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Among carbor-carbon bond forming reactions, the catalytic ~Table 1. Products of the Ruthenium-Catalyzed Arylation of
. . a
addition of C-H bonds to G-C multiple bonds has recently been ~ Several Aromatic Ketones with Phenylboronate 2

a subject of considerable interest because the direct use of entry  ketone time, h product Yield®
unreactive C-H bonds for organic synthesis represents a powerful o Ph O

and relatively straightforward protocol. In previous studies, we R @R

reported that various aromatic compounds that contain appropriate 1 RZ Me 1 Ph 60% (0.30)°9
directing groups can be used for transition-metal-catalyzeti/C 2 R='Pr 1 76% (0.38)%°

olefin,13 C—H/acetylené;* and C-H/CO/olefirP couplings which
permit the site-selective alkylation, alkenylation, and acylation of

x
P
h) ;=O

aromatic rings. In the case of the arylation of aromatic rings, 3 R=H 1 95%
. . 4 R =OMe 1 78%
however, these procedures cannot be employed. In this communica- 5 R=F 2 88%

tion, we report on the ruthenium-catalyzed arylation of aromatic
ketones with arylboron compounds, which represents a new catalytic 6
reaction involving G-H bond cleavage.

Several research groups have recently reported on the electro-
philic arylation of aromatic compounds via the use of transition 7
metal catalyst$.In these cases, AtM—X (X = halogen) species
participate in a G H bond cleavage step. Thus, it is necessary for 2 @:‘ﬁ 6%
the C—H bond to be cleaved in an electrophilic fashion. The
protocol described herein involves the oxidative addition of&iC
bond in aromatic ketones to a ruthenium(0) center, which is different 3 @ 5%
from previously reported arylation procedures.

The reaction of 2methylacetophenond) with phenylboronate
2 (5,5-dimethyl-2-phenyl-[1,3,2]dioxa-borinane) was carried out in aReaction conditions: ketone (2 mmol), phenylboronztd mmol),
the presence of RWICO)(PPh); (3) as the catalyst in refluxing ~ RuH(CO)(PPh)s (3) (0.02 mmol), toluene 1 mL, reflu. Based or2.c The
foluene (eq 1). When 1 equi of ketone was use, the correspondingtute " PAIenleses o2 ok of paditihe conespondng 11
phenylation produc# was obtained in 47% vyield (eq 1, run 1).  coupling product was also obtained in 9% yield.
The use of 2 equiv of improved the product yield based @rto
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1 @(‘k 90%
Ph

75%

-3.8.8.%

80% (eq 1, run 2). 1:2 coupling product was formed in 76% vyield (entry 2). In the
case of a bulky aromatic ketone, that tert-butylphenyl ketone

2 o RuH(CO)(PPhg)3 (3) (5), the 1:1 coupling product was obtained exclusively in 95% yield

@X v P"‘Bio:>< %2,%- irj: ™ (entry 3). This selectivity can be explained by steric repulsion

e et %47 between theert-butyl group and the introduced ortho phenyl group,

wn22mmo 1 mmol 80% (0.80 mmol) because the same product selectivity in the ruthenium-catalyzed
C—H/olefin coupling has also been reporfe®.The presence of a

Several other organometallic reagents, for example, phenyl- methoxy group on the aromatic ring had no significant effect on
boronic acid, phenylboronic acid anhydride, sodium tetraphenyl- reactivity (entry 4). In the case of the reaction of aromatic ketones
borate, and tetraphenyltin, were also examined. Of the reagentscontaining a fluoro group, the fluoro group was retained in the
screened, phenylboronic acid showed reactivity, albeit in low coupling product (entry 5). The presence of a strong electron-
efficiency as compared t@. Because arylboronates are usually withdrawing Ck group had no effect on reactivity (entry 6). The
easily handled, and readily prepared by the condensation of phenylation product was obtained in 90% yield. A phenyl group
arylboronic acids with dioles, and are stable under ambient can be efficiently introduced in the naphthalene ring (entry 7).
conditions? arylboronates were chosen for the coupling reactions Although o-tetralone showed a higher reactivity than that of
described here. benzosuberones) in the case of the ruthenium-catalyzed-8/

The applicability of several aromatic ketones was examined olefin coupling, the reactivity oéi-tetralone (56% yield for 20 h,
(Table 1). The reaction of acetophenone wRhyielded the entry 8) for this phenylation reaction was low as compared to
corresponding 1:1 and 1:2 coupling products in 7% (0.07 mmol) benzosuberone (75% vyield for 3 h, entry 9).
and 60% (0.30 mmol) yields, respectively (entry 1). In this case,  The reaction was then run using a variety of arylboronates, and
the 1:2 coupling product was obtained as the major component. In some selected results are listed in Table 2. WirdhN-dimethyl-
the case of the reaction of isopropylphenyl ketone, the correspondingaminophenylboronate was used, the product yield was decreased
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Table 2. Products of Reaction of the Ketone 5 with a Variety of

the halogenated solveHtThus, the C-H bond cleavage step would
Arylboronates?@

proceed via an electrophilic substitution reactién.

o] o] o The ruthenium-catalyzed ortho arylation of aromatic ketones with

O O O arylboronates provides a new approach te@bond formation
O O O via a novel transmetalation pathway and provides a new protocol
86% ~ NMe, 91% ~ OMe 90% ~ °F for the synthesis of biaryl compounds. To the best of our knowledge,

0 o 1) this reaction is the first example of the catalytic coupling eftC
O O O bonds with organometallic compounds via _the oxidative additio_n
O O O of C—H bonds. We are currently broadening the scope of this
CF, ’ reaction and attempting to elucidate the reaction pathway of this

86% 92% 92% process.

aReaction conditions: ketoné&)( (2 mmol), arylboronate (1 mmol),
RuH;(CO)(PPHh)s (3) (0.02 mmol), toluene 1 mL, reflux, 1 h.
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slightly to 86%. Both electron-donating (M¢ and MeO) and
electron-withdrawing (F and GJ-groups had no significant effect
on reactivity, and the corresponding biaryl compounds were
obtained in high yields in each case. Even when slightly sterically
congested arylboronates-{olyl- and a-naphthylboronates) were
used in this coupling reaction, the expected biaryl compounds were
obtained in high yields.

An NMR experiment was run to obtain information concerning
the transmetalation step. The reaction of ketbif@.2 mmol) with
the phenylboronat@ (0.1 mmol) was carried out in the presence
of catalyst3 (0.01 mmol) in toluenelg at 115°C. After the mixture
was heated for 1 h, théB NMR spectrum of the reaction mixture
showed that the signal & (6 26.15) had completely disappeared
and that a new signal appeared at 17.14 ppm which can be assigned
to a trialkoxyborane speci€sThe GC-MS spectrum of the reaction
mixture was also consistent with the formation of the trialkoxy-
borane (2-(2,2-dimethyl-1-phenyl-propoxy)-5,5-dimethyl-[1,3,2]-
dioxa-borinane}?

From these observations, we speculate that this coupling reaction
proceeds via a pathway shown in Scheme 1. The orthbl ®Gond
is cleaved by ruthenium(0) comple&!t1? to give the ortho
metalated intermediatB. The addition of a RtH bond inB to
the ketone carbonyl group leads to the production of an (alkoxy)-
ruthenium intermediat€. A transmetalation between the phenyl-
boronate and intermediat€ results in the formation of the
(diaryl)ruthenium compleX0’¢ and the trialkoxyborane (borinate)
E. Reductive elimination leading to-&C bond formation then
provides the arylation product and the regeneration of the active
catalyst species.
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Oi and co-workers reported on the rhodium-catalyzed arylation (10) The MS was found tovz = 219 (M* — Bu).

of phenylpyridines with tetraaryltin compountfsin this case, the

use of halogenated hydrocarbon solvents such as 1,1,2,2-tetra- (17

(11) The ruthenium(0) complex may be formed by the reduction of the ketone

with 3. A similar type of reduction was reported by Halpern etal.
Linn, D. E.; Halpern, JJ. Organomet. Chen1987 330 155.

chloroethane is essential for attaining a catalytic reaction. The initial (13) Oi, S.; Fukita, S.; Inoue, YChem. Commurl998 2439.

step of this reaction appears to involve the oxidation of the
rhodium(l) species to the corresponding rhodium(lil) species with

(14) Oi, S., private communication.
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