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wherein Rl is a pyrimdine base or h utically acceptabl e derivative
t hereof and Q is oxygen, carbon or sul phur conprising Q a coupling step

- of the pyrinmidine base with a nolecule of fornula (13) described herein in
- a suitabl e coupl Whgreahv&it isi @ mip\‘i@ém@a(ﬁe cat & yti c amounts of an
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10 Classes of compounds of formula (A), particularly
the 2-substituted 4-substituted 1,3-oxathicolanes have been
found to have potent antivirai activity. In particular,
these compounds have been found to act as ﬁotent inhibitors
of HIV-1 replication in-T-lymphocytes over a prolonged

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

‘ HIV streins-{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
i 95/29176 as well as in_publicatidns by Belleau et al (1993)
Bioorg. Med. Chem. Lett. Vol. 3, No. 8, pp. 1723-1728; Wang
e et!al'(1994)—Tetrahedron Lett. Vol. 35, No.27, pp. 4739 -




6 Decenmber 2005 PCT/ CA02/ 00899 ATERECSELECTI VE METHOD FOR THE PREPARATI ON
OF NUCLEGSI DE ANALOGUES The present invention relates to,g.no e‘?lzodgr ocess
for produygdgguss nucl eosi des or nucl eosi de anal ogues ang Pé9¥,es of
formula (A): wherein R is a pyrimdine base or a pharrraceu |ca
acceptabl e derivative thereof -and Qis oxygen carbon or sul phur. 10

Cl asses of conpounds of fornula art rl th S tituted

4- subst ¥ dRedMaIZOYEXathi éﬂanes(lﬁg\;)é Hg éﬁ%"@ﬁd% a\e}’ezlpothte)‘?sft 1\iantl viral
~activit parti cula ihese canpeynds- .have drepn diaind ¥&l Acd, as potent
i nhi bi t%r‘sbBof QH%VEl dr Egﬂucatl on in T-1ynphocytes over a prolon ed 15

peri od. ppf. tikme -wKGs {89990yt Ghemdaec @Qﬁé‘-s@fefse@t@qlﬁfﬁw a d@hlp‘b\}ﬁ&% Kdown i n
the art gsee Bel | equ et al . 1993 BI

\f 3, No. 8,
pp. 1728tePsgfhatnddeTeasHpidiidSHavé alpgfo Been C?nouﬁrga aéc%%cee atglé? nst

3TC-gesy§t9§lat o|ﬁ| Yhe! qisis-ob epmpaylais et al (2000) Antiviral Chem 20
Chenot her . 11, No. 4, pp 291-301; Stoddart et al (2000) Antimcrob.
Agent s Chem)t her Vol . 44, . 3, pp.. 783-786). These -conpounds are al so
usef ul SummEEEhLaGhe Ié‘fﬂf“c‘?’é’&’( ment of hepatitis B virus infections.
- Methods for the pr epar ation of these conmpounds 25 have been disclosed in

PCT publi cations 7e]57$ 1 MR ¢ 2 Goassavet | iasehdipubl i cations by
Bell eau et al (19 oorg d. Chem Lett..Vol. 3, No. 8,

1723- 1723mpiéing: téte adte(pl&gﬂ)ccﬂmlrmd‘rhm LfetthmWatQSOfNéO?‘?‘ufﬁp 4739 W
U ULI1UL 19 6 Decenber 2005 PCT/ CA02/00899 4742; Mansour et al (1995) J.
of Med. ‘Eem Vol. 38, No. | |

O
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10 | Q (B)

wherein

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

15 of hydrogen; C;.2o alkyl optionally substituted by fluorq, -
bromo, chloro, 1odo, Ci.¢. alkoxy or Cg.zo aryloxy; Cq-a20

aralkyl optionally substltuted by halogen, C1-20 alkyl or Clzo

e

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

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

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

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

intermediate of formula (D)




1, pp. 1-4 and Caputo et al, in Eur. J. Org. Chem Vol. 6, pp. 1455-1458
(1999). These processes involve a multitude of steps thgbammgrg e the
cost of production and reduce the 5 yield of the desired conmpounds. Sunmary
of the lnvention The process object of the present |nve rise the
step of 5UHHP?3§ the internediate of formula (B) : mkgﬁgFHﬁ@°9§2' S .
O'\11~ Q (B) R2 is hydrogen or a hydroxyl protecting group such as G 7-1o0
arylalkyl, G _i6 acyl or Si. (ZlI) (Z2) (Z3) , where Z1, Z2 and Z3 are
i ndependent|ly sel ected frdR2{he oup_cghldi sting 15 of hydrogen; Ca._ 20
~al kyl optionally substituted & fl __;79 bromo, chloro, iodo, C3_6. alkoxy
or C6_20 aryloxy; C7_20 aralkyl hal |y substituted by hal ogen, Cl-20
al kyl or C1_20 alkoxy; C6:20 aryl “optional{B3} substituted by fluoro, brono,
chloro, iodo, Cl-20 alkyl or. Cl_-20 al koxy; trialkylsilyl.; 20 fluoro;

brono; chloro and iodo; and carbon r oUW tdyR1, a
pyri mid peRRteded th %Hﬁ%é%t? Al §3° aégg%§§£?§ derivati ve, &ﬁereof in

the presence of a catalytlc anmount of an el ement or. combi nation of
el ements of group IB 25 or 11B mnsRaC|d and a -tertiary am ne. The
resulting intermediate of fﬁﬁfﬂ\ﬁ’ 6 Decenber 2005 WO 02/ 102796 R2 10
S RL

{A)

The compound of formula (B) may be either

l
R2._ S
(B1) Q ; or (B2) ~or a mixture of
the two enantiomers. The coupling step is preferably performed
at a temperature egqual to or less than 30 degrees celcius.
In an alternative embodiment of the present
invention the deprotection of intermediate of formula (D) is

achieved by dissolviﬁg said intermediate in a suitable-

solvent in the presence of a deprotection_agent.

In an alternative'embodiment of the present
invention a simple two step'preparatiqn mephod‘for cis
nucleosides of formula (A) wherein the‘cQuPling step'resuits
in a pfoduct whefein_the ratio of cis to trans ie greater

than 2 to 1 is pro#ided.

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

step:

In an alternate embodlment of  the present

invention, the deprotectlon step results 1n the Selectlve




'y Q (D) . PCIT/CA02/ 00899 is deprotected to obtain the cis_nucleoside.of
formulla (A): HO RL (A) The conpound of fornula (B) may hg,eith 11
R2' 1 0 OvVO®21R2% 7 O {Bl}~ or (B2) I'df i t ure o xﬁmﬁ%ﬁ%ﬁiﬁm t wo
enantionmers. The coupling step is preferably performed at a tenperature
equal to or less than 30 degrees celcius. In an alternative enbodi nent of

the pre %”tci'gg}égﬁﬁbﬂn Jfhepdeprat egldiepalid Rifermmtate @f) fior mie (D) is
achi eve -Sy i'ssolving said intermediate in a suitable solvent in the
presenceedbcaidapodt ect appragerate lenyodecdring aFein VIt 1 he
present invention a sinple two step preparation nethod for cis

nucl eosi des of forgula (A). wher el NS GQUALLGL R4 o LS

| .advantages of ailowing preparation of a nucleoside of

5 formula (A), analogues or derivatives thereof without using.

| “expensive starting materials, cumbersome pfbtection and
deprotection steps or addition and removal of 2'- or 3'-

substituents.

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

and high stereoselectivity.

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

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

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

nucleoside anaiogues and derivatives of formula (A}:

HO/A\Kif;7/R _
20 ‘ Q— {Bn)
 'wherein

R1 is a pyrimidine bése_orra pharmaceutically

acceptable'derivative‘thereof; and

' Q is carbon, oxygen or sulfur;




in a product wherein the ratio of cis to trans is greater than 2tolis
provided. In a further embodinent the cis to trans ratio the
nrber 05

i nter oduct of formula (D) is inversely proportlon
reactlgﬂha%gﬁgerature of the coupling step. In an alterﬂgpgaﬁﬁﬂ@ﬂpnent of

the present invention, the deprotection step results in the selective 6
Decenber 2005 WO 021102796 PCT/CA02/00899 precipitation of(%he cis

nucl eosi de of fGPRFESEART BY CREPILEGeShishh Qﬁe ‘E}FF S TRTHE Yepr ot ecti on
agent cand 9l y@pt.. The processes of this invention have the advantages of
all owm ng preparation of a nucleoside of formula (A), anal ogues or
derivatives thereof w thout using ex ensive starting materials, cunbersone
protection and deprotection steps or addition and renmoval of 2'- or 3'-
substituents. The process ¢tgth| i nvegntion produces cis 10 nucl eosi des -of
formula (A) in high yields, /&\Ngh rity - and high stereoselectivity.
The process of this |nvent|on has t _TBErther advant age of generati ng

nucl eosi des whose st ereocheni cal I guraggon can be -easily controlled
sinmply by the 15 sel ection of the approprlate,startlng conditions. Detailed
Description of the Invention The present invention discloses a '
st er ewbelredni ve process for making predom nantly cis nucl eosides or
nucl eosi de anal ogues and derivatives of fornmula. (A): 20 wherein (A)

5 . ' R2 is-hydfogen—or a hydroxyl protecting group such
as Cr-10 aralal]{yl Ci16 acyl or Si{z') (2%) (2’), where Z', Z*
and 2z* are independently selected from the group consisting
of hydrogen; Ci.zo alkyl optionally substituted by fluocro,
bromo, chloro, iodo, Ci alkoxy or Cg-za aryloxy; Cq.-20

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

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

fluoro; bromo; chloro and iodo;

-wiﬁﬁ a base R1, wherein R1 is a pyrimidine base
5 er‘a pharmaceutically‘ecceptabie derivative thereof, in a
suitable coupling solvent in the presence of a catalytic
~amount of .an element or combinatien'of elements of group 1B

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

"R6. )

20 wherein

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

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




‘Rl is a pyrimdine base or a pharnmaceutically acceptable derivative
thereof; and Qis carbon, oxygen or sulfur; W 02/ 10279661%;9%%%? 2005
3

PCT/ CA024,Q9899:.6Nnsi sting of coupling step of the & corrpoq;&cg(%]z rmul a
(B) + (B) wherein 5 R2 is hydrogen or a hydroxyl protecting grou Gch™ as .
C7_10 aralalkyl, C1_16 acyl or .S (Z1) (Z2) (Z3) , where. Z1, Z2 and Z3 -~

are independently selected fromthe.gro cansi st.in of__hydr - Cl_20
al kyl opt ﬁéﬁ&PWFsuEstziOtﬁF@akﬁg] ?Pﬁ&EB?']{@P{OﬁH, s%ﬁlt r%(()a,d ifbgd)(gl%lé%iegi’al koxy or

C6_20 ary!l oxyi-G7 20 caraldido-8pt ignal hyvaubgliibuiaad voyuraltagen.edd 20
al kyl g(?l@l%ﬁaf%gxyl; 2‘)CG_Z(SZ‘%E}}I?yI_ optionally substituted bi/ fluoro, brono,
chl or o, bjrofibuofd; 2oratky| cblo€, . 20dal kExyze BHKEEKGESFLyp; 21KPEB7 0; br ono;

chloro and jodo; .with base R er ek R i : j.m_dine base .5 or a
phar nac‘éﬁ%?i@’??li%iép?éblpgode#)Fe\g{&i‘vghgﬁe@?Oe(#@ilﬁwf'su#{tépabl e coupling
solvent in the presence of a catalytic amunt of an el ement or conbination
of elements of groUps| Belert:fBErom tért icaropmmmiorsisiding .¢fewi s aci d of
formula (C: R4 | R7 Si _R5 (C). >0 wg:fel'rei n 54' R5, and I§6 are independently
sel ect ef1fpsay t hEomgr oGPLEBRSI SOARY G-y GHOBERNEE 58 &Kyl optional |y

optionally substituted by fluoro, bromo, chloro or iodo; Ci-20
alkyl esters optionallyVSubstituted by fluoro, bromof chloro e
or iodo; triiodide; a silyl group of the general formula.

10  (R4) (RS) (R6)Si (wherein R4, RS, and R6 are as defined

o “above) ; Cs-20 arylseleneﬁyl{ Ce-20 arylsulfeny}; Ce-20

alkoxyalkyl; and trialkylsiioxy;

to yield an intermediate or formula (D) :

RQ\TD/A\Kii:7/R1

Q (D).

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

derivatives of formula (A).

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

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

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

épecified;_refers to a saturated straight,_branched, oxr

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




substituted 'by fluoro-, brono, chloro, iodo, C_s alkoxy or C6 S W UnhfJUL
~ly0 6 Decenber 2005 PCT/ CA02/ 00899 20 aryloxy; C7_20 3@]9&5% fRpdionally
substit Falogen Cl 20 alkyl or C, 20 al koxy; ¥

optiona y su ituted by fluoro, bromp, chloro, iodo, %ﬁpﬁﬁﬁ%‘ﬁ$ﬂ or
Cl_20.al koxy; trialkylsilyl; fluoro; bronmo; chloro and i odo; and R7 is

sel. eCtﬁQrﬂi@ﬂle@y@b(j{UFI caﬁghgtsweuefed plug Q’lotﬁ AT o O do; C1-20

sul phonat e esters onal Iy substituted by fluo rono, ch oro or

i odo; ﬁﬂbaeltat&mlb?sh§650ﬁptlﬁgalbw sdst kkmhed myui1ddest oF branp, chloro
10 or iodo; triiodide; a silyl group of f he general formul a (R4) (R5) (R6)
Si (mh@relh)R4C6852 angll R6CaLg aEkgeflagd -akAk@kyalke-12Gr arisel enenyl
C6_20 arylsulfenyl; C6-20 al koxyal kyl ; and trialkylsiloxy;, to yield an
|ntern%@uap@ceflﬁéﬁhulanetpdeSSmEhby&oupthy@,sreplnpﬂhyykmmgidgykg

dorS v FS LR 0Ry R, Bt FOebESAr B PUENIE PR S by et

i nventisopansi/ipl aebpensyep héﬁyaraib@ﬁeﬁ?ﬁboéycﬁ@ﬁe&bﬁ_20 nucl eosi des of
fornula éf% wherein the grocess results in a product of fornula (A

" wher eF¥CtHBEFYEMGEBY Lei 4 PBEPYARSNEYL, gréafémethydbrutad 1 arthe i nventi on.
|nclud@s3adp&ggg§§bggeieln the ratio of cisto trans is greater than or
equal to to 17 2 The term "al kyl", as used herein, unless otherw se
specified, -refers to a saturated straight, branched, or cyclic, prinmary,
secondary, or teFheakgrimylacgdiboasofhis€d Berelnafter refers to a

.0 'functlonal 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_13 aryl, C1_6.,
-5 alkyl, Cz_312 alkoxyalkyl or nitro) or unsubstituted, and
' whatever the structure of the.rest of the melecule may be,
the properties of'the.functional group remain essentially
the same (e.gw, acetyl, propionyl, isobutanoyl; pivaloyl,
" hexanoyl, butyryl,‘pentahoyl, 3-methylbutyryl, hydrogen
20 succinate, mesylate, valeryl, caproic,'caprylic, eapric,
lauric, myristic, palmitic, Stearic; oleic, 3-
chioroben;oate, trifluoroacetyl, ehlorcecetyl;'and |

cyclohekanoyl).

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

(e g. allyl)




6 Decenber 2005 WD 02/102796 PCT/ CA02/00899 particularly Cl1_6,
unsubstituted or optionally nono- or di- substituted by JywdLaxysoofNS, CN,
SH; am ndyok¥legen (F, C, Br, |), C6-12 aryl, Cl_6 al kylpcrieodidogos .

al koxyal kyl or nitro. It specifically includes nethyl, ethyl, cyclopropyl,
propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl, cyclopentyl

i sopentyl, neopentrjk, tEQW'"alk@:&@@Xkle re@irah X Wubs taeliaeay et hyl
3- et hyl pentyl 2, 2--di net hyl butyl, and 2,3-di methylbutyl. The term

"acyl ™, URsubskd thsedi pAkyar gua-’@p@r §Otm5aanln@ ffaest ilorvs &j}olqgrhmu ved from
an ali DQ%E;&% &34 bgé&' %aﬁ‘i fro %1; %fbo%h%fq%é' graun of, 1o 30
arly Y158 car I

carbon atons, particu 't he aci ld]to which it
is rel aheliylagr&blupphlat b@v&dﬁhtﬂ@dmﬁdeﬂﬁ)tob%rsub@@dmtaﬁibtﬁ bie . hydroxy,
N3, CN, hal ogen Br, 1),.C6-12 aryl, C1-6 .5 alkyl, C2_12

al ko?yamﬁfrfﬂoﬁh’ ﬁ‘i“tdr SFhS?‘Yunsubstl tuted, and whatever the structure of the
rest. of the nolecule may be, the properties of the functional group remain

essentially the §RERLemI~arda8t Hepr @RIt adiRRU AN e PIH QY!
hexanoyl , butyryl, pentanoylaﬁg rretefgyl butyryl, ahydrogen BOQS)}JCV}CI}?Lnate

mesyl at mayvbzbem;vlno chprotei.cagtyld or @mmtacsuhmtltn:ed Ry ilstdgxypal miti c,
stearic

leic | o enzoat i fl_uor chl oroacetyl, and
cycl ohe?&ﬁgﬁl’ N3Th§£} F‘ﬁg glnke(%yl tCrlain(? Tl r?fydor“g:’p]fbas 1735 substl tuted
(by a g [; |, £OF 2 r d ai ght,
- br anchsghgg\lagclglhg Eg%%ﬁ?‘%y tcr}éalg%’st %51\% #e)r? 1%85%&?%0 on@%nd
pr ef.er ablrpubr a2 cbatatnc dron Gatt:@rraqnamdixcbmi sty @& .4 eagthanel

Unsaturatgdngp%%ﬁyi? gpartlcuaarl R 2 e von atoms.

The term‘"aryloxy" represents a substituted (by a

' halogen, tfifluoromethyl or C1_g alkoxy) or unsubstituted

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

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

. The term “aralelkyl“ represents a substituent
comprising‘an aryl.ﬁoiety attached vie 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 oxr Cj;_g alkyl.

_ The term "tthl" represents Cy-g alkyl, C6_15
aryl, C7 21 aralkyl Cz-¢ alkenyl or C2_5 alkynyl groups
covalently bonded to an adjacent sulfur atom bearing a.

25 hydrogen.

‘_ The terms “alkylthio” {etg. thiomethy, thioethyl)
and “arylthio” (e.g. thlophenyl thiobenzyl); refers to C1.¢
- alkyl or C6 10 aryl groups, unsubstltuted or optlonally

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




6 Decenber 2005 PCT/ CA02/00899 The term "al koxy"" represents a substituted
or unsubstituted alkyl group containing from3 to 30 cafBop..pd5s and

prefergbhy,if9p L to 6 carbon atons, wherein the alKkyl. I S
coval ent{)y f%%n%?ed to an oxygen atom (e.g., 5 nethoxy arﬁf%@ﬁ&é % The term
"aryl." represents a aromatic noiety which may be nono, bi, tri, tetra or

pent a- substituted by hydroxy, nitro,. N3, , hal ogen (F, A, Br, |) or
conbi fs-1en$ B Her &di- carfd kot &3y %}tk"?’@é%ci\l%ﬂeoﬁeﬁig Bid-type ring, the
group may .contain fr to 14 carbon at (e . phenyl . and napht hyl ),
parti COIVAHIS? yt@ofbfecrgar Sorf Tt < q.:e %Lg{rr?ﬁllga?g?[gky" represents a
substituted (by a halogen, trifluoronethyl or Cl1L 5 al koxy) or unsubstituted
aryl noiety, haviHyg ternts Maoardom adndsyativayeatbgnbondedfer thr ough an
oxygen atom (e.qg., benzyl oxy, phenoxy).. The term "aral al k{_l " represents a

subst it 30 CHFRAS IR HIBANSDI RAYE BFEERRLY Vi BCaf SPEPPTchain (e. g.
be%zy'ato%gin%ﬁlq%%e ‘@%ﬁ‘éﬂ de,sund o2l ulkacarheBaaker makohikbe aryl
nd ‘t he al kyl c

noiety a aln1s 7 to 21. The 20 aryl ‘or chain portion of the
gr oup Hes soptdigried lox forenclerd  f -subsa¢etuyedxvid t h THe SHaias mey hal ogen or

Cl-6 al kyl.. The "thiol". re Cl_6 gl kyl 15 . |, Cr-21
ar al kyl< %t‘i?_"%)%ﬁelléﬁ{ﬁrg chr I(S%’_t@%? Sﬁ%ﬁ%ﬁp‘g}: géGépgﬁgﬁﬁuggﬁlgr to an.

adj acaefid. sk UNAL G best | Mo 25hdvegeaenr, The , t 8ers 1)al kgl thi o (e. g.

t hi omet'hy, thioethyl) and "arylthio" (e.g. thiophenyl, thiobenzyl), refers
to Cl-eial kydy . €810, arylq gralipsxyahsybsort niedooer optionally nono- or

di -substituted by, hydroxy, halogen (F, d, Br, WO 02/ 102796

10 The term "alkoxyalkyl" represents Q¢C1;é alkoxy
group attached to an adjacent Cy_g alkyl group (e.qg.,
methoxymethyl, ethoxymethyl) . They may be unsubétituted or
‘optionally mono- or di-substituted by hydroxy, N3; CN, SH,
amino, halogen (F, Cl1, Br, I}, C5_1é aryl, les alkyl, Ca_313

15 alkoxyalkyl or nitro.

The term “heterocycle” represents a saturated or
unsaturated ﬁono— or polyéyclié (i.e. bicyciic) ring '
incorporating 1 or more (i.e. 1-4) heteroatoms éelected from
N, © and S.- It is understoqd that a_heterocycle'is |

20 optionallylmono; or di;subStituﬁed with OH, SH, amino,
‘halogen, CF3, oxo or Cj.g alkyl. Examples of sgitable'r
monocyclic heterocyciés include but-areinot 1imited to
pyridine, piperidine;_pyrazine, piperaéine,rpyrimidine}
imidazole, thiazole, oxazoie, furan, pyran and thiophene.

25 Examples of suitable biCyélic heterocycles include but are
not 1imited-to ihdoie; benzimidazole, quinoline,

isoquinoline, purine, and carbazole.’

The term "aralkyl" represents a Substituent

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




6 Decenber 2005 PCT/ CA02100899 C6-12 aryl, Cl-6 al kyl, C2-12 al koxyal kyl
or nitro, covalently bonded to an adjacent sul fur aton165ggmkpﬁﬂ§

"acyl oxy'w oxycarbonyl" refer to 1 to 30 carbon at
parti cul arﬁ%gli ?(53(156 carbon 5 atons, that are either satura g 35

unsaturated and may al so be stralght or branched (e.g_ acetyloxy). The
chains may be unsubstituted or optionally, nono- upstit ut by
hydr oxy chR3n dl‘@ oSH betg o, BRE rb%’ﬁ??’f he gpry })Orcﬁhﬁg gb%%gglﬁ

al kyl, (213 al 'l@”wnguﬂséiﬁhtéé)J%ebﬁeiﬁhéahyomaabkybr depresents a

Cl 6 alkoxy group attached to an adjacent Cl_6 alk rou

'nethoxymmﬂsﬁltuﬂéﬂnﬁynhYﬂMQxyJH@y m@& b%HunémbépvtéﬁéHQSP d%v gﬁally nono-
or di-substituted by hydroxy, , am n

, hal N % ),
C6- 12 abd,, I0L. -G al kyd5YIC2-dp-6 1fsllaY1<ox(}ar-k9| AgkoRVELEY LThE PérFPﬁo'
“heterocycle" represents a saturated or- unsaturated'nDno- or polycyclic
(i.e. bicyclic) ring incorporating or e %1#&_ feroat ons
seleSted from N, Beanged ?m?gounESPg?gog £h 9 é dcyél&ols 20
0 tlonall mpo- _or di bstitute nb | Q@empCF3, oxo
o iy 15 - evahEr Lt o g bt S bR By B BTREA I 2o

nocycllc eterocycles |nclude but

ar e~ ”Ot ' Lt &d; ¢ té?é! rogi tchhQﬂydinBﬁo pyaginguHRitaeazd &y pyri ni di ne,
i m dazol'€; l#ﬁ | azol €, oxazofl e, -furan, éran and t hi ophene._ 25 Exanpl es of
sui t abl enyaisyey cNhet ENocyH| esminnel basogen dFe 8t B tldd tB-i1Riol e,

benzi m dazol e, qui noli ne, |squ|noI|ne1k§§r|ne .and carbazol e. .The

term "aratky) "Ciepradbnls G2subspilkeske mo SFS BSEEH i i ety
att%ﬁ?eqagéﬁbg §%6gsagiglcovalently bonded to an adjacent element

through a nitrogen atom {e.g., pyrrolidine). They include
primary, secondary and tertiary amines and quaternary

ammonium salts.

"The term ;protected“ as used herein and unless

15 otherwise defined refers to a group thse is added to an

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

20 descrlbed for example, in Greene, et al., "Protective
Groups in Organlc synthesis, ™ John Wlley and sons, Seeond

Edition, 1921, hereby 1ncorporated by reference.

ﬁy 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 additidnal or lack certain of ehe
functlonal propertles of the normal bases Derivatives of
‘such bases or analogues include those obtained by

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

10

-




_MD 02/102796 6 Decenber 2005 PCT/ CA02/00899 chain (e.g. benzyl,
phenethyl). The aryl or chain portion of the group is %Qﬁ&ﬁ%&bﬁ&ﬁed or

option HRﬁ or di- substituted by hydroxy, N3, al ogen
(F, cra"\’b)('2 6 ©6-12 aryl, Cl--6 alkyl. C2-12 alkoxyaﬂgﬁpcg i 02! 2950

term "am no" represents Cl- 6 sal kyl ., C6-10 aryl, C2_6 al kenyl, C2_6

a'kan$anép§}1é2d§ﬁ@£kyucErQ§p§razHBaHB%EhbWt%Q %hyoﬁbh%ﬂaHih no- or
di -substituted by hydroxy, N3, am no, hal ogen (F, d, Br, 1),

C6_12 51&‘@?131'1@&96 bl/kyhalro:qellz lat/@tsseyarllkylazoriom evenowh@mdine .t he 10 car bon
at ons o ept|v. bond adja nt throygh a nitrogen atom

(e.qg. pyrro inej. y I'he ‘ertiary amnes
and quaternary anmoni um sal ts. The ternt protected as used herein and

~unless 15 ot herﬁysehgetemd-»@ﬁée&aceatace&q Pallabdlj3dded to an oxygen,
ni trogen, or phosphorus atomto prevent its further reaction or for other

pur@os@erlﬁamrme“vafretpybimedygenlanmeanmtemge@ypnmnebnungmgﬂnups are
known tﬁ ﬁose skrlled in
hg

h
prot ect’ gl'Btps4ars EbsﬁeEEr? %arF8Fe ni ¢ §¥nt eSI UItaqé

"Protegktue, Gropp3ti 8f Csgani 6sSyst BESKhS ¢ n@eﬁedeEefcamdn§pnen second
Edi ti on, 1991 hereby incorporated by reference. By pyrimdine base
derrva@FvénHrOEHQFoﬁﬂ@PPgnﬁeﬁhtcé pYPPR @idhd nBgs& AL3@id th theel eosi de or an

I f t th
anal Oolect BELRR] 58°cUBLETCMLE 620940 nBASRR R hBAL Neld i Alddighur es (1 he

ki nds o err arrang nment simlar ases but
may0 possesspadddt Onfbronlhadck) cert annaak itiealfllynaidtaned properties of the

nor ml 8836311 PE LYALbYe8.2 cndlelePa088 9o d ol Lpose
those skilled in the art that the compounds of formula (A}
may be wodified to provide pharmaceutically acceptable
derivatives thereof, at functional groups in the base

15 moiety.

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

@
i

/A\(:;7 | RZ\O/ﬂQ(fi?

(Bl) ; or Q

.

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

20 limited to a racemic mixture.

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

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

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

11




30 'replacenent. of a CH noiety by -a nitrogen atom (for exanple, 10 6
Decenmber 2005 WO 02/102796 PCT/ CA02/ 00899 5-azapyrirnid Sehs as

5- azacyt o9r@jl0%6 may have ring substituted by hal ogen, ﬁﬁgﬁgxyﬂmmﬁzldo
cyano, amno, substituted amno, thiol, C1_6 alkyl and C6_10_aryl. By the
term."pharmaceutically acceptable derivative" of a pyrimdine is neant any
pyri m digmbdabise=ntwhi tciie nmaynggivierat sen t of atijphashaaent | 68l tymbBtagpiahl e salt,
ester, or salt of su‘€ ester of a coppound of forrmula (A),.or any other ‘
compoun®wfiEmentsorP cﬁﬁ?ﬁ%t%%ﬂ??wﬂf% THe Pe behresn, ab%“EaEabF% of
provichrgbd&yrfggjy or indirectly) LO a conpound of formula (A) or an
antivirally active netabolite or residue thereof. It will be appreciated
by those skilled in the art that the conpounds of forrmula (A) nay be

nodi fied to provi prereeesutoRITy Qfcldpe apreseder ivventéent hereof, at

functd o S i S und_of f oy oul B) may be
i e "ot RN [ obPuREDSgp RLELY, O CPARENENGEL LR TILELCR) 0
enant i oney Seleﬂm&lldi))@jﬂmprm her &l BB ngt€ sebaste@nefofr tﬁengxbupe of
enanti oners |nclud|ngpbut ,hot 3 2 ,

comprising Cu’, Agh, }hl, Au zn®* cd®* and combinations

thereof.

The process object of the pregent invention
'.Q includes a coupling step wherein the element or coﬁbinatioh
-bf elements of group 1B or 11B are selected from cu', Cu®** or

2
Zn*t.

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

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

- diethylecyclohexylamine, diethylmeth?lamine,

20 dlmethylethylamlne dlmethyllsopropylamlne
dimethylbutylamine, dlmethylcyclohexylamlne, trlbutylamlne,
—dlethylmethylamlne, dlmethyllsopropylamlne and
diisopropylethylamine.

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

may vary between about 1 eq and 2 eq.

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

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

12




20 limted to a racem c mxture. The coupling step of. the process object
of the present invention includes the addition of one-plDke: 206 eMents

of'.groqp()él%%@%%lla. The el ement or conbination of el erl;gﬁlé%#f@ggnay be in

t heir oxi state. This elenment 25 or conbination of f group
1B or 11B catalyzes the coupling step. The chosen el enent or conbination |

of elenments of 'group 1B or 11B_are present in. anounts hetween about
0. 25 rilee DeaHElataut CTAOTRAILEY 1 &not FEICTPANFD¥AF02568% Decenber 2005

PCT/ C@@{C?Qggfyfgbpdé N 1, hRG 1G9NANY ratd Wbudfiddia Bl mmmrast conbi nation
of elements of’ group 1B or 1IB may be between about 5%to _about 35% The
pr ocesehebie@apl Dig t drel pemsemay fvense bacsed nErodesh hoEduptPAgeSt ep wherei n

the el enent .or. conbination of elenments of_grou 1B sel ected

[ f om 1L GreRpraethpr St IEpet tE o b R xEp P HiePlolo? B8, %0na
COMi Natk9NSngt BE1e0hes THE DhOsSEsSt obhethdef dibrlpremenhaneyention

i ncl udes a coupling step wherein the el ement or conbination of elenments of
gr oup diflorofdBrar aceebriteile r ofichioregbhage. ZheeTORRBZEBANAIErti ary

am ne includes.tertjiary ines wth high basicity. The'tertiary amne is
Qf‘thec?%?ﬁ?a 24y %§%¥e§§%)_mherein (Z4) , (Z5) , (z6) are independently
- selected fromthe group consisting C3_6 alkyl optionally substituted wt h
- C1_3 al kyl, C6-19nhar yghouhal ofeacupkangl eslukntt heetempiyamaraimi ne i ncl ude

triethylam ne, diethylcycl ohexylam ' '
getween about SymLyper g gfaghg%bxgh%t@%lgﬁtgilgg&n%ram-of
10 .sulfoxide. In an alternate embodiment of the invention the
amount of coupling solvent is between 10 mL per g of

sulfoxide to 30 mL per gram of sulfoxide.

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

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

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

25 cfystailizétioh of the product of formula (A). Suitable
solvents include water, méthanol, ethanol;, tblueng, tert-

butyl méthyi‘ethér or combinationsrthereof.

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 {n) . Suitable 

13




?0 di net hyl et hyl am ne, di nethyli sopropyl am ne, dinethylbutylanine

di nmet hyl cycl ohexyl am ne, tributyl am ne, dlethylnethyla ber 200

di met hyl i ¥8#28pPani ne and diisopropyl ethyl am ne. The anqﬁ, X ﬂ%g@tlary
anm ne can vary between 25. about 1 eq to about A eq.-The annunt of
tertiary. amne. used may vary between about | eq and 2 eq. The coupling
step of ddi-diRaasHh Wafls afrd el uesenricddnEnd b i sherdeiidy in a
sui-table coupling solvent. A suitable. coupling solvent includes CG1_1 30

chlori n&tfedhsr gaivitee Eoinge MEPUDSIAT e Ed@imedi aid \Fé%t%oqwlm 6%/ 102796 6
Decenber, 2005, PGY] C402/,0089 aliso ingldide. Gl @hlgroal kvdsq

chl or oal Ioroaryls , ylonitriles an conblnatlons
t her eof Syn-lﬂ}fégll(}ﬂpi |J1guso¢Mear},t Samﬂi)sdﬂﬁs seeaniretl Hdium ai) or %kt hanes,

chl or oet hanes, nethanonitriles res thereof. The 5 coupling solvents
of L1 orRaE R (RS GYR T G LN GHoot QRO Gl Dy r PO gt

di chl Ofoi%iéﬁﬂfe U QrRhanzane and s SOt natd s dder SafonThe anount of

coupllng sol vent used nay vary between about 5 L’ per g of suit oxide to
50 ni . pérydramdd, Ifosaddion dedaoxiade altidriniate hydodkhdatansf the i nvention
t he anDunt of coupllnﬁ solvent is between 10 nL per g of suit oxide to 30
nmL per * The coupling step of the process object of the
present |nvent|on is affected by the tenperature of. the 15 reaction. The

cis to trans rati or@farkdiher astissdnfiedoratil the (fesent nvavest yopy oporti onal
to the reaction tenperature. The coupling step is preforned at-a ,
tenﬁ@}arQhQBQﬁQmﬁﬁﬁptlon agent 1s 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 conéentrations between about § to about

15 20 molar percentage of the deprotection agent .

Conveniently, the base R1 isrsélected from:

‘ ' R8. _R9 | '
RB\N,RQ N__!-Rg N RB\N,RSIV
NF R10 NF ', R10 N;k N}\n/mo

A A L AN N
0 °N” "R11 07 N R11 0O N
| | B I o l

- : ' v
(0 (11) .(111) : - { f
X X X

R ' o M _UR10
HN 1o HN_/U\,N ,HN).kH/ -

Y N R11 Y N R11 Y

v (v1) (vi1) (vill)

20 x is oxygen, NH or sulfur.

14




about 40 degrees C and about 40 degrees C. 'In an alternate enbodi nent, the
coupling step reaction tenperature 20 is between about 3Qpdegrees;C and
about wo@2drgsees C. The second step in the process obpe¢icapiRsent
invention is a deprotection step. The crystallization step is preformed in
a suitable particular interest are solvents that favor the 25

crystal |l i zati onyofist keygeadusti of tonguka (A). of the deprotection -
solvent. -OF Suitable solvents include water, nethanol, ethanol; toluene,

tert- butyl nethyl ether or canbinati.ons thereof The depr ot ect i on may al so

i ncl ude the pre&8n@@doR® 3¥eqiRCEPEREGREtL Ya SGdSCEEE: (roH agent. Of

parti 5 esdar otect gspt &, Lhaty akd_ in the
separgl !dg.n ?‘ ﬁgﬁm S &ro u@?ﬂ%{)f beor%g%gf Slit abl eil’ 13 \ﬁo 02/ 102796 6
Decenbaky205 CEQ'E/&GA@IZ/ o089 axi@r[ir.otCeca&loarhgemiL@raie €ehected according to

t he iden he protectin on_t nternmedi ate of fornmula (D)
as shSWfSDPF?{’ Kydy &e-1 ?’%88 hg?%a@’gtlpg 2i7n Organi ¢ Synthesis,” John
Wi GYC%%o%ﬂ%mlmfk@lEdldﬁ inkd%kidsd Deprotection agents may be

~al kaline. Déprotection agents include sodi um hydroxide, sodium nmethoxi de,

“amoni um hydroxi de, potassi um hydroxide, |ithium hydroxide and nethanolic
ammoni a. ConveniRéntlay heh@ EadarRteads ofe MEAEF Gras

carbocyclic ring optlonally substituted w1th COCH, C(O)NHL
OH, SH, NH,, NO,, Ci.s alkyl, C,¢ 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_e alkyl, C -6
alkenyl, C z.¢ alkynyl; and R9 is chosen from H, C ;s alkyl,

C 2.6 alkenyl and C ;¢ alkynyl.

RgRg can also be connected to the.nitrogen atom to
.5 form a saturated or unsaturated C;_g heterocyclic ring
optionaily'substituted with C(0)OH, C{O)NH5, OH, SH, NHj,
NO;, Ci.¢ alkyl, Cop_.g alkenyl, Cy_g aikynyl,rhalogen, C(O)R14
wherein R14 is a Cj_g alkyl, Cy_g alkenyl, Cp_g alkynyl
and C(O)OR1S wherein R15 is a Cp.g alkyl, Cp g alkenyl, Cp_g

0 alkynyl.

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

carboxyl, carbamoyl, Cs_7 alkoxycarbonyl, hydroxymethyl,

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

alkynyl Ci.g acyloxy, thlocarboxy, thiocarbamoyl, '

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

In another embodiment of the present invention R1
is

15




I n anot her enbodi nent of the present invention, 10 the deprotection agent
is present in catalytic amounts. In another enbodi ment the.dgeprRkection
agent i s RLASADE,WLN concentrations between about 0.1 nol ag g(é,r %ent age and
about 50 nolar percentage. An alternative enbodi nent incl H§LEA92/0089
deprotecti on agent concentrations between about 5 to about 15 20 nol ar
percentage of the deprot echgon ggent: (1) RIS RORL1 ' , RIO RIOI (M)
HNNHN RII Y NRILYN | (NI1) wherein: 2Q x is oxygen, NH or sul fur.
14 (V111) WO 02/102796 y is oxygemyoNH or sul flur. 6 Decenmber 2005

PCT/ CA62/ 00899 R8 and R9 arre/i pendent | y, &% r om hydr ogen,
hydr oxyl, am no, Cl-6 al kyl -6 al kenyJ\CZ 6 al kynyl, Cl1l-10 acyl,
C5-10 aryl, ©C6-11 carbonyar h, R11
| | |
(13 or (v1) .

wherein R8 and R9 are indepeﬁdently selected from
hydfogen, hydroxyl, amino, Cblgalkyl‘or Ca.10 alkenyl, Ci_jp
alkynyl, Cii0acyl, Ceio aryl, Ce.i¢ carbonylaryl, Ci.yo
5 carbonyloxyalkyl, Cg.1¢ carbonyloxyaryl, Ci.i»

carbonylaminoalkyl, or amino acids; R10 and R11 are eéch
independently selected from hydrogén, halogén, hydroxyl,

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

.0 alkynyl, or Cg_i1g9 aryloxy; and
X and Y are independently selected from O or S.

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

pyrrolopyrimidinYl or pyrazolopyrimidinyl.

_The‘functicnal oxygen and nitrogen groups on R1

26 can be protected as necessary or desired. Suitable
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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 C2-a carbocygl.lGet b9
optionq&éﬁ &B@éituted with COOH C(ONH2, OH, SH, NH2,P NC2, s al kyl,
C2-6 al §/? -6 alkynyl; .0 hal ogen, C(O) RLl4 wher ei n FREAAWR/E5R, 6

al kyl, C 2-6 alkenyl, C 2-6 alkynyl and C(O) OR15 wherein R15 is a Cl-6

al kyl . _C.2-6. alkenyl ., C.2-6 alkynyl : . an i f , C1-6

al kyl Pretfpgléllgkgﬁy PEhd € 7S 1a?{(kn§ér‘f’ﬁ .t%%ﬁg%ga%%que elrgzgfrﬁlée_'ct ed to the
ni troge ,aem tiiclbld vrhmet3alwiatad orimendsileatydds 33,18, et erocyclic ring
opti-onally substituted with C&P OH, C(ONH2, OH, SH NH2,. N2, Cl-6 alkyl,
C2- 6 BEyAPimechyd sdi ljainy 12ndh d1-dyey 1 Gy s idier e fF L 4 Ll 6 al kyl
C2_6 al yl ‘kyn a ) ere| 15 i3S : | kyl, C2_6
alkengﬁ%gg25%09%ﬁgal1?%y%kyhlég?gé 1%B%§2g§n3%5? a%gdéE%EQ%ﬁgggéndently _
sebechethzaydim mediregersuliaimngden ardy gr-wollyermawrdorgglano,  car boxyl , '
carbanoyl, C2_7 al koxycarbonyl, hydroxynethyl, trifluoronethyl, C6 14
arylthio, Cl-6 Kyl -6 .al kenyl .?5 substitut ' ubstituted with

hal ogen or azid§¥léﬁiég%gi %;Q§P?§§%ﬁ: 6¥§f§?%3%3%§%§§y, t hi ocar banoyl
car bamgh@ntiictl ¢, ARGt ol Gyvafod iy, Jireeid) heliyeideodi seent of the

present invention RL is 15 WJ UL11V2'IYb I (1) or. X HNA-1 RO
fluoropyrimidine or protected analogs of these bases.

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

cis nucleosides or nucleoside analogues and derivatives of

HO/A\Yier/R1

Q

formula (A} :

(A)
wherein

5 .~ RI is a pyrimidine base selected from N* -
alkylpyrimidines, n* —acylpyrimidines, 4-halopyrimidines, N*
—acetylenic'pyrimidines, 4-amine and N -acyl pyrimidines, 4-
hydroxyaikyl pyrimidinés, 4-thioalkyl pyrimidinés; thymine,
cftosine, 6~azapyrimidine, including G—ézacytosiné,_z—'

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

5 _acyl pyrimidine, C° -

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

“derivative thereof; and
Q is oxygen ,

17




| (V') R1l 6 Decenber 2005 PCT/ CA02/00899 wherein R8 and RO are

i ndependent |y sel ected from hydrogen, hydroxyl, anmno, QpdeQepdosy! or
C2_10 al keoYlkmv.&) kynyl, Cl1_10 acyl, 06-10 aryl, C6-16 car%gﬂ Ig%rlr‘?/l C1-Y0
5 carbonyl oxyal kyl ,  06- 16 carbonyl oxyaryl, C2-12 C2-10 car é B¥al kyl |
or amino acids; R10 and Rl1 are each independently sel ected from hydrogen, -
hal ogen, hydrox I dr axymnet tr.ifluoronet Cl 6 alk -6

al kenyl SUbStItUF@&SyFt&H§U8 ANRIE R D éﬂme %z?ﬂ%po%ﬁaGSg

al kynyl £ ®8- 4@)aryl oxy; and X and Y are independently selected fron10 or
S. In an alternate enbodinent R is a pyrimdine base selected from N

-al kyl pyrim di nes, N4 -acyl pyri mdines, 4- hal opyrimdines, N4 -acetylenic
pyrimdines, 4-amno and N4 L5 acyl pyrimdines,"4-.hydroxyal kyl
pyri m di nes, 4-thioal kyl pyrimdines, thym ne, cytosine, 6- azapyrlnldlne
including 6-azacytosine, 2- and/or 4-ngrcaptopyrinmndine, uracil, C5

al kyl pyrimdi nes, C5 -benzylp rlnldlnesu C5 hal opyri mdines, G5

-vinyl pyrimdine, C5 -acetyl gine, C5 -aryl. 20 pyrimdine, C5
-am dopyri m di ne, C5:-cyanopyr| nitropyri mdine, C5

-am nopyri m di ne, 5-azacytidinyl, -aC|I I triazol opyridinyl.

~im dazol opyridinyl, pyrrolopyrimdinyl or olopyrinidinyl. The
functional oxygen and nitrogen groups on Rl 25”can be protected as
necegsaty,.Q.igesired. Suitable 16

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

trialkylsilyl; fluoro; bromo; chioro and iodo;

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

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

R6 (©

wherein

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

substituted by fluoro, bromo, chloro, iodo, Ci-e alkoxyfot Cs-
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WD 02/102796 6 Decenber 2005 PCT/ CA02/ 00899 pr ot ect'i ng groups are well
known to those skilled in the art, and include trinethy ér%'erzoos
iesﬁ

d
di met hyi,Oe¥Ms4¢ Yl . t- butyldinethylsilyl, and t-butyldi C?Xiglﬁﬁ 9 ,
Ctrityl, Cl1_12 al kyI groups, Cl_12 acyl groups such as acety

proplonyl benzoyl, methanesul fonyl, and p-tol uenesul fonyl. In an

addi tlﬂn&kqui@(dl e N, Qﬁ:aunglpbﬁﬁ%halugyv%%s%tﬁitécﬁ Be bR rom
cytosine, uracil, thym ne | uor opyfi m di ne or protected anal ogs of

t hese (Basresa It drerCrenb cdikesnt: - :tohérmles?@rﬁthn@\lém issdbsto tiutsddides a

t £, Kin redom nan nucl osi-des or
ﬁug[ggéfdgf‘%%ﬁ bgﬁgés;ﬁ%zd g‘%??@alu \%gg) 0?1 2F’o?l Va Wf ?]ﬂ()’ “Rherein 5 R

is a pyriaikyhsibgate $theebedblkoam; Néhl oalok wngy Hiddddi Qﬁﬁi N4

-acyl pyri mdines, ‘4-hal opyrimdines, N4 -acetylenic pyrimdines, 4-amno
N4 -acyl pyrjm dines ydr oxyal kyl. pyri m di nes, 4-thioal kyI

pyrT ni di nes, thyﬁ?nés 58§F8§FH gr@'maf Byﬁlrl‘ﬁ”ﬁ’i ﬁ@nqlr'ﬁﬂ]ﬁtﬂ Rf 6- azacyt osi ne,

2 20 angherod- PRERBPL GRY BB, i BRG ; UFRG) suﬁéhoﬁgl%' A%tkm.di nes, G5
-benzyl pyri m di nes, C5 hal opyrim di nes, -vi nyl pyrimdinfe,

. C5. a@@ty@@ﬂibypyﬁbﬂtdtnéedcby ﬁd;ybrpyr ibmomone chl®ro amg cﬁamd}l rd.dicne, C5

-cyan n|tr n i_m di.ne, cytidi nyl,
5- azau%%%*rygggﬁgscgp FL957 gé Pt ﬁiﬂlgutﬁld ?Xo%@éfﬁodl r?flomo’ htdro
pyrrolopyiodbdi ayiiodpieazal epyyilngdooyl ofokha RiddrRgeutdGally - accept abl e
der| vaEl ve thereof; and
Lo - (R4) (R5}(R6}5i (wherein R4, R5, and R6 are as defined
"above) ; Cq¢.z0 arylselenenyl; Cg.p9 arylsulfenyl; Ce-aq

alkoxyalkyl; and trialkylsiloxy;

to yield an intermediate or formula (D):

(D)

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

20 derivatives of formula (A).

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

formula (A);
25 o - . @
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Q- i s oxygen 17 . wu ULl 1UL/ Yo 6 Decenber 2005 PCT/ CA0O2/ 00899 consisting -
of coupling step of the a conpound of fornula (B): R2~ eScem\efO%- n (B R
is C7_10 WOARAPKARH, C1 16 acyl or Si (Z1) (Z2) (Z3) , EPET/CA92/0689nd - Z3
are independently selected fromthe group consisting of hydrogen; Cl 20
al kyl -optionally substituted by fluoro, brono, chloro, iodo, Cl1_6 al koxy
or C6 20wi¢eixy; C- 7 10 20 aral kyl optionally substituted by hal ogen,
Cl_20 alkyl or Cl1_20 alkoxy; C6_20 aryl optionally substituted by fluoro,
"~ brono, chloro,iodo, Cl 20 alk 20, al kox trialkylsilyl; fluoro;

_ |l or Cl- ,
brono: chloro and RédéS ﬁﬂPﬁré%BQ%QeR%?SﬁssﬁéﬁFﬁgé dB&Te CYiERSEMui t abl e 15

coupl i ngufc%yf nt Fiéggﬁhg , pgg@ﬁ@%ggr@m@;e&ﬁlayb&c 2P 1@A cahaent  or

‘conbi nation of e nts o roup or 11B; a tertiary amne, and a Lew s

aci d of doreptabl€) deRdvatiRg SheRBoF ;R8ndherein (C) 20 R4, R5 and R6 are
i ndependent|y selected fromthe group consisting of hydrogen; Cl_20 al kyl"

opt| Og.al 'y Q is oxygen , -

consisting of coupling step of the a compound of

formula (B):

0
l

I
- Q (8)

wherein

10 ‘R2 is

@" o

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

w

Cs 10 aryll, C1-16 alkoxy or nitro; ox

- 0
15 wherein E is Ce-1p aryl, Cl_ls alkoxy,r Cz'_ls
alkoxyalkyl or Cl-lslalle; or
8i(2') (2?) (2%), where Z', 2% and Z° are
independently sélected from the group consisting of

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

20




substituted by.fluoro, brono, chloro, iodo, Cl..6 alkoxy or C6_ 18 6
Decenber 2005 W) 9211U2796 PCT/ CA02/ 00899 20 aryl oxy; Ghl.alRbKY!
opti onahW:ay¥bssituted by hal ogen, C1_20 al kyl or C1-20E2D§%5%'8 -2D aryl
optionally substituted by fluoro, brono, chloro, iodo, - aw&y or -

Cl1- 20 al koxy; trialkylsilyl; fluoro; brono; chloro and iodo; and 5 R7 is

sel ect edubiem bremg! OVR1608SbH8t 1 BT anfl €O Q; aPLOMBHLEBKHANQ:, | 0do; C1-20
sul phonate esters, optionally substituted by fluoro, brono; "chloro or

i 0do; €9b§61t§F?ﬁlbEs?éP§f@pthﬂmDLycbébgpithé@d@y fWigdr o, brono, chloro
or iodo; triiodide; a silyl group of the general fornula LO (R4) (R5)(R6)Si

(wherein R4, R5, japd re.as Lped_ . ve) ... C6-20 sel enenyl -
C6- 20 aryIsquen?]; 85?53' %?k%§§g Eél?b§%%%rf§ﬂ%§ﬁé gégggto yield an

i nt er redipl éngr sbdventaifDihe(Prebbnuvbenéi B QatRlvarid RAndue: ast defii ned

aboye. Thg cou Ling steg is fallowed bﬁ a dgg{otection step. wherein sai d
i nt 8r nBYi 4Pe°fDPFEUGPEsOIGEROF A & EGFFABIFY BV PEn@ANh & HeEpr2 Rt} of |

appr opskaketaspErba eiiaeéﬁgngiﬁgniegiéqgae Bremy s iGhdt i, G S1 e | eosi des
‘or nucl eosi de ana1ogues or 20 derivatives of formula (A).” The present

i nvent PEnipdetydesthliésékbodi renyiehdenn Antkermeddedes atrcidmaulbr ocess for
meki ng gk edom nantly cis nucleosides or. nucleoside anal ogues and
derivatives of formula (A) : HO 25 (A) 19 6 , Decenber 2005

(D) .

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

15 derivatives of formula (a).

The process'object of the present invention

includes the reaction scheme shown in Scheme 1:
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- PCT/ CA02/ 00899 wherein RI. is a pyrimdine base selected from cytosine,
uracil, thymne, 5-f luoropyrimdine or a pharmaceuticaldy. ..accptable.
derivati weobtremesf ; and-Q i s oxygen , consisting of coupl ipggySi®Regb the a
conpound of formula (B) ¢ O R21--10S (B) wherein 10 .R2 is wherein Wis
hal ogen, Cd-16 al kyl,. C2-16 al koxyal kyl, C6-10 aryl, Cl-16 al koxy or
nitro; or 15 wherein E is C6-10 argbneid-16 al koxy, C2-16 al koxyal kyl or -
Cl-16 alkyl; or Si (Z1) (z2) (z3) T where Z1, Z2 and Z3 are independently
sel ected fromthe group consisting of hydrogen; Cl-20 al kyl optionally
substituted by fluoro, brono, 20 chl dfo, iodo; C7-10 aral al kyl optionally
substituted by 20 W ULIiULI"qggD cefper 2005 PCT/ CA02/ 00899 fl uoro,

- bronmo, chloro or iodo; and C6_10 aryl\ optignally substituted by fluoro,
bronmo, chloro or iodo; with a base RI®as defined above, in a suitable
coupling solvent in the presence oR1 atalytic anount of Cu 5 or Zn or

. mxtures thereof; a tertiary amne ang|a Lewis acid selected from
trinmethylsilyl triflate bronotrimethyl¥i lane or iodotrinethylsilane; to
yield an internediate or formnula

“R1
Rzo/ﬂ\g:i7” 0

. protected cis/trans nucleoside

R1

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

Q

deprotected cis nucleoside

The various steps as illustratéd in Scheme 1 may

be briefly described as follows:

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

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

not limited to a racemic mixture.

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

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

22




(D):.(D) 10 wherein Q Rl and R2 are as defined above. The coupling step
is followed by a deprotection step wherein said internmeghalg.(Jahs s

- di ssol \gg yh/y9vsSui tabl e solvent in the presence of appropr unts of
a depr ot e(l:’t’ilozn bagent to yield the cis nucl eosides or nag&é%@%ﬁgﬁgﬁal ogues

or 15 derivatives of fornmula (A). The process object of the present

I nventdOn] dipshudes Woly) hayn 4 C 1,521 WO 02/ 102796
Schenmre 1 0 11 ﬂ(JB) Igl%l%f(??ect edffcl?]g?r%ns nuckf]le%ss‘{ﬂgueni?]i %io deprotect ed

ci s niHesyitee® Devetiler Q005 rRE/1IGAMADDEYY Thel easidesost eps as
illustrated in, Sche may be briefly described as follows: Step 1: The
sul foxflrocffaml%faf@nul ?r( ]Bt)herréxifasd‘gl.tlc}b‘? a’r%é‘?jr Jrﬁf%‘e‘%ir "Pr‘ﬁ‘éi\%o&g}_i ncl udi ng
t hose tiies & 108 etk dre 1P Ghr a1 GALd O NSy MO 924 087ci(s ansboi- 99A29148¢id. Med.
Chem 38(]) 1-4 (1995) , Tetrahedron Lett. 35(27)-4739-4742 (1994),
Bi Gor $IWE. EOBRates tthap (B)ta 723- 1T (avu3)chneiBuke grans

isomer is inversely proportional to the tempgrature of the

reaction temperature. The coupling reaction may be

preformed at or below room temperature. The temperature of

the coupling step may be between about 0 degrees C and about

.0 - 50 degrees C.

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

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

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

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

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

diisopropylethylamihe and combinations thereof.

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

‘25 -oxidized state.

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

rsolvents inqlude CH,Cl., CH;CN and mixtures thereof.

Suitable Lewis acids include trimethylsilyl

30 _triflate brbmotrimethylsilane iocdotrimethylsilane and
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10 Org. Chem 6:1455-1458 (1999). The sul foxide. nay be a single enanti oner -
or a mxture of enantioners including but not Iimted té)Da [acH _
mi xt ure. WRH240A7Poxi de of fornula (B) is coupled with basqrc{ﬁs’izm ggbase R1
may be previously protected , for exanple 15 silylated (or silylated in ’
.situ) pyrimdine base or pharnmaceutically acceptable derivative nmay be

used. Theomtinpticgs rieactéodn tTkesapbane of the peessnaeidf maytbetiary

am ne, Lewis acid of _fornula &%and catal ytic. anmounts of 22 6 Decenber

2005 YR 13 WeT? C282F 00 n° ef@nent " of gr oups IBor IIBin a

suitabl e coupling solvent to give the cis/trans pyrimdine nucl eoside of
formula (D) In theg¢ gﬁiuitl-ﬁﬁelaigyﬂﬁgﬂlgtﬁyﬁimﬁsm&l 2, é%xath@o%ﬁel soner -

predoni nates over Fans isomer in aratio 5 equal to greater than 2 to
1. The rraltirpbe@m@ﬁ! ot ofermada (Bbnks dsssaleedelin pr gpoktbdmal to the

P oLy Sl b o FSSLLAP L ETPEE UL g dRecEOUBLLNT LEARELARTRE B

pr ef or ne OW T 00m t efipera ) terrpera

step nayab@elbﬂwem@boa@eﬁtdegr?@sl@ thnd absuhuclBosiBB@sdegrees C. If a
silylated base is used, adequate silylating agent may include _
t - butyl d’i‘%lc%%%‘il? yﬁ‘nﬂ?‘ﬂ‘il%%eo-”i dexyigagiges h%ﬁaﬁ@i-’ﬁ%& A azad®e TMVSI,

N O bl s(dhodest ool der apdiLrprerovhesl 4 AriLhbeacadd HLongl cheot ective

-agents are :5 disclose eene, et al Protective Groups 1In Organl Cc
Synt heS|lscpilﬂlmglrpwrhteyoanbll@om;t@eb@ndeﬁuoteon;om%cblv@he t efhieary ani ne

d tep 1 de trieth di t h
b UKy rEE RO SRR NG REVR | B R HREOGRREL RN PEBB BBV bih heEveep
di met hyl buy| aegRges dt "BAOYEGYSEgPexY| @ni Nehet £ERBEYLATMAG: be

preformed at a temperature between about 0 degrees C to

about 35 degrees C.

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

butyl methyl ether or combinations thereof.

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

in the separation of the'product‘of formula (a)..
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di et hyl met hyl am ne, di net hyli sopropyl am ne and dii sopropyl et hyl am ne and
combi nati ons thereof. The el ement or combination of el engpts of,gLoups

| B. or l¥ﬁ%&iﬁﬁfgn step 1 include Cu, Ag, Au, Zn, or Cd in f?? oxi di zed

st at e. *1%bl e coupling solvent is an organic sol vERT/GAOE/ASShe to ten
carbons. The suitable coupling solvents include CH2Cl2, CH3CN and m xtures
- thereof. Suitable Lewis acids include trinmethylsilyl 30 triflate
bromot ri met hyl si | ane i odot ri net hydghdwmelaand 23 . WD 02/ 102796 6 Decenber
2005 PCT/ CA02/ 00899 conbi nations thereof. The anmount of the Lewis acid may
be between about 2 eq to about 5 eq.qoStep 2: The cis/trans pyrimdine

1, 3-oxat hi ol ane nucl eosi de of,foroulf (D) is dissolved in a suitable 5
deprotection solvent in the pres@nce 0f adequate. anounts of a
deprotection agent .to yield the cis | eoixles or nucl eosi de anal ogues or
derivatives of formula (A). The deprotection step is preforned at a
tenperature bel ow the boiling poR f the suitable deprotection solvent.
The 10 reaction tenperature of the depriotecti on step maybe between - 30

degrees C and 60 degrees C_ The react|lon may be prefornmed at a tenperature
bet ween about O degrees C to about 3% degrees C. A deprotection suitable
sol vent favors. the 15 crystallization of the product of. formula (A).

Sui tabl e solvents include maﬁéﬁo/ﬁﬁpﬁ ", ethanol, toluene, tert- butyl
met hyl et her or conbinations thereofd ita@&p deprotection agents include
sodi um cisfirans nucleoside

 _S_ R
HO/\( J/ .

O

cis nucleoside

The various steps as illustrated in Schemes la may

be briefly described as follows:

51' o ‘Step 1: The sulfoxide of the 1,3 oxathiolane of
formula (Bx) wmay be obtained using séveral 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
| offformuia (Bx) is disclosed by*Caputo-et al in Eur. J.'Org[

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

o -The'sulfoxide of the 1,3“oxathi¢1ane of formula

(Bx) is coupled with base R1. The base R1 may be brévioﬁsly

15 proﬁecte&,.fOr example silylated (or silylated in situ) ‘
_ pYrimidine'base or pharmaceutically accéptable derivative.
o _The couplihg réaction takes place in the presehce of a -

tertiary amine, a Lewis acid of formula (C) and catalytic
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hydr oxi de, sodi um et hoxi de, anmoni um hydr oxi de, potassi um 20 hydroxi de,
|'i t hi um hydr oxi de and net hanolic amonia. O particul arg ichﬁb%rrﬁ@% are
depr ot ect"/l!( r})f\géeilnts which will aid in the separation of rt)ehe product of
formula ( (f)) 219496 December 2005 WD 02/ 102796 Schene |a 0 PERCA0M0s6D (ex)
Ri 1 cis/trans nucl eoside 12 HO as nucl eosi de PCT/ CA02/ 00899 The vari ous.

steps as illustrated in Schenes la may be briefly described as follows:
- Stens 1Yo 8 S e He Af BHXEPHi BB ap® HIB inraubaitsklemay be

obt ai neG:d4§h g, I | di i [ CT

oubl i cat | ore WS LA IR o 2%%%&?%&5 RS paEhe 2851) 1-4 (1995),
Tet r ahedPeithismtane 38(ABosHABI-A7 420 i9B) (DxBi oorg. t MedreEhgminget t . 3
(8.) 10.1723-1728 (1993). The as tric synthesis of the sul foxide of

{or ul a {8 TEERAR 1k AP hp oty ot Lt S Eiomsr BFgHomEnanes

6: 1455- ARG (L9 Yrandhisondd o de Phcidedudl O3aihtotape i forpyla (Bx)
is coupled wi-th base RL. The base Rl may beé previously 15 protected, for =
exanpl e si | gt étisr ofi IGdsatted $RR$ t i§omeyrini tinerbate or
-phar”ﬁC%Hkh%ﬁHﬂbﬁﬁ%ﬂ%ﬁf%ﬂé3égﬁﬂé@géﬁfé of'the-reactidn temperature.

The reaction may be preformed at or below room temperature.

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

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

diisopropylethylamine and combinations thereof.

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

oxidized state.

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

CH;CN or mixtures thereof.

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

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

'Step 2: The cis/trans pyrimidine nucleoside of

30 formula (Dx) is dissolved in a suitable deprotection sclvent
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The coupling reaction takes place in the presence of a tertiary amne, a
Lewis acid of formula (C) and catalytic 25 6 December 20035 WO 02/,102796

- PCT/ CAQ6Q98820.@mount s of an el enent of groups IB or IIS%;n a suitable
coupl ing solvent to give the cis/trans pyrimdine 1,3 - N PHURE

nucl eoside of formula (Dx). In the resulting internediate of fornmula (Dx),

the cis isomer predom nates jouer the LransiSOgeL.Jp.actafi goggpal to

i1
greatert rans rsoner s 1 nv rsely

propordd anad1d fideci enper Bdok Baed ' dhenli€bsd s Dile t @ARRbELEEEOYr The reaction
may be prefornmed at_or bel ow roomtenperature. The silylating agent that
may belepbmtivres Hef forptbaebd¥bn of Rl include t-butyldinmethylsilyl
triflate 1,1,1,3,3,3 hexanmethyldisilazane, TMsSI, N, O bisTMs acetonite

and trinethylsi3¥g?%§%%é%%§ﬁ§§y éég{&@ggof@gﬂe Hs6drEkNekep 1 include

triethylam ne, am ne, diethyl methylam ne, L5
di riet hyahes eyl hindantei. owli ot hiyd | sopdopy | afri fermubamédhy| beuikalilee, -

di net hyl cycl ohexyl am ne, tributylam ne, i et hyl nethiyl am ne,

i ot P TESRED SR Uttt it Uiyt ef bty nEoRHE Bonbersti ons

- ther eqhy e Jhen@bRPENE L REx COADESALL R 0bne! enBPESTOf guLaWR®H1e20. IB or 11B
used in step | include Cu, Ag, Au, Zn, or Cd in oxidized state. The

sui t abtemiobupt 1 oS sof vent vestanioe jade cresbRrieht anFheasaittabl e coupl ing
sol Ve%étﬁ?']ﬁc:)gd?e%?;@gg%nePﬁg@ggﬁoiﬂ xhares-LhBhegh: reenlhe s acid that

may be USe
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 p:oceéses of this invention.

1) 2-henzoyloxymethyl-1, 3—oxathiolane
- . OH
: HS/\/ S _
O : : >
i — 0/\/\>
O Ho N 0- -

(1) ' - o . (2)
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include trinethylsilyl triflate bronotrinmethylsilane iodotrinethylsilane

~and m xtures thereof. The anount of the Lew s acid may ¢he hetwegn about 2

eq to abe e 6St ep 2: The cis/trans pyrimdine nucleoside of .30,

formula ( I's"di'ssol ved in a.suitable deprotection sol veRETZBOUPHEY J

02/ 102796 6 Decenber 2005 PCT/ CA02/00899 in the presence of adequate -

~amounts of a deprotection agﬁnt to,yield the cis pucl eosi des or nucl eosi de
B o

anal ogues or deri f AR LTI veR L tabrendepntt ER®i on sol vent
favors thauk ithy W IHezatd Pl d heo proshect cofe Higpduland Aagesyi tabl e
solvents include water, nethanol, ethanol, toluene, tert- butyl nethyl

et her oif oddmviadatiyo mendaprteasftharge) t Hibet ieonbsant | Dneodbarssl 9Ent s i ncl ude
met hanol ter net han 1d. tol uene, net hangl d tert-but met hyl

et her gfﬁ&%(i%%%ré"grestﬂsteé% gieaag%glo?%éctvf%%é agent 3° n%ﬁ?gdgns%?uﬁ?g#\?dr oxi de,
sodi m &kt hosiMleomampidtndy OXx{ e, Tot asshdifl.ohy@di RKhde, whit hi um

hydr oxi de and met hanolic anmmonia. O particular interest are deprotection
‘agents TRALUEES vEitd Weteps ReRoEGehdratlean ottire b¥dBucResrlEsr fBFa (A).
The deprlti%ctSit%Q, %btr%o Ejhgmg{ ef,prmeh at; a tenperature below the boiling

poi nt of the suitable eprotection solvent The fol | owi ng exanpl es ‘
illustrate the present 20 invention in a manner of which it can be _
practi c&abBet 1 as such, should not be construed as linitations upon the
overall scope of the processes of this invention. 1) 2

- benzoyl pxyreihyl—1E—3——oxathiolan - - :
égtaiyéﬁ Reaction atter 20 min Reaction after 40 min
Conversion Yield of Conversion Yield of
% (2) % % {2} %
BF;0Et, 100 79 - 100 71
{ pTsOH ' 100 . 82 100 i 80

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

.0 Rg: 0.39 (hexane: ethyl acetate)

1H-NMR: & (ppm in CDCl3)

| ‘8.03'(m, 2H, aromatic)

7.53. (m, 1H, aromatic)

‘ '7.39 {m, 2H, aromatic)

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

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

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

 2.98 (m, 2H, C4-H)

20  13C-NMR: & (ppm in CDCljz)

28




OH HS (1) (2) 27 WD 02/102796 6 Decenber 2005 PCT/ CA02/ 00899 Conpound (1)
was di ssolved in toluene and the solution was heated upgipR..20:383C.

Cataly fol |l owed by nercapt oet hanol ortio mol ar % of
cat al y?%ox%@?‘]@q%ged React i ons \>//vere caPrl ed out ng15g s@gTZ&zam&P”@. 3M
gonct:)gntrgtloE of (1) The rea](c:tlon m xture was refluxed with water renoval .
y an-Stark trap,. Results_ for |S S e 0 g, Table 1. Table 1
Cat al yst React i ont Zbi:%n?l a]c:ﬁ g%g'afigg‘% éy'%hvzrsfg@hw el d -of
Oonver & Yl d323f74 2) so(2) a BF3OEt 21007910071 stO—I1008210080 Conpound
(2) was identified-by 1H and 13CGNVMR_ .0 R f : 0.39 (hexane : ethyl
acetate) 15 1HNVR 8 (ppmin CDC13) 2H, arorratlc) 7.53 (m 1H, -

- ar ome2) - béh%§N¥¢%Y@FFhﬁ}oha¥T%%atB#Q¥aPﬁnL -exider. H
4.43.(m 2H, C2- CH20CO6H5)

O/\r\s> H,0,/ H,50, N
S _ ‘ .

(2)

()

5§ Cold 30% hydrogen peroxide {(4a6ml, 0.44 mol}) was added td (2)
| {82g, 0.366 mol) in toluene (8 ml). 10M sulfuric acid

(4.5ml, 0.044 mol, 10 mol %) was added dropwise (addition
time approximately 1 min) . The reaction mixture was

_ ﬁigorouslyrstirred at 25-30 °Cc for 2 h followed by 1 h

10° string at 30 °C. Water {(100ml) was added followed by sodium
bicarbonate (3.7 g 0.044 mol} followed by sodium
metabisulfite (Sg). Organic 1éyer was separated and agueous
phase was extracted with dichloromethane (3x20 ml). The
combined organic extracts were drled over sodium sulflte,

15 .concentrated to dryness and trlturated with hexane to form a

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

lH-NMR: &{ppm in CDClj) .

20 8.05 {(m, 2H, aromatic, éis—isomer)l
| ;7}95 (m, 2H, -aromatic, trans—isomer)
7.56 (m, aromatic)
7.23 {m, a;oﬁatic)
4.77 (m, 4H, Cy-H, Cg-H, and Cp-CH,00CCgHS)
25 4;43 (m, 1H, Cg-H, trans-isomer)
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4.21 (m1H,C5-H .3.95 (m1H C5-H 2.98 (m2H, C4-H 20 13C-NVR 5 (ppmin
CDC13) 28 WO 02/ 102796 6 December 2005 PCT/ CA02/ 00899 ¥ﬁ§m§§mr%ﬁ§ 74,

130. 35, 128.97, 83.58, 71.87, 66.62 and 32. 74 2-benzoyl oxymnet hy )

3- oxat hivod ares2%oxi de H2021 H2SO4 (2) (3) 5 Cold 30@6hydrqqgmgggmg§bde _
(46ml; 0.44 nol) was added to (2) (82g, 0.366 nol) in toluene (8 m). 10M
sul furic acid (4 5n1 0. 044 nmol, 10 nol % .was added dropwi se (addition

Ctinme apprOX|nate n) react Lon_ fixt i vigorously stirred at
25-30 C for #ol &%b 6}{ QﬁS%g str?ng at 38 C. water (100m ) was added

fol | oned by sod|%n1 bqurggpaue {18, 7c8afs044omek) foll owed by sodi um
nmetabisulfite (8g). Crganlc Iayer was separated and agueous phase was

extracted with dichioremethane:{3x20cik™])sobke) conbi ned organic extracts
were dried over sodiumsulfite, 15 concentrated to dryness and triturated
with hexane to forma solid. 83g (94%) of target conpound (3) was obtaine

m p. 1@t7ﬁ%R!HﬁN¥Bm g@p@ﬁku%)CDC13) 20 8. 05 (n1 2H aronatlc ci s-isoner)
7.95 (m 2H,.-aromatic, trans-isomer) : ' '

5 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—2—benzoyloxymethyl—4—(N~acetylthosine—
1'—yl)~l,3foxathiolane
| | NHAc
/ ' ' NHAC .
/ N ' . g

NZ:( : | ¢ N
. OTMS ’ . ‘
fl | S—i§““ﬂg3 :
o | ei‘  \'1=. ) :

@ - )

Compound (3) was diSSolved in.CHﬁﬂq (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 S eq) while
keeplng the 1nterna1 temperature below* 5°c. stirred at -5°C

.. to -10°C untll the compound {3) dlsappeared The CuCl (20%)

and ‘the pyrlmldlne (1. 1eq} was added. ' The.reaction mix was

" 20 warmed up. and kept between 5- 10°C until TLC 1nd1cated the ,
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7.56 (m aromatic) 1,23 (m aromatic) 4.77 (m 4H, C2-H 'C5-H, and .
C2- CH200CC6H5) 25 4.43. (m 1H GC5-H, trans-isomer) 29 6. Recenber,.2005
PCT/ CAOROQRARH9¢t- 09(m 1H, C5- H, ci s-i soner) 3. 11(m 2H, C4- Bd@lEnhsaner )
2.75(m 2H, C4-H, ci s-isoner) 13C--NMR S(ppmin CDC13) cis-isoner: 166. 64,
134. 02, 130. 42, 129. 88, 129. 06, 96_16, 68.83,59.47 and 54. 30 trans-isoner:

~ 166. 36,013¢132 13002912068, $RQ. 15a4080A7mi¥PuréOwaS, polred ando53. 47 3)
- (#/-)-CG's, trans-2-benzoyl oxynet hyl -4-(N-acetyl cytosi.ne- 1' -yl) -1,
- 3- - oxabhi JHadlE AbAcstinsed 2f@r Cohpoimekes 3ynwel P s8@l¥@d in CH2C12

(2-0nL/Qg)- .an cooled.tp -15.C -Ihe anine.(be n and. 2 _eq). as added
fol | owR eSf;Péga‘itFi B’ﬁso?egﬁ/%%‘?gcbeggéeﬁrﬁa%(& Eg\é)%)% YRS %%9%53‘%% t he
i nt er nahdt appebakunaybel aws- Berrattedediah €HE1{0 -THXC enganid he conpound

(3) disappeared.. The CuCl (20% and_the pyrimding (1 . |eq) was added.
TheS_ Rayefi vasnivgshgds Wikl Wadetp. 25nH ke pLid¥tRedr28290C 1 TLC

i ndi Ea_;ﬂggh%eO;ga\qgcogg}gy%gs evaporated to give the product,

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

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

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

8.06 (m, 2H, arocmatic)

7.65 (m, 1H, aromatic)

15 '7.51 (m, 2H, aromatic)
| 7.25 (4, 1H, Cg:-H)

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

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

170.93, 166.28, 162.80, 155.76, 146.06, 133.91,
25 129.90, 128.84, 97.45, 85.88, 78.25, 64.60, 63.53 and 24.71.
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6 Decenber 2005 PCT/ CA02/ 00899 reaction is conplete. The reaction mxture .
‘was poured into 5% NHAOH and stirred for 10 mnutes until no solid
preci pi t Y@ owge7efet ect ed. The organic | ayer was separatéﬁ%ﬁfﬁﬁﬁﬁﬂ%ﬁg@us

|l ayer was extracted with CH2C12. The organic |ayer was washed with mater
2% HCl, dilute Na2S203. The. washed organic | ayer was evaporated to
gi ve. t he @radyetmercompound (4). Results for this step are shown in Table

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

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

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

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

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

2.07 (s, 3H, CHa)

15 13c-NMR: 3(ppm in DMSO dg)

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

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

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

Tr ans|) Ptiagdi@el) PEACH2 Cagalysts | C30¥RID-iond 53 | 1. YEgfH 2dqFs/O NYield
N- Ac-|Cy Dl PEACUGL2CH2(J @uo1aA 24 9198. 9 172 1. ljeqdided( 0% 30 HT Qb
N- Ac-|CyTEACuC12CH2Cl 2, -15 C, 7%%8.8 : 159 1.lleql. 2eq(20% 5h RT, O N
N- Ac-|CyDMCACUCI2CH2CI |2, -15 C, §09%3.4 : 162 1]l eq‘f.“igq(zo% 5h RT, O N
N-Ac-Cy DIPEL CH,Cl,, -15 °c | BO% 2.0 : 1 53
1.1leq 1.2eq ~ RT, O/N ;
:N—Ac—Cy DIPEA cuCl, | cH,Cl,, -15 °C, o1s 3.9 : 1 72
1l.leqg 1.2eq (20%) 3h RT, O/N
N-Ac-Cy | TEA Cucl, ' éﬁﬁnql -15 °c;. 75% 378 : 1| 59
1l.leq 1.2eq (20%) 5h RT, O/N
N-Ac-Cy DMCA Cucl, CH,Cl,, -15 °C, BO% 3.4 : 1| 62
1.leq 1l.2eq (20%) Sh RT, O/N
N-Ac-Cy DECA €ucCl, CH,C1,, -15 °C 71% ~ 3.9 : 1 577
i.leq 1.2eq {(20%) RT, O/N
N-Ac-Cy | DIPEA | CuCl, {2%) | cm,cl,, -15 °C, 80% 2.4 : 1 56
1l.1eq 1l.2eq 3h RT, O/N
N-Ac-Cy | DIPEA CuBr, CHeL,. -15 °C, 80% 3.7 : 1| 63
l.leq | 1.2eq (20%) 5h RT, O/N
N-Ac-Cy DIPERA | Cuf{acac); | CH,Cl,, -15 °C, §5% 3.7 = 1] 67
1.leq 1l.2eq (20%) sh RT, O/N
N-Ac-Cy | DIPEA | CuCl (20%) { cH,Cl,, -15 °C, 80% 3.6 : 1 63
l.leq 1.2eq - sh RT, O/N _
N-Ac-Cy DIPEA | Cul (20%) CH,C1,, -15 °C, 74% 3.5 :1 58
l.leq | 1.2eq Sh RT, O/N |
N#\c-Cy DIPEA CuSCN CH,Cl,, -15 °c, |  70% 3.1:1 | 53
1.leq 1.2eq (20%) Sh RT, O/N | .
N-Ac-Cy | DIPEA |  ZnBr, CH,Cl,, -15 °C, 53% | 3.1: 1 | 40
i.leqg . 1.2eq7 - (20%) 5h RT, O/N ‘
Cy DIPEA CuCl, CH,C1,, -15 °C, | 72% 0 ] 2.4:1 | 517
l.leq | 1.2eq (20%) Sh RT, O/N

Cy = cytosiﬁe
DIPEA = diisoprppylethylamine
5 TEA = Triethylamine
. DECA = diethylcyclohexylamine
DMCA = dimethylcyclohexylamine
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N- Ac- OyDECACUCLI2CH2CL2, -15 C7198.9 : 157 1.1eql.2eq(20% RT, O N
N- Ac- CyDl PEACUCL2 (2% CH2Cl 2, -15 C,809R.4 : 156 |.leql.2eq3h RT,_ O N
N- Ac- Cy DMERAMFFCH2A 2, - 15 C, 8098..7 : 163 | .| eql. 2eqlOoRiHheAIs0 N -

N- Ac- CyDl PEACU( acac) 2CH2CI 21 -15 C, 85%3.7 : 167 |.leql.2eq(20% 5h RT, O N

N- Ac- CyDl PEACUCL (20% CH2Cl 21 -15 C, 8098.6 : 163 |.leql. 2eq5h RT, QN
N- Ac- CyOuPEASR) » (20091RE] 271) 15cEEr) Fd680oBate58 1. | eql. 2eqSh WE, 0/ N
N- Ac- CyDl PEACUSCNCH2Q 2; - 15 C, 709%3. 1: 153 1.1eql. 2eq(20% Sh RT, O'N

N B B RS B 1 B 0 ) T O

cytosine DI PEA = diisopropyl ethylam ne TEA = Tri et hyl arni ne DECA =
di et hyl cycl ohexyl am ne DM CA= di net hyl cycl ohexyl am ne 33 WO 02/ 102796
- PCT/ CA02/ 00899 Cu(acac)?2 = per (Tl) acetyl acetonate 4) '

2- hydroxynet hyl - 4-(cytosi n-¥"-yj) -1, 3-oxathiolane O A+ 2 CH30H NaCCH3

vesh

+ 2 CH,OH

NaOCH,

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

and yield.. Results for this step are shown in table 3.
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NH2 0 +/ + 1 /1\ O A suspension of the substrate, sodi um nethoxi de,

nol e percentage, and the appropriate solvent was sti rre%D a
before | '
checki n‘é’t"tﬁzﬁé

Wei ght_ of Ci s/ pis of Recovery Ci s/ TransTransSol vent St rongCondi ti onst r ansof
Cs b%ng, :ﬁ'ﬁx:"(g)ratio 3.4 :Mx and stir 4McOH MeONa089 lat RT 3.4 :Mx and
stir 10McOHMEONA088.5 lat RT 3.4MeOH tBMEM x and stir 4MeONa090 1(7 :3)at
RT 3.4 XN and stiT  2PVEONATT §ces91 I({7 TP) &l oRI| Raclve
: Weight of} Cis/ 1 ) ( )ate oye
Strong £ ci
Cig/Trans | Trans Solvent : Conditions trans © 18
X . base )
wmix (g) { ratio ( ) (%)
3.4 : - Mix and stir |
4 ) MeOH, MeONa O 89
1 at RT
s 3.4 Mix and stir
10 MeOH MeONa . 4] - 88.5
1 . at RT
3.4 MeOH/ tBME Mix and stir . .
4 MeONa 0 90
1 (7 :3) at RT
3.4 MeOH/ tBME Mix and stir )
25 MeONa Eraces 91
1 {7 :3) at RT-
3.4 MeOH/ELOH
1 MeONa RT 0 98
1 {1 :1) .
3.4 MeOH/ECOH Mix and stir :
4 MeONa traces 92.5
1 (1 :1} at RT
MeOH/ELOH ]
3.4 Mix and stir
25 (1 :1), 150 MeONa traces 93
1 . at RT
mL
3.4‘ MeOQH/Toluene ‘
1 ) ) MeONa RT traces 92.5
‘ 1 {6 :4) .
3.4 MeOH :Toluene Mix and stir . :
4 : ’ MeONa ‘1 traces 20
1 (6 :4) - at RT ‘
3.4 : | MeOH/Toluene Mix and stir . ’ _
25 ' MeONa : traces | - 91
1 (6 :4) L at RT
_ 3.4 MeOH/H20 ' ~
1 , : o NaoH RT 20 90
1 - {95 :5) - .
: 3.4 MeCH/H20 :
1 NaOH At. 50 °C 20 90
1 {95 :5} '

t

iltered. The filter cake was dried and wei yhed | 3

t ratio (by 1H NMVR)
shown in table 3. 34 WD 02/ 102796 Table 3 6 Decenber
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~1MeONaRT098 1(1 :1) 3.4 :MOH EtORM x and stir 4MeONatraces92.5 1(1 :1)at
RT MeOH EtOH 3.4 :Mx and stir 25(1 :1), 150MeONat races93, lat, RE,aL 3.4
: MeOH/ Tol uene 1MeONaRTtraces92.5 1(6 :4) 3.4 : MeCH :Tqueneﬂﬁx and stir
'.4I\/b0\latrq;;6%?é)ﬂ2]7§66 :4)at RT 3.4MeOH Tol ueneM x and stir 25 - MeONatraces9l

1(6 :.4) Lat .4 MeOH'H20 1NaOHRT2090 1(95 :5) 3.4 : Me®HTIY2DPRIOHAL - 50
- C209 0 °1(95 :5). 35 6 December 2005 WO 02/ 102796 PCT/ CA02/ 06899 5)
Synt hesis of 2-benzoyl oxynet hyl - 4- (N-acetyl cytosine-1"-

5) Synthesis of 2-benzoyloxymethyl-4- (N-acetylcytosine-=1’ -

yl}—-1,3~oxathiclane using {(-) or (+) Z2-benzoyloxymethyl-
1, 3-oxathiolane-S-oxide
NHAC
N , S NHAc
2 e e
O\\ ’ N——< : / \N

o AL -

N
| o . S\S‘
0 - Q /*“‘( .
O .
a O .
(3a) - (4a)
5 The enantiomerically pure Compound {3a) was

dissolved in CH,Cl, {10mL/g} and cocled to reaction .
temperatute. ‘The amine was added followed by addition .of
TMSI while keeping the internal temperature below -5°C.
stirred at -5°C to -40°C until the compound (3a) disappeared.
10 The CuCl (20%)} and the pyrimidiné (1.1eq) was added. The -
reaction mix was warmed up and kept between - 40 t6-30°C
until TLC indicated the réactibn'is complete. The reaction
was cooled to 0°C-5°C. Celite (12g, 100% w/w) was added to
the susﬁension and stirred. Cdnceptrated-amméniUm hydroxyde_‘
15 (was added siowly and the Suspension temperaturé was kept
between 0 °C - 10 °C. Stirred at 0°C-5°C. The suspension was
filtered and the cake was resuspended in dichloromethane.
Stir;ed then_filtered. The phases werxe separated and the
aqueous was extracted with dichloromethane . The combined
20 organic layers were washed with a 2% solution of aﬁmonium
hydroxyde; water , 2% hydrochloric solution , 2% sodium
metabisulfite solution and satufated sodidm'bicérbonate
solutioh. . The organic phase was dried oVerAmagneSium

sulfate, filtered then reduced in volume in ﬁacud‘to give
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yl)-1, 3-.oxat hiol ane using (-) or (+) 2-benzoyl oxynethyl -

1, 3-oxat hi ol ane-S-oxide 0 (3a) (4a) 5 The enantionericalggmg %emﬁ?npound
(3a) vvaﬁv @“Sﬁrﬁ’l ved in CH2C12 (10nL/g) and cool ed to reactton.

t enpera & am ne was added foll owed by additi on-of PCTNBO2/#IP? e
keeping the internal tenperature below -5C_ stirred at -5C to -40C until
the conmpound (3a) disappeared. 10 The Cud (2'00-.) and the pyrimdine (1
.1 eq) awmsde asked-cdlpel ed eagt e ohali xs wasbeageaedel ig- andhrepplbésween - 40 to

30C wuntil TLC indicated_the reacti is.conplete e_reactjgn was cool ed
to 0C-WekS %%ﬁ%?%v%ézb? BH086 WP ﬁggoﬂﬁﬁeﬁotSry?ﬁéigﬁ§8éns#g% and stirred.

Concend ;i t &0k AHORAE M DY HF83Yde- 0 15°d aseradipt i@ y Bhd $dpidsispensi on
tenperature was kept- between 0 C-- 10 C Stirred at 0C-5C. The suspension

was fwérerddieddinhvacuRet@agivespspenbader AOHPERAOPERETENES Btirred
then. filtered. Th ase arat ed_ai 0 xtracted
3 E4 et NI ReslIks RSR°GRLE 800 e Mve0UR aRg

W ane . €°CO or gan ayers were washed with a
26 sol 4taned oAbaaneni um hydroxyde; water -, 2% hydrochloric solution , 20
sodi um netabisulfite solution and saturated sodi um bicarbonate sol ution

The organi c phase was dried over magnesium sulfate, filtered then reduced
in volunme in vaclH WRgi(BQOGHG)V\@G%ﬁh0@7%-%7 Déeenblr 9Ho5FIT/ CA02/ 00899

2t Onc. 2na af Sondlivt bReryafaefs 2. 0 Bagoacs Sof= 8 b0 WOhE, hBES VoL en”
filtered-cT8p,s0lBds(ad, J= 3.4 Hz & J=12.4 Hz, 1H, CS trans),
10 4.49 (dd, J=3.1 Hz & J=10.8 Hz, 1H, CS cis) 4.72 (dd, J=8.3
" Hz & J=12.4 Hz, 1H, C5 trans), 4.77; (AB, J=4.5 Hz, 2H,
CH,0Bz cis), 4.84 (AB, J=2.3 Hz, 2H, CH,0Bz trans), 5.50 (dd,
J= 3.1 Hz & J=4.5 Hz, 1H, C4 cis), 5.92 (dd, J= 3.4 Hz &
J=8.3 Hz, 1H, C4 trans), 6.61 (dd, J= 2.3 Hz trans & J=4.5
15 Hz cis, 1H, C2), 7.25 (4, J=7.5 Hz, 1H, C5'), 7.5-8.1 (m,
i0H, aromatic cis & trans), 8.30 (d, J=7.5 Hz, iH, C&'},
9.50 (s 1H, NH). '

13¢ NMR (300MHz) (CDCls) 6: 25.9 (cis & trans), 64.3
{cis), 65.1 (trans), 65.3 {cis & trans), 76.1 (tramns), 78.7
20 {cis), 84.7 {trans), 86.2 {(cis), 97.9 (cié), 98.1 (trans},
| 1128.6 (cis & trans), 128.7 (cis & trans), 129.2 (cis &
trans), 129.4 (cis & trams), 129.8 (cis & trans), 133.5
(trans), 133.7 (cis), 145.3 (trans), 145.6 (cis), 155.2
(trans), 155.3 (éis), 162.5 (cis & trans), 162.6 (trans),

: 25 165.7 (cis), 171.0 (cis), 171.1 (trans).
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were dried in vacuo to give pure base-coupled product as a pale beige
solid. Results for this step are shown in Table 4 and T% érz H NVR
(300M—Iz)26§%%66 2.27 (s, 3H, CH3 cis) 2.29 (s, "t , 4.06
(dd, J= 4. 10.8 Hz, IH, C5 cis), 4.30 (dd, J- 3.RCHEA&2®68192 4 Hz,
1H, C5 trans), 10 4.49 (dd, J=3.1 Hz & J=10.8 Hz,'1H, CS cis) 4.72 (dd,
J=8.3 Hz & J=12.4 Hz, 1H, C5 trans), 4.77, (AB, J=4_.5 Hz, 2H, CH20Bz _
cis); 4.84 (AB, J=2.3 Hz, 2H, CH2OBz trans), 5.50 (dd, __J-_3;1 Hz & J=4.5
Hz, 1H 4 cis), 5.92 (dd, J= 3.4 Hz & J=8.3 Hz, 1H 4 trans), 6.61 (dd,

7. 5 8.
(s 1H, NH). 13C NMR (300MHz) (CDC13) b : 2S. 9 (cis & trans), 64.3 (cis),
65. 1 (tr[ans), ©65.]3 (Ci pr&dthian$), /6.1 (trand), 78.7720 (cis), B4/ '

- J H%éﬁ&an% & J=4.5 15 Hz cis, 1H, C2), 7.25 (d, J=7.5 Hz, 1H, CS), ‘
OH, aromatic cis & trans), 8.30 (d, J=7.5"Hz, 1H C6 ), 9.50

(trans), s), 9f ci s) (dgge1] (1rCiRs] () Trams  (figrang, |t ans) .| 128.7
(cis &t Su?fcjxl(ﬂTZ g{ife( Ci S “thangy), 129% (€is (& trans)s) 129. g cﬁ?s &
trans), j133.5 (tlrans)| 18%)7 (cis), 145.3 (frans); 145.6 (cifs) ($15§.2
(trans), 1553 (Qis), I6Z2.5 (CijS & trans), 1bZ2. 6 (trans), 25{I65.7 (jcis),
- 171.0 (dis), 171.j1 (trgans). 37{WD 02/102796 fJable 4 ¢ Decenbgr 2005
PCT/ CA0Z3/ 00899 Rgactioncjs/ { % i s(+ Trans@+) trang .
Sul f oxi dql@as‘ezenp?ﬁ%%: ](/o(% 3%) )i%gc),\,,é.? _1)1 3.2 :1
3 : .
4 TEA -15 70.4 5.2 1.6 . |22.8 3.1 :1
BlO/YO)
bt
820" S .
}(,_7 TEA -15 4.9 73.6 20 1.5 - 3.6 :1
i
m’\:j _ |
- DMCA | -25 72.4 4.5 1.25 21.8 13.3 :1
@
B20 s S : :
2—7 tea  |°*° 1 74.4 |24.6 0 3 :1
| {internal
temp),
warm up to
‘RT after
adding
silylated
base
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Dl PEA- 1546. 927. 46.

7173. 2

‘TEA- 154. 973. 6201.53.6 : 1

:1 axa~ TEA-1570.45.21.622.83.1 :1 exo~ O Szo
_exp~ DMCA-2572.44.51.2521.83.3, ;1 Q BjoL""".
OTEA- 39&3%1&7364. 603 :1 (internal tenp), warmup to RT

&

%@8899 |

1 BZ0

silylated base 38 WD 02/ 102796 Table 5 6 Decenber 2005
Sul f oxi deBaseReacti onYi el dC s/ Trans Tenperature% % C TEA-20743.3 .
Table 5
|sulfoxide| Base Reaction Yield Cis/Trans
Temperature % (%)
°C
. TEA -20 74 3.3 : 1
Blo/\gj
7 +DIPEA
4 (i-pro) |-20 72 3.7 : 1
o ™Y ) P
° NMEz
? TEA ~20 63 4 ;1
Bzof\gj .
. i (i-pro) |-20 72 3.3 1
8z0 '0..7 . .
NMe,
| 2 TEA 220 70 3.3 : 1
qu/\(J '
O

TEA ‘= Triethylamine

DIPEA = Diisopropylethylamine

5 DMCA = Dimethylcyclohexylamine

i(i—pro)NMeg,: Isoproplydimethylaminé

39
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" +DIPEA (i-pro)-20723.7 : 1 Bco--" ) NMe2 a=a' YTEA-20634 : 1 0

'(i -pro)-20723.3 1 szo'Y ) NwMe2 ezo' ~''TEA-20703.3 1 TE’%I%ceHer?BW' am ne

Dl PEA = Dii sopropyl et hyl am ne DMCA = Di net hyl cycl ohexyl am ne -pr o) NMe2
| sopropl ydi.met hyl am ne 39 6 Decenber 2005 CLAIMS: 1. A stereoselective
process for making predom nantly cis nucleosides or nucl eosi de anal ogues
and dericiaiMszs of fornmula (A) : HOS RL Q-—~ wherein (A) RLis a

pyrinm di ne base or a pharnaceutically acceptable derivative thereof; and
.Qis carbon, oxygen or sulfur, wherein Qis 10 preferably oxygen;

consi stilng of thefsFEFLEPSEIEHTiNG BrocRssuA@TronakingnmradoB)inarely

cis nucleosides or nucleoside analogues and derivatives of

formula (A):

wherein

Rl is a pyrimidine base or a pharmaceutically

acceptable derivative thereof; and =

Q is carbon, oxygen or sulfur, wherein Q is

10 preferably oxygen;

consisting of the step of coupling a compound of

formula (B):

wherein

15 R2 is deﬂ aralalkyl, Ci;_i¢ acyl or 8i(Z') (2?) (Z2%), |
where z', 2z’ and Z* are independently selected from the group
consisting of hydrogen; C;.;e alkyl optionally substituted by
fluoro, bromo, chloro, iodo, Cie alkoxy or Cg._z0 aryioxy; Cyoa0
aralkyl optionally substituted by halogen, C;_; alkyl or CLQU

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

fluoro; bromo; chloro and iodo;
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-0 0 11 wherein (B) 15 R2 is C 7-10 aralalkyl, C1 16 acyl or Si (Z1) (Z2)
(Z3) where Z1, Z2 and Z3 are independently sel ected frog@)&:%& 9;{093”’
consi sting of hydrogen; Cl-24 al kyl optionally substituted |'uor o,
brono, chloro, iodo, Cl-6 al koxy or C6-2Q aryl oxy; C7_20 aral kyl
optionally substituted by hal ogen, Cl-20 al kyI or C1-20 20 al koxy; C6-20
aryl optionally s t tu by:+1f | ygr r h =20Q..al kyl or
'Cl1-20 al koxy; tri ﬁﬁ%ﬁ Sal fb;%%e % uglggget%?o%oqoagh%obgg Hgﬂ 01;3%[8 grDecenber
2005 wi t&h Eélatmsa@eﬂxlqméwelanclaptlabla periivedire bheeeorf a pharmaceutical ly
accept abl e derivative ther eof' ina Cl1_10 coupl i ng solvent in the presence
of a catalytic aqount gof a et 0{ conbi n I on of el ene Es of group
IB or. 11B of the périodtd°t a%lll% T BPTYRY B W R eni S a®id to yiel d
an i nt eradilattd cobrbantub® &R) eleRenvheretdmBinafR2oandf Qaemeteki sed above;
and %second i ep to_deprotect the internediate for 10 formula (D) to

yi el @ ofHW® dPs CfudLEostdtieoPeniiefdGstakleanal betEsasy aBingadides of

for nul az( Aewiereln rtiaeyeemal aﬂglﬁt:@pméalgeefSfa%i‘mﬂféf ehired at a
tenperature equal to or”less than 30 degrees Celsius. 2. A process
according to claim1 wherein the Levms 15 acid is a conmpound of formula

(O: (O wherein RZ\O/YASYm

Q

(D)

wherein R1, R2 and Q are defined above; and

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

analogues or derivatives of formula (A)

wherein the coupling step is preferably performed

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

2. A process according to claim 1 wherein the Lewis

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

wherein

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

41



R4, R5 and R6 are independently selected fromthe group consisting of

hydrogen; C1-20 al kyl optionally 20 substituted by fl uorgy c?&&pﬁmchl or o,
i odo, Cl-6 al koxy or C6_20 aryloxy; C7-20 aral kyl optionally substituted

by hal ogen, C1..20 alkyl or C1-20 al koxy; C6-20 aryl optionally
substitut ed 41 6 Decenber 2005 by fluoro, bromo, chloro, iodo, C1_20 alkyl

or t yl flu I 0; bro hi or g, and and R7 is
sel ect egmfa e gé%%gco%gés/ 19 gt BF° fFush %Hktyﬁor?ﬁ: %éi*ﬁ"o?k)go?cgdo Cl_20
sul phonaimaéﬂt}érs;llybptfhita&dy Istthed | teHBsk-dYardd Wsds ; ki, chioro or

iodo; C, _20 alkyl esters optlonally substituted by quoro .brono, chioro

or iodo; triiodid a, Si p. of the general forrmla(R4(R5)(R6)S|
(wherein R4, RS, (}hd %%Eec%secﬂéfﬁ%d: he HRYP cams it g 1adel enenyl ;. C6_20

aryl sul femdro Db2nd0 & kpeyaliods d, t 5,3 5}5!nsdltte A process
according to claim1 wherein Rllls? ?g'zeoctsedbfrom Rgé\étej%SRlo | RI1 O N

“R11 50 OPtRrnadily Rupsic e GYRELudrd.y brioshertdiaro o siamioigeEh, 20NH or
SU|fur.éﬂH§i(39@¥y§ Jﬂéf% lfglgﬁbstltuted by fluoro,_bromo, chloro

or lodo; triiodide; a silyl group of the dgeneral formula
(R4} {R5) (R6}Si (wherein R4, R5, and R6 are as defined
above) ; C¢.50 arylselenenyl; Ce oo arylsulfenyl; Cg.a0

10 alkoxyalkyl; and trialkylsiloxy.

3. A process according to claim 1 wherein R1 is

selected from:

R9

-

N

N
NZ l R10 NZ ' R10 . N4I\N . N%/Rm
| [
O)\fl\l R11 OJ\T R11 OJ\T/I\R'H O)\N,N
l

(1) (11} - (111) (1V)

R13 X X X

R12 .R10 ' R10 _ ' '
| “ HN HN A /”N\ HN/U\(Rm
' )\N R11 Y-)\N’N
I o [ I |
(V) (V1) (V11) (V1i11)
15 wherein:
X is oxygen, NH or sulfur;

Y is oxygen, NH or sulfur;

R8 and R9 are 1ndependently selected from _
hydrogen, hydroxyl, amino, C16 alkyl or Czs alkenyl 024
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(V11) (MI11) R8 and R9 are independently selected from hydrogen, hydroxyl,
amno, Cl1_6 alkyl or C2_6 alkenyl, C2.6 R8 -J-RO R8, RI¢N...Rllz)s N RL1 42
6 Decenber 2005 al kynyl, C -10 acyl, 06-10 aryl, C6-11 carbonyl aryl , 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 5 carbocyclic ring

optional stidute | t hy COOH, ONH2, 2, -NO2, Cl1.6 al kyl,
C2-6 al Iflelﬁﬁl ) szé'lﬁl%yﬁy'l rbe'h"al oder, dg(]@) ﬁ?gﬁﬂﬁ%{gﬁmﬁlﬁs a G _s al kyl,
C2- 6 al lkeambonydafyalilyldynyls_anda€bohpRbsyakelei 0, R15 is a Cl-6 al kyl, C2-6
al kenyl , -6 al Iﬁ}/.n | : agd RO is chosen fromH, Cl-6 alkyl, 10 C2.6 al kenyl
and C2- 6:3%%3%?@15‘ ,llégééﬂf an % 898 @GSt ed to the nitrogen atomto form
a saturated or unsaturated C3-$ heterocyclic ring optionally substituted

with Q{0 OH C (OrgNRiy B8, aSHatMidtelOr uSkaBushkel, cG3-6 al kenyl, C2_6
~al kynyl, hal ogen, C(Q R14 15 wherein R14 is a Cl-6 al kyl, C2-6 al kenyl,
C2_. & alo&yhpcYsddc cioporps inratdyn sRbstiisusediwdthl RPPH, C2-(6) NHkenyl, C2-6
al kynyl gandR1 R1, Rl a 3 e . pdependently _.sel ected from
hydr ogen, 'hafﬂgggﬁ,z' h%/odzr'o%ﬁ %gn]%]id %89%%%,‘ dar b&%@ﬂ%ﬁéfrlﬂarmyl , C2-7
al koxycheBogphn, Ky Biynehbykin Rokf isonoTeihyullkyT6- &0 cadiykédyD, &l; 6
al kyl , 6 a kenél . .
alkynyl and C(C)OR15 wherein R15 ig a Cy.¢ alkyl, Co
- alkenyl, C;¢ alkynyl; and R9 is chosen from H, Ci.¢ alkyl,

10 Ca.¢ alkenyl and Ci.¢ alkynyl;

R8R9 can also be connected to the nitrogen atom to
form a saturated or unsaturated Ci;; heterocyclic ring
‘optionally substituted with C(0)OH, C(O)NH,, OH, SH, NH,, NO,

_ Ci¢ alkyl, C;.¢ alkenyl, Cz.¢ alkynyl, halogen, C(O)R14
15 wherein R14 is a C.¢ alkyl, C.s alkenyl, Cs.¢ alkynyl and
- C{0O)OR15 wherein R15 is a C;¢ alkyl, Ci; aikenyl, Cag
alkynyl; and |

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

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

ureido, amidino, or Cg.30 aryloxy.

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

Au, Zn or Cd.

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

30 (2%, (2%, (2°) are independently selected from the group
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.substituted or unsubstituted wth hal ogen or azido, C2-6 alkynyl, Cl-6
acyl oxy, thiocarboxy, thiocarbanoyl, carbamate, ureido, BQéedé,Jr‘Qoo or C6-10
aryloxy. .25 4. A process according to claiml wherein t?l el enen or
conbi nati on of elements of groups IDor IIBis Cu, Ag, Au, Zn or Cd. 5 A
process according to claim1l wherein the tertiary amne is of the form

N(Z4) (Z5) . wherein 30 . re. . ij.ndependently sel ected
fromthe g?%%%élﬂ} 65%6(2%%%#@0?%@?%# nég’}bo%%lu_tbecglml;ﬁq‘ opttonal ly
substi t vabklylu tthe GloBn tadkylaryt adiotes tardh aly AMates, IHthas

triethyl amne diet.hyl cycl ohexyl| am ne, diethyl methylam ne,
di net hy_I%t%%’%]rﬁ%%fdb%’fﬁmrf%oé’cﬁﬁ;}y&'ﬂ%ﬂ?}mﬁi%t hyl but yl ani ne,
di et hyl &yt oered B feind I i didatha g prihathulaet hyl ani ne,

di met hyl i sopropyl am ne, di i sopr opyl et hyl am ne or ‘combi nati ons thereof ;
- C6_10° dHisthyrIbuigrlageime 6 dimeitndayvs Iahesydiamgnieo  ¢lrdibmty Iwimemei,n t he

organi c g4 I I.s .a Cl - L orrqal kyl suych.as chl oronet hanes, or

chl oroet%li%e@ng%}f%clﬁ}edr (5%1‘%%#%151 ;505% eé’flil@m&ﬁ’ie(jroaryl 5 d_8

al ky| onidiriidapmo exhyieintiarowirt Idon@E na@iofisX theesdrhergaf . aZy1A grocess
accordi to claim1l wherein the deprotection step is perfornmed in the
presenc 9L™5 deprotecting agent and a deprotecting.sol vent which favors
the crystallization of the cis nucl eosides or nucl eoside anal ogues or

derivatieves of fomnE&%c@éb1dW@%&aﬁﬂgtE% c@ﬁ@&oﬁe&hgggiﬁoEﬁ@nbrbgn%%eferab'y

wat er, net hanol, ethanol, toluene, "tert-butyl nethyl ether or~conbi nations
t held&of SCAyegt AsppoEesschtersralyl t such aisn Ghivmeresthamss, depr ot ect i on

agent i%h&h%%%kﬂ%neEQCQ %§4Séﬁﬁé¥%£Q%EﬁQQé¥ha CGﬂp chloroaryl; C;_s

alkylonitrile such as methanonitriles; or miitures thereof.

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

toluene, tert-butyl methyl ether or combinations thereof.

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

thereof.

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

30 2- mercaptopyrimidine, 4-mercaptopyrimidine, uracil,

C%-alkylpyrimidines, C®-benzylpyrimidines,. C® halopyrimidines,
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sodi um et hoxi de, ammoni um hydr oxi de, potassi um hydroxide, [|ithium

‘hydr oxi de, nethanolic ammoni a or conbinations thereof. ecememAiOQ ocess
according to claim3 wherein R is selected from N4-al Kyl'pyrim di nes,

N4- acyl pyri m di nes, 4-hal opyri mdines, N4-acetylenic pyrimdines, 4-am no
and N4-acyl pyrimdines, 4-hydroxyal kyl pyrimdines, 4-thioalkyl

pyri m di o%&;irmg(}?ﬂeai@ﬂﬁéz_sld’feacét%éaw BlaiRe a1 3@, 205 DEEERPt opyr I m di ne,
4-mercaptopyrimdine, uracil, C5-alkylpyrimdines, C5-benzyl pyrim dines,

C5 hal opBYTHriiRe, 74 @ibmmiari 20ss 5-evapbpyrinidine, C5-acetyl enic
pyri m dige,, ;65 syl M disne, . CS- ani, rim di ne ~gyanopyri m di ne,
C5-ni t ro(gl;rniln‘i g%?eglm%zgln@l’ngjpyrgfnﬁggpﬁg}ggaélzl&y Tﬁ?ﬁ?&lgégggaur aci lyl,
triazol dpyazalirgdilyl daziodopyepitginyD, Pyiidd opyehyETHIvgL,

pyr agl opyrinm di nyl D‘i:it a ﬁqhar maceutical |y _acceptable derivative thereof. A
process &1&9 B B T PYFRFRQI PRI (e ri phaymaceidt sy C1- 16
al kyl', Geddhrpbaax il kintat ivid @A aryl, Cl-16 al koxy or nitro; or wherein
Eis CG10 aryl, Cl1-z6 al koxy, C2-16 al koxyal kyl or Cl-16 al kyl ; or Si
(Z1) (Zz2) (Z3) , where Z1, Z2 and Z3 are 15 independently selected fromthe
group cortsi sting & PHaRHEyarnc@rizy ddkydlaom iondidneisulR iitsut ed by
fluoro, brono, chloro, iodo; C7_10 aralal kyl optionally substituted by
fluoro, bronmo, chloro or iodo; C6-10 aryl optionally substituted by
fluoro, bromo, chloro or iodo.

wW

wherein W is halogen, C;_i¢ alkyl, C;_ls alkoxyalkyl,

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

O

&

wherein E is Ce.10 aryl, Ci.ie alkoxy, Ca.ig

alkoxyalkyl or Ci;.i5 alkyl; or

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

substituted by fluoro, bromo, chloro or iodo.
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