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An unprecedented cascade reaction of isocyanide and

methyleneindolinone has been established, which represents a
novel and different reaction fashion compared with traditional
ones. This present transformation involves the ring-opening of
methyleneindolinone and the construction of two other new rings
simultaneously in an atom-economic manner.

In the past decades, isocyanides have proved themselves to
be irreplaceable one-carbon building blocks in modern organic
chemistry.! Accordingly, it has witnessed a rapid progress in
various carbon-carbon and carbon-heteroatom bond-forming
reactions involving isocyanides. Among them, the isocyanide-
based multicomponent reactions (IMCR) have been
extensively investigated and become a powerful tool towards
diversity-oriented syntheses.? Moreover, much efforts have also
been devoted to the transition-metal-catalyzed insertion
reactions involving isocyanides.® In these above-mentioned
transformations, the exceptional reactivity of isocyanides plays
a significant role since they can function both as nucleophile
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Scheme 1 Reactions of isocyanide and a,B-unsaturated carbonyl
compounds.

and electrophile on the same carbon atom.* On the other hand,
the unique features of isocyanide had also make themselves
widely applied in the syntheses of various heterocycles.® In
such cases, isocyanide-based efficient syntheses to heteroaryl
rings such as indole,® oxazole,” pyrrole® and imidazole® have
been well documented. In the past years, we have focused

This journal is © The Royal Society of Chemistry 2012

much attention on cycloaddition reactions
isocyanides to synthesize carbocycles and heterocycles.
More recently, we have also disclosed the Diels-Alder
cycloaddition reaction of aryne and methyleneindolinone to
construct fused oxindole.® As a continuation, we are also
interested in exploring the reactivity of methyleneindolinone
with isocyanide.

involving
10a-10d

Table 1 Reaction optimization®
Ph Me@
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Me 0 ) N Me
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N N”Ph

1a 2a 3a
Entry Catalyst® Solvent ~ Temp/°C  Yield (%)°
1 BF;-Et,0 Toluene 80 45
2 AICl; Toluene 80 17
3 FeCl; Toluene 80 trace
4 BiCl3 Toluene 80 trace
5 RuCl;- H,0 Toluene 80 20
6 NiCl,- 6H,0 Toluene 80 8
7 Pd(OAC), Toluene 80 -
8 Zn(OTf), Toluene 80 NR
9 AgOTf Toluene 80. NR
10 Yb(OTf), Toluene 80 trace
11 Sc(0Tf); Toluene 80 trace
12 TsOH Toluene 80 28
13 HCI Toluene 80 33
14 TfOH Toluene 80 21
15 BF;-Et,0 THF reflux 56
16¢ BF;-Et,0 THF reflux 65
17 BF;-Et,0 CH3CN reflux trace
18 BF;-Et,0 DCM reflux 20

220 mol% catalyst was used. ° Isolated yield of product. © A complex mixture
was observed. ¢ 40 mol% catalyst was employed.

It is already known that the cycloaddition reactions of isocyanide
to a,B-unsaturated carbonyl compounds have been well documented.
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Chatani reported the first catalytic [4+1] cycloaddition reaction of
isocyanide and a,B-unsaturated ketones leading to y-lactone
derivatives (Scheme 1, equation 1a).! Saegusa also demonstrated
that an efficient and unique hydrocyanation reaction took place when
tert-butyl isocyanide was mixed with unsaturated carbonyl
compounds or acetals in the presence of TiCl, (Scheme 1, equation
1b).22  However, our experiments showed that when
methyleneindolinone was employed as a,B-unsaturated carbonyl
compounds to react with isocyanides, a quite different cascade
cycloaddition reaction took place.

In our initial experiments, cycloaddition reactions of 2,6-
dimethylphenyl isocyanide la and arenacylideneoxindoles 2a in
toluene was used as standard protocol. In the presence of BF5Et,0,
as shown in Table 1, the reaction of 1a and 2a essentially led to the
formation of unexpected product 3a in 45 % yield (Table 1, entry 1).
Encouraged by this experimental result, we investigated a variety of
catalysts. However, the replacement of BF;Et,0O with several metal
chlorides only resulted in very low yield (Table 1, entries 3-6).
Further experiments also demonstrated that metal triflates were also
unfavorable for the formation of compound 3a (Table 1, entries 8-
11). In addition, the employment of Bragnsted acid such as TsOH and
HCI also demonstrated somewhat low efficiency compared with
BF;Et,O (Table 1, entries 12-14). To our delight, the screening of
solvents further indicated that the present reaction took place more
efficiently in THF as the solvent (Table 1, entries 15-18).

Table 2 Cycloaddition
arenacylideneoxindoles 2*

reaction using isocyanide la and

Me N Me
Q—Nc . BF3Et,0 A NN o
e THF, reflux - N Ph
1a 3
Entry R! Product Yield (%)
1 H 3a 65
2 5-fluoro 3b 51
3 5-chloro 3c 82
4 5-bromo 3d 72
5 5-methyl 3e 57
6 5-methoxy 3f 68
7 5,7-dimethyl 39 50
8 4-chloro - NR
9 6-bromo 3h 41
10 7-bromo 3i 75

# The reaction of 1a (1.2 mmol) and 2 (1.0 mmol ) was carried out in the
presence of BF3Et,O (40 mol %) in 10 mL THF under reflux unless
otherwise noted. ® Yield of product after silica gel chromatography.
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Table 3 Cycloaddition
arenacylideneoxindoles 4%

R2 Me@
o 0,

reaction using isocyanide la and

Me ) N Me
QNC . o BF5-Et,0 =0
N THF, reflux P 2
Me H N R
1a 4 5
Entry R? Product Yield (%)°

1 4-FCgH, 5a 71
2 2-CIC¢H, 5b 81
3 3-CIC¢H, 5c 65
4 4-CICgH, 5d 60
5 4-BrCgH, 5e 57
6 2-MeCgH, 5f 40
7 3-MeCg¢H, 59 69
8 4-MeCgH, 5h 54
9 5i 38
10 3-MeOCsH4 5j 85
11 4-MeOC¢H, 5k 73
12 4-NO,CeH4 51 67
13 Me 5m 70

 The reaction of 1a (1.2 mmol) and 4 (1.0 mmol ) was carried out in the
presence of BF3Et,0 (40 mol %) in 10 mL THF under reflux unless
otherwise noted. ® Yield of product after silica gel chromatography.

Once the optimized reaction condition has been established, we
turned our attention to the reaction scope. As shown in Table 2,
changing the substituent of substrate 2 on the aromatic ring at
position 5, 6 and 7 was first carried out. In such cases, both electron-
withdrawing (Table 2, entries 2-4 and entries 9-10) and —donating
substituents (Table 2, entries 5-7) on the aryl ring all worked well to
produce the cycloadducts 3 in satisfactory yields and all new
compounds were characterized by *H NMR, **C NMR, and HRMS
spectra. Moreover, the structure of 3a and 3f were determined by X-
ray crystallographic analysis. No reaction occurred when 4-
substituted substrate 2 was used (Table 2, entry 8), presumbly due to
the steric hindrance.

2| J. Name., 2012, 00, 1-3

To further demonstrate the versatility of this process, a feasibility
investigation of substrate 4 by varing the substituents bearing
carbonyl group was also carried out (Table 3). To our delight,
treatment of the isocyanide la and various substituted 4 essentially
afforded desired compounds 5 in all cases (Table 3). Substrate with
aliphatic substituent was also employed to form product 5 in
satisfactory yield (Table 3, entry 13). The structure of compound 5b
was further confirmed by single crystal X-ray analysis. Most
importantly, the present cycloaddition strategy represents the first
example of synthesis of functionalized quinoline from isocyanide
and methyleneindolinone. Taking the broad range of significant
biological activities of quinolines into account, the present strategy is
quite desirable.*®
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Scheme 2 Proposed mechanism.

The mechanistic proposal for the present cascade cycloaddition
reaction is outlined in Scheme 2. The beginning of the present
process involves the isocyanide nucleophilic attack towards the
reactive double bond at the position 3. Accordingly, the intermediate
A was trapped by water to generate B.™* Subsequent proton transfer

This journal is © The Royal Society of Chemistry 2012
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and intramolecular nucleophilic attack essentially leads to the
unusual ring-opening process. The reactive intermediate E
experiences the cyclization process followed by oxidative
aromatization to give the unusual quinoline 3 or 5.1° It is interesting
to note that no intermediate F was ever detected from the reaction
mixtures, presumably due to the facile dehydrogenative oxidation.
The control experiment also showed that no reaction occurred when
the reaction was conducted with rigorous exclusion of water and
oxygen.

R2
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N
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i S _PTERD N
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1b: Ar=2,6-Me,CICgH; 2a:R'=H, RZ2=CgHs 6a:41%
1b: 4b:R'=H, R?=2-CICgH, 6b: 53%
1c: Ar = 2, 6-PryCqH3 2d: R'=5-Br, R?=CgHs 6c: 60%
1c: 4e:R'=H, R?=4-BrC¢H, 6d: 51%
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Scheme 3 Experiments with other isocyanides.

To further explore the scope and limitation of the present
cyclization strategy, we attempted to briefly investigate the
cycloaddition reaction with other isocyanides. Aromatic isocyanides
1b, 1c and 1d with arenacylideneoxindoles 2 or 4 worked well to
yield the desired products from 6a to 6f. Aliphatic isocyanide 1e and
1f also experienced the corresponding cascade reaction to afford the
quinoline derivatives 6g and 6h (Scheme 3). No desired compound
was isolated when 1,1,3,3,-tetramethylbutyl isocyanide 1g was used.
In this case, no reaction occurred under the standard conditions.

In conclusion, we have described the cycloaddition reactions
of isocyanides and methyleneindolinones to generate
quinolines. This unprecedented process involves the opening of
one ring and the efficient construction of other two new rings in
one step. The present strategy also opens a convergent and
powerful pathway for the construction of polycyclic skeletons.
Furthermore, this method is also distinguished by its convenient
experimental set-up and excellent atom economy. Further
experiments with broader substrates scope are -currently
underway in our lab.

This work was supported by National Natural Science
Foundation of China (No: 21272148, 21002061, 21272147). We
also thank Dr. Hongmei Deng and Min Shao (Laboratory for

Microstructures, Shanghai University) for NMR and X-Ray
measurements.

Notes and references

& Department of Chemistry, Shanghai University, Shanghai, 200444, P. R.
China. E-mail: lijian@shu.edu.cn; xsjia@mail.shu.edu.cn. Fax: (+86) 21-
66132408; Tel: (+86) 21-66132408

® Key Laboratory of Synthetic Chemistry of Natural Substances, Shanghai
Institute of Organic Chemistry, Chinese Academy of Science, 345
Lingling road, Shanghai, 200032, P. R. China Address here.

Electronic Supplementary Information (ESI) available: [Experimental

details and spectroscopic and analytical data for all new compounds. CIF

This journal is © The Royal Society of Chemistry 2012

ChemComm

View Article Online
DOI: 10.1039/C3CC46237D

files of compounds 3a, 3f, 5b, CCDC 945280, 945281 and 945282.]. See

DOI: 10.1039/c000000x/

1 (a) N. Kielland, F. Catti, D. Bello, N. Isambert, I. Soteras, F. J. Luque
and R. Lavilla, Chem.-Eur. J., 2010, 16, 7904-7915; (b) T. Okitsu, K.
Nagase, N. Nishio and A. Wada, Org. Lett., 2012, 14, 708-711; (c) S. Li
and J. Wu, Chem. Commun., 2012, 48, 8973-8975; (d) S. Santra and P.
R. Andreana, Angew. Chem., Int. Ed., 2011, 50, 9418-9422; (e) C.-H.
Lei, D.-X. Wang, L. Zhao, J. Zhu and M.-X. Wang, J. Am. Chem. Soc.,
2013, 135, 4708-4711.

2 (a) Multicomponent Reactions (Eds.: J. Zhu, H. Bienaymé), Wiley-
VCH, Weinheim, Germany, 2005; (b) A. Doémling, Chem. Rev., 2006,
106, 17-89; (c) D. J. Ramon and M. Yus, Angew. Chem., Int. Ed., 2005,
44, 1602-1634; (d) N. Isambert and R. Lavilla, Chem.-Eur. J., 2008, 14,
8444-8454; (e) G. Qiu, Q. Ding and J. Wu, Chem. Soc. Rev., 2013, 42,
5257-5269; (f) E. Ruijter, R. Scheffelaar and Orru, R. V. A. Angew.
Chem., Int. Ed., 2011, 50, 6234-6246.

3 For palladium-catalyzed insertion of isocyanide, see: (a) T. Vlaar, R. C.
Cioc, P. Mampuys, B. U. W. Maes, R. V. A. Orru and E. Ruijter,
Angew. Chem., Int. Ed., 2012, 51, 13058-13061; (b) M. Tobisu, S.
Imoto, S. Ito and N. Chatani, J. Org. Chem., 2010, 75, 4835-4840; (c)
G. Qiu, G. Liu, S. Pu and J. Wu, Chem. Commun., 2012, 48, 2903-
2905; (d) T. Vlaar, E. Ruijter, A. Znabet, E. Janssen, F. J. J. de Kanter,
B. U. W. Maes and R. V. A. Orru, Org. Lett., 2011, 13, 6496-6499; (e)
G. V. Baelen, S. Kuijer, L. Rycék, S. Sergeyev, E. Janssen, F. J. J. de
Kanter, B. U. W. Maes, E. Ruijter and R. V. A. Orru, Chem.-Eur. J.,
2011, 17, 15039-15044; For other metal-catalyzed insertion, see: (f) M.
Zhang and S. L. Buchwald, J. Org. Chem., 1996, 61, 4498-4499; (g) W.
D. Jones and W. P. Kosar, J. Am. Chem. Soc., 1986, 108, 5640-5641.

4 The unique properties are only shared by carbon monoxide and formally
divalent carbenes.

5 A V. Lygin and A. de Meijiere, Angew. Chem., Int. Ed., 2010, 49,
9094-9124.

6  (a) T. Nanjo, C. Tsukano and Y. Takemoto, Org. Lett., 2012, 14, 4270-
4273; (b) G. C. Hsu, W. P. Kosar and W. D. Jones, Organometallics,
1994, 13, 385-396; For a review on syntheses of indoles from
isocyanides, see: (c) J. Campo, M. Garcia-Valverde, S. Marcaccini, M.
J. Rojo and T. Torroba, Org. Biomol. Chem., 2006, 4, 757-765.

7 (@) P. Janvier, M. Bois-Choussy, H. Bienaymé and J. Zhu, Angew.
Chem., Int. Ed., 2003, 42, 811-814; (b) V. Lobregat, G. Alcaraz, H.
Bienaymé and M.Vaultier, Chem. Commun., 2001, 37, 817-818.

8 (a) O. V. Larionov and A. de Meijere, Angew. Chem., Int. Ed., 2005,
44, 5664-5667; (b) A. V. Lygin, O. V. Larionov, V. S. Korotkov, A. de
Meijere, Chem.-Eur. J., 2009, 15, 227-236.

9 (a)C.J. Helal and J. C. Lucas, Org. Lett., 2002, 4, 4133-4134; (b) C.
Kanazawa, S. Kamijo and Y. Yamamoto, J. Am. Chem. Soc., 2006, 128,
10662-10663; (c) A. M. van Leusen, J. Wildeman and O. H. Oldenyiel,
J. Org. Chem., 1977, 42, 1153-1159; (d) J. Sisko, A. J. Kassick, M.
Mellinger, J. J. Filan, A. Allen and M. A. Olsen, J. Org. Chem., 2000,
65, 1516-1524; (e) V. Gracias, A. F. Gasiecki and S. W. Djuric, Org.
Lett., 2005, 7, 3183-3186.

10 (a)J. Li, Y.J. Liu, C. J. Li and X. S. Jia, Adv. Synth. Catal., 2011, 353,
913-917; (b) J. Li, Y. J. Liu, C. J. Li and X. S. Jia, Chem. -Eur. J.,
2011, 17, 7409-7413; (c) J. Li, Y. J. Liu, C. J. Li and X. S. Jia, Green
Chem., 2012, 14, 1314-1321; (d) J. Li, N. Wang, C. J. Li and X. S. Jia,
Chem.-Eur. J., 2012, 18, 9645-9650; (e) J. Li, N. Wang, C. J. Li and X.
S. Jia, Org. Lett., 2012, 14, 4994-4997.

11 (a) M. Oshita, K. Yamashita, M. Tobisu and N. Chatani, J. Am. Chem.
Soc., 2005, 127, 761-766. For a related tandem reaction, see: (b) A. G.
Neo, A. Bornadiego, J. Diaz, S. Marcaccini and C. F. Marcos, Org.
Biomol. Chem., 2013, 11, 6546-6555.

12 Y. lto, H. Kato, H. Imai and T. Saegusa, J. Am. Chem. Soc., 1982, 104,
6449-6450.

13 K. Kaur, M. Jain, R. P. Reddy, and R. Jain, Eur. J. Med. Chem., 2010,
45, 3245-3264.

14  (a) H. F.Jiang, B. F. Liu, Y. B. Li, A. Z. Wang and H. W. Huang, Org.
Lett., 2011, 13, 1028-1031; (b) A. Shaabani, A. Maleki, H. Mofakham
and J. Moghimi-Rad, J. Org. Chem., 2008, 73, 3925-3927.

15 H.Y.Wang, L. L. Li, W. Lin, P. Xu, Z. B. Huang and D. Q. Shi, Org.
Lett., 2012, 14, 4598-4601.

J. Name., 2012, 00, 1-3 | 3


http://dx.doi.org/10.1039/c3cc46237d

