
h2, i2), (s1, a2, b1, d2, &3, 1, g3, X1 ', h2,_i3),_(s1, az, b1, d2, e3, 1, g4, x1, ht, i1); {s1, a2,

b1, d2, e3, f1, g4, x1, ht, i2), (s1, a2, b1, d2, eB,. f1, g4, x1, h1, i3}, (s1, a2, b1, d2, €3, f1,

g4, x1, h2, i1), (s1-, 'a2, b1, d2, e3, f1, g4, x1 , h2, i2), (s1, a2, b1, d2, e3, f1, g4, x1, h2,i3),

(s1, a2, b1, d2, e3, 1, g5, x1, h1, i), (s1, a2, b1, d2, e3, 11, g5, x1, h1, i2), (s1, a2, b1, d2,

25 e3,f1, g5, x1, hi, ié), (s1, a2, bi, d2, e3, f1; gS x1, h2, i1), (s1, a2, b1, d2, e3, {1, g5, x1,
h2,i2}, (s1, a2, b1, d2, e3, f1, g5, xi; h2, 53),_(;3.1, a2, b1, d2, e4, f1, g1, x1, h1, i1), (s1, aé,

b1, d2, e4, f1, g1, x1, ht, i2), (s1, a2, b1, d2, e4, {1, g1, x1, h1,13), (s1, a2, b1, d2, e4, 1,
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g1, x1, h2, i1), (s1,’a2, b1, d2, e4, ﬁr, gt, x1, h2 .iQ), {s1, a2, b1, d2, e4, f1, g1, x1, h2, i3),
(s1, a2, b1, d2, e4, f1, g2, x1, hi, i1')', (s1, a2, b1, d2, e4, f1, g2, x1, h1, i2), (s1, a2, b1, d2,
e4, f1, g2, x1, h1, i3), (s1, a2,. b1, d2, e4, f1,-g2,vx1, h2,i1), (s1, a2, b1, d2, e4, {1, g2, x1,
h2,i2), (s1, a2, b1,d2, e4, f1, g2, x1, h2, i3)‘, (s1, a2,‘b1, d2, e4, 1, g3, x1, hi,i1), (81, a2,
b1, d2, ed, f1, g3, x1, ht, i2), (s1, a2, b1, d2, e;l, f1, g3, x1, h1,i3), (s1, a2, b1, d2, e4, 1,
g3, x1, h2,i1), (s1, a2, b1, d2, e4, f1, g3, x1,'h2'; i2), (s1, a2, b1, d2, e4, f1, g3, x1, h2, i3),
(s1, a2, b1, d2, ed;, 1, g4, x1,'h1., i1')‘, (s1, a2, b1, d2, e4, f1, g4, x1, h1, i2), (s1, aé, b1, d2,
ed4, f1, g4, x1_, h1,13), (s1, a2, b1, d2, ed, f1, g4, 'x1, h2, i1}, (81, a2, b1, d2, e4, {1, g4, x1,
h2,i2), (s1, a2, b1, d2, e4, 1, g4, x1, h2, i3)',7(s1, a2, b1, d2, e4, 1, g5, x1, h1, i1), (51, a2,
b1, d2, e4d, 1, g5, x1, hi, i2), (s1, a?, b1, d2, et_l,_ﬂ, g5, x1, h1,i3), (81, a2, b1, d2, e4, {1,
a5, x1, h2,i1), (s1, a2, bi, d2, e4, f1, gb, x1,'h2,"i2), (s1, a2, b1, d2, e4, f1, g5, x1, h2, i3),

(s1,a2, b2, d1, e, 11, g1, x1, h1, i1')l, (s1, az, b2, df, e1, 1, g1, x1, b1, i2), (s1, aé, b2, d1,
el, f1, g1, x1, h1,3), (s1, a2, b2, d1, el, 1, g1,.x1, h2, i1), {81, a2, b2, di, el, f1, g1, x1,
h2, i2), (s1, a2, b2', d1, e, f1, g1, x1, h2, i3)', (sj, az, b2, di, e, f1, g2, x1, hi, i1), (s1, a2,
b2, d1, e1, f1, g2, x1, h1, i2), (s1, a2, b2, d1, el, f1, g2, x1, h1,i3), (81, a2, b2, di, et, f1,
g2, x1, h2, i), (s1,da2. bz, di, et, f1, g2, x1, h2 i2), (s1, a2, b2, d1, et, f1, g2, x1, h2, i3),
(s1, a2, b2, d1, e1, f1, g3, x1, h1, i1‘)', {s1, a2, 52, di, e, f1, g3, x1, h1, i2), (s1, a2, b2, d1,
el, f1, g3, x1, b1, i3), (s1, a2, b2, d1, el, f1, g3,.x1, h2, i1), (s1, a2, b2, d1, ef, f1, g3, x1,
h2,i2), (s1, a2, b2; 'd1, el, f1, g3, x1, h2, i3)., (s1, a2, b2, d1, e, f1, g4, x1, h1, i1}, (s1, a2,
b2, d1, e, f1, g4, x1, h1, i2), (s1, a2, b2, d1, el, M, g4, x1, h1,i3), (s1, a2, b2, d1, e, 1,
g4, x1, h2, i1}, (si‘,.a2, b2, d1, el, 11, g4, x1; -h2.,A i2), (1, a2, b2, di, et, f1, g4, x1_, h2, i3),
(s1, a2, b2, d1, e1, f1, g5, x1,.ht, i1.), (s, a2, 52, d1, el, f1, g5, x1, ht, i2), (s1, a2, b2, di1,
el, f1, g5, x1, h1, i3}, (s1, a2, b2, d1, el, f1, g5, x1, h2, i1), (s1, a2, b2, d1, e1, f1, g5, x1,
h2, i2), (s1, a2, b2., ‘d1, el, 1, g5, x1, h2, i3)., (s1,a2, b2, di, e2, f1, g1, x1, hi,i1), (s1, a2,
b2, d1, e2, 1, g1, x1, h1, i2), (s1, a2, b2, d1, e2, 11, g1, x1, h1, i3), (s1, a2, b2, di, €2, 11,
gl, x1, h2, i1}, (si_,’aZ, b2, d1, e2, f1, g1, X1, 'h2,. i2), (s1, a2, b2, d1, e2, f1, g1, x1, h2, i3),

(s1, a2, b2, di, e2, f1, g2, x1,.h1, i1), (s1, a2, b2, d1, 2, f1, g2, x1, h1, i2), (s1, a2, b2, di,
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2,1, g2, x1, h1, i3), (s1, a2, b2, 41, e2, 1, g2, x1, h2, i1), (s1, a2, b2, d1, 2, 1, g2, x1,

h2, i2), (s1, a2, bfg,'d1, e2,f1, g2, x1, h2, i3), (s1, a2, b2, d1, e2, 11, g3, x1, h1, i1), (s1, a2,
b2, d1, e2, 1, g3, x1, h1, i2), (s1, a2 b2, df, é2, f1, g3, x1, ht, i3), (s1, a2, b2, d1, e2, f1,
g3, x1, h2, i1), (s1, a2, b2, d1, e2, f1, g3, x1, h2,12), (s1, a2, b2, d1, e2, {1, g3, x1, h2, i3),
(s1, a2, b2, d1, e2l, .f1, g4, x1, h1,i1), (s1, aé, b2, d1, e2, f1, g4, x1, ht,i2), (s1, a2, b2, df,
e2, f1, g4, x1, h1,i3), (s1, a2, b2, d1, e2, ﬁ, g4, x1, h2, i), (s1, a2, b2, df, e2, f1, g4, x1,
h2, i2), (s1, a2, bé,‘d1, e2, f1, g4, x1 . h2,i8), (s1,a2, b2, d1, €2, f1, g5, x1, h1, i1), (s1, a2,
b2, d1, e2, f1, g5, x1, h1, i2}, (s1, 52, b2, d1, .92{ f1, @5, x1, h1,1i3), (s1, a2, bz, di, e2, f1,
g5, x1, hz, i1), (s1, a2, b2, d1, e2, f1, g5, x1, h2,i2), (s1, a2, b2, d1, e2, f1, g5, x1, h2, i3),
(s1, a2, b2, dt, 63., 'f1, g1, x1, ht, i1), (81, a2, b2, di, e3, f1, g1, x1, h1, i2), {s1, a2, b2, d1,
e3, 1, g1, x1, hi, i3), (s1, a2, b2, d1, e3, ﬁ, gt, x1, h2, i), (s1, a2, b2, d1, €3, f1, g1, x1,
h2, i2), (s1, az, bé,‘d1, eg3, 11, g1>, X1 ) h2, i3),' (s1v, az, b2, di, €3, f1, g2, x1, h1, i1), (s1, a2,
b2, di, e3, f1, g2, x1, hi, i2), (s1, 52, b2, di, éS,_ 1, g2, x1, h1,i3), (s1, a2, b2, d1, &3, f1,
g2, x1, h2, i1}, (s1, a2, b2, di, e3, f1, g2, X1.' h2, i2), (s1, a2, b2, d1, e3, f1, g2, x1, h2, i3),
(s1, a2, b2, d1, e3., ‘f1, 93, x1, hi,i1), (s1, a2, b2, d1, €3, H1, g3, x1, h1, i2), (s1, a2, b2, di,
e3d, 11, g3, x1, ht, i3), (s1, a2, b2, cﬁ, e3, 1;1, g3, x1, h2, i), (s1, a2, b2 di, é3, 1, g3, x1,
h2,i2), (s1, a2, bé, d1, e3, f1, 93', x1, h2, i3),~ ‘('s1l, a2, b2, di, e3, f1, g4, x1, h1, i1), (s1, a2,
b2, di, e3, f1, g4, x1, hi, i2), (s1, 52, b2, d1; €3, f1, g4, x1, h1, i3), (s1, a2, b2, d1, 3, f1,
g4, x1, h2,i1), (s1, a2, b2, d1, e3, f1, g4, x1, h2, i2), {s1, a2, b2, d1, e3, f1, g4, x1, h2, i3),
(st, a2, b2, d1, e, f1, g5, x1, h1,i1), (s1, a2, b2, d1, €3, f1, g5, x1, hi, i2), (s1, a2, b2, d1,
e3, f1, g5, x1, hi, i_3), (s1, a2, b2, c;i1, e3, f1, g5, x1, h2, i1), (s1, a2, 132, di, é3, f1, g5, x1,
h2, i2), (s1, a2, b2 di, 3, 11, gS-, x_1, h2, iS),. (51, a2, b2, di1, e4, f1, g1, x1, hi, i1}, {s1, a2,
b2, d1, e4, f1, g1, x1, h1,i2), (s1, a2, b2, d1; e4, 1, g1, x1, hi, i3), (s1, a2, b2, di, e4, 1,
g1, x1, h2,i1), (s1, a2 b2, di, e4, 1, g1, x1, h2, 12}, {s1, a2, b2, d1, e4, f1, g1, x1, h2, i3),
(51, a2, b2, d1, e4, f1, g2, x1, ht, i), (s1, 182,‘b2, di, e4, f1, g2, x1, hi, i2), (st, a2, b2, d1,
e4, f1, g2, x1, h1, i3}, (s1, a2, b2, d1, e4, f1, ‘gz,v)'d, h2, i1), (s1, a2, 52, d1, ed, 1, g2, x1,

h2, i2), (s1, a2, b2, d1, e4, f1, g2, x_1, h2, i3), (s1, a2, b2, d1, e4, f1, g3, x1, hi, i1); (s1, a2,
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b2, d1, e4, f1, ga,lh, h1,i2), (81, a2, b2, d1, e4, f1, g3, x1, h1,i3), (s1, a2, b2, d1, e4, f1,
g3, x1, h2, i1), (s1, a2, b2, d1, e4, f1 g3, £1, h2, i2), (s1, a2, b2, d1, e4, H, gé, x1, h2, i3),
(s1, a2, b2, d1, e;i, H, g4, x4, hi, i1), (s, a2’,-b2', d1, e4, f1, g4, x1, ht, i2), (s1, a2, b2, d1,
e4, 11, g4, x1, h1, i3}, (s1, a2, b2, clH, ed, f1,-g4, x1, h2, i1), (s1, a2, b2, d1, e4, f1, g4, x1,
h2,i2), (s1, a2, b2, d1, e4, f1, g4, x1, h2, i3), (s1, a2,.b2, d1, e4, f1, g5, x1, h1, i), (s1, a2,
b2, di, e4, f1, g5, x1, h1, 2}, (s1, a2, b2, d1, e4, f1, g5, x1, h1,i3), (s1, a2, b2, di, e4, f1,
g5, x1, h2, i1), (31,.32. b2, d1, e4, f.‘l-, g5, x1, h2; i2), (s1, a2, b2, d1, (;4, f1, g5, x1, h2, i3},

(s1, a2, b2, d2, e%., 1, g1, xi, h1; i), (s1, aé,.b2, dz, et, f1, g1, x1, ht, 2}, (s1, a2, b2, d2,
e1, f1, g1, x1, h1,i3), (s1, a2; b2, d2, ef, f1,-g1, x1, h2, i1}, (s1, a2, b2, d2, el, f1, g1, x1,
h2,i2), (s1, a2, b2, d2, e1, 1, g1, x1, h2, i3), (s1, a2, b2, d2, e1, f1, g2, x1, 1, i1), (s1, a2,
b2, d2, e1, f1, g2, x1, ht, i2), (s1, a2, b2, dz, e1, 11, g2, x1, h1,i8), (s1, a2, b2, d2, e1, f1,
g2, x1, h2,i1), (s1, a2, b2, d2, e1, f1, g2, x1, _h2’. i2), (s1, a2, b2, d2, «e1, f1, g2, x1, h2, i3),
(s1, a2, b2, d2, et, f1, g3, x1, h1; i1), {s1, aé, b2 d2, e1, f1, g3, x1, h1,i2), (s1, a2, b2, d2,
e1, f1, g3, x1, h1,i3), (s1, a2, b2, d2, e1, 1,93, x1, h2, i), (s1, a2, b2, d2, e1, 1, g3, x1,
h2,i2), (s1, a2, b2, d2, e1, f1, g3, x1, h2, i3), (s1, a2,b2, d2, e1, 1, g4, x1, hi, i1}, (s1, a2,
b2, d2, e, 1, g4, x1, h1, i2), (s1, 32, b2, d2, e1, f1, g4, x1, h1,i3), (s1, a2, b2, d2, el, f1,
g4, x1, h2, i1), (s1, a2, b2, d2, e1, f1, g4, x1, h2, 12), (s1, a2, b2, d2, &1, 1, g4, x1, h2, i3),
{s1, a2, b2, d2, e1, f1, g5, x1, h1,i1), (s1, aé, b2 d2, e, f1, g5, x1, hi, 12}, (s1, a2, b2, d2,
el, f1, g5, x1, h1,i3), (s1, a2, b2, d2, e1, f1,'g5, x1, h2, i1), (s1, a2, b2, d2, e, f1, g5, x1,
h2, i2), (s1, a2, b2, d2, e1, f1, g5, x1, h2, i3), (s1, a2,'b2, d2, e2, f1, g1, x1, hi, i1), (s1, a2,
b2, d2, e2, 11, g1, x1, h1,i2), (s1, a2, b2, d2, €2, f1, g1, x1, h1,13), (s1, a2, b2, d2, 2, f1,
g1, x1, h2, i1}, (s1,.a2, b2, d2, €2, f1, g1, x1, h2, i2), (s1, a2, b2, d2, e2, 1, g1, x1, h2, i3),
(s1, a2, b2, d2, e2, f1, g2, x1, hi, i1}, (s1, a2, b2, d2, e2, f1, g2, x1, h1, i2), (81, a2, b2, d2,
e2, 11, g2, x1, h1, i3), (s1, a2,> bé, de, e2, f1, g2, x1, h2, i), (s1, a2, b2, d2, e2, 1, g2, x1,
h2, i2), (s1, a2, b2, d2, e2, 1, g2, xd, h2, i3), (51, a2, b2, d2, e2, f1, g3, x1, hi, it), (s1, a2,
b2, d2, e2, f1, g3, x1, h1, i2), (1, a2, b2, d2, e2, 11, g3, x1, h1, i3), (s1, a2, b2, d2, e2, f1,

g3, x1, h2, i), (s1,-a2, b2, d2, e2, 14, g3, x1, h2, i2), (s1, a2, b2, d2, e2, {1, g3, x1, h2, i3),
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(s1, a2, b2, d2, e2, 1,94, x1, h1,i1), (s1, a2, b2, d2,-e2, 1, g4, x1, h1, i2), (s1, a2, b2, d2,
e2, f1, g4, x1, hi, i3), (s1, a2, b2, d2, e2, f1, g4, x1, h2, i1), (s1, a2, b2, d2, e2, f1, g4, x1,
h2, i2), (s1, a2, b?,_d2, e2, f1, g4, x1, h2, i3), _(s1._, a2, b2, d2, e2, f1, g5, x1, hi,i1), (s1, a2,
b2, d2, e2, 1, g5, x1, k1, i2), (s1, az, bz, d2', ;32, t1, g5, x1, h1,i3), (st, a2, b2, d2, e2, f1,
g5, x1, h2, i1), (s1, a2, b2, d2, e2, {1, g5, x1,h2,i2), (s1, a2, b2, d2, e2, f1, g5, x1, h2, i3),
(s1, a2, b2, d2, €3, f1, g1, x1, h1, i1}, (s1, a2, b2, d2,'e3, f1, g1, x1, hi, i2), (s1, a2, b2, d2,
ed, f1, g1, x1, h1,i3), (s1, @2, b2, d2, e3, f1,.g1, x1, h2, i), (s1, a2, p2, dz, e3, 1, g1, x1,
h2,i2), (s1, a2, b2, d2, €3, 11, g1, x1, h2, i3), (s1, a2, b2, d2, e3, f1, g2, x1, h1, i1), (s1, a2,
b2, d2, e3, {1, g2, x1, h1, i2), (s1, a2, b2, d2, .e-3, 1, g2, x1, ht, i3), (s1, a2, b2, d2, 3, {1,
92, x1, h2, i1), (s1, a2, b2, d2, e3, f1, g2, x1,.h2,'2), (s1, a2, b2, d2, e3, f1, g2, x1, h2, i3),
(s1, a2, b2, d2, é3, 1,93, x1, h1,i1), (s1, a2, b2, d2,’e3, f1, g3, x1, h1, i2), (s1, a2, b2, d2,
e3, f1, g3, x1, h1,i3), (s1, a2, b2, d2, e3, f1, g3, x1, h2, i1), (51, a2, b2, d2, e3, 1, g3, x1,
h2, i2), (s1, a2, b2,.d2, 3, f1, g3, x1, h2, 13), (st a2, b2, d2, €3, f1, g4, x1, hi, i1), (s1, a2,
b2, d2, e3, f1, g4, x1, h1, 2}, (s1, a2, b2, d2, e3, 11, g4, x1, h1, i3), (s1, a2, b2, d2, e3, f1,
g4, x1, h2, i1), (s1, a2, b2, d2, é3, f1, g4, x1, h2,i2), (s1, a2, b2, d2, e3, f1, g4, x1, h2, i3),
(s1, a2, b2, d2, e3, 1, g5, x1, hi, i1), (s1, a2, b2, d2, €3, f1, g5, x1, h1, i2), (s1, a2, b2, d2,
e3, f1, g5, x1, h1,i3), (s1, a2, b2, d2, e3, f1., éS, x1, h2 i), (s1, a2, b2, d2, e3, f1, g5, x1,
h2,12), (s1, a2, b2,-d2, e3, f1, g5, x1‘, h2, i3), (31-1, .a2, b2, d2, e4, f1, g1, x1, h1, i1}, (s1, a2,
b2, d2, e4, 1, g1, x1, h1, i2), (s1, a2, b2, d2, e4, 11, g1, x1, hi, i3), (s1, a2, b2, d2, e4, 1,
g1, x1, h2, i1), (s1, a2, b2, d2., é4, 1, g1, x1,‘h2,‘i2), (s1, a2, b2, d2, e4, f1, g1, x1, h2, i3)

(s1, a2, b2, d2, e4, f1, g2, x1, hi, i1), (s1, a2, b2, d2, e4, f1, g2, x1, h1, i2), (s1, a2, b2, d2

ed, f1, g2, x1, h1,i3), (s1, a2, b2, d2, e4, f1, gé, x1, h2, i1), {s1, a2, b2, d2, e4, {1, g2, x1

h2,i2), (s1, a2, b2,-d2, e4, 1, g2, x1, h2, i3), (s1, a2, b2, d2, e4, 11, g3, x1, h, i), (s1, a2

b2, d2, e4, f1, 93,'x1, h1,i2), (s1, a2, b2, d2, e4, f1, g3, x1, hi, i3), (s1, a2, b2, d2, e4, f1

g3, x1, h2, i), (s1, a2, b2, d2, e4, f1, g3, x1, h2,i2), (s1, a2, b2, d2, e4, 1, g3, x1, h2, i3)
(s1, a2, b2, d2, e4, f1, g4, x1, ht, i1), (s1, a2, b2, d2, e4, 1, g4, x1, h1, i2), (s1, a2, b2, d2

1

ed, {1, g4, x1, h1, i3), (s1, a2, b2, d2, e4, 1, g4, x1, h2, i1}, (s1, a2, b2, d2, e4, {1, g4, x1,
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h2, 12), (s1, a2, b2, d2, e4, f1 g4 x1, h2,i3), (s1, a2, b2, d2, e4, f1, g5, x1, h, i1), (s1, a2,
b2, d2, e4, 1, g5.,‘x1, hi,i2), (s1, a2, b2, d2, e4, f1, g5, x1, ht, i3), (s1, a2, b2, d2, e4, fi,
g5, x1, h2, i1), {s1, a2, b2, d2, e4, {1, g5, x1, h2, i2), (s1, a2, b2, d2, e4, {1, g5, x1, h2, i3),

(s1, a3, b1, d1, e1,f1, g1, x1, hi, i1)', (s1, a3_,.bi'_, ‘d1, el,f1, g1, x1, hi, i2), (s1, a3, b1, di,
el, f1, g1, x1, h1,1i3), (s1, a3, b1, d1, e1, f1, g1, x1, h2, i), (s1, a3, b1, di, el, i, gi, x1,
h2, i2), (st, a3, b1, d1, et, 1 g1 x1, h2,‘i3),‘(s1,' a3, b1, d1, e1, f1, g2, x1, h1, i1), (s1, a3,
b1, d1, ef, ﬂ‘, gé,-x‘], hi,i2), (s1, a3, b1, d1, el, f1, i_:}2, x1, h1,1i3), (s1, a3, b1, d1, e, f1,
g2, x1, h2, i1), (s1, a3, b1, d1, ef, 1, g2, xi, h2, i2), (s1, a3, b1, di, e1, f1, g2, x1, h2,i3),
(s1, a3, b1, d1, e1,f1, g3, x1, h1, i1)., (s1, a3_,-bi'~, 'd1, el, 1, g3, x1, h1,i2), (s1, a3, b1, di,
et, f1, g3, x1, h1,‘i3), (s1, a3, b1, di, el, f1, g3, x1, h2, i1), (s1, a3, b1, d1, el, f1, g3, x1,
h2, i2), (s1, a3, b1, d1, e, f1,.gi‘3, x1, h2, i3),_(s1,' a3, b1, d1, e1, f1, g4, x1, h1, i), (s1, a3,
b1, d1, e, f1-, g4,'x1, h1, i2), (s1, a3, b1, di, e1, 1, §4, x1, hi, i3), (s1, a3, b1, d1, e, 11,
g4, x1, h2, i1), (s1, a3, b1, d1, et, f1, g4, x1., hé, i2), (s1, a3, b1, d1, e1, f1, g4, x1, h2, i3),
(s1, a3, b1, d1, e1,f1, g5, x1, hi, 11):, (st, a3,,-b1.'-, Id1, el, ft, g5, x1, h1,i2}, (s1, a3, b1, d1,
et, 1, g5, x1, h1,'i3), (s1, a3, b1, d1, e1, 1, g5, x1, h2, i1), (s1, a3, b1, d1, ef, 1’1', g5, x1,
h2, i2), (s1, a3, b1, d1, e1, f1 ,.95, x1, h2, i3),‘(s1 ,a3, b1, d1, e2, f1, g1, x1, hi, i1), (s1, a3,
b1, d1, e2, f1  g1,'x1, h1,i2), (s1, a3, b1, di, e2, f1, ;;1, x1, h1,1i3), (81, a3, b1, d1, e2, 1,
gt xt, h2,i1), (s1, a3, b1, d1, e2, f1, g1, x1, h2, i2), (s1, a3, b1, d1,e2, f1, g1, x1, h2, i3),
(s1, a3, b1, d1, e2,'f1, g2, x1, ht, i1)l, (s1, a3,‘b1'", di, e2, 1, g2, x1, h1, i2), (s1, a3, b1, df,
ez, f1, g2, x1, h1,153), (s1, a3, bj, d1', e2, f1, g2, x1, h2, i1), (s1, a3, b1, d1, e2, f1_, g2, x1,
h2, i2), (st, a3, b1, dt, e2, f1, g2, x1, h2, i3),-(s1,. a3, b1, d1, e2, 1, g3, x1, ht, i1), (s1, a3,
b1, d1, e2, f1, g3,%1, h1, i2), (s1, a3, b1, d1, e2, f1, ;;3, x1, h1,1i3), {81, a3, b1, d1, e2, {1,
g3, x1, h2, i1), (s1, a3, b1, d1, e2, f1_, g3, x1, hé, ?2), (s1, a3, b1, d1,e2, f1, g3, x1, h2, i3),
(s1,a3, b1, d1, e2, 1, g4, x1, ht; i1), (s1, a3,'b1.', di1, e2, f1, g4, x1, h1,i2), (s1, a3, b1, d1,
e2, f1, g4, x1, h1,.13), (st, a3, bt, d1 e2, f1,_g4, x1, h2, i1), (st, a3, b1, di1, e2, f‘I-, g4, X1,
h2,i2), (s1, a3, b1, d1, e2, f1, g4, x1, h2, i3), (51,‘ a3, b1, d1, e2, f1, g5, x1, h1, i1), (s, a3,

b1, di1, e2, f1, gS,‘XL h1, i2), (s1, a3, b1, dﬁ,.ez, 1, g5, x1, hi,i3), (s1, a3, b1, d1, e2, f1,
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a5, x1, h2, i1), (517, a3, b1, di1, e2, 1, g5, x1, h2, i2), (s1, a3, b1, d1, e2, {1, g5, x1, h2, i3),
(s1, a3, b1, d1, ed, f1, g1, x1,-h1., i), (s1, a3: b1, d1, €3, f1, g1, x1, hi, i2), (s1, a3, b1, di,
e3, f1, g1, x‘I., h1,13), (s1, a3, b1, d1, e3, f1, g1, x1, 52, i1}, (81, a3, b1, d1, e3, f1, g1, x1,
h2, i2), (s1, a3, b1, d1, e3, f1, g1, x1, h2, i3)., (s.1, agd, b1, d1, €3, f1, g2, x1, h1, i1}, (s1, a3,
b1, di, e3, f1, g2; x1, hi, i2), (s1, aé, b1, d1.,'e:;), ‘f1, g2, x1, h1, i3), (s, a3, b1, d1, e3, f1,
g2, x1, h2, i), (517, a3, b1, d1, e3, f1', g2, x1, h2, i2}, (s1, a3, b1, d1, €3, f1, g2, x1‘, h2, i3},
{s1, a3, b1, di, ed, 1, g3, x1, hi, i1}, (s1, a3: b1,.d1, e3, f1, g3, x1, hi, i2), (s1, a3, b1, d1,
e3, f1, g3, x1, h1,13), (s1, a3, b1, d1, e3, f1, g3, x1, 52, i1), (s1, a3, b1, d1, e3, f1, g3, x1,
h2, i2), (s1, a3, b1, d1, e3, f1, g3, x1, h2, i3), (51_,_33, b1, d1, e3, f1, g4, x1, h1, i1), {(s1, a3,
bt, d1, 3, 1, g4; x1, h1, i2), (st, a3, bi, d1-,'e3‘, f1, g4, x1, ht, i3), (s1, a3, b1, d1, e3, f1,
g4, x1, h2, i1), (s1, a3, b1, d1, €3, f1', g4, x1, h2, i2), (s1, a3, b1, d1, €3, f1, g4, x1, h2, i3),
(s1, a3, bi, d1, e3, 1, g5, x1, hi, i1), (s1, a3, b1,‘d1, e3, 1, g5, x1, h1, i2), (s1, a3, b1, di,
e3, f1, g5, x1, h1,i3), (s1, a3, b1, di, e3, f1', gs, x1, h2, i1), (s1, a3, bt, d1, e3, f1, g5, x1,
h2, i2), (s1, a3, b1, d1, e3, f1, g5, X1, h2, i3),‘(s1.. ad, b1, d1, e4, i1, g1, x1, h1, i1}, (s, a3,
b1, d1, e4, 11, g1, x1, hi, i2), {(s1, a3, b1, d1-,’e¢i’, 1, g1, x1, h1, i3), (s1, a3, b1, d1, e4, f1,
g1, x1, h2,i1), (s1, a3, b1, d1_,’ e4, f“l', g1, x1 ,‘h2, i2), (s1, a3, b1, d1, e4, {1, g1, x‘l., h2, i3),
(s1,a3, b1, d1, e4, 11, g2, x1, ht, i1), (s1, a3, b1,.d1,.e4, 1, g2, x1, h1, 12}, (s1, a3, b1, d1,
e4, f1, g2, x1, h1,'i3), (s1, a3, b1, d1, e4, ﬁ‘, g2, x1, h2, i1), (s1, a3, b1, d1, e4, f1, g2, x1,
h2, i2), (s1, a3, b1, d1, e4, f1, g2, x1, h2, i3), (s1, a3, b1, d1, e4, f1, g3, x1, h1,i1), (s1, a3,
b1, d1, e4, f1, gS]‘>.<1, h1, 2}, (s1, a3, b1, d1','e4", 1, g3, x1, ht, i3), (s1, a3, b, di, e4, f1,
g3, x1, h2, i1), (s1, a3, b1, d1, e4, f'1', g3, x1 h2 i2), {s1, a3, b1, d1, e4, f1, g3, x1, h2,i3),
(s1,a3, b1, d1, e4, 1, g4, x1, hi, i1), (s1, a3, b1, d1, e4, f1, g4, x1, h1,i2), (s1, a3, b1, di,
ed, f1, g4, x1, h1,.i'3), (s1, a3, b1, d1, e4, f1_', g4, x1, h2, i1}, (s1, a3, b1, d1, e4, {1, g4, x1,
h2, i2), (s1, a3, b1, d1, e4, f1, g4, x1, h2, ifi), (s1,a3, b1, d1, e4, f1, g5, x1, hi, i1), (s1, a3,
b1, d1, e4, f1, g5; >;1, h1, i2), (s1, a3, b1, d, ed, f1, g5, x1, h1,i3), (s1, a3, b, di, e4, f1,
a5, x1, h2, i1), (s1, a3, bi, dt, e4, f.1, g5, x1, h2 i_2), (s1, a3, b1, d1, e4, f1, g5, x1, h2, i3),

(s1, a3, b1, d2, et, f1, g1, x1, h1,i1), (s1, a3, b1, d2, e1, f1, g1, x1, h1, i2), (s1, a3, b1, d2,
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el, f1, g1, x1, h1; i3), (s1, a3, b1, d2, e, f1,fg1,"x1, h2, i1), (st, a3, b1, d2, el, 1, g1, x1,
h2, i2), (s1, a3, b1., d2, e, {1, g1, x'1‘, h2, i3),~('s1, a3, b1, d2, el, f1, g2, x1, h1, i1); (s1, a3,
b1, d2, e, f1, g2, x1, hi, i2), (s1, a3, bt, d2, e1,.f1, g2, x1, h1, i3), (s1, a3, b1, d2, et, 1,
g2, x1, h2, i), (s1, a3, b1, d2, e, f1, g2, le, h2, i2), (s1, a3, b1, d2, e1, f1, g2, x1, h2, i3),
(s1,a3, b1, d2 et, f1,g3, x1, hi, i1), (s1, a3, b1, d2, e1, 11, g3, x1, h1, i2), (s1, a3, b1, d2,
el, f1, g3, x1, h1, ié.), (s1, a3, b1, d2, ef, 1, ‘93; x1, h2, i1), (s1, a3, b1, d2, et, f1, g3, x1,
h2, i2), (s1, a3, b1, d2, e, f1, g3, x'1; h2,.i3),_(s1, a3, b1, d2, e1, f1, g4, x1, h1, i1), (s1, a3,
b1, d2, e1, 11, g4, x1, ht, i2), (s1, a3, b1, d2, e1,7f1, g4, x1, h1,i3), (s1, a3, bi1, d2, e1, f,
g4, x1, h2, i1), (s1, a3, b1, d2, e1, 1, 94, x1., h2, i2), (s1, a3, b1, d2, et, f1, g4, x1, h2, i3),
(s1,a3, b1, d2, e1, 1, g5, x1, h1, ii), (s1, a3, b1, d2, e, f1, g5, x1, h1, i2), (81, a3, b1, d2,
el, f1, g5, x1, h1,"ié}, (s1, a3, b1, d2, e1, f1; 'gS,:xL h2, i1), {s1, a3, b1, d2, e, f1_, g5, x1,
h2,i2), (s1, a3, b1, d2, e, f1, g5, xt, h2,.i3),h(.s1, a3, b1, d2, e2, f1, g1, x1, h1, i1}, (s1, a3,
b1, d2, e2, f1, g1, x1, h1,i2), (s1, a3, b1, d2, e2, f1, g1, x1, h1, i3), (s1, a3, b1, d2, e2, {1,
g1, x1, h2, i), (s1-, a3, bi, d2, e2, 1, g1, x1., h2, i2), (s1, a3, b1, d2, e2, f1, g1, x1, h2, i3),
(s1, a3, b1, d2, 2, 11, g2, x1, h1, i1), (s1, és, bi,d2, €2, f1, g2, x1, h1, i2), (s1, a3, b1, d2,
62,1, g2, x1, hi. 1), (s1, a3, bi, d2, e2, 1, g2, x1, h2, i1), (s1, a3, b1, d2, e2, 1, g2, x1,
h2, i2), {s1, a3, b1, d2, e2, f1, g2, x.1, h2, i3),.(;51, a3, b1, d2, e2, f1, g3, x1, h1, i1), (s1, a3,
b1, d2, e2, f1, g3, x1, h1,i2), (s1, a3, b1, d2, e2, 1, g3, x1, h1, i3), (s1, a3, b1, d2, e2, f1,
g3, x1, h2, i1), (31‘, Ia3, b1, d2, e2, f1, g3, x1, h2, i2), (s1, a3, b1, d2, e2, {1, g3, x1, h2, i3),
(1,83, b1, d2, €2, f1, g4, x1, h1, i), (s1, 53, bt, d2, e2, f1, g4, x1, h1,i2), (51, a3, b1, d2,
e2, f1, g4, x1, h1;,ié), (s1, a3, b1, d2, e2, f1, 'g4,' x1, h2, i1), (s1, a3, b1, d2, e2, f1, g4, x1,
h2, i2), (s1, a3, b1, d2, e2, 1, g4, x.1, h2, i3),-(s1, a3, bi, d2, e2, f1, g5, x1, hi, i1), (s1, a3,
b1, d2, 62, f1, g5, x1, h1,i2), (s1, &3, b1, d2, €2, f1, g5, x1, hi, i3), (s1, a3, bt, d2, 2, 11,
a5, x1, h2, i1), (51,'a3, b1, d2, e2, 1, g5, x1, h2, i2), (s1, a3, b1, d2, 2, f1, g5, x1, h2, i3),
(s1, a3, b1, d2, e3, 11, g1, x1, ht, i1.), (s1, a3, b1, d2, e3, {1, g1, x1, h..1, i2), (51, a3, b1, d2,
e3, f1, g1, x1, h1,..i3), (s1, a3, b1.. dz, e3, f1,"g1,. x1, h2, i1), (s1, a3, b1, d2, e3, f1, g1, x1,

h2,i2), (s1, a3, b1, d2, e3, f1,.g1, x1, h2, i3),-(s1, a3, b1, d2, €3, f1, g2, x1, h1, i1), (s1, a3,
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b1, d2, e3, f1, g2, x1, h1, i2), (s1, a3, b1, dz. e3, f1, g2, x1, h1, i3}, (51, a3, bi, d2, e3, f1,
g2, x1, h2, i1), (si_,'as, b1, d2, €3, f1, g2, x1, h2, i2), (s1, a3, b1, d2, €3, 11, g2, x1, h2, i3),
(s1, a3, b1, d2, e3, 1, g3, x1,.h1, i1'), (s1, a3, 61,_ d2, e3, f1, g3, x1, h1, i2), {s1, a3, b1, d2,
e3, f1, g3, x1, h1,13), (s1, a3, b1, d2, 3, f1, g3, x1, h2, i1), (s1, a3, b1, d2, e3, f1, g3, x1,

hz, i2), (s1, a3, b1, d2, e3, f1, g3, x1, h2, i3}, (s1, a3, b1, d2, e3, f1, g4, x1, h1, i1), (s1, a3,

b1, d2, €3, 1, g4, x1, h1, i2), (s1, a3, b1, d2, €3, f1, g4, x1, h1, 3}, (s1, a3, b1, d2, e3, f1,

g4, x1, h2, i1), (si, ag, bt, d2, eS, f1, g4, x1, .h2,. i2), (81, a3, b1, d2, e3, f1, g4, x1, h2, i3),
(s1, a3, b1, d2, 3, f1, g5, x1,-h1, i1.), (s1. a3, b1, d2, 3, f1, g5, x1, h1, i2), (s1, a3, b1, d2,
e3, {1, g5, x1, h1,i3), (s1, a3, b1, d2, e3, f1, 95, x1, h2,i1), (s1, a3, b1, d2, e3, 11, g5, x1,
h2, i2), (s1, a3, b1‘, ‘d2, e3, f1, g5, x1, h2, i3), (s1, a3, b1, d2, e4, {1, g1, x1, h1,i1), (s, a3,
b1, d2, e4, 1, g1, x1, h1, i2), (s1, 53, b1, 62, e4, 11, g1, x1, h1, i3}, (;1, as, 51, d2, e4, f1,
gi, x1, h2, i1), (si., a3, bi, d2, 94, fi, g1, x1;lf.12,- i2}, (s1, a3, bt, d2, e4, f1, g1, x1, h2, i3},
(s1,a3, b1, d2, e4, 11, g2, x1,°ht, 1), (s1, a3; b1, d2, e4, f1, g2, x1, ht, i2), {s1, a3, b1, d2,
e4, f1, g2, x1, h1,.i3), (s1, a3, b1, d2, e4, 11, g2, x1, h2, i1), (s1, a3, b1, d2, e4, f1, g2, x1,
h2,i2), (s1, a3, b1, d2, e4, f1, g2, x1, h2,i3), (s1, a3, b1, d2, e4, 1, g3, x1, h1, i1), (s1, a3,
b1, d2, e4, f1, g3, x1, ht, i2), (s1, 53, b1, d2, e4, 11, g3, x1, h1, i3), (;1, ag, 51, d2, e4, f1,
g3, x1, h2, i), (s‘1-, a3, b1, d2, e#, 1, g3, x1; h2,i2), (s1, a3, b1, d2, e4, f1, g3, x1, h2, i3),
(s1, a3, b1, d2, e4, f1, g4, x1,'h1, 1), (s1, a3; b1, d2, e4, f1, g4, x1, ht, i)}, (s1, a3, b1, d2,
ed, f1, g4, x1, ht, »if'i), (s1, a3, b1, d2, e4, 11, g4, x1, h2, i1), (s1, a3, b1, d2, e4, f1, g4, x1,
h2, i2), (s1, a3, b1, d2, e4, f1, g4, x1, h2, i3), (s1, a3, b1, d2, e4, 1, g5, x1, h1, 1), (81, a3,
b1, d2, e4, 1, g5, x1, h1, i2), (s1, a3, b1, d2,_e4_, 1, g5, x1, ht, i3), (;.1, a3, b1, d2, e4, f1,
g5, x1, h2, i1), (s1, a3, b, d2, ectl», ft, g5, x1,.h‘_2, i2), (s1, a3, bt, d2, e4, f1, g5, x1,-h2, i3),

(st, a3, b2, d1, e1, f1, g1, x1,'hi, i1), (s1, a3; b2, d1, e1, {1, g1, x1, h1,i2), (s1, a3, b2, d1,

el, f1, g1, x1, h1,i3), (s1, a3, b2, d1, e1, f1, g1, x1, h2, i1), (51, a3, b2, d1, e1, {1, g1, x1

h2,i2), (s1, a3, b2, d1, e1, f1, g1, x1, h2, i3), (s1, &3, b2, d1, e1, 11, g2, x1, h1, i1), (s1, a3,

b2, d1, el, f1, g2, x1, h1, i2), (s1, a3, b2, d1, e, 11, g2, x1, h1,i3), (s1, a3, b2, d1, e1, 1,

g2, x1, h2, i1), (st, a3, b2, d1, e1, ft, g2, x1, h2, i2), (s1, a3, b2, di, el, f1, g2, x1, h2, i3),
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(s1, a3, b2, d1, el, f1, g3, x1, h1,i1), (s1, a3, b2, d1, e1, f1, g3, x1, h1, i2), (s1, a3, b2, d1,
el, f1, g3, x1, h1, i?,), (s1, a3, b2, d1, el, f1, g3, x1, h2, i1), (51, a3, b2 di, é‘l, 1, g3, x1,
h2, i2), (s1, a3, bé, di, el, f1, gS-, x1, h2, i3),i .(_51, a3, b2, d1, e1, f1, g4, x1, h1, i1}, (s1, a3,
b2, d1, e, f1, g4, x1, h1,i2),(s1, a3, b2, d1; el, f1, g4, x1, h1,i3), (s1, a3, b2, d1, e1, 1,
g4, x1, h2,i1), (s1, 'aS, b2, d1, el, f1, g4, x1, h2, i2), {s1, a3, b2, d1, ef, f1, g4, x1, h2, i3},
(s1, a3, b2, d1, et, {1, g5, x1, h1, i1), (s1, a3, b2, d1, e1, f1, g5, x1, h1, i2), (s1, a3, b2, d1,
el, f1, g5, x1, hi, i3), (s1, a3, b2, cI:I‘I. el, f1, gS,_ x1, h2, i1), {s1, a3, ;32, d1, et, f1, g5, x1,
h2, i2), (s1, a3, b2, d1, el, 1, gsi, x1, h2, i3).- (s1, a3, b2, d1, e2, f1, g1, x1, h1, it), (s1, a3,
b2, d1, e2, f1, g1, x1, h1,i2), (s1, a3, b2, d1; e2, 1, g1, x1, h1,i3), (s, a3, b2, d1, e2, 1,
gt, x1, h2, i1), (s1, as, b2, d1, e2, f1, g1, x1, h2, i2), {s1, aS, b2, d1, e2, 1, g1, x1, h2, i3),
(s1, a3, b2, di, e2, 1, g2, x1, h1, i1_), (s1, a3, b2, d1, e2, f1, g2, x1, h1, i2), (3_1, a3, b2, di,
ez, f1, g2, x1, h1, 3), (s1, a3, b2, d1, €2, f1, g2, x1, h2, i1), (s1, a3, b2, d1, e2, 1, g2, x1,
h2, i2}, (s1, a3, b2, d1, e2, f1, g2, x1, h2, i3),‘ (s1, a3, b2, d1, e2, 1, g3, x1, h1, i1); (s1, a3,
b2, d1, e2, 11, g3, x1, hi, i2), (s1, a3, b2, d1; e2, f1, 93, x1, h1,i3), (s1, a3, b2, di, e2, 1,
g3, x1, h2, i1}, (sﬁ,,aS, b2, d1, e2, f1, g3, x1, h2, i2), (s1, a3, b2, d1, e2, f1, g3, x1, h2, i3),
(s1, a3, b2, d1, e2, {1, g4, x1, ht, ij}, (s1, a3, b2, d1, e2, f1, g4, x1, h“I, i2), (s1, a3, b2, d1,
e2, {1, g4, x1, h1,i3), (s1, a3, b2_, di, e2, 1, g4',-_ x1, h2, i1), (s1, a3, b2, di, e2, 11, g4, x1,
h2,i2), (s1, a3, b2, d1, e2, f1, g4, x1; h2, i3), (s1, a3, b2, d1, e2, f1, g5, x1, h1, i1); (s1, a3,
b2, d1, e2, f1, g5, x1, h1, i2),'(sl1, a3, b2,' d1, e2, f1, g5, x1, hi, i3), (s1, a3, b2, d1, e2, f1,
g5, x1, h2, i1'), (51, a3, b2, d1, e2, f1, g5, xt, h2, i2), (s1, a3, b2, d1, e2, 1, g5, x1, h2, i3),
(s1, a3, b2, d1, €3, f1, g1, x1, h1, i1), (s1, a3, b2, d1, 3, f1, g1, x1, h1,i2), (s1, a3, b2, d1,
e3, f1, g1, x1, h1,i3), (s1, a3, b2, di, €3, ﬁ,_ g1.,1)‘(1, he, i1), {s1, a3, b2, d1, e3, f1, g1, x1,
h2, i2), (s1, a3, b2, d1, €3, f1, g1, x1, h2, i3), (s1, a3, b2, d1, 3, f1, g2, x1, h1, i1), (s1, a3,
b2, di, e3, f1, g2, x1, hi, i2),‘(s'1, a3, b2,. d1, 3, 1, g2, x1, h1,i3), (s1, a3, b2, d1, e3, i1,
g2, x1, h2, i1A), (51-, a3, b2, d1, e3d, f1, g2, x1, h2, i2), '(s‘l, a3, b2, d1, e3, f1, g2, x1, h2, i3),
{s1, a3, b2, d1, e3, f1, g3, x1, h1,i1), (s1, a3, b2, d1, e3, f1, g3, x1, h1, i2), {s1, a3, b2, d1,

e3, f1, g3, x1, ht,i3), (s1, a3, b2, d1., ed, f1, g3, x1, h2, i1), (s1, a3, b2, d1, e3, f1, g3, x1,
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h2, i2), (s1, a3, b2, d1, e3, 1, g3, x1, h2,i3), (s1, a3,b2, d1, e3, f1, g4, x1, h1, i1), (s1, a3,
b2, d1, €3, 1, g4, x1, h1, i2), (s1, a3, b2, d1, €3, f1, g4, x1, h1, 13), (s1, a3, b2, d1, €3, f1,
g4, x1,h2, 1), (s1,.83, b2, d1, €3, 1, g4, x1, h3, i2), (s1, a3, b2, d1, €3, f1, g4, x1, h2, i3),
(s1, a3, b2, d1, e3, f1, g5, x1, ht, i1), (s1, a3, b2, d1, €3, f1, g5, x1, h1,i2), (s1, a3, b2, d1,
e3, f1, g5, x1, h1,i3), (s1, a3, b2, d1, €3, f1, g5, x1, h2, i1), {s1, a3, b2, d1, 3, f1, g5, x1,
h2, i2), (s1, a3, b2, d1, e3, 1, g5, x1, h2, i3), (s1, a3, b2, d1, e4, 11, g1, x1, h1, i), {s1, a3,
b2, d1, e4, f1, g1, x1, 1, i2), (s1, a3, b2, d1, e4, f1, gi, x1, ht, i3),-(“s1, a3, b2, di, e4, f1,
g1, x1, h2, i1), (s1,.a3, b2, di, e4, f1, g1, x13,h2; i2), (s1, a3, b2, d1, e4, f1, g, x1, h2, i3),
(s1, a3, b2, d1, ed, f1, g2, x1, h1, i1), (s1, a3, b2, d1, e4, f1, g2, x1, h1,i2), (s1, a3, b2, d1,
e4, f1, g2, x1, h1, i3), (st, a3,' bé, di, e4, f1,_92,'x1, h2,i1), (s1, a3, b2, d1, e4, fi, g2, x1,
h2, i2), (s1, 53, b2 di, e4, f1, g2, x1, h2, i3}, (51, a3, b2, d1, e4, f1, g3, x1, h1, i), (s1, a3,
b2, di1, e4, f1, g3, x1, h1, i2), (s1, a3, b2, d1,.e4, 1, g3, x1, ht, i3), (81, a3, b2, d1, e4, f1,
g3, x1, h2, i1), (s1,-a3, b2, d1, e4, 11, g3, x1, h2; i2), (s1, a8, b2, d1, e4, f1, g3, x1, h2, i3),
(s1, a3, b2, d1, e4, f1, g4, x1, hi,i1), (s1, a3, b2, d1, e4, {1, g4, x1, ht, i2), (s1, a3, b2, d1,
e4, f1, g4, x1, h1, i3}, (s1, a3,' bé, a1, e4, f1,-g4, x1, h2, i1), (s1, a3', b2, di1, e4, f1, g4, x1,
h2,i2), {s1, 53, 52-, a1, e4, {1, g4, x1, h2, i3}, (51, a3, b2, di, e4, f1, g5, x1, h1, i1}, {s1, a3,
b2, d1, e4, f1, g5, x1, h1,i2), (s1, a3, b2, d1, ed, f1, g5, x1, ht, i3), (s1, a3, b2, d1, e4, f1,
g5, x1, h2, i1), {s1, a3, b2, d1, e4, ﬁ; a5, x1 ,_h2,"-i.2), (s1, a3, b2, d1, e4, 11, g5, x1, h2, i3),

(s1, a3, b2, d2, e1', f1, g1, x1, h1, i1), (s1, a3, b2, d2, e1, f1, g1, x1, hi, i2), (s1, a3, b2, d2,
el, f1, g1, x1, h1, i3), (s1, a3,l bé, dz2, ef, f1,-g1,'x1, h2, i1), (s1, a3, b2, d2, el, f1, g1, x1,
h2,i2), (s1, 53, 52', d2, e1, f1, g1, x1, h2, i3}, (s1, a3,—b2, dz2, e1, f1, g2, x1, h1, i1}, (s1, a3,
b2, d2, e, 1, g2, x1, hi, i2), (s1, a3, b2, d2 e1, f1, g2, x1, hi, i3), {s1, a3, b2, d2, e, f1,
92, x1, h2, i1), (s1,'a3, b2, d2, e1, fTI, g2, x1, -hé; 32), (s1, a3, b2, d2, el, f1, g2, x1, h2, i3),
(s1, a3, b2, d2, &1, 1, g3, x1, hi, it), (s1, a3, b2, d2, e1, f1, g3, x1, h1, i2), (s1, a3, b2, d2,
el, f1, g3, x1, hj, i3), (s1, a3,. b2, d2, el, f1,-93, x1, h2, i1), (s1, a3, b2, d2, et, f1, g3, x1,
h2,i2), (st, a3, b2, d2, et, 1, g3, x1, h2, i3), (s1, a3,-b2, d2, e1, f1, g4, x1, h1, i1), (s1, a3,

b2, d2, e1, f1, g4, x1, h1, i2), (s1, a3, b2, d2, ei, f1, g4, x1, h1, i3), (1, a3, b2, d2, e1, f1,
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g4, x1, h2, i1), (s1, a3, b2, d2-, é1, 1, g4,7x1,.h2,'i2), (s1, a3, b2, d2, et, 11, g4, x1, h2, i3),
{s1, a3, b2, 52, é1', f1, g5, x1, h1, i1}, (s1, a3, b2, d2,‘e1, f1, g5, x1, h1,i2), (s1, a3, b2, d2,
el, f1, g5, x1, h1,i3), (s1, a3, b2, d2, e, f1, gS, x1, h2, i1), (s1, a3, b2, d2, ef, f1, g5, x1,
h2,i2), (s1, a3, b2,"d2, e1, f1, g5, x17, h2, i3}, (31-‘-, 'a3, b2, d2, e2, f1, g1, x1, h1, i1), {s1, a3,
b2, d2, e2, f1, g1,.x1, ht, i2), (s1, a3, b2, d2, 2, f1, g1, x1, h1, i3), (s1, a3, b2, d2, e2, {1,
gl, x1, h2, i1), (s1, a3, b2, d2-, e2, f1, g1, x1 ,. h2, i2), (s1, a3, b2, d2, e2, 1, g1, x1, h2, i3),
(s1, a3, b2, dé, ez, f1, g2, x1, ht, i1), (s1, aS,_b2, d2, 7e2, f1, g2, x1, h1,i2), {s1, a3, b2, d2,
ez, f1, g2, x1, h1,i3), {s1, a3, b2, d2, e2, ﬁ., gé, x1, h2, i1), (81, a3, b2, d2, e2, 1, g2, x1,
h2, i2), (s1, a3, b2,'d2, e2, f1, g2, x1, h2, i3), (s‘!". a3, b2, d2, e2, 11, g3, x1, h1, i), (s1, a3,
b2, d2, e2, f1, gS,lx1, h1, i2), (sj, aé, b2, d2, e2, f1, g3, x1, h1, i3), (s1, a3, b2, dé, e2, f1,
g3, x1, h2,i1), (s1, a3, b2, d2, e2, 11, g3, x1,‘ h2,'i2), {s1, a3, b2, d2, e2, f1, g3, x1, h2, i3),
(st, a3, b2, d2, e2, f1, g4, x1, h1, i1), (s1, aé, b2, d2,-e2, 11, g4, x1, hi,i2), (s1, a3, b2, d2,
e2, f1, g4, x1, h1,i3), (s1, a3, b2, d2_, e2, f1, g4, x1,h2, i1), (s1, a3, b2, d2, 2, f1, g4, x1,
h2, i2), (s1, a3, b2, d2, e2, 1, g4, x1, h2,i3), (S'i.‘, a3, bz, d2, e2, f1, g5, x1, h1, i1), (s1, a3,
b2, d2, e2, f1, gS,.x1, h1,i2), (s, aé, b2, d2,_ e2, f1, g5, x1, h1, i3), (s1, a3, b2, dé, ez, f1,
g5, x1, h2, i1}, (s1, a8, b2, d2, e2, f1, g5, x1, h2,'i2), (s1, a3, b2, d2, e2, 1, g5, x1, h2, i3},
(s1, a3, b2, d2, €3, 11, g1, xt, hi, i1), (s1, aS, b2, d2, 3, f1, g1, x1, h1, i2), (s1, a3, b2, d2,
e3, f1, g1, x1, h1,i3), (s1, a3, b2, d2, e3, f1, g1, x1, h2, i1), (s1, a3, b2, d2, e3, 11, g1, x1,
h2, i2), (s1, a3, b2, d2, e3, f1, g1, x1, h2, i3), '(51", a3, b2, d2, e3, f1, g2, x1, hi, i1), {s1, a3,
b2, d2, e3, f1, g2, x1, h1, i2), (s1, zi?;, b2, d2, é3, f1, g2, x1, h1,i3), (s1, a3, b2, dé, e3d, f1,
g2, x1, h2, i1), (s1, a3, b2, d2, e3, 11, g2, x1, h2,.i2), (s1, a3, b2, d2, 3, f1, g2, x1, h2, i3},
(s1, a3, b2, d2, e3, 1, g3, x1, hi, i1), (s1, aé, b2, d2, €3, 11, g3, x1, ht, i2), (s1, a3, b2, d2,
e3, f1, g3, x1, h1,i3), (s1, a3, b2, d2, e3, 1, g3, x1, h2, i1), (s1, a3, b2, d2, e3, f1, g3, x1,
he, i2), (s1, a3, b'2_,'d2, e3, f1, g3, x1, h2, i3), ‘(31.', a3, b2, d2, e3, f1, g4, x1, h1, i1)_, (s1, a3,
b2, d2, 3, f1, g4, x1, h1, i2),,(é.1. éS, b2, d2, éS, f1, g4, x1, h1, i3}, (s1, a3, b2, d2, e3, f1,
g4, X1, h2, i1), (s1, a3, b2, d2, e3, f1, g4, x1, h2, i2), (s1, a3, b2, d2, e3, f1, g4, x1, h2, i3),

(s1, a3, b2, d2, e3, 'f'l, g5, x1, h1,i1), (s1, a3, b2, d2, e3, f1, g5, x1, h1, i2), (s1, a3, b2, d2,

-
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e3d, f1, g5, x1, h1,-i3), (s1, a3, b2, d2, e3, f1, g5, x1, h2, i1), (s1, a3, b2, d2, 3, f1', g5, x1,
h2, i2), (s1, a3, b2, d2, e3, ﬂ,-gS, x1, h2, i3),-(s1,' a3, b2, d2, e4, 1, g1, x1, ht,i1), (s1, a3,
b2, d2, e4, f1., g1,x1,h1,i2), (51, a3, b2, d2, e4, {1, §1, x1, h1,i3), (s1, a3, b2, d2, e4, 1,
g1, x1, h2, i1), (s1, a3, b2, d2, e4, 1, g1, x1, hé, i2), (s1, a3, b2, d2, €4, f1, g1, x1, h2, i3),
(s1, a3, b2, d2, e4,f1, g2, x1, ht, 11)', (s1, aS,'bé, d2, e4, f1, g2, x1, h1, i2), (st1, a3, b2, d2,
e4, f1, g2, x1, ht,i3), (s1, a3, b?, dé. ed, f1, g2, x1, h2, i1}, {s1, a3, b2, d2, e4, ﬂl, a2, x1,
h2,i2), (s1, a3, b2, d2, e4, f1, 92, x1, h2, i3).-(s1,' a3, b2, d2, e4, f1, g3, x1, h1, i1), (s1, a3,
b2, d2, e4, {1, g3, x1, h1, i2), (s1, a3, b2, d2, e4, f1, éS, x1, h1,i3), (s1, a3, b2, d2, e4, f1,
g3, xi, h2, i1}, (s1, a3, b2, d2, e4, f1_, g3, x1, h2 i2), (s1, a3, b2, d2,e4, f1, g3, x1, h2, i3),
(s, a3, b2, d2, e4, 1, g4, x1, ht; i1), (s1, a3,'bé‘, dz2, e4, f1, g4, x1, ht, i2), (s1, a3, b2, d2,
e4, f1, g4, x1, h1,.|’3), (s1, a8, b2, d2 e4, f1, g4, x1, h2, i1), (s1, a3, b2, d2, e4, f1., g4, x1,
h2, i2), (s1, a3, b2, d2, e4, 1, g4, x1, h2, i3), (51,. a3, b2, d2, e4, f1, g5, x1, ht, i1), (s1, a3,
b2, d2, e4, 1, g5, x1, h1, i2), (s1, a3, b2, dé, e4, f1, g5, x1, ht, i3), (s1, a3, b2, d2, e4, f1,
g5, x1, h2, 1), (s1, a3, b2, d2, e4, f1, g5, x1, h2, i2), (s1, a3, b2, d2, €4, {1, g5, x1, h2, i3).
Entre las combinaciones -antériores, particularmente combinaciones
preferibles son como siguen: (s, éé, bt, d2, é2, f1, g1, x1, ht, i1), (s1, a2, bi, dé, e2, f1,
g1, x1, ht,i2), (s1, a2, b1, d2, 2, f1, g1, x1, h1,‘i3), (s1,a2,b1,d2, 2,1, g1, x1, h2, i},
(s1, a2, bi, d2, e2, f1, gl, x1, h2, i2), (s1, aé, b1, d2, e2, f1, g1, x1, h2, i3), (s1, a2, b1, d2,
e2, 1, g2, x1, hi, i1), (s1, a2, b1, d2, e2, {1, g2, x1, h, i2), (s1, a2, b1, d2, e2, f1, g2, x1,
h1,i3), (s1, a2, bi_,‘d2, e2, f1, g2, xi, h2, i1), '(‘51:, az, bi, dz2, e2, 11, g2, x1, h2, i2), {s1, a2,
b1, d2, e2, f1, g2, x1, h2, i3), (s1, a2 b1, d2, e2, 1, g4, x1, hi, i1), (s1, a2, b1, d2, e2, 1,
g4, x1, h1,i2), (s1, a2, b1, d2, €2, f1, g4, x1, h1,i3), (s1, a2, b1, d2, e2, f1, g4, x1, h2, i1),
(s1, a2, b1, d2, e2', 'ﬁ, g4, x1, h2, i2), (s1, aé,-b1, d2, e2, f1, g4, x1, h2,i3), (s1, a2, bt, d2,
e3, 1, g1, x1, 1, i1), (1, a2, b1, d2, e3, 1, g1, x1, h, i2), (s1, a2, b1, d2, &3, 1, g1, x1,
h1,i3), (st1, a2, b.1_,'d2, e3, 11, g1, x1‘, h2, i), .(S'Il, az2, b1, dz2, e3, 11, g1, x1, h2, i2), (51, a2,
b1, d2, e3, f1, g1, xt, h2, i3), (s1, aé, b1, d2, é3,_ f1, g2, x1, hi, i1), (s1, a2, b1, d2, e3, f1,

g2, x1, hi, 2}, (s1, a2, b1, d2, e3, f1, g2, x1, h1,i3), (s1, a2, b1, d2, e3, f1, g2, x1, h2, i1),
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(s1, a2, b1, d2, e:‘:j,'ﬁ, g2, x1, h2, i2), (s, a2,'b1", d2, e3, 11, g2, x1, h2, i3), (s1, a2, b1, d2,
ed, f1, g4, x1, hi, i1), (s1, a2, bi, d2 e3, f1,_g4, x1, h1,i2), (s1, a2, b1, d2, e3, f1, g4, x1,
h1,i3), (s1, a2, b1, d2, e3, f1, g4, x1, h2, i1), (31,. a2, b1, d2, e3, f1, g4, x1, h2, i2), (s1, a2,
b1, d2, 3, f1, g4, x1, h2, i3). |

5 Los compuestos representados por la formula (1) de fa presente invencién

se pueden fabricar, por ejemplo, por un métado se sintesis general descrito abajo.

. . o . )
LG COzR"' Primera etapa . { Segunda etapa
~p —_— -+ HN—0O Co,R?
E - N— O\E/C02R \$E/ 2

10

il 0O o (Y
. o )
o o . S~y
. L
¥ L :
REHN /\\. COR? . |
N Tercera etapa ] N\
o) . : O
15 . o /
) L S--X
REHN— | H
REHN RN T Nt\l)LN T -
\g\ @ Sexta etapa S N j’)\A Y Cuarta etapa N“O g N. 2 " Y
Coord COORP E< COOR®
o COOR?
vl i Vil
. iX
Séptima etapa . Quinta etapa
20 \
Mwy ’0l 'Mwﬂ
71\ / Octava etapa j)\ /
COORP . CO0D
COl‘.‘.}R‘a : CCCH

X i f
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Férmula 60

endonde E, F, X, A, T, R, R° RSP,y

tﬁﬁa 61

se definen como se mencioné antes; LG e Y son grupos salientes (por ejemplo, hidroxi,

halégeno (Cl, Br, 1), carbamoiloxi, -aciloxi, metanosulfoniloxi, toluenosulfoniloxi- que se
pueden sustituir, etc.); R? es hidrégeno o un grupo protector carboxi; Re es hidrégeno o un
grupo protector amino).

1) Materias primas de la cadena lateral en la posjcién 7. Sintesis del
compuesto (IV)

La primera etapa:

El compuesto' (fll) se dbtiéne por medio por una reaccién con N-
hidroxiftalamida én presencia del compuesto (1) (LG es hidroxi) y reactivo Mitsunobu, o en
presencia del compuesto (Il) (LG es otro grUpo saliente} y una base (tal como hidroxido de
sodio, metdxido de-sodio).

Una cantidad de. N-hidroxiftalamida usada es generalmente 1-5
equivalentes molares, preferiblémente, 1-2 -equivalentes molares, relativo al compuesto
(11}. |

Ejemplos de solventes de reaccion incluyen éteres (por ejemplo, dioxano,
tetrahidrofurano, . dietil  éter, terc;butil me_til-l .éter, diisopropil éter), hidrocarburos
halogenados (pdr ejemplo, diciorometano, cloroformo, tetracloruro de carbono),
hidrocarburos (por ejemp!d, .n-hexano, Een{ieno, tolueno), amidas (por ejemplo,
formamida, N,N—aimetilformamida, N,N-dimétilacetaﬁida, N-metilpirrolidona), y lo similar, y
solventes mezclados y lo similar. |

Una'temperatura.de‘ reaccién éété en un intervalo de, generaimente,

aproximadamente‘ -50°C-100°C, preferiblemente aproximadamente -40-50°C, y mas
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preferiblemente aproximadamente —30—0°C'.'

La segunda etapa:

N-metilhidrazina 6 hidrazina se anade y reacciona al compuesto (lll) para
proveer el compuesto (iV).

" Una cantidad de N-metilhidrazina o hidrazina usada esta en un intervalo de
aproximadamente 1-10 equiva!entes molares, preferiblemente 1-5 gquivale_ntes molares,
mas preferibleme.nt_e 1-2 equivalentes molares, relativo al compuesto (11i).

Ejemplos de solventes de reaé_cién incluyen éteres (por ejemplo, dioxano,
tetrahidrofurano, dietil éter, terc-butil metil &fer, diisopropil éter), ésteres (por ejemplo, etil
formiato, acetato de etilo, acetato de isopropilo), hidrocarburos halogenados {por ejemplo,
diclorometano, cloroformo, tetracloruro de\. carbono), hidrocarburgs {(por ejemplo, n-
hexano, benceno, tolueno), alcohoies {(por ejen‘}p'lo, metanol, etanol, isopropanol), amidas
{por ejemplo, formamida, N,N-dimetilformamida, N,N-dimetilacetamida, N-metiipirrolidona),
cetonas (por ejemplo, acétoha, meti‘l etil cetona), nitrilos {por ejemplo, MeCN,
propionitrilo),' sulféxido de dimetilo, agua, y lo similar, y solventes mezclados y lo similar.

Una temperatura de reaccion estd en un intervalo de, generalmente,
aproximadamente - 0°C-100°C, breferibleménfe aproximadamente 0-50°C, mas
preferiblemente aproximadamente 10-30°C.

La tercera etapé: |

| EI- compuesto (IV) se ahade y reacciona con el compuesto (V), que es
comercialmente disponible o se. obtiene- pof un meétodo conocido, para proveer el
compuesto (VI). (Por ejemplo, se déscribe en Bi;)organic & Medicinal Chemistry, Vol. 15,
p. 6716-6732 (2007)).

N—metilhidraziné 6 hidrazina ée anade y reacciona con el compuesto (I11)
para proveer. el éompuesto (IV).

Ejemplos de solventes de reacc‘ic’an incluyen éteres {por ejemplo, dioxano,

tetrahidrofurano, dietil éter, terc-butil metil &ter, diisopropil éter), ésteres (por ejemplo, etil
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formiato, acetato de etilo, acetato de isopropilo), hidrocarburos halogenados (por ejemplo,
diclorometano, cloroformo, tetracloruro de carbono), hidrocarburos (por. ejemplo, n-
hexano, benceno, tolueno), a!coholés (por e-_jgrr'\p-lo, metanol, etanol, isopropanol), amidas
(por ejemplo, formamida, N,N-dimetiformamida, N,N-dimetilacetamida, N-metilpirrolidona),
cetonas (por ejemplo, acétoha, metil etil cetona), nitrilos (por ejemplo, MeCN,
propionitrilo); sulféxido de dimetilo, agua, y lo similar, _y solventes mezclados y lo similar.

Una temperatura de reaccion estd en un intervalo de, generalmente,
aproximadamente - 0°C-100°C, preferibiemé‘nfe aproximadamente 0-50°C, mas
preferiblemente aproximadamente 10-30°C.

2) amidacién en la posicidn 7 y formacion de cadena lateral en posicion 3;

Sintesis del compuesto (X} -

La.cuarta etapa (reacf:ic’m de amiaécién en la posicién 7):

El compuesto (IX) se provee por la reaccién del compuesto (Vi) y el
compuesto (VII), que son éor‘nerciaimente- disponibles o sintetizados de acuerdo a
métodos deécritos en la literatura (por ejerhplo, Publicacién Japonesa abierta al publico
No. 60-231684, Publicacion Japonesa abierta al plblico No. 62-149682, etc.). En este
caso, preferiblemente, R* y R son grupos pro;[é;:tores carboxi, R® es un grupo protector
amino, y R% y R® son hidrégeno.

Ur_1a cantidad de compuesio (VI) usado esta en un intervalo de,
generalmente, aproximadamente 1-5 moles, preferiﬁlernente 1-2 moles, relative a 1 mol
de compuesto (VII). |

Ejemplos de solventes de reaccion incluyen eteres (por ejempio, dioxano,
tetrahidrofurano, cliietil éter, terc-‘butil' metil éter, diisopropit éter), ésteres (por ejerﬁplo, etil
formiato, acetato_ de etilo, acetato de isopropilo), ‘hidrocarburos halogenados {por ejemplo,

diclorometano, cloroformo, tetracloruro de carbono), hidrocarburos {por ejemplo, n-

hexano, benceno, tolueno), alcoholes (por ejemplo, metanol, etanol,"isopropanol), amidas
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{por ejemplo, formamida, N,N.—dimetilformami‘da, N,N-dimeti!acetamida, N-metitpirrolidona),
cetonas (por ejémplo, acetona, metil etil cetoﬁa), nitrilos  (por ejemplo, MeCN,
propionitrilo), sulfoxido de dimetilo, -agua, y lo siﬁwilar, y solventes mezclados y lo similar.

Una temperatura- de reaccién estd en un intervélo de, generalmente,
aproximadamente. 40°C-80°C,. pfeferi_blem'ente aproximadamente -20-50°C, mas
preferiblemente aproximadamente -10-30°C. |

Adermas, un compuesto del cual T es SO en el compuesto (IX) se puede
proveer por oxidacion de un compuesto del cua! T es S en el compuesto (IX). Ejemplos de
agentes de oxidacién incluyen acido m-‘c[droperbenzoico {m-CPBA), perdxido de
hidrégeno, acido ﬁeracético, ylo sir'n.ilar.

~ La reaccion de amidacién descrité antes se puede realizar después de que

un radical carboxi se convierte a un d_érivado reactivo (por ejemplo, sal de base
inorganica, sat de base organica, haluro de &cido, azida de 4cido; anhidrido de &cido,
anhidrido de 4cido mezclado, amida activa.: él'ster activo, tioéster activo). Ejemplos de
dichas bases inorganicas inc;luyen' rlnetales ‘a-lcalinos (por ejemplo, Na, K, etc.), metales
alcalinoterreos (por ejemplo, Ca, Mg) v similéres._ Ejemplos de bases organicas son
trimetilamina, trietli]'amina, terc—butiidimetila.min_a, dibencilmetilamina, bencildimetilamina,
N-metilmorfolina, diisopropiletilamina vy similares. Ejemplos de haluros &cidos incluyen
cloruros de écidi:_»,- bromuros de Acido y !'o"s.iAmiIar. Ejemplos de anhidridos Qe acido
mezclados incluyen anhidridos de acido _rﬁezclados de carbonato de mono-alquilo,
anhidridos de 4cido mezclados del acido carboxilico alifatico, anhidridos de 4&cido
mezclados del éc;ido carboxilico arométic;), anhidridos de acido mezclados de &cido
sulfénico organico y lo similar. 'Ejempl.os de . amidas activas iﬁcluyen'amidas con
compuestos hetérc;ciclicos que’cor_ﬂienen 'nitrégeno, y similares. Ejemplos de ésteres
activos son ésteres fosféricos orgénicos (pof ejemplo, ésteres dietoxifosforicos, ésteres
difenoxifosféricos y lo similar), ésteres de p-nitrofenilo, ésteres 2,4-dinitrofenilo, ésteres

cianometilo y lo similar. Ejemplos de tioésteres activos incluyen ésteres con compuesto
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tiol aromatico hetérociclico (por ejéfnplo, é§tEres 2-piridiltiol) y io similar. Ademés, en la
reaccion antes descrita, un agente de condensécién adecuado se puede usar como se
desee. Por ejemplo, sal de &cido clorhidfico de 1-dimetilaminopropil-3-etilcarbodiimida
(WSCD-HCh, N,N'-diciclohexilgarbodiimida,‘ N,N'-carbonildiimidazol, N,N'-
tiocarbonildiimidazol, N-etoxicarbonii-2-etoxii1,é—dihidroquinolina, oxicloruro de fésforo,
alcoxiacetileno, yoduro de 2-¢Iqronﬁétilpiridin_id, yoduro de 2-fluorometilpiridinio, énhidrido
trifluoroacético y lo similar se pueden utilizar comlo un agente de condensacion.

La citﬁinta etapa (reaccién de formacién de cadena lateral posicion 3):

Compuesto (X) se proporciona por la reaccién de compuestos (IX) y una
amina terciaria cé_rfespondiente {es decir, he‘téréciclo saturado o insaturado y monociclico
o heterociclo de anillos cond,ensados gue t[e‘ne al menos uno 0 mas atomos de N que
pueden sustituirse). En este caso, preferentemente, R® y R® son grupos de proteccion de
carboxilo, y R® es un grupo de proteccién arﬁino.

Una cantidad de una aminé terciaria correspondiente utilizada esta en un
intervalo de, gen'er.almente, 1-5 moles, preférehtemente 1-2 moles, relativo a 1_ mol de
compuesto {IX}. | |

. Ejemplos de solventes de reaccion incluyen éteres (por ejemplo, dioxano,
tetrahidrofurano, c‘ii-etil éter, terc-butil metil éter, diisopropil éter), ésteres (por ejemplo,
formiato de etilo, acetato de etilo, écetato.de isopropilo), hidrocarburos halo.genados (por
ejemplo, diclororﬁe&ano, cloroforfno,_tetracloi'L.Jro.de carbono), hidrocarburos (por ejemplo,
n-hexano, benceno, tolueno), ami.das (por. ejemplo, formamida, N,N-dimetilformamida,
N,N-dimetilacetamida, N-metilpirrolidona), cetonas (por ejemplo, acetona, metiletii cetona),

nitrilos (por ejemplo, MeCN, propionitrilo), o sulféxido de dimetilo, agua y similares y

-

solventes mezclados vy lo similar.
Una temperatura de reaccién' est4 en un intervalo de, generalmente, -20-
60°C, preferentemente -10-40°C, mas preferentemente 0-20°C.

+ Ademas, un compuesto del cual T es SO en compuestos (X) se puede
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proveer reduciendo el compuesto del cual T es SO en compuestos (X). Agentes
reductores ejemplares incluyen yod‘uro de potasio - cloruro de acetilo y similares.
. 3).formacion de cadena lateral posicién 3 y amidacion posicién 7;

-

Sintesis de compuestos (X)

La.séxta etapa (reaccién de formacion de cadena lateral de posicion 3):

Compuesto (Vlll).se‘ proporcior;a por medio de la reaccidn del compuesto
(VII) con una amina terciaria correspondiente (es decir, heterociclo saturado o insaturado
y monociclico o hé'terocicio de anillo condensado que tiene al menos uno o mas atomos
de N que puede sustituirse). En este caso,. prefgrentemente, R® es un grupo de proteccién
carboxilo y R® es un grupo de prdtec_cién amiﬁo. |

Una cantidad de\uné amina terciaria correspondiente utilizada esta en un
intervalo, generalmente, 1-5 moles, prefergntemente de 1-2 moles, relativo a 1 mol de

compuesto (VIL).

-

Ejempios de solvenfes de r.eaccig’)n incluyen éteres (por ejemplo, dioxano,
tetrahidrofurano, ‘dietil éter, teré-but_il metit '('é'te;, diisopropil éter), ésteres (por ejemplo,
formiato de etilo, acetato de etito, écetato de isopropilo), hidrocarburos halogenados (por
ejemplo, diclorometano, cloroformo, tetracloruro de carbono), hidrocarburos (por ejemplo,
n-hexano, benceno, tolueno), amidas (por ejemplo, formamida, N,N-dimetilformamida,
N,N—dimetilacetami'da, N-metilpirrol‘idona), cetonas (por ejemplo, acet-bna, métiletil cetona),
nitrilos  (por ejerr.1plo, MeCN, p.ropi,onitrilo),".su[féxido de dimetilo, agua y similares y
solventes mezclados y lo similar.

* Una 'temperatura de reaccién esta en un intervalo de, generalmente, -20-
60°C, preferentemente -10-40°C, mas preferéntemente 0-20°C.

La séptima etapa (reaccién de _arn_idgcién posicién 7):

Compuesto (X) sé proporcioﬁé por medio de la reaccién del compuesto

(VNil) y compuesto (VI). En este caso, preferentemente, R* y R® son grupos de proteccion
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carboxi, R® es un grupo de protecci.én amino, R*y R® son hidrégeno. ..

Un-a cantidad dé compuestlol'_ (Vi) utilizada estd en un intervalo de,
generalmente, 1-5 moles, preferentemente de 1-2 moies, refativo a 1 mol de compuesto
(VIIT}.

Ejemplos de solventes de r'eaccién incluyen éteres (por ejemplo, dioxano,
tetrahidrofurano, dietil éter, terc-bﬁtil metil éter, diisopropil éter), é:steres {por ejemplo,
formiato de etilo, acetato de etilé, acetato dé ._isopropi!o), hidrocarburos halogenados (por
ejemplo, diclorometano, cloroformo, tetracloruro de carbono), hidrocarburos (por ejemplo,
n-hexano, bencénq, tolueno), amidas (por ejemplo, formamida, N,N-dimetilformamida,
N,N-dimetilacetamida, N-metilpirrolidona), _cefonas (por ejemplo, acetona, me_tiletil cetona),
nitrilos {por ejem‘pl_o, MeCN, propionitrilo), sy!féXido de dimetilo, y similares y solventes
mezclados y lo similar. -

Una temperatura de reaccién esta en un intervaio de, generalmente, -40-
80°C, pre'feréntemente aproximadamente  -20-50°C, madas  preferentemente
aproximadamente -10-30°C. .

La reaccion de an_mida'cién descrita antes se puede realizar después de que
un radical carboxi se convierte a un derivado reactivo {por ejemplo, sal de base
inorganica, sal de base orgéniéa, haluro dé acido, azida de acido, anhidrido de &cido,
anhidrido de écid.o, mezclado, amida activa, éster activo, tioéster activo). Ejemplos de
dichas bases inorgénicas incluyen metales alcalinos (por ejemplo, Na, K, y lo similar),
metales alcalinotérreos (por ejemplo, Ca_,, MQ). Ejemplos de bases organicas son
trimetilamina, trietilamina, terc-butildimetilamina, dibencilmetilamina, bencildimetilamina,
N-metilmorfolina, diisopropileiilémina y similares. Ejemplos de haluros Acidos incluyen
cloruros de 'écic.io,. bromuros de &cido y lo similar. Ejemplos de anhidridos de &cido
mezclados incluyen anhidridos de 4cido mezclados de carbonato de mono-alquilo,
anhidridos de &cido mezclados del écidg._éafboxilico alifatico, anhidridos de acido

mezclados del Acido carboxilico aromatico, - anhidridos de &cido mezclados de acido
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sulfénico organico y lo similar. Ejemplos de amidas activas incluyen amidas con
compuestos heterociclicos que contienen nitrtjgeno, y similares. Ejemplos de ésteres
activos son esteres fosféricos organicos (p-or. ejemplo, ésteres dietoxifosféricos; ésteres
difenoxifosféricos y lo similar), ésteres de p-nitrofenilo, ésteres 2,4-dinitrofenilo, ésteres
cianometilo y Io'sjr‘nilar. Ejemplos de tioésteres activos incluyen ésteres con compuesto
tiol aromatico heterociclico {por ejemplo, ésteres 2-piridiltiol) y lo similar. Ademas, en la
reaccién antes descrita, un agente de condenSécién adecuado se puede usar como se
desee. Por ejemplo, sal de acido »clorhidricéj de 1-dimetilaminopropil-3-etilcarbodiimida
(WSCD-HCI}, N,N'-dicicl'oh'exilcarbodiiniida,- N,N'-carbonildiimidazol, N,N'-
tiocarbonildii'rnidézol, N-etoxicarbonil-2-etoxi-1,2-dihidroquinolina, oxicloruro de fésforo,
alcoxiacetileno, yoduro de 2—c[orometi|piridini6,'yoduro de 2-ﬂuorom‘gtilpiridinio, anhidrido
trifluoroacético y lo similar se puedeh utilizar_cofnb un agente de condensacion.

Ademas, un compuesto del cual T es SO en compuestos (X) se obtiene
reduciendo el compuesto del Eual T es SO en compuestos (X). Agentes reductores
ejemplares ihcluyen yoduro de potasio - cloruro de acetilo y similares.

-

4) Reaccion de desproteccidn .

La octava etapa:

Compuesto (I) 'se; provee al someter el compuesto (X) a una reaccién de
desproteccié'n cdn- un método bien conocido por aquéllos con experiencia en_la técnica.

Ejemplos de solventes de réaccién incluyen éteres (por ejemplo, dioxano,
tetrahidrofuranao, .dietil éter, terc_-bufil metil _éftér,'diisopropil éter), ésteres (por ejemplo,
formiato de etilo, acetato de etilo, acetato de isopropilo), hidrocarburos halogenados (por
ejemplo, diclorometano, cloro.for‘mo, tetraclor‘uro de carbono), hidrocarburos {por ejemplo,
n-hexano, bénceno, tolueno), amidas (po'r'_ejemplc-), formamida, N,N-dimetilformamida,
N,N-dimetilacetamida, N-metilpirrolidona), cetohas (por ejemplo, acetona, metiletil cetona),

nitrilos {por ejemplo, MeCN, propionitrilo), nitoros {por ejemplo, nitrometano, nitroetano,
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nitrobencend), sﬁlféxido de dimetilo, agua, y similares. Estos solventes se pueden usar de
manera individual o en combinacién usando dos o mas de dichos soiventes.

Una-temperaturalde- reacci(qr.j estd en un intervalo de, generaimente,
aproximadamente  -30-100°C, preferentemente  aproximadamente 0-50°C, mas
preferentemente aproximadarheﬁte 0-10°C.

| Cémo un catalizador, se pueden utilizar el 4cido de Lewis {por ejemplo,
AICla, SnCly, TiCl,), acido proténico. {por ejehplo, HCI, HBr, H,50,, HCOOH) y lo similar.

El compuesto obtenido (1) es rqu.Trlnicamente modificado adicionalmente, y
de esta manera un éster, 0 un compuesto del cual un amino en el anillo tiazol en la
posicion 7 del mismo se protége;, o una sal férmacéuticamente aceptable, o un solvatoe del
mismo se puvede. sintetizar.

Los compuestos de la presente invencién tienen un espectro de actividad
antimicrobiana amplia, y se puedeﬁ utiiizar_p_a-r'a. la prevencién o tratamiento contra una
variedad de enférmedades causadas por bacterias causantes en una variedad de
mamifferos, incluidos los seres humanos, pé:r ej'emplo, enfermedades infecciosas de las
vias respiratorias,” enfermedades infecciosas de;f sistema urinario, enfermedades
infecciosas del sistema respiratorio, sepsis, nefritis, colecistitis, enfermedades infecciosas
de la cavidad bucal, endocarditis, neumonia, mielitis de membrana de médula Osea, otitis
media, enteritis, émpiema, enfermedade_s infecciosas de heridas, infeccién oporiunista y
similares,

Los compuestos de la presehfe invem;ién son eficaces en particular contra
bacterias Gram negativo, preferentemente, bact_erias Gram negativo de enterobacterias
(E. coli, Klebsiella, Serratia, Enterobacter, Citrobacter, Morganella, Providentia, Proteus y
lo similar), y bacterias Gram _nelgativ'o colonizadas en sistema respiratorio (Haerﬁophiﬂus,
Moraxella y similares), y bacterias Gram negativo de no fermentacion de glucosa
(Pseudomonas aeruginosa, Pseudomonas'distintos de P. aeruginosa, Stenotrofomonas,

Burkholdelia, Acinetobacter y similares). Las clases A, B, C y B beta*lactamasa producida
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por estas bacterias Gram négétivo son ex-trerhadarnente estables contra metalo-beta-
lactamasas berten‘ecientes alaclase B inclu'yendo er.l particular tipo IMP, tipo VIM, tipo L-1
y similares, como tales, son eficaces confra Lma variedad de bacterias Gram negativo
resistente al farmaco beta-lactama incluyendo Cephem y Carbapenem. Ademas, los
compuestos de [é presente invencién t_iener'l actividad antimicrobiana contra bacterias
Gram positivo inpiuyendo estafilococo aureus resistente a meticilina {(MRSA), estafilococo
pneumoniae resisténte a penicilina y simila'rés. Todévfa mas preferibles son compuestos
que tienen caracteristicas tales como conc’:entrécién de sangre en donde tal es altamente
biodisponible, larga duracién de efectos, y/o- mig‘racién de tejido significativa. Compuestos
mas preferibles éon seguros en 'términos de efectos secundarios. Compuesfos mas
preferibles ti_enen solubilidad en agua alta y .es preferible asi como un farmaco de
inyeccién, en particular.

Compuestos (l) pueden ad'minis-tr_arse por via parenteral u oral como un
agente de inyecciéh, capsulas, tabletas y gré’nuf’os y preferiblemente, administrados como
un agente de inyeccidn. Can’;idgdés; a admipiétrarse pueden ser por lo general, por 1 kg
de peso corporal de un paciente o animlal, _aproximadamente :\(5.1-100 mg/dia,
preferentemente, éproximadamente 0.56-50 .mg_/dia, si se desea, dividido en 2-4 veces al
dia. Portadores cuando se utilizan como un agente de inyeccién son por ejemplo, agua
destilada, solucién salina y lo similar, y aderhéé base y lo similar se pueden utilizar para
ajuste del pH. Cuando se utiliza‘cor'no cépsu[a's, granulos, tabletas, portadores pueden ser
excipientes conocidos {por ejemplo, almidén, lactosa, sacarosa, carbonato de calcio,
fosfato de calcio.'y similares), aglutinantés (por ejemplo, almidén, goma de acacia,
carboximetil celulosa, hidroxipropii ,celuloéa, celulosa cristalina vy s"imilareS), lubricantes
{por ejemplo, esté_a'rato de magnesio, taico y 's'im'ilares) y lo similar.

En lo sucesivo, la bresente _iﬁve_ncic’m se describe con mas detalle con
ejemplos de trabajo y ejemplos experimentales. Sin embargo, la presente invencion no se

limita a ellos.
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En los gjemplos, el éigniﬁcado de cada abreviatura es como se describe a

AcOEL: acetato de etilo

THF: tetrahidrofurano.

D[V'I_F.: N,N-dimetilformamida

PMB-CI: cloruro de plara-metoz(ibencilo
i-Pr,0: diisopropil éter

MeC')‘H: alcohol metilico

NaOH: hidréxido de sodio

Ets‘r_\l; trietilamina

MsCl: cloruro de metanosulfonilo

. MgSO0,: sulfato de magnesio

AgCi: cloruro de acetilo
AICl;: cloruro de alurhinio
QDs: octadodeciléililo’

MeCN: acetonitrilo

- DMA: dimetilacetamida

AcQOi-Pr: acetato de isopropilo .
NaHSO;,: suifito de hidrégeno de sodio
NaHSO,: sulfato de hidrégend de sodio

TFA: acido trifluoroacético

- WSCD-HCI: sal de acido clorhidrico de N-etil-N'-(3-dimetilaminopropil)

carbodiimida

Me: metilo
Et: etilo

Pr: propilo

' Ph:.feniio
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PIV'IB': para-metoxibenpilo
t-Bu: terc-butilo |

- i-Pr: isopropilo
BO(.DI: terc-butoxicarbonilo
BH: benzhidrilo
Ms-:‘ metanosulfonilo .
Trt: tritilo |

- TBS: terc-butildimetilsililo

Bn: bencilo

EJEMPLO 1

‘Sintesis del compuesto (I-1)

HOOG \{/

Cul304

_ OPMB
L . 11 Formula 62

Etapa (1) combuesto 1— com-ouesto 2
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Una .suspensién dg éompuesto 1-(10.83 g, 50 mmol) eﬂn diclorometano (100
mi) se enfria a O°b Yy, a continuaéién, BBr; (1.8:.91 ml, 200 mmol} se afade en gotas a esto
durante 15 minutos. Esto se agita a 0°C -durante 15 minutos y luego a temperatura
ambiente durante 3 horas. La mezcla de reaccion se vierte en acido clorhidrico 2M con
hielo, seguido por adicion de AcOEt y THF_ a esto, y luego se evapora diclorometano bajo
presion reducida, posteriormente se separa la,‘ solucién. La capa c;rgénica se lava con
agua dos veces, se lava con salhu_era saturéﬁ_ia y luego se seca sobre MgSQ0,. MgSO, se

elimina por filtracion, y, a continuacién, se concenira y seca en vacio para dar el

compuesto 2 comp_un polvo de color naranja palido (5.46 g, 58% de rendimiento).

Compuesto 2:
'H-RMN (DMS50-dg) d(delta): 6.78 (1H, d, J = 8.4 Hz), 7.24 (1H, d, J = 8.1

Hz), 9.28 (1H, br), 10.38 (1H, br), 12.56 (1H, br).

Etapa (2)_ compuesto 2 — compuesto 3 .

A una solucién de cdmpuestq.2".(5.43 g, 28.8 mmol) en DMF (58 mL) se
agrega K;COj3 (13.93 g, 101 mmol), PMB-CI (15.69 ml, 115 mmol) y yoduro de sodio (4.32
g, 28.8 mmol) a su vez, seg.uiao por agitaéién a 70°C durante 3 horas. La solucién de
reaccion se .enfr.Ia a temperatura ambiente y Iuego-se vierte en agua y AcOEt. En este
momento, ya que precipita el sdlido, i-Pr,0 se agrega a esto, y asi completamente se
precipita el sdlido. El sdlido se filtra,rse Iava_coﬁ égua, se lava con i-Pr,0 y luego se seca
al aire para producir el compuesto 3 como un sélido naranfa palido (13.5 g, 86% de

rendimiento}.

Compuesto 3: - : -
"H-RMN (CDCl3) d{delta): 3.80".(3H, s), 3.81 (3H, s), 3.82 (3H, s), 4.93 (2H,

s), 5.08 (2H, s), 5.27 (2H, s), 6.81-6.92 (7H, m), 7.32-7.40 (6H, m), 7.63 (1H, d, J = 9.0
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Etapa (3) compuesto 3 — compuesto 4

Auna so|ucién'de‘ compuesto 3 (13.53 g, 24.64 mmol) en MeOH (100 ml) y
THF (100 ml) se. agrega solucion de NaOH 2M acuosa (37.0 mi, 73.9 mmol), seguido por
agitacién a 70°C durante 80 minutos. Después de la solucién de reaccién se enfria a
temperatura ambjente, THF y MQOH se evappr.a-bajo presion reducida y, a continuacioén,
se afiaden a esto AcOEt, 4cido clorhidrico 2M y agua. Como un resultado, se precipita el
sélido. El sélido se filtra y desbués se seca al aire para dar el compuesto 4 como un sélido

blanco (8.58 g, 81% de rendimiento).

Compuesto 4:
"H-RMN (DMSO-dg) -S(delta): 3.75 (3H, s), 3.78 (3H, s), 4.88 (2H,‘ s), 5.18
(2H, s), 6.86 (2H, d, J = 8.7 Hz), 6.99 (2H, d, J = 8.7 Hz), 7.23 (1H, d, J = 9.0 Hz), 7.29

(2H, d, J = 8.6 Hz),7.45 (2H, d, J = 8.6 Hz), 7.61 (1H, d, J = 7.8 H2).

Etapa (4) compuesto 4 — compuesto 6

A una soluciér_] del 'c'ompuesto' 4 (0.858 g, 2 mmol) en DMA (16 ml) se
ahade Et;N (0.36 ml, 2.6 mmol), seguido por énfriamiento a -15°C, y luego se agrega
MsCl (0.187 ml, 2.4 mmol}, posteriorment_é se agita adicionalmente a -15°C durante 1
hora. Compuesto & (0.507 ml, 4 mmol) se anade a esto, seguido por agitacion durante 1
hora a -15°C. A la solucién de reaccién se 'ag.r'ega solucion de carbonato hidrégeno de
sodio acuoso 5% y AcOEt, y luego éé separa la solucién. Después de la extraccién de una
sola vez desde la capa acuosa con AcOEt, la cépa c_:rgénica se lava con agua y luego se
lava con salmuera saturada. La capa orgénica se seca sobre MgSO,, posteriormente

MgSO, se elimina por filtracién y, a continuacién, se concentra. Al residuo se afiade AcOi-

Pr, y luego el précipitado solido se filtra, se seca en vacio para producir el compuesto 6
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como un sélido Blanco (0.708 g, 67% de ren‘dimiento)..

Compuesto 6:

"H-RMN (DMSO-dg) S(delta):,n_.é‘s&.es (4H, m), 2.44-2.56 (4H, m), 3.26-
3.34 (4H, m}, 3.74 {(3H, s}, 3.76 (3H,'S), 4.87 (2H, s), 5.14 (2H, s), 6.86 (2H, d, J = 8.7 Hz),

6.97 (2H, d, J = 8.7 Hz), 7.1 (1H,d, J = 8.7 Hz), 7.18 (1H, d, J = 8.7 Hz), 7.30 (2H, d, J =

8.7 Hz), 7.42 (2H,d, J = 8.7 Hz), 8.22 (1H, t, J = 5.7 Hz).

Etapa (5) compuesto 7 — comﬁuésto (1-1)

Al éompuesto 7 (_0.9'3.1 g, 1 mmol) y compuesto 6 (0.525 g, 1 mmbl), DMF
(3 ml) se ahade para disolverios, seguido por agftacic’m a temperatura ambiente durante 4
horas. DMF (3 ml) se afade a esto adicioné1mente, seguido de enfriamiento a -40°C, y a
continuacion yoduro de potasio (1 16 g, T'mmql)_y AcCl (0.285 ml, 4 mmol) se afaden a
esto, seguido por égitacién a 0°C durante 2‘ht)"ras. La solucién de reaccion se vierte en
agua helada y AcOE, y fuego se éépara ia ‘s-olucic’m. Después de una extraccién de una
sola vez desde la capa acuosa con AcOEt, !a'cépa Qrgénica se lava con agua y luego se
lava con salmuera saturada. La capa orgéniqa se seca sobre MgSQ,, posteriormente
MgSQ. se elimina por filtracién vy, a contihuacig’m se concentra y posteriormente se seca
en vacio para pro'dijcir el compueste 8 como 'acéite pardo. Este se utiliza para la siguiente
reaccion sin purificacion.
. La cantidad total del compuesto 8 obtenido se disuelve en diclorometano
(15 ml), seguido d.e' enfriamiento a -40°C, y’a continuacién anisol (1.09 mi, 10.00 mmol) y
solucion de nitrometano-AlCl; 2M (S.OO ml; 10 mmol) se afiaden a esto a su vez, agitando
posteriormente a 6°C durante 90 minutos. -A_ ia solucién de reaccion se afnade &cido
clorhidrico 2 M, MeCN, i-Pr,0 y héxanorque é.e_habia enfriado a 0°C, posteriormente se
agita durante un tiempo. Como un resultado, aparecen insolubles. Se separan el
sobrenadante y I6§ insolubles, después que la solucién del sobrenadante se separa, la

capa acuosa se combina con los insolubles. Acido clorhidrico 2M y MeCN se anaden a
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esto, y asi se d_isuelven los insolubles. Re‘sina' HP se agrega a esto, y a continuacion
MeCN se evapora bajo presién reducida. La Solucié_n resultante mezclada se purifica por
cromatografia de HP y ODS. La solucion r'esultaqte del compuesto del titulo se concentra
en vacio y luego'se liofiliza para producir el 'cohpuesto (I-1} como un polvo blanco (246

5 mg, 33% de rendimiento).

Compuesto (I-1):

"H-RMN (DMSO-d) '6_(delta)': 1.47 (6H, s), 1.99-2.09 (4H, m), 3.37-3.51 (8H,
m), 3.76-3.80 (2H, m), 3.91 (1H, d, J = 14.1 Hz),.'s.os (1H, d, J = 13.2 Hz), 5.15 (1H, d, J =
10 5.1 Hz), 5.72 (1H, dd, J = 5.1,8.3 Hi), 6.78 (2H, s), 8.21 (2H, m), 8.43 (1H, br), 9.51 (1H,
d, J=8.1Hz). | _
Anéli'sis elemental para ngHg;;CINsOmSg'S.BHzO
Calcutado: C, 42.58; H, 4.95; Cl, 4.33; N, 13.70; S, 7.84 (%)

Encontrado: C, 42.55; H, 4.80; Cl, 4.16; N, 13.72; S, 7.62 (%)
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CulZg
EJEMPLO 2
Sintesis del compuesto (I-2)
HOOC\%/
.0 . -
N Nl H S —
Rt R Y=ot
[ O N .= N+\/\ OH
g A N
Co0 HJK@
_ = OH
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Formula 63

Etapa (1) compuesto 9 — compuesto (I-2)

Al compuesto 9 (3.55 g, 4 mmol) y compuesto 10 (1 .96; g, 4 mmol) se anade
DMF (10 ml) para disolverlos, ségL_Ji.do por égitacién a temperatura ambiente durante 3.5
horas. DMF (20 ml) se afade a esto adicionalmente, seguido de enfriamiento a -40°C, y a
continuacion, yodufo de potasio (4.65 g, 28 mmoi) y AcCl (1.14 ml, 16 mmol} se anaden a
esto, posteriormente se agita a 0°C durante 1 hora. La solucién de reaccién se vierte en
agua helada y AcQEt, y luego se separa la solucién. Después de la extraccion de una sola
vez desde la capa acuosa con AcOEt, la caﬁé organica se lava con agua y luego se lava

con salmuera saturada. La capa orgénic'a sé seca sobre MgSQ., seguido por MgS0O, se

elimina por fiitrabi_c’;n, y a continuacién se concentrd y posteriormente se seca en vacio
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produce el comp-uesto 13 comd un aceite de bolor pardo rojizo. Este se utiliza para la
siguiente reaccidn sin purificacion.

~ La cantidad total del compuesto 11 obtenido se disuelve en diclorometano
(60 ml), seguido de enfriamiento a -40°C, y a continuacion anisol {4.37 ml, 40 mmol) y
solucién de nitrometano-AlCl; 2M (26.00 ml, 40 mmol) se aﬁadén a esto a su vez,
agitando posterio-rmente a0°C durgnte 40 r.ni.nutos. Mientras se mantiene la temperatura
de reaccién a 0°C, i-Pr;0 se afiade a la solucién de reaccién, y posteriormente acido
clorhidrico 2M se aﬁade en porciones peguenas a esto, posteriormente se agita. Como un
resultado, aparecen insolubles, y después los insolubles resultantes se recogen y
aglomeran. Después el sobrenadante se remugve, i-Pr,0 se afade a la masa de los
insolubles, seguido por lavado de los insolu.blles, y después el sobrenadante se desecha.
Esta operacion se repite varias veces. Agua helada y MeCN se anaden a los insolubles
para disolverlos, y entonces la resina HF se aflade a esto, y a continuacién MeCN se
evapora bajo presién reducida. La solucidn resultante mezcl."ada se purifica por
cromatografia de HP y ODS. La solucién resultante del compuesto del titulo se concentra
en vacio y luego se iioﬁliza para producir el cémpuesto (1-2} como un polvo amaritlo palido

(0.65 g, 23% de rendimiento).

Compuesto (I-2):

'H-RMN (DMSO-ds) 8(delta): _1,._4'5 (3H, ), 1.46 (3H, s), 1.98-2.08 (4H, m},
3.36-3.48 (8H, m), 3.77-3.84 (2H, m), 3.94 (1H, d, J = 13.5 Hz), 5.03 (1H, d, J = 13.2 Hz),
5.18 (1H, d, J = 5.1 Hz), 5.76 (1H, dd, J = 5.1,8.1 Hz), 6.72 (1H, s), 6.77 (1H, d, J = 8.4
Hz), 7.20 (1H, d, J = 8.1 H2), 8.53 (2H, m), 9.23 (1H, 8), 9.43 (1H, d, J = 8.1), 9.61 (1H, s).

Andlisis elemental para CBUH35N701OSZ-4.9H20

Calcutado: C, 44.70; H, 5.60; N, 12.16; S, 7.96 (%)

Encontrado: C, 44.69; H, 5.10: N, 12.28; S, 7.47 (%)
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EJEMPLO 3

Sintesis del compuesto (I-3)
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Férmula 64

Etapa (1) compuesto 12 — compuesto 13

A una solucién de compuesto 12 (2.23 g, 10 mmol} en DMF (22 mi) se

agrega K,CQj (4:84 g, 35 mmol), PMBCI (5.45 ml, 40 mmol}, e yoduro de potasio (1.5 g,

10 mmol) a su vez, seguido por agitacion a 70°C durante 1 hora. La solucidén de reaccién
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se enfria a temperatura ambiente y luego se vierte en agua helada y AcOEt, seguido por
separar [a solucidn. Después de la éxtraccic’;q de una sola vez desde la capa acuosa con
AcOEt, la capa organica se lava con'agua y luego se lava con salmuera saturada. La capa
orgénica se seca sobre IVIng;, posteriorhente MgS0O, se elimina por filtracion vy, a
continuacién. se. eoncentra. E! producto bruto se 'purifica mediante cromatografia en
columna instantanea para producir el compuesto 13 como un liquido amarillo pélido (5.37

g, 82% de rendimiento).

Compuesto 13:
"H-RMN (CDCls) 8(delta): 3.81A6 (3H, ‘s), 3.823 (3H, s), 3.83 (3H, s), 4.97

(2H, s), 5.05 (2H, ), 5.29 (2H, s), 6.86-6.93 (6H, M}, 7.33-7.41 (6H, m), 7.65 (1H, s).

Etaba (2) compuesto 13 —> compuesto 14

_ A una solucién de compuesto 13 (S.S?g, 8.2 mmo!) en MeOH (54 ml) y THF
(54 ml) se agrega solucién acuosa NaOH Q'M (13.8 ml, 27.6 mmol), seguido por agitacién
a 70°C durante 1 hora. La solucién de reaccién se enfria a temperatura ambiente, seguido
por evaporacion de THF y MeOH bajo presic’:n" reducida, y a continuacion AcOEt, &cido
clorhidrico 2M y el agua se afade é esto, pqéteriormente se separa la solucién. bespués
de la extraccion de una sola vez desde Ia‘ capan acuosa con AcQEt, la capa organica se
lava con agua y Ihégo se lava con salmue.ra saturada. La capa organica se seca sobve
MgSQ,, posteriormente MgSO, se'eliminé por filtracion y, a continuacién se concentra. i-
Pt;O se anade a ]pé residuos, y luego el sélido ﬁrecipitado se filtra, se seca en vacio para

producir el compuesto 14 como un sélido bianco (2.19 g, rendimiento del 52%).

Corﬁbuesto 14:

'H-RMN (DMSO-ds) 8(delta): 3.76.(3H, s), 3.77 (3H, §), 4.98 (2H, s), 5.06

(2H, s), 6.91-6.97 (4H, m), 7.33-7.39 (4H, m), 7.65 (1H, s).
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Etapa (3) compuesto 14 — cdmpuesto'15

A una solucion de compue‘slto 14 (1.320 g, 3 mmol} en DMA (14 ml) se
anade Et;N (0.582 ml, 4.2 mmol), Seguido.de ‘enfriamiento a -15°C, y luego se agrega
MsCIl (0.304 ml,' 3.9 mmol)_, .pos't'eriormenté agitando a -15°C durante 70 'minutos.
Compuesto 5 (0.760 ml, 6 mmol) se afiade a estb, seguido por agitacion adicional a -15°C
durante 1 hora. A ld solucidn de reaccién se‘agrega a'gua y AcOEt, seguido por separacion
de la solucion. Después de la extracciér’; de l.ur_wa sola vez desde“la capa acuosa con
AcOEt, la capa organica se lava con agua y iuegjo se lava con saimuera saturada. La capa
organica se secé sobre MgSQ,, ﬁosterior_rﬁente MgSQ, se remueve por filtrlacién, y
entonces se concentra el filtrado. El producto erto se purifica mediante cromatografia en
columna instantaneo para producir el compﬁesto 15 como un polvo blanco (1.01 g, 60%
de rendimiento).

1H-’Fil\m\l (CDCly) &(delta): 1.81'-(4H, br), 2.61 (4H, br), 2.75 (2H, m), 3.56-
3.58 (2H, m), 3.823 (3H, s), 3.828‘(3H, s), 4.‘98 (2H, s}, 5.01 (2H, s), 6.87-6.92 (4H, m),

7.36-7.40 (4H, m), 7.47 (1H, s).

-

Etapa (4) compuesto 9 — cémpue_sto (1-3)

Un.a'solucién de 'conjpuesto‘fs '(0.89 g, 1.59 mmol) en DMF (5 ml) se
desgasifica y, a continuacion- el co'mpuesto 9 (f = 0.92) (1.54 g, 1.59 mmol) se anade a
esto, seguido por agitacién a temperaturg ambiente durante 5 horas. DMF (10 ml) se
anade a esto adiciclana!mente, seguido de enfriamiento a -40"0, y a continuaciéon yoduro
de potasio (1.85 g, 11.1 mmol) y AGCI (0.1454 ml, 6.36 mmol) se aﬁq‘ade a ésto, agitando
posteriormente a-O"C durante 2 ﬁoras. La sdlUcién de reaccion se vierte en agua helada y
AcQOEt, y a continuacion NaHSQ; se agrega a esto, seguido de separar la solucién.
Después de la extraccion una sola vez de la capa acuosa con AcOEt, la capa orgénica se
lava con agua y luego se lava con salmuera saturada. La capa organica se seca sobre

-

MgSO,, posteriormente MgSO, se ‘elimina por filtracién y, a continuacién el filtrado se
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concentra y posteriormente se seca en vacio par.a dar ef compuesto 16 como un polvo de
color naranja. Esto se utilizé para la siguienté reaccion sin purificacion.

La cantidad total del pompuésto 16 obtenido se disu€lve en diclorometano
(20 ml), seguido de enfriamients a -40°C, ya c.bntinuacién anisol (1.74 mil, 15.9 mmol) y
soluciéon de nitrometano-AlCl, 2M' .(?.96 m[,'15.9 mmol) se afaden a esto a su vez,
agitando posteriormente a 0°C durante 90 minufos. Mientras se mantiene la temperatura
de reaccién a O°C; i-Pr,0 se ahade a la ;so|ucién de reaccion, y posteriormente Acido
clorhidrico 2M se afade en porciones bequeﬁ'as, posteriormente se agita. Como un
resultado, aparei;e;n insolubles, y despué‘é' los insolubles resultantes se recogen y
aglomeran. Después el sobr,enadénte se rgfnueve, i-Pr,0 se anade a la masa de los
insolubles, seguido por iavado de los insolubles, y después el sobrenadante se desecha.
Esta operacion se. ‘repite varias veces. Agué'helada y MeCN se anaden a los insolubles,
seguido de su disolucion, y la resina HP s‘e anade, a continuacion MeCN se'evapora bajo
presién reducida.vllla solucién reSultgnte me’iclada se purifica por cromatografia de HP y
ODS. La solucién obtenida del. cdmpuesto _del _titulo se concentra en vacio y luego se
liofiliza para producir el compuesto (I-3) como un poivo blanco (498 mg, 40% de

rendimiento).

Co}npuesto {1-3): .

"H-RMN (DMSO-dq) S(delta): 1.44 (3H, s), 1.45 (3H, ), 2.04-2.09 (4H, m),
3.28-3.54 (8H, m), 3.75-3.86 (2H, m), 3.92 (_1H,.d, J =13.5Hz), 5.05 (1H, d, J = 13.5 Hz},
5.17 (1H, d, J = 5.1 Hz), 5,73 (1H, dd, J = 4.8,8.1 Hz), 6.72 (1H, s), 8.98 (1H, s), 7.29 (2H,
br), 8.58 (1H, m), 9.43 (1H, d, J = é.1 Hz). ” |

Anérisis elementall para CgoH3§¢l2N701082-3.5H20

Calculado: C, 42.41; H, 4.74; Cl, 8.34; N, 11.54; S, 7.55 (%)

* Encontrado: C, 42.54; H, 4.80; Cl, 7.78; N, 11.58; S, 7.45 (%).

EJEMPLO 4
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.Sintesis del compuesto (I-4)
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Etapa (1) compuesto 4 — compuesto 18

" Auna solucién del compuesto 4 {3.43 g, 8 mmol) en DMA (35 ml) se afade

EtaN (1.55 ml, 11.2 mmol), seguido por ehﬂiamiento a -15°C, y luego se agrega MsCl
{0.810 ml, 10.4 mmol), posterio_rmelnte se a_gité a -15°C durante 1 hora. Compuesto 17

25  (2.02 ml, 16 mmol) se afade a esto, seguido por agitacién adicional durante 1 hora a -
15°C. Se afaden agua y AcOEtn a la solucién de reaccién, y después se separa. Después

de fa extraccion una sola vez de la capa acuosa con AcOEt, la capa orgdnica se lava con
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agua y luego se-lava con salmﬁera saturac-:ié. La capa organica se seca sobre MgSO.,
posteriormente MgSQ, se efimina por filtracién y, a continuacién se concentra. Al residuo
se anade AcOi-Pr,A y luego el precipitado sélido se filtra, se seca en vacio para producir el
compuesto 18 como un sélido blanco (2.98_ g, 69% de rendimiento).

-

Compuesto 18:

'"H-RMN (CDCl,) ‘S(delta): 1.67 (4H, br), 1.77-1.81 (2H, m), 2.48 (4H, br),
2.62 (2H, 1, J = 6.3 Hz), 3.55 (2H, q, J = 6.0 Hz), 3.80 (3H, ), 3.83 (3H, ), 4.94 (2H, s),

5.07 (2H, s), 6.84 (2H, d, J = 8.4 Hz), 6.90-6.93'(3H, m), 7.34-7.37 (5H, m), 7.76 (1H, m).

Etapa (2) compuesto 9 — compuesto (I-4)

Una solucién de'compueéto 15 {(0.89 g, 1.59 mmol) en DMF (5 ml) se
desgasifica y a éontinuacién el compuesto 9 (f = 0.92) (2.89 g, 3 mmol) se afade a esto,
seguido por agitacién a temperatura ambiente durante 4.5 horas. DMF (16 ml) se afiade a
esto adicionalmente, seguido de_enf'riamient_o_a-'.—z.10°C, y a continuacion yoduro de potasio
(3.49 g, 21 mmol) y AcCl (0.856 mi, 12 mmol) se anaden a esto, agitando posteriormente
a 0°C durante t hora. A la Aso‘lucién de reaccion se vierte agua helada y AcOFEt, y a
continuacién. NéHSOs se agrega, seguido_ de séparar Ja solucién. Después de la
extraccion una sola vez de la capa acuosa -con'AcOEt, la capa organica se lava con agua
y luego se lava con salmuera séturada._ Léi Eapa organica se seca sobre MgSO,,
posteriormente IVigSO4 se elimina por filtrac_:ic’)n y, a continuacion se concentra y'seca en
vacio para dar el compuesto 1.9 coma un ;:nolvb de color pardo. Esto se utiliza para la
siguiente reéccién'sin purificacion. -

La cantidad total de! compuesto.19 obtenido se disuelve en diclorometano
(40 ml}, seguido -de enfriamiento a:-40°C, y-,a.'cﬁntinuacién anisol (3.28 ml, 30 mmol) y
solucion de nitrorﬁetano-A!Cla 2M ('1'5 rnl_, 30 mmol) se afiaden a esto a su vez, égitando

posteriormente a 0°C durante 2 horas. Mientras se mantiene la temperatura de reaccion a
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0°C, i-Pr:0 se afade a la solucion de reacci;’m}_i; posteriormente acido clorhidrico 2M se
anade en porciones pequefas a esto, posteriormente se agita. Como un resultado,
aparecen insolubles, vy desbués los insolubles resultantes se recogen y aglomeran.
Después el 'sobfenadante se remueve, i-Pr,O se afnade a la masa de los insolubles,
seguido por lavado de los insolubles, y después el sobrenadante se desecha. Esta
operacién se repite varias veces. 'Agua he‘lac‘i_al' y MeCN se afladen a los insolubles,
seguido de su disolucién, y la resina HP se anade a esto, a continuacidn MeCN se
evapora bajo presion redu'cicia. La solucién resultante mezclada se purifica por
cromatograﬁé dé HP y ODS. La solucién resultante del compuesto del titulo se concentra
en vacio y luego se liofiliza para producir &! ‘compuesto {I-4) como un_polvo blanco (0.56 g,

24% de rendimiente).

Compuesto (i-ti_l |
‘ 1H.-RMN {(DMSO-dg) d(defta): 1.21 (BH, s), 1.22 (3H, s), 1.72-1.82 (6H, m),
3.19 (8H, m), 3.64 (2H, d, J = 16.8 H2), 3.?1 (1H d, J = 13.8 Hz}, 4.68 (1H, d, J = 14.1
Hz), 4.94 (1H, d, J = 5.1 Hz), 5.50-5..55 (1H, _m_),"6'.49 (1H, s), 6.53 (2H, d, J = 3.3 Hz), 7.07
(2H, br), 8.17 (1H, m), 9.04 (1H, br), 9.20 (1H, d, J = 8.7), 9.90 (1H, br).
Analisis elemeﬁtal para Cg1H35bIN}O1082-4.6H20
| Caleulado: C, 43.85; H, 5.37; Cl, 4.18; N 11.55; S, 7.55 (%)

Encontrado: C, 43.81; H, 5.19; Cl, 5.63; N, 11.58; S, 7.36 (%)
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EJEMPLO 5

Sintesis del compuesto (I-5)
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Fc’;r'mula‘ 66 -

Etapa (1)

- Una solucidén de compuesto 18. (1.62 g, 3 mmol) en DMF (9 mi) se

20 desgasificay, a continuacién el compuesto.?f (2.80 g, 3 mmol) se anade a esto, seguido
por agitacidén a temperatura ambiente dur'ante.4,5 horas. DMF (18 'ml) se afade a esto
adicionalmente, s'e;guido de enfriamiento a —'40"6, yoduro de potasio (3.49 g, 21 mmol) y

AcCl (0.856 ml, 12 mmol) se aﬁade'n', agitanc;id posteriormente a 0°C durante 2 horas. A la
solucién de reaccion se vierte agua helada y AcOEL, y a continuacion NaHSQ; se agrega,

25  seguido de separa.r' la solucién. Después dé la extraccion una sola vez de la capa acuosa
con AcOEt, la capa orgénica se lava con égua y luego se lava con salmuera saturada. La

capa orgénica se"seca sobre MgSO0,, poste'ribrrhente MgSO, se elimina por filtracion y, a
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continuacién se concentra y seca en vacioj para dar el compuesto 20 como un polvo de
color pardo. Esto se utiliza para la Siguienté reaqqién sin purificacion.”

La cantidad total del compuesto éO obtenida se disuelve en diclorometano
(40 ml), seguido de enfriamiento a -—40°C, y a continuacién anisol (3.28 mi, 30 mmol) y
solucién de nitrometanc-AlCl; 2M (15 ml, 30-mm’ol) se ahaden a su vez, agitando
posteriormente a 0°C durante 3 horas. Mienbtras'. se mantiene la temperatura de reaccioén a
0°C, i-Pr,0 se afiade a la solucién de reaccion, y posteriormente acido clorhidrico 2M se
anade en porcio’nés pequenas’ a esto, poéte}iormente se agita. Como un resultado,
aparecen insolubles, y después los insolgbles resultantes se recogen y aglomeran.
Después el sobrenadante se remueve, i-Pr.0O se anade a la masa de los insolubles,
seguido por !avadb de los insolubles, y ,.después el sobrenadante se desecha. Esta
operacién se repite varias veces. Agua helada y MeCN se afiaden a los insolubles para su
disolucion, y desb_ués la resina HP se afade a eéto, a continuacion MeCN se evapora bajo
presidn reducida. La solucién resuitante -mezﬁlada se purifica por cromatografia de HP y
ODS. La solucién resultante del compuesto del titulo se concentra en vacio y luego se
liofiliza para prodﬁéir el compuesto (I-5) como un polvo amarillo pélido (188 mg, 8% de

rendimiento).

Cdmpuesto {1-5): '

'H-AMN (DMSO-de) 5(delta): 1.46 (6H, s), 1.95-2.07 (6H, m), 3.27-3.37 (8H,
m), 3.77-3.83 (3H, m), 5.02 (1H, d, J = 14.1 Hz), 5.08 (1H, d, J = 4.8 Hz), 5.64 (1H, dd, J =
48,84 Hz). 6.71-6.79 (2H, m), 8.20 (2H, br), 8.50 (1H, m), 8.23 (1H, br), 9.50 (1H, d, J =
7.5). | | | _' |

Andlisis elemental para 030H35(5_IN.801082-4.5H20

Calculado: C, 42.48; H, 5.23; Cl, 4.18; N, 13.21; S, 7.56 (%)

- Encontrado: C, 42.64; H,'5.09; CI, 3.91; N, 13.07; S, 7.17 (%)



5
10
@
15
®»
20
25

% - €220

EJEMPLO 6

Sintesis del compuesto (I-6)
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Férmula 67

Etapa (1) compuesto 4 —» compuesto 22

A una solucion del compuesto 4 {(2.57 g, 6 mmol) en DMA (25 ml) se afade
EtsN (1.16 mi, 8.4 mmol), ségLJido por enfriamiento a -15°C, y luego se agrega MsCl
(0.608 ml, 7.8 mmqi), posteriormente se agita a -15°C durante 50 minutos. Compuesto 21

(1.81 g, 12 mmol) se afade a esto, seguido por agitacion adicional durante 70 minutos a -
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solucion. Después .de la extraccion una sola vez de la capa acuosa con AcOEt, la capa
organica se lava con agua y luego se 1av_a con salmuera saturada. La capa orgénica se
seca sobre MgS0,, posteriormente'MgSO, _se‘.g]imina por filtracién y, a continuacion se
concentra. El producto crudo se .co.mbina co-n compuesto no purificado 22 (4 mol), que se
ha sintetizado en otra parte, 'y después "se purifica por cromatbgraﬁa de columna
instantanea 'para“dar el compuesto 22 como un aceite amarillo (4.87 g, 84% de

rendimiento).

Compuesto 22:

" "H-RMN (CDCly) 8(delta): 1.68 (2H, ), 1.77-1.80 (2H, m), 2.28-2.30 (2H,
m), 2.53-2.60 (3H, m), 2.75 (1H, t, J = 7.2), 2.81 (1.5H, s), 3.12 (1.5H, ), 3.17 (tH, m),
3.79 (3H, 5), 3.83 (3H, 5), 4.97 (2H, 5), 5.05 (2H, 5), 6.80-6.84 (2H, m), 6.89-6.97 (4H, m),

7.31-7.36 (4H, m).

Etapa {2) compuesto 8 — compuesto {'I-ESJ

Una solucion de compuesto»éZ (f = 0.95) (1.70 g, 3 mmol} en DMF (8 ml) se
desgasifica y, a continuacién el com'puesto 9-(f.':.0.92) (2.89 g, 3 mmol) se afade a esto,
seguido por agitaéién a temperatura ambiente durante 4 horas. DMF (16 ml) se afade a
esto adicionalmente, seguido‘de‘v enfriamient;;) a -40°C, y después yoduro de potasio (3.49
g, 21 mmol) S/ACCI' (0.856 ml, 12 mmol) se anaden é esto, agitando posteriormente a 0°C
durante 1 hora. A la solucidn de reaccion se vieften agua helada y AcOEt, y a continuacion
NaHSO, se agrega, seguido de. sebarar la .sol-tlcién. Después de la extracciéon una sola
vez de ia capa aduosa con AcOEt, 1a capa organica se lava con agua y luego se .Iava con
salmuera satura_da. La capa organica se séca sobre MgS0,, posteriormente MgS0, se

elimina por filtracion y, a continuacién se cohrcentra y seca en vacio para dar el compuesto
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23 como un polvo de color naranja. Esto-se utiliza para la siguiente reaccién sin
purificacién. o |

| Lé cantidad tota! del compuesto 23 obtenida se disuelve en diclorometano
{40 mi}, seguido de enfriamiento a -40°C, v a continuacion anisol (3.28 ml, 30 mmol) y
solucidn de nitrometano-AlCl; 2M (1‘5 mil, 3(_}~m.m.ol) se anaden a su vez a esto, agitando
posteriormente a 0°C durante 1 hora. Mientras se mantiene Ia temperatura de reaccion a
0°C, i-Prx0 se afade a la solruc.ién de reaccic’m, y posteriormente 4cido clorhidrico 2M se
anade en pbrclones pequefias a esto, pt)steriorm;ante se agita. Como un resultado,
aparecen insolubles, y después los insoiublés resultantes se recogen y aglomeran.
Después el sobrenadante se remuéve, i-P.rQO-'- ;-;e anade a la masa de los insolubles,
seguido por Iavado de los insolubles, y después el sobrenadante se desecha. Esta
operaciéon se re_pite varias veces. Agua héladé y MeCN se anaden a los insolubles
seguido de su disolucién, y después la resina HP se- anade a esto, a continuacién MeCN
se evapora bajo presién reducida. La 'soluﬁién resultante mezclada se purifica por
cromatografia de HP y ODS. La solucién obtenida del compuesto del titulo se concentra
en vacio y luego ée liofiliza para‘producir el compuesto (I-6) como un polvo blanc6 {0.94 g,

41% de rendimiento).

Compuesto (I-6):

'H-RMN (DMSO-de) 8(delta): 1.43 (3H, 5). 1.44 (3H, ), 2.06 (4H, m), 2.80
(3H, 5), 3.43 (8H, br), 3.71-3.87 (2H, m), 3.99 (1H, d, J = 13.5 Hz), 5.08 (1H, d, J = 13.5
Hz), 5.1 (1H, 6, J = 5.1 Hz), 5.72 (1H, dd, J = 5.1, 8.4 Hz), 6.56 (1H, d, J = 8.1 Hz), 6.71
(1H, 5), 6.80 (1H, d. J = 8.1 Hz), 7.27(2H, br), 9.43 (1H, d, J = 8.1 Hz).

Andlisis elemental para CyiHasCIN/O10S504.2H,0

Caiculado: C, 44.22; H, 5.32; G, 4.21; N, 11.65; S, 7.62 (%)

Encontrado: C, 44.20; H, 5.32: Cl, 4.25; N, 11.73; S, 7.84 (%).
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Sintesis de compuesto (I-7)

HOOC\%/

HZN\(\;])Y ];f/ o ci oH-.
2t

1-7

pBuooc5%/ | |
BocHN~</ 7)\( j;l’\g\/ : . -

COOBH

7.

bBuOOC\%/

BocHN~<f ﬂ)\r( 0 cl 1-7
= N\/\N OPMB . ‘
coopx "1 Me OPMB

- ) 24" C _

Férmula 68

Etapa (1): compuesto 7 — obmou_esto (1-7)

Uné .solucién de cbmpuesto 2‘2.‘(1‘ = 0.95) (1.70 g, 3 mmol) en DMF (8 ml) se
desgasifica y a continuacion el -c:orﬁpuesto 7 .(2.’80 g, 3 mmol} se anade a esto, seguido
por agitacion a temperatura ambiente durgnte 4 horas. DMF (16 ml) se anade a esto
adicionaimente, sééuido de enfriamiento a -40°C y después yoduro de potasio (3.49 g, 21
mmol) y AcC! (0. 856 mi, 12 mmol) se anaden, agltando posterlormente a 0°C durante 1.5
horas. A la so!umon de reaccién se v:erten agua helada y AcQEt, y a continuacion

NaHS0, se agrega, seguido de separar la solucién. Después de la extraccion una sola
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vez de la capa acuosa con AcOEt, la capé organica se lava con agua y luego se lava con
salmuera saturad_a: La capa organica se seca .'sobre MgSQ,, posteriormente MgSQ, se
elimina por filtracidén y, a conti_nuacién se conpéntra y seca en vacio para dar el compuesto
24 como un polvo de color pardo. Esto se utiliza para la siguiente reaccion sin purificacion.

La ééntidad total del com;:;ue.s.tozdr obtenida se disuelve en diclorometano
(40 mi), seguido de enfriamiento é,—40°C; y a.continuacién anisol (3.28 mi, 30 mmol} y
solucion de nitrc'nrr'\etano-AICIS M (15 mI,'IBO. mmol) se afaden a su vez, agitando
posteriormente a 0°C durante 1.holra. Mientr_aé se mantiene la temperatura de reaccién a
0°C, i-Pr.0 se afiade a fa solucién de reaccién, y posteriormente &cido clorhidrico 2M se
anade en porcior;és pequenas a esto, posteriormente se agita. Como un resultado,
aparecen insolubles, y después los ins-oiublas resultantes se re‘cogen y aglomeran.
Después el sobr-er;adante se rému»eve, i-F"r'g'O'se afade a la masa de los insolubles,
seguido por lavado de los insoldbles, 'y después el sobrenadante se desecha. Esta
operacién se repite varias veces. Agua hela_da y MeCN se afiaden a los insolubles para su
disolucion, y después la resina HP se anade a esto, a continuacién MeCN se evapora bajo
presion reducida. l_a solucién resultante mezciada se purifica por cromatografla de HP y
0DS. La solucnon obtenida del compuesto deI titulo se concentra en vacio y luego se
liofiliza para producir el compuesto (I-7)-como un polvo blanco (0.78 g, 34% de

rendimiento):

Compuesto {I-7):

"H-RMN (DMSO- ds) G(delta) 1 47 (6H 8), 2.07 (4H, br), 2.82 (3H, s), 3.35-
3.57 (8H, m), 3.76-3.88 (2H, m); 4.01 (1H, d; J = 12.9 Hz), 5.06 (1H, d, J = 13.5 Hz), 5.16
(1H, d, J = 5.1 HZ).,'S.?B (1H,dd, J=5.4,8.4 Hz), 6.58 (1H, d, J = 7.8 Hz), 6.82 (1H, d, J =
8.1 Hz), 8.21(2H, br), 9.49 (1H,d, J = 8.4).

Anf':'llisis elemental para 030H35CIN_801082-4.1 H.O

Calculado: C, 42.84; H, 5.18; Cl, 4.22; N, 13.32; S, 7.62 (%)
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Encontrado: C, 42.81; H, 5.10; Cl, 4.30; N, 13.36; S, 7.77 (%)

EJEMPLO 8

- Sintesis de compuesto (I-8)

5
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— -8
20 | . Formula 69

Etapa (1): compue_sto'25 — cqmﬁuésto 27
A una solucién de compuesto 26 (1.25 g, 7.0 mmol) en dimetilacetamida (12
ml) se afade trietilamina (2.43 ﬁl, 17.5 mmb!), seguida de enfriamiento a -15°C, y luego
25 se agrega élorﬁro-de metanosulfonilo (0.35 mi, 4.585 mmol}, posteriormente agitando
durante 1 hora a -15°C. A continuacién,' una solucidon de. compuesto 25 en

dimetilacetamida.(5 ml) se afade a esto, sequido por agitacion durante 1 hora. En la
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solucién de reaccién se agrega acetato de etilo (50 ml) y solucién de carbonato hidrégeno
de sodio 5%. La capa orgénica se lava con agua, se lava con salmuera saturada, se seca
en sulfato de magnesio, se filtra y luego se évapora bajo presién reducida. Se afade

isopropil éter a este residuo para precipitar el sélido y, a continuacién se recolecta para

dar el compuesto 27 (1.90 g, 98% de rendimiento).

Compuesto 27:

-

'H-RMN (CDCl;) 8(delta): 1.48-1.85 (8H, m), 2.63-2.75 (6H, m), 3.40-3.50

(2H, m), 3.80 (3H, s), 3.83 (3H, ), 6.80-6.84. (2H, m), 6.85-7.00 (3H, m), 7.15-7.20 (1H,

m), 7.32-7.37 (m, 3H), 7.48-7.52(1H, m).

Etapa (2); compuesto 28 — compuesto 29 — compuesto (I-8)

Compuesto 28 (888 fng, i mmc'ﬂ). y compuesto 27 {553 mg, 1 mmol) se
disuelven en dimetilformamida (2- ml), seguido por agitacién a temperatura ambiente
durante 3 horas. Dimetilformémi‘da 2mhy y;'.:dur'o de potasio (1.16 g, 7 mmol} se agregan
a esto, segufdo de-em‘riamiento a-40°C, y'a continuacién cloruro de acetilo (0.285 ml, 4
mmol) se anade a esto, agitando posterior.merite a 0°C durante 1 hora. A la solucién de
reaccion se agrega agua y acetato -de etilo.. Lfil'-c.apa organica se lava con agua, se lava
con salmuera saturada, se seca sobre sulfato de magnesio, se filtra, y a continuacion se
evapora bajo presion reducidé para producir ;el cdmpuesto 29 como un polvo.

El compuesto 29 se disuelve en cIorur'o de metileno (10 ml) y anisol {1 ml),
seguido de enfriamiento a -40°C- Solucié.n dé nitrometano-AlCl; 2M (5 ml) se anade,
agitando posteriormente a 0°C durénte 50 minutos. A la solucién de reaccidn se agrega
HCI acuoso 2M (60 ml}, acetonitrilo'(SO mi) y éter (100 mi). La capa acuosa se .Iava con
éter, se conpentra en vacio y luego se somete a cromatografia en columna HP-208S
eluyendo el compuesto deseado con 'acetonitrillo-agua. Fracciones recogidas se

concentran en vacio. La solucidén concentrada se liofiliza para producir el compuesto (I-8)
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como un polvo blanco (252 mg, 32% de rendimiento).

Compuesto (I-8):

"H-RMN (D;0) d(deta): 1.49 (3H; 8), 1.50 (3H, ), 1.60-1.80 (4H, m), 1.82-
2.10 (4H, m), 3.38-3.70 (6H, m), 3.72-3.85 (4H, m), 3.93 (1H, d, J = 13.8 Hz), 4.14 (1H, d,
J = 13.8 Hz), 5.36 (1H, d, J = 5.1 Hz), 5.87 (1H, d, J = 5.1 Hz), 6.70-6.72 (2H, m), 6.98
(1H,s). '

Analisis elemental para ngHégC!N701082‘4.8Hgo

Calculado: C, 44.34; H, 5.54: CI, 4.09; N, 11.31; 0, 27.32; S, 7.40 (%)

Encontrado: C, 44.51;'H, 5.39; CI, 3.79; N, 11.30; S, 7.44 (%).

EJEMPLO 9

-

Sintesis del compﬁuesto {1-9)
HZN—<\
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Férmula 70

Etapa (1); compuesto 30 — compuesto 32

A una solucion de compuesto 31 (2 g, '28.1 mmof) en THF (10 ml) se afiade
compuesto 30 (5.41 g, 42.2 mmol}; seguidﬁ pof agitacion a temperatura ambiente durante
2 horas. Acetato-de etilo y agua sé aﬁaden,e;" esto, seguido por extraccion de la capa
acuosa con acetéto de etilo, y a continuacion la capa organica se lava con éalmuera
saturada. La capa organica se seca en sulfe-lto de magnesio, se filtra y a continuacion se
concentra en vacio ‘para obtener el compuesto del titl:llO 32 (4.98 g, 89% de rendimiento).

1H-I.'-‘HVIN (CDCIS).E:(déIta): 1.4.6‘ (9H, s), 1.74-1.80 (4H, m), 2.40-.2‘60 {m,

BH), 2.70-2.75 (m, 2H).

Etapa (2): compuesto 32 — compuesto 33

A L'm-a solucién de compuesto '32'(4.98 g, 25 mmol) en cloruro de metileno
(20 mi} se anade acido trifluoroacético (20 _ﬁ!), seguido por agitacién durante la noche.
Después de .la concentracidn en vacio, HC! 4M en solucién de acetato de etilo (9.37 ml,
37.5 mmol) se agééga a esto. El sélido precipitado de compuesto 33 se lava con acetato

-

de etilo (3.74 g, 83% de rendimientb).

Compuesto 33.

- 'H-BMN (D,0) d(delta): 1.95-2.20 (4H, m), 2.84-2.89 (2H, m), 3.10-3.20

(2H, m), 3.44-3.52 {2H, m), 3.62-3.80 (2H, m).

Etapa (3): compuesto 34 — compuesto 35
Una solucién de compuestos 34 (7.08 g, 17.9 mmol) en acetato de etilo

(350 ml) y cloruro de metileno (100 ml) se desgasifica bajo presién reducida y después se
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reemplaza con nitrégeno. Didxido de plaﬁno'(BSO mg, 1.54 mmol) se anade a esto,
seguido por hidrogenacién. Después de 2_ho-r.e1‘s, la solucién de reaccion se filtra y a
continuacion el filtrado se evapora bajo presién reducida. Isopropil éter se agrega al
residuo para precipitar el ééli.do, y a cohtindaoic’m se colecta el precipitado sélido

produciendo ef compuesto 35 (5.64 g, 86% de rendirriiento).

Compuesto 35:

"H-RMN (CDCly) 8(deita): 3.80 (3H, s), 3.81 (3H, s), 494 (2H, 5), 5.01 (2H,
s), 6.18-6.23 (1H, m), 6.30-6.32 (1H, m), 6.72-6.78 (1H, m), 6.80-6.90 (4H, m), 7.26-7.42

(4H, m).

-

Etapa (4): compuesto 33 + compu"esto 35 — compuesto 36

A uﬁa solucidn de co‘rr'wpuesto ;53 {359 g, 2 mmol) en dimetilacetamiaa {6 mi)
se ahade trietilamina (1.38 ml, 10 mmol}, s'egu.ido Qe enfriamiento a -15°C, y luego se
agrega cloruro de metanosulfonilo (0.21 ml,‘ 2.80 mmol), posteriormente agitando durante
1 hora a -15°C. Una solucién de Compuésto 35 en dimetilacetamida (5 ml) se afade, y
después la solucion se deja caléntar a tempéraiura ambiente. En la solucidn de reaccion
se agrega acetato de etilo (50‘mlj ‘y soluci_éh de carbonato hidrégeno de sodio 5% se
anade. La capa organica se lava con agua, se 'Eava' con salmuera saturada, se seca en
sulfato de magneéio, se filtra y luego se évapora bajo presidn reducida. E! residuo se
purifica por medio de cromatografia de colﬁmna en gel de silice para dar el éompuesto 36

(266 mg, 27% de rendimiento).

. Compuesto 36:
"H-RMN (CDCls) &(delta): 1.82-1.87 (4H, m), 2.50-2.60 (2H, m), 2.62-2.66
(4H, m), 2.80-2.86 (m, 2H), 3.79(3H, s}, 3.80(3H; s}, 5.02 (2H, s), 5..07 {2H, s), 6.70-6.90

(m, 6H), 7.29-7.50 (5H, m).
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Etabé (5): compuesto 28 + compuesto 36 — compuesto (1-9)

Compuesto 28 (517 mg, 0.54 mmol) y compuesto 36 (266 mg, 0.54 mmol)
se disuelven en 'di;netilformamida {4 ml), s‘e'gui‘do por agitacién a temperatura ambiente
durante 3 horas. Dimetilformamidé (3 mly yoduro de potasio (630 mg, 3.79 mmol) se
agregan a esto, seguido de enfriamiento a -40°C, y a continuacién cloruro de acetilo
(0.155 ml, 217 m-rhol) se anade a esto, aéitando posteriormente a 0°C durante 1 hora.
Después tribromuro de fosforo 1M en solﬁcién de cloruro de metileno (1 .08'ml) se ahade
adicionalmente a'Q;C a esto, poéteriprmenté se -agita durante 30 minutos. A la solucion de
reaccion se agrega agua y acetat6 de etilo._La capa organica se lava con agua, se lava
con salmuera saturada, se seca sobre sulfato de magnesio, se filtra, y a continuacion se
evapora bajo presi.én reducida para producir el compuesto 37 como un polvo.

El compuesto 37 se disuel\l/_e en cloruro de metilenoﬂ(‘IO ml). y anisol (0.6
ml), seguido de e.nf'riamiento a —40°Q. Solucian de nitrometano-AICl; 2M (2.7 ml) se anade
a esto, agitando posteriormente a 'O°C durante 50 minutos. A la sofucion de reaccion se
agrega HCI acuoso 2M (60 mil), acetonitrilo (50 ml) y éter (100 ml). L.a capa acuosa se lava
con éter, seguido Ide concentracion en vacio y luego se somete a cromatografia en
columna HP-208S, eluyendo postériormeﬁte el compuesto deseado Z:on ace;conitrilo—agua.

Fracciones recogidas se concentran en vacio. La solucién concentrada se liofiliza para

producir el compuesto (I-9) como un polvo blanco (129 mg, 33% de rendimiento).

Compuesto (1-9);

-

"H-RMN (D;0) a(del;[a): 1.49 (3H, s), 1.50 (3H, s), 2.10-2.30 (4H, m), 2.80-
3.12 (2H, m), 3.41-3.80 (8H, m), -4.(.)2 and 392 {2H, ABg, J=15.5Hz), 5.34 (1H,d, J=4.8
Hz), 5.84 (iH, d, J = 4.8 Hz), 6.77-6.80 (1H, m), 6.83-6.96 (1H, m), 6.90-6.98 (2H, m).
© Andlisis elemental para CgoHasN7010S2#4.6H,0
Calculado: C, 45.00;_H, 5.56; N, 12.25; 0, 29.18; S, 8.(31 (%)

Encontrado: C, 45.02; H, 5.39; N,.12.35; S, 7.92 (%)
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EJEMPLO 10

Sintesis del compuesto (I-10)

10
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15 S -HNTX

Formula 71

20 Etapa (1): compuesto 39 + compuesto 38 — compuesto 40

' AlAco‘mpuesto 39 (914 mg, 2.5 mmol) se afade tetrahidrofurano (100 mi),

seguido de enfriamiento a 0°C. Trifosgeno '(29? mg, 1 mmol) y trieti_lkamina {0.52 ml, 3.75
mmol) se agregan,. agitando posteribrmente a temperatura ambiente durante 30 minutos.
Después de enfriar a 0°C nuevamente, trietilamina (0.52 ml, 3.75 mmol) y compuesto 38

25 (314 mg, 2.75 mmol) se agrégén, seguido por agitacién a temperatura ambiente durante
30 minutos. Acetato de etilo (50 ml) y solucién de carbonato hidrégeno de sodio 5% se

agregan en la solucién de reaccioén. Después de la extraccion de_la capa acuosa con
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acetato de etilo, la capa organica se lava ceon salmuera saturada, se seca en sulfato de
magnesio, se filtra, y a continuacién se evapora bajo presion reducida. Isopropil éter se
anade entonces al residuo para precipitar sélido. Coleccidn del sélfido precipitado produce

el compuesto 40 (1.06 g, 84% de rendimienta). - -

Compuesto 40:

" "H-RMN (CDCly) 8(delta): 1.62-1.68 (4H, m), 2.43-2.55 (4H, m), 2.62 (2H, 1,
J =57 Hz), 3.31 (2H, dd, J = 5.1, 11.1 Hz), 3.79 (3H, s), 3.80 (3H, s), 5.00 (2H, 5), 5.03

(2H, 5), 6.60-6.69 (1H, m), 6.82-6.88 (5H, m), 7.11-7.13 (1H, m), 7.27-7.37 (4H, m).

Etapa (2): compuesto 28 — compuesto 41 — compuesto (1-10)

‘ Cbmpuesto 28 (955 mg, 1 mmal) y compuesto 40 (506 mg, 1 mmol) se
disuelven en dimetilformamida (4 mi), seguido por agitacion a temperatura ambiente
durante 3 horas._Dimetilformam?da'(3 ml) y,yddhro de potasio (630 mg, 3.79 mmal) se
agregan a esto, seguido de enfriamiento a -40°C, y a continuacién cloruro de acetilo
{0.155 mi, 2.17 mmal) se aﬁa'dela esto, agiténdo' posteriormente a 0°C durante 1 hora. Se
anaden agué y écetato de etilo a la solucién de reaccién La capa organica se lava con
agua, se lava con salmuera saturada, se. sécé sobre sulfato de magnesio, se filira, y a
continuacion se evapora bajo pr_esién reduqidé:#ara producir el compuesto 41 (738 mg)
como un polvo.

El compuesto 41 k1.38 g) se dI:SUE.‘|V8 en cloruro de metileno (10 ml) y anisol
(1 ml), segﬁido Ade enfriamiento a -40°C. ‘Solucién—de nitrometano-AlCl; 2M (5 ml) se
afnade, agitando posteriormente a.0°C durénte 50 minutos. A la solucién de reaccién se
agrega HCI acuoso 2M (60 mi), acetbnitrilo (50 ml) y éter (100 ml). La capa acuosa se lava
con éter, seguidd de concentracién en vacio y luego se somete a cromatograﬂa en
columna HP-20SS, seguido. ae eluir el -com'puesto deseado con acetonitrilo-agua.

Fracciones recogidas se concentran en vacio. La solucidén concentrada se liofiliza para

-
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producir el compuesto (I-10) como un polvo blanco (98.3 mg, 13% de rendimiento).

. Cbmpuesto (1-10):

"H-RMN (D,0) 8(delta): 1.48 (3H, ), 1.49 (3H, §), 2.12-2.20 (4H, m), 3.20-
5 3.80 (10H, m), 3.90 (1H, d, J = 16.8 Hz), 4,04 (1H, d, J = 16.8 Hz), 5.32 (1H, d, J = 4.8
rtx534ﬁHn1J=48Ha660670ﬁHnﬂ680685@Hnmsseuﬁsy'
AnaIISIS elemental para C30H35N30108204 6H,0
| Calculado: C, 44.18; H, 5.59; N, 13.74; 0, 28.64, S, 7.86 (%)

Encontrado: C, 44.26; H, 5.38; N; 13.74; S, 7.56 (%). -

10
" EJEMPLO 11
Sintesis del compuesto (I-11)
zN—<\
COzH Oﬁ)\/

15

. BoeHN—, ]\N,CO:H BocHN—4 j\/COZH

Q
@én—o\/&om — |t i oHrm Bu
0. 42 3 i o

HzN-.. -5
N\
0 g
20 "o ceue COlBuO OPMB
BocHN—(\ . socHN—Gl(u‘ o
N S O
’ i
. Tl — . . N [ N o «a
fv R
COleuo OPMB o~ "oPMB H
CO‘B" OPMB

49

25 s
BocRN—G, ]\)OLH
N T Nj;(s -
N, N N OH
<° ] “ \/\ﬁ ]/
2,070 oH
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Formula 72

Etapa (1): compuesto 42 — compuesto 43 — compuesto 45

Una solucién de compuesto 42 (2.77 g, 10 mmol) en cloruro de metileno (12
ml) se enfria a 0°C y a continuacién metilhidrazina .(0.53 mt, 10 mmol) se anade a esto,
seguido por agitacion durante 30 minutos. La éol_ucién de reaccion se filtra y entonces se
concentra hasta que el filtrado alcance aproximédamente la mitad del volumen. Después
se anade metanol- (25 ml) a esto sééuido de enfriamiento a 0°C, compuesto 44 (2'.72 g, 10
mmol) se aﬁ_adel a esto, posteriormente se égité durante 30 minutos y a continuacion se
agita a temperatura ambiente durante 90 fninutos. Después acetato de etilo (200 ml) y
solucién de HCI 0.2M se afiaden a esto. La capa organica se lava con agua, se lava con
salmuera saturada se seca en sulfato de -magnesio, se filtra y luego se evapora bajo
presion reducida. Al residuo se anade éter y a ‘continuacién se colecta el precipitado solido
para dar el compuesto 45 (3.22 g, 80% de rendlmlentp).

Compuesto 45 |

"H-RMN (DMSO-dg) d(delta): 1.42 (9H, s), 1.47 (9H, &), 4.62 (2H, s), 7.41

(1H, s).

. Etapa (2): compuesto 45 — compuesto 47

A uﬁé solucién de compuesto 45 (3.22 g, 8.02 mmol) en dimetilacetamida
(30 ml) se anade trietilamina (1. 45 ml, 10.4 mmol) seguido de enfr\iamientd a -15°C. Se
agrega cloruro de metanosulfonllo (0 75 mil, 9 63 mmol), seguido de agitacién durante 15
minutos, y entonces N-metilmorfolina (1.76-ml, 16.0 mmol) y el compuesto 46 (3.09 g,
7.62 mmol) se aﬁaden a esto, posteriormente se agita durante 1 hora. Entonces acetato
de etilo (200 ml) y acido clorhidrico se anaden a esto. La capa orgdnica se separa se lava
con solucién de carbonato h[drogeno de SOdIO acuoso 5%, se lava c;on agua, se lava con

salmuera saturada, se seca en sulfato de magnesm, se filtra y luego se evapora bajo

presion reducida. Ei residuo se purifica por medio de cromatografia de columna en gel de
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silice para dar el compuesto (5.28 g, 88% de rendimiento). -

Corﬁpuesto 47:
~ 'H-RMN (CDCly) $(delta): 1.42.(9H, 5), 1.49 (9H, s), 3.61 and 3.48 (2H,
ABq, J = 18.0 Hz), 3.81 (3H, ), 4.47 (2H, s) 4.77 and 4.72 (2H, ABg, J = 17.1 Hz), 5.05
(1H,d, J = 4.8 Hz), 5.20 (1H, d, J = 12.0 Hz), 5.25 (1H, d, J = 12.0 Hz), 5.93 (1H, dd, J =
4.8, 8.7 Hz), 6.87'-‘6'.91 (2H, m), 7.33-7.37 (m;‘SH), 8.10-8.15 (1H, br), 8.74 (1H, d, J = 8.7

Hz).

Etapa (3); compuesto 47 — compuesto 48

Una solucion de compuestd 47 (5.28 g, 7.02 mmolj en cloruro de metileno
{50 ml} se enfria é ‘—40°C, y Iuegd Selaﬁade éfjidb m-cloroperbenzoico (1.62 g, 7.02 mmol),
posteriormente se calienta de -40°C a -10°C gradualmente. Solucion acuosa de tiosulfato
de sodio 5% se anade para terminar la reaccién. Cloruro de metileno se evapora bajo
presién reducida, y a continuacién acetato de etilo y agua se anaden a esto. La capa
organica se lava con solucion acubsa de 'carbo_nato hidrégeno de s\odio 5%, se lava con
salmuera saturad'a, Se seca en éulfato de m'égnésio, se filtra y a continuacién se_evapora
bajo presién reducida. Esto- se utifiza para la siguiente reaccion sin depuracién. La

cantidad producida es de 5.39 g (100% de rendimiento).

Compuesto 48:

"HAMN (CDCly) S(d_ejta): 1.42 (9H, s), 1.54 (9H, 5), 3.40 (1H, dd, J = 1.5,
18.3 Hz), 3.80 (1H, d, J = 18.3 Hz), 4.22 (1H, d, J = 12.6 Hz), 4.57 (1H, dd, J = 1.5, 4.8
Hz), 4.74 (2H, s), 5.10 (1H, d, J = 12.6 H2), 5.é4 (1H,d, J = 12.0 Hz), 5.29 (1H, d, J = 12.0
Hz), 6.07 (1H, dd, J = 4.5 , 9.2 Hz), 6.88-6.92 (2H, m), 7.34-7.37 (2H, m), 8.38 (1H,d, J =

9.2 Hz).
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Etag.‘a (4): compuesto 48 — cbmguesto 49

ET compuesto 48 (5.39 g, 3.15 mmol) en THF (60 ml) se enfriaa 15°C y a
continuacion se ég;rega yoduro de potasio '('3.1.5 g, 21.05 mmol), seguido por agitacion
durante 1 hora. A continuacién -acétato de eﬁlo y solucion acuosa de tiosulfato de sodio
5% se anaden a-esto. La capa organica se lava con agua, se lava con salmuera saturada,
se seca en sulfatc; 'de magnesio, se filtra y luego se evapora bajo presién reducida. Esto
se utiliza para la siguiente reaccic’)'n.' sin pﬁrifica_cién. La cantidad préducida es de 5.42 g

{90% de rendimiento).

Compuesto 49:

"H-RMN (CDCly) a(detta): 1.41 (8H, s), 1.50 (OH, s), 3.55 (1H, d, J = 18.0
Hz), 3.72 (1H, d,.J = 18.0 H2), 3..8(_).(3H, s),.4_.17 (d, 1H, J = 9.6 Hz), 4.57 (1H, d, J = 4.5
Hz), 4.71 (2H, 5), 4.79 (1H, d, J'= 9.6 Hz), 5:24 (1H, d, J = 11.7 Hz), 5.30 (1H, d, J = 11.7
Hz), 6.02 (1H, dd, J = 4.5, 9.6 Hz), 6.80-6.92 (2H, m), 7.24-7.39 (3H, m), 8.36 (d, 1H, J =

9.6 Hz).

Etapa (5). compuesto 49 + compuesto 50 — compuesto 51

Compuesto 49 ('1.85 g, 2 mmol} y compuesto 50 (1.05 g, 2 mmol) se
disuelven en difn.e,tilformamida (2 mi), seguido por agitacién a temperatura ambiente
durante 2 horas. Dimetilformamida (4 mi) y yoduro de potasio {(2.32 g, 14 mmol) se
agregan a esto, seguido de en_friamiento a —40°C, y a continuacién cioruro de acetilo
(0.571 ml, 8.00 mmol) se afade, posteriormente se agita a 0°C durante 1 hora. Se¢ afaden
agua y acetato de etilo a la éolﬁcién de reaccion La capa organica se lava con agua, se
lava con sa|rhuefa. saturada, se seca sobre sulfato de magnesio, se filtra, y a continuacién
se evapora bajo presion reducida para produ‘éir'el compuesto 51 como un polvo.

El compuesto 51 se disuelve en ;:Ioruro de metileno (20 ml) y anisol (2 ml),
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seguido de enfria_miento a -40°C. Solucién de nitrometano-AiCl; 2M (10 mi} se afade
entonces a esto, agitando posteriormente-a 0°C durante 50 minutos. A la solucién de
reaccion se agrega entonces HCI ~acuoso 2M (50 ml), acetonitrilo (SE) ml} y éter (100 ml).
La capa acuosa se lava con éter., sgguido dé -(_:oncentracic')n en vacio y luego se somete a
cromatografia en columna HP-20SS, seguido de eluir el compuesto deseado con
acetonitrilo-agua. Eracciones recogidas se coﬁcentran en vacio. La solucién concentrada

se liofiliza para producir el compuesto (I-11) como un polvo blanco (430 mg, 30% de

rendimiento).

Compuesto {I-11):

" "H-RMN (D,0) 8(delta): 2.10-2.35 (4H; m), 3.40-3.80 (10H, m), 3.94 (1H, d,
J=14.1Hz), 412 (1H, d, J = 14.1 Hz), 457 (2H, 5), 5.34 (1H, d, J = 4.8 Hz), 5.87 (1H, d, J
= 4.8 Hz), 6.67 (2H, 5), 7.02 (1H, 5).. '

Andlisis elemental para CogHzoCINO40S.04.0H,0
Calculado: C, 42.24; H, 4.81; CI, 4:45; N, 12.31; O, 28.13; S, 8.05 (%)

" Encontrado: C, 42.52; H, 4.73; Cl, 4.21; N, 12.46: S, 7.70 (%)
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EJEMPLO DE REFERENCIA 1

Métodos de sintesis general de aminas de cadena lateral (a)-(n)

Bn Bn -
~0 .\O . 'Gq\/\NH C' 0 ?n
X 0 (COCH2 X o 2 Ne_~ 0
5 Y : oYY E3N Q
X
07 OH . oo Bn
(A) - (8) (C)
Férmula 73

Como se muestra en la ruta de'sintesis anterior, un equivalente molar de

cloruro de oxalilo, se afiade a una solucién f_ie étdruro de metilenc (10 V) (suspensién) de

10 derivado de &cido benzoico (A), que corresponde a las cadenas laterales (a)-(n), seguido
por agitacion a temperatura émﬁiente durante 2 horas. Después de la concentraciéon en
vacio hasta ‘alcan-zar alrededor de la fnitad del volUmen, el resuftante se afade a una
amina (1.0 equivaiente/Et;N (1.2_equivalénteé)/solucién THF), que corresponde a las
cadenas laterales (a)-(n), que se haienfriadq a .-‘2.0"0, posteriormente agitando durante 30

15  minutos. Se diluyé con cloruro de metileno, se lava con agua, se seca y a continuacién se
concentra el filtrado para dar érr;ina deseada{' (C) (cadenas laterales (a)-(n)) {90% o mayor
rendimiento): Co-nstantes fisicas de cadenas Iateraleé (a)-(n) se muestran a continuacion.

Cadena lateral (a) - : | -

20 | G«WH(@()
. F()rnqula 74 Bn
| 'H-RMN (CDCl,) 8(delta): 1.72-1.88 (éH, m), 2.50-2.62 (4H, m), 2.68 (2H, t,
J = 5.7 Hz), 3.52-3.57 (2H, m), 5.19 (4H, s) 6..9(_) (1H, d, J =8.7 Hz), 7.21-7.60 (11H, m),
7.56 (1H, d, J = 1:8 Hz), 8.49 (1H, bs). |

25 LC/EM (ES +): 445 (M+H+)
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Cadena lateral (b)

O 0 PMB
N“'/\N 0 .
H o
PMB

Férm_ula.'-7l5
"H-RMN (CDClq) d(delta): 1.72'(4H, bs), 2.59 (4H, bs), 2.70 (2HL, J = 4.5
Hz), 3.51-3.65 (2Hm), 3.79 .(6H, s), 5.10 (;1H,s'), 6.81-6.95 (6H, m), 7.26-7.37 (5H, m),
7.53 (1H, bs). '
LC/EM (ES +): 491 (M+H+) - -

Cadena lateral (c)-

Cl‘ . .0 - Bn
N\/\N)k(:IO
’ H
0
Bn
_ Féfmula_ 76 -
"H'RMN (CDCls) d(delta): 1.75-3.05 (12H, m), 517 (2H, s), 5.18 (2H, s),
6.85-6.97 (3H, m), 6.25-6.45 (11H, m). '
- LC/EM (ES +): 431 (M+H+)

Cadena lateral (d)

O 0 . Bn
~No~n 0
5 G

. Bn

Féfmula 77
1H-.RMN (DMSO—dG) 6‘(delta): 1.45-3.60 (12H, m), 2.89 (3H, s), 5.15 (2H, s),
5.17 (2H, s}, 6.90-7.16 (3H, m}, 7.22-7.48 {1GH, m).

- LC/EM (ES +): 445 (M+H+)
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Cadena lateral ()

o .0 ¢ Bn
H

0
Bn

Férmula 78 |
‘H:R'MN (COCH) &(delta): 1.70-1.83 (aH, m), 2.50-2.59 (4H, m), 2.70 (2H, t,
J = 6.3 Hz), 3.52-3.60 (2H, m), 5.04 (2H, s), 5.16 (2H, ), 6.89-6.96 (2H, m), 7.26-7.51
(11H, m). |
LC/EM (ES +): 465 (MeHe)
Cadena lateral (f) |

e o ¢ Bn
H

9
Cl Bn

Formula 79
"H-RMN (CDCly) 8(delta): 1.63-1 86 (4H, m), 2.57 (4H, bs), 2.72 (2H, d, J =
6.0 Hz), 3.52-3.59 (2H, m), 5.07 (2H, ), 5.13'(2;-_1, s), 6.96 (1H, bs), 7.23-7.50 (12H, m).
LC/EM (ES +): 499 (Mi+Ha)

- Cadena lateral (g)

Férmula 80
' 1H-RMN (CDCl3) d(delta): 1.38-1.80 (8H, m), 3.35-3.56 (6M, m), 5.18 (2H,
s), 5,19 (2H, 5), 6.91 (1H, d, J = 8.4 Hz), 7.24-7.52 (11H, m), 7.57 (1H, d, J =2 Hz), 8.32
(1H, b.s). _
LC/EM (ES +): 459 (M+H+)

Cadena lateral (h)
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N\/\N a0
~H
. o)
Farmuia 81
1H-F.WIN (CDCly) d(deita): 1.47-1.48(2H, m), 1.52-1.63(4H, bs), 2.35-2.50
(4H,m), 2.57 (2H,t,J = 4.5 Hz ), 3. 49-3. 53(2H m) 5.20(2H,s), 5.21(éH, s), 6.93 (1H,d,J =
6.3 Hz), 7.03(1H, bs) 7.25.7. 55(12H m).

LC/EM (ESI positivo): 445 (M+H+)

- Cadena lateral (i)

Y. 9@ C Bn
N\’/\N 0
H

Q

Bn
Fc’:r-mula~_82
"H-RMN (CDCly) S(det_ta): 1.40-.1.63 (8H, m), 2.42 (2H, bs), 2.54 (2H, 1, J = 6
Hz), 3.50-3.58 (2H,m), 5.05 (2H, d, J = 4.8 Hz), 5,17 (2H, d, J = 4.8 Hz), 6.96 (1H, d, J =

8.7 Hz), 7.10 (1K, bs), 7.22-7.58 (11H, m).

LC/EM (ES +): 479 (M+H+)
Cadena lateral (j) ' o

O 0 cl llaﬁ
N\/\Nk@c_)
H

0
Ci Bn

Férmula 83 |
"H-RMN (CDCly) d(delta): 1.40-1.75 (6H, m), 2.42 (4H, bs), 2.53 (2H, t, J = 6

Hz), 3.48-3.56 (2H, m), 7.01 (1H, bs}, 7.25-7.62 (10H, m), 7.56 (1H, s).
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LC/EM (ES +): 513 (M+H+) . .

Cadena lateral (k)

QoL %
N\O 8]
Ny :: :c}
0O  Bn -
Férmula 84
"H-RMN (CDCly) d(delta): 1.30-1:95 (14H, m), 2.45-2.58 (4H, m), 2.45-2.90
(1H, m), 5.18 (2H, s), 5.19 (2H, 3), 6.89-6.96, 3H, m), 7.23-7.45 (12H, m).

LC/EM (ES +): 471 (M+H+)

~ Cadena lateral (1)

G W3
NN o
Q0 Cb Bn
Férmula 85
" "H-RMN (CDCls) (delta): 1.45-1.70 (4H, m), 1.80 (4H, bs), 2.12-2.30 (1H,
m), 2.83-3.10 (1H, m), 2.57 (4H, bs), 2.83-.3.1.0'(2H, m), 4.55-4,72 (1H, m), 6.85-6.92 (2H,
m), 7.23-7.70 (10H, m), | |
LC/EM (ES +): 505 (M+H+)

Cadena lateral ‘(m)

O ~ Cl Bn
) N : o
O CI Bn
Férmula 86
'"H-RMN (CDCly) 8(delta): 1.30-1.70 (4H, m), 1.81 (5H, bs), 1.93-2.12 (1H,
m), 2.25-2.34 (1H, m), 2.57 (4H, bs), 4.50-4.:61 (1H, m), 5.02-5.08 (4H, m), 7.24-7.50 (11H,

m). : : -

LC/EM (ES +): 539 (M+H+)
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" Cadena lateral (n)

$n

Q. .Qac
w L
0 "Bn

5 o Férmula 87
" "H-RMN (CDCl;) 8(delta): 1.38-1.80 (8H, m), 3.35-3.56 (6H, m), 5.18 (2H,
s). 5.19 (2H, s), 6.91 (1H, d, J = 8,4 Hz), 7.24-7.52 (11H, m), 7.57 (1H, d, J = 2 H2), 8.32
(1H, b.s). '

LC/EM {(ES +): 485 (M+H-+)

10
EJEMPLO DE REFERENCIA 2
Mediante los métodoé de abajo, €l compuesto (F) o {G) se sintetiza.
15 '
| N @ PMB
Boc—ﬁ-{? ! H S )J\@cs " Boe- N-ﬁ‘;gel—h
Sy );r PM3 j/__'
ND g N, = 1 -
A o4 00R' 2yki/AcCi Y"t QoR
Y eoor ; : - 00R PMB
LI . L (€)
S Oy . :
1)AICBI':nBoIwa_§dy‘1I)L , HaHE O3 H’N_g""ﬁfu'“
20 Z3HP.20 i J:r‘g\'ﬂ“’* " OJ;( N\/«Nﬂm
“cromatografia, é’%oo“ 200 ass *)ﬂ: . oo

) ' (8)

Cefem (D), que es una materia brimé obtenida por un método -conocido, se
disuelve en DMF (5 V) vy a continﬁacién una"'amina (equivalente molar) de la cadena
lateral (a)-(n), moétrado arriba, se 'éﬁade, seguido por agitacién a temperatura émbiente

25  durante varias horas. Después de em‘riado- con hielo, se afaden yoduro de potasio (7
equivalentes) y cloruro de acetilo (5 equivaléhtes), pc;steriormente se agita durante 1 hora.

A salmuera 5% (50 V) que contiene tiosulfato de sodio se agrega lentamente con
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agitacién. Ei depésito preci'pit'ado se filtra y luego se lava con agua, seguido de
liofilizacién. La rﬁat_eria seca (E) se disuelve en cloriro de metileno (20 V) y nitrometano
(10 V), seguido de agregar, a temperatura ambiente, anisol (10 equivalentes) y a
continuacion  solucién  cloruro de. aluminidnitrométano 2M (10 equivalentes),
posteriormente se agita durante 1 hora. Después de reaccionar, la mezcla de reaccion se
vierte en acido clorhIdrico/acétdnitrilo/éter isopropitico 1M frio (3/1/5). La capa acuosa se
separa, se sbméte.en cromatografia en columna HP-20 y luego se purifica. Después se
eluye con acetonitrilo/agua, el eluato se cbncéntra en vacio y después se liofiliza para
obtener el objetivo- (F). Segin sea 'necesarior, él‘compuesto (F) deseado se disuelve en
solucién de carbonato hidrégeno de sodio y después se somete en cromatografia en
columna HP-20. Fracciones élu'idas se conéentr’an y luego se liofilizan para producir sal
sodica (G).

Ejemplos de compuestos (F} o (G) (compuesto {I-12) -.compuesto (1-34)) se

muestran a continuacion.

EJEMPLO 12

Compuésto (1-12)

-

= ﬁgvnw,qk&o“

COoO

HaN—¢

OH
Me COOH

FéﬁﬁuléBQ
‘HﬂMN@M&hm mwawwéwﬂa14ﬁmHs)1%219w4m)
3.00-3.95 (11H, m), 3.95, 5.07 (2H, ABq J =13.8 Hz), 516 (1H, d, J = 5.1 Hz), 573 (1H,
d¢J=5L96H3£]3UHSL&HH%LQ?EQ@HbQBABUHb$944UHdJ=

8.4).
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LC/EM (ES +): 752 (M+H+)
IR (KBr) cm™: 3308, 1773, 1607, 1532, 1471

| Aﬁélisis elemental para CaoH340IN701OSQ-3.8H20
Caloulado: G, 43.99; H, 5.24; Cl, 4.49: N, 12.11; S, 7.7 (%)

Encontrado: C, 43,91; H, 5.11; CI,4.32; N, 11.95; S, 7.81 (%)

EJEMPLO 13

gomgggsto (-13)

H2N—<\ )

‘ﬁ* ﬁ#Nth

Cco0
Me COOH

Féfmula 90 -

'H-RMN (DMSO-ds) d(delta): 1.40 (3H, s), 1.41 (3H, §), 1.72-2.10 (4H, m),
3.05-3.80 (10H, m}, 3.85,5.02 (2H, ABa, J = 9.9 Hz), 5.09 (1H, d, J = 3.9 Hz), 5.67 (1H, dd,
J =39 65Hz), 6.72 (1H,d, J = 6.0 Hz), 7.14 (H,d, J=6 Hz), 7.23 (1H, s).

LC/EM (ES +): 719 (MeHs)

IR (KBr) cm™: 3301, 1777, 1599, 1514, 1464

Anélfsis elemental para ngHsgclN'aO1oSE-3.9H20

Caleulado: C, 4_4._15;'H. 5.51; N, 14.05; S, 8.18 (%)

- Encontrado: C, 44.14; H, 5.34; N, 14.20; S, 8.13 (%)
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EJEMPLO 14

'Compugsio (1-14)

\g-\/N\/\N OH .
coo ¢

Me'“< | X o
' COOH

HQN—<\

Férﬁ‘t_ula §1
TH-RMN (DMSO-dg) 5(delta): 1.43(3H, d, J = 5.1 Hz), 1.84-2.16 (4H, m),
3.20-5.10 (13H, m), 5.14 (1H, d, J = 3.9 H2), 5.74. 4(1H, 6d. J =39, 6.3 Hz), 6.78 (1H, d, J =
6.0 Hz), 7.21 (1H. d, = 6.3 Hz), 7.31 (1H, s)
LC/EM (ES +): 738 (M+H) .

- IR (KBr) cm™: 3301, 1778, 1599, 1542, 1512

- EJEMPLO 15

Comguesto (I-15)

MNﬂgjlgiH‘ j;L, ' Cl

oo ._
_Me“'< = o

COONa
Férmula 92
* LC/EM (ES +): 772 (M+H+)

IR (KBr) cm™; 3292, 1771, 1589, 1537, 1473
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' EJEMPLO 16

Comguééto' (1-16)

*hNhé:];rﬁ- o @
\f;\/Nv/\N OH
- €00’

COOH - B Cl

OH

Formula 93
- 'H-RMN (DMSO-ds + CD;0D) §(delta): 1.41 (3H, d, J = 7.2 Hz), 1.79-2.23
(4H, m), 2.98-3.90 (10H, m), 3.94, 5.03 (2H, ABq, J = 13,5 Hz), 457 (1H, q, J = 6.6 H2),
514 (1H,d, J = 5.4 Hz), 6.9 (1H, bé)'. H |
LC/EM (ES +): 80é (M+H+)
IR (KBr) cm™: 3305, 1779, 1613, 1538, 1474, 1403
‘ Ahéli_sis elemental para CugHaoClzN;0155,02.4H,0
Calculado: C, 40.81; H, 3.83_;'N, 12.11 (%)

Encontrado: C, 40.96; H, 4.13; _N,'..1"I 53; (%)

EJEMPLO 17

Compuesto (I-17)

H,N— |
M :l;fj/j\’ NJ?\©:OH
M%x - . OH

Me” tooH

Férmula 94
"H-RMN (DMSO-d) 8(delta): 1.46 (3H, s), 1.47 (3H, s), 1.50-1.99 (6H, m),

2.80-3.93 (10H, m), 3.97, 5.01 (2H, ABq, J = 14.4 Hz), 5.18 (1H, d, J = 4.8 Hz), 5.75 (1H,



i
g
0
R
&8

118 Cu

40, J = 4.8, 7.8 Hz), 6.74 (1H, §), 6.79 (1H, d,.J = 81 Hz), 7.21 (H, d, J = 8.1 Hz). 7.30
(8H, 5), 8.52 (1H, bs). | | " '
LC/EM (ES +): 732(M+Hx)
IR (KBr) cm’™: 3301, 1774, 1600, 1515, 1470
' Anél_lisis elemental para Ca1HyN;010S:#4.5H,0
Caloulado: G, 45.88; H, 5.91; N, 11.81; S, 7.67 (%)

Encqntrado: C, 45.80; H, 5.70; N, 12.06; S, 7.89 (%)

EJEMPLO 18

Compuesto (I-18)

]\* r#Nka&OH

cOo0

HoN—4

OH
Me COOH

Férmula 95 h

"H-RMN (DMSO-dg) 5(delta): 143 (3H, s), 1.49 (3H, s), 1.22-1.95 (6H, m),
3.07-4.08 (11H, m), 4.95-5.13 (1H,.m), 5.15 (1H, d, J = 4.8 Hz), 5.72-5.83 (1H, m), 6.63-
6.84 (3H, m). o

" LC/EM (ES +):766 (M+H4)

IR (KBr) cm™: 3324, 1770, 1600, 1537, 1470

Angalisis elemental,par.a CS1H3§QIN7O108208H20

Caiculado: C, 41.07; H, 6.54; N, 10.37; S, 6.75 (%)

Encontrado: G, 40.90; H, 5.76; N, 10.77: S, 7.04 (%)
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EJEMPLO 19 °

Compuesto (i-19)

u JH Y\JVN\/\NKQ

H,N—4

| Coo
Me COOH

Férrn'u_la.‘9‘6

‘H-RMN (DMSO-dg)- b(delta): 1.44 (3H, s), 1.46 (3H, s), 1.58-1.97 (6H,
m),3.08-3.95 (10H, m), 4.44,‘5.67 (2H, Abq,.J = 14.1 Hz), 518 (1H, d, J = 5.1 Hz), 5.78
(1H, dd, J = -5.1,-8-.1 Hz), 6.72 (1H, s), 7.00 (1H, 5), 7.30 (2H, bs), 8.50 (1H, bs), 9.43 (1H,
d, J = 8.1 Hz). o

LC/EM (ES +): 800 (M+H+)

IR (KBr) cm™: 3322, 1778, 1614, 1531, 1470

Andlisis elemer;lta‘l para Cs1H35blgN7O1082-5.0H20

| Calculado: C, 41.91; H, 5.36; N, 10.66 ‘(%)

Encontrado: C, 41.80; H, 5.09; N, 11.01 (%) ~

' ESEMPLO 20

Compuesto '(I-20)

H2N—<\ )
,5* pr oL

M“->< YL “k@i::

Me” cooNa

F(’)rrﬁula 97

"H-RMN (D.0) 8(delta): 1.36 (8H, S), 1.50-1.91 (6H, m), 2.92-4.06 (13H, m),
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4.58-4.80 (1H, m), 5.21 (1H, d, J = 3.9 Hz), 572 (1H, d, J = 3.9 Hz), 6.58 (1H. d, J = 6.6
Hz), 7.04 (2H, bs). '
LC/EM (ES +): 733 (Mste) - | A

IR {KBr) cm™: 3296, 1772, 1592, 1519, 1468

EJEMPLO 21

Q_ompuésto (1-21)

H2N—<\ M
| c
vl €00° oH
COOH

Féfrmula 98 -

"H-AMN (DMSO-ds + CD4OD) 8(delta): 1.45 (3H, d, J = 7.2 Hz), 1.50-1.95
(BH, m), 2.83-3.96 (10H, m), 3.96, 5.00 (2H, ABq, J = 13.8 Hz), 4.63 (1H, q, J =.6.3 Hz),
5.16 (1H, d, J =5.1 Hz), 5.73 (1H, d, J = 5.1 Hz), 6.79 (1H, d, J = 8.4 Hz), 7.21 (1H, dd, J =
2.4,8.4 Hz), 7.30 (1H, d, J = 2.4 Hz), o

LC/EM (ES +): 752 (M+H) :

iR‘(_K'Br) cm™: 3308, 1779, 1601, 1"538, 1513, 1453

Analisis elemental pér'a CsoH34CIN7O1082-3.8H20

~ Calculado: C, 44.12; H, 5.27; ClI, 4:40; N, 11.74; S, 7.58 (%)

Encontrado: C, 43.91; H, 5.11; Cl, 4.32; N, 11.95; S, 7.81 (%)
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- EJEMPLO 22

Compuesto (I 2_)

e P ONER

COO
Me:

H2N—<\

COONa

Formula 99
LC/EM (ES +): 786 (M+H+)

IR (KBr) cm": 3290, 1772, 1599, 1538, 1473 )

EJEMPLO 23

Compuesto (I-2:§)

D I

Co0
Me

H2N_<\

COONa
Férmula 100

'H-RMN (D,0) d(delta): 1.11 (3H, d, J = 7.2 Hz), 1.03-1.74 (6H, m), 2.82-

3.38 (11H, m), 4.20-4.60 (2H, m), 5.00 (1H, d, J = 5.1 Hz), 5.54 (1H, d, J = 51 Hz), 6.63

(1H, s).

LC/EM (ES +): 822 (M+H+)

- IR (KBr) cm™: 3298, 1770, 1600, 1538, 1470
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EJEMPLO 24

| CompuesAto (-24)

Férmﬁla 101

1H-I.?.MN (DMSO-dg + CDSOD) d(delta): 1.45 (3H, s), 1.47 (3H, s), 1.83-2.21
(4H, m), 3.00 (SH ), 3.25-3.97 (‘ldH m), 4.01,-4.96 (2H, Abg, J = 13.5 Hz), 5.14 (1H, d, J
= 5.1 Hz), 674(1H d, J=51 HZ) 6?2680(3H m), 6.87 (1H, s).

LC/EM (ES +): 732 (M+H+)

- IR (KBr) em™: 3194, 1778, 1595;' 1530, 1490
Andlisis elemental para CsiHazN;010S,93.4H,0
Calcglado: C, 47.01 ;-H, 5.65; N, 12.23; S, 8.05 (%)

Encontrado: C, 46.95; H, 5.57; N, 12.36; S, 8.09 (%)

EJEMPLO 25 -

Compuesto {I-25)

HN L)L
j;"Y;L\/N\/\NKCEOH
| Coo
! Mem( oH
COOH o

Formula 102
'H-RMN (DMSO-dg +-CD30D) 8(delta): 1.42 (3H, d, J = 6.9 Hz), 1.52-2.21

(4H, m), 2.99 (3H, 5), 3.09-4.00 (10H, m), 4.05, 4.90 (2H, ABq, J = 12 Hz), 4.60 (1H, q, J =
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6.9 Hz), 5.12 (1H, d J=5.1 Hz), 575(1H d, J =5.1 Hz}, 670698(3H m)
LC/EM (ES +): 752 (M+Hs) -
IR (KBr) em™: 3308, 1779, 1669, 1593, 1537, 1489, 1447
~ Andlisis elemental para CaoHaCiN,014S:21.9H,0
Calculado: C, 45.44; H, 4.54;.C1,5.01; N, 12.88 (%)

~

Encontrado: C, 45.82; H, 4.84; Cl; 4.51; N, 12.45 (%)

EJEMPLO 26

Compuesto (I-26)

HaN—C L)L : )
. Q\/N\/\\/NT(Q:
. COO.
Me:
COOH
Férmuia’103

-

'H-RMN (DMSO-dq) (delta): 1.43 (3H, d, J = 7.2Hz), 1.78-2.16 (6H, m),
2.93-3.82 (10H, m), 3.82, 5.03 (2H, ABq, J = 14.1 Hz), 4.60 (1H, q, J = 7.2 Hz), 4.74 (1H,
d,J=4.8Hz), 554 (1H, dd, J = 4.8, 8.4 Hz), 6.71 (1H, d J = 8.1 Hz), 6.30-6.40 (2H.m).

" LC/EM (ES +): 752 (M+H-)

IR (KBr) cm™:3311, 1777, 1595, 1540, 1512, 1457

Analisis elemental pafa 030H390IN761082-2.5H20

Calculado: C, 45.10; H, 4.90; Cl, 4.59; N, 12.59 (%)

Encontrado: C, 45.20; H, 4.93; Cl, 4.45: N, 12.30 (%)
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EJEMPLO 27

Compuesto (1-27)

Io
H,N— H OH
]/\i)L %NWNY@ OH

coo~
M -
cooNa N ~

Férmulé 104
"H-AMN (D;0) d(delta): 1.29 (3H, d, J = 6.9 Hz), 1.33-1.97 (8H, m), 2.86-
3.90 (11H, m), 4.38-4.67 (2H, m), 4.76 (1H; &, J = 5.1 Hz), 5.50 (1H. d, J = 5.1 H2), 6.65
(t1H,d, J = 8.1 Hz), 6.98-7.17 (2H, m). .
LC/EM (ES +): 766 (M+H=)

IR (KBr) cm™: 3929, 1776, 1594, 1543, 1447, 1397

EJEMPLO 28 '

Compuesto (l 28) .

H2N—<\ ]\HL
b IQV pelow

Me” ‘cooH , 0

Férmula-i(SS
TH-RMN (DMSO-dg) b(defta): 143 (3H, ), 1.46 (3H, s), 1.50-2.22 (8H, m)
2.60-4.30 (11H, m), 3.95, 5.01 (2H, ABq, J = 12.9 Hz), 517 (1H, b, J = 4.8 Hz, 5.73 (1H,
dd, J = 4.8, 7.8), 6.60-6.97 (4H, m), 7.27 (2H, bs), 9.49 (1H, bs).
LC/EM (ES +): 758 (M+H+)

IR (KBr) cm™: 3196, 1778, 1590, 1530, 1444
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~ Anélisis elemental para CasHgsN701,5243.5H,0
Calculado: C, 47.97; H, 5.51; N, 12.24 (%)

Encontrado: C, 48,28; H, 5.65; N, 11.94 (%)

EJEMPLO 29

ComQUESto (I-2Q)

HQN—<\ j\[)L
e = oo

Me” ‘cooH 0 <«

Formula 106 .

"H-RMN (DMSO-ds) 5(delta) 1.44 (3H, s), 1.46 (3H, s), 1.30-2.33 (6H, m),

2.60-4.06 (11H, m), 4.44-4.72 (1H, in), 4.83-5.03 (1H, m), 6.47-6.88 (3H, m), 7.28 (2H, bs).

LC/EM (ES +): 792 (M+H+)

IR (KBr) cm™: 3302, 2970, 1773, 1606,' 1532, 1445

Analisis elemental para CgsHsaCIN701oSE-4.8H20
Calculado: C, 45.23; H, 5.63; Cl, 4.10; N, 10.89; S, 7.08 (%)

Encontrado: C, 45.10; H, 5.46; Cl, 4.03; N, 11.16; S, 7.30 (%)

EJEMPLO 30

' _Compi:estq (1-30)

**er
o 9» sV

Me” coona

H2N—<\
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| Férmula 107
TH-RMN (D;0) 5(delta): 1.34 (3H, s), 1.36 (3H, 5), 1.52-2.29 (8H, m), 2.68-
3.80 (11H, m), 3.88, 4.53 (2H, ABq, J = 138 Hé),_s.ﬂ (1H, d, J = 5.t Hz), 5.71 (1H, d, J =
5.1 Hz), 6.60-6.82 (3H, m). |
LC/EM (ES +): 759 (M.+H+)

IR (KBr) cm™: 3309, 1772, 1588, 1526, 1448

 EJEMPLO 31

Compuesto (I-31)

s-Clo
g | @
RO or
0% oo \G\IY@
Me: OH
‘ COONa L 0

Férmula 108

1H-[r.'-lll\/IN (D.0) & (delta): 1.36 (3H, d, J = 6.9 Hz)}, 1.55-2.28 (8H, m), 2.63-
410 (11H, m), 4.38-4.62 (2H, m), 5.17, d, J = 4.8 Hz, 572 (1H, d, J = 4.8 Hz), 6.63-6.82
(3H, m). . N
LC/MS (ES+): 778 (M+H+)‘
- IR (KBr) em™: 3292, 1773, 1589, 1446, 1374;
Ané.li'sis elemental para CSQH%CIN-,-OmSgNa-T 5H,0;
Caiculado C, 41.33; H 5.86; Cl, 353 N, 10.31 (%);

Encontrado C, 41. 09 H, 539 CI 3.79; N, 10.48 (%).
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EJEMPLO 32

Compuesto { I-32)

cl
0
ruN—<\]:T)LH
| v 2. 0009 Wi:ﬁw(f;j:
Me:::¢ - o cl o

COONa

Férmula 109
LC/EM (ES+): 812 (M+H+)

IR (KBr) cm™: 3313, 1772, 1599, 1541, 1449,

EJEMPLO 33

Compuesto (1-33)

Formula 110
LC/EM (ES +): 845 (IVI+H+)

IR (KBr) cm™: 3315, 1769, 1597, 1540.
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EJEMPLO 34

Compuesto _(1-34)

H2N_<\ /]\‘)_
.. * . H
Me COONa
Fc’:rm_ula 111 .

LC/EM (ES +): 745 (M+HY) -~

IR (KBr) cm™: 3305, 1770, 1673, 1589, 1521

EJEMPLO 35

Sintesis del compuesto (i-35)

HaN—( LCONH ,._. : L
WJ\/W _om

W coor \Q '
COOH o > oH

1-35 0

Cl

0
BochN—( I‘/CONH &
[ oPmB
(P o
. d
\““i COOPMB opPmB

COCBH

B°CHN_<\ LCONH
\‘J\, opms -3
we COOPMB N, /( I
kc:ooaH 0 OPME

Férmula 112
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Etapa (1): Compuesto 52 + Compuesto 43 — Compuesto 54

Compuesto 52 (3.65 g, 3.58 rﬁf_nol) y el compuesto 53 (1.90 g, 3.58 mmol)
se disuelven en dimetilformamida (10 ml), Sequido de agitacién a temperatura ambiente
durante 6 horas. A la solucién de reaccion se anade DMF (30 ml), posteriormente se
enfria a -40°C vy, después se anade yoduro de potasic (4.16 g, 25.96 mmol) seguido de
AcCl (1.022 ml, 14.32 mmol). Después de agitar durante 1 hora con enfriamiento con
hielo, la solucidn de reaccién se vierte a la solucién mezcla de acetato de etilo y'solucién
acuosa NaHSQ,. La capa orgéhica se separa, se lava con agua, se seca, y después se
evapora paré prdducir el compuesto 54 como un polvo. Bl compuesto 54 resultante se usa

para la siguiente reaccion sin purificacién. |

Etapa (2): Compuesto 54 — compuesto {I-35)

Compuesto 54. (5;.58 mmdl) se disuelve en cloruro de metileno (20 mi) y
anisol (3.9 rﬁl), .seguido de un enfriamiento a -30°C. Solucién 2M de AICl;-nitrometano
(17.9 ml, 35.8 mmol) se afadié.a continuaéién, posteriormente se agita durante 30
minutos. A la solucién de reaccion después se éﬁade i-Pr0 (40 ml), seguido por el acido
clorhidrico 2M, Iuégo de agitar durante 5 minutos. Como resultado, depésito de grasa
precipita. La solucion sobrenédénte se sepéra por decantacién, y luego &cido clorhidrico
diluido y MeCN .se-aﬁaden al depdsito para disolveése. Resina HP-20SS se anadi¢ a la
solucion, seguido por la concentracion, y despﬁés se somete a cromatografia de columna
HP-20SS, luego- se eluye con égua—acetor{it;ilo. Las fracciones que contienen el
compuesto deseado se concentran in vacuo, y despuées se liofiliza para prdducir el

compuesto (I-35) en forma de polvo (180 mg, 6% de rendimiento).

Compuesto (I-35) - ' -

‘H:-RMN (D,0) & (delta): 1.43.(3H, d, J = 6.9 Hz), 1.60-2.19 (8H, m), 2.80-

3.62 (9H, m), 3.42, 3.75 (2H, Abg, J = 15.6 Hz), 3.95, 4.98 (2H, ABq, J = 12.9 Hz), 4.61
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(TH, 6, J = 7.2 H2), 5.14 (1H, d, J = 5.1 Hz), 571 (1M, dd, J = 4.8, 8.4 Hz), 6.45 (1H, m),

6.71 (1H, d, J = 8.1 Hz), 6.75 (1H, d, J = 8.1 Hz), 6.86 (1H, s), 7.43 (2H, bs), 9.32-9.68

(3H, m).
EM (ESI): 778" (M+H)*
5 * Andlisis elemental para CssHssN01082C11%5.5H,0
Calculado: C, 43.81; H, 5.40;N, 11.18; S, 7.31; Cl, 4.04 (%)
Encontrado: C, 43,.78;' H. 5.26; N11 .29; §, 7.39; Cl, 3.93 (%)
EJEMPLO 37
10 - - Sintesis del c‘ogpuesfo (1-37)
N | OFMB OPMB

Moy

:\@/\ - HOj\éOPMB @/\ /W\CEOPMB

56 62

AT '__4,‘ ' “2“*9\* ;g avu

15
>§'08u‘ 0% > oPMB OH 07 0H  CF,C00r
o ' '
64 ' o ‘ 1-37
Férmula 113
Etapa (1): Compuesto 62 — COmpiJesto 63
20 A una solucién de compuestd 62 (1.72 g, 4.0 mmol) en dimetilformamida (7

ml), bajo enfriamiento con hielo con agitacit’)n,_ se ahade 1-hidroxibenzotriazol (595 mg,
4.40 mmol) y sal de A4cido clorhidrico etiIdi'rné'tilaminopropilcarbodiimida (843 mg, 4.40
mmof). Después de la agitacion a'femperat_ufa ambiente durante 1 hora, la solﬁcién de
reaccion se enfria con hielo nuevamente, una éolucién del compuesto 56 (1.03 g, 7.37
25 mmol) en dimetilformamida (3 mi) se aﬁéde alrededor de 5 minutos. Después de la
agitacién a la misma temperatura'duranté 4 horas, el solvente se evapora bajo presién

reducida. El residuo se vierte en‘agua helada (30 ml), y después se ajusta el pH a 10 con
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20% de solucion de carbonato de sodio acuoso. La' precipitacién se filtra, y después se

seca in vacuo para producir el compuesto 63 (1'.99 g, 90% de rendimiento). -

Cofnguesto 63
"H-RMN (DMSO-de) & (delta): 1.49 (6H, t, J = 7.8 Hz), 2.95 (6H, 1, J = 7.8
Hz), 3.26 (2H, d, J'= 6.3 Hz), 3.80 (3H, s),' 3.83 (3H, s), 4.95 (2H, s}, 5.09 (2H, s), 6.36

(1H, 1, 6.3 Hz), 6.82-6.96 (SH, m), 7.25 (1H, 5), 7.31-7.36 (4H, m), 7.47 (1H, d, J = 8.7 Hz).

Etapa (2): Compu‘est'o 64 — compuesto (1-37)

A una solucion del compuesto 64.(637_' mg, 0.8 mmol) en dimetilformamida
(2.0 ml) se afiade éompuesto 63 (507 mg,_.0.9f2 mmol) y bromuro de sodio (165 mg, 1.6
mmol) bajo enfriamiento con hielo. La solucién de reaccién se agita durante 3 horas en un
bano de agua a 1"_5"’0 y a continuacién dimetilforﬁamida (4 ml) se afade, y posteriormente
se enfria a -40°C. A -40°C tr,ibr.omhro de fé_sforo, (151 wl, 1.6 mmol) después se anade,
seguido de agitacion a la misma temperatura durante 1 hora. La solucién de reaccion se
vierte en un 5% dé salmuera (100 ml), luego de agitar durante 15 minutos, y después la
precipitacion se filtra. El residuc del filtro déspués se seca in vacuo p;ara obtener un sdlido
de color pardo clérrtla‘ Una solucion dg este séiidd en cloruro de metileno (4 ml) se anadi6 a
una solucién de TFA (7.0 ml) con aﬁisot (746-n;1|) bajo enfriamiento con hielo con agitacion.
Esta solucion de reaccion se agita a temperatura ambiente durante 1.5 horas, y luego TFA
se evapora a pres-ic'rm reducida, mientras que mantiene la temperatura del bano de agua a
25°C o menos. El residuo se aﬁadé-en diiéopropiléter (80 ml) bajo ehfriamie.nto con hielg,
con agitacion, séguido de filtracién de la prét‘:'ipi.tacién. El residuo se concentran jn vacuo

para producir el compuesto (-37)} (808 mg, el 69% de rendimiento) en forma de polvo.

Compuesto (I-37)

"H-RMN (D;0) 8 (delta): 1.48 (3H, 8), 1.50 (3H, s), 1.95 (6H, brs), 3.32-3.51
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(9H, m), 3.88 (2H, m), 4.60 (1H, d, J = 13.5 ‘Hz),‘5.35 (1H,d, J = 5.1 Hz), 5.86 (1H, d, J =
5.1 Hz), 6.68 (1H,d, J = 8.4 Hz), 6.73 (1H, d, J = 8.4 ’Hz).
Andalisis elemental ~ para CaoHa7CIF3N;015S,04.0
H,0#0.4CFsCOOHQ.3(CyH,0C3Hs). |
5 Calculado: G, 4219;H, 4.39; N, 9.01; S, 5.54; CI, 3.53; F, 7.91 (%).

7 Encontrado: C, 42.24; H, 4.80; N, 9.42; S, 6.16; Cl, 3.41; F 7.67 (%).

- EJEMPLO 38 -

Sintesis del comguesto {I-38)

10 '
M}y} wﬁ .
OBu’O 0PMB : OH OJ\JO\/
81 . . . . l-;ﬁ
15 . Férmula 114

. Etapa (1): Compuesto 61 — compuesto (I-38)

A uﬁé solucién del compuesto 61 {675 mg, 0.8 mmol) en dimetilformamida

(2.0 ml) se anade el compuesto 63 (485 rﬁg, 0.88 mmol) y bromuro de sodio (165mg, 1.6
mmol) bajo enfria'm‘iento con hielo. La solucié').n d'e reaccion se agita durante 3 horas en un

20 bafio de agua a 15°C, y despu.és dimetjlforr_namida (4 ml) se anade al mismo, y
posteriormente se enfria a -40°C. A —40°C tribromuro de fésforo, (151 wl, 1.6 mmol)
después se aﬁadela esto, seguido por agitacién a la misma temperatura durante 1 hora.

La solucion de reacmon se werte en un 5% de salmuera (100 n;l) despues se agita
durante 15 minutos, y luego la pFECIDItaCIOFI se filtra. El residuo del fittro se seca in vacuo

25  para producir un sélido de color pardo clare. Una solucion de este sélido en cloruro de

metileno (4 ml) se afade a una solucién de TFA (7.0 ml) con anisol (738 ul, 6.76 mmol}

bajo enfriamiento con hielo con agitacion. Esta solucién de reaccién se agita a
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temperatura ambiente durante 1.5 'horas, y l_u‘ego TFA se evapora bajo presion reducida,
mientras se mantiene la temperatura del bafio de agua a 25°C o menos. El residuo se
afade en diisoprdbiléter {80 ml} bajo enfriamiento con hielo, con agitacion, seguido de
filtracion de la precipitacién. Este sélido sé seca, se disuelve en carbonato cido de sodio
acuoso, y despué_s,. se somete a crqmatogréfia .de columna de ODS, seguida de elucion
del compuesto deseado con agua—eltcetonitrilo.. Las fracciones que contienen el compuesto
deseado se concentran in vacuo, y luego la solucién concentrada se liofiliza para producir
un polvo (264 mé)l. Este polvo se disuelve en agua/acetonitrilo/HCI 0.1M. HP20SS se
anade a esto, se concentra y Iuegdse so.rnetea cromatografia de cﬂolumna'HP eluyendo
el compuesto deéeado con agué-acetonitrild.tLés fracciones que contienen el compuesto

deseado se concentraron in -vacuo, y después la solucién concentrada se liofiliza para

producir el compuesto (I-38) (100 mg, 13% de rendimiento) en forma de polvo.

Compuesto (1-38)

"H-RMN (D,0) & (ae!ta): 1.52.(:-3_.H, s}, 1.53 (3H, s), 1.94 (6H, t, J = 7.5 H2),
3.34-3.51 (9H, m), 3.85-3.91 {2H, m), 4.58 (1H, d, J = 13.5 Hz), 5.35 (1H, d, J = 4.8 H2),
5.88 (1H,d, J=4.8 Hz), 6.85 (tH, d, J = 8.4 Hz), 6.89 (1H, d, J = 8.4 Hz).

Analisis elemental para CS1H35CINBO1082-4.9 H;0.

Ca!cylado: C, 43.07: H, 5.30; N, 1'2'.89; S, 7.06 (%).

Encontrado: C, 42.92; H, 5.30; N, 12.92; S, 7.39 (%).
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 EJEMPLO 41

Sintesis del compuesto (I-41)
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Formula 115

' Etépa (1): Compuesto 68 — compuesto 70

Compuesto 68 (1.58 g, 4.00 mmol) se disuelve en diclorometano (30 ml) y,

20  después se afade el compuesto 69 (0.48 _ml,.‘.ﬂ;.OO mmol} y WSCDeHCI (920 mg, 4.80
mmol), seguido de agitacién a tempeératura ambiente durante 3 horas. Después de anadir

agua, la capa organica se lavé éon agua, se lava con salmuera saturada, y Iuego se seca
sobre sulfatd de‘magnesio, posteriormente se evapdra el solvente bajo presion reducida.

Eter dietilico se afiade al residuo resultante,' y déspués se filtra para producir el compuesto

25 70 como un polva incoloro (1.71 g, 85% de rendimiento).

Compuesto 70



10

15

20

25

135

"H-RMN (CDCly) & (delta): 2.09 (2H, m), 3.43 (2H, m), 3.80 (3H, s), 3.81
(3H, s), 4.03 (2H,t, J = 6.9 H2), 5.09 (2H, s),.5.10 (2H, s), 6.28 (1H, t, J = 6.5 Hz), 6.86-
6.91 (5H, m), 6.96 (1H, s), 7.06 (1H, ), 7.20 (1H, dd, J = 8.4, 2.0 Hz), 7.31-7.36 (4H, m),

7.45-7.50 (2H, m).. .

Etapa (2): Compuestd 71— cqmﬁﬁesto {I-41)

Compuesto 71 (934 mig, 1.00 mmol) se disuelve en dimetiformamida (2 ml),
y después se anade el corﬁpﬁesto 70 (O.‘48 ml, 4.00 mmol), seguido de agitacién a
temperatura lamtAniente durante 2.5 horas. Sé anade dimetilformamida {6 ml), y después la
solucion de reaccién se enfrié a -40°C. F’oéteriormente, el yoduro de.potasio (1.16 g, 7.00
mmol) y cloruro de acetilo (0.357 mi, 5.00 mmc;l)'se afaden, y la mezcla se deja calentar
hasta 0°C durante 1 hora y ademas agitacion a 0°C durante 1 hora. Acetato de etilo y una
solucion acuosa NaHSQO, se- anade. La ca‘pa brgénica se lava con agua, se lava con
salmuera safurada,' se seca sobre sulfato de magne-sio, se filtra, y después se concentra
in vacuo para producir compuesto 72 en forha de poivo. -

El -compuesto 72. crﬁdo descrito anteriormente (1.42 g} se disuelve en
cloruro de metileho (15 ml) y anisol (1.1 ml), y postericrmente se enfria a -25“’ C. Se
anade solucién 2M de AlCl;-nitrometano (S.é ml), seguido por la agitacién a temperatura
entre -25°C y -5°C durante 1 hora. La solucién de réaccic’m se transfiere en una solucion
de HCI 1N-:MeCN (1:1) a 0°C. Diisopropiléte‘r se anade, seguido-por la separacion, y
extraccién. A la capa acuosa se anade resina H F’-ZOSS, y después acetonitrilo se evapora
bajo presion reduéida. La sol_ucilén 'hezclada se somete a cromatografia de colufnna HP-
20SS eluye_ndo‘ el compuesto deseado con- acetonitrilo-agua. Las fracciones que
contienen el compuesto deseado se cole_&an, y después se concentran in vacuo. La
solucién concentrada se liofiliza para propdrcion_a_r el compuesto (I-41) como un polvo (470

mg, el 60% de rendimiento).
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Compuesto (I-41)

"H.RMN (DMSO-ds) & (delta);.j.éé (6H, br), 2.05 (2H, br), 3.17-4.20 (6H,
m), 4.87 (1H, d, J = 12.0 Hz), 5.03 (TH, m), 5.15 (1H, d, J = 12.0 Hz), 5.71 (1H, m), 6.71
(1H, 8), 6.77 (1H, d, J = 4.0 Hz)‘, 7.16 (1H, d; J=4.0 Hz), 7.28 (3H, br), 7.76 (1H, s), 7.93
(1H, s), 8.27-(1 H, br), 9.28 (1H, s}, 9.52 (1H; br). '

EM (ESI): 729 + (M+H) + o

Anédlisis elemental para CsoH32N501082'3 0H,0.

Calculado: C, 45.88;H, 4.78; N, 14.55: S, 8.44 (%).

Encontrado: C, 46.03; H, 4.89; N, 14.31; S, 8.19 (%).

- EJEMPLO 42 -

Sintesis del co'mj}:uesto (1-42)
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Férmula 116

Etapa (1); Compuesto 73 + Compuesto 74 — Compuesto 75 = compuesto

Al Acompuesto_ 73 (2.04 9 30.0 mmol) se anade tolueno (8 mi),
dimetiiformamida (0.8 ml}, yoduro de potasio (199 mg, 1.2 mmol} y carbonato de potasio
(3.73 g, 27 mmol),' posteriormente agitaciénfa tgmperatura ambiente durante 15 minutos. A
la solucién de reaccidén se anade do_mpueéto 74 (3.94 mi, 45 mmol),"seguido de agitacién
a 65°C durante 2 horas. Acetato de etilo y agué se anaden a la solucién de reaccion. La
capa organica se lava con agua, se ‘Iava con salmuera saturada, se seca sobre sulfato de
magnesio, se filtra, y después se concentra in'va.acuo. para producir el compuesto 75 (3.28
g). | |

Al compuesto 75 (3.28 g, 23.4 mmol) se afade agua (10 mi), seguido por
calentamiento a r'e_ef‘lujo durante 5 horas. La solucién de reaccién se concentra, seguido por

la adicién de metanol al mismo, y déspués la filtracidn produce el compuesto 76 (3.28 g).

Compuesto 76

'"H-RMN (DMSO-ds) & (delta): 4.82 (2H, 5), 6.89 (1H, 5), 7.14 (iH, s), 7.63

(1H, s).

- Etapa (2): Compuesto 76 + compuesto 77 — compuesto 78
Al compuesto 76 (126 mg, 1.0 mmol) se anade diclorometano (4 ml),
compuesto 77 (365 mg, 1.00 mrﬁol), y WSCDeHCI (249 mg, 1.36 mmol), seguido de
agitacién a 0°C .durante 1 horé y. despué'sl a temperatura ambiente durante 1 hora.
Dimetilformamida (2 mi) se afade, posteriormente se agita durante 1 hora, y después se
concentra in‘vac'up_ para evaporar el diclorometano. Dimetilformamida (2 ml) se afade, y
después se deja reposar durante 3 dias. Diclorometano y agua después se afaden. La

capa organica se lava con agua, se lava con salmuera saturada, se seca sobre sulfato de



10

15

20

25

.. . CU"‘I’HWJ
138

magnesio, y después se filtra para producir el compuesto 78 (390 mg, 58% de

rendimiento, poteﬁéia 70%).

Etéo:a (3): Compuesto 71 + c'o'mp.uesto 78 — compuesto 79 — compuesto
a2 .

. Compuesto 71 (538 mg, 0.58 mmol} se disuelve en dimetilformamida (2 ml),
y después el coméﬁesto 78 (390 mg, 0.58 mmol, 70% potencia) se afade a esto, seguido
de agitacién a 0°C durante 2 horés.y des'pués._a temperatura ambiénte durlante 3 horas.
Se anade dimetil;‘o-rmamida (6 n;al), y despuéé Ié solucién de reaccién se enfria a -40°C.
Posteriormente, se afade yoduro 'de potasio (670 mg, 4.04 mmol} y cloruro de acetilo
{0.206 ml, 2.88 mmol), sequido por la agitacién a -40°C durante 30 minutos y ademas a
0°C durante 1 horé. Se ahade acetato de etilo y una solucion acuosa NaHSO,. La capa
organica se lava con agua, se lava con salmuera saturada, se s;aca sobre sulfato de
magnesio, se ﬂltra y después se concentra in vacuo para producir compuesto 79 como un
polvo.

+ Bl compuesto crudo 79 descrito anteriormente se disuelve en cloruro de
metileno (10 ml) y anisol (0.63 ml), seguido de un enfriamiento a -30 ° C. Se anade
solucién 2M AlClz-nitrometano (2.85' ml) a esto, posteriormente la ag}tacién é temperatura
entre -30°C y -1696 durante 1 hﬁrg.. La soldc;rén de reaccion se transfiere a una.solucion
de HCI iN:MeCN (1:1) a 0°C. Se afade diisopropiléter, y después la solucidon se separa.
Resina HP-20SS se anade a la capa acuosa, y después acetonitrilo se evapora bajo
presion reducida. La solucién mezclada se somete a cromatografia de columna HP-20SS,
después de la elucién del compuesto deseado’.con acetonitrilo-agua. Las fracciones que
contienen el compuesto desea&o_se colec-tain, y despueés se concentran in vacuo. La

solucidn concentrada se liofiliza para producir el.compuesto (-42) como un polvo (70 mg,

17% de rendimiento).
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Compuesto (i-42).

- 'H-RMN (DMSO-dg) & (delta): 1.42 (6H, d, J = 5.6 Hz), 2.91-3.91 (2H, m),
477 (1H, d, J = 15:6 Hz), 4.99 (1H, m), 5.11 (2H, br), 5.20 (1H, d, J = 13.6 Hz) 5.66 (1H,
m), 6.58 (1H, d, J = 84H2) 6.64 (1H 5) 674(1H d, J = 8.4 Hz), 704(‘1H s), 7.20 (1H,
br), 7.63 (1H, s}, 7 91 (1H, s}, 9.29 (1H, s}, 9.5Q {1H, br), 10.4 (1H, s).
EM (ESI): 701*-(M+H)+.
- Andlisis elemental para CzsHzsNg010S204.4H,0.
Calculado: C, 43.02; H, 4.53; N, 14.33; S, 8.50 {%).

Encontrado: C, 43.12; H, 4.76; N, 14.37; S, 8.22 (%).

EJEMPLO 43

Sintesis del compuesto (li-1)
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Formula 117

Etapa (1): Compuesto 1a — compuesto 1d

' Cémpuesto 1a (3 g, 7.51 mmol} se disuelve en cloruro de metileno (30 mi),
seguido por enfiiamiento a -30°C, y después' metilhidrazina (0.40? ml, 7.51 mmol) se
anade a esto, posteriormente la _agifacién durante 40 minutos. La solucion de reaccién se
filtra, y despues al filtrado se afiade metanol (15 ml), seguido por el compuesto 1c (2.045
g, 7.51 mmol), posteriormente se agita. La solucién dre reaccidn se concentrd in vacuo, y
despues el résiduo, se purifica agua, seguida por la extraccién con acetato de etilo. La
capa organica separada se lava con agua' purificada, se lava con salmuera saturada, y
después se seca sobre sulfato de rhagnesiq.arihidro. El sulfato de magnesio se remueve
por filtracién, y después se evapora el solvente bajo presidn reducida para producir el
compuesto 1dc como unaA s;ustancia aceitosa color amariilo (3.96 g, 100% de
rendimiento.j. |

"H-RMN (CDCly) & (delta): 7.4027.13 (10H, m), 6.86 (1H, s), 5.71-5.56 (2H,

m}, 1.11 (9H, ). .

Etapa (2): Corﬁguesto id — cc;mpuesto le

Sal de Aacido clorhidrico (3.41 g, 7.56 mmol} de 7-amino-3-clorometil-3-
cefem-4-carboxilato de difenilmetilo se sus‘pende en acetato de etilo-(40 ml), y después el
compuesto 1d se afade a esto, y posteriorménte se enfria a -40°C. A ia solucion de
reaccién se aﬁadé dic[orofosf._atq de +eni!o (1.356 mi, 9,08 mmol), y después se aﬁ;':lde gota
a gota N-metiimorfolina (2.459 ml, 22.69 mmdl), seguido por agitacion a -40°C. A la
solucién de reaccién después se anade a la solucién acuosa de &cido succinico al 10%.
La capa orgénica se separa, se raVe_l con Carbopato acido de sodio al 5% acuoso, se lava
con agua purificada, y después se lava con s'alrﬁuera saturada. La capa organica se seca
sobre sulfato de magnesio ‘anhidrb, y de_sbués sulfato de magnesio se elirﬁina por

filtracion. Ei solvente se evapora bajo presién reducida, y después el residuo resultante se



10

15

20

25

141 - (o371

purifica mediante cromatografia en gel de'_sﬂi'cé para producir 1e como una sustancia
aceitosa amarilla (3.65 g, 49% de rendimiento).

'H-RMN (CDCIla) ‘6 (delta): 7.46-7.20 (21H, m), 8.93 (1H, s), 6.92 (1H, s),
5.89 (1H, dd; J : 9.2,5.0 Hz), 5.87 (1H,d, J=1.8 Hi), 5.63 (1H, d, J = 1.8 Hz), 4.87 (1H,
d, J = 5.0 Hz), 4.47 (1H, d, J = 12.0 Hz), 4.29 (1H, d, J = 11.1 Hz), 3.42 (1H, d, J = 18.5

Hz), .23 (1H, d, J = 18.8 Hz), 1.52 (8H, s). -

Etapa (3): Com.puesto te — C;)mbuesto 11
Compuesto 1e (3.67 g, 3.71 mmol) sé disuelve en cloruro de metileno (40
ml), y posteriormente se enfria a--30°C. Se afade acido m-cloroperbenzoico (0.984 q,
3.71 mmol), seguido por la agitacién' durante 80 minutos. Solucién acuosa de sulfito acido
de sodio al 1% (46 mi) se aﬁa_tde_-, y'cjespués la capa organica se separa. La capa 6rgénica
se lava con parb_onato acido de sodio al 5% acubso, se lava con agua purificada, se lava
con salmuera saturada, y después se seca sobre su'lfato de magnesio anhidro. El sulfato
de magnesio se remueve por filtragién, y dequés se evapora el solvente bajo presion
reducida. El residuo resultante se somete a cromatografia en gel de silice para producir el
compuesto 1f corﬁo una sustancia aéeitosa grﬁarilla (2.67 g, 77% de rendimiento).-
~ 'H-BMN (CDCly) & (detta): 7.49-7..26 (24H, m), 6.94 (1H, s}, 6.89 (1H, s),
6.16 (1H, dd, J = 98 4.7 Hz), 5.75 (1H, d, J = 2.0 Hz), 5.57 (1H, d, J = 2.0 Hz), 5.29 (1H,
brs), 4.88 (1H, d, J = 12.4 Hz), 4.13-4.10 (1H, m), 3.37 (1H, d, J = 16.6 Hz), 2.81 (1H, d, J

=19.7 Hz), 1.52 (9H, s).

Etapa (4): Compuesto 1f -—» Compuesto 1g

Corﬁbuesto 11 (2.67 g, 2.85 mmol} se disuelve en tetrahidrofurano (25 mi), y
después se desgasifica bajo condiéién de éampqde luz. Bajo atmésféra de ﬁitrégeno, ala
solucion de rea;:c'ic’m después‘ se afade -yoduro de potasio (1.28 g, 8.55 mmol),

posteriormente se agita. A la solucién de reaccion después se afade una solucidn acuosa
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del 4% sulfito acido de sodio {25 ml), seguidd por la extraccién de la capa acuosa con
acetato de etilo. -La capa orgénicalseparada se lava con agua purificada, se lava con
salmuera saturadé, y después se seca sobre sulfato de magnesio anhidro. El sulfato de
magnesio se remueve por filtracién, y deépués se evapora el solvente bajo presion
reducida paré producir el compuesto 1g como una su-stancia aceitosa amarilla.

'H-RMN (CDCly) & (delta): 7.50-7._26 {36H, m), 6.98 (1H, s), 6.90 (1H, s),
6.12 (1H, dd, J ='9.5, 4.6 Hz), 5.73 (1H, d, J = 1.9 Hz), 5.54 (1H, d, J = 1.9 Hz}, 5.28 (1H,
br s), 4.74 (1H, d,.J = 9.3 Hz), 4.10-;1.04 (1H_, m), 3.30 (1H, d, J = 17.2 Hz), 2.96 .(1 H, d,J

= 18.1 Hz), 1.59-1.47 (9H, m).

Etapa (5): Compuesto 1g — Compuesto 1i — Compuesto (I1-1)

Co'r_n'puesto 19 (112 g, 1 mmiol) se disuelve en dimetilacetamida .(3 ml), y
después el compuesto 1h (659 mg; 1 mmol). ée anade a esto, posteriormente la agitacion
a temperatura ambiente durante cinco horas y media. A fa soiucidn de reaccion se anade
agua purificada, sé.guido por la extraccion (;on acetato de etilo. La capa orgéanica se lava
con agua purificada, se lava con s‘almueré saturada, y después se seca sobre sulfato de
magnesio anhidrb.. El sulfato de magnesi'd se remueve por filtracion, y des_pués se
evapora el solvente bajo presién reducida paré dar el compuesto 1i.

- Entonces, el compuesto 1i se disuelve en cloruro de metileno (15 ml), y
posteriormente se‘ énfrl’a a -50°C. A la solucion de reaccion se anade después tribromuro
de fésforo (0.189 ml, 2 mmol), segAuido po.r agitacion a -50°C durante 1 horé. Anisol {1.09
ml, 10 mmol) y 2 ;noI/I de soluéién_ de clorﬁro .de aluminio/nitrometano (5 mi, 10 mmol)
después se afiade a esto, seguido por ia-agitacién a 0°C. A la solucion de reaccion
después se-afiade agua purificada (30 m_I) y diisopropiléter (50 ml). A la solucién de
reaccion se aﬁadé acetonitrilo y &cido clorhidrico 2N, y después la precipitacion se

disuelve, posteriormente la capa acuosa se separa. La capa organica se extrae con una

solucién mezclada de agua/acetonitrilo/acido clorhidrico dituido, y después la capa acuosa
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combinada es resina HP20SS, seguida por‘ la conce-ntracién. La suspension concentrada
se somete a cromatografia de cotumna HPEOSS/ODS, posteriormente se eluye con agua-
acetonitrilo. Una SOIucmn acuosa de hidréxido de sodio 0.2 N se utiliza por fraccmnes que
contienen el compuesto deseado para obtener una sal de sodio, y después se concentra
in vacuo. La solucién concentrada se liofiliza para obtener el compuesto (lI-1) como un
poivo (245 mg, 32% de rendimiento). |

EM (m+1)=736.00" )

Andlisis elemental para ngHngI1N701oSZNa1 (Hz0)4.5(NaHCO4); 1.

Caloulado: C, 38.81; H, 4.23; CI, 3.81; N, 10.52; S, 6.88; Na, 5.18.

. Encontrado: C, 38.56; H, 4.50; Cl, ;1.55; N, 11.08; S, 7.19; Na, 5.38.

"H-RMN (D20) 8 (delta): 7.18.(1 H, ), 6.78-6.75 (2H, m), 5.91 (1H, d, J = 4.9

Hz), 5.32-5.28 (2H, m), 5.15 (1H, brs) 474482 (1H m), 4.10 (1H, d, J = 139Hz) 3.82-

3.54 (13H, m), 221 2.07 (5H, m).
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Sintesis del compuesto (II-2)
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Formuta 118

' Et'apa (1): Compuesto 2a — Compuesto 2b

Compuesto 2a (3.77 g, 9.44_rnrho|) se suspende en el éter dietlilico (280 ml),
y después una solucién de éter (100 mi) de diazometano (29.1 mmol), preparada a partir
de N-metil-N-nitrosourea (3 g, 29.1 mmol )A,v,se anade. Después de la agitacién a 0°C
durante toda la noche, el dietil éter se concentra in vacuo hasta que el volumen alcanza
aproximadarhent'evzoo ml, y después se filtra. La coléccion del residuo filtrado proporciona
el compuesto 2b (2.911 g, 70% de rendimiento). Este se usa para lf.l siguiente etapa (2),

sin purificacién, etc,

Etapa (2): Compuesto 2b — Compuesto 2¢

' Cémpuesto 2b (2911 g, 6.59 mmol) se suspende en tolueno (30 ml), y
después se somete a calentamiento a reflujo durante 8 horas y 30 minutos. Despues de
que la solucién de .reacciéon se e_nfri'a, el sél'ido'p‘recipitado se filtra, y después se seca in
vacuo para producir el compuesto 2¢ (1.35 g, 3.28 mmol).

"H-RMN (DMSO-&S) 5 (delta): 7.85 (4H, s), 7.50-7.21 (10H, m), 6.86 (1H, s),

1.78 (2H, dd, J = 8.6, 5.4 Hz), 1.52 (2H, dd, J = 8.6, 5.4 Hz).

Etapa (3): Compuesto 2c — Compuesto 2q

Se usa el compuesto'Zc (1.35 g, 3.27 mmol), y se trata de manera similar
como se describe anteriormente para produéir el compuesto 2g (2.52 g, 92% de

rendimiento).

‘H-RMN (CDCly) & (delta): 8.19 (1H, br s), 8.02 (1H,d, J = 9.1 Hz), 7.49-
7.18 (27H, m), 6.97 (1H, s), 6.89 (1H, 5), 5.98 (1H, dd, J = 9.1, 5.0 Hz}, 5,02 (1H, d, J =
5.0 Hz), 4.52 (1H, d, J = 11.8 Hz), 4.32 (1H, d, J = 11.8 H2), 3.48 (1H, d, J = 18.3 Hz), 3.23

(1H, d, J = 18.3 Hz), 1.75-1.54 (15H, m).

3

o«



10

15

20

25

146 Cul376

Etapa (4}): Compuesto 29 — Cohguesto 2h

Se usa el combuésto 29 (2.52 g,"2.5 mmol), y se trata de manera similar
como se déscribe, anteriormente para producir el compuesto 2h (2.07 g, 87% de
rendimiento). .
'H-RMN (CDClg) & (delta): 8.32 .('.1'H, br s), 7.86 (1H, d, J = 8.7 Hz), 7.49-
7.20 (27H, m), 6.97 (1H, s), .91 (1H, s), 6.16 (1H, dd, J = 9.7, 4.5 Hz), 4.90 (1H, d, J =
13.4 Hz), 454 (1H, dd, J = 4'.6,- 1.3 Hz),r4'.1A8, (1H, d, J = 12.3 Hz), 3.73 (1H, d, J = 185

Hz),3.32 (1H, d, J = 18.6 Hz), 1.64-1.53 (15H, m).

Etapa (5): Compuesto 2h —» Combuesto 2i

Se Vusa el compugsto'Eh (2.07 g, 2.18 mmol), y se trata de manerla similar
como se describe anteriormente para pr;:nduéir el compueste 2i (2.23 g, 91% de
rendimiento). |

"H-RMN (CDCly) & (delta): 8.36 (1H, br s}, 7.86 (1H,d, J = 9.7 Hz), 7.50-
7.10 (23H, m), 6.98 (1H, s), 6.90°(1H, s), 6.11'(1H, dd, J =9.7, 4.9 Hz), 4.75 (1H, d, J=9.0
Hz), 4.52 (1H, dd, J = 4.9, 1.1 Hz), '4'.07 (1H,_d, J=9.5Hz),3.66 (1H,d, J = 18.8 Hz), 3.49

(1H, d, J = 18.8 Hz), 1.69-1.43 (15H, m).

Etapa (6): Compuesto 2i — Cémguesto 2k — Compuesto (1-2)

Se'_u-sa el compuesto 2i (1.12 g 1-mmo1), y se trata de manera similar como
se describe anteriormente para producir el corﬁpgesto {I1-2) (312 g, 40% de rendimiento).

. EM (m+1) = 750.00

Ané‘!i.sis -~ elemental para:
CaoH31CIN7O1OSZN3(H20)3(NaHCO§)1(NaCII)Ls(H?O)Ls,

Calculado: G, 36.46; H, 4.01; G, 8.68; N, 9.60; S, 6.26; Na, 7.86.

Encontrado: C,-36.4é; H, 4.15;¢I, 4.26; N, 9.82; S, 6.33; Na, 7.93

- "H-RMN (D,0) & (delta): 7.03 (1H, br s), 6.84-6.73 (2H, m), 5.84 (1H, d, J =



147 CGO:‘??

-

4.5 Hz), 534 (1H, d, J = 4.5 Hz), 4.76-4.71 (1H, m), 4.11 (1H, d, J = 13.3 Hz), 3.98-3.42

(11H, m), 2.31-2.05 (4H, m), 1.43-1:17 (4H, m).

EJEMPLO 45

5 Sintesis del compuesto (li-3) -
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Etapa (1). Compuesto 3a — Compuesto 3b
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Compuesto 3a (18.6 g, 58.4'mm6l).se disuelve en tetrahidrofurano (180 mi),

y después N-hidroxiftalimida (11.44 g, 70.1 mmél) y trifenilfosfina (18.39 g, 70.1 mmol) se

anade a esto. A la solucién de reac'cién después se afiade gota a gota azodicarbdxi!ato de

diisopropilo (_13.63 mi, 70.1 mmol), posteriormeﬁte se agita a temperatura ambiente. La

solucién de reaccion se concentra in vac:._)é, y despues al residuo resultante se anade

metanol (300 ml), seguido de agitagién a 0°C. El solido precipitado se filtra y después se

seca bajo presiéﬁ reducida para proporcionér el compuesto 3b (8.70 g, 32% de
rendimiento). | |

- "H-AMN (CDClj) & (delta): 7.?_?—7.(;39 {4H, m), 7.56 (2H, dd, J = 7.7, 1.7 Hz),

7.39-7.36 (3H, m), 7.31-7.23 (7H, m), 7.18—.7.15 (3H, m), 7.09-7.01 (2H, m), 6.93 (1H, s),

-

6.04 (1H, s).

Etapa (2): Compuesto 3b — Compuesto (II-3)

- Compuesto 3b (4.63 g, 10 m_mol) se usa, y se trata de manera similar a la
descrita anteriorméﬁte para producir el compUesto 3c. Compuesto 3c (1.068 g, 1 mmol) se
disuelve en cloruro de metileno (10 mi), y despues el compuesto 3d (0 588 g 1 mmol), sal
de &cido clorhldnco (0.23 g, 1 2 mmol} de 1-(dimetilaminopropil)-3-etilcarbodiimida, y
piridina {0.105 mi, 1.3 mmol) se anade a esto, seguido por agitacién a -10°C durante 1
hora. A la solucion de reaccion se afiade agua purificada, seguido por la extraccion de la
capa acuosa con cloruro de metileno. La capa organica se lava con agua purificada, se
lava con salmuera saturada y Se seca sobre suh‘ato de magnesio ;mhldro El sulfato de
magnesio se remueve por flftracnon, y despues se evapora el solvente bajo. presion
reducida para proporcionar el'compuesto 3e.

' Des_pués el compuesto 3e se disuelve en cloruro de metileno (15 ml), v
posteriormente se enfria a -30°C. Anisol (1_.1 ml, 10 mmol} y 2 mol/l de solucién de cloruro

de aluminio/nitrometano (5 ml, 10 mmol) se anade, seguido por agitacién a 0°C. A la

solucién de reaccion después se ahade agua purificada (30 ml) y diisopropiléter. (50 ml).
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Acetonitrilo y 4cido clorhidrico 2N se afade .a la solucién de reaccién tratada para disolver
la precipitacién, después la capa acuosa 'se'separa. La capa orgénica se extrae con una
solucion mezclad_a. de agua pL'|rificada/acet'oni:trilo/écido clorhidrico diluida, y después
resina HP20SS se anade a las (;ap‘a's acuosa_aé combinadas, seguido por la concentracion.

5 La suspension concentrada se somete a crémat_ograﬁa de columna HP20SS/0DS,
subsecuentementé. se eluye el compuestﬁ deseado con &cido clorhidrico-acetonitrilo
diluido acuoso, y después las fi'accionés que contienen el corﬁpuesto' deseado se
concentran in vaég'o. La solucién concentrada se liofifiza para producir el compuesto (1-3)
como un polvo (81 mg, 11% de rendimiento)._ |

10 . Analisis elemental para Cz4Hz4CIN;O1pSo(H20)4(HCl) 5.
Calculado: C, 44.05; H, 4.73; Cl, 9.56; N, 10.58; S, 6.92.
Encontrado: G, 43.80; H, 4.55; Cl, 9.53; N, 10.41; S, 6.65.
1H-.FI'MN (DMSO-de) d (delta): '1.0.2.0 (1H, br s), 9.64 (1H, d, J = 7.0 Hz), 8.53
(1H, br s), 7.51-7.36 (6H, m), 6:85—.6.75 (3H; m), 5.94 (1H, dd, J = 8.0, 5.0 Hz), 5.58 (1H,
15 s),5.26 (1H,d, J = 5.0 Hz), 4.65 (1H, d, J = 13.7 Hz), 4.30 (1H, d, J = 14.3 Hz), 3.93 (1H,

d, J = 16.6 Hz), 3.69-3.50 (9H, m), 2.17-1.96 (4H, br m),
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Sintesis del compuesto (li-4)
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Etapa {1): Compuesto 4a — Compuesfo 4c

D-arginina 4a (10.42 g, 70-mmol} se disuelve en solucién acuosa 2N de
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acido sulfirico, y después se afiade bromuro de potasio a esto, y posteriormente se enfria
a -10°C. Nitrito de sodio (9.58 g, 139 mmol) después se anade a la solucidén de reaccion,
seguido de agitacion. La solucién de reaccion se exirae con tetrahidrofurano,_ y después la
capa organica se seca sobre suifato de magnesio anhidro. El sulfato de magnesio se
remueve por filtracion, y después se evap'nora el solvente bajo presién reducida para
producir 11.14 g de compuesto 4b.

' Cémpuesto 4b (5.88 ¢g) .se suspende en cloroformo (60 ml) vy
tetrahidrofurano (30 ml), difenildiaz_ometan_o (6.12 g, 31.5 mmol), seguido por la agitacion
a temperatura ambjente durante'dos‘ horas y media. La solucién de reaccién se concentra
in vacuo, y después acetato de etilo y carboﬁato acido de sodio al 5% acuoso se anade,
posteriormente gue separa la capa ofgériica.- La capa organica se lava con agua
purificada, se lava con salmuera saturada, y después se seca sobre sulfato de magnesio
anhidro. El sulfato de magnesio se remueve por filtracién, y después se evapora el
solvente bajo presion reducida. El residuo rgsuliénte se somete a cromatografia en gel de
silice para obtener el compuesto. 4c como.una sustancia aceitosa (8.62 g, 79% de
rendimientg).

" H-RMN (CDCly) 6 (delta): 7.42-7.30 (14H, m), 6.87 (1H, 5), 4.81 (1H, dd, J
=81, 6.6 Hz), 3.16 (1H, dd, J = 15.7, 8.1 Hz). 2.88 (1H, dd, J = 15.7, 6.5 Hz).

Etapa (2): Comguestd 4c — Ccm-g' Llesto 4d

N—Hidroxiﬂaiimid’a (7:?7 g, 47.7' mmol) se disuelve en dimetitformamida (85
ml), y después carbonato de ﬁotasio (4.94 g; 35.7 mmol) se anade a esto, posteriormente
se agita a temperatura ambiente. A la solucién de_ reaccion después se le afade una
solucién del compuesto 4c (8.63 g, 23.83 rﬁmol) en dimetilformamida {45 ml), seguido por
la agitacién a temperatura ambiente durante ‘6 horas y 40 minutos. La solucion de
reaccion se vierte.en 400 mi de ‘agué purificada, y después el solido amorfo precibitado se
filtra. El sélid_o obtenido se suspende en metanol.. El sélido resultante se filtra, y después el

residuo se seca in vacuo para producir el co'mpuesto 4d (1.83 g, 17%).

-
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"H-RMN (CDCly) & (delta): 7.78-7.71 (4H, m), 7.35-7.22 (10H, m), 6.91 (1H,
s), 6.51 (1H, br s), 5.45 (1H, br s}, 5.25 (1H, dd, J = 7.5, 5.0 Hz), 3.04 (1H, dd, J = 16.5,

7.5Hz), 2.95 (1H, dd, J = 16.5, 5.0 Hz).

5 Etapa (3); Compuesto 4d — Compuesto {I1-4)

Se usa el compuest‘o' 4d, y se trata de manera similar como se .describe
anteriormente para producir el compuesto (Il:4) (88 mg, 11% de rendimiento).
EM (m+1) = 781.03 |
Andlisis elemental para CsoHSSCINGQﬂ82(H20)3_3(HCI)0_::,.
10 Cafcllado: C, 41.52; H, 4.77; CI, .13; N, 12.91; S, 7.39.
Encontrado: C. 4152 H, 4.73; C, 6.29; N, 12.94; S, 7.48,
~ '"H-RMN (DMSO-dg) & {delta): 10.23 (1H, brs), 9.47 (1H,d, J= 8.2 Hz), 9.34
(1H, br s), 8.45 (1H, br s), 7.42 (1H, br s), f.29_(2H, s), 6.97 (1H, br s), 6.81-6.75 (3H, m),
5.78 (1H, dd, J = 8.2, 5.0 Hz), 5.19 (1H, d,J = 5.2 Hz), 5.00-4.87 (2H, m), 4.02 (1H,d, J =
15  13.1 Hz), 3.88 (1H,'d, J=17.1 Hz), 3.81-3.17 (éH, m), 2.64 (2H, d, J = 6.4 Hz), 2.16-1.98
(4H, m). : |
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EJEMPLO 47

anteéis_del compuesto (1I-5)
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Férmula 121

Etapa (1): Compuesto 5a —>-C§)mpuesto 5S¢
Co.r_n‘puesto 5a (Ref. Jburﬁai of Labelled Compound and
Radiopharmaceuticals 45; 5; 200?; 371-3785 (1194 mg, 4 mmol) se disuelve en 1,4-
dioxano (10.ml). Después agua purificadg ("I ml),. Compuesto 5b (820 mg, 4 mmol),
carbonato de potééio (1658 mg, 12 mmol), y tetraquistrifenilfosfina paladio (231 mg, 0.2

-

mmol) se ahade a esto a su vez, seguido por calentamiento a reflujo. El agua purificada se
anade a la solucion de la reaccién, seguida por la extraccién de la capa acuosa con

acetato de etilo. La capa orgénica se lava con agua purificada, y después se lava con
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salmuera saturada. Después de la capa organica se seca sobre “sulfato de magnesio
anhidro, el sulfaf_o' de magnesio se remueVeipor filtracion, y después se evapora el
solvente bajo presién reducida, Al ‘residuo _résultante se anade después diisopropiléter.
Insolubles se filtran, se lavan con diisopropil éter, y despues se secan in vacuo para
producir el compuééto 5¢ (415 mg, 42% de _fenc_iimiento).

"H-RMN (CDCly) & (delta): 8.64 (2H, dd, J = 4.5, 1.6 Hz), 7.35 (2H, dd, J =

4.5,1.6 Hz), 7.05 (1H, d, J = 8.5 Hz), 6.91 (1H, d, J = 85 Hz), 3.93 (3H, ), 3.91 (3H, 5).

- Etapa (2): Compuesto 5¢ — Compuesto 5d

Compuesto 5c (415 mg, 1.66 mmol} se disuelve en cloruro de metileno (4

-

mi}, y después una solucién de 1 rﬁol/l de tribromuro de boro en cloruro de metileno (4.16
ml, 4.16 mmol) sé anade a esto,‘ seguido po'r.lt‘a -agitacién a temperatura ambiente durante
30 minutos. A la solucién de reaccion se anade metanol, y después se evapora el solvente
bajo presion redupida. El residuo resuitante se filtra, se lava con cloruro de metileno, y
después se seca in vacuo para producir el compuesto 5d.

"H-RMN (D,0) & (delta): 8.74 (2H,'d, J = 6.4 Hz), 8.14 (2H, d, J = 6.4 Hz),

7.06 (1M, d, J = 8.5 Hz), 7.01 (1H, d,.J = 8.5 Hz),

' Etapa (3): Compuesto 5d — Compuesto 5e

Compuesto 5d (332 mg, 1.097 mmol) se suspende en dimetilformamida (3
ml), y después carbonato de po_tasio (531 mg;-_3.84 mmol} y cloruro de 4-metoxibencilo
(0.329 ml, 2.414 mmol) se afaden a su vez, posteriormente se agita a temperatura
ambiente. Después se afade égua purificada a la solucién de reaccion, seguida por la
extraccién de Ia. capa acuosg con acetato -de etilo. La capa organica se lava con agua
purificada, y después se lava con salmuera- saturada. La capa organica se seca sobre
sulfato de magnesio anhidro, .poslteriormgqte.i ‘se remueve suifato de magnesio por

filtracidn, y después se evapora el sélvente bajo presion reducida. El residuo resultante se
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somete en cromat.o‘grafia en gel de silice para producir el compuesto 5e (276 mg, 55% de
rendimiento). | | ‘
TH-AMN (CDCly) 5 (delta): 8.65 (2H. dt, J = 7.6, 2.7 Hz), 7.37 (6H, dt, J =
9.5, 3.6 Hz), 7.03-6.97 (2H, m),'6.§3 (2H, ddd, J = 9.3, 5.0, 2.5 Hz), 6.84 (2H, dt, J = 9.2,
5 2.5Hz),5.10 (2H, s), 5.01 (2H, s}, 3.84 (3H, s), 3.80 (3H, ).

-

Etapa (4): Compuesto Se — Compuesto 5f — Compuesto (1i-5)

Se usa el compuesto 5e (276 rng 0.598 mmol), y se trata de manera similar
como se describe anteriormente para producic el compuesto (11-5) (240 mg, 58% de
10 rendimiento).
EM (m+1) = 689.08
Andlisis elemental_ para CasHasCINgOsS,(H20)25.
Calculado: C, 45.70; H, 4.14; CI 4.82; N, 11.42: 5, 8.71.
Encontrado: C, 45.96; H, 4.05; CI, 4.85; N, 11.39; S, 8.36.
15 " "H-RMN (DMSO-d) & (delta): 9.44-9.36 (3H, m), 8.21 (2H, d, J = 6.7 Hz),
7.27 (2H, s), 6.94 (2H, s), 6.69 (iH, ), 5.73 (i H, dd, J = 8.3, 5.0 Hz), 5.64 (1H, d, J = 13.4

Hz), 5.14-5.04 (2H,m), 3.56 (1H, d, J = 17.8 Hz), 3.15 (1H, d, J = 17.8 Hz), 1.40 (6H, 5).
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EJEMPLO 48 -

§intesis del compuesto (1I-6)
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Formula 122

Etapa (1): Com ue_esto- 6a — Com) {Jesto 6C

Compuesto 6a (2.99.g, 10 mmol) y compuesto 6b (2.26 g, 11 mmol) se usa,
20 vy se trata de manera similar boho se descri-be anteriormente para producir €l compuesto
6c (1.92 g, 77% de rendimiento).
'H-RMN (CDCly) & (delta): 8.68-8.62 (1H, m), 8.59 (1H, td, J = 3.1, 1.6 Hz),
7.76 (1H, dtd, J = 7.8, 1.6, 1.6 Hz), "7.34 (1H, ddi, J=78, 48 1.1 Hz), 7.05 (1H, dd, J =
8.6, 1.2 Hz), 6.92 (1H, dd, J = 8.6, 1.2 Hz), 3.96-3.90 (8H, m).
25 - -

Etapa _(2): Compuesto 6c — Compuesio 6d — Compuesto 6e —»

Compuesto 6f — Compuesto (lI-6) -
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Compuesto 6¢ '(1 9 g, 7.61 mmol) se usa, y se trata de manera similar como
se describe éntéri.ormente para producir el-compuesto 6d (1.54 g, 67% de rendimiento).
Después el compuesto 6d (1.54 g, 5.90 mmol)' se usa, y se trata de manera similar a la
que se describe .anteriormente péra pro_d_ur':if el compuesto 6e (1.16 ¢, 49% de

5  rendimiento). Compuesto 6f (1.16 g,'1.09 mmal) se usa, y se trata de manera similar como
se describe anteriormente .pslira producir‘ el” compuesto (II-8) (410 mg, 53% de
rendimiento);

EM {m+1) = 689.10 .

Analisis elemental para CzgHz.ClNeOsSz(H;0)a(NaHCO:)y .

10 Calculado: C, 41.88;-H, 3.76; Ck, 4.25; N, 10.07; S, 7.68; Na, 3.03.

Encontrado: C, 41.84; H, 4.15, Cl, 4.65; N, 10.35; S, 7.65; Na, 3.30.

| ‘H—RMN (D.0) & (delta): 9.10°(1H, s), 5.89 (1H,d,J=58Hz),858 (1H, d, J
= 8.1 Hz), 8.08 (1H, 1, J = 7.1 Hz), 6.95-6.90 (SH, m), 5.83 (1H, d, J = 4.7 Hz), 5.64 (1H, d,
J =14.6 Hz), 5.33 (1H, d, J = 15.1 Hz), 5.28.(1|;i,.d, J=4.7Hz), 368 (1H,d, J = 17.8 Hz),

15 8.22 (1H, d, J = 17.8 Hz), 1.44 (6H,'s).
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" EJEMPLO 49

Sintesis del compuesto (1-7)
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Cl OH
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Férmula 123

. Etapa (1): Compuesto 7a — Corhouesto 7b
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Compuesto 7a (8.34 g, 70 mmol) ée disuelve en cloruro de metileno (80 mi),
y después acido rﬁ—cloroperben_zoiéé (18.58 g 70 mmol) se anade a esto, posteriormente
se agita a 0°C durante 45 minutos. A la sbluéic’m de reaccion se anade una solucién
acuosa de sulfito acido de sodio (8.01 g, 77 mmol), y después se ajusta el pH a 10 con
solucidn acuosa de hidroxido de sodio 2N. Después de la extraccién de la capa acuosa
con cloroformo y tétrahidrofuraﬁo, la capa o'rgénica se seca sobre sulfato de magnesio
anhidro. Sulfato de magnesio se re'nlwueve pc_)r. filtracion, y después se evapora el solvente
bajo presién reducida para producir el compuesté 7b como un sodlido de color gris (8.46 g,
89% de rendimiento). |

"H-RMN (CDCl) & {deita): 8.05 (1H, d, J = 6.3 Hz), 7.14-7.05 (2H, m), 3.18

(2H, 1, J = 7.6 Hz), 3.03 (2H, 1, J = 7.6 Hz), 2:28-2.10 (2H, m).

- Etapa (2); Compuesto 7b — Compuesto 7c
Corﬁﬁuesto 7b (4 g, 28.6 mmol} se disuelve en cloroformo (20 ml), y
posteriormente se enfria a 0°C. A lla-soluci.én de reaccion se anade c-;x]bromﬁro de fésforo
(16.97 g, 59.2 n;mol), seguido ‘de ‘calentar.ﬁi'ento a reflujo. Hielo (5 g) se anade en la
solucién de la reaccion, y después se ajusta el pH a 10 con solucién de hidréxido de sodio
2N. La capa acuosa se extrae con clorofo_rm'o. La capa organica separada se lava con
agua purificada, se lava con salmuera saturada, y después se seca sobre sulfato de
magnesio anhidro. .Suh‘ato de magbnesio se remueve por filtracion, y“despué;s se evapora
el solvente bajo [;resién reducidé. EI residud f_esultante se somete a cromatografia en gel
de silice para proporcionar el compuesto 7¢ (922.mg, 16% de rendimiento).
" 'H-BMN (CDCly) 8 (delta): 8.12 (1H, d, J = 5.5 Hz), 7.22 (1H, d, J = 5.5 Hz),

312 (2H, 1, J = 7.7 Hz), 2.98 (2H, 1, J = 7.7 Hz),2.22-2.00 (2H, m).

Etapa (3}): Compuesto 7h — Compuesto 7i

Compuesto 7h (2.19 g, 7.34 mmol) se disuelve en dimetilsulféxido (20 ml), y
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luego 4,4,4’,4’,5,5,5’,5’-octametil-2,2’-bi(1,'3,2—di0xaborano) (2.05 g-; 8.07 'mmol), [1,1-
bis(difenilfosfino)fer'roceno] diclofopgladio (II);CIdruro de metileno (589 mg, 0.734 mmol), y
acetfato de potasio (2.16 g, 22.01 fnmol) se.éﬁa_den a esto a su vez, posteriormente, se
calienta a 80°C y se agita. A la solucién de reaccién después se afade agua purificada,
seguido por la e;&raccién con acetato de etilo. La capa organica se lava con agua
purificada, y después se lavan con. salmuéra saturada. Despues la c%tpa orgénica se seca
sobre sulfato de._r‘nagnesio anhidrp, sulfa{é' de magnesio se elimina por filtracién, y
después se evapora el solvente béjo presion ‘rec_iucida. El residuo resuitante se somete a
cromatografia en gel de silice para . prqducir el. compuesto 7i (413 mg, 19% de
rendimiento). .

1H-R}VlN (CDCly) 8 (derta): 7.43 (1H, d, J = 8.4 Hz), 6.%9 (1H, d J =8.4 Hz),

3.88 (3H, s), 3.83 (3H, s), 1.36 (14H, s).

' Etapa {(4): Compuesto 7¢c — Compuesto 7d — Compuesto 7e

Compuesto 7¢ (923 mg, 4.66 rhmol) y compuesto 7i (1.08 g, 3.60 mmol) se
usan, y se trata_ de manera similar como _se'-describe anteriormente para producir &l
compuesto 7d (845 mg, 81% de rendimient-o.). Después el compuesto 7d (845 mg, 2.92
mmol) se utiliza, y se trata de manera similar a la descrita anteriormente para producir el
compuesto 7e (741.6 mg, el 74.1% de rendimiento.) -

"H-RMN (DMSO-ds) 5 (delta): 10.28 (1H, br s), 9.54 (1H, br s), 8.64 (1H, d,
J=6.0Hz), 7.65 (1H,d, J = 6.0 Hz),‘6.89 (TH,‘d'; J=82 Hz), 6.75 (1H, d, J = 8.2 Hz), 3.27

(2H,t, J = 7.5 Hz), 2.90 (2H, t, J = 7.5 Hz), 2.22-2.12 (2H, m).

Etapa (5): Compuesto 7e — Compuesfo 7f

Compuesto 7e (741 mg, 2.16 mmal) se disuelve en dimetilformamida (7 ml)

y, después trietilamina (0.899 ml, 8.49 mmol), imidazol (442 mg, 6.49 mmol), y cloro-t-

butildimetilsilano (978 mg, 6.49 mmoal) se afiade, posteriormente se agita a tenﬁperatura
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ambiente. A la solﬁcron de reaccion se anade después se afiade agua purmcada seguido
por la extraccion con acetato de etlfo La capa organica se lava con agua purificada, y
despues se Iava con salmuera saturada Despues la capa orgdanica se seca sobre sulfato
de magnesio anhidro, suifato de magnesio se remueve por filtracién, y después se
evapora el solvente bajo presion reducida. Al residuo-resultante se afiade diisopropiléter, y
después se filtra. El residuo se lava con diisopropiléter para producir el compuesto 7f (971
mg, 92% de rendlmlento) | \ |

'H-RMN (CDCly) 6 (delta): 835 (1H d, J=5.2Hz)}, 6.93 (1H d, J = 5.2 Hz),
6.80 (1H, d, J =83 Hz), 6.67 (1H,d, J=83Hz)},3.08 (2H, t, J=7.7 Hz), 277 (2H, 1, J =

7.2 Hz), 2.13-2.03 (2H, m), 1.04 (9H, s), 1.00 (9H, 5),0.26 (6H, 5), 0.22 (6H, s).

-

Etapa (6): Compuesto 7f — Compuesto 79 => Compuesto (II-7)

Se usa el compuesto 7f (490 ﬁng, 1 mmol), y se trata de manera similar
como se describe anteriormente para producir el compuesto (I1-7) (287 mg, 38% de
rendimiento):

EM (m+1) =729.21

Analisis elemental_pafa C31quQ!NGCgszNa(HQO)s,S.

Calculado: C, 43.79; H, 4.62; Cl. 4.17; N, 9.88; S, 7.54; Na, 2.70.

Encontrado: C, 44.00; H, 4.57; Cl, 5.02; N, 8.82; S, 6.71; Na, 2.76.

.1HRMN(DM&}mgawmmyQJSUH,QJ:GBF&L?JOUH,¢J=GB
Hz), 6.79 (1H, d, J = 8.1 Hz}, 6.71 (1H, s),»6:59 (1H, dd, J = 10.5, 8.2 Hz), 5.76 (1H, 1, J =
6.2 Hz), 5.50 (1H, d, J = 13.9 Ha), 5.13 (1H, -s);'-s.oe {(1H,d, J = 5.0 Hz), 3.46 (1H, d, J =
11.7 Hz), 3.15 (1H, d, J = 17.5 Hz); 2.94 (3H,q, J = 7.0 Hz), 2.25-2.07 (2H, m), 1.41 (6H,

d, J =16.8 Hz).
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EJEMPLO 50

Sintgsis dei compuesto (11-8)
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Formula 124 -

Etapa {(1): Compuesté 8a — Compuesto 8¢

Corﬁpuesto Bb (.3.2‘6' g, 7.6 mmol) se disuelve en dimetilacetémida, y
posteriormen_te se enfria a -16 * C. A la ,sdtucic’)n de reaccidon después se anade
trictilamina (1.475 ml, 10.64 mmol) y cloturo de metanosulfoﬁilo (0.829 ml, 10.64 mmol),

seguido de agitacién. A la solucion de reaccién después se afade una solucién del
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compuesto 8a (1.02 g, 7.6 rrimél) se disuelve en dimetilacetamida (1 ml), posteriormente
se agita a 0°C. vAgua purificada se afade a la solucién de la reaccion, seguida por la
extraccién con acetato de etilo. La capa orgéni'ca se lava con agua purificada, y después
se lavan con salmuera saturada. Déspués de d'ué la capa organica se seca sobre sulfato
de magnesio anhidro, sulfato de. magnesio- se remueve por filtracién, y después se
evapora el solvente bajo .prlesién reduc;ida.' El residuo resultante se somete a
cromatograﬂé én- -gel de silice para producir el compuesto 8c (1.25 g, 30% de
rendimiento). : : | -

EM (m+1) =545.2..

Etapa (2): Compuesto 8¢ — Compuesto 8d — Compuesto (lI-8)

Se Usa el compuesto 8¢ (623 mg, 1 mr-nol), y se trata de manera similar a la
que se describe anteriormente para prOduci-r el compuesto (II-8) (305 mg, 34% de
rendimiento).

EM (me+1) = 77216

' Analisis elemental para CagHggC|N17O1USQNa(NaHCOQ)o_Q(HQO)q?

Calcilado: C, 43.18; H, 4.34; Cl, 3.96; N, 10.95; S, 7.16; Na, 3.08.

Encontrado: C, 44.09; H, 4.57; Ci, 5.02: N, 8.82; S, 6.71; Na, 2.76
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" EJEMPLO 51

Sintesis dei compuesto (1I-9)
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Férmula 125

Etapa (1): Compuesto 9a — Compuesto 9b

Compuesto 9a-(12.8 g, 57.3 mmol) se disuelve en etanol, y posteriormente

se enfria a -5°C. A Ia solucién de reaccion se afiade borohidruro de sodio (1.41 g, 37.3
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mmol), y después cloruro de calcio (4.14 g‘,'37.3 mmol) se anade a manera de porcién
pequena, seguido por la agitacidn durante 45 minutos. La solucidn de reaccién se vierte
en agua purificada (120 ml), y después el etanol se concentra in vacuo. El sélido
precipitado se filtra .para producir el compuestos 9b (4.71 g, 45% de rendimiento).

'H-RMN (CDCly) & (delta): 9.16 (1H, d, J = 1.8 Hz), 8.29 (1H, dd, J = 1.8,
8.4 Hz), 7.35 (1H. d, J = 8.4 Hz), 4.83 (2H, br s), 4.42 (2H, q, J = 6.9 Hz), 3.69 (1H, s),

1.42 (3H, t, J = 6.9 Hz).

Etap;cl (2): Compuesto 9b — Compuesto 3¢

Com'puesto 9b (T.Sé g, 41.7 mmol) se suspende en (;loruro de metileno, y
posteriormente sé enfria a 0°C. ‘A la solucié'n:de reaccion se afiade trietilamina (6.36 ml,
45.9 mmol} y cloruro de metanosulfonilo. (3.57 ml, 45.9 mmol) a su vez, seguido de
agitacion a 0°C. E_I' agua purificada, se afiade a la solucidén de reaccidon, seguida por la
extraccion con acetato de etilo. La capa organica se lava con agua purificada, y después
se lava con salmuera saturada. Después la capa orgénica se séca socbre sulfato de
magnesio anhidro, el sulfato de rﬁag.nesio sé femueve por filtracidn, y después el solvente
se concentra in vacuo. El residuo resultante se.disuelve en dimetilformamida (110 ml) y
después se afiade azida de sodio {4.07 g, 62.6 mmol), posteriormente se agita a 60°C. A
la solucién de reaccién se anade agua puri_ficéda, seguido por la extraccién con acetato de
etilo. La capa or_génica se lava con agua purificada, y después se lava con saimuera
saturada. Después la capa organica se secé sobre sulfato de magnesio anhidro, el suifato
de magnesio se elimina por filtracién, y después el solvente se concentra in vacuo. El
residuo resuitante, se somete después a cromatografia en gel de silice para producir €l
compuesto 9¢ (8.18 g, 95% de rendimiento). | )

'H-RMN (CDCls) 3 (delta): 9.18 (1H, d, J = 2.1 Hz), 8.32 (1H, dd, J = 8.1,
2.1 Hz), 7.44 (1H, d, d = 8.5 Hz), 4.57 (2H, br.s), 4.42 (2H, q, J = 7.0 Hz), 1.42 (3H, 1, J =

7.0 Hz).
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Etapa (3)': Compuesfo 8c —>‘Comguesto 9d

Co.mpuesto 9c (8.%8_9, 39.7 rﬁfr_]ol) se disuelve en tetrahidrofurano (80 ml) y
después se anade trifenilfosfina (11.45 g, 43.6 mmol), posteriormente, se agita hasta que
la evolucién‘del‘gas cese. A la solucién de reaccidn después se anade agua purificada
(7.15 g, 397 mmol), seguido de agitaciér_]'a 60°C. El solvente se evapora bajo presion
reducida, y despué§ el residuo resultante se som‘ete a cromatograﬁe; en gel de silice para
producir el compuesto 9d como éus_tancia ac-ei_tosa verde (6.81 g, 95% de rendimiento).

'H-RMN (CDCly) 3 (delta): 9.15 (iH, d,"J = 2.0 Hz), 8.25 (1H, dd, J = 8.0,
2.0 Hz), 7.38 (1H, d, J = 8.0 Hz), 4.41 (2H,.q, J = 7.4 Hz), 4.05 (2H, s), 1.71 (2H, s), 1.41

(3H, 1, J = 7.4 Hz).

Etapa (4): Compuesto 8d — Compuesto 9e

Al &cido formico t7.25 ml) se ‘afade anhidrido acético {7.14 ml, 76 mmol),
posteriormehte ée-calienta a 50°C durante 30 minutos, y por lo tanto un anhidrido de Acido
mezclado se prepara. Compuesto 9d (6.81 g, 37.8 mmol) se disuelve en cloruro de
metileno (70 ml),, y después el anhfdrido de .ééido mezclado preparado se afade gota a
gota a esto, seguido de agitacion ‘a temperatura ambiente. A la solucién de reaccién
después se anade carbonato- éé:ido de éodié saturado acuoso, seguido por la extraccion
con acetato de étiio. La capa organica se Ia‘va con agjua purificada, y después se lava con
salmuera saturada. Después la capa orgéni.ca se seca sobre sulfato de magnesio anhidro,
suifato de magnesic se remueve pbr ﬂ!traciér{; .y después se evapora el solvente bajo
presion reducida. El residuo resultante se sometié después a cromatografia en gel de
silice para producir el compuésté 9e (7.16 g,.91% de rendimiento).

| "H-RMN (CDCl,) § (delta): 9.14 (1H, d., J =21 Hz), 8.35 (1H, s), 8.28 (1H,
dd,J=2.1,81Hz), 7.35 (1H, d, J = 8.1 H2), 6.88 (1H, br s}, 4.68 (2H, d, J = 5.2 Hz), 4.42

(@H,q,J=71Hz),1.42 (3H,1, J=7.1 Hz). .". -
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Etapa (5). Compuesto 9e — Compuesto 9f

-

Compuesto 9e (7.15 g, 34.3 mmol) se disuelve en tolueno (70 mi), y
despues se anade oxicloruro de fésforo (6.38 ml, 68.7 mmol), seguido por el reflujo bajo
calentamiento. A la solucién de reaccion después se anade carbonato acido de sodio
acuoso satufadd, seguido por la extraccién con acetato de etilo. La capa orgénica se lava
con agua purificada, y después se lava con éalmuera saturada. La capa organica se seca
sobre sulfato de magnesio anhidrd, poste'r_ior'n'iente se remueve sulfato de magnesio
mediante filtracion, y después se evapora el solvente bajo presién reducida. Al residuo
resultante se anade diisopro'piléter, y desphés se filtra. El residuo filtrado se lavé con
diisopropilétér péra producir el compuesto'9f como un sélido amarillo (5.38 g, 82% de
rendimiento).

"H-RMN (CDCl,) & (délta): 8.75-5.?0 (1H, m), 8.21 (1H, s), 7.47-7.41 (2H,

m), 7.23 (1H, dd, J = 9.7, 1.2 Hz), 4.40 (2H, q,J = 7.1 Hz), 1.41 (3H, 1, J = 7.1 Hz).

Etapa (6); Compuesto 9f — Compuesto 9g

Compuesto 9f (2.85-g, 15 mmol) se disuelve en tetrahidrofurano (30 ml), y

posteriormente se enfria a -78 * C. A la solucién de reaccién después se anade gota a
gota, una soluciéﬁ de hidruro dg:‘ alu}niniq diisobutilo/tolueno 1 mol/l (37.5 ml, 37.5 mmol),
seguido por la agitacion a -78°C. A la solucién de reaccion se anade decahidrato sulfato
de sodio, y después se afade sulfato de sodio anhidro, posteriormente agitando durante
el calentamiento a temperatura amt_)iente.' La spl_ucién de la reaccién tratada después se
filtra. El filtrado $e evapora bajo presion re‘duéida, y des'pués el residuo resultante se
somete a cromatégraﬁa en gel .de's;ilice par‘a' producir el compuesto 9g (1.18 g,'53% de
rendimiento). '

"H-RMN (CDCly) & (defta): 8.'06 (1H, s}, 7.95-7.91 (1H, m), 7.46-7.36 (2H,

-

m), 6.70 (1H, dd, J = 9.3, 1.3 Hz), 4.66-4.62 (2H, m).
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' Etéga (7): Compuesto 9g — Compuesto 9h

Compuesto 9g (1.18.g, ?.QB.mmOI) se disuelve en dimetilformamida (10 ml),
y posteriormente se enfria a 0°C. Ala soluqic’_m.lde reaccion se afiade difenilfosforil azida
(2.05 ml, 9.56 mmol), y después 1,8-diazabiciclo [5.4.0] undec-7-eno (1.44 ml, 9.56 mmol)
se anade gota a gota a esto; s.eguido pbr ié agitaciéon a temperatura ambiente. El agua
purificada, déspﬁés se ahade a la solucidn de reaécién, seguido por la extraccion con
acetato de etilo. La capa organica se lava con agua purificada, y después.se lavan con
salmuera saturada. La capa or.géﬁica se _sec‘a- sobre sulfato de magnesio anhidro, y
después se remueve sulfato de magnesio por filtracién. El solvente se evapbra bajo
presion reducida, y después el‘residuo resﬁltan'te se somete a cromatografia en gel de
silice para pr.odu-cir-el compuesto 9h.

'H-RMN (CDCly) & (delta): 8.02 fTH, 8), 7.893-7.90 (1t m), 7.47 (1H, d, J =

9.4 Hz), 7.44 (1H; §), 6.66 (1H, dd, J = 9.4, 1.3 Hz), 4.29 (2H, s).

- Etapa (8): Compuesto 9h — Compluesto 9i — Compuesto 9k

Compuesto 9h (1.13 g, 6.53_' .mr_nol) se usa, y se trata de manera similar
como se describe anteriormente para producir el compuesto 9i. Compuesto 9i se disuelve
en dimetilformam'ida. y después compuesto 9j (3.08 g. 7.18 mmol), 1-hidroxibenzotriazol
(971 mg, 7.18 mmol), y sal dé acido clorhidrico (345 mg, 1.8 mmol) de 1-
{dimetilaminopropil)-3- etilcarbodiimida se aﬁ'ade a su vez, posteriormente se agita a
temperatura ambiente. A la solucién de rea.ccié_n se anade agua purificada, y después el
sdlido precipitado se filtra. El residuo filtrado se lava con acetato de etilo para producir el
compuesto 9k (2.2 g 60% de rendimiento). - | |

"H-RMN (DMSO-dS).B (delta); 8.93-8.80 (2H, m), 8.33 (1H, s), 7.69-7.59
(2H, m}, 7.43 (2H, d, J = 8.6 Hz), 7.31 (2H, d, J = 8.6 Hz), 7.21 (2H, s), 7.03-6.93 (3H, m),

6.90-6.83 (2H, m), 5.16 (2H, s), 4.88 (2H, 8}, 4.37 (2H, d, J = 5.7 Hz), 3.78-3.73 (6H, m).

-
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Etapa (9): Com‘pu‘esto 9k _— Cémp'uesto (11-9)
| Compuesto 9k (558 mg, 1 'mmol) sé trata de manera similar como se
describe anteriormente para producir el compuésto (11-9) (377 mg, 47% de rendimiento).
EM (m+1) = 785.31 | |
5 Anélisis eiementa‘l paré Ca2H25CINgO108:Na(NaHC O3} 3(Hz0)s5 5.
Calculado: C, 41.41: H, 4.29: él, 3:78; N, 11.96; S, 6.85; Na, 3.19.
Encontrado: C, 41.19; H, 4.23; C|, 4.05; N, 12.24; S, 6.87; Na, 2.79
"H-RMN (D,0) & (deltr_:l): 9.41 (H—L s), 8.25 (1H, s), 8.00 (1H, s), 7.68 (1H, d,
J =9.8 Hz), 7.18'(1.H, d, J = 9.6 Hz), 6.95-6.86 (éH, m), 6.79 (1H, d, J = 8.4 Hz), 5.81 (1H,
10 d,J=46Hz),540(1H,d,J= 1_4.5'Qz), 5.26 (1H, d, J = 4.9 Hz), 5.18 (1H, d, J = 14.5 Hz),

4.51 (2H, s), 3.65 (1H, d, J = 18.0 Hz), 3.24 (1H, d, J = 18.0 Hz), 1.52-1.38 (6H, m).



170 )

EJEMPLO 52

Sintesis del compuesto (lI-10)
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Formula 126

Etapa (1): Compuesto 10a — Cbmpuesto 10b
Compuesto 10a (11.04 g, 40 mmol) se disuelve en éter dietilico (100 mi) y

cloruro de m‘etile'n_q (400 ml) y después difenildiazometano (17.09 g, 88 mmol) se afade a
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esto, posteriormente se agita a temperatura ambiente durante 1 hora. La solucion de
reaccién se concentra in vacuo, y después hexano se afiade a esto. El sdlido resultante se
filtra para producir el Compuestos 10b (22.6 g, 93%)..

'H-RMN (DMSQ-dg) & (delta): 5.15 (2H, s), 6.93 (2H, s), 7.30-7.50 (20H, m).

-

Eta;pa (2): Compuéstp, 10b — qupuesto 10¢c

Compuesto 10b (12.17 g, 20 mmol) se disuelve en dimetilformamida (60 ml)
y después tr‘ietilamjna (3.05 ml, 22.0 mmol) se afiade a esto, posteriormente se agita a
temperatura ambiente durante 1 hora. La solucién de reaccion después.se vierte en
solucidon acuosa de acido clorhidrico diluida, seguido por la extraccién con acetato de etilo.
l.a capa organica se léva con agua, y despﬁés se lava con salmuera saturada. Después
de secar sobre sulfato de magnesio anhidro, se evapora el solvente bajo presiu_:'m reducida
para producir el é:qr_npuesto 10c (10.3 g, 98%).

"H-RMN (CDCly) § (delta): 5_.'29 (1H.s), 6.59 (1H, s), 6.60 (1H, s), 7.10-7.50

(20H, m).

Etapa {3): Comlpuesto 10c — Com‘puesto 10d

| N;hidroxiﬁalimida (2.28 g, 14 mmol) se suspende en dimetilfformamida (10
ml) y después se afiade a esto hidruro de .sodio (60%, 480 mg, 12 mmol) seguido por el
compuesto 10c¢, posteriormente se égita a t_embératura ambiente durante 30 minutos. La
solucién de reaccién se vierte después en agua enfriada con’ hielo, seguido por la
extraccion con acetato de etilb. ‘La capa orgénicé se lava con carbonato acido de sodio al
10% acuoso; y luego se lava con salmuera Saturadé. Después de secar sobre sulfato de
magnesio anhidro, seguido de filtracion, el so!\)ente se evapéra baje presién reducida. Al
residuo se afade dietiléter, y desrpués el -séiiao resultante se filtra para producir el
compuesto 10d (2v.50 g, 41%).

'"H-RMN (CDCly) 6 (delta): 5.87 (1H, s), 6.84 (1H, s), 6.86 (1H, ), 7.10-7.40
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(20H, m), 7.27-7.90 (4H, m).

Etapa (4): Compuesto 10d — Compuesto 10e — Compuesto 10g

' COm_puesto 10d se disuelve en clorure de metileno (70 ml), posteriormente
se enfria a -78 ° C, y después metilhidrazina (0.60 mi, 11.34 mmol) se afiade a esto,
seguido por la agitacién durante 1 hora bajo‘ enffiamiento con hielo. El sélido precipitado
se filtra, y después el filtrado se concentra iﬁ Qacuo. Al residuc después se anade acetato
de etilo. La capa organica separada se lava ¢on carbonato 4cido de sodio al 5% acuoso, y
después se lava con salmuera saturada. Después de secar sobre sulfato de magnesio
anhidro, seguido por la filtracién, el solvente se concentra in vacuo. Al residuo se anade
metanol (100 ml), y después, a _O°C; se anade el compuesto 10f, posteriormente se agita
toda la noche. La solucién de reaccidn se concentrd in vacuo, y después se afade a esto
acetato de etilo. La capa orgénica separada se lava con &cido clorhidrico 2N, y después
se lava con Salrﬁuera saturada. Después de secado sobre sulfato de magnesio anhidro,
seguido por la filtracién, el solvente se concentra in vacuo. El residuo resultante se purifica
mediante cromatografia de columnaien gel qe silice para producir el compuesto 10g (2.91
g, 35%).

"H-RMN (DMSO—&B) d (delta): 1.49 (9H, s), 6.12 (1H, s}, 6.80-7.00 (3H, m),
7.20-7.60 (ZOH, ﬁ'}) ‘

Etapa {5): Compuesto 10g + Compuesto 10h — Compuesto 10i

Corhpuesto 10g (2.91 g, 3.97 mimol) se disuelve en cloruro de metileno (30
ml}, posteriormente se enfria é -30°C y despLJe’s ol compuesto 10h (1.60 g, 3.97 mmol), N-
metilmorfoliné (2.18 ml, 19.8 mmol), y diclbrofosfatc; de fenilo (0.589 ml, 3.97 mmol) se
anade a esto. La solucion de reaccion se'égité a -30°C durante 1 hora. Solucién acuosa
de acido clorhidrico diluida se afade a la solucién de la reaccidén, seguida por la

concentracién in vacuo. Después de que la solucidn concentrada se extrae con acetato de
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etilo, la capa orgéanica se lava con carbonato dcido de sodio al 5% acuoso, y después se
lava con salmue_ra saturada. Después de _sét_::ér sobre sulfato de magnesio anhidro,
seguido por la filtracion, el solvente se concen;tra in vacuo. El residuo resultante se purifica
mediante cromatografia de columna en gel de silice para obtener el compuesto 10i (2.79
g, 88%).

"H-RMN (DMSO-dg) & (delta): 1.53 (9H, s), 3.25(1H, d, J = 18.0 Hz), 3.46
(1H, d, J = 18.0 Hz), 3.78 (3H, ), 4.33 (1H, d, J'= 11.7 Hz), 457 (1H, d, J = 11.7 Hz), 4.81
(1H, d = 4.8 Hz), 5.16 (1H, d, J = 5.7 Hz), 6.21 (1H, d, J = 5.7 Hz), 5.85-5.90 (1H, m), 6.03

(1H, s), 6.80-7.00 (7H, m), 7.10-7.40 (20H, m).

Etapa (6): Compuesto 10i — .Compuesto 10j

Compuesto 10i (2.79 ‘g, 2.26 mrr;bi) se disuelve en cloruro de metileno (30
mil), posteriormenfe se enfria a -40°C, y después 65% de acido m—cloroperbenzéico (573
mg, 2.49 mmol) se afade a eéto, sequido pc;r el calentamiento a -10°C durante 2 horas. A
la solucién dé reaccion se afade solucién acuosa de- tiosuifato de sodio al 5%, y después
se concentra in vacuo. La solucion -concentradé después se extrae con acetato de etilo. La
capa organica selava con carbonato acido de sodio al 5% acuoso, y después se lava con
salmuera saturadé. La capa o‘rgériica se seca sobre sulfato de magnesio aﬁhidro, y
después se evapora gl solvente bajo presidn reducida para producir el compuesto 10
(2.61 g, 100%). |

'H-RMN (CDCl3) 8 (delta): 1.45 (9H, s), 3.39 (1H, d, J= 17.7 Hz), 3.79 (3H,
8), 4.00-4.30 (2H, rh), 493 (1H,d,J =177 H'z),.'5.16 (1H,d, J=11.7 Hz), 5.33 (1H,d, J =

11.7 Hz), 5.80-6.20 (2H, m), 6.80-7.10 (4H, m), 7.11-7.60 (24H, m).
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| Etapa (7): Compuesto 10j — CQmDues'to 10k
Compuesto 10j (2.48 g, 2.26'mm‘0l) se disuelve en tetrahidrofurang (30 ml),
posteriormente se ‘enfria a 15°C y,. despué_s_y‘étvjuro de potasio (1.06 g, 6.78 mmol} se
anade a esto, segAuido por la agitacién durante 1 hora. A la solucién de reaccién se anade
una solucion acuosa de tiosulfato de sodio ;.1! 5%, y después el solvente se concentra in
vacuo. La so.!uci()ri concentrada se extrae con acetaté de etilo, y después la capa organica
se lava con salmuera saturada. La capa .orgénica se seca sobre -sulfato de magnesio
anhidro, y despues se evapore él solvente "bajo presiéon reducida para producir el
compuesto 10k (2..72 g, 98%). ‘ |
~ "H-RMN (CDCly) & (delta): 1.43 (9H, m), 3.35 (1H, d, J = 18.3 Hz), 3.79 (3H,
s), 4.00-4.30 (2H, m), 4.63 (1H, d, J = 18.3 "Hz), 5.156 (1H, d, d = 1.7 Hz), 5.35 (1H, d, J =

11.7 Hz), 5.90-6.20 (2H, m), 6.80-7.14 (4H, m), 7.15-7.60 (24H, m). °

Etapa (8): Comnuestb 10k — Qbmpuesto 10m — Compuesto (l[-10)

. Compuesto 10k (1.23 g, 1 mmol) y compuesto 10l (525 mg, 1 mmol) se
disuelve en dimeﬁiformamida (3 mi), post'erio_rmente se agita a temperatura ambiente
durante 2 horas. La solucién de reaccién s.e diluye con dimetitformamida (6 rhI), y después
de yoduro de poiaéio (1.18 g, 7 mmol) se'é‘ﬁéde, seguido de un enfriamiento a -40°C.
Después se anade cloruro de aceﬁlo (0.285 ml 4 mmol), posteriormente se agita a 0°C
durante 1 hora. Hielo y acetato de etilo, después se anaden a esto. La capa organica se
separa, se lava céﬁ agua, y después se lava con salmuera saturada. Después de secar
sobre sulfato de magnesio anhidrd,,seguido por la filtracion, el solvente se 'evapora bajo
presion reducida .pa.ra producir el corlnpuesto' TOm

Después el compueéto 10m sé disuelve en cloruro de metileno (10 ml) y
anisol (0.6 ml}, y posteriormente se enfria a__-40°C. A la solucion de reaccion después se
anhade solucién de..cloruro de aluminio 2M/nitrometano (2.7 ml), seguido por agitacién a

-

0°C durante 50 minutos. A la solucidn de reaccién después se afade acido clorhidrico 2N
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acuosoc (60 _mI),. acetonitrilo (50 ml) y dietiléter- {100 ml). La capa acuosa se separa y
después se lava con dietiléter. El so(vente. después se concentra in vacuo. La solucion
concentrada se somete a cromatografia de columna HP-20SS eluyéndo con acetonitrilo-
agua, vy después’ las fracciones deseadas .' se concentran in vacuo. La solucion
concentrada se licfiliza para pro‘duc':i.r el compdesto (I1-10) como un polvo blanco £205 mg,
el 26%). | _

"H-RMN {D,0) 3 (delta): 2.22;2.4‘0 (4H, m), 3.40-4.20 (12H, m), 5.34 (1H, d,
J=4.8Hz), 5.65 (1M, 5), 5.85 (1H, d, J = 4.8 Hz), 6.72 (2H, s), 7.19 (iH, 5).

AnéI{sis elemental para 030H35C|N-701282-3.0H20.

Calculado: C, 43.19;‘H, 4.35; CI‘, 4:25; N, 11.75; O, 28.77; S, 7.69 (%).

. Encontrado: C, 43.12; H, 4.47; Cl, 422, N, 11.79; 8, 7.55 (%)
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EJEMPLO 53

Sintesis del compuesto (1-11)

. . N
HO OPMB N . o \(j
10 . \,..,(j - . N
OPMB N A ‘Q_&
H .

PMBO
11a - 11b 0
PMBG  CI
1ic
0 0
BocHN—<\ MH .'g', : -
N .
(I [ |
N ° N~
15 \O O f\/ + 110 -
>§7\ 0“7 oBH
Ot-Bu :
0 11d
_ o _
BocHN—<\ j]\’/LLH s . : -
N, N A N\O
20 o O ﬁ@ N
>$\ O~ "0oBH O '
4 Ot-Bu ’ | . — " I-11
© Cl ~ “OPMB
11e OPMB
— -
25 . Formula 127

‘Etapa (1): Compuesto 11a + Compuesto 11b — Compuesto 11c

| Cbmpuesto 11a (3.00 g, 7.0 mmol) se disuelve en dimetilacetamida (30 ml}
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y después trietilaﬁina (1.26 ml, 9.10_ mmol} éé éﬁade, y posteriormente se enfria a -15°C.
A la solucién de reaccion se aﬁa‘de cloruro de metanosulfonilo (0.66 mi, 8.40 mmol},
seguido por-agitacion durante 1 hora a -15°C. A la-solucion de reaccion se afiade una
solucion del comp;uesto 11b en dimetilacetamida (5 ml), consecutivamente se agita
durante 1 hora. Acetato de etilo (56~m|) y solucion de carbonato éci;.io de sédio al 5% se
anade en la SOILJCién de reacéién, y des;.alt';é:.s la capa organica se separa. La capa
organica se lava con agua, y-después sé lava con salmuera saturada. Después de secar
sobre sulfato de _magnesio anhidro, se evapora el solvente bajo presion reducida. El
residuo resultante se purifica mediante c:fomatograﬁa de columna en gel de silice para
producir el compuesto del titulo 11c;, (3.63 g, 92%). N

"H-RMN (CDCl,) 6 (delta): 1.5v{)l-2.10 (8H, m), 2.20-2.80 (4H, m), 2.81-3.10
(2H, m), 3.40-4.00 (9H, m), 4.80-5.05 (m, 2H), 5.06-5.20 (m, 2H), 6.80-7.00 (4H, m}, 7.20-

7.40 (6H, m).

Etapa (2): Compuesto 11d + Compuesto 1ic_— Compuesto 1le —

Compuesto (l-11)

Compuesto 11d {1.06 g, 1 mmoly y compuesto 14¢ (565 mg, 1 mmol) se
disuelve en dirhetilformamida (3 ml), consecutivamente la agitacién a temperatura
ambiente durante 2 horas. La solucién de reaccién se diluye con dimetilformamida (6 mi),
seguido por enfriamiento a -40°C ytdespuésjrri.br.omuro de fésforo (0.189 ml, 2 mmol) se
anade a esto, posteriormente se agita durante 1 hora. Hielo y acetato de etilo después se
anaden a la solucién de la feéccién. La cépa 'organica separada se lava con agua, y
después se iavaﬁcon salmuera saturada. Después—de secar sobre sulfato de magnesio
anhidro, seguido por la filtracién,. el solvente se concentra in vacuo para producir el
compuesto 11e. . - | |

Después, el compuesto 11e se disuelve en cloruro de metileno (10 ml) y

anisol (0.6 ml), y posteriormente se enfria a -40°C. Solucién de cloruro de aluminio
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2M/nitrometano (2.7 ml), después se aﬁaqe'._a’ la solucién de réaccién, seguido por
agitacién a 0°C durante 50 minﬁtqs. Ala sﬁ[ucién de reaccién después se afade acido
clorhidrico 2N acuoso (60 ml), acetonitrilo {50 ml) y dietitéter (100 mi). La capa acuosa se
separa, y de’spués‘se lava con dietiléter. El-solvente después se concentra in vacuo. La
solucion concentrada se somete en cromatogratia de columna HF’;2OSS eluyendo con
acetonitrilo-agua,_ y después las fr'accionesl q't_Jé contienen el compuesto deseado se
colectan. La solucién acuosa colectada sé -_ajusta a pH = 6 con solucién acuosa de
hidroxido de sodic 0.02N, y deépués se concentra in vacuo. La solucién concentrada se
liofiliza para produ_o_ir el compuesto (II-11) como un polvo blanco (222 mg, 27%).
"H-RMN (D,0) 8 (delta): 1.48 (SH, s), 1.50 (3H, s), 1.80-2.60 (8H, m), 3.90
(1H, d, J = 14.1 Hz), 4.24 (1H, d, J = 14.1 Hz_),".5.36 (1H, d, J = 4.8 Hz), 5.86 (1H, d, J =
4.8 Hz), 6.50-6.90 (2H, m), 6.98 (1H, s).
Anlisis elemental para CogHaaCIN;O10S,Nas4.8H,00.8(NaHCOs).
| Céleu!ado: C, 41.90; H, 5.03;Cl, 3.66;'N, 10.12; 0, 28.40; S, 6.22; Na, 4.27

-

Encontrado: C, 41,74, H, 5.03; CI,:3.24; N, 10.61; S, 6.97; Na, 4.79 (%).
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EJEMPLO 54

Sintesis del compuesto (11-12)
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Férmglé 128

. Etapa (1): Compuesto 12a —> Compuesto 12b

Combuesto 12a (2.63 g, 15 mmol) y trietilamina (4.16 ml, 30 mmol) se

disuelve en cloruro de metileno (20 ml), y después se enfria a 0°C. A la solucién de

reaccion después se anade cloruro dé  metanosulfonilo (1.28 ml, 16.5 mmol),
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posteriormeﬁte ée- calienta hasta la temperatura ambiente de forma gradual. La solucién
de reaccidn se agita a temperatura ambielnte'durante 0.5 horas, y. después trietilamina
{(4.16 mi, 30 mmol} y cloruro de m"etanosulfon-i'lé (1.29 ml, 16.5 mmol} se anaden. A la
solucién de reaccion se anade solucién de carbonato acido de hidrégeno al 5%, seguido
por la extracciéon con cloruré de metileno. .La Capa organica se seca sobre sulfato'de
magnesio aﬁhidro; se filtra, y dBSpL‘JéS‘Se éoncentra- in vacto. A la solucién concentrada
después se afiade pirrolidina (16.1 ml, 195-mrhol), posteriormente se calienta a 50°C con
agitacion. A la solucion de reaccidn ée afiade una solucién acuosa de acido clorhidrico 1N,
y después la capra ‘acuosa se sep‘aira. A la capa acuosa se afade solucion aduosa de
hidrdxido de sodio 1N, y después se extrae con acetato de etilo seguido por cloruro de
metileno. La capa organica se seca sobre 's.uifato d;a magnesio, seguido por filtracion, y
después el solvente se concentra’in vacuo al cpmpuesto 12b como un producto crudo.
Compuesto 12b se usa para la siguiente reaccion sin purificacion.

"H-RMN (CDCI;)' B (dé!ta):i.?_sl (3H, d, J = 6.6 Hz), 1.44 (9H, s}, 1..70—1.90

(4H, m), 2.20-2.65 (6H, m), 3.35-3.50 (1H, s).

Etapa (2): Compuesto 12b — Compuesto 12¢

El 'pr.bducto crudo (uﬁa cantidad equivalente a 2 mmol), que contiene el
compuesto 12b obtenido en la.etaplna anterio.r,.‘sel disuelve en cloruro de metileno (1 ml), y
despues se afade a esto Acido trifluoroacéti§o (4.62 ml), posteriormente, se deja reposar
toda la noche. La.'solucic’m de reaccidén se concentra in vacuo, y después cloruro de
metileno (2 ml) se afiade a esto. Despuéé se a_ﬁade acido clorhidriéb/acetaio de etilo 4N
(1.25ml, 5 mmol)._z; 0°C, seguidd de agitacic’ih’. EI solvente s;e concentra después in vacuo
para producir el compuesto 12¢ cromo produf:to_ crudo. Compuesto 12¢ se usa para la
siguiente reaccion sin purificacion,

1H-R‘MN (D2Q) & (delta): 1.45°(3H, d, J = 6.0 Hz), 1.80-2.40 (4H, m), 3.00-

3.50 ( 4H, m), 3.51-3.64 (2H, m), 3.68-4.00 {1H, m).
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~ Etapa (3): Compuesto 12¢ + Comﬁuesfro 12d — Compuesto 12e

Coxﬁbuesto 12d {686 mg, 1.6.mmol) se disuelve en dimetilformamida (7 mi),
y después se enfria a 0°C. Sal de 4cido clorhidrico (337 mg, 1.76 mmol) de N-(3-
dimetilaminopropi'I.):N'-etilcarbodi'imida, y 1—h'idr:oxibenzotriazol (270 mg, 1.76 mmol) se
anade a su vez, posteriormente ée agita a femperatura ambiente durante 30 minutos.
Después de que.la solucién de reaccion se enfria a 0°C, una solucion de dimetiformamida
(2 ml}) de una cdrﬁposicién (una cantidad equivalente a 2 mmol}, que comprende el
compuesto 12c obtenido en la etépa (2)', se gﬁade a esto, seguiao por la adicién de
trietilamina (0.99 ml 7.2 mmol). En !a Soluoic’ﬁh de reaccion después se anade acetato de
etilo (50 ml) y solucidn al 5% .de cérbonato éﬁidq de sodio. La capa orgénica separada se
lava con agua, y-después se lava con salmuera saturada. La capa organica se seca sobre
sulfato de magneéié anhidro, y despues se evapora el solvente bajo presidn reducida para
producir el compuesto 12e (714 mQ,BS% de rendimiento del compueéto 123)..

1H-.FEMN (CDCl,) 5 {delta): 1.3.2-'(3-H, d, J = 6.3 Hz), 1.60-1.80 (4H, m), 2.40-
2.80 (6H, m), 3.80 (3H, s), 3.83 (3H, s}, 4.10-4.25 (1H, m), 4.94 (2H, s), 5.07 (2H, s), 6.80-

7.00 (6H, m); 7.25-7.50 (4H, m).

Etap_a (4): Compuesto 12f + Compuesto 12e — Compuesto 12g —

Compuesto (lI-12)

El tratamiento es similar al que se describe anteriormente produciendo el
compuesto (11-12) (140 mg, 18%).

'"H-RMN (D,0) & (delta): 1.20-1:80 (OH, m), 2.00-2.40 (4H, m), 3.20-3.80
(8H, m), 3.95 (1H, d, J = 14.1 Hz), 4.20 (1H, d, J=14.1Hz), 536 (1H, d, J = 4.8 Hz), 5.89
(1H, d, J = 4.8 Hz), 6.60-6.80 (2H, m), 6.97(1H, s).

Andlisis e[emehta'l para CagHgablN7'O1082Na-4.8H20-O.8(NaHCOS).

 Calculado: C, 41.90; H, 5.03;-Cl, 3.66; N, 10.12; O, 28.40; S, 6.22: Na, 4.27

(%).
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Encontrado: C, 41.74; H, 5.03; C, 3.24; N, 10.61; S, 6.97: Na, 4.79 (%)

EJEMPLO 55

Sintesis del compuesto (ll-13)
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Férmula 129
Etapa (1): Compuesto 13a — Compuesto 13b
' Cbmpuesto 13a (336 mg, 1.5 mmol) y 3-pirrolina (0.251 ml, 3.3 mmol) se
disuelve en acetonitrilo, y despuésv yoduro de potasio (249 mg, 1.5 mmol) y carbonato de
potasio (622 mg, 4.5 mmol) se afiaden, posteriormente se calienta a 50°C durante 1 hora.
Acido clorhidrico y acetato de etilo se aﬁadéﬁ_, y despues la capa acuosa se separa. A la
capa acuosa separada se anade solucién aduosa de hidréxido de sodio 1N, y después la
capa acuosa se extrae con acetato de etilo; seguido por el cloruro de metileno (dos
veces). La capa organica se seca sobre sulfato de magnesio anr_jidro, seguido por la
filtracion, y después se evapora el solvente‘~_bajo presion reducida para producir el
compuesto 13b {288 mg, 90% de rendimiento).
'H-RMN (CDC|'3) 3 (delta): 1.44 (QH, s), 2.70-2.90 (2H, m), 3.10-3.40 (2H,

m), 3.60-3.70 (4H, m), 5.77 (2H, s).

Etapa (2): Compuesto 13b — Compuesto 13¢

Corhpuesto 13b (289 mg, 1.36 mmol) se disuelve en cloruro de metileno (1
ml}, y después &cido trifluofoe;cético (3 m{) se afnade a esto, posteriormente se deja
reposar todé la noche. La solucién de reaccion sé evapora bajo presion reducida. El
residuo se disuelve en cloruro de metileno (2 ml), y después una solucidén de Acido
clorhidrico 4N/acefato de etilo »(0.35 ml) se afade a esto, seguido por agitacién. El
solvente se evapdra a presion reducida para producir el compuesto 13¢ como un broducto
crudo. Compues_to 13c se usa para la siguier;te reaccion sin purificacion.

"H-RMN (D.O) & (delta): 3.40-3.50 (2H, m), 3.60-3.80 (2H, m), 4.00-4.60

(4H, m), 5.95 (2H, s). 3 - )

Etapa (3): Compuesfo 13c+ C_ofnpuesto 13d — Compuesto 13e

- El tratamiento es similar al que se describe anteriormente produciendo el
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compuesto 13e (468 myg, 85%)
'H-RMN (CDCls) & (delta): 2.80-3.00 (2H, m), 3.51-3.55 (6H, m), 3.79 (3H,

s), 3.80 (3H,5), 4.96 (2H, 5), 5.07 (2H, §), 5.7 (2H, 5), 6.80-7.00 (4H, m), 7.25-7.60 (6H,

m).

-

Etapa (4): Compuesto 13f + Compuesto 13e — Compuesto 13g —

Compuesto (11-13}

El tratamiento és. similar al C|l:l€‘ se describe anteriormente produciendo el
compuesto (il—13) (300 mg, 439%) ’

*H-RMN (D,0) & (delta): 1.4‘8 (3H, s), 1.50 (3H, s), 3.40-4.00 (6H, m), 4.20-
4.60 (6H, m), 5.33 (1H, d, J = 5.1 Hz), 5.85 -(1H; d, J = 5.1 Hz), 5.99 (2H, s), 6.72 (2H, s),
697 (1Hs). o |

‘ Analisis elemental para CsoHa1CIN;O1S,Nas4. 1H,0¢1.0(NaHCO,).

Calcllado: C, 40.03; H, 4.36; CI, 3.81; N, 10.54; 0, 20.42; S, 6.90; Na, 4.94

(%).

En‘co‘ntradlo: C, 39.90: H, 4.46; CI,3.71; N, 10.88; S, 7.12; Na, 5.32.
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EJEMPLO 56

Sintesis del compuesto (ll-14)
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Formula 130

Etapa (1): Compuesto 14a — Compuesto 14c — Compuesto 14d

Co'r.n‘puesto 14a (859 mg, 5.54 r"'nmol) 5e suspende en cloruro de tionilo
(3.94 mi, 54.0 mmol), posteri_ormeh';e se ag_itécién a 80°C durante 2 horas. Después de
que cloruro de tionilo se evapora bajo presiénredpcida, dimetilacetamida se anade al
residuo. La soluciéh de reaccién se enfria a‘O"C, y después el compuesto 14c (1.64 g, 4.5
mmol) se afiade a esto, seguido por la adicion de trietilamina (1,25 ml, 9 mmol). La

solucion de reaccidén después se vierte en carbonato de sodio acuoso, seguido por la
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extraccidn con acetato de etilo. La capa organica se seca sobre sulfato de magnesio
anhidro, y después se evapora -el solvente bajo presiéon reducida para producir el
compuesto 14d (1.70 g, 75%).

"H-RMN (CDCl3) 6 (delta): 1.70-1.90 (6H, m), 2.80-3.10 (6H, m), 3.80 (3H,

5 s),3.81(3H,s),5.01 (2H, s), 5.05 (2H, s), 6.80-7.00 (5H, m), 7.20-7.40 (6H, m).

Etapa (2): Compuesto 14¢ + Compuesto 14d —" Compuesto 14f —

Compuesto (II—14')_

El tratamiento es. sirﬁi!ar al qué se describe anteriormente produciendo el
10  compuesto (II-14) (318 mg, 44%).
‘H—}é{.MN(D;,.O) & (delta): 1.49.(3H, s), 1.51 (3H, s), 2.10-2.40 (6H, m), 3.20-
4.00 (10H, m), 5.35 (1H, d, J = 4.8 Hz), 5..88 (1H, d, J = 4.8 Hz), 6.70-6.80 (1H, m), 6.80-
6.90 2H, m), 6.97 (1H, §). o
Andlisis elemental pa;ra Ca1H3sN70108:Nae4.3H,0.
15 - Calculado: C, 46.12; H, 5.44; N, 12.15,.0, 28.34; S, 7.94 (%).

Encontrado: C, 46.01; H, 5.20; N, 12.13; S, 8.05 (%).
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EJEMPLO 57

Sintesis del compuesto (il-15)
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' Etépa (1): Compuesto 15a — -Compuesto 15d

OPMB

OPMB

i-15

Sintesis del compuesto 15d a partir del compuesto 15a se lieva a cabo de
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acuerdo con WO 2002/076979.

Etapa (2): Compuesto 15e + compuesto 15d — Gompuesto 15f

qunpuesto 15e (1.51 g, 3.52 mmol) se disuelve en cloruro de metileno (20
mi}, y después diisopropiletilamina (1.48 ml,. é.45 mmol), 1 metilimidazol, compuesio 15d
(621 mg, 4.19 mmol), y clorofosfato de diferilo (0.872 ml, 4.19 mmol) se aflade a su vez,
seguido por agitéqién. El solvente se concentra in vdcuo, y después el residuo se purifica
por cromatografia de columna en gel de silice para producir el conj_puesto_15f (981 mgq,
50%]). ‘

"H-RMN (CDCls) 8 (delta): 1.80-2.00 {2H, m), 2.60-2.72 (2H, m), 2.82-3.00

(2H, m), 3.80 (3H, s), 3.84 (3H, s}, 4.99 (2H, 5), 5.13 (2H, 5), 6.80-8.40 (12H, m).

Etapa (3}: Compuesto 15q_'+vcompuesto 15f — Compuesto 15h —

Compuesto (ll-15) -

"H-RMN (D,0) & (delita): 1.48 (6H, s), 1.60-2.00 (4H, m), 2.60-2.80 (2H, m),
2.90-3.10 (2H, m), 3.23 (1H, d, J = 18.3 Hz), 3.43 (1H, d, J = 18.3 Hz), 5.13 (1H, d, J =
14.7 Hz), 5.23 (1H,'d, J = 4.5 Hz), 5.82 (1H, d, J = 4.5 Hz), 6.73-6.77 (1H, m), 6.92 (1H, s),

7.00-7.07 (1H, m), 8.33-8.35 (1H, m), 8.44:8.47 (1H, m). -
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. EJEMPLO 58

Sintesis del compuesto (11-16)
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Férmulg 132 -

Etapa (1); Compuesto 16a — Compuesto 16b

Compuesto 16a (7.1'2 g. 30 mmol) se disuelve en cloruro de metileno (50

ml), y después trietilamina {8.32 ml, 60 mmol) se anade. La solucion de reaccién se enfria
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a 0°C, y después cloruro de metahosu!foni‘to_ (‘2..5? ml, 33 mmol) se anade gota a gota
durante 10 minutos. Después la salucién de- reaccion se agita a temperatura ambiente
durante 20 minutos, carbon.at;) acido de.sodio acuoso saturado se anade a esto,
posteriormeﬁte Ié-capa organica se separa._Después de que la capa organica se seca
sobre sulfato de sodio anhidro, el sulfato dé'so'dio se remueve por filtracidn, y después el
solvente se concentra in vacuo. Pfrro]idina »(3.2..3 ml, 390 mmol) después se anade al
residuo resultante concentrado, seguido por el calentamiento a 50°C durante 2.5 horas
con agitacién. Pirrolidina en.e>.<ceso se evépofa bajo presién reducida, y después se
anade agua 'al residuo resultante concentrado, segﬁido por la extraccion con acetato de
glilo. La capa organica se lava con agua, se léva con salmuera saturada, y después se
seca sobre sulfato de magnesio anh'idro. El su]féfo de magnesio se remueve por fittracién,
y después el sol\./ente se concentra in vacuo. El producto crudo resuitante sé purifica
mediante cromatograffa de columna en gél- de silice para producir 16b como un sélido
blanco (7.23 g, 83%). -

"H-RMN (CDCly) & (delta): 1.39 .(Q.H, s), 1.73-1.77 (4H, m), 2.42-2.57 (5H,
m), 2.76 (1H, dd,"J = 9.9, 12.3 Hz), 4.59 (1H;-bf), 5.54 (1H, d, J = 4.2 Hz), 7.20-7.34 (5H,

m).

Etabé (2). Compuesto 16b — Compuesto 16¢ — Compuesto 16e

Compuesto 16b (7.23 g, 24.9 mmol) se disuelve en cloruro de metileno (35
ml}, y después épfdo trifluoroacético (34.5 'rhl, 448 mmol) se anade, posteriormente se
agita a temperatura ambiente toda ia noche. _El solvente se evapora bajo presién reducida,
y despues acetato de etilo se afiade al residuo concentrado resultante, seguido por la
extraccion con solﬁéién acuosa 2N de écido‘ clorhidrico. Una solucidn acuosa de hidroxido
de sodio 2N después se afade a la capa écuosa,hasta que la capa acuosa tiene un pH 7-
8. sequido por Ié_ m'extraccién con cl'oruro dé.'m-etileno. La capa organica se seca sobre

suifato de sodio anhidro, y después sulfato de sodio se remueve por filtracién. El solvente
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se concentra bajo presidn reducida, y -deshués se seca /n vacuo para producir el
compuesto 16¢ como un aceite pardo. El 16¢ éjﬁtenido se usa para la siguiente reaccién
sin purificacion.

Compuesto 16& (6.43 g, 15 m-rnol)' se disuelve en dimetilformamida (70 ml),
posteriormeﬁte se'eniria a 0°C, y después sal de éciﬁo clorhidrico (3.16 g, 16.5 mmol) de
N-(3-dimetilaminopropil)-N'-etilcarbodiimida y 1;hidroxibenzotriazol (2.53 g, 16.5 mmol) se
anade a esto, seguido de agitacién é temper.atu.r'a. ambiente durante 1.5 horas. La solucién
de reaccién se enfria a0°C, vy despﬂés el compuesto 16¢ (3.43 g, 18 mmol) y triéti!amina
(6.24 mi, 45 mmol) se anaden a esto, post;ariofmente se agita a 0°C durante 2 horas y
después se mantiene a temperatura ambiente duraﬁte la noche. Agua y tetrahidrofurano
se anaden a la mezcla de reaccion; seguido pof la extraccion con acetato de etilo. La capa
orgénica se lava'con carbonato: acido de sodio acuoso saturado, se lava con salmuera
saturada, y despﬁe’s se sechd sobre éulfato de magnesio anhidro. Sulfato de mag'nesio se
remueve por filtracién, y después el solvente se éoncentra in vacuo. Acetato de isopropilo
después se anade al residuo obtenido. El s_'c’nlido reSL’Jltante se filtra, y después se seca in
vacuo para producir el compuesto 1(_39 como un_s_c')lido blanco (6.31 g; 70%).

'H-RMN {DMSO-dg) 6 (delta):—'1.é'6 {(4H, br), 2.50 (4H, br}, 2.56 (1H, g, J =
6.3 Hz), 2.81 (1H, dd, J = 9.3, 12.0 Hz), 3.74 '(3H, s), 3.76 (3H, s), 4.87 (2H, s), 5.06 (1H,
dd, J = 9.0, 15.0 Hz), 5.16 (2H, s), 6.87 (2H, d, J = 8.7 Hz), 6.97 (2H, d, J = 8.7 Hz), 7.09
(1H,d,J = 8.4 Hz).,'7.18-?.26 (2H, m), 7.29-.?.34 (4H, m), 7.37-7.40 (2H, m), 7.42 (2H, d, J

= 8.7 Hz).

Etapa {3): Compuesto 16e + compuesto 16f — Compuesto 16g —

Compuesto {t-186)

Compuesto 16e (1.20 g, 2.0 mmol) se suspende en un solvente mezclado
de dimetilformamida (6 ml) y tetrahidrofurano {4 ml). Después compuesto 16f (2.12 g, 2.0

mmol) y carbonato acido de ‘sod'io (0.34 g, 40 mmol) se anade a esto su vez,
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posteriormente se'égita a temperatura ambfent_e durante 4 horas. La solucion de reaccion
se enfria a -40°C y después tribromurb de fésforo {0.377 ml, "4 mmol) se afade,
posteriormente s'e_ 'agita a 0°C durante 1 h'c')ra.'. Agua enfriada con hielo se aﬁgde ala
mezcla de reaccion, seguida por ia extraccig}h con acetato de etilo. La capa organica se
lava con agua, .se lava con salmuera saturada, y después se seca sobre sulfato de
magnesio anhidro: Sulfato de magnesio de;;pués se remueve por filtracién. El solvente se
concentra bajo presion reducida y d_espuéé se seca adicionalmente in vacuo'para producir
el compuesto 16‘g'como un séiido'pardo. E| compuesto 16g obtenido se usa para la
siguiente reaccion sin purificacion. | |

. La cantidad completa de compuesto 16g obtenido se disuelve en cloruro de
metilenc (30 mi), ;-).osteriormente se enfria a :40°C y después anisol (2.19 mi, 20 mmol) y
solucién de cloruro de aluminio 2M/nitroﬁetanq (10 ml, 20 mmol) se aﬁadé a esto a su
vez, seguido de 'aéitacién a 0°C durante i Hofa. A la solucién de reaccién despueés ée
anade una solucién acuosa de-écido c[orhidrico_ 2N, acetonitrilo, y diisopropiléter que se
ha enfriado a 0°C, posteriormente, se agitz; para disolver completamente insclubles. A la
capa acuosa separ’ada se anade resina HP20-ss y después acetonitrilo se concentra in
vacuo. La solucion mezclada resﬁltante ée purifica mediante crom;ﬂograﬁé de columna
ODS. Ala solucié‘n obtenida del f:om,puesto déséado después se anadido solucién acuosa
hidréxido de sodio hasta que la solucién tiene pH = 6.0. Hidréxido de sodio en exceso
después se-neutr_afiza mediante la adicion de una pieza de hielo seco. La solucién
resultante se concentra in vacuo, y después se liofiliza para producir el compuesto {I1-16)
como un polvo bEanpo {0.48 g, 28%); " |

"H-RMN (D,0) & (ﬁe_lta): 1.48-(’;_%H, s), 1.49 (3H, s), 3.42-3.94 (9H,.m), 4.25
(1H,d, J =144 Hz), 5.25 (1H, d, J = 4.8 Hz), 5.71 (1H, br), 5.83 (1H, d, J = 4.8 Hz), 6.57
(1H, d, J=8.4 Hz), 6.67 (1H, d, J = 8.1 Hz), 7.48 (5H, br).
Anélisis elementai para;CasHarCIN7O105,Na0.1NaHCO3+4.8H.0.

Calculado: C, 45.87; H, 4.98; Cl, 3.75; N, 10.37; S, 6.79 (%).
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. Encontrado: C, 45.85; H, 5.05; Cl, 3.93; N, 10.29; S, 6.72 (%)

" EJEMPLO 59

Siniesis de! compuesto (II-17
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Férmala 133

" Etapa (1): Compuesto 17a — Compuesto 17b — Compuesto 17¢

Compuesto 17a (5.0 g, 24.6’rhm‘ol) se disuelve en clgruro de metileno (40
ml) y despues trietilamina (6.82 ml, 49,2 mmpl)"_s‘e anade a esto, posteriormente se enfria
a 0°C. Cloruro de metanosulfonilo (2.11 ml, 2?.1 mmol) se anade gota a gota a la'solucién
de reaccién durante 10 minutos. La solucién’de reaccion se agita a temperatura ambiente
durante 1 hora, 'y_después carbonato acide de sodio acuoso saturado se afade a esto,
seguido por la extraccién con cloruro de metileno. La capa organica se seca sobre sulfato
de magnesio anhidro, y despues sulfato _de"_rﬁagnesio se remueve por filtracién. El
solvente después se evapora bajo presion reducida. Pirrolidina (26.4 ml, 320 mmol) se
anade al residuo concentrado résultante, pdsteriormente, se calienta a 50°C durante 2.5
horas con agitac‘ién. El exceso de pirrolidina se evapbra bajo presion reducida, y después
acetato de etilo se anade al residup concentrado resultante, seguido_por la extraccién con
una solucion acupsa de 4cido clorhidrico IN. .Ahlé capa acuosa se afiade solucidn acuoéa
de hidréxido de sodio 2N hasta gue la solucién tiene un pH de 7-8, seguido por la
extraccién con cloruro de met'ileﬁo. l.a capa érgéhica se lava con agua, y después se seca
sobre sulfaté dé magnesio anhidro. Sulfatol de mégnesio se remueve por filtracién, y
después se concentra in vacuo para producir el compuesto 17b como un sdlido blanco. Ei
compuesto 17b obtenido se usa paré la sigui_ent.é ‘reaccién sin purificacion.

La cantidad total de compuesto 17b obtenido se disuelve en cloruro de
metileno (22 ml), y después ‘écido trifluc;roaéético (22.0 ml, 285 mmol) se anade,
posteriormeﬁte se agita a temperatura ambiente durénte la noche. El solvente se evapora
bajo presidn reducida, y acetato de etilo sé afiade en el residuo concentrado, seguido de
un enfriamiento a 0°C. Solucién.de -écido clor_h.i'drico 4N/acetato de etilo (40 ml) después
se afiade a la sdlucién, posteriormente se agita a 0°C durante 15 minutos. El sélido
resultante se filtr_a, y después se seca in vaéu'o bara producir el compuesto 17c como un

sélido blanco (3.50 g, 62%).
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"H-RMN (DMSO-dg) & (delta): 0.97 (6H, dd, J = 3.3, 6.9 Hz), 1.87-2.13 (5H,

m), 2.93-3.15 (2H, m), 3.45-3.59 (4H, m), 3.76 (1H, br), 5.75 (2H, br).

Etapa (2): Compuesto 17¢ - Corhpuesto 17e

-~

Compuesto 17d (6.43. g, 15 m_mo-l) .se disuelve en dimetilformamida (70 mi),
posteriormente se enfria a 0°C, y después sal de &cido clorhidrico (3.16 g, 16.5 mmol) de
N-(3-dimetiIaminopropil)—N‘-et‘ifcérbodiimida, y 1-hidroxibenzotriazol (2.53 g, 16.5 mmol) se
anaden a esfo a. su vez, seguido de agitaci'én a temberatura ambiente durante 1.5 horas.
La solucidn de reaccién se enfria a 0°C otra \)ez, y después compuesto 17¢ (3.44 g, 15
mmol) y trietilamina (10.4 ml, 75.mﬁol) se aﬁac;'e.n, posteriormente se agita a 0°C durante
2 horas después ée deja reposar a'témperatura ambiente toda la noche. Se afade aguay
tetrahidrofurano a la mezcla de reaccion, seé Lido por la extraccion con acetato de etilo. La
capa organica se ‘lava con carbonato écido de s—odio acuoso saturado, se lava con
salmuera saturada, y luego se seca sobre sulfato de magnesio- anhidro. Sulfato de
magnesio se remueve por filtracidn, y después el solvente se concentra in vacuo.
Diisopropiléter enfonces se aﬁaf:!e a' los residljos resultantes. El sélido resultante'se filtra,
y después se seca in vacuo para producir él corﬁpuesto 17e como un sélido blanco (6.21
g, 73%). |

'H-RMN (DMSO-de) d® (delta): 0.89 (6H, dd, J = 6.9, 16.2 Hz), 1.66 (4H, br),
1.84 (1H, td, J=7.2, 18.6 Hz), 2.39-2.51 (6H-,'mj', 3.75 (1H, s), 3.76 (1H, s), 3.94 (1H, m),
4.87 (2H, s), 5.15 (2H, s), 6.87 (2H, .d, J= 8._7‘ Hz), 6.96 (2H, d, J = 8.7 Hz), 7.05 (1H, d, J
= 8.7 Hz}, 7.18 (1H, d, J = 8.7 Hz), 7.32 {2H, d, J =8.7 Hz), 7.42 (2H, d, J = 8.7 Hz), 7.97
(@H, d, J = 9.0 Hz). |

-

Etépa (3): Compuesto 17e = 'Compuesto 171 — Compuesto 17q —

Compuesto (11-17)

. Compuesto 17e (1.20 g, 2.0 mmol) se disuelve en un solvente mezclado de
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dimetilformamida: (6 ml) y tetrahidrofurano (2 ml), y después compuesto 17f (2.12 g, 2.0
mmoal) y carbonatb acido de sodio (0.34 g9, 4.0 mmol) se anade a esto, posteriorfnente se
agita a temperatura ambiente durante 2 horas. La solucién de reaccion se enfria a -40 ° C,
y después tribromuto de fosforo (0.377 mi, 4 mmol) s.e anade, seguido por agitacién a 0°C
durante 1 hora. Agua enfriada con hielo dequés se afade a la-mezcla de reaccidn,
seguida por extraccién con acetato de etilo- ‘I-_a.'capa organica se lava con agua, se lava
con salmuera satﬁrada, y después 's‘e seca sobre sulfato de magnesio anhidro. Sﬁlfato de
magnesio se remueve por filtracidn, y después se evapora el sclvente bajo presion
reducida para proporcionar el compuesto ‘.1?g como un soélido formado color pardo. El
compuesto 179 obtenido se usa para la sig'uient.e reaccion sin purificacion.

A 'céntinuacic’)n, fa cantidad- toénpleta de compuestoc 17g obtenido se
disuelve en cloruro de metileno _(30'rlnl), y de_sbués anisol (2.19 ml, 20 mmol) y solucién de
cloruro de aluminio 2M/nitrometana (10 ml, 2b m_mol) se anade a -40°C a su vez,
posteriormente se agita a 0°C durante 1.5 hbrag. Ala solucién de reaccion se anade 4cido
clorhidrico 2N, acetonitrilo, y diisdpropiléfer que se han enfriado a 0°C, seguida por la
agitaciéon para diéolver compl'etafnente i'n'soi‘ubles. La capa acuosa se separa a
continuacién. Resina HP20-SS,fué afade arla capa acuosa, y después acetonitrilo se
concentra in vacuo. La solucién concentrada resultante se purifica por cromatografia de
columna ODS. Una solucion acuosa de hidréx_ido de sodio 0.2 N se anade a la solucién
del compuesto resultante deseado _hasta.que la solucién tiene pH\= 6.0. El exceso de
hidréxido de sodi'o ‘después se neutraliza p'o‘r' la adicion de un pedazo de hielo seco. La
solucion obtenida se concentra in v‘acuo,—y deépqés se liofiliza para producir el compuesto
{li-17)} como un polvo blanco (823 mg, 50%).

1H-l-?'l\fIN (D20) & (delta): 0.95-1.05 {5H, m}, 1.49 (3H, s), 1.51 (38H, 8), 2.07
(1R, br), 2.19 (4H, br), 3.43-3.69 (él-_-!, my}, .3.99 {tH,d, J=16.8 Hz),ﬂ4.18 (TH, d,J=138
Hz), 4.54 (1H, mi, 5.37 (1H, d, J= 5.4 Hz);.S.QO (1H, d, J = 5.1 Hz), .73 (2H, m), 6.98
(1H, s). |
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Analisis elemental para:Cs3HaeCIN010S:Na*0.2NaHCO,4#4.0H30.
Calcllado: C, 44.05; H, 5.26; CI, 3.92; N, 10.83; S, 7.09 (%).

Encontrado: C, 44.07; H, 5.30; Cl, 4.14; N, 10.72; S, 6.93 (%).

5 - EJEMPLO 60

Sintesis del compuesto (II-18)

*Na‘OOC\q-'
o ,.Mﬂ];rgv e

coo
NIRT:
ar/\CL -a/\@ L ; ’\@
COOH : COOBH _ COOBH
15 o
. i H&S \ A
A BocHN—%
BocHl\{j’éxN]\r.COOH ° NIW/COOH
B
Ha ' g0 O o
~COOBH S
184 HBOOC
: _ ) 18F
20 .
CHH4N -3 O o o C . 98f
coogH & 1 oPHE -
18g . )
25 Férmula.134

Etapa {1): Compuesto 18a — Compuesto 18b

Compuesto 18a (6.45 g, 30 mrﬁ_ol) se disuelve en tetrahidrofurano (70 ml), y
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después difenildiazometano (6.99 g, 36 mrﬁol) se anadid a esto. La solucién de reaccién
despues se agita a temperatura ambienté durante 1 hora, posteriormente se calienta a
reflujo durante 2 hc;ras. La mezcla de reaccidn sé concentra in vacuo, después metanol se
agrega al residuo. El sélido resultah;re se filtré, y después se seca in vacuo para producir
el compuesto 18b como un sélido blanco (9.01 g, 79%).

1H-T-R'MN (CDCl3) & (delta): 4_:50,(2H, s), 7.11 (1H, s), 7.25-7.49 (12H, m),

-

8.1 (2H, d, J = 8.1 Hz).

Etapa (2): Compuesto 18b — Compuesto 18¢

- Compuesto 18b (9.0 g, 23.6 mmol) y N-hidroxiftalimida (4.62 g, 28.3 mmol)
se disuelve en dimetilformamida (90 ml), y después trietilamina (3.93 ml, 28.3 mmol) se
afladen a esto, pqsteriormente sé calienta a 50°C durante 1 horaﬁ con aéitacién. Agua
enfriada con hieio y tetrahidrof.urano, desb‘L'_]éé se anaden a la solucién de reaccion,
seguida por la extraccién con acetato de etilo. La capa orgénica se lava con carbonato
acido de sodio ac_upso saturado, se lava con salmuera saturada, y se seca sobre suifato
de magnesio anhidro. Sulfato de magn_esid se¢ remueve por filtracién, v después el
solvente se concentra in vacuo. Después se 'gﬁade n-hexano al ;esiduo resultante. El
solido resultante se filtra, y deépug’s se seéé in vacuo para producir el compuesto 18¢
como un sélido blanco (9.28g, 85%).

" '"H-RMN (CDCl) & (delta): 5.27 (2H, ), 7.10 (1H, s), 7.25-7.44 (10H, m),
7.63 (2H, d, J = 8.4 Hz), 7.71-7.82 (4H, m), 8.14 (2H, d, J = 8.4 Hz).

-~

Etapa (3): Compuesto 18¢ — Compuesto 18d — Compuesto 18f

Compuesto 18¢ (6.95 g, 15 n'wmol) se disueive en cloruro de metileno (70
ml}, posterio'rmente se enfria a 0°C, y después metilhidrazina {0.88 ml, 16.5 mmol) se
anade en una porcion, seguido por agitacién a 0°C durante 1.5 horas. El sélido resultante

se remueve por filtracién. El solvente se evapora bajo presion reducida y, ademas se seca
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in vacuo para producir el compuesto 18d como un solido amarillo palido. ElI compuesto
18d obtenido se uéé para la siguiente reaccié'n sin purificacion.

Despues una solucmn del compuesto 18¢ {4.08 g, 15 mmol) en metanol (40
ml) se enfria a 0° C Aesta solucnon se anade una solucidn de cloruro de metileno (20 mi)
de la cantidad completa del compuesto 18c obtenido como se describe posteriormente,
seguido de agitacién a 0°C durante 1 hora y ademas a temperatura ambiente durante 1
hora. La solucién de reaccion se concentra in vacuo, y después se anade agua al residuo,
seqguido por la extracmon con acetato de etllo La capa orgéanica se Iava con agua, se lava
con saimuera saturada, y despues se secd so_bre sulfato de magnesic anhidro. Sulfato de
magnesio se remueve por filtracion, y después el solvente se concentra in vacuo.
Después metanoi se anade al residuo resultante, el-sélido resultante se filtra, y después
Se seca in vacuo para producir el compuesto 18f como un sdlido btanco (6.23¢g, 71%).

'H-RMN (DMSO0-dg) & (delta): 1.46 (9H, s), 5.31 (2H, s), 7.04 (1H, ), 7.27-

7.43 (7H, m), 7.562-7.55 (6H, m), 8.11 (2H, d, J = 8.4 Hz).

' Etépa _{4): Compuesto 18f —= Compuesto 18q — Compuesto 18h —

Compuesto {[1-18)

Compuesto 18g (2.373 a, 2.22'mrr'1_o'l) se disuelve en cloruro de metileno (30
ml), posteriormente se enfria a -10°C. Después compuesto 18f (1.18 g, 2.0 mmol), sal de
acido clorhidrico (0.51 g, 2..67‘ mmol) de N-(34dimetilaminopmpiI)-N’—etilcarbodiimida, y
piridina (0.233 rﬁl,.2.89 mmol} se aftade a esto a su vez, posteriormente se agita a -10°C
durante 1.5 horas. Solucién acuosa de &cido clorhidrico 2N (2 mi) se anade a la mezcla
de reaccion, y después se conc.entr.a in vaqup.".bespués se ahade agua a esto, seguido
por la extraccién con acetato de etilo. La capa orgénica se lava con agua, se lava con
salmuera saturada, y luego -se‘ seca sobré sulfato de magnesioc anhidro. Después se
remueve sulfato ‘de magnesio por filfracién,‘s_e evapdra el solvente bajo presion reducida,

y ademas se seca in vacuo para producir el compuesto 18h como un sélido formado color
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pardo. El compuesto 18h obtenido se usa para la siguiente reaccion sin purificacion.
' lLa cantidad completa del compuesto 18h obtenido se disuelve en cloruro de

metileno (15 ml), posteriormente se enfria.a ;40°C, y despues anisol (1.97 ml, 18 mmol) y
4cido trifluoroacético (30 ml) se anaden a_est'o'a su vez, seguido por agitacion a 0°C
durante 1 hora. El solvente se evapora bajo presién reducida, y después agua enfriada
con hielo, acetonitrilo, y diisobrdpi!éter sé afaden a esto. Después de gue la capa acuosa
se separa, résiﬁa. HP20-SS se anade a esto, el acetonitrilo se concentra in vacuo. La
solucién mezclada resultante se purifica mediante cromatografia de columna ODS. Una
solucidn acuosa. de hidroxido de sodio 0.2 N se anade a la solucion obtenida del
compuesto deseado hasta que la ‘solucién tiene pH = 6.0, y después el exceso de
hidréxido de sodio se neutréliia mediante la adicién de una pieza de hielo seco. La
solucién reéultaﬁte se concentra in vacuo, y de'spués se liofiliza para producir el
compuesto (li-18) como un polvo blanco (138 mg, 7%).

"H-RMN (D,0) & (delfa); 2.20_(4};{,.br), 3.24 (1M, d, J = 17.4 Hz), 3.41-3.91
(10H, m), 4.08 (1H, d, Jd = 14.1 Hz); '5‘22_(1H,'d, J=5.1Hz), 5.26 (2H, s}, 5.76 (1H,d, J =
4.8 Hz), 6.80 (1H, d, J = 8.1 Hz), 6.89 (1H, d: J = 8.4 Hz), 6.93 (1H, s), 7.46 (2H, d, J = 8.1
Hz), 7.81 (ZH, d, J= 8.1 Hz). .

Analisis elemental para: Ca4H-33CIIN?O1oSQNa-O.2NaHCOa°5.6H-20.

Calcllado: C, 43.70; H, 4.76; Cl, 3.77; N, 10.43; S, 6.82 (%).

Encontrado: C, 43.67; H, 4.70; Cl, 3.80; N, 10.44; S, 7.05 (%).
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- EJEMPLO 61

Sintesis del compuesto (1I-19)
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- FORMULA 135

Etapa (1): Compuesto 19a + Compuesto 19b — Compuesto 19¢

5-aﬁ1inopiridina_ 1_93'(.0.951 g_,'10 mmol), compuesto 19b (4.72 'g, 11.00
mmol), 1-hidroxibenzotriazol (1.486 g, 11.00 mmol), y sal de &cido clorhidrico (2.109 g,
11.00 mmol) de N-(S-dimetiIaminoprépil)_-N’-etiIcarbodiimida se disuelven en
dimetilacetamida (19.5 m}), posterio‘rmenté se agita a 70°C durante’8.5 horas. Se afade
agua destilada a la solucién de reaccion, y- eﬁtonces el sélido precipitado se filtra. El
residuo filtrado se lava con carbonéio écido_de sodio acuoso saturado, se lava con agua

destilada, y después se lava con diisopropiléter. El residuo se disuelve en metanol,
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seguido por agitacion durante 3.5 horas bajo r.'ei;lujo. La solucién de reaccion se filtra, y
después el residub fiitrado se tava con metanol. El residuo se seca in vacuo para- producir
el compuesto 19¢ como un sélid‘o blanco (1 .41 g, 28%).

| 'H-RMN (DMSO-dg) & (delta): 10.80 (1H, s), 9.09 (2H, s), 8.93 (1H, s), 7.48-
7.26 (6H, m), 6.99 (2H, d, J = 8.5 Hz), 6.88 (2H d J = 8.5 Hz), 5.21~(2H, s), 4.93 (2H, s},

3.77 (3H, s), 3.75 (3H, s).

- Etapa (2): Compuesto 19¢ + Compuesto 19d — Compuesto 19e

Compuesto 19¢ (0.506 g, 1.00 mmol) y compuesto 19d (0.940 g, 1.00
mmol) se disuelven en dimetilacetamida 3 ml), posteriormente se agita a temperatura
ambiente durante 6 horas. Dimeftilformamida (30" ml) se afade a la solucién de la reaccion,
seguido por enfriamiento a -40°C, y ;:Iespués_tfibromuro de fésforo (0.19 ml, 2.00 mmol) se
aflade a esto. La solucién de reaccidn se agita a -40°C durante 3 horas, y después
acetato de etilo y. 'agua helada se aﬁadeﬁ a esto. La capa organica se extrae con la
operacion de separacion, luego se lava cdn salmuera saturada vy, ademas se seca sobre
sulfato de magnési6 anhidro. El sulfato de méghesio se filtra, se evapora el solvgnte bajo
presion reducida al compuesto.19é COMO u_n‘ sélido formado. El 19e obtenido se utiliza

para la siguiente. reaccion sin purificacion.

Etapa (3): Compues’fo 19e —> Compuesto (11-19)
La .cantidad total de cpmpuesid 1§e crudo obtenido por la reaccidn anterior
se disuelve en cloruro de metileno .(15 ml), posteriormente se enfria a -40°C. Anisol (1.09
ml, 10.0 mmol) y solucion de cloruro de aluminio 2M/nitrometano (5.00 mi, 10.0 mmol) se
anade a esto a su vez, seguido por agitacién a 0°C durante 2 horas. A la solucién de
reaccion se aﬁade. agua destiladé,' acetonitrilo, ‘diisopropiléter, y 'Ia; solucién acuosa de

&cido clorhidrico - 2N, y fuego se. agita. Debido a que la precipitacion aparece, el

sobrenadante se separa por decantacién. La-capa acucsa se separa del sobrenadante por
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la operacién de separacion. La capa acuosa se combina con la decentacion del residuo, y
después solucién acuosa de acido clorhidrico 2N y acetonitrilo se agregan para producir
una soluciéon homogenea. Resina de HP- 2088 se anade a la solucién, se concentra, se
somete a cromatografia de columna que conecta fa} columna HP20SS y columna ODS
posterior, y despﬁ'és se purifica. La solﬁcién resultante del compuesto deseado se
concentra in vacuo, y después se liofifiza para producir el compuesto (il-19) como un
polvo blanco (58 mg 8%). |

'H-RMN (D,0) 8 (.delfa): 8.34 (1 .H, 8), 7.18 (1H, d, J =8.5Hz), 6.86 (1H, d, J
= 8.5 Hz), 6.58 (1H, 5}, 6.35 (1H,d, J = 2.2 Hz), 5.79 (1H, d, J = 4.7 Hz), 5.46 (1H,d, J =
4.7 Hz), 5.12 (1H,-<'j, J = 10.6 Hz), 5.03-4.66 (3H, m), 4.48 (1H, d, J = 10.6 Hz), 1.32 (6H,
s). | ) |

EM (m31) < 733 |

Andlisis elemental pe;ra C23H24CINg_OmSzNa(Nchog)1_5(H20)e.1.

- Calculado:; C, 35.75; H, 3.83; 'CI, 3.58; N, 11.31; 5, 6.47; Na, 5.80 (%).
Enclo.ntradoz C, 35.53; H, 3.63;_ Cl, 5.26; N, 11.80; S, 6.59; Na, 3.04 (%).
_ EJEMPLO 62

Sintesis del compuesto (11-20)
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Férmula.136

-

Etapfa (1): Compuesfo 20a + Compuesto 20b — Compuesto 260

Compuesto 20a (1..O‘O.g, 1.16‘n'-1.mo|) y compuesto 20b (0.606 g, 1.10 mmaol)
se disuelven en dimetilformamida (3.5 ml), posteriormente se agita a temperatura
ambiente durante 3 horas. Acetato de etilo y solucion acuosa de acido clorhidrico 0.1N se
anaden después a la solucién de ta reaccion. La capa orgénica se separa, se lava con
solucion acuosa de acido clorhidrico 0.2N, se fava con salmuera saturada, y después se
seca sobre sulfato de magnesio anhidro. Su!fato de magnesio se fiitra, y después se
evapora el solvente bajo presién reducida para producir 20c como un sdlido formado. El

compuesto 20c dbienido Se usa para la siguiente reaccidn sin purificacion.

Etapa (2): Compuesto 20c —> Compuesto (11-20)

La cantidad completa del compuesto 20c crudo obtenido por la reaccion
previa se trata de manera sir;nilar corho se describe anteriormente para producir el
compuesto (i|-20) como un polvo blanco (63 mg, 10%).

"H-RMN (D,0) 5 (delta): 7.00 (1H, s), 6.93 (1H, d, J = 8.5 Hz), 6.88 (1H, d, J
- 8.5Hz),5.23 (1H; d, J = 2.6 Hz), 5.13 (1 H, d, J=26 Hz), 4.94-4.56 (3H, m), 4.33 {1H, d,
J = 13.6 Hz), 3.97-3.85 (2H, m), 3.53-3.33 (8H; m), 1.98-1.91 (6H, m).

EM (mef) =751 o

| Aﬁénsi.s elemental para CaoHa: CINyNaO16S5(NaHCOs)o 5(Hz0)s s

Caleulado: G, 40.92;-H, 4.56; Cl, 3.96; N, 10.95; S, 7.16; Na, 3.85 (%).

Encontrado: C, 40.76; H, 4.63; Cl,4.09; N, 10.89; S, 7.34; Na, 2.77 (%).
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EJEMPLO 63 -

Sintesis del compuesto (11-21
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Férmula 137

" Etapa (1); Compuesto 21a + Compuesto 21b — Compuesto 21¢

Tratamiento similar al que se describe anteriormente produce el compuesto

20c como un sdlido formado. El 20c obtenido se usa para la siguiente reaccién sin

purificacién.

EtapJ.?) Compuesto 21¢c — Comp_uesto {lI-21)

La cantidad completa del compuesto 21c crudo obtenido por la reaccion
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previa se trata de manera similar a como’ se describe anteriormente para producir el
compuesto (I'[-21‘) como un polvo blanco (406 mg, 48%).

'H-RMN (D,0) & (delta): 6.98 (1H, s), 6.92 (1H, d, J = 8.4 Hz), 6.87 (1H, d, J
= 8.4 Hz), 5.85 (1H, d, J = 5.0 Hz), 5.32 (1H, dJ = 5.0 Hz), 3.88-3.80 (2H, m), 4.86-4.55

9  (3H, m), 3.53-3.27 (8H, m), 1.94-1.88 (6H, m),-1.47 (3H, d, J = 7.1 Hz).
EM (m+1) = 765 ‘
| Aﬁéiisis elemental para Cs;H3:CINNa010S2(NaHCO)0 s(Hz0)a 5.
Calculado: C, 41.61;,.H, 4.71; Cl, 3.90; N, 10.78; S, 7.05; Na, 3.79 (%).
Encontrado: C, 41,.78;. H, 4.87; .Cl.,ic'l.O‘l; N, 10.77; S, 7.07; Na, 2.74 (%).
10

EJEMPLO 64

Sintesis del compuesto (11-22)
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Formula 138

Etapa (1): Com'pulesto 22a + C"ombuesto 22b — Compuesto 22¢

| De acuerdo con un método similar al descrito en Bioorg. Med. Chem. 2007,
15, 6716, el compuesto 22a obtenido (892 mg, -1 mmal} y el compuesto 22b (525 mg, 0.99
mmol} se disuelven en dimetifacetai."nida (3 ml)."y después yoduro de potasio (450 mg, 3
mmol) se anade é la solucion de reaccién en un bano de agua, posteriormente sé agita a
temperatura ambiente durante 100 minutos: Dimetilformamida (6 ml) se anade a la
solucién de reaccion, seguido por enfriamiento a 0°(“;, yoduro de potasio (1.33 g, 8 mmol)
y el cloruro de acetilo (0.43 ml, 6 mmol) se aﬁa(‘.je_ a esto a su vez, posteriormente se agita
a la misma temperatura durante -una hora. La.séluoién de reaccion después se diluye con
acetato de etilo. Una solucién apudéa de sulfito 4cido de sodio al 10% se anade é esto, y
despues la capa organica se separa. La capa ofgénica se lava con salmuera saturada, y
luego se seca sobre sulfato de magnesio.' Sulfato de magnesio se filtra, y después se
concentra in vacuo para producir el corhpue:;tp 22c. Compuesto™22c se usa para la

siguiente reaccién sin purificacién.

- Etapa {2): Compuesto 22¢c — Com.pue‘stojll-22)

La cantidad total del comp‘ues_to 22c crudo descrito anteriormente se
disuelve en cloruro de metileno (B'mf) y ahisol (1.1 mi, 10 mmol), y Eiespuéé se enfria a -
40°C. Solucién dé ;:Ioruro de aluminio 2M/nitf0rﬁetano (6 ml, 10 mmol) después se afiade
a esto, posteriormente se agita dLhirante‘ una.ho_ra en un bafo de hielo. La solucion de
reaccién se resuelve en una solucién mezclada de solucién acuosa de acido clorhidrico
1N y acetonitrilo, y después diisopropiléter se afade a esto. Después de que la capa
acuosa se separa, la resina HP-20SS sé anade, y después se concentra in vacuo. La
solucién concent‘ra;:la se somete a _cromatdgjkaﬂa de columna ODS eluyende con agua-
acetonitrilo. Las fracciones que coﬁtienen el.compuesto deseado se concentran in vacuo,

y despues se liofilizan para producir el compuesto (1i-22) (338.3 mg, 46%) como un polvo.
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EM: 738.03 (M+H)

‘H-hMN (DMSO-dg) 5 (delta): 9.60 (1H, d, J = 8.52 Hz), 8.48 (1H, {, J=58
Hz), 7.28 (2H, br s), 6.88-6.78 (3H, m), 5.78 (1H, dd, J = 8.2, 5.2 Hz), 519 (1H, d, J = 5.2
Hz), 5.08 (1H, d, J = 13.5 Hz), 4.63 (1H, g, J=72 Hz), 3.96 (1H, d, J = 13.2 Hz), 3.87 (1H,

5 d,J=16.5Hz), 3.60-3.55 (9H, m), 2.17-2.01 (4H, m), 1.45 (3H, d, J = 7.2 Hz).
Analisis elementalpara: CosHgCINO10S8x5.1(Hs0).
Calculado: C, 41.96; H,5.12: N, 11.81; S, 7.73; Cl, 4.27 (%).

~ Encontrado: C, 41.91; H, 4.92; N, 12.07; S, 7.78; Cl, 4.08 (%).
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EJEMPLO 65
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Férmula. 139

Etapa (1): Compuesfo 23a + Compuesto 23b — Comp:.:esto 230

Coﬁpuesto (4 g,. 33.9 mmdln)'l ée disuelve en tetrahidrofurano (50 ml).
Mientras se agita, una solucion de tetrahidrofurano (30 ml) de difenildiazometano 23b
(6.91 g, 35.6 mmoil) se anade gota a gota a esto. Después la solucién de reaccién se agita
a temperatura ambiente por dos horas, se evapora el solvente bajo presiéon reducida.
Después se anade n-hexano (1 OO‘ml) al residug. El séhido resultant‘;a se filtra, y después
se lava con n-hexano para prodﬁcir_ el compﬁé_sto 23c (8.25 g, 86%) como un sélido.

"H-RMN (CDCly) § (deita): 7.36-7.29 (10H, m), 6.96 (1H, s), 4.16 (1H, d, J =
3.2 Hz), 2.67 (1H, br s), 2.23-2.13 (1H, m), 1.02 (3H, d, J = 7.0Hz), 0.77 (3H, d, J = 7.0

Hz}.

Etapa (2): Compuesto 23c + Compuesto 23d — Compuesto 23a

Compuesto 23c (é.‘l? a, 28.7 fnrnol) se disuelve en tetrahidrofurano (80 ml)
y después tfifen'ilf.osfina (8.29 g, 31.6 mmol), el compuesto 23d (5.16 g, 31.6 mmol) y
azodicarboxilato de diisopropilo (6.15 mi, 31.6 mmol) se afade a esto a su vez. Después
de agitar a temperatura ambiente durante t'r.es.'.ﬁoras, trifenilfosfina (1.51 g, 5.74 mmol),
compuesto 23d (0.93 g, 5.74 mmol),"y azodicarboxilato diiscpropilo (1.1 ml, 5.74 mmol) se
anadieron a esto a su vez, segulido por agitai:ién'adicional durante 45 minutos. E! solvente
se evapora ‘baj(-) ‘presion reducida, y después metanol (120 ml) se anade. E| sélido
resuftante se filtra, y después se lava con Metahol para producir el campuesto 23e (7.46 g,
60%) como un sdlido. | B

"H-RMN (CDCl,) & (délta): 7.79:7.72 (4H, m), 7.38-7.20 (10H, m), 6.98 (1H,
s), 4.65 (1H, d, J = 7.14 Hz), 2.45-2.34 (1H, -m), 1.18 (3H, d, J = 6.73 Hz), 1.00 (3H, d, J =
6.73 Hz). |

Etapa (3): Compuesto 23e wCorﬁ‘puesto 23f — Compuesto 23h
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' Cc')m_puesto 23e (3.01 g, 7 mmol) se disuelve en cloruro de metileno (30 mi),
y después metilhidrazina (0.39 ml, 7.35 rmmol) se anade a esto bajo enfriamiento con
hielo, posteriormente se agita a la misma temperatura durante una hora. El sdlido
resultante después se elimina .po_r. fiItraciéln-: Se afade metanol (15 mi) al filtrado, vy
después el compuesto 23g (2.00 g, 7.35 minol)- se afiade a bajo enfriamiento con hielo,
posteriormente se agita a la misma temperatura durante tres horas. El solvente después
se evapora bajo presién reducida. Acetato_ de etilo y agua se aﬁaderl a esto, y despues la
capa organica se separa. La capa organica se lava con salmuera saturada, y después se
seca sobre sulfato de magnesio anhidro. SL:Ifato de magnesio se filtra, y después se
evapora el solvente bajo pres‘iéri reducida. Después de 'a evaporacién, acetato de etilo se
afiade al sélido résultante para producir ef compuesto 23h (1.66 g, 44%) como un sélido.
'H-RMN (CDCl,) 8 (delta): 7..38-7‘.26 (10H, m), 6.94 (1H, s), 4.96 (1H, d, J =
3.7 Hz), 2.41-2.30 {1H, m), 1.07 (SH; d,J=70 Hi), 0.85 (3H,d, J =7.0 Hz).

EM: 552.22 (M-H).

Etapa (4): Compuesto 23i — Compueéto 23]

Compuesto 23i (45.1 g, 100 mhol) se suspende en clorurc de metileno
(750 ml}, y después 2,6-lutidina (24.5 ml, 210 rr-inlwl) y cloruro de tritilo (30.7 g, 110 mmol)
se afade bajo enfriamiento con hielo en, a su vez, posteriormente se agita a ten’iperatura
ambiente durante 3 horas. Sé anade 2,6-Iutic.:|inaA(5.8 ml, 50 mmol) se afiade a la solucién
dela reaccién, seguido por agitacion 165 minutos, y-después cloruro de tritilo (8.37 g, 30
mmol) se ahade a esto, posteriormente se agita durante 30 minutos. Ademas se anade
2,6-lutidina (5.8 mf, 50 mmol} a la solucién de reaccion, y después se deja reposar a
temperatura ambiénte durante la noche. Una solucién acuosa de acido clorhidriéo 1N se
afade a la soluc_ién de reaccion, y después la cépa organica se separa. La capa orgénica
se lava con agua, ‘'se lava con salmuera séturada, y después se seca sobre suh‘a@o de

magnesio anhidro. Sulfato de magnesio se remueve por filtracion, y después se evapora
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'H-RMN (CDCly) & (delta): 7.51-7.24 (25H, m), 6.88 (1H, s}, 4.80 (1H, dd, J
= 9.8, 4.8 Hz), 4.28-4.43 (3H, m), 3.49 (1H, d, J = 18.1 Hz), 3.35 (1H: d, J = 18.1 Hz), 3.00

(1H, d,J=9.9Hz).

~ Etapa (5): Compuesto 23] —).Combuesto 23k
El ddmpuesto crudo 23] (84.? g). obtenido como se describe anteriormente
se disuelve en cloruro de metileno, y desbués una solucién de acidd m-cloroperbenzdico
(75%, 23 g, 100 h_w%nol) en cloruro de metileno (éOO ml) se anade a esto bajo enfriamiento
con hielo, posteriormente se agita 'a‘la mism_a- temperatura durante 30 minutos. Se anade
ademas acido m-cloroperbenzoico (75%, 6.90 g; 30 mmol), seguido de agitacién durante
30 minutos bajo ehfriamiento con hielo. Uné solucién acuosa de carbonato acido de sodio
se anade a la solucién de reaccién, y d'espu.és la capa organica’se separa. La capa
orgénica se lava 'qc;n solucién acuosa de sulﬂto_ de sodio a 5%, se lava con agua, se lava
con salmuera saturada, y después .se seca sdbre sulfato de magnesio anhidro. Sulfato de
magnesio se remueve por filtracién, y después se evapora el solvente bajo presion
reducida. El residﬁo resultante se disuelve en una pequefia cantidad de cloruro de
metileno, y después diisopropiléter'se aﬁade. Dgspués de que el sélido resultante se filtra,
el residuo filtrado“s‘e lava con diiéopropiléter; "y después se seca in vacuo para producir el
compuesto 23k (58.8 g, 89%).comd un sélido.r
. "H-RMN (CDCly) & (delta): 7.57-7.28 (25H, m), 6.92 (1H, s), 4.89-4.84 (2H,

m}, 4.04 (1H, d, J = 12.2 Hz), 3.46-3.56 (3H, m), 3.05 (1H, d, J = 18.5 Hz).

Etapa (6): Compuesto 23k + Cdrnpuesto 231 — Compuesto 23m

Compuesto 23k (13.5 g, 20 mmol) y compuesto 231 (10.5 g, 20 mmol) se
disuelve en ‘dimétil_acetamida (60 ml), y despues se desgasifica en un bano de agua.

Mientras la solucion de reaccion se agita, .yoduro de potasio (8.99 g, 60 mml) se anade a
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esto, seguido por agitacion a 1empér'atura ambiente durante 80 minutos. Dimetilformamida
(100 ml) se afade a la solucion de reaccion Bajo_enfriamiento con hielo, seguido por
desgasificacion, y'd'espués yoduro de potasio (26.6 g, 160 mmol) y cloruro de acstilo {8.56
ml, 120 ml) se afade a esto a su vez, pbsteri_or_mente se agita a la misma temperatura
durante una hora. La solucién de reaccién 'deépués se vierte en una solucién de suifito
acido de sodio (68 g) se disuelve en sa!mugfa (1200 mi). El sdlido resultante se filtra, y
después se lava con agua. El residuo filtrado sé disuelve en cloruro de metileno, se lava
con agua, y despﬁés se lava con salmuera. saturada. La capa organica después se seca
sobre sulfato de magnesio anhidro. Sulfatd de magnesio se remueve por filtracion, y luego

se evapora el solvente bajo presién reducida 'par'a producir el compuesto 23m (27.3 g).

. Etapa (7): Compuesto 23m — Compuesto 23n
El c-o.mpuesto 23m crudo (27.3 g) obtenido como se describe anteriormente
se disuelve en acetona (130 ml), y.después solucién acuosa de écidza clorhidrico 6N (4.93
ml, 29.6 mmol) s;e afiade a esto a 1emperéfuré ambiente durante 3.5 horas. Cloruro de
metileno (500 ml} se anade a la sélucién de reaccion para diluir, y después secar sobre
sulfato de magnesio anhidro. Sulfato de magnesio se remueve por filtracion, y despues se
evapora el solventé bajo presion reducida para producir 23n (26.6 g).

EM: 903.35 (M + H). -

Ftapa {8): Compuesto 23n + Compuesto 23h — Compuesto 230

' COmpuesto 23n (1.18 g, 1.1 mrﬁol), compuesto 23h (554 mg, 1 mmol), y sal
de Acido clorhidrico {253 mg, 1.32 mmol) de N—(3—dimeti|aminoprOpiI)-N-'eﬁlcarbodiimida
se disuelven en cloruro de metileno (15 ml), y d.e'spués se enfria a 0°C. Piridina (0.12 mi,
1.43 mmol} se anade a la solucién.de reac‘c-i_c')n, seguido de agitacién durante una hora
bajo enfriamiento con hielo. Solucién acucsa de acido clorhidrico 2N (1 ml), acetato de

etilo y agua se afaden a la solucién de reaccién, y después la capa organica se separa.
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La capa organica se lava con salmuera saturada, y después se seca sobre sulfato de
magnesio anhidro. Sulfato de magnesio se remueve por filtracién, y después se evapora
el solvente bajo presion reducida para producir el compuesto 230 (1.52 g).

EM: 1438.58 (M + H)

Etépé {9): Compuesto 230 — Corﬂpuesto {11-23)
El compuesto crudo ‘230 (1.52 Q) obtenido como se describe anteriormente
se disuelve en cloruro de metileno (8 ml) y anisol (1.1 ml, 10 mmol), y después se enfria a
-40°C. Solucidn dé'cloruro de aluminio 2M[lnitrometano (5 ml, 10 mmol) se anade a esto,
10 seguido por agitacién a una tempefatura e.ntre -.jO°C y -5°C durante una hora. La solucién
de reaccion se di_Sl'JENe en una'solgcién adﬁosé de &cido clorhidrico 1N y acetonitrilo, y
después la capa acuosa se separé. Después. la capa acuosa se lava con diisopropiléter,
resina HP-20SS -se afiade a esto, y luego se concenira in vacuo. La solucién concentrada
se somete a croﬁwétograﬁa de columna ODS, se eluye con solucién acuosa de acido
15 clorhidrico-acetonitrilo. Las fracéiones .que - contienen el com;;uesto .deseado se
concentran in vac;*uo, y después se liofilizan 'p'aré producir el compuesto (1-23) (195.9 mg,
26%) como un polvo. |
- EM: 766.07 (M+H).
'H-RMN (DMSO-dg) & (delta): 9.67 (1H, d, J = 8.0 Hz), 8.53 (1H, 1, J = 5.2
20 Hz), 6.82 (1H, s), 6.78-6.75 (2H, rﬁ), 593 (1H,dd, J = 8.0, 5.2 Hz): 5.31 (1-H, d, J=50
Hz), 4.66 (1H, d, J = 13.9 Hz), 4.,;36_(.1 H, d, J.=_5.1 Hz}, 4.29 (2H, d, J = 14.6 Hz), 3.99 (3H,
d, J = 17.1 Hz), 3.62-3.40 (9H, m), 2.15-1.89°(5H, m), 0.96 (6H, dd, J = 5.1, 6.7 Hz).
* Andlisis elemental para: CgiHasCIN;O16S504.2(H,0)e1.9(HCI).
Calculado: C, 40.86; H, 5.12; N, 10.76; S, 7.04; Cl, 11.28 (%). ‘

25 Encontrado: C, 40.86; H, 5.03; .N,'.‘1'0.72; S, 6.99; Cl, 11.20 (%).
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. EJEMPLO 66

Sin'tesi_s del compuesto (11-24)
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Férmula 140

Etapa (1): Com'pu'esto 24a.-—> Compuesto 24b — Compuesto 24d

' Compuesto 24a (2.99 g, 7 mmol), sintetizados de manera similar por un
método descrito en Bioorg. Med. Chem. 2007, 15, 6716, se disuelve en cloruro de
metileno '(30 mi). -Metilhidrazina (0.37 mI{.T.‘.mmoI) después se anade a esto bajo

enfriamiento con hielo, posteriormenite se agita a la misma temperatura durante una hora.
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El sélido que apéréce durante la reaccién déépﬁés se remueve por filtracion. Metano! (15

ml) se anade al filtrado, y despuéé el compuést_o 24c¢ (1.91 g, 7 mmol) se anade a esto

bajo enfriamiento con hielo, seguido por agitacic’)n a la misma temperatura durante una

hora. Después de .e;gitar a temperatura ambiente, durante otras tres horas, acetato de etilo

5  y solucién acuosa de acido clorhidfico 0.‘|N se ahade a esto. La cap‘:ﬂ orgéniba se separa,

se lava con agu;a, lavado con éalmuera sét.Ura.da, y después se seca sobre sulfato de

magnesio anhidro. Después -de qLJe sulfate de magnesio se remueve por filtracién, el

solvente se concentra in vacuo, y despues diisopropiléter se afiade al residuo. El sélido

resultante se filtra, y después se lava con diisopropiléter para producir el compuesto 24d

10 (2.28 g, 59%) como un solido. | " |

EN:I.: 552.05 (M+H)~. ‘

*H-RMN (CDCly) 3 (delta): 7.37-7.23 (10H, m), 6.92 (1H, s), 2.64-2.51 (4H,

m), 2.06-2.03 (2H, m), 1.55 (9H, s),

-

15 Etapa (2): Compuesto 24e + Compuesto 24f — Compuesto 24g —

Compuesto (iI-24)

Compuesto 24e (.1 18 g, 1.1 mmol) y compuesto 24f (546 mg, 0.99 mmol)
se usan, y el cbm_puesto 24g y el compuesto (lI-24) se obtienen de acuerdo con un

procedimiento similar al que se describe anteriormente.

-

20

Compuesto 24q (1.67°g)

EM: 1437.59 (M+H).

Compuesto (11-24) (251.7 mg, 33%) .
25 EM: 764.04 (M+H) ‘

‘H-RMN (DMSO-dg) & (delta): 9:75 (1H, d, J = 8.2 Hz), 8.55 (1H, br's), 6.86-

6.78 (2H, m), 5.97 (1H, dd, J = 8.2, 5.2 Hz), 5.35 (1H, d, J = 5.2 Hz), 4.68 (1H, d, J = 14.6
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Hz), 4.31 (1H, d, J—137Hz) 402(1H d, J_171 Hz), 366310(9H m}, 27826?(2H
m), 2.46-1.84 (10K, m).
Analisis elemental para C;;H34CIN;0105,#3.9(H,0)e1.7(HCI).
: Calpglado: C,41.53; H, 4.89; N, 10.94; S, 7.15; Cl, 10.68 {%).

Encontrado: C, 41.33; H, 4.85; N, 11.66; S, 6.89; CI, 10.75 (%).

. EJEMPLO 67

Sintesis del compuesto (I-25)
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-

Etapa (1): Compuesto 25a + Compuesto 25b — Compuesto 25¢

Compuesto 25a (1.91 g, 2.83 mmol) y el compuesto 25b (1.56 g, 2.83
mmol) se disuelven en dimetiiacetamida (S n"ll), y después se desgasifican en un bano de
agua. Mientrés la solucién de reaccion se agita, yodt_Jro de potasio (1.27 ¢, 8.49 mmol) se
anade a esto, seguido por agitacién a .ten.wperatura ambiente durante- 40 minutos.
Dimetilformamida (15 ml) se anade .a la solucié.h de reaccion bajo enfriamiento con hielo,
seguido por desgésificacién, y desp'Ués deurO de potasio (3.76 g, 22.6 mmol} y cioruro de
acetilo (1.21 mI,_ 17.0 mmol) se anaden a ‘esto' a su vez, posteriormente se agita a la
misma temperatura durante una hora. La solucién dé reaccion después se vierte en una
solucién de sulfito acido de sodio (8.5 g) dis.uelta en salmuera: (150 ml). E! sdlido
resultante se filtra, y después se lava con ag'ua:' El solido obtenido se disuelve en cloruro
de metileno, se !éva con agua, y d'e'spués salmuera saturada. La capa organica Idespués
se seca sobre sulfato de magnesio anhidro. | Sulfato de magnesio se remueve por
filtracién, y después se evapora el solvente bajo presion reducida para producir el
compuesto 25¢ {(3.56 g). . - y

EM: 1171.44 (M +H)

~ Etapa (2}): Compuesto 25¢c — Qom‘guegto 25d

El c.o'mpuesto 25¢ crudo (3.5_6 g) obtenido como se describe anteriormente
se disuelve en acetona (20 ml), y despuéé solycion acuosa de 4cido clorhidrico 6N (0.68
ml, 4.06 mmol) sé éﬁade a esto, posteriorme'nte- se agita a temperatura ambiente durante
5 horas. Cloruro de metileno y meténol se aﬁ_aﬂeh a la solucién de la reaccidn para diluir, y
después secar sobre sulfato de magnesio anhidro. Sulfato de magnesio se remueve por
filtracion, y despuéé se evapora el solvente bajo presion reducida para producir 25d (3.83
9. | )

EMém56m+Hy'
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| Et.aoa (3}: Compuesto 25d + Comouesio 25e — Compuesto 25f
Compuesto 25d (1.20 g, 1.1 .mrﬁol) y compuesto 25e (5§54 mg, 1 mmol) se
usan, y el compuesto 25f (1.34 g) sé obtien,e_d‘é.acuerdo con un procedimiento similar al
que se describe ahteriormente.

EM: 1464.89 (M + H)

Etapa {4): Compuesto 25f —+ Compuesto (11-25)

La" cantidad total de 25f obténfdo como se describe anteriormente se
disuelve en clorur§ de metileno (2 ‘ﬁl) y anisol (0.83 ml, 7.63 mmol), y después ;se enfria
con hielo. Acido trifluoroacético (8.5 mi, 110 mmol) después se anade a esto,
posteriormente se agita bajo enfriamiento  con hielo durante una hora. Acido
triffuoroacético (2 ml) se anade & esto, Segui;iq por agitacion a t&mperatura ambiente
durante 30 minutos. Después de que el s'olv.'ente se evapora bajo presién reducida,
diisopropiléter se afiade a esto, y déspués el sélido resultante se filtra. Ei sélido ‘obtenido
después se disuelve en acetonitrilo y una solucién acuosa de acido clorhidrico 1N. Resina
HP-20SS se anade a esto, y después se ‘con.centra in vacuo. La solucién concentrada
después se somete a cromatografia de coE'umna ODS, se eluye con agua-acetonitrilo. Una
solucion acuosa'dé hidroxido de sodio 0.2N aespués se anade a las fracciones que
contienen el compuesto deseado p-a-ra obten_ef una sal de sodio. El solvente se concentra
in vacuo, y después se liofiliza para producir el compuesto {I1-25) (201.2 mg, 29%) como
un polvo. ‘ |

EM: 792.21 (M+H) )

1H-"Fi-[VIN (D:0) 8 (delte;): 6.97 '(fH,r s}, 6.90-6.83 (2H, m), 5.85 (1H, d, J = 4.8
Mz), 5.34 (1H, d, J = 4.8 Hz), 4.58 (lTH, d, J = ‘14:5 Hz), 4.34 (1H, d, J = 5.2 Hz), 3.89-3.83
(2H, m}, 3.50-3.33 (8H, m), 2.15-2.13 (1H, m), 1.98-1.84 (6H, m), 0.99 (6H, t, J = 6.9 Hz).

Ané-li.sis elemental para CasH3,CINO15S;:Nae4.8(H,0)+0.1(NaHCO3).

Calculado: C, 43.73; H, 5.18; N, 10.78; S, 7.05; C|, 3.90; Na, 2.78 (%).
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Encontrade: C, 43.87; H, 5.17; N, 10.72; S, 6.63; Cl, 3.94; Na, 2.88 (%).

EJEMPLO 68 -

Sintesis del cemp"uesto (11-26)
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Formula 142

- Etapa (1): Compuesto 26a — Compuesto 26h

Al compuesto 26a (1g, 6.44 mmol), sintetizado de manera similar por un
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metodo descrito en Helv. Chim..Aéta. 1954,.3.?, _1672, se aflade cloruro de tionilo (7 ml),
posteriormente se calienta a reflujo durante dos horas. Después cloruro de tionilo se
evapora bajo pres.ic"m reducida, xileno se anade a esto, y después se concentra in vacuo
otra vez. La solucién concentrada se enfn’é a O‘.’Q, y después una solucién acuosa (25 ml)
de azida de sodio"('1 67 g, 257 rhmql) se aﬁéfde -a esto con agitacion, seguido de agitacion
a la misma temperatura durante 10' minutos..Car_bonato de potasio después se afade a la
solucién de reaccidn hasta que cesa la efervescencia. Después de la extraccién con
tolueno, la capa olréénica se lava con sulfato de magnesio anhidro, y después sulfato de
magnesio se remueve por filtraciéh-. La s.olucic’)ln- resuitante despuéé se caii.enta a reflujo
durante 45 minufos. Después la éxtraccién c'csh éolucién acuosa de acido clorhidrico 6N, la
capa acuosa separada ademésse.calienta a reflujo durante 150 minutos. La solucién de
reaccion se enfria a temperatura ambiente, y después se concentra in vacuo. Después
isopropanol se aﬁéde al residuo, el sdlido resuitante se filtra, se lava con isopropanol, y
después se seca in‘ vacuo para proaucir el compuesto 26b (655.9 mg.,‘ 51%). |

1H-.F%I\.A’!N (D:0) & (del;a): 3.57 (6H t, J=7.6Hz), 226 (6H, 1, J = 7.6.Hz).

EM: 127.11 (M+H).

Etapa (2): Compuesto 26¢ — Compuesto 26d + Compuesto 26b —»

Compuesto 26e .

Compuesto 26¢ (858 mg, 2 mmol) se disuelve en dimetilacetamida (9 mi), y
después se enfria a -15 ° C. Trietitamina (0.33 ml, 2.4 mmol) se afiade a la solucion, y
después clorura de metanosulfonilo (0.20 -mi, 2.6 mmol) se afade a esto, seguido de
agitacién durante 30 minutos a temperaturé lehtre -10°C y -5°C. La solucién de reaccién
se enfria a -15°C, y después trie;i]arhina (0.9__2 ml, 7.2 mmol} y el compuesto 26b (478 mg,
2.4 mmol) se anhaden a esto a su .vez, posteriormente se agita durante 90 minutos bajo
enfriamiento con hielo. Una éofucic’m acﬁosé de hidréxido de sodio 0.2 N se anade a la

solucién de reaccién, seguido por la extraccién con acetato de etilo. La capa organica se
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lava con agua, ée lava con sélmqera satu‘r'ada, y después se seca sobre sulfato de
magnesio anhidro. Sulfato de magﬁesio 'se remueve por filtracion, y después el solvente
se concentra in vacuo. La solucion concentrada se somete a cromatografia de columna en
gel de silice, se eluye con cloroformo/metanoi Las fracciones que contienen el compuesto
deseado se concentran in vacuo para producw el compuesto 26e (4Sé 5 mg, 3%)

EIVI 537.19 (M + H)

"H-RMN (CDCly) 8 (delta): 7.37-7.34 (4H, m), 6.91 (2H, dd, J = 8.5, 2.1 Hz),
6.83 2H,d,J= 85 Hz), 5.85 (1H, br s), 5.08 (2H, s}, 4.94 (2H, s), 3.83 (3H, s), 3.81 (3H,

5),3.01 (6H, 1, J = 7.6 Hz), 1.98 (6H, 1, J = 7.6 H2).

Etapa (3): Compuesto 26f + Compuesto 26e — Compuesto 264

Compuesto 26f (450 mg, 0.84 mmol} se disuelve en dimetilformamida (3
ml), después se 'ga,sifica. Compuesto 26e (783 mg, 0.84 mmol) después se afade a esto,
seguido por agitacién a temperatura ambiente durante 40 minutos. Despuées la solucion de
reaccion se diluye con acetato de etilo, se af'_ladé solucién acuosa de sulfito acido de sodio
al 10%, y luego la capa orgdnica'se separa. La capa organica se lava con agua, y
despues se lavan con salmuera saturada. La capa organica se seca sobre sulfato de
magnesio, y'des;pués sulfato de magnesio se filtra. El solvente se evaporé bajo presion
reducida para producir el compuesto 26g (1.04 g).

EM: 1343.92 (M + H).

Etapa (4): Compuesto 26g — Compuesto 26h

| La cantidad total (1.04 g) del compﬁesto 26g crudo obtenido como se
describe anteriormente se disuelve en dlmetllformamlda (6 mi), y después-se enfria a -
40°C. Tribromuro de fésforo (0.10 mI 1.06 mmol) se anade a la solucién de reaccion,
seguido por agitaAcién ala misma‘femperatu'ra durante 40 minutos. Acetato de etilo se

anade a la solucién de reaccién para diluir, y después la capa organica se separa. La capa
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organica se lava con agua, y después se lava'con salmuera saturada. Después la capa
organica se seca sobre suifato de magnesio anhidro, el sulfato de magnesio se filtra, y

después se evapora el solvénte bajo presion reducida para producir el compuesto 26h

(931 mg).

EM: 1327.87 (M + H)

Etapa (5): Compuesto 26h — Compuesto (1-26)

La cantidad cofnrileta (931 mg) del compuesto 26h crudo obtenido como se
describe antériofmente se usa, y se tratado de acuerdo con un procedimiento similar al
que se describe anteriormente, y por lo tanto el compuesto (I1-26)_(292.7 mg, 59%) se
obtiene como polvo.

EM: 764.28 (M + H)..

"H-RMN {D,0) -6 fdelta): 6.99 (-1 .0H, s), 6.89 (2H, dd, J = 8.1, 14.5 Hz), 5.89
(1H, d, J = 5.0 Hz)-, 5.37 (1H, d, J = 5.0 Hz), 4.63 (1‘H, d, Jd =13.1 Hz), 3.92 (2H, dd, J =
15.0, 10.4 Hz), 3.49-3.79 (6H, m), 3.43 (1H, d,‘J = 17.5 Hz), 2.34-2.56 (6H, m), 1.52 (6H,
d, J = 4.6 Hz). | -

Andlisis elemental para Cq;HasCIN,O15S,Nas6.6(H,0)#0.2(NaHCO,).

Calculado: G, 40.65; H, 5.07: N 10.64; S, 6.96; Cl, 3.85; Na, 2.99 (%).

| Encontrade: C, 40.54; H, 4.85; N, 10.8‘1; S, 7.26; Cl, 3.79; Na, 3.05 (%).

-
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EJEMPLO 69 .

Sintesis del compuesto (1i-27)
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. hf,o o L
R 5o UOI0 We st '
S O N N —_— I-27
d Wj\’ﬂ-\/\ NN OPMB
CO,BH HOoH g
27e
Formula 143 i

Eté_p;a (1): Compuesto 2?a + Cdm.louesto 27b — Compuesto 27¢

Compuesto 27a .(2.'14 g5 rﬁmol) se suspende en tolueno (25 mi), vy
después trietilamina (0.83 ml, 6 mmol) y difenitfosforil azida (1.29 ml, 6 mmol) se afaden a
esto a su vez, seg.u.ido por calentamiento a refluje durante una hora. Compuesto 27b (0.86
g, 7.5 mmol) después se afade, bosteridrmente se calienta a reﬂL]jo durante otras dos

horas. La solucién de reaccién se enfria a temperatura ambiente, y después se evapora el



10

15

20

25

(o]

)
(]
b
{5t
o]

225

solvente bajb presion reducida. Se ahade agua al résiduo, seguido por la extraccién con
acetato de etilo y tetrahidrofurano, y desbués se concentra la capa organica in vacuo.
Isopropancl se anade al residuo reéultante; Y aespués el solido resultante se filtra para
producir 27¢ (1.84 g, 68%).

. 1H—RMN (DMSO-dg) & (delta): 8.65 (1H, br s), 7.91 (1H, br s), 7.67 (1H, dd,
J=14.9,9.6 Hz), 7.39 (2M, d, J = 7.3 H2), 7.29 (2H, d J=7.6Hz), 7.09 (1H, dd, J = 18.4,
SBFﬁL695@HJLJ=7ﬁPtL636@HJ$4;78F&L5D6@H%L489@HSLSJS
w&sL374ww3132931omHnm24&2#2@mnm110167mwnw

EM: 540.36 (M+H).

Etabé (2): Compuesto 27d + Compuesto 27c — Compuesto 27e

Compuesto 27d (1011 mg,‘1_2 mmol) se disuelve en dimetilacetamida (5
ml), y después sé‘r:iesgasiﬁca en un bafo de'ag'ua. Yoduro de potasio (540 mg, 3:6 mmol}
después se afade a esto, seguido por agifacién a temperatura ambiente durante 20
minutos. Compuesto 27c (648 mg, 1.2 mmol} se afade a ia solucién de reaccion,
posteriormente se. égita a temperatura ambiente durante una hora. Acetato de etilo y el
agua se anaden a la solucién de feacciéﬁ, e iqsolubles se remueven por la filtracién. La
capa organica se.pz;rada del filtrado se lava 'c‘on‘solucién acuosa de sulfito acido de sodio
al 10%, se lava con agua, se-&a\)a con salr;nu_eara saturada, y después se seca sobre
sulfato de magnesio anhidro. Sulfato de magnesio se remueve por filtracién, y después el
solvente se concér;tra in vacuo. El residuc concentrado se disuelve en dimetiiformamida
{12 ml), y después se enfria a -40°C. Tribrémuro_ de fésforo (0.17 ml,‘1 .84 mrﬁol) se anade
a esto, sequido p-or agitacion a lé misma terhioer.atura durante 80 minutos. Acetato de etilo
se afiade a la solucién de reacciéﬁ para diluir, y después agua se afade a esto. La capa
organica se ‘separa, y después se seca sobre sulfato de magnesio anhidro. Sulfato de
magnesio se filtra, y después se evapora el solvente bajo presidon reducida para producir

el compuesto 27¢ (1.05 g).
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- EM: 1330.11 (M+H)

Etapa (3): Compuesfo 27¢ —> Compuesto (11-27)
La.‘cantidad totall(1.05 a4, del c;ompuesto crudo 27e obtenido como se
5 describe anteriormente se usa, y se trata de acuerdo con un procedimiento similar al
descrito anteriormgnte, y por o tanto el compuesto {li-27) (90.7 mg, 16%) se obtiene como
polvo.
EM: 767.37 (M + H).' '
"H-RMN (D,0) 8 (del_ta): 6.99 '(1;H, s), 6.88 (2H, s), 5.87 (1H, d, J = 4.9 Hz),
10 535(1H,d, J=4.9Hz2),478 (1H, d, J = 14.0Hz, 4.08 (1H, d, J = 14.0 Hz), 3.91 (1H,d, J =
16.9 Hz), 3.76-3.33 (9H, m), 2.25-2.15 (4H, m), 1.50 (6H, d, J = 4.1 Hz).
Andlisis elemental para CaoH{MCINgOmSzNa-S.?(HgO).
Calculado: C, 40. 40 H,5.13; N, 12.66; S, 7.19; Cl, 3.98; Na, 2.58 (%).

Encontrado: C, 40.37;-H, 5.00; N 12.48; S, 7.48; Ci, 3.83; Na, 2.36 {%).
15
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EJEMPLO 70

Sintesis del compuesto (11-28)
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Formula 144

Etapa (1): Compuesto 28a + Cfombuesto 28b — Compuesto 28c

Compuesto 28a (4.29 g, 28.2'mmol), ée sintetiza de manera similar por un

-
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meétodo descrito én J. Org. Cherﬁ. 1_993, 58,.6372, se disuelve en tetrahidrofurano (40 mi),
y despues se anade difenildiazometano: 28b (8.21 g, 423 mmol), seguido por
calentamiento afref_iujo durante 20 horas. E| solvente se evapora bajo presién reducida, y
después se somete a cromatografia de columna en gel de silice, eluyendo con acetato de
etilo-hexano. Las fracciones que contienen el compuesto deseado se concentran in vacuo
para producir el compuesto 28¢ (.?.95 of 89%;).._

"H-RMN (CDCly) & {delta): 8.11 (1H, s), 8.07 (1H, d, J = 7.7 Hz), 7.59 (1H, d,
J =77 Hz), 7.48-?,26 (SH, m), 7.12 (1H, s}, 4.76 (2H,d, J = 5.7 Hz), 1.78 (1H, t, J = 5.7
Hz). |

Etapa (2). Compuesto 28¢ + Compuesto 28d — Compuesto 28e

Al compuesto 280 (7.95q, 25.0 mmol) se anade tetrahidrofurano (140 ml), y
después N-Hidrdxiﬁalim]da 28d (4.89 g, 30 mmol) y trifenilfosfina (7.86 g, 30 mmol) se
anade a esto a su vez, posteriormente se enfria a 0°C. Después_se afhade diisopropil
azodicarboxilato (7:28 ml, 37.5 mmbl) ala _soltj'cic’)n de reaccién, seguido por agitacién a
temperatura ambiente durante dos horas. El solvente se evapora bajo presion reducida.
Después se afade metanol éllresiduo resﬁltan'te bajo enfriamiento con hielo, el solido
resultante sé filtr'a-, 'y después se seca in vacuo paré producir el compuesto 28e (7.84 g,
68%). . - .

'H-RMN (CDCly) & (délta): 8.24 (.1‘H, s), 8.15 (1H, d, J = 7.9 Hz), 7.85-7.78
(3H, m), 7.75-7.68 (2H, m), 7.51 (1H, t,J=77Hz), 743 (4H,dd, J =79, 1.4 H'z), 7.38-

7.26 (6H, m), 7.10 (1H, s), 5.27 (2H, 9).

Etapa (3): Compuesto 28e — Compuesto 28f — Compuesto 28h
Al bdmpuesto 28e'(5.56 g, 12 mmol) se anade cloruro de metileno (25 ml), y
despuées metilhidrazina (0.64 ml, 12 mmol) se afade a esto bajo enfriamiento con hielo,

seguido por agitacién a la misma temperatura durante una hora. El solvente se evapora
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bajo presion reducida, y después metanol (45 mi) se afade. Bajo enfriamiento con hielo,
el compuesto 28g (3.27 g, 12 mmol) despuéé se anade, posteriormente se agita durante
tres horas. El solvente se eVabora bajo presién reducida, y después acetato de etilo,
tetrahidrofuréno,‘ y salmuera saturada se afiaden a esto. La capa orgdnica se separa, y
después el solvente se evapora bajo pre_s'ic’)-n reducida para producir el compuesto 28h
(7.49 g, 97%).

"H-RMN (CDCl5) & (delta): 8.11 (1H, s), 8.04 (1H, d, J = 8.1 Hz), 7.56 (1H, d,

J = 7.6 Hz), 7.46-7.24 (12H, m), 7.12 (1H. s), 5.26 (2H, s).

Etapa (4): Compuesto 28i + -Comf)uesto 28h — Compuesto 28|

Compuesto 28i (1.60 g, 1.5 mmaol) y Compuesto 28h (793 mg, 1.35 mmol)
se usan, y Compljesto 28j (1.68 g) se obtiene de acuerdo con un procedimiento simitar al
descrito anteriormente.

EM: 1472.84 (M + H).

Etapa (5): Compuesto 28] — Compuesto (11-28)

La ﬁantidad comp!eta.del compuesto 28j crudo obtenido como se ‘describe
anteriorment_e se disuelve en cloruro de metilenb (8 ml) y anisof (1.07 ml, 9.78 mmol), y
después se enfria a 0°C. Después se aﬁad_.e acido trifluoroacético (12 ml, 110 mmol) a la
solucion de reaccién, seguido pof ‘agitac'ic’m durante 30 minutos bajo enfriamiento con
hielo. Ademas se anade &acido triﬂuoroacéticﬁ (4 ml) a la solucion de la reaccién,
posteriormente se agita a temperatﬁra ambi_ehte durante 90 minutos. Después d‘e que el
solvente se evapora bajo presién reducida, diisépropi!éter se anade, y después el sdlido
resultante se filtra. El sélido se disuelverl en acetonitrilo y solucion acuosa de &cido
clorhidrico 1N, y después la resina'HP-2OSS se anade. El solvente sé concentra in vacuio,
se somete a cronia:cografia de columna ODS, sé eluye con agua-acetonitrilo. Una solucion

acuosa de hidroxido sodio 0.2 N se usa para las fracciones que contienen el compuesto
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deseado para obtener una sal de s‘o_dio. Las fra-t.:cliones se concentran in vacuo, y después
se liofilizan para producir el compuesto (11-28) -(2b4.6 mg, 23%) como un polvo.
EM: 800.24 (M+H). _
~ 'H-RMN (D;0) & (deta): 7.90 (1 H,.s), 7.79 (1H, d, J = 7.63 Hz), 7.55 (1H, d,
J =717 Hz), 7.41 (1H, 1, J = 7.93 Hz), 6.9?-6.92 (2H, m), 6.82 (1H, d, J = 8.08 Hz), 5.75
(1H, d, J = 4.88 Hz), 5.26 (2H, s), 5.21, 4.73 (1H, d, J = 4.88 Hz) (1H. d, J = 4.88 Hz), 4.10
(1H,d, J = 14.64 'H'z), 3.93-3.47 (9H, m), 3.27*(1H, d, J = 16.62 H2), 2.12-2.26 (4H, m).
Analisis elemental péra 634H33CIN?O1082Na-5.2(H20)°O.1 (NaHCO,).
. Calculado: C, 44.31; H, 4.74;, N, 10.61; S, 6.94; Cl, 3.84; Na, 2.74 (%).

Encontrado: C, 44.16; H, 4.62; N, 10.77; S, 7.12; Cl, 4.07; Na, 2.86 (%).

-
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EJEMPLO 71

Sintesis del compuesto (11-29)

NGQC’/\Q

.0 ;
N N" A S |
~ 0 o
szf\g g ()
S o < '\/AN OH
. COZ_ ‘ H ) OH

1-28

Ng :
@(\OH . , “CH
COH

0O

o 13

COzBH

293 . - 29¢

- N
BocHN —¢/ fl\-COzH
S

e

COBH |

29f

-'CVH;-;N S

+

29

v
TN N S :
BocHN%h ~ L8
5 O G N = l.\/\

CO3BH

=

r

29

=

N\g\, KRN OPMB
CO,BH H '

O

cl

29d

-

8]

<o

N
o
o
CO,BH

29e

HBOZC: :

N’O

|
BocHN{NJ/-chozH '
S

29h

29h

)ﬁ:oms
. OPMB

— 1129,

o

‘-,

.
4

Yt

s



'
C.
IR
Pty
b
oo

232

Formula 145

Etapa (1}: Compuesto 29a — Compuesto 29h

Compuesto 29a, se éintetiza de manera similar por gl ﬁétodo descrito en J.
Am. Chem. Soc. 2001, 123, 1856 se usa, y el compuesto 29h se obtiene de acuerdo con

5  un procedimiento similar al que se describe anteriormente.

Compuesto 29c (7.75 g, 107%) .
"H-AMN (CDCls) & (delta): 8.18 (1H, dd, J = 8.5, 1.1 Hz), 7.55 (1H, td, J =
7.5, 1.2 Hz), 7.47-7.25 (12H, m), 7.11 (1H, s'),'_4.76 (2H,d, J = 7.4 Hz), 3.72 (1H, t, J = 7.4

10  Hz).

Compuesto 29¢ (10.2 q, 90‘@

-

'H-RMN (CDCly) 3 (délta): 8.16 (1H, d, J = 7.6 Hz), 7.86-7.70 (5H, m), 7.59

(1H,t,J = 7.5 Hz); 7.46-7.24 (11H, m), 7.05 (1H, s), 5.66 (2H, s).

15
" Compuesto 29h (4.03 g, 69%)
"H-RMN (CDCly) & (delta): 8.08 (1H, d, J = 7.5 Hz), 7.59 (1H, d, J = 7.6 Hz),
7.62-7.24 (13H, m), 7.06 (1H, 5), 5.66 (2H, 5). - '
EM: 588.20 (M+H). .-
20 o

Etapa (2): Compuesto 29 + Combuesto 20h — Compuesto 29] —

Compuesto {11-29)

-

Compuesto 29i (793 mg, 1.35 mmol) y compuesto 2%h (793 mg, 1.35 mmol)
se usan, y el combuesto (11-29) se obtiene de acuerdo con un procedimiento similar al que

25 se describe anteriormente.

Compuesto 29 (1.78 g} ' -



EM: 1473.89 (M+H).

Compuesto (11-29) (157.3 mg, 17%)
EM: 800.23 (M+H) _
5 "H-RMN (D,0) & (ae[ta): T.52-A7._44 (2H, m), 7.40-7.30 (2H, m), 6.95 (1H, s),
6.90 (1H, d, J = 8.24 Hz), 6.82 (1H, d, J = 8.24 Hz), 5.80 (1H, d, J = 4.73 Hz), 5.44 (2H, s),
5.28 (1H, d, J = 5.03 Hz), 4.83 (1H, d, J = 14.18 Hz), 4.10 (1H,d, J = 14.18 Hz)}, 3.92-3.36
(10H, m), 2.21-2.18 (4H, m). _ .
Andlisis elemental_para CMH%_CIN}01082Na-4.6(H20)-0.2(NaHC03).
10 Calculado: C, 44.56; H, 4.64; N, 10.64; S, 6.96; Cl, 3.85; Na, 2.99 (%).

Encontrado: C, 44.51; H, 4.60; N, 10.71; S, 6.85; Cl, 3.74; Na, 2.98 (%).
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- EJEMPLO 73

Sintesis del compuesto (11-31)

C
o
COOH ,
1-31
|
H 8 0
H,N 0 Boc-N— ||
HCI 2 N ~“OH
5 N - Cl + o N
COOBH _ Me><° :
10 p | .M  COOBH
31aC[ - SAL
o ' = (o]
Boc N—*&N]I/\(LN o G\IN/\NJL : :OBn
' ' H
N j/-_Nr/ Ci
z . OBn
> .(0 CooBH 31d .
COQGBH
31c
15 * 'C @

N 5 'W)\’N\/\Hjﬁo'an —_— 34
COOBH 0-8n

20 S - Férmula 146

Etapa {1): Compuest‘o'Bia + Compuesto 31b — Compuesto 31¢

' Compuesto 31a (2.18 g, 5 ‘mmolj y compuesto 31b (2.94 g, 5 mmol) se

suspende en cloruro de metileno (20 mlj. Sal piridina {0.48 ml} v sa! de acido clorhidrico

(1.05 g) de N-(S-dimetilaminopropil_)-N'-eti!carb_odi?mida después s¢ afiadeh a esto con

25  enfriamiento con hielo, seguido de agitacién 'dufante 30 minutos. La solucion de reaccion
se diluye con acetato de etilo y alciua, y dgsbués la capa organica se separa. .La capa

organica se lava con agua, se seca sobre sulfato de magnesio anhidro, y después se
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concentra in vacuo. El residuo se p.uriﬂca por érdmatograﬁa de columna en gel de silice
para producir el compuesto 31c (3.82 g).

"H-RMN (CDCIQ) 5 (deita): ‘0.9'3 (3H, d, J = 3.9 Hz), 0.85 (3H, d, J = 4.8 Hz),
1.47 (9H, S),.2.1.5-2.20 (1H, m), 4.40-4.66 (5H, m), 5.-33 (1H, d, J = 3.0 Hz), 5.82 (1H, dd, J

= 3.0, 7.0 Hz), 6.89 (1H, 8}, 6.94 (11H, ), 7.12—?.63 (21H, m}, 9.39 (1H, d, J = 6 Hz).

Etapa (2): Compue‘sio 31c_+ Compuesto 31d — Compuesto 31e —

Compuesto (_11—31)

Compuesto se disuelve en DMF (volumen 5 veces), y después yoduro de
potasio (1.5 equivalentes) y compuesto 31d (mql equivalente) se anade a esto, seguido
por agitacion a temperatura ambiente duranté-2"horas. L.a solucién se anade lentamente a
salmuera al 5% égitada (vol_urr_\en‘ SO vecegj, y después los depositos precipifados se
fitran. E} sdlido filirado se lava con agua, se suépende en el agua, y después se liofiliza
para producir el prﬁducto 31e crudo (1 OO%)'. E'. producto crudo 31e se disuelve en cloruro
de metileno (volumen 20 veces) y nitrbmet,ano (volumen 10" veces). Anisol (10
equivaientes), sééuido por solucién de- 'cléruro de aluminio 2M/nitrometano (10
equivalentes) después se afiade a fémperatqré ambiente, posteriormente se agita durante
1 hora. Después de la reaccién, la soluciéﬁ de r.eacc_:ién se vierte en acido clorhidrico 1N
frio/acetonitriio/diiéépropiléter {(3/1/5). La caba acuosa se separa, y después se somete a
cromatografia de columna HP-20 para puﬁﬁcar_la, Después de eluir con acetonitrilo agua,
los eluidos se cohéentran in vaéuo,.y después se liofiliza para producir el compgesto (1-
31), | |

. LC/EM (ES +): 750 (M+H+)

IR (kBr) cm-1: 3309, 1784, 1667,_ 1608, 1532

Andlisis elemental para Ca; H35CIN7011S-3.6H20.

Ca.l_c;nado: C, 45.68; H, 5.34; N 12.03; Cl, 4.35; S, 3.93 (%).

Encontrado: C, 45.56; H, 5.02; N, 12.25; Cl, 4.56; S, 4.06 (%).
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' EJEMPLO 74 .

Sintesis del compuesto {11-32)

Men coo
COOH '

i1-32-

, R | C o I
_ N\/«NJ'K@O
H
Boc- N—<\ : 0
S, B
I -
e e |

rgN—Q

M < COOBH
COOBH.

32a

Boc- N—<\ LHL o s
n
N - .
Me“( COOBH 2 1-32

.COOBH . o '
32¢

Formula 147

Etapa (1); Compuesto 32a + .Compuesio 32b — Compuestc 32¢c —

Compuesto ({1-32)

Co'rnpuesto 32a (L.mg,mezcla‘c.ile a {alfa), § (beta)-suifoxido = 7:2).(0.68 g,
0.7 mmol) y compuesto 32b se disuelve en dimetilformamida (6 ml), y después yodurc de
potasio (0.21g, '2_gquivalentes) se anade a esto, seguido de agitacion a temperatura
ambiente durante 1.5 horas. La solucién se ahade lentamente a salmuera al 5% agitada

(volumen 50 veces), y después los depdsitos precipitados se filtran. El sélido filtrado se

lava con agua, se suspende en el agua, y después se liofiliza para producir el producto
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crudo 32¢ (1.079).. 32¢ El producto crudo Séc se disuelve en cloruro de metileno {(volumen
20 veces) y nitrometano (volumen 10 \}eces)._ Anisol (10 equivalentes), seguido por
solucion de clorufo'de aluminio 2M/nitrometano '(1 0 equivalentes) se ahade a temperatura
ambiente, posteriormente se agita durante 1_Hora. Después de la reaccién, la solucién de
reaccién se vierte en acido clorhidrico 1N frio/acetonitrilo/diisopropiléter (3/1/5). La capa
acuosa se separ.a' y después se someté a crorﬁatograﬁa de columna HP-20 para
purificaria. Después de eluir con écetonitfilo/agua, los eluidos se concentran in vacuo, y
después se 1ioﬂliz’aﬁ para produc'ir el cdmpue'éto.(una mezcla de a (alfa), § (beta)-sulfoxido
= 80:15) (1I-32). |
- LC/EM (ES +): 755 (M+H+)

IR (KBr) cm-1: 3297, 1790, 1611, 1530,

Analisis elemental pér-a ng1H320IN701182-3.4H20.

Caiculado: C, 42.?1; H, 4.80; N 1;’2.02; Cl, 4.35; S, 7.86 (%).

Encontrado: C, 42.67; H, 4.68; N, 12.17; Cl, 4.30; S, 7.71 (%).

EJEMPLO DE PRUEBA 1

El compuesto (I} de la presente invencidn se investiga para su actividad

antimicrobiana.

Métodos de prueba

Especies de microbiqs/cepas Nos. 1-14

Medicién de concentracién inhibidora minima (MIC, microg/ml) se conduce
de acuerdo con el método estidndar de la sociedad Japonesa para quimioterapia, y la
cantidad de bacterias para inoculacién es 1000 cfu/mancha, y el medio de disco sensible

se usa como el medlio de prueba, y se conduce usando incubacién de placa agar.
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Cul

: Especies de Microbios/cepas Nos. 15-17
La medicién de la concentracmn inhibidora minima (MIC, mlcrog/ml) se
conduce de acuerdo con CLSI (Instltuto de estandares de Iabore;torro y clinicos) y la
cantidad de bacterlas para moculamon es 10000 cfu/mancha, y medio agar Mueller-Hinton
se usa como el medio de prueba, y se conduce usando incubacién de placa agar.

" Reésultados de prueba se muestran en-los cuadros 1-6. En los cuadros, una

unidad de los valores de actividad inhibidora es microg/ml (ug/mi).

CUADRO 1

Cepa de | Especie de bacterias Nombre de -Compuesto Compuesto | Compuesto | Compuesto

bacteria cepa comparativa j {I-1) -2 (1-3)

No. - ) 1

1 Klebsiella ATCC 116 0.5 0.25 0.125
pheumoniae 700603 1

2 Pseudomonas SR24 4 0.063 0.063 1 0.031
aeruginosa _ . .

3 Pseudomonas SR27060 32 0.25 0.125 0.125
aeruginosa ‘ '

4 Acinetobacter SR24396 64 0.125 0.25 0.125
baumanni

5 Stenotrophomonas | SR21970 | 16 - 0.5
maltophilia

CUADRO 2

Cepa de | Especie de bacterias Nombre de | Compuesto | Compuesto | Compuesto | Compuesto

bacteria cepa (-8) (1-12) (t-15) {1-17) )

No. ’ .

1 Klebsiella ATCC 0.125 0.25 0.125 0.25
pneumoniae 700603 -

2 Pseudomonas SR24 0.031 0.063 0.063 0.063
agruginosa -

3 Pseudomonas SR27060 0.125 0.125 0.125 0.125
aeruginosa -

4 Acinetobacter SR24396 | 0.25 0.25 0.25 ‘0.5
baumanni : ©

5 Stenotrophomonas | SR21970 0.5 4 0.5
maltophilia
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CUABPROQ 3
Cepa de | Especie de bacterias Nembre de |.Compuesto” | Compuesto | Compuesto | Compuesto
bactetia ' cepa (-18) {119} (1-22) {1-23)
No. . .
1 Klebsiella ATCC 0125 0.125 0.125 .0.031
pneumoniag 700603 .
2 Pseudomonas SR24 0.083 0.063 0.063 0.031
aeruginosa ' ‘
3 Pseudomonas SR27060 0.25 0.125 0125 0.125
aeruginosa
4 Acinetobacter SR24396 0.25- 0.125 0.25 0.125
baumanni
5 Stenotrophomonas | SR21970 0.5 0.25 4
maltophilia
CUADROD 4
Cepa de | Especie de bacterias Nombreé de | Compues- | Compues- | Compues- | Compues- | Compues-
bacteria cepa to (I-25) to (1-26) to (-1} to (li-2) to {I-3)
No. N
1 Klebsielia ATCC 0.5 0.5 0.5 0.5 0.125
pneumoniae 700603 :
2 Pseudomonas SR24 0.125 0.125 0.125 0.125 0.125
aeruginosa L
3 Pseudomonas SRz27060 | 0.25 0.5 025 (025 . 0.5
aeruginosa _ ..
4 Acinetgbacter SR24396 | 0.5, 1 0.125 0.125 0.25
baumanni ' o
5 Stenotrophomonas | SR21970 2 0.5 i
maltophilia
CUADRQO 5
Cepa de | Especie de bacterias Nombre de | Compues- | Compues- | Compues- { Compues- | Compues-
bacteria cepa to{ll-4). .| to (1-10) to (Il-12) to {II-13) to (II-18)
No. . ’
1 Klebsiella ATCC 0.5 - 0.5 0.25 0.25 0.125
prieumoniae 700603 -
2 Fseudomaonas SR24 0.125 0.125 0.063 0.063 0.125
aeruginosa ' )
3 Pseudomonas SR27060 | 0.25 0.25 0.25 0.5 0.25
aeruginosa -
4 Acinetobacter SR24396 | 0.25 0.25 0.25 0.25 0.5
baumanni -
5 Stenoctrophomonas | SR21970 | 1 1 1 S 1
maltophifia :
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CUADRQ 6

Cepa de | Especie de bacterias Nombre de | Compues- | Compues- | Compues- | Compues- | Compugs-
bacteria . cepa to (11-4) to {I-10) to {II-12) o {I-13) to (1l-16}
No. . i
1 Klebsiella ATCC 0.25 0.5 0.125 0.125 0.25
pneumoniae 700603 L
2 Pseudomonas SR24 0.063 0.125 0.125 0.063- .063
agruginosa : C
5 3 Pseudomonas SR27060 | 0.25 - | 0.25 0.25 05 025
aeruginosa .
4 Acinetobacter SR24396 | 0.5 - 0.125 0.25 0.125 0.25
baumanni :
5 Stenotrophomonas | SR21970 | 1 2 0.5 0.5 1
maltophilia
Cepas bacterianas descritas en los cuadros anteriores y enzima (beta-
lactamay) se producen por lo cual se explican en el cuadro 7. .
10
CUADRO 7
Especie de bacterias Nombre de cepa Enzima Tipo de cepa
producida i
K. pneumoniag ATCC 700603 | SHV-18_ | Cepa productora de ESBL
F. aeruginosa SR24 Ninguna | Cepa sensible a Ceftazidima
P aeruginosa SR27080 | IMP-1 Cepa productora de MBL
: | {cepa resistente a carbapenem)
15 A. baumanni SR24396 Ninguna
5. maltophifia SR21570 1L Cepa productora de MBL
(Cepa resistente a carbapenem)

Compuesto comparativo 1

_<S F o ’ | : | -

HaN— i H \

20 N:H)LN s. @ o
Me G O ~H O
Me><

000 '
* cooH

O
“Me

OH

25 Formula 148
Como se muestra en los resultados anteriores, los compuestos de la

presente invencidon se muestra que tienen un amplio espectro antimicrobiano, en
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particular, espectro’ antimicrobiano ;:;otente conﬁé bacteria Gram negativo, y/o efectividad
contra bacteria résistente a farmacos multiples, y exhiben alta estabilidad contra beta-
lactamasa que produce bacteria Gram négatii;o. En comparacién con el compuesto
comparativo 1 qué no tiene grupo catecol, se muestré gue los compuestos de la presente

invencién tienen actividad antimicrobiana mas potente. -

EJEMPLO DE FORMULACION 1

Polvo de un compuesto de la presente invencién se carga para preparar un

agente de inyeccién. ' ' §

Aplicabilidad industri'al

~ Los compuestos de la presenté invencion tienen un amplio espectro
antimicrobiano, y son efectivos como un férhwac_:o antimicrobiano que tiene alta estabilidad
contra beta-lactamasa que produce bacteria Gram negativo. Aderhas, los compuestos
tienen buena bi'oélisponibilidad' y alta soIUbil.'idad al agua, y de esta manera son

particutarmente efectivos como un agente de inyeccién.
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NOVEDAD DE LA INVENCION )

REIVINDICACIONES

1.- Un compuesto de la férmula;

HQN—<\ ﬁlRa |
e
f I%lo\@ o—s—o—( |5

F . - ' R®
/
HOOC

Férmula1
en donde, X es N 'CH oCCLT esIS, S=O;ICH2 0 O; A es alquileno inferior, alquenileno
inferior o alquinileno inferior; .G .es un eﬁlape sencillo, alquileno inferior sustituido
opcionalmente, -alquenileno inferior sustituido opcionalmente, o alquinileno inferior
sustituido opcionairﬁente; B es un enlace sencillo 0 grupo heterociclico de 5 o 6 miembros
que contiene ai menos 1 a 3 étomds de N;‘ D es un eniace sencillo, CO —O—ACO—, -CO-0-,
NRT-, -NR-CO-, -CO-NR- NR'-CO-NR", -0-, -§-, -80-, -50,-NR-, -NR'-50,-, -CHy
NR’-CO- o -SO,-; E es alquileno in;ferior opcicnalmente sustituido; F es un enlace sencillo
o fenileno opcionalmente sustituido; R’, R, R° y R® cada uno es independientemente
hidrégeno, halégeﬁo nitrilo, 0 ~OR® R’ cada uno es hidrégeno independientemente o
alquilo inferior opcmnalmente sustltwdo RB cada uno es hldrogenoqmdependtentemente
alquilo inferior, haloalquﬂo mfer:or alqunlcarbon:io inferior o carbamoilo; un grupo de la

formula;
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FQrmuIa 2
€s un grupo amonio cuaternario, ciclico, monociclico o fusionado, ss;lturado 0 insaturado,
opcionalmente sustituido que coﬁtiene al mén}os uno o mas atomos N; ia linea de puntos
muestra un enlace en el anillo; siempre que cuando G se una a un atomo N catiénico, la
linea de puntos 'est_é ausente, y cuando G no se une a un atomo N catidnico, la linea de
puntos muestra un enlace sencillo entre el atomo N catiénico y un étomo cercano o
muestra alquileno inferior entre el atomo N catidnico y un &tomo formador de anillo

diferente del atomo cercano; y cuando G es un enlace sencillo, B es un enlace sencillo, B

es un enlace sencillo y D es -NH-CO- 0 —S-, un grupo de la férmuta:

@ .
A = G .
Férmula 3
no es un grupo de la formula:
= |
AN~
@ O

Formula 4

G

en donde, un o unos atomos de hidrégeno se pueden sustituir; o un éster, un compuesto
protegido en el amino en el' aﬁillo en la cadena lateral 7, una sal farmacéuticamente
aceptable, oun éolvato del mismo.

2.- El compuesto, o un éster, un compuesto protegido en el amino en el
anillo en la cadena lateral 7, una{salAfarmacéutic';'a.mente aceptable, o un solvato del mismo

de conformidad con la reivindicacion' 1, caracterizado ademés porque dicha férmula

@
N
A/ S

Formula 5
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es la siguiente f(’)‘rmula:

"2‘![]\)%_j
@

A’/\G'A/

Férmuia 6
en donde n es un ndmero entero de 0 a '5,. k es un nimero entero de 0 a 5, q es un
namero entero de 0 a 3, R' es halégeno, hierof(i,' alquito inferior, haloalquilo inferior, alcoxi
inferior, o haloalcoxi inferior siempre y cuando R'® sea idéntico o diferente en ocurrencias
kop,yAy G son como se déﬁn'en en la rleivi-ndic'acién 1.
| 3 El compuesto, o un éster, un con;lpuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmacéutibamente aceptable, o un solvatc del mismo

de conformidad con la reivindicacion 1, caracterizado ademas porque dicha férmula

/ \ : G
Férinula 7

es la férmula:
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Formula 8
en donde n,.k, g y.R'" son como se definen en la reivindicacién 2, y Ay G son como se
definen en la reivindicacion 1. .
4.-.El compuesto, o Lm éster_,,uﬁ bompuesto protegido en el amino en el
10 anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo
de conformidad con cuaiquiefa ae las reivin&ica(:iones 1-3, caracterizado ademas porque
R®y R*son —.OHé, en donde R® es como se define en la reivindicacion 1.
5.- El compuesto, o un éste.r, uh compuesto protegido en el amino en el
anillo en ia cadenalateral 7, una.sal farmacéu_ti(‘:'a.mente aceptable, o un solvato del mismo

15 de conformidad con cualquiera de las reivindicaciones 1-3, caracterizado ademas porgue

la formula

20

es la férmula;

25 " Férmuia 10
en donde R®, R*, R®, R®y R® son como se definen en la reivindicacion 1.

6.- El compuesto, o un éster, un compuesto protegido en el amino en el

-
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anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo
de conformidad con cualquiera de las reivindicaciones 1-3, caracterizado ademas porque

la férmula:

Férmula ﬁ

es la farmula

Formuila 12

en donde R®, R*, Rs, y R® son como se deﬁrj.en en la reivindicacion 1.

7.- El compuesto, o un éster, un compuesto protegido en el amino en el
anillo en la cadena lateral 7, una'sal farmacéUtiéémente aceptable, o un solvato del mismo
de conformidad con cualquiera de .|E‘IS reivinqibaciones 1-6, caracterizado ademas porque
Aes -CHp-, -CH,-CHy-, -CHz-CH,-CHjy-, -CH=CH-, -CH=CH-CHz- 0 -CH,-CH=CH-.

8.- EI compuesto, o un éstef, un compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal ‘farmabéutiga_mente aceptable, o’un solvato del mismo
de conformidad éqﬁ cualquiera de las reivindi'ce;ciones 1-7, caracterizado ademé_s porque
G es un enlace sencillo, -CH,-, -CHQ-CHQ-,_ “CHQ'CHZ'CH{', -CH=CH-, -CH=CH-CH,-, -
CHp-CH=CH-, -CH2-CH(CHa}-, -CH,-CH('Pr)- 0 -CH,-CH(Ph)-, en donde 'Pr se refiere a un
grupo isopropilo, y Ph se refiere a un grupo,;‘eni_lo.

8.- El compuesto, o un éstér, un compuesto protegiao en el amino en el
anillc en la caden'a .Iateral 7, una sal ‘farmacéL':tic.amente aceptable, o un solvato del mismo
de conformidad con cualquiera de .Ias reivindicagiones 1-8, caracterizado ademas porque

B es un enlace senciilo o la férmula:
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A A
Formula 13

- 10.- El compuesto, o un éster, uﬁ compuesto protegido en el amino en el
anillo en ta cadena lateral 7, una sal farmacéutipamente aceptable, o un solvato del mismo
de conformidad con cualquiera de las reivfndicac_iones 1-9, caracterizado ademés porque
D es un enlace s'_e'nciuo, -CO-, -0-CO-, -co;o-", -NR’-, -NR’-CO-NR’-, -NR"-CO- o -CO-
NR’-, en donde R’ es como se define en la rei;/indicacic’)n 1.

11.- El compuesto, o un éster', un compuesto protegido en el amino en el
anillo en la cadené .Iateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo
de conformidad con cualquiera de las reiv‘indioaciones 1-9, caracterizado ademas porque
D es un enlace .séncillo, _CO-, -NR™-CO-NR'-, -NR’-CO- o -CO-NR'-, en donde R’ es
como se define en ia reivindicacién.i |

. 12.- El compuesto, o un éster, un compuesto protegido en el amino en el
anillo en la cadené .iateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo

de conformidad con cualquiera de las reivindicaciones 1-11, caracterizado ademas porque

E es de |a férmula :

3 mo Oy 1 &
R1 , { g R w
\c
R2 - ) / )
._,." L _;jﬁ-l 0 R12 J_:_a

Formula 14
en donde R' y R? son cada uno i,ndepen(':liéntemente hidrageno, halégeno, un alquilo

infertor sustituido opcionalmente, un alquiltio inferior opcionalmente sustituido, o un fenilo
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opcionalmente sustituido, R™ y R'? son cada uno independientemente hidrégeno, un
alguilo infetior obf;ionalmente sustituido, n éarboxilo opcionalmente sustituic!_o, 0 un
carbamoilo, y m se refiere a un nﬂhero enter_o'de_\ 1as.

13.- El compuesto, o un éster, un compuesto protegido en el amino en el
anillo en la Cadené 'lateral 7, una sal farmacéuticamente aceptable, o un solvéto del mismo
de acuerdo a cualquiera de las reiﬁindicaéiones_ 1-12, caracterizadoﬂademéé porque R” y
R® son cada uno iné:lependienterﬁente hidrég'e.'no-o un alquito inferior.

14.- El compuesto, 6 un éster, un compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmacéuticamemte aceptable, o un soivato del mismo
de conformidad coﬁ cualquiera de las reivindicaciones 1-13, caracterizado ademas porque
XesN. | )

15:7 El compuestd, o un ésteir;'un;l compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del mismo
de conformidad con cualquiera de las reivindicaciones 1-13, caracterizado ademéas porque
Xes CHo C-Cl.

16.- _EI compuesto, é‘un éster, un compuesto protegizio en el amino en el
anillo en la cadena lateral 7, una‘sa! ,farmacéu;icamente aceptable, o un solvato del mismo
de conformidad con cualquiera de las reivindicaciones 1-15, caracterizado ademas porque
TesS.

17.- El compuesto, o un és_ter, un compuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal 'farmacégticamente aceptable, o un solvato del mismo
de conformidad con la reivindicacién 1, carécterizado ademas porque X es N, CH o C-CI;
T es S; A es un alquileno inferior; G es un enlace sencillo o un alquileno inferior; ia

farmula:

@
@
-

Férmula 15
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Formula 16

es la férmula;

B es un enlace sencillo; n es un nlmero entero-de 0-3; D es —-NH-CO- 0 —CO-NH-: E es la

-~

formula:

Me i‘Hk iLL"'- &1"‘1.

“EIIII--~ : : Me

me P N

Formuia 17
en donde Me se refiere a un grupo metilo, F és un enlace sencillo; R® y R* son —OH, y R®
es hidrégeno o Cl, y R® es hidrégeno.

18- Una composicion farmacéutica que comprende el compuesto, 0 un
éster, un compuesto protegido en el amino en el anillo en la cadgna lateral 7, una sal
farmacéuticamente, aceptable, o un solvato del mismo de cualquiera de las
reivindicaciones 1-17.

19.- La compoéicién farmacéutica-de conformidad con la reivindicacion 18,
caracterizada ad‘emés porque tiene una actividad antimicrobiana.

20.- Un método para el tratamiento de una enfermedad infecciosa,
caracterizado por |a etapa de_administra;__tel-'. éompuesto, 0 un éster, un compuesto
protegido en el amino en el anillo en la cadena lateral 7, una sal farmacéuticamente
aceptable, o un solvato del mi'srr‘lo de cualqui'era de las reivindicaciones 1-17.

| 21‘.- El compuesto, o un éster, un corhpuesto protegido en el amino en el
anillo en la cadena lateral 7, una sal farmacéutiéamente aceptabie, o_un solvato del mismo

de conformidad conm cualquiera de las reivindicaciones 1-17, caracterizado ademas porque
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es para el tratarhie_nto de una enfermedad infeccioso.”
22.- El uso del compuesto, o un éster, un compuesto Erotegido en el amino
en el anillo en la cadena lateral 7, una sal farmacéuticamente aceptable, o un solvato del
mismo de cualquiera de las reivindicaciones 1-17, para la manufactura de un agente

terapéutico para enfermedad infecciosa.
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RESUMEN DE LA INVENCION

La presente invencién provee compuestos Cefem que tienen un amplio
espectro antimicrobiano y tienen potente actividad antimicrobiana contra bacterias Gram

5  negativo que producen beta-lactamasa como sigue: Un compuesto de la formula:

HzN—Q/&)L ];?;\ Q\ ' /-Féfm

G—B—D -
COO@ ‘ L \\—

,3

\

10 HOOC/

Férmula 1

en donde, Xles N,' CHoC-Cl;TesSolo si'mi[ar; Ay-G es alquileno inferior o lo similar; B
es un enlace sencillo o lo similar; D es unlenléce sencillo, -NR’-, -C0-, -CO-NR’-, -NR'-
CO-, -NR’-CO-NR™ o lo similar;.E es alquileno.'-iﬁferior opcionalmente sustituido; F es un
15  eniace sencillo o fenileno opcionalmente sustituido; R?, R* R® y R® cada uno es
independientemgnte hidrégeno, haldgeno, n.itrilo', o lo similar; o un éster, un compuesto

protegido en el amino en el anillo en la cadena lateral 7, una sal farmacéuticamente

aceptable, o0 un solvato del mismo.- ' -
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1. Un compuesto de la formula:

S-x o '
Mo o ”\)\A/ " Ng—p—0 ()
4 conE RS
N QP
/

HOOC

Formula 1

en donde, X es N, CH 0 C-Cl; Tes S, 5=0, CH20 O; A es
alquileno inferior, alquenileno inferior o alquinileno inferior: G
es un enlace sencillo, alquileno inferior sustituido
opcionalmente, alquenileno inferior sustituido opcionalmente, o
alquinitena inferior sustituido opcionalmente; B es un enlace
sencillo o grupo heterociclico de 5 0 6 miembros que contiene
al menos 1 a 3 &tomos de N; D es un enlace sencillo, -CO-, -
0-CO-, -CO-0-, -NR-, -NR?-CO-, -CO-NR’-, -NR?-CO-NR'-, -
O, -§-, -80-, -S02NR’-, -NR7-80z, -CH2-NR?-CO- 0 -S02-: E
es alquileno inferior opcionalmente sustituido; F es un enlace

. sencillo o fenileno opcionalmente sustituido; R3, RY RSy RS
cada uno es independientemente hidrageno, halégeno, nitrilo,
0 -OR% R7 cada uno es hidrégeno independientemente o
alquilo inferior opcionalmente sustituido; R® cada uno es
hidrogeno  independienlemente, alquilo inferior, haloalquilo
inferior, alquilcarbonilo inferior o carbamoilg; un grupo de la
formula;

Férmula 2

€5 un grupc amonio cuaternario, ciclico, monociclico o
fusionado, saturado o insaturado, opcionalmente sustituide
que contiene al menos uno o mas atomos N; la linea de
puntos muestra un enlace en el anillo; siempre que cuando G
se una a un atomo N catidnico, la linea de puntos esta
ausente, y cuando G no se une a un atomo N catidnico, la
linea de puntos muestra un enlace sencillo entre el atomo N
cationico y un atomo cercano o muestra alquileno inferior entre
el alomo N catibnico y un atomo formador de anillo diferente
del atomo cercano; y cuando G es un enlace sencillo, B es un
enlace sencillo, B es un enlace sencillo y D es -NM-CO- o -5,
un grupo de la formula:

A

Q1

G

Formula 3
no es un grupo de la férmula:
=
>—l 6
A——Nx
@ N

Férmula 4

en donde, un o unos atomos de hidrogeno se pueden sushituir:
0 un éster, un compuesto protegido en el amino en ef anitlo en
la cadena lateral 7, una sal farmacéuticamente aceptable, o un
solvato del mismo.

2- El compuesto, o un éster, un compuesto protegido en el
amino en el anillo en la cadena lateral 7, una sal
farmacéuficamente aceptable, o un solvato del mismo de
conformidad con la reivindicacién 1, caracterizado ademas
porque dicha formula

Formula 5
&s la siguiente formula;

i a. |
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Formula 6




