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ORGANOHALOPHOSPHANES AND T H E I R  D E R I V A T I V E S  - STATE 
OF CHEMISTRY AND TECHNOLOGY 

BOY CORNILS 
Hoechst A k t i e n g e s e l l s c h a f t ,  Organ 
6230 F rank f  u r t /Ma i  n , West Germany 

c Chemica s D i v i s i o n ,  

INTRODUCTION 

Organohalophosphanes o f  t h e  fo rmu la  RPX, o r  R,PX a r e  v a l u a b l e  

i n t e r m e d i a t e s  f o r  a v a r i e t y  o f  downstream organophosphorous 

compounds. The most impor tan t  RPX,-representatives a r e  

0 methyldichlorophosphane, CH,PCl  ,) 
0 phenyldichlorophosphane, C,H,PCl , 

bo th  o f  which are commerc ia l ly  a v a i l a b l e .  

METHYLDICHLOROPHOSPHANE 

i s  r e a d i l y  a v a i l a b l e  f rom methane and phosphorus t r i c h l o r i d e  by 

homogeneously c a t a l y s e d  gas phase r e a c t i o n .  

, c1 
CH3-P,  + HCl 

r, P CH4 + Pel3 
CCI, * c1 

Hoechst AG has developed and brought  t o  t e c h n i c a l  m a t u r i t y  and 

r e l i a b i l i t y  a process f o r  t h e  manufacture o f  m e t h y l d i c h l o r o -  

phosphane which i s  operated i n  a p l a n t  w i t h  a c a p a c i t y  o f  

2000 m e t r i c  t o n s  pe r  annum. 

Accordin9 t o  t h e  scheme t o  be discussed, phosphorous tri- 

c h l o r i d e ,  methane and carbon t e t r a c h l o r i d e  a re  r e a c t e d  a t  tem- 

pe ra tu res  above 500°C and under pressure.  The res idence  t i m e  

i s  ve ry  s h o r t .  To i nc rease  t h e  s e l e c t i v i t y  o f  t h e  r e a c t i o n  and 

t o  min imize t h e  f o r m a t i o n  o f  by-products,  methane i s  i n t r o -  

duced i n  excess and t h e  p a r t i a l  conve rs ion  o f  PC1 i s  

1 i m i  t e d  t o  approx imate ly  20%. 
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624 BOY CORNILS 

The r e a c t i o n  m i x t u r e  i s  quenched w i t h  l i q u i d  r e a c t i o n  p ro -  

duc t  and cooled by m u l t i - s t e p  condensat ion down t o  minus 

temperatures.  T h i s  separates lower  b o i l i n g  components, e.g. 

unreacted methane and hydrogen c h l o r i d e ,  f rom t h e  h i g h e r  

b o i l i n g  i n g r e d i e n t s  such as methyldichlorophosphane, unconverted 

PC1, and res idues .  The gaseous r e a c t a n t s  a r e  cleaned, d r i e d  and 

r e c y c l e d  a f t e r  a d d i t i o n  o f  f r e s h  methane. 

r a t e d  by d i s t i l l a t i o n  i n t o  r e s i d u e s  - t o  be burned - and 

a l i q u i d  f r a c t i o n .  T h i s  l i q u i d  i s  separated i n t o  i t s  compo- 

nents  i n  a h i g h l y  e f f i c i e n t  t r a y - c o l  umn. A f t e r  rep1  acement 

o f  t h e  PC1, and CC1, p o r t i o n s  consumed, t h e  phosphorous 

t r i c h l o r i d e  i s  r e c y c l e d  t o  t h e  PC1,-evaporator w h i l s t  m e t h y l d i -  

chlorophosphane w i t h  a p u r i t y  o f  98.7% i s  ob ta ined  as overhead- 

product  o f  a second column. The y i e l d  o f  MePC1, i s  approx imate ly  

90%. 

The h ighe r  b o i l i n g  p a r t  o f  t h e  r e a c t i o n  p roduc t  i s  sepa- 

A l l  l i q u i d  streams have a more o r  l e s s  pronounced tendency 

t o  d e p o s i t  s o l i d  m a t t e r .  T h i s  problem has been overcome by 

u s i n g  spec ia l  a d d i t i v e s  which a l l o w  t h e  o p e r a t i o n  o f  evapo- 

r a t o r s ,  columns and condensers over  s e r v i c e  p e r i o d s  o f  years.  

PHENYLDICHLOROPHOSPHANE 

i s  produced by S t a u f f e r  Corp. u s i n g  a gas phase process s t a r t -  

i n g  w i t h  benzene and phosphorous t r i c h l o r i d e .  

The c a p a c i t y  o f  S t a u f f e r ' s  p l a n t  i s  s a i d  t o  be 2500 t o n s  

pe r  year ,  The p o s s i b i l i t y  o f  PCB-formation i n  t h e  course o f  

t h i s  process may cause problems. 

An a l t e r n a t i v e  r o u t e  used by Eastman and F e r r o  C o r p o r a t i o n  

uses t h e  F r i e d e l - C r a f t s  t y p e  r e a c t i o n  between benzene and PC1 , 
i n  t h e  presence o f  A l C l  , . 
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Methyldichlorophosphane i s  a c o l o u r l e s s  l i q u i d  which may 

be d i s t i l l e d  w i t h o u t  decomposi t ion b u t  which i s  ex t reme ly  

s e n s i t i v e  t o  mo is tu re .  As a h i g h l y  r e a c t i v e  i n t e r m e d i a t e  i t  has 

been used as a b u i l d i n g  b l o c k  f o r  a s e r i e s  o f  d i f f e r e n t  reac -  

t i o n s ,  severa l  o f  which have t e c h n i c a l  importance. Hoechst AG 

developed two commercial processes u s i n g  rnethy ld ich lorophos-  

phane as an access t o  f l a m e - r e t a r d a n t  compounds o r  t o  h e r b i -  

c ides ,  r e s p e c t i v e l y .  The chemical  background and t h e  proces- 

ses f o r  t h e  p r o d u c t i o n  o f  phospholane - t o  be used i n  t h e  

p r o d u c t i o n  o f  f 1 ame-retardant p o l y e s t e r s ,  T r e v i  r a  CS@ and 

t o  methanephosphonous a c i d  e s t e r s  - t o  be used f o r  t h e  synthe- 
s i s  o f  he rb i c ides ,  BASTA 8 - w i l l  be d iscussed i n  d e t a i l .  

Phenyldichlorophosphane has been used f o r  t h e  p r o d u c t i o n  

o f  t h e  i n s e c t i c i d e  "EPN" ( e t h y l  - p - n i t r o p h e n y l  phenyl  phosphono- 

t h i  onate 1 by S t  auf  f e r  . 

"EPN" 

Today approx imate ly  450 t o n s  p e r  yea r  o f  benzenephosphonous 

a c i d  a r e  produced by h y d r o l y s i s  o f  t h e  a p p r o p r i a t e  d i c h l o r i d e .  

Benzenephosphonous a c i d  i s  used as a condensat ion c a t a l y s t ,  

s t a b i l i s e r  and as a dyeing a i d  f o r  Nylon 65. 

b l e  as t h e  d e r i v a t i v e s  RPX,. The p r e p a r a t i o n  o f  d i m e t h y l c h l o r o -  

phosphane (CH, ),PCl, which i s  ob ta ined  a long  w i t h  m e t h y l d i -  

chlorophosphane on r e a c t i n g  vapor i sed  phosphorous w i t h  methyl  

c h l o r i d e  i n  t h e  presence o f  a c t i v a t e d  carbon, has n o t  y e t  been 

commerci a1 i sed. 

The compounds o f  t h e  Type R,PX a re  n o t  so e a s i l y  access i -  

The d i s p r o p o r t i o n a t i o n  o f  methy ld ich lorophosphane 

a t  h i g h e r  temperatures a l s o  f a i l s  t o  y i e l d  d i m e t h y l c h l o r o -  
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phosphane. Although the literature claims the alkylation of PC1, 
with 1 ead tetraal kyl s or a1 kyl a1 umi ni um compounds 
cial application of this reaction exists so far. 

Therefore, derivatives of (CH,) ,PC1 have to be manufac- 
tured by indirect methods. Dimethylphosphane oxide, a we1 1 suit- 
ed access to these indirect methods, is obtained in accordance 
with the following reaction sequence: 

no commer- 

Methane phosphonous acid esters have become commerci a1 ly avai 1 - 
able products; different derivatives are interesting inter- 
mediates, e.g: for the preparation of agrochemicals. Diphenyl- 
chlorophosphane is used as an intermediate for UV-stabilisers, 
polymerisation catalysts and other specialities. Derivatives 
of diphenylchlorophosphane are e.g. diphenylal koxy phosphanes 
- prepared by reacting diphenylchlorophosphane with a1 kal i 
metal alcoholates. They are used for the manufacture of photo 
i niti ators. 
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