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Abstract—Reaction of inosine derivatives with BH3–THF resulted in the regioselective reduction of the purine nucleus to afford
2,3-dihydroinosine derivatives. © 2002 Elsevier Science Ltd. All rights reserved.

Scheme 1. Regioselective BH3–hydride reduction of 1a.

Chemically modified nucleosides are an important class
of nonnatural molecules and they are receiving increas-
ing attention in medicinal sciences as antitumor or
antiviral agents. In the search for effective, selective,
and non-toxic antiviral agents, a variety of strategies
have been devised to design nucleoside analogs.1 There-
fore, novel and selective synthesis of modified
nucleosides is of particular interest.

Previously we have reported2 a facile synthetic method
for the preparation of 9-D-ribitylpurines, acyclonu-
cleosides, by the regioselective cleavage of the ribofura-
nosyl ring of 2�,3�-O-isopropylidene purine nucleosides
using DIBAL-H reduction and it was applied for the
preparation of diverse purine acyclonucleosides. During
the course of our further study on the hydride reduc-
tion of purine nucleosides, we found that the reaction
of 2�,3�-O-isopropylidene inosine 1a with 5 equiv. of
BH3–THF at room temperature caused a novel and
regioselective reduction of the C2�N(3) double bond in
the hypoxanthine nucleus to give the corresponding
2,3-dihydroinosine derivative 2a in 49% isolated yield
together with recovery of 1a (20%) (Scheme 1). The
structure of 2a was fully supported by spectral data and
elemental analyses.3 It was unambiguously determined
by X-ray crystallography and Fig. 1 displays an
ORTEP drawing.4 The 2,3-dihydroinosine 2a is stable
in crystalline form, but in solution, was gradually oxi-
dized into the inosine 1a (10–20% over a week).

2,3-Dihydroinosine derivatives 2 and its 5�-monophos-
phates are of interest as a transition state analog of
inosine 5�-monophosphate (IMP) dehydrogenase that
catalyzes the NAD-dependent oxidation at the C2 car-
bon of IMP to xanthosine 5�-monophosphate (XMP).5,6

Upon subsequently conducting a thorough literature
search, we were able to locate a solitary pertinent paper
on the reductive synthesis of dihydroinosines.7

Although Itaya et al. reported7 that a Pd/C catalyzed
hydrogenation of 2�,3�-O-isopropylidene-3-methyli-
nosine afforded the corresponding 1,2-dihydroinosine,
the reduction of 3-unsubstituted inosines to dihy-
droinosines has been unprecedented.

The regioselective BH3–THF reduction was successfully
applied to various inosine derivatives8 and related com-
pounds 1 (Table 1). The reaction with 1-substituted
inosine derivatives 1b, 1c, and 1g smoothly proceeded
to afford the corresponding 2,3-dihydro products in
good to high yields (entries 2, 3 and 7). The BH3–THF
reduction of 2-methylinosine 1d hardly proceeded
(entry 4) while a 1,2-disubstituted inosine, 2�,3�-iso-
propylidene-1,2-dimethylinosine 1e, which possesses a
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Figure 1. An ORTEP drawing of 1a with 50% probability
ellipsoids. Selected bond lengths (A� ) and angles (°): N(1)�C(2)
1.478(8), C(2)�N(3) 1.444(9), N(3)�C(4) 1.363(7), C(4)�N(9)
1.410(7), C(5)�N(7) 1.386(8), N(7)�C(8) 1.293(8), C(8)�N(9)
1.386(7); H(2)�C(2)�H(2�) 109.6, N(1)�C(2)�N(3) 111.3(6),
N(3)�C(4)�C(5) 124.0(6), N(1)�C(6)�C(5) 112.8(5),
N(3)�C(4)�N(9) 128.6(5), N(7)�C(8)�N(9) 114.2(5).

Table 1. BH3–THF reduction of inosines to 2,3-dihydro-
inosines

substituent at both N1 and C2 positions, was reduced
(entry 5). Consequently, the present regioselective BH3–
THF reduction is accelerated by the introduction of a
substituent to the N1 position, whereas the reduction
was strongly depressed by the presence of a substituent
at the C2 position. Inosine derivatives without a free
5�-hydroxy group 1f–1i were also reduced to give the
2,3-dihydroinosines 2f–2i (entries 6–9). Although the
yield could not be improved in the cases of 1f, 1h and
1i (entries 6, 8, 9), the introduction of a methyl sub-
stituent to the N1 position accelerated the reaction and
the yield was improved to 58% (entry 7). Analogous
reduction of 2�-deoxyinosine derivative 1j and 9-benzyl
hypoxanthine 1k afforded the reductive products 2j and
2k, respectively (entries 10, 11).

With the use of N1-unsubstituted inosine derivatives
1a, 1d, 1f, and 1h–1k as the starting material, the
unreacted starting material was always observed by the
TLC analysis. In these cases, the yield of the reaction
was not improved by the use of much more equivalents
of BH3–THF (e.g. 10 equiv.). The reaction sequence for
the formation of 2,3-dihydroinosine derivatives 2 is
outlined in Scheme 2 on the basis of the above observa-
tions. The alternative initial step of the N1-unsubsti-
tuted (R=H) inosines would be formation of a borane
ester complex 3. This complex is inactive toward the
BH3 reduction because of the aromatization of the
pyrimidine ring. In the case of the N1-substituted
(R�H) inosines or a part of the N1-unsubstituted
inosines, the borane complex 4 could be formed. A
subsequent hydride attack on the electron poor C2
carbon and methanolic work-up gave the correspond-
ing 2,3-dihydroinosine 2.

Scheme 2. Tentative mechanism of the formation of 2,3-dihy-
droinosines 2 from inosine derivatives 1.
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In summary, we have developed a mild and efficient
method for the regioselective conversion of inosines to
2,3-dihydro-inosines that proceeds at room tempera-
ture. The reaction is general for the hypoxanthine
nucleus, and the products are of interest as transition
state analogs of IMP dehydrogenase. Studies to further
elucidate the scope of this method and biological activ-
ities are currently under way.
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