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Additions of aromatic imines at the ortho carbon-hydrogen
bonds to olefins were catalyzed by ruthenium complexes
affording 1:1 addition products in good to excellent yields. In
some cases, a by-product arising from dehydrogenative coupling
was also obtained. Both aldimines and ketimines reacted well.
Olefins such as styrene, 3,3-dimethyl-1-butene, and ethylene
yielded corresponding products in good yields.

The possibility of direct use of a carbon-hydrogen bond for
practical organic synthesis has attracted both organic and
organometallic chemists for many decades. Recently, we have
demonstrated the catalytic addition of aromatic and vinylic
carbon-hydrogen bonds to carbon-carbon multiple bonds with the
aid of ruthenium complexes.” These reactions are important
since examples of practically useful reactions are still rare.*® In
these new catalytic reactions, coordination of the sp? oxygen
atom in aromatic ketones to the ruthenium center seems essential
for the success of the reaction, thus bringing the ruthenium closer
to an ortho carbon-hydrogen bond.

Coordination of sp* nitrogen atoms to transition-metals
leading to cleavage of C-H bonds by the metals is a well
documented phenomenon in stoichiometric reactions.*” We
thought that imines should be good candidates for the chelation-
assisted C-H/olefin coupling reaction. In this communication,
we report a ruthenium-catalyzed C-H/olefin coupling reaction
between aromatic imines and olefins. A portion of this work
have been presented briefly in our account.”

Reaction of N-(2-methylbenzylidene)-tert-butylamine (1)
with  triethoxyvinylsilane  (2) in the presence of
Ru(H),(CO)(PPh,), as the catalyst gave the corresponding 1:1

Table 1. Ruthenium-catalyzed addition of carbon-
hydrogen bond in aromatic imines to
triethoxyvinylsilane (2)*

Imine Product and Yield®
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10 11 78% (anti:syn = 62:38)

#Reaction conditions: imine (2 mmol), 2 (4 mmol), Ruz(CO)15
(0.04 mmol), toluene (3 cm3), 135 °C (oil bath temperature),
24 h. PGC yields. °The reaction was complete within 1 h.

coupling product 3a and the dehydrogenated coupling product
3b in 26% and 8% yields, tespectively (Eq. 1).%° This result
showed that aromatic aldimines are also applicable to the
ruthenium catalyzed C-H/olefin coupling. To improve the
efficiency of this new catalytic reaction, the reaction parameters
were examined. Complexes Ru(CO),(PPh,),, Ru(CO),(PPh,),
and Ru(OAc)(H)(CO)(PPh,), showed similar catalytic activities
to that of Ru(H),(CO)(PPh,),. It is noteworthy that
Ru(OAc)(H)(CO)(PPh,), was totally ineffective in the case of
aromatic ketones.'” The use of Ru,(CO),, greatly increased the
yields of the coupling products 3a and 3b (81% and 10% yields,
respectively; Eq. 1).'"°  Other ruthenium complexes, e.g.,
RuCl,(dmpe), (dmpe = 1,2-bis(dimethylphosphino)ethane)
Ru(OAc)(CI)(CO)(PPh,),, and Ru(H)(CI)(CO)(PPh,); were not
effective. Fe,(CO),,, Os,(CO),,, and RhCI(PPh,), showed no
catalytic activity.
Bu!
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cat. = Rug(CO) 12
0.04 mmol 81% 10%

Selected results obtained for various types of aromatic
imines with 2 are listed in Table 1. Reaction of imine 4 having a
trifluoromethyl group at the ortho position afforded exclusively
the corresponding coupling product 5§ in 75% yield. Fluorine-
substituted imine 6 also reacted with 2 to give 7a and 7b in 79%
and 8% yields, respectively. It is noteworthy that even though a
carbon-fluorine bond is prone to react with transition-metals,"
the fluorine substituent in 6 remained. As shown, both electron-
releasing (Me) (Eq. 1) and electron-withdrawing (CF, and F)
(Table 1) groups are applicable in this coupling reaction.
Naphthalene derivative 8 gave 9 in 96% yield. The reaction of a
ketimine 10 derived from acetophenone also proceeded smoothly
to afford 11 in 78% yield as a mixture of syn and anfi isomers.'?
Interestingly, no 1:2 coupling product was formed even in the
presence of an excess amount of 2, which is in contrast to the
Ru(H),(CO)(PPh,),-catalyzed coupling reaction of acetophenone
with 2 which yields a mixture of the corresponding 1:1 and 1:2
coupling products.'** Steric congestion around the imino group
in 10 and 11 probably strongly suppresses the second C-
H/olefin coupling step.

Reactions of aldimine 1 with various olefins gave the results
shown in Table 2. The imine 1 smoothly reacted with
vinylsilanes to give the coupling products in high yields (Runs 1
and 2). Ethylene underwent the coupling reaction quantitatively
(Run 3). Styrene and tert-butylethylene also gave coupling
products albeit in low yields (Runs 4 and 5).
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Table 2. Ruthenium-catalyzed reaction of 1 with various
olefins®

Run Olefin Product and Yield?
/\Y N/B“‘ N/Bu‘
SNl el
Y A~y
1 siMeS  4mmol  12a 72% 12b 7%
2 ?siMe,0Etf 4mmol  13a 83% 13b 4%
3 =9  14mmol 14 97%
(7 atm)
4 A 10mmol 15  16%
5  #ph 10 mmol 16a 19% 16b 4%

#Reaction conditions: imine 1 (2 mmol), olefin (4-14 mmol),
Ru3(CO) 17 (0.12 mmol), toluene (3 cm?), 135 °C (oil bath
temperature), 24 h. bGC yields. “In addition to 12a and 12b,
desilylated product, 14, was also obtained in 12% yield. Caralyst:
0.04 mmol. ®The reaction was carried out in an autoclave.

The reaction of aldimine 17 with ethylene gave 1:2 coupling
product 18 in 70% isolated yield (Eq. 2). In contrast, the
reaction of a ketimine 10 afforded 1:1 coupling product 19
predominantly (Eq. 3). This selectivity can be attributed to the
steric congestion in the case of the ketimine as described above.
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Qo = gl O
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2 mmol (7atm) 24h
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0.04 mmol
2mmol  (7am) ! 235':0 (bath temp)

19 85%
(anti:syn = 57:43)

In many cases, the dehydrogenated coupling products were
obtained in addition to the 1:1 coupling products. A control
experiment, as shown in Eq. 4, indicated that 3b was not formed
from 3a even though 13b was formed in 4% yield. The
mechanism leading to the formation of the dehydrogenated
coupling products is not clear at present time.

_Bu Bu'

N N~
@ . @A "+ 2 siMey(0EY
3a Si(OEt)3 1
2 mmol 2 mmol 4 mmol

Ru3(CO)y» 0.04 mmol

toluene 3 cm®

135 °C (bath temp)

24 h

In summary, it has been demonstrated that aldimines and

ketimines undergo the ruthenium-catalyzed C-H/olefin coupling
reaction. We believe that our methodology and related catalytic
systems will prove to have many applications and that further
improvements are likely to emerge.

Supporting Information Available (8 pages) including
spectral data of new compounds are available on request to the
author by telefax (+81-6-879-7396).
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