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NOVEL REARMNGEMENTS AND HETEXOCYGLISATIOI!I 
OF P-IMIDES 

Y . GOL0IX)BOV 
A.N.Nesmeyanov Insti tute of Element-Organio 
oompounds of the USSR Academy of Solenoes,lMo~oow 
B.GUSAR, Y.BALITZKY, L.NESTEROVA, M.CHAUS 
Inati tute of Organio Chemistry of the Aoademy of 
Soienoes of the Ukrainian SSR, Kiev, USSR 

The preliminary introduotion of electron aocepting di-  
chlorophosphine group at  nitrogen atom of N-monoab- 
s t i t u t ed  oC -aminoketones o r  OC =minocarbon acid es- 
t e rs  increases the mobility of the &-carbon hydrogen 
atom 80, t ha t  the intermolecular 0-phosphorylation i s  
enabled . 1 

HN( R ) CH2C (0 )M-t 0-C-Bu-t 
CI-P: I I  

B: 7 N-CH 1 
PCI, I R 

0-C-OR' 
It 

' OB HC1 I HN(R)CH2COOR' 
cI-p, 

"-&I 2 
R=i-Pr,n-Bu,s-Bu, t-Bu; R*=Ne,Et,Ph R 

The extension of this method t o  the reaction between 
PC13 and unsubs t ih~ted  aminoketone 
has led t o  new diooordinated phos- P: II * BF3 

3 phorus oompound 3 with l?-atom ino- 
luded in to  unknown -O-P=N= . 
On heating o r  storage phospholines 2 are transformed 
in to  P-C isomers with the double molecular weight 4. 

N-CH 

0 -C -Bu- t 
2 

COOR 1 
CH 

P 
If- 

CH - N 
COOR' R 

\ f 
2 CI-P, ,P-CI 

4 

24.5 
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Mobile hydrogen atom being a t  the oC-position of  an 
exocyclic subst i tuent ,  the easy cleavage o f  the  P-0 
bond provides 2 rearrangement i n t o  dicoordinated P-co- 
mpound 3. 

0 -c -0 l?r -i 

N-CH 
Bu-t 

- t -BuNPP-NCH2COOPr-i t-BUNH-P< I t  I 

Bu-t 5 1 

The advanced method o f  dicoordinated P-compounds syn- 
t h e s i s  via d i s r u p t i o n  (llopening") of  the heterocycle 
i s  a new way i n  preparation (%onstruction") of  dico- 
ordinated phosphorus der iva t ives ,  
Compound 5 undergoes d i s t i l l a t i o n  
i n  vacuum,but on storage i t  rear -  
ranges i n t o  diazaphospholanone 6. 6 
Imides 7 with hyrocatehine cycle (o r  f luor ine  atoms) 
a t  phoaphorus prepared by imination of N-phosphorylated 
aalnoacetic acid isomerize i n t o  diazaphosphetidinea 
(on s torage) ,as  well  as they undergo revers ib le  isome- 
r i z a t i o n  i n t o  NH-phosphoranes 8 (above 15OoC) 4. 

$3( 3u- t ) c so 
i -Pro -P, I 

N( Bu-t ) CH2 

Probably theae a r e  the first examples o f  reversable  
i somerha t ion  of phosphorus ac ids  lmides i n t o  NH-phos- 

In l i terature exlst d i f f e r e n t  mechanistic viewpoints 
on phosphorus ac ids  imides cyc l i s a t ion  with proton tra- 
nsfer.Thus we consider novel prototropic  isomerizationa 
and cycl i sa t ion  of the imides prepared from the oorrea- 

Three types of transformation depending on substf tuente  
a t  phosphorus are cha reo te r i s t i c  of b i d e s  obtained a t  

phoranes (of. 5 ). 

ponding azides  according t o  Staudinger method 7 . 
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the first stage of r e a c t i o n  between a z i d o a c e t i c  acid 
and var ious  P(II1)-compounds. 
The r e a c t i o n  o f  tr iphenyfphosphine with a z i d o a c e t i c  
acid leads t o  be t a ine  10. But similar p rocess  with 
fivemember c y c l i c  phosphorus compounds g i v e s  phosphora- 
nes of the type 11 (cf .  ).Alkylation of the carboxy- 
an ion  fol lowing the pro ton  transfer i s  brought about 
by alkyloxy groups a t  phosphorus. 

9 

Ph,P + - 
N3 CI12COOH ' 2 Ph3P=NCH2COOH - Ph3PNHCH2CO0 

9 "2 10 

(AlkO)3P - (AlkO)2P(0)NHCH2COOAlk 
-N2 

Thus i n  a l l  the s tudied processes  the  l i m i t i n g  stage 
i s  t r a n s f e r  o f  the a c i d i c  hydrogen atom t o  n i t r o g e n  of 
the imlno group. 
On t h e  o t h e r  hand ,cyc l i s a t ion  proceeds without  acidic  
hydrogen atom as w e l l ,  provided the secondary highly 
basic n i t rogen  atom i s  present.The nuc leoph i l i c  attack 
of the amino group on phosphorus accounts  f o r  the pos- 
s i b i l i t y  of phosphoranes 12 formation. 

12 A l k  
Hydrogen atom is ev iden t ly  transfered e i t h e r  synchro- 
nous o r  a t  the f i n a l  stage. Thus being a t t r i b u t e d  t o  
var ious  r e a o t i o n  series, both viewpoints ' are  c o r r e c t .  
On heating e l imina t ion  o f  a molecule of secondary a m i -  
ne from phosphorane 12 leads t o  the imine,followed by 
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dimerization of the latter into polycyole 13.Phospho- 
ranes 12 (Rdr-i.,hlk=Me) and 13 are formed in good 
crystalline stmrcturm that are strictly confirmed by 
X-ray analysis. 

12 
( -i-Pr2m ) 

13 

Hydrogen atoms at amide nitrogen o f  imidea 14 are not 
enough acidic to transfer t o  imide nitrogen atom. But 
in several cases imides 14 form imidazolinea 15. 

.R 
y2-N. C-R 1 

\ ;P=NCH2CH2N(R)C ( 0  )R 9 L 

15 14 R=H,Alk R1=rBILe,CF3, (=  \ ;P=O ) 
Ph 

CH2 -NI' 
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