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Abstract

The bielectronic electrochemical reduction of pyridazines, substituted by electron-withdrawing groups, leads to
their corresponding 1,2-dihydro derivatives. Depending on the nature of the ring substitution, these intermediates
can either rearrange into 1,4-dihydropyridazine isomers or be further electrochemically reduced into activated
pyrroles. © 2000 Published by Elsevier Science Ltd. All rights reserved.
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Ring transformation of heterocycles appears to be an efficient methodology to produce pyrrole
derivatives We have previously shown that substituted pyrroles can be obtained by sulfur extrusion
from 1,3-thiazine heterocyclédy an electrochemical reduction procégdn particular, functionalized
pyrroles2 were isolated from theH-1,3-thiazined following this procedure (Scheme 1¥.
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The presence of the heterocyclic nitrogen atom is crucial for the above extrusion process to be
achieved since no ring contraction occurred in the same conditions fidhidpyran analogues.
Nitrogen extrusion from six membered azaheterocycles has also been investigated as an attractive way to
produce substituted pyrrolésAlthough reductive ring contraction of activated pyridazine derivatives was
successfully performed by chemical reductfohenly a few studies using electrochemical procedures
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have been reported. In the latter approach, a mixture of two pyrfoless obtained by Lund from the
pyridazinium catior8 (Scheme 2§911
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Taking into account these results, we proceeded to evaluate the potential of activated pyrisitzines
give the corresponding functionalized pyrroles by an electrochemical reduction process (retrosynthesis).
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Substituted pyridazineSa-5c were first prepared by a convergent synthesis from 1,2,4,5-tetrazine-
3,6-dicarboxylic acid dimethyl estéf. The influence of the nature of the substituent groups on the
electrochemical behavior of the pyridazine precursors has been examined (Scheme 3). The polarographic
experiments and the preparative electrolysis were performed in acetate'Buffer.
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(a) Pyridazine-3,6-dicarboxylic acid dimethyl esf&t* is reducible in three successive bielectronic
steps (ko= 0.69; 0.86 and 1.07 V/SCE). Preparative electrolysis, carried out under nitrogen
atmosphere at the potential of the first wave, leads quantitatively to the 1,4-dihydropyridazine derivative
6a, which can be further reduced at the level of the third wave. Controlled potential reduction (CPR)
at the plateau of the second wave (EE0 V/SCE) gives rise to the formation of théldpyrrole-2,5-
dicarboxylic acid dimethyl estefa,>~17in 60% yield, beside some starting mateBalresulting from
air oxidation of the 1,4-dihydro derivativéa during the reaction work up (Scheme 3).

(b) Pyridazine-3,4,5,6-tetracarboxylic acid tetramethyl est&f shows only two bielectronic reduc-
tion waves at o= 0.45 and 1.05 V/SCE (to be compared with the first and the third waves for com-
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pound5a). The electroreduction at0.7 V/SCE yields quantitatively the 1,4-dihydropyridazine-3,4,5,6-
tetracarboxylic acid tetramethyl es@&!® (Scheme 3). This compound appears to be further reducible at
a more negative potential. However, the correspondifgpdrrole derivativerb was not obtained. Due
to our objective, focused on possible access to pyrralesduction of the 1,4-dihydropyridazinésas
not been investigated.

(c) Polarographic reduction of the 4-phenyl-pyridazine-3,6-dicarboxylic acid dimethyl Bstér
displays three successive waves gv£ 0.72 (higher than a two electron reduction wave();86 (lower
than a two electron wave) andl.03 V/SCE (corresponding to a bielectronic process). Such a behavior
clearly indicates a disproportionation of the two electron reduction product (vide infra). However, the
preparative electrolysis, carried out in the range 6f7 to 0.9 V/SCE, always leads to a mixture of
the corresponding 1,4-dihydropyridazife'® and 3-phenyl-H-pyrrole-2,5-dicarboxylic acid dimethyl
ester7c>1/(Scheme 3). The best yield (70%) in pyrrole is obtained at more negative poten®idl (
V/SCE). This result can be compared with the chemical reduction path (zinc in acidic medium), yielding
the pyrrole7cat 65%?2

As a conclusion, electroreduction of pyridazirtes governed by the chemical behavior of the 1,2-
dihydro intermediate, resulting from the two electron reduction process: (i) if the rearrangement of
the 1,2-dihydro intermediate into the corresponding 1,4-isomer derivative ($9rissvery fast, the
formation of pyrrole7 is not observed; (i) if this rearrangement is slow enough (seajepyrrole
can be formed when electroreduction is performed at the plateau of the second polarographic wave;
(iif) however, disproportionation of the 1,2-dihydropyridazine remains possible (s&rikesding to
an equimolecular mixture of pyrroléc and starting compoun8ic (Scheme 4).This reaction is thus in
competition with the prototropy event giving the dihydropyridaZice
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Such aninterpretation must be correlated with complementary investigations which should be run from
other pyridazine precursors. In particular, experiments from pyridazine-3,6-dicarboxylic acid dimethyl
ester derivatives carrying electron-donating substituents at the 4 and/or 5 position must be investigated.
However, we have already demonstrated the possibility of formation of functionalizggyitoles
by electrochemical reduction of activated pyridazines. Thus, nitrogen extrusion from pyridazine-3,6-
dicarboxylic acid dimethyl ester through an electroreduction process leads to substitpgddle 7c,

a structural isomer of theH:-pyrrole 2 (R=H).
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