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57 ABSTRACT 
Preparing oxindoles and intermediates therefor by re 
acting an N-haloaniline with As-thioester or f3-thioam 
ides to form anazasulfonium halide, reacting the azasul 
fonium halide with a base to form an orthothio-ether 
(hydrocarbonoxycarbonyl) alkylaniline, or a thio 
ether (aminocarbonyl) alkylaniline, reacting the ortho 
substituted aniline with an acid to form a 3-thio-ether-2- 
oxindole, and then reducing the 3-thio-ether-2-oxindole 
with Raney Nickel to form the 2-oxindole. 

5 Claims, No Drawings 
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1. 

SYNTHESS OFOXNDOLES FROMAN LINES 
AND INTERMEDIATES THEREN 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

The invention described herein was made in the 
course of work under a grant or award from the United 
States Department of Health, Education and Welfare. 

FELD OF THE INVENTION 

This invention relates to processes for making oxin 
doles and to intermediate compounds for use in such 
processes. More particularly, this invention provides an 
improved process for making oxindoles and some new 
intermediate compounds which can be used to prepare 
oxindoles. 

Oxindoles have been used as intermediates in the 
preparation of various indole alkaloids. For detailed 
discussions of the presently known methods of oxindole 
synthesis see The Chemistry of Indoles, by R. J. Sund 
berg, Academic Press, New York (1970). 
The details of a stereospecific method for the or 

thoalkylation of aromatic amines was published in Tet 
rahedron Letters, 497 (1972). That procedure involved 
the addition of dialkylsulfides to the mono-N- 
chlorinated amine to give an azasulfonium salt, fol 
lowed by ylid formation, and intramolecular attack of 
the ylid at the ortho position. In that way an aniline 
could be converted to a 2-alkylthioalkylaniline in good 
to excellent yield. Raney Nickel desulfurization then 
produced the 2-alkylaniline. 
Other prior art that might be considered pertinent is 

the following: (a) P. Claus and W. Wycudilik, Monatsh. 
Chem., 101, 396 (1970), wherein Claus et al. reacted an 
aniline with a dimethylsulfoxide to form a sulfillinine, 
not an azasulfonium salt; and (b) P. Claus, W. Wycudi 
lik, and W. Rieder, Monatsh. Chem, 102, 1571 (1971), 
wherein these sulfillimine compounds are thermally 
rearranged to hydrocarbon-S-hydrocarbon aromatic 
amine thio-ethers. Other papers which can be consid 
ered include a publication by Prof. C. R. Johnson et al., 
Tetrahedron Letters, No. 6, pp. 501-504 (1972), and 
"Indoles' Part I, by R. K. Brown, W.J. Houlihan, Ed., 
Wiley Interscience, New York (1972). In addition, the 
paper of U. Lerch and J. G. Moffattentitled "Carbodii 
mide-Sulfoxide Reactions. X. Reactions of Amines 
and Hydrazine Derivatives" in the Journal of Organic 
Chemistry, Vol. 36, 3861 (1971) may be considered as 
pertinent as the Claus publications, supra. 
However, none of that recent prior art discloses the 

hereindescribed method for preparing oxindoles. There 
is a need in the art for making oxindoles which are used 
as intermediates in making a wide variety of indole 
related products, many of which have significant physi 
ological properties. 

SUMMARY OF THE INVENTION 

Briefly, it has been discovered that oxindoles can be 
prepared by reacting an N-haloaniline with a 3-thio 
carboxylic-ester or amide under mild, substantially an 
hydrous conditions, in a solvent sufficiently polar to 
dissolve the reactants, to form an azasulfonium halide 
salt, and thereafter treating the azasulfonium salt with a 
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2 
base to form an ortho-1-(thio-ether)-(hydrocarbonox 
ycarbonyl)alkylaniline or an ortho-1-(thio-ether)- 
(aminocarbonyl)alkylaniline, which are believed to be 
new compounds, treating the ortho-substituted aniline 
with an acid to form a 3-thio-ether-2-oxindole com 
pound. Thereafter, if desired, the 3-thio-ether-2-oxin 
dole can be reduced, e.g., with Raney Nickel, to remove 
the thio-ether group and to form the 2-oxindole com 
pound. This process can be conducted through its sev 
eral steps up to the isolation of the 3-thio-ether-2-oxin 
dole compound in one reaction vessel, without separa 
tion of the intermediate reaction products. However, 
the azasulfonium halide and the new ortho-substituted 
aniline compounds can be recovered and at least par 
tially purified before continuing the process, if desired. 

OBJECTS OF THE INVENTION 

It is an object of the invention to provide an im 
proved process for making 2-oxindoles using primary 
and secondary aromatic amines and A-thio carboxylic 
esters or 3-thio-carboxylic amides as starting materials 
for the process. 

It is another object of this invention to provide a 
process for making 2-oxindoles which enables a less 
tedious synthesis and the use of more readily available, 
less expensive, reactant chemicals under mild reaction 
conditions, and which process now permits the use of 
aniline starting materials containing substituents which 
otherwise could not be used. 

It is also an object of this invention to provide some 
new ortho-substituted aniline compounds which find 
particular usefulness in a process for making 2-oxindoles 
therefron. 
Other objects, aspects, and advantages of the inven 

tion will become apparent to those skilled in the art 
from the specification and the claims which follow. 

DETAILED DESCRIPTION OF THE 
INVENTION 

According to the process of this invention, a primary 
or secondary aniline is first reacted with a source of 
positive halogen to prepare the N-haloaniline. Many 
sources of positive halogen are known and can be used 
to form the N-haloaniline. Examples of positive halogen 
sources for this reaction include tert-butyl hypochlo 
rite, N-chlorosuccinimide, calcium hypochlorite, so 
dium hypochlorite, sodium hypobromite, and the like. 
The N-chloroanilines are preferred for reasons of avail 
ability of reactants to make them and cost of materials, 
but other positive halogen compounds can be used to 
make useful N-haloanilines for use in this process. 
The essential features of the process comprise: 
a reacting under substantially anhydrous conditions 

in an organic liquid diluent sufficiently polar to keep at 
least a portion of the reactants in solution at a tempera 
ture ranging from the Dry-ce/Acetone mixture tem 
peratures (about -78° C) to about 10 C, preferably 
below O'C, and N-haloaniline of the formula 

R (I) 

N-A 
Y 

Z. 

wherein 
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R is hydrogen or a hydrocarbon radical free from 
aliphatic unsaturation containing from 1 to 8 car 
bon atoms; 

A denotes chlorine or bromine, but is preferably chlo 
rine; 

each of Y and Z is hydrogen or is a substituent which 
does not donate electrons more strongly than a 
methoxyl group in the meta position, and not more 
than one of Y and Z, as a substituent, is ortho to the 
-N(R)A group position on the ring; 

the -N(R)A group position having at least one ring 
carbon atom orthothereto in an unsubstituted state; 

with 3-thio carboxylic ester or a 3-thio carboxylic 
amide compound having a formula selected from 
the group consisting of 

(II) 

R-S-CH-C-OR 
2 R 
and 

O R4 (III) 
/ 

R-S-C-C-N 

k Yr 
wherein 
R is lower alkyl, phenyl or benzyl; 
R is hydrogen, lower alkyl, phenyl or benzyl; 
R is lower alkyl, phenyl or benzyl; 
each R' is hydrogen or lower alkyl, or the two R' 

groups are taken together with the nitrogen to 
form a ring containing from 4 to 5 methylene car 
bon atoms and up to one ring oxygen atom, for a 
time sufficient to form an azasulfonium salt having 
a formula selected from the group consisting of 

R O (IV) 
e 3 N-S-CH-C-OR Ae 

Y l R. R. 

Z. 
and 

R O R (V) 
(b / 

N-S-CH-C-N A9 
Y Ys 
Z 

wherein 
Y, Z, R, R, R, R, each R and A are as defined 

above; 
b. reacting the azasulfonium salt of formula IV or V 

with a substantially anhydrous base, preferably one 
whose conjugate acid has a pKa greater than about 
6, to effect rearrangement of the azasulfonium salt 
and to form an ortho-substituted aniline having a 
formula selected from the group consisting of 

(VI) 

NH O 
Y A. 

cre-or 
Z R S 

k 
and 
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4. 
-continued 

h O R4 
Y / 

cre-N RY Ys Z R 

R 

(VII) 

wherein 
Y, Z, R,R,R,R, and each Rare as defined above; 
c. either heating the ortho-substituted aniline com 
pound of formula VI or VII to a temperature of 
from about 50' C. to about 150' C., or reacting the 
aniline with an acid, preferably an economical min 
eral acid such as aqueous hydrochloric acid, sulfu 
ric acid, phosphoric acid or the like, to effect for 
mation of a 3-thio-ether-2-oxindole compound of 
the formula 

(VIII) 

wherein 
Y, Z, R, R, and R are as defined above; and, if 

desired, 
d. treating the 3-thio-ether-2-oxindole compound of 

the formula VIII with a desulfurizing reducing 
agent, e.g., with Raney Nickel, or its equivalent, to 
form a compound having the formula 

wherein 
Y, Z, R, and Rare as defined above. 
In the preferred embodiments for practicing the pro 

cess, that is, the preferred choice of anilines for use in 
the process, are those wherein R is hydrogen or lower 
alkyl, A is chlorine, each of Y and Z is hydrogen or a 
halogen, nitro, cyano, lower alkyl, lower alkyloxy, 
lower acyloxy, a carbonyloxylower alkyl or a car 
bonyloxy-phenyl group. The preferred A-thio carbox 
ylic ester compounds (II) for use in the process are 
those wherein R is lower alkyl, R is hydrogen or 
lower alkyl, R is lower alkyl. If the g-thio carboxylic 
amide compound (III) is used, the preferred ones are 
those wherein R is lower alkyl, R is hydrogen or 
lower alkyl, each R' is hydrogen or lower alkyl. 
The new compounds provided by this invention can 

be described as having a formula selected from the 
group consisting of 
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(A) 

N-H o 
Y an 

c -cor Z ry S 

R 
and 

(B) 

N-H o R 
y / 

c -c-N. Z RY Ys R 
R 

wherein 
R is hydrogen, a hydrocarbon radical free of aliphatic 

unsaturation and containing from 1 to 8 carbon 
atoms; 

R is lower alkyl, phenyl or benzyl; 
R’ is hydrogen, lower alkyl, phenyl or benzyl; 
R is lower alkyl, phenyl or benzyl; 
each R' is hydrogen, lower alkyl, or the two R' 
groups are taken together with the nitrogen to 
complete a ring containing 4 to 5 methylene carbon 
atoms and up to 1 ring oxygen atom; 

each of Y and Z is hydrogen or a substituent selected 
from the group consisting of halogen, nitro, cyano, 
lower alkyl, lower alkyloxy, lower acyloxy, a car 
bonyloxy-lower alkyl and carbonyloxy-phenyl 
groups. 

Preferred compounds of the above formulas (A) and 
(B) are those wherein R is hydrogen or lower alkyl, R' 
is lower alkyl, R is hydrogen or lower alkyl, R is 
lower alkyl, and each R' is hydrogen or lower alkyl. 

Example of the new compounds prepared according 
to the invention include: 

2-(methylthio)(methoxycarbonyl) methylaniline; 
2-1-(isopropylthio)-1-(ethoxycarbonyl)ethyl-4- 
chloro aniline; 

2-1-(phenylthio)-1-(benzyloxycarbonyl)butyl-3- 
nitroaniline; 

2-a-(ethylthio)-a-(butoxycarbonyl)benzyl-3,4- 
dichloroaniline; 

2-(benzylthio)phenoxycarbonyl)methyl)-4- 
cyanoaniline; 

2-(methylthio)(hexyloxycarbonyl)methyl-4- 
methylaniline; 

2-(1-pentylthio)-1-(ethoxycarbonyl)-2-phenethyl-3- 
methoxyaniline; 

2-(methylthio)phenoxycarbonyl)methyl-4-acetox 
yaniline; 

2-1-(ethylthio)-1-(ethoxycarbonyl)ethyl-3-ethox 
ycarbonylaniline; 

2-(methylthio)(propyloxycarbonyl)methyl-3- 
bromoaniline; 

2-(ethylthio)ethoxycarbonyl)methyl-4-fluoroani 
line; 

2-(methylthio)(N,N-dimethylaminocarbonyl)me 
thylaniline; 

2-1-(methylthio)-1-(aminocarbonyl)ethyl-3,4- 
dichloroaniline; 

2-(ethylthio)(N-ethylaminocarbonyl)methyl-3- 
nitroaniline; 

2-1-(phenylthio)-1-(N,N-dibutylaminocarbonyl)e- 
thyl-4-methylaniline; 

O 
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2-(methylthio)(ethoxycarbonyl)methyl-N- 

methylaniline; 
2-(ethylthio)(aminocarbonyl)methyl-N-phenylani 

line; 
2-1-(ethylthio)-1-(N,N-dimethylaminocarbonyl)- 

propyl)-N-benzylaniline; 
2-a-(methylthio)-a-(piperidinocarbonyl)benzyl-N- 

cyclohexylaniline; 
2-a-(phenylthio)-a-(1-morpholinocarbonyl)benzyl 

N-propylaniline; 
2-(benzylthio)(1-pyrrolidinocarbonyl)methyl)-N- 

ethylaniline, and the like. 
As used herein, the term "lower alkyl' means a C to 

C6-alkyl radical, e.g., methyl, ethyl, propyl, isopropyl, 
n-butyl, isobutyl, tert-butyl, n-pentyl, neopenty, n 
hexyl, and the like. The term "lower alkyloxy' denotes 
a C1 to C6-alkyl-O-group wherein the C1 to C6-alkyl is 
as exemplified above. The term "lower acyloxy” de 
notes formyloxy and a C1 to C6-alkyl-COO- group 
wherein the C to C6-alkyl is as exemplified above. The 
term "lower alkanoyl” denotes formyl and a C to C6 
alkyl-CO)-group. e 

The aniline compounds which can be used as starting 
materials in this process are those which have a free, 
unsubstituted carbon position on the aromatic ring 
ortho to the amino nitrogen group. Such compounds 
are known or are obtainable by known procedures. 
Many of them are described in publications such as 
"Chem Sources,” Directories Publishing Co., Fleming 
ton, N.J. O8822 (1972). The aniline may be unsubstituted 
or may contain one or more substituents, preferably not 
more than two substituents on aromatic ring carbon 
atoms. The substituents should be atoms or groups 
which do not donate electrons more strongly than a 
meta-, methoxy group. Not more than one of such sub 
stituents should be ortho to the -NCR)A group posi 
tion. The -NCR)A group position of the aniline com 
pound must have at least one ring carbon atom ortho 
thereto in the unsubstituted state. Examples of substitu 

45 

50 
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ents which can be in the ring include halogen (fluorine, 
chlorine, bromine, iodine), nitro, cyano, lower alkyl, 
lower alkyloxy, lower acyloxy, a carbonyloxy-lower 
alkyl, and carbonyloxy-phenyl groups. Examples of 
useful starting compounds include aniline, chloroani 
lines such as 3-chloroaniline, 4-chloroaniline, 3,4- 
dichloroaniline, 3-fluoroaniline, 4-fluoroaniline, 3 
bromoaniline, 4-bromoaniline, 4-iodoaniline, 3-nitroani 
line, 4-nitroaniline, 3-cyanoaniline, 4-cyanoaniline, the 
toluidines such as 2-methylaniline, 3-methylaniline, 4 
methylaniline, 4-ethylaniline, 4-hexylaniline, 3 
propylaniline, 3-chloro-4-methylaniline, the lower al 
kyloxy-substituted anilines such as 3-methoxyaniline, 
4-acetoxyaniline, 4-propionylaniline, 4-hexanoyloxyani 
line, the 3- and 4-carbonyloxy-lower alkylanilines such 
as benzocaine(4-ethoxy-carbonylaniline), 4-methox 
ycarbonylaniline, 3-propoxycarbonylaniline, as well as 
3-phenoxycarbonylaniline, 4-phenoxycarbonylaniline, 
and the like. Secondary anilines which may be used 
include those having a C to C8-hydrocarbon group 
bonded to the amino nitrogen and include the N-Cl to 
C3-alkylanilines such as the N-methyl, N-ethyl, N-butyl, 
N-tert-butyl, N-octylanilines as well as the N-phenyl, 
N-tolyl, N-xylylanilines and the N-cycloalkylanilines 
such as N-cyclopropyl, N-cyclobutyl, N-cyclopentyl, 
N-cyclohexyl, and N-cyclooctylanilines, and such con 
pounds substituted on ring carbon atoms thereof with 
halogen, nitro, cyano, lower alkyl, lower alkyloxy, 
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lower acyloxy, a carbonyloxy-lower alkyl or a car 
bonyloxy-phenyl as exemplified above. 
The 8-thio carboxylic esters and amide compounds 

of formulas II and III, above, are exemplified by the 
lower alkyl, phenyl and benzyl esters of a-loweral 
kylthio-, ot-phenylthio and a-benzylthio lower alkanoic 
acids, phenylacetic acid, and phenylpropionic acids and 
the corresponding amides. Procedures for making such 
compounds are known in the literature, e.g., in an arti 
cle by E. Bullmann and K. A. Jensen, Bull. Chim. Soc., 
5, 3, 2310 (1936), and in Chem. Abstracts, 52, p. 1265g 
(1958) by E. G. Howard. Examples of such starting 
materials include: 

ethyl methylthioacetate 
ethyl 2-methylthiopropionate 
butyl 2-ethylthiobutyrate 
phenyl 2-methylthio-2-phenylacetate 
benzyl 2-benzylthiopropionate 
methyl-2-phenylthioacetate 
a-methylthioacetamide 
a-ethylthiopropionamide 
o-phenylthiobutyramide 
a-benzylthioacetamide 
2-propylthio-3-phenylpropionamide 
a-methylthio-N,N-dimethylacetamide 
a-ethylthio-N-methylpropionamide 
a-methylthio-a-phenylacetamide 
1-(a-methylthioacetyl)piperidene 
1-(a-ethylthiopropionyl)morpholine 
1-(a-methylthio-a-phenylacetyl)pyrrolidine, and the 

like. 
The reactions of the process up to the point of base 

addition should be conducted in a liquid, substantially 
anhydrous medium which is sufficiently polar to dis 
solve at least a portion of the N-haloaniline and the 
As-thiocarboxylic ester or amide reactants at relatively 
low temperatures, e.g., from the cooled temperatures 
obtained by immersing the reaction vessel in a Dry 
ce/Acetone mixture (about -78. C.) to about 10' C., 
preferably below about 0' C., up to the point of base 
addition, although the reaction temperature becomes 
less critical after the azasulfonium salt is formed. When 
the base addition is completed, the reaction mixture 
need not be cooled, and the temperature of the mixture 
can be allowed to rise to room temperature. The acid 
addition step can be conducted at any convenient tem 
perature, for example, at 0' to 50 C. 
The solvent used to dilute the reactants and to dis 

perse the heat of reaction should be a compound or 
mixture of compounds which is liquid at reaction tem 
peratures and which is sufficiently polar to solubilize at 
least a portion of the reactants. It can be, e.g., an alkyl 
halide such as methylene chloride, ethylenedichloride, 
chloroform, carbon tetrachloride, ethers such as diethyl 
ether, dipropyl ether, tetrahydrofuran, lower alkanols 
and alkylene glycols and glycol ethers such as metha 
nol, ethanol, ethylene glycol, butyl ether of ethylene 
glycol, lower alkanonitriles such as acetonitrile, propio 
nitrile, solvent mixtures containing the compounds of 
the above type, and the like. 
The azasulfonium halide salt and base treatment steps 

of the process are conducted under substantially anhy 
drous conditions; that is, a reasohable degree of care is 
taken to avoid the introduction of water into the reac 
tion mixture during these steps, although the introduc 
tion of small incidental amounts of water, introduced 
with solvents or reactants, is not substantially detrimen 
tal to the process. 
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8 
The base which is reacted with the azasulfonium salt, 

IV or V, can be any base which will cause formation of 
an ylid intermediate, which will undergo a Sommelet 
Hauser type of rearrangement, and effect hydrogen 
transfer to produce the ortho-substituted aniline of for 
mula VI or VII. Bases which can be used for this pur 
pose are those whose conjugate acids have a pKa of 
greater than about 6 and include, for example, alkanolic 
alkali metal hydroxides such as methanolic sodium hy 
droxide, potassium hydroxide, lithium hydroxide and 
calcium hydroxide, as well as sodium methoxide, potas 
sium methoxide, sodium and potassium ethoxides, po 
tassium and sodium carbonates, and organic bases such 
as lower alkyl amines such as ethylamine, diethylamine, 
triethylamine, tributylamine, and aromatic amines such 
as pyridine, the lutidines, and the like. 
Treatment of the azasulfonium salt with the base 

results in rapid conversion of the azasulfonium salt 
through its unisolated intermediates to the derivative 
having formula VI if a £3-thio carboxylic ester reactant 
had been used, or to the formation of intermediates 
having formula VII if the 3-thio carboxylic amide had 
been used. The intermediate products VI and VII can 
be isolated, if desired, but this is not necessary. Both 
crude reaction mixtures containing compounds VI or 
VII can be treated with acid to form oxindole deriva 
tive of formula VIII. 
As an example, a typical procedure could involve 

treating the selected aniline in methylene chloride solu 
tion at -65 C. with tert-butyl hypochlorite, to form 
the N-chloroaniline, followed by the addition of the 
A-thio carboxylic ester or amide at -65 C., to form the 
azasulfonium salt and then with triethylamine to obtain 
the ortho-substituted aniline. These ortho-substituted 
anilines are thereafter treated with aqueous 2N hydro 
chloric acid to obtain the 3-methylthio-2-oxindole. 
These 3-thio-ether-2-oxindole products can be isolated 
and treated with Raney Nickel or equivalent reducing 
agents to remove the 3-thio-ether group and to form the 
2-oxindole product of this process. 
The new ortho-substituted aniline compounds having 

the chemical structures VI and VII above are useful as 
intermediates for preparing the corresponding 3-thio 
ether-2-oxindole compounds having the chemical for 
mula VIII, which in turn can be converted to 2-oxin 
dole compounds having chemical formula IX above. 
Many of the 2-oxindoles which can be prepared by the 
new process of this invention are known useful com 
pounds. The 2-oxindole products of the process of this 
invention can be used as intermediates in the prepara 
tion of indole alkaloids, as indicated above. In addition, 
the 2-oxindole compounds produced by the process of 
this invention can be used as intermediates in processes 
for preparing a wide variety of pharmaceutically useful 
compounds. For example, 2-oxindole compounds are 
used in the preparation of indole derivatives which are 
central nervous system depressants and antiinflamma 
tory drugs Japanese Pat, No. 72-36,757 (1970); U.S. 
Pat. No. 3,686,210 (1972)). Uses of 2-oxindoles in the 
synthesis of indole compounds are published by S. Sa 
kai, Yuki Gosei Kagaku Kyohai Shi, 30, 434 (1972). In 
addition, 2-oxindoles of this invention can be used to 
make 2-oxindole compositions which are useful as anti 
diarrheal agents (U.S. Pat. No. 3,585,866), anti-bacteri 
als, antiinflammatory agents (Japanese Pat. No. 
71-14,898) (German Offen. No. 1,956,237 (1971); drugs 
useful in the treatment of arthritis German Offen. No. 
2,046,595 (1971), and the like. 
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The invention is further exemplified by the following 

detailed examples and preparations which are given by 
way of illustration only. Temperatures recited herein 
are in degrees centigrade unless otherwise indicated. 
The following general procedure was used for the 

synthesis of 2-oxindoles from anilines and A-thio car 
boxylic esters and amides: 
To a vigorously stirred solution of 0.044 mol of the 

aniline in 150 ml of methylene chloride at -65' C. was 
added dropwise a solution of 0.044 mol of t-butylhypo 
chlorite in 20 ml of the same solvent to form the N 
chloroaniline. After 5-10 minutes, 0.044 mol of the 
f-sulfide ester or amide dissolved in 20 ml of methylene 
chloride was added causing an exotherm, and stirring at 
-65 C. was continued for 1 hour to form the azasul 
fonium salt. Usually the azasulfonium salt did not pre 
cipitate. Subsequently, 0.044 mol of triethylamine in 20 
ml of methylene chloride as added to form the or 
thosubstituted aniline. After the addition was completed 
the cooling bath was removed and the solution was 
allowed to warm to room temperature. A 50-ml portion 
of water was added and the organic layer was separated 
and evaporated. The residue was redissolved in 150 ml 
of ether and stirred overnight with 20 ml of 2N aqueous 
hydrogen chloride to form the 3-thioether-2-oxindole 
compound. In general, the 2-oxindole had precipitated 
and was collected by filtration. A second fraction could 
be obtained from the ether layer by concentrating it 
after it had been dried. 

Desulfurization of the 3-methylthio-2-oxindoles was 
accomplished by stirring a solution of 0.5 to 2.0 g of the 
appropriate 3-methylthio-2-oxindole in 50 ml of abso 
lute ethanol with an excess of Raney Nickel W-2 for 30 
min. Filtration and evaporation gave a residue that was 
redissolved in methylene chloride and dried. After fil 
tration the solvent was removed leaving pure desulfur 
ized 2-oxindoles in yields generally varying from 
70-85%. 

W-2 RANEY NICKEL PREPARATION FOR USE 

The W-2 Raney Nickel used in these experiments was 
obtained from W. R. Grace & Company, Raney Cata 
lyst Division, South Pittsburg, Tenn., as No. 28 Raney 
Active Nickel Catalyst in water. A portion of this was 
placed in a beaker and washed with distilled water until 
neutral to pH paper and then several more times with 
distilled water, three times with 95% ethanol, and three 
times with absolute ethanol. The catalyst under absolute 
ethanol was stored in brown bottles until use. 

EXAMPLE 1 

Preparation of 5-Methyl-2-oxindole and Intermediates 
Therefor 

Following the above procedure p-toluidine was con 
verted to N-chloro-p-toluidine. The N-chloro-p-tolui 
dine was treated with ethyl methylthioacetate to form 
the azasulfonium salt, of general formula IV above. The 
azasulfonium salt reaction mixture was then treated 
with triethylamine to obtain the ortho (methylthio)(e- 
thoxycarbonyl)methyl-p-toluidine. Treatment of this 
ortho-substituted-p-toluidine with hydrochloric acid, as 
described, gave 2.88 g (0.015 mol, 34% yield) of 5-meth 
yl-3-methylthioindole, m.p. 136-137": 

This compound (recr. from methanol); ir (KBr) 3350 
(NH) and 1680 cm (C=O): pmr (aceton-d6)0.78 
(1H,s,NH), 2.80-3.30 (3H, m, aromatic H), 5.75 (1H, s, 
SCH), 7.72 and 7.94 (3H, s, CH3 and SCH). 
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Anal. Calcd for CoHNOS: C, 62.15; H, 5.74; N, 

7.25; S, 16.59. Found: C, 61.85; H, 5.81; n, 7.14; S, 16.49. 
Treatment of the 5-methyl-3-methylthio-2-oxindole 

with Raney Nickel, as described, gave the 5-methyl-2- 
oxindole in 55% yield, m.p. 171.5'-174" (Lit. m.p. 168' 
C.) 

EXAMPLE 2 

Preparation of 4-Nitro-2-oxindoles and Intermediates 
Therefor 

Following the described procedure m-nitroaniline is 
converted to N-chloro-m-nitroaniline. The N-chloro-m- 
nitroaniline reaction mixture was treated with ethyl 
methylthioacetate to form the azasulfonium salt, having 
general formula IV. The azasulfonium reaction mixture 
is treated with triethylamine to form the ortho-One 
thylthio)(ethoxycarbonyl) methyl-m-nitroaniline. This 
ortho-substituted-m-nitroaniline intermediate is treated 
with hydrochloric acid to form 5.90 g (0.0268 mol., 
61% yield) the 3-methylthio-4-nitro-2-oxindole, m.p. 
228"-230 C, 

(recr. from methanol); ir (KBr) 3350 (NH) and 1700 
cm (C=O), pmr (DMSO-di)TO.30 (1H,s,NH), 
2.28-2.82 (3H, m, aromatic H), 5.28 (1H, s, SCH), 8.08 
(3H, s, SCH3). 

Anal. Calcd for CH8N2OS: C, 48.21; H, 3.60, N, 
12.49; S, 14.30. Found: C, 48.27; H, 3.65; N, 12.38; S, 
14.9. 

EXAMPLE 3 

Preparation of 7-Methyl-2-oxindoles and Intermediates 
Therefor 

Ortho-toluidine was converted to the N-chloro 
ortho-toluidine by the described procedure. This reac 
tion mixture was treated with ethyl methylthioacetate 
to form the azasulfonium salt, having general formula 
IV. The azasulfonium salt was treated with triethylam 
ine to form the 2-methyl-6-(methylthio)(ethoxycar 
bonyl)methylaniline intermediate. This ortho-sub 
stituted aniline reaction was treated with hydrochloric 
acid as described to obtain 5.65 g of the 7-methyl-3- 
methylthio-2-oxindole, (0.0294 mol., 67% yield), m.p. 
194-195 C. 

(recr. from methanol); ir (KBr) 3350 (NH) and 1680 
cm (C=O); pmr (DMSO-d)T-042 (1H, s, NH), 
2.80–3.30 (3H, m, aromatic H), 5.58 (1H, s, SCH), 7.82 
and 8.02 (3H, s, CH3 and SCH). 

Anal. Calcd for CoH11NOS: C, 62.15; H, 5.74; N, 
7.25; S, 16.59. Found: C, 61.90; H, 5.79;n, 7.17; S, 16.46. 

Desulfurization of 1.0 g (5.2 mmol.) of the 7-methyl 
3-methylthio-2-oxindole with Raney Nickel, as de 
scribed above, gave a 72% yield of 7-methyl-2-oxin 
dole, m.p. 206-207" C, (Lit. 203-204' C). 

EXAMPLE 4 
Preparation of l-Methyl-2-oxindole and Intermediates 

Therefor 
Following the above general procedure N-methylani 

line was converted to the N-methyl-N-chloroaniline. 
The N-methyl-N-chloroaniline reaction mixture was 
treated with ethyl methylthioacetate to form the azasul 
fonium salt, having general formula IV. The azasul 
fonium salt reaction mixture was treated with triethyl 
amine to form the 2-(methylthio)(ethoxycarbonyl)me 
thyl-N-methylaniline. This ortho-substituted aniline 
was treated with hydrochloric acid to give 3.92 g 
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(0.0203 mol., 46%, or 90% calculated on the unrecov 
ered aniline) of 1-methyl-3-methylthio-2-oxindole, m.p. 
87.5-88.5" C (recrystallized from ether). 

ir (KBr) 1680 cm (C=O); pmr (CCI)r2.60-3.50 
(4H, m, aromatic H), 5.9801H, s, SCH), 6.88 and 7.88 
(3H, s, NCH3 resp. SCH3). 

Anal. Calcd for CoH11NOS: C, 62.15; H, 5.74; N, 
7.25; S, 16.59. Found: C, 62.09; H, 5.71; N, 7.43; S, 
16.57. 

Desulfurization of 0.50 g (2.59 mmol) of the 1-meth 
yl-3-methylthio-2-oxindole with Raney Nickel as de 
scribed, gave a 77% yield of 1-methyl-2-oxindole, m.p. 
83-84.5' C (Lit. m.p. 86-88' C). 

EXAMPLES 

Preparation of 5-Nitro-2-oxindole and Intermediates 
Therefor 

3-Methylthio-5-nitro-2-oxindole was obtained from 
p-nitroaniline and ethyl methylthioacetate by the gen 
eral procedure using dichloromethane as a solvent. The 
nitroaniline (0.044 mol) was dissolved in 300 ml of di 
chloromethane. This solution was subsequently cooled 
under vigorous stirring to -70' Cresulting in a suspen 
sion to which the t-butylhypochlorite (0.044 mol), dis 
solved in 10 ml dichloromethane, was added. After a 
3-hour period of stirring, most of the nitroaniline had 
dissolved and a solution of the sulfide (0.044 mol) in 10 
ml of dichloromethane was added followed by an 8 
hour period of stirring at -70'. From here on the pro 
cedure as described in the general procedure was fol 
lowed giving 4.92 g (0.024 mol, 51%) of product, m.p. 
196-197" (recr. from methanol); ir (KBr) 3200 (N-H) 
and 1,700 cm (C=O); pmr (DMSO-d)7-1.53 (1H, 
s, NH), 2.00 and 3.15 (1 H, dd, J-8, aryl H), 2.10 (1H, 
broads, aryl H), 5.44 (1H, s, SCH) and 8.18 (3H, s, 
SCH). 

Anal. Calcd for CHNOS: C, 48.21; H, 3.60; N, 
12.49; S, 14.30. Found: C, 47.97; H, 3.75; N, 12.51; S, 
14.17. 

EXAMPLE 6 

Preparation of 3-Methyl-2-oxindole and Intermediates 
Therefor 

Following the general procedure aniline was con 
verted to N-chloroaniline. The N-chloroaniline reaction 
mixture was treated with ethyl 2-methylthiopropionate 
to form the azasulfonium chloride salt, having general 
formula IV. The azasulfonium chloride salt is treated 
with triethylamine to form the 2-1-(methylthio)-1- 
(ethoxycarbonyl)ethylaniline. This ortho-substituted 
aniline was treated with hydrochloric acid to form 5.45 
g (0.028 mol, 64% yield) of the 3-methyl-3-methylthio 
2-oxindole, m.p. 150-151 (recr. from benzene); 

ir (KBr) 3200 (NH) and 1680 cm (C=O); pmr 
(CDCl3) rO.40 (1H, s, NH), 2.50-3.20 (4H, m, aromatic 
H), 8.10 (3H, s, SCH) and 8.31 (3H, s, CH3). 
Anal. Calcd for CHNOS: C, 62.15; H, 5.74; N, 

7.25; S, 16.59, Found: C, 62.11; H, 5.70; N, 7.30; S, 
16.57. 

Desulfurization of the 3-methyl-3-methylthio-2-oxin 
dole (1.5 g. 7.75 mmol) gave a 70% yield of 3-methyl-2- 
oxindole, m.p. 122-124 C. (Lit., 123). 
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EXAMPLE 7 

Preparation of Ethyl 
a-(2-N-acetaminophenyl)-o-methylthio-acetate and 

Intermediates Thereof 

Following the procedure described above aniline was 
converted to the N-chloroaniline, the N-chloroaniline 
was reacted with ethyl methylthioacetate to form the 
azasulfonium chloride salt, having general formula IV. 
The azasulfonium chloride salt was treated with trieth 
ylamine to form the 2-(methylthio)(ethoxycarbonyl)- 
methylaniline. 

Instead of purifying the residue by column chroma 
tography, it was redissolved in 100 ml of dry ether and 
20 ml of triethylamine. While stirring it at 0, a solution 
of 3.4 g (0.044 mol) of freshly distilled acetylchloride in 
25 ml of dry ether was added to form the N-acetyl 
derivative. After 2 additional hours of stirring, 50 ml of 
water was added and the organic layer was dried over 
anhydrous magnesium sulfate, filtered and evaporated. 
The residue was subjected to column chromatography 
(silica gelmethylene chloride/ether) giving 7.07 g 
(0.0265 mol, 60%) of 21, m.p. 111-114 (recr. from 
methanol); ir (KBr) 3220 (NH), 1700 and 1640 cm-l 
(C=O); pmr (CDCl3)t1.27 (1H, s, NH), 2.00-3.00 (4H, 
m, aromatic HD, 5.34 (1H, s, CHS), 5.82 (2H, q, OCH), 
7.83 (3H, s, CH), 7.98 (3H, s, SCH) and 8.79 (3H, t, 
CH3). 

Anal. Calcd for C3H1NOS: C, 58.41; H, 6.41; N, 
5.24; S, 11.99. Found: C, 58.24; H, 6.50; H, 5.23; S, 
1192. 
This compound can also be named as N-acetyl-2- 

(methylthio)(ethoxycarbonyl)methyl)amiline. It is use 
ful for making 2-oxindoles by treatment with acid, as 
described above. 

EXAMPLE 8 

Preparation of Ethyl 
a-(2-Aminophenyl)-a-methylthioacetate, and 

2-Oxindole Therefrom 

Following the above-described procedure aniline 
was converted to N-chloroaniline. The N-chloroaniline 
was treated with ethyl methylthioacetate to form the 
azasulfonium salt and the azasulfonium salt was treated 
with triethylamine to form 6.12 g (0.027 mol, 62% 
yield) of the ethyl a-(2-aminophenyl)-a-methylthioace 
tate, as a yellow oil. It can also be named 2-(methylthi 
o)(ethoxycarbonyl)methyl) aniline. It had the following 
analyses: 

(undistilled) ir 3350 (NH2) and 1,700 cm (C=O); 
pmr (CC14) T 2.80-3.55 (5H, m, aromatic HD, 5.48 (1H, 
s, CHS), 5.85 (2H, q, OCH), 6.02 (2H, s, NH2), 8.05 
(3H, s, SCH3), 8.80 (3H, t, CH3). 
The compound is useful as an intermediate in prepar 

ing 2-oxindoles by treatment with acid as described 
below. 

Cyclization of ethyl a-(2-aminophenyl)-a-methylthi 
oacetate to 3-methylthio-2-oxindole was accomplished 
by stirring 2.00 g (8.9 mmol) of that acetate in 20 ml of 
ether for 4 hours with 10 ml of 2N hydrochloric acid. 
The ethereal layer was dried over anhydrous sodium 
sulfate, filtered and evaporated, giving 1.34 g. (7.5 
mmol, 84%) of 3-methylthio-2-oxindole, m.p. 126-127' 
(recr. from ether); ir (KBr) 1,700 (C=O) and 3,350 
cm (NH); pmr (CC1)T-008 (1H, s, NH), 2.70-3.20 
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(4H, m, aromatic H), 5.88 (1H, s, SCH), 7.84 (3H, s, 
SCH). 

Anal. Calcd for CHNOS: C, 60.31; H, 5.06; N, 7.82; 
S, 17.89. Found: C, 60.16; H, 5.19; N, 7.71; S, 17.70. 

Desulfurization of the 3-methylthio-2-oxindole (2.0 g, 
0.011 mol) gave in 76% 2-oxindole as confirmed by 
comparison with an authentic sample. 

EXAMPLE 9 

Preparation of 3-Methylthio-2-oxindole Directly From 
Aniline and Ethyl Methylthio Acetate Without 

Isolation of Ethyl 
a-(2-Aminophenyl)-a-methylthio-acetate 

Following the procedure described above, aniline is 
converted to N-chloroaniline. The N-chloroaniline is 
treated with ethyl methylthioacetate to form the azasul 
fonium salt. The azasulfonium salt reaction mixture is 
treated with triethylamine to form the ethyla-(2-amino 
phenyl)-a-methylthio-acetate, and this orthosubstituted 
aniline reaction mixture is treated with hydrochloric 
acid to obtain 4.95 g (0.0276mol, 63% yield) of 3-meth 
ylthio-2-oxindole. This 3-methylthio-2-oxindole can be 
reduced to 2-oxindole with Raney Nickel by proce 
dures described above. 

EXAMPLE 10 

Preparation of 2-Oxindole from Aniline and Methylthio 
Acetamide 

A. To a suitable reaction vessel containing 8.0 g 
(0.088 mol) of aniline in 250 ml of tetrahydrofuran 
(THF) at -70" there was added a solution of 9.2 g 
(0.088 mol) of tert-butylhypochlorite in 15 ml of THF 
to form the N-chloraniline. After 10 minutes a solution 
of 9.3 g (0.088 mol) of methylthioacetamide in 200 ml of 
THF was added quickly to prevent crystalization 
crystallization of the amide while maintaining the tem 
perature below -40' to form the acetamidoanilino 
methyl sulfonium chloride (V). 
Almost instantaneously a precipitate was formed. 

Stirring was continued for 2 hours and after warming to 
room temperature the precipitate was collected by fil 
tration. Drying resulted in 18.10 g (0.078 mol, 89%) of 
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the sulfonium chloride: dec. 107-io8"; ir (KBr) 1670 
(C=O) cm, pmr (DMSO-d)r -0.57 (1H, s, NH), 
1.70 and 2.20 (1H, s, NH2), 2.30-3.10 (5H, m, aryl H), 
5.00 and and 5.20 (1H, d, J-16 Hz, SCH2) and 
6.60 (3H, s, SCH). 
An analytical sample was obtained by dissolving 0.5g 

of the salt in 3 ml of dimethyl sulfoxide and pouring it 
into 20 ml of THF. The solid was filtered and washed 
with THF. 

Anal. Calcd for CH3ClNOS: C, 46.45; H, 5.63; N, 
12.04; S, 13.78; Cl, 15.23. Found: C, 46.15; H, 5.65; N, 
11.95; S, 13.86; Cl, 15.44. 

B. To a stirred suspension of 4.0 g (0.0172 mol) of 
above sulfonium chloride in 100 ml of methylene chlo 
ride there was added 2.3 g (0.021 mol) of triethylamine 
and the mixture as stirred for 1 hour to form the a-(2- 
aminophenyl)-a-(methylthio)acetamide. This com 
pound can also be named as 2-(methylthio)-(aminocar 
bonyl)methylaniline. To the clear solution there was 
added 25 ml of water, and after separation of layers, the 
organic layer as dried over anhydrous magnesium sul 
fate, filtered and evaporated to leave 2.83 g (0,0145 mol, 
84% yield) of a-(2-aminophenyl)-a-(methylthio)aceta 
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mide as a solid residue, m.p. 98.5'-99.5' C (recr. from 
chloroform); 

ir 3250 (NH2) and 1,650 cm (C=O); pmr (CDCl3) 
2.70-3.90 (6H, m, NH2 and aryl H), 5.39 (1H, s, CHS), 
5.66 (2H, s, NH), 7.88 (3H, s, SCH3). 
Anal. Calcd for CHNOS: C, 55.08; H, 6.16; N, 

14.27; S, 16.33. Found: C, 54.79; H, 6.19; N, 14.19; S, 
16.30. 
C. To a 1.70g portion (0.0087 mol) of the a-(2-amino 

phenyl)-a-(methylthio)acetamide in 60 ml of ethanol, 
stirred for 24 hours, there was added 1 ml of concen 
trated hydrochloric acid to effect ring closure of the 
ortho-substituted aniline and to form 3-methylthio-2- 
oxindole. The resulting solution was concentrated to 
about 15 ml and poured into 75 ml of water. The precip 
itate was collected by filtration and after drying there 
was obtained 1.22 g (0.0068 mol, 78% yield) of 3-meth 
ylthio-2-oxindole, m.p. 125-127". 

D. The 3-methylthio-2-oxindole can be converted to 
2-oxindole by treatment with Raney Nickel as described 
above. 

EXAMPLE 1. 
Preparation of 5-Carboethoxy-7-methyl-2-oxindole and 

Intermediates. Therefor 

By the procedure described above, 4-ethoxycarbo 
nyl-2-methylaniline was converted to the N-chloro-4- 
carboethoxy-2-methylaniline on a 0.015 mol scale. The 
N-chloroaniline was treated with ethyl methylthioace 
tate to form the azasulfonium chloride salt, having gen 
eral formula IV. The azasulfonium chloride salt was 
treated with triethylamine to form the 2-methyl-4-car 
boethoxy-6-(methylthio)ethoxycarbonyl)methylani 
line. The resulting substituted aniline was treated with 
hydrochloric acid to form 2.45 g (66% yield) of 5 
ethoxycarbonyl-7-methyl-3-methylthio-2-oxindole, 
m.p. 195'-196° C. (recr. from methanol); 

ir (KBr) 3350 (NH), 1,700 and 1,680 cm (C=O); 
pmr (CDCl3) T 0.12 (1H, s, NH), 2.08 (2H, m, aryl), 
5.58 (2H, q, OCH2), 5.65 (1H, s, CHS), 7.62 and 7.90 
(3H, s, CH3 and SCH3), 8.59 (3H, t, CH3). 

Anal. Calcd for C13H5NOS: C, 58.85; H, 5.70; N, 
5.28; S, 12.08. Found: C, 58.84; H, 5.77 N, 5.17; S, 
11.93. 
An 0.80 g (3.01 mmol) portion of the 5-ethoxycarbo 

nyl-7-methyl-3-methylthio-2-oxindole in 130 ml of abso 
lute ethanol was treated with Raney Nickel by the 
above described procedure to give 0.44 g (2.01 mmol, 
67% yield) of 5-ethoxycarbonyl-7-methyl-2-oxindole, 
m.p. 238-241; 

ir (KBr) 1700 and 1670 cm (C=O); pmr (DMSO 
di) -0.50 (1H, s, NH), 2.54 (2H, s, arylH), 5.83 (2H, q 
J=60Hz, (OCH2), 6.52 (2H, s, CH2), 7.80 (3H, s, CH3), 
8.71 (3H, t, J-60 Hz, OCHCH). 

Anal. Calcd for C12H1NO3: C, 65.74; H, 5.98; N, 
6.39. Found: C, 65.71; H, 5.94; N, 6.43. 

Additional compounds which can be prepared by the 
procedure described above include: 

5-chloro-2-oxindole from N,4-dichloroaniline and 
ethyl methylthioacetate, 

4,5-dibromo-2-oxindole from N,3,4-tribromoaniline 
and ethyl methylthioacetate, 

5-cyano-2-oxindole from N-chloro-4-cyanoaniline 
and methyl methylthioacetate, 

5-isopropyl-2-oxindole from N-chloro-4-iso 
propylaniline and a-methylthioacetamide, 
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5-ethoxy-3-methyl-2-oxindole from N-chloro-4- 
ethoxyaniline and a-ethylthiopropionamide, 

5-propionoxy-2-oxindole from N-chloro-4-pro 
pionoxyaniline and a-benzylthioacetamide, 

5-propyloxycarbonyl-3-methyl-2-oxindole from N- 5 
chloro-4-propyloxycarbonylaniline and ethyl 2-methyl 
thiopropionate, 

5-phenoxycarbonyl-3-phenyl-2-oxindole from N 
chloro-4-phenoxycarbonylaniline and a-methylthio-a- 
phenylacetamide, 

3-benzyl-2-oxindole from N-chloroaniline and 2 
methylthio-3-phenyl-propionamide, and the like. 

I claim: 
1. A process for preparing 2-oxindoles which com 

prises 
a reacting an N-haloaniline with a £3-thio compound 

selected from the group consisting of a lower-alkyl 
As-thioalkanoate ester and a lower-alkyl A-thioal 
kanoyl acylamide in organic liquid diluent under 
substantially anhydrous conditions at a tempera- 20 
ture of from about -78 C to about 10 C to form 
an azasulfonium salt; 

b. reacting the azasulfonium salt from step (a) with a 
substantially anhydrous base which will cause for 
mation of anylid intermediate to form an ortho (thioalkyl) (alkylthiocarbonyl)methyl-aniline, 
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ortho-1-(thioalkyl) (lower-alkyloxycarbonyl)- 
methyl-aniline, when the 3-thio compound of step (a) 
is a lower-alkyl g-thioalkanoate ester, and an ortho 
1-(thioalkyl) (lower-alkylaminocarbonyl) methyl 
aniline when the A-thio compound of step (a) is a 
lower-alkyl g-thioalkanoyl acylamide, 

... heating the ortho-substituted aniline from step (b) 
to from about 50 C to about 150 C or acidifying 
the substituted aniline from step (b) to form a 3-thi 
oalkyl-2-oxindole, and 

d. desulfurizing the 3-thioalkyl-2-oxindole from step 
(c) to form the 2-oxindole. 

2. A process as defined in claim 1 wherein an N 
chlorobenzocaine is converted to a 5-carboethoxy-2- 
oxindole. 

3. A process as defined in claim 1 wherein an N 
chlorotoluidine is converted to a methyl-substituted-2- 
oxindole. 

4. A process as defined in claim 1 wherein an N 
chloronitroaniline is converted to a nitro-substituted-2- 
oxindole. 

5. Process as defined in claim 1 wherein the desulfur 
ization is carrieid carried out with the employment 
of Raney nickel. 
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