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One of the p rope r t i e s  of a lkoxyimidophosphorus  compounds is the abil i ty to undergo i m i d e - a m i d e  r e -  
a r r a n g e m e n t  [1], which occurs  on heating or when t rea ted  with e lectrophi l ic  reagents .  As is known, phos -  
phine imines when t rea ted  with aldehydes a re  conver ted  to phosphine oxides and anils [2], and evidently this 
react ion  p roceeds  via the zwi t te r - ion  step [3] 

R3P=NR x RaP+--NR z 
+ -" C[ ---, R3PO + B1N=CHR 2 

O=CHR 2 --0-- HR~ 

While studying the kinet ics  of the react ion  of phosphine imines  with aldehydes and the Wittig reac t ion  
it was concluded that  a synchronous mechan i sm preva i l s ,  with a f o u r - m e m b e r e d  t ransi t ion s ta te  containing 
pentavalent  phosphorus  [4]. 

The react ion  of alkoxyimidophospho,.r~s compounds with aldehydes has not been studied.* This r e a c -  
tion was examined by us on the example  of t r ie thyl  N-phenyl imidophosphate  (I). In the ease  of a synchronous 
mechan i sm a s i x - m e m b e r e d  t rans i t ion  s tate  (ID can be fo rmed ,  which in type is c lose to that  in the imide 
- a m i d e  r e a r r a n g e m e n t ,  with the format ion  of amide  (liD. In the case  of a f o u r - m e m b e r e d  t rans i t ion s ta te  
(IV)$ the react ion of imidophosphate (I) with aldehydes will not differ f rom the react ion  of phosphine imines  
with aldehydes,  i .e. ,  the format ion of t r ie thyl  phosphate and anils could be expected 

C2H50\ 
k.'P~ c6Ft5 *-- (C ~HsO)sP=NC6H~ [ (C~HsO)aP--NCsH~ ] 

C2H50/(~ ") CH--Ar + -"* [~ ]. 
I ~ f~{ (I) O=CHAr [ O--CHAr J 

H5C2 "~ O 
(u) ] (IV) 

C*HsO (C~HbO)3PO + ArCH=NC6H5 
\P--NCsH~ (VI) (VII) Ar=pNO,CaHa (a), C6H5 (b) 

CHAr 
I 

C~HsO ( I I I )  

As it proved,  the amidophosphate  r eac t s  with benzaldehydes in the s ame  manner  as phosphine imines.  
The react ion of (D with p-n i t robenzaldehyde  and benzaldehyde p roceeds  under mild conditions without a 
solvent.  The constants  and IR spec t rum of t r ie thyl  phosphate (VD coincided with the l i t e r a tu r e  data�9 The 
s t ruc tu re  of mails (VIIa, b) was proved by compar ing with the authentic compounds [6, 7]. When the reac t ion  
of imidophosphate (D with p-n i t robenza ldehyde  was run in solvents  that differed sharp ly  in po la r i ty  (ben- 
zene and d imethyl formamide)  the di rect ion of the reac t ion  did not change. 

*While this pape r  was being p r e p a r e d  for publication a communicat ion appeared  [5] on the reac t ion  of O,O- 
d ie thy l -O-p-hydroxyphenyl -N-phenyl imidophosphate  with benzaldehyde,  which led to the format ion  of O,O- 
d ie thyl -N-p-hydroxyphenylphosphate  and benzalanil ine.  

�9 , + 

$The format ion  of the be tame  (C~HbO)3P -- NC~H~ as an in te rmedia te  product  is not excluded. 
T 

-O--CHAr (V) 
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It should be mentioned that a high electrophilicity of the carbonyl group is necessary if imidophosphate 
(D is to react  with carbonyl compounds. Thus, acetone does not react  with imidophosphate (D, either when 
refluxed (6 h) or when heated in an autoclave at 100~ (10 h). 

EXPERIMENTAL METHOD 

Reaction of Triethyl-N-phenylimidophosphate (I) with p-Nitrobenzaldehyde. Without a Solvent. To 
2.55 g of ,'I) was added 1.51 g of p-nitrobenzaldehyde. Heat was evolved and a light brown homogeneous so- 
lution was formed. Then the mixture was heated at 70-80 ~ for 2 h. The crystals obtained on cooling were 
separated and washed with hexane. We obtained 2.00 g (90%) of p-nitrobenzalaniline (VIIa), mp 85-87 ~ 
After recrystallization from benzene-hexane mixture, mp 92-93~ see [6]. The mixed melting point with 

an authenlic sample was 92-93 ~ 

The filtrate was evaporated and the residue was distilled to give 1.6 g (90%) of triethyl phosphate [8- 
i0], bp 91-92 ~ (i0 ram); n~ 1.4070; d 2~ 1.0693. 

In Benzene. A solution of 2.55 g of (1) and 1.51 g of p-nitrobenzaldehyde in i0 ml of absolute benzene 
was refl~:ed for 2 h, after which the benzene was vacuum-distilled, 5 ml of heptane was added to the re- 
sidue, and the crystals were separated. We obtained 1.92 g (86%) of (VIIa), mp 92-93 ~ Distillation of the 
filtrate gave 1.52 g (85%) of triethyl phosphate. 

In Dimethylformamide. A solution of 2.55 g of (I) and 1.51 g of p-nitrobenzaldehyde in i0 ml of DMF 
was heated at 70-80 ~ for 2 h, the solvent was vacuum-distilled, 5 ml of heptane was added to the residue, 
and the crystals were separated. We obtained 1.87 g (84%) anil (VIIa), mp 92-93 ~ Distillations of the fil- 
trate gave 1.50 g (85%) of triethylphosphate. 

Reaction of Triethyl-N-phenylimidophosphate (1) with Benzaldehyde. A mixture of 1.05 g of benzalde- 
hyde and ~',.55 g of (1) was heated at 70-80 ~ for 2 h. Distillation gave 1.40 g (80%) of triethyl phosphate and 
1.40 g (80%) of benzalaniline WIIb), bp 153-154 ~ (I0 ram), mp 51-52~ see [7]. The mixed melting point with 
an authentic sample was 51-52 ~ . 

CONCLUSIONS 

The reaction of triethyl-N-phenylimidophosphate with aldehydes proceeds with the formation of tri- 
ethyl phosphate and anils. 
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