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The diehloromethylenamides of dialkyiphosphoric acids (RO)2P(O)N=CCI 2 are formed in good yields 
when the esters of isothiocyanatophosphoric acid are treated with chlorine. The compounds are stable dur- 
ing distillation and storage [1]. The acid chloride of the N-phosphorylated iminoearbamic acid is formed 
when one chlorine atom in the dichloromethylenamidophosphate is replaced by the amino group 
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In con t ras t  to the d ich loromethylenamides  of dia lkylphosphoric  acids ,  the acid chlor ides  of the N- 

phosphoryla ted  iminoca rbamic  acids proved  to be compounds that a re  t h e r m a l l y  unstable .  Even at 70~ they 
cleave alkyl halide to apparent ly  fo rm in t ramolecu la r  condensation products ,  which decompose  at this  t e m -  
p e r a t u r e  into the cyanodi i sopropvlamine  were  isolated when the acid chloride of N-di i sobutoxyphosphoryl -  
imino-N'  -dt is  op ropy lca rbamic  acid ( i -C 4 H~O)2P (O)N=C [ N (C 3Hy-i)2]C l is heated at 70-80 ~ Analogous p r o d -  
ucts  were  obtained when the acid chloride of N-d ie thoxyphosphory l amino-N ' -d i i sop ropy lca rbamic  acid was 
heated.  As a resu l t ,  on the bas i s  of the isolated products  the p r o c e s s  for  the in t r amolecu la r  condensat ion 
of the acid chlor ide of an iminoca rbamic  acid can be depicted by the following scheme 

(a) 

R ~ CsH~; i-C41-19', R' = i-C3H7 

The cyclic ester-amide (a) that is formed at 70-80 ~ as a result of intramolecular condensation de.- 
composes into the cyanodialkylamine and metaphosphoric acid ester (an intense peak at 2200 cm -i, which 
belongs to the vibrations of the C-------N group, was detected in the IR spectrum of the product before distilla- 
tion). The metaphosphoric acid ester was not isolated in the pure state. It decomposes when its distilla- 
tion is attempted, which is in agreement with the data on the thermal instability of these compounds. The 
secondary cyclic ester-amides of the N-phosphorylated iminocarbonic acids are apparently formed when 
formamide (in the iso-form) reacts with the dichloromethylenamides of the dialkylphosphoric acids. HCN 
is evolved when these ester-amides are cleaved during heating, and the esters of isoeyanatophosphoric acid 
[2] are formed in approximately 60% yields 

F: C~ -7 
(R0)sP(O)N=CCh -r HeNCHO [HN=CHOH] ~ _  t (RO)2P(O)N=C)/ %CHI 

L \05 j 
(ROhP(O)NCO F HCN 

We found that the s a m e  compounds can be obtained in 75-80% yields  by the reac t ion  of acet ic  anhy-  
dride with the dichloromethylenamides of dialkylphosphorie acids 

(RO)~P(O)N=CCI~ ~- (CHaCO)sO --, (EO):Pi0)NCO _u 2CHaCCC1 

USSR. 
1974. 

Arbuzov Insti tute of Organic and Phys ica l  Chemis t ry ,  Kazan Branch of Academy of Sciences of the 
T rans l a t ed  f rom Izves t iya  Akademii  Nauk SSSR, Ser iya  Khtmtcheskaya ,  No.  6, pp. 1398-1399, June, 

Original a r t i c l e  submit ted June 25, 1973. 

�9 t974 Consultants Bureau, a division of  Plenum Publishing Corporation, 227 [[lest 17th Street, New York, N. Y. I001I. 
No part of this publication may be reproduced, stored tn a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $75.00. 

1317 



EXPERIMENTAL METHOD 

Acid Chloride of N-Diisobutoxyphosphorylirnino-N'-diisopropylcarbamic Acid. To an ether solution 
of 14.18 g of (i-C4HgO)2P(O)N-----CCI 2 was added at -50 ~ an ether solution of a mixture of 4.91 g of diiso- 
propylamine and 4.91 g of triethylarnine. After removal of the salts and solvent we obtained 15.2 g (88%) 
of (i-C4HgO)2P(O)N=C[N(C3Hy-i)2]CI as a mobile liquid; n~ 1.4704; d~ ~ 1.0564. Found: P 9.05; lq 7.91; CI 
9.24%; MR 93.73. Ci~H32CIN203P. Calculated: P 8.74; N 7.90; Cl 10%; MR 93.92. The absorption bands of 
the P----O (1260) and C=N (1640 crn -i) bonds are present in the fIR spectrum of the acid chloride. 

The acid chloride (13.7 g) was heated at 70-i00 ~ for 1 h, and then the t-C4HgCI (3 g, 84%) was removed 
in vacuo. Distillation of the residue gave 2.3 g (48%) of (i-C3Hy)2NCN [3] with bp 78.5-80 (i0 ram); n~ 
1.4262; d~ ~ 0.8727. In the IR spectrum the C~-N group appears as an intense band at 2200 crn -i. 

The acid chloride of N-diethoxyphosphorylirnino-N'-diisopropylcarbarnic acid decomposes in a sim- 
ilar manner when heated. 

Diethyl Ester of Isoeyanatophosphoric Acid. A mixture of 11.65 g of (C2HsO)2P(O)N---CCI 2 and 5.11 g 
of (CH3CO)20 was heated at 90-100 ~ for 6 h. Fractional distillation gave 7 g (80%) of (C2H~O)2P(O)NCO 
with bp 70-72 ~ (2 ram); n~ 1.4205; d24 ~ 1.1805. Found: P 17.16; N 7.91%; MR 38.43. CsHIoNO4P. Calculated: 
P 17.32; iN 7.82%; IVIR 38.79. The bands of the NCO (2290 ern -i) and P=O (1280 crn -i) groups are observed 
in the IR spectrum. Besides (C2HsO)2P(O)NCO , CH3COCI was isolated in 51% yield. The synthesis of (i- 
C4HgO)2P(O)I~CO in 75% yield was accomplished in a similar manner; bp 73-74 ~ (1 rnm); n~ 1.4265; d~ ~ 
1.0603. Found: P 13.26; N 5.66%; MR 56.86. C~HIsNO4P. Calculated: P 13.19; N 5.95%; MR 57.26. The 
bands of the NCO (2280 cln -i) and P=O (]295 cln -i) groups are present in the IR spectrum. 

CONCLUSIONS 

i. The acid chlorides of l~-dialkoxyphosphorylated irninodialkylcarbarnic acids form unstable intra- 
molecular condensation products, which decompose into the cyanodialkylamine and rnetaphosphoric acid 

ester. 

2. When reacted with acetic anhydride the dichlorornnethylenarnides of dialkylphosphoric acids form 

the esters of isocyanatophosphoric acid. 

i. 

2. 
3. 
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