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Revisit to Meinwald Rearrangement of Electron-Deficient Systems!
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Abstract; The monoester 6, generated in situ by the enzymatic hydrolysis of the
symmetric diester Sa with pig liver esterase, undergoes extremely facile Meinwald-type
rearrangement to afford the bicyclo[3.1.0]hex-2-ene derivative 8a in quantitative yield.

The conversion of norbornadiene 1 into bicyclo[3.1.0]Jhex-2-ene-endo-carbaldehyde 4 by peracid
oxidation was reported by Meinwald in 19632). The mechanism of this reaction is considered to
involve the initial formation of the exo-monoepoxide 2 followed by the acid catalyzed
rearrangement3), and the latter process is called as Meinwald rearrangement (Scheme 1).

In the synthetic point of view, this process, coupled with the high reactivity of the strained
bicyclo[3.1.0]Thexane ring system, has successfully been applied to the prostaglandin synthesis by
Upjohn group®.
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Contrary to the reactive and unstable monoepoxide 2, the monoepoxides Sa~c of the electron-
defficient systems are found quite stable, and the difference can be reasonably explained by
considering the stability of cationic intermediate of the rearrangement. Although Prinzbach observed
the rearrangement of the monoepoxide 5a (R=Me) by treatment with acid or heat, the yields of the
rearranged product seemed to be not remarkable syntheticallys). In this paper, we wish to report our
own findings about the extremely facile Meinwald rearrangement of the electron defficient system
which affords an interesting synthon 8a in quantitative yield.

In connection with our enzymatic approach to biologically significant compounds!), we became
interested in the enzymatic hydrolysis of the symmetric diester 5a with pig liver esterase to obtain the
corresponding chiral monoester. Thus, dimethyl ester 5a was treated with pig liver esterase6) in
0.05M pH 8.0 phosphate buffer containing 10% acetone at 30°C for 5 hr. Usual work-up afforded the
monoester as an almost quantitative yield. However, the product was not the expected monoester. The
1H-NMR spectrum showed the presence of a formyl group (6 9.36) and an olefinic proton (& 6.8)
which is characteristic to the § proton of the a,S-unsaturated carbonyl derivative. Based on H- and
13C-NMR spectra, the product was assigned as 6-formyl-2-methoxycarbonyl-bicyclo[3.1.0]hex-2-ene-
1-carboxylic acid 8a7). The enoic moiety was presumed to be o, -unsaturated carboxylic acid rather
than the isomeric unsaturated ester. The assignment of the regiochemistry was supported as follows;
8a was treated with p-TsOH in methanol at 0°C to convert the aldehyde into the dimethyl acetal, and
then the carboxyl group was selectively reduced and transformed to the acetoxymethyl derivative 9
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[(1) CICOzEt, Et3N / THF, 0°C; (2) NaBH4 / THF-H20, 0°C; (3) Ac20, Py / CH2Clg, r.t.]. In IH-NMR
spectrum, the olefinic proton appeared at § 5.6 in accordance with the structure 9.

The enantiomeric excess of 8a was determined to be 48% e.e. by 19F-NMR spectra after
converting to the (-)-MTPA ester derivative 10a [(1) CH2N2 / Et20, (2) NaBH4/ THF, (3) (-)-
MTPAC]I, pyridine / CCl4]. The assignment of the absolute configuration of 8 was tentaively made
based on the analogy of the enzymatic hydrolysis of the several related bicyclic diesters developed
during the synthesis of nucleoside derivatives8).
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This extremely facile rearrangement was very surprising, because we have already examined the
enzymatic hydrolysis of the oxa-analogue 11 which was successfully applied to the synthesis of
nucleoside antibiotic cordycepin8b). In this case, the monoacid 12 (80~85% e.e.) was isolated in
quantitative yield, and no rearrangement took place in pH 8.0 phosphate buffer (Scheme 3).
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We have also examined the diethyl and di-n-propyl esters, 5b and Sc, respectively. In the case of
5b, the rearranged product 8b was obtained quantitatively, and the enantiomeric excess was
determined to be 65% e.e. in a similar manner. However, the n-propyl ester S¢ was not a good
substrate for the enzyme, and after 6hr of incubation, the monoacid 8¢ (28% e.e.) was isolated in 37%
yield along with the recovery of the diester Sc¢ in 48% yield.

In these reactions, the formation of the rearranged diester could not be observed, and when
dimethyl ester Sa was stirred for 5 hr in the same buffer solution without pig liver esterase, the
starting diester was recovered quantitaively. These results clearly show that the rearranged product 8
is formed through the intermediary monocarboxylate 6 rather than the alternative sequence involving
the initial rearrangement of the diester, followed by the enzymatic hydrolysis of the ester group
attached to the olefinic carbon.

In separate experiments, the epoxy monoester 14 (racemic) was prepared from the monoester 13
[1.2 eq. MCPBA, 3.0 eq. NaHCO3, / CH3Clp, 0°C~r.t.]. During the oxidation, the resulting
monoepoxide underwent rearrangement to some extent, probably because of the presence of sodium
bicarbonate. However, the isolated epoxy acid 14 was found to be stable in neutral or slightly acidic
media at room temperature, and the rearrangement proceeded in refluxing ethyl acetate. On the other
hand, when 14 was allowed to stand in pH 8.0 phosphate buffer-10% acetone, the rearrangement took
place smoothly at room temperature to afford 8a in quantitative yield (Scheme 4).
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From these observations, we can conclude that the reactivity towards the rearrangement increases
in the order of the diester 5, monoacid 14, and the carboxylate 6, and depends upon the facility of the
localization of m-electron of the carbon-carbon double bond in such electron defficient systems. In
other words, the presumed carbocation generated from the carboxylate 6a might be most stable among
the three carbocations including those from the carboxylic acid 14 or the methyl ester 5a%). The
regiochemical course of this rearrangement can also be explained by the above discussion.
Furthermore, the stability of the monoacid 12 toward rearrangement might be due to the inductive
effect of the oxygen in the allylic position to the double bond which destabilizes the cationic
intermediate, the oxa-analogue of 7al0),

The present results have shown that the Meinwald-type rearrangement does occur smoothly even
in the electron defficient system if the substituents are properly chosen. It should be pointed out that
the formation of 8a was most easily accomplished in a basic media contrary to usual acid-caltalyzed
rearrangement.

We are currently carrying out the rearrangement of other electron defficient systems, and the
results will appear in due course.
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