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Exper ience  has  shown that some imidophosphates  have herbic ida l  and defoliant act ivi ty [1-3]. In 
conducting a sys t emat i c  study of the re la t ionship  of this act ivi ty to s t ruc ture ,  we synthesized a s e r i e s  of 
N-dia lkoxyphosphonyl imidophosphates  [4] and N-dialkoxythiophosphonyl imidophosphates  [5]. 

In the p r e s en t  work we desc r ibed  a s e r i e s  of imidophosphates  of the following types:  (RO)3P = NP(X)- 
(NR2')2, (R2 N) 2P(OR) = NP(X) (NR2")2, (R2' N)P(OR2) ~--- NP(X) (NR2")2, (RzN)3P = NP(X)(NR2' ) 2 (where X = O 
or  S). Obviously,  these  compounds contain f rom two to five dialkylamino groups  or  zero ,  one, two, or  
th ree  alkoxy groups.  Imidophosphates  a re  obtained f r o m  the cor responding  t r iva len t  phosphorus  com-  
pounds and te t raa lky ld iamidoaz idophosphates  (and - th iophosphates ) ;  for  example ,  

(RO)sP + (R~'N)2P(S)N~ --~ (RO)~P=NP(S)(NR2')2 
Compounds of the f i r s t  type (where X =O) have been descr ibed  e a r l i e r  [6]. The phosphites  were  added to 
the reac t ion  mix t u r e  in exces s ,  in o rde r  to ensu re  complet ion of the react ion.  React ions  were  c a r r i e d  out 
in benzene ~t 50-60~ In the reac t ion  with te t raa lkyld iamidoazidophosphates ,  a dec rease  in reac t iv i ty  in 
compar i son  to the dia lkylazidophosphates  was observed.  In the case  of the te t raa lkyldiamidoazidothiophos-  
phates,  the dec r ea s e  in reac t iv i ty  was st i l l  g rea t e r .  Constants  and yie lds  a re  p resen ted  in Table  1. 

During dist i l lat ion of the imidophosphates  containing alkoxy groups,  imide- - imide  r e a r r a n g e m e n t  is  
poss ib le  [6]: 

(RO)py2=NP(X)(NR2')2 --9- Y2P(O)N=P(XR)(NR2')2 
X = O  or S, Y = O R  or NR~ 

However ,  I]~ sp ec t r a  of the reac t ion  m i x t u r e s  p r i o r  to dist i l lat ion were  ident ical  to the IR spec t r a  of the 
dis t i l la tes .  The ident i t ies  of all  p roducts  were  conf i rmed  by TLC. In the IR spec t r a  of imidophosphates  
I--V,  the re  as an absorpt ion band in the region of 1260-1290 cm -1 (P = N); for  N-thiophosphonylimidophos-  
phates  VII--S(IV the band appea r s  in the region of 1250-1300 cm -1, in a g r e e m e n t  with data for  N-phosphony-  
imidophosph~tes [7] and N-thiophosphonyl imidophosphates  [5]. The s t r u c t u r e s o f i m i d o p h o s p h a t e s I - V w e r e  
conf i rmed  by 3~ P-NMR spec t r a .  Cor re la t ion  of the chemica l  shifts was accompl ished  by r e fe rence  to avai lable 
data [6, 8 ]. The r e su l t s  of ana lyses  by the methods of IR and 31P-NMR spec t roscopy  a re  included in Table 1. 

In the ~synthesis of the te t raa lky ld iamidoaz idophosphates  (and - th iophospha tes ) ,  we introduced some 
changes  in the desc r ibed  methods ,  allowing us to obtain these  azides  under m i l d e r  conditions or  to obtain 
them f r ee  of unreac ted  acid chlor ides .  The synthes is  of te t rae thyldiamidoazidophosphate  [9], as  well  as 
that  of te t rarae thyldiamidoazidophosphate  [10], was c a r r i e d  out in pyridine;  the indicated method was 
s impl i f ied  by t rea t ing  the ini t ial  acid chlor ide mix tu re  with NaN 3 at ,~ 20 ~ r a t h e r  than boiling for  s e v e r a l  
hours.  Te t ramethyld iamidoazidoth lophosphate ,  desc r ibed  in [i0], and te t raethyldiamidoazidothiophosphate  
were  obtained by the method of [5], based  on d i sp lacement  of chlor ine in the te t raa lkyld iamidophosphor ic  
acid ch lor ides  by the azido group in DM.F. It mus t  be noted that  te t raethyldiamidoazidothiophosphate ,  as  
obtained in [9] by boiling an acetone solution of the init ial  acid chlor ide with NAN3, is  impure  and contains 
2% chlorine.  Constants  and yie lds  of the synthes ized  phosphor ic  acid azides  a r e  given in Table 2. 
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TABLE 2 

C o r n -  . Formula 
pound 

(XV) (Et~N)~P(O)Na 
(XVI) (MeeN)2P(S)N~ 

(XVII) (Et2N)~_P(S)Na 

bp, ~ (p 
Yield, % i.10_2 turn) I ,~ 

88 [ 76 t,4670 

m 

96 [ 62 t,5t88 
89 84 t,5058 

20 
de 

t,0504 
t,t628 
1,08t2 

MR~ 
ca lcu - 

found 
lated 

6t,66 6t,76 
50,42 50,78 
69,89 7i,25 

* Satisfactory elemental analyses obtained for P. 
?The AR value of N3 is assumed to be 9.61 [11]. 

E X P E R I M E N T A L  M E T H O D  

IR s r e c t r a  were  taken on a UR-20 ins t rument .  3 tp -NMR spec t r a  were  obtained on a "Bruker  I-IX-90" 
ins t rument  under impulse  conditions, with high-f ield suppress ion  of spin--spin  in teract ion between 
phosphorus nuclei and protons ,  operat ing at a f requency of 36.43 M1-Iz (external  s tandard ,  85% HaPQ).  
The pur i ty  of the compounds obtained was ver i f ied  by TLC (silufol-250; eluant hexane--acetone,  7 : 3). 

Tet rae thyldiamidoazidophosphate  (XV). A mix tu re  of 45.4 g (0.2 mole) te traethyldiamidocb. loro-  
phosphate [9] and 17.6 g (0.27 mole) NaN 3 in 90 ml  anhydrous pyridine was �9 at ~ 20 ~ for  20 h. The 
pyridine was evapora ted  under vacuum, 50 ml  benzene was added, the prec ip i ta ted  solid was r emoved  by 
decantation, and the benzene was then evapora ted  under vacuum. After  disti l lation, 41.0 g (XV) was ob- 
tained. 

Tetrae_}thyldiamidoazidothiophosphate (XVK). To 26 g (0.4 mole) NaN 3 in 70 m l  DMF was added with 
s t i r r ing  48.5 g (0.2 mole) te t rae thyldiamidochlorothiophosphate  [9]. Af ter  addition of the ent i re  quantity 
of acid chlcr ide ,  the mix tu re  was s t i r r e d  at ~ 20 ~ for  15 rain, and then at 60 ~ for  2 h. The reac t ion  m a s s  
was mixed  with 550 m l  cold water  and ex t rac ted  with e ther ,  and the ex t rac t  was then dried over  Na2SO 4. 
The e ther  was evapora ted  under vacuum; af ter  disti l lation, 44.4 g (XVII) was obtained. 

Tr ie thyl -N-( te t ramethyldiamidothiophosphonyl) imidophosPhat  e (v.H): To a solution of 5.8 g (0.03 
mole) tetraJmethyldiamidoazidothiophosphate in benzene at 50 ~ was added dropwise 4.86 g (0.036 mole) 
t r iethylphosphite .  The mix tu re  was kept at 55-60 ~ until n i t rogen evolution was comple te  (10 h). Completion 
of the reac t ion  was a sce r t a ined  by d i sappearance  of the band absorpt ion VNa of the init ial  azide f rom the 
IR spectrunt  of the reac t ion  mixture .  The benzene was evapora ted  under vacuum, and 9.1 g (VII) was i so-  
lated by distil lation. 

The other  imidophosphates  were  obtained analogously. 

Tr iphenyl-N-( te t rae thyldiamidophosphonyl)phosphinimine  (VI).. To 3.28 g (0.014 mole) te t rae thyld i -  
amidoazidopi~osphate was added 3.71 g (0. 014 mole) tr iphenylphosphine.  The reac t ion  mix tu re  was allowed 
to stand overnight .  The c rys ta l l ine  substance  which fo rmed  was r e c r y s t a l l i z e d  twice f rom hexane; yield 
6 .3g ,  r a p 9 5  ~ . 

C O N C L U S I O N S  

By reac t ion  of phosphites with te t raa lkyld iamidoazidophosphates  (and - th iophosphates) ,  a s e r i e s  
of N- te t raa!kyldiamidophosphonyl(and-- th iophosphonyl) imidophosphates  was obtained. 
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