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The reaction of sodium diethylphosphite with N-methoxypyridinium methosulfate 
in a solvent at low temperature makes it possible to obtain diethyl (2-pyr i- 
dyl)phosphonate in yields up to 75%. The latter was converted to (2-pyridyl)- 
phosphonic acid dichloride, from which amides, esters, amidochlorides, and 
(pyridyl)thiophosphonic acid derivatives were obtained. 

The most convenient method for the introduction of a phosphone group into the py- 
ridine ring is based on the reaction of the lithium or sodium salt of diethylphosphorus 
acid with N-methoxypyridinium salts [I]. 
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The y i e l d  of (2 -py r idy l )phosphona tes  ranges from 20 to 67%. The ch ie f  reason fo r  
the reduction in the yield is the reaction of the resulting methanol with the diethyl- 
phosphite anion, which removes the latter from the reaction sphere [2]. A decrease in 
the temperature of the process and an increase in its duration should therefore raise 
the yields of products, probably as a consequence of the accumulation of intermediate 
A. It was found that the reaction between N-methoxypyridinium methosulfate and sodium 
diethylphosphite is best carried out at --15 to --5~ in an inert solvent (ether, low- 
boiling petroleum ether), which ensures the preparation of pure sodium diethylphosphite, 
and, in addition, methanol is partially removed from the reaction phase due to dissolv- 
ingo Under these conditions, I is formed in 60-75% yield (67% in diethylphosphite as 
the solvent -- to the lithium salt [i]). The yield of dibutyl (2-pyridyl) phosphonate 
is 45% (as compared with 20% through the sodium salt in diethyl phosphite [i]), while 
the yield of diethyl (6-methyl-2-pyridyl)phosphonate is 69% (instead of 30% in diethyl 
phosphite [i]). 

Compounds I and II are convenient starting materials for the synthesis of 2-pyri- 
dylphosphonates with different environments around the phosphorus atom. The action 
of phosphorus pentachloride on diesters I and II gives, respectively, (2;pyridyl)- (III) 
and (6-methyl-2-pyridyl)phosphonic acid dichlorides (IV), during which the transforma- 
tion proceeds more completely in a solvent. They are readily hydrolyzed in air and 
react with alcohols and amines to give the corresponding esters, amides, and amidochlor- 
ides; when they are treated with phorphorus pentasulfide [3] they give thiophosphonic 
acid dichlorides. The properties of the compounds obtained are presented in Table i. 
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TABLE i. 

C o m -  

pound  

111 
IV 
V 

VI 
VII 
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IX 
X 

C o m -  

p o u n d  

III 
IV 
V 
Vl 
VH 
VIII 
IX 
X 

H 
CHa 
i4 
ti 
H 
CHa 
H 
CHa 

found 

43,68 

51,37 
52,71 
60,88 
65.39 

77,70 
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OCHa 
C1 
C1 
N (C2H5) 2 
i-C4H90 
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C1 
Cl 
C1 
OCHa 
N (C2H5) 2 
N (C2HB)2 
N (C~Hs).. 
i-C4H90 

0 
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M R  D 

calc 

o o 

O 
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Empirical formula 

43,68 CsH4CIeNOP 
- -  C~H6C12NOP 

51,17 CsH4C12NPS 
53,22 CvHIoNO2PS 
60,86 C~H14C1N2OP 
65,46 C~oH16C1N2OP 

- -  ClaH24NaOP 
78,06 CIaH2~NOaP 

*This compound had mp 75-81 ~ 

bp, ~ (mm) 

82 (0,04) 
100--110 (0,1)* 

82--84 (0,06) 
94 (0,03) 

122 (0,1) 
123--125 (0.1) 

lO5 (o,o3) r 
113--115 (0,05) 

Found, % 

CI N P 

d~,~-o 

1,4682 

1,4628 
1,2433 
1,1806 
1,1666 

1,0-463 

Calc.,  % 

C1 N 

T 
i 11D2 0 

i I 

1,5608 

1,6270 
1,5582 
1,5300 
1,5320 

1,~18 

:Yield, 
P i %  

35,3 -- 15,6 35,7 -- , 15,7 
33,5 -- 14,6 33,8 S ~,1 14,7 
331 I $1491 14,5 ' 33,4 14,6 

,S 16,0[ 6 ,7  16,0 IS 15,8 6,9 15,8 
155i  120 i 13,2 ~ 15,2' 12,0 13,3 
146 115i 12,6 j 14,4 114 12,6 
- - '  ! 1516[ 11,6 i - -  r 1516 '~ 11,5 

L 10,8 . 8,5! 10,9 ic 58,9iH, t 5 58,9 

tThis compound had mp 50-51 ~ (from ether). 

77 
60 
60 
71 
70 
56 
85 
60 

EXPERIMENTAL 

Diethyl (2-pyridyl)phosphonate (!). A l10.6-g (0.5 mole) sample of N-methoxypyri- 
dinium methosulfate [4] was added dropwise with stirring to sodium diethylphosphite ob- 
tained from 83-97 g (0.6-0.7 mole) of diethyl phosphite and 11.5 g (0.5 g-atom) of sodi- 
um in 50-100 ml of ether or low-boiling petroleum ether at --15 to --5 ~ in the course of 
5 h. The mixture was then stirred at room temperature for 2 h and allowed to stand 
overnight. The solvent was removed by vacuum distillation, 200 ml of water was added 
to the residue, and the mixture was extracted with three 200-ml portions of chloroform. 
The organic layer was separated, and phosphonate I was extracted from it with 4 M hy- 
drochloric acid. The aqueous solution was neutralized with sodium carbonate until it 
was weakly alkaline, and base I was extracted with chloroform (two 100-ml portions). 
The chloroform was removed by distillation, and the residue was fractionated with col- 
lection of the fraction with bp 100-120 ~ (0.01-0.05 mm). Refractionation gave 65-80 g 
(60-75%) of I with bp i05-i07 ~ (0.03 mm) and n~ ~ 1.4940. 

o 20 Diethyl (6-methyl-2-pyridyl)phosphonate (II), with bp 112-115 (0.04 mm), d 4 
=o 1.4931 [bp 125-127 ~ (0.i mm) [i]] was similarly obtained in 69% yield. 1.1375, and n D 

2-Pyridylphosphonic Acid Dichloride (III). A total of 90 g (0.215 mole) of phos- 
phorus pentachloride was added in portions at 60-70 ~ to 42 g (0.195 mole) of I in 60 
ml of dry benzene, after which the mixture was refluxed for 1 h. The benzene was then 
removed in vacuo, and the residue was held at 100-130 ~ for 1 h. Fractionation gave 
28 g of III. 

(6-Methyl-2-pyridyl)phosphonic Acid Dichloride (IV). This compound was similarly 
obtained. 

2-Pyridylthiophosphonic Acid Dichloride (V). An equimolecular mixture of III 
and phosphorus pentasulfide was heated at 130-140 ~ for 15-20 h with stirring in a 
stream of carbon dioxide, after which the mixture was fractionated, and V was purified 
by two vacuum distillations. 
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Dimethyl(2-Pyridyl)thiophosphonate (VI). A mixture of 1.6 g (50 mmole) of meth- 
anol and 5.6 g (55 mmole) of triethylamine in i0 ml of benzene was added dropwise 
with stirring at 30-50 ~ to 4.8 g (22.6 mmole) of V in i00 ml of dry benzene, after 
which the mixture was refluxed for 30 min. It was then stirred at room temperature 
for 2 h, and the triethylamine hydrochloride was removed by filtration. The benzene 
was removed in vacuo, and the residue was fractionated. Two fractionations gave 2.9 
g of VI. 

Diethylamido(2-pyridyl)phosphonic acid chloride (VII), diethylamido(6-methyl-2- 
pyridyl)phosphonic acid chloride (VIII), tetraethylamido(2-pyridyl)phosphonate,(IX), 
and diisobutyal(6-methyl-2-pyridyl)phosphonate (X) (Table I) were obtained under 

similar conditions. 

D 

2. 
3. 
4. 
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