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ABSTRACT
— R 5-20mol% R
Z/ - Ir complex o
— R CO 0.2-1atm
- xylene, 120°C R

Catalytic carbonylative alkyne—alkyne coupling proceeds using iridium—phosphine complexes under carbon monoxide at atmospheric pressure
or a partial pressure of 0.2 atm. This reaction provides various cyclopentadienones in high isolated yields.

Cyclopentadienones are potent synthetic intermediates
are used to construct polycyclic compouhdsd polymers.
Transition metal-mediated alkyre@lkyne-CO coupling is

plings to give metallacyclopentadienes, which were derived
into cyclopentadienones by insertion of carbon monoxide and
elimination of metals. CpCo(C@)and Fe(COY have been

a direct and effective synthesis of cyclopentadienones. Butshown to mediate the carbonylative coupling, but cyclopen-

all reported procedures are stepwise procesde€pCo-
(PPh).%2 and RhCI(PP$):*® mediate alkyne-alkyne cou-
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tadienones are obtained a$-metal complexes and the
following oxidative demetalations are necessary to obtain
uncomplexed cyclopentadienones. There is no practical
example of catalytic carbonylative alkynalkyne coupling

for the preparation of cyclopentadienoriés.

We report here the iridium complex-catalyzed carbon-
ylative alkyne-alkyne coupling, which provides cyclopen-
tadienones in high isolated yields. We recently reported
carbonylative alkynealkyne coupling using a stoichiometric
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amount of cobalt carbonyl complé%!! The iridium—

phosphine complexes realize catalytic coupling under carbon

monoxide at atmospheric pressure or less.
We chose dipropargyl etheta as a model diyne and

examined the coupling reaction using a catalytic amount of

iridium complex under carbon monoxide at atmospheric
pressure. [Ir(COD)C}] promoted this coupling, and cyclo-
pentadienone2a was obtained in 18% vyield along with
recovered diyndaand unidentified products. After various

phosphines and a phosphite were screened as the ligand,

triphenylphosphine and dppp (bis(1,3-diphenylphosphino)-
propane) were found to give the best results (Table 1).

Table 1. Screening of Phosphine Ligands for the Iridium
Complex-Catalyzed Carbonylative Coupling Td

SiPh,
o 10mol%
o SiPhs [1(COD)Cl},+ ligand o
AN SiPh, CO 1atm

1a xylene, reflux, 4h 2a SiPh,

ligand? yield (%) ligand? yield (%)
none 18 2dppe 37
4PPhs 49 2dppp 52
4P(p-F-C5H4)3 42 2dppb 0
4P(OPh)s 10 2dppf 14

a Coefficients at the beginning of the ligand designation are molar ratio
against [Ir(COD)CH.

Iridium—dppp complex was prepared in hot toluene and

isolated by crystallization. Its structure was ascertained by

X-ray measurement to be IrCI(COD)(dppp) (Figuré2lyCl-

Figure 1. Crystal structure of IrCI(COD)(dpppJHCl;. CHCL; is
omitted.

(COD)(dppp) and IrCI(CO)(PR}» (Vaska’'s complex) were
used in the carbonylative coupling (eq 1). The coupling of
diyne 1b was catalyzed by only small amounts of these
iridium complexes at a lower reaction temperature and
multicyclic product2b was obtained in high yield (eq 2).

1218

10mol% Ir complex
CO 1atm, xylene, reflux
76% by IrCI(COD)(dppp)
78% by IrCI{CO)(PPhg)»

2a 1)

1a

SiPh.
s 5mol% Ir complex

SiPhy CO 1atm, xylene, 120°C

SiPhg

S0 @
ot

2b SlPh3

96% by IrCI(COD)(dppp)
98% by IrCI(CO)(PPhs)s

In place of silyl group-substituted diynes, aryl group-
substituted ones were examined next (Table 2). In the

Table 2. Iridium Complex-Catalyzed Carbonylative Coupling
of Various Diynes
__ 5mol% R
/— R Ir complex
z — Z o}
=R

3 R
R R

R R

Z/ o z Z/
R R
a4 5

entry? R Z catalystt  vyield (%)
1 Ph C(CO,Bn); A 86 (3a)
2 Ph C(CO2Bn); B 70¢ (3a)
34 Ph C(CO,Bn), A 85 (3a)
4 Ph C(CO2Et), A 99 (3b)
5 Ph C(COt-Bu), A 92 (3c)
6 4-MeO-Ph C(CO,Bn), A 94 (3d)
7 4-Cl-Ph C(CO,Bn), A 79¢ (3e)
8 4-MeO,C-Ph  C(CO2Bn), A 89 (4f)
9 Ph CH> A 79 (39)
10 Ph o) A 65 (3h)

aReaction conditions: CO 1 atm, xylene 12D, 2—7 h, unless otherwise
noted.P A, IrCI(CO)(PPh)y; B, IrCI(COD)(dppp).¢ 4a (5%) and5a (6%)
are also obtained. The reaction was examined under a mixture of CO (0.2
atm) and Ar (0.8 atm)e 4e (20%) is also obtained.A mixture of 3f and
4f (1:2) was obtained3f was isomerized int@f, which was isolated and
characterized.

presence of IrCI(CO)(PR}J or IrCI(COD)(dppp) (5 mol %),
dipropargylmalonate with phenyl groups on the terminal
positions of the diyne was placed under carbon monoxide
at atmospheric pressure (entries 1 and®2)Vhile both
iridium catalysts are active for carbonylative coupling, the

(11) After our publication (ref 10a), GECO)-catalyzed carbonylative
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Choi, D. S.; Chung, Y. K,; Lee, S.-GChem. Communl999 2099. (b)
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former is more effective for preparing cyclopentadiendae
Isomerized productaand hexasubstituted benzesaewere Scheme 1
also formed by the latter iridium catalyst. Reducing the partial

pressure of carbon monoxide had almost no effect on the

yield of cyclopentadienon8a, and even under carbon

monoxide at a partial pressure of ca. 0.2 atm, carbonylative oc L diyne
J1¢
butyl malonates are also appropriate substrates, and the oL
coupling of diethyl malonate proceeded almost quantitatively phosphine ligand co

H
coupling proceeded efficiently (entry 3). Diethyl or teit- :
co %'—

to give 3b (entries 4 and 5) Both electron-donating and
-withdrawing substituents on the aryl moieties are acceptable

R
for this coupling (entries 68). However, electron-withdraw- 0 =, R/L
ing substituents destabilized the cyclopentadienones, and zZ e |r<L z JrL
isomerization of the double bond occurred during purification ot

for 3eand during the coupling reaction f8f (entries 7 and R

8). 1,6-Diyne and propargy! ether are also substrates, and
the corresponding cyclopentadienoBg&nd3h are obtained R
in acceptable yields (entries 9 and 10)¢ Z/\:Ei"/l-
= y\L
COo cl

The precise mechanism of this carbonylative coupling
remains unclear; however, a plausible mechanism is depicted R
in Scheme 1. From the-complex between diyne and Ir(l),

a metallacyclopentadiene is formed. The insertion of carbon _ _ _
monoxide following reductive elimination of iridium gives ~carbon monoxide, and cannot be obtained by thermal reaction

cyclopentadienone and regenerates Ir(l) catalyst. The mainOf cyclopentadienongaand diyne. However, the possibility
path for formation of the benzene derivatisds probably ~ of a prompt Diels-Alder reaction between the formed
alkyne insertion to a metallacyclopentadiene prior to carbonyl cyclopentadienone and diyne along with aromatization cannot
insertion, becausg can be obtained as a major product by be fully excluded.

the iridium-catalyzed reaction of diyne under argon, but not ~ In summary, we have developed the first practical example

of catalytic carbonylative alkyrealkyne coupling for the
(12) A single crystal of IrCI(COD)(dppp) was prepared by crystallization ; ; ; i ;

in a toluene-chloroform solution. Crystallographic data of IrCI(COD)- SyntheSIS of cyclopentadlgnones using I_r!dmmOSph_m_e

(dpppYCHCIs have been deposited at the Cambridge Crystallographic Data complexes. These results imply further utilization of iridium

Centre (CCDC) as supplementary publication No. CCDC 157001 and can Comp'exes as efficient Cata|ysts for Carbony'a‘[ive cou-

be obtained free of charge on application to the CCDC, 12 Union Road, . . .
Cambridge CB2 1EZ, UE, PP pling.1”'® Compared with carbonylations under carbon

® é}g’o;)T(ZPZical e%pg(r)igﬁentall)procedlllre (ga}ble ﬁ ekntrydl):h IrCﬂI(CE)zj . monoxide at high pressure using L800),! it is notable

2 (4.2 mg, O. mmol) was placed in a flask and then flushed by ; P -
carbon monoxide. A degassed xylene solution (5 mL) of dipropargyl- thata low partial pressure of carbon mO_HOXIde is sufficient
malonate (56.5 mg, 0.11 mmol) was added and then the resulting mixture in iridium complex-catalyzed carbonylative alkynalkyne
was stirred at 120C (bath temperature) for 5 h. After excluding the solvent, coupling.
the crude products were purified by column chromatography using neutral
silica gel to give cyclopentadienorga (51.0 mg, 0.094 mmol, 86%). . . .
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