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Abstract: 2-Phosphonomethyl-1,3-dioxolane nucleosides containing appropriately linked pyrimidine and
purine bases at C-4 position were prepared as biomimetic analogues of antiviral 2',3'-dideoxynucleoside
monophosphates. The key coupling intermediate 10 was prepared by a cyclocondensation of diethylacetal 6
and diol 7 followed by hydrolysis and lead tetra-acetate oxidative decarboxylation.

Several years ago novel analogues of 2',3'-dideoxynucleosides in which the 3'-methylene moiety was
replaced by a heteroatom such as oxygen and sulphur were first reported.] Amongst these nucleosides (-)-2'-
deoxy-3"-thiacytidine (lamivudine; 3TC™) is now in advanced stages of clinical trials in humans for HIV and
hepatitis B infections and potent antiviral activities were also reported with (-)-FTC,2 dioxolane-G >* and
dioxolane-C.>¢

In early studies, racemic cis-2"-hydroxymethyl-4'-thymin-1-yl-1',3'-dioxolane 1 (dioxolane-T) exhibited
varied anti-HIV-1 activity depending on the cell line used for the assay. While this nucleoside was quite
potent in PBM cells,” it had moderate activity in ATH-8 cell line,® showed no activity in CEM or MT-4 cells
and was not cytotoxic in the above cell lines. Furthermore, following resolution, the (-) enantiomer of 1
exhibited moderate anti-HIV-1 activity in MT-4 cells of in agreement with the report of Chu and co-workers
in PBM cells.” As nucleosides require activation by kinases before inhibiting viral polymerases, we
postulated that nucleoside 1 was poorly phosphorylated in MT-4 cells. Herein we report on the synthesis of
phosphonate derivatives of 1,3-dioxolanes 4 with thymine, cytosine and guanine bases. Such analogues
incorporate a monophosphonate as a biomimetic of the first stage of kinase activation and may have more
comprehensive cellular antiviral activity.

To test the hypothesis, we first prepared the bioisostere of the monophosphate of 1 (Scheme 1) by
forming the phosphorus acid monoester 3 upon DCC mediated condensation of 1 with 2.° To our

satisfaction, nucleotide 3 was a moderate inhibitor of HIV-1 replication (ECsy = 51 uM, CDs = 342.5 pM) in
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MT-4 cells where 1 was inactive, confirming that phosphorus acid monoester 3 is stable towards enzymatic
hydrolysis, probably caused by 5'-nucleotidase. At this stage, the synthesis of other nucleotide phosphonate
derivatives 4 was undertaken which would be enzymatically and hydrolytically more stable analogues than the
correponding monophosphates. They could be viewed as constrained analogues of PMEA 5 which is currently
in clinical trials against AIDS."® Homophosphonate analogues of the oxathiolane nucleoside BCH-189 and its

trans isomer have also been described in the literature.""
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Diethyl phosphonoacetaldehyde diethylacetal 6 was condensed with methyl glycerate 7% in benzene
using a catalytic amount of p- TsOH to give dioxolane 8 in good yields after purification. Compound 8 was
hydrolysed in aqueous NaOH to produce carboxylic acid 9 which was subjected to oxidative decarboxylation
with lead tetraacetate to give an epimeric mixture (1:2 ratio) of 10 in 75% yield (Scheme 2).

Glycosylation of 10 with persilylated thymine or cytosine in the presence of trimethylsilyltriflate as a
Lewis acid'> furnished an inseparable mixture of epimers (1.2:1 ratio) in relatively low yields which was
deprotected with bromotrimethylsilane in acetonitrile and further purified by reverse phase HPLC" to give the
thymine and cytosine phosphonate derivatives 11, 12, 13 and 14, respectively (Scheme 3).

In a similar manner persilylated 2-acetamido-4-diphenylcarbamoyloxypurine 15" was glycosylated
with 10 using trimethylsilyltriflate catalysis to produce a mixture of phosphonates 16 with only the N-9

regioisomers present. The mixture of cis and frans epimers was deprotected with methanolic ammonia
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followed by treatment with bromotrimethylsilane and then subjected to reverse phase HPLC to produce cis

and trans epimers 17 and 18, respectively.
Compounds 11 , 12, 13, 14, 17 and 18 were tested for anti-HIV-1 activites in MT-4 cell and found to be
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Scheme 3.
inactive (ECs, > 332 pM). They were also not cytotoxic at that concentration (ICs > 332 uM). The N-acetyl
derivative of 13 exhibited weak activity (ECso =312 uM). In further assays these analogues did not show any
antiviral activity against HSV-1 and HSV-2 in Vero cells or against HCMV in Flow 2002 cells. It is possible
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that these modified nucleotides are not efficiently phosphorylated further by cellular kinases to yield the

corresponding bioactive triphosphate analogues.
In conclusion, we have conveniently synthesized 2-phosphonomethyl-1,3-dioxolane nucleotides

containing thymine, cytosine and guanine bases. Dioxolane 10 is stable and suitable for coupling under

Vorbriiggen conditions for the preparation of more analogues for further investigaticon.15
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