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I .  INTRODUCTION

For many y e a r s  i t  h a s  b e e n  known t h a t  c a rb a n io n s  can  be s t a b i ­

l i z e d  by c e r t a i n  u n s a t u r a t e d  s u b s t i t u e n t s  such a s  v i n y l  and a r y l  

g ro u p s  when th e  l a t t e r  a r e  d i r e c t l y  a t t a c h e d  to  th e  c a rbon  b e a r in g  

th e  c h a rg e .  I n  more r e c e n t  t im es  i t  h a s  b een  shown t h a t  c e r t a i n  

a n io n s  can  be s t a b i l i z e d  by an  u n s a tu r a t e d  g roup even  when t h i s  

m o ie ty  i s  n o t  d i r e c t l y  a t t a c h e d  to  th e  c a rb o n  c a r r y in g  th e  n e g a t iv e  

c h a rg e .

T h is  i n v e s t i g a t i o n  was i n i t i a t e d  i n  o r d e r  to  examine th e  

p o s s i b i l i t y  o f  c h a rg e  d e l o c a l i z a t i o n  from  C2  i n  e n o l a t e  a n io n

2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  to  th e  rem ote  c a rb o n -  

c a rb o n  d o u b le  bond a t  Cg 7 . F u r th e rm o re ,  th e  e f f e c t  o f  t h r e e  

d i f f e r e n t  a l k a l i n e  e a r t h  c a t i o n s  on th e  c h a rg e  d e l o c a l i z a t i o n  o f  

th e  a n io n  was to  be exam ined .
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I I .  HISTORICAL

A. H om ocon juga tive  and Homoaromatic 
S t a b i l i z a t i o n  E f f e c t s .

I t  h a s  been  e s t a b l i s h e d  t h a t  c a r b a n i o n s , !  ca rbon ium  ions,^ 

and f r e e  radicals^ can  be s t a b i l i z e d  by c e r t a i n  u n s a t u r a t e d  su b ­

s t i t u e n t s  such  a s  v i n y l  and a r y l  g ro u p s .  The s t a b i l i z a t i o n  i s  th e  

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

u n p a i r e d  e l e c t r o n  w i th  th e  p - o r b i t a l s  o f  th e  a d j a c e n t  u n s a tu r a t e d  

g ro u p .  T h is  s t a b i l i z a t i o n  i s  r e p r e s e n t e d  by s t r u c t u r e s  1, 2 ,  and 

3_, u s in g  th e  v i n y l  g roup  a s  an  exam ple.

CH2 =CH-CH2  ■< CH2 -CH=CH2  o r  CH2 ^ - ^ C H 2

+ +
CH2 =CH-CH2  CH2 -CH=CH2  ° r  CH2~. +  ^ C H 2

' ' cCH

CH2 =CH-CH2  ■<— >- CH2 -CH=CH2  o r  c % ^ v ^ x c h 2
CH

I n  a d d i t i o n  to  t h e  ty p e  o f  s t a b i l i z a t i o n  d e s c r i b e d  above , 

c h a rg e  s t a b i l i z a t i o n  c a n  a l s o  be a c h ie v e d  by a r o m a t i c i t y .

2
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A r o m a t i c i ty  r e f e r s  to  a c o m p le te ly  c o n ju g a te d  p l a n a r  c y c l i c  h y d ro ­

c a rb o n  w i t h  the  sum o f th e  ? T -e le c tro n s  in  t h e  sys tem  com plying w i th  

H u c k e l ' s ^  4n+2 r u l e .  The d i f f e r e n c e  i n  a c i d i t y  be tw een  c y c lo -  

p e n ta d ie n e ^  4 and c y c l o h e p t a t r i e n e ^  jj ,  (21 pKa u n i t s ) ,  i s  a good 

example o f  a ro m a t ic  s t a b i l i z a t i o n .  T h is  l a r g e  d i f f e r e n c e  i s

z±L

pKa=15

4

6 7r'-electrons 

5

pKa=3 6

' H

8  y - e l e c t r o n s

a t t r i b u t e d  to  t h e  f a c t  t h a t  th e  c y c lo p e n ta d i e n y l  a n io n  _5 h a s  a 6  

T T -e le c t ro n  a ro m a t ic  sy s te m . O ther  w e l l  known u n u s u a l ly  s t a b l e  

sy s te m s  such a s  th e  t ro p y l iu m  c a t i o n ^  8_, and th e  c y c lo p r o p e n y l
O

c a t i o n 0  9_, a r e  b e l i e v e d  to  a c h ie v e  t h e i r  s t a b i l i t y  by th e  a t t a i n ­

ment o f  a  f a v o r a b le  number o f  e l e c t r o n s  l e a d i n g  to  a ro m a t ic  

s t a b i l i z a t i o n .

I t  i s  im p o r ta n t  to  n o te  t h a t  i n  a l l  o f  th e  above sys tem s 

d e l o c a l i z a t i o n  o f  c h a rg e  has  o c c u r re d  by way o f  p - o r b i t a l s  on 

a d j a c e n t  c a rb o n  atoms be tw een  which t h e r e  i s  an  a d d i t i o n a l

/
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6 ^ e le c t r o n s 2  V - e l e c t r o n s

8 9

cr'-bond. T h is  i s  shown i n  s t r u c t u r e s  _I0 and 11 f o r  t h e  a l l y l i c  and 

c y c lo p e n ta d i e n y l  a n i o n s .

As a  r e s u l t  o f  s t u d i e s  by a number of w o rk e rs  , b u t  e s p e c i a l l y

u n d e r  c o n d i t i o n s  o f  f a v o r a b l e  geom etry ,  c h a rg e  s t a b i l i z a t i o n  c o u ld  

t a k e  p l a c e  even  i f  t h e  c a rb o n  b e a r in g  th e  c h a rg e  i s  n o t  d i r e c t l y  

a t t a c h e d  to  t h e  u n s a t u r a t e d  g ro u p .  I n  t h i s  ty p e  o f  s t a b i l i z a t i o n  

ca rbon ium  io n s  and c a r b a n io n s  can  c o n ju g a t e  and t h e r e f o r e  be 

s t a b i l i z e d  by c e r t a i n  u n s a t u r a t e d  g ro u p s  even when a  d i r e c t l y  

c o n n e c t in g  tf'-bond i s  n o t  p r e s e n t .

An exam ple o f  t h i s  ty p e  o f  i n t e r a c t i o n  i s  t h a t  o f  th e  c h o le s -  

t e r y l  ca rbon ium  io n  1 3 ^ ,  o b t a in e d  from  c h o l e s t e r y l - p - t o l u e n e -  

s u l f o n a t e  12_, a s  shown. R e a c t io n  o f  t h e  ca rbon ium  io n  _13 w i th  

a c e t i c  a n h y d r id e  l e d  to  t h e  f o rm a t io n  o f  th e  r e a r r a n g e d  a c e t a t e  14 .

10 11

9

by W i n s t e i n ^ ,  a new c o n c e p t  h a s  d e v e lo p e d .  I t  was d e te rm in e d  t h a t
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5

T sO

12 13

OCOCH.

14

The i n t e r a c t i o n  o f  th e  p o s i t i v e  c h a rg e  w i th  th e  C5  g o l e f i n i c  g roup  

i n  i n t e r m e d ia t e  L3 was term ed h o m o con juga tion  by W i n s t e i n ^ ,  and 

th e  c a t i o n  a h o m o a l ly l i c  c a t i o n  by a n a lo g y  to  a l l y l i c  c o n ju g a t io n  

and a l l y l i c  carbon ium  i o n s .  T h is  d e s i g n a t i o n  was used  i n  o r d e r  to  

show t h a t  ca rbon ium  io n  _13 may be c o n s id e r e d  a  homolog o f  th e  

a l l y l i c  ca rbon ium  io n  2.

The im p o r ta n t  d i f f e r e n c e  be tw een  a l l y l i c  c o n ju g a t io n  and homo­

c o n ju g a t io n  i s  th e  geom etry  o f  th e  i n t e r a c t i n g  p - o r b i t a l s .  W hile 

a l l y l i c  c o n ju g a t io n  a c h ie v e s  maximum s t a b i l i z a t i o n  when th e  p- 

o r b i t a l s  a s s o c i a t e d  w i th  th e  c h a rg e  a r e  p a r a l l e l  to  th e  p - o r b i t a l s  

o f  th e  o l e f i n i c  g roup  ( s t r u c t u r e  1 0 ) ,  a h o m o a l ly l i c  sys tem  a c h ie v e s  

maximum s t a b i l i z a t i o n  when th e  o r b i t a l  a s s o c i a t e d  w i th  th e  c h a rg e

R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .



6

i s  a r ra n g e d  p e r p e n d i c u l a r l y  to  t h e  o r b i t a l s  o f  th e  o l e f i n i c  g ro u p ^^ , 

a s  shown i n  s t r u c t u r e  15.

15

Hom oconjugation  can a l s o  l e a d  t o  c y c l i c  d e l o c a l i z a t i o n  w i th  

s u i t a b l y  ch o sen  s u b s t r a t e s .  F o r  exam ple , th e  a c c e l e r a t i o n  ( 1 0 ^ )  

i n  th e  s o l v o l y s i s  r a t e  o f  a n t i - n o r b o r n e n - 7 - y l - p - t o l u e n e - s u l f o n a t e  

1 6 , compared to  i t s  s a t u r a t e d  a n a lo g  17 was a t t r i b u t e d  by W in s te in ^ ^  

t o  th e  i n t e r a c t i o n  o f  th e  d e v e lo p in g  p o s i t i v e  c h a rg e  w i th  th e  Cg y 

o l e f i n i c  g ro u p ,  l e a d in g  t o  a  c y c l i c a l l y  d e l o c a l i z e d  sys tem  18 .

T so T sO

16 17 18

T h is  type  o f  c o n ju g a t io n  was term ed homoaromaticity-*-®, and ca rbon ium  

io n  _18 was c o n s id e r e d  to  be a hom oarom atic  a n a lo g  o f  th e  a ro m a t ic  

c y c lo p ro p e n y l  c a t i o n  9.

The above s t u d i e s  a r e  c o n c e rn e d  w i th  th e  hom ocon juga tion  and 

hom oarom atic  s t a b i l i z a t i o n  e f f e c t s  o f  p o s i t i v e  c h a r g e s .  I t  i s  a l s o
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p o s s i b l e  f o r  n e g a t i v e  c h a rg e s  to  be  s t a b i l i z e d  by h o m o co n ju g a tio n  

a n d /o r  h o m o a r o m a t ic i ty .  The f i r s t  s t u d i e s  e x p l o r i n g  n o n c l a s s i c a l  

i n t e r a c t i o n s  i n  c a r b a n io n  c h e m is t r y  w ere  c o n c e rn e d  w i th  c a rb a n io n s  

s t a b i l i z e d  by th e  c a r b o n y l  g ro u p .

The i n t e r a c t i o n  b e tw een  c a rb o n y l  and a n e g a t i v e l y  charged  a lp h a  

c a rb o n ,  w hich  r e s u l t s  i n  a  r e s o n a n c e  s t a b i l i z e d  e n o l a t e  a n io n ,  i s  

r e s p o n s i b l e  f o r  th e  e a s e  o f  a lp h a  p r o to n  a b s t r a c t i o n  from  c a rb o n y l  

compounds a s  shown i n  Scheme 1 .  By an a lo g y  w i t h  h o m o a l ly l i c

Scheme 1

O

C - c - H  + 8

'  O o
a -  l

- G - C C  -  C = C BH

c o n ju g a t io n  a c a rb o n y l  g roup c o u ld  c o n c e iv a b ly  a c t i v a t e  a more 

d i s t a n t  h y d ro g en ,  (on  a  p - c a r b o n ) ,  s u f f i c i e n t l y  to  a l lo w  c o n v e r s io n  

to  an  a n io n  s t a b i l i z e d  by h o m o c o n ju g a t io n ,  o r  a hom oeno la te  a n io n ,  

a s  shown i n  Scheme 2.

Scheme 2

O
n I
c ^ c / C - h  + B

/  \

o
l i

c

/  \

o

< 7 ' c '

+ BH +

The f i r s t  s t u d i e s  o f  t h i s  ty p e  w ere  r e p o r t e d  by N ickon and 

L a m b e r t .  15 They o b se rv e d  t h a t  when o p t i c a l l y  a c t i v e  cam phenilone  

19 was h e a t e d  w i th  p o ta s s iu m  t - b u t o x i d e  in  t - b u t y l  a l c o h o l  a t  

165-185° a g r a d u a l  r a c e m i z a t i o n  o c c u r r e d .  The l o s s  i n  o p t i c a l
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a c t i v i t y  i s  c o n s i s t e n t  w i th  fo rm a t io n  o f  a  b r id g e d  n o n c l a s s i c a l  io n  

2 0  ( l i m i t i n g  c l a s s i c a l  s t r u c t u r e s  2 0 a , b , c ) upon p r o to n  a b s t r a c t i o n  

from C6 . S in c e  s t r u c t u r e  20b h as  a p la n e  o f  symm etry, which i s  

shown more c l e a r l y  i n  2 0 b ' . c a p tu r e  o f  a p r o to n  a t  Cg by th e  io n  

r e g e n e r a t e s  th e  s t a r t i n g  k e to n e  w hereas  c a p tu r e  a t  t h e  e q u i v a l e n t  

s i t e  C]̂  p ro d u ce s  t h e  e n a n t io m e r  2 1 .

- O '

2019

-<r B

BH+
!

21

20b'

2 0 a 20b

- O

2 0 c

1 £\In  a r e l a t e d  s tu d y  i t  was found t h a t  h y d ro g en  exchange , w i t h  

sodium d e u te r o x id e  i n  aqueous d io x a n e ,  o c c u rs  much f a s t e r  w i th  th e  

d i k e t o  compound 23 th a n  w i t h  22. T h is  r a t e  enhancem ent i s  i n  a c c o rd
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w i th  f o rm a t io n  o f  a  h o m o d ie n o la te  io n  24 on p r o to n  a b s t r a c t i o n  from 

23.

H

22

H

23

o
24

I £
The above s tu d y  a l s o  p ro v id e d  one answer to  th e  q u e s t i o n  o f  

w h e th e r  a c a r b a n io n  formed a lp h a  t o  c a rb o n y l  would be f u r t h e r  

s t a b i l i z e d  by a  more d i s t a n t  d oub le  bond. The r e s u l t s  show t h a t

r e l a t i v e  r a t e s  of
H/D exchange: 22 25

endo

exo

1

380

3

2 ,700

1 ,800

80 ,000

t h e  h y d r o g e n -d e u te r iu m  exchange i s  i n c r e a s e d  o n ly  a m odera te  amount 

by th e  o l e f i n i c  group i n  25. T h is  c o n t r a s t s  w i th  th e  s i t u a t i o n  i n  

23 , where a hom oeno la te  i n t e r a c t i o n  i s  c l e a r l y  i n d i c a t e d  by th e  

l a r g e  r a t e  enhancem ent o f  hyd rogen  exchange .

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



There  i s  a l s o  e v id e n c e  f o r  c a r b a n io n  s t a b i l i z a t i o n  by horao- 

c o n ju g a t iv e  and hom oarom atic  mechanisms in  sy s tem s  which do n o t  

c o n t a i n  h e t ro a to m  f u n c t i o n s  c a p a b le  o f  a c t i n g  as  c a r b a n io n  s t a b i ­

l i z i n g  s i t e s .  The h o m o a ro m a t ic a l ly  s t a b i l i z e d  c a r b a n io n  26 was 

p roposed  as  an  i n t e r m e d ia t e  by B ro w n ^  to  e x p l a i n  th e  l a r g e  ( 1 0 ^*^) 

a c c e l e r a t i o n  i n  t h e  r a t e  o f  b a se  c a t a ly z e d  h y d r o g e n -d e u te r iu m  

exchange  a t  C4  o f  b i c y c l o ( 3 . 2 . l ) o c t a - 2 , 6 - d ie n e  21_ compared to  i t s  

more s a t u r a t e d  a n a lo g  28. A nion  26_ was p roduced  i n  l a r g e  enough

26 27 28

am ounts by W in s te in  to  s tu d y  i t s  n u c le a r  m ag n e t ic  r e s o n a n c e  (nmr) 

sp ec tru m . I t  was found t h a t  v i n y l i c  p r o t r o n s  Hg and Hy had moved 

u p f i e l d  2 .3  ppm r e l a t i v e  to  th e  s t a r t i n g  d ie n e  2_7, c l e a r l y  e s t a b ­

l i s h i n g  t h a t  d e l o c a l i z a t i o n  o f  c h a rg e  to  th e  d o u b le  bond a t  Cg y 

had ta k e n  p l a c e .

T r i m i t s i s  and Tuncayl9  have shown t h a t  r e p la c e m e n t  o f  h y d ro ­

gens a t  C2  and C4  o f  compounds 2J_ and 2B. by p h en y l  g ro u p s  to  

p roduce  s t r u c t u r e s  29_ and 30 r e s u l t s  i n  g r e a t l y  r e d u c in g  th e  

l a r g e  d i f f e r e n c e  in  th e  b a s e  c a t a ly z e d  h y d ro g e n -d e u te r iu m  e x ­

change r a t e .  These r e s u l t s  a r e  i n t e r e s t i n g  b e c a u s e  th ey  

d e m o n s t ra te  t h a t  th e  hom oarom atic  c h a r a c t e r  o f  an  a n io n  can  be 

d e s t r o y e d  by c e r t a i n  s t a b i l i z i n g  g ro u p s .  The e l i m i n a t i o n  o f  the
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hom oarom atic  d e l o c a l i z a t i o n  e f f e c t  i n  compound 29 was e x p la in e d  

by th e  s t a b i l i z a t i o n  r e n d e r e d  th e  n e g a t i v e  c h a rg e  by th e  pheny l  

g ro u p s .  T h is  was th e  f i r s t  s tu d y  d e m o n s t r a t in g  t h a t  th e  e x t e n t  

o f  c h a rg e  d e l o c a l i z a t i o n  i n  c a rb a n io n s  has  an  i n v e r s e  r e l a t i o n ­

s h ip  to  th e  s t a b i l i t y  g iv e n  to  th e  d e v e lo p in g  n e g a t i v e  c h a rg e  by 

g roups  d i r e c t l y  a t t a c h e d  to  t h e  c a r b a n io n i c  c e n t e r .

I n  o t h e r  e x p e r im e n ts  aimed a t  s tu d y in g  th e  e f f e c t s  o f  s t a b i ­

l i z i n g  g ro u p s  T r i m i t s i s  and Crowe^® have found t h a t  th e  e n o l a t e  

a n io n  o f  2 , 4 - d i p h e n y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  3^. d id  n o t  homo­

c o n ju g a te  w i th  th e  o l e f i n i c  d o u b le  bond. T h is  i s  i n  c o n t r a s t  to  

a n io n  2 0 , m en tioned  e a r l i e r ,  w hich  was shown to  hom ocon juga te  and

8 7

31 20

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



t h e r e f o r e  form a  h o m en o la te  a n io n .  I t  i s  im p o r ta n t  to  n o t e  t h a t  

a l t h o u g h  b o th  form  e n o l a t e  a n io n s ,  a n io n  2f) must hom ocon juga te  to  

be s t a b i l i z e d  by  th e  c a rb o n y l  g roup  upon p ro to n  a b s t r a c t i o n  from 

C5 , w h i l e  a n io n  3_1 does n o t  have  to  hom oconjuga te  to  be s t a b i l i z e d  

by th e  c a r b o n y l .  The i n t e r a c t i o n s  be tw een  c a rb o n y l s  and n e g a t i v e l y  

c h a rg e d  c a rb o n s  a r e  shown i n  th e  s t r u c t u r e s  3_2 and 33 be low . I t

o -

32

or

- O

33

i s  a l s o  p o s s i b l e  t h a t  t h e  n e g a t i v e  c h a rg e  i n  compound 31  ̂ was a l s o  

s t a b i l i z e d  by th e  pheny l  g roup  a t  C2  a s  shown i n  s t r u c t u r e  34.

34
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I I I .  RESULTS AND DISCUSSION

A. The F o rm a t io n  and S tudy  o f  2 , 4 - D i - p - a n i s y l b i c y c l o -  
(3 a 2 .  l ) o c t - 6 - e n - 3 - o n e  Monoanion 36̂

I t  was s t a t e d  i n  th e  p r e v io u s  s e c t i o n  t h a t  e n o la t e  a n io n  3_1 

d id  n o t  hom ocon juga te  w i th  t h e  d o u b le  bond a t  y. T h is  i s  

b e c a u s e  th e  n e g a t i v e  c h a rg e  was s u f f i c i e n t l y  s t a b i l i z e d  by the  

c a rb o n y l  g roup a t  C3  and p heny l  group a t  C2 . The p r e s e n t  s tu d y  

was u n d e r ta k e n  i n  o r d e r  to  d e te rm in e  i f  e n o l a t e  a n io n  36 would

OCH,

OCH,
3731

0 6 / / ,

'CCH,

- H

ocH\

35

hom ocon juga te  w i th  t h e  o l e f i n i c  d oub le  bond th u s  form ing  a  homo- 

e n o l a t e  a n io n  3_7. The sodium , l i t h iu m ,  and p o ta s s iu m  s a l t s  of 

e n o l a t e  monoanion .36 would a l s o  be formed to  compare th e  e f f e c t

13
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14

o f  th e  m e ta l  c a t i o n  on th e  a n io n .

The s y n t h e s i s  o f  th e  k e to n e ,  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 .2 .1 )

o c t - 6 - e n - 3 - o n e  35_ was accom plished  a s  i l l u s t r a t e d  i n  Scheme 3 .

Thus p -m e th o x y p h e n y la c e t ic  a c i d  38. was c o n v e r te d  to  e t h y l - p -

m e th o x y p h e n y la c e ta te  39_ w i th  an  e x c es s  o f  95% e t h a n o l ,  and i n  th e

p re s e n c e  o f  s u l f u r i c  a c i d .  R e a c t io n  o f  th e  e s t e r  39_ w i th  a G r ig n a rd

r e a g e n t  formed from  2 -brom opropane and magnesium i n  e t h e r ,  produced

th e  p - k e t o e s t e r  4 0 .  As in  th e  p ro c e d u re  o f  C o a n ^ ,  th e  B - k e to e s t e r

was n o t  i s o l a t e d ,  b u t  i n s t e a d  im m ed ia te ly  r e f l u x e d  w i th  a c e t i c  a c id

to  p roduce  1 , 3 - d i - p - a n i s y l - 2 - p r o p a n o n e  41 . K etone 41 was b ro m in a ted

i n  c a rb o n  t e t r a c h l o r i d e  e s s e n t i a l l y  by th e  method o f  B r e s l o w ^ ,  w i th

c e r t a i n  m o d i f i c a t i o n s ,  to  p roduce  1 , 3 - d i b r o m o - l , 3 - d i - p - a n i s y l - 2 -

propanone  4_2. R e a c t io n  o f  th e  d ib rom oketone  42 w i th  c y c lo -

p e n ta d i e n e  and sodium io d id e  i n  a c e t o n i t r i l e  f o l lo w in g  th e  p ro c e d u re  

23o f  Cookson w i th  some m o d i f i c a t i o n  a f f o r d e d  2 , 4 - d i - p - a n i s y l b i c y c l o  

( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  3 5 .

E n o la te  monoanion 3ji was p re p a re d  by th e  t r e a tm e n t  o f  k e to n e  

35 w i t h  p o ta s s iu m  h y d r id e  i n  th e  a p r o t i c  s o l v e n t  h e x a m e th y lp h o sp h o r ic  

t r i a m i d e  (HMPA)„ Thus k e to n e  35_ was r a p i d l y  added t o  1 .5  e q u iv a ­

l e n t s  o f  p o ta s s iu m  h y d r id e  i n  HMPA a t  room t e m p e ra tu re  as i l l u s t r a t e d  

i n  Scheme 4 .  T h is  r e s u l t e d  i n  e f f e r v e s e n c e ,  a  change i n  c o lo r  from 

g ra y  to  d a rk  re d -b ro w n ,  and th e  e v o l u t i o n  o f  one e q u i v a l e n t  o f  

hyd rogen  g a s  which was ta k e n  to  i n d i c a t e  co m p le te  m o n o io n iz a t io n .

A lthough  HMPA i s  n o t  a  common a p r o t i c  s o l v e n t ,  a t t e m p t s  to  d i s s o l v e  

k e to n e  35 i n  th e  more common s o l v e n t s  such a s  THF and DMSO were n o t  

s u c c e s s f u l .  S u b seq u en t  quench ing  o f  th e  e n o l a t e  s o l u t i o n  w i th
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Scheme 4

8

O

m p A

oc-

35 36a 36b

w a te r  o r  d e u te r iu m  o x id e  a f f o r d e d  th e  s t a r t i n g  k e to n e ,  a s  shown by 

i r  and nmr a n a l y s i s  o f  t h e  r e a c t i o n  m ix tu re .

The nmr s p e c t ru m  o f  e n o l a t e  a n io n  36_ was r e c o r d e d  on a  V a r ia n  

A-60 in s t r u m e n t  i n  HMPA w i t h  a n  e x t e r n a l  TMS s ta n d a r d  and i s  shown 

i n  f i g u r e  1. From i n s p e c t i o n  o f  t h i s  nmr s p e c t ru m  and e a r l i e r  

e x p e r im e n ta l  r e s u l t s ^ ® 5^  i t  was co n c lu d ed  t h a t  e n o l a t e  a n io n  36 

a c t u a l l y  c o n s i s t e d  o f  two iso m e rs  36a and 3 6 b . The f o l lo w in g  

r e s o n a n c e s  were a s s ig n e d  to  t h e  nmr sp e c tru m  shown i n  f i g u r e  1 ; 

p r o to n s  H6 a and a p p e a r  a t  5 .5 8  and 4 .9 2  ppm r e s p e c t i v e l y  a s  

m u l t i p l e t s  due to  c o u p l in g  w i th  Hya , Hyt, and H ^ ,  H ^ -  P r o to n s  

^ 7 a , b  a p p e a r  a s  a  m u l t i p l e t  a t  6 .1 8  ppm due t o  c o u p l in g  w i th  

H6 a> Hgb and H^g, H]_b. The a ro m a t ic  p r o to n s  a p p e a r  a s  a wide 

m u l t i p l e t  be tw een  6 .2  and 8 .0  ppm. A l l  o t h e r  u p f i e l d  p r o to n s  were 

c o v e re d  by s o l v e n t  peaks  and c o u ld  n o t  be i d e n t i f i e d .

E n o la te  a n io n  _36 was a l s o  p re p a r e d  i n  HMPA-d^g. K etone  35 

was added to  p o ta s s iu m  h y d r id e  i n  HMPA-d^g e x a c t l y  a s  d e s c r ib e d  

e a r l i e r .  The nmr s p e c tru m  o f  e n o l a t e  a n io n  3j6 i n  HMPA-d^g was
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t a k e n  on a  V a r ia n  XL-100 s p e c t r o m e te r  and i s  shown i n  f i g u r e  2.

The f o l l o w i n g  r e s o n a n c e s  w ere  a s s ig n e d  t o  th e  sp ec tru m ; p r o to n s  

H ia  b a p p e a re d  a s  p o o r ly  r e s o l v e d  m u l t i p l e t  a t  3 .2 2  ppm due to  

c o u p l i n g  w i t h  Hya j b* The s i g n a l  f o r  endo p r o to n  H4 a o f  isom er  36a 

a p p e a re d  a s  a  s h a rp  s i n g l e t  a t  2 .7 0  ppm w h i l e  p r o to n  H4 b o f  isom er 

36b a p p e a re d  a s  a p a r t i a l l y  c o v e re d  d o u b l e t  a t  3 .3 0  ppm due to  

c o u p l in g  w i th  H^b- T h is  i s  b e c a u s e  th e  d i h e d r a l  a n g le  i s

n e a r  9 0 ° ,  and th e  H5 b-R 4 b d i h e d r a l  a n g le  i s  a p p ro x im a te ly  4 0 ° ,  th u s  

a c c o u n t in g  f o r  t h e  l a c k  o f  s p i n - s p i n  c o u p l in g  be tw een  H5 a  and H4 a .

The f a c t  t h a t  th e  endo p r o to n  H4 a was found t o  a b s o rb  u p f i e l d  from 

exo p r o to n  H4 b i s  i n  good a g re e m e n t  w i t h  th e  nmr sp e c tru m  o f  th e

O A 0  /
c l o s e l y  r e l a t e d  b i c y c l i c  e n o l a t e  m onoanion 31^. ’

P r o to n  H5 a  was co v e red  by HMPA p e a k s ,  b u t  p r o to n  H5 b o c c u r r e d
1

a s  a  m u l t i p l e t  a t  2 .5 7  ppm due t o  c o u p l in g  w i th  H ^ ,  H6 b , and Hg^.
I T

No c o u p l in g  was o b se rv ed  b e tw een  H5 b an<3 Hsb b e c a u s e  t h e i r  d i h e d r a l  

a n g le  i s  a b o u t  8 5 ° .  V i n y l i c  p r o to n s  Hga and Hgb r e s o n a t e  a t  5 .5 6  

and 4 .9 4  ppm r e s p e c t i v e l y  a s  p a i r s  o f  d o u b l e t s  a r i s i n g  from  c o u p l in g  

w i t h  Hya , Hyb and Hga , I r r a d i a t i o n  a t  H5 3 j b red u ced  b o th

p a t t e r n s  to  d o u b l e t s .  The o t h e r  v i n y l i c  p r o to n s  Hya and Hy^ 

o c c u r r e d  e ach  a s  a  p a i r  o f  d o u b l e t s  p a r t i a l l y  o v e r l a p p in g  a t  6 .18  

ppm due to  c o u p l in g  w i th  Hga , Hgb and H]_a , H -^ . S im u lta n e o u s  

i r r a d i a t i o n  a t  H^a  ^ r ed u c e d  th e  m u l t i p l e t  t o  two d o u b le t s  w i th  

t h e i r  i n n e r  peaks  o v e r l a p p in g  th u s  a p p e a r in g  a s  a  t r i p l e t .  P r o to n s  

Hga and Hga  g a p p e a r  a s  a  m u l t i p l e t  c e n t e r e d  a t  1 .73  ppm.

The methoxy p r o to n s  a p p e a re d  as  t h r e e  p a r t i a l l y  o v e r l a p p in g  

s i n g l e t s  due to  t h e  two d i f f e r e n t  p a ra -m e th o x y  g ro u p s  o f  iso m e rs
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36a and 36b a t  C^, and th e  p a ra -m ethoxy  group  a t  C2 . The a b s o r p t i o n  

p a t t e r n  i s  c e n t e r e d  a t  3 .5 6  ppm. The a ro m a t ic  p r o to n s  a p p e a re d  as  a 

w ide m u l t i p l e t  from 6 .3  to  8 .0  ppm. I n  t h e  s i m i l a r  sy s tem  3 1 ^  th e  

o r th o  p r o to n s  r e s o n a t e d  do w n fie ld  from  m eta  p r o to n s  a t  C2 , and a l l  

o f  th e  a ro m a t ic  p r o to n s  a t  C4  a p p e a re d  a s  a  m u l t i p l e t ,  however t h i s  

sy s tem  (36)  d id  n o t  f o l l o w  such an  i n t e g r a t i o n  p a t t e r n .

The e n o l a t e  m onoanion was a l s o  p re p a re d  i n  HMPA w i th  sodium 

h y d r id e .  In  t h i s  p ro c e d u re  k e to n e  35_ was r a p i d l y  added  to  two 

e q u i v a l e n t s  o f  sodium h y d r id e  i n  HMPA a t  room te m p e ra tu re  a s  shown 

i n  Scheme 5 . T h is  r e s u l t e d  i n  a d a rk  red -b row n  r e a c t i o n  m ix tu re

Scheme 5

OCH

35

OCH-

OCl/

36b

and th e  e v o l u t i o n  o f  one e q u i v a l e n t  o f  hyd rogen  g a s .  The nmr 

sp e c tru m  was r e c o r d e d  on a V a r ia n  A-60 in s t r u m e n t  and i t  a p p e a r s  

i n  f i g u r e  3. The nmr a b s o r p t i o n  p a t t e r n  f o r  th e  sodium s a l t  o f  

e n o l a t e  a n io n  36 i n  HMPA ( f i g u r e  3) was found to  be i d e n t i c a l  

to  t h a t  o f  th e  p o ta s s iu m  s a l t  ( f i g u r e  1 ) .

The sodium s a l t  o f  e n o l a t e  a n io n  36_ was n e x t  formed by a 

m e ta l - m e ta l  exchange  r e a c t i o n  i n  HMPA. A f t e r  f i r s t  fo rm ing  a
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p o ta s s iu m  s a l t  o f  a n io n  36_ a s  d e s c r i b e d  e a r l i e r ,  and shown i n  Scheme 

4 ,  one e q u i v a l e n t  o f  sodium  c h l o r i d e  was added  to  th e  r e a c t i o n  m ix­

t u r e  a s  shown i n  Scheme 6 . I n  t h i s  p r o c e s s  t h e  t r a n s f e r  o f  t h e

Scheme 6

/1/a C l

0~//dO 'K

och .;

o r g a n ic  g roup  to  a n o th e r  m e ta l  o n ly  works i f  th e  m e ta l  o f  th e

m e ta l  h a l i d e  i s  more e l e c t r o n e g a t i v e  th a n  t h a t  o f  th e  o rg a n o -

25m e t a l l i c  compound. Thus sodium  (EN=0.9) w i l l  r e p l a c e  p o ta s s iu m

(EN =0.8) . I n  g e n e r a l ,  when an  o r g a n o m e ta l l i c  compound and m e ta l

h a l i d e  a r e  r e a c t e d  th e  e f f e c t  i s  t o  combine th e  h a lo g e n  w i t h  more

e l e c t r o p o s i t i v e  m e ta l  and t h e  o r g a n ic  a n io n  w i th  th e  more e l e c t r o -

26n e g a t i v e  e le m e n t  o f  t h e  p a i r .  The nmr s p e c tru m  o f  t h e  sodium  

s a l t  o f  e n o l a t e  monoanion _36 formed by a  m e t a l - m e t a l  exchange  

r e a c t i o n  i s  shown i n  f i g u r e  4 ,  and i s  a l s o  i d e n t i c a l  t o  t h a t  o f  

t h e  p o ta s s iu m  s a l t  ( f i g u r e  1 ) .

The sodium s a l t  o f  e n o l a t e  monoanion 35_ was a l s o  form ed by a  

m e ta l  exchange  r e a c t i o n  i n  HMPA-d-jig. Thus t h e  p o ta s s iu m  s a l t  o f  

a n io n  36 was f i r s t  form ed i n  HMPA-d,„ and t h e n  one e q u i v a l e n t  o f  l o

sodium  c h l o r i d e  was added  to  t h e  r e a c t i o n  m ix t u r e .  The nmr

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
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H 7 o .b

H 6a

H 6 b

■ I . . . .  I . . . .  I . . . .  I . . . .  I . . . . . . . . . . . . . . . . . .  1 . . . .  .  ■. . . 1 . . . . . . .
8.0 7.0 6.0 5.0 PPM (6) 4.0

F i g u r e  4 .  A -60  nmr s p e c t r u m  o f  sodium  e n o l a t e  o f  2 , 4 - d i - p - a n i s y l b i c y c l o -
( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  m onoan ion  ( 3 6 a , b ) i n  HMPA form ed by sod ium  p o ta s s iu m  
e x c h a n g e .

N>U>



sp e c tru m  was t a k e n  on a  V a r ia n  XL-100 in s t r u m e n t  and i s  shown in  

f i g u r e  5 .  The s p e c tru m  i s  i d e n t i c a l  to  t h a t  o f  t h e  p o ta s s iu m  s a l t  

o f  a n io n  36> d e s c r i b e d  e a r l i e r  and shown i n  f i g u r e  2.

F i n a l l y  t h e  l i t h i u m  s a l t  o f  a n io n  3̂ 6 was formed by a  m e ta l -  

m e ta l  exchange r e a c t i o n .  A l th o u g h  t h e r e  was no d i f f e r e n c e  i n  th e  

n m r 's  be tw een th e  p o ta s s iu m  and sodium  s a l t s  o f  a n io n  36, i t  was 

t h o u g h t  t h a t  some d i f f e r e n c e  m igh t  be s e e n  i n  t h e  nmr o f  a n  o rg a n o -  

l i t h i u m  compound. T h is  d i f f e r e n c e  m igh t  be b e c a u s e  o f  th e  more 

c o v a le n t  c h a r a c t e r  o f  t h e  o r g a n o l i t h i u m  compounds compared to  th o se  

o f  sodium and p o t a s s i u m . ^

T h e r e f o r e  th e  l i t h i u m  s a l t  o f  a n io n  _36 was formed i n  HMPA by 

a d d in g  one e q u i v a l e n t  o f  l i t h i u m  brom ide t o  th e  p o ta s s iu m  s a l t  a s  

shown i n  Scheme 7. The nmr sp e c t ru m  o f  th e  o r g a n o l i th iu m  compound

was t a k e n  on a  V a r ia n  A-60 in s t r u m e n t  and was found to  be i d e n t i c a l  

t o  th e  o rg a n o p o ta s s iu m  and o rganosod ium  compounds ( f i g u r e s  1, 3 

and 4 ) .  The sp e c tru m  i s  shown i n  f i g u r e  6 . The l i t h iu m  s a l t  o f  

a n io n  was a l s o  formed i n  HMPA-d-^g by a m e ta l - m e ta l  exchange

Scheme 7

HMPA

'Otti?och3 3
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r e a c t i o n  and i t s  nmr sp e c t ru m  was re c o rd e d  on a  V a r ia n  XL-100 i n s t r u ­

m en t .  The s p e c tru m  i s  i d e n t i c a l  to  th e  p o ta s s iu m  and sodium  s a l t s  

formed i n  HMPA-d^ and i s  shown i n  f i g u r e  7.

From i n s p e c t i o n  o f  a l l  e a r l i e r  d i s c u s s e d  nmr sp e c t ru m s  i t  was 

c o n c lu d e d  t h a t  a l l  o f  t h e  a l k a l i  m e ta l  s a l t s  o f  e n o l a t e  a n io n  36 

d i s p l a y  t h e  same p a t t e r n  and t h e r e f o r e  d i f f e r e n t  c a t i o n s  do n o t  

p ro d u ce  d i f f e r e n t  e f f e c t s  i n  t h e  a n io n .  A lthough  t h e  l i t h i u m  s a l t  

had b e e n  e x p e c te d  to  p ro d u ce  a  d i f f e r e n t  nmr sp e c t ru m  b e c a u s e  o f  i t s  

more c o v a l e n t  c h a r a c t e r ,  i t  s h o u ld  be n o ted  t h a t  th e  c a rb o n - m e ta l  

bond becomes more i o n i c  i n  t h i s  c a s e  due to  th e  s t a b i l i z a t i o n  o f  th e  

e n o l a t e  a n io n  .

The q u e s t i o n  o f  w h e th e r  o r  n o t  h o m o co n ju g a t io n  had o c c u r r e d  in  

a n io n  3S_ was n e x t  exam ined . To d e te r m in e  i f  t h e  n e g a t i v e  c h a rg e  a t  

C£ had i n t e r a c t e d  w i th  t h e  d o u b le  bond a t  7  t o  g iv e  a h o m o a l ly l i c  

e n o l a t e  a n io n  such  a s  3J7, th e  c h e m ic a l  s h i f t s  o f  Hga  and were 

com pared to  t h e  c h e m ic a l  s h i f t s  o f  Hg i n  th e  s t a r t i n g  k e to n e  3 5 .

I f  c h a rg e  d e l o c a l i z a t i o n  had t a k e n  p l a c e  a c r o s s  th e  c a r b o n - c a r b o n  

d o u b le  bond to  form s t r u c t u r e  43 th e  e l e c t r o n  d e n s i t y  a ro u n d  

s h o u ld  i n c r e a s e  c a u s in g  p r o to n s  Hga ^ t o  undergo  a n  u p f i e l d  s h i f t  

i n  t h e  nm r.

OM j

35 37 43
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H6b
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F i g u r e  6 . A -60  nmr s p e c t ru m  o f  l i t h i u m  e n o l a t e  o f  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n -
3 -o n e  m onoan ion  ( 3 6 a , b ) i n  HMPA form ed by l i t h i u m - p o t a s s i u m  e x c h an g e .
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E x am in a tio n  o f  th e  nmr sp ec tru m  o f  e n o l a t e  monoanion _36 shows

t h a t  p r o to n s  Hga and Hgg had undergone  an  u p f i e l d  s h i f t  o f  0 .5 6  and

1 .1 8  ppm r e s p e c t i v e l y ,  r e l a t i v e  to  th e  s t a r t i n g  k e to n e  35  ̂ i n  HMPA

w i t h  an  e x t e r n a l  TMS s t a n d a r d .  A l th o u g h  th e s e  u p f i e l d  s h i f t s  a t

f i r s t  seem s u b s t a n t i a l ,  i t  sh o u ld  be p o in te d  o u t  t h a t  th e y  a r e

s l i g h t l y  s m a l le r  t h a n  th o s e  o f  p r o to n s  Hga g i n  a n io n  31̂  which has

p r e v i o u s l y  been  s h o w n ^  n o t  to  h o m ocon juga te .  The u p f i e l d  s h i f t  o f

p r o to n  Hga i s  q u i t e  sm a l l  and c a n  be a c c o u n te d  f o r  on th e  b a s i s  o f

a n i s o t r o p i c  e f f e c t s  due t o  th e  c a rb o n - c a r b o n  d o u b le  bond a t  C2 33 .

The c h e m ica l  s h i f t s  o f  b o th  v i n y l i c  h y d rogens  Hga and Hya a r e  in

1 ftf a c t  v e ry  s i m i l a r  t o  t h e  c l o s e l y  r e l a t e d  sy s te m  27 ° a s  shown in  

th e  f o l lo w in g  f i g u r e s .

The u p f i e l d  s h i f t  o f  p r o to n  Hgg r e l a t i v e  t o  th e  s t a r t i n g  k e to n e

35 i s  much l a r g e r  t h a n  t h a t  o f  E(,a . I n  t h i s  isom er  th e  a n i s y l  group

a t  i s  i n  t h e  endo p o s i t i o n  and th e  l a r g e r  u p f i e l d  s h i f t  o f  p ro to n

H5 b r e l a t i v e  to  Hga can  be a t t r i b u t e d  t o  th e  s h i e l d i n g  r i n g  c u r r e n t

e f f e c t  o f  th e  C4  b en zen e  r i n g .  T h is  s h i e l d i n g  r i n g  c u r r e n t  e f f e c t

1 ftmay a l s o  a f f e c t  p r o to n  Hgg o f  sy s tem  31b i n  th e  same way.

36a 27 31b
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As s t a t e d  e a r l i e r  t h e  Hga ,b  p r o to n s  o f  iso m e rs  3 6 a ,b  have  u n d e r ­

gone a s l i g h t l y  s m a l l e r  u p f i e l d  s h i f t  t h a n  t h a t  o f  p r o to n s  Hga ^ i n  

t h e  c l o s e l y  r e l a t e d  i so m e rs  3 1 a , b . In  sy s tem  3_1 t h e  v i n y l i c  p r o to n s  

H^a b had moved u p f i e l d  by 0 .6 8  and 1 .35 ppm r e s p e c t i v e l y ^ ,  com­

p a re d  to  th e  0 .5 6  and 1 .1 8  ppm u p f i e l d  s h i f t  o f  p r o to n s  Hga ^ i n  

sy s te m  36 . These s m a l l  d i f f e r e n c e s  can  be a t t r i b u t e d  to  t h e  two 

d i f f e r e n t  s o lv e n t s  u s e d ,  THF f o r  sy s tem  2HL and HMPA f o r  sy s te m  3 6 .

I n  v iew  o f  t h e  r e s u l t s  and e x p l a n a t i o n s  t o  t h e  s m a l l  u p f i e l d  

s h i f t s  i n  t h e i r  nmr s p e c t ru m , i t  i s  c o n c lu d e d  t h a t  no h o m o a l ly l i c  

c o n ju g a t io n  h as  t a k e n  p l a c e  i n  e i t h e r  o f  th e  i s o m e r ic  e n o l a t e s  

3 6 a , b . The l a c k  o f  c h a rg e  d e l o c a l i z a t i o n  to  th e  Cg y c a rb o n - c a r b o n  

d o u b le  bond i s  e x p la i n e d  by th e  f a c t  t h a t  th e  n e g a t i v e  c h a rg e  a t  C2  

c a n  be s t a b i l i z e d  th ro u g h  c l a s s i c a l  c o n ju g a t io n  w i t h  b o th  th e  

c a rb o n y l  g roup and w i t h  one o f  t h e  pheny l  r i n g s .  T h e r e f o r e  c l a s s i ­

c a l  c o n ju g a t io n  h a s  e l i m i n a t e d  th e  ten d e n c y  f o r  th e  n e g a t i v e  c h a rg e  

a t  C2  i n  sys tem  3_6 t o  engage  i n  n o n c l a s s i c a l  i n t e r a c t i o n s .

C l a s s i c a l  s t a b i l i z a t i o n  h a s  p r e v i o u s ly  b een  shown to  e l i m i n a t e

27n o n c l a s s i c a l  i n t e r a c t i o n s .  Gassman h a s  shown t h a t  th e  ten d e n c y

o f  th e  C7  p o s i t i v e  c h a rg e  to  i n t e r a c t  w i th  th e  c a rb o n - c a r b o n  doub le

bond a s  i n  s t r u c t u r e  jL8  was e l i m i n a t e d  by an  a n i s y l  g roup  a s  i n

70s t r u c t u r e  44 . T r i m i t s i s  and Crowe have  a l s o  shown t h a t  th e  n e g a ­

t i v e  c h a rg e  a t  C2  o f  e n o l a t e  a n io n  31̂  ( a s  shown i n  s t r u c t u r e  4 5 ) 

does  n o t  i n t e r a c t  w i th  th e  c a r b o n - c a r b o n  d oub le  bond a t  Cg y b u t  

i n s t e a d  i s  s t a b i l i z e d  th ro u g h  c l a s s i c a l  c o n ju g a t io n  w i t h  th e  

c a rb o n y l  g roup  and one o f  th e  p heny l  r i n g s .
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B. The A t te m p te d  F o rm a t io n  o f
2 , 4 - D i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t a - 2 , 6 - d i e n e  46

As e x p la in e d  e a r l i e r  i n  t h e  h i s t o r i c a l  d i s c u s s i o n ,  compound TL 

was found to  u n d e rg o  b a se  c a t a l y z e d  h y d ro g e n -d e u te r iu m  exchange a t  

a  much f a s t e r  r a t e  th a n  compound 28 . The h o m o a ro m a t ic a l ly  s t a b i l i z e d  

c a r b a n io n  26̂  was p ro p o se d  and f i n a l l y  p roven  a s  an  i n t e r m e d i a t e  to

26 27 28

27 to  e x p l a i n  t h e  l a r g e  r a t e  d i f f e r e n c e .  Compounds 2£  and 30 w ere 

t h e n  found to  undergo  b a s e  c a t a l y z e d  h y d ro g e n -d e u te r iu m  exchange 

a t  t h e  same r a t e .
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A n o th e r  i n t e r e s t i n g  s tu d y  would be t h e  f o rm a t io n  o f  compounds 

46 and 47 ,  and th e  m easurem ent o f  t h e i r  b a s e  c a t a ly z e d  hy d ro g en -  

d e u te r iu m  exchange  r a t e s .  T h is  s tu d y  was begun by th e  s n y t h e s i s  

o f  46 a s  shown i n  Scheme 8 .

OCH,

CCH,

46 47

Scheme 8

OC&

QCH-, CCH-\

s o d x  .
CM pyr id in e .

• > -

35 48 46
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T rea tm en t  o f  th e  k e to n e  35 w i th  l i t h i u m  aluminum h y d r id e  in  

t e t r a h y d r o f u r a n  (THF) r e s u l t e d  i n  th e  fo rm a t io n  o f  2 , 4 - d i - p - a n i s y l -  

b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o l  48 . As e x p e c te d  th e  i r  spec trum  o f  th e  

b i c y c l i c  a l c o h o l  48 d i s p l a y e d  OH a b s o r p t i o n  a t  3580 cm  ̂ w h i le  th e  

nmr spec trum  s t i l l  d i s p l a y e d  v i n y l i c  hyd rogen  a b s o r p t io n  a t  6 .56  

ppm.

The d e s i r e d  p r o d u c t ,  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t a - 2 , 6 -  

d ie n e  c o u ld  be  o b ta in e d  by s im p le  d e h y d r a t io n  o f  a l c o h o l  48.

The r e l a t e d  d ie n e  23_ was p re p a r e d  from i t s  c o r r e s p o n d in g  a lc o h o l  

by u s in g  t h i o n y l  c h l o r i d e  i n  p y r i d i n e ,  t h e r e f o r e  t h i s  method was 

used  f o r  th e  a t t e m p te d  p r e p a r a t i o n  o f  4 6 .  T h e r e f o r e  a l c o h o l  48 

was t r e a t e d  w i th  p u r i f i e d  t h i o n y l  c h l o r i d e  i n  d ry  p y r id in e  to  y i e l d  

w h i te  c r y s t a l s  i n  t h e  r o t a r y  e v a p o r a to r  which im m ed ia te ly  decomposed 

to  a  r e d d i s h  o i l .  A nmr a n a l y s i s  o f  t h e  decomposed p ro d u c t  showed 

t h a t  i t  was n o t  th e  d e s i r e d  d i e n e .  S u b seq u en t  t r i e s  and o th e r  

p u r i f i c a t i o n  t e c h n iq u e s  proved f u t i l e  and th e  d ie n e  46 was n e v e r  

i s o l a t e d .
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IV. EXPERIMENTAL

A, G e n e ra l

M e l t in g  p o i n t s  w ere  t a k e n  on a Thomas-Hoover m e l t i n g  p o in t  

a p p a r a tu s  i n  open c a p i l l a r y  tu b e s  and a r e  n o t  c o r r e c t e d .

I n f r a r e d  s p e c t r a  were t a k e n  on a Beckman IR - 8  i n f r a r e d  s p e c t r o ­

p h o to m e te r  .

N u c le a r  m ag n e t ic  r e s o n a n c e  (nmr) s p e c t r a  w ere  o b t a in e d  on a 

V a r ia n  A s s o c i a t e s  Model A-60 a n d /o r  XL-100 s p e c t r o m e te r .  A l l  

c h e m ica l  s h i f t s  a r e  r e p o r t e d  i n  ppm r e l a t i v e  t o  t e t r a m e t h y l s i l a n e  

and w ere m easured  t o  t h e  c e n t e r  o f  a  s i n g l e t  o r  m u l t i p l e t .  D ata  

a r e  r e c o r d e d  i n  th e  o r d e r ;  c h e m ica l  s h i f t ,  m u l t i p l i c i t y  (where 

s = s i n g l e t ,  d = d o u b le t ,  t = t r i p l e t ,  q = q u a r t e t ,  and m = m u l t i p l e t ) , i n t e ­

g r a t i o n  and i n t e r p r e t a t i o n .  Samples were r u n  i n  o r d in a r y  5mm nmr 

t u b e s .

Mass s p e c t r a  were t a k e n  on a Dupont 21-490B s p e c t r o m e te r .

4 -M e th o x y p h e n y la c e t ic  a c id  (99%) was o b ta in e d  from th e  A ld r ic h  

C hem ical Company, M ilw aukee, W is c o n s in .  The sodium h y d r id e  was in  

a  50% m in e r a l  o i l  d i s p e r s i o n  and th e  p o ta s s iu m  h y d r id e  was 23.4% 

i n  m in e r a l  o i l .  Both h y d r id e s  w ere  p u rc h a se d  from A l f a  P r o d u c ts ,  

B e v e r ly ,  M a s s a c h u s e t t s .  C y c lo p e n ta d ie n e  was o b ta in e d  by f r a c t i o n a l  

d i s t i l l a t i o n  o f  3 a , 4 , 7 , 7 a - t e t r a h y d r o - 4 ,7 - m e th a n o i n d e n e  and was 

o b ta in e d  from M atheson Coleman and B e l l ,  E a s t  R u th e r f o r d ,  New 

J e r s e y .  H e x am eth y lp h o sp h o r ic  t r i a m i d e  (HMPA) was a g i f t  from 

Dow C hem ical Company, M id land , M ic h ig a n .  HMPA-d^g was o b ta in e d

34
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from  A l d r i c h  C hem ical Company, M ilwaukee, W isc o n s in .

The y i e l d s  o f  t h e  p r o d u c t s  r e p o r t e d  a r e  the  b e s t  y i e l d s  from  

e a ch  r e a c t i o n .

B. P r e p a r a t i o n  o f  S t a r t i n g  M a t e r i a l

1. P r e p a r a t i o n  o f  e th y l - 4 - m e t h o x y p h e n y la c e ta t e

4 -M e th o x y p h e n y la c e t ic  a c i d  (100 g , 0 .6  m oles)  was p la c e d  i n  a

one l i t e r - o n e - n e c k e d  round b o t to m  f l a s k  and d i s s o l v e d  i n  300 ml ( 5 . 1

m oles)  o f  95% e t h a n o l .  C o n c e n t ra te d  s u l f u r i c  a c id  (10  ml) and a 

s t i r r i n g  b a r  were added  and th e  m ix tu re  was r e f l u x e d  w i t h  good s t i r ­

r i n g  f o r  2 h o u r s .  The r e a c t i o n  m ix tu re  was c o o le d  and poured  i n t o  a  

2 l i t e r  s e p a r a t o r y  f u n n e l  c o n t a i n i n g  400 ml o i  a 1% a q ueous  s a l t  

s o l u t i o n .  The e s t e r  was e x t r a c t e d  from th e  m ix tu re  w i th  3x100 ml 

p o r t i o n s  o f  e t h e r .  The e x t r a c t s  w ere com bined , washed w i th  50 ml o f  

5% aqueous  sodium b i c a r b o n a t e ,  50 ml o f  w a t e r ,  and t h e n  d r i e d  over  

anhyd rous  magnesium s u l f a t e .  The magnesium s u l f a t e  was removed by 

f i l t e r i n g  and th e  e t h e r  was f r a c t i o n a l l y  d i s t i l l e d  u s in g  a  column 

packed  w i th  g l a s s  b e a d s .  The r e m a in in g  l i q u i d  was d i s t i l l e d  u n d e r  

vacuum t o  g iv e  9 9 .3  g (85%) o f  e th y l - 4 - m e t h o x y p h e n y la c e t a t e ,  bp 104° 

@ 1mm Hg, l i t 2 8  bp 141-143°  @ 12 mm Hg; nmr (CC14 ) 1 .19  ( t ,  3H, 

CH2 -CH3 ) ,  3 .4 3  ( s ,  2H, Ph-CH2 -C=0), 3 .6 7  ( s ,  3H, O-CHj), 4 .0 5  (q ,  2H, 

-CH2 -CH3 ) ,  6 .9 2  (d o f  d, 4H, a r o m a t i c ) .

2 . P r e p a r a t i o n  o f  l , 3 - d i a n i s y l - 2 - p r o p a n o n e

The method u sed  f o r  th e  p r e p a r a t i o n  o f  t h i s  compound was

21e s s e n t i a l l y  t h a t  o f  Coan, e t  a l  , w i t h  c e r t a i n  m o d i f i c a t i o n s .

A one l i t e r  t h r e e - n e c k e d  found bo ttom  f l a s k  equ ipped  w i th  a
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m e c h a n ic a l  s t i r r e r ,  a  c o n d e n s e r ,  a n  a d d i t i o n  f u n n e l ,  and u n d e r  n i t r o ­

gen  a tm o sp h e re  was c h a rg e d  w i th  12 .5  g ( 0 .5 2  m o les )  o f  magnesium 

t u r n i n g s  and 300 ml o f  d ry  e t h e r .  In  th e  a d d i t i o n  f u n n e l  was p la c e d  

64 g (49 ml, 0 .5 2  m o le s )  o f  2 -b rom opropane , and o n e - t h i r d  o f  i t  was 

added  t o  th e  r e a c t i o n  m ix tu r e .  The r e a c t i o n  was s t a r t e d  by g e n t l y  

warming th e  round b o t to m  f l a s k ,  and th e  r e f l u x i n g  was s u s t a i n e d  by 

a d d i t i o n  o f  th e  2-brom opropane  d ro p w ise .  A f t e r  th e  a d d i t i o n  was 

c o m p le te  th e  r e a c t i o n  m ix tu re  was r e f l u x e d  w i th  a  h e a t i n g  m a n t le  

f o r  40 m in u te s .

A f t e r  c o o l i n g ,  100 g ( 0 .5 2  m o les )  o f  e th y l - 4 -m e th o x y p h e n y la c e -  

t a t e  i n  1 0 0  ml o f  d ry  e t h e r  was added d ro p w ise  w i th  c o n s t a n t  s t i r r i n g .  

A f t e r  t h e  a d d i t i o n  was com ple te  t h e  r e a c t i o n  m ix tu re  was r e f l u x e d  

f o r  15 min and a l lo w e d  t o  s t i r  f o r  18 h r s  under  n i t r o g e n .  A 200 ml 

p o r t i o n  o f  1 0 % aqueous  s u l f u r i c  a c id  s o l u t i o n  was t h e n  added c a r e ­

f u l l y  and th e  two l a y e r s  were s e p a r a t e d .  The w a te r  l a y e r  was 

e x t r a c t e d  w i th  3x50 ml p o r t i o n s  o f  e t h e r .  The e t h e r  l a y e r s  were 

combined and washed w i t h  50 ml o f  5% aqueous sodium  b i c a r b o n a t e ,

50 ml o f  w a te r ,  and d r i e d  ov e r  an h y d ro u s  magnesium s u l f a t e .  The 

e t h e r  was f r a c t i o n a l l y  d i s t i l l e d  l e a v i n g  a  y e l lo w - r e d  r e s i d u e  o f  

ca  100 m l. T h i s y ^ - k e t o e s t e r  (4 0 )  was n o t  f u r t h e r  i d e n t i f i e d  o r  

p u r i f i e d .

The r e s i d u e  was p la c e d  i n  a  one l i t e r  one -necked  round  bo ttom  

f l a s k ,  400 ml o f  g l a c i a l  a c e t i c  a c i d  and 40 ml o f  18% aqueous 

h y d r o c h l o r i c  a c id  w ere added , and th e  m ix tu re  was r e f l u x e d  f o r  

5 h o u r s .  The a c id  was th e n  d i s t i l l e d  o f f  l e a v in g  a  red -b ro w n  

r e s i d u e  which c r y s t a l l i z e d  upon s t a n d i n g .  T h is  was r e c r y s t a l l i z e d

R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .



37

f rom  e th a n o l  (95%) to  y i e l d  3 9 .3  g (56%) o f  l , 3 - d i a n i s y l - 2 - p r o p a n o n e ,
O

mp 8 4 ° ,  l i t 2 1  mp 8 6 ° ;  nmr (CDCI3 ) 3 .6 5  ( s ,  4H, C-CH2) ,  3 .7 8  ( s ,  6 H, 

O-CH3 ) ,  6 .9 7  (d o f  d, 8 H, a r o m a t i c ) .

3 .  P r e p a r a t i o n  o f  l , 3 - d i b r o m o - l , 3 - d i a n i s y l - 2 - p r o p a n o n e

28T his  compound was p r e p a r e d  by th e  method o f  B res low , e t  a l  , 

w i th  c e r t a i n  m o d i f i c a t i o n s .  I n  a two l i t e r  t h r e e - n e c k e d  round 

bo t to m  f l a s k  e q u ip p e d  w i th  a  c o n d e n s e r ,  a n  a d d i t i o n  f u n n e l ,  and an  

egg shaped  s t i r r i n g  b a r  was p la c e d  25 g ( 0 .0 9 3  m oles)  o f  1 , 3 - d i - p -  

a n i s y l - 2 -p ro p a n o n e  d i s s o l v e d  i n  800 ml o f  c a rb o n  t e t r a c h l o r i d e .

Bromine (2 9 .8  g , 0 .186  m o le s )  i n  150 ml o f  c a rb o n  t e t r a c h l o r i d e  was 

p la c e d  in  t h e  a d d i t i o n  f u n n e l  and added d ro p w ise  w i th  good s t i r r i n g  

o v e r  a p e r io d  o f  3 h r s .  A f t e r  t h e  a d d i t i o n  o f  brom ine was com ple te  

t h e  r e a c t i o n  m ix tu re  was s t i r r e d  a n  a d d i t i o n a l  45 m in . A 400 ml 

p o r t i o n  o f  aqueous  sodium s u l f i t e  s o l u t i o n  was added and th e  s o l u ­

t i o n  was s t i r r e d  f o r  15 min„ The g ray  s o l i d  p ro d u c t  was f i l t e r e d ,  

t h e  l a y e r s  s e p a r a t e d ,  and th e  c a rb o n  t e t r a c h l o r i d e  l a y e r  red u c e d  by 

e v a p o r a t i o n  to  ca  200 ml by means o f  a r o t a r y  e v a p o r a to r .  The c a rb o n  

t e t r a c h l o r i d e  was c o o le d ,  any s o l i d  p r o d u c t  f i l t e r e d ,  combined w ith  

t h e  e a r l i e r  s o l i d  and r e c r y s t a l l i z e d  from  a c e to n e  to  y i e l d  30 g 

(75%) o f  l , 3 - d i b r o m o - l , 3 - d i - p - a n i s y l - 2 - p r o p a n o n e ,  mp 155° ( d e ­

com poses);  i r ,  1700 cm \  2300 cm nmr (CDCI3 ) 3 .8 2  ( s ,  6 H,

-O-CH3 ) ,  5 .7 8  ( s ,  2H, -CH -Br), 7 .1 3  (d o f  d , 8 H, a r o m a t i c ) .

Mass sp e c t ru m  ( r e l a t i v e  i n t e n s i t y )  428 (1 ,  M+) ,  268 ( 7 5 ) ,  240 

( 9 0 ) ,  209 ( 8 7 ) ,  121 (1 0 0 ) .

A n a l y s i s ;  C a lc d .  f o r  C^yH-LgBr2 0 3 ; C, 4 7 .6 9 ;  H, 3 .7 7  

Found; C, 4 7 .7 9 ;  H, 3 .8 0
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4 .  P r e p a r a t i o n  o f  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . 1 ) o c t - 6 - e n - 3 - o n e

T h is  compound was p re p a re d  by th e  method o f  Cookson, e t  a l ^ ,  

w i th  c e r t a i n  m o d i f i c a t i o n s  a s  d e s c r i b e d  b e lo w . A 2 l i t e r  t h r e e ­

necked round  bo ttom  f l a s k  was ch a rg e d  w i th  13 .5  g (0 .0 3 2  m oles)  o f

1 , 3 - d i b r o m o - l , 3 - d i - p - a n i s y l - 2 - p r o p a n o n e ,  120 ml ( 1 .4 6  m oles)  o f  

c y c lo p e n ta d i e n e ,  and 600 ml o f  a c e t o n i t r i l e .  The s o l u t i o n  was 

s t i r r e d  w i th  a  m a g n e t ic  s t i r r i n g  b a r  w h i le  60 g (0 .4 1  m oles)  o f  

sodium io d id e  was added . A f t e r  t h e  a d d i t i o n  was com ple te  th e  mix­

t u r e  was r e f l u x e d  f o r  45 min w i th  good s t i r r i n g .  The brown s o l u ­

t i o n  was c o o le d  to  room te m p e ra tu re  and 300 ml o f  c h lo ro fo rm  was 

added and th e  s o l u t i o n  was washed w i th  240 ml o f  15% aqueous 

sodium t h i o s u l f a t e  u n t i l  th e  brown c o lo r  d i s a p p e a r e d .  The s o l u t i o n  

was f i l t e r e d  th ro u g h  s i n t e r e d  g l a s s ,  th e  l a y e r s  s e p a r a t e d ,  and th e  

y e l lo w  o r g a n ic  l a y e r  f l a s h  e v a p o ra te d  u n t i l  o n ly  a sm a l l  amount o f  

s o lv e n t  was l e f t .  The w h i te  c r y s t a l s  which a p p e a re d  were f i l t e r e d ,  

combined w i th  t h e  e a r l i e r  s o l i d  p r o d u c t ,  and r e c r y s t a l l i z e d  from 

a c e to n e  to  g iv e  8 .3  g (75%) o f  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - 

e n -3 -o n e ,  mp 210° ;  i r ,  1690 cm nmr (CDClg), 2 .3 0  (m, 2H, C g - ^ ) ,  

3 .0 7  (m, 2H, C j-H, C5 -H ) ,  3 .8 1  ( s ,  8 H, O-CH3 , C2 -B, C4 -H ), 6 .29  

( t ,  2H, H-C6 -Cy-H ), 6 .99  (d o f  d, 8 H, a r o m a t i c ) .

Mass s p e c tru m  ( r e l a t i v e  i n t e n s i t y )  334 (5 0 ,  M+ ) , 240 (1 0 0 ) ,

180 ( 4 0 ) ,  121 ( 4 5 ) .

A n a l y s i s ;  C a lc d .  f o r  0 2 2 ^ 2 2 ^ 3 ’ ^ 9 .0 2 ;  H, 6 .63

Found; C, 7 8 .9 6 ;  H, 6 .63

C. A ttem p ted  P r e p a r a t i o n  o f  2 , 4 - D i - p - a n i s y l b i c y c l o
( 3 . 2 . l ) o c t a - 2 , 6 - d i e n e
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1. P r e p a r a t i o n  o f  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . 1 ) o c t - 6 - e n - 3 - o l

A s o l u t i o n  o f  4 . 2  g (0 .0 1 3  m oles)  o f  2 , 4 - d i - p - a n i s y l b i c y c l o

( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  i n  700 ml o f  d ry  THF was i n t r o d u c e d  d ropw ise  

i n t o  a  2  l i t e r  th r e e - n e c k e d  round  bo ttom  f l a s k  c o n ta i n in g  1 . 5  g 

( 0 .0 4  m o les )  o f  l i t h i u m  aluminum h y d r id e  i n  200 ml o f  d ry  THF and 

e q u ip p e d  w i th  a n  e g g -sh a p e d  s t i r r i n g  b a r ,  a  r e f l u x  c o n d e n se r  con­

n e c te d  t o  a  n i t r o g e n  t a n k ,  and a  h e a t i n g  m a n t le .  The m ix tu re  was 

r e f l u x e d  f o r  22 h r s  u n d e r  n i t r o g e n  w i th  good s t i r r i n g .  The r e ­

a c t i o n  m ix tu re  was t h e n  c o o le d  and 1 .5  ml o f  w a t e r ,  1 .5  ml o f  15% 

aqueous  sodium h y d r o x id e ,  and 4 .5  ml o f  w a te r  were added  i n  t h a t  

o r d e r .  The s o l i d s  w ere  f i l t e r e d  u s in g  a  Buchner f u n n e l  and c e l i t e .  

The f i l t e r e d  s o l u t i o n  was d r i e d  over  anhyd rous  magnesium s u l f a t e ,  

and was f r e e d  o f  s o l v e n t  on th e  f l a s h  e v a p o r a to r  to  g iv e  w h i te  

f l a k e s  w hich  were r e c r y s t a l l i z e d  from 95% e th a n o l  t o  y i e l d  3 .1  g 

(74%) o f  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o l ,  mp 123°; i r ,

3580 cm" 1  (OH); nmr (CDCI3 ) 1 .68  (m, 2H, C g - I ^ ) ,  2 .5 6  (m, 1H, C3 HOH), 

2 .9 7  (m, 2H, C j-H , C5 -H ) ,3 .3 5  (m, 2H, C2 -H, C4 -H ) , 3 .7 9  ( s ,  6 H,

OCH3 ) ,  4 .3 9  (m, 1H, C3 HOH), 6 .5 6  ( s ,  2H, H-C6 =C? -H ) ,  7 .0 8  (d o f  d,

8 H, a r o m a t i c ) .

A n a l y s i s ;  C a lc d .  f o r  C2 2 H2 4 O3 ; C, 7 8 .5 4 ;  H, 7 .19  

Found; C, 7 8 .7 8 ;  H, 7 .23

2 .  A t tem p te d  p r e p a r a t i o n  o f  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t a - 2 ,
6 - d i e n e

To a  w e l l  s t i r r e d  i c e  c o o le d  s o l u t i o n  o f  2 g ( 0 .0 0 6  m oles)  of

2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o l  i n  40 ml d ry  p y r id i n e  i n  

a 1 0 0  ml t h r e e - n e c k e d  round  b o t to m  f l a s k  equ ip p ed  w i t h  a  co n d e n se r  

c o n n e c te d  to  a n i t r o g e n  ta n k ,  and a  septum , was added  d ro p w ise  by
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s y r i n g e  1 .3  g ( 0 .0 1  m o le s )  o f  p u r i f i e d  t h i o n y l  c h l o r i d e .  The tem ­

p e r a t u r e  was n o t  a l lo w e d  t o  r i s e  above 1 0 °  d u r in g  th e  a d d i t i o n .

A f t e r  th e  a d d i t i o n  t h e  i c e  b a th  was removed and th e  m ix tu re  was 

a l lo w e d  t o  s t i r  f o r  6  h r s .  The o ran g e  s o l u t i o n  was t h e n  poured i n t o  

150 ml o f  i c e  w a te r  and e x t r a c t e d  w i t h  3x100 ml p o r t i o n s  o f  p e n ta n e .

The e x t r a c t s  w ere com bined, washed w i th  50 ml o f  3N h y d r o c h l o r i c  

a c i d ,  50 ml o f  aqueous  s a t u r a t e d  sodium  b i c a r b o n a t e ,  and 50 ml o f  

w a t e r ,  t h e n  d r i e d  o v e r  an h y d ro u s  magnesium s u l f a t e .  A f t e r  f i l t e r ­

in g  th e  c l e a r  s o l u t i o n  was f l a s h  e v a p o ra te d  to  a volume o f  a b o u t  

15 m l. A w h i te  o i l  a p p e a re d  which tu rn e d  y e l lo w  and f i n a l l y  

y e l l o w - r e d  i n  th e  f r e e z e r .  A nmr a n a l y s i s  showed th e  p r e s e n c e  o f  

a  new p r o d u c t  w hich  was n o t  i d e n t i f i e d .

D. F o rm a t io n  and S tudy  o f  th e  2 , 4 - D i - p - a n i s y l -
b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  E n o la te  Monoanion

1. F o rm a t io n  o f  th e  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  
e n o l a t e  m onoanion u s in g  p o ta s s iu m  h y d r id e  i n  HMPA

T h is  r e a c t i o n ,  a s  w e l l  a s  t h e  f o l l o w in g  r e a c t i o n s  e x c e p t  where 

o th e r w i s e  s p e c i f i e d  w ere  e a ch  c a r r i e d  o u t  i n  15, 25, o r  50 ml t h r e e ­

necked  round  b o t to m  f l a s k s  e q u ip p ed  w i th  a m a g n e t ic  s t i r r e r ,  a s e p ­

tum, and a  c o n d e n se r  c o n n e c te d  t o  a  s im p le  g a s  c o l l e c t i o n  a p p a r a tu s  

c o n s i s t i n g  o f  an  i n v e r t e d  250 ml g r a d u a te d  c y l i n d e r  f i l l e d  w i th  

w a t e r .  The f l a s k  was c h a rg e d  w i th  0 .092  g (0 .0 0 2 3  m o le s )  o f  

p o ta s s iu m  h y d r i d e ,  c o n n e c te d  to  a  n i t r o g e n  s t r e a m  and c lo s e d  to  

t h e  a tm o s p h e re .  HMPA (3 m l) d r i e d  im m e d ia te ly  b e f o r e  u se  by d i s ­

t i l l i n g  u n d e r  vaccum from  an h y d ro u s  ba rium  o x id e  was added th ro u g h  

th e  septum  by s y r i n g e ,  and th e  p o ta s s iu m  h y d r id e  was a l lo w e d  t o
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s e t t l e  t o  th e  bo ttom . Q u ick ly  0 .5  g (0 .0015  m oles)  o f  2 , 4 - d i - p -  

a r t i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  was added , and th e  n i t r o g e n  

s t r e a m  was r e p l a c e d  by th e  gas  c o l l e c t i o n  a p p a r a t u s .  The s t i r r e r  

was th e n  tu rn e d  on and r e a c t i o n  o c c u r re d  q u i c k l y  a s  e v id e n c e d  by th e  

e v o l u t i o n  o f  g a s .  A f t e r  30 min th e  c o lo r  had tu rn e d  from  g ra y  to  

d a rk  red -b ro w n  and 1 eq o f  hydrogen  gas had been  c o l l e c t e d .  About 

2  ml o f  th e  l i q u i d  was th e n  drawn o u t  by means o f  a  s y r i n g e  and 

p la c e d  i n  a sm a l l  t e s t  tu b e  w i th  a n i t r o g e n  a tm o sp h e re  th ro u g h  a 

sep tum . The t e s t  tube was c e n t r i f u g e d  f o r  2 min, th e n  th e  l i q u i d  

was t r a n s f e r r e d  i n t o  a nmr tu b e  c o n ta i n in g  a n i t r o g e n  a tm o sp h e re  and 

a n  e x t e r n a l  TMS s t a n d a r d .  The nmr spec trum  was th e n  r e c o r d e d  on a 

V a r ia n  A-60 i n s t r u m e n t .  The f o l lo w in g  r e s o n a n c e s  w ere o b s e rv e d ;

4 .9 2  (m, Hg-D) ,  5 .5 8  (m, Hga ) ,  6 .1 8  (m, Hya ^ ) ,  and a m u l t i p l e t  a t  

6 . 5 0 - 8 .0  due to  th e  a ro m a t ic  p r o to n s .  A l l  r e s o n a n c e s  below  4 .0  ppm 

were h id d e n  b e c au se  o f  th e  s o lv e n t  p eak s .

2. F o rm a t io n  o f  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  e n o l a t e  
u s in g  p o ta s s iu m  h y d r id e  i n  HMPA-d.^

A 15 ml t h r e e -n e c k e d  round bo ttom  f l a s k  equ ipped  w i th  a m ag n e tic  

s t i r r e r ,  a septum , and a c o n d e n se r  c o n n e c te d  to  a n i t r o g e n  s t r e a m  was 

c h a rg e d  w i th  0 .0 6  g (0 .0 0 1 5  m o les)  o f  p o ta s s iu m  h y d r id e  and f lu s h e d  

w i th  n i t r o g e n .  Then 2 ml o f  HMPA-d-^g was added a s  d e s c r i b e d  e a r l i e r .  

A f t e r  th e  p o ta s s iu m  h y d r id e  had been  a l lo w e d  to  s e t t l e  0 .3 3 4  g (0 .0 0 1  

m oles)  o f  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  was added and 

th e  m ix tu re  was s t i r r e d  f o r  30 min. The l i q u i d  was t h e n  e x t r a c t e d ,  

c e n t r i f u g e d ,  and t r a n s f e r r e d  t o  a nmr tu b e .  The nmr sp e c tru m  was 

o b ta in e d  on a V a r ia n  XL-100 in s t r u m e n t  and th e  f o l l o w in g  r e s o n a n c e s  

were o b s e rv e d ;  1 .73  (m, 2H, Cg-H? p r o to n s  o f  b o th  i s o m e r s ) ,  2 .4 0
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(C -Hba p r o to n  cove red  by HMPA s i g n a l ) ,  2 .5 7  (m, %H, C - H ^ ) ,  2 .7 0  ( s ,

%H, C-H4 a ) ,  3 .2 2  (m, 1H, C-Hl a  b ) ,  3 .3 0  (d ,  %H, C - H ^ ) ,  3 .5 6  ( t h r e e  

s h a rp  s ,  6 H, OCH3 ) ,  4 .9 4  (d o f  d , %H, C-H6b) ,  5 .5 6  (d o f  d , %H,

C-H6 a ) 3 6 .1 8  ( f o u r  s e t s  o f  d , 1H, C-Hya b ^, 6 . 3 - 8 . 0  (m, 8 H, a r o m a t i c ) .

3 . F o rm a t io n  o f  th e  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  
e n o l a t e  monoanion u s in g  sodium h y d r id e  i n  HMPA

A 15 ml t h r e e -n e c k e d  round  bo ttom  f l a s k  equ ipped  w i th  a  s t i r r e r ,  

septum , c o n d e n se r ,  and gas  c o l l e c t i o n  a p p a r a tu s  was c h a rg e d  w i th

0 .1 4 4  g (0 .0 0 6  m o les)  o f  sodium h y d r id e .  The f l a s k  was t h e n  c o n n e c te d  

t o  n i t r o g e n  s t r e a m , 6  ml o f  d ry  HMPA was added and a f t e r  t h e  sodium 

h y d r id e  had s e t t l e d  1 g (0 .0 0 3  m o les)  o f  2 , 4 - d i - p - a n i s y l b i c y c l o  

( 3 . 2 „ l ) o c t - 6 - e n - 3 - o n e  was added a s  d e s c r ib e d  e a r l i e r .  The n i t r o g e n  

s t r e a m  was r e p l a c e d  by th e  gas  c o l l e c t i o n  a p p a r a tu s  and th e  m ix tu re  

was s t i r r e d  f o r  1 h r .  A f t e r  1 h r  t h e  c o l o r  had tu rn e d  from g ra y  to  

d a rk  red -b ro w n  and 1 eq o f  h y d rogen  gas  had b een  c o l l e c t e d .  About 

2  ml o f  th e  l i q u i d  was drawn o u t  by s y r i n g e ,  c e n t r i f u g e d ,  and p la c e d  

i n t o  a nmr tube  c o n ta i n in g  an  e x t e r n a l  TMS s t a n d a r d .  The nmr sp ec tru m  

was r e c o r d e d  on a  V a r ia n  A-60 in s t r u m e n t  and th e  r e s o n a n c e s  o b se rv ed  

w ere  e x a c t l y  th e  same a s  t h o s e  d e s c r ib e d  f o r  th e  p o ta s s iu m  s a l t  

( p a r t  1 „ a b o v e ) .

4 .  F o rm a t io n  o f  th e  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  
e n o l a t e  monoanion u s in g  p o ta s s iu m  h y d r id e  and so d iu m -p o ta ss iu m  
exchange  i n  HMPA

A 15 ml th r e e -n e c k e d  round  bo ttom  f l a s k  equ ipped  w i th  a  m ag n e t ic  

s t i r r e r ,  a septum , and a  c o n d e n se r  co n n e c te d  to  a  n i t r o g e n  t a n k  was 

c h a rg e d  w i th  0 .06  g (0 .0 0 1 5  m o le s )  o f  p o ta s s iu m  h y d r id e .  Then 2 ml 

o f  dry  HMPA was added and th e  p o ta s s iu m  h y d r id e  was a l lo w e d  t o  s e t t l e
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to  t h e  b o t to m , a f t e r  which t im e  0 .3 3 4  g (0 .0 0 1  m o le s )  o f  2 , 4 - d i - p -  

a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  was added and th e  s o l u t i o n  was 

s t i r r e d  f o r  30 min under  n i t r o g e n .  A f t e r  30 min 0 .0643  g (0 .0011  

m o les)  o f  sodium c h l o r i d e  was added and th e  s o l u t i o n  was s t i r r e d  f o r  

a n o th e r  30 min under  n i t r o g e n .  The s o l u t i o n  was t h e n  e x t r a c t e d ,  

c e n t r i f u g e d ,  and p la c e d  i n t o  a  nmr tu b e  c o n t a i n i n g  a n  e x t e r n a l  TMS 

s t a n d a r d .  The nmr spec trum  was r e c o r d e d  on a  V a r ia n  A-60 in s t r u m e n t  

and th e  r e s o n a n c e s  were e x a c t l y  th o s e  a s  d e s c r i b e d  e a r l i e r  f o r  th e  

p o ta s s iu m  and sodium s a l t s  ( p a r t s  1. and 3 . ) .

5 . F o rm a t io n  o f  th e  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  
e n o l a t e  monoanion u s in g  p o ta s s iu m  h y d r id e  and s o d iu m -p o ta s s iu m  
exchange  i n  HMPA-d-̂ p

A 25 ml t h r e e -n e c k e d  round  b o t to m  f l a s k  was c h a rg e d  w i th  0 .0 6  g 

(0 .0 0 1 5  m oles)  o f  p o ta s s iu m  h y d r id e ,  and 2 ml o f  HMPA-d^g was added 

a s  d e s c r i b e d  e a r l i e r .  A f t e r  t h e  a d d i t i o n  o f  0 .3 3 4  g (0 .0 0 1  m oles)  

o f  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  th e  m ix tu re  was s t i r r e d  

f o r  30 min. A f t e r  30 min 0 .0643  g (0 .0011  m o les)  o f  sodium c h l o r i d e  

was added , and th e  s o l u t i o n  was s t i r r e d  a n  a d d i t i o n a l  30 min. The 

l i q u i d  was t h e n  e x t r a c t e d  by s y r i n g e ,  c e n t r i f u g e d ,  and t r a n s f e r r e d  

to  a  nmr tu b e  c o n ta i n in g  a n  e x t e r n a l  TMS s t a n d a r d .  The nmr sp e c tru m  

was o b ta in e d  on a  V a r ia n  XL-100 i n s t r u m e n t  and i s  i d e n t i c a l  to  t h a t  

o f  th e  p o ta s s iu m  s a l t  i n  HMPA-d^g ( p a r t  2 . ) .

6 . F o rm a t io n  o f  t h e  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  
e n o l a t e  monoanion u s in g  p o ta s s iu m  h y d r id e  and l i t h iu m - p o t a s s i u m  
exchange  i n  HMPA

A 50 ml t h r e e -n e c k e d  round  b o tto m  f l a s k  was c h a rg e d  w i th  0 .06  g 

(0 .0 0 1 5  m oles)  o f  p o ta s s iu m  h y d r id e  and 2 ml o f  HMPA was added as  

d e s c r i b e d  e a r l i e r .  A f t e r  t h e  a d d i t i o n  o f  0 .334  g (0 .0 0 1  m oles)  o f
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2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 -one  th e  m ix tu re  was s t i r r e d  

f o r  30 m in. A f t e r  30 min 0 .0957  g (0 .0 0 1 1  m oles)  o f  l i t h i u m  brom ide 

was added and th e  s o l u t i o n  was s t i r r e d  f o r  a n o th e r  30 m in. The 

l i q u i d  was t h e n  e x t r a c t e d  by s y r i n g e ,  c e n t r i f u g e d ,  and t r a n s f e r r e d  

to  a  nmr tu b e  a s  d e s c r ib e d  e a r l i e r .  The nmr s p e c tru m  was o b ta in e d  

on a V a r ia n  A-60 i n s t r u m e n t  and was i d e n t i c a l  to  th o s e  s p e c t r a  o f  

th e  sodium and p o ta s s iu m  s a l t s  i n  HMPA ( p a r t s  1 . ,  3 . ,  and 4 . ) .

7. F o rm a t io n  o f  t h e  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  
e n o l a t e  m onoanion u s in g  p o ta s s iu m  h y d r id e  and l i t h iu m - p o t a s s i u m  
exchange  i n  HMPA-d-̂ a

A 50 ml t h r e e - n e c k e d  round  b o t to m  f l a s k  was c h a rg e d  w i th  0 .0 6  g 

(0 .0 0 1 5  m oles)  o f  p o ta s s iu m  h y d r id e  and 2 ml o f  HMPA-d^g was added 

a s  d e s c r ib e d  e a r l i e r .  A 0 .3 3 4  g (0 .0 0 1  m o les)  p o r t i o n  o f  2 , 4 - d i - p -  

a n i s y l b i c y c l o ( 3 . 2 . 1 ) o c t - 6 - e n - 3 - o n e  was added and th e  s o l u t i o n  was 

s t i r r e d  f o r  30 m in . L i th iu m  brom ide  (0 .0 9 5 7  g , 0 .0011  m oles)  was 

th e n  added and th e  s o l u t i o n  s t i r r e d  a n  a d d i t i o n a l  30 m in . The 

l i q u i d  was e x t r a c t e d  by s y r i n g e ,  c e n t r i f u g e d ,  and t r a n s f e r r e d  t o  a 

nmr tu b e  a s  d e s c r i b e d  e a r l i e r .  The nmr sp ec tru m  was o b ta in e d  on a 

V a r ia n  XL-100 in s t r u m e n t  and i s  i d e n t i c a l  to  th e  s p e c t r a  o f  th e  

sodium  and p o ta s s iu m  s a l t s  i n  HMPA-d^g ( p a r t s  2 . and 5 . ) .

8 . F o rm a t io n  o f  t h e  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  
e n o l a t e  monoanion u s in g  p o ta s s iu m  h y d r id e  and s u b s e q u e n t  q u e nch ing  
w i th  w a te r

I n  a  15 ml t h r e e - n e c k e d  round  bo ttom  f l a s k  was p la c e d  1 g 

(0 .0 0 2 5  m oles)  o f  po tassxum  h y d r id e  and 3 ml o f  d ry  HMPA a s  

d e s c r ib e d  e a r l i e r .  A 0 .334  g (0 .0 0 1  m o les)  p o r t i o n  o f  2 , 4 - d i - p -  

a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  was added and s t i r r e d  f o r  30 min, 

a f t e r  w hich  t im e  one e q u i v a l e n t  o f  hyd rogen  gas  had b e e n  c o l l e c t e d .
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A 5 ml p o r t i o n  o f  w a te r  was t h e n  added  by s y r in g e  th ro u g h  t h e  septum  

w h i l e  t h e  r e a c t i o n  m ix tu r e  was b e in g  c o o le d  in  a n  i c e  b a th .  A f t e r  

t h e  a d d i t i o n  was c o m p le te  and t h e  r e a c t i o n  m ix tu re  was a t  room 

te m p e ra tu re  t h e  s o l i d  was f i l t e r e d  and d r i e d .  A nmr a n a l y s i s  showed 

t h a t  2 , 4 - d i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  was o b ta in e d  i n  

q u a n t i t a t i v e  y i e l d .
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V. SUMMARY

2 , 4 - D i - p - a n i s y l b i c y c l o ( 3 . 2 . 1 ) o c t - 6 - e n - 3 - o n e  (35) was s y n th e ­

s i z e d  and c o n v e r te d  to  i t s  p o ta s s iu m  and sodium e n o l a t e  monoanions 

( 3 6 a ,b ) by r e a c t i o n  w i th  m e ta l  h y d r id e s  in  HMPA. The nmr s p e c t r a  

o f  b o th  th e  p o ta s s iu m  and sodium e n o l a t e  a n io n s  lo o k ed  i d e n t i c a l .

2 , 4 - D i - p - a n i s y l b i c y c l o ( 3 . 2 „ l ) o c t - 6 - e n - 3 - o n e  (35 )  was th e n  c o n v e r te d  

to  i t s  sodium and l i t h i u m  e n o l a t e  m onoanions by r e a c t i n g  th e  p o t a s ­

s ium  e n o la t e  w i th  sodium c h l o r i d e  and l i t h i u m  brom ide  r e s p e c t i v e l y ,  

i n  HMPA. The nmr sp e c tru m  o f  th e  sodium and l i t h i u m  e n o l a t e s  formed 

i n  t h i s  manner a l s o  looked  i d e n t i c a l  to  each  o t h e r  and to  th e  e n o l a t e s  

formed e a r l i e r .  2 , 4 - D i - p - a n i s y l b i c y c l o ( 3 . 2 . l ) o c t - 6 - e n - 3 - o n e  (35) 

was th e n  c o n v e r te d  to  i t s  p o ta s s iu m  e n o l a t e  w i th  p o ta s s iu m  h y d r i d e ,  

i t s  sodium e n o l a t e  by r e a c t i n g  a p o ta s s iu m  e n o l a t e  w i t h  sodium 

c h l o r i d e ,  and i t s  l i t h i u m  e n o l a t e  by r e a c t i n g  a  p o ta s s iu m  e n o l a t e  

w i th  l i t h i u m  brom ide a l l  i n  HMPA-d-^g. These  nmr s p e c t r a  a l s o  

e x h i b i t e d  i d e n t i c a l  p a t t e r n s .

I t  was c onc luded  t h a t  th e  a l k a l i n e  e a r t h  m e ta l  c a t i o n  had no 

e f f e c t  on th e  o r g a n ic  a n io n .

I t  was a l s o  shown t h a t  t h e r e  was no i n t e r a c t i o n  be tw een  th e  

n e g a t i v e  c h a rg e  a t  C2 , on e n o l a t e  monoanion .36, and  th e  o l e f i n i c  

g ro u p  a t  Cg -jo T h e r e f o r e  i t  was co n c lu d ed  t h a t  c l a s s i c i a l  s t a b i l i ­

z a t i o n  o f  th e  c h a rg e  a t  C2  e l i m i n a t e d  th e  p o s s i b i l i t y  t h a t  i t  m igh t  

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