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Some Reactions with 2:3-Indolone Derivatives
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Summary: 1,2,4-Triazol (4,3-a)-indol-3-one, Nl-(5-thioxo-1,2—dihydro-1,2,4-

triazol-3-y1} indol-2,3-dione,

indole-(3,2-b) quinoxaline, 4,5-tetrahydro-

1,3-diazin {2,1-a) indol-3-hydrazone, 5,6-substituted 1,2,4-triazin-3-one,

1-(3-imino
dinone)diazo]

indol-2-one)pyrimidin-2,4-dione, 3-[2-(5-benzylidene-4-thiazoli-
indoi-2-ones and 2-thioxo-1,3-diazin-5-one derivatives have

been synthesized through the interaction between indole-2,3-dione and various

bifunctional compounds.

All the compounds have been
characterized by their IR and
elemental analysis. A representative
number of compounds have been

1

characterized by H-NMR

studies.

spectral

Indole-2,3-dione (la) has become

of increasing importance in recent
years owing to its pharmacological
properties [1-4], in addition to its
use as 1,2-dicarbonyl compound for
the syanthesis of several heterocyclic
compounds [1]. These obsexrvations
prompted us to undertake the
synthesis of related compounds con-
taining the indole nucleus. The
results were explained on the basis
of reactions mechanism theories.

It has been observed in the
present work that isatin Ia reacts with

ethyl chloroformate in the presence
of pyridine [5] yielding the ethyl ester
derivative Ib’ which on treatment with

arylamine, hydrazine hydrate and
thiosemicarbazide in dry benzene gave
the corresponding anilide (Ic) , hydra-

zide (Id) and thiosemicarbazide (Ie)

respectively. Monoacetylhydrazido-
p y

derivative was obtained by

(I¢)
warming I . with glacial acetic acid for
few minutes.

0
=)
N
R
(1)
(Iy) R
H
b COOC2H5
c CONHCGH4Br—p
d CONH NH2
e CONHNHCSNH2
f CONHN[—ICOCH3

Compound Id underwent ring

closure when heated with glacial acetic
acid-sod. acetate to give 1,2,4-tria-
zolo(4,3-a) indol-3-one (II), while
cyclization of Ie under the same
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condition gave Nl-(S—thioxy-l ,2- R
dihydro-1,2,4-triazol-3-yl) indol- a CH.CH.OH
2,3-dione (III). o
b 4-pyridyl
| pea— o
c C6H4N02—0
e d CgH,Br-p
I | e NH,
C — NH
z
0 = N
(I1I)
N° N
° )
N W)
l Condensation reaction of IV _ with
= C\ €
NZ I, gave the bis compound VI, while

IVe when condensed with unsaturated

aldehyde under the same condition
yielded the conjugated system VII.

g &

(111)

X N-N X
3-Alkyl or (aryl) imino and l l l
3-mono hydrazone-indol-2-one (IVa_e) '/\N OO/\N z
have been obtained by normal conden-
sation of Ia with various aliphatic (or | l
aromatic) amines and hydrazine H H
hydrate [6]. Reductive cyclization
of ch gave indole-(2,3-b)-quinoxaline (VI)
[71 V.
—NR
N— N== CH — CH = CH
N
| N o
H (VII)

(IV) H
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The reactivity of the exocyclic
conjugation system-C=N-N=C- with the
olefinic group =CH-R in VII promoted
us to investigate its behaviour towards
the action of thiophenol derivatives.
Thus, when VII is fused with excess
2-methyl or 4-chloro thiophenocl, the
sulphides VIIIa p were obtained

according to the 1,4-addition.

Condensation of IVe with ethanol
amine afforded the imino derivative IX,

which was cyclized wusing ACZO-

pyridine to give compound X.

Sulphonyl hydrazone derivatives
XIa b have been obtained through the

condensation of Ia with p-sulphone

hydrazide acetanilide and the reaction
of IVe with 4-toluene sulphonyl

chloride in pyridine media [8].

H

|
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The reaction of Ia with 1-cyano-
guanidine led to the formation of
cyanoguanidone derivative XII.

Acid hydrazides of isatin XIIIa—c

were obtained [9] by condensation of
Ia with some acid hydrazide derivatives

in absolute ethanol-glacial acetic acid.
Acidic hydrolysis of XIIIa using

hydrochloric acid, gave the B8-keto-
carboxylic acid derivative XIIId.
When IVd was allowed to react

with aryl acid hydrazide, compound
XIIIc was obtained. On the other

hand XIIl was directly obtained from
the reactiSn of Ia and aryl acid hydra-

zide. Identification of XIIIc obtained

by both the methods was established
by comparison of their ir, its bands

SAr

— N— N — CH == CH — CH

- 0
I Ar
H ——
(VIII) a CgH,CH

-0

b c6H4Cl~p

N XY

|

H

HO--CH2 -CH2

(IX)
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e
o -H,0 N-Ar R-Ar
+H, N-Ar——> X, HzN—NHCOAr

T 0
H =
(I.)
a (IVd)
(\NH Ar
= NNHCOAr
¢ 'y N-NHCOAr
N
| oo
5 l
H

17
(XIIIC) (Ar = CgHyBr-p, Ar = C6H5)

Scheme I
0 0
Q J:NNH E_g_NH-N
NS
/ N 0 0 o
I (XIV) |
H H

/“J<

O\ /L NH—-c—-c-—-NH--N
N

(XV)
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and different aryl aldehydes in glacial
acetic acid.

Cyclocondensation reaction of
XVIb with p-~hydroxyphenyl-pyruvic

acid in absolute ethanol, followed by

potassium  carbonate soln. gave
2-thioxo-1,3-diazin-5-one  derivative
XX [15].

Finally, condensation of Ia with

2-hydrazinobenzimidazole gave XX],
which was cyclized to give the con-
densed heterocyclic compound XXII

{71.
Experimental

Melting points of all synthesized
compounds are uncorrected. Infrared
spectra were recorded on Perkin-Elmer
(model-337) in KBr Pellets. PMR
spectra were recorded in (TFA) on
Perkin-Elmer (model-RB-12; 60 MHz).
TMS was taken as an internal
standard.

was synthesized
method of W.C,

Indol-2:3-dione Ia

according to the

Swmpter [16].

Formation of Ip:

To a soluti on of Ia (0.01 M) in

dry pyridine (50 ml) was added ethyl-
chloroformate (0.02 M) and the reaction
mixture was refluxed for { hr, cooled
and acidify with dilute hydrochloric
acid. The solid obtained on dilution
was filtered and recrystallized to give
Ib (cf.Table-1).

Reaction of amine, hydrazine and thio-
semicarbazide with Ib—formation of

Ic,d,e:

A mixture of -Ib (0.01 M),

p-bromoaniline, hydrazinehydrate and
thiosemicarbazide (0.01 M) in dry

,and

529

benzene (100 ml) was refluxed for 2
hr. The reaction mixture was cooled
and the solid obtained was filtered
and recrystallized from the proper
solvent to give Ic g.a respectively

(cf.Table-1).

deylation of Id’ : Formation of I

f:
A mixture of Id (0.01 M) and
Ac2O—A00H (1:1-50 ml) was refluxed
for ¥ hr. and cooled. The solid

obtained was recrystallized to give I

f
(cf.Table-1).

Cyclization of Ig: Formation of II:

A mixture of Id (0.01 M) and

(1:1-50 ml) was

refluxed for 4 hour, cooled. The
reaction mixture was poured on ice
then acidified with hydrochloric acid.
The solid obtained was recrystallized
to give II. (cf.,Table-1).

ACZO—Pyridine

Cyclization of I,: Formation of III:

A mixture of Ie (0.01 M), glacial

acetic acid (50 ml) and sodium acetate
(slight excess.) was heated for 4
hours, cooled then poured on ice.
The solid obtained was recrystallized
to give III (cf.,Table-1).

Condensation of Ia with amines
Formation of IV, e

A mixture of Ia (0.01 M) and

the appropriate amine namely (ethanol-
amine, 4-aminopyridine, 2-nitroaniline
4-bromoaniline) (0.01 M) in
absolute ethanol, was refluxed for 2
hr. The reaction mixture, on cooling
gave a solid precipitate which was
filtered and recrystallized to give the
products (cf.,Table-1). PMR of
Compound IVa as shown in Table-II.
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Table-11
Compound Chemical
Multiplicity Preliminary assignment
No. Shift &
I\Ia 4.0 Singlet (1H ) cmomemeem OH
3.47 Triplet -CHZCH20H
7.8 Singlet > NH
Reductive Cyclization of IV, PMR of compound VII shown:

Formation of V:

A mixture of IVc (0.01 M) and

zinc dust (3 gm) in 100 ml ethanol-
acetic acid (50ml.-50ml) was refluxed
for 4 hours. The reaction mixture
'was filtered hot. The solid obtained
after cooling was recrystallized to give
V (cf.,Table-I).

Reaction of I, with hydrazine hydrate:

Formation of IVc:

A mixture of 1a (0.01 M) and

hydrazine hydrate (0.01 M) was kept
at room temperature for 10 mint., 100
ml absolute ethanol was added and was
heated under reflux for 20 mint. The
reaction mixture was left to be cooled,
for 10 mint. then added absoclute
ethanol (100 ml). The solid obtained
was recrystallized give IVe (cf.,
Table-I).

Condensation of IV, with aldehyde and
ketone : Formation of VII and VI:

i) A mixture of IVe (0.01 M) and

crotonaldehyde or isatin (0.01 M) in
absolute ethanol (100 ml) was heated
for 1hr., cooled and diluted with cold
water. The solid obtained was
recrystallized to give VII and VI (cf.,
Table-1).

a) a quartet at § 6.0 (C=C olefinic

Ha)

b) multiplet at & 7.2 (aromatic
proton).

c¢) and singlet at 6 7.9 ( NH).

ii1) Formation of VI:

A mixture of Ia (0.01 M) and
IVe 0.01 M) ‘was refluxed in absolute

ethanol for 2 hours. The reaction
mixture was diluted with cold water
and filtered off. The solid obtained
was recrystallized to give VI (cf.,
Table-1).

Formation of VIIIa, b

A mixture of (VII (0.01 M) and
4-methylthiophenol or 2-chlorothio-
phenol (0.01), was heated at 180°
(oil-bath) for 6 hours. The solid
obtained was triturated with petroleum
ether (60-80) to give the addition
products VIIIa i respectively (cf.,
Table-1). ’

Condensation of I v, with ethanol amine
: Formation of IX:

A mixture of IVe (0.01 M) and

ethanolamine (0.01 M) refluxed for 4

hrs. in absolute ethanol (100 ml).
The reaction mixture was cooled and
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l — N N
|
'T/E 0 OJ\rN
S
(XX)

N
—-N—N_<
| N

0 g |
H

c=S
OH

N
H
(XXT)
N
Z “NH
Z /k
N N\N
(XXII)

the solid obtained was recrystallized
to give IX (cf.,Table-III).

Cyclization of IX : Formation of X:

IX and Ac20—

pyridine (1:4-100 ml.) was refluxed
for 6 hrs., then acidified with dil.
HCl1 and diluted with water. The solid
obtained was recrystallized to give X
(cf.,Table-1I1).

A mixture of

Condensation of I
hydrazide derivatife
XI :

a

with sulphonyl
Formation of

A mixture of Ia (0.01 M) and

p-sulphonyl hydrazide acetanilide
(0.01M) in absolute ethanol was reflux-

533

ed for 1 hour. The solid obtained
was recrystallized to give XIa (el
Table-II1).

Reaction of IVe

sulphonyl chloride : Formation of XIp:

with p-toluene-

A mixture of IVe (0.01 M) and

p-toluene-sulphonyl chloride (0.01 M)
in dry pyridine (50 ml) was heated
for 1 hour, then diluted with water,
and acidified using hydrochloric acid.
The solid obtained was filtered and
recrystallized to give XI (cf.

Table-III).

Condensation of I with I-cyanoguani-

dive : Formation of XII:

A mixture of Ia (0.01 M) and

1-cyanoguanidine (0.01 M) in absolute
ethanol (100 ml) was refluxed for 1
hour. The reaction mixture was
cooled, the separated solid was filtered
and recrystallized to give XII (cf.,
Table-1II).

3-Substituted hydrazone-2-indolinons

XIIT
a-c

A mixture of Ia (0.01 M) and

acid hydrazide (0.01 M) in 50 ml of
ethanol containing one drop of glacial
acetic acid was refluxed on a water
bath for 2 hrs. The reaction mixture
was cooled, the separated solid was
filtered and recrystallized from the
proper solvent to give XIII (cf.,
Table-1II). PMR of compounds XIE, _,

as shown in Table-IV.

Acid hydrolysis of KNI, ¢ Formation

of XIIL

XIIIa (0.01 M) was suspended in

100 ml of hydrochloric acid (20%).
The suspension was warmed on hot
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Table-1V
Compound Chemical Multiplicity Preliminary assignment
No. shift §
XIIla 5.8 Singlet -N(H)COCHZCN
7.8 Singlet >N-H {heterocyclic)
XIIIb 2.12 singlet (3H)-C0CH3
5.7 Singlet -NH-CO-CH3 (amide)
7.9 Singlet > NH (heterocyclic)
X1, 5.55 Singlet -N(H)-CO-C6H5 (amide)
7.1 multipiet (5-H) C6H5
7.9 Singlet > NH (heterocyclic)

plate for # hr. The crystalline solid
that separated was filtered, washed
with cooled water and finally recrystal-
lized to give XIIId (cf.,Table-III).

Reaction of 174 with benzoic acid
hydrazide : Formation of XIII

A mixture of IVa (0.01 M) and

benzoic acid hydrazide (0.01 M) in
100 ml. ethanol containing few drops
of piperidine, was refluxed for 4
hours. The reaction mixture was
cooled, the separated solid was filter-
ed, washed well with ethanol and
petroleum ether. The solid obtained
was recrystallized and identified as
compound XIIIc (mp., mmp., ir

spectrum). The mother liquor was
concentrated and then titurated with
few drops of methanol. The solid
obtained was recrystallized and
identified as p-bromoaniline (mp.,
mmp, ir specterum).

Condensation of I, with oxalyl hydra-

zide : Formation of XIV:
A mixture of I&l (0.02 M) and

oxalyl hydrazide (0.01 M) in absolute

ethanol (100 ml) was refluxed for 1
hour. The reaction mixture was
cooled, the separated solid was filtered
and recrystallized to give XIV (cf.,
Table-11I).

Cyclization of XIV : Formation of XV:

A mixture of XIV (0.01 M) and
semicarbazide hydrochloride (0.01 M
in 20 ml. H20) in glacial acetic acid

was heated for 2 hrs. The reaction
mixture was cooled and diluted with
water. The solid obtained was filtered
and recrystallized to give XV (cf.,
Table-1II).

Condensation of isatin-3-gemicarbazone
with 1,3-diketons : Formation of XVII,
XVIII:

A mixture of isatin-3-semicarba-
zone (0.01 M) and benzoyl acetone
or benzoyl ethyl acetate (0.01 M) in
absolute ethanol (100 ml) was refluxed
for 1 hour. The reaction mixture
was cooled, the obtained solid was
filtered and recrystallized to give XVII
and XVIII respectively (cf.Table-III).
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Cyelocondensation of isatin-3-thio-
semicarbazone XVIb:

a) Formation of XIX:

A mixture of XVIb 0.01 M),

chloroacetic acid (0.05 M) and sodium
acetate (0.01 M) was refluxed in
glacial acetic acid (40 ml) for 30
minutes. An appropriate aryl alde-
hydes (0.01 M) was then added and
the mixture was further refluxed for
6 hours. The reaction mixture was
cooled, the solid obtained was filtered
and recrystallized to give XIXa b (cf.
Table-111). 2

b)  Formation of XX:

A mixture of XVIb (0.01 M) and

p-hydroxy phenyl pyruvic acid in
absolute ethanol (100 ml) was refluxed
for 1 hour. A solution of KZCO3 (10

%) was added and the mixture further
refluxed on water bath for 3 hours.
The reaction mixture was cooled and
acidify with dilute hydrochloric acid.
The solid obtained was filtered and
recrystallized to give XX (cf.,
Table-111).

Conde(sation of I, with 2-hydrazino-

benzimidazole : Formation of XXI:

A mixture of Ia (0.01 M) and

2-hydrazinobenzimidazole (0.01 M) in
absolute ethanol (100 ml) was refluxed
for 1 hour. The reaction mixture
was diluted with cold water and the
solid obtained was recrystallized to
give XXI (cf.,Table-IiI).

Cyclization of XXI : Formation of XXII:

A mixture of XXI (0.01 M) and
sodium acetate (0.02 M) in 100 ml
glacial acetic acid was refluxed for 6
hours. The reaction mixture was
cooled and diluted with cold water.
~The solid obtained was filtered and
reécrystallized to give XXII (ef.,
Table-III).
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