
ORGANOPHOSPHORUS DERIVATIVES 

OF METHYLURETHAN 
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P r e v i o u s l y  we had studied the reac t ion  of the acid chlor ides  of carboxyl ic  acids with the dialkylamido 
e s t e r s  of phosphorus  acids,  which p roceeds  by e i ther  one or  two schemes  [1]. As a continuation of these 
s tudies  we invest igated the reac t ion  of the acid chlor ides  with the amido e s t e r s  of phosphorus  acid where  
one of the subst i tuents  in the amido group was an e l e c t r o n - a c c e p t o r  group, for  example ,  an e s t e r  group.  

We studied the reac t ion  of the acid chlor ides  of acet ic ,  benzoic,  e thylcarbonic  and N-die thylamino-  
sulfenic acids with the diethyl e s t e r  of methylure thanphosphorous  acid(diethyl  N - m e t h y l - N - c a r b e t h o x y -  
amidophosphite) .  The acid chlor ides  of carboxyl ic  and e thylcarbonic  acids r eac t  with the e s t e r  of u re than-  
phosphorous  acid [2] by the scheme  of the Arbuzov r e a r r a n g e m e n t ,  with the fo rma t ion  of the cor responding  
phosphonic acid de r iva t ives .  
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Fig. I. Infrared spectra of organophosphorus derivatives of 

methylurethan (1)-(IV). 
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c2 HhO 
\ 

(C2H60)~ P--N--COOC2H5 q-RCOC1 ~ P--N--COOC2H5 q- C~HhCI 
I / I I  I 

CHs RC(0) O CHs 
R=CHa (I); CeH~ (II); C2H50 (III} 

The react ion of the acid chlorides with the given amido es te r  p roceeds  at higher tempera ture  than 
when using dialkyl N-dialkylamidophosphites,  and with bet ter  yields of the react ion products  [1]. N-Di- 
ethylaminosulfenyl chloride reac t s  with the es te r  of methylurethanphosphorous acid also by the scheme of 
the Arbuzov rear rangement ,  but, in contras t  to the indicated acid chlorides,  the react ion p roceeds  with the 
evolution of heat. 

C~HsO 
\ 

(C2HsO)2 P--N--COOC2Hs @ (C2H~)~ NSCI -~ P--N--COOC~Hs q- C~H~CI 

CH~ 

The s t ruc ture  of compounds (I)-(IV) was cor robora ted  by the IR spectra,  which are  shown in Fig. 1. 
For  compound (I) absorption bands are  presen t  in the regions 1300 ( rp  = O) (ef. [3]), 1035 (vp  _ O - C), and 
an intense absorption band with two maxima at 1705 and 1740 em -t  (uC -- O). For  compound (II) arc  ob- 
served absorpt ion bands at 1300 (~p _- O), 1045 (~p _ O - C), and at 1665 and 1740 em -t  (~C = O). The 
p resence  of an aromat ic  group is shown by bands at 1450, 1600, and 3060 em -t .  Fo r  compound (IID absorp-  
tion bands are  p resen t  at 1300 ( r p  = O), 1030 (vp  _ O - C) and 1730 em -t  (~C -- O)" F o r  compound (IV) 
absorption bands are  charac te r i s t i c  in the regions 1310 (~p = O), 1050 (~p _ O -  C) and 1750 em -t  (~C--O). 

When the N-methylamide of ethylearbonie and O-ethylbenzoylphosphonie acids (II) is t reated with 
aqueous ammonia  solution at room tempera ture  the P - C and P - N bonds are  cleaved and benzamide, the 
ammonium salt  of monoethylphosphorous acid and methylurethan are formed.  

t ] CHa / 

C=HsO 

\P--N--COOC~H5 +NH8 

C~HsC / ~ I CHs 
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C~HsO 
\ 

�9 P--N--COOC~Hs + C~HsCONH2 
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~ t t 2 0  

I H\o ~/H 1 C2ttSO\PoH + HN_COOC2H5 

ICe 's~ i ~ / --~ H / ~  I CH3 | 

C~H50 
\ 
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For  identification, the ammonium salt of ethytphosphorous acid was obtained by another method, 
specifically, by the action of aqueous ammonia solution on diethylphosphorous acid [4]. 

F H_(_~O, _H ] C~HsO \ 
(C~H~O)~ PH + H20+NHs --, I c~HhQ\! ] ---~ PONH~ + C~HhOH 

! ~\~-H l o _ j 

The ammonium salt of ethylphosphorous acid formed in both cases  has identical IR spectra ;  the 
mixed melting point of the salts is not depressed.  

A factor  which influences a weakening and cleavage of the P - N bond in the monoethyl es ter  of u re -  
thanphosphorous acid when it is t reated with aqueous ammonia solution is apparently the presence  of hy-  
drogen, which is attached to the phosphorus atom as P - H (cf. [4]). In order  to check this assumption, we 
t reated the diethyl es te r  of N-methylurethanphosphoric  acid (C2HhO)2P(O)N(CH3)COOC2H5 [5] with aqueous 
ammonia solution under the same conditions: the substance was recovered  unchanged. 

The es te r  of methylurethanphosphorous acid adds either sulfur or  selenium under the same conditions 
as do tr ialkyl phosphites.  
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TABLE I. Organophosphorous Derivatives of Methylurethan 

C~ ~ (p, mm 
Po~ na of hg) 

I 98--99(1,5) 

n 14s (1,5) 

III t15--tt6,5(1,5) 

1t6 (t,5) IV 

V 

VI 

94--95 (2) 

91--93 (2) 

found calc. t 
Found/calculated, 

a~ 0 

1,4455 I 1,t66t 

t,5136 I t,2003 

t,4430 1,17t3 

t,4693 t,1t69 

t,4660 [ i,1388 

1,4860 t,3175 

54,i5 

74,96 

60,45 

74,34 

62,0t 

65,79 

MR 

6,29 
5,9t 
4,82 
4,68 
5,23 
5,24 
t0,43 
10,74 
5,73 
5,4 

53,87 

73,36 

60,i3 

74,94 

62,47 

65,92 

t3,04 

i0,6 

i1,86 

t0,58 

t2,33 

t0,6 

Yield, 
% 

62 

71 

68 

43 

68 

75 

+s 
~ ---- (C2H50)2 P--N--COOC2H~ 

(CeHaO)~ P--N--COOC2Hs-- ~ S cg8 (V) 
I J +so 
CH8 ! ..' 22_, (C~H~O)~ P--N--COOC~H5 

Se CHs (VI) 

It is known that the esters of urethanphosphoric acids possess insecticidal properties [6]. Insecticid- 
al action could also be expected from the esters of the urethanthiophosphoric and urethanselenophosphorie 
acids (V) and (VI). The preliminary testing of compound (VI) disclosed that it possesses systemic insec- 
ticidal action, but it is toxic to animals (white mice) and, in addition, it causes leaf blight of the plants. 
Compound (V) is much less toxic than (VI), but it lacks insecticidal action (flies, spider mites). 

In Table 1 are given the formulas and constants of the synthesized compounds. 

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

N-Methylamide of Ethylcarbonic and O-Ethylacetylphosphonic Acids. To 0.03 mole of (C2H50)2PN(CH3) 
-COOC2H 5 (bp 108-109 ~ (9 ram) [2]) was added at room tempera ture  0.03 mole of CH3COC1; here  the t emper -  
ature of the react ion mixture failed to r ise.  The mixture was heated at 55-90 ~ for 1.5 h until the evolution 
of C2HsC1 ceased.  Then the react ion product was distil led twice [see Table 1, compound (I)]. Compounds 
(II) and (III), l is ted in Table 1, were obtained in a s imi la r  manner .  

N-Methylamide of Ethylcarbonic and O-Ethyl-N-diethylaminosulfenophosphonic Acids. To 0.03 mole 

of (C2HsO)2PN(CH3)COOC2H 5 was added in drops,  at 20-65 ~ 0.03 mole of (C2H5)NSC1 (the react ion was exo- 
thermic,  and the flask was cooled with water).  After the evolution of C2H~C1 had ceased the product  was 
disti l led twice [compound (IV)]. 

Action of Aqueous Ammonia Solution on N-Methylamide of Ethylcarbonie and O-Ethylbenzoylphosphonic 
Acids. To 5 ml of aqueous NIl3 solution, with cooling in an ice - salt mixture, was added 3.83 g of (C2H50) 
�9 (C6H5CO)P(O)N(CH3)COOC2H 5. A white crystalline precipitate was obtained immediately. The mixture 
was allowed to stand at room temperature for 24 h. The crystalline precipitate was filtered, washed with 
water, and recrystallized from water; mp 127-128 ~ Found: C 69.52; 69.61; H 6.21; 5.95; N 11.63; 11.77%. 
CTHTNO. Calculated: C 69.42; H 5.78; N 11.57%. 

As a result, based on the analysis data and the melting point, the substance is benzamide. The mixed 
melting point with authentic benzamide was not depressed. The yield of the obtained benzamide was 1.16 g 
(76%). After removal of the benzamide, the low-boiling substances were removed in vacuo from the filtrate 
by heating the flask in a bath whose temperature was 40 ~ The residue represented 1.12 g of a crystalline 
substance, which after two recrys ta l l i za t ions  f rom an alcohol - acetone mixture was obtained as tiny white 
needles with mp 103-104 ~ Found: C 18.38; 18.60; H 7.44; 7.44; N 11.26; 11.30; P 24.56; 24.7%. C2H10NO3P. 
Calculated: C 18.89; H 7.87; N 11.02; P 24.4%. 

The substance is readi ly soluble in water  and in alcohol, and is insoluble in nonpolar organic solvents.  
As a result ,  based on the elemental  analysis  data and the melting point, the obtained substance is the am- 
monium salt of the monoethyl es te r  of phosphorous acid. The mixed melting point with the ammonium salt 
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of the ethyl es te r  of phosphorous acid, obtained by the action of aqueous ammonia solution on diethylphos- 
phorous acid [4], was not depressed.  Methylurethan, which should have been formed in the  hydrolysis  of 
the monoethyl es te r  of methylurethanphosphorous acid, was not isolated by us, since it was removed in 
vacuo along with the water .  

N-Methylamide of Ethylcarbonic and Diethylthiophosphoric Acids. To a solution of 0.034 mole of 
(C2HsO)2PN(CH3)COOC2H5 in 7 ml of benzene was added 0.03 atom of powdered sulfur, and the mixture was 
heated at 60 ~ for 1 h. Then the product was distilled. Compound (V) was obtained. 

N-Methylamide of Ethylcarbonic and Diethylselenophosphoric Acids. To 0.03 mole of (C2H50)2PN(CH 3) 
�9 COOC2H 5 was added at room tempera ture  0.03 g-a tom ofpowderedse len ium {gray). Here the tempera ture  
of the mixture rose from 20 ~ to 45 ~ The mixture was heated at 85-90 ~ for 30 min, and then the product 
was distilled twice. Compound (VI) was isolated. 

C O N C L U S I O N S  

1. A study was made of the react ion of the acid chlorides of acetic,  benzoic, ethylcarbonic and N- 
diethylaminosulfeaic acids with the diethyl e s t e r  of methylurethanphosphorous acid. In all cases  the r eac -  
tion proceeds by the scheme of the Arbuzov rear rangement ,  with the formation of the corresponding phos- 
phonic acid derivat ives.  

2. The action of aqueous ammonia solution on the N-methylamide of ethylcarbonic and O-ethylben-  
zoylphosphonic acids at room tempera ture  resul ts  in cleavage of the P -  C and P -  N bonds, and benzamide, 
the ammonium salt of ethylphosphorous acid and methylurethan are formed. 

3. The react ion of sulfur or  selenium with the N-methylamide of ethylcarbonic and diethylphosphorous 
acids gave the N-methylamides  of the corresponding acids, namely of ethylcarbonic and diethylthiophos- 
phoric acids,  and of ethylcarbonic and diethylselenophosphoric acids. 
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