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Abstract: We have developed a novel class of 1,3-oxathiolane nucleoside analogues which were evaluated for
anti-HIV activity in the MT-4 cell line. BCH-371, the adenine derivative, has been found to exhibit significant
anti-HIV activity.

Acquired Immunodeficiency Syndrome (AIDS) has become a modern day scourge. The number of AIDS and
HIV positive cases have grown rapidly and relatively unchecked despite almost a decade of research efforts!.
Currently, there are three approved drugs for the treatment of AIDS, but all of these drugs suffer from serious
drawbacks such as bone marrow toxicity2 (AZT), peripheral neuropathy and acute pancreatitis3 (ddI and ddC)
as well as rapid development of resistance?. Furthermore, ddI-resistant isolates of HIV-1 have been found to be
cross-resistantS to ddC. Clearly the need for a better drug is of the utmost importance. In this regard we have
recently designed a novel class of 2',3'-dideoxynucleoside analogues in which the 3'-carbon atom was replaced
by a sulfur atom or by an oxygen atom®. This sugar modification influenced the biological and toxicological
properties in an unusval manner and led to the discovery of BCH-189, a (1)-1,3-oxathiolane nucleoside
analogue, which possessed favorable characteristics for further development?. In fact, 3TC, the (-)-enantiomer
of BCH-189 having the unnatural sugar configuration is a highly selective RT inhibitor and has completed a
multicenter Phase I / II clinical trials for the treatment of HIV infection and AIDS with an excellent safety
profile8,

As part of our continuing antiviral program, it was of interest to study the role and effect of transposing the
heteroatoms in the oxathiolane ring of BCH-189 thus giving rise to a new class of (%)-1.3-oxathiolane

nucleoside analoguesd 1.
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The new class of (+)-1,3-oxathiolane compounds was synthesized by coupling an oxathiolane moiety bearing a
suitable leaving group at the 4-position with a persilylated heterocyclic base in the present of a Lewis acid to
give a cis-trans mixture of nucleoside analogues!?. The preparation of the 1,3-oxathiolane moiety (Scheme 1)
began with the acid catalyzed reaction of benzoyloxyacetaldehyde 2 with mercaptoethanol giving 2-
benzoyloxymethyl-1,3-oxathiolane 3 in 90% yield. The introduction of the 4-acetoxy leaving group in the 1,3-
oxathiolane ring could be achieved by a Pummerer rearrangement of the sulfoxide 4 tn acetic anhydride. Thus,
oxidation of 3 with magnesium monoperoxyphthalate under phase transfer conditions gave the desired
sulfoxide 4 as a mixture of isomers in quantitative yields. The Pummerer reaction was initially problematic,
standard conditions!! such as heating in acetic anhydride with or without sodium acetate gave irreproducible
results especially on scale-up. Other procedures such as the use of trifluoroacetic anhydride!? as catalyst gave a
complex mixture. The Pummerer reaction was therefore studied in greater detail. We observed that the
presence of a high concentration of acetate ions was essential for the reaction to proceed. Since sodium acetate
was almost insoluble in acetic anhydride, we opted for a more soluble source of acetate ions. Indeed, when a
solution of the sulfoxide 4 in acetic anhydride was heated in the presence of tetra-n-butylammonium acetate, the
desired key-intermediate 2-benzoyloxymethyl-4-acetoxy-1,3-oxathiolane 5 was obtained i 66% yield as a
mixture of cis and trans isomers in a ratio of 1:1. The reaction also gave consistent yields on scale-up.

Scheme 1
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a) PTSA, toluene, reflux, b) MMPP, CH,Cly-H5O0, ¢) Acp0, (nBu)4NOAc

The coupling of the acetoxy derivative 5 with persilylated cytosine or 5-fluorocytosine (Scheme 2) in the
presence of tin tetrachloride gave the desired nucleoside analogue 6 or 7 as an mixture of 1:1 ratio of cis and
trans isomers in modest yields (35-50%). The use of trimethylsilyl trifluoromethanesulfonate as catalyst failed to
give any product. The isomers of 6 or 7 were then separated either directly by flash chromatography on silica gel
(in case of 5-fluorocytosine analogues) or indirectly through acetylation of the amino group (in case of cytosine
analogues). Removal of the protecting groups with methanolic ammonia afforded the desired nucleosides 10-13
in good yields. Similar condensations of 5 with silylated thymine and uracil in the presence of TMS-triflate
gave 8 and 9 in good yield (60-65%), which were deprotected under basic conditions, followed by separation of
isomers on silica gel giving 14-17 in pure form.
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a) (TMS)pyrimidine, CHyCly , SnCly, or TMS-triflate, RT 16h, b) NH3/MeOH.

Adenine and guanine derivatives were prepared via coupling of § with persilylated 6-chloropurine and 2-amino-
6-chloropurine under refluxing conditions in 1,2-dichloroethane using TMS-triflate as acid catalyst (Scheme 3)
giving a mixture of 1:1 ratio of requisite cis and trans N-9 regioisomers 18 and 19 which were separated to
single isomers by chromatography on silica gel in good yield (51-53%). Individual isomers of 18 were converted
to adenine analogues 20 and 21 by heating with ethanolic ammonia in a steel bomb while the cis isomer of 19
was transformed to guanine analogue 22 by heating with sodium hydroxide!3 in wet methanol. The relative
stereochemistry of these products was assigned by difference NOE spectral4.

Scheme 3
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a) Persilylated 6-chloropurine or 2-amino-6-chloropurine, TMS-triflate, (CHoCl); , reflux 2h, b) NH3/EtOH, 110°C 16h, ¢)
NaOH, MeOH-H,O, reflux 5h.

The prepared (£)-1,3-oxathiolane nucleoside analogues were evaluated for anti-HIV activity in MT-4 cells at
concentrations up to 100 pg/ml and the results are summarized in Table 1. All of the trans isomers were found
to be inactive and non-toxic. While the cis cytosine derivative 10 (BCH-270) was cytotoxic at 10 pg/ml, cis 5-
fluorocytosine and adenine derivatives 12 (BCH-1081) and 20 (BCH-371) exhibited a good anti-HIV activity of
2.5 and 2.1pg/ml.
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Table 1:  Anti-HIV-1 Activity of ()-1,3-oxathiolane nucleoside analogues in MT-4 cell line.
Compound BCH Base Stereochemistry { IDsg, pg/mL CDsg, ug/mL
10 BCH-270 cytosine cis >10 10
11 cytosine trans >100 »>100
12 BCH-1081 | 5-F-cytosine cis 2.5 >100
13 5-F-cytosine trans >100 >100
14 thymine cis >100 >100
15 thymine trans >100 >100
16 uracil cis >100 >100
17 uracil trans >100 >100
20 BCH-371 adenine cis 2.1 100
21 adenine trans >100 >100
22 guanine cis >100 >100

BCH-189 0.13 >100
AZT 0.06 >1

Since BCH-371 is racemic it was therefore interesting to find out which of the enantiomers carries the antiviral

activity, because as we have shown previously in thia-nucleoside analogues the antiviral activity can be

separated from cytotoxic effects through resolution’s. BCH-371 was resolved by two methods: The first
approach involved HPL.C using a chiral support column. Under the conditions in Figure 1 the separation of
BCH-371 was easily achieved giving the (+)-enantiomer BCH-1229 at a retention time of 12.0 min and the (-)-
enantiomer BCH-1230 at a retention time of 22.0 min. At this point the absolute configuration of either

enantiomers could not be determined.
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Figure 1. Chromatograph of chiral HPLC resolution of BCH-371

Column: Chiral a-AGP (4x100 mm)

(2 columns in series)

Mobile Phase: 0.02M NaH,;POy4, pH 7.0
Activation: 270 nm
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The second approach, which also provided a clue about the absolute configuration of the two enantiomers, was
enzymatic resolution using adenosine deaminase enzyme. This enzyme will enantiospecifically deaminate most
adenine nucleoside analogues provided that the base and the hydroxymethyl group are in the natural sugar or D-
sugar configuration!5. Thus treatment of BCH-371 with adenosine deaminase (Scheme 4) gave the
hypoxanthine derivative 23 in the natural sugar configuration and the adenine derivative BCH-1229 having
unnatural configuration was left untouched. By comparison of the HPLC retention time and rotation value of
this adenine derivative with the one obtained previously, we concluded that the (+)-enantiomer, BCH-1229, has
the unnatural configuration and the (-)-enantiomer, BCH-1230, has the natural configuration. Our hypothesis
has been later confirmed by a total synthesis of BCH-1230 starting from a sugar of known absolute
configuration!6,

Scheme 4
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Both enantiomers were submitted for anti-HIV evaluation (Table 2). BCH-1229, the (+)-enantiomer was found
to possess weak activity at 50pg/ml, while BCH-1230, the (-)-enantiomer having the natural configuration
exhibited significant activity at 1.1ug/ml. Both enantiomers were also found to be slightly cytotoxic at
concentration of 100ptg/ml. As a comparision, ddI shows anti-HIV activity at 2.3pg/ml.

Table 2:  Anti-HIV-1 activity of enantiomers in MT-4 cell line.

Compound Enantiomer IDg, pg/mL CDsq, pg/mL |
BCH-371 (€3] 2.1 100
BCH-1229 (+) 50 100
BCH-1230 ) 1.1 100

ddl 2.3 100

In summary, a novel class of anti-HIV nucleoside analogues has been discovered. BCH-1230, the adenine
derivative having a natural configuration, was found to be twice as active as ddI.
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