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A CONVENIENT STEREQSPECIFIC SYNTHESIS OF o,B8-UNSATURATED CARBOXYLIC ESTERS
VIA THE PALLADIUM-CATALYZED CARBONYLATION OF 1-ALKENYLBORANES

Norio MIYAURA and Akira SUZUKI™
Faculty of Engineering, Hokkaido University, Sapporo 060

1-Alkenylboranes readily prepared by the hydroboration of alkynes react smoothly
with carbon monoxide in the presence of palladium chloride and sodium acetate in methanol
to give the corresponding o,B-unsaturated carboxylic esters with retention of configuration
with respect to alkenylboranes in good yields.

a,B-Unsaturated carboxylic ester synthesis from alkynes, carbon monoxide and alcohols with the
aid of transition metal catalysts is important in industrial or laboratory applications. The
alkynes are mainly hydrocarboxy]ated] in accordance with the Markownikoff rule. In our continuing
studies on the organic synthesis using organoboranes, we have now discovered that 1-alkenylboranes
readily react with carbon monoxide in the presence of palladium chloride and sodium acetate in
methanol to give a,B-unsaturated carboxylic esters in good yields (eq. 1). The reaction provides a
new regio- and stereoselective anti-Markownikoff hydrocarboxylation of alkynes via hydroboration.
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In 1975 Heck2 reported that 1-hexenylboronic acid reacts smoothly with methyl acrylate in the
presence of stoichiometric amounts of palladium acetate to give the corresponding methyl 2,4-nona-
dienoate. Recently, we reported on the palladium-catalyzed cross-coupling reaction between 1-alken-
ylboranes and organic halides such as a]keny1,3 a]kyny1,3 ary],4 a]]ylic,s and benzyh‘c5 halides.
These reactions are believed to involve a stereospecific conversion of alkenylboranes to alkenyl-
palladium compounds. Such alkenylpalladiums may be expected to react with carbon monoxide in alco-
holic solution to produce a,B-unsaturated esters. Accordingly, (E)-1-hexenyl-1,3,2-benzodioxaborole
prepared from 1-hexyne and catecholborane was treated with carbon monoxide under atmospheric
pressure and an equimolar amount of palladium chloride at room temperature. Although the brown
color of palladium chloride almost immediately changed to yellow, the formation of the desired
methyl 2-heptenoate was not observed during the reaction over 5 h. Addition of sodium acetate to
the above reaction mixture resulted in rapid precipitation of palladium black. When sodium acetate
(1.5 equiv) was added, methyl (E)-2-heptenoate was obtained in a yield of 67% within 10 min at room
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temperature.

Next, we triedan examination to see whether the reaction could be carried out in the presence of a
catalytic amount of palladium(II) salts and reoxidants. It was found that the reaction proceeds
smoothly by employing palladium chloride as a catalyst and E_-benzoquinone6 as a reoxidant.

Simplicity and efficiency of the present reaction are demonstrated by the following typical
procedure: A dry 100 ml-flask was charged with PdC]2 (8.86 mg, 0.05 mmol), sodium acetate (0.615¢,
7.5 mmol), p-benzoquinone (0.81 g, 7.5 mmol), and lithium chloride (2.1 g, 50 mmo1). Then the
flask was flushed with carbon monoxide. To the mixture were added anhydrous methanol (25 m1) and
(E)-]-hexeny]-],3,2-benzodioxaboro1e7 (1.01 g, 5 mmol), and then the solution was stirred for 2 h
at room temperature under atmospheric pressure of carbon monoxide. After the reaction was com-
pleted, the mixture was poured into 200 ml of water, extracted with ether, washed with a 10%Na2003
aqueous solution, and finally dried over magnesium sulfate. The organic layer thus obtained was
analyzed by glpc (15% SE-30 on Uniport B), revealing the formation of methyl (E)-2-heptenoate
(4.6 mmo1, 92): n3* 1.4372 (1it.% n33 1.4393); ' NMR (90 MHz, CCT,, THS), 6, 0.93 (t, 3H),
1.2-1.6 (m, 4H), 2.0-2.4 (m, 2H), 3.69 (s, 3H), 2.76 (d, 1H, J=16 Hz), and 6.90 (dt, 1H, J=7 and 16
Hz); IR (neat), 1730 and 1665 cm.”)

Instead of l-alkenyl—l,3,2-benzodi0xaboro1es,7 when 1-a]keny]disiamy]boranes7 formed by the
hydroboration of alkynes with disiamylborane were used, the reaction failed to afford the expected
esters under the same conditions described above. However, it was found that this difficulty was
overcome by the oxidation of two siamyl groups with trimethylamine 0x1'de9 before the carbomethoxy-
lation. Thus, the hydroboration of 1-octyne with disiamylborane, oxidation with two equivalents of
trimethylamine oxide at 50 °C for 1 h followed by carbonylation in methanol gave a 73% yield of
methyl (E)-2-nonenocate (eq. 2). Similarly, by applying the same sequence of reaction to (Z)-1-
hexeny]dis1'amy]b01r‘ane,]0 methyl (Z)-2-heptenoate was obtained stereoselectively in a yield of 42%

(eg. 3).
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The representative results are summarized in Table 1. The present reaction provides a fairly
general synthetic method of o,B-unsaturated esters. One of the most remarkable features is the
high stereoselectivity of the carbonylation step. Although the reaction mechanism has not been
clarified, the reaction may proceed most probably via transmetallation from alkenylboranes to
alkenylpalladium salts followed by insertion of carbon monoxide into alkenyl-palladium bond. The
results indicate that the transmetallation from boron to palladium salts occurs with retention of

configuration with respect to alkenylboranes.



Chemistry Letters, 1981 881

There have been some published procedures on similar conversions by means of alkenyl-
mercuria]s]] and s1'11'ca1tes.]2 The hydroboration reaction has made the organoboranes readily avai-
labTe. Such organoboranes are truly remarkable reagents, possibly the most versatile for
organic syntheses. The present reaction provides a new transformation of organoboranes involving
the conversion of boron-carbon bonds to carbon-carbon bonds. In addition to the usual preparation
of alkenylboranes by hydroboration of alkynes, alkenylboranes have been recently produced by other
methods including the base induced transfer reaction of alkyl group from a-ha]oviny]boranes]3 and
the reaction of 1lithium 1-alkynylorganoborates with e]ectrophi]es.]3 Currently we are exploring

the scope of the reaction with such a wide variety of alkenylboranes.

)

Table 1. Carbomethoxylation of A]keny]boranesa

R! R3 R! r3
~ Ve . . \ Ve
Alkenylborane, ,,C=C PdC1 Temp. Time Yield of c=C
2 N 2 27 N
R BY, R COOMe
R! R R3 Yzb) (mole %)  (°C) (h) (%)e)
Butyl H H BDOB 1 r.t. 2 92
H Butyl H (sia), 3 0 2 12¢)
Hexy1 H H BDOB 1 50 2 93
Hexy HooH o (Sa), 3 r.t. 2 73¢)
Ethyl H Ethyl BDOB 1 50 2 95
Butyl H MejSi-  BDOB 1 50 2 87
HC=C-(CH,),-  H H BDOB 1 r.t. 2 66
Pheny] H H BDOB 1 50 2 70

BY
Y-B/\/\/\/\/ 2 BpoB 3 r.t. 4 gad)f)
@— BY, (0H), 1 r.t. 2 1M

a) The reaction was carried out in methanol using NaOAc (7.5 mmol), p-benzoquinone (7.5 mmol), and

LiC1 (50 mmol). b) Sia=Siamyl and BDOB=1,3,2-benzodioxaborole. c) Two siamyl groups were oxidized
with two equivalents of trimethylamine oxide at 50° C for 1 h before the carbomethoxylation. d) The
yield of diester. e) By glcp based on the alkenylborane used. The stereoisomeric purity in each

case was determined by glcp, ]H NMR (Jtrans=]6 Hz) and IR, indicating > 99%. f) Dimethyl 1,7-octa-

diene-1,8-dicarboxylate.
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