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SUMMARY

A th e o ry  e x p la in in g  th e  s t a b i l i s a t i o n  o f carbonium  

io n  in te r m e d ia te s ,  te rm ed  " v e r t i c a l  s t a b i l i s a t i o n " ,  h as  been 

p u t fo rw a rd  by T.G . T ra y lo r  and c o -w o rk e rs . V e r t i c a l  

s t a b i l i s a t i o n  h a s  been d e f in e d  a s  t h a t  s t a b i l i s a t i o n  in  

Y-CH2 o r  Y-CH* w hich i s  a f f o r d e d  w h ile  th e  i n t e r n a l  geom etry  

o f  Y and th e  Y-C bond le n g th  rem ain  e s s e n t i a l l y  a s  th e y  were 

i n  th e  r e a c ta n t*  T ra y lo r  s u g g e s ts  t h a t  v e r t i c a l  s t a b i l i s a t i o n  

i s  a  form  o f  c o n ju g a t io n  (h y p e rc o n ju g a tio n )  and t h a t  i t

may be d e te rm in e d  w h e th e r a  g roup a c t s  to  s t a b i l i s e  a  p o s i t iv e  

c h a rg e  by i n t e r n a l  n u c le o p h i l i c  d isp la ce m e n t o r  by -'VC 
c o n ju g a t io n  by s tu d y in g  th e  e f f e c t  o f  t h a t  group i n  a  v e r t i c a l  

p ro c e ss*  The r e a c t io n  s tu d ie d  by T ra y lo r  was th e  c h a rg e  

t r a n s f e r  betw een s u b s t i t u t e d  benzenes and a  s ta n d a rd  a c c e p to r ,  

te t r a c y a n o e th y le n e  ( T .C .N .E .) .  A r e l a t i o n s h i p  h as  been shown 

by v a r io u s  w o rk ers  to  e x i s t  betw een io n i s a t i o n  p o t e n t i a l s  and  

r e a c t i v i t y ,  i . e *  < r + , i n  a n o th e r  v e r t i c a l  p ro c e s s ,  g a s -p h a se  

.rem oval o f an e l e c t r o n .  T ra y lo r  b e l ie v e s  t h a t  a s  th e  a b s o rp tio n  

f r e q u e n c ie s  o f  th e  c h a rg e  t r a n s f e r  com plexes a r e  d i r e c t l y  r e l a t e d  

to  i o n i s a t i o n  p o t e n t i a l s  th e n  a  r e l a t i o n s h i p  sh o u ld  be a p p a re n t 

betw een c h a rg e  t r a n s f e r  f re q u e n c y  and  cr+ . E vidence  i s  g iv en  

by T ra y lo r  f o r  a  l i n e a r  c o r r e l a t i o n  betw een a b s o rp tio n  fre q u e n c y  

and r e a c t i v i t y  and i t  i s  p o s tu la te d  t h a t  a  method o f  d i r e c t l y  

e s t im a t in g  th e  or* c o n s ta n t  f o r  a  p a r t i c u l a r  s u b s t i t u e n t  i s  

p o s s ib le  by d e te rm in in g  th e  ch arg e  t r a n s f e r  a b s o r p t io n  fre q u e n c y  

f o r  th e  r e s p e c t iv e  s u b s t i t u t e d  benzene -  T .C .N .E . com plex.

In  p a r t i c u l a r ,  T ra y lo r  has  s u g g e s te d  t h a t  s t r a i n e d  

cy c lic  - s u b s t i t u e n t s  sh o u ld  e x h ib i t  v e r t i c a l  s t a b i l i s a t i o n  in



r e a c t i o n s  in v o lv in g  carbonium  io n  fo rm a tio n *  T ra y lo r  h as  

a t te m p te d  to  d e m o n s tra te  t h i s  th e o ry  o f s t a b i l i s a t i o n  by 

com paring  th e  r a t e s  o f  s o lv o ly s i s  o f  v a r io u s  c y c l i c  s u b s t i t u t e d  

c a r b in y l  d e r iv a t iv e s  r e l a t i v e  to  th e  n e o p e n ty l  d e r iv a t iv e  w ith  

th e  c h a rg e  t r a n s f e r  f r e q u e n c ie s  o f  t h e i r  r e s p e c t iv e  s u b s t i t u t e d  

benzene  -  T .C .N .E . com plexes. A p lo t  o f  lo g  r e l a t i v e  r a t e  

o f  s o lv o ly s i s  a g a in s t  c h a rg e  t r a n s f e r  fre q u e n c y  o b ta in e d  by 

T r a y lo r  i s  shown* U sing  t h i s  p lo t  T ra y lo r  h as p r e d ic te d  th e  

r a t e  o f  s o lv o ly s i s  o f  th e  1- n o r c a r y l - a n d  h o m o c u b y l-c a rb in y l 

system s*

The sco p e  o f  th e  p re s e n t  work h a s  been to  t e s t  t h i s  

th e o ry  by d e te rm in in g  th e  k i n e t i c s  o f e l e c t r o p h i l i c  a ro m a tic  

s u b s t i t u t i o n  o f  th e s e  c y c l i c  s u b s t i t u t e d  benzenes to  se e  i f ,  

i n  f a c t ,  th e  r a t e s  p r e d ic te d  by T ra y lo r  a r e  c o r r e c t*  A lso , 

th e  hom ocubyl c a r b in y l  compound was s y n th e s is e d  and th e  k i n e t i c s  

o f  s o lv o ly s i s  o f  th e  3 ,5 - d in i t r o b e n z o a te  d e r iv a t iv e  in  aqueous 

a c e to n e  w ere d e term ined*  F in a l ly ,  th e  ch arg e  t r a n s f e r  

a b s o r p t io n  s p e c t r a  o f th e  c y c l i c  s u b s t i t u t e d  benzenes w ere 

re c o rd e d  to  s e e  how a c c u r a te ly  th e  a b s o rp tio n  fre q u e n c y  co u ld  

be d e te rm in e d  f o r  a  p a r t i c u l a r  s u b s t i t u e n t  and to  c o r ro b o ra te  

T ra y lo r* s  r e s u l t s *

The r e s u l t s  o b ta in e d  in  t h i s  work su g g e s t t h a t  T r a y lo r ’s 

h y p o th e s is  o f a  m ethod o f  e s t im a t in g  r e a c t io n  r a t e s  by m easu rin g  

th e  a b s o r p t io n  maxima o f th e  c h a rg e  t r a n s f e r  com plexes w ith  

T .C .N .E . n eed s  to  be ta k e n  w ith  a  g r e a t  d e a l o f  r e s e r v a t io n  f o r  

s e v e r a l  r e a s o n s .  F i r s t l y  th e  i n a b i l i t y  to  e s t im a te  a c c u r a te ly  

enough th e  e x a c t p o s i t io n  o f  th e  ch arg e  t r a n s f e r  a b s o rp t io n  

maxima. S eco n d ly , th e  f a c t  t h a t  th e  r e s u l t s  o f  th e  e l e c t r o p h i l i c  

a ro m a tic  s u b s t i t u t i o n  r e a c t io n  s tu d ie d  in  t h i s  w ork, i* e*



n i t r a t i o n ,  do n o t  c o r ro b o ra te  T r a y lo r ’s  th e o r y .  F i n a l l y ,  

th e  r a t e  o f  s o lv o ly s i s  o f  th e  homocubyl c a r b in y l  sy stem  i s  

much s lo w e r  th a n  t h a t  p r e d ic te d  by T r a y lo r .
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The s t a b i l i s a t i o n  o f  carbonium  io n s  by n e ig h b o u r in g

group  p a r t i c i p a t i o n  h a s  a ro u se d  c o n s id e ra b le  i n t e r e s t  o v e r  th e  
(1 2 )y e a r s .  * . A l a r g e  v a r i a t i o n  in  th e  r a t e  o f  r e a c t io n  (1 )  may

be a c h ie v e d  when th e  n a tu r e  o f  g roup G i s  changed .

R
R

R
R

X

G

R

R
I -R  

Pi— C2

R
‘*X

S -

*

When G i s  a  known n u c le o p h i l i c  group c o n ta in in g  lo n e

p a i r s  ( e . g .  - 0 ~ | -S R , -NR2 > -C (= 0)o ',,, -NHC(=0)R, e tc )  th e n  th e

mechanism i s  u s u a l ly  a g re e d  to  in v o lv e  fo rm a tio n  o f  a  b r id g e d -

C 3)io n  t r a n s i t i o n  s t a t e  . As th e  C2 -  X bond io n i s e s  th e

n u c le o p h i l i c  g ro u p , -G , moves c lo s e r  to  and fo rm s a  p a r t i a l

Cr bond w ith  t h i s  c a rb o n .



However, when G i s  a  s t r a i n e d  r i n g ,  a r y l ,  m e ta l g ro u p ,
T

e t c .  th e n  a  v a r i e t y  o f  m echanism s have been p u t fo rw a rd  in v o lv in g  

some o r  no n u c le a r  movement o f  Group G. Exam ples o f  b r id g in g -  

ty p e  m echanism s I i n t e r n a l  n u c le o p h i l i c  d isp la c e m e n t)  which have 

been  p o s tu la te d  a r e  shown in  th e  fo l lo w in g  s o lv o ly s e s  :

CH

CH
CH— CH2OTs — > CH.

CH*
! * > c h 2

CH NOTs”

c h 2

OTs

_> P ro d u cts  (2)

S+ i - l+
;CH2 OTs

(3)

R

R

rc- CHo

Lx
r^

M
C— CH.

'X
S_

M=Metal

*  . C — C H

R‘ (A)



An a l t e r n a t i v e  m echanism f o r  r e a c t io n  12) in v o lv in g  T: 

no n u c le a r  movement of* th e  e y e lo p ro p y l r i n g  i s  a s  fo l lo w s  s

CH

CH
CH— CH2

OTs

ch2%
‘CH— CH

CH2''
OTs

CH2. %
> | +'ch=^=ch2

c h 2 ' '

T h is  in v o lv e s  d e lo c a l i s a t i o n  o f  c a rb o n -ca rb o n  c "  bonds, c a l l e d

<j- -TfT c o n ju g a t io n  ( o r  h y p e rc o n ju g a tio n )*

* One o f  th e  s t r o n g e s t  a d v o c a te s  o f  C-itT c o n ju g a tio n
( 9—12 )h a s  been T ra y lo r  who, in  a  s e r i e s  o f  p a p e rs  '  , h a s  p u t

fo rw a rd  a  th e o ry  o f  s t a b i l i s a t i o n  o f  carbonium  io n s ,  term ed

" v e r t i c a l  s t a b i l i s a t i o n " .  V e r t i c a l  s t a b i l i s a t i o n  h as been

d e f in e d  by T ra y lo r  a s  " th a t  s t a b i l i s a t i o n  w hich th e  g roup R
- + • 

s u p p l ie s  to  a  c a t i o n ,  R-SR^ o r  r a d i c a l ,  RCR^, ( o r  th e

c o rre sp o n d in g  t r a n s i t i o n  s t a t e s ) ,  w ith o u t any n u c le a r  movement 

w ith in  th e  Group R ."  T h is  can be i l l u s t r a t e d  by th e  s o lv o ly s i s  

o f  a lk y l  sy stem s a s  shown:
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G \  / R
» ; c — c  +

R I X R
R

■> P ro d u cts  (6)

Such c o n ju g a tio n  does n o t  r e q u i r e  e i t h e r ' changes i n  th e  

G-C bond le n g th  o r  any movement o f  th e  s t a b i l i s i n g  group G tow ard  

th e  p o s i t i v e  c e n tre *  H ence, th e  s t r u c tu r e  o f th e  t r a n s i t i o n  

s t a t e  I  may be d i f f e r e n t i a t e d  from  o th e r  p o s tu la te d  t r a n s i t i o n  

s t a t e s  i . e #  f o r  the  s o lv o ly s i s  o f  1 - |^ 2 .1 * lJ  b ic y c lo h e x y l 

m e th y l tO’S y la te *

H 2 O T s

HO Ac O r *

r .

h 2 - - - o t s

*

(7)

F o u r d i f f e r e n t  t r a n s i t i o n  s t a t e s  have been su g g e s te d  :
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(0|rCH.2 *-'OTs

+ •
A  £ +/ ' V C H 2 r  

l \ / T  ' " vI 1 OTs
—

+

II 
C lassica l Ionisation13,1̂

III 
Fragm entation5

U 5+

o f  6 -
I 1 'OTs 'OTs

IV
Bridging 16 Vertical Delocalisation

S t r u c tu r e  I I  i s  d i f f e r e n t  from  s t r u c t u r e s  I I I ,  IV and V 

i n  t h a t  th e r e  i s  no O" bond d e l o c a l i s a t i o n .  A lso , s t r u c t u r e  V 

d i f f e r s  from  I I I  and  IV b ecau se  b o th  I I I  and IV r e q u i r e  n u c le a r  

movement i n  th e  s t r a i n e d  system  and can be c l a s s i f i e d  a s  Hn o n -
»i

v e r t i c a l  s t a b i l i s a t i o n  • T ra y lo r  does n o t su g g e s t t h a t  c a t io n s  

can n o t be b r id g e d  b u t t h a t  b ecau se  m ost o f  th e  s t a b i l i s a t i o n  energy  

may be p ro v id e d  w ith o u t n u c le a r  movement, v e ry  l i t t l e  i s  g a in e d  

by moving a to m s. F o r exam ple, s t r u c t u r e  IV and V a r e  n o t  re so n an c e  

form s s in c e  th e  geom etry  c h an g e s . I t  i s  a rg u ed  th a t  th e  e n e rg ie s  

o f  IV and  V d i f f e r  v e ry  l i t t l e  and th a t  th e  a c tu a l  geom etry lo o k s



more l i k e  V th a n  IV a t  th e  t r a n s i t i o n  s ta t e *

D e f in i t io n  o f  a c r  c o n ju g a t io n

As h as  been s t a t e d  ab o v e , s im p le  cr-TT c o n ju g a tio n  h as  

been i n t e r p r e t e d  a s  a  v e r t i c a l  s t a b i l i s a t i o n  in  w hich th e  or bond 

i s  d e lo c a l i s e d  w ith o u t ch an g in g  i t s  bond le n g th  o r  a n g le .

F o r  exam ple, th e  c a t io n  ABGH  ̂ m ight be form ed a s  shown below :

R
rJ ^ R

* *  v& 2 \
X 

VI
r

 ^ ION ®)

RJS>R
o •

t

F o rm u la tio n  VI r e p r e s e n ts  a  l i m i t i n g  b e h a v io u r  a c h ie v e d  

o n ly  i n  v e r t i c a l  p ro c e s s e s ,  and t h a t ,  betw een t h i s  and th e  

fo rm u la t io n  V II w hich a t t r i b u t e s  a l l  th e  d r iv in g  f o r c e  to  i n t e r n a l
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B— C H 2

VII
%%

d is p la c e m e n t,  th e r e  a r e  v a r io u s  in te r m e d ia te  c a s e s  h av in g  

c o n t r ib u t io n s  from  b o th  k in d s  o f  d r iv in g  f o r c e .  The fo rm u la t io n  

V I I I  im p l ie s  c o n t r ib u t io n s  from  b o th  «*-TT c o n ju g a t io n  (b )  and from

i n t e r n a l ,  d isp la c e m e n t ( a )  b u t t h i s  s t a b i l i s a t i o n  i s  n o t  v e r t i c a l  

b e ca u se  A h a s  moved* However, th e  lb )  c o n t r ib u t io n  n eed  n o t  

depend h ig h ly  on th e  ABC a n g le  and , t h e r e f o r e ,  lb )  may be lo o s e ly  

te rm ed  th e  " c o n t r ib u t io n  from  v e r t i c a l  s t a b i l i s a t i o n " #  T h is  

c o n t r ib u t io n  w ould be e x p ec te d  to  r e v e a l  i t s e l f  in  a  v e r t i c a l  o r  

Franck-C ondon p ro c e ss  a s  e l e c t r o n i c  e x c i t a t i o n .

f r a g m e n ta tio n  l o r  o th e r  e l im in a t io n s )  in  w hich th e  AB bond 

■ le n g th e n s  and  c o n s id e ra b le  r e h y b r id i s a t io n  o c c u rs  a t  A.

R

V II I

A seco n d  k in d  o f  n o n - v e r t i c a l  a c c e le r a t i o n  i s
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R
R

A
\

R

B— CR2

'x

Fragmentation

/ R
R — A \  S +

\  R 
b ^ c r 2

' x $ -

IX

Y s-

r- a/ R
R

B— CR2

'xs-

b = cr2

(9)

■>B=CR.

(10)

E2 Elimination

T hese p r o c e s s e s ,  l i k e  i n t e r n a l  d isp la c e m e n t, sh o u ld  n o t  c o r r e l a t e  

w ith  any a c tu a l  v e r t i c a l  p ro c e s s e s .

T r a y lo r  s u g g e s ts  t h a t  i f  a  t e s t  i s  d eveloped  w hich 

d e m o n s tra te s  t h a t  a l l  th e  s t a b i l i s a t i o n  o f  a  t r a n s i t i o n  s t a t e  

w hich co u ld  be V I, V I I ,  V I I I ,  IX o r  X i s  a v a i l a b le  in  a  F ran ck - 

Condon p ro c e ss  th en  t h a t  s t a b i l i s a t i o n  i s  " l im i t i n g  v e r t i c a l "  a s  

i n  V I. I f  su ch  v e r t i c a l  s t a b i l i s a t i o n  i s  u n d e te c ta b le  th en  th e  

s t a b i l i s a t i o n  i s  " l i m i t i n g  n o n - v e r t i c a l "  a s  i n  V I I ,  IX o r  X.
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F a c to r s  w hich in f lu e n c e  q r c o n ju g a t io n .  r

I t  h a s  been p ro p o sed  by T r a y lo r  t h a t  s in c e  th e  

s t a b i l i s a t i o n  p ro v id e d  to  th e  t r a n s i t i o n  s t a t e  VI a c c ru e s  from  

d e l o c a l i s in g  th e  AB cr bond and from  fo rm a tio n  o f  a  B = CH^

7 r  bond th e n  t h i s  c o n ju g a t io n  sh o u ld  be enhanced  by any 

s t r u c t u r a l  change w hich  makes th e  AB or bond more d e lo c a l i s a b le  

( p o l a r i s a b l e )  o r  in c r e a s e s  th e  s t r e n g th  o f  th e  B = CH  ̂ 7T bond.

The p o s s ib le  cr-TC c o n ju g a t io n  e f f e c t s  may be v i s u a l i s e d  in  th e
•j*

a to m ic  o r b i t a l  d iagram  f o r  A CH  ̂ CH  ̂ shown below :

XI
-a

The sp  h y b r id  o r b i t a l  on may o v e r la p  w ith  th e  p o r b i t a l  on 

Cg b u t th e  e x te n t  o f  t h i s  i n t e r a c t i o n  w i l l  depend upon th e  

p o s i t io n  and th e  e l e c t r o n e g a t i v i t y  o f  A. The <r o r b i t a l

w i l l  o v e r la p  l e s s  w ith  A and more w ith  i f  A i s ,  by some

g e o m e tr ic a l  r e s t r a i n t ,  f o r c e d  away from  a norm al e q u il ib r iu m
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p o s i t io n *  E i th e r  b en d in g  ( d i r e c t i o n  a )  o r  s t r e t c h i n g  ( d i r e c t i o n  b) 

th e  AC.j bond sh o u ld  have t h i s  e f f e c t .  On th e  o th e r  han d , lo w e rin g  

th e  e l e c t r o n e g a t i v i t y  o f  A d e c re a se s  th e  p r o b a b i l i t y  t h a t  th e  

e le c t r o n s  ( ^ t ) w i l l  be n e a r  A and r e s u l t s  in  b e t t e r  TT

b o n d in g . A l te r a t io n  o f  o r  to  atom s h a v in g  d i f f e r e n t  

in h e r e n t  TT o v e r la p  sh o u ld  a ls o  a l t e r  th e  e x te n t  o f  c - l f  

c o n ju g a t io n ,  e v e ry th in g  e l s e  rem a in in g  c o n s ta n t*

T r a y lo r  h a s  i l l u s t r a t e d  th e s e  e f f e c t s  i n  C h art I  f o r  

th e  s o lv o ly s i s  o f  AB (R^) C (R ^)^  X ;

CHART I

3 . c o n ju g a tio n  betw een R and A?

2 , in d u c t iv e  
d o n a tio n

4 . b en d in g  s t r a i n

5 . s t r e t c h i n g  s t r a i n

6& .a tom s w hich 
form  s t r o n g  
'TT bonds

6b. g ro u p s w hich
s t a b i l i s e  TT bonds

1• low e l e c t r o n e g a t iv i t y

8 . a n t i  A, X >  
syn A, >C

o rth o g o n a l A,1

7 . p l a n a r i t y  
o f ABCX
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(1 )  The p o l a r i s a t i o n  o f  th e  A+ -  B~ hond i s  b ro u g h t on by 

h a v in g  th e  e l e c t r o n e g a t i v i t y  o f  A lo w er th an  th a t  o f  B. An 

exam ple g iv en  by T ra y lo r  i s  t h a t  th e  Pb-C bond i s  much more p o la r  

th a n  th e  H-C bond and th u s  more d e lo c a l i s a b l e .  C o rre sp o n d in g ly ,

th e  i o n i s a t i o n  p o t e n t i a l  o f  ( C ^ )  ^ Pb CH^ i s  lo w er th a n

t h a t  o f  H CH^CgH^ by ab o u t teV .

(2 )  D onation  to  A by th e  g roups R would lo w er th e  e l e c t r o n e g a t i v i t y  

o f  A and  in c r e a s e  th e  p o l a r i t y  o f  th e  A-B bond ( i f  B i s  C, N o r  0 ) .

P o r exam ple, th e  r a t e s  o f  s o lv o ly s i s  o f  th e  c y c lo p ro p y l c a r b in y l
I (1 7 )compounds below  in c r e a s e  a s  E = CH^.

R R
I ,'OTs
£ > — CR2OTs --------> > — CR2 (11)

(3 )  T r a y lo r  c o n s id e r s  t h a t  though  th e r e  i s  s t i l l  argum ent 

c o n c e rn in g  c r o s s - c o n ju g a t io n  in  c y c lo p ro p y l g ro u p s , c r o s s 

c o n ju g a t io n  th ro u g h  c r  bonds h as been shown to  be a b se n t in  o th e r

( 18)sy s te m s . A p o s s ib le  r e a s o n , w hich he p u ts  fo rw a rd , i s  th e

re q u ire m e n t o f  a  r e h y b r id i s a t io n  o f  th e  R^A system  to  a c h ie v e

+ ( 19)good R^A d e lo c a l i s a t i o n  , such  r e h y b r id i s a t io n  b e in g  a

n o n - v e r t i c a l  p ro c e s s .

(4 )  As m en tioned  e a r l i e r ,  b en d ing  o f  th e  A-B bond sh o u ld  g iv e  

l e s s  o v e r la p  o f  th e  A-B O* bond and greatfcE  i f  o v e r la p  betw een 

atom s B and C. Examples o f  sy stem s c o n s t r a in e d  in  t h i s  way would 

be s t r a i n e d  r in g s  su ch  a s  c y c lo p ro p y l ( e q .1 1 ) .  E v idence g iv en  by
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T r a y lo r  f o r  v e r t i c a l  s t a b i l i s a t i o n  in  s t r a i n e d  r i n g  sy stem s i s  

re c o rd e d  f u r t h e r  on*

(5 )  An exam ple g iv en  by T ra y lo r  to  i l l u s t r a t e  th e  im p o rtan ce  

o f  s t r e t c h i n g  s t r a i n  i s  t h a t  th e  c e n t r a l  bond le n g th  in  hexam ethy l 

e th a n e  i s  1*578°A com pared to  1*57°A f o r  th e  1 ,7  bond and  1*55°A 

f o r  t h e  1 ,2  bond in  n o rb o m a n e . Thus, he s t a t e s  t h a t  th e  c e n t r a l  

bond i n  hexam ethy l e th a n e  sh o u ld  be d e lo c a l i s a b le  and may acco u n t 

f o r  th e  a c c e le r a te d  s o lv o ly s i s  shown in  e q u a tio n  ( 1 2 ) .

HOAc 
CH2OTs ---------- >

'OTs

+

Product (12)

He a ls o  s t a t e s  t h a t  s t r a i n e d  r in g s  d e lo c a l i s e  r e a d i ly  

and  sh o u ld  p ro v id e  c o n s id e ra b le  s t a b i l i t y  to  c a t io n s  w ith o u t 

ch an g in g  t h e i r  g eom etry .

(6 )  Atoms B and  C sh o u ld  form  good 7T bonds a s  d e lo c a l i s a t i o n  

depends upon good o v e r la p  betw een th e  A-B G* bond and th e  p o r b i t a l  

on C o f  CRg* T h e re fo re , f o r  maximum cr-3f c o n ju g a t io n , B sh o u ld

be C, N o r  0..

(7 )  A c o p la n a r  a rran g em en t o f  ABCX i s  p r e f e r r e d  a s  f o r  a l l  

c o n c e r te d  p ro c e s s e s  in v o lv in g  th e  fo rm a tio n  o r  b re a k in g  o f two 

a d ja c e n t  bonds e*g . D ie ls -A ld e r  r e a c t i o n ,  h y d ro b o ra t io n , x a n th a te



p y r o ly s i s ,  e tc*  Any o th e r  a rran g em en t would re d u c e  th e  B-C TT 

o v e r la p .

(8 )  A lso , io n ic  p ro c e s s e s  su ch  a s  e l e c t r o p h i l i c  a d d i t io n ,  

e l im in a t io n ,  e tc*  p ro c e ed  much f a s t e r  when th e  two le a v in g  o r  

e n te r in g  g roups a r e  a n t i  th a n  when th e y  a r e  syn* I t  i s  su g g e s te d  

t h a t  or-TT c o n ju g a t io n  would have th e  same p r e f e r r e d  g eom etry .

T r a y lo r  h a s  p ro p o sed  th a t  one m ethod o f  d e c id in g  w h e th er 

a  g roup  a c t s  to  s t a b i l i s e  a  p o s i t iv e  c h a rg e  by i n t e r n a l  n u c le o p h i l ic  

d isp la c e m e n t ( b r id g in g ,  e tc )  o r  b y ^-T T  c o n ju g a t io n  i s  to  s tu d y  th e  

e f f e c t  o f  t h a t  group in  a  v e r t i c a l  (F ranck-C ondon) p ro cess*  Such 

p ro c e s s e s  would ©©cur to o  r a p id ly  to  a llo w  n u c le a r  movements*

T hus, th e  energ y  'o f a  v e r t i c a l  p ro c e ss  c o u ld  n o t  be lo w ered  by 

i n t e r n a l  d isp la c e m e n t b u t c o u ld  be by c o n ju g a tio n *  He h as  been 

co n ce rn ed  w ith  th e  fo l lo w in g  ty p e s  o f r e a c t i o n : -



“O
XIII

+ E

(15)

One v e r t i c a l  p ro c e ss  r e l a t e d  to  th e  carbonium  io n  

fo rm in g  r e a c t io n s  shown above i s  th e  g a s-p h a se  rem oval o f  an 

e l e c t r o n .  Many o f  th e  g roups Y w hich a c c e le r a te  th e  s o lv o ly s i s  

o f  X II a l s o  lo w er th e  i o n i s a t i o n  p o t e n t i a l s  o f  th e  r e l a t e d  f r e e  

r a d i c a l s  an d  o l e f i n s .

. / R
•C

- e '

LB16
c " ' R

" R
( 16)

Y

R
C—C

( 17)

XIV

S im i la r ly  Y g ro u p s w hich a c c e l e r a t e  th e  r a t e s  o f  r e a c t io n s  (1 4 ) 

and  (1 5 ) a l s o  lo w er th e  i o n i s a t i o n  p o t e n t i a l .



-O  -5* <-€> "■

2 I.p19> CH2

(19)

The i o n i s a t i o n  p o t e n t i a l s  from  ( 1 7 ) ,  (1 8 ) and (1 9 ) c o r r e l a t e  w ith
+ .

GT ( c a l c u l a t e d  u s in g  th e  r a t e s  o f  r e a c t io n  (1 4 ) ) •

i*e« i /
I . P . l6  t  -4 5  + c o n s ta n t  (2 0 ) '

I* P * 1Q = -1 7 « 4  CT* + c o n s ta n t  (2 1 )

I . P , ^  = -19  + c o n s ta n t  (2 2 )

T r a y lo r  s u g g e s ts  t h a t  th e s e  c o r r e l a t i o n s  can be u sed  to  d i s t i n g u i s h

s t a b i l i s a t i o n  in v o lv in g  i n t e r n a l  n u c le o p h i l ic  d isp la ce m e n t from

o th e r  ty p e s  o f  s t a b i l i s a t i o n .

The v e r t i c a l  p ro c e ss  s tu d ie d  by T ray lo .r was th e  c h a rg e -  

(2 5 )t r a n s f e r  b e tw e e n .th e  donors X I I I  o r  XIV and two s ta n d a rd

a c c e p to r s ,  te t r a c y a n o e th y le n e  (T .C ,N *E .) , (2 7 )

d ic h lo ro m a le ic  a n h y d rid e  (D .C ,M .A ,), Some p o s i t iv e  ch a rg e  i s  

p la c e d  on th e  carb o n  ©(. to  th e  Y s u b s t i t u e n t  in  th e  a b s o rp tio n

p ro c e s s  shown i n  e q u a tio n  (2 3 ) .
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hi>

com plex

Acceptor'
(2 3 )

com plex
T r a y lo r  b e l ie v e s  t h a t  a s  th e  a b s o rp t io n  f r e q u e n c ie s  o f  th e  c h a rg e -

t r a n s f e r  com plexes a r e  known to  be d i r e c t l y  r e l a t e d  to  th e

i o n i s a t i o n  p o t e n t i a l s  f o r  th e  r e s p e c t iv e  donors th e n  a  r e l a t i o n s h i p
+

betw een c h a r g e - t r a n s f e r  f re q u e n c y  and CT sh o u ld  be ap p a ren t*

T ab le  I  l i s t s  some o f  th e  c h a r g e - t r a n s f e r  f r e q u e n c ie s

o f  a  v a r i e t y  o f  m o n o s u b s ti tu te d  benzenes com plexed w ith  T .C .N .E .
(9 )o r  w ith  D.C.M.A. o b ta in e d  by T ra y lo r .
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TABLE I

F re q u e n c ie s  f o r  C h a rg e -T ra n s fe r  A b so rp tio n s  in  

T*C«N«E* o r  D«C«M*A, w ith  s u b s t i t u t e d  ben zen es

T  b a se  X max (f* U ) V TONE
(TONE)* (cm "1)

Ph-H 387 25 ,800

P h - t-B u  415 24 ,100

P h - i - P r  415 24 ,130

P h -E t 412 24 ,200

Ph-Me , 411 24 ,300

Ph-NHCOCH^ 480 20 ,800

Ph 0CH3 507 19 ,700

Ph CHgHgCH Ph 635 15 ,780

Ph CH^SiMe^ 486 20 ,100

Ph NMe2 520 19,200

7 -P h -n o rc a ra n e  500 20 ,000

P h -cy c lo p ro p a n e  470 2 J ,3 0 0

Complexes o f

*N> DCMA 
(cm )

33 ,560

28 ,600

24.940

29.940 

21,230

a ) S o lv e n t CH2C12 ; te m p e ra tu re  25° C«
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P lo t s  o f  th e s e  c h a r g e - t r a n s f e r  f r e q u e n c ie s  w ith  b o th  
+

a c c e p to r s  a g a in s t  0 " p  f o r  th e  g roups Y, w hich s t a b i l i s e  p o s i t i v e l y  

ch a rg e d  carb o n  by in d u c t iv e  o r  re so n an c e  e f f e c t s  a r e  shown in

The fo l lo w in g  l i m i t a t i o n s  have been p la c e d  by T ra y lo r  

on th e s e  Hammett r e l a t io n s h ip s *  The v a l i d i t y  o f  th e s e  p lo t s  

depend on th e  assu m p tio n  th a t  th e  o r b i t a l  from  w hich th e  e le c t r o n

w hich  p a r t i c i p a t e s  i n  p a ra  a t t a c k  o f r e a c t io n  C 15). T h is  

assu m p tio n  f a i l s  i n  th e  fo l lo w in g  in s ta n c e s  : -

(1 )  When Y i s  an e le c tro n -w ith d ra w in g  s u b s t i t u e n t .  T h is  i s  

i l l u s t r a t e d  by th e  en erg y  l e v e l s  o f  th e  h ig h e s t  f i l l e d  o r b i t a l s  

o f  m o n o s u b s ti tu te d  b en zenes shown below  s

F ig u re  I (9 )

U sing  th e s e  p lo t s  T ra y lo r  o b ta in e d  th e  fo l lo w in g  

19)e q u a tio n s  f o r  each  l i n e  :

^ T .C .N .E .  .= (9 ,3 0 0  <T+  + 2 6 ,200) ± 500 cm"1 (2 4 )

• C.M.A. * (1 0 ,4 0 0  0*+ + 36 ,400 ) i  500 cm"1 (2 5 )

i s  rem oved by ch a rg e  t r a n s f e r  h as  th e  same symmetry a s  th e  o r b i t a l

Y Y

Y Y

e le c t r o n - d o n a t in g  Y e le c tro n -w ith d ra w in g  Y
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PIGUKbl I

c h a r g e - t r a n s f e r  f r e q u e n c ie s  o f  X Cg.^ -A c ce p to r com plexes 

r-p o f  Y. I d e n t i t y  o f  Y i s  shown a d ja c e n t  to  each  p o in t .

0 A c ce p to r-  D.C.M.A.

X A ccep to r -  T .C .N .E,

3SiCH2-

PhCH HgCH

C y clo p ro p y l MeCONH-

Me2N-

X  2N-

PhCH2HgCH

- 1.8



A lth o u g h  p a ra  e l e c t r o p h i l i c  a t t a c k  a lw ays in v o lv e s  ^ 

r e g a r d le s s  o f  th e  n a tu r e  o f  Y, th e  e le c t r o n  w i l l  be removed from  

IJJ ^ by c h a rg e  t r a n s f e r  o n ly  when Y i s  an e le c t r o n - d o n a t in g  

s u b s t i t u e n t .

(2 )  When th e  i o n i s a t i o n  p o t e n t i a l  o f  an a l i p h a t i c  an a lo g u e

R-Y i s  e q u a l to  o r  lo w er th a n  tn a t  o f  b en zen e . The io n i s a t i o n

o f  Y-Ph i s  th e n  l i k e l y  to  in v o lv e  an e le c t r o n  from  Y i t s e l f  o r

from  th e  Y-C c rb o n d . In  e i t h e r  c a se  th e  Tr e le c t r o n s  t i . e .  vjf ^

and  vjl ) o f  th e  benzene r in g  may n o t  be s t r o n g ly  in v o lv e d  in  th e

i o n i s a t i o n .  -

Thus*, th e  i o n i s a t i o n  p o t e n t i a l s  o r  ch arg e  t r a n s f e r

f r e q u e n c ie s  may be t r e a t e d  by a  Hammett e q u a tio n  when Y c au se s

o n ly  a  sm a ll  p e r tu r b a t io n  on th e  benzene r in g  i . e .  th e  s u b s t i t u e n t s

m ust n o t  s e v e r e ly  a l t e r  th e  symmetry o f  th e  /TT o r b i t a l s .

T ra y lo r  a l s o  m e n tio n s . t h a t , o c c a s io n a l ly ,  ch arg e  t r a n s f e r

f r e q u e n c ie s ,  a lth o u g h  b e in g  e a s i e r  to  m easure th a n  io n i s a t i o n

p o t e n t i a l s ,  a r e  n o t  a c c u r a te  m easures o f  th e  i o n i s a t i o n  p o t e n t i a l s .

T h is  a r i s e s  when th e r e  i s  s t r o n g  bond ing  betw een th e  donor and
C 25)a c c e p to r  i n  th e  ground  s t a t e .  The e x c i t a t io n  p ro c e ss  th en

rem oves an e le c t r o n  from  t h i s  bond r a t h e r  th a n  from  th e  ’’f r e e "

d o n o r. T h is  s i t u a t i o n  o n ly  o c cu rs  when th e  a ro m a tic  donors a r e
+

a lk y l  a n i l i n e s  o r  o th e r  C^H^Y in  w hich i s  more n e g a t iv e  th an
+

- 1 . 4 .  T h e re fo re , o n ly  s u b s t i t u e n t s  h av in g  v a lu e s  o f  {Ty betw een 

0 and - 1 .4  have been s tu d ie d  by T ra y lo r .

A lthough  a  m ethod o f d i r e c t l y  t e s t i n g  r e a c t io n s  to  see  

w h e th er a  group Y a c t u a l l y  does a c c e le r a te  s o lv o ly s i s  by v e r t i c a l  

s t a b i l i s a t i o n  h as  n o t  been d e v ise d , T ra y lo r  p ro p o ses  t h a t  i t  can 

be d e te rm in ed  w h e th er a  group i s  c a p a b le  o f  v e r t i c a l  s t a b i l i s a t i o n  

by d e te rm in in g  i t s  e f f e c t  on a  known v e r t i c a l  p ro c e s s .  I f  th e  

group d is p la y s  v e r t i c a l  s t a b i l i s a t i o n  in  one p ro c e ss  th en  he i n f e r s  

t h a t  i t  p ro b a b ly  d is p la y s  th e  v e r t i c a l  s t a b i l i s a t i o n  to  a  s im i la r



e x te n t  in  a n o th e r  p ro c e s s  w hich p la c e s  p o s i t iv e  c h a rg e  i n  th e  r 

same p o s i t i o n .  S u b s t i tu e n t s  w hich a c c e le r a te  so lv o ly s je s  by- 

re so n a n c e  o r  in d u c t iv e  e f f e c t s  have la r g e  e f f e c t s  on v e r t i c a l  

p ro c e s s e s  ( c h a rg e  t r a n s f e r  s p e c t r a ;  see  F ig u re  I )  w hereas 

n e ig h b o u r in g  n u c le o p h i l i c  g ro u p s , w hich undergo i n t e r n a l  

d is p la c e m e n t, do n o t  d is p la y  any o f t h e i r  s t a b i l i s i n g  in f lu e n c e s  

on c h a rg e  t r a n s f e r  s p e c t r a ,  

i . e .

T.CN.E.

(2C

The c a p a b i l i t y  o f  Y in  s t a b i l i s i n g  p o s i t iv e ly  c h arg ed

t r a n s i t i o n  s t a t e s  i s  m easured  by th e  w ell-know n l i n e a r  f r e e -

en erg y  (Hammett) r e l a t i o n s h i p s  b ased  on e q u a tio n s  ( 1 3 ) ,  (1 4 ) o r

(1 5 )*  The Hammett r e l a t i o n s h i p s  f o r  c h a r g e - t r a n s f e r  s p e c t r a

( e q u a tio n s  and a r e  u sed  to  m easure th e  c a p a b i l i t y  o f Y

in  s t a b i l i s i n g  th e  c h a rg e  t r a n s f e r  e x c i te d  s t a t e s .  T ra y lo r
•f

s u g g e s ts  t h a t  i f  O^j o b ta in e d  from  r e a c t io n s  i s  th e  same as  t h a t  

o b ta in e d  from  c h a rg e  t r a n s f e r  s p e c t r a ,  th en  i n t e r n a l  n u c le o p h i l i c  

d isp la c e m e n t does n o t  o c cu r in  th e  r e a c t io n s .

T ra y lo r  h as  a tte m p te d  to  d em o n stra te  h i s  f in d in g s  by 

com paring  th e  r e l a t i v e  r a t e s  o f  s o lv o ly s i s  o f  a lk y l  system s 

c o n ta in in g  a  v a r i e t y  o f  s t r a i n e d - r i n g  s u b s t i t u e n t s  w ith  th e  

ch a rg e  t r a n s f e r  s p e c t r a  o f th e  r e s p e c t iv e  phen y l d e r iv a t iv e s .  

U sing  th e  example o f th e  s o lv o ly s i s  o f  1 - j 2 . 1 . l j  b ic y c lo h e x y l-



m eth y l t o s y l a t e ,  r e c o rd e d  e a r l i e r  (e q u a t io n  7 ) ,  he s u g g e s ts  t h a t

i f  th e  c l a s s i c a l  m echanism , s t r u c t u r e  I I ,  w ere a p p l ic a b le  and

th e  s o lv o ly s i s  o f  th e  t o s y l a t e  were f a s t e r  th an  th e  s o lv o ly s i s

o f  n e o p e n ty l  t o s y l a t e  b ecau se  o f s t e r i c  e f f e c t s ,  th e n  th e  ch a rg e

t r a n s f e r  f re q u e n c y  sh o u ld  in c r e a s e  w ith  in c r e a s in g  s t r a i n  i n  R

o f  b ecau se  th e  in c r e a s in g  S c h a r a c te r  in  th e  R-C bond

c a u se s  in d u c t iv e  e le c t r o n  w ith d ra w a l. I f  mechanism V w ere

im p o r ta n t th e n  th e  f re q u e n c y  sh o u ld  d e c re a se  w ith  in c r e a s in g

s t r a i n .  The c o n t r ib u t io n  to  r a t e  a c c e le r a t i o n  from  bond s t r e t c h i n g

( f ra g m e n ta t io n )  I I I ,  o r  bond m aking (b r id g in g )  IV , would n o t  be

d e te c te d  i n  th e  ch a rg e  t r a n s f e r  s p e c t r a  (v id e  s u p r a ) .

The ch arg e  t r a n s f e r  f r e q u e n c ie s  o f  a  s e r i e s  o f  RC,H._o o

o b ta in e d  by T r a y lo r ,  to g e th e r  w ith  r e l a t i v e  r a t e s  o f  s o lv o ly s i s  

o f  RCH^X a r e  shown i n  T ab le  I I

T r a y lo r fs p lo t  o f  lo g  r e l a t i v e  s o lv o ly s i s  r a t e s  o f  R CH^X 

a g a in s t  th e  c h a rg e  t r a n s f e r  f r e q u e n c ie s  o f  th e  com plexes RC^H^- 

te t r a c y a n o e th y le n e  i s  shown in  F ig u re  1 1 . ^ ^

The l i n e a r  c o r r e l a t i o n  o b ta in e d  in  F ig u re  I I  im p l ie s ,  

a c c o rd in g  to  T r a y lo r ,  t h a t  a c c e le r a t i o n  o f  th e  r e a c t io n  (e q u a t io n  7) 

i s  p r im a r i ly  due to  a  v e r t i c a l  e l e c t r o n i c  e f f e c t  in v o lv in g  

c o n ju g a t io n  o f  one o r  more o f  th e  s t r a i n e d  bon d s. He goes on to
/

s u g g e s t t h a t  s t r a i n e d  o r  p o la r i s e d  o" bonds can th e r e f o r e  a f f o r d  

enormous s t a b i l i s a t i o n  o f  n e ig h b o u rin g  c a t io n s  w ith o u t any change 

i n  th e  s t r u c t u r e  o f  R to  r e l i e v e  th e  s t r a i n .

From th e s e  s tu d ie s  T ra y lo r  draws two c o n c lu s io n s .

(1 )  A carbonium  io n  generated© C  to  a  s t r a i n e d  or bond i s  

d e lo c a l i s e d  ( n o n - c l a s s i c a l )  in  p ro p o r t io n  to  th e  s t r a i n .  T here  

a r e .n o  " c l a s s i c a l ” carbonium  io n s  h av in g  su ch  s t r a i n .

(2 )  The s t a b i l i s a t i o n  may be v e r t i c a l  o r  n e a r - v e r t i c a l  and th u s  

p ro b es  f o r  m ig ra t io n  to  d i f f e r e n t i a t e  c l a s s i c a l  from  n o n - c l a s s i c a l



2b.

TABLE II

C harge t r a n s f e r  f r e q u e n c ie s  f o r  w ith  T .C .N .E . a  com pared

w ith  r e l a t i v e  r a t e s  o f  s o lv o ly s i s  o f  R CH  ̂ X.

JLs.

1 • t-B u

'X(nm ) "2>I cm  ̂ x 103) krel log  krel ^*R

436

450

,  „

4 . 475

2 2 .6

22

21 .5

21

• 1

190

- 0 .3

0 .9  - 0 .4

2 .2 8  - 0 .5

5x10 4 .7  - 0 .5 4

5 . 485 20.6 - 0 .6 0

6 . 505 1 9 .8 1 .1x107 7 .0 4  - 0 .6 9

510 1 9 .6 3x10 7 .4 8  -0 .7 1

8 . 520 1 9 .2 -0 .7 5



a .  S o lv e n t CH^Cl^, room te m p e ra tu re .

b .  Most o f  th e  l v a l u e s  a p p e a r  to  have been c a lc u la te d  from  

th e  c h a rg e  t r a n s f e r  f re q u e n c y  u s in g  e q u a tio n  (2 4 )

b e h a v io u r  may be in c o n c lu s iv e .

T h is  c o r r e l a t i o n  h as a ls o  been c la im ed  by T ra y lo r  to

p ro v id e  a  s im p le  means o f  p r e d ic t in g  r e l a t i v e  s o lv o ly s i s  r a t e s .

By m easu rin g  th e  c h a rg e  t r a n s f e r  sp ec tru m  o f RC^H- -  T.C.N.E*b o

he s u g g e s ts  t h a t  th e  r a t e  of. s o lv o ly s i s  o f  R 0Ho X may be
9 dm

e s t im a te d .

The r a t e s  o f  s o lv o ly s i s  o f  th e  homocubyl and 1 -n o rc a ry l  

c a r b in y l  sy stem s have been p r e d ic te d  by him in  t h i s  way. 

i  .  e .

CHoX ch2
'' %■ 

'X

p ro d u c t (27)
F u r th e r  ev id en ce  fo r^ - 'tT c o n ju g a tio n  q u o ted  by T ra y lo r  

i s  th e  e f f e c t  o f  h a v in g  more th an  one n u c le o p h i l ic  g roup a t ta c h e d  

to  a  s u b s t r a t e .  In  r e a c t io n s  such  a s  (2 8 ) i n t e r n a l  n u c le o p h i l ic  

d isp la ce m e n t would be c o m p e tit iv e  b ecau se  s t e r i c  e f f e c t s  p re v e n t 

s i g n i f i c a n t  s im u lta n e o u s  a t t a c k  by th e  two n u c le o p h i le s .



FIGURE II

Log r e l a t i v e  s o lv o ly s i s  r a t e s  o f R ^ 2   ̂ a &Q'i*1s t  ch arg e  t r a n s f e r  

f r e q u e n c ie s  o f R -  l . C #N*E.
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N--n„r¥
Rf— C— CR2

s + H 
N: I :N

> f >  r 2c — cr— c r 2

x S -

( 28)

On th e  o th e r  h an d , th e r e  i s  no such  s e v e re  r e s t r i c t i o n  

on cr-Tr co n ju g a tio n , and  such, g roups w i l l  a c t  c o - o p e r a t iv e ly ,  

e q u a tio n  ( 29) .

M M
„  r *  H <r\ 
R2C— C— CR;

S

S+
M H M

I

R 2C ———C —-“C R 2

i s -
(2 9 )

T h e re fo re , f o r  th e  g e n e ra l  r e a c t io n

(M CH„) (CH .) ,  CX—»(M CH„) (C H .) . C+ + X" 2 n  3 3 -n  v 2 n 3 3 -n (3@)

an i n t e r n a l  n u c le o p h i le  would be e x p ec ted  to  a c c e le r a te  th e  

i o n i s a t i o n  by a p p ro x im a te ly  n ^  and a  cr-TT c o n ju g a t in g  group by 

ab o u t ( &  )n , w here i s  th e  a c c e le r a t i o n  f o r  one su ch  g ro u p . 

T ra y lo r  i l l u s t r a t e s  ev id en ce  f o r  t h i s  p o s tu la te  by m e n tio n in g  th a t
t 28)

a r y l  g roups (M » a r y l )  have been o b se rv ed  to  a c c e le r a te  such

r e a c t io n s  by n  w hereas c y c lo p ro p y l g roups ^ ^ )  a pp ea r  

a c c e l e r a t e  th e  r e a c t io n  by ( )n * P re v io u s  work by T ra y lo r

on th e  c h a rg e  t r a n s f e r  com plexes o f  d ipheny lm ethane  and t r i p h e n y l -  

m ethane w ith  T .C .N .E . seems to  i n d i c a t e  t h a t  th e r e  i s  no v e r t i c a l  

s t a b i l i s a t i o n  in  th e s e  com plexes w hereas th e  ch arg e  t r a n s f e r  sp ec tru m



o f  c y c lp r o p y l  benzene p o in ts  to  v e r t i c a l  c r-T f c o n ju g a t io n  (v id e  

s u p r a ) •

In  c o n c lu s io n , T r a y lo r 's  th e o ry  o f  " v e r t i c a l  

s t a b i l i s a t i o n "  d e s c r ib e s  a  mechanism w hereby p o la r i s a b l e  or bonds 

may s t a b i l i s e  n e ig h b o u rin g  c a t io n ic  c e n tr e s  w ith o u t a l t e r i n g  th e  

le n g th  o r  a n g le s  a ro u n d  such  bonds a s  th e  t r a n s i t i o n  s t a t e  i s  

ap p ro a c h e d . Thus, a  c y c lo p ro p y l g ro u p , f o r  exam ple, may 

s t a b i l i s e  a  c a t io n  by v e r t i c a l  d e lo c a l i s a t i o n  in  th e  same way th a t  

a  v in y l  g roup  d o e s . The " s t r a i n "  i n  b o th  th e  c y c lo p ro p y l and 

v in y l  g ro u p s makes th e  e le c t r o n s  more d e lo c a l i s a b l e ,  b u t th e s e  

sy stem s n e e d  n o t  be " r e l i e v e d "  by n u c le a r  movements in  o rd e r  to  

a f f o r d  s t a b i l i s a t i o n  o r  s te re o c h e m ic a l c o n t r o l .  I t  i s  n o t 

s u g g e s te d  t h a t  th e  c a t io n s  w hich a r e  in te r m e d ia te s  in  s o lv o ly s i s  

r e a c t io n s  a r e  n o t  b r id g e d , b u t t h a t  becau se  a l l ,  o r  n e a r ly  a l l ,  

o f  th e  s t a b i l i s a t i o n  o f  c a t io n s  a s  m easured by s o lv o ly s i s  

r e a c t io n s  i s  a l s o  seen  in  v e r t i c a l  p ro c e s s e s ,  such  b r id g in g  

c o n t r ib u te s  v e ry  l i t t l e  to  th e  s t a b i l i s a t i o n  a t  th e  t r a n s i t i o n  

s t a t e ,  , T hus, T ra y lo r  s t a t e s  " th a t  ^-*IT c o n ju g a tio n  i s  n o t  s im p ly  

an excu se  f o r  draw ing d i f f e r e n t  d o t te d  l i n e s  b u t i s  phenomeno- 

l o g i c a l l y  v e ry  d i f f e r e n t  from  e i t h e r  i n t e r n a l  d isp lacem en t o r  

f r a g m e n ta t io n " •



D I S C U S S I O N .
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The scope  o f  th e  p re s e n t  work was to  t e s t  Traylc 

h y p o th e s is  o f . " v e r t i c a l  s t a b i l i s a t i o n "  in  s e v e r a l  w ays.

(1 )  By s y n th e s i s in g  th e  pheny l d e r iv a t iv e s  o f th e  s t r a in e d  

r i n g  sy stem s  4 -  7 in  T ab le  I I  and m easu rin g  th e  c h a rg e  

t r a n s f e r  s p e c t r a  o f  th e  com plexes form ed by th e  a d d i t io n  o f  

te t r a c y a n o e th y le n e  (T .C .N .E .)  to  th e s e  s u b s t i t u t e d  b en zen es , 

th u s  c o n f irm in g  o r  deny ing  T r a y lo r 's  v a lu e s  f o r  th e  ch arg e  

t r a n s f e r  f r e q u e n c ie s .

(2 )  By th e  e x p e r im e n ta l d e te rm in a tio n  o f  th e  k i n e t i c s  o f  

e l e c t r o p h i l i c  a ro m a tic  s u b s t i t u t i o n  in  th e s e  pheny l d e r iv a t iv e s  

i t  was hoped t h a t  th e  a c c u ra cy  o f  T ray lo r!,^  0 "+ v a lu e s ,  

e s t im a te d  from  th e  ch a rg e  t r a n s f e r  f r e q u e n c ie s  u s in g  e q u a tio n  

( 24) c o u ld  be v e r i f i e d .

(3 )  By th e  s y n th e s is  o f  th e  homocubyl c a r b in o l  system  XXI 

(4 -h y d ro x y m e th y lp e n ta c y c lo  £ 4 * 3 « 0 .0 .^ , ' \ 0 . ^ ’ ® .0 .^ '^  *] nonane) 

and th e  d e te rm in a tio n  o f  th e  r a t e  o f  s o lv o ly s i s  o f  th e  3*5- 

d in i t r o b e n z o a te  d e r iv a t iv e  in  aqueous a c e to n e . The e x p e r im e n ta l 

r a t e  c o n s ta n t  co u ld  be com pared w ith  t h a t  p r e d ic te d  by T ra y lo r  

from  F ig u re  I I .

D e ta i l s  o f  th e  s y n th e t i c  w ork, k i n e t i c s  and c h a rg e  

t r a n s f e r  m easurem ents a r e  c o n ta in e d  i n  th e  e x p e r im e n ta l 

s e c t i o n .
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1) C h a rg e -T ra n s fe r  M easurem ents

The c h a rg e  t r a n s f e r  s p e c t r a ,  re c o rd e d  u s in g  an

Unicam SP8000 U*V, r e c o rd in g  sp e c tro p h o to m e te r , f o r  th e

f o l lo w in g  s u b s t r a t e s :p h e n y l  c y c lo p ro p a n e , 1 -p h en y l n o rc a ra n e ,

7 -p h e n y l n o rc a ra n e ,  1 -  phen y l b ic y c lo  [ 3 « 1 . o ]  h ex an e , an d ,

a l s o ,  f o r  to lu e n e  a r e  shown i n  th e  e x p e r im e n ta l s e c tio n *  p. 85-89*

I t  was d e c id e d  to  check th e  e x p e r im e n ta l p ro ced u re

em ployed to  m easure th e  s p e c t r a  by f i r s t  u s in g  to lu e n e  a s  th e

s u b s t r a te #  As can be s e e n  from  th e  Unicam c h a r t  a  r e a s o n a b le

sp ec tru m  was o b ta in e d  w ith  a  s in g le  peak , h a v in g  x  a tmax •
410 nm, b e in g  v i s ib le *  The Cary Model 14 s p e c tro p h o to m e te r

gave a  sp ec tru m  o f  i d e n t i c a l  shape  and X T h is  v a lu e

com pares fa v o u ra b ly  w ith  t h a t  o b ta in e d  by T ra y lo r  (411 nm) ^
26and a l s o  t h a t  o b ta in e d  by M e r r i f i e ld  and P h i l l i p s  (406  nm) •

The sp ec tru m  f o r  th e  p h e n y l-c y c lo p ro p an e  -  T.C*N#E*

com plex shows two p e a k s , th e  s h o r t e r  w av elen g th  peak b e in g

c e n t r e d  on X  404 nm. w h ile  th e  seco n d , lo n g e r  w av e len g th, max •
peak  m erges w ith  th e  f i r s t  peak to  form  a  b ro ad  p la te a u -s h a p e d

peak* T h is  makes th e  e s t im a tio n  o f  X r a t h e r  d i f f i c u l tmax •

a lth o u g h  i t  a p p e a rs  to  be i n  th e  ra n g e  465 -480 nm*

T r a y lo r ,  a l s o ,  seems to  be in d e c i s iv e  as  to  th e  t r u e  p o s i t io n

o f  X  a s  he re c o rd s  a  v a lu e  o f  470 nm, in  one p u b l ic a t io n  ^'  max*
10and a  v a lu e  o f  475 nm, in  a n o th e r  p ap e r •

The sp ec tru m  f o r  th e  1 -p h en y l n o rc a ra n e  -  T .C .N .E ,

com plex a g a in  shows two p e ak s , th e  s h o r t e r  w av e len g th  peak

b e in g  c e n t r e d  a t  400 nm* and th e  lo n g e r  w av e len g th  peakmax*

b e in g  much b ro a d e r  a t  a p p ro x im a te ly  X mgux« 550 nm* The 

b ro a d n e ss  o f  t h i s  second  peak makes th e  d e te rm in a tio n  o f  X mcLx •

d i f f i c u l t  b u t does n o t  e x p la in  th e  v a lu e  o f  X o b ta in e d  by
IQcLX •

10
T ra y lo r  (485 nm) •
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The 7 - p h en y l n o rc a ra n e  -  T .C .N .E . com plex gave a  

sp ec tru m  c o n ta in in g  a  s i n g l e ,  f a i r l y  b ro ad  peak c e n tr e d  on 

x ^ .  408 nm. A gain , t h i s  v a lu e  does n o t a g re e  w ith  T ra y lo r* s

r e s u l t s .  T r a y lo r ,  a g a in ,  q u o te s  two v a lu e s ,  500 nm, i n  one
9 10p u b l i c a t io n  and 505 nm, in  a n o th e r  com m unication •

F i n a l l y ,  th e  sp ec tru m  o b ta in e d  from  th e  complex o f

1 -p h e n y l b ic y c lo  [  3 .1 .o J  hexane and T .C .N .E , shows two peaks

o f  s i m i l a r  a p p ea ra n ce  to  th e  sp ec tru m  o f  phen y l cy c lo p ro p an e  -

T .C .N .E . The s h o r t e r  w av e len g th  peak i s  c e n tr e d  on "X
11182 •

405 nm. and i s  f a i r l y  w e l l - d e f in e d  b u t th e  lo n g e r  w av elen g th

peak  i s  b ro a d  and o v e r la p s  th e  f i r s t  peak , c a u s in g  th e

d e te r m in a t io n  o f  X  . t o  be d i f f i c u l t *  T ra y lo r  h a s  q u o ted  ^max

o f  510 nm. b u t from  th e  Unicam spec trum

th e  v a lu e  c o u ld  be anyw here betw een 480 nm and 520 nm.

I n  a l l  th e  ab o v e-m en tioned  c a se s  i d e n t i c a l  s p e c t r a

w ere o b ta in e d  u s in g  a  Cary Model 14 u l t r a - v i o l e t  r e c o rd in g

s p e c tro p h o to m e te r ,  b o th  in  shape  and p o s i t io n  o f  X  ftY a s

f o r  th e  Unicam SP8000 c h a r t s  shown.

T r a y lo r ,  a l s o ,  a p p e a rs  to  have d i f f i c u l t y  in

d e c id in g  th e  p o s i t io n  o f  X „ ov f o r  th e  t - b u t y l  benzene -max •
9 10T .C .N .E . com plex . He q u o te s  v a lu e s  o f  415 nnr and 438 nm

i n  s e p a r a te  p a p e r s ,  a lth o u g h  he  does m ention  t h a t  th e  e s t im a tio n

o f  f o r  s h o r t e r  w av elen g th s  ( <£  450 nm) i s  r a t h e rmax.
in a c c u r a te  due to  th e  f a c t  t h a t  th e  lo n g e r  w av e len g th  maxima

a r e  b ro ad  and  o v e r la p  th e  second  maxima. A d i f f e r e n c e  in

"X o f  23 nm. makes a  s u b s t a n t i a l  d i f f e r e n c e  in  th e  v a lu e
max.

o f  CT + c a lc u la t e d  from  e q u a tio n  (24 ) (v id e  i n f r a ) .

T h is ,  i n  e f f e c t ,  i l l u s t r a t e s  th e  main w eakness in  

T ra y lo r 1̂  e x p e r im e n ta l f in d i n g s .  A lthough  i t  i s  re a s o n a b le  to  

assum e a  r e l a t i o n s h i p  betw een ch arg e  t r a n s f e r  a b s o rp tio n

a  v a lu e  f o r  A max



f r e q u e n c ie s  and  i o n i s a t i o n  p o t e n t i a l s ,  a s  p o s tu la te d  by
27 30

p re v io u s  w o rk e rs , ^  and h en ce , th e  a b i l i t y  o f a  p a r t i c u l a r  

g roup  to  s t a b i l i s e  carbonium  io n s ,  i f  th e  fre q u e n c y  o f  a b s o rp t io n  

can n o t be d e te rm in e d  w ith  a  h ig h  deg ree  o f a c c u ra c y , th e n  t h i s  

m ethod o f  d e te rm in in g  CT v a lu e s  and r e l a t i v e  r a t e s  o f  r e a c t io n  

i s  g o in g  to  be r a t h e r  u n r e l ia b le #  T ra y lo r  does n o t re p ro d u c e  

th e  s p e c t r a  o b ta in e d  by h i s  co -w o rk e rs  b u t th e  s p e c t r a  i n  th e  

p re s e n t  work seem to  i n d i c a t e  t h a t ,  f o r  s t r a i n e d  r in g  sy stem s 

a t  l e a s t ,  th e  c h a rg e  t r a n s f e r  a b s o rp tio n  f r e q u e n c ie s  can n o t be 

d e te rm in e d  a c c u r a te ly  enough to  be employed in  th e  e s t im a tio n  o f  

r e a c t i o n  r a t e s  ©j? o* c o n s ta n ts *

; C lo s e r  ex am in a tio n  o f  T ray lo r:*& r e s u l t s  show f u r t h e r

d is c r e p a n c ie s *  F o r exam ple, th e  g rap h  o f  ch a rg e  t r a n s f e r
+ 9

f r e q u e n c y , V  a Sa i n s '*; °"p drawn by T ra y lo r  (F ig u re  I )

g iv e s  a  v a lu e  f o r  'S) f o r  th e  dimethylam1.no group o f
-1a p p ro x im a te ly  14 ,800  cm an d , y e t ,  T ab le  I  i n  th e  same p a p e r

q u o te s  xcNE a s  b e in s  19,200* cm • A lso , T ra y lo r  q u o te s
10v a lu e s  in  T ab le  I I  , p resum ably  c a lc u la te d  u s in g

e q u a tio n  (2 4 ) a lth o u g h  he does n o t make t h i s  c l e a r .  The 
+

r e c a l c u l a t e d  O’ v a lu e s  u s in g  T r a y l o r s  r e s u l t s  f o r  *V

from  e q u a tio n  ( 24) a r e  shown a g a in s t  th e  v a lu e s  c a lc u la t e d  by

T r a y lo r  in  T ab le  I I I .

As can be s e e n , th e r e  a p p ea rs  to  be some d i f f e r e n c e

betw een th e  O’*"v a lu es  r e p o r te d  by T ra y lo r  and th o se  c a lc u la t e d

u s in g  h i s  r e s u l t s ,  e s p e c ia l l y  f o r  th o se  s u b s t r a t e s  w here T ra y lo r

i s  i n d e c i s iv e  a s  to  th e  e x a c t p o s i t io n  o f *"0 i t  i s
4*

i n t e r e s t i n g  to  n o te  t h a t  th e  <T v a lu e  f o r  th e  c y c lo p ro p y l group

o b ta in e d  by T ra y lo r  i s  a p p ro x im a te ly  0 .0 8  more n e g a t iv e  th a n  t h a t

o b ta in e d  from  th e  s o lv o ly s i s  o f  t-cu m y l c h lo r id e s ,  i . e .  th e  

c y c lo p ro p y l group sh o u ld  be more r e a c t iv e  th a n  i s  fo und
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e x p e r im e n ta l ly .  A lso , c a lc u la t io n  o f CT + f o r  th e  m eth y l
Q <1

group  u s in g  T ra y lo r ltf  v a lu e  v f o r  *0 TCNE o f  24,300 cm

+ 3 3g iv e s  O" a s  -0 .2 0  com pared w ith  an a c c e p te d  v a lu e  o f  -0 .3 1 1  •

T hus, T r a y lo r  im p lie s  t h a t  th e  m ethy l group i s  l e s s  r e a c t iv e

th a n  th e  t - b u t y l  g ro u p , i . e .  th e  r e v e r s e  o f  th e  B aker-N athan

o r d e r  o f  r e a c t i v i t i e s .

H ence, i t  can be seen  from  th e  above t a b l e  t h a t

T r a y lo r  n o t  o n ly  h as  d i f f i c u l t y  i n  o b ta in in g  a c o n s i s t e n t  v a lu e

f o r  th e  c h a rg e  t r a n s f e r  f r e q u e n c ie s  f o r  s e v e r a l  o f  th e  s u b s t r a t e s

b u t ,  a l s o ,  a p p e a rs  to  have e i t h e r  in a c c u r a te ly  c a lc u la te d  o r

m is -q u o te d  v a lu e s  f o r  some o f  th e  o*+ c o n s ta n t s .  Y e t, i n  a

31 * +f u r t h e r  p a p e r  he g iv e s  some o f  th e s e  <r v a lu e s  a s  i f  th e y

w ere e s t a b l i s h e d  f i g u r e s  ! I t  seems t h a t  th e  l i n e a r

r e l a t i o n s h i p s  betw een ch arg e  t r a n s f e r  f req u e n cy  and r e a c t i v i t y

( F ig u r e s  I  and I I )  shown by T ra y lo r  m ust be re g a rd e d  w ith  a

c e r t a i n  amount o f  r e s e r v a t io n  u n t i l  a  more a c c u ra te  m ethod o f

d e te r m in a t io n  o f  th e  ch arg e  t r a n s f e r  a b s o rp t io n  f r e q u e n c ie s

o f  th e s e  c y c l i c  s u b s t r a t e s  i s  fo u n d .



2) E l e c t r o p h i l i c  A rom atic  S u b s t i tu t i o n

The c h o ic e  o f  e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t io n  was

in f lu e n c e d  by a  v a r i e t y  o f  f a c to r s *  A r e a c t io n  was r e q u i r e d

w hich  w ould be re a s o n a b ly  s e n s i t i v e  to  changes in  s u b s t i t u e n t s

i n  th e  benzene  r i n g ,  i . e .  a  l a r g e ,  n e g a t iv e  rho  v a lu e  f o r  th e

r e a c t io n  was n e e d e d . A lso , th e  r e a c t io n  m ust in v o lv e  t o t a l

o r  n e a r - t o t a l  s u b s t i t u t i o n  in  th e  benzene r i n g  w ith  no o r

n e g l i g i b l e  s u b s t i t u t i o n  in  th e  group a t ta c h e d  to  th e  a ro m a tic

r i n g .  F o r t h i s  re a so n  a c e ty l a t i o n  ^  and b ro m in a tio n  ^5 ,3 6

v/ere e x c lu d e d  a s  b o th  th e s e  r e a c t io n s  in v o lv e  c lea v a g e  o f  th e

c y c lo p ro p y l r i n g  in  phen y l c y c lo p ro p a n e . F in a l ly ,  th e

m easurem ent o f  th e  k i n e t i c s  o f  r e a c t io n  sh o u ld  be r e l a t i v e l y

s t r a ig h t f o r w a r d ,  p r e f e r a b ly  in v o lv in g  a  c o n tin u o u s  m ethod su ch

a s  v i s i b l e / u l t r a - v i o l e t  s p e c tro s c o p y .

I n i t i a l l y ,  i t  was d ec id ed  to  u se  m o le c u la r  c h lo r in a t io n

a s  th e  e l e c t r o p h i l i c  r e a c t i o n ,  th e  ^  v a lu e  b e in g  a p p ro x im a te ly

37-  1 0 .0 .  The p ro ced u re  o f  K e e fe r and Andrews was em ployed.

The r e a c t io n  was c a r r i e d  o u t in  a c e t o n i t r i l e  a t  25° C -  0 .1 °  C,
2th e  s u b s t r a t e  b e in g  10 M ex cess  o v e r c h lo r in e  to  e n su re

mono s u b s t i t u t i o n .  The change in  ab so rb an ce  o f  th e  c h lo r in e

s o lu t io n  was fo llo w e d  u s in g  a  Cary Model 14 u l t r a - v i o l e t  re c o rd in g

s p e c tro p h o to m e te r  a t  a  w av e len g th  o f  330 nm. At f i r s t ,  to lu e n e

was t r i e d  a s  t h e  s u b s t r a t e  to  check th e  p ro c e d u re , a  r a t e  c o n s ta n t

- 3  -1o f  a p p ro x im a te ly  10 s  b e in g  o b ta in e d , in  re a s o n a b le  agreem ent 

to  t h a t  o b ta in e d  .by K e e fe r and .Andrews. However, when th e  more 

r e a c t i v e  s u b s t r a t e s ,  p o s s e s s in g  s t r a i n e d - r i n g  s u b s t i t u e n t s ,  w ere 

t r i e d  th e  r e a c t io n  was fo u n d  to  be to o  r a p id  to  m easure 

s p e c t r o p h o to m e tr ic a l ly .  On re d u c in g  th e  c o n c e n tra t io n  o f  th e s e



s u b s t r a t e s  to  lo w er th e  r a t e  o f  c h lo r in a t io n  i t  ap p ea red  th a t  

a  c o n s e c u tiv e  r e a c t io n  was o c c u r r in g ,  a p p ro x im a te ly  th r e e  

e q u iv a le n ts  o f  c h lo r in e  r e a c t in g  f o r  each  e q u iv a le n t  o f  s u b s t r a t e .

N e x t, i t  was d ec id ed  to  u se  n i t r a t i o n  a s  th e  e l e c t r o 

p h i l i c  s u b s t i t u t i o n  r e a c t i o n ,  th e  ^  v a lu e  b e in g  - 6 .0  

B o th  to lu e n e  ^  and p h en y l cy c lo p ro p an e  38-41 g iv e  l i t t l e  o r

no s u b s t i t u t i o n  in  th e  a lk y l  s u b s t i t u e n t .  The p ro ced u re  o f
68H a r ts h o rn , Moodie and S c h o f ie ld  was employed ( s e e  e x p e r im e n ta l) .

The r e s u l t s  a r e  shown in  T ab le  VI (e x p e r im e n ta l  s e c t i o n ) .

B efo re  th e  k i n e t i c s  o f n i t r a t i o n  a re  d is c u s s e d  i t  i s

n e c e s s a ry  to  m en tion  one o r  two r e s e r v a t io n s  ab o u t th e  r e s u l t s

o b ta in e d .  F i r s t l y ,  th e  p ro d u c ts  o f  n i t r a t i o n  were n o t

d e te rm in e d  f o r  th e  r e a c t io n s  an d , h en ce , i t  h as  been n e c e s s a ry

to  assum e t h a t  a l l  o r  m ost o f  th e  n i t r a t i n g  a g en t r e a c t s  v ia

e l e c t r o p h i l i c  a ro m a tic  s u b s t i t u t i o n ,  th e  c y c l i c  s u b s t i t u e n t s

re m a in in g  u n to u ch ed . As s t a t e d  p re v io u s ly ,  pheny l cy c lo p ro p an e

g iv e s  m a in ly  a ro m a tic  s u b s t i t u t i o n  p ro d u c ts  so i t  i s  re a s o n a b le

to  assum e t h a t  th e  o th e r  s u b s t r a t e s ,  w h ic h jin  e f f e c t ,  can be

com pared w ith  c y c lo p ro p an e  r in g s  w ith  a lk y l  s u b s t i t u e n t s  a t ta c h e d ,

39sh o u ld  r e a c t  in  a  s im i l a r  m anner. Baas and W epster qu o te  

y i e ld s  o f  97.7% o f  th e  a ro m a tic  n i t r a t i o n  p ro d u c t f o r  phenyl 

c y c lo p ro p a n e  and 96. 1% f o r  2 -m e th y lc y c lo p ro p y l benzene. 

C o n se q u e n tly , p ro d u c t r a t i o s  have n o t been d e te rm in ed  f o r  th e  

s u b s t r a t e s  and so th e  r e a c t io n  r a t e s  quo ted  a r e  o v e r a l l  r a t e s  

and  n o t  p a r t i a l  r a t e  f a c t o r s .  S eco n d ly , th e  s ta n d a rd  d e v ia t io n s  

c a l c u l a t e d  f o r  th e  w e ig h ted  a v e ra g e s  o f th e  r a t e  c o n s ta n ts  v a ry  

betw een 3.39% and 17.46% . T h is  means t h a t ,  a l th o u g h  th e  r a t e  

c o n s ta n ts  a r e  o f  th e  r i g h t  o rd e r  th e  f ig u r e s  m en tioned  sh o u ld  

n o t  be ta k e n  to o  l i t e r a l l y .
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D e sp ite  th e s e  r e s e r v a t io n s ,  how ever, th e  r a t e

m easurem ents show an i n t e r e s t i n g  t r e n d .  The k i n e t i c s  o f

n i t r a t i o n  o f  benzene and to lu e n e  w ere m easured  in  o rd e r  to

check  th e  p ro c e d u re , s o lu t io n s ,  e t c .  The r a t e  c o n s ta n ts

o b ta in e d  com pare fa v o u ra b ly  w ith  th o se  o b ta in e d  by S c h o f ie ld  
68e t  a l  f o l lo w in g  th e  same p ro ced u re  and u s in g  th e  same

c o n d i t io n s  ( a  s l i g h t l y  m o d if ied  v e r s io n  o f  th e  p ro ced u re  u sed

f o r  th e  d e te rm in a tio n  o f  th e  k i n e t i c s  o f r e a c t io n  o f  to lu e n e

was em ployed f o r  benzene r a t h e r  th an  SchofielcU -£ a l iq u o t

m e th o d ). T h is  g iv e s  a  r e l a t i v e  r a t e  f o r  to lu e n e  a g a in s t

benzene  o f 51*2, com pared to  50 -  6 o b ta in e d  by S c h o f ie ld .

O th e r w o rk e rs  have o b ta in e d  r e l a t i v e  r a t e  r a t i o s  ra n g in g  from

17 to  90 , depend ing  on th e  c o n d i t io n s  o f  r e a c t io n  and

m ethod o f  d e te r m in a t io n ,  so th e  f ig u r e s  o b ta in e d  in  th e  p re s e n t

work a p p e a r  to  be r e a s o n a b le .

The r e l a t i v e  r a t e  f o r  pheny l cy c lo p ro p an e  a g a in s t

benzene  i s  ab o u t 243, u s in g  th e  e x p e r im e n ta l r e s u l t s  re c o rd e d

i n  t h i s  w ork . T h is  com pares w ith  f ig u r e s  quo ted  by Baas and

W epster ^  o f  g r e a t e r  th a n  100 ( th e s e  w orkers have e s t im a te d  th e

r a t e  to  be seven  tim e s  g r e a t e r  th an  th a t  o f  th e  is o p ro p y l  g roup
35w hich g iv e s  a  r e l a t i v e  r a t e  o f  1 8 2 ), by S tock  o f  912, and

38t h a t  c a lc u la t e d  by S h e c h te r  o f  a p p ro x im a te ly  700, u s in g  d a ta  

from  th e  s o lv o ly s i s  o f  t-cu m y l c h lo r id e s ,  b e a r in g  in  mind th e  

d i f f e r i n g  c o n d i t io n s  employed by th e s e  w o rk e rs . I f  th e  o rth o s  

p a ra  p ro d u c t r a t i o  f o r  n i t r a t i o n  o f pheny l cy c lo p ro p an e  i s
38

assum ed to  be 7 4 :2 6  ( s i m i l a r  r a t i o s  w ere o b ta in e d  by S h e c h te r

and  by Baas md W epster ^ )  th e n  a  r e l a t i v e  r a t e  o f  243 g iv e s  a

p a r t i a l  r a t e  f a c t o r  f o r  th e  p a ra  p o s i t io n  o f  379 w hich y ie ld s  
+

a  v a lu e  o f  -  0 .4 3  f o r  th e  c y c lo p ro p y l g ro u p . T h is
r
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f i g u r e  com pares fa v o u ra b ly  w ith  th o s e  quo ted  by o th e r  w orkers  

ra n g in g  from  -  0 .4 1  to  -  0*47.

T hus, th e  r a t e  c o n s ta n ts  m easured f o r  ben zen e , to lu e n e

and  p h en y l c y c lo p ro p an e  a p p ea r to  be in  re a s o n a b le  agreem ent w ith

th e  work o f  o th e r  a u th o r s .  By com paring th e  e x p e r im e n ta l r a t e s

f o r  s u b s t r a t e s  5 -  7 ( i n  T ab le  I I )  w ith  e i t h e r  t h a t  m easured  f o r

benzene o r  t h a t  o f  pheny l cy c lo p ro p an e  i t  sh o u ld  be p o s s ib le  to

c o r r o b e r i s e  T ra y lo r* s  o rd e r  o f  r e a c t i v i t i e s  shown in  T ab le  I I .

As can be seen  from  th e  r e s u l t s ,  th e  o rd e r  o f  r e a c t i v i t y

o b ta in e d  e x p e r im e n ta l ly  i s  7 -p h e n y l n o rc a ra n e  >  1-p h e n y l

b ic y c lo  [ 3. 1. 0]  hexane >  pheny l cy c lo p ro p an e  >  1-p h e n y l

n o rc a ra n e  com pared to  T ra y lo r* s  o rd e r  o f  1 -p h en y l b ic y c lo

[ 3. 1.0  J  hexane >  7 -p h e n y l n o rc a ra n e  >  1 -p h e n y l n o rc a ra n e

> p h en y l cy c lo p ro p an e*  These r e l a t i v e  r e a c t i v i t i e s  can  be

35com pared to  th o s e  o b ta in e d  by S tock  f o r  th e  n i t r a t i o n  o f 

m e th y l - s u b s t i tu te d  c y c lo p ro p y l benzenes* S tock  h as  fo u n d  th a t  

th e  ( 1 -m e th y l c y c lo p ro p y l)  benzene i s  a p p ro x im a te ly  one t h i r d  

s lo w e r th a n  p h eny l cy c lo p ro p an e  in  th e  n i t r a t i o n  o f  th e  benzene 

r in g *  1-p h e n y l n o rc a ra n e  would be ex p ec ted  to  r e a c t  s im i l a r ly

to  th e  1 - a lk y l  s u b s t i t u t e d  compound and , in  f a c t ,  th e  r a t e  o f  

n i t r a t i o n  i s  a g a in  a p p ro x im a te ly  one t h i r d  t h a t  o f  pheny l 

c y c lo p ro p a n e . The 1 -p h en y l b ic y c lo  [ 3 . 1 . o J  hexane compound 

w ould be e x p e c te d  to  r e a c t  somewhat f a s t e r  th an  th e  1- a l k y l  

c y c lo p ro p y l benzene due to  in c re a s e d  s t r a i n  in  th e  f i v e -  

membered r i n g ,  w hich i t  d o e s , a lm o st tw ic e  th e  r q t e  o f  pheny l 

c y c lo p ro p a n e . F i n a l ly ,  th e  7 -p h en y l n o rc a ra n e  compound can be 

com pared to  c is - 2 ,3 -d im e th y lc y c lo p r o p y l  b enzene . The a n t i  

compound r e a c t s  a p p ro x im a te ly  3 .5  tim es  a s  f a s t  a s  pheny l 

c y c lo p ro p an e  w hereas 7 -p h en y l n o rc a ra n e  r e a c t s  ap p ro x im a te ly  

f o u r  tim e s  f a s t e r  th a n  pheny l c y c lo p ro p a n e . Thus, i t  seems
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re a s o n a b le  to  p ro p o se  t h a t  f o r  n i t r a t i o n ,  a t  l e a s t ,  th e  o rd e r  o f  

r e a c t i v i t i e s  o b ta in e d  in  th e  p re s e n t  work i s  th e  c o r r e c t  one and 

T r a y lo r ’s o r d e r  o f  r e a c t i v i t y  in c o r r e c t*

F u r th e r  ev id en ce  o f t h i s  i s  shown by u s in g  T r a y lo r ’s
+

O ' v a lu e s ,  q u o ted  in  T ab le  I I ,  to  c a lc u la t e  p a r t i a l  r a t e s  o f

n i t r a t i o n  f o r  th e  p a ra  p o s i t io n s  in. th e  s u b s t i t u t e d  benzenes 

/ ***( i t  i s  assum ed t h a t  th e  C T ^ v a lu e s  quo ted  by T ra y lo r  a r e  in  
+

f a c t  O p  v a lu e s  a lth o u g h  he does n o t  make t h i s  c l e a r ) .  T ab le  IV

shows th e  r e s u l t s  o f  t h e s e . c a l c u l a t i o n s .

T hus, i t  can be seen  th a t  f o r  a l l  f o u r  s u b s t r a t e s  th e

r a t e  c o n s ta n ts  f o r  th e  p a ra  p o s i t io n  c a lc u la te d  u s in g  T r a y lo r 's  
4*

CT v a lu e s  a r e  g r e a t e r  th an  th e  o v e r a l l  r a t e  c o n s ta n ts  d e te rm in ed

e x p e r im e n ta l ly .  O b v io u s ly , i t  would be ex p ec ted  t h a t  th e  p a ra

r a t e  c o n s ta n ts  sh o u ld  be a p p ro x im a te ly  g iv en  by th e  o v e r a l l  r a t e

c o n s ta n t  m inus tw ic e  th e  o r th o  p a r t i a l  r a t e  f a c t o r .  The m ost

l i k e l y  c o n c lu s io n  one can draw from , t h i s  i s  t h a t  th e  c r  v a lu e s

a r e  a t  f a u l t .

However, to  c o n tin u e  th e  com parison  o f th e s e  c y c l i c

compounds w ith  th e  m e th y l - s u b s t i tu te d  c y c lo p ro p y l sy s te m s , i t  i s

i n t e r e s t i n g  to  n o te  t h a t  th e  r e l a t i v e  r a t e s  o f s o lv o ly s i s  o f  th e

3 ,5 - d in i t r o b e n z o a te  d e r iv a t iv e s  o f  th e  m e th y lc y c lo p ro p y l c a r b in y l
17 ocompounds i n  aqueous a c e to n e  a# 100 C a re  a s  fo lo w s  • 

a n t i - c i s - 2 ,3 - d im e th y lc y c lo p r o p y l  c a r b in y l ,  110; 1 -m e th y lc y c lo p ro p y l 

c a r b in y l ,  5; c y c lo p ro p y l c a r b in y l ,  1 .0 .  In  o th e r  w ords, by 

a n e ilo g y ,th e  7 -p h e n y l s u b s t i t u t e d  r in g  system  sh o u ld  s o lv o ly s e  

f a s t e s t . , ,  fo llo w e d  by th e  1 -p h en y l s u b s t i t u t e d  r in g  system  w ith  

p h en y l c y c lo p ro p an e  s lo w e s t .  T h is ,  in  e f f e c t ,  i s  th e  o rd e r  

s u g g e s te d  by T ra y lo r  f o r  7—pheny l n o rc a ra n e , 1 -p h en y l n o rc a ra n e , 

and  p h en y l cy c lo p ro p an e  ( i t  i s  d i f f i c u l t  to  f i t  1—phenyl 

b ic y c lo  f 3 .1 * o l hexane in to  t h i s  an a lo g y  due to  th e  in c re a s e d



■TABLE IV
I

E l fj> E s tim a te d  r a t e  
c o n s ta n t  f o r  
p a ra  p o s i t io n  

IS  -1 )

t > - - 0 .5 4  1 .7 3 9 x l0 3 8.151x10""3

- 0 .6 0  3*981x103 1 .867 x10"2

- 0 .6 9  1 .7 3 8 x l0 4 8.151x10"*2

c f >
- 0 .7 1  1 .82x10 8.537x10 —2

a  Tray lo r*  s  v a lu e s  from  T ab le  IX
—6 —1b C a lc u la te d  u s in g  k = 4*69 x  10 :: s  f o r  benzene

O v e ra l l  r a t e  
c o n s ta n t  o b ta in e d  
experim en t a l l y
 i s  -1 )

1 .14xlO ~3

0 .4 4 1 x 1 0 "3

4 .8 4 x l0 " 3

1 .9 6 x 1 0 "3



r i n g  s t r a i n  o f  th e  system  from  th e  five-m em bered  r in g )*

A p o s s ib le  e x p la n a tio n  f o r  th e s e  a p p a re n t ly  anom alous
35r e s u l t s  i s  s u g g e s te d  by S tock  * He p ro p o ses  t h a t  

d e s t a b i l i s i n g  s t e r i c  i n t e r a c t i o n s  combine w ith  s t a b i l i s i n g  

c h a rg e  d e l o c a l i s a t i o n  e f f e c t s  to  red u ce  th e  r a t e  f a c t o r s  f o r  

th e  m e th y la te d  c y c lo p ro p y l s u b s t i t u e n t s .  The c y c lo p ro p y l 

c a r b in y l  sy stem s a r e  a f f e c t e d  by e le c t r o n i c  f a c t o r s  o n ly  so 

t h a t  a d d i t i o n a l  m ethy l g roups enhance d e lo c a l i s a t io n  o f  p o s i t iv e  

ch a rg e  to  t h e  c y c lo p ro p an e  r in g  in  th e  p r e f e r r e d  b i s e c te d  

c o n fo rm a tio n , th u s ,  g iv in g  th e  enhanced r a t e s  shown. On th e  

o th e r  h an d , m eth y l g roups e x e r t  a  d i f f e r e n t  in f lu e n c e  on th e  

r e a c t i v i t y  o f  th e  c y c lo p ro p y l b en zen es . S tock  s u g g e s t s . t h a t  

s t e r i c  e f f e c t s  in c r e a s e  th e  energy  o f th e  b i s e c te d  co n fo rm a tio n  

o f  th e  c y c lo p ro p an e  r i n g ,  due to  non-bonded i n t e r a c t i o n s  betw een , 

f o r  exam ple, th e  m ethy l g roups and th e  o r th o  hydrogen©  o f  th e  

benzene r i n g .  T hus, th e  n i t r a t i o n  d a ta  f o r  th e  m e th y la te d  

c y c lo p ro p y l s u b s t i t u e n t s  r e f l e c t  c o n f l i c t i n g  s t e r i c  and 

e l e c t r o n i c  f a c t o r s .

I n  th e  c a se  o f  th e  b ic y c l i c  compounds 5 - 7  th e

m agn itude  o f  th e  s t e r i c  e f f e c t s  in c re a s e s  in  th e  o rd e r  7 -p h e n y l

n o rc a ra n e  <  1 -p h en y l b ic y c lo  £ 3 * 1 hexane <  1 -p h en y l

n o rc a ra n e  on ex am in a tio n  o f  m odels o f  th e s e  compounds. T h e re fo re ,

S to c k ’s  e x p la n a tio n  o f c o n f l i c t i n g  s t e r i c  and e le c t r o n i c  e f f e c t s

may a c c o u n t f o r  th e  r e a c t i v i t i e s  o b ta in e d  e x p e r im e n ta l ly .
+

I n  c o n c lu s io n ,  i t  a p p ea rs  t h a t  th e  v a lu e s

c a l c u l a t e d  by T ra y lo r  do n o t  f i t  th e  d a ta  f o r  a ro m a tic  n i t r a t i o n  

p a r t i c u l a r l y  w e l l ,  a l th o u g h  some o f th e  d is c r e p a n c ie s  o b se rv ed  

c o u ld  w e ll  be acc o u n te d  f o r  by S to c k ’s th e o ry  o f  c o n f l i c t i n g  

s t e r i c  and e l e c t r o n i c  e f f e c t s .  However, n o t  a l l  th e  d if f e r e n c e s .
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+
c a n .b e  due to  s t e r i c  i n t e r a c t i o n s  as  even th e  CT^ c o n s ta n t

f o r  p h en y l c y c lo p ro p an e  i t s e l f  (w h ich  would n o t be s u b je c te d

to  any s t e r i c  e f f e c t s )  o b ta in e d  by T r a y lo r ,  i s  h ig h e r  th a n

t h a t  c a l c u l a t e d  from  th e  n i t r a t i o n  d a ta  o r  t h a t  r e c o rd e d  by

33o th e r  w orkers*  S tock  and Brown in  t h e i r  work on s u b s t i t u e n t
+

e f f e c t s  s t a t e  t h a t  th e  O* c o n s ta n ts  o b ta in e d  f o r  s o lv o ly s e s  

sh o u ld  be th e  same a s  th o s e  o b ta in e d  th ro u g h  e l e c t r o p h i l i c  

a ro m a tic  s u b s t i t u t i o n  r e a c t io n s  so t h a t  a  c o r r e l a t i o n  sh o u ld  

e x i s t  betw een th e  d a ta  o b ta in e d  from  a ro m a tic  n i t r a t i o n  and t h a t  

from  th e  s o lv o ly s e s  o f  th e  c a r b in y l  compounds*



3) S o lv o ly s is  o f  4-C 3 .5 -d in i tro b e n z o y l,)  o x y m eth y lp en tacy c lo

1 4 . 3 . 0 . 0 . 2 ,5 . 0 . 3>tj. 0 . 4 »'7 n onane. XXII

One o f  th e  i n t e r e s t i n g  p o in ts  in  T r a y lo r f s s e r i e s  o f  

p a p e rs  on v e r t i c a l  s t a b i l i s a t i o n  i s  h i s  p r e d ic t io n  o f  th e  r a t e  

o f  s o lv o ly s i s  o f  v a r io u s  a lk y l  sy s tem s . He has su g g e s te d  th a t  

m easurem ent o f  th e  c h a rg e  t r a n s f e r  a b s o rp tio n  freq u e n cy  o f  th e  

a l k y l - s u b s t i t u t e d  benzene -  T .C .N .E . complex c o r r e l a t e s  d i r e c t l y  

w ith  th e  r a t e  o f  s o lv o ly s i s  o f  th e  a lk y l  c a r b in y l  sy stem . The 

l i n e a r  c o r r e l a t i o n  o b ta in e d  by T ra y lo r  i s  shown in  F ig u re  I I ,  p . 28,

The r a t e s  o f  s o lv o ly s i s  o f  two o f  th e  c y c l i c  c a r b in y l  

sy stem s have been p r e d ic te d  by him on th e  b a s is  o f  th e  ch arg e  

t r a n s f e r  m easurem ents o f  th e  r i n g - s u b s t i t u t e d  benzene -  T .C .N .E . 

co m p lex es . In  p a r t i c u l a r ,  th e  r a t e  p re d ic te d  f o r  th e  homocubyl 

c a r b in y l  sy stem  seems to  be q u i te  l a r g e .

T ra y lo r  o b ta in s  a  v a lu e  f o r  th e  c h a rg e  t r a n s f e r  

a b s o r p t io n  fre q u e n c y  o f  19,200 cm f o r  th e  pheny l homocubane 

-  T .C .N .E . com plex . By u s in g  t h i s  r e s u l t ,  a  f ig u r e  f o r  lo g  

r e l a t i v e  r a t e  f o r  th e  homocubyl c a r b in y l  system  may be e s tim a te d  

from  F ig u re  I I .  T h is  g iv e s  lo g  r a t e  o f th e  homocubyl system  

r e l a t i v e  to  th e  t - b u t y l  c a r b in y l  system  a s  b e in g  8 .7 5 . Thus,
Q

th e  hom ocubyl system  so lvo lysess 5.62  x 10 tim es  f a s t e r  th an  th e  

t —b u ty l  sy s te m , a c c o rd in g  to  T r a y lo r .  The r e l a t i v e  r a t e  o f  

s o lv o ly s i s  o f  th e  c y c lo p ro p y l c a r b in y l  system  i s  g iv en  by 

T r a y lo r  a s  b e in g  5 x 10 4 tim es  f a s t e r  th a n  th e  t - b u t y l  c a r b in y l  

sy s te m , a n d , a s  th e  r a t e  o f  s o lv o ly s i s  o f th e  3 , 5- d in i t r o b e n z o a te  

d e r iv a t iv e  o f  c y c lo p ro p y l c a r b in o l  in  60% aqueous a c e to n e  a t  

100° C i s  known, th e  p r e d ic te d  r a t e  o f  s o lv o ly s i s  o f  th e

3 , 5—d in i t r o b e n z o a te  d e r iv a t iv e  o f  th e  homocubyl c a r b in o l  u n d e r 

th e  same c o n d i t io n s  may be c a lc u la te d .  Von R. S c h le y e r  and 

Van D ine g iv e  th e  r a t e  o f s o lv o ly s i s  o f  th e  c y c lo p ro p y l
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c a r b in y l  3 ,5 —d in i t r o b e n z o a te  u n d e r th e  above c o n d it io n  a s  
- 7 - 1

4 .3  x  10 s  • T hus, th e  c a lc u la te d  r a t e  o f s o lv o ly s i s  o f 

th e  hom ocubyl c a r b in y l  3 ,5 - d in i t r o b e n z o a te  in  60% aqueous a c e to n e  

a t  100 C works o u t to  be 4 .8 3  x  10 ^ s ^ , u s in g  th e  r e s u l t s  o f  

T ra y lo r* s  s t u d i e s .

I t  was d e c id e d  to  s y n th e s is e  th e  3 ,5 - d in i t r o b e n z o a te

d e r iv a t iv e  o f  homocubyl c a r b in o l  and to  m easure i t s  r a t e  o f

s o lv o ly s i s  in  aqueous a c e to n e  to  see  i f  T r a y lo r ’s p r e d ic t io n

d o e s , i n  f a c t ,  h o ld .  The s y n th e t ic  work i s  re c o rd e d  in  th e

e x p e r im e n ta l  s e c t i o n .  E xam ination  o f th e  a n a l y t i c a l  d a ta ,  i n

p a r t i c u l a r  th e  n .m .r .  sp ec tru m , su g g e s ts  t h a t  th e  e s t e r  o f  th e

,p rim ary  a lc o h o l  h as been p roduced  r a t h e r  th an  a  r e a r ra n g e d  p ro d u c t
42su ch  a s  a  b ishom ocubyl system  w hich would be a  t e r t i a r y

a lc o h o l  d e r i v a t i v e .

D e ta i l s  o f th e  k i n e t i c  s tu d ie s  a re  shown in  th e

e x p e r im e n ta l  s e c t i o n .  The ampoule m ethod was em ployed, .

d e te r m in a t io n s  b e in g  c a r r i e d  o u t in  d u p l ic a te  i n  80% aqueous

a c e to n e  a t  90° C. As can be seen  from  th e  r e s u l t s ,  th e  s o lv o ly s i s

a p p e a rs  to  be v e ry  s lo w , th e r e  b e in g  o n ly  ab o u t 10% r e a c t io n  a f t e r

seven  d a y s . B ecause o f th e  sm a ll d eg ree  o f  r e a c t io n  an d , h en ce ,

th e  low ness o f th e  t i t r e s  o f th e  0.01M sodium h y d ro x id e , th e

a c c u ra c y  o f  th e  f i g u r e s  i s  p ro b ab ly  n o t a s  h ig h  a s  one w ould

have l i k e d .  However, d e s p i te  t h i s ,  c o n s id e r in g  th e  v a r i a t i o n  in

th e  le n g th  o f  tim e  t h a t  th e  r e a c t io n  has  been a llo w ed  to  c o n tin u e ,

ra n g in g  from  e ig h te e n  h o u rs  to  seven  d ay s, th e  r a t e  c o n s ta n ts

c a l c u l a t e d  f o r  each  k in e t i c  ru n , u s in g  th e  u s u a l  f i r s t  o rd e r  r a t e
- 7 - 1e q u a t io n ,  a r e  re a so n a b ly  c o n s ta n t  a t  ap p ro x im a te ly  2 x  10 s  •

The f i g u r e s  quo ted  f o r  th e  r a t e  c o n s ta n ts  in  T ab le  V II 

have been m easured  in  80% aqueous a c e to n e  a t  90 0 . In  o rd e r  to
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com pare th e s e  r e s u l t s  w ith  th e  c a lc u la te d  r a t e  c o n s ta n t  u s in g

T r a y l o r 's  f i g u r e s  (v id e  s u p r a ) ,  i t  i s  n e c e s s a ry  to  a llo w  f o r  th e

d i f f e r i n g  c o n d i t io n s  em ployed. On chang ing  th e  s o lv e n t  from

80% aqueous a ce to n e  to  60% aqueous a c e to n e  i t  has been e s t im a te d  43*44

t h a t  th e  r a t e  o f  s o lv o ly s i s  in c r e a s e s  by a  f a c t o r  o f  26 . The r a t e

m easurem ents in  th e  p re s e n t  work were c a r r i e d  o u t a t  90° C.

I d e a l l y ,  i n  o rd e r  to  c o n v e r t  th e  r a t e  c o n s ta n ts  m easured  a t  t h i s

te m p e ra tu re  to  th e  v a lu e s  f o r  100° C, th e  A rrh e n iu s  p a ra m e te rs  f o r

th e  r e a c t io n  a r e  r e q u i r e d  in  o rd e r  to  u se  th e  s ta n d a rd  A rrh e n iu s

e q u a t io n .  As th e  r a t e  o f  s o lv o ly s i s  o f  t h i s  compound h as  o n ly

been c a r r i e d  o u t a t  one te m p e ra tu re , th e  A rrh en iu s  p a ra m e te rs  canno t

be c a l c u l a t e d .  However, i t  i s  g e n e r a l ly  a g re ed  t h a t  on chang ing

th e  te m p e ra tu re  o f  a  r e a c t io n  by 10° C th e  r a t e  o f  r e a c t io n  v a r i e s

by a  f a c t o r  o f  two to  th r e e  t im e s . A llow ing  f o r  th e  maximum

ch an g e , t h i s  means t h a t  th e  r a t e  c o n s ta n ts  o b ta in e d  e x p e r im e n ta lly

m ust be  t r i p l e d  on g o in g  from  90° C to  100° C. The r e c a lc u la t e d

e x p e r im e n ta l  r a t e  c o n s ta n ts  f o r  th e  s o lv o ly s i s  o f th e  3*5-

d in i t r o b e n z o a te  d e r iv a t iv e  o f  homocubyl c a r b in o l  in  60% aqueous

a c e to n e  a t  100° C a r e  shown in  T ab le  V.

T h e re fo re , th e  e x p e r im e n ta lly  d e te rm in ed  r a t e  c o n s ta n t

f o r  th e  s o lv o ly s i s  u n d e r th e  above-m en tioned  c o n d it io n s  i s  o f  th e

o r d e r  o f  2 x  10*"^ s ’*1 . ks m en tioned  p re v io u s ly , T ra y lo r  p r e d ic te d
-3  -1th e  r a t e  c o n s ta n t  f o r  s o lv o ly s i s  to  be 4 .8 3  x  10 ^ s , w hich means

t h a t  th e  a c t u a l  r a t e  o f  s o lv o ly s i s  i s  a p p ro x im a te ly  240 tim es

s lo w e r  th an  t h a t  p r e d ic te d  by T ra y lo r .  Thus, a  s u b s t a n t i a l

d i f f e r e n c e  e x is t s 'b e tw e e n  T r a y lo r 's  p re d ic te d  r a t e  o f  s o lv o ly s i s
+

and  t h a t  m easured  e x p e r im e n ta lly  w hich s u g g e s ts  t h a t  th e  ^ j^ v a lu e

p r e d ic te d  by T ra y lo r  f o r  th e  homocubyl system  o f  —0 .7 5  i s  c o n s id e ra b ly

more n e g a t iv e  th a n  th e  a c tu a l  v a lu e .  On th e  assum ption  th a t  th e

v a lu e  f o r  th e  c h a rg e  t r a n s f e r  freq u en cy  m easured by T ra y lo r  i s
+

c o r r e c t ,  t h i s  means th a t  th e  c a lc u la t io n  o f O" from  th e  ch arg e
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TABLE V

Time expt* * ( s  "*) k ^ e x p t ,  ( s - ^)

18 h o u rs  1.762  x  10~7 1.374  x  10~5

24 h o u rs . 3.306  x  10“7 2*579 x  L0~5

7 days 1.782  x  10“7 1.390  x  10~5

a )  e x p e r im e n ta l  r a t e  c o n s ta n t  m easured a t  90° C i n  

80% aqueous a c e to n e .

b ) e x p e r im e n ta l  r a t e  c o n s ta n t  a f t e r  c o n v e rs io n  to  60% 

aqueous a c e to n e  a t  100° C*

l
i



t r a n s f e r  f re q u e n c y  o f  th e  s u b s t i t u t e d  benzene -  T .C ,N ,E , com plex, 

u s in g  e q u a tio n  C24) , i s  i n v a l id  f o r  th e  homocubyl system  a t  l e a s t .  

A lso , th e  p r e d ic t io n  t h a t  th e  r a t e  o f  s o lv o ly s i s  o f  a  p a r t i c u l a r  

compound may be e s t im a te d  from  th e  c o lo u r  o f  th e  s u b s t i t u t e d  

benzene -  T .C ,N ,E , complex a p p e a rs  to  be u n te n a b le .

.fix'.A

o  f :T '  V ' . t P  f :  f  ■'



Conclusion

T r a y lo r ,  i n  h i s  th e o ry  o f  v e r t i c a l  s t a b i l i s a t i o n ,  

i n  e f f e c t ,  s u g g e s ts  th e  fo llo w in g  p ro p o sa ls*

( 1) T h a t a  r e l a t i o n s h i p  e x i s t s  betw een th e  c h a rg e  t r a n s f e r

a b s o r p t io n  sp ec tru m  o f a  p a r t i c u l a r  s u b s t i t u t e d
+

compound and th e  o* v a lu e  f o r  th e  s u b s t i t u e n t  o f

t h a t  compound*
+

( 2) I f  th e  o r v a lu e  o b ta in e d  from  th e  ch arg e  t r a n s f e r  

f r e q u e n c y , u s in g  e q u a tio n  ( 24) ,  i s  th e  same a s  

m easured  by r e a c t io n s  such  a s  s o lv o ly s i s ,  e l e c t r o -  

p h i l i c  a ro m a tic  s u b s t i t u t i o n ,  e tc*  th en  th e  

s t a b i l i s a t i o n  a f fo rd e d  by th e  s u b s t i t u e n t  i s  

’’v e r t i c a l " , i*e*  i t  in v o lv e s  no movement o f  th e  

atom s in  th e  group*

(3 )  M easurem ent o f  th e  charg e  t r a n s f e r  f req u e n cy  o f 

s u b s t i t u t e d  benzene -  T*C*N*E. com plexes g iv e s  a  

means d i r e c t l y  e s t im a tin g  th e  r a t e s  o f  s o lv o ly s e s  

o f  th e  r e s p e c t iv e  s u b s t i t u t e d  c a rb in o ls*

The f i r s t  p ro p o sa l t h a t  a  r e l a t i o n s h ip  e x i s t s  betw een
+

c r  and i s ,  on th e  f a c e  o f  i t ,  a  re a so n a b le  assu m p tio n

As m en tio n ed  p re v io u s ly ,  a  r e l a t i o n s h ip  betw een c h a rg e  t r a n s f e r  

f r e q u e n c ie s  and io n i s a t i o n  p o te n t i a l s  has  been p o s tu la te d  by 

s e v e r a l  w o rkers  and , s in c e  i o n i s a t i o n  p o te n t i a l s  c o r r e l a t e  

w ith  cr v a lu e s  ( s e e  in t r o d u c t io n ) ,  th en  th e  a b i l i t y  o f  a  g ro u p , 

R, to  s t a b i l i s e  th e  p o s i t iv e  ch arg e  in  th e  RĜ R̂  -  T*C*N*E* 

com plex s h o u ld  be s im i l a r  to  t h a t  f o r  th e  s t a b i l i s a t i o n  o f  o th e r  

carbonium  io n s- such  a s  th o s e  in  e q u a tio n s  (1 3 ) and (1 5 ) e tc*  

However, th e  p r a c t i c a l  a p p l ic a t io n  o f  t h i s  c o r r e la t io n  r e l i e s  

on th e  n e c e s s i ty  o f th e  ch arg e  t r a n s f e r  f r e q u e n c ie s  to  be



m easured  a c c u r a t e ly .  The c h a rg e  t r a n s f e r  m easurem ents in  th e  

p r e s e n t  work s u g g e s t t h a t  th e  f r e q u e n c ie s  canno t be m easured
4.

s u f f i c i e n t l y  a c c u r a te ly  to  be used  in  a  com parison  w ith  or 

c o n s ta n ts ;  T r a y lo r ,  h im s e lf ,  seems to  f i n d  d i f f i c u l t y  in  

d e c id in g  w hich  i s  th e  t r u e  v a lu e  f o r  some o f  th e  s u b s t r a t e s .

I n  f a c t ,  th e  v a lu e s  f o r  th e  charg e  t r a n s f e r  f r e q u e n c ie s  o f  

1-p h e n y l n o rc a ra n e  and 7-p h e n y l n o rc a ra n e  do n o t a g re e  w ith  

T r a y lo r ’ s f i g u r e s  a t  a l l .  Thus, i t  a p p ea rs  th a t  th e  l i n e a r  

r e l a t i o n s h i p  shown by T ra y lo r  in  F ig u re  X sh o u ld  be t r e a t e d  

w ith  a  g r e a t  d e a l  o f  r e s e r v a t io n .

The seco n d  p o in t t h a t  T ra y lo r  m en tions i s  t h a t  i f
4*

c a l c u l a t e d  u s in g  e q u a tio n  ( 24) from  charg e  t r a n s f e r  d a ta

i s  th e  same a s  t h a t  o b ta in e d  from  r e a c t io n s  th e n  th e  r e a c t io n s

in v o lv e  v e r t i c a l  s t a b i l i s a t i o n .  The r e a c t io n  s tu d ie d  in  th e

p re s e n t  work was n i t r a t i o n ,  i . e .  e l e c t r o p h i l i c  a ro m a tic
+

s u b s t i t u t i o n .  Use o f  T r a y lo r ’s <T v a lu e s ,  from  ch arg e

t r a n s f e r  d a ta ,  gave p a r t i a l  r a t e  f a c to r s  f o r  n i t r a t i o n  o f  th e

p a ra  p o s i t io n  w hich w ere h ig h e r  th an  th e  o v e r a l l  r a t e  m easured

e x p e r im e n ta l ly .  In  f a c t ,  th e  o rd e r  o f  r e a c t i v i t y  o f  th e  s t r a in e d

r i n g  compounds d i f f e r e d  s u b s t a n t i a l l y  from  th a t  p r e d ic te d  by

T r a y lo r .  A cco rd in g  to  T r a y l o r s  p o s tu la te ,  t h i s  would im ply

t h a t  th e  s t a b i l i s a t i o n  a f fo rd e d  in  th e  t r a n s i t i o n  s t a t e  in

n i t r a t i o n  i s  n o n - v e r t i c a l ,  b u t ,  i t  i s  i n t e r e s t i n g  to  exam ine

th e  r e s u l t s  o b ta in e d  f o r  phen y l c y c lo p ro p an e . The c y c lo p ro p y l

group  h as  been su g g e s te d  by s e v e r a l  w orkers to  s t a b i l i s e

carbonium  io n s  w ith o u t change in  th e  geom etry o f th e  r i n g  atom s

so t h a t  i t  would be ex p ec ted  t h a t  th e  f ig u r e s  f o r  th e  n i t r a t i o n

o f  p h eny l c y c lo p ro p an e  sh o u ld  in d ic a te  v e r t i c a l  s t a b i l i s a t i o n  in
+

th e  t r a n s i t i o n  s t a t e .  However, th e  o b ta in e d  in  th e  p re s e n t

work i s  ab o u t -  0 .4 3  compared to  T r a y lo r 's  p re d ic te d  v a lu e  o f
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-  0*54 . T h is  s u g g e s ts  t h a t  th e  O" v a lu e s  c a lc u la te d  by 

T r a y lo r  a r e  somewhat in a c c u r a te  and a p p e a r  to  be more 

n e g a t iv e  th a n  e x p e r im e n ta l r e s u l t s  i n d i c a t e .

F i n a l l y ,  T ra y lo r  has  p roposed  th a t  m easurem ents o f  

th e  c h a rg e  t r a n s f e r  a b s o rp tio n  freq u en cy  f o r  a  s u b s t i t u t e d  

benzene -  T .C .N .E . complex e n ab le s  th e  r a t e  o f s o lv o ly s i s  o f 

th e  r e s p e c t iv e  c a r b in y l  system  to  be e s t im a te d . The r e s u l t s  

o b ta in e d  f o r  th e  s o lv o ly s i s  o f  th e  homocubyl c a r b in o l  system  

i n  th e  p r e s e n t  work gave th e  r a t e  to  be 240 tim es s lo w er th a n  

t h a t  p r e d ic te d  by T r a y lo r .  T h is  su g g e s ts  t h a t  th e  c o r r e l a t i o n  

i n  F ig u re  I I  q u o ted  by T ra y lo r  between r e l a t i v e  r a t e s  o f  

s o lv o ly s i s  and c h a rg e  t r a n s f e r  freq u e n cy  i s  i n c o r r e c t ,  a t  

l e a s t  f o r  th e  homocubyl sy stem .

I d e a l l y ,  th e  c h a rg e  t r a n s f e r  spec trum  o f  pheny l

homocubane sh o u ld  be m easured and , a l s o ,  th e  k in e t i c s  o f

s o lv o ly s i s  o f  th e  1-p h e n y l n o rc a ra n e  system  to  se e  i f  th e s e
+

f i t  i n  w ith  T r a y lo r ’s d a ta .  A lso , th e  0 " c o n s ta n ts  f o r  

th e  v a r io u s  s t r a i n e d  r in g s  sh o u ld  be c a lc u la te d  from  d a ta  f o r  

an a l t e r n a t i v e  r e a c t io n ,  su ch  a s  th e  s o lv o ly s i s  o f th e  t-cu m y l 

c h lo r id e g , in  o rd e r  to  compare th e s e  w ith  T r a y lo r ’s p r e d ic te d  

v a lu e s .

Thus, i t  a p p ea rs  t h a t  th e  r e s u l t s . o f  t h i s  p re s e n t  

work c o n t r a d i c t  th o s e  o f  ’T ra y lo r  and b r in g  in to  q u e s tio n  h i s  

th e o ry  o f  v e r t i c a l  s t a b i l i s a t i o n  b u t ,  u n t i l  f u r t h e r  w ork, su ch  

a s  t h a t  m en tio n ed  ab o v e , has  been c a r r i e d  o u t ,  d e f i n i t e  

c o n c lu s io n s  a s  to  the. v a l i d i t y  o f T r a y lo r ’s h y p o th e s is  can n o t 

be m ade. S u p p o rt f o r  T r a y lo r ’s work h as been g iv en  by
45H offm ann, Radom, P o p le , Von R. S c h le y e r , Hehre and Salem 

in  t h e i r  s tu d y  o f  th e  c o n fo rm a tio n a l consequences o f  

h y p e rc o n ju g a tio n . They s t a t e  th a t  ”on t h e o r e t i c a l  g rounds
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th e r e  i s  no dichotom y betw een p a r t i c ip a t io n  w ith  and w ith o u t 

b r id g in g .  The h y p e rc o n ju g a tiv e  i n t e r a c t i o n  w i l l  a lw ays be 

accom panied  by g e o m e tr ic a l  a d ju s tm e n t, b u t th e  e x te n t  o f t h a t  

d e fo rm a tio n  may be sm a ll o r  l a r g e " .  However, i t  must be 

rem em bered t h a t  o th e r  th e o r ie s  have been put fo rw ard  w hich 

e x p la in  th e  o b se rv e d  f a c t s  re a so n a b ly  w e ll ,  such a s  D auben 's  ^6 ,4 7  

id e a  o f  r e l i e f  o f s t r a i n  p ro v id in g  th e  d r iv in g  fo r c e  in  r e a c t io n s  

in v o lv in g  c y c l i c  s u b s t i t u t e d  compounds. Dauben has su g g e s te d  

t h a t ,  f o r  c y c lo p ro p y l c a r b in y l  ty p e  sy s tem s , f r a g m e n ta tio n , 

in v o lv in g  b o n d - le n g th e n in g  le a d in g  to  r e l i e f  o f  s t r a i n ,  i s  th e  

m a jo r pathw ay in  s o lv o ly s i s  r e a c t io n s .
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PREPARATIVE EXPERIMENTAL

M e ltin g  p o in ts  were m easured on a  K o f ie r -R e ic h a r t  h o t

s ta g e  m e l t in g - p o in t  a p p a ra tu s  and a re  u n c o rre c ted *

I n f r a - r e d  s p e c t r a  w ere re c o rd e d  u s in g  a P e rk in -E lm er

-1237 s p e c tro p h o to m e te r ,  w av elen g th s  b e in g  in  u n i t s  o f cm.

The fo l lo w in g  a b b r e v ia t io n s  a r e  used : s  = s tro n g ; m « medium;

w = weak; sh  = sh o u ld e r*

N*M.R. s p e c t r a  w ere de te rm in ed  as  ap p ro x im a te ly  10% 

s o lu t io n s  on a  60 MHz V&rian T-60 in s tru m e n t*  Chem ical s h i f t s  

w ere m easu red  d o w n fie ld  from  i n t e r n a l  T.M .S. and a re  q u o ted  a s  

’ d e l t a  v a lu e s*  -The fo llo w in g  a b b re v ia t io n s  a r e  used : s = s i n g l e t ;  

d = d o u b le t;  t  = t r i p l e t ;  m = m u lt ip le t*

Mass s p e c t r a l  a n a ly s i s  was perform ed on an A .E .I .

M .S .12 mass s p e c tro m e te r .

E lem en ta l a n a ly s e s  w ere d e te rm in ed  by Mrs* G.

H ark n ess  o f  th e  U n iv e r s i ty  o f  Glasgow and a r e  quo ted  a s  

p e rc e n ta g e s .
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P r e p a r a t io n  o f  4 - ( 3 « 5 -d in i tro b e n z o y l)  oxym ethy lpen tacyc lo

4 . 3 . 0 . 0 . 2 , 5 . 0 . 3 , 8 . 0 . 4 ’7 nonane

The above compound was s y n th e s is e d  by th e  fo llo w in g

m ethods-

SeO

XV

J o n e s  
Reagent

XVI

0) Br

a n  (C2H5)3N

a )  KOH

a i)H 3o

XVII 0

Br

CHoN

COnCH

XX

3-5-DNBCl

CH2OH 

XXI

DNB=3:5Dinitrobenzoyl

c h 2o d n b

XXII
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r.
P r e p a r a t io n  o fc& -1-hydroxyd icyclopen tad iene  (XV)

T h is  was p re p a re d  a c c o rd in g  to  the  method o f  Woodward 
( 4-8)and K atz  a s  fo l lo w s

F r e s h ly  d i s t i l l e d  d ic y c lo p e n ta d ie n e  (186g) was d is s o lv e d  

in  500 m is d ioxan  in  a  one l i t r e  th re e -n e c k e d  f l a s k  equ ipped  w ith  

a  H ersh b e rg  s t i r r e r  and  r e f lu x  co n d en se r. W ater (50 m is) and 

p o ta ss iu m  d ih y d ro g en  pho sp h ate  ( 20g) were added , an d , w h ile  th e  

s o lu t io n  was s t i r r e d  and h e a te d  on a  steam  b a th , se len iu m  d io x id e  

(8 0 g ) was a d d ed . A f te r  th r e e  h o u rs  th e  m ix tu re  was c o o le d , th e  

p r e c i p i t a t e d  se le n iu m  was f i l t e r e d  im m ed ia te ly  w ith  s u c t io n ,  and 

th e  p r e c i p i t a t e  was washed w ith  e th e r .  The f i l t r a t e  was shaken 

w ith  1 1. o f  s a tu r a t e d  sodium  c h lo r id e  s o lu t io n .  The aqueous 

s o lu t io n  was drawn o f f  and washed th r e e  tim es  w ith  300 m l. 

p o r t io n s  o f  e t h e r .  The com bined o rg a n ic  s o lu t io n s  w ere th en  

washed w ith  250 m is o f  5% aqueous sodium h y d ro x id e  and 500 m is 

s a t u r a t e d  b r i n e .  The em ulsion  w hich form ed was b roken by 

f i l t r a t i o n  th ro u g h  C e l i t e  535 . The o rg a n ic  phase was washed 

tw ic e  more w ith  b r in e  and d r ie d  o v e r sodium s u lp h a te .  The 

s o lv e n t  was rem oved a t  red u ced  p re s s u re  and th e  r e s id u a l  o i l  

was d i s t i l l e d  ( b .p .  80° C a t  0 .8  mm).

The a lc o h o l  was o b ta in e d  as  a  p a le  ye llo w  o i l  w hich

s o l i d i f i e d  on s ta n d in g .  A ld e r r e p o r te d  o b ta in in g  th e

a lc o h o l  a s  a  waxy m ass, m .p . 40° -  50^ , Rosenblum ^   ̂a s  an

o i l ,  b .p .  84° a t  3 nun and Woodward ̂   ̂ a s  an o i l  w hich a f t e r

d i s t i l l a t i o n  ( 67°  a t  0.1  mm) y ie ld e d  s l i g h t l y  y e llo w  waxy c r y s t a l s .



P h en y l U re th an e  D e r iv a t iv e ^

P re p a re d  a c c o rd in g  to  th e  method g iven  in  V ogel,

P r a c t i c a l  O rg an ic  C h em istry .

o o 4 8 ’4 9 ’
m .p . 1 3 9 .5  -  140 .5  ( l i t .  m .p . 139. 6° -  1 4 0 .0 ° , 142° )

I .R .  ( l i q u i d  f i lm )

3320 ( s ) ,  3030 (m ), 2960 ( s ) ,  2930 ( s h ) ,  2890 (m ).

2860 ( s h ) ,  1620 (w ), 1340 (m ), 1100 (w ), 730 (m) cm. " 1

N.M.R. (CDC13 )

S tms  6 . 0  -  5 . 4  ( 4  H, m)
4.1  ( 1H, b ro ad  s )

3 .5 0  -  2 .35  (4  H,m)

1 .7 5  -  1 .25  (3  H,m)

P r e p a r a t io n  o f  Endo-3a> 4» 7» 7a - te t r a h y d r o  -  4 .7  ~ 

m ethano inden  -  1 -  one (XVI)

T h is  was p re p a re d  u s in g  th e  p ro ced u re  o f  P a q u e tte  and 

Ward (5 1 ) a s  fo l lo w s

A s o lu t io n  o f  40g o f  ^ t - 1-h y d ro x y d ic y c lo p e n ta d ie n e  

( 0.27  m ol) i n  500 m is . a c e to n e  was c o o le d  in  an ic e - b a th  and 

t i t r a t e d  w ith  a  t o t a l  o f  170 m is . o f  Jo n es  re a g e n t (CA.0.2M) 

p re p a re d  a s  shown below . The r e a c t io n  m ix tu re  was added to  

1 1 . o f  b r in e  and e x t r a c te d  w ith  e th e r .  The com bined o rg a n ic  

e x t r a c t s  w ere w ashed w ith  w a te r  and d r i e d .  E v ap o ra tio n  o f  th e  

s o lv e n t  l e f t  an o i l y  r e s id u e  w hich s o l i d i f i e d  on s ta n d in g . 

R e c r y s t a l l i s a t i o n  o f  th e  s o l i d  from  p en tan e  gave w h ite  c r y s t a l s  

(m .p . 55° -  5 7 ° ) .

Rosenblum o b ta in e d  an o i l .  b .p* 82 — 87 a t  4 mm. w hich

c r y s t a l l i s e d  on c o o lin g  to  g iv e  c o lo u r le s s  p l a t e s ,  m .p . 59 .0  -



-  59*5 • P a q u e tte  o b ta in e d  w h ite  c r y s t a l s ,  m .p . 8 0 ° .

P r e p a r a t io n  o f  Jo n es  r e a g e n t  ^ 2 )

70g o f  chromium t r i o x id e  ( 0.7  mol) were d is s o lv e d  in  

100 m is w a te r  in  a  500 m is b e a k e r . The b eak e r was im m ersed in  

an i c e - b a t h  and r U g  (61 m l, 1 .1  mol) o f  c o n c e n tra te d  (18  M) 

s u lp h u r ic  a c id ,  fo llo w e d  by 200 m is o f  w a te r were added c a u t io u s ly  

w ith  m anual s t i r r i n g .  The s o lu t io n  was c o o led  to  0° -  5° .

I .R .  (K .B r d is c ;

3030 (m ;, 2980 ( s ; ,  2940 ( s h ; ,  2870 (m ), 1690 ( s ) ,  1550 (w ),

1350 (m ;, 1330 (m ;, 1218 (m ;, 1195 (m ;, 895 (m ), 775 (m ),

733 (m ), 718 (m ), 643 (w) cm " 1 .

P r e p a r a t io n  o f E ndo-2-brom o-3a. 4 . 7 . 7a  -  te t r a h v d ro  -  4 . 7 -  

m ethano inden  -  1 -  one (XVII)

(51)The m ethod o f  P a q u e tte  and Ward , was u sed  to  

s y n th e s i s e  th e  above compound a s  fo l lo w s

A s o lu t io n  o f  brom ine (2 0 .1 g , 0 .126  mol) in  200 m is o f  

carb o n  t e t r a c h l o r i d e  was added  r a p id ly  to  a  v ig o ro u s ly  s t i r r e d  

s o lu t io n  o f  k e to n e  XVI (1 8 .3 g , 0 .1 2 6  mol) in  500 m is o f  th e  same 

s o lv e n t .  T h is  was q u ic k ly  fo llo w e d  by th e  a d d i t io n  o f 

t r i e th y la m in e  ( 25g , 0.25  mol) i n  100 m is carbon  t e t r a c h l o r i d e .

The r e a c t io n  m ix tu re  was warmed on a  steam  b a th  f o r  30 m in u tes  

and th e n  s t i r r e d  f o r  a  f i n a l  1 .5  h o u rs . The p r e c i p i t a t e  was 

s e p a r a te d  by f i l t r a t i o n  and th e  f i l t r a t e  was washed w ith  w a te r .

The aqueous w ash ings w ere e x t r a c te d  w ith  e th e r  and th e  combined 

o rg a n ic  l a y e r s  w ere d r ie d  and e v a p o ra te d . S h o rt p a th  d i s t i l l a t i o n  

o f  th e  r e s id u e  gave th e  k e to n e  a s  a  y e llo w  o i l ,  b .p .  130 a t  2 mm.



w hich s o l i d i f i e d  on s ta n d in g ,  m .p . o f  c ru d e  m a te r ia l  48° — 5 0 ° ,
( 51)

P a q u e t te  o b ta in e d  a  p a le  y e llo w  o i l ,  b .p ,  95°  -

100°  a t  0.1  mm, w hich  gave a  c r y s t a l l i n e  s o l i d ,  m .p . 55°  -  570 , 

on c o o l in g .  Dunn, D ipasquo and Hoover o b ta in e d  a  s o l i d

m .p . 56°  -  5 7 ° .

I .R .  ( n u jo l )

3030 (w ) , 2920 ( s ) ,  2850 ( s h ) ,  1720 ( s ) ,  1580 (m ), 1460 ( s )  cm “ 1 

c f .  r e f e r e n c e  53 1735 (o  = o ) ,  1590 ( c  = c)

NMR (CDC1 )

S lM s  7 .4 0  (1H , d)

6 .0 1 -5 .7 5  (2H,m)

3 .5 0 -3 .2 0  (2H, m)

3 .2 0 -2 .9 0  ( 2H, m)

1 .9 5 -1 .5 5  (2H, complex t r i p l e t )

c f ,  r e f e r e n c e  53 7 .5 6 ,  3 .5 2 -3 .1 8 ,  3 .1 8 -2 * 7 5 , 1 .7 1 .

P r e p a r a t io n  o f  5 -B rom open tacyc lo [5^3^0^0^^ , ^^0^^ , ^^0^^ , ^  ]  

d e c a n -6- one (X V III)
 ........................................ ( 53)

The m ethod o f  Dunn, D ipasquo and Hoover was

em ployed a s  fo l lo w s

A s o lu t io n  o f  k e to n e  XVII. (5 .2 8 g )  in  e th y l  a c e ta te

(220 m is) was i r r a d i a t e d  w ith  a  450-W H anovia medium p re s s u re

m ercury  v a p o u r lamp f o r  32 h o u rs  in  a  pyrex  im m ersion p h o to ly s is

a p p a ra tu s*  The s o lv e n t  was removed in  vacuo and th e  dark

re s id u e  h e a te d  w ith  b o i l in g  p e tro leu m  e th e r  (100 m is)* The

in s o lu b le  d a rk  s o l i d  re m a in in g  was removed by f i l t r a t i o n ;  th e



f i l t r a t e  was t r e a t e d  w ith  a c t i v a t e d  c h a rc o a l and then  c o o led  in  

a  f r e e z e r *  The d e s i r e d  p ro d u c t was c o l l e c te d  a s  o f f -w h ite  

c r y s t a l s ,  m*p. 35° -  37°•

Dunn, D ipasquo and Hoover o b ta in e d  c o lo u r le s s

c r y s t a l s ,  m.p* 39° -  4 0 ° . A f te r  f i l t r a t i o n  o f  th e  p ro d u c ts , 

more c r y s t a l s  c o u ld  be p roduced  by c o n c e n tr a t io n  o f  th e  rem ain in g  

p e tro leu m  e th e r  s o lu t io n  and f u r t h e r  f re e z in g *

I*R* (K*Br* d is c )

2990 (m ), 2960 ( s h ) ,  2920 ( s h ) ,  2850 (w ) , 1800 ( s h ) ,  1780 ( s h ) ,  

1760 ( s ) ,  1240 (m ) , 1030 (m ), 960 (m ), 750 (m) cm " 1.  

c f .  r e f e r e n c e  53 ( c  = o) 1800 (m ), 1785 ( s h ) ,  1775 ( s )

1765 ( s ) ,  1755 ( s ) .

NMR. (CDC13 )

S tMs 3 .5 0  -  2*72 

2.55  -  2.20  

1 .7 7

c f .  r e f e r e n c e  53 3. 68- 2*72

a t  1.79  ( b ro a d  s in g l e t ) *

P r e p a r a t io n  o f  P e n ta c v c lo  1^4*3^0*0*^, ^^0*^, ^»0^^, ^ J  n o n an e-4 - 

c a rb o x v lic  a c id  (XIX)

T h is  was p re p a re d  u s in g  th e  p ro ced u re  o f  Dunn, Dipasquo 

(5 3 )and  Hoover a s  fo l lo w s

A s o lu t io n  o f  k e to n e  X V III (2 1 g , 0 .0 9 3  mol) in  h o t 

305& aqueous p o ta ss iu m  h y d ro x id e  (350 m is) was h e a te d  a t  r e f lu x  

f o r  4 hou rs*  A f te r  c o o l in g  to  room te m p e ra tu re , th e  s o lu t io n

( 6H*m)

( 1H.m)

(2H, b ro ad  s i n g l e t )

( 6H.m ), 2 .4  (TH.m) AB p a t te r n



was e x t r a c te d  w ith  e th e r  and th e n  a c i d i f i e d  w ith  d i l u t e  

h y d ro c h lo r ic  a c id *  The m ix tu re  was e x tr a c te d  w ith  e th e r ,  th e  

com bined e x t r a c t s  w ere d r ie d ,  t r e a t e d  w i th  a c t i v a te d  c h a rc o a l and 

th e n  te v a p o ra te d  i n  vacuo to  g iv e  th e  a c id  a s  w h ite  c r y s t a l s ,  m*p. 

90°  -  92° ( l i t .  (5 3 )  m .p . 93° -  9 5 ° ) .

I*R* (K*Br* d is c )

2990 ( s ) ,  2600 (m ), 1670 ( s ) ,  1420 ( s ) ,  1320 ( s ) ,  1240 ( s ) ,

940 (m ) , 710 (m ), cm ~ 1*^

c f .  r e f e r e n c e  53 1675 cm ( a c id  c = o ) .

N.M.R. ( CDC1J

S tMs  1 0 .5 0  (1 H .s )  -  d is a p p e a re d  on sh ak in g  w ith  D^O

3 .6 0 -3 .1 0  (7H,m)

1 .6 8  (2 H ,s )

c f .  r e f e r e n c e  53 11 .45  ( 1 H ,s ) ,  3 .7 2 -3 .0 5  ( 7H,m) 1 .7 2  (2 H ,s ) .

[ 2 5 3 8 4 7 I________________________________  4*3*0*0* * *0* * *0. * J

nonane (XXI)

I t  was d ec id ed  t h a t ,  i n s t e a d  o f  re d u c in g  th e  a c id  XIX
(54)d i r e c t l y  to  th e  a lc o h o l  XXI, a s  c a r r i e d  o u t by P a q u e tte  e t  a l

th e  m e th y l e s t e r  XX would f i r s t  be p re p a re d  and th e n  t h i s  red u ced
(54)u s in g  th e  p ro c e d u re  o f P a q u e t te ,  Ward, Boggs and Famham •

In  t h i s  way h ig h e r  y i e ld s  o f  a lc o h o l  w ere produced*

a )  . M e th v la tio n  o f  P e n ta c v c lo  Cl*3*0*0* , ^ * 0 * ^ > *0*—* Jnonane^.

A -carb o x .v lic  a c i d .

M e th y la tio n  o f  th e  c a rb o x y lic  a c id  was c a r r ie d  o u t



63.

q u a n t i t a t i v e l y  u s in g  d iazom ethane, ( 55 , 56) .

The dis&aomethane was p re p a red  a s  fo llo w s  

15 m is . o f  d ie th y l  e th e r ,  15 m is. o f e th y l  d ig o l and 5 mis o f 

c o n c e n tra te d  sodium hy d ro x id e  were p laced  in  a 50 ml round- 

bo ttom ed , lo n g -n e c k ed  f l a s k  co nnec ted  by g la s s  tu b in g  to  a  250 ml 

c o n ic a l  f l a s k  c o n ta in in g  ap p ro x im a te ly  20 mis d ie th y l  e th e r  ( th e  

g la s s  tu b in g  in  th e  second  f l a s k  b e in g  below th e  le v e l  o f  th e  

e t h e r ) .  The round-bo ttom ed  f l a s k  was g e n tly  h e a te d  u s in g  a  v /a ter 

b a th  and th e  c o n ic a l  f l a s k  co o led  by im m ersion in  an i c e - s a l t  

m ix tu re . N itro s a n  ( b is - (N -m e th y l-N -n itro so )  te re p h th a lim id e )  

was c a r e f u l l y  added in  sm a ll p o r t io n s  to  th e  r e a c t io n  m ix tu re , 

th e  l i b e r a t e d  d iazom ethane b e in g  c a r r ie d  o v er in to  th e  coo led  

f l a s k  by th e  e th e r  v a p o u r. The r e a c t io n  was co n tin u ed  u n t i l  the 

e th e r e a l  s o lu t io n  in  th e  c o n ic a l  f l a s k  was b r ig h t  ye llo w  ( c a .0 . 04M 

d iazom ethane) and th e n  th e  f l a s k  was s u b s t i t u te d  by a n o th e r  and 

so on u n t i l  s u f f i c i e n t  diazom ethane was p roduced.

The c a rb o x y lic  a c id  XIX was added s lo w ly  to  th e  yellow  

s o lu t io n  u n t i l  th e r e  was o n ly  a  s l i g h t  excess o f  diazom ethane 

p re s e n t  ( n i t r o g e n  was l i b e r a t e d ) .  The f l a s k  was a llow ed  to  

s ta n d  f o r  30 m in u tes  and th e n  th e  e th e r e a l  s o lu t io n  was d r ie d  

o v e r magnesium s u lp h a te  and th e  e th e r  removed in  vacuo. The 

m eth y l e s t e r  XX, in  th e  form  o f an o i l ,  was s u f f i c i e n t l y  pure f o r  

u se  in  th e  n e x t  s t e p .

(3H ,s)

C7H,m)

(2 H ,s)

N.M.R. ( CDCl^)

S tMs 3*62

3 .6 0 -3 .0

1 .65



64*

b) R ed u c tio n  o f e s t e r  to  a lc o h o l  XXI

The e th e r  u sed  in  th e  re d u c tio n  was d r ie d  by re f lu x in g  

o v e rn ig h t w ith  l i th iu m  alum inium  h y d rid e  and th en  d i s t i l l e d .

To 2g o f  l i th iu m  alum inium  h y d rid e  in  60 mis 

anhydrous e th e r  was added w ith  s t i r r i n g  tm ag n e tic ) a  s o lu t io n  

o f  5g o f  h o m o cu b an e-4 -ca rb o x y lic  a c id  m ethyl e s t e r  XX in  60 mis 

anhydrous e t h e r .  Upon co m ple tion  o f th e  a d d i t io n ,  th e  m ix tu re  

was s t i r r e d  a t  room te m p e ra tu re  f o r  2 hou rs  and h e a te d  to  r e f lu x  

f o r  3 h o u rs .  W ith c o o lin g , w a te r  was in tro d u c e d  u n t i l  a  w h ite  

g ra n u la r  p r e c i p i t a t e  fo rm ed . The s o l id  was s e p a ra te d  by 

f i l t r a t i o n ,  th e  d r ie d  f i l t r a t e  was ev ap o ra ted , and th e  re s id u e  

was d i s t i l l e d  to  g iv e  th e  a lc o h o l a s  a  c o lo u r le s s  o i l ,  b .p .

75° -  80° a t  0 .2  mm ( l i t .  54 65° -  67° a t  0 .05  mm).

N.M.R. (C D C iy

&TMs 3*60 C2H,s)

3*50 -  3 .0  (7H,m)

1 .6 3  ( 3H ,s)

c f .  r e f e r e n c e  54 &Tms 3.60  J^S.2J; 3 .0 -3 .5  (m.7)»

2 .0  ( S .1 ) ;  1 .7  ( S .2 ) .

P r e p a ra t io n  o f  4 3«5-d in itro b e n z o .y l)  oxymethv lp e n ta cy c lo

.4 .3 .0 .0 » 2 , ^ . 0 . 3 , 8 . 0 . 4>7 . nonane (XXX.lj

T h is  was p re p a re d  u s in g  th e  method given in  V ogel,

P r a c t i c a l  O rganic  C hem istry , a s  fo llo w s

To 1g o f  3 .5  -  d in i tro b e n z o y l c h lo r id e  was added 0 .5  ml 

o f a lc o h o l  XXI i n  a  c o n ic a l  f l a s k .  The f l a s k  was lo o s e ly  corked



65.

and h e a te d  on a  w a te r  b a th  f o r  10 m inutes* A f te r  th e  m ix ture  

was c o o le d , 10 m is o f  s a tu r a te d  sodium b ic a rb o n a te  s o lu t io n  were 

added , th e  r e s u l t i n g  s o l i d  e s t e r  was broken up u s in g  a s t i r r i n g  

ro d  and f i l t e r e d .  The s o l i d  was washed w ith  a l i t t l e  sodium 

b ic a rb o n a te  s o lu t io n ,  fo llo w e d  by w a te r and then  sucked as  dry 

a s  p o s s ib le .  The c ru d e  e s t e r  was d is so lv e d  in  th e  minimum 

volume o f h o t e th a n o l and h o t w a te r  was added dropw ise w ith  

a g i t a t i o n  u n t i l  th e  s o lu t io n  j u s t  developed a s l i g h t  tu r b id i ty  

t h a t  d id  n o t  d is a p p e a r  on sh ak in g  Cthe m ix tu re  being  immersed in  

a  h o t w a te r  b a th  d u rin g  th e  r e c r y s t a l l i s a t i o n , ) .  The s o lu t io n  

was a llo w ed  to  c o o l s lo w ly , th e  r e s u l t i n g  c r y s ta l s  f i l t e r e d  o f f  

and d r ie d  upon a  few  th ic k n e s s e s  o f f i l t e r  paper* The e s t e r  

was r e c r y s t a l l i s e d  from  40/60 pe tro leum  e th e r  to  g iv e  o ff -w h ite  

c r y s t a l s ,  m .p . 83° -  84° •

I*R* (K .B r d is c )

3090 (w ), 2970 Cm), 1725 C s), 1625 Cm), 1600 (w ), 1540 I s ) ,
- 1

1340 I s ) , 1270 I s ) , 1160 Cm), 720 C sh), 710 ( s ) ,  cm .

N.M.R* (CDC13)

TMs 9.30  (m ,3) Arom atic p ro tons

4 .50  ( s ,2 )  -CH2-0 -

3 .6 0 -3 .0  (m ,7) a c y c lic  -CH-

1.70  ( s , 2) b r id g e  -CH2«



M ic ro a n a ly s is

C a lc u la te d  f o r  C ^ H ^ O g  . c> 59>6o. H> 

Pound C, 60*00; H,

Mass Spectrum

m/e M+ 342, °12H8H206 2?6>

4.19s N, 8.19 

4 .25 ; N, 7 . 9 3

2°5 195



P re p a ra t io n  o f  1 -  jah en y l b ic .yclo  L4*1 .0 Jheotanft

The above compound was p re p a red  from  1 -phenyl 

cyclo h ex en e  by a Simmons-Smith ty p e  r e a c t io n  u s in g  m ethylene 

io d id e  and z in c -c o p p e r  couple*  The z in c -co p p e r couple was 

p re p a re d  a s  f o l lo w s ,  u s in g  L eG offfs p rocedure

To a  h o t  r a p id ly  s t i r r e d  s o lu t io n  o f 0 . 5g cu p ric  

a c e ta te  m onohydrate  in  50 m is g l a c i a l  a c e t i c  a c id  was added 

30-35g z in c  g ra n u le s*  T h is  was shaken f o r  1-3 m in u tes , th e  so lu tio n  

b e in g  k e p t ho t*  The co u p le  was a llow ed  to  s e t t l e  and then  as 

much o f  th e  a c e t i c  a c id  a s  p o s s ib le  was d ecan ted  ta k in g  care  n o t 

to  lo s e  th e  couple*  The dark  re d d is h -g re y  couple  was then washed 

w ith  one 50 ml p o r t io n  o f a c e t i c  a c id ,  fo llo w ed  by 3 x 50 mis 

p o r t io n s  o f  e th e r ,  th e  f l a s k  b e in g  shaken w ith  each wash f o r  

0*5 -  1 m in u te s . The co u p le  was then  read y  f o r  use  in  th e  

n e x t s tep *

64*5g o f  z in c -c o p p e r  coup le  ( 0*50 mol) were p laced  in  

a  c o n ic a l  f l a s k  f i t t e d  w ith  a  co n d en se r, d ropping  fu n n e l and 

m agnetic  s t i r r e r *  100 m is . o f e th e r  were added, fo llo w ed  by a 

few m is . o f  m eth y len e  io d id e .  W hile th e  s t i r r e d  suspension  was 

k ep t a t  a  gjfaatJDs r e f  lu x  a  m ix tu re  o f 39*5g phenyl cyeQohexene 

(0*25 mol) and th e  rem a in d er o f  th e  m ethylene io d id e  60*7g 

t o t a l  ( 0.35  mol) was added dropw ise o v e r a p e rio d  ran g in g  from 

0*5-2 hours*  The r e a c t io n  m ix tu re  was s t i r r e d  and re f lu x e d  fo r  

5 d ay s .

The e th e r  s o lu t io n  was then  slow ly  decan ted  from th e  

unchanged c o u p le  in to  a  s e p a ra to ry  fu n n e l c o n ta in in g  a m ix ture  

o f  i c e  and 1 N h y d ro c h lo r ic  a c id .  The e th e r e a l  s o lu t io n  was 

s e p a ra te d ,  washed w ith  a  second p o r tio n  o f i c e  -  1N h y d ro ch lo ric  

a c id ,  washed 3 tim e s  w ith  w a te r and f i n a l l y  d r ie d  over potassium  

carb o n a te*  The e th e r  was removed in  vacuo and th e  product



d i s t i l l e d  to  g iv e  a  c o lo u r le s s  l i q u id ,  b .p .  84° a t  0.7  mm 

( l i t .  b .p .  104° -  105° a t  3mm) .

The r e a c t io n  was much s low er th an  expected  compared 

w ith  o th e r  m ethods quo ted  in  th e  l i t e r a t u r e  d e sp ite

th e  a d d i t io n  o f  a  c r y s t a l  o f  io d in e  in  l a t e r  a tte m p ts  to  h e lp  

sp eed  th e  fo rm a tio n  o f  th e  n o rc a ra n e .

N.M.R. (CDC13 >

«TMs 7 .5  -  7 .1  lm ,5)

2 .5 5  -  0 .5  ( m , l l )

M icro an a l.v s is

C a lc u la te d  f o r  C, 90 .64; H, 9 .3 6 .

Pound C, 90*4; H, 9 .2 .



P r e p a ra t io n  o f 1 - pheny l b ic v c lo 1 3. 1. 0] hexane

T h is  compound was p rep a red  by th e  fo llo w in g  sy n th e tic

scheme :

v
0

PhMgBr

HCl
HO

A c o O

C H ,I2 l 2

a ) P r e p a ra t io n  o f 1 -phenv l cyclopen tene

The G rig n a rd  re a g e n t used  in  th e  f i r s t  s te p  was

p re p a re d  a s  fo llo w s

I n  a. th re e -n e c k e d  f l a s k  f i t t e d  w ith  a s e p a ra to ry  

fu n n e l ,  r e f lu x  con d en ser and s t i r r e r  were p laced  11g magnesium# 

A. m ix tu re  o f  12g bromobenzene and 30 mis dry e th e r  was run in  

and th e  f l a s k  was warmed g e n tly  u n t i l  th e  r e a c t io n  became ra p id . 

S t i r r i n g  was th en  s t a r t e d  and the  v e s s e l  was surrounded by a



d is h  o f c o ld  w a te r .  A m ix tu re  o f 63g bromobenzene and 145 mis 

d ry  e th e r  was ru n  in  a t  su ch  a r a t e  as  to  cause v igo rous 

r e f lu x in g ;  when th e  a d d i t io n  was com plete (1 hour) th e  whole 

was s t i r r e d  f o r  te n  m in u te s .

As soon a s  th e  r e a c t io n  was com pleted in  th e  G rignard  

p re p a ra t io n  a  s o lu t io n  o f 33*6g ( 0 .4  mol) cyclopen tanone in  

60 m is e th e r  was added from  a  d ropp ing  fu n n e l a s  r a p id ly  as 

p o s s ib le  so t h a t  v ig o ro u s  r e f lu x in g  was m ain ta in ed ; about 

t h i r t y  m in u tes  were r e q u i r e d .  The re a c t io n  m ix tu re  was then  

h e a te d  un d er r e f lu x  f o r  an a d d i t io n a l  30 m inutes and a llow ed  to  

s ta n d  f o r  one h o u r . The magnesium complex was decomposed by 

th e  a d d i t io n  o f  250g o f  i c e  and 40 mis c o n c e n tra te d  h y d ro c h lo ric  

a c id .  The e th e r  l a y e r  was s e p a ra te d ,  d r ie d  w ith  calcium  

c h lo r id e ,  f i l t e r e d  and th e  e th e r  removed in  vacuo. The 

r e s u l t i n g  1-h y d ro x y -1 -phenyl cy c lo p en tan e  was checked by n .m .r .

N.M.R. (CDCl^)

S tMs 7 .5  -  7 .1  (m ,5)

2.1 -  1 .8  (m ,8)

1#7. ( s ,1 )  -  s in g le t  a t  1 .7  d isap p ea red
on check ing  w ith  D^O

20 m is o f  a c e t ic  anhydride  was then  added to  th e  

I —hydroxy—1—phenyl cy c lo p en tan e  and. th e  f l a s k  and c o n te n ts  were 

h e a te d  in  a  steam  b a th  f o r  20-25 m in u tes . The m ix tu re  was 

f i n a l l y  d i s t i l l e d  u n der reduced  p re s su re  th ro u g h  a  V igreux 

colum n, g iv in g  a c o lo u r le s s  l i q u id ,  b .p .  75 — 80 a t  0 .5  -  0 .8  mm.



I .R .  ( l i q u i d  f i lm )

.3080-3020  (m ), 2950 ( s ) ,  2840 ( s ) ,  1600 (w ), 1495 ( s ) ,  1445 (m ), 

755 ( s ) ,  695 ( s )  cm” 1.

N.M.R. (CDC13 )

» M s  7 .5  -  7.1 (m,5)

6*1 -  6 .0  (mf 1)

2 .9  -  2 .3  (m#4)

2 .3  -  1 .8  (m,2)

b) C .v c lisa tio n

S y n th e s is  o f  th e  b ic y c l ic  system  proved to  be much

more d i f f i c u l t  i n  th e  case  o f  1-p h e n y l cy c lo p en ten e  th an  f o r

th e  co rre sp o n d in g  1 -pheny l cyclohexene (v id e  s u p ra ) .  LeG off’s

m ethod u s in g  g ra n u la r  z in c -c o p p e r  couple  o r  th e  more

r e a c t iv e  powdered coup le  f a i l e d  to  g iv e  s ig n i f i c a n t  amounts o f

th e  r e q u i r e d  p ro d u c t. A couple  p rep a red  acco rd in g  to  th e
(57)method o f Shank and S h e c h te r  a ls o  d id  n o t g iv e  the  b ic y c l ic

(62)compound. An a l t e r n a t i v e  method employing iodom ethy l

z in c  io d id e ,  p re p a red  from  z in c  io d id e  and diazom ethane f a i l e d  

to  g iv e  th e  r e q u ire d  p ro d u c t. F in a l ly ,  r e a c t io n  o f th e  o le f in  

w ith  d ie th y l  z in c  was found  to  be s u c c e s s fu l  in  g iv in g  th e  

b ic y c l i c  compound.
( 63)The d ie th y l  z in c  was p rep a red  a s  fo llo w s  : -

In  a  250 mis f l a s k ,  p rov ided  w ith  a r e f lu x  condenser 

( f i t t e d  w ith  a  d ry in g  tu b e) and a m agnetic  s t i r r e r  was p laced  

65g powdered z in c -co p p e r c o u p le . To t h i s  was added 78g e th y l  

io d id e ;  th e  s t i r r e r  was s t a r t e d  and th e  m ix tu re  h e a te d  to  

r e f lu x in g .  A f te r  0 .5  h o u r, th e  r e a c t io n  s t a r t e d  and th e  h e a tin g  

was sw itch ed  o f f .  The f la s k  was l e f t  a  f u r t h e r  0 .5  nour;



on c o o lin g  to  room te m p e ra tu re  th e  m ix tu re  s o l i d i f i e d .

R a th e r  th an  a tte m p t to  i s o l a t e  th e  d ie th y l  z in c  by 

d i s t i l l a t i o n  i t  was d ec id ed  to  use  th e  s o l i d  im m edia te ly  in  th e  

n e x t s t e p .  The p ro ced u re  o f  Purukawa, law ah& ta m.&

N ish im ura   ̂ was employed w ith  some m o d if ic a tio n s  s

A s o lu t io n  o f 5g (0 .0 4  mol) o f  1-ptoeayl ©ycXoparifcene 

i n  50 m is benzene was added to  th e  r e a c t io n  f l a s k ,  ctmtg&ss&ng 

th e  d ie th y l  z in c  from  th e  p re v io u s  s tep #  M ethylene io d id e  

(2 8 g , 0 .1 0  mol) was added drop w ise  w ith  s t i r r i n g  to  th e  m ix tu re  

u n d e r n i t r o g e n  a t  60° C d u rin g  8 - 1 0  hours# She h e a t in g  was 

c o n tin u e d  o v e rn ig h t .  50 m is o f 1% aqueous h y d ro c h lo ric  a c id  

were added to  th e  co o led  r e a c t io n  m ix tu re  w ith  s t i r r i n g  and th e  

rem a in in g  z in c -c o p p e r  couple  was f i l t e r e d  o ff#  The o rg a n ic  

l a y e r  was s e p a ra te d ,  washed w ith  1% aqueous h y d ro c h lo r ic  a c id ,  

w a te r ,  and d i l u t e  aqueous sodium b ic a rb o n a te  and d r ie d  o v e r 

m o le c u la r  s ie v e s .  The s o lv e n t  was removed in  vacuo and th e  

p ro d u c t d i s t i l l e d  to  g iv e  a  c o lo u r le s s  l i q u id ,  b#p# 55° -  60° 

a t  1 mm. ( l i t .  b#p. 93° -  94° a t  3 mm).

7 .4 0  -  7 .15  (m ,5)

2 .1  -  1 .2  (mt7)

1 .0  — 0 .6  (m ,2)

N.M.R. (CDC13)

i TMs

M ic ro a n a lv s is

C a lc u la te d  f o r  ^12^14 ! 91.08; H, 8 .9 2

Found 0 , 90 .45; H, 9 .20



73.

P r e p a ra t io n  o f Phen.vl cy c lop ropane

P henyl cy c lo p ro p an e  was s y n th e s is e d  by f i r s t  

p re p a r in g  5 -p h e n y l-2 -p y ra z o lin e  from  cinnam aldehyde and 

h y d ra z in e  and th en  c a r ry in g  o u t a  K ishner-W olf re d u c tio n  u s in g  

p o ta ss iu m  h y d ro x id e  as  a  c a t a l y s t .

a )  P r e p a ra t io n  o f 5 -p h e n y l-2 -p y ra z o lin e

F re s h ly  d i s t i l l e d  cinnam aldehyde (1 3 .2 g ) was added to  

a  m ix tu re  o f  90% h y d ra z in e  (12 m is) and e th an o l (40 m is ) . 

A l t e r a t io n  o f  t h i s  o rd e r  cau ses  p r e c ip i t a t io n  o f a la rg e  amount 

o f  a z in e .  The m ix tu re  was re f lu x e d  f o r  one h o u r, e th an o l was 

d i s t i l l e d  o f f  in  vacuo and th e  re s id u e  was d is so lv e d  in  e th e r  

and washed w ith  w a te r . D i s t i l l a t i o n  gave a ye llow  o i l ,  b .p .  

100° a t  0 .8  mm, w hich was a  m ix tu re  o f 5 -p h e n y l-2 -p y ra z o lin e

and  cinnam aldehyde h y d razo n e . R e d i s t i l l a t i o n  gave th e  pure
o ( 65 )p ro d u c t a s  a  c o lo u r le s s  o i l ,  b .p .  87 a t  0 .2  mm ( l i t .

b .p .  135-8° a t  9 mm).

The p ro d u c t gave no p r e c ip i t a t e  w ith  e th a n o lic

cinnam aldehyde and when d is so lv e d  in  c o ld , d i lu te  h y d ro c h lo ric

a c id ,  th e  a d d i t io n  o f  sodium n i t r a t e  produced the  n i t r o s o

d e r iv a t iv e  a s  a  p a le  ye llow  p r e c i p i t a t e ,  m .p. 70° -  7 1 ° .

(m ,5)

(m ,1)

(b ro ad  s ,  1)

(3  s in g le t s  in te g r a t in g  as  1 p ro to n )

(6  m u l t ip le t s  in te g r a t in g  a s  2 p ro to n s)

N.M.R. (CDC13)

TMs 7 .4  -  7 .2  

6.8  

5 .8  -  5 .2

4 .85  -  4 .55

3 .4  -  2 .4



M ic ro a n a ly s is

C a lc u la te d  f o r  C8H10N2 -: C» 73 .96 ; H, 6 .85; N, 19.18

Found C, 74 .1 2 ; H, 6 .74; N, 18.75

b) R eduction  to  phenyl cyclop ropane

The pure  p y ra z o lin e  (1 5 .6 g ) was h e a te d  under r e f lu x  

a t  200° C w ith  p o tass iu m  h y d ro x id e  (0 .1  g) f o r  1 .5  h o u rs . The 

p ro d u c t was shaken w ith  d i l u t e  h y d ro c h lo r ic  a c id ; th e  n e u t r a l  

f r a c t i o n  gave pheny l cy clo p ro p an e  a s  a  c o lo u r le s s  l iq u id *  b .p .  

72° a t  20 mm ( l i t .  (6 5 '  b .p .  172° -  1 7 4 ° ).

N.M.R. (CDC1J

®TMs 7 .0 5  (m»5)

1 .8 5  (m ,1)

0 .9 8  (m ,2)

0 .7 5  Cm,2)

o f ' V arian  N.M.R. s p e c t r a  c a ta lo g u e , V ol. 2 
spectrum  528.

M ic ro a n a ly s is

C a lc u la te d  f o r  C, 91*47? H, 8 .5 3

Pound C, 91*5; H, 8 .6 .



75.

P r e p a ra t io n  of 7-phen.vl n o rca ran e

7 -p h en y l n o rc a ran e  was p rep a red  by th e  method o f 

H odgkins, Woodyard and Stephenson 9 in v o lv in g  th e  fo rm a tio n  

o f  7 -c h lo ro -7 -p h e n y l n o rc a ran e  from cyclohexene and b en za l 

c h lo r id e  in  th e  p resen ce  o f s tro n g  base and th en  re d u c tio n  o f 

th e  c h lo ro  compound to  th e  re q u ire d  p ro d u c ts  w ith  a c t iv a te d  z inc  

i n  th e  p resen ce  o f sodium e th o x id e .

a )  P re p a ra t io n  o f 7 -c h lo ro -7 -p h e n y l n o rc a ra n e .

P o tassium  t-b u to x id e  was p rep a red  by add ing  500 mis 

o f d ry  t - b u t y l  a lc o h o l to  a  1 l i t r e  fo u r-n eck ed  f l a s k  equipped 

w ith  a  co n d en ser f i t t e d  w ith  a  calc ium  c h lo r id e  tu b e , m echanical 

s t i r r e r ,  therm om eter and a  s to p p e r . The tem p era tu re  was 

a d ju s te d  to  ap p ro x im a te ly  75° C and th en  po tassium  m eta l (10g , 

0 .2 5 6  mol) was added in  sm all p ie c e s . A f te r  com pletion  o f 

th e  r e a c t io n ,  th e  excess t - b u t y l  a lc o h o l was d i s t i l l e d  in  vacuo.

7-c h lo ro -7 -p h e n y l n o rca ran e  was p rep a red  by add ing  

cyclohexene  (200 m is) to  th e  potassium  t-b u to x id e  p rep a red  

above. P u r i f ie d  b en za l c h lo r id e  (41g» 0.255 mol) was added 

to  th e  s t i r r e d  r e f lu x in g  s o lu t io n  dropw ise th ro u g h  a d ropping  

fu n n e l  over a  p e r io d  o f 1 .5  h o u rs . The r e a c t io n  m ix tu re  was 

r e f lu x e d  f o r  an a d d i t io n a l  6 h o u rs , coo led  and 250 mis o f w a ter 

added . The o rg a n ic  la y e r  was s e p a ra te d  and washed w ith  w a te r 

u n t i l ,  th e  aqueous la y e r  was n e u t r a l  and then  i t  was washed w ith  

a  s a tu r a te d  s o lu t io n  o f sodium c h lo r id e  and d r ie d  o v er calc ium  

c h lo r id e .  The excess cyclohexene was d i s t i l l e d  in  vacuo and
(67 )

a s  th e  p roduct i s  "unstable a t  h ig h  tem p era tu re  , th e  

r e s u l t i n g  re s id u e  was d i s t i l l e d  a t  low p re s su re  to  g iv e  a
^  ^  Q  Q

c o lo u r le s s  l i q u i d ,  b .p .  90 a t  0 .4  nun ( l i t .  b .p .  170 -  173

a t  33 mm).



N.M.R. (C D C l^

©TMs 7 .6  -  7 .4  (m ,5)

2.4  -  1.75 Cm,4)

1.75 -  1.20 (m,4)

1 .15  -  0 .7 0  Cm,2)

b ) R eduction  to  7 -p h en y l n o rca ran e

A c tiv a te d  z in c  d u s t was p rep a red  by add ing  h y d ro c h lo r ic  

a c id  (4N) to  z in c  d u s t which had been p laced  in  a  b e ak e r. The 

m ix tu re  was s t i r r e d  f o r  1 m inute and then  f i l t e r e d  and washed 

q u ic k ly  w ith  la rg e  volumes o f 10% sodium h y d ro x id e , w a te r ,

25% e th a n o l ,  a b so lu te  e th a n o l , a ce to n e , a b so lu te  e th e r  and th en  

d r ie d  u n d er vacuum on a h o t p la te  a t  200° C f o r  1 h o u r .

The 7 -c h lo ro -7 -p h e n y l n o rca ran e  was reduced  u s in g  z in c  

d u s t a s  fo llo w s

A 5% s o lu t io n  o f sodium e th o x id e  was p rep a red  from 

300 m is o f e th a n o l and 12g (0 .522g .a tom ) o f sodium . A f te r  

com p le tio n  o f  th e  r e a c t io n ,  35g o f a c t iv a te d  z inc  d u s t and 25g 

(0 .1 2 1  mol) o f 7 -c h lo ro -7 -p h e n y l n o rca ran e  were added. The 

m ix tu re  was re f lu x e d  w ith  v ig o ro u s  s t i r r i n g  f o r  40 h o u rs , co o led  

and f i l t e r e d .  W ater was added to  th e  f i l t r a t e  and th e  aqueous 

s o lu t io n  e x tr a c te d  w ith  e th e r .  The e th e r e a l  e x t r a c t  was washed 

w ith  w a ter and d r ie d  o v e r calc ium  c h lo r id e .  The e th e r  was

ev ap o ra ted  in  vacuo and th e  re s id u e  d i s t i l l e d  to  g iv e  7 -p h en y l
o (66)n o rc a ra n e  a s  a  c o lo u r le s s  l i q u id ,  b .p .  108 a t  3 mm ( l i t .

b .p .  .127° -  128° a t  13 mm) hav ing  a  c h a r a c t e r i s t i c  odour.



77.

N.M.R, (CDCl^)

SlMs 7 .4  -  7 .0  (m,5)

2.1 -  1*5 (mf4)

1.5 -  1.0 (m,4)

1.0 -  0 .6  (m,3)

M ic ro a n a ly s is

C a lc u la te d  f o r  C13Hl6  C, 90 .64 ; H, 9 .3 6 . 

Pound  ̂ C, 90.59; H, 9 .2

 ̂ .v.- ■

o  '



78.

K in e tic  E xperim en ta l

a ) A rom atic N i t r a t io n  

R eagen ts

A n a la r a c e t ic  an h y d rid e  was used  w ith o u t f u r t h e r  

p u r i f i c a t i o n .  Toluene was washed w ith  c o n c e n tra te d  s u lp h u r ic  

a c id ,  w a te r , d i l u t e  sodium h y d ro x id e , d r ie d  o v e r m o lecu la r 

s ie v e s ,  and d i s t i l l e d  tw ice  th rough  a 6" column f i l l e d  w ith  

g la s s  b ead s . A n a lar benzene was used  w ith o u t f u r th e r  

p u r i f i c a t i o n .  The rem ain in g  s u b s t r a te s  were d i s t i l l e d  a t  l e a s t  

tw ic e  th ro u g h  a  6" V igreux column and checked by n .m .r .  f o r  

t r a c e  im p u r i t i e s .

P ure  n i t r i c  a c id  was p rep a red  acco rd in g  to  th e  method 

g iven  in  V ogel^ -  P r a c t i c a l  O rganic C hem istry , as fo llo w s  s -

N i t r i c  a c id  was d i s t i l l e d  a t  reduced  p re s su re  from  a 

50/50  m ix tu re  o f fum ing n i t r i c  a c id  (.S .G .1 .5) and c o n c e n tra te d  

s u lp h u r ic  a c id  a s  a  red-brow n l i q u i d .  This was t r e a t e d  w ith  

u re a  and n i tro g e n  was bubbled  th rough  a t  60° u n t i l  th e  l i q u id  

became c o lo u r le s s .  F u r th e r  d i s t i l l a t i o n  from c o n c e n tra te d  

s u lp h u r ic  a c id  a t  reduced  p re s su re  gave a p a le  ye llow  l i q u i d .

On r e p e a t in g  th e  tre a tm e n t o f b u bb ling  n itro g e n  th ro u g h , w h ile  

h e a tin g  a t  60° C, f o r  ap p ro x im ate ly  two h o u rs , fo llo w ed  by 

d i s t i l l a t i o n  a t  red u ced  p re s su re  pure n i t r i c  a c id  a s  a  c o lo u r le s s  

l i q u i d  was o b ta in e d . T h is was s to re d  in  a  s e a le d ,  brown b o t t l e  

a t  0° C.



K in e tic  M easurem ents

The p ro ced u re  o f S c h o f ie ld  e t  a l  was employed.

R ate  c o n s ta n ts  were de term ined  u s in g  a Cary Model 14 

s p e c tro p h o to m e te r , th e rm o s ta t te d  a t  25° & i  0 .1 °  c ,  th e  

te m p e ra tu re  b e in g  checked b e fo re  and a f t e r  each k in e t i c  ru n .

10 mm S p e c t r o s i l  q u a r tz  U.V. c e l l s ,  f i t t e d  w ith  T eflo n  s to p p e r s ,  

w ere u sed .

A c e ty l n i t r a t e  s o lu t io n s  (ap p ro x im a te ly  0 .3  M; were 

p re p a re d  by w eigh ing  th e  r e q u ir e d  amounts o f n i t r i c  a c id  in to  

known volumes o f  a c e t i c  a n h y rd r id e , th e  s o lu t io n s  b e in g  k ep t a t  

room te m p e ra tu re  f o r  15 m inu tes b e fo re  u se . F i r s t - o r d e r  

k i n e t i c s  were o b ta in e d  by u s in g  an excess o f a c e ty l  n i t r a t e  

o v e r a ro m a tic  compound.

S tock s o lu t io n s  o f s u b s t r a te s  were p rep a red  by 

m easuring  th e  r e q u ir e d  amount o f hydrocarbon in to  known volumes 

o f  a c e t ic  an h y d rid e ; 10 M f o r  to lu e n e , 0 .5  M f o r  benzene and 

5 x  10 M f o r  th e  rem ain in g  a ro m atic  compounds.

The fo llo w in g  p rocedu re  was used  f o r  a l l  s u b s t r a te s  

excep t benzene :

2 .5  m is o f a c e ty l  n i t r a t e  s o lu t io n  were p ip e t te d  in to  

a  U.V. c e l l ;  th e  c e l l  was s to p p e red  and th e rm o s ta tte d  a t  25° C.

25 JXLs o f s to c k  s o lu t io n  were in j e c te d ,  g iv in g  a s u b s t r a te
— 3 —4c o n c e n tra t io n  o f 10 M f o r  to lu e n e  and 5 x 10 M f o r  th e

o th e r  compounds; the  s o lu t io n  was s t i r r e d  u s in g  a g la s s  ro d  

and th e  change in  abso rbance  a t  340 nm w avelength  was m easured, 

a c e t ic  an h y d rid e  be in g  used  as  a  b la n k .

As th e  n i t r a t i o n  o f benzene proceeded  much more slow ly  

th an  f o r  th e  o th e r  s u b s t r a te s  th e  above method had to  be m od ified . 

I t  was found  th a t  th e  absorbance  o f  th e  a c e ty l  n i t r a t e  s o lu t io n  

v a r ie d  s l i g h t l y  ov er long  p e rio d s  o f  tim e . To c o u n te ra c t t h i s ,

2 .5  m is o f  th e  same a c e ty l  n i t r a t e  s o lu t io n  were p ip e t te d  in to



th e  b lan k  c e l l  a s  in  th e  r e a c t io n  c e l l*  Hence, any change in  

ab so rb an ce  was due to  n i t r a t i o n  o f th e  s u b s t r a te  a lo n e . ; 25^,1  

o f  benzene s to c k  s o lu t io n  (0 .5  M) were in j e c te d  in to  th e  r e a c t io n  

c e l l ,  g iv in g  a s u b s t r a te  c o n c e n tra tio n  o f 5 x 10” 3 M, th e  change 

in  ab so rb an ce  b e in g  m easured a s  p re v io u s ly . The ru n s  were 

fo llo w e d  f o r  48 h o u rs .

F o r th e  s h o r te r  k in e t i c  ru n s  35-45 v a lu e s  were u sed , 

tak en  d i r e c t l y  from  th e  c h a r t .  However, f o r  th e  lo n g e r  ru n s  

( i . e .  benzene) th e  o u tp u t from  th e  re c o rd ed  was fe d  in to  a  

S o la r t ro n  Compact D ata Logger which d ig i t i s e d  th e  absorbance 

re a d in g , th e  v a lu e s  (200-220) be ing  punched on 5 -ch an n e l paper 

t a p e .  The f i r s t  o rd e r  r a t e  c o n s ta n ts  w ere determ ined  u s in g  a 

g e n e r a l is e d  le a s t - s q u a r e s  program , w r i t te n  by P ro fe s s o r  B. Capon, 

fo llo w in g  th e  p rocedure  o f  Wentworth and Deming ^ 0 ) ^

E v a lu a tio n  was perform ed on a  D igico Micro 16-P com puter.

b) K in e tic s  o f S o lv o l.y sis  o f 4 -( 3 .5 -d in itro b en zo .y l)o x y m eth y l

pentac.vclo L 4 .3 .0 .0 .2 ,3 .Q .3 ,8 . 0 . 4 »7 , nonane (XXII)

R eagen ts

0 .01 M sodium hyd ro x id e  was p rep a red  by d i lu t in g  10 mis 

o f  a  s ta n d a rd , c a r b o n a te - f r e e ,  m olar s o lu t io n  o f sodium hydrox ide  

( s u p p l ie d  by Hopkin and W illiam s) to  one l i t r e  u s in g  d i s t i l l e d  

w a te r  which had been deg assed . The s o lu t io n  was s to re d  in  an 

a s p i r a t o r  f i t t e d  w ith  a  so d a -a sb e s to s  f i l t e r .  The m o la r ity  of 

t h i s  s o lu t io n  was checked by t i t r a t i o n  a g a in s t  a 0 .01 M s o lu tio n  

o f  3 ,5 -d in i t ro b e n z o ic  a c id ,  p rep a red  by d is s o lv in g  r e c r y s t a l l i s e d  

and d r ie d  3 ,5 -d in i t ro b e n z o ic  a c id  in  80% a c e to n e -w a te r .



80% a c e to n e -w a te r  was p rep a red  by r e f lu x in g  A n a lar 

a ce to n e  o v e r calc ium  c h lo r id e  f o r  2 h o u rs , th en  d i s t i l l i n g  

th ro u g h  a  V igreux column, th e  c e n tr e  cu t be in g  taken* Pour 

volum es o f d r ie d  ace to n e  were added to  one volume o f degassed , 

d i s t i l l e d  w a te r .

The e s t e r  XXII was r e c r y s t a l l i s e d  tw ice  from  40/60 

pe tro leu m  e th e r  b e fo re  u s e . A 0.01 M s o lu t io n  o f  th e  e s t e r  

was p re p a red  by d is s o lv in g  a known w eight o f th e  e s t e r  in  80% 

aqueous a c e to n e . T h is  was s to re d  in  a  s e a le d  f l a s k  a t  0° C.

K in e tic  M easurements

(71)The ampoule method was u sed . A th e rm o s ta tte d

o i l  b a th , h e a te d  by 2 im m ersion h e a te r s  c o n tro l le d  by a  r e la y  

system  and c o n ta c t therm om eter, was s e t  a t  90° C. 5 mis o f

0 .01  M s o lu t io n  o f th e  e s t e r  were p ip e t te d  in to  a g la s s  ampoule 

w hich was th en  s e a le d ,  covered  w ith  w ire  gauze and p laced  in  the  

o i l  b a th . A f te r  a c e r t a in  tim e th e  ampoule was removed, co o led  

i n  a  s o l id  c a rb o n -d io x id e  -a c e to n e  b a th , broken and th e  c o n te n ts  

em ptied  in to  a  10 ml b e ak e r. The s o lu t io n  was t i t r a t e d  a g a in s t  

s ta n d a rd  0 .01  M sodium h ydrox ide  u s in g  a  R adiom eter type  T .T .T .1  

au to m a tic  t i t r a t o r ,  s e t  a t  an en d -p o in t s e t t i n g  o f  pH 7«7*

A g la s s /c a lo m e l e le c tro d e  system  was used .

The r a t e  c o n s ta n t was e s tim a te d  u s in g  th e  s ta n d a rd  

f i r s t - o r d e r  r a t e  e q u a tio n .



82.

R e s u lts

a )  A rom atic N i t r a t io n

TABLE VI

S u b s tr a te R ate  C onstan t

 Cs"1)
W eighted Average S tan d a rd  
o f r a t e  c o n s ta n ts  D e v ia tio n

k . _ re l

Benzene 4*641 x  10 
4 .374  x  10 
5 .2 4 6  x  10

- 6
-6
-6

4.690 x  10-6
9 .67

Toluene 2 .373  x  10 
2 .471  x  10 
2 .490 x  10

-4
- 4
-4 2.402 x  10 -4 3 .39 51

P henyl 1 .086  x  10
C yclopropane 1 .040 x 10 

1 .4 4 1  x  10
1 .268  x  10

-3
-3
-3
-3

1 .141 x 10-3 17 .46 243

1 -P h en y l
N orcarane

4 .094
4.688
4.735
4.000
3.372
4.299

10
10
10
10
10
10

4 .672  x  10 
4 .018  x 10

-4
-4
-4
-4
-4
-4
-4
-4

4.412 x  10- 4 8 .47 94

7 -P h en y l
N orcarane

4.870 x 10 
4 .975 x  10 
4 .502  x  10

-3
-3
-3 4.839 x  10-3 5 .3 3 1031

1 -P h en y l
B icy c lo[3.1.0]
hexane

2 .083  x  10 
1 .834 x  10 
1 .722  x 10 
2 .306  x 10

-3
-3
-3
-3

1.955 x  10-3 13.49 417



b) S o lv o lv s is  o f  e s t e r  XXII

TABLE V II

Time

18 h o u rs

24 h o u rs

7 days

T i t r e  (m is)

0.11
0 .09

0 .16
0 .1 2

0 .59
0.43

pH a t  e n d -p o in t

8.75
7 .8 0

9 .1
8 .9

7.65
8.10

R ate c o n s ta n t
„  ( s - i )

1 .762  x  10~7 

3 .306  x 10"7

1 .782 x  10-7

a  80% aqueous a ce to n e  a t  90 C. R ate  c o n s ta n t c a lc u la te d  by 

a v e ra g in g  t i t r e s  and s u b s t i t u t i n g  in  f i r s t - o r d e r  r a t e  eq u a tio n .



C h arg e -T ra n sfe r M easurements

The c h a r g e - t r a n s f e r  complexes were p re p a red  acco rd in g  

to  th e  p ro ced u re  o f E.M. V oig t and C. R eid

R eagen ts

T e tra c y an o e th y le n e  was r e c r y s t a l l i s e d  tw ice  from  

ch lo ro b en zen e  and d r ie d .  The hydrocarbons were tw ice  d i s t i l l e d  

th ro u g h  a  V igreux column b e fo re  u s e . D ichlorom ethane was 

p u r i f i e d  by w ashing w ith  5% sodium ca rb o n a te  s o lu t io n ,  fo llo w ed  

by w a te r ,  d r ie d  o v e r anhydrous calc ium  c h lo r id e ,  and th en  

f r a c t i o n a t e d  tw ic e .

P rocedu re
mmP

A 2 x  10** M s to c k  s o lu t io n  o f  T .C .N .E . in  

d ich lo ro m eth an e  and a 10~^ M s to c k  s o lu t io n  o f each o f  th e  

s u b s t r a te s  were p re p a red . 1 .25 mis o f th e  hydrocarbon s to c k  

s o lu t io n  w ere p ip e t te d  in to  a  10 mm q u a rtz  U.V. c e l l  fo llo w ed  

by 1 .25  mis o f  th e  T .C .N .E . s to c k  s o lu t io n .  The c e l l  was 

s to p p e re d  and th e  spectrum  o f th e  r e s u l t i n g  co lo u red  s o lu t io n  

was re c o rd e d  u s in g  an Unicam SP8000 U.V. re c o rd in g  s p e c tro 

pho tom eter and a  Cary Model 14 re c o rd in g  sp ec tro p h o to m ete r, 

th e rm o s ta t te d  a t  25° C -  0 .1 °  C, a g a in s t  a  b lank  o f th e

hydrocarbon  s to c k  s o lu t io n  d i lu te d  to  th e  same c o n c e n tra tio n
—2o f  hydrocarbon  (5  x 10 M) a s  in  th e  sample c e l l  u s in g  

d ich lo ro m eth an e .

The s p e c t r a  re c o rd ed  on th e  Unicam SP8000 

sp ec tro p h o to m e te r  f o r  to lu e n e , phenyl cy c lo p ro p an e , 1 -pheny l 

n o rc a ra n e , 7 -p h en y l n o rc a ran e  andJnphenyl b ic y c lo  ^3*1 »oJ 

hexane a re  shown o v e r le a f .
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