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An efficient and general method has been described for the
synthesis of 3-allyl-3-hydroxyoxindole by the reaction of isatins
with allyltrimethylsilane in the presence of Bi(OTf)3¢4H2O.
The method is catalytic and suitable for the preparation of
functionalized 3-allyl-3-hydroxyoxindoles.

3-Substituted 3-hydroxyoxindoles are the core constituents
of naturally occurring alkaloids and potent bioactive mole-
cules.1,2 Some of the bioactive molecules like convolutamy-
dines,3 diazonamide A,4a leptosin D,4b 30-hydroxyglucoisati-
sin,4c witindolinone C,4d TMC-95s,5 celogentin K,6 dioxi-
brassinine7 as well as several other pharmaceutically active
compounds8 have a stereogenic center at the C-3 position.
Particularly, chiral 3-substituted 3-hydroxyindolin-2-ones are
found to be useful in medicinal chemistry as antibacterial,
anti-inflammatory,9a laxative,9b growth-hormone secretagogue
agents,9c and new targets for cancer chemotherapy.9d The
hydroxyindolines are also useful in the synthesis of chiral
ligands which are used to obtain high enantioselectivities in
numerous catalytic reactions.10 Due to their distinct biological
and chemical properties, their construction has stimulated
synthetic chemists,4a for the search of simple and efficient
approaches.5 Because of the important medicinal value of 3-
hydroxyindolines, an efficient and general protocol for the
synthesis of these molecules is desirable. The synthesis of 3-
allyl-3-hydroxyoxindole derivatives has been reported by the
reaction of isatin with allylorganometallics and allyl alcohols
with palladium catalysts.1b,11 Unfortunately, these reagents do
have limitations. Since allylorganometallics are extremely
strong bases as well as potent nucleophiles, their use with
base-sensitive substrates is precluded. Organometallic carbon
nucleophile reagents are incompatible with halo, nitro, and
cyano functionalities, while allyl bromide and allylorganome-
tallics are corrosive and toxic. In view of this, there is still need
to develop a general and efficient method for the synthesis of
allyloxindole derivatives.

Recently bismuth compounds have attracted attention due to
their low toxicity, low cost, and high stability.12 Bismuth salts
have been reported as catalysts for opening of epoxides,13

Mannich type reactions,14 deprotection of acetals,15 Friedel
Crafts reactions,16 Fries and Claisen rearrangements,17 and
Sakurai reactions.18 Bi(OTf)3 is particularly attractive because
it is commercially available or can be easily prepared from
commercially available starting materials.19 Bismuth triflate has
been reported by Dubac as an efficient catalyst for the
Mukaiyama aldol reaction with silyl enol ethers20 and was
recently used with a chiral ligand as reported by Kobayashi in an
elegant enantioselective method.21 Mukaiyama aldol reactions
have been studied with dioxinone-derived silyl dienol ethers
which proceeds regioselectively.22 To the best of our knowledge
allyltrimethylsilane has not been used for the allylation of isatin.

As a part of our ongoing research in the development of new
methodologies,23 herein we wish to report the efficient syn-
thesis of 3-allyl-3-hydroxyoxindoles by the reaction of isatin
with allyltrimethylsilane in the presence of Bi(OTf)3¢4H2O
(Scheme 1).

Initially, we explored various Lewis acids such as
BF3¢OEt2, InBr3, Bi(OTf)3¢4H2O, TiCl4, I2, SnCl4, and SnCl2
for the allyloxindole reaction. Among these, Bi(OTf)3¢4H2O
was found to provide optimum conversion with good yield
(Table 1). The reaction of isatin 1 with allyltrimethylsilane 2
was studied in the presence of 5mol% of Bi(OTf)3¢4H2O in
different solvents such as DMF, toluene, THF, acetonitrile, and
dichloromethane. The reaction proceeded in all the solvents with
different degrees of conversion. However, THF was the solvent
of choice in terms of reaction time and yield. Further, during
optimization of the mole ratio of catalyst, it was noticed that the
lower catalyst loading (1mol%) did not allow the reaction to
proceed; where as the higher catalyst loading (10mol%)
afforded the product in decreased yields. Encouraged by these
results, we further studied the scope and limitations of this
reaction with respect to the isatin (Table 2).

Generally, excellent yields of 3-allyl-3-hydroxyoxindoles
were obtained with 1.5 equiv of allyltrimethylsilane 2 and
5mol% of Bi(OTf)3¢4H2O at ¹78 °C in THF. The addition of
allyltrimethylsilane 2 to various isatins 1 proceeded readily and
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Scheme 1.

Table 1. 3-Allyl-3-hydroxyoxindoles formation in different
Lewis acid conditionsa

Entry
Lewis acid
(5mol%)

Time/h Yield/%

1 BF3¢OEt2 7.4 72
2 InBr3 6 65
3 Bi(OTf)3¢4H2O 4 92
4 TiCl4 6.5 82
5 I2 10 55
6 SnCl4 8.9 58
7 SnCl2 8.0 69

aAll the reactions were carried out at ¹7820 °C.
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resulted in expected product.24 Though the reaction proceeds
with a 1:1 ratio of reactants, the best results were obtained with a
1.5 equiv ratio of allyltrimethylsilane. Further we extended
this protocol to different substituted isatins. For example, 5-
fluoroisatin reacted with allyltrimethylsilane under the optimized
conditions and resulted in high yields (Table 2, Entry 6). Other
5-substituted isatins also afforded comparatively good yields of
products (Table 2, Entries 711). In addition to this allylation,
N-substituted isatins (Table 2, Entries 25) gave high yield of
corresponding product under identical reaction conditions.25

However, 4-substituted and 7-substituted isatins failed to
participate in this allylation. Further it was observed that the
reactivity can be introduced by the introduction of another
substituent. For example, 5- and 7-disubstituted isatins (Table 2,
Entry 12) reacted analogously under identical conditions to give
corresponding product in lower yields (70%). Similarly, reaction
of substituted allyltrimethylsilane (Table 2, Entries 1317) gave
expected product with good yields.

In summary, we have demonstrated the reaction of isatin
with allyltrimethylsilane in the presence of Bi(OTf)3¢4H2O.
This method offers several advantages such as mild reaction
conditions, high yields, a highly catalytic (5mol%) process and
without formation of by-products. Moreover, this protocol may
be useful for the synthesis of biologically active complex
molecules.1b,26 Other Bi(OTf)3¢4H2O-catalyzed allyllation re-
actions and related mechanistic studies will be reported in due
course.

References and Notes
1 a) V. Nair, S. Vellalath, M. Poonoth, R. Mohan, E. Suresh,

Org. Lett. 2006, 8, 507. b) B. Alcaide, P. Almendros, R.
Rodríguez-Acebes, J. Org. Chem. 2006, 71, 2346. c) S. C.
Kim, S. Gowrisankar, J. N. Kim, Tetrahedron Lett. 2006, 47,
3463.

2 a) T. Nakamura, S. Shirokawa, S. Hosokawa, A. Nakazaki,
S. Kobayashi, Org. Lett. 2006, 8, 677. b) P. Y. Toullec,
R. B. C. Jagt, J. G. de Vries, B. L. Feringa, A. J. Minnaard,
Org. Lett. 2006, 8, 2715. c) R. Shintani, M. Inoue, T.
Hayashi, Angew. Chem., Int. Ed. 2006, 45, 3353. d) T.
Kawasaki, W. Takamiya, N. Okamoto, M. Nagaoka, T.
Hirayama, Tetrahedron Lett. 2006, 47, 5379. e) A. K. Franz,
P. D. Dreyfuss, S. L. Schreider, J. Am. Chem. Soc. 2007,
129, 1020.

3 a) Y. Kamano, H. Zhang, Y. Ichihara, H. Kizu, K.
Komiyama, G. R. Pettit, Tetrahedron Lett. 1995, 36, 2783.
b) S. Miah, C. J. Moody, I. C. Richards, A. M. Z. Slawin,
J. Chem. Soc., Perkin Trans. 1 1997, 2405.

4 a) K. C. Nicolaou, P. B. Rao, J. Hao, M. V. Reddy, G.
Rassias, X. Huang, D. Y.-K. Chen, S. A. Snyder, Angew.
Chem., Int. Ed. 2003, 42, 1753. b) C. Takahashi, A. Numata,
Y. Ito, E. Matsumura, H. Araki, H. Iwaki, K. Kushida,
J. Chem. Soc., Perkin Trans. 1 1994, 1859. c) A. Fréchard,
N. Fabre, C. Péan, S. Montaut, M.-T. Fauvel, P. Rollin, I.
Fourasté, Tetrahedron Lett. 2001, 42, 9015. d) J. I. Jimenez,
U. Huber, R. E. Moore, G. M. L. Patterson, J. Nat. Prod.
1999, 62, 569.

5 a) S. Lin, S. J. Danishefsky, Angew. Chem., Int. Ed. 2002,
41, 512. b) S. Lin, Z.-Q. Yang, B. H. B. Kwok, M.
Koldobskiy, C. M. Crews, S. J. Danishefsky, J. Am. Chem.
Soc. 2004, 126, 6347. c) K. S. Feldman, A. G. Karatjas, Org.
Lett. 2004, 6, 2849.

6 H. Suzuki, H. Morita, M. Shiro, J. Kobayashi, Tetrahedron
2004, 60, 2489.

7 a) K. Monde, K. Sasaki, A. Shirata, M. Takasugi, Phyto-
chemistry 1991, 30, 2915. b) M. Suchý, P. Kutschy, K.
Monde, H. Goto, N. Harada, M. Takasugi, M. Dzurilla, E.
Balentova, J. Org. Chem. 2001, 66, 3940.

8 R. R. Goehring, Y. P. Sachdeva, J. S. Pisipati, M. C. Sleevi,
J. F. Wolfe, J. Am. Chem. Soc. 1985, 107, 435.

9 a) F. D. Popp, J. Heterocycl. Chem. 1984, 21, 1641. b) H.
Pajouhesh, R. Parson, F. D. Popp, J. Pharm. Sci. 1983, 72,
318; F. Garrido, J. Ibanez, E. Gonalons, A. Giraldez, Eur. J.
Med. Chem. 1975, 10, 143. c) T. Tokunaga, W. E. Hume, J.
Nagamine, T. Kawamura, M. Taiji, R. Nagata, Bioorg. Med.
Chem. Lett. 2005, 15, 1789. d) S. R. Yong, A. T. Ung, S. G.
Pyne, B. W. Skelton, A. H. White, Tetrahedron 2007, 63,
5579.

10 U. Berens, J. M. Brown, J. Long, R. Selke, Tetrahedron:
Asymmetry 1996, 7, 285.

11 a) M. Schlosser, B. H. Lipshutz, in Organometallics in
Synthesis, ed. by M. Schlosser, J. Wiley & Sons, New York,
1994, Chap. 1 and 4, and references cited therein. b) B.
Alcaide, P. Almendros, R. Rodríguez-Acebes, J. Org. Chem.
2005, 70, 3198. c) X.-C. Qiao, S.-F. Zhu, Q.-L. Zhou,
Tetrahedron: Asymmetry 2009, 20, 1254.

12 a) Organobismuth Chemistry, ed. by H. Suzuki, Y. Matano,
Elsevier, Amsterdam, 2001. b) H. Gaspard-Iloughmane, C.
Le Roux, Eur. J. Org. Chem. 2004, 2517. c) N. M. Leonard,
L. C. Wieland, R. S. Mohan, Tetrahedron 2002, 58, 8373.

13 a) C. Ogawa, S. Azoulay, S. Kobayashi, Heterocycles 2005,
66, 201. b) T. Ollevier, G. Lavie-Compin, Tetrahedron Lett.
2004, 45, 49. c) T. Ollevier, G. Lavie-Compin, Tetrahedron
Lett. 2002, 43, 7891.

14 a) T. Ollevier, E. Nadeau, Org. Biomol. Chem. 2007, 5,

Table 2. 3-Allyl-3-hydroxyoxindole derivative formation by
using Bi(OTf)3¢4H2O as catalysta 24

Entry R R1 R2 R3 R4 R5 Time/h Yield/%b

1 H H H H H H 4 92
2 Me H H H H H 4.5 90
3 Et H Me H H H 4 91
4 Bn H H H H H 3.5 88
5 Bn Br H H H H 3 90
6 H F H H H H 3 93
7 H Cl H H H H 3.5 90
8 H Br H H H H 4 87
9 H NO2 H H H H 5 85

10 H Me H H H H 6 86
11 H OMe H H H H 5 88
12 H Br Br H H H 7 70c

13 H H H Me H H 6 88
14 Me H H Me H H 5 85
15 H H H H Me Me 7 80
16 H Br H H Me Me 7.5 78
17 Me H H H Me Me 6 75
aReaction conditions: Isatin (1 equiv), allyltrimethylsilane
(1.5 equiv), Bi(OTf)3¢4H2O (5mol%), in THF at ¹7820 °C.
bIsolated yields. cRecovered remaing starting material.

358

© 2011 The Chemical Society of JapanChem. Lett. 2011, 40, 357359 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1021/ol052926n
http://dx.doi.org/10.1021/jo0525027
http://dx.doi.org/10.1016/j.tetlet.2006.03.074
http://dx.doi.org/10.1016/j.tetlet.2006.03.074
http://dx.doi.org/10.1021/ol052871p
http://dx.doi.org/10.1021/ol0608101
http://dx.doi.org/10.1002/anie.200600392
http://dx.doi.org/10.1016/j.tetlet.2006.05.124
http://dx.doi.org/10.1021/ja067552n
http://dx.doi.org/10.1021/ja067552n
http://dx.doi.org/10.1016/0040-4039(95)00395-S
http://dx.doi.org/10.1039/a700683g
http://dx.doi.org/10.1002/anie.200351112
http://dx.doi.org/10.1002/anie.200351112
http://dx.doi.org/10.1016/S0040-4039(01)02015-9
http://dx.doi.org/10.1021/np980485t
http://dx.doi.org/10.1021/np980485t
http://dx.doi.org/10.1002/1521-3773(20020201)41:3<512::AID-ANIE512>3.0.CO;2-R
http://dx.doi.org/10.1002/1521-3773(20020201)41:3<512::AID-ANIE512>3.0.CO;2-R
http://dx.doi.org/10.1021/ja049821k
http://dx.doi.org/10.1021/ja049821k
http://dx.doi.org/10.1021/ol048974+
http://dx.doi.org/10.1021/ol048974+
http://dx.doi.org/10.1016/j.tet.2004.01.053
http://dx.doi.org/10.1016/j.tet.2004.01.053
http://dx.doi.org/10.1016/S0031-9422(00)98224-4
http://dx.doi.org/10.1016/S0031-9422(00)98224-4
http://dx.doi.org/10.1021/jo0155052
http://dx.doi.org/10.1021/ja00288a027
http://dx.doi.org/10.1002/jhet.5570210614
http://dx.doi.org/10.1002/jps.2600720330
http://dx.doi.org/10.1002/jps.2600720330
http://dx.doi.org/10.1016/j.bmcl.2005.02.042
http://dx.doi.org/10.1016/j.bmcl.2005.02.042
http://dx.doi.org/10.1016/j.tet.2007.04.028
http://dx.doi.org/10.1016/j.tet.2007.04.028
http://dx.doi.org/10.1016/0957-4166(95)00447-5
http://dx.doi.org/10.1016/0957-4166(95)00447-5
http://dx.doi.org/10.1021/jo050130w
http://dx.doi.org/10.1021/jo050130w
http://dx.doi.org/10.1016/j.tetasy.2009.04.012
http://dx.doi.org/10.1002/ejoc.200300754
http://dx.doi.org/10.1016/S0040-4020(02)01000-1
http://dx.doi.org/10.3987/COM-05-S(K)75
http://dx.doi.org/10.3987/COM-05-S(K)75
http://dx.doi.org/10.1016/j.tetlet.2003.10.129
http://dx.doi.org/10.1016/j.tetlet.2003.10.129
http://dx.doi.org/10.1016/S0040-4039(02)01896-8
http://dx.doi.org/10.1016/S0040-4039(02)01896-8
http://dx.doi.org/10.1039/b710794c
http://www.csj.jp/journals/chem-lett/


3126. b) T. Ollevier, E. Nadeau, J. Org. Chem. 2004, 69,
9292. c) T. Ollevier, E. Nadeau, J.-C. Eguillon, Adv. Synth.
Catal. 2006, 348, 2080. d) T. Ollevier, E. Nadeau, Synlett
2006, 219. e) T. Ollevier, E. Nadeau, A. A. Guay-Bégin,
Tetrahedron Lett. 2006, 47, 8351.

15 a) N. M. Leonard, M. C. Oswald, D. A. Freiberg, B. A.
Nattier, R. C. Smith, R. S. Mohan, J. Org. Chem. 2002, 67,
5202. b) M. D. Carrigan, D. Sarapa, R. C. Smith, L. C.
Wieland, R. S. Mohan, J. Org. Chem. 2002, 67, 1027.

16 a) C. Le Roux, J. Dubac, Synlett 2002, 181. b) J. R.
Desmurs, M. Labrouillère, C. Le Roux, H. Gaspard, A.
Laporterie, J. Dubac, Tetrahedron Lett. 1997, 38, 8871. c) S.
Répichet, C. Le Roux, J. Dubac, J.-R. Desmurs, Eur. J. Org.
Chem. 1998, 2743.

17 a) T. Ollevier, V. Desyroy, M. Asim, M.-C. Brochu, Synlett
2004, 2794. b) T. Ollevier, T. M. Mwene-Mbeja, Synthesis
2006, 3963. c) T. Ollevier, T. M. Mwene-Mbeja, Tetrahedron
Lett. 2006, 47, 4051.

18 a) L. C. Wieland, H. M. Zerth, R. S. Mohan, Tetrahedron
Lett. 2002, 43, 4597. b) T. Ollevier, T. Ba, Tetrahedron Lett.
2003, 44, 9003. c) B. Leroy, I. E. Markó, Org. Lett. 2002, 4,
47. d) B. M. Choudary, S. Chidara, C. V. Raja Sekhar,
Synlett 2002, 1694. e) T. Ollevier, Z. Li, Org. Biomol. Chem.
2006, 4, 4440.

19 a) S. Répichet, A. Zwick, L. Vendier, C. Le Roux, J. Dubac,
Tetrahedron Lett. 2002, 43, 993. b) M. Peyronneau, C.
Arrondo, L. Vendier, N. Roques, C. Le Roux, J. Mol. Catal.
A: Chem. 2004, 211, 89.

20 C. Le Roux, L. Ciliberti, H. Laurent-Robert, A. Laporterie,
J. Dubac, Synlett 1998, 1249.

21 S. Kobayashi, T. Ogino, H. Shimizu, S. Ishikawa, T.
Hamada, K. Manabe, Org. Lett. 2005, 7, 4729.

22 T. Ollevier, V. Desyroy, C. Catrinescu, R. Wischert,
Tetrahedron Lett. 2006, 47, 9089.

23 a) H. M. Meshram, D. A. Kumar, B. R. V. Prasad, P. R.
Goud, Helv. Chim. Acta 2010, 93, 648. b) H. M. Meshram,
B. R. V. Prasad, D. A. Kumar, Tetrahedron Lett. 2010, 51,
3477. c) H. M. Meshram, G. S. Kumar, P. Ramesh, B. C.
Reddy, Tetrahedron Lett. 2010, 51, 2580. d) H. M. Meshram,
P. Ramesh, G. S. Kumar, B. C. Reddy, Tetrahedron Lett.
2010, 51, 4313.

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

25 T. Itoh, H. Ishikawa, Y. Hayashi, Org. Lett. 2009, 11, 3854.
26 General procedure: To a solution of isatin 1 (1mmol)

in tetrahydrofuran (2mL) was added Bi(OTf)3¢4H2O
(5mol%). The mixture was brought to ¹78 °C and stirred
at this temperature for 10min. Then a solution of allyltri-
methylsilane 2 (1.5mmol) in THF (1mL) was added
dropwise. The mixture was stirred at ¹78 °C for 2 h. Then
the mixture was brought to 20 °C and stirred for an
additional 0.51.5 h (Table 2). The reaction was monitored
by TLC. After the completion of the reaction it was
quenched with 10% aqueous HCl (1.0mL). The mixture
was stirred for 0.25 h at room temperature, neutralized by
the addition of a saturated aqueous NaHCO3 solution, and
extracted with ethyl acetate (3 © 5mL). The combined
organic layer washed with brine solution, dried over
Na2SO4, and concentrated under reduced pressure (rotary
evaporator). The crude products were purified by silica gel
column chromatography (ethyl acetate/hexane). All com-
pounds were characterised by mp, NMR, Mass, and IR
spectral data.

359

© 2011 The Chemical Society of JapanChem. Lett. 2011, 40, 357359 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1039/b710794c
http://dx.doi.org/10.1021/jo048617c
http://dx.doi.org/10.1021/jo048617c
http://dx.doi.org/10.1002/adsc.200606222
http://dx.doi.org/10.1002/adsc.200606222
http://dx.doi.org/10.1055/s-2005-923594
http://dx.doi.org/10.1055/s-2005-923594
http://dx.doi.org/10.1016/j.tetlet.2006.09.082
http://dx.doi.org/10.1021/jo0258249
http://dx.doi.org/10.1021/jo0258249
http://dx.doi.org/10.1021/jo016180s
http://dx.doi.org/10.1055/s-2002-19743
http://dx.doi.org/10.1016/S0040-4039(97)10401-4
http://dx.doi.org/10.1002/(SICI)1099-0690(199812)1998:12<2743::AID-EJOC2743>3.0.CO;2-A
http://dx.doi.org/10.1002/(SICI)1099-0690(199812)1998:12<2743::AID-EJOC2743>3.0.CO;2-A
http://dx.doi.org/10.1055/s-2004-836025
http://dx.doi.org/10.1055/s-2004-836025
http://dx.doi.org/10.1055/s-2006-950326
http://dx.doi.org/10.1055/s-2006-950326
http://dx.doi.org/10.1016/j.tetlet.2006.03.193
http://dx.doi.org/10.1016/j.tetlet.2006.03.193
http://dx.doi.org/10.1016/S0040-4039(02)00906-1
http://dx.doi.org/10.1016/S0040-4039(02)00906-1
http://dx.doi.org/10.1016/j.tetlet.2003.09.221
http://dx.doi.org/10.1016/j.tetlet.2003.09.221
http://dx.doi.org/10.1021/ol016863u
http://dx.doi.org/10.1021/ol016863u
http://dx.doi.org/10.1055/s-2002-34239
http://dx.doi.org/10.1039/b613331b
http://dx.doi.org/10.1039/b613331b
http://dx.doi.org/10.1016/S0040-4039(01)02307-3
http://dx.doi.org/10.1016/j.molcata.2003.10.020
http://dx.doi.org/10.1016/j.molcata.2003.10.020
http://dx.doi.org/10.1055/s-1998-1907
http://dx.doi.org/10.1021/ol051965w
http://dx.doi.org/10.1016/j.tetlet.2006.10.084
http://dx.doi.org/10.1002/hlca.200900273
http://dx.doi.org/10.1016/j.tetlet.2010.03.036
http://dx.doi.org/10.1016/j.tetlet.2010.03.036
http://dx.doi.org/10.1016/j.tetlet.2010.01.107
http://dx.doi.org/10.1016/j.tetlet.2010.05.099
http://dx.doi.org/10.1016/j.tetlet.2010.05.099
http://dx.doi.org/10.1021/ol901432a
http://www.csj.jp/journals/chem-lett/

