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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
tumor development, or indirectly trigger tumor development through chronic

inflammation, cirrhosis, and cell regeneration associated with the infection.
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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
HBV. Furman, et al., “The Anti-Hepatitis B Virus Activities, Cytotoxicities, and
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291), 1,6-di-O-benzoyl D-mannitol (Hudson, C. S., et al., J. Am. Chem. Soc., 1939, 61,
2432) or 1,5-di-O-benzéyl-D-arabitol (Haskins, W. T, et. al., J. Am. Chem. Soc., 1943,
65, 1663); (ii) preparation of monoacylated ethylene glycol followed by oxidation to
aldehyde (Sheikh, E., Tetrahedron Lett., 1972, 257; Mancuso, A. J. and Swern, D.,
Synthesis, 1981, 165; Bauer, M., J. Org. Chem., 1975, 40, 1990; Hanessian, S., et al.,
Synthesis, 1981, 394); (iii) acylation of ethylene chlorohydrin followed by
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Belleau et al. (5th 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 dioxolane 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 diastereomers about the C4’ carbon of

the nucleoside. Belleau reported that the sulfur analog, referred to as (+)-BCH-189, had
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Immune Defic. Syndr. 2002, 29, 11-20).

r‘pa

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



yl ] cytosine) L-GddC) and

(-)-(2"S,4 R-1"-[2"-(hydroxy-nethyl)-1', 3" -di oxol an-4
wWO-2904}028+451 odouraci|) L-10GddU (U. S. Patent No. PCT/US2003/024986

5,792,773) have been identified and are currently in

pre-clinical or clinical studies to assess their val ue

ot 3B ha Qior A 6815 EHe WEALSs of Mol S hom -
mahhes eind ;L-Gabhiet hctondAfdr. D-&arfublded id]ahe GucleGbitiés, riQﬁEé'ﬁvely (U.S.
et al.,

| nvest i Drugs 2001, 2, 348-353; @Qu, Z., et
Patgp; f‘?ﬁ- é%&z 212§g§ﬂ9%a72:39e ngewerer, theggaroepssesigmgva3@any steps and

: : 4r 4 e fic
o P g i hdleg o be ALy P URER T hpprgsnonty
(sealidiheosi dadedisiimn. y 9931B6s 5 1-§l8anduefragbskreigct i Vi ty
(see Kimet al., J. Med. Chem 1993, 36, 519-528 and

ref p 5 RefRiaMy | ith of@i
PCT/ U52003/ 024986 4l Rt Eé‘l‘%gé)gqﬁ%‘g’%ﬁg@%?gﬁgmg substance
foradipierteialsi & chiyalthawilexyofetitil Sxwioah2-dinxolane ias bserf usethabihe ke
y

oG B0 S o SRR
aci8, if 6fie Jptesende 69 BF;! Fplow INBY olurhh) @8FarM AL 88 SGFral éesin or by

i nvol ved many steps and nost of the internedi ate
enzygsgie dresadutina. p Ut iis ivewy Isypeisivecte geparcothgnehiral lactone by these

T e A o

suffjciently large quantity of di oxol ane nucl eosi de
dr uy‘% Bé%f%ﬁ%@amg d‘rg"chi for &%ﬁtrqf&cgye and l5teregselective processes to
roRn@CHbRENARS BlveTsds o Bodl fjgs been used as
P tﬁe keyé ?E%erﬁg ?ate?3€§°§%§%§?§§§?§%§by cyclization
of or ts acetal.wth glycoli. acid in the ,
pr ggelﬁ B 8? Je%th,% tﬁ%lﬂr?ﬁ‘i}étdméfﬁmm e PﬁY‘Floﬁldo gost-effective
proééliséseor TR SAthedis O enafiidiERtall§ phRRbMIdRhuclebsiliss. Very
expensive to prepare the chiral |actone by t%ese
processes, because of the high cost of the chiral
resin and enzynes. Thus, there renmains a need for
cost-effective and stereosel ective processes to
produce bi ol ogi calgpmedy ¥ETi g@@i di oxol ane
nucl eosides. It is an %g{ ec?ﬁ% t Nzngl?esent I nvention
to provide novel and cost-effective processes for the

synt hesi s of _enantionerijcall yﬁ&yre di oxol ane
nuc o Presenf. inseppgmRinchrdeam efloinT Ispnthtie route stont,3-dioxolane

' ' j i G nt het.i oute.to. ..
B8 16, RGOS R 0 D it
neefed clheso msocevdet Allowahogticostlative Bidpartieh BEthe biologically active

. fun%;éonalitgwgf needed. These processes allow the
1S0RPL M IRCSE CRRPPYISpr epar ati on of the biologically active
In one embodiment of the present invention, a process for preparing a D- or L-

1,3-dioxolane nucleosides is provided, comprising:

a) preparing or obtaining a cyclized compound of the formula (VII) or (VIII):

ESEEE N

(VID) (VIID)



i somer of these conpounds. In one enbodi nent of the
present invention, a process for preparing a D or L-

wa 28040280481 ane nucl eosi des i s provided, conpri BCHES2@3/024986
preparing or obtaining a cyclized conmpound of the
forrrula(VII) or (MIl): OOOOCO O OO (V)

ancgl{ 7 WD 2004/ 028445 PCT/ US2003/ 024986 and t hen
opening the ring of the conmpound of forrmula (VII)
VIII_ and protecting, if necessa to obtain a

88 theoring phths £oBpoBi Oﬁq@n@acﬁﬁncwcﬁvms and/potecting,

0\ Olﬁneceéég o(sagtamgn:%ﬁ@'oﬂn fi*o a%wotr%g' e oxygen

protecting vatl ng the conpound
of fornula 6a or 6b, to obtaln a conpound of fornula

7a or 7b: ORPx 0%y L Lti, o(7b ORferein L
is a SU|tabIe ing group such as cyI such
as OAc, hal og , 1) or S, and t he

i ke; and then d) coupllng t he conpound of fornula 7a
or 7b, to an actlpgbed and/ or protected 6t )lne or
pyrinidine base or rts derivative to obtairn“a conpound

%hefreCfn Ebl isa sultaabl% ox?zgen pr\;g‘toect%-ggroup, ang then

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

formula 7a or 7b:
R0 OR’
o -y
(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 7b, to an activated and/or protected

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

8a or 8b:
R0 OR’
o)
k ~~B Bm(oyr
(8a) (8b)

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

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

dioxolane nucleoside.



(8a) (8b) wherein Bis a purine or pyrimdine base or

its derivative; and then e) deprotecting the conpound
wohodsonsasba 8a or 8b, if necessary, to give a RCBAIS2003/024986

di oxol ane nucl eosi de. 8 WD 2004/ 028445

PCT/ US2003/ 024986 I n one particul ar enbodi nent of the

pre | for ari t he .

cycl zedJ agtgcﬁlpﬁ%u%bdl?‘]ﬁ%ﬁg ?)reant I@an '8 a\)%f’fesﬁ for preparing the
cydized taheshund ofi fitei foirga VA) o VERAS progided, @dBipishicng a

compound of the formula 1 or 1' (both incl ud| ng D and

L-i ( rei

o Shd iy ag & REE T ppom qfif Kimhlisf pb . (W8 Hkflcing D-
=CRS' aond Lasifi@efsR5' ; and ZS is al kyl or aral kyl ; and
then b) oxidizing the conmpound of the formula 1 or

hydr ol yzi ng t he conpou of the fornmula 1' to obtain

a compound of formula (including D and L-isoners):
MOO RA'X 0 RHUE®—Z) wherein Mis a netcalgr®
preferably an al kali| netal, such as Na or |[K; and then

c) coupl iR t he gonpound of thd?d'forrmba 2with

X - CH2CH( 7 wherlein X is a iCabl e |l eavi ng
group, prefegrahly a jhal ogen (F, NBr, 1) or MO, TsO
or the |gke, I%Wst preferalgdy Br, Oroobtain a

conpound of formula 3 (including D and L-isoners): R
00 0 &) @)

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

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

formula 1’ to obtain a compound of formula 2 (including D- and L-isomers):

MO
RL__O
R3><o
@)
vherein M is a metal, preferably an alkali metal, such as Na or K; and then

¢) 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 formula 3

(including D- and L-isomers):

Os__0O

R* 03/ l

R3><o ¢ 9
R® R®

3)



R3~0 R6 R6 (3) 9 WD 2004/028445 PCT/ US2003/ 024986

wherein each R6 is independently an al kyl or aralkyl;
wand4ikensd) hydrol yzi ng the conpound of the fecmuisa003/024986

to obtain a conpound of formula 4 (including D and

L isoners): 0 )"0 HO HO (4) and then e) cyclizing

6l. tain the
cyc r‘l%zle &ugoﬁgn%&fg? deﬁlﬂ{'%}ggﬁgﬁ%ﬂrgl (g 1. In an
eve nore preferred enbodjnent, the cyclization of the
burdralyzing the cogmamncosihg formyla 3 s Abtawncticqmpayiafl @f ormula

condl t4gﬁb‘iud1 Q@;g{lj&;ggsmﬁg} .processes of the present

i nventi on my fepare conpounds of
formulae Ill to VI: XX Rj .z NZNN HO- 0OON O HO
ONNAY |1l IV XX I\I~RNS'ue‘IZONO(}IYNN

OH OO0 VWV 10 0. O
HOE/ =0
HO
)

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

compound of the formula VII or VIII.

and then

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 ITI to VI:

X X
~N ) S
ol o
—
S A
O 0]
i v
X
/ N/

10



WO 2004/ 028445 PCT/ US2003/ 024986 and pharmaceutical ly

acceptable salts or esters thereof, wherein: Ris H,
woabagesus§F, C, Br, 1), OH OR (R is |ower ackyis2mB/024986

Cl-4), OCH3, SH, SR, SCH3, NH2, NHR , NR 2, |ower

al kyl of Ci1-C4, CH3, CH=CH2, N3C=CH2, CO2H, CO2R,

o Bt et Y e G il o1 oo

each X and_Y are dependent | y H hal ogen (E
R i) Ialmge@@ @hBrpB Ra(Ryfs lewer akylof C I'MC}QAS'H SR’,
\ et
SC% ﬁég% as E‘”\‘}‘é;}ﬁﬁh"efo bl‘oé‘egs}%;&%%dflﬁ reseﬁt COH,

COgRﬁ/eﬁlONHz NEONHR 'us€H, 08, rﬁ‘Ié;piHﬁ)H nCFs, eH,aHBB, GiIH—CHCOzH,

eI LMl G, 2 (1), 1

non-limting illustration of the asymetric synthesis
eachfX dndYoira irelependehidyp Bl el gerh(o (B, by, OHHER "afRe is lower alkyl of
4 \ iates of 1 to
Crg s 850 SRl Niteo MR, MRy b Bt P11 v o
THE | NVENTI ON The present invention includes an
Z igfH, 6r 8K is gefinedias bevsht es to 1, 3- di oxol ane
nucl eosi des from i nexpensi ve precursors, wth the

option of introducing functionality as needed. These
processes allow the stereosel ective preparation of the

bi o [ Y [ . D P

oo FEBEA4 8 P DS mh S5 BaSETERAPAR s o
fortmube¥BsedVIlInvent i on, a process for preparing a D- or

L- 1, 3-di oxol ane nucl eosi des is provided, conprising:

a) preparing or o |n|(519 a cyclbzed @onpound of the
formula VIl or _;6’ Og

O

(VII) (VIII)

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 VIII. All intermediates of 1 to 9

include D- and L-isomers.

DETAILED 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 biologically active

isomer of these compounds.

11



OO0 OO (Vi) (MIl) and then b) opening the ring

of the conmpound of fornmula VII or VIII and protecting,
woRoo4egmassary, to obtain a conpound of fornmul aCBaSL003/024986

6b: RTOOOHHO OORe VO O (6a) (6b) wherein R7 is a

sui t abl e oxygen protecting group, and then c)

act ivat | f fornula 6a or Bb, to .obtain

2 ot Bh BfolglRe RO Mesh h s @il Reprérdrife s or L.
1,3¢diexolfrknucidosides i ptovidedacsmprisiid:-e | eavi ng group, such

as an O-acyl, such as OAc, or halogen (F, Br, Cl or

S TR sl cahioRi SRURVITE i

protected purine @r pyrimdine base or its derivative
to obtain a conmp Ofornul a O b: RTOORS o
00BBJ[ 12 WO|2 O%/628445 PCT/ USRQ 24986 (8a)
(8b) wherein B i urine or pyrimM 'p base or its
derivative; and then e) deprotecting the conpound of
formula 8a or 8b, if cessary, to giv 1, 3-
di oxol ane nucleosidéﬁﬁi% one particula&I odi nent of
the present invention, a process for preparing the
@pdithered conmpound of the formula VI1 or VIII is
provi ded, conpri sing:

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

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

R0 Oy, -OH HO._ O
o) o
0 o)

(6a) (6b)

OR’

wherein R is a suitable oxygen protecting group, and then

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

formula 7a or 7b;

R%11</ ‘\J/OR7
0 L 0
7 L”"LO

(7a) (7b)

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:

Rokb” N

12



a) preparing or obtaining a conmpound of the fornmula 1
or 1' (both including D and L-isoners): R5 HO
WCORURA?28445: R3 O (1) (1') wherein R3 and R4 aPeT/US2003/024986
i ndependently al kyl or aralkyl; R5 is =CRS or
CHOHR5'; and R5' is alkyl or aralkyl; and then b)
oxi di zing the co nd of the fornmula 1 or drol yzi ng
t he conpound of nﬁ%ﬂ formula 1' to obtai n(%lg%orrpound
of fornula 2 (including D- and L-isoners): MO O R40
Reheesin Bois a PFBE @F pyrinidinebapgperifs desivaies; abd thean al kal |
metal, such as Na or K; and then c) coupling the
c onppuleprotdcting ¢hef conmpruad 2 fbinhul8a CHBBH{FARGRarywWregiet a 1,3-
X is(ﬁ}%#itable l.eavi ng group, preferably a hal ogen
(F, qdioxglanepyclepsidqs g “Ts0 or 13 WD 2004/ 028445
PCT/ US2003/ 024986 the |i ke, and nost preferably Br,
t o bbemgi particubes epodidnent of e prdsent3nydntion,Ledprogess Bor mepsiring the

cyatized SRR oDt o Vikpr STy ooV lagihSppupiings <" 7O 1S

hydrol yzi ng the conpound of the fornula 3 to obtain a

a) conpiEnEingo obtaning lagompoirt pLite dernmla et 11 (Hoglomehugling D- and

L-isomers):

RS
HO——/ COOR®
R o R? o—oI
Dot
@ @)
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 a compound of formula 2 (including D- and L-isomers):

MO.__O
4
§3><8T
@)

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

c) 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

13



OO LO HOHO (4) and then e) cyclizing the conmpound

of the fornula 3 or 4 to obtain the cyclized conpound
wohoddvesf4ornul a VII or VIII. In an even nore pretrase®md024986

enbodi nent, the cyclization of the conmpound of the

formula 3 or 4 is achieved in acidic conditions. 14 WO

200¢{¢ Olﬁé"’ﬂgﬂ E@% st eseg %%4%890‘[%1y5650?é}3{u§d otfr}elam%la 3 (including

processes of inven
pr ePared Lasomasnds of fornmulae 111 to VI: X X NN z
NN/ NKkOHON HOOOYpO IlIl IV N~RN XX

acceptable salts or esters thher ¢of , wherein: Ris H,
hal ogen (F, d, Br, (ge is | ower alkyl of

Z ONOOHY NNO®™ OON}h)O and pharrmceutlcally
Cl-c4), OCHS, SH SR‘ R3 1

©))
wherein each R° is independently an alkyl or aralkyl; and then

d)  hydrolyzing the compound of the formula 3 to obtain a compound of

formula 4 (including D- and L-isomers):

and then

€) cyclizing the compound of the formula 3 or 4 to obtain the cyclized
compound of the formula VII or VIII.

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

formula 3 or 4 is achieved in acidic conditions.

14



SCH3, NH2, NHR , NR 2, |ower alkyl of Ci-C4,

CH3, CH=CH2, N3C=CH2, CO2H, CCO2R , CONH2, CONHR ,
wOREH284a52CH20H, CF3, CH2CH2F, CH=CHCO2H, CHepCHDSRH?3/024986

CH=CHC1, CH=CHBr, or CH=CHI; each X and Y are

independently H, hal ogen (F a, Br, 1), CH R (R

£ SRR S R Ty el g

com@a@uﬁbrmmaemta&m/ 028445 PCT/ U82003/ 024986 The
processes of the present invention may be used to

preparelntermeglates of fornmulae VIl and VIIlI: Op O
O co-: O(Vil) (V1) The process imrolves
OX|dat|on 0 Q prot ect ed-gl yceral, s anal og
or derlvatlve to 2- O protect ed- gyyceyfi ¢ Mcid

salt, such as p&ﬁ um sodiu r ot | kalii netal.
These sHQ cal¥ be prepar y gr ol YNMT n
connerC|a{Sk/ ilable internmedi ates, Ynethyl (R)- or
(S)-1,2-0i3gpropyl i dene-gl ycerate With base, such as
aqueous KOH, CH and the like. The salt reacts with

X -CH2CH(OR) 2, wherein X is a suitable |eaving
group, preferfhbly a halogen (F, d, Br,\M) such as
BrCH2CH(OR)2 or its derivative, or MsOQ or TsO and
the like, followed by cyclization to give the bicyclic
intermediateg(Vil) or (VII1), whichxcan then be used
for the prep ratéon of enantionerigally pure D or

L- di oxol a osides. Definiti \used herein,
the term’ ubs] ant i aIIy free of, ;Jésul staztl ally in

t he abse Q ‘i sol at ed” a nuc osi de
conposi tPon H udes at | e\ist 5% erably
99% to 100% y i ght, of the desi gnate en nt| oner of
t hat nucl eosi In a preferred enbodi t he
process produces conmpounds that are substantially free
of enanti oner of the opposite configur t| on The
termal kyl, ad used herein, unless ot heVhi

specified, refers to a saturat ed
and pharmaceutically acceptable salts or esters thereof, wherein:

R is H, halogen (F, Cl, Br, I), OH, OR’ (R’ is lower alkyl of C;-C4), OCH3, SH, SR’,
SCH;, NH,, NHR’, NR’;, lower alkyl of C;-C4, CH3,CH=CH,, N3C=CH,, CO,H,
COR’, CONH,;, CONHR’, CH,OH, CH,CH,OH, CF;, CH,CH,F, CH=CHCO,H,
CH=CHCO,R’, CH=CHCI, CH=CHBr, or CH=CHI;

each X and Y are independently H, halogen (F, Cl, Br, I), OH, OR’ (R’ is lower alkyl of
Ci-Cs), OCH3, SH, SR’, SCH3, NH,, NHR’, NR’,, or CH3; and

Z is CH, or C-X (X is defined as above).

15



strai ght, branched, or cyclic, primary, secondary, or

tertiary hydrocarbon of Cl to o, and specifically
wonel4odessmet hyl , trifluoronethyl, ethyl, proppCT/US2003/024986

i sopropyl, cyclopropyl, butyl, isobutyl, t-butyl,

pentyl, cyclopentyl, isopentyl, neopentyl, hexyl,

00RO e, RSN L b e s o

forohutaetWif labd VIIL: The tern1|ncludes bot h substituted and

unsubstituted al kyl groups. Mieties with which the

al kyl group can bepsubsgtituted a@e se@ect ed fromthe
2

group 16 WO 20 02 PCT/ US 0224986 consi sting
kyl am no, ar 9o, al koxy,
, sulfonic acwe=Csul fat e,

of hydroxyl, am

aryloxy, nitro,

phosphoni ¢ aci d, phosphate, or phosphonate, either
unprotected, or profggied as necessar, s known to
those skilled in theéari for exanple(wgggtaught in

eene,. et al Pr ot ups.in ani o
ST O PO A SRR KT A o L S
a lhﬁ( )eﬁhﬁbtdcféﬁfgl%&@ta%ﬂi Batt, rsﬁ&? hé ?Gﬁssnﬁie sdBhfD Aroc‘ﬁﬁér alkali metal.

, as used herein, ess ot herw se specifi ed,
Th@SéfSék% alsg can b@]prmrezdztb:s hyclrpmzm csxrmacrrgiaﬂy alynizablshintkrmediates,

meh-{yil< 3?5” Er?lg E | 20 Fsué%ﬁgﬁ en ﬁ?};ceexaw&[ B’cg;e,a @hogsr g(ﬁ)t}/eoels KOH,

NaOFH b thiet hkee dr'HeosalBreatds Iva&s X’ rﬂ )25 Refetdih 0@l isYa suitable
stated in this appllcatlon IS _a suitab

leayigg egrgup,| prgsrably & plogen |{§F=e1cér Bédl) Sioll‘h ﬁSaﬁrQHzQH@th"e)z or its
r S
e o P YRPLT PR 1S SRRl o cBon o give figbieyel
intgrmediater W(VII)asr u@\éﬂ),h ewlachn, caan dhamnlbes $lse:d Her whs epreparation of
specified, refers to enyl,. biphenyl, or naphthyl.
ena?ﬁngré? M a8’éﬁﬁ%‘t’%ﬁlﬂ§’a§§‘flrﬂ%¢£d and unsubstituted
noi eties. The aryl group can be substituted with one
or nore noieties selected fromthe group consisting
of brono, chloro, fluoro, iodo, hydroxyl, am no,
glk | am no, arylam no, alkoxy, aryloxy, nitro, cyano,
De Bhic acid, sulfate, phosphonic acid, phosphate, or
phosphonat e, ei t her unprotected, or protected as
necessary, as known to those skilled in the art, for

exanphsed feih e drnl FBubitARALy fRk o@l” “sul%feéﬁh {nViBe absence of”
G oups. in Crganlc Synt hesis,” Joh n Wley and Sons,

or “s%&%tﬁﬁ reffirs fogrnuckgside compositéomthal ikeluges ab least %%,amsl lpreferably

0 t hsi
oo L5008 5068 e SLSUR LB RS y g
embadileathel geydess plodiices Uc&mﬁpouﬂﬂlﬁthhti‘érmsﬁf@teﬁmtlaﬂﬁ {146 Bflenantiomers

erein, includes bronp, chloro, fluoro, and i odo.
of the opposite configuration.

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 Cjo,
and specifically includes methyl, trifluoromethyl, ethyl, propyl, isopropyl, cyclopropyl,
butyl, isobutyl, #-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl,
cyclohexyl, cyclohexylmethyl, 3-methylpentyl, 2,2-dimethylbutyl, and 2,3-
dimethylbutyl. The term includes both substituted and unsubstituted alkyl groups.
Moieties with which the alkyl group can be substituted are selected from the group

16



The term heteroatom as used herein, refers to oxygen,

sul fur, nitrogen, and phosphorus. The term acyl
woebmrmes449 a carboxylic acid ester in which thecT/us2003/024986

non- car bonyl noiety of the ester group is selected

from straight, branched or cyclic alkyl or |ower

cortobe of 5 A, SRELIIG TR YRR et cyan.

sulfonyd adidshifate nghospieonyd aoﬁxptphemhieyoﬁpmﬁphdnufee élﬂy@r hhprotected or
Cl to C4 alkyl _or Cl to C4 al koxy, fonate

hal
Progicted; & sgetare aa|kva9wn de tla?SSIS@1ed§BItbﬁ éﬁyforuqxempm ag taught in
GréEﬁE hgrms ll’lr{){tgén%}e’ Glhi®s TR 1% e@ﬁ@é %cf gons Second

Edlttlpn,al%ﬁllmrebiyl 1n(:<apgratad|bya‘ef¢ydnce but yl SI I yl) or
di phenyl nethylsilyl. Aryl 17 WO 2004/ 028445

PCTTh@%@lQQbe@A@lﬁ ], a§) ﬁ%d%réﬂi‘ érﬁeulﬁés% HRrORE s P@Jiﬁé’df refers to a

conprise a group. The term "| ower acy
Ci ttg ansaéu;?ﬂed g$tta;ght,| rbramheﬁq othef rapprapalateprwlcynm gfor bsample

The. t as .use her n and
er b1l B B BB B B ra’ Urtess
othatMedsgeoifiRBll P ¥wedin thistapPi@fKion Ovh&D 91%911&%9 §u1éﬁ)&r?n5f8ty, Jower
prevent its further reaction or for 0Other purposes.

alkw ée nyeferred.y  Stmiatlsy evhem dlisilt o dewerprabity cisi mgstglnblﬂpmowty,
unsﬂf)&ltﬁ@&)myf 5? hléalglsﬁﬁﬁﬂ lrn!e?eQredn the art of organic

synthesis or pyrimdine base
i nc udes glsls not limted to, adenine
al k i ¥ls as Meedahsrpiny Andh prles piberavise wyuﬁed,srefers to phenyl,

blpﬁxr@ (&I ﬂ"a?h’ﬁhyﬁr Yhe téﬁﬂ‘ﬁ*cﬁfd& botf" suﬁéﬁftht%h k%ﬁh)unsubstltuted moieties.

benzyl pufi ne, opur |
Th WY&@EQH}Z’I @ni ke pabsiitueed Weh any Ior mnme mmleudsl&elmtédcmxﬁltkey kroup

I ne,. .N6-t hi nal ky uri urines
conli' 51, B ERRH Y huBS 2, ISR i S tamin, aryamine,
alkéxyf a6y, Ciitrd s cho, JulBEiO KRl tsﬁﬁht@eph@spﬁ&ﬁ@y%{cicf“ fhoShate, or
i ncl udin 6- aza-cytosi ne, 2- and
ph O&p}iPé‘P@aB‘%%?f pppieigtade or protested, asaleheﬂsmw asckriown tocthosi skgjled in

the ng %)g %g%dﬁlg%% t?ﬁl 1r§l blﬁ%gy% al. Ign;_ere :g & ﬁ;;%%ps in Organic Synthesis,

Johﬁ@ViWéyradd;ﬂ,anis,rﬁedbﬁthdﬁBn doetyl en| c pyrimdine, C5-acyl
pyri m di ne, C5-hydroxyal kyl purine,
Co-m¥ @fin RYEAr 611 zﬂﬁylal% r&¥1§r]t8 50 élﬁ%{nd%ﬂ% with an aryl substituent.

C5-nitro-pyrim dine, m nopyr i

Thengrna pralkyl praryladey] refrs 40 klyiir-yBgIbhp oyithranradisyl substituent.
5-azacytidinyl, 5-aza- uracilyl, triazol opyridinyl,

I mTh’tzt@ﬂthﬂMrdsdiséﬂ/herelﬁ}’f&llﬁlﬁih%&n@ sl flu@B8and iodo.
pyrazol opyri m di ny Purine bases I nclude, but are not

.
h
?%?%r%ﬂ%eﬁ%?%ﬁfgﬂ %5 1%%? h'e{._]e?n éFe\fg X?)?(ty%elaap Ies}.}gur nitrogen, and

phosmtomnal ly with a substituent

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 alkyl,
alkoxyalkyl including methoxymethyl, aralkyl including benzyl, aryloxyalkyl such as
phenoxymethyl, aryl including phenyl optionally substituted with halogen, C; to C, alkyl
or C; to C4 alkoxy, sulfonate esters such as alkyl or aralkyl sulphony! including
methanesulfonyl, the mono, di or triphosphate ester, trityl or monomethoxytrityl,

substituted benzyl, trialkylsilyl (e.g. dimethyl-z-butylsilyl) or diphenylmethylsilyl. Aryl
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i ncludi ng an am no or carbonyl group in the

6-position, and 6-(Br, O, or I)-purine optionally
wonzody/oasasbst i t uent including an am no or car beayius2003/024986

group in the 2-position. Functional oxygen and

ni trogen groups on the base can be protected as

gr O&Ef Fls‘éé bdtefd ro t1ﬁ1§1ﬁg cglg rlﬁu gﬁ@ﬁéf@% ite?{&)d‘qg o%\ﬁa}scgfg’rereefers to
an gayl geupyh wihlth the mmbgﬂym mbyéts‘s id Dver alkyl. _
t-butyldinmethylsilyl, t-butyldiphenylsilyl, trltyl

al kyhe %rﬂluﬂﬁoteﬁﬂgg’ %93(1%&9 5?1% ddjﬁﬁle?sg Pfﬂ%l%lg P?‘@?ﬁﬁ refers to a

propi onyl , nesul T ony Lenesu
growpdhat ds ardéest r ampyygeoy niteger, aarghiospliotus @smusesteti@r QisNfurther
to,an aromatic that . i ncl udes at | east one

realtfporof * RGOSt AoYdR Varietyied ot andiniiragea papteving groups

are kn&@n tolh8se k&M il RLAOEH S S tﬁeffs to a nonaromatic
cyclic group wherein there is at |east one

h t h t ,
eSO B BB R AU e B, adenine,
alkﬁqminegrrw-a@mﬂmhe; @mwﬁlabyl Qr @um ciryd %11%%%1' or arylalkyl),
GLura yl . pyrd mdyl, t enyl i $ot Fr
N g&lblrls» Mpp@r ~vipylpurinea\° -adstef&mm oy [N° -acin purine,

T e A .

thylpyleazqttqdme [ ﬁ}cﬂhnbyd -cytodisi ﬁdﬂét}sd'lcytbﬁﬁ@l mﬁ@ﬁ}@hﬁﬁhme 1nclud1ng
ur| n ar ba&/ol yI oxazol yl, thi azog}_x}

?%ﬁ‘eaz érylf’ln o2 Anermtcaamlzlém usa oxfah@ip\}ﬂaCﬂ including

5- ﬂﬁUﬂbﬁﬁ&:ﬂ' @Wélﬁﬁﬁﬁlnhﬂﬂﬂes ci @ﬂﬁédzg%féymﬁﬂ @l az(fsr}YaIOpa/Inémdlnes

xant hi nyl hypoxant hi nyl uran pyrT

-Vlgmlpymm@hee, @yqaa@yjlemp pymmiahmi eC’-acy2, Eyﬁmidi&i'eol €-hydroxyalkyl
.t.hi azol e

2, 4-txs az. zol e, igoxazol g,
ll}lsot hi aézo . é’;‘ﬁl{f‘ﬂf’f‘a? ne 0|CS BYFIPXHHdne,a 0 g C’-nitro-pyrimidine,
Cs-mﬁmbpjd'ﬁrﬁbdhne awi- ﬁl!k?ll- fhes, ! Nzﬁhﬂ@l-%’-thioiﬁﬁﬂésazfpLli%cytldmyl 5-aza-
2, 3- oxadlazole i azi ne, pyridine, pyrazi
“ra%k'yber a#iare OPWfl]lnéﬂ i di Heidaznlerpyridings, pp}mdzpymmdmyl and

pyre&mr?)ggﬁﬂﬁtﬁﬁfﬂn € pudiy P&%L lHéﬂlde {az ongth%ggirﬁ(lf gg%rzﬁily}nn% adenine,

qui noxal 1 nyl, " Xant

hyppxaemhlm rilyﬁ diahreopaciye, |2d(Bry FI, C15)r Ay-pitirRCdptishally with a substituent
| m dazol opyri di nyl

i azol o i di n
inctilhg GROBROr a9 BsohniR s Grpontian g 64BerChenr I-purine
optidlalB! ¥ith Wﬁdb@ﬁﬁentwﬁclgﬁﬁéydnp%in% %5&1?& %polﬁrpl ACthe I§6posmon

V|nygur|ne N6- acet yl eni’c purlne
Fungfigmah exygnhandr mﬁygtlkgﬂoupm onrthe bhe- tdni babi@ﬂéctedow hé&Rssary or

des%&l gg%til%é)w ﬁclrtgﬁegn%rgu}gﬁf o em\@owg foytheys sllled Ardhe art, and

1nchli&'c— hefesHyRyi, MdihéiRAhedBsi Rl ABYF -
Vi nyl g&?l?m di néeiEﬁNeSﬂ-\y%;?et yl erﬂc{:ﬁnggj?%?rlrl di ﬁ’gutyﬁéphengjllsﬂyl

mtyml%gmpé, andsachly eroBRs, stickyas apefyl ansl prapivniis atetianedukfphyl, and
p-to ﬁésﬂﬁoo}qu |soxazo! yl . The heteroaromatic group can
e optionally substituted as

The term heteroaryl or heteroaromatic, 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, sulfur, 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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descri bed above for aryl. The heterocyclic or
het eroaromati c group can be optionally substituted
woizod¥/es@sor nore substituent sel ected from habPogais2003/024986

hal oal kyl', al kyl, al koxy, hydroxy, carboxyl _
derivatives, am no, am no, alkylam no, dialkylam no.

. t: G b t.iakly or totall .
oA SAROTR, K S SRR AL KRl . o
isoitdnlylir ispginidazoty] cpurity, castedolyl) dxaseigl, @ﬁiaﬂﬂ?gh thotBiazolyl, 1,2,4-

. l,onal it en groups on the i
gl Forr ol meRapbanye Rt aw st prlbeeria, agnthinyl
egi ' r L ngy P$ Ha £
RSSO AL By PRSI IR o o
1.244rtriapelny pxzblel isodtazade, Hlakelky isstHiadole, pyrimidine or pyridazine, and

T e e .
Pip@agiupS pRIilins Aastates PHnRARR! MWbthiaziie! Hﬁ?ﬂ@gﬁ%&@ Wkazolyl,

and, p-tol uenyl sul fonyl.” These purine or pyri o
Pyriaginyl. phezEyb uinenlinyd xantinybthyporanthingl, peridingl, 5-azacytidinyl,

it ut ed, . groups ,or.aranatjc rings,
S-a%%ﬁ%%lgl’t hr OHS%L@P %‘#ﬁ}éhbr dolﬁﬂﬁaezoboé’%aﬁytar fuggtglp@mfmglnyl,
pyraatlepyoimyidingl, r adeginey N ealkylBliendU N OB AD Brind) Y NP -Bhidpfine, NO-
eterparonmatic, .or heteroc%/cl e My be bound to

viny e, Nec IR Pt N e EpurRe L ey sl purine. NC-thioalky]

inRC! g i L1 @and rbon.e.produci.ng s

P e e o B0 005 . 2 oA B P2l

alkyhpyriinjdines DOE drenpylpyrimidineRy béemmpgﬁmﬁxlﬁn@[ Qﬁeﬁfiylb%rgidine, N°-
UL . (3-L-1,3-Di ne Nucl eosi )

e LS5, o St s iSRS i soaeh oo

purfa¥ ¢ lthd Gsbxad191. Methe AheRerd ABIARY eé&ﬁif & %e”ﬁé@éﬁ@ sglﬁsrq’_u_lted as

this process is an appropriately 'substitl _
deserihed; aboye fierr rwhli Ahe hetbrasyedic or héteropminiatici growr cmdbabptionally

: h r..can be repared. b n n
s B A SRt e B I o ifeatio ik dnfony,
hydreqictirboxyl t dedivitigesss amido, OBRiRYDAty R, WEPimMo.  The
cli.c intermedi ate is_prepared according to the

L-c ( . ..
hetqf?)arfg%ﬁl% 5%&’8%5&11}' qustotatly drydregepmed aralesiredR3 A9 ARBsuflimiting
exaﬁlia)e, (dgﬁydropyridine 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 trimethylsilyl, dimethylhexylsilyl, t-butyldimethylsilyl, and #-butyl-diphenylsilyl,
trityl or substituted trityl, alkyl groups, acyl groups such as acetyl and propionyl,

methanesulfonyl, and p-toluenylsulfonyl.

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, pyrirnidine 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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wherein R3 and R4 are independently al kyl or aralkyl;
R5is =CRS or CHOH)R5'; R5' is alkyl or aral kyl; and
woOhom/as4aet al , preferably an al kali netal, suchcaashi®3/024986
or K. Aglycerol is oxidized to a
1,2-O protected-glyceric acid salt (2) by reacting a
. I (1) or glycerol analog, such
Deg\asﬂ%gq}égrrﬁqkﬁ@ gp%'q}c(xﬁ%f%g ¥ opyl i denegl ycerol or
1,2:5,6-di-Odiisopropylidene-D mannitol or other
vicinal - protected diol, in a conpatible solvent at a
Preuess iyl Blanedpeuring eDwidrhBdhe,3apiokolant NieledsidedVial £ Cyclized
apen .to yield the corresponding a
Interme alf ot ect ed- gl yceric acid salt (2). The protected
gl ycerol can be purchased or can be prepared by any
Ster (v Beepnsationailf @ckiapd Isteamddinte pr ot ecti on t echni ques.
The gl ycerol can be protected with any suitable

protecting grou such as with an aryl or silyl group,
Ehoutinp SrdrgBRyeda dor &R afbcas Bgncmprondpelipibudictdd or L-

cydtia Olerin®dibR0S §hs KD bed -ticlichBitdmedia®S cdrP¥8Wurétsed or can be
Greene, et al., Protective Goups in Organic

prepyrgdl k¥ an¥ kngwh meyw iagluding sgwdard ciagoattboRdioxidation 28dfeduction
tecfily&X WBhEerBESLERNC A, B AR R didle 1 o Mintf Sleitding to
thelfello@in@pebtocdpr opyl i denegl ycerol at room tenperat ure.

20 WD 2004/ 028445 PCT/ US2003/ 024986 Possi bl e

oxi di zing agents arg any reagents that 1\@60”8“3

oxi dation, inc iNg but are not limte )

Nal O4/ Rud 3phydgpatie, NaCGEHRu3 hygrat @E? KMnO4, or

Nal 04 or  KL92<the¢n KMn04. G ycericCy al t

formati on can be carried out at any tenperature that

achieves the desired results, i.e., that is suitable

for the reaction b proceed at an acceptaHl®k rate

Wi t hout ,Pro ting deconposition or excessive side

prhstriie RS andRe frerindegendently nbktylioemsalkyle from -10 C to

100 T. COORS' OO ]0- X * :k: :kiT (1) (2) wherein

RS iendRR4r AERONREPRT et lbr atdin: Qiq aral kyl; R5 is
=CRS' or C%—I) S j;ORRS' i% al kdyly}j’or aral kyl ; and

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-1,2-O-
diisopropylideneglycerol or 1,2:5,6-di-O-diisopropylidene-D-mannitol or other vicinal-
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, though 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 corresponding D- or

L-1,2-O-diisopropylideneglycerol at room temperature.
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Mis a netal, preferably an alkali netal, such as Na

or K. Conpound 2 can be prepared by hydrolyzing 1'
woizod¥/bege, such as aqueous KOH or NaCH. Any PeaaiS2mB/024986

sol vent can be selected that can achieve the necessary

tenperature and that can solubilize the reaction

co . [ .1 xanpl es ,are any aprof.ic. .
ol PRI SxitbB AP 0O o RUBGS Rl Breitote ARivRlias nelniae bur
aresiot finfited e Xdai© ACIcipdrap eXa0€l/Rut B Hidfgs oARRIANE or NalO, or
K@t%l @gﬁéﬁat e, THF, dioxane, acetonitrile,
# NP ~hane, dichl oroet hane, diethyl ether,
di met hyl f or mam de (DWMF), di nethyl sul f oxi de (DVSO),
di netyvptiaeet sait demuatioarcan e rhiriedtdubat tuve te@@ferat@re, thathchieves

t he. ternati ve, water ounds. 1, 1' and 2 include
the[iés repulisy bﬁeﬁ?ﬁ 1s gyta c%gb ) 1§96 WAL 0 pragees 2t o AoERTbs rate

withbutBréh QidgAddddmBosi \ ) % |
each9 R6 irgydi ndeggsr%ggrrﬁ?rl ?‘EESS% rﬁ% en?ucgslgkl;r%@gf dar e%}ﬁ:;es are
fromhd0eCriodf0fdst one R6 is hydrogen. The
1,2-0-protected-glyceric acid salt (2) can then be
reacted with X' - CH2CH(OR6)2, wherein XmMOS a suptable
| eavi ng group, pré&beRibly a hal ogen (F, O 7 1) or
MsO, TsQ or the lilke, and nost preferably Br] wth or
wi t houtRa phage tgansfer catal ysi! such_as Ccrown
et her or faal kyl ammoni um hal i de,\J n Oﬁrﬁ)ati bl e
sol vent sui §abl e tenper ature t ield fhe acetal
or henipdcet al OB‘(‘T ncluding D and_t-i son@+s)~ I n one
enbodi nent, the glyceric acid sal P (2) is not purified
fromthe previg s step. Acetal or hem acetal fornation
can be carriedldut at any tenperature tk8t achieves
the desired results, i.e., that is suitable for the
r eathsrein R sing Ro ceeidependentlyzadkcd pr atalleyly at e wi t hout
pronoting deconposition or excessive side products.
Pr eREis=ER> $reC@BRIT @S i@ﬁ&y[@ﬁdrﬂlkkl@@n&ondi tions. Any
reaction solvent can be selected that can achi eve the

NeCHSS 3kt SFRRED Y &if alkali 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, alkyl 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 alternative, water.

Compounds 1, 1’ and 2 include D- and L-isomers.
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and that can solubilize the reaction conponents.
Nonlimting exanples are any aprotic solvent

woned4ods4ag, but not limting to, alkyl solventBCcswsknoas24986
hexane and cycl ohexane, toluene, dioxane,
acetonitrile, dichloronmethane, dichloroethane,
di net hyl f or | de  (DMF), dinethylsul fexide (DVSO,

di met hyl acet Oor any conbination th eotl22
preferabln&anh%afgus DM—08& O FO 1)Q OR6 R3

0 R HO Kgs 4) The acetal or recet@l 9. can

t hen be hydrolyzed under acidic conditionRinRa

conpati ble solvent at a suitable tenperature to yield

the al dehyde 4 (@hcluding D- and L- isomergp) Suitable

acids for the hydrolysis include aqueous acetic acid,

fwhdrtia each B’ is RdepdRdaiBid Q2@ 4, BEL Uﬁaﬁﬂﬁﬂ;%ﬂe%&ﬁ at most one

agueous trifluoroacetic acid, aqueous sulfuric acid,

Ry Uie HYoBHr ochl ori ¢ acid, nethanesul fonic acid,

al kyl or aral kylsulfonic acid or a Lew s aci d.

Al déhy dB2{@pradtaiglyestiddaciiarilt @) otin MiendM¥ reacted with X°-
CI-{ ﬁﬁS ture that .achieves the desired results, i.e.,

2 2SWREiBIe 1f 8 suifahle leawng gemwr: prefrdigadalogen . CL, Br, I)
or MAEPTEPlog thlike, MAd BRI pférf&gﬁﬁr' B RE QPROSN ApPlse transfer

excessi ve side products. “Preferred tenperatures B
catplystrsuchGes @ arown ether betepealkylamenonimy halédec iri ® torapatibdntolvent at

b elected th can_achjeve the necessar i
2 e FeatrEe i ihe T S heRerales DRESIERTE a L-isomers)
In e adbRIRthént, the Blylcid Adi@ saﬂ%@gﬂrﬁﬁ p&ﬁﬁe@ﬁ&m%@?ﬂg@io&? tﬂ)'

aprotic sol vent i ncl uding, ot limting

| . . | oh , | ,
Kt A o LB B

achi¢veb | the alesinain essultyi i, hilat 6§ ketablelifortiry kdaefié@Mb GRoceed at an
%DI\/E , di ngt{ hyl sul f oxi de (DMSO), di net hyl acetam de or
accEpILIe JAtsi WEOUb Rranpiing gtecorgposition ermexcasstvsr sidg pipductat Breferred

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.

oL P 0. R
~0
R}<°j Loo‘Rc - Ho
R 0 T HO
3 RG
3)

4)

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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OO0 HO%-NI HOO(4) (MI) O0OOO HOOO HOO
(4) (M11) The D or L-aldehyde 4 can then be
woyaliizeds preferably in the presence of acid, PCTS2003/024986
conpati bl e solvent at a suitable tenperature to yield

t he keyinterrrediate VIl or VIIl. Preferred acid is

a5 S B etis Sl B A e B o e acid,

mefRAnesulfBfic @3, {141 dr)aralﬂ_ifl%lﬁnlcﬂc{cld—oﬁa EéWisakRio be
cyclized, preferable in the presence of aC|d in a

Conﬁﬁfehﬁll@ oY Htcaﬁt eﬁ-HE& Bt Gt LRIRES %t ] cﬁleves the
d I e el B il

the key interne |ate
desambadsu&t&nte, thee imGiithbls f(BFﬂie a’emmtta pr]SE@{lCMCgLﬂ d&kh@ble rate
be carried out ,at any tenperat ure t hat achi eves
Wltf’?f’ﬁ pgRoY ecP’é‘@B‘FlfI%n oy exéess“ieﬁﬁe nradugts. t Brpfeered gampenasures are

fr [Jglely! 5&11%%% at an acceptable rate w t hout
O%?ggotl né deconposi ti on or excessive side products.

Pr e&%r, ;e%g:tlct)ne Eiﬁ%n%t 2 se ectecE that can achieve the necessary temperature
and that can solubilize the reaction components. Nonlimiting examples are any protic or
aprotic solvent including, but not limiting to, alkyl solvents such as hexane and
cyclohexane, toluene, THF, dioxane, acetonitrile, dichloromethane, dichloroethane,
diethyl ~ ether,  dimethylformamide (DMF),  dimethylsulfoxide = (DMSO),

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

o)
HO
HO
©) (VID
O P o. 0O
HO? 0 ?fq
Ho— o)
@) (VIIL)

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
VIII. Preferred acid is BF; etherate.
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10 C to 100C. Any reaction solvent can be sel ected

that can achi eve the necessary tenperature and that
woam4gesa4bi | i ze the reacti on conponents. Nonl i RCTiUS2003/024986

exanpl es are any aprotic solvent including, but not

limting to, alkyl solvents such as hexane and

cycl ohexane, toluene, THF, dioxane, acetonit ri | e,

di chl or onet hane, di chl Qjoet hane, diethyl t

di met hyl sul f oxi de ( | met hyl acet a or any

conbi nation ther ggf, abl y acet oni Step
Two - Preparati on ucI &sde O O CH O RHO
CO 0-: VO-~D~ II) 6a)R24 WO 2004/ 02

PCT/ US2003/ 024986 O O HO ® ~OR7 00 O (VI II) (6b)
wherein R7 is a suitable oxygen protecting group. The
key internediate VI| or VIII can then be hydrolyzed in
the presence of an Gh queous alkali or &WHali earth
net al base, such as aqueous NaOH or aqueous KOH, in a

conpati bl e sol vent af sw tabl e tenperature to yield
t he carboxylic aC| d, then can otected, if
necessary, by st aft ‘Q t i-oA—techn s to vyi el d

the appropriatel R po ectsed car boxylic\agi d 6a or 6b.

The carboxylic acid can b& éprotected w th any

suitabl e protecting Poup, such as wi tWIBn acyl or

silyl group, though preferably with an acyl group, by
met hbeld-wed L- 3<nmwalsbd>et bypdieed; kirkfeestbld in tiep@tdnce af acid, in a

P
cm@aé&: lgiﬂ?éﬁaggq?@bfee jgtﬂﬂerwlr {Qoytg é e 1S %tgggé’m@e VII or VIIIL In
a pRértddOdinboli@dnt, thE<a51d6i§<BFpétﬁeraéC etone may be reacted
with the gl ycerol o formthe corresponding D or

#hélﬁ%%oxy | c aC| d %%?&r&??gﬁg@gwnﬂjgr%gfz rtflazcl? E{?? eszlj\{hg desired

resﬂ]m; itegnpatr Bt duitablohfat tikcRdabi@Sto phRedlPal it dcspabld ?ate without
that is . suitable for the reaction to proceed at

Pl’O&}P“él& CerAmapAsEiqnrexcyFivR side nrodietst i Biglerred tavpresatutes Areoiom —
10 @X&LPEj € side products. Preferred tenperatures are

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, THF, dioxane, acetonitrile, dichloromethane, dichloroethane, diethyl ether,
dimethylsulfoxide (DMSO), dimethylacetamide or any combination thereof, preferably

acetonitrile,

Step Two — Preparation of Nucleoside

NG R0 Os_OH
0 —_— }o: |
0 0

(VID) (6a)

24



from-10 Cto roomtenperature. Any reaction sol vent

can be selected that can achi eve the necessary
woeopanasssir e and that can sol ubilize the reacPCDMWS2003/024986

conponents. Nonlimting exanples are any aprotic

sol vent including, but not Iimting to, alkyl solvents

such as hexane fand cycl ohexane, tol uene, eth I

acet at e, | oxane, acetonitri IHD OCh t hane,
di chl or oet hape,O—di et hyt—ett&r, d| mam de
(DVF), dinet f oxi de (DMVSO) , acet am de or

any conbination thereof, or in the aIternat|ve wat er .

R70 0 OH R70 V!H O (6a) (7a) 25 WO 2%@@/ 028445

PCT/ US2003/ 02 HO OOR7 OR7 "if L (6b)

(%? wher.ein . sU|t%,*e | eavi ng group, such as an
OVREESP K g pu ed&‘é'gelb?m SHRGERWPE,  Br, O or I) or

Ovs, OIs, or the like . The ap oprlately pr ot ect ed

car bbby @tqmedia&Vblr Oﬁb’IHananttﬁ@nbéahycbcobfizacaheﬂhc prreseace of an

s BTRRRLP k8 S50 o B AP SRS eglius kom, ins
corpAibe slvdnhat @ﬁﬁfab]éﬁd:rﬂb&hﬁﬁr@tb%ﬁ@&l@ca@ﬁfx@ﬁ& ﬁ&lﬂ Cwhh then can
or §6b) can be decarboxylated with

be %Fﬁt?cé%é BECEsSLY; dqy\/%amlalﬂ BrogicEn |t@h91q4esats>emkdeth¢ apMiepriately
prot bl Pﬁﬁéfiﬁ 'a%ﬁ] %QrbéeSI ??g@r esuq?(& ic %Eldagéﬁ %% gFo%ec%cP With any

at ac
suitphlet prbteetltﬁg) group esuckas Mthmntaaypdslosi@_e groalb ﬂhﬁu@Cﬁe_ﬂ&ﬂh& &vith an

ate econpEsition or excessive
scs] B b sciods Ve dPaiP da osrr et Uy e akr & oA Oteongs ot al,
Prott&tﬁQQ}r@upsA*ﬁW OFSAR $ AR Yo Wi?c?f e §6ﬂse§>écﬁ)ﬂdt]ﬂﬂﬁon 1991.
can achi eve the necessary tenperatfure and t
Forseylagipld, iageiondhmay da cedcted withnfhergintesol thidodm thetdomgsponding D- or

es_ar ol vent includi ng, but not
L'le‘i("g'ﬁﬁlsr?ﬁr(}pgﬁd é grggfft\f%?ﬁliergmﬂuﬂas hexane and
cyclohexane
The carboxylic acid formation can be carried out at any temperature that achieves
the desired results, i.e., 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 temperature.

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, ethyl acetate, THF, dioxane, acetonitrile, dichloromethane, dichloroethane,
diethyl  ether,  dimethylformamide = (DMF), dimethylsulfoxide (DMSO),

dimethylacetamide or any combination thereof, or in the alternative, water.
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tol uene, ethyl acetate, THF, dioxane, acetonitrile,

di chl or onet hane, dichl oroethane, diethyl ether,
woyoisdiegwds di net hyl f or mam de (DVF), di et hyl subPCoNiSem®3/024986

(DVMSO, dinethylacetam de or any conbi nation thereof,

preferably anhydrous acetonitrile. RTO RO Q0~,,v.L

O- B (73) (82) OREOR7 L --~4BQ (78€7(8b)

wher ei n B 4529 purine or pyrimdine base or
derivati ve. %% 2004/ 028445 "PCT/ @ﬁgse The
activated 1, 3™M®xol ane 7a or 7b can th e coupl ed
to the purine or pyrimdine base or its derivative in

a conpatible sol (@t at a suitable terrperat(tqb)a, usi ng
any neans known in the art, to obtain a protected R-D

OWherdin L 1% aduflhss &l SR 330" <ol a5 DA
exagglne, an activgt%gg purf ne oag%ﬁy(flg%ﬁbﬁuﬁgaﬁégg,’ or halogen (F,
Flefenbloy OMs Qfis) ¢r the like. of the base, such as a base
silylated with HVDS, can be coupled to the

1, 3TH epmbpiidely peotbEed céiﬁﬁ\ﬂiyﬁica&l!icfj 6z|1 gi; %g rc@ﬁ thenbe activated, in a

tetrachl oride, titaniumtetrachlor
corppatibls $Rlvat e suitable temperatihetooaitaih ian gictivated &,3atoxdlawt 7a or

7p.Ou t re.that achieves the desired
b e@%‘ﬂ’”&@‘?’e&’,@pﬁ’g‘& li"‘lagel}é l?fr?tg%fecg XYkt af aga5 K (©f) can be
decpriosplattdavittaladRoepietin) © divd £18LdiBne LR # NG
deconposition or excessive side products. Preferred
t enmpRy ALY f - t QC. Any reaction ..
sol vent ¢ aﬁ&g‘gaﬁggl‘{aag%edc%ﬁg? 02‘5#951’% itgli’/l\éerflﬁlée ﬁléagea&%’?s the
desiredrpesulis.ur@, thahds switblecfn thelreduitioh 26 Prb&eel @RGHI fdeptable rate

. onents..Nonlim.ting exanples are any aprotic
Wlt@‘%ﬁ@’é?%{‘&f%‘ieﬁ‘a@ﬂﬁ?ﬁmf Sr6EsSIVE pideipreducts; Pa*wl%rpd teoipeEaturss are
froaudb °@so hexeme and cycl ohexane, tol uene, THF,

di oxane, acetonitrile, dichloronethane,

corbhber it TR B bufrlie o tabR dhe eshety temperatre

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, ethyl acetate, THF, dioxane, acetonitrile, dichloromethane, dichloroethane,
diethyl ether, pyridine, dimethylformamide (DMF), dimethylsulfoxide (DMSO),

dimethylacetamide or any combination thereof, preferably anhydrous acetonitrile.

Lo —— o

(7a) (82)
OR’ OR’
L««(O{ - Ba«(owf
6)
(7b) (8b)

wherein B is a purine or pyrimidine base or its derivative.
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Subsequent |y the nucl eosi de can be deprotected by
met hods wel |l known to those skilled in the art, as
woaougsd4h G eene, et al., Protective G oups i RCOUSAWB024986
Synt hesis, John Wley and Sons, Second Edition, 1991.
For exanple, a t-butyldi phenylsilyl protected 5 -OH
can | 1IN TBAF solution of THE at |
roor%l?l gt%ﬁg%étrg%tq %-ggxmabgrﬁaﬂ VB §pn e%'%edip‘ﬁﬁ?ﬂ & gy purine or
pyvitidinabasaay lits gesivativedn ak@mpaibleseReaicht aduttabld ¥mperature, using
limted to, with ammonia or organic amne in an
any, meghvpknoyayinihe art, tosqhtain agreteeiad 8FD- emprlwh 8 elioxolane nucleoside

My T TN -

of dpt basa) dugh as tai bese aitglated Gt EIMDS "8an @E?l_p%?l%%@ dS3_AR¥olane
i nventi on

exhi it_poI,err hism The present i
USIEA Gorrp W Ss #ddsr %’@E rAsctin é?fchb-g’lﬂld% tieniupe tetragbloyide rop Hirimethylsilyl
trifffpbral, diastereoneric or stereoisoneric form or

m xtures thereof, of a conpound of the invention,

whi \(."d_]l pos}gless thg usef yl properties described herein.
It WP ICOUBEETHy B CATIEH Qb A aB¥ riemperashihel sebicwds thaedesired

resBRE QN1 thi i ' | GRl.l -
SBo Tt o] Theps (PO rAcih IS THEER! B cidppiaple rate without
progatingalepgmpasitioneorgxcessive esideproduces . Préfeered pénysdhtiubes are from —
SO%C{oi]]\f)%"éor"B can be prepared by, for exanple,

resol uti'on of 27 WD 2004/ 028445 PCT/ US2003/ 024986

the racem c form by recrfgst al lization techni ques, by

synddREdeactipp selverytdan de| spleated ithas cas weltitveniie metassirgltemperature

' t IS OF chrongt ggr.aphi ¢ _separati on )

anchtha B 1L B8 HRtiof ool RO e Syhalr aie auy sproti
solves dheltding. bublrot tihiitiag to, hillas lseVeRIBILIE as ha€RE mdf Gt Mhexane,

and g(ﬁometric isonmeric fornms of a structure are

tolyefe 1ty digHAngs $cqtpitrdpe dichjosomethates olistdposthaye, oiethyl ether,
e R A S T

o BB MR T 1anPigh S BF fearatbied Gy merihodsexathcequasto those
skilied ByMiehesias tiieaMidokisal %tyazg Eirbféaiﬁ @H%?' 8% 'B}‘%S{i'b %xgthesis,

by chiral_ synthesis, or romat ogr apni

Johys Wilsy aandh Seas, Sacand diditian, %lﬂ?ée. Fex anphpls, af +-hetyhtysienylsilyl
bt aj ' iy ve. mat erj i d st

ol A0S SO S 6t b L 5 ShEad R, & 8% o

tempeiure.Atiermhived)n ITEOH @ssteRed with i atyllgPouf cah !B deprotected, but

i,ndi vi dual . enanti oners are manual | y separ at ed.
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 centers, 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 present invention contain an
asymmetrically substituted carbon atom, and may be isolated in optically active or

racemic forms. The optically active forms can be prepared by, for example, resolution of
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This technique can be used if crystals of the separate
enantioners exist, i.e., the material is a

woaonglesmsat e, and the crystals are visually BCTUSHDBEN24986
ii) sinmultaneous crystallization - a technique whereby
the individual enantioners are separ ately

theCFa4Shft! Firde ﬁ fl@%t%ll&?ﬂ (%i‘{ lté%ﬂn ues rben&s{ngﬁﬁﬂs %rgn} QPti¢ally-active

possi bl e onl

starimigi matemlatby chifal )symhzsysmtrlhy ﬂ&smhﬂdgtagﬂi% sep@ati®it 0&h l:elechual
or co separation of a racenm

Sta%@‘”%}}( Pﬁau? Ebyd‘?nlzy’élﬁﬁl?] sp 18§ il eligals ﬁiléﬁelfegmerw,hecemlc forms
and®RANEEMBRAS 1¥hrhdtic@BorBZ ¥ n

synt%esn s - a syht heti c ?gdcﬁ{ﬁ?%ﬁlg gv\r}wég?ﬁégﬁe& {VmJIe%S &e specific
sterspehesisty efisarher fQ%t#mcﬁcalk;emdaateénzyrrat ic reaction

to obtain an enantionerically pure or enriched

SynOpttdlly ties s offthe thRpEER] fc%ﬂ

chem cal asymmetric synef heS| s - > @ﬁg&) tecrﬁ% methOd

knqype i Bhe arthdncleding dvy easelutipomdy thlesrasqmlbhﬁmmz bszl réfrgtsthmﬁanon

B8 ety PRl T GRS 8 Bl b i, o

by ECTGISEOPRICO2EARGN yirgtwieiral ¥WhiiGHryBYasbe achi eved
using chiral catalysts or chiral ‘auxiliaries; vi)

di | ue_wher e
racen e conoung |3 P oofedlBE R R Gt at popot the
0 pwmg reagent (the chiral auxiliary) that converts the

i ndi vi dual enantiomers to diastereoners. The

resul tinyg di ScAY i s '
chr onat ogr aphy or crys 3 (?fz% |§}S %g%hﬁh%g(ﬁ%{ewh%?qoscopw
now nore di STysials oftthg andwaiuati iehdmioaree araanthnbfl®y separated.

hi ral | t.e btai.n the d d
cnanti oner . v i oA U heh Sl B besgFeeta snantiomers

transfor mat i east,-i.d, t}%CHﬁteﬂildF is Mgweﬁtéséﬁ B EyStals are

fromthe racemate equilibrate to yie
visually distmct;

ii) simultaneous crystallization - a technique whereby the individual

enantiomers 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 synthesis - 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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preponderance in solution of the diastereoner fromthe
desired enantioner or where preferenti al

wonysioagdss zat i on of the diastereoner from therpdesisemd024986
enanti omer perturbs the equilibrium such that
eventually in principle all the material is converted
to the cryst Lae Wik as .fromthe deire]g, )
enant i oner . 6 gée][’s |“?lclle% ﬁlgggo(r%?ifc %}?&nguglntghcéwafg@té gigpr chiral
fromthe di astwxikaivsy; viii) kinetic resolutions -
this technique refers to the achi evenent of partial

or conplebe rgiagbiabingd QbadtsRcengt I wihetpl L her ;
resol uti 0?1 of a partrarl 9—” 6301 ve g%&rr]%{@blgd)v’%ﬁvgxi Pt fpgemuc
of unequal reumepduod is acaetedowith e emanatidheteally piiré Reagent (the
chiral, non-r cr%gi C .lrag@gzg or catalyst under Kkinetic
condi tions; i(;?(lj)1 nARLTEEp &t £ PQUVELSS, e sindividugl, enantiomers  to
non-racen ¢ pliggeesRES. -TH reSlfid @hkierebeRivY

wher eby the desired enanti omer li.gs] obt%?i ﬁ%%??%% separated by
non-chiral st@¥empigeiphe or airgstallizhtionebe vithe of their now more
st ereochemnm cak:.;:.i nt LV, i SecnOt Or | nly .mnimlly
conpr oni sed %g}ﬂc? h%g%lc% s lff%?ncteﬁea%‘f/n fethital gyxiliary later

chiral |iqui dembvedmtchgintydesird dRaheheye whereby the
enantiomers of a racemate are separated in a liquid

nobi | e se B, 0 L differi . )
e ac?irigns f\'lMIQ‘bl a}ﬁg sbitndWrdd R E%ﬁﬁ@ﬁ%%%-@i technique
chiral HPLC) .withebys tiastermoaiys frbmstheCaterife BgatibRlte 2 Yicld a
WO 2004/ 028445 PCT/ US2003/ (i24986 chiral material or

the nobile pHASREIEEANGS H sPIRtQM ofdles diasisraomenifraa the desired
material to phemusert he di ri ' acti s X1)
chiral gas chromatogr a&hyb{h&g tg%ﬁéﬁ%%gz \Cﬁﬁés?ﬁe@%/at‘;éhe of the
racemate is diasteaegmer trdlesinathériantiemsr pereurisefa egdiBBrium

oY sous ooy (ORI RBRERY W Ghin e R S S8R raTls camertgdip the
non-racen ¢ chystaAlindisasemntr PHAIEs desirkd eﬁai&{?ﬁfe}.i Phe desired
e

with chiral solvents - _ a technique whereby t
enant i oners &SPENOSNE istherralgpsed fremdhodiagerbmernt i al
di ssol ution of
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

(including 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 que
woherabgs4a racemate is placed in contact w t hpaTuis2ew3/024986

menbrane barrier. The barrier typically separates two

m scible fluids, one containing the racenmate, and a

dri Vi ng f or e it hiF 9P AR Qan R ESEULE
differential causes plrae?er eﬁ|b?]ltepﬁfgs@fngsmﬁ%r?tag’c%asdgﬂl%ﬁl chiral
menbrane bar matsrial ®gpavakeitindiffering mtasctiongesul t of

t he non-racem ¢ chiral nature of the nenbrane that

al | ows opl)y oliErd? Ras EhiRfogfiphi NS tebRGEIPfe

through Chiral chromat ograpr?y,g, |nglmg| ng glﬂef; grfe%cemate 1
novi ng bed chveailizsgr axpiw;snamtmmmxsweusepamamdetrpodlmen@f their

A wi de vari et hiral.stati as

comrercial |y Xlgf\%gllng Apractions dn;t %g?%f)&wm\ﬂﬁﬁ? Pg@ef"[ﬁ}% f&plumn
under st ood bycdnidinihg lalfixet! Aen-Avandié SRitdl Ao F’Pﬂ; . 30

WO 2004/ 028445 PCT/ US2003/ 024986 EXAMPLES ting

oints e d ] n Il ratus an
gr 3 unc‘(’)‘%;éﬂ%%ﬁ@ﬁ%:%ﬂ @a&/eéo'l{ren!tg 3%3111 o Wher %y the

Vari an 400 AMtaspentms Qmatsegfaraéd BjaalﬁddzOfflﬁéfeiléﬁuaNMEso%ﬁm of
100 MHz for 13C NMR.with TM5 as internal standard

Cheni cal shi £ aytiomes intp @gparticadprichirgsplventser il | i on

(ppm, and signals are reported as s (singlet), d
(doubl et3iil) t transporp| aerdss _chilad) uuaeﬂnbtahes i-na( tﬁdhﬁlgﬁ)é 8iBereby a

or b br oad n ec re_measured on a
Ni colset( 510P él n?’ﬁt%e é%)%l@‘f sp @Hbl%’lség’@rao‘@ér@mef The
recorded on abaMi@rtopRESy seﬁﬂlta%b%ﬁ% rﬁisgﬂBIer fﬁiﬁé lbtn% %Bpﬁﬁr?g the

spectroneter. TLC were perfornmed on Unipla
gel ) pur chasdacepasen mdad dewimgdorceGoichras cmlncmmtlo@ foR [Pdssure

f | 22
\Arrgz h )p e; 0 ? r ?F asﬁéﬂc il e&%uggsr gr%é/re%tc ?sﬁgﬂseﬁ‘gg%t‘ %?L@embrane

grade, > 440 bamh)Sép@fatl\éﬂ@dbllﬁfbfalsaﬁfbsﬁl@'o@'ﬂi’e non-racemic chiral
chr omat ograpr% %Jggs ectra wer e obtained on a Beckman

DU 650 spect Bembrang bt gliovemenly ging emastiomer of the

performed by ré‘éeln?a'?éﬂo u%hab Inc., Norcross, GA
or Gal br ai th Laboratgri es, Knoxville, TN. HPLC

HPLC t M
Cor por at’ ﬁ%on%?aq‘ﬂﬁrﬁ?}gr dnwﬂfﬁl{gé Sé&aﬁlﬁﬁs%gwgg H)(eé ‘Wélﬁiggtgg@!)hy, is
used: imbiiedéhbsdimantVbA akide Yarieh VrefirA0atdaRY pRRLE G Yonicially

aval?able

The invention will be further understood by the following non-limiting Examples.
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Model 717 plus autosanpler. MI1lennium 2010 software

was used for systemcontrol, data acquisition and
wonomgesi4ng. A chiralyser polarinetric detect oPCT/US2003/024986

Perki n- El mer Mbdel 241MC pol arinmeter (Wlton, CT),

was used for the determ nation of optical rotations.

Exanple 1 1. Preparati ofyof Ry (3). A mxture of
1,2:5,6-0Odiisopropylidene-D-mannitol (1, 13.1 g, 50

TSR 0 g e o e s
NMIR)spacftﬁ H&@ l(eg&d%-)onV@Vaﬁiﬂ Lo ANEK j&&gaﬁlﬁ&p APV for 'H

er was renove € aqueous

NM%%# 1%%&70%@ MNMI%mth&W gimgsnalsthadande dlhemital shifis (5) are
repPEE 31§ pkPBifIER) U TR e T rofla e faalen. it Gianblen, o
(trlpket)dq Yanensist) i nadti dﬁ&t@,ﬂﬁl’b@t(%a&\ﬁs ?le'{)OI IR‘%E)%ctéé@elﬁ‘T?leasmﬁ ona
m xed W th bronpacetal’dehyde
Nlcg tglll{)% gg” %pectrpn@garnt)l\/[asg PRFtry Mo@e meyordedd hm a Micromass
t
A“E”ﬁf‘%?*ﬁ%%‘ﬁ%ﬁ%#ﬁﬁ'ﬂéﬁg?%.c bt T2 YER e Rk B Sl ilica

gelhpyrchasdd fioem Pmaxltach @m\aéolmftﬁﬁ)rﬂutbé} Sﬁ%ﬁer% ?smg either
ol ven

slice gl B IR0 LS Bihshrpreateamanly, of sisweel GHTRKRErade, > 440
e R Y

l@l‘oh 650r|5p62$(®1®)ﬁqm6615 OERn®%Ata] rmalcylsis \ﬂasl\wtgﬂ]ed bySAklantic

Ml% ‘é@égx} e Fsécé fgﬁilbéj?l%céﬁlﬁ%%?ﬂﬁes( d)w “Kogsville BY. ofPLC
wasc pmﬁmufed ﬁ’lthla W/&ers4HPLUﬂWs)eni QM&@H}& C@ﬁiogatfog fli%ﬁd MA)

was stirred at roomt erature

equéﬂli’ad ?Ggh? Avioded 08 ontrplder, wadodd rﬂ%nphcmdxhddet arrayd dgtaass and a

or at ed
Mo?e%lﬁuig nﬂﬁ\é %ﬁ%mlﬁj% rﬁﬁla%ﬂ%m\’\eélcr g (ﬁ $ 3 §yas élgeqa#roﬁyptem control,
datamquhltmndlpsmlsst@ Amhﬁ@l@&@@iolarrﬂrﬂe@n& 8edtbn, PERH- Ehﬂér'}\‘lodel
he sol ution was added BF3. Ott 2
2418’%,6)20 ter §éa ; viasaised for thegdesgrmingsion of eptpuat stations.
for 20 h. EtOAc (100 nm.) was added and the resulting

Examledi on was washed with H2O (10 nmL) and aqueous
NaHCO3 (3x10 ml). The organic solution was dried

Nd2S04 )Pre tmmffeyggﬁﬁg, enmoved and the residue was
éurifi ed bp)?ﬁ{si lica ge 5coI um (5% I\/b()—VCH2C12) to

gl \Ié? rﬁ%ﬁl}g usd 1. 28 éﬁhéo%ropyrlaen'\éﬁ)-(mcml’ﬂ a, lg 122, (5% mmol)
RuC13 H,0 (0.4 g), NalO4 (0.2 mol, 42.8 g) and NaHCOs (0.11 mol, 9.24 g) in CCly (60
mL), CH;CN (60 mL) and H,0 (90 mL) was stirred at room temperature for 3 h. Organic
layer was removed and the aqueous layer was concentrated to dryness under reduced
pressure. The residue was refluxed in EtOH (300 mL) for 1 h and filtered. The filtrate
was concentrated to dryness and co-evaporated with toluene (50 mL). The residue was
mixed with bromoacetaldehyde 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 Hy0 (50 mL x 2). The
organic layer was dried (Na,SO,). Solvent was removed to give compound 3 (13.5 g,
50%). 'H-NMR (CDCI3): 'H-NMR (CDCI3): § 4.70 (t, 1H, CHOEY), 4.62 (m, 1H, 2-H),
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4.92 (d, J = 12.4Hz, 1 H), 4.69 (dd, J = 1.2, 6.8Hz, 1
H, 4.49 (dd, J = 1.2, 8.8Hz, 1 H), 4.19 (d,

wOo=20M/08%4a5 1H), 4.05 (dd, J= 7.2, 9.2Hz, 1H). BCT/US2003/024986
Preparati on of 4-acetoxydi oxolane (7). Conpound 5 (200
nyg, 1.5 mmol) was dissolved in THE (20 nL). To the

IR Em e 08 LIRS A T A8 Al 120,

J=r6i. 8681, a6 Chigded NaHCO3 (3 nmol, 252 ng) then excess
BzCl (1.5 nL) and the mxture was stirred at room

t enper at 5(90 nL) was added and the
pHn%f thgfeggtlfaﬁ??ét;} V\éﬁ&(ﬂi\fast ed to 1.5 by addition of

O (2x5 nL
ana Pl R0 Se) S°'d%€°<€%vff5 R BouBis is50Hein H0, 0 mL)
wag @t%iréwﬁt robﬁﬁteﬂigéﬁtﬁlrc\! %’&51 %maHdEQd 1%211 "T'l'ge soTlﬂgﬁh\g?sgc}%égﬁt?aged to

was ad pyri
drypess|at bqlowgi 5§§3 Ehﬂ'jresidee Wiax CoHeeaphasted tiith lt6ldedd (2 00 fﬁL) to give a

oruftf TR ot il Wty e sy i Sx0 P (S0 L P 0.01% of
H,O). ganihe soR¥iSh WRSdEd ;. 6@;@4@&0 Y85 tm mi'Pnd SID Ve room

and the residue was purified sifica g€
tempg@m)@rgf@&@/ hebit&Mes() 00 oalgiwes adderbamhﬂe Yes(lﬁih@/t)solutlbh MiRwashed

w1tlg(1?§61§1)0 mLi agﬁzaqu%qs WOE 'éxé 521%113) %?Qrggmg SSol(uttjlgg ng{]s_dned
(Na4SOBz ,Solwdnt afakl}em&ve& 3nd ke REldue V&H%hnﬁéds B¢ s igf‘& gi*l;olmﬂn (5%

4.02 (m 1H, 5 -H), 211
MGQF‘IQ%HZ%) on2iye compound 5 as solid. 'H-NMR (CDCB) 8526 (s, 1H, 2-H),

492;211(;% E%grlgezehe lr%é?p&&p? Egl ?3}'& éé) \f@g%@df’pﬁéhg 8Hz, 1H),

4.1 IIHSZOSI%Q 2865 (1, FHSPR YSIEe 19f),
S'23(a<'}1-m no- 6- chlﬂgropu§| ne (2 ‘mol 9%9 ng) and (NH4) 2SO4

(1G ) prg‘?m&h glgﬁi{)#xed for 5 h and the

cI ear sol ution was evap Tdr yﬂess. I T{we rea}ague
10 nL the sol ution
ghlg%%lg\gﬂe@? ¢ Hﬁcg% é&‘?étda%@lwg imTIE £20 md.). o the solution
wasraagéa 1NrNe@bﬁ<€i %ﬂi @ Iﬁh‘))o 8%%’1 thé BEQLF TR ?Adn?i‘e NS for 2

: I . xture was Sti
h. "F(b@ﬁ]mlt@lﬁq;)é’ﬁ%wdﬂeé NaﬁCQ;CG mmokl 25%frig0|ﬂ&d ekodss Bz@l (ITheL) and

tyre was co nperat ure and

e A BB Rl 5t BT LTRSS
pH ()f\lﬂ%SéMl)tl(ﬁndfai b@ust&@ ey arst b%&dﬁl@ﬁ%\f@{ H-aﬂlegr%é'léj SGutl@r was
silica gel colum (5%
W&Sﬁqc{/gﬁb Sgghé)d Fal)ang drjed(Nag3O4/ (S:gl\{eg‘owes removed and the residue
was ZlissbR8d Y TSR ERY! To thd st RO SNidda pyrldme (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 (Na,SOy). Solvent was removed and the residue was purified by
silica gel column (10% EtOAc/Hexanes) to give compound 7 (38%). 'H-NMR (CDCly):
3 8.10-7.42 (m, 5H, 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-

methoxybezenemercaptopurine (9).
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am no- 6-chl oropurine (132 ng, 70%9 with a ratio of 3/2

in favor of (3-isonmer. A mxture of
wo-20eMybenzenet hi ol (0.14 ni, 1 mmol) and NaET(U48003/024986

nmg, 2 nmol) in DVF (5 nL) was stirred at room

tenperature for 10 mn. To the m xture was added a

=01 W hfion' 01 RSt ABMELEOS LSS, 40 Ly BV (INY, (10

and the  mxture was stirr Fgom t &
mg) @n FIMBSI (16 mL)wass reflusvd dorad1dl dndethé @bl BEud@B was evaporated to

di d MeOH nd b |
B¢ FRUOBoVEL FEITEL T FEPlnddt Tor TR0t sobgionewss added 2
solWéén rﬁ‘mﬂ@daééfﬂl% thejr e3sglug, Splﬁlhhglb e, deS@l h I%EB and

colum to give final nucl egs de,
iodptrirhatialylsileapa€TMBL-216 Mimali 0$@Indn)-at|092 BIS Mdctbre BAsAtirred at room

o SHERRETEITS SR (a5 ot v
tenape?&t&é'zandzl'f&un‘tta’ﬂie 514[7( d@rgail}_? é,uﬁ?_ﬂ %vag ’_%gsdlg\:f_'agSOi)'_rfmd the
solm )was nemc?Ved4Tli§(regldm wﬁs—purﬁiedHi)y silicadel ¢olumd (5% MeGHzCH2C12)

Modj fi cati ons an

to %Y%P@F‘P%}&S &danm%%w@* lé‘Pmﬁlhé -prrogioxymptpahl i3 rdloxolan-4’-y1-2-
d b h f. skill
amTEENBRBYHY (152 malrbde) MmO UP 0% WP Er Blsbiny & | "

are, considered within the sco e of the present

| nvArERaRe oiP-melhentheneesthisl G BEac0sULeBs NARE(S mg, 2
mn@l—)“xh'\IbMF (IS'L}nEf Q§§§tﬁré‘doeft r{?;?lfl Q%H)J[} ORGSR ?{) ﬁ}ieor n%iBrg was

or VI corrprl sing
addgqi a sokutivat ofdhe (ptotdqt@i ﬁuqziecmichs timdn Q)ME &2 ahL} endithea@ix@ure was

B8 i PR BT D e meirmbcm et o
dls@ﬂ%yﬂ mt Mé(D {20 ﬂ{&gﬁiﬁdhﬁﬂdﬁmlné/"(i iy QQ:,EH ogd ?fle solution was

forrruIaX wher ei n
reﬂﬁ%ﬂfe o%«éﬁent 3 rqza@oved andl Ky res;ducawas kl;tiﬁe(d(b]y sﬂﬁk)a, gehoslumn

n achd a al |
réolzs%?ag o}%glgb ?dé]:t et %I hﬁ%&ﬁzﬁgﬁg EJXé’ g 'aﬁ‘}jn? -§-para-
meﬁhbmb&z&}enfewabﬂgﬁnﬁ‘@ @or wng(dmlg)olm l9$ (9f 11t1h§-H)eS7t§b" 7 =
of the conpound of formula Vil of | 'owe

8.4 g,,%?é’tl]é&?%@ dF 8.4z, 2H, Ph), 6.24 (dd, J = 28 84Hz 1H 4-H), 5.25 (&,
J = 2.4Hz, 1H, 2’-H), 4.86 (brs, 2H, NH)), 4.47, 430 (mm, 2H, 5°-H), 3.91 (d, J =
1.2Hz, 2H, 6’-H), 3.85 (s, 3H, OCHs).

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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resul ting al cohol under basic conditions to a conmpound

of formula 6 (including D and L-isoners): O RHO OH
wQ@2604/0268@5ein R7 is a protecting group. 3. ThePpTMS2®3/024986

of claim2, wherein R7 is acyl, silyl, alkyl or an

aral kyl group (C1-20) WO 2004/ 028445 _

PCT@H§ 024986 4. The process of clajn12, further

conpri sing ‘decar boxyl ati on o; the carboxylic grpgp of

conpound 6, and_coupling with a purine or pyrimdine

base- or ﬁtpgocea%fqr\véﬁ%avég corppounde af foymylapYHtar MEbn t o

forma D and L-di oxol ane nucl eosi de of fornul ae

I11-VI: x x RZENON HO*OO Y OOllIl IV R
N/Z | OOCH( H )-0 OV @ere.n
o) o)

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 Rg is alkyl or aralkyl (Cj.z); 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 VII or VIII followed by protection of the

resulting alcohol under basic conditions to a compound of formula 6 (including D- and

L-isomers):

o)

R7O/\( OH

0]

wherein Ry is a protecting group.

3. The process of claim 2, wherein Ry is acyl, silyl, alkyl or an aralkyl group
(Ci-20).



Ris H halogen, OH OR, SH SR, NH2, NHR , NR 2,

| ower al kyl of Cl-C4, CH=CH2, N3C=CH2, CO2H, CX2R ,
WOCHNHA284d8, CONHR , CH20OH, CH2CN, CH2CH2OH, CP8T/US2003/024986

CH2CH2F, CH=CHCO2H, CH=CHCO2R , CH=CHCI, CH=CHBr, or

CH=CH ; R is lower alkyl (d-C4); each X and Y are

hﬂ%ﬁper&g?gé |I§foé'e|§_|3hcﬁ1 g‘H 2, W pg_l%lg g‘égaﬁ:]cg(y affon of the

carboudegoup: ebeatnpgunidos, eindictuRlingMith @i purinBer 33 sienigne $ase or its

for. hy the ester of formula VII and VIII
derfvatiye, gﬁ@&%ﬁ g36 rc{epchgaﬁl ® Fumeacb- @dplriiexakne nucleoside of
forfda@4cqPivi: 6. The process of claim5 wherein the base

is an aqueous al kali or alkali earth netal base. 7.

The process of glaim®6, wherein the base is aqueous

NaOH or aqueous| KOH WO 2004/028445 PCT/ USR003/ 024986

8. The proces :cl aim1l, wherein theN hon is
xi di zi ng agfﬁ ct d fqomthe

conduct ed usi

group cB¥sThtong of Nal 04/ RUCL , RuC13

hydrate, KMIO4,/ Nal 04 and K104 and 0 |nat|ons

t hereof. 9. e process of claim 4, OWher ei n

decar boxyl atign is carried out at from about -10 Cto
100 C, in an aprotic solvent or water, ¥y combi nati on

thereof. 10. The process of cl a| m9 V\herel n the

solvent is aprotic solvent. he net hod of claim
10, wher ei Bolvent is hexan hexane,
toluene,éth | acetate, THF, d|o ne, ace@onltrlle

di chl or @et Pthl or oet hane( dieth
di met hyl f or e (DVF), dinethyl sul fOXI DI\/BO)
di met hyl acet or a conbi nation ther 12. The

process of C|§Iﬂ1l wherein the acid |s a Lemns aci d.
13. The proceSs of claim1, wherein the’lacid i s BF3

hetherate 14. The process of claim4, conprising
WheEfpl i ng the purine or pyrimdine base or its
derivative by: silylation of the base or its
derRvslli hadogean@H, OR’, SH, SR’, NH,, NHR’, NR’,, lower alkyl

of C;-C4, CH=CH,, N3C=CH,, CO,H, CO;R’, CONH,, CN, CONHR’,
CH,OH, CHxCN, 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);

each X and Y are independently H, halogen, OH, OCHs, SH, SCH3,
NH,, NHR’, NR’,, or CHj; and

Z is CH, or C-X.

5. The process according to claim 2, wherein the base used for hydrolysis of

the ester of formula VII and VIII is an organic or inorganic base or combination thereof.

6. The process of claim 5 wherein the base is an aqueous alkali or alkali
earth metal base.
7. The process of claim 6, wherein the base is aqueous NaOH or aqueous

KOH.



coupling of the silylated base or its derivative to

the conpound of Fornmula 6 in the presence of a Lew s
weaeh@/02445 The process of claim 14, wherein thecrLase®3/024986

acid is selected fromthe group consisting of tin

tetrachloride, titaniumtetrachl oride or

triget hylgel el ad:e 11 : of_ ¢l aj 4, .
wherein the %gcsetgg cg)frf c?%lgl (lJl’ergflh\e/r:al;ﬁ9 \t/ﬁeér ?}gla%??ny “at %fbd“%t‘}?mg an
oxifésiagrergept dicdédted afiem ( HMDSIroup 7 corlimtingr of eBRIOJREER Wydrate,

I [;.GCO i S| i sol ating the nucl eosi de of
NG R R T oDl e Py a7 pad rgtbfpaczas ot
process of claim17, wherein the optically active form
i s Psol at8e PEseesy ef olaim j4o whefein decarbmayhitionfisrcarriag out at from

c i s echni ques, by, synthesis .frqgm
o R R PO g L oo P 7 Do hereor
synﬁ esi& or by chromatographic separation using a
chi t%1  sThe Proseisy! sl &, whgsepba slzentdsan aprotic solvent.

PCT/ US2003/ 024986 19. The process of claim4, wherein
t helpuri ibe anetloyt bfrichiimel hagieerdin thelseherdist ReXahs, K clohexane,
roup..consi sti f .adenine, N6-al kyl -purines,
ot BYD r Rics Tl FBihoea iptomirilecy diytiomptanay gichloroethane,
dietyky| ek, OBy RiMide NO ﬁmﬁyl PYL i
) Ng?(hal opuri ne, NGéI Vi nyl peuri e, - ag{ed%é)? elﬁllll{:oxbdueri nQ?MSO)’

dimgthydesgtanide,ion e combirajidn theyeafkyl purine, N6-t hi oal kyl

purine, N2-al kyl purines, N2-al kyl -6-thiopurines,

thymd.ne, Thyproséssof clairh | UAhGemIhORiA S a PswidBEQY! CYt O
si ne, 6-azapyri mdine, 1ncluding 6-aza-cytosine, 2-

q i di ne. S el o
el Gt moge PR B oBH A AR T e O

benzyl - pyri m di nes, C5-hal opyr.im di nes,

C5- é%lhyl PHACETSne clesm 4 cpippEsing qeypling dienpurineas:- pyrjrhidine

basB¥f itéli&ivagve G- hydroxyal kyl purine,
C5- am do- pyrim di ne, C5-cyanopyri m di ne,

Co5- Bt Lo- pywLi m di ne - am nopyrim di ne,
l\l2-§1yﬁ<a§]%p§ﬁ}fenrgéq§e, OW-%WWY%?JF% opuri nes, 5-

azacytjdinyl, 5-aza-uracilyl, triazol opyridinyl,

i m %}2@1{%0{%% sifiylead basg pr ik dpyyative dé tlyd Gommmidd of Formula 6 in

the BYs@ABIPRY LW Ayl - 37

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 base or its derivative is silylated
with hexamethyldisilazane (HMDS).

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

formula II-VI in optically active form.

18.  The process of claim 17, wherein the optically active form is isolated by
resolution of the racemic form by recrystallization techniques, by synthesis from
optically-active starting materials, by chiral synthesis, or by chromatographic separation

using a chiral stationary phase.
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19.  The process of claim 4, wherein the purine or pyrimidine base is selected
from the group consisting of adenine, N°-alkyl-purines, NC-acylpurines (wherein acyl is
C(O)(alkyl, aryl, alkylaryl, or arylalkyl), N°-benzylpurine, NS-halopurine, N°-
vinylpurine, Né-acetylenic purine, N®-acyl purine, N6—hydroxyalkyl purine, N6-thioalky1
purine, N*-alkylpurines, N2-alky1-6-thiopurines, thymine, cytosine, 5-fluoro-cytosine, 5-
methylcytosine, 6-azapyrimidine, including 6-aza-cytosine, 2- and/or 4-mercapto-
pyrimidine, uracil, S5-halouracil, including S5-fluorouracil, Cs-alkylpyrimidines, C>-
benzyl-pyrimidines, Cs-halopyrimidines, CS-Vinylpyrimidine, C3-acetylenic pyrimidine,
C’-acyl pyrimidine, C -hydroxyalkyl purine, C -amido-pyrimidine, Cs-cyanopyrimidine,
Cs-nitro-pyrimidine, Cs-aminopyrimidine, Nz-alkyl-purines, Nz-alkyl-é-thiopurines, 5-
azacytidinyl, 5-aza-uracilyl, triazolopyridinyl, imidazolo-pyridinyl, pyrrolopyrimidinyl,
and pyrazolopyrimidinyl.
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