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wherein Rl is a pyrimidine base or a
pharmaceutically acceptable derivative thereof -and Q is

oxygen, carbon or sulphur.

10 Classes of compounds of formula (A), particularly
the 2-substituted 4-substituted 1,3-oxathicolanes have been
found to have potent antivirai activity. In particular,
these compounds have been found to act as ﬁotent inhibitors
of HIV-1 replication in-T-lymphocytes over a prolonged

15 period of time with less cytotoxic side effects than
.compounds known in the art (see Belleau et al (1993) Bioorg.
Med. Chem. Lett. Vol. 3, No . 8, pp. 1723-1728) .. These
compounds have also been found active against 3TC-resistant
HIV stréins-{see Taylor et al (2000) Antiviral Chem.

20 Chemother. Vol 11, No. 4, pp. 291-301; Stoddart et al (2000)

" Antimicrob. Agents Chemother. Vol. 44, No. 3, pp. 783-786).
_These compounds ‘are also useful in prophylaxis and treatment..

of hepatitis B virus infections.

Methods for'the preparation of these compounds
25 have been disclosed in PCT publications WO 92/08717 and WO
' 95/29176 as well as in_publicatidns by Belleau et al (1993)
Bioorg. Med. Chem. Lett. Vol. 3, No. 8, pp. 1723-1728; Wang
et!al'(1994)—Tetrahedron Lett. Vol. 35, No.27, pp. 4739 -
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I neé pas

wherein Rl is a pyrim e ‘or a pharmaceutically acceptable derivative
t her eof canghrQ@des theygarep oo bompkinyl Prarintomedsahy o8B APEBUPRI ng step -
of the p)ééi m di ne base with a nol ecule of fornmula (13) described herein in
a sui t ali ‘coupling solvent, in the presence of catalytic anounts of an

el ement or conbination of elenents of groups 1B or 11 B of the periodic .
table, a tertiary anine and a Lewis aci@ to obtained an internediate-of: 3
formula (D) which is deprot ectﬁg in the Iubsequent step to generate the
product of fornmula (A). WO 02/ 1T02%9 jnber 2005 PCT/ CA02/ 00899

10 | Q (B)

wherein

R2 ié. hydrogen or a hydro’xyl-protecting group such'
as Cr10 arylalkyl, Ci-ie acyl or‘Si(zf)(Zz)(Z3), where 2!, Z°
and Z° are independently selected from-the group consisting

15 of hydrogen; C;.2o alkyl optionally substituted by fluorq, -
bromo, chioro, iodo, Ci.¢ alkoxy or Ce.zo aryloxy; Co-20

aralkyl optionally substituted by halogen, C;QO alkyl or Ci-zo

ey

alkoxy; Ce.zo aryl optionally substituted by fluoro, bromo,
chlofo, iodo,-CLQD alkyl Or_quo alkoxy; trialkylsilyl:

20 fluoro; bromo; chloro and iodo;_and
Q is carbon, oxygen or.sulfur; with

R1, a pyrimidiné base or a ﬁharmaCeutica}ly
acceptabie derivative thereof in the preéence-of‘a catalytic
amount of an element or combination 6f,eléments of group 1B

55 or 11B, a Lewis acid and a tertiary amine. The.resulting

intermediate of formula (D)




ATERECSELECTI VE METHOD FOR THE PREPARATI ON OF NUCLEOSI DE ANALOGUES The
present invention relates to a novel process for produck&gﬁ&};m% cl eosi des
or nucl eosi de anal ogues and derivatives of fornula (A): wherein R is a
pyrimdine base or a pharmaceutically acceptable derivative thereof -and Q
IS oxyﬂ@ﬁ?’@ﬁ?ﬁon or sul phur. 10 d asses of conpounds o%cggPHﬁﬁgwa),
particularly the 2-substituted 4-substituted 1, 3-oxathi ol anes have been
found to have potent antiviral activity. In particular, these conpounds
have been found to act as RBt{entN nbbitBis of HI V-1 replication in

- T-1ynphocytes over a prol onge® 1 éi;pﬁ. of time with | ess cytotoxic side
effects than conpounds known in t rt (see Belleau et al .(1993) Bioorg.
Med. Chem Lett. Vol. 3, No. 8, pp.” 1723-1748). These conpounds have al so
been found active against 3TC-resistant HV strains (see Taylor et al '
(2000). Antiviral Chem 2Q Chenother. . Vol _ 4, ePRe+29%-30%; St oddart

et al iR OProt&fLed &%b’%%’éﬁt%h%h%ln%t%‘é%l.le?/%?éeﬁ,f %8?2“3‘,31%8‘%‘%’. 783- 786) .
‘These conpounds are al so useful in prophylaxis' and.treatnent "of hepatitis
B virus infections. Methods for~thegpregaration of -these conmpounds 25 have:
been di scl osed in PCT publi &8l on 2/ 08717 and WO 95/29176 as wel | as
in publications by Belleau et al (1993). Bioorg. Med. Chem Lett. Vol. 3,
No. 8, pp. 1723-1728; Wang et al 94) Tetmyahedron Lett. Vol. 35, No. 27,
pp. 4739 WU ULI1UL 19 6 Decenber 2005 PCT/ CA02/00899 4742; Mansour et al
,- (1995) J. of Med. Chem Vol. 38, No. 1. pp. 1-4 and,Caputo et al, in
Eur. J. Og. ChéPhe \rpmpeundppf ﬁﬁgﬁuﬁQSéBllggg)beTﬁ3§g“3$obesses i nvol ve. a
mul titude of steps that increase the cost of production and reduce the

ﬁ | Rz g lSl
Q . ()—:

(B1L) - or (B2) or a mixture of

the two enantiomers. The coupling step is preferably performed
at a temperature egqual to or less than 30 degrees celcius.

In an alternative embodiment of the present
inventidh the deprotection of intermediate of formula (D) is
achieved by dissolviﬁg said intermediate in a suiﬁable'

solvent in the presence of a déprotection_agent.

In an alternative'embodiment of the present
invention a simple two stép'preparatiqn mephod‘for cis
nucleosides of formula (A) wherein the‘cqupling stép'resuits
in a pfoduct wheféin_the ratio of cis to trans ié greater

than 2 to 1 is pro#idéd.

in a further embodiment the cis to trans ratio of
the intermediate product of formula (D) is-invefsely
'proportidnal'to the reaction temperature of the coupling

step:

In an alternate embodimént of the present

invention, the deprotection step rééults'in the selective

3




5 yield of the desired conpounds. Sunmary of the Invention The pr oceé's ,

obj ect of ‘the present invention conprise the step of cqupli S

i ntermediVe@ 82/4M27¥0rnula (B) : 10 wherein 0 R2' S O'\11~ Pi@%%%g%g@gi S
hydrogen or a hydroxyl protecting group such as C7-1o arylalkyl, G _i6
acyl or Si. (21) (Z2) (Z3) , where Z1, Z2 and Z3 are independently.

sel ected fromthe.group ¢oRsiceti PchBoRfidey dogeirma @0 ahkyheopt i onal |y

- substi tgfgglg]ﬁkgié&%?lo% b(rhom), chloro, iodo, C3_6. al koxy or .C6_20 aryl oxy;
C7_20 aeakkylioapbiforal laprsvpstiatet denrptiesdtdqeh asn el ISR ETe1_20

al koxy; C6_20 aryl optionally substituted by fluoro, bromo, chloro, iodo,

- Cl-20 al kyl or. Cl_.-20 al koxy; trd vl Ssi ; HOMG,e brono; chloro and
i odo; and Qis carbénPEG G SorOflsﬂﬁlr*&uér %Av?ny%[htJR%Q }gA byrimi di ne base or a

phar mecej.cahiks 2ACeniaRldlgraaidation ket eofnucl ddmwige esbnce of a

catalytic anodnt of an el enment or_conbination of ell[grrenérsl_ of gsrﬂ%? | B 25

or 1%B, formedias @9i.d anrd egues [ardPENHe Vahe REETrt i i RPRt P e df at e of

forml 2 (D 8 Recalmer, 4005,Q,021102 Wnirdofle HRIc S 68) and

epro to obtain the cis nucleoside of formula (A):
deprotection steps or addition and removal of 2'- or 3'-

substituents.

The proceés of ‘this inventioﬁ.produces cis
10 nucleosides of formula (A) in high yields, with high purity

and high stereoselectivity.

. The process of this invention-has the further
‘advantage of generating nucleosides whose stereochemical'
configuration can be easily controlled simply by the

15 selection of the appropriate starting conditions.
Detailed Description of the Invention

The present invention discloses a stereoselective
.EHDCGSS for making predominantly cis nucleosides or

nucleoside anaiogues and derivatives of formula (A}:

. | | . 5 ‘ .
20 - - (n)

- wherein

R1 is a pyrimidine bése_orra pharmaceutically

acceptable'derivative‘thereof; and

' Q is carbon, oxygen or sulfur;




HO RL (A) The conpound of formula (B) may be either 0 11 R2° 1 00 11
R2, _Z O({Bl}~or (B2) I'df i t ureo x or amthe tw enanjhomers. The

coupl i | s preferably performed at a tenperature e ual to or |ess
t han 38%§%fagéés§cel cius. In an alternative enbodi ment off“HeABr8¥ent

I nvention the deprotection of internediate of formula (D) is achieved-hby
dissolving said internediate in a_suitable SC?%JEV nt in the presence of a
deprotection agSRPSIELIZA gt SPHRELPS SH5&uiHerht %fa't%"%?‘gécgrﬂ i nvention
a si rrgbgmﬁwg gk§R preparation nethod for cis nucleosides of formula (A)

wherein the coupling step results in a product wherein the ratio of cis to

trans is greater than 2 to 1 is provided. In a further enbodi nent the cis
to trans ratio of the internediate oduct of fornula (D) is inversely
ure of the coupling ' -

proportional to the reacticp(g\te)q\er(
' © 4

Q (B)

" wherein

5 . ' R2‘is-hydfogen—or é hydroxyl protecting group such
as Cyae aralalkyl, Ciie acyl or Si(z') (2% (z2%), where 2!, 22
and z° aré independently selecte@ from the grqu_consisting
‘of hydrogen; Ci.zo alkyl opticnally substitute&.by flucro,
bromo, chloro, iodo, Ci.e aikoxy or Cg20 aryloxy; Ci.zo

0 aralkyl op;ionally substituted by halogen, C;-zp alkyl or Ci.ag

| alkoxy; Ce-20 aryl optionally substituted by.fluoro, bromo,
chloro, iodo, Ci20 alkyl or Cizo alkoxy; trialkylsilyl;

fluoro; bromo; chloro and iodo;

-wiﬁh a base R1, wherein R1 is a pyrimidine base
.5 §r‘a pharmaceutically‘écceptabie derivative thereof, in a -
suitable coupling solvent in the presence of a catalytic
~amount of .an element or combinatibn'of elements of group 1B

or 11B ; a tertiary amine and a. Lewis acid of formula (C) :
R4
R7——Si——R5

"R6. )

20 wherein

' R&,‘Ré and Rslare independently selected from the
grbup congisting of hydrogen; Ci-z¢ alkyl optibnally

-subs;ituted'by fluoro, bromo, chloro, iodo, Ci.¢ alkoxy or Ce-

[




-step. In an alternate enbodi nent of the present invention, the
deprotection step results in the selective 6 Decenber 2009, ... O 102796
PCT/ CA024Q9899.pJeeci pi tation of the cis nucl eoside of forq¥;$ﬁ£20 t he
sel ection of an appropriate deprotection agent and sol vent. eI esses
of this invention have the advantages of allow ng preparation of a _
nucl eoside of formula (A), . analogues ot .derivatiyes thereof ,wthout using
expensiaeea&VaPYig fratzer REPEXYLURBELSBRE 1Er S @tﬁgH%gﬁd%wagﬁ?%%%%Pion st eps
or addikion reioval, 0fa1koxyor @'z, St idpeaensl itheupscestef this
inventi%’ﬁ”’pragi e ci e 30 el ggsi_dezs? of “formula (A “in high yields, with
hi gh pubyt§luand, hbghmost ehdozel edidi-t F1-FhalbybcessCofet At

the further.  advantage_.of gene [ Y [ \apse reochem ca
configu?ﬁ%?%hY£§ﬁTBzgegippgoéon?%%?ﬁegﬁéfﬁ%ffgﬁi]the'1§§§§Iection of the
appropriate starting conditions. Detailed Description of the Invention The
present inventiongdi sgl esescaest Erens ¢hecignmp mrowssys: ifreg ofaki ng

predom nantly cis nucl eosides qr _ nuc| eosid %nal gués-and derivatives of
fornulaﬁ1@¢$©:ZDrWﬁ@ﬁepﬁleﬁP?RfoﬁQ‘aclﬁyr?Hﬁ&.ﬁBag s&35FT ‘phar maceut i cal | y

screpLobke JRELXaL e ity 1800 Qchs canlan, s ar ibda) i)
alkyl esters optionally substituted by fluoro, bromof chloro e
or iodo; triiodide; a silyl group of the genefal formula.

10  (R4) (RS) (R6)Si (wherein R4, RS, and R6 are as defined
o “above) ; Cs-20 arylseleneﬁyl{ Ce-20 arylsulfeny}; Ce-20

alkoxyalkyl; and trialkylsiioxy;

to yield an intermediate or formula (D) :

RQ\TD/A\Kii:7/R1

Q (D).

15 The coUplipg step is followed by a deprotection.
| sﬁep to yield the cis nucleosides or nucléoside analogues-or

derivatives of formula (A).

In an alternativé embodimgnt of.thé present
invention a siﬁple rwo step preparation method for cis :

'26 aucleosides of formula (A) wherein the process results in a
product of formula (A)‘wheréin the ratio of cis to trans is.
greater than 2 to 1. The invention includes a process
ﬁhérein the ratio of cis-to trans is greater than or equal
to3 tol. . |

25 | " The term “élkyl", as used herein, unless othérwis¢ _

épecified;_refers to a saturated straight,_branched, oxr

cyclic, primary, seéohdary, or.tertiafy hydrocarbon of C1ﬁ30;

=

¥hiention has




consisting of coupling step of the & conpound of formula (B) : (B) wherein
5 R2 is hydrogen or a hydroxyl protecting group such as; G/ 10 Rpal al kyl,
Cl_16 6Mhﬂ9§w Si (Z1) (Z2) (Z3) , where. Z1, Z2 and Z3 are In %ﬁendently'
selectgg ¥730 the group consisting of hydrogen; CL 20 aX%VCARH ally -
substituted by fluoro, bromo, chloro; iodo, O _6 al koxy or C6_ 20 aryl oxy;

C7_20 parekkihaopti egall yuauhstituhedaby h@b@g%@laﬁy b Ky -2 3 C1-20

al koxy: C6 20 ary optlonally substltute | uoro,” brono, oro i odo,

Cl- 20 shikytioutEd. bROnghikexy, %l abky! s, yL—;lmnfd UPEA oD s, lel oro and
lodo; with a base R, wherein s a pyr|n1d|ne base™ .5 or

phar meBeut Ltal Ly QQcapyableldgrhwaylvec@hg@eeﬂkouyaakgujkﬁbhﬂ;ﬁﬁuplLng
solvent in the presence of a catalytic anount of an el ement or conbination
of el theAPscofigpodly LBcludegliBethylt epthaiy awnd@pmmpyi pewirs/laci d of

f oraul RS RBL{E ein R4, RS an are |ndependently
sel%gt2%8§:‘ﬁ§ hei)u Voﬂplgoﬁglé% SWQPEH dr 8§y Clcﬁ§ Yoptional | y
subst i tsbpdnthy, f heopentybi orexyThl 968hek9dQ, dgql%h@hggxy or C6 S W UhfJUL

y0O 6 Dec 2005 PCT/ CA02/ 00899 20 arylo C7 aral kyl optionally
subst.ﬂﬁ?ﬁggﬁwhaﬁsa@h 3crebhydPRpEYdr € gﬂenetm;@ut@shz@rﬁ yl

optiongl 4 yasmbehi i uhed .

Theé term "acyl", as used hereinafter refers to a
.0 functional group derived from an aliphatic carboxylic acid,
by removal of the -OH group of 1 to 30 carben.atoms,
- particularly 1 to 6 carbon atoms. Like the acid to which it
- is related, an aliphatic acyl radical may be substituted (by
a hydroxy, N3y, CN, halogeh (F, C1, Br, I), Cg_q13 aryl, Ci-6 .
-5 alkyl, Cz_312 alkoxyalkyl or nitro) or unsubstituted, and

' whatever the structure of the.rest of the melecule may be,
the properties of'the.functional group remain essentially
the samer(e.gw, acetyl, propionyl, isobutanoyl; pivaloyl,

" hexanoyl, butyryl, pentahoyl, 3-methylbutyryl, hydrogen

10 succinate, mesylate, valeryl, caproic,'caprylic, eapric,
lauric, myristic, palmitic, Stearic; oleic, 3-
chiorobenzoate, trifluoroacetyl, ehlorcecetyl;'and |

cyclohekanoyl).

. The terms "alkenyl" and “alkynyl“ represent
_55 substltuted (by a N3,. CN,. halogen, hydroxyl or Cg._ 20 aryl)
| “or unsubstltuted straight, branched or cycllc hydrocarbon
chains having 2 to 30 carbon atoms and preferably from 2 to
6 carbon atoms and contalnlng at 1east one unsaturated group

(e g. allyl)




by fluoro, brono, chloro, iodo, Ci-20 al kyl or Cl1_20 al koxy; :
trialkylsilyl; fluoro; bronmp; chloro and iodo; and R7 isselactg fromthe

group coe@@r/iazgeof fluoro; bromp; chloro; iodo; Cl-20 girpiNepeésas esters,

optionally substituted by fluoro, brono, chloro or iodo; Cl1-20 alkyl

esters optionally substituted by fluoro, brono, chloro 10 or i odo;

triiodide; .a silylhgr eupmof alikexgenecprelcend a RO iRRed RS S (wherein
R4, R5, and R6 are as defined above) ; C6-20 arylselenenyl C6_20 -
aryl sul Pasypbstdsugedapibyjabrpup sedtadngmey Ifgiomoy ta @ §iasmban

nter mediBhe Qndl BLIVERLLRL a1 (EOUDLNG S SR s, F bl aNEd, b
deprotection step to yreld the cis nucleosides or nucleosi det anal ogues- or
deri vat kleylofrbapmikacohl et 19N banidenald we esfedineition ofe e, present
invention a sinple two step preparation nmethod. for cis 20 nucl eosi des of

f or mil aMEAR e PBAnetREXYP ocess results in a product of formula (A)
"wherein the ratio of cis to trans is. - greater than 2 to 1. The invention.

includes a procesgpuhepein vihhe1Mmatled 1 Qfsetlis: 10 Rt IS n%%yerwﬂihﬁ'[‘ or
equal to 3to 1. 2 5 The term"al kyl", as used herein, unless otherw se
speci fi wmdy bef osiot oba, s&trar atted rst cai giemt sosaricitad uterd oy dvrdgoxyr.i mary,
secondar or tertiary, hydrocarhon gf Cl1 30, 6 _Decenber 2005 WD 02/102796
pCT Choo) 55800 Bar FReuPRLPTRET @7 (s ubie: tit 88 GPBHRRATTY nono- or - di
substi t r . o -SH, i | J(F, I C6- 12
~aryl, C‘fi_lggg%y Ila}lﬁcgé%é’z_ ag'l?l %8&?5‘1%1‘?8%? n%ﬁer ?)3.% rﬁozf%?{sg)pl(ég [ tfll%%ljfjl‘)%;? nc }h%les
met hyl , gebhpl magy ebapaapy fropr épylo, 14 septbapy latdmst yie . g sphplieryl t - but yl
Pentyl . SXCLoPERtYY) , LAZREUA PP Ho s dsghery!.  cvel ohexyl.

The term "aryloxy" represents a substituted (by a

' halogen, tfifluoromethyl or C1_g alkoxy) or unsubstituted

aryl woiety, having 6 to 14 carbon atoms,'covalently bonded

.5 through an oxygen atom (e.g., benzyloxy, phenocxy).

. The term “aralélkyl“ represents a substituent
comprising‘an aryl.ﬁoiety attached vié an alkyl chain (e.g.
benzyl, phenylethyl) wherein the sum total of carbon atoms
for the aryl moiety and the alkyl chain is 7 to 21. The

20 aryl or chain portion of the group is optionally mono- or

di-substituted with OH, SH, amino, halogen or Cj_g alkyl.

_ The term_“thiol" represents Cj_g alkyl, Cg-15
aryl, Cy_21q aralkyl, Cz-¢ alkenyl or Cy-g alkynyl groups
covalently bonded to an adjacent sulfur atom bearing a.

25 hydrogen.

‘_ The terms “alkylthio” {etg. thiomethy, thioethyl)
and “arylthio” (e.g. thiophenyl, thiobenzyl); refers to Cqi_g
~alkyl or Cg.jp aryl groups, unsubstituted or optionally

mono- or di-substituted by, hydrdxy, halogen (F; Cl, Br, 1),




cycl ohexyl net hyl , 3-net hyl pentyl , 2,2--dinethyl butyl, and

2, 3-di net hyI butyl. The term"acyl", as used herei nafter cfﬁic@n[ﬂ% s a 0
functi QP8 o294 derived froman aliphatic carboxylic agl;(gr removal of
the -OH group of 1 to 30 carbon atons, particularly 1t "Eé? Y at ons .

Li ke the acid to which it 1is related, an allphatlc acyl radical may be _
substltuted (b a_ hydr , CN, | oge F Br, 1),.C6-12 aryl,

Cl-6 Ce&14 I@WY CE11% ﬁ%)gyalq@-ll%r ’E@nl}g}' URSUBSEFPut ed, and what ever
t he structure the, rest of th wihe properties of the '
funct i Eﬁ’aﬂled’f bré}gé?l(ﬁscessaéhtalcg\aicen heelsg'?r]\'(e %e g, acetyl, propionyl,

i sobut anoyl , plvaloyl hexanoyl , butyryl pent anoyl, 3- nethylbutyryl

hydr ogen 30 suqmmaiee;mmes—;sdﬂtcﬁcy'vaémy+allc¢aqayoarbonymr'yh:e€,ercaprI c,

| auri c, nyrlstlc pal mtic, stearic, oleicg, chl or obenzoat e,

trifl dorteackt AATbQTh | R A 1NN PEYet SRExEh8y ) tOThe SREPRE " al kenyl " and

"al ky@eomge }%ﬁ:e'greg% Suhst 14t e d by %s%rﬁ@é@gﬁﬁd g @iyl or C6- 20

aryl) unsu |tute straight, branched or cyclic hydrocarbon chains
havi n@pe2 suré%@;m:ardmrbmrmimchntémef eaabtyléxpin 2 Tbe ehednisomagt ons and

cont ai_ni Ieast e uns turat oup (e.g 21102796 6
Decentit ‘gtﬁj{EP }égrﬂ? (gf k8§yd3’ Fb‘é?é&éﬁh&%‘? a éfubstl tuted
or  unguhsdsiyuted aibkylsmr%ﬁ@ntmm@@nfr{pm @1t on3(Q qarbay_,atoms and
pref erably froml to 6 carbon atons, wherein the alkyl. group is

coval aﬁy]y, hmnde i oy lan Wmﬁt@m{abkgl orbniretrboxy and et hoxy). The term
"aryl" represents a aromatic noiety which mnay be nono, bi, tri, tetra or

pent a- substituted by hy drox]Y
LO The term "alkoxyalkyl" represents a Cj- 6 alkoxy

group attached to an adjacent Cy_g alkyl group (e.qg.,
methoxymethyl, ethoxymethyl) . They may be unsubetituted or
‘optionally mono- or di-substituted by hydroxy, N3; CN, SH,
amino, halogen (F, Cl, Bx, I), C5_1é aryl, les alkyl, Ca_313

15 alkoxyalkyl or nitro.

The term “heterocycle” represents a saturated or
unsaturated mono- or polycycllc (i.e. blcycllc) ring '
1ncorporat1ng 1 or more (i.e. 1-4) heteroatoms selected from
N, © and S. It is understood that a heterocycle is

20 optionallylmono— or dl—substltuted with OH, SH, amlno;
‘halogen, CF3, oxo or Cj.g alkyl. Examples of sgitable'r
monocyclic heterocycies include but-are‘not 1imi£ed to
pyridine, piperidine, pyrazine, plpera21ne,rpyr1m1d1ne,
1m1da201e ‘thiazole, oxazole, furan,  pyran and thlophene

25 Examples of sultable blcycllc heterocycles include but are
not llmlted to 1ndole ben21m1dazole, quinoline,

isoquinoline, purine, and carbazole.

The term "aralkyl" represents a Substituent

comprising a Cg-q0 aryl moiety attached via a Cl_s alkyl




nitro, N3, CN, halogen (F, d, Br, 1) or conbinations thereof and
containing at |east one benzenoid-type ring, the group pBY..GRMRsN from6
to 14 canbgn, gs (e.g., phenyl and naphthyl), particul %ﬁcﬁo%{&lsg@ .
carbon atons. e term"aryl oxy" represents a substituted y “a ‘hal’ogen,
trifluoronmethyl or Cl1_5 al koxy) or unsubstituted aryl noiety, having 6 to ~
14 carbon atons, coval ently honde t hr.qugh_an, oxyge to Qs

benzyl ogaighefods) .beﬂ?éfltferl?ﬁe’%‘?%‘%ﬁ(yl "'ﬂi}%p?’é%%n?% gﬂgg S%%gé%{‘

conpri si n i et achage & acanopt khathgi fofhe-gor BeRzyl,

phenyl etogglt)%ev\%@(ié‘fﬁ el}i?ssﬁ&r#tot al of car b%n at_oms?,fo'r the aryl noiety and
't he - al kubghaitutied by dhglrodhe 129, af¥} Y. chainrcpobeileded FneCdroup is
optionally nono- or di-substituted with OH SH, am N0y al ogen or. Cl-6
al kyl . . BEhe er i t1i ATYk epipsendskch . 6Car kgl 218exY8 1y ly PT B339 4 al Kyl
C2_6 al kenyl or C2_6 al kynyl groups covalently bonded to an adjacent

sul fur atom bearing a 25 hydrogep._ The ter ~al kyLthig" (€.9. thi omethy} '
thio&hyl) and " aﬂ%t%‘?’é‘“ ’{%‘T‘ .O?hFSBESﬁﬁP,@t_ E%Eeﬁtzl?/c.:}éi,' &Bér‘gros to Cl1-6

~al kyl or -10_ aryl _groups, unsubsti d ¢ tianakd\s Y , .
di - substd®kedbye ?\%r&&p?’, #&Tégé%kw?ﬁd ,BEBr@F}' %erlla)%{%%qg >Cenber

2005 PGHGAOZI00899q i 1281 ¥ha1 6 Roflbkybr @2-Landdiougidaty or i tro,

coval ent'ﬂ/SLbon 0 an adjacent sulfur atom The terns. "acyl oxy" and

"al koxyaafdenyy, Wef e€NtoSH1 &0ig0,chrbegeat dfs CHai B dart i@y 1 to 6
carbon 5 atons, that are either saturated qQr unsaturated and. al so be
strai ghtaxyl br@anchedlkelg Coacet FLEFY2 e SfaiiE Tty WHEF MU i tuted or

opt i onal |y rono- or i SuBstL Ut ed DY, NS Y ol hertl el hal oGen

through a nitrogen atom {e.g., pyrrolidine). They include

primary, secondary and tertiary amines and quaternary

ammonium salts.

"The term ;protected“ as used herein and unless

15 otherwise defined refers to a group tha; is added to an

| oxydgen, nitrogen, or phosphorus atom to prevent its further
'feaction or for other purposes. A wide variety of oxygen and
‘nitrogen protecting groups are known to those skilled in the
art of organic syﬁthésis; Suitable protecting groups are

20 described, fof‘eXample, in Greene, et al., "Protective
Groupé‘iﬁ dfganié Synthesis, " John Wiley and Sons, Second

Edition, 1991, heréby incorpdrated by reference.

Ey pyrimidine base derivative or analogue is meant
a pyrimidine base found in nucleoside or-an ;nalogue thgregf 
25 which mimics such bases in that their struétures (the kinds
of atoms and their arrangement) are similar to the normal
basés but may ﬁossess additidnal or lack certain of ;he
functional properties of the normal bases. Derivatives of
' such bééeé or analogues include those obtained by

30 ‘réplacemeht of a CH moiety by a nitrogen atom (for example,

10




_afyl Cl-6 al kyl, C2-12 al koxyal kyl or nitro. LO The tern1"a|koxya|ky|"
represents a Cl 6 al koxy group attached to an adjacent (gL 0.alkyl group

(e.qg., LAgsygret hyl , et hoxymet hyl ). They may be unsub
optlonavlvfm1 nnno- or d| substituted by hydroxy, é&?ﬁﬂkn]#%% hal ogen

(F, d, Br, 1), C6-12 aryl, Cl.-6 al kyl, C2-12 15 alkoxyalkyl or n|tro.

The tegn;g LLACACHES é@@ﬁe§§n$5a§a§§téééh%@ ek mﬁ@sﬁkMkﬁtQQJ%Pno'
polycyclic (1.e. bicyclic) ring incorporating 1 or nore (

het er octloatltuiedt by fh@hvgqm, Ohg@dgoByllt aizddgndeyerneod arkiato .a het erocycl e
is 20 Lonal non sulstituted.w_t S no, hal ogen, CF3,
. 0X0 or8@§§?%€ #éd amt ﬁ&a Fes bf %Dﬁtgggglngﬁgcggrﬂ@ﬁﬁgp'rocycles i ncl ude

but are~not Iinlted to pyrldlne pi peri di ne, pyrazi ne, piperazine,

~pyrimdine, Imﬁgzeh@ tEPhaz%gerééﬁgl ea1fy aBcep¥@RANd thi ophene: 25

Exanpl es of suitable bicyclic heterocycles” includé but are not linmted to
ind@le@ebéﬁatthazgfea pyi hoidhee. 155@qnmﬂobmmepypumunbgmadduﬁarbazole The

tern1" yl resents a_substjtuent npr,iLSin a noi ety
Lt nendhEbH ey (S8R 08 L Be 3037 bl YaRbs RalReY, Sstetnth dddiones’
chai n é&etgr, bepzyhltpbenstbyl éstérbeoﬁr }é' g@ﬁ@ﬂnorzorfbx&ma)f(mhe group is

unsubstituted or optionally nono- ituted by hydroxy, N3, CN,
SH, anPFo2iKaPbien CrrPennd which) UB@nlﬁdarlﬂlSth-t-l@naltIQ/Ith%Z 12

o ol hEOcBaBle et mroarhas, eRsgrents L Susalduiny 10

aryl, _ groups, unsubstituted
orLthaonampyundnof 60rdulaubsl|bmtad bmtlhydma&y ald®iveN, SH,- am no
halogen bogkte o rgélgﬁe thereof. It will be appreciated by
those skilled in the art that the compounds gf formula (A}
may be wodified to provide pharmaceutically acceptable
derivatives thereof, at functional groups in the base

15 moiety.

~ The compound of formula (B) may be either :

@
i

/\(J R /( 3

(Bl), or Q— {B2) or a mixture of :
the two enantlomers. The sulfoxide may be a 51ngle _
enantiomer or a mixture of enantiomers 1nclud1ng but not _

20 limited to a racemic mixture.

The coupling step of thé.process object'bf the
present invention includes the addition of one or more |
elemerits of group 1B or 11B. The element or éombination Qf
elements used‘may'be‘in their oxidized state. This element

' 25 or combination of elements of group 1B or 11B'Catalyzéé'the
cQupling stép. ‘The chosen element or combihation'of
elements of group 1B or 11B are present in amOuhts-between

o [+3

about 0.25 molar % and about 100 molar %. In another

11




aryl, C1_6 alkyl, C2-12 al koxyal kyl or nitro, wherein the 10 carbon atons
are coval ently bonded to an adjacent elenent through a fjhd.Lagen,atom
(e.qg., pyWodR{1R7e). They include primary, secondary and tect/CA6d008s Nes
and quaternary ammoniumsalts. The term "protected" as used herein and
unl ess . 15 otherwi se defined refers to a group that is added to an oxygen,
ni t r ogersmard ipiaspharius atoettorgirbyendf i tise f el éhent r eacto@bination ot her

pur poses-_A wi de variety of oxygen d nitrogen protectin roups are
known t &% HOSISRIT |26 JFOTREL® it ﬁlBo‘P@énli’%g’é%‘t’ﬁ%’éi sbowfi bapke
protectifigh g oips. are 20 described, for exanple, in Geene, et al.,
"Protective Goups in Organic Synthesis,” John WIley and Sons, Second

Edition, 1991, hereby incorporated by reference. By pyrimdine base
derivative or analBtriecTecesambiepyrefi tieepbasent oundenhioncl eosi de or an

anal Qgue reof _- | C 1M . in that their structures (the
Ki n’d_g})go?L ﬁa("triglréesan% cts%l\égﬂrl% %ér?géﬁﬂe%%f%lgagﬁ% %g?}"-‘té%]gtﬁg ﬁg?ﬁﬁ"agﬁgges but
my posseSehddiitionst @robmcle car thl B ofetHelefupdt Fooml tREOgebtibes of the
normal -bases. Derivatjves, of such bases, or_ apalogues include those .

obt ai neFIPB[E IR fhce®Nt - aPCH nBHety By aCAi t rBgeficEbPbRREiBRSexanpl e,
10 6 De 2005 WO 02/102796 PCT/ CA02/ 00899 5-azapyrirnidines such as
5-azacyt osi ne% or may have ring substituted by hal ogen, hydroxyl, azido,
cyano, am no, substituted amno, thiol, Cl _6 alkyl and C6_10 aryl. By the
term " phar naceut i ddie¢ ypreecept ab Eecterf Vil veteséna pyventdbne i s nmeant any

pyrim di.ne base. which ive rise 10 har maceutical |y acceptabl e salt,
| este:a, d‘rncs]a‘f(.j(sesofa s%%nggli{%?s%?p ARGhH %%w%fe 8Tm%a°fAf¥"§Fn§ y°Bt her .
- compoung Vi e O Mo AR RIS tIRIGION IB 4Hhe selected from Cu', Cu?* or o

2
Zn*t.

The term tertiary amine includes tertiary amines
with high basicity. The tertiary amine is of the form

5 N(z%) (2°) (2°) wherein (Z7), (2%), (2°) are ind.epende-ntl‘y
selected from the group consisting C14 alkyl optionally
substituted with Clg alkyl, Cg¢.10 aryl, halogen. Examples of
the tertiary amine inélude trieéthylamine, |

- diethylecyclohexylamine, diethylmeth?lamine,

20 dimethylethylamine, dimethylisopropylamine,. _
dimethylbutylamine, dimethchyclohexylamine;'tributylamine;
‘diethylmethylamine, dimethylispprop?lamine and
diisopropylethylamine. | |

The amount of tertiary amine can vary between
25 about ‘1 eq to about 4 eq.. The amount of tertiary amine used

may vary between about 1 eq and 2 eq.

The coupling step of the process object of the
preéent invention is preformed in a suitable coupling
solvent. A suitable coupling solvent includes Ci-10

30 chlorinated organic solvents. Suitable coupling SOlvents‘_“.

12




reci pient, is capable of providing (directly 6r indirectly) LO a conmpound
of formula (A) or an antivirally active nmetabolite or rgesi.due:dobereof. It

Wil bgy grb@ated by those skilled in the art that t

L s of.
formul a ?&%r nay be nodified to provide pharnaceutlcalIggg%gggﬁﬁgge :
derivatives thereof at functional groups in the base 15 nDiety The
conpound of fornula (B) nmay be either or (B2)

or a|ﬁ$ﬁQﬂ¥ﬁ@ﬂuQ%5@me‘¥%ﬁr€ﬁéﬁﬁﬂ6hefévB?H%°§BF¥5§PH%SWB$€ﬂé a S|hgle
enant | GIfRL, cgérgléﬂ XAl e i, 8RANELANRIS i | didisihulomotedrdomited to a

racem Cc m X The coupllng step of. the process object of the present
i nventTion doeplikes $¢&Nemkbtmay1h¢ @ﬂbeete@nféome¢bh%ﬁ@@eéha§?8up 1B or

11B.. The el.enent or inatio ‘
18 I SLeTRReer eorplaation, ol SLEREOl SpuselnBiobe | Apthel 1 oxi di zed

catal yzospififg SOLPLARS éfepnté%@s@hpﬁ@mU@beaeahlofomenhanan|on of
el ements of 'Qroup 1B or 11B are present in anounts between about

0. 25- n@hhmr@fanm,a@@@tonoorhb¢ard1ﬁhéﬁ5@ﬁéha$§ v@hb???é??@éng BECenber 2005

PCT/CAO%ﬁggggglons thereof .

The amount of coupling solvent used wmay vary
between about 5 mL per g of sulfoxide to 50 mL pexr gram .of
10 .sulfoxide. In an alternate embodiment of the invention the
amount of coupling solvent is between 10 mL per g of

sulfoxide to 30 mL per gram of sulfoxide.

The coupling step of the procesé object of the
present invention is affected by the temperature of the .7
15 reaction. The cis to trans ratio of the product of formula
(D) is.inverself proportional'to the'reaction temperature.
The coupling step is preformed at a temperature between
about 40 degrees C and about - 40 degreeé C. In an
alternate embodiment, the coupling step reaction temperéture

20 is between about 30 degrees C and about - 50 degrees C.

The second Step in the process object of thé
present invention is a deprotection step. The.déprotection
crystallization step is preformed in a sultable solvent. Of
particular interest are solvents that favor the |

25 crystalllzatlon of the product of formula (A). Suitable
solvents include water, methanol, ethanol;, toluene, tert- .

butyl méthyi‘ethér or combinationsrthereof.

The deprotection may also include the presence of =
'adequate amounts a deprotection agent. Of particular
30 interest are deprotectlon agents that will aid in the

. separation of the cis product of formula (p) . Sultable'

13




enbodi nent; the concentration of the el enment or conbination . of eI ements of -.
group I B or 11B nmay be between about 5%to -about 35% 415 gr ~obj ect

of the pr¥W@d1037¢ention 5 includes a coupling step whereipg: }ﬁ gggent . or
conbi nation of elenents of group | B or 11B are sel ected fromthe group
conprising Cu', Cu2l, Ag+, Au{, Au.3+, Zn2+ Cd2+ and conbi nations thereof.
The pr owmﬁcb@fagé}ﬁ;spra&s&rﬁeum itoddicidides the oLt st ep
wherein the el ement or conbination of elenents of group 1B or | 1B are

sel ect eder "o QEFRtaRAnGdgTraR-on e tlé’rtrﬁ#"@rfill%%/ Qi Her TR utids tertiary

am nes iCit tert.; f Z4) (Z5)
(26) V\/nerel ﬁlct“fg % ey (%g)ea ar'e |E%chfx_'pendlentl ée(r;]?éd&ftgﬁ%%ﬂé he group
consi stlg@tﬁﬁ_ﬁﬁl'kwomptWWIandM| tSttce:dquEdu.tﬁ‘]oxB al4gl, C6-10 aryl,
hal ogen. Exanpl es of the tertlﬁg am ne. i ncl ude trlet%gl am ne,.

di et Ryl d%&ﬂfiﬂfe%&ﬂlé?ﬁ I Y e - RERF MR FYT % n3PERT D,
di et hyl i SoRrapyd ajladeﬂlﬂ# txrf]@&mé btga/dﬁm Nt hhk 1B hyheish ohaxy!l am ne,

tributyl am ne, I am ne, dinethyli sopropyl am ne and -

di i sopr dmdmxAAampw:aél'mrmdmomdet,er]tlitd’wl@rhmr@ahdﬁaaydbet ween 25.
about 1 eg ]to albout A er% The amount of ‘tertiary. amne. used may vary

bet ween q The coupling step of the process object of the
present inventi on is preforned in a suitable coupl ing solvent. A suitable.
- coupling solvent inclageshds lerdb@dimdiorohaties oresanhe $ﬂ1f&‘ﬁﬁ16n Sui tabl e

COUpI I ngtl’?glc}l/:};l;llt'ostécztn\./gl Oazc_gelr?t??lgs? }_?rgseecr?tnbflg gg‘gaSlytlc amounts. ‘In
another embodiment the deprotection agent is present in
concentrations between about 0.1 molar percentage and about
50 molar percentage. An alternative embodiment includes
deprotection agent conéentrations between about § to about

15 20 molar percentage of the deprotection agent .

Conveniently, the base R1 isrsélected from:

‘ ' R8. _R9 R8. _R9
. .R9 Nl RO g

N o
Nz R10 j\/ ! 'R19 )NTL NJ\I‘/Rm

_ _N
0 N R11 O T R11 0 I N

t
(11) Cn o (1v)

HN R0 HN_/U\.N AHNJH/R“O
A A K N

Y N R14 Y N R11 Y

v (v1) (vi1) (vill)

20 x is oxygen, NH or sulfur.

14




PCT/ CA02/ 00899 al so include Cl1-8 chloroal kyls, Cl1_8 chloroal kenyls, C6-1 o
chloroaryls , Cl1-8 alkylonitriles and conbi nations theregf. ... dh6yg0oupling
sol ventwo o®yo2bss sel ected from chl oronet hanes, chl or oet bapgau2/00899

met hanonitriles or m xtures thereof. The 5 coupling solvents of interest
incl ude dichl oronet hane, chloroform acetonitrile, dichloroethane,

chl orobenzene agd isCoadyigaat, i ams oirthel@@hir . The anount of coupling sol vent
used nmay vary etween about 5 nL per g of suit oxide to 50 nL per gram of
10 sulfoxide. In an alternate enbodi nent _of the invention the anount of
coupl i ng sol vemﬁgl s Rie A €16 NREPSEegtdY SGLEeCedd O 30 nL per gram of

suit g of the e )| ect h resent
n%% ngfg)ayﬂ BhERoYl L NieaPkosess e (eptkaiyl hee, p

|nvent d by the terrperatur the 15 reaction. The cis to
trans aﬂ.atynquof ctlhe o ducls- of afrgrrlrruICa n(c})lrbsnyhaeyéel giproportional to the

reactlon eratuyre.. The cou ste preformed at a tenperature
PueERLR Qﬁ‘gﬁl" (v Li(]ﬁ'dT £ -iE Sﬁ ?xﬁngZgrfe‘éé C. In an alternate

enbodb%n};lg%lqggmdyr]g Q;Ie@n{l@l@ctalcqgst enperature 20 is between about 30

~degrees C and about - 50 degrees C. The second step in the process object

‘present invention is a deprotection step. The «crystallization step is
preformed in. a & e &e G’aﬁqt&ﬂa&ﬁq (e VB tA@t&s) et s that favor the 25

crystall f t I fi t d tneet i on
so%/ve%t Ilbé%t)}éﬁql lﬁ ﬁ%&%ll cI égv\{/att%etgé@ n%lt({ﬁlargglﬁ) eftﬁ(;cﬁé\fiﬁ t ol uene,

tert- dayt \W8H,meihy| Net het;.-gratiopd) &k onEkétel eofs- ¢ ThEkgept ot ecti on nmay al so

~|nclude t he presence of
hal ogeé{ c(O R14 wherein R14 is a Ci_¢ alkyl, C ;. alkenyl, C

2.6 alkynyl and C(O)OR15 wherein R15 is a Ci¢ alkyl, C 25
alkenyl, C z.¢ alkynyl; and R9 is chosen from H, C ;s alkyl,
C 2.6 alkenyl and C ;¢ alkynyl.

RgRg can also be connected to the.nitrogen atom to
.5 form a saturated or unsaturated C;_g heterocyclic ring
optionally substituted with C(O)OH, C(O)NHp, OH, SH, NHy,
NO;, Ci.¢ alkyl, Cop_.g alkenyl, Cy_g aikynyl,rhalogen, C(O)R14
wherein R14 is a Cj_g alkyl, Cy_g alkenyl, Cp_g alkynyl
and C(O)OR1S wherein R15 is a Cp.g alkyl, Cp g alkenyl, Cp_g

0 alkynyl.

R10 , R11l, R12 and R13 are each independently
‘gelected from hydrogen, halogen, hydroxyl, amino, cyano,

carboxyl, carbamoyl, Cs_7 alkoxycarbonyl, hydroxymethyl,

trifluéromethyl Ce-10 arylthio, Ci_g alkyl, Cp.g alkenyl
25 substltuted or unsubstltuted w1th halogen or azido, Cy._g

alkynyl Ci.g acyloxy, thlocarboxy, thiocarbamoyl, '

carbamate, ureido, amidino, or Cg.1¢ aryloxy.

In another embodiment of the present invention R1
is

15




adequat e anounts a deprotection agent. O particular 30 interest are
deprotection agents that will aid in the separation of ghe. 6l.S08f oduct of
formul a (wWouaVklvgbl e 13 WO 02/ 102796 6 Decemnber 2005 PCTéE@%%POO899
deprotection agents are selected according to the identity F{80899 _
protecting group on the internediate of formula (D) as shown in G eene, et~
al ., "Protective Goups inrgXgapgc Synthesis,” John Wley and Sons, Second
Ed|t|on 1991. .5 Deprotecti ol agents may be fl kal ine. Deprotection agents

i ncl ude sodlunthydrOX|de sodijum prphoxi de, afmoni um hydroxi de, potassium
hydr oxi de, |ithium hydroxi de~a met hanoky qEEiﬁVQ. Conveni ently, the

base Rl is selected from I nifanot her enbedi ngnt of the present
invention, 10 the deprotgctiTq gamt is Eﬂ catal ytic amounts. In
anot her enbodi ment the deproté¢ction agent is present in concentrations
bet ween about 0.1 nolar percentage and about ‘50 nol ar percentage. An ,
alternative enbodi ment incl udés depr%tectlonnagent concentrations between
about 5 to about 15 20 nol ar percentage of the depiot ection agent. (1) R13
RRORI1 ' , RI0O RIOI (Vi) HN N HN

wherein R8 and R9 are 1ndependently selected from
hydfogen, hydroxyl, amino, Ci.ip alkyl oxr Ci.16 alkenyl, Ca_qp
alkynyl, Cii0acyl, Ceio aryl, Ce.i¢ carbonylaryl, Ci.yo
5 carbonyloxyalkyl, Cg.1¢ carbonyloxyaryl, Ci.i»

carbonylaminoalkyl, or amino acids; R10 and R11 are eech
independently selected from hydrogén, halogen, hydroxyl,

~hydroxymethyl, trifluoromethyl, Cj_g alkyl, Co_g alkenyl
substituted or unsubstituted with halogen , azido, Cy_g

.0 alkynyl, or Cg_i1g9 aryloxy; and

X and Y are independently selected from QO or S.

In an alternate embodiment R1 is a pyrimidine base
selected from N' -alkylpyrimidines, N' -acylpyrimidines, 4— _
. halopyrimidines} N* -acetylenic pyfimidines, 4-amino and N* -
15 ach pyrimidines, 4-hydroxyalkyl pyrimidines, 4-thiocalkyl
'pyrimidines; thymine, cytosine, 6-azapyrimidine, including
‘6-azacytosine, 2*‘ahd/or 4—mefceptbpyrimidine, uracil, C° -
alkylpyrimidines, C® -benzylpyrimidines, C° haldpyrimidines,
c® —viny1pyrimidine, C® -acetylenic pyrimidine, C°® -acyl.
20  pyrimidine, C° Qamidopyrimidine, c® .-cyanopyrlmldlne c -
o nitropyrimidine, CS‘—amlnopyrlmldlne, S—azacytldlnyl,‘s—,
azauracilyl, tfiazolopyrldlny14 imidazolopyridinyl,

pyrrolopyrimidinYl or pyrazolopyrimidinyl.

_The‘functicnal oxygen and nitrogen groups on R1

26 can be protected as necessary or desired. Suitable
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RI YN RI1I Y N | (V11) wherein: 20 x is oxygen, NH or sulfur. 14 (V111)
WO 02/102796 y is oxygen, NH or sulfur. 6 Decenber 2005 ﬁg&%gOOSQQ R8

and R9 endently selected from hydrogen, hydrox am ng, Cl-6
al kyl ﬁ@&@q&fkenyl C2-6 alkynyl, Cl-10 acyl, C5-10 “@%’-‘31
car bonyl aryl, - car bonyl oxyal kyl, C6-11 car bonyl oxyaryl -

car bon m noal k I am_no S. t nsat ur at ed
BYoRElIRe Grioits AR et B0l (B ri ﬁﬁ%ﬁgﬁ‘*%;% o o
NH2 NER, Gngs 1aidmd,e %@e&lﬂ&ﬁ@ﬂl,yl@-cﬁn@ﬂfwiﬁexy](‘aﬂ@}hgm C( O R14
V\,hereln R14 is a Cz-6 alkyl, C 2-6 alkenyl, C 2-6 al kynyl and C(O) OR15
\Aherebhltm@m@télyc}ﬁﬂé:,fd{rkﬁnd G-@%ylﬁmy Gy H3NA - Caard RO i s

choseq oxBel @, 8LKYLy1C2o8) LRRY! 2aNdCEcg10 Bk JBAY can al so
tot

be conne e m’tzr 698 orma saturated or unsaturated
C358 hetrmogdyclmec:har@ﬁtd;ﬂqml Ia;nckl,t_bs:tq}mﬂra‘aw&ﬁcmﬂ(()) OH, C(O NH2, OH, SH,
NH2, N2, Cl-6 alkyl, C2-6 al kenyl, C2_ 6 al kynyl, hal ogen, C(O R14

wherein R14 is ken nd C(O OR15
wherein RI5 is fbf"‘haa% ”g} §“§1 “t %ﬁ ?k?%*%yn% RO, RLI, RL2
and RE3vairft iRAC R 1 Gﬁﬁﬁﬁﬁﬁgﬁﬁéd/from cyt051ne, uracil, thymine, 5-

fluoropyrimidine or protected analogs of these bases.

Another embodiment of the present invention .
0 includes a stereoselective process for making predominantly

cis nucleosides or nucleoside analogues and derivatives of

HO/\(i>/R1

Q

formula (B) :

(A)
wherein

5 ‘ R1 is a pyrimidine base selected from N* -
alkylpyrlmldlnes, n* —acylpyrlmldlnes, 4—halopyr1m1dines, N*
—acetylenlc pyrlmldlnes, 4-amino and N' -acyl pyrimidines, 4-
hydroxyalkyl pyrimidines, 4 thloalkyl pyrlmldlnes, thymine,
cftosine, 6~azapyrimidine, including 6—azacyt051ne,_2—'

20 and/or,4rmercaptopyrimidine, uracil, C° —aikylpyrimidines, c®
“benzylpyrimidines; C° halopyrimidines, C° —vihylpfrimidihe,

5 _acyl pyrimidine, C° -

C° -acetylenic pyrimidine, C
amidopyrimidine, ¢°® -cyanopyrimidine, C° -nitropyrimidine, C°
_aminopyrimidine,'S—azécytidinyl, S-azauracilyl,
25 ‘triézolopyridinYI;‘imidazolopyridinyl, pyrrOIOpyrimidinyl,
pyrazolopyrimidinyl. or a pha:maceuticallyfacceptable

derivative thereof; and
Q is oxygen ,
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sel ected from hydrogen, hal ogen, hydroxyl, am no, cyano, carboxyl,
carbanoyl , C2_7 al koxycarbonyl, hydroxynethyl, trifluoropRihvl 10066_14

aryl thi o,wGlzfuvabkyl, C2-6 al kenyl ?5 substituted or unsugééiﬁxted W th

hal ogen or azido, C2.6 alkynyl, ClL. 6 acyloxy, thiocarboxd%7EAfE¥EPbanoyl ,
car bamat e, ureido, anidino or C6_10 aryloxy. In another enbodi ment of the -

resent invention iis 15 WJ _UL11V2'lYb | 1) X HNA-1 RO Vi) Rl
2 Decenber 2005 ﬁé?ﬁéﬁééfﬁbggé e R éﬁu?é%F%ﬁe |ﬂ8@88ﬂagn?Fy( )

sel ectedoftmahy@nagen, hydroxyl, amino, C_1.0 alkyl or C2_10 al kenyl,

al kynyl, Cl1_10 acyl, 06-10 aryl, C6-16 carbonylaryl, Cl-YO 5
carbonyloxyalkyl CB 16 carbonyloxyaryl, C2-12 C2-10 carbonyl am noal kyl, or
am no acids; RLO and R11 are each independently selected from hydrogen,

hal ogen, hydroxyl, hydroxymethyl, trifluoronmethyl, Cl_6 al kyl, C2-6

al kenyl substituted or unsubsti t ut ed wht h hal ogen , azido, C2-6 .0 '

al kynyl, or C6-10 aryl oxy; and X and Y Are i ndependently selected fromO or
S. In an alternate embodi nentRARL _j>n1d|ne base -~

S wherein

_ R2 is Cq.10 aralalkyl, Ci.i¢ acyl orxr _Si(Zl)(Zz)(Z3f,
where Z', Z° and Z* are independently selected from the group
consisting of hydrogen; Ci.ps alkyl opticonally substituted by
' fluoro, bromo, chloro, iodo, Ci.¢ alkoxy er Ce-20 axryloxy; Cq.
10 50 aralkyl optionally substituted by helogen, Cy-20 alkyl orxr
| Ci-20 alkoxy; Cs.20 aryl optionally substituted by fluoro,
bromo, chloro, iodo, Ci.ze alkyl or Ciqo'aikoxy;'

trialkylsilyl; fluoro; bromo; chioro and iodo;

with a base R1, as defined above, in a suitable
15 coupllng solvent in the presence of a catalytic amount of an
element or combination of elements of group 1B or 11B ; a

tertiary amine and a Lewis acid of formula,(c).
R4
R7—Si——Rb5

R6 (©

wherein

20 R4, R5 and R6 are 1ndependent1y selected from the
group consisting of hydrogen, Ci-20 alkyl optlonally

substituted by fluoro, bromo, chloro, iodo, Ci-e alkoxyfot Cs-

18




‘selected from N4 -al kyl pyrim di nes, N4 acylpyrlnldlnes 4-
hal opyri m di nes, N4 -acetylenic pyrimdines, 4-amno andﬂ&%mn éwagyl

pyri m dyg@SmuAve hydr oxyal Kyl pyrim di nes, 4-thioalkyl .fgk '%gg
~thym ne, cytosine, 6-azapyrimdine, including 6- azacyt03|ﬁ nd/ or
4-ner captopyrimdine, uracil, C5 alkylpyrimdines, C5 -benzyl pyrim dines,

S hal gpyiryTiokhyne s, 20Caravlkpy! Bﬁtwh@lm? sERsTAGRIOHE ML rpamrdg{axﬂlcge o

-aryl. - 20 pyrinidine, C5 -amdopyrimdine, C5:-cyanopyrim dine,
ni t 1 opSr-emiaklel @5 Cani rIpsE dere, 35¥éz@®¥mqma%MY sSibptaimesid vl |

‘ | d diny! d
vt o op DMLY  brohll, SRRRLERY B o, YA PR M By b0 r 25

can betpialkpledlad; némassanyb@bmdesbh@@rosuhﬁamdaduidﬂa02/102796 6
Decenber 2005 PCT/ CA02/ 00899 protecting groups are well known to those

skiéled in the gti and_i ncl tr| thyl silyl, dinethyihexylsilyl, t-
but Idinethylsilg gngeteshe I FBWeﬁ FSEFWPP19QQ§ﬂSt1€E¥f§5alkyl gr oups,

Cl_12 g;u&rgrogggmgucahggrgcegggoarbg Frgglﬁﬂghatebggég% met hanesul fonyl ,
and p-toluenesul fonyl. In an addi tional enbodi nent of the ‘present

i nventephiRnaisysan éﬁéﬂutﬁdnbyyﬁégpﬂe, breagiol;, diyorioneyr Siodo; Ci-azo
| uor op. dj r ot ect ana ases. Anot her odlnent of
t he pr%£%2¥ %%ggn% %%918“?22Vu8 EP&FSO gg%FVE’pFB%ﬁ?%’Fﬁ}‘ﬁﬁklng
pr edormﬂaikbdigi, crsmamae@sadeslga Qﬂ@h@oafdﬁr@n@léi@m Fuherd vatives of
fornul? VY g ; rein .
R4 (RS)(R6 S (whereln R4, R5, and R6 are as defined
"above) ; Cg.20 arylselenenyl; Cs.z¢ arylsulfenyl; Cg.ag
alkoxyalkyl; and trialkylsiloxy;

to yield an intermediate or formula (D):

(D)

L5 | - 'wherein Q, Rl and R2 are as defined above. The
‘éoupling step is‘ﬁollowed by a deprotection step wherein
said intermediate (D) is dissolved in a suitable solvent in
the presence of appropriate amounts of a.deproﬁection.agent
- to yield the cis nucleosides or nucleOside analogﬁes or .

20 derivatives of formula (A).

The present invention includes the embodiment
wherein the stereoselective process for making predominantly
cis nucleosides or nucleoside analogues and derivatives of

formula (A);
25 o - . @
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5 R is a pyrimdine base selected from N4 - alkyl pyrimdines, N - .
-acyl pyrimdines, 4-halopyrimdines, NA -acetylenic pyréﬁkghpe 4- am no
and N4 - aW@0203927%m di nes, 4- hydroxyal kyl pyri m di nes, 4- n&%}) 0899 '
pyrimdi nes, thym ne, cytosine, 6-azapyrimdine, including 6-azacytaosine,
2 20 and/or 4-nercaptopyrimdine, uracil, C5 -al kylpyrimdines, C5

- benzyl pytriérethnes, C5 hal opyri m di nes, C5 -vinyl pyrim dine,
.C5.-acetylenic pyrimdine, C5 -acyl pyrimdine, C5 - amdopyrimdine, C5
- -cyanopyrimdine,.C5 -nitropyrim.dine -am npapyrim_di ne, ' 5-azacytidi nyl,
5-azauracilyl, 25 Ririgz8 BpyrMafapE, bﬁ‘ﬁ?dﬁ?&ﬁ& §F dERN cytosine,

pyrrol o i 03 i ny; s QY azQ L dis i nar h W gallsy1gccept abl e
B vat Ve Tt oaP Y O R P S e e tader 2005
PCT/ CA02406880abbasidstiingtofrecbbpkenf:;sted of the a conpound of fornula
(B): R~ O S wherein (B) R2 is C7_10 aralalkyl, Cl1_16 acyl or Si (Z1) (Z2)
(Z3) where Z1, Z2.and_Z3 are independently selected fromthe group o
consi%ting of hydr géﬁ;oé¥g58 al kyl optionally substituted by fluoro,
brono, chloro, iodo, Cl1_6 al koxy or C6_20 aryloxy; C7 10 20 aral kyl
optionally substitgbedibyihal oferouflidg alklkyl odr tGe 20 coaldoanyd «@6_ 20 aryl
optionally substituted by fluoro, brono, chloro,iodo, C1_20 alkyl -or
Cl-20,a|§%§??131KPéFkylsiIyI;‘quoro; brono; chloro and iodo; with a base
R1l, .as defined above, in a suitable -

-
T

)

wherein

10 ‘R2 is

@; o

~wherein W is halogen, Ci_1¢ alkyl, Ca.3¢ alkoxyalkyl, -

w

Cs 10 aryll, C1-16 alkoxy or nitro; ox
-0
15 wherein E is Ce-1p aryl, Cl_ls alkoxy,r Ca-16

alkoxyalkyl or Cl-lslalle; or
8i(2') (2?) (2%), where Z', 2% and Z° are
independently sélected from the group consisting of

hydrogen; Ci.zo alkyl optionally substituted by fluoro, bromo,
20 chloro, icdo; Ci1o aralalkyl dptionally substituted by

20




15 coupling solvent in the presence of a catalytic amount of an el enent or
conbi nati on of elenents of group 1B or 11B ; a tertiary,iie, 8Hd a Lew s
acid ofwl,aml8,(O: R4 | R7 Si R5 |1 R6 vvherel n (C 20 41/(,%2/@{%9 R6 are
i ndependently selected fromthe group consisting of hydrogen, %0 al kyl
optionally substituted by.fluoro, brono, chloro, iodo, Cl..6 al koxy or C6
18 6 Detaover B9Gho, W0n92ka B7960RGT/ CAG2L0Q399: 30 %ffzh_%mlq 20 aral kyl
optional ]y subst i t ut ed by hal ogen, C1 al kyl 20 al koxy; C6-2D aryl
opt i onSPPEtitBser: by e81ubyos | BoPwO, bﬂbﬂ%@mchvrrorl@dq-owtrcl 20 al kyl or

Cl1- 20 al koxy; trialkylsilyl; fluoro; brono; chI oro and iodo; and 5 R7 is
selected fromthg grouppgon %s&g@gng& aPLYLO0r b AL orr | odor G- 20
sul phonate esters, opt 1 oha su Fta uor 0, ‘brono; .chloro or

i odo; Cpupding Issb[LveBten.a Ohél pﬂabéyceubft iat uhedllgst:fd i brepocuchl oro
or Lodo; triiodide; a sil up of the general fornula LO(R4)(R5)(R6)S|
(whar ePh %3 ORs M ZHYTRE E’F\iﬁrg‘é’gdeﬁl H@Htlé%é’vé)“lnecé‘nfo a sk dnkhyl

C6- 20 aeykeukhemybin @ﬁlz.ethghg@xyﬁl kyh Fiapd M&@Qﬁdé&msipaﬂéel d an
internediate or formula (D): (D) L5 wherein Q R d R2 "are as defined
above. OIhéOd@éﬁamﬁﬁQ}’%ﬁé apg;tol voakd by anéegn@tde@ma)mlstﬁpﬂmma ein said
|nterm%B ate (D) is dissolved in a suitable solvent in _

(D) .

10 ‘wherein Q, R1 and R2 are as defined above. The
coupling step is followed by a deprotection step wherein
said intermediate (D) is dissolved in a suitable solvent in -
the presence of appropriate amounts 6f a deprotection agent
to yield the cis nucleosides or nucleoside analogues or

15 derivatives of formula (a).

The process'object of the present invention

includes the reaction scheme shown in Scheme 1:
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~.the presence of appropriate amounts of a deprotection agent to yield the
ci s nucl eosides or nucl eoside anal ogues or 20 derivatives, Qi tohsula (A .
The presawd oz/mozent i on i ncl udes the enbodi ment wherein thqumgggmagbectlve
process for naking predom nantly cis nucleosides or. nucleoside anal ogues
and derivatives of fornmula (A : HO 25 (A) 19 6 , Decenber 2005

PCT/ CA02/ 00899 wherein Rl is a pyrgphdihge;base selected from cyt osi ne,
uracil, thymne, 5-f |uoropyrinidine or a pharnmaceutically acceptable
derivative thereof; and Qis oxygen , conS|st|ng of coupling step of the a
conmpound of fornula (B) ¢ O R21--ICS[ B) wherein 10 .R2 is wherein Wis

hal ogen, d-16 al kyl,. C2-16 alkqnx 'yakk C6- 10 aryl, Ci1-16 al koxy or
nitro; or 15 mhereln Eis C6-10 ar CIL- 9 al koxy, C2-16 al koxyal kyl or-
Cl- 16 al kyl; St (Z21) (Z2) (Z3) , Wher e Zl Z2 and Z3 are independently
sel ect ed fron1the'group consi sti ngR hydrogen Cl1-20 al kyl optionally

. substituted by fluoro, brono, 20 chlgfa, iodo; C7-10 aral al kyl optionally
substituted by 20 : , - -

' R1
=N
Q

. protected cis/trans nucleoside

R1

S .
HO/A\(l;7/ "

Q

deprotected cis nucleoside

The various steps as illustratéd in Scheme 1 may

be briefly described as follows:

5 : . Step 1:_The sulfoxide of formula (B) may be
obtained using several methods inciuding those'disclosed in
§CT publications WO 92/08717 and WO 95/29176, J. Med. Chem.
38(1) 1-4 (1995), Tetrahedron Lett. 35(27) 4739-4742 (1994),
Biborg. Med. Chem. Lett. 3 (8) 1723-1728l(1993} and Eur. J.

10 Org. Chem. 6:1455-1458 (1999). The sulfoxide may be a |
éingle enantioﬁer br a mixture of enantiomers including but

not limited to a racemic mixture.

The sulfox1de of formula (B} is coupled with base
R1. The base R1 may be prev1ously protected , for example
15 silylate& (or silylated in situ) pyrimidine base br
phérmaceutically acceptable derivative may be used. The
coupling reaction takes place in the presence of a tertiary

‘amine, a Lewis acid of formula (C) and catalytic amounts of

22




W ULIi ULI"" U 6 December 2005 PCT/ CAO2/ 00899 f uoro, brono, chloro or
i odo; and C6_10 aryl optionally substituted by fluoro, %eﬁffwﬁm oro or

i 0do; Wb hufbase RL, as defined above, in a suitabl e Ivent in
t he presenge zof a catalytic amount of Cu 5 or Zn or &%& ﬁ%&\%g :

tertiary amine and a Lewis acid selected fromtrlrrethyIsHyI tr|flate

brono t [ [ Igp& i nternmedi ate or
forrm]tagi r&(ai[%}a@&d &@gﬁm%%sell%jgf Rﬁ%% are %%P% éf.&unlg%j ove. The

coupl S wardp tis glo#et dwed diys /A4 deps gt yectmiohi st epuabherside eﬁl d internedi ate
(D) di ssol v syi tabl e solvent in resneof appropriate
am)untsfs 5?51 d@%r ot tgh It £4R53 y*‘étf%rrf‘effgl% f%’ﬁ@?b%sl?laf nucl eosi de
anal oglies s lbsdigst \/gaﬁéd/cﬁﬁlriﬁtéé)rd%ﬁ €HY - £ Jdies pi@&ﬁé§ 9Rj gctap{cthe
present invention includes the reaction scheme shown in Schene 1. 21 WO

02/PL0ZMB ISciefreater 18hqrB)2 Rae YL pr otk teak &9 P rebs tackeessde 12 HO
depro'[fs%n?éi: Ci§ Méleéjesi)d%roportlonal to the temperature of the

reaction temperature. The coupling reaction may be
preformed at or below room temperature. The temperature of
the coupling step may be between about 0 degrees C and about

.0 - 50 degrees C.

If a silylated base is used, adequate silylating
agent may include t—butyldimethylsilyi triflate 1,4,1,3,3,3
hexamethyldisilazane, TMSI, N,0,bis(TMS) acetonide and
trimethylsilyl triflate. Additional protective agents are

.5 diéclosed in Greene, et al., "Protective Grbups in Organic

Synthesis," John Wiley and Sons, Second Edition, 1991.

The tertiary amine used in step 1 include
triethylamine, diethylcyclohexylamine, diethylmethylaminé,
‘dimethylethylamine, dimethylisopropylamine,

!0 dimethylbutylamine, dimethylcyclohexylamine, tributylamine,
diethylmethylamine,.dimethylisoprOPY1amine and

diisopropylethylamihe and combinations thereof.

The element or combination of elements of groups
IB or IIB used in step 1 include Cu, Ag, Au, Zn, or Cd in

‘25 -oxidized state.

The su1tab1e coupllng solvent is an organic
solvent with one to ten carbons The suitable coupling

rsolvents 1nqlude CHﬁﬂa,'CHﬁmIand mixtures thereof.

Suitable Lewis acids include trimethylsilyl

30 _triflate brbmotrimethylsilane iocdotrimethylsilane and
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6 Decenber 2005 PCT/ CA02/00899 The various steps as illustrated in Schene -
1 may be briefly described as follows: Step 1: The SLHfé%%%E%ﬁg ;ornula

(B) nay DWO 038823Phed using several methods including thos@cmesimesd i n PCT

publications WO 92/08717 and WD 95/29176, J. Med. Chem 38(l) 1-4 (1995) , -
- Tetrahedron Lett. 35(27)-4739-4742 (1994), Bioorg. Med. Chem Lett. 3 (8) '
1723-17283@&3&3&19mm1Ehmredf 10h&r gmohenef 6:h45bedd58a€1898ay Bhe _

sul f oxi singl e enaaﬁloner or a mxture of enantioners including

e.
but not ??%?%%dgﬁ?P%.?aﬁ%n?ﬁ Retre. €Fhe sul foxi de of fornula (B) is

coupled with base Rl1. The base Rl may be previously protected , for

exanple 15 silyl atggegos . srhal@i@ﬂtwn@whxﬂyamwnn@ B28€h9blane |
phar maceutical | y acceptabl e derivative nmay be used coupling. reaction

t akes plReel¢psite @F eBenmelaf (B) t éstdasgolaaiingn a Eewtsbéel d of fornula

f nb /
b e TR T o TR 8n ' 4 2+ Be BpESHELC 20P0aalifbe ) KBORB LS o,

sol vent iOd@)ﬂ@té@tel@mSégéﬁﬂSt@W[imﬂlﬂﬁenuﬁbeﬁﬁbﬂiéoﬁﬁdefsoblfm a (D In the
resulting intermediate of fornula (D), the cis isomer predom nates over. the
trans i sowetePside rana boJsesEl bl yrehYe? @ﬁaEOEmtléal (BYhe FBEi 0 of cis

Lo L ransqehRofeiedon | aehSeLYpPEeORRLA0RR! ot CohBE-LEIPE! BLUEG Ohel No

-reaction tenperature. The coupling reaction nmay preformed at or bel ow
room t enpei hing epoile oEnpleeasuieable daprovepting sbépenay b&hleet ween

bout 0 d d a ' ‘
usod® adECRATEoR; %ﬁ'%?ﬁaurﬁg%ﬁttﬂ%ﬁ?ﬂﬂ?ﬁ%@*ﬁi%uﬁm. ket irs BelRgR 11 at e

1,1,1,3,3,3 degrees C and 60 degrees C. The reaction may be
preformed at a temperature between about 0 degrees C to

about 35 degrees C.

A deprotection suitable solvent favors the
15 crystallization of the product of formula (A). Suitable
solvents include water, methanol, ethanoi, toluene, tert-

butyl methyl ether or combinations thereof.

Suitable‘deprotection agents include sodium
- hydroxide, sodium methoﬁide, ammonium hydroxide, potassium'
20 hydroxide, lithium hydroxide and methandlic ammonia.r of
particular interest are de?rotection agents‘which will aid

in the separation of the'product‘of formula (a)..
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hexanet hyl di sil azane, TMSI, N, O bis(TMS) acetonide and trinethylsilyl
triflate. Additional protective agents are :5 disclosedsjn Greene et al.,
"Proteckhﬁggéfggps in Organic Synthesis," John Wl ey and Sons, Second
Edition he tertiary amne used in step 1 |ncludePC$KM@ﬂWVBﬁnlne

di et hyl cycl ohexyl am ne, diethyl methylam ne, dinethylethylam ne,

- di met hyl i sopropylam ne, > 0 dlnethylbutylanlne di et hyl cycl ohexyl am ne,"
tri-butyl anmine, diethyl nmethyl an richefigetahyl i sopropyl ami ne and

di i sopropyl et hyl am ne and conbi nati ons thereof. The el enent or conbination
of elenents of groups IB.or IIB usedgin step 1 include Cu, Ag, Au, Zn, or
Cd in .25 oxidized state. Thg,su bée coupling solvent is an organic
solvent- with one . to ten carbons of%e/s itable coupling solvents include
CH2C12, CH3CN and ni xtures thereof. t abl®) Lewi s aci ds i ncl ude
trimethylsilyl 30 triflate bronotrinmgthylsilane iodotrimethylsilane and 23
. WD 02/ 102796 6 Decenmber 2005 PCR€AD2/ 00899 conbi nations thereof. The
amount of the Lewis acid may be betweén about. 2 eqg-to about 5 eq. Step 2:
The cis/trans pyrimdine 1, 3-oxathiolane nucleoside of formula (D) is
dissolved in a suitable 5 deprotecti oh solvent in the presence of adequate
anounts of a deprotection agent to yleld the cis nucl eosi des or

nucl eosi de anal ogues or der|v§?$ ﬂnula (A). The deprotection step
is preforned at ‘a tenperature be y ng poi nt of the suitable
deprotection solvent. The 10 reactld% erature of the deprotection step

maybe between - 30 degrees C anﬁ$@@“6@6?§€§ C_ The reaction may be

 _S_ R
HO/\Xi;7/ .

O

cis nucleoside

The various steps as illustrated in Schemes la may

be briefly described as follows:

5l. o tep 1: The sulfoxide of the 1,3 oxathiolane of
formula (Bx) may be obtalned u51ng several methods including
those disclosed in PCT.publlcatlons-WO 92/08717 and WO
95/29176, J. Med. Chem. 38(1) 1-4 (1995),‘Tetrahedron Lett.

‘235(27) 4739-4742 (1994), Bioorg. Med. Chem. Lett. 3 (8)
10 1723—1728 (1993) . The asymmetric synthesis of the sulfoxide
| offformuia (Bx) is disclosed by’ Caputo et al in Eur. J. Org.

. Chem. 6:1455-1458 (1999).

_ -The'sulfoxide of the i,3. oxathidlane of formula
(Bx) is coupled with base R1. The base R1 may be prev1ously
15 protected for example silylated (or silylated in situ)
_ pyrlmldlne base or pharmaceutically acceptable derivative.
o _The couplihg reaction takes place in the presehce of a -

tertiary amine, a Lewis acid of formula (C) and catalytic
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preforned at a tenperature between about 0 degrees C to about 35 degrees
'C. A deprotection suitable solvent favors. the 15 crystaoléécczl%eiﬂ% of the

pr oduct O{v fPrnuI a (A). Suitable solvents include water, anol ,

et hanol , -QIOﬁéWg?ﬁtert- butyl nethyl ether or conbi nati onspatieseniosos

Sui t abl e deprotection agents include sodi um hydroxide, sodi um nethoxi de,
anmmoni um hydr oxi de, pot.assi um 20 hydroxi de, |ithium hydroxi de and o

et hanola["&gl‘ﬁ?ﬁ"r’bﬁ?fa.ar%‘el%‘é‘-’r’ﬂ QU FToRPT eFRsPr af EBdEprat deitahlagent s which
W ai Godpt #he SepaLat | f r for A) . 4 6 Decenber
5005 10 SRt AR %%Vém@g@d?ggcgf%% %Y%%ﬁs“?%r%hg ‘nucl eosi de 12
HO as nuetaddsi e rRCTACAGR/DBBO P TheowaulousDE] epsiasthé | vektatedqgi n Schenes

la may .he briefly described as follows: Stens 1. The sulfoxide of the 1,3
oxat hi o_Ilgﬁzeeror?eélf%tremﬂé ’g(%{‘julalnaayhﬁ’éJ obtAF neHS UEF e S cREREPMHRRRBES

I ncl wdi Rerdhagee dixsolosedhn UbhE L3t d QR 9L :
05/ 29176 3 - Ned. Chem 3sﬁﬁ-ﬁ (%L%%%)%&%%%%egd%%%z%%t ?Bgn\?{\g(‘é?)

4739- 4742 (TBwaratim o givdd Cems isemer3i¢8invansare3- 1728 (1993). The
. asyﬁﬂ?t@fbﬁaHHﬂBﬁHfiéH éﬂgaé%%éé¥gfg&e of the reaction temperature.

The reaction may be preformed at or below room temperature.

The silylating agent that wmay be used for the
-0 protection of Rl include t-butyldimethylsilyl triflate
' 1,1,1,3,3,3 hexamethyldisilazane, TMSI, N,O,bisTMS acétonite
and trimethylsilyl triflate.

The tertiary amine used in step.l include
triethylamine, diethylcyclohexylamine, diethylmethylamine,
= dimethylethylamine, dimethylisopropylamine,
. dimethylbutylamine, dimethylcyclohexylamine, tributylamine,
diethylmethylamine, dimethylisopropylamine and

diisopropylethylamine and combinations thereof.

The element or combination of elements of groups
200 IB or IIB used in step 1 include Cu, &g, Au, Zn, or Cd in

oxidized state.

The suitable coupling solvent is an organic
‘solvent. The suitable coupling solvents include CH,C1,,

CH;CN or mixtures thereof.

25 ' The Lewis acid that may be used inrthis step
include trimethYlsilyl triflate bromotrimethylsilane
iodotrimethylsilane and mixtures thereof. The amount of the _

Lewis acid may be between about 2 eq to about 5 eq.

'Step 2: The cis/trans pyrimidine nucleoside of

30 formula (Dx) is dissolved in a suitable deprotection sclvent
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of formula (Bx) is disclosed by Caputo et al in Eur. J. Og. Chem
6: 1455- 1458 (1999) .. The sul foxide of the 1,3. oxathiol - fif Apsul 2 (Bx)
s coupy H/P ; base Rl. The base Rl may be previously i%c_lgrot ected, for '
exanpl e Si ﬁ ated (or silylated in situ) pyrinidine baseigra0z/0sss -
phar maceut i cal | y acceptabl e derivative. The coupli ng reacti on takes pl ace

in the presence of atet mne, a.lew and

cat al y]tchek% B TETCERDeT Z?ﬁ%%%\‘/%%ﬁrﬂ% ﬁ(ﬂ%& 6%55 am)w%%}s1 of an
el emendo Gf i fdUIse | Bi Ornikd Bed&tides Ubt abhel e691kpE | #asoLUeBt k0 give the
cis/trans pyrimdine 1,3 oxathiolane nucleoside of fornula (Dx). In the

resul t4eig vatht e sredlt afersld oAl & (Dx), the cis isomer predoninates. over
the trans isoner in a ratio equal to greater than 2 to 1. The ratio of cis

to trans isomer i seiWareel dePropoctianabol fehtiechorpsr ahiur e of ' the

reaction tenperature. e reaction may be prefornmed at or bel ow room
t erperatysteal Thentsidyl ta,f i tﬂgea;glmcﬁud:thad;f négrivelaséd) f or Suigablé protection

of RL include t:b di et hyl si | flate 3

hexanet Y%?%?Pa‘i ,ié L ‘é‘ #W%%%’P%rtébiﬁﬁhﬁi SEEhyI si 1yl
Ctrifl abgeyl hrﬁ‘ett_l@*I'@Eﬁeﬁ%f‘ecéﬁ@ﬂnéﬂléﬁ§ptﬂeré©fUdeSutlltiaQilléW am ne,

di et hyl cycl ohe am ne, diethylnethylam ne, L5 dinethylethylamne,

di net mmmfépcyﬂl%mﬁ)ﬁe%lwm‘eﬁ hinelege arehBancdi asehyrsgdl.ohexyl an ne, ‘
tributyl e t '
di : slcj)per{o%g/n% e‘?‘hy?lgérlﬁ %(gi/lé lﬁ%ﬁ'&tﬁl onsﬁﬁhggggfsgg%ﬁ g%?#ﬁt %o@riil conmbi nati on

of 1®| eneptsres . groups 20. IB or 1B used in step | include Cu, Ag, Au, Zn,
or Cd in  oxidized state.

Suitable deprotection agents include sodium
hydroxide, sodium methoxide, ammonium hydroxide, potassium
hydroxide, lithium hydroxide and methanolic ammonia. Of
particular interest are deprotection agents that will aid in

15 the separation of the product of formula (A).

The deprotection step is preformed at a
temperature'below'the boiling point of the suitable

deprotection solvent

The following examples illustrate the present
20 invention in a manner of which it can be practiced but, as
such, should not be construed as limitations,upon the

overall scope of the p:oceéses of this invention.

1) 2-henzoyloxymethyl-1, 3—oxathiolane

) o t) | |

: . OH

: HS/\/ S
SR oD

(1) ' - o . (2)
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~The suitable coupling solvent is an organic solvent. The suitable coupling
"solvents include CH2Cl 2, CH3CN or m xtures thereof. 25 ,THg..bWhs acid that
may be us (EWQEQ%S step include trinmethylsilyl triflate . .

br onot ri net y{S|Iane i odotrimet hyl silane and mni xtures thePEBCAOTHBIAMDUNL
of the Lewis acid may be between about 2 eq to about 5 eq. Step 2: The

~cis/trans pyrimdine nuc|epside of . 30..  formul a is diissolved in
a.sui tabl e depr ot SATRHG | VentYeS %W"lﬁ%?@% é&%’éﬁb@?@%’@% _ :
PCT/ CAORAAQB9%r Rrdhidesengs «f selempdce amuntsofyA; depiad ection agent

to yield the cis nucl eosides or nucl eosi de anal ogues or derivatives of
f or mul afEAdpwed dni teicanimstdtane ofpeul vemwisavors nhéas &rgstal lization

of the pr t ,of fornula, (A, i tabl e solvents.inc]ude ter t hanol ,
ot hanot 2oFdisse vl Tl ReactigR oot EER0I o s [Pher el

, Sui tabhe 0coMicwideatrfi@ola®ents) | neheides @t hamohi rbdrvakgs, met hano
and toluene, nethangl and tert-butyl nmethyl ether 10 m xtures. Suitable
“depr ot e&EifdH*EGetidh TRItRIe KRR by dvir ofet 26lp df Taw meRAER1 B8, faBmoni um
hydroxigﬁispgkgﬁﬂéyg S e%agigrﬂyn1hydroxide and rnet hanol i ¢ anmoni a.
O particular interest are deprotection agents that will aid in .15 the
separation of the product of fornmula (A). The deprotection step is
preforn®abde & tenperature bel ow the boiling point of the suitable

deprotection solvent The followi ng exanples illustrate the present
| Catalyst | Reaction after 20 min Reaction after 40 win
Conversion Yield of Conversion | Yield of
% (2) % % {2} %
BF;0Et; 100 79 - 100 71
{ pTsOH ' 100 A 82 100 - 80

Compound (2) was identified by lH- and 3C-NMR.

.0 Rg: 0.39 (hexane: ethyl acetate)

1H-NMR: & (ppm in CDCl3)

| ‘8.03'(m, 2H, aromatic)

7.53 (m, 1H, -aromatic)

‘ '7.39 {m, 2H, aromatic)

s . 5.41 (dd, 1H, Cg-H)
4.43‘(m; 2H, C5-CH,0CCgHs)

4.21 (m, 1H, Cg-H) |

'3.96 (m, 1H, Cg-H)

 2.98 (m, 2H, C4-H)

20  13C-NMR: & (ppm in CDCljz)
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20 invention in a manner of which it can be practiced but, as such, should
not be construed as limtations upon the overall scope gh.thE.-PERCESSES Of
this i i 1) 2 -benzoyl oxynethyl--1, 3 -oxathiola 1) (2) 27
WO 02/ %‘g%'%&g“"“oecenber 2005 PCT/ CA02/ 00899 Conpound (1%@“&@%’& ved in

toluene and the solution was heated up to 90-100C. Catal yst was added .
fol |l owed by nercapt oet hang DOT | ] i se I % of atal yst were used.
React i ons were<ﬂ§%i%%fcﬁﬂgo 15ghgt = 2§tggfgﬁ?é%§te%?f% fon of (1). The
react iy 49 x{fH esneapg refl uxed with water renoval by Dean-Stark trap.
Results for this step are shown in Table 1. Table 1 Catal ystReaction after
20 m nReaction after 40 m n ConversionYield of Conversion Yield of (2)
s0(2) 2 BF3emzanbraneehy bk cHieosthoobaneoipsthde(2) was identified- by
1H and 13C-NVR_ .0 R f : 0.39 (hexane : ethyl acetate) 15 1H-NVR 8 (ppm
in CDC13) 8.83 (m 2H, aromatic) 7.53 (m 1H,- -ar tic) ?

: _ f

O/\r\s> H,0,/ H,50, _
o] _ ‘

@

()

5§ Cold 30% hydrogen peroxide (46ml, 0.44 mol) was added to (2)
| {82g, 0.366 mol) in toluene (8 ml). 10M sulfuric acid

(4.5ml, 0.044 mol, 10 mol %) was added dropwise (addition
time approximately 1 min) . The reaction mixture was
ﬁigorouslyrstirred at 25-30 °Cc for 2 h followed by 1 h

iO- string at 30 °C. Water {100ml) was added followed by sodium
bicarbonate (3.7 g 0.044 mol) followed by ;odium
metabisulfite (Sg). Organic 1éyer was separated and agueous
phase was extracted with dichloromethane (3x20 ml). The
combined organic extracts were dried over sodium sulfi;e,

15 .éoncentrated to dryneés and triéurated with hexane to form a

seolid. 83g
{94% ) of térget compound (3) was obtained.
m.p.: 70-72°

1H-NMR: 3 {ppm in CDClj3) -

20 8.05 {(m, 2H, ar6matic, éis—isomer)l
| ;7}95 (m, 2H, -aromatic, trans—isomer)
7.56 (m, aromatic)
7.23 {m, a;oﬁatic)
4.77 (m, 4H, Cy-H, Cg-H, and Cp-CH,00CCgHS)
25 4;43 (m, 1H, Cg-H, trans-isomer)
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7.39 (m 2H, aromatic) 5.41 (dd,.1H C2-H) 4.43.(m 2H, C2- CH2OCC6H5) 4. 21
(m1H, C5-H) .3.95 (m1H, C5-H) 2. 08 (m2H, CA-H 20 13CMNMR.2 doBPm i n
CDC13) 28 WD 02/ 102796 6 Decenmber 2005 PCT/ CA02/ 00899 166, 82, 133. 74,

130. 35, WQ82/e7983. 58, 71.87, 66.62 and 32.74 2-benzoyl oxm@mﬂwg”

3- oxat hi ol ane- S- oxi de H2021 H2SO4 (2) (3) 5 Cold 30% hydrogen peroxi de
(46nl, 0.44 m)l) was added to (2) (82g, 0.366 nol) in toluene (8-mM). 10M

~sulfuric acid i 10 I added dropw se (addition
?‘y%&g n(n“‘n) B A

time approxi mate eaction mxture was vigorously stirred at
25-30 C for 2 h foII vye,d %ldn 10 strhAg-akoaRr§ Water (100m ) was added
fol |l owed by sodi um 1b| car bonat e (3 7 g 0.044 nol) followed by sodi um

met abi sul fite (8g) 7sO@anixg) &y@-FHWaSlSGIDQDGI"EEd and aqueous phase was
extracted with dichloronmethane (3x20 ml'). The conbined organic extracts
were dried over sodiumsulfite, 15 concentrated to dryness and triturated

W th heg ﬁ]%%]"alns@mﬁ 31839 (94% ) of target corrpound (3) was obt al ne
mp.. 70- 720 I 'H 8(ppm in CDC13) 20, .

5 cis-isomer:
166.64, 134.02, 130142' 129.88, 129-96, 96-16,

68.83, 59.47 and 54.30

trans-isomer:

166.36, 134.12, 130.29, 129.68, 129.15, 108.07,

10 70.09, 61.83 and 53.47
3) {+/-)-Cis, trans—2—benzoyloxymethyl—4—(N~acetylthosine—
1'—yl)~l,3foxathiolane
| | NHAc
% \’\N :
n=( | I\

.O-lll‘.MS ' : ‘ o _<O

@ E T @

Compound (3) was diSSolved in.CHﬁﬂq (20mL/g) and
lg_ cooled to -15 °C.-The amine (between 1 and 2 eq) was added
followed by . addition of TMSI (between 2 and S eq) while
keeplng the 1nterna1 temperature below* 5°c. stirred at -5°C
.. to -10°C untll the compound {3) dlsappeared The CuCl (20%)
and ‘the pyrlmldlne {1. 1eq} was added. ' The. reaction mix was
' 20 warmed up and kept between 5-10°C until TLC indicated the ,
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8.05 (m 2H, aromatic, cis-isonmer) 7.95 (m 2H,.-aromatic, trans-isoner)
7.56 (m aromatic) 1,23 (m aromatic) 4.77 (m 4H C2-H ga-H. 3nd
C2- CH20W0@Hb)7925 4.43. (m 1H, C5-H, trans-isoner) 29 G @m&QQBZOOS
PCT/ CA02/ 00899 4-09(m 1H, C5-H, ci s-isoner) 3.11(m 2H, C4-H, trans-i soner)
2.75(m 2H, C4-H, ci s-isonmer) 13C--NVR S(ppmin CDCl3) «cis-isoner: 166. 64,
134f02ré§9t§%n1%%-§§m$¥8t9619@hé6re§§t§§n5%i§2u@€dw5é-%@u&é@nintﬁoneri

- 166. 36, 134.12, 130.29,129. 68, 129. 15, 108. 07, 10. 70.09, 61.83 and 53.47 3)
.(+/-)-Eksﬁﬂm®ﬁnsn@-©ehznyiO&Wmel%yhimu%$sa@@ﬁ&lc@@o@@lh@- 1" -yl) -1

3--oxathi ol.ane NHAc a 15 .2 .0.Co Ind. . (3) Lssalved in:- Cl12

(2-OnLP§f9lBﬁgatgogﬁgdé?BegﬁgdC.?$ﬁ§ 8%9%8£Fg§§%ggn%%Sa%%pfggq %Was added
fol | owgdabygadduki eayet TNBl extbatweanwatandubCces) Whéd eordaept ng the

internal tenperature below -5C stirred at -5C to -10C until the conpound
(3)5di dappEares. varhedcHEth( e rand St BELpy Aiddendae120: 1 ed*Snas added.

The  LEARLIOR LY \iSyetaldBd iRpo2dt PR BRIV RS Phauet! | TLC

i ndi cate _
compound (4). Results for this step are shown in Table 2.

These were characterized by 1H and 13C-NMR.
cis-isomer:
10 1H-NMR: §(ppm in CDClj)

9.61 (b, 1H, C4I-NHCOCH3)
8.29 (4, 1H, CGI“H)

8.06 (m, 2H, arocmatic)

7.65 (m, 1H, aromatic)
15 7.51 (m, 2H, aromatic)

7.25 (4, 1H, Cg:-H)

6.61 (d, 1H, Cg4-H)
5.50 (t, 1H, Cp-H)
4.80 (m, 2H,‘C2—CHQOOCC6HS)‘
20 -4.48 (d, 1H, Cg-H)
405 {dd, 1H, Cg-H)

2.25 (s, 3H, CH3)
13C.NMR: &({ppm in CDCls)

170.93, 166.28, 162.80, 155.76, 146.06, 133.91,
25 129.90, 128.84, 97.45, 85.88, 78.25, 64.60, 63.53 and 24.71.
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WO 02/ 102796 6 Decenber 2005 PCT/ CA02/ 00899 reaction is conplete. The
‘reacti.on m xture was poured into 5% NH4AOH and stirred for 10 ninutes unti
no sol i d WA ate was detected.” The organic layer Wa%%%:{@ﬂ%@ and
aqueous layer was extracted with CH2C12. The organic |ayer was washed with -
wat er, 2% HClI, dilute Na2S203. The. washed organic | ayer was evaporated to -
gi ve. t he , pradyehmerconpound (4). Results for this step are shown in Table

. .These were characterized by 1H and 13C-NVR. cis-isonmer: 10 1HHNMWR : S
(ppmin CDC13) 9.61(b, 1H, C4r-NHCOCH3) 8.29(d, 1H,C6,--H) 8.06(m
2H,ar0ﬂﬁHLNMRZ.65pbm]iﬁHDMSOﬂﬂ%DC) 157.51(m 2H,aromatic) 7.25(d, 1H, C5i-H)
6.61(d, 1H, C4-H) 5..50(t, 1H C2-H) 4.80(m 2H, C2- CH200CC6H5) 204. 48(d,
1H, C5-H) 4. 05(dd, 1H C5-H) 2.25(s, 3H,CH3) 13C-NWVR S (ppmin CDC13)"
170. 93, 166.28, 162.88, (855115, C@AG*@KKKEBQ 91, 25 129.90, 128.84, 97.45,

85.88, 78.25, 64. 60 63 53 and 24.71. 31 WD 02/102796 trans>isoner:'6 PC
A02100899 (d, 1H, Cg:-H)

E-1

5 7.96 (m, 2H, aromatic)
7.68 {m, 1H, aromatic)
7.52 (m, 2H, aromatic)
7.20 (d, 1H, Cg.-H)
6.35 (d, 1H, C4-H)

10 - . 5.96 (dd, 1H, Cg-H)

4.58 (dd, 1H, C3-CH,00CCgHg)
4.44 (d, 1H, Cg-H)
4.29 (m, 2H, Cg-H and CH5,00CCgHsg)

2.07 (s, 3H, CH3y)
15 13c-NMR: 3(ppm in DMSO dg)

171.53, 165.84, 162.76, 155.21, 146.59, 134.00,
l129.64, 129.23, 96.54, 83.78, 74.24,764‘58, 64.01 and 24.35 -
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- /JO Tab

1H NVR: 5( ppmin DVBO d6) 10.88 ( 1H, CA1-NHCOCH3) 8.13(d, . 1H, C6'-H)
7.96(m .2H, aromatic) 7.68(m1H, aromatic) 7.52(m 2H, ar Lie) o065 20(d, 1H,
CS' -H) Kudahbl A CA-H 10 5.96(dd, 1H, C2-H) 4.58(dd, 1H,, G- 3 C6Hb)
4.44(d, 1H, C5-H) 4.29(m 2H, C5-H and CH200CC6H5) 2.07(s, 3H, 5
13C-NVR. 5(ppmin DVSO d6) 171.53, 165.84, 162.76,. 155.21, 146.59, 134.00,
129. 641'#1239-2231 96.54, 83.78, 74.24, 64.58, 64.01 and 24.35 32 WU ULI.[UL
e 2 6 Decenber 2005 PCT/ CA02/ 00899

Pyri nmi_di neBaseCat al yst Condi tionsYieldC s/Yield (nolar_eq)(C s +Trans% G s

Tr ans|) Ptiagdi@el) PEACH2 Cagalysts | C30¥RID-iond 53 | 1. YEgfH 2dqFs/O NYield
N- Ac-|Cy Dl PEACUGL2CH2(J @uo1aA 24 9198. 9 172 1. ljeqdided( 0% 30 HT Qb
N- Ac-|CyTEACuC12CH2Cl 2, -15 C, 7%%8.8 : 159 1.lleql. 2eq(20% 5h RT, O N
N- Ac-|CyDMCACUCIR2CH2O |2, -15 C, §093.4 : 162 1.|eq‘f.“§gq(20% 5h RT, O N
N Ac- |{CyDECACUCIL2OHEEL2, -15 C71%8uQ1;, 1929 °c |  80% 2.0 : 1 53
i.leq 1.2eq ~ RT, O/N -
:N—Ac—Cy DIPEA cuCl, | cH,Cl,, -15 °C, o1s 3.9 : 1 72
1l.leqg 1.2eq (20%) 3h RT, O/N
N-Ac-Cy | TEA Cucl, ' éﬁﬁnql -15 °c;. 75% 378 : 1| 59
1l.leq 1.2eq (20%) 5h RT, O/N
N-Ac-Cy DMCA CucCl, CH,Cl,, -15 °C, BO% 3.4 : 1} 62’
1.leq 1.2eq (20%) Sh RT, O/N
N-Ac-Cy DECA €ucCl, CH,C1,, -15 °C 71% ~ 3.9 : 1 577
i.leq 1.2eq {(20%) RT, O/N
N-Ac-Cy | DIPEA | CuCl, {2%) | cm,cl,, -15 °C, 80% 2.4 : 1 56
1l.1eq 1l.2eq 3h RT, O/N
N-Ac-Cy | DIPEA CuBr, CHeL,. -15 °C, 80% 3.7 : 1| 63
l.leq | 1.2eq (20%) 5h RT, O/N
N-Ac-Cy DIPERA | Cuf{acac); | CH,Cl,, -15 °C, §5% 3.7 = 1] 67
1.leq 1l.2eq (20%) sh RT, O/N
N-Ac-Cy | DIPEA | CuCl (20%) { cH,Cl,, -15 °C, 80% 3.6 : 1 63
l.leq 1.2eq - sh RT, O/N _
N-Ac-Cy DIPEA | Cul (20%) CH,C1,, -15 °C, 74% 3.5 :1 58
l.leq | 1.2eq Sh RT, O/N |
N#\c-Cy DIPEA CuSCN CH,Cl,, -15 °c, |  70% 3.1:1 | 53
1.leq 1.2eq (20%) Sh RT, O/N | .
N-Ac-Cy | DIPEA |  ZnBr, CH,Cl,, -15 °C, 53% | 3.1: 1 | 40
i.leqg . 1.2eq7 - (20%) 5h RT, O/N ‘
Cy DIPEA CuCl, CH,C1,, -15 °C, | 72% 0 ] 2.4:1 | 517
l.leq | 1.2eq (20%) Sh RT, O/N

Cy = cytosiﬁe
DIPEA = diisoprppylethylamine
5 TEA = Triethylamine
. DECA = diethylcyclohexylamine
DMCA = dimethylcyclohexylamine
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1.1eql. 2eq(20% RT, O N N Ac- CyDlI PEACUC12 (2% CH2C 2, -15 C,80%2.4 : 156

| .1eql. 2eq3h RT, O N N Ac- CyDl PEACuBr2CH2d 2, -15 C,80%3..7 : 163 '

| .1 eql. 28¥Q OBMREE RT, O N N- Ac- OyDl PEACu( acac) 2CH2d 21 -SISeERemdanss: 167

| .1 eql. 2eq(20% 5h RT, O N N Ac-CyDI PEACUCL (20% CH2Cl 21 -15 C,80%3.6 : 163

| .1eql. 2eq5h RT, O N N Ac- CyDl PEACul (20% CH2Cl 2, -15 "OC, 74%3.5 : 158 )

1.1 eql. QedShaE; 9/ Moppdéc- (YD PEAGUBCACERGOh2Ee- 15 C, 7098. 1: 153 '

1.1 eql. 2eq(20% Sh RT, O N N-Ac- CyDl PEAZnBr 2CH2Cl 2, -15 C, 53%3. 1: 140

.1.1eql,2eq(20% 5h. RT, . 04N, CyDl PEACUC.2CHC 2, - 15 C.7.2%2. 4: 151

i ear 3ot BU R R N A Y e e iy i L R RRAR A ochyl ami ne TEA

= Triethyl arni ne DECA = di et hyl cycl ohexyl am ne DM CA = '

di et hyl cycl ohexyl am ne 33 W@ 02/ 102796 PCT/ CA02/ 00899 Cu(acac)?2 = Copper

~ (TI) acetyl acetonate 4) 2-hydfoxynethyl-4-(cytosin-1"-yl)-1, 3-oxat hi ol ane O
A + 2 CH3OH NaOCH3 NH2 O N :

Z N

o} - + 2 CH;OH
o’\(s-7] '
| 0
NaOCH,
‘
NH,
N . )Ok L+ i
| N/Ro o0 o
Ho’\/ij

A suspension of the substrate, sodium methoxide,
5 10 mole pércentége, and the ap?rop;iate solvent was stirred
at RT for 2 h before it was filtered. The filter cake was
dried and weighed before checking the C/T ratio {by H NMR )

and yield.. Results for this step are shown in table 3.
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/1\ 0 A suspension of the substrate,

+ [/ '+ | sodi um et hoxi de, 10 nol e
percentage, and the appropriate solvent was stirred at 6I§I;C6m% zﬁ before
it was The filter cake was dried and wei ghed betore ‘¢hecki ng the

CTr

at %’ ‘fzg'ﬁg'%ﬁ

NMVR )

and yield. Results for this.stepfP@VEARHYRY in table

3. 34 WD 02/102796 Table 3 6 Decenber 2005 PCT/ CA02/ 00899 Wei.ght of G s/pis.

of Rec

(g)ra

Al 2

C s/ TransTransSol vent St rongCondi ti onstransof C s base m x .
£:Mx and stir 4McOH, MeONa089 lat RT 3.4 :Mx and stir

10McOHMEONRO8S. 5 lat RT 3. 4MeOH t BVEM x and stir 4MeONa090 1(7 :3)at RT

3.4 :INEOH'TBVEM X affd StiT Z5NVePNat race39T I(7 7 3)al 'Blot 3] kel | Et OH
1IMeONaRTE88 (171 13. 4 - McOH EfORM ¢ ,ahd stir .
. g . . trans of Cis
Cig/Trans | Trans Solvent : Conditions
K . base 7
wmix (g) { ratio ( ) (%)
3.4 : - Mix and stir |
4 ) MeOH, MeONa O 89
1 at RT
s 3.4 Mix and stir
10 MeOH MeONa - 4] - 88.5
1 . at RT
3.4 MeOH/ tBME Mix and stir . .
4 MeONa 0 90
1 (7 :3) at RT
3.4 MeOH/ tBME Mix and stir )
25 MeONa Eraces 91
1 {7 :3) at RT
3.4 MeOH/ELOH
1 MeONa RT 0 98
1 {1 1) .
3.4 MeCH/ECOH Mix and stir :
4 MeONa traces 92.5
1 (1 :1) at RT
MeOH/ELOH )
3.4 Mix and stir
25 (1 :1), 150 MeONa traces 93
1 . at RT
mL
3.4 MeQH/Toluene ‘
1 ) ) MeONa RT traces 92.5
‘ 1 {6 :4) .
3.4 MeOH :Toluene Mix and stir . :
4 : ’ MeONa ‘1 traces 20
1 (6 :4) ‘ at RT ‘
3.4 : | MeOH/Toluene Mix and stir , ' _
25 MeGNa : traces | - 91
1 (6 :4) L at RT
_ 3.4 MeOH/H20 ' ~
1 , : o NaoH RT 20 90
1 - {95 :5) - .
: 3.4 MeCH/H20 -
1 NaOH At.50 °C 20 90
1 {95 :5} ’
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4MeONatraces92.5 1(1 :1)at RT MOH/EtCH 3.4 : M x and stir 25(1 1),
150MeONat r aces93 lat RT m. 3.4 : MeOH Tol uene 1MeONaRTt r 3ge ’%ﬁﬁ? 6 :4) 3.4
. MeCH : Tol ueneM x and stir 4McONatraces90 1(6 : 4)at RT 3. fﬁ% ueneM x
'_and stlr‘ﬁégﬁﬁﬁé%ptrace391 1(6 :4) Lat RT 3.4 :MeOH H20 1NaOHRT2090 1(95
:5) 3.4 1NaOHAt 50 €209 0 1(95 :5). 35 6 DecembePCIEUYMB9 '

- 02/102796 PCT/ CA02/ 06899 5) Synt hesis of

2- benzoyl oxynet hyl - 4- (N-acetyl cytosine-1'- yl)-1,3-oxathiolane using (-) or -

(+) 2- behzoHhafshya £ %_bﬁﬁﬁ@ﬁl@%ﬁm@@hfﬁo&Td®—®C¢BE;cyt051ne 17 -
yl}—-1,3~oxathiclane using {(-) or (+) Z2-benzoyloxymethyl-

1, 3-oxathiolane-S-oxide

NHAC
7 N S NHAc
(% ' N::< ' / \N

| S— OTMS
Q /W"(iix 7 +

S
-0 © ” /M“4iﬁj§
@]
. (@]
(3a) - (4a)
5 The enantiomerically pure Compound {3a) was

dissolved in CH,Cl, {10mL/g} and cocled to reaction .
temperatute. ‘The amine was added followed by addition .of
TMSI while keeping the internal temperature below -5°C.
stirred at -5°C to -40°C until the compound (3a) disappeared.
10 The CuCl (20%)} and the pyrimidiné (1.1eq) was added. The -
reaction mix was warmed up and kept between - 40 t6-30°C
until TLC indicated the réactibn'is complete. The reaction
was cooled to 0°C-5°C. Celite (129, 100% w/w) was added to
the suspension and stirred. Concentrated ammonium hydroxyde
15 (was'addéd siowly and the Suspen81on temperature was kept
between 0 °C - 10 °C. Stirred at 0°C-5°C. The suspension was
filtered and the cake was resuspended in dichloromethane.
Stir;ed then_filtered. The phases werxe separated and the
aqueous was extracted with dichloromethane . The combined
20 organic layers were washed with a 2% solution of aﬁmonium
hydroxyde; water , 2% hydrochloric solution , 2% sodium
metabisulfite solution and satufated sodidm'bicérbonate
solutioh. . The organic phase was dried oVerAmagneSium

sulfate, filtered then reduced in volume in ﬁacud‘to give
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(4a) 5 The enantionerically pure Conmpound (3a) was dissolved in CH2C12
(10nL/g) and cooled to reaction. tenperature- The am ne Sge]mdﬂ) follomed
by addi W(?&f@%g TMSI whil e keeping the internal tenperat PEBE 5

stirred fo -40C until the conpound (3a) dlsappearBGTKm@ﬂmn&>CuO
(2'00-.) and the pyrimdine (1 .leq) was. added. The reaction m Xx was
warmed. up and kept between - 40 to 30C wuntil TLC indicated the reaction

i s conphede biée-ceasl édnmatesizboredat bedge” §Clidel i The( £243d200% W w) was
added to the susp ension_an

centrate n dr oxyde. 15
(was ﬁﬁ%ﬁi@ﬁ%ﬁ@% SR hEC %p@ﬂéi%ﬂl?ﬂﬁgngtﬁFg gaiTEgSt n%“%ween 0 C- 10
C. Stighgokdli & wRE sTDLre8SRENSL 9% Wasen 1108080 andrhdessbkés was
resuspende d I n dichloronethane. Stirred then. filtered. The phases, were

separaWQneaﬁdleﬁelnaqagugstQaglvﬁtpuceebaﬁﬁtﬁouaﬂ@ﬁlBF@@@Fﬁaﬁé 2 The
i ned, 2 an| ye e t 2 o] N ;of ni um
o S hOLgaNL61 LAY e B URT EonRSNeOLUL! BBp?0 BOLHELAN 501 rala

ric so |on X fum netabisulfite
solutlmna@@drﬁalgrated sodlun1b|carbonate sol ution.- The. organi c phase was
dried over magnesium sulfate, filtered then reduced in volune in vacua to
give 3.6 WD 02/102796 6 Decenber 2005 PCT/ CA02/ 00899 crude base-coupl ed
material as a beF@eNMBIKQOOmHQ)éﬁppés) der2- a7 sé8t val. i RHEtS®) and al | owed

to crystallize. uspe rred at t fhlere The
SO|IdS§ gé é dr?% vd§%o§ [0} glve %%?e asg cgﬁgfgdbﬁggdgc?gasgg pal e
bei ge eglbﬂs)RE&UBbS(Bar thi s . st gp &ra;ahownﬂmn Talhl €5 4mncs)Table S. 1H
NVR ( 300MHz) éCDC13) 6. 2.27 &3 3H, CH3 cis) .2.29 ( 3&% Cﬂﬁ trans)

4. D@ (@d49J£d 57R3 - & §216. d=Hp-8 Bz, 1H, C ci%) d.

"Hz & J=12.4 Hz, 1H, C5 trans), 4.77, (AB, J=4.5 Hz, 2H,
CH,0Bz cis), 4.84 (AB, J=2.3 Hz, 2H, CH,0Bz trans), 5.50 (dd,
J= 3.1 Hz & J=4.5 Hz, 1H, C4 cis), 5.92 (dd, J= 3.4 Hz &
J=8.3 Hz, 1H, C4 trans), 6.61 (dd, J= 2.3 Hz trans & J=4.5
15 Hz cis, 1H, C2), 7.25 (4, J=7.5 Hz, 1H, C5'), 7.5-8.1 (m,
i0H, aromatic cis & trans), 8.30 (d, J=7.5 Hz, iH, C&'},
9.50 (s 1H, NH). '

13¢ NMR (300MHz) (CDCls) 6: 25.9 (cis & trans), 64.3
{cis), 65.1 (trans), 65.3 {cis & trans), 76.1 (tramns), 78.7
20 {cis), 84.7 {trans), 86.2 {(cis), 97.9 (cié), 98.1 (trans},
| -128.6 (Cis & trans}, 128.7 (cis & trans) 129.2 {cis &
trans), 129.4 (cis & trans), 129 8 (c1s & trans), 133.5
(trans), 133.7 (cis), 145.3 (trans), 145.6 (cis), 155.2
(trans), 155.3 (éis), 162.5 (cis & trans), 162.6 (trans),

: 25 165.7 (cis), 171.0 (cis), 171.1 (trans).
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C5 cis), 4.30 (dd, J= 3.4 Hz & J=12.4 Hz, 1H, C5 trans), 10 4.49 (dd, J=3.1
Hz & J=10.8 Hz,' 1H, CSC|s) 4.72 (dd, J =8.3 Hz & J=12.4 z. %Hz%gsuans)
4. 77, (Agv ézl ;6 : CH20Bz cis); 4.84 (AB, J=2.3 2
trans), SeOM%EC ;= 3 1 Hz & J=4.5 Hz, 1H, C4 ci's), 5. 9PCTAN026898. 4 Hz &
J=8. 3 Hz, 1H, &4 trans), 6.61 (dd, J 2. 3 Hz trans & J=4.5 15 Hz cis, 1H,
C2), 7.25 (d, J=7.5 Hz, 1H, CS), 7.5-8.1 (m 1OH, aromatic cis & trans),
8.30 (d, J=7.5"Hz, 1H, C6°), 9.50 (s 1H, NH). 13C NWR (300MHz) (CDC13) b
2S. 9 (cis &trans) 64.3 (cis), 65.1 (trans), 65.3 (cis & trans), 76.1
- (trans) Féﬁ 7 20 (cis), 84.7 (trans), 86.2 (cis), 97.9 (cis), 98.1 (trans),
128.6 (E & trans) 128.7 (cis & trans), 129.2 (cis & trans), 129.4 (cis
& trans), 129.8 (cis & trans), 133.5 (trans) 133 7 (cis), 145.3 (trans),
145.6 (qrs), 1I55.]7Z (fraestioddb. 3 (Ci s) P 5 (Cis &_rans), Cis/ '
162.6'(t’r%g€3ﬁd2 165 / &cu s), | 17Fie 1’5‘-)“‘ | 70 TFapg § Ahransg? \@p 02/{102796
Tabl e 4 |6°DeCeiBer°5606 BT CAD2/ 69899 React {onakp/ { - )sfi s(+) O s{-)
Trans(+) trans Sul f oxi geB8$eTeqp. Trans (% (A ($) (" )rs) (aOM %)
DI PEA- 15 TTIT3TZ T axa~ TEA-I570.45721°622. 8371 : I gx0~ O 3zo
g DIPEA |-15 48.9 27.4 6.7 17 1.2 1
810 OJ '
R TEA -15 70.4 5.2 1.6 22.8 3.1 :1
BlO/YO)
bt
a8z0—%,
gmj TEA -15 4.3 73.6 20 1.5 3.6 :1
i
azdﬁ\g;7 ] .
' DMCA | -25 72 .4 4.5 1.25 21.8 3.3 :1
@
B2O ~Werr S : :
2—7 tea  |°*° 1 74.4 |24.6 0 3 :1
| {internal .
temp),
warm up to
‘RT after
adding
silylated
base
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Q TEA-154.973.6201.53.6 :1

OTEA-
silyl atg,
Sul f oxi degas

30174.4.24.603 :1 (internal

tenp),

S8 WO 02/102796 Table 5 6 Decenber
eact i onYi el dCi s/ Trans Tenperature{% C T

exp~ DMCA-2572.44.51.2521.83.3 :1 0 Bi O

o i

warmup to RT
2005

0899
1 BZO

+DI PEA (i-pro)-20723.7 : 1 Bco-- ) Nwe2 a=a' YTEA-20634 : 1 0
(i- prq.)ai)%(y%& 31
|sulfoxide| Base Reaction Yield Cis/Trans
Temperature % (%)
°C
-1 TEA -20 74 3.3 1
Blo/\(j
0 +DIPEA
g (i-pro) |-20 72 3.7 : 1
£
0™ -
NMEz
? TEA ~20 63 4 ;1
Bzof\gj .
- 8 {i-pro) |-20 72 3.3 1
8z0 '0..7 . .
NMe,
2 TEA 220 170 3.3 : 1
qu/\gj
TEA ‘= Triethylamine
DIPEA = Diisopropylethylamine L
5 DMCA = Dimethyicyclohexylamine
i(i—pro)NMeg,: Isoproplydimethylaminé
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- szo'Y ) NWe2 ezo' ~''TEA-20703.3 1 TEA = Triethyl anine Dl PEA =

Oi i sopropyl ethyl am ne DMCA = Di net hyl cycl ohexyl am ne (gL 20N

| sopropl ydi net hyl ami ne 39 6 Decenber 2005 CLAIMS: 1. A stereoselective
process for. making predom nantly cis nucleosides or nucl eosi de anal ogues
and derivatives of formula (A) : HOS RL Q-—~ wherein (A) RLis a

pyrim dici@iese or a pharmaceutically acceptable derivative thereof; and
.Q is carbon, oxygen or sulfur, wherein Qis 10 preferably oxygen;
consisting of the_step of coupling a conpound of fornula (B): R~ 0 0 11
wherei n('B) 15 R2A stereosglegtival pyocees for mejuingr pgedpmipapz2y (Z3)

wh ZL; i I | : (z
of hycr cgen  C1 T8 ATRyF¥optt Orar Ty s DGt EU B By Ui vaceBo BETEISHIAS
ormula (A):

wherein

Rl is a pyrimidine base or a pharmaceutically

acceptable derivative thereof; and =

Q is carbon, oxygen or sulfur, wherein Q is

10 preferably oxygen;

consisting of the step of coupling a compound of

formula (B):

wherein

15 R2 is deﬂ aralalkyl, Ci;_i¢ acyl or 8i(Z') (2?) (Z2%), |
where z', 2z’ and Z* are independently selected from the group
consisting of hydrogen; C;.;e alkyl optionally substituted by

- fluoro, bromo, chloro, iodo, Ci¢ alkoxy or Cs-zo aryioxy; Cyoa0
aralkyl optionally substituted by halogen, C;_; alkyl or CLQU

20 - alkoxy; Cs.20 aryl optionally substituted by fluoro, bromo,
chloro, iodo, Cji.zp alkyl or Ci_.g alkoxy; trialkylsilyl;

fluoro; bromo; chloro and iodo;
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- fluoro, brono, chloro, iodo, Cl-6 al koxy or C6-2Q aryloxy; C7_20 aralkyl
optionally substituted by hal ogen, C1-20 al kyl or Cl-20 20..8lk0xy; C6-20
aryl optionally substituted by fluoro, bromo, chloro, iodo, -20 al kyl or
Cl1-20 al koxy; trialkylsilyl; fluoro; brono; chloro and iodo; 40 6 Decenber
2005 with a base R1, wherein RL is a pyrimdine base or a pharmaceutically
acceptabl e deri valjite, theR8el Rl NyieCLih0RGOUR! LGy 5 ok The! BakBERr esENCE
of a catalytic anount of an el enment or conbi nati of elenents o group

| B or | |2Bm@lanireepdiicedily eabkeptablecdeiravptaneneéhandofi;Lewis acid to yield
an internediate of fornmula (D): (D) wherein R, R2 and Q are defined above;
and a second stepirl_load%orotg&t1 H}g intgrrregi ate for 10 fornmula (D) to
yield of the cis nucleositAeSO TR HIZ 2oV g RECTTHer?vat i ves of

f or mul a datalwdreiamcuhe eduphi Bieftap be pobrbenablynperf enardntat od
tenperature equal to_or |ess than_30,degrees Cel sius., 2. A process

accordi FM® dBarh TIRnhefethet RETiedis Tablgei & Ferhiaskpsusaeof™dor nul a
(O: (Ch Weenial BcRA, £B5 ag il nbEySeheeLedpf tom the group
consi sting of hydrogen; Y%%?ggégl @Fég‘g??‘gﬁgﬁ %kZSégtlgg%i ?BE ed by fluoro, .
bronmo, chloro, iodo, Cl1-6 al koxy or C6_20 aryl oxy; C7-20 aral kyl
optionally substituted by h&2agep~ C&_.2RMal kyl or Cl1-20 al koxy; C6-20
aryl optionally substituted 41 @ Degénb 2005 by fluoro, brono, chloro,
i odo, C1_20 alkyl or d 20 al koxy; d'ri | kyl silyl; fluoro; brono; chioro
and i odo; -and {D)

wherein R1, R2 and Q are defined above; and

a second step to deprotect the intermediate for
© 10 formula (D) to yield of the cis nucleosides or nucleoside

analogues or derivatives of formula (A)

wherein the coupling step is preferably performed

at a temperature equal to or less than 30 degrees Celsius.

2. A process according to claim 1 wherein the Lewis

15 acid is a compound of formula (C):
R4
R7——Si———R5

wherein

R4, R5 and R6 are independently selected from the
group consisting of hydrogen; Ci-20 alkyl optionally
20 substituted by fluoro, bromo, chloro, iodo, C;.¢ alkoxy or
Ce.20 aryloxy; Cy.zp aralkyl optionally substituted by halogen, .
Cldq alkyl or Ci-zo alkoxy; Cs.20 aryl optionally substituted
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R7 is selected fromthe group consisting of fluoro; brono; chioro; iodo;
C1_20 sul phonate esters, optionally substituted by quqP&mmg£p 5 chioro
or iodo; C,_20 alkyl esters optionally substituted by fluoro,.brono,
chioro or iodo; triiodide; a silyl group of the general fornula
(R4)(R5)(R6)Si (wherein R4, R5, and R6 are as defined above) ; C6_20

aryl sel X _ | s enyl ;. 06. 20,10 al.koxyal ky]; an
trial kquylr%%&o.%’. Z%ﬁ%te%é{%%%’orlcﬁcg%' o8 ﬁllr%y)li \ﬁﬁeﬂéfzﬁ f—*gk?@” sel ected
from RENRIBITEI1RI1 Nudko; Bdorkd; NIRGrOMRLHLERI0 P ONRLIL | (v) 15
wherein: x is oxygen, NH or sulfur; y is oxygen, NH or sulfur; (V11) (MIl)
ed from hydrogen,, hydroxyl, am no, Cl_6

R8 and R9 are ind ndent |y sehfc
al kyl or C2_6 al kéhylts EEERed Lraw e ROW s IBtIROL 42
fluoro; bromo; chloro; iodo; Ci-zo sulphonate esters,

5 optiQnally substituted by fluoro, bromo, chloro or iodo; Ci-zo
alkyl esters optionally substituted by fluoré,_biomo, chloro
or lodo; triiodide; a silyl group of the dgeneral formula
(R4} {R5) (R6}Si (wherein R4, R5, and R6 are as defined
above) ; C¢.50 arylselenenyl; Ce oo arylsulfenyl; Cg.a0

10 alkoxyalkyl; and trialkylsiloxy.

3. A process according to claim 1 wherein R1 is

selected from:

Re. -Re N____l/Rng R8. RO - R8. -Re
NP | R10 NF ' R10 Nﬁi‘N : N4l\H/R10
O)\T R11 O//’\T R11 OJ\IFI/”\RTI o)\ N
(11) - (111) (1Iv)

| X X X
R12 .R10 ' _ ' '
yZ R10 Hj\)L N HN /U\Ir R10
_ N
N Yﬁl\N
I |
(V) (V1) (V11) (V1i11)
15 wherein:
X is oxygen, NH or sulfur;

Y is oxygen, NH or sulfur;

R8 and R9 are independentiy selected from

hydrogen, hydroxyl, amino, CL4 alkyl or Cys alkenyl, Cie
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6 Decenber 2005 al kynyl, G -1o acyl, 06-10 aryl, C6-11 carbonyl aryl , Cl1-7
carbonyl oxyal kyl, C6-11 carbonyl oxyaryl, C2_7 carbonyl agiyaQahdyhos Oor am no
acids; R8 may be a saturated or unsaturated C3-8 5 carbocyclic ring
optionally substituted with COOH, C(ONH2, OH, SH NH2, N2, Cl1.6 alkyl,
C2-6 al kenyl, C2_6 al kynyI hal ogen C(O)R14 wherein R14 is a G _s alkyl,

C2-6 al and S Cl 6 al kyl, C2-6
al kenyl @% al kcgtn1 d %9“1 S é sefi” ?Y\Igrgr]gﬁbﬂ%f;%yif kyt7 10 C2.6 al kenyl
and C2- Gzea:thqrmmoxyal?&aa cay.-sal sarbenymoﬂgairgm to,the ni trogen atom to form
a saturate unsat ur. C3-% heterocyclic ring optionally substituted
with (8 @@%“ﬂﬁ%%ng OFHaMYRe agéslsi c1-6 al kyl, C2-6 al kenyl, C2_6

al kynyl, hal ogen, C(O R14 15 wherein R14 is a Cl-6 al kyI C2-6 al kenyl’

C2_. 6 al kynyl andRreCe)yOBES avaakeira tRES oS udsttubadklyle, C2- 6 al kenyl, C2-6
- al kynyI and R10, R11l, R12 and R13 are each inde endentfy sel ected from

hydr SgeFarpRcygadc ngtasos@w:loalml%' S@P&ﬁétuzgdcHFEBX?DOHGaSU@Mh.-, C2-7
al koxyc dr rifd uorg th| o, Cl-6
al kyl , %6% kleqléllI¥ I%%/ b§t%’t u]tkéI oré uﬁws(t}br]&tl Ut &d Wjatqh@ré% dgen or azi do,

C2-6 ahhyngbn Cm46)3¢ylwh¢renh|acarbexy,cynlamaybanuyk,arkﬁﬁyﬁmucaﬁ
ur ei do, process, according to claim!|

wher ei nainﬁnémg eﬁBat C?S %ga)%tr)%hoxééﬁ' %FSeF@n@nF‘sﬁo? 5Y5up§21ﬁD or 1IBis Cu,

Ag, Aualkenol,Cd, (Sal ?pceaﬁdaﬁ§059Iaﬁogganﬁbﬁ1ﬁ waereLmclhe tertiary
‘amine is of the form N( Z5) (Z6) wherein 30 (Z4 ](2 , (26) are

mdéBenGe-mt ﬁﬂ/kgéYéc@fé@ €renrikEngloup 43 6 Decenber 2005
R8R9 can also be connected to the nitrogen atom to
form a saturated or unsaturated Ci;; heterocyclic ring
‘optionally substituted with C(0)OH, C(O)NH,, OH, SH, NH,, NO,
_ Ci¢ alkyl, C;.¢ alkenyl, Cz.¢ alkynyl, halogen, C(O)R14
15 wherein R14 is a C.¢ alkyl, C.s alkenyl, Cs.¢ alkynyl and
. C{O)OR15 wherein R15 is a C;.¢ alkyl, Cae aikenyl, Cag
alkynyl; and | |

R10, R11, R12 and R13 are each independently
selected from hydrogen, halogen, hydroxyl, amino, cyano,

20 carboxyl, carbamoyl, Ci.q alkoxycarbonyl, hydroxymethyl,
trifluoromethyl, Cs.1p arylthio, Ci_g alkyl, Ca.g alkenyl
-substituted or unsubstituted with halogen or azido, Cp.¢
alkynyl, Ci¢ acyloxy, thiccarboxy, thiocarbamoyl, carbamate,

ureido, amidino, or Cg.30 aryloxy.

25 4, A process according to claim 1 wherein the element
or combination of elements of groups IB or IIB is Cu, Ag,

Au, Zn or Cd.

5. A process according to claim 1 wherein the
tertiary amine is of the form N(2Z*) (Z°) (2°) wherein

30 (2%, (2%, (2°) are independently selected from the group
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consisting of C1_6 alkyl optionally substituted with C1_3 alkyl, to form
tertiary amnes such as triethylamne, diethylcyclohexyk QéiesglfeTZOO _

di.et hyl met hyl am ne, di net hyl et hyl am ne, di et hyl i sopropyl am ne,

di et hyl but yl am ne, di nmet hyl cycl ohexyl am ne, tri butyl am ne,

di et hyl met hyl am ne, di net hyli sopropyl am ne, diisopropylethylam ne or

Craim 1 e RER e oo ok et T Wk MR R 28 1

chl or omea banks, torfath drexet frane smimday _@iathlor aatikampisinia<(6_10
hanonitriles; or m xtures

chioroaryl: .Cl.8 I.kylonitrile such as t )
thereof_d%t}#‘{']ﬁf’%%]g%g g ]c?té?yé'i“?ﬁﬁ’wlé}% the deprotection step

i s perf afimst iyl & 18 @S RNC &l 0fe thylS A¥RhAGkRMe agent and a

deprot ectjng.sol vent which favors™ the crystallization of the cis

nucl €osi ey Huteastine, siaesdudeysrl dexiylanives ¢frifmtmllaanit®),, wher ei n

the depid i I I Sy. ferabl v water, .net hanol, ethanol, toluene,
tert-bu'?{/Jl %%%%a\é@q%er’ c%&ﬁ{?l%rll%}ilé’sn HREBF 10 8. A process according
to clai niiAsmyercgiyl dttey 1 ateipreotoac idoib ia@@ioniss talkabifne c, Sychras; segdi um

hydr oxi de,, sodi um et hoxi de, anmoni um hydr oxi de, potassi um hydr oxi de,
[ithium ‘de, nethanolic ammonia or conbinations thereof. 25 9. A

process according to claim3 wherein R is selected from _

Ne- al kylgayr i mi di nes prdeasy Lbvoii dbnes: c141hah opyelaidl s, oyéaﬁ?zé.t yleni c

pyrim di nes, 4-am no and N4-acyl fyl’l m di nes, 4-hydroxyal kyl" pyrim di nes,

4-t H100a|8r?9rven5yﬂi8rriadﬁmesc,:hlwﬁey cYedisi o, Cclblerapythanet neor 30 2-

mer capt gpy L 4- cap rim,dine uracil, -al kyl pyrim di nes,

G- bonzyTorre afeet LSRR oThi e 4 ot oallnBar Fubhst s
alkylonitrile such as methanonitriles; or mixtures thereof.

7. A process according to claim 1 wherein the
deprotection step is performed in the presence of a
15 deprotecting agent and a deprotecting solvent which favors
the crystallization of the cis nucledsides‘or nucleoside
~ analogues or derivatives of formula (A), wherein the
deprotecting solvent is preferably water, metharol, ethancl,

toluene, tert-butyl methyl ether or combinations thereof.

20 8. A process according to claim 7 wherein the
deprotection agent is alkaline, such as sodium hydroxide,
sodium methoxide, ammonium hydroxide, potassium hydroxide,
lithium hydroxide, methanolic ammonia or combinations

thereof.

25 9, A process according to claim 3 wherein R1 is
‘selected from N'-alkylpyrimidines, N*-acylpyrimidines,
4-halopyrimidines, N4;acety1enic pyrimidines, 4-amino and
N'-acyl pyrimidines, 4-hydroxyalkyl pyrimidines, 4-thioalkyl
pyrimidines, thymine, cytosine, 6-azapyrimidine,

30 2- mercaptopyrimidine, 4-mercaptopyrimidine, uracil,

C%-alkylpyrimidines, C®-benzylpyrimidines,. C® halopyrimidines,
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C5-vi nyl pyrim di ne, C5-acetylenic pyrimdine, C5-acyl pyrimdine,
'CS-ami dopyri m di ne, C5-cyanopyrimdine, C5-nitropyrimdine ,
C5-am nopyri m di ne, 5-azacytidinyl, 5-azauracilyl, tri gﬁlzﬁ(;elc%m;‘ff/rrzlo% nyl ,

i m dazol opyridinyl, 5 pyrrolopyrimdinyl, pyrazol opyrimdinyl or a
pharmaceutically acceptable derivative thereof. A process according to
clai m 3 wherigiyl gy dinei e WeLaB c\WiksiiRabogeni abhel6cal kW C2- 16

al koxyal kyl , 10 C6- aryl, Cl- ;G%I kéxyjbg?gni&t ro;e or V\%%}rrei n Eis CG10
aryl, CIPYBL@ai¢bxg, C>-amgdaghkuinyigling, 6F-cyaneparlipidine; Si (Zz1) (Z2)
(Z3) , whmrg Qé% 3 alse i ndently_selected fromthe group
consi sting of ré‘g‘e%ém- oa‘i‘gﬁﬁgg’ggﬁﬁgﬁ%ﬁy%ﬁ%é?ﬁb?é{iﬁ’?y f1 uor o,
brono, THzrwadida, Gridzel@pytidingb}t | Divedd yoBebetidided, by fluoro,
bro chlora or iodo;. and C6-10 arg/l optjonally substituted by fl|uoro,
br oo é%ﬁ%ﬁéiqﬁyq%ﬁﬁﬁlgé;, pyrazolopyrimidinyl "or a pharmaceutically

acceptable derivative thereof.

10. A process according to claim 3 wherein R2 is

/ \ CH,
W -
wherein W is halogen, C;_i¢ alkyl, C;iealkoxyalkyl,

10 Cg-10 aryl, Ci.is alkoxy or nitro; or

O

&

wherein E is Ce.19 aryl, Ci.is alkoxy, Ca.ie

alkoxyalkyl or Ci;.i5 alkyl; or

Si(z%) (2%) (2°), where 2', 2z? and Z° are
15 independently selected from themgroup consisting of
hydrogen; Cj_zp alkyl optionally substitutea by fluoro, bromo,
chloro, iodo; Cq.10 aralalkyl optionally substituted by
fluoro, bromo, chloro or iodo; and Csi0 aryl optionally

substituted by fluoro, bromo, chloro or iodo.
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