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Isomeric orange-red luminescing substances containing a pyrazoline 
ring and a 1, 8-naphthoylene-l', 2'-benzimidazole grouping have been 
synthesized. An investigation of the UV absorption spectra, lumines- 
cence spectra, and IR spectra of the individual isomers has shown the 
desirability of separating the mixture of them formed in the synthetic 
process. 

i, 8- Naphthoylene- 1 ~, 2'-benzimidazole (I) and 
many of its derivatives substituted in the benzene or 
the naphthalene nucleus are effective luminophores 
with yellow or yellow-green luminescence [1,2]. 
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Fig.  i .  Absorp t ion  and l u m i n e s c e n c e  
s p e c t r a  in toluene of III (1 )andI I Ia  (2). 

By combin ing  in  one molecu le  the 1 ,8 -naph thoy lene -  
1' ,  2 ' - b e n z i m i d a z o l e  and 1, 3 , 5 - t r i a r y l p y r a z o l i n e  
groupings we have obta ined luminophores  with an 
o r a n g e - r e d  and r ed  l u m i n e s c e n c e  (II) which l u m i n e s e e  
both in  the fo rm of c r y s t a l s  and in solut ion [3]. 

I R~ I I  

R~ is an unsubstituted or substituted aromatic or heterocyclic radical, 
R z is an unsubstituted aromatic radical, and ~ is an alkyl, aryl, or 
alkoxy group or halogen. 

The scheme  of the syn thes i s  of the l uminophores  
(II) and some of t he i r  p rope r t i e s  can be cons ide red  
with the i s o m e r i c  compounds V and Va (Rt = p-  CHaOC6H 4; 
R2 = C6Hg; R 3 = H) as examples .  The r eac t ion  of 4- 
ace ty lnaphthal ic  anhydr ide  with o -pheny lened iamine  
fo rms  two i s o m e r i c  ace ty lnaph thoy lenebenz imidazo les  
(III) and (IIIa). 

|11 I l ia  

The condensa t ion  of each of them with an is ic  a lde-  
hyde leads  to the unsa tu ra t ed  ketones IV and IVa. 
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When IV and IVa a re  heated with phenylhydraz ine ,  
the phenylhydrazones  a re  fo rmed  which cycl ize  to V 
and Va. 

.2c__c_AN_fr ~ 

--C~ O 

H C----C-- C 

I 

The pos i t ion  of the acetyl  group in III and IIIa was 
e s t ab l i shed  by the conve r s ion  of these  compounds into 
the known 4- and 5 -benzoy lnaph thoy lenebenz imiad-  
zoles  VII and VIIa [4] (see Exper imen ta l ) .  F o r  th is ,  
making  use  of the di f ferent  so lub i l i t i e s  of III and IHa 
in ethanolic  a lkal i ,  we sepa ra t ed  them f rom one an-  
other  and, by oxidation with sodium hypochlor i te ,  
conver ted  them into the Corresponding carboxyl ic  
acids (VI, Via), f rom the ch lor ides  of which and ben-  
zene  by the F r i e d e l s - C r a f t s  r eac t ion  we obtained VII 
and VIIa. 

The absorp t ion  spe c t r a  of III and IIIa differ com-  
pa ra t ive ly  l i t t l e  f rom one another ;  the re  a re  g r e a t e r  
d i f fe rences  in  the i r  l u m i n e s c e n c e  spe c t r a  (Fig. 1): 
III l u m i n e s c e s  in  the reg ion  of sho r t e r  wavelengths 
than IHa. A s i m i l a r  pa t t e rn  is  obse rved  for the un-  
s a tu ra t ed  ketches  obta ined f rom them.  

In a compar i son  of the optical  p r o p e r t i e s  of the 
f inal  p roducts  of syn thes i s ,  we did not obse rve  any 
subs tan t i a l  d i f fe rences  e i ther  in  the absorp t ion  spec t r a  
or  in the l u m i n e s c e n c e  spec t r a  of the i s o m e r i c  com-  
pounds V and Va (Fig. 2). The differences caused by 
the structural features of each of these substances are 
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m o r e  p r o n o u n c e d  in  t he  IR s p e c t r a  of t h e i r  s o l u t i o n s  

in  CC14: f o r  bo th  i s o m e r s  t h e r e  i s  a b a n d  in t h e  1370 
- 1  c m  r e g i o n  and  in  one  of t h e m t h i s  i s  a d j o i n e d  by a 

b a n d  in  t h e  r e g i o n  of  h i g h e r  f r e q u e n c i e s  and  in  t he  

o t h e r  by a b a n d  in  t h e  r e g i o n  of l o w e r  f r e q u e n c i e s .  

The  l u m i n o p h o r e  Va  i s  m o r e  r e a d i l y  s o l u b l e  in  

o r g a n i c  s o l v e n t s  t h a n  V. T h i s  p r o v i d e s  t h e  p o s s i b i l i t y  

of  s e p a r a t i n g  a m i x t u r e  of t h e m  if t h e  s e p a r a t i o n  of 

t h e  i s o m e r s  i s  not  c a r r i e d  out  a t  i n t e r m e d i a t e  s t a g e s  

of  t he  s y n t h e s i s .  
The  u s e  of t h e  l u m i n o p h o r e s  V and  Va  o r  a m i x t u r e  

of t h e m  a s  d y e s  f o r  p o l y m e r i c  m a t e r i a l s - - i n  a m o u n t s  

of  0 . 0 0 1 - 0 . 0 1 %  of  t he  w e i g h t  of  t he  p o l y m e r - - m a k e s  i t  

p o s s i b l e  to o b t a i n  i n t e n s e  and  l i g h t - f a s t  f l u o r e s c i n g  

c o l o r a t i o n s  by t h e  d y e i n g  of  p o l y s t y r e n e  and  o t h e r  

p l a s t i c s  [5 ]. 

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

Condensation of 4- acetylnaphthalic anhydride with o- phenylene: 
diamine. A mixture of 34.2 g of 4-acetyluaphthalic anhydride, 23.1 g 
of o-phenylenediamine, and 350 ml of 1~ sulfuric acid was boiled 
under reflux for 8 hr. After the mixture had been cooled, the precipi- 
tate was fihered off, washed on the filter with water, and dried. The 
yield of the mixture of III and Ilia was 40 g (90%). Mp i98~ ~ C. 
Found, %. N. 8. 96, 9.15. Calculated for Cz0HlzN20~_ , %: N.8.97. 

Separation of a mixture of III and IIIa. Forty grams of the mix- 
ture of isomers obtained from 4-acetylnaphthalic anhydride and o- 
phenylenediamine, 400 ml of ethanol, and 80 ml of 1507oKOH was 
stirred with heating in the water bath for 6 hr. Then it was cooled to 
room temperature and the insoluble III was filtered off, washed on r.he 
filter with 150 ml of ethanol and 300 ml of water, and dried. It was 
then recrystallized from glacial acetic acid, chlorobenzene, and xy- 
lene. Yield 13 g, mp 248~ ~ C. Found, %: N 8.89, 9.02,. Calcu- 
lated for CzoHIsNzOz, ~ N8.97. 

The filtrate was diluted with a fourfold amount of water and the 
precipitate of IIIa that deposited was filtered off, washed on the filter 
with water (550-200 ml) and dried. The benzene solution was chroma- 
tographed on A120 z. Yield 9.5 g, mp 205~ * C. Found, %: N 8.84, 
8.72. Calculated for CzDHI2NzOz, %: N 8.97. 

Condensation of III and Ilia with anisaldehyde, a) A mixture of 2 g 
of III, 20 ml of ethanol, and 1.5 ml of anisaldehyde was boiled for 10 
rain. After the reaction mixture had been cooled to room temperature, 
20 ml of 10% NaOH was added and it was stirred for 3 hr, after which 
the precipitate was filtered off and washed on the fiher with 30 ml of 
ethanol and 50 ml of water and was dried. It was recrystallized from 
glacial acetic acid. The yield of IV was 1.4 g (51%), mp 233~ * 
C. Found, %: N 6.75, 6.70. Calculated for C~sHIsN203, %: N 6.51. 

b) The condensation of Ilia with anisaldehyde was carried out 
similarly. The yield of Ira from 2 g of IIIa was 1.6 g (59%), nap 207 ~  
208* C. Found, %: N 6.68, 6.52. Calculated for CzsHIsNzO3, %: N 6.51. 

5-(p- Methoxyphenyl)- 3-( 1, 8 - Naphthoylene- 5', 2'-benzimidazol- 
4-yl)-5-phenyl-A 2-pyrazoline (V). A mixture of 1 g of IV, 20 ml of 
ethanol, 50 ml of 10% NaOH, and 1 ml of phenylhydrazine was boiled 
under reflux for 3 hr. After cooling, the precipitate was filtered off, 
washed on the filter with ethanol (50 ml), and dried. A benzene solu- 
tion was chromatographed on A1203. Yield 0.9 g (787o), mp 263*-264 ~ 
C. Found, %: N 50.92, 10.87. Calculated for C~aHz4N4Oz, %: N 10.77. 

5-(p-Methoxyphenyl)-3-0, 8-naphthoylene-1 ', 2'-benzimidazol- 
5-yl)-l-phenyl-A~-pyrazoline (VA). This was synthesized analogously. 

The yield from 1 g of lVa was 0.85 g (70%)~ mp 241-242" C. Found, 
%: N 10.53, 10.65. Calculated for C34H24N402, %: N 10.77. 
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F i g .  2. A b s o r p t i o n  and  l u m i n e s c e n c e  

s p e c t r a  in t o l u e n e  of  V (1) a n d  Va (2). 

Oxidation of III and IIIa. a) A mixture of 7 g of III, 280 ml of a 
saturated solution of calcium hypochlorite, and 35 ml of 10% NaOH 
was boiled under reflux for 8 br and cooled, and the precipitate was 
filtered off and boiled with 100 ml of 10% HC1, again filtered off, 
and heated at the boil with 500 ml of 5qo sodium carbonate solution. 
Thefiltered solution was neutralized with hydrochloric acid. The 
precipitate that deposited was filtered off, washed with water, dried, 
and reerystallized from nitrobenzene. Yield 5.3 g (75%), mp> 300 ~ C. 
Found, %: N 8.97, 9.11. Calculated for CIgHIoN203, %: N 8.91. 

b) Compound Ilia was oxidized similarly. The yield of Via from 
3g of IIIa was 2.5 g (83%), mp >300 ~ Found, %: N 8.74, 8.62. 
Calculated for C19Ht0N203, %: N 8.91. 

4-Benzoyl-1, 8-naphthoylene-l', 2'-benzimidazole (VIII) was ob- 
tained by a published method [4] from VI and was purified by the 
chromatography of a benzene soh/tion on AlzO 3. Mp 198"-199" C 
(198~ ~ C [4]). 

5-Benzoyl-l,8-naphthoylene-l',2'-benzimiflazole (vlIa). Ob- 
tained similarly. Mp 235~ . C (235 ~ ~ C [4]). 
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