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ON THE REACTION OF PHOSPHOROUS ACID ESTERS WITH NUCLEOPHILES 
Iri THE PRESENCE OF CARBON TETRACHLORIDE 

LOTHAR RIESEL, ECKHARD HERRMA” AND J O R G  STEIPJBACH 
Sektion Chemie, Hurnboldt-Universitat Berl in  und Technische 
Universitat  Dresden, G .  D .  R .  

Abstract Esters  of N-Phosphoryl phosphazenes are prepared 
by a modified Atherton-Todd react ion from di- and t r i e s t e r s  
of phosphorous a c i d ,  sodium az ide ,  and carbon te t rachlor ide  
i n  high y ie lds .  The u t i l i z a t i o n  of t h e  two-component system 
t r i a l k y l  phosphite/ carbon te t rachlor ide  f o r  preparing phos- 
phazenes, ( R O )  P=NY (Y: PO(0R) S02R, COR, C N ) ,  and dialko- 
xyphosphoryl c&npounds, (RO)2Pf6)X (X: NHR, NR2, OPh, CN, F,  
NCO) , i s  presented. 

In  t h e  presence of bases carbon te t rachlor ide  i s  a b l e  t o  oxidize 

d i e s t e r s  of phosphorous a c i d  (Atherton-Todd react ion)  (Eq. (1 )), 

whereas it reac ts  with triesters of phosphorous a c i d  according t o  

the  blichaelis-Arbusov react ion (Eq. (2)). 1 

( R O ) ~ P ( O ) H  + CC14 (b)  b (R0)2P(0)C1 + CHC13 (1 1 
(RO)3P + CC14 - (R0)2P(0)CC13 + R C 1  (2) 

In Ijicbelis-Arbusov react ions as well as i n  systems consis t ing of 

CC14 and other  t r icoordinated phosphorus compounds tetracoordina- 

ted  quasiphosphonium compounds a r e  formed as reac t ive  intermedia- 

t e s .  For t h a t  reason such two-component systems exhibi t  a consi- 

derably synthet ic  p o t e n t i a l ,  which has been shown i n  numerous in- 

stances f o r  t h e  systems PPh /CC1 and P(NMe /El4 by Appel and 

f o r  t h e  system P4/CC14 by L e h n n .  Contrary t o  these systems t h e  

system trialkyl phosphite / carbon t e t m c h l o r i d e  has hardly been 

used f o r  synthet ic  purposes. Only i t s  react ions with alcohols ,  

thioalcohols,  and phenol a r e  described. 
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APPLICATION OF THE ATHERTON-TODD REACTION TO THE; SYNTHESIS OF 
4 N-PI!OSPHORYL PHOSPHULNES 

Esters  of N-phosphoryl phosphazenes, (RO)2P(0)-N=P(OR' )?, - I, are 
bioactive compounds. A s  t h e i r  synthesis by t h e  Staudirger react ion 

( E q .  (4)) requires mnipula t ions  with t h e  highly tox ic  phosphoryl 
azides  , (RO)*P(0)N3, we studied p o s s i b i l i t i e s  f o r  t h e i r  i n  s i t u  

f o m t i o n  by combining t h e  Atherton-Todd react ion with the  displa- 

cement of C1- by N, and t h e  Staudinger react ion (Eqs. (31-45)). 
- 

(ROI2P(O)N3 + P(ORt - L + N 2  

(R0)2P(0)H + CC14 + N3 + P(OR')3 - - I + N2 + C1- + C H C l 3  

Reaction (3) only takes place i n  t h e  presence of a base ( e . g .  tri- 
ethylamine), but even then it is  not su i ted  f o r  preparing phospho- 
rylazides on a preparative scale .  I n  t h e  presence of t r i a l k y l  phos- 
ph i tes ,  however, La re  formed i n  near ly  quant i ta t ive  y i e l d ,  even 

i n  t h e  absence of a n  m i n e .  Only by using phosphites containing 

aryl groups a base has t o  be added. I n  t h i s  m y  we succeeded i n  
preparing about 40 d i f fe ren t  e s t e r s  ( R ,  R ' :  ble, E t ,  Pr, n-Bu, i-Bu, 

Ph) by a "one-pot" synthesis i n  high y ie lds .  

- 
( 5 )  

4 

In our opinion d ia lkyl  phosphite anions,  (RO)2P(0)-, play a 

key r o l e  i n  the  react ion mechanism. They can be fornied e i t h e r  by 

the  react ion of (RO)$(O)H with a basic c a t a l y s t  o r  with t h e  charge 

t m n s f e r  complex of P(0R) 
nucleophile with CC14 v ia  a charge t r a n s f e r  complex t o  phosphoric 
a c i d  ester chloride (Eq. (6)): 

(RO)2PO- + CC14 zi=* (R0)2(0)P. . C 1 .  .CC13 

The CT-complex as well as t h e  very basic trichloromethanide anion 

should e f fec t  t h e  deprotomtion of addi t iona l  d ia lkyl  phosphite. 

Thus, the  react ion proceeds automatically,  i f  t h e  equi l ibr ia  are 
continuously disturbed by removing t h e  react ion products. Such con- 

d i t ions  are given i n  t h e  system according t o  Eq. (5).  

with CC14.  The anion reac ts  as a strong 3 

- - 
*=+ (RO)2P(0)C1 + CC13 
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SYNTHESES WITH THE Two-coF~oriEwr SYSTEN TRIALKYL PHOSPHITE / CAR- 
BOlJ TETRACHLORIDE 

The two-component system t r i a l k y l  phosphi te  / C C 1  reacts wi th  va- 
r i o u s  nuc leophi les  conta in ing  protons.  The type  of r e a c t i o n  t ak ing  
p l ace  depends on t h e  number of protons and t h e i r  a c i d i t y .  

4 

Amides of a c i d s  and cyammide r e a c t  wi th  (RO)  P/CC14 i n  t h e  3 
presence of bases  forming phosphazenes (Eq. ( 7 ) ) .  

(R0I3P + I121JY + CC14 (b)  - (RO)~P=N-Y + c m 3  + HCL (7) 
(Y: (IiO)2P(0), PhS02, PhS02, PhCO, NC) 

In  t h e  case  of cyanamide good y i e l d s  (75  %) can only be achieved 

by us ing  NaIQICN. On hea t ing  rearrangement of (EtO) P=NCTJ occurs  t o  

g ive  (GtO)2P(0)-IiEt-CII. The p r e p a m t i o n  of (EtO)  P=NC(O)Ph r e q u i r e s  

t h e  presence of a n  excess  of amine as IICL-acceptor s i n c e  HCL cab- 

l yzes  i t s  decomposition i n t o  PhCIJ atid (EtO) PO. 

3 
3 

3 
For  prepar ing  - I i n s t e a d  of (RO)2P(0)NH2 mixtures  of di- and 

triallvl phosphi tes  and ammonia can be used (Eqs. (8) and (9) ) .  

(ItO)2P(0)H + (R0I3P + 2 CC14 + 3 IlH3 -1 + 2 CHCL + 2 NH4C1 (8) 3 - 
2 (RO) P + 2 CCl,, + 2 IK3 _c - I + 2 CI-ICL3 + R C 1  + NH4C1 (9) 3 
IIowever, i n  both cases  phosphorylamides, (RO)2P(0)NH2, are formed 

as m i n  products .  I i s  only obtained i n  a 20 70 y i e l d .  

Because of t h e i r  h ighe r  b a s i c i t y  a l i p k t i c  arnines react vdth  

t h e  two-component system under t h e  e l i m i m t i o n  of alkyl c h l o r i d e  

forming phosphoryl amides i n  about  80 % y i e l d  (Eq. (10)). 

(RO)?P + H21JR' + CC14 __I) (RO)2P(0)NHR' + R C 1  + CHC13 (10) 
( R :  E t  , Eu; R '  : n-Pr, n-Bu, PhCH2, Ph) 

Caused by l igand  e x c b n g e  r eac t ions  b a m i d e s  (RO)P(0)(NH€I')2 are  

formed, too .  The f o m t i o n  of phosplmzenes (10 $1 according t o  Eq. 

(7)  could only be observed i n  t h e  case of a n i l i n e .  But i n  sp i te  of 

i t s  mediwi Ifil-acidity N E t  has t o  be added as HCl-acceptor. O t h e r  

wise only dialkoxyphosphoryl a n i l i d e s  (90 %) are obtained f o r  t h e  

phosphazene i s  e a s i l y  dea lkyla ted  by an i l i n ium c h l o r i d e  (Eq. (1 1 )) , 
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256 L. RIESEL, E. HERRMANN AND J .  STEINBACH 

PhN=P(OR) + PhNH3Cl __t PhNH-P(0)(OR)2 + PhI'JH2 + R C 1  (11) 3 
I n  the  case of s t e r i c a l l y  hindered amines t h e  Ilichaelis-Arbu- 

sov react ion i s  favoured. So,  secondary amines y ie ld  (RO) P(O)NR$ 
only t o  a n  extent of about 10 %. The m i n  products a r e  C13CI'O(OR)2 

(-15 %) (4. (2))  and i t s  dealkylation product C13C-P(0)(OR)O- 

2 

NR;RH+ (40 %) . 
Weak ac ids  possessine; only one proton reac t  with P(0R) /CC14 

forming acyl  der iva-  
3 

i n  t h e  presence of c a t a l y t i c  amounts of NEt 
t i v e s  of phosphoric a c i d  e s t e r s  (Eq. (12)). 

3 

(R0)3P + HX + CC14 (b)  F (R0)2P(0)X + CHC13 + R C 1  (12) 
31 (X = OPh (yield:  51 %; d P: -7.1 pprn); CN (73 $; -21.7 ppm); 

NCO (25 %; -13.1 pprn); F (44 % - 13.3 p p ) )  

In  all these react ions,  i n i t i a l l y ,  the  f o m t i o n  of a CT-corn- 

and i t s  conversion i n t o  the  qmsiphosphonium plex (RO) P.  . C 1 .  . C C 1  
salt (RO)?PCl+ CC13 can be supposed, Goth compounds reac t  with 

substances containing protons under t h e  fornat ion of chloroform 

and t h e  displacement of chloride leading t o  t h e  quasiphosphonium 

salts (RO)?PY+ C1-. On t h i s  stage ligand exchange react ions are 

possible.  The route  of s t a b i l i z a t i o n  of t h i s  intermediate depends 

on t h e  e lec t rophi l ic  propert ies  of t h e  atoms and groups i n  t h e  mo- 

lecule .  I f  the  a c i d i t y  of f u r t h e r  H-atoms of Y is too srrall or i n  

cases that no f u r t h e r  H-atom e x i s t s  a l k y l  chloride i s  eliminated 

yielding dialkoxyphosphoryl compounds. I n  t h e  presence of a c i d  H- 
atoms a t  Y ,  especial ly  i n  k s i c  medium, HCL-elirnimtion takes  pla- 

ce resu l t ing  i n  t h e  f o m t i o n  of phosphazenes. 

3 3 - 
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