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and was quite similar to  the phosphonate product obtained 
in the chloroacetamide reactions. 

Diethyl ethozycarbonylmethylphosphon,atesa*o (IIb) was 
prepared from ethyl chloroacetate according t o  the same 
procedure for Ia. The phosphonate was obtained in 76% 
yield; b.p. 103' (1.2 mm.), rigs 1.4299, The infrared spectrum 
was almost identical with the phosphonate (IVa) except for 
the different absorptions of the ester (5 .78~)  and amide 
(6 .13~)  groups. 

Diethyl l-ethoxyd,l-dichlorovinyl p h o s p h ~ t e ~ ~ * ~  (Ib) was 
prepared in 57% yield from ethyl trichloroacetate according 
to the procedure of Allen and Johnsonzb; b.p. 106" (0.7 
mm.); ny 1.4495. About 35% of unreacted ester was re- 
covered. The double bond absorbed a t  6 . 0 ~  with an ab- 
sorbancy of 0.43. 

Diethyl carbamoylmethylphosphonate. This is a general 
preparation of carbamoylmethylphosphonates when solid 
amides are used as starting materials. A slurry of 19.1 g. 

(0.205 mole) of 2-chloroacetamide, 34 g. (0.205 mole) of 
triethyl phosphite, and 55 ml. of o-xylene was heated 
(132-143') until the evolution of ethyl chloride was rapid. 
The rate of evolution of ethyl chloride was slower after 
about 1.25 hr., but the reaction mixture was kept a t  143' 
for 2 hr. longer. The solvent was distilled in oacuo and 
the residue was recrystallized from petroleum ether and ethyl 
acetate mixture. 
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Esters of 2-(pyridyl)ethylphosphonic acids are obtained in good yield by adding dialkyl phosphites to CY- and 7-vinyl- 
pyridines. The esters are readily hydrolyzed to the corresponding phosphonic acids. 

Among phosphonic acids and their esters few 
compounds are known in which the phosphono 
or dialkylphosphono group is attached directly to 
the heterocyclic ring or its side chain.2 I n  the field 
of pyridine the only compounds of this type are: 
2-dimethylamino-5-pyridylphosphonic acid de- 
scribed by Plaiek and Sasyk,s 3-pyridylphos- 
phonic acid described recently by Bennett, Burger, 
and V ~ l k , ~  pyridylhydroxymethylphosphoiiic acids 
reported by Burger, Clements, Dawson, and Hen- 

and 2-pyridylmethylphosphoiiic acids and 
their esters obtained in this laboratory.6 

In undertaking the synthesis of still unknown 
esters of 2-(pyridy1)ethylphosphonic acids (I and 
11) it might have been expected that the prepa- 
ra,tion of this kind of compound by the Arbuzov or 
Michaelis-Nylen methods would entail difficulties 
due to the properties of the starting P-haloalkyl- 
pyridines. The latter, endowed with a tautomeri- 
cally electron-withdrawing group, would likely be 
susceptible to dehydrohalogenation by attack of 
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basic reagents, such as sodium dialkyl phosphites 
or trialkyl phosphites. This type of difficulty was 
noted by Arbuzov and Lugowkin in the course 
of the attempted synthesis of diethyl 2-(2'-pyridy1)- 
ethylphosphonate by the &4ichaelis-Nylen pro- 
cedure.? 

In  considering other methods possibly useful in 
synthesizing compounds I and I1 we focused our 
attention on pyridine derivatives possessing vinyl 
groups in position a or y. Such vinylpyridines 
behave like typical a,p-unsaturated compounds and 
add nucleophilic reagents.s I n  view of these facts 
we expected to synthesize esters I and I1 by adding 
dialkyl phosphites, as nucleophilic reagents, to 
a and y-vinylpyridines. We found indeed that 
dialkyl phosphites add to 2 and 4vinylpyridines as 
well as to 2-methyl-6-vinylpyridine and 2,4- 
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dimethyl-6-vinylpyridine in accordance with the 
illustrated scheme. The addition reaction scheme 
assumed is supported by the following facts. The 
picrolonate of the addition product II(R = 
GHs, RL = R2 = H) differed considerably from 
that of the compound 111 (R = CzH5, R1 = CH,) 
which results from the alternative direction of 
addition. This compound was obtained by alkyla- 
tion of the potassium diethyl 2-pyridylmethyl- 
phosphonate 111 (R = C2H5, R1 = H).6 The 

benzylamine salts of the corresponding acids also 
were different. 

Addition reactions were run without solvent and 
with sodium ethoxide as catalyst. Under the ex- 
perimental conditions addition of dialkyl phos- 
phites to 4-vinylpyridine takes place even at room 
temperature and is distinctly exothermic, but re- 
action with 2-vinylpyridines requires brief heating. 
Addition takes place also without a basic catalyst, 
but then requires prolonged heating in boiling 
xylene. Here the pyridine bases themselves prob- 
ably act as catalysts. In  reaction run without a 
catalyst, the yields of addition products are lower 
and considerable .amounts of polymeric substances 
are formed. The molar ratio in which the reagents 
are used has no appreciable effect on the yield. 
Esters I and I1 are high boiling oils, soluble in 
water, showing the character of weak tertiary 
bases. They are readily converted into picrolonates 
and chloroplatinates. Acid hydrolysis of the 
esters leads to the corresponding phosphonic 
acids I (I1 = H) and I1 (R = H), which unlike 
the homologous 2-pyridylmethylphosphonic acid 
I11 (R = R1 = H) are capable of forming hydro- 
chlorides.6 The physical constants of esters I and 
I1 and of the corresponding acids are given in the 
Table I. 

EXPERIMENTAL 

Typical examples of experimental procedure are given 
below, and the rest are summarized in Table I. All melting 
and boiling points are uncorrected. The picrates and picrolo- 
nates were prepared by standard procedures. 

Diethyl 2-(l'-pyridyl)ethylphosphonafe. (a) A solution of 
2-vinylpyridine (12.6 g., 0.12 mole) and of diethyl phosphite 
(13.8 g., 0.1 mole) in 60 ml. of xylene was gently refluxed 
under an atmosphere of carbon dioxide for 18 hr. The sol- 
vent and unchanged reactants were removed under reduced 
pressure The oily residue was distilled in vacuo to give 9.7 g. 
(40%) of 2-(2'-pyridyl)ethylphosphonate, b.p. 101" at 0.05 
mm., n'; 1.4938, ny  1.4920, d:' 1.1156. 

( b )  A solution of sqdium ethoxide in ethanol (0.7 g. of 
sodium in 20 ml. of ethanol) was added dropwise with stir- 
ring to a mixture of 2-vinylpyridine (21 g., 0.2 mole) and 
diethyl phosphite (27.6 g., 0.2 mole). After the addition 
was completed the mixture was stirred at 60-70" for 3 hr. 
After standing overnight a t  room temperature 200 ml. of 

chloroform was added. The solution formed, after washing 
with water (2 X 10 ml.), was dried over magnesium sulfate. 
The solvent was evaporated in vacuo, and the oily residue 
distilled under reduced pressure, to  give 29.2 g. (60%) of 
diethyl 2-(2'-pyridyl)ethylphosphonate, b.p. 112-113" a t  
0.2 mm., na6 1.4936. 

Diisopropyl t(B'-pyridy1)ethylphosphonale. A solution of 
diisopropyl phosphite (33.2 g.. 0.2 mole) and 2-vinylpyridine 
(26 g., 0.25 mole) in 45 ml. of toluene was refluxed for 9 hr. 
and separated substantially as described in previous experi- 
ments. to  give 10.8 g. (20'3,) of the desired product, b.p. 
99" at 0.05 mm., ny 1.4812, n y  1.4792, d:' 1.0691. 

b(2'-Pyridy1)ethylphosphonic acid hydrochloride. A solu- 
tion containing diethyl 2-(2'-pgridyl)ethylphosphonate 
(6.1 g., 0.025 mole) in 50 ml. of 20% hydrochloric acid was 
refluxed for 5 hr. and evaporated to  dryness on a steam bath 
under reduced pressure. After recrystallization from absolute 
ethanol the white hygroscopic needles melted a t  165-166". 
Yield 4.2 g. (75%). 

&(d'-Pyridy1)ethylphosphonic acid. To a solution contain- 
ing 2-(2'-pyridy1)ethylphosphonic acid hydrochloride (1.0 
9.) in 5 ml. of water, sodium bicarbonate (0.37 g ) was added. 
The solution formed was evaporated to dryness in vacuo. 
The solid residue was extracted twice with hot ethanol. 
The combined hot solution was filtered off and allowed to 
cool slowly to  room temperature. Almost pure colorless 
needles of 2-(2'-pyridyl)ethylphosphonic acid were collected 
(0.6 g., 71%), m.p. 149-150". 

When 2-(2'-pyridyl)ethylphosphonic acid was crystallized 
from dilute ethanol, the dihydrate was obtained as large 
white needles, m.p. 53-54'. If the dihydrate was heated a t  
100" a white crystalline solid formed. After recrystallization 
from ethanol this melted at 149-150" and gave no melting 
point depression with a laboratory sample of 2-( 2'-pyridy1)- 
ethylphosphonic acid. 

Anal. Calcd. for C7HloN03P.2Hz0: 16.1% HzO. Found: 

Benzylammonium salt of Q(B'-pyridyl)ethylphosphonic 
acid. To a solution of 24  2'-pyridy1)ethylphosphonic acid 
(0.15 g.) in 10 ml. of absolute ethanol, benzylamine (0.2 g.) 
in 25 ml. of acetone was added. The crystalline benzylamine 
salt was collected, washed with acetone, and dried under 
vacuum (0.21 g.). Recrystallization from a mixture of 
ethanol and acetone yielded white light needles, m.p. 178- 
179", very soluble in water and ethanol. 

Diethyl I-(2'-pyridy1)ethylphosphonate. In  a three-necked 
flask, equipped with a stirrer, a thermometer, a dropping 
funnel, and a reflux condenser provided with a calcium 
chloride tube, potassium (3.9 g., 0.1 mole) in 100 ml of 
benzene was placed. Diethyl Zpyridylmethylphosphonate 
(22.9 g., 0.1 mole) was added dropwise with vigorous agita- 
tion. After the potassium was dissolved, methyl iodide (14.2 
g., 0.1 mole) was added dropwise, and when the vigorous 
reaction had subsided, the mixture was heated a t  50" for 3 
hr. The flask was cooled to  room temperature, and the mix- 
ture filtered off. Potassium iodide which separated was 
washed with benzene (100 ml.). The combined benzene solu- 
tions were washed with water (30 ml.) and dried over mag- 
nesium sulfate. After removing the solvent in uacuo, the 
residue was distilled under reduced pressure to give 12.2 g. 
(50%) of diethyl 1-(2'-pyridyl)ethylphosphonate, b.p. 91- 
92" a t  0.2 mm.. n? 1.4922. ny 1.4902. d '5  1.1092. 

16.0% H20. 

, -  I -  

Anal. Calcd. for CI1HlakO~P: P, 12.8; S, 5.8. Found: 
P, 12.3; N, 5.6. 
. The .pi&oZonate crystallized from benzene in yellow 

plates, m.p. 141-143" (dec.). It showed considerable melting 
point depression in admixture with the isomeric picrolonate 
of diethyl 2-( 2'-pyridyl)ethylphosphonate, prepared by addi- 
tion of diethyl phosphite to  2-vinylpyridine. 

Anal. Calcd. for C ~ ~ H ~ ~ N ~ O S P :  P, 6.1; N, 13.8. Found: 
P, 6.3; N, 13.8. 

Di(benzy1ammonium)saU of l-(2'-pyridyl)ethylphosphonic 
acid. A solution containing diethyl 1-(2'-pyridyl)ethylphos- 
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phonate (1 g.) in 10 ml. 20% hydrochloric acid was refluxed 
for 5 hr. and evaporated to dryness under reduced pressure. 
The oily residue was dissolved in ethanol and an excess 
benzylamine (1.3 g.) was added. The precipitated di(benzy1- 
ammonium)salt was separated by filtration and washed 
with ethanol (1.5 g.), Recrystallization from ethanol yielded 
white needles, m.p. 171 '. 

Anal. Calcd. for Cz1HZ8NaO3P: P, 7.7; N, 10.5. Found: 
P, 7.6; 3, 10.4. 

2- [6'-(W'-Methylpyridyl) Iethylphosphonic acid. A solution 
containing diethyl 2- [6'-(2'-methylpyridyl) lethylphospho- 
nate (2 g.) in 20 ml. 20% hydrochloric acid was refluxed for 5 
hr. The solution obtained was evaporated under reduced 
pressure. The residue was dissolved in small amount of water 
m d  evaporated in 2racuo. This operation was repeated twice. 
Crude hydrochloride (1.8 g.) was dissolved in water (10 ml.) 

and sodium bicarbonate (0.7 9.) was added. The solution 
wm evaporated to dryness in uucuo and the acid extracted 
with hot absolute ethanol. The alcohol solution was concen- 
trated to small volume. The solid acid was collected (1.1 g.) 
and recrystallized from ethanol. White, very hygroscopic 
small plates, m.p. 169-171 ', appeared. 

Diethyl 2-(4'-pyridyI)ethylphosphonate. A solution of 
sodium ethoxide in ethanol was added dropwise with stirring 
to a mixture of 4-vinylpyridine (21 g., 0.2 mole) and of 
diethyl phosphite (27.6 g., 0.2 mole). After 15 min. the tem- 
perature rose to 70', and was kept a t  50" by occasional cool- 
ing. The product was isolated in the usual manner, b.p. 
117" a t  0.2 mm., n y  1.4935, n g  1.4916, d i 5  1.12G7.Yield 
39.3 g., 81%. 

LODZ, POLAND 
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Partial solvolysis of phenylphosphonic dichloride with an alcohol (or a phenol) in the presence of pyridine in ether or 
benzene leads to formation of the 0-alkyl (aryl) phosphonochloridates. These intermediates can be converted by ammonol- 
ysis into the 0-alkyl-P-phenylphosphonamidates, C~HIPO(OR)(NH~), where R = Me, Et, n-Pr, n-Bu, n-Am, Ph, and by 
aminolysis into the 0-alkyl (aryl)-P-phenylphosphonamidates, CsHsPO( OR)( NXZ), where R = C& and NX2 = -NHCeHs, 
-N(CHz)4CH2, --?SC2H40CHzCH2, -NHCH2CH(CH&, and R = C Z H ~  and 3x2 = -?SHCB&. Some typical 0-alkyl 

(aryl)-N-alkyl (aryl)-P-phenylphosphonamidothioates, CeHsPS( OR)( NX),, were also prepared by partial solvolysis fol- 
lowed by aminolysis of the intermediate P-phenylphosphonochloridothioate, CaHsPS( OR) C1. The 0-alkyl phosphonochlori- 
dates undergo thermal decomposition to yield the corresponding alkyl chlorides and the P-phenyl metaphosphonate, 
(C~HsP0z)x. 

L-J L A 

A significant feature of compounds having a 
phosphorus-halogen linkage is their ability to 
undergo solvolytic reactions with compounds 
possessing a labile hydrogen atom. In alkyl (and 
aryl) phosphonic dichlorides, (RPOC12), the pres- 
ence of a phosphorus to oxygen bond imparts to 
the phosphorus-chlorine bond properties similar 
to those of the acid chlorides of the carbon family. 
Due to the electronegative character of the groups 
attached to the phosphorus atom, the latter be- 
comes electron deficient and therefore prone to 
nucleophilic attack. The chlorine atoms of alkyl 
(and aryl) phosphonic dichlorides can, however, be 
made to react in a stepwise fashion. The second 
chlorine atom is much less reactive than the first. 
Partial solvolysis of the alkyl (aryl) phosphonic 
dichloride leads to formation of an intermediate 
ester-chloridate when reaction with an alcohol is 
allowed to take place. The oxygen atom thus in- 

(1) Abstracted from the doctoral dissertation submitted 
to the Graduate College of the University of Illinois by M. F. 
Hersman (1958). 
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troduced as an alkoxy group into the molecule is 
electron rich and has a tendency to donate elec- 
trons instead of withdrawing them as is the case 
with chlorine atoms; it thereby serves to reduce 
the partial positive charge on the phosphorus 
atom and, in turn, to reduce the reactivity of the 
remaining halogen atom. 

These considerations, however, are not meant to 
imply that the second chlorine atom will not un- 
dergo reaction under appropriate circumstances, 
but only that the replacement reaction takes place 
less vigorously. In the usual cases, most solvolytic 
reactions of alkyl (aryl) phosphonic dichlorides 
involve replacement of both chlorine atoms since 
an excess of the solvolytic agent is generally em- 
ployed. Examples of stepwise reaction are relatively 
few. 

The investigations described in the present pub- 
lication are concerned with the preparation and 
characterization of some phenyl phosphonic and 
phosphonothioic acid derivatives containing both 
P-0 (or P-S) and P-N linkages, such as CeH6- 
PO(OR)(NX2), where R = alkyl and aryl, and 
NX2 = amide and primary, or secondary amine 
radicals. This study was undertaken initially to  
develop a new route to the preparation of the alkyl- 


