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Oxidative alkenylation of N,N-disubstituted benzamides
with alkenes accompanied by regioselective C­H bond cleavage
proceeds efficiently in the presence of a Ru/Ag catalyst system
together with a copper oxidant. The procedure is also applicable
to phenylazoles.

Direct C­C coupling reactions through regioselective C­H
bond cleavage have attracted much attention as atom- and step-
economic tools for precise synthesis, and various catalytic
processes involving different modes to activate the ubiquitously
available bond have been developed.1 Among the most promis-
ing strategies is the chelate-assisted version with the aid of
directing groups. Particularly, the transition-metal-catalyzed
ortho-alkenylation of aromatic substrates through oxidative
coupling with readily available alkenes2 is a useful method to
selectively construct ³-conjugated alkenylarene frameworks,
which can be widely seen in organic materials.3 As early
examples, we demonstrated that 2-phenylphenols,4 N-(arylsul-
fonyl)-2-phenylanilines,5 and benzoic acids5,6 undergo directed
alkenylation under Pd- or Rh-catalysis. Since then, a number
of related oxidative alkenylation reactions have been disclosed
by us7 and others.8 Compared to well-developed Pd- and Rh-
catalyzed reactions, the ruthenium-catalyzed version has been
less explored. Recently, we succeeded in finding that hetero-
arene carboxylic acids9 and phenylazoles10 undergo directed
alkenylation under Ru-catalysis. Although the Ru-catalyzed
alkenylation11,12 seems to be attractive due to relatively lower
catalyst cost compared to Pd and Rh, the effective substrates
have so far been limited. Consequently, we have investigated
retuning our Ru-catalyst system to improve the activity and to
expand its applicability and found that addition of AgSbF6 as a
cocatalyst together with [Ru(p-cymene)Cl2]2 enables N,N-di-
substituted benzamides13 to undergo the regioselective alkenyl-
ation smoothly. Actually, the reaction did not proceed at all
without the cocatalyst. The catalyst system [Ru(p-cymene)Cl2]2/
AgSbF6 was also found to be effective for the alkenylation of
phenylazoles. These new findings are described herein.

In an initial attempt, N,N-dimethylbenzamide (1a) (0.25
mmol) was treated with butyl acrylate (2a) (0.5mmol) in the
presence of [Ru(p-cymene)Cl2]2 (0.013mmol) and Cu(OAc)2¢
H2O (0.5mmol) as catalyst and oxidant, respectively, in t-
AmOH(tert-pentyl alcohol) at 100 °C for 4 h under N2. Under
such conditions similar to those previously employed for the
reactions of 1-phenylpyrazoles,10a the starting materials were
recovered almost completely (Entry 1 in Table 1). Addition of
AgSbF6 (0.05mmol) promoted the reaction dramatically to
quantitatively afford the corresponding alkenylated product,
N,N-dimethyl-2-[(E)-(n-butoxycarbonyl)ethenyl]benzamide (3a)
(Entry 2).14 The reactions of 1a with ethyl (2b) and cyclohexyl

(2c) acrylates proceeded similarly to give the corresponding
alkenylated products 3b and 3c in good yields (Entries 3 and 4).
Styrene (2d) also underwent the reaction with 1a smoothly to
give a stilbene derivative 3d (Entry 5). Besides 1a, N-benzoyl-
piperidine (1b) and -pyrrolidine (1c) also reacted with 2a to
afford alkenylated products, 3e and 3f, respectively (Entries 6
and 7). Note that ortho-alkenylbenzamide derivatives are of
interest due to their photochemical reactivity as well as
applicabilities as photosensitizers and chiral auxiliaries.15

In the presence of the [Ru(p-cymene)Cl2]2/AgSbF6 catalyst
system, the alkenylation of phenylazoles was also found to be
promoted. Previously, we reported that the reaction of 2-
phenylbenzothiazole (4) with 2a using [Ru(p-cymene)Cl2]2 gave
the corresponding alkenylated product 5 in a low yield (ca.
20%).10a The reaction efficiency was considerably improved by
the addition of AgSbF6 cocatalyst to produce 5 in 61% yield
(Scheme 1).

Table 1. Reaction of benzamides 1 with alkenes 2a

b

Entry

1
2
3
4
5

6

7

2

2a: R2 = CO2(n -Bu)
2a: R2 = CO2(n -Bu)
2b: R2 = CO2Et
2c: R2 = CO2Cy
2d: R2 = Ph

2a

R2

2a

R2 R2

3

+

1

2

[Ru(p -cymene)Cl2]2
AgSbF6

Cu(OAc)2•H2O
t -AmOH

O NR1
2 O NR1

2

1

1a

1b

1c

O NMe2

O N

O N

Product, Yield/%

3a: R2 = CO2(n -Bu), 0
3a: R2 = CO2(n -Bu), 98
3b: R2 = CO2Et, 92
3c: R2 = CO2Cy, 82
3d: R2 = Ph, 62

3e, 82

R2

CO2(n -Bu)

3f, 75

CO2(n -Bu)

O NMe2

O N

O N

aReaction conditions: 1 (0.25mmol), 2 (0.5mmol), [Ru(p-
cymene)Cl2]2 (0.013mmol), AgSbF6 (0.05mmol), Cu(OAc)2¢
H2O (0.5mmol), in t-AmOH (3mL) at 100 °C for 4 h under N2.
bWithout AgSbF6.
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With the result in hand, we reexamined the alkenylation of
phenylazoles using [Ru(p-cymene)Cl2]2/AgSbF6. As a result,
1-methyl-2-phenylimidazole (6a) was found to undergo the
alkenylation with 2a to produce 7a selectively (Entry 1 in
Table 2). In the absence of AgSbF6, only a small amount of 7a
was formed (Entry 2). Other alkenes 2b­2d also reacted with 6a
to afford the corresponding products 7b­7d in 61­71% yields
(Entries 3­5).16 The reaction of 1-methyl-2-phenylbenzimida-
zole (6b) with 2a also proceeded efficiently to give 7e in 82%
yield (Entry 6).

In summary, we have demonstrated that benzamides and
phenylazoles efficiently undergo regioselective alkenylation in
the presence of a Ru/Ag catalyst system and a copper
oxidant.17,18 The present catalyst system and related ones are
expected to be applicable to other oxidative coupling reactions.19

Work is underway toward further development of the catalysis.
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2a: R = CO2(n -Bu)
2a: R = CO2(n -Bu)
2b: R = CO2Et
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2d: R = Ph
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R

R R
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+
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AgSbF6
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NN NNMe Me
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Product, Yield/%

7a: R = CO2(n -Bu), 57
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7b: R = CO2Et, 70
7c: R = CO2Cy, 61
7d: R = Ph, 71d

7e, 82

R

CO2(n -Bu)

NNMe

NNMe

aReaction conditions: 6 (0.25mmol), 2 (0.5mmol), [Ru(p-
cymene)Cl2]2 (0.013mmol), AgSbF6 (0.05mmol), Cu(OAc)2¢
H2O (0.5mmol), in t-AmOH (3mL) at 100 °C for 4 h under N2.
bWithout AgSbF6. cGC yield. dE/Z = 9:l.

[Ru(p -cymene)Cl2]2 (0.013 mmol)
AgSbF6 (0.05 mmol)

4 (0.25 mmol)

Cu(OAc)2•H2O (0.5 mmol)
t -AmOH, N2, 100 °C, 4 h

5, 61%

2a (0.5 mmol)

NS + CO2Bu NS CO2Bu

Scheme 1.

152

© 2012 The Chemical Society of JapanChem. Lett. 2012, 41, 151­153 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1039/c1cs15058h
http://dx.doi.org/10.1039/c1cs15058h
http://dx.doi.org/10.1039/c1cs15083a
http://dx.doi.org/10.1021/cr100241u
http://dx.doi.org/10.1021/cr100412j
http://dx.doi.org/10.1021/cr100412j
http://dx.doi.org/10.1021/cr100280d
http://dx.doi.org/10.1021/cr100280d
http://dx.doi.org/10.1002/chem.201001363
http://dx.doi.org/10.1002/chem.201001363
http://dx.doi.org/10.1055/s-0030-1258225
http://dx.doi.org/10.1055/s-0030-1258225
http://dx.doi.org/10.1246/cl.2010.1118
http://dx.doi.org/10.1246/cl.2010.1118
http://dx.doi.org/10.1021/cr900184e
http://dx.doi.org/10.1021/cr900184e
http://dx.doi.org/10.1021/cr900005n
http://dx.doi.org/10.1021/cr900005n
http://dx.doi.org/10.1039/b908581e
http://dx.doi.org/10.1039/b908581e
http://dx.doi.org/10.1002/anie.200902996
http://dx.doi.org/10.1002/anie.200806273
http://dx.doi.org/10.1002/anie.200806273
http://dx.doi.org/10.1134/S1070428009010011
http://dx.doi.org/10.1134/S1070428009010011
http://dx.doi.org/10.1039/b805701j
http://dx.doi.org/10.1039/b805701j
http://dx.doi.org/10.1055/s-2008-1067256
http://dx.doi.org/10.1055/s-2008-1067256
http://dx.doi.org/10.1016/j.tet.2008.01.052
http://dx.doi.org/10.1016/j.tet.2008.01.052
http://dx.doi.org/10.1021/ar700133y
http://dx.doi.org/10.1021/ar700133y
http://dx.doi.org/10.1021/cr068006f
http://dx.doi.org/10.1021/cr050980b
http://dx.doi.org/10.1021/cr050980b
http://dx.doi.org/10.1021/cr0509760
http://dx.doi.org/10.1021/cr0509760
http://dx.doi.org/10.1126/science.1114731
http://dx.doi.org/10.1126/science.1114731
http://dx.doi.org/10.1002/adsc.200303094
http://dx.doi.org/10.1002/adsc.200303094
http://dx.doi.org/10.1021/cr0104330
http://dx.doi.org/10.1021/cr0104330
http://dx.doi.org/10.1021/ar960318p
http://dx.doi.org/10.1021/ar960318p
http://dx.doi.org/10.1002/(SICI)1521-3773(19990614)38:12<1698::AID-ANIE1698>3.0.CO%3B2-6
http://dx.doi.org/10.1021/ja01053a047
http://dx.doi.org/10.1016/S0040-4039(00)90648-8
http://dx.doi.org/10.1246/cl.2000.1064
http://dx.doi.org/10.1246/cl.1988.685
http://dx.doi.org/10.1021/ja003361n
http://dx.doi.org/10.1021/cr100209d
http://dx.doi.org/10.1039/c1cs15082k
http://dx.doi.org/10.1039/c1cs15082k
http://dx.doi.org/10.1055/s-0029-1218748
http://dx.doi.org/10.1055/s-0029-1218748
http://dx.doi.org/10.1021/ar000209h
http://dx.doi.org/10.1021/ar000209h
http://dx.doi.org/10.1021/cr000013v
http://dx.doi.org/10.1021/cr000013v
http://dx.doi.org/10.1002/(SICI)1521-3773(19980302)37:4<402::AID-ANIE402>3.0.CO%3B2-9
http://dx.doi.org/10.1002/(SICI)1521-3773(19980302)37:4<402::AID-ANIE402>3.0.CO%3B2-9
http://dx.doi.org/10.1038/42190
http://dx.doi.org/10.1246/cl.1997.1103
http://dx.doi.org/10.1246/cl.1997.1103
http://dx.doi.org/10.1021/jo980584b
http://dx.doi.org/10.1021/jo200509m
http://dx.doi.org/10.1021/jo200509m
http://dx.doi.org/10.1021/ol1027392
http://dx.doi.org/10.1351/pac200880051127
http://dx.doi.org/10.1021/jo070735n
http://dx.doi.org/10.1021/ol070406h
http://dx.doi.org/10.1021/jo901485v
http://dx.doi.org/10.1021/jo901485v
http://www.csj.jp/journals/chem-lett/


Miura, J. Org. Chem. 2009, 74, 6295. c) A. Maehara, H.
Tsurugi, T. Satoh, M. Miura, Org. Lett. 2008, 10, 1159.

8 For recent examples, see: a) C. Huang, B. Chattopadhyay, V.
Gevorgyan, J. Am. Chem. Soc. 2011, 133, 12406. b) T.-J.
Gong, B. Xiao, Z.-J. Liu, J. Wan, J. Xu, D.-F. Luo, Y. Fu, L.
Liu, Org. Lett. 2011, 13, 3235. c) M. Yu, Z. Liang, Y. Wang,
Y. Zhang, J. Org. Chem. 2011, 76, 4987. d) N. Guimond,
S. I. Gorelsky, K. Fagnou, J. Am. Chem. Soc. 2011, 133,
6449. e) S. H. Park, J. Y. Kim, S. Chang, Org. Lett. 2011, 13,
2372. f) K. J. Stowers, K. C. Fortner, M. S. Sanford, J. Am.
Chem. Soc. 2011, 133, 6541. g) F. Wang, G. Song, Z. Du, X.
Li, J. Org. Chem. 2011, 76, 2926. h) B. S. Kim, S. Y. Lee,
S. W. Youn, Chem.®Asian J. 2011, 6, 1952. i) A. García-
Rubia, M. Á. Fernández-Ibáñez, R. G. Arrayás, J. C.
Carretero, Chem.®Eur. J. 2011, 17, 3567. j) S. Rakshit, C.
Grohmann, T. Besset, F. Glorius, J. Am. Chem. Soc. 2011,
133, 2350. k) C. Zhu, J. R. Falck, Org. Lett. 2011, 13, 1214.
l) A. S. Tsai, M. Brasse, R. G. Bergman, J. A. Ellman, Org.
Lett. 2011, 13, 540. m) F. W. Patureau, T. Besset, F. Glorius,
Angew. Chem., Int. Ed. 2011, 50, 1064. n) K. M. Engle,
D.-H. Wang, J.-Q. Yu, J. Am. Chem. Soc. 2010, 132, 14137.
o) K. M. Engle, D.-H. Wang, J.-Q. Yu, Angew. Chem., Int.
Ed. 2010, 49, 6169. p) F. Wang, G. Song, X. Li, Org. Lett.
2010, 12, 5430. q) J. Chen, G. Song, C.-L. Pan, X. Li, Org.
Lett. 2010, 12, 5426. r) B. S. Kim, C. Jang, D. J. Lee, S. W.
Youn, Chem.®Asian J. 2010, 5, 2336. s) F. W. Patureau, F.
Glorius, J. Am. Chem. Soc. 2010, 132, 9982. t) T. Nishikata,
B. H. Lipshutz, Org. Lett. 2010, 12, 1972. u) B.-F. Shi, Y.-H.
Zhang, J. K. Lam, D.-H. Wang, J.-Q. Yu, J. Am. Chem. Soc.
2010, 132, 460. v) D.-H. Wang, K. M. Engle, B.-F. Shi, J.-Q.
Yu, Science 2010, 327, 315. w) W. Rauf, A. L. Thompson,
J. M. Brown, Chem. Commun. 2009, 3874. x) G. Cai, Y. Fu,
Y. Li, X. Wan, Z. Shi, J. Am. Chem. Soc. 2007, 129, 7666.
y) C. Amatore, C. Cammoun, A. Jutand, Adv. Synth. Catal.
2007, 349, 292. z) M. D. K. Boele, G. P. F. van Strijdonck,
A. H. M. de Vries, P. C. J. Kamer, J. G. de Vries, P. W. N. M.
van Leeuwen, J. Am. Chem. Soc. 2002, 124, 1586.

9 a) T. Ueyama, S. Mochida, T. Fukutani, K. Hirano, T. Satoh,
M. Miura, Org. Lett. 2011, 13, 706. After our report, a
related reaction of benzoic acids was reported: b) L.
Ackermann, J. Pospech, Org. Lett. 2011, 13, 4153.

10 a) Y. Hashimoto, T. Ueyama, T. Fukutani, K. Hirano, T.
Satoh, M. Miura, Chem. Lett. 2011, 40, 1165. A similar
report appeared independently: b) P. B. Arockiam, C.

Fischmeister, C. Bruneau, P. H. Dixneuf, Green Chem.
2011, 13, 3075.

11 For Ru-catalyzed directed alkenylation using vinyl halides,
vinyl boronates, and vinyl and alkyl acetates, see: a) S.
Ueno, T. Kochi, N. Chatani, F. Kakiuchi, Org. Lett. 2009, 11,
855. b) Y. Matsuura, M. Tamura, T. Kochi, M. Sato, N.
Chatani, F. Kakiuchi, J. Am. Chem. Soc. 2007, 129, 9858. c)
S. Ueno, N. Chatani, F. Kakiuchi, J. Org. Chem. 2007, 72,
3600. d) S. Oi, Y. Tanaka, Y. Inoue, Organometallics 2006,
25, 4773. e) S. Oi, E. Aizawa, Y. Ogino, Y. Inoue, J. Org.
Chem. 2005, 70, 3113. f) S. Oi, Y. Ogino, S. Fukita, Y.
Inoue, Org. Lett. 2002, 4, 1783. g) S. Oi, S. Fukita, N.
Hirata, N. Watanuki, S. Miyano, Y. Inoue, Org. Lett. 2001, 3,
2579.

12 Ru-Catalyzed coupling of arylamides with alkenes without
any oxidants has been reported. In the reactions, mixtures of
oxidative- and nonoxidative coupling products were formed:
K.-H. Kwon, D. W. Lee, C. S. Yi, Organometallics 2010, 29,
5748.

13 For the Rh-catalyzed alkenylation of these amides, see
reference 8m.

14 Use of AgSbF6 under Rh catalysis, see for example: a) D. R.
Stuart, M. Bertrand-Laperle, K. M. N. Burgess, K. Fagnou,
J. Am. Chem. Soc. 2008, 130, 16474. Similar Ru/Ag catalyst
systems were employed in the nonoxidative cyclization of
arene­ene substrates: b) S. W. Youn, S. J. Pastine, D. Sames,
Org. Lett. 2004, 6, 581.

15 a) C. B. Nielsen, J. Arnbjerg, M. Johnsen, M. Jørgensen,
P. R. Ogilby, J. Org. Chem. 2009, 74, 9094. b) R. Rios, C.
Jimeno, P. J. Carroll, P. J. Walsh, J. Am. Chem. Soc. 2002,
124, 10272. c) F. D. Lewis, S. G. Kultgen, J. Photochem.
Photobiol., A 1998, 112, 159.

16 In the case using 2d, a minor amount of (Z)-7d was also
formed. However, the reason why the Z-isomer formation
was observed only in this case is obscure.

17 Through the present study, dialkenylation products could not
be detected.

18 Supporting Information is available electronically on the
CSJ-Journal Web site, http://www.csj.jp/journals/chem-lett/
index.html.

19 A report of ortho-alkenylation of aromatic ketones using a
Ru/Ag catalyst appeared during the preparation of this
manuscript. K. Padala, M. Jeganmohan, Org. Lett. 2011, 13,
6144.

153

© 2012 The Chemical Society of JapanChem. Lett. 2012, 41, 151­153 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1021/jo901077r
http://dx.doi.org/10.1021/ol8000602
http://dx.doi.org/10.1021/ja204924j
http://dx.doi.org/10.1021/ol201140q
http://dx.doi.org/10.1021/jo200666z
http://dx.doi.org/10.1021/ja201143v
http://dx.doi.org/10.1021/ja201143v
http://dx.doi.org/10.1021/ol200600p
http://dx.doi.org/10.1021/ol200600p
http://dx.doi.org/10.1021/ja2015586
http://dx.doi.org/10.1021/ja2015586
http://dx.doi.org/10.1021/jo2002209
http://dx.doi.org/10.1002/asia.201100024
http://dx.doi.org/10.1002/chem.201003633
http://dx.doi.org/10.1021/ja109676d
http://dx.doi.org/10.1021/ja109676d
http://dx.doi.org/10.1021/ol200093f
http://dx.doi.org/10.1021/ol102890k
http://dx.doi.org/10.1021/ol102890k
http://dx.doi.org/10.1002/anie.201006222
http://dx.doi.org/10.1021/ja105044s
http://dx.doi.org/10.1002/anie.201002077
http://dx.doi.org/10.1002/anie.201002077
http://dx.doi.org/10.1021/ol102241f
http://dx.doi.org/10.1021/ol102241f
http://dx.doi.org/10.1021/ol1022596
http://dx.doi.org/10.1021/ol1022596
http://dx.doi.org/10.1002/asia.201000613
http://dx.doi.org/10.1021/ja103834b
http://dx.doi.org/10.1021/ol100331h
http://dx.doi.org/10.1021/ja909571z
http://dx.doi.org/10.1021/ja909571z
http://dx.doi.org/10.1126/science.1182512
http://dx.doi.org/10.1039/b905717j
http://dx.doi.org/10.1021/ja070588a
http://dx.doi.org/10.1002/adsc.200600389
http://dx.doi.org/10.1002/adsc.200600389
http://dx.doi.org/10.1021/ja0176907
http://dx.doi.org/10.1021/ol102942w
http://dx.doi.org/10.1021/ol201563r
http://dx.doi.org/10.1246/cl.2011.1165
http://dx.doi.org/10.1039/c1gc15875a
http://dx.doi.org/10.1039/c1gc15875a
http://dx.doi.org/10.1021/ol802819b
http://dx.doi.org/10.1021/ol802819b
http://dx.doi.org/10.1021/ja071965m
http://dx.doi.org/10.1021/jo070182g
http://dx.doi.org/10.1021/jo070182g
http://dx.doi.org/10.1021/om060561k
http://dx.doi.org/10.1021/om060561k
http://dx.doi.org/10.1021/jo050031i
http://dx.doi.org/10.1021/jo050031i
http://dx.doi.org/10.1021/ol025851l
http://dx.doi.org/10.1021/ol016257z
http://dx.doi.org/10.1021/ol016257z
http://dx.doi.org/10.1021/om100764c
http://dx.doi.org/10.1021/om100764c
http://dx.doi.org/10.1021/ja806955s
http://dx.doi.org/10.1021/ol036385i
http://dx.doi.org/10.1021/jo9020216
http://dx.doi.org/10.1021/ja026436r
http://dx.doi.org/10.1021/ja026436r
http://dx.doi.org/10.1016/S1010-6030(97)00294-3
http://dx.doi.org/10.1016/S1010-6030(97)00294-3
http://www.csj.jp/journals/chem-lett/index.html
http://www.csj.jp/journals/chem-lett/index.html
http://dx.doi.org/10.1021/ol202580e
http://dx.doi.org/10.1021/ol202580e
http://www.csj.jp/journals/chem-lett/

