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A Novel Ring-Opening Reaction. An Improved
Method for Reductive Succinoylation

Summary: In the presence of stannic chloride, 1,2-bis(tri-
methylsiloxy)-1-cyclobutene and a ketal undergo two suc-
cessive reactions, aldol and a new ring cleavage reaction, to
give an enol silyl ether of y-keto ester: the overall reaction

represents a new, single-pot reductive succinoylation meth-
od.

Sir: We recently reported a synthetic method for the con-
struction of five-membered ring 1 onto carbonyl groupings:
the reaction consists of treating pinacol 2 with protic acid to
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induce ring enlargement.! We have now found that certain
Lewis acids bring about a novel and quantitative cleavage of
the cyclobutanone ring of 2 to form 3. The primary purpose
of this communication is to show the synthetic utility of this
reaction, which constitutes a new approach to reductive suc-
cinoylation of a ketone function.!
1,2-Bis(trimethylsiloxy)-1-cyclobutene (4) undergoes
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Table 1. Reductive Succinoylation Method«

Ketal Product % yield?
0
>< 3/“\/\CO0Me 87
0
e SR
8
0
OMe
)Q< COOMe 92
OMe
0
o g e .
Me
0
;Jj;ﬁ [_J_;Lj)l\/\cooxwe 91
0
e
@ COOMe 68d
OMe

a Reactions (1.5—30 mmol) were carried out with a reac-
tant ratio: ketal/4/Sn_Cl =1:1:0.3~1. Reaction conditions
are essentially the same as those of the typical example.

b Yield of the pure isolated product. ¢ 1.24 equiv of 4 was
used. ¢ An appreciable amount of adamantanone was re-
covered.

aldol-type addition with ketals under the influence of BF;.
Et.0 to afford 2 in excellent yields,! yet in the presence of
some Lewis acids (AlICls, TiCly, SnCly, SbCls) 2 is reactive
enough to transform into 3. Subsequently, SnCl; proved
especially effectual, realizing both the initial aldol reaction
of 4 and the ring cleavage of 2 in a single step. For instance,
50 mol % of SnCly effected the reaction with cyclohexanone
diethyl acetal, affording pure 5 in 86% yield after distillation.

OSiMe3 OSiMe3
R OOR'
¢ COOEt
5 R=H,R'=Et 7
6 R=1-Bu,R=Me -

It is essential for the isolation of pure enol silyl ether to treat
the reaction mixture with triethylamine followed by hexane
(for dilution) before aqueous workup. Preparation of 6 and
7 was similarly accomplished in 84 and 80% yield, respec-
tively.2 The experimental procedure for 5 is illustrative. To
a solution of SnCly (0.3 mL, ~3 mmol) in 3 mL of methylene
chloride at =78 °C was added during 10 s a mixture of cyclo-
hexanone diethyl acetal (864 mg, 5.02 mmol) and 4 (1.163 g,
5.06 mmol) in 2 mL of methylene chloride. After 5 min, the
pale yellow solution was warmed to —40 °C and stirred for an
additional 10 min. Triethylamine (2.5 mL) and then 20 mL
of hexane were added. The organic layer was separated from
tarry material and washed successively with 1 N HCI, satu-
rated NaCl, saturated NaHCOj3, and finally with saturated
NaCl. The crude product (1.256 g) was distilled to give 1.215
g of silyl ether 5 (86%).3

Bifunctional compound 3 is a useful synthetic intermediate.
First, the enol silyl ether moiety can react with various elec-
trophiles. Hydrolysis is achieved simply by quenching the
reaction mixture with water. Distillation usually gives an
analytically pure product. Thus, the present reaction pro-



Communications

vides a simple, high-yield procedure for reductive succinoy-
lation of the ketone functionality, which has been performed
in lower yield through multiple steps.! In addition, the reac-
tion conditions are definitely milder than those required in
the former procedure. Results are summarized in Table 1.4
The potential of y-keto ester for further transformation is
notable: 1,4-diketone 9 was prepared in 67% overall yield

0

9 10

~—

(thiacetalization, OH~, MeLi, and CuCly/Cu0), and ester 10
was obtained by hydrogenolysis of the ketone function
(thioacetalization and W-2 Raney nickel) in 74% yield starting
from keto ester 8.

Carbon electrophiles also react with 3. Of two possible ap-
proaches, one involves specific activation of enol silyl ether
to form an enolate species without affecting the neighboring
ester group. Quaternary ammonium fluoride allowed such
reaction to occur.® Treatment of silyl ether 5 and furfural (1
equiv) with tetrabutylammonium fluoride® (30 mol %) at low
temperature gave pure aldol 11 in 69% yield after chromato-

o OH © OMe O
/ COO&t COOMe
Me
1 12

graphic purification. We were unable to detect any regioisomer
or lactone which might be formed by intramolecular O-acyl-
ation reaction of the enolate species.

Another methodology is to trap the enol silyl ether by a
Lewis acid activated carbonyl carbon.” On such occasions,
further reaction of 3 may be best carried out in situ. Thus, the
coupling of three components, 2-methylcyclohexanone, suc-
cinate moiety, and benzaldehyde acetal was quickly achieved
without isolating any intermediates. The isolated yield of 12
was 70%. Two procedures descrbed here represent new entries
to the conversion of C-O bonds of the carbonyl group to two
C-C bonds, namely, geminal alkylation.®

Regiospecific introduction of a heteroatom to 3 is also
possible.? Addition of phenylsulfenyl chloride!? to 5 prepared
in situ gave 13 in 78% yield (from acetal).

PhS COOQEt
O\(r

13

Comparison of 2 and 3 reveals that the ketone group of the
ring cleavage product is “masked”in 2, and thereby selective
functionalization with respect to the ester moiety of 3 at the
stage of 2 is envisioned. Actually, such a possibility has already
been demonstrated.! In light of these studies, the present
method proved versatile for preparing substituted v-keto
esters, as well as synthetic transformations centered on the
parent ketone group.

On the basis of a crossover experiment,!! we suggest here
that a complex 14, instead of hemiacetal 15 or diketone 1, di-
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14 15

rectly breaks down to silyl ether 3. The completely different
effect of proton! and Lewis acid on cyclobutanone 2 is re-
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markable, and probably indicates that cyclobutanone 2 be-
haves as a bidentate ligand of the Lewis acid as in 14.
Cyclopropylcarbinyl cation is known to undergo both a ring
enlargement and a ring cleavage reaction.!? Nonetheless, only
aring enlargement reaction has been recorded in the reactions
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of cyclobutylcarbiny! cation.!2 It is interesting to note that the
present reaction represents, at least in a formal sense, a ring-
opening reaction of cyclobutylcarbinyl cation. We are pres-
ently investigating the generality of the ring-cleavage reac-
tion.
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Thallium in Organic Synthesis. 49. Oxidative
Rearrangement of Chalcone Dimethyl Ketals to
Methyl 2,3-Diaryl-3-methoxypropanoates with
Thallium(III) Trinitrate in Trimethyl Orthoformate!

Summary: Treatment of chalcones (ArCH=CHCOAY’) with
thallium(III) trinitrate (TTN) in acidic methanol gives 3,3-
dimethoxy-1,2-diarylpropan-1-ones (2) by rearrangement of
the Ar group. However, prior conversion of chalcones to their
dimethyl ketals (which can be carried out in situ in trimethyl
orthoformate as solvent), followed by reaction with TTN,
yields methyl 2,3-diaryl-3-methoxypropanoates (6) by rear-
rangement of the Ar’ group.

Sir: During the past decade, thallium(III) trinitrate (TTN)



