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We have previously reported some derivatives of iminocarbonic acid phosphorylated at the nitrogen 
atom in the imino group [i, 2]. In the present paper we give the conditions for obtaining derivatives of 
N-phosphorylated iminothiocarbamic acid, imidourea, and formimine. 

The derivatives of N-diethylphosphorylilninothiocarbamic acid were obtained by the action of am- 
monia and primary and secondary amines on monochlorides of N-diethylphosphorylimino-S-alkylthiocar- 
boric acids by the following reactions 

/sR 
+ 2N~ -~ (CoH~O)~ P (0) N=C,/sR (C~H~O)~P (0) N - - C \ c  I _ \ N H 2  + NH4C1 (1) 

( i ) - ( i i )  

w h e r e  R = C2H 5 (I) and i-C3I-I 7 (II), and 
, /S t /  SR 

(C2HsO)~P (0) N~C~c 1 + 2R'R"NH --~ (C2HsO)zP (0) N=C(NR,R," ,+ WR"NH.tIC1 (2) (2) 

(III)--(vI)  

w h e r e  R = C3H 7, R '  = H, R" = CH 3 (iiI);  R = C4H9. n '  = H ;  R" = CH 3 (IV); R = C4H9; R '  = H ,  R " - - C z H  5 (V); 
R '  = c 3 g  7, R '  =C3H7, R '  = g "  = C 2 H  5 (VI) ( I I I ) - (VI ) .  

(I) and (iI) a r e  c r y s t a l l i n e  s u b s t a n c e s  so lub le  in o rgan ic  so lven t s  and p r a c t i c a l l y  inso luble  in w a t e r .  
(BI) - (VI)  a r e  l iquids tha t  can be dis t i l led  in vacuum.  The  ac t ion  of the m o n o c h l o r i d e  of N - d i e t h y l p h o s -  
p h o r y l i m i n o - S - p r o p y t t h i o c a r b o n i c  ac id  on sod ium ethoxide f o r m s  a mixed  e s t e r  of the c o r r e s p o n d i n g  
ca rbon ic  ac id  

~S-CsH7 /SCsH~ 
(C2HsO)~ P (0) N ~ C( C  1 @ C~HsONa --~ (C2HaO)~P (0) N = C~OCsHs + NaCI 

(wi) 

In addi t ion to (VII), we  a l so  i so la ted  the i m i n o e t h e r  of d i th ioca rbon ic  ac id  (C2HsO)2P(O)N = C(SC3H?) 2. It  
may be formed by the redistribution of the ester groups in the mixed iminoether 

/SCsH~ 
2 (C~H~O)2P (0) N = C \  

\0C2H5 
--~ (C~HsO)2P (O) N=C (SCaHT)~ -5 (C.~HsO)z P (0) N =C (0C2H5)~ 

We have been  unable  to i so la t e  the l a t t e r  compound  f o r m e d  in this r eac t ion .  I t  has  a boi l ing point  
v e r y  c lo se  to tha t  of the f i r s t  two [11 and i t  was  t h e r e f o r e  washed  out with w a t e r  f r o m  the m i x t u r e  ob-  
tained.  

The d ich lo r ide  of N - d i e t h y l p h o s p h o r y l i m i n o e a r b o n i c  ac id  [1] r e ad i l y  r e a c t s  with t r i a lky l  phosph i tes  
f o r m i n g  b i s - C - [ O , O - d i a l k y l p h o s p h o r y l l - m e t h y l e n e a m i d e s  of d ie thylphosphonic  ac id  (VIII) and (IX) 

(C2HsO)2P(O)N = CC12 + 2(RO) 3P 
- -~  (C2HsO)2P(O)N = C[P(O)(OR2)12 + 2RCI 

(viii) - (ix) 

w h e r e  R = C2H s (VIII) and CsH 7 0IX); (VIII) is a pa le  ye l lowish  v i s cous  l iquid and (IX) a c r y s t a l l i n e  s u b -  
s tance .  

The ac t ion  of a m i n e s  on the d i ch lo r ides  of  N- [ N ' , N ' , N " , N " - t e t r a m e t h y l d i a m i n o p h o s p h o r y l - i m i n o -  
ca rboxy l i c  ac id  f o r m s  the  c o r r e s p o n d i n g  de r i va t i ve s  of  i m i d o u r e a  (X) and (XI) 
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D e r i v a t i v e s  o f  I r n i n o t h i o c a r b a m i c  A c i d ,  I r n i d o u r e a ,  and  F o r m i n i n e  

Com- 
pound 

B.p., ~ 
(p, mm Hg) Or 
m.p., ~ 

I T~vi.p 85--86 
II T.M.p 73--74 

III 128 (1) 
IV 116--118 (1) 
V 120--12~1,5 (:1) 

VI 130--133 (1) 
VII 112--114 (0,I) 

VIII 163--164 (0~1) 
IX 174--175 (0;1) 

T.M.p 60--61 
X 104--106 (0,015) 

XI 120 (0,02) 

MR "found p' % 2] calcu- calcu- 
d4 found lated lated 

69];2 
73,72 
78,12 
83,39 
72,16 
96,29 

68,41 
86,64 

,4954 
,4938 
,4882 
,5902 
,4880 
,4566 

,5052 
,4915 

1,1329 
1, 1135 
1,0923 
1,0939 
1,1300 
1,2347 

1,0790 
1,0205 

- - -  1 3 , 2 0  12,90 
6;]32 12 ,74  12,20 

11,87 11,56 
73,94 11 ,45  10,99 
78,55 11 ,06  10~47 
83,28 10,17 10,0 
71,74 10 ,88  I0,95 
95,65 20,74 21,12 

18,71 18,86 

68,47 12 ,63  12,45 
86,88 10,i0 10,16 

39,5 
39,8 
30,8 
31,6 
41,3, 
41,7 
14,1 
41,3 
36,0 

26,8 
30,0 

w h e r e  R = CH3 (X) o r  C2H 5 (XI). S u b s t a n c e s  (X) and (XI) a r e  m o b i l e  r e d  l i q u i d s  s o l u b l e  in w a t e r  a n d  o r g a n i c  

s o l v e n t s .  T h e  p h y s i c a l  c o n s t a n t s  of  t he  c o m p o u n d s  s y n t h e s i z e d  a r e  g i v e n  in  t h e  t a b l e .  

EXPERIMENTAL 

N-Diethylphosphorylirninoethers of thiocarbarnie acids. Ammonia was passed 
through an ethereal solution of 0.035 mole of the rnonoehloride (C2H50)2P(O)N = C(SAIk)CI, obtained by the 
reaction of an alkyl mereaptan with the dichloride of N-diethylphosphorylirninoearbonic acid [2], at 20-30 ~ 
until the reaction ceased. The precipitate of NH4CI was separated off by centrifuging. The crude product 
in the form of a sernicrystalline mass was pressed out on the filter and was recrystallized from ether 
[see table, compounds (1) and (II)], 

An ethereal solution of 0.07 mole of amine was gradually added to an ethereal solution of 0.035 mole 

of (C2HsO)2P(O)N = C(SAIk)CI at 0 ~ The reaction mixture was stirred for an hour at room temperature. 
After the hydrochloride of the amine and the solvent had been eliminated, the substance obtained was distil- 
led [see Table, compounds (III)-(VI)]. 

N-Diethylphosphorylimine of S-propyl-O-ethylthiocarbonie acid. An ethereal 
solution of 0.07 mole of (C2HsO)2P(O)N = C(SC3HT)CI was added at room temperature to an alcoholic solu- 
tion of 0.07 mole of sodium ethoxide, and then the mixture was stirred for 2 h. After the NaCl and the 
solvent had been eliminated, the residue was dissolved in ether, washed with water, and dried with MgSO 4. 
Distillation yielded two fractions: 2.8 g (14.1%) of fraction I with b.p. 112-114 ~ (0.i rnm) [see table, com- 
pound (VII)] and 2.5 g of fraction (II) with b.p. 134 ~ (0.i ram); nD 2~ 1.5162. Found %: P 9.92. CIlH24NO3PS 2. 
Calculated %: P 9.9. The substance was identical with the N-diethylphosphorylirnine of S,S-dipropyldithio- 
carbonic acid obtained previously [2]. 

Bio-C-[O,O-dialkylphosphenyl]-methyleneamides of diethylphosphenic acid. 

With stirring at 0 ~ 0.02 mole of (C2HsO)2P(O)N = CCI 2 [i] was added slowly to 0.04 mole of a trialkyl 
phosphite. The temperature of the mixture was raised to room temperature during an hour and then it 
was heated for 30 rain at 35-40 ~ The amount of alkyl chloride liberated corresponded to theory. The crude 
product was distilled twice [see table, compounds (VIII) and (IX)]. 

N- (N, N', N", N"- tetrarm ethyldiamidophosphonyl) ;irninotetraalkylur eas. 0.06 
mole of [(CH3)2N]2P(O)NCS obtained by the reaction of the chloride [(CII3)]2N]2P(O)CI with potassium thio- 
cyanate [3] was chlorinated in the unpurified state at-5 to +5 ~ until the reaction ceased [i]. After the 
elimination of the excess of chlorine and the sulfur chloride, the crude product was dissolved in ether and 
to this solution was slowly added at -5 to 0 ~ an ethereal solution of 0.12 mole of an amine. The mixture 

was stirred at room temperature for 2 h and then the crude product was isolated and was twice distilled 
[see table, compound (X) and (XI)]. 
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S U M M A R Y  

1. Derivat ives  of N-die thyiphosphoryl iminothiocarbamic  acid have been obtained by the action of 
ammonia and methylamine,  ethylamine, and diethylamine on the monochlor ides  of N-die thylphosphor-  
yl imino-S-alkylcarbonic  acids (alkyl groups: C2H5, i-C3HT, C3H 7, C4H9) and have been charac te r i zed .  

2. The reac t ion  of t r ie thyl  and t r ipropyl  phosphites with the dichloride of N-diethylphosphoryl imino-  
carbonic acid has given the corresponding b is -C-[O,O-dia lkylphosphoryl ] -methyleneamides  of diethylphos- 
phoric  acid. 

3. The reaction of dimethylamine and diethylamine with the dichloride of N-[N',N',N",N"-tetra- 
methyldiamidophosphoryl]-iminocarbonic acid forms the corresponding N-phosphorylimidotetraalkylureas. 

lo 
2. 
3. 
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