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(57) ABSTRACT 
A method and composition for the treatment of HIV and 
HBV infections in humans is disclosed that includes admin 
istering an effective amount of 2-hydroxymethyl-5-(5-?uo 
rocytosin-1-yl)-1,3-oxathiolane, a pharmaceutically accept 
able derivative thereof, including a 5‘ or N4 alkylated or 
acylated derivative, or a pharmaceutically acceptable salt 
thereof, in a pharmaceutically acceptable carrier. 

Aprocess for the resolution of a racemic mixture of nucleo 
side enantiomers is also disclosed that includes the step of 
exposing the racemic mixture to an enzyme that preferen 
tially catalyzes a reaction in one of the enantiomers. 
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ANTIVIRAL ACTIVITY AND RESOLUTION OF 
2-HYDROXYMETHYL-5 

(5-FLUOROCYTOSIN-1-YL)-1,3-OXATHIOLANE 
[0001] This application is a continuation-in-part applica 
tion of (1) US. Ser. No. 07/659,760 entitled “Method for the 
Synthesis, Compositions and Use of 2‘-Deoxy-5-Fluoro-3‘ 
Thiacytidine and Related Compounds”, ?led on Feb. 22, 
1991, by Dennis C. Liotta, Raymond F. SchinaZi, and 
Woo-Baeg Choi, Which is a continuation in part application 
of US. Ser. No. 07/473,318, entitled “Method and Compo 
sitions for the Synthesis of BCH-189 and Related Com 
pounds”, ?led on Feb. 1, 1990, by Dennis C. Liotta and 
Woo-Baeg Choi and, (2) a continuation-in-part of US. Ser. 
No. 07/736,089 entitled “Method of Resolution and Antivi 
ral Activity of 1,3-Oxathiolane Nucleoside Enantiomers” 
?led on Jul. 26, 1991, by Dennis C. Liotta, Raymond F. 
SchinaZi, and Woo-Baeg Choi, Which is a continuation-in 
part of US. Ser. No. 07/659,760, referenced above. 

[0002] The US. Government has rights in this invention 
arising out of the partial funding of Work leading to this 
invention through the National Institutes of Health Grant 
Nos. AI-26055, AI-28731, NIH 5-21935, as Well as a 
Veteran’s Administration Merit RevieW AWard. 

BACKGROUND OF THE INVENTION 

[0003] This invention is in the area of biologically active 
nucleosides, and speci?cally includes antiviral compositions 
that include 2-hydroxymethyl-5-(5-?uorocytosin-1-yl)-1,3 
oxathiolane (“FTC”), its physiologically acceptable deriva 
tive, or physiologically acceptable salt, and a method for the 
resolution and use of the (—)-[3-L and (+)-[3-D enantiomers 
of FTC. 

[0004] In 1981, acquired immune de?ciency syndrome 
(AIDS) Was identi?ed as a disease that severely compro 
mises the human immune system, and that almost Without 
exception leads to death. In 1983, the etiological cause of 
AIDS Was determined to be the human immunode?ciency 
virus (HIV). By December of 1990, the World Health 
OrganiZation estimated that betWeen 8 and 10 million people 
WorldWide Were infected With HIV, and of that number, 
betWeen 1,000,000 and 1,400,000 Were in the US. 

[0005] In 1985, it Was reported that the synthetic nucleo 
side 3‘-aZido-3‘-deoxythymidine (AZT) inhibits the replica 
tion of human immunode?ciency virus. Since then, a num 
ber of other synthetic nucleosides, including 2‘,3‘ 
dideoxyinosine (DDI), 21,3‘-dideoxycytidine (DDC), 
3‘-?uoro-3‘-deoxythymidine (FLT), and 2‘,3‘-dideoxy-21,3‘ 
didehydrothymidine (D4T), have been proven to be effective 
against HIV. A number of other 2‘,3‘-dideoxynucleosides 
have been demonstrated to inhibit the groWth of a variety of 
viruses in vitro. It appears that, after cellular phosphoryla 
tion to the 5 ‘-triphosphate by cellular kinases, these synthetic 
nucleosides are incorporated into a groWing strand of viral 
DNA, causing chain termination due to the absence of the 
3‘-hydroxyl group. 

[0006] The success of various 2‘,3‘-dideoxynucleosides in 
inhibiting the replication of HIV in vivo or in vitro has led 
a number of researchers to design and test nucleosides that 
substitute a heteroatom for the carbon atom at the 3‘-position 
of the nucleoside. Norbeck, et al., disclose that (:)-1-[(2[3, 
4[3)-2-(hydroxymethyl)-4-dioxolanyl]thymine (referred to 
as (1)-dioxolane-T) exhibits a modest activity against HIV 
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(EC5O of 20 pm in ATH8 cells)., and is not toxic to unin 
fected control cells at a concentration of 200 pM. Tetrahe 
dron Letters 30 (46), 6246, (1989). European Patent Appli 
cation Publication No. 0 337 713 and US. Pat. No. 5,041, 
449, assigned to IAF BioChem International, Inc., disclose 
2-substituted-4-substituted-1,3-dioxolanes that exhibit anti 
viral activity. 

[0007] US. Pat. No. 5,047,407 and European Patent 
Application Publication No. 0 382 526, also assigned to IAF 
Biochem International, Inc. disclose a number of 2-substi 
tuted-5-substituted-1,3-oxathiolane nucleosides With antivi 
ral activity, and speci?cally report that the racemic mixture 
(about the C4‘-position) of the C1‘-B isomer of 2-hydroxym 
ethyl-5-(cytosin-1-yl)-1,3-oxathiolane (referred to beloW as 
(1)-BCH-189) has approximately the same activity against 
HIV as AZT, and no cellular toxicity at the tested levels. 
(1)-BCH-189 has also been found to inhibit the replication 
of AZT-resistant HIV isolates in vitro from patients Who 
have been treated With AZT for longer than 36 Weeks. 

[0008] Another virus that causes a serious human health 
problem is the hepatitis B virus (referred to beloW as 
“HBV”). HBV is second only to tobacco as a cause of 
human cancer. The mechanism by Which HBV induces 
cancer is unknown, although it is postulated that it may 
directly trigger tumor development, or indirectly trigger 
tumor development through chronic in?ammation, cirrhosis, 
and cell regeneration associated With the infection. 

[0009] After a tWo to six month incubation period in 
Which the host is unaWare of the infection, HBV infection 
can lead to acute hepatitis and liver damage, that causes 
abdominal pain, jaundice, and elevated blood levels of 
certain enZymes. HBV can cause fulminant hepatitis, a 
rapidly progressive, often fatal form of the disease in Which 
massive sections of the liver are destroyed. 

[0010] Patients typically recover from acute hepatitis. In 
some patients, hoWever, high levels of viral antigen persist 
in the blood for an extended, or inde?nite, period, causing a 
chronic infection. Chronic infections can lead to chronic 
persistent hepatitis. Patients infected With chronic persistent 
HBV are most common in developing countries. By mid 
1991, there Were approximately 225 million chronic carriers 
of HBV in Asia alone, and WorldWide, almost 300 million 
carriers. Chronic persistent hepatitis can cause fatigue, cir 
rhosis of the liver, and hepatocellular carcinoma, a primary 
liver cancer. 

[0011] In Western industrialiZed countries, high risk 
groups for HBV infection include those in contact With HBV 
carriers or their blood samples. The epidemiology of HBV 
is very similar to that of acquired immune de?ciency syn 
drome, Which accounts for Why HBV infection is common 
among patients With AIDS or AIDS-related complex. HoW 
ever, HBV is more contagious than HIV. 

[0012] A human serum-derived vaccine has been devel 
oped to immuniZe patients against HBV. While it has been 
found effective, production of the vaccine is troublesome 
because the supply of human serum from chronic carriers is 
limited, and the puri?cation procedure is long and expen 
sive. Further, each batch of vaccine prepared from different 
serum must be tested in chimpanZees to ensure safety. 
Vaccines have also been produced through genetic engineer 
ing. Daily treatments With ot-interferon, a genetically engi 
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neered protein, has also shown promise. However, to date 
there is no knoWn pharmaceutical agent that effectively 
inhibits the replication of the virus. 

[0013] To market a nucleoside for pharmaceutical pur 
poses, it must not only be efficacious With loW toxicity, it 
must also be cost effective to manufacture. An extensive 
amount of research and development has been directed 
toWard neW, loW cost processes for large scale nucleoside 
production. 2‘,3‘-Dideoxynucleosides are currently prepared 
by either of tWo routes: derivatiZation of an intact nucleoside 
or condensation of a derivatiZed sugar moiety With a het 
erocyclic base. Although there are numerous disadvantages 
associated With obtaining neW nucleoside analogues by 
modifying intact nucleosides, a major advantage of this 
approach is that the appropriate absolute stereochemistry has 
already been set by nature. HoWever, this approach cannot 
be used in the production of nucleosides that contain either 
normaturally occurring bases or normaturally occurring car 
bohydrate moieties (and Which therefore are not prepared 
from intact nucleosides), such as 1,3-oxathiolane nucleo 
sides and 1,3-dioxolane nucleosides. 

[0014] When condensing a carbohydrate or carbohydrate 
like moiety With a heterocyclic base to form a synthetic 
nucleoside, a nucleoside is produced that has tWo chiral 
centers (at the C1‘ and C4‘-positions), and thus exists as a 
diastereomeric pair. Each diastereomer exists as a set of 
enantiomers. Therefore, the product is a mixture of four 
enantiomers. 

[0015] It is often found that nucleosides With normatu 
rally-occurring stereochemistry in either the C1‘ or the 
C4‘-positions are less active than the same nucleoside With 
the stereochemistry as set by nature. For example, Carter, et 
al., have reported that the concentration of the (—)-enanti 
omer of carbovir (21,3‘-didehydro-2‘,3‘-dideoxyguanosine) 
in cell culture required to reduce the reverse transcriptase 
activity by 50% (ECSO) is 0.8 pM, Whereas the EC50 for the 
(+)-enantiomer of carbovir is greater than 60 pM. Antimi 
crobial Agents and Chemotherapy, 34:6, 1297-1300 (June 
1990). 
[0016] PCT International Publication No. WO 91/11186 
discloses that 1,3-oxathiolane nucleosides can be prepared 
With high diastereoselectivity (high percentage of nucleo 
side With a 8 con?guration of the bond from the C1‘-carbon 
to the heterocyclic base) by careful selection of the LeWis 
acid used in the condensation process. It Was discovered that 
condensation of a 1,3-oxathiolane nucleoside With a base 
occurs With almost complete [3-stereospeci?city When stan 
nic chloride is used as the condensation catalyst. Other 
LeWis acids provide loW (or no) C1‘-[3 selectivity or simply 
fail to catalyZe the reactions. 

[0017] In light of the fact that acquired immune de?ciency 
syndrome,AIDS-related complex, and hepatitis B virus have 
reached epidemic levels WorldWide, and have tragic effects 
on the infected patient, there remains a strong need to 
provide neW effective pharmaceutical agents to treat these 
diseases that have loW toxicity to the host. 

[0018] There is also a need to provide a cost effective, 
commercially viable method to produce pharmaceutically 
important nucleosides, and speci?cally attain [3-stereospeci 
?city in the C4‘-position of synthetic nucleosides prepared 
by condensing a carbohydrate-like moiety With a base. 
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[0019] Therefore, it is an object of the present invention to 
provide a method and composition for the treatment of 
human patients infected With HIV. 

[0020] It is another object of the present invention to 
provide a method and composition for the treatment of 
human patients or other host animals infected With HBV. 

[0021] It is still another object of the present invention to 
provide enantiomerically enriched 1,3-oxathiolane nucleo 
sides. 

[0022] It is still another object of the present invention to 
provide a method for the resolution of C4‘-enantiomers of 
1,3-oxathiolane nucleosides. 

SUMMARY OF THE INVENTION 

[0023] A method and composition for the treatment of 
HIV and HBV infections in humans and other host animals 
is disclosed that includes administering an effective amount 
of 2-hydroxymethyl-5-(5-?uorocytosin-1-yl)-1,3-oxathi 
olane, a pharmaceutically acceptable derivative thereof, 
including a 5‘ or N4 alkylated or acylated derivative, or a 
pharmaceutically acceptable salt thereof, in a pharmaceuti 
cally acceptable carrier. 

[0024] It has been discovered that 2-hydroxymethyl-5-(5 
?uorocytosin-1-yl)-1,3-oxathiolane (“FTC”), exhibits sur 
prisingly high activity against human immunode?ciency 
virus With very loW host cell toxicity. It has also been 
discovered that FTC exhibits very signi?cant activity against 
HBV, and therefore can be used to treat patients Who have 
a variety of illnesses associated With HBV infection. 

[0025] Toxicity and pharmacokinetic studies con?rm the 
usefulness of FTC as an antiviral agent for pharmaceutical 
administration. FTC and its enantiomers are nontoxic to 
peripheral human bone marroW cells at concentrations up to 
50 pM and other cell lines at concentrations up to 200 pM. 
FTC-TP is a major intracellular metabolite in PBMC and 
HepG2 cells. FTC-TP competitively inhibits HIV-1 reverse 
transcriptase (RT) With a K1 of 0.2 pM using a poly(I)oli 
go(dC) template-primer. Using sequencing analysis, FTC 
TP can be shoWn to be a potent DNA chain terminator When 
HIV-RT is used (C-stops). 

[0026] Chronic treatment With FTC is not toxic to rodents, 
even at oral doses of 85 mg/kg per day for at least tWo 
months. The pharmacokinetics of FTC in rhesus monkeys 
indicates high oral bioavailability (approximately 73:6%) 
and a plasma terminal half life of approximately 1.34:0.18 
(mean of oral and IV. administration). 

[0027] Aprocess for the resolution of a racemic mixture of 
nucleoside enantiomers, including the racemic mixture of 
FTC, is also disclosed that includes the step of exposing the 
racemic mixture to an enZyme that preferentially catalyZes a 
reaction in one of the enantiomers. The process can be used 
to resolve a Wide variety of nucleosides, including pyrimi 
dine and purine nucleosides that are optionally substituted in 
the carbohydrate moiety or base moiety. The process can 
also be used to resolve nucleoside derivatives that contain 
additional heteroatoms in the carbohydrate moiety, for 
example, (:)-FTC and (:)-BCH-189. The resolution of 
nucleosides can be performed on large scale at moderate 
cost. 
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[0028] Using methods described herein, FTC Was resolved 
into its (+)-[3-D and (—)-[3-L enantiomers. The (—)-[3-L 
enantiomer appears to be more potent that the (+)-[3-D 
enantiomer against HIV, HBV, and SIV. The (+)-enantiomer 
of FTC is also active against HIV, HBV, and SIV. 

BRIEF DESCRIPTION OF THE FIGURES 

[0029] FIG. 1 is an illustration of the chemical structure of 
2-hydroXymethyl-5-(5-?uorocytosin-1-yl)-1,3-oXathiolane 
(“FTCJ7) ' 

[0030] FIG. 2 is an illustration of a method for the 
preparation of 2-hydroXymethyl-5-(5-?uorocytosin-1-yl)-1, 
3-oXathiolane. 

[0031] FIG. 3 is a flow chart of the speci?city of alkaline 
phosphatase and snake venom phosphodiesterase for the (+) 
and (—) enantiomers of FTC. 

[0032] FIG. 4 is a graph indicating the progress of lipase 
catalyZed hydrolysis of the 5‘-butyryl ester of FTC over time 
using the enZymes Amano PS-800® (-open square-) and 
PLE (-open circle With dot-). 

[0033] FIG. 5 is a graph of the effect of concentration 
(,uM) of racemic and enantiomerically enriched FTC (pre 
pared by the method of EXample 4) versus the percent 
inhibition of human PBM cells infected With HIV-1. ((-dark 
ened circle-, (:)-FTC), (-open circle-, (—)-FTC), (-darkened 
square-, (+)-FTC). 

[0034] FIG. 6 is a graph of the effect of concentration 
(,uM) of racemic and enantiomerically enriched FTC (pre 
pared by method of EXample 3) on the percent inhibition of 
human PBM cells infected With HIV-1. ((-darkened circle-, 
(:)-FTC), (-open circle-, (—)-FTC), (-darkened square-, (+) 
FTC). 
[0035] FIG. 7 is a graph of the uptake of tritiated (:)-FTC 
in human PBM cells (average of tWo determinations) in time 
(hours) versus pmol/106 cells. 

[0036] FIG. 8 is a graph of the egress of radiolabeled 
(:)-FTC from human PBM cells, measured in hours versus 
pmol/106 cells. 

[0037] FIG. 9 illustrates the presence of [3H]-(:)-FTC and 
its phosphorylated derivatives in human HepG-2 cells (aver 
age of tWo determinations) incubated in media containing 10 
pM [3H]-(:)-FTC, measured in pmol/106 cells over time. 

[0038] FIG. 10 illustrates the egress of [3H]-(:)-FTC and 
its phosphorylated derivatives in human HepG2 in pmol/106 
cells over time cells after pulsing cells With 10 pM [3H] 
(:)-FTC (700 DPM/pmole) for 24 hours, and evaluating the 
concentration of compound 24 hours after removal. 

[0039] FIG. 11 illustrates the decrease in the combined 
concentration of [3H]-(:)-FTC and its phosphorylated 
derivatives from human HepG2 cells after incubation With 
10 pM [3H]-(:)-FTC (700 DPM/pmole) for 24 hours, in 
pmol/10 cells over time. 

[0040] FIG. 12 is a graph of the effect of the enantiomers 
of FTC on colony formation of granulocyte-macrophage 
precursor cells, as measured in percent survival versus 
concentration in pM ((—)-FTC, open circle; (+)-FTC, dark 
ened circle; AZT, darkened square. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] As used herein, the term “enantiomerically 
enriched nucleoside” refers to a nucleoside composition that 
includes at least 95% of a single enantiomer of that nucleo 
side. 

[0042] As used herein, the term FTC refers to 2-hy 
droxymethyl-S-(S-?uorocytosin-1-yl)-1,3-oXathiolane (the 
racemic form or enantiomers), also referred to as 2‘-deoXy 
5-?uoro-3‘-thiacytidine. 

[0043] As used herein, the term (+)-FTC refers to (+)-[3 
D,L-2-hydroXymethyl-5-(5-?uorocytosin-1-yl)-1,3-oXathi 
olane. 

[0044] As used herein, the term (—)-FTC refers to (—)-[3 
L-2-hydroXymethyl-5-(5-?uorocytosin-1-yl)-1,3-oXathi 
olane. 

[0045] As used herein, the term (+)-FTC refers to (+)-[3 
D-2-hydroXymethyl-5-(5-?uorocytosin-1-yl)-1,3-oXathi 
olane. 

[0046] As used herein, the terms FTC-MP, FTC-DP, and 
FTC-TP refer to the monophosphate, diphosphate, and triph 
osphate of FTC, respectively. 

[0047] As used herein, the term BCH-189 refers to 2-hy 
droXymethyl-5-(cytosin-1-yl)-1,3-oXathiolane. 

[0048] As used herein, the term “preferential enZyme 
catalysis” refers to catalysis by an enZyme that favors one 
substrate over another. 

[0049] As used herein, a leaving group means a functional 
group that forms an incipient carbonation When it separates 
from the molecule that it is attached to. 

[0050] The invention as disclosed herein is a method and 
composition for the treatment of HIV and HBV infections, 
and other viruses replicating in like manner, in humans or 
other host animals, that includes administering an effective 
amount of the (:)-[3-DL, the (—)-[3-L or (+)-[3-D enantiomer 
of 2-hydroXymethyl-5-(5-?uorocytosin-1-yl)-1,3-oXathi 
olane, a pharmaceutically acceptable derivative, including a 
5‘ or N4 alkylated or acylated derivative, or a pharmaceuti 
cally acceptable salt thereof, in a pharmaceutically accept 
able carrier. As shoWn beloW, the compounds of this inven 
tion either possess antiretroviral activity, such as anti-HIV-1, 
anti-HIV-2 and anti-simian immunode?ciency virus (anti 
SIV) activity, themselves or are metaboliZed to a compound 
that eXhibits antiretroviral activity. 

[0051] FTC and its pharmaceutically acceptable deriva 
tives or salts or pharmaceutically acceptable formulations 
containing these compounds are useful in the prevention and 
treatment of HIV infections and other related conditions 
such as AIDS-related complex (ARC), persistent general 
iZed lymphadenopathy (PGL), AIDS-related neurological 
conditions, anti-HIV antibody positive and HIV-positive 
conditions, Kaposi’s sarcoma, thrombocytopenia purpurea 
and opportunistic infections. In addition, these compounds 
or formulations can be used prophylactically to prevent or 
retard the progression of clinical illness in individuals Who 
are anti-HIV antibody or HIV-antigen positive or Who have 
been eXposed to HIV. 
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[0052] FTC and its pharmaceutically acceptable deriva 
tives or pharmaceutically acceptable formulations contain 
ing these compounds are also useful in the prevention and 
treatment of HBV infections and other related conditions 
such as anti-HBV antibody positive and HBV-positive con 
ditions, chronic liver in?ammation caused by HBV, cirrho 
sis, acute hepatitis, fulminant hepatitis, chronic persistant 
hepatitis, and fatigue. These compounds or formulations can 
also be used prophylactically to prevent or retard the pro 
gression of clinical illness in individuals Who are anti-HBV 
antibody or HBV-antigen positive or Who have been exposed 
to HBV. 

[0053] FTC can be converted into a pharmaceutically 
acceptable ester by reaction With an appropriate esterifying 
agent, for example, an acid halide or anhydride. FTC or its 
pharmaceutically acceptable derivative can be converted 
into a pharmaceutically acceptable salt thereof in a conven 

tional manner, for example, by treatment With an appropriate 
base. The ester or salt of FTC can be converted into FTC, for 

example, by hydrolysis. 

[0054] In summary, the present invention includes the 
folloWing features: 

[0055] (a) (1)-[3-D,L-2-hydroxymethyl-5-(5-?uoro 
cytosin-1-yl)-1,3-oxathiolane and pharmaceutically 
acceptable derivatives and salts thereof; 

[0056] (b) (—)-[3-L-2-hydroxymethyl-5-(5-?uorocy 
tosin-1-yl)-1,3-oxathiolane and pharmaceutically 
acceptable derivatives and salts thereof; 

[0057] (c) (+)-[3-D-2-hydroxymethyl-5-(5-?uorocy 
tosin-1-yl)-1,3-oxathiolane and pharmaceutically 
acceptable derivatives and salts thereof; 

[0058] (d) (1)-[3-D,L-2-hydroxymethyl-5-(5-?uoro 
cytosin-1-yl)-1,3-oxathiolane, its (—) and (+) enanti 
omers, and pharmaceutically acceptable derivatives 
and salts thereof for use in medical therapy, for 
example for the treatment or prophylaxis of a HIV or 

HBV infection; 

[0059] (e) use of (1)-[3-D,L-2-hydroxymethyl-5-(5 
?uorocytosin-l-yl)-1,3-oxathiolane, its (—) and (+) 
enantiomers, and pharmaceutically acceptable 
derivatives and salts thereof in the manufacture of a 
medicament for treatment of a HIV or HBV infec 

tion; 

[0060] pharmaceutical formulations comprising 
(:)-[3-D,L-2-hydroxymethyl-5-(5-?uorocytosin-1 
yl)-1,3-oxathiolane, its (—) or (+) enantiomer, or a 
pharmaceutically acceptable derivative or salt 
thereof together With a pharmaceutically acceptable 
carrier or diluent; 

[0061] (g) a process for the preparation of 2-hy 
droxymethyl-S-(5-?uorocytosin-1-yl)-1,3-oxathi 
olane Which comprises: 

[0062] reacting optionally protected S-?uoro 
cytosine With a 1,3-oxathiolane of formula A 
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[0063] wherein R1, is hydrogen or a hydroxyl 
protecting group, including an acyl group, and L is 
a leaving group; and optionally removing any 
hydroxylprotecting group. 

[0064] (ii) reacting a compound of formula B 

NHRlb 

HN/ 

O N 

R13 
,0 

S 

[0065] (wherein R1, is as de?ned above and R1b 
is an amino protecting group) With a ?uorinating 
agent serving to introduce a ?uorine atom in the 
5-position of the cytosine ring; or 

[0066] (iii) reacting a compound of formula C 

C 
O 

F 

HN l 

O N 

R13 
,0 

S 

[0067] (wherein R1'‘) is as de?ned above) With an 
agent serving to convert the oxo group in the 
4-position of the uracil ring to an amino group; 
any remaining protecting groups being removed to 
produce the desired product. 

[0068] f) a process for the preparation of a (—) or (+) 
enantiomer of 2-hydroxymethyl-5-(5-?uorocytosin 
1-yl)-1,3-oxathiolane Which comprises subjecting 
the compound or derivative (e.g. 5‘-ester) thereof in 
the form of a mixture of (—) and (+) enantiomers to 
conditions or reacting With reagents serving to sepa 
rate the enantiomers and if necessary converting the 
resulting derivative to the parent compound. 

[0069] With regard to process e) (i), the hydroxy protect 
ing group includes protecting groups described in detail 
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below, including acyl (e.g. acetyl), arylacyl (e.g. benZoyl or 
substituted benZoyl), trityl or monomethoXytrityl, benZyl or 
substituted benZyl, trisubstituted silyl, including trialkylsilyl 
(e.g. dimethyl-t-butylsilyl) or diphenylmethylsilyl. The 
S-?uorocytosine compound can be optionally protected With 
silyl, e.g., trisubstituted silyl groups. The protecting groups 
can be removed in a conventional manner. The leaving 
group L is a leaving group typical of those knoWn in the art 
of nucleoside chemistry, e.g. halogen such as chlorine or 
bromine, alkoXy such as methoXy or ethoXy, or acyl such as 
acetyl or benZoyl. 

[0070] The reaction in process e) can be carried out in 
an organic solvent (e.g., 1,2-dichloroethane or acetonitrile) 
in the presence of a Lewis acid, preferably stannic chloride, 
or trimethylsilyl tri?ate. 

[0071] Compounds of formula A (Wherein L represents an 
acyl group, e. g., an acetyl group) can be obtained by reaction 
of a compound of formula D 

[0072] (Wherein R1 is de?ned above) With a reducing 
agent, e.g., a lithium aluminum hydride compound, folloW 
ing by treatment With the appropriate conventional reagent 
for the desired intermediate, for eXample, a carboXylic acid 
anhydride, e.g. acetic anhydride, for acylation, chlorinating 
or brominating reagents for halogenation, or alkylating 
reagents. 

[0073] The compound of formula D can be prepared by 
reaction of a compound of formula E 

H 

[0074] With HSCHZCOZH at an elevated temperature. 

[0075] The compound of formula E can be prepared by 
oZonolysis of an allyl ether or ester having the formula 
CH2=CH—CH2—OR or a diether or diester of 2-butene 
1,3-diol having the formula ROCH2—CH=CH—CH2OR, 
in Which R is a protecting group, such as an alkyl, silyl, or 
acyl group. 

[0076] With regard to process e) (ii), the S-?uoro substitu 
ent can be introduced by methods knoWn in the art (M. J. 
Robins, et al., in Nucleic Acid Chemistry, Part 2, L. B. 
ToWnsend and R. S. Tipson, editors, J. Wiley and Sons, NeW 
York, 895-900 (19/8) and references therein; R. Duschinsky 
in Nucleic Acid Chemistry, Part 1, L. B. ToWnsend and R. 
S. Tipson, editors, J. Wiley and Sons, NeW York 43-46 
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(1978) and references therein). The ?uorinating agent may 
be, for eXample, trimethylhypo?uorite in ?uorotrichlo 
romethane. 

[0077] With regard to process e) iii), the compound of 
formula C can be treated With 1,2,4-triaZole, together With 
4-chlorophenyl dichlorophosphate, to form the correspond 
ing 4-(1,2,4-triaZoylyl) compound Which is then converted 
to the desired 4-amino (cytidine) compound by reaction With 
for eXample methanol. 

[0078] The starting materials of formulas B and C can be 
prepared for eXample by reaction of an appropriate (option 
ally protected) base With a compound of formula A in an 
analogous manner to that described in process e) i). S-Fluo 
rouracil and S-?uorocytosine are commercially available 
from Aldrich Chemical Co., Milwaukee, Wis. 53233, USA. 

[0079] Resolution of the (:)-enantiomers can be accom 
plished as speci?ed in detail in Section III beloW. 

[0080] FTC can be converted into a pharmaceutically 
acceptable ester by reaction With an appropriate esterifying 
agent, for eXample, an acid halide or anhydride. FTC or its 
pharmaceutically acceptable derivative can be converted 
into a pharmaceutically acceptable salt thereof in a conven 

tional manner, for eXample, by treatment With an appropriate 
base. The ester or salt of FTC can be converted into FTC, for 

eXample, by hydrolysis. 

[0081] I. Active Compound, and Physiologically Accept 
able Derivatives and Salts Thereof 

[0082] The antivirally active compound disclosed herein 
is 2-hydroXymethyl-5-(5-?uorocytosin-1-yl)-1,3-oXathi 
olane (see FIG. 1), in the racemic form or as an isolated 
enantiomer. 

[0083] The active compound can be administered as any 
derivative that upon administration to the recipient, is 
capable of providing directly or indirectly, the parent FTC 
compound, or that eXhibits activity itself. Nonlimiting 
eXamples are the pharmaceutically acceptable salts (alter 
natively referred to as “physiologically acceptable salts”), 
and the 5‘ and N4 acylated or alkylated derivatives of the 
active compound (alternatively referred to as “physiologi 
cally active derivatives”). In one embodiment, the acyl 
group is a carboXylic acid ester in Which the non-carbonyl 
moiety of the ester group is selected from straight, branched, 
or cyclic alkyl, alkoXyalkyl including methoXymethyl, 
aralkyl including benZyl, aryloXyalkyl such as phenoXym 
ethyl, aryl including phenyl optionally substituted With 
halogen, C1 to C4 alkyl or C1 to C4 alkoXy, sulfonate esters 
such as alkyl or aralkyl sulphonyl including methanesulfo 
nyl, the mono, di or triphosphate ester, trityl or 
monomethoXytrityl, substituted benZyl, trialkylsilyl (e.g. 
dimethyl-t-butylsilyl) or diphenylmethylsilyl. Aryl groups in 
the esters optimally comprise a phenyl group. The alkyl 
group can be straight, branched, or cyclic, and is optimally 
a C1 to C18 group. 

[0084] Speci?c examples of pharmaceutically acceptable 
derivatives of FTC include, but are not limited to: 
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[0085] wherein R1 and R2 are independently selected 
from the group consisting of alkyl and acyl, speci? 
cally including but not limited to methyl, ethyl, 
propyl, butyl, pentyl, hexyl, isopropyl, isobutyl, sec 
butyl, t-butyl, isopentyl, amyl, t-pentyl, 3-methylbu 
tyryl, hydrogen succinate, 3-chlorobenZoate, cyclo 
pentyl, cyclohexyl, benZoyl, acetyl, pivaloyl, 
mesylate, propionyl, butyryl, valeryl, caproic, 
caprylic, capric, lauric, myristic, palmitic, stearic, 
oleic, amino acids including but not limited to alanyl, 
valinyl, leucinyl, isoleucinyl, prolinyl, phenylalani 
nyl, tryptophanyl, methioninyl, glycinyl, serinyl, 
threoninyl, cysteinyl, tyrosinyl, asparaginyl, 
glutaminyl, aspartoyl, glutaoyl, lysinyl, argininyl, 
and histidinyl, and Wherein one of R1 and R2 can be 
H. 

[0086] FTC or its derivatives can be provided in the form 
of pharmaceutically acceptable salts. As used herein, the 
term pharmaceutically acceptable salts or complexes refers 
to salts or complexes of FTC that retain the desired biologi 
cal activity of the parent compound and exhibit minimal, if 
any, undesired toxicological effects. Nonlimiting examples 
of such salts are (a) acid addition salts formed With inorganic 
acids (for example, hydrochloric acid, hydrobromic acid, 
sulfuric acid, phosphoric acid, nitric acid, and the like), and 
salts formed With organic acids such as acetic acid, oxalic 
acid, tartaric acid, succinic acid, malic acid, ascorbic acid, 
benZoic acid, tannic acid, pamoic acid, alginic acid, poly 
glutamic acid, naphthalenesulfonic acids, naphthalenedisul 
fonic acids, and polygalacturonic acid; (b) base addition 
salts formed With polyvalent metal cations such as Zinc, 
calcium, bismuth, barium, magnesium, aluminum, copper, 
cobalt, nickel, cadmium, sodium, potassium, and the like, or 
With an organic cation formed from N,N-dibenZylethylene 
diamine, ammonium, or ethylenediamine; or (c) combina 
tions of (a) and (b); e.g., a Zinc tannate salt or the like. 

[0087] Modi?cations of the active compound, speci?cally 
at the N4 and 9-0 positions, can affect the bioavailability and 
rate of metabolism of the active species, thus providing 
control over the delivery of the active species. Further, the 
modi?cations can affect the antiviral activity of the com 
pound, in some cases increasing the activity over the parent 
compound. This can easily be assessed by preparing the 
derivative and testing its antiviral activity according to the 
methods described herein, or other method knoWn to those 
skilled in the art. 

[0088] 
[0089] The racemic mixture of FTC can be prepared 
according to the method disclosed in detail in PCT Interna 

II. Preparation of the Active Compounds 
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tional Publication No. WO 91/11186, published on Aug. 8, 
1991, and ?led by Emory University, or by the method 
disclosed in Example 1. In general, the method includes 
oZoniZing either an allyl ether or ester having the formula 
CH2=CH—CH2—OR or a diether or diester of 2-butene 
1,3-diol having the formula ROCH2—CH=CH—CH2OR, 
in Which R is a protecting group, such as an alkyl, silyl, or 
acyl group, to form a glycoaldehyde having the formula 
OHC—CH2—OR; adding thioglycolic acid to the glycoal 
dehyde to form a lactone of the formula 2-(R-oxy)-methyl 
5-oxo-1,3-oxathiolane; reducing the lactone to various com 
pounds containing a leaving group at the 5 position of the 
oxathiolane ring; coupling these compounds With silyated 
S-?uorocytosine in the presence of SnCl4 to form the [3-iso 
mer of FTC; and optionally removing the protecting groups. 

EXAMPLE 1 

Preparation of (:)-[3 -D,L-2-Hydroxymethyl-5-(5 - 
?uorocytosin-1 -yl)- 1,3-oxathiolane 

[0090] A method for the preparation of the racemic mix 
ture of FTC is illustrated in FIG. 2, and described in detail 
beloW. 

[0091] Protection of 2-butene-1,4-diol 

[0092] In a dry, 2 L, 3-neck ?ask under inert atmosphere, 
100 grams (93.5 ml=1.135 mol=1.00 eq.) of 2-butene-1,4 
diol and 15 grams (approx. 0.1 eq.) of DMAP (4-dimethy 
laminopyridine) Were dissolved in 800 ml of dry pyridine 
and stirred While cooling to 0° C. Butyryl chloride (260 
ml=2.2 eq) Was then added sloWly to prevent overheating 
and alloWed to stir for one hour. The reaction Was quenched 
With a small amount of ice Water. The liquid Was decanted 
off from the salt and evaporated in vacuo. The remaining salt 
Was dissolved in Water and the aqueous solution Was 
extracted tWice With ethyl ether. The combined other layers 
Were Washed once With saturated CuSO4, tWice With satu 
rated NaHCO3 containing Norit®, and then vacuum ?ltered 
through a celite® plug. 

[0093] The concentrated reaction mixture Was dissolved in 
ether and Washed folloWing the same procedure as above for 
the salt solution. The combined organic layers Were con 
centrated by rotary evaporation, then placed under vacuum. 
This reaction is typically very close to quantitative. The 
scale can be easily increased as necessary. The product, 
1,4-dibutyryl-2-butene-1,4-diol is a colorless to slightly yel 
loW, clear liquid. 

[0094] OZonolysis of the Protected Diol 

[0095] 1,4-Dibutyryl-2-butene-1,4-diol (1.365 mol) Was 
dissolved in 4 L of dry CHZCl2 in a dry, 5 L 3-neck ?ask 
equipped With a large drying tube and an open tube for the 
introduction of gas. The tube is optimally not a fritted, gas 
bubbling tube that Will clog on exposure to the concentrated 
solution. The solution Was stirred and cooled to —78° C. 
While inert gas Was bubbled through the solution. The gas 
inlet Was sealed once the solution had cooled suf?ciently, 
and the ?ask and stirring apparatus Were moved to the oZone 
generator. Oxygen Was bubbled through the stirring solution 
for at least 20 minutes While maintaining the ice bath. A 
Cryocool is ideal to maintain the loW temperature for this 
lengthy reaction. The oZone Was then introduced at 8 to 8.5 
psi. Upon completion, the oZone How Was stopped, and 
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oxygen Was bubbled through the solution for about a half an 
hour before 3 equivalents of MeZS Were added. The ?ask Was 
removed from the cooling bath and transported to a hood 
Where it Was stirred for about 2 days to affect complete 
reduction. The solution Was evaporated and put under 
vacuum for several hours. 

[0096] This reaction typically yields approximately 95% 
of protected aldehyde (2-butyryloxyacetaldehyde), a color 
less to yelloW, clear liquid. 

[0097] CycliZation of the Aldehyde With Mercaptoacetic 
Acid 

[0098] The aldehyde (1.0 equivalent) Was dissolved in 
toluene to provide a 0.80 to 0.85M solution in a ?ask 
equipped With a Dean Stark-type trap. Thioglycolic acid (1.1 
equiv.) Was added and the mixture Was heated to re?ux. 
Water Was aZeotropically removed via the trap. The reaction 
Was completed in 3 hours and Was alloWed to cool to room 
temperature. The organic solution Was Washed tWice With 
equal volumes of sat. NaHCO3 Water and once With Water, 
dried over MgSO4 and Norit, and vacuum ?ltered through 
celite before being evaporated in vacuo. The ?rst NaHCO3 
Wash Was back extracted once With ether; the ether Was 
Washed once With Water, dried over MgSO4 and Norit®, 
vacuum ?ltered through celite®, and evaporated along With 
the other organic material from the toluene solution. The 
combined material Was placed under vacuum overnight. 

[0099] The reaction typically provides a 90% yield of 
2-(butyryloxy)-methyl-5-oxo-1,3-oxathiolane. 
[0100] Reduction of Lactone and Conversion to the 
Acetate 

[0101] 2-Butyryloxy-methyl-5-oxo-1,3-oxathiolane (1.00 
equivalent) Was dissolved in dry THF to give a 0.23 M 
solution in a dry, 3-neck ?ask equipped With a mechanical 
stirrer and maintained under an inert atmosphere. The solu 
tion Was stirred and cooled to 0° C. before 1.1 equivalent of 
1.0M Li(t-BuO)3AlH in THF Was added via canula. The 
reduction Was complete in approximately three hours, as 
indicated by TLC using 2: 1 ether/hexane solvent system and 
an anisaldehyde stain. 

[0102] Approximately 10 equivalents of freshly distilled 
Ac2O Were then added and alloWed to stir for 2 days to 
provide the acetylated product. The reaction Was quenched 
by addition of saturated NaHCO3, Which Was stirred over 
night. The solution Was then evaporated and stirred With 
more NaHCO3 solution overnight. This Was extracted With 
ether Which Was Washed (carefully) tWice With sat. NaHCO3 
and once With Water, dried over MgSO4 and Norit®, vacuum 
?ltered through celite®, and evaporated. The product is a 
dark yelloW, clear liquid. Gas chromatography (Init. T—80°; 
Init. time=5 min.; Prog. rate—10°/min; Final T=240° C.) 
typically indicates a purity of approximately 70%. 

[0103] Silylation of 5-Fluorocytosine 

[0104] 5-Fluorocytosine (1.05 equivalents based on 
amount of acetylated lactol obtained in the previous step 
using GC indication of purity) Was silylated by re?ux in at 
least 10 equivalents of hexamethyldisilaZane containing a 
catalytic amount of pure ammonium sulfate (0.05 to 0.10 
eq.) for tWo hours after the solution turned clear. The ?ask 
Was then sealed tightly and the solvent removed using a 
vacuum pump With an auxiliary trap. The product, a White 
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solid, Was left under vacuum over night until ready for use 
in the folloWing coupling reaction. 

[0105] Coupling of Silylated 5-Fluorocytosine With 
Acetylated Lactol 

[0106] To silylated 5-?uorocytosine (33.86 gm. 0.124 
mol) in dry dichloromethane (350 ml) Was added SnCl4 
solution (135.6 ml, a 1 molar solution in CH2Cl2) under 
nitrogen atmosphere. The solution Was stirred for 15 minutes 
at room temperature. This solution Was cannulated to the 
solution of the lactol acetate (38 gm, 0.113 mol) in dichlo 
romethane (400 ml) under nitrogen atmosphere over a 
period of 30 minutes. 

[0107] The reaction solution Was stirred for 2 hours, at 
Which point the completion of reaction Was indicated by 
TLC. The reaction solution Was then diluted With dichlo 
romethane (500 ml) and quenched With ammonium hydrox 
ide solution. The ammonium hydroxide solution (100 ml) 
Was added sloWly maintaining the temperature of reaction 
beloW 30° C., resulting in the formation of a White precipi 
tate. 

[0108] The mixture Was alloWed to stir for another 30 
minutes, and then passed through silica gel plug column (7 
inch diameter 5 inch height). It Was eluted sequentially With 
dichloromethane (2 L), ethyl acetate (2 L) and ethyl 
acetate:ethanol (9:1) (4 L). The ethyl acetate and ethyl 
acetate:ethanol eluents contained the desired product. These 
solutions Were combined and evaporated at reduced pres 
sure. The residual sticky solid Was then Washed With dry 
ether (200 ml) to give a White solid (25.35 gm; 71%), 
FTC-5‘-butyrate. 

[0109] FTC-5‘-butyrate (8.74 gm; 0.026 mol) Was dis 
solved in 250 ml methanol. Sodium methoxide (2.85 gm; 
0.052 gm) Was added at room temperature. The reaction Was 
stirred for 1 hour, at Which point the completion of reaction 
Was con?rmed by TLC. NH4Cl solution (10 ml) Was added 
to quench the reaction, and then the solvent Was removed 
under reduced pressure. The residue Was absorbed on silica 
gel (5gm) and passed through a small column using ethyl 
acetate:ethanol as an eluent (9:1). The product-containing 
fractions Were combined and evaporated to give a sticky 
solid Which Was Washed With dry ether to give White solid 
FTC (6.00 gm, 88%). (1H NMR: (DMSO-d6) 8.18 (1H, d, 
H6, J=8.4 HZ), 7.81 & 7.57 (2H, broad, NHZ), 6.12 (1H, dd, 
H1, J=5.7 & 4.2 HZ), 5.40 (1H, t, OH, J=5.7 HZ), 5.17 (1H, 
t, 1H4, J=3-6 HZ), 3.74 (2H, m, 2H5), 3.41 (1H, dd, 1H2, 
J=5.7 & 11.7 HZ), 3.11 (1H, dd, 1H2, J=4.2 & 11.7 HZ); 13C 
NMR: (DMSO-d6) 157.85 (d, J=13.4 HZ), 153.28, 136.12 
(d, J=241 HZ), 126.01 (d, J=32.6 HZ), 86.90, 86.84, 62.48, 
37.07; mp 195-196° C. 

[0110] 
[0111] A method is provided herein for the resolution of 
racemic mixtures of nucleoside enantiomers, including but 
not limited to the (+) and (—) enantiomers of FTC. The 
method can also be used to resolve racemic mixtures of 
carbohydrates or carbohydrate-like moieties, such as deriva 
tives of 1,3-oxathiolane and 1,3-dioxolane. The method 
involves the use of an enZyme that preferentially catalyZes 
a reaction of one enantiomer in a racemic mixture. The 
reacted enantiomer is separated from the unreacted enanti 
omer on the basis of the neW difference in physical structure. 
Given the disclosure herein, one of skill in the art Will be 

III. Resolution of Nucleoside Enantiomers 




























