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A key step in our recently reported total synthesis of
kallolide A (1.5) was the efficient conversion of propar-
gylic mesylate 1.1 to allenic ester 1.2 through Pd(0)-
catalyzed alkoxycarbonylation with net inversion of
configuration.1 That this initial product was formed
under kinetic control was demonstrated by its isomer-
ization to the diastereomer 1.3 with Ph3P. Butenolide
formation was effected by cleavage of 1.3 with TBAF and
treatment of the resulting acid 1.4 with catalytic AgNO3.

It was of interest to examine this chemistry in greater
detail as a possible route to nonracemic allenic acid
derivatives and butenolides. Initially, we looked into the
feasibility of preparing allenic amides 2.2 as potential
substrates for direct conversion to butenolides 2.3 in
order to bypass the relatively sensitive allenic acid
intermediates used in our previous sequence.1,2

Attempted amidocarbonylation of the racemic mesylate
3.1 with diethylamine, benzylamine, or p-fluorobenzyl-
amine in the presence of CO (1 atm) and catalytic
Pd(PPh3)4 (10 mol %) in THF at rt led to recovered
mesylate and decomposition products.3 No amide prod-
ucts could be detected. However, when the reaction was

conducted with arylamines, the allenic amides 3.2 and
the propargylic amines 3.3 were formed in high yield.
Increasing the pressure of CO led to an improvement

in the ratio of amide to amine product. Higher ratios
were also observed when the amine concentration was
decreased from 0.1 to 0.05 M. Not surprisingly, the
proportion of amine product 3.3 was found to be higher
with the more nucleophilic anilines and vice versa.

In the absence of CO, amines 4.2 were obtained from
the nonracemic mesylate 4.1a as the sole products of high
ee, as determined by chiral HPLC.4 The formation of
propargylic substitution products such as 4.2 from pro-
pargyl/allenyl palladium complexes has rarely been
observed.5

Treatment of mesylate 4.1a6 with aniline in the
absence of Pd(PPh3)4 afforded the propargylamine 5.1 of
opposite rotation to that of amine 4.2a secured in the
Pd(0) reaction. It can therefore be surmised that the
Pd(0)-catalyzed aminations proceed with retention of
configuration.7 In view of the ready availability of
nonracemic propargylic alcohols,6,8 the enantiodivergent
preparation of propargylic amines of high ee from a single
precursor holds significant synthetic potential.
Cyclization of the allenic carboxamide 3.2cwas effected

with IBr.9 However, subsequent hydrolysis of the result-
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ing imino lactone 6.2 could not be effected. The sole
isolable product was the interesting, but undesired,
aminofuran 6.4. The p-chloroanilide 3.2d showed analo-
gous behavior.

Accordingly, we turned our attention to the allenoate
7.1a, obtained from mesylate 4.1a by Pd(0)-catalyzed
carbonylation in the presence of â-TMS ethyl alcohol, as
a possible butenolide precursor.10 Treatment with IBr
led smoothly to the iodo lactone 7.3a11 which afforded
butenolide 7.4a in 70% yield (two steps) upon Pd(0)-
catalyzed hydrogenolysis.12 The alkoxycarbonylation of
mesylate 4.1a was effected with 5 mol % of the Pd
catalyst. The use of 10 mol % led to partially racemized
allenoate 7.1a as evidenced by the optical rotation and
chiral HPLC analysis.13 The analogous carbonylations
of propargylic mesylates 4.1b and 4.1cwere effected with
less than 1 mol % of catalyst.
Benzyl alcohol could also be employed in the alkoxy-

carbonylation sequence as illustrated by the formation
of allenoates 7.2b and 7.2c frommesylates 4.1b and 4.1c.
Hydrogenolysis of iodobutenolide 7.3a to 7.4a was

effected with Bu3SnH and catalytic Pd(PPh3)4. An inde-

pendent synthesis, as outlined in eq 8, afforded buteno-
lide ent-7.4a of opposite rotation to that of 7.4a.14 Thus
the Pd(0)-catalyzed carboxylation must proceed with
inverson of configuration.15 The stereochemistry of al-
lenoates 7.1b and 7.2b is assigned by analogy.

It is expected that these findings will be applicable to
the syntheses of a wide range of nonracemic propargylic
amines, allenic amides, and butenolides. Additional
efforts in that direction will be reported in due course.
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