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INTRODUCT | ON

Alpha=-, arena-, bunya-, and flavi- viruses are RNA viruses that
cause serlous fevers Including the often fatal hemorrhagic fevers and
some of these viruses also cause a variety of encephalitis (1-10).
Rodents, mosquitoes, and ticks are the primary transporters of these
viruses. The latter exist In one strain or another worldwide and this
poses a particularly severe problem for the soldier in the field who
may be constantly exposed to these viruses in the non-ldeallistic
environments that military personnel are expoced to in times of
conflict. The synthesis of broad spectrum antiviral agents to control
these viruses would be of considerable benefit and significarce to the
military. Although the use of nucleoside analogues as antiviral
agents has made significant advances in recent years, broad spectrum
antiviral activity, particularly against RNA viruses, has not been
generally observed.

The major goal of this project is the biochemica. ly=based
rational design and synthesis of unique purine nucleosides that would
have high therapeutic potentizl for broad spectrum antiviral activity,
particularly against exotic RNA viruses that are etiologic agents for
serious encephalitic and hemorrhagic diseases. The biological
rationale for the choice of the target molecules includes
considerations of In vIvo phosphorylation by nucleoside and
deoxynucleoside kinases, selective Incorporation into viral RNAs and
Inhibition of viral RNA polymerases, inhibition of viral-specific mRNA
capping enzymes, host cell toxicity, cellular stability (e.g.
hydrolysis, breakdown by purine nucleoside phosphorylase and adenosine
deaminase), and transport through the blood braln barrler. Important
leads In the design of the proposed nucleosides were also derived from
useful structure-activity correlations of active coumpounds from our
previous USAMRIID project.

BODY :

In the first seven and a half months of work on this contract,
our goals were to develop rational procedures for the multi-step
synthesis of the target molecules discussed In the proposal and to
synthesize the firsT series of compounds for antiviral evaluation
against the aforementioned exotic RNA viruses. This goal was
successfully completed and the work done up to the present date Is
right on schedule. A total of seven new and rare nucleosides were
synthesized, purified, characterized and submitted for antiviral
evaluation. |t should be emphasized that the synthetic work in this
proJect was very complex and a considerable amount of extraordinary
effort had to be expanded to achieve the aforementioned goals.




Synthesis of Novel Congeners of Deoxygenated Hynoxanthine Mucleosides

The starting point of our work during this period involved the
preparation of multigram quantities of some basic precursors and
investigation of feasible approaches to the synthesis of two
compounds, 6-methoxy=2-vinyl|-9-(2-deoxy-A& -D-ribofuranosy!)purine (1)
and 6-methoxy=-2-viny|-9-(3-deoxy-4& -D-ribouranosy!)purine (2).
Choice of the methoxy group at the 6-position was based on the
expectation that these compounds, 1f hydrolyzed in ce!lular systems,
would behave as pro-drugs of the corresponding hypoxanthine
nuclecsides. Introduction of the vinyl functiona!ity at the 2-
position was based in part on the observation of broad spectrum
RNA antiviral activity of 2-vinylinosine, a compound synthesized and
submitted by us under the previous USAMRIID contract (11).

CH,
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H,C=CH~ SN

HOCH,

H
1

Natural guanosine, the starting compound, was converted In two
steps to the known 6=-chloro-2-amiropurine ribonucleoside 4 (Scheme 1).
Treatment of 4 with sodium methoxide in methanol gave 5 in 75 % yield.
Silylation of 5 with approximately 2 equivalents of +-
butyldimethylsilyl chloride in DMF in the presence of Imidazole gave a
mixture of the 2',5'- and 3',5'-disilylated nucleosides 6 and 7 in a
combined yield of 68%. The deoxygenations of these compounds were
carried out in two steps. This methodology Is related to Barton's
procedure for deoxygenations of carbohydrates but has been developed
specifically for modified nucleosides by us (12). |In the first step,
compounds 6 and 7 were converted to their thioimidazolides 8 and 9,
respectively, by reaction with thiocarbonylimidazole and
dimethylaminopyridine In DMF (66%). Radical deoxygenation of 8 and 9
with tributyltin hydride and AIBN in refluxing toluene gave the
mixture of 2'- and 3'-deoxy compounds 10 and 11 in 98% yield !

The deoxygenation having been achieved, the next modification was
the functional ization of the 2-position of the base molety. In order
to prepare compounds 10 and 11 for this transformation. they were
first tailored to thelr 2-iodo derivatives 12 and 13, by a radical
deamination/halogenation procedure with n-pentyl nitrite,
dilodomethane, and trimethylsiiyliodide In hexane. This procedure has
been previously described by us (13). Although separation of the two
Isomeric compounds could be achieved at varlious stages in this
synthetic sequence, the most practical point of separation based on Rf
differences, Is after the lodination reaction.
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The Todo compounds 12 and 13 were converted In separate runs to
the vinyl compounds 14 and 15 through a palladium-catalyzed cross-
coupling reaction with bis(acetonitrile)palladium chlorides vinyl
tributyltin and tri-o-tolylphosphine in refluxing toluene. This
reaction has also been developed recently in our laboratory (14). The
yield in both cases was about 86%. Deprotection of 14 and 15 with
tetraethylammonium fluoride in acetonitrile removed the silyl
protecting groups completely in each case to give the target compounds
1 and 2. The target compounds were purified by preparative |ayer
chromatography (twice) followed by crystallization. The high-
resolution fast atom bombardment mass spectrome+ry (FAB HRMS)
establ ished the molecuiar weights accurately at 292.115. The UV
spectrum in ethanol showed absorption at about 262 nm ( 9,700).
The high=field T NMR spectra (Figures 1 and 2 in Appendix)) clearly
showed the presence of the methylene protons in the carbohydrate
moiety ar*' the presence of the vinyl protons in the base molety in
each case, as well as all of the other protons. No impurities were
detected. Both target compounds were submitted for antiviral
evaluation.

The procedure outlined in Scheme 1 can be extended for the
synthesis of 2-vinyl-3'-deoxyinosine (16) by deprotection of 14 with
trimethylsilyl Tlodide followed by desilylation with fluoride Ilons
(Scheme 2). This compound was purified by HPLC, churacterized by UV,
high-field NMR data (Figures 3 and 4 in Appendix) and FAB HRMS and
submitted for antiviral evalustion.
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In the previous contract, we had discovered that the introduction
of an acetonyl group at the 2-position of a hypoxanthine
ribonucleoside resulted in a compound which showed very high and
specific antiviral activity (TI > 1000) against the Sandfly Fever
Virus. With this structure-activity data in mind, we synthesized the
corresponding 3'-deoxy analogue with this expectation that this
compound would be as efficiently phosphorylated as the ribonucleoside
but would be even more active against this (and perhaps other)
virus(es). Because of the absence of the 3'~hydroxy ¢-oup and the
presence of the 2'-hydroxyl group, the +triphosphate of this target
compound wculd be recognized by the RNA polymerase as a rihorucleotide
but, after incorporation, chain ‘termination would occur because of the
absence of the 3'-hydroxyl group. The design of this compound was
therefore based on solid biochemical grounds.

Synthesis of 2-acetonyi-3'-deoxyincsine (17) utilized precursor
12, the synthesis of which was described in Scheme 1. Palladium-
catalyzed cross-coupling of 12 with tributyltin enolate of acetone
(14) gave the 2-acetonyl compound 18 in 85% yield (Scheme 3). Double
deprotection of 18 by previously described methods gave the target
compound 17. After multiple HPLC purification, the compound was In
the ultfra pvse state for antiviral evaluation and was submitted. |Its
tigh-field "“NMR spectrum Is shown in Figure 5 (Appendix).
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Cordycepin (3'-deoxyadenosine) Is known to have antiviral
activity against a number of RNA viruses (15). The biochemical basis
for this mechanism of action Is thought to be a result of the
inhibition of the viral RNA pclymerase activity by cordycepin 5'-
triphosphate (16-18). The polynucleotide chain appears to be
terminated at the point at which the cordycepin component Is added
because of the absence of the 3'-hydroxyl group for further chain
elorgation. Analogues of cordycepin (i.e. both 3'-deoxy and 2'-deoxy)
would therefore be of considerable potential antiviral interest.

The strategy for the synthesis of the novel 2'-deoxy and 3'-deoxy
nucleoside congeners of cordycepin Iinvolved starting with readily
available natural guanosine and modifying both the carbohvdrate and
base moieties In this compound. Modification of the carbohydrate
moiety involves regliospecific deoxygenation. Earlier methods of
synthesis of deoxy nucleosides involved reaction of arabino halo sugar
moleties with hydride (19,20). Nucleoside 2',3'-epoxides may be ring
opened by hydride to form deoxy nucleocsides (20). Deoxygenation may
also be carried out yla a cyclic thiocarbonate by reaction with
tributyltin .ydride and AIBN according to the methodology originally
developed by Barton and Subramanian (21). However, reductive cleavage
of the cyclic thiocarbonate gives mixtures of 2'- and 3'-deoxy
nucleosides with the 2'-deoxy comnound being the major product (12). A
more regiospecific deoxygenation. However, would be possible through
the 3'-Imidazol ide (12,22). |If the imidazol ides could be specifically
prepared, entry to both the 3'-deoxy and the 2'-deoxy serlies could be
achieved through related pathways but with the same initial precursor
molecules.

Guanosine 3 was converted in three known steps to 6-chloro-2-
aminopurine ribonucleoside, 19 (11) in high yields. When this
compound was ftfreated with 2.2 equivalents of +t=butyldimethylsilyl
chloride and 4.4 equivalents of Imidazole In DMF at room temperature
for 2 h, a 64% Iisolated yield of a mixture of 2',5'- and 3',5'-
disilylated product 20 was obtained (Scheme 4). The Isnlation of
these compounds required separation by flash chromatography from two
minor side products: the monosilylated compound and the trisilylated
material. The three could be identified by mass spectrometry. The
mixture of the 2',5'- and 3',5'-disilylated compounds (reglolsomer
ratio approximately 1:1 by "H NMR data) may be separated Iinto the
individual Isomers at this Juncture or the mixture may be separated at
a later stage in the synthetic pathway. We chose the l|atter as the
more efflcient approach.

Treatment of compound 20 with 1,1'=thiocarbonyldiimidazole In
refluxing dichloroethane (12) for about 5h afforded the thiocarbonyl
ester mixture 21 in about 80% yield. Longer reaction times led to
decomposition products and !ower ylelds. If DMAP 1s used In this
reaction, the yields drop to about 20% because of extensive
decomposition of starting materlial. Deoxygenation of the
chromatographically purified Imidazolides was carried out with

10
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tributyltin hydride and AIBN in refluxing toluene for 1 h to give the
deoxygenated products 22 in 86% yield (Scheme 4). lodination of the
deoxygenated compounds with t-butyl nitrite, methylene dilodide, and
trimethylsilyl lodide in hexane gave the 2-iodo-6~chioro compounds in
a combired yield of 58 %. The lodination reaction of these substrates
has to te conducted und=r carefully controlled conditlions (dried
redistilled reagents and solvents, N, purging and atmosphere, optimum
reaction time and temperature) In order to obtaln synthetically
acceptable yields. Complete separation of the reglolisomers was easily
achieved at this stage of the synthesis by column chromatogranhy on
silica gel with hexane/ etnyl acetate (4:1) as the eluting solvent.
The ratio of the two separated iﬁomers is 3:2 [2'-deoxy (23) : 3'-
deoxy ?%)] as shown by high=field 'H NMR data.

Two modifications of the purine ring were planned for the next
stages of the syntheses; first, the conversion of the 6-chloro group
to the 6-amino group, and second, the elaboration of the 2-position
utilizing the carbon-iodine bond at +his position. Transformation of
+he 2-lodo-6-chloropurine moiety in 23 and 24 to the 2-iodoadenine
moiety coculd be easily brought about with ammonia because of the
nuclecphilic lability of the 6=-chloro group. Thus, treatment of the 2-
lodo-6-chlorodeoxynuclecs!des 23 and 24 with ethanolic ammonia
resulted In displacement of the 6-chloro group to furnish the
deoxygenated adenine nuclecsides 25 and 26, respectively (Scheme 4).

Carbon-carbon bond forming reactions leading to functionalization
at the 2-position of the adenine moiety were carried out by palladium=-
catalyzed cross-cour'lnyg reactions wlith synthon bearing
organostannanes (11,14,. Thus, compound 25 was converted to the
protected new 2-vinyl compound 27 in 70% isolated yleld by palladium=
mediated cross-coupling with viuyl tri-n-butylstannane with heating in
DMF. Fluoride Ion deprotection gave the target compound 28 in 98%
yield. 2-Viny|=3'-deoxyadenosine 30 was prepaired from 26 by the
pal ladium-catalyzed methodology followed by deprotection. Both target
compounds (28 and 30) were purified by HPLC, characterized, and then
submitted for antiviral evalaut'on. The high field NMR data for these
compounds are shown In Figures 6, 7, and 8 (Appendix).

One additional novel analogue of cordycepin was also synthesized.
This was 2-cyano-2'-deoxyadenosine (31). A key precurscr for this
synthesis was 2-iodoadenosine 34 (23). This compound, on treatment
with fri-n -buTyIcyanosTaﬂnane and tetrakis(triphenylphosphine)
palladium(0) in DMF at 120 °C gave the 2-cyanoadenine product 35 In
80% yield (Scheme 5). Compound 35 was deoxygenated and converted to
the novel target molecule 31 using a procedure recerily developed in
our laboratory (12). The structure of the p rified %<cyano product 31
was confirmed by spectral data: g1igh-field H and '“C NMR, FTIR, UV,
and FAB HRMS. Its htgh-field C NMR spectrum Is shown In Figure 9
(Appendix). This interesting compound was also submitted for
antiviral evaiuation.
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CONCLUS IONS::

This project Is concerned with the biochemical iy-based rational
design, synthesis, purification, complete <pectral characterization,
and antiviral evaluation of some unique adenine and hypoxanthine
deoxynucleosides. A total of seven compounds were produced through
cemplex multi-step syntheses aad submitted for antiviral evaluation.
The work at present Is right on schedule and In comple. 2 accordance
with the contract agreement. Based on previous results from our
laboratory, information on the exotic RNA viruses and their key
enzymes, rational design, and the current status of antiviral research
in this and related areas, this project has a very high probablilty of
producing antivirally active compounds of relevance and Importance to
the drug development program cf the USAMRDC.
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