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A detailed study of the 13C NMR spectra of oxindoles has been made. A series of 40 oxindoles with varying substi- 
tution in the 3 ,4 ,5 ,6 ,  and 7 positions was investigated. Substituents on the 3 position were hydrogen, methyl, and 
thiomethoxyl. Substituents on the 4, 5, 6, or 7 positions were methoxyl, methyl, hydrogen, chloro, carboethoxy, 
cyano, and nitro. A set of shift parameters were established for each of these substituents. These were closely relat- 
ed to (but not identical with) previously published shift effects reported for substituents on simple derivatives of 
benzene. Certain long-range effects were correlated with c inductive parameters. 

Recently, we described a simple process for the prepara- 
tion of oxindoles in high overall yield from readily available, 
inexpensive starting This has made oxindoles 
attractive precursors for a wide variety of synthetic schemes 
designed for t he  preparation of indole type alkaloids. Since 
our process for the preparation of oxindoles permitted the 
presence of both electron-withdrawing and electron-donating 
substi tuents on the aromatic nucleus, it  also provided the 
potential for a wide variation in the substitution patterns of 
the desired indole derivatives. Since I3C NMR is an extremely 
powerful tool in the elucidation of structure in the alkaloid 
field,5 it became of interest to  know the exact effect of sub- 
stituents on the 13C chemical shifts in indole and oxindole type 
systems. We report here a detailed study of substituent effects 
on the 13C chemical shifts in oxindoles. 

Relatively little is known about t he  13C NMR spectral 
properties of oxindoles. Wenkert and his co-workers have 
studied the 13C NMR spectrum of oxindole (1) and of a few 
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oxindole derived alkaloids.6 In the case of 1, the chemical shifts 
were based on analogy with aniline.6 Our current study con- 
curs with the literature assignments and  adds considerable 
supporting evidence for t he  assignments. 

Synthesis of Oxindoles. With the exception of 5-ni- 
trooxindoie, which was prepared by the direct nitration of 
oxindole? all of the oxindoles investigated as part of this study 
were prepared through either procedure A1v3 or B.2,4 In  gen- 
eral, method A was used for the preparation of oxindoles 
bearing electron-withdrawing substituents and process B was 
used to  prepare those oxindoles with electron-donating sub- 
stituents. Table I lists the yields of oxindoles prepared spe- 
cifically for this study. All of the other oxindoles investigated 
were prepared either as previously reported,'-" as par t  of a 

2 3 

3. n+ 
study of isatin synthesis,8 or as par t  of a detailed study of 
substi tuent effects on [2,3]-sigmatropic rearrangements of 
ylides derived from azasulfonium s a h g  The  desulfurization 
was accomplished in most cases through Raney-nickel re- 
duction. However, in the case of nitro and cyano substituted 
oxindoles, where side reactions could be noted on Raney- 
nickel reduction, the thiomethoxyl group was removed via 
reaction with sodium thiomethoxide in methanol. For exam- 
ple, 4 could be converted into 5 in 62% yield by this meth-  
od. 
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NMR Spectral Studies and Discussion. The 13C NMR 
spectra of all of the oxindoles studied were obtained in di- 
methyl sulfoxide-& as solvent with all shifts listed in parts 
per million relative t o  tetramethylsilane. Since the values 
obtained for oxindole (1) were slightly different from those 
reported by Wenkert and co-workers in chloroform-d, we also 
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Table I. Conversion of Anilines (2) into 3-Methylthiooxindoles (3) 

Registry 
no. 

2 
x Y R Method 

% yield 
of 3 

106-47-8 
873-71-5 
94-09-7 

106-49-0 
104-94-9 
88-74-4 
95-53-4 

H 
H 
H 
H 
H 
H 
H 
H 
NO2 
CH3 

A 
A 
A 
A 
A 
A 
B 
B 
A 
B 

Table 11. Chemical Shifts of Aryl Unsubstituted Oxindolesa 

““ 
I 1  

80 
73 
81 
67 
78 
47 
46 
31 
43 

Registry Compd 
no. (substituents) 

59-48-3 1 (3-H,3-H)b 
1 (3-H, 3-H) 

1504-06-9 6 ( 3-H,3-CH3) 
40800-64-4 7 (3-H,3-SCH3) 
40800-77-9 8 ( 3-CH3,3-SCH,) 

Position 

2 3 3a 4 5 6 7 7a CH, SCH, 
~~ 

178.6 36.3 125.4 124.4 122.2 127.9 110.0 142.9 
176.6 35.9 125.9 124.4 121.3 127.5 109.3 143.8 
179.7 40.2 131.4 123.7 121.3 127.6 109.1 142.4 15.1 
176.2 45.4 126.7 124.8 121.8 128.7 109.3 142 .6  11.9 
178 .0  49.3 131.4 123.6 121.9 128.7 109.6 141 .1  20.9 11.2 

a All spectra were measured in dimethyl sulfoxide-d, vs. Me,Si with values listed in parts per million downfield from tetra- 
methylsilane unless otherwise specified. b Spectrum measured in chloroform-d for comparison. 

Table 111. I3C Substi tuent Parameters  for Oxindoles in Dimethyl Sulfoxide-& 

13C shift, ppm 
Substituent c1 Ortho Meta Para 

OCH3 32.8 f 0.7 -14.8 f 0.5 1.4 f 0.4 -7.0 f 0.6 
CHx 9.4 f 0.5 0.9 f 0.7 -0.1 i 0.2 -2.5 0.2 
c1 5.1 f 1.3 0.1 f 0.5 1.6 f 0.3 -1.1 i. 0.1 
C02C2Hj 1.7 f 0.6 1.3 f 0.7 0.2 f 0.4 4.5 f 0.5 
CN -17.4 f 0.7 4.3 f 1.1 1.1 f 0.3 4.5 f 0.2 
NO2 20.1 f 0.6 -4.3 i 1.0 0.9 f 0.7 6.3 i 0.6 

ran 1 in the same solvent and reproduced the reported values 
within f0.1 ppm. Thus,  the differences noted in dimethyl 
SUlfOXide-d6 could be attr ibuted to solvent effects. Table I1 
lists the spectral da ta  for a series of oxindoles differing only 
in the substitution a t  the 3 position. As can be seen from this 
table, substitution a t  the 3 position by a thiomethoxy group 
had little effect on the chemical shifts of carbons other than  
C-3. Comparison of 7 with 1 and of 8 with 6 indicated a shift 
of +9.3 f 0.2 ppm as a result of this substitution. Interestingly, 
comparison of 1,6,7, and 8 showed that placement of a methyl 
group a t  the 3 position shifted C-3a more than it did C-3 (+5.1 
f 0.4 vs. +4.1 f 0.2 ppm). A significant shift of +2.4 f 0.7 ppm 
due to  the C-3 methyl was also noted a t  C-2. 

Utilizing the spectral da ta  determined for 1, 7, and 8 as 
standards,  we could determine the effect of aryl ring substi t-  
uents on the chemical shifts of the carbons of the oxindole 
nucleus. In each case a noise decoupled spectrum was ob- 
tained. Since the structures of all of the compounds under 
study were well established, the only problem involved the 
assignment of the individual resonance signals to  the appro- 
priate carbon atoms. The  literature contains several empirical 
methods for the assignment of carbon resonances.’O For simple 
benzene derivatives a series of substi tuent parameters has 
been developed.lOJ1 Utilizing these established parameters 
and, when necessary, either off-resonance or gated decoupling 
we were able to  assign almost all of the resonance signals. 
Having assigned the resonance signals to  specific carbons, we 
were able to  do a statistical refinement1’ of the shift substi t-  
uent parameters as  applied to  oxindoles in dimethyl sulfox- 

ide-de. These values and their standard deviations are listed 
in Table 111. The  parameters listed in Table I11 differ by as 
much as 2 ppm from those described for monosubstituted 
benzenes in carbon tetrachloride. I t  was not established 
whether these small deviations from the literature values were 
a function of the change in solvent system, the change in the 
structure of the nucleus, or of both. It should be noted tha t  the 
chemical shift of the para position correlated reasonably well 
in a Hammett type correlation with a+ as had been previously 
noted for monosubstituted benzenes.lOJ1 

Utilizing the statistical parameters listed in Table 111, we 
were able to calculate “predicted” spectra for the oxindoles 
studied. Tables IV-VI list these calculated values along with 
the experimentally determined values. More than 85% of the 
calculated chemical shifts agree with the  experimental value 
by 1 ppm or less. Of the 222 comparisons which were made, 
only seven calculated values differed from the experimental 
values by more than  2 ppm.12 Interestingly, six of the seven 
values which varied were the two bridgehead positions and 
in each of these six examples the substi tuent was on the ad- 
jacent carbon. In  each of these cases, t he  resonance occurred 
upfield from what had been predicted on the basis of sub- 
st i tuent group shift parameters. Whether these variations 
have their origin in steric interactions between the 4 and 3 
substituents and between the 7 and  1 substituents has not 
been established. However, it should be noted tha t  no major 
discrepancies occur when the 3 position bears only hydro- 
gens. 

Of passing interest as part  of this study was the observation 



1342 J .  Org. Chem., Vol. 42, No. 8, 1977 Gassman, Gilbert, and Luh 

Table IV. Chemical Shifts of Substituted Oxindoles ____ 
Position, ppm downfield from Me,Si 

Registry 

7699-18-5 5-OCH, Exptl 176 .3  36.3 127.2 109.4 154.7 112.3 111.6 137.1 55.5 

3a 4 5 6 7 7a Substituent no. Substituent 2 3 

Calcd 127.3 109.6 154 .1  112.7 110.7 136.8 

Calcd 125.8 125.3 130.7 128.4 109.2 141.3 
3484-35-3 5-CH3 Exptl 176.5 35.9 125.9 125.2 130.1 127.7 109.0 141.4 20.8 

17630-75-0 5-C1 Exptl 176.3 36.0 125.5 124.6 128.1 127.4 110.5 142.7 
Calcd 127 .5  124.5 126.4 127.6 110.9 142.7 

Calcd 126.1 125.9 123.0 128.8 109.5 148 .3  
61394-49-8 5-CO2C,H, Exptl 176.7 35.5 126.1 125.2 122.7 129.3 108.9 148 .3  165.7,  60.3,  14.2 

61394-50-1 5-CN Exptl 176.3 35.4 127 .2  127.8 103 .1  132.9 110.2 148.3 119.7 
Calcd 127.0 128.7 103.9 131.8 110.4 148.3 

20870-79-5 5-NO, Exptl 176.7 35.6 127.0 119.9 141.8 124.9 109.0 150.3 
Calcd 126.8 120.1 141.4 123.2 110.2 150.1 

6 1  3 94-5 1-2 4 - N 0 2  Exptl 175.4 37.2 122 .5  143.9 115.7 129.1 114.9 146.0 
Calcd 121 .6  144.5 117.0 128.4 115.6 144.7 

Table V. I Themica1 Shifts of Substituted 3-Methylthiooxindoles 

Position, ppm downfield from Me,Si 
Registry 

no. Substituent 2 3 3a 4 5 6 7 7a SCH, Substituent 

50461-38-6 5-OCH3 Exptl 176.0 45.9 128.0 109.9 155.0 113.7 111.5 
Calcd 128.1 110.0 154.6 113.9 110.7 

40800-66-6 5-CH3 Exptl 176.1 45.4 126.7 125.4 130.7 129.0 109.2 
Calcd 126.6 125.7 131.2 129.6 109.2 

40800-67-7 7-CH3 Exptl 176.5 45.5 126.2 122.0 121.6 129.8 118.8 
Calcd 126.6 122 .3  121.7 129.6 118.7 

61394-52-3 4-CH3 Exptl 176 .2  44.7 124.0 135.3 123.3 128.6 107.0 
Calcd 127.60 134.2 122.7 128.6 106.8 

61394-53-4 5-C1 Exptl 175.7 45.5 125.9 124.8 129.0 128.6 110.9 

61394-54-5 4-C1 

61394-55-6 6-C1 

61394-56-7 5-C02C,H, 

61394-57-8 4-C02C,H, 

61394-58-9 5.CN 

61394-59-0 4.CN 

40800-69-9 5.N0,  

40800-70-2 4 - N 0 2  

61394-60-3 7 - N 0 2  

Caicd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 

175.1 

176.1 

176.4 

175 .6  

176.0 

174.9 

176.4 

174.8 

176 .3  

45.3 

44.9 

45.2 

45.9 

44.9 

45.0 

45.3 

45 .8  

44.2 

128.3 
123.7 
126.80 
125.7 
125.6 
127.1 
126 .9  
127.7b 
128.0 
128.3 
127.8 
129.9 
131.0 
128.0 
127.6 
122.5 
122.4 

127.6 
C 

124.9 
130.5 
129.9 
126.3 
126.4 
125.6 
126.1 
127.4b 
126.5 
128.3 
129.1 
108.3 
107.4 
120.3 
120.5 
144.9 
144.9 
131.0 
131.1 

126.9 
122.2 
121.9 
121.5 
121.9 
123 .5  
123.5 
122.6 
123.1 
104.0 
104.4 
125.6 
126.1 
142.3 
141.9 
116.8 
117.5  
122.0 
122.7 

128.8 
130.5 
130.3 
132.9 
133.8 
131.0 
130.0 
129.0 
128.9 
134.1 
133.0 
129.9 
129.8 
125.9 
124.4 
130.4 
129.6 
123.6 
124.4 

110.9 
108.3 
108.2 
109.5 
109.4 
109.4 
109 .5  
113.3 
113 .8  
110.4 
110.4 
113.9 
113.8 
109.6 
110.2 
115.2 
115.6 
130.6 
129.4 

135.9 11.8 55.5 
135.6 
140.1 11.8 20.6 
140.1 
141.1 11.8 16.3 
143.5a 
142.6 
142 .5  
141.5 
141.5 
144.4 
144.2 
144.1 
144.2 
147.1 
147.1 
143 .6  
142.8 
146.9 
147.1 
143.7 
143.7 
149.0 
148.9 
144.5 
143.5 
138.9 
138.3 

11.6 17.9 

11.8 

11.7 

11.8 

11.8 165.5,  60.5,  14 .2  

11.9 165.4,  60.9, 14.0 

11.9 119.3 

11.7 116 .2  

11.9 

11.9 

11.9 

Value not used in the calculation of substituent shift constants. b Values indicated may 
not discernible 

be reversed. C Resonance signal 

that substituents a t  C-6 promoted a systematic change in the  
position of the  carbon resonance for C-2 as shown by a corre- 
lation of t he  chemical shift of C-2 with the  cr value of the  
substituent (slope = -1.08, r = 0.980). However, substituents 
in the  4 , 5 ,  or 7 positions resulted in relatively random shifts 
of t he  C-2 r e ~ 0 n a n c e . l ~  

In summary, we have demonstrated tha t  t he  shift param- 
eters established for monosubstituted benzenes can be ex- 
trapolated t o  much more complex systems with only minor 
modifications. Furthermore, we have firmly established the  
13C spectral properties for oxindoles as  a class of com- 
pounds. 

Experimental Section14 
13C NMR Spectra. 13C NMR spectra were determined at 20 MHz 

on a Varian CFT-20 NMR spectrometer. Spectra were obtained in 
dimethyl sulfoxide-ci6 (MezSO-dc) in 8-mm tubes. The spectra were 
recorded at ambient temperature by using the deuterium resonance 
of MezSO-dE as the internal lock signal. Typical pulse widths were 

10 bs. Chemical shifts were measured at 4000-H~ sweep width spectra 
and referred to the center peak of Me$30-& which was set at 39.6 
ppm downfield from tetramethylsilane. The accuracy is within f 0.05 
PPm. 

3-Methylthiooxindoles. 3-Methylthiooxindole, 3-methyl-3- 
methylthiooxindole, 5-methyl-3-methylthiooxindole, 7-methyl-3- 
methylthiooxindole, 5-methoxy-3-methylthiooxindole, 5-nitro-3- 
methylthiooxindole, and 4-nitro-3-methylthiooxindole were prepared 
according to the published  procedure^.'-^ In all cases the physical 
constants and spectroscopic properties agreed well with those de- 
scribed in the literature. The 4- or 6-substituted 3-methylthiooxin- 
doles and 3-methyl-3-methylthiooxindoles were prepared as part of 
another study.8 
5-Chloro-3-methylthiooxindole. On a 0.055-mol scale, p-chlo- 

roaniline was converted to 5-chloro-3-methylthiooxindole according 
to the general procedure of Gassman and van Bergen3 Recrystalli- 
zation of the crude oxindole from methanol gave 9.1 g (78%) of pure 
product: mp 171-173 O C ;  IR (KBr) 3100 (NH) and 1705 cm-' (C=O); 
NMR (MezSO-de) 6 1.95 (3 H, s, 3-SCH3), 4.50 (1 H, s, H3), 6.80 (1 H, 
d, J = 8 Hz, H7), 7.30 (2 H, m, Hq and HE), and 11.40 (1 H, bs, 
NH) . 
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Table VI. C Chemical Shifts of Substituted 3-Methyl-3-methylthiooxindoles 

Position, ppm downfield from Me,Si 
Registry 

no. Substituent 2 3 3a 4 5 6 7 7a SCH, CH, Substituent 

61394-61-4 5-OCH3 

61394-62-5 4-OCH, 

61394-63-6 6 .0CH3 

61394-64-7 5.CH3 

61394-65-8 4-CH3 

61394-66-9 6.CH3 

61394-67-0 7-CH3 

61394-68-1 5.C1 

61394-69-2 4.Cl 

61436-90-6 6.C1 

61394-70-5 5-C02C, H, 

61436-91-7 6-C0,CH3 

61394-71-6 5-CN 

61394-72-7 4-CN 

61394-73-8 6-CN 

61394-74-9 6 - N 0 2  

Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 
Exptl 
Calcd 

178.1 

177.9 

178.5 

178.0 

177.8 

178.3 

178.6 

177.6 

176.9 

177.9 

178.2 

177.6 

177.8 

176.8 

177.3 

177.4 

50.1 132.8 
132.8 

49.4 116.2 
116.6 

49.0 123.2 
124.4 

49.4 131.5 
131.3 

50.1 127.9 
132.30 

49.2 128.5 
128.9 

49.6 131.2 
131.3 

49.7 133.6 
133.0 

50.7 130.1 
131.5 

49.1 130.4 
130.3 

49.2 131.7 
131.6 

49.5 136.8 
135.9 

49.2 132.7 
132.5 

49.7 133.5 
135.7a 

49.4 137.0 
135.9 

49.5 138.9 
137.7 

110.2 
108.8 
156.2 
156.4 
124.4 
125.0 
124.2 
125.5 
135.1 
133.0a 
123.4 
123.5 
121.0 
121.1 
123.8 
123.7 
126.9 
128.7 
125.1 
125.2 
124.4 
124.9 
123.8 
123.8 
127.4 
127.9 
107.2 
106.2 
124.7 
124.7 
124.4 
124.5 

155.3 
154.7 
105.6 
107.1 
106.9 
107.1 
130.8 
131.3 
124.2 
122.8 
122.5 
122.8 
122.0 
121.8 
126.1 
127.0 
122.9 
122.0 
121.7 
122.0 
123.7 
123.6 
123.4 
123.2 
104.1 
104.5 
126.1 
126.2 
126.6 
126.2 
117.5 
117.6 

113.8 
113.9 
130.2 
130 .1  
160.0 
161.5 
129.0 
129.6 
128.6 
128.6 
138.4 
138.1 
131.0 
129.6 
128.6 
128.8 
130.5 
130.3 
133.0 
133.8 
131.0 
130.0 
130.0 
130.4 
134.1 
133.0 
130.0 
129.8 
111.2 
111.3 
147.8 
148.8 

110.5 
111.0 
102.9 
102.6 

96.4 
94.8 

109.3 
109.5 
107.3 
107.1 
110.3 
110.5 
119.1 
119.0 
111.1 
111.2 
108.6 
108.5 
109.8 
109.7 
109.6 
109.8 
109.7 
110.9 
110.5 
110.7 
114.3 
114.1 
112.2 
113.9 
104.1 
105.3 

134.4 
134.1 
142.3 
142.5 
142.4 
142.5 
138.7 
138.6 
141.4 
141.0 
141.2 
141.0 
139.8 
142.0a 
140.0 
140.0 
143.3 
142.7 
142.6 
142.7 
145.7 
145.6 
141.6 
141.3 
145.5 
145.6 
142.5 
142.2 
141.9 
142.2 
142.3 
142.0 

11.4 

ll.? 

11.3 

11.3 

11.1 

11.2 

11.3 

11.3 

11.3 

11.3 

11.3 

11.3 

11.3 

11.4 

11.4 

11 .3  

21.1 

18.8 

21.1 

21.0b 

19.5 

21.0b 

21.1 

20.7 

18.6 

20.7 

20.7 

20.6 

20.4 

19.0 

20.4 

20.4 

55.6 

55.6 

55.3 

20.76 

17.4 

21.36 

16.5 

165.5, 60.5, 

165.8, 52.2 

119.3 

116.0 

118.7 

14.2 

a Value not  used in the calculation of substituent shift constant. b Values indicated may be reversed within any horizontal 
line. 

Anal. Calcd for CgH&INOS: C, 50.58; H, 3.73; N,  6.56. Found: C, 
50.59; H, 3.83; N, 6.51. 
5-Carboethoxy-3-methylthiooxindole. On a 0.05-mol scale, ethyl 

p-aminobenzoate was converted to 5-carboethoxy-3-methylthioox- 
indole according LO the procedure of Gassman and van B ~ g e n . ~  The 
reaction gave 9.20 g (73%) of the desired oxindole: mp 151-153 "C 
(recrystallized from C&); IR (KBr) 3240 ("1, 1735 (C=O), 1695 
em-' (C=O); NhlR (CDC13) 6 1.40 (3 H, t, CH~CHZO~C) ,  2.00 (3 H, 
S, SCH3), 4.30 (1 H, S, H3), 4.50 (2  H, q,  OCHZCH~), 6.95 (1 H, d, J = 
8 Hz, Hi), 7.90 (1 H, dd, J1 = 8. J z  < 1 Hz, He), 8.00 (1 H, J < 1 Hz, 
Hd), and 9.80 (1 H, bs, NH). 

Anal. Calcd for C ~ Z H ~ ~ N O ~ S :  C, 57.35; H, 5.21; N, 5.57. Found: C, 
57.36; H, 5.19; N; 5.49. 
5-Cyano-3-methylthiooxindole. Utilizing the general procedure 

for the synthesis of oxindoles, as described by Gassman and van 
B ~ g e n , ~  p-cyanoaniline was converted into 5-cyano-3-methyl- 
thiooxindole on a 0.046-mol scale. Recrystallization from methanol 
gave the pure oxindole (7.30 g, 80% yield): mp 182-183 "C; IR (KBr) 
3100 (NH), 2220 (C=N), and 1720 em-' (C=O); NMR (MezSO-d6) 
$2.03 (3H,s,SCH3), 4.66 (1 H,s, H3), 5.00 (1 H , d , J  = 9Hz,Hi) 7.69 
(1 H, d, J = 2 Hz, H4), 7.73 (1 H, dd, J1 = 9, J2 = 2 Hz, He), and 11.00 
(1 H, bs, NH). 

Anal. Calcd for CloHgN20S: C, 58.80; H, 3.95; N, 13.72. Found: C, 
*58.65; H, 4.06; N, 13.40. 
5-Chloro-3-methyl-3-methylthiooxindole. The product was 

obtained from p-chloroaniline and ethyl methylthiopropionate by 
the general procedure of Gassman and van Bergen3 on a 0.04-mol 
scale. Recrystallization of the crude product from cyclohexane gave 
7.3 g (81%) of pure oxindole: mp 158.0-159.5 "C; IR (KBr) 3100 (NH) 
and 1710 cm-I (C=O); NMR (CDC13) S 1.66 (3 H, s, CH3), 1.89 (3 H, 

Jz = 2 Hz, He), 5.27 (1 H, bs, Hd), 9.57 (1 H, bs, NH); mass spectrum 
mle obsd 227.0716 (calcd, 227.0712). 

Anal. Calcd for CloHloClNOS: C, 52.75; H, 4.43; N, 6.15. Found: C, 
52.78; H, 4.62; N, 6.33. 
5-Carboethoxy-3-methyl-3-methylthiooxindole. The oxindole 

was prepared by the general p r~cedure .~  p-Carboethoxyaniline (4.95 
g, 0.03 mol) was transformed into the oxindole (5.3 g, 67%): mp 

S, SCH3), 6.87 (1 H, dd, J1 = 8, Jz  = 1 Hz, Hi), 7.20 (1 H, dd, J1 = 8, 

219-221 "C (recrystallized from ethanol); IR (KBr) 3250 (NH), 1715 
(C=O), 1685 cm-' (C=O); NMR (MezSO-de) 6 1.32 (3 H, t, J = 6.7 
Hz, CH~CHZ-), 1.58 (3 H, S, CH3), 1.90 (3 H, S, SCHa), 4.30 (2  H, g, 
J = 6.7 Hz, CH~CHZO), 6.96 (1 H, d, J = 9 Hz, H7), 7.80 (1 H, bs, H4), 
7.88 (1 H, d, J = 9 Hz, Hs), 10.97 (1 H, bs, NH); mass spectrum mle 
obsd 265.0784 (calcd, 265.0772). 

Anal. Calcd for C13H15N03S: C, 58.85; H, 5.70; N, 5.28. Found: C, 
58.86; H 5.79; N, 5.29. 
5-Cyano-3-methyl-3-methylthiooxindole. p - Aminobenzonitrile 

(2.36 g, 0.02 mol) was converted to the corresponding oxindole (3.4 
g, 78%) by the general method of Gassman and van Bergen.3 The 
product was recrystallized from etaanol: mp 171-173 "C; IR (KBr) 
3100 (NH), 2210 (CN), 1705 cm-' (C=O); NMR (MezS0-d~) 6 1.57 

H, d, J = 8 Hz, Hs), 7.63 (1 H, bs, H4), 11.08 (1 H, bs, NH); mass 
spectrum mle obsd 218.0495 (calcd, 218.0514). 

Anal. Calcd for CI1HloNZOS: C, 60.53; H, 4.62; N, 12.83. Found: C, 
60.59; H, 4.71; N, 12.86. 
3,7-Dimethyl-3-methylthiooxindole. o-Toluidine (4.70 g, 0.044 

mol) was transformed into the corresponding oxindole by the method 
of Gassman, Gruetzmacher, and van Bergen.4 The crude product was 
recrystallized from ethanol to give pure oxindole (3.9 g, 43%): mp 
175-177 "C; IR (KBr) 3150 (NH), 1700 cm-I (C=O); NMR (CDC13) 
6 1.65 (3 H, s, CH3), 1.92 (3 H, s, SCH3), 2.29 (3 H, s, ArCH3), 6.96 (3 
H, m, aromatic protons), 10.55 (1 H, bs, NH); mass spectrum rnle obsd 
207.0715 (calcd, 207.0717). 

Anal. Calcd for C11H13NOS: C, 63.73; H, 6.32; N, 6.76. Found: C,  
63.80; H, 6.32; N, 6.79. 
3,5-Dimethyl-3-methylthiooxindole. Using the same method as 

described in the literature,* p-toluidine (4.70 g, 0.044 mol) was con- 
verted into the corresponding oxindole (4.3 g, 47%): mp 165-167 "C 
(recrystallized from EtOH); PR (KBr) 3100 (NH), I705 cm-' (C=O); 

ArCH3), 6.68-7.00 (3 H, m, aromatic protons), 9.83 (1 H, bs, NH); mass 
spectrum mle obsd 207.0711 (calcd, 207.0717). 

Anal. Calcd for C I I H ~ ~ N O S :  C, 63.73; H, 6.32; N, 6.76. Found: C, 
63.68; H, 6.30; N, 6.85. 
5-Methoxy-3-methyl-3-methylthiooxindole. p-Anisidine (5.4 

(3 H, S, CH3), 1.90 (3 H, S, SCHB), 6.92 (1 H, d, J = 8 Hz, Hi), 7.57 (1 

NMR (CDC13) 6 1.63 (3 H, S, CH3), 1.85 (3 H, S, SCH3), 2.30 (3 H, S, 
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g, 0.044 mol) was converted to the oxindole according to the literature 
m e t h ~ d . ~  The crude material was recrystallized from ethanol to give 
4.5 g (46%) of the desired product: mp 182-183 "C; IR (KBr) 3200 
(NH), 1700 cm-' (C=O); NMR (MezSO-de) d 1.50 (3 H, s, CH3), 1.85 
(3 H, s, SCHs), 3.67 (3 H, s, OCH3), 6.63-6.93 (3 H, m, aromatic pro- 
tons), and 10.30 (1 H, bs, NH); mass spectrum mle  obsd 223.0668 
(calcd, 223.0667) 

Anal. Calcd for CllH13NOzS: C, 59.17; H, 5.87; N, 6.27. Found: C, 
59.19; H, 5.83; N, 6.31. 
7-Nitro-3-methylthiooxindole. o-Nitroaniline (12.14 g, 0.088 mol) 

was transformed into the corresponding oxindole according to the 
literature p roced~re .~  Recrystallization from methanol gave 3.05 g 
(31%) of yellow crystals: mp 205-207 "C dec; IR (KBr) 3200 (NH), 
1705 cm-' (C=O); NMR (MezSO-ds) 6 2.07 (3 H, s, SCHB), 4.75 (1 
H, S, H3), 7.20 (1 H, dd, J1 = 7, J2 = 8 Hz, Hs), 7.70 (1 H, dd, J1 = 7, 
J3  = 2 Hz, H4), 8.10 (1 H. dd, J2 = 8, J3 = 2 Hz, Hs), 11.60 (1 H, bs, 
NH); mass spectrum m/e  obsd 224.0258 (calcd, 224.0255). 

Anal. Calcd for C ~ H B N ~ O ~ S :  C, 48.21; H, 3.60; N, 12.49. Found: C, 
48.03; H, 3.68; N, 12.48. 

5-Chlorooxindole. 5-Chloro-3-methylthiooxindole (2.0 g, 9.4 
mmol) was converted to 5-chlorooxindole by Raney-nickel reduction 
in the same manner as described in the l i t e r a t ~ r e . ~  After crystalliza- 
tion from benzene-cyclohexane, the pure product was obtained (1.0 
g, 63%), mp 195-197 "C (lit.15 mp 198.0-198.5 "C). 

5-Methoxyoxindole. The product was obtained by treatment of 
5-methoxy-3-methylthiooxindole (1 g, 5.8 mmol) with Raney nickel 
as described previously" to give 0.61 g (64%) of the pure product, mp 
268 "C dec (lit.7 mp 270 "C dec). 

5-Carboethoxyoxindole. 5-Carboethoxy-3-methylthiooxindole 
(2.0 g, 7.97 mmol) was treated in the same manner as described in the 
literature? to give 0.91 g (56%) of the desired product: mp 190-192 "C 
(recrystallized from ethanol); IR (KBr) 3200 (NH), 1715,1700 cm-l 
(C=O); NMR (MezSO-ds) 6 1.30 (3 H, t, J = 7 Hz, CH3CH2), 1.85 (2  
H, S, -CH2), 4.25 (2 H, q, J = 7 Hz, CH~CHZO), 6.87 (1 H, d , J  = ~ H z ,  
H7), 7.72 (1 H, bs,H4),7.78 (1 H,d ,J=8Hz,Hs) ,  10.70(1 H, bs,NH); 
mass spectrum mle obsd 205.0753 (calcd, 205.0739). 

Anal. Calcd for CIIHI1N03: C, 64.38; H, 5.40. Found: C, 64.23; H, 
5.42. 

5-Nitrooxindole. This compound was prepared by nitration of 
oxindole as described in the l i t e r a t ~ r e , ~  mp 234-236 "C (lit.7 mp 236 
"C). 

5-Cyanooxindole. 5-Cyano-3-methylthiooxindole (1.02 g, 5.0 
mmol) in methanol (30 mL) was added dropwise to a cooled (0 "C) 
methanolic solution of sodium methyl mercaptide prepared from 2 
g (0.87 g-atom) of sodium and an excess of methyl mercaptan (ca. 15 
mL) in methanol (200 mL). The mixture was stirred overnight at room 
temperature. Part of the solvent was removed in vacuo and the rest 
was poured onto cold water and extracted with ether. The ethereal 
solution was dried over anhydrous magnesium sulfate, filtered, and 
evaporaled. The residue was crystallized from ethanol to give pure 
5-cyanooxindole (0.49 g, 62%): mp 249-251 "C; IR (KBr) 3200 (NH), 
2200 (CN), 1705 cm-' (C=O); NMR (MezSO-ds) 6 3.58 (2 H, s, CHz), 
6.95 (1 H, d, J = E; Hz, Hi), 7.97 (1 H, bs, H4) 8.00 (1 H, d, J = 8 Hz, 
He), and 10.87 (1 H, bs, NH); mass spectrum m/e obsd 158.0491 (calcd, 
158.0480). 

Anal. Calcd for CgHsN20: C, 68.34; H, 3.82. Found: C, 68.04; H, 
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A new method has been developed for the conversion of anilines into isatins. The general process utilizes our effi- 
cient method for the conversion of anilines into 3-methylthiooxindoles, which in turn serve as key intermediates. 
Oxidation of the methine carbon in the 3 position of the 3-methylthiooxindoles with N-chlorosuccinimide, followed 
by hydrolysis of the chlorinated intermediate, provides a simple route to isatins. This method is compatible with 
the presence of either strongly electron-withdrawing or strongly electron-donating substituents on the starting ani- 
line. Yields range from good to excellent. An analysis of the 13C NMR spectral properties of isatins is included. 

Isatins have long been considered as valuable synthetic 
intermediates in the preparation of both pharmaceuticals and 
dyes. Thus, considerable effort has been devoted to developing 

useful synthetic approaches to  this class of compounds. Un- 
fortunately, the most widely utilized procedures required 
catalysis by strong acid,2 a condition which imposed rather 


