6 February 2007 WD 2004/028445 PCT/ US2003/ 024986
PROCESSES FOR PREPARI NG 1, 3- DI OXOLANE NUCLEQCSI &fFgbruary 2007
CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
application clains priority to U S. Provisiona
Application No. 60/401, 655, filed on August 6, 2002,
wd heydssgcl osure of which is incorporat ed saewsion/iaywse
reference. FIELD OF THE I NVENTION This application is
in the area of pharmaceutical chem stry and in
particul ar provides processes for preparing
1, PROCESSES FORPREPARINGES3-DIOROBANBINUCLEOSIDES
enantionerically pure D0 and L-form BACKGROUND CF THE
| NVENTI ON Al DS, Acquired I nmmune Deficiency Syndrone,
IS a catastrophic disease that has reached gl oba
proportioqﬁ. A#gs was first brought to the attention
of the CentRISSREFERENCETORELAFEARPHCATAY Prevention
(CDC) in 1981 when seeningly healthy honbsexual nen
came down with Karposi's Sarcoma (KS) and Pneunocystis
c afThisiapplioation oiinds Priofif @PYS,S. Piteisidpdd Applicaiicnt N 60/MSKEESES

el o8 e PRy S Julip e BERE e agent

of AIDS, a |ynphoadenopathy- associ ated retrovirus,

t he human i nmunodeficiency virus (H'V) was isolated by
the Pasteur InsFFFBPETF%%?%WVg§ and | ater confirned
by an i ndependent source in the National Cancer
Institute in the United States. Another virus that

c alibie sipplicationi ip irs thia Lanaanofhghatmabeuticad bheuistiysanti e pasjositn t i S

ir BY) . \V i S secql nl obacco. as a
ot st it B TRESOLBT A TR e
enatioetely paedemd Lfommknown. |t is postulated that it

may directly trigger tunor devel opnent, or indirectly
trigger tunor devel opnment through chronic

i nflammation, cirrhosis, and cell regeneration

associ ated wit I nf Lo, =---------- --- 6
February 2007 %@ﬁ%@ﬁﬁ%&%ﬁ%&w&zow 024986 ' . .
After a 2- to 6-nmonth incubation period in which the
host is unaware of the infection, HBV infection can

| e &PY Soattigd Buprng Defigipney Srnpiramoy isia cafasiaphic discaseihat basg | n

reached global proportions. AIDS was first brought to the attention of the Center for

Disease Control and Prevention (CDC) in 1981 when seemingly healthy homosexual
men came down with Karposi's Sarcoma (KS) and Preumocystis carinii pneumonia
{PCP), two opportunistic diseases that were only known to afflict immunodeficient -
patients. A couple of years later, the causative agent of AIDS, a lymphoadenopathy-
associated retrovirus, the human immunodeficiency virus (HIV) was isolated by the
Pasteur Institute in Paris, and later confirmed by an independent source in the National
Cancer Institute in the United States.

Another virus that causes a serious human health problem is the 'hepatitis B virus

- (HBV). HBYV is second only to tobacco as a cause of human cancer. The mechanism by
which HBV induces cancer is unknown. It is postulated that it may directly trigger
fumor development, or indirectly trigger tumor development through chronic

inﬂéunmation, cirrhosis, and cell regéneration associated with the infection.




abdom nal pain, jaundice and el evated bl ood | evel s of

certain enzynes. HBV can cause ful m nant hepat Febraary@2007

rapidly progressing, often fatal form of the disease

in which |arge sections of the liver are destroyed.

Patients typically recover fromthe acute phase of HBV
wa 0fs@edidson. | n some  patients, however, krcgishewehs of

viral antigen persist in the blood for an extended, or

indefinite, period, causing a chronic infection.

Chingyd £ 21 Bf Rmbit cubadion paRA h QRO hést iPBlawhrd (f He

hepatitis. Patients infected wth chronic persistent

infegig, HPY iision @i P rricute dopatitip pglives damegeesesuliiyg in
abdéFhitlal b39 JaunliBes R NRLE: amrls%lsrme?dam eaz?y%e hgwﬁn fat]g coni ¢

carrjers of HBV in Asia alone, and
fulmipnnt bepptitis.criapidly progressingepficsrfatal fmpaecrfghesdlw inaypish ﬂacfges

saxﬁﬁnﬁq&m§&a&§kﬁgy§1 cirrhosis of the liver, and
hepat ocel l ul ar carcinoma, a primary i ver cancer .

WeBARAS thpRalis tehl i dﬁheggugé H‘] S of HBY kg ! ﬁ#@ OUp

for HBV Tnfection 1nc 0ose I n conta HBV
patieniy poviever, bigh lenels of Yireb oetizgempetisidn thyfhiood @rop@mx@n@g,yorof

mdehﬁ% h&m&lecraﬂsm%' ditréific ol Cffnid N nRRtion Mkt Rad {3 (%_r as on
S I1nrec

infection IS conmmon anong Hgatlen
Pe’-‘swefl‘rhemﬁvs ofatiggtrigfecter with elroni¢ppsistent HBVare most agmw,:smt h an

devei¥pihg doblntAd8OBy 'xﬂld-‘i\@fl %%g&i&@ Gl é&&%\ﬂt@lgeﬂzzﬁﬁlﬁﬁtéh&mc

nucl eosi de 3 -azid oxy

cartipys (i FARY WeASlﬁ?{@t’lieoWdr worjdwideb plmostt 388 nyillioh icwsiers.o ChwhicH V

il
B 5RO s o COOR Bl o,

a prigyryliygsicprcetaucl eosi des, i ncl udi ng 2 , 3' dldeoxylnosine
(DD), 2',3' -dideoxycytidine (DDC),
2" Inzwestpirm) dngspriatizeds coutirigs hirel rhighkriski gipupe fof BARY | infection

el S S Bt
HB‘% saey oipiley toghag of ABDS, phish u&ﬂ}e@blawb)vHBV ihfastion lma@mnwnov en
amoﬁ% fﬁ@nt@fnf‘ecﬁ& W¥iR ERG Uﬁb% Hig weval GRSy §8h) lcgﬁtz}ﬁlcf us thar

phosphorylation to the 5 -trip osp ate
ki nase, these synthetic nucl eosides are incorporated
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(DDC}, 2°,3’-dideoxy-2’, 3’-d1dehydrothym1dme (DAT), (-)-2°,3’-dideoxy-3’-thiacytidine
(3TC), and (-)-carbocyclic 2°,3’-didehydro-2’,3’-dideoxyguanosine (carbovir) and its

prodrug abacavir, have been proven to be effective against HIV. After cellular

phosphorylation to the 5*-triphosphate by cellular kinase, these synthetic nucleosides are
incorporated into a growing strand of viral DNA, causing chain termination due to the
absence of the 3’-hydroxyl group. They can also inhibit the viral enzyme reverse
transcriptase. | |

Both and 3TC and its 5-fluorocytosine analog (FTC) exhibit activity against
I—IBV Furman, ef af., “The Anti-Hepatitis B Virus Activities, Cytotoxicities, and
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These 1,3-oxathiolane nucleosides are manufactured by condensation of silylated

purine or pyrimidine base with a 1,3-oxathiolane intermediate. U.S. Patent No.
5,204,466 discloses a method to condense a 1,3-oxathiolane with a silylated pyrimidine
using tin chloride as a Lewis acid, which provides virtually complete B-stereoselectivity
(see also Choi et dl., loc. cit). A number of U.S. patents disclose processes for the-
preparation of 1,3-oxathiolane nucleosides via condensation of a 1,3-oxathiolane-2-
carboxylic acid ester with a protected silylated base in the presence of a silicon-based

Lewis acid, followed by reduction of the ester to the correspoﬁding hydroxymethyl group
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The key intermediate, aldehyde, can be prepared using several methods: (i) lead

tetraacetate oxidation of 1,4-di-O-benzoyl meso-erythritol (Ohle, M., Ber., 1941, 74,
291), 1,6-di-O-benzoyl D-mannitol (Hudson, C. S., ef al., J. Am. Chem. Soc., 1939, 61,
2432) or l,S-di-O-benzc;yl-D-arabitol (Haskins, W. T., et. al., J. Am. Chem. Soc., 1943,
63, 1663); (ii) preparation of monoacylated ethylene glycol followed by oxidation to-
aldehyde (Sheikh, E., Tetrahedron Lett,, 1972, 257; Mancuso, A. J. and Swem, D.,
Synthesis, 1981, 165; Bauer, M., J. Org. Chem., 1975, 40, 1990; Hanessian, S., ef al.,
Synthesis, 198_1, 394); (iiD) acyl_ation of ethylene chlorohydrin followed by
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HIV activity in ATHS cells (ECsp of 20 pM; Tetrahedron Letters 1989, 30, 6246).

Belleau ef al. (5™ International Conference on AIDS; Montreal, Canada; June 4-
9, 1990; Paper No. TCO1) reported a method of synthesizing cytidine nucleosides that
contain oxygen or sulfur in the 3’-position. The dioxclane ring was prepared by
condensation of RCO,CH;CHO with glycerin.” As with Norbeck’s procedure, the
Belleau synthesis results in a racemic mixture of diaetereomers about the C4° carbon of
the nucleoside. Belleau reported that the sulfur analog, referred to as (i)-BCH—189; had
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iodouracil) L-I0ddU (U.S. Patent No. 5,792,773) have been identified and are currently
in pre-clinical or clinical studies to assess their value as antiviral or anticancer agents
(see Kim, H-0. et al.,, J. Med, Chem. 1993, 36, 5 19-528 and references therein; Corbett,
AH. & Rublein J.C., Curr. Opin. Investig. Drugs 2001, 2, 348-353; Gu, Z., et al.,
Antimicrob. Agents Chemother. 1999, 43, 2376-2382; Mewshaw, J.P., ef al., J. Acquir.

Immune Defic. Syndr. 2002, 29, 11-20).

As one enantiomer of racemic nucleosides usually shows higher biclogical
activity (see Ki.m'er al., J. Med. Chem. 1993, 36, 519-528 and references therein), Chu et




The antiviral activity of dioxol ane nucl eosi des (see

Corbett, AH & Rublein J.C, Curr. Opin. | nuweE¢irgary 2007

Drugs 2001, 2, 348-353; GQu, Z., et at, Antimcrob.

Agents Chenot her. 1999, 43, 2376-2382; CGu, Z., et at,
wokwiesas des Nucl eoti des 1999, 18, 891- 8BR)usaeoonjabssd

Chu et at to synthesize a series of anal ogs

enantionerically in a search for potent antivira

al. aadlopo?d Bethods IOCRE aPPRELS synfH¥BID B Hi&%‘&nesiﬁt‘!l@(fsﬁles from D-

d
?%ﬂé'}ﬂ%ﬂéﬁfzﬂm for Pigd d-ioxalans apeleasiders teﬁgﬂpt}veh" (US.. di
PatéhX dlosi13; 767 922, 5/792,73). (AW, thedd. proceiRdd RSIvddQnany steps and

m°§ "}g’fﬁ’%ﬁ’%f‘aﬁ?s Peedpchipche i 1K, filicar eeb coljas ghrematography
(see/Kifncey bIOR M) ChenO88)) 360819-528 and references therein). _
' ( ) (2'S,4R-1'-[2"- (hydroxy net hyl )-1', 3" -di oxol an- 4

arelaoﬂﬁid:feﬁﬂ}y ladge hudn@}dﬁj didofEne E@Ie@ﬁ&e A% substance

92 773 ve been identified and are currently in

for clnie tGpls, higel 25peviorymmefhyhi-oxar L drissolaes has beea asediae fhe kenl ue

mteﬂﬁbdﬁt&t IINWﬁs%irepafed %9 tcy&i@dﬁs;%f R@@H%GH% gﬁgsﬁ%cﬁ?@gﬁé ncégé% et

g& 93,
acidy ﬂe% ch% PB g, foll wem byesohm éfFPﬁrat-!OlCOn clgigai resingpri by

enzyn2Me Sésblitiod YO bxpersive td JactBh th
Ant i fmi cr ob Agenfégpd]peenothe?p 99 43 be B fyse

procfgseachesayse of the highugostef the ghiralyesjp pd enzymesurie Defic. Syndr.
2002, 29, 11- 20) As one enantioner of racemc
" nuBmeotherg demains @ need fehesisetiertiyieeand tstartosaifictied procasses i t y

prodb&SRo16Hi RN hotidd isomels oflﬁﬁ)%lang?ﬁagosm? 3, 36, 519-528 and

references t herein)

VO 3089 PhiskY o T Brestt S ion M orRvidy “"‘E’:?g\?%‘{ S?fg%ff?‘igﬁods
procéssgs le'hhﬂ mﬂlm eiaptigneritaliy pare dinkoldicomadkaides. nucl eosi des

from D mannose and L-gulonic |actone for D and

L- di oxol ane nucl eosi des,. respectively (U. S. Patent
- Nos. 5,767,122, 5,792,773). However, these processes

i nvol ved many steps and npst of t he. i nt er medi at es
needed to be pd%?gﬁéﬁoﬁ JHEINVEREONe| col umm

chromat ography (see Kimet.at. J. Med. Chem 1993,

36, 519-528 and references therein). To prepare - a

s ¢ ipedsentt inyentiey gJeludps aant ¢ﬁgaemf sydﬂlaicoi‘omeeto nlﬁ}ﬂleﬁﬂalﬂ e

hi
auelo5dt SO ISLBRES pl-Blsofs, il fgiobidh i Bosionlins s
neededh dhése processeseallnw dheatemoselehuvmep@faﬁméﬁﬁe biylogipultly mctiei on

kmmgofégé%g r |ts acetal with glycolic acid in the
presé SERn foll owed by col um separation on

chiral resin or by enzymatic resolution. It is very
eX RE BédoMRnE® with RRB aSpebN6f BRigrdend RACLARE, M¥rel B93&ided a

~ process for preparing compounds of formula VII or VIII:

@f *é?

Vil




processes, because of the high cost of the chiral

resin and enzynes. Thus, there remains a need $ Bebruary 2007
cost-effective and stereosel ective processes to

produce biologically active isoners of dioxol ane

nucl eosides. It is an object of the present invention

to provide novel and cost-effective processes for the
synt hesi s of enantionerically pure dioxol ane
nuEPRREing & stepgiVARY OF THE 1 NVENTI ON The present
invention includes an efficient synthetic route to

1, gxightion of bE-protestsdebistrolis ah paidrsalinenbydmlysivef methyl (R)-
or ( lgﬁéﬁﬁﬁ&ﬁﬁiﬂk&ggi &gﬁgw#grlntrodu0|ng

unctionality. needed. ede processes allow the

stg&gg& I M dRLEP AL f th 1 ol ogi tive.
i soner gﬁﬁf %se c%ngg@% s?&Tﬁn%%é%#gaﬁ%bgﬁﬁﬁhh%ﬂgf’ '
whergins¥'ds haddgen prpspndellogen, and\Renis alkyd or arkikyl €Ciizs); adovi ded a
process for preparing conpounds of formula VIl or
VI ¢yicliza@on With an\dbitl kcatalyst Gptieadilytveithhydlydis ofthegedlsi Ng t he
steps of: oxidation of 1,2-0-protected-glycerol to an
-acid salt, or hydrolysis of nethyl (R)- or

(S)4 -O-protected-qgl ycerate to faormijnternediate, 1
al 6/‘\1 %"%‘."%HR% TeRE %%Frg’d%/ BIPES Fooy FPadngHFp 8kl - rdioxolanc
nucléasides campfisig? CH( OR6) 2, wherein X is hal ogen or
pseudohal ogen, and R6 is al kyl or aral kyl P-20); and
c ek | fronatiigyer obfaining a nydisdddompiual yhthe footilo(aD oy (WHE):H
hydrol ysis of the acetal. An enbodinent may relate to

"a process for ing a Dp,.orOL- 1, 3-dioxol ane
nucl eosi des dongrirsi ng: a) pr p@{i g or obtaining a
cyclized co unds of the for a 1) or (MI1): 0O
O (VWM ND 7a February 2007 WO 2004/ 028445

PCTI US2003/ 024986, . .
?VII) (VIID)

Ta




and then b) opening the ring of the conpound of
formula (VIl) or (M11) and protecting, if ne€éEswanny,2007
to obtain a conmpound of formula 6a or 6b: R7O 70H HO
/ORS (6a) (6b) wherein R7 is a suitable oxygen
protecting group, and then c) activating the conpound
woolosfosassul a 6a or 6b, to obtain a conpoundr@§zovfeessal a
7a or 7Tb: RTOOR7 OL L O (7a) (7b) wherein L is a
suitabl e | eaving group, such as an 0-acyl, such as
and®@Pe, halogen (F, Br, d, 1) or Ows, OIs, and the
i ke; and then d) coupllng t he conpound of fornula 7a

or py e

oy O Epeali BRBEE I AR 0H il Q1B B B G0 e
of f HMASEHETY, Bablsin agpmpurdifRmula6a@rfb: 0 (8a) (8b)
wherein B is a purine or pyrimdine base or its

deri vat i we, andylo®n e) deprofgcthpng Ldw conpound of
formula 8a jpro8H, if necessary,jgigggﬁe al,3-

:lO

di oxol ane n side. 8 6 Februa 07 WO

2004/ 028445 PCT/ US2003/ 024986 I n one particul ar

embodi ment of tg present invention, g process for
preparing the cyclized conmpound of ghe formula VII or-

Wiekdin R’Ss Qitﬂtxﬂl‘g&&gen%mlh%‘%% afthdd! €paring or

obt ai ning a conpound of ormula 1 or 1' (both
i ngl yeivAsg l%le 8ftholmd SCRFRESA 2 4P O obtain a compound of

formula 7a or 7h:
R'0 OR’
kb”L L“L"gr
(7a) (7b)

- wherein L is a suitable leaving group, such as an O-acyl, such as OAc, halogen (F,
Br, Cl, I) or OMs, OTs, and the like; and then

d) coupling the compound of formula 7a or 7hb, to an activated and/or protected

purine or pyrimidine base or its derivative to obtain a compound of formula

8a or 8h:
R’0 o OR’
()
(8a) (8h)

wherein B is a purine or pyrimidine base or its derivative; and then

e) deprotecting the compound of formula 8a or 8b, if necessary, fo give a 1,3-

dioxolane nucleoside.




YRS RAR XO<O RBROR3 O(1) (1') wherein R3 and

R4 are independently al kyl or aral kyl; R5 is' CRbebranry 2007

CHOHR5'; and }t5 is alkyl or arallcyl; and then b)

oxi di zi ng the conpound of the formula 1 or hydrol yzing
woé heyeauapound of the forrmula 1' to obtai g ate

1 having the fornmula 2 (including D andﬁf{l—,@l@%%%g):

MOORXOI R3O (2) Werein Mis a netal, preferably

an i : ' ; . and then c) coupling
e g p el o bod e e o e or S rotenpls oo e

cychiged pespnguod of the dormula WIE et TH is pravidat camisipg: pr ef erably a
hal ogen (F, d, Br, I) or MsO TsOor the like, and
noaX Ppspasing o btyiniBe 2 cangpoudst afitke oD eUN ¢bdHf infiedingiha 3
(i nclalgodi_&'g_m%}-s):and L-isonmers): 0 O 4 O R3x0 R66 R6
(3) 6 February 2007 WO 2004/ 028445 .

PCT/ US2003/ 024986 erein each R6 is independently an

al kyl or aral kyl; then d) hydrol yzing the conpound

of the fornmuHe—-3—+40 obtain a conpoundggksfornula 4
(includipg D and| L-isoners): HO
R R*
< <
R3 0'_"""— R3 0—""‘—'
® )

‘wherein R® and R* are independently alkyl or aralkyl;
R’ is =CR* or CH(OH)R®’; and
R is alkyl or aralkyl; and then

b) oxidizing the compound of the formula 1 or hydrolyzing the compound of the

formula 1” to obtain intermediate 1 having the formula 2 (including D- and L-

MO.__.0
R3><o

@

Wwherein M is a metal, preferably an alkali metal, such as Na or K; and then

- isomers):

¢) coupling the compound of the formula 2 with X*-CH,CH(OR®),, wherein X’
is a suitable leaving group, preferably a halogen (F, CL, Br, I) or MsO, TsO or

the like, and most preferably Br, to obtain a compound of formuia 3
(including D- and L-isomers):

| 0s__O
| R o~ - :L
C R3><03/? 0
| RS RS

®




HO (4) and then e) cyclizing the conpound of the

formula 3 or 4 to obtain the cyclized conpouné Februnhe2007

formula VI1 or VIIl. In an even nore preferred

enbodi nent, the cyclization of the conpound of the

formula 3 or 4 is achieved in acidic conditions.
woltesedsdy €, the processes of the present goiNgmbi@ibsday

be used to prepare conpounds of forrmulae Il to VI: X

X ANNI 1 NKkHOYy HOO INNY OO IIl IVXX R

; 6 YalNa N : 10 6 Feb
Veshoby Rt WA L0

h | I e reof ,

e paaHhg B oinBERER At fndif) bl {5k Bl SEtRL
i s | dviacludipg Pt andfL-igme)) , OCH3, SH, SR, SCH3, NH2,
NHR , NR 2, lower alkyl O Cl-C4, CH3, CH=ECH2, N3CCH2,
CO2H, CX®RR, CONH2, CONHR , CH2OH, CH2CH2OH, CF3,

CH2CH2F, CH=CHCO2H, CH= R, CH=CHCl, CH=CHBr, or
CH=CHI; each X and Y arg/MNdependently H, hal ogen (F,
a, Br, 1), OH OR i[s r alkyl of C-C4),
OCH3, SH, SR, SCH3, o, NHR , NR 2, or CH3; and

“
and then

| e) cyclizing the compound of the formula 3 or 4 to obtain the cyclized
compound of the formula VII or VIIL.

In an even more preferred embodiment, the cyclization of the compound of the

formula 3 or 4 is achieved in acidic conditions.

Therefore, the processes of the present invention may be used to prepare
compounds of formulae IIT to VI:

I IV
X X
R
)\N OH )*‘N N  —oH
A alAe
0O 0

10




Zis CH CX (X is defined as above). The processes of

the present invention may be used to prepare 6 February 2007

internmedi ates of fornulae VIl and VII1: 0 O\L\O O

(M1) (VW BRI EF DESCRI PTION OF THE FI GURES Figure 1

iIs anon-limting illustration of the asymetric
weyniass s of di oxol ane nucl eosi des t hr eeglos2003/024986

internedi ate bicyclic ester VII or VIII. Al

intermediates of 1 to 9 include DO and L-isoners.

and pEatAbdefiafiFaebdplable bRl dstelstherd M\GERIEILON The present

i nvention includes an efficient synthetlc routes to

Raslﬂ%aﬂig%@' @D‘iar, Iﬂltﬁi Qﬁ@'(ﬁeﬁ 15&% liy 16 ;tﬁftﬂf 068y, sy, sr’,

recursors, he option o

NGt DR N atover cistoet CrFas@ g S0 f0He
coﬁ{t’et@fm'f eemme @Hmrem@{;o@f drje chiahpgicaldec! | ve

hese conpounds. 11 -------2-%1 ST
CH~CHCOzR’,-CH=§Hﬁé&Hr§ rz’o@H~Cﬂb 2004/ 028445 -
PCT/ US2003/ 024986 I n one enbodi nent of the present
each KwehY jatsrindependengy Hskaldeon (Fo £b B, 61, ORDR’ ¥ lotver alkyl of

c;-@?%&igps@'sﬁn%cggﬁygq@m@emb SorRip¥hged. conprising: a)

ng or obtaining & cyc conpound of the

| 0O (wvill dth b [
z;st%%%@%lk%l\!o%ﬁntg%e E%J (Vill) and then b) opening

yound of formula VII or VIII and
protecting, if necessary, to obtain a conmpound of
formula 6a or 6b: R70 OHHO OR7 0O Y (6a) (6b)

in R7 is a suitabl e oxygen ot ect i roup, and
t hiﬁeprocesses ots the present mvent?on mX}gbe usg({ to prepare %%ergm&atgs of

formulae VII and VIII:
O 0 8 0
Lo Co)
(4] 0

(VID) (VHI)

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a non-limiting illustration of the asymmetric synthesis of dioxolane
nucleosides through intermediate bicyclic ester VII or VIIL. All intermediates of 1 to 9

include D- and L-isomers.

DETAINLED DESCRIPTION OF THE INVENTION

The present invention includes an efficient synthetic routes to 1,3-dioxolane
nucleosides from inexpensive precursors, with the option of introducing functionality as
needed. These processes allow the stereoselective preparation of the blologlcally active

isomer of these compounds.

11




c) activating the conpound of formula 6a or 6b, to
obtain a conpound of fornula 7a or 7b: R70 ORY Feliruhiy2007
0O (7a) (7b) wherein L is a suitable |eaving group,
such as an O acyl, such as OAc, or halogen (F, Br, C
~or 1) or MsO TsO and the like; and then d) coupling
wd heveenappound of forrmula 7a or 7b, to an patiukesiedss
and/ or protected purine or pyrimdine base or its
derivative to obtain a conpound of fornula 8a or 8b:
R7 @4l fne@Rbodifebnt b211E i i 4
PCT) US200%) 024586 ge%& %@%%ﬁog%hq%?%%é%lég%y@gz %g’r Bl
1,3-fioxolape gpgirosifes deprovided; compesingsat  ve; and then e)
deprotecting the conpound of formula 8a or Sh, if
ne &k PERNE of Pigininga eyclized congionndudf thedormule Vabei VIE: | n one
particul ar enbodi nent of the present invention, a
process for pr ' t he |i@ed conpound of the
formula VI1 o i's providédéoc nprising-. a)
preparing or ning a conp 0f the formula 1 or
1' (both including D and L-isoners): Rs HO COORS
R4 R4 OO R3O \O (1) (1')(WﬁjreinR3and R4 are
i ndependent |y al kyl “or aral kyl ;

‘and then

b) opening the ring of the compound of formula VI or VIII and protecting, if

necessary, to obtain a compound of formula 6a or 6b:

R0 Oy OH HO. _O OR’
L Y
O o)

(6a) (6b)
. wherein R is a suitable oxygen protecting group, and then

C) activating the compound of formula 6a or 6b, to obtain a compound of

formula 7a or 7h:
®’o OR’ |
oy Sl
(7a) (7h)

wherein L is a suitable leaving group, such as an O-acyl, such as OAc, or halogen (F,
Br, Cl or I} or MsO, TsO and the like; and then -

d) coupling the compound of formula 7a or 7b, to an activated and/or protected

purine or pyrimidine base or its derivative to obtain a compound of formula
8a or 8b:

o

'Rokbﬂ]gl | -BMLO JOR

12




RSis CRS or CHOH RS ; and R5' is alkyl or aralkyl;
and then b) oxidizing the conpound of the fornéiFebrhargr2007
hydrol yzi ng the conpound of the fornula 1' to obtain
internediate 1 having the fornmula 2 (including D and
rs): MOO R X R3 O(2) wherei .S met al
wd&ooeioz%% y an alkali netal, such as Na g’r%f%l,smgﬂ?}“?%en
c) coupling the conmpound of the formula 2 with
- CH2CH( OR6) 2, erein X .s a suitable |eaving
group, preferabqs\éi\‘ha hal ogen (F, d, () 1), or MsQ,
W%F?Qé 13 6 February 2007 WO 2004/ 028445
B PFEidpE base peits dgrivetivg and thenef er ably Br, to
obt a| n ound of formula 3 (including D and
L-f é?m?%c}mg somppupB eifprnuls 8a @ 8k, if(@gessatye fegive 430 R6 |

i s i gengRAeMsMe.an al kyl or aral kyl; and then d)
hydrol yzi ng the conpound of the formula 3 to obtain a
c

Oﬂinﬁ HOB‘Qn J]Wd[ﬂrun?%f‘ihe p&éggnt WL, Q’pro%@s% for prepgnnJEgrtﬁ'e) :

cycll.zed compound o the formula VII or VIII is provided, comprising:

a) preparing or obtaining a compound of the formula 1 or 1’ (both including D- and
L-isomers):

RS
Ho'—-—/ COORY
R o— R o
Dol D
® 1"

wherein R® and R* are independently alkyl or aralkyl;
R’ is=CR* or CH(OH)R®"; and
R¥ is alkyl or aralkyl; and then

)] oxidizing the compound of the formula 1 or hydrolyzing the compound of
the formula 1° to obtam intermediate 1 having the formula 2 (including D— and L-

. MO_0
R3><o

@

wherein M is a metal, preferably an alkali metal, such as Na or K; and then

isomers):

)] coupling the compound of the formula 2 with X’-CHzCH(ORﬁ)z, wherein
- X' is a suitable leaving group, preferably a halogen (F, Cl, Br, 1), or MsO, TsO or

13




e) cyclizing the conmpound of the fornmula 3 or 4 to

obtain the cyclized conpound of the fornula VbIFebtuary 2007

VIIl. In an even nore preferred enbodi nent, the

cyclization of the conpound of the fornmula 3 or 4 is

achieved in acidic conditions. 14 6 February 2007 WO
weiod928445 PCT/ US2003/ 024986 Ther ef or e, pdtB2005/@2086 S€S

of the present invention nay be used to prepare

conmpounds of fornmulae Il to VI: X X N ZN N % HO N~O

HOKQ [ikteNand Yndsi preferdbly Brto oblain R ddmpbunttl-of RWRuE (hcludindNO

CH_V ._and pharmaceutically acceptable salts or
est])élagd\?r'ffg?l@%f, wherein: Ris H halogen (F, d, Br,

1), ™H OR (R is lower alkyl of Cl-C4), OCH3, SH,

SR, SCH3, NH2, NHR , | ower al kyl of Cl-C4,
CH3, CH=CH2, N3C=CHX* . ICOPR , CONH2, CONHR |,
CH2OH, CH2CH2OH, CR: &2 CH=CHCO2?H, CH=CHCX2R ,

CH=CHCI , CH=CHBr, or CH:CI-‘ils; Rach X and Y are

i ndependently H, halogen (F, d, Br, 1), OH OR (R
is lower alkyl of CI-C#, OCH3, SH, SR, SCH3, NH2,
NHR, NR 2, or CH3;, and Zis CH or C X (Xis defined
Whergipgaph R 1 jmiependently an alkyl orarallylpagthgmr y 2007 WD

2004/ 028445 PCT/ US2003/ 024986 The processes of the

pr edenthyiitelyeing itencompyundeof thee formda 3r topabtain i morepomatipfit es

forrfia 4 (iRl 35 atd 1-isBE)Y! ! -
HO

c\;O
HO

C)]
and then

e) cyclizing the compound of the formula 3 or 4 to obtain the cyclized
compound of the formula VII or VIIL '

In an even more preferred embodiment, the cyclization of the compound of the
formula 3 or 4 is achieved in acidic conditions.

14




\//OOr\ nom O (VM (VIMThe process involves

oxi dation of 1,2-0-protected-glyceral, or its @afFebgry 2007

or derivative to a 1,2-O protected-glyceric acid

salt, such as potassium sodiumor other alkali netal.

These salts al so can be prepared by hydrol yzing
weERBMMEes al |y avail abl e internedi ates, rgetchinioodoRoss OF

(S)-1,2-0Oisopropylidene-glycerate with base, such as

aqueous KOH, NaOH and the |ike. The salt reacts with

X ThIA6HE BR) Rocole LR Kesehf ; eafé},ta% Be u%eﬁat\é

group, preferably a hal ogen as
compprpefifromizo B o Yk s deri vative, or MsO, or TsO and

the like, followed by cyclization to give the bicyclic

intermediate 4VI1) or (MI1), which capn then be used

for the pRep ' '

ation of enantionerjcalily pure D or
L- di oxol anel{nudy eosi des. Definiti used herein,
the term"”s badgptlally free of, \"sh?fﬂantlally in
t he abi4@ Qr "isol at r o\ nucl eosi de
conpdsit?%n at includes at |Fasy 95% and preferably
99%to 10(%6 y wei ght, of the f gnat ed enantioner of
that nucl etside. In a preferre enbodi nent, the
process produces conpounds that are substantlally free
of enantiontks of the opposite cdMfiguration. The
term al kyl, as used herein, unless otherw se
speC|f|ed refers to a saturated strai ght, branched,
or cycllc primry, secondary Xor tertiary hydrocarbon
of O t O_R and speci fi c [ nNI udes net hyl,
trifIUo neq yI ethyI prop Y opyl ,
cycl opr |sobuty nyl ntyI
cycl opént C)IS ntyI neobentyl , |sohexyl
cycl ohexyl ¥ c clohexylnethyl 3- ne entyl
2,2-dimeth tyl, and 2, 3- dlnethy gtyl The term
i ncl udes both substituted and unsubstituted al kyl
groups. Myeties with which the aljkyl group can be
substituted are selected fromthe group 16 6 February

‘ mmégmﬁmmxﬁg@gggﬁgggéﬁﬁx@ggéh@ggpaﬁ 986 consisting of

droxyl, yl'am no, aryl'am no, al koxy,
Ri ¥]L1 t ' 3 f t

s KB r 1, BE D, B OR: Rk 3 ool BEHE St g
SCHanNHpt ¥dRe NR'n rlower alkyl of C;- C4, CHg,CH =CH,, N3sC=CH,, CO.H,
CO:R’, CONH;, CONHR’, CH,OH, CHCH,OH, CF;, CH,CH,F, CH=CHCO,H,
CH=CHCO,R’, CH=CHCI, CH=CHBr, or CH=CHJ;

each X and Y are independently H, halogen (F, Ci, Br, I), OH, OR’ (R’ is lower alkyl of
CI-C4), OCHs, SH, SR’, SCHg, NHz, NHR’, NR’;, or CH3; and

Z is CH, or C-X (X is defined as above).
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protected as necessary, as known to those skilled in

the art, for exanple, as taught in G eene, et 6debruary2007

Protective Goups in Organic Synthesis, John Wley and

Sons, Second Edition, 1991, hereby incorporated by

reference. The term|ower alkyl, as used herein, and
wanbeesidot herwi se specified, refers to a ec@ustonsd24oss

saturated straight, branched, or if appropriate, a

cyclic (for exanple, cyclopropyl) alkyl group,

i nmhaﬁﬂoa@seb oF the B inkrétiiSsIna f‘ge ek W&Eﬁa}e‘{hﬁgnefdﬁ{e%f

erwi Se specifically stated 1 n
f‘ma‘ﬁiﬁ'fz I when alkyl is a suitable noiety, |ower
alkyl is preferred. Simlarly, when al kyl or |ower
al kyl is a sui Qroi ety, OypnsWhstituted al kyl or
|l ower al kyl i eferred. The% aryl, as used
herein, and u ot herw se s ified, refers to
phenyl, bi phenyl, or naphthyl. The termincludes both

substituted and um@})stltut ed rml(q,tlmas The aryl
group can be substituted with one or° nore noieties

The$fdcEss ‘itﬁ'glvé d&mhﬁd?@f 9 EQr-Brote&QJ] %&éeh{l Y t? anafé% of e}'lyffhg

| uor o, am n
al 31%5(‘9“3"6?13#1%6( 9c1d walty p‘l@h ag patasiuns ud:dilmm oC otheri aikahsnﬂteﬂat e,

TheRNQRP te, either
AR It 48 flre PR oy Bhnc BAT AR Biltints,
methy &E)s %I(ﬁ)l'l%@-manopﬂhbneaalrcerafeomﬂekaﬂgpdud; afgqubas ROHj N

Nadgy %Smhgg |h§é e, Sﬂt Pe\%@% ey an ij-g:ﬁgﬁ? gé%g% g%ﬁf Hltab]f991
leavipg saroupy meﬁlfﬂbm ¢ |halggena (Fk ylaBy | 1) rsmﬂleassBltCEh@H((m }§ydr igr oup
deri¥iitd) of Ms@r ¥ TS RS thi i‘iﬁ{]tfollunwliI ﬁy E%Elg]ltl? brcychc

ar IaI | "refers to an ary
inie: L net (YHB. twhich basl dilenabe wseld fdrrethm npparamoh udfes

enartBbRERall fﬂi&é% %Lfdldi?faﬂenu@ﬁ&degdo The term heteroatom
as used ‘herein ers to oxygen, sulfur, nitrogen,
and phosphorus. The termacyl refers to a carboxylic
acid ester in which the non-carbonyl noiety of the
ester group is selected fromstrai ght, branched, or

- Defioigiohs ¢ al kyl or |ower al kyl, al koxyal kyl incl uding

met hoxynet hyl, aral kyl including benzyl, aryl oxyal kyl

such as phenoxynethyl, aryl including phenyl

OAS BT Sish ohlSsRakialy e S QR Antiay i e il Sl 1
as a

« %l al koxy, sul fonate esters suc
or Iaqlaaq kgafer%fmaﬁwamde ?‘W&P’E}B‘M’F@ﬁt mq@dmh@asmsrfensdprefm@y

99%M® 00% B wedght, loF 110 IQSRNE] SrafRhnRE gft%z[ hﬁcx%osxﬁé In a preferred
_ nonet hoxytrltyl substltute enzy trialrk TSI Iy
emb{@“ i DERSE S prodficer, .¢ppasngs thay a@rsulmapwmﬁtm&mgntmmbxw

of thé\bpf)bsﬁe bdnfiguration.

The term alkyl, as used herein, unless otherwise specified, refers to a saturated
straight, branched, or cyclic, primary, secondary, or tertiary hydrocarbon of C; to Cyo,
and specifically includes methyl, trifluoromethyl, ethyl, propyl, isopropyl, cyclopropyl,
butyl, isobutyl, r-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl,.
cyclohexyl, cyclohexylmethyl, 3-methylpentyl, 2,2-di1‘nethylbutyl., and 2,3-

o dimethylbutyl, The term includes both substituted and unsubstituted alkyl groups.

Moieties with which the alkyl group can be substituted are selected from the group
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groups in the esters optimally conpri se a phenglFebruary 2007

group. The term"lower acyl" refers to an acyl group

in which the non-carbonyl noiety is |lower alkyl. The

teen "protected" as used herein and unl ess otherw se
wobedsiommads refers to a group that is addedctrasamoawygen,

nitrogen, or phosphorus atomto prevent its further

reaction or for other purposes. A wide variety of

con@@ﬁﬁ@ @f hddekyl i dnfiR0 Ay RARb E llaﬂiﬂm IhR4eS %ﬁg}g Sn:ftgbo \é%;]xg 0

those skilled in the art o anlcs
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NoThs I gy arplyps ysedshergin and kgless ®thetvissppedifidstefers to phenyl,
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i nmj dazol o~ pyridinyl, pyrrolopyrim
The gry} eroen ensyhei sHbstiuted Iwith' qRgoF merchasieiss lStﬁc}:Itddd"B),m thutgrcap e

consfs]ﬁﬁg bff Bom6dcHiQe, SHANI ?kﬁy h?%?;[}}]d ?Xant hin

di am nopurine, 2- or pr|
a]k‘”ﬁ’pﬁy%l T, F YRR, élﬂﬁla@sqcidc welfete, phosphaniti wgi @ho@mte; @r or

phos?h%ﬁiié) Rither %ﬁi‘&@ctédnmtﬂ?@cec@edrﬁgﬁé& %Es?q@uen ol Fﬁlqedr}lé an

urine ti onal I nc

- the ﬂﬁrﬁ)hfatalap B,@aﬁqysh’fym G@p@ugaln&mmmmmmmw onal

John G¥%Mg 848 SdRE SBiohd BERL, Bo9uPs on the base can be
prot ected as necessary or desired. Swtabl e

pr [ I ose lled in
DR SR o oP b e SN Bl B By o B8
The tesm-fsalien) Prassigliodirefoes to ap atylgrgwpoivithenialiyksubstituent.
~ t-butyldi phenylsilyl, trityl, alkyl groups, and acyl
gﬂbﬂ@gnbﬂ@hsasdhmamymmﬂmﬂrmm@ﬁMmﬁMhmnnaﬁhamesuIfonyl
and p-tol uenesul fonyl. The term heteroaryl or
h&te tavartetetion, aausadsietkif)@efers o okglel Silfin) ndgel @R i C
- pho qh i ncl udes at | east one sul fur, oxygen, nitrogen
or phosphorus in the aromatic ring. The

The term acyl refers to a carboxylic acid ester in which the non-carbonyl moiety
of the ester group is selected from straight, branched, or cyclic alkyl or lower atkyl,
alkoxyalkyl including methoxymethyl, aralkyl including benzyl, aryloxyalkyl such as
phenoxymethyl, aryl including phenyl optionally substituted with halogen, C; to Cy alkyl
or C; to C4 alkoxy, sulfonate esters such as alkyl or aralkyl sulphonyl including
methanesulfonyl, the mono, di or triphosphate ester, trityl or monom'ethoxytrityl,
' _substitu_ted benzyl, trialkylsilyl (e.g. dimethyl-z-butylsilyl) or diphenylmethylsilyl. Aryl

17




term heterocyclic refers to a nonaromatic cyclic group
wherein there is at |east one heteroatom suctFalsruary 2007
oxygen, sul fur, nitrogen or phosphorus in the ring.
Nonlimting exanples of heteroaryl and heterocyclic
groups include furyl, furanyl, pyridyl, pyrimadyl,

wa dbsmosaks | sot hi azol yl, imdazolyl, tetragceluglonsozss
pyrazi nyl, benzofuranyl, 18 6 February 2007 WO

- 2004/ 028445 PCT/ US2003/ 024986 benzothiophenyl,

groupsl i tad b‘s&exs dpﬁﬁﬁlw d&ﬂl&)ﬂée’a ]J‘HSH}?Q{)J;}J eﬂ% tenn"‘ﬁ g]leirl#&ﬂo’

ol dol y i soi ndol enzi m
H"H&%F‘y‘”bé%@%%1°§¢0%%@%naypwertauﬁwazo| yl,
[ so t hi azolé 4- thiadiazolyl, i sooxazol yl,
py o P%zﬂ@lqsmhere% anshwiléss ptherwidet deshesl rifess] to

Rt d n I ran ol e,
group gyr fﬂg}e% to %gi&g%eg ﬁlrﬂ)@}f 4 of Aathg pﬁmsegtgm §£ ?»revent nf) Y&
feac;“LOn.?f oroffienpuspases. &(Wé@?aélefﬂ of oxvEeg, nittogereprotbating groups

aeh&ﬁﬁfﬁtﬂ%@kl@lledﬁyﬁléﬁﬂ&*o%mg ynmég}:daz' ne, and

pteridinyl, aziridines, I azo i sot hi azol e,
1, ﬂne&e@i( razine
| perazine pyrrol&%%ﬁgg%g’ﬁug%ém&m%éﬁ% d?{'éd

&t N -aezﬁmenes ﬁwhemoathw(;(ommzamy hlkylarply bi zd-ﬂzlkyl)gl
6 & 6]
NC-bedyRasiddy NE-hal bR alel vﬂ% I )}lf%alﬂlts g&?z%nacr %%ﬁ? ?}ﬁm acg'll rl].1¥mé

pteridinyl, zac
hﬁlrp’a@llﬂvloﬁymﬁdl\l ripjoalkylrpusine, O eqdiyyipudinesy N2-alkyl- -6-thiopurines,

Lt e, e PG, Sty ksie.

kyl
azﬂ??yﬁﬂf'ﬂ‘ﬁf ine andi@- émwfewwmfbm i ma,cﬂ NG-fabytacil, including
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fhym ne azapy I ne,

OSI ne,
C-vipylppgipid B?,oéyi“ﬁiﬂfmﬁ epyrigridiag, | G -aegl- pyrhmstmye? mddmms_,l
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umcﬂ%’lj ri n@mzdﬂﬁ?ndﬁy@ xazglivdolo- § ter @?{og %18%:.3 o;,l %p& an

optjonally. substitute ‘des
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desudd' a&ﬁtaﬂé Mch_ﬁ%j@%ﬂ SFM %lll %&L‘n E)X%\gs%nskﬁin? Hll t %gﬂ be

roups. on the heterocyclic or eroary
mclu:%

Gradnddlyla sdimethdkexlsi l,of—butﬂémeﬂ:elsﬂylsmbmmphenyls11y1
trityl, F&[k?l Qﬁﬁﬂs,%d %}@Eﬁﬁ & AGkd %FE@WHPI r&l RS Gt nyﬂ, oy 1N

, and |nc ude tri
'tohﬁ?q%’égoﬁ ¥ hexyl silyl, t-butyldinethyisilyl, and
t-butyl - dlphenyIS|IyI
The term heteroaryl or heteroa:omatlc as used herein, refers to an aromatic that

includes at least one sulfur, oxygen, nitrogen or phosphorus in the aromatic ring. The
term heterocyclic refers to a nonaromatic cyclic group wherein there is at least one
heteroatom, such as oxygen, suliur, nitrogen or phosphorus in the ring. Nonlimiting
examples of heteroaryl and heterocyclic groups include furyl, furanyl, pyridyl,
pyrimidyl, thienyl, isothiazolyl, imidazolyl, tetrazolyl, pyrazinyl, benzofuranyl,
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trityl or substituted trityl, alkyl groups, acyl

groups such as acetyl and propionyl, nethanesdlFebiugty, 2007

and p-tol uenyl sul fonyl. These purine or pyrimdine

bases, heteroaromatics and heterocycles can be

substituted with al kyl groups or aromatic rings,
wdmewbeglsg hrough single or double bonds  ecrismenises t he

het erocycl e ring system The purine base, pyrimdine

base, heteroaromatic, or heterocycle may be bound to

benzdﬂﬁolﬁlag@rqumwtsyqtﬁﬂu}@,uﬁhzcﬁﬁ%yﬁvs%ﬁ 2 caF’g‘ gplr% 1 g
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Ste s Process for Manuf.act Uri ng 3- D-
tﬁmll GBE &l ipETele Pyezele l@ﬂ@ﬂ@em 3-triazole,

1,2 4 ﬁtam‘lﬂ&ﬂhz’bteﬁ 1s§ta@cﬂe @nigzold i RRRLAL,| ﬁHm@fme%@%hﬁ":zﬂm and

.1t |at tartln mat eri al
pterig "V !‘} %?’f 11’843510?‘%‘1%91?4 thipgireeipyTiding, pyrazine,
plpemmb i Iﬁyl‘rbm ﬁ%ﬁh‘zﬁﬁa@ phdfAgind)-ph&Hotthe Y, %&ﬁhdhﬂw{v/lekﬁﬁé\%ﬁ@t e

ey B B yLﬁM@w&Zﬁp&%‘%emmﬁﬁmmm,and

S-azmﬁﬂhlszlt i Ontnahtﬂ@bﬂdlﬁbﬂ es. inEidé%Bl% pyRidRod gd}nm'f??ﬁn

d o)
pre g DA oY e ons p;zaz,aNamm "
vmypme eNﬁ’acE@leﬁﬁl Purd, Rf-geyl aﬁmaﬁd‘mz&m‘ Pii¥ihe, QG-

is alkyl or "ara y , and
p““‘ @‘Y%mﬁetcgf"sm’facgf"g??aﬁ"@f&n Amexeptonyawidive, durel, aN>-Na

aIkylpynl‘tﬁdmés QJS%EWEimﬂnﬂma?( INHLERPyrinGdifes, N -vm%l yrlrngglgt |I|§1I a

i d sal t
ccetfer Bifiiioe iyag 3‘1 aiing N @fsigléjﬁyé@%lané%ftb‘galk uch

purigs ahd lsoxazdlyll iheohetdﬁéak(ﬁlwﬁbm %_ﬁrr}ﬁg%n?i?%{lﬁg}x&ﬁm d as

descfje oy %rg e B © of hetefosEasHB SRR ks biwelst
substituied aith enetce m&rsawfuent\sﬂed?edtm BAMRER RAbALYR alkyl, alkoxy,

hydroxy, carboxyl derivatives, amido, amino, alkylamino, dialkylamino.  The

* heteroaromatic can be partially or totally hydrogenated as desired. As a nonlimiting
example, dihydropyridine can be used in place of pyridine. Functional oxygen and
nitrogen groups on the heterocyclic or heteroaryl group can be protected as necessary or
desired. Suitable protecting' groups are well known to those skilled in the art, and
include trimethylsily!, dimethylhexylsilyl, 1-butyldimethylsilyl, and #~butyl-diphenylsilyl,

- trityl or substituted trityl, alkyl groups, acyl groups such as acetyl and propionyl,

methanesulfonyl, and p-toluenylisulfonyl,

These purine or pyrimidine bases, heteroaromatics and heterocycles can be
substituted with alkyl groups or aromatic rings, bonded through single or double bonds
or fused to the heterocycle ring system. The purine base, pyrimidine base,
heteroaromatic, or heterocycle may be bound to the sugar moiety through any available

atom, including the ring nitrogen and ring carbon (producing a C-nucleoside).
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oxi di zing agent to yield the corresponding a
1,2-0-protected-glyceric acid salt (2). The pé@eeasdR007
gl ycerol can be purchased or can be prepared by any

known nmeans including standard protection techniques.
The gl ycerol can be protected with any suitable

- wdd@legais ng group, such as with an acyl aicraklondn8soup,

t hough preferably with an acyl group, by nethods well
known to those skilled in the art, as taught in

Dethlc@3RoripBbn 6¥ Process¥tgfs€Ct i ve Groups in Organic
Synt heS| s, John WIley and Sons, Second Edition, 1991.

For exarrpl e, acetone may be reacted with the gI ycer ol

or e corr
eroly 8 PP 3 el gighons Nucid e Paents
Int2Mediate- - - - ------- - -- ----- 6 February 2007 WO
2004/ 028445 PCT/ USZOOS/ 024986 Possi bl e oxi di zi ng

Stepo@n\ Pre RioR 0 CyclRd Hibdneiaat pronote oxi dation,
i ncluding but are not limted to Na104/ RuCl 3

Sﬁfq{e CI:I Rﬁ%i‘g gdrate or Odj%i NalQ4 or
&R RPOEESHE P-ﬂalglgﬂpflaq& ls\lhﬁl 5t Dc ahlbe
cyclc:amterrmlamut Tlimt Dary It-eplie inddnueciatd bt beglﬁﬁt’cl?ﬁ@lsorh&éﬂ%e
results S, Suita or t .
oeepEE bl 25 Kt ining sl oliipgibp of v o ond et
techpimeasoli ongemlmdmvpo thetD- 0Nl -0yclie fmﬁﬁi}di%ls Cfegﬁe@%cg&%% %b 0
.err enperatures are rom-1 to 1 :
ﬂméﬁﬁﬁ@?pﬁa?d k:T (1') (2) wherein R3 and R4 are
i ndependent |y al kyl or aralkyl; RS is =CRS or
CH OH) R5'; Rg ) al kyl or aral kyMo ‘Mis a netal,
pref erabl ys arb%kal | etabr sugl_ag or K. Conpound
2 can be rled by hydrol yzi ith base, such as
agueous or NaOH. Any reaction solvent can be

sel ected that c achi eve the necessgry tenperature
and that can sofubilize the reacti on¥eonponents.

Wi rehl' Iinanciﬁ‘gare gerf)gnd?:gﬂ aﬁk?rl %r;}lalgﬁr otic

R’is=CR” or CH(OH)R®’; R¥ is alkyl or aralkyl; and

D

M is a metal, preferably an alkali metal, such as Na or K.

A.glycerol is oxidized to a 1,2-O-protected-glyceric acid salt (2) by reacting a
1,2-O-protected-glycerol (1) or glycerol analog, such as D- or L-12-O-
diisopropylideneglycerol or 1,2:5,6-di-O-diisopropylidene-D-mannitol or other vicina)-
protected diol, in a compatible solvent at a suitable temperature with the appropriate
oxidizing agent to yield the corresponding a 1,2-O-protected-glyceric acid salt (2). The
protected glycerol can be purchased or can be prepared by any known means including
standard protection techniques. The glycerol can be protected with any suitable
protecting group, such as with an acyl or silyl group, thoﬁgh preferably with an acyl
group, by methods well known to those skilled in the art, as taught in Greene, et al.,
Protective Groups in Organic Synthesis, John Wiley and Sons, Second Edition, 1991.
For example, acetone may be reacted with the glycerol to form the correspondmg D-or

L-1,2-O-diisopropylideneglycerol at room temperatu:re
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sol vent including, but not imting to, alkyl solvents

such as hexane and cycl ohexane, toluene, acete@®ebruary2007

ethyl acetate, THF, di oxane, acetonitrile,

di chl oronet hane, dichl oroet hane, diethyl ether,

di met hyl f ormam de (DMF), di nethyl sul f oxi de (DVSO),
wobonmtdayd acet ami de or any conbi nati on t heceekiommessd N

the alternative, water. Conpounds 1, 1' and 2 include

D- and L-isonmers. 21 6 February 2007 WD 2004/028445

PCFAS%%Q)Q@‘ZQ%‘L%&@S fﬁ@r@ rgagglts thak pr&ncfjfe %19&&13%0111@% bl%g X0

?\I erein_eac I's | ndependent

are Fﬂ}é‘F’é‘@‘EW MPC]@PYW%NQQWRWE%@F# ertKivinds ObTﬁéOa 6 is

KIOpM&h RORD, The 1,2-0-protected-glyceric acid salt (2)
can then be reacted with X - CH2CH(OR) 2, wherein X is

5, LR LR AP e K ) o B 0EDaf Sy
the @Slred\/ﬁe%uﬁa & (it ip Stiiable, fgsHeseactiomtogtiesecd aan abopgible &mc h
withdt pfo %’%@B Hiofbr k&G dé{prn ofs riiréfgprejﬁ%rﬁl})g tutrés

_.HJ

conpatlb ol vent at a suitab era | d
from-+18 " Q#et08C.or heni acetal 3 (|nclud|ng D- and

L-isomers). In one enbodinent, the glyceric acid salt

(2) is not purlfleg fromthe preV|UQ ) Acetal or

hemi acet al for f%on can be carried ou at any

t enpegature thalt achi eves theg deS| redjresults, i.e.,
that | @abtle for the reactyo ®—pHoceed at an
accept;{r at g w t hout—prenot | decorfposi tion or
excesgi've s@de—products. Prefegrrethgtenperatures are
refluxi ng conditions. Any redttion solvent can be

sel ected thz{ can achi eve the necessary tenperature
and that caf'Sol ubilize the reacti & conmponent s.

Nonl i m tj ng gxanpl es are any aprotic solvent
i n‘ffII"’EFd‘f%gan &Feﬂﬁﬁpeﬂeﬁ‘i]ﬁﬂﬁ@mta@alkﬁl kyl sol vents such as
cIerxgne t ol uene, di oxane,

ao‘% 1%n¢3r‘|>1‘l {(OBRR 1 RO sVt erarnikyl; b hl or oet hane,

di net hyl f or rmm de
M is a metal, preferably an afkali metal, such as Na or K.

Compound 2 can be prepared by hydrolyzing 1’ with base, such as aqueous KOH
or NaOH.

Any reaction solvent can be selected that can achieve the necessary temperature
and that can solubilize the reaction components. Nonlimiting examples are any aprotic
| solvent including, but not limiting to, alky! solvents such as hexane and cyclohexane,
toluene, acetone, ethyl acetate, THF, dioxane, acetonitrile, dichloromethane,
dichloroethane, diethyl ether, dimethylformamide (DMF), dimethylsulfoxide (DMSO),
~ dimethylacetamide or any combination thereof, or, in the altérnative, water.

Compounds 1, 1° and 2 include D- and L-isomers.
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(DVF), dinethyl sul foxide (DMSO), dinethyl acetam de or

any conbi nation thereof, preferably anhydrous6 Bbruary 2007

RRRQR6 HHXO 3 R6 (3) (4) The acetal or
hem acetal 3 can then be hydrol yzed under acidic
conditions in a conpatible solvent at a suitable
wolenpeast ure to yield the al dehyde 4 (i necwidsigobesand
L- isoners). Suitable acids for the hydrolysis include
aqueous acetic acid, formc acid, 22 6 February 2007
WO 2004/ 028445 JPCT/ US2003/ 024986 u@ous
trifluoroacet§fCc acid, aqueous sulfuficjacid, aqueous
hydr ochlBx %:i d, ~“merndnesulffeaPc ., al kyl or
aral kyl sdffent c acid or a LewRs aBidgs Alleehyde
formati on can be carried out at any tenperature that
achieves the (glesired results, i.e., gjgat IS suitable
for the reaction to proceed at an acceptable rate
Whiri bich R® QRAd Lt LGt S
ﬁg oducts. Pr efégf@gﬂg@%eﬁge égf %g?%rg@ﬁﬁﬁ%%ﬂ_ﬁtl%bsgg?eo
o6 BIdWRPper at ure. Any reaction solvent can be sel ected
that can achi eve the necessary tenperature and that
c ahhes di2fdrirotegted-ghyecric eavist isgh (Donpottent ke rducted iwiiht Xhg
e - B8l [ Lok | vent Ll udi ng,
CH RO e R Xy BB\ 8t o P PRI BIADINB ¢ BEBRD) 20
or Msfy| TsReor dhrelike, ghd)ovst, prafeebly drowidin e withe@itt @rphbsei thapsfer

catalii ' .1 0i et h h

oo B AT o LA e M B ey o
a supgbiptemparaiare toayivld éeaeetal oy bawiadsiah3 (indwdinghdr and L isavers).i n
In ohd ¥nbBlil GRS SRR (FisQot Flrified febrPae %)evigw skel: O

Acetal or hemiacetal formation can be carried out at any temperature that
achieves the desired results, ie., that is suitable for the reaction to proceed at an

acceptable rate without promoting decomposition or excessive side products. Preferred

temperatures are refluxing conditions.

Any reaction solvent can be selected that can achieve the necessary temperature
and that can solubilize the reaction components. Nonlimiting examples are any aprotic
solvent including, but not limiting to, alkyl solvents such as hexane and cyclohexane,
.toluene, dioxane, acetonitrile, dichloromethane, dichloroethane, dimethylformamide
(DMF), dimethylsulfoxide (DMSO), dimethylacetamide or any combination thereof,
preferably anhydrous DMF.

sl Y]
Ry O O —

Rs

@)
@
The acetal or hemiacetal 3 can then be hydrolyzed under acidic conditions in a

- compatible solvent at a suitable temperature to yield the aldehyde 4 (including D- and L~

isomers). Suitable acids for the hydrolysis include aqueous acetic acid, formic acid,
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LO HOHO (4) (MI1) The D or L-aldehyde 4 can then

be cyclized, preferably in the presence of aciéFebruiry2007

conpati ble solvent at a suitable tenperature to yield

the key internmediate VIl or VIII. Preferred acid is

BF3 etherate. 23 6 February 2007 WD 2004/ 028445
wOoik/okd®i2003/ 024986 O R O %9 R EIl R O 6 a@cBuSofzdpaogeVl | )

RO %.R6 Ry<s Q R6 (3) (VIIl) The D- or L-3 can al so

be cyclized, preferable in the presence of acid, in a
agquéedRathioR)aEetis O n a I e t r.ature to vield
1 t he key i.nttnzr- %rct\g i a‘{ugau\sll f‘ﬁfgir“t’ w*dl it ahysrrogﬁ%l}cr 8 d,
methonesulipnireasid, allph er asdkdsulfeniersl wnfewiatad. The cycli zation

can be carried out at any tenperature that achieves

t haldghyde femationeesn| tescarried eonf att dveyt teinperatutks ttiadd | achifwes tifehe

: kO0, t eptable. rate wt hout
desifef Aeur Ty RaPNaBl, Bl 1R1-RIGER BRvee et
withpt promoting flecamgpsition eregesssiveside porducts. PEAkEted teh(O@iurcd i

frond 98¢t oS RIYEM LN be sel ected that can achieve the
necessary tefmperature and that can solubilize the

re j Limti e | es are any
i elof QRIBNER L s LT ol Py {8 T o P et Ky
and | comesoiubilizeithh reastion esmapvaerin Nanjimiting exeaipfs aretafy HEMEor
apro (#_IE 1}’%# %iég@qlgl ’e,ﬁﬁg’%log[lk@jﬁﬂgle%’] eaﬂ%yf r5]1(|)h9ern nseutcﬂ aars] eliexane and
cyclohexane, toluene, THF, dioxame, acetonitrile, dichloromethane, dichloroethane,

diethyl  ether, dimethylformamide (DMF),  dimethylsulfoxide (DMSO),

dimethylacetamide or any combination thereof, or, in the alternative water.

o gy

H
H
) (Vi)
_ O
HO LO >{§€cq :
HO— 0
@ (Vi)

The D- or L-aldehyde 4 can then be cyclized, preferably in the presence of acid,
in a compatible solvent at a suitable temperature to yield the key intermediate VII or
VHI. Preferred acid is BF; etherate.
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di met hyl sul f oxi de (DMSO), di et hyl acetam de or any
conbi nation thereof, preferably acetonitrile.6$tequary2007
Two - Preparation of Nucleoside g7OH OO0 (VIIl) (6a)
24 6 February 2007 WO 2004/ 028445 PCT/ US2003/ 024986
.. OO HOOAe \711 ~ OO (V1) (6b) wherein R7 is
woosebdsabl € oxygen protecting group. The PCENS2003/024986
internmediate VII or VIIlI can then be hydrolyzed in the
presence of an aqueous alkali or alkali earth netal
base, such as aqueous NaOH or aqueous KOH, in a
conpati bl e sol veng a suitable tenpepature to yield
t he carboxylic aci ich then, c e protected, if
necessary, by arg_‘py oteet+on tEchni ques to yield
t he appropriar pro?ected car boxgi c acid 6a or 6b.
The carboxylic acid caf be protected with any
suitabl e protecting group, such as with an acyl or
silyl group, thgﬁgh preferably with an acyl group, by
met hods wel | to those skill@&dDin the art, as
taught in Geene, et al., Protective Goups in
Organi ¢ Synt hesi s, hn Wl ey and Sgns, Second
Edition, 1991. o Forie l e, ace may be reacted
with the egcepﬁK R tTHe Torr onding D or
L-1,2-Odii sod?’“op |deggegl ycerol at—ooom tenperature.

The carboxylic aciy formation ca carried out at
any tenperature that achi eves esired results,

. $he DI BAL-3 &nSilot Iﬁbclyalzfe& réf&?olé @?&E dﬁ’%s&cg of E&g%qi at
an acceptable rate ronoti n econposi’ti on or

compibleselvnt aly %ﬂb&rtm@eto the keydntermegiate YL ordd1lake

a préférRTemblirher:, Ghd KRN BEFMELAL Ure. Any reaction sol vent
can be selected that can achi eve the necessary

U epREGAiZdtish cafl 'T:g chB@tf ot %panz%r#ﬁﬂnhé Bhat Q:ﬁle(re%atﬁt (!legired

corrponents Nonlimti ng ex es are any
results, i.e., that is suitable for the reaction to proceed at an acceptable rate mthout

promoting decomposition or excessive side products. Preferred temperatures are from —
10°Ct0 100°C.

Any reaction solvent can be selected that can achieve the necessary temperature
and that can solubilize the reaction components. Nonlimiting examples are anty aprotic
solvent including, but not limiting to, alkyl solvents such as hexane ahd cyclohexane,
toluene, THF, dioxane, acetonitrile, dichloromethane, dichloroethane, diethyl ether,
dimethylsulfoxide (DMSO), dimethylacetamide or any combination thereof, preferably

acetonitrile,
Step Two — Preparation of Nucleoside

o 0 R0 " Oy, OH
o — }o: ]
¢ o

(v ' ~ (6a)
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sol vent including, but not Iimting to, alkyl solvents
such as hexane and cycl ohexane, toluene, ethyk February2007
acetate, THF, dioxane, acetonitrile, dichloronethane,

di chl oroet hane, diethyl ether, dinethylformm de

(DVF), dinethyl sul foxide (DMSO), dinethyl acetam de or

wouWReadI nati on thereof, or in the altergghisdgsoywad er -
R70 0 OH R70 O L (6a) (7a) 25 6 February 2007 WO

2004/ 028445 PCTI US2003/ 024986 HO O OR7 OR7 0 (6b)
(7b) whereim L is a suitable |eaving g}r{,oup, such as

an O acyl ySuchy as OAc, or hal (F«Br, A or 1)
or Ok, OTg %t t he Eke. "The app@ﬁﬂ;’gtely pr ot ect ed
car boxylic @ 6a or 6b can then activated, in a
conpati ble solvent at a suitable tenperature, to
obtai n an ad¥i¥ated 1, 3-di oxol ane @ or 7b. For
exanpl e the appropriately protected carboxylic acid
wheryin gy is@aghijableanysbrproddinggtpopy | at ed with | ead
tetraacetate to give a 1, 3-dioxol ane 4-acetate 7. The
dedae beyxiptentadior \dhor VHI carthéncsh hytdiolyadd iathe traame bBidir e

j i red | t b.e. .. th '
sl AP OP R e 85, 8 RN Moot e ROB P
compafibde sohvietithbaisuitghlopmpdratge theydadthe sarbxglic id, ekickethsi, ¢
i . t . f C
be RGP ARtERS: bLLEIRG e RER R B e cpmtPiohl
protecigd eachvixpiceacidhén ore@e s Thr yartioaplireacht canche aotectddnwith a@n
) e . s Nonlioting
st JHOnE Bl Suh SR, APSPRBANERGB; 0 areeen s o
acyl| grovipt byrmgethads well Ropivn sothese stiBedsin te agtsasivelaieGrad, et al.,
. hyl. te, TLEf .. di ,
Profflf, SRR BP orenli? SRR, JBh Yie G Sink et pon TR
For eitagipley heetophimpy, beyacted iwith thedilyvetohtpl fhramthe coratepopddbdD-; or
[ ' i met hyl tam d
L1 A L R e DX ot

acﬂeocq}bto{{yl'hlc %eid formation can be carried out at any temperature that achieves

the desired results, ie., that is suitable for the reaction to proceed at an acceptable rate
without promoting decomposition or excessive side products. Preferred temperatures are

from —10 °C to room témperatme.

Any reaction solvent can be selected that can achieve the necesséry temperatdre
and that can solubilize the reaction components. Nonlimiting examples are any aprotic
solvent including, but not limiting to, alkyl solvents such as héxane and cyclohexane,
toluene, ethyl acetate, THF, dioxane, acetonitrile, dichloromethane, dichloroethane,
diethyl ~ ether, dimethylformamide = (DMF), dimethylsulfoxide —(DMSO),

dimethylacetamide or any combination thereof, or in the alternative, water.

R”oj( Oy, -OH R0
‘ o:j — Lo
L

0=

(6a) , | (7a)
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R70 R70 (7a) (8a) OR7 OR7 L4--~ g 0~ Op (7b) (8b)

wherein B is a purine or pyrinudi ne base or it 6 February 2007

derivative. 26 6 February 2007 WD 2004/ 028445

PCT/ US2003/ 024986 '.. The activated 1, 3-di oxol ane 7a

or 7b can then be coupled to the purine or pyrimdine
whnaem2aus its derivative in a conpatibl e Foitwendsaisa

suitabl e tenperature, using any nmeans known in the

art, to obtain a protected R-D- or (3-L-1, 3-di oxol ane

nucleoshge o8a wr’8b. For exanple, an a@ﬁqvated purine

or pyrim ase, prefergbly via gilglation of the
base, such g2 base silyl ated , can be

coupled to the 1, 3-di oxolane wusing a Lew s acid, such

as tin tetracqlgrlde titaniun1tetrachh§ride or
trimethylsilyl” “triflate. The coupliné an be carried

QiR 180N at a ve des

resul ts, | db ?ﬁg{g]%g’ su% é‘°¥ ot Eﬁ ’ﬁpe%f 08%1@0
E&é%@éhnéﬂﬁaﬂTaoU@pMable rate without promoting
deconposition or excessive side products. Preferred

t eespatopriately protectéd cnnbogylﬁﬂﬁdt@ 01:@9@?]11 thetybel aﬁﬁ&a&édoﬁ a
el ected that can achi eve fhe necessary
comp Ik Bl s MBI R O el P it -daclans G
7b. cB@rp@nmple,sthe mnbprmem gt B ORbEFLARA] W2y RIEW! dafh b
al kyl solvents

ut. no

deca?&kﬂ as xane an q?/?l"%?\i*ﬁﬁf?@”“ﬁ%@%ﬁ% THF,

a onitrile i chl or onet hane

B S SR ey Frified e at any tgpparatich dhat ephieyey the
desngﬁ mtbultsai ¢.0thatt i atieble, flopﬁﬁfrgdcﬁ&i % &gu chéﬁ{%lé BOR. ratc

nucl eosi can be_deprotected by
wit oY BRI e o S0 DR, Bip PR temecreies s
fromt-308Bito 10M°Cx eene, et al., Protective Groups in Organic
Synt hesis, John Wley and Sons, Second Edition, 1991.

Fotknyaxatﬁ@i ®lvedt chn Badeleldil BREOY |a§:|1év¥ lhe rlde anﬁctgxﬁﬁ’efﬁg
dﬁ% qsp tected with a | N TBAF sol ut
an San solu ze e reaction components. Nonlimiting examples are any aprotic
soIvent mcludmg, but not limiting to, alkyl solvents such as hexane and cyclohexane,
toluene, ethyl acetate, THF, dioxane, acetonitrile, dichloromethane, dichloroethane,
diethyl ether, pyridine, dimethylformamide (DMF), dimethylsulfoxide (DMSO),
dimethylacetamide or any combination thereof, preferably anhydrous acetonitrile.

R0

\VJL T kb«B

(Ta) (8a)
OR’ oR’
L""( J T B J
(7b) (b

“wherein B is a purine or pyrimidine base or its derivative. ‘
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tenperature. Alternatively, a 5 -OH protected with an

acyl group can be deprotected, but not |im teélFtlanary2007

wi th anmonia or organic amine in an al cohol and water,

such as ethanol and water. Conpounds of the present

i nvention have at |east tw chiral centers, and may
woezesatsaisn and be isolated in optically adcirnsoesndioss

racem c forns. Some conpounds may exhibit

pol ynor phi sm The present invention enconpasses

fa%ma@avat@cﬂ)tll3qﬁ$ﬂoléné‘%'o¥ b caﬂ%éﬁ“%f mbl%d 1§ '«a{e unhe or

st er eomer I c or st ereol soneri c
hspe ordis derivativerip @ Gerapagble seleent ﬁ‘aéwtabbrt«;mwmc@ usmg

anyﬂﬂﬁ%@%wﬁ hendisetdbouis Qﬁl%{ekﬂe@ ? Ay ?ﬂsﬁ il lb_ve&iogo g llr‘l]‘ﬂeioﬁé

be appreciated that certain coffpoun
8a 7 8bs Epr expERI® #0 iRgfivaied purine or pmimidissylseg prefocably ya silylation

of tR&IBRL, is dﬁta‘§ q o DOBA LA EBS Jgrg)‘e po%pff.%% %ﬁﬁg Cdécfxloggne

_optically active or racem ¢
usingca {.qnas peinschs an tin detisehiqrie.cifartiym tdtaehlaida | temethylsilyl
wiflgtgsol ution of 27 6 February 2007 WO 2004/ 028445

PCT/ US2003/ 024986 the racenic form by

ot Sfeplte e ol S et Bl et i
resugy i€l dhat gs sugsgblepipr dlier wactivo gr proteed aisapavcaitiblinrateSwitgua
Pro&(ﬁiné @ﬁomgtfsﬁ{olé gpé{cé{sm%@&e qrgc{uctlg ygrg n{%@%’i’%ﬁ ! %sz'%la 'gqlnf)—n

. ast ereoner
50%@dﬁ%?r|c i someric forms of a structure are intended,
unl ess the specific stereochem stry or isoner formis

spAuy feaatigh bqumh@nd:atséeabted@m camadchiyveatd neé&szirja teifperafuret e

ared. u mat known. i n
andt arg(tgl i NC }éaecnﬁ’n goomp PR E* F%W%Bge E'F é’ﬁé‘ﬁi' #etsr m
solvgng mcb:dmg,sm hoti lmatmgm alk@ shinértiimeh adhexaé in @§dlshetdngm

ool YRR g bBRhE it foanelent risstg o

pyridipd, pdny sunatiniaiorethsreqfhmsferblirdiaiiplomethak. met hods to obt ain
optically active materials include at |east the

f oubsgiengy thb)lucﬂdwﬂe canlbe aépraeexﬁttgln&thodﬁwélﬁﬁa% G Bose

. Slﬂﬂééwngr}? M’ﬁe %? giﬁeﬁﬁea ¥/5’I .o the |nd|V|duaI

JohnaniejbendJSm Sécond \Editiah, 319911 tihe e&ﬂ@;ﬂé ad ?—bﬁ?ﬁiﬂ)ﬁéﬂ?ﬁﬁﬁs
prote%féh SSt’-qH it be d V?rotgc%?qe tg i astlﬁ n'@l%ﬁl’-o S lut?OrIrzecr) THF 3 nrgoélhe

S are
temperature Alternatively, a 5°-0H protected with an acyl group can be deprotected, but

not limited to, with ammonia or organic amine in an alcohol and water, such as ethanol

and water,

Compounds of the present invention have at least two chiral cenfers, and may
exist in and be isolated in optically active and racemic forms. Some compounds may
exhibit polymorphism. The present invention encompasses racemic, optically-active,
polymorphic, chiral, diastereomeric or stereoisomeric form, or mixtures thereof, of a
compound of the invention, which possess the useful properties described herein. It will
be appreciated that certain compounds of the presenf invention contain an

-asymmefrically substituted carbon atom, and may be isolated in optically active or

memic forms. The optically active forms can be prepared by, for example, resolution of
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ii1) simultaneous crystallization - a technique whereby

the individual enantioners are separately 6 February 2007

crystallized froma solution of the racemate,

possible only if the latter is a conglonerate in the

solid state; iii) enzymatic resolutions - a techni que
wowbenedys partial or conplete separati on potyuseoisaeesmt e

by virtue of differing rates of reaction for the

enantiomers with an enzyme; iv) enzymatic asymetric

the siahibefbins by recrisjllizAein €cHhRERANbH YGNRRTERRY o tﬁhg’—:ﬁ:?%t
one ste f .the synthesjs uses an _enzyrmtl% reacti on
startig inafrls, &Y el avathesso poby chsgmaiogiphie seRaration hsiigesichiral
statignant platd @ byreReyitatio fesslition! 281 @I Hﬁgeré‘dﬂﬁeﬁk' Aic %ﬁﬂs
nique

and\%mhem Catlri as rrrre;tN c synthesis - a synthetic tec

P RBYIC (R SPMS goteh SitGtEerere intendeda tunlsssi the dspéeifsm an

stereacifeinisarl ofisedd Fi s speuatally m@ibdéd | ons that produce
asymmetry (i.e., chirality) inthe 28 - ---------- 6

FeOptitally ack09 TormV@f %M&&ﬁé%ﬁ%}}éggﬁégr%% el

rodyct, which may be achi eved usin
knovg . fhe oy m°m| Byafepediion qf therasemisr fommby reeplizaionns -

techusiqpics, Gy hinetheSis IORT GYRYaII-aE 6 Siliting nSRRREURCH 8RSk ed
b wi th an_enanti oneri caLjI(% pure-reagent “(the “chira
y chipmstpgraphicisepagation ysing pshiral stelfpmany plased dual enanti oners to
diastereoners. The resulting diastereoners are then
s Bles ol mythodsip ehiinoeptisadiyyective watysdlainchudatti least by
followingt ue of their now nore distinct structural
 differences and the chiral auxiliary later renoved to

obt ai njyt he j ' s M) first- and
secon dl-) or der ag,{/sg ﬁ{_&ﬁl ot ! 'faot\réér]rlﬁ'ﬁu%ﬂ’éergbyénaf”@ipﬁWF que
wher eby di 45Fieledfitbe individuah eramtianmese amtmeaneallyi depdiited. € t 0
yield a pﬁﬁﬁ@%&gﬁﬁlﬁrbﬁfbé e ReHktRr 8F sctapre]lreatedelne?n L SLE Oer

fromthe desire _
exist, ie., the material is a conglomerate, and the crystals are

visually distinct;

ii) simultaneous crystallization - a technique whereby the individual

cnantiomers are separately crystallized from a solution of the
racemate, possible only if the latter is a conglomerate in the solid
state; ' '

iii)  enzymatic resolutions - a technique whereby partial or complete

separation of a racemate by virtue of differing rates of reaction for

the enantiomers with an enzyme;

iv)  enzymatic asymmetric synthegis - a synthetic technique whereby

at least one step of the synthesis uses an enzymatic reaction to
obtain an enantiomerically pure or enriched synthetic precursor of

the desired enantiomer;

v) chemical asymmetric synthesis - a synthetic technique whereby

the desired enantiomer is synthesized from an achiral precursor
under conditions that produce asymmetry (i.e., chirality) in the
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enanti omer or where preferential crystallization of
the diastereomer fromthe desired enanti oner pEebtuaBs2007
the equilibrium such that eventually in principle al
the material is converted to the crystalline
di astereoner fromthe desired enantioner. The desired
woenambismner i s then released fromthe di astesnanedoss
viii) kinetic resolutions - this technique refers to
the achi evenent of partial or conplete resolution of
a racemat e froductfwhith oyt fRedchicte@SRin hield oAbty ? auklal 1y
resol ved conpqund) by virtue of unégua reacti on
rates of th fitiomers with a chiral, non-racenic

reagent ,or catal yst under kinetic cond|t| ons; iXx)
enant i neci?—%&»t—w r ofn tedhniqrea odricby par ganemivor S
- a  synt hedohoind GY Rl GEE wih G %ﬁ%ﬁﬁh&{%@x ﬁsﬂu% AR (the

enanti omer i s obtained fromnon-c
materials adelnAe @fit)hféatsﬁ@V@@cthemm@aiduallmemetsytol S

not or is QfdsirodingsThd YealQIIR; 1a@fé}egx§9ﬁ %%etntsgp%r%%e%%r €

of the synthesis; x) chiral roma
techni que \HEOmSograpiyeor @Vﬁi@ﬁ%‘?’mb}smﬁle af flziremwst momr e

separ at ed iditifct! ktelidiushl rmﬁér&feemﬂé%e Oirf | & L{%{H%goﬁatérhel '
pha

differing interactions wmth a stationary

(i ncl udi ng TPeyee fojabigin thexjepieyl enapfiemest at i onary phase can
be made,_of 29 6 February 2007 WD 2004/ 028445

PCTI US¥#0 3 /fsst1and seoond-prder aspmmetiie bramg ormMnmbteblﬁn@base

can cont ai W@ﬁbﬁ@ﬁt&r&&ﬁ@ fr&gltﬂ ag ! e{nlh%rate to )E)eh?\mke

t he dlfferlnglnteractlons I'ra
chr omat ogr 2§ fa%FCtlé@hhtquuef thhém@layomdnd'ron:amermﬁxmdl S

vol ati | i zednARSm&NaRT VR SprdEn 1}; ?rtt)b ue of
aseo

their differing interactions in

phase with dﬁs%@?womémﬂeamduen@uanénpmdbmmﬁm c

chiral adsggds ;
solvents - a ﬁﬁ:ﬂﬁ I qu %%’%ﬂeﬁﬁeﬁ%ﬁgﬁﬁmﬁgﬁ é
separ at ed Bystliing digstegsomer fetfl%ﬂ!e desired erditomet. UEHe desired

enantiomer is then released from the diastereomer;

viii)  kinetic resolutions - this technique refers to the achievement of

partial or complete resolution of a racemate (or of a further
resolution of a partially resolved compound) by virtue of unequal
reaction rates of the enantiomers with a chiral, non-racemic

reagent or catalyst under kinetic conditions;

ix)  enantiospecific _synthesis from non-racemic precursors - a

synthetic technique whereby the desired enantiomer is obtained
from non-chiral starting materials and where the stereochemical
integrity is not or is only minimally compromised over the course
of the synthesis;

X)  chiral liquid chromatography - a technique whereby the

enantiomers of a racemate are separated in a liquid mobile phase
by virtue of their differing interactions with a stationary phase
(includipg via chiral HPLC). The stationary phase can be made of
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one enantioner into a particular chiral solvent; xiii)

transport across chiral nenbranes - a techni qué February 2007

whereby a racemate is placed in contact with a thin

menbrane barrier. The barrier typically separates two

m scible fluids, one containing the racenmate, and a
waooaoesags f orce such as concentrati on or PCRESWIN24986

differential causes preferential transport across the

menbrane barrier. Separation occurs as a result of

t he non-r acehiidbmatériat @lthe msttle pleasOdan thiRainRIDAROS bihat

all ows only nant j oner..of the racemate to pass

t hr ough. Chllnrgg algorﬁ‘r vﬁg?tggiﬁlgow,mtf’rﬁ@l"%i ng si mul at ed
novi ng hed chromat ogra hz is used in one enbodi ment.
A wi de Vari ¢ i’l?—gﬂf—@(lt AP ISAHAYE Whetebs the gposmate is
commer ci al | yolatitivei b bremtiobites bRV @ikl B Litnud &r flit her
under st ood %éc the followng non-limting E)garrpfes. 30
6 February 20678 Wﬁ’@%ﬁ?d%%ﬂﬂ@wl@ﬂ%w@mm
EXAVPLES  Mehtainiig affikd tioh-rweii cBiedl edstibliRghRg & Mel -tenp
Il apparatus and are uncorrected. NWVR Spectra were

r ecor deti) orex@acvios i with 48 AMIvesR Lt Ik aMHz
for ' H. Nmm NVR WtﬁfeT%ergtgp
internal stAMHIMES assepardted byorye of prefyrentigledissplupar efed
in parts pese Bahdidn@R intdRHicu hirflisG@,S are reported
as s (singlet), d (doublet), t (triplet), q

(quar t i), | dobdd @hidal REmhe! g'tf'é)g%%h@_hﬁ%by LR

spectra were neasured on a N col e
spect r omet dfcempgg dsplaged i qoptactewith o thinoneibthne harsier. The

M cromass vhkieOSpRALy kEBRd: 856 ks S %&??5,-5 ter.
TLC were perf orﬁgg gn %Ell SI at gg&%gﬁuﬁmé’a&ege gl

pur chased FIERAEERd Aedtngdorcesycling cetvensration gr prpdsyrewas
perfornmed ugteRigi L0R5 prafrbitaP £ 38hs : h)
for flash ¢hromat ogarapr?yl} c§r si | iggs Orpgfrgézgq'é%%b?%ge, >
440 mesh) PEGFL \SRPEFAIAD Joadn at d resalh of the enmtoogmiaphival UV

- spectra wenguRhirahd Behiheahat BAGK BN, B &2
spectrophot oneter. El enental anal y&%évvas r?g]re gt;trl%%d by

Atlantic RCEPYF Rpassiiieugh. Norcross, GA, or Gal braith
La&ﬂﬁr atories, Inc., Knoxville, TN. BPLC was perforned
witelchipmatqeraphyp incluging: simylgtd provippbed Cuomaiognhen  is

used M drb@ABodidvbyt. A wide variety of chiral stationary phases are commercially

available,

~ The invention will be further understood by the following non-limiting Examples.
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equi pped with a Model 600 controller, a Mdel 996
phot odi ode array detector and a Mdel 717 pl usFebruary 2007
aut osanpler. M Il ennium 2010 software was used for
systemcontrol, data acquisition and processing. A
chiral yser polarinmetric detector, Perkin-El nmer Model
wMmNB4grol arimeter (WIlton, CT), was use®Cims20030e4986
determination of optical rotations. Exanple 1 1.
Preparation of ester (3). A mxture of
1,2:5,6-0OdiisopropyEKddMms® mannitol (1, 13.1 g, 50
mol) RuCl 3..H20 (0.4 g), Nal104 (0.2 nol, 42.8 g) and
Na MEB (Qint IverensterrSinn Q)M ferGK affifdtus b are H3EN460

d at roomtenperature
MR 93’3"?3 q’”‘“d"&‘%%’% g H?X%P 4@@95{5’5 ARsGERcia gt deroltis
NMRayd 0z o IC MR aiteTVE as ﬂfe?ﬂlﬁﬁﬁ@g&ﬂ d@]ﬁEenﬁOc%'ﬂélhﬁ%g ) ar
ue, was. refluxed in Et
cepot i s Hfiof BB 5 el e oo socle i dmblet o
(tripled), qifq;am)sma(mdlnpm),ey sz@fogiﬁ silole, t iR guﬁﬁ @g@ Igeﬁg“ghgt%l . The
S ronoacet al dehyde di et
NICJI%e%IGP eF’l‘é\%{s n?% e?e I's o )SPF‘FF&[WFE (riqy@cﬁg)n Mﬁ@%lass
AutmthghgmMOm mbésup@dorﬁdgafr FLO. we%e%ﬂﬁeg‘bﬁ?d it \(()A (200
resi treated wit t OAC
geh #@’?ﬁedﬁﬁ] iesH G (et entaraniy Yespedbrmsdusing oither)
silicaged-60 (2G40 medh}aﬁoeﬂashlal&oﬁdtd)g?hﬁ Bﬁﬁﬁ%&l G ?@b\gﬁﬁﬁ V9
co
Y Y LRIl 7 dhn ity o
Becknyen qusﬁo a;ebﬁophoggﬂetﬁ MRMatcdal ¥naBei %ﬂ%éﬁ%ﬁéﬁg
l\vhcrgg Iyus,'\}g%gfﬁ?szé% béal% mﬁ%@@“‘%ﬁﬁﬁwﬂlﬁ N ZEP% m
was :perﬁil‘@t& with 14, ??%te@(}IBD,C gﬁktenP(MﬂI@fo&I Ceorafio CMH&HPI@IA§ 5) .
ti 0 n informc
equibed Yidts 1L s BRI S Shodeh 0B Biqrodide itey Bty and
Modelditp plua eutpsempler. Witk 2010 smngre Thguke |f&Ls&Qéh Wﬁ%ol
o 35C._ The_residué was
data EARGERH S8 ilerblle, B CRAR Dt o B BEeEModS] i
241V prflarigpten (Wiktoh, G veak used or ehic deteimieion &F pGA! RMkibdsi | € (50
' nmL, containing 0.01% of H20). To the solution was

Examggdelbd BF3. OEt2 (8.4 nmol, 1.065 nl) and stirred at
room tenperature for 20 h. EtOAc (100 nL) was added

and t hirepaeion dfiesgr (30! Ut i on was washed with H20 (10
nm.) and aqueous NaHCO3 (3x10 nli). The organic sol ution

WS nibktin@ dof 1,2:5,6-O-diisopropylidene-D-mannitol (1, 13.1 g, 50 mmol)
~ RuCl;.H20 (0.4 g), NalO4 (0.2 mol, 42.8 g) and NaHCO, (0.11 mol, 9.24 g) in CCl4 (60
mL), CH3CN (60 mL) and H,O (90 mL) was stirred at room temperature for 3 h. Organic
layer was removed and the aqueous layer was concentrated to dryness vnder reduced
pressure. The residue was refluxed in EtOH (300 ml) for 1 h and filtered. The filtrate
was concenirated to dryness and co-evaporated with toluene (50 mL). The residue was
mixed with bromoacctaldehyde diethyl acetal (50 mmol, 7.52 mL) in DMF (100 mL).
The mixture was refluxed for 5 h. Solvent was removed under vaccum. The residue was
treated with EtOAc (200 mL) and the mixture was washed with B0 (50 mL x 2) The
organic layer was dried (Naz80;). Solvent was removed to give compound 3 (13.5 g,
50%). 'H-NMR (CDCI3): IH_fNMR (CDCI3): 6 4.70 (, 1H, CHOEY), 4.62 (m, 1H, 2-H),
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(Na2SO4). Sol vent was renoved and the residue was
purified by silica gel colum (5% MOH CH2Cl2§ Félruary 2007
gi ve conpound 5 as solid. "HNWR (CDC13): 8 5.26 (s,
1H, 2-14), 4.92 (d, J= 12.4Hz, 1H), 4.69 (dd, J= 1.2,
6.8Hz, 1H), 4.49 (dd, J= 1.2, 8.8Hz, 1H), 4.19 (d, J=
wokp4®24a45s | H), 4.05 (dd, J= 7.2,9.2Hz, 112yT/UR003/024986
Preparation of 4-acetoxydi oxolane (7). Conpound 5 (200
ng, 1.5 mmol) was dissolved in THE (20 nL). To the

4.18¢(00, 4] O Hy )y S0- BTG 41N N Ok, Y 25@114.40253@19&1\4@59%@&
J= ‘?ﬁ%ﬁ#‘?’@g r)red at room tenperature for To e
3added NaHCO3 (3 mmol, 252 ng) then excess
i’ﬁ?m‘#&? the m xture was stirred at room
Fratdngf compqunddflon: (50 L) was added and the
pH of the solution was adjusted to 1.5 by addition of

6 NA isiption s gomnound 3l Qg A mmed) in famisedid (1004 in HRO) 2028 nl)
was SHeACH k@gh MBI Yor 150 hneeIH mﬂaﬁg s%@neaﬁsa&gﬁewﬁe 0

resi due was dissolved in TH ution

dryngss &t belpredf "Gy e asidee s cg-epapptated 1B totupne CattmBp@end (3
S d_at
crud&eR| as o éﬁwﬁl)ch %Qsdmssbﬁe% I%E% @o rﬁil‘) m% 2 8@3&,&# g

fenperat ure for
H.0} He the soluier wmaddobBFeQE 84 mpRlD 1 08X 210,) ami) stirréh et room

oAk S el 0

nd the resi due was

with (Hp0f] b end-egeeave SFHEOs (il mior Fotmehnd sHBSAY was HANR
S OpChalen e il i bl i i g 90
Meoﬂf@ﬁfﬂz) wvezcomyound 5408 s¢liv, 'BNVR QCIEHD) § 52626, (H) 28}
492§ g')=a1r2§}%}]}(1ﬁ?6é fa, P=19) 6.8z 5tn, 4.4 @3 S552, Sz, ’ﬁ‘-ﬂ

4.19 ¢, Jﬁgggﬂwmﬂm[ddy%'immlm yl - 2- ani no- 6- par a-
- nmet hoxybezenener capt opurine (9). 32 6 February 2007 WO

2004/ 0P8pBioPGTH-A08E0ERLARAIYE ' .. A suspension of
2-am no-6-chl oropurine (2 mmol, 339 ng) and (NH4)2SOU4

T ﬂbmpgt)ndﬁr@()ﬂl\@l.(s inalsyas\dSolved il TR0, T the RAMod e
s GG RO R0 RL Bh §Re  Srt Tac
h. T(atdidmdcnae waHddedi NaF COf (iﬂmdamhﬁé) therl exoss BEB1 fan @nd
to e bk Rl ol 2 SR (S0 s o e o

pH of therslutienper aljusted tof bf b Additi@nst aeficy mgbnfcosroluamh wasTh e
washédev%ﬂd:{ ﬁz(p @xgrfnﬁ ek dn\é\@a\lag 45 egolg'e%t \Evgs removed and the residue

was dissolved in THF (20 mL). To the solution was added pyridine (1.5 mmol, 118 mg)
~and Pd(OAc) (3 mmol, 1.33 g) and the mixture was stirred at room temperature for 16 h.
EtOAc (100 mL) was added and the mixture was washed with H,O (3x20 mL). The
- -organic layer was dried (N22804). Solvent was removed and the residue was purified by

sifica gel column (10% EtOAc/Hexanes) to give compound 7 (38%). 'H-NMR (CDCl):
| 3 8.10-7.42 (m, SH, Bz), 6.44, 6.38 (ddd, J=2.0, 4,4, 4.0Hz, 1H, 4-H), 5.55, 5.46 (tt, J =

3.2, 4.0Hz, 1H, 2-H), 4.43 (m, 2H, 2-CH,), 4.24 (m, 1H, 5-H), 4.02 (m, 1H, 5°-H), 2.11,

1.99 (ss, 3H, Ac).

4, Preparation of 2’-hydroxymethyl-1°3’-dioxolan-yl-2-amino-6-para-
meﬂloxybczenemercaptopuﬁqe ®.
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tenperature and neutralized to pH7. Organic solution
was dried (Na2SO4) and the solvent was renovesiFebtigy 2007
residue was purified by silica gel colum (5%
McOH CH2CI 2) to give product as a m xture of
a/ 0-i soner,
wo2ethzsoyl oxynet hyl - 1", 3" - di oxol an- 4" - yP€PUS2003/024986
am no-6-chl oropurine (132 ng, 709 with a ratio of 3/2
in favor of a-isomer. A mxture of

Festipension e 2 enrors-eHloréiriddh(2bmol 1 3394))and SR, (168

p_
) In ) s stirred at room
me) [ ﬁ%@sa{{gﬁn&)’ 67 f%w"f?%( f??? %%f’ﬂ@ oS ol s evapRistedon
drytsss:j urha'hxasid@fwasmsmsquveﬁt B AR AL U e Slotes sdlition RwaPMhdell f% )
n m xt.ur wa stirr at oom.tenper ature for
s g B "o ity €Sl “Bohae (aagnh) “ond
iodothnstiylsilame (TVISIVE Obhnio? 0. 37L)AN0P O Whethidithe\Bas (Brrdlla) roWRS

added sol utian refluxed for 20 h. Sol vent
temBSB5T B0 Aot dor 5B e refR g BGUrG e wgled tq toem gel
teny@mhukTand idtrgiz¥e td pHA| OHMMCCQORIBE was dried (N2;SO4) and the
1v2 ivgydrovxgﬁt hyl.-1'3'-d q%ﬁ?m _a_n-yll - 2- am_no- 6-}?/ar a-
SOV PRI BES e afa\ewaﬂ# ¥ sl gel eqlpmany (GHAMHH/CEGh)o1
10 givs C&lbt 8 Zf i i g ’P g 9.. - d!
° "_glg '8, abi, ngﬁﬁu ° Ph?? lfscg‘lffté( i é’ﬁ%ﬁ%’? s 4%’“,"1’%, S H |
aming-6xahlopqpurine {132 me, 40%5) With-4 ratio ofi3)2 in fav@®f Bhisomer. 211, NH2)
4.47, 4.30 (nm 2H, 5 -H), 3.91 (d, J = 1.2Hz, 2H
6' A ppixtug of 5-niethoxgidnze@dhial) (0.1¥bml,fli maibl) @and NaH 4P eRf 2r r ed
| t inveption.desqgrihed herein
rnchflh OB I o8 bt PR3P Pt PR 3 e e o
addeg 4 selatiopoafithe pratedteshanciensideadh insHME (2 sl ks the auistudarsed
STY ALY h t _invention, 33 6
s o RO ooty RIS SR Cr BRSO Be 288 s v
dissofyedinvMeDH R0 plo crmd pufybaminer @pak) way aiderdd o solwion fvas mul a
I . I] . ri.si t.he steps of:
relu 20 s tpt el dnt i OB Y R ool ) ¢
o @ivehy fpab| ymiclsoside, ek’ hydroxyRethybl’3’-dioxolan-yl-2-amino-6-para-

ek e R KAy B BT <
8.4Hz, @HpPh)26.98 (CH2CBHIDRAH2Ph), 6.24 (dd, J=2.8, 8.4Hz, 1H, 4’-H), 5.25 (i,

J = 2.4Hz, 1H, 2°-H), 4.86 (brs, 2H, NH,), 4.47, 4.30 (mm, 2H, 5°-H), 3.91 (d, J =
1.2Hz, 2H, 6°-H), 3.85 (s, 3H, OCH).

Modifications and preferred adjustments of the present invention described herein
will be obvious to those of skill in the art. All of these modifications and adjustments are

considered within the scope of the present invention.
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wherein X is halogen or pseudohal ogen, and R6 is

al kyl or aral kyl (Cd-20); and cyclization w t&Fabruary 2007

acid catalyst optionally with hydrolysis of the
acetal. 2. The process according to claim1, further
conprising hydrolysis of the ester group of the
wocorpoadsd of fornmula VI or VIII fol | owesciyszoesmess | on
of the resulting alcohol under basic conditions to a
conpound of forrmula 6 (including D and L-isoners): O
I "We€Qy 0' OH O 6 wherein R7 is a protecting
group. 3. The process of claim2, wherein R7 is acyl,

si gyl &%gﬁy .34 6
Febr uar@rzoo% g‘gﬂﬁ%ﬁ%%%a‘%gz%mgsa 4. The

process of cl aj 2@ further cgnp |srng decar boxyl ati on
of the carboxyl™¢ group of coO and coupling
with a purine pyrim di ne bas |ts derivati ve,

or

fol | oned by d rgtection to foryn a/D- and L-di oxol ane

nucl eosi de of mula I11-Vl: X HOHO-910

Hr1v 7, tRI1 / NZ
Vi Vil

comprising the steps of:

oxidation of 1,2-O-protected-glycerol to an acid salt, or hydrolysis of methyl (R)-
or (S)-1,2-O-protected-glycerate to form intermediate 1;

alkylation of intermediate 1 with a compound of formula X’CH,CH(ORg);,
wherein X’ is halogen or pseudohalogen, and Ry is alkyl or aralkyl {Ci20); and

cyclization with an acid catalyst optionally with hydrolysis of the acetal.

2. The process according to claim 1, further comprising hydrolysis of the
ester group of the compound of formula VH or VIII followed by protection of the

| resulting alcohol under basic conditions to a compound of formula 6 (including D- and
L-isomers):

wherein Ry is a protecting group.

3. The process of claim 2, wherein Ry is acyl, silyl, alkyl or an aralkyl group
(Cr20). '
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OOHYNIOH OO V VI wherein Ris H, halogen, OH,

OR, SH SR, NH2, NHR, NR 2, |ower alkyl of6 Etbrivdry 2007

CH=CH2, N3C=CH2, CO2H, CO2R , CONH2, CN, CONHR ,

CH20H, CH2CN, CH2CH20H, CF3, CH2CH2F, CH=CHCOZH,

CH=CHCO2R , CH=CHCI, CHCHBr, or CH=CHI; R is |ower
WQkley/92844C1- C4) ; each X and Y is i ndependermiriug200/024986

hal ogen, OH, OCH3, SH, SCH3, NH2, NHR , NR 2, or CH3;

and Zis CH or CX 5. The process according to claim

2 Mher'ﬁnenpﬁobass o8 sobairy SE uftiek  dayfihgy AedarbRkylatibh f OB €

0 VI 1 | sa organi c or, |norgan|c
carBiryi ORI & clnbor B, 2t onnlifc i 8'p T PYRRISEE bEP OF fini m
- derbativege follpwed by deprstectio 18UITore]deDUSnAl kidrola®¥ ndidedlid of
fon? [t taI base. 7. The process of claim®6, wherein
e ase i s aqueous NaOH or aqueous KOH 35 6
February 2007, 8. The process of claim1, wherein the
oxi dationgs onduct ed using an oxi di z ng agent
selected fr m\tiE group consi stingd A/ RuC13
hydrat g, 13 hydratg K
combi natl hereof. 9. The p
wherein d boxyl ation is carry out at from about
-10 Cto 100 C, in an aprotic solvent or water, or
conbi nati onl't hereof. 10. The process of claim?9,
wherein the solvent is an aprotic solvent. 11. The
process. of¥ cl aim 10, wherein tRe solvent is hexane,
cycl ohe R ol uene, et hyl tane, THF, di oxane,
acet oni til I dl dichl oronet hm}‘ dl[chTor oet hane

di et hyb”et iHret hyl f or
di met hyl su fo de (DVSO, dinethyl am de or

conbi nati on °ner eof
v

wherein

R is H, balogen, OH, OR’, SH, SR’, NH,, NHR’, NR’,, lower alkyl
- of C-Cq, CH=CHp, N3C=CH,, CO;H, CO;R’, CONH,, CN, CONHR’,
CHOH, CH;CN, CH,CH,OH, CF;, CH,CH,F, CH=CHCO.H,
CH=CHCO;R’, CH=CHCI, CH=CHBr, or CH=CHI:

R’ is lower alkyl (C,-Cy);

~ cachXandYis independently H, halogen, OH, OCHs, SH,. SCH;,
NH;-,, NHR’, NR’z, or CH;;; and

ZisCH or C-X.

-5, The process according to claim 2, wherein the base used for hydrolysis of
the ester of formula VIX and VI is an organic or inorga.uic base or combination thereof.

6. The process of clann 5 wherein the base is an aqueous alkali or alkali
earth metal bage,

7. The process of claim 6, wherein the base is aqueoﬁs NaOH or agueous
KOH. ' ' '
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12. The process of claim1, wherein the acid catalyst
is a Lews acid. 13. The process of claim1l, &Resraay 2007
the acid catalyst is BF3 etherate. 14. The process of
claim4, conprising coupling the purine or pyrimdine
base or its derivative by: silylation of the purine or
pyrim di base or,. i.t.s derjvatiye; and coupli,n f .the
T bt el e iy Frivbetan S oxdiior Refpgpdedpripd oo
oxitlRidghe ag&@ MRUREEJOT fibAr MMl %rdu?{b t Béhsieiagens®e fal@y/RuCl;
Lewis acid. 15 The process of claim 14, wherein the
hydretg; Na@Qel/Buth hydrage 5, HALOHKIO gang gombanations thegeodf
tin tetrachloride, titaniumtetrachloride or
11 O NYAR! bobleds o bafth 8 whiflin dREHBEAGERDis Qhrrfti Bl o
wher'ei n the purine or pyr|n1é}ne base or i1ts
abate F 10741 10V0i°€, &1 dnydpadtécsohrenhoheataryet bythbiinstidrathareef.
(HVDS). 17. The process of claim4, further conprising
i solating the nucl.eoside of .fornmyla LII-VI in
opt 1 Eal 1 §he et of i SnwBlroinaBhudes sracots o
wherein the optically active formis isolated by

respl.ut i Phe prlocéss 'oBCRINNClOf YheteRY the@BI At i8 ek &l cPdlohexane,
nthesis from optically-active

techni ques, by synt m ! .
tol@parchﬂga%tee}r[ﬁfﬁsi,wwemﬂemmby didhlosprycthgne, dichloroethane,

R
dinfeh 4482008, 024 98@bibAtiod irrdefocess of claim 4, wherein

the purine or pyrimdine base is selected fromthe
gro consi stin f adeni pe,. N6-al kyl -pur.ines, . .
N6 - ﬁ?gw pths mggesgwﬂ@ﬁ@? b ‘gﬂvpmi'}ﬁe aqd egtelyphdy p Lewisqeid.
al kyl aryl, or arylal kyl), N6-benzyl puri ne,

N6- {1l Oppkd fi8cesdNBf clMinlY | WhErkiAGhe N BASKY i€ BIFS efhdfad1e,
N6- acyl purine, N6-hydroxyal kyl purine; N6-thioal kyl

purine, N2-al kyl purines, N2-al kyl-6-thiopurines,
t hyH- ne, Theproedsp ef clim |4, eepusing eupling the purine or pyrimidine

basgg}ﬁyhgﬁqagééﬁg, 6-azapyri m di ne, including
-az 3

a- Cyt osi 2- and/or 4-nercapto- pyrimdine,
uracil, 5-halouracil, including 5-fluorouracil,

C5-gilykatiopyf thei pilivine o1 pEdmidigy Bagt opity detivating sind
C5- hal opyri m di nes, C5-vinyl pyrimdine, C5-acetylenic

pyrim di ne C5- ac rim dine, C5-hydroxyal Kyl .

| purqfwsﬁn@f a@mkﬁi}%ﬁk PHITBF A% PYCSIGR R P1 i derikative to the
L ) e i L di ne.
co I Ly PoRl T R ST AT e, -

15 The process of claim 14, wherein the Lewis acid is selected from the

- group consisting of tin tetrachloride, titanium tetrachloride or trimethylsilyl triflate.

16. The process of claim 14, wherein the purine or pyrimidine base or its

derivative is silylated with hexamethyldisilazane (HMDS).

17. The process of claim 4, further comprising isolating the nucleoside of

formula III-VI in optiéally active form.

18. The process of c¢laim 17, wherein the'optically active form is isolated
by resolution of a racemic form by recrystallization techniques, by synthesis from
optically-active starting materials, by chiral synthesis, or by chromatographic
separation using a chiral stationary phase. | |

36




azacytidinyl, 5-aza-uracilyl, triazolopyridinyl,
i m dazol o- pyridinyl, pyrrolopyrimdinyl, and 6February 2007
pyrazol opyri mdinyl. 37

WO 2004/028445 PCT/US2003/624986

19.  The process of claim 4, wherein the purine or pyririidine base is selected
from the group consisting of adenine, N°-alkyl-purines, N6-acy1purines (wherein acyl is
C(O)alkyl, aryl, alkylaryl, or arylalkyl), N°-benzylpurine, NC-halopurine, N°-
vinylpurine, N°-acetylenic purine, N®-acyl purine, N®-hydroxyalkyl purine, Nﬁ-thioa]kyl
purine, N%-alkylpurines, NZ-alky]-6-thiopurines, thymine, cytosine, 5-fluoro-cytosine, 5-
methylcytosine, 6-azapyrimidine, including 6-aza-cytosine, 2- and/or 4-mercapto-
pytimidine, uracil, 5-balouracil, including S5-fluorouracil, C°-alkylpyrimidines, C’-
benzyl-pyrimidines, C*-halopyrimidines, C-vinylpyrimidine, C*-acetylenic pyrimidine,
C%-acyl pyrimidine, C’-hydroxyalkyl purine, C’-amido-pyrimidine, C®-cyanopyrimidine,
C’-nitro-pyrimidine, C’-aminopyrimidine, N*alkyl-purines, N>-alkyl-6-thiopurines, 5-
azacytidinyl, 5-aza-uracilyl, triazolopyridinyl, imidazolo-pyridinyl, pyrrolopyrimidinyl,
and pyrazolopyrimidinyl.
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