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Abstract : Two new 5'-phosphorylated derivatives of 3'-azido-3'-deoxythymidine (AZT), namely a,B;B,y-bis
(methylene) AZT-5'-triphosphate 1 and o, B-propylene AZT 5'-diphosphate 2, were synthesized. When evaluated
for their inhibitory effects on human immunodeficiency virus (HIV) reverse transcriptase, these compounds were
about 1000-fold less active than AZT-5'-triphosphate (AZTTP) as competitive inhibitors of this enzyme.

AZT, which was first synthesized in 1964 as a potential anti-cancer agent,! has been shown, twenty years
later, to be a potent /1 vizro inhibitor of HIV, 2.3 the etiologic agent of the acquired immunodeficiency syndrome
(AIDS). Despite some associated haematological toxicity, this compound was quickly approved by the Food and
Drug Administration for the treatment of HIV infection, and to date remains the recommended initial therapy for
the treatment of AIDS patients As with other 2', 3'-dideoxynucleosides possessing antiretroviral activity, AZT
has no intrinsic activity. After entering mammalian cells by passive diffusion, AZT is first phosphorylated by
thymidine kinase, then transformed to its diphosphate form by thymidylate kinase, and finally further
phosphorylated by a diphosphate kinase to yield AZTTP 4 This S'-triphosphate derivative has selective affinity
for HIV reverse transcriptase, acting as a competitive inhibitor and is preferentially incorporated into the viral
DNA transcript in place of thymidine. This incorporation leads to premature termination of elongating viral
DNA, since the lack of a 3'-hydroxyl group prevents the formation of a 3', 5'-phosphodiester linkage with an
incoming 2'-deoxynucleoside-5'-triphosphate 5

Although AZTTP represents the main active metabolite of the administered drug, its utility as a
chemotherapeutic agent is limited. Firstly it is charged at physiological pH, and as with all anionic nucleotides it
cannot penetrate the cell -7 Secondly, it is susceptible to rapid degradation to AZT due to the chemical
instability of the phosphoric acid anhydride bonds and due to the action of nonspecific phosphohydro]ases.s’9 To
circumvent this latter problem, efforts have already been made to substitute the bridging oxygens in the
polyphosphate chain of AZTTP by stable groups 10-12 The previous work in this area has been mainly involved
with the replacement of either the o, or the B.y bnidging oxygen by CHQ_,IO CF2“ and NH12 (Fig. 1). We
report here the synthesis and enzymatic evaluation of the hitherto unknown o,B;p,y-bis(methylene) AZTTP 1
and a,B-propylene AZTDP 2 (Fig 1). We reasoned that if all the bridging oxygen atoms were replaced with

such methylene and propylene groups. the modified analogues would i) be very stable, ii) still be recognized by
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HIV reverse transcriptase, iii) act as potent and typical competitive inhibitors since they could not be
incorporated as chain terminators into the proviral DNA owing to their non-hydrolyzable a.B junctions. If the
compounds fulfill all these three requirements, further masking their charges by bioreversible phosphate
protecting functions. as we have already and successfully implemented in the case of AZT-5'-monophosphate!3
and other anti-HIV dideoxynucleotides,!4-17could lead to new kinds of prodrugs which eliminate the need of

rate-limiting di- and triphosphorylation by cellular nucleotide kinases
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Figure 1. Structural formulae of AZTTP and its analogues modified in the polyphosphate chain.

Synthesis of o,B;B,y-bis (methylene) AZTTP 1 (Scheme 1)

The synthesis of 1 was accomplished by coupling bis(dihydroxyphosphinylmethyl)phosphinic acid 8 with
3"-azido-5'-O-(p-tolylsulfonyl)-3'-deoxythymidine (5'-()-tosylAZT). The reagent 8 was prepared from sodium
hypophosphite by a multistep reaction sequence, using in each step the best approach previously described in the
literature. Reaction of 8 with 5'-()-tosylAZT was carried out in dimethylformamide (DMF) in the presence of tri-
n-butylamine following a similar procedure to that implemented by J.A. Stock in the case of thymidine.25 The
solvent was evaporated under vacuum, the residue was dissolved in a small amount of water and applied to a
DEAE-Sephadex A-25 column which was subsequently eluted with a linear triethylammonium bicarbonate
(TEAB) buffer (pH 8.5) gradient (0 to 0.5 M). The appropriate fractions were collected and further purified by
HPLC on a Hypersit BDS Cg (150x4.6 mm; 3 pm) column, using isocratic elution with 6% acetonitrile
containing triethylammonium acetate ( 0.05 M, pH 6.9) and a flow rate of | mL/mn (retention time : 11.5 mn).
Cation exchange (Dowex SOW X 2 column, Na® form) and subsequent lyophilization from water gave the
colorless tetrasodium salt 1 of o, ,8,y-bis(methylene) AZTTP in 22% yield. Evidence for the given structure and
purity of 1 was based on analysis of its HPLC. UV. |H NMR. 31P NMR and mass spectraA26
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Scheme 1. Reagents und conditions 1) (CHyO)p/aqueous HCL, i) SOCIy; iii) EtOH, EtzN/diethylether; iv)
(EtO)3P, v) aqueous 48% HBr; vi) 5'-()—tosylAZT_24 nBu3N/DMF, 120 °C, 12 h, then DEAE-Sephadex A-25
(HCO3~ form) column chromatography using a linear gradient of aqueous TEAB as eluent, then conversion to

the Na™ form by passage through an ion exchange Dowex SOW X 2 column.

Synthesis of o.,B-propylene AZTDP 2 (Scheme 2)

Following a similar procedure previously reported for the preparation of adenosine-5'-
methylenediphophonate.2” the synthesis of 2 was accomplished by the reaction of commercially available
propylenediphosphonic acid 9 (Alpha, Johnson Matthey GmbH, ref 10387) with AZT in the presence of

dicyclohexylcarbodiimide (DCC) and excess tri-n-butylamine in anhydrous pyridine solution.
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The reaction was carried out under reflux for 16 h. After the removal of N ,N'-dicyclohexylurea and
pyridine, the residue was purified 3 times by column chromatography on DEAE-Sephadex A-25 using as eluent a
linear TEAB buffer (pH 8.5) gradient of 0-0.35 M Cation exchange (Dowex SOW X 2 column, Na¥ form) and

subsequent lyophilization from water gave the pure colorless trisodium salt 2 of a,3-propylene AZTDP in 14%
yield 28

Inhibition studies of HIV reverse transcriptase

The analogues 1 and 2 of AZTTP were evaluated for their inhibitory effect on the heterodimer (p66/p51)
reverse transcriptase2? of HIV-1 and were compared with AZTTP. The reaction mixtures (100 ul) contained 50
mM Tris-HCl (pH 8.0). 1mM dithiothreitol, 80 mM KCI, 8 mM MgCls, poly(rA)-oligo(dT)|4 (A/T base ratio
5/1, primer concentration 1pM), 20 uM [3H]dTTP (specific activity 0 25 Ci/mmol), 4 nM reverse transcriptase,
and varying concentrations of 1 or 2. The reaction mixtures were incubated at 37°C for 10 min, at which time
the reaction was stopped by adding 5% trichloroacetic acid Acid insoluble materials were collected on
nitrocellulose filters and the radioactivity retained on the filters was measured by scintillation counting.

In this assay, AZTTP was a strong inhibitor of HIV-1 reverse transcriptase, with a 50% inhibitory
concentration (IC35q) of 0.043 uM which was in the range of previously reported values. 10,11 On the contrary,
the new analogues 1 and 2 of AZTTP proved to be much less inhibitory to this viral enzyme, having ICsq values
that were about 1000-fold higher (IC5q = 48 and 39 pM, respectively). These results can be related to those
previously obtained with other analogues of AZTTP (Fig 1) in which either the o, or the B.y bridging oxygen
was replaced by CHp,10CF5. 11 and NH. 12 and which also demonstrated a markedly decreased affinity for
HIV-1 reverse transcriptase as compared to AZTTP Among the several hypotheses that could explain why such
modified polyphosphate chain analogues show little affinity for HIV-1 reverse transcriptase, the significant
difference in the P-O-P (128.7°) and P-CH3-P (117°) bond angle,30-31 as well as the difference in the
dissociation constant (pKj,) of the phosphate acid function. 3! can be proposed. Furthermore, assuming that
these analogues bind to reverse transcriptase at the natural substrate (ANTP) site, other explanations for their
loss of affinity for the enzyme may be found in the consideration of a recently proposed hypothetical mechanism
for the polymerase reaction of reverse transcriptase 32 According to this model, binding and reaction of dNTP
could be controlled by magnesium ions interacting with the triphosphate group and aspartic acid residues 185,
186 and 100 of the reverse transcriptase a-aminoacid sequence.33 Therefore, replacement of phosphoryl groups
or internal oxygen atoms by methylene groups should decrease the affinity of the analogues for reverse
transcriptase compared to natural INTP. Finally, from the present work and previously reported results, 10-12 it
can be concluted that the unmodified S'-triphosphate chain should be a conserved feature in the structure of any

nucleotide for potent inhibiton of reverse transcriptase
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