
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

Reactions of Phosphoryl and Thiophosphoryl Isocyanates and
Isothiocyanates with Secondary Amines and Phosphines
Eckhard Herrmannab; Heike Wilhelmab; Gisela Ohmsab

a Institute of Inorganic Chemistryof the Martin Luther University, Halle, Saale b Institute of Analytical
Chemistry of the Technological University, Dresden, Germany

To cite this Article Herrmann, Eckhard , Wilhelm, Heike and Ohms, Gisela(1993) 'Reactions of Phosphoryl and
Thiophosphoryl Isocyanates and Isothiocyanates with Secondary Amines and Phosphines', Phosphorus, Sulfur, and
Silicon and the Related Elements, 75: 1, 111 — 114
To link to this Article: DOI: 10.1080/10426509308037377
URL: http://dx.doi.org/10.1080/10426509308037377

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509308037377
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur, and Silicon, 1993, Vol. 75, pp. 111-114 0 1993 Gordon and Breach Science Publishers S.A. 
Reprints available directly from the publisher Printed in the United States of America 
Photocopying permitted by license only 

R = a l k y l ,  
x 
Y 

Z = N , P  Z 

.v a r y l  
o s o s  

REACTIONS OF PHOSPHORYL AND THIOPHOSPHORYL ISOCYANATES 
AND ISOTHIOCYANATES WITH SECONDARY MINES AND PHOSPHINES 

5 6 7  8 9 10 
o o s s o  s 
o s o s s  s 
N N N N P  P 

ECKHARD HERRMANN, HEIKE WILHELM and GISELA OHMS 
Institute of Inorganic Chemistry of the Martin Luther University 
Halle-Wittenberg, Halle (Saale), and Institute of Analytical 
Chemistry of the Technological University Dresden, Germany 

The degree of the formation of the corresponding derivatives of phos- 

phorylated ureas 5 - 10 depends on the electrophilic properties of the 

NCY group, on the nucleophilicity of HZR2 as well as on the 

temperature. 

1 and 3 form with dialkyl and diary1 amines 5 and 7, respectively, in a 

nearly quantitative yield. The addition reaction of dialkylamines with 2 

and 4 proceeds in most cases without any complication 6 and 8, respec- 

tively, whereas diphenylamine reacts only in form of the potassium 

salt, The addition products 9 and 10 of diorganylphosphines (R- Ph, M;) 
with 2 and 4 have been isolated only at low temperature (-25 “C). The 

compounds (PhO)2P(0)-NH-C(O)-NMePh, (PhO),P(S)-NH-C(S)-NMePh, and 
(PhO)2P(0)-NH-C(S)-PPh2 were characterized by x-ray crystal structure 

analysis” ’. 
The shift of the equilibrium (1) in dependence on the temperature was 
studied by NMR spectroscopy. Solving well characterized pure samples 
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of 6 the signal of the educt 2 is observed. The dissociation increases 
with rising temperature. The equilibrium (1) is on the left side in case 
of the compounds 9 and 10. Compounds of the type 8 are more stable. 
Signals of 4 are observed only after shaking solutions of 8 with diluted 

mineral acids. 

The compounds 9a and 9b and solutions of 9c are not stable at room 
temperature, They undergo decomposition, and 11 is formed according 

to equation (2). 

9a, 9b, 9c 

8: R = Ph, b R = Et, c: R = Pr 

lla, llb, llc 

Under the influence of air 12 reacts to 13. 

0 
pho I I  
PhO 

;P' - + 1/2 0 2  

'Et 

llb 12b 

9a reacts in benzene with sulfur forming 13 according to equ, (4) 

(3)  

9a 13 

1,l-Diorganyl derivatives of urea react similar to equation (1) with 1, 2, 

3 and 4 yielding the phosphorylated derivatives of the biuret. 

(PhO)*P(X)NCY + HzN-C(O)-NRz -> (PhO),P(X)-NH-C(Y)-NH-C(O)-NR2 (5) 

1 ,  2 ,  3 ,  4 
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However, with phosphorylated isothiocyanates the reaction (5) occurs 
incompletely. Beside the addition reaction the substitution reaction (5) 
is observed in these cases and byproducts as e,g. 14 and 16 are 

formed. 

(PhO)ZP(X)NCS + HZN-C(O)-NRz -> (PhO),P(X)-NH-C(O)-NRz + HSCN -> 

t HZN-C(O)-NUz 
> (PhO)zP(X)NCO > (PhO)ZP( X)-NH-C (O)-NH-C( O)-NRz (6 )  - [HZNRZISCN 

The phenoxy( thio)phosphoryl diisothiocyanates 18 and 19 react with 
secondary amines in three different ways (equation (7)-(9)): 

(PhO)P(X)(NCS)Z + 2 HNRz -> (PhO)P(X)(NH-C(S)-NR,)2 ( 7 )  

20 

(PhO)P(S)(NCS)Z t 2 HNRz -> (PhO)P(S)(NCS)NRz + [HZNRZISCN 
( 8 )  

R = a l k y l  21 

PhO)P(X)(NCS)Z + HNRz - > 

22 

It is possible to obtain all three types of compounds 20, 21 or 22 in 
good yields by variation of the reaction conditions and the kind of 
amine. 

For X = S a compound of the type 20 can be synthesized with 
diphenylamine. With dialkylamines the corresponding dialkylammonium 
salts (PhO)P(X)(NH-C(S)-NR2)2'HNRz 23 are formed, which are however 

unstable. By standing for a longer t i m e  at mom temperature from 23 (X 
= S) a compound (Ph0)2P(S)(NR2)-NH-C(S)-NR2, 24, is yielded. The for- 
mation of 24 occurs via the substitution product 21, which can be 
obtained separately according to equation (8 ) ,  if the dialkylamine and 
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20 are used in the ratio 21. (PhO)P(O)(NH-C(S)-PR,)2, 24, and 

(PhO)P(O)(NCS)NH-C(S)-PR2, 25, was observed in a reaction of diphenyl- 
phosphine with 18 , similar to equation (8 ) .  

With 18 compounds of the type 22 are obtained in a high yield. Dial- 
kylamines form the corresponding ammonium salts. Their structures 
were determined by NMR spectroscopy and x-ray crystal structure 
analysis. 

Phenylphosphine reacts with 18 and according to equation (10) the 
derivative 25 of a 1,3,2,5-diazaphosphorinane is formed. 

H 

25 

The thiophosphorylated thioureas 8 are excellent extractants for weak 
metal ions. They form square planare complexes with nickel and with 
copper(1) a complex [Cu(Ph0),P(S)NC(S)NR2l4. 
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