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SYNTHESIS OF FUSED PYRIDINES BY ELECTROCYCLIC RING CLOSURE OF
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ALDEHYDE NN-DIMETHYLHYDRAZONES
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Summary: 3,4-Dihydronaphthalene-2-carboxaldehyde NN-dimethylhydrazones bearing an alkenyl or aryl
substituent at the 1-position undergo thermal electrocyclic ring closure followed by the loss of dimethylamine,
giving fused pyridines.

Until recently there have been few useful examples of thermal electrocyclic ring closure of 1-azatrienes. Most of
the reactions of this type which have been reported involve the reversible ring opening of pyridinium salts by
nucleophiles.! An exception is the formation of isoquinolines from suitably substituted o- quinodimethanes
which was explored by Oppolzer and by Kametani and their co-workers in the 1970’s.2 In the last two or three
years several other examiples of isoquinoline synthesis have been reported which are based on the electrocyclic
ring closure of aromatic oximes or oxime ethers (Scheme 1).3 In addition, Okamura and his co-workers have
described examples of electrocyclization of N- alkylazatrienes derived from retinal4
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Scheme 1

We have made use of palladium(0) catalysed cross-coupling reactions to prepare tricnes suitable for electrocyclic
ring closure.5 In arder to explore the viability of the 1-azatriene cyclization as a route to pyridines and
dihydropyridines we have adapted this chemistry to prepare a sevies of model systems derived from 1-bromo-
3,4-dihydronaphthalene-2-carboxaldehyde, a precursor which is readily available from 1-tetralone. 58 The
aldehyde was converted into its NN- dimethylhydrazone (1) . This hydrazone was then coupled to a series of
arylandvinylhalidesbymeofmmooeﬁmes(SchuneZ). Reaction with phenylzinc chloride or with 2-
thienylzinc chloride in the presence of Pd(PPh3)4 gave respectively the 1-phenyl and 1-(2-thienyl) compounds
(2a) (41%) and (2b) (85%). It was found that compound (2a) could be obtained in better yield (79%) by
inverse coupling of the organozinc intermediate (3) with iodobenzene. The organozine specics (3) was
generated from the bromonaphthalene (1) by reaction with t-butyllithium followed by the addition of zinc
chloride.§
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Scheme 2

This latter coupling method also proved to be the more efficient for the introduction of vinyl substituents at the 1-
position. Coupling reactions were carried out using &-bromostyrene and (2-bromovinyl)trimethylsilane.

In each case a major product was isolated which proved not to be the expected 1-substituted 2-carboxaldehyde
dimethylhydrazone. Instead, the products were identified as the pyridines (4) resulting from cyclization of the
hydrazones and aromatization. Evidently these cyclizations occurred under the conditions used to carry out the
coupling reactions (tetrahydrofuran at 67°C). The structure (4a) was assigned to the product derived from a-
bromostyrene on the basis of its spectra;7 the benzisoquinoline (4b) is a known compound.8 The loss of the
trimethylsilyl group in the aromatization step presumably occurs in preference to loss of a proton and elimination
of dimethylamine (Scheme 3).
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We wished to determine whether the easy cyclization which occurred in this last reaction would be influenced by
the position of the trimethylsily! group; that is, whether the cyclization would also take place readily with a
(1-vinyl)trimethylsilyl substituent. We have found previously that coupling reactions of this type in which
(1-bromovinyl)trimethylsilane is the electrophile are not regiosclective.? The coupled product was therefore
obtained in a different way. 1-Bromo-3,4-dihydronaphthalene-2-carboxaldehyde reacted with
(1-vinyDtrimethylsilylzinc chloride to give the 1-substituted aldehyde (5) (Scheme 4). This aldehyde, when
heated in toluene with 1,1-dimethylhydrazine, gave the benzisoquinoline (4¢)10 directly. Thus, the
electrocyclizations appear to take place under remarkably mild conditions and they are not dependent upon the
electronic or steric influences of a trimethylsilyl group on the terminal double bond of the azatriene.
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Even the 1-arylhydrazones (2a) and (2b) were found to cyclize under more vigorous conditions. The
compounds slowly cyclized in the melt, but cyclization was achieved more effiiciently on a small scale by
subjecting the hydrazones to vacuum pyrolysis at 650°C and 102 mmHg. The hydrazone (2a) gave the
known!! benzophenanthridine (6) and (2b) gave the analogous thienoisoquinoline (7)12, both in fairly good
yield. We were surprised to find that these cyclizations took place in preference to intramolecular electrophilic
substitution or to elimination of dimethylamine from the aldehyde dimethylhydrazones to give the corresponding

nitriles.13
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These results lead us to conclude that dimethylhydrazones are useful alternatives to oximes or oxime ethers for
electrocyclic reactions leading to the formation of pyridine rings, and that the scope of the reaction may be
considerable.
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