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New c o n n e c t e d  h e t e r o c y c l i c  systems consis t ing of  qu ino l ine  or quin-  
oxa l ine  nuc le i  connec t ed  in posi t ion 2 with benzoxazo l e ,  b e n z o t h i a -  

zo le ,  or b e n z i m i d a z o l e  r ings h a v e  been syn thes ized .  The UV spec t r a  

of the  new substances have  been  s tudied and i t  has been  found tha t  the  

fo rmat ion  o f  a c o n n e c t e d  system causes an inc rease  in the  in tensi ty  of 

the  absorpt ion and a shift in the  l o n g - w a v e  par t  of  the  spec t rum.  

Conneeted n i t rogen-con ta in ing  heterocyel ic  sys tems  
in which the n i t rogen  atoms are adjacent  to the bond 
joining the nuclei  a re  in t e res t ing  beeause  of their  capac-  
ity for forming colored complexes with meta l  ions.  
Systems of two pyr id ine  or quinoline nuclei  are  well 
known to analys ts  who use these compounds for the 
photometry  of i ron  and copper. Less  well studied are  
the connected sys tems  consis t ing  of two different  he t -  
e roeye les .  In the p r e s e n t  work we faced the p rob lem 
of synthes iz ing  compounds containing quinoline or 
quinoxaline nucle i  in addition to condensed f i v e - m e r e -  
be red  he te roeyc les  with two heteroatoms.  The genera l  
fo rmulas  of the connected sys tems  that we obta ined  
are:  

R 

I X 

r=., %us and x=o, s, N. 

Of the nine subs tances  that we obtained, only 
2 - (benzo th iazo l -2 ' -y l )qu ino l ine  [1] (IV) and 2 - (benz im-  
idazo l -2 ' -y l )qu ino l ine  [2] (VII) have been descr ibed  in 
the l i t e ra tu re .  But for these compounds, as well, we 
have s impl i f ied  the method of synthes is  and cons ide r -  
ably inc reased  the yield. 

We synthes ized  connected heterocycl ic  sys t ems  
containing the benzoxazole  r ing  in two stages c o m p r i s -  
ing the p repa ra t ion  of the o-hydroxyani l  of the he te ro -  
cyclic  aldehyde and the oxidation of the anil  with lead 
te t raace ta te :  

~ _ < ~  "~ 

H ~  lead ~ O ~ / ~  
--ti t  tetracetate N 

Compounds containing benzothiazole r ings  were 
obtained by condensing the cor responding  aldehyde 
with di(2-aminophenyl)  disulfide 

This method enables  a higher yield to be obtained than 
that descr ibed  in the l i t e ra tu re  [1] cons is t ing  in heat -  
ing the anil,  sulfur ,  and quinaldine.  

The subs tances  with a benzimidazole  r ing  were ob-  
tained by heating a he terocycl ic  aldehyde with o -phenyl -  
enediamine  in the p re sence  of copper acetate: 

This synthes is  leads to higher yields and is cons ide r -  
ably s imp le r  than the method descr ibed  for 2 - (benz im-  
idazo l -2 ' -y l )qu ino l ine ,  which requ i res  the use of special  
ca ta lys ts  [2]. 

The p roper t i e s ,  yields,  and analyses  of the com-  
pounds that we obtained are  given in the table.  

We have studied the UV spec t ra  of the heterocycl ic  
compounds.  For  this purpose l igh t -absorp t ion  curves  
both of the connected heterocycles  and of the com-  
pounds composing the given sys tem were recorded.  
The re su l t s  a re  given in Figs.  1 -4 .  It can be seen 
f rom these that the format ion  of a connected he te ro-  
cyclic sys tem is always accompanied by a marked  in -  
c rease  in the in tens i ty  of the absorpt ion and by a shift 
in the absorpt ion  band towards the long-wave par t  of 
the spec t rum by 40-50  nm. This is equally valid for 
s y m m e t r i c a l  he terocycl ic  sys tems  consis t ing of s i m i -  
l a r  (Fig. 4) and of different  (Figs.  1-3)  nuclei .  This 

Com- 
pound 

I 
I1 

III 

IV 
V 

VI 
VII 

VIII 

IX 

Charac te r i s t i c s  of the Compounds Synthesized 

Name 

2-(Benzoxazol-2'-yl)quinoline 
2 -(Benzoxazol-2'-yl)-4-phenyl- 
quinoline 
2 -(Beuzoxa zol-2'-yl)quino - 
xaline 
2-(Benzothiazol-2'-yl)quinoline 
2-(Benzothiazol-2'-yl)-4-phenyl- 
quinoline 
2-(Benzot hiazol-2'-yl)quino xaliue 
2-( Benzimida zol-2'-yl)qulnoline 
2-(Benzimida zol-2'-yl)-4-phenyl- 
quinoline 
2-(Benzimidazol-2 '-yl) quinoxaline - 

Mp, " C Empirical 
formula 

10,75 [12.0 
8.56 9,21 

16,15 11.8I 
16,98/ - -  
13.38 - -  

22,58 - -  

8,69 - -  

17,00 

10,67i12,2 
8,28 9,4, 

15.95 12.1, 
17.14 I 
13.08 - -  

22.73 

173--4 
183--4 

183 

199--200 
240-- 1 

2~8 
220--1 

249--60 

Cl6HloN20 
C22HI4N20 

C~sHgNaO 

C16HIoN2S 
Cz~HI4N2S 

ClsHoNaS 
Ci6HnNa 
C22HIsN3 

ClsHloN4 

Calcu- 
Found, % lated, % ~ 

J 

N I S N S >" 

!,,.Oll ,1 8 

17.11 
17.26 

84 
62 

51 
45 
95 

50 
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Fig. 1. UV spectra: 1) 2-(ben- 
zoxazol-2'-yl)-4-phenylquinoline 
(II); 2) 2-Oacnzoxazol-2'-yl)quino- 
line (III); 4) benzoxazole (X); 5) 
quinoline (XI); 6) quinoxaline (XII). 
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Fig, 2. UV spectra: 1) 2-(benzo- 
thiazol- 2'-yl)-phenylquinoline (V); 
2} 2- (benzothiazol-2' -yl}quinoline 
(IV}; 3) 2-(benzothiazol-2'-yl} 
quinoxaline (VI}; 4) benzothiazole 
(XIII}; 5) quinolinc (XI}; 6} quin- 

oxaUne (XII). 
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e f f e c t  i s  o b v i o u s l y  c o n n e c t e d  wi th  an e n h a n c e m e n t  of c o n -  
j u g a t i o n  o v e r  the whole  m o l e c u l e  t h r o u g h  c o n j u g a t i o n  

b e t w e e n  the  c o n n e c t e d  n u c l e a r  s y s t e m s .  Th i s  can  a l s o  

exp l a in  the  i n c r e a s e  in  the  i n t e n s i t y  of a b s o r p t i o n  of 

the  2 8 0 - 3 0 0  n m  b a n d  when  a p h e n y l  g roup  is  i n t r o d u c e d  

in to  p o s i t i o n  4 of the  q u i n o l i n e  r i n g  ( c u r v e  1 in F i g s .  
1 - 3 ) .  

It i s  a l s o  i n t e r e s t i n g  to no te  tha t  the  u n s y m m e t r i c a l  

c o n n e c t e d  h e t e r o e y c l i c  s y s t e m s  have  m o n o t y p i e a l  l i g h t -  

a b s o r p t i o n  c u r v e s  wi th  t h r e e  b a n d s  (225 -235 ,  2 7 0 - 2 9 0 ,  

and 3 4 0 - 3 5 0  n m ) ,  whi le  the  UV s p e c t r a  of t h e  c o m p o -  

n e n t s  of t h e s e  s y s t e m s  d i f f e r  m a r k e d l y  f r o n  one  a n o t h e r  
in  d e p e n d e n c e  on the  h e t e r o a t o m .  

EXPERIMENTAL 

2-(Benzoxazol-2'-yl)quinoline (1). A solution of 7.85 g (0.05 mole) 
of quinoline-2-aldehyde in 85 ml of methanol was mixed with a solu- 
tion of 5.45 g (0.05 mole) of o-aminophenol in 25 ml of methanol. 
The mixture was heated to the boil, and after 15 rain it was cooled 
and the hydroxyanil of quinoline- 2- aldehyde that had deposited was 
filtered off. The dried product was triturated with 35 ml of glacial 
acetic acid and the suspension was added to a solution of 25 g of lead 
tetraeetate in 70 ml of glacial acetic acid. The mixture was left to 
stand at room temperature for 30 min and was then diluted with water 
to 300 ml. The brown precipitate that deposited was filtered off, dried, 
and purified by vacuum sublimation. The yield of pure product with 
mp 173-178" C was 3.2 g or 26% of theory. 
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Fig .  3. UV s p e c t r a :  1) 2 - ( b e n z i m i d a -  

z o l - 2 ' - y l ) - 4 - p h e n y l q u i n o l i n e  (VIII); 2) 
2 - ( b e n z i m i d a z o l e - 2  ' - y l ) q u i n o l i n e  (VII); 
3) 2 - ( b e n z i m i d a z o l -  2 ' - y l ) q u i n o x a l i n e  

(IV); 4) b e n z i m i d a z o l e  (XIV); 5) q u i n o -  

l ine  (XI); 6) XIL 

2-(Benzoxazol-2'-yl)-4-phenylquinoline (If) and 2-(benzoxazol- 
2'-yl)-quinoxaline (III) were obtained similarly using the corresponding 
aldehydes as the starting materials. Their yields and characteristics are 
given in the table. They form colorless crystalline products soluble in 
alcohols, ether, dichloroethane, xylene, and pyridine, and sparingly 
soluble in water. 

~-(Benzothiazol-2'-yl)quinoline (IV). A mixture of 7.85 g (0.05 
mole) of quinoline-2-aldehyde, 12.4 g (0.05 mole) of di(2-amino- 
phenyI)disulfide, and 40 mI of xylene was boiled under reflux for 2 hr. 

After cooling, yellow needles of 2-(benzothiazol-2'-yl)quinolinewere 
filtered off, washed on the filter with methanol, and recrystallized 
from xylene. 
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Fig .  4. UV s p e c t r a :  1) b e n z i m i d a z o l e  
(XIV); 2) qu ino l ine  (XI); 3) 2 , 2 ' - b i -  

qu ino ly l  (XV); 4) 2 , 2 ' - b i b e n z i m i d a z o l y l  

(XVI). 

2-(Benzothiazol-2'-yl)-4-phenylquinoline (V) and ~-(benzothia- 
zol-2'-yl)-quinoxaline (VI) were obtained by a similar method but 
starting from 4-phenylquinoline-2-aldehyde and quinoxaline-2-alde- 
hyde. The yields and characteristics of the compounds obtained are 
given in the table. The substances are soluble in xylene, ether, di- 
chloroethane, and pyridine, sparingly soluble in water, and moder- 
ateIy soluble in cold ethanol. 

2-(Benzimidazol-2'-yl)quinoline (VII). A l-liter round-bottomed 
flask fitted with a reflux condenser was charged with a solution of 10.8 
g (0.1 mole) of o-phenylenediamine in 150 ml of propanol, a solution 
of 7.85 g (0.05 mole) of quinoline-2-aldehyde in 100 ml of propanol, 
and 30 g of copper acetate dissolved in 300 ml of water. The mixture 
was heated in the water bath for 1 hr, during which the blue color of 
the copper acetate gradually disappeared and a brown precipitate of 
the copper salt of 2-(benzimidazol-2'-yl)quinoline separated out. Then 
it was cooled and the filtered-off residue was mixed with 300 ml of 
hot 70% methanol, and hydrogen sulfide was passed through until the 
copper had been completely precipitated. The copper sulfide was fil- 
tered off and washed with 75 mI of hot methanol, and the alcoholic 
extract was added to the previous filtrate. After the addition of 200 ml 
of water, a yellow precipitate of 2-(benzimidazol-2'-yl)quinoline 
precipitated, and this was crystallized from methanol. Yield 11.5 g. 

2-(Benzimldazol-2'-yl)-4-phenylquinoline (VIII) and 2-(benzim- 
Idazol-2'-yl)quinoxaline (IX, table) were obtained similarly from the 
corresponding aldehydes. The substances are readily soluble in alcohols, 
pyridine, and chloroform, and sparingly soluble in water. 

The UV spectra of the substances dissolved in specially purified 
95% ethanol were recorded on an SF-4A instrument. 
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