
A S T U D Y  O F  N A P H T H Y R I D I N E S  

III .* SYNTHESIS OF 4,4-DIARYL-1,4-DIHYDRO-2,3-BENZO-1,8-NAPHTHYRIDtNES 

M.  E .  K o n s h i n  a n d  V. P .  C h e s n o k o v  UDC547.823'834.2.07:541.132 

4 ,4 -Dia ry l - l , 4 -d ihydro -2 ,3 -benzo- l ,8 -naph thyr id ines  have been synthes ized by the cyc l iza-  
t ion of d iaryl  2-ary lamiaopyr id in-3-y l  ca rb ino ls .  The la t t e r  were  obtained by the reac t ion  of 
methyl  2 -a ry laminonico t ina tes  with a r y l m a g n e s i u m  hal ides .  With acid chlor ides ,  the 4 ,4 -  
d i a ry l - l , 4 -d ihydro -2 ,3 -benzo- l ,8 -naph thyr id ines  fo rm 1-acyl de r iva t ives .  The pK a values  of 
the 4,4 - d i a r y l - l , 4 -  d ihydro-2,3-benzo- l ,8-naphthyr idines  in nitrobe azene have been de te rmined ,  
and a co r r e l a t i on  has been  found of the pK a values  with the (r* constants  of the subst i tuents  
(r = 0.955, p* = -1 .53 ,  P Kaca l  c 2.51, s = 0.0i) 

4 ,4 -Dia ry l - l , 4 -d ihydro-2 ,3 -benzo- l ,8 -naph thyr id ines  have not been studied. The c loses t  s t ruc tu ra l  
analogs of these compounds a r e  the 9 ,9 -d ia ry ld ihydroac r id ines ,  which a r e  obtained by the i n t r amolecu la r  
cyct iza t ion  of d ia ry l  2 -a ry l amlnoamyl  carb inols  [2, 3]. It  appeared  of in te res t  to p e r f o r m  the synthes is  of 
d iaryl  2-ary laminopyr id in-3-yl  carb inols  and to study the poss ib i l i ty  of conver t ing them into 4 , 4 - d i a r y l - l , 4 -  
d ihydro-2 ,3 -benzo- l ,8 -naphthyr id ines ,  s ince the l a t t e r  a r e  p r o m i s i n g  for  the synthes is  of potent ial ly  p h y s i o -  
logical ly  ac t ive  compounds.  
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The d iary l  2-ary laminopyr id in-3-yl  carb inols  (I-VI, Table 1) were  obtained with good yie lds  by the r e -  
act ion of a r y l m a g n e s i u m  ha]ides with methyl  2 -a ry laminonico t ina tes .  They a re  co lo r l e s s  c rys ta l l ine  sub -  
s tances  read i ly  soluble in organic  so lvents .  With concent ra ted  sul fur ic  acid they give a rapidly  d i sappea r -  
ing colorat ion,  the appea rance  of which is apparent ly  due to the fo rmat ion  of a doubly-charged p y r i d i u m -  
carbonium ion. The IR s pec t r a  of compounds (I-VI), in which only the bands of f ree  hydroxy and amino 
groups  a re  observed ,  shows the absence  of i n t r amolecu l a r  hydrogen bonds in these compounds.  The r e a s o n  
for  this is the low bas ic i ty  of the amino groups in the carb inols  (I-VI). 

When acet ic  acid solutions of the carb inots  were  heated with cata lyt ic  amounts  of concentra ted  sul-  
fur ic  acid, i n t r am o l ecu l a r  cycl iza t ion  took p lace  with the fo rmat ion  of the 4 , 4 - d i a r y l - l , 4 - d i h y d r o - 2 , 3 - b e n -  
zo - l ,8 -naph thyr id ines  (VII-XII, Table 2) with good y ie lds .  Since with concent ra ted  sul fur ic  acid the carbinols  

* For  Communica t ion  II, see  [1]. 

P e r m  P h a r m a c e u t i c a l  Inst i tute.  T rans la t ed  f rom Khimiya Getero ts ik l icheskikh  Soedinenii, No. 1, pp. 
119-121, J anua ry ,  1974. Original  a r t i c l e  submit ted  J anua ry  30, 1973. 

�9 19 75 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N.Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy o f  this article is available from the publisher for $15.00. 

105 



T A B L E  1.  D i a r y l ~ 2 - A r y l a m i n o p y r i d i n - 3 - y l  C a r b i n o l s  (I-VI) 

Com- Empirical ~ :~"~ cm 
pound R R" Mp,, "C formula f~nd~lcalc.~ - - - -7  

I 
I1 

Iit 
IV 
V 

VI 

CHa 
H ]CHsO 

H Br 
p-CH~ CH,O 

168--170 
170--172 
150--151 
t77--179 
182--183 
180---182 

C~4H~N~O 
CmH~NzO 
C~sH~N~OI . 
C~HIsCIN~D 
C~Ht~BrN~O 
C~rH~N~O~ 

7.9 7,9 
7.6 7,6 
7,3 7,3 
7,2 7,2 
6,5 6,5 
62 6,8 

3600 3407 
3600 3407 
3603 3411 
3603 3400 
3603 3396 
3603 3407 

56 
49 
40 
31 
32 
45 

T A B L E  2 .  4,4-Diary l - l ,4 -d ihydro-2 ,3-benzo- l ,8-naphthyr id i  nes 
(VII-XtI) 

VII 
VIII 

IX 
X 

XI 
XII 

*pK a 

1 
R R, IMp, *-C 

H H 282--284 
CHa 255--257 

~CHzO 232--234 

:L o Br 270--272 
p-CHz 222--224 

Empirical 
formula 

i "' ~ ,~ pI<a in lit- 
. . . . . . . . . . . . . .  �91 I trobenzene 

found I ealc. ~ o I 

C24H~sN~ 8.5 
C2~H2oN.~ 7,9 
C25H2oN20 7,7 
Ce~H trCIN2 %5 
C24HI~BrNz 6,8 
C.oTH24N20 73 

8,4 !3424] 2.52• t5,98 180 
8,0 3428! 2,76-~0,06 15,74 84 
7,7 3432. 2,66• 15~ ,-4 69 
7,6 3428 2,1,9 ~: 0.05 |6~40 74 
6,8 3428 2,11• 16.3918o 
7,2 ,3426] -- [ - -  55 

f o r  diplmnylgttanidine in n i t r o b e n z e n e  8.5 + 0.02.  

T A B L E  3. 1 -Acy l -  4 , 4 -  d i a r y l - l , 4 -  d i h y d r o - 2 , 3 - b e n z o - l , 8 - n a p h t h y r i -  
d i n e s  (XIII-XVIII) 

C o m -  

pound 

XIll H H 
XIV 
xv ~ 

xvI 
XVIl H 

XVllt p-CHa 

R t R: 
Empirical 

Mp, *C formula 

CH3 241--243 
~p3C C6Hs 271--273 

CHa 196--198 
C6H~ 211--213 

Br CHa 240--242 
CH30 C6Hs 200--202 

C26Hu0N20 
CziH22NzO 
C27H~2N20~ 
CaH21CIN20 
C26H19BrN20 
C34H28N20~ 

N,% "h~ 

' talc~ .N found ' ~ 

t 
7,5 ] 7.4 85 
6'4 ~l 6.4 34 
6,8 6'9 37 
6,0 5,9 72 
6.3 6.2 59 
5.7 5,6 42 

g ive  h a l o c h r o m i c  s a l t s ,  the h y p o t h e s i s  m a y  be  put  f o r w a r d  tha t  the  m e c h a n i s m  of the  c y c l i z a t i o n  of t h e s e  
compounds  into the  n a p h t h y r i d i n e s  (VII-XII) in an ac id  m e d i u m  c o n s i s t s  in the f o r m a t i o n  of a c a r b o n i u m  ion 
which p l a y s  the  r o l e  of an e l e c t r o p h i l i c  agen t ,  a t t a c k i n g  the  n e i g h b o r i n g  b e n z e n e  r i n g .  The high a c t i v i t y  of 
the c a r b o n i u m  ion,  and a l s o  the  s p a t i a l  p r o p i n q u i t y  of the  pheny l  r a d i c a l ,  which  i s  the n u c l e o p h i l i c  r e a c t i o n  
c e n t e r ,  l e a d  to a h igh  r a t e  of c y c l i z a t i o n  which  i t  i s  i m p o s s i b l e  to c o n t r o l  unde r  the u s u a l  c o n d i t i o n s .  An 
a t t e m p t  to s tudy  the  UV s p e c t r a  of the  doubly- -charged  c a t i o n  (I) o r  (III) was  u n s u c c e s s f u l ,  s i n c e  i m m e d i a t e l y  
a f t e r  the  p r e p a r a t i o n  of s o l u t i o n s  of (I) and of (III) in  c o n c e n t r a t e d  s u l f u r i c  a c i d  they  g ive  the s p e c t r a  of the 
c a t i o n s  (VII) and  (IX), and not t h o s e  of the  h a l o c h r o m i c  c a t i o n s .  The n a p h t h y r i d i n e s  (VII-XII) a r e  c o l o r l e s s  
c r y s t a l l i n e  s u b s t a n c e s  s p a r i n g l y  s o l u b l e  in  the  u sua l  o r g a n i c  s o l v e n t s .  The s t r u c t u r e s  of t h e s e  compounds  
w e r e  c o n f i r m e d  by t h e i r  IR s p e c t r a ,  wh ich  con t a ined  a VNH band  a t  3424-3434 e m  -1 and,  un l ike  the  s p e c t r a  
o f ( I - V I ) , l a e k e d  the  band of a h y d r o x y  g r o u p .  T h e i r  i o n i z a t i o n  c o n s t a n t s  in  n i t r o b e n z e n e  w e r e  s tud i ed ,  and 
the v a l u e s  of ApK a r e l a t i v e  to the  p K  a va lue  of d i p h e n y l g u a n i d i n e  in the  s a m e  s o l v e n t  w e r e  c a l c u l a t e d  (Table  
2). The  p K  a v a l u e s  of (VII-XI) depend  on the s u b s t i t u e n t s  in  the b e n z e n e  r i n g  of the h e t e r o c y c l i c  s y s t e m  and 
fa l l  in  the  s e q u e n c e  of compounds  wi th  the  fo l lowing  s u b s t i t u e n t s :  CH 3 > CH30 > H > B r  > C1. Since  the  
s u b s t i t u e n t s  in (VII-XI) a r e  s e p a r a t e d  f r o m  the p y r i d i n e  r i n g  by  a n o - p h e n y l e n e  g roup ,  and a l s o  s e v e r a l  cr 
bonds ,  the  h y p o t h e s i s  can  be pu t  f o r w a r d  tha t  the  p K  a v a l u e s  of t h e s e  compounds  wi l l  c o r r e l a t e  wi th  T a f t ' s  
or* c o n s t a n t s  of the  s u b s t i t u e n t s  [4]. An a n a l y s i s  of the  P K a - c r *  r e l a t i o n s h i p  showed  tha t  a good  c o r r e l a -  
t ion  i s  o b s e r v e d  with  the  fo l lowing  c o r r e l a t i o n  p a r a m e t e r s :  r = 0.995; p* = - 1 . 5 3 ;  P K a c a l  c = 2.51; s = 0 ,01 .  
Compounds  (VII-XII) a r e  a c y l a t e d  by  a c i d  c h l o r i d e s  in  a b e n z e n e  m e d i u m  in  the  p r e s e n c e  of t r i e t h y l a m i n e  
wi th  the f o r m a t i o n  of 1 - a c y l - 4 , 4 - d i a r y l = l , 4 - d i h y d r o - 2 , 3 - b e n z o - l , 8 - n a p h t h y r i d i n e s  (XIII-XVIII, T a b l e  3} with  
y i e l d s  of 34 -85%.  
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E X P E R I M E N T A L  

The IR s p e c t r a  we re  taken on a IKS-14 in s t rumen t  using 0.005 M solutions in ca rbon  t e t r ach lo r ide  
(LiF p r i s m ) .  The ionizat ion constants  of the 4 , 4 - d i a r y l - l , 4 - d i h y d r o - 2 , 3 - b e n z o - l , 8 - n a p h t h y r i d i n e s  were  de-  
t e rmined  by the po ten t iome t r i c  t i t r a t ion  with a 0.1 N dioxane solution of p e r c h l o r i c  acid  of 0.005 M solu-  
tions of (VII-XI) in ni t robenzene,  using a LPM-60M po ten t iomete r  with g lass  and s i l ve r  chlor ide e l ec t rodes .  
The calcula t ion was p e r f o r m e d  by the usual  method [5] f rom eight points  cor responding  to 10-90% neutral i -  
zat ion.  

Diaryl 2-Arylaminopyridin-3-yl Carbinols (I-VI). A solution of 0.I mole of a methyl 2-arylaminonico- 
tinate [6] in 50 ml of anhydrous ether was added to the Grignard reagent obtained in the usual way from 0.03 
mole of an aryl bromide at 0.03 g-atom of magnesium. The mixture was heated for I h 30 min to 2 h and 
was then decomposed with a saturated solution of ammonium chloride. The ethereal solution was separated 
off and was treated with steam. The residue was crystallized from ethanol. 

4,4-Diaryl-l,4-dihydro-2,3-benzo-l,S-naphthyridines (VII-XII). A drop of concentrated sulfuric acid 

was added to a solution of 1 g of diaryl 2-arylaminopyridin-3-yl carbinol in I0 ml of glacial acetic acid, and 

the mixture was heated on the water bath for 30 min and was cooled and poured into I00 ml of water, and 

the precipitate that deposited was filtered off, treated with 10% sodium carbonate solution, washed with 

water, and crystallized from dioxane. 

l-Acyl-4,4-diaryl-l,4-dihydro-2,3-benzo-l,8-aaphthyridines (XIII-XVIII). A solution of 1 g of a 4,4- 
diaryl-l,4-dihydro-2,3-benzo-l,8-naphthyridine in 50 ml of anhydrous benzene was treated with 1 ml of tri- 

ethylamine, and then 0.I mole of an acyl chloride was added dropwise, after which the mixture was left at 

room temperature for 1 h and was poured into 10-16 ml of ice water and treated with steam. The residue 

was crystallized from acetone. 

1o 

2. 
3. 
4. 
5. 
6. 
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