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The  s y n t h e s i s  of  p y r i d y l - 2 - a m i d o p h o s p h o r i e  d i e t h y l e n e i m i d e s  con ta in ing  v a r i o u s  s u b s t i t u e n t s  in the  
3- ,  5 - ,  and  6 - p o s i t i o n s  of  the  r i n g  was  u n d e r t a k e n  as  an e x t e n s i o n  of the s tudy  [1] to ob ta in  a n t i t u m o r i g e n i c  
c o m p o u n d s .  

The  p r e p a r a t i o n  of  only  the  d i e t h y l e n e i m i d e  of p y r i d y l - 2 - a m i d o p h o s p h o r i c  ac id  by r e a c t i o n  of e t h y l -  
e n e i m i n e  with p y r i d y l - 2 - a m i d o p h o s p h o r i c  d i c h l o r i d e  is  d e s c r i b e d  in a B r i t i s h  p a t e n t  [2]. The s t a r t i n g  p h o s -  
p h o r i c  d i c h l o r i d e  was  p r e p a r e d  by  r e a c t i o n  of  2 - a m i n o p y r i d i n e  with p h o s p h o r u s  t r i c h l o r i d e .  

I t  was p r e v i o u s l y  found [3,4] t ha t  p y r i m i d y l - 2 - a n d  p y r i m i d y l - 4 - a m i d o p h o s p h o r i c  c h l o r i d e s  a r e  c o n -  
v e n i e n t l y  ob t a ined  by p h o s p h o r y l a t i o n  of  a m i n o p y r i m i d i n e s  with p h o s p h o r u s  p e n t a c h l o r i d e .  M o r e o v e r ,  i t  was 
shown tha t  the  p r i m a r y  r e a c t i o n  p r o d u c t s  a r e  m o n o m e r i c  t r i c h l o r o p h o s p h a z o p y r i m i d i n e s  which  a r e  con-  
v e r t e d  in a l m o s t  q u a n t i t a t i v e  y i e l d  to p y r i m i d y l - 2 -  and p y r i m i d y l - 4 - a m i d o p h o s p h o r i c  d i c h l o r i d e s  by  r e -  
a c t i on  with a n h y d r o u s  f o r m i c  ac id .  In th i s  p a p e r ,  th is  r e a c t i o n  is e x t e n d e d  to the  a m i n o p y r i d i n e  s e r i e s .  I t  
m i g h t  be e x p e c t e d  tha t  s i n c e  the  e l e c t r o n  d e n s i t y  on the e x o c y c l i c  n i t r o g e n  a t o m  in the 2 - a m i n o p y r i d i n e s  is  
low [5], they  wi l l  r e a c t  with p h o s p h o r u s  p e n t a c h l o r i d e s  in a m a n n e r  s i m i l a r  to tha t  of  the  a m i d e s  of  c a r -  
boxy l i c  a c i d s  [6], i . e . ,  to f o r m  m o n o m e r i c  t r i c h l o r o p h o s p h a z o p y r i d i n e s .  

The  r e a c t i o n  of  2 - a m i n o p y r i d i n e s  (I) with p h o s p h o r u s  p e n t a c h l o r i d e  was c a r r i e d  out  in r e f l u x i n g  b e n -  
z e n e  u n d e r  n i t r o g e n ;  the  end p o i n t  of  the  r e a c t i o n  was d e t e r m i n e d  f r o m  c e s s a t i o n  of  the  evo lu t ion  of  h y d r o -  
gen  c h l o r i d e ,  which  was t r a p p e d  and b a c k - t i t r a t e d .  In a l l  c a s e s ,  two equ iva l en t s  of  h y d r o g e n  c h l o r i d e  w e r e  
evo lved ,  whi l e  only one e q u i v a l e n t  was  evo lved  in the r e a c t i o n  of  2 - a m i n o -  and 2 - a m i n o - 6 - m e t h y l p y r i d i n e s  
with p h o s p h o r u s  p e n t a c h l o r i d e .  In th is  c a s e ,  t r i c h l o r o p h o s p h a z o p y r i d i n e  h y d r o c h l o r i d e s  w e r e  a p p a r e n t l y  
f o r m e d  as  in the  a m i n o p y r i m i d i n e  s e r i e s  [4]. The  t r i c h l o r o p h o s p h a z o p y r i d i n e s  (II) o r  t h e i r  h y d r o c h l o r i d e s  

T A B L E  1. P y r i d y l - 2 - a m i d o p h o s p h o r i e  D i c h l o r i d e s  [III) 
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Empirical formula 

CsH4CI,~N20P 
C~H4BrCt2N~OP 
CsH4ICI2N20P 

C~HsBIC1 aN 20P 
C~HsCI4N aOP 

C~H3Br~C12N2OP 
C5H4C1 ~NsO3P 
C~H4CI ~NsO3P 
C8H6C12N3OsP 

C6H6CI~NsOsP 
C6HsClsNsOaP 

C~H6Br2C12N20P 

* H y d r o l y z a b l e  c h l o r i n e .  
D e c o m p o s i t i o n  t e m p e r a t u r e .  
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were treated (without isolation) with an equimolecular amount of anhydrous formic acid, and the correspond- 

ing pyridyl-2-amidophosphoric dichlorides (III) were isolated. The 5-chloropyridyl-2-amidophosphoric 

dichloride obtained by this method was identical to the compounds synthesized by reaction of phosphorus 

oxychloride with 2-amino-5-chloropyridine. The preparation of the corresponding pyridyl-2-amido phos- 
phoric dichlorides by reaction of anhydrous formic acid with the trichlorophosphazopyridines is an indirect 

proof of the formation, during the reaction of monomeric 2-trichlorophosphazopyridines since the dimers 
do not give the corresponding dichlorides under these conditions [7]: 
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Dichlorides (III) are crystalline substances which are readily soluble in chloroform and are gradually 
hydrolyzed by moist air (Table i). 

On heating with water, compounds (III) form the corresponding 2-aminopyridines on their hydrochlo- 
ride salts. The diethyleneimides of the corresponding pyridyl-2-amidophosphorie acids (IV) are obtained 

by reaction of (III) with ethyleneimine in the presence of triethylamine. The diethyleneimides (IV) are crys- 
talline substances which are stable under the usual conditions, and are soluble in chloroform, slcohol, and 
acetone. Compounds Nos. i, 2, i0, and 13 (Table 2) are soluble in water. 

EXPERIMENTAL 

Pyridyl-2-amidophosphoric Dichloride (III, R i = R~ = R3 = H) 

A suspension of 3 g of 2-aminopyridine and 6.65 g of phosphorus pentachloride in 50 ml of benzene 
was refluxed for 2 h with stirring under nitrogen. The reaction mass was cooled and filtered under nitro- 
gen. The precipitate was washed with ether, I00 ml of ether was added, and the mixture was treated with 
1.47 g of anhydrous formic acid in 20 ml of ether with cooling (10-15~ The mixture was then stirred for 
3 h and allowed to stand for 12 h. The precipitate was filtered and washed with ether to give 5.86 g (87~o) of 

a substance with mp 177-180 ~ Found ~o: C1 33.65. CsHsCI2N2OP. Calculated %: Cl 33.61. 

6-Methylpyridyl-2-amidophosphoric Dichloride (III, R I = CH 3, R 2 = R 3 = H) 

A suspension of 2 g of 2-amino'6-methylpyridine and 3.86 g of phosphorus pentachloride in 30 ml of 
benzene was refluxed for 5 h with stirring under nitrogen. The reaction mixture was then cooled and treated 
with 0.85 g of anhydrous formic acid in i0 ml of ether with cooling (10-15~ The mixture was then stirred 
for 4.5 h, and the precipitate was filtered and washed with ether to give 4.34 g (91.7%) of 6-methylpyridyl- 
2-amidophosphoric dichloride hydrochloride with mp 127-129 o (decomposition). Found ~0:C139.78. C6HTCI2N2OP. 
HCI. Calculated %: C1 40.68. 

Standard Experiment. A mixture of 0.01 mole of the corresponding 2-aminopyridine and 0.01 mole of 
phosphorus pentachloride in 30-50 ml of benzene was refluxed with stirring under nitrogen until hydrogen 
chloride evolution ceased. The reaction mass was cooled and treated with 0.01 mole of anhydrous formic 
acid with cooling (10-15~ The mixture was then stirred for 2-3 h at 20 ~ after which the precipitate was 
either filtered or the solvent removed to obtain the corresponding pyridyl-2-amidophosphoric dichloride. 
For analysis, a sample was dissolved in an organic solvent, the solution shaken with carbon black and fil- 
tered, and the filtrate evaporated to 3/4 of its initial volume. The compound crystallized out on standing. 
The data are presented in Table i. 

5-Chloropyridyl-2-amidophosphoric Dichloride (III, R i =R 3 = H, R 2 = Cl) 

A suspension of 1 g of 2-amino-5-chloropyridine in i0 ml of freshly distilled phosphorus oxychloride 
was refluxed for 1 h. The phosphorus oxychloride was removed in vacuo and the residue was washed with 
petroleum ether to give 1.91 g (99.4~0) of 5-chloropyridyl-2-amidophosphoric dichloride which was identical 
to the dichloride obtained from 2-amino-5-chloropyridine by reaction with phosphorus pentachloride (see 
Table i, compound No. i). 
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P y r i d y l - 2 - a m i d o p h o s p h o r i e  D i e t h y l e n e i m i d e s  ( IV)  

The dichloride (0.03 mole) of the corresponding pyr idyl -2-amidophosphor ic  acid was added with s t i r -  
r ing and cooling (8-12 ~ to a solution of 0.06 mole of ethyleneimine and 0.06 mole of t r ie thylamine in 100 ml 
of benzene. The mixture was s t i r r ed  at this tempera ture  for 0.5 h and for 2-3 h at 20 ~ and then allowed to 
stand for 12 h. The precipi ta te  was fil tered and extracted twice with boiling benzene (2 �9 80 ml). Themother  
liquors were combined, the solvent was removed in vacuo, and the residue was washed with ether and r e -  
crys ta l l ized.  The data are  presented in Table 2. 

5 - N i t r o p y r i d y l - 2 - a m i d o p h o s p h o r i e  D i e t h y l e n e i m i d e  ( IV ,  R 1 = R3 = H,  

R 2 = N O 2 )  

The dichloride (0.02 mole) of 5-n i t ro-pyr idyl -2-amidophosphor ic  acid was added with s t i r r ing  and 
cooling (8-12 ~ to a solution of 0.04 mole of ethyleaeimine and 0.04 mole of t r iethylamine in 80 ml of ben- 
zene. The react ion mass  was then s t i r red  for 0.5 h at the same tempera ture  and then for 2 h at 20 ~ The 
precipi ta te  was fil tered and washed with ether and then with 5 ml of water.  The res idue was dried in vacuo 
over  phosphorus pentachloride and recrys ta l l ized .  

1~ 
2. 
3. 
4. 
5. 

6o 

7. 
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