
REACTIONS OF CONJUGATED DIENES CATALYSED 

BY TRANSITION -  METAL COMPLEXES

PETER CHARLES BEVAN

C hem istry Department 
Royal H o llow ay  C o l le g e

a. H.C_
CLASS c T r  
Ho, &Qvl

ACO
;,>n

T h is  t h e s i s  i s  su bm itted  in  can d id a tu re  

fo r  th e  d eg re e  o f  D octor  o f  P h i lo so p h y  

o f  th e  U n i v e r s i t y  o f  London

November, j07*3 

-  1 -



ProQuest Number: 10097381

All rights reserved

INFORMATION TO ALL USERS  
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com plete manuscript 
and there are missing pages, th ese  will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest 10097381

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



AB ST RACT

With th e  aim o f  d im e r i s in g  i s o p r e n e  i n  a h e a d - t o - t a i l  manner to  

y i e l d  m onoterpenoid  compounds, i t s  homogeneous r e a c t i o n s  w i th  p a l la d iu m ,  

n i c k e l  and rhodium com plexes were s t u d ie d .

U sing  v a r i o u s  p a lla d iu m -p h o s p h in e  com plexes a s  c a t a l y s t s ,  i s o p r e n e  

was t e lo m e r i s e d  in  h ig h  c o n v e r s io n s  w i th  p h e n o l ,  a l c o h o l s  (m eth ano l,  

e th an o l and n -p r o p a n o l)  and ( l e s s  e f f i c i e n t l y )  w a te r ,  y i e l d i n g  l i n e a r  

^10^^16 and e t h e r s  and a l c o h o l s  o f  t h e  ty p e  ( R = P h , Me, E t ,

n -P r ,  H ) . T é lo m é r i s a t io n  w i th  p h en o l g e n e r a l l y  y i e l d e d  e t h e r s  o f  th e  h ea d -  

to -h e a d  ty p e  a s  th e  major p r o d u c t ,  h u t  h y  v a r i a t i o n  o f  t r ip h e n y lp h o s p h in e  

l ig a n d  c o n c e n t r a t io n  t h e  t a i l - t o - h e a d  e t h e r  was i n s t e a d  o b t a in e d .  In  

c o n t r a s t ,  t é l o m é r i s a t i o n  w ith  methanol y i e l d e d  e i t h e r  th e  t a i l - t o - t a i l  or  

th e  t a i l - t o - h e a d  e t h e r  a s  major p r o d u c t ,  depending on th e  n a tu r e  o f  th e  

p h o sp h in e  l i g a n d  and t h e  r e a c t i o n  t e n p e r a t u r e .  In  no c a s e ,  how ever, d id  

t h e  amount o f  th e  d e s i r e d  h e a d - t o - t a i l  e t h e r s  ex ceed  7^ o f  th e  p r o d u c t .

N ic k e l - c o m p le x  c a t a l y s t s  gave  c o n s id e r a b ly  low er  c o n v e r s io n s  o f  

i s o p r e n e ,  p red o m in a n t ly  t o  t r i e n e  d im ers .  As in  th e  c a se  o f  p a l la d iu m  th e  

u s e  o f  d i f f e r e n t  p h o sp h in e  and p h o s p h i t e  l i g a n d s  produced some v a r i a t i o n  

in  th e  isom er  d i s t r i b u t i o n  o f  th e  p r o d u c t .  These r e a c t i o n s  were l e s s  

s e l e c t i v e  th a n  th e  p a l l a d i u m - c a t a ly s e d  r e a c t i o n s ;  th e  amount o f  h e a d - t o -  

t a i l  d im ers o b ta in e d  was h ig h e r ,  r e a c h in g  20 ô i n  t h e  c a s e  o f  th e  c a t a l y s t  

sy stem  Ni ( CH = CH CN)  ̂-  P ( OEt) ^ ,

The r e a c t i o n  o f  i s o p r e n e  w ith  rhodium c h l o r i d e  i n  m ethanol gave  

a l i n e a r  h e a d - to -h e a d  dimer LI s e l e c t i v e l y ,  b u t  i n  sm all  c o n v e r s io n s .  

S u b s t i t u t e d  p h e n o ls  were s e l e c t i v e l y  produced  when i s o p r e n e  o r  b u ta d ie n e  

was r e a c te d  w i t h  p h en o l  in  th e  p r e s e n c e  o f  a RhCl(PPh^)^-NaOPh c a t a l y s t ;  

t h i s  i s  in  c o n t r a d i c t i o n  to  a p r e v io u s  c la im  t h a t  p h e n y l -d ie n e -d im e r  e t h e r s  

were o b ta in e d .
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I  have y e t  t o  s e e  any problem , however  

c o m p l ic a te d ,  w hich  when you lo o k e d  a t  

i t  t h e  r i g h t  way d id  n o t  become s t i l l  

more c o m p l ic a te d .

Poul Anderson
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C H A P T E R  I

I N T R O D U C T I O N

Much e f f o r t  h as  been  d ev o te d  t h i s  c e n tu r y  to  a t te m p ts  to  s y n t h e s i s e  

t e r p e n o id  h ydrocarb on s from i s o p r e n e .  The r e a s o n s  f o r  t h i s  a re  th e  grow

in g  demand f o r  e s s e n t i a l  o i l s  a s  f l a v o u r in g  and perfum ery a g e n t s ,  and an 

a n t i c i p a t e d  i n c r e a s i n g  d i f f i c u l t y  i n  m eet in g  t h i s  demand from n a tu r a l  

s o u r c e s .  In  a d d i t i o n ,  i s o p r e n e  i s  r e a d i l y  a v a i l a b l e  a t  a c o m p e t i t iv e  

p r i c e ,  b e c a u se  o f  i t s  u s e  in  c i s - p o l y i s o p r e n e  ( s y n t h e t i c  rubber) manufac-  

t u r e ( l ) .

N orm ally ,  n a t u r a l l y  o c c u r r in g  t e r p e n o id s  have s t r u c t u r e s  based  on 

Cg is o p r e n e  u n i t s  l in k e d  t o g e t h e r  i n  a h e a d - t o - t a i l  manner

head

t a i l

MYRCENEISOPRENE LMONENE CAMPHOB

However, t h e r e  a re  e x c e p t io n s  to  th e  h e a d - t o - t a i l  r u l e ,  p a r t i c u l a r l y  among

( 2 3 )th e  h ig h e r  t e r p e n o id s ,  and in  th e  1 9 5 0 ' s  R u zick a '  ’ ' p roposed  th e  

' b i o g e n e t i c  i s o p r e n e  r u l e ' .  T h is  s t a t e s  t h a t  n a t u r a l l y  o c c u r r in g  t e r p e n 

o i d s  a re  d e r iv e d  e i t h e r  d i r e c t l y  o r  by  way o f  p r e d i c t a b l e  s t e r e o - s p e c i f i c  

c y c l i s a t i o n s ,  rearran gem en ts  and d i m é r i s a t i o n s  from a c y c l i c  C -10, C-15, 

C-20 and C-30 p r e c u r s o r s  -  g e r a n i o l ,  f a r n e s o l j g e r a n y l g e r a n i o l  and sq u a len e  

r e s p e c t i v e l y .  T h is  r u l e  i n p l i e s  a common b i o s y n t h e t i c  pathway f o r  th e  

w hole f a m i ly .  I so p r e n e  i t s e l f  d o es  n o t  occu r  in  n a tu r e ,  and th e  g e n e r a l l y  

a c c e p te d  r o u te  f o r  th e  b i o s y n t h e s i s  o f  g e r a n y l  pyrop hosp h ate  (GPP) t a k e s  

(R ) - (+ )  m e v a lo n ic  a c id  a s  i t s  s t a r t i n g  p o i n t .

-  8 -
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n e r y l
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m onoterpenes

c y c l i c
m onoterpenes

The b i o s y n t h e s i s  o f  m onoterpenes h as  r e c e n t l y  b een  rev iew ed

1 .1  SYNTHETIC METHODS

( 4)

In  p r i n c i p l e  th e  d im é r i s a t i o n  o f  i s o p r e n e  to  a c y c l i c  m onoterpenes  

would appear to  be a f a i r l y  sirrp le  o p e r a t io n .  In  p r a c t i c e ,  how ever,  

s e v e r a l  p rob lem s a r i s e :  f i r s t l y  th e  fo r m a t io n  o f  c y c l i c  s t a b l e  end-

p r o d u c ts  such a s  d ip e n te n e  and t e r p i n e o l s ;  s e c o n d ly  th e  p r o d u c t io n  o f  

t r i m e r i c  and h ig h e r  p o ly m e r ic  i s o p r e n e  m o le c u le s ;  t h i r d l y  th e  p r o d u c t io n  

o f  n o n - h e a d - t o - t a i l  i s o m e r s .

S e v e r a l  d i f f e r e n t  g e n e r a l  ap proach es  have been  u sed  fo r  th e  

o l i g o m e r i s a t i o n  and t é l o m é r i s a t i o n  o f  i s o p r e n e .  Among t h e s e  a re :

(a ) The a c t i o n  o f  L ew is  or  p r o to n  a c id  c a t a l y s t s  on i s o p r e n e  or  

i s o p r e n e /p r e n y l  c h lo r id e  m ix tu r e s  ( c a t i o n i c  d im é r i s a t i o n ) .

(b ) The a c t i o n  o f  s tr o n g  b a s e s  on i s o p r e n e  ( a n i o n i c  d i m é r i s a t i o n ) ,

(c) Thermal d im é r i s a t i o n  and p h o t o d im é r i s a t io n  o f  i s o p r e n e .

-  9 -



(ü ) The fttiodia s y n t h e s i s ,  u s in g  i s o p r e n e ,  a c e to n e ,  a c e t y l e n e  and HCl.

to  b u i ld  up th e  Ĉ Q s k e l e t o n .

( e ) T r a n s i t io n - m e t a l  c a t a ly s e d  i s o p r e n e  d im é r i s a t i o n .

These methods w i l l  b e  d i s c u s s e d  in  tu r n .

( a ) I s o p r e n e  D im é r i s a t io n  u s in g  L ew is  or  P ro to n
A c id s  ( C a t io n ic  D im e r i s a t io n )

The s y n t h e s i s  o f  t e r p e n o id s  h a s  been  a c h ie v e d  u s in g  a c i d i c  

c a t a l y s t s  w i th  i s o p r e n e  i t s e l f  or  w i th  i s o p r e n e /p r e n y l  c h lo r id e  or  i s o p r e n e /  

p ren y l  a c e t a t e  m ix tu r e s .  The r e a t i o n  i s  n o t  a lw ays  v e r y  s e l e c t i v e  fo r  

h e a d - t o - t a i l  d im é r i s a t i o n  and p o ly t e r p e n e s  a re  a l s o  formed^^^. The com

p l e x  m ix tu re  o f  p r o d u c ts  o b ta in e d  h a s  d is c o u r a g e d  commercial e x p l o i t a t i o n  

o f  th e  method. T able 1 .1  l i s t s  s e v e r a l  r e c e n t  r e p o r t s  o f  d im é r i s a t i o n  by  

L ew is or  p r o to n  a c i d s .

-  10 -
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(Jl) AjJLonic ilifiKU-i sa bion and T e lo m o r is a t io n  o f  I so p ren e

( l l )In 1967 Suga e t  a l '  d im e r is e d  is o p r e n e  w ith  l i t h iu m  n a p th a lc n e  

in  THF, o b t a in in g  a 45% c o n v e r s io n  to  2 ,6 -d im e t h y l  -  2 , 6 - o c t a d i e n e  and 

2, 7 - d im e t h y l - - 2 ,6 - o c t a d ie n e .  S e v e r a l  o th e r  p a p ers  fo l lo w e d  ( s e e  T able  1 .2 )

( 12) 2-The mechanism s u g g e s t e d '  ' f o r  t h i s  r e a c t i o n  i n v o l v e s  a d ia n io n  :

+  2
l i *

+ 2 A
Li +

f a s t

p ro to n  
, donor  
e . g .  MeOH

T h is  ty p e  o f  r e a c t i o n  i s ,  o f  c o u r s e ,  a t  b e s t  s t o ic h e im m e tr ic  in  a l k a l i  

m e t a l .

T é lo m é r i s a t io n  o f  i s o p r e n e  h a s  a l s o  b een  a c h ie v e d ,  u s in g  oxygen ,  

am ines or k e to n e s  a s  t e l o g e n  ( s e e  T ab le  1 . 2 ) .  P a ssa g e  o f  d ry  oxygen through  

a I W  s o J u t io n  o f  l i t h i u m  n a p h th a len e  and is o p r e n e  fo l lo w e d  by d e c o m p o s i t io n  

gave 30-40% c o n v e r s io n  o f  i s o p r e n e  to  p r o d u c ts  c o n s i s t i n g  l a r g e l y  o f  t a i l -

t o - t a i l  a l c o h o l s (1 3 )

The d ia n io n  in t e r m e d ia t e  shown above i s  s i m i l a r  to  t h a t  p o s t u la t e d

in  th e  r e a c t i o n  o f  i s o p r e n e  w i th  magnesium in  r e f l u x i n g  THF; l a r g e l y  t a i l -

(14)t o - t a i l  d im ers a re  o b t a in e d '  ' :

THF

r e f lu x ^

-  12 -
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( c) Thermal D im é r i s a t io n  and P h o to d im é r i s a t io n  o f  I so p ren e

( i )  Thermal D im é r is a t io n

Below 1 0 0 °C, therm al d im é r i s a t i o n  a t  i s o p r e n e  y i e l d s  m a in ly  1-m ethyl-

4 - 1 s o p r o p e n y l - c y c lo h e x e n e  ( l )  and 1-m eth y l  - 5 - i s o p r o p e n y i - c y c lo h e x e n e  ( l l ) .  

Above 200° C, in c r e a s i n g  amounts a re  o b ta in e d  o f  1 , 5 - d i m e t h y l -■ 5 - v i n y l -  

c y c lo h e x e n e  ( i l l )  and 1 , 5 -d im e t h y l -  and 2 , 5 -d im e th y l  - 1 , 5 - c y c l o o c t a d i e n e  

(IV) and ( V ) ( 2 3 ) ,

I I I I I IV V

C o n s id e ra b le  p o ly m e r i s a t i o n  a l s o  o c c u r s ,

( L i ) P h o to d im é r i s a t io n

In a d d i t i o n  to  th e  compounds I -V ,  p h o t o d im é r i s a t io n  p rod u ces  th e  

Jour-membered r in g s  ( V l - V I I l )

A

VI VII

L
r

V III

There has b een  no c l e a r  d e m o n s tr a t io n  o f  t h e  p r o d u c t io n  o f  l i n e a r  

dim ers by e i t h e r  therm al or p h o to ch em ica l  d im é r i s a t i o n ,  a l th o u g h  Reed 

re p o r ted  t h a t  1 , 3 , 7 - o c t a t r i e n e  was formed in  t r a c e  amounts by h e a t in g

1 , 3 - b u ta d ien e(25)
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(I)) Thr lüiodia SynLhrHi H

A lth ou gh  a d d i t i o n  o f  two m o le c u le s  o f  i s o p r e n e  i s  th e  most d i r e c t  

way o f  o b t a i n i n g  th e  m onoterpenoid  s k e l e t o n ,  i t  i s  n o t  th e  o n ly  way.

In  th e  Rhodia s y n t h e s i s ,  f o r  exam ple, th e  s k e l e t o n  i s  b u i l t  up from is o p r e n e ,  

a c e to n e  and a c e t y l e n e  :

y
+ HCl

Cl (CHgigCO

NaOH 
+ amine \

NaOH/N-methyl
p y r r o l id o n e
a c e t y l e n e

lo n o n e s
v i t a m in  A i«<-

c i t r a l  a

vanadium
c a t a l y s t s

HO

d e h y d r o l i n a l o l

Ruzicka^^^^ a c h ie v e d  th e  f i r s t  t o t a l  s y n t h e s i s  o f  l i n a l o l  u s in g  

e s s e n t i a l l y  t h i s  r e a c t i o n  seq u en ce .

-  15 -



( e ) T r a n s i t io a - M e t a l - C a t a ly s e d  D iene
O l ig o m e r i s a t io n  and T é lo m é r i s a t io n

O l ig o m e r i s a t io n  o f  1 , 3 - d i e n e s  i s  c a t a ly s e d  by com plexes o f  many

t r a n s i t i o n  m e t a l s .  The Group V I I I  e lem en ts  have b een  s t u d ie d  i n  most d e t a i l .

Some useful reviews are availatle^^^’ T i t a n i u m ^ ,

zirconium(^^'^^"^^), h a f n i u m ^ v a n a d i u m ^ , chromium^^^\ ruthenium^^^), 
i r o » ( 3 6 - ! 8 .  7 7 -7 9 .9 3 - 9 7 )  _ „ , „ i , j 3 9 ) ^  ^ ^ ^ ^ ^ ^ (4 0 ,4 1 ,7 9 ,9 8 -1 0 8 )^  irid lu ,,,^^^) ,

r h o d iu m (7 9 '4 2 '7 3 ) ,  „ i e k e l 4 4 - 5 7 , 8 0 - 8 2 , 1 0 9 - 1 1 8 )  ̂ .^ ^ ( 3 9 ,5 8 - 7 6 ,1 1 9 - 1 2 6 )

(6 2  76 1 2 l )and p la t in u m ' ’ ’ ' have a l l  been  re p o r te d  a s  c a t a l y s t s .

D epending on th e  p a r t i c u l a r  r e a c t i o n ,  a g r e a t  v a r i e t y  o f  p ro d u c ts  

have been  o b ta in e d .  C y c lo d im é r i s a t io n  may o c c u r ,  t o  g i v e  4 - ,  5 - ,  6 -  , 8 -  

or 1 2 -  mcjmbered r i n g s .  L in ea r  d im ers o r  h ig h e r  o l ig o m e r s  may be formed.  

T elom ers a re  o b ta in e d  when a n o th er  m o le c u le ,  such as  an a l c o h o l ,  amine e t c . ,  

adds to  one or more d ie n e  m o le c u le s .  Some s e l e c t e d  exam ples o f  t h e s e  

r e a c t i o n s  are  g iv e n  in  T able  1 .3  (e le m e n ts  T i - I r )  and T able  1 , 4  ( N i - P t ) .

-  16 -



TABLE 1 . 3

TRANSITION METM. CATALIISTS IN DIENE' OLIGOMERISATION

CATALYST SUBSTRATE(S ) PRODUCTS REEERl'NCE

TiCI y  Lt^AI Cl Bu lad  i uruî t r a n s ,  t r a n s ,  c i s - 1 , 5 , 0  -  c y c l o d o d e c a l r i e u e  (>  80̂ >o) 20

T i C i y  EtgAlC! J Ropraiie 2 , 6 - d i m e t h y l - l , 2 , 6 - o c t a t r i e n e  + c y c l i c  p r o d u c t s 29

T i C l /  ElgAlCI  

(f'hO).jl'

I s o p i  CMU; 2 . 6 - d i m ethyl  -  1, 2 , 5  -  o c t a t r i c n e  (V-i'/o
3 . 6 - d i m e t h y l  -  1 , 2,G - o c t a t r i e n e  2% 
1,  5 - d i m e t h y l - 5 - v i n y I  c y c l o h e x e n e  2:ifo

30

T iO fO 'R r)^  

Et. ,Al Cl
Bu la d  i otip 1 , 5 , 9 - c y c l o d o d e c a t r i  ene 31

Z r ( w lU u ) ,

EtgAlCJ Pl’li.j J Kupi-c'iio 2 , 6 - d i m c t h y l - l  -  t r a n s - 3 , 6 - o c t a t r i  eue 32

l l f ( o V ) ^

EtgA lC l PPliy I s o p re i ie 2 , 6 - d i m e t h y l - 1  -  t r a n s - 3 ,  6 - o c t a t r i c n e 33

VO(OEt)g

Et^AlCl I s o p r c n e
2 . 6 - d i m e t h y l - 1 - t r a n s - 3 ,  6 -  o c t a t r i e n e

3 . 6 - d i m c t h y l - l ,  3 ,  6 - o c t a t r i c n e
34

CrO^CI

A lE r .3 “ Butad i eue
t r a n s  t r a n s  c i s - 1 , 5 , 9 - c y c l  o d o d o c a t r i  eue 60^  

t r a n s  t r a n s  t r a n 8 - i , 5 , 9 - c y c l o d o d e c u t r i  eue  dÔ ^
35

Ec(tlC<lf:) 

Al E ly Bulad j eue
11 gC = cii a i ( C H y ) a i  =. a i  a i  = cii^ 

11,, c  = CH CH = ai aigCii = ch cii^
77

E e ( o r n c )

A lE t . ,

2 , 2 ' d i p y

Butad i eue

4 - v i n y l c y c l o h e x e n e  

1 , 5 - c y c l o o c t a d i e n e
77

r'i’( ) icac )

AlEt^ B u t a d ie n e HgC = CH CH = CH CHgCH = Œ  01^01 gCH = Cil 78

E c(«ci i f) .^

AlEt.^

2 . 2 ' d ip y

I s o p r e n e
1 . 5 - d i m e t h y l - l , 5 - c y c I o o c t a d i e n e

2 . 5 - d i m e t h y l - l , 5 - c y c l o o c t a d i  ene
79
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TABLE 1 . 3  f c o n t i n u od)

TRANSITION METAI. CATALYSTS IN DIENE OLIGOMERISATION

CATALYST SUBSTRATE(S) PRODUCTS REFERENCE

FcClg AlEtg 
PPh_.3

B u t a d ie n e 3 - m e t h y I - l , 4 , 6 - h e p t a t r i e n e  '60̂ /o 
1 , 3 , 6 - o c t a t r i e n e  70%'é

36

Et E c ( d i p y ) , B u t a d ie n e 1 , 5 - c y c l o o c t a d i e n e  
4 - v i n y I c y c l o h e x e n e 37

F e ( a c n c ) y

AlEt3
2 , 2 ' d i p y

R..CI3
N OPh PPh.

O h  Cl.

NaO Ph

Butod i ene
1 , 5 - c y c l o o c t a d i e n e  

4 - v i n y l c y c l o h e x e n e
38

Butad i c n e  
and P h en o l l - p h e n o x y - 2 , 7 - o c t a d i  ene  60^e

Bu tad i ene  
and p h en o l l - p b e n o x y - 2 , 7 - o c t a d i  ene

39

39

cô Cco)^
AlE t. Butad i cn< 3 - m e t h y l - l ,  t r a n s - 4 ,  6 - h e p t a t r i c u e 40

CoCl

NaBB

PPh3  i n  Eton

I s o p r e n e

2 , 3 , 5 - t r i m e t h y l - l , 4 , 6 - h e p t a t r i e n c  (PPii.j/Co < l )

2 , 7 - d i m e t h y l - 1 , 3 ,  7 - o c t a t r i e n e  ^
2 , 6 - d i m c t h y l - l , 3 , 6 - o c t a t i i e u e  J ' f  '

41

RhC l,

KOAc i n  ETOII B u t a d ie n e 1 , 3 , 6 - o c t a t r i e n e  ( i s o m e r i s e s  t o  2 , 1 , 6 - o c t u i r i e u e ) 42

ilhClCPPhy)̂  
Na 0 Ph

Butad i ene  
p h en o l

l - p h c n o x y - 2 , 7- o c t a d i e n e

Rh(OPli)(PPli.j).j Butad i  ene  
phenol

l - p h e i i o x y - 2 , 7 - o c t a d  i one

39

43

I t ll ,j (P l’h.j) .3 j Butad j cue  I  1 -p h e n o x y -2 ,  7 -o c ta d  i one ( <  5%) 
phenol

39
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C H A P T E R  I I

THE MECHANISM OF DIENE OLIGOMERISATION AND 

TELOMERISATION BY TRANSITION-METAL CATALYSTS

2 . 1  INTRODUCTION

Only in  th e  c a s e  o f  n i c k e l - c a t a l y s e d  c y c L o o I ig o m e r is a t io i i s  has a 

s u f f i c i e n t  body o f  e v id e n c e  begun to  accru e  f o r  th e  g e n e r a l  a c c e p ta n c e  o f  

a mechanism. T h is  e v id e n c e  i s  due l a r g e l y  to  th e  work o f  W ilke e t  a l  and 

c o n s i s t s  o f  (a )  th e  i s o l a t i o n  o f  s e v e r a l  in t e r m e d ia t e s  and (b) th e  d e t a i l e d  

ex a m in a tio n  o f  th e  s t e r e o - c h e m i s t r y  o f  th e  p r o d u c ts  o f  c y c lo d im é r i s a t io n  

o f  m e t h y l - s u b s t i t u t e d  d ie n e s .  C onfirm atory  e v id e n c e  has been p ro v id ed  by  

d enter  a t i o n  s t u d i e s  ; t h e s e  have a l s o  shed some l i g h t  on th e  mechanisms 

o f  o J i g o m e r i s a t i o n / t e l o m e r i s a t i o n  r e a c t i o n s  c a t a ly s e d  by p a lla d iu m  and 

o t h e r  t r a n s i t i o n  m e t a l s .

At sev e ra ]  p o i n t s  in  t h i s  ch a p ter  th e  e x i s t e n c e  o f  th e  two i s o m e r ic  

forms o f  b u ta d ie n e ,  s - c i s -  and s - t r a n s - b u t a d i e n e ,  i s  invoked  in  th e  form ula

t i o n  o f  mechanisms to  e x p la in  th e  d i s t r i b u t i o n  o f  p r o d u c ts .  A c c o r d in g ly  

t h i s  isom er ism  i s  d i s c u s s e d  v e r y  b r i e f l y  in  s e c t i o n  2 .2  o f  t h i s  c h a p te r .

The n i c k e l -  and p a l la d iu m - c a t a ly s e d  r e a c t i o n s  a re  t r e a t e d  in  s e c t i o n s  2 .3  

and 2 . d r e s p e c t i v e l y ,  w h i le  s e c t i o n  2 .5  s u r v e y s  what i s  known o f  th e  mecha

nism s o f  c a t a l y s i s  o f  some o th e r  t r a n s i t i o n  m e ta l s .

2. 2 llffî S-CIS -  S-TRANS ISOMERS OF BUTADIENE AND ISOPRENE

B u ta d ien e  i s  r e c o g n is e d  to  e x i s t  in  two p la n a r  i s o m e r ic  forms:

/ / ^  J T ^
s - c i s  b u ta d ie n e  s - t r a n s  b u ta d ie n e

The en erg y  d i f f e r e n c e  b etw een  th e  s - c i s  and s - t r a n s  isom ers  has been

(  1 2 7 )
c a l c u l a t e d  by ex ten ded  Huckel theory'- th e  s - t r a n s  form was found to

be more s t a b l e  by 3 9 .8 k J m o l “ ^, and no a c t i v a t i o n  en ergy  was found in

/1 2 8 )
g o in g  from s - t r a n s  t o  s - c i s .  E a r l i e r  workers'- ' a l s o  found th e  s - t r a n s

-  25 -



form more s t a b l e ,  b ut by o n ly  1 1 .6  kJ mol” ^. The e x i s t e n c e  o f  th e  s - c i s  

form may be in f e r r e d  from th e  p a r t i c i p a t i o n  o f  b u ta d ie n e  in  th e  D i e l s - A l d e r  

r e a c t io n ;  co n ju g a ted  d i eiu's which a re  c o n s tr a in e d  to  t h e  s - t r a n s  Form do 

not undergo t h i s  r e a c t i o n ^ ^ .

Some d i r e c t  ev id e n c e  has b een  c la im ed  fo r  th e  e x i s t e n c e  o f  s - c i s

d ie n e s ;

2 .2 .1  A d d it io n  o f  Methyl R a d ic a l s  t o  B u ta d ien e

The e x i s t e n c e  o f  s - c i s - b u t a d i e n e  was c la im ed  to  be d em onstrated  by

th e  r e a c t i o n s  (a )  and (b)

/ J  KOAc

21# 77#

(b ) / ~ v / r ^
10S## 69 #

From t h e s e  p ro d u c t  r a t i o s ,  s - c i s - b u t a d i e n e  was c a l c u l a t e d  to  be

p r e s e n t  to  th e  e x t e n t  o f  3 - 7 #  under th e  c o n d i t io n s  u sed .

2 . 2 . 2  P rod u ct V a r ia t io n  in  th e  P h o to d im é r i s a t io n  o f  
I so p r e n e  u s in g  V a r io u s  S e n s i t i a e r s

In  th e  p h o t o d im é r i s a t io n  o f  i s o p r e n e  u s in g  v a r io u s  s e n s i t i s e r s  

c o n t a in in g  carb on y l groups i t  was o b serv ed  t h a t  t h o s e  s e n s i t i v i t i e s  in  

w hich th e  S -> T  ̂ t r a n s i t i o n  o cc u r red  a t  or  above about 2 9 3 kJ mol"^
6ï0

produced l a r g e l y  f o u r -  and eight-m em bered r in g  d im ers .  S e n s i t i s e r s  in  

which th e  t r a n s i t i o n  o cc u r red  w i th  an en erg y  o f  b etw een  222 and 293 kJ mol“  ̂

produced l a r g e l y  th e  six-membered r in g  compounds. S in c e  i t  i s  known t h a t  

th e  0 - 0  components o f  th e  Sq -+T^ t r a n s i t i o n  o f  i s o p r e n e  ( i . e .  v e r y  l a r g e l y  

s - t r a n s  i s o p r e n e )  o c c u r s  a t  2 9 3 kJ mol"^, i t  i s  assumed t h a t  a t  t h i s  en ergy  

th e  s - t r a n s - i s o p r o n e  r a d i c a l  i s  formed, w h i le  a t  low er  i r r a d i a t i n g  e n e r g ie s  

th e  s - c i s - i s o p r e n e  r a d i c a l  i s  o b ta in e d  ( t h e  S^—T^ t r a n s i t i o n  in  1 . 3  c y c l o -  

h ex a d ien e  o c c u r s  a t  2 2 4 k J m o l“ ;̂ th e  v a lu e  f o r  s - c i s - i s o p r e n e  i s  p ro b a b ly  

s i m i l a r ) .
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2 .3  OLIGOMERISATION BY NICKEL CATALYSTS

2 .3 .1  C y c lo o l ig o m e r i s a t io n

Ni c k ( ' l - c a t a ly s e d  c y c lo o l i g o m é r i s a t i o n  o f  b u ta d ie n e  h a s  been  o x t e n -  

« i v . , l y  r « « « u r c h « d ( 3 0 ' 4 4 . 8 0 .8 2 , 1 0 9 _ ,1 8 , 1 3 a . l 3 6 , l « 0 ) , n a  138)

Some id e a  o f  th e  c o m p le x i ty  o f  th e  sy stem  may be d e r iv e d  from F i g . 2 .1 .  

Compound 1 i s  o b ta in e d  by t r i e t h y l  aluminium r e d u c t io n  o f  n ic k e l  a c e t y l a c e -  

tor iate  in  th(? p r e s e n c e  o f  b u ta d ie n e .  I f  e x c e s s  b u ta d ie n e  i s  used th e  

r e a c t i o n  p r o c e e d s  c a t a l y t i c a l l y ,  y i e l d i n g  a l l - tr a n s -C D T  (major p r o d u c t ) ,

(  1 3 3 )CI S - 1 rans-trans-C D T  and c i s - c i s - t r a n s - C D T ' ' ^ . A lthough  th e  a l l - c i s -

isom er i s  n o t  o b ta in e d  in  t h i s  r e a c t i o n ,  i t  may be prep ared  from th e  a l l -

tr a n s - is o m e r ^ ^ ^ ^ ) ,  and in  f a c t  forms t h e  most s t a b l e  o f  th e  (CDT)Ni 

1 ( 134)co m p lex es '  ' :

( a l l - t r a n s - C D T ) N i  + ( a l l - c i s - C D T )  -» ( a l l - c i s  CDT)Ni + a l l - t r a n s -C D T .

The ch a in  in  1 may a l s o  be c lo s e d  by s t o i c h e i o m e t r i c  a d d i t i o n

o f  t r i e t h y lp h o s p h i n e  and th e  complex 11 i s  i s o la b le ^ ^ ^ ^ .  The f a c t o r s  

g o v ern in g  th e  r a t i o s  o f  a l l - t r a n s - ,  c i s - t r a n s - t r a n s -  and c i s - c i s - t r a n s -

( 8 3)isom ers have been d i s c u s s e d '  One s u g g e s t io n  i s  t h a t  th e  r a t i o  o f

s - c i s -  to  s - t r a n s -  b u ta d ie n e  i s  im p o rta n t.

By b lo c k in g  one o f  th e  c o o r d in a t io n  s i t e s  around th e  n i c k e l  atom  

w ith ,  fo r  exam ple, a p h o sp h in e ,  c y c lo d im e r s  may be o b ta in e d  in s t e a d  o f  

cy c lo tr im e r s^ ^ ^ )  ( i n  f a c t ,  Reed^^^^^ in  1954 o b ta in e d  3 0 -4 0 #  y i e l d  o f

1 , 5 -  COD u s in g  R epp e-type  c a t a l y s t s ) .  Thus,

r e d u c t io n  o f  n i c k e l  a c e t y l a c e t o n a t e  a t  low L -  Ni 111

tempi'r a tu r e s  in  th e  p r e s e n c e  o f  a phosp h in e

or pli()S{)hite and b u ta d ie n e  y i e l d s  th e  complex 111 which i s  an a c t i v e  

c a t a l y s t  lor  tli(' I'o r mat io n  o f  c i s , c i s - l , 5 - c y c l o o c t a d i c n e  ( y i e l d s  o v e r  95^b). 

For L = P(o(()-CgM^-CgII^) ) g ,  complex 111 h as  been  i s o l a t e d  and ch a ra c -

(  3 5 )t e r i s e d '' ^; tr ea tm en t  o f  111 a t  low  te m p era tu re s  w ith  d i e t h y l  aluminium  

h y d r id e  and su b seq u en t  warming to  20® g i v e s  8 0 #  o f  th e  ex p ec ted  amount o f  

n - o c t a n e ,  s t r o n g l y  s u g g e s t in g  t h a t  th e  Cg ch a in  in  111 i s  u n c lo s e d .
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Ily f k i a (, bu l,ad i cin' couvoth i on.s [<‘.ss than 85%, 1 .2  ( l i v i n y l -

cycl al)u tana (IjV(̂ H) may bo o b ta in e d  in  y i e l d s  o f  up to 40% u s in ^  th e  n ic k e l  

tr i (0 -p lien y l ph(‘i iy l)  p h o s p h ite  c a t a l y s t  I I I .  At h ig h e r  b u ta d ie n e  c o n v e r s io n s  

DVOh i s  c a t a l y t i c a l l y  rearran ged  to  COD and a l i t t l e  I t  i s  n o t

y e t  c l e a r  whether COD i s  formed d i r e c t l y  or  v i a  a DVCB in t e r m e d ia t e .  The 

former im p l ie s  t h a t  th e  in t e r m e d ia te  N i-co m p lex  should  e x i s t  in a t  1 (uist  

two i someri c forms. The scheme shown in  F i g . 2 . 2  has be(m s u g g e s te d  fo r  

dira^ct form ation  o f

L Ni

I I I

-  Ni
-  L

DVCB

Ni 4—L

VCH

F i g .  2 . 2

A scheme s u g g e s te d  f o r  th e  d i r e c t  fo rm a tio n  o f  COD

The rearrangem ent o f  I l i a  to  I l l b  cou ld  occu r  v i a  a CT-allyl group .  

iIow(iver-, t h e r e  i s  e v id e n c e  t h a t  COD i s  formed v ia  a DVCB in t e r m e d ia t e .  

F i r s t l y ,  DVCB i s  c a t a l y t i c a l l y  co n v er ted  b y  n i c k e l  com plexes in t o  COD^^^^V 

S eco n d ly ,  i t  h as  been  o b serv ed  t h a t  in  th e  n i c k e l - c a t a l y s e d  c y c lo d im é r i s a 

t io n  o f  t r a n s - p i p e r y l e i i e ,  th e  cy c lo b u ta n e  r in g  forms im m e d ia te ly ,  w h i le

-  29 -



form ation  o f tho d im e t h y l - c y c lo o c t a d ie n e  r e q u ir e s  an in d u c t io n  p er io d  ci' 

a p p r o x im a te ly  one hour . F i g . 2 .3  d e p i c t s  th e  mechanism p o s t u la t e d  fo r  th e  

r e a c t i o n .

Ni
- N i  -I

L

i'<r-L +Ni +L

- N i  - L

F iK .2 .3
Scheme su ggest( 'd  fo r  form ation  o f  COD v i a  DVCB 

I t  has be(;ri s u g g e s te d  t h a t  the  fo rm a tio n  o f  VCll p i’oce('ds v ia  i i i t ( ‘r -  

m e d ia te s  TTIc or I I I d  ( F i g . 2 . 2 ) ,  I I I c  b e in g  c o n s id e r e d  more l i k e l y  from

f 8 3")s t u d i e s  o f  m o d e ls '  , G en era t io n  o f  t h e  CT-allyl s p e c i e s  111c and l l l d  

would be fa v o u red  by t h e  u s e  o f  p h o sp h in e s  r a t h e r  th an  p h o s p h i t e s  a s  l i g a n d s ,  

s in c e  th e  former a r e  b e t t e r  e l e c t r o n  d o n o rs .  The i n c r e a s e  in  y i e l d s  o f  VCH 

by u s in g  p h o sp h in es  a s  l i g a n d s  h a s  been  demonstrated^^^^) The e x i s t e n c e  

o f  th (‘ com plex IV in  s o l u t i o n  h a s  b een  i n d i c a t e d  by s p e c t r o s c o p ic  

s tu d i  <îs  ̂  ̂  ̂  ̂ ^ ; i t  i s  formed by th e  rearrangem ent in  s o l u t i o n  o f  com plexes

 PCy Cy^P->Ni

VI

Ni

IV V
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Ni

VII

V or’ VI. Iri<Jo(*(l, iho s t r u c t u r e  o f  VI in  th e  s o l i d  s t u t o  has been con— 

L<‘s(-c<l by Ih’owi e t  who regard i t  a s  h a v in g  th e  str*uctur(‘ IV ( ! . ( ' .

th(' s o l u t i o n - s t a t e  s t r u c t u r e ) .  The most p ro b a b le  e x p la n a t io n  i s  t h a t  VI 

i s  a low -tem p er a tu r e  in t e r m e d ia t e  in  th e  fo rm a tio n  o f  IV (and i s  p ro b a b ly  

a l s o  im p l ic a t e d  in  th e  d e c o m p o s i t io n  o f  IV in  a PPh,  ̂ m e lt  to  y i e l d  b u ta d ie n e )  

The i s o p r e n e  a n a lo g u e  o f  IV  ̂ complex V I I ,  has been  i s o l a t e d ,  and i t s  s t r u c 

t u r e  d eterm in ed  by X -ray  d i f f r a c t io n ^ ^ ^ ^ ) .

The nmr spectrum  s u g g e s te d  th e  same s t r u c 

tu r e  in  s o l u t i o n .  The 2, 6 p o s i t i o n s  o f  th e  

m ethyl groups i s  i n t e r e s t i n g ,  s u g g e s t in g  t h a t

b e f o r e  c o u p l in g  th e  two i s o p r e n e  m o le c u le s  are  n o t  sy m m e tr ic a l ly  bonded to  

th e  n i c k e l  atom. Treatment o f  V II  w i th  a t r ip h e n y lp h o s p h in e  m elt  gave  

i s o p r e n e  in  o v e r  90% y i e l d .

The Mechanism o f  C y c lo o l ig o m é r i s a t io n

The redactions d i s c u s s e d  above s u g g e s t  t h a t  t h e  d im é r i s a t io n  o f  

b u ta d ie n e  on n ic k e l  c a t a l y s t s  h as  a m u l t i - s t e p  mechanism. However, an 

a l t e r n a t i v e  c o n c e r te d  mechanism has been  advanced a s  a p o s s ib i l i t y ^ ^ ^ ^  144)^  

Coricf>rt(dd Mechanism

The s u p r a f a c i a l  c y c lo a d d i t i o n  o f  two b u ta d ie n e  m o le c u le s  to  g i v e  

d i v i n y l  c y c lo b u ta n e  i s  a sym m etry-forb idden  p r o c e s s  in  th e  ground sta te^^^^^.  

I t  i s  s u g g e s te d  t h a t  i n t e r a c t i o n  o f  th e  b u ta d ie n e  e l e c t r o n i c  o r b i t a l s  w ith  

t h o s e  o f  a n i c k e l  atom can ren d er  th e  c y c lo a d d i t i o n  symmetry a l lo w e d .

Ni -  c a t a l y s t

A ccord ing  to  t h i s  th e o r y ,  th e  n i c k e l - c a t a l y s e d  h e a d - to -h e a d  c y c lo d i m é r i s a t i o n  

o f  t r a n s - p i p o r y l o n e  would be e x p e c te d  to  y i e l d  th e  four-membered r in g  V I I I .

In f a c t  t h e  p ro d u c t  o f  t h i s  r e a c t i o n  h a s  b een  s h o wn ^ ^ ^ ’ t o  be IX. In  

th e  l i g h t  o f  t h i s  and o th e r  e v id e n c e  from th e  c y c lo d i m é r i s a t i o n  o f  m e th y l-
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s u b s t i t u t e d  d i e n e s

N ic k e l  c a t a l y s t

S u p r a f a c ia l  a d d i t i o n  
(4  e l e c t r o n s )

V III

IX

, a m u l t i s t e p  mechanism i s  favoured  in  which two 

mo I ecu I (!s comp I ('x to th ( ‘ metal, atom and r e a c t  to^ eth (;r

to  form a TT-aliyI C chain which i n  a f i n a l  at('n under-o

go as  r in g  closur(%

M u l t i s t e p  P r o c e s s

In t h i s  mechanism th e  f i r s t  s te p  i s  th o u g h t  to  he fo rm a tio n  o f  th e  

t r i g o n a l  n i c k e l  conç)lex X from one m o lec u le  each o f  s - c i s  and s - t r a n s  

b u ta d ie n e  ( s e e  F i g . 2 . 4 ) .  The complex X i s  tra n sfo rm ed  in t o  XI b y  a 

sym m etry-a llow ed  s u p r a f a c ia l  c y c lo a d d i t i o n  in v o l v i n g  10 n - e l e c t r o n s  (4 from 

each d ie n e  m o le c u le  and 2 from th e  m e t a l ) ,  accompanied by o x i d a t i o n  a t  the

su p r a fa c ia l  - -
L - * N r  c y c lo a d d it io n  '

 ̂ (1 0  e le c tr o n s )  ^

^  a n tn r a fa c ia l  
c y c lo a d d it io n

(8 e le c t r o n s )

X XI XII

S 3 , 2 .1̂

n ic k e l  atom. An 8 TT-electron a n t a r a f a c i a l  c y c lo a d d i t i o n  f o l l o w s ,  in  which  

th e  n i c k e l  atom i s  reduced  to  N i ( 0 )  a g a in ,  and a cy c lo b u ta n e  r in g  (w ith  

th e  s te reo c h (u r i is tr y  shown) i s  formed. T h is  r e a c t i o n  mechanism e x p la in s  

th(* si('r'<>()ch('mi s t r y  o f  t h e  t r a n s - p i p e r y l e n e  cy c lo -d im o r  IX. I t  i s  a l s o  

sugg(‘s t ( ‘d th a t  c o o r d in a t io n  o f  a fu r th e r  l i g a n d  L  ̂ to  th e  complex XI 

i eads by a 0 f i-e l(?ctron  s u p r a f a c ia l  c y c lo a d d i t i o n  to  th e  p rod uct VCH.

1/
s u p r a f a c ia l
c y c lo a d d i t i o n

(6 e l e c t r o n s ) /
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In a d d i t i o n  to  th e  4 - ,  6 - ,  8 -  and 1 2-membered r in g  s y n t h e s e s  d i s 

cussed  a b o v e , i t  has been  r e p o r te d  t h a t  th e  5-membered r i n g , l - v i n y l - 3 -  

meihyl (‘IK*-cyclop(;ntane (VMCP) formed when n i c k e l - c a t a l y s e d  b u ta d ie n e  d im é r i 

s a t i o n  i s per Cormed in  an a l c o h o l  a s  s o l v e n t . U sing  MeOD a s  

s o l v e n t ,  thc‘ product wfis found to  be m onodeuterated  i n  th e  C p o s i t i o n .  

Th(î m(;chanisrn su ggested ^  ' i s  :

aU^OD

D

> Ni

D

y

2 . 3 . 2  L in e a r  O l ig o m e r i s a t io n  D VMCP

Many exam ples are known o f  n i c k e l - c a t a l y s e d  l i n e a r  o l i g o m e r i s a t io n

o f  b u ta d ien e  ( s e e  T ab le  1 . 4 ) .  A h y d r o g e n - t r a n s fe r  r e a c t i o n  i s  in v o lv e d

h e r e ,  and a l l  t h e s e  c a t a l y t i c  system s r e q u ir e  th e  p r e s e n c e  o f  an a c t i v e

hydrogen compound such a s  an a l c o h o l ,  p henol or amine. There i s  a s  y e t

no e x p er im en ta l  e v id e n c e  f o r  a n i c k e l - h y d r id e  in t e r m e d ia t e ,  a l th o u g h  t h i s

would seem a d i s t i n c t  p o s s i b i l i t y .
/

A mechanism advanced' ’ f o r  th e  r e a c t i o n  o f  b u ta d ie n e  w ith  a

n ic k e l  c a t a l y s t  i n  th e  p r e s e n c e  o f  a secon d ary  amine i s  shown in  F i g . 2 ,5 .

I
N

L  ■> Ni
N-II

i /N
> ^ M

/
- N - I I

\

F i g . 2 .5

-  33 -



T h is  mechanism r e c e i v e s  some support from th e  form ation  in  a si(i<' r e a c t i o n  

o f  a t r i  a I k y I a ted am i n(? :

The d im é r i s a t i o n  o f  b u ta d ien e  on a n i c k e l  c a t a l y s t  in  C„Hp.OD s o l u 

t i o n  l e d  to  1, 3, 7 - o c t a t r i e n e  m onodeuterated  a t  th e  Cg p o s i t i o n ^ .

E s s e n t i a l l y ,  t h e r e f o r e ,  a hydrogen

t r a n s f e r  from C . to  C„ seems to  he
4 6 L

o c c u r r in g ,  h u t  w hether  t h i s  i n v o l v e s  

th e  in te r m e d ia c y  o f  a n i c k e l - h y d r id e  

sp ec i  e s  i s  unknown,

2 .1  OL r(iOMElUSATION AND Tl'IjQKEllI SÆlION
BY PAldJWIUM CATALYSTS

2 ,1 .1  0 1 i g o m e r i s a t io n

Only a few c a s e s  o f  p a l la d iu m - c a t a ly s e d  c y c lo o l i g o m é r i s a t i o n  have

heen  r e p o r te d .  A m ix tu re  o f  d iv in y lc y c lo h u t a n e s w a s  found^^^^ to  r e s u l t  

from t h e  r e a c t i o n  o f  b u ta d ie n e  w i th  s a l t s  o f  p a l la d iu m  w ith  w ea k ly  complex-

ing  a n io n s  such a s  CIO. and U sin g  PCI» a s  donor l i g a n d ,  W ilke4 4 o

e t  o b ta in e d  VCH c a t a l y t i c a l l y  from b u ta d ie n e  and h i s ( n - a l l y l )

p a lla d iu m ; th e  in t e r m e d ia t e  X III  was s u g g e s te d  ;

PCI.,

- T

Pd

C1»P

X III

B u ta d ien e  r e a c t s  w ith  h i s ( r r - a l l y l )  p a l la d iu m  a lo n e  to  g i v e  

n - 1 , 3 , 5 , 1 0 -d o d e c a t e t r a e n e  a s  th e  major p r o d u c t^ ^ ^ ^ \  presum ably  v i a  an 

in t e r m e d ia t e  XIV a n a lo g o u s  t o  th e  n i c k e l  c o n ç le x  I .  However, XIV has n o t
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Pd
XIV

ho(‘ji i s o l a t e d .  I t  rrmy he supposed t h a t  

th e  CI f, elia in  in XIV do(?s not l i n k  ends  

(a s  i t  d o es  in  l )  b eca u se  o f  th e  g r e a t e r  

s i z e  o f  th e  p a l la d iu m  atom.

n - 1 , 3 , 6 , 1 0 -D o d ec a te tra en e  h as  a l s o  been  o b ta in e d  u s in g  r r -a l ly l  

p a lla d iu m  a c e t a t e  a s  c a t a l y s t ,  and in  t h i s  c a s e  th e  in t e r m e d ia t e  XV has  

been  i s o l a t e d  and c h a r a c te r is e d ^ ^ ^ ) .

Thus th(?re seems to  be two se p a r a te  

t r i m é r i s a t i o n  mechanisms a v a i l a b l e  

s i n c e  b o th  XIV and XV y i e l d  th e  same 

p r o d u c t .  XV̂

A nother a c c t a t o - b r id g e d  in t e r m e d ia t e ,  XVI, has been  i s o l a t e d  from

t h e  r e a c t i o n  o f  b u ta d ie n e  and r r -a l ly l

% Pd

Pd Pd

^  OAc .

XVI

XVII

p a l la d iu m  a c e t a t e  in  a c e t i c  a c id  s o l u -  

t io n ^ ^ ^ ) .  T h is  complex i s  an i n t e r 

m ed ia te  fo r  th e  d im é r i s a t io n  o f  

b u ta d ie n e  to  o c t a t r i e n e .  By a n a lo g y  

w ith  n ic k e l  one would e x p e c t  to  f in d  

th e  Cq r r -a l ly l  complex X V ll ,  b ut t h i so

h as  n o t  a s  y e t  been  i s o l a t e d ,  a lth o u g h  

e x p er im en ta l  r e s u l t s  have been ex

p la in e d  u s in g  mechanisms i n v o lv in g  XVll  

or  i t s  TT , a-bonded an a lo g u e  X I l l .

L in e a r  d im é r i s a t i o n  i n v o l v e s  a hydrogen t r a n s f e r ,  g e n e r a l l y  a c c e p te d  

to  be from to  in  XVI o r  XVII, and y i e l d i n g  1 , 3 , 7 - o c t a t r i e n e .  when 

b u ta d ie n e  was d im er ised  on a p a l la d iu m  c a t a l y s t  u s in g  ( C H ^ ) O D  a s  s o l v e n t ,  

ÜK' p rod uct t r i e n e  was m onodeuterated  a t  C^, and th e  r e a c t i o n  p ro ceed ed  much 

Jastei* than when an a p r o t i c  s o l v e n t  was used^^^^). Thus th e  r a t e  o f  t r i e n e  

fo rm a tio n  ap p ears  to  be enhanced, presum ably by a d d i t i o n  o f  a p ro to n  from
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th e  aj cohol t o  fo l lo w e d  by l o s s  o f  a p ro to n  from C^, A p o s s i b l e

mechanism i s  shown in F i ^ . 2 . 6 .  A f t e r  fo rm a tio n  o f  th e  1 6 - e l e c t r o n  com

p l e x  XVJII ,  two p o s s i b i l i t i e s  are  a v a i l a b l e ,  e i t h e r  l o s s  o f  a p ro to n  from  

to  /^ive o c t a t r i e n e ,  or  a d d i t i o n  o f  th e  a lk o x y  a n io n  to  (o r  C^) to  

^ iv e  thf; al k o x y - o c t a d ie n e .  The r a t i o s  o f  t h e s e  p r o d u c ts  could  be ex p ec ted  

to  v a ry  w ith  U, a s  i s  found in  p r a c t i c e .

BODPd

( I 6 e )

L Pd

BO
(I 6 e )

XVIII-PdL

-PdL

F i g . 2 .6

An a l t e r n a t i v e  r o u te  to  th e  t r i e n e / a l k o x y d i e n e  p r o d u c ts  has been  

su g g es ted ^ ^ ^ ) .  T h is  i n v o l v e s  a h y d r id e  in t e r m e d ia t e ,  and th e  in c o r p o r a t io n  

o f  d eu ter iu m  a t  can be e x p la in e d  ( F i g , 2 . 7 ) .

L Pd + RO DII

BO
I

-> —  Î d

BO
I

Pd— D

F i g . 2 .7  
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P i g . 2 , 7  (c o n t in u e d )

As y e t  th e r e  i s  no d i r e c t  ev id e n c e  fo r  th e  e x i s t e n c e  o f  Pd- (o r  N i - )  

h y d r id e s  as  i n t e r m e d ia t e s  i n  d ie n e  o l i g o m e r i s a t i o n s .  The d e t a i l e d  mecha

n ism s must rem ain a m a tter  fo r  s p e c u l a t i o n .

2 . 4 . 2  T é lo m é r i s a t io n

|j i near d im é r i s a t i o n  accompanied by te r m in a l  a d d i t io n  o f  n u c l e o p h i l i c

( 39 58 )gT o ups were i'I r s t  report(^d by Smutny e t  a l '  ’ , For exarn])]e, p a lla d iu m

c a t a l y s t s  wer-e very  ( e f f i c i e n t  in  th e  fo rm a tio n  o f  1 -p h en o x y o c ta d ien e  from

p h e n o l  and b u t a d  i en(? :

j,—  Pd c a t a l y s t
PhOJI > 95

5̂ 4

Many s i m i l a r  r e a c t i o n s ,  u s in g  a l c o h o l s ,  am in es ,  c a r b o x y l i c  a c i d s ,  a c t i v e

m('thyl(‘iie compounds and w ater  a r e  l i s t e d  in  T able  1 . 4 .  S tu d ie s  u s in g

( 120)MeOl) a s  co te io m e r  have shown t h a t  th e  p o s i t i o n  i s  d e u te r a t e d '  :

MHH. + 2 McO
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'I'ho fo rm a tio n  o f  te lo m e r s  may p roceed  a s  shown in  F i g s . 2 .6  oi* 2 .7 ,  

S e v e r a l  authors^  ’ ’ have advanced a r a th e r  i l l - d e f i n e d  mechanism

based on th e  in t e r m e d ia t e  XSlll and p o r tr a y e d  a s  in  F i g .  2 .8 .

L Pd

H -  OR

1 , 0 , 7-0  c t a t r i  one

PdL

H -  OR

I

1 , 3 , 6 -0  c t a t r i  ene 

F i g . 2 .8

RO-H

PdL

1- a l k o x y ,
2 , 7- o c t a d i e n e

An a l t e r n a t i v e  mechanism b ased  on a complex o f  tAe ty p e  XVIa has  

b een  s u g g e s t e d ^ f o r  th e  t é l o m é r i s a t i o n  o f  b u ta d ie n e  w i th  phenol to  g iv e  

p h e n o x y o c ta d ie n e  and o c t a t r i e n e  ( F i g . 2 . 9 ) .  T h is  f i g u r e  a l s o  shows th e  

e q u i l ib r iu m  e x i s t i n g  betw een  th e  o c t a t r i e n e  and th e  p h e n o x y o c ta d ie n e ;  th e

OPh

OPh

XVI a

OPhPhOH
PdPd

OPh
PhO

-PhOH

OPh
PdPd

OPh

PhO
AA/V\*

+ XVla

F i g .  2 .9
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la(,(,cf ituty e a s i l y  he decoiryjo sed to  phenol and th<‘ o c t a l r i  (;n<? w ith  a p a l l a -  

d i am e a l e l  ysL under s u i t a b l e  c o n d i t io n s  such a s  reduced p r e s s u r e ,  where th(' 

p ro d u cts  are  removed a s  th e y  are  formed^^^).

P a l la d iu m  com plexes c a t a l y s e  th e  exchange o f  th e  a l l y l i c  groups in  

compounds such a s  R^CH^CH = CHR ,̂ where -R^ = -MeO, -EtO, -PhO, -AcO, 

-PhCII^O, e t c .  and -R^ = -H, -Me, -(CH^)^CH = CH ,̂ when t h e s e  are  t r e a t e d  

w ith  a c t i v e  hydrogen c o m p o u n d s ^ ^ . Thus th e  r e a c t i o n  o f  a c e t i c  a c id  

with  1-pheno x y -2 ,  7 - o c ta d i  ene u s in g  PdOl ^(PPh.^) and NaOPh a s  c a t a l y s t s  gav e 

octad  ie n y l  a c e t a t e s :

p„„ A /'A A  + "OAc acoA A A A  + A ^ A A /  + P"0.|

85^  AcO

The r e a c t i o n  was r e v e r s i b l e ,  and was s u g g e s te d  to  p roceed  v i a  o x i d a t i v e  

a d d i t io n  o f  th e  a l l y l i c  carbon-oxygen  bond to  t h e  p a l la d iu m  atom, g i v i n g  

a complex o f  ty p e  XX.

( - « 2  = = CHg)

2 . 4 . 3  Ligand E f f e c t s  on P a l la d iu m -C a ta ly se d  R e a c t io n s

Wliile T T - a l l y l  p a l l a d i u m  a c e t a t e  c a t a l y s e s  t h e  t r i m é r i s a t i o n  o f  

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

i n e f f e c t i v e ^ ^ ^ ) .  The d i f f e r e n c e  i n  a c t i v i t y  h a s  b e e n  a t t r i b u t e d  t o  t w o  

c a u s e s :

( i )  The g r e a t e r  e l e c t r o n e g a t i v i t y  a t  th e  a c e t a t o  l ig a n d  in  

com parison  w ith  th e  c h lo r id e  l i g a n d .

( i i )  The d i f f e r e n c e  in  s t e r e o c h e m is t r y  o f  th e  two complexes^^^^*^^^); 

th e  d i s t a n c e  betw een  th e  two r r -a l ly l  groups i s  7 . 7% in  th e  

c h l o r i d e ,  w h i le  in  th e  a c e t a t e  i t  i s  o n ly  2 . 9 1 .

1 t has been  ob served  by many w orkers t h a t  p a lla d iu m  com plexes con

t a i n i n g  c h l o r i d e  a s  l i g a n d  a r e  n o t  a c t i v e  a s  d ie n e  o l i g o m e r i s a t io n  c a t a l y s t s
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i i n l < ‘.sH an af|a i am I a r a n I ar^an amount o f  a basa  i s  p ra^Hiait; sotl i utri plnmo x i (I a , 

sod j urn aaaL ata  and p o ta ss iu m  h y d ro x id e  have bean u sed . The fu n c t io n  o f  th e  

bas(-' i s  n o t  c l e a r ,  b ut i t  p ro b a b ly  a c t s  by removing th e  c h lo r id e  io n  from 

th e  c o o r d in a t io n  sp here  o f  th e  p a lla d iu m .

S e v e r a l  p a p e rs  have d e s c r ib e d  th e  e f f e c t  o f  p hosp h in e  or p h o s p h it e  

l i g a n d s  on th e  y i e l d s  and r a t i o  o f  p r o d u c ts .  I t  seems d e s i r a b l e  to  add 

a donor l ig a n d  o f  some ty p e  to  r e t a i n  homogeneous c o n d i t io n s ;  in  i t s  

a b sen ce  p a l la d iu m  mental s e p a r a t e s  e a s i l y .  The u se  o f  o - a l k y l -  or  o - a c y l -  

s u b s t i t u t e d  t r i a r y l  p h o s p h it e s  a s  l i g a n d s  en ab led  a lm o st  q u a n t i t a t i v e  y i e l d s  

o f  a c a t o x y o c t a d ie n e s  to  be o b ta in e d  from b u ta d ie n e ,  a c e t i c  a c id  and a 

P d fa c a c )^  c a t a ly s t ^ ^ ^ ^ . P r e v io u s  w o r k e rs^ ^ ^ ^ \ u s in g  t r ip h e n y l  p hosp h in e  

as  l i g a n d ,  had o b ta in e d  y i e l d s  o f  o n ly  30^ a c e t o x y o c t a d ie n e s ,  o c t a t r i e n e  and 

b u t e n y l a c e t a t e s  b e in g  a l s o  o b ta in e d .  V arying  th e  l ig a n d  a l s o  h a s  an e f f e c t  

on th e  r a t i o  o f  1 - a c e t o x y -  to  3 -a c e t o x y - o c t a d ie n e ;  th e  o - s u b s t i t u t e d

( 74)t r i a r y l p h o s p h i t e  l i g a n d s  favoured  p r o d u c t io n  o f  th e  l - a c e t o x y o c t a d i e n e '

The same w orkers showed t h a t  th e  3 - s u b s t i t u t e d  isom er i s  o b ta in e d  from th e  

1 - s u b s t i t u t e d  iso m er ,  p ro b a b ly  v i a  th e  e q u i l ib r iu m :

AcO

AcO-i. _ A A A /
I

and t h a t  t h i s  e q u i l ib r iu m  i s  a t t a in e d  much more s lo w ly  w ith  t h e  b u lk y  

o - s u b s t i t u t e d  t r i a r y l  p h o s p h i t e s  t h a t  w ith  t r ip h e n y l  p h o sp h in e .  The u s e  

o f  a L e r t ia r y  amine a s  s o l v e n t  in c r e a s e s  th e  y i e l d ,  o f  a c e t o x y o c t a d ie n e s

( 1 25)v e r y  m arkedly' ,

A p u ' / / l in g  e f f e c t  o f  carbon d io x id e  has been re p o r ted  in  two c a s e s .  

A d d it io n  o f  CO  ̂ to  a P t(P P h^)g  o r  Pd(PPhg)^ c a t a l y s t  d im e r ise d  b u ta d ie n e  

to  1 , 3 , 7 - o c t a t r i e n e ,  w h i le  th e  com plexes a lo n e  were in a c t iv e ^ ^ ^ ^ . The

( 73)t é l o m é r i s a t i o n  o f  w a ter  w ith  b u ta d ie n e  h as  been  a c h ie v e d  u s in g
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pal l adi um cahal yKtH in tha  p roson co  o f  CO ;̂ in  i l s  ahsonco 1 , :î , 7 -o  c t a t r i  ono 

was h.y far th e  major p ro d u c t .  The f a c t  t h a t  v e r y  low l e v e l s  o f  CO  ̂ enhance  

th e  r e a c t i o n  r a t e  s u g g e s t s  t h a t  i t s  e f f e c t  may be d i r e c t l y  on th e  c a t a l y s t .

  Pd c a t a l y s t
HO + 2 CO

HO

2 .5 THE MIilCHMISM OF DIENE OLIGOMERISATION BY
SOME O THER TRANSITION METALS

2 . 5 .1  Iron

,(•78)F e r r i c  a c e t y l a c e t o n a t e  and t r i e t h y l  aluminium have been  found  

to  o l i g o m e r i s e  b u ta d ie n e  in  benzene s o l u t i o n  to  n - 1 , 3 , 6 , 1 0 -d o d e c a te tr a e n e ,

1 . 5 - c y c l o o c t a d i e n e ,  3 - m e t h y l - l , 4 , 6 - h e p t a t r i e n e  and n - l , 0 , 6 - o c t a t r i e n e .

A p aram agn etic  ir o n  (o) s p e c i e s  was c o n s id e r e d  to  be th e  in t e r m e d ia t e .
I

When f e r r i c  c h l o r i d e  was reduced  by t r ie t h y la lu m in iu m  in  th e  p r e s e n c e  o f  

t r ip h e n y lp h o s p h in e  and b u t a d ie n e ,  l i n e a r  d im ers were obta ined^^^^. The 

major p r o d u c ts  were 1 , 3 , 6 - o c t a t r i e n e  and 3 - m e t h y l - l , 4 , 6 - h e p t a t r i e n e .  The 

r a t io  o f  th<?se d im ers appeared to  be a f f e c t e d  by t r a c e s  o f  w a te r  in  th e  

ferm ic  c h l o r i d e  u se d ,  s in c e  i t s  p u r i f i c a t i o n  by su b l im a t io n  r e s u l t e d  in  a 

l a r g e r  MHT/oT r a t i o .  I so p ren e  was d im er ised  to  1 , 5 -  and 2 , 5 -d im e th y l -

1 . 5 - c y c l o o c t a d i e n e s  by th e  a c t io n  o f  f e r r i c  a c e t y l a c e t o n a t e ,  t r i e t h y l  

aluminium and 2 , 2 ' - d i p y r i d y l ,  b u t  d id  n o t  r e a c t  when th e  donor l ig a n d  was 

tr ip h e n y lp h o s p h in e ^ ^ ^ ) .  Yamamoto d im e r ise d  d e u te r a te d  b u ta d ie n e

D̂ ,C = CH -  CH = CD  ̂ on an ir o n  c a t a l y s t  to  g i v e  e x c l u s i v e l y  th e  p ro d u c ts  

shown

D

D

2 2 
+

*“ 2
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Theso would a r i s e  through  a 'W ilk e - ty p e  

in t e r m e d ia te  XXI; t h e r e  appears  to be 

no o th e r  evidcm ce for  a mechanism.

XXI
2 . 5 . 2  C ob alt

C o b a lt—b a sed  c a t a l y s t s  are  v e r y  s e l e c t i v e  fo r  th e  d im é r i s a t io n  o f  

^ ( 4 0 , 1 0 0 , 1 0 2 )

e t h y lc o b u l t h * * ‘̂ a O ’?) have a l l  heen  used a s  c a t a l y s t s ,  w i th  t r i e t h y l  

aluminium a s  th e  re d u c in g  a g e n t .  In  a l l  c a s e s  MHT was th e  major p r o d u c t ,  

but n - o c t a t r i e n e s  were a l s o  o b ta in e d .  D im é r i s a t io n  o f  D^C = CH -  CH = CD  ̂

w ith  c o b a l t  c a t a l y s t s  y i e l d e d  th e  prod uct XXII.

b u ta d ien e  to  3 - m e t h y l - l , 4, 6 - h e p t a t r i e n e .  Co(acac).^ (lO l , lOo, 108) 

Co^(CO)^ ’ ’ \  t r i s  ( T T - a l l y l ) ~ c o b a l t a n d  2 , 2 ' - d i p y r id y l d i -

D
D

D

Co c a t a l y s t  
D -------------------- > D

(104)

D,

XXII

/ 3 \ XXIII
A complex XXIII h a s  b een  i s o l a t e d ' ^ " " '  from 

the r e a c t i o n  a t  - 3 0 ° C o f  c o b a l t  c h lo r id e ,  

b utad ien e  and sodium b o ro h y d r id e  i n  e th a n o l;  

t h i s  complex a l s o  d im e r i s e s  b u ta d ie n e  to  MHT.

-r. V V . (1 4 9 )  confirm ed th e  s t r u c t u r e  shown. A medium f o r  th e
I t s  X -ray  a n a ly s i s ^  ’

form ation  o f  MHT, i n v o l v i n g  a hydrogen s h i f t ,  p o s s i b l y  through  a c o b a l t -  

h ydrid e  in t e r m e d ia t e ,  h as  been  suggested^^^^^ ( F i g . 2 . l O ) .

■>
XXIII + MHT

F i g . 2 .1 0
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i t  has been  s u g g e s t e d ^ t h a t  th e  r a t i o  o f  o c t a t r i e n e  to  m e th y l-  

h e p t a t r ie n e  formed i s  governed  by th e  s - c i s -  s - t r a n s -  b u t a d ie n e  e q u i l ib r iu m  

( F i g . 2 . 1 1 ) .

- X m e th y lh e p ta t r ie n c

y  

! \

Co

49^

y  o c t a t r i e n e

F i g . 2 .1 1

The redaction o f  i s o p r e n e  w i th  a c a t a l y s t  c o n s i s t i n g  o f  c o b a l t  

c h lo r id e ,  sodium b o ro h y d r id e  and tr ip h e n y lp h o s p h in e  i n  e th a n o l  h a s  been  

i n v e s t ig a te d ^ ^ ^ ^ , With a ^ /c o  r a t i o  o f  l e s s  th an  on e ,  2 , 3 , 5 - t r i m e t h y l -  

1 , 4 , 6 - h e p t a t r i e n e  was th e  main p r o d u c t .  At Co r a t i o s  above on e ,

2, 7 - d i m e t h y l - l , t r a n s - 3 ,  7 - o c t a t r i e n e  and 2 , 6 - d i m e t h y l - l , t r a n s  3 , 6 - o c t a t r i e n e  

were o b ta in e d .  In  a p r o t i c  s o l v e n t s  such a s  t o l u e n e ,  2 , 4 - d i m e t h y l - 4 - v i n y l -  

1 -c y c lo h e x e n e  and d ip e n te n e  were t h e  o n ly  p r o d u c ts .
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e n  A P T E  R 1 11 

PALLADJIJM-CATALYSED REACTIONS OF ISOPRENE

The p a l la d iu m -c o m p le x - c a ta ly s e d  r e a c t i o n s  o f  i s o p r e n e  w ith  v a r io u s  

a c t iv e -h y d r o g e n  conpounds are  d e s c r ib e d  in  t h i s  ch a p ter .  U n le s s  o th e r w is e  

s t a t e d ,  a l l  r e a c t i o n s  were perform ed in  s e a le d  g l a s s  tu b e s  o f  a p p r o x im a te ly  

100 ml c a p a c i t y .  P ro d u c ts  were sep a ra ted  by  f r a c t i o n a l  d i s t i l l a t i o n  and
I

p r e p a r a t iv e  g a s  l i q u i d  chromatography, and i d e n t i f i e d  by n u c le a r  m agnet ic  

r e so n a n c e ,  in f r a r e d  and mass s p e c t r a ,  and by g l c  r e t e n t i o n  t im e s .  Y ie ld s
i

o f  p rb d u c ts  were e s t im a te d  by a n a l y t i c a l  g l c  w ith  a gas d e n s i t y  o r  flam e  

i o n i z p t i o n  d e t e c t i o n  sy stem . E xperim enta l d e t a i l s  are  g iv e n  in  Chapter V I.

3 . 1

3 . 1 . 1

RESULTS

T é lo m é r i s a t io n  o f  I so p ren e  w ith  Phenol  

j  The t é l o m é r i s a t i o n  o f  i s o p r e n e  w ith  phenol in  t h e  p r e s e n c e  o f  

s e v e r a l  p a l la d iu m  c a t a l y s t  sy stem s was s tu d ie d .  The r e s u l t s  a re  summarised 

in  T a i l e  3 . 1 .  In  a l l  t h e s e  r e a c t i o n s  th e  q u a n t i t i e s  o f  r e a c t a n t s  were:

p a l la d iu m  c a t a l y s t 0 .1 nMole

COc a t a l y s t 0 .1 nMole

p henol 0 .1 Mole

is o p r e n e 0 .3 Mole

s o l v e n t  (b en zene) 20 cm^

Four phenyl i s o p r e n e -d im e r  e t h e r s  (XXIV-  XXVII) were i d e n t i f i e d  as  

p ro d u c ts  o f  t h e s e  r e a c t i o n s ;  a f i f t h  e th e r  was t e n t a t i v e l y  a s s ig n e d  th e  

s t r u c t u r e  XXVIII, a l th o u g h  t h e  nmr i n t e g r a t i o n  was n o t  e n t i r e l y  c o n s i s t e n t  

w ith  t h i s .

PhO ^  PhO

XXIV ( h e a d - t o - t a r f )  XXV (head-to-tadTT)
 ̂ he&d WeAcit
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PhO

PhO /  PhO V̂ ==V\A
XXVI ( l ,ai l . - l , ( ) - l i ( ‘a(l) XXVII ( h a a d - t o - t a i i )  XXV I I I ( t a  i I - to-h<mïïy

The r a t i o s  o f  t h e s e  p ro d u c ts  cou ld  he v a r ie d  to  some e x t e n t  by th e  

use o f  d i f f e r e n t  c a t a l y s t  s y s te m s ,  and th e  h e a d - to -h e a d  dimer (XXIV o r  th e  

t a i l - t o —head dim er XXVI cou ld  be made th e  major p ro d u c t ,

(a )  C a t a l y s t  sy s tem s  c o n ta in in g  no p h o sp h in e  l i g a n d s
(E x p ts .  P d / ^ 7  Pd/29T

A lth ou gh  th e  sy s tem  ( îT - a l ly l )  p a l la d iu m  c h lo r id e - s o d iu m  p h en o x id e  

has b een  r e p o r te d  to  g i v e  h ig h  y i e l d s  o f  p henyl e t h e r s ^ a n d  to  remain  

hom ogeneous, our e x p e r ie n c e  was t h a t  d e c o n p o s i t io n  t o  p a l la d iu m  m etal  

u s u a l l y  o cc u r red  to  a c o n s id e r a b le  e x t e n t  above -5 °  to  0 ° .  I t  ap pears  

t h a t  i t  i s  n e c e s s a r y  to  r a i s e  th e  tem p eratu re  o f  th e  r e a c t i o n  m ix tu re  v e r y  

s l o w l y  from a b out -1 0 °  to  a v o id  d e c o m p o s i t io n .  In one c a se  t h i s  was 

a c h ie v e d ,  and th e  h e a d - to -h e a d  dimer XXIV was th e  major p ro d u c t .  In  

E x p ts .  P d / 28 and P d / 29, d e c o m p o s i t io n  was c o n s id e r a b le ,  and o n ly  t r a c e s  o f  

XXIV was o b t a in e d ,

(b) C a t a l y s t  sy s tem s  c o n ta in in g  tr ip h e n y lp h o s p h in e  l i g a n d s
T Ëxpts  P d / ^ .  P d /2 7 .  Pd/32V P d /44)

E xpt .  P d / 3 2 . The s y s t e m  T T - a l l y l  p a l l a d i u m  c h l o r i d e - s o d i u m  p h e n o x i d e -

t r ip h e n y lp h o s p h in e  (Pd : b a s e  : l i g a n d  : Cl r a t i o  o f  was t h e  most

e f f i c i e n t  o f  a l l  th e  system s i n v e s t i g a t e d ,  g i v i n g ,  a f t e r  24 h ours  a t  8 5 ° ,

an 86% c o n v e r s io n  o f  p h e n o l ,  and th e  t a i l - t o - h e a d  dimer XXVI a s  major

p r o d u c t  (49%).

E xpt.  P d /2 7 . The PdCl^CPPh^^)  ̂ -  sodium pheno x id e  system  (Pd : b a se  : 

l ig a n d  : Cl r a t i o  o f  1 : 1 : 2 ;  2) was fa r  l e s s  a c t i v e  (40% c o n v e r s io n  o f  p h en o l  

a f t e r  24 h ours  a t  8 5 ° )  b u t  i n  t h i s  c a s e  th e  h e a d - to -h e a d  dimer XXIV was 

th e  major p ro d u c t  (63%). At 25° t h i s  sy s tem  gave t r a c e s  o n ly  o f  XXIV 

(E xp t.  P d /2 6 ) .
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Ex])t .  P d / 4 4 , The system  Pd2Cl^(PPhg) sodium p henoxide  (Pd: ha s e :  l i g a n d :  Cl 

r a t i o  o f  1 : 1 : 1 : 2 )  was c o m p le te ly  i n e f f e c t i v e .

(c )  C a t a l y s t  system s c o n ta in in g  o th e r  l i g a n d s  
T Ëx^ts 7  P d /41, P d /34, P d /4 3 l

E x p t .P e l/4 1 . The sy s tem  PdCl^^P Bu^) ^ -  sodium p henox id e  (P d :b a se:  l i g a n d :  Cl 

r a t i o  o f  1 :1 :  2 :2 )  a t  85° proved  i n a c t i v e ,  g i v i n g  t r a c e s  o f  XXIV a s  th e  o n ly  

p r o d u c t .

E x p t .  P d / 3 4 . The sy stem  r r -a l ly l  p a l la d iu m  c h lo r id e  -  sodium p h e n o x id e -  

t r ih u t y lp h o s p h in e  (P d :h a s e : l ig a n d :C l  r a t i o  o f  l : l : l : l )  a t  85° gave a 69^  

c o n v e r s io n  o f  p h e n o l ,  th e  major p ro d u ct b e in g  th e  h e a d - to -h e a d  dimer XXIV 

(7d.59^).

E x p t .  P d / 4 5 . The system  PdCl^fP Cy^)^-  sodium p henox id e  (P d : b a s e : l i g a n d : C l  

r a t i o  o f  1 : 1 : 2 : 2 )  a t  85° gave a 20^ c o n v e r s io n  o f  phenol t o  XXIV (87^) and 

XXVI ( l 3 ^ ) .  No t r i e n e s  were o b ta in e d  in  t h i s  r e a c t i o n .

E x p t .  P d / l 9 . The p henyl e t h e r s  XXIV -  XXVIII can, under s u i t a b l e  c o n d i t i o n s ,  

be degraded  to  p h en o l and t r i e n e s .  Treatment o f  a m ix tu re  o f  th e  p henyl  

e t h e r s  w i th  a r r - a l ly l  p a l la d iu m  c h lo r id e - tr ip h e n y lp h o s p h in e - s o d iu m -p h e n o x id e  

c a t a l y s t  under reduced  p r e s s u r e  (O.lmmHg) gave a 94^ y i e l d  o f  phenpl and 

t r i e n e s ,  w hich d i s t i l l e d  in t o  a c o ld - t r a p  a s  t h e y  were formed. The s t r u c 

t u r e s  o f  th e  t r i e n e s  and t h e i r  presumed o r i g i n s  a re  shown in  F i g . 3 . 1 .

696 PhU
XXV (h -h )

75^ PhO
XXIV

9 ÿ  PhO
XXVI

(h -h )
XXIX

XXX

(h -h )
XXXI

( t - h )
XXXII

70^

9% PhO
XXVII ( h - t )

F i g . 3 ,1  
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-3 /1 .2  T é lo m é r i s a t io n  o f  I so p ren e  w ith  Methanol and o th e r  A lc o h o ls  

METHANOL

In t h e  t é l o m é r i s a t i o n  o f  i s o p r e n e  w i th  m ethanol,  a w id er  range o f  

e t h e r s  was o b ta in e d  th a n  was t h e  c a se  w i th  p h e n o l .  Seven e t h e r s  (XXXV-XL) 

were i s o l a t e d  and c h a r a c t e r i s e d ,

MeO

XXXV ( t a i l - t o - t a i l )  XXXVI ( t a i l - t o - h e a d )

)Me

MeO

XXXIV ( t a i J - t o - t a i l )

MeO

XXXVIJ ( t a i l - t o - h e a d )

MeO

XXXVIII ( h e a d - t o - t a i l )  XXXIX ( t a i l - t o - t a i l )

\ )M e  1
XL ( h e a d - t o - t a i l )

The r e s u l t s  o f  ex p er im en ts  w ith  v a r io u s  c a t a l y s t  system s are  g iv e n  

in  T ab le  3 . 2 .  In  a l l  c a s e s  th e  q u a n t i t i e s  o f  r e a c t a n t s  were:

Pd c a t a l y s t  

C o c a ta ly s t  

Phosph ine  

I so p r e n e  

Methanol

0 , 5  nMole

0 , 5  niMole (where r e l e v a n t )  

0 , 5  nMole 

0 , 5  Mole 

0 , 5  Mole

In c o n t r a s t  t o  t h e  t é l o m é r i s a t i o n  w ith  p h e n o l ,  where t h e  h e a d - to -h e a d  dimer  

XXIV was g e n e r a l l y  t h e  major p r o d u c t ,  t é l o m é r i s a t i o n  w ith  methanol gave no 

h e a d - to -h e a d  d im e r s ,  th e  main p r o d u c ts  b e in g  t a i l - t o - t a i l  (XXXTV) and t a i l -  

to -h e a d  (XXXVl) d im ers ,

(u) C a t a l y s t  sy s tem s  c o n t a in in g  tr ip h e n y lp h o  sp h in e  l i g a n d s
T ixtrts .  P<l/7. Pd/lO. P d / l2 .  P d / l3 .  ipd/l4 . P d / l5 .  Pd/31. Pd/37)

Expt. P d /7 . The system  PdCl^/PPh.J sodium b oroh yd r id e  (Pd : c o c a t a l y s t  :
" J, O 6

l ig a n d  : Cl r a t i o  o f  1 : 1 : 2 : 2 )  a t  85° gave a 6 396 c o n v e r s io n  o f  i s o p r e n e .  The 

major p ro d u c t  was t h e  t a i l - t o - t a i l  dimer XXXIV (529^),
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E x p t . P d / 10 . At 25° th e  above sy s tem  gave a 7 ,4 ^  c o n v e r s io n  o f  i s o p r e n e ,  

and th e  major p ro d u ct was th e  t a i l - t o - h e a d  dimer XXXVI (7 0 ^ ) .

Eyr>t« P d / 1 2 . The system  Pd2C l^ (P P h g )^ -  NaBH^ (Pd : c o c a t a l y s t  : l i g a n d  ; Cl 

r a t i o  o f  1 : 1 : 1 : 2 )  a t  85° was c o m p le t e ly  i n a c t i v e .

Expt. P d / l 3 . The sy s tem  PdCl^(PPh.p ^ -  Et^N (Pd : c o c a t a l y s t  : l ig a n d  : Cl

r a t i o  o f  1 : 1 : 2 : 2 )  a t  85° was c o m p le te ly  i n a c t i v e .

Expt. P d / l 4 . The sy s tem  PdClg(PPh^) ^ -  NaOPh (Pd : c o c a t a l y s t  : Ligand : Cl

r a t i o  o f  1 : 1 : 2 : 2 )  a t  85° gave a 73^ c o n v e r s io n  o f  i s o p r e n e .  The major

p ro d u c t  was th e  t a i l - t o - t a i l  d imer XXXIV (61%),

E xpt.  P d / 1 5 . The sy s tem  Pd(PPh^)^ a t  85° gave a 69% c o n v e r s io n  o f  i s o 

p r e n e ,  The major p ro d u c t  was a g a in  XXXIV (6 0 ^ ) .

E xpt. P d / 3 1 . The sy s tem  (rr-C^Hg) ^Pd^Cl^ -  NaOPh -  PPh^ (Pd : c o c a t a l y s t  : 

l ig a n d  : Cl r a t i o  o f  1 : 1 : l : l )  a t  85° gave an 88^  c o n v e r s io n  o f  i s o p r e n e ;  

th e  major p ro d u c t  was a g a in  XXXTV (5 6 ^ ) ,

E xpt. P d /3 7 . The sy s tem  P d (a ca c )  PPh^ (Pd : c o c a t a l y s t  : l ig a n d  : Cl r a t i o

o f  1 : 0 : 1 :0 )  a t  85° gave  an 84^  c o n v e r s io n  o f  i s o p r e n e .  The t a i l - t o - t a i l  

dimer XXXIV was t h e  major o th e r  p r o d u c t ,

(b) C a t a l y s t  sy s tem s  c o n ta in in g  o th e r  l i g a n d s  

( E x p t s .  P d /8 .  P d / l l .  P d / 2 5 . P d /3 6 )

E xpt .  P d /S . The sy s tem  PdCl^CP ^ 3) 2 (Pd : c o c a t a l y s t  : l ig a n d  : Cl

r a t i o  o f  1 : 1 : 2 : 2 )  a t  85° gave a 38^ c o n v e r s io n  o f  i s o p r e n e ;  th e  major p ro 

d uct  was th e  t a i l - t o - h e a d  dimer XXXVl ( 5 2 ^ ) ,

E xpt. P d / l l . The above sy s tem  a t  25° was i n a c t i v e ;  no p r o d u c ts  were 

d e t e c t e d  by g l c .

E xpt. P d / 25 . The sy stem  PdCl^CPCyj^) g-N aO Ph (Pd : co c a t a l y s t  : l i g a n d  : Cl

r a t i o  o f  1 : 1 : 2 : 2 )  a t  85° gave  a 9%o c o n v e r s io n  o f  i s o p r e n e .  The major p ro

d uct was XXXVl (6 7 ^ ) .
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h x p t ,  Pd/'iO. The syntem P d (a ca c )  P(OPh) (Pd : cocataJ y s t  : Ligand : Cl 

r a t i o  o f  1: 0:  1; 0)  a t  85° gave an 84^ c o n v e r s io n  o f  i so p r e n e ;  th e  major  

e th e r  p rod uct was XXXIV (52%).

An a ttem p t was made t o  a s c e r t a i n  w h eth er  th e  C^  ̂ ch a in  formed by  

th e  d im é r i s a t i o n  o f  i s o p r e n e  cou ld  s u b s e q u e n t ly  be broken by a p a l la d iu m  

c a t a l y s t .  I f  t h i s  were s o ,  h e a t in g  a m ix tu re  o f  m ethyl i s o p r e n e -d im e r  

e t h e r s  in  th e  p r e s e n c e  o f  a p a l la d iu m  c a t a l y s t  m ight r e s u l t  i n  some r e 

arrangem ent o f  th e  e t h e r s .  T h is  was t e s t e d  u s in g  two m ix tu r e s  o f  e t h e r s ,  

one o f  w h ich  c o n s i s t e d  m a in ly  o f  XXXVI and th e  o t h e r  o f  XXXTV.

E xpt.  P d / 1 8 a . Th(' m ix tu re  o f  e t h e r s  o b ta in e d  from E xpt,  P d /10 was h e a te d  

a t  85° fo r  24 h ours  w ith  th e  PdCl^(PPh^) ^ -  NaOPh c a t a l y s t  in  methanol 

s o l u t i o n .  The r a t i o s  o f  th e  v a r i o u s  e t h e r s  were th e n  re -m ea su red .  No 

t r i e n e s  were formed in  th e  r e a c t i o n ,

E x p ts .  P d / l8 b  and P d / l 8 c . The m ix tu re  o f  e t h e r s  o b ta in e d  from E xpt. P d / l 5  

was h e a te d  a t  85° f o r  24 h ours  w i th  t h e  PdCl^(PPh^)  ̂-  NaOPh c a t a l y s t  in  

m ethanol s o l u t i o n  (E x p t .P d /1 8 b )  and ben zen e s o l u t i o n  (E x p t .  P d / l 8 c ) .  The 

r a t i o s  o f  the p r o d u c ts  were th en  re -m ea su red .

The r e s u l t s  o f  t h e s e  t h r e e  ex p er im en ts  are  g iv e n  i n  T able  3 .3  

( r a t i o s  be lo re  r e a c t i o n  a re  g iv e n  in  p a r e n t h e s e s ) .

TABLE 3 .3  

RESÜLTS OF EXPTS. P d / l8 a .  18b, 18c

: E xpt .
r  -------  ----- ■ - ' — '

DISTRIBUTION OF ETHEES M
j No. XXXIV XXXV XXXVI XXXVII XXXVIII XXXIX XL

1 P d / l8 a J7 (17) 0 (<1) 70 (70) 9 (9) 1 (1) 2 (2) 1 (<1)

P d / l8 b CO (co ) 2 (1) 25 (27) 2 (3) 3 (2) 5 (4 ) 3 (3)

P d / l 8 c Cl (GO) 2 (1) 27 (27) 1 (3) 2 (2) 4 (4 ) 3 (3)

I t  may be see n  t h a t  no s i g n i f i c a n t  re -arran gem en t o c c u r r e d .  T h is  

would s u g g e s t  t h a t  once  th e  C^  ̂ ch a in  i s  formed, i t  w i l l  n o t  break  up under  

t h e s e  c o n d i t i o n s .
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OTHER ALCOHOLS 

Expt, Pd/16 - Ethanol

The system Pd(PPhg)  ̂ telomerised isoprene and ethanol at 8^ with 

an isoprene conversion of 44%, The major products were the triene XLI 

(tail-to-tail) and the ether XLII (also tail-to-tail); the latter consti

tuted 80  ̂of the ethers formsd. Trienes were 21%̂of the product, ethers 79%,
Et(

XLI (tail-to-tail) XLII (tail-to-tail)

Expt, Pd/22 h-Propanol

The system PdCl̂ (PPhg) ̂ - NaOPh (Pd : cocatalyst : ligand : Cl ratio 

of 1:1:2:2) at 8SP gave a 25% conversion of isoprene, Trienes constituted 

73% of the product and ethers 27%, The major triene (> 85% of the triene 

fraction) was identified by glc retention time as XLI, The major ether 

was assumed to be the n-propoxy analogue of XLII,

Expt. Pd/24- iso-Propanol

The system PdClg(PPhg) g- NaOPh (Pd : co catalyst : ligand : Cl ratio 

of 1:1:2:2) at 85P was inactive. Very small amounts of cyclic dimers 

(thermally formed) were the only product,

Expt. Pd/23 - tert-Butanol
The system PdCl ̂ (PPhg) ̂ -NaOPh (Pd : co catalyst : ligand : Cl ratio 

of 1:1:2:2) at 8SP was inactive. Thermal dimers were the only products.

3.1.3 The Télomérisation of Isoprene with Water

The presence of carbon dioxide has been reported to facilitate the 

palladium-catalysed télomérisation of butadiene with w a t e r t o  give 

1-hydroxy-octadienes. Accordingly the télomérisation of isoprene with

water was attempted.
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Expt. Pd/38

Isoprene (2 Mole), water (2 Mole), acetone (lOO ml), palladium 

acetylacetonate (l nMole) and triphenylphosphine (3 nMole) were placed in 

a 400 ml Teflon-lined autoclave equipped with a stirrer. Carbon dioxide 

was introduced to approximately 50 p .s.i. and the autoclclave was heated 

at 95° for 18 hours. Considerable decomposition to palladium metal occurred. 

Isoprene conversion was 6  ̂ only, and the product consisted of 92  ̂ trienes 

and Ŝ /o alcohols. The three alcohol peaks present in the glc were sepa

rated by preparative glc. The mass spectra of all three conponnds had a 

parent ion at m+/e 154, The n mr spectrum of the major alcohol formed 

was not interpretable, but the others were assigned the structures LXVIII 

and LXIX • They were formed in the proportions shown ,
HO

unknown ^

(6396) LXVlll (2890 LXIX (9%)

3.2 DISCUSSION
We have shown that palladium-catalysed télomérisation of isoprene 

may yield predominantly head-to-head, tail-to-head or ta il-to -tail products. 

Head-to-head major products were formed in most cases when isoprene was 

telomerised with phenol, but in the case of the TT-allyl palladium chloride- 

sodium phenoxide-triphenylphosphine catalyst system, the major product was 

the tail-to-head dimer XXVI.
Isoprene-methanol télomérisation offered a strong contrast, in that 

head-to-head dimers were not obtained at all; the major product was either 

the ta il-to -tail dimer XXXIV or the tail-to-head dimer XXXVI, depending on 

the ligand and temperature used.

Krom the e v i d e n c e  o f  E x p t s .  Pd /18a,  18b and 18c i t  seems u n l i k e l y  

1 liH t  I he* e i s  a i i v  i iil p i i m i i i v p i ’ s  I o n  e l  i l i p  v h c I o m p  p i l i p r s  wi l h f!  ̂ sk p I p fens
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once they are formed. Thus thermodynamic control of the product distribu

tion may probably be ruled out in favour of kinetic controls, which have 

their origin in the properties of the intermediate organometallic complexes.

The literature contains few references to palladium-catalysed 

isoprene dimérisation. Smutny et al^^^) obtained head-to-head phenyl 

ether as major product from the reaction of isoprene and phenol using a 

TT-allyl palladium chloride-sodium phenoxide catalyst. Suga et al̂ ®®̂  

telomerised isoprene with acetic acid using a PdCl̂ -NaOAc catalyst to give 

a mixture of head-to-head, tail-to-head and head-to-tail acetates. Isoprene 

and active methylene conpounds in the presence of the PdCl ̂ (PPhg) g - NaOPh 

catalyst gave products having almost exclusively the tail-to-tail struc- 

ture^^^^^. Recently i t  has been reported^^^^  ̂ that isoprene was oligomer

ised in the presence of PdBr2 (PhgPCHgCHgPPhg) ̂ - NaOPh and phenol to give 

five linear dimers. The ratios in which these dimers were produced was 

found to depend on the phenol-isoprene ratio. At a ratio of 1:30 the major 

product was the tail-to-tail dimer 2,7-dimethyl- 1,trans - 3,7-octatriene, 

while at a ratio of 1:15, the head-to-head dimers 2-vinyl - 5 - methyl-

1,6-heptadiene (XXIX) and 3,6-dimethyl-1, cis-3, 7 octatriene XXXI were 

the major products. At a phenol-isoprene ratio of 1:3, the head-to-tail 

dimer 2,6-dimethyl-l,trans 3,7 octatriene XXXII was obtained. All these 

products except the first, 2,7-dimethyl-1, trans-3, 7-octatriene, have been 

identified by us as being formed in the degradation of phenyl isoprene- 

dimer ethers to phenol and isoprene. In fact, a ta il-to -tail phenyl ether 

was not observed by us in any of our reactions (in all of which the phenol: 

isoprene ratio was 1:3).
In the case of isoprene-methanol télomérisation i t  is noteworthy 

that all those systems containing PPhg as ligand at 85° gave essentially 

the same distribution of products. This suggests strongly that a comnon 
catalytic interined iate may bo formed, whatever the starting materials.
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As Pd(PPhg)  ̂ and Pd(acac)g-PPhg gave similar results to the PdCl^(PPhg)g- 

NaOPh system, the active catalytic species probably does not contain phenoxide 

ligands; if  i t  does, they seem to exert no influence on the course of the 

reaction, TMie role of the sodium phenoxide is probably to remove chloro 

ligands from the palladium conplex, leaving weakly bonded phenoxide ligands, 

which may readily be displaced by isoprene. Sodium borohydride seems to 

act in the same manner. Interestingly, the chloro-bridged complex 

Pd2 Cl4 (PPhg) 2  with sodium phenoxide or sodium borohydride was completely 

inactive in the télomérisation of isoprene with methanol or phenol. The 

reason for this is not clear.

There appears to be some correlation between the base strength of 

the phosphine ligand used and the nature of the products formed from the 

isoprene-methanol télomérisation. The stronger a-donors (and weaker 

n-acceptors) such as PBû  and Pcŷ  seemed to favour tail-to-head dimérisa

tion, while PPhg gave mainly tail-to-tail products and P(OPh)g occupied 

an intermediate position, as would be expected for a a-donor-strength order 

of
PBUg -  Pcyg > P(OPh)g ) PPĥ

In addition, systems containing PBû  or Pcŷ  as ligand seemed to give 

generally lower conversions of isoprene than those containing PPĥ . It 

seems likely that the efficiency of the catalyst is reduced by the stronger 

Pd-P coordination in the case of the alkylphosphines. Indeed, the 

PdCl̂ (PBUg)2 - NaOPh system was inactive for télomérisation of isoprene 

with phenol.
The iso p r e n e -p h e n o l  t é l o m é r i s a t i o n  gave  th e  h e a d - to -h e a d  dimer XXIV 

a s  major p ro d u c t  in  a l l  c a s e s  b ut one : th e  (T T -ally l)  p a l la d iu m  c h l o r i d e -

sodium p h e n o x id e - tr ip h en y p h o sp h in e  system  gave  th e  t a i l - t o - h e a d  dim er a s
i
the major constituent of the ether fraction (49̂ 6), and also gave the highest 

phenol conversion (8696).  This anomalous result was confirmed on repetition
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of the experiment, and suggests that the ratio of palladium to phosphine 

may have an influence on the product distribution.

The ease with which the phenyl isoprene-dimer ethers could be 

degraded to phenol and trienes provides support for our belief that there 

exists an equilibrium in the reactive mixture between trienes and ethers:

BOH + Me etc.)

This equilibrium was found to be at very different points, depending on the 

catalyst system used. The reason?for this are not understood.

Literature reports previous to this work had shown that the diméri

sation of isoprene was affected by the nature of the nucleophilic species 

present. We have confirmed that this is so, and have shown that the 

nature of the ligands, the metal-to-ligand ratio and the tençerature at 

vhich the reaction is performed can also affect the distribution of the 

products.
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C H A P T E R  IV 

NICKEL-CATALYSED REACTIONS OF ISOPRENE

This Chapter describes the nickel-catalysed reaction of isoprene 

with active-hydrogen confounds. All reactions were performed in sealed 

glass tubes of approximately 100 ml capacity. Products were separated 

by fractional distillation and preparative glc and identified by nuclear 

magnetic resonance, infra red and mass spectrometry, and by glc retention 

times. Yields were estimated by glc . Experimental details are given 

in Chapter VI.

4.1 RESULTS

4.1.1 Télomérisation of Isoprene with Phenol

I The reaction of isoprene with phenol in the presence of two zero-

valent nickel phosphite complexes was studied.

Expt. Ni/34 - Ni[p(OEt)g]^

Ni[P(OEt)g]^ (l.O nMole), isoprene (0.5 Mole) and phenol (O.l Mole) 

were heated at 85° for 24 hours. A 10^ conversion of phenol was obtained

to the products XLVI - L formed in the ratios shown :

XLVI m fo

PhO

XLIX 90/0  

Expt. Ni/35 - Ni[P(OPh).,]

PhOPhO

XLVIII IfoXLVII HO

3" 4

Ni[P(OPh)g]^ (1 . 0  nMole), isoprene (0.5 Mole) and phenol (O.l Mole) 

were heated at 85° for 24 hours. Phenol conversion was 41^. The major 

product was the ether XLVI. Phenyl isoprene-dimer ethers were also formed 

in small amounts.
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PhO 

XLVI 64^

PhO 

XLIX 14%

PhO 

XLVII 4%

PhO

XXVI 2% 
(tail-to-head)

XLVIII 7%

5%

PhO

XXIV 5% 
(head-to-head)

4.1.2 Télomérisation of Isoprene with Methanol

The reaction of isoprene and methanol was studied in the presence 

of several nickel complexes. The results are summarised in Table 4.1.

Expt. Ni/21 - Ni(H)(BH^)(Pcyg)g

Ni(H)(BH^)(Pcyg)^ (0.5mMole), isoprene (0.5 Mole) and methanol 

(0,5 Mole) were heated for 24 hours at 85°. Isoprene conversion was 6.5%, 

to a mixture of dimers as shown: ,

XXIX 13% 
(head-to-head)

XXX 27% 
(head-to-head)

XXXI 17% 
(head-to-head)

XXXII 18%
(tail-to-head)

Expt. Ni/22 - Ni(H)Cl(PcyJ

XLI
(tail-to-tail)

XLV 16%

3^2

Ni(H)Cl(Pcyg) 2 (0.5 nMole), isoprene (0.5 Mole) and methanol 

(0.5 Mole) were heated at 85° for 24 hours. Glc analysis revealed no 

products other than very small amounts of thermal dimers, principally XLV.
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Expt. Ni/27 - Ni(m^= CHCN)̂  - PBû

Ni(CHg= CHCN)g (0.59 nMole), PBû  (0.59 nMole, isoprene (0.5 Mole) 

and methanol (0.5 Mole) were heated at 85° for 24 hours. Isoprene conver

sion was 18 ,̂ to a mixture of dimers in the proportions shpwn:

XXX 29̂  XXXI 2 3 9 g XXXII 9fo
(head-to-head) (head-to-head) (tail-to-head)

XLI llfo XLIII 6^/0 XLV 16̂ 0
(tail-to-tail) (head-to-tail)

Expt. Ni/28 - Ni(CH«= CHCN)«-PPh.

Ni(CHg= CBCN)g (0.74 nMole), PPĥ  (0.74 nMole) isoprene (0.5 Mole) 

and methanol (0.5 Mole) were heated at 85° for 24 hours. A 15̂ 6 conversion 

of isoprene was obtained to a mixture of dimers:

XXX 1 2 ^ XXXI 195é XXXIX 11#
(head-to-head) (head-to-head) (tail-to-head)

r
XLI 140/0 XLIII 11% XLIV 14%
(tail-to-tail) (head-to-tail) (tail-to-head)

- C K unidentified 7% 
XLV 12%
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E x p t. N i / 29 -  Ni(CH^= C EC N )g-P(O E t)g

Ni(CH2CHCN) 2  (0 ,8 2 5  n M ole), P(O Et)^ (0 ,8 2 5  nM ole), iso p r e n e  

( 0 .5  M ole) and m ethanol ( 0 .5  M ole) w ere h ea ted  a t  85° fo r  24 h o u r s .  

I so p r e n e  c o n v e r s io n  was 3.5%. The p ro d u ct d is t r ib u t io n  was a s  shown:

XXIX 2% XXX 2% XXXI 2% XXXII 1%
(h ea d -to -b e& u ) (h e a d -to -h e a d ) (h e a d -to -h e a d ) ( t a i l - t o - h e a d )

XLI 21% X L III 20% XLIV 14% XLV 28%
( t a i l - t o - t a i l )  ( h e a d - t o - t a i l )  ( t a i l - t o - h e a d )

u n id e n t i f i e d  10%

E x p t. N i / 31 -  N iC lg -  P hP (O ^P r)g- NaBS^

N ic k e l c h lo r id e  ( 0 .5  nM ole), p h en y ld iiso p ro p o x y p h o sp h in e  (0 .7 5  nM ole), 

sodium  b o ro h y d r id e  (O .l  nM ole), iso p r e n e  ( 0 .5  M ole) and m ethanol ( 0 .5  M ole) 

w ere h e a te d  a t  85° fo r  24 h o u r s . The o n ly  p r o d u c ts  w ere th erm a lly -fo rm ed  

c y c lo d im e r s .

E x p t. N i /3 2  -  N i ( a c a c ) 2 -  P hP (O ^P r)g- NaBh^

N ic k e l a c e ty la c e t o n a t e  ( l .O  n M ole), p h e n y ld iiso p ro p o x y p h o sp h in e  

( 1 .5  nM ole) sodium  b oroh yd rid e  (0 .0 1 6  g ) , iso p r e n e  ( 0 .5  M ole) and m ethanol 

( 0 .5  M ole) w ere h ea te d  a t  85° fo r  24 h o u rs . C on version  o f  iso p r e n e  to  

d im ers was l e s s  th an  1%, a lth o u g h  c o n s id e r a b le  c o n v e r s io n  to  lo w e r -b o il in g  

p r o d u c ts  (p ro b a b ly  m ethyl iso p r e n e  monomer e th e r s )  o cc u r red . The com posi

t i o n  o f  th e  d im er f r a c t io n  was a s  shown:

x x ix '  33% XXX 11% XLI 21% ‘ XLV 53%
(h e a d -to -h e a d )  (h e a d -to -h e a d ) ( t a i l - t o - t a i l )
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T r a c e s  o f  m e th y l i s o p r e n e -d im e r  e t h e r s  w ere  a l s o  o b t a in e d , b u t  t h e i r  g l c  

r e t e n t i o n  t im e s  d id  n o t  c o r r e sp o n d  w ith  an y  o f  t h o s e  o b ta in e d  from  

p a l la d iu m - c a t a ly s e d  r e a c t i o n s ,

4 . 2  DISCUSSION

I t  seem s e v id e n t  from  o u r  work t h a t  n i c k e l  i s  l e s s  e f f e c t i v e  th a n  

p a lla d iu m  a s  a c a t a l y s t  f o r  i s o p r e n e  d im é r i s a t io n .  W hereas in  p a l la d iu m -  

c a t a ly s e d  r e a c t i o n s  a t  l e a s t  8 0 0 -9 5 0  m o le c u le s  o f  i s o p r e n e  c o u ld  b e  

d im e r is e d  p e r  m o le c u le  o f  c a t a l y s t ,  th e  n i c k e l  c o m p lex es  we s t u d ie d  con

v e r t e d  l e s s  th a n  200 m o le c u le s  o f  i s o p r e n e  p e r  m o le c u le  o f  c a t a l y s t .  M ost 

w o rk ers  in  t h e  f i e l d  o f  n i c k e l  c a t a l y s i s  o f  d ie n e  r e a c t i o n s  h a v e  s t u d ie d  

b u ta d ie n e  r a t h e r  th a n  i s o p r e n e ,  b u t  t h e r e  i s  some e v id e n c e  t o  s u g g e s t  t h a t  

i s o p r e n e  i s  c o n s id e r a b ly  more s lu g g i s h  in  i t s  r e a c t i o n s  th a n  in  b u t a d ie n e .

F or ex a m p le , i n  t h e  c y c l o t r i m e r i s a t i o n s  o f  b u ta d ie n e  and i s o p r e n e  b y  n i c k e l

( s s )c a t e l y s t s '  , i t  was fou n d  t h a t  b u ta d ie n e  r e a c t e d  a p p r o x im a te ly  20 t im e s  

f a s t e r  th a n  is o p r e n e  u n d er  t h e  same c o n d i t io n s .  I t  h a s  a l s o  b e e n  r e p o r te d  

t h a t  in c r e a s in g  m e t h y l - s u b s t i t u t io n  on b u ta d ie n e  s lo w s  t h e  r a t e  o f  t h e  

n i c k e l - c a t a l y s e d  r e a c t i o n  w ith  a c t i v e  m e th y le n e  com pounds^^^^. T h is  d i f 

f e r e n c e  i n  b e h a v io u r  o f  t h e  m e th y l- s u b s t i t u t è d  d ie n e s  may b e  due t o  in c r e a s e d  

s t a b i l i t y  o f  t h e  T F -a l ly l ic  in t e r m e d ia t e s .

Of th e  c a t a ly s t s  we u sed  fo r  th e  d im é r is a t io n  o f  iso p r e n e  in  m eth an ol, 

Ni(H ) (BH^) (Pcy^^) 2 and th e  n ic k e l  a c r y lo n i t r i le - p h o s p h in e  o r  p h o s p h ite  system s  

were m ost e f f i c i e n t ,  th e  form er b e in g  much e a s ie r  to  h a n d le . The n ic k e l  

a c e ty la c e to n a te -p h e n y ld iiso p r o p o x y p h o sp h in e -so d iu m  b o ro h y d r id e  sy stem  was 

v e r y  i n e f f i c i e n t  fo r  dim er fo rm a tio n , b u t was p e c u l ia r  in  th a t  m ethyl 

isoprene-m onom er e th e r s  were o b ta in e d  in  r e a so n a b le  c o n v e r s io n . I t  seem s 

p ro b a b le  th a t  th e  c h e la t in g  l ig a n d  a c a c -p r e v e n ts  c o o r d in a t io n  o f  a second  

iso p r e n e  m o lec u le  and th e  su b seq u en t d im é r is a t io n . Our r e s u l t s ,  when 

compared w ith  th o s e  o f  th e  a n a lo g o u s b u ta d ien e -m eth a n o l rea c tio n ^ ^ ^ ^ , b ea r
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o u t th e  o b s e r v a t io n  o f  Baker e t  t h a t  m e th y l- s u b s t i tu te d  b u ta d ie n e s

n o t o n ly  r e a c t  more s lo w ly  th an  d o es b u ta d ien e  i t s e l f ,  b u t a ls o  g iv e  a 

g r e a te r  p r o p o r t io n  o f  monomeric p r o d u c ts .

I n t e r e s t i n g ly ,  b o th  c a t a ly s t  system s c o n ta in in g  h a l id e  -  

N iC lg -  PhP(O^Pr) g -  NaBB^ and N i(H )C l(P cy g )  ̂ -  w ere c o m p le te ly  in a c t iv e  

fo r  th e  fo rm a tio n  o f  l in e a r  d im ers . T h is c o n tr a s t s  w ith  th e  r e c e n t  r e p o r t  

th a t  in  th e  r e a c t io n  o f  b u ta d ie n e  w ith  a c t iv e  m eth ylene com plexes such a s  

b en zy l m ethyl k e to n e , th e  o rd er  o f  r e a c t i v i t y  o f  c a t a ly s t s  was

NiBr̂  NiClg > ^(acac)^ > Ni (acetate) ̂  > ^(laurate)^

The n ic k e l  c a t a ly s t  sy stem s s tu d ie d  by  u s  w ere v e r y  u n s e le c t i v e ,  

g iv in g  a m ix tu re  o f  iso m ers  w hich was r a th e r  d i f f i c u l t  to  s e p a r a te

H ea d -to -h ea d  iso m ers  p red om in ated  ( 3 1 -  57% o f  th e  l in e a r  d im ers form ed) 

e x c e p t in  th e  c a se  o f  th e  Ni(CH2C H CN )g-P(O Et)g sy stem , where th e y  w ere 

p r e s e n t  o n ly  to  th e  e x te n t  o f  6%, In  th e  l a t t e r  c a se  h e a d - t o - t a i l  dim er  

X L III (tra n s-o o -o c im en e) c o n s t i t u t e d  20% o f  th e  p ro d u c t. The p r o p o r t io n s  

o f  th e  v a r io u s  ty p e  o f  isom er a re  summarised in  T ab le 4 .2 .

in )

TABLE 4 .2

DISTRIBUTION OF LINEAR DIMERS IN NICKEL-CATALYSED REACTIONS

E x p t. #  OF DIMEHIC PBODÜCT 1

No. h e a d -to -h e a d t a i l - t o - t a i l t a i l - t o - h e a d h e a d - t o - t a i l

N i / 21 57 9 18 —

N i / 27 52 11 9 6

N i / 28 31 14 25 11

N i / 29 6 21 15 20

N i/3 2 44 21
_ . i

-

The d i s t r i b u t i o n  o f  th e  v a r io u s  iso m ers in  T ab le 4 .2  i s  i n t e r e s t 

in g  in  v ie w  o f  th e  f a c t  t h a t  B a r n e tt

e t  i s o l a t e d  th e  conqalex V II , V II

where th e  m ethyl grou p s a r e  in  th e
P c y .
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2 ,6  p o s i t i o n s .  E v id e n t ly  under our r e a c t io n  c o n d it io n s  com plexes h a v in g  

th e  m ethyl groups in  o th e r  p o s i t io n s  are  a l s o  form ed.

I t  a p p ea rs u n l ik e ly  from our r e s u l t s  th a t  n ic k e l - c a t a ly s e d  

o l ig o m e r is a t io n  o f  iso p r e n e  w i l l  be a u s e fu l  so u rce  o f  te r p e n o id  conçounds 

u n le s s  a c a t a ly s t  can be found which i s  b o th  more e f f i c i e n t  and more s e l e c 

t i v e  fo r  h e a d - t o - t a i l  d im ers .
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C H A P T E R  V 

RHODIIM-CATALYSED REACTIONS OF BUTADIENE AND ISOPRENE

R h o d iu m -c o n ç le x -c a ta ly se d  r e a c t io n s  o f  iso p r e n e  and b u ta d ie n e  a re  

d e s c r ib e d  in  t h i s  c h a p te r . E xp erim en ta l d e t a i l s  are  g iv e n  in  C hapter V I.

5 .1  RESULTS

5 .1 .1  R e a c tio n  o f  I so p ren e  w ith  Phenol

The r e a c t io n  o f  iso p r e n e  w ith  p h en o l was s tu d ie d  in  th e  p r e se n c e  o f  

s e v e r a l  rhodium  co m p lex es, w ith  and w ith o u t sodium p h en ox id e c o c a t a ly s t .  

O nly one conqalex, RhCl(PPhg)g , was found to  be a c t iv e .  P ro d u cts  w ere th e  

s u b s t i t u t e d  p h e n o ls ,  L, L II  -  LV. T races o f  lo w e r -b o i l in g  p ro d u c ts  (assum ed

HO HO

L L II

HO HO

L III LVLTV

to  be p h en y l monomer e th e r s  from t h e i r  g l c  r e t e n t io n  t im e s )  w ere a ls o  

o b ta in e d , b u t were n o t in v e s t ig a t e d .  No p h e n y l- is o p r e n e  d im er e th e r s  w ere 

p rod u ced . The s u b s t i t u t e d  p h e n o ls  were a l l  i s o l a t e d  b y  d i s t i l l a t i o n  and 

p r e p a r a t iv e  g l c  , and c h a r a c te r is e d  by  n u c le a r  m agn etic  r e so n a n c e , in f r a 

red  and mass s p e c tr o s c o p y . The p r e se n c e  o f  b o th  RhCl(PPh^)^ and th e  

c o c a t a ly s t  sodium  p h en o x id e  was shown to  be e s s e n t i a l j  in  th e  a b sen ce o f  

e i t h e r ,  no r e a c t io n  o cc u r red . The r e a c t io n  a ls o  f a i l e d  when a n is o le  was 

s u b s t i t u t e d  fo r  p h e n o l. The r e s u l t s  a re  summarised in  T able 5 ,1 .
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5 .1 ’. 2 R e a c tio n  o f  B u ta d ien e  w ith  Phenol

B u ta d ien e  was found to  r e a c t  s im i la r ly  to  iso p r e n e ; th e  

RhCl (PPhg) g -  NaOPh sy stem  gave a 20^ c o n v e r s io n  o f  p h en ol to  th e  s i x  

p h e n o ls  LVI -  LXI in  th e  p r o p o r t io n s  shown (E xp t, R h / l5 ) ,  They w ere 

s e p a r a te d  by d i s t i l l a t i o n  and p r e p a r a t iv e  g l c ,  and c h a r a c te r is e d  s p e c tr o 

s c o p i c a l l y ,  As in  th e  c a se  o f  th e  iso p r e n e  r e a c t io n s ,  sm all amounts o f

HO

LIX 35%

HO

LX

L V III ( 3496)

LXI

lo w e r -b o i l in g  p r o d u c ts  w ere o b ta in e d , b u t w ere n o t i s o l a t e d .  R e a c tio n  

c o n d it io n s  w e r e :  RhCl(PPh^)^ ( 0 ,5  nM ole), sodium  p h en o x id e  ( 0 ,5  nM ole), 

p h en o l ( 0 , 2  M o le ) , iso p r e n e  ( 0 ,1  M o le ) , b en zen e (3 5  m l) ,  8 5 ° /2 4 h ,

5 , 1 ,3  R e a c tio n  o f  I so p ren e  w ith  M ethanol

When iso p r e n e  and m ethanol w ere t r e a te d  w ith  th e  c a t a ly s t  system  

RhClg SH^O- NaOPh, v o l a t i l e  compounds (p ro b a b ly  m ethyl isoprene-m onom er  

e th e r s )  w ere th e  main p r o d u c ts , w hich  w ere n o t in v e s t ig a t e d .  However, 

sm a ll amounts o f  d im ers were o b ta in e d  (ab ou t 5% c o n v e r s io n  o f  i s o p r e n e ) .  

T hese w ere sep a r a te d  by p r e p a r a t iv e  g a s  l iq u id  chrom atography to  g iv e  two 

d im ers , th e  l i n e a r  LI (70%) and th e  c y c l i c  XLV (30% ), No o th e r  d im ers o r

“ C K XLV LI

m e th y l- is o p r e n e  dim er e th e r s  were o b ta in e d  in  d e te c ta b le  am ounts. The 

dim er XLV and an a u th e n t ic  sam ple o f  lim on en e had id e n t i c a l  g l c  r e t e n t io n  

t im e s  and ntnr s p e c t r a .  R e a c tio n  c o n d it io n s  w ere: RhClg 3HgO ( 0 .5  mM ole),
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NaOPh ( 2 .5  n M ole), iso p r e n e  ( 0 . 5 M o le ), m ethanol ( 0 . 5 M o le ) , 8 5 ° /2 4 h  

(E x p t. R h /lO ).

When a HhCl (PPh^)  ̂-  Naffl^ c a t a ly s t  system  was u sed  w ith  iso p r e n e  

and m eth a n o l, no o r g a n ic  p ro d u c ts  w ere o b serv e d . However, a y e l lo w  

c r y s t a l l i n e  com plex was i s o la t e d  from th e  r e a c t io n  m ix tu re and c h a r a c te r is e d  

b y  i t s  in fr a r e d  spectrum , m e lt in g -p o in t  and e lem en ta l a n a ly s i s  a s

trans-Rh(C0)Cl(PPhj^)2 .

R e a c tio n  c o n d it io n s  w e r e ;  RhCl(PPh^)^ ( 0 ,5  nM ole), NaBH^ (O ,5 n M ole), 

is o p r e n e  (O ,5 M o le ) , m ethanol ( 0 .5  M o le ), 8 5 ° / 2 4 h ).

5 ,2  DISCUSSION

Two e x a n ç le s  o f  th e  t é lo m é r is a t io n  o f  b u ta d ien e  w ith  p h en ol by  

rh od iu m -conç)lex  c a t a ly s t s  have b een  r e p o r ted  ;

EhCl(PPh )„

® 2 ® 2 ® 2 ® = ® 2

H h(O P h)(P P h)
/ /  \ +  PhOH  PhO CĤ GH= CH CH_GH_GH.GH= CH_ ( R e f ,43)

NaOPh  ̂ <L d.

The f i r s t  o f  th e s e  r e p o r ts  i s  in  d ir e c t  c o n f l i c t  w ith  our f in d in g s  

t h a t  a lk e n y la te d  p h e n o ls  are  th e  m ajor p r o d u c ts , and th a t  no p h en y l is o p r e n e -  

dim er e th e r s  are  o b ta in e d  u s in g  th e  BhCl(PPh^)^ -  NaOPh c a t a ly s t  sy stem . B oth  

com ponents o f  t h i s  system  a re  e s s e n t i a l  fo r  th e  r e a c t io n  to  p r o c e e d . The 

r o le  o f  th e  sodium  p h en ox id e may be th e  same a s  i t  ap p ears to  be in  th e  ca se  

o f  p a lla d iu m  c a t a l y s i s ,  i . e .  to  remove th e  ch lo ro  l ig a n d  from th e  co o rd in a 

t i o n  sp h ere  o f  th e  m eta l atom .

Two p o s s i b i l i t i e s  seem to  e x i s t  fo r  th e  fo rm a tio n  o f  th e s e  s u b s t i 

tu te d  p h e n o ls ;  th a t  th e y  are  formed e i t h e r  d i r e c t l y ,  o r  v ia  p h en yl b u te n y l  

e t h e r s ,  w ith  some k in d  o f  C la is e n  rearran gem en t, 1 .3 -D ie n e s  and a lc o h o ls

r e a c t  in  th e  p rese n c e  o f  a rhodium c h lo r id e  c a t a ly s t  to  g iv e  a lk y l  b u ten y l

(1 5 2 ,1 5 3 )  e t h e r s '  e . g .
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R R
RhCl„.3H^0

Et(
& = H , CH,

+ ETOH ---------------------------------------------------------- + E t o ^

'3

I t  seem s p o s s ib l e  th a t  p henol and b u ta d ien e  or  iso p r e n e  m ight r e a c t  s im i

l a r l y  in  th e  p r e se n c e  o f  th e  RhCl(PPh^)^ -  NaOPh c a t a ly s t  to  y i e l d  i n i t i a l l y  

p h en y l b u te n y l e t h e r s ,  w hich  co u ld  th e n , in  a C la is e n - ty p e  rearran gem en t, 

g iv e  th e  s u b s t i t u t e d  p h e n o ls  a s  th e  f i n a l  p ro d u c ts  :

*  m m  ■>
NaOPh

Some su p p ort i s  p ro v id ed  fo r  t h i s  by th e  f a c t  th a t  sm all amounts o f  lo w -  

b o i l i n g  p r o d u c ts  w ere a ls o  formed in  th e  r e a c t io n .  These w ere n o t s e p a r a te d , 

b u t th e y  had th e  same g l c  r e t e n t io n  tim e s  a s  th e  p h en y l isoprene-m onom er  

e th e r s  XLVI -  XLIX o b ta in e d  from th e  r e a c t io n  o f  iso p r e n e  and p h en ol in  

th e  p r e s e n c e  o f  th e  z e r o -v a le n t  n ic k e l  com plexes ( s e e  C hapter I V ) ,

PhcT T  PhO T  Pho T  Phir
XLVI XLVII XLVIII XLIX

S e v e r a l o b j e c t io n s  cou ld  be r a is e d  to  t h i s  in v o c a t io n  o f  C la is e n  

rea rra n g em en t. F i r s t l y ,  much h ig h e r  tem p era tu res  th a t  th e  85° en p loyed  

h ere  a re  g e n e r a l ly  r e q u ired  -  o f t e n  in  th e  range o f  2 0 0 -  2 2 0 ° . S eco n d ly , 

th e  C la is e n  rearran gem en t u s u a l ly  g iv e s  a lm o st e x c lu s i v e l y  th e  o r th o 

s u b s t i t u t e d  p h e n o l, w h ereas in  our r e a c t io n  a p p r e c ia b le  amounts o f  th e  p a ra -  

isom er have a l s o  form ed. T h ir d ly , th e  o r t h o - a l l y l  p h en o l L l l  i s  in  f a c t  

o n ly  a m inor p ro d u ct; th e  major p ro d u c ts  L and L l l l  have a te rm in a l  

d ou b le  bond in  th e  s id e - c h a in .  D ouble-bond i s o m é r is a t io n  i s  a p o s s i b i l i t y ,  

b u t th e  2 -a lk e n y l  p ro d u ct i s  p ro b a b ly  th erm o d y n a m ica lly  more s t a b le ,  so 

any i s o m é r is a t io n  would be e x p ec ted  to  fa v o u r L l l  o v er  LI and LIV o v er  

L l l l ,  F o u r th ly , none o f  th e  e th e r s  XLVI -  XLIX i d e n t i f i e d  by  g l c  would be
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e x p e c te d , in  a normal C la is e n  rearran gem en t, to  g iv e  th e  p h e n o ls  L /  LIV . 

However, a l l  th e s e  o b je c t io n s  m ight be e x p la in e d  by some in v o lv em en t o f  

th e  rhodium  c o n ç le x  in  th e  tr a n s fo r m a tio n s .

The o th e r  p o s s i b i l i t y  i s  th a t  th e  s u b s t i t u t e d  p h e n o ls  a re  formed 

d i r e c t l y ,  C—A lk en y l a t  io n  o f  p h e n o ls  by a p a lla d iu m  co n p le x  h as a lr e a d y  

been  r e p o r te d , a lth o u g h  no d e t a i l s  o f  th e  mechanism a re  known^^^^ :

Pd'
\

.Cl

/ 2

PhOH

PhOH

low  y i e l d s

Pd + HCl

+ p henyl b u te n y l e th e r s

In  t h i s  c a s e ,  i t  may be n o te d , a 2 -a lk e n y l s id e - c h a i i i  was o b ta in e d ,

A 2 -a lk e n y l  s id e - c h a in  i s  a ls o  o b ta in e d  v ia  th e  F r ie d e l- C r a f t s  

r e a c t io n ,  when is o p r e n e  and p h en ol a re  t r e a te d  w ith  71^  ̂ o r th o p h o sp h o r ic  

acid^^^^ to  g iv e  th e  p h e n o ls  LIL and LIV , In  th e  r h o d iu m -ca ta ly sed  

r e a c t io n ,  th e  BhC l(PPhg)g may s i n ç l y  be a c t in g  a s  a L ew is a c id ;

0
EhCl(PPh_)3^3

*■ I C m  e tc ,NaOPh

The p r e s e n c e  o f  c o n s id e r a b le  amounts o f  th e  p a r a -iso m e r s  would be under

s ta n d a b le  i f  a F r ie d e l- C r a f t s  r e a c t io n  were in v o lv e d ; how ever, i t  i s  

s u r p r is in g  th a t  a n is o l e  d o es  n o t a ls o  r e a c t .

In  c o n c lu s io n , no e v id en ce  i s  a t  p r e s e n t  a v a i la b le  fo r  d i s t i n -  

g u is in g  b etw een  th e  two p o s s ib le  r o u te s  o f  fo rm a tio n  o f  th e  s u b s t i t u t e d  

p h e n o ls  ( v ia  p h en y l e th e r s  or  d i r e c t l y ) .
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The d im é r is a t io n  o f  iso p r e n e  w ith  a E h C l ^ . -  NaOPh c a t a ly s t  in  

m ethanol s o lu t io n  was found to  y i e l d  one l in e a r  h ea d -to -h e a d  dim er LI in  

sm all c o n v e r s io n s  b u t s e l e c t i v e l y .

An is o p r e n e  a n a lo g u e  o f  th e  b u ta d ien e  

co n p le x  LXIV h a s n o t b een  iso la ted ^ ^ ^ ^ ^ , 

b u t may be im p lic a te d . When b u ta d ie n e  \  /  n

— Vwas d im e r ise d  hy H hCl, 3H„0 -  KOAc in  '  LXIVo (L

e th a n o l,  th e  fu l ly c o n ju g a te d  t r ie n e  t r a n s , t r a n s , t r a n s - 2 , 4 , 6 - o c t a t r i e a e  was 

th e  main p ro d u c t, and i t s  fo rm a tio n  v ia  a 1 ,3 ,6 - o c t a t r i e n e  was s u g g e s t e d ^ , 

No d e t a i l s  o f  th e  mechanism o f  d ie n e  d im é r is a t io n  o f  rhodium  com plexes a re  

known.

When is o p r e n e  and m ethanol w ere h ea te d  in  th e  p r e se n c e  o f  

HhCl(PPh^)^ and NaBH^, th e  com plex tra n s-E h C l(C o )(P P h ^ ) 2 was o b ta in e d .

T h is  i s  an exam ple o f  a w ell-k n ow n  ty p e  o f  r e a c t io n ,  e . g .

r e f lu x  , V ,
EhCl„,3H _0 + PPh_ + 2 -m eth oxyeth an o l ----------> E hC l(C O )(pph„)„ ( R e f ,156)

6 eL Ô l , 5 h

r e f lu x  , , ,  , .
B h C l„ (P E tJ „  + KOH + EtOH ----------- > HhCl (CO) (P E t_) „ (R e f . 157)

0 0 0 $  l , 5 h
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C H A P T E R  VI

S e c t io n  A o f  t h i s  ch a p ter  d e s c r ib e s  ex p er im en ta l p ro ced u re  fo r  

C hapters I I I ,  IV and V. S e c t io n  B g iv e s  s p e c tr a l  d e t a i l s  and s tr u c tu r e  

o f  th e  p r o d u c ts .

S E C T I O N  A 

EXPERIMENTAL DETAILS

P u r i f i c a t io n  o f  R eagen ts

Iso p ren e  was d r ie d  by r e f lu x in g  o v er  ca lc iu m  h y d r id e  and d i s t i l l e d  

under n it r o g e n  (bp 3 4 -3 5 ° ) ,  I t  was s to r e d  in  a r e f r ig e r a t o r ,

A n alar p h en ol was d i s t i l l e d  under redu ced  p r e s s u r e .

M ethanol was d r ie d  by th e  'm agnesium r-iodine * method and d i s t i l l e d  

under n it r o g e n .  I t  was s to r e d  o v er  m o lec u la r  s i e v e s ,  ty p e  3A,

B enzene was d r ie d  w ith  sodium  w ir e , d i s t i l l e d  under N^ and 

s to r e d  o v e r  m o lec u la r  s i e v e s  ty p e  4A,

6 .1  GENERAL EXPERIMENTAL PROCEDURE

R e a c t io n s  w ere c a r r ie d  o u t in  a a p o u le s  o f  a p p r o x im a te ly  100 cm^ 

c a p a c ity ,  made o f  P yrex  tu b in g  (2 6 m m o ,d ,, 22 mm i , d , ) .  They w ere con

n e c te d  to  a stan d ard  vacuum l i n e  b y  a B24 s o c k e t .  In  th e  g e n e r a l p ro

ced u re , th e  s o l i d  r e a c ta n ts  w ere p la c e d  in  th e  ampoule (w orking  under  

n it r o g e n  i f  n e c e s s a r y ) ;  th e  an pou le was th en  a tta c h e d  to  th e  vacuum l i n e ,  

fr o z e n  down w ith  l iq u id  n it r o g e n  and punped down to  ab out 10 ^mmHg, 

M eanw hile, e lsew h e re  on th e  l i n e ,  th e  l iq u id  r e a c ta n t s  were d eg a ssed  by  

th r e e  c y c le s  o f  th e  ’ freeze-p u n p -th aw *  m ethod. They were th en  condensed  

in to  th e  ampoule w hich  was s e a le d  a t  th e  c o n s t r ic t io n  and a n n e a le d . A fte r  

warming to  room te n p e r a tu r e  th e  ampoule was b r i e f l y  shaken to  en su re
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d i s s o l u t i o n  o f  th e  c a t a ly s t ;  i t  was th en  p la c e d  in  a th e r m o sta tte d  o i l -  

h a th  fo r  th e  r e q u ir e d  p e r io d .

A fte r  th e  ampoule had b een  opened , i t s  c o n te n ts  w ere q u ic k ly  tr a n s 

fe r r e d  to  a s to p p ered  f l a s k ,  and exam ined by a n a ly t i c a l  g l c  p r io r  to  

w ork-up . A n a ly t ic a l  g l c  was perform ed on a Pye Unicam S e r ie s  104 chroma

to g r a p h , u s in g  a 5 f t  column packed w ith  10^ p o ly e th y le n e  g ly c o l  2 0 M on 

C e l i t e ;  peak a r e a s  w ere e l e c t r o n i c a l l y  in t e g r a te d  w ith  a H ew lett-P a ck a rd  

3370 in t e g r a t o r ,  A Gaw-Mac g a s d e n s it y  m eter was o r i g i n a l l y  u sed  to  

d eterm in e  p ro d u c t r a t i o s ,  b u t some tr o u b le  was ex p er ie n c ed  in  o b ta in in g  a 

s te a d y  b a s e - l i n e ,  and a flam e io n iz a t io n  d e te c to r  was em ployed in s t e a d  fo r  

th e  r e s t  o f  th e  m easurem ents. Comparison o f  r e s u l t s  o b ta in e d  on th e  same 

sam ple showed t h a t  th e  d if f e r e n c e  in  p ro d u ct r a t io s  was n e g l i g i b l e .

P r e p a r a t iv e  g l c  was done on a Pye Unicam S e r ie s  105 Chromatograph, 

Twd colum ns w ere u sed ; a 30 f t  X o ,d ,  column packed w ith  15% PEG 2 0 M 

on C e l i t e  (Column A ), and a 15 f t  X o ,d ,  column packed  w ith  20% s i l i c o n e  

o i l  on C e l i t e  (Column B) , Column A was a ls o  em ployed to  d eterm in e r e te n 

t i o n  d a ta  fo r  m ost o f  th e  iso p r e n e  d im ers . The K ov^ts R e te n t io n  Index

scheme^^^^) was u sed ; t h i s  depends on th e  n -a lk a n e s ,  each  o f  w hich i s ,  by  

d e f i n i t i o n ,  a l l o t t e d  a r e t e n t io n  in d ex  one hundred t im e s  i t s  carbon number. 

The r e t e n t io n  in d ex  I^  o f  a compound x i s  th en

I x  = ^  ( lo g  -  o )

w here t ^  i s  th e  a d ju s te d  r e t e n t io n  tim e o f  x  , and a and b a re  con-, 

s t a n t s  fo r  th e  in stru m en t and o p e r a t in g  c o n d it io n s .

Thus c o n s id e r in g  aft a lk a n e  ’̂ ”^k^ 2N+2 ’ K ov^ts in d ex  I^  i s

b y  d e f i n i t i o n  100 N , we may w r it e

In = i 0 0 N = i ^ ( l o g t ^ - a )

o r

lo g  t ^  = a + bN ,
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The c o n s ta n ts  a and b w ere d eterm in ed  fo r  th e  c o n d it io n s  u sed  (Column A; 

100° ,  80  cm^/min. fo r  hydrocarbon , and 1 5 0 ° ,8 0  cm^/min. fo r  m ethyl

and e th y l  iso p r e n e -d im e r  e th e r s )  by  in j e c t in g  a m ix tu re  o f  n -a lk a n e s  

(C5 - C 1 2 ) and m easuring  t h e i r  r e t e n t io n  t im e s  t^ ^ . U sin g  th e  e q u a tio n s

= *HN -

and

t  = ^R(N+l) ~ *R(N+2)

^ R (N + l)  -  *RN~ *R(N+2)

th e  a d ju s te d  r e t e n t io n  t im e s  t ^  o f  th e  n -a lk a n e s  w ere c a lc u la t e d .  A

p lo t  o f  lo g  t ^  a g a in s t  N gave a s t r a ig h t  l i n e ,  whose s lo p e  was b and

whose y - in t e r c e p t  was a .  At 100° and 80 m l/m in , a = -  1 ,3 9 5  and b = 0 ,2 7 5 ,

At 150° and 80 m l/m in  a = -  0 .9 5 7  and b = 0 ,1 8 6  . The Kovdife I n d ic e s  o f

any sam ple co u ld  th en  be c a lc u la t e d  from i t s  r e t e n t io n  tim e  and th e  v a lu e s

o f  t ü  , a and b a t  th e  c o n d it io n  u se d . The K ov^ts I n d ic e s  o f  th o s e  
a i r

compounds d eterm in ed  a re  g iv e n  on th e  a p p r o p r ia te  p a g es  o f  S e c t io n  B,

6 . 2  EXPERIMENTAL DETAILS FOR CHAPTER I I I

6 . 2 .1  P r e p a r a t io n  o f  P a lla d iu m  Complexes

Pd(PPhg)^

T h is  a i r - s e n s i t i v e  com plex was p rep ared  from p a lla d iu m  c h lo r id e  by  

th e  method o f  C oulson^^^^). Y ie ld  was 90%, The p a le  y e l lo w  c r y s t a l s  were 

s to r e d  under n it r o g e n  in  a s e a le d  tu b e , b u t co u ld  be m an ip u la ted  in  a i r .  

PdCl^ÇPPhg)^

PdC l2 ( 0 . 0 2  M ole, 3 , 5 5 g) was d is s o lv e d  in  co n c e n tr a te d  hydro

c h lo r ic  a c id  and th e  s o lu t io n  was evap orated  to  d r y n e s s . The r e s id u e  was 

r e d is s o lv e d  in  h y d r o c h lo r ic  a c id  and a g a in  ev a p o ra ted  to  d r y n e ss . I t  was 

th en  d is s o lv e d  in  a 1:1 m ix tu re  o f  e th a n o l and h y d r o c h lo r ic  a c id ,  and added  

to  a s o lu t io n  oT tr ip h e n y lp h o sp h in e  ( 0 ,1  M ole, 2 6 .2 g ) in  e th a n o l .  The 

Itm ion -yellow  s o l id  was f i l t e r e d  o f f ,  washed w ith  e th a n o l (50  cm^) and
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e th e r  (5 0  cm^) and d r ie d  under vacuum. A fte r  r e c r y s t a l l i s a t i o n  from  

ch lo ro fo rm , w ash ing  w ith  e th e r  and d ry in g  under vacuum, th e  f i n a l  y i e l d  was 

9 .9  g (7 3 ^ ) .

PdC lg(P  Bug) 2

Sodium t e t r a c h lo r o p a l la d i t e  (0 .0 1 3 6  M ole, 4 g )  was suspended  in  

e th a n o l (5 0  ml) under a n itr o g e n  atm osphere and tr ih u ty lp h o s p h in e  (0 .0 2 8  

M ole, 7 cm^) was added. A fte r  s t i r r in g  fo r  two hours th e  m ix tu re  was 

f i l t e r e d .  A f t e r  rem oval o f  e th a n o l on a r o ta r y  ev a p o ra to r , th e  p ro d u ct  

was o b ta in e d  a s  y e l lo w  p la t e s ;  y i e ld  was 7 .3 1  g (9 2 ^ ) . R e c r y s t a l l i s a t io n  

from ch lo ro fo rm  gave c r y s t a l s  o f  m .p. 65° ( l i t^ ^ ^  66° ) .

PdC lg ( 0 .0 3 4  M ole, 6 g) was b o i le d  w ith  50^ a c e t i c  a c id  and f i l t e r e d .  

F r e s h ly  d i s t i l l e d  a l l y l  c h lo r id e  (0 .0 5 2  M ole, 5 g) was added to  th e  f i l 

t r a t e .  A f t e r  s t i r r in g  fo r  1 h our, th e  p rod u ct was e x tr a c te d  w ith  b en zen e , 

ev a p o ra ted  to  d r y n e ss  and r e c r y s t a l l i s e d  from benzen e to  m .p. 160°

1 6 0 ° ) ,  The y i e l d  was 3 , 4 g (5 5 # ) .

PdfPhCKOgClg

T h is  com plex was p rep ared  by th e  method o f  Kharasch^^^^^. Y ie ld

73 # ,

D i-p -  ch i o r o - d i  ( 4 -  c h lo r o -  2 -m e th y l-b u t-  2 - en y l ) d ip a l  1 adium

T h is  p r e v io u s ly  u n rep o rted  com plex was p rep ared  b y  a method a n a lo 

gous to  t h a t  f o r  th e  b u ta d ien e  complex^^^^^; iso p r e n e  (lO  cm^) was added  

to  Pd(PhCN)2C l2 (O .O l M ole, 4 g) d is s o lv e d  in  th e  minimum b en zen e . The 

deep red  c o lo u r  changed to  y e l lo w  a lm ost im m ed ia te ly . A d d it io n  o f  

p etr o le u m  e th e r  (bp 4 0 -6 0 ° )  p r e c ip i t a t e d  th e  p ro d u c t, w hich  was f i l t e r e d  

o f f  and r e c r y s t a l l i s e d  from b en zen e . M .p. 1 1 8 -1 2 0 ° ( d ) .  Y ie ld  1 .7 2 g  

( 70%). A m ic r o -a n a ly s is  gave th e  r e s u l t s  :
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C H Cl

C a lc u la te d :  2 4 .4 7  3 .2 9  28 .8 8

F ound: 2 4 .5 8  3 .4 2  2 8 .7 8  .

Pd2Cl4(PPh,)2

PPh_ Cl

» Pd + PPh„  ^ Pd
'î- 'V 2   ̂ C1-" " / 2

vCl
T reatm ent o f  d i-pr- c h lo r o -d i  ( 4^ c h lo r o -  2 -m e th y l-b u t-  2 - en y l ) d ip a lla d iu m

( 0 .0 0 2  M ole, 1 g) w ith  th e  s t o ic h e im e tr ic  amount o f  tr ip h e n y lp h o sp h in e

(0 .0 0 4  M ole, 1 .0 5  g) in  benzen e s o lu t io n  gave th e  p ro d u ct a s  deep orange

c r y s t a l s .  I so p r e n e  was d e te c te d  by g lc  in  th e  f i l t r a t e .  The in fr a r e d

spectrum  o f  th e  p ro d u ct showed th e  p r ese n c e  o f  b o th  b r id g in g  and te r m in a l

Pd-C l b o n d s, a t  260 cm  ̂ and 358 cm~^ r e s p e c t iv e ly ^ ^ ^ ^ ) .

C H Cl

M ic r o a n a ly s is :  C a lc u la te d :  4 9 ,1 3  3 .4 3  1 6 .1 3

F ound: 4 9 .3 1  3 .6 1  1 6 .3 5

P d (a c a c )^

P a lla d iu m  c h lo r id e  (0 .0 2 3  M ole, 4 g ) , sodium a c e t a t e  (10  g) and

a c e ty la c e t o n e  (2 5  ml) were s t i r r e d  o v e r n ig h t a t  room tem p eratu re  in  50^

aqueous m ethanol s o lu t io n  (lOO cm^). The y e l lo w  p r e c ip i t a t e  o b ta in e d

was f i l t e r e d ,  washed w ith  w ater  and m eth anol, and r e c r y s t a l l i s e d  from

b e n z e n e . Y ie ld  5 .3  g (77^) .

6 , 2 . 2  P a lla d iu m -C a ta ly se d  R e a c tio n s
Iso p ren e-M eth a n o l T é lo m é r is a t io n s

E x p t. P d /7

P dC l2 (PPhg) 2  ( 0 .5  mMole, 0 .3 5 0 9 g ) ,  sodium  b oroh yd rid e ( 0 .5  mMole, 

0 .0 1 8 9  g ) , is o p r e n e  ( 0 . 5 M ole, 50 cm^) and m ethanol ( 0 .5  M ole, 2 0 .4  cm'*) 

were h ea te d  a t  85° fo r  24 h o u rs . The p rod u ct was d i s t i l l e d  in to  a l iq u id  

n itro g ('n  tra p  uiid('r rodiicc'd p r i'ssu rc  and th en  f r a c t i o n a l l y  d i s t i l l e d  to  

g iv e  ( i )  bp 35-70" /  760 mm , i sopi-ciu» and m othanol. 2! g ,
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( i i )  bp 4 5 - 7 5 ° /5 ,  2 5 mm , d im ers and te lo m e r s  2 5 ,4 g . ( i i i )  p o t  r e s id u e ,  

h ig h e r  o l ig o m e r s , 2 . 5 g  , G lc a n a ly s i s  o f  th e  dim er and te lo m e r  f r a c t io n  

showed t h a t  i t s  co m p o sitio n  was 19% d im ers and 81% te lo m e r s  ( i . e .  m ethyl 

e t h e r s ) .  The e th e r s  were sep a ra ted  by p r e p a r a t iv e  g l c  (Column A, 1 3 0 ° ,

60 cm^/min) and c h a r a c te r is e d  by nmr, i r  and mass sp e c tr a  ( s e e  S e c t io n  B ) , 

The d i s t r i b u t i o n  o f  th e  e th e r s  and t h e i r  K ov^ts I n d ic e s  w ere :

x x n v 52% 1424

9% 1398

XXXVI 22% 1367
XXXVII 2% 1338
XXXVIII 3% 1474

XXXIX 9% 1263
XI 3% 1310

From t h e s e  r e s u l t s  iso p r e n e  co n v er s io n  was c a lc u la te d  to  be 63%,

E x p t. P d /s

P dC l2,(PBUg) 2  ( 0 .5  nM ole, 0 . 2907 g ) , sodium  b o ro h y d rid e  ( 0 ,5  nM ole, 

0 ,0 1 8 9  g ) , is o p r e n e  ( 0 .5  M ole, 50 cm^) and m ethanol ( 0 .5  M ole, 2 0 .4  cm^) 

w ere h e a te d  a t  85° fo r  24 h o u r s . D i s t i l l a t i o n  in to  a c o ld  tr a p , fo llo w e d  

b y  f r a c t io n a l  d i s t i l l a t i o n ,  gave ( i )  bp 35-70° iso p r e n e  and m eth an o l, 30 g ,

( i i )  bp 3 5 -6 5 ° /4 m m , d im ers and te lo m e r s , 1 4 .6 7 g . F r a c t io n  ( i i )  con

s i s t e d  o f  33% t r i e n e s  and 67% e t h e r s .  The e th e r  d i s t r i b u t i o n  and th e  

K ov^ts I n d ic e s  w ere :

XXXTV 26% 1424

XXXV 5% 1398

XXXVI 52% 1368

XXXVII 10% 1336

XXXVIII 1% 1475

XXXIX 6% 1263

XL 1% 1308

is o p r e n e  c o n v e r s io n  was 38%.
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E x p t. P d /10

PdC l2 (PPhg) 2  ( 0 . 5  mMole, 0 .3 5 0 9  g ) , sodium b oroh yd rid e  ( 0 .5  mMole, 

0 .0 1 8 9  g ) , is o p r e n e  ( 0 .5  M ole, 50 cm^) and m ethanol ( 0 .5  M ole, 2 0 .4  cm^) 

w ere k ep t a t  25° fo r  24 h o u r s . D i s t i l l a t i o n  o f  th e  p rod u ct gave:

( i )  bp 3 5 -7 0 ° , iso p r e n e  and m eth an o l, 40 g , ( i i )  bp 4 5 - 7 5 ° /5 mm , d im ers  

and te lo m e r s ,  3 .1  g . The e th e r s  w ere i d e n t i f i e d  by com parison o f  r e te n 

t i o n  t im e s  w ith  a u th e n t ic  sam ples a s  :

XXXIV 17% XXXVIII 1%
XXXV 1% XXXIX 2%
XXXVI 70% XL 1%
XXXVII 9%

E th ers  c o n s t i t u t e d  91% o f  f r a c t io n  ( i i ) ,  th e  rem ainder b e in g  d im ers .

Iso p ren e  c o n v e r s io n  was ab out 7.5%.

E xp t. P d / l l

PdC l2,(PBUg) 2  ( 0 . 5  mMole, 0 . 2907 g ) , sodium b o ro h y d rid e  ( 0 .5  nM ole, 

0 .0 1 8 9  g ) , is o p r e n e  ( 0 .5  M ole, 50 cm^) and m ethanol ( 0 .5  M ole, 2 0 .4  cm3) 

w ere k ep t a t  25° fo r  24 h o u r s . G lc a n a ly s i s  r e v e a le d  no p r o d u c ts .

E xp t. Pd/ 1 2

Pd2Cl^(PPhg) 2 ( 0 . 5  mMole, 0 .4 3 9 6  g ) , sodium  b o ro h y d r id e  ( 0 .5  nM ole,

0 .0 1 8 9  g ) , is o p r e n e  ( 0 .5  M ole, 50 cm^) and m ethanol ( 0 .5  M ole, 2 0 .4  cm^) 

were h e a te d  a t  85° fo r  24 h o u r s . G lc a n a ly s i s  r e v e a le d  no p r o d u c ts .

E x p t. P d /13

PdC l2 (PPhg) 2  ( 0 . 5  nM ole, 0 .3 5 0 9  g ) , t r ie th y la m in e  ( 0 .5  nM ole,

0 .0 5 0 5  g ) , is o p r e n e  ( 0 .5  M ole, 50 cm^) and m ethanol ( 0 .5  M ole, 2 0 .4  cm^) 

were h e a te d  a t  85° fo r  24 h o u r s . No p ro d u c ts  were o b serv ed  from g lc  

a n a ly s i s .

E xpt. P d / l4

P dC l2(PPh^) 2  ( 0 .5  nM ole, 0 .3 5 0 9  g ) ,  sodium p h en ox id e (O .5 nM ole, 

0 .0 5 8 0  g ) ,  is o p r e n e  ( 0 .5  M ole, 50 cm^) and m ethanol ( 0 .5  M ole, 2 0 .4  cm^) 

were h e a te d  a t  85° fo r  24 h o u rs . D i s t i l l a t i o n  in to  a co ld  tr a p , fo llo w e d  

by f r a c t io n a l  d i s t i l l a t i o n ,  gave ( i )  bp 3 5 -7 0 ° /7 6 0  mm. iso p r e n e  and 

m eth an o l, 16 g ; ( i i )  bp 4 0 - 7 0 ° / 3 .75 mm , d im ers and te lo m e r s , 2 9 .O g .
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The c o m p o sitio n  o f  f r a c t io n  ( i i )  was 27% dim ers and 73% te lo m e r s .  The

d i s t r i b u t i o n  o f  te lo m e r s  ( i d e n t i f i e d  by g l c  r e t e n t io n  t im e s)  was :

X m V  61% XXXVIII 3%
XXXV 3% XXXIX 5%
XXXVI 25% XL 2%
XXXVII 1%

Iso p r e n e  c o n v e r s io n  was 73%.

E x p t. P d / l5

Pd(PPhg)^ ( 0 .5  nM ole, 0 .5 7 7 8  g ) , iso p r e n e  ( 0 .5  M ole, 50 cm^), 

and m ethanol ( 0 .5  M ole, 2 0 .4  cm^) w ere h ea ted  fo r  24 h ours a t  8 5 ° .  

F r a c t io n a l  d i s t i l l a t i o n  o f  th e  p rod u ct y ie ld e d  ( i )  bp 3 5 -7 0 ° , iso p r e n e  

and m eth a n o l, 1 4 g ; ( i i )  bp 4 0 - 7 0 ° /4 mm , d im ers and te lo m e r s , 2 8 .3  g ;

( i i i )  P o t r e s id u e ,  h ig h e r  o lig o m e r s , 4 . 4 g . F r a c t io n  ( i i )  c o n s is t e d  o f  

12% t r i e n e s  and 88% e t h e r s .  The e th e r  d is t r ib u t io n  was :

XXXTV 60% XXXVIII 3%
XXXV 1% XXXIX 5%
XXXVI 26% XL 4%
XXXVII 1%

Iso p r e n e  c o n v e r s io n  to  d im ers and te lo m e r s  was 69%.

E x p t. P d /25

P d C lg /P cy g )^  ( 0 .5  nM ole, 0 ,3 6 8 7  g ) , sodium p h en ox id e ( 0 .5  nM ole, 

0 .0 5 8 0  g ) , is o p r e n e  ( 0 .5  M ole, 50 cm^), and m ethanol ( 0 .5  M ole, 2 0 .4  cm^) 

w ere h e a te d  fo r  24 h ou rs a t  8 5 ° . F r a c t io n a l  d i s t i l l a t i o n  y ie ld e d

( i )  bp 3 5 -7 0 ° , is o p r e n e  and m eth anol, 43 g ; ( i i )  bp 4 0 - 7 0 ° /4mm , d im ers

and te lo m e r s ,  3 . 6 4 g . F r a c t io n  ( i i )  co n ta in ed  84% e th e r s  and 16% t r i e n e s .

The d i s t r i b u t i o n  o f  e th e r s  was;

XXXIV 12% XXXVIII 1%

XXXV 2% XXXIX 196
XXXVI 67% XL 1%

XXXVII 16%

Iso p ren e  c o n v e r s io n  was 9%. 

E xp t. P d /31

TT—a lly lp a l la d iu m  c h lo r id e  dim er ( 0 .2 5  nM ole, 0 .0 9 1 4 8  g ) , sodium  

p h en o x id e  ( 0 .5  nM ole, 0 .0 5 8 0  g ) , tr ip h e n y lp h o sp h in e  ( 0 .5  nM ole, 0 .1 3 1 1  g ) ,
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is o p r e n e  ( 0 .5  M ole, 50 cm^) and m ethanol ( 0 .5  M ole, 2 0 .4  cm^) were h ea ted  

a t  85° fo r  24 h o u r s . D i s t i l l a t i o n  o f  th e  p rod u ct gave ( i )  hp 3 5 -7 0 ° ,  

is o p r e n e  and m eth an ol, 1 3 .5 g ; ( i i )  hp 4 5 - 7 5 ° /5 mm , d im ers and te lo m e r s ,  

3 1 .3 g ;  ( i i i )  p o t  r e s id u e ,  h ig h e r  o l ig o m e r s , 3 .5  g . F r a c t io n  ( i i )  con

s i s t e d  o f  33% t r i e n e s  and 67% e t h e r s .  The d is t r ib u t io n  o f  e th e r s  was : 

X m V  56% XXXVIII 2%
XXXV 6% XXXIX 6%
XXXVI 27% XL 2%
XXXVII 1%

Iso p ren e  c o n v e r s io n  to  d im ers and te lo m e r s  was 88%.

E x p t. P d /36

P d (a c a c ) 2  ( 0 .5  mMole, 0 .1 5 2 2  g ) , tr ip h e n y lp h o s p h ite  ( 0 .5  mMole, 

0 .1 5 5 1  g ) , iso p r e n e  ( 0 .5  M ole, 50 cm^) and m ethanol ( 0 .5  M ole, 2 0 .4  cm^) 

w ere h ea te d  a t  85° fo r  24 h o u rs. The p rod u ct was d i s t i l l e d  to  g iv e  :

( i )  bp 3 5 -7 0 ° ,  iso p r e n e  and m ethanol, 1 5 g  ; ( i i )  bp 4 5 -7 5 ° /5  mm, d im ers  

and te lo m e r s  3 1 .3  g . F r a c t io n  ( i i )  c o n s is t e d  o f  62% t r ie n e s  and 38%

e t h e r s .  The e th e r  d is t r ib u t io n  was ;

XXXTV 51% XXXVIII
XXXXV 3% XXXIX
XXXVI 40% XL 1%
XXXVII 5%

Iso p ren e  c o n v e r s io n  was 84%.

E x p t. P d /37

P d (a ca c ) 2  ( 0 .5  mMole, 0 .1 5 2 2  g ) ,  tr ip h e n y lp h o sp h in e  ( 0 .5  mMole, 

0 .1 3 1 1  g ) ,  iso p r e n e  ( 0 . 5 M ole, 50 cm^), and m ethanol ( 0 . 5 M ole, 2 0 .4  cm3) 

were h e a te d  a t  85° fo r  24 h o u r s . D i s t i l l a t i o n  gave ( i )  bp 35-70° ,

is o p r e n e  and m eth an o l, 1 5 .2 g  ; ( i i )  bp 4 5 -7 5 ° /5  ram, d im ers and te lo m e r s ,  

3 1 .5 g  . F r a c t io n  ( i i )  c o n s is te d  o f  59% t r ie n e s  and 41% e t h e r s .  The

o th e r  d i s t r i b u t i o n  was :
XXXIV 52% XXXVIII -
XXXV 4% XXXIX 6%

XXXVI 34% XL -

XXXVI\ 4%

1 Bf » Jt • t'l Mi «'r O i »MI WMB 84^.
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6 . 2 , 3  T é lo m é r is a t io n  o f  I so p ren e  w ith  o th e r  A lc o h o ls  

E xp t. P d / l6  -  E th an ol

Pd(PPhj^)^ ( 0 .5  nM ole, 0 .5 7 7 8  g ) , iso p r e n e  ( 0 .5  M ole, 50 cm^) and 

e th a n o l ( 0 .5  M ole, 2 9 .2  cm^) were h ea ted  a t  85° fo r  24 h o u r s . The p ro d u ct  

was d i s t i l l e d  to  y i e l d  ( i )  bp 3 5 ° , is o p r e n e , 1 3 g  ; ( i i )  bp 7 7 -8 0 ° ,

e th a n o l,  1 8 .5  g ; ( i i i )  bp 4 3 -8 0 ° /4 .  2 6 mm , d im ers and b e lo m er s , 1 7 .8  g .

F r a c t io n  ( i i i )  c o n s is t e d  o f  21% t r ie n e s  and 79% e th y l  e t h e r s .  The two 

m ajor p ro d u c ts  were i s o la t e d  by p r e p a r a t iv e  g l c  (Column A, 1 6 5 ° , 60 m l/m in .) , 

and w ere i d e n t i f i e d  as th e  t r ie n e  XLI and th e  e th e r  XLII; th e  l a t t e r  con

s t i t u t e d  80% o f  th e  e th e r s  form ed. I so p ren e  c o n v e r s io n  was 44%.

E x p t. P d /22 -  n -P ropano1

PdC lg/P P hg)^  ( 0 .5  nM ole, 0 .3 5 0 9  g ) , sodium  p h en ox id e ( 0 .5  nM ole, 

0 .0 5 8 0  g ) , iso p r e n e  ( 0 .5  M ole, 50 cm^) and n -p rop an o l ( 0 .5  M ole, 1 9 .3  cm3) 

w ere h ea te d  a t  85° fo r  24 h o u r s . D i s t i l l a t i o n  o f  th e  p ro d u ct gave  

( i )  bp 3 5 ° , iso p r e n e  2 2 g , ( i i )  bp 9 6 -9 8 ° , n -p ro p a n o l, 28 g; ( i i i )  

bp 4 5 - 9 5 ° /4 .2 5  mm, d im ers and te lo m e r s , 9 .5  g .  F r a c t io n  ( i i i )  co n ta in ed  

73% t r i e n e s  and 27% n -p ro p y l e t h e r s .  The m ajor t r ie n e  was i d e n t i f i e d  a s  

XLI b y  com parison o f  r e t e n t io n  tim e w ith  an a u th e n t ic  san ç)le . XLI c o n s t i 

tu te d  > 85% o f  th e  t r i e n e s  form ed. The major n -p ro p y l e th e r  was n o t  

i s o l a t e d  b u t was assumed to  be th e  n -p ro p y l an a logu e o f  X LII.

E x p t. P d /24 -  iso -P r o p a n o l

PdC l2 (PPhg) 2  ( 0 .5  nM ole, 0 .3 5 0 9  g ) ,  sodium  p h en ox id e ( 0 .5  nM ole,

0 .0 5 8 0  g ) ,  iso p r e n e  ( 0 . 5 M ole, 50 cm^) and iso -p r o p a n o l ( 0 . 5 M ole, 1 9 .1  cm3)

w ere h e a te d  a t  85° fo r  24 h o u r s . A n a ly s is  o f  th e  p rod u ct by g lc  showed

t h a t  sm all amounts o f  c y c l i c  d im ers w ere th e  o n ly  p r o d u c ts .
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E x p t. Pd/ 2 3  -  t -B u ta n o l

(0*25  nM ole, 0 ,1 7 5 5  g ) , sodium p h en o x id e  ( 0 .2 5  nM ole, 

0 .0 0 7 9  g ) ,  iso p r e n e  (O .25 M ole, 25 cm^) and t -b u ta n o l  ( 0 .2 5  M ole, 2 3 .6  cm^) 

w ere h e a te d  fo r  24 h ours a t  8 5 ° .  No p ro d u c ts  were o b ta in e d  o th e r  th a n  

th er m a lly -fo rm ed  d im ers.

6 . 2 . 4  I so p ren e -P h e n o l T é lo m é r isa t io n s  

E x p t. Pd/ 2 6

^^^^2^^^^3^2 nM ole, 0 .0 7 0 2  g ) , sodium p h en ox id e (O .l  nM ole,

0 .0 1 1 6  g ) , is o p r e n e  ( 0 .3  M ole, 30 cm^), p henol (O .l  M ole, 9 .4  g ) and b enzene

(20  cm^) w ere k ep t a t  25° fo r  24 h o u rs, G lc a n a ly s i s  showed t r a c e s  o f  th e

p h en y l e th e r  XXIV a s  th e  o n ly  p ro d u c t.

E x p t. Pd/ 2 7

PdC l2 (PPhg) 2 ( 0 . 1  M ole, 0 .0 7 0 2  g ) , sodium p h en ox id e (O .l  nM ole,

0 .0 1 1 6  g ) , is o p r e n e  ( 0 .3  M ole, 30 cm^), p h en o l (O .l  M ole, 9 .4  g) and 

b en zen e (20  cm^) were h ea ted  a t  85° fo r  24 h o u r s . The c o n v e r s io n  o f  

p h en o l was e s t im a te d  by a n a ly t ic a l  g l c  , u s in g  stan d ard  s o lu t io n s  o f  p henol 

in  b en zen e , a s  a p p ro x im a te ly  40%. A n a ly t ic a l  g l c  a ls o  gave th e  p rod u ct  

d is t r i b u t i o n  a s  27% t r ie n e s  and 73% p henyl e t h e r s .  The d i s t r ib u t io n  o f

th e  e th e r s  was found to  be :

XXIV 63% XXVII 1%
XXV 12% XXVIII 3%
XXVI 21%

In  o rd er  to  se p a r a te  th e s e  e th e r s ,  b o th  fo r  t h e i r  q u a n t is a t io n ,  and fo r  

t h e i r  c h a r a c t e r is a t io n .  Column B was used  (1 8 5 ° , 120 cm /m in .) ,  a s  th e  two 

e th e r s  XXV and XXVI w ere in s e p a r a b le  on Column A.

E x p t. P d /28

(n-C^H ^)2Pd2Cl^ (0 .0 5  mMole, 0 .0 1 8 3  g ) ,  sodium p h en oxid e (O .l  mMole, 

0 .0 1 1 6  g ) ,  iso p r e n e  ( 0 .3  M ole, 30 cm^), phenol (O .l M ole, 9 .4  g ) and b en zene  

(20 em^) werr k ep i n i  0° Inr 24 hoiifH. Snmc’ (hcnm^inHition to  m e t a l l i c
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p a lla d iu m  o c c u r r e d . G lc a n a ly s i s  r e v e a le d  no p rod u ct o th e r  th an  t r a c e s  

o f  XXIV.

E x p t. P d / 29

(TT-CjjBg) 2  PdgCl^ ( 0 .0 5  mMole, 0 .0 1 8 3  g ) , sodium  p h en ox id e  

(o . l  nM ole, 0 .0 1 1 6  g ) ,  iso p r e n e  ( 0 .3  M ole, 30 cm^), p h en ol (O .l  M ole, 9 .4  g )  

and b en zen e (2 0  cm^) were k ep t a t  25° fo r  24 h o u r s . No p ro d u c ts  o th e r  th an  

t r a c e s  o f  XXIV w ere found by a n a ly t i c a l  g l c  , and c o n s id e r a b le  decom posi^  

t i o n  to  p a lla d iu m  m etal o ccu rred .

E x p t. P d /3 2

(n -C ^ ^ ) 2 F&2^^2 (0^05 nM ole, 0 .0 1 8 3  g ) ,  sodium p h en o x id e

(o . l  nM ole, 0 .0 1 1 6  g ) , tr ip h e n y lp h o sp h in e  (O .l  nM ole, 0 .0 2 6 2  g ) , iso p r e n e  

( 0 .3  M ole, 30 cm^), p henol (O .l  M ole, 9 .4  g) and b en zen e (2 0  cm^) w ere  

h e a te d  a t  85° fo r  24 h o u rs. Phenol c o n v er s io n  was e s t im a te d  a s  86%, and 

th e  p ro d u ct was conposed o f  18% t r ie n e s  and 82% p h en yl e t h e r s .  The d i s t r i 

b u t io n  o f  th e  p h en y l e th e r s  was ;

XXIV 33% XXVII 4.5%

XXV 6% XXVIII 7.5%

XXVI 49%

E x p t. P d / 34

(iT -C ^^) gP^2^^2 (9 .0 5  nM ole, 0 .0 1 8 3  g ) ,  sodium  p h en oxid e

(o. l  nM ole, 0 .0 1 1 6  g ) , tr ih u ty lp h o s p h in e  (O .l  nM ole, 0 ,0 2 0 2  g ) , iso p r e n e  

( 0 .3  M ole, 30 cm^), p henol (O .l  M ole, 9 .4  g ) and b en zen e (20 cm3) w ere 

h e a te d  a t  85° fo r  24 h o u rs . Phenol c o n v er s io n  was e s t im a te d  a t  69%, th e  

d im e r ic  f r a c t io n  b e in g  conposed o f  6% t r ie n e s  and 94% p henyl e t h e r s .

The e th e r  d i s t r ib u t io n  was ;

XXIV 74.5% XXVII 0.5%

XXV 15% XXVIII 3%

XXVI 7% .
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E xpt. P d /41

PdC l2 (PBUy) 2  (o. l  nM ole, 0 .0 5 8 1  g ) , sodium p h en ox id e (O .l  nM ole, 

0 .0 1 1 6  g ) ,  iso p r e n e  ( 0 .3  M ole, 30 cm^), p h en o l (O .l  M ole, 9 .4  g) and 

b en zen e (2 0  cm^) were h ea ted  a t  85° fo r  24 h o u r s . No p ro d u c ts  w ere 

o b serv ed  o th e r  th an  t r a c e s  o f  XXIV.

E x p t. P d /4 3

PdC l2 (P cy 3 ) 2  (O .l  nMole, 0 .0 7 3 7  g ) , sodium p h en ox id e  (O .l  nM ole, 

0 .0 1 1 6  g ) ,  iso p r e n e  ( 0 . 3 M ole, 30 cm^), p henol (O .l  M ole, 9 . 4  g) and 

b en zen e (2 0  cm^) were h ea ted  a t  85° fo r  24 h o u rs. P henol c o n v e r s io n  was 

20%; th e  p ro d u ct was e x c lu s iv e ly  p henyl iso p r en e -d im er  e th e r s  in  th e  

p r o p o r t io n s  shown ;

x n v  87% XXVII
XXV -  XXVIII
XXVI 13%

E x p t. P d /44

^^2^^4^^^^3^2 (9*95  nM ole, 0 .0 4 4 0  g ) , sodium  p h en ox id e  (O .l  nM ole,

0 .0 1 1 6  g ) , iso p r e n e  ( 0 .3  M ole, 30 cm^) phenol (O .l  M ole, 9 ,4  g) and 

b en zen e (20  cm^) w ere h ea ted  a t  85° fo r  24 h o u r s . No p ro d u c ts  were 

o b ta in ed ?

6 .2 .5  Iso p ren e-W a ter  T é lo m é r isa tio n  

E x p t. P d /38

For t h i s  r e a c t io n  a 400 ml a u to c la v e , f i t t e d  w ith  T e flo n  l i n e r  

and s t i r r e r ,  was u se d . P d (a ca c) 2  ( l  nM ole, 0 .3 0 4 6  g ) , tr ip h e n y lp h o sp h in e  

(3  nM ole, 0 .7 8 6 9  g ) , iso p r e n e  (2  M ole, 200 cm^), w ater  (2  M ole, 36 cm^) 

and a c e to n e  (lOO cm^) were p la c e d  in  th e  a u to c la v e . A fte r  t ig h te n in g  down 

th e  a u to c la v e  head , carbon d io x id e  was ad m itted  to  a p r e s su r e  o f  a p p ro x i

m a te ly  50 p s i ,  and th e  a u to c la v e  was h ea ted  a t  9 ^  fo r  18 h o u r s . G lc 

a n a ly s i s  o f  th e  p rod u ct showed th e  p rese n c e  o f  sm all amounts o f  p ro d u c t. 

F r a c t io n a l  d i s t i l l a t i o n  y ie ld e d  8 g o f  d im er ic  f r a c t io n  (bp 3 5 -9 5 ° / 3  mm),
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c o n s i s t in g  o f  9 2% t r ie n e s  and 8% a lc o h o l s .  The th r e e  a lc o h o l  p eak s w ere  

sep a r a te d  by p r e p a r a t iv e  g lc  ; (Column A, 1 6 0 ° , 120 m l/m in .) ;  th e  m ajor 

p ro d u ct (63%) was n o t i d e n t i f i e d ,  s in c e  i t s  nmr spectrum  co u ld  n o t  be  

in t e r p r e te d ;  th e  two minor p ro d u c ts  were i d e n t i f i e d  a s  t a i l - t o ^ t a i l  

d im ers , LXVIII (28%) and LXIX 9%, A ll  th r e e  compounds had a p a ren t io n  

m+/e 154 in  th e  mass spectrum , co rresp o n d in g  to  ^^QH^gO.

6 ,2 ,6  O ther P a lla d iu m ^ C a ta ly sed  R e a c tio n s  

E x p t. P d /18a

P dC lg/PP hg)^ ( 0 .5  nMole, 0 .3 5 0 9  g ) , sodium p h en o x id e  ( 0 .5  nM ole, 

0 .0 5 8 0  g ) , m ethanol ( l 5  cm^) and a m ixtu re o f  m ethyl iso p r e n e -d im e r  e th e r  

o b ta in e d  from E x p t. Pd/lO  (6  cm^) w ere h ea ted  a t  85° fo r  24 h o u r s . The 

r a t io s  o f  th e  v a r io u s  e th e r s  were th en  re-m easu red  by a n a ly t i c a l  g l c  .

The r e s u l t s  w ere ( o r ig in a l  v a lu e s  in  p a r e n th e s is )  :

XXXIV 17% (17%) XXXVIII 1% ( 196)
XXXV p% (<1%) XXXIX 2% (2%)

XXXVI 70% (70%) XL 1% (<1%)

XXXVII 9% (9%)

E x p t. P d /l8 b

PdC lg/P P hg)^  ( 0 .5  nMole, 0 .3 5 0 9  g ) , sodium p h en ox id e  ( 0 .5  nM ole, 

0 .0 5 8 0  g ) ,  m ethanol ( l 5  cm^) and a m ixtu re o f  m ethyl iso p r en e -d im er  e th e r  

from E x p t. P d / l5  w ere h ea ted  a t  85° fo r  24 h o u rs . The r a t io  o f  th e  

v a r io u s  e th e r s  w ere th en  re-m easured  by g l c  . The r e s u l t s  were ( o r ig in a l  

v a lu e s  in  p a r e n th e s is )  :

XXXIV 60% (60%) XXXVIII 3% ( 2#)

XXXV 2% ( 19 )̂ XXXIX 5% ( 4# )

XXXVI 25% (27%) XL 3% ( 3#)

XXXVII 2% (3%)

E xp t. P d / l8 c

T h is  exp erim en t was perform ed e x a c t ly  a s  in  E xpt. P d /1 8 b , ex c ep t  

Ihni benzene (15  (ui^) was used as s o lv e n t .  R esu lt s w ere:

-  85 -



X m V  61% (60%) XXXVIII 2% (2%)

XXXV 2% (1%) XXXIX 4% (4%)

XXXVI 27% (27%) XL 3% (3%)

XXXVII 1% (3%)

E x p t. P d / l9

(iT-CgHg) gPd^Clg ( 0 .0 5  mMole, 0 .0 1 8 3  g ) , sodium  p h en ox id e (O .l  nM ole, 

0 ,0 1 1 6  g ) and a m ix tu re o f  p henyl iso p r en e -d im er  e th e r s  (O .l  M ole, 2 .3  g) 

w ere h e a te d  to  100° a t  0 .1  mm Hg, Phenyl and t r ie n e s  d i s t i l l e d  in to  a co ld  

tr a p  a s  th e y  w ere form ed. The y i e ld  was =“94%. The t r ie n e s  were sep ar

a te d  by p r e p a r a t iv e  g l c  (colum n A, 9 0 ° , 100 cm^/min) and c h a r a c te r is e d  a s

XXIV 05%

XXV 5%

XXVI 9%

XXVII 9%

i was ;

XXIX 70%

XXX 3%

XXXI 9%

XXXII 8%

XXXIII 8%
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6 .3  EXPERIMENTAL DETAILS FOR CHAPTER IV

6 . 3 .1  P r e p a r a tio n  o f  N ic k e l Complexes 

N iC lgÇ P cygig

A su sp e n s io n  o f  anhydrous n ic k e l  c h lo r id e  (0 .0 2 5  M ole, 2 .9 4  g ) in  

e th a n o l (250  cm^) was tr e a te d  w ith  t r i c y c lo h ex y lp h o sp h in e  (0 .0 7 5  M ole, 21 g )  

A fte r  r e f lu x in g  fo r  fo u r  hours th e  re d -p u r p le  p r e c ip i t a t e  was f i l t e r e d  o f f ,  

washed w ith  w a ter  (2 X 5 0  cm f), e th a n o l (2 X 2 5  cm^) and e th e r  (2 5  cm^), and 

d r ie d  und er vacuum. Y ie ld  was 1 4 .8 3  g (86%),

N i(H )C l(P c y g )2

T h is  co n p le x  was p rep ared  by th e  l i t e r a t u r e  m ethod^ ® ® ). Y ie ld  

was (43% ). The in fr a r e d  spectrum  o f  th e  p ro d u ct (N u jo l m u ll) had a band  

a t  1918 cm  ̂ ( l i t .  1916 cm” ^) a s s ig n a b le  to  th e  Ni-H  s t r e t c h .

N i(H )(m ^ ) (P c y g )2

T h is  c o n ç le x  was prepared  by th e  l i t e r a t u r e  m ethod^^^^). The 

y i e l d  was 90%. The co n p lex  had m .p. 120-125P (d ) ( l i t ^ ^ ^ l2 1 - 1 2 6 ° ( d ) ) ;  

th e  in fr a r e d  spectrum  (n u jo l m u ll) had a band a t  1920 cm*" ,̂ a s s ig n a b le  to  

th e  N i-H  s t r e t c h .

Ni(Œ Ï2=CHCN)2

The co n p lex  was p repared  by th e  l i t e r a t u r e  Method^^^®^ from n ic k e l  

t e tr a c a r b o n y l and a c r y l o n i t r i l e .  The y i e l d  was 84%, The compound was 

p y ro p h o r ic  in  a i r ,  and was p rep a red , s to r e d  and u sed  under n it r o g e n .

N i[P (O P h )g]^

The c o n ç le x  was prepared  from Ni(NOg)g.OH^O and tr ip h e n y lp h o s p h ite  

b y th e  l i t e r a t u r e  method^^^^^. The y i e l d  o f  crude p ro d u ct was 88%; i t  

was r e c r y s t a l l i s e d  by d is s o lu t io n  in  th e  minimum volum e o f  b en zen e fo llo w e d  

by d ro p -w ise  a d d it io n  o f  m ethnnol. I t  was s ta b le  fo r  lo n g  p e r io d s  when
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s to r e d  in  a sto p p ered  f la s k ;  on exp osu re to  a i r  i t  s lo w ly  tu rn ed  p a le  

g r e e n .

N i[P (O E t)g ]^

T h is  c o n ç le x  was prepared  from NiCl^.GH^O and t r i e t h y l  p h o sp h ite  

b y  a l i t e r a t u r e  method^^^^). Y ie ld  was 40%. The w h ite  c r y s t a l s  w ere 

s lo w ly  o x id is e d  in  a i r ,  b u t were a p p a r en tly  s ta b le  fo r  lo n g  p e r io d s  in  a 

sto p p ered  f l a s k .

N i(a c a c )2

The l i t e r a t u r e  method was used^^^^). The crude p ro d u ct was p u r i f ie d  

b y  vacuum su b lim a tio n  a t  1 9 0 ° .

6 . 3 . 2  P r e p a r a tio n  o f  p h e n y ld i(iso p r o p o x y )p h o sp h in e  

P h en y ld i( iso p r o p o x y )p h o sp h in e  was prep ared  from iso p r o p a n o l and

d ic h lo r o p h en y lp h o sp h in e  by th e  l i t e r a t u r e  m ethod^^^^\ The y i e l d  was 

79%.

6 . 3 .3  N ic k e l-C a ta ly s e d  R e a c tio n s  
Isop ren e-M eth an o l T é lo m é r isa tio n s

E x p t. N i / 21

N i(H )(B H ^ )(P cyg)^  (O .5 nM ole, 0 .3 1 7 6  g ) , iso p r e n e  ( 0 .5  M ole,

50 cm^) and m ethanol ( 0 .5  M ole, 2 0 .4  cm^) were h ea te d  a t  85° fo r  24 h o u rs .  

F r a c t io n a l  d i s t i l l a t i o n  o f  th e  p rod u ct y ie ld e d  ( i )  bp 3 5 ° , is o p r e n e , 28 g;

( i i )  bp 6 7 -6 8 ° m eth anol, 1 5 .5  g; ( i i i )  bp 4 0 -5 0 ° /5 m m , d im ers, 2 .2  g .

The d im ers c o n s is t e d  s o l e l y  o f  t r ie n e s ;  no m ethyl e th e r s  w ere o b ta in e d .

The t r i e n e s  were sep a ra ted  by  p r e p a r a t iv e  g lc  (Column A, 1 0 5 °C, 80 cm V m in .)  

and i d e n t i f i e d  by  nmr and in fr a r e d  s p e c tr a .  The p r o p o r t io n s  o f  th e  

t r i e n e s  were found by g l c  to  be ;

XXIX 13% XXXII 18%

XXX 27% XLI 9%

XXXI 17% XLV 16%
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E xpt. N i / 22

N i(H )C l(P cy g ) 2  ( 0 .5  nM ole, 0 .3 2 8 0  g ) ,  iso p r e n e  ( 0 .5  M ole, 50 cm^) 

amd m ethanol ( 0 .5  M ole, 2 0 .4  cm^) were h ea te d  a t  8 ^  fo r  24 h o u r s . G lc  

a n a ly s i s  r e v e a le d  no p ro d u c ts  o th e r  than  a sm all amount o f  th e  th e r m a lly -  

formed cy c lo d im er  XLV.

E x p t. N i / 27

^CHgCELzCN) 2 (0 .5 9 2  nM ole, 0 .0 9 7 6  g) , tr ih u ty lp h o s p h in e

( 0 .5 9 2  mMole, 0 .1 1 9 8  g ) , iso p r e n e  ( 0 .5  M ole, 50 cm^) and m ethanol ( 0 ,5  M ole,

2 0 .4  cm^) w ere h ea te d  a t  85° fo r  24 h o u rs . D i s t i l l a t i o n  y ie ld e d  th r e e  

f r a c t io n s ;  ( i )  hp 35° is o p r e n e , 24 g; ( i i )  hp 68° m ethanol 15 g; ( i i i )  

bp 4 0 -5 0 ° /5  mm, d im ers, 6 .0  g . The d im ers were c h a r a c te r is e d  by c o n p a r i-  

son o f  t h e i r  K ov^ts I n d ic e s  w ith  th e  p ro d u c ts  o f  E xp t. N i / 28. The p ro d u ct  

d is t r i b u t i o n  was (b y  a n a ly t i c a l  g l c  , u s in g  th e  e le c t r o n ic  in t e g r a t o r )  :

K ovjits In dex  K ov^ts In dex

XXX 29% 1149 X LIII 6% 1183

XXXI 23% 1131 XLV 16% 1202

XXXII 9% 1126 U n id e n ti 6%

XLI 11% 1187
f ie d

‘ c o n v e r s io n  was 18%.

Exp. N i / 28

Ni/CH CH = CN)  ̂ ( 0 .7 4  nM ole, 0 .1 2 2 4  g ) ,  t r ip h e n y lp h o s p h in e
2 2

( 0 .7 4  nM ole, 0 .1 9 4 3  g ) , iso p r e n e  ( 0 , 5 M ole, 50 cm^) and m ethanol ( 0 .5  M ole

2 0 ,4  cm^) w ere h ea te d  a t  85° fo r  24 h o u rs . F r a c t io n a l  d i s t i l l a t i o n

y ie ld e d  ( i )  bp 3 5 ° , is o p r e n e , 26 g; ( i i )  bp 67-68° m eth anol, 1 5 .1  g;

( i i i )  bp 4 0 -5 0 ° /4  mm, d im ers, 5 .0  g . The d im ers were sep a ra ted  by

p r e p a r a t iv e  g l c  (Column A, 9 0 ° , 80 m l/m in) and c h a r a c te r is e d  by  nm r, and

in fr a r e d  s p e c tr a .  T h eir  p r o p o r t io n s  and K ov^ts I n d ic e s  w e re ;

K ov^ts Index K ov^ts Index

I I I  12% 1148 XLIII 11% 1183
XXXI 19% 1130 XIjIV 14% 1211
XXXIJ 11% 1125 XLV 12%, 1202
XLI 14% 1187 u n id e n t i -  7%

f ie d
Iso p ren e  c o n v e r s io n  was 15%. _ g9 -



E xp t. N i / 29

^(GHgCHz: CN)^ (0 .8 2 5  nM ole, 0 .1 3 6 0  g ) , P(O Et)^ (0 .8 2 5  nM ole, 

0 .1 3 7 1  g ) ,  iso p r e n e  (O .5 M ole, 50 cm^) and m ethanol (O .5 M ole, 2 0 .4  cm^) 

w ere h e a te d  a t  85° fo r  24 h o u rs . D i s t i l l a t i o n  o f  th e  p ro d u ct gave ( i )  

hp 3 5 ° , iso p r e n e  30 g; ( i i )  bp 6 8 ° , m ethanol 1 5 .5  g; ( i i i )  bp 

4 0 -5 1 ° /5m m  , d im ers 1 .2  g . The d im ers w ere i d e n t i f i e d  b y  t h e i r  K ov^ts 

I n d ic e s  a s  :

K ov^ts Index

XXIX 2% 1099 XLI

XXX 2% 1148 X LIII

XXXI 2% 1129 XLIv

K ov^ts In d ex

21%

20j-

14%

XXXII 1% 1124 XLV
u n id e n t i f ie d 10%

1187

1183

1210

1202

Iso p ren e  c o n v e r s io n  was o n ly  3.4%.

E x p t. N i/3 1

Anhydrous n ic k e l  c h lo r id e  ( 0 .5  nM ole, 0 .0 6 4 6  g ) ,  p h en y ld iso p r o p o x y -  

p h o sp h in e  (0 .7 5  nM ole, 0 .1 7 0 0  g ) , sodium b oroh yd rid e  (O .l  nM ole, 0 .0 0 4 3  g )  

is o p r e n e  ( 0 .5  M ole, 50 cm^) and m ethanol ( 0 .5  M ole, 2 0 .4  cm^) w ere h ea ted  

a t  85° fo r  25 h o u r s . G lc a n a ly s i s  showed no p ro d u c ts  o th e r  th an  sm all

amounts o f  therm al d im ers.

E x p t. N i /3 2

N ila c a c )^  ( l , 0  nMole, 0 .2 6 2 1  g ) , PhP(0^P r)2 ( 1 .5  nM ole, 0 .3 3 8 8  g ) , 

sodium  b o ro h y d rid e  (0 .0 1 6  g ) , iso p r e n e  (O .2 M ole, 20 cm^) and m ethanol 

( l .O  M ole, 4 0 .8  cm^) were h ea ted  a t  85° fo r  24 h o u r s . The main p ro d u c ts  

w ere m ethyl isoprene-m onom er o th e r s ,  b ut v e r y  sm all amounts o f  t r i e n e s  and 

m ethyl iso p r e n e -d im e r  e th e r s  w ere a ls o  o b ta in e d . The p r o p o r t io n s  o f  th e  

d im ers o b ta in e d  were :
K ov^ts in d ex

XXIX 33% 1099

XXX 11% 1148

XLI 3% 1188

XLV 53% 1201
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The K ov^ts I n d ic e s  o f  th e  th r e e  m ethyl e th e r s  formed w ere 1302,

1338 and 1364 . T h e ir  mass sp e c tr a  a l l  had a p a ren t io n  a t  m+/e 168 a s  

r e q u ir e d  fo r  h u t w ere d i f f e r e n t  from th e  mass s p e c tr a  o f  th e

m ethyl e th e r s  o b ta in e d  by p a lla d iu m  c a ta ly s e d  t é lo m é r is a t io n .  B ecause o f  

th e  sm all amounts a v a i la b le ,  th e y  w ere n o t in v e s t ig a t e d  fu r th e r .

6 . 3 . 4  I so p ren e -P h e n o l T é lo m é r isa t io n  

E x p t. N i / 34

N i[P (0 E t )g ]^  ( l .O  nM ole, 0 .7 2 3 3  g ) , iso p r e n e  ( 0 ,5  M ole, 5 .0  cm^),

and p h en o l (O .l  M ole, 9 .4  g ) w ere h ea te d  a t  85° fo r  24 h o u r s . The p henol

c o n v e r s io n  was e s t im a te d  a t  10% by th e  u se  o f  stan d ard  p h en o l s o lu t io n s

and a n a ly t i c a l  g l c  . The p ro d u ct p eak s w ere a s s ig n e d  b y  com parison o f

t h e i r  r e t e n t io n  t im e s  w ith  th o s e  o f  th e  p ro d u c ts  o f  E xp t. N i / 3 5 . The

p r o p o r t io n s  o f  th e  p ro d u c ts  were m easured b y  a n a ly t i c a l  g l c  w ith  th e

e l e c t r o n ic  in t e g r a t o r ;  th e y  w ere ;

XLVI 56% XLIX 9%

XLVII 3% L 17%
XLVIII 7%

E x p t. N i/3 5

N i[P (O P h )g]^  ( 1 .0  mMole, 1 .3 0 0 0  g ) , iso p r e n e  ( 0 .5  M ole, 50 cm^)

and p h en o l (O .l  M ole, 9 .4  g ) w ere h ea ted  a t  85° fo r  24 h o u r s . G lc a n a ly s i s

o f  th e  p ro d u ct showed s e v e r a l  p ea k s , and a p henol co n v er s io n  o f  45%. The

p ro d u ct was th en  washed w ith  4N NaOH (3 X 2 0  cm^) to  remove p h e n o l, washed

w ith  d i s t i l l e d  w a ter  ( 3 X 15 cm^) and d r ie d  o v er  anhydrous magnesium su lp h a te .

D i s t i l l a t i o n  y ie ld e d  ( i )  bp 35° iso p r e n e ;  ( i i )  bp 6 3 - 7 9 ° /7.5mm , phenyl

isoprene-m onoflfiep-ethers, 6 .7  g ; ( i i i )  bp 9 6 -1 0 0 ° /0 .1  mm , p henyl iso p r en e

dim er 0 .9  g . F r a c t io n s  ( i i )  and ( i i i )  were sep a ra ted  by  p r e p a r a t iv e  g l c  .

(Column A, 170° fo r  f r a c t io n  ( i i ) ,  210° fo r  f r a c t io n  ( i i i ) ,  140 cm ^ /m in .),

and i d e n t i f i e d  by  nmi* and i r  s p e c tr a .  G lc a n a ly s is  o f  th e  conqplete

r e a c t io n  m ix tu re gave th (‘ fo l lo w in g  r e s u l t  :

XLVI 64% XXVI 2%
XLVT.I 4%  XX IV  5%.
x ï . v i i i  0 % I.
XLlX 14%.
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6 .4  EXPERIMENTAL DETAILS FOR CHAPTER V

6 . 4 .1  P re p a r a tio n  o f  Rhodium Complexes 

R h(C l(P P hy)g

Rhodium c h lo r id e  (RhCl^.nH^O) (lO  nM ole, 2 .6 3  g ) was r e f lu x e d  

w ith  e x c e s s  tr ip h e n y lp h o sp h in e  (60 mMole, 1 5 .7 4  g) in  e th a n o l (250  cm^) 

fo r  th r e e  h o u r s . The re d -p u r p le  c r y s t a l s  w ere f i l t e r e d  o f f  and washed  

w ith  e th a n o l ( 3 X 2 5  cm^) and e th e r  (2 X 2 5  cm^). They were d r ie d  in  vacuo  

Y ie ld  was 8 .4 1  g (92%).

T h is  com plex was prepared  by th e  l i t e r a t u r e  method^^^^^. The 

y i e l d  was 2 .8 5  g (78%).

«h(nbd)g(B F ^)

A sam ple o f  t h i s  com plex was su p p lie d  by Dr P . P o w e ll .

6 . 4 . 2  Isop ren e-M eth an o l R e a c tio n s  

E x p t. R h /2

RhCl(PPh ) ( 0 .5  nM ole, 0 .4 6 2 5  g ) , sodium  b oroh yd rid e  ( 0 .5  nM ole,

0 .0 1 9  g ) , iso p r e n e  ( 0 .5  M ole, 50 cm^) and m ethanol ( 0 .5  M ole, 2 0 .4  cm3) 

w ere h e a te d  a t  85° fo r  24 h o u rs. On c o o l in g ,  th e  r e a c t io n  m ixtu re  

d e p o s it e d  y e l lo w  c r y s t a l s  whose m e lt in g  p o in t  (2 0 9 ° (d ) ) (^ ^ ^ ) ,  in fr a r e d  

spectrum ^^^^^(strong band a t  1960 cm“ ^) and m ic r o a n a ly s is  confirm ed th a t  t  

th e  com plex Rh(C0)Cl(PPh^)^ had b een  form ed.

C H Cl

C a lc u la te d  fo r  C ^^^ qO Cl P^Rh : , 6 4 .2 6  4 .3 7  5 .1 3  ,

F ound: 6 4 .0 2  4 .5 1  5 .0 7

G lc a n a ly s i s  o f  th e  r e a c t io n  m ix tu re d id  n o t in d ic a t e  th e  form ation  o f  any

is o p r e n e  o lig o m e r s .

E x p t. R h /10

RhCl„.3H 0 ( 0 .5  nMole, 0 .1 3 4 6  g ) , sodium p henoxid e ( 2 .5  nMole,

0 . 2900 g ) ,  iso p r e n e  ( 0 .5  M ole, 50 cm3) and m ethanol ( 0 .2  M ole, 8 .2  cm3)
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w ere h e a te d  a t  85° fo r  24 h o u r s . Some d e c o n p o s it io n  o cc u r red , g iv in g  a 

rhodium m irror on th e  w a l ls  o f  th e  a n p o u le . F r a c t io n a t io n  o f  th e  p ro

d u c t gave 1 .7  g o f  d im ers (bp 4 5 -5 0 ° /5  mm) . They were sep a ra ted  by  

p r e p a r a t iv e  g l c  (Column A, 115° C, 60 cm ^m in. ) and i d e n t i f i e d  by nmr and 

i r  s p e c tr a  a s  XLV 30% and LI 70% . The main p ro d u c ts  o f  th e  r e a c t io n ,  

how ever, w ere low  b o i l in g  compounds w hich  w ere n o t in v e s t ig a t e d ,  b u t w hich  

were p resu m ab ly  m ethyl isoprene-m onom er e t h e r s .  I so p ren e  c o n v e r s io n  to  

LI was o n ly  3.5% .

6 . 4 ,3  I so p ren e -P h e n o l R e a c tio n s  

E x p t. Rh/6

RhCl(PPh^)g ( 0 .5  nM ole, 0 .4 6 2 6  g ) , sodium  p h en o x id e  ( 0 .5  mMole,

0 .0 5 8 0  g) , iso p r e n e  (O .l  M ole, 10 cm^), p h en ol ( 0 .2  M ole, 1 8 .8  g ) and

b en zen e (3 5  cm^) w ere h ea ted  a t  85° fo r  24 h o u rs . At th e  end o f  th e

r e a c t io n  th e  s o lu t io n  was p a le  y e llo w ; on exposure to  a i r  i t  g r a d u a lly

tu rn ed  r e d . G lc a n a ly s i s  showed th e  p r e se n c e  o f  fo u r  main p ea k s , and a

p h en o l c o n v e r s io n  o f  17% ( i . e .  an iso p r e n e  co n v er s io n  o f  ~  35% s in c e

a lm o st a l l  th e  p ro d u ct was composed o f  1 :1  ad d u cts o f  p henol and is o p r e n e ) .

F r a c t io n a l  d i s t i l l a t i o n  o f  th e  p rod u ct y ie ld e d  ( i )  bp 3 5 -8 0 ° , iso p r e n e

and b en zen e , ( i i )  bp 70-72P /l0m m  p h e n o l, 1 2 . 0 5 g ,  ( i i i )  bp 5 7 - 6 0 ° /0.05mm ,

o - s u b s t .  p h e n o ls ,  2 .9 3 g  , ( i v )  bp 7 5 -8 1 ° / 0 . 0 5 mm , p - s u b s t ,  p h e n o ls , 2 .1 7  g .

The s u b s t i t u t e d  p h e n o ls  were sep a ra ted  by p r e p a r a t iv e  g l c  (Column A, 210°,

160 cm ^/m in.) and c h a r a c te r is e d  by nmr , i r  and mass sp e c tr a  a s  L ,  L II  ,

L I I I  and LIV. They were formed in  th e  r a t io s  shown ( a n a ly s is  by g l c  and

e l e c t r o n ic  in t e g r a t o r )  :

L 47% L III  40%
L II 10% LIV 3%

T ra ces o f  d is u b s t i t u t e d  p h e n o ls  were a ls o  o b ta in ed ; th e  major 

component was i s o l a t e d  by p r e p a r a t iv e  g l c  and on th e  b a s is  o f  i t s  nmr 

spectrum  i t  was a ss ig n o d  th e  s tr u c tu r e  LV .
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E xpt. R h /l2

E hC l(PPhg)^ ( 0 . 5  nM ole, 0 . 4 6 ^  g ) , sodium p henoxid e ( 0 .5  nM ole, 

0 .0 5 8 0  g ) ,  is o p r e n e  ( 0 .5  M ole, 50 cm^) and p henol (O .l  M ole, 9 .4  g) were 

h ea te d  a t  85° fo r  24 h o u r s . In  t h i s  r e a c t io n ,  th e  amount o f  d is u b s t i t u t e d  

p h e n o ls  o b ta in e d  was about 3% o f  th e  p ro d u c t. Phenol c o n v e r s io n  was 

e s t im a te d  a t  23% by g l c  a n a ly s i s .  The d is t r ib u t io n  o f  th e  mono s u b s t i t u t e d  

p h e n o ls  was somewhat d i f f e r e n t  from th a t  o f  E xp t. Bh/d :

L 58% LIV 2%

L II 9% LV + o th e r  3%
L III  28% d is u b s t ,  p h e n o ls

E x p t. Hh/ 7

R h ( n b d ) ( 0 . 5  nM ole, 0 .1 8 6 9  g ) , sodium p h en ox id e ( 0 .5  nM ole, 

0 .0 5 8 0  g ) ,  is o p r e n e  (O .l  M ole, 10 cm^), p henol ( 0 . 2 M ole, 1 8 .8  g) and 

b en zen e (3 5  cm^) were h ea ted  a t  85° fo r  24 h o u rs. No r e a c t io n  o ccu rred .

E x p t. E h /8

E hC l^ .3H2O ( 0 . 5  nM ole, 0 .1 3 6 4  g ) , sodium p h en ox id e  ( 0 .5  mMole, 

0 ,0 5 8 0  g ) , iso p r e n e  (O .l  M ole, 10 cm^), p henol 0 .2  M ole, 1 8 .8  g ) and 

b en zen e (35  cm^) w ere h ea ted  a t  85° fo r  24 h o u rs . No r e a c t io n  o ccu rred ,  

th e  rhodium  c h lo r id e  d id  n o t d is s o lv e  a t  a l l ,  and appeared unchanged.

E xp t. E h /16

Sodium p h en ox id e (O .l  mMole, 0 .0 1 1 6  g ) , p h en ol ( 0 .0 4  M ole, 3 .7 6  g ) , 

is o p r e n e  ( 0 .0 2  M ole, 2 cm^) and benzen e (lO cm^) were h ea ted  a t  85° fo r  

24 h ou rs in  a 20 cm^ a n p o u le . No p ro d u c ts  w ere o b served  by g lc  .

E x p t . E h / 18

(0.5m M ols, 0 .3 6 6 9  g ) , sodium p henoxid e (O .5 nM ole, 

0 .0 5 8 0  g ) , iso p r e n e  (O .l  M ole, 10 cm^), p henol (O .2 M ole, 1 8 .8  g) and 

benzene (35  cm^) were h ea ted  a t  85° fo r  24 h o u r s . No r e a c t io n  o ccu rred .
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E xpt. E h /20

EhC l(PPhg)g ( 0 .1  nM ole, 0 .0 9 2 5  g ) , p henol (O .04 M ole, 3 .7 6  g) 

i s o p r e n e  (0 .0 8  M ole, 8 cm^) and benzene (8 cm^) were h ea ted  a t  85° fo r  

24 h ou rs in  a 30 ml a n p o u le . No p ro d u c ts  were o b ta in e d . The s o lu t io n  

was p a le  y e l lo w .

6 . 4 . 4  I s o p r e n e -A n is o le  E e a c t io n  

E x p t. E h /19

EhCl(PPhg)^ ( 0 .5  nM ole, 0 .4 6 2 6  g ) , sodium  p h en ox id e ( 0 .5  nM ole, 

0 .0 5 8 0  g ) , is o p r e n e  (O .l  M ole, 10 cm^), a n is o le  ( 0 . 2 M ole, 2 1 .6  g ) and 

b en zen e (3 5  cm^) w ere h ea ted  a t  85° fo r  24 h o u rs . G lc r e v e a le d  no p r o d u c ts ,

6 . 4 . 5  B u ta d ien e-P h en o l E e a c t io n  

E x p t. E h /15

EhCl(PPh ) ( 0 .5  nM ole, 0 .4 6 2 6  g ) , sodium p h en ox id e ( 0 .5  nM ole,

0 .0 5 8 0  g ) , b u ta d ie n e  ( 0 . 14 M ole, 6 .1 5  g) p henol ( 0 .2  M ole, 1 8 .8  g ) and 

b en zen e (4 0  cm^) w ere h ea te d  a t  85° fo r  24 h o u rs. Phenol c o n v e r s io n  was 

e s t im a te d  a t  20% from w liich b u ta d ien e  co n v er s io n  was c a lc u la te d  a s  29%, 

F r a c t io n a l  d i s t i l l a t i o n  y ie ld e d  ( i )  bp < 81% b u ta d ie n e  and b en zen e ,

( i i )  bp 7 0 -7 2 P /10 mm , p h e n o l, 1 4 .8  g ( i i i )  bp 6 2 - 6 4 ° / o . l  mm , o - s u b s t .  

p h e n o ls  6 .2 9  g ( i v )  bp 8 9 - 9 1 ° /0.15mm , p - s u b s t .  p h e n o ls  4 .3 2  g .  From 

f r a c t io n s  ( i i i )  and ( i v )  s i x  s u b s t i tu te d  p h en o ls  w ere i s o l a t e d  by prepa

r a t iv e  g l c  (Column A, 21 0 °, 140 m l/m in .) . T h e ir  s t r u c tu r e s  w ere 

a s s ig n e d  by nmr and i r  sp e c tr o sc o p y  a s  L V I-L X I; g l c  a n a ly s i s  o f  th e  

r e a c t io n  m ix tu re  gave t h e i r  p r o p o r tio n s  a s  shown:

LVI 2% LIX 35%

LVII 23% LX <1%

LVIII 34% LXI 6%
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S E C T I O N  B 

SPECTROSCOPIC DATA OF ORGANIC PRODUCTS

6 .5  SPECTRAL DATA OF ORGANIC PRODUCTS
A ll  'H nmr sp e c tr a  were o b ta in e d  from carbon t e t r a c h lo r id e  s o lu t io n s

o f  th e  sam ples; t e tr a m e th y ls i la n e  was used  a s  in t e r n a l  s ta n d a rd . The 

sp e c tr a  w ere run on a V arian  HA 100 or  EM 360 sp e c tro m eter . In fr a r e d  

spectra* w ere o b ta in e d  from th e  n ea t sam ples betw een  KBr or NaCl p la t e s  on 

a P erk in  Elmer 337 or Pye U n ica m  SP 1000 S p ectro m eter . Mass sp e c tr a  

( s o  eV) w ere run on a H ita c h i-P e r k in  Elmer MS 90 sp ectro m er , w ith  a g lc  

l i n k .  P u r i f ie d  sam ples were in j e c t e d  on to  th e  column (2  m etre , 10%

PEG 20 M on C e l i t e )  and th e  spectrum  was scanned a t  th e  to p  o f  th e  sa n p le  

p eak .

Of th e  th r e e  s p e c tr o s c o p ic  m ethods u sed , 'H nmr gave by fa r  th e  m ost 

in fo r m a t io n . In fr a r e d  sp e c tr a  were u s e fu l  c h i e f l y  a s  co n firm a to ry  e v id e n c e ,  

p a r t i c u l a r l y  in  th e  ca se  o f  th e  s u b s t i t u te d  p h e n o ls  and th e  te r p e n o id  a lc o 

h o l s ,  where a band a t  about 3500 cm~^ confirm ed th e  p r e se n c e  o f  an -OH 

g ro u p in g . The C-H o u t -o f -p la n e  d efo rm a tio n  v ib r a t io n s  o f  th e  v in y l  

( - CH = CH )̂ and v in y l id e n e  ( = CH )̂ groups were a ls o  u s e f u l ,  b u t in  th e

ca se  o f  th e  t r i s u b s t i t u t e d  double band (%.C = C*' ) were n o t r e l i a b l e ,  b e in g  

g e n e r a l ly  weak or even a b se n t . Mass sp e c tr a  were o f  u se  c h i e f l y  in  d e te r 

m in ing  th e  m o lec u la r  w e ig h ts  o f  compounds and in  e s t a b l i s h in g  i d e n t i t i e s .

The c o n f ig u r a t io n s  o f  p ro d u cts  about t r i - s u b s t i t u t e d  d oub le bonds 

w ere a s s ig n e d  by making u se  o f  th e  o b se r v a t io n  th a t  th e  m ethyl group in  a 

c i s - t y p e  d ou b le  bond (A) h as a s l i g h t l y  h ig h e r  (ab ou t 0 .0 7  ppm) 6 v a lu e  

th an  th e  m ethyl group in  a tr a n s - ty p e  doub le b ond^^ ^^ \

- C C - -  C H
''C  =

M e''  Me-^ C -

(A) (B)

Where both  isom ers were a v a i la b le  i t  was found th a t  th e  isom er a s s ig n e d
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th e  c i s - s t r u c t u r e  by  th e  above method had th e  sh o r te r  g l c  r e t e n t io n  tim e;  

t h i s  i s  a w ell-k n ow n  phenomenon. Where o n ly  one isom er was a v a i la b le ,  

th e  c o n f ig u r a t io n  was a s s ig n e d  by com parison o f  ch em ical s h i f t s  w ith  s im i

la r  co n fo u n d s.

The s p e c tr a  d ata  g iv e n  in  t h i s  S e c t io n  are grouped a s  f o l lo w s  ;

(1 ) Phenyl e th e r s (PhOC^Hg)

( i i ) Phenyl e th e r s
(Ph0C^0“ l7 )

( i i i ) M ethyl and e th y l  e th e r s (MeOC^gH^  ̂ &

( i v ) Iso p ren e  d im ers

M S u b s t itu te d  p h e n o ls .

Alcokols
The fo l lo w in g  a b b r e v ia t io n s  have b een  u sed  ;

s s i n g l e t

d d o u b le t

t t r i p l e t

q q u a r te t

m m u lt ip le t
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6 , 5 .1  P henyl Isoprene-M onom er E th ers (PhO CgHg)

XLVI 2-M e t h y l - 3-ph eno xy - b u t - l-e n e

CH., H

nmr (6 0  MHz)

, C C -H  h

 ̂ CÂ,.

A ssignm ent
4 .6 4 ( q , IH) a

4 .8 - 5 .0 ' (m , 2H) b ,c

1 ,4 2 ( d , 3H) d

1 .7 3 ( s  , 3H) e

6 .6 - 7 .3 (m , m ) p henyl p ro to n s

J  , = 6 .5  Hz. ad

I n fr a r e d

690 cm~"̂  ( s t r o n g ) ,  756 cm"̂  ̂ ( s tr o n g )  : m o n o -su b st itu te d  b en zen e r in g

885 cm~^ (medium) : -C =

1240 cm"^ (s tr o n g )  : P h - O - C ^ -

XLVII 1-Pheno x y - 2 -m e th y l- tr a n s -b u t-  2 - ene

a
CH.

PhO

b
H
I
C-CH.

C
I
CH.

nmr (60  MHz)

1 4 .3 0  ( s  , 2H)

5 .6 7  ( q ,  IH)

1 .6 4  ( d ,3 H )

1 .7 2  ( s ,3 H )

6 . 6 - 7 .3  (m ,5 H )

In fr a r e d

A ssignm ent

PI

b

c

d

p henyl p ro to n s

690 cra"  ̂ ( s t r o n g ) ,  755 cm”  ̂ ( s tr o n g )  : m o n o - s u b s t i t u t e d  benzen e r in g  

1240 cm“  ̂ (s tr o n g )  : P h -  0 -  -
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XLVIII l~Phenoxy--2--m ethyl--ci s -b u t -2 -e n e

/
PhO

a

CH

CH.,

CH.

nmr (60  MHz)
A ssignm ent

4 .5 3 ( s  , 2H) a

5 .5 0 (q » IH) b

1 .7 7 ( à , 3H) c

1 .8 3 ( s  , 3H) d

6 .7 - 7 .5 (m , 5H) phenyl p r o to n s

Jb c = 6 Hz

In fr a r e d

755 cm  ̂ ( s tr o n g )  690 cm  ̂ ( s tr o n g )  ; mono s u b s t i t u t e d  b en zen e r in g  

1240 cm~^ (s tr o n g )  : P h - O - C ^ -

XLIX 1-Pheno x y - 3 -m eth y l-p ro p - 2 - ene
c

CH.

/
PhO

a
CH

H
b

CH.

nmr (6 0  MHz)
A ssignm ent

a

b

4 .4 2  ( d ,  2H)

5 .4 3  ( t ,  IH)

1 ,7 5  (broad s i n g l e t ,  6H) c ,d

6 . 4 - 7 .3  (m , 5H) p henyl p ro to n s

J   ̂ = 6 Hz ab

In fr a r e d

695 cm“  ̂ ( s t r o n g ) ,  755 cm“  ̂ ( s tr o n g )  : mono s u b s t i t u te d  b en zen e r in g  

1240 cm"^ (s tr o n g )  : Ph -  0 -  C^ -
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6 . 5 . 2  P henyl Isop ren e-D im er E th ers  (PhOC^^H .̂^)

XXIV
1

CH. H
a

CH,
d

CH.

/  \ / /  \  / \ y  
^2

H
h

CH C
1 e 1

CH3 H

j k

nmr (lOO MHz)

A ssignm ent

ab

In fr a r e d

4 .4 4 ( a , 20) a

5 .4 3 ( t , IH) b

1 .9 4 - 2 .2 2 (m , 3H) c ,e

1 ,3 - 1 .6 (m , æ ) d

5 .6 3 (m , IH) f

4 .8 - 5 .0 (m , SH)

1 .7 0 ( s  . 30) i

1 . 0 0 ( a , 3H) j
6 .6 - 7 .3 (m , 50) p henyl p r o to n s

J  . = 6 Hz
ej

800 cm""̂  (weak) :

910 cm"^ ( s t r o n g ) ,  985 cm“  ̂ ( s tr o n g )  :

1230 cm“  ̂ (s tr o n g )  :

-  CH = C ̂

-  CH = CH^

Ph -  0 -  CH_-

Mass Spectrum

M o lecu la r  io n  : m+/e = 230

b a se  peak : m+/e = 81
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XXV

a

A
PhO C —

H /
7^

C CH. 
X  a'

J h
CH., H
I e I

CH C -  H
/ \  /  g 
: ?

H

nmr (lOO MHz)

A ssignm ent

4 .4 2 ( d ,  2H) a

5 .4 0 ( t  , IE) b

1 .9 - 2 .3 (m , 3H) c ,e

1 .2 - 1 .6 (m , 2H) d

5 .6 4 (m , 14) f

4 .8 - 5 .0 5 (m , 2H) g ,h
1 .7 7 ( s ,  3H) i

1 .0 0 ( d ,  3H) j
6 .6 - 7 .4 (m , 5H) p henyl p ro to n s

J ^ = 7 Hz ; J  . = 6 Hz. ab ’ ej

In fr a r e d

910 cm"^ ( s t r o n g ) ,  990 cm~^ (s tr o n g )  

1230 cm"^ (s tr o n g )

: _ CH = CHg 

: P h -  0 -  CH_-
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XXVI

PhO

a l  d  I 

/ \  / \
CH.,

CH, CH

CH.,

nmr (lOO MHz)

6 A ssignm ent

4 .3 3 ( s ,  2H) a

5 .4 4 ( t  , IH) b

1 .9 - 2 .2 5 (m , 3H) c ,e

1 .3 - 1 .6 (m , 2H) d

5 .6 4 (m , IH) f

4 .8 - 5 .1 (m , 2H) g ,h
1 .7 2 ( s  , 3H) 1

1 .0 0 (d , 3H) j
6 . 6 - 7 .4 (m , 5H) p h en yl p r o to n s

= 7  8% ; ^ e j = ® BZ'

In fr a r e d

810 cm"^ (weak)

910 cm“  ̂ ( s tr o n g )  , 990 cm”  ̂ ( s tr o n g )  

1230 cm"^ (s tr o n g )

: -  CH = Ĉ

: -  CH = CHg

: P h -  0 -  CH„-
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XXVII
CH.,

1
CH.

a
CH,

d
CH,

PhO
/

CH, CH, C -  H
I g
H
f

nmr (lOO MHz)

4 .4 5  

5 .4 3  

1 . 88 - 2.1  

1 .4 - 1 .5  

4 .6 3  

1 .6 9  

6 .7 - 7 .3

( d ,  2H) 

( t  , IH) 

(m , 4H) 

(m , 2H) 

( s ,  2H)

( s

(m

6H)

5H)

A ssignm ent

a

h

c ,e

d

f , g
h , i

phenyl p ro to n s

I n fr a r e d

820 cm~^ (weak) 

885  cm"^ (s tr o n g )  

1235 cm"^ (s tr o n g )

/C  = CHg

C = CH,

Ph -  0 -  CH„ -
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XXVIII

nmr (lOO MHz)

j h
CH„ H

a c r  I
CH CE_ GHe C -  H

z '  . /  ' I  / /  g
PhO ^  C : =  c CH_ C

I \  d" 1
CHg H H

i  h f

A ssignm ent

4 .4 3 ( s ,  2H) a

5 .3 3 ( t  , IH) b

1 .9 - 2 .3 (m , 4H) c , e  (? )

1 .2 - 1 .7 (m , 6H) d (? )

5 .6 4 (m , IH) f

4 .8 - 5 .1 (m , 4H) g ,h  ( • )
1 .8 1 ( s  , 3H) i

1 .0 0 (d , 5H) j (? )
6 .6 - 7 .3 (m , 7H) p h en yl p r o to n s

I t  seem s e v id e n t  from th e  in t e g r a t io n  th a t  th e  sam ple u sed  in  o b ta in in g  

t h i s  spectrum  was a m ixtu re o f  a t  l e a s t  two compounds. However th e  main 

f e a tu r e s  o f  th e  spectrum  w ere v e r y  s im ila r  to  th o s e  o f  th e  spectrum  o f  

XXVI, and i t  seems p ro b a b le  th a t  XXVIII i s  th e  c i s - i s o m e r  o f  XXVI.

In fr a r e d

815 cm*"̂  (weak) ; C = CH -

905 cm"^ ( s t r o n g ) ,  985 cm”  ̂ ( s tr o n g )  : -  CH= CH^

1230 cm"^ (s tr o n g )  ; P h -O -G H ^ -

Mass Spectrum

M o lecu la r  io n  a t  m+/e = 230, a s  r e q u ired  fo r  C^gH^gO. The 

b a se  peak o ccu rred  a t  m+/e = 8 1 .

-  106 -



6 . 5 ,3  M ethyl and E th y l Isop ren e-D im er E th ers

l -M e th o x y -2 .7 -d im e th y l- tr a n s -2 ,  7 -o c ta d ie n eXXXIV

MeO
j

h i
H CH3

a I cl I
CH C CH C

/ < _ /  \ _ / t  /  \c
I

CH

CH CH, C -  H
I f
H
g

nmr

A ssignm ent

3 .6 7 ( s ,  2H) a

5 .3 0 ( t  , IH) b

1 .8 5 - 2 .2 (m , 4H) c ,e

1 .5 (m , 2H) d

4 .6 3 ( s ,  2H) f , g
1 .5 8 ( s ,  3H) h

1 . 6 8 ( s ,  3H) i

3 .1 1 ( s ,  3H) j

J , = 7 Hz, h e

I n fr a r e d

850 cm~^ (weak)

885  cm  ̂ (s tr o n g )

1092 cm“  ̂ (s tr o n g )  , 1112 cm"^ (s tr o n g )

-  CH= C^

> = ® 2  
HgC -  0 -  CHg-

Mass Spectrum

The mass spectrum  had m+/e = 168 , c o n s i s t e n t  w ith  C^^H^qO. 

b a se  peak o ccu rred  a t  m+/e = 97 .

K ovats Index : 1424.

The
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XXXV l-M e th e x y -2 ,7 -d im e th y l-c i s - 2 , 7 -o c ta d ie n e

MeO
j

a

A
c
I

CH

c e
CHg CH,

\/ '%  * / / " S I

I \
CH,

CH.

nmr (lOO MHz)

3 .7 9  

5 .2 5  

1 . 8- 2 . 2  

1 .3 - 1 .7  

4 .6 2  

1 .7 0  

3 .1 9

( s ,  24) 

( t  , IH) 

(m , ffl) 

(m , m )  

( s ,  2H) 

( s ,  6H) 

( s ,  3H)

A ssignm ent

a

b

c ,e

d

h , i

j

J , = 7 Hz be

In fr a r e d

840 cm"^ (weak)

8 85  cm"^ (s tr o n g )

1085 cm“  ̂ ( s t r o n g ) ,  1100 cm"^ (s tr o n g )

H

-  C H = C 

C =  CH,

C H g - 0 -  CHg

Mass Spectrum

The b a se  peak was a t  m+/e = 81; th e  m o lec u la r  io n  (M+/e = 168) 

hhd an i n t e n s i t y  o f  2 .8 ^  o f  th e  b a se  p eak ,

K ovats Index : 1398
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XXXVI 1-Metho xy- 2 .6 -d im e th y l- tr a n s -2 ,7 -o c ta d ie n e

f
H

a
CH,

d
CH,

nmr (lOO MHz)

MeO
k

® 3
1

CH, CH C --  H
1 e 1 g

^ 3
J

H
h

A ssignm ent

3 .6 6 ( s  , 2H) a

5 .2 6 ( t , IH) b

1 . 8 - 2 .2 (m , 3H) c ,e

1 .2 - 1 .5 (m , m ) d

5 .6 3 (m , IH) f

4 .8 - 5 .0 (m , 2H) g ,h
1 .5 9 ( s  , 3H) i

1 .0 1 ( d , 3H) j
3 .1 8 ( s  , 3H) k

J, = 7 Hz ; J  . = 6 Hz. h e ' ej

In fr a r e d

845 cm"^ (weak)

910 cmT^ ( s t r o n g ) ,  990 cm“  ̂ ( s tr o n g )  

1090 cm“  ̂ ( s t r o n g ) ,  l l lO  cm"^ (s tr o n g )

-C H  = C  ̂

CH = CH,

CHg — 0 — CHg ■

Mass Spectrum

The m o lec u la r  io n  o ccu rred  a t  m+/e 6  168; th e  b a se  peak was a t  

m+/ è = 8 5 .

K ovats Index : 1368.
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XXXVII l-M e th o x y -2 ,6 -d im eth y I-c i s - 2 ,7-o c ta d i ene

a
CH,

/  \  
MeO C

k /

nmr (lOO MHz)

he -  ' 

In fr a r e d

/
\

j h
CH_ H
I" I

CH„ CH « C -  H
g

CH,

s)

® 3
1

H H 
b f

6 A ssignm ent

3 .7 9 ( s ,  m ) a

5 .2 1 ( t ,  IH) b

1 .9 - 2 .3 (m , 3H) c ,e

1 .2 - 1 .5 (m, 2H) d

5 .6 2 (m , IH) f

4 .8 - 5 .0 (m , m ) g ,h
1 .6 9 ( s ,  3H) i

0 .9 9 ( d ,  3H) j
3 .2 2 ( s ,  3H) k

J . = 6 
ej

Hz

840 cm  ̂ (weak)

910 cm  ̂ ( s t r o n g ) ,  990 cm  ̂ (s tr o n g )  

1085 cm”  ̂ ( s t r o n g ) ,  1105 cmT  ̂ (s tr o n g )

-  CH=C ^

-  CH= CH,

CHg — 0 — CH  ̂'

Mass Spectrum

The m o lec u la r  io n  o ccu rred  a t  m+/e = 168 and th e  b a se  peak was 

a t  m+/ e = 8 1 .

Kovats Index : 1336.
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XXXVIII l-» M eth o x y -3 ,7 -d im eth y l-tra n s-2 ,7 -o cta d ien e

CH.,

1

CH.
a

CH,
d

CH,

MeO

j

CH, CH C -  E
I f
H
g

nmr (lOO MHz)

A ssignm ent

3 .7 8 ( d ,  25) a

5 .2 0 ( t ,  IH) h

1 .8 - 2 .1 (m , 4H) c ,e

1 .4 - 1 .6 (m , 2H) d

4 .6 0 ( s ,  m ) f , g
1 .6 2 ( s ,  3H) h

1 .6 9 ( s  , 3H) i

3 .1 9 ( s ,  3H) j

J  , = 7 Hz 
ap

I n fr a r e d

815 cmT  ̂ (weak) :

880 cm”  ̂ ( s tr o n g )

1090 cm“  ̂ ( s t r o n g ) ,  1110 cm”  ̂ ( s tr o n g )  :

-  CH=C

C = CH,

CHg- 0 -  CHg

Mass Spectrum

The m o lec u la r  io n  o ccu rred  a t  m+/e = 168 , w ith  an i n t e n s i t y  o f  

1^ o f  th e  b a se  peak (m +/e = 8 5 ) .

K ovats In d ex  : 1475
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XXXIX 3 -M e th o x y -2 ,7 -d im eth y l-l,7 -o c ta d ien e

b
H OCH.

k
CH.

I 1 c ®
H -  C CH CĤ

•

nmr (lOO MHz)

4 .8 3  

3 .4 1  

1 .3 - 1 .5 5  

1 .9 - 2 .1  

4 .6 3  

1 .6 2  

3 .1 5  

1.68

( s ,  25) 

( t ,  IH) 

(m , 45) 

(m , 25) 

( s ,  25) 

( s ,  35) 

( s ,  35) 

( s ,  35)

J  = 6 Hz 
CQ

In fr a r e d

CHA C -  H
I g
H
h

A ssignm ent

a ,b

c

d ,e

f

g ,h

i

j
k

885 cm  ̂ ( s t r o n g ) ,  898 cm“  ̂ (s tr o n g )  : two 

1085 cm“  ̂ ( s t r o n g ) ,  1105 cm”  ̂ (s tr o n g )  ;

^C = CHg groups 
I

m - 0 - C -  
3 I

Mass Spectrum

The mass spectrum  d is p la y e d  a v e r y  in t e n s e  peak a t  m+/e = 85  and 

th e  p a r e n t io n  a t  m+/e = 168 .

K ovats In d ex  t 1263
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XL 3 -M eth yl--3, 7 -d im e t h y l- l ,  7 -o c ta d ie n e
c
H j
I CHĝ  f

CH„ ™

g
H

H -  C
 ̂ I

H
b

A /

nmr (lOO MHz)

C
I

OCH.

CH c
1

CH.

A ssignm ent

4 .9 - 5 .  2 (m , 2 Î) a ,b

5 .5 - 5 .9 (m , IK) 0

1 .3 5 - 1 .4 5 (m , 4H) d ,e

1 .8 - 2 .1 (m , 2H) f

4 .6 2 ( s ,  m ) g ,h
3 .0 5 ( s ,  3H) i

1 .1 6 ( s  , 3H) j
1 .6 7 ( s ,  3H) k

In fr a r e d

880 cm”  ̂ ( s tr o n g )  :

920 cm“  ̂ ( s t r o n g ) ,  1000 cm"*̂  ( s tr o n g )  :

1075 cm~^ ( s t r o n g ) ,  1105 cm"^ (s tr o n g )  :

C= CH,

-  CH= CH,

C H g -O -C

Mass Spectrum

The mass spectrum  had an in t e n s e  peak a t  m+/e = 85; th e  p a ren t  

io n  was o b serv ed  a t  m+/e = 168 a s  re q u ired  by  C^^H^qO .

K ovats In dex; 1308.
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XLII l-E th o x y -2 ,7 -d im e th y l~ tr a n s~ 2 ,7 -o c ta d ie n e

HgC -  « 2

nmr (iQO MHz)

1

CH

0

I a I

A  A  A

jk

3 .7 1 ( s ,  2H)

5 .3 0 ( t  , IH)

1 .9 - 2 .1 (m , ffl)

1 .5 (m , 2H)

4 .6 3 ( s ,  2H)

1 .5 6 ( s ,  3H)

1 .6 7 ( s ,  3H)

1 .1 2 ( t  , 3H)

3 .3 0 ( q ,  2H)

^bc = 7 Hz

I
CH.

CH.

A ssignm ent

a

b

c ,e

d

h

1

j
k

In fr a r e d

840 cm”  ̂(weak) : -  CH = C

885 cm“"̂  ( s tr o n g )  : C = CH^

1090 cm“  ̂( s t r o n g ) ,  1120 cm“  ̂ (s tr o n g )  : -  C - O - C  -

Mass Spectrum

The m o lec u la r  io n  occu rred  a t  m+/e a  182 a s  req u ired  by  th e  

form ula ^^^^22^* ^^e b a se  peak was found a t  m+/e = 43 ,

Kovats Index : 1459
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6 . 5 . 4  H ydrocarbon

XXIX 3-M ethyl e n e ~ 6 ~ m e th y l- l . 7 -o c ta d ie n e

1
CH.

/ \ 7 ^  A /
H
k

/ \
H H

nmr (lOO MHz)

be -  

In fr a r e d

6

4 .8 - 5 .3 m , 2B)

A ssignm ent

a ,b

6 .2 8 d o f  d , 1H) c

4 .9 3 s ,  2H) d ,e

2 .0 - 2 .3 m , 3H) f ,h

1 .3 - 1 .6 m , 2H) g
5 .6 5 m , 14) i

4 .8 - 5 .3 m , 2H) j , k
1 .1 d ,  3H) 1

Hz Î J  = ’ ac 1 0 .5  Hz ; = 7 Hz

890 cm"^ (s tr o n g ) C = CH,

905 cm~^ (s tr o n g )  990 cnT^ (s tr o n g )  : -  GH = CH^

1595 cnT^ (medium) : co n ju g a ted  d o u b le  bounds 

1640 cm”  ̂ (medium) : i s o la t e d  d ou b le  bound

Mass Spectrum

The mass spectrum  had th e  m o lecu la r  io n  a t  m+/e = 1Ô8 a s  r e q u ired  

fo r  • The b a se  peak o ccu rred  a t  m+/e = 6 8 .

Kov&ts Index : 1099

136
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XXJC 3 ,6 -D im eth y l - 1 , t r a n s - 3 ,7 - o c t a t r i e n e

c d k n
H H 
1 I

CH. H
1  ̂ 1

H —
a

1 1 
C C

/  V
1 1 e

CH* C —  H/ \ /  i  

 ̂ 1
H CH. H
b j" g

nmr (6 0  MHz)

6 A ssignm ent

4 .8 - 5 .1 (m , 4H) a , b , h , i

6 .2 7 (d  o f  d , IH) c

5 .4 1 ( t  , IH) d

2 .0 - 2 .3 (m , 3H) e , f

5 .7 1 (m , 3H) g
1 .7 0 ( s ,  3H) j
1 .0 1 ( d ,  3H) k

J b c  = 18 Hz Î =: 10 Hz ; .= 7 Hz ; = 7 Hz

I n fr a r e d

910 cm"^ (s tr o n g )  , 990 cm'*  ̂ ( s tr o n g )  : -  CH

Mass Spectrum

The m o lec u la r  io n  appeared a t  m+/e = 136 , w h ile  th e  b a se  peak  

was a t  m+/e = 8 1 .

K ov^ts In d ex  : 1148
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XXXI 3 ,6 -D im e th y l- l, c is - 3 ,7 - o c t a t r ie n e

f . f
C CH„ C

/ \  / \ f / \
H —  C C =  C CH C —  H
» I I I I I

H CH., H CH_ H
b a i

nmr (lOO MBz)

6 A ssignm ent

4 . 7 -5 .1 (m , 4H) a , b , h , i

6 .7 0 (a  o f  a ,  IE) c

5 .3 0 ( t ,  IH) a

2 .0 - 2 .3 (m , 3B) e , f
5 .6 5 (m , IH) g

1 .8 0 ( s .  38) j
1 .0 1 ( a , 3H) k

J b c = 17' 5 Hz ; J  = 1 0 .5  Hz ' ac" fk  = ' "

In fr a r e d

910 cm”  ̂ ( s t r o n g ) ,  990 cm”  ̂ ( s tr o n g )  : -  CH= CH^

1600 cmT^ (medium) : co n ju g a ted  d ou b le  bond

1640 cm”  ̂(medium) : i s o la t e d  d ou b le  bond

Mass Spectrum

The mass spectrum  had th e  b a se  peak a t  m+/e = 81 and th e  

m o lec u la r  io n  a t  m+/e = 136 .

K ov^ts In dex : 1130

-  132 -



—c

•W

•W)

u .es
r

ia-
c / >

SCf

m
ai
z:
ovO

---

-rf-

— 0)

-  133  -



XXXll 2 ,6 -D im e th y l- l - t r a n s - 3 , 7- o c t a t r i e n e  (o^-hymentherene)
j a k h

CH„ H
I 1 
c c

1 '
CH C —  H

_
H —  C

 ̂ 1
c
1

CH \  
e 1

H H H
b c g

nmr (6 0  MHz)

6 A ssignm ent

4 .7 8 ( s ,  2H) a ,b

6 .0 4 (d , IH) c

5 .2 - 5 .9 (m , 2H) d ,g

2 .0 - 2 .3 (m , 3H) e , f

4 .8 - 5 .1 (m , 2H) h , i

1 .8 0 ( s ,  3H) J
1 .0 0 (d , 3H) k

J   ̂ = 15 Hz ; J^, = 6 Hzcd ’ fk

I n fr a r e d

-  GH=CH- ( t r a n s )

-  CH= CH„

970 cm""̂  ( s tr o n g )

910 cnT^ ( s t r o n g ) ,  990 cm  ̂ ( s tr o n g )

885  cnT^ (s tr o n g )

1615 cm""̂  (medium) : co n ju g a ted  d ou b le  bond

1645 cm~^ (medium) : i s o l a t e d  d oub le bond

Mass Spectrum

The b a se  peak o f  XXXll was a t  m+/e = 81 ; th e  m o lec u la r  io n  

(m +/e = 136) was a ls o  p r e s e n t .

Kov^ts Index : 1126
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XXXIII 3 -M eth y le n e - 7 - m e t h v l - l .7 -o c ta d ie n e  (g-m yrcene)

c i
H H
I f  h I

/ \ A  A /
C C C

H
j

H
a

H
h

C 
/  \

H H
d e

nmr (lOO MHz)

& = 1 7 .5  Hz : J  = 1 0 .5  Hz .h e ' ac

I
GH,

6 A ssignm ent

4 .9 - 5 .2 (m , 2H) a ,b

6 .2 6 (d o f  d , IH) c

4 .9 5 ( s ,  2H) d ,e

1 .9 - 2 .3 (m , ffl) f ,h

1 .4 - 1 .6 (m , 20) g
4 .6 3 ( s ,  20) i J
1 .6 8 ( s ,  3H) k

In fr a r e d

895  cm (s tr o n g )  : C = CHg

905 cm""̂  ( s t r o n g ) ,  995 cm"^ (s tr o n g )  : -  CH= CH  ̂

1600 cm”  ̂ (medium) : co n ju g a ted  d ou b le  bonds 

1650 cm"^ (medium) ; i s o l a t e d  d ou b le  bond

Mass Spectrum

The m o lec u la r e  io n  was p r e s e n t  a t  m+/e = 136 . The b a se  peak  

o ccu rred  a t  m+/e = 6 8 .
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XLI 2 , 7 - D im e t h y l - l , t r a n s - 3 ,7 - o c t a t r ie n e  
i d  g

CH.- H H
!'’ 1 f  1
C C CH

- / V  w
C —  H 

h

H
b

H
c

CH.

nmr (lOO MHz)

4 .8 4  

6 .1 3  

5 .6 0

1 .0 - 2 .4  

4 .7 0

1 .8 4  

1 .7 6

( s ,  2H)

( d ,  IH)

(a o f  t  , IH) 
(m , 4H)

( s ,  2H)

( s  , 3H) 

( s , 3 H )

A ssignm ent

a ,b

c

d

e , f

g ,h
i

j

J  , = 15 Hz : J  = 6 Hzcd ' de

In fr a r e d

880 cnT^ ( s tr o n g )  

960 cm~^ (s tr o n g )  

1610 cm~^ (medium) 

1650 cnT^ (medium)

—CH = CH- ( t r a n s )  

co n ju g a ted  d o u b le  bond 

i s o l a t e d  d ou b le  bond

Mass Spectrum

The b a se  peak o f  XLI o ccu rred  a t  m+/e = 8 1 . The m o lecu la r

io n  was p r e s e n t  a t  m+/e = 136 , to  th e  e x te n t  o f  6̂  ̂ o f  th e  b a se  peak.

Kov^ts Index: 1188

-  137 -



—o

&

B
5: 
= >  Cki H-
Ü

s.tt
j r

m 
zc 
z :

-  138 -



rt-

NO

I —

-  139 -



XLIII 3 ,7 -D im e th y I - l ,c is ~ 3 ,7 -o c ta tr ie n e

J
CH.,

H —  C 
a

C

/ \
e

CH.

nmr (6 0  MHz)

CH.
\

C —

H CH3 H H
b I d g

0

6

4 .7 - 5 .1 (m , 2H)

A ssignm ent

a ,b

6 .7 0 (a  o f  d ,lH ) c

5 .3 0 ( t ,  IH) d

1 .9 - 2 .3 (m , 4H) e , f

4 .6 5 ( s ,  2S) g ,h

1 .7 8 ( s  , 3H) i

1 .7 0 ( s  , 3H) j

In fr a r e d

ĉ = CH2890 cm~^ (s tr o n g )

900 cm”  ̂ ( s tr o n g )  , 990 cm"^ ( s tr o n g )  ; -  CH= CH^

1605 cmT  ̂ (medinm) : co n ju g a ted  d ou b le  bond

1650 cnT^ (medium) : i s o l a t e d  d oub le bond

Mass Spectrum

The b a se  peak o f  X L lll  o ccu rred  a t  m+/e = 81 ; th e  m o lec u la r  io n  

was p r e s e n t  a t  m+/e = 136.

Kov^ts Index : 1183
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XLIV 2 .6 -D im eth y l-1 . t r a n s - 3 .tr a n s -6 -o  c t a t r i  ene

H

g d h
H
1

CH,

i
1
C

1
C

^ \ / \ / \  / \
CH. GH.

fl
c

nmr (lOO MHz)

A ssignm ent

4 .8 3 ( s  , 2H) a ,b

6 .0 6 (d , IH) c

5 .1 - 5 .7 (m ,2 H ) d , f

2 .7 0 (d  , 2H) e

1 .8 0 ( s  , 3H) g

1 .6 0 (broad s i n g l e t ,  6H) h , i

J  . = 15 Hz . cd

I n fr a r e d

885 cm"”  ̂ ( s tr o n g )  

970 cmT  ̂ (s tr o n g )  

1610 cmT  ̂ (medium) 

1650 cm”  ̂ (medium)

-  CH = CH- ( t r a n s )  

co n ju g a ted  d ou b le  bond  

i s o la t e d  d o u b le  bond

K ov^ts In d ex  : 1211
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XLV l - M e t h y l- 4 - is o p r o p e n y l- l - c y c lo -h e x e n é

b c 1
CHo   CH GH»

GH ------ G GH   G ^

h G   GH_ ^ G  -  H
l e  I  f

H H
a g

nmr

A ssignm ent

5 .3 3  (broad s i n g l e t ,  IH) a
1 . 8 - 2 .3 (m , 5H) b , e .

1 .2 - 1 .7 (m , 2H) c

4 .6 7 ( s ,  æ ) f , g
1 .6 6 ( s ,  3H) h

1 .7 1 ( s ,  3H) i

I n fr a r e d

890 cm  ̂ s tr o n g  : ^G = GĤ

Mass Spectrum

The b a se  peak in  XLV o ccu rred  a t  m+/e = 6 8 .

K ov^ts In d ex  : 1201

The above s p e c t r a l  d e t a i l s ,  and th e  K ov^ts In d ex  o f  XLV ( l 2 0 l )  

w ere id e n t i c a l  w ith  th o s e  o f  a sa n p le  o f  lim on en e su p p lie d  b y  Bush, Boake 

A lle n  L im ite d .
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LI 3 .6 -D im eth y l-1. tr a h s -  3, ^ a Â e -6 -o  c t a tr  i  ene

c d h
H
1

H
i

CH
1
C

1
C I

nmr (lOO MHz)

/ \ / \ / \
H ------ C C (H„ C —  H ,

I I I f
H CH» CH„
b 3 .3

A ssignm ent

4 .8 -5 ,1 (m , as) a ,b

6 ,30 (d o f  d , IH) c

5 ,1 -5 ,5 (m , 2H) d , f
2,80 (d , a ) e

1,77 ( s ,  3H) g
1,65 ( s ,  34) h
1,60 ( d ,  3H) i

; '^ao = 10 Hz ; J . = ' de 9 H z,J , = 18 ] be

I r r a d ia t io n  o f  p ro to n  d a t  <55 , 29 p a r t i a l l y  c o l la p s e d  th e

d o u b le t  due to  p r o to n s  e .  I r r a d ia t io n  o f  p ro to n  f  cau sed  p a r t ia l

c o l la p s e  o f  th e  d o u b le t  due to  th e  m ethyl group i .

I n fr a r e d

-9 8 6- ( s tr o n g )  ------------------------------- :—

900 cm"^ (s tr o n g )  , 995 cm~^ (s tr o n g )  : -  CH = CH^

Mass Spectrum

M o lecu la r  io n  ; m+/e = 136

B ase peak : m+/e = 93
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6 . 5 . 5  S u b stitu te d  Phenols

H
e

nmr (60 MHz) (Run in CCI with a drop of CD_CN)

6.26 
2.0-2.9 

1.77 
4.70

6.5-7.2

(s, IH) 
(m, 4H) 
(s, 3H) 
(s, m )

(m, 4H)

Infrared

750 cm~^ (strong)

880 cm"^ (strong)

3450 cm”  ̂ (broad, strong)

Assignment 
a 

b, c 
d
e,f

phenyl protons

ortho-substituted benzene ring

C= GH,

- OH

Mass Spectrum

The mass spectrum of L exhibited an intense peak at m+/e = 107, 

and a peak due to the molecular ion at m+/e = 162.
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LU

nmr (60 MHz)

5 .8 ( s  , IH)

3 .2 7 ( d , m )

5 .3 0 ( t  , m )

1 .7 7 ( s , 6H)

6 .5 - 7 .2 (m, 4H)

Assignment
a
b
c

d,e
phenyl protons

Infrared

750 cm  ̂(strong) :

3450 cm  ̂ (broad, strong) :

ortho-substituted benzene ring 

- OH
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L U I

nmr (60 MHz)

HO

/ ™ 2

® 2\
/ - ® 3  

H —  C I
H

Assignment
4.45 ( s  , IH) a

2.0-2.9 (m. 4H) b,c
1.77 ( s  , 3H) d
4.67 ( s  , 2H) e,f

6.5-7.1 (q » 4H) phenyl protons

Infrared

830 cm“  ̂ (strong)

890 cm”  ̂ (strong)

3450 cm"^ (broad, strong)

: parasubstituted benzene ring

: CH2̂

: -OH

Mass Spectrometer

Molecular ion at m+/e = 162 

Base peak at m+/e = 107 .
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LIV

a
HO

/
CH,

V - 9
d I

CH.

>

nmr (6 0  MHz)

A ssignm ent

4 .7 0 ( s  , IH) a

3 .2 7 ( d , 2H) b

5 .2 7 ( t  , IH) c

1 .7 3 ( s  , 6H) d ,e

6 .5 - 7 .1 (q » 4S) p h en y l p r o to n s

In fr a r e d

830 cm”  ̂ (s tr o n g )

3450 cm”  ̂ (b road , s tr o n g ) ;

: p a r a s u b s t i tu te d  p h en o l 

-OH
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LV

nmr (6 0  MHz)

a
HO

f
CH.

CH

CH

\
CH

CH
/ \

4 .4 3  

2 .0 - 2 .9  

4 .6 7  

1 .7 3  

6 .4 - 6 .9

\
C —  H
I ^

H
d

( s ,  m )  

(m , 8H) 

( s ,  4H) 

( s ,  6H) 

(m , 3H)

A ssignm ent

a

b ,c

d ,e

f

p h en y l p r o to n s

In fr a r e d

820 — 1 cm

890 - 1cm

3500 — 1cm

1 , 2 , 4 -  t r i s u b s t i t u t e d  r in g  

)C =  CH^

-OH
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LVI

nmr (6 0  MHz)

A ssignm ent

4 .8 6 ( s ,  IH) a

3 .3 - 3 .6 (m , 2H) b

6 .5 - 6 .9 (m , 2B) c ,d

1 .8 7 (d , 3H e

6 . 7 - 7 .2 (m , 4H) p h en y l p r o to n s

In fr a r e d

755 cm"^ (s tr o n g )  :

970 cm”  ̂ ( s tr o n g )  :

3450 cm~^ (b road , s tr o n g ) :

o r t h o s u b s t i tu t e d  b en zen e r in g

-  CH=CH -  ( t r a n s )

-  OH
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LVII

HO CH,

CH

c

nmr (6 0  MHz)

3 .3 3  

5 .2 - 6 .1  

1 .7 5  

6 . 5 - 7 .2

( d ,  m )  

(m , 2H) 

( d ,  3H) 

(m , 4H)

In fr a r e d

695 cm  ̂ (medium)

755 cmT^ (s tr o n g )

3450 cm  ̂ (b r o a d ,s tr o n g )

L V III a
HO

CH

H

A ssignm ent

a

b

c ,d

c

p h en y l p r o to n s

-  CH= CH- ( c i s )

o r th o s u b s t i t u t e d  b en zen e r in g  

-OH

d
H

nmr

6 .3  

2 .1 - 2 .9

5 .4 - 6 .0  

4 .8 - 5 .2

6 .5 - 7 .1

( s ,  IH) 

(m , 4H) 

(m , IH) 

(m , £H) 

(m , ffl)

A ssignm ent  

a 

b , c 

d 

e , f

p h en y l p r o to n s

In fr a r e d

755 cm”  ̂ (s tr o n g ) o r th o s u b s t i t u t e d  b en zen e r in g

910 cm”  ̂ ( s t r o n g ) ,  990 cm (s tr o n g )  : -  CH= CH^

3450 cm"”  ̂ (b road , s tr o n g ) : -  OH
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LIX

nmr

4 .8 - 5 .2  

1 .0 - 2 .9

5 .4 - 6 .2

6 .5 - 7 .2

(m , 3H) 

(m , 4H) 

(m , IH) 

( q ,  4H)

A ssignm ent 

a , e , f  

b , c

p h en y l p r o to n s

In fr a r e d

830 cnT^ (s tr o n g )

915 cnT^ ( s t r o n g ) ,  1000 cm  ̂ ( s tr o n g )  : -  CH = CH

p a r a s u b s t i tu te d  b en zen e  r in g

3500 cnT^ (b road , s tr o n g ) -  OH
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LX

nmr (60  MHz)

4 .7 0  

3 .2 5  

5 .1 - 5 .8  

1 .7 3  

6 .5 - 7 .1

(s
(m

(m

m )

2B)

2H)
( d ,  3H)

(q, 4h)

A ssignm ent

a

b

c ,d

e

p h en y l p r o to n s

In fr a r e d

830 - 1cm

970 - 1cm

3400 — 1 cm

tro n g ) : p a r a - s u b s t i tu t e d  b en zen e r in g

tro n g ) : -  CH=GH -  ( t r a n s )

3400 cm  ̂ (b road , s tr o n g ) : -  OH
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LXI

nmr (60  MHz)

H_C —  C
e "  I

H
d

A ssignm ent

4 .5 5 ( s ,  IH) a

3 .2 - 3 .4 (m , 2H) b

5 .3 - 5 .8 (m , 2H) c ,d

1 .7 2 ( d ,  3H) e

6 .5 - 7 .1 ( q ,  4B) p h en y l p r o to n s

In fr a r e d

690 cm  ̂ (medium)

825  cm“  ̂ (s tr o n g )

3400 cm"^ (b road , s tr o n g )

-C H = C H - ( c i s )  

p a r a s u b s t i t u te d  r in g  

-  OH
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(^i) f^\oo)n,o\^

LXVIII l-h v d r o x y -2 .7 -d im e th y l- t r a n s  2. 7 -o c ta d ie n e
b h

Ï  d ^ 3

HO
i

CH, CH, CH,

CH.

nmr (60  MHz)

4

6

3 .8 7 ( s ,  2H)

A ssignm ent

a

5 .3 3 ( t ,  IH) b

1 .8 - 2 .2 (m , 4H) c , e

1 .3 - 1 .6 (m , m ) d

1 .6 3 ( s ,  3H) g
1 .7 0 ( s ,  3H) h

I n fr a r e d

3400 cm”  ̂ (b road , s tr o n g ) : -  OH

890 cm""̂  ( s tr o n g ) > = ™ 2

Mass Spectrum

M o lecu la r  io n  : m+/e = 154 ( c o r r e c t  fo r  ^j^o®18^^
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LXIX l-hydroxy-2 .7-d im ethvl -  c i s  2 .7-octad iene

CH„
1^

HO C == C 
i \  /

® 2
a

/

b
H

d
CH,

h
CH.

\  /  \  / \
CH, CH, CH,

nmr 60 MHz

In fr a r e d

A ssignm ent

4 .0 3 ( s ,  2H) a

5 .2 0 ( t  , IH) b

1 .8 - 2 .2 (m , 4H) c , e

1 .3 - 1 .6 (m, m ) d

4 .6 3 ( s  , 2H) f

1 .7 7 ( s , 3 H ) g
1 .7 0 ( s ,  3H) h

3400 cm“ ^ (b road , s tr o n g ) : -  OH

890 cm”  ̂ (s tr o n g ) .C =C H 2

Mass Spectrum

M o lecu la r  io n  : m+/e = 154
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