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SYNTHESIS OF ORGANOPHOSPHORUS COMPOUNDS USING PHASE TRANSFER 

CATALYSIS 

IMRE PETNEHAZY; ZSUZSA M. JASZAY; GYORGY KEGLEVICH; PAL T f T t N Y I ;  

L A S Z L ~  TOKE 
Dept. o f  Organic Chemical Technology, Technica l  U n i v e r s i t y  

1521, Budapest, HUNGARY 

Abs t rac t  w-Hydroxyphosphonates, o(-alkoxyphosphonates and mixed 
a l k y l  a r y l a l k y l  phosphates have been syn the t i sed  i n  phase t r a n s f e r  
c a t a l y t i c  reac t i ons .  Cyc lopropy l  phosphates were prepared from v i -  
n y l  phosphates by t h e  a d d i t i o n  o f  d ihalocarbene. Monodealkylat ion 
o f  seve ra l  phosphates and phosphonates were performed by s o l u b i -  
l i z e d  halogenide aniones. PTC c a t a l y s i s  was used i n  t h e  syn thes i s  
o f  unsymmetr ical ly s u b s t i t u t e d  carbodi imides v i a  phosphoramidates. 

I n  genera l  i t  i s  n o t  easy t o  per form any r e a c t i o n  on organophospho- 

rus compounds o f  t h e  e s t e r  type by c l a s s i c a l  methods w i t h o u t  any s i d e  

r e a c t i o n  such as h y d r o l y s i s .  The PTC technique has been found u s e f u l  t o  

avoid s i d e  r e a c t i o n s  o f  any type. 

The phase t r a n s f e r  c a t a l y s i s  i s  de f i ned  as a two phase r e a c t i o n  

between t h e  reagents which are i n  s o l i d  or aqueous form and subs t ra tes  

i n  organic  so l ven ts  i n  t h e  presence o f  so -ca l l ed  phase t r a n s f e r  cata-  

l y s t s .  The reagent can be a s a l t  or an a c i d  or a base; t h e  t y p i c a l  c a t -  

a l y s t s  a re  onium s a l t s  or crown ethers.  

Some examples a re  known from t h e  l i t e r a t u r e  f o r  t h e  use of phase 

t r a n s f e r  c a t a l y s i s  on organophosphorus compounds as i n  t h e  W i t t i g '  and 

\ .J i t t ig-Horner2 r e a c t i o n  and N - a l k y l a t i o n  o f  phosphoramidate e laborated 

by Zwierzak3. Now we present  some r e a c t i o n  on t h i s  t o p i c  i n  bo th  s o l i d -  

- l i q u i d  and l i q u i d - l i q u i d  two phase systems. 

Synthesis and R e a c t i v i t y  o f  O(-Hydroxyphosphonates 

a(-Hydroxyphosphonates /'/ a re  carbonyl  adducts o f  d i a l k y l  phosphi tes 
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/J/ and seve ra l  types of 0x0 compounds. Some o f  them were synthes ised 

i n  t h e  l i t e r a t u r e  by base c a t a l y s i s 4  or on t h e  su r face  o f  alumina5 or 
cesium f l u o r i d e  b u t  i n  many cases t h e  y i e l d s  a r e  very low. 6 

React ing t h e  d i a l k y l  phosphi te  with a l i p h a t i c  and aromat ic aldehydes 

or kc-tones we prepared - 3 i n  good y i e l d  u s i n g  s o l i d  potassium carbonate 

or aquaous sodium hydrox ide as a base under PTC cond i t i ons .  

Scheme 1 

0 O  \ ,O do IR0)2p, + ,CEO - (RO)2P, ,OH + (R0)2P, 
H C 

/ \  O\& 
L 4 \ 1 - 1 R'X 

R :  Me, Et, Bu n 

R'X: MeI, EtI, BuI  
BzBr, BzI 
&,SO,, , EtzSOA 5 - 

We studied the r e a c t i o n  of d-hydroxyphosphonates w i t h  a l k y l a t i n g  
agents under phase t r a n s f e r  cond i t i ons ,  Some a-alkoxyphosphonate prod- 

u c t s  /5/ were prepared. These compounds can be synthesised d i r e c t l y  

from d ia l ky lphosph i te ,  aromat ic aldehyde and a l k y l a t i n g  agent, too.  

The a-hydroxyphosphonates Q/ con ta in ing  an aromat ic r i ng  with an 

e l e c t r o n  withdrawing s u b s t i t u e n t  i n  t h e  tX p o s i t i o n  t ransformed i n t o  

phosphates &/ with a C+O 1,2-phosphoryl m ig ra t i on .  The y i e l d s  some- 

t imes a re  b e t t e r  us ing  t h e  l i q u i d - l i q u i d  system. This  t rans fo rma t ion  

g i ves  a p o s s i b i l i t y  f o r  c a r r y i n s  o u t  a new syn thes i s  o f  organo- 

phosphorus es te rs  f rom d i a l k y l  phosphi te and 0x0 compounds. 

The d-hydroxyphosphonates o/ and t h e  o the r  products  /A/,o/ can 

a l s o  be produced i n  p a r a l l e l .  We assume accord ing t o  ou r  k i n e t i c  mea- 

surements t h a t  t h e  f i r s t  s tep  of t h e  r e a c t i o n  i n  s o l i d - l i q u i d  circum- 

stances i s  t h e  deprotonat ion of t h e  d i a l k y l  phosphi te  on t h e  su r face  o f  

potassium carbonate by t h e  e f f e c t  o f  t h e  c a t a l y s t .  The main r e a c t i o n  i s  

t h e  a t t a c k  of t he  0x0 compound on t h e  phosphi te  an ion bound on t h e  

sur face.  The in te rmed ia te  can be protonated t o  ti-hydroxyphosphonate />/ 
or can r e a c t  with an a l k y l a t i n g  agent r e s u l t i n g  i n  a(-alkoxyphosphonate 

/5/ - or can t ransform t o  a phosphate /A/ by m i g r a t i o n  i n  a p a r a l l e l  r e -  

a c t i o n  (Scheme 1). 
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Synthesis o f  Cyc lopropy l  Phosphates 

One o f  t h e  most famous phase t r a n s f e r  c a t a l y t i c  r e a c t i o n s  i s  t h e  ad- 

d i t i o n  o f  d ihalocarbene on o l e f i n s 7 .  We c a r r i e d  o u t  t h i s  r e a c t i o n  on 

t h e  double bound o f  v i n y l  phosphates /'/ w i t h o u t  t h e  decomposition o f  

t h e  e s t e r  groups (Scheme 2 ) .  
The r e a c t i o n  was perfJrmed i n  a l i q u i d - l i q u i d  system i n  concentrated 

sodium hydrox ide and chloroform a t  room temperature. The convers ion was 

almost q u a n t i t a t i v e .  Most of t h e  products  a re  c r y s t a l l i n e  and t h e  t h e r -  

raa l  s t a b i l i t y  of dibromocarbene adducts i s  l e s s  thcn 'die c h l o r o  ones. 

'scheme 2 

5 (ROlzP'" X X :  CI, Br 
4 0 : cx, 

IROIZP, / \- \/x 
0-c=c 

I \  
/" -"\ 

U 
\ 'r  /L\r/ - R: Me,Et, iPr 

All of these dihalocyclopropyl-  phosphates Q/ have i n s e c t i c i d a l  

a c t i v i t y .  

Monodealkylat ion o f  Several  Phosphorus Es te rs  

However t h e  s e l e c t i v e  monodealkylat ion of organophosphorus e s t e r s  i s  

an impor tant  r e a c t i o n  i n  the  nuc leo t i de  chemist ry  the re  has n o t  been 

rc:.;orted a r e a l l y  good method i n  t h e  l i t e r a t u r e .  

Scheme 3 

Tp" 0 X:  CI, Br 

RO' 'A . R: Me,Et  
or 

Recently we publ ished8 the  nonodea%ylat ion o f  /3 -ketophosphonate 

/&/ and vinyl .  phosphate /&f/ by r e f l u x i n 2  8 i n  an apo la r  s o l v e n t  with 
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a l k a l i  h a l i d e  i n  t h e  presence o f  PTC c a t a l y s t .  Now we present  t h e  

t h e s i s  o f  mono ac ids  / E b - a /  or mono s a l t s  /9b-e,g/. The compounds 

and 10 are u s e f u l  in temediates f o r  t h e  p r e p a r a t i o n  o f  mixed e s t e r s  

(Scheme 3).  

syn- 

- -  
- 

Synthesis and React ion o f  Phosphoramidates 

app l i ed  as p ro tec ted  d e r i v a t i v e s  or  i n te rmed ia tes  f o r  f u r t h e r  

compounds. 

Some phosphoramidates /12/ - were synthesised from d i a l k y l  phosphi te  

/L/ and amine /g/ i n  l i q u i d - l i q u i d  PTC by Zwierzak's method3. React ing 

these types o f  amides wi th isocyanates i n  t h e  presence o f  s o l i d  potas- 

sium carbonate we prepared unsymmetr ical ly s u b s t i t u t e d  carbodi imides 

/s/ i n  good y i e l d .  The r e a c t i o n  takes p lace  w i thou t  any c a t a l y s t ;  we 

assume t h a t  t he  r e a c t i o n  goes on the  sur face o f  potassium carbonate and 

one o f  t he  in termediates con ta in ing  phosphorus p l a y s  t h e  r o l e  of phase 

t r a n s f e r  c a t a l y s t  (Scheme 4). 

Phosphorylat ion o f  amines r e s u l t s  i n  phosphoramidates which can be 

n i t r o g e n  

Scheiw 4 

+ R~-N=c=N-R' R :  Me, Et, iPr 

R' # R2 : alkyl, alkylamino-alkyl 

cycloalkyl, aryl 13 - 
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