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ABSTRACT

Lithium enolates of ketones and aldehydes undergo carbonylation with carbon monoxide with the aid of selenium under mild conditions to
yield â-keto and â-formyl selenol esters after trapping with alkyl iodides. This reaction proceeds via a unique carbonylation mechanism
comprised of O-carbonylation and subsequent migration of the SeCO moiety to the r-carbon.

1,3-Dioxoalkane units such as in 1,3-diketones,â-keto esters,
and malonates are frequently encountered frameworks of
organic molecules as versatile and important functionalities
in synthetic chemistry. A simple and promising access to
these compounds is carbonylation of carbonyl compounds
with CO at theirR-carbons.1 As an attractive approach for
this transformation, some successful examples of carbony-
lation of transition metal enolates have been reported using
R-halo carbonyl compounds as the substrates. For example,
dialkyl malonate synthesis by cobalt(II)-catalyzed carbony-
lation of alkyl haloacetates has been well studied and applied
to industrial production.2,3 â-Keto esters have been prepared
by Co(II)-2f and Pd(II)-catalyzed4,5 carbonylation ofR-halo-

ketones.6 However, introduction of CO into non-transition
metal enolates has never been attained.

We already disclosed that benzylic and allylic organo-
lithium compounds underwent carbonylation with CO with
the aid of Se, yielding selenol esters after trapping with alkyl
halides.7 This successful result prompted us to examine the
reaction of CO with lithium enolates, which can easily be
generated from parent carbonyl compounds without halogen
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substituents. Here we describe the first example of carbo-
nylation of lithium enolates of ketones and aldehydes with
CO mediated by Se, giving rise to 1,3-dioxoalkanes.8 We
also propose here that this reaction proceeds via a unique
pathway comprised of O-carbonylation and subsequent
migration of the SeCO moiety to theR-carbon.

Propiophenone (1a, 2.0 mmol) was added to a black THF
suspension of Se (2.4 mmol) and LHMDS (2.4 mmol) at
-78 °C under Ar. The mixture was warmed to-23 °C, and
then Ar was replaced with CO (1 atm). Within 2 h, a
stoichiometric amount of CO was absorbed, and addition of
MeI followed by the usual workup gaveâ-keto selenol ester
2a in 76% yield (eq 1).9 The yields of2a were not affected
by coexistence of additives such as HMPA and DMPU.10

The use of S in place of Se under the same conditions did
not afford the correspondingâ-keto thiol ester at all.

The results obtained using several other lithium enolates
of ketones are given in Table 1. Symmetric and asymmetric
ketones having a secondary alkyl group(s) such as isobuty-
rophenone (1b) and 2,4-dimethyl-3-pentanone (1c) can
efficiently be carbonylated to give the corresponding selenol
esters2b,c in high yields (runs 1, 2). 3-Pentanone (1d) gave
2d only in 15% yield under similar conditions; however, the
yield was improved up to 50% by using 2 equiv of LHMDS
(run 3). Similarly, an enolate of cyclohexanone (1e) under-
went carbonylation, giving2e in 41% yield as its enol form
(run 4). Carbonylation of a lithium enolate of acetophenone,
however, resulted in the recovery (80%) of the ketone.11

We then investigated the selenium-mediated carbonylation
of aldehydes (Table 2). Lithium enolate3a of cyclohexan-

ecarboxaldehyde, prepared from the corresponding trimeth-
ylsilyl enol ether and MeLi at 20°C, was allowed to react
with Se at-23 °C in the presence of HMPA for 30 min and
then with CO (1 atm) at-23 °C for 60 min. Surprisingly,
selenocarbonate5awas obtained in 64% yield after trapping
with MeI at -23 °C in addition to 16% ofâ-formyl selenol
ester4a (run 1). A similar result was obtained when the
reaction was performed at-45°C, though prolonged reaction
time was needed (run 2). On the contrary, only4a was
obtained when the reaction was carried out at 0 or 20°C
(runs 3, 4). Similarly, carbonylation of enolate3b of
isobutylaldehyde afforded a mixture of4b and 5b at -23
°C, while the reaction at 0°C gave4b exclusively (runs 5,
6).
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Table 1. Carbonylation of Lithium Enolates of Ketonesa

a Reactions were carried out under the same conditions shown in the
text unless otherwise specified.b Yield of isolated product.c LHMDS (4.0
mmol) was used.d Lithium enolate of ketone1f was generated by the
reaction of the corresponding trimethylsilyl enol ether with MeLi at 20°C.

Table 2. Carbonylation of Lithium Enolates of Aldehydesa

a Conditions: 3 (2.0 mmol), Se (2.4 mmol, HMPA (6 mmol), 30 min;
CO (1 atm), time as indicated above; RI (4.0 mmol), 10 min. For generation
of lithium enolates, see Table 1 footnote d.b Reaction temperature was
maintained throughout the reaction.c Carbonylation time.d Yields of isolated
products.
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To probe the reaction mechanism, the following control
experiments were performed. First, carbonylation of3a was
carried out under conditions identical to those in run 1 in
Table 2 (at-23 °C for 60 min). The reaction system was
then evacuated to remove CO at-78 °C and filled with Ar,
and the reaction mixture was warmed to 20°C. This
experiment yielded4a in 86% yield without5aafter trapping
with MeI. Second, when the reaction of lithium enolate of
cyclohexyl methyl ketone1f was carried out at-23 °C
starting from the corresponding trimethylsiloxyethylidenecy-
clohexane, only2f was obtained in 63% yield (run 5 in Table
1). From these results and the fact that isolated5a did not
rearrange to4a under the present reaction conditions, we
propose reaction pathways as shown in Scheme 1. Reaction
of enolates6 with Se affords selenolates7, which then react
with CO to give lithium selenocarbonates9 as an initial
carbonylation intermediate, probably via formal rearrange-
ment of8. There is still a question of whether the rearrange-
ment8 f 9 proceeds in a concerted mechanism via [2,3]-
sigmatropic rearrangement or stepwise with elimination of
carbonyl selenide (SeCO) followed by nucleophilic attack
of enolate oxygen at the central carbon of SeCO. In the cases
of enolates of aldehydes, selenocarbonates5 are obtained at

-23°C or below by alkylation of9, while 9 undergoes [1,3]-
rearrangement12 at 0°C or above to lithium selenocarboxy-
lates10, giving â-formyl selenol esters4. However, none
of the O-carbonylation products were obtained from enolates
of ketones even at-23 °C. These results suggest that
rearrangement from9 to 10 is rapid when R1 * H, probably
due to steric repulsion between R1 and the OC(O)SeLi
moiety.

In summary, the present study disclosed that carbonylation
of lithium enolates of ketones and aldehydes with CO
proceeded under mild conditions in the presence of Se. A
unique carbonylation mechanism involving selenocarbonate
intermediates has been suggested on the basis of control
experiments. In addition, since selenol esters are of potent
synthetic importance as versatile intermediates in organic
chemistry, the present reaction should attract much attention
as a convenient method for the synthesis ofâ-keto and
â-formyl selenol esters.13
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Scheme 1. Plausible Reaction Pathways
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