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Ru3(CO).-Catalyzed Coupling of Heteroaromatic as the solvent in most cases, and therefore the yields based on
C—H/CO/Olefins. Regioselective Acylation of the the pyridine were not high. We report a new catalytic reaction
Imidazole Ring which enables high-yield carbonylation at-& bonds. Regio-

selective coupling of an imidazole-€¢4 bond with CO and an

Naoto Chatani, Takahide Fukuyama, olefin proceeded in a very efficient way (eq 1).
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Development of transition metal catalyzed reactions involving /QD\H/\/R * /Qp\n/l\g M
formation of C-C bonds with cleavage of-€H bonds has been o) o
one of the most attractive and challenging projéctSleavage 2 3
of C—H bonds in a catalytic manner has been demonstrated by .
H-D exchange reactiohsilyl coupling? isonitrile insertiort} a: R=Bu 68% (94:6) e: R=_SiMeg 66% (>99:1)
and C-C multiple bond insertio® Recently, we have reported b: R=Ph 74:/0 (75:25) 1. R=CH,SiMe; 61% (94:6)
efficient catalytic addition of sShC—H bonds to G-C unsatur- Zi g= ?B'MGCSH4 Z; ; :93197)1 ) 9: R=CHCN  42% (87:13)

. =BuU % (>99:

ated bond$-11 On the other hand, carbonylation with cleavage
of aromatic C-H bonds is still relatively rare. In 1979 Hong
and Yamazaki reported that the reaction of benzene with The reaction of 1,2-dimethylimidazolel)((1 mmol) with
ethylene under CO pressure in the presence gf@&D);, gave 1-hexene (4 mmol) under 20 atm of CO in toluene (3 mL) at
a small amount of propiophenone, along with styrene and 160°C for 20 h in the presence of RICO);» (0.04 mmol) gave
3-pentanone as the major produétsEisenberg found that Ird 1-(1,2-dimethyl-H-imidazol-4-yl)-1-heptanone2@)'® and its
(CO)(dppe) and RhCI(CO)(PB) catalyzed the photochemical isomer3ain 68% total yield with a linear to branched ratio of
carbonylation of benzene to benzaldehy#e.ater, Tanak¥ 94:6. The coupling occurred highly regioselectively at the
found that RhCI(CO)(PMg:. is more active for carbonylation  4-position, no 5-heptanoylation isomer being detectedHby
of benzene although the reaction required photoirradiation. In and 13C NMR spectroscopies or GCMS. The assignment of
1992, Moore found a direct method for acylation of pyridine the regiochemistry was based on the comparison oftHeéMR
with CO and olefins using a ruthenium catalist Although chemical shifts of CiN protons of2a with those of the known
the reaction exhibits a high regioselectivity and high catalyst 4-acetyl-1,2-dimethylimidazolés. Although a variety of transi-
turnover frequencies, pyridine or a pyridine derivative was used tion metal complexes were examined for their ability to catalyze
- - - the coupling reaction of, CO, and 1-hexene, complexes such
(1) For recent reviews, see: Jones, W. D.Salectie Hydrocarbon

Activation Principles and Progres®avies, J. A., Watson, P. L., Greenberg, s HRU(CO)(PPH)s, RUCI(CO}(PPh),, [RUCKL(COX]>, Ru-
A., Liebman, J. F., Eds.; VCH Publishers: New York, 1990; p 113. Ryabov, (acac), Rhs(CO)s, Irs(CO)2, and Og(CO)2 were not effective.

A. ([;-) ﬁgfe@hiﬁegg;q 3r%h£ilr?3M 3. Organomet. Cheri982 212, C16 The reaction of 2-hexene (cis/trans mixture) also gave a mixture
Faller, J. W.; Felkin, HOrganometallic<L985 4, 1488. Lewis, L. NInorg. of 2a and 3a in 41% yield with exactly the same linear to
Chem 1985 24, 4433. Cameron, C. J.; Felkin, H.; Fillebeen-Khan, T.; branched ratio as that in the reaction of 1-hexene.

EOTLOYViD’?‘é CJé? %UiEetjE]A%]egﬁ snac-égg%’gg(ﬁ?”l%%%ﬁ a%l-s Bgij» Olefins that can be used include alkyl-, aryl-, and trialkylsilyl-
Chem. SOC”%h’erﬁ_ Commui992 680. L eYs, R substituted alkenes (eq 1). The linear to branched ratio was

(3) Ishikawa, M.; Okazaki, S.; Naka, A.; Sakamoto,Btganometallics affected by the steric factor. The ratio became 93:7 in the case
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tallics 1993 12, 4987. WfIIiams, N. A 'l’Jchima’ru,”Y.; Tanak'a, M. Chem. ratio. _The more bU”‘Y grouptert-butyl and mmet_hyls'lyl led
Soc., Chem. Commu995 1129. exclusively to linear isomer2d and 2e respectively. The
G (é) Jlgnes, V\\;\./DF-’: KJosar, WWBhgxm- Chemt- |S|'O§19989§; 1103§ gggO. Hsu, reaction of electron deficient olefins such as acrylonitrile and

. C.; Kosar, . P.; Jones, . rganometallic 3 . H . H

(5) Jordan, R. F. Taylor, D. F). Am. Chem. Socl989 111, 778. ethyl ac_rylate dld_ not progeed, however_, allyl cyanide underwent
Rodewald, S.; Jordan, R. B. Am. Chem. So0d994 116, 4491. a coupling reaction to giv@g preferentially.
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Ilnag‘édzzgéﬁfé%l“gg (féo}én%?ﬁsgkvﬁliq-' Ovégésrh'\,\*,‘“ggl‘;"r'ncgﬂﬁ"' and selective. A cyclic olefin was applicable to the present
1994 33, 417. Guo, H.; Weber, W. FPolym. Bull 1994 32, 525. Trost, reaction (entry 1). The reaction ef-methylstyrene gave a
B. (I\%.;l\}lmi, KS Dl?vli(es,r:_. \|/:VJS /Ik(m. Cshe?' Sokd9$5K117, ?37_1A Sonod somewhat lower yield, but led to a single isomer (entry 2). Itis

ural, S5.; Kakiucnl, F.; sekine, S.; lanaka, Y., Kamatani, A.; S0n0da, i i H
M.; Chatani, N.Nature 1993 366 529, Murai, S.; Kakiuchi, F.; Sekine, ~ noteworthy that the present reaction was compatible with
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Table 1. Ruw(CO),-Catalyzed Coupling of Imidazole

CH/CO/Olefing
entry  imidazole olefin product °
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a Reaction conditions: imidazole (1 mmol), olefin (4 mmol), CO
(20 atm), Ry(CO)2 (0.04 mmol), toluene (3 mL), 160C, 20 h.
b|solated yields. The ratio of linear to branched is in parentheses.

Although stoichiometric reactions of RCO);, with nitrogen-
containing heterocycles have been studied extenstiekw

Communications to the Editor

suggest that a complex such4ass the key species in the present
coupling reaction. Actually, the corresponding pyridine triru-
thenium cluster (similar t&) has been proposed to be involved
in Rug(CO)>-catalyzed acylation of pyridin®, without any
experimental evidence. Another possible species, a mono-
nuclear complex such & cannot be excluded. Jordan reported
zirconium-catalyzed coupling of 2-picoline and propene where
C—C bond formation occurred at the 6-positionAs a key
species, a2-piconyl Zr complex (analogous ®) is suggested.
The structure of the real key species aside, high regioselectivity
in the present reaction is due to the initial coordination through
the imino nitrogen atom to ruthenium, which leads to cleavage
of the adjacent €H bond (4-position) giving a postulated
complex such a# or B. Insertion of an olefin into a HRu
bond and successive CO insertion followed by reductive
elimination gives the final produé®.

\N %CO)‘@ \N
u
PPV /q
ZiaN
(OC)3Ru=—H (F<‘3”0)3
A B

In summary, acylation of imidazoles is accomplished by the
Rus(CO)1-catalyzed coupling reaction of imidazoles, CO, and
olefins. While a number of methods have already been well
documented for the elaboration of this important nucfétisere
appear to be few practical procedures available for the synthesis
of 1,2-disubstituted 4-acyl imidazolés. Friedel-Crafts acy-
lation of 1,2-disubstituted imidazoles does not give the corre-
sponding ketones because of the deactivation that occurs on
complexation of the imidazole with the Lewis aétl. The
present method has several advantages over existing methods,
including high yield, impressive catalytic efficiency, functional
group compatibility, and simple operation. In addition, this
reaction is a new catalytic carbonylation reaction involving
cleavage of an aromatic-€H bond.
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reported that the reaction of gi€0)o(CH;CN), with 1-vi-
nylimidazole gave au-H)triosmium cluster with the C(4)H
bond cleaved as the main proddt.This observation may
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