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New Electrochemical Carboxylation of Vinyl Triflates.
Synthesis of B-Keto Carboxylic Acids
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Abstract: Electrochemical reduction of alicyclic viny] triflates (1a-1e) in a DMF solution containing 0.1
M Bu,NBF, under an atmospheric pressure of catbon dioxide with a platinum cathode and a magnesivm

anode resulted in the cleavage of an oxyvgen-sulfur bond of 1 to give the mn'mnmylm_u A-keto carboxvlic
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acids (2a-2e) in yields of 28-77%. © 1998 Elsevier Science Ltd. All rights reserved.

It has been reported by Silvestri? and Perichon® that electrochemical carboxylation of organic halides or
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allenic acids,® and 3-methylene-4-pentenoic acid’ by the electrochemical carboxylation of y-substituted allylic
halides, substituted propargylic halides, and 2-bromomethyl-1,4-dibromo-2-butene, respectively, using a
magnesium anode. We also reported the efficient electrochemical carboxylation of phenyl-substituted vinyl
bromides to give the corresponding o,B-unsaturated carboxylic acids.® We also found that electrochemical
carboxylation of alkyl-substituted vinyl bromides occurred in high yields to give the corresponding a,B-
unsaturated carboxvylic acids when the electrochemical carboxylation was carried out in the presence of 20 mol%

of NiBr,*bpy complex.” On the other hand, quite recently, Jutand reported similar electrochemical synthesis of
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B-keto carboxylic acids.

The trifluoromethanesulfonate group is well known to be an excellent leaving group and, hence, a
cleavage of the vinyl carbon-oxygen bond occurs in usual chemical reactions of vinyl triflates. Thus, vinyl
triflates have been used as precursors of vinyl cations in various synthetic transformations.'* On the other hand,
the present electrochemical carboxylation of vinyl triflates is very unique since a cleavage of the oxygen-sulfur
bond can take place to generate the corresponding enolates as an intermediate.

Vinyl triflates 1 were readily prepared in 73-98% yields from the corresponding ketones by their reactions
[EUECIRPULY. SpRUUURUNPY SNV 7SRNG Sy SO | 2 tha ~ragaman af 9 &_dif hitul A motholnuridine 12 A 4.1 mivtars af
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two isomeric vinyl triflates (1e and lf) was obtained in the reaction of B-tetralone.
Electrochemical carboxylation of vinyl triflates 1 (6 mmol) in a DMF solution containing (0.1M Bu,NBF,
(15 ml) under an atmospheric pressure of carbon dioxide gave the corresponding B-keto carboxylic acids 2 in
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compartment cell equipped with a platinum plate cathode (2x3 cm®) and a magnesium rod anode (3 mmé).
g i M Tortoie e weend Al B ceiiion cmcinomed I dhoon mcebmo o lodiacie TTaszoal omdd dede Y U I
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electrolyzed mixture gave B-keto carboxylic acids 2. The yields of products 2a-2 summarized in Table 1
' Pt Mg 2 % COH
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a) Vinylic tnﬂatc (1a-1f)(6 mmoi) in 0.1M BuyNBF,-DMF (15 mi) was electroiyzed
at 10 mA/cm” under an atmospheric carbon dioxide with a platinum cathode and a

magnesium anode. Electricity passed was 3 Farad vy pe} mol of 1.
b) Isolated yields. Yields based on reacted viny! triflates are shown 1

-

Naone of B-keto carboxylic acid arising from 1f was obtained in the electrochemical carboxylation of a mixture of
aR

almost recovered unreacted. This result shows that phenyl-substituted vinyl
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The use of a magnesium anode and the presence of reduced species of carbon dioxide are necessary for

o r
mdmvulm of vinvl triflatee Flectrachemical mrl-\nvv lation of 1a b

efficient carbox vinyl triflateg, Flectroche: tion y the use of a platinum cathode
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and a platinum anode did not give B-keto acid 2a. Even in the presence of clectrogenerated magnesium

bromide, * electrochemical carboxylation of 1a with a platinum cathode and anode also gave no 2a. Therefore,
the present electrochemical carboxylation of vinyl trifiates giving B-keto carboxylic acids can be achieved only
when a reduction of carbon dioxide followed by a fragmentation of vinyl triflates and the formation of
magnesium ion by dissolution of a magnesium anode take place at the same time and in the same compartment.®
It was also confirmed that no reduction of 1a and no cleavage of the oxygen-sulfur bond occurred when the
electrochemical reduction of 1a was carried out in the absence of carbon dioxide with a platinum cathode and a
magnesium anode. In these electrolyses, the starting vinyl triflate 1a was almost recovered. Cyclic voltammetry
of 1a showed no reduction peak at > -2.9 V vs Ag/Ag". On the other hand, the reduction peak potential of
carbon dioxide in DMF containing 0.1 M Bu,NBF, is -2.6 V vs Ag/Ag’. Carbon dioxide is more readily
reduced than vinyl triflate 1a. The probable reaction pathways of the present electrochemical carboxylation are
shown in Scheme 2. A one-electron reduction of carbon dioxide generates an anion radical of CQO,, which
induces the cleavage of an oxygen-sulfur bond of 1 by a nucleophilic attack at sulfur or by an electron transfer
reaction.’* An enolate A thus generated is trapped by atmospheric carbon dioxide to give B-keto carboxylate jon
(B). At the anode, on the other hand, a dissolution of magnesium metal takes place to give magnesium ions.
The magnesium ion readily captures B-keto carboxylate (B) to give the stable magnesium carboxylate C or

Acid treatment of C or D gives B-keto carboxylic acid 2. The exact mechanism of the step in which an enolate A
A, | & P = ~Tls __._¢_-. Py . DS RS E g .
is formed is unciear at the present siage. However, a study of L.yuu. voltammelry Snowcd inatl tne reauction

current of carbon dioxide was considerably enhanced by the addition of 1a to a DMF solution containing carbon
dioxide (Fig. 1). This result suggests that an anion radical of carbon dioxide actually induces the cleavage of an
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oxygen-sulfur bond of 1 to give A.'* A detailed study on the reaction mechanism of the present electrochemical

carhoxvlation is now in progress.
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Fig. 1. Cyclic voltammograms of CQ, and 1a in 0.1M BuyNBF4-DMF (Au disc electrode

(1.6 mm¢); scan rate=0.1 Vs’
a) 0.1 M Bu,NBF,-DMF; b) C0,; ¢) CO, + 89 mM 1a
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Mdgnc.sxum bromide, which is soluble in a DMF %xuuon, {an o prepar red by

dibromoethane with a platinum cathode and a magnesium anode.
Magnesium ions gcncratcd by dissolution of 2 magnesium anode might play an important role in the
clcavagc of an oxygcn-sulfur bond of 1, since the electrolysis of 1a using a platinum cathode and anode

P goyua nna Ya and “ a was n]mr\nf racnyered

m Lllt. pn,scuu: Ul U, gdave o ba, alil 1a wad aiiliudt IvlLuyuivu,.

Pt b
MRS WXL

[U—
(¥

Pt
>



