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AbstractÐThe 30-C-branched-adenosine and 20-deoxyadenosine analogues 1±7 were tested as substrate of adenosine deaminase.
The 9-(30-C-ethynyl-b-d-ribo-pentofuranosyl)adenine 1 and its 20-deoxy analogue 7 were deaminated by the enzyme while the vinyl
and ethyl derivatives 2 and 3 were not. The 9-(30-C-branched-b-d-xylo-pentofuranosyl)adenines 4±6 were deaminated by the de-
aminase. # 2000 Elsevier Science Ltd. All rights reserved.

Adenosine deaminase (EC 3.5.4.4) plays an important
regulatory role in purine metabolism. It catalyses the
irreversible hydrolysis of (20-deoxy)adenosine to (20-
deoxy)inosine and ammonia. It is well established that
some adenosine analogues of chemotherapeutic interest
are rapidly deaminated to inactive or less active inosine
derivatives.1 Therefore the factors governing the enzyme
speci®city are of considerable importance for the design
of new compounds with preserved chemotherapeutic
e�cacy. We present here our study into the action of
adenosine deaminase on the 30-branched adenosine and
20-deoxyadenosine analogues 1±7.

Preparation of C-30 substituted nucleosides 1, 2, 4, 5 and
7 has been described elsewhere.2,3 Compounds 3 and 6
were prepared via catalytic hydrogenation of the ethyn-
yl compounds 1 and 4, respectively, in almost quantita-
tive yield.4,5

The e�ect of the Csp, Csp2 and Csp3 substituent at the
C-30 stereocenter (ribo 1±3 versus xylo 4±6) and of the
20 hydroxyl group in compound 7, on adenosine deami-
nase activity was studied. The di�erent analogues were
tested on puri®ed adenosine deaminase to compare their
kinetic properties against those of adenosine and of 20-
deoxyadenosine (Table 1). Among the compounds with

ribo-con®guration, only the C-30-ethynyl derivative 1
was a substrate of adenosine deaminase. The Km was
only about 2- to 3-fold higher than that for adenosine.
On the other hand the Vmax was 50-fold lower than the
Vmax of adenosine hydrolysis. Compounds 2 and 3 were
resistant to deamination as previously observed with 30-
b-methyl-adenosine, and both were weak inhibitors.8 In
contrast all the xylo compounds 4±6 were deaminated
by the enzyme. The Km of the three xylo compounds
were similar, about 3- to 4-fold higher than the Km of
adenosine. The rate of hydrolysis was 3- to 5-fold lower.
These compounds would be transformed in vivo to their
corresponding inosine derivatives. Compound 7, the 20-
deoxy analogue of compound 1, was also a substrate of
the enzyme but the a�nity was too low to determine the
kinetic constants (Km and Vmax). The rate of hydrolysis
was proportional to the concentration of compound 7,
showing ®rst order kinetics as observed at substrate
concentrations much lower than the Km.

9 The e�cacy of
the enzymatic reaction shown by the ratio (Vmax/Km) is
higher for the ethynyl deoxy compound 7 than for the
ethynyl compound 1. Compounds 1 and 7 are the ®rst
30-b-branched adenosines (ribo and erythro) to be sub-
strates of adenosine deaminase.

Adenosine analogues modi®ed on the furanose ring or
on the purine ring have been reported to be substrates
of adenosine deaminase.10±12 At C-30 position, analo-
gues, in the ribo- and in the xylo-con®guration, where
the hydroxyl group has been replaced by a hydrogen, an
amino group, an azido group or by a halogen atom
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have been shown to be deaminated by the enzyme.12

The C-methyl- and C-hydroxylmethyl-30-b-adenosine
derivatives are described to be resistant to deamina-
tion.11 On the other hand the C-methyl- and the C-
hydroxymethyl-30-a-adenosine derivatives are reported
to be susbstrates of adenosine deaminase.11 From these
results it appears that the nature of the C-30 substituents
has a dramatic e�ect on their recognition by the
enzyme.

In the present work, we have shown that the three xylo
compounds 4±6 were deaminated by adenosine deami-
nase. The Km and the Vmax values were similar to those
reported in the literature for other xylo-derivatives.10±12

Among the tested nucleosides in the ribo series, the
ethynyl analogue 1 was surprisingly substrate of the
enzyme. The Km was only 3-fold higher than the Km of
adenosine, suggesting that analogue 1 ®tted well in
the active site cavity of the enzyme. The deamination
rate was 50-fold lower than that of adenosine. The C-6
carbon of the base in the ethynyl compound may not be
ideally situated in relation to the catalytic groups of the
enzyme. The corresponding methyl,11 ethyl and vinyl

derivatives were not substrates. These observations raise
the question of why the enzyme tolerates the ethynyl
compound but not the three other derivatives.

Nucleosides may take several conformations in rapid
equilibrium.13 Major factors in¯uencing the conforma-
tional ¯exibility are the following: (i) rotation around
the glycosidic N9±C10 bond (syn/anti orientation), (ii)
ribose puckering, (iii) rotation around the C40±C50
bond. The conformational requirements for an active
enzyme±substrate complex can be deduced from the
three dimensional structure of the binary complex (ade-
nosine deaminase-inhibitor).14 Adenosine would adopt
the anti-conformation (w values from ÿ106 to ÿ110�),
with the C40±C50 bond in a +sc orientation (g values
from 54 to 57�) and with a 30-endo sugar pucker
(North).14 Therefore only the compounds with the
proper requirements would bind to the active site. As
the tested analogues contain all the sites required for
binding to the enzyme,14 the absence of recognition
could be due to an inappropiate conformation of the
analogues. Substituents at position C-30 were reported
to increase the conformational rigidity of the furanose
ring.15,16 This could hinder the productive binding of
the nucleoside analogue to the active site. In the case of
30-b-methyl-adenosine, known to be resistant to deami-
nation, it was proposed that steric hindrance of the C-8
proton with the bulky methyl group of the 3-endo con-
former prevents the base from adopting the anti-con-
formation required for an enzyme±substrate complex.17

Preliminary NMR conformational analyses showed no
signi®cant di�erences between the ribo-derivatives 1±3.
They had, as reported for 9-(30-C-methyl-b-d-ribo-fur-
anosyl)-adenine,18 a coupling constant JH10±H20 of about
8 Hz.3,4 Moreover, on irradiation of H-8,19 comparable
NOE intensities for H10 and H20 (6.2±6.7% and 3.5±
4.2%, respectively)20 were measured from the adiabatic
o� resonance ROESY.21 So the sugar moiety of the
three ribo derivatives adopted predominantly a South

Table 1. Kinetic constants for the deamination of adenosine, 20-
deoxyadenosine and compounds 1±7 by adenosine deaminase.6

Compounds Km (mM) Vmax
a Relative Vmax Vmax/Km

Adenosine 42 289 100 6.9
1 110 6 2 0.05
2 NSb NSb NSb NSb

3 NSb NSb NSb NSb

4 140 95 33 0.7
5 140 75 26 0.5
6 160 55 19 0.3
20-Deoxyadenosine 31 353 122 11.4
7 Ðc Ðc Ðc 2.6

ammoles/min/mg prot.
bNot substrate.
cFirst order kinetics were observed {v=(Vmax/Km) [S]}.
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conformation to limit the sterical interactions.22 In this
puckering mode, the C-substituent was located in a
pseudo-equatorial location where its in¯uence on the
syn and anti equilibrium is the weakest. On the other
hand, the JH10±H20 coupling constants for the xylo-deri-
vatives 4±6 were about 0 to 1 Hz,3,5 suggesting that they
exist predominantly, as 9-(30-C-methyl-b-d-xylo-fur-
anosyl)-adenine, in the North conformation.18 These
results did not show conclusively why compound 1, in
contrast to compounds 2 and 3, was recognized by ade-
nosine deaminase. Additional NMR, molecular model-
ing and crystallographic studies (structure of the
complex of adenosine deaminase with 30-b-C-ethynyl-
adenosine or 30-b-C-ethynyl-6-hydroxyl-1,6-dihydro-
purine ribonucleoside) should help to explain why the
enzyme deaminated compound 1 and not compounds 2
and 3.

The very high activity of the 30-C-ethynyl-nucleosides as
anticancer agents is now well established.23,24 The ade-
nosine analogue was less e�cient than the uridine and
cytidine derivatives.3 This could be due to the in vivo
deamination of compounds 1 and 7 by adenosine dea-
minase. Addition of adenosine deaminase inhibitors
could be essential to potentiate the e�ectiveness of ade-
nosine analogues 1 and 4±7 as anticancer reagents.
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