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Bis-Esters From Maleic Anhydrides Under Neutral Conditions:
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Abstract: Trimethylsilyldiazomethane converts maleic anhydride derivatives in alcoholic THF to bis-
esters. The highly acid and base sensitive natural product comexistin was converted to its bis-methyl
ester in 70-75% yield and to the mixed benzyl/methyl ester in 61% yield. The mixed ester can be
converted back to comexistin via transfer hydrogenation.

During the course of a structure-activity relationship study, we desired to protect the maleic anhydride
of the herbicidally active natural product cornexistin! 1 as its bis-methyl ester 2. The standard literature
methods for converting anhydrides to bis-esters failed when applied to 1. For example, heating 1 in ethanol
for 2 hr with a catalytic amount of sulfuric acid? resulted in retro-aldol cleavage to form lactone § as the
major product. 34 We also observed retro-aldol cleavage under basic conditions; thus, we required a set of
neutral reaction conditions to achieve our desired transformation.

4aR!=Me,R2=H
bR!=H, R2=Me

In contrast to other cyclic anhydrides, such as maleic anhydride,5 cornexistin equilibrates under
neutral conditions to a thermodynamic mixture of products which favors the anhydride. For example, we
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observed a 3:1:1 ratio of 1/4a/4b at equilibrium in excess CD30D.é This mixture reverted back completely
to 1 upon evaporation of solvent. This precluded the use of reagents such as diazomethane where the
intermediate bis-carboxylic acids or mono-methyl ester/mono-carboxylic acids such as 3 and 4a/4b are
generally isolated.” A

Because of the equilibrium phenomena, we sought an ir situ esterification procedure.
Trimethylsilyldiazomethane was a most attractive reagent owing to its commercial availability and its
compatibility with methanol.8 Thus, dissolving comexistin in a 50% methanolic THF solution followed by
addition of an excess of trimethylsilyldiazomethane (TMSCHNj) afforded after 30 minutes complete
conversion to a single product by HPLC. After acetic acid quench, aqueous workup and chromatography,
the bis-methyl ester 2 was isolated in 70-75% yield.? A brief investigation of these conditions with some
readily available maleic anhydride derivatives 6-8 showed that these conditions can be used for other maleic
anhydrides (eq. 1, Table 1). The simplest example, maleic anhydride, gave a complex mixture of products
which appear to arise from 1,3-dipolar addition of the reagent to the olefin bond.

Table 1. Bis-methyl Esters from Maleic Anhydrides

R‘

o TMSCHN, Rl
M
R2 _</:I a2 _2— COzMe )
o MeOH COoMe
6 Rl=R2=H 9 RI=R2=H
7 Rl =R2=(CHy)} 10 R =R2=(CHy)\
8 R1=H, R2=Br 11 R1=H R2=Br
" : o
1 1 2a 0.5 70-75
2 6 9 12 <103
3 7 10 12 96
4 8 11 12 69
2 complex mixture of products

Unfortunately, we were unable to reconvert bis-methyl ester 2 to the anhydride because retro-aldol
cleavage occurs under the harsh conditions required to cleave the methyl esters. However, the mono-benzyl
mono-methyl mixed bis-esters 12a/12b (prepared in a 1.5:1 ratio by employing benzyl alcohol as the
cosolvent in place of methanol in the trimethylsilyldiazomethane procedure)!9 can be cleanly debenzylated
to 4a/4b by phase-transfer hydrogenation!! without any reduction of the exocyclic ethylidene or retro-aldol
cleavage (eq 2). Comnexistin 1 is recovered as the sole product upon mild acidic workup.!2 Thus, a formal
protecting sequence for the anhydride of cornexistin which is compatible with the molecule's sensitive
functionality has been demonstrated.
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TMSCHN,
BnOH
CO,R! 7))
o

PA/C COzR?

Ce¢H|2

EtOH

1 12a R! =Bn, R2=Me

b Rl =Me, R2=Bn
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Conversion of 12a/12b te 1. To a solution of 12a/12b (10.0 mg) in EtOH (3 mL) was added
cyclohexene (0.1 mL) and Pd/C (Aldrich; 10% Pd/C, 5 mg) and heated to reflux for 1 hour. Analysis
by HPLC revealed the presence of only benzene and cornexistin 1. The reaction was cooled and
filtered through 1 g activated carbon and 1 g celite (washed with 5 mL EtOH and 5 mL 1 N HCI).
The filtrate was concentrated in vacuo to give 5.1 mg cornexistin 1 (68% yield) which was pure by
1H NMR.
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