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ORGANIC PREPARATIONS AND PROCEDURES INT. 11(3-)+), 103-106 (1979) 

PREPARATION OF TERTIARY PHOSPHINES 
USING A CONVENIENT FORM OF LITHIUM DIPHENYLPHOSPHIDE 

Peter W. Clark 

Department of Chemistry 
University of Queensland 
Brisbane, AUSTRALIA 4067 

We have utilized, as illustrated in the scheme below, a new and 

convenient method for the preparation of tertiary diphenylphosphines in 

excellent yields starting from inexpensive and easily handled chloro- 

diphenylphosphine . 
Ph2P-R 

R-X o r  o r  LiCl Ph2PC1 + 2Li - Ph2PLi X-Rl-X b 
Ph2P-RI-PPh2 

[R = - M 3 ;  R' = - (M2)4 - ,  -CH,-@(H2- and -M2CH2-@M2CH2-] 

Since lithium is easily handled compared to the other alkali 

metals, lithium diphenylphosphide is a convenient source of the diphenyl- 

phosphide anion, Ph2P-. Lithium diphenylphosphide has been prepared by 

various methods involving some undesirable routes, e.g. the reaction of 

diphenylphosphine with phenyllithium' (reaction 1). 

prepared by the more convenient reaction of triphenylphosphine with 

It has also been 

lithium metal in tetrahydrofuran' (reaction 2). 

Aguiar et. at. have extended the use of lithium diphenylphosphide 

as prepared by the second reaction by selectively decomposing the phenyl- 
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CLARK 

l i t h i u m  with t -buty?  ~ h l o r i d e . ~  

t h e  p r e p a r a t i o n  o f  l i t h i u m  diphenylarsenide  from t r i p h e n y l a r s i n e  and 

l i t h i u m .  I n  t h e  p r e p a r a t i o n  o f  t e r t i a r y  diphenylphosphines  u s i n g  t h e  

method o f  Aguiar e t .  a t .  by s e l e c t i v e l y  decomposing t h e  phenyl l i th ium,  

t h e  y i e l d s  of  o u r  p r o d u c t s  v a r i e d  q u i t e  cons iderably  and were g e n e r a l l y  

less than  SO%.' 

adding t - b u t y l  c h l o r i d e ,  good y i e l d s  were obta ined .  The p r e s e n t  p r e p a r a t -  

i o n  o u t l i n e d  above e l i m i n a t e s  t h e  need f o r  t h e  a d d i t i o n  o f  e i t h e r  t - b u t y l  

c h l o r i d e  o r  an excess  of  t h e  o r g a n i c  h a l i d e .  

They have a l s o  extended t h i s  r e a c t i o n  t o  

By us ing  an excess  o f  t h e  o r g a n i c  h a l i d e  i n s t e a d  o f  

Lithium diphenylphosphide has  been used q u i t e  e x t e n s i v e l y  i n  

Many organo- t h e  p r e p a r a t i o n  o f  d iphenyl  organophosphorus compounds. 

phosphorus compounds are used as l i g a n d s  i n  t r a n s i t i o n  metal chemistry,and 

m u l t i d e n t a t e  phosphorus c o n t a i n i n g  l i g a n d s  o f t e n  c o n t a i n  t h e  d iphenyl -  

phosphine group. 7 

EXPERIMENTAL 

Chlorodiphenylphosphine was purchased from t h e  Aldr ich  Chemical 
Company and t h e  l i t h i u m  metal from BDH Ltd. Dry a n a l y t i c a l  g rade  THF was 
obta ined  from Merck and s t o r e d  over  sodium wire. D i s t i l l a t i o n  o f  t h e  THF 
from l i t h i u m  aluminium hydr ide  was found t o  be  unnecessary.  
(UNILAB), 1,4-dibromobutane (BDH) and a ,a ' -dibromo-p-xylene (Aldr ich  
Chemical Company) were reagent  grade and were used wi thout  f u r t h e r  
p u r i f i c a t i o n .  
r e a c t i o n  o f  1.4-benzenediethanol'  and t h i o n y l  c h l o r i d e .  The compounds 
were c h a r a c t e r i z e d  by a n a l y s e s ,  i n f r a r e d ,  nmr and mass s p e c t r a .  The 
i n f r a r e d  s p e c t r a  were recorded on a JASCO IRA-2 spec t rometer ,  t h e  nmr 
s p e c t r a  were obta ined  u s i n g  a J E O L  MH-100 wi th  TMS as an i n t e r n a l  
r e f e r e n c e ,  and t h e  mass s p e c t r a  were recorded  on an AEI MS 902s inst rument .  
The ana lyses  were obta ined  from t h e  U n i v e r s i t y  o f  Queensland Micro- 
a n a l y t i c a l  S e r v i c e  and t h e  A u s t r a l i a n  Microanaly t ica l  S e r v i c e ,  CSIRO, 
Melbourne. The procedure f o r  t h e  p r e p a r a t i o n  o f  one o f  t h e  compounds B , B ' -  
b i s  (dipheny lphosphino) -p-diethylbenzene , Ph2PCH2CHeCH2CH2PPh2,  i s  
given.  
wi th  t h e  compounds formed. A n a l y t i c a l  d a t a  are given i n  t h e  Table .  

6,6'-Bis(diphenylphosphino)-p-diethylbenzene. Typical  Procedure. - A  250 m l ,  

three-necked,  round-bottomed f lask ,  equipped wi th  a water  condenser ,  p r e s s u r e  

e q u a l i z i n g  dropping funnel  and a magnetic s t i r r i n g  b a r  was f l u s h e d  wi th  high 

p u r i t y  n i t r o g e n .  Af te r  t h e  f lask was f lushed  with n i t r o g e n ,  50ml of d r i e d  THF 

Methyl i o d i d e  

B,B'-Dichloro-p-d'ethylbenzene was prepared  from t h e  

The i n f r a r e d  and nrnr s p e c t r a  o f  t h e  o t h e r  products  are c o n s i s t e n t  
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PREPARATION OF TERTIARY F'HOSPHINES 

TABLE. Analytical Data of Some Tertiary Eiphenylphosphines 

Compound Analyses Calcd. (Found)' bp. /mp.(OC) Yield@) 

Ph2PCH3 

C H P M.W. 
(@Ib 

77.99 6.54 15.5 200 148O at 8 d  70% 
(78.09) (6.78) (15.2) (200) 

P~~P(CH~)I+PP~~ 78.86 6.62 14.5 426 137-1390d 95% 
(78.56) (6.45) (14.5) (426) 

Ph2PCH2aCH2PPh2 81.00 5.95 13.0 474 160-162' 71% 
(80.34) (5.76) (13.3) (474) 

P~~PCH~CH~-@H~CH~PP~Z 81.26 6.24 12.3 502 142-144' 87% 
(80.64) (6.43) (12.3) (502) 

a )  Carbon analyses obtained at University of Queensland Microanalytical 
Service of phosphorus containing compounds have in general been low, al- 
though spectral data established the purity of the compounds. b )  M+ is 
the Parent Ion found in the Mass Spectrum. c) Ref. 9. d )  Ref. 10. 

was admitted. 

and added to the THF in the flask. 

was heated to reflux and the heat source then removed. To this hot 

Lithium foil (2 g, 0.29 g.-atoms) was cut into small strips 

The lithium-tetrahydrofuran solution 

solution was added 15.7 g (0.07 mol) of chlorodiphenylphosphine in 40 ml 

of dried THF in a dropwise manner. After an induction period of approx- 

imately 2 min, the solution turned a deep red colour characteristic of the 

diphenylphosphide anion. l1 The reaction is very exothermic and the dropp- 

ing rate was adjusted so that the solution continued to reflux moderately. 

After the addition of the chlorodiphenylphosphine was complete (ca.  3Omin), 

the solution was refluxed for an additional hour. The solution was then 

cooled in a salt-ice bath and transferred, through a tube connected by two 

stopcocks, under nitrogen into another 250 ml three-neck flask. Since 

lithium is less dense than THF, the excess was easily removed. To the 

lithium diphenylphosphide solution at Oo was added a solution of 6.0 g 

(0.03 mol) of B,B1-dichloro-p-diethylbenzene in 30 ml of THF in a dropwise 

manner. After the addition was complete (ca. 30 min), the solution was 
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CLARK 

reflwed for one hour. The excess lithium diphenylphosphide was destroyed 

with a minimum amount (Q 2 ml) of water at 0’. 

phosphino)-p-diethylbenzene was precipitated out by concentrating the 

solution and by the addition of approximately 40 ml of a 1:4 water-ethanol 

solution. 

The B,B’bis(diphenyl- 

The air stable precipitate was collected by filtration and 

washed with water and ethanol. 

from methylene chloride-methanol to yield 12.9 g (87%) of 8, B’-bis(dipheny1- 

phosphino)-p-diethylbenzene, mp. 142-144O. 

IR (nujol) : 
(vw) , 1270cm-’(vw) 1204cm-’ (vw) , 1165cm-’(vw), 1138cm-l(vw) , 1095cm-’(w), 
1073~m-~(w), 1029cm-l(m), 1005cn-’(m), 938cm-’(w), 864cm-l(m), 778cm-’(m), 
755cm-’(s), 734cm-’(s), 7llcm-’(w), 698cm-’(s), 549cm-’(m), 505cm-’(m), 
488cn-’(rn) 455cm-’(m). 

NKR (CDC13): 6 ppm 7.56-6.8 (24H, m, aromatic protons), 2.70 (4H, m, CH2), 
2.36 (4H, m, CH2) from internal TKS. 

The white precipitate was recrystallized 

1588cm-’(vw), 1510crn-’ (vw), 1438cm-’(s), 1330cm-’(vw), 1310cm-’ 

. 
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