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In continuation of studying the reac t ions  of the N - a c r y l a m i d e s  of t r iva len t  phosphorus  acids with c a r -  
bonyl-containing compounds [1-5] we invest igated the reac t ions  of the amides  of dialkylphosphorous acids 
with benzil .  It could be a s s um ed  that the reac t ions  of the N-ary lamidophosphi tes  with a -d ike tones  will p r o -  
ceed with the initial involvement  of e i ther  the phosphorus a tom or  the nitrogen a tom according to the follow- 
ing d i rec t ions  (Scheme 1). 

Compound (1) cor responds  to the dioxaphospholene s t ruc tu re ,  the p r e sence  of which was establ ished in 
the reac t ions  of the fully subst i tuted amides  of dialkylphosphorous acids with a -d ike tones  [4]. It is pos -  
sible to a s s u m e  that in the case  of secondary  amidophosphi tes ,  due to the p r e s e n c e  of involvement of the 
labile hydrogen a tom of the amido group,  both phospholene andthe open bipolar  fo rm found in equil ibrium with 
it, can change (Scheme 1) over  to a compound containing the phosphimido linkage (s t ruc ture  rl). Compounds 
of this type can a lso  be fo rmed by the initial at tack of one of the carbons of the carbonyl  groups by phos -  
phorus ,  with subsequent  phosphona te -phospha te  r e a r r a n g e m e n t  of the bipolar  ion and t r a n s f e r  of the nega-  
t ive charge  along the chain to the t e rmina l  oxygen a tom.  Compounds of the (III) type can be formed as the 
r e su l t  of phosphona te -phospha te  r e a r r a n g e m e n t  of the init ially fo rmed  bipolar  ion (A), with subsequent  in-  
t r amo lecu l a r  dealkylation of the new ion (B) by the Arbuzov scheme.  Compound (IV) [3] can be fo rmed by 
the d i rec t  s tabi l izat ion of the bipolar  ion, which is accompl ished  as the resu l t  of the migra t ion  of the hy-  
drogen ion. The format ion  of compound (V) is postula ted as the r e su l t  of the initial a t tack of the carbonyl  
carbon by the ni trogen a tom according to the scheme  that was proposed  ea r l i e r  for  aldehydes and ketones of 
the a l iphat ic  and a rom a t i c  s e r i e s  [1]. 

The reac t ions  of the anil ide and p- toluidide of diethylphosphorous acid with benzil  p roceed  in the ab -  
sence of a ca ta lys t  and a r e  accompanied  by a substant ia l  heat  effect.  The pu res t  products  a r e  obtained 
when the reac t ions  a r e  run in diethyl e ther  at room t e m p e r a t u r e  in a d ry  nitrogen a tmosphere .  These  com-  
pounds a r e  pale  yellow viscous liquids that hydrolyze  with ease  and a r e  unstable to the action of heat; be -  
cause of this they w e r e  cha rac te r i zed  in the undist i l led form.  Based on the e lemental  ana lys i s  data,  they 
cor respond  to the 1 : 1 addition products  of the amidophosphi tes  to benzil .  

Intense absorpt ion in the 1380-1395 em -i  region is p r e sen t  in the IR spec t ra  of the obtained compounds,  
which is c h a r a c t e r i s t i c  for  the P =N bond, and a lso  absorpt ion of the carbonyl  group in the 1680 cm -1 r e -  
gion. Absorpt ion bands,  cha rac t e r i s t i c  for the phosphoryl ,  secondary  amide  and hydroxyl  groups,  a r e  ab -  
sent in the spec t rum.  As a resu l t ,  the spec t ra l  data a r e  found to be in a g r e e m e n t  with the s t ruc tu re  of 
imidophosphate (II), and contradict  all  of the o ther  s t ruc tu res .  The phosphate  s t ruc tu re  of the obtained com-  
pounds is also co r robora t ed  by the data of the alp NMR spec t ra .  Intense absorpt ion at  5 3 and 5 ppm is 
r e s p e c t i v e l y  p r e s e n t  in the spec t r a  of  the reac t ion  products  of diethyl anilidophosphite and diethyl p - to lu id i -  
dophosphite with benzil .  According to the data given in [6], upfield chemical  shifts of ~2 ppm cor respond  to 
phosphate  s t r uc tu r e s ,  containing s t rong e lec t ronegat ive  subst i tuents  in the alkyl radica l .  

The imidophosphate s t ruc tu re  of the (II) addition products  was a lso  co r robora ted  by a number  of chem-  
ical reac t ions .  As is known, compounds containing the phosphimido linkage r e a c t  with carbon disulfide and 
undergo hydro lys i s  [7]. These  p r o p e r t i e s  of phosphimido compounds a re  a lso  inherent to the react ion  p rod -  
ucts of the anil ides of dialkylphosphorous acids with benzil .  
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S c h e m e  1 

P h e n y l  i s o t h i o c y a n a t e  was  i s o l a t e d  a s  the  r e s u l t  of the  r e a c t i o n  of d i e thy l  a - b e n z o y l b e n z y l  N - p h e n y l -  
i m i d o p h o s p h a t e  wi th  c a r b o n  d i s u l f i d e ,  which  was  iden t i f i ed  a s  the  d i p h e n y l t h i o u r e a  d e r i v a t i v e  

Cells COH~ 
I - ,  o ~ i : N (C~Hs0)~P--0--CH--C=0 + CS2 (C~H~0)~P--0--CH--C--C~H5 + CsHs CS 

II I H [I 
N--C~Hs CGH~ S 0 

The  h y d r o l y s i s  of the  ob ta ined  i m i d o p h o s p h a t e s  p r o c e e d s  wi th  e s p e c i a l  e a s e .  They  a r e  g r a d u a l l y  h y -  
d r o l y z e d  when s t o r e d  in the  a i r  under  o r d i n a r y  cond i t i ons ,  and  t hey  r e a c t  wi th  w a t e r  v e r y  r a p i d l y ,  in which  
connec t ion  the r e a c t i o n  is a c c o m p a n i e d  b y  an e x o t h e r m i c  e f fec t  and the  c o r r e s p o n d i n g  d i a l k y l  a n i l i d o p h o s -  
p h a t e s  and benzo in  a r e  f o r m e d  in n e a r l y  quan t i t a t i ve  y i e l d s  

C6H5 CoH5 
I I 

(RO)2P--OCH--C=O + H20 ~ (RO)z P=O + CH--C=O 
11 l i I I 

N--Ar Cell5 NHAr OH C~H~ 

A s  a r e s u l t ,  bo th  the  p h y s i c a l  and the c h e m i c a l  da t a  t e s t i f y  in s u p p o r t  of the  i m i d o p h o s p h a t e  s t r u c -  
t u r e  for  the  add i t i on  p r o d u c t s  of  the  a n i l i d e s  of  d i a l k y l p h o s p h o r o u s  a c i d s  to benz i l .  The  f o r m a t i o n  of the  
d i o x a p h o s p h o l e n e  s t r u c t u r e  a s  the  i n t e r m e d i a t e  p r o d u c t  is  p o s t u l a t e d  in s c h e m e  a arid b,  which  is found in 
e q u i l i b r i u m  wi th  the  open b i p o l a r  f o r m .  The  p r e s e n c e  of  the  phospho lene  s t r u c t u r e  in the  r e a c t i o n  m i x -  
t u r e  was  c o r r o b o r a t e d  by the da t a  of  the  NMR s p e c t r a  on the  ps i  nuc le i  for  the  r e a c t i o n  of d i e thy l  a n i l i d o -  
p h o s p h i t e  wi th  benz i l ;  a p e a k  wi th  5 55 ppm was  d e t e c t e d  when the  r e a c t i o n  was  run  in b e n z e n e  so lu t ion  a t  
low t e m p e r a t u r e ,  which  p e a k  g r a d u a l l y  d i s a p p e a r s  du r ing  r e a c t i o n  wi th  i n c r e a s e  in the  t e m p e r a t u r e .  In 
h a r m o n y  wi th  the  d a t a  g iven  in [4], such  a high p o s i t i v e  va lue  fo r  5 is  in a g r e e m e n t  wi th  the  d i o x a p h o s p h o l e n e  
s t r u c t u r e .  

The  r e a c t i o n s  of the  a n i l i d e s  of d ipheny lphosph inous  ac id  wi th  b e n z i l  a l so  p r o c e e d  in a s i m i l a r  m a n n e r .  
H o w e v e r ,  the  p h o s p h i m i d e  tha t  is  f o r m e d  in th i s  c a s e  is  s t a b l e  on ly  in an i n e r t  so lven t .  When t h e l a t t e r  is  

826 



r emoved  the phosphimide  decomposes  with exceeding ease  to give the ani l ide  of diphenylphosphonic acid 

CsH6 C~H~ C6H5 
I I I 

(C6H~)zP--NHAr -~ C C -~ (CsHs)2 P--O--CH--C--CsHa 
I] il /] II 
O 0 N--Ar 0 

The r eac t ions  of the N-pheny l - ,  p - t o l y l - ,  and oz-naphthylaminodiphenylphosphine with benziI  were  
run in e i ther  diethyl  e ther  or  benzene solution in a d ry  ni t rogen a t m os phe r e  at  room t e m p e r a t u r e .  In the 
IR s p e c t r a  of the reac t ion  p roduc t s ,  taken in benzene,  is p r e s e n t  intense absorp t ion  in the 1390 cm -1 r e -  
gion, which is c h a r a c t e r i s t i c  for  the P = N  bond, and a lso  absorp t ion  of the P - O - C  l inkage in the 1030 
em -1 region.  

The p r e s e n c e  of the phosphimido l inkage is a l so  c o r r o b o r a t e d  by the chemical  r eac t ions  run by us. 
As the r e s u l t  of r eac t i ng  c~-benzoylbenzyl diphenyl N-phenyl imidophosphina te  with carbon disul f ide  we 
i so la ted  phenyl i so th ioeyanate ,  which was identif ied as  d iphenyl th iourea .  In an analogous reac t ion  with c a r -  
bon dioxide we i so la ted  a -benzoy lbenzy l  diphenyl phosphinate ,  the s t ruc tu r e  of which was conf i rmed by the 
e temeneta l  ana lys i s  data and the IR s p e c t r a  

CsHs 0 CsHa 
I L] i 

(CsHs)2P--O--C--C=O ~ CO2 ~ (C6Hs)zP--O--CH--C=O @ CsHsNCS 
II [ I 
N--C6H5 C6H5 CsH5 

Absorp t ion  at 1230 cm -~ is p r e s e n t  in the IR spec t rum,  which is c h a r a c t e r i s t i c  for the phosphoryl  
group in phosphina tes ,  and there  is a l so  absorp t ion  at 980 cm -1, which belongs to the absorp t ion  of the 
P - O - C  l inkage,  where  a s t rong e lee t ronega t ive  subst i tuent  is p r e s e n t  in the a ikyl  r ad i ca l .  Also  p r e sen t  
is absorp t ion  of the carbonyl  group in the 1680 cm -1 region.  

Consequently,  as a r e su l t  of the p e r f o r m e d  inves t igat ions  it was es tab l i shed  that the an i l ides  of d i -  
a lkylphosphorous  and diphenylphosphinous ac ids  r e a c t  with benzi l  to form addit ion products  that contain the 
phosphimido l inkage.  

E X P E R I M E N T A L  

React ion  of Diethylphosphorous Acid Ani l ide  with Benzil .  To 4.2 g of d ie thylphosphorous  acid ani l ide  
in 50 ml of e ther ,  with s t i r r i n g ,  in a d ry  N 2 s t r e a m ,  was added a solution of 4.2 g of benzi l  in 100 ml of 
e ther .  The mix tu re  was s t i r r e d  for 30 rain at  room t e m p e r a t u r e .  The solvent  was r emoved  under reduced  
p r e s s u r e .  The r e s idue  was kept in vacuo (0.08 ram) for 30 rain in o r d e r  to r emove  t r a c e s  of the solvent .  
We obtained 4.4 g of a pa le  yel low viscous  l iquid.  Found: P 7.21; N 3.36%. C2GH26NO4P. Calculated:  P 
7.33; N 3.31%. 

React ion  of Diethylphosphorous  Acid p -To lu id ide  with Benzil .  S imi l a r  to the above de s c r i be d ,  f rom 
9 g of the p - to lu id ide  and 8.4 g of benzi l  we obtained 17.3 g of diethyl  ~ -benzoylbenzy l  N- to ly l imidophos -  
phate.  Found: P 6.80; N 3.14%. C24H28NO4P. Calculated:  P 7.09; N 3.23%. 

React ion  of Diethyl  a -Benzoy lbenzy l  N-Phenyl imidophospha te  with Carbon Disulfide.  To 8.4 g of the 
imidophosphate  was added 10 ml of CS 2. The mix tu re  was kept for 3 days at  room t e m p e r a t u r e ,  and then 
it was heated under ref lux for  7 h. The excess  CS 2 was r emoved  in vacuo. F r o m  the r e s idue  by d i s t f l l a -  
tion was i so la ted  1.2 g (44%) of phenyl i so th iocyanate  with bp 52-55 ~ (0.01 ram), which was identif ied as d i -  
phenyl th iourea .  

To 1.2 g of phenyl i so th iocyanate  was added i g of the ani l ide .  The mix ture  c r y s t a l l i z e d  comple te ly  
with the format ion  of d iphenyl th iourea .  R e c r y s t a l l i z a t i o n  f rom alcohol  gave 1.1 g of p roduc t  with mp 150- 
151 ~ The mixed mel t ing  point with the spec i a l l y  synthes ized  product  was 152-153 ~ 

React ion of Diethyl  ~ -Benzoy lbenzy l  N-Phenyl imidophospha te  with Water .  To 4.2 g of d ie thy lphos-  
phorous ac id  ani l ide  in 20 ml of e ther ,  in a d ry  N 2 s t r e a m ,  was added in drops  a solution of 4.2 g of benzi l  
in 50 ml of ether .  The reac t ion  mix tu re  was s t i r r e d  at  room t e m p e r a t u r e  for  30 rain. Then 1 ml of wa te r  
was added and the mix tu re  was heated at  50 ~ for 3 h. The solvent  was removed  in vacuo. F r o m  7 g of the 
r e s idue  (0.03 M) by d i s t i l l a t ion  and subsequent  t r e a t m e n t  with pe t ro l eum ether  we i so la ted  3 g (88%) of d i -  
ethyl ani l idophosphate  with mp 93 ~ F r o m  [8]: mp 93 ~ Found: P 13.08; N 6.00%. Ct0HGNO3P. Calculated:  
P 13.54; N 6.11%. 
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From 1.4 g of the residue, obtained after removal of the solvent, by treatment with ether we obtained 
0.5 g (74%) of benzoin with mp 129-130 ~ The mixed melting point with benzoin was 130-131 ~ 

Reaction of ~-Benzoylbenzyl N-Phenylimidophosphinate with Carbon Dioxide. A mixture of 7 g of di- 
phenylphosphinous acid anUide and 5.3 g of benzil in 150 ml of ether was s t i r red at  35-40 ~ in a dry N 2 stream 
for 30 rain. Then CO 2 was passed into the solution for 20 h at room temperature.  The obtained crystalline 
product (5.2 g) was filtered, washed with ether, and dissolved in hot benzene. The insoluble portion (0.7 g) 
was filtered. Recrystallization from alcohol gave 0.5 g of diphenyl anilidophosphate with mp 234 ~ Found: 
P 10.61; N 4.69%. C18H16NOP. Calculated: I ) 10.58; N 4.78%. 

Treatment of the benzene filtrate with ether gave 4.5 g (42~ of (~-benzoylbenzyl diphenyl phos- 
phinate with mp 128-130 ~ Found: P 7.93%. C26H21OP. Calculated: P 7.53%. 

C O N C L U S I O N S  

The N-arylamides of dialkylphosphorous and diarylphosphinous acids react  with benzil to give the 
corresponding imidophosphites and imidophosphonates. 
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