
Recent remarkable development of novel transmetallating
agents for cross-coupling reactions has been fascinating to
many synthetic chemists because of its high reliability and
wide applicability for C–C, C–O and C–N bond forming re-
action.1,2) Especially, investigations on novel coupling agents
involving typical heavier elements such as In,3,4) Si,5—7) Bi,8,9)

and Ge10,11) attract much attention not only of heteroatom
chemists, but also of synthetic chemists. These transmetallat-
ing agents can easily be activated and coupled with various
organic halides under mild condition, based on a hypervalent
strategy.12,13) One useful application of these transmetallating
agents is carbonylative cross-coupling reaction which leads
to the formation of unsymmetrical ketones in one-pot opera-
tion from an appropriate transmetallating agent and organic
halides under carbon monoxide (CO) atmosphere.14—21)

The organoantimony(III) [Sb(III)] compounds are rela-
tively stable and can be prepared easily compared to
organoantimony(V) and hypervalent antimony compounds.
The facile access of Sb(III) compounds stimulated us to em-
ploy them as practical organic reagents. We have recently ex-
plored the palladium-catalyzed cross-coupling reaction of
Sb(III) compounds with organic halides and their versatile
applicability, e.g. ethynylstibanes (1) were coupled with acyl
chlorides, vinyl iodides and aryl iodides to give ethynylke-
tones, 1,3-enynes, and arylacetylens, respectively.22,23) We
also demonstrated that these reactions were accelerated with
microwave irradiation.24) A mild and efficient Sb(III)-medi-
ated cross-coupling reaction was also achieved with ethynyl-
and ary-1,5-azastibocienes bearing an intramolecular N…Sb
non-bonding interaction.25,26)

As an extension of the versatility of Sb(III) compounds as
a transmetallating agent, we investigated the cross-coupling
reaction of ethynylstibanes with aryl iodides under CO atmo-
sphere. In the present reaction, the yield of the carbonylated
coupling products is sensitive to the nature of the Pd catalyst,
and superior results were obtained by using a monodentate
phosphine-ligated Pd catalyst. It also appeared that a variety
of unsymmetrical ethynyl ketones could be synthesized in
excellent yield under high pressure condition (CO, 20 atm)
even in the reactions with electron-deficient aryl iodides

which usually gave inferior results due to their tendency to
undergo decarbonylation.

Results and Discussion
Pd-Catalyzed Carbonylative Cross-Coupling Reaction

of Ethynylstibane with Aryl Iodides under CO Atmo-
sphere In order to optimize the reaction conditions, we ini-
tially attempted the reaction of ethynyldiphenylstibane (1)
and iodobezene (2a) under atmospheric CO pressure using a
variety of solvents in the presence of 5 mol% of various pal-
ladium (Pd) catalysts (Table 1). The reaction did not proceed
in THF or benzene which was often employed for carbonyla-
tive cross-coupling with a variety of organometallic com-
pounds.2,14—16,18,21) For direct cross-coupling reaction of 1
and aryl iodides giving rise to diaryl acetylenes, polar aprotic
solvents such as hexamethylphosphramide (HMPA), 1-
methyl-2-pyrrolidone (NMP) or amine have been reported to
give rather superior result.23) However, in amine solvents
such as morpholine and triethylamine, insertion of CO did
not take place smoothly and direct coupled diphenylacety-
lene (4a) was formed as a main product. When the reaction
was performed in N,N-dimethylacetamide (DMA), the ex-
pected carbonylated ethynylphenylketone (3a) was obtained
in 45% yield and direct coupled product (4a) was reduced to
8% even under 1 atm of CO. Search for a suitable Pd catalyst
using DMA as a solvent revealed that phosphine-ligated Pd
catalysts were superior to ligandless Pd(OAc)2 in the present
reaction. For instance, addition of PPh3 in the Pd(OAc)2 cat-
alytic system improved the yield of carbonylated product
(3a) and suppressed the formation of the cross-coupling (4a)
and homo-coupling (5) products. Consequently, the best re-
sults were obtained when the reaction was carried out by use
of 5 mol% of Pd(OAc)2 with 4 eq of PPh3 (entry 10). This re-
sult suggests that one role of the phosphine ligand is to block
undesirable oxidative addition of 1 to Pd(0) for intermediate
(E) (Route II in Fig. 1), which eventually leads to the forma-
tion of the homo-coupled product (5).27,28) Bidentate phos-
phine ligands such as dppe and dppf were found to be inap-
propriate for this carbonylation (entries 11, 12). As expected,
the yield of 4a was increased from 45 to 87% in the presence
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of PdCl2(PPh3)2 when the pressure of CO was raised from 1
to 20 atm. Although the reason was not clear at present, infe-
rior result was obtained by use of the Pd(OAc)2–4(PPh3) cat-
alytic system under 20 atm of CO.

Finally, we demonstrated the reaction of ethynylstibane
(1a) with aryl iodides (2b—e) to establish the generality of
the carbonylative cross-coupling reaction. As can be seen in

Table 2, the reactions under atmospheric pressure of CO
were proved to be enough to get the carbonylated products
(3) in moderate to good yield, along with small amounts of
the direct cross-coupling products (4) and homo-coupling
products (5) (Condition A in Table 2). Under 20 atm of CO,
carbonylation was facilitated effectively and the ethynyl ke-
tones (3) were produced in satisfactory yield, and no direct
coupled products (4) were found from all the reaction mix-
tures (Condition B in Table 2).

Reaction Mechanisms Possible reaction mechanisms
for the formation of these coupling products (3, 4, 5) in the
present reaction are depicted in Fig. 1. The ethynylketones
(3) were produced through Route I-1. The Ar-Pd(II)-I com-
plex (A) was formed by oxidative addition of aryl iodide to
Pd(0)L2 generated in situ from Pd(II)L2 with PPh3, CO or
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Table 1. Solvent and Catalyst for Carbonylative Cross-Coupling Reaction of Ethynylstibane (1) and Iodobenzene (2a)

Yield/%a,b)

Entry Solvent Pd catalyst CO/atm Time/h
3a 4a 5

1 Tetrahydrofuran PdCl2(PPh3)2 1 3.5 20 3 15
2 Benzene 1 3.5 5 9 24
3 1,2-Dichloroethane 1 3.5 7 11 29
4 Morpholine 1 3.5 — 31 3
5 Triethylamine 1 3.5 7 24 36
6 1-Methyl-2-pyrrolidinone 1 1 36 12 20
7 Dimethylacetamide 1 1 4 8 21
8 Dimethylacetamide Pd(OAc)2 1 1 36 15 25
9 Pd(OAc)2�2PPh3 1 1 58 2 9

10 Pd(OAc)2�4PPh3 1 1 71 1 9
11 Pd(OAc)2�dppe 1 1 — 1 31
12 Pd(OAc)2�dppf 1 1 6 10 62
13 Pd(PPh3)4 1 1 42 12 11
14 Pd(OAc)2�4PPh3 20 1 43 — 5
15 PdCl2(PPh3)2 20 1 87 — 13

a) Isolated yield. b) The yields of 3, 4 and 5 were determined by GLC analysis when they were inseparable by silica gel column chromatography.

Fig. 1. Possible Reaction Mechanisms for the Formation of the Coupling
Products (3, 4, 5)

Table 2. Carbonylative Cross-Coupling Reaction of Ethynylstibane (1)
with Aryl Iodides (2a—e)

Yield/%, Condition A (Condition B)
Aryl iodide (2)

3 4 5

a: Phenyl 71 (87) 1 (—) 9 (13)
b: p-Tolyl 67 (75) 11 (—) 14 (19)
c: p-Anisyl 52 (55) 14 (—) 30 (16)
d: p-Acetylphenyl 78 (85) 4 (—) 10 (12)
e: p-Nitrophenyl 75 (81) 6 (—) 8 (16)

Condition A: A mixture of 1 (1.0 mmol), 2 (1.5 mmol), Pd(OAc)2 (0.05 mmol), PPh3

(0.2 mmol) in DMA (20 ml) was heated at 80 °C for 1 h under 1 atm of CO. Condition
B: A mixture of 1 (1.0 mmol), 2 (1.5 mmol), PdCl2(PPh3)2 (0.05 mmol) in DMA (20 ml)
was heated at 80 °C for 1 h under 20 atm of CO.



ethynylstibane (1).22) Insertion of CO to the complex (A) af-
forded acyl palladium complex (B) which was transformed
to the intermediate (C) by the transmetallation of ethynyl
group on the stibane. Following reductive elimination fur-
nished 3 (Route I-1). The direct cross-coupling product (4)
was produced from Ar-Pd(II)-E complex (D) which may be
originated from the intermediate (A) (Route I-2). When aryl
iodides with an electron-donating substituent (MeO, Me)
were employed as a coupling partner, a considerable amount
of homo-coupled 1,3-diynes (5) was formed (30% and 14%,
respectively). Slow oxidative addition of aryl iodides to the
Pd(0) species will facilitate the formation of Sb-Pd(II)-E in-
termediate (E) (Route II). These Routes I and II should be a
competitive process relying upon the reactivity toward oxida-
tive addition of the aryl halides (2) and the stibane (1) to
Pd(0) species.26) It has been well established that the reactiv-
ity of aryl halides to Pd(0) depends upon the electronic na-
ture of the substituents on the aryl group and the halides
bearing an electron-withdrawing substituent are more reac-
tive than those having an electron-donating group.29,30) Suc-
cessive transmetallation of the intermediates (E) with an-
other ethynylstibane led to the formation of diethynyl-Pd(II)
complex (F) and the following reductive elimination afforded
1,3-diynes (5) (Route II-2). Formation of the direct cross-
coupling products (4) would be also possible via the interme-
diate (D) caused from reaction of the intermediate (E) with
aryl iodide (Route II-1).

Under 20 atm of CO, carbonylation took place effectively
and no direct coupled products (4) were found from all the
reaction mixtures investigated, because insertion of CO to
Ar-Pd(II)-I (A) was facilitated to form acyl palladium com-
plex ArCO-Pd(II)-I (B). Accordingly, competitive Route I-2
was suppressed under high CO pressure environment, which
brought about predominant formation of 3. No decrease of
homo-coupled 1,3-diynes (5) under the high-pressure condi-
tions indicates that oxidative addition of the antimony
reagent (1) with the Pd(0) was not influenced by CO pressure
and that insertion of CO to Sb-Pd(II)-E intermediates (E)
with Route II-1 seemed to be unlikely. Consequently, these
results show that the present Sb-mediated carbonylation pro-
vides good yield of the unsymmetrical aryl ethynyl ketones
(3) even with electron-deficient aryl iodides which usually
result in inferior yields due to their tendency to undergo de-
carbonylation.31—33)

Experimental
General Melting points were taken on a Yanagimoto micro melting

point hot-stage apparatus (MP-S3) and are uncorrected. 1H-NMR spectra
were recorded on a JEOL JNM-ECP-500 (500 MHz) spectrometer in CDCl3

using tetramethylsilane as internal standard (d 0 ppm) unless otherwise
stated. Mass spectra (MS) were obtained on a JEOL JMS-SX-102 instru-
ment by electronic impact at 70 eV. IR spectra were recorded on a HORIBA
FT-720 instrument in KBr disk. Chromatographic separations were accom-
plished with Silica Gel 60N (Kanto Chemical Co., Inc.). Thin-layer chro-
matography (TLC) was performed with Macherey-Nagel pre-coated TLC
plates Sil G25 UV254. High CO pressure reactions were performed in a stain-
less steel reactor (100 ml) provided from Taiatsu Techno Corp., Japan. N,N-
Dimethylacetamide (DMA) was purchased from Wako Pure Chemical Ind.
Ltd. Japan, and used without further purification.

Reaction of Ethynylstibane (1) with Iodobenzene (2a) under 1 atm of
CO: Condition A General Procedure: A mixture of ethynylstibane (1:
1.00 mmol), iodobenzene derivatives (2a—i: 1.50 mmol), Pd(OAc)2

(0.05 mmol), PPh3 (0.20 mmol) in DMA (20 ml) was heated at 80 °C for 1 h
under stream of CO. The reaction mixture was dissolved with ether and the

ether layer was washed with brine. The organic layer was dried over anhy-
drous magnesium sulfate and concentrated in vacuo. The residue was sepa-
rated on silica gel column chromatography using hexane as an eluent to give
ethynylketones (3a—i), diarylacetylenes (4a—i), and 1,4-diphenyl-1,3-bu-
tadiyne (5). The yields of the products (3, 4, 5) were determined by GLC
analysis (SE-30, 5%, 1.6 M, 210 °C) using octadecane as an internal standard
when they could not be separated by the chromatography, and the results are
collected in Tables 1 and 2. All products except for p-acetylphenyl-
(phenylethynyl)ketone (3d) are known compounds and the structure of them
was determined by comparing their melting points and spectral data (MS,
NMR, and/or IR) with those of the corresponding authentic samples. 3d:
colorless prisms (mp 103—105 °C, from hexane–benzene). EI-MS m/z: 248
(M�, 78%), 220 (100%), 129 (67%). IR (KBr) cm�1: 2199 (C�C), 1686
(C�O). 1H-NMR (CDCl3) d : 2.54 (3H, s), 7.41—7.55 (3H, m), 7.70—7.73
(2H, m), 8.03 (2H, d, J�8.71 Hz), 8.26 (2H, d, J�8.71 Hz).

Reaction of Ethynylstibane (1) with Iodobenzene (2a) under 20 atm of
CO: Condition B General Procedure: A mixture of 1 (1.00 mmol), 2a—i
(1.50 mmol), PdCl2(PPh3)2 (0.05 mmol) in DMA (20 ml) was heated at 80 °C
for 1 h in a stainless steel cylinder (Nippon Taiatsu Kogyo Co. Ltd., 50 ml)
under 20 atm of CO. The reaction mixture was dissolved with ether and the
ether layer was washed with brine. The organic layer was dried over anhy-
drous magnesium sulfate and concentrated in vacuo. The residue was sepa-
rated on silica gel column chromatography using hexane as an eluent to give
3 and 5. The yields of the products for 3 and 5 are collected in Table 2.
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