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Abstract: Selective borohydride reduction of adenosine dialdehyde (1) gave the known adenosine 2'-
monoaldehyde (2). Reaction of 1 with N,N'-diphenylethylenediamine, followed by reduction and deblocking
gave adenosine 3'-monoaldehyde (5), a new compound. Unlike 2, compound § inhibited S-AdoHcy
hydrolase and showed antiviral activity in vitro. Copyright © 1996 Elsevier Science Ltd

Introduction

Periodate-oxidized ribonucleosides have shown a broad spectrum of pharmacological activities.
Inosine dialdehyde demonstrated positive responses against human cancer in phase I clinical trials' and was
the second most active of 49 antitumor drugs tested against Trypanosoma rhodesiense, the causative agent of
African sleeping sickness, in mice.  Adenosine dialdehyde (1) cured 4 of 5 mice of 7. rhodesiense at

3.3 mg/kg (s.c.) and the single fatality at this dose had a 350% increase in survival times over untreated
controls. In contrast, inosine dialdehyde was inactive against the parasite below 53 mg/kg, but was much less

toxic than 1 at higher dose’. Compound 1 was also active against L1210 leukemia in mice® as well as
vaccinia virus™® and vesicular stomatitis virus (VSV)7 in vitro. Part of the toxicity of nucleoside dialdehydes
might be caused by their ability to crosslink proteins.8 In efforts to reduce the murine toxicity of adenosine
dialdehyde, we regioselectively reduced one of the dialdehyde groups to afford nucleoside monoaldehydes
incapable of crosslinking reactions. Khym and Cohn® previously reported regioselective synthesis of

nucleoside 2'-monoaldehydes. We report herein what we believe is the first isolation of a nucleoside 3'-
monoaldehyde.
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Synthesis and Characterization
The synthesis of the adenosine monoaldehydes is shown in Scheme I. Compound 1 was prepared as
described by Dvonch et al.* Selective borohydride reduction of 1 gave adenosine 2'-monoaldehyde (2)° which
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was obtained in a 44% yield by preparative HPLC." Adenosine 3'-monoaldehyde was regioselectively
obtained by employing a modification'' of the method that Nemec and Rhoades'? applied to 6-azauridine
dialdehyde. Initially, 1 was treated with N,N'-diphenylethylenediamine to give, after flash chromatography
(silica gel column, 0 — 5% vol. MeOH in CHCI, gradient), a 42% yield of imidazolidine (3). Subsequently, 3
was reacted with aqueous sodium borohydride in CHCL,-MeOH (3:20) at -5 °C to 0 °C; the reaction was
monitored by silica gel TLC in 9:1 CHCl,-MeOH. After completion, the pH was adjusted to 7.3 with 2 N
acetic acid, and the reaction mixture concentrated in vacuo to a small volume. Extraction with CH,Cl, gave,
after drying (MgSO,), solvent evaporation, and crystallization from ethyl acetate, a 72% yield of reduced
imidazolidine (4)."* We obtained adenosine 3-monoaldehyde (5) by treating a stirred solution of 4 (1.17 g,
2.53 mmole) in CH,Cl, (500 ml) and MeOH (50 ml) at 0 °C with a solution of p-toluenesulfonic acid
monohydrate in acetone (5 ml). After 1.5 hours, the precipitate was collected by filtration and dissolved in
H,0-MeOH (1:1, 300 ml), stirred with 20 g of Bio-Rad AG 1-X8 anion exchange resin (acetate form) for a
few minutes and then filtered. The filtrate was kept at -20 °C overnight, and the resulting crystals were
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removed by filtration. The filtrate was extracted twice with CH,Cl,. The aqueous layer was concentrated
in vacuo at 35 °C to a small volume and lyophilized twice to give 496 mg of white powder; a 71% total yield.
The product, adenosine 3'-monoaldehyde (5), was found to be at least 96% pure by analytical HPLC
(C,; column, mobile phase: 5 % CH,CN in H,0)."* Compound 6, 4',5'-dehydroadenosine dialdehyde, was
prepared by modification of the method of Grant and Lerner."”® Compound 1 was heated under reflux in H,0
under N, for 1 hour to give 6, which was isolated in 17% yield after repeated preparative HPLC. 10

The 'H and ®C NMR spectra of nucleoside dialdehydes are known to be extremely complex.
Haworth et al.'® found that the solution structure of uridine dialdehyde consisted of several isomers in

dynamic equilibrium resulting in a 400 MHz 'H NMR spectrum that was too complicated to analyze. They
were, however, able to analyze two uridine dialdehyde derivatives and found the presence of three
diastereoisomeric cyclic acetals. The 200 and 400 MHz 'H spectra that we observed with compounds 2 and

57 although difficult to fully analyze, indicated that the nucleoside monoaldehydes also exist in solution
mainly as cyclic acetals.

The facile tendency of compound 1 to form the conjugated 4',5'-dehydroadenosine dialdehyde (6)
upon heating was pertinent to our ability to distinguish between the monoaldehyde isomers 2 and 5. When 2
was heated for 1 hour in refluxing pH 7 phosphate buffer, it was found to be stable by analytical HPLC.
Under the same conditions, the 3'-monoaldehyde (5) decomposed at approximately half the rate of the
dialdehyde, 1. We ascribe the thermal instability of 5 to its ability to dehydrate to the conjugated aldehyde (7),

see Scheme I
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Indeed, the mass spectrum (DCI, NH,) of § showed a peak at m/z 250 (MH" - H,0) corresponding to 7, as
the most prominent in the spectrum, with only a minor peak at m/z 268 (MH"). The relative intensities were
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10:1. In contrast, 2 displayed a peak at m/z 268 (MH") as the major ion, with only a minor (20:1) peak at
m/z 250.

Biological Activity

The antiviral activity of adenosine dialdehyde (1) has been correlated with its potent competitive
inhibition of the enzyme S-adenosylhomocysteine (SAH) hydrolase.“ A number of inhibitors of this enzyme
have shown antiviral acl:ivity.w‘ % Hoffman®' has attributed the potent inhibition of SAH hydrolase by 1
(K, = 3.3 nM) to its structural resemblance to the 3'-ketoadenosine transition state intermediate (8) formed

(o) OH
8
at the active site in the mechanism proposed by Palmer and Abeles.” In our assay,23 adenosine 3'-

monoaldehyde (5), which like 1 resembles 8, gave 89% inhibition of SAH hydrolase at a concentration of
10 uM; whereas adenosine 2'-monoaldehyde (2), which is not a transition state analog, gave only 4%
inhibition. Both 5 and 6 showed competitive inhibition with K; values of 1.9 and 0.5 uM, respectively. The
antiviral IC,, values (with minimal toxic concentrations in parentheses) of compounds 1, 5, and 6 were,
respectively, 0.41 (100), 0.41 (119) and 11.5 (100) pg/ml against vaccinia virus in Vero cells and 3.1 (201),
1.9 (198) and 8.9 (100) ug/ml against VSV in L929 cells, whereas compound 2 was inactive and nontoxic

against both viruses at concentrations as high as 320 pg/ml. u

Conversion of antiviral and antitumor nucleosides to monoaldehydes might allow them to form Schiff
bases with lysine residues on monoclonal antibodies or with poly(L-lysine) for carrier-mediated drug delivery.

LeMuaitre et al. 2 found inhibition of VSV by an antisense oligonucleotide poly(L-lysine) conjugate. Also,
retrograde axonal transport of the antiherpes drug 5'-amino-S-iodo-Z',S'-dideoxyuridine% linked to the
periodate-oxidized carbohydrate moiety of horseradish peroxidase by Schiff base formation has been
demonstrated.”” We believe that further investigation of nucleoside monoaldehydes as potential medicinal

agents is warranted.
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