
I ~ .. 

... 
•'. 

~'"=' ,,. I. 
I'. ~:.. ·. ·--'i. 
•. ·.._,.;.··. .·..:... . •. 

;.z,:... .., 

----., 
i 

IAF-lJCIP 1/ 

96 0 3 2 2.8 - 9 

PROCESSES FOR THE DIASTEREOSELECTIVE 
SYNTBESIS OF NYCLBOSD)ES 

FIELQ OF THE INVENTION 

S The present invention relates to 
diastereoselective processes for preparinq optically 
active cis-nucleosides and nucleoside analoques and 
derivatives. The novel processes of this invention 
allow the stereo-controlled synthesis of a qiven 

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

15 

BACKGROUND OF THE INVENTION 

Nucleosides and their .. analoques and 
derivatives.are·an -important class of therapeutic 
aqents. For· example·, a number of nucleosides have 
shown antiviral activity aqainst retroviruses such as 
human immunodeficiency.virus (HIV), hepatitis B virus . . . 

20 (HBV) and h\lman T-lymphbtropic virus (HTLV) (PCT 
p~blication WO 89/04662 and European Patent publication 
0349242 A2). Amonq the nucleosides shown to have 
antiviral activity are 3'-azido-3'-deoxythymidine 
(AZT), 2'3'-dideoxy-cytidine (DDC), 2-hydroxymethyl-5-

25 (cytosin-1 1 -yl)-1,3-oxathiolane and 2-hydroxymethyl-4-
(quanin-9'-yl)-1,3-dioxolane (European Patent 
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publication 0382526 A2 and European Patent publication 
0377713 A2). 

Most nucleosides and nucleoside analogues and 
derivatives contain at least two chiral centers (shown 

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 ~rans- configuration). 
However, generally only the cis-isomers exhibit useful 
biological activity. 

10 
purine or pyrimidine base 

(A) HO 

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 DOC, DDA, D4C and D4T As Potential Anti-HIV 

15 Agents", Bioorg.Med.Chem. Lett., 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 nucleosi_des 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 1 ,3 1 -Didehydro-2',3'­
Dideoxynucleosides," J.Ora.Chem., 54, pp. 2217-2225 
(1989). These transformations involve multiple steps, 

30 including protection and deprotection and usually 
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result in low yields. Moreover, they begin with and 
maintain the optical activity of the starting 
nucleoside. Thus, the nucleosides produced by these 
processes are limited to specific analogues of the 

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 1 -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. 

THIS SHEET HAS BEEN 
REPLACED 
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SUMMABY OF TUE INYENTIQN 

The present invention overcomes the 
difficulties and shortcomings of the prior art and 
provides processes for producing optically active cis-

5 nucleosides "c1,·J-oxathiolanes, 2,4-dioxolanes, and 1,3-

dithiolanes) or nucleoside analogues and derivatives of 
formula (I) 

(I) 

wherein W is s, S=O, so2, or o; 
10 X is s, S=O, so2 , or o; 

R1 is hydrogen or acyl; and 

~ 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 (Ila) or (IIb) 

(Ila) (IIb) 

wherein R3 is a substituted carbonyl or carbonyl 
20 derivative and L is a leaving qroup. Glycosylation is 

accomplished using a Lewis acid of the formula (III) 
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R6 
I 

Rs - Si - Ra 
I 

(III) 

~ 
wherein Rs, R6, ~' and R8 are defined below and the 

resultinq intermediate is reduced to qive a nucleoside 

or nucleoside analoque or derivative of formula (I). 

The processes of this invention have the 

10 advantaqes of allowinq preparation of a nucleoside of 

formula (I) (or analoques or derivatives thereof) 

without usinq expensive startinq materials, cumbersome 

protection and deprotection steps or addition and 

removal of 2 1 - or 3 1 -substituents. The processes of 

15 this invention produce nucleosides in hiqh yields, with 

hiqh purity and hiqh optical specificity. The 

processes of this invention have the further advantaqe 

of qeneratinq nucleosides whose stereoisomeric 

conf iquration can be easily controlled simply by the 

20 selection of the appropriate startinq materials. 

DETAILED DESCRIPTION OF THE INYENTION 

In the processes for preparinq optically 

active compounds of this invention in a 

confiqurational- and diastereo-selective manner, the 

25 followinq definitions are used: 

~ is a purine or pyrimidine base or an 

analoque or derivative thereof. 

A purine or pyrimidine base is a purine or 

pyrimidine base found in naturally occurrinq 

30 nucleosides. An analoque thereof is a base which 

mimics such naturally occurrinq bases in that their 

structures (the kinds of atoms and their arranqement) 

are similar to the naturally occurrinq bases but may 

either possess additional or lack certain of the 

35 functional properties of the naturally occurrinq bases. 
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Such analoques include those derived by replacement of 
a CH moiety by a nitroqen atom, e.q., 5-azapyrimidines 
such as 5-azacytosine) or vice versa (e.g., 7-
deazapurines, such as 7-deazaadenine or 7-

5 deazaquanine) or both (e.q. ,· 7-deaza, s-azapurines). 
By derivatives of such bases or analoques are meant 
those bases wherein rinq substituents are either 
incorporated, removed, or modified by conventional 
substituents known in the art, e.g., halogen, hydroxyl, 

10 amino, c1_6 alkyl. Such purine or pyrimidine bases, 

analoques 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 followinq ways: base 
modifications, such as addition of a substituent (e.g., 
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 qroups by any substituent, including hydrogen 
(e.g., 2 1 ,3 1 -dideoxynucleosides); alteration of the 
site of attachment of the sugar to the base (e.q., 
pyrimidine bases usually attached to the suqar 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 confiquration of the suqar-base 
linkaqe (e.g., els or trans configurations). 

R3 is a carbonyl substituted with hydrogen, 

hydroxyl, trialkylsilyl, trialkylsiloxy, c1_
30 

alkyl, 

c
7

_
30 

aralkyl, c
1

_
30 

alkoxy, c
1

_
30 

amine (primary, 
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secondary or tertiary), c
1

_
30 

thiol; c
6

_
20 

aryl; C
1

_
20 

alkenyl; c
1

_
20 

alkynyl; 1,2-dicarbonyl, such as 

0 0 
B U 

s CH
3
-c-c- substituted with c1_6 alkyl or c6_

20 
aryl; 

anyhdrides 
0 0 
II II 

such as CH3-c-o-c- substituted with c1_6 alkyl or c6_20 
10 aryl; azomethine substituted at nitrogen with hydrogen, 

c
1

_
20 

alkyl or c
1

_
10 

alkoxy or c1_10 dialkylamino or at 

carbon with hydrogen, c1_20 alkyl, or c1_20 alkoxy; 

thiocarbonyl (C=S) substituted with hydroxyl, c
1

_20 

15 

alkoxy, 

0 

n 
-CCH -· 2 I 

or c
1

_20 thiol; a homologue of carbonyl, e.g., 

s 
II 

a homologue of thiocarbonyl, e.g., -cce
2
-; or a 

N-
II 

20 homologu.e of azomethine, such as -cce2-. 

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 
carbonyl/carbonyl derivatives are esters and carboxyls 
and the most preferred are esters. 

R4 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., 

THIS SHEET HAS BEEN 
REPLACED 
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£nantiomers. Bacemates And Resolutions, pp. 251-369, 

John Wiley & Sons, New York (1981). 

R5
, R6 and R, are independently selected from 

the group consistinq of hydroqen, c1_20 al~yl (e.q., 

5 methyl, ethyl, t-butyl), optionally substituted by 

haloqens (F, Cl, Br, I), c6_20 alkoxy (e.q., methoxy) or 

c
6

_
20 

aryloxy (e.g., phenoxy); c
7

_20 aralkyl (e.q., 

benzyl), optionally substituted by haloqen, c
1

_20 alkyl 

or c1_20 alkoxy (e.q., p-methoxybenzyl); c6_20 aryl 

10 (e.q., phenyl), optionally substituted by haloqens, 

c1_20 alkyl or c1_20 alkoxy; trialkylsilyl; haloqens (F, 

Cl, Br, I). 
R8 is selected from the qroup consistinq of 

halogen (F, Cl, Br, I); c1_
20 

sulphonate esters, 

15 optionally substituted by halogens (e.q., 

trifluoromethane sulphonate); c
1

_20 alkyl esters, 

optionally substituted by haloqen (e.q., 

trifluoroacetate); polyvalent halides (e.q., 

triiodide); trisubstituted silyl groups of the general 

20 formula (R5)(R6 ) (R7)Si (wherein R5 , R6 , and R7 are as 

defined above); saturated or unsaturated selenenyl 

C6_
20 

aryl; substituted or unsubstituted 

c6_20 arylsulfenyl; substituted or unsubstituted 

c
1

_20 alkoxyalkyl; and trialkylsiloxy. 

25 Lis a "leavinq 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 leavinq groups 

include acyloxy groups, alkoxy qroups, e.q., alkoxy 

30 carbonyl groups such as ethoxy carbonyl; halogens such 

as iodine, bromine, chlorine, or fluorine; amido; 

azido; isocyanate; substituted or unsubstituted, 

saturated or unsaturated thiolates, such as thiomethyl 

or thiophenyl; substituted or unsubstituted, saturated 
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or unsaturated seleno, seleninyl, or selenonyl 
compounds, such as phenyl selenide or alkyl selenide. 

A suitable leaving group may also be -OR, 
where R is a substituted or unsubstituted, saturated or 

5 unsaturated alkyl group, e.g., c1_6 alkyl, or alkenyl 
group; a substituted or unsubstituted aliphatic or 
aromatic acyl group, e.g., a c1_6 aliphatic acyl group 
such as acetyl and a substituted or unsubstituted 
aromatic acyl qroup such as benzoyl; a substituted or 

10 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 

15 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 

20 sulphonyl group, such as tosylate; or hydrogen. 
As used in this application, the term "alkyl" 

represents a substituted (by a haloqen, hydroxyl or 

c
6

_
20 

aryl) or unsubstituted straiqht chain, branched 
chain, or cyclic hydrocarbon moiety havinq 1 to 30 

25 carbon atoms and preferably, from 1 to 6 carbon atoms. 
The terms "alkenyl" and "alkynyl" represent 

substituted (by a halogen, hydroxyl or c
6

_
20 

aryl) or 

unsubstituted straiqht, branched or cyclic hydrocarbon 
chains havinq 1 to 20 carbon atoms and preferably from 

30 1 to 5 carbon atoms and containinq 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 l to 6 carbon atoms, 

35 wherein the alkyl group is covalently bonded to an 
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adjacent element through an oxygen atom (e.g., methoxy 

and ethoxy). 
The term "amine" represents alkyl, aryl, 

alkenyl, alkynyl, or aralkyl groups containing from 1 

5 to 30 carbon atoms and preferably 1 to 12 carbon atoms, 

covalently bonded to an adjacent element through a 

nitrogen atom (e.g., pyrrolidine). They include 

primary, secondary and te:i:tiary amines and quaternary 

ammonium salts. 
10 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). 

15 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). 

20 The term "aralkyl" represents an aryl group 

attached to the adjacent atom by an alkyl (e.g., 

benzyl). 
The term "alkoxyalkyl" represents an alkoxy 

group attached to the adjacent group by an alkyl group 

25 (e.g., methoxymethyl). 
The term "aryloxy" represents a substituted 

(by a halogen, trif luoromethyl or c1_5 alkoxy) or 

unsubstituted aryl moiety covalently bonded through an 

oxygen atom (e.g., phenoxy). 

30 The term "acyl" refers to a radical derived 

from a carboxylic acid, substituted (by a halogen (F, 

Cl, Br, I), c6_20 aryl or c1_6 alkyl) or unsubstituted, 

by replacement of the -OH qroup. Like the acid to 

which it is related, an acyl radical may be aliphatic 

35 or aromatic, substituted (by a halogen, c1_
5 
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alkoxyalkyl, nitro or o2 ) or unsubstituted, and 

whatever the structure of the rest of the molecule may 

be, the properties of the functional qroup remain 

essentially the same (e.q., acetyl, propionyl, 

5 isobutanoyl, 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 hydroxymethyl qroup as previously described in the art. 

Surprisinqly, the substituted carbonyl or carbonyl 

derivative is not cleaved by exposure to a Lewis acid, 

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-suqar compound obtained in Step 3. 

Instead, the substituted carbonyl/carbonyl derivative 

in the intermediate of formula (VI) forces the purine 

or pyrimidine base (R2) to add in the cis-confiquration 

20 relative to the substituted carbonyl/carbonyl 

derivative qroup. Without a substituted carbonyl or 

carbonyl derivative attached to C4' (for example, when 

a hydroxymethyl qroup is instead used), the couplinq 

procedures described in Step 4 will result in a mixture 

25 of cis- and trans-isomers. 

30 

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 qeneral formula 

R -s 

(III) 

i6 
Si - R I a . 
R7 
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wherein ~' R6, R, and Ra are as defined previously. 

These Lewis acids may be generated in situ or prepared 

using any method known in the art (e.g., A.H. Schmidt, 

"Bromotrimethylsilane and Iodotrimethylsilane-Versatile 

5 Reagents for Orqanic Synthesis", Aldrichimica Acta, 14, 

pp. 31-38 (1981). The preferred Lewis acids of this 

invention are iodotrimethylsilane and trimethylsilyl 

triflate. The preferred R
5

, R6 and a, qroups are methyl 

or iodine. The most preferred R
5

, R
6 

and R
7 

qroup is 

10 methyl. The preferred Ra qroups are iodine, chlorine, 

bromine or sulphonate esters. The most preferred R8 

groups are iodine and trifluoromethane sulphonate. 

In the preferred process of this invention, 

illustrated in Schemes l and 2, cis- and trans-isomers 

15 of a suqar of formula (II) 

(II) 

are separated by fractional crystallization and the 

desired conf iqurational isomer selected. The selected 

cis- or the trans-isomer may then be resolved 

20 chemically, e.q., 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 confiquration which is subsequently reduced to qive a 

nucleoside of formula (I). 
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Schemes lA and lB depict this pref erred 
process as applied to any 1,3-oxathiolane, 2,4-
dioxolane or 1,3-dithiolane. 
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SCHEME lB 
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The various steps as illustrated in Schemes 
lA and lB may be briefly described as follows: 

Step 1: The startinq carbonyl-suqar of 
formula (IV) can be prepared by any method known in the 

s art. E.q., J.M.· Mcintosh et al., "2-Mercaptoaldebyde 

Dimers and 2,5-Dihydrothiophenes from 1,3-oxathiolan-
5-ones", Can. J. Chem., 61, pp. 1872-1875 (1983). The 
carbonyl qroup of this startinq compound is reduced 

chemoselectively with a suitable reducinq aqent, such 

10 as disiamylborane to qive 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 

15 leavinq qroup by any method known in the art (e.q., 

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 

20 fractional crystallization into the two conf iqurational 
isomers. The solvent may be adjusted to select for 

either the cis- or trans-isomer. O.J. Pasto and C.R. 
Johnson, Organic Structure Determination, pp. 7-10, 
Prentice-Hall, Inc., New Jersey (1969). 

25 Step 3: Either the cis- (Scheme lA) or 
trans-isomer (Scheme lB) of formula (II) is chemically 

resolved usinq a chiral auxiliary (R4). A suitable 

chiral auxiliary is one of hiqh optical purity and 

where the mirror imaqe is readily available, such as d-

30 and !-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. 
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Bacemates And Resolutions, pp. 251-369, John Wiley & 
Sons, New York (1981). 

The optical purity of the diastereomer·· (VI, 
VII or I) can be determined by chiral HPLC methods, 

5 specific rotation measurements and NMR. techniques. As 
a general rule, if the opposite enantiomer is desired, 
it may be obtained by using 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, 1-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 trif late 
(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 2oi, preferably no more 
than lOi and more preferably no more than si of the 
trans-isomer). 

The pref erred 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 pref erred method of mixing reagents in 
Step 4 is to first add the chiral auxi~iary-sugar of 
formula (VI) to the silylated purine or pyrimidine 
base. The Lewis acid of formula (III) is then added to 
the mixture. 
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step 5: The cis-nucleoside obtained in 
Step 4 may then be reduced with an· appropriate reducinq 
agent to remove the chiral auxiliary and qive a 
specific stereoisomer of formula (I). The absolute 

5 conf iquration of this stereoisomer corresponds to that 
of the nucleoside intermediate of formula (VII). As 
shown in Scheme 1, either the cis- (Scheme lA) or the 
trans-isomers (Scheme lB) obtained in Step 2 will yield 
a cis end product. 

10 Schemes 2A and 2B illustrate the application 
of the process of Schemes lA and lB to the synthesis of 
the enantiomers of cis-2-hydroxymethyl-S-(cytosin-1'­
yl)-1,3-oxathiolanes. 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. 



- 19 -

SCHEME 2A 

STEP! oyOH 
. flO,cH-( _, (VIII) 

s . 

I STEP2 . 

(X) 

(XI) 

(XII) 



·. 

- 20 -
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The various steps illustrated in Schemes 2A 
and 28 may be briefly described as follows: 

Step 1: A mercaptoacetaldehyde monomer, 
preferably produced from a dimer, such as 2,5-

5 dihydroxy-1,4-dithiane, in an appropriate solvent 
(preferably t-butylmethyl ether) is reacted with 
qlyoxylic acid to qive 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 qive 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 qive exclusively either the cis- or the 
trans-acetoxy acid of formula (IX) each as a racemic 
mixture. 

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

25 chiral auxiliary preferably, !-menthol or d-menthol, in 
a suitable organic solvent, such as dichloromethane, 
using an activating aqent, such as dicyclohexyl­
carbodiimide, and an esterification catalyst, such as 
4-dimethylaminopyridine, to qive 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 N
1
N-

35 dimehylformamide. The acid chloride is then reacted 
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with a chiral auxiliary in a suitable organic solvent 
using an esterif ication catalyst. 

Step 4: The above diastereomeric mixture of 
either the cis- or the trans•esters is fractionally 

5 crystallized usinq 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 Lewis 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 stereospecif ically with a 
reducing agent preferably lithium triethylborohydride 

25 or more preferably lithium alum.inum 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 JB carbonyl-sugar with an R3 substituent 

at C4 1 is reacted with a chiral auxiliary (R
4

) to give 
a diastereomeric mixture of two optically active chiral 
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auxiliary sugars. The actual diastereomer produced 
depends on whether the (+) or (-) chiral auxiliary is 
used. This optically active mixture may be 
Chemoselectively reduced and the resulting hydroxyl 

5 group converted to a leaving group to afford a 
diastereomeric mixture of four chiral auxiliary-sugars, 
two in the cis- conf iquration and two in the trans­
conf iguration (Scheme JB). 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 JA and JB depict the second process 

of this invention as applied to any 1,3-oxathiolane, 
2,4-dioxolane or 1,3-dithiolane. 
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SCHEME 3A 

Ro-(wf o (+)or<-> cbirai auxiliary 
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+ 



. . . 

- 25 -

SCHEME 3B 
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The various steps involved in the synthesis 
of the nucleosides of formula (I) as depicted in 
Schemes 3A may be briefly described as follows: 

Step 1: The starting material ~f formula 
5 (IV), prepared by any method known in the art, is. 

reacted with a chiral auxiliary (see, e.g., T.W. 
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 5: 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. T~e 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 
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cis-configuration of formula (VII). This nucleoside is 

substantially free of the corresponding trans-isomer. 

Step 7: The optically active cis-nucleoside 

of formula (VII) is reduced stereospecif ically with a 

5 reducing aqent preferably lithium triethylborohydride 

or more preferably lithium aluminum hydride in an 

appropriate solvent such as tetrahydrofuran or diethyl 

ether to qive 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 qive 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 trif late (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 
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be appreciated by one of skill in the art that suitable 

analoqous reactants and startinq materials may be used 

to prepare analoqous compounds. 
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SCHEME 4A 

STEPI 
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SCHEME 4B 
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The various steps involved in the synthesis 

of the nucleosides of formula (I) as depicted in 

Scheme 4 may be briefly described as follows: 
step-1: The known mercaptoacetic acid of 

- . 
5 formula (XV) is reacted with an appropriate-aldehyde of 

formula R3CHO, wherein R3 is preferably an alJ:coxy 

carbonyl, such as menthyl qlyoxylate and more 

preferably a carboxyl qroup, such as glyoxylic acid 

(see e.g., J.M. Mcintosh et al., 112-Mercaptoaldehyde 

10 Dimers and 2,5-Dihydrothiophenes from 1,3-oxathiolan-

5-ones", Can. J. Chem., 61, pp. 1872-1875 (1983)) in a 

compatible orqanic solvent, such as toluene, to qive 

the intermediate of formula (XVI). 
step 2: The compound of formula (XVI) is 

15 reacted with an appropriate chiral auxiliary, 

preferably !-menthol or d-menthol in a compatible 

orqanic solvent, such as dichloromethane, usinq an 

activating agent, such as dicyclohexylcarbodiimide, and 

an esterification catalyst, such as 4-dimethylamino-

20 pyridine, to qive 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 (Scheme4B). 

25 Step 4: The compounds of formula (XVII) are 

reduced with an appropriate reducing agent such as 

disiamylborane in a compatible orqanic solvent, such as 

tetrahydrofuran (A. Pelter et al., "Borane Reagents", 

Academic Press, p. 426 (1988)), to qive 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). 
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Step 6: The diastereomeric compounds of 
formula (X), if not already separated (Scheme 4A), are 
now separated preferably by fractional crystallization 
(Scheme 4B) to qive either the cis- or the trans-

5 acetoxy compound of formula (X). 
Step 7: Either the cis- or the trans­

acetoxy compound of formula (X) is reacted with 
cytosine or other purine or pyrimidine base or analoque 
thereof. The purine or pyrimidine base or analoque is 

10 preferably previously silylated with hexamethyl­
disilazane or more preferably silylated in situ with t­
butyldimethylsilyl trif late 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 aqent, 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: 
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(II) 

(VI) 

(VII) 

(XIII) 
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(XIV) 

wherein R
3

, R
4 

and L are as defined above; 
trans-5-hydroxyoxathiolane-2-carboxylic acid; 
(l'R,2'S,5'R)-menthyl-l,3-oxathiolan-5-one-

5 2s-carboxylate; 
(l'R 2 1 8 5'R)-menthyl-1 3-oxathiolan-5-one-, , , . 

2R-carboxylate; 
(l'R,2'S,5'R)-menthyl-5S-hydroxy-1,J­

oxathiolane-2s-carboxylate; 
10 (l'R,2'S,5'R)-menthyl-5R-hydroxy-1,3-

oxathiolane-2R-carbo·xylate; 
(1'R,2'S,5'R)-menthyl-5S-hydroxy-1,3-

oxathiolane-2R-carboxylate; 
(l'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 (l'R,2'S,5'R)-menthyl-5S-acetoxy-1,3-

oxathiolane-2R-carboxylate; 
(l'R,2'S,5'R)-menthyl-5R-acetoxy-1,J­

oxathiolane-2S-carboxylate; 
(l'S,2'R,5'S)-menthyl-5R-acetoxy-1,3-

25 oxathiolane-2S-carboxylate; 
(l'S,2'R,5'S)-menthyl-5S-acetoxy-l,3-

oxathiolane-2R-carboxylate; 
(l'S,2'R,5'S)-menthyl-5R-acetoxy-1,J­

oxathiolane-2R-carboxylate; 
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(l'S,2'R,5'S)-menthyl-5S-acetoxy-1,3-

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

1,3-oxathiolane-2R-carboxylate; 
5 (1•s,2 'R, 5 1 S)-menthyl-5S-(c~os_in-1"-yl)-

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

1,3-oxathiola~e-2S-carboxylate; 

(l'S,2'R,S'S)-menthyl-5R-(cytosin-1 11-yl)-

10 1,3-oxathiolane-2S-carboxylate; 
(l'R,2'S,5'R)-menthyl-5R-(5"-fluorocytosin-

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

1"-yl)-1,3-oxathiolane-2R-carboxylate; 

.15 (l'S,2 1 R,5'S)-menthyl-5S-(N-4"-acetylcytosin-

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

1,3-oxathiolane-2R-carboxylate; 

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

20 carboxylate; 
(l'S,2'R,5'S)-menthyl-4R-hydroxy-1,3-

oxathiolane-2R-carboxylate and (l'S,2'R,S'S)-menthyl-

4S-hydroxy-1,3-oxathiolane-2R-carboxylate; 

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

25 oxathiolane-2R-carboxylate and (l'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 oxat.hiolane; 
cis-2-(1 1 -pyrrolidinocarbonyl)-5-acetoxy-

1,3-oxathiolane; 
cis-2-carbomethoxy-S-(S'-bromouracil-l'-yl)-

1,3-oxathiolane; 
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cis-2-carboxyl-5-(uracil-l'-yl)-1,3-

oxathiolane; 
cis-2-(l'-pyrrolidinocarbonyl)-5-(uracil-1'­

yl)-1,3-oxathiolane; 

5 cis 2-benzoyl-5-(uracil-1 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 5-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 dioxolane; 
cis- and trans-2-carboethoxy-4-(thymin-1'­

yl)-1,3-dioxolane; and 
cis- and trans-2-carboethoxy-4-(N-4 1 -

acetylcytosin-11-yl)-1,3-dioxolane. 

25 The followinq 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 [a]D measurements 

30 were recorded at ambient temperature. 
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EXAMPLE 1· 

l.3-0XATUIOLAN-5-QNE-2-CABBOXYLIC ACID 

(xVI) 

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

5 50.03 q, 0.543 mol), and p-toluenesulfonic acid (1.0 q) 

were added to a solution of 9lyoxylic acid monohydrate 
(50.0 q, 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 H2o 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 qive 60.0 q of the 

15 product as a crystalline white solid: m.p. 140-143°C; 
1H NMR (DMSO) 6 3.84 (q, 2H, JAB=l6.7 Hz), 6.00 (s, 

lH). 
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£xample 2 

XR.ANS-5-BYQROXYOXATffIOLAHE-2-CABBOXXLIC ACID 

(VIII) 

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

5 0.54 mol) and qlyoxylic acid monohydrate (100.0 q, 1.09 

mol) in ~-butyl methyl ether (1.1 L) was stirred 

under a blanket of nitroqen and heated to reflux under 

Dean and ·stark conditions. The reflux was continued 

for 8 hours durinq which time 15.3 mL (0.85 mol) of 

10 water was collected. The sliqhtly 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 ~-butyl methyl ether­

cyclohexane (2:1), and was dried overniqht in vacuo at 

room temperature (94.44 g): m.p. 94.5°C; 1H NMR (DMSO) 

20 6 2.85 (dd, lH, J=2.4, 10_.s Hz), 3.13 (dd, lH, J=4.3, 

10.S Hz), 5.47 (s, lH), 5.84 (brs, lH), 6.95 (d, lH, 

J=4.7 Hz). 
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Example 3 

XBANS-5-ACETOXX-1.l-OXATHIOI.ANE-2-CABBOXYLIC-ACID 

0 

oo"\
0 )'ocoai, czxi 
s 

One drop of concentrated H2so4 was added to a 

5 thorouqhly stirred solution of trans-5-hydroxy­

oxathiolane-2-carboxylic acid (7.0 q, 46.7 mmol) in 

qlacial 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 

10 then poured onto crushed ice and brine (20 mL). This 

mixture was extracted with CH2cl2 (100 mL) and the 

combined extract was dried over anhydrous maqnesium 

sulfate. The solvent was removed under reduced 

pressure to qive 8.5 q (95%) of a light yellow syrup 

15 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 

standinq overnight durinq which white crystals were 

formed. A small amount of ether was added and the 

20 solid was collected by filtration and washed with more 

ether to qive 2 g (22%) of trans-5-acetoxy-1,3-

oxathiolane-2-carboxylic acid: m.p. lll.3°C; 1H NMR 

(DMSO) 6 2.03 (s, 3H), 3.21 (d, lH, J=l2 Hz), 3.32 (dd, 

lH, J=3, 12 Hz), 5.65 (s, lH), 6.65 (d, lH, J=4 Hz); 13c 

25 NMR (DMSO) 6 20.91, 36.51, 78.86, 99.15, 169.36, 

170.04. 
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Example 4 

CIS-5-ACETQXY-1.3-0XATBIOI.ANE-2-CABBOXXLIC ACID 

(IX) 

The filtrate obtained from Example 3 was 

5 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 9, 23%): m.p. 

111.1•c; 1H NMR (DMSO) 0 1.96 (s, 3H), 3.25-3.33 (m, 

10 2H), 5.74 (S, lH), 6.69 (d, lH, J=3 Hz); 13c NMR (DMSO) 

0 21.0, 37.16, 79.57, 98.58, 169.36, 170.69. 

Example 5 

(l'R,2'S,5'R)-MENTHYL-1,3-0XATHIOLAN-5-0NE-2S­
CARBOXYLATE AND (l'R,2'S,5'R)-MENTHYL-1,3-

15 OXATHIOI.AN-5-0NE-2R-CARBOXYLATE 

(XVII) 

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-
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carboxylic acid (12.2 g, 82.4 mmol) in anhydrous THF 

(20 ml) and CH2cl2 (40 mL) 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 oily product (11.6 g, 90%) •. The crude acid 
chloride obtained was ·redissolved in dry CH2Cl2 (40 mL) 

and cooled at o•c. (1R,2S,5R)-menthol (12.8 g, 82.4 

mmol) dissolved in CH2cl2 (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 CH2Cl2 (200 mL) and washed with 

water, saturated aqueous NaHco3 solution, brine, and 

then was dried over anhydrous Na2so4• 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 
(l'R,2'S,5'R)-menthyl-1,3-oxathiolan-5-one-2s~ 

carboxylate and (l'R,2'S,5'R)-menthyl-1,3-oxathiolan-
20 5-one-2R-carboxylate (20 g, 84.7% overall) as a viscous 

oil: 1H NMR (CDC13) 6 0.11 (3H), 0.91 (6H), 1.00-1.15 
(2H), 1.40-2.10 (6H), 3.56 (lH), 3.82 (lH), 4.80 (lH). 

5.62 (lH); 13c NMR 6 16.1, 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 compound 

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 indicat.ed by 1H NMR 
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and 13c NMR spectroscopy: m. p. 78.5°; [a] 0 +31.7° (c, 

0.984, CHC13); 1H NMR (CDC13) 6 0.77 (3H), 0.91 (6H), 

1.00-1.15 (2H), 1.40-2.10 (6H), 3.56 (lH), 3.82 (lH), 

4.79 (lH), 5.62 (lH); 13c NMR (CDC13 ) 6 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. 

Example 6 

(1 1R,2 1 S,5'R)-MENTHYL-5S-HYDROXY-1,3-0XATHIOLANE-2S­
CARBOXYLATE, (l 1 R,2'S,5'R)-MENTHYL-5R-HYDROXY-l,3-

10 OXATHIOLANE-2R-CARBOXYLATE, (l'R,2'S,5'R)-MENTHYL-SS­
HYDROXY-1,3-0XATHIOLANE-2R-CARBOXYLATE, (l'R,2'S,5'R) 
-MEUTHXL-5R-HYDROXY-1.3-0XATUIOLANE-2S-CARBOXXLATE 

(XVIII) 

A freshly prepared solution of disiamylborane 

is· ( 13. 4 mmol, o. 5 M in THF) was added via canula to a 

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

carboxylate of formula (XVII) (1.28 q, 4.47 mmol) in 

THF (10 mL) at 0°C under an arqon atmosphere. The 

resultinq clear solution was stirred for 15 minutes at 

20 0°C and 18 hours at ainbient 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 maqnesium sulfate. Removal of the solvent 

25 gave a clear oil. Subjecting this material to silica 

gel column chromatoqraphy (EtOAc-hexanes, 1:2, V/V) 

gave 0.65 q (50%) of the expected lactols in four 

diastereomeric forms: 1H NMR (CDC13 ) 6 0.11-2.09 (m, 
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18H), 3.01-3.09 (m, lH), 3.24-3.33 (m, lH), 4.66-4.83 

(m, lH), 5.53-5.59 (m, lH), 5.88-6.09 (m, lH). 

Example 7 
. . 

(l'R,2 1 S,5 1R)-MENTHYL-5S-ACETOXY-1,3-0XATHIOLANE-2S-
5 CARBOXYLATE, (1 1R,2 1 S,5 1 R)-MENTHYL-5R-ACETOXY-1,3-

0XATHIOLANE-2R-CARBOXYLATE, (1 1 R,2 1 S,5'R)-MENTHYL-5S­
ACETOXY-1,3-0XATHIOLANE-2R-CARBOXYLATE, (1 1 R,2 1 S,5 1 R)­
MENTUYL-5R-ACETOXY-1.3-0XATHIOLANE-2S-CABBOXYLA.TE 

•·II 

10 The four title compounds were prepared as a 

mixture by the followinq two methods. 

Method A 

Lactols of formula (XVIII) (0.65 q, 2.25 

mmol) were dissolved in anhydrous pyridine (1.5 mL) and 

15 methylene chloride (5 mL). Acetyl chloride (0.5 mL, 

7.0 mmol) was slowly added to this solution at o•c. 
The resultinq white suspension was stirred at ambient 

temperature for 3 hours. The reaction was then 

quenched with saturated aqueous ammonium chloride 

20 solution (1 mL). The mixture was extracted with 
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methylene chloride (5x2 mL) and the combined extract 
was concentrated to qive a brown qummy material. This 
material was subjected to column chromatoqraphy (EtOAc­
hexane, 1:3 V/V) to provide 0.3 q of the four acetates 

s as a liqht yellow oil: 1H NMR (CDC13) 6 0.75 (d, ~H, J=7 
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, JH), 3.15 (d, 2H, 

10 

J=12 Hz), 
3.44 (dd, 
1H), 5.62 
4H). 

Method B 

3.23-3.30 (m, 4H), 3.42 (dd, lH, J=4, 12 Hz), 
lH, J=4, 12 Hz), 4~65-4.75 (m, 4H), 5.61 (s, 
(s, lH), 5.63 (s, lH), 5.64 (s, lH), 6.64 (m, 

A solution of dicyclohexyl-carbodiimide 
(21.86 g, 0.106 mol) in dichloromethane (100 mL) was 

15 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 q, 9.63 mmol) in dichloromethane 

20 (200 mL) at o•c. The resulting thick white slurry was 
stirred at room temperature for 3 hours at which time 
methanol ( 4. o mL) and glacial acetic acid (2. O mL) wer.e 
added. After stirring for 10 minutes, the reaction 
mixture was diluted with hexanes (200 mL) and filtered 

25 through Celite. Subsequent removal of the solvent 
provided 32.5 g of the crude product. This substance 
was redissolved in hexanes (100 mL), filtered throuqh 
Celite and concentrated to yield 30.5 g of material 
which was further purified by column chromatoqraphy 

30 (eluent: 100% hexanes to 5% EtOAc-hexanes) to give 5.5 
g of a mixture (ca. 1:1) of (l'R,2'S,5'R)-menthyl-5R­
acetoxy-1,J-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 
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mainly the above two diastereomers alonq with 
(1'R,2'S,5 1R)-menthyl-5S-acetoxy-1,3-oxathiolane-2S­
carboxylate and (l'R,2'S,5'R)-menthyl-5R-acetoxy-1,3-
oxathiolane-2R-carboxylate; 7.6 q of a random mixture 

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

Example 8 

10 (l'R,2'S,S'R)-MENTHYL-5R-ACETOXY-1,3-0XATHIOLANE-2R­
CARB0XYLATE 

(X) 

(l'R,2'S,5'R)-Menthyl-5R-acetoxy-1,3-
oxathiolane-2R-carboxylate was prepared by the 

15 followinq three methods. 

Method A 

A mixture of (l'R,2'S,5'R)-menthyl-5S­
acetoxy-1,3-oxathiolane-2S-carboxylate and 
(l'R,2'S,5'R)-menthyl-5R-acetoxy-1,3-oxathiolane-2R-

20 carboxylate (5.5 q) obtained from Example 7 was 
dissolved in petroleum ether (40-60°C) containinq 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 qive 1.6 

25 q 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, 
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CHC13); 1H NMR (CDC13) 6 0.77 (d, JH, J=7 Hz), 0.91 (d, 

3H, J=7 Hz), 0.92 (d, 3H, J=7 Hz), 0.86-2.06 (m, 9H), 

2.10 (s, 3H), 3.16 (d, lH, J=12 Hz), 3.44 (dd, lH, J=4, 

12 Hz), 4.74 (dt, lH, J=5, 12 Hz), 5.63 (s, lB), 6.79 

5 (d, lB, J=4 Hz)"; 13c NMR (CDCl3) 6 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. 

Metbod c 

A solution of dicyclohexylcarbodiimide (1.362 

g, 6.6 mmol) in dichloromethane (5 mL) was added to a 

20 SO mL round bottom flask containing a solution of 

trans-s-acetoxy-l,3-oxathiolane-2•carboxylic acid (1.16 

g, 6.04 mmol), (1R,2S,SR)-(-)-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 (l'R,2'S,5'R)-menthyl-SR-acetoxy-1,3-
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oxathiolane-2R-carboxylate and (1'R,2'S,5'R)-menthyl-

5S-acetoxy-1,3-oxathiolane-2S-carboxylate: 
1H NMR (CDC13 ) & 0.75 (d, 3H, J=7 Hz), 0.78 (d, 3H, J=7 

Hz), 0.85-0.92 (m, 12H), 0.95-2.19 (m, 18H), 2.10 (s, 

5 6H), 3.15 (d, 2H, J=12 Hz), 3.42 (dd, lff,. J=4, 12 Hz), 

3.44 (dd, lH, 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. 

20 

Example 9 

(1'S,2'R,5'S)- MENTHYL-5S-ACETOXY-1,3-0XATHIOLANE-2S­
CARB0XYLATE 

(X) 

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,SS)-(+)-menthol (372 mg, 

2.38 mmol), and 4-dimethylamino-pyridine (26 mg, 0.21 
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mmol) in dichloromethane (5 mL) at 0°C. The resultinq 
thick slurry was stirred at room temperature for 3 
hours at which time methanol (0.2 mL) and qlacial 
acetic acid (0.2 mL) were added. After stirring for 10 

5 minutes, the mixture was diluted with hexanes (25 mL), 

filtered throuqh Celite, and concentrated. The crude 
product obtained was dissolved in hexanes (25 mL), 

filtered.through Celite, and concentrated to produce 
0.715 mg (100%) of two diastereomers, namely 

10 (l'S,2'R,5 1 S)-menthyl-5S-acetoxy-1,3-oxathiolane-2s-
carboxylate and (1 1 S,2'R,5'S)-menthyl-5R-acetoxy-1,3-

oxathiolane-2R-carboxylate: 1H NMR (CDC13) 6 0.75 (d, 

6H, J=7 Hz), 0.85-0.92 (m, 12H), 0.95-2.19 (m, 18H), 
2.10 (s 1 6H), 3.15 (d, 2H, J=12 Hz), 3.42 (dd, lH, J=4, 

15 12 Hz), 3.44 (dd, lH, J=4, 12 Hz), 4.72 (dt, 2H, J=5, 
12 Hz) 5.61 (s, lH), 5.62 (s, lH), 6.65 (S, 2H). 

The above diastereomeric acetoxy menthyl 
esters mixture was dissolved in petroleum ether (40-
600C) containinq 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 
aqain under the same conditions to yield 130 mg (34% 
based on one enantiomer) of (l'S,2 1 R,5'S)-menthyl-5S-

25 acetoxy-l,3-oxathiolane-25-carboxylate: 

m.p. 104.·2°C; [a]D +59.2° (c, 1.02, CHC13); 1H NMR 

(CDCl3) 6 0.11 (d, 3H, J=7 Hz), 0.91 (d, 3H, J=7 Hz), 
0.92 (d, 3H, J=7 Hz), 0.86-2.06 (m, 9H), 2.10 (s, 3H), 
3 .16 (d, lH, J=12 Hz)·, 3. 44 (dd, 1H,J=4, 12 Hz), 4. 74 

30 (dt, lH, J=5, 12 Hz), 5.63 (s, lH), 6.79 (d, lH, J=4 
13 . Hz); C NMR (CDC13) 6 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. 
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Example 10 

(l'R 2 1 S 5 1 R)-MENTHYL-5R-ACETOXY-1 3-0XATHIOLANE-2S-' I . I CARBOXYLATE . 

(X) 

(l'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 q), 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 (l'R,2'S,5'R)-menthyl-5R-

15 acetoxy-1,3-oxathiolane-2S-carboxylate: m.p. 110.2°c; 
(a]D -177° (c, 0.7, CHCl3); 1H NMR (CDCl3) 6 0.75 (d, 
JH, J=7 Hz), 0.88 (d, JH, J=7 Hz), 0.92 (d, JH, J=7 
Hz), 0.97-2.02 (m, 9H), 2.12 (s, 3H), 3.22 (d, lH, J=11 
Hz), 3.29 (dd, 1H J=4, 11 Hz), 4.74 (dt, lH, J=4, 11 

20 Hz), 5.63 (s, lH), 6.65 (d, lH, J=J Hz); 13c NMR (CDCl3) 
6 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. 
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Method B 

A solution of dicyclohexylcarbodiimide (118 
mq, 0.572 mmol) in dichloromethane (5 mL) was added to 
a 25 mL round bottom flask containinq a solution of 

5 cis-5-acetoxy-1,3-oxathiolane-2-carboxylic acid (100 
mq, 0.52 mmol), (1R,2S,5R)-(-)-menthol (85 mq, 0.54 
mmol), and 4-dimethyl-aminopyridine (OMAP) (8 mq, 0.053 
mmol) in dichloromethane (10 ml) at 0°C. The resultinq 
white slurry was stirred at room temperature for 3 

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

15 filtered throuqh Celite, and concentrated to yield 170 
mq (100%) of (l'R,2'S,5'R)-menthyl-5R-acetoxy-1,3-
oxathiolane-2S-carboxylate and (l'R,2'S,5'R)-menthyl-

5S-acetoxy-1,3-oxathiolane-2R-carboxylate: 1H NMR 

(CDCl3) 6 0.75 (d, 3H, J=7 Hz), 0.78 (d, 3H, J=7 Hz), 
20 0.88-0.94 (m, 12H), 0.97-2.03 (m, lSH), 2.10 (s, 3H), 

2.13 (s, JH), 3.23-3.30 (m, 4H), 4.65-4.75 (m, 2H), 
5.63 (s, lH), 5.64 (s, lH), 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 mq) by filtration. This material was 
recrystallized aqain from diethyl ether-petroleum ether 
to yield 74 mq (78.% based on one enantiomer) of 

30 (l'R,2'S,5'R) menthyl-5R-acetoxy-1,3-oxatbiolane-2S­
carboxylate. 
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Example 11 

(1 1 S,2'R,5'S)-MENTHYL-5S-ACETOXY-1,3-0XATHIOLANE-2R­
CARB0XYLATE 

(X) 

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-l, 3-oxathiolane-2-carboxylic acid (1.36 q, 7 
mmol), (1S,2R,5S)-(+)-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 (l'S,2'R,5'S)-menthyl-SS-acetoxy-l,J-oxathiolane-
2R-carboxylate and (1 1S,2 1R,5'S)-menthyl-5R-acetoxy-

1,3-oxathiolane-2S-carboxylate: 
1H NMR (CDC13 ) 6 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 (m, 
2H), 5.63 (s, lH), 5.64 (s, lH), 6.64 (m, 2H). 
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The above mixture of diastereomers was 

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

small amount of diethyl ether at room temperature to 

give 1.3 g of a white solid. This material was 
5 recrystallized ·again from diethyl ether-petroleum ether 

(40-60°C) to give 900 mg (78t based on one enantiomer) 

of (l'S,2 1R,5 1 S}-menthyl-5S-acetoxy-1,3-oxathiolane-

2R-carboxylate: m.p. 110.2•c; [a] 0 +177° (c, 1.0, 

CHC13); 1H NMR (CDC13) 6 0.75 (d, 3H, J=7 Hz), 0.89 (d, 

10 3H, J= 7Hz), 0.92 (d, 3H, J=7 Hz), 0.98-2.02 (m, 9H), 

2.12 (s, 3H), 3.22 (d, lH, J=ll Hz), 3.29 (dd, lH, J=4, 

11 Hz), 4.74 (dt, lH, J=ll, 4 Hz), 5.63 (s, lH), 6.65 

(d, lH, J=3 Hz); 13c NMR (CDCl3) 6 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. 

20 

Example 12 

(1 1 R,2'S,5 1 R)-MENTHYL-5S-(CYTOSIN-1"-YL)-1,3-
0XATHIOLANE-2R-CARBOXYLATE 

(XI) 

t-Butyl-dimetbylsilyl trifluorometbane­
sulfonate (1.1 mL, 4~79 mmol) was added to a suspension 

of cytosine (0.27 g, 2.5 mmol) in CH2Cl2 (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 
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of (l'R,2 1 S,5'R)-menthyl-5S-acetoxy-1,3-oxathiolane-
2R-carboxylate (0.66 g, 1.99 mmol) in methylene 
chloride (1.5 mL) was added to the mixture and stirring 
was continued for 5 minutes. Iodotrimetbylsilane 

5 (0.31 mL, 2.18 mmol) was introduced droJ>wi'se and a 
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 Na2s2o3 (10 mL) and 

10 CH2Cl2 (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 NaHC03 (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 qive 0.57 q (75%) of a white solid. The 1H 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] 0-144° 

(c, 1.02, CHC13); m.p. 219°C (decomposed); 1H NMR 

25 (CDC13) 6 0.76 (d, 3H, J=7 Hz), 0.85-0.94 (m, 6H), 
1.02-1.10 (m, 2H), 1.42-2.06 (m, 7H), 3.14 (dd, lB, 
J=6.6, 12.1 Hz), 3.54 (dd, lH, J=4.7, 12.1 Hz), 4.72-
4.78 (m, lH), 5.46 (s, lH), 5.99 (d, lH, J=7.5 Hz), 

8.43 (d, lH, J=7.6 Hz); 13c (CDC13) 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. 
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Example 13 

(l'S,2 1 R,5 1 S)-MENTHYL-5S-(CYTOSIN-1"-YL)-1,3-
0XATHIOLAN'E-2R-CABBQXYLATE 

(XI) 

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 CH2cl2 (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 (l'S,2'R,S'S)-menthyl-5S­
acetoxy-1,3-oxathiolane-2R-carboxylate (330 mg, 1 mmol) 

in CH2cl2 (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 CH2Cl2 (20 mL) and washed successively 

with saturated aqueous NaHS0
3

, water, and brine. The 
solvent was evaporated and the residue was taken up in 

ether-hexanes (1:1, 10 mL) and saturated aqueous NaHco3 
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 (Jx5 mL) and dried under vacuum. This 
substance, namely (l'S,2'R,5'S)-menthyl-5S-(cytosin-

25 1"-yl)-l,3-oxathiolan-2R-carboxylate (380 mg, lOOt) was 
contaminated with about 3% of (l'S,2'R,5'S)-menthyl-
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5R-(cytosin-1"-1,3-oxathiolan-2R-carboxylate (as 
indicated by its 1H NMR spectrum), was recrystallized 

from MeOB to give (l'S,2'R,S'S)-menthyl-SS-(cytosin-

1"-yl)-1,3~oxathiolane•2R-carboxyla~e: [a]D-58° (c, 

s o.506, CBC13); ·m.p.: 235°C (decomposed)); 1H"NMR (CDC13). 

6 0.80 (3H), 0.92 (6H), 1.06 (2H), 1.37-2.10 (7H), 3.11 
(lH), 3.55 (lH), 4.77 (lH), 5.47 (lH), 5.79 (lB), 6.49 

(lH), 8.37 (lB); 13c NMR (CDC13) 6 6.8, 21.3. 22.s, 

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. 

15 

Bxample 14 

(l'R,2 1 S,5 1R)-MENTHYL-5R-(CYTOSIN-l"-YL)-l,3-
0XATHI0LANE-2S-CABBOXYLATE 

(XI) 

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 CB2C12 (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 (l'R,2'S,S'R)-menthy1-5R­
acetoxy-1,3-oxathio1ari-2S-carboxylate (330 mg, 1 mmol) 

in CB2cl2 (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 

CB2Cl2 (20 mL) and washed successively with saturated 

aqueous NaHS03, water, brine and then was concentrated. 
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The residue was taken up in ether-hexanes (1:1, 10 mL) 

and saturated aqueous NaHC03 (2 mL) and was stirred at 
room temperature for 15 minutes. The aqueous layer was 
removed and the organic phase was centrifuged to yield 

5 a white solid which was washed with hexanes (3x5 mL) 

and then dried under vacuum. The product 
(l'R,2'S,5 1R)-menthyl-5R-(cytosin-1"-yl)-1,3-
oxathiolan-2S-carboxylate (336.3 mg, 88%) contained 
about 6% of (l'R,2'S,5'R)-menthyl-5S-(cytosin-1"-yl)-

10 1,3-oxathiolan-2S-carboxylate (NMR). This material was 
recrystallized from MeOH to give the desired product: 

[a]D+56° (c, 1.08, CHC13); m.p.: 235°C (decomposed); 1H 

NMR (CDC13) 6 0.80 (JR) 0.91 (6H), 1.00 (2H), 1.37-

2.10 (7H), 3.11 (lH), 3.55 (lH), 4.77 (lH), 5.47 (lH), 

15 5._79 (lH), 6.49 (1H), 8.37 (lH); 13cNMR (CDCl3) 616.8, 
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 

(l'S,2'R,5~S)-MENTHYL-SR-(CYTOSIN-1 11 -YL)-1,3-
20 OXATHIOLANE-2S-CARBOXYLATE 

(XI) 

2,4,6-collidine (0.106 mL, 0.8 mmol) and t­
butyldimethylsilyl trif luoromethanesulf onate were added 
successively to a suspension of cytosine (44 mg, 0.4 

25 mmol) in CH2cl2 (0.5 mL) at room temperature under an 
arqon atmosphere. Stirring was continued at room 



- 57 -

temperature for 15 minutes and a clear solution was 
produced. A solution of (1 1 S,2'R,5'S)-menthyl-5S­
acetoxy-l,3-oxathiolan-2S-carboxylate (110 mg, 0.33 
mmol) in CH

2
cl

2 
(0.3 mL) was added, followed by 

5 iodotrimethylsilane (0.052 mL, 0.36 mmol). The 
resultant mixture was stirred at room temperature 

overnight and then was diluted with CH2cl2 (10 mL). The 
mixture was washed successively with saturated aqueous 

NaHS0
3

, water, brine and concentrated under reduced 
10 pressure. The residue was· taken up in ether-hexanes 

(1:1, 5 mL) and saturated aqueous NaHC03 (1 mL) and 
stirring was continued at room temperature for 20 
minutes. The aqueous 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 (l'S,2'R,S'S)-menthyl-5R-(cytosin-1"-yl)-
1,3-oxathiolan-2S-carboxylate contaminated with 
approximately 5% of (l'S,2'R,5'S)-menthyl-5S-(cytosin-

20 1"-yl)-l,3-oxathiolan-2S-carboxylate as indicated by 1H 
NMR spectroscopy. Recrystallization of the crude 

material from MeOH-Et2o gave the desired product: 

m.p. 210-211°c; [a]D +179° (c, 0.66, CHCl3); 1H NMR 

(CDC13) 6 0.77 (3H) 0.92 (6H), 1.00 (2H), 1.37-2.10 
25 (6H), 3.14 (lH), 3.55 (1H), 4.76 (lH), 5.46 (lH), 5.88 

13 . (lH), 6.46 (lH), 8.38 (lH); C NMR (CDC13) 6 16.8, 

21.3. 21.8, 22.5, 23.9, 26.7, 31.9, 34.7, 38.7, 40.9, 
47.4, 76.4, so.a, 100.0, 169.1, 110.s 

The washings and the supernatant were 
30 combined and washed with lN HCl, water, brine, and then 

was dried over Na2so4• Evaporation of the solvent 

yielded 53 mg (48%) of unreacted (l'S,2'R,5'S)-mentbyl-
5S-acetoxy-l,3-oxathiolan-2S-carboxylate. 
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Example 16 

2R-HYDROXXMETBYL-5S-CCYTOSIN-1 1 -YLl-1.3-0XATHIOI.iANE 

(XII) 

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

5 (cytosin-1"-yl)-1,3-oxathiolane-2R-carboxylate· (67 mq, 

0~18 mmol) in THF (1 mL) was slowly added to a stirred 

suspension of lithium aluminum hydride (19 mq, 0.5 

mmol) in THF (2 mL) at ambient temperature under an 

arqon atmosphere. Stirring was continued for 30 

10 minutes. 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 mixture of EtOAc-hexane-methanol (50 mL). The eluate 

was concentrated and subjected to silica gel column 

~hromatoqraphy (EtOAc-hexane-methanol, 1:1:1) to give a 

gummy solid. This solid was dried azeotropically with 

toluene to qive 38 mg (94%) of the desired product: 

20 [a] 0-122° (c, 1.01, MeOH); m.p. 128-130°C; 1H NMR 

(CD30D) 6 3.05 (dd, lH, J=4.3, 11.9 Hz) 3.42 (dd, lH, 

J=5.3, 11.9 Hz), 3.76-3.89 (m, 2H), 5.19-5.21 (m, lH}, 

5.81 (d, lH, J=7.6 Hz), 6.20-6.23 (m, lH), 7.01-7.16 

(brm, 2H, exchangeable), 7.98 (d, lH, J=7.5 Hz); 13c 
25 (CD30D) 6 38.5, 64.1, 88.0, 88.9, 95.7, 142.8, 157.9, 

167.7. 
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Example 17 

2S-HYDROXYMETHYL-5R-CCYTQSIN-l'-YLl-l.3-0XATBIOLAHE 

NH2 

(XII) 

A solution of. (l'R,2 1 S,5'R)-menthyl-5R-
5 (cytosin-l"-yl)-l,3-oxathiolane-2S-carboxylate (102 mg, 

0.21 mmol) in THF (3 mL) was slowly added to a stirred 
suspension of lithium aluminum hydride (20 mg, o.54 
mmol) in THF (2 mL) at ambient temperature under an 
argon atmosphere. Stirring was continued for 30 

10 minutes and the reaction was quenched 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: [a]

0 
20 +125° (c, 1.01, MeOH); m.p. 130-132°C; 1H NMR (CDJO~) 6 

3.05 (dd, lH, J=4.3, 11.9 Hz), 3.42 (dd, lH, J=5.3, 
11.9 Hz), 3.76-3.89 (m, 2H), 5.19-5.21 (m, lH), 5.81 
(d, lH, J=7.6 Hz), 6.20-6.23 (m, lH), 7.01-7.16 (brm, 
2H, exchangeable), 7.98 (d, lH, J=7.5 Hz); 13c (co3oo) 6 

25 38.5, 64.1, 88.0, 88.9, 95.7, 142.8, 157.9, 167.7. 
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Example 18 

(1 1 R,2'S,5'R)-MENTHYL-5R-(5'-FLUOROCYTOSIN-1"-YL)-1,3-
0XATHI0LANE-2S-CARBOXXLATE 

To a suspension of 5-fluorocytosine (155 mq, 

5 1.2 mmol) in CH2c12 (1 mL) at room temperature under an 
arqon 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 
(l'R,2'S,5'R)-menthyl-5R-acetoxy-l,3-oxathiolane-2S­
carboxylate (330 mq, 1 mmol) in CH2Cl2 (0.5 mL) was 

introduced, followed by iodotrimethylsilane (0.156 mL, 
1.1 mmol). Stirrinq was continued for 3 hours. The 

15 mixture was diluted with CH2cl2 (20_mL) and washed 

successively with saturated aqueous NaHS0
3

, water, 

brine and then was concentrated. The residue was taken 
up in ether-hexanes (1:1, lOmL) and saturated aqueous 

NaHC03 (2 mL) and stirred at room temperature for 15 
20 minutes. The aqueous layer was removed and the orqanic 

phase was centrifuqed to afford a white solid which was 
washed with hexanes (3x5 mL) and then dried under 
vacuum. The product (l'R,2'S,5'R)-menthyl-5R-(5"­
fluorocytosin-l"-yl)-l,3-oxathiolane-2S-carboxylate 

25 (350 mq, 88t) thus obtained contained about 6t of 
(l'R,2'S,5'R)-menthyl-5S-(5"-fluorocytosin-1"-yl)-1,3-



..• ' 
:. 

- 61 -

oxathiolane-2S-carboxylate (NMR). This material was 
recrystallized from MeOH/CH2Cl2 /benzene to qive a 

crystalline product: (a] 0
26+22° (c, 0.19, MeOH); m.p. 

216-218°C~ 1H NMR (CDCl3) 6 0.78 (d, 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, 11{, J=4.7 
Hz, 6.1 Hz), 4.79 (dt, lH, J=4.4 Hz, 4.3 Hz), 5.46 (S, 
1 H), 5.75 (bs, 1H, exchanqeable), 6.42 (St, lH, J=5.0 
Hz), 8.10 (bs, lH, exchanqeable), 8.48 (d, lH, J=6.6 

10 Hz); 13c NMR (CDC13-DMSO-d6): 6 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 
(d, J=15 Hz), 170.1. 

Example 19 

15 (1 1 S,2 1R,5'S)-MENTHYL-5S-(5 11 -FLUOROCYTOSIN-111-YL)-1,3-
0XATffIOLNfE-2R-CARBOXYLATE 

To a suspension of 5-fluorocytosine (180.0 

mq, 1.4 mmol) in CH2cl2 (1 mL) at room temperature under 
an arqon 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 
(l'S,2'R,5'S)-menthyl-5S-acetoxy-1,3-oxathiolane-2R-
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carboxylate (414 mg, 1.25 mmol) in ~Cl2 (0.6 mL) was 
introduced, followed by iodotrimethylsilane (0.18 mL, 

1.27 mmol). The resultant mixture was stirred for 1 

hour. The mixture was diluted with CH2Cl2 (20 mL) and 

5 washed successively with saturated aqueous NaHS03 ,. 

water, and brine. The solvent was evaporated and the 
residue was taken up in ether-hexanes (1:1, 10 mL) and 

saturated aqueous NaHC03 (2 mL). Stirring was 

continued for 15 minutes. The aqueous layer was 
10 removed and the orqanic phase was centrifuqed to give a 

white solid which was washed with hexanes (3x5 mL) and 
dried under vacuum. This substance, namely 
(l'S,2'R,S'S)-menthyl-SS-(5"-fluorocytosin-1"-yl)-l,3-
oxathiolane-2R-carboxylate (454 mq, 91%) contained 

15 about 7% of (l'S,2'R,S'S)-menthyl-5R-(5"-fluorocytosin­
-1"-yl)-l,3-oxathiolane-2R-carboxylate (as indicated by 

its 1H NMR sepctrum), was recrystallized from benzene 

CH2c12-MeOH t~ give the title compound: [a]D26-20° (c, 

0.072,MeOH); m.p. 220-222°c (decomposed), 1H NMR (CDC13 ) 

20 6 0.80 (d, 3H, J=7 Hz), 0.90 {t, 6H, J=7 Hz), 1.0 (m, 
2H), 1.39-2.04 · (m, 7H) '· 3.12 (dd, lH, J=6.6 and 6 Hz), 
3.52 (dd, lH, J=5 and 6 Hz), 4.8 (dt, lH, J=4.4 and 4.3 
Hz), 5.46 (s, lH), 5.78 (bs, lH, exchangeable), 6.42 
(t, lH, J=S Hz), 8.1 ( bs, lH exchangeable), 8.5 d, lH, 

25 J=6.6 Hz); 13c (CDCl3) 6 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 (d, J=242 Hz), 153.7, 158.2 (d, 

J=14 Hz), 169.6. 
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Example 20 

2S-HYDROXYMETHYL-5R-(5 1 -FLUOROCYTOSIN-1 1 -YL)-1,3-
0XATHIOI,ANE 

To a suspension of lithium aluminum hydride 
5 (10 mq, 0.54 mmol) in THF (1 mL) at ambient temperature 

under an arqon atmosphere was slowly added a solution 
of (l'R,2'S,5'R)-menthyl-5R-(5"-fluorocytosin-1"-yl)-
1,3-oxathiolane-2S-carboxylate (54 mq, 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 qel (3 q). The 
resultant slurry was subjected to silica qel column 
chromatoqraphy (EtOAc-Hexane-MeOH, 1:1:1) to provide a 
qummy solid which was dried azeotropically with toluene 

15 to qive 20.7 mq (63%) of a white solid as the product: 

[a]D26+114° (c, 0.12, MeOH); 1H NMR (DMSO-d6) 6 3.14 
(dd, lH, J=4.3, 11.9 Hz), 3.42 (dd, lH J=5.3, 11.9 Hz), 
3.76 (m,2H), 5.18 (m, lH), 5.42 (t, .lH, J=4.8 Hz), 6.14 
(m, lH), 7.59 (br m, lH, exchanqeable), 7.83 (br m, lH 

20 exchanqeable), 8.20 (d, lH, J=7.66 Hz). 
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Example 21 

2R-HYDROXYMETHYL-5S-(5'-FLUOROCYTOSIN-1'-YL)-1,3-
0XATH10I,ANE 

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-1"-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 [a]D26-119° (c, 1.01, MeOH), 1H NMR (DMSO-d6) 6 3.~4 

(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, lH), 5.42 (t, lH, J=4.8 

Hz), 6.14 (m, lH), 7.59 (br m, 1H, exchangeable), 7.83 

(br m, lH exchangeable), 8.20 (d, lH J=7.66 Hz). 
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Example 22 

CIS-2(N-METHYL-N-METHOXYAMINOCARBONYL)-5-(URACIL-l'­
YLl-1.3-0XATUIOLANE 

Trimethylsilyl trif luoromethanesulphonate 
5 (TMSOTf) (107 µL, 0.552 mmol) was introduced to a 

stirred suspension of uracil (31 mg, 0.276 mmol) in 
dichloromethane (1.5 mL) containing collidine (73 µL, 

o.552 mmol) under argon atmosphere. The resultant 
mixture was ~tirred 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 (lmL) was introduced, 
followed by iodotrimethylsilane (TMSI) °(33 µL, 0.23 
mmol). The reaction was allowed to proceed for 2.5 

15 hours and then was quenched with a solution of 

saturated NaHC03 and Na2s2o3 (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 aqueous phase was removed.and the 

20 organic layer was washed with saturated Na2s2o3, water, 

brine and then was dried (Na2so4). Evaporation 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; 1H NMR (CDCl3): 6 3.14 (d of d, lH, J=S.O, 11.8 
Hz), 3.23 (s, 3H), 3.38 (d of d, lH, J=4.7, 11.8 Hz), 
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3.74 (s, 3H), 5.80 (d, lH, J•8.2 Hz), 5.82 (s, lH), 
6.44 (d of d, lH, J=4.7, 8.0 Hz), 8.64 (d, lH, J=8.2 
Hz), 9.64 (br s, lH). 

Example 23 

5 CIS- AND XBANS-2-BENZOYL-5-ACETQXY-1.3-0XATHIOI.ANE 

Phenyl glyoxal monohydrate (608 mg, 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 ·(l.32 mL, 16.0 
mmol), 4-dimethylamino-pyridine (DMAP) (48 mq), and 
acetyl chloride (0.85 mL, 12.0 mmol) were added to the 
stirred solution at o•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 (l.80 g). The residue was purified by 
silica gel chromatography elutinq with hexanes:EtOAc 

20 (3:1) to yield the trans and cis isomers (2.4:1 ratio) 
l . (714 mg, 71%); H NMR (COCl3) G 2.0 (s, JH), 2.14 (s, 

JH), 3.15-3.25 (m, lH), 3.35-3.45 (m, lH), 6.42 (s, 
lH), 6.51 (s, lH), 6.7 (m, lH), 6.9 (m, lH), 7.4-7.5 
(m, 2H), 7.55-7.65 (m, lH), 7.9-8.0 (m, 2H). 
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Exam>le 24 

CIS-2-{1 1 -PYRROLIDINOCARBONYL)-5-ACETOXY-1,3-
0XATHIOLAHE 

To a solution of 5-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 -7o 0 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 lN HCl (5 mL). The organic layer was 
separated, washed with sodium bicarbonate and brine 
solutions, dried (sodium sulfate), and concentrated to 

15 yield 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; 1NMR (CDC13) 6 1.00-2.00 (m, 4H), 2.11 (s, 3H), 

3.20-3.35 (m, 2H), 3.40-3.55 (m, 4H), 5.76 (s, lH), 
20 6.60 (m, lH). 
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Example 25 

CIS-2-CARBOMETHOXY-5-(5 1 -BROMOURACIL-1'-YL)-1,3-
0XATHIQLANE 

Bi.§.-trimethylsilyl-acetamide (4 mL, 16.2 
5 :mmol) was added to a suspension of 5-bromouracil (1.5 

q, 7.9 :mmol) in dichloromethane (10 mL). The reaction 
was stirred for 30 minutes, yieldinq a clear solution. 
Then a dichloromethane solution (5 mL) of 2-
carbomethoxy-5-acetoxy-1, 3-oxathiolane (1.6 q, 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 sequentially treated 

with saturated aqueous solutions of Na2s2o3 and NaHC03 
15 to qive a white suspension. The suspension was 

filtered to remove the soiid (unreacted base). The 
filtrate was concentrated and triturated with EtOAc­
Hex (1:1) to qive white solid which was filtered, 
washed and dried to qive 0.98 q (38%) of ~e product. 

20 1H NMR (CDC13) 6 3.2 (dd, lH, J=7 and 12 Hz), 3.47 (dd, 
lH, J=5 and 12 Hz), 3.87 (s, lH), 5.50 (s, lH), 6.42 
(dd, lH, J=5 and 7 Hz), 8.72 (s, lH), 9.19 (br s, 1H). 
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Example 26 
, 

CIS-2-HYDROXYMETHYL-5-(6 1 -CHLOROURACIL-l -YL)-1,3-
0XATHIOUNE 

TMSOTf (4.5 mL, 27.3 JDJDol) was added to a 
5 suspension of bis-o-silyl-6-chlorouracil (9.5 g, 32.6 

JDJDol) and 2-carbethoxy-5-acetoxyoxathiolane (6.3 q, 
27.4 JDJDol) 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, durinq 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 mL) suspension of nucleoside ester product (2.6 g, 8.5 
mmol), under arqon atmosphere, was slowly added LiBH4 
(0.4 g, 18.6 JDJDOl). The reaction was stirred for 5 
hours, then quenched with methanol. The solvent was 
removed, followed by subjecting the resulting guJDJDy 

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-
2040C; 1H NMR (DMSO-d6) 6 3.09-3.30 (lH), 3.38-3.47 
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(lH), 3.60-3.72 (28), 4.45 (lH), 5.05-5.09 (lH), 5.27 

(lH), 5.59-5.62 (lH), 6.71-6.76 (lH); 13c NMR (DMSO-d6) 
6 32.6, 63.2, 64.2, 84.7, 87.9, 94.4, 106.6, 128.6, 
164.4. 

5 Example 27 

(1 1 S,2'R,5'S)-MENTHYL-5S-(N-4 11 -ACETYLCYTOSIN-1"-YL)-
1.3-0XATftIQLANE-2R-CABBOXYLATE 

--- . . . . . 

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 µL, 0.8 mmol) under an 
argon atmosphere was added trimethylsilyl 
trifluoromethane-sulphonate (155 µL, o.s mmol). The 
resulting mixture was stirred for 15 minutes to qive a 
homogeneous solution. The substrate, (l'S,2'R,5'S)-

15 menthyl-5S-acetoxy-1,3-oxathiolane-2R-carboxylate (110 
mq, 0.333 mmol) was introduced into the above solution· 
in one batch. In a separate flask equiped with a 
condenser, a solution of hexamethyldisilazane (34 µL, 
0.167 mmol) and iodine (42 mq, 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. 
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The reaction mixture was kept at room 

temperature for 7 hours and then was quenched with a 

solution of a 1:1 mixture of saturated Naeco3 and 

Na2s 2o3• The resulting mixture wa_s stirre_d for s 
s 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 Na2s 2o3, water, brine and then was dried 

(Na2so
4
). The solvent was removed under reduced 

10 pressure to provide 153 mq of crude product. To 

determine the ratio of the cis-[(l'S,2'R,5'S)-menthyl-

5S-(N-4"-acetylcytosin-111-yl)-l,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 1e 

NMR analysis in COC13 • · Judqinq from the siqna1s· of the 

C6 protons of the cytosine moiety, the ratio of cis [6 

8.70 (d, J=7.6 Hz)] to trans [6 7.79 (d, J=7.6 Hz)] was 

determined to be 7:1. 

20 Example 28 

CIS-2-CABBOXYL-5-CURACIL-1 1 -YL)-l,3-0XATHIOLANE 

Iodotrimethylsilane (118 µL, 0.832 mmol) was 

added to a stirred suspension of lll.&-trimethylsilyl­

uracil (122 mq, 0.475 mmol) and trans-2-carboxyl-5-
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acetoxy-1,3-oxathiolane (76 mg, 0.396 mmol) in 
dichloromethane (2.5 mL) containing collidine (53 ~L, 
0.396 mmol). The resultant mixture was stirred for 18 
hours at room temperature under argon atmosphere and 

5 then was quenched by the addition of 5 mL of a 0.5 M 
solution of sodium carbonate. The aqueous phase was 
acidified with 1 M HCl solution to pH 4, followed by 
extraction with tetrahydrofuran (Jx6 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 1H 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: 1H NMR (OMSO d6 ) 6 : 2.26 (d of d, lH, 
J=4.9, 12.3 Hz), 3.49 (d of d, lH, J=5.2, 12.4 Hz), 

20 5.57 (s, lH), 5.71 (d of d, lH, J=2.2, s.o Hz; this 

signal collapsed to a doublet on treatment with o2o 

(J=8.2 Hz)), 6.29 (t, lH, J=5.2 Hz), 8.07 (d, lH, J=S.2 

Hz), 11.41 (br s, lH, exchanged with o2o ). 
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Example 29 

CIS 2-(1 1 -PYRROLIDINOCARBONYL)-5-(URACIL-1'-YL)-1,3-
0XATHIOLAlfE 

Iodotrimethylsilane (37 µL, 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 .12.i§-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 Na2s2o3 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 

Na2so4 • 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; 1H NMR -(CDC1
3
): 6 1.ss-

2 .oo (m, 2H), 2.00-2.15 (m,2H), 3.25-3.70 (m, 6H), 5.61 
(s, lH), 5.80 (d of d, lH, J=2.3, 8.2 Hz), 6.44 (d of 

d, lH, J=4.8, 7.0 Hz), 8.29 (br s, lH), 8.88 (d, lH, 

25 J=8.1 Hz). 
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Example 30 

CIS 2-BEHZOYL-5-CQRACIL-1'-YLl-1.3-0XATliIOLANE 

Trimethylsilyl trifluoromethanesulphonate (92 

µL, 0.475 mmol) was introduced to a stirred suspension 

5 of uracil (50 mq, 0.238 mmol) in dichloromethane (1.5 

mL) containinq collidine (63 µL, 0.475 mmol) under 

arqon atmosphere. The resultant mixture was stirred 

for 15 minutes to provide a homoqeneous solution. A 

mixture (2.4:1, trans:cis) of 2-benzoyl-5-acetoxy-1,3-

10 oxathiolane (50 mq, 0.198 mmol) was added as a solution 

in dichloromethane (1.5 mL), followed by 

iodotrimethylsilane (28 µL, 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 NaHC03 and Na2s2o3 • The resultinq mixture was stirred 

for 5 minutes and then was transferred to a separatory 

funnel with the aid of more dichloromethane. The 

aqueous phase was re~oved and the orqanic layer was 

washed with saturated Na2s2o3, water, brine and then was 

20 dried (Na2so4 ). Thin layer chromatoqraphy analysis of 

the crude product indicated that small amount of the 

startinq material remain unreacted. The crude product 

was triturated with EtOAc to provide 26 mq (43%) of the 
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title compound as a white solid; 1H NMR (DMSO): 6 3.19 

(d of d, lH, d of d, J=6.8, 12.1 Hz), 3.60 (d of d, lH, 
J=5.1, 12.2 Hz), 5.77 (d, lH, J=8.2 Hz), 6.38 (d of d, 
1H, J=5.2, 6.9 Hz), 6.81 (s, lH), 7.52-7.64 (m, 2H), 

5 7.66-7.76 (m, lH), 7;94-s.04 (m, 2H), s.22, (d, lH, 
J=S.1 Hz), 11.44 (br s, lH). 

10 

Example 31 

(1 1R,2 1S,5 1R)-MENTHYL-5S-(CYTOSIN-111-YL)-1,3-
0XATUIOLANE-2R-CARBOXXLATE 

. . --A 

A 12:1 mixture of (l'R,2'S,5'R)-menthyl 5S­
(N-4"-acetylcytosin-1"-yl)-oxathiolane- 2R-oxathiolane 
carboxylate (cis isomer) and (l'R,2 1 S,5'R)-menthyl 5R­
(N-4"-acetylcytosin-1"-yl)-oxathiolane-2R-oxathiolane 
carboxylate (trans isomer) (47 mq,0.11 mmol) was 

15 dissolved in dichloromethane (0.5 mL) and 2-propanol (1 
mL). Trifluoroacetic 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 NaHC03 
solution, water, brine, and then was dried (anhydrous 

Na2so4). The solvent was removed under reduced pressure 

and the product obtained was dried under vacuum to 
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afford 40 mq (95%) of the title compounds. The 1H NMR 
spectrum of the above material suqqest~d a purity of ~ 
97t. Based on the siqnals derived from the C6 hydroqen 
of the cytosine moiety present in both of the isomers, 

5 the 12:1 ratio of the cis [(6 8.38 (d, J=7.3 Hz)] and 
trans [(6 7.48 (d, 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 

(l'S,2'R,5 1 S)-MENTHYL-5S-(N-4 11-ACETYLCYTOSIN-111 -YL)-
1.3-0XATHIOLANE-2R-CARB0XYLATE 

(l'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 
refluxinq N-4-acetylcytosine in 1,1,1,3,3,3-hexamethyl-

20 disilazane (BMOS) overniqht in the presence of 
catalytic amount of ammonium sulfate and subsequently 
removing BMDS, 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 startinq 
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oxathiolane. The reaction mixture was diluted with 
dichloromethane, washed with saturated aqueous sodium 

bicarbonate, aqueous sodium thiosulfate and brine, 
dried over sodium sulfate, concentrated and dried to 

5 afford 70 mq (100%) of crude products. _18 .·NMR suqgested 

cis:trans ratio at 15:1 and the presence of ca. 4.6% of 

unreacted oxathiolane. 18 NMR (CDC13): o. 7.8 (d,38), 

0.80-2.10 (m, 158), 2.27 (s, 38), 3.12-3.30 (m, 18) 

3.52-3.78 (m, 18), 4.78 (m,18), 5.51 (s, 08968), 5.60 

10 (s, 0.0468), 5.82 (s, 0.0588), 6 6.42 (t, 0.8968), 6.63 

(dd, 0.046 H), 6.68 (d, 0.0588), 7.47 (d, 0.9548), 7.77 
(d, 0.0588), 8.70 (d, 0.8968). The major compound was 
isolated by crystallization from methanol or 

trituration with ethylacetate-ether mixtures. 

15 Example 33 

(1 1 S,2'R,5'S)-MENT8YL-5S-(N-4"-ACETYLCYTOSIN-1"-YL)-
1.3-0XATHIOLANE-2R-CARBOXYLATE 

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 mq, 
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 1 S,2'R,5 1 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 
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introduced successively. The stirring was continued 
for 2.5 hour and thin layer chromatography showed 
complete consumption of the starting oxathiolane. The 
reaction mixture was diluted with dichloromethane, 

5 washed with saturated aqueous sodium bicarbonate, 
aqueous sodium thiosulfate and brine, dried over sodium 
sulfate, concentrate and dried to afford 70 mg (lOOt) 

of crude products. · 1a NMR suggested cis:trans ratio at 

10:1 and no other impurity detectable by the spectrum. 

10 1a NMR (CDCl3): 0.78 (d, 3H), 0.80~2.10 (m, 15H), 2.27 

(s, 3H), 3.16 (dd, 0.91H), 3.25 (d, 0.09H), 3.63 (dd, 
0.9la), 3.74 (dd, o.o9a), 4.78 (m, lH), 5.51 (s, 
0.91H), 5.82 (s, 0.09H); 6 6.42 (t, 0.9la), 6.68 (d, 
0.09H), 7.47 (d, lH), 7.77 (d, 0.09H), 8.70 (d, 

15 0.91H). 

Example 34 

CIS- AND TRANS- ISOPROPYL 5-ACETOXY-1,3-0XATHIOLANE-2-
CARBOXYLATE 

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 o•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, 
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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 ~e products as a colorless_ oil (263 mg, 83t). 

5 1H NMR (CDC13): 6 1.26 (6H, d); 2.10, 2.11 "(3H; s); 
3.13-3.46 (2H, m); 5.05 (lH, m); 5.60, 5.61 (lH, s); 
6.63 (0.54H, m); 6.78 (0.46H, d). 

Example 35 

CIS-ISOPROPYL-5-(CYTOSIN-1 1 -YL)-1,3-0XATHIOLANE-2-
10 CARBOXYLATE 

2,4,6-collidine (0.23 mL, 1.74 lDlDol) and t­
butyl-dimethylsilyl 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 5-acetoxy-1,J-oxathiolane-2-
carboxylate (168 mg, 0.717 mmol) in dichloromethane 
(0.8 mL) and a solution of iodotrimethylsilane (0.114 

20 mL, 0.788 lDlDol) 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 
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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 combined with centrifug~te, washed 

5 with lN HCl, water and brine, dried and concentra~ed to 
give the unreacted starting material in virtually pure 
form (64 mg, 38%, cis:trans=l:9). The white solid was 
dried and gave the products as a cis:trans mixture in 
12:1 ratio (122.6 mg, 60%). 1H NMR (CDC13): 6 1.30 (t, 

10 6H), 3.11 (dd, lH), 3.52 (dd, lH), 5.11 {m, lH), 5.45 
(s, lH), 5.82 (d, lH), 6.47 (dd, 0.92H), 6.72 (m, 
0.08H), 7.49 (d, O.OSH), 8.32 (d, 0.92H). 

Example 36 

CIS- AND TRANS- T-BUTYL 5-ACETOXY-1,3-0XATHIOLANE-2-
15 CARBOXYLATE 

A solution of cis- and trans- 5-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 o•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 9ive the products as a colorless oil (175 mg, 77%). 
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1H NMR (CDC13): 6 1.46 (9H, d); 2.07, 2.09 (3H, s); 

3.10-3.44 (2H, m); 5.50, 5.52 (lH, s); 6.60 (0.42H, 
m); 6.74 (0.58H, d). 

Example 37 

5 CIS-T-BUTYL-5-(CYTOSIN-1 1 -YL)-1,3-0XATHIOLANE-2-
CABBOXYLATE 

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 
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combined with the centrifugate, washed with lN HCl, 
water and brine, dried and concentrated to give the 
unreacted starting material in virtually pure form (77 
mg, 52.6t, cis:trans=l:ll). The white solid was dried 

5 and gave the products as a cis:trans mixture in 16:1 

ratio (82.6 mg, 46.4%). 1H NMR (CDC13): 6 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 (d, lH), 6.44 (dd, 0.94H), 6.71 (d, 

10 0.06H), 7.49 (d, 0.06H), 8.38 (d, 0.98H). 

Example 38 

CIS- AND !'RANS-2-N,N-DIETHYLAMINOCARBONYL-S-ACETOXY-
1. 3-0XATHIOLANE 

A solution of cis- and trans-5-acetoxy-1,3-
15 oxathiolane-2-carboxylic acid (119 mq, 0.62 mmol) and 

diethylamine (0.07 mL, 0.68 mmol} in dichloromethane (2 
mL) at o0 c was treated with DCC (140 mq, 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 
chromatoqraphed on silica qel with ethyl acetate-hexane 
to give the products as a colorless oil (84.5 mg, 55t). 
1H NMR (CDC13): 6 1.10, 1.40 (6H, t}; 2.07, 2.10 (JH, 
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s); 3.15-3.56 (6H, m); 5.80, 5.87 (lH, s); 6.58 (0.53H, 
m); 6.83 (0.47H, d). 

Example 39 

CIS-2-N ,N-DIETHYLAMINOCARBONYL-5-(CYTOS.IN"'!"l 1 -YL)-1, 3-
5 OXATHIOI.ANE 

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 mq, 0.41 mmol) in dichloromethane (0.4 mL) at 

10 room temperature under arqon 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 mq, 0.34 mmol) in dichloromethane 
(0.4 mL) and a solution of iodotrimethylsilane (0.053 

15 mL, 0.375 mmol) were introduced successively. Stirrinq 
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 aqueous layer 
was removed and the remaininq mixture was centrifuqed. 
The solid was washed twice with hexanes and the 
washinqs were combined with centrifuqate, washed with 

25 1N HCl, water and brine, dried and concentrated to give 
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the unreacted startinq material in virtually pure form 
(17 mq, 20t, trans only). The white solid was dried to 
qive the products as a cis:trans mixture in 24:1 ratio 

(47.5 mq, 47.5t). 1H NMR (DMSO-d6 ): 6 1.04 (t, 3H, J=7 
5 Hz), 1.12 (t, 3H, J=7 Hz), 3·.17 (dd, lH, J=5 Hz, 9 Hz), 

3.30 (m, 4H), 3.53 (dd, lH, J=5 Hz, 9 Hz), 5.74 (d, lH, 
J=7 Hz), 5.96 (s, lH), 6.28 (t, 0.96H, J=S Hz), 6.62 
(m, 0.04H), 7.16 (b.s., NH), 7.22 (b.s., NH), 7.60 (d, 
0.04H), 8.46 (d, 0.96H, J=7 Hz). 

10 Example 40 

C1 1 S.2'R.5'Sl-MENTffYL-1.3-0XATffIOLAHE-2R-CARBOXYLATE 

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

15 temperature under arqon atmosphere was added 
trimethylsilyl trifluoromethanesulfonate (1.17 JDL, 
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 pr~duct. Subsequent chromatoqraphy on silica gel 
usinq hexane-ethyl acetate as eluate qave the product 

_as colourless oil (1.33 q, SO.St) 1H NMR (CDC13 ):6 0.75-
25 2.10 (m, 15H), 2.97-3.20 (m, 2H), 4.20-4.40 (m, 2H), 

4.72 (dt, lH), 5.45 (s, lH) [a]D+104° (c 1.16, CHCl3)• 
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Bxample 41 

(1 1 S,2 1 R,5 1 S)-MENTHYL-4R-HYDROXY-1,3-0XATHIOLANE-2R­
. CARBOXYLATE AND (1 1S,2'R,5 1 S)-MENTHYL-4S-HYDROXY-1,3-
0XATUIOLAHE-2R~CARBOXYLATE 

---: 0 

~ 
OH 

5 A mixture of (l'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 orqanic 
solvent was removed in vacuo and the residue was 

10 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 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-
H20 (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 H20 (7 mL), extracted.with ether (10 mL), 
acidified with aqueous 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 
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solid (67 mq, 43.7t) 1H NMR (COCl3):6 0.75-2.10 (m, 
15H), 4.03-4.83 (m, 2H), 5.52-5.75 (m, 2H). 

Example 42 

(l'S,2'R,5'S)-MENTHYL-4R-CHLORO-l,3-0XATHIOLANE-2~-
5 CARBOXYLATE AND (1 1 S,2 1 R,S'S)-MENTHYL-4S-CHLOR0-1,3-

0XATH10LANE-2R-CABBOXYLATE . 

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

10 carboxylate (40mq, 0.138 mmol) and 
methytrifluoromethansulfonyl chloride (18.24 µL, 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, dr~ed over anhydrous sodium 
sulfate, and evaporated to dryness in vacuo to afford 
crude product. Subsequent chromatoqraphy by usinq 

20 hexane ether as eluent gave the product as two 
diastereomers (18 mg, 42.3%, 14.6 mg, 34.2%) epimeric 

1 . at C4. H NMR COCl3):6 0.75-2.05 (m, 15H), 4.55 (m, 
lH), 4.69 (m, lH), 5.75 (m, lH), 5.80 (m, lH); 6 0.75-
2.10 (m, 15H), 4.33 (m, lH), 4.78 (m, lH), 5.56 (s, 

25 lH), 5.68 (m, lH). 
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£xample 43 

c:rs 2-CABBOETHOXY-4-ACETOXY-1.3-DIOXOI.ANE 

0 

)l "Yo OAc 
EtO' \ 

0 

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 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 

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; 1H NMR (CDC13):6 1.31 (t, 3H, 
J=7.2 Hz), 2.07 (s, lH), 4.15 (d of d, lH, J=4.5, 9.1 

20 Hz), 4.21-4.29 (m, 3H), 5.42 (s, lH), 6.39 (d of d, lH, 
J=2.4, 4.5 Hz); 13c NMR (CDC13):6 14.05, 20.97, 29.69, 
71.34, 94.04, 99.80, 167.19, 110.11. 
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1xample 44 

TBANS 2-CABBOETffOXY-4-ACETOXX-1.3-DIOXQLANE 

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; 
1H NMR (CDCl3):6 1.29 (t, JH, J=7.2 Hz), 2.09 (s, 1H), 
4.12 (d of d, lH, J=0.9, 9.1 Hz), 4.19-4.31 (m, 3H), 

20 5.53 (s, lH), 6.48 (d of d, lH, J=0.9, 3.9 Hz). 
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Example 45 

CIS AND TRANS 2-CARBOETliOXY-4-CTBIMIN-1'-YLl-1.3-
DIOXOLAHE 

oy:-./ 
1/yN~Me 

EtO/ \ 
0 

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

lutidine (82 µL, 0.706 mmol) under an argon atmosphere 
was added trimethylsilyl trif luoromethanesulphonate 
(136 µL, 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 µL, 
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 Na2s2o3 (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 aqueous phase was removed and the 
org~nic layer was washed with saturated Na

2
s

2
o

3
, wa~er, 

1 M HCl, brine and then was dried (Na2so4). 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 
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the cis nucleoside as a white solid; 1H NMR (DMSO d6):6 
1.23 (t, 3H, J=7.1 Hz), 1.78 (d, JH, J=l Hz), 4.15-
4.30 (m, 4H), 4.38 (d of d, lH, J=2.3, 9.8 Hz), 5.33 
(s, lH), 6.33 (d of d, lH, J=2.3, 5.8 Hz), 7.52 (d, lH, 

5 J=l.1, Hz), 11.42 (br s, lH). The triturate was 
concentrated and subjected to column chromatoqraphy 
(70% EtOAc-Hexane) to afford 26 mq of the two 
nucleoside as a 1:1 mixture; 1H NMR (CDC13):6 1.33 (t, 
1.5H, J=7.2 Hz), 1.35 (t, 1.5H, J=7.2 Hz), 1.91-1.99 

10 (two overlappinq d, JH), 4.16 (d of d, 0.5H, J=l.9, 9.7 
Hz), 4.20-4.38 (m, JR), 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 (d, 0.5H, J=l.3 Hz), 7.75 (d, 0.5H, J=l.3 

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

Example 46 

CIS AND TRANS 2-CARBOETHOXY-4-(N-4 1 -ACETYLCYTOSIN-1 1 -

YLl-1.3-DIOXOI.ANE 

O O'r'N~NHAc 

. A~Jo N~ 
EtO' ~ 

0 

To a stirred suspension of N-acetylcytosine 
20 (66 mq, 0.430 mmol) in dry CH

2
cl2 (1.5 mL) µnder an 

arqon atmosphere was added, successively, 2,6-lutidine 
(100 µL, 0.859 mmol) and trimethylsilyl 
trifluoromethanesulphonate (166 µL, 0.859 mmol). The 
resultant mixture was stirred for 25 minutes to produce 
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a homoqeneous solution. A solution of a 4:1 mixture of 
cis and trans-2-carboethoxy-4-acetoxy-1,3-dioxolane (73 
mq, 0.358 mmol) in CH2cl2 (1 mL) was then ·introduced, 
followed :t:>Y iodotrimethylsilane (5~ µL, 0.358 mmol). 

5 The reaction was allowed to proceed for 16 hours and 
then was quenched with saturated sodium thiosulfate. 
The resultinq mixture was .diluted with ce2c12 and was 
washed successively with saturated sodium thiosulfate, 
water, brine, and then was dried over anhyydrous 

10 maqnesium sulfate. Removal of the solvent under 
reduced pressure qave 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; 1H 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 d, 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 d, 0.75H, J=2.8, 5.1 Hz), 
6.39 (d of d, 0.25H, J=l.7, 5.1 Hz), 7.49 (2 

20 overlappinq doublets, lH), 7.79 (d, 0.25H, J=7.6 Hz), 
8.40 (d, 0.75H, J=7.6 Hz), 9.95 (br s, lH). 
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Example 47 

(±)-CIS AND TRANS-5-ACETOXY-1,3-0XATHIOLANE-2-
CARBOXYLIC ACID 

0 

HO~OJ'OCOCH3 
s 

Trans-5-hydroxy-1,3-oxathiolane-2-carboxylic 
5 acid (250 q, 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. SL) and then the mixture was st.irred for a further 
60 minutes. Sodium ch·loride (750 q, 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 i.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 result~nt suspension was cooled to room 
temperature and stirred for 18 hours. The solid was 
collected by vacuum filtration, washed with xylene (2 x 
0.25 L) and dried, in vacuo, at 40-45° to qive the 
title compound (265 q, 83%) which was shown, by 
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comparison of 1B NMR spectra, to be a 65:35 mixture of 
the compounds of Examples 3 and 4. 

Example 48 
5R-ACETOXY-1,3-0XATBIOLANE-2R-CARBOXYLIC ACID, SALT 

5 WITH 1S.2R-~-(1-AMINOETBYLlBENZENEMETHANOt (l:ll 

a) . A solution of 1S,2R-a-(1-aminoethyl)­
benzenemethanol (125.9 g, 0.83 mol} in isopropyl 
acetate (0.5L) was added to a stirred solution of (±) 
cis~/rrans-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. o.4 L, 1 x 0.2 L) and dried, in 
vacuo, at 45° to give the title compound (205.9 g, 
28,). [a]D+34° (MeOB), mp 151-2° (decomp), 6(DMSO-D6) 

20 o.91 (d, 3H, J=6.8 Hz), 2.os (s, 3H), 3.04 (d, lH, J=ll 
Hz), 3.32 (dd, lH, J=4.2 Hz), 3.40 (dq, lH, J=6.8, 2.4 
Hz), 4.97 (d, lB, J=2.4 Hz), 5.34 (s, lH), ca. 6.4 (br, 
lH), 7.2-7.4 (m, SH), ca. 8.3 (br, 3B). 
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b) A solution of 1S,2R-a-(1-aminoethyl)­
benzenemethanol (177 mq, 1.17 mmol) in isopropyl 
acetate (1 mL) was added to a stirred solution of (±)­
trans-5-acetoxy-1,3-oxathiolane-2-carboxylic acid (500 

5 mq, 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 mq, 40%), as shown 
by comparison of its 1H NMR spectrum with that of part 
(a). 

Example 49 

15 C-l-TBANS-S-ACETOXY-1.3-0XATHIOLANE-2-CARBOXYLIC ACID 

(-) 

5 M-Aqueous hydrochloric acid (126 mL, 0~63 

mol) was added to a stirred suspension of the compound 
of Example 4_8 (180 q, 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 
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dried, in vacuo, at 33° to qive the title compound 
(81. 3 q, 81!1>) • 

Example 50 
(l'R,2'S,5 1 R)-~HYL-5R ACETOXY-l,3-0JqlTHIOLANE-2R-

5 CABBOXYLATE . 

a) A solution of oxalyl chloride (66.5 q, 

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 q, 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 q, 0.425 
mol) in dichloromethane (200 mL) and pyridine (84mL, 
l.04mol) and the resultant suspension was stirred at o-
50 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 solution concentrated, in vacuo, to 240 mL. 
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Crystallisation of the product occurred durinq the 
distillation. Further 2,2,4-trimethylpentane (400 mL) 
was added and the mixture concentrated to c.a. 700 mL. 
The stirred suspension was then cooled to 5° and aqed 

5 for 60 minutes. The solid was collected by vacuum 
filtration, washed with 2,2,4-trimethylpentane (2 x 80 
mL) and dried, in vacuo, at 33° to qive the title 
compound (93.2 q, 68%) as shown by comparison of the 1H 
NMR spectrum with that of Example a. 

10 b) Oxalyl chloride (102 q, 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 q, 0.728 mol) was added and the resultant pale yellow 
solution was stirred at -8° for 20 minutes. 
(1R,2S,5R)-(-)-Menthol (126 q, o.ao 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 orqanic 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 orqanic phases were washed with a solution 
containing sodium hydroqen carbonate (5.6 q) 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 mL. 
The 2,2,4-trimethylpentane addition/reconcentration 

35 procedure was repeated, and the resultant solution was 
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cooled to 17° (seeded with authentic product (0.7 g) at 
34° and 23°). The suspension was stirred at 17° for 2 
hours and the solid was collected by vacuum filtration, 
washed wi~ 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 1H NMR ~pectrum 
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. 
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Claims: 

1. A diastereoselective process for 

producing optically active ~-nucleoside and 

nucleoside analogues and derivatives of formula (I) 

wherein w is s, S=O, so2, or o; 
x is s, S=O, so2, or o; 
R1 is hydrogen or acyl; and 

(I) 

R2 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 (Ila) or (IIb) 

(IIa) 

wherein 

wyL L 
R,nu·-( _J Rs-<wy 

x x_J 
(IIb) 

R3 is a substituted carbonyl or carbonyl 

derivative; and 
L is a leaving group, 

using a Lewis acid of the formula (III) 

1111111111111111111 1111111 1111 
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R6 
I 

Rs - Si - Ra 
I 

(III) 

R7 

Rs, R6 and R, are independently selected from 
the qroup consistinq of hydroqen; c1_20 alkyl 
optionally substituted by fluoro, bromo, 
chloro, iodo, c1_6 alkoxy or c6_20 aryloxy; 
c7_20 aralkyl optionally substituted by 
haloqen, c

1
_

20
· alkyl or c

1
_

20 
alkoxy; c

6
_

20 
aryl optionally substituted by fluoro, bromo, 
chloro, iodo, c

1_
20 

alkyl or c
1_20 alkoxy; 

trialkylsilyl; fluoro; bromo; chloro and 
iodo; and 

Ra is selected from the qroup consistinq of 
fluoro; bromo; chloro; iodo; c1_20 sulphonate 
esters, optionally substituted by fluoro, 
bromo, chloro or iodo; c

1_20 alkyl esters 
optionally substituted by fluoro, bromo, 
chloro or iodo; polyvalent halides; 
trisubstituted silyl qroups of the qeneral 
formula (Rs> (R6)(R,)Si (wherein R5 , R6, and R7 
are as defined above); saturated or 
unsaturated selenenyl c

6 _
20 aryl; substituted 

or unsubstituted c6_20 arylsulfenyl; 
substituted or unsubstituted c

6 _20 
alkoxyalkyl; and trialkylsiloxy. 

2. The process accordinq to claim 1, 
further comprisinq the step of reducinq R3 of the 
qlycosylated purine or pyrimidine base or analoque or 
derivative therof to produce the optically active cis­
nucleoside or nucleoside analoque or derivative of 
formula (I). 

I 1111111 111111 11111 11111111111 
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3. The process according to claim 1, 

further comprising the step of producing the 

intermediate of (Ila) or (IIb) by chemically resolving 

said intermediate from a mixture of (Ila) and (IIb) 

using a chiral auxiliary. 

4. The process according to claim 1, 

wherein the intermediate is the compound of formula 

(:Ila). 

s. 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 

fls"""-<W)/L 
x 

wyL 
flslU••-( --1 

x 

11s-(wf L 11s-(wl_;L 
x x_J 

7. A diastereoselective process for 

producing optically active cis-nucleoside and 

nucleoside analogues and derivatives of formula (I) 

I 1111111111111 11111 1111111 1111 
* C L M s * 

(I) 
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wherein w is s, S=O, so2, or o; 
x is s, S=O, so2, or o; 
R

1 
is hydroqen or acyl; and 

~ is a desired purine or pyrimidine base or 
an analoque or derivative thereof 

the process comprisinq the step of qlycosylatinq the 
desired purine or pyrimidine base or analoque or 
derivative thereof with a single enantiomer of a 
compound of formula (Xi) 

(II) 

wherein R3 is a substituted carbonyl or carbonyl 
derivative; and 
L is a leaving qroup, 

usinq a Lewis acid of the formula {III) 

wherein 

i' 
R5 - Si 

I 
R, 

- R 8 {III) 

R5 , R6 and :a, are independently selected from 

the qroup consistinq of hydroqen; c1_20 alkyl 

optionally substituted by fluoro, bromo, 
chloro, iodo, c1_6 alkoxy or c6_20 aryloxy; 

c7_20 aralkyl optionally substituted by 

haloqen, c
1

_
20 

alkyl or c
1

_
20 

alkoxy; c
6

_
20 

aryl optionally substituted by fluoro, bromo, 
chloro, iodo, c1_20 alkyl or c1_20 alkoxy; 

I 1111111 111111 11111 1111111 1111 
* C L M S * 
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trialkylsilyl; fluoro; bromo; chloro and 

iodo; and 

Ra is selected from the qroup consisting of 

fluoro; bromo; chloro; iodo; c1_20 sulphonate 

esters, optionally substituted by fluoro, 

bromo, chloro or iodo; c1_20 alkyl esters 

optionally substituted by fluoro, bromo, 

chloro or iodo; polyvalent halides; 

trisubstituted silyl groups of the general 

formula (R5 )(R6 ) CR.,)Si (wherein R5 , R6 , and R., 
are as defined above); saturated or 

unsaturated selenenyl c6_20 aryl; substituted 

or unsubstituted c6_20 arylsulfenyl; 

substituted or unsubstituted c6_20 
alkoxyalkyl; and trialkylsiloxy. 

8. The process according to claim 7, 

further comprising the step of reducing R3 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 ~ is a pyrimidine base. 

11111111111111111111111111 1111 
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12. The process according to claim 11, 

wherein the pyrimidine base is cytosine or 5-

f luorocytosine. 

13. The process according to any·one of 

claims 1 to 9, wherein the Lewis acid is sel~cted from 

the group consisting of trimethylsilyl trif late and 

iodotrimethylsilane. 

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 of 

claims 1 to 9, wherein R3 is selected from the group 

consisting of alkoxycarbonyls, carboxyls, 

diethylcarboxamide, pyrrolidine amide, methyl ketone 

and phenyl ketone. 

17. The process according to claim 16, 

wherein the R3 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) 

THIS SHEET HAS BEEN 
REPLACED 
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(IV) 

and converting the resulting hydroxyl group to le~ving 
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 £1§-oxathiolane and 
analogues and derivatives of formula (Ia) 

wherein 

(Ia) 

R
1 

is hydrogen or acyl; and 
~ 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 
II 

OYOCH, 
HOzC-\_1 (IX) 

111111111111111111111111111111 
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using a Lewis acid of the formula (III) 

R6 
I 

wherein 

Rs - Si - R I s 
(III) 

R, 
Rs, R6 and R, are independently selected from 

the qroup consis.ting of hydrogen; c1_
20 

alkyl 
optionally substituted by fluoro, bromo, 

chloro, iodo, c1_6 alkoxy or c6_
20 

aryloxy; c
7

_ 

20 aralkyl optionally substituted by halogen, 
c

1
_

20 
alkyl or c

1
_

20 
alkoxy; c

6
_

20 
aryl 

optionally substituted by fluoro, bromo, 

chloro, iodo, c1_20 alkyl or c1_
20 

alkoxy; 
trialkylsilyl; fluoro; bromo; chloro and 
iodo; and 

R8 is selected from the group consisting of 

fluoro; bromo; chloro; i~do; c1 _
20

_ sulphonate 
esters, optionally substituted by fluoro, 

bromo, chloro or iodo; c
1

_20 alkyl esters 

optionally substituted by fluoro, bromo, 
chloro or iodo; polyvalent halides; 
trisubstituted silyl groups of the general 

formula (Rs)(R6 )(R7 )Si (wherein R
5

, R
6

, and R, 
are as defined above); saturated or 

unsaturated selenenyl c6_20 aryl; substituted 

or unsubstituted c6_
20 

arylsulfenyl; 

substituted or unsubstituted c
6

_
20 

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 
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derivative thereof to produce the optically active cis­
oxathiolane or analogue 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. 

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 accordinq to claim 20, 

wherein R2 is a pyrimidine base. 

25. The process accordinq to claim 24, 
wherein the pyrimidine base is cytosine ·or s­
fluorocytosine. 

26. An intermediate of formula (II) 

wherein w is s, S=O, so2 ,. or o; 
X is s, S=O, so2 , or o; 

(II) 

R3 is a substituted carbonyl or carbonyl 
derivative; and 

L is a leaving group. 
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27. An intermediate of formula (Ila) 

wyL 
!lo""·-< -1 x 

wherein w is s, S=O, so2 , or o; 
x is s, S=O, so2, or o; 

(Ila) 

R3 is a substituted carbonyl or carbonyl 

derivative; and 

wherein 

L is a leavinq qroup. 

28. An intermediate of formula (IIb) 

w is s, S=O, so2, or o; 
x is s, S=O, so2, or o; 

(IIb) 

~ is a substituted carbonyl or carbonyl 

derivative; and 
L is a leavinq qroup. 

29. An intermediate accordinq to claim 26 

selected from the qroup consistinq of 
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wherein w is s, S=O, so2 , or o; 
x is s, S=O, so2 , or o; 
R3 is a substituted carbonyl or carbonyl 

derivative; and 
L is a leavinq qroup. 

30. An intermediate of formula (VI) 

wherein w is s, S=O, so
2

, or o; 
x is s, S=O, so

2
, or o; 

R3 is a substituted carbonyl or carbonyl 

derivative; 

R4 is a chiral auxiliary; and 

L is a leavinq qroup. 

31. An intermediate of formula (VIa) 

(VI) 

(VIa) 

THIS SHEET HAS BEEN 
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x is s, S=O, so2, or o; 
R3 is a substituted carbonyl or carbonyl 

derivative; 

wherein 

_R4 is a chiral auxiliary;_ and 

L is a leaving group. 

32. An intermediate of formula (VIb) 

w is s, 
x is s, 

R3 is a 

s=0, so2, or o; 
s=0, so2, or o; 
substituted carbonyl or carbonyl 

derivative; 

R4 is a chiral auxiliary; and 

L is a leaving group. 

(VIb) 

33. An intermediate according to claim 30 

selected from the group consisting of 

wherein w is s, 
x is s, 

Rl is a 

derivative; 

I llllllrllllll 111111111111 1111 
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R4 is a chiral auxiliary; and 
L is a leavinq qroup. 

34. An intermediate of formula (VII) 

wherein w is s, s=o, so2 , or o; 
X is s, S=O, so2, or o; 
R2 is a purine or pyrimidine base or an 

analoque or derivative thereof; 

R3 is a substituted carbonyl or carbonyl 
derivative; and 

R4 is a chiral auxiliary. 

35. An intermediate of formula (XIII) 

(XIII) 

wherein w is s, S=O, so2, or o; 
x is s, S=o, so2, or o; 
R3 is a_ substituted carbonyl or carbonyl 

d.erivative; and 
R4 is a chiral auxiliary. 
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36. An intermediate according to any one of 

claims 30 to 35 wherein R4 is selected from the group 
consisting of (d)-menthol and (1)-menthol. 

wherein 

37. An intermediate of formula,(XIV) 

w is s, S=O, so2, or o; 
x is s, s=0, so

2
, or o; 

R3 is a substituted carbonyl or carbonyl 
derivative. 

(XIV) 

38. An intermediate selected from the 
group consisting of 

trans-5-hydroxyoxathiolane-2-carboxylic acid; 
(l'R,2'S,5'R)-menthyl-1,3-oxathiolan-5-one-

2S-carboxylate; 
(l'R,2'S,5'R)-menthyl-1,3-oxathiolan-5-one-

2R-carboxylate; 
(l'R,2'S,5'R)-menthyl-5S-hydroxy-1,3-

oxathiolane-2S-carboxylate; 
(l'R,2 1 S,S'R)-menthyl-SR-hydroxy-1,3-

oxathiolane-2R-carboxylate; 
(l'R,2'S,5'R)-menthyl-SS-hydroxy-1,3-

oxathiolane-2R-carboxylate; 
(l'R,2 1 S,5 1R)-menthyl-SR-hydroxy-1,3-

oxathiolane-2S-carboxylate; 
(l'R,2 1 S,S'R)-menthyl-SS-acetoxy-l,3-

oxathiolane-2S-carboxylate; 
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(l'R,2'S,5'R)-menthyl-SR-acetoxy-1,3-
oxathiolane-2R-earboxylate; 

(l'R,2'S,S'R)-menthyl-5S-acetoxy-l,3-
oxathiolane-2R-carboxylate; 

(l 'R,·2 'S,5 'R)-menthyl-SR-acetoxy-1, 3-
oxathiolane-2S-carboxylate; 

(1 1 S,2'R,S'S)-menthyl-5R-acetoxy-1,3-
oxathiolane-2S-carboxylate; 

(l'S,2'R,5'S)-menthyl-5S-acetoxy-l,3-
oxathiolane-2R-carboxylate; 

(l'S,2'R,5 1 S)-menthyl-SR-acetoxy-l,3-
oxathiolane-2R-carboxylate; 

(l'S,2'R,S'S)-menthyl-5S-acetoxy-1,J­
oxathiolane-2s-carboxylate; 

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

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

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

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

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

(l'S,2'R,5'S)-menthyl-5S-(5 11-fluorocytosin-
1"-yl}-l,3-oxathiolane-2R-carboxylate; 

(l'S,2'R,5 1 S)-menthyl-5S-(N-4"-acetylcytosin-
1"-yl)-1,J-oxathiolane-2R-carboxylate; 

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

(l'S,2'R,S'S)-menthyl-SS-(N-4"-acetylcytosin­
l"-yl)-l,J-oxathiolane-2R-carboxylate; 

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

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

cis-2(N-methyl-N-methoxyaminocarbonyl)-5-
(uracil-l'-yl)-l,3-oxathiolane; 

cis- and trans-2-benzoyl-5-acetoxy-1,3-
oxathiolane; 

cis-2-(l'-pyrrolidinocarbonyl)-S-acetoxy-
1,3-oxathiolane; 

cis-2-carbomethoxy-5-(5'-bromouracil-1'-yl)­
l,3-oxathiolane; 

cis-2-carboxyl-S-(uracil-1 1 -yl)-1,3-
oxathiolane; 

cis-2-(l'-pyrrolidinocarbonyl)-5-(uracil-l'­
yl)-1,3-oxathiolane; 

cis 2-benzoyl-5-(uracil-l'-yl)-1,3-
oxathiolane; 

cis- and trans-isopropyl s-acetoxy-1,J­
oxathiolane-2-carboxylate; 

cis-isopropyl-S-(cytosin-1 1-yl)-l,J­
oxathiolane-2-carboxylate; 

cis- and trans-t-butyl s-acetoxy-1,3-
oxathiolane-2-carboxylate; 

cis-t-butyl-S-(cytosin-1 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-
l '-yl)-l, 3 -oxathiolane; 

cis- and trans-2-carboethoxy-4-acetoxy-l,3-
dioxolane; 
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cis- and trans-2-carboethoxy-4-(thymin-1'­
yl)-1,3-dioxolane; and 

cis- and trans-2-carboethoxy-4-(N-4'­
acetylcytosin-i'-yl)-1,3-dioxolane. 

39. A process for producinq an intermediate 
of formula (Ila) or formula (IIb) comprisinq the step 
of resolving a mixture of (Ila) or ·crrb) using a chiral 
auxiliary: 

40. A method of preparinq a compound of 
formula 

<W'f ·••''"L 
lls""'' _J. 

x 

comprisinq the step of resolving a mixture of the two 
compounds by means of a chiral auxiliary. 
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41. A method of preparinq a compound of 
formula 

wyL 
fls1H••-( _J . 

x 

comprisinq the step of resolvinq a mixture of the two 

compounds by means of a chiral auxiliary. 

• 
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