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Under the action of concentrated sulfuric acid, a number of arylhy- 
drazides of diarylgtycolic acids are converted into 4, 4-diaryl-3- 
oxo-1, 2, 3, 4-tetrahydrocinnolines. The cyclization reaction takes 
place through the intermediate formation of a haloehromic salt. The 
UV and IR spectra of the cinnoline derivatives have been studied. 

With concent ra ted  sulfur ic  acid, a ryIhydraz ides  
of d iarylglycol ic  acids ArNHNHCOC(OH)R 2 give halo-  
chromic  sal ts  [2]. The colorat ion is stable when the 
earb inol  carbon  atom b e a r s  p- and o -an i sy l  r e s idues ,  
l e s s  s table in the ease  of a p- to lyl  res idue ,  and un-  
stable with other  a ry l  groups.  When solut ions of the 
ha loehromic  sal ts  are  allowed to stand, the color  d is -  
appears~ As our inves t igat ions  have shown, the d i s -  
appearance  of the color  is connected with the conver -  
s ion of the ha lochromic  aryIhydrazide  sa l t s  into 
4, 4 - d i a r y l - 3 - o x o - 1 ,  2, 3, 4 - t e t r ahydroc inno l ines .  The 
eycl iza t ion reac t ion  takes place in anisole  in the p r e s -  
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Fig. 1. IR spectra :  1) I; 2) XI (the dashed l ines  
re la te  to 0.1% solut ions in CC14 at a l ayer  

th ickness  of 20 mm). 

ence of a smal l  amount  of concent ra ted  sulfur ic  acid 
in the following way: 

Ar Ar Ar Ar 

x .  C--OH X ~ C . c = O  

It 
X=H,  CHa, CH30 ; R=C6H~, p. ,.a.CH~CsHI, p.CIC6H~ 

The c innol ine  de r iva t ives  obtained a re  given in the 
table. They are  co lo r l e s s  c rys t a l l i ne  subs tances  solu-  
ble  in ethanol, benzene,  toluene, and other  organic  
solvents .  Heating them with acetic anhydride gave 
their  acetyl  der iva t ives  and heating with benzoyl 
chloride the i r  benzoyl  der iva t ives  (see table). 

Compound XV was obtained by independent  synthes is  
through the cycl iza t ion  of the f l -acetyl - f l -phenylhy-  

*For part XLV, see [i]. 

drazide of di(p-chlorophenyl)glycolic acid [3], which 
showed the position of the acyl group. 
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Fig. 2. NMR spec t rum of compound VL 

It can be seen from Fig. 1 that in the IR region the 

cinnoline derivatives lack the band of the stretching 

vibrations of the OH group that is present in the initial 
arylhydrazides [4]. In the 3000 cm -I region, solutions 
of the cinnoline derivatives show two well-defined bands 
at 3440 and 3316 cm -I due to the two NH groups. On 

passage to the crystalline form, the frequencies of 
these bands fall, which indicates their participation 
in the formation of intermolecular hydrogen bonds. 
In this region the crystalline acyl derivatives (XI) 
have only one band, at 3270 cm -I, due to the vibra- 

tions of one NH group. In solution its frequency rises 
to 3406 cm-z. 
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Fig. 3. UV spectra: 1) V; 2) XIX; 
3) VII; 4) VIII; 5) HI. 

The amide-I bands of the cinnoline derivatives have 
a frequency of 1688 cm -I in solution, and this falls to 
1667-1677 cm -i in the crystals, which indicate the 
involvement of the carbonyl group in an intermolecular 
hydrogen bond in this state. In the acylated cinnoline 
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CHaO 
CHaO 
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H 
CH2 
CHa 

CHaO 
CHaO 
CHaO 

N, (CHACO), % 

Ar 

CsHa 
p-CHaC6H4 
m-CH3CsH~ 

p-CIC6H~ 
C~H5 
C~H5 

p-CHaC~H~ 
m-CH~C6H4 

p-FC6H4 
C~Ha 
C~Ha 

p-CHaC6H~ 
p-CH~CsH~ 
m-CHaCaH4 

p-CIC6H~ 
p-CICsH~ 

C6Hs 
C6H5 
CsHs 

p-CttaC6H4 
m-CHaC6H4 

H 
CHACO 
C6HaCO 
CHACO 
C6HsCO 
C6HsCO 
CH3CO 
C6HaCO 
CHACO 
C6HsCO 
CHACO 
C~HaCO 
CsHsCO 

Mp*, ~ 

163--164 
175--176 
154--155 
189--190 
142--143 
150--151 

1188--190 
!144--146 
,158--I59 
162--163 
199--200 
219--220 
194--195 
140--141 
246--247 
236--238 
178--179 
181--182 
185--186 
166--167 
148--149 

Empirical 
formula 

CzoHx6N20 
C~2H2oN20 
C22H~oN~O 
C~oH~4CI2N20 
C21HIsN20 
C2~HIsN202 
C23H~N20~ 
C23H22N202 
C2~H~6F~N202 
C22HIsN20~ 
C27H2oN202 
C24HmN202, 
C29H24N202 
C29H24N20~ 
C~HI6CI2N202 
C~THI8CI2N202 
C23H=oN202 
C2sH~N20~ 
C2aH2oN2Os 
CaoHHsN20~ 
C3oH~N20a 

found 

9.16 
8.42 
8.48 
7.38 
9.02 
8.22 
7.61 
7.54 
7.81 

(I2.86) 
6.89 

(11.8t) 
6,38 
6.54 

(10.80) 
6.06 

(12,42) 
6.91 

(11.84) 
5.96 
5.91 

calcu- 
lated 

9.33 
8.59 
8s 
7.59 
8.91 
8.43 
7.82 
7.82 
8.08 

12.54 
6.93 

11.62 
6.48 
6.48 

10.46 
5.92 

12.08 
6,70 

i 1.56 
6,06 
6.08 

*Solvents for crystallization: for XII, glacial acetic acid; for XVI, toluene; for V, XVII, and XlX, 
benzene; and for the others, ethanol. 
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d e r i v a t i v e s ,  t h i s  b a n d  u n d e r g o e s  a b r o a d e n i n g  due  to 
the  i n t e r a c t i o n  of the  two c a r b o n y l s  in  the  CONHNHCO 
g r o u p i n g  [5]. The  f r e q u e n c i e s  of t h e s e  b a n d s  in  c o r n -  
pound  XI, 1661 and  1690 c m  -1, a r e  l o w e r  t h a n  in t he  

acy l  d e r i v a t i v e  of the  i n i t i a l  p h e n y l h y d r a z i d e  [6]. In 
s o l u t i o n ,  the  f r e q u e n c i e s  of t h e s e  b a n d s  r i s e .  The  
a m i d e - I I I  b a n d s  h a v e  a f r e q u e n c y  of 1250 e m  -1. In the  
c y c l i c  p r o d u c t s ,  a s t r o n g  b a n d  a p p e a r s  a t  1180 e m  -1 

w h i c h  i s  no t  p r e s e n t  in  t he  i n i t i a l  a r y l h y d r a z i d e .  T h i s  

b a n d  m a y  b e  c o n n e c t e d  w i t h  the  a p p e a r a n c e  of a new 

r i n g .  B e c a u s e  of the  s p l i t t i n g  out  of t he  h y d r o x y l  g r o u p ,  
c y c l i z a t i o n  l e a d s  to  t he  d i s a p p e a r a n c e  of t he  1060 e m  -1 
b a n d  t h a t  w a s  due  to the  s t r e t c h i n g  v i b r a t i o n s  of t he  

C--OH g r o u p  in t he  i n i t i a l  a r y l h y d r a z i d e s  [41. 

In the  NMR s p e c t r u m  of c o m p o u n d  VI (F ig .  2), t he  
p r o t o n s  of t he  m e t h o x y l  g r o u p  g ive  two s i n g l e t  l i n e s  of 
d i f f e r e n t  i n t e n s i t i e s  a t  3 .63 and  3 .67 ppm.  T h i s  m a y  
be  due to the  p r e s e n c e  of two c o n f o r m a t i o n s  d i f f e r i n g  
in  t he  l o c a t i o n  of t he  CH30 g r o u p  w i t h  r e s p e c t  to the  

p l a n e  of t he  b e n z e n e  r i n g .  T h e  p r e s e n c e  of two c o n -  

f o r m a t i o n s  i s  p o s s i b l e  b e c a u s e  of s t e r i c  h i n d r a n c e  
b e t w e e n  the  p h e n y l s  a t t a c h e d  to c a r b o n  a t o m  4. In t he  
r e g i o n  of a r o m a t i c  p r o t o n s ,  the  s t r o n g  s i g n a l  a t  

7.11 p p m  b e l o n g s  to the  p r o t o n s  of two m o n o s u b s t i t u t e d  
b e n z e n e  r i n g s .  The  q u a r t e t  a t  6 .67 a n d  7.03 p p m  i s  due  

to  the  o r t h o  a r r a n g e m e n t  of t he  p r o t o n s  of t he  c o n -  
d e n s e d  b e n z e n e  r i n g  ( p o s i t i o n s  7 and  8). The  s p l i t t i n g  
c o n s t a n t  J i s  8 Hz. The  s i n g l e  s i g n a l  a t  6 .47 p p m  (un-  
r e s o l v e d  m u l t i p l e t  w i t h  low c o n s t a n t s )  i s  due  to the  
p r o t o n  in  the  m e t a  p o s i t i o n  ( p o s i t i o n  5). 

In the  UV r e g i o n  (F ig .  3), t h e  e i n n o l i n e  d e r i v a t i v e s  
h a v e  a m a x i m u m  a t  2 3 2 - 2 3 4  nm ,  the  e x t i n c t i o n  of 
w h i c h  i s  h i g h e r  t h a n  in  the  i n i t i a l  a r y l h y d r a z i d e s  [6, 8] 

a n d ' d e p e n d s  on the  n a t u r e  of t he  a r y l s  a t t a c h e d  to the  

q u a t e r n a r y  a t o m .  T h e r e  i s  a s e c o n d ,  w e a k l y - e x p r e s s e d ,  
m a x i m u m  a t  276 n m ,  and  on a c y l a t i o n  ( c o m p o u n d  XIX) 
t h i s  b e c o m e s  s m o o t h e d  out.  In c o m p o u n d s  VII and  VIII,  
t h e r e  i s  a n  i n f l e c t i o n  in t he  300 n m  r e g i o n .  

In c o n c l u s i o n ,  I e x p r e s s  m y  t h a n k s  to Yu. N. S h e i n k e r  
f o r  a d v i c e  on t he  i n t e r p r e t a t i o n  of t he  N M R  s p e c t r a .  

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

3-Oxo-4,4-diphenyl-l, 2, 3, 4-tenahyd~ocinnoline (1). A solution 
of i g of benzilic acid phenylhydraxide [9] in 20 ml of dry anisole was 
treated with 1 ml of concHzSO ~ The violet coloration that appeared 
rapidly disappeared after shaking. The reaction product was isoIated 
after treating the reaction mixture with water. Compound ! is soluble 
in ethanol, toluene, and g!acial acetic acid. Found, %: C 79.63; 
H 5.42. Calculated, %: C 80.00: H 5.33. 

Compounds II-IX were obtained similarly from the corresponding 
arylhydrazides [8-11] (see table). 

l-Acetyl-3 -oxo-4, 4-diphenyl-l, 2, 3, 4-tetrahydrocinnoline (X). 
A solution of 1 g of I in 10 ml of acetic anhydride was heated in the 

water bath. On cooling and dilution with water, the reaction product 
separated out. The acyi derivative X is soluble in ethanol, glacial 
acetic acid, and toluene. 

Compounds XII, XV, XVII, and XIX were obtained similarly (see 
table). 

l-Aeetyl-4, 4-di(p-chlorophenyl)-3-oxo-l, 2, 3,4-tetrahydrocin- 
noline (XV). A solution of 1 g of di(p-chlorophenyl)glycolic acid 
~-acetyl-B-phenylhydrazide [3] in anisole was treated with i ml of 
cone HzSO 4. The violet coIoration that appeared rapidly disappeared. The 
reaction product separated when the mixture was treated with water, 
Yield 0.4 g (44~ Mp 246-247 ~ C. A mixture with the compound 
XV obtained by the acetylation of IV gave no depression of the melt- 
ing point. 

l-Benzoyl-3-oxo-4, 4-diphenyl-l, 2, 3, 4-tetr ahydrocinnoline (Xl). 
A solution of 1 g of I in dry benzene was heated with 1 g of bcnzoyl 
chlmide for i hr. After cooling, the reaction product separated out. 
The benzoyl derivative XI is soluble in ethanol, glacial acetic acid, 
and toluene. 

Compounds XItI, XIV, XVI, XVIII, XX, and XXI were obtained 
similarly. 

The IR spectra were obtained on a UR-10 spectrophotometer using 
mulls in paraffin oil and solutions in CC14. The NMR spectra were 
obtained on a INM-4H-I00 spectrometer using 10% solutions in CC14. 
The UV spectra were obtained on an SF-4 spectrophotometer using 
ethanolic solutions. 
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