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Abstract—Pyridazine C-nucleosides have been synthesized by [4+2] cycloaddition of alkynyl C-nucleosides with substituted tetra-
zines. These pyridazines on extrusion of a nitrogen atom afforded novel pyrrole C-nucleosides with good yields. The results of
electrochemical and chemical reduction are compared.
� 2003 Elsevier Ltd. All rights reserved.
1. Introduction

C-Nucleosides bearing five-membered nitrogen hetero-
cycles such as thiazofurin, pyrazomycin, showdomycin
etc. and their analogs are known to possess varied bio-
logical activities.1 C-Nucleosides bearing a nitropyrrole
are known for their biochemical and pharmacological
activities.2 Recently Burnham et al.3 reported that pyr-
role C-nucleosides also exhibit anticancer activity. Even
simple substituted pyrroles are known to exhibit anti-
neoplastic, antileukemic activities.4

This led us toward the synthesis of novel functionalized
pyrrole C-nucleosides. In the last few years we have
successfully developed an electrochemical method for
the synthesis of substituted pyrroles from pyridazines.5

In this process the latter undergo extrusion of a nitrogen
atom to afford the corresponding substituted pyrrole
derivatives by a controlled potential electroreduction.

This process appears complementary to that of Boger�s
strategy using Zn/AcOH to achieve the ring contraction
of diazaheterocycles.6
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It was thus obvious to attempt the same methodology
toward the synthesis of pyrrole C-nucleosides in order to
test their biological activity. Herein we wish to sum-
marize our results on the electrochemical as well as the
chemical transformation of pyridazine C-nucleosides to
the corresponding pyrrole C-nucleosides.
2. Preparation of pyridazine C-nucleosides 4

In the first place the pyridazine C-nucleosides 4 were
prepared by the procedure described by Seitz and
co-worker.7 DD-())-Ribose (1) was converted to furanose
2 by a conventional method. Treatment of intermediate
2 with appropriate alkynyl Grignard�s reagents, pre-
pared in situ, and cyclization of the resulting open-chain
compound through selective tosylation of the propar-
gylic hydroxy group, afforded the corresponding alkynyl
sugars 3a–b, in 25% and 40% overall yields, respectively
(Scheme 1). The b-isomer was found to be the major
isomer in every case (b:a¼ 8:2). Having alkynyl sugars
in hand, they were converted to pyridazine C-nucleo-
sides 4a–b by inverse demand hetero Diels–Alder reac-
tions with dimethyl 1,2,4,5-tetrazine-3,6-dicarboxylate8

as described by Seitz and co-worker.7 By slight changes
in the reaction conditions, we were successful in signif-
icantly increasing the yields of the individual steps for
the synthesis of pyridazine C-nucleosides 4a–b. Thus the
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Scheme 1. Reagents and conditions: (a) (i) MeOH, catalytic H2SO4,

(ii) NaH, THF/DMF, BnBr, rt, (iii) AcOH, 1M H2SO4, 100 �C; (b) (i)
R–CBC–MgBr, THF, 60 �C, (ii) TsCl, pyridine, 60 �C; (c) dimethyl

1,2,4,5-tetrazine-3,6-dicarboxylate, toluene, reflux.

Table 1

Entry Pyridazine R Method Yield of 5

(%)

1 4a Ph Electrolysis 74

2 4b n-Bu Electrolysis 18

3 4a Ph Zn, AcOH, rt, 24 h 63

4 4b n-Bu Zn, AcOH, rt, 24 h 34

5 4b n-Bu Zn, AcOH, 60 �C, 24 h 53

6 4b n-Bu Zn, AcOH, reflux, 15 h 63
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yield of the [4+2] cycloaddition reaction was optimized
to 56% in the case of 4a and 65% in the case of 4b,
respectively.9
3. Nitrogen extrusion by the electrochemical method

The next step was to convert these pyridazine C-nucleo-
sides 4a–b into the corresponding pyrrole derivatives.
In a typical electroreduction experiment, previously
optimized in our laboratory,10 the electrolysis of a
solution of the pyridazine derivative in the electrolytic
system, comprised of ethanol and acidic buffer, was
carried out in the potential range of )0.8 to )1.2 E/(V vs
SCE). The potential range was determined on the basis
of the polarograms of the pyridazine derivatives, which
indicated two successive bielectronic steps [E1=2 ¼ �0:9
and )1.1 E/(V vs SCE)]. Cyclic voltametry was per-
formed at a sweep rate of 0.2V s�1. The polarogram and
the cyclic voltamogram are shown in Figure 1. The
mechanism of the electrochemical transformation of
pyridazines to pyrrole rings, consisting of a stepwise
transfer of four electrons and four protons, has already
Figure 1. Cyclic voltamogram (A) and polarogram (B) of pyridazine C-nucl
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Scheme 2. Reagents and conditions: (a) Zn, AcOH or electrolysis; (b) H2/Pd
been described and can be transposed to the pyridazine
C-nucleoside precursors.10 Thus in the case of 4a, the
yield of the reaction was very good (75%) but, surpris-
ingly, in the case of 4b, the corresponding pyrrole was
isolated in only low yield (18%) along with the undesired
side products. In the case of 4a, no formation of side
products was observed. The results are summarized in
Table 1.
4. Nitrogen extrusion by chemical methods

The low yield obtained in the case of 4b led us to carry
out the same transformation by chemical means. Thus,
treatment of 4a with zinc and acetic acid at room tem-
perature for 24 h followed by the work up procedure as
described by Boger et al.,6 and purification of the crude
product by column chromatography on silica gel affor-
ded the desired pyrrole derivative, as shown in Scheme
2. In this case, the yield was comparable (63%) to that of
the electrochemical method, whereas in the case of 4b,
the desired pyrrole derivative was isolated in only 34%
yield. However, improvement in the yield of 4b
was achieved (63%) when the reaction was carried out at
a higher temperature. The results are summarized in
Table 1.
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In the last step, the benzyl protecting groups were
removed by conventional hydrogenolysis of 5a–b, as
shown in Scheme 2, to afford the novel pyrrole
C-nucleosides11 (6a–b) in excellent yields (>85%).

In summary, we have synthesized novel pyrrole C-
nucleosides by a nitrogen extrusion strategy. Some
exploratory work such as the synthesis of pyridazine
C-nucleosides with different substituents and their elec-
trolysis under basic conditions is being undertaken in
order to study the behavior of the pyridazine deriva-
tives. The biological evaluation of novel pyrrole
C-nucleosides for their anticancer activity, is currently in
progress.
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