ZINC-MEDIATED METATHESIS IN THE BERNTHSEN CONDENSATION
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Abstract
The Bernthsen Condensation is a convenient method for the preparation of 9-alkylacridines
from the reaction of a carboxylic acid with diphenylamine. Attempts to prepare 9-substituted

acridines using o,B-unsaturated carboxylic acids gave 9-methylacridine as the only isolable product.
This compound most likely arises via the zinc-mediated metathesis of the carboxylic acid.

Introduction

The Bernthsen condensation involves the reaction of diphenylamine with an alkyl or aryl
carboxylic acid in the presence of anhydrous zinc dichloride to provide a 9-alkyl- or 9-arylacridine (1).
This reaction provides a one-step route to multigram scale quantities of product from commercially
available starting materials. Other methods to prepare 9-alkyl substituted acridines include the
reaction of an alkyl magnesium with 9-chloroacridine (2), or N-SEM-9-acridone (3). In the case of the
organomagesium addition to 9-chloroacridine, the preparation and purification of 9-chloroacridine
is required immediately before use (4) and produces a mixture of products resulting from over
alkylation.

The Bernthsen Condensation to prepare 9-methylacridine proceeds at 250°C without solvent.
The product (>98% pure as determined by NMR (5)) is isolated by treatment of the reaction mixture
with warm 10% sulfuric acid (6). While the best yields for the reaction are observed with acetic acid
(78%), products otherwise difficult to make are isolable in moderate yield (15-60%) (7).

The mechanism (8), illustrated in Scheme 1, involves the condensation of the carboxylic acid
and diphenylamine which provides the initial intermediate, an N,N-diphenylamide (9). The amide
then undergoes a zinc-mediated 1,3-acyl transfer. The intermediate aryl ketone then provides the
product via an intramolecular Friedel Crafts-type mechanism.
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SCHEME 1: Mechanism of the Bernthsen Condensation

Results and Discussion

In our search for a facile route to 9-allylacridine 1, we proposed the synthesis of 1 via the
Bernthsen Condensation. We predicted that the product would arise from the zinc-mediated
condensation of crotonic acid and diphenylamine. However, all attempts to isolate the desired
product failed. Instead, the only product isolated from the reaction mixture was 9-methylacridine 2
(10).
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SCHEME 2: Unexpected outcome in the Bernthsen Condensation.

Similarly, our attempts to prepare 9-(3',5'-dimethyl-4'-isoxazolyl)-acridine directly from
diphenylamine, anhydrous zinc dichloride, and 3,5-dimethyl-4-isoxazole carboxylic acid (11) resulted
exclusively in the isolation of 2.

We postulate that the product of this reaction arises from the following zinc-mediated
metathesis (see SCHEME 3). Reaction of zinc dichloride with the unsaturated carboxylic acid gives
rise to the zincate salt (12). Acid catalyzed enol formation gives rise to scrambling of the geometry
about the C=C. Once in the cis conformation, intramolecular cyclization brings about formation of

522



M.D. Mosher, T.D. Morris et al. Heterocyclic Communications

the metallocycle. Then, metathesis provides a molecule of acetylene and a zinc acetate. The zinc
acetate thus formed goes on to react with diphenylamine to provide 9-methylacridine 2.

Attempts to identify acetylene in the reaction mixture by bubbling the reaction gasses through
a solution of bromine (both aqueous and organic) and isolating 1,1,2,2-tetrabromoethane were
unsuccessful. Attempts to isolate the Diels-Alder adduct of methylisoxazolyne and anthracene in
the reaction mixture were also unsuccessful. While these products of the proposed mechanism
have not been isolated, the mechanism still appears to be the most plausible explanation of the
reaction outcome.
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SCHEME 3: Zinc Metathesis of Crotonic Acid.

Conclusions

The reaction of anhydrous zinc chloride, crotonic acid, and diphenylamine at the melt gives
rise to 9-methylacridine. We have proposed a mechanism that involves a zinc mediated metathesis
of the crotonic acid to acetic acid. Further evidence for this mechanism is seen in the reaction of zinc
chloride, diphenylamine and 3,5-dimethyl-4-isoxazole carboxylic acid which provides 9-
methylacridine. Work is currently underway to isolate intermediates in the proposed mechanism.
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