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As part of a program to explore structure-activity relationships for the extremely tight binding
inhibition characteristics of coformycins to adenosine deaminase, a series of analogues (1a-
1h) containing the imidazo[4,5-e][1,2,4]triazepine ring system has been synthesized and
screened in vitro against a mammalian adenosine deaminase for inhibitory activity. While
compounds 1a and 1b were synthesized in five steps starting from 4-nitroimidazole, others
were derived from 1a through simple exchange reactions with the appropriate alcohols. The
observed kinetics profiles and Ki values suggest that the target compounds are competitive
inhibitors that bind 6-9 orders of magnitude less tightly to the enzyme. Compounds 1c and
1d were the most active in the series with Ki’s ranging from 12 to 15 µM.

Introduction

Adenosine deaminase (ADA, EC 3.5.4.4) catalyzes the
hydrolytic deamination of adenosine and 2′-deoxyad-
enosine to the corresponding inosines.1 ADA is a pivotal
enzyme of purine metabolism, whose genetic deficiency
is associated with a phenotype of severe combined
immunodeficiency disorder (SCID).2 As SCID is caused
by high elevations in the concentration of 2′-deoxyad-
enosine-5′-triphosphate (dATP), which is lymphotoxic,
inhibitors of ADA became the target of many investiga-
tions for the selective treatment of lymphoproliferative
malignancies.3,4 Indeed, the potent antitumor properties
of two natural products, coformycin (1)5-8 and 2′-

deoxycoformycin (pentostatin) (2),9-14 the strongest
inhibitors of ADA known to-date, with Ki ranging from
10-11 to 10-12 M,15-20 were found to bear a relationship
with their ability to mimic ADA deficiency and act as
immunosuppressants to control cancers associated with
the hyperimmune system, such as leukemia and
lymphoma.21-23 Furthermore, the coformycins were
discovered to cause synergistic effects upon coadminis-
tration with other antitumor compounds that are ana-
logues of adenosine, such as Ara-A,24 formycin,25 or

cordycepin,26 which would otherwise be hydrolyzed by
ADA into their inactive inosine counterparts.

The high promise of coformycins in cancer treatment,
however, met severe setbacks in the clinic due to high
incidences of unacceptable toxicities involving liver,
kidney, and the central nervous system.27-29 The long
and nearly irreversible, extremely tight binding inhibi-
tion of intracellular ADA has been given as the logical
explanation for the observed toxicities with the cofor-
mycin therapy.30 The synthesis of a new enzyme mol-
ecule was believed necessary for recovering each time
from the toxic effects of coformycin inhibition.30 There-
fore, an analogue of coformycin that is somewhat less
tight binding to ADA, is readily reversible, and has a
shorter duration of action to allow faster enzyme
recovery will be needed for overcoming the undesirable
toxic effects. While a few synthetic analogues of cofor-
mycin have been reported,31-33 an ideal clinical candi-
date with the desired characteristics is yet to be found.
To this end, our lab has been involved in performing
systematic structure-activity relationship (SAR) stud-
ies in this area and is currently focusing on probing the
molecular basis of tight-binding interactions of cofor-
mycin with ADA.34,35 The outcome of such studies is
believed to provide the much needed guidance for
eventually rational structural modifications of coformy-
cin that would afford to somewhat loosen its extremely
tight protein binding without significantly compromis-
ing its efficacy.

The single-crystal X-ray structure of a complex of
ADA with 2′-deoxycoformycin (dCF) bound at the active
site,36,37 schematically shown in Figure 1, surprisingly
revealed the absence of any H-bonding interactions of
the heterocyclic ring nitrogen atoms of the ligand with
the protein. As a matter of fact, the only conspicuous
interaction of the heterocycle is a coordination bond
between the 8-OH group of dCF and the active site zinc
of ADA.36,37 However, the crystal structure of the
complex did show the existence of several hydrogen
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bonds between the sugar hydroxyls of dCF and the
active site amino acid residues of ADA, in particular
His 117 and Asp 19, in addition to H-bonding with an
adventitious molecule of water.

A close inspection of the X-ray structure suggested
that the elimination of H-bonding interactions of the
sugar hydroxyls, coupled with the weakening of the
coordination bond between the 8-OH and zinc, would
considerably loosen the tight-binding interactions of
coformycins with ADA. In this regard, compounds
bearing the general structure 1 were envisioned to fulfill
both of these demands, and are thus the targets of the
present investigation.

The important structural features of compounds 1a-
1h include (a) the total absence of the sugar moiety, and
hence, the inability to form the crucial H-bonds associ-
ated with the sugar hydroxyls of coformycins. The sugar
moiety is not absolutely essential for activity, as we had
already discovered from our earlier SAR studies.34,35

While ADA inhibitory activity has also been reported
with many other different classes of compounds besides
nucleosides, including flavanoids,38,39 steroids,40 terpen-
oids,40 and other natural products,41,42 it is not clear if
these compounds bind to the active or allosteric site of
the enzyme. (b) The presence of an aralkyl substituent
at position-1 is significant. This is based on our earlier

structure-activity relationship (SAR) studies,34,35 which
indicated that the complete removal of the sugar moiety
of coformycins leads to total inactivity against ADA,
while the substitution of a benzyl group in place of the
sugar retains a good part of the original activity. We
also speculated that an aralkyl group at position-1 may
be preferred to position-3, as it would avoid the unfavor-
able hydrophobic interactions of the aromatic ring in a
presumably hydrophilic sink, where the original sugar
hydroxyls of coformycins lay in the active site of ADA.
Furthermore, there exist several hydrophobic residues
in the active site of ADA where the departing molecule
of ammonia exits,36 so the hydrophobic interactions of
those residues with an aralkyl group of 1 should be
favorable. (c) The somewhat weakened nucleophilicity
of the respective 8-OH group by the electron-withdraw-
ing inductive effect of an additional ring nitrogen atom
inserted at position-7 is important. (d) The attachment
of a methyl group at each of the positions 6 and 7 of the
heterocyclic ring is consequential. This is because the
5:7-fused imidazotriazepine ring system of 1 is prone
to facile opportunistic rearrangements to form a 5:6-
fused system,43-46 unless substituted at one or both of
6- and 7-positions of the triazepine ring. For the same
reason, an analogue containing the parent 8-OH func-
tion (1, R ) H), as in coformycins, was excluded from
the target list, as such a compound would constitute the
characteristics of a carbinolamine, which is prone to
facile ring-opening to form an aldehyde derivative of an
imidazole. We present here our SAR studies with eight
analogues of coformycins, a-h, bearing the general
structural features of 1.

Results and Discussion

Chemistry. The common starting material for the
target compounds is 4-amino-1-p-methoxybenzylimida-
zole-5-carbaldehyde (6) (Scheme 1), which was synthe-
sized in four steps starting from the commercially
available 4-nitro-1H-imidazole (2). The latter was con-
densed with p-methoxybenzyl chloride, catalyzed by
potassium carbonate in dimethylformamide (DMF), to
obtain 4-nitro-1-p-methoxybenzylimidazole (3) in >90%
yield. The position of attachment of the p-methoxyben-
zyl group was confirmed by two-dimensional nuclear
Overhauser and exchange spectroscopy (NOESY), which
showed correlation between the methylene protons of
the p-methoxybenzyl substituent and the proton at
position-5. A dichloromethyl group was then introduced
at position-5, employing the vicarious nucleophilic
substitution procedure of Ostrowski.47 Thus, the reac-
tion of 3 with chloroform in the presence of potassium

Figure 1. Schematic representation of important protein-
ligand interactions in the reported36,37 crystal structure of
ADA-dCF complex.

Scheme 1
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tert-butoxide in DMF at < -60 °C afforded 4 in 53%
yield. Compound 4 was hydrolyzed to the aldehyde 5
by reaction with aqueous calcium carbonate at 65-75
°C in 61% yield. The reduction of 5 to the desired 6 was
accomplished by catalytic hydrogenation over 5% Pd on
carbon in methanol in 34% yield. Although the use of
ethyl acetate as the solvent medium for this reaction
gave even lower yield than the one with methanol, the
product was cleaner and did not require any chromato-
graphic purification.

The target compounds 1a and 1b were synthesized
in 62% and 30% yields, respectively, in a single-pot
reaction (Scheme 2) of 6 with 1,2-dimethylhydrazine
dihydrochloride and trimethyl or triethyl orthoformate
in the corresponding alcohol used as a solvent. The
reaction pathway to the products is believed to involve
the initial formation of the imidate 7, which upon ring-
closure would form an equilibrium mixture containing
the aminol-iminium species (8). The latter upon reac-
tion with the alcohol will form the target imidazotriaz-
epinols 1a and 1b. In corroboration of this mechanism
is the isolation of 7 in a separate reaction of 6 with
triethyl orthoformate at reflux, whether in the presence
or absence of an acid catalyst.

The speculated intermediacy of aminol-iminium spe-
cies 8 in the formation of the target 1a and 1b further
suggested that the remaining targets 1c-1h could
simply be prepared through exchange reactions of 1a
or 1b with the appropriate alcohols. This was indeed
proven to be correct as compounds 1c-1h were all
obtained (Scheme 3) by reactions of 1a with n-propanol,
n-butanol, 2-propanol, 2-methoxyethanol, 4-methoxy-

benzyl alcohol, and 3-methylbenzyl alcohol, respectively,
under catalysis by trifluoroacetic acid at room temper-
ature, in yields of 32%-77%.

The above exchange reactions could also be carried
out without the acid catalysis by simply heating the
mixture of 1a in the appropriate alcohol at reflux
temperature. This observation, however, raised some
concern about the stability of the final products in an
aqueous medium that is to be employed for the intended
ADA inhibition studies. The iminium ion intermediate,
if formed at room temperature even without the cataly-
sis, could produce an aminol (9) (Scheme 4) upon
reaction with water and would subsequently ring-open
to produce an aldehyde (10). We were relieved to find
out that such a transformation does not occur without
the acid catalysis, as shown in Scheme 3, or without
heating at high temperature. The 1H NMR spectrum of
1a in a 4:1 mixture of D2O-DMSO-d6 exhibited no
change, even after standing at room temperature for
more than 20 h.

The target compounds 1a-1h are somewhat unstable,
especially when the trace solvent molecules that tend
to adhere to the compounds are completely stripped off
by elaborate drying. However, the compounds are
reasonably stable as a solution in dimethyl sulfoxide
and/or ethanol or when allowed to retain residual
amounts of these solvents during the purification pro-
cess. Therefore, satisfactory microanalytical data for
these compounds could only be obtained by accounting
for the adventitious solvent molecules. This observation
is also consistent with the reported instability and
elemental microanalyticatical data of the aglycon of

Scheme 2

Scheme 3
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pentostatin, which carried an adventitious molecule of
DMSO. In any case, the 1H NMR spectra, coupled with
the high-resolution mass spectral data, leave little doubt
about the accuracy of the molecular structures of 1a-
1h. An interesting feature of the 1H NMR spectra of the
target compounds is the resolution of the two methylene
protons of the p-methoxybenzyl groups into two distinct
doublets, separated by as much as 0.14 ppm, with a
large (∼15 Hz) coupling constant. This appears to due
to the restricted rotation of the methylene protons,
imposed by steric interactions with the peri-alkoxy
group at position-8. Our molecular modeling studies
(Insight/Discover)48 revealed that the alkoxy oxygen
atom of 1 lies within 2.5 Å of the methylene protons of
the aralkyl group. The restricted rotation could also be
discerned in the two methylene protons of the 8-alkoxy
group of compounds 1b, 1c, and 1f-1h, as they ap-
peared as two distinct, broad multiplets.

Biochemistry. Compounds 1a-1h were screened for
inhibition of ADA from calf spleen (Sigma) in a 50 mM
phosphate buffer (pH 7.0) at 25 °C by spectrophoto-
metrically monitoring the rate of hydrolysis of the
substrate adenosine into product inosine at 265 nm. The
Ki’s were computed from Lineweaver-Burk plots (see
Figure 2 of the Supporting Information) and are listed
in Table 1. All of the target compounds were determined
to be competitive inhibitors of ADA with Ki’s in the
range ∼10-100 µM. The n-propyl (1c) and n-butyl (1d)
analogues were found to be the most potent compounds
among the group.

Conclusions

The observed Ki’s of 1a-1h suggest that they bind
about 6- 9 orders of magnitude less tightly to ADA than
do coformycin (Ki ) 10-11)15 and deoxycoformycin (Ki )
10-12).15 The considerably weaker inhibition of 1a-1h
compared to coformycins is consistent with the loss of
the sugar hydroxyl-protein hydrogen bonds, which are
partly responsible for the extremely tight enzyme bind-
ing of compounds of general formula 1. In the homolo-
gous series 1a-1d, the inhibition seems to correlate
with the hydrophobicity of the alkyl group (note: al-
though compound 1c appears to deviate slightly from
the trend, the larger error bar associated with its Ki as
compared to 1d will make this correlation still consis-

tent). The increasing inhibitory activity in going from
1a to 1d may well be due to the parallel increase in
electron-donating inductive effect of the alkyl group,
which can render the 8-OR moiety increasingly electron-
rich and, in turn, strengthen the 8-OR-mediated coor-
dination bond between the heterocycle and the active
site zinc of the protein. However, it is also possible that
the increased steric bulk associated with the increasing
inductive effect of the alkyl homologues will offset some
of the gain made in bond strength by electronic factors.
This is evident in the increased Ki of compounds 1e, 1g,
and 1h, where steric interference appears to suppress
the electronic effect. In the case of 1g and 1h, the bad
steric interactions with the p-methoxybenzyl group at
the peri position may further distort and weaken the
zinc coordination. Finally, the replacement of a terminal
methylene group of 1d with an electron-withdrawing
oxygen atom, as in 1f, results in a slight increase of Ki,
as anticipated.

Compounds 1a-1h contain a chiral center at position
8, so each can exist in two stereoisomeric forms, R and
S. In view of the fact that the R isomer of coformycin is
considerably more potent than the S,15 it is similarly
likely that one of the two isomers in each of the racemic
final products reported herein would be more potent
than the other. Nevertheless, no further attempts were
made to separate the two enantiomers from the racemic
mixture, as the observed inhibition was only modest,
coupled with the fact that the thrust of the present
study was rather to explore the molecular basis of tight-
binding interactions of coformycin with ADA than to
discover an ideal inhibitor of the enzyme, per se.

The target compounds of this study contained a
hydrophobic substituent at the N-1 position of 1. It
would be interesting to explore how the hydrophilic
groups attached to either the N-1 or the N-3 atom of 1
would affect the overall enzyme binding and inhibition.
The synthesis and screening of a variety of additional
analogues of 1 are anticipated to shed further light on
the SAR of coformycin, and such an endeavor is cur-
rently in progress in our laboratory.

Experimental Section

(A) Organic Synthesis. Melting points were taken on a
Thomas-Hoover capillary melting point apparatus and are
uncorrected. 1H and 13C NMR were obtained on a 300-MHz
instrument equipped with the NMR software Aquerius by
Techmag. Chemical shifts are reported downfield from DMSO-
d6. Spectral data are reported as follows: s ) singlet, d )
doublet, dd ) doublet of doublets, t ) triplet, dt ) doublet of
triplets, q ) quartet, m ) multiplet, and b ) broad. Thin-layer
chromatography (TLC) was carried out on Kieselgel silica gel
60 F254 plates. Column chromatography was performed using
32-63 mesh silica gel. Elemental microanalyses were per-
formed by Atlantic Microlab, Inc., Norcross, Georgia. Mass

Scheme 4

Table 1. Inhibitory Activities of Target Compounds 1a-1h
against Calf Spleen Adenosine Deaminasea

compd Ki (µM) compd Ki (µM)

1a 24 ( 0.5 1e 30 ( 5.5
1b 20 ( 0.6 1f 23 ( 5.4
1c 12 ( 5.8 1g 77 ( 24.3
1d 15 ( 1.0 1h 93 ( 30.6

a Ki values were computed from Lineweaver-Burk plots.
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spectra were recorded at the Mass Spectral Facility, Depart-
ment of Biochemistry, Michigan State University or the
University of Maryland, College Park. Anhydrous solvents
DMF and acetonitrile were purchased and used as is. All
alcohols and THF were dried over sodium metal.

1-p-Methoxybenzyl-4-nitroimidazole (3). A suspension
of 4-nitroimidazole (14.9 g, 131.8 mmol) and potassium
carbonate (21.9 g, 158.4 mmol) in 80 mL of anhydrous DMF
was stirred for 5 min, and it became creamy yellow. To the
reaction mixture was added p-methoxybenzyl chloride (21.6
mL, 159.3 mmol), followed by 20 mL of anhydrous DMF. The
mixture was stirred at room temperature overnight. The
creamy yellow reaction mixture was rotary evaporated under
high vacuum at 50 °C to remove DMF. Ice water was then
added to the reaction mixture and left at room temperature
for 1 h to dissolve the potassium carbonate. The crude product
was suction filtered and washed successively with water and
methanol to obtain 3 as a white crystalline solid (28.9 g,
94%): mp 132-135 °C; 1H NMR (DMSO-d6) δ 8.45 (s, 1H, H-5),
7.98 (s, 1H, H-2), 7.37 (d, 2H, J ) 9.0 Hz, Ph-H), 6.92 (d, 2H,
J ) 8.4 Hz, Ph-H), 5.22 (s, 2H, CH2), 3.73 (s, 3H, OCH3); 13C
NMR (DMSO-d6) δ 159.2 (C-4), 147.0 (C-5), 136.8 (C-2), 129.4
(Ph), 127.8 (Ph), 120.8 (Ph), 114.2 (Ph), 54.9 (CH2 of benzyl),
50.1 (OCH3); MS (FAB) m/z 234 (MH+). Anal. C, H, N.

5-Dichloromethyl-1-p-methoxybenzyl-4-nitroimida-
zole (4). To a 250-mL round-bottom flask was added t-BuOK
(6 g, 53.5 mmol) and a mixture of dry THF-DMF (2:1, 45 mL).
The reaction mixture was stirred vigorously under N2 at -100
°C (dry ice/ether). In a separate flask, 1-p-methoxybenzyl-4-
nitroimidazole (3) (3 g, 12.9 mmol) was dissolved in dry
chloroform (1.2 mL, 14.9 mmol), and the solution was added
to 10 mL of anhydrous DMF. This solution was then added to
the 250-mL round-bottom flask during a period of 10 min. The
reaction mixture was stirred for 10 min and then an additional
0.5 mL (6.3 mmol) of dry chloroform was added. The reaction
mixture continued to stir for an additional 10 min at -100 °C
and was quenched with a solution of glacial acetic acid (5 mL)
in 5 mL of methanol, when it turned reddish brown. To the
acidified mixture, 100 mL of ice water was added. The mixture
was extracted with dichloromethane (25 mL × 3), the organic
layers were combined, washed twice with water, and dried over
anhydrous magnesium sulfate. After filtration, the dichlo-
romethane was removed in low vacuum at 40 °C and the DMF
was removed under high vacuum at 75 °C. The crude product
was purified using silica gel column chromatography [eluent:
n-heptane to a mixture of n-heptane-chloroform (1:1) to
chloroform]. The desired fractions were pooled and the solvent
was removed. Addition of a minimal amount of ethyl acetate
followed by the addition of hexane precipatated 4 as white
crystals (2.15 g, 53%): mp 97-100 °C; 1H NMR (DMSO-d6) δ
8.01 (s, 1H, CHCl2), δ 7.96 (s, 1H, H-2), 7.27 (d, 2H, J ) 8.4
Hz, Ph-H), 6.95 (d, 2H, J ) 8.4 Hz, Ph-H), 5.56 (s, 2H, CH2),
3.73 (s, 3H, OCH3); 13C NMR (DMSO-d6) δ 159.1 (C-4), 142.0
(C-5), 138.3 (C-2), 129.0 (Ph-C), 126.7 (Ph-C), 126.4 (Ph-C),
114.0 (Ph-C), 58.5 (CHCl2), 54.9 (CH2 of benzyl), 49.3 (OCH3);
MS (EI) m/z 315, 317 (M+). Anal. C, H, N, Cl.

1-p-Methoxybenzyl-4-nitroimidazole-5-carbaldehyde
(5). In a three-neck round-bottom flask, crushed calcium
carbonate (6 g, 60 mmol) was stirred in 80-100 mL of water
for 30 min at 65-75 °C. To the flask was added 4 (6 g, 18.9
mmol), and the heterogeneous reaction mixture was stirred
for 40-48 h at 65-75 °C until no further starting material
was present as shown by TLC [chloroform/methanol (50:1)].
After cooling, the calcium carbonate was filtered and washed
with a minimum amount of acetone, the filtrate was extracted
with dichloromethane (3 × 25 mL), and the combined organic
extracts were washed with 25 mL of water. After silica gel
chromatography (eluent 1:1 f 2:1 chloroform/heptane), the
desired fractions were pooled and rotary evaporated. Addition
of ethyl acetate to the residue, followed by hexane, yielded 5
as yellow crystals (3 g, 61%). Compound 5 is light sensitive
and discolors in daylight; therefore, it needs to be stored in
the dark: mp 87-90 °C; 1H NMR (DMSO-d6) δ 10.22 (s, 1H,
CHO), 8.34 (s, 1H, H-2), 7.23 (d, 2H, J ) 8.4 Hz, Ph-H), 6.89

(d, 2H, J ) 8.7 Hz, Ph-H), 5.50 (s, 2H, CH2), 3.71 (s, 3H, OCH3);
13C NMR (DMSO-d6) δ 181.4 (CHO), 159.1 (C-4), 150.4 (C-5),
140.1 (C-2), 129.0 (Ph-C), 127.5 (Ph-C), 124.6 (Ph-C), 114.0 (Ph-
C), 55.1 (CH2 of benzyl), 49.9 (OCH3); MS (EI) m/z 261 (M+).
Anal. C, H, N.

4-Amino-1-p-methoxybenzylimidazole-5-carbalde-
hyde (6). Method A. In a Parr hydrogenation bottle, 5 (1 g,
3.8 mmol) was dissolved in 50-75 mL of methanol. Raney
nickel (1 g, wet weight) that was washed several times with
methanol was added. The bottle was sealed and hydrogenated
at 45 psi at room temperature for 3 h. The catalyst was filtered
using Celite and washed with methanol. The filtrate was
evaporated, and the residue was purified by silica gel flash
chromatography, using a mixture of chloroform-acetone (10:
1) as an eluting solvent system. The appropriate fractions were
pooled and evaporated to obtain 6 as a white solid (0.3 g,
34%): mp 153-161 °C (dec); 1H NMR (DMSO-d6) δ 9.42 (s,
1H, CHO), 7.70 (s, 1H, H-2), 7.17 (b, 2H, Ph-H), 6.88 (b, 2H,
Ph-H), 6.37 (s, 1H, NH), 5.21 (s, 2H, CH2), 3.71 (s, 3H, OCH3);
13C NMR (DMSO-d6) δ 174.5 (CHO), 158.6 and 141.5 (C-2 +
C-4 + C-5), 128.3 (Ph-C), 113.8 (Ph-C), 54.9 (CH2 of benzyl),
47.8 (OCH3). Anal. C, H, N.

Method B. In a 250-mL round-bottom flask, 5 (1 g, 3.8
mmol) was dissolved in 50-75 mL of ethyl acetate, and 5%
Pd/C (0.45 g) was added to the flask. The flask was sealed with
a rubber septum and evacuated using a needle attached to a
hose and connected to the water aspirator. Then a balloon filled
with hydrogen gas was attached to the septum using a needle.
The reaction was hydrogenated at 1 atm at room temperature
while being stirred for 6 h. The reaction mixture was then
filtered using Celite and the catalyst was washed with ethyl
acetate several times. Rotary evaporation of the filtrate
produced a pure light-yellow compound (0.19 g, 22%). The 1H
NMR of this compound was identical to that of 6 obtained by
method A above.

7,8-Dihydro-8-methoxy-1-p-methoxybenzyl-6H-6,7-di-
methylimidazo[4,5-e][1,2,4]triazepine (1a). In a dry round-
bottom flask were added consecutively compound 6 (0.08 g,
0.35 mmol), 1,2-dimethylhydrazine dihydrochloride (0.08 g,
0.60 mmol), dry methanol (10-15 mL), and anhydrous tri-
methyl orthoformate (0.5 mL) (Aldrich). The flask was stirred
at room temperature for 1.5 h and then refluxed for 7-8 h
until all the starting material disappeared, as observed by TLC
[chloroform/methanol (10:1)]. The reaction flask was allowed
to cool, then triethylamine (0.3 mL) was added, and the
mixture was allowed to stir for 5 min at room temperature. A
new spot moving slower than the starting material was
observed by TLC [chloroform/methanol (10:1)]. The contents
of the flask were rotary evaporated (not to complete dryness)
and a minimal amount of chloroform was added. The chloro-
form mixture was loaded on a silica gel column [eluent:
chloroform f chloroform/methanol (10:1)]. The desired frac-
tions were pooled and evaporated to obtain 1a as a thick brown
oil (0.068 g, 62%): 1H NMR (DMSO-d6) δ 7.53 (s, 1H, H-2),
7.12 (d, 2H, J ) 7.8 Hz, Ph-H), 6.98 (s, 1H, H-5), 6.89 (d, 2H,
J ) 8.1 Hz, Ph-H), 4.98 (m, 2H, CH2), 4.88 (s, 1H, H-8), 3.71
(s, 6H, OCH3), 3.30 (H2O), 3.05 (s, 3H, N6-CH3), 2.04 (s, 3H,
N7-CH3); HRMS (DEI) calcd for C16H21N5O2 (M+) m/z 315.1695,
found 315.1692. Anal. C, H, N.

7,8-Dihydro-8-ethoxy-1-p-methoxybenzyl-6H-6,7-dimeth-
ylimidazo[4,5-e][1,2,4]triazepine (1b). In a dry round-
bottom flask were added consecutively compound 6 (0.08 g,
0.35 mmol), 1,2-dimethylhydrazine dihydrochloride (0.08 g,
0.60 mmol), dry ethanol (10-15 mL), and anhydrous triethyl
orthoformate (0.5-1.0 mL) (Lancaster). The rest of the pro-
cedure is the same as the one described above for 1a. The
desired fractions were pooled and evaporated to obtain 1b as
a thick brown oil (0.034 g, 30%): 1H NMR (DMSO-d6) δ 7.53
(s, 1H, H-2), 7.10 (d, 2H, J ) 7.9 Hz, Ph-H), 6.98 (s, 1H, H-5),
6.88 (d, 2H, J ) 8.1 Hz, Ph-H), 5.03 (m, 2H, CH2), 4.96 (s, 1H,
H-8), 3.71 (s, 3H, OCH3), 3.80 (m, 1H, OCH2), 3.48 (m, 1H,
OCH2), 3.03 (s, 3H, N6-CH3), 2.03 (s, 3H, N7-CH3), 1.04 (t, 3H,
CH3, J ) 8 Hz, ether CH3); HRMS (DEI) calcd for C17H23N5O2

(M+) m/z 329.1852, found 329.1844. Anal. C, H, N.
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7,8-Dihydro-1-p-methoxybenzyl-6H-6,7-dimethyl-8-pro-
poxyimidazo[4,5-e][1,2,4]triazepine (1c). Compound 1a
(0.045 g, 0.14 mmol) was dissolved in excess dry n-propanol
(10-20 mL) in a dry round-bottom flask, and a catalytic
amount of dry trifluoroacetic acid (5 µL) was added to the
solution. The reaction mixture was stirred at room tempera-
ture for 5 days. It was then rotary evaporated (not to complete
dryness), and the residue was purified by flash silica gel
chromatography [eluent: chloroform f chloroform-methanol
(10:1)]. The desired fractions were pooled and evaporated to
obtain 1c as a thick brown oil (0.018 g, 37%): 1H NMR (DMSO-
d6) δ 7.51 (s, 1H, H-2), 7.08 (d, 2H, J ) 9 Hz, Ph-H), 6.98 (s,
1H, H-5), 6.89 (d, 2H, J ) 9 Hz, Ph-H), 5.03 (m, 2H, CH2),
4.97 (s, 1H, H-8), 3.76 (m, 1H, OCH2), 3.62 (m, 1H, OCH2),
3.71 (s, 3H, OCH3), 3.04 (s, 3H, N6-CH3), 2.04 (s, 3H, N7-CH3),
1.44 (q, 2H, J ) 9 Hz, CH2), 0.82 (t, 3H, J ) 8 Hz, CH3); HRMS
(FAB) calcd for C18H26N5O2 (MH+) m/z 344.2087, found
344.2089. Anal. C, H, N.

8-Butoxy-7,8-dihydro-1-p-methoxybenzyl-6H-6,7-dimeth-
ylimidazo[4,5-e][1,2,4]triazepine (1d). Compound 1a (0.045
g, 0.14 mmol) was dissolved in excess dry butanol (10-20 mL),
and a catalytic amount of dry trifluoroacetic acid (5 µL) was
added to the solution. The rest of the procedure is the same
as the one described above for 1c. The desired fractions were
pooled and evaporated to obtain 1d as a thick brown oil (0.022
g, 43%): 1H NMR (DMSO-d6) δ 7.51 (s, 1H, H-2), 7.06 (d, 2H,
J ) 9 Hz, Ph-H), 6.98 (s, 1H, H-5), 6.88 (d, 2H, J ) 9 Hz, Ph-
H), 5.02 (m, 2H, CH2), 4.97 (s, 1H, H-8), 3.78 (m, 1H, OCH2),
3.64 (m, 1H, OCH2), 3.71 (s, 3H, OCH3), 3.37 (H2O), 3.03 (s,
3H, N6-CH3), 2.04 (s, 3H, N7-CH3), 1.33 (m, 4H, CH2), 0.85 (t,
3H, J ) 8 Hz, CH3); HRMS (DEI) calcd for C19H27N5O2 (M+)
m/z 357.2165, found m/z 357.2174. Anal. C, H, N.

7,8-Dihydro-8-isopropoxy-1-p-methoxybenzyl-6H-6,7-
dimethylimidazo[4,5-e][1,2,4]triazepine (1e). Compound
1a (0.045 g, 0.14 mmol) was dissolved in excess dry 2-propanol
(10-20 mL), and a catalytic amount of dry trifluoroacetic acid
(5 µL) was added to the solution. The rest of the procedure is
the same as the one described above for 1c. The desired
fractions were pooled and evaporated to obtain 1e as a thick
brown oil (0.038 g, 77%): 1H NMR (DMSO-d6) δ 7.46 (s, 1H,
H-2), 7.01 (d, 2H, J ) 9 Hz, Ph-H), 6.99 (s, 1H, H-5), 6.90 (d,
2H, J ) 9 Hz, Ph-H), 5.02 (m, 2H, CH2), 5.06 (m, 1H from
H-8, 1H from CH), 3.71 (s, 3H, OCH3), 3.3 (H2O), 3.04 (s, 3H,
N6-CH3), 2.05 (s, 3H, N7-CH3), 1.08 (t, 6H, J ) 8 Hz, CH3);
HRMS (FAB) calcd for C18H26N5O2 (MH+) m/z 344.2087, found
344.2093. Anal. C, H, N.

7,8-Dihydro-1-p-methoxybenzyl-8-(2-methoxyethoxy)-
6H-6,7-dimethylimidazo[4,5-e][1,2,4]triazepine (1f). Com-
pound 1a (0.045 g, 0.14 mmol) was dissolved in excess dry
2-methoxyethanol (10-20 mL), and a catalytic amount of dry
trifluoroacetic acid (5 µL) was added to the solution. The rest
of the procedure is the same as the one described above for
1c. The desired fractions were pooled and evaporated to obtain
1f as a thick brown oil (0.024 g, 47%): 1H NMR (DMSO-d6) δ
7.52 (s, 1H, H-2),7.10 (d, 2H, J ) 9 Hz, Ph-H), 6.98 (s, 1H,
H-5), 6.88 (d, 2H, J ) 9 Hz, Ph-H), 5.05 (m, 2H, CH2), 5.03 (s,
1H, H-8), 3.83 (m, 2H, OCH2), 3.65 (m, 2H, OCH2), 3.71 (s,
3H, OCH3), 3.20 (s, 3H, OCH3), 3.04 (s, 3H, N6-CH3), 2.04 (s,
3H, N7-CH3); HRMS (FAB) calcd for C18H26N5O3 (MH+) m/z
360.2036, found 360.2039. Anal. C, H, N.

7,8-Dihydro-1-p-methoxybenzyl-8-(4-methoxybenzyl-
oxy)-6H-6,7-dimethylimidazo[4,5-e][1,2,4]triazepine (1g).
Compound 1a (0.08 g, 0.25 mmol) was dissolved in excess
4-methoxybenzyl alcohol (10 mL), and a catalytic amount of
dry trifluoroacetic acid (3 µL) was added to the solution. The
rest of the procedure is the same as the one described above
for 1c. The purification needed repeated column chromatog-
raphy. The desired fractions were pooled and evaporated to
obtain 1g as a thick brown oil (0.044 g, 41%): 1H NMR (DMSO-
d6) δ 7.53 (s, 1H, H-2), 7.18 (m, 4H, Ph-H), 7.00 (s, 1H, H-5),
6.83 (m, 4H, Ph-H), 5.04 (m, 2H from CH2, 1H from H-8), 4.74
(m, 1H, OCH2), 4.46 (m, 1H, OCH2), 3.71 (b, 6H, OCH3), 3.3
(H2O), 3.09 (s, 3H, N6-CH3), 2.05 (s, 3H, N7-CH3); HRMS (FAB)

calcd for C23H28N5O3 (MH+) m/z 422.2192, found 422.2174.
Anal. C, H, N.

7,8-Dihydro-1-p-methoxybenzyl-8-(3-methylbenzyloxy)-
6H-6,7-dimethylimidazo[4,5-e][1,2,4]triazepine (1h). Com-
pound 1a (0.075 g, 0.24 mmol) was dissolved in excess
3-methylbenzyl alcohol (10 mL), and a catalytic amount of dry
trifluoroacetic acid (3 µL) was added to the solution. The
reaction mixture was stirred at room temperature for 3-5 days
until TLC showed the complete disappearance of the starting
material. The rest of the procedure is the same as the one
described above for 1c. The purification needed repeated
column chromatography. The desired fractions were pooled
and evaporated to obtain 1h as a thick brown oil (0.031 g,
32%): 1H NMR (DMSO-d6) δ 7.54 (s, 1H, H-2), 6.78-7.21 (m,
H-5 and Ph-H), 5.07 (m, 2H from CH2, 1H from H-8), 4.49 (m,
1H, OCH2), 4.79 (m, 1H, OCH2), 3.68 (s, 3H, OCH3), 3.3 (H2O),
3.08 (s, 3H, N6-CH3), 2.26 (d, 3H, J ) 9 Hz, m-CH3), 2.07 (s,
3H, N7-CH3); HRMS (FAB) calcd for C23H28N5O2 (MH+) m/z
406.2243, found 406.2250. Anal. C, H, N.

4-(Ethoxymethylene)imino-1-p-methoxybenzylimida-
zole-5-carbaldehyde (7). To a solution of compound 6 (0.1
g, 0.43 mmol) in 10 mL of dry THF was added anhydrous
triethyl orthoformate (2 mL), and the reaction mixture was
refluxed until all the starting material was consumed (usually
overnight). A new spot moving faster than the starting
material was formed, as observed by TLC. The reaction
mixture was rotary evaporated in high vacuum to remove
excess triethyl orthoformate. The solid residue obtained was
redissolved in dry THF and rotary evaporated again to obtain
7 as a crystalline solid (0.11 g, 89%): mp 105-106 °C; 1H NMR
(DMSO-d6) δ 9.73 (s, 1H, CHO), 8.53 (s, 1H, H-5), 8.05 (s, 1H,
H-2), 7.21 (d, 2H, J ) 9 Hz, Ph), 6.87 (d, 2H, J ) 9 Hz, Ph),
5.36 (s, 2H, CH2), 4.28 (q, 2H, OCH2), 3.69 (s, 3H, OCH3), 1.27
(t, 3H, J ) 9 Hz, ether CH3); MS (EI) m/z 287 (M+). Anal. C,
H, N.

(B) Inhibition Studies. The target compounds (1a-1h)
were screened against calf spleen ADA (Sigma) in vitro in a
50 mM phosphate buffer (pH 7.0) at 25 °C. The rate of
hydrolysis of adenosine into inosine was monitored spectro-
photometrically by following the absorbance decrease over 2
min at 265 nm using a Varian Cary UV-visible spectropho-
tometer (50-BIO). All absorbances were maintained below 1
absorbance unit in a 1 cm path length cuvette. The enzyme
and substrate stock solutions were prepared using a 50 mM
phosphate buffer (pH 7.0). While holding the enzyme and
inhibitor concentration constant, the substrate concentration
was varied to obtain the kinetic data. The substrate concentra-
tion in each assay was measured using up to five different
concentrations, ranging from 20 to 60 µM. This was repeated
with a different inhibitor concentration. The inhibitor concen-
tration ranged from 8 to 15 µM. The enzyme concentration
(0.022 units/mL) was kept constant in all assays. Lineweaver-
Burk (1/V vs 1/[S]) plots were constructed for each assay and
the Ki was calculated using Graph Pad Prism Software. In each
assay, the inhibitors were used without preincubation with
enzyme. The substrate and inhibitor were added to the
phosphate buffer (50 mM, pH 7.0), followed by the addition of
enzyme. The enzyme solution was kept in an ice bath prior to
performing each assay. Assays were performed in duplicate
and in some cases triplicate.
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