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Transition-metal-catalyzed reactions which involve the forma- W PN
tion of a C-C bond from a C-H bond provide a new, useful \NL(z /"(
synthetic tool Recently, ruthenium and rhodium complexes have N3 N’;
been found to be efficient catalysts for the addition of 6p-H @\‘ d
bonds in a benzene ring to oleffné and acetylene%® It is NS Pt
interesting to note, however, that direct carbonylation at-aiC H
bond, catalyzed by transition metal complexes, has not yet been present work present work

extensively studied. Based on reports to date, the catalytic

carbonylation at a €H bond can be classified into two types,  imjgazole might well give 4-acylbenzimidazoles. This attempt
based on the position where the-8 bond is carbonylated, as  giq not result in carbonylation at tifeposition but gave products
shown in Chart 1. (i) carbonylation at a &1 bonda to the ring arising from carbonylation at the carbon between the two nitrogen
nitrogert®!*and (ii) carbonylation at a €H bondy to the ring atoms (vide infra). We then examined the;f&0);~catalyzed

nitrogent*** In both cases, the coordination of the nitrogen to reaction of 1,2-dimethylbenzimidazole and found a high level of
the ruthenium complex is essential for the site-selective C|eaVagecarbonylation at the €H bondsp to the ring nitrogen.

of a C—H bond. The absence of a directing group leads to much

lower efficiency and site-selectivify. N (CO)3

The goal of this study was to develop a method for carbony- HN"\\N N’\N A Ru(CO)4
lation at a C-H bondp to the nitrogen. Thé relation is, elec- @ 0s(CO) \F|%u(00)3 \N/\( 7/
tronically, a difficult system compared to theandy relation-

M ‘1 N—Ru(C0);
ships, which are conjugated. A literature survey led us to o) 05(CO ()5 Ru(CO) @
conclude that the stoichiometric reaction ofz(@0)o(CH3CN), ! n 1
with benzimidazole undergoes cleavage of theHCbond at the
4-position to give the ortho-metalated trinuclear complg It The reaction of 1,2-dimethylbenzimidazole (1 mmid) with
would appear that a related ruthenium comglermight be gen-  tert-butylethylene (4 mmol) under 5 atm of CO in toluene (3 mL)
erated in situ as an intermediate with the potential to react with at 160°C for 20 h in the presence of RO}, (0.04 mmol)
CO and olefins. Thus, a R{CO)-catalyzed reaction of benz-  gave 1-(1,2-dimethylbenzimidazol-4-yl)-4,4-dimethyl-1-pentanone
(2a)'" in 77% yield along with 21% of unreacteth (eq 1).
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18,9‘;)6?_}857'222, Y.; Chatani, N.; Kakiuchi, F.; Murai, Setrahedron Lett. effect on the reaction. However, Macyl Substrate such ds
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decrease as the size of Rcreases: Me (77%% Et (42%) >
'Pr (8%). Steric hindrance around the 3-nitrogen atom makes
the coordination of the nitrogen to the metal difficult.

As mentioned above, the carbonylation df which has no
substituent at the 2-position, took place at the 2-position with
high site-selectivity to giv8 (eq 2). The reaction dff (0.1 mmol

t
N Ru3(CO)12 Q Bu
N, o Ay \
N Bu N N
T N (2
toluene X
20 atm, 160 °C, 40 h
3 60%

1f

of catalyst, 20 atm of CO at 16TC for 40 h) gave3 in 60%
yield. Competitive carbonylation between theposition (i.e.,
at 2-position) and thg-position (i.e., at 4-position) favors the
o-position exclusively. The intermediacy of the complik
would be invoked in the reactid#.

The results for the reaction ofa with some olefins are
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Chart 3
NN N N NN
E;g‘/\/au‘ W E;Ln/\/SiMeg
0 0 o]
14 80% 15 41% 16 74%*
NN NN NN
o] ¢} o]
17 43% (ni = 94:6) 18 78% (n:i=99:1) 19 36%

* The corresponding ethylketone was also obtained in 2% yield.

result suggests that the coordination of the substrates to a
ruthenium complex is a necessary prerequisite for the carbony-
lation to proceed.
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9

We next chose 2-methylimidazo[1édpyridine (13) as the sub-
strate because of its highkp(6.79)?* As expected, the reaction
of 13 with CO andtert-butylethylene under the same reaction
conditions as in eq 1 proceeded smoothly, and 1-(2-methylimid-
azo[1,2a]pyridin-8-yl)-4,4-dimethylpentanond §) was obtained
in 56% yield. In contrast to the case bd, a higher CO pressure
(20 atm) increased the product yield to 80%, with 9% of unreacted
13being recovered. The results for the reactiod ®fvith some
olefins are summarized in Chart 3. All of the reactions are carried
out under 20 atm of CO. The results obtained were nearly the

summarized in Chart 2. The reaction conditions were the same ggme forla shown in Chart 2.

as those indicated in eq 1 except for ethylene, for which they
werela (2 mmol), ethylene (7 atm at room temperature in a 50-
mL stainless steel autoclave), CO (5 atm), and(RQ@),» (0.08
mmol) in toluene (6 mL) at 160C for 20 h. The use of hexene
gave a mixture of linear and branched isomers, in favor of the
linear isomer. The type of products obtained here are difficult
to prepare using conventional methods reported thus far. A
FriederCrafts acylation cannot be applied because of the
deactivation that occurs on complexation of the substrate with
the Lewis acid®

A variety of heterocyclic compounds, such as 2-methylbenz-
oxazole 9), 2-methylbenzothiazole1(), 2,2,3-trimethyl-3i-
indole (11), and 1-methylbenzotriazold?), were also examined
with respect to reaction witkert-butylethylene. In the case of
9, no reaction was observed. The reactioi0{20 atm of CO,

0.1 mmol of the catalyst at 18¢0C for 3 d) gave 7% of the
coupling product. Whet1was treated with 0.1 mmol of catalyst
at 160°C for 40 h, the corresponding ketone was obtained in
15% vyield. Compoundl2 gave (at 160°C for 20 h) the
corresponding ketone in 46% vyield. In all cases, carbonylation
took place at a €H bond g to the ring nitrogen, showing the
same site-selectivity as observed for as imidazoles. We found
that the reactivity ofla, 9, 10, and 12 corresponds to thekp
values of the conjugated aci#sia (pK, = 6.197% > 12 (pK,

= 1.60%! > 10 (pK, = 1.20%? > 9 (pK, = 0.99)?® Hence, the
higher the K, of the substrate, the higher is the reactivity. This

(18) It was reported that the complélk is obtained by the stoichiometric
reaction of benzimidazole with B{CO),,. Cabeza, J. A.; Oro, L. A.;
Tiripicchio, A.; Tiripicchio-Camellini, M.J. Chem. Soc., Dalton Trans988
1437. A contrasting result was obtained in the reaction of benzimidazole with
Os(CO)o. See ref 16.

(19) Grimmett, M. R. InComprehensie Heterocyclic Chemistry ;lI
Katritzky, A. R., Rees, C. W., Scriven, E. F., Eds.; Elsevier: Oxford, 1996;
Vol. 3, pp 77+220.

The reaction o20?° (0.1 mmol of Ry(CO);,, CO 20 atm at
180°C for 3 days) withtert-butylethylene gave the corresponding
ketone in 34% yield, along with 63% of unreact2d (eq 3).

/
N/ Ru3(CO)12 f NN
//\N co, A gyt 4 @)
toluene Bu'
20 atm, 180 °C, 3 days 5
20 21 34%

In summary, we provide the first example of a direct carbon-
ylation at a C-H bond to a directing nitrogen ato.
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