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SYNTHESIS OF DIALKYL ESTERS OF ARYLAMINO(2-PYRIDYL)METHYL- 

PHOSPHONIC ACIDS 

B.  P .  L u g o v k i n  

K h i m i y a  G e t e r o t s i k l i c h e s k i k h  S o e d i n e n i i ,  Vol .  4 ,  No. 1, pp. 1 1 7 - 1 2 0 ,  1968 

UDC 5 4 7 . 5 7 4 . 4 + 5 4 6 . 1 8 3 + 5 4 7 . 8 2 1  

Crystalline dialkyl esters of arylamino(2-pyridyl)methylphosphonic 
acids have been synthesized by the reaction of 1-pyridylazomethines 
with dialkyl phosphites ha the presence of sodium alkoxides. When 
(x-pyridinealdehyde was condensed with dialkyl phosphites in the 
presence of sodium alkoxides, dialkyl esters of hydroxy(2-pyridyl) 
methylphosphonic acids were obtained in the form of viscous liquids. 
These compounds were identified in the form of the crystalline me- 
thiodides. 

In  a d e v e l o p m e n t  of a n  i n v e s t i g a t i o n  of t he  p r o p -  

e r t i e s  of 2 - p y r i d y l a z o m e t h i n e s  [1], we h a v e  s t u d i e d  

t h e i r  c o n d e n s a t i o n  w i t h  d i a l k y l  p h o s p h i t e s .  
By  A.  N. P u d o v i k ' s  r e a c t i o n  [2], we h a v e  a c h i e v e d  

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

p h i t e s  to  t he  a z o m e t h i n e  g r o u p i n g  of 2 - p i c o l y l i d e n e -  

a n i l i n e ,  2 - p i c o l y l i d e n e - m - t o l u i d i n e ,  a n d  2 - p i c o l y l i -  

d e n e - p - t o l u i o i n e ,  and  a l s o  t he  a d d i t i o n  of d i m e t h y l  

and  d i e t h y l  p h o s p h i t e s  to  t h e  a z o m e t h i n e  g r o u p i n g  of 

2 - p i c o l y l i d e n e -  o - - to lu id ine ,  2 - p i e  o l y l i d e n e - c e - n a p h -  

t h y l a m i n e ,  a n d  2 - p i c o l y l i d e n e :  / 3 - n a p h t h y l a m i n e  in  t h e  

p r e s e n c e  of s o d i u m  a l k o x i d e s .  

R'ONa ~ [ -- -- 

I 
PO(OR)2 

( I -xv)  

T h e  d i m e t h y l ,  d i e t h y l ,  a n d  d i i s o p r o p y l  e s t e r s  Of 
a r y l a m i n o ( 2 - p y r i d y l ) - m e t h y l p h o s p h o n i c  a c i d s  o b t a i n e d  

(I---XV) f o r m  c r y s t a l l i n e  s u b s t a n c e s  s t a b l e  on s t o r a g e  

in t h e  a i r .  T h e y  a r e  s o l u b l e  in  o r g a n i c  s o l v e n t s  ( s p a r -  

i n g l y  in  e t h e r )  and  i n s o l u b l e  in  w a t e r ;  t h e y  g i v e  p i c -  

r a t e s  in  t h e  f o r m  of y e l l o w - g r e e n i s h  and  y e l l o w  c r y s -  

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

s i z e d  a r e  g i v e n  in  T a b l e  1. 

A p a r t  f r o m  t h e  i n v e s t i g a t i o n s  d e s c r i b e d  a b o v e ,  t h e  

r e a c t i o n  of ~ - p y r i d i n e a l d e h y d e  w i t h  d i e t h y l ,  d i i s o p r o -  

pyl ,  and  d i i s o b u t y l  p h o s p h i t e s  h a s  b e e n  s t u d i e d .  

T h e  a d d i t i o n  of  d i a l k y l  p h o s p h i t e s  to  t h e  c a r b o n y l  
g r o u p  [3] of t h e  a l d e h y d e  t a k e s  p l a c e  in  t h e  p r e s e n c e  

of s o d i u m  a l k o x i d e s .  T h e  c o n d e n s a t i o n  p r o d u c t s  

p r o v e d  to  b e  v i s c o u s  n o n c r y s t a l l i z i n g  l i q u i d s  s o l u b l e  

in  w a t e r .  By  t h e i r  r e a c t i o n  w i t h  m e t h y l  i o d i d e  i t  w a s  

p o s s i b l e  to  i d e n t i f y  t h e  d i e t h y l ,  d i i s o p r o p y l ,  and  d i i s o -  

b u t y l  e s t e r s  of h y d r o x y ( 2 - p y r i d y l )  m e t h y l p h o s p h o n i c  

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

o d i d e s  (XVI, XVII,  XVII I ) .  T h e s e  s u b s t a n c e s  a r e  
r e a d i l y  s o l u b l e  in  w a t e r ,  m e t h a n o l ,  e t h a n o l ,  and  

g l a c i a l  a c e t i c  ac id ,  a n d  l e s s  r e a d i l y  in  a c e t o n e ,  a n d  

a r e  i n s o l u b l e  in  e t h e r ,  c h l o r o f o r m ,  and  b e n z e n e .  

R'ON~ ~ C"~I. 
+ H OP(OR) 2 

OH O 

R=C2H~ (XVI); 

N \CHOH--PO(OR) :z  
I 
CH 3 I - 

;=C3Hr (XVII);  i-C~H9 (XVl l l ) .  

The IR spectra of the methiodides XVI, XVII, and 

XVIII, have strong broad absorption bands character- 

istic for hydroxy groups (OH) at 3220 cm -I and strong 

bands (~) in the ~ 1252--1270 cm -I region. Table 2 

gives the characteristics of the methiodides obtained. 

EXPERIMENTAL 

Synthesis of esters of arylamino(2-pyridyl)methylphosphonic acids 
(I-XV). A saturated anhydrous alcoholic solution of a sodium alkoxide 
was added to a mixture of a 2-pyridylazomethine and a dialkyl phos- 
phite (~25% excess): for dimethyl and diisopropyl phosphites, 0.2 ml 
of sodium methoxide in each case; for diethyl phosphite, 0.5 ml of 
sodium ethoxide. The reaction mixture was stirred, and heat was 
evolved, (the temperature rose between 30 ~ and 62 ~ C); to complete 
the condensation the mixture was heated to 85~ ~ C for 1-2 ram. 
The reaction products, in the form of viscous liquids in the majority 
of the experiments, were dissolved in dry ether (in small amount). On 
the following day (in some experiments after a long time of standing 
with cooling), the crystals that had deposited were filtered off and 
washed. All the esters were recrystallized from xylene with previous 
filtration from an amorphous residue. Substance XI was heated with 
activated carbon in xylene; after the solvent had been evaporated, a 
viscous liquid, which crystallized on standing, was obtained. The 
picrates of the esters were obtained in ethanolic solution. 

Synthesis of the methiodides of the dialkyl hydroxy(2-pyridyl)me- 
thylphosphonates (XVI-XVII19. With shaking, a saturated alcoholic 
solution of a sodium alkoxide was added in drops to a mixture of a -  
pyridinealdehyde and a dialkyl phesphite (~ 10%): for diethyl phos- 
phite, 0.2 ml of sodium ethoxide, and for diisopropyl and diisobutyl 
phosphites, 0.2 ml of sodium methoxide in each case. The conden- 
sation took place with a rise in the temperature (between 50 and 30~ 
to complete the reaction the mixture was heated to 85~ ~ C for 
1-2 rain. The sirupy liquids were dissolved in dry ethyl ether, and 
3 ml of methyl iodide was added in each case. After standing for 7 days 
at room temperature, the crystalline methiodides that had deposited 
were filtered off, washed, and squeezed out under the press. They 
were recrystallized from acetone. Colorless crystalline methiodides 
of the esters were obtained. Additional amounts were isolated from 
the acetonic mother liquor. 

The IR spectra* of the methiodides of the dialkyl hydroxy(2-pyri- 
dyl)-methylphosphonates (XVI-XVIII) were taken on a UR-10 spec- 
trophotometer in the form of mulls in paraffin oil. 

*I t h a n k  O. Z o l o v a  f o r  r e c o r d i n g  t h e  IR s p e c t r a  in  t h e  
B u t l e r o v  K a z a n  C h e m i c a l  I n s t i t u t e .  
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T a b l e  2 

S y n t h e s i s  of E s t e r s  of H y d r o x y ( 2 - p y r i d y l ) m e t h y l p h o s p h o n i c  

A c i d  and the  C h a r a c t e r i s t i c s  of t h e i r  M e t h i o d i d e s  , ,~3-~"-~(~ 
OH O 

Methio- 
dide R 
o f the  
ester 

XVI C2Hs 

XVII i-C3H7 

XVIII /-C4H0 

Amounts of 
reactants, Mp, 

! g (mM) "C, 

- of the 
a-py- dlal- methi- 
ridine- kyl odide 
aide - phos- 
hyde phate 

2.121,11 
(15.34) I 

1401(II[51) 2.55 I 146 
(15.35) I 

1.5 2.99 151 
(14.01) (15.39) 

Empirical 
formula 

CI1HjglNO4P 

C1aH23INO4P 

C1~H~7I NO4P 

Found, % Calculated, 
% 

I P I P 

32.49 8.29 32.78 8.01 

30.73 7.50 30.57 7.47 

28.42 7.18 28.64 6.99 

Yield 
% 

24.0 

60.8 

64.5 
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