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Abatnwt-Reactions bctwcn I-halokctoncs and u-ccrrbcthoxy phenyl thiourca have been discussed; 
a mechanism for the ob.scn4 cxclus~vc formation of Y: IO-thlopcga-2: I@dicnc-4~ones m rhc ca.sc of 

z-haloalkxyi kctona has been advanced and a number of intermcdiatcs isolated m C&K of chloro 
acetone. 

NARASG er al. have shown that interaction of a-haloketone (I) with o-carbcthoxy- 
phcnylthiourca (II) in general lcads to the formation of 9:lO-thiopcgan derivatives 
(III). The only cxccption observed was that of chloroacctone which in addition to 
yielding the corresponding 9:lO-thiopcgan derivatives (III, R - CH,) gave apprcci- 
able amounts of the IO:1 l-isomer (IV, R CH,). *J It was further observed that if 
this reaction between the haloketoncs and the thiourca was stoppd after a few 
minutes heating in ethanol, a-thiocyano kctonc (V) corresponding to the z-haloketone 
(I) employed, could be isolated from the reaction mixture while the thiourca (II) was 
found to have retrograded to anthranilic ester (VI).l The authors thus postulated that 
the first reaction product can bc VII which could cyclizc to the thiopegan derivatives 
both with linear (lo:1 I ; IV) or angular (9: IO; III) annulation. The thiourea adduct 
(VII) could also account for the observed formation of the x-thiocyanokctoncs and 
anthranilic ester as shown; the retrogression being: 
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facilitated by the presence of COOH or COO&H, groups. 
The above mechanism was further elaborated by these authors’.” in view of a 
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subsequent finding that the same 9:10-thiopegan dcrivativcs (III) could be obtained 
in the same facile manner by the interaction of z-thiocyanoalkaryl ketones (corrc- 
sponding to the a-haloalkarylketoncs previously used) and anthranilic acid or ester 
in prcscnce of acid catalysts. This mechanism, however, again visualized the thioufca 
adduct VII as being the precursor for the formation of 9:lO-thiopcgans.’ 

It is considered likely that z-thiocyanoalkarylketoncs which can exist in various 
tautomcric forms V, Va, Vb, Vc could react with an amino group in two ways dcpcnd- 
ing upon whether the C of the carbonyl group or that of the thiocyano group is first 
attacked. The former course shall give rise to an intermediate (IX) which will cxclu- 
sivcly lead to the formation of 9: IO-thiopegans (tkle in@) while the latter would give 

0 OH 6 

N c R N C--R HN t .R HN . ,c R R,ghmy,,,, 

c CHZ 
.s * d ,; CH sub8lituW phefbyl 

Y PO Yb Yc 

OH OH 

*C--R R: NM ,_ R’ NH. .-C R 

-s 
.CH, -” HN E. CH> 

s 
VIII IX 

rise to the thiourea adduct (VII) which now could afford both varieties of the thio- 
pcgans. 

Thcrcfore, to further understand the mechanism of thiopegan formation it was 
considered desirable to study the reaction between an z-haloketone and a substituted 
thiourca where the factors leading to the retrogression of the intermediate adduct 
wcrc precluded. Consequently a few condensations between phcnylthiourea and 
some a-haloalkarylketones have been carried out. The intermediate adduct (X) which 

could again be considered capable of giving two types of products XII and XIII would 
not be expected to retrograde because of the absence of carboxy or carbcthoxy groups 
on its N-phenyl part. In thcsc reactions, only one type of product could bc isolated 
for which 2-anilino4arylthiatolc structure (XIII) has been confirmed through an 

N --C R 

/’ XIII 

C,n, y’ -’ C --R 
. 

HN--:C 
S 

,,CH 

XII 



Thiopcgan dcrlvativcs .. XXI 55 

unambiguous synthetic route involving the interaction of aniline (XIV) with a re- 
quisite 2-bromo4aryIthiatoles (XV) as shown : 

XIV m 

Excellent yields of the thiazolc derivatives (XIII) were realizd by carrying out 
these condensations in phenol solution in presence of catalytic amounts of hydro- 
bromic acid or hydrochloric acid in contrast to the basic catalysts employed by some 
previous workers who recorded lower yields.“-* 

However, when a-thiocyanoalkarylketoncs corresponding to the z-haloalkaryl- 
ketones, employed in the above set of condensations, were reacted with aniline in 
presence of mineral acid catalyst, a diffcrcnt series of thiazolc derivatives were obtained 
to which the 2-amino-thiazoline-rlstructure (XII) can be assigned with a reasonable 
certainty. The mechanistic trend of the reaction can be depicted as under: 

An altcrnativc reaction course visualizing an initial nucleophilic attack at the C 

M OH OH 

ICY1 XVII XVIII 

of the thiocyano group as shown below, is discounted as that would give rise to the 
thiourea intermediate (X) which should furnish XII as well as XIII but only one 
product (XIII) has been isolated from the cyclization of the thiourea (X). 

In the above reaction if the addition of one H+ to V could be assumed to take place 
in the initial stage, it should preferably add to C-O with the formation of XVI and 
if addition of 2H could be presumed leading to the formation of VIII it is evident 
that the electrophilic activity on -C+- - is stronger than on - S-C’=NH; presence 

I 
OH 

of sulphur with unshared electrons possibly reduces the elcctrophilicity of carbon in 
S-C--NH.. 

In none of these reactions the formation of two products could bc detected. The 
2-imino-thiazolines-4 (XII) and I-anilino4arylthiazolcs (XIII) could bc regarded as 
prototypes of 9:IO-(III) and lO:lI-(IV) thiopegans respectively. The foregoing 
observations suggest that the reaction between o-carbethoxyphenylthiourca (II) and 
a-haloalkarylketoncs (I) is equivalent to that between an a-thiocyanoalkatylkctone 
and anthranilic ester and apparently in the former case the intermediate adduct (VII) 
undergoes complete retrogression to the products of the latter reaction, which then 

* 1. A. Kaye and C. L. Parris. J. Amer. Chrm. SIX. 746921 (1952). 
’ J. N. Ashley and J. F. Grove. 1. Amer. Chrm. Ser. 67, 768 (1945). 
* Elderfield. ifcrerocyc/ic Compounds Vol. V. p. 610. John Wiley, New York (1957). 
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interact in a manner similar to that of the reaction between aniline and r-thiocyano- 
ketones. An imino-thiazolinc-4-derivative (XIX) would be cxpcctcd to be the prc- 
cursor of the 9:IO-thiopegans (III) as indicated (first few steps similar to these in 
structures (XVI XVIII) have been omitted). 
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From thcforegoingit could bc concluded that in the formation oflincar thiopegans, 
the precursor would essentially be thiourca derivatives of the type X while the angular 
thiopcgans arc formed from the intermcdiatcs of the type XVII. 

Thcrc seems to be a divergence from the above gcneralizrltion in the case of 
aliphatic z-thiocyanokctoncs. Both the thiocyanoacctone and a-thiocyanoethyl- 
methyl-kctonc exclusively give 2-anilinothiazolcs (XX) and not the corresponding 
2-iminothiazolines, when reacted with aniline in the prcscncc or absence of protonic 
reagents, the reaction is. however. slow in the abscncc of protonic catalysts. The 
identity of 2-anilino4mcthylthiazolc and 2-anilino-4:5-dimethylthiazole10 has been 
confirmed through their unambiguous syntheses involving the reaction between 
aniline and corresponding 2-chlorothiazoles. Since the thiocyanoacetonc and z- 
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thiocyanocthylmethyl-ketone give only 2-anilinothiazolcs. it indicates that aliphatic 
a-thiocyanokctones can, partly acquire structure XXI in addition to those already 
postulated for the z-thiocyanoacetophcnones. 

0 6 

ti F CHJ N c. cn, 2H. 
0, c HN 

c PR 
c-. s 

c $ ‘CW-R 
CH 2 CH, 
I 

R OH 

XXI xxll 

It is, evident that in the structure XXII which XXI acquires by taking two H’, it 
is the --S .C.. NH, which reacts with the amino group while the C of the carbonyl 
is lacking the requisite ‘-- ve charge to undergo such reaction. 

Again when, reviving the reactions bctwccn thiocyanoacctone and various anthra- 
nilic acids, it was possible in the case of (i-mcthylanthranilic acid, to isolate and 
purify the intermediate (XXIII). which furnishes 9:lO-thiopegan (XXIV) on dry 
heating and IO:1 I-thiopcgan (XXV) on relluxing in alcohol. 

* W. Trsubc. tkr. IBrch. Chrm. bcs. 32. 3 I56 (I 899). 
I0 R. A. Malhcs. J. Amrr. Chrm. Sot. 74. 1719 (1952). 
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The intermediate (XXIII) is assigned the thiourcanium salt structure on the basis 
of its elemental analysis and its flexibility to cyclizc in either fashion under two 
different sets of conditions. 

Further work on various aspects of the mechanism of the reactions involved and 
the peculiar bchaviour of the aliphatic and aromatic thiocyano ketone is in hand. 

EXPF.KIMI:Nl’AL 

firrnrurion o/ 2-anrlino4ar~/ rhiuzoles (XIII). flquivalcnt quamnres of the rcquisilc m-bromo- 

acc1ophcnonc and phcnylrhrourca. dissolved in minimum amount of sbs0lu1c crhanol ~crc rcfluxcd 

for 4 5 hr on a WBICT barb wnh scpam1ion of a whrte solid. The solvent was removed under red. 

press. and the rcsiduc basrficd unh sodium hydroxide. washul wi1h waler and crys1atliLed from a 

sunablc solvent (Table 1). 

Inrcracrion o/ 2-hromn-4-ar~l~hia:~~l~~.~ wi:h aniline hydrohromide 

Direct .rwhesis of 2-anilino4ar,vl fhiazolts (XIII). 2-Bromo4arylthiaroks were obtained from 

rhe corresponding x-thiocyanokctoncs by 1rca1men1 wi1h dry hydrobromic acid gas.r*~r* 

Fqutvalcn1 amoun1s of the rcquisnc 2-hromo4aryt1hiaroles and aniline hydrobromidc wcm 

taken m phenol (2 ml pEr gmmmc of 1hc rcac1an1) and heated in an oil bath at I .3O-140.’ for abort1 6 -7 

hr. Affcr this 1hc reaction mixture was coolc~ and basificd \rith sodium hydroxide 10 remove phenol 

and washed with water. The sohd produc1 was crys1allired from a suimble solvcnr (Table 1). The 

rdcnti1y of 1hese products was confirmed by mixed m.p. dc1crmination with the corresponding 

products obtained above. 

Inreracrion c~~,/c,,-rhbcyanourefophrnones with anilme hyakohromide 

Synthesis of 2-imino-3-phcnyl4subs~i~u~edphenyl~hiuzoles (XII). Equimolccular amounts of the 

rcqursi1c o+thiocyanoaccrophcnonc and aniline hydrobromidc ucrc dissolved in a mmimum amount 

of d7 ethanol and the mix1urc healed under rcflux for 5-6 hr with scpanrion of a whi1c solid. The 

solvent was removed by dts1illa1ion on a ualcr ba1h and 1hc residue basifd wnh sodium hydroxide, 

washed with water and crpaltirti from suitable solvent (T’abtc 2). 

In the case of 2-tmino-3.4diphcnyl- and 2-imintr3-phcny1-Gbromophenyl-thiarolinc-4, their 

hydrobromidcs ucrc also isolalcd which were anntysed aflcr crystallixa1ion from glacial a&c ;lcid 

(Table II). 

K t1 (XX, A solulion of aniline hydrochlortdc (1.3 g; I.0 molt) in absolute alcohol (I 5 ml) 

was added IO rhmcyanoaccronc (1.2 g; I.0 mole) taken in the same .solvcnl. Aflcr keeping 1he 

mixture at room rcmp. for 20 hr it was basified with sodium hydroxide solution. The producf was 

crys1altrzed from ethanol. m p. 117.‘; yield 0.8 g (42.1 y;) and confirmed as 2-anilino 4-merhyt- 

thuirolc.’ 

R CHs (XX). 2-ChIoro4:5_dime1hyl thiazolcr’ (1.5 g; I.0 molt) was mixed with aniline 

hydrochloride (I.3 g: t mole) and phcnol (7 ml). ‘The mixture ~35 katal at I30 140” for 2 hr. 

co&d. hasrfed wuh 2”: sodium hydroxide and the residual solid crys1allizcd from dil. ethanol, 

m.p. 105”. yield I.5 g. II was idcn1iwl wi1h the product ob1ained by Mathcsr” by the intcmaion of 

z-thic~anoe1hyImethylkc1onc and aniline hydrochlorrdc. 

rr II. S. Bariana. H. S. Sschdcv and K. S. Narang. J. Ind. Chem. SOL-. 32, 427 (1955). 
I* N. K. Ralhnn, K. Gurmit. It. S. Sachdev and K. S. Narang. In press. 
r’ K. Ganpathi and A. Vcnkararaman. from. Ind. Arad. Sri. 32. 374 (194s). 
r’ H. S. Sachdcv. N. K. Rnlhan. M. S. Atwal. H. S. Garg and K. S. Nanng. J. S-i. Ind. Rrs. 19B, 217 (1960). 



T
A

B
LE

 I
. 

Z
-A

N
I-

A
R

Y
L 

IW
U

Z
O

LE
S

 (X
11

1P
 

S.
 
N

o.
 

1 I 
_-

-_
.-

 

A
n

al
ys

is
 

R
ca

c~
ao

rs
 

I 
P

ro
d

U
C

l 
’ 

So
lv

cn
f 

of
 

cr
ys

ta
lli

za
Iio

n
 

M
.F

. 
; 

F
o

u
n

d
 

R
q

u
ir

cd
 

I 
I 

%
 

%
 

.-
 

--
 

--
- 

_-
_.

- 
la

 

lb
 

2a
 

2b
 

31
 

3b
 

, 
P

h
cn

yk
h

io
u

rc
a 

an
d

 
w

b
ro

m
o

ac
et

o
p

h
en

o
n

c 
I 

A
m

lin
e 

h
yd

ro
ch

lo
fi

d
c 

an
d

 
2-

b
ro

m
o

-4
.p

h
en

yl
th

ia
z~

le
 

i 
P

h
cn

yl
 I

h
io

u
rc

a 
an

d
 w

-b
ro

m
o

-p
- 

m
cr

h
yl

n
aI

o
p

h
cn

o
n

c 
A

n
tl

in
c 

h
yd

ro
b

ro
m

ld
e 

an
d

 
2-

b
ro

m
o

-4
-(

p
Io

ly
l)

Ih
ia

zo
lc

 
P

h
cn

yl
th

to
u

rc
a 

an
d

 
I 

cu
-p

-d
ib

ro
m

o
aa

to
p

h
cn

o
n

c 

, 

A
n

ili
n

e 
h

yd
ro

b
ro

m
id

c 
an

d
 

2-
 

b
ro

m
o

4(
p

b
ro

m
o

p
h

en
yl

)I
h

ia
zo

le
 

/ 

2-
am

lin
o

-4
- 

I 
p

h
cn

yl
Ih

ia
zo

lc
 

2-
an

llm
o

4 
p

h
cn

yl
th

ia
zo

le
 

2-
an

ili
n

o
4-

 
(p

Io
ly

l)
Ih

ia
zo

lc
 

2-
an

ilt
n

o
4-

 
(p

-t
o

ly
l)

Ih
ia

zo
lt

 
2.

an
ili

n
o

4@
- 

b
ro

m
o

p
h

cn
yl

)t
h

Ia
zo

le
 

pe
t e

th
er

 
j 

70
 

(;
;-

i:2
 

60
 

(s
oa

-lo
o”

) 
pe

t e
lk

 
72

 
(S

O
”-

IW
) 

p
et

 c
lh

er
 

67
 

(S
O

*-
10

0”
) 

p
er

 c
lh

cr
 

65
 

(S
O

‘. 
10

0’
) 

2-
an

ili
n

o
-4

~(
p

 
I 

p
c1

 e
th

er
 

66
 

b
ro

m
o

p
h

cn
yl

)I
h

ia
zo

lc
 

1 
(S

O
”-

10
03

 
: 

! 
13

6’
 

13
6”

 

92
-1

00
” 

92
-1

1X
’ 

14
5’

 

14
5’

 
I 

G
,H

,S
W

 
N

. 
Il.

6 
N

, 
II.

11
 

C
,S

H
,,h

’S
 

N
. 

IO
.1

0 
N

. 
10

52
 

C
. 

54
.S

O
 

C
. 

43
.3

8 
H

. 
3.

33
 

H
. 

3.
32

 
N

. 
8.

3 
N

, 
8.

4s
 

l
 

ti
o

tc
: 

T
ab

le
 

I 
h

yd
ro

b
ro

m
td

cs
 

o
f 

S
. 

N
o

. 
I. 

2 
an

d
 

3 
h

av
e 

m
.p

. 
18

5’
. 

20
9”

 
an

d
 

21
S

3 
rc

sp
cc

ti
ve

ly
 

an
d

 
cr

ys
ta

lli
x 

fr
o

m
 

g
. 

aa
fi

c 
ac

id
. 

T
A

E
L

E
 

2.
 

~-
~*

~~
~~

-P
H

E
S

Y
I.~

S
I;

~I
~ 

P
H

E
N

Y
I.

 TI
iIU

O
U

N
E

4 
(X

II)
 

I 

s.
 N

o.
 

: 
R

ea
cI

an
Is

 
P

ro
d

U
C

I 
so

lv
cn

I 
o

f 
Y

ie
ld

 
I 

m
.p

. 
an

d
 

! 
h4

.r
:. 

i 
A

n
al

ys
is

 

cr
ys

Ia
lli

za
Iio

n
 

%
 

I 
m

u
ed

 
m

.p
. 

F
o

u
n

d
 

I 
R

q
u

ir
cd

 

I 
%

 
%

 
_-

 
--

 
I-

-‘-
 

--
 

_.
 

- 
-.

-_
 

-_
 

__
‘-_

 
- 

-_
I-

- 
‘--

--
_ 

-_
 

--
-.

-_
 

- 
--

 

l. 
’ 

A
n

lIm
e 

h
yd

ro
b

ro
m

id
e 

an
d

 
2-

am
in

o
-3

:4
-c

h
p

h
cn

yl
- 

g
la

ci
al

 
aa

ti
c 

71
 

I 
3w

 
C

,,K
,N

$B
r 

N
. 

7.
9 

N
. 

8.
4 

w
-I

h
io

cy
an

o
aa

Io
p

h
cn

o
n

c 
Ih

ia
zo

lm
c-

4 
(h

yd
ro

- 
ac

id
 

b
ro

m
id

e 
b

W
 

2.
 

A
n

ilm
c 

h
yd

ro
b

ro
m

id
e 

2-
im

in
o

-3
-p

h
cn

yl
4-

 
! 

w
-I

h
io

cy
an

o
 

p
-m

cI
h

yl
- 

(p
to

ly
l)

Ih
m

zo
lin

e4
 

aa
lo

p
h

cn
o

n
c 

(h
yd

ro
b

ro
m

id
c 

b
) 

3.
 

’ 
A

n
ili

n
e 

h
yd

ro
b

ro
m

ld
c 

2-
im

in
o

-3
-p

h
en

yl
4-

 
w

-t
h

io
cy

m
o

-p
-b

ro
m

o
- 

2-
b

ro
m

o
p

h
cn

yl
- 

i 
p

h
ea

yl
ac

rt
o

p
h

en
o

n
c 

Ih
m

zo
lin

-4
 

(h
yd

ro
- 

I 
b

ro
m

id
e 

b
a.

M
 

.-
-.

--
..-

. -
__

I 
“I

. 
“.

_^
. 

_ 

I 
p

cI
-c

Ih
cr

 
(S

O
-l

o
o

”)
 

g
la

ci
al

 
aa

lic
 

I 
ac

id
 

p
eI

-e
Ih

cr
 

(S
O

-I
W

’)
 

g
la

d
al

 
ac

et
ic

 
ac

id
 

: 
pc

t-
cr

hc
r 

(S
&

10
0=

‘)
 

84
 

84
” 

C
,,l

l,,
N

lS
 

C
. 

71
.2

3 
C

. 
71

.4
2 

i 
I 

H
. 

5.
05

 
H

, 
4.

18
 

N
. 

I@
77

 
N

, 
II.

11
 

61
 

30
9O

 

, 
93

 
I 

C
JL

W
 

N
. 

IO
.2

9 
N

. 
IO

.5
3 

I 

84
 

I 
37

7”
 

G
‘H

,,N
,S

B
r 

B
r,

 
39

.0
7 

B
r,

 
38

.8
3 

i 
l2

2O
 

_I
 

I I 
I 

I 



Thiopcgan derivalives-XXI 59 

(b) A mixture of a-IhiocyanocIhylmcIhylketone (I.3 g) and amhne (0.9 g) in absolure ethanol 
(25 ml) afier retluxing for 8 hr furnished 0.8 g of XX (R CH,). 

lsularion o/ XXIII. Thiocyanoacetonc (0.57 g; I.0 mole) taken In absolute ethanol (5 ml) was 
added IO a soluIton of 6mcIhylanIhranilic acid hydrochloride (0.9 g. I.0 mole) in the same solvent 
(I5 ml). In about 10 min a1 room temp. fine needles sepanIcd. The product was collected and 
rcperrlcdly washed with absolute ethanol. yield 0.75 g. Thus product first melts aI 187”. solidifies and 
again ~IIS at 247’. II could noI bc rccrysIalliLcd and a wmpk prepared from very pure raw materials 
was analyscd. (Found: C. 4946; H, 4.45; N. 9.25; S, 11.0; Cl. I I.74 C,,H,,O,N,SCI rcquircs: 
C, 49.60; H. 4.96; h’. 9.26; S. 10.6: Cl. 11.73:;). 

XXV. A mixture of 2-chloro-l-methyl Ihiarok (0.67 g. I.0 mole) and 6mcIhylanIhanilic acid 
(0.75 g; I.0 mole) in phenol (5 ml) was heated in an 011 barb. Ihc IempcnIurc of uhich was raised IO 
I80 during half an hour. II was funher healed for 2 hr cooled and basificd with sodium hydroxide 
solution. The sohd collccrcd. washed frrz of alkali and crysIall~zcd from ethanol as whttc needles 
m.p. 225’. yield 0.45 g (41 :A). 

Formation of XXV from XXIII. 7hc inIcrmcdiaIc XXV11 (R H. R, CM,) on rcfluxing In 
alcohol for about 6 hr and subsequent removal of the solvent furnish a compound, m.p. 225’ which 
is idcnIica1 wiIh the producI obtained above. 

f’ormurion of XXV +I XXIII. The intcrmcdlalc was hcarcd In an orl barb at IX&l90 for 
about 2 hr and Ihcn crystall~rcd from clhanol as white nccdlcs. m.p. 247. (Found: S. 13.76: N. 12.20; 
C,,lI,,N,OS requires: S, 13.91 ; N. 12.20’,/,). 


