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M. I. Kachnik and P. A. Rossiiskaya [1] showed that by the action of acid chlorides on phosphorous triesters,o~- 
oxo phosphonic esters are obtained. Attempts that we made to carry out the reaction of acid chlorides of dibasic 
acids with trialkyl phosphites were not successful. It was therefore considered to be of interest to determine the ef-  
fect  of the presence of various functional groups in the hydrocarbon group of the acid chloride of a monobasic acid 
on the course of its reaction with a trialkyl phosphite. We chose the acid chlorides of amino acids for examination. 
The preparation of amino a-oxo phosphonic esters presented interest for its own sake, because compounds of this type 
have not been described in the literature*. 

Our experiments showed that hippuroyl (R = C6Hs) and aceturoyl (R = CHa) chlorides react normally with tri- 
ethyl phosphite with formation of substituted glycylphosphonic esters (I) 

R CONHCHzCOC1 + P (OCzHs) 3 ~ RCONHCHzCOP (OCzHs) / 
(I) 

O 

N-Unsubstituted amino acid chlorides, in the form of their hydrochlorides, react with triethyl phosphite with forma- 
tion of amino c~-oxo phosphonic ester hydrochlorides, as was shown for the case of the hydrochlorides of glyeyl, ala- 
nyl, and $ -a lany l  chlorides. The resulting diethyl amino a-oxo phosphonates and their derivatives, with the excep- 
tion of diethyl hippuroylphosphonate which is a liquid, are crystalline solids. The properties of the compounds ob- 
tained are given in Table 1. 

To prove the structure of the compounds obtained, one of them (No. 5) was synthesized by an independent 
method. From acryloyl chloride and triethyl phosphite we prepared diethyl acryloylphosphonate [9], which by the 
addition of ammonia was converted into diethyl $-alanylphosphonate (Table 1, No. 6). Its hydrochloride melted at 
340 ~ undepressed by admixture with product No. 5. Amino a-oxo phosphonic esters have the properties of ketones 

TABLE 1 

6 
z 

Formula 

CsH~CONIICI-12COP (O) (OC2H5)2 * 
CHaCONI-ICH2COP (O) (OC2H5)~ 
Ci [NHaCH2COP (O) (OC2H5)~.I 
CI [NHaCH (CHa) COP (O)(OC2H5)2] 
CI [NHaCH2CH2COP (O)(OC2H5)~], 
NII2CH~CH2COP (O)(OC~Hs).. 
CH2OHCOP (O) (OC2Hs)2~f 

i0,59 
t55 13,t0 
i29 i3,48 
124112,60 

]340112,60 

52 15,2 

1.,9 6,15 10,36152,t 
- -  - -  J 3 , 0  - -  

- t5,8 I - 
- - 1 1 2 , 7  -- 

,4,66,7 t2,7 34,'1. 

- -  1 5 , 3  - -  

~. Found, % Calculated, % 

P O II P c II 

16,01 48 
- -  42 

38 

6~-83530 

*b.p. 107-i(~9~ ram); n}~ 1.4688. 
"rb.p. 118-120 ~ (6 mm); n~ 1.4498. 

*A number of papers have appeared on the preparation of substituted amides of phosphonoformic esters [2-8]. 
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Fig. 1. Infrared spectrum of 

[ NIt+CII2 - -  C - -  P (OC~ITs)., 1 C1C 

() 

in oil. 

Action of Aceturoyl Chloride on Triethyl Phosphite. 

and of amines. Thus, diethyl glycylphosphonate hydro- 
chloride (No. 3) gives a p-nitrophenylhydrazone. When 
treated with nitrous acid it forms diethyl glycoloylphos- 
phonate (Table 1, No. 7). Table 2 gives values of the 
infrared frequencies of the substances obtained. The in- 
frared spectra of hydrochlorides of three amino ~-oxo 
phosphonic esters are presented in Figures 1-3. 

The spectra contain frequencies characteristic for the 
P = O group (1244-1250 c m " ) ,  the C = O group (1720- 
1728 cm ' t ) ,  and the NHs+ group (1520-1528 cm-1). The 
1612-1617 cm "1 frequencies probably also belong to the 
NHs + group [10]. 

E X P E R I M E N T A L  

Action of Hippuroyl Chloride on Triethyl Phosphite. 
16.6 g of triethyl phosphite was added dropwise to 19 g 
of hippuroyl chloride in a three-necked flask provided 
with stirrer, dropping funnel, thermometer,  and reflux 
condenser. The temperature rose from 20 to 50 = , and 
the acid chloride dissolved with a pinkish-violet colora- 
tion. Fractionation gave 14 g (48%) of diethyl hippuroyl- 
phosphonate; b. p. 107-109 ~ (1 mm), nD20 1.4657; d42~ 
1.0550; found: MR 78.39. CI~H~OsNP. Calculated: 
MR 78.32. 

9 g of triethyl phosphite was added dropwise to 7.5 g of 
aceturoyl chloride [11] in a three-necked vessel provided with stirrer, dropping funnel, thermometer,  and reflux con- 
denser. The temperature rose to 65 ~ and ethyl chloride was liberated. After five months, the viscous mass in the 
flask crystallized. The crystalline mass was washed with ligroin, and we obtained 5.2 g (42%) of crystals. After 
several crystallizations from a mixture of ether and alcohol it had m. p. 155 ~ Found: P 13.15%. C7H1604PN. Cal- 
culated: P 13.00%. 

Action of Glycyl Chloride Hydrochloride on Triethyl Phosphite. 6 g of glycyl chloride hydrochloride [12] and 
16.6 g of triethyl phosphite were introduced into the flask described for the first experiment. The temperature rose 
from 19 to 69 ~ and the mixture became pinkish yellow. After a time, the thick oil formed crystallized. Recrystalli- 
zation from alcohol and hot ether gave 3.5 g (33%) of crystals of m. p. 129 ~ The product was sparingly soluble in 
alcohol and ether, but readily soluble in water. Treatment with p-nitrophenylhydrazine gave the p-nitrophenylhy- 
drazone, m. p. 127~ 

Action of Nitrous Acid on the Product of M. P.129 ~ . With cooling with snow, a saturated aqueous solution of 
5 g of sodium nitrite was added to an aqueous solution of 8 g of the product, and with vigorous shaking, hydrochloric 
acid was added dropwise. The course of the reaction was followed with the aid of starch-iodide paper. Water was 
then added, and the solution was refluxed for 48 h. Water was driven off. Distillation of the residue gave a fraction 
of b. p. 115-120 ~ (6 ram); riD2~ 1.4498. A glassy residue remained in the flask. 

The same product was obtained by the action of glycoloyl chloride on triethyl phosphite. 0.1 mole of triethyl 
phosphite was added cautiously with stirring to an ethereal sotution of 0.1 mole of glycoloyl chloride [13]. Ethyl 

TABLE 2 

Hydrochlorides of amino c~- 
oxo ph~s~?honic esters 

[NHa+CH~COP (O) (OC~H~)~I CI ~ 
[NH~+CH (CH~)COP (O) (OC~tla)2] C1 ~ 
~NII3§ (O) (OC2H~)~] C1 ~ 

1724, 
1720, 
t728, 

IJ ~ CITI - I  

1612, 1524, t244, 1050 
17t7, t524, 1250, t052 
t617, 1520, t245, t048 

*As in Russian Original-Publ. note. 
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Fig, 2, Infxared spectrum of Fig, 3, Infrared spectrum of 

ICH3 - -  (ilH - -  C - -  P (OC~[Is).:] C1G in oil. [NH~CH~CII2C/ O ] , ii ~', - -  p (OCsHs)~ CI | in oil. 

NII + 0 0 O 

chloride was liberated. Toward the end of the reaction the flask was heated so that the ether boiled. Ether was driv- 
en off, and distillation then gave a fraction of b. p. 125 ~ (10 ram); nD20 1.4501. Found: P 15.12%. C6HIaOsP. Cal- 
culated: P 15.30%. 

Reaction of 13 -Alanyl Chloride Hydrochloride with Triethyl Phosphite. The reaction was carried out under the 
conditions described for glycyl chloride hydrochloride. We took 14.4 g of the acid chloride [14] and 16.6 g of triethyl 
phosphite. The temperature rose to 42 ~ After treating the contents of the flask with alcohol and ether,we isolated 
8.5 g (35%) of a finely crystalline substance, m. p. 340 ~ after recrystallization from acetone. Found: P 12.48%Oo 
CTH1704NPC1. Calculated: P 12.60%. 

Action of Ammonia on Diethyl Acryloylphosphonate. A mixture of 10 g of diethyl acryloylphosphonate and 
25% aqueous ammonia (a small excess) was heated in a sealed tube for 7 h at 150 ~ Water was driven off, leaving a 
viscous oil, which on treatment with hydrochloric acid (sp. gr. 1,18) gave a crystalline product of m. p. 340 ~ (from 
acetone), undepressed by admixture of the product of  the preceding experiment. 

Reaction of Alanyl Chloride Hydrochloride with Triethyl Phosphite. The reaction was carried out under the 
conditions described for glycyl chloride hydrochloride. We took 10 g of the acid chloride and 23 g of triethyl phos- 
phite (2 moles per mole of the acid chloride). The temperature rose to 40 ~ The crystalline product was filtered 
from the excess of the phosphorous ester. Yield 5.4 g (80%). After recrystallization from a mixture of alcohQ1 and 
ether it had m. p. 124 ~ (decomp.).  

S U M M A R Y  

1, Hydrochlorides of amino acid chlorides react with triethyl phosphite with formation of the hydrochlorides 
of the corresponding amino cz-oxo phosphonic esters, 

2. The hydrochlorides of diethyl glycylphosphonate, diethyl alanylphosphonate, and die thyl~13-alafiylphospho- 
nate were prepared. 

3. Diethyl aceturoylphosphonate and diethyl hippuroylphosphonate are described. 

Io 
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All abbrev ia t ions  of pe r iod ica l s  in the above  b ib l iography are le t te r -by- le t te r  t rans l i t e r -  

a t ions  of  the abb rev i a t i ons  as  given in the or iginal  R u s s i a n  journal.  Some o r  a l l  o f  t h i s  peri-  

od ica l  l i t e ra ture  m a y  wel l  be  a v a i l a b l e  in En g l i sh  t ransla t ion.  A c o m p l e t e  l i s t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appea r s  at the back of th i s  i s s u e .  
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