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A number of thiophene and nitrothiophene analogs of chalcone con- 
taining a naphthalene ring have been obtained by crotonic condensation. 

The p r e s e n t  paper  gives in fo rmat ion  on the p r e -  
pa r a t i on  of a number  of analogs of chalcone I by the 
cro tonic  condensa t ion  of c~-thiophenealdehyde, a -  
n i t r o - ~ ' - t h i o p h e n e a l d e h y d e ,  c~-naphthaldehyde, and 
f i -naphthaldehyde with c~-acetothienone, oz-nitro-o~ ' -  
acetothienone,  a - ace ty lnaph tha l eae ,  and f l - ace ty l -  
naphthalene in an a lkal ine  [1] or  acid [2] m e d i u m  

o 
R--C( + CH3--CO--R'--~H~O + R--CH = CH--CO--R' 

! 
H 

The compounds I that we syn thes ized  (see table) 
cons i s t  of sol id,  p r edominan t l y  yel low subs t ances  

c r y s t a l l i z i n g  well  (with the except ion of 1). They all  
p o s s e s s  c h a r a c t e r i s t i c  ha loehromic  p r o p e r t i e s ,  f o r m -  
ing ha lochromic  so lu t ions  with concen t ra ted  su l fu r ic  
acid with co lora t ions  f rom o r a n g e - r e d  to violet .  
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R - - C H = C H - - C O - - R '  

No. 

I i 

R [ R" 

cr -Thienyl 
0~ - Ni t ro-a ' - th-  

ienyl 
o~ -Thienyl 
tz -Nitro- a ' - t  h- 

ienyl 
c~ -Naphthyl 

-Naphthyl  

-Naphthyl  
-Naphthyl 

* Reerystallized 
** Recrystallized 

T. Mp, ~ 

~ -Naphthy l  
~Z-Napht hyl 

J ~ -Naphthy l  
[ ~ -Naphthy l  

Cr -Thienyl 

i: iil;: F 
f rom aqueous  ethanol,  
f rom propanol. 

61--63" 
156--158"* 

96--97** 
198--199 

'from benzene 
115--116" 
179--180"* 

155--156" 
196--197 
(from acetic 
acid) 

Empirical 
formula 

C I r H ~ O S  
CIzHnNO3S 

C~7H12OS 
CITHIINOaS 

CIrHI=OS 
C1vHIINO~S 

I 
C17H12OS 
C~vHnNOaS 

S, % Yield, 
f o u n d  calcu- % 

lated i 

12.36; 12.15 12.13 [ 83 
10.21; 10.62 10.37 43 

12.08; 12.32 12.13 J 67 
10.43; 10.53 10.37 39 

12.22; 12.28 2. 3 80 
10.35; 10,69 10.37 I 76 

J 
12.18; il.96 12,13 I 95 
10.63; 10.71 10.37 70 

REACTIONS EXPANDING THE AZIRIDINE RING 
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N-Phenylethyleneimine reacts with carbon dioxide to form 3-phenyl- 
2-oxazolidone. Carbon disulfide and carbon oxysulfide give poly- 
(ethylene dithiocarbanilate) and poly(S-ethylene thiocarbanilate) 
which, on thermal decomposition, form 8-phenyl thiazolidine-2- 
thione and 8-phenyl-1,8-thiazolid-2-one. 

The r e a c t i o n  of ox i r anes  and t h i i r a n e s  with ca rbon  

d isu l f ide  and i ts  su l fu r  analogs takes  p lace  with the 

expans ion  of the t h r e e - m e m b e r e d  r i ngs  [1]. The a n a l -  

ogous r e a c t i o n s  of a z i r i d i n e s  have been s tudied l i t t le .  
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T h u s ,  a t  r o o m  t e m p e r a t u r e  c a r b o n  d i o x i d e  c a u s e d  t he  
v i g o r o u s  p o l y m e r i z a t i o n  of e t h y l e n e i m i n e  [2]. With 
e t h y l e n e i m i n e  and  i t s  C - d e r i v a t i v e s ,  c a r b o n  d i s u l f i d e  
f o r m s  t he  c o r r e s p o n d i n g  t h i o t h i a z o l i d o n e s  [3]. With 
c a r b o n  m o n o x i d e ,  c a r b o n  o x y s u l f i d e ,  and  c a r b o n  d i -  
s u l f i d e ,  e t h y l e n e i m i n e  f o r m s  t h e r m o p l a s t i c  r e s i n s  
[4]. 

We h a v e  s t u d i e d  t h e  r e a c t i o n  of N - p h e n y l e t h y l e n e i -  
m i n e  (I) w i t h  c a r b o n  d i o x i d e ,  c a r b o n  o x y s u l f i d e ,  and  

c a r b o n  d i s u l f i d e .  C a r b o n  d i o x i d e  d o e s  not  r e a c t  w i t h  
I in  t h e  a b s e n c e  of a c a t a l y s t .  In t h e  p r e s e n c e  of t h e  
t e t r a e t h y l a m m o n i u m  b r o m i d e  ( T E A B )  c a t a l y s t  a t  95 ~ C,  

e q u i m o l e e u l a r  a m o u n t s  of the  r e a c t a n t s  g ive  a h i g h  
y i e l d  of 3 - p h e n y l - 2 - o x a z o l i d o n e  (II) 

~/N--CtIH 5 + C ~  ~ r~-'-N--C6H5 
I,,o)--o 

I I| 

T h e  r e a c t i o n  of c a r b o n  o x y s u l f i d e  w i t h  I in  t he  p r e -  
s e n c e  of T E A B  o r  t r i e t h y l a m i n e  a t  95~  d i d  not  l e a d  
to t h e  f o r m a t i o n  of t h e  e x p e c t e d  3 - p h e n y l - 1 ,  3 - t h i a z o -  

l i d - 2 - o n e ,  b u t  g a v e  a p e c u l i a r  c o p o l y m e r  of p h e n y l -  

e t h y l e n e i m i n e  w i t h  c a r b o n  o x y s u l f i d e  in a m o l e c u l a r  
r a t i o  of 1 : 1  w h i c h  w a s  i n s o l u b l e  in  t he  m a j o r i t y  of 
o r g a n i c  s o l v e n t s  w i t h  t he  e x c e p t i o n  of t he  c r e s o l s  and  

d i m e t h y l f o r m a m i d e .  T h e  IR s p e c t r u m  had  a s t r o n g  
a b s o r p t i o n  b a n d  c h a r a c t e r i s t i c  f o r  t h e  c a r b o n y l  g r o u p  

(1670 c m - 1 ) ,  and  t h e r e f o r e  s t r u c t u r e  III  m a y  be  a s -  
s u m e d  f o r  t h e  e o p o l y m e r  o b t a i n e d .  An  a n a l o g o u s  

p o l y m e r ,  p o l y ( S - e t h y l e n e  t h i o c a r b a n i l a t e ) ,  o b t a i n e d  

b y  J a p a n e s e  w o r k e r s  [5] by  h e a t i n g  3 - p h e n y l - 1 ,  3 -  

o x a z o l i d i n e - 2 - t h i o n e  a t  1 4 0 - 1 6 0  ~ C o r  by  t r e a t i n g  i t  

a t  r o o m  t e m p e r a t u r e  w i t h  b o r o n  t r i f l u o r i d e  e t h e r a t e  
o r  f e r r i c  c h l o r i d e ,  d e c o m p o s e s  a t  3 0 0 - 3 2 0 ~  C w i t h  
t h e  f o r m a t i o n  of  3 - p h e n y l t h i a z o l i d - 2 - o n e .  

On b e i n g  h e a t e d  u n d e r  s i m i l a r  c o n d i t i o n s ,  t h e  c o -  

p o l y m e r  t h a t  we  h a d  i s o l a t e d  a l s o  f o r m e d  3 - p h e n y l -  

t h i a z o l i d - 2 - o n e  (V), w h i c h  c o n f i r m s  t h e  f o r m u l a  IIL 

[~CH2--CH2--N--C--S--I il Jn ~250~ ~S-S/~ '-c~ 
C6H S % 

III, IV V, V| 
lll, V X=O;  IV, V| X=S 

The reaction of I with carbon disulfide at 95 ~ C in 
the presence of TEAB or triethylamine forms a co- 
polymer together with 3-phenylthiazolidine-2-thione 

(VI). The copolymer obtained had the structure of 
poly(ethylene dithiocarbanilate) {IV) since its thermal 

decomposition gave VI. 

We also obtained 3-phenylthiazolidine-2-thione 

(VI) by the transesterification of diethyl trithiocar- 
bonnie with fl-hydroxyethylaniline. 

~:.:-o.+ ~S3c=s -Rs___~. ~ . . -o .  ~ -.o.__.~. v, 
CH2--NH RS / CH~--N----C. I I! 

C6H s C6H s S 

3-Phenyl-2-oxazolldone (II). A mixture of 2.0 g (0.017 mole) 
of I, 0 .75g(0 .017 mole) of solid CO2, and 0 . 0 2 g o f  TEAB was 
heated i n a t u b e a t  95 ~ for 10hr. This gave 2.2g(80%) ofII, mp 
120| (ethanol) (mp 122*C [7]). 

Reaction of I with carbon oxysulfide. A mixture of 1.4 g (0.0~2 
mole) of I, 0.7 g (0.0]2 mole) of carbon oxysulfide, and 0.02 g of 
TEAB was heated in a tube at 95 ~ C for 40 hr. The contents of the 
tube were treated with ether, to give 0.7 g (33.3~) of the copolymer 
III, mp 195~ [~]4~ (o-cresol). It was reprecipitated from 
dimethylformamide in methanol. Found, %: C60.19; 60. 22; H4. 95; 
5. 12hN 7.65, 7.71; S 17.79; 17.82. Calculated for [Cd-IsNOS] x , %: 
C 60.33; H 5.04; N 7.81; S 17.87. 

Pyrolysis of III. 0.25 g of II was heated in an evacuated tube at 
250"C for 30 rain. This gave 0.11 g (44%) of 3-phenyl-2-thiazolidone 
(IV), mp 76* C (ethanol) (mp 75.5* C [8]), and O. 07 g of the initial 
polymer was recovered. 

3-Phenyl-2-thiazoltdtnethioae (VI). a) A mixture of 2.0 g (0.0~7 
mole) of I, 1.28 g (0.016 mole) of CSz, and 0.02 g of TEAB was 
heated in a tube at 95 ~ C for 10 hr. The contents of the tube were 
treated with cold ether, and from this was isolated 0.5 g (25~) of 
unchanged L The residue was extracted with 50 ml of hot ethanol and 
0.20 g (8.90]o of the I that had reacted) of VI was isolated, mp 128" C 
(ethanol) (mp 128~ [9]). Found, %: C 55. 12, 55.58; H 4.65; 4.60; 
N 7.19, 7.28; S 32.68. 32.95; ,tool. wt. 194. Calculated for 
CsHsNSz, % : C  55.38;H4. '61;NT.23;  $43.77; mol. wt. 195. 

The residue consisted of the copolymer IV, 1.8 g (73. 5~ on the 
I that had reacted), decomp, p. 200-210"C, [~]r (o-cresol). 
Found, %: C 55.51,55.40; H 4.78, 4.67; N 7.19, 7. 25; S 32.00, 
32.30. Calculated for (C~HsNS2)x, %: C 55.38; H 4.61; N 7.23; 
s 32.770]0. 

b) Pyrolysis of IV. 1.0 g of IV was heated in an evacuated tube 
at 250"C for 30 min, yielding 0.65 g (65%) of YI, mp 128*C(ethanol), 
which gave no depression with an authentic sample. 

c) A mixture of 36.4 g (0.27 mole) of t3-hydroxyethylaniline, 
44. 1 g (0.26 mole) of diethyl trithiocarbonate, and 0.2 g of sodium 
in 100 ml of xylene was heated at a bath temperature of 130-170 ~ C 
for 3 hr. Ethyl mercaptan was evolved. The residue was distilled ha 
vacuum and a fraction boiling at 185-210~ (2-3 mm), which 
crystallized, was collected. The yield of VI with mp i28" C (ethanol) 
was 10.5 g (20.0%). 

The tR spectrum was identical with that of the product obtained 
in the reaction of I with CS2. 
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EXPERIMENTAL 

The N-phenylethyleneimine (1) was obtained by the dehydro- 
chlorination of t3-chloroethylaniline by analogy with the work of 
Heine and Kaput [6]. 
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