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NIUM SALTS AND THEIR APPLICATIONS AS REAGENTS I N  ORGANIC 
SYNTHESIS 
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A b s t r a c t  
p o l y ( v i n y  1 ben z y 1 t r i p  hen y 1 p hos p hon i urn s a 1 t s ) have been p r e - 
pared and used as reagents i n  o rgan ic  s y n t h e s i s ,  The p o l y -  
mer-supported bo rohydr ide  was used as r e d u c i n g  agent  towards 
c a r b o n y l  compounds, The r e a c t i o n  o f  polymer-supported t h i o -  
cyanate and n i t r i l e  an ions w i th  a l k y l  h a l i d e s  i n  hydrocarbon 
s o l v e n t s  gave good y i e l d s  o f  t h e  corresponding a l k y l  t h i o -  
cyanates and n i t r o a l k a n e s ,  r e s p e c t i v e l y .  I n  a d d i t i o n ,  p o l y -  
mer-bound c a r b o x y l a t e ,  phenoxide, and s u l f i n a t e  an ions  were 
used f o r  t h e  s y n t h e s i s  o f  e s t e r s ,  e t h e r s ,  and s u l f o n e s  by 
r e a c t i o n  with a l k y l  h a l i d e s  i n  non-polar  so l ven ts .  

I n s o l u b l e  polymer-bound reagents d e r i v e d  from 

INTRODUCTION 

S o l i d  phase s y n t h e s i s  has r e c e n t l y  emerged as an a t t r a c t i v e  new 

technique f o r  p r o v i d i n g  t h e  p o s s i b i l i t y  o f  automat ion i n  m u l t i -  

s t e p  syn thes i s .  This technique o f f e r s  a g r e a t  promise f o r  s o l v i n g  

t h e  problem accompanied wi th  t h e  c o n v e n t i o n a l  chemical  r e a c t i o n  

procedures i n  a commercial  i n d u s t r i a l  sca le.  The advantages o f  t h e  

u t i l i z a t i o n  o f  f u n c t i o n a l i z e d  polymers i n  t h i s  techn ique  have been 

desc r ibed  i n  a number o f  rev iews . 1-4 

F u n c t i o n a l i z e d  polymers c o n t a i n i n g  phosphine m o i e t i e s  have 

been w i d e l y  used as m i l d  and e f f i c i e n t  reagen ts  i n  numerous syn- 

theses’. However, po l ymer i c  phosphonium s a l t s  which have o n l y  been 

used as phase t r a n s f e r  c a t a l y s t s  have n o t  been used as s t o i c h i o -  

m e t r i c  reagen ts  i n  s p i t e  o f  t h e i r  p r i o r  chemical  and t h e r m a l  s t a -  
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92 A. AKELAH AND F.M. ABDEL GALIL 

b i l i t i e s  than the  corresponding ammonium sa l t s .  

I n  connection w i t h  our i n t e r e s t  i n  func t i ona l i zed  polymers we 

now describe the synthes is  and a p p l i c a t i o n  o f  polymeric phospho- 

nium salt-bound d i f f e r e n t  anions t o  increase the  r e a c t i v i t y  o f  the  

bound species i n  the  organic synthesis. 

EXPERIMENTAL 

Preparat ion of  Poly(  vinylbenzyltriphenylphosphonium Chlor ide) ,  I 

I t  was prepared from po ly (  chloromethylstyrene) and t r iphenylphos-  

phine employing a publ ished procedure5. Phosphorus analys is :  PI 

6.44%. 

General Procedure f o r  t he  Preparat ion o f  t he  Polymeric Reagents 

To 50 mmol o f  the  swel led polymeric s a l t  I i n  100 m l  50% aqueous 

methanol 100 mmol o f  the  sodium s a l t  o f  the anion i n  aqueous metha- 

n o l  were added a t  room temperature, A f t e r  s t i r r i n g  the r e a c t i o n  

mixture overn ight  the  r e s i n  was f i l t e r e d ,  washed w i t h  water and 

methanol, and then d r i e d  i n  vacuum, The amounts o f  the  anions 

bound t o  the  polymeric reagents are l i s t e d  i n  Table 1. 

General Procedure f o r  Reaction with Polymeric Reducing Reagents 

A mix ture o f  10 mmol o f  reagent I I a  and 8 mmol o f  the carbonyl  com- 

pound was re f l uxed  i n  30 m l  benzene, The polymeric by-product was 

separated from the  product by f i l t r a t i o n  a f t e r  a d d i t i o n  o f  metha- 

n o l i c  d i l u t e  HC1. The reac t i on  cond i t ions  and y i e l d s  o f  products 

are l i s t e d  i n  Table 2. 

General Procedure f o r  Nuc leoph i l i c  S u b s t i t u t i o n  with Polymeric 
Bound Nuc leoph i l i c  Reaqents 

To a s t i r r e d  mixture o f  1Q mmol o f  t he  polymeric reagent i n  25 m l  

o f  the  so lvent ,  8 mmol o f  the a l k y l  h a l i d e  i n  the same so lvent  were 

added a t  room temperature. A f t e r  s t i r r i n g  the  mixture under ‘the 

cond i t ions  given i n  Table 2 the  polymeric by-product was separated 

from the  product, 
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POLY-VINYLBENZYLTRIPHENYLPHOSPHONIUM SALTS 93 

RESULTS AND DISCUSSION 

The polymeric reagents I I a - d  and I I I a - f  were prepared by the  chemi- 

c a l  mod i f i ca t i on  technique, s t a r t i n g  w i t h  2% c ross l i nked  poly(ch1o- 

rornethylstyrene). The obtained r e s i n  was then t rea ted  w i t h  tri- 

phenylphosphine i n  the  way prev ious ly  described5 t o  g i v e  the  poly-  

meric s a l t  I conta in ing  2.08 mmol P/g. Resin I was then t rea ted  

w i t h  a s l i g h t  excess o f  sodium borohydride, th iocyanate,  n i t r i t e ,  

sodium s a l t s  o f  carboxy l i c  acids, phenols, and benzenesu l f in ic  

ac id  i n  methanol t o  g i ve  the  corresponding reagents I I a - d  and 

I I I a - f ,  according t o  Scheme I. 

I )  

SCHEME 1 

I l l)a,R=PhCO d, R-Ph 

2 b, R=02N-C6H4-C0 e, R=O N-C6H4- 

c ,  R=PhCH=CH-CO f ,  R-0-naphthyl 

Preparat ion o f  polymeric reagents. 

The degrees o f  s u b s t i t u t i o n  o f  reagents I I b - d  and I I I b , e  were de- 

duced from the  elemental microanalys is  us ing  data f o r  t he  appro- 

p r i a t e  newly in t roduced heteroatom. The exchange capac i t i es  f o r  

reagents I I Ia ,c ,d , f  were determined by t i t r a t i o n  ana lys i s  as pre- 
6 v ious l y  described . The load ing  o f  reagent I I a  was determined by 

r e f l u x i n g  w i t h  excess benzaldehyde for l ong  t ime and t h e  y i e l d  o f  

the product was used f o r  c a l c u l a t i o n  o f  the  polymer capaci ty ,  The 

determined average capac i t ies  o f  t he  polymeric reagents are l i s t e d  

i n  Table 1. 
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94 A. AKELAH AND F.M. ABDEL GALIL 

The r e a c t i o n s  were performed by a ba tch  technique by s t i r r i n g  a 

s l i g h t  excess o f  t h e  po lymer ic  reagents with subs t ra tes .  The pro-  

ducts  and r e a c t i o n  c o n d i t i o n s  are  i n d i c a t e d  i n  Table 2. 

The po lymer ic  reduc ing  reagent  c o n t a i n i n g  borohydr ide  anion, 

was used i n  he tero- reduc t ion  r e a c t i o n  towards aldehydes and I I a ,  

ketones i n  a non-polar s o l v e n t  as benzene. The ob ta ined a l c o h o l s  

were f r e e d  from t h e  po lymer ic  boron e s t e r s  by  a c i d  h y d r o l y s i s .  The 

e f f e c t i v e n e s s  o f  t h e  po lymer ic  s a l t s  as an ion  a c t i v a t i n g  reagents 

was s t u d i e d  i n  numerous n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s .  A l -  

k y l t h i o c y a n a t e s  were ob ta ined i n  good y i e l d s  f rom t h e  t h i o c y a n a t e  

polymer I I b  and a l k y l  h a l i d e s .  S i m i l a r l y ,  t h e  r e a c t i o n  o f  polymer- 

supported n i t r i t e  anion, I I c ,  w i th  a l k y l  h a l i d e s  gave t h e  n i t r o a l -  

kane as main product ;  no s i g n i f i c a n t  amount o f  o rgan ic  n i t r i t e s  

was detected, The r e a c t i o n  o f  po lymer ic  reagent  I I d  with a l k y l  ha- 

l i d e s  gave e x c e l l e n t  y i e l d s  o f  t h e  s u l f a n e  d e r i v a t i v e .  

The s y n t h e s i s  o f  e s t e r s  f rom t h e  po lymer ic  reagents I I I a - c  

and a l k y l  h a l i d e s  proceeds i n  non-polar as w e l l  as i n  p o l a r  s o l -  

vents  and g e n e r a l l y  gave e x c e l l e n t  y i e l d s ,  The n a t u r e  o f  t h e  s o l -  

vent does appear n o t  t o  be c r i t i c a l ,  showing t h a t  t h e  r e a c t i o n s  

i n v o l v i n g  t h e  po lymer ic  reagent  a re  independent o f  t h e  n a t u r e  o f  

t h e  so lvent .  Runs with c a t a l y t i c  amounts o f  t h e  po lymer ic  s a l t ,  I ,  
d i d  n o t  g i v e  s a t i s f a c t o r y  r e s u l t s  wi th  t h e  e s t e r i f i c a t i o n  r e a c t -  

ions.  
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POLY -VINYLBENZYLTRIPHENYLPHOSPliONIUl~l SALTS 95 

W L f  11 Reaction products of  t reatment of  polymeric reagents w i t h  
substrates.  

Polym Y-/or R Substrate Product Solv Temp Time Y ie ld  

Iln BHh PhCOMe PhCH( 0H)Me tJz r e f .  3h 70 

PhCOPh PhCII( 0tI)Ph Bz r e f .  3h 90 
Bz r e f .  3h 98 

r.t 48h 100 PhCHO PhCH20H 

111 f P-naphthyl Me1 1-Me-2-OHnaph 
2-OMenaph E t O H  r.t 20h 43 

57370 

Bz = Benzene / r e f .  = r e f l u x  

Thus, the nucleophilicity of polymer-bound carboxylate ion is 
increased sufficiently to allow esterification with alkyl halides. 

The results o f  the reactions of reagents IIId-f with alkyl 
halides show that 0-alkylation products are predominant, except 
for reaction o f  methyl iodide with phenoxide ion bound to reagent 
IIId, in which C-alkylation of phenol was favoured. Thus, the 
polymeric reagents seem to increase the activities of the anions 
in a similar manner to low molecular catalysts. Regeneration of 
the polymeric by-product in the active form is readily accom- 
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% A. AKELAH AND F.M. ABDEL GALIL 

p l i shed  by treatment with the  sodium s a l t s  o f  the  anions and were 

re-used i n  some examples w i thout  loss of a c t i v i t y .  
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