PROCESSES FGR THE DI ASTERECSELECTI VE SYNTHESI S OF NUCLEGCSI DES FI ELD OF
INVENT 5 The present invention relates to dlastereoselectlveawg
processes for preparing optically active cis-nucl eosides and nucl eosi de
anal ogues and derivatives. The novel processes of this invention allowthe —
stereo-controll ed synthesi’s of a given 10 enantioner of a desired - /
ci s-nucl eosi de or nucl eosi de anal ogue or derivative in hi gh optlcaFAEU%;g§g‘L
This invention also relates to novel internediates useful in the processes
of this invention. BACKGROUND OF THE | NVENTI ON 15 Nucl eosi des
and their anal ogues and derivatives are an inportant class of therapeutic
agents. For exanple, a nunber of nucl eosides have shown antiviral activity
agai nst retroviruses such as human |nnunodef|0|ency V|rus hepatitis
B virus 20 (HBV) and hunan T-Iynphotro EéT i cati on WO
89/ 04662 and European Patent publication !%b t he ucleosides

[

shown to have antiviral activity are 3'-az deoxythyn1d|ne
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FIELD OF THE INVENTION

] The present invention relates to
diastereoselective processes for preparing optically
active cis-nucleosides and nucleoside analogues and
derivatives. The novel processes of this invention
allow the stereo~controlled synthesis of a given

10 enantiomer of a desired cis-nucleoside or nucleoside
analogue or derivative in high optical purity. This
invention also relates to novel intermediates useful in
the processes of this invention.

CKGROUND OF TH

P 15 Nucleosides and their analogues and

E derivatives are an important class of therapeutic

agents. For- example, a number of nucleosides have

P shown antiviral activity against retroviruses such as

| human immunpdeficiéncylgirus-(HIV), hepatitis B virus

20 (HBV) and human T-lympﬁétropic virus (HTLV) (PCT
publication WO 89/04662 and European Patent publication
0349242 22). Among the nucleosides shown to have
antiviral activity are 3'-azido-3'-deoxythymidine
(AZT), 2'3'-dideoxy~cytidine (DDC), 2-hydroxymethyl-5-

25 ({cytosin-1'~yl)~-1,3-oxathiolane and 2-hydroxymethyl-4-
(guanin-9'-yl)~1,3~-dioxolane (European Patent



X Lat

(AZT), "23' -di deoxy-cytidine (DDC), 2-hydroxynethyl-5- 25
(cytasin-1-yl)-1, 3-oxat hi ol ane and 2- hydr oxynet hyl - 4-
~(guanin-9'-yl)-1, 3-di oxol ane (European Patent -2- publication 0382526 A2

and European Patent publication 0377713 A2). Most nucl eosi des and
nucl eosi de anal ogues and derivatives contaipn at_I|least two chiral centers
(shown 5 as * in formula (A)), and exist in the formof two pairs of
optical isomers (i.e., two in the cis- configuration and two in the trans-

configuration). Hpipi9catidnSiodises2eNhy bl Busopedit FateHt Ppublitdition
bi ol ogi cal acti vi D fferent enantioneric forns of the sane

_Lerr
ci s- nucl eosi de na?¥7ﬂbﬁév )'have very different antiviral activities. MM
Mansuri et al., "Preparati oMot haeleosides andsmueleosideDanalioguds!@mhd

DAT As Potential 4atliobhYvhd ABRRAIn ok 32a3tVioCifTrai tenteksl Yandii
5 as * in formula (A)), and exist in the form of two
pairs of optical isomers (i.e., two in the cis-
configuration and two in the trans- configuration).
However, generally only the cis-isomers exhibit useful
biological activity.

: rine or pyrimidine
10 HO (o] pu pYy base (A)

Different enantiomeric forms of the same cis-nucleoside
may, however, have very different antiviral activities.
M.M. Mansuri et al., "Preparation Of The Geometric
Isomers Of DDC, DDA, D4C énd D4T As Potential Anti-HIV

15 Agents", Bioorg.Med.Chem. Iett., 1 (1), pp. 65-68
{1991). Therefore, a general and economically
attractive stereoselective synthesis of the enantiomers
of the biologically active cis-nucleosides is an
important goal.

20 Many of the known processes for producing
optically active nucleosides and their analogues and
derivatives modify naturally occurring (i.e., optically
active) nucleosides by altering the base or by altering
the sugar via reductive procedures such as

25 deoxygenation or radical initiated reductions. C.K.
Chu et al., "General Synthesis Of 2',3'-
Dideoxynucleosides And 2',3'-Didehydro-~2',3'~
Dideoxynucleosides,” J.0rg.Chem., 54, pp. 2217-2225
(1989). These transformations involve multiple steps,

30 including protection and deprotection and usually



(1991) . E;Therefore, a general and economcally attractive stereosel ective
synthesis of the enantionmers of the biologically active cis-nucleosides is
an inportant goal. 20 Many of the known processes for producing
optically active nucl eosides and their anal ogues and derivatives nodify
naturally occurring (i.e., optically active)_ @ugleosides by altering the
base or by altering the sugar via reductive procedures such as 25
deoxygenation or radical initiated reductions. C K Chu et al., "GCeneral

S e 6, 15 PO SO psisas, Aiofondosf, inby oot S and
transfgrﬁations iH@%#QEahginﬁl%bgiﬁééngﬁlYiEYUQEnﬁﬁﬁr5?%%?163 and
deprotection and usweléyside: 3Thuspsthé nuclevsjdesdprodbbedobyrthébey
b P and T BhGLeAlE 600 FIREE o dplhubDE Shaibbida"uE ! ERS' 00
i 5 enantiomeric form of the naturally occurring
nucleoside. In addition, these procedures require the
availability of the naturally occurring nucleoside,
often an expensive starting material.
Other known processes for producing optically
10 active nucleosides rely on conventional glycosylation
procedures to add the sugar to the base. These
procedures invariably give anomeric mixtures of cis-
and trans-isomers which require tedious separation and
result in lower yields of the desired biologically
15 active cis~nucleoside. Improved glycosylation methods
designed to yield only the cis-nucleoside require
addition of a 2'- or 3'-substituent to the sugar.
Because the 2'~ or 3'-substituent is only useful in
controlling cis-nucleoside synthesis in one
20 configuration (when the 2' or 3' substituent is trans-
to the 4' substituent), multiple steps are required to
introduce this substituent in the proper configuration.
The 2'~ or 3'=-substituent must then be removed after
glycosylation, requiring additional steps. L. Wilson
25 and D. Liotta, "A General Method For Controlling
Stereochemistry In The Synthesis Of 2'-Deoxyribose
Nucleosides", Tetrahedron Lett., 31, pp. 1815-1818
(1990). Furthermore, to obtain an optically pure
nucleoside product, the starting sugar must be
30 optically pure. This also requires a series of time-
consuming syntheses and purification steps.
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processes-are limted to specific anal ogues of the 5 enantioneric form of
the naturally occurring nucleoside. In addition, these procedures require

the availability of the naturally occurring nucle03|de

often an expen5|ve

starting material. O her known processes for producing optically 10 active
nucl eosi des rely on conventional glycosylatiog procedures to add the sugar
to the base. These procedures invariably give anoneric mxtures of cis- and
trans-i somers which require tedious separatlon and result in |lower yields

of the desired biologically 15 actgumeMs
gl ycosyl ati on nmet hods designed to yleld on

t”e cl s-nucl eosi de require
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after glycosyl atlo eQU|r|ng addi tiona W |

Liotta, "A Gener al9
formula (I)

R,OCH, W Ry

et

wherein W is §, 8=0, soz, or O;
10 X is 8§, S=0, soz, or 0O;
R, is hydrogen or acyl; and

nes) oniug qqﬁfégeghalogues an&'é;rlvaékgés of

(I)

R, is a purine or pyrimidine base or an

analogue or derivative thereof.

The processes of this invention comprise the
15 step of glycosylating a desired purine or pyrimidine
base or analogue or derivative thereof with an

intermediate of formula (IIa) or (IIb)

W L w L
(Ila) R°|uu.<j'rr' . ,j—"' (IIb)
- x x

wherein R, is a substituted carbonyl or carbonyl

20 derivative and L is a leaving group.

Glycosylation is

accomplished using a Lewis acid of the formula (III)



§fefeodhenistry In The Synthesis O 2'-Deoxyribose Nucl eosides",
-Fetrahedron Lett., 31, pp. 1815-1818 (1990). Furthermore, to obtain an
optically pure nucl eoside product, the starting sugar nust be optically 30
pure. This also requires a series of tinme-consum ng syntheses and
purification steps. European Patent publicalign.0382526 A2 and Europe- an
Pat ent publication 0377713 A2 descri be non-di a- stereosel ective processes
for the synthesis of oxathio- 35 |[|ane and di oxol ane nucl eosi de anal ogues.
Eur opean patent application EP 0266042 A2 gescri bes use of chiral
auxiliaries for the separation of enantionglic pteridine derivatives but
not nucl eosi des or nucl eosi de analogug%f- si—4—g§UNNARY OF THE (IIBNTI ON
The present invention overconmes the difficylties and shortcom ngs of the
prior art and grovi des processes for produring optically active cis- 5
nucl eosi des (1, 3- hi,ol an 2, 4-di - :
(1,3 %é%&éf% %%?Sns,’n,9'§§8'ﬁﬁ gfea'éEgﬁéﬁ below and the
resulting intermediate is reduced to give a nucleoside
or nucleoside analogue or derivative of formula (I).
The processes of this invention have the
10 advantages of allowing preparation of a nucleoside of
formula (I) (or analogues or derivatives thereof)
without using expensive starting materials, cumbersome
protection and deprotection steps or addition and
removal of 2'- or 3'-substituents. The processes of
15 this invention produce nucleosides in high yields, with
high purity and high optical specificity. The
processes of this invention have the further advantage
of generating nucleosides whose stereoisomeric
configuration can be easily controlled simply by the

20 selection of the appropriate starting materials.

DETAILED DESCRIPTION OF THE INVENTION

In the processes for preparing optically
active cémpounds of this invention in a
configurational- and diastereo-selective manner, the
25 following definitions are used:
R, is a purine or'pyrimidine base or an
analogue or derivative thereof.
A purine or pyrimidine base is a purine or
pyrimidine base found in naturally occurring
30 nucleosides. An analogue thereof is a base which
mimics such naturally occurring bases in that their
structures (the kinds of atoms and their arrangement)
are similar to the naturally occurring bases but may
either possess additional or lack certain of the
35 functional properties of the naturally occurring bases.



qriﬁroranes) or nucl eosi de anal ogues and derivatives of forrmula (I) [err]
[err] ts a purine or pyrimdine base or an anal ogue or derivative thereof.

The processes of this invention conprise the 15 step of glycosylating a
desired purine or pyrimdine base or anal ogue or derivative thereof with an

internmediate of formula (ll1a) or (lI1b) [errl gherein [err] is a substituted
carbonyl or carbonyl 20 derivative and L is a |eaving group. dycosylation
is acconplished using a Lewis acid of the forrmula (I11) -5- Jerr]
wherein [err] are gigh rafhlwpuse dnthiae tdfodd iderivid e dep Xadandnt used
to give a nucleoside or nuclegside anal oque ar derivative of forsua (1).
The processes of tan?gfﬂ#@rcﬁx r?a\}b‘q’t’r? v €G-, PYT 1
such as 5-azacytosine) or vice versa (e.g., 7-
deazapurines, such as 7~deazaadenine or 7-
5 deazaguanine) or both (e.g., 7-deaza, 8-azapurines).
By derivatives of such bases or analogues are meant
those bases wherein ring substituents are either
incorporated, removed, or modified by conventional
substituents known in the art, e.g., halogen, hydroxyl,
10 amino, C,.¢ alkyl. Such purine or pyrimidine bases,
analogues and derivatives are well known to those
skilled in the art.
A "nucleoside analogue or derivative" is a
1,3-oxathiolane, 2,4-dioxolane or 1,3-dithiolane which
15 has been modified in any of the following or
combinations of the following ways: base
modifications, such as addition of a substituent (e.q.,
5-fluorocytosine) or replacement of one group by an
isosteric group (e.g., 7-deazaadenine); sugar
20 modifications, such as substitution of the C-2 and C-3
hydroxyl groups by any substituent, including hydrogen
(e.g., 2',3'-dideoxynucleosides); alteration of the
site of attachment of the sugar to the base (e.g.,
pyrimidine bases usually attached to the sugar at the
25 N-1 site may be, for example, attached at the N-3 or C-
6 site and purines usually attached at the N-9 site may
be, for example, attached at N-7); alteration of the
site of attachment of the base to the sugar (e.g., the
base may be attached to the sugar at C-2, such as iso-
30 DDA); or alteration of configuration of the sugar-base
linkage (e.g., cis or trans configqurations).
R, is a carbonyl substituted with hydrogen,

hydroxyl, trialkylsilyl, trialkylsiloxy, C,_30 2alkyl,

C, 5o aralkyl, C,_,, alkoxy, C, ,, amine (primary,



10" advantiages of allow ng preparation of a nucl eoside of formula (1) (or
dnal ogues or derivatives thereof) w thout using expensive starting
materials, cunbersome protection and deprotection steps or addition and
removal of 2'- or 3'-substituents. The processes of 15 this invention

produce nucl eosides in high yields, wth highzperity and high optical
specificity. The processes of this invention have the further advantage of
generating nucl eosi des whose stereoi soneric configuration can be easily

control |l ed sinply dacdridardd oxelteattiary)f, tdégﬁgp*phbpl;ac £t axtyilzgC, _

. 2
mat eri al s. DETAI LEQ,DESCRI PT1 ON THE, | ocgsggs for
preparing opticall keny Lz %emo%ﬁ&"g*'t ?ﬁ%ﬁﬁ? sgcﬁ

configurational - and @& ®&stereo-sel ective manner, the 25 foll ow ng
definitions are used: j[drr] is a purine or pyrimdine base or an anal ogue
or derivative ShecHyC-G-psubstitutedr withi ¢ _bastkyd arpQijcaryl;
pyri m di ne base f wﬁ%q#l uraIIy occurring 30 nucl eosi des. An anal ogue .
thereof is a base n1n1cs such naturally occurring bases |n that their .

such as CH,~C-0-C- substituted with C, . alkyl or C. ,,
10 aryl; azomethine substituted at nitrogen with hydrogen,
C 50 2lkyl or C,_,, 4-30 Gialkylamino or at
carbon with hydrogen, 01_20 alkyl, or °1-zo alkoxy;
thiocarbonyl (C=S) substituted with hydroxyl, Ci-20
alkoxy, or cl__2° thiol; a homologue of carbonyl, e.g.,
15 (o] s
| |
-CCH,-; a homologue of thiocarbonyl, e.g., -CCHZ-; or a
N-
I
20 homologue of azomethine, such as -CCHZ-.

The preferred substituted carbonyl/carbonyl
derivatives are alkoxycarbonyls, such as methyl, ethyl,
isopropyl, t-butyl and menthyl; carboxyls,
diethylcarboxamide; pyrrolidine amide; methyl ketone

25 and phenyl ketone. The more preferred substituted
cafbonyl/carbonyl derivatives are esters and carboxyls
and the most preferred are esters.

R, is a chiral auxiliary. The term "chiral
auxiliary" describes asymmetric molecules that are used

30 to effect the chemical resolution of a racemic mixture.
Such chiral auxiliaries may possess one chiral center
such as methylbenzylamine or several chiral centers
such as menthol. The purpose of the chiral auxiliary,
once built into the starting material, is to allow

35 simple separation of the resulting diastereomeric
mixture. See, for example, J. Jacques et al.,

alkoxy or C
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§fru0tUPes (the kinds of atonms and their arrangenment) are simlar to the
naturally occurring bases but may either possess additional or lack certain
of the 35 functional properties of the naturally occurring bases. - 6-
Such anal ogues i nclude those derived by replacenent of a CH noiety by a
nitrogen atom e.g., 5-azapyrimdines such_ag 2-azacytosine) or vice versa
(e.g., 7- deazapurines, such as 7-deazaadenine or 7- 5 deazaguanine) or
both (e.g., 7-deaza, 8- azapurines). By derivatives of such bases or

analoguestaae me seﬁaa@ﬁgggg hdd } Sppt e281+569,
I ncor por at ed, reane nt substituents known in
the art, e.g., h ‘Hb'érfh x§/?ns'l e‘é?# gé]ﬂ) al kyl . Such purine or

pyri m di ne bases, anal oguesRa,nck dandv uc@ aMegelxidehtd.wn sed ecttesk fxion | ed
in the art. A"’ nucle03|de arfa e, or r|v tive" 'é a 1aik9iath|olane

2, 4- di oxol ane or W& FEYR F %ﬁ"&% of 'hydrogen, 1-20 (e.g.,
5 methyl, ethyl, t-butyl), optionally substituted by

halogens (F, Cl1l, Br, I), c%—zo alkoxy (e.g., methoxy) or
Ce-20 aryloxy (e.g., phenoxy); €, 20 aralkyl (e.g.,
benzyl), optionally substituted by halogen, C, ,, alkyl
or cl_20 alkoxy (e.g., p-methoxybenzyl); c6_2° aryl

10 (e.g., phenyl), optionally substituted by halogens,
C,_,p 2lkyl or C alkoxy; trialkylsilyl; halogens (F,
Cl, Br, I).

Ry is selected from the group consisting of

halogen (F, Cl1l, Br, I); quo

15 optionally substituted by halogens (e.g.,

aikyl esters,

1-20

sulphonate esters,

trifluoromethane sulphonate); Cl__z°
optionally substituted by halogen (e.g.,
trifluoroacetate); polyvalent halides (e.g.,
triiodide); trisubstituted silyl groups of the general

20 formula (Rs)(Rs)(R7)si (wherein RS,IRS, and R, are as
defined above); saturated or unsaturated selenenyl
Ce_no 2ATY1; substituted or unsubstituted

Ce-20 arylsulfenyl; substituted or unsubstituted

cl_20 alkoxyalkyl; and trialkylsiloxy.

25 L is a "leaving group", i.e., an atom or a
group which is displaceable upon reaction with an
appropriate purine or pyrimidine base, with or without
the presence of a Lewis acid. Suitable leaving groups
include acyloxy groups, alkoxy groups, e.g., alkoxy

30 carbonyl groups such as ethoxy carbonyl; halogens such
as iodine, bromine, chlorine, or fluorine; amido;
azido; isocyanato; substituted or unsubstituted,
saturated or unsaturated thiolates, such as thiomethyl

or thiophenyl; substituted or unsubstituted, saturated



15 has been nodified in any of the follow ng or conbinations of the
fo1|omﬁng ways: base nodifications, such as addition of a substituent
(e.qg., 5-fluorocytosine) or replacenent of one group by an isosteric group
(e.g., 7-deazaadenine); sugar 20 nodifications, such as substitution of
the G2 and C 3 hydroxyl groups by any substdtgient, including hydrogen
(e.g., 2',3 -dideoxynucl eosides); alteration of the site of attachnent of

t he sugar to the base (e.g., pyrimdine bases usually attached to the sugar
at the 25 N1 S|ternnnshtnrhaedesa&phe, sbﬂamha&latcthseme&onwlc- 6 site

and purines usuall

at N-7); alteration o

LBPAARIE] oSl pheihac sUbinlts B ST il

e of € sugar

(e.g., the base may be attache&uﬂﬁabﬂe degxing: group mayhadso bs-ﬁgga DDA) ;

or alteration of CQREFgURA4KOR etmtsbstauear oPaffsubaititated, I saturatdd or
trans configurations). R3 is _a carbonyl substituted w th hydrogen,

hydr oxyl , trlalﬁyIEPF9F“rPFFSIE}FX#IE%?“PPeFPP'aIE&Ls alky Qﬁeﬂ*S@nY}err]
al koxy, [err] ani ngrofipi; "&r ¥ubstituted or unsubstituted aliphatic or

10

15

20

25

30

35

aromatic acyl group, e.g., a Ci-6 aliphatic acyl group
such as acetyl and a substituted or unsubstituted
aromatic acyl group such as benzoyl; a substituted or
unsubstituted, saturated or unsaturated alkoxy or
aryloxy carbonyl group, such as methyl carbonate and
phenyl carbonate; substituted or unsubstituted
sulphonyl imidazolide; substituted or unsubstituted
aliphatic or aromatic amino carbonyl group, such as
phenyl carbamate; substituted or unsubstituted alkyl
imidiate group such as trichloroacetamidate;
substituted or unsubstituted, saturated or unsaturated
phosphonate, such as diethylphosphonate; substituted or
unsubstituted aliphatic or aromatic sulphinyl or
sulphonyl group, such as tosylate; or hydrogen.

As used in this application, the term "alkyl"”
represents a substituted (by a halogen, hydroxyl or
Ce.np 2ryl) or unsubstituted straight chain, branched
chain, or cyclic hydrocarbon moiety having 1 to 30
carbon atoms and preferably, from 1 to 6 carbon atoms.

The terms "alkenyl" and "alkynyl" represent
substituted (by a halogen, hydroxyl or C6_2° aryl) or
unsubstituted straight, branched or cyclic hydrocarbon
chains having 1 to 20 carbon atoms and preferably from
1 to 5 carbon atoms and containing at least one
unsaturated group (e.g., allyl).

The term "alkoxy" represents a substituted or
unsubstituted alkyl group containing from 1 to 30
carbon atoms and preferably from 1 to 6 carbon atoms,
wherein the alkyl group is covalently bonded to an



-7- seCondary or

tertiary), [err] thiol; [err] aryl; [err] alkenyl; [err

]

aikynyl 1,2-di carbonyl, such as 5 CH3-GCGC substituted with [err] alKkyl
or [err] aryl ; anyhdrldes 0 O such as [err] substituted with [err] alkyl

or [err] 10 aryl;

al kyl or [err] al

azonet hi ne substituted at nitrogen with hydrogen, [er
koxy or [err] dialkylamno pg at carbon w th hydrogen,

r]

[err], or [err] alkpxy; t hi ocarbonyl (C=S) substituted with hydroxyl, [err]
thiol; a honol ogue of carbonyl, e.g., [err]; a honol ogue

al koxy, or [err]
of thiocarbonyl,

&a ceﬁeréiemehtatﬂﬁou@nnahogupgeﬁ atome(aige, methoxy

[err]. The preferr % €ﬁ8t|£Uted carbonyl / car bonyl derlvatlves are

al koxycar bonyl s,
ment hyl ; car boxyl,
and phenyl ketoneg,

derivatives are es
S
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al kyl is nmethyl, ethyl, iso gg t - butyl
d|ethylcgheotgnmd%ampquot?ﬂtﬂ%eah$dé k th?FYQB ket

Jf sfkf{\)gieréfdafai)ﬁﬁtgfsdpsaéaﬁeahbsagbeﬂuh
ers ah noSt _preferred are_esters.
to 30 carbon atoms and preferablﬁ to 12 carbon atoms,
covalently bonded to an adjacent element through a
nitrogen atom (e.g., pyrrolidine). They include
primary, secondary and tertiary amines and quaternary
ammonium salts.

The term “"thiol" represents alkyl, aryl,

aralkyl, alkenyl or alkynyl groups containing from 1 to

30 carbon atoms and preferably from 1 to 6 carbon

atoms, covalently bonded to an adjacent element through

a sulfur atom (e.g., thiomethyl).

The term "aryl" represents'a carbocyclic
moiety which may be substituted by at least one
heteroatom (e.g., N, O, or S) and containing at least
one benzenoid-type ring and preferably containing from
6 to 15 carbon atoms (e.g., phenyl and naphthyl).

The term "aralkyl®™ represents an aryl group
attached to the adjacent atom by an alkyl (e.qg.,
benzyl).

The term "alkoxyalkyl" represents an alkoxy
group attached to the adjacent group by an alkyl group
(e.g., methoxymethyl).

The term "aryloxy" represents a substituted
(by a halogen, trifluoromethyl or Cl_5 alkoxy) or
unsubstituted aryl moiety covalently bonded through an
oxygen atom (e.g., phenoxy).

The term “acyl" refers to a radical derived
from a carboxylic acid, substituted (by a halogen (F,
cl, Br, I), Cs__zo aryl or cl__6 alkyl) or unsubstituted,
by replacement of the -OH group. Like the acid to
which it is related, an acyl radical may be aliphatic

or aromatic, substituted (by a halogen, cl_5

and
one



[err] is a chiral auxiliary. The term"chiral auxiliary" describes
asymmetric nolecules that are used 30 to effect the chem cal resolution of
a racemic mxture. Such chiral auxiliaries nmay possess one chiral center
such as net hyl benzyl am ne or several chiral centers such as nenthol. The

purpose of the chiral auxiliary, once built gate the starting material, is
to allow 35 sinple separation of the resulting diastereoneric m xture. see,
for exanple, J. Jacques et al. -8- Enantionmers. Racenates And

Resol uti ons, pp. aikpaﬁalk&ahnﬂWtkeyo& msprNunsubstltmaéﬂ) apdrr] and
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e.g., phenoxy gcbhtdadh ykhﬁﬁsﬂme QQnay')acQQ lpngkbb %hgqxltuted by

hal ogen, [err] al%sﬁbutaé%ygé %&valoy © %exa%o t il 6¥6Lceég 20 aryl

chloroacetyl, and cyclohexanoyl).

A key feature of the processes of this
invention is the use of a substituted carbonyl or
carbonyl derivative as R, instead of a protected

10 hydroxymethyl group as previously described in the art.
Surprisingly, the substituted carbonyl or carbonyl
derivative is not cleaved by exposure to a Lewis aciq,
as would have been expected by one of skill in the art
when a Lewis acid of formula (III) is added to a

15 mixture of silylated purine or pyrimidine base and the
chiral auxiliary-sugar compound obtained in Step 3.
Instead, the substituted carbonyl/carbonyl derivative
in the intermediate of formula (VI) forces the purine
or pyrimidine base (R,) to add in the cis-configuration

20 relative to the substituted carbonyl/carbonyl
derivative group. Without a substituted carbonyl or
carbonyl derivative attached to C4' (for example, when
a hydroxymethyl group is instead used), the coupling
procedures described in Step 4 will result in a mixture

25 of cis- and trans-isomers.

Another key feature of the processes of this
invention is the choice of Lewis acid. The Lewis acids
used in the preparation of compounds of formula (I)
have the general formula (III)

30 llis



10 (e.§.T phenyl), optionally substituted by hal ogens, [err] alkyl or [err]
alkoxy trialkylsilyl; halogens (F, O, Br, I). [err] is selected fromthe
group consi sting of halogen (F, d, Br, I); Cl1 20 sul phonate esters, 15
optionally substituted by hal ogens (e.g., trifluoronmethane sul phonate);
[err] al kyl esters, optionally substituted-by2hal ogen (e.g.,
trifluoroacetate); polyvalent halides (e.g., triiodide); trisubstituted

silyl groups of the general 20 formula [err] (wherein [err], [err] and
[err] are as dEflmdrébﬁVR% tamﬂdt aredas defdned @woxxsam aryl ;
substituted or u bst d

b d
unsubstituted Cl1 ﬁ?k? 13 @gyrlalégﬁ ?taﬁ EéSEEEE o?rprepfred
"l eaving group”, usrng any amethod hngvnupnmhhehars desgh acBaBl cSghpidt,

react th
ion w an g@%&f@%&ﬂ%ﬂé ANE fbébﬂﬁihééﬁyl%lhneﬁv&thaeiuet he

presence of a Lew s eavin oups | e.acylo S,
al koxy groups,Se. EPaQQPR§x§°BOOEG?Bbﬁyﬁyﬁngﬁéssucﬁiéglﬁgﬁg%é—e§¥§g HR

hal ogens such as pgdi e-38 p198¢) . Chihéi preferrédunevis; aetddoot this
invention are iodotrimethylsilane and trimethylsilyl
triflate. The preferred Rs' R6 and R7 groups are methyl
or iodine. The most preferred R;, R, and R, group is
10 methyl. The preferred R, groups are iodine, chlorine,
bromine or sulphonate esters. The most preferred R.8
groups are iodine and trifluoromethane sulphonate.

In the preferred process of this invention,
illustrated in Schemes 1 and 2, cis- and trans-isomers
15 of a sugar of formula (II)

(II)
Ry

X

are separated by fractional crystallization and the
desired configurational isomer selected. The selected
cis- or the trans-isomer may then be resolved

20 chemically, e.g., using a chiral auxiliary,
enzymatically, or by other methods known in the art.
The pure diastereomer is then coupled to a silylated
purine or pyrimidine base in the presence of a Lewis
acid to afford an optically active nucleoside of cis-

25 configuration which is subsequently reduced to give a
nucleoside of formula (I).



H -

azi do; |socyanato substituted or unsubstituted, saturated or unsaturated
thiol ates, such as thiomethyl or thiophenyl:; substituted or unsubstituted,
saturated -9- or unsaturated sel eno, seleninyl, or selenonyl compounds,
such as phenyl selenide or alkyl selenide. A suitable |eaving group may
also be -OR, where Ris a substituted or umsaBstituted, saturated or 5
unsaturated al kyl group, e.g., [err] alkyl or alkenyl group; a substituted
or unsubstituted aliphatic or aromatic acyl group, e.g., a [err] aliphatic
acyl group such as acetyl af¢hemesbddi andedBodepictbihisuprefaraesdt ic acyl
group such as bengpybess aubsbb&%adter aﬁg §”§UB§E'th'iB§Qnes A2y ed or

unsat ur at ed alkox or ary car bagn !“such as net hyl “¢arbonate and
phenyl carbonat e; BHQ@PPBteé GP3UQ§¥B§PFPBPed sul phonyl i mi dazol i de;
substituted or unsubstituted aliphatic or aromatic am no carbonyl group,
such as 15 phenyl carbamate; substituted or unsubstituted alkyl



imdrate group such as trichloroacetanidate; substituted or unsubstituted,
saturated or unsaturated phosphonate, such as diethyl phosphonat e;
Substituted or unsubstituted aliphatic or aromatic sul phinyl or 20

sul phonyl group, such as tosylate; or hydrogen. As used in this
application, the term"alkyl" represents a_§HQsthuted (by a hal ogen,

hydr oxyl or C620 aryl) or unsubstituted straight chain, branched chain, or
cyclic hydrocarbon noiety having 1 to 30 25 carbon atons and preferably,
from1l to 6 carbon atons. The terns "alégﬂgg@ﬂggg§"alkynyl" r epr esent
substituted (by a hal ogen, hydroxyl or ary or unsubstituted

strai ght, brancheqvor cycl i cohgly ocar bon chgj ns ing 1 to 20 carbon 6hons

and preferably from lto g carbon atons spfOntaining at le 0]
pxy" represeni ségatituted

unsat urat ed Bs (efg., al Fytr>The tRy
or unsubstituted gkkyl @IWyp containing fr to 30 carbon ato d

preferably from1l to 6 carbon atons, 35 wherein the 5VDyI group 1s -
covalently bonded to an

STEP2

NS)

w -t @ . w. (TRA
"=—< J/ @iy ¢ °\< :[\L
X X
(+) CHIRAL AUXILIARY (-) CHIRAL AUXILIARY
. STEP3
w L v .-t R, W _ .t Req W L
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Ry X X
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- 10 - adjacent elenent through an oxygen atom (e.g., nethoxy and et hoxy).
The term "am ne" represents al kyl, aryl, alkenyl, alkynyl, or aral kyl
groups containing froml1l 5 to 30 carbon atons and preferably 1 to 12 carbon
atons, covalently bonded to an adjacent el enent through a nitrogen atom
(e.g., pyrrolidine). They include primary, seggndary and tertiary am nes
and quaternary ammonium salts. 10 The term"thiol" represents

al kyl, aryl, aral kyl, al kenyl or al kynyl groups containing from1l to 30
carbon atonms and preferably from1l to 6 caZOHEMEAti@®™S, coval ently bonded to
an adjacent el ement through a sul fur atom (e.g., thionethyl). 15

The term"aryl" repr Oa céﬂﬁbtycllc OHi ch may be suhvtltqoud by
at least one h ecg<ton1 e. éﬁ s{ an{ cont ai ni ng I ;;JOne
benzenoi d-type r1ng\and preferably cort ai |n;ifron16 *o 15 argon t ons
(e.g., phenyl and na¥ ylkpvfo e ternngralkyl r ¥presents an
aryl group .

STEP2

I | (TRANS)

_<'” ) v
OIS
x =

(+) CHIRAL AUXILIARY W AUXILIARY

STEP3
w L W .ok ot w. L
.Rsln-- j + ‘.RS_'< j J Rallu j

RY <; RS X <;

l (VD) l
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W Ry, W _ P2
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atfabhed fo the adjacent atom by an alkyl (e.g., benzyl). The term
“al koxyal kyl " represents an al koxy group attached to the adjacent group by

an aIkyI group 25
substituted (by a
unsubstituted aryl
phenoxy). 30

(e.g., nethoxynethyl). The term "aryl oxy" represents a
hal ogen, trifluoronmethyl or [err] al koxy) or
noi ety coval ently bonded- tg cugh an oxygen atom (e.g.,

The term"acyl" refers to a radical derived froma

carboxylic acid, substituted (by a halogen (F, C, Br, C6 20 aryl or
6 al kyl) or unsubstltuted [The eypxicre steps tde 1I&u$t§pbm® ianchemesaC|d

to which it is rel
substituted (by a

é&:gh iﬂbeﬁ’* séﬁkff%;ggpqég#fﬂggﬁwgécf aronatlc

|I"0ge nitro or er

unsubstituted, and whatever S#ﬁp skt uctthe ﬁﬁalﬂh’é‘g eGarkgny ‘Fﬁﬂ’é(ﬂlfe may
be, the proplert I esfdlfmiilE {BClda Be Prvparsd ity Gof andtisdd Ykidwn SBiEthe
(e.g., acety gwgplony g., J.M. McIntosh et al., "2-Mercaptoaldehyde

10

15

20

25

30

Dimers and 2,5-Dihydrothiophenes from 1,3-oxathiolan-
S5-ones", Can. J. Chem., 61, pp. 1872-1875 (1983). The
carbonyl group of this starting compound is reduced
chemoselectively with a suitable reducing agent, such
as disiamylborane to give the cis~ and trans-isomers of
formula (V). Ordinarily, less cis-isomer is produced
than trans. _
Step 2: The hydroxyl group in the
intermediate of formula (V) is readily converted to a
leaving group by any method known in the art (e.qg.,
T.W. Greene Protective Groups In Organic Synthesis,

pp. 50-72, John Wiley & Sons, New York (1981)) to give
the novel intermediates of formula (II).

This anomeric mixture is then separated by
fractional crystallization into the two configurational
isomers. The solvent may be adjusted to select for
either the cis- or trans-isomer. D.J. Pasto and C.R.
Johnson, Organic Structure Determination, pp. 7-10,
Prentice-Hall, Inc., New Jersey (1969).

Step 3: Either the cis~ (Scheme 1A) or
trans-isomer (Scheme 1B) of formula (II) is chemically
resolved using a chiral auxiliary (Ry). A suitable
chiral auxiliary is one of high optical purity and
where the mirror image is readily available, such as d-
and l-menthol. The resulting diastereomers of formula
(VI) are easily separated by fractional
crystallization. Alternatively, either the cis- or the
trans-isomer may be resolved enzymatically or by other
methods known in the art. Jacques et al., Enantiomers,

C1



5 i sobut anoyl, pivaloyl, hexanoyl, trifluoroacetyl, chloroacetyl, and
cyclohexanoyl) A key feature of the processes of this invention is the use
of a substituted carbonyl or carbonyl derivative as R3 instead of a
protected 10 hydroxynet hyl group as previously described in the art.
Surprisingly, the substituted carbonyl or carppnyl derivative is not

cl eaved by exposure to a Lew s acid, as would have been expected by one of
skill in the art when a Lewis acid of fornmula (I1l11) is added to a 15
mxture of silyl atpsbanitée Xid RésdlwEondaSPp 22514862/ John Wiley &

auxi | i ary-sugar coppound. obt ed tep 3. Instead, the substituted
car bonyl / car bonyl S ?V’f§£# ?iék ernmediate of fornmula (VI) forces the

purine or pyrinmndine base [¢Ffhé optichll i purity cdf- thmfﬁ%ﬁst@temmeﬁ (¥Xative
to the substitut e%@aor Y & Bl Ve €ieh ik Yy X {516 UheBhods ,

substituted carbon carbonyl derivative attac err] (for exanple

when a hydr oxyrfet rﬁﬂe‘gﬁiﬁ)’f 3tion ReafWEETeRtR gt?fF ®s
described in Step & géndraEtiile; M ﬁhétéﬁﬁbgﬁ@feﬁaﬁtlmtiﬁm$$ﬁﬁis
Another key featurei: %]:ai; e R Otceisn dS é)yf &shing the mirror image of the
chiral auxiliary initially employed. For example, if
the chiral auxiliary d-menthol produces a (+)-
10 enantiomer nucleoside, its mirror image, l-menthol,
will produce the (=) -enantiomer.

Step 4: A previously silylated (or
silylated in situ) purine or pyrimidine base or
analogue or derivative thereof is then glycosylated

15 with the resulting pure diastereomer in the presence of
a Lewis acid of formula (III), such as
iodotrimethylsilane (TMSI) or trimethylsilyl triflate
(TMSOTf), to give a nucleoside of cis-configuration of
formula (VII). This nucleoside is optically active and

20 is substantially free of the corresponding trans-isomer
(i.e., it contains less than 20%, preferably no more
than 10% and more preferably no more than 5% of the
trans-isomer).

The preferred silylating agent for pyrimidine

25 bases are t-butyldimethylsilyl triflate 1,1,1,3,3,3
hexamethyldisilazane and trimethylsilyl triflate. It
is believed that the bulky t-butyl group increases
yields by weakening the interaction between the Lewis
acid and silylated pyrimidine base.

. 30 The preferred method of mixing reagents in
Step 4 is to first add the chiral auxiliary-sugar of
formula (VI) to the silylated purine or pyrimidine
base. The Lewis acid of formula (III) is then added to

the mixture.



inverition is the choice of Lewis acid. The Lewis acids used in the
preparation of conmpounds of fornula (1) have the general fornmula (I111)
[err]° = - 12 - wherein [err] and [err] are as defined previously. These
Lew s acids nmay be generated in situ or prepared using any nethod known in
the art (e.g., A H Schmdt, "Bronotrinmethytsigane and

| odotrinet hyl sil ane-Versatile 5 Reagents for Organic Synthesis",

Al drichimca Acta, 14, pp. 31-38 (1981). The preferred Lewis acids of this
i nvention are iodotrinethyl sstepesand The neisyhycleosidefdbtaind@ein

Cerrand [orr] or bt e oyiitn € HRckod Nt &R eppebprRate EEaGELR
chl orine, bromni ne agent| ¥porerevesthe chiral n!is%ii)*%ﬂér#@a giye]agroups are
i odine and trifl ucspe®i fiod csterdbDdchdr of foemPI&f €1y £d THECEBSoDatENI S
invention, THTystrated L0 ao{Ser il SrefdSisShdr (e Ses 5805, Sto that
of the nucleoside intermediate of formula (VII). As
shown in Scheme 1, either the cis- (Scheme 1A) or the
trans-isomers (Scheme 1B) obtained in Step 2 will yield

a cis end product.

10 Schemes 2A and 2B illustrate the application
of the process of Schemes 1A and 1B to the synthesis of
the enantiomers of cis-2-hydroxymethyl-5-(cytosin-1'~
yl)-1,3-oxathiclanes. Although this process is
illustrated using specific reagents and starting

15 materials, it will be appreciated by one of skill in
the art that suitable analogous reactants and starting
materials may be used to prepare analogous compounds.



15 ‘of* a ‘stigar of fornula (I1) [err] are separated by fractional

crystal l'ization and the desired configurational isoner selected. The
selected cis- or the trans-isoner nay then be resolved 20 chemcally, e.g.,
using a chiral auxiliary, enzymatically, or by other nmethods known in the
art. The pure diastereoner .is then coupled to.a silylated purine or
pyrim di ne base in the presence of a Lew s ac}g To afford an optically
active nucl eoside of cis- 25 configuration which is subsequently reduced to

give a nucl eoside of forrmula (1). - 13§§P§ﬁ@?§§§ 1A and 1B depict this

preferred process as applied to any 1, 3-0 e, 2,4- dioxolane or

1, 3-di t hi ol ane. ] OH 0o
. !l:c STEP1 N L
HCCO,H — HO,GI"--<
Ho” s - ' s—  (VID

(CIs) o (%) o ;
HO,C\< HO,C\< OCCH,
S S (TRANS)
d-MENTHOL I-MENTHOL
STEP3

S S
e L L
+ o (o)
occH,
Iv,,, QCiise <J 3 olcl%
A s‘:

g

&

3
3

§=o

A
§ lms oj‘\’"m !: 0"3

>.

* HOCH, o) N
Hoct, o N (X J/
) X



SCHEME 1B [err] - 16 - The various

- .14 - SCHEME 1A [err] - 15 -
steps as illustrated in Schenes 1A and 1B may be briefly described as
The starting carbonyl-sugar of formula (IV) can be
J.M MlIntosh et al.,

fol | ows: Step 1:
prepared by any nethod known in the 5 art.
ghenes from 1, 3- oxat hi ol an-

" 2- Nbrcaptoaldehyde Dinmers and 2,5-Di hydrothro
J. Chem, 61, pp. 1872 1875 (19 )T The carbonyl group of

5-ones"”, Can. J.
this starting conpound i s reduced chenosel ectively with a suitable reducing .

t, such
agent, sue SCHEME 2B
OH o OH
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10" as di st anyl borane to give the cis- and trans-isomers of formula (V).
Odinarily, Iess cis-isonmer is produced than trans. Step 2: The hydr oxyl
group in the internediate of fornmula (V) is readily converted to a 15

| eavi ng group by any nethod known in the art (e.g., T.W G eene Protective
Goups In Organic Synthesis, pp. 50-72, John 34 ley & Sons, New York (1981))
to give the novel internediates of fornmula (Il). This anoneric mxture is

t hen separated by 20 fractional crystallization into the two
configurational isomers. Therﬁolvsﬁiomysbep@dimhedrweaeiﬂcscﬁeﬁeei 2her

Deter i nati on. pp. 398 P B He R TEFTY IFRCEiRES, 58, Lol lo9BLS) ' os”
Step 3: Ei t her the ci s- (S&tmelaA)Amer¢Wam1dQMrm0n®enf
Lalrtngtlb?e(l:lhl) r:';tls C[ﬁ%l ary 1's ‘one %ﬁsfﬁgncl) tica *éu%it&ﬁ;%yz %Ir:(r'-:] t hé
mirror image i P Y@F%?%ﬂ-eﬂﬁ%lt%’cﬂﬂ?asf‘%l a@@m&‘%ﬁ‘ﬁ heplvene
resul ti ng diast er e ferdblPrrbity Mty E &tiséx)y ﬁgméﬁesh byi€xact i onal
glyoxylic acid to give exclusively the trans-hydroxy
acid of formula (VIII).
Step 2: The acid of formula (VIII) is
10 reacted with an acid chloride, such as acetyl chloride
in the presence of pyridine and an acylation catalyst,
such as 4-dimethylaminopyridine, or preferably with an
acid anhydride such as acetic anhydride in the presence
of acetic acid and an acylation catalyst, such as
15 sulfuric acid, to give a diastereomeric mixture of cis-
and trans-acetoxy acids of formula (IX).

The racemic diastereomeric acid mixture
obtained in Step 2 is fractionally crystallized using
any combination of solvents (preferably benzene and

20 ether) to give exclusively either the cis- or the
trans-acetoxy acid of formula (IX) each as a racemic
nmixture.

Step 3: Either the cis- or the trans-acetoxy
acid of formula (IX) is reacted with an appropriate

25 chiral auxiliary preferably, l-menthol or d-menthol, in
a suitable organic solvent, such as dichloromethane,
using an activating agent, such as dicyclohexyl-
carbodiimide, and an esterification catalyst, such as
4-dimethylaminopyridine, to give a diastereomeric

30 mixture of the cis- or trans-esters respectively.

Alternatively, the compound of formula (IX)
may be converted to an acid chloride by any means known
in the art, such as with oxalyl chloride in an
appropriate solvent, e.g., dichloromethane or NIN-

35 dimehylformamide. The acid chloride is then reacted



crystallization. Alternatively, either the cis- or the trans-isomer may be
resol ved enzymatically or by other methods known in the art. Jacques et
al ., Enantioners. -17- Racemates And Resol utions, pp. 251-369, John
Wley & Sons, New York (1981). The optical purity of the diastereoner (Vi,
VI1 or |) can be determi ned by chiral HPLC se2hods, 5 specific rotation
nmeasurenments and NVR techniques. As a general rule, if the opposite
enantioner is desired, it may be obtained by using the mrror inmage of the
chiral auxiliary iwithaa|ghinal oyexiliarycinngl suitablecorgani¢ soiventry

d- ment hol prpduceauéﬁﬁ§w5 f{@f&é&@fﬁnnggégp§ggg, its mrror image,

1-menthol, will produce the (-)-enantioner. Step,4: A preyi ousl

silylated (or silylated in sP%eR %ﬂri?hﬁoﬁb?w?i$¥ﬂ$ﬁ%r%%5%rb? %hﬁgﬁﬁﬁe°§r

derivative thereofeithdicthd! ¥iosyodat €l lorahsresbers cisl frage Ponglly

diaStereoneri'Etrg§§£é§fi§§Eéﬁusing any combination of solvents
(preferably ether and petroleum ether (40-60°C))
preferably at low temperature to give exclusively the
cis- or the trans-acetoxy menthyl ester of formula (X),
respectively.

10 Step 5: Either the cis- or the trans-acetoxy
compound of formula (X) is reacted with cytosine or
other purine or pyrimidine base or analogue thereof.
The purine or pyrimidine base or analogue is preferably
previously silylated with hexamethyldisilazane or more

15 preferably silylated in situ with t-butyldimethylsilyl
triflate in a compatible organic solvent, such as
dichloromethane containing a hindered base preferably
2,4,6-collidine. A lLewis acid of formula (III),
preferably iodotrimethylsilane or trimethylsilyl

20 triflate, is then added to give the cis-compound of
formula (XI) in a highly diastereoselective manner.

Step 6: The optically active cis-nucleoside
of formula (XI) is reduced stereospecifically with a
reducing agent preferably lithium triethylborohydride

25 or more preferably lithium aluminum hydride in an
appropriate solvent such as tetrahydrofuran or diethyl
ether to give the compound of formula (XII) and

menthol.

] A second process for the diastereoselective
30 synthesis of compounds of formula (I) is illustrated by
Schemes 3A and 3B and 4A and 4B. In the process of
Schemes 3A and 3B carbonyl-sugar with an R, substituent
at C4' is reacted with a chiral auxiliary (R‘) to give
a diastereomeric mixture of two optically active chiral



a.Lewis atid of formula (I11), such as iodotrinethylsilane (TMSlI) or
trlnethyIS|IyI triflate (TMSOTf), to give a nucl eoside of cis-configuration
of formula (VI1). This nucleoside is optically active and 20 is
substantially free of the corresponding trans-isonmer (i.e., it contains

| ess than 20% preferably no nore than lo%a%[ r_rpre preferably no nore than
5% of the trans-isoner). The preferred silylating agent for pyrimdine 25
bases are t-butyldimethylsilyl triflate 1,1,1,3, 3,3 hexamethyldisilazane

and tri methyl silyly mﬂkay s, DAL R Pia e Sl Piilcga oUp

increases yields b et wee e Le aC| and
silylated pyri nidi ong,(yhether the (the 9% effdr rAHLTRk PR IFLaNXi 8

reagents in Step ﬁsea.toml@topﬂd:amq ditidte apsthirdd Wnaitigg of formul a
(V) to the silyl %&:eﬁgz ! rc':]% erguce%e an%sei:he-r reeslizei\%isnga%ydd ol ffr mul a

(rrr) is then add
5 group converted to a leaving group to afford a

diastereomeric mixture of four chiral auxiliary-sugars,
two in the cis- configuration and two in the trans-
configuration (Scheme 3B). Subsequent fractional
crystallization gives a single diastereomer.

10 Alternatively, the optically active mixture
of chiral auxiliary-sugars may first be separated by
chromatography or fractional crystallization and then
reduced and the resulting hydroxyl group converted to a
leaving group (Scheme 3A). Subsequent fractional

15 crystallization yields any desired diastereomer. The
solvent may be adjusted to select for either the cis-
or the trans-isomer. Each isolated optically active
diastereomer may be carried on further to compounds of
formula (I) in a manner analogous to that described in

20 Schemes 1 and 2. _

Schemes 3A and 3B depict the second process
of this invention as applied to any 1,3-oxathiolane,
2,4-dioxolane or 1,3-dithiolane.



Step" 5:" The cis-nucl eoside obtained in Step 4 may then be reduced with an
appropri ate reducing agent to renove the chiral auxiliary and give a
specific stereoisomer of formula (I). The absolute 5 configuration of this
st ereoi somer corresponds to that of the nucl eoside internediate of formula
(VI1). As shown in Schenme 1, either the cigs- (Scheme 1A) or the

trans-isoners (Schene 1B) obtal ned in Step 2°will yield a cis end product.
10 Schemes 2A and 2B illustrate the application of the process
of Schemes 1A and 1B to the synthesis of %ém@_?gi oners of
ci s-2-hydroxymet hyl -5-(cytosin-1'- yl)-1,3-oxathrol anes. Al though this
process is illustrated §SI ng specific reagents and starting 1 terials,
it will be apprec one of, skill in the art that syitab al ogous
reactants arRh=s+@rt i @FK&FM&}P%%SM to pr aI ogous w o
conpounds. - S S R,m-
av) STEP 1
X
S‘IEPZ
W 0
Xl
RY - (X1I)
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[err] - Jerr] - 20 - - 21 - The various steps illustrated in Schenes 2A
and 2B<may be briefly described as follows: Step 1: A mercaptoacetal dehyde
nmononer, preferably produced from a diner, such as 2,5- 5

dihydroxy 1,4-dithiane, in an appropriate sol vent (preferably t - but yl met hyl
ether) is reacted with glyoxylic acid to give exclusively the trans-hydroxy
acid of formula (MII1). Step 2: The acid of 88rrmula (M) is 10 reacted
with an acid chloride, such as acetyl chloride in the presence of pyridine
and an acyl ation catal yst, such as 4-dineagylaninopyridine, or preferably
with an SCHEME 3B '

(XII)

w. 0 I
T e LY T
.

XIV)

W OH W, WOH W OH W wOH
R3—< j, + R3—< J. Rallu- j R, 10 J
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aci d~anhydri de such as acetic anhydride in the presence of acetic acid and
an acyl ation catal yst, such as 15 sulfuric acid, to give a diastereoneric
m xture of cis- and trans-acetoxy acids of fornula (1 X). The racemc

di astereoneric acid m xture obtained in Step 2 is fractionally crystallized
usi ng any conbi nation of solvents (preferamA@gmgmene and 20 ether) to
give exclusively either the cis- or the trans-acetoxy acid of formula (IX)
each as a racemic mxture. Step 3: Either the cis- or the trans-acetoxy

acid of formula (IX) is reagugd %gﬁ@ga%%)gﬁ%fvgé ift NER Ise

gﬂéﬁéé y
preferably, 1-menthol or d-nmenthol, 1n e _organi c solveht, such as
di chl or onet hane, (®f rtharhugleasides effermulan(hy as depipked| in
carbodiim de, and guhéifdLr3X ik} B8 BrrietlptdeseEibés as follow?: he o s
¢ dimet iyt am nopyt1 i e, €0 Sige 8, IR SERTBLLS slkeflad WE Skt 5
may be convert&d t{IWn guiepaxtddbyiarny method kmowmoim thetaet aris such as
wi th oxalyl chlor i%é&gmﬁg{)r&)@ﬂﬁtﬁ Wﬁﬁarye‘ &eepig.@p{ apBghane or
NLN Greene, "Protective Groups in Organic Synthesis", John
Wiley and Sons, New York (1981) to yield a mixture of
two diastereomers of formula (XIII). The particular

10 mixture produced will depend on which chiral auxiliary
(+ or =) is used.

Step 2: The mixture of two diastereomers of
formula (XIII) is separated by fractional crystal-
lization or chromatography to yield one diastereomer of

15 formula (XIII). '

Step 3: The single isomer of formula (XIII)
is chemoselectively reduced by a suitable reducing
agent, such as disiamylborane to give a mixture of two
diastereomers of formula (XIV).

20 Step 4: The hydroxyl groups of the two
diastereomers of formula (XIV) are converted to leaving
groups by any method known in the art to give a mixture
of two diastereomers of formula (VI).

Step'S: Either the cis~- or trans-isomer is

25 separated out of the mixture of two diastereomers of
formula (VI), as obtained in Step 4, by fractional
crystallization or chromatography. The solvent may be
adjusted to select for the cis- or trans-isomer.

Step 6: The single diastereomer of formula

30 (VI) is reacted with previously silylated (or silylated
in situ) purine or pyrimidine base or analogue or
derivative. Then, addition of a Lewis acid of formula
(III), such as iodotrimethylsilane (TMSI) or '
trimethylsilyl triflate (TMSOTf) yields a nucleoside of



35 di nehyl formam de. The acid chloride is then reacted - 22 - wth a
chiral- auxiliary in a suitable organic solvent using an esterification
‘catal'yst. Step 4: The above diastereoneric mxture of either the cis- or
the trans-esters is fractionally 5 crystallized using any conbi nati on of
solvents (preferably ether and petrol eum eth@?7 [err] preferably at | ow
tenperature to give exclusively the cis- or the trans-acetoxy nmenthyl ester
of formula (X), respectively. 10 Either the cis-_or, the

5:
t rans- acet oxy conﬁéﬁn@oﬂfmrmm&"(mf formida e‘%ﬂi’t'h Thiginwelgoside is
purine or pyrim digagshan®ial 13" FreeUoft lt@fee@‘orrﬂspmmqa tran~isombme

oot bl ool azane b e SR8 R B ISR iV gtarnyqyposice
t-butyl di met hyl si bl flormllat qwm)alsom'pmdelde stegeacispestdlfioal ly witha
dlchlorqmethang Coe d%EQHQQa%e ”%&%%%r%i&% K" %&ﬁﬁﬁp@*iethYlborohydride
or more preferably lithium aluminum hydri&e in an '
appropriate solvent such as tetrahydrofuran or diethyl
ether to give the compound of formula (I) and menthol.
Alternatively, as shown in Scheme 3B, the
10 mixture of diastereomers of formula (XIII) is
chemoselectively reduced with a suitable reducing
agent, such as disiamylborane to give a mixture of four
diastereomers of formula (XIV). The hydroxyl groups in
this mixture of four diastereomers of formula (XIV) are
15 converted to leaving groups any method in the art to
afford a mixture of four diastereomers of formula (VI).
Either a cis~ or a trans-isomer of formula (VI) is
separated out of the mixture of four diastereomers of
formula (VI) by fractional crystallization or
20 chromatography. The solvent may be adjusted to select
for a cis- or trans-isomer. The single diastereomer of
formula (VI) is reacted with previously silylated (or
silylated in situ) purine or pyrimidine base or
analogue or derivative. Then, addition of a Lewis acid
25 of formula (III), such as iodotrimethylsilane (TMSI) or
trimethylsilyl triflate (TMSOTf) affords a nucleoside
of cis- configuration of formula (VII) which is reduced
with an appropriate reducing agent to give a specific
stereoisomer of formula (I).

30 Schemes 4A and 4B illustrate the application
of the process of Scheme 3 to the synthesis of the
enantiomers of cis-2-hydroxymethyl-5-(cytosin-1'-yl)-
1,3-oxathiolanes. Although this process is illustrated
using specific reagents and starting materials, it will



2,4,6-collidine. AlLewis acid of fornula (111), preferably

|odotr| nmet hyl silane or trinmethylsilyl 20 triflate, is then added to give
t he ci s-conpound of formula. (XI') in a highly diastereosel ective manner.
Step 6: The optically active cis-nucl eoside of formula (Xl) is reduced
stereospecifically wth a reduci ng agent prefagably |ithium

triethyl borohydride 25 or nore preferably Iithium alum num hydride in an
appropriate solvent such as tetrahydrofuran or diethyl ether to give the
conpound of for millze (2ffpYeciated iyndne Ao adaikl pirockiss dxk thet suitable

by Schenss. 3A and Mg, Kect e HiRE 4 procesiq‘%“&a‘e%%s*@i 26 Joagd" o
car bonyl - sugar wi t4e mrmmmakms #Aompaynds.s reacted with a chiral

auxiliary [err] to give a diastereoneric mxture of two optically active
chiral - 23 - auxiliary sugars. The actual - di astereoner produced



depends on he (+) or (-) chiral auxiliary is used. This optically
_ Xture may be chenpsel ectively reduced and the resulting hydroxyl 5
group converted to a leaving group to afford a diastereoneric mxture of
four chiral auxiliary-sugars, two in the cis- configuration and two in the
" frans- configuration (Schene 3B). Subsequent fractional crystallization
gives a single diastereoner. 10 - 29 © Alternatively, the optically
active mxture of chiral auxiliary-sugars nmay first be separated by
chromat ography or fractional crystallizatj,pn and then reduced and the

resul ting hydroxyl group converted ving group §sC 3A).
Subsequent fractional 15 crystallization ylelds any dg¢sirgd diastereoner.
The sol vent may be adjusted to sel ect 1e|thego£ or KEEJD

trans-i sonmer. Each |solated°opt|cally di astereo may be carried on

further to conpqgﬁﬂp of for&g in a manner anal ogous to that described

in 20 Schenes 1 "an ﬁ. $£ch and 3B depit tge second process of this |
i nvention asﬂsaﬁh_ o any 1, 3-oxat hi ol ane, i oxol ane or

1, 3-di t hi ol ane.
’,O
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24- - ‘[ err] - 25 - SCHEME 3B [err] - 26 - The various steps invol ved
in the:-synthesis of the nucleosides of fornmula (1) as depicted in Schenes
3A may be briefly described as follows: Step 1: The starting material of

Is reacted with a

prepared by any nethod known in the art,
"Protective C?oups in Organic

formula 5 (1V),
T.W G eene,

chiral auxiliary (see, e.g.
Synt hesi s", John

SCHEME 4B
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VVIéy and Sons, New York (1981) to yield a mixture of two di astereoners of

lﬁornqha (XI'11). The particular 10 mxture produced will depend on which
chiral auxiliary (+ or -) is used. Step 2: The m xture of two di astereoners
of formula (XIIl) is separated by fractional crystal- lization or

chromat ography to yield one diastereomer of. 33 fornula (XIIl). Step 3: The
single isonmer of formula (XIIl) is chenpbselectively reduced by a suitable
reduci ng agent, such as disianylborane to give a m xture of two

d} af';]erteorfea_s of formula (?01?99 vidlious steps idivelved ithethHe dsyngHesiups
o) e two diastereoners of for a ar e _cofuerte i gr oups
by any met hod kno ﬁ‘et ﬁ\éxc&ﬁos[}x:#e& é’? ?"rﬁ"&ﬁﬂ eﬁéf ﬂsi/\%eé’ﬁ‘aéstt%?f/e%gners of
formula (V). Steschems #4hamayt be briefdy describedas ifol®wseepar at ed out
of ' the mxture of two di ast Ggoms Ghe Yt weVioaptahcatisel nRtd bt ep 4
r chromat_og Thg :

by fractional crystallization -sol vent may, he

) r.apny.
adj usted to seﬁechvalﬁth@DslsoFePF§ﬁ9-P§G%EPP appFopripte aldphyde of.
di astereoner of fegpPtda RéCHO,.wherein R, is preferably an alkoxy

carbonyl, such as menthyl glyoxylate and more
preferably a carboxyl group, such as glyoxylic acid
(see e.g., J.M. McIntosh et al., "“2-Mercaptoaldehyde

10 Dimers and 2,5-Dihydrothiophenes from 1,3-oxathiolan-
S-ones", Can. J. Chem., 61, pp. 1872-1875 (1983)) in a
compatible organic solvent, such as toluene, to give
the intermediate of formula (XVI).

Step 2: The compound of formula (XVI) is

15 reacted with an appropriate chiral auxiliary,
preferably l-menthol or d-menthol in a compatible
organic solvent, such as dichloromethane, using an
activating agent, such as dicyclohexylcarbodiimide, and
an esterification catalysﬁ, such as 4-dimethylamino-

20 pyridine, tq give the compounds of formula (XVII).

Step 3: The diastereomeric compounds of
formula (XVII) are preferably separated by fractional
crystallization (Scheme 4A), but may be carried on
further without separation (SchemedB).

25 Step 4: The compounds of formula (XVII) are
reduced with an appropriate reducing agent such as
disiamylborane in a compatible organic solvent, such as
tetrahydrofuran (A. Pelter et al., "Borane Reagents",
Academic Press, p. 426 (1988)), to give the compounds

30 of formula (XVIII).

Step 5: The compounds of formula (XVIII) are
reacted with an acid chloride or acid anhydride, such
as acetic anhydride, in the presence of pyridine and an
acylation catalyst, such as 4~-dimethylaminopyridine, to

35 give the compounds of formula (X).



30 (VI) is reacted with previously silylated (or silylated in situ) purine
or« pyri‘m di ne base or anal ogue or derivative. Then, addition of a Lews
acid of formula (I11), such as iodotrinethylsilane (TMSI) or trimethylsilyl
triflate (TMSOTf) vyields a nucl eosi de of - 27 - cis-configuration of
formula (VIl1). This nucleoside is substantialgy #ree of the correspondi ng
trans-isoner. Step 7: The optically active cis-nucleoside of formula (VIl)
is reduced stereospecifically with a 5 reduci ng agent preferably lithium
triethyl borohydri de or nore 8tepe6abl Thei dhasteneomenim tpuppubdsnofin

oo orworkotiladfx 2L 1R Y AERalr dpsritbaciBshend @a): b5,
the 10 mixture of WPWstepavated Preferably by fractioppdex¥stallizafion
reduced with a sui {Sébhémé sy €6 Gie8teithél BRedcisanprbehanerksgi ve a
m xt ure of foursdygg£€g§§ngggbgﬁn oggu%grégigole?e hydr oxyl groups.ln
Step 7: Either the cis- or the trans-
acetoxy compound of formula (X) is reacted with
cytosine or other purine or pyrimidine base or analogue
thereof. The purine or pyrimidine base or analogue is
10 preferably previously silylated with hexamethyl-
disilazane or more preferably silylated in situ with t-
butyldimethylsilyl triflate in a compatible organic
solvent, such as dichloromethane containing a hindered
base preferably 2,4,6-collidine. A Lewis acid,
15 preferably one derived from the compounds of formula
(III), more preferably iodotrimethylsilane or
trimethylsilyl triflate, is then added to give the cis
compound of formula (XI) in a highly diastereoselective
manner.
20 Step 8: The optically active cis~-nucleoside
of formula (XI) is reduced stereospecifically with a
reducing agent, preferably lithium triethylborohydride,
or more preferably, lithium aluminum hydride, in an
appropriate solvent, such as tetrahydrofuran or diethyl
25 ether, to give the compound of formula (XII).

In the diastereoselective processes of this
invention, the following intermediates are of
particular importance:



thi$ mixt'ure of four diastereomers of formula (XIV) are 15 converted to

I eaving groups any nethod in the art to afford a m xture of four

di ast'ereomers of formula (VI). Either a cis- or a trans-isonmer of fornula
(VI) is separated out of the m xture of four diastereoners of formula (V)
by fractional crystallization or 20 chromatoggaphy. The sol vent may be
adjusted to select for a cis- or trans-isoner. The single diastereoner of
formula (VI) is reacted with previously silylated (or silylated in situ)
purine or pyrimdine base or anal ogue or derivative. Then, addition of a
Lews acid 25 of fornmula (I111), such as dot rjebket hyl sil ane (TMSI) or
trimethylsilyl triflate (TWVMSOIT) ﬁffor a cl eosi de of cis- configuration
of formula (VI1) which is reduced #tm\an agpropriate reducing @dnt to

give a specific stereoi soner of formuld 30 Schenes 4A and
4B illustrate the application of the prOcess of Schene 3 to the synthesis
of the enantioners of cis-2-hydroxynethyl-5-(cytosin-1'-yl)--
1, 3-oxat hi ol anes. Although this process is illustrated using specific
reagents and starting materials, it wll
W L
Rawv< (V1)
-

W 0
n3~v< :f (XIII)
R\ o



%

- 28" - bé appreciated by one of skill in the art that suitable anal ogous
reactants and starting nmaterials may be used to prepare anal ogous

conpounds. -29- [err] - 30 - [err] - 31 - The various steps
i nvolved in the synthesis of the nucleosides of formula (1) as depicted in
- 34 -
W, 0
n,.,w< (XIV)
X

wherein Ry, R, and L are as defined above;
trans~5~hydroxyoxathiolane-2-carboxylic acid;
(1'R,2'S,5'R) ~-menthyl~-1,3-oxathiolan-5-one~
5 2S-carboxylate;
(1'R,2'S,5'R) -menthyl~1,3-oxathiolan~5-one-
2R~carboxylate;
(1'R,2'S,5'R) -menthyl~5S~hydroxy-1, 3~
oxathiolane-2S-carboxylate;
10 (1'R,2'S,5'R) -menthyl-5R-hydroxy-1,3-
oxathiolane-2R-carboxylate;
(1*R,2'S,5'R)-menthyl~5S~-hydroxy-1,3-
oxathiolane-2R-carboxylate;
(1'R,2'S,5'R) -menthyl~5R-hydroxy-1,3-
15 oxathiolane-2S-carboxylate;
" (1'R,2'S,5'R)-menthyl-5S-acetoxy-1,3-
oxathiolane-2S-carboxylate;
(1'R,2'S,5'R) -menthyl-5R-acetoxy-1, 3~
oxathiolane~2R~-carboxylate;
20 {(1'R,2'S,5'R) -menthyl-5S-acetoxy-1,3~
oxathiolane-2R-carboxylate;
(1'R,2'S,5'R) -menthyl-5R-acetoxy-1,3-
oxathiolane-2S-carboxylate;
, (1'S,2'R,5'S) -menthyl-5R-acetoxy-1,3~
25 oxathiolane-2S-carboxylate;
(1'S,2'R,5'S) -menthyl-5S-acetoxy-1,3~-
oxathiolane-zR-carboxyiate;
(1'S,2'R,5'S) -menthyl-5R-acetoxy=-1,3-
oxathiolane-2R-carboxylate;



Schene ‘4 may be briefly described as follows: Step 1: The known
nercapboacetlc acid of 5 formula (XV) is reacted wwth an appropriate

al dehyde of fornula [err], wherein [err] is preferably an al koxy carbonyl,
such as nent hyl glyoxylate and nore preferably a carboxyl group, such as

gl yoxylic acid (see e.g., J.M Mlntosh et-aBs,J'Z-Nbrcaptoaldehyde 10

D mers and 2, 5- D hydr ot hi ophenes from 1, 3- oxat hi ol an- 5-ones", Can. J.
Chem, 61, pp. 1872-1875 (1983)) in a conpatible organic solvent such as
tol uene, to give the inter rre(dl'ea.@'cm '@)M@W')“'Scaﬁm‘ﬂhe"corrpound of

formula (XVI) is Q%d@ﬁ%g dg}gy%yry@a.ate chiral auxiliary,

preferably 1-menth nent conpatlble organi c sol vent, such as
di chl or onet hane, using an adtﬁ'@aﬁ I&gsa&mmew -fS-(cytosin- Hoy1y-

dicyclohexylparbo@|ynd*agﬁmaiaﬁaagngaaﬁbdxymauagmuaJyst such as

3 “The ) act er Somer i & conpodkiE-ar ra Rl BerrNy o5 AR TG ced

by fractional crydt,d-cxathiolaneci2Rrecarhoxydatesay be carried on further

Wi t hout separation (SChe”E4Qh4R,2's,5'R)-menthyl—sn-(cytosin-l"-yl)-
1,3-oxathiolane-2S-carboxylate;

(1'S,2'R,5'S)-menthyl-5R~(cytosin-1"-yl) -

10 1,3-oxathiolane-2S-carboxylate;

(1'R,2'S,5'R) -menthyl-5R~(5"-fluorocytosin-~
1"-yl)-1,3-oxathiolane-2S-carboxylate;

(1'S,2'R,5'S) ~menthyl-5S~(5"-fluorocytosin-
1"-yl)~-1,3-oxathiolane-~2R~-carboxylate;

15 (1'S,2'R,5'S) -menthyl-5S-(N-4"~acetylcytosin-
1"-yl)~-1,3-oxathiolane-2R-carboxylate;

(1'R,2'S,5'R) -menthyl-55-(cytosin-1"-yl) -
1,3-oxathiolane-2R-carboxylate;

(1'S,2'R,5'S)-menthyl~-1,3-oxathiolane-2R~

20 carboxylate;

(1'S,2'R,5'S) -menthyl-4R~hydroxy-1, 3~
oxathiolane-2R~carboxylate and (1'S,2'R,5'S)-menthyl~-
4S-hydroxy-1, 3-oxathiolane-2R-carboxylate; _

(1'S,2'R,5'S) -menthyl-4R-chloro-1,3~

25 oxathiolane-2R-carboxylate and (1'S,2'R, S'S)—menthyl-
4S-chloro-1,3-oxathiolane-2R-carboxylate;

cis~2 (N-methyl-N-methoxyaminocarbonyl)-5-
(uracil-1‘-yl)-1,3-oxathiolane;

cis~ and trans-2-benzoyl-5-acetoxy-1,3-

30 oxathiolane; |
cis-2~-(1'-pyrrolidinocarbonyl)-5-acetoxy-
1,3-oxathiolane;
cis-2-carbomethoxy-5-(5'-bromouracil-1'-yl)-
1,3-oxathiolane;



-

25 Step 4: The conpounds of fornula (XVII1) are reduced with an
kapproprlate reduci ng agent such as disianyl borane in a conpatible organlc
sol vent, such as tetrahydrofuran (A. Pelter et al., "Borane Reagents",
Acaden1c Press, p. 426 (1988)), to give the conpounds 30 of formula
(XVI11). Step 5 The conpounds of formula X¥e - are reacted with an acid-
chloride or acid anhydride, such as acetic anhydride, in the presence of
pyridine and an acyl ation catal yst, such as 4-di met hyl ani nopyridine, to 35
gi ve the conpounds of for rrulcaiq-n)-carboxyaz-s-mi& my Mi-alet 2T eoneri c

conpounds of forng+é ot al ready separated (Schene 4A) are now
separated preferab yt%é R?act

1 onal crystalllzatlon Sc to
either the cis- or the tran$iss2yddi'cRYIESIIGINPHT (%}Yﬁ‘-[}e é@ra‘étgjle

Ei ther the cis- oki)hq  l-diathielane; conpound of fornmula (X) S reacted
with 5 cis 2-benzoyl-5-(uracil-1'-yl)~1,3-
oxathiolane;
_ cis- and trans-isopropyl 5-acetoxy-1,3-
oxathiolane-~2-carboxylate;
cis-isopropyl-5-(cytosin-1'-yl)-1,3~
10 oxathiolane-2-carboxylate;
' cis- and trans-t-butyl S5-acetoxy-1,3-
oxathiolane-2-carboxylate;
cis-t-butyl-5-(cytosin-1'-yl)-1,3=-
oxathiolane~2-carboxylate;
15 cis- and trans-2-N,N-diethylaminocarbonyl- 5-
acetoxy—1,3-oxathiolane;
cis-2-N,N-diethylaminocarbonyl-5-(cytosin-
1'-yl)-1,3 -oxathiolane;
cis- and trans-2-carboethoxy-4-acetoxy-1,3-
20 Adioxolane; '
cis- and trans-2-carboethoxy-4-(thymin-1'-
yl)-1,3-dioxolane; and
cis- and trans-z-carboethoxy-4-(N-4'-
acetylcytosin-1'-yl)-1,3-dioxolane.

25 The following examples illustrate the present
invention in a manner of which it can be practiced but,
as such, should not be construed as limitations upon
the overall scope of the processes of this invention.
Except where specifically noted, all [e¢], measurements

30 were recorded at ambient temperature.



cytosie-or other purine or pyrimdine base or anal ogue thereof. The purine
of pyrimdine base or analogue is 10 preferably previously silylated with
hexanet hyl - disilazane or nore preferably silylated in situ with t-

butyl dinethylsilyl triflate in a conpatible organic solvent, such as

di chl or onet hane contai ning a hindered base_prﬁfgrably 2,4,6-collidine. A
Lews acid, 15 preferably one derived fron19 e conpounds of forrmula (111),
nore preferably iodotrinmethylsilane or trinethylsilyl triflate, is then

added to give theéﬁggﬁﬁggapund of formula (XI) in a highly

di ast ereosel ecti v - 20 Step 8: The optically active

ci s-nucl eosi de of LWM%_&MPWM ly with a
reduci ng agent, preferably Trthrumtrrethylborohydride, or nore preferably,

l'ithium alum num hydride, in an appropriate solvent, such as
tetrahydrofuran or diethyl 25 ether, to give the conmpound of fornmula (XI1)-
In the diastereosel ective processes of this invention, the f01|(§91¥3

i ntermedi ates are of particular inpoQtance:

NI

Toluene (700 mL), mercaptoacetic acid (38 mL,

5 50.03 g, 0.543 mol), and p-toluenesulfonic acid (1.0 g)
were added to a solution of glyoxylic acid monohydrate
(50.0 g, 0.543 mol) in 200 mL of THF in a 2 L round
bottom flask equipped with a Dean-Stark trap and
condenser. The resultant reaction mixture was refluxed

10 for 3 hours until 24.0 mL of H,0 was azeotropically
removed. The reaction mixture was cooled, followed by
removal of solvent under reduced pressure to yield an
off-white solid. This material was purified by
recrystallization (hexanes-EtOAc) to give 60.0 g'of the

15 product as a crystalline white solid: m.p. 140-143°C;
14 NMR (DMSO) & 3.84 (g, 2H, JAB=16.7 Hz), 6.00 (s,
1H).




-, 33 - [err] - 34 - (XIV) wherein [err] and L are as defined above;
trans--5- hydr oxyoxat hi ol ane- 2- car boxyl i c aci d,
(1'R 2'S,5 R -nent hyl - 1, 3- oxat hi ol an-5-one- 5 2S-car boxyl at e;

(1'R 2' S, 5 R -nent hyl -1, 3- oxat hi ol an-5- one- 2R-car boxyl at e;

(1'R 2'S,5 R -nent hyl -5S-hydroxy- 1, 3- oxat ki 8Bare- 2S- car boxyl ate; 10
(1'R 2'S,5" R) - nment hyl - 5R- hydr oxy- 1, 3- oxat hi ol ane- 2R- car boxyl at e;
(1'R 2' S, 5 R - nment hyl - 5S- hydr oxy- 1, 3- oxat hi ol ane- 2R- car boxyl at e;
(1'R 2'S, 5'R) - mrenExampiR By dr oxy- 1, 3-

S=5= 0XYO 0 =2=-CARBO C A

o .
O .
HO j\or{ (VIII)
S

A suspension of dithian-1,4-diol (82.70 g,

5 0.54 mol) and glyoxylic acid monohydrate (100.0 g, 1.09
mol) in tert-butyl methyl ether (1.1 L) was stirred
under a blanket of nitrbgen and heated to reflux under
Dean and Stark conditions. The reflux was continued
for 8 hours during which time 15.3 mL (0.85 mol) of

10 water was collected. The slightly turbid mixture was
filtered, and the solvent was distilled at atmospheric
pressure until a volume of 600 mL remained.
Cyclohexane (340 mL) was added and the solution was
cooled to 5°C, seeded, and allowed to stir and

15 crystallize. The suspension was stirred at 0-5°C for
2 hours. The product was isolated by filtration,
washed with 100 mL of tert-butyl methyl ether-
cyclohexane (2:1), and was dried overnight in vacuo at
room temperature (94.44 g): m.p. 94.5°C; 14 NMR (DMSO)

20 § 2.85 (dd, 1H, J=2.4, 10.5 Hz), 3.13 (dd, 1H, J=4.3,
10.5 Hz), 5.47 (s, 1H), 5.84 (brs, 1H), 6.95 (4, 1H,

=4.7 Hz). '



15 oXxat hiol ane-2S-carboxyl ate; (1'R, 2'S,5' R)-nent hyl -5S-acet oxy-1, 3-
oxathlolane 2S-carboxylate; (1'R 2'S,5 R)-nent hyl -5R-acet oxy-1, 3-
oxat hi ol ane- 2R- car boxyl ate; 20 '
(1'R 2' S, 5 R - nent hyl - 5S- acet oxy- 1, 3- oxat hi ol ane- 2R- car boxyl at e;

(
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'S, 5' R -nment hyl - 5R-acet oxy-1, 3- oxat ki @gsare- 2S- car boxyl at e;
"R 5" S)-nment hyl -5R-acet oxy-1, 3- 25 oxat hi ol ane-2S-carboxylate; (1'S, 2

5S- acet oxy- 1, 3- oxat hi ol ane- 2R- car boxyl at e;

)

R 5'S) - nentgxample Bcet oxy- 1, 3- oxat hi ol ane- 2R- car boxyl at e; - 35-
'R 5 S) ment hyI

S, 5' i\

SS-acetoxy 1, 3 oxat hi ol ane- 28—0arbo§ylate
y SAT, : 2—~C2
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One drop of concentrated sto4 was added to a
thoroughly stirred solution of trans-5-hydroxy-
oxathiolane-2-~carboxylic acid (7.0 g, 46.7 mmol) in
glacial acetic acid (40 mL) and acetic anhydride
(15 mL, 15.9 mmol) at ambient temperature. The
resultant clear solution was stirred for 1 hour and
then poured onto crushed ice and brine (20 mL). This
mixture was extracted with CH,Cl, (100 mL) and the
combined extract was dried over anhydrous magnesium
sulfate. The solvent was removed under reduced
pressure to give 8.5 g (95%) of a light yellow syrup
which consisted of trans- and cis-5-acetoxy-1,3-
oxathiolane-2-carboxylic acid in a 2:1 ratio. The
mixture was dissolved in benzene (20 mL) and was left
standing overnight during which white crystals were
formed. A small amount of ether was added and the
solid was collected by filtration and washed with more
ether to give 2 g (22%) of trans-5-acetoxy-1,3-
oxathiolane-2-carboxylic acid: m.p. 111.3°C; 1y NMR
(DMSO) § 2.03 (s, 3H), 3.21 (d, 1H, J=12 Hz), 3.32 (aqd,
1H, J=3, 12 Hz), 5.65 (s, 1H), 6.65 (d, 1H, J=4 Hz); 3¢
NMR (DMSO) § 20.91, 36.51, 78.86, 99.15, 169.36,
170.04.




20 carboxyl ate;

1, 3- oxat hi ol ane- 2R- car boxyl at e;

1, 3- oxat h| ol ane- 2R- car boxyl ate; 5

(1'S, 28R 5" S)-nmenthyl -5S-(cytosin-1"-yl)- 1, 3-oxathiol ane-2R-car boxyl at e;
(1'R 2'S,5 R -nmenthyl -5R-(cytosin-1"-yl)- 1, 3-oxat hi ol ane- 2S- car boxyl at e;
(1'S,22R 5 S)-nent hyl -5R-(cytosin-1"-yl)- 10

1, 3- oxat hi ol ane-2S-carboxyl ate; (1'R, 2'S,5~R$0 =

-nment hyl -5R- (5" -fluorocytosin- 1"-yl) -1, 3-oxathi ol ane-2S-carboxyl at e;
(1'S,2°R 5 S)-nent hyl -5S-(5"-fluorocytosin- 1"-yl) -1,

3- oxat hi.ol ane- 2R—5§£Bgiﬁ-l-ét e; 15

(1's,2 S 051§

3- ox -1"-yl) -

(1 S 2' R 5' S) manthyl 1, 3- oxathl ol ane- 2R-

(1'S,2°R 5" S)-nent hyl - 4R- hydr oxy- 1, 3-

oxat hi ol ane- 2R- car boxyl ate and (1'S,20R 5'S)- n@ﬂO@H,

4S- hydr oxy- 1, 3- oxat hi ol ane- 2R- car boxyljat e;O
(1'S, 2R 5" S) - nent hyl

-4R-chl oro- 1“2 xat Ifi ol ane- 2R- car boxﬁﬁ) e and

(1'S,2' R 5'S) - nent hyl -

5

10

15

!
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The filtrate obtained from Example 3 was
concentrated under reduced pressure and redissolved in
ether. This solution was kept at room temperature and
cis-5-acetoxy-1,3-oxathiolane-2-carboxylic acid slowly
crystallized out as a white solid (2.1 g, 23%): m.p.
111.7°C; lH NMR (DMSO) & 1.96 (s, 3H), 3.25-3.33 (m,
2H), 5.74 (S, 1H), 6.69 (d, 1H, J=3 Hz); 3c NMR (DMSO)
é§ 21.0, 37.16, 79.57, 98.58, 169.36, 170.69.

E;_tamp;e 5

(1'R,2'S,5'R) ~MENTHYL~1, 3~-OXATHIOLAN-5-ONE-2S~-
CARBOXYLATE AND (1'R,2'S,5'R)-MENTHYL-1, 3~
OXATHIO ~5-ONE-2R~-CARBOXYLATE

Oxalyl chloride (11 mL, 123.6 mmol) was added
through a dropping funnel over a period of 30 minutes
to a stirred solution of 1,3-oxathiolan-5~one-2-




4S- chl or o- 1, 3- oxat hi ol ane- 2R- car boxyl at e;
cis-2(N-net hyl - N-met hoxyam nocar bonyl )-5- (uracil-1"-yl)-1, 3-oxat hi ol ane;
ci s- and trans-2-benzoyl - 5-acet oxy-1, 3- 30 oxat hi ol ane;

cis-2-(1' -pyrrolidinocarbonyl)-5-acet oxy- 1, 3-oxat hi ol ane;

ci s-2-car bonet hoxy-5- (5" -bronmouraci |l -1' -yl }» 41, 3 oxat hi ol ane; - 36 -
ci s-2-carboxyl-5-(uracil-1"-yl)-1,3- oxathiol ane;

cis-2-(1' -pyrrolidinocarbonyl)-5-(uracil-1"- yl)-1, 3-oxathiol ane; 5

ci s 2-benzoyl - 5- ( waxboxylicylacit J1262aighi Gl2ade mmeily- imn @nhydrouss HPOPY |

g;g??ggg?géyf:5??3??%8#%?%h@§ﬁ?&??;¥k@behL) at room temperature under an
argon atmosphere. The resultant solution was heated at
65°C for 30 minutes and then was concentrated in vacuo
5 to give an 6ily product (11.6 g, 90%).. The crude acid
chloride obtained was redissolved in dry CH,Cl, (40 mL)
and cooled at 0°C. (1R,2S5,5R)-menthol (12.8 g, 82.4
mmol) dissolved in CH2c12 (25 mL) was slowly added to
this cooled solution. The resultant solution was
10 stirred at room temperature overnight. The reaction
mixture was diluted with CH2C12 (200 mL) and washed with
water, saturated aqueous Ncho3 solution, brine, and
then was dried over anhydrous Na,so,. The solvent was
removed and the crude product thus obtained was
15 filtered through a short silica column (100 g, Merck)
eluted with EtOAc-hexanes. Concentration of the '
appropriate fractions gave a 1:1 mixture of
(1'R,2'S,5'R)-menthyl-1,3-oxathiolan-5-one~2S-
carboxylate and (1'R,2'S,5'R)-menthyl-1,3-oxathiolan-
20 5-one-2R-carboxylate (20 g, 84.7% overall) as a viscous
oil: H NMR (cDCl,) & 0.77 (3H), 0.91 (6H), 1.00-1.15
(2H), 1.40-2.10 (6H), 3.56 (1H), 3.82 (1H), 4.80 (1H).
5.62 (1H); 3c NMR § 16.7, 21.2, 21.3, 22.5, 23.80,
23.84, 26.7, 26.8, 30.6, 31.91, 31.94, 34.57, 40.6,
25 41.07, 47.5, 47.6, 74.1, 74.2, 77.7, 168.1, 172.8.

The above mixture (20 g) was dissolved in a
minimum amount of pentane-petroleum ether (40-60°C)
(1:2, 30 mL). The resultant solution was cooled
at -70°C for 10 minutes and the crystalline compoﬁnd

30 that was formed was quickly collected by filtration and
washed with more cold petroleum ether (10 mL). This
crystalline compound, isolated in 12.5% yield, was
found to consist of one isomer as indicated by 1y NMR



10 oxat hi ol ane- 2-car boxyl ate; cis- and trans-t-butyl 5-acetoxy-1, 3-

oxat hiol ane- 2-car boxyl ate; cis-t-butyl-5-(cytosin-1'-yl)-1, 3-
oxat hi ol ane- 2- car boxyl ate; 15 cis- and

trans-2- N, N-di et hyl am nocar bonyl - 5- acet oxy- 1, 3- oxat hi ol ane;

ci s-2-N, N-di et hyl am nocar bonyl - 5- (cyt osi n- =142yk) -1, 3 - oxat hi ol ane; ci s-

and trans-2-carboet hoxy-

4- acet oxy-1, 3- 20 di oxol ane; cis- and

t rans- 2- car boet hoxy- 4- %thyn1n 1'- yl)-1, 3-di oxol ane; and cis- and

trans-2-carboethony1d41

The foll ow ng exa
which it can be p?g%?i
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anbi ent tenperatu

168.1,

5 22 5, 23.8, 26.7, 30.0, 32.0, 34.6, 41.1, 47.6, 77.7,

172.9.

Example 6

(1'R,2

'S,5'R) ~-MENTHYL~-5S-HYDROXY~1, 3-OXATHIOLANE-2S-

CARBOXYLATE, (1'R,2'S,5'R) -MENTHYL-5R-HYDROXY~-1, 3~
10 OXATHIOLANE-ZR—CARBOXYLATE, (1'R,2'S,5'R) -MENTHYL~5S~
HYDROXY—I 3-OXATHIOLANE-2R-CARBOXYLATE, (1'R,2'S,5'R)

-5 = ROXY-1,3-0 OLANE-2S-CARBO LATE

o
O tpyn o
P §

A freshly prepared solution of disiamylborane

15 (13.4 mmol, 0.5 M in THF) was added via canula to a

stirre

d solution of a 1:1 mixture of the menthyl ester

carboxylate of formula (XVII) (1.28 g, 4.47 mmol) in
THF (10 mL) at 0°C under an argon atmosphere. The
resulting clear solution was stirred for 15 minutes at
20 0°C and 18 hours at ambient temperature. The reaction
was quenched with methanol (5 mL), concentrated, and
diluted with methylene chloride (20 mL). The resultant
solution was washed with brine (5x2 mL) and dried over
anhydrous magnesium sulfate. Removal of the solvent
25 gave a clear oil. Subjecting this material to silica
gel column chromatography (EtOAc-hexanes, 1:2, V/V)
gave 0.65 g (50%) of the expected lactols in four
diastereomeric forms: IH NMR (CDC1,) & 0.71-2.09 (m,



- 37 - EXAWMPLE 1 1. 3- OXATHI OLAN- 5- ONE- 2- CARBOXYLI C ACID [err] Tol uene (700
m.), nercaptoacetic acid (38 nL, 5 50.03 g, 0.543 nol), and

p-tol uenesul fonic acid (1.0 g) were added to a solution of glyoxylic acid
nonohydrate (50.0 g, 0.543 nol) in 200 nmL of THF in a 2 L round bottom
~flask equipped with a Dean-Stark trap and eoaderser. The resultant reaction
m xture was refluxed 10 for 3 hours until 24.0 nL of [err] was
azeotropically renmoved. The reaction m xture was cool ed, followed by
removal of sol vend8H)deB.03c3:08 [(mesdi)e Bo243l-33ar(mef AHlLi ve 6$014i-83 Thi s

mat eri al was purlf ed reCenskakl zat i h t ive 60.0 g
of the 15 product gé z}hgrygt gﬁ anbvm%lﬁt e(ig())<'| g?(%%&% Bbtca):trﬁ) lmﬁll\/R (DVBO)

[err] 3.84 (q, 2H, JABZ16, 7 Hz). 6.00 (s, 1H).

(1'R,2'S,5'R) ~-MENTHYL~5S~ACETOXY~1, 3~-OXATHIOLANE~-2S~

5 CARBOXYLATE, (1'R,2'S,5'R)-MENTHYL-5R-ACETOXY-1,3-
OXATHIOLANE-2R~-CARBOXYLATE, (1°'R,2'S,5'R)-MENTHYL-5S-
ACETOXY-1, 3-OXATHIOLANE-2R-CARBOXYLATE, (l'R 2'S 5'R) -

10 ' The four title compounds were prepared as a
mixture by the following two methods.

Method A

Lactols of formula (XVIII) (0.65 g, 2.25
mmol) were dissolved in anhydrous pyridine (1.5 mL) and
15 methylene chloride (5 mL). Acetyl chloride (0.5 nL,
7.0 mmol) was slowly added to this solution at 0°cC.
The resulting white suspension was stirred at ambient
temperature for 3 hours. The reaction was then
quenched with saturated agueous ammonium chloride
20 solution (1 mL). The mixture was extracted with



- 38 - Exanple 2 TRANS- 5- HYDROXYOXATHI OLANE- 2- CARBOXYLIC ACID [err] A
Suspensi on of dithian-1,4-diol (82.70 g, 5 0.54 nol) and glyoxylic acid
nonohydrate (100.0 g, 1.09 nol) in tert-butyl nmethyl ether (1.1 L) was
stirred under a bl anket of nitrogen and heated to refl ux under Dean and

Stark conditions.

The reflux was conti nued #0o448-hours during which tine

15.3 nL (0.85 nol) of 10 water was collected. The slightly turbid m xture
| tered, and the solvent was distilled at atnospheric pressure until

was fi

vol ume of 600 ni reethydenecyhblenidenésk34uLlyi andathadeenbingd: B¥tEaLtt i on

was cooled to [erf&aSSESHééntﬁaﬁeé|f@“ﬁﬂv&oaSbfbwﬁnduﬁﬁycﬁ&ﬁééhhlze-TIEQ
suspension was stirred at_[err] for 2 urs. %Ee r oduct S IS Iatgﬁ R&
filtration, washedFERiadowas ﬁ?‘g?%?f’ggugﬁl c Pﬂ§| ¢ fﬂ@?-%ﬁ?@ﬁe* tHaAc
(2:1), and was drikexane; nightVyV) veoupravideot Begpefathecf¢or. dcegates p.

[err];
1H, J=

10

15

20

25

30

Lo R (V80 2 Eepa 8851 {60 W Idod 1% B 43 (& ek Ul

Hz), 0.78 (d, 6H, J=7 Hz), 0.88-0.94 (m, 24H), 0.97-
2.03 (m, 36H), 2.10 (s, 9H), 2.13 (s, 3H), 3.15 (d, 2H,
J=12 Hz), 3.23-3.30 (m, 4H), 3.42 (dd, 1H, J=4, 12 Hz),
3.44 (dd4, 1H, J=4, 12 Hz), 4.65-4.75 (m, 4H), 5.61 (s,
1H), 5.62 (s, 1H), 5.63 (s, 1H), 5.64 (s, 1H), 6.64 (m,

4H) .

Method B

_ A solution of dicyclohexyl-carbodiimide
(21.86 g, 0.106 mol) in dichloromethane (100 mL) was
added to a 500 mL round bottom flask containing a
solution of trans- and cis- 5-acetoxy-1,3-oxathiolane-
2-carboxylic acid (X) (18.5 g, 0.096 mol), (1R,2S,5R)-
(-)-menthol (16.5 g, 0.106 mol), and 4-dimethyl-
aminopyridine (1.17 g, 9.63 mmol) in dichloromethane
(200 mL) at 0°C. The resulting thick white slurry was
stirred at room temperature for 3 hours at which time
methanol (4.0 mL) and glacial acetic acid (2.0 mL) were
added. After stirring for 10 minutes, the reaction
mixture was diluted with hexanes (200 mL) and filtered
through Celite. Subsequent removal of the solvent
provided 32.5 g of the crude product. This substance
was redissolved in hexanes (100 mL), filtered through
Celite and concentrated to yield 30.5 g of material
which was further purified by column chromatography
(eluent: 100% hexanes to 5% EtOAc-hexanes) to give 5.5
g of a mixture (ca. 1:1) of (1'R,2'S,5'R)-menthyl-5R-
acetoxy-1,3-oxathiolane-2S-carboxylate and
(1'R,2'S,5'R) -menthyl-5S-acetoxy-1, 3-oxathiolane-2R~
carboxylate; 10.28 g of a material which contained

a



10.5 Hz), 5.47 (s, 1H), 5.84 (brs, 1H), 6.95 (d, 1H, J=4.7 Hz). - 39 -
Exanpl'e 3 TRANS- 5- ACETOXY- 1. 3- OXATHI OLANE- 2- CARBOXYLI C-ACID [err] One drop
of concentrated [err] was added to a 5 thoroughly stirred sol ution of
trans-5- hydroxy- oxat hi ol ane-2-carboxylic acid (7.0 g, 46.7 muol) in

gl acial acetic acid (40 nL) and acetic anhydigsde (15 nL, 15.9 nmol) at

anbi ent tenperature. The resultant clear solution was stirred for 1 hour
and 10 then poured onto crushed ice and brine (20 nL). This m xture was
extracted with [ emainli0®hd above ttwe mr&stuzéomérsacalowgs wirtited over

anhydr ous nagnesi ' Ih h ?%§ﬂ§% ﬁﬂ% essure

to give 8.5 ¢ (95‘L3§Z;i]§;J %[ F‘]it; ?)leﬁﬁ% stsréllj\%% conS| s’t %? rans-

and ci s-5-acet oxycﬂmm @Ir&ldlﬂbér't%)ﬁ]lﬂ)cmtdmhﬁ'@cPMﬂ; 3Fhe
oxathiolane-2R-carboxylate; 7.6 g of a random mixture

5 of the above four diastereomers; and 2.2 g of a mlxture
(ca. 1:1) of (1'R,2'S, 5'R)-menthyl-ss-acetoxy—l 3-
oxathiolane-2S-carboxylate and (1'R,2'S,5'R)~-menthyl-
5R-acetoxy-1,3-oxathiolane-2R-carboxylate.

Example 8
10 (1°'R,2'S,5'R)~MENTHYL~5R-ACETOXY-1, 3-OXATHIOLANE~2R~

CARBOXYLATE
0 |
O)K<o jmc o
S

(1'R,2'S,5'R) -Menthyl-5R-acetoxy-1, 3-
oxathiolane-2R-carboxylate was prepared by the
15 following three methods.

Method A
A mixture of (1'R,2'S,5'R)-menthyl-5S-
acetoxy-1,3-oxathiolane-2S~-carboxylate and
(1'R,2'S,5'R) -menthyl-5R-acetoxy-1,3~oxathiolane~-2R~-
20 carboxylate (5.5 g) obtained from Example 7 was
dissolved in petroleum ether (40-60°C) containing a
minimum amount of diethyl ether and cooled in a dry
ice~acetone bath. The white solid precipitate was
immediately collected by suction filtration to give 1.6
25 g of (1'R,2'S,5'R)-menthyl-5R-acetoxy-1,3-oxathiolane~
2R~carboxylate: m.p. 105.2°C; [a]D ~-60° (c, 0.51,



-~ [

m xture was dissolved in benzene (20 nL) and was |eft standing overni ght

during which white crystals were fornmed. A snall anount of ether was added

~and the 20 solid was collected by filtration and washed with nore ether to
give 2 g (22% of trans-5-acetoxy-1, 3- oxathi ol ane-2-carboxylic acid: mp.

[err]; 1H NWR (DVMBO) [err] 2.03 (s, 3H), 3-2as6(e, 1H, J=12 Hz), 3.32 (dd,

1H, J=3, 12 Hz), 5.65 (s, 1H), 6.65 (d, 1H, J=4 Hz); [err] 25 NWR (DVBSO

[err] 20.91, 36.51, 78.86, 99.15, 169.36, 170.04. - - 40 - Exanple 4

fCI S- 5-E;(ACET|OXYE%1. 3cﬁlSs‘A | 17 olm\mm L& @ A7 (der3R, 7 fHE) 5 a0 e9db(di ned
rom Exanpl e 3 wa ogc r ated.under d dRREeSHULE AN | S ved in

ether. This solutﬁgﬁ =§ E%éf fg?ognftgﬁge?%?uﬁg)éng'a% 2106 W,

ci s- 5- acet oxy- 1, 32e8t 5ol 3HY},23c36bdRy| AH,adFd2s HEM,y 3ciist(Ad,i A&y FTtdras

a white solid (2.3,95233%., 79 Rat, 1H, J=5, 12 Hz), 5.63 (s, 1H), 6.79
5 (4, 1H, J=4¢ Hz); 3c NMR (cDCl;) & 16.16, 20.74, 21.11,
21.97, 23.29, 26.08, 31.38, 34.13, 37.24, 40.62, 47.07,
76.11, 79.97, 99.78, 168.60, 169.68.

Method B

A mixture of the four diastereomers of
10 formula (X) (300 mg) was dissolved in n-pentane _
‘containing a minimum amount of diethyl ether and was
kept at -20°C for 24 hours. The white needles formed
were filtered quickly while cold to give 25 mg of
material. The substance thus isolated was found to be
15 identical in all respects with those obtained by Method

A or C.

Method C
.A solution of dicyclohexylcarbodiimide (1.362
g, 6.6 mmol) in dichloromethane (5 mL) was added to a
20 50 mL round bottom flask containing a solution of
trans-5-acetoxy-1, 3-oxathiolane-2-carboxylic acid (1.16
g, 6.04 mmol), (1R,2S,5R)-(-)-menthol (1.038 g, 6.60
mmol), and 4-dimethylaminopyridine (75 mg, 0.62 mmol)
in dichloromethane (10 mL) at 0°C. The resulting white
25 slurry was stirred at room temperature for 3 hours at
which time methanol (0.2 mL) and glacial acetic acid
(0.2 mL) were added. After stirring for 10 minutes,
the reaction mixture was diluted with hexanes (25 ml),
filtered through Celite, and concentrated. The crude
30 product thus obtained was dissolved in hexanes (25 mL),
filtered through Celite and concentrated to provide
1.98 g (100%) of (1'R,2'S,5'R)-menthyl-5R-acetoxy-1,3~-



[err]; [err] NVR (DMSO [err] 1.96 (s, 3H), 3.25-3.33 (m 10 2H), 5.74 (S,
1H), 6.69 (d, 1H, J=3 Hz); [err] NVR (DMSO [err] 21.0, 37.16, 79.57,
98.58, 169.36, 170.609. Exampl e 5

(1'R 2'S,5 R) - MENTHYL- 1, 3- OXATHI OLAN- 5- ONE- 2S- CARBOXYLATE AND

(1'R 2'S,5' R) - MENTHYL- 1, 3- 15 OXATHI OLAN- 5-OMFr 2R- CARBOXYLATE [err] Oxal yl
chloride (11 nm, 123.6 nnDI) was added through a dropping funnel over a
period of 30 mnutes to a stirred solution of 1,3-oxathiol an-5-one-2-

41 - carboxylic amthﬁoram-m-darmmm aaﬂ@dfbt&ﬁ'l—ﬁ?'@)ﬂ?nbhwlferr]

(40 nL) at roomt é%é§$¥4%1 6EHh SL ISP Sy 1ldtee ¢ esul tant

sol uti on was heat n1nutes and then was concentrated in

)

vacuo 5 to give anl‘bm HCBRlg) 619.85g,(B0RH, I7d H2dde Oadi®d (Gh 3H.dd=7

obt ai ned was redi %ﬁéi)' V%j 85’1-6”9/2 (@, 124630, 8-)o 8w, £ofed 2% 10 (s,

(1R 2S, 5R) - rrent hol é g5 '
6H), 33 (d, “H, J=12 Hz), 3.42 (dd, 1H, J=4, 12 Hz),
3.44 (44, 1H, J=4, 12 Hz),4.74 (dt, 2H, J=5, 12 Hz),
5.61 (s, 1H), 5.62 (s, 1H), 6.65 (s, 2H)

The above mixture of diastereoisomers was

dissolved in petroleum ether (40-60°C) containing a

10 minimum amount of diethyl ether and was cooled in a dry
ice-acetone bath. The white solid precipitate was
immediately collected (620 mg) by suction filtration.
This material was recrystallized again under the same
conditions to yield 450 mg of a white solid. This

15 compound was found to be identical in all respects to
those prepared using either method A or method B. |

Example 9

(1'S,2'R,5'S) - MENTHYL~5S-ACETOXY-1, 3-OXATHIOLANE-2S-
OXY LATE

b -

A solution of dicyclohexylcarbodiimide (491
mg, 2.38 mmol) in dichloromethane (7 mL) was added to a
50 mL round bottom flask containing a solution of
trans-5-acetoxy-1, 3-oxathiolane-2-carboxylic acid (IX)
25 (416 mg, 2.2 mmol), (1S,2R,5S)-(+)-menthol (372 mg,
2.38 mmol), and 4-dimethylamino-pyridine (26 mg, 0.21




mmol ) dissolved in [err] (25 nL) was slowy added to this cool ed sol ution.
The resultant solution was 10 stirred at roomtenperature overnight. The
reaction nmixture was diluted with [err] (200 nlL) and washed with water,
saturated aqueous [err] solution, brine, and then was dried over anhydrous
[err]. The solvent was renoved and t he crude gy aduct thus obtained was 15
filtered through a short silica colum (100 g, Merck) eluted with

Et OAc- hexanes. Concentration of the appropriate fractions gave a 1:1

m xture of (1'R 2'amdl)Rimuiidhlorionktheanidi (8 b -ae@ RS (Phdaesul ®immnd

T 5 Ik ke e s e 0,
(2H), 1.40-2.10 (&weurss a6 whiigh t3msp metijancl P (2 ML) ALY qlagidkrr]

167, 212, 215, aktic 30 (3 i) Yerk LA o e, 20
above nixture G20Tfpukes 'dltg'%eoln\)‘éﬂ:qrﬁ é’afﬁ rﬁﬁlﬂﬁ exangs n2H kb eum

ether [err] (1:2, f&&ﬂdﬁed'Ehrdughﬂdamﬁteyﬂaﬂd(nbnuﬁntxxﬂeaiaﬂThe ¢rude for
10 m nutes and th%r%d%%&?' eﬁidﬁa“W§£“31sso1vea in hexanes (25 mL),
filtered through Celite, and concentrated to produce
0.715 mg (100%) of two diastereomers, namely
10 (1°'S,2'R,5'S)-menthyl-5S~-acetoxy-1,3~-oxathiolane-2S-
carboxylate and (1'S,2'R,5'S)-menthyl-5R-acetoxy-1,3~
oxathiolane~2R-carboxylate: 1y NMR (CDCl,) & 0.75 (4,
6H, J=7 Hz), 0.85-0.92 (m, 12H), 0.95-2.19 (m, 18H),
2.10 (s, 6H), 3.15 (d, 2H, J=12 Hz), 3.42 (dd, 1H, J=4,
15 12 Hz), 3.44 (4ad, 1H, J=4, 12 Hz), 4.72 (dt, 2H, J=5,
12 Hz) 5.61 (s, 1H), 5.62 (s, 1H), 6.65 (S, 2H).

The above diastereomeric acetoxy menthyl
esters mixture was dissolved in petroleum ether (40-
60°C) containing a minimum amount of diethyl ether and
20 was cooled in a dry ice-acetone bath. The white solid
precipitate was immediately collected (200 mg) by
suction filtration. This material was recrystallized
again under the same conditions to yield 130 mg (34%
based on one enantiomer) of (1'S,2'R,5'S)-menthyl-5S-
25 acetoxy-1,3-oxathiolane-2S-carboxylate:
m.p. 104.2°C; [e], +59.2° (c, 1.02, CHCl,); 14 NMR
(cpcl,) & 0.77 (d, 3H, J=7 Hz), 0.91 (d, 3H, J=7 Hz),
0.92 (4, 3H, J=7 Hz), 0.86-2.06 (m, 9H), 2.10 (s, 3H),
3.16 (4, 1H, J=12 Hz), 3.44 (44, 1H,J=4, 12 Hz), 4.74
30 (dt, 1H, J=5, 12 Hz), 5.63 (s, 1H), 6.79 (4, 1H, J=4
Hz); c NMR (cDCl,) § 16.16, 20.74, 21.11, 21.97,
23.29, 26.08, 31.38, 34.13, 37. 24 40.62, 47.07, 76.11,
79.96, 99.78, 168.60, 169. 68.



¢ a

30 that was fornmed was quickly collected by filtration and washed with
rore cold petroleumether (10 mL). This crystalline conpound, isolated in
12.5% yield, was found to consist of one isoner as indicated by [err] -
42 - and [err] spectroscopy: m p. [err]; [err] (C, 0.984, [err]); [err]
NVR [err] 0.77 (3H), 0.91 (6H), 1.00-1.15=(42f)+ 1.40-2.10 (6H), 3.56 (1H)
3.82 (1H), 4.79 (1H), 5.62 (1H); [err] NWR [err] 16.7, 21.2, 5 22.5, 23.8,
26.7, 30.0, 32.0,_34.6, 41.1, 47.6, 77.7, 168.1, 172.9. Exanple 6

(1'R2 S,5R)- NEmP-bS—i-QDROXY- 1, 3- OXATHI OLANE- 2S- CARBOXYLATE,

(1'R 2 S 8 R I AR Sk RS-
('R 2'S,5 R -MR - ~ 3—OXA >S RBO 1 A
freshly prepared solutlon of d|S|anbeorane

S\ﬁo&r o

5 (1'R,2'S,5'R) -Methyl-5R-acetoxy-1, 3~
oxathiolane-2S-carboxylate was prepared by the
following two methods.

Method A

A saturated solution of a mixture of the four

10 diastereomers (12.28 g), obtained in Example 7, was
prepared in petroleum ether containing a minimum amount
of diethyl ether and was kept at -20°C for 72 hours.
The white crystalline solid produced was isolated by
filtration to give 1.6 g of (1'R,2'S,5'R)-menthyl-5R-

15 acetoxy-1,3-oxathiolane-2S-carboxylate: m.p. 110.2°C;
[e), -177° (c, 0.7, CHCL,); 1y "R (cpcl,) & 0.75 (4,
3H, J=7 Hz), 0.88 (d, 3H, J=7 Hz), 0.92 (4, 3H, J=7
Hz), 0.97-2.02 (m, 9H), 2.12 (s, 3H), 3.22 (4, 1H, J=11
Hz), 3.29 (dd, 1H J=4, 11 Hz), 4.74 (dt, 1H, J=4, 11

20 Hz), 5.63 (s, 1H), 6.65 (d, 1H, J=3 Hz); }3c NMR (cpcl,)
é 16.9, 20.69, 21.19, 21.95, 23.29, 26.10, 31.34, 34.0,
37.62, 40.32, 46.82, 75.69, 80.20, 99.36, 168.55,
170.23.



15 (13.4 mmol, 0.5 Min THF) was added via canula to a stirred solution of
a-1:1 mxture of the nenthyl ester carboxylate of forrmula (XVIIl) (1.28 g,
4.47 mol) in THF (10 nL) at [err] under an argon atnosphere. The resulting
clear solution was stirred for 15 mnutes at 20 [err] and 18 hours at

anbi ent tenperature. The reaction was quenchegg w th nethanol (5 ni),
concentrated, and diluted with nethylene chloride (20 nL). The resultant

sol ution was washed with brine (5x2 nL) and dried over anhydrous nagnesi um

sul fate. Renoval Methbd Bol vent 25 gave a clear oil. Subjecting this
material to silica gel colum chromatography (EtOAc-hexanes, 1:2, V/V) gave
0.65 g (509 of the expected baldutioni pff dicydilebexydoarbodifimide (& r |
NVR [err] 0.71-2. (B - -:48 % (sl h%&%%

1H), 4.66-4.83 (n?aik§3sg?SgPéig91tn§hfﬁ??géyggggpggkinﬁkgH&?%éxanp e@?
(1'R 2'S, 5'R) - MEN¥HYB- BB penndxbottomofirgkocAntainging a solution of

5 cis-5-acetoxy-1,3~-oxathiolane-2-carboxylic acid (100

| mg, 0.52 mmol), (1R,2S,5R)-(-)-menthol (85 mg, 0.54
mmol), and 4~dimethyl-aminopyridine (DMAP) (8 mg, 0.053
mmol) in dichloromethane (10 ml) at 0°C. The resulting
white slurry was stirred at room temperature for 3

10 hours at which time methanol (0.1 mL) and glacial
acetic acid (0.1 mL) was added. After stirring for 10
minutes, the mixture was diluted with hexanes (15 mL),
filtered through Celite, and concentrated. The crude
product obtained was dissolved in hexanes (15 mL),

15 filtered through Celite, and concentrated to yield 170
mg (100%) of (1'R,2'S,5'R)-menthyl-5R~-acetoxy-1,3~-
oxathiolane-2S-carboxylate and (1'R,2'S,5'R)-menthyl-
58-acetoxy-1,3-oxathiolane-2R-carboxylate: H NMRr
(cpcl,) & 0.75 (4, 3H, J=7 Hz), 0.78 (d, 3H, J=7 Hz),

20 0.88-0.94 (m, 12H), 0.97-2.03 (m, 18H), 2.10 (s, 3H),
2.13 (s, 3H), 3.23-3.30 (m, 4H), 4.65-4.75 (m, 2H),
5.63 (s, 1H), 5.64 (s, 1H), 6.64 (m, 2H).

The above mixture of diastereomers was

recrystallized from petroleum ether (40-60°C) and a

25 minimum amount of diethyl ether at room temperature.
The white crystalline material formed was collected
(95 mg) by filtration. This material was
recrystallized again from diethyl ether-petroleum ether
to yield 74 mg (78% based on one enantiomer) of

30 (1'R,2'S,5'R) menthyl-5R-acetoxy-1,3-oxathiolane-2S~
carboxylate. '



.
- * -

5 CARBOXYLATE (1'R 2'S, 5 R) - MENTHYL- 5R- ACETOXY- 1, 3-

GXATHI:OLANE- 2R- CARBOXYLATE, (1'R, 2'S, 5'R) - MENTHYL- 5S-

ACETOXY- 1, 3- OXATHI OLANE- 2R- CARBOXYLATE, (1'R 2'S,5'R)- :
MENTHYL- 5R- ACETOXY- 1, 3- OXATHI OLANE- 2S- CARBOXYLATE [err] 10 The
four title conpounds were prepared as a m xt®le-by the foll owing two

nmet hods. Method A Lactols of formula (XVI11) (0.65 g, 2.25 mol) were

di ssol ved in anhydrous pyridine (1.5 nL) and 15 nethylene chloride (5 ).
Acetyl chloride (Example 210 mol) mas slowl y added to this solution at

errl The eSS e SUPSIRR IS YR Y FIRSRE B,

chloride 20 sol ut - e—was—extracted—wrtiT A=
met hyl ene chl oride (5x2 nL) and the conblned extract was concentrated to

give a brown gumy material. This :

5 A solution of dicyclohexylcarbodiimide (1.588
g, 7.7 mmol) in dichloromethane (7 mL) was added to a
50 ml round bottom flask containing a solution cis-5-
acetoxy¥1,3-oxathiolane-z-carboxylic acid (1.36 g, 7
mmol), (1S,2R,58)-(+)-menthol (1.216 g, 7.7 mmol), and

10 4-dimethylamino-pyridine (85 mg, 0.7 mmol) in
dichloromethane (16 mL) at 0°C. The resulting thick
slurry was stirred at room temperature for 3 hours.
The reaction was quenched with methanol (0.4 mL) and
glacial acetic acid (0.4 mL) and the mixture was

15 stirred for 10 min. The resultant mixture was diluted
with hexanes (25 mL), filtered through a pad of Celite,
and concentrated. The crude material thus obtained was
redissolved in hexanes (25 mL) and filtered through
Celite. Removal of the solvent under reduced pressure

20 yielded 2.3 g of a white solid (100%) which consisted
of (1'S,2'R,5'S)-menthyl-5S~acetoxy-1,3-oxathiolane-
2R-carboxylate and (1'S,2'R,5'S)-menthyl-5R-acetoxy-
1,3-oxathiolane-2S-carboxylate: _
1y NMR (cpcl,) & 0.75 (d, 3H, J=7 Hz), 0.78 (d, 3H, J=7

25 Hz), 0.88-0.94 (m, 12H), 0.97-2.03 (m, 18H), 2.10 (s,
3H), 2.13 (s, 3H), 3.23-3.30 (m, 4H), 4.65-4.74 (nm,
2H), 5.63 (s, 1H), 5.64 (s, 1H), 6.64 (m, 2H).




material was subjected to colum chromat ography (Et OAc- hexane, 1:3 V/V) to
proovide 0.3 g of the four acetates 5 as a light yellowoil: [err] NWR
[err] 0.75 (d, 6H, J=7 Hz), 0.78 (d, 6H, 3=7 Hz), 0.88-0.94 (m 24H), 0.97-
2.03 (m 36H), 2.10 (s, 9H), 2.13 (s, 3H), 3.15 (d, 2H, J=12 Hz), 3.23-3.30
(m 4H), 3.42 (dd, 1H, J=4, 12 Hz), 3.44 (e&d521H, J=4, 12 Hz), 4.65-4.75
(m 4H), 5.61 (s, 10 1H), 5.62 (s, 1H), 5.63 (s, 1H), 5.64 (s, 1H), 6.64
(m 4H). Method B A solution of dicyclohexyl-carbodiinde (21.86 g, 0.106
mol ) in dichl oronethane (10Fhelpbaye mixtuyecof: diasteyesmersuwasbott om

fllask containing pespldth?Mizkd! FRBH patoletm ethee! Q40-bodcyxana @l ane-
2-carboxylic acid &Xﬁé(lS.S g, 0.896anh),F&1R,2§,5R)- gk#bg;n hol &}6.5 g,
0.106 nol), and 458pkdt ApPUnk Pl Hyethyicether;agy rgog; atyre to
di chl or onet hane 28ive2803ny) ofit a[ while séhdd.esThisnpaterdalwwase sl urry
was stirred atgro . . S hChR. L LOEe )
and gl aci al acgtiggg%igegéiggég)géé%g gggedggkfpgp gf%%??ﬁgﬁ%gﬁggb %%ﬁ% es,
the reaction nixt (#4@-6a8C)i tatgiivei 900 mga(e8t(Dbasedl pnantef ehanticmer)
of (1'S,2'R,5'S)-menthyl-5S-acetoxy~-1,3-oxathiolane-
2R~carboxylate: m.p. 110.2°C; [a]D +177° (c, 1.0,
CHC13); 1 NMR (CDC13) § 0.75 (d, 3H, J=7 Hz), 0.89 (4,
10 3K, J= 7Hz), 0.92 (d, 3H, J=7 Hz), 0.98-2.02 (m, 9H),
2.12 (s, 3H), 3.22 (4, 1H, J=11 Hz), 3.29 (dd, 1H, J=4,
11 Hz), 4.74 (dt, 1H, J=11, 4 Hz), 5.63 (s, 1H), 6.65
(d, 1H, J=3 Hz); 3c MR (cpecl,) & 16.9, 20.69, 21.19,
21.95, 23.29, 26.10, 31.34, 34.09, 37.62, 40.32, 46.82,
15 75.79, 80.20, 99.36, 168.55, 170.23.

Example 12
(1'R,2'S,5'R) -MENTHYL~-55-(CYTOSIN~-1"~YL)~1,3~

OXATHIOLANE~-2R-CARBOXYLATE
NH,
N"L:D

N

AL

20 '. t-Butyl-dimethylsilyl trifluoromethane-
sulfonate (1.1 mL, 4.79 mmol) was added to a suspension
of cytosine (0.27 g, 2.5 mmol) in CH.2c12 (2 mL)
containing 2,4,6-collidine (0.65 ml, 4.92 mmol) at room
temperature. The resultant mixture was stirred for 15

25 minutes and a clear solution was produced. A solution

(X1)



25 through Celite. Subsequent renoval of the solvent provided 32.5 g of
the crude product. This substance was redissolved in hexanes (100 ni),
filtered through Celite and concentrated to yield 30.5 g of material which
was further purified by colum chronmat ography 30 (eluent: 100% hexanes to
5% Et OAc- hexanes) to give 5.5 g of a m xture5@ca. 1:1) of

('R 2'S,5" R -nment hyl -5R- acet oxy- 1, 3-oxat hi ol ane- 2S- car boxyl ate and

(1'R 2'S,5 R -nent hyl - 5S-acet oxy- 1, 3- oxat hi ol ane-2R- car boxyl ate; 10.28 g
of a material whi Of dd1Rai21&d 5 'R)-memthydriSS-poetoxyrdydoxdtiiigdanesoner s

al gnglyviRt 2 (S 1'58#{2'.2&-553}.?9&?%@ -(5'55%0@%0).13(9@, #mo19! Ao meerydEnecar boxyl at e
o a1 andom i xt AFBISTIdE ke SaBu o VB AARRS 0y S miXture 308 FhiFring’ O
mxture (ca. 1:1)wak cbnRinu8ds'for- SeminptesS- adetotyinethylsilane
oKL o ane: ZSsCeBONH B¢ 30dapnad, Sp Bt BT aropuise ana
white precipitate was produced when the addition was
completed. The reaction mixture was allowed to stir
for 18 hours. The reaction was quenched by addition of
a saturated aqueous solution of Na25203 (10 mL) and
10 CH2c12 (30 mL). The organic layer was separated and
washed with brine (2x10 mL). The solvent was removed
in vacuo to give a viscous oil which was suspended in
diethyl ether (30 mL). To this suspension was added a
saturated aqueous solution of NaHCO, (20 mL) with
15 vigorous stirring. A white precipitate appeared and
the resultant suspension was diluted with hexanes
(10 mL). The precipitate was collected by filtration
to give 0.57 g (75%) of a white solid. The 1y NMR
spectrum of this material indicated that it was a
20 mixture of the cis~- and trans- diastereomers of the
expected nucleoside in a 23:1 ratio.
This product was purified further by
recrystallization from EtOAc-hexanes-MeOH: [a]n-144°
(c, 1.02, CHCIB); m.p. 219°C (decomposed); 14 NMR _
25 (cpcl,) & 0.76 (4, 3H, J=7 Hz), 0.85-0.94 (m, 6H),
1.02-1.10 (m,_ZH), 1.42-2.06 (m, 7H), 3.14 (44, 1H,
J=6.6, 12.1 Hz), 3.54 (d4d, 1H, J=4.7, 12.1 Hz), 4.72-
4.78 (m, 1H), 5.46 (s, 1H), 5.99 (d, 1H, J=7.5 Hz),
8.43 (4, 1H, J=7.6 Hz); 3¢ (cpcl,) 6 16.1, 20.7, 21.9,
30 23.2, 26.4, 31.4, 34.0, 36.3, 40.7, 47.1, 76.7, 78.4,
90.3, 94.6, 141.8, 155.4, 165.6, 169.8.



Example 8 10 (1'R 2'S,5'R) - MENTHYL- 5R- ACETOXY- 1, 3- OXATHI OLANE- 2R-
CARBOXYLATE [err] (1'R 2'S,5' R) - Ment hyl - 5R- acet oxy- 1, 3-

oxat hi ol ane- 2R- car boxyl ate was prepared by the 15 foll owi ng three methods.
Method A A mixture of (1'R 2'S,5 R)-nent hyl -5S-

acet oxy- 1, 3- oxat hi ol ane- 2S- car boxyl ate and = 54 =

(1'R 2'S,5" R) -nment hyl - 5R- acet oxy- 1, 3- oxat hi ol ane-2R- 20 carboxylate (5.5 Q)
obtai ned from Exanpl e 7. was_ di ssolved in petroleumether [err] containing a
m ni mum anount cﬁrgkﬁﬂﬂﬁﬁ—kiher and cooled in a dry.ice-acetone bath. The

whi lid i pjta j el gt e o] ' il '
white solid precipjt _é ! J'!VA ; ::;éé¥i§$%§w%€%£§ingil4gr?t|on to

give 1.6 25 g of &

NH,
N7 '
o 9 N (XI)
A(oj
S
5 2,4,6~-Collidine (0.317 mL, 2.4 mmol) and t-

butyldimethylsilyl trifluoromethanesulfonate (0.551 mL,
2.4 mmol) were added successively to a suspension of
cytosine (133.3 mg, 1.2 mmol) in CH2C12 (1 mL) at room
temperature under an argon atmosphere. The resultant
10 mixture was stirred for 15 minutes to produce a clear
solution. A solution of (1'S,2'R,5'S)-menthyl-5S-
acetoxy-1,3-oxathiolane-2R-carboxylate (330 mg, 1 mmol)
in CH2C12 (0.5 mL) was introduced, followed by
iodotrimethylsilane (0.156 ml, 1.1 mmol). The
15 resultant mixture was stirred for 3 hours. The mixture
was diluted with CH2C12 (20 mL) and washed successively
with saturated aqueous NaHsos, water, and brine. The
solvent was evaporated and the residue was taken up in
' ether-hexanes (1:1, 10 mL) and saturated aqueous Ncho3
20 (2 mL). Stirring was continued for 15 minutes. The
aqueous layer was removed and the organic phase was
centrifuged to give a white solid which was washed with
hexanes (3x5 mlL) and dried under vacuum. This
. substance, namely (1'8,2'R,S'S)—menthyl-ss—(cytosin-‘
25 1"-yl)-1,3-oxathiolan-2R-carboxylate (380 mg, 100%) was
contaminated with about 3% of (1's,2'R,5'S)-menthyl-



\"

[err] Met hod B A m xture of the four diastereoners of 10 fornula (X) (300
nmg) was di ssolved in n-pentane contai ning a m ni num anount of diethyl ether
and was kept at [err] for 24 hours. The white needles formed were filtered
quickly while cold to give 25 ng of material. The substance thus isol ated
was found to be 15 identical in all respeetssw-th those obtained by Method
A or C. Method C A solution of dicycl ohexylcarbodiimde (1.362 g, 6.6 nmol)
i n dichl oronethane (5 nL) was added to a 20 50 nL round bottom fl ask
containing a soIu5Romcytosiani"Elaaepuayhiozanxaﬁhbarbnxylahﬂtmuylic aci d

1.16 g, 6.04 R : ;
2 dlne?hylan1ngggé%glé E%ésbﬁgité 3 eﬁéﬁggﬁrg?%%e?ﬁggggkkélﬁ%%dat
[err]. The resul t fngmuMeold te gsverK&'ﬁmg'8&5fSédmepthvénﬁﬁeWE@KQFGNE for 3
hours at which tigm g&;hilngl-o&QtﬁimnanQnal:afbakyas%'-C fai)0-6802 (&)) vere

added. After stirrin m nutes, the reaction m-xture S dilutéd with
hexanes (25 nl%, 0.506, CHCl ), m.p.: 235°C (decomposed)); “H NMR (CDCI ) -

§ 0.80 (33), 0.92 (6H), 1.06 (2H), 1.37-2.10 (7H), 3;11

(1H), 3.55 (1H), 4.77 (1H), 5.47 (1H), 5.79 (1H), 6.49

(1H), 8.37 (1H); 3c NMR (cDCl,) & 6.8, 21.3. 22.5,

23.9, 26.8, 32.0, 34.6, 37.0, 40.7, 47.4, 77.3, 79.3,
10 90.9, 95.3, 142.9, 155.1, 164.9, 170.1.

Example 14

(1'R,2'S,5'R) -MENTHYL-5R~ (CYTOSIN-1"~-YL)~1, 3~
OXATHIOLANE-2S-CARBOXYLATE

NH,
N7 |
o N
O
XI
°)K<o:( (x1)
S
15 2,4,6-collidine (0.317 mL, 2.4 mmol) and t-

butyldimethylsilyl trifluoromethanesulfonate (0.551 mL,
2.4 mmol) were added successively to a suspension of
cytosine (133.3 mg, 1.2 mmol) in CH,Cl, (1 mL) at room
temperature under an argon atmosphere. The resultant
20 mixture was stirred for 15 minutes and a clear solution
was obtained. A solution of (1°'R,2'S,5°'R)-menthyl-5R-
acetoxy-l,3-oxathiolaﬁ-2s—cafboxylate (330 mg, 1 mmol)
in CH2C12 (0.5 mL) was introduced, followed by
iodotrimethylsilane (0.156 mL, 1.1 mmol). Stirring was
25 continued for 3 hours. The mixture was diluted with
CH,C1l, (20 mL) and washed successively with saturated
aqueous NaHSO,, water, brine and then was concentrated.



filtered through Celite, and concentrated. The crude 30 product thus
obt ai ped was di ssolved in hexanes (25 nmL), filtered through Celite and
concentrated to provide 1.98 g (100% of

(1'R 2'S,5 R) - nent hyl - 5R- acet oxy- 1, 3- - 47 - oxathi ol ane- 2R-car boxyl at e
and (1'R 2'S,5' R -nent hyl - SS-acetoxy 1, 3- oxé*hlolane 2S-carboxyl ate: [err]
NVR [err] 0.75 (d, 3H, J=7 Hz), 0.78 (d, 3H, J=7 Hz), 0.85-0.92 (m 12H),

32 T2 vy 5 aaThe TeRdue. ivasl?azfz% bt e mdion A%, G mef’
1H), 5.62 (s, 1H) and Gatiwated afuecisoWaHQOy! |(12e mii) gann_dsmsecs'cam& azlras
O Soo Ve o, Pt B Rl 07 HiHhel, Wl MBI Wy was

di ethyl ether and™was co in a i"Ce-acetone ba

precipitate was i mvaﬂelapdc&heearg@m@ha@e Wass gantari fuged eﬁq arielrhi s
material was recr xswlluezg@laaaumwhdefast Rasha® it inexaited o st 450 O

of a white solid. I%:hen dried under vacuum. The product

(1'R,2'8,5'R)-menthyl-SR-(cytosin—l"-yl)-1,3-
oxathiolan-2S-carboxylate (336.3 mg, 88%) contained
about 6% of (1'R,2'S,5'R)-menthyl-55-(cytosin=-1"-yl)-

10 1,3-oxathiolan-2S-carboxylate (NMR). This material was
recrystallized from MeOH to give the desired product:
(a],+56° (¢, 1.08, CHCl,); m.p.: 235°C (decomposed); 1
NMR (CDCl,) § 0.80 (3H) 0.91 (6H), 1.00 (2H), 1.37-
2.10 (7H), 3.11 (1H), 3.55 (1H), 4.77 (1H), 5.47 (1H),

15 5.79 (1H), 6.49 (1H), 8.37 (1H); °c NMr (cDCl,) § 16.8,
21.3. 22.5, 23.9, 26.8, 32.0, 34.6, 36.8, 40.7, 47.4,
77.1, 78.8, 90.9, 95.6, 141.9, 156.3, 166.6, 170.2.

Example 15

(1'S,2'R,5'S) -MENTHYL-5R~ (CYTOSIN-1"-YL) ~1, 3~
20 OXATHIOLANE-2S—~CARBOXYLATE

NH,

N7
|

o N
0
MK(O:(
' S
2,4,6-collidine (0.106 mL, 0.8 mmol) and t-
butyldimethylsilyl trifluoromethanesulfonate were added
successively to a suspension of cytosine (44 mg, 0.4

25 mmol) in CH2c12 (0.5 mL) at room temperature under an
argon atmosphere. Stirring was continued at room

(XI)



15 compound was found to be identical in all respects to those prepared
usi ng ,ei ther method A or nethod B. Exanple 9 (1'S,2'R 5'S)-

MENTHYL- 5S- ACETOXY- 1, 3- OXATHI OLANE- 2S- CARBOXYLATE [err] A solution of

di cycl ohexyl carbodiimde (491 ng, 2.38 mml) in dichloronethane (7 nL) was
‘added to a 50 nL round bottom flask contaim ®f & sol uti on of
trans-5-acet oxy- 1, 3- oxat hi ol ane-2-carboxylic acid (1 X) 25 (416 ng, 2.2

1), (1S, 2R, 5S)-(+)- t hol (372 . 2..38 , d .
T—rgi )rret §1yl ani no- %Mﬁ?@%‘f& rf'(é’,r é-.52n%mutes4gm’$ ?’ﬂ*ﬂﬁﬁ?equ SAluhign Washane (5

nL) at [err]. Theprod@udedig RhistRubtion wiad 'E,i2 RS &) -menthydHEs-at ur e
m) vere added. 'APERECRVCAvRngaRshipenRehsRRboh AR (i il Ui e
wi t h hexanes (25 mhbl)fﬁhteﬂgdlah(OUthE}IWas,addddcoﬁoémbwadeby The crude
) 5 jodotrimethylsilane (0.052 mL, 0.36 mmol). The
resultant mixture was stirred at room température
overnight and then was diluted with CH,Cl, (10 mL). The
mixture was washed successively with saturated aqueous
NaHSOs, water, brine and concentrated under reduced
10 pressure. The residue was taken up in ether-hexanes
(1:1, 5 mL) and saturated agqueous Ncho3 (1 mlL) and
stirring was continued at room temperature for 20
minutes. The aquéous layer was removed and the white
solid suspended in the organic phase was collected by
15 centrifugation. This solid was washed with hexanes
(3x5 mL) and dried under vacuum to provide 65 mg
(51.2%) of (1'S,2'R,5'S)-menthyl-5R-(cytosin-1"-yl)~-
1,3-oxathiolan-2S-carboxylate contaminated with
approximately 5% of (1'S,2'R,5'S)-menthyl-5S~(cytosin-
20 1"-yl)-1,3-oxathiolan-2S-carboxylate as indicated by 1y
NMR spectroscopy. Recrystallizétion of the crude '
material from MeOH—Etzo gave the desired product:
m.p. 210-211°C; [e], +179° (c, 0.66, CHCl,); 14 NMR
(cpcl,) & 0.77 (3H) 0.92 (6H), 1.00 (2H), 1.37-2.10
25 (6H), 3.14 (1H), 3.55 (1H), 4.76 (1H), 5.46 (1H), 5.88
(1H), 6.46 (1H), 8.38 (1H); °c NMR (CDCl,) § 16.8,
21.3. 21.8, 22.5, 23.9, 26.7, 31.9, 34.7, 38.7, 40.9,
47.4, 76.4, 80.8, 100.0, 169.1, 170.8

| The washings and the supernatant were
30 combined and washed with 1N Hél, water, brine, and then
was dried over Na,so,. Evaporation of the solvent
yielded 53 mg (48%) of unreacted (1'S,2'R,5'S)-menthyl-
58~-acetoxy-1,3-oxathiolan-2S-carboxylate.



prooduct” obtai ned was di ssolved in hexanes (25 nL), filtered through Celite,
and concentrated to produce 0.715 ng (100% of two diastereoners, nanmely 10
(1'S,2'" R 5 S)-nent hyl -5S-acet oxy- 1, 3- oxat hi ol ane-2S- car boxyl ate and
(1'S,2'R 5 S)-nment hyl - 5R-acet oxy- 1, 3- oxat hi ol ane- 2R- car boxyl ate: 1H NWVR
[err] 6 0.75 (d, 6H, J=7 Hz), 0.85-0.92 (m %&{D, 0.95-2.19 (m 18H), 2.10
(s, 6H), 3.15 (d, 2H, J=12 Hz), 3.42 (dd, TH>®=4, 15 12 Hz), 3.44 (dd, 1H,
J=4, 12 Hz), 4.72 (dt, 2H, J=5, 12 Hz) 5.61 (s, 1H), 5.62 (s, 1H), 6.65 (S,
2H). The above di astereoneric acetoxy nenthyl esters m xture was dissol ved
in petroleun1ethe§4$ﬂ§%%é¥§] contai ning a m ni nrum amount of diethyl ether
and 20 was cool ed ce-acetone bath. The white solid precipitate
was i nmmedi ately cold_eRind¥vileH )-8l @eiogain- Jdyratd IHYRLENE al was
recrystallized agalrn under the sane condl
on one enantioner) of (1'S,2'R 5" S)-nenthyl-5S- 25 NH,
acet oxy-1, 3-oxat hi ol ane- 2S-car boxyl ate: [err]

N7

4]\ l (XII)

07 N

o:(
1«:’“‘\<<

S
A solution of (1'R,2'S,5'R)-menthyl-5S5-

5 (cytosin-1"-yl)-1,3-oxathiolane-2R-carboxylate (67 mg,
0.18 mmol) in THF (1 mL) was slowly added to a stirred
suspension of lithium aluminum hydride (19 mg, 0.5
mmol) in THF (2 mL) at ambient temperature under an
argon atmosphere. Stirring was continued for 30

10 mninutes. The reaction was then quenched with methanol
(3 mL), followed by the addition of silica gel (5 g).
The resultant slurry was stirred for 30 minutes and
then was transferred to a short column packed with
Celite and silica gel and was eluted with a 1:1:1

15 mnmixture of EtOAc-hexane-methanol (50 mL). The eluate
was concentrated and subjected to silica gel column
chromatography (EtOAc-hexane-methanol, 1:1:1) to give a
gummy solid. This solid was dried azeotropically with
toluene to give 38 mg (94%) of the desired product:

20 [@] -122° (c, 1.01, MeOH); m.p. 128-130°C; 1y NMR
(coson) § 3.05 (dq, 1H, J=4.3, 11.9 Hz) 3.42 (4d, 1H,
J=5.3, 11.9 Hz), 3.76-3.89 (m, 2H), 5.19-5.21 (m, 1H),
5.81 (d, 1H, J=7.6 Hz), 6.20-6.23 (m, 1H), 7.01-7.16
(brm, 2H, exchangeable), 7.98 (d, 1H, J=7.5 Hz); 3¢

25 (cp,0D) § 38.5, 64.1, 88.0, 88.9, 95.7, 142.8, 157.9,
167.7. '



- 49 - Exanple 10 (1'R 2'S, 5' R) - MENTHYL- 5R- ACETOXY- 1, 3- OXATH OLANE- 2S-
CARBOXYLATE [err] 5 (1'R 2'S,5" R) - Met hyl - 5R- acet oxy- 1, 3-

oxat hi ol ane-2S- carboxyl ate was prepared by the followi ng two nethods.

Met hod A A saturated solution of a m xture of the four 10 di astereoners
(12.28 g), obtained in Exanple 7, was preparegd Ln petrol eum et her

contai ning a mni num anount of diethyl ether and was kept at [err] for 72
hours. The white crystalline solid produced was isolated by filtration to
give 1.6 g of (1'R 2'S,5' R -nenthyl-5R- 15

acet oxy-1, 3- oxat hExbapde237car boxyl ate: mp. [err]; [err] - 50 -
~HYDRO ~SR- N-1'-YL)-1,3-0
NH,
N7

O)\N (XII)
o:(
Ho’\<
S
_ A solution of (1'R,2'S,5'R)-menthyl-SR-

5 (cytosin-1%"-yl)-1,3-oxathiolane-2S-carboxylate (102 mg,
0.27 mmol) in THF (3 mL) was slowly added to a stirread
suspension of lithium aluminum hydride (20 mg, 0.54
mmol) in THF (2 mL) at ambient temperature under an
argon atmosphere. Stirring was continued for 30

" 10 minutes and the reaction was gquenched with methanol
(5 mL), followed by the addition of silica gel (7 g).
The resultant slurry was stirred for 30 minutes,
transferred to a short column packed with Celite and
silica gel and was eluted with a 1:1:1 mixture of

15 EtOAc-hexane-MeOH (50 mL). The eluate was concentrated
and subjected to silica gel column chromatography |
(EtOAc-hexane-MeOH, 1:1:1) to provided a gummy solid
which was dried azeotropically with toluene to give
50 mg (82%) of a white solid as the product: [e],

20 +125° (¢, 1.01, MeOH); m.p. 130-132°C; H NMR (cp,0D) &
3.05 (dd, 1H, J=4.3, 11.9 Hz), 3.42 (dd, 1H, J=5.3,
11.9 Hz), 3.76-3.89 (m, 2H), 5.19-5.21 (m, 1H), 5.81
(d, 1H, J=7.6 Hz), 6.20-6.23 (m, 1H), 7.01-7.16 (brm,
2H, exchangeable), 7.98 (d, 1H, J=7.5 Hz); 3¢ (cp,0D) &

25 38.5, 64.1, 88.0, 88.9, 95.7, 142.8, 157.9, 167.7.



Met hod B A sol ution of dicycl ohexyl carbodiimde (118 mg, 0.572 nmol) in

di chl oronet hane (5 nlL) was added to a 25 nL round bottom fl ask containing a
solution of 5 cis-5-acetoxy-1, 3-oxat hi ol ane-2-carboxylic acid (100 ng, 0.52
mmol ), (1R 2S,5R)-(-)-nenthol (85 ng, 0.54 mmol), and

4-di met hyl - am nopyri dine (DVAP) (8 ng, 0.083gpmel) in dichloronethane (10
m) at [err]. The resulting white slurry was stirred at roomtenperature
for 3 10 hours at which tine nmethanol (0.1 nL) and glacial acetic acid (0.1
m.) was added. AfEgampferBng for 10 m nutes, the mixture was diluted with
hexanes (15 nL), filtered through Celite, and concentrated. The crude
product obt ai ned ﬂ&éRdﬂé§05@8M-MENW§¥§H§B' 53 -FLYOROCSYTOSTINraY ~¥k) odgR ~
Celite, and conceRB&AaHeRLASN B SARDC L

(1'R 2' S, 5 R) - nent hyl - 5R—acetoxy 1, 3- oxathlolane 2S- car boxyl ate and

(1'R 2'S,5 R -nenthyl - 5S-acet oxy- 1 3- oxat hi ol ane-2R-carboxyl ate: [err] NWR
[err] The above m xture of dia tereoners was recrystalllzed from petrol eum

ether [err] and a 25 m ni num unt qg dleth jifii room t enper at ure.

O

To a suspension of 5-fluorocytosine (155 mg,
$ 1.2 mmol) in CH c1 (1 mL) at room temperature under an
argon atmosphere was added, successively, 2,4,6-
collidine (0.317 mL, 2.4 mmol) and t-butyldimethylsilyl
trifluoromethane-sulfonate (0.551 mL, 2.4 mmol). The
resultant mixture was stirred for 15 minutes and a
10 clear solution was obtained. A solution of
(1'R,2'S,5'R) -menthyl-5R-acetoxy-1,3-oxathiolane-2S-
carboxylate (330 mg, 1 mmol) in CH2C12 (0.5 mL) was
introduced, followed by iodotrimethylsilane (0.156 mL,
1.1 mmol). Stirring was continued for 3 hours. The
15 mixture was diluted with CH,Cl, (20 mL) and washed
successively with saturated aqueous NaHSO,, water,
brine and then was concentrated. The residue was taken
up in ether-hexanes (1:1, 10mL) and saturated aqueous
Ncho3 (2 mL) and stirred at room temperature for 15
20 minutes. The aqueous layer was removed and the organic
phase was centrifuged to afford a white solid which was
washed with hexanes (3x5 mL) and then dried under
vacuum. The product (1'R,2'S,5'R)-menthyl-5R-(5"-
fluorocytosin-1%"-yl) -1, 3-oxathiolane-2S-carboxylate
25 (350 mg, 88%) thus obtained contained about 6% of
(1'R,2'S,5'R) -menthyl-5S8-(5"~fluorocytosin-1%-yl) -1, 3~



The whi'te¢ crystalline material formed was collected (95 ng) by filtration
This material was recrystallized again fromdiethyl ether-petroleum ether
to yield 74 my (78% based on one enantioner) of 30 (1'R,2'S,5'R)

ment hyl - 5R- acet oxy- 1, 3- oxat hi ol ane-2S- car boxyl ate. . - 51 - Exanple 11
(1'S, 2R 5'S)- MENTHYL- 5S- ACETOXY- 1, 3- OXATHL O_ANE- 2R- CARBOXYLATE [err] 5

A sol ution of dicycl ohexyl carbodiinide (1.58 1g 7.7 mol) in

di chl oronet hane (7 nlL) was added to a 50 ml round bottom fl ask containing a

Ao et nyt oo no- pUFRRPAG pRe s BRI (AR | © THOUl nlakoilgh wael)

[err]. The resultrsgrystoﬂlgmsﬂrfrwusmagﬁl CA /P@Bﬁﬁﬂ@nﬁ@rﬁﬁﬁﬁeafor 3

hours. The reacti gpy g 194RRC pepdatict nw]gneizﬁo fcMo. 289 MeoH); m.p.
216-218°C, 14 NMR (CDCla) § 0.78 (4, 3H, J= 7Hz), 0.91

5 (t, 6H, J=7.3 Hz), 1.00 (m, 2H), 1.39-2.04 (m, 7H),
3.12 (dd, 1H, J=6.6 Hz, 6.1 Hz), 3.52 (dd, 1H, J=4.7
Hz, 6.1 Hz), 4.79 (at, 1H, J=4.4 Hz, 4.3 Hz), 5.46 (S,
1 H), 5.75 (bs, 1H, exchangeable), 6.42 (5t, 1H, J=5.0
Hz), 8.10 (bs, 1H, exchangeable), 8.48 (4, 1H, J=6.6
10 Hz); 3¢ WMr (cpcl,-DMSo-d.): & 16.7, 21.2, 22.4, 23.7,

26.6, 31.8, 34.4, 36.6, 40.5, 47.2, 77.1, 79.1, 90.8,
126.3 (d, J=33 Hz), 137.1 (d, J=244 Hz), 154.2, 158.3
(4, J=15 Hz), 170.1.

Example 19

15 (1'S,2'R,5'S)-MENTHYL~55-(5"-FLUOROCYTOSIN=-1"-YL)~1, 3~
OXATHIOLANE-2R~CARBOXYIATE

To a suspension of 5-fluorocytosine (180.0
mg, 1.4 mmol) in CH2c12 (1 mL) at room temperature under
] an argon atmosphere was added, successively, 2,4,6-~
20 collidine (0.46 mL, 3.5 mmol) and t-butyldimethylsilyl
trifluoromethane-sulfonate (0.67 mL, 2.9 mmol). The
resultant mixture was stirred for 15 minutes and a
clear solution was obtained. A solution of
(1'S,2'R,5'S) -menthyl-5S-acetoxy-1,3-oxathiolane-2R~-



S T

glacial . acetic acid (0.4 nL) and the m xture was 15 stirred for 10 min. The
resultaft mixture was diluted with hexanes (25 nL), filtered through a pad
of Celite, and concentrated. The crude material thus obtained was

redi ssol ved in hexanes (25 nlL) and filtered through Celite. Renobval of the
sol vent under reduced pressure 20 yiel ded 2.3-%80 a white solid (100%

whi ch consisted of (1'S,2'R 5'S)-nent hyl -5S-acet oxy-1, 3- oxat hi ol ane-

T oxathtof ane. 25 carRpyTare tLF oY 155 0R0 ) n Gre1, (0,6 g was
di astereoners was rimtyodutedefollovedeby oledoteinethytsilanad(Q.38anl,
This material was & 1ok oL RSkt ikiEcd vad BELERUT ERPT O
[err] to give 900 rhpy78% The cuixture vasdileked)with CH,C1, (20 mL) and
(1'S,2' R 5" ) - Mgt Ryl syt AR Qs fve1P (7 £ OL40&Fated aqueous NaHSO,,
water, and brine. The solvent was evaporated and the
residue was taken up in ether-hexanes (1:1, 10 mL) and
saturated agueous NaHCO, (2 mL). Stirring was
continued for 15 minutes. The agqueous layer was
10 removed and the organic phase was centrifuged to give a
white so0lid which was washed with hexanes (3x5 mL) and
dried under vacuum. This substance, namely
(1'S,2'R,5'S) -menthyl-5S~(5"-fluorocytosin-1%-yl)~1, 3~
oxathiolane-2R-carboxylate (454 mg, 91%) contained
15 about 7% of (1'S,2'R,5'S)-menthyl-5R~(5"-fluorocytosin-
~i"-yl)~-1,3-oxathiolane-2R-carboxylate (as indicated by
its H NMR sepctrum), was recrystallized from benzene
CH2C12-MeOH to give the title compound: [a]D25-20° (c,
0.072,MeOH); m.p. 220-222°C (decomposed), 14 NMR (CDCla)
20 § 0.80 (4, 3H, J=7 Hz), 0.90 (t, 6H, J=7 Hz), 1.0 (m,
2H), 1.39-2.04 (m, 7H), 3.12 (dd, 1H, J=6.6 and 6 Hz),
3.52 (44, 1H, J=5 and 6 Hz), 4.8 (dt, 1H, J=4.4 and 4.3
Hz), 5.46 (s, 1H), 5.78 (bs, 1H, exchangeable), 6.42
(t, 1H, J=5 Hz), 8.1 ( bs, 1H exchangeable), 8.5 4, 1H,
25 J=6.6 Hz); 13c (cpcl,) § 16.2, 20.7, 21.9, 23.3, 26.2,
31.4, 34.0, 36.3, 40.1, 46.8, 76.7, 78.7, 90.5, 125.9
(d. J=33 Hz), 136.5 (4, J=242 Hz), 153.7, 158.2 (4,
J=14 Hz), 169.6.



2R-carboxylate: mp. [err]; Exanple 12 [err] OXATH OLANE- 2R- CARBOXYLATE
[err]. 20 t-Butyl-dinmethylsilyl trifluoronmethane- sulfonate (1.1
m., 4.79 mmol) was added to a suspension of cytosine (0.27 g, 2.5 mmmol) in
CH2C12 (2 mL) containing 2,4,6-collidine (0.65 m, 4.92 mml) at room
tenperature. The resultant m xture was sti«reg #or 15 25 m nutes and a

cl ear solution was produced. A solution - 53 - of

(1'R 2'S,5 R -nent hyl - 5S- acet oxy- 1, 3- oxat hi ol ane- 2R-carboxylate (0.66 g,
1.99 mmmol ) in net BxampdecBDoride (1.5 nl) was added to the m xture and
stirring was continued for 5 mnutes. lodotrinethylsilane 5 (0.31 nL, 2.18

mol ) was |ntrodu@ﬁdHHPB’K¥§§T§K§'§Rmﬁ5fEFEPQBPEV QﬁéNwéé'Kﬁddéaéd when t he

addi ti on was conpRloeféad

To a suspension of lithium aluminum hydride

5 (10 mg, 0.54 mmol) in THF (1 mL) at ambient temperature
under an argon atmosphere was slowly added a Solution
of (1'R,2'S,5'R)-menthyl-5R-(5"-fluorocytosin~-1"-yl)~
1,3-oxathiolane-2S-carboxylate (54 mg, 0.135 mmol) in
THF (2 mL). The reaction mixture was allowed to stir

10 for 30 minutes, then quenched with excess methanol (2
mL), followed by the addition of silica gel (3 g). The
resultant slurry was subjected to silica gel column
chromatography (EtOAc-Hexane-MeOH, 1:1:1) to provide a
gummy solid which was dried azeotrdpically with toluene

15 to give 20.7 mg (63%) of a white solid as the product:
[a]D26+114° (c, 0.12, MeOH); lH NMR (DMSO-d6) § 3.14
(dd, 1H, J=4.3, 11.9 Hz), 3.42 (dd, 1H J=5.3, 11.9 Hz),
3.76 (m,2H), 5.18 (m, 1H), 5.42 (t, 1H, J=4.8 Hz), 6.14
(m, 1H), 7.59 (br m, 1H, exchangeable), 7.83 (br m, 1H

20 exchangeable), 8.20 (d, 1H, J=7.66 Hz).



for 18 hours. The reaction was quenched by addition of a saturated aqueous
sol uti-on of [err] (10 m.) and 10 [err]. The organic |ayer was separated
‘and washed with brine (2x10 nL). The solvent was renoved in vacuo to give a
vi scous oil which was suspended in diethyl ether (30 nL). To this
suspensi on was added a saturated aqueous sl g4 e¢n of [err] (20 nmL) with 15
vigorous stirring. A white precipitate appeared and the resultant
suspensi on was diluted with hexanes (10 nL). The precipitate was collected
by filtration to Examgleb21lg (75% of a white solid. The [err] NWVR spectrum
of this material indicated that it was a 20 m xture of the cis- and trans-
di ast ereoners of t2Re-HYQROXVMETHIII-SSsT (B SFRUPROCYTOSEN 1 ' s Irdbtuct was

purified further QXATHIOIANE || zation from- : ] [err]
- 54 - Exanple 13

o NH,

N
"°”“%%(ij:7;:{;;:[:

F

- To a stirred THF (2 mL) suspension of lithium
5 aluminum hydride (22 mg, 1.13 mmol) at ambient
temperature under an argon atmosphere was slowly added
a solution of (1'R, 2'S, 5'R)-menthyl-5S-(5"~
fluorocytosin-1i"-yl)~1,3-oxathiolane~-2R-carboxylate (91
mg, 0.23 mmol) in THF (8 mL). The reaction mixture was

10 allowed to stir for 2 hours., and was quenched by
addition of methanol (3 mL), followed by silica gel (5
g). The resultant slurry was stirred for 30 minutes.
The mixture was then passed through a short pad of
Celite and silica gel eluted with a 1:1:1 mixture of

15 EtOAc-hexane-Methanol (10x5 mL). The eluate was
concentrated and subjected to silica gel column
chromatography (EtOAc-hexane-methanol, 1:1:1) to give a
gummy solid. This solid was dried azeotropically with
toluene to give 45 mg (80%) of the desired product:

20 (@] 2%-119° (c, 1.01, MeOH), 14 NMR (DMSO-d6) § 3.14
(dd, 1H, J=4.3, 11.9 Hz), 3.42 (4ad, 1H, J=5.3, 11.9
Hz), 3.76 (m, 2H), 5.18 (m, 1H), 5.42 (t, 1H, J=4.8
Hz), 6.14 (m, 1H), 7.59 (br m, 1H, exchangeable), 7.83
(br m, 1H exchangeable), 8.20 (d, 1H J=7.66 Hz).



[err] 5 2,4,6-Collidine (0.317 nL, 2.4 mmol) and t-

butyl dimethylsilyl trifluoromethanesul fonate (0.551 n., 2.4 mvl) were
added successively to a suspension of cytosine (133.3 ng, 1.2 mmol) in
[err] (1 nL) at room tenperature under an argon atnosphere. The resultant
10 mxture was stirred for 15 mnutes to -préuce a clear solution. A
solution of (1'S,2'R, 5'S) -nenthyl-5S

acet oxy- 1, 3- oxat hi ol ane- 2R-carboxylate (330 ng, 1 mml) in [err] (0.5 )
was introduced, B3 iodotrimethylsilane (0.156 m, 1.1 nnnl) The

15 resultant mxture S 1 & | for hour ted
with CH2CL2 (20 r@i’j’ EH W@?W@%ﬁ@gt%?ﬁ%ﬂ er]
wat er, and brine Te up
in ether-hexanes (1:1, 10 nL) and saturated aqueous [err] 20 (2 nL).
Stirring was contlnued for 15 mnutes. The aqueous |ayer was renoved and
t he organi c phase was centrifuged to give a white solid mhlch was washed
wi th hexanes (3x5 nmL) and dried under vacuum Tb S nanel y

{a
(1'S,2°R 5 S)-nent hyl - 58—(cyt03|n- 501" yl)-1, 3- athlo n- 2R—carboxy|ate
(380 ng, 100% was //JL\\ﬁr’

Trimethylsilyl trifluoromethanesulphonate
5 (TMSOTf) (107 uL, 0.552 mmoi) was introduced to a
stirred suspension of uracil (31 mg, 0.276 mmol) in
dichloromethane (1.5 mL) containing collidine (73 ulL,
0.552 mmol) under argon atmosphere. The resultant
mixture was stirred for 15 minutes to provide a
10 homogeneous solution. A solution of trans-2-(N-methyl-
N-methoxyaminocarbonyl)~-5-acetoxy-1,3-oxathiolane (50
mg, 0.23 mmol) in dichloromethane (1mL) was introduced,
followed by iodotrimethylsilane (TMSI) (33 uL, 0.23
mmol). The reaction was allowed to proceed for 2.5
15 hours and then was quenched with a solution of
saturated Ncho3 and Nazszoa (1:1). The resulting
mixture was stirred for 5 minutes and then was
transferred to a separatory funnel with the aid of more
dichloromethane. The agueous phase was removed and the
20 organic layer was washed with saturated Na S 03, water,
brine and then was dried (Nazso4). Evaporatlon of the
solvent under reduced pressure afforded the crude
product which was triturated with EtOAc-Hexane (1:1) to
give 54 mg (87%) of the title compound as a white
25 solid; 'H NMR (CDCl,): & 3.14 (d of d, 1H, J=8.0, 11.8
Hz), 3.23 (s, 3H), 3.38 (d of 4, 1H, J=4.7, 11.8 Hz),

:7




contam nated with about 3%of (1'S,2'R 5 S)-nenthyl- - 55 -
5R-(cytosin-1"-1, 3-oxat hi ol an- 2R-carboxyl ate (as indicated by its [err] NWR
spectrum, was recrystallized fromMCH to give

(1'S,22R 5 S)-nment hyl -5S-(cytosin- [err] butyldinmethylsilyl
trifluoronmethanesul fonate (0.551 nl, 2.4 nuokg were added successively to a
suspension of cytosine (133.3. ng, 1.2 mol) in [err] (1 nL) at room

t enperature under an argon atnosphere. The resultant 20 m xture was stirred
for 15 minutes ansl.24cisar 3HP|, usi.80 (&S mn;auasdz Az30! sLBan (sf, 1H)

('R 2'S,5 R -nengh cgto 35 0xat 28 carboxyl § , 1
mmol) in [err] (OESXL ?5206 8ht¥%duge ¥ PF mgg) gao?? ngh ﬁ Pane
(0.156 ni, 1.1 nmiZ). 9E§4r(bngsmaéﬂ25 contlnued for 3 hours. The m xture

was diluted with [err] (20 nL) and washed successively with saturated

aqueous [err], WwakpdmpPéipe and then was concentrated.
5 = -2= OYL-5-AC =1,3=-0 9)

OAc
Ph

Phenyl glyoxal monohydrate (668 ng, 4.0 mmol)
and 2,5-dihydroxy-1,4-dithiane (304 mg, 2.0 mmol) were
heated for ca. 5 minutes at 65°C until the reagents
melted. The reaction mixture was diluted with

10 dichloromethane (40 mL). Pyridine (1.32 mL, 16.0
mmol), 4-dimethylamino~pyridine (DMAP) (48 mg), and
acetyl chloride (0.85 mL, 12.0 mmol) were added to the
stirred solution at 0°C. The reaction mixture was
stirred at room temperature for 4.5 hours and diluted

15 with brine solution (15 mL). The organic layer was
separated, washed with sodium bicarbonate and brine
solutions, dried (sodium sulfate), and evaporated to a
brown liquid (1.80 g). The residue was purified by
'silica gel chromatography eluting with hexanes:EtOAc

20 (3:1) to yield the trans and cis isomers (2.4:1 ratio)
(714 mg, 71%); H NMR (cpcl,) & 2.0 (s, 3H), 2.14 (s,
3H), 3.15-3.25 (m, 1H), 3.35-3.45 (m, 1H), 6.42 (s,
1H), 6.51 (s, 1H), 6.7 (m, 1H), 6.9 (m, 1H), 7.4-7.5
(m, 2H), 7.55-7.65 (m, 1H), 7.9-8.0 (m, 2H).



- 56 - The residue was taken up in ether-hexanes (1:1, 10 nlL) and saturated
aqueoys [err] (2 nL) and was stirred at roomtenperature for 15 m nutes.

The aqueous | ayer was renoved and the organi ¢ phase was centrifuged to
yield 5 a white solid which was washed with hexanes (3x5 nlL) and then dried
under vacuum The product (1'R 2'S,5 R)-nmenté¥l=5R-(cytosin-1"-yl)-1, 3-

oxat hi ol an-2S-car boxyl ate (336.3 ng, 88% contai ned about 6% of

(1'R 2'S,5 R -nenthyl -5S-(cytosin-1"-yl)- 10 1, 3- oxat hi ol an-2S- car boxyl ate
(NVR). This material was recrystallized from MeOH to give the desired
product: [err] Eﬂﬁ#ﬂ&iﬂé&#l S,2'R 5 S) - MENTHYL- 5R- (CYTOSI N-1"-YL) -1, 3- 20
CMATHICLANE—ZS—CARBCMYL ; 6 "éﬁéﬂrL (008 bl . 8 nnDI) and
t- butyldinmethyl g 1 5 A et cceSS|ver to
a suspensi on of

o, OAc

To a solution of S5-acetoxy-oxathiolane-2-

5 carboxylic acid (576 mg, 3.0 mmol), pyridine (0.533 mL,
6.60 mmol), and dichloromethane (20 mL) at 0°C, was
added oxalyl chloride (0.314 mL, 3.6 mmol). The
reaction was stirred at 0°C for 30 minutes and then
cooled to ~70°C at which time pyrrolidine (0.5 mL, 6.0

10 mmol) was added in one portion. The reaction was
stirred at room temperature for 2 hours followed by
addition of 1IN HC1l (5 mL). The organic layer was
separated, washed with sodium bicarbonate and brine
solutions, dried (sodium sulfate), and concentrated to

15 vyield 0.851 g of crude product. This residue was
purified by silica gel chromatography eluting with
EtOAc:hexanes (9:1) to give 616 mg (84%) of the desired
product; INMR (CDCl,) & 1.80-2.00 (m, 4H), 2.11 (s, 3H),
3.20-3.35 (m, 2H), 3.40-3.55 (m, 4H), 5.76 (s, 1H),

20 6.60 (m, 1H).



25 ‘'mmol) in [err] (0.5 nlL) at room tenperature under an argon atnosphere.
Stirring was continued at room - 57 - tenperature for 15 mnutes and a
¢l ear “sol ution was produced. A solution of (1'S,2'R 5'S)-nenthyl -5S-

acet oxy- 1, 3- oxat hi ol an-2S-carboxylate (110 ng, 0.33 mml) in [err] (0.3 )
was added, followed by 5 iodotrinethylsilangg(0.052 nL, 0.36 mol). The
resultant m xture was stirred at roomtenperature overni ght and then was
diluted with [err] (10 nL). The m xture was washed successively with
saturated aqueousgkskple pster, brine and concentrated under reduced 10
pressure. The residue was taken up in ether-hexanes (1:1, 5 nL) and

sat ur at ed aqueouscIs+2+cARBOHETﬂnHYssr(5FﬂQRQHGURAOILﬁmédYEm-loaﬁl
tenperature for XATHIORA e white
solid suspended in t he organlc phase was collected by 15 centrlfugatlon
This solid was washed with hexanes (3x5 nL) and dried under vacuumto
provi de 65 ng 0 .

Br

MeO

Bis-trimethylsilyl-acetamide (4 mL, 16.2
5 mmol) was added to a suspension of S5~bromouracil (1.5
g, 7.9 mmol) in dichloromethane (10 mL). The reaction
was stirred for 30 minutes, yielding a clear solution.
Then a dichloromethane solution (5 mL) of 2~
carbomethoxy-5-acetoxy-1, 3-oxathiolane (1.6 g, 7.8 mmol
10 cis:trans 1:2) was added, followed by TMSI (1.1 mL, 7.7
mmol). .

The reaction was stirred at ambient
temperature for 18 hours and then seguentially treated
with saturated aqueous solutions of Na25203 and NaHCO

15 to give a white suspension. The suspension was
filtered to remove the solid (unreacted base). The
filtrate was concentrated and triturated with EtOAc-
Hex (1:1) to give white solid which was filtered,
washed and dried to give 0.98 g (38%) of the product.

20 lH NMR (cDCl,) & 3.2 (dd, 1H, J=7 and 12 Hz), 3.47 (44,
1H, J=5 and 12 Hz), 3.87 (s, 1H), 5.50 (s, 1H), 6.42
(dd, 1H, J=5 and 7 Hz), 8.72 (s, 1H), 9.19 (br s, 1H).



(51.29% of (1'S,2'R 5" S)-nenthyl -5R-(cytosin-1"-yl)-

1; 3- oxat hi ol an-2S- car boxyl ate contam nated with approxi mately 5% of

(1S, 2'R 5'S)-nent hyl -55 (cytosin- 20 1"-yl)-1, 3- oxat hi ol an- 2S- car boxyl at e
as indicated by [efr] NWVR spectroscopy. Recrystallization of the crude
material fromJ[err] gave the desired producté®nrp. [err] The washi ngs and
t he supernatant were 30 conbi ned and washed with 1N HCl1, water, brine, and
then was dried over [err]._ Evaporation of the solvent yielded 53 ng (48%
of unreact ed (1'§9§dﬁﬁﬁé§§nenthyl

5S- acet oxy- 1, 3- oxat hi ol an- 2S-

| at le 16 Jerr] A
solution of (1'R 0 fﬁ%ﬁééggfs'-wmmmcnnf -YL) - { ]

(cytosin-1"-yl)- B2 ’ p B—F1rE +n THF (1
m.) was slowy added to a stirred suspen3|on of I|th|un1alun1nun1hydr|de

(19 ny, 0.5

H -
o N o

/\Q/

TMSOTEf (4.5 mL, 27.3 mmol) was added to a

5 suspension of bis-0O-silyl-6-chlorouracil (9.5 g, 32.6
mmol) and 2-carbethoxy-5-acetoxyoxathiolane (6.3 g,
27.4 mmol) in 1,2-dichloroethane (40 mL). The
resulting clear solution was heated slowly up to 60°C
and kept at this temperature for 1 hour, during which

10 time a thick precipitate appeared. The reaction was
cooled down to ambient temperature and the white
precipitate was collected after filtration, washed and
dried to give 3.5 g (42%) of the only cis nucleoside
ester product (1H NMR). To a tetrahydrofuran (THF) (50

15 mlL) suspension of nucleoside ester product (2.6 g, 8.5
mmol), under argon atmosphere, was slowly added LiBH4
(0.4 g, 18.6 mmol). The reaction was stirred for 5
hours, then quenched with methanol. The solvent was
removed, followed by subjecting the resulting gummy

20 material to column chromatography (2:2:1, EtOAc-Hex-
MeOH, v/v) to yield 1.9 g (85%) of the title
nucleoside. The overall yield of these two
transformations was 64%; HPLC purity (96%); mp 202-
204°C; 14 NMR (DMSO-dS) 6 3.09-3.30 (1H), 3.38-3.47



mmol) in"THF (2 nml) at anbient tenperature under an argon atnosphere.
Stirring was continued for 30 10 m nutes. The reaction was then quenched
with methanol (3 nL), followed by the addition of silica gel (5 g). The
resultant slurry was stirred for 30 mnutes and then was transferred to a
short colum packed with Celite and silica.ggy and was eluted with a 1:1:1
15 m xture of EtQAc-hexane-nethanol (50 nL). The eluate was concentrated
and subjected to silica gel colum chromatography (EtOAc-hexane-net hanol,

1: |1 1) to give a38 596¢-d3fﬂnh(5213p1 i 4, ?S(m) £05 20505 [OPi cHH) Y Si2h

t ol uene to give of t esired pro err

MeOH): m p. [err]( ?ﬁﬁ{@rf@osﬁ('{j’d‘ 6q J”J!)zé I%M%?Qf?o()dd

1H, J=5.3, 11.9 |-2)32.?6,766:8.i3,9 6aMm22t84.D 19)592194111 11)6.6, 8128 de, 1H,

J=7.6 Hz), 6.20-6, m 1H), 7.01-7.16 (brn1 2H, exchangeable), 7.98 (d,
1H, J=7.5 Hz); 1 *[err] 38.5, 64.1, 88.0, 88.9, 95.7, 142.8, 157.9,
167. 7. ' : :

5 Example 27

(1'S,2'R,5'S) -MENTHYL-55~- (N-4" ~ACETYLCYTOSIN-1"-YL) -
~2R-CARBOXYLATE

(o) NHCOMe

=

To a stirred suspension of N-4-acetylcytosine
(68 mg, 0.4 mmol) in dichloromethane (0.5 mL)

10 containing 2,4,6-collidine (105 uL, 0.8 mmol) under an
argon atmosphere was added trimethylsilyl
trifluoromethane-sulphonate (155 uL, 0.8 mmol). The
resulting mixture was stirred for 15 minutes to give a
homogeneous solution. The substrate, (1'S,2'R,5'S)-

15 menthyl-5S-acetoxy-1,3-oxathiolane-2R~carboxylate (110
hg, 0.333 mmol) was introduced into the above solution:
in one batch. 1In a separate flask equiped with a
condensor, a solution of hexamethyldisilazane (34 uL,
0.167 mmol) and iodine (42 mg, 0.167 mmol) in

20 dichloromethane (0.5 mL) was refluxed under argon
atmosphere for 30 minutes. After it had cooled to room
temperature, the purple solution formed was
transferred, via a syringe, into the mixture containing
the substrate and silylated base.



- 59 - Bmmﬂe1728+WU{MWEHWLSR(OTQHNIHYU-LS{KMHulmE[eH]
A-solution of ('R 2'S,5 R -nenthyl-5R 5

(cyt05|n 1"-yl)-1, 3-oxat hi ol ane- 2S- car boxyl ate (102 ng, 0.27 mol) in THF
(3 n.) was slowy added to a stirred suspension of |ithium alum num hydride
(20 nmg, 0.54 mmol ) in THF (2 nL) at anbi ent genperat ure under an argon

at nosphere. Stirring was continued for 30 10 mnutes and the reaction was
quenched with nmethanol (5 nL), followed by the addition of silica gel (7
g). The resultant slurry waThet reactibor migtureuwas kepinatcemoos to a short

ﬁ?L?EPepg?kig m%tgﬁﬁshgégﬁga %hl?Sgo%?% gagh%ag 5§?§e%g§ coﬁ?é#?%%ted and
subj ected to siliselytionobfina éhﬂoﬂ&“&gr&pnﬁ satorated ¥alCOgOmNd1: 1: 1) to
50 (8209 “of & Webedxol iihd Feqll EhGAOHREL s ot ireq creeng (9 01V
MeOH); m p. [e5r]m3n35e§dandlﬂhen—uas trgnsfnzredstmza(eeparﬁ o¥ys fynnel
with the aid of more dichloromethane. The agqueous
phase was removed and the organic layer was'washed with
saturated'Nazszos, water, brine and then was dried
(Nazso4).
10 pressure to provide 153 mg of crude product. To
‘determine the ratio of the cis-[(1'S,2'R,5'S)-menthyl-
58— (N-4"-acetylcytosin-1"-yl)-1,3-oxathiolane~2R~
carboxylate] and trans-[{(1'S,2'R,5'S)-menthyl-5R-(N-
4%-acetylcytosin~-1"-yl)-1,3-oxathiolane-2R-carboxylate]
15 product isomers, the crude product was subjected to 1y
NMR analysis in CDC13.' Judging from the signals of the
C6 protons of the cytosine moiety, the ratio of cis [§
8.70 (d, J=7.6 Hz)] to trans [6 7.79 (4, J=7.6 Hz)] was
determined to be 7:1.

The solvent was removed under reduced

20 Example 28
CIS-2-CARBOXYL~-5-(URACIL~-1"'-YL)~1,3-OXATHIOLANE

Iodotrimethylsilane (118 uL, 0.832 mmol) was
added to a stirred suspension of bis-trimethylsilyl-
uracil (122 mg, 0.475 mmol) and trans-2-carboxyl-5-



11.9 Hz), 3.76-3.89 (m 2H), 5.19-5.21 (m 1H), 5.81 (d, 1H, J=7.6 Hz),
6.20-6:23 (m 1H), 7.01-7.16 (brm 2H, exchangeable), 7.98 (d, 1H, J=7.5
Hz); [err] 25 38.5, 64.1, 88.0, 88.9, 95.7, 142.8, 157.9, 167.7. - 60 -
Example 18 (1'R 2'S,5' R) - MENTHYL- 5R- (5' - FLUOROCYTOSI N-1"-YL) - 1, 3-

OXATHI OLANE- 2S- CARBOXYLATE [err] To a suspen&?on of 5-fl uorocytosine (155
ng, 5 1.2 mol) in [err] (1 nL) at roomtenperature under an argon

at nosphere was added,- successi vel 2,4,6- collidine (0.317.m., 2.4 muol)
“and t-butyl di net h9F§f=P¥Y"?_-v?‘T'PHEFéi@iﬂaﬁeIZGIFSnaPe:*? .BB?ZPrL,ﬂ'zA ol ) .
The rgsul tagt m xayeR1vpeméthanad (205 hb) ncontaining eollidliner (S8l pLi,on
was obtained. A sgluytion . .

(1'R 2'S, 5 R)- men?h#- Rndi) ox¥1e TeSRLFARE Bixtyre was stirred for,18, 1
mol) in [err] (Ohéung)ataxcoonttenpervature| undey aygendatmesphayesandne
(0.156 n, 5 then was gquenched by the addition of 5 mL of a 0.5 M

solution of sodium carbonate. The aqueous phase was
acidified with 1 M HCl1l solution to pH 4, followed by
extraction with tetrahydrofuran (3x6 mL). The combined
extract was dried over Mgso4 and the solvent was

10 removed under reduced pressure. The crude product
obtained was triturated with dichloromethane to provide
a white suspension. The white solid was isolated by |
centrifugation and was dried under vacuum to afford 27
mg of the desired product whose 1y NMR spectrum

15 indicated the presence of a small amount of uracil (ca.
10%) and an isomeric purity of >95%. The title
compound displayed the following spectral
characteristics: lH NMR (DMSO ds) § : 2.26 (d of 4, 1H,
J=4.9, 12.3 Hz), 3.49 (d of 4, 1H, J=5.2, 12.4 Hz),

20 5.57 (s, 1H), 5.71 (d of 4, 1H, J=2.2, 8.0 Hz; this
signal collapsed to a doublet on treatment with D,0
(J=8.2 Hz)), 6.29 (t, 1H, J=5.2 Hz), 8.07 (4, 1H, J=8.2
Hz), 11.41 (br s, 1H, exchanged with D,0 ).



1. 1'mml). Stirring was continued for 3 hours. The 15 nmixture was diluted
w-th [err] (20 nL) and washed successively with saturated aqueous [err],

wat er, brine and then was concentrated. The residue was taken up in
ether-hexanes (1:1, 10nmL) and saturated aqueous [err] (2 nmL) and stirred at
room tenperature for 15 20 mnutes. The aquous | ayer was renoved and the
organi ¢ phase was centrifuged to afford a white solid which was washed with
hexanes (3x5 nlL) and then dried under vacuum The product

(1'R 2'S,5 R - WW
fl uorocytosin-1" - xat hi ol ane- 2S- carboxylate 25 (350 ng, .88% thus

obtai ned cont ai negrf\bnug) 69 ¥RROLIDINOCARBONYL) =5~ URACIL-1'-¥L)-1,3-
(1'R 2'"S,5 R -ne y-fluorocytosin-1"-yl)-1, 3- - 61

oxat hi ol ane- 2S-carboxylate (NVR). This naterial was recrystallized from
[err] to give a crystalline product: J[err] (c, 0.19, MeCH); mp. [err] 15
(1'8,2'R,5'S)-NENTHYL-SS-(S"-FLUCROCYTCSIN-1"-ﬁ%)-1,3- o .

o

Iodotrimethylsilane (37 uL, 1 equivalent) was
5 added to a stirred solution of cis 2-(1'¥pyrrolidino-
carbonyl)~-5-acetoxy-1,3-oxathiolane (64 mg, 0.26 mmol)
and bis-trimethylsilyluracil (80 mg, 1.2 equivalents)
in dichloromethane (1.5 mL) under argon atmosphere.
The reaction mixture was kept for 1 hour and 20 minutes
10 at room temperature. The reaction was quenched with a
solution of a 1:1 mixture of saturated Nazszoa and
NaHCO3 (2 mL), followed by dilution with
dichloromethane (4 mL). The resultant mixture was
stirred for 5 minutes and then was transferred to a
15 separatory funnel with the aid of more dichloromethane.
The aqueous phase was removed and the organic phase was
washed with water, brine, and dried over anhydrous
Nazso4. Removal of the solvent under reduced pressure
and subjection of the crude product thus obtained to
20 column chromatography (7% MeOH-EtOAc) afforded the 74
mg (95%) of the title compound; 'H NMR (CDCl,;): & 1.85-
2.00 (m, 2H), 2.00-2.15 (m,2H), 3.25-3.70 (m, 6H), 5.61
(s, 1H), 5.80 (d of 4, 1H, J=2.3, 8.2 Hz), 6.44 (d of
d, 1H, J=4.8, 7.0 Hz), 8.29 (br s, 1H), 8.88 (d, 1H,
25 J=8.1 Hz).



OXATHI OLANE- 2R- CARBOXYLATE [err] To a suspension of 5-fluorocytosine (180.0
g, 1.4 mmol) in [err] (1 nL) at roomtenperature under an argon atnosphere
was added, successively, 2,4,6- 20 collidine (0.46 m., 3.5 mml) and

t- butyldlnethylsilyl trifluoronethane-sul fonate (0.67 nL, 2.9 mmol). The
resultant m xture was stirred for 15 mnutesqand a clear solution was
obt ai ned. A sol ution of '

(1"S,2'"R 5 S)-nent hyl -5S-acet oxy- 1, 3- oxat hi ol ane- 2R- - 62 - carboxylate
(414 ng, 1.25 mmol) in [err] (0.6 nL) was introduced, followed: by
I odot ri met hyl si | 8 , 1.27 mol ). The resultant m xture was stirred

for 1 hour. The nlxture was d||uted mnth [err] (20 nL) and 5 washed
successi vely w t hCES : 180 (YR] iLE ATHEOLANEe sol vent
was evaporated and the reS|due was taken up in ether-hexanes (1:1, 10 ni)
and saturated aqueous [err] (2 mL). Stirring was

4

Trimethylsilyl trifluoromethanesulphonate (92
pL, 0.475 mmol) was introduced to a stirred suspension
5 of uracil (50 mg, 0.238 mmol) in dichloromethane (1.5
mL) containing collidine (63 gL, 0.475 mmol) under
argon atmosphere. The resultant mixture was stirred
for 15 minutes to provide a homogeneous solution. A
mixture (2.4:1, trans:cis) of 2-benzoyl-5-acetoxy-1,3-
10 oxathiolane (50 mg, 0.198 mmol) was added as a solution
in dichloromethane (1.5 mL), followed by _
iodotrimethylsilane (28 gL, 0.198 mmol). The reaction
was allowed to proceed for 22 hours and then was
quenched with a solution of a 1:1 mixture of saturated
15 NaHCO, and Na,S,0,. The fesulting mixture was stirred
for 5 minutes and then was transferred to a separatory
funnel with the aid of more dichloromethane. The
aqueous phase was removed and the organic layer was
washed with saturated Nazszos' water, brine and then was
20 dried (Na,s0,) . Thin layer chromatography analysis of
the crude product indicated that small amount of the
starting material remain unreacted. The crude product
was triturated with EtOAc to provide 26 mg (43%) of the



continued for 15 minutes. The aqueous | ayer was 10 renoved and the organic
phase,was centrifuged to give a white solid which was washed w th hexanes
(3x5 nmL) and dried under vacuum This substance, nanely
(1'S,2'R 5 S)-nent hyl -5S- (5"-fluorocytosin-1"-yl)-1, 3-
oxat hi ol ane- 2R-car boxyl ate (454 ny, 91% contalned 15 about 7% of
(1'S,2°R 5 S)-nent hyl -5R-(5"-fl uor ocyt osi n- 5

-1"-yl)-1, 3- oxat hi ol ane-2R-carboxyl ate (as indicated by its [err] NWR
sepctrum, was recs talllzed ronlbe zaene Jt | itle
comound.  [err] titlee EAVERS d611d; % Wie (dMd)'! ' % 3.0
2S- HYDROXYMETHYL- ﬁR—c(ﬁ d,FLlB[R(HZ\Sm,I\HkG 8, -12 3 HAATH [BOANC [af rd, TTHA
suspensi on of [i tjllé‘@ align.plﬁgr?hydsr |.p,e @ ( ]ﬁhr’rq,_é) 2‘34{ Ié 5&1 TA—I £ldm_)

at anbi ent tenperaturd under “an ‘argon at fospifere was
solution of (1 R@.S-E‘ﬂ?)zanéﬂ%}izBR-ﬁ(-@'lfﬂsjorléﬂyut o"sflfr»"—ﬂ~§ﬂ)(m: 2H).

5 7.66-7.76 (m, 1H), 7.94-8.04 (m, 2H), 8.22 (d, 1H,
J=8.1 Hz), 11.44 (br s, 1H).

Example 31
(1'R,2'S,5'R) ~MENTHYL-5S~- (CYTOSIN-1"-YL) -1, 3~
o) OLANE-2R-CARBO TE

S

10 A 12:1 mixture of (1'R,2'S,5'R)-menthyl 58S~
(N-4"-acetylcytosin-i1"-yl)-oxathiolane- 2R-oxathiolane
carboxylate (cis isomer) and (1'R,2'S,5'R)~-menthyl SR~
(N-4"-acetylcytosin-1"-yl)-oxathiolane-2R-oxathiolane
carboxylate (trans isomer) (47 mg,0.11 mmol) was

15 dissolved in dichloromethane (0.5 mL) and 2-propanol (1
mL). Trifluorocacetic acid (0.2 mL) was added to this
solution and the resultant mixture was heated at 60°C
for 2 hours and then was kept at room temperature for
14.5 hours. The reaction mixture was diluted with

20 dichloromethane and washed with saturated Hcho3
solution, water, brine, and then was dried (anhydrous
Nazso4). The solvent was removed under reduced pressure
and the product obtained was dried under vacuum to



1, 3-'@xat hi ol ane- 2S- car boxyl ate (54 ng, 0.135 mml) in THF (2 nL). The
reaction mxture was allowed to stir 10 for 30 mnutes, then quenched with
excess nmethanol (2 nlL), followed by the addition of silica gel (3 g). The
resultant slurry was subjected to silica gel colum chromatography

(Et OAc- Hexane-MeOH, 1:1:1) to provide a guonmggsalid which was dried
azeotropically with toluene 15 to give 20.7 ng (63% of a white solid as
the product: [err] - 64 - Exanple 21

2R- HYDROXYMETHYL- a$£6ba- KoURBOPSERS! brltn¥él kitie c@iﬁﬁ» 6dn@eANThiee PH] NIIR 2

ol ) Cat anbi ot FERGEEIRIPE EhaeRDINEARBEAT 1T SHABPECRES s PURLFY: ded o
solution of (1'R 92%S, BaBednont bhe- §¥ghals derived from the C6 hydrogen
fluorocytosin-l"-xk)fﬁe369{ggghglﬁgiég§-ggaggﬁ¥lihebggﬂ of the isomers,

5 the 12:1 ratio of the cis [(§ 8.38 (d, J=7.3 Hz)] and
trans [(&§ 7.48 (4, J=7.3 Hz)] nucleosides was
maintained. The major compound was obtained'by
fractional crystallization with methanol and displayed
physical properties identical to those reported in this

10 example.

Example 32

(1'S,2'R,5'S) -MENTHYL-5S~ (N~4"-ACETYLCYTOSIN-1"-YL) -
3-OXA OLANE-2R~ OXYLATE

(1'S,2'R,5'S)-menthyl SR-acetoxy-1,3-

15 oxathiolane-2R-carboxylate (55 mg, 0.166 mmol) in
dichloromethane (0.5 mL) and iodotrimethylsilane (0.026
mL, 0.166 mmol) were added to monosilylated N-4-
acetylcytosine (59 mg, 0.198 mmol), generated by
refluxing N-4-acetylcytosine in 1,1,1,3,3,3~-hexamethyl-

20 disilazane (HMDS) overnight in the presence of
catalytic amount of ammonium sulfate and subsequently
removing HMDS, in dichloromethane (0.5 mL) under argon
atmosphere at room temperature. The stirring was
continued for 19 hours and thin layer chromatography

25 showed almost complete consumption of the starting



ng, 0.23 nmol) in THF (8 nmL). The reaction m xture was .10 allowed to stir
for 2 hours., and was quenched by addition of nethanol (3 nL), followed by
silica gel (5 g). The resultant slurry was stirred for 30 m nutes. The

m xture was then passed through a short pad of Celite and silica gel eluted
with a 1:1:1 mxture of 15 Et OAc- hexane- Methamok (10x5 nlL). The el uate was
concentrated and subjected to silica gel columm chromat ography

(Et GAc- hexane-net hanol, 1:1:1) to give a gummy solid. This solid was dried
azeotropically wi okatbliodanet.o @hﬂer¢BCMQOOBGW¥t§retMgsdédﬂﬂ§sde@G@Ct

[err] - 65 - a
( N- NETHYL- N- NETH&@%BP%&%%&E%%Q% vashed with sa\?ffate & eﬁflai e
Tri net hyl silyl trPﬁFBEPSﬁEFRanGSHFBHEnﬁpélﬂm( esuifate 73P5 Ng,552
mol ) was introduggieliOoer sodium sulfate, concentrated and drled to

5 afford 70 mg (100%) of crude products.'lanMR suggested
cis:trans ratio at 15:1 and the presence of ca. 4.6% of
unreacted oxathiolane. lH NMR (CDCI3): 0.78 (4,3H),
0.80-2.10 (m, 15H), 2.27 (s, 3H), 3.12-3.30 (m, 1H)
3.52-3.78 (m, 1H), 4.78 (m,1H), 5.51 (s, 0896H), 5.60

10 (s, 0.046H), 5.82 (s, 0.058H), & 6.42 (t, 0.896H), 6.63
(dd, 0.046 H), 6.68 (d, 0.058H), 7.47 (d, 0.954H), 7.77
(d, 0.058H), 8.70 (4, 0.896H). The major compound was
isolated by crystallization from methanol or
trituration with ethylacetate-ether mixtures.

15 [Example 33

(1'S,2'R,5'S)-MENTHYL—SS-(N-4"—ACETYLCYTOSIN—I“-YL)-
1,3-0 OLANE~-2R~-CARBOXYLATE

1111
=
3
(1]

2,6-lutidine (0.023 mL, 0.199 mmol) and
trimethylsilyl trifluoromethanesulfonate (0.038 mmol,
20 0.199 mmol) were added to N-4-acetylcytosine (30.5 mg,
0.199 mmol) in dichloromethane (0.2 mL) at room
temperature under argon atmosphere. The mixture was
stirred for 20 minutes and a solution of (1'S,2'R,5'S)-
menthyl-5S-acetoxy-1,3~-oxathiolane-2R-carboxylate (55
25 mg, 0.166 mmol) in dichloromethane (0.3 mL) and
iodotrimethyl-silane (0.026 mL, 0.166 mmol) were



stirred suspension of uracil (31 ng, 0.276 nmmol) in dichloronethane (1.5
mt) containing collidine (73 [err], 0.552 nmol) under argon atnosphere.
The resultant mixture was stirred for 15 minutes to provi de a 10
honbgeneous solution. A solution of trans-2-(Nnethyl-

N- net hoxyam nocar bonyl ) - 5- acet oxy- 1, 3- oxat hi glgane (50 ng, 0.23 mol) in
di chl oronet hane (1nL) was introduced, followed by iodotrinethylsilane
(T™Msl) (33 [err], 0.23 mml). The reaction was allowed to proceed for 2.5

%5 ]hOt(Jrlslgvlnthh heﬂn‘ﬁﬁlé?ﬁ%éachﬁtédé‘sbhvél |Uim%nfs‘tfiz‘-i:ﬁ. I’ aiaey dSHtGRued
err e resu m xt ur.e irred for nut e en was
transferred to a £8Pafa oﬂ?uFuﬁﬁgltagPh Tt a%gp hIiF%ﬁﬁ?hane.
The aqueous phasecmnpleteocedsanptuba o thegstartinmgeoxathicdsned wiThe
saturated [err], gilonrh9§tﬁg fbggngwﬁ t@ﬁ'ﬁﬁthgﬁr%hlJ?ﬁ?@ﬂﬁgﬂ eon of th

sol vent under reduce ressure a

triturated with EV@beﬂewéﬁB Fﬁt!EfaFGngﬂBegﬂsrr&%i&% béFaﬂP@nﬁtﬁoe
CO”DOUHd as a whi &Qu&éussebaium[ Ehﬁ.bsNL’l/Ea[tér ahd bzihé,(drdeddovbe sbdiun

11.8 k), 3.23 (Ss %Egte, cong ngragé anﬁ arled’to a for& 70 mg (100%)

of crude products. -1 NMR suggested cis:trans ratio at
10:1 and no other impurity detectable by the spectrum.

10 1 NMR (cpcl,): 0.78 (4, 3H), 0.80-2.10 (m, 15H), 2.27
(s, 3H), 3.16 (dd4, 0.91H), 3.25 (d, 0.09H), 3.63 (dd,
0.91H), 3.74 (dd, 0.0%H), 4.78 (m, 1H), 5.51 (s,
0.91H), 5.82 (s, 0.09H); & 6.42 (t, 0.91H), 6.68 (d,
0.09H), 7.47 (d, 1H), 7.77 (4, 0.09H), 8.70 (4,

15 0.91H).

Ezgamgle 34

CIS- AND TRANS- ISOPROPYL 5-ACETOXY-1l,3-OXATHIOLANE-2-
CARBOXYILATE

I'szc (o) OAc

A4

A solution of cis- and trans 5-acetoxy-1,3-
20 oxathiolane-2-carboxylic acid (260 mg, 1.3528 mmol) and
isopropanol (0.11 mL, 1.3528 mmol) in dichloromethane
(4 mL) at 0°C was treated with dicyclohexylcarboiimide
(DCC) (279 mg, 1.3528 mmol) in dichloromethane (1 mL)
and 4 dimethylaminopyridine (DMAP) (14 mg, 0.135 mmol).
25 The mixture was stirred at room temperature overnight,

e



- 66 - [err] Exanple 23 5 CI'S- AND
TRANS; 2- BENZOYL- 5- ACETOXY- 1. 3- OXATHI OLANE [err] Phenyl gl yoxal nonohydrate
(608 ng, 4.0 mmol ) and 2, 5-di hydroxy-1, 4-dithiane (304 ng, 2.0 mMmovl) were
heated for ca. 5 mnutes at {err] until the reagents nelted. The reaction
m xture was diluted with 10 di chl oromet hanme T940-nL). Pyridine (1.32 ni,
16.0 mol ), 4- dinethylanino pyridine (DVAP) (48 ng), and acetyl chloride
(0.85 L, 12.0 nnblé e added.to the stirred solution at [err]. The
reaction mxture W ns?%%?%ﬁdaVlFBoﬁFbﬁﬁpéFﬂt§i§t9ﬁﬁd4t9rﬁﬁqhsaaﬁelé#PGted
15 with brine solpadon fThé piltrdbe ?iﬂaébﬁcéﬁtﬁitédsaﬁépﬁhét 2fdsm/aahﬁag
W th sodi um bi car e_So i ons su te),_an
evaporated to a é§k§§$#§€$%8%388ﬁngf ?%g ﬁggh gg gr??? ﬁ%ﬁykngPEa
gel chromat ogr aphto egive nghwproMGmess amldﬂIQSslqtilo(&Béllﬂgt ha3gpans
and cis isomerg (% fode "@DA,): & 1.26 (6H, d); 2.10, 2.11 (3H; s);
3.13-3.46 (2H, m); 5.05 (1H, m); 5.60, 5.61 (1lH, s);

6.63 (0.54H, m); 6.78 (0.46H, d).

Example 35

CIS-ISOPROPYL~5~(CYTOSIN~1'-YL)~-1,3~OXATHIOLANE-2~
10 CARBOXVYIATE

Oy N. NH
I-Pro,c\(o: N
' s

2,4,6-collidine (0.23 mL, 1.74 mmol) and t-
butyl-dimethy1511y1 trifluoromethanesulfonate (0.4 mL,
1.74 mmol) were added to a suspension of cytosine (96.7
mg, 0.87 mmol) in dichloromethane (0.8 mL) at room

15 temperature under argon atmosphere. The mixture was
stirred for 25 minutes and a solution of cis:trans
(1.2:1) isopropyl S-acetoxy-1,3-oxathiolane~2-
carboxylate (168 mg, 0.717 mmol) in dichloromethane
(0.8 mL) and a solution of iodotrimethylsilahe (0.114

20 mL, 0.788 mmol) were introduced successively. Stirring
was continued for one hour and the reaction mixture was
diluted with dichloromethane, washed with saturated
aqueous sodium thiosulfate, water and brine, dried over
sodium sulfate and concentrated. The residue was

25 triturated with ether-hexane (1:1, 7 mL) and saturated



[err] - 67 - Exanple 24 C1S-2 - (1 '-PYRROLI DI NOCARBONYL) - 5- ACETOXY- 1, 3-
OXATHI, OLANE [err] To a solution of 5-acetoxy-oxathiolane-2- 5 carboxylic
acid (576 ng, 3.0 mmol ), pyridine (0.533 nL, 6.60 mml), and

di chl oronet hane (20 nmL) at [err], was added oxalyl chloride (0.314 nL, 3.6
mol ). The reaction was stirred at [err] forg@0-m nutes and then cooled to
[err] at which time pyrrolidine (0.5 nm., 6.0 10 mol) was added in one
portion. The reaction was stirred at roomtenperature for 2 hours foll owed
by addition of 1Nageows sediumhbicapbonatea(dsSmb) septhat agueonshdayert h

sodi um bi car bonat@aanéeﬂew& éﬂa %I?th?emgihfﬁg(ﬁi’ﬂtﬂﬁé SWhé a&éﬂtrﬁeﬂgea.

concentrated to 15 yield O. crude pr.oduct I S resldue was
purified by silica gel chrdﬁﬂfdﬂ?%ﬂ%yw%$d???@ﬁqmtﬁlce with hexanes and

the washings were combined with centrifugate, washed

5 with 1N HCl, water and brine, dried and concentrated to
give the unreacted starting material in virtually pure
form (64 mg, 38%, cis:trans=1:9). The white solid was
dried and gave the products as a cis:trans mixture in
12:1 ratio (122.6 mg, 60%). 'H NMR (CDCl,): & 1.30 (t,

10 e6H), 3.11 (44, 1H), 3.52 (dd4, 1H), 5.11 (m, 1H), 5.45
(s, 1H), 5.82 (d, 1H), 6.47 (dd, O0.92H), 6.72 (m,
0.08H), 7.49 (d, 0.08H), 8.32 (d, 0.92H).

Example 36

CIS- AND TRANS- T-BUTYL 5-ACETOXY-1, 3~OXATHIOLANE-2~
15 CARBOXYIATE

OAc

A solution of cis- and trans- S5-acetoxy-1,3-
oxathiolane-2-carboxylic acid (176 mg, 0.915 mmol) and
t-butanol (0.095 mL, 0.915 mmol) in dichloromethane (4
mL) at 0°C was treated with DCC (207 mg, 1 mmol) in

20 dichloromethane (1 mL) and DMAP (11 mg, 0.09 mmol).
The mixture was stirred at room temperature overnight,
then diluted with ether and filtered through a Celite®
pad. The filtrate was concentrated and the residue was
chromatographed on silica gel with ethyl acetate-hexane
25 to give the products as a colorless oil (175 mg, 77%).



Et OAc: hexanes (9:1) to give 616 ng (84% of the desired [err] - 68 -
Exanpl.e 25 Cl S- 2- CARBOVETHOXY- 5- (5' - BROMOURACI L-1' - YL) - 1, 3- OXATH OLANE
[err] Bis-trinethylsilyl-acetamde (4 nm., 16.2 5 mol) was added to a
suspensi on of 5-bronouracil (1.5 g, 7.9 mol) in dichloronethane (10 nl).
The reaction was stirred for 30 mnutes, yLelgdiag a clear solution. Then a
di chl oronet hane solution (5 nL) of 2-

car bonet hoxy- 5-acet oxy-1, 3-oxathiolane (1.6 g, 7.8 mmmol 10 cis:trans 1:2)

was added, foll owdg hHRTWEbCQl)l sl1. 157(gnpla) Tbeovgagtogn(gg§ g srred at

anbi ent tenperature_for nd th nt| r eat
saturat ed aqueous s&PugléﬁsQ é&w] éh %3 SQVesa |ﬁ9§423'

sqspen5|on The snspeﬂsﬂan(WQSBH, d).
: Example 37

5 CIS-T-BUTYL~5~(CYTOSIN-1'-YL)-1,3-OXATHIOLANE~-2-
CARBOXYLATE

2,4,6-collidine (0.187 mL, 1.4 mmol) and t-
butyl-dimethylsilyl trifluoromethanesulfonate (0.325
mL, 1.4 mmol) were added to a suspension of cytosine
10 '(78.6 mg, 0.7 mmol) in dichloro-methane (0.6 mL) at
' room temperature under argon atmosphere. The mixture
was stirred for 25 minutes and a mixture of cis and
trans (1:1.4) t-butyl 5-acetoxy-1,3-oxathiolane-2-
carboxylate (146.5 mg, 0.59 mmol) in dichloromethane
15 (0.6 mL) and iodotrimethylsilane (0.092 mL, 0.65 mmol)
were introduced successively. Stirring was continued
for one hour and the reaction mixture was diluted with
‘dichloromethane, washed with saturated aqueous sodium
thiosulfate, water and brine, dried over sodium sulfate
20 and concentrated. The residue was triturated with
ether-hexanes (1:1, 7 mL) and saturated aqueous sodium
bicarbonate (1.5 mL). The aqueous layer was removed
and the remaining mixture was centrifuged. The solid
was washed twice with hexanes and the washings were



filtered to remove the solid (unreacted base). The filtrate was
concemtrated and triturated with EtOAc- Hex (1:1) to give white solid which
was filtered, washed and dried to give 0.98 g (38% of the product. [err]

- 69 - Exanple 26 Cl S-2- HYDROXYMETHYL- 5- (6' - CHLOROURAC! L-1"-YL) -1, 3-

OXATHI CLANE [err] TMSOTf (4.5 nmi, 27.3 mmol)_was added to a 5 suspension of
bis-Osilyl-6-chlorouracil (9.5 g, 32.6 nnnl? and

2-carbethoxy 5- acet oxyoxat hi ol ane (6 3 g, 27.4 mol) in 1, 2-dichl oroet hane

kept 51 this (emErubEpeareies Hhe SonfPRruSRkeL Safled Whsh richeL, o
precipitate appeawatbrT&ndrhninepndmbsdcandeqoneenttoteﬁbtenglvenpbﬁature
and the white pregipli&téa EearfinhgCheePide 1Al ViFehhPly PaPoCforRd (77
mg, 52.6%, cis:trans=1:11). The white solid was dried
5 and gave the products as a cis:trans mixture in 16:1
ratio (82.6 mg, 46.4%). !H NMR (CDCl,): § 1.50, 1.52
(s, 9H), 3.12 (dd, 0.94H), 3.20 (dd, 0.06H), 3.52 (dd,
0.94H), 3.72 (dd, 0.06H), 5.37 (s, 0.94H), 5.75 (s,
0.06H), 5.82 (4, 1H), 6.44 (dd, 0.94H), 6.71 (4,
10 0.06H), 7.49 (d, 0.06H), 8.38 (d, 0.98H).

Exanmple 38

CIS- AND TRANS-2-N,N-DIETHYLAMINOCARBONYL-5-ACETOXY-
1, 3-OXATHIOLANE

0
(o) OAcC

e sj

A solution of cis- and trans-5-acetoxy-1,3-
15 oxathiolane-2-carboxylic acid (119 mg, 0.62 mmol) and
diethylamine (0.07 mL, 0.68 mmol) in dichloromethane (2
mL) at 0°C was treated with DCC (140 mg, 0.68 mmol) in
dichloromethane (1 mL) and DMAP (7.6 mg, 0.06 mmol).
The mixture was stirred at room temperature overnight,
20 then diluted with ether and filtered through a Celite®
pad. The filtrate was concentrated and the residue was
chromatographed on silica gel with ethyl acetate~hexane
to give the products as a colorless oil (84.5 mg, 55%).
15 NMR (cpcl,): & 1.10, 1.40 (6H, t); 2.07, 2.10 (3H,



dried to give 3.5 g (42% of the only cis nucl eoside ester product ([err]
NMVMR)..To a tetrahydrofuran (THF) (50 15 nl) suspension of nucl eoside ester
product (2.6 g, 8.5 nmol), under argon atnosphere, was slowy added [err]
(0.4 g, 18.6 mmpl). The reaction was stirred for 5 hours, then quenched

wi th net hanol. The sol vent was renoved, fold &%cd by subjecting the

resul ting gumy 20 material to columm chromatography (2:2:1, EtOAc-Hex-
MeOH, v/v) to yield 1.9 %g%%% of the title nucleoside. The overall yield
of these two tran&dr 11%7 S @l @)HPIEC 8 iRBT JBH ., Shy BHB8 [€Q93H, -
70 - [err] To a st)r;r &d ssugeeaymh @f. N-4-acetyl cytosine (68 ng, 0.4 mol)
I n dichloromethane (0.5 nL) 10 containing 2,4,6-collidine (105 [err], 0.8

mol ) under an ar t ghere was added trinethylsilyl
trifluoronethane-ggégﬁgggée (155 [err], 0.8 nmmol). The
CIS-Z-N,N-DIETHYLAMINOCARBONYL—S-(CYTOSINQI'-YL)-1,3-
5 OXATHIOLANE

S o OT\NjNHz
BN _7/ |

S

2,4,6-collidine (0.108 mL, 0.82 mmol) and t-

butyl-dimethylsilyl trifluoromethanesulfonate (0.188
mL, 0.82 mmol) were added to a suspension of cytosine
(45.5 mg, 0.41 mmol) in dichloromethane (0.4 mL) at

10 room temperature under argon atmosphere. The mixture
was stirred for 25 minutes and a mixture of cis and
trans (1.12:1) 2-N,N-diethylamindocarbonyl-5-acetoxy-
1,3-oxathiolane (84 mg, 0.34 mmoi) in dichloromethane
(0.4 mL) and a solution of iodotrimethylsilane (0.053

15 mL, 0.375 mmol) were introduced successively. Stirring
was continued for one hour and the reaction mixture was
diluted with dichloromethane, washed with saturated
aqueous sodium thiosulfate, water and brine, dried over
sodium sulfate and concentrated. The residue was

20 triturated with ether-hexane (1:1, 7 mL) and saturated
aqueous sodium bicarbonate (1.5 mL). The agueous layer
was removed and the remaining mixture was centrifuged.
The solid was washed twice with hexanes and the
washings were combined with centrifugate, washed with

25 1N HCl, water and brine, dried and concentrated to give



resulting mxture was stirred for 15 mnutes to give a honbgeneous
solution. The substrate, (1'S,2'R 5 S)- 15
nment hyl - 5S- acet oxy- 1, 3- oxat hi ol ane- 2R- carboxyl ate (110 ng, 0.333 mmol) was
introduced into the above solution in one batch. I.n a separate flask
equi ped with a condensor, a solution of hexaslthyld15|lazane (34 [err],
0.167 mmol ) and i odi ne (42 ng, 0.167 mmol) in 20 dichloronmethane (0.5 nl)
was refluxed under argon atnosphere for 30 minutes. After it had cooled to
room t enper at ur e, theeuprepctedostartingomateniald dnanirsuaddy puxes form
syringe, into the gyxpi) €268yt BhJohlg) suPThedlR1tadsphlin ¥asl B3R to -
71 - The reaction nlxture was t at roomtenperaty fo 7 hour s anq then
was quenched mnth9&V§oFHF|BF°9P° s1as ﬁl?ﬁﬁrGrBPssHPKFHFEd iR R4cd xatio
[err]. The resultigg. mﬁtgwevws)stlineﬂmotnﬁsé-m nUtes1o04 (OSN3INRST=7
transferred to a seParatory funpel wth tpe a| ngnrgﬂdlshloroneg ane.

’

The aqueous 12’ (t, 3H, J=7 Hz =5 Hz, 9 Hz),
3.30 (m, 4H), 3.53 (dd, 1H, J=5 Hz, 9 Hz), 5.74 (d, 1H,
J=7 Hz), 5.96 (s, 1H), 6.28 (t, 0.96H, J=5 Hz), 6.62
(m, 0.04H), 7.16 (b.s., NH), 7.22 (b.s., NH), 7.60 (4,

0.04H), 8.46 (d, 0.96H, J=7 Hz).

10 Example 40
's,2! '1S)- YI—-1,3-0XA (o) =2R=-CARBOXYLATE

To a mixture of (1'S,2'R,5'S)-menthyl-5R~
acetoxy—l,3-oxathiolane-ZR-carboxylate (2.01 g, 6.08
mmol) and triethylsilane (9.67 mL, 60.05 mmol) at room

15 temperature under argon atmosphere was added
trimethylsilyl trifluoromethanesulfonate (1.17 mL,
6.04 mmol). The reaction mixture was stirred at room
temperature for 12 hours, then diluted with
dichloromethane, washed with saturated aqueous solution

20 of sodium bicarbonate, dried over anhydrous sodium
sulfate, and evaporated to dryness in vacuo to afford
crude product. Subsequent chromatogr&phy on silica gel
using hexane-ethyl acetate as eluate gave the product
‘as colourless oil (1.33 g, 80.5%) 'H NMR (CDC1,):6 0.75-

25 2.10 (m, 15H), 2.97-3.20 (m, 2H), 4.20-4.40 (m, 2H),
4.72 (dt, 1H), 5.45 (s, 1H) [e],+104° (c 1.16, CHCl,).



phase was renoved and the organic |ayer was washed with saturated [err],

wdt er, “brine and then was dried [err]. The solvent was renpved under
reduced 10 pressure to provide 153 ng of crude product. To determ ne the
ratio of the cis-[(1'S,2'"R 5" S)-nenthyl -

5S-(N-4"-acetyl cytosin-1"-yl)-1, 3- oxat-hi ol angg2R- carboxyl ate] and
trans-[(1'S, 2" R 5" S)-nent hyl -5R- (N .
4"-acetyl cytosin-1"-yl)-1, 3- oxat hi ol ane-2R-car boxyl ate] 15 product isomers,
the crude product was subjected to [err] NVR analysis in [err]. Judging
fromthe signals Gxampdec#lprotons of the cyt osi ne noiety, the ratio of cis
[err] 8.70 (d, J=7.6 Hz) 0 trans err] 7.79 (d, J=7.6 Hz)] was determ ned
to be 7:1. 20 Exafpl 823K YLmaRm QBP&Nel 310 IPLAYES2R-m| )
was added to a st FARES _Bn(éfsb?éRt "M K4 HX ROX¥+232 3y,

0.475 mml) and t

"llo . (
S
OH
5 | A mixture of (1'S,2'R,5'S)-menthyl-1,3-

oxathiolane-2R-carboxylate (0.500 g, 1.84 mmol) and
benzoylperoxide (0.489 g, 97%, 1.96 mmol) in 20 mL
benzene was heated to reflux for 6 hours. The organic
solvent was removed in vacuo and the residue was

10 diluted with dichloromethane, washed with saturated
agueous solution of sodium bicarbonate, dried over
anhydrous sodium sulfate, and evaporated to dryness in
vacuo to afford crude benzoate product. Subsequent
chromatography by using hexane-ethyl acetate as eluate

15 gave the benzoate as a solid (0.21 g, 30.3%). The
mixture of the benzoate (0.200 g, 0.531 mmol) and
potassium carbonate (0.073 g, 0.532 mmol) in THF-MeOH-
Hzo'(4 mL/5 mL/2 mL) was stirred at 0°C for 7 hours and
organic solvent was removed in vacuo. The residue was

20 diluted with H,0 (7 mL), extracted with ether (10 mlL),
acidified with agqueous HCl, and extracted with
dichloromethane. The dichloromethane layer was dried
over sodium sulfate and evaporated to dryness in vacuo
to afford crude product. Subsequent chromatography

25 using hexane ether as eluent gave the product as a



acet oxy-1, 3-oxathiolane (76 ng, 0.396 muvl ) in dichloronethane (2.5 niL)
fcontalnlng collidine (53 [err], 0.396 mpl). The resultant m xture was
stirred for 18 hours at roomtenperature under argon atnosphere and 5 then
was quenched by the addition of 5 nL of a 0.5 Msolution of sodium
carbonate. The aqueous phase was acidified=-wé6h=1 M HC solution to pH 4,
foll owed by extraction with tetrahydrofuran (3x6 nL). The conbi ned extract
was dried over [err] and the solvent was 10 renoved under reduced pressure.
The crude productsobidi (67 mgs 4Bi7%) alBONMR t hcuct;ﬁ of dETSreEElQ o(my ovi de a

white suspensi on. o o] t e ation and was

dri ed under vacuun1€g m?f d§2ébnﬁ 2¥ié %eggrgé %r Uc%those [err] NWR
spectrum 15 i ndicated the presence of a small amount of wuracil (ca. 10%

and an isoneric pﬁxamglemi£95@6 The title conpound displayed the follomﬁng
spectral characteristic
J=4.9, 12.3 He (2IR0P'Y 4R—G fﬁ B
(d of d, 1H, %3 pw f,? [ ST e ] Z RBn tP8at nent
with [err] (J=8. =8

(&)

To a mixture of (1'S,2'R,5'S)-menthyl-4R-
hydroxy-1,3-oxathiolane-2R-carboxylate and
(1'S,2'R,5'S) -menthyl-4S~-hydroxy-1, 3-oxathiolane-2R~

10 carboxylate (40mg, 0.138 mmol) and _
methytrifluoromethansulfonyl chloride (18.24 uL, 0.239
mmol) in dichloromethane (5 mL) at room temperature
under argon atmosphere was added triethylamine (57.99
mL, 0.416 mmol). The reaction mixture was stirred at

15 room temperature for 2 hours then diluted with
dichloromethane, washed with saturated aqueous solution
of sodium bicarbonate, dried over anhydrous sodium
sulfate, and evaporated to dryness in vacuo to afford
crude product. Subsequent chromatography by using

20 hexane ether as eluent gave the product as two
diastereomers (18 mg, 42.3%, 14.6 mg, 34.2%) epimeric
at c4. 'H NMR CDC1,):§ 0.75-2.05 (m, 1S5H), 4.55 (m,
1H), 4.69 (m, 1H), 5.75 (m, 1H), 5.80 (m, 1H); &§ 0.75-
2.10 (m, 15H), 4.33 (m, 1H), 4.78 (m, 1H), 5.56 (s,

25 1H), 5.68 (m, 1H).



Ft),'11.41 (br s, 1H, exchanged with [err] ). - 73 - Exanple 29 C'S
2-'(1' - PYRROLI DI NOCARBONYL) - 5- (URACI L-1' - YL) - 1, 3- OXATHI OLANE [err]

| odotrinethylsilane (37 [err], 1 equivalent) was 5 added to a stirred
solution of cis 2-(1'-pyrrolidino- carbonyl)-5-acetoxy-1,3-oxathiolane (64
ng, 0.26 nmml) and bis-trinethylsilyluraci| £80_ng, 1.2 equivalents) in

di chl oronethane (1.5 nL) under argon atnosphéfe. The reaction m xture was
kept for 1 hour and 20 minutes 10 at roomtenperature. The reaction was
guenched with a sg*gihggﬁg% a 1:1 mxture of saturated [err] and [err],
fol l owed by dilution w dlchloronethane (4 m.). The resultant m xture
was stirred for : | Relg TbRofANE Separatory
funnel with the aid of mor e dlchloronet ane.

o)

(o) OAc

EtO _:7f’
o—/

A 2.5:1 mixture of cis and trans-2-

carboethoxy-4-acetyl-1,3-dioxolane (406 mg, 2.16 mmol),

5 85% meta-chloroperbenzoic acid (mCPBA) (68 mg, 3.81
mmol) and sodium carbonate (389 mg, 3.67 mmol) in dry
dichloromethane (10 mL) was stirred under argon for 16
hours at room temperature. The resultant suspension
was diluted with dichloromethane and water and stirred

10 for 10 minutes. The agueous phase was removed and the
organic phase was washed successively with saturated
sodium thiosulfate,'water, brine and then was dried
over anhydrous magnesium sulfate. The solvent was
removed under reduced pressure and the crude product

15 thus obtained was subjected to flash column
chromatography (30% EtOAc-Hexanes) to give the title
compound (11% yield) which displayed the following
spectral characteristics; 1y R (CDcla):S 1.31 (t, 3H,
J=7.2 Hz), 2.07 (s, 1H), 4.15 (d of 4, 1H, J=4.5, 9.1

20 Hz), 4.21-4.29 (m, 3H), 5.42 (s, 1H), 6.39 (d of d, 1H,
J=2.4, 4.5 Hz); 13c NMR (CDC1,):6 14.05, 20.97, 29.69,
71.34, 94.04, 99.80, 167.19, 170.11.



The aqueous phase was renoved and the organi c phase was washed with water,
brine, rand dried over anhydrous [err]. Renoval of the solvent under reduced
pressure and subjection of the crude product thus obtained to 20 columm
chromat ography (7% MeOH Et OAc) afforded the 74 ng (95% of the title
conpound; [err] NWR [err]: [err] 1.85- 2. 00 nl ZFD 2.00-2.15 (m 2H)
3.25-3.70 (m 6H), 5.61 (s, 1H), 5.80 (d of d. =2.3, 8.2 Hz), 6.44 (d
of d, 1H, J=4.8, 7.0 Hz), 8.29 (br s, 1H), 8.88 (d, 1H, 25 J=8.1 Hz). -
74 - Exanple 30 C%??QQEEQZ?NL 5- (URACI L-1'-YL)-1. 3- OXATHI OLANE [err]
Trimethylsilyl tritluoronme hanesulphonate (92 [err], O. 475 nnDI) was

I ntroduced to a SPRA) OARBOETROXY - D IOXOLARE nmol ) in

di chl oronet hane (1.5 nL) cont ai ni ng collldlne (63 [err], 0 475 nmol ) under
argon at nosphere. The resultant m xture was stirred

0 “\OAc
o8

A 2.5:1 mixture of cis and trans-2-
carboethoxy—-4-acetyl-1,3-dioxolane (406 mg, 2.16 mmol),
5 85% mCPBA (68 mg, 3.81 mmol) and sodium carbonate (389
mg, 3.67 mmol) in dry dichloromethane (10 mL) was
stirred under argon for 16 hours at room temperature.
The resultant suspension was diluted with
dichloromethane and water and stirred for 10 minutes.
10 The aqueous phase was removed and the organic phase was
washed successively with saturated sodium thiosulfate,
water, brine and then was dried over anhydrous
magnesium sulfate. The solvent was removed under
reduced pressure and the crude product thus obtained
15 was subjected to flash column chromatography (30%
EtOAc~-Hexanes) to give the title compound (49% yield)
which displayed the following spectral characteristics;
1y NMR (cDC1,):6 1.29 (t, 3H, J=7.2 Hz), 2.09 (s, 1H),
4.12 (4 of 4, 1H, J=0.9, 9.1 Hz), 4.19-4.31 (m, 3H),
20 5.53 (s, 1H), 6.48 (d of 4, 1H, J=0.9, 3.9 Hz).



for 15 mnutes to provide a honogeneous solution. A mxture (2.4:1,
trans:.cis) of 2-benzoyl-5-acetoxy-1,3- 10 oxathi ol ane (50 ng, 0.198 nmmol)
was added as a solution in dichloronethane (1.5 nL), followed by

i odotrinethylsilane (28 [err], 0.198 mmol). The reaction was allowed to
proceed for 22 hours and then was quenched-wgph.a solution of a 1:1 m xture
of saturated 15 [err] and [err] The resulting m xture was stirred for 5

m nutes and then was transferred to a separatory funnel with the aid of
nor e di chl or onet hggampllee48queous phase was renoved and the organic |ayer
was washed with saturated [err] mater bri ne and then mas 20 dried [err].

Thin | ayer chromEa§ TRAN : HOXN ¢
smal | anount of tEIQKQLAEEng naterral remai n unreacted The crude pr oduct

was triturated with EtOAc to provide 26 ng (43% of the - 75 - title
conmpound as a white solid; [err] NVR (DVSO): [e{r] 3.19 [err] :
(o] N o
o Y

To a stirred suspension of thymine (44.5 mgqg,
5 0.353 mmol) in dichloromethane (1 mL) containing 2,6-

lutidine (82 uL, 0.706 mmol) under an argon atmosphere
was added trimethylsilyl trifluoromethanesulphonate
(136 uL, 0.706 mmol). The resulting mixture was
stirred for 15 minutes to give a homogeneous solution.

10 A solution of the substrate, ethyl 4-acetoxy-1,3-
dioxolane-2-carboxylate (60 mg, 0.294 mmol) in
dichloromethane (1 mL) and iodotrimethylsilane (42 uL,
0.294 mmol) was sequentially introduced into the above
solution. The reaction mixture was stirred at room

15 temperature for 5 hours and then was quenched with a
half-saturated solution of Na28203 (2 mL), followed by
dilution with dichloromethane (5 mL). The resulting
mixture was stirred for 5 minutes and then was
transferred to a separatory funnel with the aid of more

20 dichloromethane. The agueous phase was removed and the
organic layer was washed with saturated Nazszosf water,
1 M HC1l, brine and then was dried (Nazso4). The solvent
was removed under reduced pressure to provide the crude
product. This material was suspended in

.25 dichloromethane (~ 1.5 mL) and then was triturated with
a 1:1 mixture of EtOAc-Hexane (~ 6 mL) to give 25 mg of



Exanple 31 (1'R 2'S, 5 R)- MENTHYL-5S- (CYTOSI N-1"-YL) -1, 3-

OXATHI.OLANE- 2R- CARBOXYLATE [err] 10 A 12:1 m xture of

(1'R 2'S,5 R-nenthyl 5S- (N-4"-acetyl cytosin-1"-yl)-oxathi ol ane-

2R- oxat hi ol ane carboxylate (cis isoner) and (1'R 2'S,5 R)-nent hyl 5R-
(N-4"-acetyl cytosin-1"-yl) -oxathiol ane-2R-oxat hi ol ane car boxyl ate (trans

i somrer) (47 ng, 0.11 mml) was 15 dissol ved ?ﬁ di chl oronet hane (0.5 nL) and
2-propanol (1 nlL). Trifluoroacetic acid (0.2 nL) was added to this solution

and the resul tant {fieXi4ise d.at ] esnilfQr hougs d Jkept
at room tenperature f%#slgugaﬁgﬁgés hé ?@%c?i%ﬁléF%tu?enags(hpsﬁt§2§m§th
20 dichl or onet hade23nd twadHedIw7:A H2)ur 338 NdFCGH,sdFidt Ha), Walse

Pekmeedprebtor $330 A7 AR 38 (06K 0, 8, e, W38 BpBaw T
(s, 1H), 6.33 (d of 4, 1H, J=2.3, 5.8 Hz), 7.52 (d, 1H,
5 J=1.1, Hz), 11.42 (br s, 1H). The triturate was

concentrated and subjected to column chromatography
(70% EtOAc-Hexane) to afford 26 mg of the two
nucleoside as a 1:1 mixture; g NMR (CDC13):8 1.33 (¢,
1.5H, J=7.2 Hz), 1.35 (t, 1.5H, J=7.2 Hz), 1.91-1.99

10 (two overlapping d, 3H), 4.16 (d of d, 0.5H, J=1.9, 9.7
Hz), 4.20-4.38 (m, 3H), 4.53 (d of d, 0.5H, J=5.8, 9.7
Hz), 5.30 (s, 0.5H), 5.72 (s, 0.5H), 6.44 (d of d,
0.5H, J=3.3, 5.4 Hz), 6.60 (d of d, 0.5H, J=2.0, 5.8
Hz), 7.10 (4, O.SH,'J=1.3 Hz), 7.75 (4, 0.5H, J=1.3

15 Hz), 9.40 (br s, 0.5H), 9.43 (br s, 0.5H).

Exanple 46

CIS AND TRANS 2-CARBOETHOXY-4-(N-4'-ACETYLCYTOSIN-1'-
XL)=1,3-DIOXOLANE :

To a stirred suspension of N-acetylcytosine
20 (66 mg, 0.430 mmol) in dry cnzcl2 (1.5 mL) under an
argon atmosphere was added, successively, 2,6-lutidine
(100 uL, 0.859 mmol) and trimethylsilyl
trifluoromethanesulphonate (166 ulL, 0.859 mmol). The
resultant mixture was stirred for 25 minutes to produce



afford 40 ng (95% of the title conpounds. The [err] NVR spectrum of the
above nmaterial suggested a purity of > 97% Based on the signals derived
fromthe C6 hydrogen of the cytosine noiety present in both of the isoners,
5 the 12:1 ratio of the cis [([err] 8.38 (d, J=7.3 Hz)] and trans [([err]
7.48 (d, J=7.3 Hz)] nucl eosi des was nai nt aingd. -The naj or conpound was
obt ai ned by fractional crystallization with nethanol and displ ayed physical
properties identical to those reported in this 10 exanple. Exanple 32

(1'S, 2' R 5'S) - MVENEHYOm&Genitous- sGEUYLGNTOSANsOluklipn of a 4:1 mixture of

1. 3- OXATHI OLANE- 2R ' ; ' _BR-ac -1.3-

15 oxathioIane-2ﬁgkgfﬁﬁgzﬁgéégzEg&%%PségﬁggyﬁﬁgF§LF§§g}§%Po?gﬁgPEéﬁéyéé?S

nL) and iodotri memdy| @i BB empolp2énnCH, 0L, 661 mia) )wamthendbatxeduced,
i1yl d N ' : \

ot BN - o TS T A ORbed RefBnafs 1 3he TBL) SRSl

refluxing N-4-acetylcytosipe in 1,1
(HMVDS) over ni ght ?ﬁet%%aﬁFbgﬁnﬁéso?ilﬁYQFyFPcpﬁﬂﬁﬂﬁg EerapfiohPurssandat e-
and subsequent|ly then was quenched with saturated sodium thiosulfate.
The resulting mixture was diluted with CH2c12 and was
washed successively with saturated sodium thiosulfate,
water, brine, and then was dried over anhyydrous
10 magnesium sulfate. Removal of the solvent under
reduced pressure gave the crude product which was
purified by flash column chromatography (2% MeOH-EtOAc)
to afford 44% of the title compounds as a 3:1 mixture
of the cis and trans isomers; 1y NMR (CDC13):6 1.34 (t,
15 3H, J=7.0 Hz), 2.28 (s, 0.75H), 2.29 (s, 0.25H), 4.21-
4.35 (m, 3H), 4.36 (d of 4, 0.75 H, J=5.2, 9.9 Hz),
4.59 (d of d, 0.25H, J=5.2, 9.9 Hz), 5.39 (s, 0.75H),
5.77 (s, 0.25H), 6.24 (d of 4, 0.75H, J=2.8, 5.1 Hz),
6.39 (d of 4, 0.25H, J=1.7, 5.1 Hz), 7.49 (2
20 overlapping doublets, 1H), 7.79 (d, 0.25H, J=7.6 Hz),
8.40 (d, 0.75H, J=7.6 Hz), 9.95 (br s, 1H).



renoving HVDS, in dichloronethane (0.5 nL) under argon atnosphere at room
tenperature. The stirring was continued for 19 hours and thin | ayer

chromat ography 25 showed al nost conpl ete consunption of the starting -
77 - oxathiolane. The reaction mxture was diluted wi th dichl oronet hane,
washed with saturated agqueous sodi um bi car Bom®t & aqueous sodi um
thiosulfate and brine, dried over sodiumsulfate, concentrated and dried to
5 afford 70 ng (100% of crude products. [err] suggested [err] 15 Exanple
33 (1'S,2' R 5'S) - Exempdle AF (N- 4" - ACETYLCYTOSI N-1"-YL) - 1.

3- OXATHI OLANE- 2R- CARBOXYLATE [err] trinmethylsilyl trifluoronethanesul fonate
(0.038 mml, 20 dXOGIHHND WEWW'A.MMW%BO 5 ny,
0.199 mmol) in di &aESPaEddia e L0 Ser-t-erpe gder  ar gon

at nosphere. The nlxture mas

o OCOCH; 0
O O
.Ho).\< :{ Ho/K< j\m,
S S

Trans-5-hydroxy-1,3-oxathiolane-2-carboxylic
5 acid (250 g, 1.67 mol) was added, in portions, to a
stirred solution of acetic anhydride (0.625 L, 6.62
mol) and methanesulphonic acid (5 mL, 77 mmol) at room
temperature. The resultant clear solution was stirred
at room temperature for 60 minutes, slowly added to
10 stirred aqueous 0.03 M sodium bicarbonate solution
(2.5L) and then the mixture was stirred for a further
60 minutes. Sodium chloride (750 g, 12.83 mol) was
added and the mixture was stirred for a further 30
minutes, clarified, and then extracted with isopropyl
15 acetate (1 x 1.25 L, 3 x 0.625 L). The combined
extracts were concentrated to 1.25 L under reduced
pressure. Xylene (2.5 L) was added and the mixture
reconcentrated to 1.25 L under reduced pressure. The
xylene addition/reconcentration procedure was repeated
20 and the resultant suspension was cooled to room
temperature and stirred for 18 hours. The solid was
collected by vacuum filtration, washed with xylehe (2 x
0.25 L) and dried, in vacuo, at 40-45° to give the
title compound (265 g, 83%) which was shown, by




stirred for 20 mnutes and a solution of (1'S,2'R 5" S)-

ment hyl - 5S- acet oxy- 1, 3- oxat hi ol ane- 2R-car boxyl ate (55 25 ng, 0.166 mmol)

i n dichl oronethane (0.3 nL) and iodotrinmethyl-silane (0.026 m., 0.166 mmol)
wer e - 78 - introduced successively. The stirring was continued for 2.5
hour and thin |ayer chromatography showed eo®pl et e consunption of the
starting oxathiolane. The reaction mxture was diluted with

di chl oronet hane, 5 washed with gaturated aqueous sodi um bi car bonat e,
aqueous sodi um t hcomparisenapd DHi NMR gépectirayctosbei ansSuBbamd xture of

concentrate and dihgdcgﬁggg%g%gp%og%%mﬁég%?%eggdpQude products. [err] NWR

suggested cis:trans rat r irnpurity detectable by the
spectrum [err] Exanple 34 CI'S- AND TRANS- | SOPROPYL

5- ACETOXY- 1, 3- OXAERhbAME48- CARBOXYLATE [err]

SR-ACETOXY-1, 3-OXATHIOLANE-2R-CARBOXYLIC ACID, SALT
5 W 1S,2R~n=(1-AMINOETHYL ) BENZENEMETHANOL, (1:1)

Ph OH o
HO,C, OCOCH,
S
H,C NHz

a) . A solution of 1S,2R-a-(l-aminoethyl)-
benzenemethanol (125.9 g, 0.83 mol) in isopropyl
acetate (0.5L) was added to a stirred solution of (%)
cis-/trans-5-acetoxy-1,3-oxathiolane-2-carboxylic acid

10 (Example 47; 400 g, 2.08 mol), in isopropyl acetate
(4.2 L), at room temperature under a nitrogen
atmosphere. The resultant solution was stirred for 10
minutes, seeded with authentic product (0.4 g) and
stirred for a further 4 hours at room temperature. The

15 suspension was stirred at 15-18° for 17 hours and the
solid was collected by vacuum filtration, washed with
isopropyl acetate (1 x. 0.4 L, 1 x 0.2 L) and dried, in
vacuo, at 45° to give the title compound (205.9 g,
28%). [e] +34° (MeOH), mp 151-2° (decomp) , & (DMSO-D;;)

20 0.91 (4, 3H, J=6.8 Hz), 2.05 (s, 3H), 3.04 (d, 1H, J=11
Hz), 3.32 (ad, 1H, J=4.2 Hz), 3.40 (dq, 1H, J=6.8, 2.4
Hz), 4.97 (4, 1H, J=2.4 Hz), 5.34 (s, 1H), ca. 6.4 (br,
1H), 7.2-7.4 (m, SH), ca. 8.3 (br, 3H).



A solution of cis- and trans 5-acetoxy-1,3- 20 oxat hi ol ane- 2- car boxyl i ¢
acid (260 ng, 1.3528 mml) and isopropanol (0.11 nL, 1.3528 nmol) in

di chl oronethane (4 nlL) at [err] was treated with dicycl ohexyl carboii m de
(DCC) (279 nmg, 1.3528 mml) in dichloronmethane (1 nL) and 4

di met hyl am nopyridine (DVAP) (14 ng, 0.135 nmmol). 25 The m xture was
stirred at roomtenperature overnight, = P4 = then diluted with ether
and filtered through a [err] pad. The filtrate was concentrated and the

resi due was chronmat ographed n SI|IC el q%% acetate hexane to give
the products as a col orless a&&l%%th]? 519 (g hyly<r]

1.26 (6H, d); 2. 1benZeman(e:ﬂ1,am)], (1773 wigy 44 .(I7H mmo1) Eirﬁidobi:oppl 5. 60,
3 gl | SoproML- o (%g%giﬁ* 61';% I 10, ﬁ%%‘%@%%rﬁ ehﬁ‘
rans-s-acetoxy-l 3-oxathiolane-2-carboxylic acid (500
5 mg, 2.60 mmol) in isopropyl acetate (6 mL) at 25-30°,
and further isopropyl acetate (0.5 mL) was added.
Crystallisation commenced after 5 minutes. The
suspension was stirred at 25-30° for 18 hours and then
the solid was collected by vacuum filtration, washed
10 with isopropyl acetate (1 mL) and dried, in vacuo, at
40° to give the title compound (353 mg, 40%), as shown
by comparison of its H NMR spectrum with that of part

(a).
Example 49

15 =1~ S=5-ACETOXY-1, 3-OXATHIOLANE~-2-CARBOXYLIC ACID

HO.C,, 0 OCOCH,

)

5 M-Aqueous hydrochloric acid (126 mL, 0.63
mol) was added to a stirred suspension of the compound
of Example 48 (180 g, 0.52 mol) in saturated aqueous
sodium chloride (414 mL) at room temperature. The

20 mixture was stirred at room temperature for 30 minutes,
cooled to 10° and stirred at this temperature for a
further 30 minutes. The solid was collected by vacuum
filtration, washed with chilled water (2 x 90 mL) and



2,4,6-collidine (0.23 nL, 1.74 mmol) and t- butyl-dinmethylsilyl
trlfluoronethanesulfonate (0.4 m., 1.74 mol) were added to a suspension of
cyt05|ne (96.7 ng, 0.87 mmol) in dichloronmethane (0.8 nmL.) at room 15

t enperature under argon atnosphere. The mixture was stirred for 25 mnutes
and a solution of cis:trans (1.2:1) isopropygsS=acetoxy-1, 3-oxat hi ol ane- 2-
carboxylate (168 ng, 0.717 mml) in dichloronethane (0.8 nmL) and a sol ution
of iodotrinethylsilane (0.114 20 ni, 0.788 mol) were introduced

successi vel y. Staﬁéag YASv&enb| naedsser tengiteuthentdithe cempbuna mi xture
was diluted with ?&g %oronﬁigﬁne, washed with saturated agueous sodi um

thi osul fate, wate fi Uried over sodium sul fate and concentrat ed.
The residue was 25 triturated with ether-hexane (1:1, 7 nL) and saturated

- 80 - aqueous sqﬂ%gg;ﬁéésébonate (1.5 nL). The aqueous | ayer was renoved
g

and the remainin was centrifuged. The solid was washed twice with

hexanes and (1'R,2'S, 5 'R) ~MENTHYL-SR ACETOXY-1,3-OXATHIOLANE- 2R~
5 QAE&QK!LATE '
o
OAc

J

S

a) A solution of oxalyl chloride (66.5 g,
0.52 mol) in dichloromethane (120 mL) was added over 30
minutes to a stirred cold (-5°) mixture of N,N-
dimethylformamide (32 mL) and dichloromethane (240 mL),

10 and the suspension formed was stirred at -5 to 0° for
30 minutes. The compound of Example 49 (80 g, 0.42
mol) was added in portions and the resultant yellow
solution was stirred at 0° for 45 minutes. This
solution was added over 60 minutes to a stirred, cold

15 (-5°) solution of (1R,2S,5R)-(-)-menthol (65.2 g, 0.425
mol) in dichloromethane (200 mL) and pyridine (84mL,
1.04mol) and the resultant suspension was stirred at 0-
5° for a further 2 hours.

. The reaction mixture was washed with 2 M-

20 aqueous hydrochloric acid (1 x 240 mL, 1 x 160 mL) and
the combined aqueous acidic washes were back extracted
with dichloromethane (160 mL). The organic phases were
combined, clarified, and concentrated in vacuo to c.a.
240 mL, 2,2,4-trimethylpentane (400 mL) was added and

25 the sqlution concentrated, in vacuo, to 240 mlL.



the washings were combined with centrifugate, washed 5 with 1IN HCl, water
and brine, dried and concentrated to give the unreacted starting materi al
invirtually pure form (64 ng, 38% cis:trans=1:9). The white solid was
dried and gave the products as a cis: trans mxture in 12:1 ratio (122.6
ng, 60%. [err] NVR [err]: [err] 1.30 (t, 10 6H), 3.11 (dd, 1H), 3.52 (dd,
1H, 5.11 (m 1H, 5.45 (s, 1H, 5.82 (d, =18, =6. 47 (dd, 0.92H), 6.72 (m
0.08H), 7.49 (d, 0.08H), 8.32 (d, 0.92H). Exanple 36 CI'S- AND TRANS-

T- BUTYL 5- ACETOXY-1, 3- OXATRI OLANE- 2- 15 CARBOXYLATE [err] A solution of
cis- and trans- Srys&adljsationoef: thel predactaosswyired stimingl thery, 0.915

mol ) and t-but agektif1830k: Qh%ﬁeml,)z,hrlt@iﬁ:@tﬁyig&h%% ((ﬁow-%nfﬁt
[err] was treateg gntgﬁggc ggoﬁ gg,_l nmol ) hn 20 d;c korone{hane L
and DVAP (11 ny, ¥BS089Af6 phdrhBe mikkREe goncentraged: tooGner e 98 Alur e
overni ght, then Théeustirredhsaspenssod “aktehed tbodeghta Eer ahdpagedlhe
b 2 e 120 800e6P B8 RindRds! "orhE LY Ta" AR5 B2 TRLREARY ValRun! ' ' O 9
filtration, washed with 2,2,4-trimethylpentane (2 x 80
mL) and dried, in vacuo,.at 33° to give the title
compound (93.2 g, 68%) as shown by comparison of the 1z
NMR spectrum with that of Example 8.

10 b) Oxalyl chloride (102 g, 0.80 mol) was
added over 20 minutes to a stirred, cold (-10°) mixture
of N,N-dimethylformamide (63 mL) and dichloromethane
(840 mL) and the suspension formed was stirred at -10°
to -6° for 15 minutes. The compound of Example B (140

15 g, 0.728 mol) was added and the resultant pale yellow
solution was stirred at -8° for 20 minutes.

(1R, 2S,5R) ~(~)-Menthol (126 g, 0.80 mol) was added
followed by pyridine (140 mL, 1.73 mol), added over 50
minutes. The suspension formed was stirred at -9° for

20 18 hours and then 1 M aqueous hydrochloric acid (280
ml) was added. The separated aqueous acid phase was
extracted with dichloromethane (140 mL) and the
combined organic phases were washed with 1 M aqueous
hydrochloric acid (280 mL). The aqueous phase was back

25 extracted with dichloromethane (140 mL) and the
combined organic phases were washed with a solution
containing sodium hydrogen carbonate (5.6 g) and sodium
chloride (28 g) in water (266 mL). The aqueous phase
was back extracted with dichloromethane (140 mL) and

30 the combined organic phases were clarified and
concentrated to 560 mL by distillation at atmospheric
pressure. 2,2,4-Trimethylpentane (700 mL) was added

"and the solution was concentrated, in vacuo, to 700 nL.
The 2,2,4~-trimethylpentane addition/reconcentration
35 procedure was repeated, and the resultant solution was



25 to give the products as a colorless oil (175 mg, 779%. - 81 - [err]
NVR [err]: [err] 1.46 (9H, d); 2.07, 2.09 (3H s); 3.10-3.44 (2H m;
5.50, 5.52 (1H, s); 6.60 (0.42H, m; 6.74 (0.58H, d). Exanple 37 5

Cl S-T-BUTYL-5- (CYTOSI N-1' - YL) - 1, 3- OXATHI OLANE- 2- CARBOXYLATE [err]
2,4,6-collidine (0.187 nL, 1.4 mmol) and t_ gyt yl -di met hyl silyl
~trifluoronethanesul fonate (0.325 nm., 1.4 nmmol) were added to a suspensi on
of cytosine 10 (78.6 ng, 0.7 mmol) in dichloro-nethane (0.6 nL) at room

tegper at U{ e undfer cablea tmsphqealed}hewmﬁ Authentid Iﬂrrdaiad‘tor(otza rq m&tez
o boxyl at e (146, $45yang 33 ol 0k, SHEPARS DN FAE SHS RS FErSd S APE 2
|odotr|nethyIS|Iaheut§ afd the Baﬁidnwab)cu&necmeﬂrh@u&aﬁunmuﬁi&hn&ﬂﬁpn,
Stirring was contigugdy with 2,2,4-trimethylpentane (2 x 70 mL) and _
5 dried, in vacuo, at 43° to give the title compound (332.
g, 14%) as shown by comparison of the Ix aMRr spectrum
with that of Example 8).
While we have presented a number of
embodiments of our invention, many alternatives,
10 modifications and variations of these embodiments will
be apparent to those of ordinary skill in the art.
Therefore, it will be appreciated that the scope of
this invention is to be defined by the following
claims, rather than the specific examples presented
15 above.



for one hour and the reaction mixture was diluted with dichloronethane

washed'wi th saturated aqueous sodiumthiosul fate, water aﬂussﬁge{ﬁ dr e

over sodiumsulfate 20 and concentrated. The residue was t

et her-hexanes (1:1, 7 nL) and saturated aqueous sodi um bic

m.). The aqueous. | ayer was renoved and the.rggaLni ng nixtu

centrifuged. The solid was washed twi ce with hexanes and the mashlngs wer e
- 82 - conbined with the centrifugate, washed with 1IN HC, water and brine,
dried and concent gahgflst0 gi ve the unreacted starting material in virtually
pure form (77 ng, 52.6% cis:trans=1:11). The white solid was dried 5 and
gave the products as a cis:fi.ansandiastereosédettize prog&esé for 46. 4% .

NVR 0 3 20 dd
0’0oty 3,52 (a, PEOBtnEsoptiERLY plbhve edespibacsplag) pnd, S
0.06H), 5.82 (d, nuflegside(apnalogyes)ang. vlgréuatwesowsﬂpmxnhg(
0.06H), 8.38 (d, 0.98H).

ROCH, W Ry
(1)

wherein W is S, S§=0, s0,, or O;
X is 8§, s$=0, so,, or 0;
R1 is hydrogen or acyl; and
R, is a desired purine or pyrimidine base or
an analogue or derivative thereof
the process comprising the step of glycosylating the
desired purine or pyrimidine base or analogue or '
derivative thereof with an intermediate of
formula (IXa) or (IIb)

W L W, L
(I1a) g . <j' i jr" (IIb)
3 <
X ' X

wherein R, is a substituted carbonyl or carbonyl
derivative; and
L is a leaving group,

using a Lewis acid of the formula (III)
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REPLACED "
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Exanble éé ClS- AND TRANS- 2- N, N- DI ETHYLAM NOCARBONYL- 5- ACETOXY-
1.'3- OXATHI OLANE [err] A solution of cis- and trans-5- acetoxyri 3« 15—

oxat hi ol ane- 2- carboxylic acid (119 ng, 0.62 mmol) and di ety %
m., 0.68 nmmol) in dichloronmethane (2 nL) at [err] was treat ¥
ng, 0.68 mml) in dichloronethane (1 ni) and 3P (7 6 ng,

m xture was stirred at roomtenperature overnlght then
ether and filtered through a [err] pad. The fiItrate was concentrated and

the residue was chronatographed on silica gel with ethyl acetate-hexane to
give the products as a colorless oil (84.5 ﬁg 559@ [err] 1.10, 1.40 (6H,
t); 2.07, 2.10 (3H, - 83 - Exanple g9 gi - II

Cl S-2- N, N- DI ETHYLAM NOCARBONYL- 5-( CYTCS! N- 1y -YL)°—1, 3- 5 OXATH hAﬂE

R,
) wherein R,, R, and R, are independently §e1ected from
the group consisting of hydrogen; Cy_pp alkyl
optionally substituted by fluoro, bromo,
chloro, iodo, C, ¢ alkoxy or Cepp aATrYloxy;
C,.50 aralkyl optionally substituted by
halogen, C,_ ,, alkyl or Cy-90 alkoxy; C. .,
aryl optionally substituted by fluoro, bromo,
chloro, iodo, C, ,, alkyl or Cy.p0 2lkoxy;
trialkylsilyl; fluoro; bromo; chloro and
iodo; and
R8 is selected from the groﬁp consisting of
fluoro; bromo; chloro; iodo; C1-2o sulphonate
esters, optionally substituted by fluoro,
bromo, chloro or iodo; cl_20 alkyl esters
optionally substituted by fluoro, bromo,
chloro or iodo; polyvalent halides;
trisubstituted silyl groups of the general
formula (Rs)(RS)(R7)si (wherein R;, R, and R,
are as defined above); saturated or
unsaturated selenenyl Cs-20 aryl; substituted
or unsubstituted Ce_o0 2rylsulfenyl;
substituted or unsubstituted Ce_20
alkoxyalkyl; and trialkylsiloxy.

2. The process according to claim 1,
further comprising the step of reducing R, of the
glycosylated purine or pyrimidine base or analogue or
derivative therof to produce the optically active cis-
nucleoside or nucleoside analogue or derivative of
formula (I).
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[err] 2, 4 6-collidine (0.108 nL, 0.82 mmol) and t- butyl-di methylsilyl—
ttlfluoronethanesulfonate (0. 188 m., 0.82 nmmol) were added to a sus e S|on
‘of cytosine (45.5 ng, 0.41 mmwl) in dichl oronet hane (O'Hmﬁh

t enperature under argon atnosphere. The m xture was stlr |“ tes
and a m xture of cis and trans (1.12:1) - 100 -

2- N, N-di et hyl am ndocar bonyl - 5- acet oxy- 1, 3-oxat hi ol ane ( .34

i n dichloronethane (0.4 nL) and a sol ution of iodotrinethyIS|Iane (0. 053 15
m., 0.375 mmol) were introduced successively. Stirring was continued for

one hour and the reaction ngxturephdesrédckdkedchbrlifgcibotaatinhane, washed
W th saturated aqueous sodi um hIOSUEL brine,.,dried over

at e
sodi um sul fate anﬁ“EBHQEnFPHP€351Wﬂe esFhge RSSPEBQPF?Pgrgpgd with
et her - hexane (1: 11n€eﬂhédﬁ8ﬁesan(mIaM ernu¢Ilb) sbyi chenicallynaesolvingnl ).

The aqueous | ayer_was teppv t egaj, &l 1 XleUT, S n ged.
The solid was wash® ggrﬁgeﬁgﬁ3xgggé gﬁgg#ﬁgr%géﬁiAggﬁae?gacgng%ﬁed wth
centrifugate, washeﬂngnahcnsraN axilgar¥s and brine, dried and
concentrated to give

4. The process according to claim 1,
wherein the intermediate is the compound of formula
(IIa).

5. The process according to claim 1,
wherein the intermediate is the compound of formula
(IIb).

6. The process according to claim 1,
wherein the intermediate is selected from the group

consisting of

. _<x‘":,/" j

7. A diastereoselective process for
producing optically active cis-nucleoside and
nucleoside analogues and derivatives of formula (I)

R,OCH, W. R,

(I)

THIS SHEET HAS BEEN
— REPLAGED

HlIIlll Ul IIIH Mlll H Illl




- 84-- the unreacted starting material in virtually pure form (17 ng, 20%
trans only). The white solid was dried to give the products as a cis:trans
mxture in 24:1 ratio [err] 10 Exanple 40

(1'S.2' R 5' S)- MENTHYL- 1. 3- OXATHI OLANE- 2R- CARBOXYLATE [ er rThisBheenHas BetnReplaci]
(1'S,2'R 5' S)-nment hyl -5R- acet oxy- 1, 3- oxathlgbfng 2R-car bo m Ilm m

6.08 mmol) and triethylsilane (9.67 nL, 60.05 nmol) at roop
under argon atnosphere was added trinethylsilyl trifl uoromet anesu onat e
(1.17 m, 6.04 Mol ). The reaction mxture was stirred at roomtenperature
for 12 hours, then_diluted w th dichloronethane, washed with saturated
aqueous sol ution Z@er&fifbodﬂjr%nsolsoalsaﬂwats@,z'dPF'eH’rover anhydr ous sodi um

sul fate, and evaporated to & Waegs |gg=ovacy¢p t exabf;ord crude product.
Subsequent chromat ography on sili ca gel usi ng hexane- et hyl acetate as
el uate gave the product R, is hydrogen or acyl; and

R, is a desired purine or pyrimidine base or
an analogue or derivative thereof
the process comprising the step'of glycosylating the
desired purine or pyrimidine base or analogue or
derivative thereof with a single enantiomer of a
compound of formula (II)

™ L
ns‘MN< j"' (11)
X

wherein R, is a substituted carbonyl or carbonyl
derivative; and
L is a leaving group,

using a lLewis acid of the formula (III)

s :
R, - sli - Ry (III)
R,
wherein R,, R, and R, are independently selected from

the group consisting of hydrogen; Cy.20 alkyl
optionally substituted by fluoro, bromo,
chloro, iodo, C;.¢ alkoxy or C. ., aryloxy;
C, 5o aralkyl optionally substituted by
halogen, C, ,, alkyl or C,_ ,, alkoxy; Ce-20
aryl optionally substituted by fluoro, bromo,
alkyl or C

chloro, iodo, C alkoxy;

1-20 1-20

[~




as col ourless oil (1.33 g, 80.5% [err] O.75- - 85 - Exanple 41
(X' S 2R 5" S)- MENTHYL- 4R- HYDROXY- 1, 3- OXATHI CLANE- 2R- CARB&RXHeé %Reilﬁed

(1'S,2' R 5'S) - MENTHYL- 4S- HYDROXY- 1, 3- OXATHI OLANE- 2R- CARB
A mxture of (1'S,2°R 5" S)-nent hyl -1, 3- oxat hi ol ane- 2R-car
g, 1.84 mol) and benzoyl peroxide (0.489 g. fy26-1. 96 mol

benzene was heated to reflux for 6 hours. The organic solvent was renoved
in vacuo and the residue was 10 diluted with dichl oronethane, washed with

sat urated agueous sol ution Q&lggﬂyq.uungrhqmaba briotd ;0\ 1o \ahd us

sodi um sul fate, and evaporated to _dryness In vacuo to afford crude benzoate

product. Subsequent chromat ih nﬂi usi ng hexane-ethyl acetate as eluate

15 gave the benzoate as a aglné gelatted fPondthe Greup consdstinghof
1

benzoate (0.200 g, 0.531 oro, bromo; chloro; iodo; c120 sulphonate
esters, opt1ona11y substituted by fluoro,
bromo, chloro or ijodo; C, ., alkyl esters
optionally substituted by fluoro, bromo,
chloro or iodo; polyvalent halides;
trisubstituted silyl groups of the general
formula (R;) (R,) (R,)Si (wherein R;, R,, and R,
are as defined above); saturated or
unsaturated selenenyl Ce-20 aryl; substituted

or unsubstituted C arylsulfenyl;

6-20
substituted or unsubstituted Cs-20

alkoxyalkyl; and trialkylsiloxy.

8. The process according to claim 7,
further comprising the step of reducing R, of the
glycosylated purine or pyrimidine base or analogue or
derivative therof to produce the optically active cis-
nucleoside or nucleoside analogue or derivative of
formula (I).

9. The process according to claim 7,
further comprising the step of resolving the compound
of formula (II) into a single enantiomer using a chiral
auxiliary before glycosylating the desired purine or
pyrimidine base. .

10. The process according to any one of
claims 1 to 9, wherein W is O and X is S.

11. The process according to claim 10,
wherein R, is a pyrimidine base.
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pot assi um carbonate (0.073 g, 0.532 mmol) in THF-MeOH [err] (4 nl/5 ni/2
M) was stirred at [err] for 7 hours and organic solvenrnmﬁ%mxﬁmm&mmk kaced
vacuo. The residue was 20 diluted with [err] (7 nL), ext her
(10 nL), acidified with aqueous HC, and extracted with d
The dichl oromet hane | ayer was dried over sodiggn-sul fate an evaporate :
dryness in vacuo to afford crude product. Subsequent chromatography 25

usi ng hexane ether as eluent gave the product as a - 86 - [err] Exanple
42 (1'S,2'R 5" S) - MENTHYL- 4R1€HLOBﬁélp9o9xé§FhabAidEia§- tb cTARROXY,ATE AND

(1'S,2°R5'S) - WM’L4S 1 E- 2R- OXYLATE lerr]l T
m xture of (1'S, WRE EE%ER§?1HiFiﬁMAg €§39§§ggﬁﬁgl§%eé%R-£arbeyFa?e

and (1'S,2' R 5 S)fhnotngtdSahgdroxy 1, 3- oxathiolane-ZR-

"13. The process accordiﬂg to any one of
claims 1 to 9, wherein the Lewis acid is selected from
the group consisting of trimethylsilyl triflate and
jodotrimethylsilane.

14. The process according to claim 3 or 9,
wherein the chiral auxiliary is selected from the group
consisting of chiral alcohols and chiral amines.

15. - The process according to claim 14,
wherein the chiral auxiliary is selected from the group
consisting of (d)-menthol, (1)-menthol, (+)-
norephedrine and (~)-norephedrine.

16. The process according to any one qf
claims 1 to 9, wherein R, is selected from the gfoup
consisting of alkoxycarbonyls, carboxyls,
diethylcarboxamide, pyrrolidine amide, methyl ketone
and phenyl ketone. |

17. The process according to claim 16,
wherein the R, is selected from the group consisting of
alkoxycarbonyls and carboxyls.

18. The process according to claim 7 or 8,
further comprising the step of producing the compound
of formula (II) by chemoselectively reducing the
compound of formula (IV)
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10 carboxylate (40ng, 0.138 mml) and net hytrifl uoronet hansul fonyl. ... —— —--
chlforide (18.24 [err], 0.239 mml) in dichloronethane (5 nL) at room

t enper ature under argon at nosphere was added tri et hyl am nelf een Replagpd
mml ). The reaction m xture was stirred at 15 roomterrpere1 “H

hours then diluted with dichl oronethane, wash@d with saturat

sol ution of sodi um bi carbonate, dried over anhydrous sodi um sul fate, and
evaporated to dryness in vacuo to afford crude product. Subsequent

chr omat ogr aphy by using 20 hexane ether gW.el uglt gave the product as two
di astereonmers (18 ng, 42.3% 14.6 % lmeric [err] W/ -
Exanpl e 43 CI S 2- CARBOETHOXY- 4- ACETOXY- 1\3- DI @XOLANE [err] A 2.%: 1 mxture
of cis and trans-2- carboet hoxy-4-acetyl - i oxol ane (406 ng, 2.16 mmol),

and converting the resulting hydroxyl group to leaving
group L.

19. The process according to claim 18,
further comprising the step of reacting the compound of
formula (IV) with a chiral auxiliary before it is

. chemoselectively reduced.

20. A diastereoselective process for
producing optically active cis-oxathiolane and
analogues and derivatives of formula (Ia)

R'OCH{<°]/R2 (Ia)
s

wherein R, is hydrogen or acyl; and
R, is a desired purine or pyrimidine base or
an analogue or derivative thereof
comprising the step of glycosylating the desired purine
or pyrimidine base or analogue or derivative thereof
with a single enantiomer of a resolved ester derived
from the compound of formula (IX)

0
/]

o OCH,

Ho,c.w< (IX)
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5 85@6neté-chloroperbenzoic acid (mCPBA) (68 ng, 3.81 mmol) and sodi um
carbonate (389 ng; 3.67 mmol) in dry dichloronethane (16 m)-—was—stirred

under argon for 16 hours at roomtenperature. The resultapt usp

di luted with dichl oronethane and water and stirred 10 for :
aqueous phase was renoved and the organi c phpee was washed mﬂw:ﬂﬂﬂ
with saturated sodiumthiosulfate, water, brine and then

anhydr ous nmagnesi um sul fate. The sol vent was renoved under reduced pressure
and the crude product 15 thus obtai ned was subjected to flash colum

e - ' it d (11%yvyield
cpr o ography (SEAGOE LRSS Gt Wielil SEApOUNY (110611

whi ch di splayed th OW ng spec char acteri [

1.31 (t, 3H, - 88 - Exanple 44 TRANS R, _

2- CARBCETHOXY- 4- ACETOXY- 1. 3- DI OXOLANE [errH.A 2.5:1 mxture of cis and

trans-2- . R, - ?1 - Ry (IXI)
R, -

wherein R,
the group consisting of hydrogen; Cy.90 alkyl
optionally substituted by fluoro, bromo,
chloro, iodo, C;.¢ alkoxy or Cg-20 3ryloxy; C,.
20 aralkyl optionally substituted by halogen,
C,-20 alkyl or C,-20 alkoxy; Ce-20 aryl
optionally substituted by fluoro, bromo,
chloro, iodo, C, ,, alkyl or C,_oo alkoxy;
trialkylsilyl; fluoro; bromo; chloro and
iodo; and '

Ry is selected from the group consisting of

» Rg and R, are independently selected from

fluoro; bromo; chloro; iodo; Cl_20 sulphonate
esters, optionally substituted by fluoro,
bromo, chloro or iodo; cl_20 alkyl esters
optionally substituted by fluoro, bromo,
chloro or iodo; polyvalent halides;
trisubstituted silyl groups of the general
formula (Rs)(Rs)(R7)si (wherein R., R;, and R,
are as defined above); saturated or
unsaturated selenenyl Ce-20 2ryl; substituted
or unsubstituted Ce-20 arylsulfenyl;
substituted or unsubstituted C,_,,
alkoxyalkyl; and trialkylsiloxy.

21. The process according to claim 20,
further comprising the step of reducing the
glycosylated purine or pyrimidine base or analogue or

S THIS SHEET HAS BEEN
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car boet hoxy-4-acetyl -1, 3-di oxol ane (406 ng, 2.16 mol), 5 85% nCPBA (68
mg, 3.81 mol) and sodi um carbonate (389 ng, 3.67 mol) iThis@hest Has Been Replaced
di chl oronet hane (10 nlL) was stirred under argon for 16 hou
tenperature. The resultant suspension was diluted with dic nd
water and stirred for 10 mnutes. 10 The aq®&@6éus phase was renoved and t he
organi ¢ phase was washed successively with saturated sodi umthiosulfate,
wat er, brine and then, was, dri ed over anhydrous magnesi um sul fate. The

sol vent was renov@RRitREive khaxeof Lo produge (the optically Retivescis-
obtai ned 15 was vidtiicThne® Jf afta XegueTor HerBroeivwe e (£834ula (Ia)

Et OAc- Hexanes) to give the title conpound (49% yield) which displayed the
foll owi ng spectral characteristics; [err] 1.29 (t, 3H J=7.2 Hz), 2.09 (s,
1H, 4.12 (d of d, 1H J=0. ®2.9. The protedsd ActoXdingdfo eclaim5Po s, 1H),

6.48 (d of d, 1H, ﬂﬁ%h%ﬁ-c%nl@ising “tHE s'tég(aéplﬁ-cfld%cing the single -
enantiomer of the ester derived from formula (IX) using
a chiral auxiliary.

23. The process according to claim 22,
wherein the chiral auxiliary is selected from the group
consisting of (d)-menthol and (1)-menthol.

24. The process according to claim 20,
wherein R, is a pyrimidine base.

25. The process according to claim 24,
wherein the pyrimidine base is cytosine or S-

fluorocytosine.

26. An intermediate of formula (II)
w. L
Rs“‘““‘< j"
X

wherein W is S, S§=0, $0,,. or O;
X is 8, s=0, soz, or O;

(1I)

. R, is a substituted carbonyl or carbonyl
derivative; and
L is a leaving group.
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- ‘ |||\“‘ “““ |||'!| “IL‘ “ \“‘ REPLACED




CI'SAND TRANS 2- CARBOETHOXY-4- (THYM N-1' -YL)-1.3- DI OXOLANE [err] To a
stdrred suspension of thymne (44.5 ng, 5 0.353 mol ) iThis8heetHas BeanReplaved
(1 nmL) containing 2,6- lutidine (82 [err], 0.706 nmol) un
at nosphere was added trinethylsilyl trifluoronethanesul ph r],
0.706 mml ). The resulting m xture was stifr for 15 mnutes to give a
honogeneous solution. 10 A solution of the substrate, ethyl 4-acetoxy-1, 3-
di oxol ane- 2-carboxylate (60 ng, 0.294 mmol) in dichloronmethane (1 nL) and

i odotrinethylsilane (42 [erl, 0a294 nfdmediates ¥ EFdrmillay (TXa)oduced into
t he above solution. The reaction mxture was stirred at room 15

tenperature for 5 hours and then was quenched with a hal f-saturated
solution of [err] (2 nL), followed by dilution with dichloromethane (5 nL).
The resulting mixture was stirred for 5 mgutegland then was transferred to
a separatory funnel with the aid of norg 20 i chl oronet hane. The aqueous
phase was renmoved and the organi c RdyeA was shed with saturat@I&lerr],
water, 1 N HC, brine and then was drie X ]. The solvent

wherein W is S, S=0, so,, or O;

X is 8§, s=0, so,, or O;

R3 is a substituted garbonyl or carbonyl
derivative; and _

L is a leaving group.

28. An intermediate of formula (IIb)

Rg—'<
{(IIb)

- X

wherein W is §, S=0, s0,, or 0;
X is 8§, S=0, so,, or O;
R3 is a substituted carbonyl or carbonyl

. derivative; and
L is a leaving group.

29. An intermediate according to claim 26
selected from the group consisting of
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- R
. N

was renoved under reduced pressure to provide the crude product. _This .
material was suspended in 25 dichloronethane (- 1.5 nl) and t hen mas

triturated with a 1:1 mxture of Et QAc-Hexane (- 6 nmL) to h“”
- 90 - the cis nucleoside as a white solid; [err] NWVR (DVS u
3H, J=7.1 Hz), 1.78 (d, 3H J=1 Hz), 4.15--4@) <m 4H), 4

J=2.3, 9.8 Hz), 5.33 (s, 1H), 6.33 (d of d, 1H, J=2.3, 5.8 FE) 7.52 (d,
1H, 5 J=1.1, Hz), 11.42 (br s, 1H). The triturate was concentrated and
subj ected to colum chronatogr@phy (70% Et OAc- Hexane) to afford 26 ng of
the two [err] To a sterv se¥pensi oWQf

etyl gyt osi 20 66 mg,, 0.430
nmmol) in dry CH2 ﬁ"i Hgg_" n on at nogHhe s a d“
successively, 2, ut Ndi ne ] ) angd Rqyw hyl S|IyI
trifluoronethanesulpho (166 [erry . L. he res Itan m xt ure

was stirred for 25 mnutes to produce

wherein W is §, S§=0, s0,, or O;

X is 8§, S=0, soz, or O;

R, is a substituted carbonyl or carbonyl
derivative; and

L is a leaving group.

30. An intermediate of formula (VI)

n,m<j”
N ’

wherein W is s, s=0, so,, or 0;

X is 8, s=0, s0,, or O;

R, is a substituted carbonyl or carbonyl
derivative;

R, is a chiral auxiliary; and

L is a leaving group.

31. An intermediate of formula (VIa)

W, L

. g j”' cva)
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- 91 © "a honpgeneous sol ution. A solution of a 4:1 nmixture of cis and
trans- 2- car boet hoxy- 4- acet oxy- 1, 3-di oxol ane (73 ng, 0.358 mmol) in [err] (1
i) was then introduced, followed by iodotrinethyl sil anghifSkket[Has Bden Repld3&B
mol ). 5 The reaction was allowed to proceed for 16 hour m

quenched with saturated sodiumthiosulfate, ;@g resultin m‘g E
diluted with [err] and was washed successive with saturated sodl um
t hi osul fate, water, brine, and then mas dri ed over anhyydrous 10 rmagnesi um
sul fate. Renoval of the SO'@&’%# reéwce Plgassure gave t he crude
product which was purified agh “co unn2dhronatography (2% MeOH Et OAC)
to afford 44%of the title G%nﬁsuadsutstat&tbdﬂcumhonnﬁ arheaghonytld t r ans

i somers; [err] N Ekgggk.% (t, 15 3H, J=7.0 Hz), 2.28 (s, 0.75H), 2.29
(s, 0.25H), 4.21- M 3H), 4.36 (d of d, 0.75 H, J=5.2, 9.9 Hz), 4.59
(d of d, 0.25H, J=5.2, 9.9 m%)issasah@saloansmﬂla;yz7am@ 0. 25FD 6.24 (d .

of d, 0.75H, J=2.8, 5.1 Hz),L is a leaving group.

32. An intermediate of formula (VIb)

? (VIb)
RS X

wherein W is 8, s=0, soz, or 0O;
. X is 8§, s=0, so0,, or o;
R3 is a substituted carbonyl or carbonyl
derivative;
R is a chiral auxiliary; and
L is a leaving group.

33. An intermediate according to claim 30
selected from the group consisting of

N

‘wherein W is S, S=0, so,, or O;

X is 8§, S=0, so0,, or 0;

R, is a substituted carbonyl or carbonyl
derivative;

B THIS SHEET HAS BEEN
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6.39 (d of d, 0.25H, J=1.7, 5.1 Hz), 7.49 (2 20 overlapping doubtets,—1H) ;7
2,79 (& 0.25H, J=7.6 Hz), 8.40 (d, 0.75H, J=7.6 Hz), 9.95n(0 S Halfidin Replaced
92 - Exanple 47 () -C'S AND TRANS- 5- ACETOXY- 1, 3- OXATHI OLAl

ACID [err] Trans-5-hydroxy-1, 3-oxathiol ane-2-carboxylic 5 mum T‘L
1.67 nol) was added, in portions, to a stirradOsel ution of

(0.625 L, 6.62 nol) and net hanesul phonic acid (5 nL, 77 mml) at room
tenperature. The resultant clear solution was stirred at room tenperature

for 60 minutes, slowy addedRf dsl@ sthimady auxisbiary: d/ sodi um
bi carbonate sol ution (2.5L) ,_Zarg tﬁ%é%ffﬁ?ﬁ%v"as stirred for a further

60 m nutes. Sodiumchloride (750 g, 12.8 s added and the m xture
was stirred for a further 30 minutes, clarified, and then extracted with
I sopr opyl 34. An intermediate of formula (VII)

r W, .‘\\Rz
Ralllu < ’
(VII)
X

wherein W is §, 5=0, 80,, or O;

X is 8, Ss=0, §0,, or O;

R, is a purine or pyrimidine base or an
analogue or derivative thereof;

R, is a substituted carbonyl or carbonyl

derivative; and
R, is a chiral auxiliary.

35. An intermediate of formula (XIII)

W, 0
,,-Ra"‘”< j (XIII)
Rq X

wherein W is s, s=0, §0,, or 0;
X is 8, s=0, 80,, or O;
R, is a substituted carbonyl or carbonyl

derivative; and
R, is a chiral auxiliary.
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- L

15 acetate (1 x 1.25 L, 3 x 0.625 L). The conbined extracts were
concenterated to 1.25 L under reduced pressure. Xylene (2. fhggmauua
the mi'xture reconcentrated to 1.25 L under reduced pressur m l\

addi tion/ reconcentrati on procedure was repeated 20 and the

suspensi on was cooled to roomtenperature-aiddlsttrred for

solid was collected by vacuumfiltration, washed with xylene (2 X 0 25 L)
and dried, in vacuo, at [err] to _give the title conmpound (265 g, 83% which

was shown, by - 93 - conPlri sBR dnterpefiake §§§9Fﬂan9t§°bén¥ ene3 ot
mi xture of the cq Qﬂﬂ9539ftgxﬁgp%ﬁ§r§iﬁnﬁ 41 E¥@18t€edSfrom the grou
5R- ACETOXY- 1, 3- OXATH OLANE- 2R- AR D, SALT [err] .a) A Sol ution

of 1S, 2R a-(1- an1ﬁ%@?h??}ngb€§zéﬁéﬁﬁ?ﬁﬁhﬁi and5(3) gmepthelep| ) in i sopropyl
acetate (0.5L) was added to a stirred solution of [err]

) 37. ' An intermediate of formula (XIV)

oW
R3Mu< j (XIV)

wherein W is S8, S$=0, S°2' or O;

X is §, s=0, soz, or 0O;

R, is a substituted carbonyl or carbonyl
derivative.

38. An intermediate selected from the
group consisting of '

trans-5-hydroxyoxathiolane-2-carboxylic acid;

(1'R,2'S,5'R) -menthyl-1,3-oxathiolan~5-one~-
2S8-carboxylate;

(1°'R,2°'S, 5'R)-menthy1 1,3-oxathiolan~-5-one-
2R~-carboxylate;

(1'R,2'S,5'R) -menthyl-5S-hydroxy-1,3-
oxathiolane-2S-carboxylate;

({1'R,2'S,5'R) -menthyl-5R-hydroxy-1,3~
oxathiolane-2R~-carboxylate;

(1'R,2'S,5'R) -menthyl-5S-hydroxy-1,3~-
oxathiolane-2R-carboxylate; :

(1'R,2'S,5'R) -menthyl-5R-hydroxy-1, 3~
oxathiolane-2S-carboxylate;

(1'R,2'S,5'R) -menthyl-58S-acetoxy-1,3-
oxathiolane-2S-carboxylate;

. _ "
IS SHEET HAS BEE
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cis- /trans S5-acet oxy- 1, 3- oxat hi ol ane- 2-carboxylic acid 16- (Exanple 47; 400
0.t 2.Q8 nol), in |sopropyl acetate (4.2 L), at roomtenpgia ﬁtqhyggﬁ%

nitrogen at nrosphere. The resultant solution was stirred f

seeded with authentic product (0.4 g) and stirred for a f(tjﬂl 1“‘“]& at
roomtenperature. The 15 suspension was stirrad@ &t [err] f

the solid was coll ected by vacuumfiltration, mashed wi th isopropyl acetate
(1 x. 004L, 1 x0.21L) and dried, in vacuo, %err to give the title
conmpound (205.9 g, [err] (1R, 2'S, 95'R¥?EQWERY ToRTaceEeXYntndenenet hanol

(177 ng, 1.17 molgoxathisDaémR-cobakgldtel) was added to a stirred
75, 2,60 mmol) i i sopropy GhoAMA %&% A ymere el 5 SRt the?: Sopropyl
acetate (0.5 ) mmwath&h&hné}aﬁﬁearquylateponnenced after 5 mnutes. The
(1'R,2'S,5'R) ~menthyl-5R-acetoxy~1, 3~
oxathiolane~-2S-carboxylate;
(1'S,2'R, 5'S)-menthyl—SR—acetoxy-l 3~
oxathiolane~2S~-carboxylate;
(1'S,2'R,5'S) -menthyl-5S~acetoxy-1,3-
oxathiolane-2R~carboxylate;
- (1'S,2'R,5'S) -menthyl-5R~acetoxy-1,3~-
oxathiolane-2R-carboxylate; '
(1'S,2'R,5'S)~-menthyl~-5S-acetoxy-1,3~
oxathiolane-2S-carboxylate;
(1'R,2'S,5'R) -menthyl-558-(cytosin-1"-yl) -
1,3—oxathiolane-2R-carboxylate;
(lis,Z'R,S‘S)—menthyl-ss-(cytosin-l"—yl)—
1,3-oxathiolane~-2R~carboxylate;
(1'R,2'S,5'R) -menthyl-5R~(cytosin-1"-yl)~-
1,3-oxathiolane-2S-carboxylate;
(1'S,2'R,5'S) -menthyl-5R-(cytosin-1%~yl) -
1,3-oxathiolane~2S~carboxylate;
(1'R,2'S,5'R) -menthyl~5R~(5"-fluorocytosin-~
1"-yl)-1,3-oxathiolane-2S~carboxylate;
(1*'S,2'R,5'S) -menthyl-58-(5"~-fluorocytosin-
1"-yl)~1,3-oxathiolane-2R-carboxylate;
(1's,2'R,5'S) -menthyl-5S- (N-4"-acetylcytosin-
1%-yl)~-1,3-oxathiolane-2R~carboxylate;
(1°'R,2'S,5'R) -menthyl-5S-(cytosin-1"-yl) -
1,3-oxathiolane-2R~carboxylate;
(1'S,2'R,5'S)-menthyl-5S8-(N-4"-acetylcytosin-
1"-yl)-1,3-oxathiolane-2R~-carboxylate;
(1'S,2'R,5'S)-menthyl-1,3-oxathiolane-2R-
carboxylate;

THIS SHEET HAS BEEN
REPLACED
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suspension was stirred at [err] for 18 hours and then the Solid was
col l egted by vacuum filtration, washed 10 with isopropyl ThicShesHes Kedn Rep rced

and dried, in vacuo, at [err] to give the title compound (I;Em'mw ﬂu
shown by conparison of its [err] NVR spectrumw th that of

Exanpl e 49 15 (-)- TRANS-5- ACETOXY- 1. 3- OXATHLEB ANE- 2- CARBO err]
5 M Aqueous hydrochloric acid (126 nL, 0.63 nol) mas added to a stirred

adueous. sodi um chi or e (414 118k SRSy TARIIVAHS BYRRS T ur o vias
stirred at room t exatidiolaned-@R-darboxylete @md od tS) 'R, 9’ S)ncherithyled at
vacuum 11t rat on ASnaSRERE Tt el ine R Ay ipltfine | 01 20 Y.
dried, in vacuo, at [err] td1JiSu@ " 'Fd"S)rme chloro-1,3-
: oxathiolane-2R-carboxylate and (1'S,2'R,5'S)-menthyl-
4S-chloro-1,3-oxathiolane-2R~-carboxylate;
cis-2 (N-methyl-N-methoxyaminocarbonyl) -5~
(uracil-l‘-yl)-1,3-oxéthiolane;
cis- and trans-2-benzoyl-5-acetoxy-1,3-

oxathiolane;

cis-2-(1'~pyrrolidinocarbonyl)-5-acetoxy~
1,3~-oxathiolane;

cis~-2-carbomethoxy-5-(5'~bromouracil-1'-yl)-
1,3~-oxathiolane;

cis~2-carboxyl-5-{(uracil-1'-yl)-1,3-~-
oxathiolane;

cis~2- (1'-pyrrolldlnocarbonyl)-5-(urac11—1'-
yl)~-1,3-oxathiolane;

cis 2-benzoyl-5-(uracil-1'-yl)-1,3~
oxathiolane;

cis~- and trans-isopropyl 5~acetoxy-1,3-
oxathiolane-2-carboxylate;

cis-isopropyl-~-5-(cytosin-1'-yl)-1,3-

- oxathiolane-2-carboxylate;

cis- and trans-t-butyl 5-acetoxy-1,3-
oxathiolane-2~carboxylate;

cis~t-butyl-5-(cytosin-1'-yl)-1,3-
oxathiolane-~2-carboxylate;

cis~ and trans-2-N,N-diethylamidocarbonyl- 5-
acetoxy=-1,3-oxathiolane; _

cis-2=N,N-diethylamidocarbonyl-5-(cytosin-
1'-yl)-1,3 -oxathiolane;

cis- and trans-2-carboethoxy-4-acetoxy-1,3-
dioxolane;

THIS SHEET HAS BEEN
REPLACED
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(8173 g, "81% . Exanple 50 (1'R 2'S, 5'R)- MENTHYL- 5R T —
ACETOX¥- 1, 3- OXATHI OLANE- 2R- 5 CARBOXYLATE [err] a) A sdhuSheema@i;

chloride (66.5 g, 0.52 nol) in dichloronethane (120 m_) m@m

mnutes to a stirred cold [err] mxture of NN di methylfor

and di chl oronet hane (240 nL), 10 and the suspension forne

-5 to [err] for 30 mnutes. The conpound ofléﬁanple 49 (80 g, 0.42 nDI) mas
added - in portions and the resultant yel | ow solution was stirred at [err]

for 45 minutes. This solutig@ I red,_ cold
15 [err] solution of (1R 2 % ?d&%ﬁ f%gbgéw£$4%5(ﬁhoﬁk{’ Al
di chl or omet hane (20T ney mnd 84, 1.04nol) and the resultant

suspensi on was stirred at Qr_-lé.ergﬂd f@naﬁsizuémogtma- Begieaction

m xture was washed M. 20 ous hydrochjoric acid (1 x 240 nm., 1 X
160 nL) and the &S V@[y %d'*c'%vég\'f?%" ®- back extracted with

di chl oronet hane (160 mi). The organl Cc phases were
39. A process for producing an intermediate
of formula (IIa) or formula (IIb) comprising the step

of resolving a mixture of (IIa) or (IIb) using a chiral
auxiliary:

40. A method of preparing a compound of
formula

W.

- <x jL . Rs—<w L

X

comprising the step of resolving a mixture of the two
compounds by means of a chiral auxiliary.

THIS SHEET HAS BEE
I REPLACED N
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LI S
conbiinéd,. clarified, and concentrated in vacuo to c.a. 240 nt; - T
" 2,2:4+%ri met hyl pentane (400 nL) was added and 25 the sol uti OfmiCsHa& B Bead Rébiaced
. in vacuo, to 240 nL. - 96 - Crystallisation of the product

during the distillation. Further 2,2,4-trinmethyl pentane (400 Muwmmﬂ

and the m xture concentrated to c.a. 700 ni. Tg1e_ stirred susp
then cooled to [err] and aged 5 for 60 m nut ]S The solid was col |l ected by
vacuum filtration, washed with 2,2, 4-trinmethyl pentane (2 x 80 nL) and
dried, in vacuo, at [err] t iv it 3 o s shown
by conparison of the [err] %&/QR s%e;gtgreﬂhawb?hﬁgﬁgtagg g(Egaﬁ%Fgog.@%l/%fa
b) xal yl chl orfeE™B182 g, 0.80 nol) was added over 20 minutes to a
stirred, cold [err] m xture of N, N-dinethylformam de (63 nL) and
di chl oronet hane (840 nL) and the suspension fornmed wag stirrgd at [err] to

[err] for 15 m nutes. The corrpq{)nd of yExanpl e B (140, 0.728 nmol) was-
added and the resultant pale ot R,l""'< : : .
_ _ Ha_'<\

X .

X

comprising the step of resolving a mixture of the two
compounds by means of a chiral auxiliary.

| N A
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solution-was stirred at [err] for 20 mnutes. (IR 2S,5R)-(-)-Menthol (126

.7 4, %Q8@ nol ) was added fol l owed by pyridine (140 ni, 1.73 nol), added over

50 nlnutes The suspension formed was stirred at [err] for 20 18 hours and
t hen 1 M aqueous hydrochloric acid (280 nL) was added. The separated
aqueous aci d phase was extracted wth dlChlE{ et hane (140 nL) and the
conbi ned organi ¢ phases were washed with 1 aqueous hydrochloric acid (280
m.). The aqueous phase was back 25 extracted with dichloronethane (140 nlL)
and the conbi ned organi ¢ phases were washed with a solution containing
sodi um hydrogen carbonate (5.6 g) and sodiumchloride (28 g) in water (266
m.). The aqueous phase was back extracted with dichl oronethane (140 nL) and
30 the conbined organic phases were clarified and concentrated to 560 niL
by distillation at atnospheric pressure. 2] h | pentane (700 i)
was added and ‘the solution was concentratefl, 80 nlL. The
2,2,4-trimethyl pentane addition/reconcent rafi ENd was r epeat ed,
and the resultant solution was

ABSTRACT

The present invention relates to highly
diastereoselective processes for production of cis-
nucleosides and nucleoside analogues and derivatives in

5 high optical purity and intermediates useful in those
processes.
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- 97 -~ cooled'to [err] (seeded with authentic product (0.7 g) at [err] and
[err]). The suspension was stirred at [err] for 2 hours and the solid was
coll ected by vacuumfiltration, washed with 2,2, 4-trinethyl pentane (2 x 70
m.) and 5 dried, in vacuo, at [err] to give the title compound (332. g,
14% as shown by conparison of the [err]_g%fgspectrun1mﬁth that of Exanple
8). Wiile we have presented a nunber of enbodi ments of our invention, nmany
alternatives, 10 nodifications and variations of these enbodinents will be
apparent to those of ordinary skill in the art. Therefore, it wll be
appreci ated that the scope of this invention is to be defined by the
follow ng clains, rather than the specific exaggles gresented 15 above.

- 98 - d ai ns: PROCESSES THE D

SYNTHESIS OF NUCLEOSIDES

ABSTRACT

The present invention relates to highly

diastereoselective processes for production of cis-
nucleosides and nucleoside analogues and derivatives in

5 high optical purity and intermediates useful in those
processes.

9603228-9
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- REPLACEMENT OSHEET
1, - A diastereosel 've process fqr {producing optically active

ci s-nucl eosi de and nuc| ea% ggBag98odugqs and de ti of formula (1)
[err] wherein Wis| S g% Perr] dr {0; Xlsgﬁégs er
hydrogen or acyl; an f—t-s—a-ptri rle or pyr anal
or derivative thereof, the process CO r|§|ng the step of glycosylatlng the

purine or pygiesuditne ogmx@row&fl tifdy oddieh e@f Ml hfRgan
i nt er nedi at e of forrm (Iglrp%ﬁ%r %:?I&tg)‘t ré:] wherein JTerr] is selected from
the group coR&itdY § W oY%, hydroxyl ,
trialkylsil yhucﬂ.reoaslﬂd;el.SI Frovas, [merhuallepb,m@BQu&fcm&d b&etméséﬂ koxy,
[err] am ne secondar, r.tertiar err, thiol aryl,
[err] alkenyg,ofg F{ aFEﬁn Ltk %e% t&lf&?ﬁ&#ﬁFléﬂﬂiﬁ???ﬁeﬁﬁvﬁ B [err] alkyl
or [err] &aryepaatjldieirde orst cfuthe wathrhddy] cadudring [ucleoside.
azonet hi ne ngsghbﬂkign?tthese procedures require the availability

of the naturally occurring nucleoside, often an

—

nv-v-'l

expensive starting material.
Other known processes for producing optically

10 active nucleosides rely on’ conventional glycosylation
procedures to add the sugar to the base. These
procedures invariably give anomeric mixtures of cis- and
trans-isomers which require tedious separation and
result in lower yields of the desired biologically

15 active cis-nucleoside. Improved glycosylation methods
designed to yield only the cis-nucleoside require
addition of a 2'~ or 3'-substituent to the sugar.
Because the 2'~ or 3'-substituent is only useful in
controlling cis-nucleoside synthesis in one

20 configuration (when the 2' or 3' substituent is trans-
to the 4' substituent), multiple steps are required to
introduce this substituent in the proper configuration. .
The 2'- or 3'-substituent must then be removed after
glycosylation, requiring additional steps. L. Wilson

25 and D, Liotta, "A General Method For Controlling
Stereoéhemistry In The Synthesis Of 2'-Deoxyribose
Nucleosides", Tetrahedron Lett., 31, pp. 1815-1818
(1990). Furthermore, to obtain an optically pure
‘nucleoside product, the starting sugar must be optically

30 pure. ThlS also requires a series of time-consuming
syntheses and purification- steps.

European Patent publication 0382526 A2 and Europe-
an Patent publication 0377713 A2 describe non-dia-
stereoselective processes for the sYnthesis of oxathio-

35 1lane and dioxolane nucleoside analogues. European patent
application EP 0266042 A2 describes use of chiral
auxiliaries for the separation of enantiomeric pteridine
derivatives but not nucleosides or nucleoside analogues.



99 - nitrogen with hydrogen, [err] alkyl or [err]] REPM(}EMEWW sprggﬂ
dlalkylanlno or at carbon with hydrogen, [err] al or—ter+ oXy;

ylf;
t hi ocarbonyl (C=S) substituted with hydroxyl, [er! ] al %gm 8%%([9 r} thiol;

honol ogues of carbonyl; honol ogues' of thlocarbonyl of .
azonmethine, and L is a |eaving group, usgng a Lew|s d.of the fprpula
(I'11) [err] wherein [err] and [err] are indepenflently selected frpmthe

group consisting of hydrogen; [err] al kyl optiona fluoro,

brono, chlorg ers] ¢errl aral k
optional ly substltut %{. @#gge# r‘r":]’0 tf]ﬁi?d %é&eﬁ‘f’éﬂoﬁng err] aryl
orilonally sa&hﬁnxkbdcﬂyofahhwnyltwluﬁrdeﬁRhQﬁY1(xﬁﬁcﬁe#S] al kyl or [err]
al koxy;
|| l|
5 CH3~-C-C- substituted with €y alkyl or Cg,q aryl;
anyhdrides

0 0

such as cns-c~o-é- substituted with C; g alkyl or Cg,q
10 aryl; azomethine substituted at nitrogen with hydrogen,

Cy.99 alkyl or Cy 4o alkoxy or Cy 4o dlalkylamlno or at

carbon with hydrogen, C; 94-3lkyl, or Cy .4 alkoxy,

thiocarbonyl (C=S) substituted with hydroxyl, Cy.,4

alkoxy, or Cy.aq thiol; a homologue of carbonyl, e.g.,
15 0 S

-CCH,-; a homologue of thiocarbonyl, e.g., -CCH,-; or a
. 'N_
20 homologue of azomethine, such as -CCH,-.

. The preferred substituted carbonyl/carbonyl
derivatives are alkoxycarbonyls, wherein the alkyl is
methyl, ethyl, isopropyl, t-butyl and menthyl;
carboxyl, diethylcarboxamide; pyrrolidine amide; methyl

25 ketone and phenyl ketone. The more preferred
substituted carbonyl/carbonyl derivatives are esters
and carboxyl and the most preferred are esters.

R, is a chiral auxiliary. The term "chiral
auxiliary" describes asymmetric molecules that are used

30 to effect the chemical resolution of a racemic mixture.
Such chiral auxiliaries may possess one chiral center
such as methylbenzylamine or several chiral centers
such as menthol. The purpose of the chiral auxiliary,
once built into the starting material, is to allow

35 sihple separation of the resulting diastereomeric
nixture. See, for example, J. Jacques et al.,



twial kylsilyl; fluoro; brono; chloro and iodo; and [err] is selected from
the group consisting of fluoro; bronp; chloro; iodo; [err] sul phonate
esters, optionally substituted by fluoro, brono, chloro or iodo; [err]
al kyl esters optionally substituted by fluoro, brono, chloro or iodo;
pol yval ent hali des; trisubstitufeassrlyl groups of the general fornula
[err] (wherein [err] and [err] are as defined above); safAE=3PECIR-I
unsaturated sel enenyl [err] aryl; substituted or unsubstituted [err]
aryl sul fenyl; substituted or unsubstituted C al koxyal kyl ; and
trial kyl si |%%§*®S: REPLACEMENT SHEET - 100 - 2. The process according to
claim1, further conprising t.he step of _reducin Jeﬁr; of the-
1. diaste eoselectlve(£ ocess for
producing optically active cis-nucleoside and

nucleoside analogues and derivatives of formula (I)

R,OCH. Ww. R,
(I)
X
REPLACEMENT SHEET
wherein W is s, S=0, $0,, or 0; 12 FEB 1998
X is s, s=0, SO,, or O;

R; is hydrogen ox acyl; and
R, is a purine or pyrimidine base or an

analogue or derivative thereof,
the process comprising the step of glycosylating the
purine or pyrimidine base or analogue'or derivative
thereof with an intermediate of formula (IIa) or (IIb)

W L w. b
(IIa) R,m...< jl R“—<j (IIb)
X X .

wherein R5 is selected from the group consisting of
carbony) substituted with hydrogen, hydroxyl,
trialkylsilyl, trialkylsiloxy, Cy.3q¢ alkyl,
C7_30 aralkyl, C1_30 alkoxy, c1_30 amine
(primary, secondary or tertiary), Cj.sq thiol,
Cg.00 aryl, szo alkenyl, Cy,9 alkynyl; 1,2-
dicarbonyl, substituted with ¢, g alkyl or
'CSQO aryl; anyhdride substituted with Cy.5
alkyl or Cg,q aryl; azomethine substituted at

L



gleycosyl ated purine or pyrimdine base or anal ogue or derivative therof to
produce the optically active cis- nucl eoside or nucl eosi de anal ogue or
derivative of formula (1). 3. The process according to claim1, further
conprising the step of producing the intgrggdiate of (Ila) or (IIb) by
chem cally resolving said internediate froma mxture of (lla) and (I1Db)
using a chiral auxiliaRytragen widhphysirgeancdtdinplikyllat fl,q wherein
the internediate is th 0 f foragy T .
according to claim1, ﬁ%’é?g?ngt%ﬂe@rm g{rl% | a"(fa{eﬂl?%sot e acto%orﬁlogpg?lscf%r mul a
‘(11b). 6. The processhidrzoegenagChypocladidnll, ahcHesp alkoxwt er nedi ate is
sel ected fromthe grou LS - ; : L
[err] 7. The diaster egtslgﬁgéjflﬁég&gr gfccesss) (ﬁ‘ubcﬁt:'ei"lt%tfdf grlt;t)lr ggg(ﬁorﬂ,ldpt ically
active cis-nucl eosi de @ndonadkesyi, derafglyyfdsl And hemdleguiesesfof fornul a

(1) | carbonyl; homologues of thiocarbonyl and
homologues of azomethine; and REPLACEMENT SHEET
L is a leaving group,
using a Lewis acid of the formula (III) 12 FEB 1998
R'a
Rg - slzi - Rg (III)
Ry

wherein Rg, Rg and R; are independently selected from
the group consisting of ‘hydrogen; C; ,4 alkyl
optionally substituted by fluoro, bromo,
chloro, iodo, Cy g alkoxy or Cg,qg aryloxy;
C;.90 aralkyl optionally substituted by
halogen, Cy 59 alkyl oxr Cy,4 alkoxy; Cg,q aryl
optionally substituted by fluoro, bromo,
chloro, iodo, Cy,q alkyl or Cy,q5 alkoxy;
trialkylsilyl; fluoro; bromo; chloro and
iodo; and
Rg is selected from the group consisting of
fluoro; bromo; chloro; iodo; Cy.20 sulphonate
esters, optionally substituted by fluoro,
bromo, chloro or iodo; Cy.20 alkyl esters
optionally substituted by fluoro, bromo,
chloro or iodo; polyvalent halides;
trisubstituted silyl groups of'the general
formula (Rg) (Rg) (Ry)Si (wherein Rg, Rg, and Ry
are as defined above); saturated or
unsaturated selenenyl Cg,q5 aryl; substituted
or unsubstituted Cg.og arylsulfenyl;
substituted or unsubstituted Cs-20
alkoxyalkyl; and trialkylsiloxy.



- 101 - [err] wherein Wis S, S=0, [err], or 0; Xis S, S=0| RERLACEMENT SHEET
[err] i's hydrogen or acyl; and [err] is a purine or pyrimdin ase or —an
anal ogue or derivative thereof, the process conprising the step of12 FEB

gl ycosyl ating the purine or pyrlnldlne base or anal ogue or deyipative 1998
thereof with a single enantloner1ﬁlQDCﬂnpound of formula (I -}

wher ei n [err] |s a def iTesl proodss mdgoxding te alhdmvilng fgroup, using a

Lew s aci d_of I e r r defigrr] are

|ndependenf"1u§t (é%épgigﬁéérgp%n%ﬁl ggﬁéﬁé@?%lﬁgfﬁayggogéﬁ [err] alkyl

optlonalIygigbysylﬂﬁaﬂtguﬁin&wq: nynnnndlne base or analogue or '
derivative therof to produce the optically active c1s—

nucleoside or nucleoside analogue or derivative of

formula (I).

3. The process according to claim 1,

further comprising the step of producing the
intermediate of (IIa) or (IIb) by chemically resolving
said intermediate from a mixture of (IIa) and (IIb)

using a chiral auxiliary.

4. The process according to claim 1,
wherein the intermediate is the compound of formula

(IIa).

5. The process according to claim 1,
wherein the intermediate is the compound of formula

(IIb).

6. The process according to claim 1,
wherein the intermediate is selected from the group

W. ...\\\L W. L

X X

W L W wb
=T =

X X

7. The diastereoselecti#e process of claim

1 for producing optically active cis-nucleoside and
nucleoside analogues and derivativeS-Qf formula (I)

consisting of

\\Il\ll\ \\\I\\ lll\\ \\l\l ! \II\




chloro, iodo, [err] al koxy or [err] aryloxy; [err] aral kyl optionally
substituted by halogen, [err] alkyl or [err] al koxy; [err] aryl optionally
substituted by fluoro, brono, -102- chloro, iodo, [err] alkyl or [err]
al koxy; trialkylsilyl; fluoro; brono; chloro and iodo; and [err] is

sel ected fromthe group consisting of ftud®d;-bronmo; chloro; iodo; [err]
sul phonat e esters, optionallyg tityted bygfluoro, bromp, chloro or iodo;
[err] alkyl esters optionally 'subdtiru fl uoro, brono, chloro or iodo;
pol yval ent halides; trisubstitute i1yl jgroups: of the genff | formula
[err] (wherein [err] and [err] are ¥s deffi ned above); satutated or

unsat urated sel enenyl C620 aryl; subge+tTted or unsubstituted [err]

aryl sul fenyl ; '

REPLACEMENT SHEET

wherein W is S, S=0, SO,, or O; 12 FEB 1998
X is 8, s=0, 804, or O;
R, is hydrogen or acyl; and
R, is a purine or pyrimidine base or an

analogue or derivative thereof,
the process comprising the step of glycosylating the
purine or pyrimidine base or analogue or derivative
thereof with a sinéle enantiomer of a compound of
formula (IX) |

R:‘“"4<: (I1)

X

wherein - R; is as defined in claim 1; and
L is a leaving group,
using a Lewis acid of the formula (III)

Rg

R

wherein Rg, Rg and Ry arz-independently selected from
the group consisting of hydrogen; C, ,q alkyl
optionally substituted by fluoro, bromo,
chloro, iodo, C; g4 alkoxy or Cg,q aryloxy;
‘€499 aralkyl optionally substituted by
halogen, Cq_ ;9 alkyl oxr Cy,q alkoxy; Cg.og aryl
optionally substituted by fluoro, bromo,

W




. _ REPLACEMENT SHEET ‘
substituted or unsubstituted C620 al koxyal kyl; and trial kyl i lre%y=—8"""The|
process according to claim?7, further conprising the step of Jed ifEB f
the gl ycosylated purine or pyrimdine base or anal ogue or d rivay?ve t her of
to produce the optically active cis- nucl eoside or nucl eosi de janal ogue—et

derivative of formula (1). 9. The prOﬁgﬁﬁ according to clagjm?7, further

conprising the step of resolving the co nd of fornmula (11 o ST Ngl e
enantiomer using a chirehlauni| iady,begpeadkydosy &;ing attkexyesired or

Mherein Wis o and x i SerafhFIie87 C1lert] BRUnORC HICELIRAR  Lherei n

[err] is a pyrinidine bbsdo; an@EPLACEMENT SHEET - 103-
Ry is selected from the group consisting of
fluoro; bromo; chloro; iodo; Cy.20 sulphonate
esters, optionally substituted by fluoro,
bromo, chloro or iodo; C;.o4 aikyl esters
6ptionally substituted by fluoro, bromo,
chloro or iodo; polyvalent halides;
trisubstituted silyl groups of the general
formula (Rs)(RG)(R7)Si (wherein Rg, Rg, and Ry
are as defined above); saturated or
unsaturated selenenyl éSQO aryl; substituted
or unsubstituted Cgqq arylsulfenyl;
substituted or unsubstituted Cg,q

alkoxyalkyl; and trialkylsiloxy.

- 8. The process according to clain 7,
further comprising the step of reducing Ry of the
glycosylated purine or pyrimidine base or analogue or
derivative therof to produce the optically active cis-
nucleoside or nucleoside analogue or derivative of

formula (I).

9. The process according to claim 7,
further comprising the step of resolving the compound
of formula (II) into a single enantiomer using a chiral
auxiliary before glycosylating the desired or
pyrimidine base. '

_ 10. The process -according to any one of
claims 1 to 9, wherein W is O and X is S.

11. The process according to claim 10,

wherein R, is a pyriridine base.

N



12. The process according to claim1l, wherein the pyri zai di ne base is
cytosine or 5- fluorocytosine..13. The process according to any one of
claims 1 to 9, wherein the Lewis acid is selected fromthe group consisting
of trimethylsilyl triflate and iodotrinethylsilang_14. The process
‘according to claim3 or 9, wherein the chiral au 'lR'EP[A’CEI\/FE
the group consisting of chiral al cohol nd chir elprocess
according to Claim 14, wherein the Cﬁlf% auxi i

group consisting of (d)-nmenthol, (1)-nenthol, (+)}-
(-)-norephedrine. 16. The process according to agyfone of clainsjljto 9,
wherein [err] is selected fromthe group consistigtng or al koxycarbopyl s,

carboxyl's, diethyl carboxani dg, ¥ﬂé§?fﬁyegg %%lgﬁkéreln o

ketone. 17. The process accordin 1
sel ected from t he PRI ERE EYFW%‘F“%I”I?&?yé%r%%ﬁ‘é’eaHH gar boxyl s

fluerocytosine.

13. The process according to any one pf
claips 1 to 9, wherein the Lewis acid is selected from
the group consisting of trimathylsilyl triflate and
iodotrimethylsilane.

14. 7The process according to claim 3 or 9,
wherein the chiral auxiliary is selected frem the group
consisting of chiral aleohcls and chiral amines.

15. The process according to c¢laim 14,
wvherein the chiral auxiliary is selected from the group
consisting of (d)-meénthol, (l)-menthol, (+)-
norephedrine and (-)-norephedrine.

16. The process according to any one of
claims 1 to 9, wherein R; is selected from the group
consisting of alkexycarbonyls, caxboxyls,
diethylcarboxamide, pyrrolidine amide, methyl ketone
and phenyl ketone. |

17. The preocess according to claim 16,
wherein the Ry is selected from the group consisting of
alkoxycarbonyls and carboxyls.

18. The pribcess according to claim 7 or 8,
further comprising the step of producing the compound
of formula (IX) by chemosalectiveiy reducing the
compound of formula (IV)

~Y

(IV)
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18. Tﬁé process aCcording toclaim7 or 8, further conprisinggﬂgg Sstep—of
BMENT, SHEET

produci ng the conpound of forrmula (l11) by chenosel ectivelyjre

conmpound of forrmula (IV) [err] - 104 - and converting thefresulting
hydr oxyl group to |leaving group L. 19. The process accordi hpgjt 3 2ZF:
further conprising the step of reacting the conpound of fofnpla (1V) mnth

a

chiral auxiliary before it is chenosel ectively reduced. 20§ TIE
di astereosel ective process of claiml 16t produci ng optic active

ci s- oxat hi olape &}@b@f@i&@ueﬁeawsﬁ%ﬂ@t IRy If Bl dd q)ea{@iﬂcj WNETeT

[err] is hydrogen or acyl] and [err] is”a puriné or pyrimdine base or an
anal ogue or SF&YR/ ¢4 ve t her eof

19. The process according to claim 18,
further comprising the step of feacting the compound of
formula (IV) with a chiral auxiliary before it is
chemoselectively reduced.

20. The diastereoselective process of claim
1 for producing optically active gis-oxathiolane and
analogues and derivatives of formula (Ia)

r,0CH, O Rz
% (1a)
S |

wherein R,_is hydrogen or acyl; and
R, is a purine or pyrimidine base or an
analogue or derivative thereof
comprising the step of glycosylating the purine or
‘pyrimidine base or analogue or derivative thereof with
a single enantiomer of a resolved ester derived from
the compound of formula (IX)

Q
1l
ge OCH,

HOZCWV< (IX)

s .

using a Lewis acid of the formula (III)

Rg ~ Si - Rg (III)

* [ L M $s - *




canpriéing the step of glycosylating the purine orjﬁﬁEPtA&HWENTQ§ﬂ§To

anal ogue or derivative thereof with a single enantijo yedl ester
derived fromthe conpound of fornmula (I1X) [err] usijn ol the
formula (111) REPLACEMVENT SHEET - 105 - [err] effe df [ err]
are independently selected fromthe gr W consi sti g hydrogen:. jefr]

al kyl optionally substituted by fl uor % brono, chl ero, iodo, [err] koxy

or [err] aryloxy; [err] 20 aralkyltnnR nal Iy subst [err]
ted by fl uoro, brono,

chl or o, i odo eI a1 138+ s @%]"Sfi%e”(i‘ir'a%s“biwg Yy#e18FEad EXdR om;

chloro and iodo; and the group consisting of hydrogen; Ci.o0 alkyl
optionally substituted by fluoro, bromo,
chloro, iodo, C;g alkoxy or Cg,q aryloxy; Cy
29 aralkyl optionally substituted by halogen,
Cy.20 2lkyl or C, .4 alkoxy; Cg.,9 aryl
optionally substituted by fluoro, bromo,
chloro, iodo, Cy.00 alkyl or Cy 54 alkoxy;
trialkylsilyl; fluoro; bromo; chloro and
iodo; and '
Rg is selected from the group consisting of

" fluoro; bromo; chloro; iodo; Cq.90 Sulphonate

esters, optionally substituted by fluoro,
bromo, chloro or iodo; Ty, alkyl esters
optionally substituted by fluoro, bromo,
chloro or iodo; polyvalent halides;
trisubstituted silyl groups of the general
formula (Rg) (Rg) (Ry)Si (wherein Rg, Rg, and Ry
are as defined above); saturated or
unsaturated selenenyl Cg,, aryl; substituted
or unsubstituted Cg,q, arylsulfenyl;
substituted or unsubstituted Cgoq
alkoxyalkyl; and trialkylsiloxy.

21. The process according to claim 20,
further comprising the step of reducing the
glycosylated purine or pyrimidine base or analogue or
derivative thereof to produce the optically active cis-
oxathiolane or analogque or derivative of formula (Ia).

. 22. The process according to claim 20,
further comprising the step of producing the single
enantiomer of the ester derived from formula (IX) using

a chiral auxiliary.

HIIIIII IIIIII |I||| I II IIII



[err] is selected fromthe group consisting of fluoro; brono; chloro; iodo;
[err] sul phonate esters, optionally substituted by fluoro, brono, chloro or
i odo; [err] alkyl esters optionally substituted by fluoro, brono, chloro or
i odo; polyvalent halides; trisubstituted silyl groups of the general
formula [err] (wherein [err] and [err] arel®s -defi ned above); saturated or
unsat ur at ed sel enenyl 28620 They Iproadsss i datexkdng unsubkainuz2d [err]

aryl sul feny) . tituted.or qu t ed. C I :

trial kyl si |46‘§‘<§.§gg§. Eifﬁe‘gg%%é%ss%%cslo’#ﬁg"? os%*%‘?er%cgo%q%r?ﬂ%rgﬁg%ri si ng
the step ofcomrgisthngt bé ¢dycumritiadd and i (k) orephd i di ne base or anal ogue
or derivative thereof to produce the optically active cis- oxathiolane or
anal ogue or derivative of formula (la). 22. The process according to claim

20, further conprising4thheTheeprocasoastondinge & eaien®i i oner of the
ester deriw@ge;égﬁ1§grfylg ﬁ&%&mﬁﬁ&ﬂliﬁéggfaj auxiliary.

25. The process according to claim 24,
wherein the pyrimidine base is cytosine or 5-
fluorocytosine.

26. An intermediate of formula (II)

REPLACEMENT SHEET
W L
H;""“< j-r’l
X (II)

wherein W is-s, S=0, SO0,, or O;
Rz is as defined in claim 1; and

12 FEB 1998

L is a leaving group.

27. An intermediate of formula (IXa)

W L .
R:‘“'”< j‘:’ (IIa)
X

wherein W is s, S=0, S0,, or 0;
Ry is as defined in claim 1; and

e




- .106 - 23. The process according to claim?22, wherein the chiral auxiliary
Is selected fromthe group consisting of (d)-nenthol
The process according to claim 20, wherein [err]

and (1)-nenthol. 24.
is a pyrimdine base. 25.

The process according to claim 24, wherein the pyrimdine base is cytosine

or 5- fluorocytosine. 26. An internedi ate-ofioffornmula (11) [err] wherein
is [err] -107 - L i5 bsl| gayeagiggogpoupd. An internedi ate of fornula
(1''b) [err]

- wherein

wherein

28. An intermediate of formula (IIb)

<7

W is s, s=0, S0,, or O;

X is s, s=0, S0,, or O;

Rg is as defined in claim 1; and
L is a leaving group.

(IIb)

w

REPLACEMENT SHEET

12 FEB 199

!

29. An intermediate according to claim 26
selected from the group consisting of

L
w .0"‘\\ W L w L .
Rytstes Rgtise.. W ....\\‘Ll
, . Ry R,-——<<,—::]
X
X X

W'is §, S=0, S0,, or O;

X is s, s=0, S0,, or O;

Ry is as defined in claim 1; and
L is a leaving group.

30. An intermediate of formula (VI)

* C L M S * .

. W L
H:«w\< j
O\

(VI)




29. An internediate according to claim 26 selected fromthe group

consisting of [err] [err] 30. An internediate of fornmula (VI) - 108-
[err] - 109 - 33. An intermnediate according to claim30 selected from
the group consisting of [err] - 110 - [err]

- 108 -

wherein W is s, $=0, S0,, or O;
X is §, s=0, S0,, or O;
Rq is as defined in clainm 1;
Ry is a chiral auxiliary; and
L is a leaving group. '

31. An intermediate of formula (VIa)

W, L

R:Hu..(j-,..'
R‘,r‘ y (VIa)

wherein W is 8§, S=0, S0,, or O;
X is §, s=0, S0,, or O;
R, is as defined in claim 1;
3 ° ) ) ! 12 FEB 1998
R, is a chiral auxiliary; and
L is a leaving group.

REPLACEMENT SHEET

32. An intermediate of formula (VIb)

w. plo
?,J""< j (VIb)
R, %

wherein W is S, §=0, S0,, or O;
X is s, s=0, S0,, or O;
Ry is as defined in clain 1;
Ry is a chiral auxiliary; and
L is a leaving group.

o



36: An internediate according to any one of clainms 30 to 35 wherein [err]
iIs selected fromthe group consisting of (d)-nenthol and (1)-nenthol. 37.
An internediate of forrmula (XV) (XIV) REPLACEMENT SHEET [err] 38. An

i nternedi ate sel ected fromthe group consisting of

trans- 5- hydr oxyoxat hi ol ane- 2- car boxylic aci d 1'R 2' S 5

"R) - ment hyl - 1, 3- oxat oIa 5-pne-_2S: cay boX 5. R
ment hyl -1, 3-oxat hi A Rnternedi g ?y?§f8rging £6 claZn 30

,2'S,SSR)enERﬁhfkmﬁSﬁh@hgn@uﬂqébnswathnglane 2S- car boxyl at e
,2'S, 5" R -ment hyl - 5R- hydroxy-1, 3- . oxat hi ol ane- 2R- car boxyl at e;

1'R

1'R 2

1'R 2'S,5" R)-nent hyl -5S- hydr oxy- 1, 3- oxat hi Waqe 2RLcar boxyl at e;
1'R 2'S,5' R -nent hyl -@R- hydr\q)_xy 1, 3- Bxau{%- 2S- car boxyl at e;

Fi:,lu-

wherein W is 8§, 8=0, §0,, or 0;
X is §, s=0, 50,, or 0;
Ry is as defined in claim 1;
R, is a chiral auxiliary; and
L is a leaving group.

(
(
(
(

34. An intermediate of formula (VII)

Rz

Fla=— WJ/ SO
o~ T R. m...< )
R; | <x s y (VII)

SEPLACEMENT SHEET
|
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wherein W is s, s=0, SO,, or O;
X is s, 8=0, S0,, or 0O;

"Ry is a purine or pyrimidine base or an
analogue or derivative thereof;

R4 is as defined in claim 1; and

R, is a chiral auxiliary.

35. An intermediate of formula (XIII)

W. o
R
pe ’%T
< y (XIII)

—

| LR W AR



-111-”[err] - 112 - [err] -113- 39. A process for producing an
I nternmedi ate of formula (lIla) or fornula (Il1b), wherein L, W X and R3 are
as defined in claim1, conprising the step of resolving a m xture of (lla)
and (11b) using a chiral auxiliary. [err] 40. The nethod of claim 39 for
preparing a conpound of fornula

| - 110 -

wherein W is s, s=0, S0,, or 0;
X is. s, s=0, S0,, or O;
Ry is as defined in claim 1; and

R, is a chiral auxiliary.
36. An intermediate according to any one of
claims 30 to 35 wherein R, is selected from the group

consisting of (d)-menthol and (l)-menthol.

37. An intermediate of formula (XIV)

R:"VW<. j . | (XIV)
X

REPLACEMENT SHEET
wherein W J:.s S, §=0, S0y, or 0; 12 FEB 1998
X is §, 8=0, 80,5, or 0O; and
Ry is as defined in claim 1.

38. An intermediate selected from the group
consisting of ' _
trans-5-hydroxyoxathiolane-2-carboxylic aciqd;
(L*R,2'S,5'R)-menthyl-1,3~-oxathiolan-5-one-
2S-carboxylate;
(1'R,2'S,s'R)Qmenthyl-l,3—oxathiolan-5—one—
2R-carboxylate;
~ (1'R,2'S,5'R)-menthyl-55-hydroxy-1,3~
oxathiolane~2S-carboxylate;
(1'R,2'S,5'R) -menthyl-5R-hydroxy-1,3-
" ~oxathiolane-2R~-carboxylate;
(1'R,2'S,5'R)-nenthyl-55~-hydroxy-1,3-
oxathiolane~2R-carboxylate; .
(1L'R,2'S,5'R) -menthyl-5R-hydroxy-1,3-
oxathiolane-2S-carboxylate;

g



[err] wherein L, W X and [err] are as defined in claim1, conprising the
step of resolving a mxture of the two conpounds by neans of a chiral
auxiliary. - 114 - 41. The nethod of claim 39 for preparing a conpound
of formula [err] wherein L, [err], X and [err] are as defined in claiml,
[err] conmprising the step of resolving a m xture of the two conpounds by
means of a chiral auxiliary. 1111111 34033111 11111 11111111111 - 115 -
41. A nethod of preparing a conpound of fornula

(1'R,2'S,5'R) -menthyl-SS-acetoxy~1, 3-
oxXathiolane~2§~carboxylate;
{1'R,2'S,5'R) ~menthyl-5R-acetoxy-1, 3~
oxathiolane~2R-carboxylate;
" (1'R,27S,5'R) -nenthyl-5S—-acetoxy~1,3~
oxathiclane-2R~-carboxylate;
. .(1*3,2's,s'R)—menthyl-saeacatoxy~1,3 FEPLACEMENT SHEE?ﬂ
oxathiolane-2S-carboxylate;
{(1'S,2*'R,5"'S)~menthyl-5R~acetoxy-1, 3— 12 FEB 1998
oxathjolane=2S~carboxylate;
(L'S,2'R,5'5) -menthyl-SS=acetoxy-~1, 3~
oxathiclane~2R-carboxylate;
(1'$,2*R,5'S) -menthyl-5R~acetoxy-1, 3~
oxathiolane-2R~carboxylate;
(1'S,2'R,5'S)-menthyl-5S~acetoxy~1, 3~
oxathiolane-2S-carboxylate;
(1'R,2'S,5'R) ~menthyl~58~(cytosin~1"-yl) -
1, 3~oxathiclane~2R~carboxylate;
(1'S,2'R,5'S) -menthyl~58~(cytosin-1"-yl)~
1,3-oxathiolane~-2R-carboxylate;
' (1'R,2'S,5 R) -menthyl-5R~- (cytosin~1"-yl) -
1,3-exathiolane~2S-carboxylate;
(1'S,2'R,5'S) =menthyl-5R~(cytosin-1"-yl) -
1, 3-oxathiolane-2S-carboxylate;
(1'R,2'S,S3R)-menthyl-SR-(Sﬂ—fluorocytasin-
1"-yl) -1,3~oxathiolane-25-carboxylate;
(1'S,2°R,57S) ~menthyl=-55—- (5" ~£flucrecytosin-
1%-yl)-1,3-oxathiclane-2R~carboxylate; _
(1'S,2'R,5'S) ~nenthyi-55- (N-&“—acetylcytosi{s-
1%~y1) -1, 3-oxathioclane~2R-carboxylate;
(1'R,2's,5*R) ~nenthyl-58-(cytosin~1"-yl) -
i,3-oxathiolane-2R-carboXylate; .
{1'S,2'R,5'S) ~-nenthyl-58-~(N-4"-acetylcytosin-
lﬂ—yl)-1,3—oxathiolane—znrcarboxylate;
(1'S,2'R,5'S) -menthyl-1,3-oxathiclane—2R-

carboxylate;

L



'conprising the step of resolving a m xture of the two conpounds by
means of a chiral auxiliary.

- 112 -

(1's,2'R,5'S)~-menthyl-4R-hydroxy-1,3~
oxathiolane-2R-carboxylate and (1'S,2'R,5'S)-menthyl-
4S-hydroxy-1,3-oxathiolane~2R-carboxylate;

(1'S,2'R,5'S)-menthyl-4R-chloro-1,3-
oxathiolane-2R-carboxylate and (1'S,2'R,5'S)-menthyl-
4S-chloro~l,3?oxathiolane-2R-carboxylate;

cis-2 (N-methyl-N-methoxyaminocarbonyl)-5-
(uracil-1‘=-yl)-1,3-oxathiolane;

cis- and trans-2-benzoyl-5-acetoxy-1,3-
oxathiolane;

cis-2-(1'~pyrrolidinocarbonyl)~5-acetoxy-
1,3~-oxathiolane; |

cis-2-carbomethoxy-5-(5'-bromouracil-1'~yl) -
1,3-oxathiolane;

~ cis-2-carboxyl-5-(uracil-1f-yl)-1,3-

oxathiolane;

cis-2-(1!'-pyrrolidinocarbonyl)-5-(uracil-1'~
yl)~-1,3-oxathiolane; '

cis 2-benzoyl-5-(uracil-1!-yl)-1,3~

oxathiolane; _
cis- and trans-isopropyl S5-acetoxy-1,3- REPLACEMENT SHEET
oxathiolane-2-carboxylate; 12 FEB 1998 l :

cis-isopropyl-5-(cytosin-1'-~yl)-1,3-
oxathiolane-2-carboxylate; '

cis- and trans-t-butyl 5-acetoxy-1,3-
oxathiolane-2-carboxylate;

cis-t~butyl-5-(cytosin-1'~yl)-1,3~-

oxathiolane-2-carboxylate;
cis- and trans-2-N,N-diethylamidocarbonyl- 5-

acetoxy-1,3-oxathiolane;
cis-2=N N-dlethylamldocarbonyl-s (cyt051n-

1'—yl)—1 3 -oxathiolane;
cis- and trans-2-carboethoxy-4-acetoxy-1, 3—

dioxolane;
cis- and trans-2 -carboethoxy-4 (thymin-1'-

yl)-1,3-dioxolane; and

IIIIIIII IIIIII IIIll Illll II IIII
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- 113 - )
cis- and trans-2-carboethoxy-4-(N-4'-

acetylcytosin-1'-yl)-1,3-dioxolane.

-39. A process for producing an intermediate

of formula (IXa) or formula (IIb), wherein L, W, X and
Rq are as defined in claim 1, comprising the step of
resolving a mixture of (IXa) and (IIb) using a chiral

auxiliary.

W, L
R;_lllo-.< W L
. R:.—<
X
(IIa) N (IIb)

40. The method of claim 39 for preparing a
compound of formula

. \\\L w L

<j o

wherein L, W, X and Ry are as defined in claim 1,
comprising the step of resolving a mixture of the two
compéunds by means of a chiral auxiliary.



- 114 -
41. The method of claim 39 for preparing a
compound of formula '

wherein L, W, X and Ry are as defined in claim 1,
comprising the step of resolving a mixture of the two
compounds by means of a chiral auxiliary.

I



