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Thiophosphoric Amides: Aminolysis 

B Y A L L E N C. B U C K 3 AND H E R M A N P. LANKELMA 

Mixed thiophosphoric tr iamides of the type 
(RNH) 2 PS(NHRi ) where R is an aromatic radical 
and Ri an aliphatic radical have been prepared by 
Michaelis1 b y the stepwise aminolysis of thiophos-
phoryl chloride 

2R1NH2 + PSCl3 — > 
(R1NH)PSCl2 + RiNH2-HCl (1) 

(R1NH)PSCl2 + 4RNH2 —>• 
(R1NH)P(NHR)2 + 2RNH2-HCl (2) 

S 

Michaelis could not use this method to prepare 
mixed tr iamides in which both radicals were aro
matic since the intermediate, RNHPSCl 2 , lost hy
drogen chloride to give R N = P S C l . 

A new approach to the preparat ion of mixed 
thiophosphoric tr iamides was suggested by the 
addit ion of aniline to dimeric thiophosphoric anil 
anilide.2 The addit ion of amines to dimeric thio
phosphoric anil anilide could yield mixed thiophos
phoric tr iamides 

(C6H5N-
S 

-P- -NHC6HB)2 + RNH2 

2(C6H6NH)2P-NHR (3) 

When R N H 2 in equation (3) was benzylamine, in 
excess, the product a t temperatures of 30 and 60° 
was a mixture containing tr iamides of bo th benzyl
amine and aniline. No pure mixed triamide 
could be isolated. When the reaction tempera
tu re was raised to 130° tribenzylthiophosphoric 
amide was isolated in good yield. This product 
could have formed only through the addit ion of 
benzylamine to dimeric thiophosphoric anil anil
ide and the replacement of aniline by benzylamine 

S 
(C8H6N-P—NHC,H5)2 + 6C8H6CH2NH2 — > 

2(C6H6CH2NH)3PS + 4C6H6NH2 (4) 

A second approach to the preparat ion of mixed 
thiophosphoric tr iamides appeared to be possible 
through the reaction of dithiophosphoric dianilide 
with amines according to the equation 

(C6H6NH)2PSSH + RNH2 —>• 
S 

(C6H6NH)2P-(NHR) + H2S (5) 

This reaction has already been carried out with 
aniline to give thiophosphoric trianilide. When di
thiophosphoric dianilide was t reated with benzyl
amine, tribenzyl thiophosphoric amide ra ther t han 
a mixed tr iamide was obtained. Tribenzylthio
phosphoric amide mus t have resulted from the 

° Standard Oil Co., Ohio, Fellow in Chemistry 1946-1947; present 
address, E. I. du Pont de Nemours and Co., Parlin, New Jersey. 

(1) Michaelis, Ann., 326, 129-258 (1903). 
(2) Buck, Bartleson and Lankelma, THIS JOURNAL, 70, 744 

(1948). 

concurrent formation of a mixed tr iamide by loss 
of hydrogen sulfide between dithiophosphoric di
anilide and benzylamine and displacement of ani
line b y benzylamine 
(C6H5NH)2PSSH + 3C6H6CH2NH2 > 

(C6H6CH2NH)3PS + 2C6H6NH2 + H2S (6) 

The displacement of aniline by benzylamine 
with the formation of benzylamine tr iamide in 
each of these cases suggested the possibility of a 
similar reaction occurring also with a tr iamide. 
The reaction of tr iamides with pr imary aliphatic 
amines and with pr imary aromatic amines was 
therefore studied. This reaction could lead to 

S S 
mixed tr iamides ( R N H ) 2 P ( N H R ' ) and ( R N H ) P -
( N H R ' ) j by part ial displacement or to (RNH) 3 PS 
by complete displacement. The results of this 
s tudy are shown in Table I . 

The reaction of thiophosphoric trianilide with 
t r ibutylamine and with dimethylaniline was tried 
to determine the effect of ter t iary amines, which 
could not enter into displacement reactions. 

When thiophosphoric trianilide was heated a t 
130° in a large excess of t r ibutylamine, hydrogen 
sulfide was continuously evolved for twenty hours. 
Aniline and the phosphate ion were identified as 
decomposition products . Dimethylaniline pro
moted a similar decomposition, b u t required a 
much longer reaction t ime. In neither case could 
any thiophosphoric trianilide be recovered. 

I t is apparent t h a t this decomposition no t only 
resulted in the rupture of ni trogen-phosphorus 
bonds, b u t t h a t the ra te a t which these bonds were 
broken was related to the basicity of the ter t iary 
amine used. I t would follow t h a t thiophosphoric 
triamides heated in excess primary aliphatic or 
aromatic amines would have nitrogen-phosphorus 
bonds severed in an analogous fashion. In this 
case, however, a new triamide could form from the 
excess amine present. Thus is it possible t ha t 
displacement reactions involving pr imary am
ines and thiophosphoric triamides with pr imary 
amine residues a t tached to phosphorus be ex
pressed as a mobile equilibrium 
(RNH)3PS + 3R'NH2 <—> (R'NH)SPS + 3RNH2 (7) 

The position of equilibrium would depend upon 
the relative stability of the phosphorus-nitrogen 
bond of the two triamides. The relative rates a t 
which ter t iary amines decomposed thiophosphoric 
acid trianilide indicated t h a t the aliphatic amines 
would sever ni trogen-phosphorus bonds more rap
idly than the less basic aromatic amines. I t would 
follow in equation (7), t h a t the ni trogen-phos
phorus bonds of an aliphatic amine would be more 
stable than t h a t of an aromatic amine. Under 
the conditions used with the triamides of pr imary 
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TABLE I 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
a 

Triamide 
(RNH) .PS 

(C8H5NH)3PS 
(C6H5NH)3PS 
(CH5NH)3PS 
(W-C3H7NH)3PS 
(C6H10N)3PSa 

(C8H6NH)3PS 
(C6H6NH)3PS 
(C6H5-CH2NH)3PS 
(W-C3H7NH)3PS 
(C6H10N)3PS" 

Piperidyl. 

Amine 

C6H5CH2NH2 

C6H6CH2NH2 

C6H5CH2NH3 

C6H6CH2NH2 

C6H5CH2NH2 

P-ClC6H4NH2 

^-ClC8H4NH2 

C6H6NH2 

C6H5NH2 

C6H5NH2 

Temp., 
0C. 

30-60 
130 
180 
150-160 
170 
130 
180 
130 and 180 
180 
180 

Time, 
hr. 

2 
2 
2 
4 
4 
2 
2 

8 
4 

Product 

No reaction 
A mixture of triamides of aniline and benzylamine 
(C6H6CH2NH)3PS 80% yield 
(C6H5CH2NH)3PS 84% yield 
No reaction 
A mixture of triamides of aniline and p-chloroaniline 
(P-ClC2H4NH)3PS 40% yield 
A mixture of triamides of benzylamine and aniline 
(C6H5NH)8PS, 40% yield 
No reaction 

amines, the nitrogen-phosphorus bond of the tri
amide of a secondary amine, piperidine, was not 
severed by tertiary amines, either aliphatic or 
aromatic. Primary amines also would not be ex
pected to sever these bonds under comparable re
action conditions. The establishment of an equi
librium and therefore displacement reactions could 
not occur. This was verified; Table I, number 5. 

This equilibrium could also be shifted by mass 
action. This is shown by the reaction between 
thiophosphoric trianilide and benzylamine. Using 
a large excess of benzylamine, tribenzyl thiophos
phoric amide was formed in high yield; Table I, 
number 3. The reverse displacement could not 
be accomplished under comparable reaction con
ditions. Since the boiling points of benzylamine 
and aniline lie close together, selective removal of 
the aniline could not be used to displace the equilib
rium. However, this was accomplished by using 
tri-M-propylthiophosphoric amide. In this case 
the triamide with the weaker nitrogen-phosphorus 
bonds was formed due to the selective removal of 
the low boiling ^-propylamine from the equilib
rium mixture, Table I, number 9. 

The displacement of aniline from thiophos
phoric acid trianilide by ^-chloroaniline, Table I, 
number 7, was accomplished by the addition of an 
excess of ^-chloroaniline to the equilibrium mix
ture. The displacement of w-propylamine from 
tri-w-propylthiophosphoric amide by benzylam
ine, Table I, number 4, was accomplished with 
the use of excess benzylamine and the continuous 
removal of the low boiling w-propylamine dis
placed. 

Experimental 
Action of Benzylamine on Dimeric Thiophosphoric Anil 

Anilide.—Six grams of dimeric thiophosphoric acid anil 
anilide and 15 g. of benzylamine were heated at 180" for 
three hours. Crystallization of the product from alcohol 
gave 4 g. of tribenzyl thiophosphoric amide, m. p . 120-
123°, a 44% jdeld. I t was identified by a mixed melting 
point. 

At a temperature of 30 and 60° a product melting a t 
70-80° was obtained. I t could not be purified by crystal
lization from alcohol. I t was shown to be a mixture of 
triamides by cleavage with acetic acid.2 Acetanilide, 
benzylamine and phosphoric acid were identified in the 

cleavage products. At a temperature of 130° a 50% 
yield of the tribenzyl thiophosphoric amide was obtained. 

Action of Benzylamine on Dithiophosphoric Dianilide.— 
Six grams of benzylamine and 5.6 g. of dithiophosphoric 
dianilide were heated to 140-150° for four hours. The 
product was washed with dilute hydrochloric acid and 
crystallized from alcohol; 1.5 g. of tribenzyl thiophos
phoric amide melting a t 123-125° was obtained. Aniline 
was identified in the acid washings by conversion to acet
anilide. 

Action of Tertiary Amines on Thiophosphoric Trianilide. 
—Three grams of thiophosphoric trianilide and 20 g. 
of tributylamine were heated a t 130° in an atmosphere of 
nitrogen. The evolution of hydrogen sulfide was detect
able for twenty hours. The mixture was made alkaline 
with sodium hydroxide solution and steam distilled. The 
distillate was extracted with ether and the amines recovered 
by evaporation of the ether. The aniline was separated 
and identified as the benzenesulfonamide. The aqueous 
solution from the steam distillation gave a strong test 
for phosphate ion with ammonium molybdate solution. 

Action of Amines on Thiophosphoric Triamides.—The 
combinations of amine and triamide employed, with the 
reaction conditions and results, are shown in Table I . 
The triamides employed were prepared as follows: thio
phosphoric acid trianilide from aniline and phosphorus 
pentasulfide2; tribenzyl, tri-w-propyl, and tripiperidyl 
thiophosphoric amides from the amine and thiophosphoryl 
chloride by the method of Michaelis1 in yields of 57, 84 
and 2 5 % , respectively. The triamide formed in each case 
was identified by a mixed melting point and the displaced 
amine was identified as an acyl derivative. In two of the 
cases where a mixture of triamides was obtained, Table I , 
numbers 2 and 8, cleavage of the amides with acetic acid 
yielded a mixture of acetanilide and benzylamine. 

Summary 
The preparation of mixed thiophosphoric tri

amides by the addition of amines other than ani
line to dimeric thiophosphoric anil anilide was pre
vented by aminolysis reactions. Similarly, the re
action of amines other than aniline with dithio
phosphoric dianilide failed to yield mixed thio
phosphoric triamides due to aminolysis reactions. 

The primary amine thiophosphoric triamides 
underwent complete aminolysis reactions upon 
heating with other primary amines. The thio
phosphoric triamide of the secondary amine, pi
peridine, did not undergo this reaction. 

An interpretation of the aminolysis reactions 
has been presented. 
CLEVELAND, OHIO RECEIVED SEPTEMBER 10, 1947 


