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FORMATION tlSCHANISM OF' 2-(N-ALKYL-4-CHLOROBUTYLAMINO)-4-CHLORO- 

QUINAZOLINE 

Hidek i  R i k i  

Resea r ch  L a b o r a t o r i e s .  A g r i c u l t u r a l  C hemica l s  D i v i s i o n ,  Takeda 

Chemical  I n d u s t r i e s .  LTD.. Juso-honmachl ,  Yodogawa-ku. Osaka 
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A b s t r a c t  - The r e a c t i o n  o f  2,4(1H,3H)-quinaaolinedione ( 1 )  

w i t h  N - a l k y l p y r r o l i d i n e  i n  p h o s p h o r y l  c h l o r i d e  u n d e r g o e s  r e a d i l y  

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

p h o s p h a t e  and  a q u a t e r n a r y  ammonium s a l t  i n  sequence, which decom- 

p o s e s  t o  g i v e  2 - ( N - a l k y l - ~ - c h l o r o b u t y l a m i n o ) - l - c h l o r o q u i n a z o l i n e  

3 A c o n c e i v a b l e  r e a c t i o n  mechanism i s  d i s c u s s e d .  

I n  t h e  p r e c e d i n g  pap&.) t h e  a u t h o r  h a s  r e p o r t e d  t h a t  i n  t h e  r e a c t i o n  of 1 w i t h  
,-L 

p h o s p h o r y l  c h l o r i d e  i n  t h e  p r e s e n c e  o f  e x c e s s  N - a l k y l p y r r o l i d i n e ,  t h e  hydroxy g roups  

o f  2- and  4 - p o s i t i o n  o f  q u i n a a o l i n e  n u c l e u s  are r e p l a c e d  by t h e  N-a lky l -4 - ch lo ro -  

bu ty l amino  group and  t h e  c h l o r i n e  t o  g i v e  2 , L - d i c h l o r a q u i n a z o l i n e  ( 2 )  and  3, and  
h/ 

t h e  p r o d u c t s  r a t i o  i s  markedly  a f f e c t e d  by t h e  b u l k i n e s s  r a t h e r  t h a n  t h e  b a s i c i t y  

o f  N - a l k y l p y r r o l i d i n e ,  
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Chart 1 

Forma t ion  of 3 i s  p a r t i c u l a r l y  i n t e r e s t i n g  i n  t h e  f o l l o w i n g  r e s p e c t :  f i r s t ,  an 
IV 

a l k y l a m i n o  group i s  i n t r o d u c e d  t o  t h s  2 - p o s i t i o n  o f  q u i n a z o l i n e  n u c l e u s .  Nucleo- 

p h i l i c  r e a c t i o n s  a t  t h e  4 - p o s i t i o n  p r o c e e d  more r a p i d l y  t h a n  a t  t h e  2 - p o s i t i o n  o f  

z?.'~) Secondary :  an N-alkyl-4-chlorobutylamina group i s  i n t r o d u c e d  t o  q u i n a a o l i n e  
% 

n u c l e u s  i n  a o n e - p o t  r e a c t i o n .  

T h i s  communica t ion  d e a l s  w i t h  ex?erimental r e s u l t s  and  d i s c u s s i o n  on t h e  forma- 

t i o n  mechanism of 2 from 

I t  was c o n s i d e r e d  t o  i n v o l v e  one o f  t h r e e  compounds, 2, 2 -ch lo ro -L (7H) -qu ina -  
I.. 



zo lone  ( 4 )  o r  d i c h l o r o p h o s p h a t e  ( 5 ) ,  as an i n t e r m e d i a t e  o f  t h i s  r e a c t i o n .  Fol low-  

i n g  i n v e s t i g a t i o n s w e r e  u n d e r t a k e n  f o r  o b t a i n i n g  i n f o r m a t i o n  a b o u t  t h e  i n t e r m e d i a t e .  

Chart 2 

Compound 2 was r e a c t e d  w i t h  e x c e s s  p h o s p h o r y l  c h l o r i d e  in t h e  p r e s e n c e  of excess  
N 

N - m e t h y l p y r r o l i d i n e .  b u t  i l i a 8  r e c o v e r e d .  

5 )  When compound 4 s y n t h e s r z e d  by t h e  method o f  Lange e t  a l .  was worked up i n  a 
4 

s i m i l a r  r e a c t i o n  c o n d i t i o n ,  compound 3 was t h e  o n l y  i s o l a t e d  p r o d u c t  and  t h e  e x p e c t -  

ed 4 - c h l o r o - 2 - ( 4 - c h l o r o - N - m e t h y l b u t y l a m i n o ) q i n i n e  ( 3 a )  c o u l d  not d e t e c t e d .  

From t h e s e  r e s u l t s ,  t h e  p o s s i b l i t i e s  t o  i n v o l v e  2 o r  4 as  a n  intermediate i n  
, ,V 

t h e  f r o m a t i o n  p r o c e s s  o f  2 were exc luded .  

A n y  a t t e m p t s  t o  d e t e c t , ?  were u n s u c c e s s f u l .  However, when compound: was re-  

a c t e d  w i t h  1 . 1  mol e q u i v a l e n t s  of  p h o s p h o r y l  c h l o r i d e  i n  the  p r e s e n c e  o f  A-methyl- 

p y r r a l i d i n e ,  2 - ( 4 - c h l o r o - N - m e t h y l b u t y l a a i n o ) - 4 ( 3 H ) - q u i n  ( 6 )  was o b t a i n e d .  

The c h l o r i n a t i o n  of 6  w i t h  p h o s p h o r y l  c h l o r i d e  i n  t h e  p r e s e n c e  o r  absence o f  N-methyl- - 
p y r r o l i d i n e  y i e l d e d  3 a .  These  r e s u l t s  show t h a t  5 a n d  6 may be i n v o l v e d  as i n t e r -  

"? ,\ ," 
media t e .  

Consequen t l y ,  a p l a u s i b l e  mechanism f o r  t h e  reaction of 1 w i t h  p h o s p h o r y l  c h l o -  
& 

r i d e  i n  t h e  p r e s e n c e  of e x c e s s  N - a l k y l p y r r o l i d i n e  i s  c o n s i d e r e d  a s  shown i n  C h a r t  3.  

I t  seems t o  be q u i t e  p r o b a b l e  t h a t  t h e  r e a c t i o n  p r o c e e d s  i n i t i a l l y  t h r o u g h  t h e  

f o r m a t i o n  of  5 and  t h e n  i t  may be a t t a c k e d  by c h l o r i d e  a n i o n  o r  t e r t i a r y  amine t o  
r% 

g i v e  4 and 7, r e s p e c t i v e l y .  i )  When t h e  a l k y l a m i n e  such  a s  N-methyl- ,  N -e thy l - ,  
r. A. 

N-propyl -  o r  N - b u t y l p y r r o l i d i n d ) i s  u sed  as a b a s e  i n  t h e  c h l o r i n a t i o n  o f  1 ,  t h i s  
A, 

m i n e  r e a c t  w i t h  i n t e r m e d i a t e  5  t o  fo rm q u a t e r n a r y  ammonium s a l t  7. I n t e r m e d i a t e  - w 

7 i s  c o n v e r t e d  t o  6  v i a  d e g r a d a t i o n  r e a c t i o n  s i m i l a r  t o  t h e  r e a c t i o n  of von Braun 
h & 

6 )  t y p e ,  which i s  c h l o r i n a t e d  t o  g i v e  3. ii) When t h e  bu lky  a l k y l a m i n e  such  as N-sec- 
& 

b u t y l -  o r  N - t e r t - b u t y l p y r r o l i d i n e l '  i s  u sed  as  a b a s e ,  i n t e r m e d i a t e  5  can n o t  be 
PJ 

r e a c t  w i t h  t h i s  arnine and  i s  a t t a c k e d  by c h l o r i d e  a n i o n  t o  g i v e  4. Compound 4 i s  
P" N 

i n s t a n t l y  c o n v e r t e d  t o  2 w h l c h  i s  n o t  r e a c t e d  any  mare w i t h  t h e  amine u n d e r  t h i s  

r e a c t i o n  c o n d i t i o n .  

T h i s  mechanism can r e a s o n a b l y  e x p l a i n  t h a t  t h e  c h l o r i n a t i o n  o f  1 w i t h  p h o s p h o r y l  
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c h l o r i d e  i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e  g i v e  4-chloro-2-diethylaminoquina~oline 

i n s t e a d  o f z ,  w h i l e  when t r i p r o p y l a m i n e  i s  u s e d  as  a b a s e  i n  p l a c e  of  t r i e t h y l a m i n e ,  

compound 1 i s  smooth ly  c o n v e r t e d  t o  Z7> T h i s  mechanism i s  comparable  w i t h  t h a t  t h e  
Y * 

p roposed  mechanism f o r  t h e  r e a c t i o n  of p h o s p h o r y l  c h l o r i d e  a d d u c t s  of a c i d e  amides  

w i t h  amines  t o  g i v e  a m i d i n e s  by n u c l e o p h i l i c  a t t a c k ? )  

1 

NH 

POCI, 

6 O -. 

Chart 3 

AS t h e  r e s u l t s  o f  t h e s e  s t u d i e s ,  i t  h a s  become a p p a r e n t  t h a t  t h e  p r o d u c t s  r a t i o  

depends  an  t h e  b u l k i n e s s  r a t h e r  t h a n  t h e  b a s i c i t y  o f  t h e  a l k y l a n i n e  u s e d .  

R e a c t i o n  of 2 2  - A m i x t u r e  

o f  2 ( 1 . 0  g )  and  N - m e t h y l p y r r o l i d i n e  ( 3  m l )  i n  p h o s p h o r y l  c h l o r i d e  ( 8  ml )  was s t i r -  
2. 

r e d  a t  80.85' f o r  30  min. The r e a c t i o n  m i x t u r e  was pou red  i n t o  i c e - w a t e r  t o  r k c o v e r  



2  q u a n t i t a t i v e l y .  
.n, 

Compound 4  
-" 

was r e a c t e d  w i t h  a s i m i l a r  p r o c e d u r e  d e s c r i b e d  above  t o  g i v e z ,  mp 116-118"  ( 9 0  8 ) .  

A m i x t u r e  of  1 (3.2 
w 

g ) ,  p h o s p h o r y l  c h l o r i d e  (3 .L  g )  and  N - m e t h y l p y r r o l i d i n e  ( 3 . 5  g )  i n  a c e t a n i t r i l e  

( 300  "1)  was s t i r r e d  a t  80-85' f o r  8  h r .  The h a t  r e a c t i o n  m i x t u r e  w a s  f i l t e r e d  t o  

r e c o v e r  u n r e a c t e d  1  (1 .8  g )  and  t h e  f i l t r a t e  was c o n c e n t r a t e d  i n  vacuo t o  d r y n e s s .  
< 

The r e s i d u e  was r e c r y s t a l l i z e d  f rom a c e t o n i t r i l e  t o  g i v e  1 . 8  g  o f 2  (78 .3  $ 1  as  

c o l o r l e s s  n e e d e l e s .  mp 152'. PMR (CDC13): 1.49-2.21 (LH. m. CHz), 3 . 26  (3H. s .  CHJ). 

3.40-3.90 (LH, m ,  CH2), 7.05-8.32 (AH, m ,  Ar-H),  1 1 . 5  ( l ~ ,  b r - s ,  N H ) .  I R  ( n u j o l ) :  

3150 cm" (NH). MS m/e : 265 (M+) .  

C h l o r i n a t i o n  of  6  - N - M e t h y l p y r r o l i d i n e  ( 6  ml) w a s  added  t o  a m i x t u r e  o f  6  * 
( 1 . 5  g )  and  phospho ry l  c h l o r i d e  (15  ml )  a t  80-85' .  The m i x t u r e  was s t i r r s d  f o r  20 

min. A f t e r  t h e  excess amounts  of  p h o s p h o r y l  c h l o r i d e  and  N - m e t h y l p y r r o l i d i n e  were 

evapora ted  o f f  i n  vacuo, t h e  r e s i d u e  was d i s s o l v e d  i n  20 m l  o f  ch lo ro fo rm .  The 

ch loroform s o l u t i o n  was washed w i t h  w a t e r ,  s a t d .  NaHCOj aq. and s a t d .  NaCl a q .  sol"- 

t i a n  i n  s equence .  A f t e r  d r y i n g  o v e r  magnesium s u l f a t e ,  t h e  ch lo ro fo rm  l a y e r  was 

c o n c e n t r a t e d  t o  g i v e  1 . 4  g  o f  3 ( 8 7 . 5  $ )  as  a p a l e  y e l l o w  o i l .  The IR and  PWt 

s p e c t r a  of t h e  p r o d u c t  were i d e n t i c a l  w i t h  t h o s e  o f  4-chloro-2-(4-chloro-N-methyl- 

b u t y l a m i n o ) q u i n a a o l i n e  ( 3 )  o b t a i n e d  d i r e c t l y  f r o m  k. 
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