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y e l l o w  a m o r p h o u s  p o w d e r ,  c o n d e n s a t e  C. T h e  pots i t ions  J 
of  the  bands  in the  two s u b s t a n c e s  (F ig ,  2) i s  p r a c t i -  
c a l l y  the  s a m e .  H o w e v e r ,  the  h igh  i n t e n s i t y  of the  
bands  a t  812 and 792 c m  -1 ( a p p e a r i n g  when  a s u b s t i t u -  
en t  i s  put  a t  p o s i t i o n  3 in N - m e t h y l c a r b a z o l e )  in c o m -  
p a r i s o n  wi th  the band at  743 c m  -1 (1, 2 - d i s u b s t i t u t e d  
b e n z e n e  r i n g  in the  N - r n e t h y l c a r b a z o l e  m o l e c u l e )  in 

the  IR s p e c t r u m  of  c o n d e n s a t e  C is  to be  no ted .  T h e s e  
r e s u l t s ,  the  v e r y  low s o l u b i l i t y  of c o n d e n s a t e  C in 
o r g a n i c  s o l v e n t s ,  a s  w e l l  a s  i t s  s h o w i n g  p l a s t i c i t y  
a t  abou t  320 ~ C, a r e  in a g r e e m e n t  wi th  the  h y p o t h e s i s  
tha t  r e a c t i o n  of  N - m e t h y l c a r b a z o l e  wi th  f o r m a l d e h y d e  

u n d e r  c o n d i t i o n s  of a c i d  c a t a l y s t s ,  g i v e s  l i n e a r  c o n -  
d e n s a t i o n  p r o d u c t s ,  e .g . ,  I 

CH3 CHa CH3 n~'{ 

E X P E R I M E N T A L  

Condensate A, A solution of 3.34 g (0.02 mole) carbazole and 
1.52 ml (0.02 mole) 37% CHzO in 100 ml acetone, was added drop- 
wise to 300 ml conc HC1, at 20 ~ C, which was kept stirred. After 
3 hr the products were poured into 500 ml water, the solid filtered 
off, dried, and exhaustively extracted with benzene. The product 
was a pale sulfur-yellow powder, yield 1.65 g (46~ calculated on 
the fragment ClzHsNCHz), condensate A. IR spectrum: 2925, 2855, 
1635, 1607, 1492, 1460, 1380, 1328, 1278, 1234, 1212, 1154, 1026, 
924, 880, 800, 745, 722 cm -1. IR spectrum of carbazole: 8410, 1632, 
1609, 1497, 1454, 1341, 1242, 1211, 1144, 1013, 931, 914, 857, 749, 
723 cm -I. 

Condensate B. 1-2 Drops conc HzSO 4 was added to a gently reflux- 
ing solution of 3.34 g (0.02 mole) carbazole and 1.52 ml (0.02 mole) 
37% CH20 in 150 ml gtacial AcOH, and heating continued for a 
further 20 min, the products cooled, and condensate B isolated 
similarly to condensate A. 

Reaction of N-methylearbazole with formaldehyde. A solution of 
10 g (0.055 mole) N-methylcarbazole and 1.71 ml (0.0275 mole) 
37% CH20 in 50 ml acetone was dripped into 150 ml conc HC1, and 

the  mix tu re  stirred for 3 hr at  20 ~ C. The products were then poured 
in to  500 ml  water,  the p rec ip i t a t e  f i l tered off, washed with water, 
dried, and the unreacted N-methylcarbazole extracted with MeOH 
(yield 4 g). The solid was then extracted with benzene, and the 
extract chromatographed (A12Os, benzene), to give compound I, as 
white minute crystals, mp 223~ ~ (ex benzene). Found: C 86.86; 
86.75; H 6.09; 6.15; N 7.50; 7.59%; M 370; 389, calculated for 
C2714z2N2: C 86.8; H 5.74; N 7.48%; M 374. IR spectrum: 2925; 2852, 
.1635, 1602, 1495, 1427, 1361, 1328, 1250, 1154, 1020, 923, 880, 
812 and 792, 767, 743, 723 cm "I. The residue remaining after 
extraction was condensate C, a pale sulfur-yellow powder, very 
slightly soluble in organic solvents, softening point 315'-320' C. tR 
spectrum: the positions of the bands fully duplicate the IR spectrum 
of compound L 

The IR spectra were determined with an IKS-14 spectrophotometer: 
a) regions 3600-3100 cm "t and 1800-700 cm -1 using vaseline mulls 
(LiF and NaC1 prisms); b) region 2800-3100 cm "t tableted with KBr 
(LiF prism). 
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The simple LCAO MO method is used to calculate 7r-electron con- 
figurations of 1, 2-dithiol-3-thione and its 4- and 5-phenyl derivatives, 
In these compounds the heterocyelic ring has an aromatic character, 
but the S--S bond is almost excluded from conjugation. The phenyl 
group in 4-phenyl-1, 2-dithiol-3-thione is an electron acceptor, 
whereas in the 5 isomer it is an electron donor. The exocyclic sulfur 
atom has considerable negative charge, while the two endocyolic 
ones are positively charged. The dipole moments of 4- and 5-phenyl- 
1, 2-dithiol-a-thione are determined, and the values found are com- 
pared with the calculated ones. 

In r e c e n t  y e a r s  1, 2 - d i t h i o l - 3 - t h i o n e  (I) h a s  a c q u i r e d  

c o n s i d e r a b l e  t h e o r e t i c a l  and  p r a c t i c a l  i n t e r e s t  [ 1 - 6 ] .  

R---C--C~=S R - - ~ C - - S  R--C--C--S" !{ 
R'--S R'--C 

\ /  N /  \ /  
s $ s 
I II Ill 

X - r a y  i n v e s t i g a t i o n  of  4 - m e t h y l - i ,  2 - d i t h i o l - 3 -  
t h i o n e  (F ig .  1) [7] and  1, 2 - d i t h i o l - 3 - t h i o n e  [8], s h o w  

the  a r o m a t i c  n a t u r e  of  t he  r ing ,  the  l e n g t h s  of  t he  C - -  

- - C  and  C - - S  bonds  b e i n g  c l o s e  to  t h o s e  c o r r e s p o n d -  
ing  bonds  in b e n z e n e  and  t h i o p h e n e  [9]. H o w e v e r ,  the  
S---S bond in I d o e s  no t  d i f f e r  in l e n g t h  f r o m  the  bond  

b e t w e e n  s u l f u r  a t o m s  in the  Sa m o l e c u l e  and  s a t u r a t e d  
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Dipole  Moments  of 4-  and 5 - P h e n y l - 1 ,  2 - d i t h i o l - 3 - t h i o n e s  

I X O: ~mean R It, D 

R = C~H~; R'=H 2 3 1 - - 1 3 1  12.56 1 . I85  459 .5  76 ,3  4 3 ' )  

d i su l f i de s .  Hence,  it could be i n f e r r e d  [7] that  the 
h e t e r o c y c l i c  r ing  of 1, 2 - d i t h i o l - 3 - t h i o n e  can be r e p r e -  
sen ted  as  a h y b r i d  of r e s o n a n c e  s t r u c t u r e s  I, II, and 
III in the r a t io  5:4:1. 

We have computed  the ~r-e lect ron conf igura t ions  
of I and i t s  4-  and 5-phenyl  subs t i tu t ion  p roduc t s ,  by 
the s i m p l e  LCAO MO method.  

The p a r a m e t e r s  of [11, 12] w e r e  used  for  the su l fu r  
a t o m s  in the v a r i o u s  va l ence  s t a t e s ,  but the S--S bond 
was a s s i g n e d  a va lue /3  = 0.3fl ~ which is in b e t t e r  
a g r e e m e n t  with the da ta  of F ig .  1. M o l e c u l a r  d i a g r a m s  
I V - V I  (Fig.  2) show the r e s u l t s  of the compu ta t ions .  
F o r  c o m p a r i s o n ,  F ig .  3 shows the m o l e c u l a r  d i a g r a m  
of I as  ob ta ined  us ing  a s i m p l i f i e d  modi f i ca t ion  of the 
s e l f - c o n s i s t e n t  f i e ld  method  [10]. 

The  low o r d e r s  of the  S--8 7r bonds  found for  I V - V I  
(0 .07-0 .08)  is  in good a g r e e m e n t  with the length of 
2.04 /~ fo r  that  bond [7], and c o r r e s p o n d s  to the S - ~  
d i s t a n c e  in the S~, H2S 2, and Alk2S 2 m o l e c u l e s  (2.04 =~ 
~= A [9]). The o r d e r s  of the o the r  bonds in the h e t e r o -  
cyc l i c  r ing  a r e  a l so  in qua l i t a t i ve  a g r e e m e n t  with the 
bond lengths  (Fig .  1) and a r o m a t i c  n a t u r e  of I. How- 
ever ,  a t t e m p t s  to c o r r e l a t e  l engths  and o r d e r s  of bonds  
in type  I compounds  quan t i t a t ive ly ,  e.g. ,  by l i n e a r  ex-  
t r apo la t ion ,  as  in [10], l ack  adequa te  foundat ions .  

It is qui te  i n t e r e s t i n g  that  the phenyl  group in V is 
an e l e c t r o n  a c c e p t o r ,  and that  in VI an e l e c t r o n  donor ,  
i t s  c h a r a c t e r  be ing  d e t e r m i n e d  by the c h a r g e  on the 
r ing  c a r b o n  a tom to which it is  a t t ached .  C o r r e s p o n d -  
ingly,  the a r o m a t i c  r i ng  of m o l e c u l e  V would be ex-  
pec t ed  to e n t e r  m o r e  e a s i l y  into r e a c t i o n  with e l e c t r o -  
ph i l ic  r e a g e n t s ,  and the a r o m a t i c  r i ng  of m o l e c u l e  VI 
m o r e  e a s i l y  into r e a c t i o n  with nuc leoph[ l ic  ones~ 

S 2~ ~ S  

'~.'~ '{5"r --H 

S~"  ~42A ~C 

t 
CH, 

F ig .  1. S t r u c t u r e  of the 4 - m e t h y l - i ,  2 - d i t h i o l -  
3 - th ione  m o l e c u l e  [7]. 

A c o n s i d e r a b l e  nega t ive  c h a r g e  is c o n c e n t r a t e d  on 
the e x o e y c l i e  su l fu r  a tom,  b e c a u s e  of the t endency  
of the h e t e r o e y e l i c  r ing  to a s s u m e  a s t ab l e  a r o m a t i c  
6 - e l e c t r o n  con f igu ra t ion  due to the expu l s ion  of an 
odd ~r e l e c t r o n  f rom the h e t e r o c y c l i c  r ing .  

Compounds  of such a type m u s t  be c h a r a c t e r i z e d  by 

a high p o l a r i t y ,  in a g r e e m e n t  with the r e s u l t s  of m e a s -  
u r e m e n t s  of d ipo le  m o m e n t s  of compounds  V and VI 

g iven  in the tab le .  
The d ipo le  m o m e n t s  of compounds  V and VI we re  

a l s o  c a l c u l a t e d ,  s t a r t i n g  f rom the a s c e r t a i n e d  d l s t r i -  

bution of 7r-e lect ron c h a r g e s  and the p r e c i s e  g e o m e t r y  
of the m o l e c u l e  [7]. The va lues  found for  the v e c t o r s  

,~loz oo78 ,~1~ 

S ~ C-oo,~ 

,0003 

V 

�9 oo9~ .c ial 

I~ V/ ~ x  

Fig .  2. M o l e c u l a r  d i a g r a m s  for  1, 2 - d i t h i o l - 3 -  
one (IV), 4 - p h e n y l - 1 ,  2 - d i t h i o l - 3 - t h i o n e  (V), 

and 5 -pheny l -1 ,  2, d i t h i o l - 3 - t h i o n e  (VI). 

of the ~, 7r-components  and the to ta l  d ipole  m o m e n t s  
of V and VI a r e  given below.  5 - M o m e n t s  w e r e  c a l c u -  
l a t ed  as  in [13]. 

V Vl 

~L~: = - 4 . 1 5 i - 3 . 3 3 ]  ~t~ = _ 3 . 7 8 ] - 2 . 2 0 f  
. +  .-> --~ .-> -.~ - p  
u,~ = -- 1,09i + 2.07] Lt~ = -- I .OOi +2 .07 ]  

~ =  --5.2 1.2 ~t~p,~ +P,~ -- - 4 , 8 7 i - 0 . 1 3 j  

~1- S.3SD .=4SSD 

T h e r e  is r a t h e r  good a g r e e m e n t  between the c a l c u -  
l a t ed  and e x p e r i m e n t a l  va lues  of the d ipo le  m o m e n t  
of VI. F o r  V the a g r e e m e n t  be tween the c a l c u l a t e d  
and e x p e r i m e n t a l  va lues  of # a r e  much w o r s e  (d i s -  
c r e p a n c y  of 1.5 D). In both e a s e s  the e x p e r i m e n t a l  
v a l u e s  of the d ipo le  m o m e n t s  a r e  l ower  than the c a l -  
c u l a t e d  ones,  which can be accoun ted  for  by the gen-  
e r a l  t endency  of the s i m p l  e MO method,  which o v e r -  
e s t i m a t e s  c h a r g e  s e p a r a t i o n .  We note, however ,  that  
the d ipo le  m o m e n t  c a l c u l a t e d  by us for  1, 2 - d i t h i o l - 3 -  
thione (Fig.  2) us ing  B e r g s o n ' s  e l e c t r o n  conf igura t ion  
[10] is  9.05 D. That  va lue  is  i m p e r m i s s i b l y  g r e a t e r  
than the d ipo le  m o m e n t  that  is expec ted  f rom the t a b l e ' s  
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da ta  fo r  that  compound,  which should  l ie  ins ide  the 
va lues  of the m o m e n t s  of i t s  phenyl  d e r i v a t i v e s .  

+0,305 0,243 �9 o+422 

$ 5 

- 0.250 
Fig .  3. M o l e c u l a r  d i a g r a m  of 1, 2 - d i t h i o l - 3 -  

thione [10]. 

The d ipo le  m o m e n t  of 1, 2 - d i t h i o l - 3 - t h i o n e ,  c a l c u -  
l a t ed  f rom the e l e c t r o n  d i s t r i b u t i o n  of IV that  we ob -  
ta ined,  is  5.25 D. Thus the 7r-e lec t ron conf igu ra t ions  
of  I V - V I  c o r r e s p o n d  b e t t e r  to the ac tua l  e l e c t r o n  den -  
s i t y  d i s t r i b u t i o n  in type I compounds  than to the 7r- 
e l e c t r o n  conf igura t ion  shown in F ig .  2. The r e a s o n  
f o r  th is  is  obv ious ly  poor  cho ice  [10] of s t a r t i n g  p a r a m -  

�9 e t e r s .  
Compounds  V [14] and VI [15] w e r e  s y n t h e s i z e d  by 

m e thods  p r e v i o u s l y  d e s c r i b e d .  The d ipo le  m o m e n t s  
w e r e  d e t e r m i n e d  as  d e s c r i b e d  in [16]. The LCAO M e  
c a l c u l a t i o n s  w e r e  m a d e  on a EVM M-20 c o m p u t e r  
us ing  the p r o g r a m  of [ 17] .  
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A series of arylethylene derivatives of 2, 5=diphenyloxazole derivatives 
is synthesized, and the absorption and fluorescent spectra of their 
toluene solutions are investigated. Joining in one molecule of 2, 5-di- 
phenyloxazole and arylethylene groups leads to long wave displace- 
ment of the absorption and fluorescence bands, and in most cases 
to greater intensity of absorption and increase in the photolumin- 
escence quantum yield. 

Many 2, 5 - d i a r y l o x a z o l e s  (I) and d i a r y l e t h y l e n e s  (II) 
be long  to the c l a s s  of e f f ec t ive  o r g a n i c  l u m i n o p h o r s  
[ 1 - 3 ] ,  It was of i n t e r e s t  to uni te  in one m o l e c u l e  the 

s t r u c t u r a l  g roups  of 2, 5 - d i p h e n y l o x a z o l e  and v a r i o u s  
d i a r y l e t h y l e n e s ,  and to i nves t i ga t e  the a b s o r p t i o n  
s p e c t r a  and f l u o r e s c e n t  p r o p e r t i e s  of such compounds  

(liD. 

A r - - C H  = C H - - A r  ~ ~ I~-o~_CH_CH_Ar 
I II III 

A r  and A r '  a r e  i d e n t i c a l  o r  d i f f e r en t  r a d i c a l s .  


