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Abstract: Gallium chloride catalyzed acylation of alkynes was
studied to afford one of the most atom-economic and efficient meth-
odologies for the preparation of B-chlorovinyl ketones. In contrast
to the Friedel—Crafts acylation, only a catalytic amount of GaCl,
was needed to produce the target productsin high stereosel ectivity.
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In the past decade, gallium chloride (GaCls), for a long
time considered to be analogous to auminum chloride
(AICI5) but with alower reactivity, has beenrevealed to be
areagent used for generating organogallium compounds,
which can carbometal ate unactivated unsaturated bonds.*
Recently, Yamaguchi and co-workers reported many in-
teresting GaCl,-promoted reactions, such as the insertion
of Ga(lll) complexes into alkynes to produce vinylgalli-
ums as important synthetic intermediates.?

B-Chlorovinyl ketones are very useful intermediates
for the synthesis of a variety of compounds.® Although
B-chlorovinyl ketones are a class of simple com-
pounds, there are not many synthetic routes to these
compounds.®39 In the early 1970s, the Friedel—Crafts
addition of acid chloride-AlCl; complexes to acetylenes
leading to B-chlorovinyl ketones had been reported.* The
major products from the Friedel—Crafts addition, which
requires equimolar amounts of acid chloride-AlCl; com-
plex, have the chlorine and the carbonyl groups config-
ured in atrans relationship.*® Herein we wish to report a
GaCl;-catalyzed acylation of alkynes for the synthesis of
B-chlorovinyl ketones in which the major products con-
tain acis configuration.

As afirst attempt, we examined the reaction of hexanoyl
chloride (1a) with phenylacetylene (2a) using 0.1 equiva-
lent of GaCl; as catalyst and dichloromethane as solvent
at room temperature. 1-Chloro-1-phenyloct-1-en-3-one
(3a) was isolated in 25% yield together with 42% of re-
covered phenylacetylene. The stereochemistry of the
product 3a was established by 2D NOE experiment which
clearly showed an NOE effect between the aromatic pro-
tons and the vinyl proton. It was notable that we did not
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observe the trans isomer even in the 'H NMR spectra of
crude products, demonstrating that this reaction took a
different reaction route from the AICl;-promoted Friedel—
Crafts addition. Considering the moisture-sensitivity and
low turnover number (TON) of the catalyst GaCl,,®> we
tried the experiment under nitrogen atmosphere using 0.2
equivalent of GaCl;. To our delight, the reaction was com-
plete in two hours and compound 3a was obtained in 65%
yield (Scheme 1).

O

O . GaCly CsHyy Cl
C5H11_4 + Ph — J—
.t., CH,CI
cl rh St H  Ph
la 2a 3a
0.1 equiv GaCls: 3 h, 25%
0.2 equiv GaCls: 2 h, 65%
Scheme 1

Encouraged by thisresult, we turned our attention to other
acid chlorides and akynes (Table 1). However, we ob-
served that the trans isomers could be isolated in cases
when the acid chlorides used were sterically non-hindered
or aromatic acid chlorides (entries 611, Table 1). More-
over, to our surprise, in those cases prolonging the reac-
tion time also changed the cis/trans ratio (entries 12-16,
Table 1), indicating that this type of B-chlorovinyl ke-
tones was sensitive to cigtrans isomerization in the pres-
ence of GaCl,.*

Recently, Yadav et a. reported a stereoselective conden-
sation of phenylacetylene with benzaldehyde in the pres-
ence of galium trihalides but no mechanism was
proposed.” Y amaguchi et al. has also developed an inter-
esting GaCl;-promoted C2-olefination of aromatic hydro-
carbons with silylacetylene, in which a novel
organogallium intermediate was reported.2 Considering
the absence of B-silicon-stabilization to vinyl cation, we
suggested the possibility of aC1-vinyl cationintermediate
mechanism for the reaction (Scheme 2).

At first a GaCl;-complexed alkyne is formed, generating
avinyl cation intermediate A.2 The intermediate A is at-
tacked by achloride anion to afford vinylgallium interme-
diate B. The vinylgallium intermediate B reacts with acid
chloride to give 3. Due to the sensitivity to cigtrans
isomerization,* 3 may rearrange to give a mixture.
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Tablel Synthesisof 3-Chlorovinyl Ketones viathe GaCl ;-Cate-
lyzed Chloroacylation of Alkynes®6

. O
O 0.2 equiv GaCls 1
Rl—/< . R— R ¢
cl r.t., CH,Cl,
H R2
1 2 3
Entry R! R2 Time(h) Yield (%)®of 3

cis/transratio®

1 n-Pent Ph 2 3a(65)

2 n-Pent n-Pent 2 3b (61)

3 n-Pent n-Pent 2 3c (58)

4 n-Hex n-Pent 2 3d (62)

5 n-Hex Ph 2 3e (66)

6 Me n-Pent 25 3f (62) (50:50)

7 Etc n-Pent 25 3g(57) (69:31)

8 Etd n-Bu 25 3h (55) (55:45)

9 Ph BrCH,CH, 15 3i (52) (88:12)
10 Ph Ph 15 3j (61) (89:11)
11 p-Tol Ph 15 3k (62) (87:13)
12 Etd n-Pent 5 3g (55) (62:38)
13 Etc n-Bu 5 3h (59) (52:48)
14  Ph BrCH,CH, 5 3i (58) (83:17)
15  Ph Ph 5 3j (58) (82:18)
16  p-Tol Ph 5 3k (55) (84:16)

aAll reactionswere carried out using 1 (0.6 mmol), 2 (0.5 mmol) and
GaCl; (0.2 mmol) in CH,CI, (5 mL) at r.t.

b |solated product yield after chromatography.

¢ The cig/trans ratios of 3 were determined by NMR spectroscopy.

d Acid chloride (1 mmol) was used.
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Scheme 2

In summary, we have reported a simple and efficient pro-
tocol for the synthesis of B-chlorovinyl ketones. The catal-
ysis of GaCl; may produce organogallium intermediates,
which have received much less attention in organic syn-
thesis than organoaluminum compounds.® The activation

of unsaturated bonds by GaCl;, synthetic applications of
organogallium compounds, and the reaction mechanism
are being studied further in our laboratory.
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