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A New Facile Method for Construction of B-Arylpyrrolidine Rings

and Its Application to Synthesis of (i)—Mesembrinel)
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Lewis acid treatment of dimethyl N-methoxycarbonyl-N-methoxy-
methylaminomalonate together with aryl olefins afforded ao,a,N-
tris(methoxycarbonyl)-B-arylpyrrolidines, and one of the products

was successfully converted to (+)-mesembrine.

Since the B-arylpyrrolidine skeleton is found in a variety of naturally occurr-

2) it is worthwhile to exploit a new conven-

3)

ing alkaloids such as mesembrine (14),

ient method for constructing the skeleton. On the other hand, we have been

extensively studying new synthetic methods of nitrogen heterocycles by using
N-methoxycarbonyliminiumions (3) as key intermediates which are generated by acid

treatment of a-methoxylated N-methoxycarbonylamines (2) prepared by anodic oxida-

tion of carbamates (l).4) The key ions (3) seem to have high potentiality for the

synthesis of B-arylpyrrolidine derivatives (6) through their reaction with aryl

olefins (4), provided that the trapping of intermediate y-cations (5) with the

o'-carbon is made possible by contribution of suitable substituents R2 and R3

(Eq. 1).
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Examining a variety of functional groups for R2 and R3, we have found that

a methoxycarbonyl group is suitable for the substituents R2 and R3. Thus, the
reaction of dimethyl N-methoxycarbonyl-N-methoxymethylaminomalonate (8) (2; R1=H

and R2=R3=C02Me) with 4 afforded 6. The regioisomer 6' was not formed.

Ar
R4
R2
R N R?
CO,Me
6 v

The starting compound 8 was prepared by anodic oxidation of dimethyl N-methoxy-
carbonyl-N-methylaminomalonate (7) (40 mmol) in methanol (30 ml) containing acetic
acid (3 ml) (77% yield at 9.4 F/mol).5) The reaction of 8 with 4 was carried out

as follows: Under nitrogen atmosphere, a solution of 4 (2 mmol) and Etg N

(1 mmol)6) in CH2012 (5 ml) was added dropwise into a refluxing solution of 8

)

and the resulting solution was
8)

(1 mmol) and TiCl4 (2 mmol) in CH2012 (10 ml),7
refluxed for 1 h. Treatment of the reaction mixture with water followed by

purification of the products by column chromatography gave the expected 6 in

the yields shown in Eq. 2.9’10)
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Although the formation of 6 is undoubtedly explainable by a stepwise mechanism
involving 3 as the intermediate as described in Eq. 1, a possibility of the forma-
tion of a betaine 3' followed by a concerted cycloaddition between 3' and 4 should
be discussed since 3' possesses a structure similar to azomethine ylide which has
been reported to add to olefins with a concerted mechanism and form pyrrolidine

skeletons.ll)
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The intermediary formation of 3' is, however, unlikely on the basis of the
following two points. Namely, (i) the reaction conditions containing Lewis acids
do not seem to be suitable for the formation of 3' since it requires base induced
abstraction of a proton from o'-position of 3, and (ii) the concerted cycloaddi-

tion reaction of stabilized 2 13)

or nonstabilized azomethine ylides with styrene
has been known to be not regioselective, while high regioselectivity was observed

in the formation of 6.

Ethyl vinyl ether (9) was also effective to this method instead of aryl

olefins (Eq. 3).14)
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One of the products, 6a was easily converted to (+)-14 (Eq. 4). Namely,
hydrolysis of 6a and subsequent decarboxylation gave a proline derivative 11 (94}
yield). Anodic oxidation of 11 in a mixed solvent of THF and water16) followed by
acid treatment gave an enecarbamate (12) (487 yield), which was reduced with LiAlH4
to give an enamine (13). The condensation of 13 with methyl vinyl ketone (MVK)

afforded (+)-14 in 63% yield from 12.1017)
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