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2 - A r y l - 3 , 4 - d i p h e n y l - 5 - d i p h e n y l y l p y r r o l e s  and the co r re spond ing  r a d i c a l s  we re  syn thes ized .  
The r a t e s  of deeo lo r i za t ion  of the solut ions of the r a d i c a l s  in a i r  a r e  d e s c r i b e d  by a 
s e c o n d - o r d e r  equation with r e s p e c t  to the r ad i ca l ,  and the loga r i thms  of the r a t e  constants  
of this  r eac t i on  c o r r e l a t e  with the to ta l  Hammet t  ~ constants  of the subs t i tuen t s .  

It has been demonstrated that the character and number of substituents in the p position of the phenyl 
rings have a substantial effect on the stability of solutions of the corresponding pyrryl radicals [2]. Up until 
now, there have been no sufficiently clear concepts regarding the character of the effect of polycyclic 
residues on the stability of free radicals. Thus in triarylmethyl and triarylimidazolyl radicals, polyeyelic 
hydrocarbon residues facilitate dissociation of the dimers into radicals [3,4]. However, in the case of 
tetraarylhydrazyls, on the other hand, replacement of the phenyl rings by diphenylyl rings causes a sharp 
decrease in their capacity for dissociation into radicals [5]. 

In the present research we have investigated the effect of replacement of the phenyl group by the di- 
phenylyl group on the stability of radicals of the tetraarylpyrryl series, which are unusual analogs of di- 
arylnitrogen radicals. 

The synthesis of 2-aryl-3,4-diphenyl-5-diphenylylpyrroles was accomplished via the Davidson 
scheme [6]: 

C~H5CH(O|I)COC6H4C6Hs- p + C HsCtlzCOCoH~R-~., 

1 I I  
\ 
\ 

p-Ca|'l~,--C~|14 / ~ - N / \ C a | | 4 R  I -p  "; 5 6 II ' 

IV a - e  I I I  a ' ~  

I l l .  IV a l~l f l : b  R 1 -c t l30 :  c '~1 =C2H:,O: dR/= CII3; ~ I~I:=CI 

Substituted deoxybenzoins were obtained via the Friedel-Crafts reaction from phenylacetyl chloride 
and the corresponding benzene derivatives; oz-hydroxybenzyl diphenylyl ketone was synthesized by aryla- 
tion of diphenylylglyoxal [7]. 

Compounds IIIa-e are colorless or yellowish crystalline substances that are soluble in glacial acetic 
acid and benzene, moderately soluble in ethanol, and insoluble in water. 

*See [1] for communica t ion  XV. 
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T A B L E  1. 2 - ( p - A r y l ) - 3 , 4 - d i p h e n y l - 5 - d i p h e n y l y l p y r r o l e s  

CompJ R, 
I 

IIIal H ii~bl OCHa 
II!c OC~Hs 
Kid CHa 
l l le[ C1 

I 

Empirical Found, % 
Mp, ~ formula c H N 

179--1801C~4H,~N 191,2 5,6 
234--2351C3~H27NO 188,01 5,9 
180--1811C3~Hzg,NO 187,9/ 5,5 
119--I20 C~H#N 90,91 6,l 
120--121 Ca4H2r 84,5 5,8 

3,0 
2,8 
2,6 
3,2 
2,9 

Calc., % 

C H N 

91,2 5,7 3,1 
88,0[ 55 2,9 
87,91 6,0 2,9 
91,1 55:o 9 a,o 
84,7 2,9 

] 230_+17 604 
30 163_+.7 623 
53 175-+9 624 
59 I85-+9 6t2 

262-+6 618 

* T h e s e  a r e  the  e f f ec t ive  r a t e  c o n s t a n t s  fo r  the  d e s t r u c t i o n  of I V a - e  
in  b e n z e n e  at  21 • I~  
? T h e s e  a r e  the  e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  of  the  c o r r e s p o n d i n g  
r a d i c a l s  ( IVa -e ) .  

OflO 

0~05 

�9 010 

- 0,05 

-0,10 

-0)5 

l i i 

- 0~4 - 0,3 - 0~2 -- 0,1 

~a 

t i i i 

0 0,I 0,2 0,3 6' 

F i g .  1. D e p e n d e n c e  of t he  r a t e  c o n s t a n t s  for  
d e s t r u c t i o n  of 2 - a r y l - 3 , 4 - d i p h e n y l - 5 - d i -  
phenylylpyrryl radicals (IVa-e) (in benzene) 
on the total Hammett (r constants. 

D e e p l y  b l u e - g r e e n  c o l o r e d  so lu t i ons  con ta in ing  an 
e q u i l i b r i u m  m i x t u r e  of the  r a d i c a l  and i ts  d i m e r  a r e  
f o r m e d  in the  o x i d a t i o n  of I I I a - e  wi th  l e a d  d iox ide  in  
b e n z e n e .  T h e s e  s o l u t i o n s  have  p a r a m a g n e t i c  s u s c e p t i -  
b i l i t y  and a r e  d e c o l o r i z e d  in a i r  in  a few h o u r s  wi th  l o s s  
of t h e i r  p a r a m a g n e t i c  p r o p e r t i e s  and c o n v e r s i o n  of the  
r a d i c a l s  to the  p r o d u c t s  of t h e i r  r e a c t i o n  wi th  a i r  o x y -  
gen  [8]. The  d e s t r u c t i o n  of the  r a d i c a l s  in a i r  is  a c -  
c e l e r a t e d  by  he a t i ng  and i r r a d i a t i o n  of so lu t i ons  of t h e m  
with UV light. The solutions of radicals IVa-e have a 
high dehydrogenating capacity and are instantaneously 
decolorized by diphenylamine, ethanol, and hydrochloric 
acid and react with c~ ,ce-diphenyl-p-picrylhydrazine to 
give ~ ,~-diphenyl-~-picrylhydrazyl. 

To estimate the effect of substituents on the sta- 
bility of pyrryl radicals IVa-e, we studied the kinetics 
of the decolorization of benzene solutions of them in air 

with in  the  l i m i t s  of c o n c e n t r a t i o n s  tha t  a r e  s u b j e c t  to the  L a m b e r t - B e e r  l aw.  Unde r  t h e s e  c o n d i t i o n s ,  the  
r a t e  of d e e o l o r i z a t i o n  of so lu t i ons  of r a d i c a l s  I V a - e  i s  d e s c r i b e d  by a s e c o n d - o r d e r  equa t ion  wi th  r e s p e c t  
to  the  r a d i c a l .  The  e f f ec t ive  r a t e  c o n s t a n t s  fo r  d e c o l o r i z a t i o n  of b e n z e n e  so lu t ions  of the  r a d i c a l s  w e r e  d e -  
t e r m i n e d  as  in [2] (Tab le  1).  The  d e p e n d e n c e  of the  l oga r i t hms ,  of the  r a t e  c o n s t a n t s  of  t h i s  r e a c t i o n  on the 
t o t a l  s u b s t i t u e n t  ~ c o n s t a n t s  is  d e s c r i b e d ' b y  the  H a m m e t t  equa t ion :  log (k/k0)= 0 .412Z~ ,  when r = 0.983 and 
s = 0.2; k 0 i s  the  r a t e  c o n s t a n t  for  d e c o l o r i z a t i o n  of a b e n z e n e  so lu t ion  of u n s u b s t i t u t e d  t e t r a p h e n y l p y r r y l  
r a d i c a l  (242 l i t e r s  �9 m o l e  -1 �9 m i n  -1 [2]). 

As s e e n  f r o m  T a b l e  1, the  d ipheny ly l  s u b s t i t u e n t  does  not  i n c r e a s e  t he  s t a b i l i t y  of the  r a d i c a l  a s  c o m -  
p a r e d  wi th  the  u n s u b s t i t u t e d  t e t r a p h e n y l p y r r y l  r a d i c a l .  H o w e v e r ,  by c o m p a r i n g  the  p v a l u e s  in the  H a m -  
m e t t  equa t ion  for  m o n o s u b s t i t u t e d  2 - a r y l - 3 , 4 , 5 - t e t r a p h e n y l p y r r y l  r a d i c a l s  (p = 0.329) and 2 - a r y l - 3 , 4 -  
d i p h e n y l - 5 - d i p h e n y l y l p y r r y l  r a d i c a l s  I V a - e ,  for  which  p = 0.412, i t  c an  be  noted tha t  the  d iphe ny ly l  r e s i d u e  
p r o m o t e s  m o r e  d i s t i n c t  m a n i f e s t a t i o n  of the  c h a r a c t e r  of the  s u b s t i t u e n t .  The  s m a l l  e f fec t  of t he  d ipheny ly l  
g roup  on the s t a b i l i t y  of the  i n v e s t i g a t e d  r a d i c a l s  can  p r o b a b l y  be exp l a ined  by the  n o n c o p l a n a r i t y  of the  
d ipheny ly l  g r o u p  and,  as  a r e s u l t ,  the  s m a l l  c o n t r i b u t i o n  of i t  to  the  d i s t r i b u t i o n  of the  e l e c t r o n  d e n s i t y  of 
the  u n p a i r e d  e l e c t r o n  o v e r  t he  r a d i c a l  m o l e c u l e .  

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

The s u b s t i t u t e d  d e o x y b e n z o i n s  w e r e  ob ta ined  v i a  the  m e t h o d  in [9]. 

w - H y d r o x y b e n z y l  D ipheny ly l  Ke tone .  A s o l u t i o n  of 10 g (0.5 mmole )  of d i p h e n y l y l g l y o x a l  in  50 ml  of 
b e n z e n e  was  added d r o p w i s e  wi th  s t i r r i n g  in the  c o u r s e  of 30 min  to an i c e - c o o l e d  m i x t u r e  of 13.3 g of  
A1C13 in 200 m l  of a n h y d r o u s  b e n z e n e ,  and the  m i x t u r e  was  he ld  at  ()~ for  15 h.  I t  was  then  t r e a t e d  wi th  250 
m l  of co ld  20% h y d r o c h l o r i c  a c id  so lu t ion ,  and the  b e n z e n e  l a y e r  was  s e p a r a t e d  and d r i e d  wi th  CaC12. The  
e x c e s s  b e n z e n e  was  r e m o v e d  by  v a c u u m  d i s t i l l a t i o n  in a s t r e a m  of n i t r o g e n ,  and 30 ml  of p e t r o l e u m  e t h e r  
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was added to the res idue .  The result ing ketone was removed by fi l tration to give 4.17 g (30%) of a product 
w i t h m p l ! 5 - 1 1 6  ~ (from ethanol). Found,%: C 83.7; H 5.6. C20H1502. Calculated,%: C 83.7; H 5.3. 

2 ,3 ,4-Tr iphenyl-5-diphenylylpyrrole  (IIIa). A solution of 1.6 g (5.6 mmole) of ~-hydroxybenzyl  di- 
phenylyl ketone in 25 ml of glacial  acetic acid was added dropwise with s t i r r ing  in the course  of 30 rain to 
a heated mixture of 1.06 g (5 mmole) of deoxybenzoin and 6 g of ammonium acetate in 25 ml of glacial acetic 
acid, and the mixture  was heated for 1 h. Addition of hot distilled water  to the mixture  and crys ta l l iza t ion 
of the precipi tate  f rom acetic acid and ethanol gave 1.23 g of 2 ,3 ,4- t r iphenyl-5-diphenylylpyrrole  (Table 1). 

2- (p-Tolyl ) -3 ,4-d iphenyl -5-diphenylylpyrro le  (IId). A hot solution of 1.6 g (5 mmole) of ~ -hydroxy-  
benzyl  diphenylyl ketone in 25 ml of glacial  acetic acid was added dropwise with s t i r r ing  in the course  of 
an hour to a refluxing mixture of 1.1 g (5 mmole) of p-tolyl  benzyl ketone and 6 g of ammonium acetate in 
25 ml of glacial  acetic acid, and the mixture was refluxed until the initial red coIor changed to yellow. The 
product was isolated by the addition of hot distilled water and was crys ta l l ized  f rom acetic acid and ethanol 
(Table 1). 

The ra te  of decolor izat ion of benzene solutions of radicals  IVa-e was investigated as follows. A solu-  
tion of 10-12 mg of I I Ia -e  in 25 ml of benzene was shaken with 1 g of lead dioxide for 3-5 rain, and the sedi-  
ment  was removed by fi l tration. The concentrat ion of radical  IVa-e was determined by t i t rat ion of a por -  
tion of the solution with hydroquinone. Color imet ry  of the benzene solutions of the radicals  was per formed 
in a thermosta t ted  cuvette with an FF~4-N-57 photocolor imeter  in the k max region of the  visible portion of 
the spec t rum (Table 1). The initial concentrat ion of the radicals  was taken within the limits 2 �9 10 -4- 
4 �9 10 -4 M. Within this range, the solutions of radicals  followed the L a m b e r t - B e e r  law. 

"Cryoscopic"  grade  benzene, distil led twice over  sodium metal,  was used for the kinetic invest iga-  
tions. The mathemat ical  t rea tment  of the resu l t s  was accomplished as in [10]. 

LITERATURE CITED 

1. L . G .  Tikhonova and B. S. Tanaseichuk, Khim. Geterotsikl ,  Soedin., 1676 (1972). 
2. B . S .  Tanaseichuk,  S. L. Vlasova, A. N. Sunin, and V. E. Gavrilov, Zh. Organ. Khim., 5, 144 (1969). 
3. W. Schlenk, A. Herrzenstein, L. Maiz, and I. Renning, Ann., 394, 178 (1912). 
4. B.S. Tanaseichuk, A. A. Bardina, and V. A. Maksakov, Zh. Organ. Khim., 7, 1508 (1971). 
5. H. Wieland and A. S~isser, Ann., 392, 1691 (1922). 
6. D. Davidson, J. Org. Chem., 3, 361 (1938). 
7. Organic Reactions, Vol. 2 [Russian translation], IL, Moscow (1951), p. 245. 
8. R. Kuhn and H. Kainer, Biochem. Biophys. Acta, 12, 325 (1953). 
9. Organic Synthesis, Vol. 2 [Russian translation], IL, Moscow (1949), p. 167. 

I0. K. Doerfeld, Statistics in Analytical Chemistry [Russian translation], Mir, Moscow (1969), p. 29. 

1527 


