WO 02/ 102796 PCT/ CAO2/ 00899 ATERECSELECTI VE METHOD FOR THE PREPARATI ON OF
NUCLECSI DE ANALOGUES The present invention relates to a novel process for
pr oduci ngwoiog/im71eé eosi des or nucl eosi de anal ogues and 5 aemicaabioesss of
formula (A): HOS RL (A) wherein RL is a pyrimdine base or a
pharmaceutically acceptable derivative thereof "and Qis oxygen, carbon or
sul phur. 10 C asses of conpounds of fornmula (A), particularly the
2-substituted 4-substituted 1, 3-oxathiol anes have been found to have

pot ent ant i ATEREDSEIECTIWE YETHOR PER (THE LHRAPARATINE S&F CUCHEOSNRE ANavesuBeen found
to act as potent inhibitors of H V-1 replication in T-1ynphocytes over a
prol onged 15 peri othef presenw thveessonytelakes sbde ambfett probass
conmpounds known in the art (s?e Bel | eau et ai 1933) Bi org. . Chem
Lett. Vobor 3pTRAUCANS E151738] $955e5 ThHECRUCLBABLAR S ALVE AP sEhBeen | ound
active agalnste3TCsresi sbanhiiaHX)strains (see Taylor et al (2000)
Antiviral Chem 20 Chenother. Vol 11, No. 4, pp. 291-301; Stoddart et al
(2000) Antimcrob. Agents Chenother. Vol. 44, No. 3, pp. 783-786). These

conpounds are al so useful in pﬁ la_éiééﬁu treatnment of hepatitis B
virus infections. Methods for e priepariati on of these conpounds 25 have
been disclosed in PCT publications /08717 and WO 95/29176 as well as
in publications by Belleau et al (1993) BiodéRy. Med. Chem Lett. Vol. 3,

No. 8, pp. 1723-1728; Wang et al (1994) Tetrahedron Lett. Vol. 35, No. 27,

pp. 4739 1 WO 02/%R%Z8§np§1/§60§/89§98idine 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-oxathiolanes have been
found to have potent antivirai activity. In particular,
these compounds have been found to act as potent 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 strains (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 publications 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 -



4742; Mansour et al , (1995) J. of Med. Chem Vol. 38, No. 1, pp. 1-4 and
Caputo et al in EBur. J. Og. Chem Vol. 6, pp. 1455-1458 (1999). These
processeswDreabaes a mul titude of steps that increase thePCogtA0000899
production and reduce the 5 yield of the desired conpounds. Summary of the
I nvention The process object of the present invention conprise the step of
coupling _the internedi ate-of far a-( ] C therR361.03%8,(Bo. 10 Q
wherein 4is 1Vl;l’vjtfroé‘lgrene%o(raala ‘hy r%%(gyl Jp'r (I)nge(l;&tei@ng group such _as C7_1o

aryl al kyl,, gl 16 s @agbitd 28 (1Z2n E8)- J-wheise Zhemz2 Voind %237 are

i ndependently sel ected fromthe group consisti. Ofy hydrogene G 20
al kyl opr o 95 4t (AT YV Fi%U (fcesnsreosm)l?g’c oro. 1odo, CL 6 al koxy

or 06—203@4?%& Gli2Q o alfey et icmgidoduattisin tantdddgudealtdyen, C1_20
al kyl or -20 al koxy; C6_20 aryl optionally substituted by fluoro, brono,
chl or®m, yioeo] A 20 addgidred PO koxy; trialkylsilyl; 20 fluoro; brono;
chloro and iodo; and Qis carbon, oxygen or sulfur; with RL, a pyrimdine
base or har macgeut,i ptabl e derivative thereof in the presence
of a cat% Y %fm%llﬁ%aio‘#y%% e(?rgrrent or conbi nation of elements of group 1B

25 or 11B, a Lewis acid and a tertiary amne. The resulting internedi ate
of formula (D) 2 The process object of the present inventTon

comprise the step of coupling the intermediate of formula

(B) :

O

RZ\O/\(i7

Q
10 (B)

wherein

R2 is hydrogen or a hydroxyl protecting group such
as C,.10 arylalkyl, Ci.ie acyl or si(zY) (z?) (z%), where Z', Z?
and Z3 are independently selected from the group consisting
15 of hydrogen; Ci-20 alkyl optionally substituted by fluoro,
bromo, chloro, iodo, Ci-e alkoxy or Ceg.zo aryloxy; Cq.20
aralkyl optionally substituted by halogen, Ci-20 alkyl or Ci-20
alkoxy; Ce-20 aryl optionally substituted by fluoro, bromo,
chloro, iodo, Ci.zo alkyl or Ci-zo alkoxy; trialkylsilyl;

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

R1l, a pyrimidine base or a pharmaceutically
acceptable derivative thereof in the presence of a catalytic
amount of an element or combination of elements of group 1B

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

intermediate of formula (D)



WO 02/ 102796 PCT/ CA02/00899 R21-10S Rl y Q(D) . is deprotected to obtain
the cis nucleoside of formula (A): HO S RL Q (A The conpound of formula
(B) may bwoaetibmps 0 0 R2,, S R2,, /SODO ~ D5 (Bl @Crawig&) Q or a
m xture of the two enantionmers. In an alternative enbodi ment of the
present invention the deprotection of internediate of fornula (D) is

achi eved by dissol ving sai dgxter pedi e igy @ suitable 0 solvent in the
presence of a deprotection age\n@.}(ﬁya ternative enbodi ment of the
present invention a sinple two ste g&?aration met hod for cis

nucl eosi des of formula (A wherein tBe—TCoupl (py.step results in a product
wherein the ratio of cis to trans is greater 5 than 2 to 1 is provided. In
a further enbodinment the cis to trans ratio of the internedi ate product of
f or mul aiEDiepbsotreerseky optapor thenalist sucheopadet PEn IPEMYLRaltl é of the
coupling step. 20 In an alternate enbodi nent of the present invention,
the deprotection step results in the selegtive 3 WO 02/102796

PCT/ CA02/ 00899 precipitati omg(}\?eif ucl eosi de of fornmula (A) by the

Q (Rn)

The compound of formula (B) may be either :

0 0
Il
R2 S 8
A oY
5 (B1l) Q ; or (B2) : Q or a mixture of

the two enantiomers.

In an alternative embodiment of the present
invention the deprotection of intermediate of formula (D) is
achieved by dissolving said intermediate in a suitable

0 solvent in the presence of a deprotection agent.

In an alternative embodiment of the present
invention a simple two step preparation method for cis
nucleosides of formula (A) wherein the coupling step results
in a product wherein the ratio of cis to trans is greater

.5 than 2 to 1 is provided.

In a further embodiment the cis to trans ratio of
the intermediate product of formula (D) is inversely

proportional to the reaction temperature of the coupling

step.

20 In an alternate embodiment of the present

invention, the deprotection step results in the selective



z;al ?ﬁitiso?n\c;];n?inoﬁpﬁgopritﬁte dgpr otection agent and sol vent. The processes
. ve e advantages of allow ng preparation of a
gggleﬁgisilgwg?z/rléﬁziﬁgrg{g (AI) analnggues or derivatives thereafcampésdnt using
I Ve rials, cunbersome protection and deprotection
; . ( ste
or addition and renoval of 2'- or 3'- substituents. The procr:)ess of this >

i gh pUBE R g St S S par ey SFhe proesse of il s L aventi on has
ity. e process of this.i i

T b oo, et evs s e LR A e

configuration can be easily controlled sinply by the 15 selection of the

appropriate starting conditions t.a] | Descdd id i
. . . ] i t
present invention TS AR 5 1% el%glslg elgiq,l ve Q{)drg%:ée\gg t?%r Prgkil Réeml on The

ngﬁﬁ{ﬂé%@g‘%% ﬁlw;%%éﬂ%)ﬁg q;m%egugﬁntag:ii aef analwthess igwl Aferivatives of

) | 1S r [

EB?; lrﬁapdﬁxmvgl%gjﬁ)ggo@pﬂ ey \F?;FFTJsf’e'j‘ttlh"’eerse(6133‘l'f)eyraelnocr;9 %‘ll%gléégtfglo%n%xygen or

a compoliPHe ¥or %61({%‘{1 O R2~0'9’%ius Scgﬁié rafenolplimp step of the
deprotection steps oOr addition and removal of 2'- or 37-

substituents.

The process of this invention .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
process for making predominantly cis nucleosides or

nucleoside analogues and derivatives of formula (A):

HO/\(i7/R1

20 Q (7)

wherein

R1 is a pyrimidine base or a pharmaceutically

acceptable derivative thereof; and

Q is carbon, oxygen or sulfur;



Q (B) wherein 5 R2 is hydrogen or a hydroxyl protecting group such as
C7_10 aralalkyl, d _16 acyl or Si (Z1) (Z2) (Z3) , where Z1, Z2 and Z3 are
i ndependewblog/1ebect ed from the group consisting of hydregercAoow®® al kyl
optionally substituted by fluoro, brono, chloro, iodo, Cl_6 al koxy or
C6_20 aryloxy; C7.20 O aral kyl optionally substituted by hal ogen, C1_20

al kyl or Cl-20 aldmeistGhg?® farddupdingorledpy ofulisie tautcethpopnd wdr o, br ono,

chloro, iodo, C1 20 alkyl or Cl1_20 al koxy; trialkylsilyl; fluoro; brono;
chl oro &sgmuddo;(Blith a base Ri, wherein RL is a pyrindine base .5 or a
pharmaceutically acceptable derivative thereof, in a suitable coupling
solvent in the presence of a catalytic ganount of an el enment or conbination
of elenments of group 13 or %ég\; a terfiary amine and a Lewis acid of
formula (O): RA R7 Si RS | 2 erein R4, R5 and R6 are
i ndependently selected fromthe ~group cohsisting of hydrogen; Cl1_20 al kyl
optionally substituted by fluoro, br / chl 50, iodo, Cl1L 6 al koxy or C6 5
WO 02/ 102796 PCT/ CA02/ 00899 20 aryl oxy; C?_é aral kyl optionally
substituted by hal ogen, Cl1_20 alkyl or Cl1_20 al koxy; C6_20 aryl optionally
substi t ypd-cy fluoro, brono, chloro, iodo, C1_20 al kyl or Cl1_20 al koxy;
trialkylsilyl; fluoro; brono; chloro and iodo; and 5 R7 is selected from
t he group consi sting of ,
5 R2 is hydrogen or a hydroxyl protecting group such

as C,.10 aralalkyl, Ci.is acyl or Si(z') (z%) (2°), where Z%, 72

and z3 are independently selected from the group consisting

of hydrogen; Ci.z0 alkyl optionally substituted by fluoro,

bromo, chloro, iodo, Ci.¢ alkoxy or Cg.zo aryloxy; Ci-20

0 aralkyl optionally substituted by halogen, Ci-zo alkyl or Ci_z¢
alkoxy; Ce¢-20 aryl optionally substituted by fluoro, bromo,
chloro, iodo, Ci.zp alkyl or C;.0 alkoxy; trialkylsilyl;

fluoro; bromo; chloro and iodo;

with a base R1, wherein Rl is a pyrimidine base
5 or a pharmaceutically acceptable derivative thereof, 1in a
suitable coupling 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——R5

R6 (C)

'0 wherein

R4, R5 and R6 are independently selected from the
group consisting of hydrogen; Ci.zo alkyl optionally

substituted by fluoro, bromo, chloro, iodo, C;.¢ alkoxy or Cs.



fluoro; bromp; chloro; iodo; Cl1_20 sul phonat i

substituted by fluoro, brono, chl oro OP iodo? gif2251aIE5fng?LLg

opti onal Iwoshbet7vd ut ed by fluoro, bromp, chloro or iodo; pCridAsdioessy a

sR|6IyI‘ group of the general formula 10 (R4)(R5)(R6)Si (whérei n R4, R5, and
are as defined above) ; C6_20 aryl sel enenyl; C6_20 aryl sul fehyl ' C6- 20

al k
o %Xléa:?gy%,r ac?d ”'@' Kyl gioh >1 Tp‘%ﬂéh%'ldya%ub@ﬁﬁtméldab@ tialbgemul a (D) :
*he coupling step is foll owed byadeprote%tlon step

to yiel &,thieatiglnoel eps debkaxy nUtd-e0sirdd SRAL6HGIY0SY bFEriVEE Ves of

forrrula(1 In an altern i.ve emhody rre
si npl e tBio fé{‘-@éfopr c?h" & %od gls 28mg%p{ég§|@gf§% %ﬁﬁ%}nﬁraa( A)

wherei n 1 he qusl%, re I
1; qu.dosfd N Bromd; odﬂﬁtox@:f afrey mgd® ;( Andaherein th
of cist lhlt s 'S great er than 2 to 1. The |nvent| OI(’I |)nncl udes a prGO(rngs!so

saturated strai ht
od&yY @, L & skl Bi&hﬁtese@ml&dasr, , or t i
hydr ocar’botP’st’ %1 2&%%802/102796 CT/CAO£>/00899 artucﬁl(%/ ?:Etlaary

unsubst lélglg%ﬂl}@pémmvaittwtemw Prualia, §%itf5§‘ﬂ<?rt e Nsz20 oN

SH, am no, hal ogen
al koxyal k%/}FYbreﬁﬁ?‘f’% optHog?) Yf‘lq’%%'cl;tfy I ncl u esf%?%?l$%%%3%%€%f%propyl

propyl, 3.1 5OR5OPYLiibatds; b sebw Y| groupud | theegeyerakyEoopert yl
10 (R4) (R5) (R6)Si (wherein R4, R5, and R6 are as defined
above) ; Cg-20 arylselenenyl; Cs-20 arylsulfenyl; Cs-20

alkoxyalkyl; and trialkylsiloxy;

to yield an intermediate or formula (D) :

15 The coupling step is followed by a deprotection

step to yield the cis nucleosides or nucleoside analogues -or

derivatives of formula (A) .

In an alternative embodiment of the present
invention a simple two step preparation method for cis
20 nucleosides of formula (A) wherein the process results in a
product of formula (A) wherein the ratio of cis to trans is
greater than 2 to 1. The invention includes a process

wherein the ratio of cis to trans is greater than or equal

to 3 to 1.

25 The term “alkyl”, as used herein, unless otherwise
specified, refers to a saturated straight, branched, or

cyclic, primary, secondary, or tertiary hydrocarbon of C1-30,



i sopentyl, neopentyl, hexyl, isohexyl, cyclohexyl, cyclohexyl nethyl,
3-net hyl pentyl, 2,2-dinethylbutyl, and 2,3-dinethylbutyl. The term "acyl",
as used hwopeehefder refers to a 0 functional group deri ped/davonvsan

al i phatic carboxylic acid, by renoval of the -OH group of 1 to 30 carbon
atons, particularly 1 to 6 carbon atons. Like the acid to which it is

rel at ed, PARt aFipattY cCaecyt vasikalimaye®eosuPREI PRRLHY (B9TOa By dibxy, N3,
CN, halogen (F, d, Br, 1), C6-12 aryl, Cl1-6 .5 alkyl, C2-12 al koxyal kyl

or nitrogug?éhﬁgﬁﬁgtPYu?géFoﬁﬁd ﬂhat%@ersghea@f?%ctggLO%?nt B rest of the
nmol ecul e,y be, ., the properties e functi r L n sentially
t he sanEBfé.BPf %@é%%lgr ?bp@%h?l?{$égbu %ﬁb@lgf%+§g oy 1 8ﬁ2§%%§§r,

butyryl, 1 peshapeyl ca 1 Pei A¥L DALY ¥hen Y dr 0gRM ?0cUESHRGESL , MESYbRL €.

val eryl, caproic, caprylic, capric, ?aurlc, nyristic, palmtic, stearic,
ol ei c5 3iscproppbenkzobyé, isphliuplpacebytyl chbpenontetgyclapentyl,

cycl ohexanoyl). The terns, "al kenyl>» and "al kynyl " resent ?5 substituted
(by a NB}S?§F%E§}09%%?pﬁ95¥ngﬁe%¥lCBi %h%¥ ?) C%?{ﬁﬁ ﬁ%gtituted straight,
br anchedcpe16Mekiy TmBYHy D¢ ag basthghpénsy havz ng- 2ihetBP1eat pon ah@ns and
preferably from2 to 6 carbon atons and containing at | east one

unsat ur at ed-gtBaPLY tBUgYLlal Iyl ). 7 WO 02/ 102796 PCT/ CA02/ 00899 The term
"al koxy" represents a substituted or unsubstituted al kyl group containing

from1 to 30 carbofycatopgm agd,pref gL ablygfrom int o & caLbORs aLHNE, Wherein
the alkyl. group is covalently bonded/to an oxygen atom (e.g., 5 nethoxy
and ebhokyjctional group derived from an aliphatic carboxylic acid,

by removal of the -OH group of 1 to 30 carbon 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, N3, CN, halogen (F, Cl, Br, I), Cg_12 aryl, Ci_g
.5 alkyl, Cp_1p alkoxyalkyl or nitro) or unsubstituted, and

whatever the structure of the rest of the molecule may be,
the properties of the functional group remain essentially
the same (e.g., acetyl, propionyl, isobutanoyl, pivaloyl,
hexanoyl, butyryl, pentanoyl, 3-methylbutyryl, hydrogen

)0 succinate, mesylate, valeryl, caproic, caprylic, capric,
lauric, myristic, palmitic, stearic, oleic, 3-
chlorobenzoate, trifluorocacetyl, chlorocacetyl, and

cyclohexanoyl) .

The terms "alkenyl" and "alkynyl" represent
)5 sgsubstituted (by a N3, CN, halogen, hydroxyl or Cg.pg aryl)
or unsubstituted straight, branched or cyclic hydrocarbon
chains having 2 to 30 carbon atoms and preferably from 2 to
6 carbon atoms and containing at least one unsaturated group

(e.g. allyl).



The term"aryl" represents a aromatic noi ety which may be nono, bi, tri,
tetra or penta-substituted by hydroxy, nitro, N3, CN, halogen (F, d, Br,
) or comwomatioee t hereof and containing at | east one bemzaranodoesppe ring,
the .0 group may contain fromé6 to 14 carbon atons (e.g., phenyl and
naphthyl ), particularly 6 to 10 carbon atons. The term "aryl oxy" represents
a substituted (by me halogemnlkdsyl yeiamRidts o Subdh ialiked) Joror
unsubstituted aryl nmoiety, having 6 to 14 carbon atons, coval ently bonded
5 t hr onglsulstoxyged #10wWY E%PUP KIBAIRANI FHGTbxy )EC Rk qaé%a‘%ﬂn' aral al kyl "
represent,s _a substi i.Siqn i t tached virhean al kyl
chain (e‘—’ftgo.mS bp’lenﬁi;ﬁ%el{ger%ar?yﬁg%qf 1\/\%5?& ?%g#g}glﬁ%osﬁal of cz?r/t;cgln at ons

for the syl ity ianddwd alddyl whalad it 2t exygeTE@0 @+d-or chain
portion of the group i.s optionally nmono- or di-substituted with OH SH,
am no, HeaEHE oarndcﬁtém&‘fyﬁy'l . The term"thiol" represents Cl-6 al kyl,

C6- 15 aryl, C7-21 aral kyl, C2-6 al kenyl or C2-6 al kynyl groups covalently
bonded to an adj acg tud UraBfoMmkgAfddehtss a2 % donitoige mo ey tverish

“al kylthio" (e.g. thionmethy, thioethyl) and "arylthio" (e.q. thiophenyl,

t hi obenzydy) be afiena thi CILBL, dte&Fa BT wﬂf@'a?r%gfg]rfdt&%d ¥ ?}5381 ed or

optional ]y, . nonp- diy- subst it it ey, gy droxy, M{g a, er, 1), 8
WO 02/ 1 'PCH ‘CAUY/ o%wf’c%e%’zdcalr%B ) By

_ _ , Cl-6 al kyl, C2-12 al koxyal kyl or
nitro, covalentdyy bonded 4 th@re@di dcantorsall darizeiom - thse teins, "doy| oxy”
and "al koxycarbonyl" refer to 1 to 30 carbon atons chains, particularly 1
to 6.Cardorup maYMRNtdE Brem of therls farAeE NN Ir atRIFEBAY may al so

and naphthyl), particularly 6 to 10 carbon atoms.

The term "aryloxy" represents a substituted (by a
halogen, trifluoromethyl or C;_g alkoxy) or unsubstituted
aryl moiety, having 6 to 14 carbon atoms, covalently bonded

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

The term "aralalkyl" represents a substituent
comprising an aryl moiety attached via 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_91 aralkyl, Co_g alkenyl or Cy_g alkynyl groups
covalently bonded to an adjacent sulfur atom bearing a

25 hydrogen.

The terms “alkylthio” (e.g. thiomethy, thioethyl)
and “arylthio” (e.g. thiophenyl, thiobenzyl), refers to Cqi_g

alkyl or Cg-10 aryl groups, unsubstituted or optionally

mono- or di-substituted by, hydroxy, halogen (F, Cl, Br, I),



be straight or branched (e.g.: acetyloxy). The chains may be unsubstituted
or optionally nono- or di-substituted by hydroxy, N3, CN, SH, am no

hal ogen (Wpo2hg278, 1), C6-12 aryl, Cl-6 alkyl, C2_12 al lmsryalolwbsm’r
nitro. 10 The term "al koxyal kyl" represents a Cl-6 al koxy group attached
to an adjacent Cl-6 al kyl group (e.g., nethoxynethyl, ethoxynethyl). They

may be unsl ta{gﬁt,eqjlo_rG Lptyonat] y; kox8faldiysulastiituted by hydrox N3
CN, SH, G;Lr#rb’;o hal ogen” (F, d, Eaér %), C6-12 aryl, Cl-6 al kyl, 5ol12 15
al koxyaldytranentliy rondde te@ran "dijerevy wel'furmteyents a saturated or
unsat urated nono- or polycyclic (i.e. bicyclic) ring incorporating 1 or

nore (i.e. 1-4) heteroatons sel ected, from,N
that a heterocycl el hS ROt i%?%’:'f W m)"’w‘nr(l)(in oarl\i]fj‘?qf%]%:s%rf%# eI i T etrcc]at Ogﬂ,
am no, al 9ueH, cFson o EHabnd) kydrt gt s bftsué tadoison monocyclic

het erocycl es 1 nclude but are not limted to pyridine i peridin
pyr azb neat phper e hea rpye i el nea tura R 2T é%n%/?ﬁ%%fr%‘} p%rg‘gz‘m}é,a%ﬁﬁ an,

pyran and thi ophene. s, of , sui Leycli i ncl ud
but ar enb%o?tlf%rﬁel?tedmingl ngoiée(? E)%h%i hi%géz)% e(?&%%i noﬁ%%ﬁé%ﬁ%ctﬁlo: inﬁeu ©
purine, Badugatibezotetedher t @piidmakl Kyhdne eppeséht subssiubated uent ’

conprising a C6-10 aryl npiety attached via C1 kyl +, 9 02/ 102796
EfCT{ ﬁ:AOlelY)@B@’QY' i ng e. gl 3 AZYP C%%Jg%%?lﬁy?ﬁ’. cl_ﬁéaéeﬁyl bt (\é\%l)—a}% portion

e group i s unsubstituted or i I : di - substituted b
hydr oxy,aﬂé?’ Ciﬂ'@l—f’lﬁg%i hog,:zhé? o%g]gé%g?ﬁg%/ 6%:‘91%36 C6-12 aryl, Cl1 6 d
al kyl ,  C2-12 al koxyal kyl or nitro. 5 The term "anmi no" represents Cl-6
alkyio C6- 10 The term "alkoxyalkyl" represents a Cj_g alkoxy

group attached to an adjacent Cj_g alkyl group (e.g.,

methoxymethyl, ethoxymethyl). They may be unsubstituted or
optionally mono- or di-substituted by hydroxy, N3, CN, SH,

amino, halogen (F, Cl, Br, I), Cg-12 aryl, Ci-g alkyl, Cz-12

15 alkoxyalkyl or nitro.

The term “heterocycle” represents a saturated or
unsaturated mono- or polycyclic (i.e. bicyclic) ring
incorporating 1 or more (i.e. 1-4) heteroatoms selected from
N, O and S. It is understood that a heterocycle is

20 optionally mono- or di-substituted with OH, SH, amino,

halogen, CF3, oxo or Cj_g alkyl. Examples of suitable

monocyclic heterocycles include but are not limited to
pyridine, piperidine, pyrazine, piperazine, pyrimidine,
imidazole, thiazole, oxazole, furan, pyran and thiophene.

25 Examples of suitable bicyclic heterocycles include but are
not limited to indole, benzimidazole, quinoline,

isoquinoline, purine, and carbazole.

The term "aralkyl" represents a substituent

comprising a Cg.1¢ aryl moiety attached via a Ci-g alkyl



aryl, C2-6 al kenyl, C2-6 al kynyl, or C7-12 aral kyl grou [

or optionally nono- or di-substituted by hydroxg, gl?, IC)Cil Stljns;%sagt Hted
hal ogen (Wpoig27Bs, 1), 06-12 aryl, CL-6 alkyl, C2-12 al koxycloysoor
nitro, wherein the 10 carbon atons are coval ently bonded to an adjacent
el ement through a nitrogen atom (e.g., pyrrolidine). They include

pri Mary, 1 S8¢ondary. Fuh LAt igdaheAHes. amtheqUatyQr rar yrhaammupuingmagal t s. Th
term "protec _2%?%5 use(ﬁherei n and unless 15 otherw se defined refers tg
a group dfhathd gymdged & onavubshiiyded Mm% EYrRedr YpMEHorts “tom t o

prevent its further regctjon or .for h i i
strﬁttqtc?d%rpyp%l&/tdrc% rfgl\f T Qf hely PUWRORES haA Mede Maricaty of

gx¥gep 1 rotectl oups are known to those skilled in the
re o (ﬂLg’ar%E:, Sé/n_tlhesa{%l,&@ t ablg1pF10t @cf ing Anasipmiand 2 deisord bed, for
exanpl e,”i'n eeffs, 1%t I, "Bt ect’ ve G'oups in Oganic Synthesis,” John
Wley and Sons, Second Edition, 1991, hereby incorporated by ref erehce By
pyrimg di ne base defnyatdme 'aimiana agiyerésemenrnt -a Py dFgrel base found in
nucl eosi de or an anal ogue thereof 25 which ninmics such bases in that their
struct urssyY t he, ki nadskedylat obp- arall ek, 2% fgereyaHfel YR to the
normal bases but may possess additional or lack certain of the functional
proper t i@ssw@st heuted nef PRisERN2 PY | TR Ve 1'%‘3&%‘”3%%%% oY anal ogues

i nclude those obtained by.30 replacenentqoh CHt1oi i
Crerpigty Dy, acgl
(for exa}h%%é?xyl o 71%%’79% PCT/ CAOZ/%OBQSF 5- azapy%/i m'ydi ngsiéﬁgﬁnagt o

5- azacyt 98/ 11€) cOr . MByKpRvecy i g aSkbsyalky B - :
) \ ) \ ! ynhategewmhehydn oxlyeé, azi do,
cyano',' am no, Js_u%stl tut ed £am{]%0, thiol, Cl-6 al kyl and 06?10 alsryyl. By the
t er m § phas PBSEULE 6@k | ¥racespabbhely bonded to an adjacent element
through a nitrogen atom (e.g., pyrrolidine). They include
primary, secondary and tertiary amines and gquaternary

ammonium salts.

The term "protected" as used herein and unless

15 otherwise defined refers to a group that is added to an
oxygen, nitrogen, or phosphorus atom to prevent its further
reaction or for other purposes. A wide variety of oxygen and
nitrogen protecting groups are known to those skilled in the
art of organic synthesis. Suitable protecting groups are

20 described, for example, in Greene, et al., "Protective
Groups in Organic Synthesis," John Wiley and Sons, Second

Edition, 1991, hereby incorporated by reference.

By pyrimidine base derivative or analogue is meant
a pyrimidine base found in nucleoside or an analogue thereof
25 which mimics such bases in that their structures (the kinds
of atoms and their arrangement) are similar to the normal
bases but may possess additional or lack certain of the
functional properties of the normal bases. Derivatives of
such bases or analogues include those obtained by

30 replacement of a CH moilety by a nitrogen atom (for example,

10



5 derivative" of a pyrimdine is nmeant any pyrimdine base which nmay give
rise to a pharmaceutically acceptable salt, ester, or salt'of such ester
of a conpwond/1af796 ormul a (A), or any other conpound whi cRCTU®R/00899

adm nistration to the recipient, is capable of providing (directly or
indirectly) LO a conpound of fornula (A) or an antivirally active

net abol | feasapysingdeneferesh. a5t SnaFRCHEOAPPE LcPht BAY bYaVEhosENSKi | | ed i n
the art th un or e ifie provi de
pharnace% ﬁ%gﬁthéggg tag$%85%%fi€g§?3%£ifh%?%%$j g?g%%hc??%ﬁgl groups in
t he basestbstdtatyd Ahencspnphiad, off gralkel (Brdney_bg eryher OO R2,,0 S
R2,,0S 11"~ D .( DQ(B1); or Q(B2) or a mxture of the two enantioners.
The sul foxide may be a single enantiomer or a mxture of enantioners

i ncl udi ng but not BROtheénterd tpharmacewtécal kyuprecemhabidupl ing step of
the proc . 0Dbj .Of -t he . i nyenti Lngl - ddition of one
or nn%e 8% éﬁgkﬁgéofégr%u%ygéﬁﬁggéingTﬁ%égPeﬁe tﬂg?§@%§g?%a§%%% of

el ement swhseH may bgive theertoxadphedmstateicdhig eteaphéb?é salt,

conmbi nati on of elenments of group 1B or _11B catal yzes_the couplipg step.
The. ChosBREEPeneft SNt BRLPHGR BACEF OB BrentRoBEdgrbuRoTBIOR (AB ar e

present Lp @ UBEﬁePG&&SﬁgaunabQHRcQ- 25p8R! aanYh 286raboyh 480chRl ar % In
anot her 11 02/102796 PCI/ CA02/ 00899 enbodi nent, the concentration of

t he el eneatipiepbnbiaaceépablefof| previding §hbupctiBy opr1iBdkngchey bet ween
abouEOSQthompound of formula (A) or an antivirally active,

metabolite or residue thereof. It will be appreciated by

those skilled in the art that the compounds of formula (A)

may be modified to provide pharmaceutically acceptable

derivatives thereof, at functional groups in the base

L5 moiety.
The compound of formula (B) may be either :
I i
RZ\O/A\K/S RZ\O/AQ(fi7
Q (Bl1); or Q (B2) or a mixture of

the two enantiomers. The sulfoxide may be a single
enantiomer or a mixture of enantiomers including but not

20 limited to a racemic mixture.

The coupling step of the process object of the
present invention includes the addition of one or more
elements of group 1B or 11B. The element or combination of
elements used may be in their oxidized state. This element

25 or combination of elements of group 1B or 11B catalyzes the
coupling step. The chosen element or combination of
elements of group 1B or 1l1lB are present in amounts between

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

11



about 35% The process object of the present invention 5 includes a
coupling step wherein the elenent or conbination of elenents of group 1B
or 11B arwoseh@ovsed fromthe group conprising Cu', Cue+, AGF/CAAHSIAUI+,
Zn2+ Cd2+ and conbi nati ons thereof. The process object of the present
invention .0 includes a coupling step wherein the el enent or conbination
of el emepts>AfmedtouUR B dnckiB ratd cselofctréd ferlemedn+ orCeg@mbdmatZze®+ . The

termtertiary am ne includ terti i ith high basigity. Th
tertiar Pfatﬁl?‘;@eiféisopft P?éf%f‘?r?s r%B.e\[S"-”IN((Ei[}é ?fgzgﬁe( f\g)t"‘(ﬁr‘?é’lr %ibr?“gi‘?)%l ft)é( Z5) e1 (26)

are i nd%%%nq:e@tgg selected fromthe group consisting C1 6 al kyl optionally
substitdted with ‘Cl1_3 alkyl, CB6-10 aryl, halogen. Exanples of the tertiary
am ne include triethylam ne, diethylcyclohexylam ne, diethylnethylam ne,
20 di net hyl et hyl afibee prdiqestshydhisssr oy Itae g eSSt BEHMABEHINA ami ne,

di met hyl.cycl ohexyl am ne,. tri | ard-ne, et ®mih .2k inat i
di met#yljiré: epi/I‘—’161rﬁor%lé')elzilnnéJ %{elt%lgg{%%?]nettﬁ{ﬁ zfl%)éne. The armunltnaoflotnerti ary
am ne caF \@lamdigisveeh Fowlhdl dr ddB eambadlettegl fhven dpudrasdo terti ary

am ne used may vary between about , 1 eomang 2. €0... The, coupl.ing .step of the
process SSHIRIGS g9 t(¥ré+' fresdrd (i Atentdon i €0pr & Bt iq?"%%%tl%%
coupl i nq:he}cg(yﬁnt. A suitable coupling solvent includes. Cl1 |o 30
chl orinated organic solvents. Suitable coupling solvents 12 WD 02/102796
PCT/ CA02/ 00899 also include C1_8 chloroal kyls, Cl1_8 chl oroal kenyls, C6-10
The process object of the present invention
0 includes a coupling step wherein the element or combination
of elements of group 1B or 11B are selected from Cu’, cu®* or

Zn°*.

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

5 N(z%) (Z°) (Z°) wherein (z%), (2°),(2°) are independently
selected from the group consisting Ci.¢ alkyl optionally
substituted with C;.3 alkyl, Cs-10 aryl, halogen. Examples of
the tertiary amine include triethylamine,
diethylcyclohexylamine, diethylmethylamine,

20 dimethylethylamine, dimethylisopropylamine,
dimethylbutylamine, dimethylcyclohexylamine, tributylamine,
diethylmethylamine, dimethylisopropylamine 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 eqg.

The coupling step of the process object of the
present invention is preformed in a suitable coupling
solvent. A suitable coupling solvent includes Ci-1o

30 chlorinated organic solvents. Suitable coupling solvents

12



chloroaryls , Cl1_8alkylonitriles and conbinations thereof. The coupling
sol vents may be selected from chl oronet hanes, chloroethanes

met hanoniwoiozae27e¢ m xtures thereof. The 5 coupling sol VerCs/@oziosoer est
i ncl ude di chl oronet hane, chloroform acetonitrile, dichloroethane

chl or obenzene and conbinations t hereof. The anount of coupling sol vent

used may,v¥aly;nPeiaeen akoulbBalkyner, @,0f cRUbkoxlkenydsH0Ciho per gra

f
10 squOX| e. ?n an aJ%ernate enbgglnenf of t he |nven¥|on heog ugt g}o
coupl i ngclsbhbventyls be@me@dkydqm}ﬁﬁélﬁﬁ Gmd SATGR §%1 ggr gr am of

sul foxideg. The c Lin p D5
i nventio ?SC%Y?gﬁg%d %1é%ﬁ H%ggzt%€%§%€e?ﬁgﬁ%g é%ééﬁ??ﬁFHThe iIS to
trans ra@hpo§$ethgn@£dechﬁﬁoﬁImnulas Qf»mlstmn&%r%®¢§e ®¥f opof®¢ onal to the

reaction tenperature. The lin te S

O e et of S b SRal Tl SO TB e Aaderperature
g”bOd'”EgﬁloEQf 98“péb@@oﬁi@Pliéacaignléﬁa@@maﬁ@recRDorsbénzmmenaa®out 30
egrees and_about degrees C. The second step in the process object

of the pbﬁb¢nhtnonsnpheneoﬁ a deprotection step. The deprotection
crystallization step is preforned in a suitable solvent. O particular

interest are so!veg#s tggﬁnga grcgnﬁlgﬁgcga§§@h£lagéaoma9fv&£§ product of

formula (A). Suita ven S I'nc wat er, et hanol, et han
_ _ ol , toluene,
tert- bupylwaBhhyboathser mor pepnyi nét soh§oxkhéeebd. 5¢h@LdEEF09§@W|@ﬁ may al so

i nclude the prese f I
par t Feul GHL50% fcer 88t “Br 81 HBROL B EROH ATERE oF nagcut fr BP0 P
separati g af,ct he EbSpRkeduebloEntoiBUbatAbn Bui iBbber §3of

sulfoxide to 30 mL per gram of sulfoxide.

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

20 1is between about 30 degrees C and about - 50 degrees C.

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

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

butyl methyl ether or combinations thereof.

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

separation of the cis product of formula (A). Suitable

13



WO 02/ 102796 PCT/ CA02/ 00899 deprotection agents are selected according to
the identity of the protecting group on the internediate of formula (D)

as shown wpoonedpe, et al., "Protective Goups in O gani c PCByanobeasos, " John
Wl ey and Sons, Second Edition, 1991. 5 Deprotection agents may be

al kal i ne. Deprotection agents include sodi um hydroxi de, sodi um net hoxi de,

anmoni urg ﬂyocye@%i% a%é[rﬁ:%SiéﬂE hayedre@ticde a dddriimy tydrtdye deleatd tyret hanol i ¢
anmoni a.” I'n anot her erodi ment of the present ',nventif(;r% 1qﬁt h(%

depr ot ecifi actheagenit 6 i Ssraun Pre e }tﬁt@réffﬁd}rﬁtf qfn EopRer Rnbodi ment

t he deprotection agent is pr t in, neentyatdp Peatnerryaabiout 0.1

mol ar péar%e%i%b Hﬂ?raebeéhpt’ eggeér}nl ‘ar Pplgdr%cent age. An alternative enbodi nent

i ncl udesgy glapHtLot i phageile e anukraoret i Gesdet st outl P10 about 15 20

mol ar percentage of the deprotection agent. jently, thg base Rl is
sel ech e@épmecwm@w%'mﬁ%%,a@k N l\rl%%l(vﬁw I%O N RIO N, Ni
N NRLL O T Ao de N dbd Rt MotKdbdilde ( lagmor{iym R13 X X X R12
R10 R10 ﬁi’bﬂ“ﬁl ﬁ\igzﬁﬂml‘:iﬁiﬁ 11 . IN o .

hydroxide, potassium hydroxide, lithium hydroxide and

methanolic ammonia.

In another embodiment of the present invention,
10 the deprotection agent is present in catalytic 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 concentrations between about 5 to about

15 20 molar percentage of the deprotection agent.

Conveniently, the base Rl is selected from:

R8
R8. .R9 R8. _R9
R8. _R9 NZ[/RQ N

N
N7 R10 NF R10 N%N N)YRW
l |
o4i\N l R11 O‘l\T R11 O4A\T/l\RH o‘A\T’N
|

(11) (111) (1V)

O N R11 Y N R11 Y IT Y T
(V) (V1) (v1l) (V1ill)
wherein:
20 x is oxygen, NH or sulfur.

14



ONRI1 YNRILIYNRII N(V) (M) (vil) (Mill) wherein: 20 x is oxygen,
NH or sulfur. 14 WO 02/102796 PCT/ CA02/00899 vy is oxygen, NH or sulfur.
R8 and Roware/10a1dependent |y sel ected from hydrogen, hydr ekylGaoanmisew, Cl.6
al kyl or C2_6 alkenyl, C2_6 alkynyl, C1 10 acyl, C6_10 aryl, C6_11
carbonylaryl, C1_7 5 carbonyl oxyal kyl, C6_11 carbonyl oxyaryl, C2_7

car bonyl am noal kyly, iar cayigem ,aditdeor B8lfey .be a saturated or unsaturated
C3_8 carbocyclic ring optionall y substi tuted with COC]—I C(ONH2, OH, SH,

NH2, NO2, C1_6 al kyl, al ken l,kyn , C(O R14
wherein R4 is a “%2?% eéﬁek 1"I%l S%% rEHEyny and C (O OR15

wher ei n gkl E‘%na G- By, ,arrﬁnz:rGC@GI kenyll o€ 2;6 alkemyl, ;C.and RI is
chosen from C 1-6 alkyl, C 2-6 al kenyl and C 2-6 al kynyl. R8R9O can al so
be connedtemytlo tCheror@€y gete-at Gatlo  Ce5uf GREPN¥IRHY tefidr unsat urat ed

eter ORL] ONghlKoaybskibuyed wuh GO CH QN2 O
&12 ceat%%ﬁ}le%y)’élriﬁ/k Ftts Fﬁegyl y gf w%<t>7nyl hal ogen, C(O R14
vvherel nd%]rzbdrfy]aanﬁ:lncﬁﬂadyﬂyl orCZianLmj Ieen)dS, CZ 6 al kynyl and C(O OR15
wherein R15 is a Cl1-6 al kyl, C2-6 al kenyl, C2-6 7?0 alkynyl. R10 , R11l, R12

and R13 are each i d)ei_ij)_ﬁendbentaloél/S sel &Fg’ g romygdr. %%%1 haI ogen, hydroxyl
Car

am no, cyano, ca ox car onyI anydroxymet hyl ,

trifluorqumidugal i rll(}lgardﬁthfbrml1@1-&1h’;€t:l®tluteﬁ2-vﬁtai ICEJQH 5B It ut ed or

unsubstituted w th hal ogen or azido, C2-6
OH, SH, NH,, NO;, C;.¢ alkyl, Ci alkenyl, C,.¢ alkynyl,

0 halogen, C(O)R14 wherein R14 is a Ci alkyl, C ;¢ alkenyl, C
2.¢ alkynyl and C(O)OR15 wherein R15 is a Ci alkyl, C ;.
alkenyl, C ;.6 alkynyl; and R9 is chosen from H, C ;.6 alkyl,

C ,.¢ alkenyl and C ;¢ alkynyl.

RgRg can also be connected to the nitrogen atom to
5 form a saturated or unsaturated C3_g heterocyclic ring
optionally substituted with C(O)OCH, C(O)NHy, OH, SH, NH,
NO,, C1.g alkyl, Cp-g alkenyl, Cy_g alkynyl, halogen, C(O)R14
wherein R14 is a Cj.g alkyl, Cy_g alkenyl, Cp.g alkynyl
and C(O)OR15 wherein R15 is a Cj-¢g alkyl, Co_g alkenyl, Cp_g

20 alkynyl.

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

carboxyl, carbamoyl, Cpy_7 alkoxycarbonyl, hydroxymethyl,

trifluoromethyl, Cg_19 arylthio, Cj_g alkyl, Cz.g alkenyl
»5 substituted or unsubstituted with halogen or azido, Cp_g

alkynyl, Cj_.g acyloxy, thiocarboxy, thiocarbamoyl,

carbamate, ureido, amidino, or Cg_1g aryloxy.

In another embodiment of the present invention R1
is

15



al kynyl ,
an di no,
R is 15wo@0207402796 PCT/ CA02/ 00899 RS,

Y N R11

Cl-10 acyl, C6_10 aryl, CoR8l6 c¥ bonylaryl, Cl-1o 5 carbonyl oxyal kyl,
car bonyl oxyaryl, C2-12 carbdhyl am noal kyl ,
each |ndependently sel ect ed_Xr onrhydr ogen,

Cl- 6 acyl oxy, thiocarboxy, thiocarbanoyl, carbamate, ureido,

or C6-10 aryloxy. In another enbodi nent of the present invention

, RO N X N R1eCHNABLD089O N R11

(1) (Vi) or wherein R8 and RO are independently selected from
hydr ogen, hydroxyl, am no, Cl-1o alkyl or C2_10 al kenyl, C2-10 al kynyl,

, hydr oxyl,

Co- 16

am no acids; R10 and Rl1 are

hydroxymet hyl , trifluoromethyl )Y Cl-6 al KyWiN“"C256 al kenyl substituted or

unsubstituted with hal ogen azldo, C2-6
X and Y are independentl| ¥ se %cteB1Tron19 or

ynyl, or C6-10 aryl oxy;
Ri1an al t er nat e enbodi nent

and

Rl is a pyrimdine base sel ekt ed fron1hm aHkyIpyrlnldlnes N4
-acyl pyrimdi nes, 4- halopyrggldlnes ace {ylenlc pyri m di nes, 4-am no
and Nd L5 acyl pyrimdines, hydroxyﬁlkyl yrlnidines, 4-t hi oal kyl

pyrim di nes, thym ne, cytosine, 6- azapyrlnldlne including 6- azacyt osi ne,
2- and/or 4- nercaptopyrlnldlne uraC|I |md|q:es&i
- benzyl pyri i di nes? hee iy | R ATiith g ”t%pe\ﬂ HReE

-acetyl E}ﬂ}cﬁ: éd m

-cyanopyrlm

5

L5

25

alkynyl Cbloacyl Ce-10 aryl, Cg-16 carbonylaryl, Ci-io
carbonyloxyalkyl, Cg¢.16 carbonyloxyaryl, Cz.i2
carbonylaminoalkyl, or amino acids; R10 and R1l1l are each
independently selected from hydrogen, halogen, hydroxyl,
hydroxymethyl, trifluoromethyl, Ci.g alkyl, Co_¢g alkenyl

substituted or unsubstituted with halogen , azido, Cy_g

alkynyl, or Cg.qg aryloxy; and
X and Y are independently selected from O or S.

In an alternate embodiment Rl is a pyrimidine base
selected from N* -alkylpyrimidines, N* -acylpyrimidines, 4-
halopyrimidines, N* -acetylenic pyrimidines, 4-amino and N* -
acyl pyrimidines, 4-hydroxyalkyl pyrimidines, 4-thioalkyl
pyrimidines, thymine, cytosine, 6-azapyrimidine, including
6-azacytosine, 2- and/or 4-mercaptopyrimidine, uracil, C° -
alkylpyrimidines, C° -benzylpyrimidines, C® halopyrimidines,
¢S -vinylpyrimidine, C° -acetylenic pyrimidine, C° -acyl
pyrimidine, C° -amidopyrimidine, C°® -cyanopyrimidine, c® -
nitropyrimidine, C® -aminopyrimidine, S-azacytidinyl, 5-
azauracilyl, triazolopyridinyl, imidazolopyridinyl,

pyrrolopyrimidinyl or pyrazolopyrimidinyl.

The functional oxygen and nitrogen groups on Rl

can be protected as necessary or desired. Suitable

16
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nitropyrimdine, C5 -am nopyrimdine, 5-azacytidinyl, 5- azauracilyl,
triazol opyridinyl, imdazol opyridinyl, pyrrolopyrimdinyl or

pyr azol opyoiomiehi7ee/l . The functional oxygen and nitrogen grPOm@nanos® 25
can be protected as necessary or desired. Suitable 16 WD 02/ 102796

PCT/ CA02/ 00899 protecting groups are well known to those skilled in the
art, angroweaded gnweitsy lagid ywe lld ikmemy [tieespyiosiel yiki lledydmy [tdienet hyl si |yl ,

and t-butyldi phenylsilyl, trityl, CL 12 | kyl gr v d 12 .acyl groups
Such as Aot AR ISR SR S s, SRt

p-tol ueﬂﬁ&gﬁlfdmét-hylrsiqmad@dd anaju e gineentl safl he tariesdnt Ciipvention R
is selected fromcytosine, uracil, thymne, 5- fl uot[Lop¥lri m di ne 051

pr ot ect &d karlal B3RSt tthese2Bade I OPRSL FeFheRBoBFRENL & _‘it Re°prresént

| nvent i 9o D, hncliidse, & shersasel efld ¥e doressIForiaki ng predon nant | y
ci s nucleosides or nucleoside “anal ogués and derivatives of formula (A) :
HOS RLy Q (A wherein 5 R is a pyrimdine base selected from N4 -

al kyl pyri m di nes, I¥ ara@ddnriorniadi medhodineqitofr ithedigreesem™N - acetyl enic

pyri m di nes, 4-am_no .and -acyl rim.di - .dr o Yl P mdines,
4-t hi oalwerﬁ_y’ﬁnm}{}i n]ess,sﬁﬁeyc er@é,ﬁpcytc stlonseq?lseG'- glzréarpyy% ’m?%lgne?ﬂel 'ncl udi ng
6- azacytOsidp % G orord-pEsteapiapdrdlictinef utacd bales .
-al kyl pyrimdines, C5 -benzylpyrimdines, C5 halopyrimdines, C5
~vinylpyrimdine, An%Stﬁeaageén%oeé]{rr?eIP rolgntq{en%re%SeﬁtaCin{véar}/trilonﬂ dine, & -

0 1includes a stereoselective process for making predominantly

cis nucleosides or nucleoside analogues and derivatives of

HO/\(i7/R1

Q

formula (A):

(A)

wherein

.5 Rl is a pyrimidine base selected from N* -
alkylpyrimidines, N* -acylpyrimidines, 4-halopyrimidines, N*
-acetylenic pyrimidines, 4-amino and N* -acyl pyrimidines, 4-
hydroxyalkyl pyrimidines, 4-thioalkyl pyrimidines, thymine,
cytosine, 6-azapyrimidine, including 6-azacytosine, 2-

»0 and/or 4-mercaptopyrimidine, uracil, C° -alkylpyrimidines, C°
-benzylpyrimidines, C°® halopyrimidines, C° -vinylpyrimidine,
C5 -acetylenic pyrimidine, C° -acyl pyrimidine, C° -
amidopyrimidine, C® -cyanopyrimidine, C° -nitropyrimidine, c®
-aminopyrimidine, 5-azacytidinyl, 5-azauracilyl,

25 triazolopyridinyl, imidazolopyridinyl, pyrrolopyrimidinyl,

pyrazolopyrimidinyl. or a pharmaceutically acceptable

derivative thereof; and
Q is oxygen ,

17



am dopyrimdine, C5 -cyanopyrimdine, C5 -nitropyrimdine, C5

-am nopyri m di ne, 5-azacytidinyl, 5-azauracilyl, 25 triazol opyridinyl,

i m dazol owgroedoargd , pyrrol opyrimdinyl, pyrazol opyrim di ®gir/CA®R/0E899
pharmaceutically acceptable derivative thereof; and Qis oxygen , 17 WO
02/ 102796 PCT/ CA02/ 00899 consisting of coupling step of the a conmpound of

formula (B) : iIgf Rhd 212 Gondmuardalcd kyl
Cl-16 acyl or %581%212’)3“%20% Qc&%erﬁZl 5 and Z3 are independently

sel ect ecfd‘ﬂnmfmd h @)group consisting of hydrogen; Cl-20 al kyl optionally
substituted by fluoro, brono, chloro, iodo, Cl-6 al koxy or C6-20 aryl oxy;
C7 10 20 aral kyl optionally substituted by hal ogen, Cl-20 alkyl or Cl-20
al koxy; ©C6-20 aryl optionally substituted by fluoro, brono, chloro, iodo,
Cl-20 al kyl or Cl-20 al koxy; trialkylsilyl; fluoro; brono; chloro and
iodo; with a base Rl, as defined above, O| n a suitable 15 coupling sol vent

in the presence of a catal ytllg anpount o el ement or conbi nati on of
el enents of group 1B or 11B ; % amine and a Lewis acid of formula
(O: R4 | RTSi R | R6 (C)

5 wherein

R2 is Cy.1o aralalkyl, Ciie acyl or Si(zh) (z%) (z2*),
where 7', z? and Z* are independently selected from the group
consisting of hydrogen; Ci-20 alkyl optionally substituted by
fluoro, bromo, chloro, iodo, Cis alkoxy or Ce-20 aryloxy; Co-

10 .0 aralkyl optionally substituted by halogen, Ci.zo alkyl or
Ci-20 alkoxy; Ce-20 aryl optionally substituted by £fluoro,
bromo, chloro, iodo, Ci-zo alkyl or Ci-2o alkoxy; °

trialkylsilyl; fluoro; bromo; chloro and iodo;

with a base R1l, as defined above, 1in a suitable
15 coupling solvent in the presence of a catalytic amount of an
element or combination of elements of group 1B or 1l1B ; a

tertiary amine and a Lewis acid of formula (C):

R4

wherein

20 R4, R5 and R6 are independently selected from the
group consisting of hydrogen; Ci-20 alkyl optionally

substituted by fluoro, bromo, chloro, iodo, Ci-¢ alkoxy or Ce-

18



wherein 20 R4, R5 and R6 are independently selected fromthe group

consi sting of hydrogen; Cl1-20 alkyl optionally substituted by fl uoro,
brono, chWoneioi7eddo, Cl-6 al koxy or C6 18 WD 02/ 102796 PCPCTAXD203899 20
aryl oxy; C7_20 aral kyl optionally substituted by hal ogen, Cl1_20 al kyl or
Cl _20 al koxy; C6_20 aryl optionally substituted by fluoro, brono, chloro,
i odo, Cla2@ralliopdy;oC7Go ar2dkkdxgptienpdlkybsbsyitutedoby; hpteden, chl oro

and i odo, and 7 is sel ect romthe u Lstin £ 0; brono;
ahi or o Fodb: R 20 S TpHoRdr e et G B5ti SRGFT o stberi PRESHBSRY | Lor o
brono, cbl,o0EDueto] 0OBBOME]L- 2hloabkyliodst ecs .ppililofaldy Guhstilkeked by
fluoro, bronp, chloro or iodo; triiodide; a silyl group of the general
formul a EEF?#&Y%ﬁ&}Y#@)@#u?ﬁﬁérEFﬁum,Ch%?ranﬂnﬁﬁla @i asldefined above) ;
C6_20 aryl sel enenyl; C6_20 arylsulfenyl; C6-20 al koxyal kyl; and

trialkylsiloxy;, togryi ekdsanetptar FedhatBe 0§rb@pNubAs{ HingR8s-,0 g RL y Q
(D) L5 wherein Q Rl and R2 are as defined above. The coupling step is
f ol | onedEbyorodepronect Fbhospepiaper eFnzo ssikPhonalreBte@®es(D) is di ssol ved

in a suitable solvent. ip.. t p.es f prj nt f
deprotec?Pgﬁoﬁag% SP8S§%%ng?h%§c?§ﬁ§6§regggﬁgé %?iﬁﬁgrggs§§%8angTﬁbues or
20 deri vatkyeseotetor spt 8ohd) lyThebpt €senédi hyefiluonoj nbranes theoro

enbodi nent wherein the stereose| ective grggess for nagingog&gggninantly
n 0

ci s nucl 88si@eSi oF Thiefigsi d& Sha¥dgaEsy dehfvaETE
L0 (R4) (R5) (R6)Si (wherein R4, R5, and R6 are as defined

above) ; Cg.q0 arylselenenyl; Cg¢.z20 arylsulfenyl; Cq_20

alkoxyalkyl; and trialkylsiloxy;

to yield an intermediate or formula (D) :

(D)

L5 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 of a deprotection agent
to yield the cis nucleosides or nucleoside analogues 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 (A)
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formula (A) : HO'-"*"'~ SRl y 25 (A 19 WO 02/102796 PCT/ CA02/ 00899
wherein RL is a pyrimdine base selected fromcytosine, wuracil, thym ne,
5-f | uor opgroemddbcie or a pharnmaceutically acceptabl e deripeatdAaoe/oedeer eof ;
and 5 Qis oxygen , consisting of coupling step of the a conpound of
formula (B) : O R2~-0 S Q (B) wherein 10 R2 is CH2 wherein Wis hal ogen,
Cl_16 alyydypefR_16 al koxyal kyl, C6_10 aryl, Cl1_16 al koxy or nitro; or O
E--4~ 15 wherein Eis C6_10 aryl, Cl1 16 al koxy, C2-16 al koxyal kyl or Cl1_16

al kyl; or Si (Z1) (Z2) (Z3) , where Z1, Z2 and Z3 e independently
sel ected fromthe &k otH %cﬁié?%ﬁ’r%’g‘l%fbaﬁ/ﬁ%g%%e%i{%“ acf% Soptional Iy

subst i t f br oIy, 2Pt OF 011 A0Sy Lo Drras el 441 Dt i onal |y
subst i tﬁﬁ%% YEEhe o) SR A e
acceptable derivative thereof; and

5 Q is oxygen ,

consisting of coupling step of the a compound of

formula (B) :

0
|

|
N
Q (B)
wherein

10 R2 is

wherein W is halogen, Ci-1s alkyl, Cy-16 alkoxyalkyl,

W

Ce-10 aryl, Ci-16 alkoxy or nitro; or

o)

-~

15 wherein E is Cs.10 aryl, Ci-1e alkoxy, Cz-1s

alkoxyalkyl or Ci.i6 alkyl; or

si(zl) (z?) (Z%), where z', Z® and Z® are
independently selected from the group consisting of
hydrogen; Ci-zo alkyl optionally substituted by fluoro, bromo,
20 chloro, iodo; Cs.10 aralalkyl optionally substituted by

20



fluoro,
fluoro,

sui t abl e womapbi7eg sol vent

or Zn or
trimethy

yi el d anfintepnediane, ochlorauba iedp;: amd1Cid SE yorgi@ally wherein Q

R1 and
deprot ec
sol vent
yield th
formul a
reaction
O 'k

10

15

brono, chloro or iodo; and C6_10 aryl optionally substituted by
bronpo, chloro or iodo; with a base R, as defined above, in a

in the presence of a catal yticprammn/oa®Cu 5

m xtures thereof; a tertiary amne and a Lewis acid selected from

| silyl triflate bronotrinethylsilane or iodotrinethylsilane;to

as, def | bove., Th ' teps db
PBREA PSS YCrABSRET T Rfe: nEHPLEE%eD) FB00T ATEhTEE 0o sui tab o

'S Hisso
in the presence of appropriate amobunts of a deprotection agent
e ci s nucl eobadesrn; ancHefishdé abalreguesnoa 4biteblwzati ves of

gﬁo. The process object of the regent ianntlon i ncl udes .t he
SEREMBISHBWHETh SBhERfe BTe5§7%® 85/ 305798

B2GzQ £8) mi%uéesR@h@}feb&Ré EQ}tiQ‘y amine and a Lewis acid

selected from trimethylsilyl triflate bromotrimethylsilane

or iodotrimethylsilane;to yield an intermediate or formula

R /\/3/ R1

Q

(D) :

(D)

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 of a deprotection agent
to yield the cis nucleosides or nucleoside analogues or

derivatives of formula (A).

The process object of the present invention

includes the reaction scheme shown in Scheme 1:

21
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protected cis/trans nucleoside 2 HO YS RL Q (A) deprotected cis

nucl eosi de The various steps as illustrated in Schene 1 may be briefly
descri bedwedfid7bows: 5 Step 1: The sul foxide of fornula @EBI/amay/ous99
obt ai ned using several nethods including those disclosed in PCT
publications WO 92/08717 and WD 95/29176, J. Med. Chem 38(1) 1-4 (1995),
Tetrahedron Lett. 35(27) 4739-47425¢ch884)1 Bioorg. Med. Chem Lett. 3 (8)
1723-1728 (1993) and Eur. J. 10 Og. Chem 6:1455-1458 (1999). The

sul foxide may be a single enantioner or a m xture of enantioners including
but not |limted to a racem c m xture.ll The sul foxide of forrmula (B) is
coupled with base R . The baserfd _;ge previously protected , for
exanple 15 silylated (or silylated i{n i t®) pyrinidine base or
pharmaceutically acceptabl e derivative, may be used. The coupling reaction
takes place in the presence of a t&tjary amne, a Lewis acid of fornula
(O and catalytic amounts of 22 WO 03] 102796 PCT/ CA02/ 00899 an el enent of
groups IBor IIBin a suitable couplin solvent to give the cis/trans
pyrim di ne nucl eoside of fornula (D).YIn the resulting internediate of
formula (D), the cis isomer predom nates over the trans isomer in a ratio
S equal to greater than 2 to 1. .J BigRdf cis to trans isoner is
inversely proportional to the tenperatur/e ofpfhe reaction tenperature. The

coupling reaction may be preforned a? or bel ow room t enperature. The
t enperature of protected cis/trans nucleoside

2

HO/\/S R1
Q—:7/ (A)

deprotected cis nucleoside

The various steps as illustrated in Scheme 1 may

be briefly described as follows:

5 Step 1: The sulfoxide of formula (B) may be
obtained using several methods including those disclosed in
PCT publications WO 92/08717 and WO 95/29176, J. Med. Chem.
38 (1) 1-4 (1995), Tetrahedron Lett. 35(27) 4739-4742 (1994),
Bioorg. Med. Chem. Lett. 3 (8) 1723-1728 (1993) and Eur. dJ.

10 Org. Chem. 6:1455-1458 (1999). The sulfoxide may be a
single enantiomer or a mixture of enantiomers including but

not limited to a racemic mixture.

The sulfoxide of formula (B) is coupled with base
R1. The base R1 may be previously protected , for example
15 silylated (or silylated in situ) pyrimidine base or
pharmaceutically 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



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

i ncl ude twbuwesgbxtpberet hyl silyl triflate 1,1,1,3,3,3 hexanerhylahogibsagzane,

TMSI, N, O bis(TM5) acetonide and trinmethylsilyl triflate. Additional

protective agents are _5 disclosed in Geene, et al., "Protective G oups

in Organde eByneéheses, Srdups VB ey BHE Bons, siSetdpte Bhupbing 1991. The
Pclude an

[ d_i 1. ' yl .
0 et hy! S5a ENGRy T arFhES b et T AEETT ot e SR 2o RiRe e,

di et hyl fsepaDRPY (BT nern ?6hdi reshyt by yiatné Resd th et by | £yehohexyban ne,
tributylam ne, diethylnmethylam ne, dinethylisopropylam ne and ,
di i sopr opy® et k| hpPHRL aREeLORRREE T dPESY hefe ot ranFiel PRt of T3P nat i on

of el gnenle o 9T OH0S ot Brpiin 14 Byopd Ihst e do O] e (. chfins AU, 20, oF

Cd in ?57oxi state. e suitable coupling solvent is an organic
sol vent ustthennist binvensedy bpnspoifheonal tabl the ouphpenatgoe veht she ncl ude

CH2C12, CH3CN. and._ ni xt ur es therﬁ@f._Sui%able éegéfoacigs ﬂnclude
tri met hyF 8RF YO 365 TPFF FRYES br ot r T8 hH1Li TaHe"1940tFY méThyl si | ane and

23 WO 02/ 2027 8he Rt CAD 28080 9r o6 Nbemisd + Ohsrd hereied . t dtiee aabuné of the
Lew s acid may be between about 2 eq to about 5 eq. Step 2: The cis/trans

pyri m di Bee 1cqupkindi oF apemayiied ot veenfabeit? 0 TyeeS @i 3391 A n a
suita?le_55ge@é§£%ggi@p solvent in the presence of adequate anmounts of a
deprotection agent to yield the cis nucleosides or nucleoside anal ogues or
derivatives of fornmula (A). The

If a silylated base is used, adequate silylating

agent may include t-butyldimethylsilyl triflate 1,1,1,3,3,3

hexamethyldisilazane, TMSI, N,O,bis(TMS) acetonide and

trimethylsilyl triflate. Additional protective agents are
.5 disclosed in Greene, et al., "Protective Groups in Organic

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

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

20 dimethylbutylamine, dimethylcyclohexylamine, tributylamine,
diethylmethylamine, dimethylisopropylamine and

diisopropylethylamine 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 suitable coupling solvent is an organic
solvent with one to ten carbons. The suitable coupling

solvents include CH,Cl,, CH3CN and mixtures thereof.

Suitable Lewis acids include trimethylsilyl

30 triflate bromotrimethylsilane iodotrimethylsilane and

23



deprotection step is preforned at a tenperature below the boiling point of
the suitable deprotection solvent. The 10 reaction tenperature of the
depr ot ectwon280Eps ey be between - 30 degrees C and 60 degmaaw2/ssThe
reaction nmay be prefornmed at a tenperature between about 0 degrees Cto
about 35 degrees C. A deprotection suitable solvent favors the 15

cr%/st al lé?ﬁm@?t%nih&?f@ﬂﬂft e fanomhia ¢B)thSubewbs eactdlwantisei ncl ude
wat er, methanol, ethanol, toluene, tert- butyl nethyl ether or conbinations
thereof.b%ﬁW%l%b%tbr%t%%t‘?%na%%‘ht% THhel udg sodi u?/n hydr oxi de, sodi um
met hoxi de, anmoni um hydr oxi de, potassium 20 hydroxide, |ithium hydroxide

and met hanol i ¢ ammepig. 2 X TRAr &1 §pt Bans NpeFEsidane Ueprokechiohangent s
which will aid .in“r‘hg_%paration of the product of fornula (A. 24 WO
02/ 102796uPtFd €0/ 0Dsbormstachi) | isGlisselved inga HEeRkS RL 1 R2,, 0/\

RL (Eg) dgégéééééﬁgﬁ ng%gﬁgigﬁ tﬁe bgéggnc$KB§,adequate amounts of
a deprotection agent to yield the cis nucleosides or
nucleoside analogues or derivatives of formula (A). The
deprotection step is preformed at a temperature below the
boiling point of the suitable deprotection solvent. The

10 reaction temperature of the deprotection step may be between
- 30 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, ethanol, toluene, tert-

butyl methyl ether or combinations thereof.

Suitable deprotection agents include sodium
hydroxide, sodium methokide, ammonium hydroxide, potassium
20 hydroxide, lithium hydroxide and methanolic ammonia. Of
particular interest are deprotection agents which will aid

in the separation of the product of formula (a).
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O (/x) cis nucleoside The various steps as illustrated in Schenmes |a may
be briefly described as follows: 5 Step 1. The sulfoxide of the 1,3

oxat hi ol awe oefioz7beor mul a (Bx) may be obtai ned usi ng sever alPCratAvodess9
including those disclosed in PCT publications WO 92/08717 and WD

95/ 29176, J. Med. Chem 38(1) 1-4 (1995), Tetrahedron Lett. 35(27)
4739-4742 (1994), Bioorg. Med. Chepthémétia3 (8) 10 1723-1728 (1993). The
asymmetric synthesis of the sulfoxide of fornmula (Bx) is disclosed by
Caputo et al in Eur. J. Og. Chem 6 455- 1458 (1999). The sul f oxi de of

the 1,3 oxathiolane of formula (Bx) coupled wi th base RlL. The base Rl
may be previously 15 protecte@ ~hor Xanpl e silylated (or silylated in
situ) pyrimdine base or pharnmaceutichl |l ageeptabl e derivative. The
coupling reaction takes place in the presence of a tertiary amne, a Lew s

acid of fornmula (C) and catalytic 28 02/ 102796 PCT/ CA02/ 00899 anounts
of an elenment of groups IBor IIBin suitable coupling solvent to give
the cis/trans pyrimdine 1,3 oxathioladne nucleoside of formula (Dx). In
the resulting internediate of fornmula¥(Dx), the cis isonmer predonm nates 5
over the trans isomer in aratio equal to greater than 2 to 1. The ratio
of cis to trans isoner is |nveﬁ§a‘ ﬂlonal to the tenperature of the
reaction tenperature. The reactl E orned at or bel ow room
tenperature. The silylating agent thaP sed for the .0 protection
of Rl include t- butyld|nethyIS|IyIm¥Wﬂ$F%$@Wml 1,1,3,3,3
hexanet hyl di sil azane, TMSI, N, O bi sTMS jacetonite

2

N NAL
HO/\X<;7/ ~

o)

cis nucleoside

The various steps as illustrated in Schemes la may

be briefly described as follows:

5 Step 1: The sulfoxide of the 1,3 oxathiolane of
formula (Bx) may be obtained using several methods including
those disclosed in PCT publications WO 92/08717 and WO
95/29176, J. Med. Chem. 38(1) 1-4 (1995), Tetrahedron Lett.
35(27) 4739-4742 (1994), Bioorg. Med. Chem. Lett. 3 (8)

10 1723-1728 (1993). The asymmetric synthesis of the sulfoxide
of formula (Bx) is disclosed by Caputo et al in Eur. J. Org.
Chem. 6:1455-1458 (1999).

The sulfoxide of the 1,3 oxathiolane of formula
(Bx) is coupled with base Rl1. The base Rl may be previously
15 protected, for example silylated (or silylated in situ)
pyrimidine base or pharmaceutically acceptable derivative.
The coupling reaction takes place in the presence of a

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

25



and trimethylsilyl triflate. The tertiary amne used in step 1 include
triethylam ne, diethylcycl ohexylam ne, diethylnethylamne, L5

di et hyl ewbybkam7ee, di met hyli sopropyl am ne, di et hyl but yl &cirne02/00899

di met hyl cycl ohexyl am ne, tributylam ne, diethyl nethyl am ne,

di met hyl i sopropyl am ne and dii sopropyl et hyl ami ne and conbi nati ons thereof.
The el eremiurcrs cofitimatlicorerdsf o eymEnes B U 120 4 Bwitall® used in step

1 include .. Ag, Au, Zn, or Cd i oxi dj.zed state. .The suitable coupling
sol vent q@%ﬁﬁg%ﬁﬁivcen%sdﬁ%eqrﬁv.e 'Itﬁbe sui% atﬁaenscé?pﬁll“hlg&}oﬁ \L/ELe'n s incl ude
CH2C12, o GHIGN, RIndTimidieass tderepfforfulkhe(d:ew s meitthd hadsulmyiie used in

this step include trinethylsilyl triflate bropotrinethy|silane
i odot ri rettepesdiate ofd fasmwkes(RRer ddie e LRIAR RDICIMNART s acid may

be be W.eoexﬁ‘exa%g% {ra%’s 4% i £%atXERRIaT S LrHdEaNS I il ne
nucl eosi de of ormul/a ( I's dissolved in a suitable deprotection
sol vent 126 T2 QU2 76 EET/CAN/L08Asomer tie presegely of adequate

anounts of a deprotection agent to yield the cis nucleasides ar nucleoside
anal 0guErROT R T d O TRTAA GRS E A AR & e e 15

epr ection sol vent

favors the S &Lysidh lhBatbOpifdhrepradust wildwrrodn {NpeSuidrbl e
sol vents include water, nethanol, ethanol, toluene, tert- butyl nethyl

et her or conbinations thereof, Suitable conbinations of_ solvents include
met hanol and wat erThe st skt ingh PRIt MhdpIY k¥ ittt yl met hyl

Ethefo ]ékggggéqéﬁ'of Rl include t-butyldimethylsilyl triflate
1,1,1,3,3,3 hexamethyldisilazane, TMSI, N,O,bisTMS acetonite

and trimethylsilyl triflate.

The tertiary amine used in step 1 include
triethylamine, diethylcyclohexylamine, diethylmethylamine,
.5 dimethylethylamine, dimethylisopropylamine,
dimethylbutylamine, dimethylcyclohexylamine, tributylamine,
diethylmethylamine, dimethylisopropylamine and

diisopropylethylamine and combinations thereof.

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

oxidized state.

The suitable coupling solvent is an organic
solvent. The suitable coupling solvents include CHyCly,

CH;CN or mixtures thereof.

25 The Lewis acid that may be used in this 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 solvent
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Sui tabl e deprotection agents include sodium hydroxide, sodium nethoxide
anmoni um hydr oxi de, potassium hydroxide, |ithium hydroxide and methanol | C
anmoni a. Wb 02pea7vé cul ar interest are deprotection agents toatCAwisoai d in
15 the separation of the product of formula (A). The deprotection step is
preformed at a tenperature below the boiling point of the suitable

depr ot ecin ihes Ppreiinddheos ddemiag: exenples of |laisiemterediel r exgant 20
invention in a manner of which it_can be Lpractic d but., as SOL&Ch, shoul d

not be constiekd He | FhF 1T RS IHTh PhEUTRIHTE TP he processes of

this invgntion ;e Zspepzapmboxymihyl -1, 3-oxathiolane OOH O OHS - \ S
\ pl G%(% (2% 27 WO 02/ 102796 PCT/ CA02/ 00899 Conpound (1) was

di ssol ved in toluene and the solution was heated up to 90-100C. Catal yst
was added fol | owsdl $yitpepkeplertParoli9h ot GIrk s’ga)‘.’mss nofar % of Y

cat al yst uere, yned FERCLE Ol WL 8aGal 14 L0 Q0D 100, Scaberfond 0. 3M

conce hé reaction mxture was refluxed with water renoval
by Dean- SbBv&nt & apnc Redall ¥sténr méthanst epetranshowrolwertabl tedt- Table 1

Catal yst Reaction after. 20 m i i i i
Conve)r/si]@lhtwi et lay 1 %1(1%3;‘ &%gﬁgﬁég{‘oﬁétﬁﬁeﬁ&ﬁ " S&){%{g{él on ield of

combinations of solvents include methanol and water,

methanol and toluene, methanol and tert-butyl methyl ether

10 mixtures.

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 processes of this invention.
1) 2-benzoyloxymethyl-1, 3-oxathiolane

o OH 9
HS/\/

T T

@ (2)
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BF3CEt 2 100 79 100 71 pTsOH 100 82 100 80 Conpound (2) was identified by
1H and 13CG-NVR. .0 Rf: 0.39 (hexane: ethyl acetate) 1HNVR 8 (ppmin
CDC13) 8.W8o0emp272¢d, aromatic) 7.53 (m 1H, aromatic) 7. QT(aN02/86899
aromatic) L5 5.41 (dd, 1H, C2-H) 4.43 (m 2H, C2-CH20CC6H5) 4.21 (m 1H,
Cs-H) 3.96 (m 1H, C5-H) 2.98 (m 2H, C4-H) 20 13CG-NVMR 8 (ppmin CDC13)
28 WD 02/ 102796 PEHHEAAAB0A899wat6618201¥88. 1a, t030e88, andgthe, 83, 58,
71.87, 66.62 and 32.74 2) 2-benzqyl t hyl - 1, 3- oxat hi -S-oxide P S
H202/ Hpsbetgon wgs| heaggd Bp £9) 8%63§i)6%g800¢(?1t%_bx/§%ywr%gée)éril@%%r oxi de (46m ,
0.44 no d .9k £828010.(366tAehwike)tobueBeaE8snbf. 10M
sul furi %B&‘g’?ge@( g?g% CO.%)(%A?E mol , 10%m)l % was added dropw se ggddi tion
tine approeilysteere misgd. Reactdéess verR ceiréefasUtyvPortcdsPyestirred at
25-30 C for fol | owed 1 st iphng,at 30 & mékere( 488 ) was added
fol l éme&tbﬂ-gggicﬁﬁceﬁ}ggﬁ‘rt%’r?af’g 2@.’7 E’h% s ¥ ol I owed by sodi um
refluxed with water removal by Dean-Stark trap. Results for

this step are shown in Table 1.

Table 1
Catalyst |Reaction after 20 min Reaction after 40 min
Conversion Yield of Conversion Yield of
% (2) % % (2) %
BF;0EL; 100 79 100 71
pTsOH 100 82 100 80
compound (2) was identified by 1g- and 13C-NMR.
0 Rf: 0.39 (hexane: ethyl acetate)

1H-NMR: & (ppm in CDCl3z)

.03

8
7.53
7.39
5

L5 .41
4.43
4.21
3.96

2.98

20

(m,
(m,

(m,

2H,
1H,
2H,

aromatic)
aromatic)

aromatic)

(dd, 1H, Co-H)

(m,
(m,
(m,

(m,

13c-NMR: & (ppm in

2H,
1H,
1H,

2H,

C5-CH0CCgHsg)
Cg-H)
C5-H)

Cyq-H)

CDCl3)
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met abi sulfite (8g). Organic |layer was separated and aqueous phase was
extracted with dichloronethane (3x20 m). The conbined organic extracts
were dri esoanee27g0di um sul fite, 15 concentrated to drynes®carchozoigour at ed
with hexane to forma solid. 83g (94%) of target compound (3) was
obtained. mp.: 70-72 1HNVR 6(ppmin CDC13) 20 8.05 (m 2H aromatic,
cis-isonmer) 7.95 {66.2H BSDME4) C13Qrhs-130mT) 8Y.%% (M -&fomtic) 7.23
(m aromatlc% 4. 77 5”3944H’ C2-H, C5-H, and C2-CH200CC6H5) 25 4.43 (m 1H
C5- H, t rehs62 sHmerj< 26 Wo 02/ 102796 PCT/ CA02/ 00899 4.09 (m 1H, C5-H ’
cis-isomer) 3.11 (m 2H CA4-H trans-isoner) 2.75 (m 2H CA4-H ’

ci s-isongy)a_daszdMoxih im @Rt Ricisné sonexidd 66. 64, 134.02, 130. 42,
129. 88, 129.06, 96.16, 68.83, 59.47 and 54.30 trans-isoner: 166.36
134.12, 130.29, 129.68, 129.15, 108.07, 10 70.09, 61,83 and 53.47 35
(+/-)-Cs, trals-2benzoyl net hyl -4-(N-acetyl cytosi ne-1 - yI)-l,ﬁ-oxathioIane

NHAC NHAC S H,0,/ H,SO, I\
O/«\T’ - o)
b/ DY

() 3)

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
vigorously stirred at 25-30 °C for 2 h followed by 1 h

10 string at 30 °C. Water (100ml) was added followed by sodium
bicarbonate (3.7 g 0.044 mol) followed by sodium
metabisulfite (8g). Organic layer was separated and agueous
phase was extracted with dichloromethane (3x20 ml). The
combined organic extracts were dried over sodium sulfite,

15 concentrated to dryness and triéurated with hexane to form a

solid. 83g

(94% ) of target compound (3) was obtained.
m.p.: 70-72°

1H-NMR: 8(ppm in CDClj3)

20 8.05 (m, 2H, aromatic, cis-isomer)

7.95 (m, 2H, aromatic, trans-isomer)

7.56 (m, aromatic)

7.23 (m, aromatic)

4.77 (m, 4H, Cp-H, Cg-H, and C,-CHy00CCgH5)
25 4.43 (m, 1H, Cg-H, trans-isomer)
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ON{ N SO+ S40 OO 01 OO0 G(3) (4) Compound (3) was dissolved in
CH2C12 (20nm./g) and 15 cooled to -15 C. The am ne (between 1 and 2 eq) was
added fowbeoaad7by addition of TMSI (between 2 and 5 eq) wairleao2ke™pi ng t he
internal tenperature below -5C. stirred at -5C to -10C until the conpound
(3) disappeared. The Cud (20% and the pyrimdine (1.1eq) was added. The
reaction m x was e atgwgeR)5- 10C until TLC i ndi cated
the 30 WO 02/ 102%*98%6[%?6&%2/83(}’8}1‘( erlesgc:sl on |)s conpl ete. The reaction

m xture was poured, i)t o, SPHNHECHBN sirig-rietbnfear) 10 mi nutes until no solid
preci pitate was detect ed The organic |ayer was separated and aqueous

| ayer was extracted M t{m, CH2G1Z, -Fhe wrgdmamers | ayer was washed with

wat er, 2% HCl, dilute Na2S203. The washed organic | ayer was evaporated to
give the product, conpound (4). Results for this step are shown in Table
2. These Ak £ e Zetlyy) 1H and 13G-NMR. cis-isonmer: 10 1H NWR
8(ppmin CDC13) 9. (b, 1H, C41-NHCOCH3) 8.29 (d, 1H, C61-H) 8.06 (m 2H,
aromatic) 7.65 (m 1H, aromatic) 15 7.51 (m 2H, aromatic) 7.25 (d, 1H,
C5'-H cis-isomer:

166.64, 134.02, 130.42, 129.88, 129.06, 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—2benzoylmethyl-4-(N-acetylcytosine—l'-

yl)-1,3-oxathiolane

NHAc
NHAc
7 N\

O N=— / \ N

% OTMS __<
[’l;i> + Sify 0]

o >
0] /——<O

@) (4)

Compound (3) was dissolved in CH,Cl, (20mL/g) and
15 cooled to -15 °C. The amine (between 1 and 2 eq) was added
followed by addition of TMSI (between 2 and 5 eq) while
keeping the internal temperature below -5°C. stirred at -5°C
to -10°C until the compound (3) disappeared. The CuCl (20%)
and the pyrimidine (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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6.61 (d, 1H C4-H) 5.50 (t, 1H, C2-H 4.80 (m 2H, C2-CH200CC6H5) 20 4.48
(d, 1H, C5-H) 4.05 (dd, 1H, C5-H) 2.25 (s, 3H, CH3) 13C-NVR 8(ppmin
CDC13) 1M093/102166. 28, 162. 80, 155.76, 146.06, 133.91, 2PCIZN020089128. 84,
97.45, 85.88, 78.25, 64.60, 63.53 and 24.71. 31 WD 02/102796

PCT/ CA02/ 00899 trans-isoner: 1HNVR 8(ppmin DVSO d6) 10.88 (s, 1H,

C4, - NHCOEEB) + 1 8nl18s( domplHet €6t - Fhe 5r&a861i6m m2kkuae owasi ppurdd6snem 1H,
aromatic% 7.52 (m _2H, aromatic) 7.20 (d, 1H,. C5'-I—Q 6,35 (d, 1H, C4-H)
10 5.96 PHdNHIQH ad pjt i (IRE 4 MiEnteD el LY (d, 1H Cc5-H)

4. 29 N oCCe 7 , 136pAVREe& [
DVBO gg;p%§&;§§$5&229§§T@%62_755115§?§1?f§32?§9} 35.%%? 3%29.54? gggh&é?

96. 54, 83and8aqitdold4, leges8yasieftrantedqwsdsh GHGAB.02/ThE2 PFEAPET CA02/ 00899

TableS2 layer was washed with water, 2% HCl, dilute Na,S;0;3. The

washed organic layer was evaporated to give the product,

compound (4). Results for this step are shown in Table 2.

These were characterized by lH and 13¢c-NMR.
cis-isomer:
10 lH-NMR: &(ppm in CDClj3)

9.61 (b, 1H, Cgq:-NHCOCH3)
8.29 (d, 1H, Cg:-H)

8.06 (m, 2H, aromatic)

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

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

6.61 (d, 1H, Cgx-H)

5.50 (t, 1H, Cp-H)

4.80 (m, 2H, Cy-CH00CCgHs5)
20 4.48 (d, 1H, Cg-H)

4.05 (dd, 1H, Cg-H)

2.25 (s, 3H, CH3)

13Cc-NMR: §(ppm in CDClj3)

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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Pyrim di ne Base Catal yst Conditions Yield Cis/ Yield (nolar eq) (Cs +
Trans % C s Trans) N Ac-Cy DI PEA CH2C121 -15 C80% 2.0 : 1 53 1.leq 1.2eq
RT, O N Nwoa®m2@y27B8 PEA CuCl2 CH2Cl12, -15 C, 91% 3.9 : 1 72PCIidawgodss2eq
(2099 3h RT, O N N-Ac-Cy TEA CuCl2 CH2Cl12, -15 C, 75%3.8 : 1 59 1.leq
1.2eq (20% 5h RT, ONB80%3.4 1 62 N Ac-Cy DMCA CuC z CHC12, -15 C,

1.1 eq 1.@1%814_21%% L RT, ON71%3.9 : 1 57 NAc-Cy DECA Cud z CHzZC12, -15
C1l.leq 1.7eq (209% RT, ON80%2.4 : 1 56 N Ac-Cy DI PEA CuCl2 (2%

CHzC12, -15 C, 1.leq 1.2eq 3h RT, O N 80%3.7 : 1 63 N Ac-Cy DI PEA CuBr2
CHZC12, Lii5m&: B.(bpm Lr2@ms2@49) 5h RT, 0/ N N-Ac-Cy DI PEA Cu(acac)2 CH2C121
-15 C, 85%3.7 : 1 67 1.leq 1.2eq (20% 5h RT, O/N N-Ac-Cy DI PEA Ccud
(20% CH2C121 -15 C, 80%3.6 : 1 63 |.leq.1.2eq 5h RT, O N N-Ac-Cy DI PEA
Cul (20% CH2Cl2, LUB&, (F4%B, 54 1-MHO0GHY)eq 1. 2eq 5h RT, O' N N Ac-Cy

DI PEA QUSCN CH2C12, -15 C 70%3.1:1 53 1.leq 1.2eq (20% 5h RT, 0/N 53%
3.1: 1 40 N Ac- OB Bipeszndi2 Grdl2, -15 C

5 .96 (m, 2H, aromatic)

7
7.68 (m, 1H, aromatic)
7.52 (m, 2H, aromatic)
7.20 (d, 1H, Cgi-H)

6.35 (d, 1H, Cg4-H)
10 5.96 (dd, 1H, Cy-H)
4.58 (dd, 1H, C,-CH00CCgHs)
4.44 (d, 1H, Cg-H)
4.29 (m, 2H, Cg-H and CH00CCgHs)

2.07 (s, 3H, CH3)

15 13C-NMR: & (ppm in DMSO dg)

171.53, 165.84, 162.76, 155.21, 146.59, 134.00,
129.64, 129.23, 96.54, 83.78, 74.24, 64.58, 64.01 and 24.35
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l.1eq 1.2eq (20% 5h RT, O N Cy DI PEA CuCl2 CH2C121 -15 C, 72%2.4:1 51
l.1eq 1.2eq (20% 5h RT, ON Cy = cytosine DI PEA = diisopropylethylamne 5
TEA = Triwolgheatweae DECA = di et hyl cycl ohexyl am ne DMCA =PCT/CA02/00899

di et hyl cycl ohexyl am ne 33 WO 02/ 102796 PCT/ CA02/ 00899 Cu(acac)?2 = Copper
(I'l) acetyl acetonate 4) 2-hydroxynethyl-4-(cytosin-1'-yl)-1, 3- oxat hi ol ane
OAN N Qe £H3OH \N O O, So NaOCCH3 NH2 O NO + +/ /KO N'"'KO O

HO-\,,(S O A suspension of the substrate, sodium nethoxide, 5 10 nole
percentage, and the appropriate solvent—was—sti+rred

Pyrimidine | Base Catalyst | Conditions ~ | ' Yield cis/ Yield
(molar eq) (Cis + Trans % Cis
Trans)
N-Ac-Cy DIPEA CH,C1,, -15 °C 80% 2.0 : 1 53
l.1leq 1.2eq RT, O/N
N-Ac-Cy DIPEA CuCl, CH,Cl,, -15 °C, 91% 3.9 : 1 72
1l.leq 1.2eq (20%) 3h RT, O/N
N-Ac-Cy TEA CucCl, CH,Cl,, -15 °C, 75% 3.8 : 1 59
1.leq 1.2eq (20%) 5h RT, O/N
N-Ac-Cy DMCA CucCl, CH,Cl,, -15 °C, 80% 3.4 : 1 62
1l.1leq 1.2eq (20%) 5h RT, O/N
N-Ac-Cy DECA CulCl, CH,Cl,, -15 °C 71% 3.9 ¢ 1 57
1l.leq 1.2eq (20%) RT, O/N
N-Ac-Cy | DIPEA | CuCl, (2%) | CH,Cl,, -15 °C, 80% 2.4 : 1 56
l.1leq 1l.2eq 3h RT, O/N
N-Ac-Cy DIPEA CuBr, CH,Cl,, -15 °C, 80% 3.7 ¢+ 1 63
l.1eq 1l.2eq (20%) 5h RT, O/N
N-Ac-Cy DIPEA | Cul(acac), | CH,C1,, -15 °C, 85% 3.7 : 1 67
l.1leq 1.2eq (20%) sh RT, O/N
N-Ac-Cy | DIPEA | CuCl (20%) | cH,Cl,, -15 °C, 80% 3.6 : 1 63
l1.1leq 1l.2eq 5sh RT, O/N
N-Ac-Cy DIPEA | Cul (20%) | cH,Cl,, -15 °C, 74% 3.5 :1 58
l.1leq l.2eq 5h RT, O/N
N-Ac-Cy DIPEA CuSCN CH,C1,, -15 °C, 70% 3.1:1 53
1.leq 1.2eq (20%) 5h RT, O/N
N-Ac-Cy DIPEA ZnBr, CH,Cl,, -15 °C, 53% 3.1: 1 40
1.leq 1.2eq (20%) 5h RT, O/N
Cy DIPEA CuCl, CH,Cl,, -15 °C, 72% 2.4:1 51
1.leq 1.2eq (20%) 5h RT, O/N

Cy = cytosine

DIPEA = diisopropylethylamine
5 TEA = Triethylamine

DECA

diethylcyclohexylamine

DMCA dimethylcyclohexylamine

33



at RT for 2 h before it was filtered. The filter cake was dried and

wei ghed before checking the T ratio (by 1H NMR and yield. Results for
this stepwearoe/ieitesvn in table 3. 34 WO 02/ 102796 PCT/ CAO2/ @088Nno02/0etdobe 3
Weight of Cis/ of Recovery Strong trans of Cs Cis/Trans Trans Sol vent
Conditions base mx (g) ratio (NNR) (%9 3.4 : Mx and stir 4 MeOH, MONa
0 89 - cduGka@ic)RT= BopperM(x1andcetiyiat8tbbOEeMeONa 0 88.5 1 at RT 3.4 :
MeOH tBVE M x and stir 4 MeONa 0 90 1 (7 :3) at RT 3.4 : MeOHtBME M x and

tir 25 MeQNa t 91 1 (7 :3) at -7 3.4 1 MeONa RT O
%8 1 (B) ﬂfngF%g‘eYrS@édleétd(q ﬁ\ﬂﬁ"ﬁ?’d" Y 'l\}éé\l'é”‘tarl\ég’ggsl 5 1 (1:1) at
RT

0O

A

=~ "N
0 - /& + 2 CH,OH
NN
| "N
o
NaOCH,
/
NH,
0
\N + + O
LK o %
N o o)
e

A suspension of the substrate, sodium methoxide,
5 10 mole percentage, and the appropriate 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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M OH Et
3.4 :

25 "
(95 :5)

H 3.4 :

3.4 :

Mx and stir 25 (1 :1),

1, 3-oxat hiol ane using (-) or (+) 2-benzoyl oxynethyl -1, 3-

150 MeONa traces 93 1 at RT nL
MeOH Tol uene 1 MeONa RT traces 92.5 1 (6 :4) 3.4 :
and stir wWwoNR@MaE9¢races 90 1 (6 :4) at RT 3.4 :
MeONa traces 91 1 (6 :4) L at RT 3.4 :

MeCH : Tol uene M x
MeOH Tol memacAvkrosand stir
MeOH H20 1 NaOH RT 20 90 1
MeOH H20 1 NaOH At 50 C 20 90 1 (95 :5) 35 WD 02/ 102796

PCT/ CAOXAMIROSB 5) Synthiesis of 2benzoyl nethyl -4-(N-acetylcytosine-1'-yl)-

oxat hi oJ—a?n- S-oxi d:e NHAc— NHAe—N-O—N-== S mpvfs AT Recovery
Weight of| cis/
Strong trans of Cis
Cis/Trans | Trans Solvent Conditions o
base
mix ratio
(g) (NMR) (%)
3.4 Mix and stir
4 MeOH, MeONa 0 89
1 at RT
3.4 Mix and stir
10 MeOH MeONa 0 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 traces 91
1 (7 :3) at RT
3.4 MeOH/EtOH
1 MeONa RT 0 98
1 (1 :1)
3.4 MeOH/EtOH Mix and stir
4 MeONa traces 92.5
1 (1 :1) at RT
MeOH/EtOH
3.4 Mix and stir
25 (1 :1), 150 MeONa traces 93
1 : at RT
mL
3.4 MeOH/Toluene
1 MeONa RT traces 92.5
1 (6 :4)
3.4 MeOH :Toluene Mix and stir
4 MeONa traces 90
1 (6 :4) at RT
3.4 MeOH/Toluene Mix and stir
25 MeONa traces 91
1 (6 :4) L at RT
3.4 MeOH/H20
1 NaOH RT 20 90
1 (95 :5)
3.4 MeOH/H20
1 NaOH At 50 °C 20 90
1 (95 :5)
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Or~+S0 O0O0Or O OO0 e (3a) (4a) 5 The enantionerically pure
Compound (3a) was dissolved in CH2C12 (1 Om./g) and cooled to reaction

t enper at we.o2litis@m ne was added fol | owed by addition of PTWEIAMmALIe
keeping the internal tenperature below -5C. stirred at -5C to -40C until
the conpound (3a) disappeared. 10 The Cud (20% and the pyrimdine (I.leq)
was addegh dJpechi&ald ion manmlmmw(mmptcmmrﬂdh 30C
until TLC indicated the reaction is c | et.e. reaction . cooled to
0C- 5C. @431@1111209011%%%% {veks %d&'}p o b%’f?e ej(%’ﬁgh%t%‘ﬁ and stirred.
Concent r gt edh %yp&gxyde 15 (was added slowy and the suspension

t enper at ure was etween 0 C- 10 C. Stirred at 0C-5C. The suspension
was filtered and the cake was resuspended in dichloronethane. Stirred
then filtered. The phases were séf#fi%ted and the aqueous was extracted

wi th di chl oronethane . The combied 20 organic |ayers were washegiHacth a 2%
sol ution of ammoni um hydr oxyde, ter , 2% hydrochloric solutiop , 2%
sodi um net abi sul flot e sol utiony sat urat ed sodi um bi car bonag/e \\sol uti on.
The organi ¢ phase vias dried over sium sulfate, filtered\th reduced
in volune in vacuo —gl ve 36 WO 2796 PCT/ CA02/ 00899 cr
base- coupl ed gmat s a beige s#lid. The soI ids were d ol ve@ in Et OAc
and al | owed t yst & | i ze—Fhe 0
0
. 0O
(3a) (4a)
5 The enantiomerically pure Compound (3a) was

dissolved in CH,Cl, (10mL/g) and cooled to reaction

temperature. 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 pyrimidine (1.leq) was added. The

reaction mix was warmed up and kept between - 40 to 30°C
until TLC indicated the reaction is complete. The reaction
was cooled to 0°C-5°C. Celite (12g, 100% w/w) was added to
the suspension and stirred. Concentrated ammonium hydroxyde
15 (was added slowly and the suspension temperature was kept
petween 0 °C — 10 °C. Stirred at 0°C-5°C. The suspension was
filtered and the cake was resuspended in dichloromethane.
Stirred then filtered. The phases were separated and the
aqueous was extracted with dichloromethane . The combined
20 organic layers were washed with a 2% solution of ammonium
hydroxyde, water , 2% hydrochloric solution , 2% sodium
metabisulfite solution and saturated sodium bicarbonate
solution. The organic phase was dried over magnesium

sulfate, filtered then reduced in volume in vacuo to give
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suspension was stirred at 0-5C then filtered. The solids were dried in
vacuo to give pure base-coupl ed product as a 5 pale beige solid. Results
for this woap/1iea7e6 shown in Table 4 and Table 5. 1H NMVR ( 200MAD»/0¢0DCL3) 6:
2.27 (s, 3H CH3 cis) , 2.29 (s, 3H, CH3 trans), 4.06 (dd, J= 4.5 Hz &
J=10.8 Hz, 1H, C5 cis), 4.30 (dd, J= 3.4 Hz & J=12.4 Hz, 1H, C5 trans), 10

4.49 (dd, J=3 ibH 26SaCiheligé. Za1Gdd, The Solkdss J=12. 4
He, 1H, G grj?ss)e C%ﬁli’%% %al%rljﬂ Sty 2 Lot CI—IZCBza|l|j| Sk, 4ofd (A8 J=2.3
Hz, 2H, weiH20Rz decdve)d, mmO(A@d andJaléoweldz tQ §TySE ®cis), 5.92

dd, J= 3.4 Hz & J ) : Acis). S,
554 s 1§q@%8§omﬁa%ﬁtlff%{a(tg% 28 Ehep BiPtertt; ?h‘é fottdsrans o

aromat i G G d(% ter@fh'%% 7Vé§:’u’-%p t‘.(dj,gl~1Fe7 ez bakid - o@@ip)led P18OIUCE B 3NH). 13C
NMVR ( 300MHz 639 :

: 9 (cIs &trans) 64. 3 S fans) ,
65. 3 § Cimn1& ttre?ma?) soﬂetd.l_ (tﬁeaﬁﬂ)sl)ts o1 thie (58 2584, S?C%thr gﬁ‘s)lra(btsa 2 (cis),
97.9 (CI s)a({hcgsr]ti(tr ns) 128.6 (cis & trans), 128.7 (cis & trans), 129 2
(cis & 4(CIS & trans), 129.8 (cis & trans), 133.5 (trans),
133.7 (cis), 145 3 (trans), 145.6 (cis), 155.2 (trans), 155.3 (cis), 162.5
(cis & trans), 16215 (i as)oM2d) a@s:m)(«su SR, 277Xs0 @@i,s)':Hslqﬂ_lSh (trans).
37 WO 02/ 102796 PCT/ CA02/ 00899 Tabl e é t| 0 (JL 9? +)l§| s
(-)Trans2 (Zlgtf%ms3ﬂ'ra@f§3 tS@Foxi de OBadEdr % vM° If'DiPEA - 15

48.9 27. 4 18}7 g ;0 add J= 3.4 Hz & J=12. 4 Hz, lH C5 trans),

10 4.49 (dd, J=3.1 Hz & J=10.8 Hz, 1H, C5 cis) 4.72 (dd, J=8.3
Hz & J=12.4 Hz, 1H, C5 trans), 4.77, (AB, J=4.5 Hz, 2H,
CH,OBz cis), 4.84 (aB, J=2.3 Hz, 2H, CH,OBz trans), 5.50 (dd,
J= 3.1 Hz & J=4.5 Hz, 1H, C4 cig), 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, cs5’), 7.5-8.1 (m,
10H, aromatic cis & trans), 8.30 (4, J=7.5 Hz, 1lH, ce’),

9.50 (s 1H, NH).

13¢ NMR (300MHz) (CDCl;) 6: 25.9 (cis & trans), 64.3
(cig), 65.1 (trans), 65.3 (cis & trans), 76.1 (trans), 78.7
20 (cis), 84.7 (trans), 86.2 (cis), 97.9 (cis), 98.1 (trans) ,
128.6 (cis & 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 (cis), 155.2
(trans), 155.3 (cis), 162.5 (cis & trans), 162.6 (trans),

25 165.7 (cis), 171.0 (cis), 171.1 (trans) .
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BZo~ O TEA -15 70.4 5.2 1.6 22.8 3.1 :1 Bzo/--( 0 0O 11 BzO _111 .,/ S
\o_1 TEA -15 4.9 73.6 20 1.5 3.6 :1 B:o~ o DMCA -25 72.4 4.5 1.25 21.8 3.3
1 0 11 wBa@1®7@D TEA 30 1 74.4 24.6 0 3 :1 (internal teap)GAo2mesdm up to
RT after adding silylated base 38 WD 02/102796 PCT/ CA02/00899 Table 5
Sul f oxi de Base Reaction Yield Cis/Trans Tenperature % ($) C TEA -20 74
3.3: 1 +DIPEA (i-pro) -2072 3.7 . 1

Table 4
i Cis/
Reaction
© (-)Cis (+)Cis (-)Trans | (+) trans . .
Sulfoxide | Base Temp . ran
(%) (%) (%) (%)
(°C) (%)
?si DIPEA | -15 48.9 27.4 6.7 17 3.2 :1
Bzo/\gj
i TEA -15 70.4 5.2 1.6 22.8 3,1 :1
BZO/YOJ
o)
g
820~
g_? TEA -15 4.9 73.6 20 1.5 3.6 :1
i
Bzo/\gj
DMCA -25 72.4 4.5 1.25 21.8 3.3 :1
0
g
BzO ~
Y)j tea |~ 3° 1 74.4 24.6 0 3 :1
(internal
temp) ,
warm up to
RT after
adding
silylated
base
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NVe2 TEA -20 63 4 : 1 ezo' ~'' O (i-pro) -20 72 3.3 : 1 e:ol--~ 0 Nw2 O
TEA -20 70 3.3 : 1 s e:0', TEA = Triethylam ne D PEA =

Di i sopr opybarhyd7aéri ne 5 DMCA = Di et hyl cycl ohexyl am ne @CTraorddds? =

| sopropl ydi met hyl am ne 39 WD 02/ 102796 PCT/ CA02/00899 CLAIMs: 1) A
stereosel ective process for making predom nantly cis nucl eosides or

nucl eosimdlanad ogues and derivatives of fornmula (A) : HO'\,(S RL 5 (A

wherein R is a pyrimdine base or a phar maceut i caI |y accept abl e
deri vati ve fhnrnnf and—O is—ear

;O LIIUI, ISllrrg of
coupling $PEPESKIGRE B%Bﬁ‘pOJrEh%?Ct’f%l? g“(eé) REEBJ/EY-A (B)
Temperature % (%)
°C
i TEA -20 74 3.3 : 1
Bzo/\gj
+DIPEA
g (i-pro) |-20 72 3.7 :+ 1
BzO/YoJ p
NMe,
g TEA -20 63 4 : 1
BzO/Yo)
i (i-pro) |-20 72 3.3 : 1
BlO/YOJ p
NMe,
g TEA -20 70 3.3 : 1
BzO/YOJ

TEA = Triethylamine
DIPEA = Diisopropylethylamine

5 DMCA = Dimethylcyclohexylamine
(i-pro)NMe, = Isoproplydimethylamine
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wherein R2 is C7_10 aralalkyl, Cl1_16 acyl or Si (Z1) (Z2) (Z3) , L5 where
Z1, Z2 and Z3 are independently selected fromthe group consisting of

hydr ogen;wGD22@79d Kyl optionally substituted by fluoro, Pcoraao2eésdoro,
iodo, Cl1 6 al koxy or C6_20 aryloxy; C7- 20 aral kyl optionally substituted
by hal ogen, Cl1_20 alkyl or Cl1_20 al koxy; C6-20 aryl optionally substituted
by fluor@LAPMShrono, chloro, iodo, C1_20 al kyl or Cl-20 al koxy;
trialkylsilyl; fluoro; brono; chloro and iodo; with a base R, wherein Rl

is a pyrimdine bage | ! i er eof ;
40 WO 02} 511102796 P(§' / %ﬁ%ﬁ?gﬁgggégﬁgﬁ) %ﬁé%%gc%%ﬁ?%}gpégleg%{igﬁ%h%{ﬁtei%r esence
of a catalythachsosndesf oannet taenideragabhbyuas i and ofleeieaenvresobf group 1B
or 11B of the_periodic table; a tertiary amine and a Lewis acid to yield
an inter H‘i“‘é%g ) tormula (D): R1I-10S RL 5 Qy (D). wherein RL, R2 and Q
are defined above; and a second step to deprotect the internediate for
formula (D) to yield of the cis ;uﬁlxggsi drg or nucl eosi de anal ogues or

derivatives of formula (A . 16Q) r ss according to claim 1l wherein
the Lewis acid is a conmpound of fonpula (C): RA R7 Si RS R6 (C) wherein
R4, R and R6 are independently sel &T&d fromayhe 15 group consisting of

hydr ogen; Cl1_20 al kyl optionally

wherein

Rl is a pyrimidine base or a pharmaceutically

acceptable derivative thereof; and
Q is carbon, oxygen or sulfur;

LO consisting of coupling step of the a compound of
formula (B):

0
|

|
oYy
Q—" (g
wherein

R2 is C,.10 aralalkyl, Ci.i6 acyl or 8i(zh) (2%) (Z°),
15 where Z', Z? and Z® are independently selected from the group
consisting of hydrogen; C;.;¢ alkyl optionally substituted by
fluoro, bromo, chloro, iodo, Ci.¢ alkoxy or Cg¢.20 aryloxy; Ci-
20 aralkyl optionally substituted by halogen, C;.;0 alkyl or
Ci-20 alkoxy; Cs-20 aryl optionally substituted by fluoro,
20 bromo, chloro, iodo, Ci-zo alkyl or C;.z alkoxy;

trialkylsilyl; fluoro; bromo; chloro and iodo;

with a base R1, wherein R1 is a pyrimidine base or

a pharmaceutically acceptable derivative thereof;
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substituted by fluoro, brono, chloro, iodo, Cl1_6 alkoxy or C6_ 20 aryl oxy;
C7_20 aral kyl optionally substituted by hal ogen, Cl1_20 al kyl or Cl1_20

al koxy; G8020/1ea79é optionally substituted by fluoro, bromor/aebkeoesey i odo,
Cl-20 al kyl or Cl1_20 al koxy; 20 trialkylsilyl; fluoro; brono; chloro and
iodo; and R7 is selected fromthe group consisting of fluoro; brono;
chloro; iodo; Cl_20, syl @hohdeiAasker Solvepit dmalhe sestertast ed By f1 uoro,
bromo, chloro or iodo; Cl1-20 41 WO 02/102796 PCT/ CAOZ/%_gSQf al kyl Psters
opt i onal ¢3taLstd tameentbyof | 2 rdl CTRHNPT FRR P20t oub; S1FTT VT 28 a
silyl group of.th r : ( ) Dl £ WO EL B Nafne Rmmd and R6
are as oé?|Lﬁ%d1éa%%%ﬁ;%{g%%%ééﬁ%n%¥§ﬁ£.%% ar Iﬁ'%ul fenyl; C6-20 5
al koxyal kylewdsndadtdatkyyséldxgn Rtermediass afcheemabat 6Pkl ai m 1 wherein
Rl is selected from R8 R8,NRO N-RO R3NRO R3, N, RO RIO N R10 N R10 i

N O~ NRI1 ONRI1 O ,Ni~ Rl1 O'~N, | (1) (11) (111) (lv) RI3 X X
X R12 RLO R10 HN N HN R10 NR2Q S IYNRILIN" 1T I LI (v) (vi)
(vil) (vlill) 10 wherein: j&

5 Q (D) .

wherein R1, R2 and Q are defined above; and

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

analogues or derivatives of formula (A) .

10 2) A process according to claim 1 wherein the Lewis

acid is a compound of formula (C):

R4
R7——Si——RS

R6

wherein

R4, R5 and R6 are independently selected from the
15 group consisting of hydrogen; Ci-20 alkyl optionally
substituted by fluoro, bromo, chloro, iodo, C;.¢ alkoxy or Cs-
.0 aryloxy; Cq.20 aralkyl optionally substituted by halogen,
C1-20 alkyl or Ci.zo alkoxy; Ce-20 aryl optionally substituted
by fluoro, bromo, chloro, iodo, Ci.zp alkyl or Ci_zo alkoxy;

20 trialkylsilyl; fluoro; bromo; chloro and iodo; and

R7 is selected from the group consisting of
fluoro; bromo; chloro; iodo; Ci-zo sulphonate esters,

optionally substituted by fluoro, bromo, chloro or iodo; Ci-zo
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x 1s oxygen, NH or sulfur; 'y is oxygen, NH or sulfur; R8 and RO are

i ndependently sel ected from hydrogen, hydroxyl, amno, Cl_6 alkyl or C2_6
al kenyl , WP 08/102r% al kynyl, C1_10 acyl, Ce_ 10 aryl, C6_11 earhowgbessyl, Cl 7
car bonyl oxyal kyl, C6_11 carbonyl oxyaryl, C2_7 carbonyl am noal kyl, or am no
acids; R8 may be a saturated or unsaturated C3_8 carbocyclic ring

opti OnaHM%SIJbéétiéfg %%)wéﬂhmuﬁ@)ﬁ\mad 2 AMDO 102796 PCHIGAC2/ 00899
OH, SH, NHZ, N2, Cl 6 alkyl, C2 6 al kenyl, 6 al kyn Ja half)%en, C (O
R14 wheras nidfe; iwriala@lide alkysing uuw khyih! Q’?’?‘g/%gl 1% %nd ¢ (O

chosen 1 1ok MRS, it st 6 il e ST M Refo can

al so be gEswer) ek to drhd s ltaregerl ;attamot 8yl enkfangat ufatzed or unsat urat ed
C3-8 heterocyclic ri ng ogti Of%I,L%/.gubsti tuted with C(OOH C(O NH2, OH,
SH, NeR2,allkepyaBivhi fRY| LTEds ke™; C2-6 al kynyl, hal ogen, C(O R14 10
wherein R14 is a Cl-6 alkyl, C2-6 al kenyl, C2-6 al kynyl and C(O OR15
wherein RL5 is a Gl-fratky, abdobdahdetylclddm B whéyayh; Rands R10 , R11,
R12 and R13 are each independently selected from hydrogen, hal ogen,

hydr oxyl sebathed £yame, 15 carboxyl, carbanoyl, C2-7 al koxycarbonyl,

hydr oxymet hyl, trifluoronethyl, C6-10 arylthio, Cl-6 al kyl, C2-6 al kenyl
substituted or unsubstituted wgth hal ogen or azido, C2-6 al kynyl, Cl-6

acyl oxy, tdy ocagdoxy, thi ocargarﬁyl, rarbamat e, ur&sdo, rwm di no, or C6-10
aryl oxy. ;}?‘ “'A process ad¥ording to claNm 1 wherein the el enent

N7 | R10 N7 | R10 NAIN N)\Irmo
)\ O)\T R11 O)\NJ\RH )\N/N

O N R11 O

111 (1v)
(1) (11) ( )

R13 X X X

R12_ | R10 N ‘ R10 H;l\/ux/rt HN/U\l(Rm
A

0] N R11 Y N R11 Y N R11 Y N

| | | I

(v) (V1) (V11) (V1i11)

10 wherein:
x is oxygen, NH or sulfur;
y is oxygen, NH or sulfur;

R8 and R9 are independently selected from
hydrogen, hydroxyl, amino, Ci-e alkyl or C,.s alkenyl, Caz.¢
15 alkynyl, Ci.io acyl, Ce-10 aryl, Ce.11 carbonylaryl, Ci;
carbonyloxyalkyl, Cs-11 carbonyloxyaryl, Cz.9

carbonylaminoalkyl, or amino acids;

R8 may be a saturated or unsaturated Cs-g

carbocyclic ring optionally substituted with COOH, C(O)NH;,
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or conbi nation of elements of groups IBor IIBis Cu, Ag, Au, Zn or Cd. 5)
A process according to claim1l wherein the tertiary amne is of the form
N(Z4) (Z5yvo(0Zad2meherein 25 (Z4) , (Z5) , (Z6 ) are indepemrdertAdoy/oesobect ed
fromthe group consisting C1L 6 alkyl optionally substituted with C1_3

al kyl, C6_10 aryl or hal ogen. 43 WD 02/102796 PCT/ CA0O2/ 00899 6) A process
accordi ngt; t o) ag, 1 NGer €l R &bRyD ganiscalBehydnt Cig alkyay8. chl oroal kyl, a
Cl 8 chloroal kenyls, a C6_10 chloroary], Cl 8aIKﬁLqﬂiQ5ileaﬁke ixtures

t her eof .hadogem; d¢ EJRKEcHRFFRER I ai 1T 6 et 6t T tre orgafi ¢ dol vent

s sel ected 11O Lbe GLOHRC (ONSHES ke Al in Obl T 05T haNpSallofl proeLhanes,

met hanoni t¥f1€s m Xxtures thereof. 8) A process according to claim5
wher ei n d4heenyBrtCary ahkymeyls and Rhylancheser By By cF ohexdtem ne, 10
di et hyl met hyl ami ne, diq&é?yleth | ami ne, di met hyli sopropyl am ne,

di methyl byl 2bEHRY L IR hwc?%‘%%xyl amne, tributyl anine,

di et hyl met hyl am ne, di net hyli sopropyl am ne, diisopropyl ethylam ne or
conbi nati ons there@%Rg 15aR) aPeprveessnaccoedi ng the chat nedenhriennt® he

el ement or conbination of elements of groups IBor IIBis Cu, Zn or
conbi nat fens 4heaeofatdd)on pnesbssatedofsi agheeCEPAYF ICWAE?®in Qi s

oxygen. 20 11) A process according to claim]l erein_the_  _couypling step is
pr ef or medpaional bwperbsti buegdarith ©f0) @¥s C{ﬁgﬂHgo aégr%%s t'si us.

NO,, Cj_g alkyl, Cp.g alkenyl, Cy.g alkynyl, halogen, C(O)R1l4
10 wherein Ri4 is a Cj_g alkyl, Cp_g alkenyl, Cz_g alkynyl
and C(O)OR15 wherein R15 1is a Cj_g alkyl, Co-¢ alkenyl, Co_

¢ alkynyl; and

R10 , R11, R12 and R13 are each independently
selected from hydrogen, halogen, hydroxyl, amino, cyano,
15 carboxyl, carbamoyl, Cz-7 alkoxycarbonyl, hydroxymethyl,
trifluoromethyl, Cg_10 arylthio, Ci-_g alkyl, Cp_g alkenyl
substituted or unsubstituted with halogen or azido, Cp_-¢
alkynyl, Ci_.g acyloxy, thiocarboxy, thiocarbamoyl,

carbamate, ureido, amidino, or Cg_1g aryloxy.

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

Au, Zn or Cd.

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

25 (Z4),(ZS),(Z6) are independently selected from the group
consisting Ci;-¢ alkyl optionally substituted with Ci-3

alkyl, Cs-10 aryl or halogen.
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12) A process according to claim1l wherein the deprotection step is

preformed in the presence of a 25 deprotecting agent and a deprotecting

sol vent wWpaok/16zm9e©rs the crystallization of the cis nucl @oTices/0a9

nucl eosi de anal ogues or derivatives of formula (A). 13) A process

according to claim 12 wherein the deprotection agent is alkaline. 44 WO

02/ 10279 PCT/ CA0Z{ QH838% sd HcARIiaeess adeandilngitterairaithel dngwerisl n t he

deprotection agent i s sodi um hydroxide, saodium ﬁt ho%de, anmo ium

hydr oxi ceplymttasist i Sy GXl@E 0Lk i unfh FeareoX PR O2 ST REhDI i & afthbni a or

conbi nat i,ons thereof. 5.15)1AA%0G88S RCEQKELIG St @helraion.12 wherein the

depr ot eccf}%h%r%% 1e’ntc’i'% awazyer,rl nmet hangl , ethanol, toluene, tert-butyl

met hyl ether or conbinations thereof. 16) A process according to claim3

wherein B is selzegescdsomdbording| sy relain feshaeindioyiitines, 4-

10 hal opyri m di nes, -acetyl eni yrj . di  A-am nos and N4 acyl

pyri n? di frekvent h’y‘%lr%é(\@%cftk?f? %@ T df?n%fsémg% ﬁl%laﬁ?/rlgg pyrini di nes, thyni ne,

CYt 0Si Neqy, fis ASAPYH AR S Ne1 Bro o Laes Opye i, T Yk everamptopyri i ne,

uracil, C5 -alkylpyrimdines, C5 -benzyl pyrimdines, C5 15

hal opyr i vhelrees; C5-vinyl pyrimidine, C5 -acetylenic pyrindine, C5 -acyl

pyrimdine, C5 -am dopyrimdine, C5 - cyanopyrimdine, C5 -nitropyrimdine,

C5 -ami ngpyri ni di ng, ,p5c@28CYLESEAVhg Bo a@BaL@cS | Wherétnaziok opyri dinyl,

i m dazol ogyri di nyl, IF)yrrol opyri m dinyl, E%_razol opyrimdi nil)l 20 or a

phar maceuértahty amtept &bl erderhybenvest rebrylcygiohery baBse®according to

Clalgb3 g@2£ﬁ§fm§%h§famgﬁg, dimethylethylamine,
dimethylisopropylamine, dimethylbutylamine,
dimethylcyclohexylamine, tributylamine, diethylmethylamine,
dimethylisopropylamine, diisopropylethylamine or

combinations thereof.

15 9) A process according to claim 4 wherein the element
or combination of elements of groups IB or IIB is Cu, Zn or

combinations thereof.

10) A process according to claim 1 wherein Q is
oxygen.
20 11) A process according to claim 1 wherein the

coupling step is preformed at a temperature equal to or less

than 30 degrees Celsius.

12) A process according to claim 1 wherein the
deprotection step is preformed in the presence of a

25 deprotecting agent and a deprotecting solvent which favors
the crystallization of the cis nucleosides or nucleoside

analogues or derivatives of formula (A).

13) A process according to claim 12 wherein the

deprotection agent is alkaline.
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wherein Wis halogen, Cl_16 alkyl, C2_16 al koxyal kyl, C6.10 aryl, Cl1_16
al koxy or nitro; or O E~ 25 45 MD 02/ 102796 PCT/CA02/00899 mhereln Eis
C6_10 ar yWwp o@102766 al koxy, C2 16 al koxyal kyl or Cl_16 al kylCT/an02/8089¢9 Z1)
(22):-(Z3) , where Z1, Z2 and Z3 are i ndependent |y sel ected from the group
consisting of 5 hydrogen; Cl1_20 al kyl optionally substituted by fluoro
brono, 1ehl 0ro, i dGrdTedd araimling tﬁptd](m'arlll)B sutestaitruttd by | uor o,

brono, chloro or iodo; andCGIo aryl option ubst

, i tute

br oo, GRSt I ASE SURSTT i Qe B mechSAdY, Tuere
ammonium hydroxide, potassium hydrox1de, lithium hydroxide,

methanolic ammonia or combinations thereof.

5 15) A process according to claim 12 wherein the
deprotecting solvent is water, methanol, ethanol, toluene,

tert-butyl methyl ether or combinations thereof.

16) A process according to claim 3 wherein R1 is
selected from N* -alkylpyrimidines, N* -acylpyrimidines, 4-
10 halopyrimidines, N* -acetylenic pyrimidines, 4-amino and NY -
acyl pyrimidines, 4-hydroxyalkyl pyrimidines, 4-thioalkyl
pyrimidines, thymine, cytosine, 6-azapyrimidine,
2- mercaptopyrimidine, 4 -mercaptopyrimidine, uracil,
C® -alkylpyrimidines, C° -benzylpyrimidines, c?
15 halopyrimidines, C°-vinylpyrimidine, Cc® -acetylenic

5 _amidopyrimidine, C° -

pyrimidine, Cc® -acyl pyrimidine, C
cyanopyrimidine, Cc® -nitropyrimidine, C® -aminopyrimidine, 5-
azacytidinyl, 5-azauracilyl, triazolopyridinyl,
imidazolopyridinyl, pyrrolopyrimidinyl, pyrazolopyrimidinyl

20 or a pharmaceutically acceptable derivative thereof.

17) A process according to claim 3 wherein R2 1is

Do

wherein W is halogen, Ci-16 alkyl, C,.16 alkoxyalkyl,

w

Ce-10 aryl, Ci-1¢ alkoxy or nitro; or
O

£

25
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WO 02/102796 PCT/CA02/00899
wherein E is C6—10 aryl', Cl—lG alkoxy, C2_16

alkoxyalkyl or C;.1¢ alkyl; or

si(zh) (22 (z®), where z', 2% and Z*® are
independently selected from the group consisting of
hydrogen; Ci.;o alkyl optionally substituted by fluoro, bromo,
chloro, iodo; Cy.10 aralalkyl optionally substituted by
fluoro, bromo, chloro or iodo; and C¢.10 aryl optionally

substituted by fluoro, bromo, chloro or iodo.
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