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Abstract—New phenyl adenine compounds 5–7 were synthesized as analogues of adenosine and studied for their adenosine dea-
minase (ADA) substrate activity. The 9-[(o-hydroxymethyl)phenyl]methyl]adenine 5 and 9-[(m-hydroxymethyl)phenyl]adenine
7 were deaminated by ADA, and 9-[(o-hydroxyethyl)phenyl]adenine 6 was not deaminated up to 7 days. The ADA substrates 5 and
7 were deaminated quantitatively to their inosine analogues in 10 and 6 h, respectively. # 2002 Elsevier Science Ltd. All rights
reserved.

Adenosine deaminase (ADA), is one of the most
important enzymes in purine metabolism. It catalyses
the hydrolysis of adenosine to inosine and ammonia.2 It
has been well established that several adenosine analo-
gues of chemotherapeutic interest are rapidly deami-
nated by ADA to their inosine derivatives.3 Therefore,
the structural characteristics governing the ADA sub-
strate specificity of adenosine analogues are of con-
siderable importance in the design of new nucleoside
molecules as potential chemotherapeutic agents.

Unsaturated nucleoside analogues such as 1–4, con-
taining one or more double bonds between the nucleic
acid base and hydroxymethyl group, have been the
focus of several recent studies as potent antiviral agents
(Fig. 1). The most important compounds of this series
are Z-butenols (1): the guanine analogue (1b) is an
antiviral agent,4 allenols (3): adenine analogue is a
strong inhibitor of HIV-1,5 and cyclopropylidenols (4):
(Z)-synadenol (4a) and (Z)-synguanol (4b) both are
effective antiviral agents.6 The adenine analogues of 1–4
are also substrates of adenosine deaminase (ADA) with
varying degree of efficacy.7�10

The benzene ring is a planar and an ortho- or meta-
disubstituted benzene ring can mimic the compounds

1–4 with varying degree of p electron cloud (double
bond) distribution between the nucleic acid base and
hydroxymethyl group. Therefore, we hypothesized that
the use of benzene ring as a spacer between the nucleic
acid base and the hydroxymethyl group might provide
phenyl analogues of 1a–4a as potential ADA substrates
and as potential chemotherapeutic agents. For these
reasons, we became interested in the design and syn-
thesis of aromatic nucleoside analogues 5–7, wherein the
top part of phenyl spacer (bold lines) mimics the unsatu-
rated acyclic chains of Z- and E-isomers of 1a–2a, as
potential substrates of adenosine deaminase (Fig. 2).

In unsaturated analogues 1a–4a, which were designed as
acyclic analogues of 20-30-dideoxyadenosine, the N9–C50

distance is also considered to be an important factor for
the ADA substrate activity. Therefore, we measured the
N9–C50 distances of designs 5–7 and compared with the
20,30-dideoxyadenosine (4.61 Å) and Z- and E-isomers of
1a–2a.11a,b Thus, the N9–C50 distance of phenyladenine
5 (4.10 Å) and 6 (4.41 Å) is comparable to Z-isomers
1a–2a (�4.10 Å), and compound 7 (4.79 Å) is com-
parable to the E-isomers 1a–2a (�4.70 Å).5,6
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*Corresponding author. Tel.: +1-504-485-5378; fax: +1-504-485-
7954; e-mail: sphadtar@xula.edu



Synthesis of compound 5 was achieved by the alkylation
of adenine with commercially available a,a0-dichloro-
o-xylene using a previously described procedure.12,13

The 9-chloromethylphenyl intermediate 8 was hydro-
lyzed to give the desired product 5 as shown in Scheme
1. The structures of intermediate and final compounds
were confirmed by UV, 1H NMR and satisfactory ele-
mental (C, H, N) analysis.14,15

For the synthesis of 6 and 7, we had to construct the
adenine base starting with an appropriate amino-Ar-
alcohol with some modifications in the reported proce-
dures.16,17 A more reactive 4,6-dichloro-5-nitro pyr-
imidine was used to react with the 2-aminophenethyl
alcohol or 3-aminobenzyl alcohol to get the nitro inter-
mediates 9 and 10, which were directly used to prepare
the final compounds 6 and 7 as described in Scheme 2.

The structures of the intermediates and the final hydroxy-
purines 6–7 were confirmed with 1H NMR and satis-
factory elemental (C, H, and N) analysis.18�23

The adenosine deaminase (ADA) experiments of phe-
nyladenines 5, 6, and 7 (2 mmol each) and adenosine
deaminase from calf intestine (type II, Sigma Chemical
Co., St. Louis, MO, 2 units) were conducted in 0.05M
Na2HPO4 (pH 7.4, 0.5mL) under similar conditions
used for compounds 1–4.6�10 The progress of the reaction
was monitored by TLC, and UV spectrophotometry at
265 nm (max for adenosine analogue—starting material)
and 251 nm (max for inosine analogue—deaminated
product) using the reported procedure.10 The deamin-
ation times and % deamination results for 5, 6, and 7
are presented in Table 1. Under similar conditions ade-
nosine was completely deaminated to inosine in less
than 30min.24

It has been established that the E-isomers of 1a and 2a
are better ADA substrates (deamination time 16–19 h)
than the Z-isomers of 1a and 2a (4–7 days).7�10 Based
on the ADA deamination studies of our phenylpurines
5–7, it is clear that the best ADA substrate compound 7
(deamination time 6 h) which resembles to E-1a or E-2a
is a better ADA substrate than the E-1a and E-2a. This

indicates that a ‘phenyl’ spacer, as compared to an
unsaturated acyclic spacer, clearly improves the ADA
recognition for the substrate activity. On the other
hand, since 6 mimics Z-2a, it follows that E-isomer
analogue 7 (6 h) has to be a better substrate than the
Z-isomer analogue 6 (7 days). Finally the phenylpurine
5, which mimics Z-1a is a better ADA substrate (10 h)
than both Z-1a (10 days) and E-1a (19 h), indicating the
‘phenyl’ spacer actually improved the ADA substrate
activity of 5 as compared to Z-1a and E-1a. As expec-
ted, the E-1a or E-2a analogue phenylpurine 7 is a bet-
ter substrate than Z-1a analogue 5 and Z-2a analogue 6.

A large scale (0.1mmol) deamination of phenyladenines
5 and 7 (UV max 261 nm) by ADA was carried out to
isolate and confirm the structures of inosine analogues

Scheme 1. (i) 0.1M N (Bu)4
+F�/THF; (ii) 0.1N HCl, reflux 2 h.

Scheme 2. (i) N,N-Diisopropylethylamine, DMF, 24 h; (ii) Sodium
hyposulfite; (iii) CH(OEt)3, reflux; (iv) MeOH/NH3, pressure.

Figure 2.

Table 1. The N9–C50 distancesa and ADA deamination results of
arylpurines 5–7

Compd N9–C50

Distance
(Å)

ADA
Deamination

time

Product

Adenosine — <30min Inosine (100%)
Z-1a7,10 — 10 days 100%
E-1a — 19h 100%
Z-2a9 — 4 days Partial
E-2a — 16h 100%
5 4.10 10 h 15 (100%)
6 4.41 7 days 0%
7 4.79 6 h 16 (100%)

aMeasured by Alchemy 2000 (Tripos Inc., St Louis, MO).
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15 and 16 (UV max 251 nm) (Scheme 3). The com-
pounds were characterized by the UV, 1H NMR, and
satisfactory elemental analysis.25,26

We also prepared additional analogues of 5 with larger
N9–C50 distance than 20,30-dideoxyadenosine such as
meta-CH2OH (N9–C50 5.75 Å) and para-CH2OH (N9–
C50 6.52 Å) and conducted ADA experiments under
similar conditions. These m- and p-CH2OH analogues
of 5 (not shown here) were not deaminated up to 7
days.27 Similarly an analogue of 7 with smaller N9–C50

distance than adenosine such as ortho-CH2OH (N9–C50

2.98 Å) was also not deaminated by ADA up to 7 days.27

In summary, the appropriate substitution of a hydroxy-
methyl group and adenine base on a benzene ring (o- or
m-) with N9–C50 distance similar to an adenosine seems
to be the most important factor for a substrate binding
to adenosine deaminase. Comparative studies with the
reported unsaturated compounds 1–2, clearly support
the findings that a more stable, p electron rich ‘phenyl’
spacer improved the ADA recognition as compared to
an unsaturated acyclic spacer for the substrate activity.
According to our studies, the substitution of a hydroxy-
methyl function at the appropriate position on the
benzene ring allows compounds 5 and 7 to bind to
ADA, and in that respect these phenylpurines do resemble
to the nucleoside analogues of adenosine. The in vitro
antiviral studies of these compounds are under progress.
We are currently synthesizing other purine and pyrimidine
analogues of 5–7 as potential chemotherapeutic agents.
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