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SUMiTARY,

The ‘b a s e - in d u c e d  r e a c t i o n s  o f  t  r i n  e th y l  -  

s i  1 y l  di a zo m et han e and di n et h y l  pho s plio no di  a zo m et h ane 

w ith  ca rb o n y l  compounds t o  form t h e  homologous  

a c e t y l e n e s  are  d e s c r ib e d ?  t h e  r e a c t i o n s  are  g e n e r a l l y  

a p p l i c a b l e  to  t h e  p r e p a r a t i o n  o f  d i - a r y l  a c e t y l e n e s  

and o f  c e r t  ai  n ar y l  al  kyl  ac et y l  e n e s .

The r e a c t i o n  o f  1 *1 1- c a r b o n y l - d i - i m i d a z o l  

w ith  h y d r o x y - c a r b o x y l i  c a c i d s  i s  d i s c u s s e d ?  

i m i d a z o l i d e  f o r m a t i o n  o c c u r s  o n l y  w i th  s u b s t r a t e s  

i n  which t h e  h yd ro x y l  f u n c t i o n  i s  s e c o n d a r y .

The p r e p a r a t i o n  and p r o p e r t i e s  o f  polymer  

su p p o r te d  i m i d a z o l i d e s  are  d e s c r i b e d 5 such  compounds 

show l o w e r  r e a c t i v i t y  t h a n  f r e e  i m i d a z o l i d e s .
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GIL I CO IT -  ALI'OST ORGAFIC.

Over t h e  p as t  decade* t h e  e lement  S i l i c o n  has  

e x p e r ie n c e d  a remarkable  change i n  i t s  f o r t u n e s .  I t  has  

been wrenched from t h e  hands o f  e l e c t r o n i c s  m an ufactu rers  

and p u rveyors  o f  " n o n - s t i c k "  f r y i n g - p a n s *  and p la n te d  

f i r m l y  i n  t h e  armoury o f  t h e  s y n t h e t i c  o r g a n i c  c h e m is t .

The b a s i s  o f  t h e  s y n t h e t i c  u t i l i t y  o f  o r g a n o s i l i c o n  

compounds l i e s  i n  th e  n a t u r e  o f  t h e  element S i l i c o n  i t s e l f :

As t h e  most e l e c t r o p o s i t i v e  o f  t h e  " n a n -m e ta l l i c "  e lem en ts  

i n  t h e  second  ro-w o f  t h e  p e r i o d i c  t a b l e ,  i t s  bonds to  t h e  

more e l e c t r o n e g a t i v e  f i r s t - r o w  e l e m e n t s ,  Oxygen and F l u o r i n e ,  

a r e  s t r o n g e r  than t h e  bonds o f  Carbon to  t h e s e  e l e m e n ts ,  

w h i l e  i t s  bonds t o  Carbon and n i t r o g e n  a r e  weaker than  t h e  

bonds o f  Carbon to. t h e s e  e l e m e n t s .  This  c h a r a c t e r i s t i c  

g i v e s  r i s e  t o  a wide range  o f  th erm o d y n a m ica l ly -  

f a v o u r a b l e  p r o c e s s e s  which make o r g a n o s i l i c o n  compounds 

u s e f u l  i n  s y n t h e t i c  t r a n s f o r m a t i o n s .

The second p r o p e r t y  o f  S i l i c o n  i s  t h a t  i t  p o s s e s s e s  

a s e t  o f  v a ca n t  d - o r b i t a l s  o f  s u i t a b l e  e n e r g y  fo r  back-  

bonding w i th  a f i l l e d  2p o r b i t a l  on an a d j a c e n t  atom o f  

a f i r s t - r o w  e le m e n t .  This  e n a b le s  S i l i c o n  t o  s t a b i l i s e  an 

a d j a c e n t  c a r b a n io n ,  and opens up a f u r t h e r  s e r i e s  o f  

p o t e n t i a l l y  u s e f u l  s y n t h e t i c  r o u t e s .

One v e r y  im portant  con seq uence  o f  t h e s e  p r o p e r t i e s  

i s  th e  com p arat ive  e a s e  w ith  which a s i l y l  s u b s t i t u e n t  on 

a Carbon framework can be removed. As an e l e c t r o p o s i t i v e  

e le m e n t ,  S i l i c o n  i s  s u s c e p t i b l e  to  a t t a c k  by a n u c l e o p h i l e ;  

m oreover ,  bonding  by th e  n u c l e o p h i l e  through the  vacant  

d - o r b i t a l s  o f  S i l i c o n  can commence b e f o r e  t h e  S i l i c o n -
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2

Carbon bond i s  broken .  In  g e n e r a l ,  removal o f  a s i l y l  

s u b s t i t u e n t  can be e f f e c t e d  by n u c l  e o p i i i l i c  d i sp la c e m e n t  

under f a i r l y  m i ld  c o n d i t i o n s ,  p ro v id ed  t h a t  t h e  Carbon 

fragment e x p e l l e d  i s  a good l e a v i n g  group (SCHEME 1 ) .

J T - c h a r a c t e r  o f  th e  Si l i con-Carbon bond.

The ^ c h a r a c t e r  o f  th e  S i l i  con-Carbon bond has  

b een  a m a t t e r  o f  c o n t r o v e r s y  f o r  many y e a r s ,  but i t  i s  

now g e n e r a l l y  a c c e p t e d  t h a t  such c h a r a c t e r  does e x i s t ,  

numerous s t u d i e s  o f  bond-1  engths2, d i p o l e  moments3, n .m .r ,

s p e c tr a 4, iiv« . spec tra5, i  . £  s p e c t r a 6, Raman s p e c tr a 6, m o l e c u l a r
7 2,8 o r b i t a l  s t u d i e s  and chem ica l  b e h a v io u r  o f  o r g a n o s i l i c o n

compounds have  sup p orted  t h i s  c o n c l u s i o n .

A 'b - in i t io  SCE-MO c a l c u l a t i o n s  have been c a r r i e d

out9 f o r  e t h y l e n e ,  v i n y l  s i l a n e  and a l l y l  s i l a n e ,  both

w i t h  and w i th o u t  t h e  i n c l u s i o n  o f  S i l i c o n  d - o r b i t a l s  i n

t h e  b a s i s  s e t .  I n c l u s i o n  o f  d - o r b i t a l s  was found t o  g i v e

a b e t t e r  i n t e r p r e t a t i o n  o f  th e  p h o t o - e l e c t r o n  s p e c t r a  o f

t h e  s i l a n e s ,  p a r t i c u l a r l y  i n  the  c a s e  o f  v i n y l  s i l a n e .

S i l i c o n  a n a lo g u e s  o f  u n s a t u r a t e d  compounds have
10 " 

been  prepared  by t h e r m o l y t i e  or p h o t o l y t i c  c l e a v a g e  o f

s i l a - c y c l o b u t a n e s  (SCHEME 2 ) ,  The S i l i c o n - C a r b o n  bonds

i n  t h e s e  compounds have  a h ig h  d e g r ee  o f  d i p o l a r  c h a r a c t e r ,
I 2

as d em onstra ted  by t h e i r  a b i l i t y  to  c l e a v e  t h e  v e r y  s tr o n g

S i l i c o n - F l u o r i n e  bond, a p r o p e r ty  r e s t r i c t e d  to  s t r o n g l y

n u e l e o p h i l i c  r e a g e n t s  (SCHEME 3)* Such compounds a l s o
10

r e a c t  w i t h  a ld e h y d e s  and k e t o n e s .  ITon-eno l isab l  e k e to n e s  

a r e  tran sform ed  i n t o  1 ,1  d i s u b s t i t u t e d  a l k e n e s ,  i n  a 

p r o c e s s  a n a lo g o u s  to t h e  W i t t i g  r e a c t i o n  (SCHEME 4 ) t  

w h i l e  e n o l i s a b l e  k e t o n e s  are  c o n v e r te d  to  t h e i r  

t r i a l k y l s i l y l - e n o l  e t h e r s  (SCHEME 5)*
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Carbonium -ion  s t a b i l i s a t i o n  by a p - s i l y l  s u b s t i t u e n t s

( a ) : i n  e l e c t r o p h i l i c  s u bs t i t u t i o n  o f  a r y l - ,  v i n y l -  

and a l l y l - s i l a n e s .

E a r ly  s t u d i e s  o f  o r g a n o s i l i c o n  compounds were

con cern ed  p r i m a r i l y  w i t h  th e  i n d u c t i v e  e f f e c t  o f  a s i l y l

s u b s t i t u e n t ,  p a r t i c u l a r l y  i n  th e  a ro m a t ic  s e r i e s .  I t  was

soon d i s c o v e r e d  th a t  a s i l y l  s u b s t i t u e n t  on an a ro m a t ic

r i n g  e x e r t e d  a pow erfu l  a c t i v a t i n g  e f f e c t  i n  e l e c t r o p h i l i c

s u b s t i t u t i o n .  M oreover,  s u b s t i t u t i o n  took  p l a c e  at  t h e

s i t e  o f  t h e  s i l y l  g ro u p ,  which was d i s p l a c e d  i n  t h e

c o u r s e  o f  the  r e a c t i o n .  Thus, f o r  example ,  t r i m e t h y l s i l y l -

benzene  was c o n v e r t e d  to  n i t r o b e n z e n e  under m ild  n i t r a t i n g

c o n d i t i o n s ,  under  which ben zen e  i t s e l f  co u ld  not  be n i t r a t e d *

S i m i l a r l y ,  3OT̂ e t h y l  t r i m e t h y l s i l y l  benzene  was co n v e r te d

t o  3“me t h y l  n i t r o —b e n z e n e ,  met a- s u b s  1 1 tu t  i o n  o c c u r r i n g  '

d e s p i t e  t h e  p r e s e n c e  o f  th e  o r t h o / p a r a - d i r e c t i n g  methyl
u

s u b s t i t u e n t  (SCHEME 6 ) .

F o l l o w i n g  t h e s e  i n v e s t i g a t i o n s , i t  was d i s c o v e r e d

t h a t  t r i e t h y l s i l y l -  ben zen e  was h y d r o ly s e d  t o  benzene  by
4d i l u t e  aqueous a c i d  at  a r a t e  10 t im e s  f a s t e r  than  t h e  

c o r r e s p o n d in g  h y d r o l y s i s  o f  tg d ie p t y l -b e n z e n e t  The 

e x p l a n a t i o n  proposed  was t h a t  t h e  i n t e r m e d i a t e  carbonium  

i o n  1  ̂ formed i n  t h e  r a t e - d e t e r m i n i n g  s t e p  i s  s t a b i l i s e d  

by th e  /2- s i l y l  s u b s t i t u e n t ,  and th u s  i s  formed much more 

r a p i d l y  than  th e  c o r r e s p o n d in g  ^ - ( l^ -h e p ty l  ) -carbonium  

i o n  2 (SCHEME 7 ) .

T h is  a b i l i t y  o f  a C a r b o n - S i l i c o n  bond t o  s t a b i l i s e  

a carbonium i o n  t o  i t  i s  now w e l l  u n d e r s t o o d .  The same 

e f f e c t  i s  s e e n  i n  t h e  e l e c t r o p h i l i c  s u b s t i t u t i o n  o f  

b e n z y l - t r i m e t h y l s i l a n e ,  which ta k e s  p l a c e  much more
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4
r a p i d l y  than th e  s u b s t i t u t i o n  o f  t o l u e n e  under th e  same

15
c o n d i t i o n s ,  and i n  which o r t h o / para - d i r e c t i o n  i s  observed*
15 29
 C and S i  HI,IE s t u d i e s  have been  performed o f  a v a r i e t y

o f  p h e n y l -  and b e n z y l - s i l a n e s  PhX and PhCH'pX (X n SiRR’R11
16

where R, E f , R M a re  a l k y l - ,  a l k o x y l -  or  h a l i d e ) . The 

r e s u l t s  show a p p r o x im a t e ly  c o n s t a n t  d i f f e r e n c e s  i n  th e  

chem ica l  s h i f t  o f  t h e  r in g -C a r b o n  atom p ara -  to  th e  

s u b s t i t u e n t  betw een  th e  two s e r i e s  o f  compounds, w ith  

g r e a t e r  c h a r g e - d e n s i t y  i n  th e  r i n g  i n  th e  b e n zy l  s e r i e s  

than i n  th e  phenyl  s e r i e s *  S i m i l a r l y ,  a l i n e a r  c o r r e l a t i o n
O Q

i s  o b se r v e d  betw een  -/Si  ch em ica l  s h i f t s  i n  PhX and 

PhCHgX where t h e  s i l y l  group X i s  t h e  same i n  both  c a s e s .  

These r e s u l t s  a g r e e  w e l l  w i th  th e  e l e c t r o n - a c c e p t i n g  

p r o p e r t i e s  o f  an ( X - s i l y l  s u b s t i t u e n t ,  compared w ith  t h e  

e l e c t r o n - r e l e a s i n g  a b i l i t y  o f  a s i l y l  s u b s t i t u e n t *

E f f e c t s  s i m i l a r  to t h o s e  d e s c r i b e d  above are  a l s o  

o b serv ed  i n  th e  s u b s t i t u t i o n  o f  t r i m e t h y l s i l y l - s u b s t i t u t e d
17 IQ

b e n z o i c  a c i d s  and b e n z c y c l o b u t e n e s , and i n  P r i e d e l - C r a f t s
19a e y l a t i o n  o f  t r i m e t h y l s i l y l - s u b s t i t u t e d  benzenes*

The a l i p h a t i c  P r i e d e l - C r a f t s  a e y l a t i o n  o f  a lk e n e s  

can a l s o  be  c o n t r o l l e d  by i n t r o d u c t i o n  o f  a s i l y l  

s u b s t i t u e n t *  Thus,  a c e t y l a t i o n  o f  th e  s i l y l a t e d  c y c lo h e x e n e s

and £  o c c u r s  e x c l u s i v e l y  a t  t h e  s i t e  o f  th e
20

t r i m e t h y l s i l y l  group (SCHEME 8 )*

V i n y l - s i l a n e s  r e a d i l y  undergo e l e c t r o p h i l i c

s u b s t i t u t i o n *  Thus, ^ 5 - t r i m e t h y l s i l y l - s  t y r e n e  can be
21 22 

brominated  or d e u t e r a t e d  i n  a . s t e r e o s p e c i f i c  manner

(SCHEME 9)* In  t h e s e  r e a c t i o n s ,  th e  s i l y l  group

s t a b i l i s e s  t h e  d e v e l o p i n g  carb on iu m -ion  i n  a "bridging"

manner, and t h e r e f o r e  th e  s t e r e o c h e m i s t r y  o f  th e  o r i g i n a l

v i n y l  s i l a n e  i s  p r e s e r v e d  i n  the  product*
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5
These r e a c t i o n s  o f  v i n y l - s i l a n e s 1 can be summarised by th e  

p r o c e s s  shown in  SCHEME 1 0 .

The e l e c t r o p h i l i c  s u b s t i t u t i o n  o f  a l l y l - s i l a n e s , 

on th e  o t h e r  hand, must i n v o l v e  a t t a c k  by th e  e l e c t r o p h i l e  

at t h e  carbon  atom <5 t o  the  s i l y l - s u b s t i  t u e n t , r e s u l t i n g  

i n  a s h i f t  i n  p o s i t i o n  o f  th e  double  bond (SCHEME l l ) .  

R e a c t i o n s  o f  t h i s  ty p e  are  a l s o  known* For example ,  th e  

d i - a c i d  ^ r e a c t s  w i th  p e r - a c c t i c  a c i d  to  g i v e  th e  a l l y l i c
19

a l c o h o l  6 (SCHEME 12)* S i m i l a r l y ,  a l l y l - t r i m e t h y l - s i l a n e  

2  can be a c y l a t e d  under F r i e d e l - C r a f t s  c o n d i t i o n s  to  g i v e
23

a v a r i e t y  o f  u s e f u l  compounds (SCHEME 13)« The s t a r t i n g  

a l l y l - s i l a n e s  are  r e a d i l y  a v a i l a b l e  from th e  r e a c t i o n  

o f  c h i a r c - t r i m e t h y l s i l a n e  and Zinc w ith  a l l y l  c h l o r i d e  i n  

pola,r s o l v e n t s *  Conjugated  d i e n e s  can be doubly  s i l y l a t e d  

i n  th e  1 , 4 ” p o s i t i o n s  by a s i m i l a r  s i l y l a t i n g  sys tem ,  and 

th e  product  a l l y l  s i l a n e s  a c y l a t e d  (SCHEME 14)*

(b )s  i n  n u c l e o p h i l i c  d i s p la c e m e n t  o f  a s i l y l  s u b s t i t u e n t .  

V i n y l - s i l a n e s  a re  r e a d i l y  c o n v e r te d  to epoxy-  

s i l a n e s ,  which ,  on n u c l e o p h i l i c  d i s p la c e m e n t  o f  th e  s i l y l  

group ,  a r e  co n v e r te d  to  carbonyl  compounds4 (SCHEME 15)*  

T h is  proces .s  a l l o w s  v i n y l - s i l a n e s  to  be used as  masked 

carbonyl  compounds, f o r  example to  overcome t h e  p r a c t i c a l  

d i f f i c u l t i e s  e n co u n tered  in  the  R obinson  a n n e l a t i o n  

procedure” which o cc u r  b e c a u s e  th e  b a se  s t r e n g t h s  o f  

t h e  a n io n s  o-f the  o r i g i n a l  k e to n e  and t h e  product  d i k e t o n e

ar© v e r y  s i m i l a r ,  and s e v e r a l  s i d e - r e a c t i o n s  a re  t h e r e f o r e
26

o b s e r v e d .  This  can be a v o id ed  by ra p id  a l k y l a t i o n  o f  the  

e n o l a t e  w i th  an a l l y l i c  h a l i d e  such as 2 - ( i o d o m e t h y l ) -  

v i n y l - s i l a n e , w h ich ,  on e p o x i d a t i o n  and s i l y l - g r o u p  

d i s p l a c e m e n t , g i v e s  th e  r e q u i r e d  d i k e t o n e ? (SCHEME 1 6 ) .
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I t  i s  i n t e r e s t i n g  to  n o t e  th a t  d i s p l a c e m e n t  o f  th e  s i l y l

group i n  t h i s  c a s e  i s  much more r a p id  than w ith  s im p le

e p o x y - s i l a n e s ,  presumably  b e c a u s e  o f  p a r t i c i p a t i o n  by th e

n e ig h b o u r in g  carbony l  g ro u p .  V a r io u s  methods are  a v a i l a b l e
28

f o r  th e  s y n t h e s i s  o f  i o d o r a e t h y l - v i n y l  s i l a n e s .
29

An a l t e r n a t i v e  approach i n v o l v e s  th e  use  o f  a 

s i l y l a t e d  a n a lo g u e  o f  methyl  v i n y l  k e t o n e  (SCHEME 17)  •

The s i l y l a t e d  e n o l a t e  i o n  8 i s  much l e s s  b a s i c  than £  

b ec a u se  o f  the  s t a b i l i s a t i o n  p ro v id ed  by (rv-*d) o v e r l a p ,  

and s i d e - r e a c t i o n s  are  thus  avoided*  With such compounds,  

i t  i s  p o s s i b l e  to c a r r y  out a n n e l a t i o n  even under a p r o t i c  

c o n d i t i o n s ,  whereas methyl  v i n y l  k e to n e  i t s e l f  undergoes  

e x t e n s i v e  p o l y m e r i s a t i o n  under such c o n d i t i o n s *  The s i l y l  

group i s  e a s i l y  d i s p l a c e d  when a l l  s y n t h e t i c  o p e r a t i o n s  

a r e  c o m p le te ,  s i n c e  i t  i s  (X to  a carbony l  group*

1 - C h l o r o m e t h y l - v i n y l  s i l a n e s  can be e p o x i d i s e d ,  

and t h e  r e s u l t i n g  e p o x y - s i l a n e s ,  on t r e a tm e n t  w i th  f l u o r i d e  

i o n ,  undergo e l i m i n a t i o n  t o  produce a l l e n e  o x i d e s ,  which  

a r e  t a u t o m e r i c  w ith  o x y a l l y l  z w i t t e r i o n s  10.* Thus, t r e a tm en t  

o f  e p o x y - s i l a n e  3ML w ith  f l u o r i d e  i o n  i n  the p r e s e n c e  o f  

c y c l o p e n t a d i e n e  g a v e  th e  adduct  1 2  (SCHEME 18)5.

Carbanion s t a b i l i s a t i o n  by an / X - s i l y l  s u b s t i t u e n t *

(p —*d)nc-Backbonding between S i l i c o n  and Carbon,  

and consequent  e l e c t r o n - w i t h d r a w a l  from Carbon i s  

s u f f i c i e n t l y  s t r o n g  i n  many c a s e s  to  a l l o w  t h e  removal  

o f  p ro to n s  to t h e  s i l y l  s u b s t i t u e n t .  Many examples o f  

r e a c t i o n s  i n v o l v i n g ,  as  a f i r s t  s t e p ,  t h e  f o r m a t io n  o f  

an o C - s i ly i  ca rb a n io n  have been s t u d i e d  in  r e c e n t  y e a r s .

By the  u s e  o f  s t r o n g  b a s e s ,  a proton  can be removed even  

from a l k y l s i l a n e s  (SCHEME 19)*  In  most  examples s t u d i e d ,
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however ,  t h e  c a r t o n  from which a p r o to n  i s  removed i s  

f la n k e d  by a n o th e r  s t a b i l i s i n g  group b e s i d e s  the  s i l y l  

group.

I n  one o f  th e  e a r l i e r  examples  o f  t h i s  typ e  o f
32

p r o c e s s ,  an (X-trim e t h y l  s i l y l  e s t e r  was condensed w ith  

an a ld e h y d e  i n  an a n a lo g u e  o f  t h e  Reformatsky  r e a c t i o n .

The r e a c t i o n  has t h e  a d v a n ta g e  th a t  the  j S - t r i m e t h y l s i l o x y -  

e s t e r  thus  produced i s  a u t o m a t i c a l l y  p r o t e c t e d  from 

s u b seq u en t  d e h y d r a t io n .  The r e a c t i o n  i s  t h e r e f o r e  u s e f u l  

i n  c a s e s  i n  which the  R eform atsky  p roduct  i s  l i a b l e  to 

d eh y d ra te  to  g i v e  an C*,|?-unsaturated e s t e r .  Cyanomethyl-  

t r i m e t h y l s i l a n e  r e a c t s  s i m i l a r l y  (SCHEME 20 ) .  I t  should  

be n o t e d ,  however ,  th a t  t h i s  r e a c t i o n  p rob ab ly  does  not  

proceed  through an (X-s i l  y l  c a r b a n io n ,  s i n c e  e t h y l  

( X - t r i m e t h y l s i l y l - i s o b u t y r a t e  1J5 , which has  no m eth y len e  

proton s  oc to  the  s i l y l  grou p ,  n e v e r t h e l e s s  r e a c t s  w ith  

b en za ld e h y d e  to  form the  - t r i m e t h y l s i l o x y - e s t e r  1_4. The 

mechanism proposed  i s  o u t l i n e d  in  SCHEME 21.

In  most examples o f  p r o c e s s e s  i n v o l v i n g  p ^ - s i l y l  

c a r b a n i o n o i d s , t h e  r e a c t i o n  p a r tn e r  i s  a carbonyl  compound,  

and th e  {I - h y d r o x y - s i l a n e  thus  formed can be c o n v er te d  to  

an a lk e n e  by e l i m i n a t i o n  o f  t r i m e t h y l s i l a n o l  or one o f  i t s  

s a l t s .  The c l a s s i c  example o f  t h i s  p r o c e s s ,  which i s  

a n a lo g o u s  to the  T f i t t ig  r e a c t i o n ,  and o f t e n  s u p e r io r ,  to
33

i t ,  i s  known as  the  P e te r s o n  r e a c t i o n ,  i n  which  

t r i m e t h y l s i l y l m e t k y l - m a g n e s i u m  c h l o r i d e  i s  condensed w ith  

a k e to n e  to g i v e ,  a f t e r  e l i m i n a t i o n ,  a 1 , 1 - d i s u b s t i t u t e d  

a lk e n e  (SCHEME 2 2 ) .  I t  i s  i n t e r e s t i n g  to  n o t e  that  the  

chloromagnesium s a l t  o f  the  i n t e r m e d i a t e  {I - h y d r o x y - s i l a n e  

does  not undergo e l i m i n a t i o n ,  whereas t h e  p otass ium  s a l t
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r e a d i l y  e l i m i n a t e s  p o t a s s iu m  t r i m e t h y l s i l a n o x i d e  to g i v e  

th e  a lkene*  Th is  c a t i o n - d e p e n d e n c e  i s  a common f e a t u r e  o f  

such  e l i m i n a t i o n  p r o c e s s e s *

The P e t e r s o n  r e a c t i o n  was used i n  a s u c c e s s f u l  

s y n t h e s i s  o f  ~*£orgonene 1jS • The i n t e r m e d i a t e  k e to n e  1J> 

f a i l e d  to- r e a c t  w i th  m e th y le n e  t r i p h e n y l p h o s p h o r a n e ,  

hut t r i m e t h y l s i l y l m e t h y l - n a g n e s i u m  c h l o r i d e  e f f e c t e d  th e  

c o n v e r s i o n  (SCHEME 23) .

The same p r o c e s s  can he used t o  produce t r i -  

s u h s t i t u t e d  a l k e n e s  o r ,  hy r e a c t i o n  w ith  a,n a ld e h y d e ,

1 ,  2 - d i s u h s t  i t u t  ed a l k e n e s ” The (X- s i l y l  c a rh a n io n s  are  

g e n e r a t e d  e i t h e r  hy d i r e c t  l i t h i a t i o n  o f  a s u i t a b l y  

s u b s t i t u t e d  s i l a n e  (SCHEME 24) or hy a d d i t i o n  o>f a 

s u i t a b l e  a l k y l  l i t h i u m  to  a v i n y l - s i l a n e  (SCHEME 25)*

V i n y l s i l a n e s  can he prepared  in  t h i s  way, by 

r e a c t i o n  o f  h i s - ( t r i m e t h y l s i l y l  )**..methyl  l i t h i u m  w i t h  k e t o n e s .  

(SCHEME 2 6 ) .

R e a c t i o n  o f  ^ - t r i m e t h y l s i l y l - k e t o n e s  w i th  

o r g a n o l i t h i u m  or  organomagnesium compounds l e a d s  to  

f j - h y d r o x y - s i l a n e s  which undergo e l i m i n a t i o n  to g i v e  

a lk en e s37 (SCHEME 27) • S i m i l a r l y ,  r e a c t i o n  o f  ^ - t r i m e t h y l -  

s i l y l - k e t o n e s  wi th ^ C - l i t h i o - e s t  e r s  g i v e s  ^  , ^ - u n s a t u r a t  ed 

e s t e r s 8 (SCHEME 2 8 ) .

I n  c o n t r a s t  to  th e  examples d e s c r i b e d  e a r l i e r  

(SCHEME 20} ,  a r e c e n t  r e p o r t  d e s c r i b i n g  the  r e a c t i o n  o f  

an (X-1 i t h i o - 0( - c y a n o - s i l a n e  with  an a ld e h y d e  i n d i c a t e s  th a t  

t h e  product r e a d i l y  e l i m i n a t e s  l i t h i u m  t r i m e t h y l s i l a n o x i d e
_ 39

t o  g i v e  an (X - u n s a t u r a t  ed n i t r i l e  (SCHEME 2 9 ) .

The f a c t o r s  i n f l u e n c i n g  t h e  e a s e  o f  e l i m i n a t i o n  o f
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t r i m e t h y l s i l a n o l  from ^ - h y d r o x y - s i l  anes have been s t u d i e d  

by s e v e r a l  groups  o f  w ork ers .  I t  has  been o b se rv e d  t h a t  

l i t h i u m  o r  magnesium s a l t s  o f  f t - h y d r o x y - s i l a n e s  undergo  

e l i m i n a t i o n  more r e a d i l y  when t h e  r e s u l t i n g  a lk e n e  i s
40

n o n - t e r m in a l  than when i t  i s  t e r m i n a l .  Treatment o f  

p , - h y d r o x y - s i l a n e s  w i th  a c e t i c  a n h y d r id e  or  t h i o n y l  

c h l o r i d e  has  been found to  be e f f e c t i v e  i n  promoting  

e l i m i n a t i o n '  (SCHEME 50) . F l u o r i d e  io n  i s  p a r t i c u l a r l y  

e f f e c t i v e  i n  promoting e l i m i n a t i o n ,  b e c a u s e  o f  t h e
42

s t r e n g t h  o f  th e  S i l i c o n - F l u o r i n e  bond.

I n  a s tu d y 3 o f  t h e  s t e r e o c h e m i s t r y  o f  s i l a n o l  

e l i m i n a t i o n ,  a ^ - h y d r o x y - s i l a n e  o f  known c o n f i g u r a t i o n  

u gave  a lm ost  e x c l u s i v e l y  t r a n s ~ a lk e n e  18 , th e  product  

o f  s y n - e l i m i n a t  i o n ,  when t r e a t e d  w i th  p o ta ss iu m  h y d r id e .  

Boron t r i f l u o r i d e ,  on t h e  o t h e r  hand, e f f e c t e d  a n t i -  

e l i m i n a t i o n  t o  g i v e  a lmost  e x c l u s i v e l y  c i s - a lk e n e  lg.

(SCHEME 51) • The d i f f e r e n t  e l i m i n a t i o n  pathways are  

presumably due to th e  r e q u ir e m e n t ,  i n  th e  former c a s e ,  

f o r  syn- e l i m i n a t i o n  to  occu r  i n  order  t h a t  a S i l i c o n -  

Oxygen bond cart be formed,  w h i l e ,  i n  t h e  l a , t t e r  c a s e ,  

a S i l i c o n - F l u o r i n e  bond i s  formed, and t h e  u su a l  

s t e r e o - e l e c t r o n i c  f a c t o r s  d e ter m in e  t h e  geom etry  o f  

t h e  e l i m i n a t i o n .  S i m i l a r l y ,  1 , 2 - d i c h l o r o -  1 - t r i m e t h y l -  

s i l y l - a l  kanes undergo t r a n s - e l  im in a t  io n  o f  th e  e lem en ts  

o f  e h l o r o t r i m e t h y l s i l a n e  to  g i v e  c h l o r o - a l k e n e s 4 (SCHEME 5 2 ) .

The r e a c t i o n  o f  1 - t r i p h e n y l s i l y l - v i n y l  l i t h i u m  

w ith  a ld e h y d e s  l e a d s  to  a l l e n e s 5 (SCHEME 55)* In  t h i s  

c a s e ,  s i l a n o x i d e  e l i m i n a t i o n  does  not  o ccu r  r e a d i l y ,  and 

f l u o r i d e  i o n  i s  used  to  d i s p l a c e  t h e  s i l y l  m o ie t y .  I t  seems,  

however ,  t h a t  t h i s  r e a c t i o n  cannot  be extended  to k e to n es
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t o  p r o d u c e  1 , 1 - d i s u b s t i t u t e d  a l l e n e s ,  f o r  i n  t h i s  c a s e  

t h e  - h y d r o  x y - s  i l  an  e does  n o t  u n d e r g o  e l i m i n a t i o n  on 

t r e a t m e n t  w i t h  f l u o r i d e  i o n ,  a l t h o u g h  t h e  s i l y l  g r o u p  

i s  r emo ved6 (SCHEME 3 4 ) .

Symmetrical  a l l e n e s  are  formed by r e a c t i o n  o f  

t r i m e t h y l s i l y l m e t h y l  ene t r i p h e n y lp h o s p h o r a n e  2iC w i th  

k e t o n e s .  A lk en es  a r e  a lw ays  formed s i m u l t a n e o u s l y , a s  a 

r e s u l t  o f  t r i r n e t h y l s i l y l  group d i s p la c e m e n t  from th e  

phosphorane ,  f o l l o w e d  by normal Y / i t t i g  r e a c t i o n  w ith  

th e  k e t o n e .  Q u a n t i t a t i v e  y i e l d s  o f  b o th  a l l e n e  and 

a lk e n e  can be o b t a in e d  by u s i n g  a s u i t a b l e  e x c e s s  o f  

ketone*7 ( SCEEME 3 5 ) .  S i l y l  y l i d s  a re  u s e f u l  i n t e r m e d i a t e s  

fo r  th e  p r e p a r a t i o n  o f  y l i d s  s u b s t i t u t e d  w ith  o t h e r  

se c o n d -  o r  t h i r d - r o w  e l e m e n t s ,  by t r a n s - s i l y l a t i o n .

They a r e  a l s o  v e r y  u s e f u l  i n  th e  p r e p a r a t i o n  o f  p u re ,  

s a l t - f r e e  y l i d s ,  o f t e n  d i f f i c u l t  o r  i m p o s s i b l e  to  

prepare  o t h e r w i s e .  P u r i f i c a t i o n  o f  th e  s i l y l  y l i d ,  

f o l l o w e d  by d e s i l y l a t i o n ,  a v o i d s  t h e s e  problems.

2 - L i t h i o -  2 - t r i i n e t h y l s i l y l - ( l , 3) - d i t h i a n e s  21 

r e a c t  w i t h  a ld e h y d e s  to  g i v e  k e t e n e - t h i o a c e t a l s  2J2 , 

which can be h y d r o ly s e d  t o  th e  homologous c a r b o x y l i c  

a c id s49, o r ,  a f t e r  r e d u c t i o n ,  to t h e  homologous a ld e h y d e s50 

(SCHEME 36) .

Treatment o f  cyc lohexe .none w i th  c h l o r o - t r i m e t h y l  

s i l a n e  and Zinc produced cy c lo h e x e n e 5'. T h is  p r o c e s s  may 

be r e l a t e d  to: th e  P e te r s o n  r e a c t i o n ,  but t h e  a v a i l a b l e  

e v id e n c e  fa v o u rs  a ca r b e n o id  mechanism. The t r i m e t h y l  -  

s i l y l  e t h e r  o f  c y c lo h e x a n o n e ,  on t r e a tm e n t  w i th  Z in c ,  

d id  n o t  g i v e  c y c lo h e x e n e  (SCHEME 3 7 ) .
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R e a c t i v i t y  ....of th e  311 i  con - R i t  ro gen “bond* 

A'minosi lanes  have  b een  e x t e n s i v e l y  used  in  

p r e p a r a t i o n s  o f  am id es ,  u rea s  and g l y c o s i d e s .  The 

ad van tages  o f  u s i n g  a m in o s i l a n e s  r a t h e r  than th e  c o r r e s p -  

- o n d in g  amines i n  r e a c t i o n s  w i th  a l k y l  or a c y l  h a l i d e s  are  

tw o f o ld :  - f i r s t l y ,  t h e  s i l y l a t e d  amine i s  o f t e n  more r e a c t i v e  

than t h e  parent  amine,  and, s e c o n d l y ,  th e  h a l o - s i l a n e  

b y-product  i s  u s u a l l y  removed e a s i l y  by d i s t i l l a t i o n ,

For example ,  J T - t r i m e t h y l s i l y l - i m i d a z o l  e r e a c t s  more 

r e a d i l y  th a n  t h e  parent  h e t e r o c y c l e  w i th  a c y l  c h l o r i d e s 52 

to  g i v e ,  a f t e r  removal o f  c h l o r o - t r i m e t h y l s i l a n e  by 

d i s t i l l a t i o n ,  e s s e n t i a l l y  pure p r o d u c t s .  T h io n y l  c h l o r i d e
53

r e a c t s  s i m i l a r l y  to  g i v e  l , l ’~ t h i o n y l  d i - i m i d a z o l e  $ 

t h i s  i s  the  o n ly  method by which t h i s  compound can be 

prepared pure .  1 T -T r im e th y ls i ly l  - im i  d azo l  e a l s o  r e a c t s
54

w ith  cK.-*halo-carboxylic e s t e r s ,  u n l i k e  i m i d a z o l e  i t s e l f  

(SCHEME 3 8 ) ,  S i l y l a t e d  t r i a z o l e s  r e a c t  i n  an an a logou s
54,55manner,

o l , uj -D iam in es  cannot be c o n v e r te d  to  t h e  c o r r -  

- e s p o n d i n g  c y c l i c  t ireas  by t r ea tm en t  w i th  p h o sg en e ,  but  

t h e  lT,Rt- b i s - (  t r i m e t h y l s i l y l  ) - d i a m in e s  are  c y c l i s e d  r e a d i l y  

( SCHEME 39) • I n  t h e s e  c a s e s ,  i t  i s  th e  1T-E bond th a t  i s  

c l e a v e d ,  and th e  s i l y l  s u b s t i t u e n t s  are  r e t a i n e d  i n  th e  

p r o d u c t s .

The a c t i v a t i n g  e f f e c t  o f  t h e  IT - s i ly l  s u b s t i t u e n t s  

i n  th e  u r a c i l  2^ i s  such t h a t  c o n v e r s i o n  to t h e  c y c l i c  

urea can be e f f e c t e d  even  by carbon d i o x i d e ,  y i e l d i n g ,  

on h y d r o l y s i s ,  t h e  u r i c  a c i d  d e r i v a t i v e  2 £  (SCHEIE 4o)#  

T r i a l k y l s i l y l a t e d  carboxamides  can e x i s t  e i t h e r  

i n  t h e  O - s i l y l  or th e  IT - s i ly l  form, and examples  o f  both
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57,58

ty p e s  o f  compound a re  known. In  g e n e r a l ,  o p e n - c h a m  

amides and n o n -a r o m a t ic  l a c t a m s  g i v e  t h e  I T - s i ly l  

d e r i v a t i v e s ,  w hich ,  u n l i k e  th e  O - s i l y l  d e r i v a t i v e s ,  are
59

s t i l l  c a p a b le  o f  r e s o n a n c e  s t a b i l i s a t i o n .  These compounds 

undergo a c y l a t i o n  by a c y l  c h l o r i d e s .  Lactams i n  which  

l iet ero-aromat  i s a t  io n  i s  p o s s i b l e  g e n e r a l l y  e x i s t  i n  t h e

O - s i l y l  ( i m i d a t e )  form (SCHEME 41)* Compounds o f  th e  

l a t t e r  t y p e  can be a l k y l a t e d  on ITitrogen w i th  a l k y l  

h a l i d e s .  This  p r o c e s s  has been u se d  e x t e n s i v e l y  i n  t h e  -
Si(tO. N

p r e p a r a t i o n  o f  H - g l y e o s i d e s  (SCHEME 4 2 ) .  I t  has  t h e  

a dvantage  t h a t  t h e  h a l o - s i l a n e  produced as  t h e  r e a c t i o n  

p ro ceed s  does  not  r e a c t  f u r t h e r  w i th  t h e  h e t e r o - a r o m a t i c  

compound i n v o l v e d ,  w h erea s ,  in  t h e  c l a s s i c a l  p r o c e d u r e ,
61

t h e  a l k y l  h a l i d e  produced 1 eads to m ix t u r e s  o f  p r o d u c t s .

F - S i l y l a t e d  s e c o n d a r y  amides r e a c t  w i th  a ldehydes62 

t o  g i v e  O - t r i m e t k y l s i l y l  d e r i v a t i v e s  o f  F«: (^r-hydroxyal k y l ) 

amides (SCHEME 43)? w h i l e  r e a c t i o n  w i th  ep ox id es63, 

c a t a l y s e d  by sodium t r i m e t h y l s i l a n o x i d e ,  l e a d s ,  a f t e r  

a c i d  h y d r o l y s i s ,  t o  f t - a m i n o - a l c o h o l s  (SCHEME 4 4 ) .

Carbsmioyl and t h io - c a r b a m o y l  c h l o r i d e s  are  

prepared by r e a c t i o n  o f  t r i m e t h y l s i l y l a t e d  secon d ary  

amines w i th  carbon d i o x i d e  or carbon d i s u l p h i d e ,  f o l l o w e d  

by trea tm en t  w i th  t h i o n y l  c h l o r i d e  or phosphorus  

p e n t a c h l o r i d e  (SCHEME 45) •* I s o c y a n a t e s  and i s o - t h i o -  

c y a n a te s  r e a c t  s i m i l a r l y  to  g i v e ,  a f t e r  h y d r o l y s i s ,  

u rea s  and t l i i o - u r e a s  (SCHEME 46) .65_68

S i l a z a n e s  r e a c t  w i th  i s o c y a n a t e s  to  form b i u r e t
,  68 .
d e r i v a t i v e s  (SCHEME 47)* I f  t h e  s i l a s a n e  b ea rs  a proton  

r a t h e r  than an a l k y l  group on ITitrogen,  t h e  i n i t i a l l y -  

formed product  r e a c t s  w i th  a seco>nd m o le c u le  o f  i s o -
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c y a n a t e ,  and tr im  e t h y l  s i l y l  i s o c y a n a t e  i s  e l i m i n a t e d  to  

g i v e  a sy m m etr ica l  u r e a .  X>i-v inyl~urea  26 was prepared i n  

t h i s  way° (SCHEME 4 8 ) .

S i l y l - a m i n e s  r e a c t  w i th  c y a n a t e s  to  g i v e  d e r i v a t i v e s  

o f  i s o - u r e a s  (SCHEME 49) > w ith  k e t e n e s  to  g i v e  ^ - k e t o -  

amides72 (SCHEME 50 )» an<̂  w i th  a n h y d r id e s  to g i v e  m ix t u r e s  

o f  amides and t r i a l  ky l  s i l y l  e s t e r s 3 (SCHEME 51) • L a c to n e s  

r e a c t  w ith  s i l y l - a m i n e s  to  g i v e  w - a m i n o - e s t e r s 3 (SCHEME 5 2 ) .  

The o t h e r  p o s s i b l e  p r o d u c t ,  a n w - s i l o x y -  amide,  i s  not  

o b serv ed ;  presumably ,  a f o u r - c e n t r e  mechanism o p e r a t e s ,  

w ith  r e a c t i o n  b e in g  i n i t i a t e d  by n u c l e o p h i l i c  a t t a c k  o f  

t h e  e t h e r  Oxygen on S i l i c o n .

Trim et  hy l  s i  1 y 1 A' z i  d e .

Trim e t h y l  s i l y l  a s i d e  i s  a u s e f u l  r e a g e n t  f o r  a
74-number o f  s y n t h e t i c  t r a n s f o r m a t i o n s .  I t  i s  more s t a b l e  

th an  most o r g a n ic  a z i d e s ,  p r o b a b ly  b e c a u s e  o f  (p —>d)K -  

baokbonding between ITitrogen and S i l i c o n .  The g e o m etry  o f  

t h e  m o l e c u l e ,  as  i n d i c a t e d  by t h e  Raman spectrum5, seems  

to  conf irm t h e  e x i s t e n c e  o f  t h i s  b a ck -b o n d in g .  B eca u se  o f  

i t s  s t a b i l i t y ,  t  rim e t h y l  s i l y l  a z i d e  be p r e f e r r e d  to

h i g h l y  e x p l o s i v e  h y d r a z o ic  a c i d  i n  h e t e r o c y c l i c  s y n t h e s e s  

i n v o l v i n g  th e  a z i d e  g r o u p in g ,  t h e  s i l y l  group b e in g  e a s i l y  

removed h y d r o l y t i c a l l y  a f t e r  a d d i t i o n  i s  co m p le te .  Many 

s y n t h e s e s  o f  1 , 2 , 5 - t r i a z o l e s  have been c a r r i e d  out u s in g
. .  76t h i s  r e a g e n t .  I n  t h e  c o u r s e  o f  t h e  a d d i t i o n ,  th e  s i l y l

77
group m ig r a te s  to  t h e  2 - p o s i t i o n .  T r i m e t h y l s i l y l  a z i d e  i s  

complementary to  sodium a z i d e  i n  t h e s e  s y n t h e s e s ,  as  i t  

works p o o r ly  w i th  a lk y n e s  c o n t a i n i n g  e l e c t r o n - w i t h d r a w i n g  

s u b s t i t u e n t s ,  and w e l l  w i th  o t h e r s ,  whereas sodium a z i d e  

shows t h e  o p p o s i t e  c h a r a c t e r i s t i c s .  A d d i t io n  to  n i t r i l e s
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g i v e s  t e t r a z o l e s ,  once  a,gain w ith  accompanying m i g r a t i o n
78

o f  t h e  s i l y l  group (SCHEME 53) • A d d i t i o n  o f  t r i m e t h y l  s i l y l
78

a z i d e  to  a l k e n e s  p r o c ee d s  s l o w l y .

T r i m e t h y l s i l y l  a z i d e  i s  a u s e f u l  r e a g e n t  f o r  th e

p r e p a r a t i o n  o f  a c id  a z i d e s ,  i n t e r m e d i a t e s  i n  th e  s y n t h e s i s

o f  i s o c y a n a t e s  by th e  Curtins- r ea rr a n g e m e n t .  This  method
*

has been used to  prepare  p e r f l u o r o a l k y l  i s o c y a n a t e s ,  l o n g -  

e h a in  a l i p h a t i c  i s o c y a n a t e s 8̂  and c y c l o p r o p y l  i s o c y a n a t e s sl.

A'n i n t e r e s t i n g  s y n t h e s i s  o f  2 - p y r id o n e s  v i a  a c o n ju g a ted  

i s o c y a n a t e  has been  d e s c r i b e d  (SCHEME 54)* Anhydrides  a l s o  

r e a c t  w i t h  t r i m e t h y l s i l y l  a z i d e 83 (SCHEME 55)®

T r i m e t h y l s i l y l  a z i d e  r e a c t s  w i th  a ld e h y d e s  i n  th e  

p r e s e n c e  o f  z in c  c h l o r i d e  to  form qL - t r i m e t h y l s i l o x y a l k y l
84

a z i d e s ,  which l o s e  ITitrogen on h e a t i n g  to form am ides .

However, s t r a i g h t - c h a i n  a ld e h y d e s  g i v e  a dducts  w hich ,  on 

h e a t in g ,  g i v e  a m ix tu r e  o f  i s o m e r i c  am id es .  Epoxides
85

r e a c t  w i th  t r i m e t h y l s i l y l  a s i d e  i n  a s i m i l a r  manner. (SCHEME 56}  

T rim eth y l s i l y l  c y a n id e .

T r i m e t h y l s i l y l  cy a n id e  has  been t h e  s u b j e c t  o f  

s tu d y  by s e v e r a l  groups  o f  workers  i n  r e c e n t  y e a r s .  The 

re a g e n t  can be used to  p r o t e c t  carbonyl  f u n c t i o n s ,  w ith  

which i t  r e a c t s  under t h e  i n f l u e n c e  o f  Lewis  a c i d  c a t a l y s ’t s .

The r e a c t i o n  p ro ceed s  even w i th  carbonyl  compounds which  

do not form a cyan oh yd r in  d e r i v a t i v e .  The carbonyl  group  

i s  r e g e n e r a t e d  on h y d r o l y s i s ,  o f  p a r t i c u l a r  i n t e r e s t  i s  

t h e  s e l e c t i v e  p r o t e c t i o n  o f  one carbonyl  f u n c t i o n  o f  para-  

quimones . With unsym m etrica l  q u in o n e s ,  t h e  s i t e  o f  a t t a c k  

i s  de term ined  by t h e  r e l a t i v e  e l e c t r o p h i l i e i t y  o f  t h e  

two carbony l  groups  (SCHEME 5 7 ) .
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The t r i m e t h y l s i l y l  cy a n o h y d r in s  o f  a ld e h y d e s  and 

k e to n e s  ©an be used f o r  f u r t h e r  t r a n s f o r m a t i o n s  as  -well 

as fo r  s im p l e  p r o t e c t i o n  o f  t h e  carb on y l  f u n c t i o n .  For  

examples r e d u c t i o n  w i th  l i t h i u m  aluminium h y d r id e  l e a d s  

to  t h e  (V-amino a l c o h o l s  (SCHEME 58) • T h is  i s  a u s e f u l  

r o u t e  to t h e s e  compounds, which ean be c o n v e r te d  to  t h e
90r in g -e x p a n d e d  k e t o n e s .  The s e q u e n c e  i s  e q u a l l y  a p p l i c a b l e  

to  (tf, ^ -u n s a t u r a t e d  k e t o n e s ,  which a r e  d i f f i c u l t  t o  co n v er t  

t o  ( i - a m i n o - a l c o h c l  s by o t h e r  r o u t e s ,  b e c a u s e  o f  c o n j u g a t e  

a d d i t i o n .  A d d i t io n  o f  t r i m e t h y l s i l y l  c y a n id e  t o  

u n s a t u r a t e d  a ld e h y d e s  and k e t o n e s  g i v e s  1 , 2  ad d u cts  o n l y .  

T r i m e t h y l s i l y l  c y a n id e  8,1 so adds i n  1 , 2  f a s h i o n
91to  k e t e n e s ,  which n o r m a l ly  undergo 2 , 5 - a d d i t i o n  o n l y .

(SCHEME 5 9 )  • H o s y n t h e t i c  a p p l i c a t i o n s  o f  t h e  product  

k e t e n e  cy a n o h y d r in s  have  y e t  been  r e p o r t e d .

T r i m e t h y l s i l y l  c y a n id e  r e a c t s  w i th  e p o x id e s  to  

g i v e  - t r i m  e t h y l  s i l o x y  n i t r i l e s ,  and w i t h  a c y l  h a l i d e s
92

t o  g i v e  1 - t r i m e t h y l s i l o x y -  1 ,1 - d i c y a n o - a l k a n e s  (SCHEME 6 o ) .  

Re a c t i v i t y  o f  t h e  S i l i c o n -E y d r o -g en  bond.

P r o c e s s e s  i n v o l v i n g  c l e a v a g e  o f  t h e  S i l i c o n -  

Hydrogen bond have been  s t u d i e d  e x t e n s i v e l y .  T r a n s i t i o n -  

m etal  c a t a l y s e d  a d d i t i o n  o f  s i l a n e s  to  u n s a t u r a t e d  sy s tem s
93

i s  u sed  t o  prepare  v i n y l - s i l a n e s  and a l l y l - s i l a n e s .

P y r id in e s  a r e  reduced  by t r i a l k y l s i l a n e s  t o  g i v e  1 -  

t r i a l k y l s i l y l - 1 , 4 - d i h y d r o - p y r i d i n e  d e r i v a t i v e s ,  which can 

be c o n v e r te d  t o  t h e  parent  1 , 4 -  d i h y d r o - p y r i d i n e s  by  

c o n t r o l l e d  h y d r o l y s i s 4 ( SCHEME 6 l ) .

Carbonyl compounds a r e  reduced  by t r i a l k y l s i l a n e s  

i n  th e  p r e s e n c e  o f  t r a n s i t i o n - m e t a l  c a t a l y s t s .  Acyl h a l i d e s
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a r c  red u ced  to  a l d e h y d e s ,  s e c o n d a r y  and t e r t i a r y  amides
96

a r e  r e d u c e d  t o  a m i n e s ,  117b . i l e p r i m a r y  a mi des  a r e  d e h y d r a t e d  

to  n i t r i l e s 7. Under s u i t a b l e  c o n d i t i o n s ,  n i t r i l e s  a r e  a l s o
98

r e d u c e d t. a l i p h a t i c  n i t r i l e s  a r e  c o n v e r t e d  to  U - s i l y l

am in es ,  w h i l e  a r o m a t i c  n i t r i l e s  a r e  c o n v e r t e d  to  H-3i l y l

im ines ,  which g i v e  a ld e h y d e s  on h y d r o l y s i s  (SCHEME 6 2 ) .

K etones  are  reduced  by t r i a l k y l s i l a n e s  i n  t h e

p r e s e n c e  o f  t r a n s i t i o n - m a t a l  c a t a l y s t s .  S a t u r a te d  k e to n e s

g i v e  t h e  t r i a l k y l s i l y l  e t h e r  o f  t h e  c o r r e s p o n d in g  
99a l c o h o l ,  a l th o u g h ,  under c e r t a i n  c o n d i t i o n s ,  t h e  t r i a l k y l -

100
s i l y l  e n o l  e t h e r  o f  t h e  s t a r t i n g  k e to n d  i s  formed (SCHEME 63)3  

tf-, ^ -u n sat  urat  ed k e t o n e s  are  s e l e c t i v e l y  reduced  to  

s a t u r a t e d  k e to n e s 01 (SCHEME 6 4 ) .  More h i g h l y - c o n j u g a t e d  

k e t o n e s ,  however ,  g i v e  m ix t u r e s  o f  p r o d u c t s .

The b e s t  c a t a l y s t s  f o r  t h e s e  r e d u c t i o n s  seem 

to  be Rhodium c h l o r i d e - P h o s p h i n e  co m p le x es .  Polymer-  

sup p orted  c h i r a l  p h o sp h in es  have  been used  to  prep are  

i n s o l u b l e  c h i r a l  c a t a l y s t s 0.2 In  c o n j u n c t i o n  w i th  s i l a n e s  

c o n t a i n i n g  b u lk y  s u b s t i t u e n t s ,  such c a t a l y s t s  e f f e c t  

c h i r a l  r e d u c t i o n  o f  k e t o n e s .  For example ,  a ce top h en on e  

can be c o n v e r t e d  to  S ( - )  1 - p h e n y l - e t h a n o l  i n  58$  

o p t i c a l  y i e l d  and q u a n t i t a t i v e  chem ica l  y i e l d  (SCHEME 65) .

A ldehydes  a r e  reduced by s i l a n e 3  to  a l k o x y -  

s i l a n e s ,  a l th o u g h  arom at ic  a ld e h y d e s  can g i v e  d im er ic  

p ro d u cts  as weli°3 (SCHEME 6 6 ) .  I f  t h e  r e d u c t i o n  i s  c a r r i e d  

out i n  a l c o h o l  s o l u t i o n  i n  t h e  p r e s e n c e  o f  an a c id  c a t a l y s t ,  

t h e  c o r r e s p o n d in g  a l k y l  e t h e r  i s  formed d i r e c t l y  (SCHEME 6 7 ) .

S c h i f f - h a s e . s  are  reduced  to  amines by s i l a n e s .  

t h i s  i s  r e p o r t e d  to  be the  b e s t  method o f  r e d u c t i o n  o f  such  

compounds°5( SUEEL!E 6 8 ) .
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The u se  o f  p o ly m e r ic  a i l o x a n e s  c o n t a i n i n g  S i -H  bonds i n

10b
s i l a n e  r e d u c t i o n s  has been  d e s c r i b e d .

The r e c e n t l y - d e v e l o p e d  t e c h n i q u e  o f  i o n i c

h y d r o g e n a t io n ,  u s in g  a m ix t u r e  o f  a s i l a n e  and a s t r o n g

a c i d ,  p r o v id e s  a, method o f  per form ing  many s e l e c t i v e

r e d u c t i o n s  o f  f u n c t i o n a l  groups  which are  o f t e n  d i f f i c u l t

to perform by c o n v e n t io n a l  methods (SCHEME 6 9 )* The

system  commonly used i s  a m ix t u r e  o f  t r i e t h y l s i l a n e

and t r i f l u o r o - a c e t i c ,  a c i d .  T h is  f i e l d  has  r e c e n t l y  been  

f 07r e v ie w e d .

The t r i a l k y l s i l y l  group as  a p r o t e c t i n g  g r o u p.

( a );  Hydroxyl p r o t e c t i o n .

T r i a l k y l s i l y l  s u b s t i t u e n t s  have  been  used as  

p r o t e c t i n g  groups  f o r  a number o f  f u n c t i o n s ,  c h i e f l y  th e  

hydroxy l  f u n c t i o n .  P r o t e c t i o n  o f  h yd ro x y l  groups as t h e i r  

t r i m e t h y l s i l y l  e th ers  has  been used  i n  s e v e r a l  n a t u r a l  

product s y n t h e s e s T h e  s u s c e p t i b i l i t y  o f  t h i s  group to  

s o l v o l y s i s  l i m i t s  i t s  u s e f u l n e s s .

The t^-but y i-  d i m e t h y l s i l y l  e t h e r s  a re  a p p rox

i m a t e l y  1C)4 t im e s  more s t a b l e  them t h e i r  t r i m e t h y l s i l y l  

a n a l o g u e s ,  and t h i s  group has  been used i n  s e v e r a l  

s y n t h e t i c  schemes!'4 I t  i s  stable t o  aqueous or  a l c o h o l i c  

base  under t h e  c o n d i t i o n s  n o rm a l ly  used f o r  e s t e r  sapon

i f i c a t i o n ,  i t  i s  s t a b l e  to  h y d r o g e n o l y s i s  o v er  -palladium
112

c a t a l y s t s ,  and i t  r e s i s t s  m i ld  r e d u c in g  a g e n t s .  I t  i s  

u n a f f e c t e d  by h y d r a z in e  h y d r a t e  under t h e  c o n d i t i o n s
114

used  to  remove f t - b e n z o y l - p r o p i o n y l  or  H -a cy l  g r o u p s ,  and 

i t  can be removed e f f i c i e n t l y  by t r e a tm e n t  w ith  a q u a tern a ry  

ammonium f l u o r i d e  w ith out  a f f e c t i n g  a c y l  or  t r i t y l  g r o u p s .  

The t_-butyl  - d i m e t h y l s i l y l  e t h e r s  have t h e  advantage  over
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t e t r a h y d r o p y r a n y l  e t h e r s  t h a t  t h e y  do not p o s s e s s  a 

c h i r a l  c e n t r e ,  and t h e r e f o r e  do not  l e a d  to  m ix t u r e s  o f  

d i a s t  er eomeri e e t h e r s .  They a r e  f r e q u e n t l y  c r y s t a l l i n e  

d e r i v a t i v e s .  The group  i s  e a s i l y  i n t r o d u c e d  by tr ea tm e n t  

o f  th e  h y d r o x y l - c o n t a i n i n g  compound w i th  t _ - b u t y l - c h l o r o -

d ' im e t h y l s i l  ane i n  d im e th y l - fo r m a m id e  s o l u t i o n  i n  t h e
112

p r e s e n c e  o f  i m i d a z o l e  as c a t a l y s t .

I t  i s  f r e q u e n t l y  p o s s i b l e  to  e f f e c t  s e l e c t i v e  

p r o t e c t i o n  o f  one o r  more h y d ro x y l  f u n c t i o n s  i n  p o l y -  

hyd roxy-  compounds. A p p l i c a t i o n s  o f  t h i s  t e c h n i q u e  i n c l u d e
115 /  Vs y n t h e s i s  o f  d i s a c c h a r i d e s  (SCHEME 70)., p h o s p h o r y l a t i o n

o f  nue l  eo s i d e s 14 ( SCHEME 71) > and i n t e r c o n v e r s i o n  o f
116 . v

p r o s t a g l a n d i n  P and p r o s t a g l a n d i n  E d e r i v a t i v e s  (SCHEME 7 2 ) .

(b ):  Amine p r o t e c t i o n .

P r o t e c t i o n  o f  amine f u n c t i o n s  by s i l y l a t i o n  has  

been u se d  i n  s y n t h e s e s  o f  ami n o - a r y l  compounds"7 (SCHEME 73)
He . v

and a l k y l  at  i o n  o f  C<-amino-acids (SCHEME 74)*

( c )  r T h i o l  p r o t e c t i o n .

P r o t e c t i o n  o f  t h e  t h i o l  f u n c t i o n  as t h e  t r i a l k y l 

s i l y l  t h i o - e t h e r  has  been r e p o r t e d .  T h is  procedure  was
119

u sed  i n  t h e  s y n t h e s i s  o f  c y s t e i n e  - c o n t a i n i n g  p e p t i d e s .

(SCHEME 75)  and i n  t h e  p r e p a r a t i o n  o f  t h e  h i t h e r t o -
120 ,

unknownCX-thionic  e s t e r s  (SCHEME 7 6 ) .

Trapping  o f  t h e  l a b i l e  s u l p h e n i c  a c id  f u n c t i o n  i n

t h e  i n t e r c o n v e r s i o n  o f  p e n i c i l l i n  and c e p h a l o s p o r i n
121 /- \d e r i v a t i v e s  was e f f e c t e d  by t r i m e t h y l e i l y l a t i o n  (SCHEME 77)*

(a)t Carboxyl p r o t e c t i o n .

The u se  o f  t r i a l k y l s i l y l  e s t e r s  as p r o t e c t e d

c a r b o x y l iC  a c i d  f u n c t i o n s  has so  f a r  been l i m i t e d  by t h e
122

extreme s e n s i t i v i t y  o f  t h i s  group t o  s o l v o l y s i s .
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( e ): Pr o t e c t i o n  o f - t e r m i n a l  a c e t y l e n e s .  

P r o t e c t i o n  o f  t e r m in a l  a c e t y l e n e s  by c o n v e r s i o n  

t o  t r i a l k y l s i l y l  d e r i v a t i v e s  a l l o w s  t h e  c o n t r o l l e d  s y n t h e s i s  

o f  p o l y - a c e t y l e n e s  by o x i d a t i v e  c o u p l in g *  The t r i a l k y l 

s i l y l  group  i s  removed by t r e a tm e n t  w i t h  d i l u t e  m e t h a n o l i c  

a l k a l i  or  w i t h  an i o n i c  f l u o r i d e .  T h is  t e c h n i q u e  i s
123

sow t h e  s ta n d a rd  method o f  p o l y - a c e t y l  ene s y n t h e s i s .

S e l e c t i v e  removal o f  one t r i a l k y l s i l y l  group i s  p o s s i b l e ,  

al lovring  r e p e t i t i o n  o f  t h e  s y n t h e t i c  c y c l e  (SCHEME 7 8 ) .

The t r i a l k y l s i l y l  group i s  in t r o d u c e d  by r e a c t i o n  

o f  a l k y n y l  l i t h i u m  or a lk y n y l  magnesium bromide w i th  

c h l o r o - t r i a l k y l s i l a n e .  S e l e c t i v e  r e d u c t i o n  o f  n o n - te r m in a l  

t r i p l e  bonds i n  p o l y - a c e t y l e n e s  i s  p o s s i b l e  i f  t h e
124

t e r m in a l  a c e t y l e n e s  a r e  f i r s t  p r o t e c t e d  by s i l y l a t i o n  

(SCHEME 7 9 ) .

1 - T r i a l k y l s i l y l  a c e t y l e n e s  can be m e t a l a t e d
125

and a l k y l a t e d  by a l k y l  h a l i d e s  i n  t h e  3-  P o s i t  i o n ,  t h e  

t r i a l k y l s i l y l  s u b s t i t u e n t  p r e v e n t i n g  a l k y l a t i o n  i n  th e

1 - p o s i t  io n *  which would r e s u l t  i n  t h e  fo r m a t io n  o f  an a l l e n e .  

T h is  p r o c e s s  was u se d  i n  a s y n t h e s i s  o f  t rans ,  t r a n s -  

f a r n e s o l 6 27 (SCHEME 80) . The - l i t h i a t  ed a c e t y l e n e s  

can be c o n v e r te d  to  t h e  c o r r e s p o n d in g  o r g a n o -c o p p er  

r e a g e n t s  and coup led  w i th  (X,|$ cT-unsaturat  ed e s t e r s ,  

to  g i v e  m ix tu r e s  o f  a l l e n i c  and a c e t y l  e n ic  p r o d u c t s .  The 

r a t i o  o f  t h e s e  components i n  t h e  product  m ix tu re  can be
127

d r a m a t i c a l l y  a l t e r e d  by u s i n g  a bu lk y  s i l y l  s u b s t i t u e n t  

(SCHEME 8 1 ) .
128

S y n t h e s i s  o f  co n ju g a te d  enynes: can be a ccom p l ish ed  

by T i t  t i g  r e a c t i o n  o f  an a c e t y l  e n i c  y l i d  w ith  a ld eh yd es  

or k e t o n e s .  The t e r m i n a l  a c e t y l e n e  i s  p r o t e c t e d  as t h e
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t r i m e t h y l s i l y l  d e r i v a t i v e  (SCHEME 8 2 ) .

1 - T r i m e t h y l s i l y l - g - e t h o x y  a c e t y l e n e  i s  c o n v e r te d  

on h ea t in g ,  t o  t r i m e t h y l s i l y l - k e t e n e .  T h is  compound s e r v e s  

a s  t h e  s t a r t i n g  p o in t  f o r  t h e  p r e p a r a t i o n  o f  ^ - t r i m e t h y l -
129s i l y l  amides  and e s t e r s ,  and ^ - a c e t y l  eni  c e s t e r s . (SCHEME 85)  

B i s  ~ ( t r i m e t h y l s i l y l ) - a c e t y l  ene i s  t h e  s t a r t i n g  

p o in t  o f  many s y n t h e s e s .  Treatment w i th  - c h i o r o - a l k y l  

e t h e r s  i n  t h e  p r e s e n c e  o f  Lewis  a c i d s  l e a d s  to d i - a l k o x y -  

a ce t  y l  e n e s 0 (SCHEME 8 4 ) .  With &cyl h a l i d e s ,  o n l y  one s i l y l  

group i s  d i s p l a c e d ,  t h e  i n t r o d u c t i o n  o f  t h e  f i r s t  a c y l
1 30

group d e a c t i v a t i n g  th e  m o le c u le  towards f u r t h e r  a c y l  at i o n  

(SCHEME 85>)« R e a c t i o n  w ith  h a lo g e n s  pro ceed s  s i m i l a r l y ,  

w it h  t h e  i n t r o d u c t i o n  o f  o n l y  one h a lo g e n  atom. T h is  

r e a c t i o n  i s  used  i n  a g e n e r a l  s y n t h e s i s  o f  t e r m in a l  

a c e t y l e n e s  (SCHEME 8 6 ) .

B i s - ( t r i m e t h y l s i l y l ) -  a c e t y l e n e  undergoes  1 , 5 -  

di. p o l a r  a d d i t i o n  r e a c t i o n s  to> g i v e  s i l y l a t e d  h e t e r o c y c l e s *

The t r i m e t h y l s i l y l  groups can he removed hy h y d r o l y s i s
, <32,133

or  d i s p l a c e d  hy e l  e c t r o p h i l  es (SCHEME 87)*

B i s - ( t r i m e t h y l s i l y l ) - a c e t y l e n e  i s  u sed  i n  a

c o n v e r s i o n  o f  a c y l  h a l i d e s  to  £* , p - u n s a tu r a t  ed a ld eh yd es

(SCHEME 8 8 ) ,  w h i l e  1 - t r i m e t h y l s i l y l - a c e t  y l  enes r e a c t  w ith

carbamoyl h a l i d e s  to  g i v e  a c e t y l e n i c  amides (SCHEME 89) .

( ^ ) • T r i al k y l s i l y l - e n o l  e t h er s .

R e a c t i o n  o f  e n o l i s a b l e  k e to n e s  w i th  sodium
13b

b i s - ( t r i m e t h y l s i l y l ) - a m id e ,  or w i th  s t r o n g  bases  f o l l o w e d
63

by a d d i t i o n  o f  c h l o r o t r i m e t h y l s i l a n e ,  or  e v e n , m  some
137-138

c a s e s ,  w i t h  b i s - ( t r i m e t h y l s i l y l  ) - a c e t a m id e ,  l e a d s  t o  

t h e  t r i m e t h y l s i l y l  e t h e r s  o f  t h e  co r re sp o n d in g  e n o l s .

T h ese  compounds a r e  u s e f u l  i n  a number o f  s y n t h e t i c
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t rans-format i o  ns • For exam pi Oj t h e y  can be a c y l a t e d  to

is
g i v e  [ i - d i k e t o n e s  (SCHEME 90-). T h is  scheme i s  a p p l i c a b l e  

to  a number o f  c a s e s  i n  which t h e  a l t e r n a t i v e  C l a i s e n  

c o n d e n s a t i o n  i s  u n s a t i s f a c t o r y *  3̂— D ik e to n e s  can be c o n v e r t e d ,  

v i a  t h e i r  t r i m e t h y l s i l y l  enol  e t h e r s ,  to  t r i - k e t o n e s  

(SCHEME 91)> and ^ - k e t o - e s t e r s  can be s i m i l a r l y  transform ed  

to  d i k e t o - e s t  ers  (SCHEME 9 2 ) .  S i l y l  enol  e t h e r s  o f  f t '  

d i k e t o n e s  a l s o  r e a c t  w i th  a l d e h y d e s .  I n  t h i s  c a s e ,  however ,  

t h e  product  r e t a i n s  t h e  s i l o x y - g r o u p i n g ,  and s i l a n o l
no

e l i m i n a t i o n  l e a d s  t o  m ix tu r e s  o f  prod u cts  (SCHEME 95)*  

T r i m e t h y l s i l y l  e s t e r s  o f  m a lo n ie  a c i d  e x h i b i t  

markedly d i f f e r e n t  b eh a v io u r  from a l k y l  m a lo n a tes  i n  

c o n d e n s a t i o n  r e a c t i o n s .  A second  c o n d e n s a t io n  t a k e s  p l a c e ,  

i n  t h e  c o u r s e  o f  which d e c a r b o x y l a t i o n  and t r i m e t h y l s i l y l  

group c l e a v a g e  o c c u r s .  T h is  a l l o w s  t h e  p r e p a r a t io n  o f  

d i k e t o - e s t e r s , d i k e t o n e s  and t r i k e t o n e s  from such  

compounds (SCHEME 94)* Such p r o c e s s e s  have been used i n
141-142

t h e  s y n t h e s i s  o f  p o l y - c a r b o n y l  compounds,

A s p e c i a l  f e a t u r e  o f  s i l y l  enol  e t h e r s  i s  t h e i r  

r e g i o - s t a b i l i t y ,  77here a k e to n e  can form two p o s s i b l e  

e n o l a t e s ,  a d d i t i o n  o f  a s i l y l a t i n g  agent  t o  t h e  m ix tu re  

produces  a m ix t u r e  o f  t h e  c o r r e s p o n d in g  s i l y l  enol  e t h e r s  

i n  t h e  same r a t i o .  T h ese  enol  e t h e r s  show no t en d en c y  to
M3

i n t e r c o n v e r t  and can u s u a l l y  be s e p a r a te d  and p u r i f i e d .

A d d i t i o n  o f  an a l k y l  l i t h i u m  r e g e n e r a t e s  th e  o r i g i n a l

e n o l a t e s  which a r e  a l s o  r e g i o - e t a b l e  under a p r o t i c

c o n d i t i o n s .  T h is  procedure  thus  a l l o w s  t h e  g e n e r a t i o n  o f

a' s p e c i f i c  l i t h i u m  e n o l a t e ,  and, i n  c o n seq u e n ce ,  a l k y l a t i o n
1+1o f  k e t o n e s  at  a s p e c i f i c  s i t e  (SCHEME 95)*
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The t r a p p in g  o f  t h e  e n o l a t e ( s )  hy  c h l o r o t r i m e t h y l -  

s i l a n e  a l l o w s  p u r i f i c a t i o n  and s p e c t r a l  i d e n t i f i c a t i o n  

o f  t h e  e n o l a t e  b e f o r e  p r o c e e d in g  w i t h  t h e  s y n t h e t i c  scheme.  

This  was used t o  advantage  i n  ..a m o d i f i c a t i o n  o f  t h e
145

R obinson  a n n e l a t i o n  p roced u re  (SCHEME 9 6 ) .  I n  t h e  c a s e  

o f  a l k y l  a t  i o n  o f  en on es ,  t h e  e n o l a t e  r e s u l t i n g  from 1 , 4 -  

a d d i t i o n  o f  o r g a n o -c o p p e r  r e a g e n t s  can be t rap p ed  d i r e c t l y
,  J 4 6

w it h  c h l o r o t r i m e t h y l s i l a n e  (SCHEME 9 7 ) .

A' u s e f u l  s y n t h e s i s  o f  OC-quat ernary  k e t o n e s  makes 

u s e  o f  a t r i m e t h y l s i l y l  enol  e t h e r  g e n e r a t e d  r e g i o -  

s p e c i f i c a l l y  by s i l a t r o p i c  rearrangement  o f  a j } -k e to -
147

t r i m e t h y l s i l y l  e s t e r  (SCHEME 9 8 ) .

The e n o l a t e  i n t e r m e d i a t e s  formed i n  th e  a c y l o i n  

c o n d e n s a t i o n  can be trap p ed  by c h l o r o t r i m e t h y l s i l a n e ,  

t h u s  p r e v e n t i n g  t h e  a l t e r n a t i v e  c o n d e n s a t io n  and p o l y 

m e r i s a t i o n  r e a c t i o n s  which o f t e n  c o m p l i c a t e  t h e  s y n t h e s i s  

a f  o(~hyd£oxy~ketones  by t h i s  method. The r e s u l t i n g  b i s -  

( t r i m e t h y l s i l o x y ) - c y c l o a l k e n e s  are  e a s i l y  h y d r o ly se d  to  

t h e  parent  a c y l o i n s .  Th is  m o d i f i c a t i o n  has  been  used i n
M&-6J .

many s y n t h e s e s  o f  c y c l i c  compounds (SCHEME 99) > a l th o u g n
54

same c y c l i c  1 , 2- d i - e s t e r s  g i v e  r i n g - c l  eavage products  

(SCHEME ICO). A r e l a t e d  p r o c e s s  has  been used t o  prepare  

£ - d i k e t o n e s  (SCHEME 101 )'•

The t_ -buty l-d im  e t h y l  s i l y l  enol  e t h e r s  o f  e s t e r s  

( k e t e n e  a c e t a l s )  have been  prepared by r e a c t i o n  o f  t h e  

l i t h i u m  e s t e r  e n o l a t e s  w i t h  t - b u t  y l  -  chi  oro-dim e th y l  s i l a n e .  

T hese  compounds can be a c y l a t e d  to  g i v e ,  on h y d r o l y s i s ,

[} - k e t o - e s t  e r s .  The mechanism i n v o l v e s  t h e  fo r m a t io n  o f  

a k e t e n e ,  s i n c e  t h e  r e a c t i o n  p ro ceed s  s l u g g i s h l y  i n  th e
156

a b se n c e  o f  t r i  e th y l  ami no ( SCHEME 10 2 ) .
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T r i m e t h y l s i l y l  enol  e t h e r s  r e a c t  r e a d i l y  w ith  

t h e  Simmons-Smith r e a g e n t  to  g i v e  - t r i m  e t h y l  s i l o  x y -
157-159

e y c l o p r o p a n e s ,  which are  e a s i l y  h y d r o ly s e d  t o  c y c l o p r o p a n o l s , 

(SCHEIE 103)-  The i n t  e r n e d i a t  e t C - t r i m e t h y l s i l o x y -  

c y c lo  propanes  can a l s o  he c o n v e r t e d  t o  (X—m e t h y l  k e t o n e s 60' 161 

(SCHEME 104)«  The o v e r a l l  p r o c e s s  thus  p r o v id e s  a method 

f o r  t h e  0C~n o nom e t h y l  at  i o n  o f  k e t o n e s  and a l d e h y d e s .  The 

Q ( - t r i m e t h y l s i l o x y - c y c l o  pro panes  undergo a s e r i e s  o f  

rea rr a n g em e n ts  to  g i v e  c y c lo b u t  anones (SCHEIE 105)* I t  has  

"been d e m o n str a te d  t h a t  t h i s  rearrangem ent  i s  not  c o n f in e d  

to. p ( - t r i m e t h y l s i l o x y - - c y c l o p r o p a n e s , hut i s  a g e n e r a l  

p r o p e r t y  o f  e y c lo p r o p a n e s  h e a r in g  an e l  ect  ron-dono r  atom 

on a c y e l o p r o p y l  carbon ,  and an e l  e c t r o n - a c c e p t i n g
163

s u b s t i t u e n t  o n  t h e  same c a r t o n  atom (SCHEIE 1 0 6 ) .  An 

a l t e r n a t i v e  rearrangem ent  can o c cu r  i f  t h e  s i l o x y -
164,165

c y c lo p r o p a n e  h ea rs  a v i n y l - s u b s t i t u e n t  i n  t h e  1 - p o s i t i o n .

The product  i n  t h i s  c a s e  i s  a c y c l o p e n t a n o n e ,  and t h i s  

rearrangem ent  has  been used i n  a c y c lo  pent ane a n n e l a t i o n  

p r o c e d u r e .  The p r o ced u re  a l s o  sallows s p e c i f i c  a l k y l a t i o n  

o f  t h e  product  e n d  e t h e r  i f  d e s i r e d  (SCHEIE 107)  • The 

t r i m e t h y l s i l y l  eno l  e t h e r s  o f  c y c l o p r o p y l  k e t o n e s  a l s o
t \ l6br e a r r a n g e  t o  c y c l o p e n t a n o n e s  (SCHEME 1 0 8 ) .
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The p r e p a r a t i o n  o f  t r i m e t h y l s i l y l d i a z o m e t h a n e ,  

r e p o r t e d  "by S e y f e r t h  , (SCHEME l )  cou p led  w i th  i n c r e a s i n g  

i n t e r e s t  i n  t h e  s y n t h e t i c  u t i l i t y  o f  o r g a n o s i l i c o n  compunds,  

prompted an i n v e s t i g a t i o n  o f  t h e  p r o p e r t i e s  o f  t h i s  r e a g e n t .

I t  was th o u g h t  p o s s i b l e  t h a t  r e a c t i o n  o f  t h i s  d la z o a lk a n e  

w ith  k e t o n e s  might p ro v id e  a r o u t e  t o  /3-ket  o - s i l a n e s  1 

or 0 < . - s i l y l - o x i r a n e s  2 , u s e f u l  i n t e r m e d i a t e s  f o r  t h e  s y n t h e s i s  

o f  t r i s u b s t i t u t e d  a lk e n e s2 and a ld eh y d es3 r e s p e c t i v e l y  

(SCHEME 2) , by a n a l o g y  w i th  t h e  w e l l -know n r e a c t i o n  o f  

diazom eth an e  i t s e l f  w i t h  c a r b o n y l  compounds4 (SCHEME 5) ♦ 

However,  r e a c t i o n  o f  t r i m e t h y l s l l y l d i a z o 

methane w i t h  c y c lo h e x a n o n e ,  under a v a r i e t y  o f  c o n d i t i o n s ,  

y i e l d e d  no p - k e t o - s i l a n e  or  ( X - s i l y l - o x i r a n e ,  s t a r t i n g  

m a ter ia l ,  b e i n g  r e c o v e r e d  unchanged.  A d d i t i o n  o f  Lewis  a c i d  

c a t a l y s t s ,  which has been  shown t o  be e f f e c t i v e  i n  promoting  

r e a c t i o n  o f  d i  a zo.alkan.es* and d i a z o - e s t  e r s 6 w i th  carbonyl  

compounds, had no e f f e c t  i n  t h i s  c a s e .

A ttem pts  were t h e r e f o r e  made t o  promote r e a c t i o n  

o f  t r i m e t h y l s i l y l d i a z o m e t h a n e  w i th  c y c lo h e x a n o n e  by t h e  u s e  

o f  b a s i c  c o n d en s in g  a g e n t s .  The p r e s e n c e  o f  t h e  s l l y l  

s u b s t i t u e n t  shou ld  f a c i l i t a t e  t h e  removal o f . a  p ro to n  from 

t h e  m e th in e  carbon by a l l o w i n g  s t a b i l i s a t i o n  o f  t h e  

r e s u l t a n t  ca rb a n io n  by  ( p —id) n -backbonding  betw een  carbon  

and s i l i c o n  «

Ho r e a c t i o n ,  o t h e r  th a n  d e c o m p o s i t io n  o f  t h e  

d l a z o a l k a n e ,  was o b s e r v e d  when a m ix tu re  o f  t r im e t  h y l s i l y l -  

d iazom ethane  and cy c lo h e x a n o n e  i n  benzene  was s t i r r e d  

v i g o r o u s l y  w i th  aqueous p otass iu m  h y d r o x id e  s o l u t i o n .
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Treatment o f  t r i n e t h y l s i l y l d i a z o m e t h a n e  

w i t h  n - b u t y l  l i t h i u m ,  c a r r i e d  out at  0° i n  benzene  s o l u t i o n ,  

r e s u l te d '  I n  t h e  f o r m a t i o n  o f  a w h i t e  s o l i d ,  presumably  

t h e  l i th iu m ,  s a l t  • S i m i l a r l y ,  t r l m e t h y l s l l y l d i a z o m e t h a n e  

cou ld  be c o n v e r t e d  t o  i t s  p o ta ss iu m  s a l t  ^  by t r e a tm e n t  w i t h  

p otass iu m  t - b u t o x i d e  (SCHEME 4 ) .  H e i th e r  o f  t h e s e  s a l t s ,  

h owever ,  r e a c t e d  w i t h  c y c lo h e x a n o n e ,  p o s s i b l y  b e c a u s e  t h e  

methane p r o to n  i n  t r i m e t h y l s i l y l d i a z o n e t h a n e  i s  l e s s  

a c i d i c  t h a n  t h e  m e th y le n e  pro tons  2 ^ °  ^ h e  carbonyl  group  

I n  c y c lo h e x a n o n e ,  i n  which c a s e  t h e  p r e f e r r e d  p r o c e s s  might  

be s im p l e  p r o to n -e x c h a n g e  betw een  re a g e n t  and s u b s t r a t e .  To 

over  come t h i s  d i f f i c u l t y ,  a n o n - e n o l i s a b l  e k e t o n e ,  

benzophenone ,  was s e l e c t e d  f o r  f u r t h e r  e x p e r im e n ts .

Benzopheno:ne d id  not r e a c t  w ith  t r i m e t h y l -  

s i l y l d i a z o m e t h a n e  a l o n e ,  and Lewis a c i d s  were I n e f f e c t i v e  

I n  prom oting  c o n d e n s a t i o n .  Ho r e a c t i o n  was o b served  when 

aqueous p o ta ss iu m  h y d r o x id e  s o l u t i o n  or  t r i e t h y l a m i n e  were  

u se d  as b a s e s .  The l i t h i u m  s a l t ,  how ever ,  d id  r e a c t  w ith  

benzophenone i n  b e n z e n e / e t h e r  s o l u t i o n  to  g i v e ,  I n  

a d d i t i o n  t o  r e s i d u a l  benzophenone,  a l e s s  p o la r  component 

whose i . r .  spectrum showed no a b s o r p t i o n s  c h a r a c t e r i s t i c  

o f  d l a z o a l k a n e ,  s i l a n e ,  carbonyl  or o x i r a n e  f u n c t i o n s ,  

and whose p .m .r ,  spectrum showed t h e  p r e s e n c e  o f  a rom at ic  

protons  o n l y .  The product  was t e n t a t i v e l y  I d e n t i f i e d  as 

d ip h e n y l  a c e t y l e n e , ,  and comparison w i th  an a u t h e n t i c  

sample co n f ir m ed  t h i s  i d e n t i f i c a t i o n .  The y i e l d '  o f  

d ip h e n y l  a c e t y l e n e ,  based  on t h e  benzophenone I n i t i a l l y  

added,  was 34^. This ,  y i e l d  was r a i s e d  t o  8 0 $  when a 

2*1 molar e x c e s s  o f  l i t h i u m  t r i m e t h y l s j . l y l d l a z o m e t h i d e  

was r e a c t e d  v i t h  benzophenone i n  e th e r  s o l u t i o n  (SCHEME 5)«
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Mechanistically, the conversion of benzophenone 

to diphenyl acetylene must involve two distinct stages after 

the in itia l condensation of trimethylsllyldiazomethide anion 

with the ketone, namely Tfolff rearrangement with expulsion 

of nitrogen, and elimination of t rim ethyl si lanoxide anion 

(SCHEME 6). The order In which these steps occur could not 

be deduced at this stage.

The potassium salt of trimethylsilyldiazomethane 

also' reacted with benzophenone in benzene solution to give 

diphenyl acetylene in 52fa yield, together with residual ' •* 

benzophenone, and a third compound, a crystalline solid: 

whose i .r i  spectrum showed an absorption characteristic of 

an alkyl aryl ketone. The p.m.r. spectrum showed the presence 

of two non-identical phenyl rings, and a deshielded 

methylene group. The compound was thus identified as 

phenyl benzyl ketone, and this Identification was confirmed 

by comparison with an authentic sample. This compound was 

isolated i n Sfo yield.

The formation of phenyl benzyl ketone in 

addition to diphenyl acetylene can be explained i f  Wolff 

rearrangement of the adduct to give the enolate Ion 

precedes elimination of trimet hyl si lanoxide anion in the 

conversion of benzophenone to diphenyl acetylene (SCHEME 7)* 

Since the solution also contains one equivalent of 

t —butanol, formed in the reaction o f  potassium t-butoxide 

with trimethylsilyldiazomethane, it  Is conceivable that this 

alcohol can act as a proton source, converting the enolate 

ion 6 to the corresponding p—keto—silane, and thus preventing 

elimination of trimethylsilanoxide. The ^-keto-silane 

would undergo r a p id  h y d r o l y s i s  to phenyl benzyl ketone 7



under the conditions used for isolation of the products.

This type of process i s ,  of course, impossible 

when n-butyl lithium is used as base, since there is then 

no proton-source present in the reaction mixture, and, 

under all conditions studied, benzophenone reacted with 

lithium trimethylsilyldiazomethide to give only diphenyl 

acetylene, and no phenyl benzyl ketone. It is interesting 

to note also that the amount of phenyl benzyl ketone 

formed in the reaction described above Is very dependent 

on the solvent-syst em used. In general, significant amounts 

of phenyl benzyl ketone were obtained only when the reaction 

was performed in benzene solution. Use of ether or THE as 

solvent gave only diphenyl acetylene. This solvent 

dependence'la presumably due to the effect of solvent 

ionising-power on the propensity towards elimination of the 

silyl enolate ion 6. In solvents of high lonising-power, 

the enolate 6 will exist as a solvent-separated ion-pair? 

in these circumstances, the high electron-density on the 

oxygen atom will lead to rapid elimination of trimethyl - 

silanoxide anion. In solvents of low ionising-power, on the 

other hand, the enolate £ will exist as an intimate ion-pair? 

elimination of trimet hyl silanoxide will therefore be slow, 

thus allowing proton-capture from t-butanol to compete with 

elimination, and leading, to the formation of phenyl benzyl 

ketone.

A‘ft er experimentation to optimise yields, 

attention turned to the study of other substrates.

A'cetophenone reacted with lithium trimethyl- 

silyldiazomethId& to give a mixture whose major component
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was unreaot ed acet o phenone, tog ether with a small amount 

of. 1-phenyl-propyne 8, identified by its  i.r* spectral 

characteristics. Presumably-, in this case, the main 

process occurring is proton-exchange between acetophenone 

and lithium trimethylsilyldiazomethide to form the lithium 

enolate and the neutral diazoalkane respectively (SCHEME 8)̂

The highly-hindered ketone, di-t-butyl ketone, 

did not react with lithium, trimethylsilyldiazomethide, even 

when hexamethylphosphoric-triamide (EMPT) was added to the 

solvent (SCHEME 9 ) .

Benzil % , however, did reaot with lithium 

trimethylsilyldiazomethide to give 1,5- diphenyl-prop-3-yu-l-one 

10 f identified by its  spectral characteristics and by 

comparison with an authentic sample (SCHEIE 1(0 • In 

addition to this compound,, which was obtained in 59$ yield, 

another product was isolated. This compound was quite polar, 

and showed a carbonyl absorption at I 665 cm“^, a silane 

absorption at 1 2 4 5  cm” , and an absorption at 3460 cm in 

its i . r .  spectrum, and was at first thought to be the 

intermediate s ily l enol 1J1 • However, all attempts to 

convert this compound to 10 by elimination of trimethylsilanol 

proved unsuccessful. .The mass spectrum showed the molecular 

weight to be 320. The compound was thus identified as 

5-benzoyl- 4-phenyl- 3-trimethylsilyl- (lH)-pyrazole 1 2  , 

and microanalysis confirmed this identification? this 

product arises by 1 ,3-^fpolar addition of lithium 

trimethylsilyldiazomethi.de and ]L0. The formation of this 

compound is consistent with the well-known reactivity of 

conjugated alkynes such as 10 in dipolar addition reactions •
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R e a c t io n  o f  10 frith l i t h i u m  t r i m e t h y l s i l y l d i a z o m e t h i d e  l e d  

o n ly  to  t h e  f o r m a t io n  o f  t h e  p y r a z o l e  1 2  ; no d i - a l k y n e  

fo r m a t io n  was o b s e r v e d .

B e n za ld eh y d e  was ex p ec te d  to  r e a c t  w i th  

l i t h i u m  t r i m e t h y l s i l y l - d i a z o m e t h i d e  t o  g i v e  phenyl  

a c e t y l e n e .  I t  was found,  how ever ,  t h a t  t h e  products  o f  t h i s  

r e a c t i o n  were b e n z y l o x y - t r i m e t h y l s i l a n e  1J. and c^-diazo-  

a c e to p h en o n e  IJ2, b o th  o f  which were i d e n t i f i e d  by comparison  

w it h  a u t h e n t i c  sampl.es.  The fo rm a t io n  o f  t h e s e  compounds 

i n d i c a t e s  t h a t  t h e  i n i t i a l l y - f o r m e d  adduet 1J> does  not undergo  

T7olff' r e a r r a n g e m e n t ,  but t r a n s f e r s  a h y d r id e  i o n  t o  a 

second  m o l e c u l e  o f  b en z a ld e h y d e  i n  a p r o c e s s  an a logou s  t o  

t h e  C annizarro  r e a c t i o n ' 0 (SCHEME 1 1 ) .

Having e s t a b l i s h e d  th a t  l i t h i u m  t r i m e t h y l 

s i l y l d i a z o m e t h i d e  r e a c t s  w ith  ketones^ t o  form th e  

homologous a c e t y l e n e s ,  t h e  f a i l u r e  o f  cy c lo h ex a n o n e  t o  

r e a c t  i n  t h i s  way, o r  to  form any i n t e r m e d i a t e  compound, 

was r e c o n s i d e r e d .  I n  t h i s  c a s e ,  t h e  product c y c l o - h e p t y n e  

would be v e r y  h i g h l y  s t r a i n e d ,  and t h i s  might have e x p la in e d  

t h e  f a i l u r e  o f  t h e s e  r e a c t i o n s .  A l a r g e - r i n g  c y c l i c  k e t o n e ,  

c y c lo - d o d e c a n o n e  I S ,  was t h e r e f o r e  r e a c t e d  with  l i t h i u m  

t r i m e t h y l s i l y l d i a z o m e t h i d e .  The ex p e c ted  product o f  t h i s  

r e a c t i o n ,  c y c l o - t r i d e c y n e  1J 1 has  been prepared p r e v i o u s l y  

and I s  q u i t e  s t a b l e " .  However, none o f  t h i s  compound was 

o b t a i n e d ,  presumably  due to  p ro to n -e x c h a n g e  between reagent  

and s u b s t r a t e .  I t  t h u s  appears t h a t  t h e  m eth ine  p ro to n  i n  

t r i m e t h y l s i l y l d i a z o m e t h a n e  I s  c o n s i d e r a b l y  l e s s  a c i d i c  than  

m eth y len e  p ro to n s  0̂  t o  a carbonyl  group,  and t h i s  o b v i o u s l y  

l i m i t s  t h e  a p p l i c a b i l i t y  o f  l i t h i u m  t r i m e t h y l s i l y l d i a z o m e t h i d e
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to  t h e  p r e p a r a t i o n  o f  a l i p h a t i c  a ik y n e s .

A s e a r c h  o f  t h e  l i t e r a t u r e  was t h e r e f o r e  

i n s t i t u t e d ,  t o  i d e n t i f y  o t h e r  d i a z o - a l k a n e s  which s i g h t  

r ea c t  i n  an an a lo g o u s  manner to  t r i m e t h y l s i l y l d i a z o m e t h a n e ,  

w h i le  h a v in g  weaker c o n j u g a te  "basest Such compounds would 

hear a s u b s t i t u e n t  w i t h  g r e a t e r  c a r b a n i o n - s t a b i l i s i n g  

a b i l i t y  t h a n  t h e  s i l y l  m o ie t y ,  w h i l e  r e t a i n i n g  i t s  

p r o p e n s i t y  towards  e l i m i n a t i o n  when i n  t h e  / 3 - p o s i t i o n  

to  a h y d r o x y l  f u n c t i o n .  An o b v io u s  con ten d er  was t h e  

phosphonate  g ro u p ,  by a n a lo g y  w ith  t h e  wel l -know n  

Wadsworth-Emmons r e a g e n t s ' 2, N .m.r .  s t u d i e s  o f  d ia z o a lk a n e  

phosphonates  have  shown a c o n s i d e r a b l e  d e g r e e  o f  double-bond
13

oh a r a c te r  i n  t h e  carbon-phosphorus  bond $ t h e  a b i l i t y  

o f  t h e  phosp h on ate  group t o  t a k e  part i n  (p—>d)/v-backbonding,  

and h en ce  to  s t a b i l i s e  an a d ja c e n t  ca rb an ion ,  i s  th us  

unimpaired by t h e  p r e s e n c e  o f  t h e  d ia z o a lk a n e  system .

Two s u i t a b l e  d i a z o a lk a n e s  were founds
M

dimethyl  p h osphono-d i  azomethane 1J5 and di  e th y l  phospno no -  

di azomethane 3J) 5 $ b o th  compounds are  e a s i l y  prepared from 

r e a d i l y - a v a i l a b l  e s t a r t i n g  m a t e r i a l s  (SCESTtE 1 2 ) .

R e a c t i o n  o f  d im etky iphosphono-d iazom ethane  

w ith  n—b u t y l  l i t h i u m  at 0° r e s u l t e d  i n  t h e  d e c o m p o s i t io n  

o f  t h e  d i a z o a l k a n e j  i n  t h i s  r e s p e c t ,  dimethylphosphon©-  

diazom eth an e ,  u n l i k e  t r i m e t h y l s i l y l d i a z o m e t h a n e ,  i s  

s i m i l a r  t o  most d i a z o - a l k a n e s ,  which undergo d e c o m p o s i t io n  

on t r e a tm e n t  w i th  s t r o n g  b ases  • I t  was found p o s s i b l e  to  

g e n e r a t e  t h e  a n io n  o f  d im ethy l  phosphono-di  azomethane by 

r e a c t i o n  i n  THE w ith  n - b u t y l  l i t h i u m  at - 7 8 ° ,  and t h e
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s o l u t i o n  th u s  o b t a in e d  c o n v er ted  benzophenone to  d ip h en y l  

a c e t y l e n e  i n  94$  y i e l d  (SCHEME 1 3 ) .  Hi e t h y l  phos phono -  

diazomethane r e a c t e d  i n  a s i m i l a r  manner, a l th o u g h  t h e  

l i t h i u m  s a l t  appeared t o  be more prone to  d e c o m p o s i t io n  th an  

th a t  o f  t h e  d im e th y l  a n a lo g u e .

An i n v e s t i g a t i o n  was t h e n  conducted to  

d i s c o v e r  t h e  ran ge  o f  c o n d i t i o n s  under which t h e  c o n v e r s io n  

o f  benzophenone t o  d ip h en y l  a c e t y l e n e  cou ld  be performed
«r

(TABLE l ) |  n - h u t y l  l i t h i u m  and p otass ium  t - b u t o x i d e  were 

e q u a l l y  e f f e c t i v e  i n  promoting r e a c t i o n  i n  THE s o l u t i o n ,  

w h i le  o t h e r  organomet a l l i c  b ases  were l e s s  e f f e c t i v e .  When 

t h e  r e a c t i o n  was performed i n  e th an o l  s o l u t i o n  u s i n g  sodium 

e t h o x id e  as  b a s e ,  v ig o r o u s  c o n d i t i o n s  were r e q u i r e d ,  and 

diphenyl  a c e t y l e n e  was o b t a in e d  i n  o n l y  5$  y i e l d .  M ethy l -  

magnesium c h l o r i d e  promoted' r e a c t i o n  under t h e  same c o n d i t i o n s  

used w i th  n - b u t y l  l i t h i u m ,  but t h e  r e a c t i o n  did  not go t o  

com pi e t i o n .

S tr o n g  amine b a se s  were c o m p le t e l y  i n e f f e c t i v e  

i n  promoting r e a c t i o n  o f  d im ethy l  -phos phono -d ia zo m et  hane 

with benzophenone .  For example , 1 , 5 "  d i a z a - b i c y c l o -  

[3*4,0] n o n - 5 - e n e  (DBN) 20* a v e r y  s t r o n g  base'7, d id  not  

induce  t h e  r e a c t i o n  e i t h e r  i n  THE or KMPT/TEE s o l u t i o n .

The p o s s i b i l i t y  t h a t  tlye p r e s e n c e  o f  a l k a l i - m e t a l  io n s  

might be r e q u i r e d  i n  ord er  to  enhance t h e  e l e c t r o p h i l i c i t y  

o f  t h e  carb on y l  group' was c o n s id e r e d ,  but a d d i t i o n  o f  

l i t h i u m  s a l t s  t o  t h e  r e a c t i o n  medium had no e f f e c t .

I n  t h e  cou rse  o f  t h i s  i n v e s t i g a t i o n ,  a rep or t  

appeared i n  t h e  l i t e r a t u r e  o f  t h e  r e a c t i o n  o f  i s a t i n  _21 

i n  a c e t o n i t r i l  e s o l u t i o n  w ith  d im ethyl  phosphono-di azomethane,  

c a t a l y s e d  by di  e t h y l  amine,, to  g i v e  22  , t h e  product o f  l . o l f f



a
rearrangement (SCHEME 1 4 ) .  Under t h e s e  c o n d i t i o n s ,  n e i t h e r  

benzophenone nor b e n z i l  r e a c t s  w ith  d im ethyl  phos phono-  

d iazom eth an e .  T h ere  a r e  two p o s s i b l e  e x p la n a t io n s  for  t h i s :  

f i r s t l y ,  t h e  product  22 o b ta in e d  from r e a c t i o n  w ith  i s a t i n  

i s  i n s o l u b l e  i n  t h e  r e a c t i o n  medium and p r e c i p i t a t e s  out  

as t h e  r e a c t i o n  p r o c e e d s .  Assuming t h e  i n i t i a l  a d d i t i o n  

o f  d im e th y l  phos phono diazomet hane t o  i s a t i n  i s  r e v e r s i b l e ,  

t h i s  would d r i v e  t h e  e q u i l i b r i u m  to  t h e  r i g h t ,  thus en su r in g  

com ple te  r e a c t i o n .  I t  may be th a t  t h e  products  o b ta in e d  by 

th e  a d d i t i o n  o f  dim e t h y l  phos phono diazomet hane to  e i t h e r  

benzophenone o r  b e n z i l  are  s o l u b l e  i n  t h e  r e a c t i o n  medium 9 

and t h a t  t h e  e q u i l i b r i u m  o f  t h e  f i r s t  s t e p  l i e s  w e l l  to  

t h e  s i d e  o f  r e a c t a n t s  r a t h e r  than  p r o d u c t s ,  Experiments  

i n  o t h e r ,  l e s s  p o l a r , s o l v e n t  system s  were,  however,  a l s o  

u n s u c c e s s f u l .  P o s s i b l y  t h e  im portant  f a c t o r  i s  th e  

e l e c t r o p h i l i c i t y  o f  t h e  carbonyl  group i n v o l v e d *  t h e  

3 -c a r b o n y l  group o f  i s a t i n  i s  much more e l e c t r o p h i l i c  than  

th e  ca rb o n y l  f u n c t i o n s  o f  e i t h e r  b e n z i l  or benzophenonei  

Attempts  to  i n c r e a s e  t h e  e l e c t r o p h i l i c i t y  o f  t h e s e  compounds 

by adding  l i t h i u m  p e r c h l o r a t e  to  t h e  r e a c t i o n  medium were 

u n s u c c e s s f u l ,  and t h e  use  o f  more v ig o r o u s  r e a c t i o n  c o n d i t i o n s  

m ere ly  r e s u l t e d  i n  t h e  d e c o m p o s i t io n  o f  t h e  d i a z o a l k a n e .  

A d d i t io n  o f  a s i l v e r  s a l t ,  s i l v e r  h e p t a f l u o r o b u t y r a t e ,  

i n  an a t tem pt  to  i n c r e a s e  t h e  e l e c t r o p h i l i c i t y  o f  t h e  carbonyl  

group by c o m p le x - f o r m a t io n 2 had no e f f e c t .

TJse o f  t h e  amine s a l t ,  p ip e r id in iu m  a c e t a t e  , 

was s u g g e s t e d  by c o n s i d e r a t i o n  o f  t h e  f a c t o r s  i n v o l v e d  i n  

t h e  r e a c t i o n  o f  l i t h i u m  or potass ium  s a l t s  o f  t h e  d iazoal lcanes  

w ith  e n o l i s a b l e  k e t o n e s ;  i n  t h e s e  p r o c e s s e s ,  uhe i n i t i a l
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removal o f  a p ro to n  from t h e  d i a z o a l k a n e  i s  e s s e n t i a l l y  

i r r e v e r s i b l e ,  and t h e  r a t i o  o f  p rod u cts  o b t a in e d  i s  

dependent  on t h e  e q u i l i b r i a  o u t l i n e d  i n  SCEEHE 15*

I n  o r d e r  f o r  u n r e a c t e d  k e to n e  to  predom inate  

i n  t h e  product  m ix t u r e ,  t h e  k i n e t i c  r e q u ire m e n ts  are  t h a t  

kf > k2 5 ^ l »  k - l  and k 2  ̂ ^ -2  * aSSUEie  ̂ t h a t

t h e  Y/olf f  rearrangem ent  and e l i m i n a t i o n  s t e p s  are  i r r e v e r s i b l e  

I t  was a n t i c i p a t e d  t h a t  t h e  u se  o f  an amine s a l t ,  a 

"thermodynamic." r a t h e r  t h a n  " k i n e t i c "  b a se 22, might a v o id  

t h i s  d i f f i c u l t y  (SCHEME 1 6 ) ,  I n  t h i s  s y s t e m ,  i t  i s  

r e a s o n a b l e  t o  p r e d i c t  t h a t ,  b e c a u s e  o f  t h e  p r e s e n c e  o f  a 

p roton  s o u r c e ,  k ^ ~  k_p. and k ^ ~  k_^ j t h u s ,  a l l  t h e  

k e to n e  s h o u ld  be a v a i l a b l e  f o r  e v e n t u a l  r e a c t i o n .

However, p i p e r id in iu m  a c e t a t e  f a i l e d  t o  

c a t a l y s e  t h e  r e a c t i o n  o f  d im eth y l  phos phono-d iazom ethane  with  

benzophenone to  g i v e  d ip h e n y l  a c e t y l e n e ,  even  under v ig o r o u s

r e a c t i o n  c o n d i t i o n s .  C l e a r l y ,  t h e  problem i s  t h a t  k k 5
3

t h u s ,  r e a c t i o n  w i th  e n o l i s a b l e  k e t o n e s  w i l l  n ever  go t o

c o m p le t i o n ,  and, even w i th  n o n - e n o l i s a b l e  k e t o n e s ,  r e a c t i o n

w i l l  proceed  o n l y  i f  c o n d i t i o n s  are  such t h a t  kgdk; ^ -2  an(^

k^ i s  f i n i t e .  Thus ,  t h e  main f a c t o r s  i n f l u e n c i n g  t h e

outcome o f  t h e  r e a c t i o n  are  t h e  e l e c t r o p h i l i c i t y  o f  t h e

carbonyl  compound and -the qxt ent o f  s t e r i c  h in d ra n c e  t o

adduct  f o r m a t i o n ,  which t o g e t h e r  d e term in e  t h e  r a t i o  k 2 ; k_ 2

and, d ep en d in g  on t h e  o r d er  i n  which sub seq u en t  s t e p s  o c c u r ,

e i t h e r  t h e  n a tu r e  o f  t h e  m ig r a t i n g  groups i n  t h e  TTolff

r ea r r a n g em e n t ,  or  t h e  p r o p e n s i t y  o f  t h e  / 3 - s i l y l  or

/3-phosphono-  a l k o x i d e  towards e l i m i n a t i o n ,  which d e term in es

k „ The n a tu r e  o f  t h e  b a se  i s  p rob ab ly  l e s s  important  than  
3
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any o £  t h e s e  f a c t o r s ,  excep t  i n s o f a r  as t h e  c a t i o n  i n v o l v e d  

i n f l u e n c e s  t h e  e l e c t r o p h i l i c i t y  o f  t h e  carb on y l  group and 

th e  t e n d e n c y  o f  s i l a n o x i d e  o r  phosphonate  to  e l i m i n a t e .

S t u d i e s  were made o f  t h e  a b i l i t y  o f  Lewis  

a c id s  t o  c a t a l y s e  r e a c t i o n  o f  dim e t h y l  phos phono-d iazom et  hane  

w ith  benzophenone .  Mock and Hartman23 found t h a t  

t r i e t h y l o x o n i u m  f l u o r o b o r a t e  was an e f f e c t i v e  c a t a l y s t  

fo r  t h e  r e a c t i o n  o f  d i a z o k e t o n e s  w i th  k e t o n e s ;  how ever ,  

n e i t h e r  t h i s  r e a g e n t  nor boron t r i  f l u o r i d e  e t h e r a t e  were  

e f f e c t i v e  c a t a l y s t s  f o r  t h e  t r a n s f o r m a t i o n  o f  benzophenone  

to d i p h e n y l  a c e t y l e n e  by dimet h y l  phos phono diazomet hane  ̂

B e n z i l  r e a c t e d  w ith  l i t h i u m  dim e t h y l  phos phono-  

d ia z o m e th id e  t o  g i v e  1 , 3 -  d i p h e n y l - p r o . p - 2 - y n - l - o n e  (SCHEME 17)  

The y i e l d  was o n l y  m od est ,  however; t h i s  was p rob ab ly  due to  

f u r t h e r  r e a c t i o n  o f  t h e  product w i t h  e x c e s s  r ea g e n t  t o  g i v e  

a p y r a z o l e ,  as was t h e  c a s e  i n  t h e  an a logou s  r e a c t i o n  w ith  

t r i m e t h y l s i l y l d i a z o m e t h a n e  (SCHEME 1 0 ) .  I n  t h i s  c a s e ,  however ,  

no p y r a z o l e  was p r e s e n t  i n  t h e  e t h e r - s o l u b l e  f r a c t i o n  o f  

th e  product  m ix t u r e .

Acetophenone  r e a c t e d  w ith  both  t h e  l i t h i u m  and 

potass ium s a l t s  o f  d im ethy lphosphonodi  azomethane to  g i v e  

1-phenyl  propyne ,  t o g e t h e r  w i th  r e s i d u a l  a c e to p h en o n e .

C l e a r l y ,  t h e  m eth in e  p ro ton  i n  d im ethy lphosphonodiazom ethane  

i s  l e s s  a c i d i c  t h a n  t h e  protons  t o  t h e  carbonyl  group i n  

a ce to p h en o n e .  The p o ta ss iu m  s a l t  seemed t o  be a more e i f e c t i v e  

reagent  than  t h e  l i t h i u m  s a l t  o f  t h e  d ia z o a lk a n e  i n  performing  

the  c o n v e r s i o n  to  a lk y n e ;  when n - b u t y l  l i t h i u m  was u sed  as 

base ,  t h e  y i e l d  o f  1 - phenyl propyne was an<3- 50^

the i n i t i a l  a ce to p h en o n e  was r e c o v e r e d  unchanged,  w h i l e ,



when p o ta s s iu m  t ~ b u t o X id e  was u se d  as b a s e ,  t h e  y i e l d  o f

1 - p h e n y l  propyne was 22^, a g a i n  w i th  50^ r e c o v e r y  o f  s t a r t i n g  

m a t e r i a l .  T h is  can be a t t r i b u t e d  to  t h e  g r e a t e r  c o v a l e n t  

c h a r a c t e r  o f  t h e  o x y g en -1  i t  h i  urn "bond" compared w i t h  t h e  

o x y g e n - p o ta s s iu m  "bond";: e l i m i n a t i o n  o f  p h osp h ate  from t h e  

i n i t i a l l y - f o r m e d  adduct  sh o u ld  t a k e  p l a c e  l e s s  r a p i d l y  

when l i t h i u m  i s  t h e  c o u n t e r - i o n  th a n  when p o ta ss iu m  i s  t h e  

c o u n t e r - i o n ,  s i n c e  e l e c t r o n  d e n s i t y  on o xygen  i s  lo w e r  i n  

t h e  former c a s e  t h a n  i n  t h e  l a t t e r .  Thus,  when t h e  p o ta ss iu m  

s a l t  o f  dim e t h y l  phos phono diazomet  hane i s  r e a c t e d  w i th  

acetophenone , .  k^ i s  i n c r e a s e d  r e l a t i v e  to  k _ 2 ( SCHEME 15)

as  compared w i th  t h e  c o r r e s p o n d in g  r e a c t i o n  o f  t h e  l i t h i u m  

s a l t .  I t  was e x p e c t e d ,  i n  v i e w  o f  t h i s  e f f e c t ,  t h a t  t h e  

u se  o f  a s o l v e n t  o f  g r e a t e r  i o n i s i n g - p o w e r  might f u r t h e r  

enhance t h e  r a t i o  o f  a lk y n e  produced to  k e to n e  r e c o v e r e d  

i n  t h i s  r e a c t i o n 24. When t h e  r e a c t i o n  o f  p o tass iu m  

dim et h y l  phos phono d iazomet  h i d e  w i th  a ce top h en on e  was c a r r i e d  

out i n  25/j dimet h y l  s u l p h o x i d e  i n  THE, how ever ,  l i t t l e  change  

i n  y i e l d  was o b s e r v e d .  T h is  perhaps i n d i c a t e s  t h a t ,  even  

i n  THE s o l u t i o n ,  t h e  i n i t i a l l y - f o r m e d  adduct e x i s t s  as  

a s o l v e n t - s e p a r a t e d  i o n  p a ir  r a t h e r  th a n  an i n t i m a t e  i o n - p a i r .

The u s e  o f  "thermodynamic" r a t h e r  t h a n  " k in e t i c "  

b ases  d id  not r e s u l t  i n  fo r m a t io n  o f  1 - p h e n y l  propyne from 

a ce to p h e n o n e .  Sodium e t h o x id e  i n  e th a n o l  caused some s e l f -  

c o n d e n s a t i o n  o f  t h e  k e t o n e ,  but produced no a lk y n e .  S im i la r  

r e s u l t s  were o b t a in e d  when ace to p h en o n e  and d im ethy l  phos phono-  

diazomet hane were r e a c t e d  i n  a c e t o n i t r i l e  s o l u t i o n  i n  t h e  

p resen ce  o f  d i  e t h y l  amine.
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U 1  ■
I t  3-  D ip h e n y l -p r o  p - 2 - y n - l - o n e  10 r e a c t e d  with  

l i t h i u m  dim e t h y l  phos phono diazomet  h i d e  to  g i v e  a complex  

m ix tu r e  o f  p r o d u c t s ,  T . l . c , .  com parison  w i th  an a u t h e n t i c  

sample o f  t h e  e x p e c te d  p r o d u c t ,  1 , 4 - d i  p h e n y l -b u t  a - 1 , 3 - d i y n e 25, 

showed t h a t  t h i s  compound was not p r e s e n t  i n  t h e  product  

m ix t u r e .  The p r o c e s s e s  o c c u r r i n g  h e r e  are  probab ly  

d i p o l a r  a d d i t i o n  r e a c t i o n s ,  i n  v ie w  o f  t h e  h ig h  r e a c t i v i t y  

o f  c o n j u g a te d  y n -o n e s  i n  such p r o c e s s e s .  As was found e a r l i e r ,  

i n  t h e  r e a c t i o n  o f  b e n z i l  w i th  l i t h i u m  d im eth y l  phos phono-  

d i a z o m e t h i d e ,  no p y r a z o l e  was i s o l a t e d  from t h e  e t h e r - s o l u b l e  

f r a c t i o n  o f  t h e  product  m ix t u r e ;  i n  c o n t r a s t  to* t h e  ana logous  

t r im e t  h y l  s i l y l - p y r a z o l  e (SCHEME 1 0 ) ,  t h e  dim e t h y l  phos phono -  

p y r a z o l e  which i s  presumably formed i n  t h i s  r e a c t i o n  

appears t o  be w a t e r - s o l u b l e .

Attem pted  c o n v e r s i o n  o f  c innamaldehyde t o  a 

c o n ju g a te d  en -y n e  w a s ' S i m i l a r l y  u n s u c c e s s f u l ;  i t  would appear  

th a t  o£,|S - u n s a t  ura t  ed carbonyl  compounds cannot be c o n v e r te d  

to  a lk y n e s  u s i n g  t h i s  r e a g e n t .

P h e n y l - a c e t a l d e h y d e  r e a c t e d  w i th  p otass iu m  

dimet h y l  phos phono diazomet  h i d e  t o  g i v e ,  i n  a d d i t i o n  t o  

r e s i d u a l  a l d e h y d e ,  5 - p h en y l -p r o p y n e  2£ , i d e n t i f i e d  by 

i t s  c h a r a c t e r i s t i c  i , r ,  and p .m .r .  s p e c t r a .  The y i e l d  o f  

5 - p h e n y l -p r o p y n e  was 50$  (SCHEME-1 8 ) .

D i - t - b u t y l  k e to n e  d id  not r e a c t  w ith  e i t h e r  

th e  l i t h i u m  o r  p o ta ss iu m  s a l t s  o f  d iraethylphosphonodiazom ethane ,  

presumably b e c a u s e  o f  s t e r i c  h in d r a n c e .

A ttem pts  to  con ver t  d i - a l i p h a t i e  k e to n e s  to  

a lkynes  w e r e ,  i n  f a c t ,  u n i f o r m l y  u n s u c c e s s f u l .  R e a c t io n  

o f  t h e  l i t h i u m  or  p o ta ss iu m  s a l t s  o f  d i  e t h y l  pnos phono -  

diazom e th a n e  w i t h  phenyl  b en zy l  ketone* d ib e n z y l  k etone
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48
and d i - c y c l o h e x y l - k e t o n e  r e s u l t e d ,  i n  e v e r y  c a s e ,  i n  t h e  

r e c o v e r y  o f  unchanged s t a r t i n g  m a t e r i a l .

At t h i s  p o in t  i n  t h e  i n v e s t i g a t i o n ,  i t  was 

f e l t  prudent t o  s tu d y  t h e  r e a c t i o n  o f  l i t h i u m  d im eth y l  -  

phos phono d iazom et  h i d e  w i th  a v a r i e t y  o f  a r y l  k e t o n e s ,  i n  

c a s e  t h e  c o n v e r s i o n  o f  henzophenone t o  d ip h e n y l  a c e t y l e n e  

sh o u ld  be due to  come anomalous and u n d e f in e d  p r o p e r t y  o f  

benzophenone i t s e l f .  M e r c i f u l l y ,  t h e  r e a c t i o n  proved to  be 

g e n e r a l  f o r  suc h  a r o m a t ic  s u b s t r a t e s ,  and t h e  r e s u l t s  o f  

t h e s e  i n v e s t i g a t i o n s  a re  summarised i n  TABLE 2.

S u b s t i t u t i o n  o f  t h e  a ro m a t ic  r i n g  appears  t o  

have l i t t l e  e f f e c t  on t h e  r e a c t i o n ,  p ro v id ed  o f  c o u r s e  t h a t  

no' a c t i v e - h y d r o g e n - c o n t a i n i n g  s u b s t i t u e n t s  are  p r e s e n t .

As has  a l r e a d y  been  d e s c r i b e d ,  c o n j u g a te d  carbonyl  compounds 

are not c o n v e r t e d  to  a l k y n e s ,  and 06- d ic a r b o n y l  compounds 

g i v e  low  y i e l d s  o f  a lk y n e  due to  subsequent  d i p o l a r  a d d i t i o n  

r e a c t i o n s .  However, d i c a r b o n y l  compounds i n  which t h e  carbonyl  

groups a r e  m u t u a l l y  i s o l a t e d ’ r e a c t  n o r m a l ly ,  to  g i v e  a m ix t u r e  

o f  m o n o -a lk y n e  and d i - a l k y n e  (SCHEME 19)  • H e t e r o - a r o m a t i c  

k eto n es  r e a c t e d  n o r m a l ly ,  a l th o u g h  a l l  a t te m p ts  to  convert

2 - b e n z o y l - f \ i r a n  to  t h e  a lk y n e  r e s u l t e d  i n  s u b s t r a t e  

p o l y m e r i s a t i o n .

The r e l a t i v e l y  h ig h  y i e l d  o f  phenyl  

c y c l o h e x y l  a c e t y l e n e  o b t a in e d  by r e a c t i o n  o f  phenyl  

c y c l o h e x y l  k e to n e  w i t h  t h e  re a g e n t  i s  notew orthy*  

one would e x p e c t  t h e  m eth in e  p ro to n  i n  t h i s  k e to n e  t o  

be l e s s  a c i d i c  th a n  t h e  m e th y le n e  protons  o f  acetophenone;  

competing p r o t o n -e x c h a n g e  should  t h e r e f o r e  be l e s s  ev id en t
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49
f o r  t h i s  k e t o n e  t i ian  f o r  a ce to p h e n o n e  i n  t h e i r  r e a c t i o n s  

w i t h  l i th iu m '  d i m e t h y lp h o s p h o n o d ia z o m e th id e ,  and t h e  y i e l d  

o f  a lk y n e  i s  t h u s  i n c r e a s e d .  Taking t h i s  argument a s t e p  

f u r t h e r ,  t h e  f a i l u r e  o f  phenyl “benzyl  k e t o n e  to  r e a c t  at 

all- 'frith t h e  r e a g e n t  can he a t t r i b u t e d  to  t h e  i n c r e a s e d  a c i d i t y  

of. i t s  m e th y le n e  p ro to n s  compared w i th  t h o s e  o f  

a c e to p h e n o n e ;  p roton  exchange i s  t h e r e f o r e  t h e  o n l y  p r o c e s s  

o c c u r r i n g  h e r e  (TABLE 3)  •

A’ r e c e n t  r e p o r t  by  R e g i t z 26 d e s c r i b e s  t h e  

fo r m a t io n  and i s o l a t i o n  o f  adduets  o f  e l e c t r o p h i l i c  carb on y l  

compounds wit  h m e t h y l - d i  azom ethyl  -ph  enyl  pho-s phi nat e 

15 under t h e  i n f l u e n c e  o f  a c a t a l y t i c  amount o f  

t r i e t h y l a m i n e  (SCHELDE 20) • As d e s c r i b e d  e a r l i e r  i n  t h i s  

d i s c u s s i o n ,  a l l  a t t e m p ts  t o  con d en se  d i  m ethyl  phos phono -  

d iazom ethane  w i t h  carb on y l  compounds under s i m i l a r  c o n d i t i o n s  

were u n s u c c e s s f u l .  I n  v i e w  o f  Regitz-.1 s f i n d i n g s ,  how ever ,  

some f u r t h e r  i n v e s t i g a t i o n  was u n d er ta k e n .  I n i t i a l l y ,  

a t tem p ts  t o  prep are  t h e  adduct o f  p - n i t r o - b e n z a l d e h y d e  

and d i  e t h y l  phos phono d iazom ethane  were u n s u c c e s s f u l .  T h e se  

r e a c t i o n s  were performed i n  t h e  s o l v e n t  sys tem  ( 1 :1 

dim ethoxy  e t h a n e / e t h e r )  u se d  by R e g i t z  f o r  t h e  c o r r esp o n d in g  

r e a c t i o n  o f  m e t h y l -  diazom e th y l  -p h e n y l  phos phi nat e w ith  

p - n i t r o - b e n z a l d e h y d e .  A f t e r  e x p e r i m e n t a t i o n  w i th  v a r i o u s  

s o l v e n t  s y s t e m s ,  i t  was found t h a t  t h e  adduct 26 cou ld  

be o b t a i n e d  by  perform in g  t h e  r e a c t i o n  i n  e t h e r  s o l u t i o n  

i n  t h e  p r e s e n c e  o f  0 , 2  e q u i v a l e n t s  o f  t r i e t h y l a m i n e .  The 

r e a c t i o n  d id  not go to  c o m p le t io n ,  and t h e  adduct 26 was 

o b ta in e d  p u r e ,  as  a c r y s t a l l i n e  s o l i d ,  o n ly  a f t e r  r e p e a t e d  

t r i t u r a t i o n  and c a r e f u l  r e c r y s t a l l i s a t i o n .  The i . r .  

spectrum o f  t h i s  compound showed a b s o r p t i o n s  ckaract  e r i s t  i  c



14
o-" -o ■ y
 1r— ROEt^ Ar7  lT

H / N 2

-No ArN © © 
Ar-C=C-H «-------  /c — £_N

n  +

(Et 0)o

SCHEME 21

0
u

ArCHO + Ph2PCHN2
[27]

OH 9 
A r '^ 7 ^ r^ * D̂ 2

h 7 T 2
S C H E M E 2 2

' 0

-P(0Et)2

=N

P-OH
II
0



50
o f  h y d r o x y l ,  d i a z o a l k a n e  and phosphonate  f u n c t i o n s .  The 

w a v e le n g t h  o f  t h e  h yd ro x y l  a b s o r p t i o n  d id  not v a r y  w i th  

c o n c e n t r a t i o n ,  th u s  d e m o n s t r a t in g  t h e  e x i s t e n c e  o f  

i n t r a m o l e c u l a r  hydrogen bonding b etw een  t h e  phosphonate  

and h y d ro x y l  g r o u p s .  I f  spo n ta n eo u s  e l i m i n a t i o n  o f  

p h o sp h o r ic  a c i d  d i e t h y l  e s t e r  were p o s s i b l e ,  t h e n  t h i s  

i n t r a m o l e c u l a r  hydrogen bond would be e x p e c ted  to  

f a c i l i t a t e  t h e  e l i m i n a t i o n  p r o c e s s  (SCHEME 2 1 ) .  The 

f a c t  t h a t  no such  p r o c e s s  o c c u r s  p a r t i a l l y  e x p l a i n s  t h e  

f a i l u r e ,  d e s c r i b e d  e a r l i e r ,  t o  i n d u c e  r e a c t i o n  o f  

dimet h y lp h o s  phono d iazom ethane  w i th  k e to n es  t o  g i v e  

a lk y n e s  by  t h e  u se  o f  s t r o n g  amine b a s e s .

Another  f a c t o r  t o  be c o n s id e r e d  i s  t h e  

p o s i t i o n  o f  e q u i l i b r i u m  i n  p r o c e s s e s  o f  t h e  t y p e  shown 

i n  SCHEME 20;.: R e g i t z 26 r e p o r t e d  t h a t  t h e  adducts  formed 

i n  t h e s e  p r o c e s s e s  c r y s t a l l i s e  out a s  t h e  r e a c t i o n  

p r o c e e d s ,  and, I n  a sub seq u en t  paper27, has d e s c r i b e d  t h e  

r e a c t i o n  o f  d i  phenyl p h o s p h in y l -d ia z o m e t h a n e  J2J w ith  

a range  o f  a ld e h y d e s  t o  form c r y s t a l l i n e  adducts  (SCHEME 2 2 ) .  

I n  e v e r y  c a s e ,  t h e  adducts  p r e c i p i t a t e  from s o l u t i o n ,  

and a v a r i e t y  o f  s o l v e n t  system s  were used to  ensure  t h a t  

t h i s  o c c u r r e d .  C l e a r l y ,  i t  i s  t h i s  p r e c i p i t a t i o n  o f  t h e  

product which a l l o w s  t h e  r e a c t i o n  t o  proceed  to  c o m p le t io n ,  

by d i s p la c e m e n t  o f  t h e  e q u i l ib r iu m  towards  t h e  s i d e  o f  

p r o d u c t s .  I t  i s  s i g n i f i c a n t  t h a t  R e g i t z 27 r e p o r t s  o n l y  

one example o f  an adduct formed from d im eth y l  phos phono-  

diazom ethane  and an a ld e h y d e ,  i n  t h i s  c a s e  p - n i t r o -  

b enza ld  e h y d e ; by u se  o f  di  phenyl p h o s p h in y l—diazom ethane ,  

th e  s o l u b i l i t y  o f  t h e  adducts  i s  reduced  s u f f i c i e n t l y  to
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a l l o w  c o n d i t i o n s  t o  be found under which c r y s t a l l i s a t i o n  

from t h e  r e a c t i o n  m ix t u r e  w i l l  o c c u r .  I n  a d d i t i o n ,  t h e  

a n io n  o f  di phenyl  pho sphi  n y l -d ia z o m e t h a n e  i s  p rob ab ly  more 

s t a b l e  th a n  t h e  dim et h y l  phos pho no d iazomet  h i d e  a n io n ,  

s i n c e ,  i n  t h e  l a t t e r ,  t h e  n e g a t i v e  charge  on carbon  

has t o  compete  w i th  t h e  l o n e - p a i r  e l e c t r o n s  on t h e  two  

a l k o x y l  oxygen  atoms i n  ( p —>d)n-backbonding  w ith  

p h osphorus .

Two c o n c l u s i o n s  can t h e r e f o r e  be drawn: 

f i r s t l y ,  amine b a s e s  w i l l  o n l y  c a t a l y s e  adduct fo r m a t io n  

i f  t h e  r e s u l t i n g  adduct can be in d u c ed  to  p r e c i p i t a t e  

from s o l u t i o n ;  and, 's e c o n d l y , amine b a se s  w i l l  not 

c a t a l y s e  t h e  su b seq u en t  rearrangement and e l i m i n a t i o n  

r e a c t i o n s  o f  t h e  adduct l e a d i n g  to. a lk y n e .

I n  c o n t r a s t ,  r e a c t i o n  o f  t h e  l i t h i u m  s a l t  

o f  di  e t h y l  phos phono d i  a zo methane w i t h  p - n i t r o -  

h e n z a ld e h y d e  l e a d s  to  p - n i t r o p h e n y l  a c e t y l e n e  i n  86$  

y i e l d  (SCHEME 2 3)* S in c e  t h i s  r e a c t i o n  presumably  proceeds  

th ro u g h  t h e  l i t h i u m  s a l t  o f  t h e  adduct  26 , an attempt  

was made to  c o n v e r t  2j5 to  p - n i t r o p h e n y l  a c e t y l e n e  by 

t r e a tm e n t  w i t h  an a l k a l i - m e t a l  b a s e .  R e a c t i o n  o f  t h e  

adduct 26  i n  THE s o l u t i o n  w i t h  p o ta ss iu m  t - b u t o x i d e  

gave  p - n i t r o p h e n y l  a c e t y l e n e  i n  6Sfa y i e l d .  I n  c o n t r a s t ,  

on r e a c t i o n  w i th  I)BN i n  THE s o l u t i o n ,  t h e  adduct 26 

r e v e r t e d  t o  di e t h y l  phos pho no d iazom ethane  and p - n i t r o -  

b en za ld e h y d e  (SCHEME 2 4 ) .

Thus ,  i t  can be deduced t h a t  t h e  c o n v e r s i o n  

o f  carb on y l  compounds t o  homologous a lk yn es  i s  a 

p r o p e r t y  shown o n l y  by raetal s a l t s  o f  di  a l k y l  pho s pho no -  

d ia z o m e th a n e s ,  and not s im p ly  by t h e i r  c o n j u g a te  b a s e s .
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5 2The i m p l i c a t i o n  o f  t h i s  f i n d i n g  i s  th a t  t h e  

d e c i s i v e  s t a g e  o f  t h i s  c o n v e r s i o n  o f  carbonyl  compound 

to  a lk y n e  i s  t h e  e l i m i n a t i o n  o f  t h e  a l k a l i - m e t  a l  ph osp h ate  

f tom t h e  i n i t i a l l y - f o r m e d  adduct 2 J  , t h a t  if* t h i s  p r o c e s s  

does  not o c c u r  t h e n  t h e  r e a c t i o n  m i l  not p r o c e e d ,  and 

t h a t  t h i s  s t e p  must t h e r e f o r e  p r e c e d e  Wolff'  rearran gem en t .  

I n  o r d e r  to  t e s t  t h i s  h y p o t h e s i s ,  t h e  adduct 26 was h e a t e d  

i n  r e f l u x i n g  ben zen e  i n  t h e  p r e s e n c e  o f  a t r a c e  o f  

b i s - ( a c e t y l a c e t o n a t o - )  C o p p e r ( l l ) ,  i n  o r d er  t o  b r in g
9, IB

about W o l f f  re a r ra n g em en t .  The product  was a y e l l o w  

o i l  whose i . r .  spectrum showed a b s o r p t i o n s  c h a r a c t e r i s t i c  

o f  a r y l  s l k y l  k e to n e  and phosphonate  f u n c t i o n s ,  and was 

t h u s  i d e n t i f i e d  as  t f-di e t h y l  phos pho n o - , p - n i t r o -  

a ce to p h e n o n e  28* The y i e l d  o f  t h i s  compound was J8fo*

No change o c c u r r e d  when 28 was t r e a t e d  w i th  

p o ta ss iu m  t - b u t o x i d e  i n  THF s o l u t i o n .  T h is  conf irm s t h a t  

ph osp h ate  e l i m i n a t i o n  p r e c e d e s  W o lf f  r ea r r a n g em e n t ,  as 

shown i n  SCHEME 25.

T h i s  account would be i n c o m p l e t e  without  

an a s se s s m e n t  ( h o p e f u l l y ,  an o b j e c t i v e  one)  o f  t h e  s y n t h e t i c  

u t i l i t y  o f  t h e  r e a g e n t s  d e s c r i b e d  h e r e i n .

With a few e x c e p t i o n s ,  t h e s e  r e a g e n t s  cannot  

be a p p l i e d  to  t h e  p r e p a r a t i o n  o f  a r y l  a l k y l  a c e t y l e n e s ,  

u n l e s s  t h e  a l k y l  group i s  s e c o n d a r y .  I n  no c a s e  s t u d i e d  

was i t  p o s s i b l e  t o  prepare  d i - a l k y l  a c e t y l e n e s  by t h i s  

r o u t e ;  t h i s  p o s s i b l y  r e f l e c t s  t h e  poor m ig r a to r y  a p t i t u d e  

o f  a l k y l  groups  as  compared w i th  a r y l  or h y d r id e  g r o u p s .

T h i s  method i s  v e r y  u s e f u l ,  however,  i n  t h e  

p r e p a r a t io n  o f  d i - a r y l  a c e t y l e n e s .  The r e a c t i o n  seems t o  

be r e l a t i v e l y  i n s e n s i t i v e  to  s u b s t i t u t i o n  o f  t h e  arom at ic
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nucl  e i , p ro v id ed  th a t  no a c t i v e  hydrogen  atom i s  p r e s e n t .

The p r e p a r a t i o n s  summari s ed i n  TABLE 2 were a l l  c a r r i e d

out under a s e t  o f  s ta n d a r d  c o n d i t i o n s  , and some o p t i m i s a t i o n

o f  y i e l d s  s h o u ld  "be p o s s i b l e .

Some a l t e r n a t i v e  methods f o r  t h e  p r e p a r a t i o n  

o f  a c e t y l e n e s  a r e  shown i n  SCHEME 26M , SCHEME 273° ,

SCHEME 283' and SCHEME 2 9 1

For t h e  p r e p a r a t i o n  o f  d i - a r y l  a c e t y l e n e s ,
Sfe

t h e  method d e s c r i b e d  above i s  s u p e r i o r  to  a l l  t h e s e  

m ethods .  The d i a z o a l k a n e s  used  are  e a s i l y  prepared  from 

r e a d i l y  a v a i l a b l e  s t a r t i n g  m a t e r i a l s ,  and can be s t o r e d  

under r e f r i g e r a t i o n  f o r  l o n g  p e r io d s  w ithout  d e t e r i o r a t i o n .

I n  a d d i t i o n ,  t h e  method i s  a s im p le  o n e - s t e p  process , ,  

p u r i f i c a t i o n  i s  f a c i l i t a t e d  by t h e  wa-t e r - s o l u b i l i t  y o f  

a l l  t h e  unwanted prod u cts  o f  t h e  r e a c t i o n ,  and a wide  

ran ge  o f  s u i t a b l e  k e t o n e s  a re  a v a i l a b l e  both  c o m m e rc ia l ly  

amd from F r i  ed e l - C r a f t  s r e a c t i o n s .
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! •  P r e p a r a t i o n  o f  t  rim e th y l  s i  l y l d i  a so methanes 59

2. R e a c t i o n s  o f  t r i  m e t h y l  s i  l y l d i a  zo methane: 59

(a ) p i t h  c y c lo h e x a n o n e :

( i ) a n d  p o ta ss iu m  t - b u t o x i d e

( i i )  and p o ta ss iu m  h y d r o x id e

( i i i )  and n - b u t y l  l i t h i u m 6o

( i v )  and t r i  e thy loxon ium  f l u o r o b o r a t e 6o

0 0 p i t h  benzopheno ne:

( i )  w i th out  added b a se 6l

( i i )  and p o ta ss iu m  h y d r o x id e

( i i i )  and t r i  e t h y l  ami ne

( i v )  and n - b u t y l  l i t h i u m 62
(v )  and p o ta ss iu m  t - b u t o x i d e 63

( v i ) a n d  t r i  e t h y l  oxonium f l u o r o b o r a t e

( v i i )  and boron t r i f l u o r i d e  e t h e r a t e 64

(<0 w it h  a c e to p h en o n e 64

(« ) w i t h  d i - t - b u t y l  k e to n e 65

( e) p i t h  b e n z i l

( f ) •with b e n z a ld e h y d e 66

(e) v a t h  c y c lo d o d e ca n o n e 67

3• P r e p a r a t i o n  o f  d im eth y l  phos pho no. di  a zo methane

and di  et hy l  pho s pho no di a zo n et h a n e : 68

4.  Re a c t i o n s  o f  dim et hy l  nho s pho no di azomethane:

( a ) v a t h  benzopheno ne:

( i  ) and n-but  y l  l i  t  Iii um 70

( i i )  and p o ta ss iu m  t - b u t o x i d e

( i i i )  and sodium e t h o x id e 71

( i v )  and methyl magnesium c h l o r i d e 71
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(v )  and DSIT

( v i )  and pi p er i  di ni um a c e t a t e

( v i i )  and d i  e t h y l  ami ne

( v i i i ) a n d  t  r i  et hy l  o xo ni um f l  uo ro ho r  at e

(b )  i / i t h  h e n z i l :

( i )  and n - b u t y l  l i t h i u m  

( i  i  ) and d i  et hy l  ami ne

( c )  w i th  a ce to p h e n o n e :

( i )  and n - b u t y l  l i t h i u m

( i i )  and pot as s i  tun t - b u t o x i d e

( i i i )  and Sodium e t h o x i d e

( i v )  and l i t h i u m  d i - i s o - p r o  pyl amide  

( v ) and d i  et hy l  ami ne

(d )  -with 1 1 3 - d i p h e n y l - p r o p - 2 - y n - 1 -o n e  

(  e) - w i t h  d i - t - b u t y l  k e to n e

( f )  -with phenyl a c e t a l d e h y d e

( g )  -with c innamaldehyde

^ ♦R ea ct io n s  o f  di  e t h y l  pho s pho no di  a zom e thane:

( a )  u i t h  benzophenone:

( i )  and n - b u t y l  l i t h i u m

( i i )  and l i t h i u m  d i - i  So-pro Pyl amide

( i i i )  and sodium h y d r o x id e

(b )  -vjith phenyl b en z y l  k e to n e :

( c) u i t k  d i - b e n z y l  k e to n e :

( d )  u i t h  d i - c y c l o h e x y l  k e to n e :

72

73

74

75

I S

77

78

79

80

81



56

6« P r e p a r a t i o n  o f  a c e t y l e n e s :

G enera l  method 81

(a )  D i - p - t o l y l  a c e t y l e n e  82

(h) p- Chi oro  phenyl phenyl a c e t y l e n e  

( c)  m-I3Ltro phenyl phenyl a c e t y l e n e  v 83

(d )  p -P h en y l  e th y n y l  a n i s o l e

( e) D i - 2 - n a p h t h y l  a c e t y l e n e  - 84

(* )  p -  Phenyl e t h y n y l - b e n z o  pheno ne and

p - b i  s - ( phenyl e t h y n y l ) - “benzene:  84

- ( g )  2 -P h en y l  e th y n y l - th io -p h e n e  85

(h) 3~Phenyl e t h y n y l - p y r i d i n e  86

( i )  C y c lo h ex y l  phenyl a c e t y l e n e  86 

7 ,  D i e t h y l  [ l - d i azo -  2- h y d r o x y -  2~ ( 4-  n i t  rp phenyl )j -

et h y l  ■ pho s pho nat e ;

( a )  P r e p a r a t i o n  87

(b )  R e a c t i o n  w i th  p o ta ss iu m  t - b u t o x i d e

( c)  R e a c t i o n  w i th  sodium h y d r o x id e  88

(d )  R e a c t i o n  w i t h  DBN

( e )  R e a c t i o n  w i th  b i s - (  a c e t y l  a c e t o n a to  ) - C o p p e r ( l l  )

( f )  R e a c t i o n  o f  o c -d i  e t h y l  pho spho no-  p - n i t r o -  

a c e ta p h e n o n e  w i t h  p o ta ss iu m  t - b u t o x i d e  89

( g )  P r e p a r a t i o n  0 f  p - n i t r o p h e n y l  a c e t y l e n e  89
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EXPiBm rp P fA L  

M e l t i n g  p o i n t s  were r e c o r d e d  on  a K o i l e r  

h o t - s t a g e  a p p a r a tu s .  I , r ,  s p e c t r a  were r e c o r d e d  on  a 

Pye Unlearn SP1000 o r  o n  a Per k in -E lm er  225 doubl e-beam, 

s p e c tr o p h o to r a e te r  and a r e  f o r  l i q u i d  f i l m s ,  u n l e s s  

o t h e r w i s e  s t a t e d .  U . v .  s p e c t r a  were r e c o r d e d  on  a Pye 

U n i  cam SP60O s p e c tr o  p h otom eter .  - Ê n .m .r .  s p e c t r a  were  

measured o n  a V a r ia n  T-60 60 MHz. o r  on  a V a r ia n  HA 100  

100 MHz. s p e c t r o m e t e r ,  w i t h  t  e t r  am e t h y l  s i l  ane as i n t e r n a l
1 Z ' ,

r e f e r e n c e ,  u n l e s s  o t h e r w i s e  s t a t e d .  n .m .r .  s p e c t r a  were

measured o n  a V a r ia n  XL-100-12 PT s p e c t r o m e t e r ,  at  

n a t u r a l  abundance.  Raman s p e c t r a  were r e c o r d e d  on  a  

Spex Raraalog 4 l a s e r  s p e c t r o m e t e r .  Mass s p e c t r a  were  

d eterm in ed  on an A. E . r .  -G. E. C. MSI 2 s p e c t r o m e t e r .

A n a l y t i c a l  £ . 1  *>c. was performed’ on  Perkin*-Elmer F l l  

and Pye Argon gas  chromatographs 5 g . l . c .  y i e l d s  were  

n o r m a l ly  c a l c u l a t e d  r e l a t i v e  t o  d i p h e n y l  a c e t y l e n e  as  

i n t e r n a l  s t a n d a r d ,  assuming i d e n t i c a l  d e t e c t o r  r e s p o n s e ?  

i n  o t h e r  c a s e s ,  a s ta n d a r d  s o l u t i o n  o f  t h e  compound under  

a n a l y s i s  wa3 u se d  as e x t e r n a l  s ta n d a r d .

Kies  e l  g e l  G (Herek) was used  f o r  a n a l y t i c a l  

t . l . c . ,  w h i l e  K l e s e l g e l  HB254 (Merck) was u se d  f o r  

p r e p a r a t i v e  t . l . c .  L ig h t  petro leum  r e f e r s  t o  t h a t  f r a c t i o n  

which b o i l s  b e tw een  60 and 80 ° .  O rgan ic  s o l u t i o n s  were  

c o n c e n t r a t e d  on  a Buchi  r o t a r y  evap orator?  a l l  o r g a n i c  

s o l u t i o n s  were d r i e d  o v er  anhydrous magnesium s u l p h a t e ,  

u n l e s s  o t h e r w i s e  s t a t e d .

S o l v e n t s  were p u r i f i e d  b e f o r e  u s e  as  f o l l o w s :  

e t h e r ,  b e n z e n e ,  t o l u e n e  and x y l e n e  (AnalaR g ra d e )  were  

d r i e d  o v e r  sodium wire?  m e th y le n e  c h l o r i d e  was p e r c o l a t e d
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t h r o u g h  alturd na ( V/oeln b a s i c ,  g r a d e  I  ) i n n e d i  at  e l y  

"before use?  t  e trahydro  fu ra n  and 1 , 4 - d i o x a n  -were 

d i s t i l l e d  from l i t h i u m  aluminium h y d r i d e  i n  an atmosphere  

o f  n i t r o g e n ,  and s t o r e d  under n i t r o g e n  o v e r  m o le c u la r  

s i e v e s  (L in d e  t y p e  5A) $ a c e t o n i t r i l e  uas  d i s t i l l e d  from 

c a lc iu m  h y d r i d e  and s t o r e d  o v e r  m o le c u la r  s i e v e s  

( L in d e  t y p e  4A‘) 5 d im e th y l  s u l p h o x i d e  and h exam e t h y l -  

p h o s p h o r ic  t r i  amide were d r i e d  o v e r  m o le c u la r  s i e v e s  

( L in d e  t y p e  5A')*

:Vl vS.

'Ii.

■'if
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1 .  Pr  e p a r  a t  i  o n o f  t  r  i  m et  Ii y l  s 11 y l  d i  a zo m et  h a n e >

T r i m e t h y l s i l y l  d iazom eth an e  was prepared "by

a p u b l i s h e d  procedure'  , and was o b t a in e d  as a y e l l o w

o i l ,  b . p .  94-5°/755mm. , 2Cf6o, 1 2 5 0 ,  l o  50 , 840 c m ] ,/m a x
't'CCBClj) 1 0 . 0  (9H, s , Me S i ) ,  7 . 8  ( I f f ,  s ,  CHHp ( n o

t  etram e t h y l  s i  l a n e  added)

2. R e a c t i o n s  o f  t  rim e t h y l  s i  l y l  d iazom ethane  t  

( st) w i th  c y c lo h e x a n o n e :

( l )  and p o ta ss iu m  t - b u t o x i d e .  A s o l u t i o n  o f  

t r im  e t h y l  s i  l y l  d iazom e th an e  (2 3 0 m g . ,  2mmol.) i n  d ry  

b en zen e  ( 5  m l . )  was’ s t i r r e d  w i t h  p o ta ss iu m  t - b u t o x i d e  

( 229m g . ,  2 mmol.) f o r  5 min. , and a s o l u t i o n  o f  

f r e s h l y - d i s t i l l e d  c y c lo h e x a n o n e  (20 8 m g. ,  2 mmol.) i n  

e t h e r  ( 3  m l . )  was added.  A f t e r  1 8 h . ,  t h e  s o l u t i o n  was 

poured i n t o  w a t e r ,  t h e  o r g a n i c  l a y e r  s e p a r a t e d ,  t h e  

aqueous l a y e r  e x t r a c t e d  w i th  e t h e r  (2  x  5 m l . ) ,  t h e  

combined o r g a n i c  s o l u t i o n s  washed w ith  b r i n e ,  d r i e d  

and c o n c e n t r a t e d  i_n vacuo t o  g i v e  an o i l ,  shown by t . l . c .

( 5/j e t h y l  a c e t a t e / l i g h t  pe tro leum ) t o  c o n s i s t  l a r g e l y  

o f  u n r e a c t e d  c y c lo h e x a n o n e .

( i i )  and p o ta ss iu m  h y d r o x id e  s o l u t i o n , k  s o l u t i o n  

o f  t r i m e t h y l s i l y l d i a z o m e t h a n e  (230 m g . ,  2 mmol.) i n  

b en zen e  ( 5 m l . )  was s t i r r e d  v i g o r o u s l y  w i t h  aqueous  

p o ta ss iu m  h y d r o x id e  s o l u t i o n  (211, 1 . 5  m l . ,  3 mmol.) and 

a s o l u t i o n  o f  c y c lo h e x a n o n e  (206 m g . ,  2 mmol.) i n  e th er

( 5 m l . )  was added.

A f t e r  2 2h. , work-up ( a s  i n  s e c t i o n  2 ( a ) , .  ( i )  )

gave  an o i l ,  shown by t . l . c .  (5/^ e t h y l  a c e t a t  e / l i g n t

p e t r o l e u m )  t o  c o n s i s t  o n l y  o f  c y c l o h e x a n o n e .



2(a )  c t d .

( i i i )  and n - b u t y l  l i t  h i  T i m .  A s o l u t i o n  ©f 

t r i m e t h y l s i l y l d i a z o m  e th a n e  (230 mg*, 2 mmol*) i n  

ben zen e  ( 5 m l . )  was s t i r r e d  at room t e m p e r a tu r e  under  

n i t r o g e n ,  and t r e a t e d  w i th  a s o l u t i o n  o f  n - b u t y l  l i t h i u m  

i n  h exan e  ( 2*111?. 0 *95  m l . ,  2 mmol*)? t h e  y e l l o w  c o lo u r  

o f  t h e  s o l u t i o n  faded* and a f i n e  w h i t e  p r e c i p i t a t e  was 

formed.  On a d d i t i o n  o f  a s o l u t i o n  o f  cy c lo h e x a n o n e  (2 0 4 m g . ,

2 mmol.)  i n  e t h e r  ( 3 m l . ) ,  t h e  p r e c i p i t a t e  d i s a p p e a r e d  

and t h e  s o l u t i o n  r e g a i n e d  i t s  o r i g i n a l  c o l o u r .

A f t e r  21 h . , work-up ( a s  i n  2 ( a ) ,  ( i )  ) 

g a v e  an o i l ,  shown by p r e p a r a t i v e  t . l . c .  ( 5 e t h y l  

a c e t a t e / l i g h t  p e tro leu m )  to  c o n s i s t  a lmost  e n t i r e l y  

o f  c y c lo h e x a n o n e .

( i v )  and t r i  e t h y l  oxonium f l u o r o b o r a t e * A s o l u t i o n  

o f  c y c lo h e x a n o n e  ( 1 0 4  m g . ,  1 . 0 6  mmol.) i n  m e th y le n e  

c h l o r i d e  ( 5 m l . )  was s t i r r e d  at  0 ° under n i t r o g e n  and 

t r e a t e d  w i t h  t r i  e t h y l  oxonium f l u o r o b o r a t e 35 (a p p r o x .  2 m m o l . ) .  

A s o l u t i o n  o f  t r im  e t h y l  s i  l y l d i  azomethane (180 m g . ,  1 . 6  mmol.)  

i n  m e th y le n e  c h l o r i d e  ( 2 m l . )  was added,  and t h e  s o l u t i o n  

was s t i r r e d  f o r  l 6h .  Anhydrous sodium c a r b o n a te  (approx .

4 mmol.) was added,  and s t i r r i n g  was co n t in u e d  f o r  1 . 5h . ,  

a f t e r  which t h e  s o l u t i o n  was f i l t e r e d  and c o n c e n t r a te d  

i n  vacuo t o  g i v e  a brown o i l  (98  m g . ) ;  p r e p a r a t i v e  

t . l . c .  ( l o f i  e t h y l  a c e t a t e /  l i g h t  petro leum ) showed 

cy c lo h e x a n o n e  t o  be t h e  o n l y  s i g n i f i c a n t  component.



( i )  withoxit added “base .  A s o l u t i o n  o f  t r i m e t h y l -  

s i l y l  d iazom eth an e  ( 230 mg. , 2 mmol*) i n  "benzene ( 5 m l . )  

was t r e a t e d  w i th  a s o l u t i o n  o f  benzophenone ( 3&5 m g . ,

2 mmol*) i n  e t h e r  ( 4 m l . )  and s t i r r e d  f o r  18h .

The s o l u t i o n  was poured i n t o  w a t e r ( l 0  m l . ) ,  

t h e  o r g a n i c  l a y e r  s e p a r a t e d ,  t h e  aqueous l a y e r  e x t r a c t e d  

w ith  e t h e r  ( 2 x 5 m l . ) ,  t h e  combined o r g a n i c  s o l u t i o n s  

washed w i t h  b r i n e ,  d r ie d 1 and c o n c e n t r a t e d  i n  vacuo t o  

g i v e  an o i l ,  shown by g . l . c .  ( i f o  OV-17* 1 5 0 ° )  t o  c o n s i s t  

o n l y  o f  benzophenone .

( i i )  e,nd p otass iu m  h y d r o x id e  s o l u t i o n .  A s o l u t i o n  

of' t r i m e t h y l s i l y l d i a z o m e t h a n e  ( 230 m g . ,  2 mmol.) i n  

ben zen e  ( 5 m l . )  was s t i r r e d ’ V i g o r o u s l y  w i th  aqueous  

p o ta ss iu m  h y d r o x id e  s o l u t i o n  ( 2l£j 1 ml^,, 2 mmol.) and

a s o l u t i o n  o f  benzophenone ( 3^5 m g . ,  2 mmol.) i n  e t h e r  

( 4 m l . )  was added.  A f t e r  1 8 h . ,  work-up ( a s  i n  2 ( b ) ,  ( i )  ) 

gave  an o i l ,  shown by t . l . c .  ( 20/£ e t h y l  ace t  at e / l i g h t  

p etro leu m )  t o  c o n s i s t  o n l y  o f  benzophenone.

( i i i )  and t  r i  e t h y l  ami n e . A s o l u t i o n  o f  t r i m e t h y l 

s i l y l d i a z o m  eth an e  (230 m g. ,  2 mmol.) i n  benzene  ( 5 m l . )  

was t r e a t e d  w i th  t r i  e t h y l  amine ( 20 2 m g . ,  2 mmol.) and

a s o l u t i o n  o f  benzophenone ( 3^5 m g . ,  2 mmol.) i n  e t h e r  

( 4 m l . )  was, added.

A f t e r  2 1 h . ,  work-up ( as i n  2 ( b ) ,  ( i )  ) 

gave  unchanged benzophenone.



2 (b )  ct d,

C i  v )  and n-but y l  l i t  h i  un . A s o l u t i o n  o f  

t  r im et  h y l  s i  l y l  d iazom ethane  ( 114  mg. » 1 mmol.) i n  

b e n z en e  ( 5 ml*)  was c o o le d  to  0 ° ,  s t i r r e d  under n i t r o g e n ,  

and t r e a t e d  w i t h  a s o l u t i o n  of' n - b u t y l  l i t h i u m  i n  

hexan e  (2.111* o748 m l . ,  1 m m o l . ) .  A S o l u t i o n  o f  

benzophenone (182  m g . ,  1 mmol.)  i n  e t h e r  ( 5 m l . )  was 

added,  and t h e  s o l u t i o n  was a l lo w e d  t o  warm up t o  room 

t  em perature .

A f t e r  2 h . , work-up’ ( a s  i n  2 ( b ) ,  ( i ) )

g a v e  a y e l l o w  o i l  (20  2 m g . ) .  P r e p a r a t i v e  t . l . c .  ( 2 0 $

ethyl acetate/light petroleum) gave pure diphenyl

a c e t y l e n e  ( 6 0 m g. ,  3 4 $ ) ,  m.p. 6 0 -6 1 °  (aqueous  e t h a n o l )

( l i t 34 :- 6 2 .  5 ° )*  1 /  30 60 , 1600 , 1500 cm.**", Raman^max.
spectrum  ( s o l i d  s a m p le ) :  2240 ,  1608 I I 65 , 1017  cm7^, 

7^(CC14 ) :  2 . 7  ( s ,  C6H5 ) .

A- s o l u t i o n  o f  t r i m e t  h y l s i l y l d i & z o m e t h a n e  

( 170 m g . ,  1 . 5  mmol.) i n  e t h e r  ( 6 m l . )  was c o o l e d  t o  0 ° ,  

s t i r r e d  under  n i t r o g e n ,  and t r e a t e d  w i th  a s o l u t i o n  o f  

n - b u t y l  l i t h i u m  i n  hexane (2.1M* 0 . 7 6  m l . ,  1 . 5  m m ol . ) .

A s o l u t i o n  o f  benzophenone ( 182 m g . ,  1 mmol.) i n  e t h e r  

( 6 m l . )  was added, and t h e  s o l u t i o n  was a l lo w ed  to  

warn up t o  room t e m p e r a tu r e .

After 1 6 k . , work-up (as in 2 ( b ) ,  (i) ) 

gave a yellow oil ( 26o m g . ) .  Preparative t . l . c .

( 2 0 $  e t h y l  a c e t a t e / l i g h t  petro leum ) g a v e  pure d ip h en y l  

a c e t y l e n e  ( 1 4 5  m g . ,  8 0 $ ) ,  i d e n t i f i e d  by comparison  

( g . l . c . , 1 $  0V -17 ,  1 5 0 ° )  w i th  an a u t h e n t i c  sample .



2(b) ct d'#

( v )  and pot as slum • t - b u t  o x i d e .  A s o l u t i o n  o f

t rim ethyl si 1 yldi azom ethane ( 250 mg., 2 mmol.) in

b en zen e  ( 5 m l . )  was t r e a t e d  w i th  p o ta ss iu m  t - b u t o x i d e

( 227 m g . ,  2 m m o l . ) .  After  s t i r r i n g  fo r  5 m i n . ,  a

solution of benzophenone ( 56 5 mg., 2 mmol..) in

benzene ( 4 m l . )  was added. After 18h., work-up ( a s

i n  2 ( b ) ,  ( i )  ) g a v e  an o i l  (40 4 m g . , )  which showed

t h r e e  components  on g . l . c .  a n a l y s i s  ( 1 $  0 V -1 7 ,  1 5 0 ° ) .

The major component was d ip h e n y l  a c e t y l e n e  (1 8 7  m g . ,  5 2 $ ) ,

and u n r e a c t e d  benzophenone was a l so  r e c o v e r e d  (6 1  m g. ,

1 7 $ ) .  The t h i r d  component (21m g.)  was p u r i f i e d  by

p r e p a r a t i v e  t . l . c .  ( 2 0 $  e t h y l  a c e t a t e / l i g h t  p e tro leu m )

to give a white crystalline solid, m.p. 53-4° 9 Vm cLX •
1685 crrw1 , ^ ( C D C l ^ ) :  5 . 8  ( 2H, s , PhCHgCo), 2 . 8  

( 5̂ jp ® * 2 .6  ( 5H, m , 2 , 4 , 6  -  CgH^CO) and

2 .1  ( 2H, m , 5 , 5-C6H5CO) ,  which g a v e  a 2 , 4 - d i n i t r o -  

p h e n y l -h y d r a z o n e  m.p. 20 5 - 4 ° ,  and was i d e n t i f i e d  as 

phenyl  b e n zy l  k e t o n e  ( l i t ” : m.p. o f  DNP d e r i v a t i v e :

2 0 4 ° )  by com parison  ( g . l . c . ,  mixed m .p . )  w i t h  an a u t h e n t i c  

sam p le .  The y i e l d  o f  t h i s  component was th u s  6$.

( vi) and t ri et hyl 0 xo ni um fluoroborate A s 0 1 ut i o n 

of benzophenone (I50mg., 0.85 mmol.) in methylene 

chloride ( 5 ml.) was stirred at 0° under nitrogen and 

treated with freshly-pr epar ed tri ethyl oxonium fluoro

borate33 ( 500mg. , 1.6 mmol.). T rim ethyl si 1 yl di azom ethane 

(l80mg., 1.55 mmol.) was added, and the mixture was 

stirred l6h. at room temperature. Anhydrous sodium 

carbonate ( approx. 2 mmol.) was added, and the mixture 

was stirred for 2.5h*, filtered, and concentrated i n
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vacuo t o  g i v e  a brown o i l ,  shown by t . l . c .  ( 2 0 $  e t h y l  

a c e t a t e / l i g h t  p e tro leu m )  t o  c o n s i s t  o f  unchanged benzo

phenone.

( v i i )  and boron t r i  f l u o r i d e  e t h e r  a t e .  A' s o l u t i o n  

o f  benzophenone  (150 m g . ,  0 . 8 5  mmol.) and boron t r i f l u o r i d e  

e t h e r  a t e  (120 m g . ,  0 . 8 5  mmol.) i n  e t h e r  ( l .  5 m l . )  was 

s t i r r e d  under n i t r o g e n  at - 7 8 ° ,  and t r e a t e d  w i th  

t r i m e t h y l s i l y l d i a z o m e t h a n e  (9 5  m g . ,  0 . 8 5  m m o l . ) .  The 

m ix t u r e  was s t i r r e d  at - 7 8 °  f o r  10 m i n . ,  t h e n  at room 

t e m p e r a t u r e  f o r  1 . 5 h .  , and t h e n  t r e a t e d  w i t h  s a t u r a t e d  

sodium b i c a r b o n a t e  s o l u t i o n  and s t i r r e d  l 6 h .  at room 

t e m p e r a t u r e .  The o r g a n i c  l a y e r  was s e p a r a t e d ,  t h e  

aqueous l a y e r  e x t r a c t e d  w i th  e t h e r  ( 2  x 5 m l . ) ,  t h e  

combined o r g a n i c  s o l u t i o n s  washed w i t h  b r i n e ,  d r i e d  and 

c o n c e n t r a t e d  i n  vacuo t o  g i v e  a y e l l o w  o i l  ( 1 5 7  mg.)  

shown by  t . l . c .  ( 2 0 $  e t h y l  a c e t a t e / l i g h t  pe tro leu m )  

t o  c o n s i s t  o f  unchanged benzophenone.

( c) w i t h  a c e to p h e n o n e :  A s o l u t i o n  o f  t r i m e t h y l s i l y l 

d ia z o m e th a n e  ( 132 m g . ,  1 . 1 5  mmol.) i n  e t h e r  ( 5 m l . )  

was c o o l e d  t o  0 ° ,  s t i r r e d  under n i t r o g e n ,  and t r e a t e d  

w ith  a s o l u t i o n  o f  n - b u t y l  l i t h i u m  i n  hexane ( 2.1M,

0 . 5  m l . ,  1 . 0 5  m m o l . ) .  A s o l u t i o n  o f  f r e s h l y - d i s t i l l e d  

a c e to p h e n o n e  (10 0 m g . ,  0 . 8 5  mmol.) i n  e th e r  ( 3 ml •)  was 

added ,  and t h e  c o o l i n g  bath  removed.  A f t e r  30 m i n . ,  t h e  

s o l u t i o n  was t r e a t e d  w i t h  w ater  ( 5 m l . ) ,  t h e  o r g a n i c  

l a y e r  s e p a r a t e d ,  t h e  aqueous l a y e r  e x t r a c t e d  w i th  e th e r  

(2  x 5 m l . ) ,  t h e  combined o r g a n i c  s o l u t i o n s  washed w ith  

b r i n e ,  d r i e d  and c o n c e n t r a t e d  i n  vacuo t o  g i v e  an o i l  

( I 63 m g . ) .  P r e p a r a t i v e  t . l . c .  ( 2 0 $  e t h y l  a c e t a t e / l i g h t
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p e t r o l e u m )  g a v e  a c e t o p h e n o n e  (70mg. j .  7 0 $ ) ,  i d e n t i f i e d  b y  

com par ison  w i th  an a u t h e n t i c  sa m p le ,  and a s m a l l  amount 

o f  a s u b s t a n c e  presumed t o  be 1 - p h e n y l  p ropyne ,  from i t s

i . r .  spectrums y max# 3080 ,  2970 , 2265 ,  2230 ,  1600 , 

1500 cm! 1

(d)  w i th  d i - t - b u t y l  k e to n e r

A s o l u t i o n  o f  t  r i m e t h y l s i l y l d i a z o m e t h a n e  

(360 m g . ,  3 f l  mmol.) i n  30$ h exam e t h y l  p h o sp h o r ic  t r i a m i d e  

(HMPT) i n  THP ( 5m l. )  was t r e a t e d  , at 0 °  w i th  s t i r r i n g  

i n  an a tm osphere  o f  n i t r o g e n ,  w i th  a s o l u t i o n  o f  n - b u t y l  

l i t h i u m  i n  hexan e  ('2.1M;; 1 . 4 m l * ,  2 . 9 4  m m ol . ) .  A‘ s o l u t i o n  

o f  d i - t - b u t y l  k e t o n e  (1 3 0 m g . ,  0 . 9  mmol.) i n  30$ HMH1 /THP 

( 5 m l . )  was added,  t h e  c o o l i n g  b a th  was removed,  and 

s t i r r i n g  was c o n t in u e d  f o r  16 h* TJork-up ( a s  i n  2 (c )  ) 

g a v e  an o il , . ,  shown by t . l . c .  ( 1 0 $  e t h y l  a c e t a t e / l i g h t  

p e tr o leu m )  t o  c o n s i s t  o f  unchanged d i - t - b u t y l  k e t o n e .

( e )  wit  h b e n z i l :

A s o l u t i o n  o f  t r i m e t h y l s i l y l d i a z o m e t h a n e  

(137  m g . ,  1 . 2  mmol.) i n  e t h e r  ( 5  m l . )  was c o o le d  t o  0 ° ,  

s t i r r e d  i n  an atmosphere  o f  n i t r o g e n ,  and t r e a t e d  w ith  

a s o l u t i o n  o f  n - b u t y l  l i t h i u m  i n  hexane (2*3l/[j 0 . 6 m l . ,  

1 . 3 8  mmol. )#  A s o l u t i o n  o f  b e n z i l  ( l 6 4 m g . ,  0*75  mmol.)  

i n  e t h e r  ( 5 m l . )  was added; t h e  c o lo u r  o f  t h e  s o l u t i o n  

changed to  r e d ,  brown and e v e n t u a l l y  b la c k .  A f t e r  10 

m i n . ,  work-up ( as i n  2 ( c )  ) g a v e  a brown o i l  (2  20 mg.)  

P r e p a r a t i v e  t . l . c .  ( 2 0 $  e t h y l  a c e t a t e / l i g h t  petro leum)
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g a v e  1 , 3 - d i  p h en y l -p ro  p - 2~ y n - l~ o n e 3b l o  (90  mg. , 59/ )  aa 

an o i l ,  y m&x  2215 * 1645  cnu1 , ^  (CDCl^) 2 . 7 5  ( s ) >

and a more p o la r  compound, an impure y e l l o w  s o l i d ;  

s u c c e s s i v e  t r i t u r a t i o n  w i th  p e n t a n e ,  1 : 1  et h e r /p e n t  ane 

and e t h e r  removed t h e  y e l l o w  i m p u r i t y ,  and r e c r y s t a l l i s a t i o n  

from e t h e r / p e n t  ane g a v e  a w h i t e  s o l i d  ( 20m g . ) ,  m.p.

1 6 2 - 4 ° ,  Vmax (C0 1 / )  3460 , 3260b , 3060 , 2960 ,  1665  ,
_ i  -  Etoir

1 2 4 5  , 1165  , 910 cm. , 2 5 3 (1  = 7450) and* * m cijc

212(£t=;1536o)nm .,  ^ ( C P C l ^ ) :  9*7 (9E ,  s , Me^Si) ,

2 .7  ( 6H, bs , and Eg, one H exchanges  w i th  " D p )  ,

2 . 5  (5H, m , 2 , 4 , 6 - C 6E5 C0) and 1 . 9  ( 2H, m , 3 , 5 - 0 ^ 0 0  )*

M+ : 3 2 0 1 t h i s  compound was t h e r e f o r e  i d e n t i f i e d  as  

5 - b e n z o y l ,  4 - P k e n y l ,  3 -^r i m e t h y l s i l y l - ( l E ) —p y r a z o l e  1 2 . 

(Found:- C, 7 0 . 8 ;  H, 6 . 6 6 ; IT, 8 .35* ^19^ 20^2®^^

C, 7 1 . 2 ;  H, 6.29?; N, 8 .7 4 * )  The y i e l d  o f  t h i s  compound 

was t  hus 8fol 

i £ L  w i th  b en za ld  eh y d e:

A s o l u t i o n  o f  t r i m e t  hy l  s i  l y l  d iazom ethane  

( 2 2 8  m g . ,  2 mmol.)  i n  b en zen e  ( 5  m l . )  was s t i r r e d  under  

n i t r o g e n ,  c o o le d  to  0° and t r e a t e d  w i th  a s o l u t i o n  o f  

n - b u t y l  l i t h i u m  i n  hexane ( 2. I E 5 0 *9  ̂ m l . ,  2 mmol.) •

A S o l u t i o n  o f  f r e s h l y - d i s t i l l e d  b e n z a ld e h y d e  (106 m g . ,

1 mmol.)  i n  e t h e r  ( 5  m l . )  was added,  and t h e  c o o l i n g  b a t h  

was removed.  A f t e r  18 h. ,* work-up ( a s  i n  2 ( c )  ) g a v e  an 

o i l  which showed two components on t . l . c .  (lO/-* e th y l  

a c e t a t e / l i g h t  p e t r o l e u m ) ;  t h e  l e s s  p o la r  component was

an o i l  V  1 2 6 o ,  10 80 and 860 cm.  ̂ ^  ( CP Cl -z) 9*9 
^  m ax '

(9H, s , II e 7S i ) ,  4 - 3  (2H, s , PhCHp0 ) ,  2 .6  ( 5H, m , Ph)> c~
and was i d e n t i f i e d  as b e n z y l o x y - t r i m e t h y l s i l a n e  by



g . l . c .  co ei p ar i  s o n  ( l ' j  O V - l ,  85°)  w i th  an a u t h e n t i c  

sample* t h e  more P o la r  component was a y e l l o w  o i l *

Vmax 21 4 0 ,  1 6 3 0 ,  1580 cnr1 , 't'CCDClj) 5 . 7  (1H, S: ,

CHIT2) and 2 . 6  ( 5E, n * PhCO-)* and was i d e n t i f i e d  ; 

as p £ - d i a s o - a c e t o  pheno ne 1 5  hy com parison  w i t h  an  

a u t h e n t i c  cam ple .  The *̂ E n.rn.r .  spectrum  o f  t h e  product  

m ix t u r e  showed t h a t  t h e s e  compounds were p r e s e n t  i n  

a p p r o x i m a t e l y  equ im olar  amounts’,

( g )  w i th  c v c l o  dodeoano ne.

A s o l u t i o n  o f  t r i m e t k y l s i l y l d i a z o m e t h a n e  

(1 1 5  mg. 9 I  m m ol . ) i n  ben zen e  ( 2 . 5  m l . )  was s t i r r e d  under  

n i t r o g e n ,  c o o le d  t o  0 °  and t r e a t e d  w i th  a S o l u t i o n  o f  

n - b u t y l  l i t h i u m  i n  hexane ( 2 . HI; 0 . 4 8  m l . ,  1 m m o l . ) .

A s o l u t i o n  o f  c y c lo d o d e c a n o n e  (18  2 m g . ,  1 mmoli) i n  

e t h e r  ( 2  m l . )  was added,  and t h e  c o o l i n g  ba th  was removed.

A f t e r  18  h .  ,  work-up ( a s  i n  2 ( c )  ) ga v e  an 

o i l ,  shown by  t . l . c .  (1 0 ^  e t h y l  a c e t a t e / l i g h t  pe tro leu m )  

to  c o n s i s t  m a in ly  o f  c y c lo d o d e c a n o n e .



5. P r e p a r a t i o n  of di m et h y l  pho spho nodi a zo m ethane '4 and 

di et liyl pho spho no di a zom et h ane,

A solution of E-(bromomethyl-) phthalirnide” 

(l20g., 500 nmol*) in dry xylene ( 580ml.) was stirred 

in an atmosphere of nitrogen, and heated to 120°.

Trimethyl phosphite (59 ml., 62g. , 500 mmol.-) was added 

dropwise, and the solution was heated at reflux for 5h. , 

and allowed to cool overnight. Light petroleum (490 ml.) 

was added slowly, with stirring, and the solution was 

allowed to stand for 2h. The precipitated solid was 

filtered off and dried in an evacuated desiccator to 

give E-(dimethyl pho s pho no-met hyl-) pht halimide as white 

crystals ( l l6g , , 86$) m. p. 112-4° (lit'J 114 -5°).

This compound was dissolved in methanol (4 3 5  ml.) and 

the solution treated successively with hydrazine hydrat e 

(21.5g*> 430 mmol.) and acetic acid (50 ml.), and 

heated lh. at reflux. The solution was cooled to -5 ° *  

filtered and concentrated in vacuo at 30°* the residue 

was taken up in a' solution of acetic acid (50 ml.) in 

water (4 50 ml.) and extracted with methylene chloride 

(4 x 50 ml.)* the aqueous layer was then filtered and - 

stirred vigorously at -5° with methylene chloride (280 ml.). 

A Solution of sodium nitrite (30g. , 434 mmol.) in 

water (75 ml.) was added, and stirring and cooling was 

continued for lh. The methylene chloride layer was 

separated, and the aqueous layer extracted with 

methylene chloride (4 x 80ml.)* the combined organic
r*

extracts were washed wiith saturated sodium bicarbonate 

solution (5 x 50 ml.), dried over sodium sulphate and 

concentrated in vacuo at 30 to give crude dim eu hyl-



69
pho s pho n o - d i a z o  in e t h a n e  a a  a n  o r a n g e  o i l  ( 2 3 *7g . ,

158 mmol*, 37£/j) • The crude product  was d i s s o l v e d  i n  

e t h e r  ( 50 m l . ) , .  f i l t e r e d  t h r o u g h  a s h o r t  column o f  

a lumina ( 7,'oelm n e u t r a l ,  g r a d e  I I I ) ,  and t h e  s o l u t i o n  

c o n c e n t r a t e d  i n  vacuo at 30° • D i s t i l l a t i o n  g a v e  pure  

d im e th y l  ph osp h on o-d iazom eth an e ,  b . p .  59° (O.lmm* Eg*) 

as  a y e l l o w  o i l  ( l 0 . 5 g » »  70 mmol*, 16$) 2110

and 1250 cm7, %  (CDCip 6 . 3  (6H, d , J = 1 1 . 5  H z . ,

CH 0 - P ( 0 ) -  ) and 5 -5  (1H, d , J = l l  H z . ,  ~CH1T2 ) .

Di e t h y l  phpsphonodiazomethane was prepared  by a p u b l i sh e d
3 7

procedure from E-(bro mo methyl)-pht halimide (70g., 291 

mmol*) and triethyl phosphite ( 5 2  ml., 4 9 *7g., 299 mmol*), 

and was obtained as a yellow o il ,  b*p. 52° (0.1 mm. Eg.) 

(I 5 . 8g., 89 mmol., 31 #) * Vmax 211 ̂  and 1253 cm~"> 

d n.m.r. : ^ (C ^ D 5 ) 16.29 (d, = 6 .6  Ez. ,

CE5) , 2 9 . 6 4  ( d ,  1 J ]p_ c = 225 .9  H z . ,  CEE2) and

6 2 . 4 4  ( d ,  2J = 5 .1  E z . ,  CHoO )
P— C "* *
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4» R e a c t i o n s  o f  d im e t h y l  phosphonodiazometihanet  

(a )  w i th  benzo phenone:

( i )  and n - b u t y l  l i t h i u m .  A' s o l u t i o n  o f  d i m e t h y l -  

pho s pho no di a zom et h an e ( 1 6 5  mg.,. 1 . 1  mmol.) i n  TEF (5  m l . )  

was s t i r r e d  at - 78° under n i t r o g e n ,  and t r e a t e d  w ith

a s o l u t i o n  o f  n - b u t y l  l i t h i u m  i n  h exan e  ( 2M* 0 . 6m l . ,

1 . 2  m m o l . ) ;  t h e  c o lo u r  o f  t h e  s o l u t i o n  changed from y e l l o w  

t o  r e d .  A s o l u t i o n  o f  benzo phenone (140 m g. ,  0 . 7 7  mmol.)  

i n  TEF ( 5  m l . )  was added,  and t h e  c o o l i n g  ba th  was 

removed.

A f t e r  l 6h . ,  t h e  s o l u t i o n  was poured i n t o  

w ater  ( 5 m l . ) ,  t h e  o r g a n i c  l a y e r  s e p a r a t e d ,  t h e  

aqueous l a y e r  e x t r a c t e d  w i th  e t h e r  ( 2  x 5m l . ) and t h e  

combined o r g a n i c  s o l u t i o n s  washed w i t h  b r i n e ,  d r i e d  and 

c o n c e n t r a t e d  i n  vacuo t o  g i v e  a y e l l o w  s o l i d .  P r e p a r a t i v e  

t . l . c .  ( 20^ e t h y l  a c e t a t e / l i g h t  petro leum) g a v e  pure  

d ip h e n y l  a c e t y l e n e  as a w h i t e  c r y s t a l l i n e  s o l i d  (106 m g. ,  

79^) m.p.  6o - 6l °  ( l i t 3̂  6 2 . 5°)  > i d e n t i f i e d  by comparison  

w ith  an a u t h e n t i c  sam ple .

The above experiment was r e p e a t e d ,  u s i n g  

95 mg. dim et h y l  pho s pho no di  azom et hane ( 0 . 6 3  m m o l . ) ,  t h e  

e q u i v a l e n t  amount o f  n - b u t y l  l i t h i u m  i n  h ex a n e ,  and 52 mg. 

benzophenone ( 0 . 2 9  mmol.)*  t h e  product  was a n a ly se d  by 

g . I . e .  ( 1 #  0 V -1 ,  1 2 5 ° ) .  The y i e l d  o f  d ip h en y l  a c e t y l e n e

was 48 mg. ( 9 4 /0 *

( i i )  and p o ta ss iu m  t - b u t o x i d e .  A s o l u t i o n  o f  

dim et h y l  pho s pho no di  azom et hane (1 5 3  m g. ,  1 . 0 2  mmol.) i n  

TEF ( 5  m l . )  was s t i r r e d  at - 7 8 °  under n i t r o g e n  and t r e a t e d  

w ith  a s u s p e n s i o n  o f  p otass ium  t - b i i t o x i d e  (119 m g . ,  1 . 0 6
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m m o l . )  i n  THF ( 5  m l . ) .  A' S o l u t i o n  o f  b e n z o  ph. eno no 

( 1 0 7  m g . ,  0 . 5 9  mmol.) i n  THF ( 5  m l . )  was added,  and t h e  

c o o l i n g  b a th  was removed.

A f t e r  l 6 h .  , work-up ( a s  i n  s e c t i o n  4 ( a ) ,  ( i )  ) 

g a v e  a y e l l o w  s o l i d  (1 0 4  m g . ) .  P r e p a r a t i v e  t . l . c .

( 20 $  et h y l  ac et  at e / l  i  ght p et ro 1 eum) g av e pur e di  ph en y l  

a c e t y l e n e ,  m . p . 60- 6l °  ( l i t 3." 6 2 . 5 ° )  , i d e n t i f i e d  by

com parison  w i th  an a u t h e n t i c  sample .

( l i i )  and sodium e t h o x l d e .  A s o l u t i o n  o f  

d im eth y l  pho spho nodi a zom ethane  ( I 32m g. ,  0 . 8 8  mmol.) and 

benzo phenone ( 150 m g . ,  0 . 8 2  mmol.) I n  dry  e th a n o l  (7  m l . )  

was t r e a t e d  w i th  a S o l u t i o n  o f  sodium e t h o x id e  ( 0 . 8 2  mmol.)  

I n  e t h a n o l  ( 3  m l . )  and h e a te d  at r e f l u x  for  2h. The 

s o l u t i o n  was c o o l e d ,  poured i n t o  w ater  (25  m l . )  and 

e x t r a c t e d  w i th  e t h e r  ( 3 x 10 m l . ) .  The combined 

e t h e r e a l  e x t r a c t s  were washed w ith  b r i n e ,  d r i e d  and x- 

c o n c e n t r a t e d  i n  vacuo t o  g i v e  a c o l o u r l e s s  o i l  (1 1 7  m g . ) .  

P r e p a r a t i v e  t . l . c .  ( 2 0 $  e t h y l  a c e t a t e / l i g h t  petro leum )  

g a v e  d ip h e n y l  a c e t y l e n e  (8 m g . ,  5$) &ud unchanged  

benzo phenone ( 98 m g. ,  65$) > b o th  o f  which were 

i d e n t i f i e d  by comparison  w ith  a u t h e n t i c  sam ples .

( H i -  and met hy l  magnesium c h l o r i d e .  A S o l u t i o n  

o f  dimet h y l  pho s pho no di  azom ethane ( 250 mg.,. 1 . 6 6  mmol.)  

i n  THP (6  m l . )  was s t i r r e d  at - 7 8 °  under n i t r o g e n  and 

t r e a t e d  w i th  a s o l u t i o n  o f  methylmagnesium c h l o r i d e  

( 3T.I; 0 . 5 5  m l . ,  I . 6 5  mmol.) . A f t e r  lo m in .  , a S o l u t i o n  

o f  benzophenone  (26 5 m g. ,  1 . 4 5  mmol.) i n  THF ( 5 m l . )  

was added,  and t h e  c o o l i n g  bath  was removed.

A f t e r  1 6h . , work-up ( a s  i n  4 ( a ) , ( i )  ) gave  

a y e l l o w  o i l  ( 248 rag.) .  P r e p a r a t i v e  t . l . c .  ( 2 0 $  e t h y l
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a c e t a t e / l i g h t  p e t r o l e u m )  g a v e  u n c h a n g e d  b e nz o  p h e n o n e  

( 1 3 5  m g . ,  50$) and d ip h e n y l  a c e t y l e n e  ( 9o m g . ,  35$ ) ,  both  

o f  which were i d e n t i f i e d  by com parison  w i th  a u t h e n t i c  

sampl e s .

■ ( v)  and D3IT. A s o l u t i o n  o f  di  met h y l  pho spho no-  

d ia zo m eth a n e  (290 m g . ,  I . 9 4  mmol.) and benzo phenone  

( 19 5 m g . ,  1 . 0  5 mmol.) i n  TEF ( 10 m l . )  was t r e a t e d  

w i t h  DB1T ( 240 m g . ,  1 . 9  2 mmol.) and s t i r r e d  f o r  l 6h.

77at er  ( 5 m l . )  was added,  t h e  m ix t u r e  was s t i r r e d  f o r  

5 min. , t r e a t e d  w i th  s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n  

( 10 m l . )  and e x t r a c t e d  w i th  perrfcane ( 4 x 5 m l , ) *  t h e  

combined o r g a n i c  e x t r a c t s  were washed w i th  b r i n e ,  d r i e d  

asad c o n c e n t r a t e d  i n  vacuo t o  g i v e  an o i l  ( 156  m g . ) ,  

shown by t . l . c .  ( 20$ e t h y l  a c e t a t e / l i g h t  pe tro leu m )  to> 

c o n s i s t  o n l y  o f  benzo phenone.

The above experiment was r e p e a t e d ,  u s i n g  

20$ EMIT i n  THF as s o l v e n t ;  t h e  same r e s u l t  was o b s e r v e d .

The above experiment was r e p e a t e d ,  u s i n g  

20$ EMIT i n  TEF as  s o l v e n t ,  i n  t h e  p r e s e n c e  o f  l i t h i u m  

p e r c h l o r a t e  (21 2  m g . ,  1 . 9  3 mmol. )*  t h e  same r e s u l t  was 

o b s e r v e d .

( y j  ) and pi p er i  di nlurn ac et  a t  e . To a s o l u t i o n  o f

p i p e r i d i n e  ( 9 4  m g. ,  1 . 1  mmol.) and a c e t i c  a c id  (66 mg.,

1 . 1  mmol.) i n  TEF ( 10 m f . )  were added dim e t h y l  pho spho no-  

d ia zo m e th a n e  ( 145  m g . ,  0 . 9 7  mmol.) and benzo phenone 

(150  m g . ,  0 . 8 3  m m ol . ) .  A f t e r  s t i r r i n g -  fo r  l 6h . , t . l . c .

( 20$ e t h y l  a c e t a t e / l i g h t  pe tro leum ) showed t h a t  no change  

had t a k e n  p l a c e .  The s o l u t i o n  was t h e n  h e a te d  under r e f l u x  

f o r  8 d a y s ,  c o o l e d ,  and t r e a t e d  w i th  b r i n e  (10  m l . ) *  t h e  

o r g a n i c  phase  was s e p a r a t e d ,  t h e  aqueous phase e x t r a c t e d  

w ith  e t h e r  (5  x 5ml.)  > t h e  combined o r g a n ic  s o l u t i o n s
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washed w i t h  b r i n e ,  d r i e d  and c o n c e n t r a t e d  i n  vacuo to  

g i v e  an o i l ,  shown by t . l . c .  to  c o n s i s t  o f  benzophenone.

(v i i )  and di  e t h y l  amine.  To a s o l u t i o n  o f  dim e t h y l -  

pho spho no d ia zo m e th a n e  ( 16 7  m g. ,  1 . 1  mmol.) and 

benzophenone (17 5  m g . ,  0 . 9 & mmol.)  i n  a c e t o  n i t  r i l e  

( 5 m l . )  was added d i e t  h y l  amine ( 25m g . ) ,  and t h e  s o l u t i o n  

was s t i r r e d  o v e r n i g h t ,  poured i n t o  water ( 5 m l . ) ,  

e x t r a c t e d  w i th  p en ta n e  ( 3 x  5 m l . ) ,  t h e  combined 

o r g a n i c  e x t r a c t s  washed w i th  b r i n e ,  d r i e d  and c o n c e n t r a te d  

i n  vacuo t o  g i v e  a c o l o u r l e s s  o i l  ( 1 6 8  m g . ) ,  shown by 

t . l . c .  ( 20$  e t h y l  a c e t a t e / l i g h t  p e tro leu m )  t o  c o n s i s t  

o f  benzo phenone.

The above experiment was r e p e a te d  i n  t h e  

p r e s e n c e  o f  l i t h i u m  p e r c h l o r a t e  (120  m g . ,  1 . 1 2  mmol.)?  

t h e  same r e s u l t  was o b s e r v e d .

A' s o l u t i o n  o f  benzo p h en o n e ' ( 60 m g . ,  0 . 3 3 '  

mmol.) i n  1 , 4 - d i o x a n  ( 1 2  m l . )  was s t i r r e d - u n d e r  n i t r o g e n  

and t r e a t e d  w i t h  s i l v e r  hept a f lu o r o b u t y r a t  e ( 5  mg.)?  

dim e t h y l  pho spho no d iazom ethane  (60 m g , ,  0 . 4 0  mmol.) and 

d i e t h y l a m i n e  (10 m g.)  were added, and t h e  s o l u t i o n  was 

h e a t e d  l 6 h .  at r e f l u x ,  c o o l e d ,  and t h e  su p e r n a ta n t  l i q u i d  

removed and c o n c e n t r a t e d  i n  v a c u o . The gummy r e s i d u e  was 

e x t r a c t e d  w i th  t o l u e n e  ( 5 m l . )  and t h e  e x t r a c t  

concentra/t  ed i n  vacuo t o  g i v e  an o i l ,  shown by t . l . c .  to  

c o n s i s t  o n l y  o f  benzophenone.

( v i l i )  and t r i  e thy loxon ium  f lu p r o b o r a t  e.  A s o l u t i o n  

o f  benzophenone (175  m g . ,  0 . 9 6  mmol.) i n  m e th y le n e  

c h l o r i d e  ( 5 m l . )  was s t i r r e d  at 0° under n i t r o g e n  and
33

t r e a t e d  s u c c e s s i v e l y  w i th  t r i  ethyloxonium  f lu o r o  b o r a t e  

( 30 0 mg. , 1 . 6  mmo 1 .  ) and dim et hy l  pho s pho no di a som et han e
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( 250 mg. 5 3. * 6 7 mmo 1 •)  • A i t  er 16-h. , et h er  ( 20 ml * ) was 

added,  and t h e  su p e r n a ta n t  l i q u i d  decan ted ?  t h e  r e s i d u e  

was washed w ith  e t h e r  (10 m l . ) ,  and t h e  combined s o l u t i o n s

were c e n t r i f u g e d ,  d e c a n t e d ,  d r i e d  and c o n c e n t r a t e d  i n  

vacuo t o  g i v e  a c o l o u r l e s s  o i l ,  shown by  t . l . c .  ( 2 0 $  

e t h y l  a c e t a t e / l i g h t  p e tro leu m )  t o  c o n s i s t  o f  benzophenone^

f b ) wit  h b en z i  1 r

( i )  and n - b u t y l  l i t h i u m .  A' s o l u t i o n  o f  dim e t h y l -  

pho spho no d iazom eth an e  (550 m g . ,  3 . 7  mmol.)  i n  THF ( 5 m l . )  

was s t i r r e d  at - 7 8 °  under  n i t r o g e n  and t r e a t e d  w i th  a 

s o l u t i o n  o f  n - b u t y l  l i t h i u m  i n  hexane  (2.3M? 1 . 2  m l . ,

2 . 7 6  mmol.)  t o  g i v e  a c lo u d y  y e l l o w - o r a n g e  s o l u t i o n *  

a f t e r  5 min. , a s o l u t i o n  o f  b e n z i l  (150 m g . ,  0 . 7 2  mmol.)  

i n  TEF ( 3  m l . )  was added, and t h e  c o o l i n g  b a th  was removed* 

t h e  c o l o u r  o f  t h e  s o l u t i o n  changed to* p u r p le .

A f t e r  4 h . , w ater  ( 5  m l . )  was added,  t h e  

o r g a n i c  l a y e r  was s e p a r a t e d ,  t h e  aqueous l a y e r  e x t r a c t e d  

w it h  e t h e r  ( 2 x 5 m l . ) ,  t h e  combined o r g a n i c  s o l u t i o n s  

washed w i t h  b r i n e ,  d r i e d  and c o n c e n t r a te d  i n  vacuo t o  

g i v e  an o r a n g e  o i l  (1 7 5  m g . ) .  P r e p a r a t i v e  t . l . c .  ( 2 0 $  

e t h y l  a c e t a t e / l i g h t  petro leum) g a v e  1 ,  3 - d ip h e n y l - p r o p -  

2 - y n - l - o n e  10 as  an o i l  ( 35mg. , 25$)  ) / mQX 5090 ,

2215 , I 645 cmT1 , 7T (CCI4 ) 2 .7 5  ( s ) ,  i d e n t i f i e d  by
3 b

com parison  w i th  an a u t h e n t i c  sample.

f i i ) and di  e t h y l  ami ne.  A s o l u t i o n  o f  dimet h y l -  

phos pho no di  azom e th a n e  (280 m g . ,  1 . 8 7  mmol.) i n  

a c e t o n i t r i l e  ( 3  m l . )  was t r e a t e d  s u c c e s s i v e l y  w i th  

a S o l u t i o n  o f  b e n z i l  ( 380 m g . ,  1 . 8  mmol.) i n  a c e t o 

n i t r i l e  ( 4  m l . ) ,  and d i e t  hyl  amine (70 mg. ,  1 mmol.) •
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The m ix t u r e  was s t i r r e d  at room tem p e r a tu r e  f o r  2 2 h . ,  

poured i n t o  w ater  (10 m l . ) ,  e x t r a c t e d  w i th  l i g h t  petro leum  

( 3  x 10 m l . ) ,  t h e  combined o r g a n i c  s o l u t i o n s  washed w i th  

b r i n e ,  d r i e d  and c o n c e n t r a t e d  i n  vacuo to  g i v e  a y e l l o w  

s o l i d  ( 1 6 7  m g , ) ,  which was shown t o  be unchanged b e n z i l , .

( c) w i th  a ce to  phenone:

( i )  and n - b u t y l  l i t h i u m .  A S o l u t i o n  o f  dim e t h y l -  

pho spho 110 d iazom ethane  ( 16 5  m g . ,  1 , 1  mmol.) i n  TEF (5  m l . )  

was s t i r r e d  under n i t r o g e n  at - 78° amd t r e a t e d  w i t h  a 

s o l u t i o n  o f  n - b u t y l  l i t h i u m  i n  hexane  ( 2M* 0 . 6  m l . ,  1 . 2  

m mol.)*  a s o l u t i o n  o f  r e d i s t i l l e d  ace top h en on e  (120 m g. ,

1 mmol.)  i n  TEF ( 5  m l . )  was added, and t h e  c o o l i n g  bath  

waa removed.

A f t e r  17 h . , work-up ( as  i n  s e c t i o n  4 ( a )  * ( i )  ) 

g a v e  a y e l l o w  o i l .  ( 1 3 4  mg*) * p r e p a r a t i v e  t i T . c ^ ’ ( 20$ - .  

ethyl,  a c e t a t e / l i g h t  pe tro leum ) g a v e  a ce top h en on e  ( 6o m g . ,  

50$) and 1 -phenyl-pro-pyne  (10 m g . ,  9 $) as an o i l ,

30 80 ,  29 7 0 , 2 2 6 5 , 2 2 30 , 160 0 cmT1 ,
ill ct^w

^ ( C D C l , )  8 .0  (5H, s ,  CHj) , 2 .7  ( ?H, m , CgHj).

f i i )  and p otass iu m  t - b u t o x i d e . A s o l u t i o n  o f  

dim e t h y l  pho spho no d iazom ethane  (270 m g . ,  1 . 8  mmol.) i n  

TEF (6 m l . )  was s t i r r e d  under n i t r o g e n  at - 7 8 ° ,  and 

a s u s p e n s i o n  o f  potass ium  t - b u t o x i d e  (205  5 1 . 8  mmol.)

i n  TEF (7  ml.-} was added* a s o l u t i o n  o f  r e d i s t i l l e d  

a c e to p h e n o n e  (1 1 6  m g . ,  0 . 9 7  mmol.) i n  THF (5  m l . )  was 

added,  and t h e  c o o l i n g  bath  was removed.

A f t e r  1 5 h . ,  work-up ( a s  i n  4 ( a ) ,  ( i )  ) 

gave  a p a l e  y e l l o w  o i l  (116  m g . ) ;  p r e p a r a t i v e  t . l . c .
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( 20$ e t h y l  a c e t a t e / l i g h t  p e tro leu m )  g a v e  a ce top h en on e  

(60 m g . ,  50$ ) and 1 - p h e n y l - p r o p y n e  ( 25  m g . ,  22$ ) ,  both  

o f  which were i d e n t i f i e d  by  com parison  w ith  a u t h e n t i c  

sampl e s .

( i i i )  and sodium e t h o x i d e .  A s o l u t i o n  o f  d i m e t h y l -  

phosphonodiazom ethane  ( 2 45  m g. ,  I . 6 3  m m o l . ) . i n  dry  

e t h a n o l  ( 6  m l . )  was s t i r r e d  at  - 78° and t r e a t e d  w i th  a 

s o l u t i o n  o f  sodium e t h o x id e  prepared  by adding sodium 

( 3 8  mg.)  t o  dry  e th a n o l  (10 m l . ) *  a s o l u t i o n  o f  

r e d i s t i l l e d  a ce top h en on e  (119  m g. ,  1 mmol.) i n  e th a n o l  

(5  m l . )  was added, and t h e  m ix t u r e  was a l lo w e d  t o  warm 

up to; room t e m p e r a t u r e .

A f t e r  41 h . , work-up ( a s  i n  4(&)> ( i i i )  )

g a v e  an o i l  (65  m g . ) ,  shown t o  be unchanged a ce top h en on e

by com parison  w ith  an a u t h e n t i c  sample .

C i v )  and l i t h i u m  d i - i s o - p r o p y l  amide. A so l u t  io  n 

o f  r e d i s t i l l e d  a ce top h en on e  (120 m g . ,  1 mmol.) and 

d im eth y l  pho spho no d iazom ethane  (1 65  m g . ,  1 . 1  mmol.) i n  

THF ( 5  m l . )  was s t i r r e d  at - 7 8 °  under n i t r o g e n ,  and 

t r e a t e d  w i t h  a s o l u t i o n  o f  l i t h i u m  d i - i s o - p r o p y l  amide  

(p re p a r ed  by adding a s o l u t i o n  o f  n - b u t y l  l i t h i u m  i n

hexane (2M* 0 . 6 m l . ,  1 . 2  mmol.) t o  d i - i  so -p ro p y la m in e

(l lOm g.  ,  1 . 1  mmol.) i n  THF (5  m l . )  at room t e m p er a tu r e ,  

under n i t r o g e n ) .  S t ir r in g *  was co n t in u ed  f o r  20 min. at  

- 7 8 ° ,  and t h e n  f o r  16 h .  at room tem p eratu re*  b r i n e  (5  m l . )  

was added,  t h e  o r g a n i c  l a y e r  s e p a r a t e d ,  t h e  aqueous l a y e r  

e x t r a c t e d  w i th  e t h e r  ( 3  x 5 m l . ) ,  t h e  combined o r g a n i c  

s o l u t i o n s  washed w ith  b r i n e ,  d r i e d  and c o n c e n tr a te d  i n  

vacup to  g i v e  an o i l ,  shown t o  be ace tophenone  by  

com parison  w i th  an a u t h e n t i c  sample .
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( v ) and di e t h y l  ami ne,  A s.o 1 ut i  o n o f  dim et h y l  -  

pho spho no di azom e th a n e  (405  mg** 2 . 7  m m o l . ) ,  r e d i s t i l l e d  

a c e t o  phenone (310 m g . ,  2 . 5 8  mmol.) and d i e t  h y l  amine  

(50 m g . ,  0 . 7  mmol.)  i n  a ce to  n i t  r i l  e (10 m l . )  was s t i r r e d  

at room t e m p e r a t u r e  f o r  72 h . ,  poured i n t o  w a t e r ,  

ex tra c te d '  w i th  p e n ta n e  ( 4  x 5 m l . ) ,  t h e  combined o r g a n i c  

e x t r a c t s  washed w i th  “b r in e ,  d r i e d  and c o n c e n t r a t e d  i n  

vacuo to  g i v e  a c o l o u r l e s s  o i l .-(140 m g . ) ,  shown t o  c o n s i s t  

o n l y  o f  a c e to p h e n o n e  “by comparison w ith  an a u t h e n t i c  sample.

iiL w it h  1 , 3- d i  p h e n y l - p r o p - 2- y n - l - o n e  ( 1 0 ) t

A s o l u t i o n  o f  dim e t h y l  pho spho no d iazom ethane  

(190 m g . ,  1 . 2 6  mmol.)  i n  THF ( 5  m l . )  was s t i r r e d  at  -7 8 °  

under n i t r o g e n  and t r e a t e d  w i th  a s o l u t i o n  o f  n - “b u ty l  

l i t h i u m  i n  hexane ( 2M* 0 >.6 m l . ,  1 . 2  m m ol . )*  a f t e r  5 m i n . , 

a s o l u t i o n  o f  1 , 3- d i  p h en y l -p ro  p - 2- y n - l - o n e  ( 7 0 m g . ,  0 . 3  

mmol.)  i n  THF (5  m l . )  was added,  and t h e  c o o l i n g  bath  

was removed* a f t e r  16 h . , s a t u r a t e d  ammonium c h l o r i d e  

s o l u t i o n  (10 m l . )  was added,  t h e  o r g a n i c  phase was 

s e p a r a t e d ,  t h e  aqueous phase  e x t r a c t e d  w ith  e t h e r  ( 3  x 5m l . ) ,  

t h e  combined o r g a n i c  e x t r a c t s  washed w ith  b r i n e ,  d r i e d  

and c o n c e n t r a t e d  i n  vacuo t o  g i v e  a brown o i l  (117  m g .)*  

t . l . c .  com par ison  w i th  an a u t h e n t i c  sample o f  1 , 4  -  

d i  p h e n y l -b u t  a - 1 , 3- d i - y n e 2 showed t h a t  none o f  t h i s  compound 

was p r e s e n t  i n  t h e  product m ix t u r e .

( e) w i th  d i - t - b u t y l  k e to n e :

A s o l u t i o n  o f  dim e th y l  pho spho no diazomethane  

(270 m g . ,  1 . 8  mmol.)  i n  THF ( 5  m l . )  was s t i r r e d  at -78°  

under n i t r o g e n ,  and t r e a t e d  w i th  a s o l u t i o n  o f  n - b u t y l  

l i t h i u m  i n  hexane ( 21,1* 0*9 m l . ,  1 . 8  mmol. )*  s. s o l u t i o n
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o f  d i - t - b u t y l  k e to n e  (140 m g. ,  1 mmol.) i n T E F ( 5  m l . )  

was added,  and t h e  c o o l i n g  b a th  was removed* a f t e r  16 h . , 

work-up ( a s  i n  4 ( a ) , ( i )  ) g a v e  an o i l ,  shown t o  c o n s i s t  

o f  unchanged d i - t - b u t y l  k e t o n e  by com parison  w ith  an 

a u t h e n t i c  sample .

( f )  w i th  p h e n y l - a c e t  a ld eh yd e?

A' s o l u t i o n  o f  dim e t h y l  pho spho no d iazom ethane  

( 1 1 4  mg.,, 0 . 7 6  mmol.) i n  d im eth y l  s u l p h o x i d e  (2  m l . )  was 

s t i r r e d  at  - 7 8 ° ,  and a s u s p e n s i o n  o f  p o ta ss iu m  t - b u t o x i d e  

(7 5  m g . ,  0 . 6 7  mmol.)  i n  THF (5  m l . )  was added* a f t e r  5 

min. ,  a s o l u t i o n  o f  p h e n y l -a c  et a ld eh y d e  ( 85  m g . ,  0 . 7  

mmol.) i n  THF ( 2  m l . )  was added,  and t h e  c o o l i n g  bath  

was removed.

A f t e r  l 6 h . , work-up ( a s  i n  4 ( a ) , ( i )  } 

g a v e  an o i l  (7 8  m g . ) ;  p r e p a r a t i v e  t . l . c .  ( 1 0 $  e t h y l  

a c e t a t e / l i g h t  petro leu m )  g a v e  3-Phenyl  propyne as  

an o i l  (2 4  m g . ,  30$) y  3300 , 2143 y l6C0 cmT1 ,in six
'P C C D C l , )  8 . 0  (1H, t  ,  J = 2 H z . , CH) , 6 . 4 5  (2H,

a  ,  J  = 2 H z . , c h 2) ,  2 .7 5  (5H, E , Cg H ) .

I s 1 - w i t h  c lnnam aldehyde:

A s o l u t i o n  o f  dim e th y l  pho spho no diazomethane  

(310 m g . ,  2 .0 6  mmol.) i n  THF (5  m l . )  was s t i r r e d  at  - 7 8 °  

under n i t r o g e n ,  and t r e a t e d  with  a s o l u t i o n  o f  n - b u t y l  

l i t h i u m  i n  h exane  ( 2M, 1 m l . ,  2 mmol.)*  a f t e r  5 m i n . , 

a s o l u t i o n  o f  c i  nnam a id  eh yd e ( f r e s h l y  d i s t i l l e d *  130 m g . ,  

1 mmol.)  i n  THF (5  m l . )  was added, and t h e  c o o l i n g  bath  

was removed.

A f t e r  16 h. , work-up ( a s  i n  4 (d)  ) gave  an 

o i l  ( 1 4 4  m g . ) ,  shown by t . l . c .  t o  c o n s i s t  l a r g e l y  o f  

unchanged c i  nnam a ld e h y d e .



fa )  w i t h  benzophenone*

( i )  and n - b u t y l  l i t h i u m .  A s o l u t i o n  o f  d i  e t h y l  -  

pho spho no d iazom eth an e  ( 1 8 7  m g , ,  1 . 0  5 mmol.) i n  THF 

(10 m l . )  was s t i r r e d  at  - 7 8 °  under n i t r o g e n  and t r e a t e d  

w i t h  a s o l u t i o n  o f  n - b u t y l  l i t h i u m  i n  hexane ( 2 .2 H ;

0 . 4 7  m l . ,  1 . 0  3 mmol. )*  a s o l u t i o n  o f  benzophenone  

(7 6  m g . ,  0 . 4 2  mmol.) i n  THF (2  m l . )  was added, and t h e  

c o o l i n g  b a th  was removed.  A f t e r  1 h .  , t h e  s o l u t i o n  was 

c o n c e n t r a t e d  i n  v a c u o , w ater  (5  m l . )  and ether,  ( 5  m l . )  

were added,  t h e  o r g a n i c  l a y e r  wa.s s e p a r a t e d ,  and t h e  

aqueous l a y e r  e x t r a c t e d  w i th  e t h e r  ( 2 x 5  m l . ) *  t h e  

combined o r g a n i c  s o l u t i o n s  were washed w ith  b r i n e ,  

d r i e d  and c o n c e n t r a t e d  i n  vacuo t o  g i v e  an o i l  ( 8 5  m g , ) ,  

showu by  g . l . c .  ( 1 $  OV-1, 1 25° )  t o  C onta in  d ip h e n y l  

a c e t y l e n e  (70 mg.,  94$)  aud benzophenone ( 2  m g . ,  2 . 6 $ ) .

f i i )  and l i t h i u m  d i - i  so -pro  p y la n id  e.  A s o l u t i o n  

o f  d i e t h y l  pho spho no d iazom ethane  (2 1 8  m g . ,  1 . 2 2  mmol.) i n  

THF (10 m l . )  was s t i r r e d  at - 7 8 °  under n i t r o g e n  and 

t r e a t e d  w i t h  a f r e s h l y - p r e p a r e d  s o l u t i o n  o f  l i t h i u m  

d i - i  so -p ro  pyl  amid e ( 1 . 1 4  mmol.) I n  TEF ( l  m l . ) ,  f o l l o w e d  

by a s o l u t i o n  o f  benzophenone (81 m g. ,  0 . 4 5 'mmol.)  i n  

TEF (2  m l . ) *  t h e  c o o l i n g  bath  was removed,  and s t i r r i n g  

c o n t in u e d  f o r  2 h .  Hork-ub (a-s i n  5 (a )  , ( i )  ) gave  an 

o i l  (70 m g . ) ,  shown by g . l . c .  ( 1 $ 0 F - 1 ,  125  ) 

c o n t a i n  d i p h e n y l  a c e t y l e n e  ( 5 2  m g . ,  66$) and 

benzophenone  (15  m g . ,  1 9 /J)*

f i i i )  and sodium h y d ro x id e  S o l u t i o n .  A s o l u t i o n  

of. d i  e t h y l  pho s pho no di  azom ethane  (210 m g. ,  1 . 1 8  n m o l . )  and

benzophenone (7 5  m g . ,  0*41 mmol.) i n  e th a n o l  (15 m l . )
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was t r e a t  e& w i t h  aqueous sodium, h y d r o x id e  s o l u t i o n  

(11.1} 25 m l .  , 25 mmol.) and h e a t e d  at  r e f l u x  f o r  72 h .

The c o o l e d  s o l u t i o n  was n e u t r a l i s e d  w i th  d i l u t e  

h y d r o c h l o r i c  a c i d  ( 5Il) and e x t r a c t e d  -with e t h e r  

( 3  x 10 m l . ) ;  t h e  combined o r g a n i c  s o l u t i o n s  were  

washed w i t h  b r i n e ,  d r i e d  and c o n c e n t r a t e d  i n  vacuo t o  

g i v e  an o i l ,  shown by t . l . c .  t o  c o n s i s t  o n l y  o f  

u n r e a c t e d  benzophenone .

fb )  w i t h  phenyl  b e n z y l  k e t o n e :  A s o l u t i o n  o f  d i e t  h y l  -  

pho spho no d ia zo m eth a n e  (1 7 4  m g . ,  0 . 9 8  mmol.) i n  THP 

(10 m l . )  was s t i r r e d  at  - 7 8 °  under n i t r o g e n  and t r e a t e d  

w i t h  a s u s p e n s i o n  o f  p o tass iu m  t - b u t o x i d e  (109 m g . ,

0 , 9 7  mmol.)  i n  THF (10  m l . ) }  a s o l u t i o n  o f  phenyl b e n z y l  

k e t o n e  ( 6 3  m g . ,  0 . 3 2  mmol.) i n  THF (2  m l . )  was added ,  

and t h e  c o o l i n g  b a th  was removed.

A f t e r  16 h . , work-up ( a s  i n  5(&)* ( i )  ) 

g a v e  an o i l  ( 4 8  mg.) which was a n a ly s e d  by g . l . c .

( l ^  0V-1* 1 2 5 ° )  and found t o  c o n t a i n  phenyl b e n z y l  k e t o n e  

as  t h e  o n l y  v o l a t i l e  component.

( c) w i t h  d i - b e n z y l  k e t o n e . ;

A s o l u t i o n  o f  d i  e th y l  pho spho no d iazom ethane  

( 1 7 4  mg. ,  0 . 9 8  mmol) i n  THF (10 m l . )  was s t i r r e d  at - 7 8 °  

under n i t r o g e n ,  a,nd t r e a t e d  w i th  a s u s p e n s i o n  o f  

p o ta ss iu m  t - h u t  o x i d e  (10 7 m g . ,  0 . 9  5 mmol.) i n  TEF (10 m l . ) }  

a s o l u t i o n  o f  d i - b e n z y l  k e t o n e  (8 7  m g , ,  0*41 mmol.)  i n  

THF (2  m l . )  was added,  and t h e  c o o l i n g  bath  was removed.

A f t e r  1 6  h .  , work-up ( a s  i n  5 ( a ) , ( i )  ) g a v e  

an o i l  ( 41  m g . ) ,  shown b y  g . l . c .  ( i f j  0 T - 1 ,  1 1 0 ° )  t o  

c o n t a i n  d i —b e n z y l  k e to n e  as  t h e  o n l y  v o l a t i l e  component.



A s o l u t i o n  o f  d i e t  h y l  pho spho nodi  azom ethane  

(1 7 3  m g . ,  0 . 9 8  mmol.) i n  THF (10 m l . )  was s t i r r e d  at - 7 8 °  

u nder  n i t r o g e n  and t r e a t e d  w i th  a s u s p e n s i o n  o f  p otass ium  

t - h u t o x i d e  ( 10 9 m g . ,  0 . 9 7  mmol.) i n  THF (10 m l . ) ;  a 

s o l u t i o n  o f  d i - c y c l o h e x y l  k e to n e 39 (80 m g . ,  0 . 4 1  mmol.)  

i n  THF ( 2  m l . )  was added, and t h e  c o o l i n g  b a th  was 

removed. A f t e r  16 h ,  , work-up ( a s  i n  5 ( s0*  ( i )  ) g a v e  

an o i l .  ( 9 5  m g .)  which was a n a ly s e d  by  g . l . c .  ( 1 $  0 Y -1 ,  

1 1 0 ° )  and found to  c o n t a i n  d i - c y c l o h e x y l  k e to n e  as  t h e  

o n l y  vo 1 a t i l  e compo nent ♦

6s G enera l  method f o r  p r e p a r a t i o n  o f  a c e t y l e n e s :

A s o l u t i o n  o f  d im eth y l  pho spho no d iazom ethane  

i n  THF ( 1 5  m l . /m m o l . )  was s t i r r e d  at - 7 8 °  under n i t r o g e n ,  

and t r e a t e d  w i th  a s o l u t i o n  o f  n - b u t y l  l i t h i u m  i n  hexane;  

a s o l u t i o n  o f  t h e  carbony l  compound i n  THF (10 m l . /m m o l . )  

was added ,  and t h e  c o o l i n g  b a th  was removed.

A f t e r  s t i r r i n g  f o r  16 h .  at  room t e m p e r a t u r e ,  

t h e  r e a c t i o n  m ix t u r e  was d i l u t e d  w i th  w a ter  ( 5  ml.  per  

mmol, o f  d i a z o a l k a n e  u s e d ) ,  t h e  o r g a n i c  l a y e r  s e p a r a t e d ,  

t h e  aqueous l a y e r  e x t r a c t e d  w i t h  e t h e r  ( 5 x 5  m l . ) ,  t h e  

combined o r g a n i c  s o l u t i o n s  washed w ith  b r i n e ,  d r i e d  and 

c o n c e n t r a t e d  i n  v a c u o .
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6 (a )  Trx -  p - t  o 1 y l  a c. et y 1 e n e :

Reaction o f  dim ethyl pho spho no diazomethane 

( 1 0  2 mg., 0 . 6 8  mmol.) with n-butyl lithium (1 . 811} 0 . 3 8  ml., 

0 . 6 8  mmol.) and 4*4* - dim ethyl-benzo phenone (70 mg., 0 . 3 3  

mmol.) gave 88 mg crystals, m.p. 1 2 1 - 3°} g .l .c .  analysis 

( l °/o 0V-17* 1 4 0 °) showed the presence of di-p-tolyl

acetylene, R.I. 2130, (6 6mg., 97/).

Recrystallisation from light petroleum gave 

di-p-tolyl acetylene as white crystals, m.p. 1 3 4 - 5° ( l it4?

135-6°)» y max (CC1 4) 3060 , 2940 , 1600 omT1,

%  (CC14) 7.72 ( 6H, s t CH ) , 3.03 (4H, <1 , J = 7SZ.,

3*5— ^6—4  ̂ * 2*72 (4^*  ̂ * J = 7Sz** 2*6— C^H.) *
o

Raman spectrum  ( s o l i d  sam p le ,  e x c i t a t i o n  at 53-45 A):

2233 , 1 6 2 2  , 1145  cmT1 ,

M 206 C®x5®i4 r e q u i r e s  206) .

6 ( b )  p - c h lo r o  phenyl  pheny l  a c e t y l  enei

R e a c t i o n  o f  dim e t h y l  pho spho no d iazom ethane

( 4 3  ragi,  0 . 2 9  mmol.) w i th  n - b u t y l  l i t h i u m  (1.8M}

0 . 1 6  ml., 0 . 2 9  mmol.) and p-chloro-benzophenone

(31 mg., 0 . 1 4  mmol.) gave a crystalline solid ( 4 3  mg.),

g . l . c .  a n a l y s i s  o f  which ( l / . Q F ~ l ,  155° )  showed t h e  p r e s e n c e

o f  p-chloro phenyl phenyl acetylene, R.I. 210 5j ( 30mg. , 100/) .

Preparative t . l . c .  (20/ ethyl acetate/

l i g h t  p e tr o le u m )  g a v e  p - c h lo r o  phenyl  phenyl  a c e t y l e n e

( 2 5  mg., 82/) as white crystals, m.p. 82-3° ( lit41. 83-4° }>

•)> ( C C l J  30 60 , 30 20 , 2 2 20 cnu1, *X ( ccl4 ) 2*? Cm) » 
y r a a z  v 4

M4* 2 1 2 , 2 1 4 . (C^H^Cl requires 2 1 2 , 2 1 4 ).



Reaction, of dim ethyl pho spho no diazomethane 

(l6o mg., 1.0 7 mmol.) with n-butyl lithium (l.8E;

0.6 ml., 1.0 7 mmol.) and m-nit ro-benzo phenone42 (100 mg., 

0.44 mmol.) gave an oil (80 mg.); purification by 

preparative t . l . c .  (20$ ethyl acet at e/light* petrol eum) 

gave m-nit ro-phenyl phenyl acetylene as yellow crystals, 

(38 mg., 32$) m.p. 56-7° (light petroleum) (lit45. • )

V m a x  5 0 8 0  * 2220  * 2 2 0 0  * 1 5 9 5  * 1 5 2 0  * 1 5 5 0  c m * L ’

^(CC14) 2 . 5  ( 5 H ,  m , CgS5) ,  2 . 2  (  2H,  m , 3, 5- C g I 4) ,  

. 1 . 7  (2E, n , 2»6-CgS4 ) ,

M+ 223 CC14E9ro2 requires 223).

6(d) p~ Ph enyl et hynyl ani sole:

Reaction of di m et h yl pho s pho no d'i azom ethane 

( 1 5 0  mg., 1 mmol.) with n-butyl lithium (l. 8rif 0.6 ml,

1.08 mmol.) and p-methoxy-benzophenone44 (95 mg., 0.45 

mmol.) gave an oil (70 mg.), g .l .c . analysis of which 

(1$ 0V-17, 140°) showed the presence of p-phenylethynyl- 

anisole, R.5t. 21.2min., (61 mg., 66$).

Purification by preparative t . l . c .  (20$ 

ethyl acetate/light petroleum) gave p-phenyl et hynyl - 

ani Sole as .white crystals, m.p. 58-9° (&'<!• ethanol)

( l i t . "  59- 60° ) ,  y max 30 6 0 , 2960 ,  2 2 20 , 1610 , I 600 cm 

r (CC14) 6.2 (3E, s t OCEj), 3.2 (2H, a , J=8Hz.,

3 , 5 - C 6H4  )»  2 . 6  ( 5 E ,  m ,  C g E j ) ,  2 . 5  ( 2 E ,  d ,  J  =  8 H z . ,  

2 » 6 - C 6E4 ) ,

g+ 20 8 CC15E120 requires 208).
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6 (e) 1)1 - 2 - riap h ihyl a,cet yl ene:

Reaction of dimethyl pho spho nodi azom ethane 

(75 mg. , 0.5 mmol.) with n-butyl lithium (1 . 8H ? 0 . 3ml.', 

0.54 mmol.) and di-2-naphthyl ketone5 ( 1 5  mg., 0 . 0  5 

mmol.) gave a crystalline solid ( 1 4  mg.), gll^c. 

analysis of which (1$ QP-1, 225°) showed the presence 

o f  d i-2-naphthyl acetylene, R.T. 5 . 5  min., (llmg.,

75$>.

. Purification by preparative t . l . c .  (20$ 

ethyl acetate/light petroleum) gave d i-2-naphthyl 

acetylene as white crystals, m.p. 2 2 5 - 6° (light 

petroleum) (lit^ 228-9°), Vma3c Ĉ Cl̂ ) 3040 , 1600 ,

1500 cmj1, X max (^OS) 5 532, 315 and 265 nm.,

(lit4* 336, 317 and 26? rm * )

2 78  (C22E14requires 2 7 8 );

6 (f) p-Phenylethynyl-benzophenone and 

p-bis-( phenyl ethynyl) -benzene:

Reaction of dim ethyl pho spho no diazomethane 

( 4 3  mg., 0.29 mmol.) with n-butyl lithium (1 . 8K; 0 . 1 6  ml., 

0 . 2 9  mmol.) and 1 , 4 ~dibenzoyl-benzene47 (23 mg., 0 . 0 8  mmol.) 

gave a crystalline solid ( 3 2  m g . ) ,  g .l .c .  analysis of 

which (1$ QP-1, 225°) showed the presence of p-bis- 

( phenyl et hynyl)-benzene, R.T. 2.9 min., (5.0 mg., 2 3 $) 

and p-phenyl ethynyl-benzo phenone, R.T. 3.6 min.,

( 1 6 . 7  m g . ,  7 3 $ ) .

P u r i f i c a t i o n  b y  p r e p a r a t i v e  t . l . c .  ( 2 0 $  

e t h y l  a c e t a t e / l i g h t  p e t r o l e u m )  g a v e  p—b i s —( pneny l  e t h y n y l ) — 

b e n z e n e  as  p i n k  c r y s t a l s ,  (3  m g . ,  1 3 /3*/ m .p .  178-9  

( l i g h t  p e t r o l e u m )  ( l i t .  1 8 1 - 2 ° )  ^
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V  50 80,  30 60 r 30 30 , 2 210 cm7^, X  ( h e x a n e ) :

m ax * m ax
335 , 315 , 2 2 3  ™. ( lit ‘® 3 3 7 , 3 1 8 , 222 nn.p

H+ 278 (C22H1 4  LquiroB 2 7 8 );

and p-phenyl ethynyl-benzo phenone as yellow 

crystals, ( 1 5  mg;, 6 6 $) m.p. 1 2 1 - 2° (light petroleum);

y nax (CC14) 3080, 3060, 3040, 2230, 1665,1600 cmT1;

Mass spectrum: 282 (M+ ) ,  20 5 (K+-PhCEo), 10 5 (PhCO),

77 ( ph*t)? (C2i % 4 0  requires 282).

Elemental analysis: C, 8 9 . 2 6  5 H, 5.12.

(^21^148 requires C, 89*33 t 5*00.).

• 6 (g) 2 -Ph enyl et hynyl -t hi o ph en e:

Reaction of dimethyl pho spho nodi azom ethane 

(10 7 mg., 0*71 mmol*) with n-hutyl lithium (1 . 8M; 0 . 4  ml.,

G. 72 mmol.) and 2-ben zo yl-t hie phene9 (50 mg., 0.27 mmci;) 

gave an o i l  ( 4 3  mg.), g .l .c .  analysis of which 

( l i$  QP-1 , 1 4 5 °) showed the presence of 2 -phenyl- 

ethynyl-t hi o phene, R.T. 1950, (21 mg., 44$) and 

2-benzoyl-thiophene, R.I. 20 90, (7 mg., 14$)*

Purification by preparative t . l . c .  (20$ 

ethyl acetate/light petroleum) gave 2- ph enyl et hy nyl - 

thiophene5°as white crystals ( 20  mg., 41$), m.p. 48-9°

(aq. ethanol), y m sx  3100 , 30 70 , 2 1 9 0 , 1 5 9 0 , 1 2 1 0  em7 ,

' t  (cci.) 2.6 (7E, m , C6E5 and 3,4- C^S) , 370

(1H, m , 5 -C^EjS) f

M+ 1 8 4  (C1 2 E8S r e q u i r e s  I 8 4 ) .
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itfiL 5 -  Ph, enyl  et hynyl  -  p y r i  d i n e :

R e a c t i o n  o f  dim e t h y l  pho spho nodi azom ethane  

(350 rag.,  2 .3 3  mmol.) w i th  n - b a t y l .  l i t h i u m  ( 1 . 8l l j  1 . 3  m l . ,  

2 . 3 4  mmol.) and 3 - b e n z o y l  p y r i d i n e 51 (10 0 m g . ,  0 . 5 5  mmol. ) 

g a v e  an o i l  (1 0 7  m g . ) .

P u r i f i c a t i o n  by p r e p a r a t i v e  t . l . c .

( e t h y l  a c e t a t e )  g a v e  3-P h en y l  et h y n y l  -  

p y r i d i n e  as w h i t e  c r y s t a l s  ( 3 7  m g . ,  3 8 $ ) ,  m.p .  4 6 -7 °

( e t h y l  a c e t a t e / l i g h t  pe tro leum ) ( l i t ” 4 7 - 4 8 . 5° ) ,

3080,  3060 ,  3030,  2220 , 1 6 0 0 ,  1560 craT1 ,xn cLTC

y ' C c c i p  2.7 C“ );

H+ 179 (C^jEqH r e q u i r e s  1 7 9 ) .

£ £ * L  Cy c l  o h e x y l  ph en y l  ac et y l  en e :

R e a c t i o n  o f  dim e th y l  pho spho no di  azom ethane  

( 8 6  m g . ,  0 . 5 7  mmol.) w i th  n - b u t y l  l i t h i u m  ( 1 . 8M;

0 . 3 2  m l . ,  0 . 5 8  mmol.) and c y c l o h e x y l  phenyl k e to n e 53 

(29 m g . ,  0 . 1 5  mmol.) g a v e  an o i l  (4 4  m g . ) ,  g . l . c .  

a n a l y s i s  o f  which ( 1 $  QP-1, 1 2 5 ° )  showed t h e  p r e s e n c e  

o f  c y c l o h e x y l  pheny l  a c e t y l e n e ,  R .T. 1 7 2 5 ,  (1 2  m g . , 43$)

and c y c l o h e x y l  phenyl  k e t o n e ,  R . I .  1 9 4 0 ,  (1 3  m g . ,  45$)*  

P u r i f i c a t i o n  by p r e p a r a t i v e  t . l . c .  ( l i g h t  

p e tr o le u m )  g a v e  c y c l o h e x y l  phenyl k e t o n e  (10 m g . ,  35$}  

and c y c l o h e x y l  phenyl  a c e t y l e n e  as an o i l  ( 7  m g . ,  2 5 $ ) ,  

y m a x  506 ° ,  29 30 ,  2860,  2235,  1^00 cm?1 ,

^ ( C C l ^  8 . 2 5  (11H, bm , 86S L1) and 2*? (5H, m, )

M+ I 84 ( C ^ E - ^  r e q u i r e s  I 84) .
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7, D i e t h y l  [ l - d i ‘.azo- 2~h;/tii>o ;:y- 2 ~ (  4 - n i t r o  phenyl

et  h y l  pho s pho nat e ( 2 6 ) ,

( a )  P r e p a r a t i o n s

A s o l u t i o n  o f  d i  e t h y l  pho spho nodi  azom e thane  

( 4 8 7  mg. , 2. 74 mmol.) and p - n i t r o - b e n z -a ld e h y d e  (370 mg#,

2 . 4 5  mmol .)  i n  d ry  e th e r  ( 5  m l . )  wa3 t r e a t e d  w i t h  

t r i  e t h y l  amine (50 m g . ,  0 . 5  mmol.)  and a l lo w e d  t o  s ta n d  

f o r  1 -week at  room t e m p e r a tu r e  i n  t h e  dark.  The s o l u t i o n  

“Was c o n c e n t r a t e d  i n  vacuo at room te m p e r a t u r e  t o  g i v e  a 

m ix t u r e  o f  a red  o i l  and y e l l o w  c r y s t a l s .  Two r e c r y s t -  

a l l i  s a t  i o n s  from e t h y l  a ce t  at e / e t  her  g a v e  26 as 

p a l e  y e l l o w  c r y s t a l s ,  m.p.  87- 8° ( r a p i d  h e a t i n g ) ,

•w (CCI4) 3600w, 5500b,  2980,  20 70 s , 13504), 1 1 50 cm?1 ,
Jr HI S X

^ ( C C 1 4 ) 8 .9  ( 6s ,  d (^r=2H z.)  o f t  ( j = 6H z . ) ,  CK^CH^PCo) ) ,

6 . 7  (1H, d , J = 9 H z . , CH0 H ) ,

6 .0  (4H, d ( j = 1 5 H z . )  o f  q( J = 6Hz # ) ,  CH5CH2OP(o) ) ,

2 . 3  ( 1 H, b s ,  exchanges  w i t h  PgO, OH )

2 . 4  (2H, d, J = 7 H z * ,  2 , 6-CgH^ ) and

1 . 8  (2H, d ,  J = 7 H z .  , 5 , 5 “ C6E4 ).'

(b )  R e a c t i o n  w ith  p otass ium  t - b u t o x i d e :

A s o l u t i o n  o f  26 (1 6  m g . ,  0 . 0  5 mmol#) i n  

THF ( 2  m l . )  was t r e a t e d  w i th  a s u s p e n s i o n  o f  p otass ium  

t - b u t o x i d e  (8  m g . ,  0 .0  7 mmol.) i n  THF ( l  m l . )  5 t h e  p a l e  

y e l l o w  c o l o u r  o f  t h e  s o l u t i o n  r a p i d l y  changed t o  deep  red .  

A f t e r  30 m i n . ,  w ater  ( 5  m l . )  was added,  and t h e  m ix tu r e  

was e x t r a c t e d  w i th  e t h e r  ( 2  x  5 m l . ) ,  t h e  comoined o r g a n ic  

s o l u t i o n s  washed w i th  b r i n e ,  d r i e d  and c o n c e n t r a te d  i n  

vacuo to  g i v e  p - n i t r o p h e n y l  a c e t y l e n e  as  a p a le  brown 

s o l i d  (5  rag . ,  68)j) , 9^max ( CEC15) 3500 , 21 80 , 2100 ,
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— 11590 , 1340 cm. , i d e n t i f i e d  "by com parison  w i th  an 

a u t h e n t i c  sampled

( c)  R e a c t i o n  w i th  Sodium h y d r o x id e  s o l u t i o n :

A s o l u t i o n  o f  26 (1 8  m g . ,  0 . 0 5 5  mmol.) i n  

TEF ( l  m l , )  was t r e a t e d  w i th  aqueous Sodium h y d r o x id e  

S o l u t i o n  (5Ii» 2 d r o p s ) ;  t h e  s o l u t i o n  r a p i d l y  changed  

c o l o u r  t o  deep  r e d ,  hut no e t h e r - s o l u b l e  p ro d u cts  were  

o bt a i n e d .

(d )  R e a c t i o n  w i th  PBH:

X  s o l u t i o n  o f  26 (59  m g , ,  0 . 1 4 7  mmol.)  

i n  TEF ( 3  m l . )  was t r e a t e d  w i th  DBF (31 m g . ,  0 . 2 5  m m o l . ) ,  

s t i r r e d '  f o r  1 6  h . , .and c o n c e n t r a te d  i n  v a c u o ; t h e  r e s i d u e  

was t a k e n  up i n  d i l u t e  h y d r o c h l o r i c  a c id  (0 .2M; 5 m l . )  

and e t h e r  (5  m l . ) ,  t h e  o r g a n i c  l a y e r  s e p a r a t e d ,  t h e  

aqueous l a y e r  e x t r a c t e d  w i th  e t h e r ( 2  x 5 m l . ) ,  t h e  

combined o r g a n i c  s o l u t i o n s  washed s u c c e s s i v e l y  w i th  

d i l u t e  h y d r o c h l o r i c  a c i d  (0.2I,l) and b r i n e ,  d r i e d  and 

c o n c e n t r a t e d  i n  vacuo to  g i v e  p - n i t r o  - b e n z a ld  eh yd e as 

o c h r e  c r y s t a l s  ( 2 7  m g . ) ,  i d e n t i f i e d  by comparison w ith  

an a u t h e n t i c  sam ple .

( e )  R e a c t i o n  w ith  h i s - (  acet  y l a c e t o n a t o  )-Co pper f l l ) :

A s o l u t i o n  o f  .26 (157  m g . ,  0 . 4 8  mmol,)  

i n  d ry  b e n z e n e  (2 5  m l . )  was t r e a t e d  w ith  b i s - (  a c e t y l  -  

a c e t o n a t o  ) -Co pper ( I I  )55 (5  mg.) and h e a ted  at r e f l u x  f o r  

90h.  The s o l u t i o n  was c o n c e n t r a te d  i n  v a c u o ,  t h e  r e s i d u e  

t a k e n  up 5.n e t h e r  ( 5  ml. ) ,  f i l t e r e d  tn ro u g h  C e l i t e  and 

c o n c e n t r a t e d  i n  vacuo t o  g i v e  Pd-di e t h y l  pho spho no — 

p— n i t r o  — a c e to p h e n o n e  28 as a y e l l o w  o i l  (143  m g . ,  9 8/<?) , 

H n ax  3 ° 7 0 ’ 1 8 9 0 , 1 6 0 0 ,  1 5 2 0 ,  1 3 4 0 ,  1250 cm:1
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( £ ) R g a c t i o n  o f  (X- d i  et h yl  plio s pho no -  p -  nl  t  ro -  

a c e to p h e n o n e  w i th  p o tass iu m  t - b u t o x i d e :

A s o l u t i o n  o f  _28 (2 4  m g . ,  0 . 0 8  mmol.)  i n  

TEF (1 m l . )  was t r e a t e d  w i t h  a s u s p e n s i o n  o f  p o ta ss iu m  

t - b u t o x i d e  (10 m g . ,  0 . 0 9  mmol.) i n  THF ( l  m l . )  and s t i r r e d  

f o r  16 h .  The s o l u t i o n  was c o n c e n t r a t e d  i n  v a cu o ,  and 

w ater  ( 5  a l l . )  was added; t h e  m ix tu r e  was e x t r a c t e d  w ith  

e t h e r  ( ;  x  5 m l . ) ,  t h e  combined o r g a n i c  s o l u t i o n s  washed 

w it h  b r i n e ,  d r i e d  and c o n c e n t r a t e d  i n  vacuo t o  g i v e  

u n a l t e r e d  28 f i d e n t i f i e d  by com parison  w i th  an a u t h e n t i c  

sampl e.

I s L  P r e p a r a t i o n  o f  p - n i t r o  pheny l  a c e t y l  ene:

A s o l u t i o n  o f  d i  e t h y l  pho spho nodi azom e thane  

( 1 8 5  m g . ,  1 . 0  4 mmol.)  i n  THF ( 5  m l . )  was s t i r r e d  at  

- 7 8 °  under  n i tr o g e n , .  and t r e a t e d  w i th  a s o l u t i o n  o f  

n - b u t y l  l i t h i u m  i n  hexane ( 2 . HI; 0 . 5  m l . ,  1 . 0 5  m m o l . ) ;  

a  s o l u t i o n  o f  p - n i t r o  ben za ld  ehyde (100 m g . ,  0 . 6 6  mmol.)  

i n  TEF ( 3  m l . )  was added,  and t h e  c o o l i n g  bath  was 

removed. A f t e r  2 h . , work-up ( a s  i n  s e c t i o n  5 ( a ) , ( i )  •) 

g a v e  a l i g h t  brown s o l i d ;  p u r i f i c a t i o n  by p r e p a r a t i v e  

t . l . c .  ( 2 0 ^  e t h y l  a c e t a t e / l i g h t  petro leum) gave  

p - n i t r o  phenyl  a c e t y l e n e  as o c h r e  c r y s t a l s ,  m.p. 1 5 0 -2 °  

( w a te r )  ( l i t 5! 1 5 2 ° ) ,  V  3) 3300,  2180,  2100,

1 5 9 0 ,  1340 cmT1 , ' Y  (CCI4 ) 6 . 8  (1H, s , Cg), 2 . 4 5  (2H,  

d ,  J =  8Hz. ,  2 , 6-C^H^) and 1 .  87( 2H,d,  J = r8 E z . ,  3 ,5-CgH^).
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95 .

P o ly m er -su p p o r te d  R eagents

i n  Or g a n i c  Sy n t h e s i s .

R ea g e n ts  a t t a c h e d  to  i n s o l u b l e  polymer  

s u p p o r t s  have  found w idespread  a p p l i c a t i o n  i n  r e c e n t  y e a r s ,  

and s e v e r a l  r e v i e w s 1'2 and monographs1'4 have d e s c r i b e d  t h e s e  

d e v e l o p m e n t s .  7 /h i l e  much o f  t h e  e a r l y  work i n  t h i s  f i e l d  

was d i r e c t e d  t o  t h e  s y n t h e s i s  o f  p o l y p e p t i d e s 5 ,
b y

p o l y s a c c h a r i d e s  , and p o l y n u c l e o t i d e s  , t h e  a p p l i c a t i o n  

o f  p o l y m e r ic  r e a g e n t s  i n  g e n e r a l  s y n t h e t i c  p roced u res  

now a t t r a c t s  i n c r e a s i n g  a t t e n t i o n .

T h ere  a r e  s e v e r a l  p r o p e r t i e s  o f  p o ly m er ic  r e a g e n t  a  

w hich  make them s u p e r i o r  to  an a lo g o u s  n o n -p o ly m er ic  

r e a g e n t s  I n  c e r t a i n  t y p e s  o f  p r o c e s s .  The f i r s t ,  and 

most w i d e l y  e x p l o i t e d  o f  t h e s e  p r o p e r t i e s  i s  t h e  e a s e  

o f  h a n d l i n g  and p u r i f i c a t i o n  o f  i n t e r m e d i a t e s  and p roducts#  

Thus ,  s e v e r a l  p o ly m er -su p p o r ted  r e a g e n t s  have been prepared  

i n  o r d e r  t o  f a c i l i t a t e  t h e  removal o f  sp e n t  r e a g e n t s 5 

such  b y - p r o d u c t s  a r e  r e a d i l y  removed by f i l t r a t i o n  i f  

t h e y  a r e  a t t a c h e d  to  an i n s o l u b l e  p o lym er ic  c a r r i e r #  

Examples o f  r e a g e n t s  o f  t h i s  t y p e  i n c l u d e  polymer—
s a * *1 • a H>12s u p p o r t e d  p e r - a c i d s  , a c y l  a. t i n g  a g e n t s  ,  y l i d e s  ,  

c a r b o d i i m i d e s 13 , m e ta l  h y d r id e s 4 , p h o t o s e n s i t i s e r s  ,  

and p h o s p h in e  d i c h l o r i d e s 16.

A s econd  u s e f u l  p r o p e r t y  o f  polymer—su p p e r te d  

r e a g e n t s  i s  t h a t ,  by v a r y in g  t h e  c o n c e n t r a t i o n  o f  

a c t i v e  s i t e s  on t h e  polymer,  i t  i s  p o s s i b l e  to  o b t a i n  

r e a c t i o n  c o n d i t i o n s  c o r re s p o n d in g  to th e  extremes o f  

i n f i n i t e  d i l u t i o n  o r  e x t r e m e l y  h i g h  c o n c e n t r a t i o n ,  and
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th u s  i n f l u e n c e  t h e  c o u r s e  o f  t h e  r e a c t i o n .  By u s i n g  

l o w  c o n c e n t r a t i o n s  o f  r e a c t i v e  s i t e s  on t h e  polymer ,  

a "high d i l u t i o n "  e f f e c t  can be o b t a i n e d ,  and t h i s  

p r o p e r t y  has  been  e x p l o i t e d  i n  t h e  s y n t h e s i s  o f  c y c l i c  

p e p t i d e s  , i n  t h e  Dieckmann c o n d e n s a t i o n  o f  d i e a t e r s ' 6, 

and i n  t h e  m o n o - a c y l a t i o n 9 and m o n o -a lk y l  at  i o n  ° o f  

a c t i v e  m e th y le n e  e s t e r s .  C o n v e r s e ly ,  by c l o s e  s p a c in g  o f  

r e a c t i v e  s i t e s  on t h e  polymer backbone ,  i n t  ermol e c u l a r  

r e a c t i o n s  o f  t h e  d e s i r e d  t y p e  can be promoted, f o r  

example i n  m i x e d - e s t e r  c o n d e n s a t io n s 2' •

The e x t e n t  o f  c r o s s - l i n k i n g  i n  a polymer s u p p o r t ,  

and t h u s  t h e  a c c e s s i b i l i t y  o f  th e  r e a c t i v e  s i t e s  t o  s u b s t r a t e  

m o l e c u l e s ,  can have  a pronounced e f f e c t  on t h e  s e l e c t i v i t y  

o f  r e a c t i o n s .  Thus,  f o r  example ,  t h e  r a t e  o f  h y d r o g e n a t io n  

o f  c y c l i c  a l k e n e s  over  a p o ly m er -su p p o r ted  Rhodium(l)
2 2  ^c a t a l y s t  i s  dependent  on t h e  r i n g - s i z e  o f  t h e  s u b s t r a t e  •

Most p o ly m e r ic  r e a g e n t s  prepared t o  d a t e  have  

b een  b ased  on a c o m m e r c i a l l y - a v a i l a b l e  c r o s s - l i n k e d  r e s i n  

prepared  by c o - p o l y m e r i s a t i o n  o f  s t y r e n e  ( 9 S^) and 

d i - v i n y l  ben zen e  ( 2 $ ) .  Some u s e  has a l s o  been made o f
2 3

p h e n o l - f o r m a ld e h y d e  r e s i n s  .

Another  c l a s s  o f  p o ly m er ic  r e a g e n t s  i s  based on 

homo polymers  and copolymers  o f  4 - ( 5” ) v i n y l - i m i d a z o l  e .  .

H ere ,  t h e  emphasis  has  been on t h e  pseudo-enzym ic  

p r o p e r t i e s  o f  such  polymers r a t h e r  than th e  development  

o f  s y n t h e t i c a l l y  u s e f u l  r e a g e n t s .  S t u d i e s  on t h e s e  polymers  

h ave  a lm ost  i n v a r i a b l y  been performed i n  s o l u t i o n ,  and 

have  c e n t r e d  on t h e i r  a b i l i t y  to c a t a l y s e  e s t e r  h y d r o l y s i s .  

P o l y - 4 - ( 5 - )  v i n y l - i m i d a z o l e  i s  a more e f f e c t i v e  c a t a l y s t  

f o r  e s t e r  h y d r o l y s i s  th a n  i m i d a z o l e  i t s e l f ,  p a r t i c u l a r l y
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with, e s t e r s  o f  l o n g - c h a i n  f a t t y  a c i d s .  This  e f f e c t  i s

a t t r i b u t e d  to  t h e  i n c r e a s i n g l y  n o n - p o la r  n a tur e  o f  t h e

i n t e r m e d i a t e  p o l y - l - a c y l  4 - ( 5 - )  v i n y l  - im i d a z o l  e as  t h e

c h a i n - 1 e n g t h  o f  t h e  a c y l  group i s  i n c r e a s e d .  The r e s u l t i n g

a p o l a r  environment  o f  t h e  polymer enhances  t h e  r a t e  o f

h y d r o l y s i s  by promoting a s s o c i a t i o n  o f  c a t a l y s t  and

s u b s t r a t e ” # The d i s c o v e r y  o f  t h e  r o l e  p layed  by i m i d a z o l e

and h y d ro x y l  f u n c t i o n s  i n  o f -C h y m o try p s in -ca ta ly se d  e s t e r

h y d r o l y s i s 5 has  prompted i n v e s t i g a t i o n s  o f  t h e  c a t a l y t i c

a c t i v i t y  o f  copolymers  c o n t a i n i n g  i m i d a z o l e  and h y d roxy l  
26

f u n c t i o n s  . C o n s id e r a b le  ra t  e -enhancem ents  were o b se rv ed  

when th e  c a t a l y t i c ,  a c t i v i t y  i n  e s t e r  h y d r o l y s i s  o f  such  

polymers  was compared w i th  t h a t  o f  low m o le c u la r - w e i g h t  

a n a l o g u e s ,  and t h i s  was a t t r i b u t e d  to b i f u n c t i o n a l  

c a t a l y s i s  i n v o l v i n g  i m i d a z o l e  and a n i o n i c  phenol  or  

a l c o h o l  g r o u p s .

The a c t i v i t y  o f  t h e  a b o v e - d e s c r i b e d  d i s s o l v e d  

polymers  was found t o  be h i g h l y  dependent on s o l v e n t  

c o m p o s i t i o n ,  i l l u s t r a t i n g  t h e  im p ortan ce  o f  th e  polymer  

c o n f o r m a t io n  i n  t h $ s e  p r o c e s s e s .
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The development o f  r e a g e n t s  f o r  o r g a n i c  

s y n t h e s i s  based  on t h e  i m i d a z o l e  r i n g  s y s t e m ,  i n  

p a r t i c u l a r  t h e  a c id  i m i d a z o l i d e s '  ( SCHEME l ) ,  prompt ed 

a t t e m p ts  to  prepare  p o ly m er -su p p o r ted  r e a g e n t s  o f  t h i s  

t y p e ,  i n  o r d e r  t o  f a c i l i t a t e  t h e  h a n d l in g  and u s e  o f  

such  r e a g e n t s .  I m i d a z o l e  i s  always p re se n t  i n  t h e  

p r o d u c ts  o f  r e a c t i o n s  when t h e s e  compounds a re  u se d ,  

and i s  o f t e n  d i f f i c u l t  to  remove, p a r t i c u l a r l y  i n  

c a s e s  i n  which t h e  s e n s i t i v i t y  o f  t h e  s u b s t r a t e  p r e c lu d e s  

aqueous w ash ing  as  a means o f  p u r i f i c a t i o n ,

A f u r t h e r  a p p l i c a t i o n  o f  p o lym er-supported  

i m i d a z o l e  r e a g e n t s  was s u g g e s t e d  by t h e  d i s c o v e r y 2 t h a t  

l o n g - c l i a i n  (co-1) - h y d r o x y - c a r b o x y l i c  a c id s  cou ld  be 

c o n v e r t e d  i n t o  m a c r o l id e s  v i a  t h e  i m i d a z o l i d e s  (SCHEME 2 ) ,  

I n  o r d e r  t o  maxim ise  i n t r a m o l e c u l a r  r e a c t i o n ,  ."high- 

d i l u t i o n u t e c h n i q u e s  are  re q u ir ed  i n  such p r o c e s s e s ;  t h e  

r e l a t i v e l y  s lo w  r a t e  o f  c y c l i s a t i o n  o f  h y d r o x y -a c id s  to  

form medium r i n g - s i z e  l a c t o n e s 3 f u r t h e r  i n c r e a s e s  t h e  

e x p e r im e n ta l  d i f f i c u l t i e s  encountered  i n  t h i s  t y p e  o f  

r e a c t i o n .  By u s e  o f  a p o lym er-supported  a c t i v a t i n g  group  

w i t h  a s u i t a b l y  l a r g e  s p a c in g  between r e a c t i v e  s i t e s  on  

t h e  polymer backbone,  t h e s e  problems n ig h t  be c ircum vented  

The m i l d e s t  and most conven ient  method fo r  

t h e  p r e p a r a t i o n  o f  i m i d a z o l i d e s  i n v o l v e s  t h e  r e a c t i o n  

o f  1 ,1 *  c a r b o n y l - d i - i m i d a z o l e '  ( CDI) with  c a r b o x y l i c  

a c i d s  (SCHEME 3 ) .  A s tu d y  o f  t h e  mechanism1 o f  t h i s  . 

r e a c t i o n  (SCHEME 4) shows t h a t ,  i n  o rd er  fo r  a polymer-  

s u p p o r t e d  r e a g e n t  o f  t h i s  t y p e  to  rea c t  w ith  c a r b o x y l i c
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a c i d s  to  form p o ly m er -su p p o r te d  i m i d a z o l i d e s ,  'both 

i m i d a z o l e  r i n g s  must be a t ta c h e d  t o  t h e  polymer support  * 

The most w i d e l y - u s e d  polymer support  i s  a c r o s s - l i n k e d  

porous r e s i n  prepared by co polym er i  s a t i o  n o f  s t y r e n e  

(9 8  0) w i t h  di v i n y l  benzene  ( 2 0 ) ,  and chi orora e t h y l  at ed 

under  Pr i  ed e l - C r a f t  s c o n d i t i o n s  w i th  ch lo ro m eth y l  methyl  

e t h e r  ( " M e r r i f i e l d  r e s i n " ) 5 (SCHEME 5 ) .  A t t e n t i o n  was 

t h e r e f o r e  d i r e c t e d  to  t h e  p r e p a r a t i o n  o f  a s u i t a b l y  

f u n c t i o  n a l i  s ed d i - i m i d a z o l e  which,, by r e a c t i o n  w ith  such  

a r e s i n  o r  one o f  i t s  d e r i v a t i v e s ,  would y i e l d  a 

p o ly m er -su p p o r te d  d i - i m i d a z o l e  which cou ld  t h e n  be 

c o n v e r t e d  t o  a Polym er-support  ed 1 , 1 *  c a r b o n y l - d i -  

i m i d a z o l e  r e a g e n t  (SCHEME 6 ) .
b

Methods o f  i m i d a z o l e  p r e p a r a t i o n  g e n e r a l l y  

i n v o l v e  r e a c t i o n  o f  <X- ami no - ,  (X-hydroxy-;; or  CX-halo- 

c a rb o n y l  compounds or  CX-dicarbonyl compounds w ith  

t h i o c y a n a t e  i o n ,  formamide or  an ammoniacal s o l u t i o n  o f  

an a ld e h y d e  r e s p e c t i v e l y  (SCHEME 7)*
7

A l l  a t tem p ts  to  repeat  a p u b l i sh e d  method 

f o r  t h e  p r e p a r a t i o n  o f  b i s ~ 4 (  5 ) - i m i d a z o l y l  methane 1, 

were u n s u e c e s f u l  (SCHEME 8 ) .

The p o s s i b i l i t y  o f  p rep a r in g  a s u i t a b l y  

f u n c t i o  n a l i  s ed d i - i m i d a z o l  e from a carbohydrat e 

p r e c u r s o r  by t h e  c l a s s i c a l  YIeidenhagen8 s y n t h e s i s  was 

i n v e s t i g a t e d  (SCHEME 9 )?  x y l o - p e n t o d i a l d o s  e J? was 

condensed  w i th  formaldehyde and ammonia i n  t h e  presen ce  

o f  c u p r ic  i o n ,  but none o f  t h e  ex p ec te d  i m i d a z o l e -  

copper complex J5 was o b ta in ed *  The 3“*0~benzyl e th er  

o f  x y l o - p e n t o d i a l d o s e  4  , however,  g a v e ,  i n  low y i e l d ,  

an i n s o l u b l e  brown co p per-cont  a i n i  ng complex, presumed
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to  "be • Treatment o f  t h i s  complex w ith  hydrogen  su lphide ' ,

h o w ev er ,  f a i l e d ’ t o  l i b e r a t e  t h e  f r e e  i m i d a z o l e ,  presumably

b e c a u s e  o f  t h e  s t r o n g l y  c h e l a t i n g  c h a r a c t e r  o f  t h e

d i - i m i d a z o l e  JS • The s t a b i l i t y  c o n s t a n t s  o f  complexes  o f

i m i d a z o l e  w i th  v a r i o u s  t. r a n s i t i o  n-met a l  i o n s  have  been  
10d e t e r m in e d ,  and i t  has  been  d em on stra ted  t h a t  c u p r ic  

i o n s  form v e r y  s t a b l e  p o l y n u c l e a r  complexes  w ith  t h i s  * 

h e t e r o  c y c l e .  A ttem pts  t o  l i b e r a t e  t h e  d i - i m i d a z o l e  from 

t h i s  copper complex by trea tm en t  w i th  8 -h y d r o x y  q u i n o l i n e  

o r  e t h y l e n e d i a m i n e  t e t r a a c e t i c  a c i d  were u n s u c c e s s f u l ,  

w h i l e  n i t r i c  a c id  t re a tm e n t  r e s u l t e d  i n  d e g r a d a t io n  o f  

t h e  l i g a n d .

An a l t e r n a t i v e  approach i n v o l v e d  t h e  

c o n d e n s a t i o n  o f  x y l o - p e n t o d i a l d d s e  or i t s  3 - 0 - b e n z y l  

e t h e r  w i t h  formamide" (SCHEME 1 0 ) ;  i n  both c a s e s ,  

i n t r a c t a b l e  t a r s  were produced^

Concurrent w i t h  t h e  s t u d i e s  d e s c r i b e d  above ,  

f u r t h e r  i n v e s t i g a t i o n  o f  t h e  r e a c t i o n  o f  CPI w ith  

c a r b o x y l i c  a c i d s ,  i n  p a r t i c u l a r  h y d r o x y - c a r b o x y l i c  

a c i d s ,  was undertaken^

Staab' r e p o r t e d  t h a t  m a n d e l ic  a c id  JJ cou ld  

be c o n v e r t e d  t o  m and e l  a ld eh y d e  J3 v i a  t h e  i m i d a z o l i d e ,  

formed b y  r e a c t i o n  w ith  CPI, f o l l o w e d  by r e d u c t i o n  w ith  

l i t h i u m  aluminium h y d r id e  (SCEEF.TE l l ) .  On t h e  b a s i s  o f  

t h i s  f i n d i n g ,  he  conc luded  t h a t  t h e  r e a c t i o n  o f  CPI 

w it h  hydro x y - c a r  bo x y l i  c a c id s  proceeds  p r e f e r e n t i a l l y  

at t h e  c a r b o x y l i c  a c id  group.  Fu rth er  i n v e s t i g a t i o n  

has shown t h a t  t h i s  i s  not t r u e  i n  a l l  c a s e s ; t h u s ,  

when 1 2 —hydro x y - d o d e c a n o ic  a c id  was r e a c t e d  w ith  CPx
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vu
i  11 T IiF Sol  ut :L o ri j t  h e o nl y pro duct fo r m ed was t  h e 

carbamate Q * "while r e a c t i o n  w i th  two e q u i v a l e n t s  o f  

CDI l e d  to  t h e  fo r m a t io n  o f  10 , t h e  product  o f  r e a c t i o n  

w it h  both  t h e  hydroxy l  and t h e  c a r b o x y l i c  a c id  f u n c t i o n s  

(SCHEME 1 2 ) .  E a r l i e r  I n v e s t i g a t i o n s 2 9 however ,  had shown 

t h a t  h y d r o x y - c a r b o x y l i  c a c id s  i n  which t h e  hyd roxy l  

group I s  seco n d a ry  cou ld  be c o n v er te d  to  t h e  a c id  

i m i d a z o l i d e s  by r e a c t i o n  w ith  CDI (SCHEME 2 ) ,

I t  was found p o s s i b l e  to  m onitor  t h e  

p r o g r e s s  o f  r e a c t i o n  o f  CDI w ith  c a r b o x y l i c  a c i d s  and 

w it h  a l c o h o l s  by u . v .  s p e c t r o s c o p y ;  t h u s ,  w h i l e  

h e x a n o i c  i m i d a z o l i d e  shows a broad a b s o r p t i o n  c e n tr e d  

at 2 4 0 - 2 4 5 b eu> and a sharp  peak at 227 nm.,. H - (n -b u ty l~  

o x y c a r  bo n y l )  - I m i d a z o l e  1JL shows a sharp a b s o r p t i o n  at 

224 nm. , w i th  a s h o u ld e r  at 232 nm. M o n ito r in g  t h e  

r e a c t i o n  o f  1 2 -h y d r o x y -d o d e c a n o ic  a c id  w ith  CDI by u . v .  

s p e c t r o s c o p y ,  and comparison o f  t h e  s p e c t r a  th u s  o b t a in e d  

w it h  t h e  s p e c t r a  o f  h e x a n o ic  i m i d a z o l i d e  and 31-(n-but y l -  

o x y c a r b o n y l ) - im i  dazo l  e showed t h a t ,  i n  t h i s  r e a c t i o n ,  CDI 

r e a c t s  p r e f e r e n t i a l l y  w ith  t h e  hydroxy l  group ( F i g u r e  l ) .  

R e a c t i o n  o f  an equimolar m ix tu re  o f  h e x a n o ic  a c id  and 

n-but  anol  w ith  CDI ( l  e q u i v a l e n t )  showed t h a t ,  i n  t h i s  

c a s e  t o o ,  r e a c t i o n  occurs  predominant] y w ith  t h e  a l c o h o l .

The r e a c t i o n  o f  an equimolar m ix tu re  o f  

h e x a n o i c  a c id  and i s o p r o p a n o l  w ith  CDI ( l  e q u i v a l e n t )  

was a l s o  s t u d i e d  s p e c t r o p h o t o m e t r i c a l l y ;  i n  t h i s  c a s e ,  

t h e  e l e c t r o n i c  spectrum which d ev e lo p e d  was s i m i l a r  to  

t h a t  o f  h e x a n o i c  i m i d a z o l i d e ,  i n d i c a t i n g  th a t  r e a c t i o n  

o c c u r s  p r e f e r e n t i a l l y  at t h e  c a r b o x y l i c  a c id  group.

RI c l  no 1 e i  c a c id  12 r e a c t e d  s i m i l a r l y  w ith  CDI to  form t h e
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a c id  i m i d a z o l i d e  ( F i g u r e  2)*

I . r ,  s p e c t r o s c o p y  was a l s o  used  t o  m onitor  

t h e  r e a c t i o n  o f  CDI w ith  h y d r o x y - a c i d s # i n  t h e  S o l i d  

s t a t e ,  a c i d  i m i d a z o l i d e s  show a carbonyl  a b s o r p t i o n  

at 1747 cm* , w h i l e  U -a lk o x y  carbonyl  - I m id a z o l  es show 

a b s o r p t i o n  at 1770-1780  cm7^ The r e a c t i o n  o f  r i c i n o l e i c  

a c i d  w i t h  CDI was m onitored  by i * r .  s p e c t r o s c o p y  ( F i g u r e  3 ) ;  

a r a p id  development  o f  a b s o r p t io n s  c h a r a c t e r i s t i c  o f  t h e  

a c i d  i m i d a z o l i d e  group was o b s e r v e d ,

A marked s o lv e n t - d e p e n d e n c e  was o b se r v e d  

i n  t h e  r e a c t i o n  o f  1 2 -h y d r o x y -s t  e a r ! c  a c id  w i t h  CDI. 

I n T H F  s o l u t i o n ,  t h e  s o l e  product was t h e  H -a lk oxy-  

c a r b o n y l - i m i d a z o l e  ,  w h i l e  i n  e th e r  S o l u t i o n ,  t h e  s o l e

product  was t h e  a c id  i m i d a z o l i d e  ; i n  ch loroform  

s o l u t i o n ,  b o th  compounds were formed i n  a p p r o x im a te ly  

eq u im olar  amounts (SCHEME 1 3 ) ;  t h i s  i n d i c a t e s  t h a t ,  i n  

t h i s  c a s e ,  t h e  f a c t o r s  i n f l u e n c i n g  t h e  co u r se  o f  t h e  

r e a c t i o n  are  f i n e l y  b a la n c e d ,  and a t tem pts  were t h e r e f o r e  

made to  change t h e  c o u r s e  o f  t h e  r e a c t i o n  by m o d i f i c a t i o n  

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

The p r e f e r e n t i a l  fo r m a t io n  o f  carbamate 1J  

i n  t h e  r e a c t i o n  o f  h y d r o x y - a c id s  w ith  CDI might a r i s e  i n  

two ways: f i r s t l y ,  a t t a c k  on t h e  i n t e r m e d i a t e  anhydride.

16 by t h e  h yd ro x y l  f u n c t i o n ,  l e a d i n g  to  carbamate  

f o r m a t i o n ,  may be more fa v o u r a b le  th a n  a t t a c k  o f  

i m i d a z o l e  on  1 6 , which would l e a d  to  i m i d a z o l i d e  

f o r m a t i o n  (SCHEME 14) t  a l t e r n a t i v e l y ,  t h e  p re s e n ce  o f  

a c a r b o x y l i c  a c id  f u n c t i o n  may c a t a l y s e  t h e  n orm ally  

s l o w  r e a c t i o n  o f  t h e  hyuroxyl  f u n c t i o n  w ith  CDI,
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l e a d i n g  d i r e c t l y  t o  c a r b a m a t e  f o r m a t i o n  (SCHEL'E 1 5 ) .

I n  o r d e r  to t e s t  t h e  f i r s t  o f  t h e s e  h y p o t h e s e s ,  1 2 -  

h y d r o x y - s t  e a r i  c a c id  was r e a c t e d  w i th  CUE i n  ch loroform  

s o l u t i o n  i n  t h e  p r e s e n c e  o f  one  e q u i v a l e n t  o f  i m i d a z o l e ;  

s i n c e ,  i n  t h e  r e a c t i o n  o f  t h i s  a c id  w ith  CPI i n  t h e  

a b se n c e  o f  added i m i d a z o l e ,  t h e  c o n c e n t r a t i o n  o f  

I m i d a z o l e  i s  i n i t i a l l y  v e r y  lo w ,  i t  was thought  p o s s i b l e  

t h a t  t h i s  might have encouraged f o r m a t io n  o f  carbamate  

r a t h e r  t h a n  i m i d a z o l i d e ,  at l e a s t  i n  t h e  i n i t i a l  s t a g e s  

o f  r e a c t i o n ,  t h u s  l e a d i n g  to  a m ix t u r e  o f  p r o d u c t s .

However, a d d i t i o n  o f  one  equi v a le n t  o f  

i m i d a z o l e  to. t h e  r e a c t i o n  m ix tu re  had no e f f e c t ;  a g a in ,  

i m i d a z o l i d e  and carbamate were formed i n  equimolar  

amounts. However, when an equimolar  m ix tu r e  o f  i m i d a z o l e  

and 12-hydro  x y - s t  e a r l  c a c id  i n  ch loroform  s o l u t i o n  was 

s t i r r e d  f o r  50 min, b e f o r e  a d d i t i o n  o f  one e q u i v a l e n t  

o f  CPI, t h e  i m i d a z o l i d e  was formed e x c l u s i v e l y *  t h i s  

I n d i c a t e s  t h a t  t h e  carboxy l  a t e  a n io n  o f  t h i s  a c id  

r e a c t s  more r a p i d l y  w ith  CPI th a n  e i t h e r  t h e  hydroxy l  

f u n c t i o n  or  t h e  c a r b o x y l i c  a c id  f u n c t i o n .  77hen t h i s  

r e a c t i o n  was r e p e a t e d  u s i n g  a primary h y d r o x y - a c id ,

1 6 - h y d r o x y -h e x a d e c a n o i  c a c i d ,  carbamate form atio  n was 

t h e  o n l y  p r o c e s s  o b s e r v e d .

I t  can t h e r e f o r e  be concluded t h a t  

carbamate fo r m a t io n  f o l l o w s  t h e  path shown I n  SCHEME 15» 

i . e .  ,  t h a t  r e a c t i o n  o f  t h e  h y d r o x y -a c id  w ith  CPI i s  t h e  

rah.e-d.et erm ining  s t e p ,  and t h a t ,  i n  t h i s  s t e p ,  

c a r b o x y l a t e  i o n s  r e a c t  more r a p i d l y  t h a n  seco n d a ry  

h y d r o x y l  f u n c t i o n s  or  c a r b o x y l i c  a c i d  f u n c t i o n s ,  but
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l e s s  r a p i d l y  t h a n  primary h y d ro x y l  f u n c t i o n s ,  when an 

a c i d  c a t a l y s t  i s  p r e s e n t .  The S o l v e n t - d e p e n d e n c e  o b serv ed  

i n  t h e  r e a c t i o n  o f  CDI w i t h  1 2-hydro x y - s t  e a r i c  a c id  i s  

p ro b a b ly  due e i t h e r  to t h e  e f f e c t  o f  s o l v e n t  i o n i s i n g -  

power on t h e  d i s s o c i a t i o n  o f  t h e  c a r b o x y l i c  a c id  f u n c t i o n ,  

and th u s  on t h e  ex ten t  to  which i t  c a t a l y s e s  r e a c t i o n  

o f  t h e  h yd roxy l  group w ith  CDI, o r  t o  t h e  e f f e c t  o f  

c o n f o r m a t io n a l  changes  on t h e  r e l a t i v e  nucl  e o p h i l i  c i t i e s  

o f  t h e  h y d ro x y l  and c a r b o x y l i c  a c i d  f u n c t i o n s ;  i n d e e d ,  

b o th  f a c t o r s  may be o p e r a t i v e .

T*rh i l e  i t  was p o s s i b l e  to  prep are  t h e  

i m i d a z o l i d e s  o f  h y d r o x y - a c id s  i n  which t h e  hydroxy l  group  

i s  s e c o n d a r y ,  under a l l  c o n d i t i o n s  s t u d i e d ,  primary  

h y d r o x y - a c id s  ga v e  o n l y  t h e  F-a lkoxyc-arbonyl- im id 'azo l  es  

(SCHEME 1 6 ) .  S e l e c t i v e  p r o t e c t i o n  o f  t h e  primary hydroxy l  

group  was p o s s i b l e :  c o n v e r s i o n  o f  1 6 - h y d r o x y -h e x a d e c a n o ic  

a c i d  t o  t h e  b i s - t r i m e t h y l s i l y l  d e r i v a t i v e  _21 , s e l e c t i v e  

h y d r o l y s i s  to  t h e  f r e e  a c id  2 2 , and r e a c t i o n  w ith  CDI 

g a v e  t h e  i m i d a z o l i  de 22 ( SCHEME 17)  J i t  was a n t i c i p a t e d  

t h a t  t r e a tm e n t  o f  t h i s  compound w ith  an i o n i c  f l u o r i d e  

under  c o n d i t i o n s  o f  h ig h  d i l u t i o n ,  or  w ith  a s u i t a b l e  

p o ly m er -su p p o r te d  q u atern ary  ammonium f l u o r i d e  would 

g e n e r a t e  t h e  a l k o x i d e  2J± which would c y c l i s e  to  t h e  

m a c r o l i d e  2% • However, t h e  i m i d a z o l i d e  2£  was u n s t a b l e ,  

u n d e r g o in g  c l e a v a g e  o f  t h e  tr im  e th y l  s i l y l  e th e r  fo l lo w e d  

by p o l y m e r i s a t io n ^  t h i s  was presumably cue t o  c a t a l y s i s  

o f  t h e  e t h e r  c l e a v a g e  by t h e  i m i d a z o l e  formed i n  t h e  

r e a c t i o n  o f  2 2  w i th  CDI. A' more s t a b l e  s i l y l  e t h e r ,  

p o s s i b l y  t h e  t — b u t y l — dim e th y l  s i  l y l  e th er  , might a l l o w  

t h i s  d i f f i c u l t y  t o  be circumvent ed.
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Attempts  were made'to  c y c l i s e  t h e  

i m i d a z o l i  d es o f  1 2 - h y d r o x y - s t  e a r l c  a c id  -ljjj and 

r i c i n o l e i c  a c id  26 ( SCHEIE 18) under c o n d i t i o n s  o f  h ig h  

d i l u t i o  n, 1 2 -E y d r o x y -s t  e a r i c  i m i d a z o l i d e  g a v e  o n l y  

P o l y e s t e r  p ro d u cts  under a l l  c o n d i t i o n s  s t u d i e d ,

R i c i n o l e i c  i m i d a z o l i d e  g a v e ,  i n  a d d i t i o n  t o  p o ly m e r ic  

p r o d u c t s ,  some lo w er  m o le c u la r  weight  m a t e r i a l  whose 

s p e c t r a l  c h a r a c t e r i s t i c s  were c o n s i s t e n t  w i th  t h e  p r e s e n c e  

o f  a l a c t o n e  s t r u c t u r e .  P r e p a r a t i v e  t . l . c ,  o f  t h e  

product  m ix t u r e  gave  two compounds which were l e s s  

p o la r  t h a n  r i c i n o l e i c  a c i d ;  n e i t h e r  compound showed a 

h y d r o x y l  a b s o r p t i o n  i n  t h e  i . r ,  ; t h e  more p o la r  

compound showed a b s o r p t io n s  at 1737  and 1180 cm7^, 

w h i l e  t h e  l e s s  p o la r  compound showed a b s o r p t io n s  at  

1732,; 1230> 1180 ,  1120 and 1050 cm.’1'? t h e i r  p .m ,r .  

s p e c t r a  were almost  i d e n t i c a l .  T h e s e  compounds may have  

b e e n  t h e  m a c r o l i d e  21 and t h e  d i l i d e  28 , both  o f  which  

a r e  known t o  be  p resen t  i n  commercial  r i c i n o l e i c  a c id '3, 

R i c i n o l e i c  i m i d a z o l i d e  r e a c t e d  w i th  methanol t o  g i v e  

m ethy l  r i c i n o l e a t e  2% , which shows a carbonyl  a b s o r p t i o n  

at 1750 cmT  ̂ ; methyl a c e t y l  r i c i n o l e a t e  JJ0 has  a carbonyl  

a b s o r p t i o n  at 1745 cm, , w h i l e  commercial r i c i n o l e i c  a c id  

shows two carbonyl  a b s o r p t io n s  at 1715 aud 1735 cm.'1' ,  

t h e  l a t t e r  presumably due to l a c t o n e  i m p u r i t i e s  27 and 

28 ; a t te m p ts  to i s o l a t e  pure samples  o f  t h e s e  compounds 

from commercial  r i c i n o l e i c  a c id  were u n s u c c e s s f u l .

Other p o s s i b l e  methods o f  preparing  

i m i d a z o l i d e s  were i n v e s t i g a t e d ;  a t tem pts  were made to  

p re p a re  N -eh loro  car bo n y l - i m i d a z o l  e jjl ( SCHEIE 19)
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and i n v e s t i g a t e  i t s  r e a c t i o n  w ith  c a r b o x y l i c  a c i d s .

R e a c t i o n  o f  equimolar  q u a n t i t i e s  o f  

i m i d a z o l e ,  phosgene and t r i  e t h y l  amine,  f o l l o w e d  by 

a d d i t i o n  o f  h e x a n o i c  a c id  produced ,  i n  f a i r  y i e ld ' ,  

h e x a n o i c  i m i d a z o l i d e .  Attempts  were t h e n  made to  r e p e a t  

t h i s  p r o c e s s  u s i n g  a p o ly m e r -s u p p o r te d  i m i d a z o l e .

R e a c t i o n  o f  p a r t i a l l y  chlo  ro m ethy l  at ed 

p o y s t y r e n e  beads w ith  t h e  s 0 di.um s a l t  o f  4 ( 5 ) -  

hyd'roxym ethy l - im idazo l  e9 $ 2  ( SCHEME 20) g a v e  a polymer  

w hich was shown by com bust ion  a n a l y s i s  to  c o n t a i n  n i t r o g e n .  

The i , r ,  spectrum o f  t h e  polymer was c o n s i s t e n t  w i th  t h e  

p r e s e n c e  o f  f r e e  i m i d a z o l e  g r o u p in g s .  S i m i l a r l y ,  

r e a c t i o n  o f  t h e  p o ly m er -su p p o r ted  a c id  c h l o r i d e  54 

w it h  4( 5 ) -h y d r o x y m eth y l - im id a z o  l e  g a v e  a polymer

i s  which was shown by combustion a n a l y s i s  to  c o n t a i n  

n i t r o g e n  and o xygen  i n  t h e  c o r r e c t  r a t i o  and whose 

i . r .  spectrum  showed t h e  p r e s e n c e  o f  e s t e r  and i m i d a z o l e  

g r o u p s .

Both polymers were s e p a r a t e l y  r e a c t e d  

s e q u e n t i a l l y  w i th  phosgene and t r i  e th y l  amine, f o l l o w e d  

by e x c e s s  h e x a n o ic  a c id ;  h e x a n o ic  a c id  was r e c o v e r e d  

q u a n t i t a t i v e l y ,  and i n  n e i t h e r  c a s e  d id  t h e  polymer  

show any a p p r e c i a b l e  g a i n  i n  weight dur ing  t h e  r e a c t i o n .  

Attempts  were made to  a t t a c h  two i m i d a z o l e  

groups  to  a  polymer support  through a s i l o x a n e  l i n k a g e  

( SCHEIE 22);  both polymers j>6 & ^  so produced were  

shown by mi cro anal  y s i s  to  c o n t a in  n i t r o g e n  but no 

s i l i c o n ,  and no f u r t h e r  i n v e s t i g a t i o n  o f  t h e s e  

mat e r i a l  s was und ert aken*
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R e a c t i o n  o f  part  i  al  1 y ami no m et h y l  at ed' 

p o l y s t y r e n e  beads JJ8 w i th  an e x c e s s  o f  4- (  2- c h l o r o -  

e t h y l  ) - i m i d a z o l  e (SCHEME. 23) g a v e  a Polymer whose  

s p e c t r a l  c h a r a c t e r i s t i c s  were c o n s i s t e n t  -with t h e  

p a r t - s t  r u c t  ur e ^0 • T i t r a t i o n  -with m in e r a l  a c i d  shewed  

t h e  p r e s e n c e  o f  t h r e e  amine groups  f o r  e v er y  one  

p r e s e n t  i n  t h e  o r i g i n a l  ami no met h y l  polymer* T h i s  

polymer was r e a c t e d  w i th  an e x c e s s  o f  h e x a m eth y l -  

d i s i l a z a n e  and t h e  product So o b t a i n e d ,  a fb e r  th o r o u g h  

w a sh in g ,  was r e a c t e d  w ith  p h o sg en e’ (SCHEME 24) j 

a d d i t i o n  o f  a c e t i c  a c i d ,  f o l l o w e d ,  a f t e r  th o ro u g h  

w a s h in g ,  by a d d i t i o n  o f  p - t o l u i d i n e  r e s u l t e d  i n  t h e  

r e c o v e r y  o f  unchanged p - t o l u i d i n e  (SCHEME 2 5 ) .

The presumed i n t e r m e d i a t e  p o ly m er -su p p o r te d  s i l y l  

i m i d a z o l e  Al d id  however t r a n s fo r m  b e n zy l  a l c o h o l  

t o  i t s  t r i m e t  hy l  s i  l y l  e t h e r .  S in c e  t h i s  p r o p e r t y  was 

a l s o  shown by t h e  poljnner o b t a in e d  by t r e a tm e n t  o f  

ami no met h y l -p o ly m e r  J>_8 w ith  h e x a m e t h y l d i s i l a z a n e ,  

t h i s  co u ld  not be t a k e n  as c o n c l u s i v e  e v id e n c e  o f  t h e  

p r e s e n c e  o f  i m i d a z o l e  groups on t h e  polymer (SCHEME 2 6 ) .

The r e a s o n  f o r  t h e  f a i l u r e  o f  t h e  above-  

d e s c r i b e d  polymers to  r e a c t  i n  t h e  e x p e c ted  manner i s  

not c l e a r .  I t  i s  p o s s i b l e  t h a t  t h e  p o lym er-su p ported  

i m i d a z o l e s  o r  i m i d a z o l i d e s  are  l e s s  r e a c t i v e  t h a n  t h e i r  

n o n -P o ly m e r ic  c o u n t e r p a r t s ;  a l t e r n a t i v e l y ,  t h e  w e l l -  

known t e n d e n c y  f o r  i m i d a z o l e s  to  e x h i b i t  i n t e r -  

m o le c u la r  a g g r e g a t i o n  may r e s t r i c t  a c c e s s  to  t h e  pores  

o f  t h e  polymer b ea d s .  T h is  t e n d e n c y  i s  p a r t i c u l a r l y  

marked i n  non—p o la r  s o l v e n t s ;  f o r  example, 4( 5)*"methyl —
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i m i d a z o  1 e e x h i b i t s  a n a p p a r e nt rho 1 e c u l a r  w e i g h t  o f

150 0 when c r y o s c o p i c  m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n  i s  

p e r f o r m e d  a t  a c o n c e n t r a t i o n  o f  6m i n  b e n z e n e  s o l u t i o n ,  

w h i l e  i m i d a z o l e  i t s e l f  h a s  a n  a p p a r e n t  m o l e c u l a r  w e i g h t ,  

d e t e r m i n e d  e b u l l i o m e t r i c a l l y ,  o f  250 a t  a  c o n c e n t r a t i o n  

o f  411 i n  b o i l i n g  b e n z e n e 14 ; a q u e o u s  s o l u t i o n s  o f  

i m i d a z o l e s  b e h a v e  n o r m a l l y  i n  s u c h  d e t e r m i n a t i o n s .

S i n c e  a l l  t h e  s t u d i e s  o f  p o l y m e r - s u p p o r t  ed 

r e a g e n t s  d e s c r i b e d  a b o v e  Y/ere c a r r i e d  o u t  i n  n o n - p o l a r  

s o l v e n t s ,  i t  i s  p o s s i b l e  t h a t  a s s o c i a t i o n  o f  p e n d a n t  

i m i d a z o l e  g r o u p s  may c r e a t e  a  h i g h l y  c r o s s - l i n k e d  

P o l y m e r  w h i c h  i s  c o n s e q u e n t l y  i m p e r v i o u s  t o  s u b s t r a t e  

i m i d a z o l e s .  T h i s  p o s s i b i l i t y  e n c o u r a g e d  I n v e s t i g a t i o n  

o f  a  d i f f e r e n t  p o l y m e r  s y s t e m ,  n a m e l y  t h a t  o f  p o l y -  

4 (  5 ) - v i  n y l - i m i  d a z o l  e (pYIm) » w h ic h  h a s  b e e n  shown i n  

s e v e r a l  s t u d i e s 15 t o  b e  m o re  r e a c t i v e  t h a n  f r e e  i m i d a z o l e  

i n  c a t a l y s i n g  e s t  e r - s o l v o l y s  e s .

pVIm was p r e p a r e d  b y  t h e  m e th o d  o f  

O v e r b e r g e r  and  V o r c h h e i m e r 16 . A n a l y s i s  o f  t h i s  p o ly m e r  

show ed  t h e  p r e s e n c e  o f  0 . 6 6  e q u i v a l e n t  o f  w a t e r  p e r  

e q u i v a l e n t  o f  p e n d a n t  i m i d a z o l e ,  and  a t t e m p t s  t o  r e m o v e  

t h i s  w a t e r  by  p r o l o n g e d  d r y i n g  o v e r  p h o s p h o r u s  p e n t o x i d e  

w e r e  u n s u c c e s s f u l 6 . T h e  p r e s e n c e  o f  w a t e r  i n  t h e  p o ly m e r  

c r e a t e s  p r o b l e m s  i n  a t t e m p t s  t o  p r e p a r e  p o l y m e r i c  

1 , 1 *  c a r b o n y l - d i - i m i d a z o l  e ,  w h ic h  w ou ld  b e  h y d r o l y s e d  

r a p i d l y .  T h e  p o l y m e r  was t h e r e f o r e  d i s s o l v e d  c o m p l e t e l y  

i n  m e t h a n o l ,  a n d ,  a f t e r  d r y i n g  t h e  S o l u t i o n  o v e r  

m o l e c u l a r  s i e v e s ,  r e p r e c i p i t a t e d  by  d i l u t i o n  Ytith e t h y l  

a c e t a t e ,  and  t h o r o u g h l y  d r i e d  o v e r  p h o s p h o r u s  p e n t o x i d e .
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A l l  r e a c t i o n s  t h e r e a f t e r  were performed i n  an atmosphere  

o f  d ry  n i t r o g e n .  Treatment o f  t h i s  polymer w ith  

phosgene  and t r i  et hy l  ami ne (b o th  i n  e x c e s s )  f o l l o w e d ,  

a f t e r  th o ro u g h  w a sh in g ,  by a d d i t i o n  o f  a c e t i c  a c i d ,  

f o l l o w e d ,  a f t e r  f u r t h e r  w a sh in g ,  by t r e a tm e n t  w i th  

a n i l i n e  produced no a c e t a n i l i d e  ( SCHEME 2 7 ) .

More v i g o r o u s  d r y in g  c o n d i t i o n s  were used  

i n  a s eco n d  approach (SCHEME 28) ;  pVIm was h e a t e d  w ith  

e x c e s s  h e x a m e t h y l d i s i i a z a n e ,  t h e n  t r e a t e d  s u c c e s s i v e l y  

w it h  p h o sg en e1, b e n z o i c  a c id  and p - t o l u i d i n e ,  w i th  t h e  

polymer b e in g  t h o r o u g h l y  washed a f t e r  each o p e r a t i o n .  

p - T o l u i d i n e  was r e c o v e r e d  unchanged.

A major problem i n  t h e  s t u d y  o f  pVIm 

and r e a g e n t s  d e r i v e d  t h e r e fr o m  was t h e  change i n  

p r o p e r t i e s  o f  t h e  polymer on chemical  m o d i f i c a t i o n ;  

f o r  example ,  w h i l e  pVIm i t s e l f  i s  a f i n e  w h i t e  powder,  

upon s i l y l a t i o n  w i th  h e x a m e t h y l d i s i l a z a n e  i t  I s  

t r a n s f o r m e d  i n t o  a' brown gum, from w h i c h  r e s i d u a l  

t r a c e s  o f  s o l v e n t  are  removed o n l y  w i th  d i f f i c u l t y .

S i m i l a r  problems were encountered  when t h e  c a r b o n y l a t i o n  

o f  pVIm by  e x c e s s  CHI was a t tem pted  (SCHEME 2 9 ) ;  t h e  

polymer was t r a n s fo rm e d  i n t o  a hard f r i a b l e  r e s i n ,  

presum ably  b ec a u s e  o f  c r o s s - l i n k i n g  o f  t h e  polymer c h a i n s .  

P u r i f i c a t i o n  o f  t h i s  polymer proved i m p o s s i b l e  and no 

f u r t h e r  s t u d i e s  on i t  were attempted*

An e x t e n s i v e  survey'?o f  t h e  p u b l i sh e d  

l i t e r a t u r e  on t h e  r e a c t i o n s  o f  pVIm r e v e a l s  t h a t ,  i n  

.no c a s e s ,  have r e a c t i o n s  o f  pVIm or any o f  i t s  

d e r i v a t i v e s  i n  n o n -p o la r  s o l v e n t s  been r e p o r t e d .
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S t u d i e s  w ith  t h i s  sy s tem 17 have  b een  c o n f in e d  almost  

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

s o l v o l y s i s ,  and have  been  c a r r i e d  out i n  water o r  

aqueous e th a n o l  or methanol  s o l u t i o n s ;  such  c o n d i t io n s ,  

would c l e a r l y  be I m p r a c t i c a b l e  I n  t h e  p r e se n t  s t u d y .

I t  has  r e c e n t l y  been r e p o r t e d 10 t h a t ,  c o n t r a r y  

to  t h e  b e h a v io u r  u s u a l l y  o b se r v e d  I n  s t u d i e s  o f  pTIm- 

m ed ia ted  r e a c t i o n s  i n  aqueous m edia ,  pVIm was 50 t im e s  

l e s s  e f f e c t i v e  t h a n  i m i d a z o l e  i t s e l f  I n  t h e  fo rm a t io n  

o f  N - a c e t y l  i m i d a z o l e  s p e c i e s  w ith  p - n i t r o p h e n y l  a c e t a t e  

i n  d im e th y l  form amide s o l u t i o n .  T h is  o b s e r v a t i o n  s u g g e s t s  

t h a t  good s o l v e n t s  fo r  pVIm-mediat ed r e a c t i o n s  must not 

o n l y  be  P o la r  but a l s o  p r o t i c ,  and s u p p o r t s  t h e  e x p l a n a t i o n  

proposed  above fo r  t h e  f a i l u r e  o f  a t te m p ts  t o  

c a r b o n y l a t e  t h i s  polymer w i th  phosgene  i n  r e l a t i v e l y  

n o n -p o la r  a p r o t i c  s o l v e n t s .

However,  s t u d i e s  with  pVTm were not  

u n i f o r m l y  u n s u c c e s s f u l ;  when t h e  polymer was h e a te d  under  

r e f l u x  w i th  e x c e s s  a c e t i c  a n h y d r id e ,  f o l l o w e d  by r e p e a t e d  

a z e o t r o p i c  d i s t i l l a t i o n  o f  t h e  s o l v e n t  w ith  t o l u e n e ,  

f o l l o w e d  by f r e e z e - d r y i n g  at room t e m p e r a t u r e ,  a 

brown r e s i n o u s  polymer was obt .a lned ,  which q u a n t i t a t i v e l y  

c o n v e r te d  p - t o l u i d i n e  to  p - a-o o to to  1 u i d i -d-o« T h is  r e a c t i o n  

presumably  proceeds  through  a p o ly m er ic  i m i d a z o l i d e  

(SCHEME 3 0 ) .  The r e a c t i v i t y  o f  t h i s  i m i d a z o l i d e ,  however,  

seems to  be low er  th a n  th a t  o f  H -a c e ty l  i m i d a z o l e ;  

t r e a t m e n t  o f  t h e  polymer w i th  e i t h e r  c h o l e s t e r o l  or  

b en z y l  a l c o h o l ,  i n  t h e  p r e s e n c e  o f  c a t a l y t i c  amounts 

o f  b a s e ,  f a i l e d  to  produce any c h o l e s t e r y l  a c e t a t e  or
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b en zy l  a c e t a t e  (SCEEJ.’E 3 1 ) ;  both  compounds are  r e a d i l y  

a c e t y l a t e d  by 27-acetyl  i m i d a z o l e 1 under s i m i l a r  c o n d i t i o n s .

F o l lo w in g  t h e  d i s c o v e r y  t h a t  pVIm could  be  

c o n v e r t e d  to  t h e  27-a c e t y l  d e r i v a t i v e  by a c e t i c  a n h y d r id e ,  

a l l  t h e  presumed p o ly m e r ic  i m i d a z o l e s  j$2 > 

p repared  p r e v i o u s l y  were s u b j e c t e d  to  s i m i l a r  t r e a t m e n t ;  

i n  e v e r y  c a s e ,  t h e  Polymer t h u s  o b t a i n e d  c o n v e r te d  

p - t o l u i d i . n e  to  p - aooto t o l u i -di -d o. To v e r i f y  t h a t  t h i s  was 

not s im p l y  due t o  t h e  p r e s e n c e  o f  r e s i d u a l  a c e t i c  

an h yd r id e  i n  t h e  r e s i n ,  u n fu n c t io  n a l i s  ed p o l y s t y r e n e  

r e s i n  was a l s o  t r e a t e d  w i th  a c e t i c  anhydr ide  under t h e s e  

c o n d i t i o n s ;  t h e  polymer beads th u s  o b t a in e d  d id  not 

co n v er t  p - t o l u i d i n e  to p - a o o b u tu lu id i 'd e .  The c o n c l u s i o n  

to  be  drawn i s  t h a t  a l l  t h e s e  polymers d id  c o n t a i n  

i m i d a z o l e  g r o u p s ,  and t h a t  t h e  f a i l u r e  t o  convert  t h e s e  

polymers to  p o ly m e r -su p p o r ted  1 ,1 *  carbonyl  - d i - i  mid a zo l e  

s p e c i e s  was not due to t h e  a b se n c e  o f  i m i d a z o l e  f u n c t i o n s ,  

but due to  t h e  p r o p e r t i e s  o f  t h e  p o ly m er ic  i m i d a z o l e s  

thems e l v e s .

The p r e p a r a t i o n  o f  a p o ly m er -su p po r ted  

c a r b o d i im id e  r e a g e n t  has been  d e s c r i b e d 19. T h is  r ea g en t  

was used  i n  an attempt to prep are  m a c r o l id e s  from l o n g -  

c h a i n  h y d r o x y - a c i d s .  I t  was hoped t h a t  c y c l i s a t i o n  might  

o c c u r  r a p i d l y  enough to  a l lo w  a " h i g h - d i l u t i o n ' 1 e f f e c t  

to  be a c h ie v e d  by s u i t a b l e  s p a c in g  o f  r e a c t i v e  s i t e s  on  

t h e  Polymer s u p p o r t .  I n  t h e  e v e n t ,  however,  anhydride  

f o r m a t io n  was t h e  o n l y  p r o c e s s  o b s e r v e d ,  t o g e t h e r  w ith  

consequent  p o l y m e r i s a t i o n  (SCHELTE 32) •
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I n  c o n c l u s i o n ,  t h i s  i n v e s t i g a t i o n  h a s  

d e m a n s tr a te d ,  . f i r s t l y ,  t h a t  t h e  e a r l i e r  report '  t h a t  

hydro x y - c a r  bo x y l i  c a c id s  can he c o n v e r te d  to  t h e i r  

I m i d a z o l i d e s  by r e a c t i o n  w i th  CDI does  not apply  to  

primary hydro x y - c a r  bo x y l i  c a c i d s ,  and h o ld s  f o r  

s e c o n d a r y  hydro x y - c a r  bo x y l i  c a c id s  o n l y  under c e r t a i n  

r e a c t i o n  c o n d i t i o n s ;  and* s e c o n d l y ,  t h a t ,  w h i l e  i t  i s  

p o s s i b l e  to  prepare  p o ly m er -su p p o r ted  i m i d a z o l i d e s  

which may be o f  u s e  i n  c e r t a i n  s p e c i a l i s e d  a p p l i c a t i o n s ,  

i n  g e n e r a l ,  p o ly m er -su p p o r ted  i m i d a z o l e  s p e c i e s  do not  

show t h e  same r e a c t i v i t y ,  i n  n o n -p o la r  s o l v e n t  s y s t e m s ,  

as f r e e  i m i d a z o l e s ,  and t h e i r  s y n t h e t i c  u t i l i t y  i s  

t h e r e f o r e  l i m i t e d #
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EX PERI IIEPT : CQ ITS 121™:) ,

1» Attem pted p r e p a r a t i o n s  0 f  d i - i  mi d a so 1 e s :

(a ) b i s - ( 4 (  5) - i  mi da so l y l ) - m e t h a n o l ,

copper complex: 120

(b) b f s - ( 4 (  5 ) - i m i d a z o l y l ) - m e th y l  b e n z y l  e t h e r ,

Copper complex: 120

( 0 ) b l s - ( 4 (  5) - i m i & a z o l y l ) -m e th y l  b e n z y l  e th e r 121

2, S t u d i e s  m t h  1 ,1 *  carbon?/! d i - i m i d a s o l  e:

h e x a n o i c  i m i d a z o l i d e 122

(*) H-( n - but y l o x y  carb on y l)  - i m i d a z o l  e 123

( « ) IT— ( ± so pro pylo xycarbo nyl ) - i m i d a z o l  e

(3) r e a c t i o n  -with n -b u ta n o l  and h e x a n o i c  a c id

(e) r e a c t i o n  m t h  i s o p r e p a n o l  and h e x a n o i c  a c id

( f ) r e a c t i o n  v/ ith  1 2 - h y d r o x y -d o d e c a n o ic  a c id 124

(g) r e a c t i o n  m t h  r i c i n o l e i c  a c id 125

w m et hy l  r i  c i  no 1 eat e 125

( 3 ) r i  c i n o l e i d  e 126

(* ) r e a c t i o n  m t h  1 2 -h y d r o x y -a t  e a r l c  a c id 127

(m) r e a c t i o n  m t h  1 6 - h y d r o x y -h e x a d e c a n o ic  a c id 128

(a ) r e a c t i o n  m t h  i s o - a m b r e t t o l i c  a c id 129

( 0 ) r e a c t i o n  m t h  1 6 - t r im  e t h y l  s i l o  x y -

h e x a d e c a n o ic  a c id 130

5. R e a c t i o n  o f  IT-chloro carbo n y l - i m i d a s o l  e

\7 l th  h e x a n o ic  a c i d :  151

4» Pr eT>ar a t io  n and r e o ,c t io n s  o f  p o l y s t  y r e n e —support  ed 

i m i d a s o l  e s :

( a )  p o l y - p - 4 (  5 ) - i n i d a s o l y l m e t h o x y m e t h y l - s t y r e n e ( j 5 2 ) :

1 31
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(h )  p o l y - p - s t y r y l  a c e t i c  a c i d ,  4 ( 5 ) - i m i d a z o l y l m e t h y l

e s t e r  ( :  1 3 2

( c) p o l y - p - s t y r y l m  e t h o x y - ,  h i s - ( 4 (  5 ) i* 2 - i£ a zo ly l -

m e th o x y ) - m e t h y l  s i l  ane(j>j$ 133

(d)  p o l y - p - s t y r y l m  e t h y l - ,  h i s ( 4 (  5) - i m i d a z o l y l -

m e t h o x y ) - m e t h y l s i l  ane (j5§) 134

( e) p o l y - p - , 'd i - (2 - (  4( 5 ) - l n i d a s o l y l ) - e t h y l  ) -

ami no m e t h y l - s t y r e n e  ( 40) 155

(*)  r e a c t i o n  o f  ]£>9 tr ith  a c e t i c  anhydride  137

5. S t u d i e s  t h  Po 1 y - 4( 5) - v i n y l  - im id  a zo 1 e :

(a )  4(  5 ) - v i n y l - i m i d a z o l  e 138

(h )  p o l y - 4 (  5 ) - v i n y l - i m i d a z o l  e 139

( c )  r e a c t i o n  -with phosgene  140

(d )  poly-IT-tr im e t h y l  s i l y l - 4 (  5) “V i n y l - i m i d a z o l  e 140

( e) r e a c t i o n  xii th  CPI 141

( f )  po ly - lT -acet  y l - 4 (  5 ) - v i n y l - i m i d a z o l  e 142

6. P o l y s t y r e n e - s u p p o r t e d  c a r h o d i im id e  (4-6)  143



H. p. s w ere  r e c o r d e d  on  a K o f l e r  h o t - s t a g e  

a p p a r a t u s ,  l . r „  s p e c t r a  were r e c o r d e d  on a Pye Unlearn 

SP1000 o r  on  a P erk in -E lm er  22 5 double-beam s p e c t r o 

p h o to m e te r ,  and are  f o r  l i q u i d  f i l m s ,  u n l e s s  o t h e r w i s e  

s t a t e d ?  i . r .  s p e c t r a  o f  P o lym er-su p p ort  ed r e a g e n t s  

were r e c o r d e d  as  KBr d i s c s ,  n .m .r .  s p e c t r a  were

r e c o r d e d  on  a V a r ia n  T-&0 60 MHz. or on a V a r ia n  

HA* 100 100 IvIHz. s p e c t r o m e t e r ,  w i th  t  et ram e t h y l  s i  l a n e  

as  i n t e r n a l  r e f  e r e n c e .  A n a l y t i c a l  g . l .  c .  was performed  

o n  a PerldLn-ELner. F l l  or on  a Pye Argon gas  chromatograph

Kies e l  g e l  G (Merck) was used f o r  a n a l y t i c a l  

t r l . c . ,  w h i l e  K i e s e l g e l  (Merck) was used  f o r

p r e p a r a t i v e  t * l r c .  L ig h t  p e tro leum  r e f e r s  t o  t h a t  

f r a c t i o n  which b o i l s  b e tw een  60 and 8o ° .  A l l  o r g a n i c  

s o l u t i o n s  were d r i e d  o v e r  anhydrous magnesium s u l p h a t e .

S o l v e n t s  were p u r i f i e d  b e f o r e  u s e  a s  f o l l o w s  

e t h e r ,  b e n ze n e  and t o l u e n e  (AnalaR g ra d e )  were d r i e d  

o v e r  sodium w ir e ;  t  e trahydro  fu ra n  and 1 , 4 -ctioxan were  

d i s t i l l e d  from l i t h i u m  aluminium h y d r id e  i n  a n i t r o g e n  

a tm o sp h er e ,  and s t o r e d  under n i t r o g e n  o v e r  m o le c u la r  

s i e v e s  (L in d e  t y p e  5A) * n - b u t a n o l ,  i s o  propanol and 

n—p en tane  were d r i e d  over  m o le c u la r  s i e v e s  (L in d e  t y p e  

4 A ) ; ch loro form  (AnalaR g r a d e )  was f r e e d  o f  e th a n o l  

im m e d i a t e l y  b e f o r e  u s e  by s t a n d i n g  o v e r  s i l i c a  g e l ?  

p y r i d i n e  (AnalaR g ra d e )  was d r i e d  o v e r  s o l i d  potass ium  

h y d r o x id e ?  t r i e t h y l a m i n e  was d i s t i l l e d  at  a tm o sp h e r ic  

p r e s s u r e  and s t o r e d  o v er  s o l i d  potass ium  h y d r o x id e ;
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a c e t o n i t r i l e  was d i s t i l l e d  from- ca lc iu m  h y d r i d e  and 

s t o r e d  o v e r  m o le c u la r  s i e v e s  (L in d e  t y p e  4A) * m e th y le n e  

c h l o r i d e  was p e r c o l a t e d  th ro u g h  a lumina (YToelm "basic,  

g r a d e  x )  i m m e d i a t e l y  "before use?  fornam ide  and d im e th y l  -  

formamide were d r i e d  o v e r  m o le c u la r  s i e v e s  (L in d e  t y p e  

4A ) , d i s t i l l e d  under red u ced  p r e s s u r e  and s t o r e d  o v e r  

m o le c u la r  s i e v e s  (L in d e  t y p e  4A)*

C r o s s - l i n k e d  p o l y s t y r e n e  "beads were 

p u r i f i e d  "by a p u b l i s h e d  p ro c ed u r e 5 "before use*



120
1 ,  A t t e m p t e d  p r e p a r a t i o n s  o f  d i - i m i d a z o l e s :

(a )  b i s - ( 4 ( 5 ) - i  m i d a z o l y l ) - m e t h a n o l , copper complex (

( i )  A s o l u t i o n  o f  x y l o - p e n t  o d i a l  do s e° 2 (600 m g. ,

4 mmol.) i n  formamide (30 ml*) was purged w i th  n i t r o g e n  

f o r  1 h .  , and h e a te d  i n  a n i t r o g e n  a tmosphere  at 190°

f o r  2 h*; on  c o o l i n g ,  t h e  S o l u t i o n  was poured i n t o  an

aqueous s o l u t i o n  o f  c u p r i c  a c e t a t e  (10  gm. i n  1 0 0 m l . )  

and a l lo w e d  to  s ta n d  o v e r n i g h t .  On f i l t r a t i o n ,  none o f  

t h e  e x p e c te d  copper complex " âs o b ta in e d *

( i i )  X y l o - p e n t o d i a l d o s  £° 2 ( 2 . 1 5 g . ,  1 4 - 5  mmol.)

was added to  a s o l u t i o n  o f  cupric. a c e t a t e  (1 2  g .  ,  66 mmol.)

and form aldehyde  (4 0 $  aq. s o l u t i o n ;  5 m l ,  2 g .  , 67 mmol.)

i n  ammonia (2  5$, 100 m l . ) .  The S o l u t i o n  was h e a te d  at  

1 0 0 °  f o r  2 . 5  h .  , c o o l e d  and f i l t e r e d .  No copper complex  

was o b ta in e d o

(b )  b i s - f 4 (  5 ) -  imidazo l y l ) -  -m e th y l  b en z y l  e t h e r ,

copper complex (51
( i )  A s o l u t i o n  o f  3“0 - b e n z y l  - x y l o - p e n t o -

d i  a l  do s e214 . (1 g* , 4*2 mmol.) i n  formamide (30  m l . )  was 

purged w i th  n i t r o g e n  fo r  l h , , and h e a te d  i n  a n i t r o g e n  

atm osphere  at 190° f o r  3 h. ; t h e  s o l v e n t  was removed i n  

v a c u o , and t h e  r e s i d u e  was t a k e n  up i n  water  (50 m l . ) .  

H c r i c  a c i d  (600 mg. ,  2 . 6  mmol.) and c h a r co a l  were added,  

t h e  s o l u t i o n  was b o i l e d ,  f i l t e r e d  through  a C e l i t e  pad,  

and a l lo w e d  to  c o o l?  no c r y s t a l s  were d e p o s i t e d .  The 

S o l u t i o n  was c o n c e n t r a te d  u n t i l  c r y s t a l s  were o b t a i n e d ,  

t h e s e  proved to  be p i c r i c  a c i d .
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( i i )  To a s o l u t i o n  o f  cupri  c a c e t a t e  (13# 5 g* *

74 mmol#) and form ald eh yd e  (40#> aqo s o l u t i o n ?  6 ml,

2*4 g* t  8o mmol*) i n  ammonia ( 25$ ,  115 m l . )  was added 

3 - 0 - b e n z y l - x y l o - p e n t o  d i a l  d o se  £  ( 3*9  g .  > 16 mmol*)* The 

s o l u t i o n  was h e a t e d  at 1(50° f o r  2*. 5 h. ,  c o o le d  and 

r e f r i g e r a t e d  o v e r n i g h t ,  f i l t e r e d  and t h e  brown copper  

complex  £  t h u s  o b t a i n e d  was washed w ith  w a te r .  A sample  

o f  t h i s  compound was t h o r o u g h l y  washed w i th  water and 

o v e n - d r i e d  at  1 1 0 °  b e f o r e  com bust ion  a n a l y s i s  ( c l o s e s t  

a p p r o x im a t io n  i s  t o  (C-j^H^ 2N̂ 0 )Cu2(0H) 2 *

C a l c u l a t e d !  C, 40*68;  H, 3*41 | N, 1 2 . 5 5 #

Pound: C, 39*75? H, 3*0 2; N, 1 3 * 6 2 # .  ) .

The rem ainder  o f  t h i s  compound was kept i n  a m o is t

c o n d i t i o n  t o  avo id  d i f f i c u l t i e s  which have  been  

e x p e r i e n c e d  by e a r l i e r  workers1 i n  c o n v e r t i n g  t h e  

d r y  copper  complexes  t o  t h e  f r e e  i m i d a z o l e s ?  t h e  weight  

o f  t h e  product  o b t a in e d  was a p p r o x im a te ly  5 g»

( c) b i s - (  4( 5 ) - i m i d a z o l y l ) -methyl  b en zy l  e t h e r  £

The f o l l o w i n g  a t tem p ts  were made t o  l i b e r a t e  

t h e  f r e e  d i - i m i d a z o l e  £  from t h e  copper complex £  :

( i )  The complex £  ( 1  g .  ) was suspended  i n  water  (50 m l . )

made oust  a c id  to  l i t m u s  by a d d i t i o n  o f  h y d r o c h l o r i c  a c i d ,  

and hydrogen  s u l p h i d e  was passed  through  t h e  s o l u t i o n  

f o r  3*5 h .  ; t h e  s o l u t i o n  was f i l t e r e d  through  a C e l i t e

pad, t h e  c o l l e c t e d  s o l i d  washed w ith  hot  w a te r ,  and t h e

combined s o l u t i o n s  t r e a t e d  w ith  p i c r i c  a c id  ( 3  g . ,  13  

mmol.)  and b o i l e d .  On c o d i n g ,  c r y s t a l s  o f  p i c r i c  a c id  

were d e p o s i t e d .



( i ' i )  The complex % ( l  g .  ) was unchanged a f t e r  h e a t i n g  

o v e r n i g h t  at  r e f l u x  i n  a s o l u t i o  n o f  e t h y l  ened iam ine  

t e t r a a c e t i c  a c i d  (820 mg*, 5*4 mmol*) i n  w ater  (20 m l . ) .

( i i i )  The c o m p l e x ^  (1 g . )  was h e a t  ed a t - r e f l u x  o v e r n i g h t  

i n  n i t r i c  a c id  ( 3M, 25 m l . )  t o  g i v e  a g r e e n  s o l u t i o n .

The s o l u t i o n  was e v a p o r a t e d ,  and t h e  r e s i d u e  t r i t u r a t e d  

w it h  m e th y le n e  c h l o r i d e *  e v a p o r a t i o n  o f  t h i s  e x t r a c t  ga v e  

b e n z a ld e h y d e .  The r em a in in g  s o l i d  r e s i d u e  was d i s s o l v e d  

i n  a s m a l l  volume o f  s a t u r a t e d  aqueous sodium h i c a r h o n a t e  

s o l u t i o n ,  f i l t e r e d ,  and e x t r a c t e d  w i th  c h l o r o f o r m 5 no 

m a t e r i a l  was o b t a in e d  on e v a p o r a t i o n  o f  t h i s  exbract*

( i v )  The complex  ( 8 50 mg.)  was s t i r r e d '  f o r  24 h .  i n  . 

n i t r i c  a c i d  (1M, 20 m l . )  t o  g i v e  a g r e e n  s o l u t i o n  which  

was b a s i f i e d  w i th  sodium h y d r o x id e  S o l u t i o n  (5M)> 

whereupon c u p r i c  h y d r o x id e  p r e c i p i t a t e d *  The s o l u t i o n  was 

c e n t r i f u g e d  and d e c a n t e d ,  n e u t r a l i s e d  w ith  h y d r o c h l o r i c  

a c i d  (5 K ) ,  and evap orated  to  d r y n e s s .  The s o l i d  r e s i d u e  

was e x t r a c t e d  w ith  a c e t o n e  i n  a S o x h l e t  a p p a r a tu s ;  no 

m a t e r i a l  was o b t a in e d  on  e v a p o r a t i o n  o f  t h i s  e x t r a c t .

2. S t u d i e s  w i th  l + l 1 carb on y l  d i - I m i d a z o l e  CCDI ) ?

( a )  h e x a n o i c  i m i d a z o l i d e

T h is  compound was prepared by t h e

method o f  Staab' , and was o b t a in e d  as an o i l ,  
t .  THP



T h i s  compound was prepared b y  t h e  m e th o d

o f  Staab' , and was o b t a i n e d  as an o i l *  V __ 1770 *
~  n i  c t x

1 T EF
1200 » 10 75 ^  2 J 2 ( l o s £  -  5 .7 )  and 2 2 4 ( lo g £* ITl 3 , X

=: 5* 8 ) nm.

f o) N - ( i  so pro py loxycarbo  n y l ) - i m i d a a o l  e .

T h i s  compound was prepared b y  t h e  m e th o d

o f  Staab' , and was o b t a in e d  as an o i l ,  y max ^770 cmT1 ,
-  TH1?
Ajfiax 2 3 2 ( lo g £  = 5*7 ) and 2 2 4( l o g £ = 3. 8)nm.

fa) r e a c t i o n  w ith  n -b u ta n o l  and h e x a n o ic  a c i d .

To a s t i r r e d  s o l u t i o n  o f  n -b u ta n o l  

( 5 7  m g . ,  0*5  mmol*) and h e x a n o ic  a c id  ( 5 8  m g . ,  0 . 5  mmol.)  

i n  THE (5  m l . )  was added a s o l u t i o n  o f  CDI (81 m g . ,  0 . 5  

mmol.) i n  THE ( 5  m l . ) ?  a f t e r  30 min*, a sample  o f  t h e  

s o l u t i o n  was d i l u t e d  w ith  THF and t h e  u . v .  spectrum
v  *7* 7T7?r e c o r d e d a  225 ( l o g £  = 3 .8)nm. The rem ainder  o f  t h e  Am ax - ' v o  /

s o l u t i o n  was evaporated  t o  g i v e  an o i l , > * max 1770 cnu1 j 

which t h e r e f o r e  c o n t a in e d  1 1 .

C e) r e a c t i o n  with  1 so propanol and h e x a n o ic  a c id .

To a s t i r r e d  s o l u t i o n  o f  i s o p r o p a n o l  

(50 m g . ,  0 . 5  mmol.) and h e x a n o ic  a c id  (58  m g . ,  0 . 5  

mmol.) i n  TH? (5  m l . )  was added a s o l u t i o n  o f  CDI 

( 8 1  m g . ,  0 . 5  mmol.) i n  TE? (5  m l . ) ?  a f t e r  30 m i n . ,  

a sample  o f  t h e  S o l u t i o n  was d i l u t e d  w i th  TEF and t h e  

u . v .  spectrum r e c o r d e d : ^ ^ ^  245 ( l o g i = 3 * 8 )  an(*

227 ( l o g £  = 5 .9 )  nm. The remainder o f  t h e  s o l u t i o n  was 

e v a p o ra ted  to  g i v e  an o i l ,  Vmax 1745 cm!1 , which 

t h e r e f o r e  co n ta in e d  h ex a n o ic  i m i d a s o l i d e .
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( f )  r e a c t i o n  w i th  1 2 - h y a r o x y ~ d o d e c a n o ic  a c i d ,

( i )  To a s o l u t i o n  o f  1 2 - h y d r o x y -d o d e c a n o ic

a c i d  ( 1 0 0  mg. ,  0 . 4 6  mmol.)  i n  THF (5  ml*) was added,  

w it h  s t i r r i n g ,  a S o l u t i o n  o f  CDI (80 m g . ,  0 . 4 9  mmol.)  

i n  TEF ( 3  m l . ) *  A f t e r  h e a t i n g  under r e f l u x  fo r  30 m in . ,  

t h e  S o l u t i o n  was ev a p o r a te d  i  n vacuo ? t h e  r e s i d u e  was 

t r i t u r a t e d  w i th  i c e - w a t e r ,  c e n t r i f u g e d ,  and t h e  s u p e r 

n a ta n t  l i q u i d  removed. The r e s i d u e  was d i s s o l v e d  i n  

e t h e r ,  d r i e d  and e v a p o r a ted  t o  g i v e  2  as a waxy w h i t e  S o l i d

(120 mg*) ,

Vmax ( CHCl j )  176 5, 1 7 1 2 ,. 1 1 0 0 ,  100 5 emT1 ,

2 35 ( l o g i  = .5. 7 )  and 225 ( l o g *  = 3. 8 )nm.

( i i )  To a S o l u t i o n  o f  1 2-hydro xy-dod e c a n o i  c 

a c i d  (100 mg. ,  0 . 4 6  mmol.) i n  THE (5  m l . )  was added,  

w it h  s t i r r i n g ,  a s o l u t i o n  o f  CDI (160 m g . ,  0 . 9 8  mmol.)  

i n  TEF ( 3  m l . ) *  A f t e r  h e a t i n g  under r e f l u x  f o r  30 m in . ,  

w o tkwup ( a s  i n  2( f ) , ( i )  ) g a v e  10 as a waxy w h i t e

S o l i d ,  y max CCCI4 ) 1 7 7 0 ’ 1747  cm:1
( i i i )  A s o l u t i o n  o f  1 2 -hydro xy-dod ecanoi  c a c id

(100 m g . ,  O. 4 6  mmol.) and CDI (80 m g . ,  0 . 4 9  mmoli) i n

TEF (10 m l . )  was s t i r r e d  at room te m p e r a tu r e ,  and samples

were removed a f t e r  2 , 10 , 20 7 and 30 m i n . ,  e v a p o ra te d ,

and t h e  I . r .  s p e c t r a  o f  t h e  r e s u l t i n g  o i l s  r e co r d e d  .

im m e d i a t e l y .  The s p e c t r a  th us  o b t a in e d  showed t h e  f o l l o w i n g

a b s o r p t io n s : .  I n t e n s i t y
1 R at io

Tim e ( m i n . ) ( A) 358Q cm.  ( b ) 177Q cm.  (•&),/( b ) :•

2 ✓  abs ent -
10 0 . 2 5
2o s  0 o 1 4
30 v  V  ° * 09Thus,  r e a c t i o n  o c c u r s  r a p i d l y

at t h e  hydroxyl  group.
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(re) r e a c t i o n r a t h  r i c i n o l e i c  a c i d ( l j2) .

Comm er c l  a l  r i  c i  no 1 ei  c a c i  d was puri  f i  ed23 

■by c o n v e r s i o n  to- t h e  methyl  e s t e r ,  a c e t y l a t i o n ,  dou b le  

d i s t i l l a t i o n  and s a p o n i f i  c a t i o n j  t h e  p u r i t y  o f  t h e  

r e s u l t i n g  a c i d  was a s s e s s e d  by t . l . c #  b e f o r e  each  

e x p e r im e n t ,  and a f u r t h e r  p u r i f i c a t i o n ,  by p r e p a r a t i v e  

t . l . c ,  ( 1 0 °/o e t h y l  a c e t a t e / l i g h t  p e t r o l e u m ) ,  performed i f  

n e c e s s  a r y #

To a s t i r r e d  s o l u t i o n  o f  r i c i n o l e i c  a c id

(80 m g. ,  0 . 2 7  mmol#) i n  e t h e r  ( l  ml#) was added a

s o l u t i o n  o f  CPI (50 mg#, 0# 31 mmol#) i n  e t h e r  ( l  ml#)#

A f t e r  1 h # , a p o r t i o n  o f  t h e  s o l u t i o n  was d i l u t e d
■q Efc 2O

w i t h  e t h e r  and t h e  u*v .  spectrum r e c o r d e d ; In Q/X

243 ( l o g £ r  3«9) and 227 ( l c g £  «  4#0)nm« 5 t h e  rem ainder

o f  t h e  s o l u t i o n  was evaporated  t o  g i v e  an o i l ,  V
—X ^

(CCl .) 34 80 ,  17 48 cm. r i n d i c a t i n g  t h e  p r e s e n c e  o f  26 ~.

I k L  m ethyl  r i c i n o l e a t e  ( 2 9 )  •

To a s t i r r e d  s o l u t i o n  o f  r i c i n o l e i c  a c id  

( 1 4 5  m g . ,  0 . 4 9  mmol.) i n  e th e r  ( 2  m l . )  was added a 

s o l u t i o n  o f  CPI (80 mg*, 0 . 4 9  mmol.) i n  m e th y le n e  c h l o r i d e  

( 5  m l# ) ;  a f t e r  90 m i n . ,  a s o l u t i o n  o f  s 0 dium m ethox ide  

( 5  mg.)  im methanol  (5  ml*)  was added, and t h e  r e s u l t i n g  

s o l u t i o n  was s t i r r e d  f o r  1 h# A f t e r  c o n c e n t r a t i o n  i j i  

Vacuo,  t h e  r e s i d u e  was d i l u t e d  w ith  w a ter ,  e x t r a c t e d  

w i t h  e t h e r ,  t h e  o r g a n ic  e x t r a c t s  washed w ith  s a t u r a t e d  

aqueous sodium b i c a r b o n a t e  s o l u t i o n ,  d r i e d  and evaporated  

to  g i v e  2 2  as an o i l  ( 1 4 5  m g. ,  95 9 ^  m ax  3480h, 1 7 5 0 ,

1180 cra#'L
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l a l ^ i c l n o l e i d e '3 (£ £ )

X  s t i r r e d  s o l u t i o n  o f  r i c i n o l e i c  

a c i d  (380 mg. ,  1 . 2 8  mmol.)  i n  ben zen e  (1 5  m l . )  was 

t r e a t e d  w i t h  a s o l u t i o n  o f  CDI (2 0 8  mg. r 1 . 2 8  mmol.)  

i n  b e n z en e  (15  m l . )  and h e a te d  under r e f l u x  f o r  5 m in . ;  

t h e  s o l u t i o n  was c o o l e d ,  d i l u t e d  w i th  b en zen e  (125  ml#)  

and sodium h y d r id e  ( 25  mg, 50$ s u s p e n s i o n  i n  b e n ze n e ,

0 . 5  mmol.) was added. The S o l u t i o n  was h e a te d  under r e f l u x  

f o r  48 h .  ,  c o o le d  and eva p o ra ted  to  g i v e  a r e s i n o u s  

p ro d u ct ;  n -p e n ta n e  (10 m l . )  was added,  and t h e  r e s u l t i n g  

p r e c i p i t a t e  f i l t e r e d  o f f  t o  g i v e  a brown r e s i n o u s  p o ly 

e s t e r  ( 237 m g . ) ,  y max (0C14 ) 3010W, 1 7 3 2 ,  1250 and 1180  

cmT1 The pentane  e x t r a c t  was evap orated  i n  vacuo to  g i v e  

an o i l  ( 3 5  m g . ) ,  which g a v e  two components on p r e p a r a t i v e  

t . l . c .  ( 5 $  e t h y l  a c e t a t e / l i g h t  p e t r o l e u m ) :

t h e  l e s s  p o lar  component (R f :  0 . 4 3 )  was 

8,n o i l  ( 1 3  m g . ) ,  ( CC14 ) 30l 0 w, 1 7 3 2 ,  1 2 3 0 , I I 8 0 ,

1120 and 10 50 cnu1 ,  X  (100 MEz. , CC1 4 ) 9 . 0  ( 3H, t  ,

J = 7 H z . ,  CH5) ,  8 . 6  (20H, s , 10 x CE2) , 7 . 8  ( 6h ,

m , CH2-CE=CE-CH2 and CH2-C0 -0 ) , 6 . 3  ( I E ,  m , CE-0 - )

and 4 . 6  ( 2H, m , CH=CH), c o n s i s t e n t  w i th  t h e  s t r u c t u r e

2 8 ;
t h e  more p o la r  component (Rf : 0 . 2 2 )  was 

a l s o  an o i l  (6  m£»#) * ^ m a x  ( ^ ^ 4  ̂ 30l 0w, 1 7 3 7 ,  1180 cm. , 

^ ( 1 0 0  IvTHz. ,  CC14) 9 .0  (3R, t  , J = 7  H z . ,  CH5) ,  8 . 6

(20H, b , 10 x  CH2) ,  7 . 8  ( 6H, m , CE2-CH==CH-CH2 and 

CH2- C 0 - 0 ) ,  6 . 3  (1H, m , CE-0-) and 4 . 6  (2H, m , CE=CE),

c o n s i s t e n t  w i th  t h e  s t r u c t u r e  2j[.



Commercial 1 2- h y d r o x y - s t  e a r i c  a c i d  was 

p u r i f i e d  by a p u b l i s h e d  procedure24 t o  g i v e  w h i t e  c r y s t a l s ,  

m . p . 7 6 - 7 °  ( a c e t o n e )  ( l i t . ” 7 7 - 7 7 . 5 ° )  , U  max (CHC1 )

56 0 0 ,  3 5 2 0 ,  3480 ,  1745^ ,  1710 cm!1

( i )  To a s t i r r e d  s o l u t i o n  o f  1 2-hydro x y - s t  e a r i  c 

a c i d  ( l 6 o  m g . ,  0*53  mmol.)  i n  THP (10 m l . )  was added a 

s o l u t i o n  o f  CDI (8 5  m g . ,  0 . 5 3  mmol.)  i n  THF ( 5  m l . ) ;  a f t e r  

45 m i n . ,  t h e  s o l u t i o n  was c o n c e n t r a t e d  i n  vacuo to  g i v e

an o i l  w h ich ,  on d i s s o l u t i o n  i n  carbon t e t r a c h l o r i d e  and

f i l t r a t i o n  t o  remove e x c e s s  i m i d a z o l e ,  showed y  (CC1>.)7 ^max x 4
1 7 8 0 ,  IO60 cm7> i n d i c a t i n g  t h e  s t r u c t u r e  1 4 .

( i i )  To a s t i r r e d  s o l u t i o n  o f  12-hydro  x y -

s t  e a r i c  a c id  (10 9 m g . ,  0*36  mmol.) i n  c h loro form  (lo m l . )  

was added a s o l u t i o n  o f  CDI (5 8  mg*, 0*36  mmol.) i n  

c h lo r o fo r m  ( 5  m l . ) ;  a f t e r  3 h . , a sample  o f  t h e  s o l u t i o n  

was removed and t h e  i . r ,  spectrum r e c o r d e d :  jynax (CHClp  

1 7 6 5 * 1747* 1710 and 10 55 cm 7̂ " The r a t i o  o f  t h e  i n t e n s i t i e s  

o f  t h e  carbonyl  a b s o r p t io n s  was 3 s3 s2  r e s p e c t i v e l y ,  

i n d i c a t i n g  t h a t  t h e  product was an Oquimolar m ix tu r e  o f  

3 4 and 1 5 .

( i i i )  To a s t i r r e d  s o l u t i o n  o f  1 2-hydro x y - s t  ea r i  c

a c i d  ( 15 5  m g. ,  0 . 5 2  mmol.) i n  e t h e r  ( l o  m l . )  was added . 

a s o l u t i o n  o f  CDI (8 7  m g . ,  0 . 5 4  mmol.) i n  e th e r  (8  m l . ) ;  

a f t e r  4 h , , t h e  s o l u t i o n  was f i l t e r e d  and a sample  

c o n c e n t r a t e d  i n  vacuo to  an o i l ,  (CHCl^) 3680 w,

360OW, 1747 cm 7̂  indicating the structure lj). The

r emat ni ng so 1 u t i o n  was t  r eat ed wibh so di urn h y d r id  e 

(10 m g . ,  50c/o s u s p e n s i o n  i n  c y c lo h e x a n e )  and s t i r r e d  fo r
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3 h .  , d u r in g  which t i n e  a whit  e' g el a t i  nous s o l i d  

p r e c i p i t a t e d .  The s o l u t i o n  was f i l t e r e d  th ro u g h  a 

C e l i t e  pad and c o n c e n t r a t  ed 5 t h e  r e s u l t i n g  gummy s o l i d  

was p u r i f i e d  by p r e p a r a t i v e  t . l . c *  ( 20^ e t h y l  a c e t a t e /  

l i g h t  p e tro leu m )  to  g i v e  a p o l y e s t e r  as a v i s c o u s  o i l  

(11 m g . ,  Rf :  0 . 66) ( CHC1 ) 3^80 w, 3 0̂ 0 w, 1 7 30h ,

10 60 s cnu ̂

( i v )  Experiment 2 (k )  ( i i )  was r e p e a t e d  as;

d e s c r i b e d ,  excep t  t h a t  i m i d a z o l e  ( 2 8  m g . ,  0*41 mmol.)

was added t o  t h e  s o l u t i o n  o f  CPI b e f o r e  t h e  s o l u t i o n s

o f  r e a c t a n t s  were mixed.  A f t e r  3 h , ,  t h e  i . r .  spectrum

o f  t h e  s o l u t i o n  was r e c o r d e d  as w ( CHC1 ) 1765*^ m ax v 3 '
-11747* 1710 and 10 55 cm* The r a t i o  o f  t h e  i n t e n s i t i e s  

o f  t h e  carb on y l  a b s o r p t io n s  was 3 s 3 s 2 r e s p e c t i v e l y ,  

i n d i c a t i n g  t h a t  t h e  product  was an equimolar m ix tu r e  

o f  l i  and 1 5 *

( v )  Experiment 2 (k )  ( i i ) was r e p e a t e d  as  

d e s c r i b e d ,  except  t h a t  i m i d a z o l e  (2 8  mg*, 0*41 mmol.)  

was added to  t h e  s t i r r e d  s o l u t i o n  o f  1 2 -hydro x y -

s t  e a r i  c a c i d  30min.  b e f o r e  a d d i t i o n  o f  t h e  s o l u t i o n  o f  

CPI 5 a f t e r  3 h. ,  t h e  i . r .  spectrum o f  t h e  s o l u t i o n

was r e c o r d e d  as J/max ( CECl )̂ 36SO t  3^00% 1747 cm.*,

I n d i c a t i n g  t h a t  t h e  product  was t h e  i m i d a z o l i d e  IJ2 •

(m) r e a c t i o n  w i th  1 6-h ydrpxy-h exad  ecanoi  c ac id . .

( i  ) To a S t i r r e d  s o l u t i o n  o f  1 6 -h y d r o x y -

h e x a d e c a n o i c  a c id  (22 m g . ,  0 . 0 8  mmol.) i n  e t h e r  

. (15 m l . )  was added a s o l u t i o n  o f  CPI (1 3  m g. ,  0 . 0 8  mmol.)  

i n  e t h e r  ( 5  m l . ) .  A f t e r  16 h . , t h e  s o l u t i o n  was evaporated  

t o  g i v e  an o i l ,  > 2 ^ ^  (^HCl^) 36 Sow, 3° 20w, 176 5, 1710 cm.,
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i n d i c a t i n g  t h e  p r e s e n c e  o f  t h e  s t r u c t u r e  19.0

( i i )  A s o l u t i o n  o f  1 6 -h y d r o x y ~ h e x a d e c a n o ic

a c i d  ( 5 5  m g , ,  0*2 mmol.) i n  c h lo ro fo rm  (3  m l . )  was 

t r e a t e d  w i t h  i m i d a z o l e  (15  m g . ,  0 . 2 2  m m o l . ) ,  h e a t e d  

s l i g h t l y  to d i s s o l v e  t h e  r e a c t a n t s  and s t i r r e d  at room 

t e m p e r a t u r e  fo r  30 min. 5 a s o l u t i o n  o f  CPI (3 3  m g . ,

0 . 2  mmol.) i n  ch loro form  ( l  m l . )  was added,  and,  

a f t e r  5 m i n . ,  t h e  i . r .  spectrum  o f  t h e  s o l u t i o n  was 

r e c o r d e d  as }Ja& x  (CHClj) 1 7 6 5 ,  1 U 0  a i u 1 , i n d i c a t i n g  

t h e  p r e s e n c e  o f  1 9 .

(n )  r e a c t i o n  wi t h  i sp -a m b r  e t t o l i  c a c i d .

ISo-am.bre t t o l i c  a c i d  was prepared by  

s a p o n i f i  c a t i o n  o f  commercial i s o - a m b r e t t o l i d e : t o  

a m ix t u r e  o f  aqueous sodium h y d r o x id e  s o l u t i o n  (5E ,

2 m l . )  and methanol (2  m l . )  was added i so -a m b r  e t t o l i  de 

(55  mg.) and t h e  m ix t u r e  was h e a te d  16 h .  at r e f l u x .

A f t e r  c o o l i n g  and d i l u t i o n  w i th  water  (6  m l . ) ,  t h e  

a l k a l i n e  s o l u t i o n  was washed w i th  e th e r  (3  x 10 m l . )  and 

a c i d i f i e d  to pH'1 w i th  aqueous h y d r o c h l o r i c  a c id  (5H)j  

t h e  r e s u l t i n g  em u ls io n  was e x t r a c t e d  w ith  e th e r  

( 3  x 10 m l . ) ,  t h e  combined e th e r  e x t r a c t s  washed w ith  

b r i n e ,  d r i e d  and evaporated  to  g i v e  a w h i te  s o l i d  (38  mg.)  

which was p u r i f i e d  by p r e p a r a t i v e  t . l . c .  { 6 ofo e th y l  

a c e t a t e / l i g h t  petro leum ) to  g i v e  i  so-ambr e t t o l i  c a c id  

as w h i t e  c r y s t a l s ,  m.p. 6 7 -8°  ( l i t .  70 )

To a s t i r r e d  s o l u t i o n  o f  i s o - a m b r e t t o l i c  

a c id  (20 m g . ,  0 . 0  74 mmol.) i n  TEF (7  m l . )  was added a 

s o l u t i o n  o f  CPI (1 2  m g.,  0 . 0 7 4  mmol.) i n  THF ( i  m l . ) .
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A f t e r  2 h , ,  t h e  S o l u t i o n  was eva p o ra ted  to  g i v e  an o i l  

( 2 8  m g . ) ,  y j  ( CHC1. , )  1775 cm.1 , i n d i c a t i n g  t h e  p r e s e n c ejn  c l X  y

o f  t h e  s t r u c t u r e  20c

( o )  r e a c t i o n  w i th  1 6 - t r i m e t  h y l s i l o x y - h e x a d e c a n o i  c acf  d( 2 2 ) .

(i-)  To a s t i r r e d  s o l u t i o n  o f  1 6 - h y d r o x y -

h e x a d e c a n o i c  a c id  (196  m g. ,  0 . 7 2  mmol.) I n  p y r i d i n e  (2  m l . )  

were added h e x a m e t h y l d i s i i a z a n e  ( l  m l . )  and c h l o r o -  

t  rim e t h y l  s i  1 ane (0 * 5  m l . ) .  A f t e r  16 h . ,  t h e  S o l u t i o n  was 

c o n c e n t r a t e d ,  t h e  r e s i d u e  t a k e n  up i n  e t h e r  (5  m l . ) ,  and 

t h e  e t h e r e a l  s o l u t i o n  f i l t e r e d  th rou gh  a C e l i t e  pad,  

washed w i t h  water  (5  m l . ) ,  d r i e d  and ev a p o ra ted  to  g i v e  

22 as  l o w  m e l t i n g  w h i t e  c r y s t a l s  (20 3 m g . ) ,  V max 1 710 ,

1246 and 10 90 omT1 ,  ^ ( C C l ^ )  9 . 9  ( 9H, s , l . ! e , S i 0 ) ,

8 , 7  (26h» s , (CH2) x 3 7 - 8  ( 2H* t » J = 6  S z , » cS 2 C0 2H^

and 6 . 4  (2H, t  ,  J=  7 H z . ,  CHgO-)

( i i )  To a s t i r r e d  s o l u t i o n  o f  £ 2  (1 7 5  m g . ,  0*51

mmol.)  i n  THF ( l  m l . )  was added a s o l u t i o n  o f  CPI (87 m g. ,  

0 . 5 4  mmol.) i n  THF ( l  m l . ) f  e f f e r v e s c e n c e  W3S o b s e r v e d ,  

and t h e  f l a s k  became warm. A f t e r  45 m i n . ,  a sample  was 

t a k e n  from t h e  S o l u t i o n  and c o n c e n t r a te d  to  g i v e  a p o ly 

e s t e r  as  a r e s i n o u s  w h ite  s o l i d  l / max (CCl^) 17 25? 1135  

cm7 $ t h e  remainder o f  t h e  s o l u t i o n  was d i l u t e d  w ith  

l i g h t  petro leum  (8 m l . ) ,  t whereupon a w h i te  s o l i d  

p r e c i p i t a t e d  and was f i l t e r e d  o f f .  T h is  compound showed 

s i m i l a r  s p e c t r a l  c h a r a c t e r i s t i c s  t o  t h e  polymer o b t a in e d  

a b o v e ,  i n d i c a t i n g  t h a t  i t  was a l so  a P o l y e s t e r ,  on  

e v a p o r a t i o n  o f  t h e  rem ain ing  s o l u t i o n ,  no m a t e i i a l  was 

obt ai ned.
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5. R e a c t i o n  o f  IT-chi  pro c a r b o n y l - i m i d a z o l  e ( 31) 

w ith  h e x a n o ic  a c i d .

To a s t i r r e d  s o l u t i o n  o f  phosgene  i n  

t o l u e n e  ( I E ,  1 m l . ,  1 mmol.)  and TEF (1 5  m l . )  was added,  

at - 7 8 °  i n  a n i t r o g e n  a tm osphere ,  a s o l u t i o n  o f  

i m i d a z o l e  (68  m g . ,  1 mmol.) and t r i  e t h y l  amine (1 0 8  m g. ,

1 .0  7 mmol.)  i n  TEF (6  m l . ) f a f t e r  5 m i n . ,  t h e  s o l u t i o n  

was t r e a t e d  w ith  t r i  e th y l  amine (101 m g . ,  1 mmol.) i n  

TEF ( 3  m l . ) ,  f o l l o w e d  hy h e x a n o i c  a c id  (116 m g . ,  1 mmol.) 

i n  TEF ( 3  m l . ) ,  and t h e  c o o l i n g  bath  was removed.

After 16 h . , the Solution was filtered and evaporated to 

give an o i l  (167  mg.) p  1745  cm.1, indicating the1H £LX
p r e s e n c e  o f  hexanoic imidazolide.

4 .  P r e p a r a t i o n  and r e a c t i o n s  o f  p d lys tyren e -su p p orted  

i m i d a z o l  e s :

f a) P o l y - P - 4 (  5) -Imidazolylmethoxymethyl-St yrene  ( 3 3 )  •

( i )  A s t i r r e d  s o l u t i o n  o f  4( 5) -hydro xym e t h y l  -

i m i d a z o l e 9 32 ( 490 m g . ,  5 mmol.) i n  d im ethy l  form amide 

(DMF, 5 m l . )  was t r e a t e d  w ith  Sodium h y d r id e  ( 5 0 $

s u s p e n s i o n  i n  c y c lo h e x a n e ,  480 m g. ,  10 m mol. ) ;  a f t e r  

30 m i n . ,  chi oro met hy l  at ed p o l y s t y r e n e  beads? b e a r in g  

3 .6  meq. c h l o r i d e  per gram o f  Polymer ( l  g . ,  3 .6  mmol.) 

were added. A f t e r  16 h. ,  t h e  polymer beads were f i l t e r e d ,  

washed s u c c e s s i v e l y  w ith  e thano l  (50 m l . ) ,  water  (500 m l . ) ,

1 , 4 - d i o x a n  (100 m l . ) ,  h y d r o c h l o r i c  a c id  (1M, 250 m l . ) ,  

w ater  (250  m l . ) ,  sodium h y d r o x id e  s o l u t i o n  ( I E ,  250 m l . ) ,  

w ater  (100 m l . )  and methanol  (100 m l . ) ,  and d r ie d  at  

1 0 0 ° ,  0 .1  t o r r .  t o  g i v e  a crea m -c o lo u re d  polymer
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y ma._ 3380 , 3200 , 27 6 0 , 2320 cmT1 1 com bust ion  a n a l y s i s  

showed C, 7 6 , 0 7 ;  H, 6 , 9 0 ? IT, 4*95/^  c o r r e s p o n d in g  t o  

1 , 7 7  ramolo i m i d a z o l e  per gram,

( i i )  To a s t i r r e d  s u s p e n s i o n  o f  JjjS ( l  g .  , 1 , 7 7

mmol,) i n  benzene  (5 m l . )  was added,  i n  an atmosphere

o f  n i t r o g e n ,  a s o l u t i o n  o f  t r i  e t h y l  ami ne (1 9 8  m g . ,  1 . 9 6  

mmol.)  i n  ben zen e  ( l  m l , ) ,  f o l l o w e d  by a s o l u t i o n  o f  

p h osgen e  i n  t o l u e n e  (1M, 0 . 9  m l . ,  0 . 9  mmol.)?  a f t e r  

10 m i n . ,  a S o l u t i o n  o f  h e x a n o ic  a c id  (5 5  m g . ,  O. 4 6  

mmol.)  i n  ben zen e  ( 5  m l . )  was added, and t h e  s o l u t i o n  

was s t i r r e d  f o r  16 h , , f i l t e r e d  and e v a p o ra ted  t o  g i v e  

unchanged hexanoi  c a c i d  (50 m g . ) .

(b )  p o l y - p - s t  y r y l  a c e t i c  a c i d ,  4( 5 ) - imi d a z o l y l m e t h y l  

e s t  er ( l ^ ) .

( i )  A s u s p e n s i o n  o f  p o l y - p - s t y r y l  a c e t i c  a c i d

( 8 2 3  m g . ,  2 mmol.) i n  t o l u e n e  (5  m l . )  was t r e a t e d  w ith  

t h i o n y l  c h l o r i d e  (5  m l . ) ,  h e a te d  24 h. at  r e f l u x ,  c o o le d  

and f i l t e r e d .  The v e r m i l i o n - c o l o u r e d  beads were washed

w i t h  t o l u e n e  ( 5  x 25 m l . )  and e t h e r  ( 3 x 25 m l . )  w i th

minimal e x p o su r e  to  a tm osp h er ic  m o i s t u r e .  The polymer  

was t h e n  suspended  i n  a s o l u t i o n  o f  4 ( 5 ) -h y d r o x y m eth y l -  

im id a z o l iu m  c h l o r i d e  (920 m g. ,  6 , 8  mmol.) i n  

a c e t o n i t r i l e  (20 m l . )  and h e a ted  at r e f l u x  fo r  96 h .

0 n  p o o l i n g ,  t h e  polymer beads were f i l t e r e d  and washed  

s u c c e s s i v e l y  w i th  a c e t o n i t r i l e  ( 3  x 10 m l . ) ,  methanol  

( 3  x 10 m l . ) ,  w ater  (5  x 10 m l . ) ,  methanol  (3  x 10 m l . )  

.and e t h e r  ( 3 x 10 m l . )  and d r i e d  i n  an ev acu ated  

d e s i c c a t o r  t o  g i v e  aS m aroon -co lou red  beads (779 mg.)
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i^ iax  34001), 3140b, 1720b ,  1200b ,  1175 and 1100 cnT1

( i i )  To a s t i r r e d  s u s p e n s i o n  o f  (770  mg.) i n

c h l o r o f o r m (10 m l . )  were added s u c c e s s i v e l y  t r i  e t h y l  amine 

( l  m l . )  and a s o l u t i o n  o f  phosgene  i n  t o l u e n e  ( i l l ,

3 ml • ,  3 mmol.)? a f t e r  15 min. , ,  t h e  beads were f i l t e r e d  

and washed w i th  ch lo ro fo rm  (2 x 10 m l . ) ,  a tm o sp h e r ic  

m o i s t u r e  b e in g  exc luded# The polymer was t h e n  suspended  

i n  a s o l u t i o n  o f  h e x a n o i c  a c id  (410 mg. , 3. 5 mmol. ) i n  

ch lo ro fo rm  ( l o  m l . )  and s t i r r e d  16 h. ; t h e  s o l u t i o n  was 

f i l t e r e d  and eva p o ra ted  to  g i v e  unchanged h e x a n o ic  a c id  

(400 m g . ) .

f e) p o l y - p - s t  y r y lm e th o x y - ,  bj s - (  4( 5 ) - i m i d a z o l y l m e t h o x y ) -  

methyl  s i l  ane ( i i ) .

C h lo r o m e t h y l - p o ly s t y r e n e 5 (2 * 5  m m o l . / g . )

was c o n v e r t e d  to hydro xynet  hyl  - p o l  y s t  yr ene by h e a t i n g

under r e f l u x  w ith  aqueous p o ta ss iu m  h y d r o x id e  s o l u t i o n

(5^'} f o r  16 h . , f o l l o w e d  by th orou gh  washing w ith  w a t e r ,

methanol  and e t h e r ,  and d ry in g  at 1 0 0 ° ,  0 .1  t o r r .  The

product  t h u s  o b t a in e d  showed j y  34 20b and 1 260 cm7^in. £l>3£
T h is  polymer ( 3 .1  g .  ) was s t i r r e d  fo r  l 6 h .  w ith  methyl  -  

t r i  c h l o r o s i l a n e  (10 m l . ) ;  ch loroform  (25 m i . )  was added,  

and t h e  m ix tu r e  was t r a n s f e r r e d  to  a s to p p e r e d  c e n t r i f u g e  

t u b e ,  c e n t r i f u g e d ,  and t h e  sup e r n a ta n t  l i q u i d  removed.

The r e s i d u e  was washed w ith  e th e r  (3  x 25 m l . ) ,  

c e n t r i f u g i n g  and removing t h e  s u p e r n a ta n t  l i q u i d  a f t e r  

each w ash in g ,  and d r i e d  at 1 0 0 ° ,  0 .1  t o r r .  The product  

t h u s  o b t a i n e d  was suspended i n  a s o l u t i o n  o f  4 ( 5 ) -  

h y d r o x y m ethyl- im idazol ' iurn  c h l o r i d e  ( 1 . 8  g . ,  13*4 mmol)-'
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and t r i  e t h y l  amine (10 m l . )  i n  DUF (30 m l . )  and s t i r r e d  

f o r  16 h .  The polymer heads were f i l t e r e d  and washed  

s u c c e s s i v e l y  w i th  DMF (3  x 10 m l . ) ,  methanol  (6 x  20 m l . ) ,  

w ater  ( 3  x 20 m l . ) ,  methanol (6 x 10 m l . )  and e t h e r  (3  

x 20 m l . )  and d r i e d  at 50° ,  0 .1  t o r r ,  t o  g i v e  a cream-  

c o lo u r e d  polymer.  Combustion a n a l y s i s  showed*

C, 72. 24; E, 8 . 1 1 ;  IT, 4 . 1 8 ;  0 ,  1 5 . 6 5 $  (TOTAL: 1 0 0 . 2 4 $ ) ;

The polymer t h e r e f o r e  c o n t a in e d  no s i l y l  g rou p ,  and 

was not 3 ? .

( d )  p o l y - p - s t  y r y lm eth y l  b i s  (4(  5 ) “im i d a z o l  ylmethp x y ) -

m e t h y l s j l a n e  . ( 3 6 ) .

C h l o r o m e t h y l - p o ly s t y r e n e 5 ( 5 . 5  g .*  1 5 . 7 5  

mmol.) was o v e n - d r ie d  at 1 0 0 ° ,  s t i r r e d  i n  an atmosphere  

o f  n i t r o g e n ,  and t r e a t e d  w ith  a s o l u t i o n  o f  e t h y l  

magnesium bromide (p rep a red  from 1 , 2  g .  Magnesium 

and 5 g .  e t h y l  bromide i n  25 ml. e t h e r ) ;  a f t e r  90 m in . ,  

t h e  polymer beads were f i l t e r e d ,  washed w ith  e th e r  

( 2  x 20 m l . )  and suspended  i n  e t h e r  (2 0 m l . )  i n  a 

n i t r o g e n  a tm osphere .  Methyl - t r i c h l o r o s i l  ane ( 7  ml.  ) 

was added,  and s t i r r i n g  was c o n t in u ed  for 1 h. The polymer  

was t h e n  f i l t e r e d ,  washed s u c c e s s iv e ly r . 'w i t h  e t h e r ( 2  x 

20 m l . )  and ch loroform  (2  x 20 m l . )  and suspended  i n  a
<j

s t i r r e d  S o l u t i o n  o f  4( 5) -h y d r o x y m eth y l - im id a z o l iu m  c h l o r i d e  

( 1 . 9  g*> 14  mmol.) and t r i  e th y l  amine (2  m l . )  i n  

c h lo r o fo r m  (20 m l . )  i n  a n i t r o g e n  atmosphere.  A f t e r  

l 6 h .  ,  t h e  polymer was f i l t e r e d  , washed s u c c e s s i v e l y  

w ith  ch lo ro fo rm  (2  x 20 m l . ) ,  methanol  (2  x 20 m l . ) ,

LMF ( 2  x 20 m l . )  and e th e r  ( 3  x 20 m l . )  and f i n a l l y  dr i  ed
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a t  8 0 ° ,  0 . 1  t o r r .  o v e r  P >0 1: t o  g i v e  a w h i t e  p o ly me r .

C.

Combust ion a n a l y s i s  showed *

C, 7 7 . 8 ;  H, 7 . 2 5 ;  N, 1 . 1 6 ;  0 ,  1 3 . 9 3 $  (TOTAL * 1 0 0 . 1 4 $ ) ?  

t h e  polymer t h e r e f o r e  c o n t a in e d  no s i l y l  g ro u p ,  and 

was not 36 .

( e) p o l y - p - ( d i -  (2-( 4( 5) - im i  d a z o l y l ) - e t h y l ) - a m i  nomet hy l  -  

s t y r e n e  (40 )«

( i  ) Am inom <lthyl-polystyrene was prepared by a

r e p o r t e d  metnod* and c a r e f u l l y  s t a n d a r d i s e d  as  f o l l o w s :  

a c e n t r i f u g e  t u b e  was charged w ith  polymer (106 mg,)  

and s t a n d a r d i s e d  h y d r o c h l o r i c  a c i d  (3.35M* 0 . 2 0  m l , )  

and a l lo w e d  to s ta n d  fo r  30 min. The s u p er n a ta n t  l i q u i d  

was c a r e f u l l y  removed,  and t h e  polymer was washed 

s u c c e s s i v e l y  w ith  water  (2 x 25 m l . )  and e th a n o l  (10  ml,,)^ 

c a r e f u l l y  c e n t r i f u g i n g  and removing s u p e r n a t a n t  l i q u i d  

each t i m e .  The combined s o l u t i o n s  th u s  o b t a i n e d  were  

t i t r  at ed agai  nst  sodiurn hydroari.de -sol ut ip  n ( o . 1 M) u s i  ng 

m ethyl  o r a n g e  as i n d i c a t o r ;  t h e  a c t i v i t y  o f  t h e  polymer  

was found to  be 0 . 3 8  m m ol . /g .

A' s u s p e n s i o n  o f  ami no met h y l - p o l y s t y r e n e  

( l . 0 l 4 g . )  i n  a s o l u t i o n  o f  4(  5) -  ( 2 - c h l o r 0 e t h y l  ) -  

im id a z o l iu m  ch lo r id e*  and t r i  e t h y l  ami ne ( l  m l . )  i n  

n - b u t a n o l  (10 m l . )  was h e a ted  under r e f l u x  fo r  16 h. ; 

a f t e r  c o o l i n g ,  t h e  s o l u t i o n  was d i l u t e d  w ith  e t h a n o l ( 2 5  

m l . )  and t h e  Polymer beads were f i l t e r e d ,  washed w ith  

e th a n o l  (10 x 25 m l . )  and e th e r  (4 x 25 m l . ) ,  and d r i e d  

at 8 0 ° ,  0 .1  t o r r .  t o  g i v e  an o c h r e - c o l o u r e d  polymer,  

w hich ,  on t i t r a t i o n  as d e s c r ib e d  above,  was found to
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c o n t a i n  1 . 1 5  mmol, amine / g ,  Thus,  n e g l e c t i n g  t h e  small  

change i n  weight  r e s u l t i n g  from t h e  s u b s t i t u t i o n ,  

t h e  s p e c i f i c  a c t i v i t y  o f  t h e  p r o d u c t ,  i n  terms o f  amine 

groups  per gram, was 1 . 1 5 / 0 . 38 =  3 .0 2  t im e s  t h e  

a c t i v i t y  o f  t h e  o r i g i n a l  Polymer,  c o r r e s p o n d in g  t o  

Complete  d i - a l k y l a t i o n  o f  t h e  p o ly m e r ic  amine by t h e  

a l k y l  h a l i d e .

( i i )  A s t i r r e d  s u s p e n s i o n  o f  _40 (470 mg.)  i n

h e x a m e t h y l d i s i l a z a n e  (2 m l . )  was h e a t e d  under r e f l u x ,  

w i t h  e x c l u s i o n  o f  a tm o sp h er ic  m o i s t u r e ,  f o r  21 h. ; t h e  

e x c e s s  r e a g e n t  was d i s t i l l e d  o f f  i n  a c a r e f u l l y - d r i e d  

r o t a r y  e v a p o r a t o r ,  and t h e  l a s t  t r a c e s  o f  s i l y l a t i n g  

agent  were removed by a z e o t r o p i c  d i s t i l l a t i o n  w ith  

t o l u e n e  ( 2  x 2 . m l . )  t o  g i v e  a y e l lo w -b r o w n  polymer 4 1 .

( i i i )  A' s o l u t i o n  o f  b en zy l  a l c o h o l  ( 3  mg.)  i n

b e n z e n e  ( l  m l . )  was t r e a t e d  w ith  polymer ^  ( 65  mg.)  

and a l lo w e d  to  s ta n d  f o r  16 h. A‘ sample  o f  t h e  s o l u t i o n  

was a n a ly s e d  by g . I . e .  ( l $  0 V - 1 , 85°)  and shown to  

c o n t a i n  b e n z y l o x y - t r i m e t h y l s i l a n e ,  i d e n t i f i e d  by 

Comparison w i th  an a u t h e n t i c  sample.

( i v )  To a s t i r r e d  s u s p e n s i o n  o f  polymer 4 1

( 375 m g . ,  0 . 1 4  mmol.) i n  t o l u e n e  ( 2  m l . )  was added a 

s o l u t i o n  o f  phosgene  i n  t o l u e n e  (IK, 1 m l . ,  1 m m ol . ) .  

A f t e r  42 h. , t h e  S o lv e n t  was eva p o ra ted  i n  a dry  r o t a r y  

e v a p o r a t o r  ( a  t r a p  c o n t a i n i n g  sodium h y d r o x id e  s o l u t i o n  

( 51l) was i n s e r t e d  i n  t h e  vacuum l i n e  to d e s t r o y  e x c e s s  

p h o s g e n e ) .  The l a s t  t r a c e s  o f  r e a c t a n t s  were removed by 

a z e o t r o p i c  d i s t i l l a t i o n  w i th  t o l u e n e  ( 3 x 2  m l . ) .  The
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y e l l o w - b r o w n  po l ymer  t h u s  o b t a i n e d  was s u s p e n d e d  i n  a 

s t i r r e d  S o l u t i o n  o f  a c e t i c  a c i d  (10 mg. ,  0 . 1 7  m m o l . ) in  

TEF ( 2  m l . ) .  A f t e r  84 h .  , t h e  Polymer was f i l t e r e d  o f f ,  

washed' w i th  TEF ( 5  m l . )  and suspended  i n  a s t i r r e d  s o l u t i o n  

o f  p - t o l u i d i n e  ( l 6  m g . ,  0 . 1 5  mmol.)  i n  TEF ( l  m l . ) .  A f t e r  

72 h . , t h e  polymer was f i l t e r e d ,  washed w ith  e t h e r  (2  x 

5 m l . )  and t h e  combined f i l t r a t e s  e v a p o ra ted  t o  g i v e  an 

o i l  ( 13  m g . ) ,  i d e n t i f i e d  as p - t o l u i d i n e  by comparison  

w it h  an a u t h e n t i c  sample .

( v )  Ami n o m e t h y l - p o ly s t y r  ene ( 1 . 0 7  g,. % 0 . 4  mmol.)

was susp en d ed  i n  hexamethyl  di s i l  azane (2 m l . )  and h e a te d  

at r e f l u x  f o r  2 h. ; t h e  e x c e s s  r e a g e n t  was removed by  

vacuum d i s t i l l a t i o n  i n  a dry  r o t a r y  ev a p o ra to r  and 

a z e o t r o p i c  d i s t i l l a t i o n  w i th  t o l u e n e  ( 2 x 2  m l . )  t o  

g i v e  a y e l l o w  polymer, A samiDle (90 m g.)  o f  t h i s  polymer  

was suspended  i n  a S o l u t i o n  o f  b en zy l  a l c o h o l  (5 mg.)  

i n  e t h y l  a c e t a t e  ( l  m l . )  and a l lo w ed  t o  s ta n d  f o r  16 h.

On g . l . c .  a n a l y s i s  ( l $ 0 V - l ,  85° ) ,  t h e  s o l u t i o n  was found  

t o  c o n t a i n  b e n z y l o x y t r i m e t h y l s i l a n e .

( f ) R e a c t io  n o f  J53 > 15  & 40. w i th  a c e t i c  anhydride .

( i )  I Polymer Jj? (60m g. ,  0 .1  mmol.)- was suspended

i n  a c e t i c  anhydride  (5  m l . )  and a l lo w ed  to s tan d  for  

1 week at room t e m p e r a tu r e ,  a f t e r  which t h e  e x c e s s  r e a g e n t  

was e v a p o ra ted  at 9 0 ° ,  12 t o r r . ,  and t h e  polymer f r e e d  

o f  t h e  l a s t  t r a c e s  o f  a c e t i c  anhydride  by a z e o t r o p i c  

d i s t i l l a t i o n  w ith  t o l u e n e  (4 x 15 m l . ) .  The polymer  

t h u s  o b t a i n e d  was suspended i n  a s o l u t i o n  o f  p - t o l u i d i n e  

(9 m g . ,  O.O84 mmol. ) i n  TEF ( l  m l . ) ;  a f t e r  16 h. , t h e  -
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Polymer was f i l t e r e d ,  washed wit'h TEF (5  m l . ) ,  and t h e  

combined f i l t r a t e s  ev a p o ra ted  to  g i v e  p - a c e t c t o l u i d i d e  

as y e l l o w  c r y s t a l s  (12  m g. ,  9 6 $ ) ,  m.p. 1 4 4 -5 °  (EfcOE)

( l i t ” 1 4 5 ° )  , Vmax (CIIC15) 3440,  1 6 8 5 ,  1595 and 1510 cnu1

( i i  ) R e a c t i o n  o f  (70mg.)  w i th  a c e t i c  a n h y d r id e

( 5  m l . ) ,  f o l l o w e d  by r e a c t i o n  w i th  p - t o l u i d i n e  (9  m g . ,  

0 . 0 8 4  mmol. )  i n  THF ( l  m l . )  as i n  4 ( f ) > ( i )  g a v e  

p - a c e t o t o l u i d i d e  as y e l l o w  c r y s t a l s  ( l l  mg, 88$ ) ,

m . p . 1 4 4 - 50 (EtOH).

( i i i )  R e a c t i o n  o f  ^0 (175  m g. ,  0 . 1 3 3  mmol.) w ith  

a c e t i c  a n h y d r id e  ( 5- m l . ) ,  f o l l o w e d  by r e a c t i o n  w i th  

p - t o l u i d i n e  (9  mg, 0 . 0  84 mmol.) i n  TEF ( l  m l . ) ,  as, i n  

4 ( f ) ,  ( i )  g a v e  p - a c e t o t o l u i d i d e  as y e l l o w  c r y s t a l s  ( l l  m g . ,  

88$ ) ,  m .p .  1 4 4 - 5 °  ( EtO n) •

(iv)* Treatment o f  u n f u n c t i o n a l i s e d  p o l y s t y r e n e  

beads  ( 500 mg.)  w i th  a c e t i c  a n h yd r id e  (10 m l . ) ,  f o l l o w e d  

by t r e a tm e n t  w i th  p - t o l u i d i n e  ( 4 5  m g. ,  0 . 4 2  mmol.)  i n  

TEF ( 5  m l . )  as  i n  4 ( f ) *  ( i )  g a v e  unchanged p - t o l u i d i n e .

5 . S t u d i e s  w ith  p o l y - 4 (  5 ) - v i  nyl - im i  dazol  e ( pYIm) 4 3 :

( a)  4 ( 5) - v i  n y l - i m i  d azo l  e'.b

Commerci a l l y - a v a i l  abl e u rocard c  a c id  

d i h y d r a t e  was d r ie d  at 8 0 ° / 0 . 1  t o r r .  over  P2O5 5 v e r y  

l i t t l e  w e i g h t - l o s s  was o b se r v e d ,  and i t  was conc luded  

t h a t  t h i s  m a t e r i a l  was a l r e a d y  i n  t h e  anhydrous s t a t e .

T h is  was conf irmed by t h e  a b se n c e  o f  a b s o r p t io n s  due t o  

w ater  i n  t h e  i . r ,  spectrum .
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Anhydrous u r0 c a n ic  a c id  (5  g , ,  3 6 . 2  mmol.)  

was h e a t e d  i n  a s h o r t - p a t h  vacuum-di s t i l l  a t i o  n apparatus  

u n t i l  d e c a r b o x y l a t i o n  commenced at 220° ,  and t h e n  h e a te d  

f u r t h e r  at 2 50° ;  4(  5 ) - v i n y l - i m i d a z o l  e ( 2 . 3 7  g .  , 2 5 . 2  

mmol*, 6 6 $) was c o l l e c t e d  as w h i t e  c r y s t a l s  b. p. 250°

( 0 . 1  torr.), m.p.  7 9 - 8 1 °  (lit'J 8 5 . 2- 84. 5°), y max ( CEC1 j) 

3 4 6 0 3 , 3300b,  1 640E ,  980s cm.

(b )  p o l y - 4 (  5 ) - v i n y l - i m i d a z o l  e'.b

To a s t i r r e d  s o l u t i o n  o f  4 ( 5 ) - v i  nyl - i m i d a z o l  e 

( 1 . 0 4  g .  * 11 mmol.) i n  ben zen e  (1 0 0  m l . )  was added, i n  

an atm osphere  o f  n i t r o g e n ,  o d ^ - a z o - b i s - i  s o b u t y r o n i t r i l  e 

( 4  mg*).  The S o l u t i o n  was h e a t e d  under r e f l u x  for  90 h * , 

c o o l e d ,  f i l t e r e d  and t h e  product d r i e d  at 1 0 0 ° /  0 . 1  t o r r .  

t o  g i v e  pVIm as a f i n e  w h i t e  powder (870 m g . ,  84$ ) .  

Combust ion a n a l y s i s  g a v e  t h e  f o l l o w i n g  r e s u l t s *

C, 57*5;  h ,  6 . 3 ; f ,  25 . 6 5 ; 0 , 1 1 . 1 3 $ .

C5H6 F 2 * ( ^ 2 °  ^ 0 . 6 6  r e q u i r e s :

C, 5 6 . 5 9 ;  H, 6 . 9 7 ;  N, 2 6 .4 0 ;  0 ,  1 0 . 0 5 $

®5 ^ 6 ^ 2 # ^" ^2^0 .  7 5 e s q u i r e s *

C, 5 5 . 8 ;  E, 6 . 9 8 ;  F, 2 6 .0 4 ;  0 ,  1 1 . 1 6$

Thus ,  t h e  polymer c o n t a in s  a p p r o x im a te ly  2 m o le c u le s  

o f  w ater  f o r  e v e r y  t h r e e  monomer u n i t s .  Prolonged d ry in g  

at 1 0 0 ° /  0 . 1  t o r r .  o v e r  P^0 5 f a i l e d  to  remove t h i s  w ater;  

t h e  polymer was t h e r e f o r e  d i s s o l v e d  i n  m ethanol(20  m l . )  

and t h e  s o l u t i o n  d r i e d  o v er  m olec t i lar  s i e v e s  (L in d e  t y p e  

3A) fo r  6oh.  The s o l u t i o n  t h u s  o b t a in e d  was f i l t e r e d  and 

added d r o p w ise  t o  dry e th y l  a c e t a t e  ( 200 m l . )  w i th  

v i g o r o u s  s t i r r i n g ,  c e n t r i f u g e d ,  and t h e  su p er n a ta n t  

l i q u i d  removed. The p r e c i p i t a t e d  polymer was o b t a in e d
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as a c r e a m -c o lo u r e d  powder ( 250*mg, ) a f t e r  d ry in g  at  

8 0 ° /  0 . 1  t o r r .  o v e r  P2O5 , and was s t o r e d  o v e r  P2O 50 

TJnless o t h e r w i s e  s t a t e d ,  su b seq u en t  exp er im en ts  were  

c a r r i e d  out  i n  a d r y - b o x  i n  an atmosphere  o f  n i t r o g e n .

( c )  R e a c t i o n  w ith  p hosgene .

FVIm (19  3 m g. ,  1 , 7  mmol.) was p la ced  i n  a 

s i n t e r e d  g l a s s  f i l t e r  column ( p o r o s i t y  3) and t r e a t e d  

s u c c e s s i v e l y  w i th  a s o l u t i o n  o f  t r i  e th y l  amine ( 252  m g . ,

2 . 5  mmol.)  i n  c h lo ro fo rm  ( l  m l . )  and phosgene  i n  

t o l u e n e  ( i l l ,  1 m l . ,  1 m m ol . ) ;  t h e  column was s to p p e r e d  

t o  p rev en t  l o s s  o f  r e a g e n t s  and shaken  i  nt erm itt  e n t l y .  

A f t e r  5 m i n . ,  t h e  polymer was f i l t e r e d ,  washed s u c c e s s 

i v e l y  w i t h  ch lo ro fo rm  ( 3  x 10 m l . )  and THF (10 m l . )  and 

t h e n  t r e a t e d  w ith  a s o l u t i o n  o f  a c e t i c  a c id  ( 51 m g . ,

0 . 8 5  mmol.) i n  THF (10 m l . ) .  A f t e r  10 m i n . ,  t h e  polymer  

was f i l t e r e d ,  washed w i th  THF (10 m l . )  and t r e a t e d  w i th  

a s o l u t i o n  o f  a n i l i n e  (80 m g . ,  0 . 8 5  mmol.) i n  THF (10  m l . ) .  

The column was s t o p p e r e d ,  shaken ,  and a l lo w ed  to  s ta n d  

f o r  16 h .  ; on f i l t r a t i o n  and e v a p o r a t i o n  o f  t h e  f i l t r a t e ,  

a n i l i n e  was r e c o v e r e d  unchanged (67 m g. ,  84$ ) .

( d ) Pol y- :T-t rim et hyl s j  1 yl - 4 ( 5) -  v i  nyl -1 ml d a zo 1 e.

PVIm (470  m g. ,  5 .0  mmol. ) was t r e a t e d  w ith  

h exam e t h y l  d i  s i  1 azane  ( 5  m l . )  and h e a te d  at r e f l u x  fo r  

72 h . , w i t h  s t i r r i n g ,  i n  a f l a s k  equipped w ith  a 

s i  nt er e d - g l  a s s  f i l t e r  (F ig u r e  l ) .  The f l a s k  was t h e n  

s t o p p e r e d  and t r a n s f e r r e d  t o  t h e  d ry -b o x .  A f t e r  c o o l i n g ,  

t h e  s o l u t i o n  was d i l u t e d  w i th  n -pent  an e (10 m l . )  and 

f i l t e r e d ;  t h e  polymer th u s  c o l l e c t e d  was washed w i th
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n - p e n t a n e  ( 2 x 10 m l . ) ,  a s o l u t i o n  o f  phosgene  i n  

t o l u e n e  ( IK ,  2 . 3 m l . ,  2 . 3  mmol.) was added, and t h e  

s o l u t i o n  was s t i r r e d  fo r  16 h. A f t e r  f i l t r a t i o n  and 

w ashing  w i th  n - p e n t a n e  ( 3  x 10 m l . )  and TEF (2  x 10 m l . ) ,  

a s o l u t i o n  o f  b e n z o ic  a c id  (244 m g . ,  2 mmol. )  i n  TEF 

(5 m l . )  was added and s t i r r i n g  c o n t in u e d  fo r  16 h.

The f l a s k  was removed from t h e  d r y -b o x ,  and t h e  

s u s p e n s i o n  t r a n s f e r r e d  to a s to p p e r e d  c e n t r i f u g e  t u b e ,  

c e n t r i f u g e d . ,  and t h e  su p e r n a ta n t  l i q u i d  removed; t h e  

Polymer was washed s u c c e s s i v e l y  w i th  TEF (2  x 10 m l . ) ,  

n - p e n t a n e  ( 3  x 10 m l . )  and TEF (10 m l . )  , c e n t r i f u g i n g  

and removing t h e  su p e r n a ta n t  l i q u i d  each t im e .  A S o l u t i o n  

o f  p - t o l u i d i n e  (214 m g. ,  2 mmol.) i n  TEF (10 m l . )  was 

added,  and t h e  s u s p e n s i o n  was s t i r r e d  f o r  16 h. ; 

e t h e r  (20 m l . )  was added,  and t h e  s u s p e n s i o n  s t i r r e d  

v i g o r o u s l y ,  c e n t r i f u g e d  and t h e  su p er n a ta n t  l i q u i d  was 

removed; t h i s  p r o c e s s  was r e p e a t e d ,  and t h e  combined 

e x t r a c t s  were ev a p o ra ted  to  g i v e  an o i l  (240 mg.) , 

which was shown by i t s  i . r .  spectrum t o  c o n s i s t  l a r g e l y  

o f  unchanged p - t o l u i d i n e .  The product  was d i s s o l v e d  i n  

e t h y l  a c e t a t e  (25 m l . ) ,  washed w ith  h y d r o c h l o r i c  

a c i d  ( i l l ,  10 m l . ) ,  b r i n e  (10 m l . ) ,  d r i e d  and e v a p o r a ted ;  

no m a t e r i a l  was o b t a i n e d .

( e )  R e a c t i o n  w ith  CDI.

FVIm (60 m g. ,  O. 6 4  mmol.) was mixed 

i n t i m a t e l y  w ith  CDI (210 m g . ,  1 . 3  mmol.) and neaped at 

1 0 0 °  i n  a s to p p e r e d  t u b e .  I m i d a z o l e  was d e p o s i t e d  on 

t h e  w a l l s  o f  t h e  t u b e  o v e r  a p e r io d  o f  s e v e r a l  h o u rs .
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A f t e r  6 h .  , t h e  t u b e  was c o o l e d  and t h e  h a r d  f r i a b l e  

product  was wasned w i th  TEF ( 3  x 10 m l . ) ,  and s t i r r e d  

w ith  TEF (10 m l . )  f o r  3 d a y s .  At t h e  end o f  t h i s  p e r i o d ,  

no d i s c e r n i b l e  change had o c c u r r e d  i n  t h e  p h y s i c a l  s t a t e  

o f  t h e  polymer;  s i n c e  t h i s  polymer was o b v i o u s l y  

co n ta m in a te d  w ith  CDI, no f u r t h e r  i n v e s t i g a t i o n  was 

a t t  empt ed.

( f  ) P o l y - E - a c e t  y l - 4 (  5) - v i  n y l - i m i  d a z o l  e. ( Aj5)

( l )  PVIm (170 m g . ,  1 . 8  mmol.) was suspended  i n

a c e t i c  a n h y d r id e  (10  m l . )  and s t i r r e d  f o r  6o h.  ,  a f t e r  

which p e r io d  t h e  e x c e s s  r e a g e n t  was e v a p o ra ted  at 3 0 ° /

12 t o r r . ,  and t h e  polymer f r e e d  o f  t h e  l a s t  t r a c e s  o f  

r e a g e n t  by a z e o t r o p i c  d i s t i l l a t i o n  w i th  t o l u e n e  (4 x  

15 m l . ) .  The polymer was th e n  f r e e z e - d r i e d  at 20°/  0 .1  

t o r r .  ( t r a p  at - 196° )  to  g i v e  j !£  as a b ro w n /w h ite  

polymer ( 257 m g . ) .

( i i )  Polymer £ £  ( 6 5  m g . ,  0 . 4 8  mmol.) was 

susp en d ed  i n  a s t i r r e d  s o l u t i o n  o f  p - t o l u i d i n e  (39 mg.,

O. 3 6  mmol.) i n  TEF (3 m l , ) ;  a f t e r  40 h. , t h e  s o l v e n t  was 

e v a p o r a t e d ,  e t h e r  (10 m l . )  was added,  t h e  s o l u t i o n  was 

f i l t e r e d  through  a C e l i t e  Pad, and ev a p o ra ted  to  g i v e  

p - a c e t o t o l u i d i d e  as w h i t e  c r y s t a l s  (41 m g. ,  7 6 $ ) ,

m.P. 1 4 3 - 4 °  (aq .  EtOE) ( l i t ” 1 4 5 ° )»  Vmax (CECI3)

3440 , 1 6 8 5 , 1595 and 1510 cnu1

( i i i )  Polymer (120 m g . ,  0 . 8 9  mmol.) was suspended

i n  a s t i r r e d  S o l u t i o n  o f  c h o l e s t e r o l  (40 m g. ,  0 .1  mmol.)

i n  TEF ( 4  m l . )  and sodium h y d r id e  ( 5 0 $  s u s p e n s i o n  i n

b e n z e n e ;  ca .  5 mg.) was added. A f t e r  96 h . , t h e  S o l u t i o n
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was f i l t e r e d  and e v a p o r a t e d ,  t a k e n  up i n  e th e r  (10 m l . ) ,  

f i l t e r e d  th r o u g h  a C e l i t e  pad and evap orated  to  g i v e  

unchanged c h o l e s t e r o l .

( i v )  Polymer (4 2 m g. ,  0 .  31 mmol.) was

su sp en d ed  i n  a s t i r r e d  s o l u t i o n  o f  b en zy l  a l c o h o l  

( 1 3  m g . ,  0 * 1 2  mmol.) i n  THF (2  m l . )  and sodium h y d r id e  

( 50$  s u s p e n s i o n  i n  b e n z e n e ,  ca .  5 mg.)  was added; a f t e r  

36 h . , t h e  s o l v e n t  was e v a p o r a t e d ,  and t h e  r e s i d u e  

e x t r a c t e d  w i t h  e t h e r  ( 3 x 5 m l . )  , t h e  combined s o l u t i o n s  

f i l t e r e d  th r o u g h  a C e l i t e  pad and evap orated  to g i v e  

unchanged b e n z y l  a l c o h o l .

6. P o l y s t  yr en e - su p p o r t  ed c a r b p d i im id e  ( M ) .

( i )  46  was prepared by a p u b l i sh ed !9 procedure

from c h l o r o m e t h y l - p o l y s t y r e n e 5 ( 3*64 mmoh/g .) ;  t h e  

product  g a v e ,  on  c o m b u st ion  a n a l y s i s :

C, 8 0 .17?  H, 8 .0  8 ; Ki, 6 . 96$ ,  c o r r e s p o n d in g  t o  a 

maximum a c t i v i t y  o f  2 . 5  mmoles o f  a c t i v e  c a r b o d i im id e  

per gram o f  Polymer; A6 had ) / max 2115 cm.1 .

As a t e s t  o f  t h e  polymer a c t i v i t y ,  s t e a r i c  

a c i d  ( 555 mg.,, 2 .1 7  mmol.) was r e a c t e d  w i th  t h e  polymer  

( l . G 8g . ,  2 . 7  mmol, m ax.)  as  a s i i s p e n s i o n  i n  

b e n z e n e / e t h e r  ( 2 : 1 ;  10 m l . ) .  On f i l t r a t i o n  and 

e v a p o r a t i o n  o f  t h e  f i l t r a t e ,  s t e a r i c  anhydr ide  was 

o b t a i n e d  as  w h i t e  c r y s t a l s  (400 m g . ,  73$) m.p. 70-1°  

( l i g h t  p e tro leu m )  ( l i t 2. 72° ) * $ //max 1818  and 1740 cm.
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( i i )  Polymer £ 6  ( l  g .  , 2 . 5  mmol.) was suspended  i n

a s t i r r e d  s o l u t i o n  o f  r i c i n o l e i c  a c i d  ( 8 5  m g . ,  0 . 2 8  mmol.)  

i n  b e n z en e  (7  m l* ) ;  a f t e r  48 9 t h e  S o l u t i o n  was f i l t e r e d

and e v a p o r a te d  to  g i v e  r i c i n o l e i c  anhydride  as  an o i l  

(58  mg. T 70£)  , i /max(CCl4 ) 3600 , 3020W, 1825  and 1755  cm7

( i i i )  Polymer £6 ( 1 . 2 4  g .  > 3*1 mmol.)  was suspended  

i n  a s t i r r e d  s o l u t i o n  o f  1 2-hydro x y - s t  e a r i  c a c id  (300  

m g . ,  1 mmol.)  i n  TH3? (10  m l , ) ;  a f t e r  72 h . , t h e  s o l u t i o n  

was f i l t e r e d  and e v a p o r a ted  to  g i v e  1 2-hydro x y - s t  e a r i c  

a n h y d r id e  as  an o i l  ( 1 9 2  m g . ,  66c/o) , 3300b, 1 8 2 0 ,
HI cIa

17^0 cnu^

:-i . ■ ' I' !- - -

■
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