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Documento que certifica el cambio de nombre debidamente legalizado y traducido
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’ DIRECTEUR.

CONSULADO DE COLOMBIA
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Bl idusery Canada

Certificate
of Amendment

Canada Business
Corporations Act

IndustrieCanad‘a” . %
v

Certificat
de modification

Loi canadienne sur
les sociétés par actions

SHIRE, CANADA INC.

Name of corporation-D énomination dela société

I hereby certify that the articles of the
above-named corporation were amended:

a) under section 13 of the Canada

Business Corporations Actin
accordance with the attached notice;

b) under section 27 of the Canada
Business Corporations Actas set out in
the attached articles of amendment
designating a series of shares;

¢)under section 179 of the Canada
Business Corporations Act as set out in
the attached articles of amendiment;

d) under section 191 of the Canada
_ Business Corporations Actas set out in
the attached articles of reorganization;

" Richard G. Shaw
Director - Directeur

O] @) envertu de larticle 13 de la Loi

[J  b) envertude l'article 27 de laLoi

M - ¢) envertu de l'article 179 de la Loi

O d) en vertu de l'article 191 de la Loi

384940-6

Corporation number-Numéro dela société

Je certifie que les statuts de la société
susmetitionnée ont été modifiés:

canadienne sur les sociétés par
actions , conformément & 'avis ci-joint;

canadienne sur les sociétés par
actions , tel qu'il est indiqué dans les
clauses modificatrices ci-jointes
désignant une série d'actions;

canadienme sur les sociétés par
actions , tel qu'il est indiqué dans les
clanses modificatrices ci-jointes;

canadienne sur les sociétés par
actions , tel qu'il est indiqué dans les
clauses de réorganisation ci-jointes;

September 18, 2007/ fe 18 septembre 2007

Date of Amendment - Date de modification
ﬁ" N
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l*l Industry Canada Industrie Canada ELECTRONIC TRANSACTION RAPPORT DE LA TRANSACTION

REPORT ELECTRONIQUE
Canada Business  Loi canadienne sur les

Corporations Act  sociétés par actions ARTICLES OF AMENDMENT CLAUSES MODIFICATRICES

-(SECTIONS 270R 177) (ARTICLES 270U 17)
Processing Type - Mode de traitement: E-Commercs/Commerco-E
1. | Name of Corporation - Dénomination dela société ' 2. | Corporation No. - N° dela sockété
SHIRE BIOCHEM INC. "384940-6

3. | The artides of the above-named corporation are amended as follows:

Les statuts dela société mentionnde ci-dessus sont modifiés dela facon suivanie:

The corporation changes its name to:
SHIRE CANADA INC.

g.‘ e Bkt
j gh;u NOBTARIY o
Ly s Oth MGG Congiun e
ela COMCIOE Cag 1y goe
IO 1 1, ey

- LA
BiMa

Date Name - Nom Signature
2007-09-18 CLAUDE PERRON

DIRECTER

Page 1 of 1
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TRADUCCION OFICIAL No.08/1045 de un documento escrito en inglés el cual

- para su identificacion se sella con el sello del traductor al tiempo con la

presente. Esta traduccion ha sido preparada por Hilda Aguilera de Piedrahita,
traductora e intérprete oficial debidamente reconocida por el Ministerio de
Relaciones Exteriores y autorizada por el ?Ministerio del Interior y Justicia, por
Resolucién No. 323 de 1980 (Se traduce Documento sobre Ley de Sociedades
Comerciales de Canada Certificado de Reforma escrito en ingiés.)

Industria Canada

Certificado de Reforma

Ley de Sociedades Comerciales en Cana(:i_a

SHIRE CANADA, INC. | 384940-6

Nombre de la sociedad-Denominacion Namero de la Sociedad

Por el presente certifico que los estatutos de la sociedad mencionada arriba se

reformaron:
a)  Bajo la seccion 13 de la Ley de Sociedades Comerciales de Canada
de Conformidad con el anuncio adjunto.
b)  Bajo la seccibn 27 de la Ley de Sociedades Comerciales de Canada;
Segﬁh lo indicado en los articulos adjuntos de reforma, designando la
Serie de las acciones; , o b
¢)  Bajo la secciéin 179 de la Ley de Sociedadeéjwm&mm“’?ﬁ?
Canada; : [ X]
d)  Bajola seccion 191 de la Ley de Sociedades Comgroialesy’
de Canada segin los adjuntos articulos de reorganiz éfé ; ﬁ'
(Firmado) Richard G. Shaw Fechade laReforma "

MO MOTAR o

4 v‘\
1
i,

Director - Septiembre 18, 200

TRADUSCION OFICIAL No. ™ 7. ..

HILDA AGUILERA DE PIEDRAHITE
PTERPRETE. OFICIAL
BEG Mo W7 MR RN DE JUSTICLA
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Canada
Industria Canada Informe sobre Transaccién Electronica
Ley de Sociedades Comerciales de Canadé Articulos Reformados
- (.Secciones 27 o 177)

Tipo de Procesamiento E Comercio E 2 Tipo No. de la Sociedad
1 Nombre de la Sociedad Designacion 384940-6
SHIRE BIOCHEM INC.

3 Estatutos de la sociedad mencionada arriba, como sigue:

La sociedad cambia su hombre por

SHIRE CANADA INC.
Fecha Nombre Firma En Calidad de
2007-09-18 Claude Ferron Director

Pagina 1 de 1
CANADA

Industria Ley de Sociedades Comerciales de Canada

YO CERTIFICO QUE LA ADJUNTA ES UNA COPIA FIEL DELDOCUMENTO

B hg prly g1, cirabind &
IFA Ry Gt TAR Que LA 7

QUE SE ENCUENTRA EN LOS ARCHIVOS DEL DIRECTOR ™ aidie et cav i ot

(Firmado ) llegible

Director Encargado — Director Adjunto

2007)

—
SBeT
TRADUCCION OFIGIAL Ho, | 0? / ¥

HILDA AGUILERA DE PIEDRAHTTA
IHTERPRITE OFICIAL
AES. No. 523 DEL MIN, DE JUSTICI 2
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Sello en Tinta: Certificado por el Departamente de r'j;} Q
Relaciones Exteriores de-la Oficina Extranjera de la Ley de Sociedades |
Comerciales de Canadé, (Hay dos (2) firmas llegibles) Sello con firma
Suscrita por el Director Adjunio de la Oﬁc§ina)
Sello en Tinta de Autenticacién de Firma:
CONSULADO DE COLOMBIA
No. 069 Ottawa, Canada a 14 de Abril de 2008

Visto en este Consulado para autenticar la firma de

MARIO NUREZ SUAREZOFICIAL ¢ & 75 7'
DE AUTENTICACIONES DE GANADA .52 z 5’;*2%
US$ 25.00 CONSUL DE COLOMBIA %% 7 %%
Rafael Gunllermo Arismendy J. M? g g’%‘:
£ -

Prirner Secretario Encargado de las Funciones Consuldfés dé]a
'Embajada Colqmbsana.
(Firmado) llegible
Sello en maguina: Ministeriéw de Relaciones E ;
2008 Mayo 7 Hara AM: 1142 &

(Firma) Jefe de Legallzaclones Bogota D.C.
No.: 758865 :

archivos de esta oficina para su confrontaclén y a la cual mejsemi
s

tenido el original del documento a la vista.

Colo-16516-845.001-4 Solicit. JM Crts, 2,564

HLBA AGUILERA DE PiEDRAMTA
| NTERRRITE OFICIAL
e v 3L AN DF JUSTICH
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CERTIFICACION No. 051/ 2008

EL SUSCRITO PRIMER SECRETARIO ENCARGADO DE FUNCIONES
CONSULARES, DE LA EMBAJADA DE COLOMBIA EN OTTAWA,

VISTOS LOS DOCUMENTOS PRESENTADOS,
CERTIFICA:

1. Que el sefior MARIO NUNEZ SUAREZ, quien autoriza los documentos
autenticados en la Provincia de Ontario, ejercia legaimente en la fecha
indicada, como Oficial de Autenticaciones de la Division legal del Ministerio _
de Asuntos Exteriores y de Comercio de Canada, y que las firmas y sel og +
que en los documentos aparecen como suyos son los que us &
en sus actos oficiales.

acuerdo con las Ieyes canadlenses

3. Que el sefior ANTONIO JAVIER AVELEDO, en su calidad de Representante
de Propiedad Intelectual de SHIRE CANADA INC., estd autorizado
legaimente para representar a esa entidad en este actoy otorg-ar el poder..

Se expide a solicitud del interesado a los siete (14) dias del
dos mil ocho (2008). .

_ U
RAFAEL GUIL
Primer Secretari DNy

: rgada delas .. ' ;
Funciones Cons . _

DERECHOS CONSULARES US$ 110,06 .

360 Afbers Street, Suite 1002, Ottawa Ontario Kzf& 7XT:
Tel: (613)230-3760 Fax; (613) 230-4416 -
hittp:/fwww.embajadacolombia.ca -

z s

Consulado de Colombia LI
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Representacién y. Poder con cerdficadn
de  oflided, disciios  Indusriates, marcas dr  fibrics, nombres
comergiales, snieliny, nombres de demlale, lemas Somerciales, Heeuelrs

179
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¥

pars p

Represertaiion and Poworwfe Attorney with consulay certificate for
patents, utifity  modols, imdustrial designa,  eradewmsrim, commorchal

namen, trads emblems, domnin pames, slm. Heenses,

REPRESENTACION Y PODER

REPRESENTATION AND POWER-~ OF- ATTORNEY

PHAR-125-007 COLO -~

Yo {nosotros), sbijo Sanade (531 (we), the undemigned
SHIRE CANADA ING.

domioflisds (s) eniof 2250, BOUL, ALFRED-NOBEL
BUR. 500, VILLE ST-LAURENT, QUEBEQC, H48 2C9

por ¢l prozents nombrmnps n EMILIO FERRERC, tpa. 31929; LUZ
CLEMENCIA DE PAEZ, tpa. 23555 y DANIEL PERA, tpa. 65620
domicilisdos en ko Comse 4° NP 7235, Bogots, Colombls, en
chedeciaiivnte & o dispuesto on ol pardgrafs lo dol Arsfeulo 543 det
Cadigo ds Comercio, of primety somo princips! y los demis como

suplentss, on 60 ovden, como mis (nrestros) reprosentantes en todos lox N oy
da propicdad industrial con facultad pars recibiz notificasiones y
' ',,;.,..OA_'.,... i primes rops
1 i ﬂl : ’ 1 en casd do i 0 B N P

in don complimes with the teaus of parsgreph Ist, of msticle 543 of the
Commurcial Cads, do hereby appoint EMILIO BPERRERO, mpa 31925,
LUZ CLEMENCIA DE PAEZ, ma 23555 sad DANIEL PERIA, pa.
65620, domiciled at Comvorz 4* N* 72.35, Bogotd, Colombia, tie first a5
principal and the others a5 altemnates, in the endor of their appaintment, a5
ives for sl industrlal property mattors with fucalty to
vewive notifications and 10 appoint stomeys (. and out of Court, The

first alternste shall replsce the prinsipal in case of his sbsener or of

¥

tmporal o definitivo de mﬂ. 1 juisms mpls se aplicard m&o ¢l

plente haya ds memplazer 8l primers, o &'

mmalwgmda&u&uwa.clrapwmmmwlosl

[ p) o oo, emw.dmmﬂm
amadén de m gosr 18 o tacidn  med i
milcuticada por Notasio Piblico on Colombiu, o por Notario u bhw
Funciontric Piblics, o Conaul de Colombin, on o exiranjere; v of se
orue de impedimento, con ol cortificado reapective, Si algwno do fos
mmmuﬁmmmmﬂﬁsnmmﬁwhww

w.smla in o ntpodi del rep prinaipal, » de su
b ° d lontes, 0 @ cass, potlrdn cjocer 1o
mmuﬁbgmmcﬂm.mummelmmwmmw
o zolo becho de gjeseet dy &n ese o] eieseieio de la
tepressnteidn por o primesw, segunds o teroor suplente ¢ su casa.

Adapids, confiero {confarimes) poder o los abagados suriba pemivados,
pard obisner la p {6 de mi § ) propicdad industrinl ¥ sontss
1a compotencia duclesl, & cuyo afecte autorize (maos) 3 Jos dichos
apoderados para que me (n05) Kupressniten ante cualesguicss eatidodes ¢
porionws, gjerzan o we jurisdicoidn; espucislmente anty les del erden
sdmindetrativo, comencioss sdministrative y judicial, asé como los

mibunales do arbimumento, en twdo Jo concemingte = los siguientes |

asuntos: n) Oibtencidn de paentes de invencidn, motclos de nilidad, y
mmawmammsmwm
defensivas, de servicio, lemes iales, il

) or definitive impadiment. The seme tuls will apply when the
second af TPy fve is 1o r' the firn owe, or when the
third i & replace the first or second alernsess @ their mm, or both of
them, sscond. fn such cases, the principal rpreamtative, or the firet or
second alternates i cheit tuem, o both of them, shall stat their intentive
nel 1o 8ok ¥ Kep fves through a dich given before a Notary
Pubilic in Colombia, or before a Netmy or anoiber Public Official or &
Colombisn Cons sbroad; and in e of impediment. Sie appropiots
certificate shall suffics. If any of the appointess were o bs definitely
abaore, du following alemate shell take kis place. 'When e sbaetics or
hnpediment of the principal representative, or of the ikt or second
izarnate i their tum conses, the representation can b taken again in their
sequeace, by ihe princpsl, the frst or secoud alternate depending on
case, and the mert fast or it5 exercise will suiffice, The sersise of the
repressntetion by the Brat, mmdurﬁmd slterzageen fo their tum shafl end
ot such time.

In addition, we grant & Power of Attemey in favir of the sbove_named
attesnays.at Jaw so that they mey obtaln the protection of my (ow}
indostrial property and against the uniiir competitien, for which purpoes 1
(we) sutharies the soid anemeys 19 reuessit me (08) before any
authoritien er porsone, with ¢r withoot judediction, specially thoss
administrative, edministative conteations sed judicial, a8 well as befure
Arbitration Court, in all matters sonverning the following: &) Obtainment
of patcats, utility models wsd fmdustviod designs; the vogivtration of
waidemarky, collestive, defensive o sorvice marks, slogans, tommercio)
nemcs, Gade emblewms, domain names, vegotal vatislies and
deniaminetions of origing its renewal, usaigmnont, change of mmme o

ctsoliag, pombires de dominio, variedates veserales y denominaciones ds
origey w o, blo de e o domicilio,
mhdénvﬂumﬁaydmmawcmdenmasmsm

domiclls, voluntary eanceltation; and the registration of lisenses of e of
the above oghts b) Actiots of vafalr competiion, protectivn tw the
' oppositons or ohgorvations, adminjstrative or Cosnt

1) Lew aesiones ds competencis deskal, provessibn det i

» T IY

fiativn, eullity, infilagement, grauting of licmssy, the acion for weit

.opoﬁviouuu'obwvadmmwm dmvini v

lamlﬂll.ll:

oulidad, medidas dnpes, i de Hi
I industiales, y o &

pmalw. adniiniseativos o mmdmmwmm relacionados con

¥ pree que g o ssavs

2 Roxanne Daviault

-Notaire

1 1os juicios civiles, -

. e >
shye  matters ey ey -‘fybmmg'“ ‘thi:!‘ 3]
L‘:'j._ i .“\ ‘

mandamivs, the protoction ofwismu, mdhgmralﬂwdvﬂ ponsl,
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 estnule esto raswdats, ravsigh, aneilier adaitr los bechos del proseso,  sosigs, aod satfy acis dony by seprescntatives without 4 pewer of stiumey.
desistin, sapoelar, sesibis, pouncins, y ratificr los eius d6 ageules
oficiopon

Patent Application No. 04.002.061

Dadoy it hoy/Given and signed this,

snfin VILLE STLAUREN T OUEBEC
Anfonio Aveledo, Insellecual Property Adyisor
Fiima ‘ Ay Sigmture

CONSULADO DE COLOMBIA

No. 068 Ottawa, Canadé, a_ 14 de ABRIL de 2008
Visto en este Consulqc%? para autenticar la firma de
. IO N Z8 :

Sagent of Fbreigé Afairs and
“haaiization of the £
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AUTENTICACION

E Seiior Cénwul de Colowbin deha aapalic un coriificade consnlar
subre (1} b existenciy Jogal de lu compadifn que otargs &l poder, {2)
que st ejerce sn objete snvial, ¥ (3 que les persouas qoe olorgan ¢l
poder esthu antorizadas pars dicls, A wste ofecto Jes soli qac

AUTHENTICATION

The Colombia Conanl must issue 3 consular cextificate, oni {1) e logel
axistence of the company which granty the Poweswol-Atioracy, (2) that
% & in wotuw) witrcive of {3 company porgoses, snd (3) thot the
¥ who the Power of Attorasy is anihorized to do 30, Ta

muesteen al Sefioy Cénsul 182 pracbas goe screditon esos hechos (T),
@y @)

NOTA PARA EL SERDR CONSUL DE COLOMEIAz Segin los articulos 65 del C. de P.C. y 480 ded €. do Co., 5i ¢l podardante s una
Scilor Consud debe cortificer que tovo a Ia vista lns prusbas do 59 oxisioncls, qus gjerss su dhjsto sodlal y qus quien confiere ol pudet oy

this cifect, plesse show the Coninl the evidenee to prove the above
acts (1), (2) and 3,
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Traduccion Oficial No. 08.1044 de un documento escrito en inglés, el cual para ®
su identificacion se sella con el sello del traductor al tiempo con la presente. .
Esta traduccién ha sido preparada por Hilda Aguilera de Piedrahita, traductora
e intérprete oficial en los idiomas inglés-espafol-inglés, debidamente
reconocida por el Ministerio del Inferior y de Justicia, por Resoluciéon 323 de
1980, y autorizada por el Ministerio de Relaciones Exteriores.

(Se traduce un Poder de Representacion y autenticacion notarial para patentes,
modelos de utilidad disefios industriales, marcas, nombres comerciales,

emblemas, nombres de dominio, licencias,

© cavelier abogados
carrera 4 No. 72-35

Bogota,

179 Yo, (Nosotros, abajo firmados)

SHIRE CANADA, INC.
Domiciliado(s) en/de 2250, BOUL, ALFRED- NOBEL

Bur.500, Ville St. Laurent, Quebec H4S 2C9-

Canada

En obedecimiento al paragrafo 1°. Del Articulo 543 del Cédigo de Comercio,
por el presente nombramos a EMILIO FERRERO, tpa. 31929, LUZ

"CLEMENCIA DE PAEZ, tp.a. No. 23555 y DANIEL PENA tp.a. 65620

domiciliados en la Carrera 42, No. 72-35. Bogota, Colombia, en obedecimiento
a lo dispuesto en el Paragrafo 1°. del Artfculo 543 del Cddigo de Comercio, el '
primero como principal y los demas como suplentes, en su orden como mis
(nuestros) representantes en todos los asuntos de propiedad industrial con
facultad para recibir notificaciones y nombrar apoderados judiciales o
extrajudiciales. El primer representante suplente reemplazaré af’ pmcmal B
caso de impedimento temporal o definitivo. La misma regla se aphcaré {;{.}ang
el segundo representante suplente deba reemplazar al primero, o cuango
tercero deba reemplazar al segundo. En tales casos, el representan
principal, o el primero o segundo representantes suplentes, a su turno.o at
de ellos deberan ejercer la representacion en su orden, uno u otros, ;

VRADUGELION OF il hd, gi. 6
MDA AR

TS

i v

A
[TA



caso. ,
Ademas, confiero conferimos a los dichos abogados para que nos representen

en cualesquiera entidades o personas, ejerzan o no jurisdiccién, especialmente
ante las del orden administrativo, contencioso administrativo y  judicial, asi
como tribunales de arbitramento, en todo lo concerniente a: a) obtencién de
patentes de invencion, modelos de utilidad, disefios. industriales; registro de
marcas de fabrica, colectivas, defensivas de servicio, lemas comerciales,
nombres comerciales, ensefias nombres de dominio, variedades vegetales y
denominaciones de origen; su renovacion, traspaso, cambio de nombre o
domicilio, cancelacion voluntaria y el registro de licencias de uso dé €s08s
derechos; b) Las acciones de competencia desleal proteccion al consumidor,
cancelacién administrativa proteccion del consumidor, oposiciones y procesos
gue promovamos o $e nos promuevan; proteccion de derechos industriales y
en general juicios civiles, penales, administrativos © contencioso
administrativos relacionados con estos derechos. Y para que en todos los
asuntos arriba determinados, puedan susmimir este mandato, ftransigir,
conciliar admitir los hechos del proceso, desistir, cancelar, recibir, renunciary
ratificar los actos de agentes oficiosos.

l

Dado y firmado hoy dia Solicitud de Patente No.04.002.061
En VILLE ST. LAURENT, QUEBEC,
(Firma) ANTONIO AVELEDO, Asesor en Propiedad Intelectual
Febrero 28, 2008
(Firmado) Me. Roxanne Daviault  Notario Publico
Copia Certificada, Conforme -
Original (Hay Firma legible)

L)
-a.q-' ‘-.

Consulado de Colombia
CERTIFICACION No. 051/2008~

" TRADUGCCIOR OF it sy
MILDA AGURE

INTERPRETE. OF

RES. No, 223 DEL MIN UE 70

" S

247

gjercicio de la representacion por el primero, segundo o tercer suplente en su ,,»L\_y)
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Nota para el 8efior Consul de Colombia

SEGUN ARTICULOS 65 DEL C. DEP.C Y480 DELC DE CO siel poderdam'e €5 una sociedad, el 5 MEDINA é@;
Consul debe verificar que tuvo @ la vidsta las prusbas de existencia, que sjerce su objeto sodary QUEN I e i mﬁj
quien confiere gl podar 6s su representante.

SELLO CONSULADO DE COLOMBIA //

- 243

El SUSCRITO PRIMER SECRETARIO ENCARGADO DE FUNCIONES -
CONSULARES, DE LA EMBAJADA DE COLOMBIA EN OTTAWA, - lf ) }
VISTOS LOS DOCUMENTOS PRESENTADOS,
CERTIFICA:
1. Que el sefior MARIO NUNEZ SUAREZ, quien autoriza los
documentos autenticdos en la Provincia de Ontario, ejercia
legalmente en la fecha indicada como Oficial de Autenticaciones
de la Division legal del Ministerio de Asuntos Exteriores y de
Comercio de Canadd, y que las firmas y sellos que en los
documentos aparecen como suyos son los que usa y acostumbra
en sus actos oficiales.
2. Que tuvo a la vista las pruebas de que la entidad SHIRE
CANADA, INC. registrada en el 2250 Boul, Alfred Nobel, Bur, 500
Ville S&t. Laurent Québec H4S - 2C9 existe legalmente y que
actualmente ejerce su objeto social de acuerdo con las leyes
~ canadienses.
3. Que el sefio ANTONIO JAVIER AVELEDO, en su ¢ alidad de
Representante de Propiedad Intelectual de SHIRE CANADA INC.,,
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known configuration.

Redustive-Shidative’ transfomuation of chiral oxathiclanes fas led to the tranposition of tve existing leaving group
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SYNTHESES AND ANTIV]RAL ACTIVIT]ES OF I}DIOXOIANYL' 1,3* .
CLEOSIDES WITH 2.

'OXATHIOLANYL- AND 1,3-DITHIOLANYLNU
HYDROXYMETHYL SUBSTITUENTS

Ly Moon Wm Chun,*! Dae Hong slun,l Hyung Ryong Moon,! Ieewoo Loe.l Hokoon Park,2 and Lak Shin Ieong‘

lCaﬂege of Pharmacy, Seoul National Unim:my Saoul 151-742. Korea, 20rgamic Chemisory |, Division o
Applted Sciences, Korea Institute of Science and Technology, Seoutl 136-650, Korea and 3Laboratory of
- Medicinal C‘imnfsw, College qukmma:y E’wha mvm:llniversity Seoul 120-750, Korea -

l

" Abstriact: Novel 1,3-dioxolany}-, 1,3-oxathiolanyl- and 1 3-dithiolanylmcleosides with 2~hydroxymethyl

substituents (1a-4b) were each synthesized with good )yinlds through the condensation of di nclenplnles {oxygen |

- and/or sulfur) with ladnhanzoxy-z-pmpanommmy kmlasakcystep © I!mmsevmsmm

Rmnﬂy,wvaﬂnwlmmmssmsmm«wmmmmmﬁnghmmmd

* to exhibit good antiviral activity. !¢ Among these, (-)-L-§-1,3-oxathiolanylcytasine (YTC, Lamivudioe) has been

apptovedforﬂwmaﬂhmofmmdwiﬂsuonbcappxwdbythe?wdmdbmgmmmwmm(mmfm-
anti-HBV agent.55
Lamivodine mmeﬁmL-nneleomdetobeappmvedbyFDAandmmnchlmcywtomthanns‘___

‘enantiomer, Nsomer Another L-nucleoside, (-}-1of1,3-dioxolanylcytosine (L{(-}OddC) was found to be highly
, mtmmmmrmv»wn ash:ghlycymxk:mdisbeingdwalopadasmmmwagem.m

NHZ :

- 18(X=0, Y=0, R;=OH, R,=CH;:

" 1b (X=0, Y=0, R\=NH;, R;=H)

© 2a(X=0, Y=8, R,=OH, R~CHy)
b (X=0, Y=5, R;=NH,, Ry=H)

o [0 ] OH "0 30 (x2S, Y=0, Ry=OH, R,=CHy)
| 3b (X=S, Y=0, R;=NH, R;=H)
: 4a (X=S, Y=S, R,zmx. Ry=CHy
- : : ‘“’(xﬂs ¥Y=§, 1*"1‘12« 2=H)
Lamivadine

For structure-activity mlatxom!up sludy subsntnems are bonded onwdledmxolane oroxathxolaue ﬁng,
MammmmmwmmmmﬂwﬁmmewmmmdmmMMmmﬁmfm

- we decided to synthesize 2-hydroxymethyl arialogues of 1,3-dioxolanyl- and l.}omhiolanyl nuclensides. smcc
WA’MMM;WW'GM&;MMMM

A concurrent investigation of synthesis of 4'-thio analogues of 4 hydmxymethyl-a‘«o . und ki
thmnucleoaides and a comparsion of the antiviral activities of each were carvied out, since 4 -thionucleosides,

‘mmnmm%nmmmﬁﬂmmmmrﬂoﬁummmmmgoodtoexeellem

mtivimmtivity!m

s
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S(R=BnX=0) o
/ 10(R =TBDPS, X = §)

D<II

ll(R"B X= Q) - |
M marg'nrsrx‘“ﬁ" b fﬂﬁm

S — nm T

BX=8" _mxmo R=OH, R, 1a (X =0, R,=OH, )
ol . 20(%=0, Ry=NHAc, 1b (X =0, \RimAH,
21 (X =5, R, =0H, R;=CH 2a (X =S, R;=OH M‘;‘
(X =S, n,wnmc R b (X =5, Ry=NH,, R;=H)

Reagenhs® ; aaca,c(om;cu,, GHCL RT, 15h, 87%. b) Na!{. BnBr, DMF, RT, 15 b, 98%.
c)cHCl.MeOH.mﬂux.lh,m d) +-BDPSCI, imidazole, THF, RT, 30 min, 86%.

Lo . eYeat.p-TsOH, teluene, refinx, 76% for 13, 53% for 14. f) Hy, 10% P&/C, RT, (5h
| . . N - 78% for 18, 0-Bu NF, THF, RT. 20 min, 86% for 16. g) PDC, DMF, 45-50°C, 151

_— - ¢ h) Pb(OAc),; pyridine, THF, 0°C to RT, 30 min, 0% from 15 fur 19.45% from 16
for 20. iy persilylated bases, TMSOTY, 1.2-DCE, -20°C w RT, 2 b, 74% for 19,
«wmmmrmn.ssmuzz.»mmcn,cl,.m 30 min;, 979 for ta,
9swfm1b.mmumrom |

This m describes the syntheses and antiviral amvitien of racemie 1,3-dioxotanyl-, 1 .3~oxsxhiolanyl- '
_and 1,3-dithiolunylnucleosides (12-4b) with 2-hydroxymethyl snbstituents through the mmdmatwn reaction of
dinueleophiles (oxygen and/or sulfur) with 13-dibenzary-2-propanone methy) ketal. In order to produce the
' mrganucleomdu(u-zb)- sugar acetate was first synthesized and then condensed with heterocyclic bases,
(S&hm . : :
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1,2-Diol of DL-glycerin (5) was protected as acetonide (6) and underwent benzylation to produce a
benzy! derivative (7). The isopropylidens gronp of 7 was removed under acidic conditions to yield the diol 8.
The another dinucleophile 10 was synthesized from 3-mercapto-1,2-propanediol (9) after ireatment with teft-
butyldiphenylsily} chloride in DMF, The intermediates 8 and 10 were condensed with 1,3-dibenzoxy-2-
propanone methyl ketal (I) in the presence of catalytic amount of acid 10 give 3'-0xa- and 3'-thiasugars 11 and
12, respectively. 1,3-Dibenzoxy-2-propanone methy! ketal () could be readily synthesized from 1.3-
dihydroxypropane-2-one dimer. Treatment of 1,3-dihydroxypropane-2-one dimer with trimethyl orthoformate
and p-TsOH yielded the ketal detivative (82%), which was benzaylated using NaH and benzoy) chioride to give
the intermediate (I) in an 89% yield. Compounds 11 and 12 were deprotected using Hy in Pd/C and n-BuNF to
yield the alcohol derivatives 13 and 14, respectively. Treatment of 13 and 14 with pyridiniom dichromate (PDC)
in DMF14 produced acid detivatives 15 and 16, which underwent oxidative decarboxylation with lead
tetraacetate to give the key intermediates 17 and 18, respectively. Lewis acid (TMSOT) catalyzed the
. condensation of the sugar 17 with persilylated bases (thymine and N-acetylcytosine) in 1,2-dichloroethane at
@ room temperature and yielded the protected 3'-oxanucleosides 19 and 20. 3'-Thianucleosides 21 and 22 were
similarly prepared. Protecting groups of the 3"-oxa- and 3’-thiamucleosides were removed using sodium
methoxide in CH;Cla to afford the final mucleosides 1a-2b.15.16
Syntheses of racemic 1,3-oxathiolanyl- and 1,3-dithiolanyl nucleosides (3a-4b) with 2-hydroxymethyl
group were accomplished utilizing a Pummerer rearrangement?? of the sulfoxide as a key step and are described
in detail in Schome 2. Dinucleophiles, 2-mercaptoethanol (23) and 1,2-ethancdithiol (24) were condensed with
methyl hyl ketal (1) in the presence of a catalytic amount of stOH to give 1,3-oxathiolane ring (25) and l.3~
. dithiolané ring (26) Tii 73% yields, respectively. Treatment of benzoates (25 and 26) with methanolic ammonia
yielded diol derivatives (27 and 28) which were protected with t-butyldipheny! silyl group to give 29 and 30,
respectively. The sulfur atom of compound 29 was oxidized to sulfoxide 31 by treating with m-CPBA at 0 oC. A
- Pummerer rearrangement of sulfoxide was utilized to synthesize the sugar acetate ready for the condensation with
pyrimidine bases.!7 Thus, treatment of sulfoxide 31 with sudium acetare and acetic anhydride at 120 «C produced
acetate 32 in a 34% yield.
Condensation reactions of 32 with persilylated pyrimidme bases such as thymine and N—aeetylcytosine in
t.2-dichloroethane, which used TMSOTT as a Lewis acid catalyst at room temperature, yielded the protected:

.‘ ~ mucleosides 34 and 35 in 38% to 49% yields. On the other hand, the production of 1,3-dithiolanyl aucleosides

_ by a direct condensation reaction of sulfoxide with persilylated pyrimidine bases, through a Pammerer type
g rearrangement, was utilized instead of preparing a sugar acetate like 1,3-oxathiolanyl nucleosides 34 and
@ 35.18.19 Thus, compound 30 was oxidized to sulfoxide 33 by treating with m-CPBA in methylene chlaride at -

78 oC. Reaction of sulfoxideﬂSJ_Mg_ﬂLhEdem such as thymine and N-acetyloytosine in 1,2-
' dichloroethane, using TMSOT as a Lewis acid catalyst at 50 oC, yielded the protected nuclcosides 36 and 37 in
53% to 86% yields. Silyl groups of protected nucleosides 34-37 were removed using mbutylamonmm
fluoride to give 3a-4b 2021 The silyl groups remained intact at room temperature and were only removed under
conditions of elevated temperature (45 oC) and a longer reaction time (15 h).
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_ niphusphnma.mayhmbleformmcf'aﬁﬁvmlwﬁﬂy.WWEMM3Wﬁn§ty6f' )
18+4b to the kinases and synthesizing the triphospalites of 1a-4b 10 test against HIV-1 1o determine if an absence '
\ ofmﬁviral-acﬁvnyisdnemalackofmogrﬂﬁonbykiqmmmsunswmmbepubﬁsmdelsewbm
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| catnlytlu mctrie syutbods of evclopmpam
- carboxylic acids' an applluﬁon of chim eopper
carbenoid mction - ‘

'radamu Armm

Takmuki Research Labomnry Snmmo Clmnlml Co., Lt
Takamkl. Ouaka 569, Japan ‘ _
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. copper  complex gives gn optically active alky) . cyclopropanecarboxylate. This

inidusirially valuahle ‘ ylic acids: .Memehr&themw acld,

(+)¥-cig-permetiwinic acid and (+)-2.2 ethylcyclopropanacarhoxylic acid. .

A of effective catalysts, chiral Schiff basé-copper complexes, was prepared
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 CHIRAL COPPER CARBENOID REACTION ref. 1) AND IT8 APPLICATION
| TO CHRYSANTHEMIC ACID SYNTHERIS A

In 19686, the ﬂm example of asymmetric. mnlym (ref. z) by means of @& soluble transition. metal
mmprexmmmwmf.mmm cowarkery . Th dmmdeﬂmdmowemem
in the presence of mmmph(l)uumlmmﬂwmmm%
2-phmy1*cyclmopanmrmym (3 end'4), both in an optically sctive form
mmdthatthamdarmﬂ mmhyldlmmnumﬂummmmbmed

-'wlthuwchlmlwpweompluwfmummwmmplex(m. .3), which is responsible for

the asymmetric induction, Fyrthermore, the reaction provided s new method for the preparation of
active cycloprcpm derivatives of . prm:lcal valne. nlthwxh the  enantiomeéric - - excesy

* (e attained at that time mleaathanﬂ%.
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‘cm'ymnmemtc acld, 2,2-61msthyl-342~methyl n-m upropanembuyuc acid {6, 'l. R=HIs

an acid component of pyrethrold, an bumlc!dao!h!gbawvi and low mammalian toxicity {ref. 4).
There is a close correlation between the chirality of a melecule and its - biological “activities,
Amang the four optical isomers of chrysanthemic acld, the most effective isomer is shown to be - :

: M~ isomer, whldn 19 followed by {+}-cls isomer. (~)~T and (-}-gls isomers: m aimost

ive (tef. 5). The chtyunﬂmlc acld also bas #IR-seans. confl
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ene presence of catalyst to give en opt
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- . from the Grignard reagent (Eq 3),- By

_Egg_-butyhz rm-phenyl. Hereafter. this catalyst having R’
" Optical tsumenofehryaanthemi@ wmmﬂymwmmmmmeamm

NOVELCOPPER CATALYSTS AND mmovmmov ST |
STEREOSELECTIVITY (ret. 6) ) | ST A

" An’ extensive mmhmmﬂedmmﬂevlseaserhaof«ffecmecatalm Theeatalystwaa"

sceording to the reactions of Eq 3. An ester of opiically active a-amino acid {6) was

" reacted with on excess of reagent to give an amino alcohol {9) with complete retention of

cunfiguration (ref.. 7). Schiff hase of 9 with salicylaldenyde wes treated with cupric acetate. followed
by sodium hydroxidé to give a copw c!ulate (10) as an almtabte green mass, The complex 10 was

" ghown to have a dimeric structure, in which the Schiff base lwmpom;edasauldmmngam
: (ref.s). Aammpleofmmymyswnoarapmwmlysuhshmmmg.l(rﬁ.%

' )
2) Cu(dAc) :
3) NaoB

wes Y O

m 1. x-ray erystellﬂsraphlal analysis of & eupper complex, R-7644
{10, R mﬂg\u’aﬂm 1 @ benzyl. Rﬂ - zmws-j_-bmyl-phmyﬂ.

'ﬂm mmplax 10 has two mlmiwem R, Rﬁ comes from t!m a-amino adld and comes
ﬁumbini ) erent d-amino acids and Grignard reafents, a
variety of copper chelates were prepared and the products were examined as catalysts in the

-chrysanthemate synthesis {(Eq 2) Results shown In Fig, 2 were obtained when ethyl dlammtate was

empbyadmadiazomer. The e, of mmmxcmammwmmmm
substituent The highest e.e. achieved was ea. 70% when R, was methyl, and
chafiguration £ nam R-1648,

{+)-2-cotyl estera (ref. 10}, Tahle { ahowa the composition of chrysanthemic actd produced by the .
use of R-1648, catglyst of R configuration favors the formation of (+)-trans - end (+)-gis
isomer over that of (~ and (-}~cia lsomer, respectively.  Ethyl dlazoacefate gave

nearly
‘equal amount of cis % isomers, . A remarkable Improvement of stereoselecﬂvu{ was brouaht

aboit by ehanslns ethyl oacetate to bulkier alkyl diszogcetate, The selected alky
l-menthyl group which gave a gis/trans product ratio of 7/83, and a 94% e.e. for the lmmer.
TReaction of other alkyl diazoucetates ip the presepce of n—rm gove the resulis shown in Fig. 3
The bulkier the alkylmpoidlazommls, thnhlahm mmmm of the product and
the e.e. of m lsamer are. .
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[ I
1, 1-Menthyl
2. d-Neomenthy)
3. 1-Adamantyi
: S
6. +-Bu 2
7. C{Me),Ph
8. CH(M&Pn
9. Cyclohfxyl
llu l'P'
=
! 4
Lrany content (%) of chrysanthemic acid
Fig. 2. Search for the catalyst. Fig. 3. Search for alkyl diazoacetate.
. TABLE 1. Asymmetric synthesis of alkyl chrysanthemate
. ' ' % Composition of chrysanthemic acid % e.e.
Alkyl ()gls (+)-cls (-)-trans (+)-prans  clo/trams eois trams
Ethyl 9.2 3.4 8.1 43.3  49/51 62
J-Menthyl 2.6 5.4 2.7 89.9 7/93 46 gg
d-Menthyl 5.8 22.6 3.4’ 68.2 28/72 59 90
20

di-Menthyl 2,3 163 4.1 77.3 19/81 75

ASYMMETRIC SYNTHESIS OF CYCLOPROPANE CARBOXYLIC ACIDS

{ref. 11)
Permethrinte acid, 3-{2,2-dichlorovinyl}-2,2-dimethyl-cyclopropanecarboxylic acid (15), Is enother
kind of scid component producing pyrethroids (1) of higher potency and photostablity (ref. 12),

The most effective isomer of permethrinic acld is shown to be (+)IR-cls fsomer. A sterecselective
route to this isomer was explored using chiral catalysts at haid,

SO\

@ 11, Permethrin (X = C, Y = H) 12, Cllsstatin (MK-0791)

13 14 (+)~cis-18






Ethyl diazoscetate was rescted with 2-methyl-5,5,5-trichloro-2-pentene (13; ref. 13) in the presence

1842 T. ARATAN]

of the catalyst of S emnfuram 5-1648, to give ethyl 2,2-dimethyl~3+{2,2,2-trichlornethyl)-
cyclopropanecarboxylate (14), whose dehydrochlorination and hydrolysis with potassium hydroxide -
afforded (+)-permethrintc actd (Eq 4).  Analysis of the product revealed that cls/trans ratio was
85/15 and e.e, of the ¢is isomer was 91%, This stereoselectivity makes a sharp contrast to that
of chrysanthemate synthesis (Eq 2).  Flest, thermodynamically less stable isomer, cis, 1s preferred

in Eq 4 whereas thermodynamically inore stable fsomer, Is erred in Eq 2. Second,
preference of the same: IR configuration in the product res talyst in Eq 4 and the antipodal
R-catalyst in the chrysanthemate synthesis, Since similar selectivity of Eq 4 was ohserved in the
resction of 2-methyl-2-butene (21; Table 2), these discrepancies cansot be attributed to the
participation of chlorlue atom of 13. An explanation will be given In the final section.

The third compound of practical importance comes from pharmaceutical flield. Imipenem (MK-0787),
N-~formimidoyl-thienamycin, is one of the most promising 8-lactam antibiotics recently developed
{ref. 14). In spite of its high and wide antibacterial aceivity and strong resistance to
B-lactamase degradation, Imipenem was susceptible to rensl metabolism in animal specles and in man,
This metabolism can be sutpremed by coadministration with Cilastetin (12), an enzyme inhibitor for
dehydropeptidase 1 (ref. 15}, (+)18-2,2-Dimethyl-cyclopropanecarboxylic acid (DCCA, 17: R = H) is
a key intermediate in the production of Cilastatin . :

Ethyl diazoacerate was reacted with isohutylene in the presence of the catalyst, R-7644 (Flg. 1),
to give ethyl ester of (+}-DCCA in 92% ee. (Eq 5). This resction was proved to wark well in a
factory scale, Other examples of asymmetric catalysls of practical usage inelude L-DOPA synthesis
by Mamsanto (ref. 18) and |-menthol production by Takasago (vef, 17),

The chiral catalyst 10 is useful in the preparation of optically active cyclopropanecarboxylic
acids of a wide range (ref. 18}, For example, l-menthyl diazoacetare was reacted with olefins in
the presence of R- and 5-1648 to give the corresponding cyclopropunecarboxylates in high e.e. The
e.e. of the products wes directly enalyzed by GC and the ebsolute configuration was determined
according o the lterature, Results are summarized in Table 2.

TABLE 2. Asymmetric synthesis of substituted cyclopropanecarboxylic dctds

Catalyst Product ~% e.a. — ~Confign—
Olefin Confign gcis/trans gls trans ¢is  trans
Styrene (2) R 14/88 (+)54  (<)69 1S5,R 15,28
8 18/82 (-)18  (-)8] IR,28 R,R
1-Octene (18) R 17/83 (+}46  (+)76 1S5,R 18,28
- S 22118 (-)é4  (-)84 I1R,2S R,R
trang4-Octene {19) R - - (+)82 - 25,38
s - - (w)“ - Rﬂ
trans-Anethole R 9/91 (+)44 ()81
S 12/88 (-}60  (-)a9
1,1-Diphenylethylene (20) R - | - {+)75 - I8
) - s - - “‘)ﬁ‘ - lR
a-Methylstyrene R 40/60 88 és
S 36/64 68, 58
2-Methyl-2-butene {21) R 79/21 (+)]ND {<ND 1IS,R 15,35
§ ) (ND  (ND R3S IR,R

* e

STEREOCHEMISTRY OF CHIRAL COPPER CARBENOID REACTION

In this section, en attempt will be made to correlate the chirelity of the products with that of the
catalyst to deduce ap empiricel rule which predicts the absofute configuration of a new product
(ref. 19), A mechanism Is proposed to expisin the mode of chirality transfer, Resactions employing
the catalyst 10 of S configuration are considered throughout the following discussions.
Enantlo-preferences observed in Eqs 2, 4 and 5 end Table 2 are interpreted as follows. If

olefins are placed on the plane as shown in Fig. 4, the carbene derived from alky) diazoacetate
prefers to cyclopropanate the olefins from the front eide of the plane with the alkoxycarbonyl
substituent downward, When geometrical isomers of the product exigt, the arvangement of the top
glves the trang product and that of the bottom gives the cis product, Since the arrangements of top
and bottom are upslde down each other, both cis and trang products have the same ahsolute configu-
ration at the carbene carbon atom, Thus, the olefin 5 gives ls-_ﬁm-and ls-%-cm‘ymmhamme
(Eq 2; S Cat.) and the olefin 13 gives IR-trans- and IR-cls~15 (permethrinic ‘acid precursor; Eq 4).
What is the commom feature of the arrangements of Fig. 47 This problem can be solved in terms
of electronic factor of the olefin rather chan steric one. Of the two olefinic earbon atoms, the
carbon atom, @, capable to produce more stabilized carbonium fon is placed on the right side and
the other, 8, is placed on the lefe side {ref. 20). The order of stabllity of carho-carion has been
embuahe%q ‘: follows: benzylic s ellylic > tertiery » secondary » primary. The conclosion is
ghown in
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HyCHcooR

The catbonfum lon et the w-position is P
more steble than that at the B-position. -~ | 2

There are strong evidences indicating that the original structure of copper complex 10 is not retained
o during the catalysls, Firse, the complex 10 should be activated before nse.  Thus, addition of alky)
=3 diazoacetate to a solution of 10 at rogm temperatire did not Induce any changes. When :
g 3 the mixture was warmed up to 70-80 “C, o vigorous evolution of nitrogen gas took place and the
— color of the solution turned from green to brown., Subsequent addicion of diazoacstate to the
< solution gave a smooth evolution of nitrogen &as. Second, & mononuclear complex (25), which was
derived from the bimuclesr complex 10 e addition of a monmientate neutral lgand such as
pyridine, gave the same result as 10 in asymmetric synthesis, ' Finslly, we found thar reduction
of cupric complex 10 with & substituted hydrezine gave a pale yellow cuprous complex (26; ref. 21),
which induced an instantaneous decomposition of diazoacetate at room temperature. In conclusion,
we are safe to assume that the actual catalyst responaible for the asymmetric induction 1s a mono-
nuclear cuprous complex such as 27, in which copper Is supposed to have @ tetrahedral configuration
and one of four coordination sites fs left vatent,

' ) m
C"“cn“o -

25, Cull)-monomer 25, Cull-menomer _ -
ke Py L = (R'N=NH) , n = 0.5 or 0

24 L = vacant
28, & = :CHCOOR

Alkyl diazoacetate will attack the vacant aite of 27 from the less hindered side (back dide of the -
plane) to give a carbene-copper complex 28 with the evolution of uitrogen ges. Subsequent attack of
an olefin occurs g from the back gide of the plane (te-face) to give metallacyslobutenes

{29 and 30; ref. 22), in which alkoxycarbonyl group comes to the bottom side of the metallacycle to
avold repulsion with the hnlky.ﬂmz) OH group. Nucleéophilic nature of the. attack of olefin controls
regioselectivity in the metallacyele &maum Copper atom forms a bond with g-carbon atom of .
the olefin 22 rather than g-carbon etom. - Collapse of the mietallacycles 29 and 3D into the products
23 und 24, vespectively, regenecrates the true catalyst 27 to complete a catalysis cycle. _
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-t0- & puckered conformation of cye

L N ) 'r.mmn ,

Geometry of the four-membered intermediate (29/30) 18 transferred fnto that of the three-membered

products (23/24). Here is the reason why thermodynamically less steble gis product is favored in our
germeﬂnnuc acid synthesls 4). The 2,4-cis-disubstituted metallacyclobutane 30 (A = B = methyl,

= trichloroethyl and Q = hydrogen), which i3 derived from the olefin 13, should be moere stable
then the 2,4~ omer 28, In Ciba-Gelgy's cis-permethrinic acid synthesls (vef. 23}, stability of
the four-m red intermediate, %s-z-o‘hlaro-a. ethyl-4-trichlorosthyl-cyclobutanone is ascribed
byt ooy ring to velease repulsion of two substiruents at the

xns‘nopeu‘mtfmmnmmmubmmﬂmmumwofmmmmmqﬂm_'

. the correciness of mechanistic pathway specalared hereln (vef. 24)
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