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Formaldehyde reacts with carbazole or N-methylcarbazole  in the 
presence of concentrated hydrochloric acid to give dimers, and also 
more highly polymerized products (crosslinked or linear respectively 
with three or more carbazole (or N-methylcarbazole)  units per mole-  
cule. 

According to available results [ 1 -3] ,  reaction of 
carbazole with formaldehyde in the presence of acids 
(e.g., heating with glacial acetic acid, conc H2SO4, as 
catalysts) gives dimers .  According to [1], this is N, 
Nf-dicarbazolylmethane, but according to [2] it is 
3, 3 ' -dicarbazolylmethane.  Reaction of formaldehyde 
with 3, 6-dibromocarbazole  leads to the isolation of 
3, 6, 3 ' ,  6 ' - t e t r ab romo-N,  N' -dicarbazolylmethane [3]. 
Carbazole and formaldehyde are  assumed to give a 
product of s imilar  s tructure.  

The carbazole molecule contains three positions, 
3, 6, 9, of enhanced nucleophilicity [4, 5]. Hence when 
carbazole reacts  with formaldehyde in the presence 
of an acid catalyst, it is possible to assume not only 
formation of dimers (of the s t ructure  stated above), but 
also of highly condensed products, e. g., of crossl inked 
s t ructure  (of the thermoreact ive phenol-formaldehyde 
resin type [6]). The N-methylcarbazole molecule has 
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IR spectra:  1) condensate A; 2) carbazole.  

only two centers  of enhanced activity towards e lec t ro-  
philic reagents, viz., positions 3 and 6, so that reac-  
tion with formaldehyde most  probably gives products of 
l inear s t ructure .  Reaction of formaldehyde with c a r -  
bazole in the presence  of concentrated hydrochloric 
acid led to the isolation of condensate A, an amorphous 

pale sulfur-yellow powder. Analysis of its IR spectrum 
(Fig. 1) enabled the following conclusions to be drawn 
regarding its s tructure.  The absence of absorption 
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Fig. 2. IR spectra: 1) N-methylearbazole;  
2) d i (N-methylearbazoly l -3)methane; 3) con- 

densate C. 

bands corresponding to valence vibrations of NH bonds 
(in the 3500-3100 cm -1 region) indicates complete 
blocking of the carbazole NH group by reaction with 
formaldehyde. The bands at 880 and 800 cm -1 are  
character is t ic  of a 1, 2, 4-tr isubsti tuted benzene ring 
[7], here corresponding to condensate A containing 
carbazole units substituted at position 3(6). Confirma- 
tion of this is to be found in a paper [8] comparing the 
IR spectra  of 1-, 2-, 3-, and 4-monomethylcarbazoles .  
The 2925 and 2855 cm -1 bands in the region of valence 
vibrations of CH bonds correspond to the presence of 
CH 2 groups in the condensate A. The spectroscopic 
data adduced the very low solubility of condensate A 
in organic solvents (nitrobenzene, pyridine, aniline, 
etc. ), and its infusibility (it gradually chars  when 
heated above 360 ~ C), confirms our assumption that 
the reaction of carbazole with formaldehyde gives 
crossl inked structures,  e.g., 

CH2-- ~ 

The product of reaction of carbazole with formalde-  
hyde in glacial acetic acid (cone tt2SO4 eatalyst), con- 
densate B, has s imi lar  IR spectra  and different physi-  
cal propert ies .  

Reaction of N-methylcarbazole  with formaldehyde 
in the presence of conc HC1 leads to isolation of di(N- 
methylcarbazolyl-3)methane (I) and a pale sulfur- 
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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  


