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Abstract: (Trimethylsilyl)ethynyl bromide can be easily trans-
formed into conjugated (E)-enynones, whose skeleton consists of
consecutive carbonyl, ethynyl, and (E)-ethenyl units, via a one-pot
multicomponent Suzuki-type reaction/Sonogashira reaction se-
quence. Thus, a three-component coupling of (trimethyl-
silyl)ethynyl bromide, (E)-alk-1-enyldisiamylborane and acid
chloride is achieved in a two-step, one-pot procedure, in which
(E)-alk-1-enyl group is installed as nucleophile in the sp carbon
atom attached to bromine atom and acyl group is installed as
electrophile in the other sp carbon atom.
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Conjugated ynones have found a wide range of applica-
tions as intermediates in the synthesis of natural prod-
ucts' and heterocycles®, as well as substrates in organic
synthesis through organometallic compounds.3 A great
number of methods have been reported for their prepara-
tion, and the methodology can be divided into three
categories: (1) the palladium and/or copper-catalyzed
coupling reaction of terminal alkynes with acid chlorides
(Sonogashira reaction)®, (2) the cross-coupling reaction
between alkynyl organometallic reagents and acid chlo-
rides,”" and (3) the palladium and/or copper-catalyzed
carbonylative coupling reaction of terminal alkynes with
aryl hahides (carbonylative Sonogashira reaction).'®
Each of them has a characteristic feature. The cross-
coupling reaction using alkynyl organometallic reagents

can proceed well without employing any base which
may give rise to undesired side reaction with acid chlo-
ride. Carbonylative Sonogashira coupling reaction can
be performed even in protic solvent or ionic liquid. Thus
it is possible to make a choice among many methods
according to circumstances.

On the other hand, conjugated enynones, in which the sp
carbon atom of conjugated ynone connects with an al-
kenyl carbon atom, also play key roles in the synthesis of
natural products'’ and [2 + 2]-photocycloadducts.'
However, the method for preparing such conjugated
enynones is rare,' and there are no reports, to our
knowledge, on synthesizing conjugated enynones with
definite geometry. As part of our ongoing research aimed
at assembling -extended conjugation,”® we herein report
one-pot synthesis of conjugated (E)-enynones, (E)-1-
arylalk-4-en-2-yn-1-ones 3, under mild reaction condi-
tions. Based on the copper-catalyzed cross-coupling
reaction of (E)-alk-1-enyldisiamylboranes 1 with
(trimethylsilyl)ethynyl bromide leading to the formation
of terminal conjugated (E)-enynes 2 (Suzuki-type reac-
tion),”’ we envisioned that the desired compounds 3
could be obtained by reaction of compounds 2 with aroyl
chlorides (Sonogashira reaction) in a two-step, one-pot
manner as illustrated in Scheme 1. Therefore, the main
challenge in this one-pot reaction was to investigate the
reaction conditions for the Sonogashira reaction.

Cu(acac),/IM NaOMe _ Pg/Base ?
ZBH Me;SiC=CBr —R R?cCOcCI chi
— L > -
1 R? 2 R 3 R?

Scheme 1 The proposed two-step, three-component coupling process

Optimization of the reaction conditions was explored
using (E)-dec-3-en-1-yne (2a) and benzoyl chloride as
model substrates. Thus, the cross-coupling reaction of
(E)-oct-1-enyldisiamylborane (1la) (1 mmol) with
(trimethylsilyl)ethynyl bromide (0.67 mmol) was car-
ried out in the presence of Cu(acac), (0.05 mmol) and 1
M NaOMe (0.75 mmol) at —15 °C to room temperature
overnight to generate compound 2a (ca. 0.5 mmol).”
After removal of methanol under reduced }Z)ressure, the
reaction with benzoyl chloride (1 mmol) 3 was con-
ducted in the presence of palladium source, ligand, and
Et;N (1 mmol)24 in anhydrous THF at room temperature
for 2 h. Addition of Cul was unnecessary because
Cu(acac), had already been used for the cross-coupling
reaction of 1a with (trimethylsilyl)ethynyl bromide. The
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results are summarized in Table 1. Use of PdCl,(PPhs),
(2 mol% relative to compound 2a) as a palladium
source gave the desired product, (E)-1-phenylundec-4-
en-2-yn-1-one (3aa), albeit in moderate yield (Table 1,
entry 1). When Pd(PPh;), (2 mol%) was used in place
of PdCl,(PPh;),, the yield of product 3aa improved
considerably (Table 1, entry 2). Ligand-free palladium
sources, such as PdCl,, Pd(OAc),, and Pd,(dba);-CHCls;,
did not lead to any desired product at all (Table 1, en-
tries 3-5). But, by contrast, palladium source in combi-
nation of PPh; (4 mol%) led to high yields of product
3aa (Table 1, entries 6-8), indicating that phosphine
ligand is crucial to the success of this coupling reaction.
For our further studies, Pd(OAc), is preferable to PdCl,
and Pd,(dba);-CHCI; in terms of the yield and cost.
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Among phosphine ligands screened, PPh; proved to be
the best ligand (Table 1, entry 8).” Reducing the load-

ing of Pd(OAc),/PPh; showed a decreasing tendency in
the yield of product 3aa (Table 1, entry 11).

Table 1 Effect of Pd sources and ligands on the cross-coupling with benzoyl chloride®

Cu(acac),/1M NaOMe S Pd/Et3N I
B Me;SIC=CBr T PhCOCI PhC—==
- -15°Ctor.t. r.t. —
la CgHi3-n 2a CeHizn 3aa CeHizn
Entry Pd source (mmol) Ligand (mmol) Yield of 3aa (%)b

1 PdCl,(PPhs), 0.01 47
2 Pd(PPhs), 0.01 — — 70
3 PdCl, 0.01 e —_— 0
4 Pd,(dba); CHCL; 0.005 e e 0
5 Pd(OAc), 0.01 — — 0
6 PdCl, 0.01 PPh; 0.02 80
7 Pdy(dba);-CHCI; 0.005 PPh; 0.02 86
8 Pd(OAc), 0.01 PPh; 0.02 86
9 Pd(OAc), 0.01 (2-furyl)sP 0.02 82
10 Pd(OAc), 0.01 (4-MeOPh);P 0.02 78
11 Pd(OAc), 0.005 PPh; 0.01 84

* Reagents and conditions: (1) 1a (1 mmol), Me;SiC=CBr (0.67 mmol), Cu(acac), (0.05 mmol), 1M NaOMe (0.75 mmol), —15 °C to r.t., over-

night; (2) C¢HsCOCI (1 mmol), Pd source, ligand, Et;N (1 mmol), r.t., 2 h.
® Isolated yields based on the amount of 2a (0.5 mmol) formed.

Having established our optimized conditions for the
sequential coupling reaction, we examined the scope of
the one-pot synthesis of (E)-1-arylalk-4-en-2-yn-1-ones
3. The results are shown in Table 2. Different types of
compounds 2 underwent smooth cross-coupling with a
variety of aroyl chlorides to afford products 3 in good to
high yields. This coupling reaction was successfully
applied to compound 2 with a structurally and electroni-
cally diverse substituent (R') (Table 2, entries 1-4). The
cross-coupling reaction with various aroyl chlorides was
carried out using both (E)-dec-3-en-1-yne (2a) and (E)-

Table 2 Synthesis of (E)-1-arylalk-4-en-2-yn-1-ones®

4-phenylbut-3-en-1-yne (2b). It is noteworthy that the
use of compound 2b provides m-conjugated molecules
(Table 2, entries 2, 6, 8, 10, 12, 14, and 16). Electron-
donating as well as electron-withdrawing aroyl chloride
could be used as coupling partners (Table 2, entries 5-
10). Using condensed aroyl chloride such as 2-
naphthoyl chloride, the cross-coupling reaction could
also proceed smoothly (Table 2, entries 11 and 12). In
addition, heteroaroyl chlorides such as 2-furoyl and 2-
thiophenecarbonyl chlorides were good substrates for
this coupling reaction (Table 2, entries 13-16).

Cu(acac),/IM NaOMe . Pd(OAc),/PPhg ?
>J-)~ZB Me;SiC=CBr _ =¥_\ ArCOCI/EfzN ArC—
¥—\ -15°Ctor.i. Rl rt. ¥
1 R! 2 3 RY

Entry R’ Ar Product Yield® (%)

1 n-C¢His Ph 3aa 86

2 Ph Ph 3ba 90

3 Cyclohex-1-enyl Ph 3ca 92

4 CI(CH,); Ph 3da 88

5 n-C¢Hi3 2-Tol 3ab 90

6 Ph 2-Tol 3bb 85

7 n-C5H13 4-Tol 3ac 79

8 Ph 4-Tol 3bc 77

9 n-C¢Hi3 4-C1C6H5 3ad 78
10 Ph 4-CIC¢Hs 3bd 82
11 n-CsHi3 2-naphthyl 3ae 87
12 Ph 2-naphthyl 3be 77
13 n-C5H13 2-ﬁll'yl 3af 76
14 Ph 2-furyl 3bf 86
15 n-CeHi3 2-thienyl 3ag 79
16 Ph 2-thienyl 3bg 79

* Reagents and conditions: (1) 1 (1 mmol), Me;SiC=CBr (0.67 mmol), Cu(acac), (0.05 mmol), 1M NaOMe (0.75 mmol), —15 °C to r.t., over-
night; (2) ArCOCI (1 mmol), Pd(OAc); (0.01 mmol), PPh; (0.02 mmol), Et;N (1 mmol), r.t., 2 h.
® Isolated yields based on the amount of 2 (0.5 mmol) formed.”
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In summary, we have developed a two-step, one-pot,
three-component synthesis of (E)-1-arylalk-4-en-2-yn-
1-ones 3 using a Suzuki-type reaction/Sonogashira reac-
tion sequence. This protocol is the first method for pre-
paring compounds 3 in good to high yields. The ex-
tended scope of this transformation will be reported in
due course.
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and the mixture was stirred for 2 h at 0 °C. A solution of
(E)-oct-1-enyldisiamylborane (1a) (1 mmol) in THF, thus
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lowed to warm gradually to r.t. and stirred overnight.
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reduced pressure, accompanied by the solvent. After addi-
tion of THF (3 mL) to the residue under argon, the result-
ing mixture including (E)-dec-3-en-1-yne (2a) was cooled
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(0.005 g, 0.02 mmol) were added successively under a
flow of argon, followed by dropwise addition of benzoyl
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at this temperature, the mixture was extracted three times
with Et,0. The combined extracts were washed with brine,
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CH,Cl, (1 : 1) as eluent, to give (E)-1-phenylundec-4-en-
2-yn-1-one (3aa, 0.103 g, 86%). Compound 3aa: '"H NMR
(CDCly) 6: 0.89 (t, J = 7.1 Hz, 3H), 1.25-1.35 (m, 6H),
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(26) Compounds 2b-d were formed in 72-74% GC yields
based on Me;SiC=CBr employed; unpublished results.

Template for SYNLETT and SYNTHESIS © Thieme Stuttgart - New York 2010-08-04 page 4 of 4



