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Abstract: We have developed a one-pot ring-closing
metathesis (RCM)/oxidation methodology to yield
various 2-quinolines from 2-vinyl-N-allylaniline de-
rivatives. This is a first example of an oxidation in-
volving methylene (CH2) groups with modified
Grubbs-type ruthenium complexes. Hence, this
adds an example of a non-methathesis reaction
using a ruthenium carbene catalyst.
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Advances in the field of transition metal catalysis
have revolutionized organic synthesis. Numerous ex-
amples of catalyst efficiency can be found in which a
catalyst is used to conduct two or more mechanistical-
ly similar reactions, including cascade/domino reac-
tions and those involving either a specific order of re-
agent addition or a differential reactivity of functional
groups. A particularly valuable tandem or domino
process occurs when fundamentally different transfor-
mations are mediated by the same catalytic precur-
sor.[1] The principal limitation of assisted tandem cat-
alysis is the requirement for intervention.[1b]

In this regard, ruthenium alkylidenes A[2] , B[3] , C[4]

and D[5] , which are widely used for olefin metathesis,
have been shown to function as procatalysts[6] in
olefin isomerizations,[7] hydrogenations,[8] radical reac-
tions,[9] activation of silanes,[10] cyclopropanations,[11]

epimerization of cyclopropanes,[12] [3+2] cycloaddi-
tions[13] and cycloisomerizations.[14]

2-Quinolinone derivatives have attracted considera-
ble attention due to their use as anti-inflammatory,
antihypertensive, analgesic and antipsychotic agents.

Although many methods have been developed for the
synthesis of quinolones and their derivatives, most are
not completely satisfactory with respect to yield, reac-
tion conditions, generality, or operational simplicity.
Therefore, the development of better synthetic ap-
proaches to 2-quinolones remains an active research
area.[15]

In this communication, we report an assisted
tandem Ru catalysis system which promotes a one-
pot ring-closing metathesis[16] (RCM)/oxidation pro-
viding 2-quinolones. Although there are some related
tandem reactions involving metathesis as the first
step,[17] an oxidation involving CH2 with modified
Grubbs-type ruthenium complexes is unprecedent-
ed.[18] It is noteworthy that oxidation of the a-methyl-
ene group of amines to give the corresponding
amides[19] is very difficult and only one example of an
efficient catalytic oxygenation of primary amines into
the corresponding amides using a supported rutheni-
um hydroxide catalyst has been reported so far by the
Mizuno group in 2008.[20]

In our work on medicinal chemistry with cyclopro-
panes as the key conformationally restricted unit,[21]

we observed that the reaction of an a,w-diene, N-
allyl-N-benzyl-2-vinylaniline, derivative 1, with
5 mol% of B in refluxing benzene under an argon bal-
loon for 20 h and subsequent silica gel column chro-
matography purification led to 2-quinolone 3 in 20%
yield instead of the expected 1,2-dihydroquinoline
2[22] (Scheme 1). When the same reaction and purifica-
tion were carried out in a glove box, where the con-
centrations of H2O and O2 were less than 1 ppm, the
dihydroquinoline 2 was obtained quantitatively. The
purified compound 2 was not readily oxidized to 3
under an air or oxygen atmosphere. These results sug-
gested that a ruthenium species might catalyze a
novel non-metathesis reaction, i.e., oxidation of 2 into
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Scheme 1. RCM-oxidation one-pot reaction to give 2-quinolinone derivatives.

Table 1. RCM-oxidation one-pot reaction to give 2-quinolinone derivatives.

Entry Solvent Step 1 Step 2 Yield [% over 2 steps]
“Ru” Temperature [8C] Time [h] Atmosphere[e] Oxidant (equiv.)

1 benzene B reflux 5 air – 42
2 benzene B reflux 5 O2 – 52
3 benzene B reflux 5 ar – trace
4 dioxane[c] B 80 5 air – 35
5 AcOH[d] B 90 5 air – trace
6 CCl4 B reflux 5 air – no reaction
7 CH2Cl2 B reflux 5 air – trace
8 benzene A reflux 5 air – –[f]

9 benzene C reflux 5 air – trace
10 benzene D reflux 5 air – –[f]

11 benzene B reflux 1/6[g] Ar H2O2 (10) 32
12 benzene B reflux 1/6[g] Ar mCPBA (10) trace
13 benzene B reflux 1/6[g] Ar PhCO3-t-Bu (10) 32
14 benzene B reflux 1/6[g] Ar t-BuOOH (10) 64
15 benzene B reflux 1/6[g] Ar t-BuOOH (2) 71
16 benzene B reflux 1/6 g] Ar t-BuOOH (1.5) 55
17 benzene B reflux 1 Ar t-BuOOH (2) 71
18 benzene B reflux 3 Ar t-BuOOH (2) 77
19 benzene B 50 1 Ar t-BuOOH (2) 79
20 benzene B r.t. 1 Ar t-BuOOH (2) 84

[a] On TLC, 4a was completely converted to 5a except for entries 8 and 10.[22]

[b] The same solvent which was used in Step 1 was also used in Step 2.
[c] Step 1 was carried out at 80 8C (bath temperature).
[d] Step 1 was carried out at 90 8C (bath temperature).
[e] A balloon was used (ca. 1 atm).
[f] Step 1 was not completed.
[g] 1/6 hour means 10 min.
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3.[23] Consequently, we decided to continue to explore
this chemistry further.

To examine this reaction in detail, we used a simpli-
fied substrate 4a instead of 1 (Table 1). In the first
step, 4a was treated with the ruthenium carbene cata-
lyst (A–D : 5 mol%) in refluxing benzene or another
solvent for 30 min under an argon atmosphere to give
5a.[22] The subsequent step, which involved oxidation
of the resulting 5a without purification, was investi-
gated under various conditions. In entries 1–3, the
first reaction, the RCM of 4a with B in refluxing ben-
zene for 30 min under an argon atmosphere, proceed-
ed to give 5a. The subsequent reaction under 1 atm of
air, oxygen or argon, gave the corresponding oxida-
tion product 6a in yields of 42%, 52% and a trace
amount, respectively. Among the solvents examined,
benzene was better than the others (entries 4–7). The
other ruthenium carbene catalysts, A, C or D (en-
tries 8–10), were less effective compared to B
(entry 1). We next examined the effect of oxidants in
the second step. Although H2O2, mCPBA, and
PhCO3-t-Bu did not improve it, the yield of 6a was in-
creased to 64% with 10 equivalents of t-BuOOH (en-
tries 11–14). Clearly, t-BuOOH was the most favora-
ble oxidant examined for the second step. Upon fur-
ther research, we found that 2 equivalents of t-
BuOOH and 1 hour of reaction time at room temper-
ature in benzene were appropriate conditions for the
second reaction (entries 14–20). In entry 20, the iso-
lated yield of 6a was 84% in the one-pot 2-step reac-
tion. Therefore, chemical yield of 6 from 4 was dra-
matically changed with changing reaction conditions.
It should be noted that purified 5a was not oxidized
to 6a in the presence of 2 equivalents of t-BuOOH.

We next examined the effect of protecting groups
on the nitrogen and substituents at the a position of
the styrene (Table 2). The acetyl, mesyl and methoxy-
carbonyl protecting groups on the nitrogen are easily
removed under the second reaction conditions and
the corresponding quinoline 7a without the protecting
group was produced in 49%, 54% and 44% yield, re-
spectively (entries 2–4), probably because the oxida-
tion of the carbon adjacent to the nitrogen did not
proceed efficiently in these cases. Therefore, the
benzyl group is a more favorable protecting group on
the nitrogen atom for our one-pot reaction system
(entry 1), and the protection of the nitrogen atom is
required for the subsequent oxidation. Through en-
tries 1 and 5–8, it became clear that substrate 4
needed substituents, such as Ph, i-Pr, or c-Pr at the a
position of the styrene, to be converted to the corre-
sponding 2-quinolone 6.

We next examined the substituent effect on the
benzene ring with the substrates 4j–4n, and the results
are shown in Table 3. It was observed on TLC that
compounds 4j–4n were almost completely converted
to the corresponding 1,2-dihydroquinolines 5j–5n by

Table 2. RCM-oxidation one-pot reaction: substituent ef-
fects (I).

Entry Substrate Product (isolated yield,%, 2 steps)
R Pg

1[b] 4a Ph Bn 6a (84) –
2 4b Ph Ac – 7a (49)
3 4c Ph Ms – 7a (54)
4 4d Ph CO2Me 6d (22) 7a (44)
5 4e Me Bn trace –
6 4f Et Bn trace –
7 4g i-Pr Bn 6g (50) –
8 4h c-Pr Bn 6h (57) –

[a] On TLC, 4 was completely converted to 5.[22]

[b] The entry 20 in Table 1.

Table 3. RCM-oxidation one-pot reaction: substituent ef-
fects (II).

Entry Substrate Isolated yield of 6 (%, 2 steps)
R

1[b] 4a H 84
2 4j 3-Me 69
3 4k 4-Me 80
4 4l 5-Me 68
5 4m 6-Me 55
6 4n 4-Br 74

[a] On TLC, 4 was completely converted to 5.
[b] The entry 20 in Table 1.
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RCM. We successfully transformed these substrates,
5j–5l, 5n, into the corresponding 2-quinolones 6j–6l,
6n in good to excellent yields. However, 4m, with a
substituent on the 6-position, was converted to the
corresponding 2-quinolone in moderate yield
(entry 5), probably due to steric hindrance. Therefore,
this is a substrate-dependent reaction.

These results suggest that after the RCM process,
the Ru carbene catalyst seems to be converted to an-
other Ru species, which might catalyze the oxidation
of the methylene adjacent to the nitrogen of the 1,2-
dihydroquinoline.

Finally, the best conditions (Table 1, entry 20) were
applied to our medicinal substrate 1. As a result, the
expected 3 was successfully obtained in 83% yield.

In summary, we have developed a one-pot RCM/
oxidation methodology to produce various 2-quino-
lones from 2-vinyl-N-allylaniline derivatives. This is
another example of a non-metathesis reaction using a
ruthenium carbene catalyst.

Experimental Section

General Procedure for the Preparation of 2-
Quinolone Derivatives

To a solution of an a,w-diene (0.1 mmol) in benzene
(10 mL) was added catalyst B (8.5 mg, 10 mol%) and the
mixture was refluxed for 30 min under argon. The mixture
was cooled to room temperature and TBHP (68% in water;
0.029 mL, 0.2 mmol) was added. After 1 hour, the solvent
was evaporated under reduced pressure. The obtained resi-
due was subjected to column chromatography (neutral silica
gel, hexane/AcOEt=5:1) to give the products.

Acknowledgements

This work was supported by a Grant-in-Aid for Scientific Re-
search on Innovative Areas “Molecular Activation Directed
toward Straightforward Synthesis” from the Ministry of Edu-
cation, Culture, Sports, Science and Technology, Japan.

References

[1] a) A. Ajamian, J. L. Gleason, Angew. Chem. 2004, 116,
3842–3848; Angew. Chem. Int. Ed. 2004, 43, 3754–3760;
b) D. E. Fogg, E. N. dos Santos, Coord. Chem. Rev.
2004, 248, 2365–2379; c) J.-C. Wasilke, S. J. Obrey, R. T.
Baker, G. C. Bazan, Chem. Rev. 2005, 105, 1001–1020.

[2] a) P. Schwab, M. B. France, J. W. Ziller, R. H. Grubbs,
Angew. Chem. 1995, 107, 2179–2181; Angew. Chem. Int.
Ed. Engl. 1995, 34, 2039–2041; b) B. M. Novak, R. H.
Grubbs, J. Am. Chem. Soc. 1988, 110, 960–961.

[3] M. Scholl, S. Ding, C. W. Lee, R. H. Grubbs, Org. Lett.
1999, 1, 953–956.

[4] J. P. A. Harrity, D. S. La, D. R. Cefalo, M. S. Visser,
A. H. Hoveyda, J. Am. Chem. Soc. 1998, 120, 2343–
2351.

[5] J. S. Kingsbury, J. P. A. Harrity Jr, P. J. Bonitatebus,
A. H. Hoveyda, J. Am. Chem. Soc. 1999, 121, 791–799.

[6] For reviews, see: a) B. Alcaide, P. Almendros, Chem.
Eur. J. 2003, 9, 1258–1262; b) B. Schmidt, Eur. J. Org.
Chem. 2004, 9, 1865–1880; c) M. Arisawa, Y. Terada, K.
Takahashi, M. Nakagawa, A. Nishida, Chem. Rec. 2007,
7, 238–253; d) B. Alcaide, P. Almendros, A. Luna,
Chem. Rev. 2009, 109, 3817–3858.

[7] a) S. J. Miller, H. E. Blackwell, R. H. Grubbs, J. Am.
Chem. Soc. 1996, 118, 9606–9614; b) Y.-J. Hu, R. Domi-
nique, S. K. Das, R. Roy, Can. J. Chem. 2000, 78, 838–
845; c) P. Wipf, S. R. Rector, H. Takahashi, J. Am.
Chem. Soc. 2002, 124, 14848–14849; d) P. Wipf, S. R. J.
Spencer, J. Am. Chem. Soc. 2005, 127, 225–235; e) B.
Alcaide, P. Almendros, J. M. Alonso, M. F. Aly, Org.
Lett. 2001, 3, 3781–3784; f) C. Cadot, P. I. Dalko, J.
Cossy, Tetrahedron Lett. 2002, 43, 1839–1841; g) B. Al-
caide, P. Almendros, J. M. Alonso, Tetrahedron Lett.
2003, 44, 8693–8695; h) B. Alcaide, P. Almendros, J. M.
Alonso, Chem. Eur. J. 2003, 9, 5793–5799; i) A. F�rst-
ner, O. R. Thiel, L. Ackermann, H.-J. Schanz, S. P.
Nolan, J. Org. Chem. 2000, 65, 2204–2207; j) D. C.
Braddock, A. J. Wildsmith, Tetrahedron Lett. 2001, 42,
3239–3242; k) M. K. Gurjar, P. Yakambram, Tetrahe-
dron Lett. 2001, 42, 3633–3636; l) D. C. Braddock, A.
Matsuno, Tetrahedron Lett. 2002, 43, 3305–3308; m) D.
Bourgeois, A. Pancrazi, S. P. Nolan, J. Prunet, J. Orga-
nomet. Chem. 2002, 643–644, 247–252; n) M. Arisawa,
Y. Terada, M. Nakagawa, A. Nishida, Angew. Chem.
2002, 114, 4926–4928; Angew. Chem. Int. Ed. 2002, 41,
4732–4734; o) J. C. Sworen, J. H. Pawlow, W. Case, J.
Lever, K. B. Wagener, J. Mol. Catal. A: Chem. 2003,
194, 69–78; p) C. D. Edlin, J. Faulkner, D. Fengas, C. K.
Knoght, J. Parker, I. Preece, P. Quayle, S. N. Richards,
Synlett 2005, 572–576; q) B. Schmidt, J. Mol. Cat. A:
Chem. 2006, 254, 53–57; r) S. Kotha, K. Mandal, A.
Tiwari, S. M. Mobin, Chem. Eur. J. 2006, 12, 8024–
8038; s) S. Hanessian, S. Giroux, A. Larsson, Org. Lett.
2006, 8, 5481–5484; t) A. E. Sutton, B. A. Seigal, D. F.
Finnegan, M. L. Snapper, J. Am. Chem. Soc. 2002, 124,
13390–13391; u) B. Schmidt, Eur. J. Org. Chem. 2003,
816–819; v) B. Schmidt, Chem. Commun. 2004, 742–
743; w) B. Schmidt, J. Org. Chem. 2004, 69, 7672–7687;
x) B. Schmidt, Synlett 2004, 9, 1541–1544; y) S. Fustero,
M. S�nchez-Rosell�, D. Jim�nez, J. F. Sanz-Carvera, C.
del Pozo, J. L. AceÇa, J. Org. Chem. 2006, 71, 2706–
2714; z) M. Arisawa, Y. Terada, K. Takahashi, M. Na-
kagawa, A. Nishida, J. Org. Chem. 2006, 71, 4255–4261.

[8] a) J. Louie, C. W. Bielawski, R. H. Grubbs, J. Am.
Chem. Soc. 2001, 123, 11312–11313; b) C. W. Bielawski,
J. Louie, R. H. Grubbs, J. Am. Chem. Soc. 2000, 122,
12872–12873; c) B. Schmidt, M. Pohler, Org. Biomol.
Chem. 2003, 1, 2512–2517.

[9] a) J. A. Tallarico, L. A. Malnick, M. L. Snapper, J. Org.
Chem. 1999, 64, 344–345; b) F. Simal, A. Demonceau,
A. F. Noels, Tetrahedron Lett. 1999, 40, 5689–5693;
c) B. Schmidt, M. Pohler, B. Costisella, J. Org. Chem.
2004, 69, 1421–1424; d) B. T. Lee, T. O. Schrader, B.
Mart�n-Matute, C. R. Kauffman, P. Zhang, M. L. Snap-

Adv. Synth. Catal. 2011, 353, 2676 – 2680 � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim asc.wiley-vch.de 2679

One-Pot Ring-Closing Metathesis (RCM)/Oxidation by an Assisted Tandem Ruthenium Catalysis

http://asc.wiley-vch.de


per, Tetrahedron 2004, 60, 7391–7396; e) B. A. Seigal,
C. Fajardo, M. L. Snapper, J. Am. Chem. Soc. 2005,
127, 16329–16332; f) J. Faulkner, C. D. Edlin, D.
Fengas, I. Preece, P. Quayle, S. N. Richards, Tetrahe-
dron Lett. 2005, 46, 2381–2385; g) P. Quayle, D. Fengas,
S. Richards, Synlett 2003, 1797–1800; h) F. Simal, A.
Demonceau, A. F. Noels, Tetrahedron Lett. 1999, 40,
5689–5693; i) J. Faulkner, C. D. Edlin, D. Fengas, I.
Preece, P. Quayle, S. N. Richards, Tetrahedron Lett.
2005, 46, 2381–2385.

[10] a) S. V. Maifeld, R. L. Miller, D. Lee, Tetrahedron Lett.
2002, 43, 6363–6366; b) C. S. Aric�, L. R. Cox, Org.
Biomol. Chem. 2004, 2, 2558–2562; c) S. V. Maifeld,
M. N. Tran, D. Lee, Tetrahedron Lett. 2005, 46, 105–
108; d) C. Menozzi, P. I. Dalko, J. Cossy, J. Org. Chem.
2005, 70, 10717–10719.

[11] a) B. G. Kim, M. L. Snapper, J. Am. Chem. Soc. 2006,
128, 52–53; b) B. P. Peppers, S. T. J. Diver, J. Am.
Chem. Soc. 2004, 126, 9524–9525.

[12] X. Zeng, Z. Wei, V. Farina, E. Napolitano, Y. Xu, L.
Zhang, N. Haddad, N. K. Yee, N. Grinberg, S. Shen,
C. H. Senanayake, J. Org. Chem. 2006, 71, 8864–8875.

[13] F. L�pez, A. Delgado, J. R. Rodr�guez, L. Castedo, J. L.
Mascarenas, J. Am. Chem. Soc. 2004, 126, 10262–10263.

[14] a) Y. Terada, M. Arisawa, M. Nakagawa, A. Nishida,
Angew. Chem. 2004, 116, 4155–4159; Angew. Chem.
Int. Ed. 2004, 43, 4063–4067; b) C. Mukai, R. Itoh, Tet-
rahedron Lett. 2005, 46, 3971–3974; c) M. Arisawa, Y.
Terada, K. Takahashi, M. Nakagawa, A. Nishida, J.
Org. Chem. 2006, 71, 4255–4261.

[15] For example: a) D. V. Kadnikov, R. C. Larock, J. Org.
Chem. 2004, 69, 6772–6780; b) M. Arisawa, C. Theera-
ladanon, A. Nishida, Heterocycles 2005, 66, 683–688;
c) C. S. Jia, Y. W. Dong, S.-J. Tu, G.-W. Wang, Tetrahe-
dron 2007, 63, 892–897.

[16] a) T. J. Donohoe, L. P. Fishlock, P. A. Procopiou, Chem.
Eur. J. 2008, 14, 5716–5726; b) W. A. L. van Otterlo,
C. B. de Konig, Chem. Rev. 2009, 109, 3743–3782.

[17] a) A. A. Scholte, M. H. An, M. L. Snapper, Org. Lett.
2006, 8, 4759–4762; b) K. Yoshida, T. Toyoshima, T. Im-
amoto, Chem. Commun. 2007, 3774–3776; c) N. M. Nei-
sius, B. Plietker, J. Org. Chem. 2008, 73, 3218–3227.

[18] After submission of this manuscript preparation for
publication, an independent work of allylic oxidation
after metathesis with ruthenium carbene catalyst resi-
due and t-BuOOH was reported. B. Schmidt, S. Krehl,
Chem. Commun. 2011, 47, 5879–5881.

[19] a) R. Tang, S. E. Diamond, N. Nearcy, F. Mares, J.
Chem. Soc. Chem. Commun. 1978, 562; b) K. Tanaka,
S. Yoshifuji, Y. Nitta, Chem. Pharm. Bull. 1988, 36,
3125–3129; c) S.-I. Murahashi, T. Naota, T. Kuwabara,
T. Saito, H. Kumobayashi, S. Akutagawa, J. Am. Chem.
Soc. 1990, 112, 7820–7822.

[20] J. W. Kim, K. Yamaguchi, N. Mizuno, Angew. Chem.
2008, 120, 9389–9391; Angew. Chem. Int. Ed. 2008, 47,
9249–9251.

[21] For examples: a) Y. Kazuta, A. Matsuda, S. Shuto, J.
Org. Chem. 2002, 67, 1669–1677; b) Y. Kazuta, K.
Hirano, K. Natsume, S. Yamada, R. Kimura, S. Matsu-
moto, K. Furuichi, A. Matsuda, S. Shuto, J. Med.
Chem. 2003, 46, 1980–1988; c) M. Watanabe, Y.
Kazuta, H. Hayashi, S. Yamada, A. Matsuda, S. Shuto,
J. Med. Chem. 2006, 49, 5587–5596; d) M. Watanabe, T.
Hirokawa, T. Kobayashi, A. Yoshida, Y. Ito, S.
Yamada, N. Orimoto, Y. Yamasaki, M. Arisawa, S.
Shuto, J. Med. Chem. 2010, 53, 3585–3593.

[22] Isolation of 2 or 5 was difficult probably due to its in-
stability under an air atmosphere.

[23] An example of oxidation with t-BuOOH in the pres-
ence of ruthenium catalyst. S. I. Murahashi, N. Komiya,
Y. Oda, T. Kuwabara, T. Naota, J. Org. Chem. 2000, 65,
9186–9193.

2680 asc.wiley-vch.de � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Adv. Synth. Catal. 2011, 353, 2676 – 2680

COMMUNICATIONS Hiroshige Kato et al.

http://asc.wiley-vch.de

