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Efficient stereocontrolled synthesis of 2-benzimidazolyl- and
2-indolyl-C-nucleosides
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Abstract—We report herein the synthesis of b-2-benzimidazolyl- and b-2-indolyl-C-nucleosides and their a-anomers in a
stereoselective way. The stereocontrol was observed either in the reduction step (hemiacetal to diol) of the protected heterocycles
(1b–d), or in the intramolecular Mitsunobu cyclisation of the free heterocyclic diols obtained from the hemiacetals 1a and 1e.
© 2001 Elsevier Science Ltd. All rights reserved.

Natural C-nucleosides such as showdomycin, bredinin,
pyrazofurin, have received great attention since this
class of molecules is well known for its potent biologi-
cal activity.1 Therefore, much effort has been under-

taken in the synthesis of natural and modified
C-nucleosides for their biological evaluation and for
their potential use in nucleic acid studies.2 Recently,
several C-nucleosides have been synthesised by addition

Scheme 1. Synthetic strategy.

Scheme 2. Reagents and conditions: (a) heterocycles (1.5 equiv.), THF, LDA (1.5 equiv.), −78°C (for X=CH) or −50°C (for
X=N); (b) H2 (60 psi), Pd/C, MeOH/THF, 95%.

* Corresponding author. Fax: 01 69 07 72 47; e-mail: benhida@icsn.cnrs-gif.fr

0040-4039/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (00 )02029 -3



D. Guian6arc ’h et al. / Tetrahedron Letters 42 (2001) 647–650648

Figure 1. Felkin–Anh model (A) and the chelated transition
state (B).

achloroethane, Bu3SnCl) to give the 2-substituted
indoles and benzimidazoles derivatives.

The NMR spectra of each coupled product 1a–e
revealed the presence of three interconvertible species:6

the hemiacetal diastereoisomers (major products) being
in equilibrium with the carbonyl opened form (minor
product). The chemical ratio of the three species
depends on the concentration and NMR solvent.

With derivatives 1b–d in hand, we attempted the direct
C1-OH deoxygenation under Et3SiH/Lewis acid reagent
conditions (BF3·Et2O, ZnCl2, TMSOTf) but without
success. The reaction did not occur at low temperature
(−78 to −40°C) and only decomposition products were
observed at room temperature or when using higher
concentration of the reducing agent.

In contrast, the borohydride reduction of hemiacetals
1b–d afforded the corresponding diols 2b–d in quantita-
tive yield. Good diastereoselectivity was observed in
this reduction step with the protected heterocyclic hemi-
acetals giving the S epimer (major product).7 This
diastereoselectivity was expected, in agreement with the
Felkin–Anh model8 (model A) or the chelated transi-
tion state (model B), postulating the participation of
the protecting group in the hydride stereofacial addi-
tion (Fig. 1). Subsequent intramolecular Mitsunobu
cyclisation gave the a-protected nucleosides 3b (indole)
and 3c,d (benzimidazole) (Scheme 3).

In contrast, the reduction of the hemiacetals 1a and 1e
having an unprotected heterocyclic moiety under the
same reaction conditions gave a mixture of
diastereomeric diols 2a (R,S) and 2e (R,S) in nearly a
1/1 ratio. Treatment of free diols 2a (R,S) and 2e (R,S)
under standard Mitsunobu conditions gave only the
cyclised b-C-nucleosides 3a and 3e in high yield
(Scheme 4). This stereocontrol may result from benzylic

of an organometallic reagent to a ribonolactone deriva-
tive followed by Lewis acid induced hemiacetal deoxy-
genation.3 However, the direct deoxygenation led, in
many cases, to poor yields and/or diastereoselectivity
and chemical modifications are sometimes required to
overcome this difficulty.3 To our knowledge, only a few
convergent and stereocontrolled syntheses of both
anomers have been reported, particularly when the
reactive centre of the heterocyclic moiety is adjacent to
a protected or functionalised position.4

Here, we describe the stereocontrolled synthesis of 2-
indolyl- and 2-benzimidazolyl-C-nucleosides as either
their a- or b-anomer, starting from the same type of
intermediate (Scheme 1).

Hemiacetals 1a5–d were first obtained by coupling 2-
indolyl- or 2-benzimidazolyl-lithium to the known 5-
tert-butyldiphenylsilyl-2,3-O-isopropylidene-D-g-ribonol
actone in high yield (89–93%). Hemiacetal 1e was
obtained from 1d by catalytic hydrogenation (Scheme
2). We observed that the condensation step was very
sensitive to steric factors. Thus, the utilisation of N-Boc
or N-trityl protected indole and benzimidazole led to
their corresponding hemiacetals in poor yields. We have
verified that these protected heterocycles react satisfac-
torily with other electrophiles (cyclohexanone, hex-

Scheme 3. Reagents and conditions: (a) NaBH4 (2.2 equiv.), MeOH; (b) (i) the small amount of minor diol was removed by flash
chromatography, (ii) DEAD (1.5 equiv.), PPh3 (1.5 equiv.), THF, 60°C; (c) H2 (60 psi), Pd/C, THF/EtOH (1/1); (d) aq. TFA,
50°C.
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Scheme 4. Reagents and conditions: (a) NaBH4 (2.2 equiv.), MeOH; (b) DEAD (1.5 equiv.), PPh3 (1.5 equiv.), THF, 60°C; (c)
aq. TFA/MeOH. Proposed intermediates I and J for the stereocontrolled cyclisation.

elimination (Ph3PO) and spontaneous cyclisation via a
thermodynamically stable intermediate J (unfavourable
doublet–doublet repulsion in intermediate I and possi-
ble favourable intramolecular hydrogen bond in J). We
have verified that Ph3P/DEAD treatment of separated
pure diols 2a (R) and 2a (S) gave only the same
cyclised b-anomer 3a.9 Interestingly, Kurihara10 has
reported a similar observation in the imidazole series
but with the formation of a small amount of the
a-anomer (a/b=1/26).

The final deprotection of 3a–e was achieved in good
yield giving the free C-nucleosides 4a, 4b, 4c and 4e
(Schemes 3 and 4).11

In the present work, we have shown the importance of
introducing a protective group for the stereoselective
borohydride reduction of hemiacetals 1b–d and in the
ring closure step of diols 2a and 2e. By this methodol-
ogy, both a- and b-C-nucleoside anomers could be
accessed in a stereoselective manner. The procedure is
compatible with the presence of sensitive groups on the
heterocyclic systems (halogens, amine function and pro-
tective groups)12 and, therefore, could be applied for
the derivatisation and synthesis of highly functionalised
C-nucleosides.
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