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Solid-phase organic synthesis is a powerful tool for the
preparation of small organic compounds to accelerate the
drug discovery process.1 Solid-phase heterocyclic compounds
have received special attention because of their high degree
of structural diversity and biologically interesting properties.2

As a result, an increasing range and number of pharmaceuti-
cally useful heterocyclic compounds have been prepared
recently using solid-phase methodology.3 Oxindoles are
interesting synthetic targets because of their various biologi-
cal activities such as growth hormone secretagogues,4 CDKs
inhibitors,5 anticancer compounds,6 and AChE and BChE
inhibitors.7 There are many methods that have been devel-
oped for the synthesis of oxindoles both in solution phase
and on solid phase, such as derivatization of other hetero-
cycles,8 cyclization ofo-aminophenylacetic acid derivatives,9

reduction of isatins,10 Friedel-Crafts reaction (Stolle syn-
thesis),11 radical cyclizations,12 intramolecular Heck reac-
tions,13 and Pummerer cyclizations.14 These methods are very
useful for the construction of the oxindoles; however, Stolle
syntheses are of limited scope because of the harshly acidic
conditions required, while many of the other methods are
limited by the types of oxindoles that may be prepared
because of the specifically functionalized precursors required
or because the starting materials are not available conve-
niently. The Gassman oxindole synthesis,15 which proceeds
from a substituted aniline and ethyl (methylthio) acetate via
chlorination of the sulfide and subsequent treatment with an
arylamine and base such as triethylamine, is one of the most
generally useful methods in terms of scope, starting material
availability, brevity, and reproducibility.

As part of our ongoing efforts directed toward the
solid-phase synthesis of heterocyclic compounds and the
generation of combinatorial libraries of organic com-
pounds,16 herein, we wish to report an efficient traceless
approach for the solid-phase synthesis of oxindoles via the

Gassman oxindole synthesis. The parallel synthesis of
oxindoles was carried out on the solid phase using the “tea-
bag” methodology.17 The reaction sequence is illustrated in
Scheme 1.

Mercaptomethyl resin1 was reacted with ethyl bromoac-
etate2 in the presence of Et3N in DCM to afford resin-bound
compound3, which was reacted with an aniline4 andtert-
butyl hypochlorite (t-BuOCl) at -78 °C for 7 h and then
treated with Et3N at -78 °C for 7 h, followed by treatment
with a 25% methanol solution of HCl at room temperature
for 15 h to afford resin-bound oxindole5. To increase
diversity around the oxindole template, the conversion of5
to 7 was accomplished by oxidation of the sulfur link of5
with m-chlorobenzoperoxoic acid (m-CPBA). Alkylation of
7 was examined, and the conversion of7 into the corre-
sponding 3-alkyl oxindole8 was accomplished by treatment
with reactive alkyl halides, such as allyl bromide, and benzyl
bromides in the presence of K2CO3. Methylation of the
1-position of resin-bound oxindole8 was achieved by
reaction with CH3I in the presence of NaH. The desired
product oxindoles6, 9, and11 were cleaved from the resin
by treatment with SmI2 at room temperature. The oxindoles
afforded are summarized in Table 1. All products were
characterized by1H NMR, 13C NMR, and LC-MS.

From these results a broad range of substituted anilines,
which extends from mildly donating to strongly electron
withdrawing, could be used as building blocks to synthesize
oxindoles. When strongly electron-donating substituents on
aniline, such as di- or trimethoxyaniline, were used, the result
was unsatisfactory. While the starting aniline was meta-
substituted, two isomers, 4-substituted and 6-substitued
oxindoles, would theoretically be formed.15 In fact, when
the 3-bromoaniline (4g) was used as starting material, two
isomers, 4-bromo-oxindole and 6-bromo-oxindole, were
produced in a ratio of about 4:3, as determined from the1H
NMR data. Selective alkylation of 3-position of oxindoles
was achieved using a weak base K2CO3. Methylation of
1-position of oxindoles was accomplished using NaH. When
a low-reactive alkyl halide was used as an alkylation reagent,
such as bromoethane, no alkylated oxindole product9 was
found by LC-MS.

In summary, we have successfully developed an efficient
traceless solid-phase approach to trisubstituted oxindoles
from aromatic amines and alkyl halides. Mercaptomethyl
resin1 was reacted with ethyl bromoacetate2 to afford resin-
bound compound3, which was reacted with a substituted
aniline to afford resin-bound oxindole5 via the Gassman
oxindole synthesis. Selective alkylation of the 1- and
3-positions of oxindoles was achieved by using different
bases, such as K2CO3 and NaH. The resin-bound oxindoles
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5, 8, and 10 were cleaved by SmI2 to afford the desired
oxindole products.

Acknowledgment. Y.Y. would like to thank the Founda-
tion of NCET-05-0523, NSFZJ (2005c3401), and the 985
platform of Zhejiang University. R.A.H. would like to thank
the National Science Foundation (CHE 0455072), 1 P41
GM079590, and U54HG03916-MLSCN.

Supporting Information Available. Experimental pro-
cedures,1H and13C NMR spectral data for6a, 6b, 6d, 6g,
6i, 9c, 9d, 11a, and11b, and LC-MS data for6d, 9c, 9d,
11a, and11b. This material is available free of charge via
the Internet at http://pubs.acs.org.

References and Notes

(1) (a) Sadaghiani, A. M.; Verhelst, S. H. L.; Bogyo, M.J. Comb.
Chem.2006, 8, 802. (b) Johansson, P.-O.; Chen, Y.; Belfrage,
A. K.; Blackman, M. J.; Kvarnstro¨m, I.; Jansson, K.; Vrang,
L.; Hamelink, E.; Hallberg, A.; Rosenquist, Å.; Samuelsson,
B. J. Med. Chem.2004, 47, 3353. (c) Duan, D.; Lewin, N.
E.; Sigano, D. M.; Blumberg, P. M.; Marquez, V. E.J. Med.
Chem.2004, 47, 3248. (d) Kromann, H.; Krikstolaityte, S.;
Andersen, A. J.; Andersen, K.; Krogsgaard-Larsen, P.;
Jaroszewski, J. W.; Egebjerg, J.; Strømgaard, K.J. Med.
Chem.2002, 45, 5745. (e) Houghten, R. A.; Pinilla, C.;
Appel, J. R.; Blondelle, S. E.; Dooley, C. T.; Eichler, J.;Nefzi,
A.; Ostresh, J. M. J. Med. Chem.1999, 42, 3743.
(f) Thompson, L. A.; Ellman, J. A.Chem. ReV. 1996, 96,
555.

(2) Franze´n, R. G.J. Comb. Chem.2000, 2, 195.
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Scheme 1. Solid-Phase Synthesis of Trisubstituted
Oxindolesa

a Reagents and conditions: (a) Et3N (10 equiv, 6 mmol), DCM, roo,
temp, 24 h, repeat; (b)t-BuOCl (10 equiv, 6 mmol), DCM,-78 °C, 7 h;
(c) Et3N (10 equiv, 6 mmol),-78 °C, 7 h; (d) 25% HCl in MeOH (10
mL), room temp, DCM, 15 h; (e) SmI2 (5 equiv, 0.1 M), THF, room temp,
3 h; (f) m-CPBA (6.67 equiv, 4 mmol), DCM, room temp, 45 min; (g)
R2X (10 equiv, 0.15 M), K2CO3 (10 equiv), DMF, 24 h; (h) SmI2 (5 equiv,
0.1 M), THF, room temp, 3 h; (i) R3X (10 equiv, 0.15 M), NaH (10 equiv),
THF, room temp, 40 h; (j) SmI2 (5 equiv, 0.1 M), THF, room temp, 3 h.

Table 1. Product Oxindoles from Mercaptomethyl Resin

product R1 R2 R3 yielda purity

6a H H H 57% 93%b

6b 7-CH3 H H 51% 92%b

6c 5-CH3 H H 34% 91%b

6d 5-CF3 H H 69% 95%b

6e 5-Br H H 66% 96%b

6f 5-F H H 60% 96%b

6gd 4-Br or 6-Br H H 68% 94%b

6h 5-CO2C2H5 H H 70% 96%b

6i 4-Cl, 7-CH3 H H 65% 95%b

6j 5, 7-Cl, Cl H H 71% 96%b

9a 5-Br CH2CH)CH2 H 43% >95%c

9b 5-F PhCH2 H 38% >95%c

9c 5-CO2C2H5 p-BrPhCH2 H 44% >95%c

9d 5, 7-Cl, Cl PhCH2 H 41% >95%c

11a 5-F CH2CH)CH2 CH3 21% >95%c

11b 5-CF3 PhCH2 CH3 23% >95%c

a Percent yields are based on the weight of isolated products and
are relative to the initial loading of the resin.b HPLC purity of crude
product (λ ) 254 nm).c HPLC purity of isolated product purified
by flash chromatography (λ ) 254 nm).d 6g is a mixture of
4-bromo-oxindole and 6-bromo-oxindole with a ratio of about
4:3.
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