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2-Aryl-4(5)-phenyl-5(4)-(N,N'-dimethyl-5-benzimidazolonyl)imidazoles were obtained by 
condensation of 1-(N,N'-dimethyl-5-benzimidazolonyl)-2-phenylglyoxal with aromatic  alde- 
hydes in acetic acid in the presence of ammonium acetate. It was shown that these com- 
pounds are  e i ther  re ta rders  or inhibitors of the radical polymerization of styrene. 

This paper is devoted to the synthesis and investigation of the propert ies  of 2,4,5-tri-substituted 
imidazoles containing an N,N'-dimethyl-5-benzimidazolonyl group in the 4(5) position of the imidazole 
ring and substituted phenyl, naphthyl, and N,N'-dimethyl-5-benzimidazolonyl groups in the 2 position 
(Table 1). 

~ H3: 

7 
~ NH CH 3 

R 

I - X l l  

~ i c ~ z o l e s  I-XIT were synthesiT.ed by condensation of 1-(N,N'-dimethyl-5-benzimidazolonyl-2- 
phenylglyoxal (XI/D with the appropriate aldehydes in refluxing acetic acid in the presence of ammonium 
acetate. In contrast  to the well-known method [2], we synthesized XIII by condensation of phenylacetie acid 
with N,N,-dimethylbenzimidazolone in polyphosphoric acid with subsequent oxidation of the resulting ketone 
XIV with selenium dioxide: 

soo2 o 

CH 3 CH3 
XIV XII I  

An attempt to obtain XIV under the conditions of the F r i e d e l - C r a f t s  reaction with phenylacetyl chlo- 

ride was unsuccessful. 

As in the spectrum of t r iaryl imidazoles,  two well-expressed absorption maxima at 230 and 320 nm 
are  observed in the UV spectra  of I-XII (Table 1). Replacement of the phenyl group in the 4(5) position of 
the imidazole by a N,N'-dimethylbenzimidazolone residue or introduction of substituents into the phenyl 
ring in the 2 position of the imidazole do not substantially change the character  of the spectra. Napthyl- 
substituted imidazoles X and XI have more  complex spectra.  

* See [1] for  communication IV. 
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TABLE 2. Inhibit ing Capac i t ies  of the Inves t iga ted  Corn ~ounds* 

Compom Vp �9 10 s, F .. Kz Kp ~inh, sec mole/liter sect" i 

Tripheaylimidazole 
I 

VII 
XII 

II 
Neozone D 

�9 Diphenylamine 

8,41 
5,97 
.4,71 
5,97 

0,01 
0,71 
1,21 
0,71 

22,2 
i' 31,5 

:?9,9 
31,5 

0 
0 
0 
0 

1190 
I190 
t970 

* Symbols:  Vp is  the r a t e  of inhibited po lymer iza t ion ,  Tin h is  the 
inhibition t ime,  F is  the inhibition fac tor ,  and K z / K  p is  the ra t io  of 
the inhibition constant  to the cha in -propaga t ion  ra t e  constant.  
$ The ra t e  of po lymer iza t ion  of s ty rene  in the absence  of an inMb- 
i t e r  is  8.55 r a o l e s / l i t e r . s e c .  

I ra idazoles  I -X and XII  a r e  read i ly  oxidized in toluene to the cor responding  f ree  rad ica l s  by shaking 
with an aqueous solution of sodium hypobrorai te  a t  r oom t e m p e r a t u r e ,  as  a consequence of which the so-  
lutions take on an intense  g reen  colorat ion.  When a solution of d iphenylpiery lhydrazine  (DPPI-I) is  added 
to them,  the g reen  colora t ion changes to viole t  owing to the development  of the DPPH radica l  (Xraax 530 
nra). Solutions of i ra idazolyl  r ad ica l s  give an ESR signal  (singlet ,  g 2.003). A solution obtained by oxi-  
dation of XI  has  a red  colorat ion,  gives only a weak ESR signal,  and does not gene ra t e  a rad ica l  f r o m  di- 
phenylp ic ry lhydraz ine .  The product  of oxidation of XI  is  evidently the cor responding  quinone [3]. 

Some of the synthes ized  he te roana logs  of t r i a ry l i r a idazo les  we re  tes ted  as  inhibi tors  of the r ad i ca l -  
in i t ia ted polyraer iza t ion  of s ty rene .  The ldnetic  p a r a m e t e r s  of the inhibited rad ica l  po lymer iza t ion  that  
c h a r a c t e r i z e  the i r  inhibiting capac i ty  we re  found for  the inves t iga ted  subs tances  (Table 2), 2 , 4 , 5 - T r i -  
phenyl i ra idazole  (lophine) and the  widely known s t ab i l i ze r s  Neozone D and diphenylaraine were  used for  
compar i son .  It  i s  apparen t  f r o m  the r e s u l t s  obtained that  the synthes ized  he te ry l i ra idazoles  man i fe s t  a 
l a rge  inhibit ing ef fec t  as  com pa red  with Iophine, but a r e  somewhat  i n f e r io r  to Neozone D and diphenyl-  
amine .  Compounds I, VII,  and XII  a r e  r e t a r d e r s  of the radica l  po lymer i za t ion  of s ty rene ,  whereas ,  in con- 
t r a s t  to them,  II  d i sp lays  a m o r e  pronounced inhibit ing effect  with a c l e a r l y  e x p r e s s e d  induction per iod.  

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

The UV s p e c t r a  of alcohol  solut ions of i ra idazoles  I -XI I  were  r eco rded  with a P e r k i n - E l r a e r  402 
spec t ropho te rae t e r .  The cuvette th ickness  was 1 cra, and the concentra t ion was 3 .32 .10  -~ M. The kinet ics  
of the inhibi ted r ad ica l  po lymer i za t ion  of s ty rene  w e r e  studied by a t h e r m o m e t r i c  method with a d i f fe ren-  
t ial  i s o t h e r m a l  c a l o r i m e t e r  [4]. The s ty rene  was vacuum dist i l led th ree  t imes  in a s t r e a m  of argon with 
subsequent  degass ing  by repea ted  f reez ing  out (nD 20 1.5468, d420 0.9060, and bp 144 [5]). Azob i s i sobu ty ro -  
n i t r i le ,  which was r e c r y s t a l l i z e d  th ree  t imes  f r o m  methanol  (rap 103~ was used as  the in i t ia tor  of the 
r ad ica l  po lymer i za t ion .  The inhibi ted rad ica l  po lymer i za t ion  was inves t iga ted  under  s t eady - s t a t e  con- 
dit ions a t  60 ~ and sma l l  deg ree s  O f convers ion  (up to 0.5%). The kinet ic  p a r a m e t e r s  of the radica l  poly-  

rae r iza t ion  were  found by known methods  [6, 7]. 

N ,N , -Dime thy l -5 -pheny lace ty lbenz i r a idazo lone  (XIV). Or thophosphor ic  acid (10 mD was added in 
por t ions  with s t i r r i n g  in the course  of 10 rain to 15 g of  phosphorus  pentoxide,  during which no m e a s u r e s  
were  taken to p r even t  the  pronounced spontaneous genera t ion  of heat .  The mix tu re  was heated at  200-250 ~ 
until the phosphorus  pentoxide had d isso lved  complete ly ,  a f t e r  which i t  was cooled to 100 ~ and 7.52 g 
(0.046 mole) of N,N' -d i rae thylbenzi ra idazolone  and 10.9 g (0.08 mole) of phenylacet ic  acid were  added. The 
mix tu re  was s t i r r e d  at  150-155 ~ fo r  3 h, a f t e r  which i t  was 'cooled to 80-90 ~ diluted to 300 ral with water ,  
made  a lkal ine  to pH 8 with sa tu ra ted  sodium carbonate  solution, and ref luxed fo r  15-20 rain with ma in t e -  
nance of a weakly alkal ine reac t ion  medium.  The hot suspens ion was f i l tered,  and the s l ight ly brown p r e -  
cipi tate was washed  with w a t e r  and dr ied.  I t  was then c rys ta l l i zed  succes s ive ly  f rom alcohol and toluene 
to give a p roduc t  with mp 185-186 ~ Found: C 72.6; H 5.8; N 10.070. C1yH14N2 O. Calculated:  C 72.8; H 

5.8; N 10.0%. 

Diketone XIII .  A 19.7-g (0.18 mole) s ample  of se lenium dioxide was added in por t ions  with s t i r r ing  
in the course  of 10 rain to a ref luxing solution of 28 g (0.1 mole) of ketone XIV in 210 ml  of dry  xylene.  
The mix tu re  was ref luxed fo r  ano ther  3 h and f i l t e red  hot. The yel low prec ip i t a t e  that  fo rmed  on cooling 
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was removed  by fi l trat ion and washed with a smal l  amount of alcohol to give a product  with mp 196-197 ~ 
(rap 194 ~ [2]) in 80% yield. 

2-Aryl-4(5)- (N,N' -dimethyl-5-benzimidazolonyl) -5(4)phenyl imidazoles  (I-XII). A warm solution of 
a mixture  of 0.01 mole of aldehyde and 2.94 g (0.01 mole) of diketone XIII in 45 ml of acet ic  acid was added 
in the course  of 2 h to a refluxing solution of 0.082 mole of ammonium acetate in 45 ml of glacial acetic 
acid. The mixture  was refluxed for  another  3 h, cooled, and poured with s t i r r ing  into a mixture of excess  
concentrated ammonium hydroxide and ice.  The resul t ing precipitate was removed by filtration, washed 
with water,  and dried. The methods used to pur i fy  I -XII  a re  presented in Table 1. 

i .  
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