
Tetrahedron Letters 54 (2013) 3503–3506
Contents lists available at SciVerse ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t
Polyethylene glycol (PEG-400): a mild and efficient reaction medium
for one-pot synthesis of 3-hydroxy-3-(pyridin-2-ylmethyl)indolin-2-ones

M. Raghu a, M. Rajasekhar b, B. Chandra Obula Reddy a, C. Suresh Reddy b, B. V. Subba Reddy a,⇑
a Natural Product Chemistry, Indian Institute of Chemical Technology, Hyderabad 500 007, India
b Department of Chemistry, Sri Venkateswara University, Tirupati 517 502, India.

a r t i c l e i n f o a b s t r a c t
Article history:
Received 14 November 2012
Revised 18 April 2013
Accepted 20 April 2013
Available online 28 April 2013

Keywords:
Isatin
2-Methyl pyridine
Catalyst-free conditions
Polyethyleneglycol
0040-4039/$ - see front matter � 2013 Elsevier Ltd. A
http://dx.doi.org/10.1016/j.tetlet.2013.04.089

⇑ Corresponding author. Tel.: +91 40 27193535; fax
E-mail address: basireddy@iict.res.in (B.V. Subba R
3-(Pyridylmethyl)-3-hydroxy-2-oxindole derivatives were synthesized in high yields under mild, and
catalyst-free conditions using polyethylene glycol (PEG-400) as a solvent. The use of low cost PEG-400
makes it simple, convenient, and environmentally benign.
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The 3-hydroxyoxindole nucleus is found in various biologically
active molecules such as convolutamydines1 and TMC-95A2,3 and
also exists in various alkaloids such as donaxaridine,4 dioxibrassi-
nine,5 welwitindolinone C6, and 3-hydroxyglucoisatisin (Fig. 1).7

These compounds are known to exhibit potent biological and
pharmaceutical activities such as anticancer, anti-HIV, antioxidant,
and neuroprotective properties.8 Indeed, a substituent at C-3 posi-
tion of the oxindole plays a key role in biological activity.9 There-
fore, there is sustained interest in developing simple and efficient
methods for the preparation of 3-hydroxyindolin-2-ones. In partic-
ular, 3-hydroxy-3-(pyridin-2-ylmethyl)indolin-2-ones are attrac-
tive intermediates for the synthesis of biologically active
compounds.10 Generally, 3-hydroxy-3-(pyridin-2-ylmethyl)indo-
lin-2-ones are prepared by acid catalyzed addition of 2-methylpyr-
idine to isatin.11–13 Recently, microwave irradiation has also been
used to enhance the reaction rates.14

In recent years, the use of alternative solvents such as ionic liq-
uids, polyethylene glycol, and super critical fluids has gained
importance as green reaction media in view of environmental per-
ception.15,16 Though water is a safe alternative, it is not always pos-
sible to use water as a solvent due to hydrophobic nature of the
reactants and the sensitivity of many catalysts to aqueous condi-
tions.17 In this context, PEG has become an alternative reaction
media to perform organic synthesis due to its inherent advantages
over toxic solvents. Furthermore, PEG is inexpensive, easy to han-
dle, thermally stable, non-toxic, and recyclable. To the best of our
ll rights reserved.
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knowledge, there are no reports for the synthesis of 3-hydroxy-
3-(pyridin-2-ylmethyl)indolin-2-ones using PEG-400 as a reaction
medium under catalyst-free conditions.

In continuation of our interest on PEG mediated organic trans-
formations,18 we, herein, report a simple and efficient approach
for the synthesis of 3-hydroxy-3-(pyridin-2-ylmethyl)indolin-2-
ones under catalyst-free conditions using PEG-400 as an eco-
friendly and recyclable medium (Scheme 1).
3-Hydroxyglucoisatisin
O

MeTMC-95A

Figure 1. Biologically active 3-hydroxy-2-oxindole derivatives.
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Table 1
PEG mediated synthesis of 3-hydroxy-2-oxindoles via the condensation of isatins with alk

Entry Methylpyridine (1) Isatin (2)
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Figure 2. Chemical structure and numbering of isatin and oxindole.
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Scheme 1. Preparation of 3-hydroxy-2-oxindoles.
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In order to illustrate the products, the structure, and numbering
of isatin and oxindole are shown in Figure 2.

In general, all the reactions were clean affording the 3-hydroxy-
2-oxindole derivatives in good yields under the above conditions
(Table 1). The substituent had shown some effect on conversion.
For instance, 5-methoxyisatin gave the desired product in high
yield in short reaction time (entries d, e, and q, Table 1) compared
to electron-deficient counterparts. Halogen substituted isatins
yl pyridines
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Table 1 (continued)

Entry Methylpyridine (1) Isatin (2) Product (3)a Time (h) Yield (%)b

i

N
N
H

O

OI

N
H

N

HO

O

I

3i

6.0 82

j

N
N
H

O

O

N
H

N

HO

O
3j

5.0 78

k N N
H

O

O
Br

Br

N
H

NHO

O
3k

Br

Br

7.0 75

l N N
H

O

O
N
H

NHO

O
3l

5.0 82

m N N
H

O

O

F

N
H

NHO

O

F

3m

6.0 78

n N N
H

O

O

Cl

N
H

NHO

OH

Cl

3n

6.0 82

o N N

O

O

Ph
N

Ph

NHO

O
3o

5.0 75

p N N
H

O

O

Br

N
H

NHO

O

Br

3p

6.0 80

q N N
H

O

O

O

N
H

NHO

O

O

3q

4.0 85

r N N
H

O

O

O2N

N
H

NHO

O

O2N

3r

8.0 60

a Reaction conditions: isatin (1 mmol), methylpyridine (3 mmol), PEG (5 ml), 60 �C.
b Isolated yield.
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afforded products reasonably in good yields (entries a–c, g–i, k, m,
n, and p, Table 1). However, 5-nitroisatin afforded the product in a
relatively low yield (entry r, Table 1). The reaction was also suc-
cessful with 4-methylpyridine (entries g–j, Table 1). Next, we at-
tempted the coupling of isatins with 2,6-dimethylpyridine.
Interestingly, mono-aldol reaction was observed in case of 2,6-
dimethylpyridine. No bis-adduct was isolated under the present
reaction conditions (entries l–r, Table 1). The structures of all the
products were determined from their spectral (IR, 1H NMR, 13C
NMR, and ESI-MS) data and also by direct comparison with authen-
tic samples.14 The scope of this process was illustrated with respect
to various isatins and alkylpyridines (Table 1). In order to assess
the efficiency of PEG-400, the reaction of 2,6-dimethylpyridine
with isatin was also carried out in polar solvents such as DMF,
DMSO, NMP, and ethyleneglycol. Of these solvents, PEG-400 was
found to be superior to provide the corresponding product 3l and
the results are presented in Table 2.

The generality of this reaction was investigated and the results
are presented in Table 1. As seen in Table 1, a variety of isatins
underwent smooth condensation with alkyl pyridines in PEG-400
at 60 �C to provide a diversified 3-hydroxy-3-(pyridin-2-
ylmethyl)indolin-2-ones (Table 1)19.

A plausible reaction mechanism is depicted in Scheme 2. PEG-
400 activates both picoline and isatin by protonation. Subsequent
attack of the methylene group on isatin gave the desired 3-hydro-
xy-3-(pyridin-2-ylmethyl)indolin-2-one derivative (Scheme 2).

In conclusion, we have developed an efficient approach for the
synthesis of various 3-hydroxy-3-(pyridin-2-ylmethyl)indolin-2-
one derivatives using PEG-400 without the need of any additive
or acid catalyst. The mild reaction conditions, inexpensive reaction



Table 2
Comparison of solvents in the synthesis of 31

Entry Solvent Amount (mL) Time (h) Yield (%)

1 DMF 5 12 58
2 DMSO 5 10 60
3 NMP 5 10 57
4 Ethyeleglycol 5 10 65
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Scheme 2. A plausible reaction pathway.
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medium, operational simplicity, and high yields are the advantages
of this protocol.

Acknowledgements

The authors are thankful to Dr. J.S. Yadav, Director, IICT, for his
kind support.

References and notes

1. Nakamura, T.; Shirokawa, S.; Hosokawa, S.; Nakazaki, A.; Kobayashi, S. Org. Lett.
2006, 8, 677.

2. Kawasaki, T.; Nagaoka, M.; Satoh, T.; Okamoto, A.; Ukon, R.; Ogawa, A.
Tetrahedron 2004, 60.

3. (a) Ubaidullaev, K. A.; Shakirov, R.; Yunosov, S. Khim. Prir. Soedin. 1976, 12, 553;
(b) Rasmussen, H. B.; MacLeod, J. K. J. Nat. Prod. 1997, 60, 1152.

4. (a) Ubaidullaev, K. A.; Shakirov, R.; Yunosov, S. Y. Khim. Prir. Soedin. 1976, 12,
553.

5. (a) Monde, K.; Sasaki, K.; Shirata, A.; Takasugi, M. Photochemistry 1991, 30,
2915; (b) Suchy, M.; Kutschy, P.; Monde, K.; Goto, H.; Harada, N.; Takasugi, M.;
Dzurilla, M.; Balentova, E. J. Org. Chem. 2001, 66, 3940.
6. Jimenez, J. I.; Huber, U.; Moore, R. E.; Atterson, G. M. L. J. Nat. Prod. 1999, 62,
569.

7. Frechard, A.; Fabre, N.; Pean, C.; Montaut, S.; Fauvel, M.-T.; Rollin, P.; Fouraste,
I. Tetrahedron Lett. 2001, 42, 9015.

8. (a) Marti, C.; Carreira, E. M. Eur. J. Org. Chem. 2003, 2209; (b) Dounay, A. B.;
Overman, L. E. Chem. Rev. 2003, 103, 2945; (c) Lin, H.; Danishefsky, S. J. Angew.
Chem., Int. Ed. 2003, 42, 36; (d) Galliford, C. V.; Scheidt, K. A. Angew. Chem., Int.
Ed. 2007, 46, 8748.

9. Satyamaheshwar, P. Curr. Bioact. Compd. 2009, 5, 20.
10. (a) Deng, G.; Li, C. J. Org. Lett. 2011, 11, 1171; (b) Kakiuchi, F.; Kochi, T. Synthesis

2008, 3013; (c) Seregin, I. V.; Gevorgyan, V. Chem. Soc. Rev. 2007, 36, 1173; (d)
Campeau, L. C.; Stuart, D. R.; Fagnou, K. Aldrichim. Acta 2007, 40, 35; (e) Chen,
X.; Hao, X. S.; Goodhue, E. C.; Yu, J. Q. J. Am. Chem. Soc. 2006, 128, 6790.

11. Niu, R.; Xiao, J.; Liang, T.; Li, X. Org. Lett. 2012, 14, 676.
12. (a) Ramirez, T. A.; Zhao, B.; Shi, Y. Chem. Soc. Rev. 2012, 41, 931; (b) Komai, H.;

Yoshino, T.; Matsuguna, S.; Kanai, M. Org. Lett. 2011, 13, 1706; (c) Rueping, M.;
Tolstoluzhsky, N. Org. Lett. 2011, 13, 1095; (d) Tsai, C. C.; Shih, W. C.; Fang, C.
H.; Ong, T. G.; Yap, G. P. A. J. Am. Chem. Soc. 2010, 132, 11887; (e) Nakao, Y.;
Yamada, Y.; Kashihara, N.; Hiyama, T. J. Am. Chem. Soc. 2010, 132, 13666; (f)
Campos, K. R. Chem. Soc. Rev. 2007, 36, 1069; (g) Tobisu, M.; Chatni, N. Angew.
Chem., Int. Ed. 2006, 45, 1683.

13. (a) Xie, J.; Li, H.; Zhou, J.; Cheng, Y.; Zhu, C. Angew. Chem., Int. Ed. 2012, 51,
1252; (b) Iglesias, A.; Alvarez, R.; de Lera, A.; Muniz, K. Angew. Chem., Int. Ed.
2012, 51, 1; (c) Baudoin, O. Chem. Soc. Rev. 2011, 40, 4902; (d) Lyons, T. W.;
Sanford, M. S. Chem. Rev. 2010, 110, 1147; (e) Chen, X.; Engle, K. M.; Wang, D.
H.; Yu, J. Q. Angew. Chem., Int. Ed. 2009, 121, 5196.

14. Meshram, H. M.; Rao, N. N.; Rao, L. C.; Kumar, N. S. Tetrahedron Lett. 2012, 53,
3963.

15. (a) Kamalakar, G.; Komura, K.; Sugi, Y. Ind. Eng. Chem. Res. 2006, 45, 6118; (b)
Weingaertner, H.; Franck, E. U. Angew. Chem., Int. Ed. 2005, 44, 2672.

16. For recent reviews on ionic liquids, see: (a) Sheldon, R. Chem. Commun. 2001,
2399; (b) Zhao, H.; Malhotra, S. V. Aldrichim. Acta 2002, 35, 75; (c)
Wasserscheid, P.; Keim, W. Angew. Chem., Int. Ed. 2000, 39, 3772; (d) Welton,
T. Chem. Rev. 1999, 99, 2071; (e) Jorapur, Y. R.; Chi, D. Y. Bull. Korean Chem. Soc.
2006, 27, 345.

17. (a) Anastas, P. T. ACS Symposium Series 819: American Chemical Society,
Washington, DC, 2202, p 1.; (b) Greico, P. A. Organic Synthesis in Water; Blackie
Acadamic & Professional: London, 1998; (c) Li, C. J.; Chan, T. H. Organic
Reactions in Aqueous Media; Springer: New York, NY, 1997. pp 199–200; (d)
Leadbeater, N. E.; Marco, M. Org. Lett. 2002, 4, 2973.

18. (a) Lingaiah, N.; Raghu, M.; Lingappa, Y. Tetrahedron Lett. 2011, 52, 3401; (b)
Lingaiah, N.; Raghu, M.; Lingappa, Y. Eur. J. Chem. 2010, 1, 228; (c) Lingaiah, N.;
Raghu, M.; Lingappa, Y. Synlett 2011, 2730; (d) Lingaiah, N.; Raghu, M.;
Lingappa, Y. Tetrahedron Lett. 2012, 53, 1699.

19. Typical procedure for the synthesis of 3-hydroxy-3-(6-methylpyridin-2-
yl)methyl)indolin-2-one derivative: a mixture of isatin (147 mg, 1 mmol) and
2,6-dimethylpyridine (321 mg, 3 mmol) was taken in 5 mL polyethylene
glycol-400. The resulting mixture was allowed to stir at 60 �C for 5.0 h. After
completion of the reaction, as monitored by TLC, the reaction mixture was
poured into water and extracted with ethyl acetate. The organic layer was
removed under reduced pressure, and the crude product was purified by
column chromatography on silica gel using ethyl acetate:hexane mixture (3:7)
as eluent to yield (208 mg 82%) the desired product 3l.

http://refhub.elsevier.com/S0040-4039(13)00684-9/h0005
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0005
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0010
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0010
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0015
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0020
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0025
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0025
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0030
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0030
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0035
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0035
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0040
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0040
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0045
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0045
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0050
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0055
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0055
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0060
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0060
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0065
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0065
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0070
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0075
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0080
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0080
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0085
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0090
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0090
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0095
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0095
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0100
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0105
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0110
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0110
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0115
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0115
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0120
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0120
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0125
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0125
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0130
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0130
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0135
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0135
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0140
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0140
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0145
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0145
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0150
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0155
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0155
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0160
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0160
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0165
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0165
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0170
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0175
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0175
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0180
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0180
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0185
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0190
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0190
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0195
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0195
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0200
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0200
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0205
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0205
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0210
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0210
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0215
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0215
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0220
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0225
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0225
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0230
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0230
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0235
http://refhub.elsevier.com/S0040-4039(13)00684-9/h0235

	Polyethylene glycol (PEG-400): a mild and efficient reaction medium  for one-pot synthesis of 3-hydroxy-3-(pyridin-2-ylmethyl)indolin-2-ones
	Acknowledgements
	References and notes


