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NEW INVESTIGATION ON THE REACTION OF PHP(S)(NCS)2 
AND CGH11P(S)(NCS)Z WITH AMINES 

RU-YU CHEN, SHI-XIAN HU 
Nankai Univers i ty ,  T i a n j i n ,  P. R. China 

Abs t rac t  
t h e  corresponding s u b s t i t u t e d  t h i o u r e a s  and new 
compounds wi th  t h e  g e n e r a l  formular ,  

RP(S)(NCS)2 r e a c t i n g  wi th  R1NH2 gave 

RP( S) NHC( S) MHR' 
I 
NHR'  

where R = ph, C 6 H l l ;  R' = i - C  H i-C5H11.  3 7' 

It  has  been r e p o r t e d  i n  t h e  p r e v i o u s  paper") and 
t h e  l a s t  symposium(2) t h a t  t h e  r e a c t i o n  o f  0 - e t h y l ( o r  
0-phenyl) bis(isothiocyanatido)phosphorothioate, ROP(S) 
(NCS)2(R= E t  o r  ph) ,  with primary aromatic  mine  gave 
t h e  d i t h i o u r e a  d e r i v a t i v e s ,  ROP(S)(NHC(S)NHR1)2, where 
R '  = -C6H4C1, -C H OMe, -C H NO 
l a r l y  when 0-ethyl  bis(isothiocyanatido)phsophoro- 
t h i o a t e  r e a c t e d  with i sopropyl -  o r  isoamylamine i n  1 t o  
2 moleculer  r a t i o  i n  glyme a t  low temperature  c y c l i c  
compounds of type  I were obta ined  i n  q u i t e  low y i e l d s  

e t c .  and t h a t  s i m i -  6 4  6 4  2 

(26.43%) 
4 

S *S 

glyme , NH-C , 
EtOP(NCS)2 + R I N K 2  EtOP \ NR' ( 1 ) -  

-1Oo,4h:s 11 NH-C' 

I 
where R t  = i - C  H i -C5H1,  3 7' 

I n  o r d e r  t o  s y n t h e s i z e  more c y c l i c  compounds I 
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f o r  search ing  new h e r b i c i d e s  and t o  s tudy  f u r t h e r  t h e  
r e a c t i o n s  involved more work has  been done, 

0-Ethyl(or 0-phenyl) bis(isothiocyanatido)phospho- 
r o t h i o a t e  r eac t ed  wi th  equimoleculer a n i l i n e  and sub- 
s t i t u t e d  an i l i nes  s e p a r e t e l y  i n  to luene  a t  -6OOC t o  
room temp.. A number of  new ethoxy and phenoxy c y c l i c  
compounds I1 and I11 were formed, 

I1 I11 
where R2 = H, CH3, C1, Br.  
The experimental  r e s u l t s  were l i s t e d  i n  t a b l e  1 and 
some of  t h e i r  I R ,  'HNMR and MS given. 

S 

~ 

Ph H 111-2 98.1 

Ph c1 111-2 88.0 
Ph B r  109-1 1 97.9 
Et H 79-80 65.9 

Ph Me 110-1 928 3 

E t  Me 92-4 61 D 3  

E t  c1 1 1  2-3 88.1 
E t  B r  106-7 85.6 

I t  seemed t h a t  a t  low temp,(-60° - O°C) with  t o -  
luene o r  MeCN as t h e  so lven t  t h e  aromatic  amines gave 
b e t t e r  y i e l d s  than t h e  a l i p h a t i c  such as i sopropyl -  o r  
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isoamylamine. 
was formed i n  65.9% y i e l d  when a n i l i n e  was dropped 
s l o s l y  i n t o  t h e  s o l u t i o n  o f  0-ethyl  b i s ( i so th iocyana-  
t ido)phosphoroth ioa te  a t  -6OOC. 
r a t u r e  was r a i s e d  t o  -20'- -15'C, t h e  y i e l d  would be 
lowered t o  43.5%. 

For i n s t a n c e ,  compound I1 with R2 = H 

I f  t h e  r e a c t i o n  tempe- 

However, when t h e  experiments were r epea ted  w i t h  
l :3  molecular r a t i o  of RP(S)(NCS12 and R f N H 2 ,  where 
R = ph, C6H,, ; R 1  = i - C  H 
room temp., 

i-C5H, I i n  t o luene  a t  3 7' 

RP(S)(NCS)2 + 3RfNH2-RP(S)NHC(S)NHRf + H2NCNHR' 
II 
n kHR' I V  u 

(2) 

n e i t h e r  bis(thioureido)phosphorus compound nor  t h e  
c y c l i c  compound was obtained,  bu t  t h e  corresponding 
s u b s t i t u t e d  t h i o u r e a s  and new compounds wi th  t h e  gene- 
r a l  formula I V  were r e s u l t e d  as shown i n  t h e  r e a c t i o n  
equat ion ( 2 ) .  See Table 2, 

Table 2. RP(S)NHC(S)NHR~ 
NHR' 

R R '  mop. (OC) y i e l d  (%I 
Ph i - C  3H7 94-5 57.1 

i-C- H -  o i l  45.7 5 1 1  Ph 

C6H1 1 i-C3H7 134-6 55.4 
C6H1 1 -C6HbCH3 38-4 1 65.2 

The s t r u c t u r e  of t h e  product I V  was confirmed by 
X-ray d i f f r a c t i o n ( R  = ph, R f  = i - C  H ) i n  a d d i t i o n  t o  3 7  
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the  elemental  a n a l y s i s  and 'HNMR. 

Obviously i n  t h i s  re -  
ac t ion ,  t h e  add i t ion  of t h e  
amine t o  one of NCS groups 
i n  t h e  b i s ( i so th i0cyana t i -  
do)phosphonothioate goes 
f i r s t  and then another  NCS 
group was rep laced  by t h e  S,NHCNHC3Hyi 2 A view of the PhP, 
amine v i a  SN2 a t t a c k  t o  NHC3Hii 

thioshosphoryl  group. A q u a l i t a t i v e  t e s t  was made t o  
prove t h i s  mechanism, Red c o l o u r  appeared immediately 
as soon as t h e  s o l u t i o n  o f  isopropylamine i n  glyme was 
added t o  t h e  s o l u t i o n  of phP(S)(NCS)2 when a small 
amount of FeCl was dropped i n ,  and t h e  co lour  faded 
away g r a d u a l l y a f t e r  t h e  addi t ionofmoreisopropylamine.  
I t  ind ica t ed  t h a t  one o f  t h e  NCS groups i n  phP(S)(NCS)2 
was added and another  s u b s t i t u t e d  by amine with the  
formation of I V  and H'SCN- which r e a c t e d  wi th  t h e  
excess  m i n e  t o  form t h e  corresponding th iourea .  

3 
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