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SYNTHESIS OF CHEMICALLY REACTIVE ANALOGUES OF
AZT AND THEIR BIOLOGICAL EVALUATION AGAINST HIV
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Yale University, New Haven, Connecticut, 06511

Abstract Several 3'-deoxythymidine analogues were prepared and tested against HIV. The
choice of analogues was based on their possible covalent binding to the enzyme reverse
transcriptase.

Intensive efforts are underway worldwide to develop chemotherapeutic agents effective against
the human immunodeficiency virus (HIV), the etiological agent of acquired immunodeficiency
syndrome (AIDS). One common strategy attempts to discover drugs which can interfere with a
stage in the viral replicative cycle without damaging the normal processes of the host cell. A prime
target is the enzyme reverse transcriptase which catalyzes phosphodiester bond formation on route
to the synthesis of a DNA copy of the viral RNAT. This enzyme plays a central role in the pro-
liferation of the virus and is not found in the non-invaded host cell. A number of 2',3'-dideoxyribonu-
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cleoside analogues that are processed by this enzyme, notably 3'-azido-2',3'-dideoxythymidine
(AZT) and 2',3-dideoxycytidine (DDC),2 are known to be effective antiretroviral agents. These
compounds are incorporated into the nascent DNA chain through the action of reverse transcriptase
and act as chain terminators since they lack the 3'-hydroxyl group necessary for continued chain
processing.3

We have been investigating chemically reactive analogues of AZT that may form a covalent
linkage to viral reverse transcriptase. These compounds are equipped with functional groups at the
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3'-position of the nucleoside that were formulated on consideration of two potential binding modes.
The first class of inhibitors (Scheme 1, Class A) is comprised of mechanism-based or "trojan horse"
substrates4 whose reactive functionalities are unmasked as a consequence of their incorporation
into the DNA chain. Substrates 4 and 6 (Scheme 2) both possess a 3'-hydroxyl surrogate which
could enter into a phosphorylative coupling reaction to further elongate the chain. The phosphor-
ylated product contains a weak bond (RO-OPO3R’, RNH-OPO3R’) whose cleavage would lead to
electrophilic intermediates which may react with residues in the active site of the enzyme. Members
of the second class of inhibitors (Class B) are equipped with reactive 3'-functional groups that may
interfere with the actions of the enzyme by the direct formation of a covalent bond to form a drug-
enzyme adduct. Thiocyanate 9 and isothiocyanate 10 were chosen as our preliminary electrophilic
targets.® Although the nitrile was expected to to serve as a weak electrophile, we included 7 as a
candidate structure since a peptidyl nitrile was shown to form a covalent adduct with the cysteine
protease papain via a thioimidate ester adduct.®

The preparation of the target analogues is illustrated in Scheme 2. The 3'-functional group
was introduced by displacement of either the mesylate or the triflate at the 3'-carbon of 5'-O-trity!
protected thymidine with the appropriate nucleophile followed by deprotection. Epi-3'-hydroxy-5'-O-
tritylthymidine 1 was prepared from thymidine as previously reported?. Addition of the mesylate 27
to a mixture of potassium superoxide® and 18-crown-6 in DMF at 0°C afforded the hydroperoxide;
extended reaction time lead to elimination of the hydroperoxide. Detritylation under acidic
conditions afforded 3'-hydroperoxythymidine 4. The silyl protected peroxide 5 was prepared by
protection of the hydroperoxide with tert-butyldimethylsilyl triflate. We were concerned that the free
hydroperoxide may be susceptible to the in vivo action of peroxidophilic agents.9 Silylation should
stabilize the molecuie; thus, the ether 5 was hoped to serve as a prodrug (with in vivo desilylation).
The more reactive triflate 3 was preferred for the preparation of the remaining analogues.
Treatment of the alcoho! 1 with triflic anhydride followed by direct purification of the reaction mixture
by silica gel chromatography afforded the unstable triflate 3 that was used promptly in subsequent
transformations. Reaction with O-tert-butyldiphenylisilylhydroxylamine,10 desilylation with tetra-
butylammonium fluoride and detritylation with acetic acid provided 3'-hydroxylaminothymidine 6
(HOT). Alternatively, the triflate can be formed and treated /n situ with the nucleophile. Addition of
sodium cyanide to the triflate followed by DMSO (as cosolvent) afforded a 3:2 mixture of nitrile and
olefin, which was separated by HPLC (uPorosil, 3:2 hexane/ethy! acetate). Deprotection with pTsOH
in methanol afforded 3'-cyano-2',3'-dideoxythymidine 7 and 2',3'-dideoxythymidinene 8. Similarly,
addition of sodium thiocyanate followed by DMF afforded a mixture of thiocyanate and
isothiocyanate which were separated by silica gel chromatography and detritylated to afford 3'-
thiocyanato-2',3'-dideoxythymidine 92 and 3'-isothiocyanato-2',3'-dideoxythymidine 10.11

We have modeled the fragmentation of the 3'-peroxyphosphodiester linkage with the

peroxyester of 4. Treatment of the hydroperoxide 11 with acetic anhydride and triethylamine lead
to a rapid formation of the furanone 14 with loss of thymine base, presumably via the unstable 3'-
keto-5'-O-trityl thymidine 13. Further reaction with excess reagent gave rise to the furan derivative
15. The furanone could also be prepared conveniently from &'-O-tritylthymidine 12 by Swern
oxidation (oxalyl chloride, EtsN, DMSO, CH2Cl2) through the unstable keto intermediate.12 The
reactivity of the furanone was demonstrated by its facile incorporation of butylamine on route to the
vinylogous amide 16. This reaction is presumed to involve a conjugate addition of the amine to the
furanone followed by ring opening and isomerization.

Nucleoside analogues 4-10 were tested for activity against the RF strain of HIV 1 in 8166
cells. Assays were performed in the range of 0.1-100 pug/ml with formation of syncitia at 3-6 days as
the endpoint determination. AZT was included as a standard in each test. The hydroperoxide 4,
peroxyether 5 and thiocyanate 9 were weakly active (complete inhibition at ca.100 ug/m! on day 3).
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The isothiocyanate 10 was more active (10 pg/ml on day 3, 50 ug/mi on day 6; compare to AZT: 0.1
ug/ml on day 3, low level syncitia formed at all concentrations on day 6). We note with interest that
the nitrile 7 (CNT) showed only weak activity (= 100 pg/ml), a finding that is in disagreement with a
promising result reported elsewhere.3 The olefin 8 had activity comparable to AZT; this result was
independently reported during the course of these studies.'4 Preliminary evaluation of the
hydroxylamine 6 (HOT) provided encouraging results that warrant further mechanistic and
pharmacological investigations. The results of these studies will be reported in due course.
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152.53, 166.55.
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10: IR (KCI plate) 2056 cm-1(strong, broad). TH NMR(CD30D) 1.86d(0.9,3H), 2.53m(2H),
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