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INTRODUCTION

"The a l k y l a t i o n  o f  a ro m a tic  compounds w ith  a l k y l

h a l id e s  h a s  been  i n t e n s i v e ly  s tu d i e d  e v e r  s in c e  th e  o r i g i n a l

work o f  F r i e d e l  and C r a f ts  b u t  to  d a te  no g e n e ra l  ag reem en t

h a s  y e t  b een  re a c h e d  on th e  m echanism  o f  th e  r e a c t i o n .

A lth o u g h  i t  i s  e a s y  to  p ro d u ce  a lk y lb e n z e n e s  by a l k y l a t i o n

w ith  a l k y l  h a l id e s  th e  accom panying phenom ena a re  d iv e r s e
1

and a b u n d a n t."

These phenomena w hich accom pany a l k y l a t i o n  in c lu d e  

re a r ra n g e m e n t o f  th e  a l k y l a t i n g  a g e n t p r i o r  to  a l k y l a t i o n ,  

re a r ra n g e m e n ts  w i th in  a lk y l  s id e  c h a in s  a t ta c h e d  to  th e  

a ro m a tic  n u c le u s ,  and d e a lk y la t io n  o f  p r o d u c ts .  M oreover, 

th e  m echanism  o f  r e a c t io n  may v a ry  d ep en d in g  on th e  

c a t a l y s t ,  s t r u c t u r e s  o f  a l k y l a t i n g  a g e n t and a ro m a tic  

compound, s o lv e n t ,  e t c .  Thds s e c t io n  w i l l  a t te m p t a  b r i e f  

rev ie w  o f  th e s e  phenom ena i n s o f a r  a s  th e y  a re  r e l a t e d  to  th e  

r e s u l t s  to  be p r e s e n te d  in  t h i s  t h e s i s .

( l )  F . A. D rahow zal in  " F r i e d e l - C r a f t s  and R e la te d  
R e a c t io n s ,"  G.- A. O lah , Ed, I n t e r s c i e n c e  P u b l i s h e r s ,  I n c . ,  
New Y ork , N. Y ., 1964, Vol I I ,  p 417 .

2
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R earran g em en ts  P r io r  to  A lk y la t io n

R earran g em en ts  o f  th e  a l k y l a t i n g  a g e n t in  F r i e d e l -  

C r a f ts  r e a c t io n s  a r e  common and a r e  r e l a t e d  to  th e  r e l a t i v e  

s t a b i l i t i e s  o f  th e  c o r re s p o n d in g  carbon ium  io n s .  The l i t e r ­

a tu r e  on th e s e  re a rra n g e m e n ts  i s  e x t e n s iv e ,  and o n ly  a  few 

i l l u s t r a t i v e  exam ples o f  each  ty p e  d is c u s s e d  w i l l  be g iv en  

in  t h i s  s e c t i o n .  U n le ss  o th e rw is e  n o te d ,  r e a c t io n s  were 

c a r r i e d  o u t  i n  e x c e s s  benzene u s in g  l e s s  th a n  an e q u im o la r  

q u a n t i ty  o f  an h y d ro u s aluminum c h lo r id e  a s  c a t a l y s t .

P rim ary  a l k y l  h a l id e s  c o n ta in in g  no b ra n c h in g  on th e  

J3-carbon  u n d erg o  re a rra n g e m e n t by h y d ro g en  m ig ra t io n  in  

th e  F r i e d e l - C r a f t s  r e a c t io n .  An e a r l y  r e p o r t  c la im ed  t h a t  

n -p ro p y l  c h lo r id e  r e a c te d  w ith  b en zen e  and alum inum  c h lo r id e

to  g iv e  p ro p y lb e n z e n e s  c o n ta in in g  40$ iso p ro p y lb e n z e n e  a t
2

-6 °  and 60$ iso p ro p y lb e n z e n e  a t  3 5 ° . L a te r  work u s in g  

b e t t e r  a n a l y t i c a l  te c h n iq u e s  showed t h i s  r e a c t i o n  to  be 

r e l a t i v e l y  i n s e n s i t i v e  to  te m p e ra tu r e ,  g iv in g  65$ i s o p r o p y l -
3

benzene a t  - 1 8 ° ,  66$ a t  -6  , 67$ a t  3 5 ° , and 69$ a t  8 0 ° .

In  e i t h e r  c a s e ,  how ever, th e  e x t e n t  o f  re a rra n g e m e n t i n -
2# 3

c re a s e d  a s  th e  te m p e ra tu re  was r a i s e d .

S im i la r  r e s u l t s  were o b ta in e d  w ith  n - b u ty l  c h lo r id e .
°At 0 ° ,  65$ o f  th e  p ro d u c t  was s e c - b u ty lb e n z e n e . At 80 ,

77$ o f  th e  p ro d u c t  r e s u l t e d  from  re a r ra n g e m e n t. T h is  

r e a r r a n g e d  p o r t i o n  o f  th e  p ro d u c t c o n s i s t e d  o f  a  4 :1  m ix tu re

(2) V. N. I p a t i e f f ,  H. P in e s ,  and  L. S ch m e rlin g , J .
O rg . Chem. ,  5 , 233 (1 9 4 0 ).

( 3 ) R. R o b e rts  and D. S h ie n g th o n g , J .  Am. Chem.
S o c .,  8 2 , 732 ( i9 6 0 ) .

3
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o f  s e c -  and is o b u ty lb e n z e n e , th e  l a t t e r  b e in g  form ed by 

i s o m e r iz a t io n  o f  th e  fo rm e r a t  th e  h ig h e r  te m p e ra tu re  ( s e e
3

page 20  f o r  f u r t h e r  d i s c u s s io n  o f  t h i s  phenom enon).

P rim ary  a lk y l  h a l id e s  w ith  b ra n c h in g  f u r t h e r  th a n  th e  

§ j-carbon  atom can  u ndergo  s u c c e s s iv e  re a r ra n g e m e n ts . 

K onovalov in  ld 9 d  s tu d ie d  th e  F r i e d e l - C r a f t s  r e a c t io n  o f  

iso a m y l c h l o r id e .  At h ig h  o r  low  te m p e ra tu re s  th e  p ro d u c ts  

w ere iso a m y lb e n zen e , 3 - p h e n y l- 2 -m e th y lb u ta n e , and t e r t -  

am y lb en zen e , r e s u l t i n g  from  n o , o n e , and two hydrogen
4

m ig r a t io n s ,  r e s p e c t i v e l y .

B ran c h in g  a t  th e  j3_-carbon atom  a p p a re n t ly  le a d s  to  

e x c lu s iv e  re a rra n g e m e n t o f  th e  3_-hydrogen to  g iv e  t e r t -  

a l k y l  d e r i v a t i v e s .  In  th e  r e a c t i o n  o f  i s o b u ty l  c h lo r id e  

w ith  to lu e n e ,  K onovalov co n c lu d ed  t h a t  com plete  iso m e r­

i z a t i o n  o f  th e  i s o b u ty l  g roup  had  o c c u rre d  to  g iv e  o n ly
5

m e ta - and p a r a - t e r t - b u t y l t o l u e n e .  However, s in c e  o x id a t io n  

o f  th e  p ro d u c ts  gave some t e r e p h t h a l i c  a c id ,  i t  i s  

p o s s i b le  t h a t  re a r ra n g e m e n t o f  th e  i s o b u t y l  group to  th e  

t e r t - b u ty l  g roup  was n o t  c o m p le te . L a te r  w o rk ers found  t h a t  

i s o b u t y l  c h lo r id e  gave o n ly  te r t - b u ty lb e n z e n e  w ith  aluminum
2 *3

c h l o r id e ,  even  a t  a s  low a  te m p e ra tu re  a s  - I d 0 . In

th e s e  and o th e r  such  sy stem s re a r ra n g e m e n t u s u a l ly  in v o lv e s

m ig r a t io n  o f  h y d ro g en , and c a rb o n  s k e le to n  re a rra n g e m e n ts
2 * 6

a re  r e l a t i v e l y  r a r e .

(4 ) M. K onovalov and J .  E gorov , J .  R uss. Phys.-C hem . 
S o c . ,  2S , 1031 ( 1 8 9 8 ) ;  th ro u g h  Chem. "Z en tr. ,  TO, I ,  7? 6 
T i 8 9 9 ) .  ---------  ------------

_ (5 ) M. K onovalov, J .  R u ss . P h y s . - Chem. S oc. . 20 , 1036
( 1 8 9 8 ) ;  th ro u g h  Chem. Z e n tr .'"." TOT~TT 7 7 7 " T l8 9 9 T .

( 6 ) L. S c h m e rlin g , I n d . Eng. Chem. . 4£ , 1447 (1 9 5 3 ).

4
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An e x c e p t io n  to  th e  l a s t  g e n e r a l i z a t i o n  o c c u rs  when 

th e  j[-c a rb o n  atom  in  an  a lk y l  c h a in  c o n ta in s  no hyd ro g en , 

a s  in  n e o p e n ty l  c h l o r id e .  Here a l k y l a t i o n  p ro d u ced  a  24$ 

y i e l d  o f  5 -p h e n y l- 2 -m e th y lb u tan e  by  m ig r a t io n  o f  a  m ethy l
7

g ro u p . The te n d e n c y  o f  n e o p e n ty l sy s tem s to  r e a r r a n g e  by 

m e th y l g roup  m ig r a t io n  i s  w e ll  known. However, a l k y l a t i o n  

o f  benzene w ith  n e o p e n ty l  a lc o h o l  and alum inum  c h lo r id e  

gave a  9$  y ib ld  o f  n e o p e n ty lb e n z e n e .

S eco n d ary  a l k y l  h a l id e s  o r d i n a r i l y  do n o t  r e a r r a n g e  

u n le s s  o th e r  s e c o n d a ry  o r  t e r t i a r y  s t r u c t u r e s  a re  a v a i l a b l e .  

At 0° s e c - b u ty l  c h lo r id e  p ro d u ced  o n ly  s e c -b u ty lb e n z e n e , 

b u t  a t  « 0 ° 65$  o f  th e  p ro d u c t was i s o b u ty lb e n z e n e ,  form ed
3

by is o m e r iz a t io n  o f  s e c -b u ty lb e n z e n e  a s  m en tio n ed  on page

I s o m e r iz a t io n s  betw een  se c o n d a ry  p o s i t i o n s  w ere found

in  th e  F r i e d e l - C r a f t s  r e a c t io n  o f  2 -  and 5 - p e n ta n o l .  From

e i t h e r  a l c o h o l ,  a  m ix tu re  c o n ta in in g  65$  o f  2 -  and 25$ o f

5 -p h e n y lp e n ta n e  was o b ta in e d ,  i n d i c a t i n g  r a p id  e q u i l i b r a t i o n

betw een  th e  a l t e r n a t i v e  se co n d a ry  carbon ium  io n s  p r i o r  to  
8

a l k y l a t i o n .

T e r t i a r y  a l k y l  h a l id e s  u s u a l ly  do n o t  r e a r r a n g e  p r i o r  

to  a l k y l a t i o n ;  t e r t -b u ty lb e n z e n e  r e s u l t e d  from  t e r t - b u ty l  

c h lo r id e .  At 2 5 -5 0 °  t e r t - p e n ty l  c h lo r id e  g a v e , i n  a d d i t io n  

to  t e r t - p e n t y lb e n z e n e , w hat w ere c la im ed  to  be some 5 -  

p h e n y l- 2 -m e th y lb u ta n e  and 1 -p h e n y l- 2 -m e th y lb u ta n e  (Here

(7 ) H. P in e s ,  L. S ch m e rlin g , and V. N. I p a t i e f f ,  J .  Am. 
Chem. S o c . . £ 2 , 2901 ( l9 4 o ) .

(8 ) A. S t r e i t w i e s e r ,  J r . ,  D. P . S te v e n so n , and W. D. 
S c h a e f f e r ,  J .  Am. Chem. S o c . , 1110 (1 9 5 9 )•

(9 ) M. In a to m e , K. W. G re e n le e , J .  M. D e r f e r ,  and C. E. 
B oord , J .  Am. Chem. S o c . ,  'JJk* 292 (1 9 5 2 ) .

5.
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th e  is o m e r iz a t io n  was p o s tu l a t e d  t o  o c c u r  a f t e r  th e  a l k y l ­

a t i o n  s te p ;  see  page 23 f o r  a  d i s c u s s i o n ) .

D ih a lo a lk a n e s  have been  u se d  e x t e n s iv e ly  in  F r i e d e l -  

C r a f t s  r e a c t io n s .  M ethylene c h lo r id e  r e a c te d  w ith  benzene

and alum inum  c h lo r id e ,  p ro b a b ly  in  a  s te p w is e  m anner, g iv in g
10,11

f i r s t  b e n z y l c h lo r id e  and th e n  d ip h e n y lm e th a n e .

W ith  e x c e s s  m e th y len e  c h lo r id e ,  r e a c t i o n  p ro cee d ed  f u r t h e r
10 11

t o  g iv e  9 ,1 0 -d ih y d ro a n th ra c e n e  and f i n a l l y  a n th ra c e n e .

B enzy l c h lo r id e ,  b ecau se  o f  i t s  g r e a t  r e a c t i v i t y  u n d e r  th e s e  

c o n d i t io n s ,  co u ld  n o t be i s o l a t e d  (Scheme i ) .

Scheme I  C6H6
CH2Cri A1C1CH2C12

A1C13 A I C I 3

CH2C1 o r

1 , 1 -D ic h lo ro e th a n e  and 1 , 1 -d ic h lo ro b u ta n e  each  y ie ld e d
12

th e  c o r re s p o n d in g  1 ,1 -d ip h e n y l  compound, a s  d id  1 ,1 -
13

d ic h lo ro - 3 ,3 - d im e th y lb u ta n e .  In  th e  p re se n c e  o f  a  h y d rid e

(10) Y. Lavaux and M. Lombard, B u l l . S o c . Chim. F ra n c e , 
7 , 913  ( 1 9 1 0 )5  th ro u g h  Chem. A b s t r . ,  4 , 24*fb ( 1 9 IO ).

(11) C. F r i e d e l  and J .  M. C r a f t s 7  Ann. Chim. P h y s .,  11,
263 ( 1 8 8 7 ) .  ' ~~

( 1 2 ) L. S ch m erlin g , R. W. W elch, and J .  P . L u v is i ,  J .
Am. Chem. S o c .,  7 9 , 2636 (1 9 5 7 ).

(13) L. S ch m erlin g , J .  P. L u v is i ,  and R. W. W elch, J .
Am. Chem. S o c .,  7 7 , 177^ (1 9 5 5 ).

6
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donor (methylcyclopentane or methylcyclohexane) the
c o rre s p o n d in g  1 -p h e n y la lk a n e s  w ere a l s o  form ed (Scheme I I ) .  

Scheme I I
CH3 ch 3
| CeHe | A if io

CH3 -C-CH2 -CHC12 a 1cy 3> — » CH3 -C-CH2 -CHC1
ch 3 ch 3 c 6h 5

c h 3 ch 3 c 6h 5
c 6h 6 I I

13

ch 3 - c - c h 2 -ch + --------- » ch 3 - c - c h 2 -c h
I I  I I
ch 3 c 6h 5 ch 3 c 6h 5

h 3

c 6h 6
ch 3

ch3 - c- ch2 - ch2 + 

ch3 c6h5

D ih a l id e s  c o n ta in in g  a  t e r t i a r y  ca rb o n  atom  ( l , l - d i e h l o r o - 3 -

m e th y lb u ta n e  and ( 2 , 2 -d ib ro m o e th y l)c y c lo h e x a n e )  a c te d  a s

t h e i r  own i n t e m o l e c u l a r  h y d r id e  d o n o rs  to  g iv e  l - p h e n y l - 3 -
12

m e th y lb u ta n e  and l - p h e n y l - 2 - c y c lo h e x y le th a n e ,  r e s p e c t i v e l y .  

E th y le n e  c h l o r id e ,  a  1 ,2 - d ih a lo a lk a n e ,  y ie ld e d  m a in ly
1 4 - 1 6

1 ,2 -d ip h e n y le th a n e  ( e q u a t io n  3). The in te rm e d ia te  J_-

A1C13 c 6h 6
C6H6 + C1CH2CH2C1 • > C6H5CH2 CH2 C1 > C6H5CH2 CH2 C6H5

-HC1 ( l )

p h e n y le th y l  c h lo r id e  r e a c te d  f u r t h e r  w ith  benzene to  g iv e

(14) R. D. S i lv a ,  Compt. r e n d . , § 2 , 606 ( 1 8 7 9 ) .
( 1 5 ) R. D. S i lv a ,  J a h r e s b e r i c h t  u b e r  d ie  F o r t s c h r i t t e  

d e r  Chemie,- 379 (1 8 7 9 ). . . .
(16) B. N. D olgov and N. A. L a r in ,  J .  Gen. Chem. 

U .S .S .R .,  2D, 450 (1 9 5 0 ); th ro u g h  Chem. S b s t r . ,  S57~566 
T l9 5 T )7

7 -
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1 ,2 -d ipheny3„ethane. The in te rm e d ia te  in  t h i s  r e a c t io n  has
14

been  shown by  C l a b e l l i n g  to  be s y m m e tr ic a l;  a  phenonium
17

io n  was p o s t u l a t e d .

P ro p y le n e  d ib ro m id e  o r  d ic h lo r id e  gave m a in ly  1 , 2 -
1 4 , 1 5 , 1 8

d ip h e n y lp ro p a n e  v i a  th e  pathw ay shown in  Scheme I I I .

Scheme I I I

Cl Cl Cl C6H5
I I A lC ls + |  | A lCla

CH3 -CH-CH2 A l'C]- i> CH3 -CH-CH2 CH3 -CH~CH2C1

C6h6 |
CH3 -CH-CH2 — ----> CH3 -CH-CH2C6H5

A £ - p h e n y le th y l  ty p e  in te r m e d ia te ,  1 - c h lo r o - 2 -p h e n y l-

p ro p a n e , was p o s tu l a t e d  to  form  and r e a c t  r a p id ly ,  a lth o u g h
18

none o f  t h i s  in te rm e d ia te  was i s o l a t e d .

1 , 2 -D ic h lo ro b u ta n e  r e a c t s  d i f f e r e n t l y .  In  t h i s  c a s e , 

th e r e  a r e  two p o s s ib le  seco n d a ry  carbon ium  io n s ,  th e  more 

s t a b l e  b e in g  th e  one in  w hich th e  p o s i t i v e  ch a rg e  i s  f a r t h e r  

removed from  th e  e l e c t r o n - a t t r a c t i n g  c h lo r in e  atom . The 

i n i t i a l l y  form ed se c o n d a ry  carbon ium  io n  r e a r r a n g e d ,  and th e  

m a jo r p ro d u c t  (80$>) was 1 - c h lo r o - 3 -p h e n y lb u ta n e  (Scheme XV). 

Here th e  p h e n y l g roup  i s  on th e  Y.**carbon, and i t s  p a r t i c i ­

p a t io n  in  i o n i z a t i o n  o f  th e  p r im a ry  c h lo r in e  i s  n o t  as

f a v o r a b le .  L e s s e r  am ounts o f  d ip h e n y lb u ta n e s  a l s o  were 
18

form ed.

( 1 7 ) M. A. McMahon and S. C. B unce, J .  O rg . Chem. , 29 , 
151b, (1 9 6 4 ). ' ~~

( 1 8 ) D. L. R a n s le y , J .  O rg . Chem. , 3 1 , 3595 (1 9 6 6 ).

8
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Scheme IV

f f
Cl Cl
| | AICI3 | + ~H | + C6 H6
ch 2 - c h - c h 2 ch 3  * CH2 -CH-CH2 CH3  >> CH2 -CH2 -CH-CH3  ---- »

CeHsC l
I
CH2 -CH2 -CH-CH3

W ith 1 ,2 -d ic h lo ro h e x a n e  th e  p o s s i b i l i t i e s  a r e  even  more 

com plex . The m a jo r pathw ay o f  r e a c t i o n  in v o lv e d  th r e e  

s u c c e s s iv e  h y d r id e  m ig ra t io n s  to  p la c e  th e  ch a rg e  on th e  

p e n u l t im a te  c a rb o n  atom , th e  s e c o n d a ry  ca rb o n  f u r t h e s t  from  

th e  e le c t ro n -w ith d ra w in g  c h lo r in e .  The l - c h lo r o - 5 - p h e n y l -  

hexane th u s  form ed was i n i t i a l l y  th e  m ain p ro d u c t ,  and t h i s  

th e n  r e a c te d  f u r t h e r .  Some a l k y l a t i o n  o f  benzene o c c u rre d  

a f t e r  o n ly  two h y d r id e  m ig ra t io n s  t o  g iv e  l - c h lo r o - 4 - p h e n y l -

hexane w hich  c y c l iz e d  (Scheme V ).
18

Scheme V
C l  C l
AH2 - iH -

18

A1C13 ? 1 + *H“
CH2 CH2CH2CH3 --------- > CH2 -CH-CH2 CH2CH2CH3 ---- »

Cl

!Ha
Cl , —I + *H | +
ch 2 c h 2 - c h - c h 2ch 2ch 3  > ch2ch 2 ch 2 - c h - c h 2 ch3

Cl
~H

( ? eIis CaHe f 1 f  +
CH2CH2CH2 CH2 -CH-CH3 <— - ch 2ch 2ch 2ch 2 - c h - c h 3

c 6h 6

IAlCl'a Cl CeHs

ch 2 c h 2ch 2ch 2

jpeHe

J h?
H5 «. 4. C6Hs

ch 3 ch 3ch ch 2 ch 2ch ch 3

6H5 CeHs
H2CH2 CH2CH2CHCH3

£h2 CH2 CH2CHCH2CH3

| a i c i 3

9.

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



I i2 -D ic h lo ro -4 -m e th y lp e n ta n e  gave i n i t i a l l y  a  la r g e  

y i e l d  o f  l - c h lo r o -4 -p h e n y l-4 -m e th y lp e n ta n e  v i a  s im i l a r  

io n i z a t i o n  and h y d r id e  m ig r a t io n .  T h is  compound c y c l iz e d  to  

g iv e  1 , 1 - d i m e t h y l t e t r a l i n  w hich u n d erw en t s e c o n d a ry  r e a c ­

t i o n s .  A m e th y l g roup  m ig ra t io n  com peted w ith  a  h y d r id e

m ig ra t io n  to  g iv e  l - c h lo r o - 3 -p h e n y l-5 - m e th y lp e n ta n e .  The
18

s i t u a t i o n  i s  sum m arized in  Scheme V I.

Scheme VI
18

Cl?H3 f  AlCls f *  + ,
ch3chch2chch2  > ch3chch2chch2

Cl
Cl

ch3
-> ch3c

~H

i C l+ I
h- ch- ch2ch2

~ch3 '
CeHs Cl + * Cl

CH3C-CH2CH2CH2 < ■G-6-H'6 CH3C-CH2CH2CH2

iAlCls
h3c ch3

I
ch3

h3c ch3

H

h3 c , ch3
\+/c

^ > 1  \ h2

^ ^ u h 2 
h3c ch3 

\ /

ch2

h3c ch3

ch2ch2ch2chch3

+ CeHs CH3

. CHs^ Cl + I I
CH3CHCHCH2CH2

i f - H’
CH3CH2C-CH2CH2

I ICH3 Cl

I C6He
CeHs

CH3CH2CCH2CH2
CH3 Cl

1 ,2 - D ih a l id e s  i n  w hich  th e  h a lo g e n s  a re  i n t e r n a l l y  

lo c a te d  in  th e  ca rb o n  c h a in  g e n e r a l ly  c y c l i a l k y l a t e

10
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a ro m a tic s  w ith  re a r ra n g e m e n t. The fo rm a tio n  o f  t e t r a l i n
1 9 * 2 0

d e r i v a t i v e s  from  3 ,4 -d ic h lo ro h e x a n e  ahd 5 * 4 -d ic h io ro -

3 ,4 -d im e th y lh e x a n e  a re  i l l u s t r a t i v e  (Scheme V I I ) .

Scheme V II

CH3ch3
ch2\ CH-C1 C6H6

CH-C1
ch2
ch3

ch3
CH:

CH3

V .
J }

ch2 xch3 
ch3

C l c6h6
-C l A1C13'

ch3 h3

ch3

ch3

+ h3

ch3

The l i t e r a t u r e  w ith  r e g a rd  to  1 ,3 - d ih a lo a lk a n e s  i s

somewhat c o n t r a d i c to r y .  l-B ro m o -3 -c h lo ro p ro p a n e  gave a t

6 - 1 2 ° l-b ro m o -3 -p h e n y lp ro p an e  and  a t  8 0 - 8 5 ° m a in ly  1 , 3 -
22

d ip h e n y lp ro p a n e . 1 , 3 -D ih a lo b u ta n e s  have  b een  r e p o r te d  to

c y c l i a l k y l a t e  benzene to  g iv e  3 -m e th y lin d a n e  and i t s  5 -
23

( 3 1- c h l o r o b u ty l ) -  d e r i v a t i v e ,  b u t  o th e r  p a p e rs  in d ic a te d
18* 24

o n ly  fo rm a tio n  o f  1 -bromo (o r  c h l o r o ) - 3 -p h e n y lb u ta n e  o r

(19) K. S h ish id O -an d  H. N o za k i, J .  S o c . Chem. In d . 
J a p a n , ^ 7 , 516 (19^4) 5 th ro u g h  Chem. TTbstr. , 4 8 , 20-16 (1954) 

(2oT K. S is id o  and H. N o zak i, J .  Am. "Chem. S o c . ,  70*
1288  (1 9 4 8 ) . ~~

(2 1 ) K. S is id o  and H. N ozak i, J .  Am. Chem. S o c . ,  69,
961  (1 9 4 7 ) .

{22} I .  P . T su k e rv an ik  and K. Y a t s i m i r s k i i ,  J .  P e n . 
Chem. U .S .S .R . . 10 . 1075 (1 9 4 0 ); th ro u g h  Chem. A b s tr .V  35*
3 9 8 1  a m r r  ~~ “ :  -

( 2 3 ) W. Reppe and co w o rk e rs ,' Ann. , 596, 1 (1 9 5 5 ), p 97-
(24) I .  P . T su k e rv a n ik  and L. U-. B ugrova, Zh. O bshchei 

Khim. , ^ L , 2143 (1 9 6 1 ); th ro u g h  Chem. A b s t r . ,  £ 6 , 362 (1962)
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f u r t h e r  r e a c t io n  to  2 ,3  (and 1 , 3 ) -d ip h e n y lb u ta n e  and s e c -
2 1 ) 2 4

b u ty lb e n z e n e . l ,3 -D ic h lo ro -3 -m e th y lb u ta n e  a lk y la t e d

b enzene to  y i e l d  l - c h lo r o - 3 -p h e n y l-3 - m e th y lb u ta n e  w hich
' 2 5

r e a c te d  f u r t h e r  t o  p ro d u ce  a d ip h e n y la te d  compound.

1 ,4 -D ih a lo a lk a n e s  o f te n  c y c l i a l k y l a t e  b e n z e n e . 1 ,4 -  

D ic h lo ro b u ta n e  gave t e t r a l i n  and  f u r t h e r  c o n d e n s a t io n
■ 1 9 , 2 3 , 2 6 , 2 7

p r o d u c ts .  The r e a c t io n  in v o lv e d  in te rm e d ia te

fo rm a tio n  o f  a  p h e n y la lk y l  c h lo r id e  w hich th e n  u n d erw en t
28

in t r a m o le c u la r  a l k y l a t i o n .  2 ,5 -D ic h lo ro h e x a n e  s i m i l a r l y
29

gave 1 ,4 - d i m e t h y l t e t r a l i n .  2 ,5 -D ic h lo ro -2 ,5 -d im e th y lh e x a n e  

y ie ld e d  1 , 1 , 4 , 4 - t e t r a m e t h y l t e t r a l i n  and 1 , 1 , 4 , 4 , 5 , 5 , 8 , 8 -  

o c t a m e th y l - 1 ,2 ,3 ,4 ,5 , 6 ,7 ,8 -o c ta h y d ro a n th ra c e n e  (Scheme
2 8 , 3 0

V I I I ) ,  and 3 , 6 - d ic h lo r o - 3 ,6 -d im e th y lo c ta n e  y ie ld e d  th e

Scheme V I I I  

R CH3
\ /  H3Cx R h3c

ch2n c i  C6H6 , „I v ' . R *  CH3 o r
CH. C l AIC1J C2HS

,C. H3(?R  h3c " r  r ^ c h 3
R CH3 r  .

(25) L. S c h m e rlin g , R. W. W elch, and J .  P. W est, J .  Am. 
Chem. S o c . ,  £&, 3406 (1 9 5 6 ). . . .

(26) K. M. Shadmanov, D oklady Akad. Nauk U zbek. S .S .R . , 
No. 11 , 37 (1 9 5 7 ); th ro u g h  Chem. A b s t r . ,  5214 (19597 .

( 2 7 ) S. Y ura and R. Oda, J .  Soc. Chem. In d . J a p a n , 46 ,
531 ( I 9 4 3 ) l  th ro u g h  Chem. A b s t r .,~ j2~ , 63W  (I9 4 B ).

(2 8 ) H. A. B ruson  and J .  W. K ro eg e r, J .  Am. Chem. S o c .,
6£, 3 6  (1940).-

- ( 2 9 ) G. A. O lah  in  F r i e d e l - C r a f t s  and R e la te d  R e a c tio n s ,  
G. A. O lah , Ed, I n t e r s c i e n c e  P u b l i s h e r s ,  I n c . ,  New Y ork,
N. Y ., 1964', V o l I , .  p 5 7 .

( 3 0 ) L. R. C. B a rc la y  and E. E. B e t t s ,  J .  Am. Chem*
S o c .,  7 7 , 5735 (1 9 5 5 ).

12 .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



3 1
c o rre s p o n d in g  t e t r a e t h y l t e t r a m e t h y l  compound.

A 1 ,5 - d ic h lo r o  compound, 2 , 6 - d ic h lo r o - 2 ,6 -d im e th y lh e p -  

t a n e ,  was r e p o r te d  to  c y c l i a l k y l a t e  1 , 1 , 4 , 4 - t e t r a m e th y l -  

t e t r a l i n  to  g iv e  l , l ,4 ,4 ,5 ,5 - h e x a m e t h y l - 8 - i s o p r o p y l -  

1 ,2 ,3 * 4 ,5 ,6 ,7 ,8 -o c ta h y d ro a n th ra c e n e  (60$) and th e  c o r r e s ­

p o n d in g  1 ,2 ,3 ,4 ,5 ,6 - h e x a h y d r o a n th r a c e n e  (1 2 $ ) . The r e a c t io n  

was shown n o t  to  p ro d u ce  an in te rm e d ia te  b en z o su b e ra n e  w hich 

co u ld  have r e a r r a n g e d  f u r t h e r  b u t  r a t h e r  t o  p ro c e e d  by
32

re a rra n g e m e n t w i th in  th e  a l k y l  c h a in  p r i o r  to  a l k y l a t i o n .

As com pared t o  i n t e m o l e c u l a r  a l k y l a t i o n s ,  i n t r a ­

m o le c u la r  a l k y l a t i o n s  a r e  g e n e r a l ly  f a s t e r  and  more f r e e  

from  a l k y l  g roup  i s o m e r iz a t io n s .  P r im a ry , s e c o n d a ry , o r  

t e r t i a r y  p h e n y la lk y l  h a l id e s  a l l  u n d erg o  r i n g  c lo s u re  w ith
' 33

l i t t l e  o r  no i s o m e r iz a t io n .  Some exam ples have been
* 33

d is c u s s e d  a l r e a d y ,  and o th e r s  a re  g iv e n  in  e q u a t io n s  2 -5 .

A lC ls
C6H5CH2 (CH2)n CH2Cl ---------- »

n = 1 o r  2 

C 6H 5C H 2C H 2C H 2C H C H 3

Cl

CeHsCHgCHsCHCHsCHg
Cl

A I C I 3

A I C I 3

n (2 )

(3)

(4 )

(5 1 ) L. R . C. B a rc la y  in  " F r i e d e l - C r a f t s  and R e la te d  
R e a c t io n s ,"  G. A. O lah , Ed, I n te r s c i e n c e  P u b l i s h e r s ,  I n c . ,  
New Y ork, N. Y ., 1964, V ol I I ,  T ab le  XXIVa, p 951 .

(5 2 ) L.- R. C. B a rc la y , B. A. G inn, and C. E. M il l ig a n ,  
Can. J .  Chem. ,  4 2 , 579 (1 9 6 4 ).

T5 3 ) G. B ad d e ley  and R. W illiam so n , J .  Chem. S o c .,
4647 (1 9 5 6 ).
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I AlciaCeHsCHsCHsCHsC-Cl ---- ^
Ah3

(5)

I t  was o r i g i n a l l y  th o u g h t t h a t  5 -p h e n y l- l - c h lo r o p e n ta n e
33

( e q u a t io n  2 , n = 3) y ie ld e d  b e n z o su b e ra n e , b u t  l a t e r  work
32

showed t h a t  1 - m e th y l t e t r a l i n  was th e  p r o d u c t .  A lso ,

6 -p h e n y l-6 -m e th y l-2 -c h lo ro h e p ta n e  and 6 -p h e n y l-2 ,6 -d im e th y l -

2 -c h lo ro h e p ta n e  y ie ld e d  1 , l - d i m e t h y l - 4 - e t h y l t e t r a l i n  and

1 ,1 -d im et h y l - 4 - i s o p r o p y l t e t r a l i n ,  r e s p e c t i v e l y  ( e q u a t io n s

6 and j ) ,  r a t h e r  th a n  b e n z o su b e ra n e s .

TJ H H U  HsC  ̂ QH3JI3 L/ 0x13

32

AICI3

h3q ch3h3c ch 3

A1C13

However, 1 ,1 ,4 ,4 -

( 6 )

(7)

H3CCHCH3

t e t r a m e t h y l - 6 , 7 -b e n z o c y c lo h e p te n e  was o b ta in e d  to g e th e r  w ith

two p a r t s  o f  1 - i s o p r o p y l - 3 , 3 - d i m e t h y l t e t r a l i n  in  th e  bo ron

t r i f l u o r i d e  e t h e r a t e - c a t a l y z e d  c y c l i z a t i o n  o f  6 -p h e n y l-

2 , 5 ,5 - t r im e th y l - 2 - h e x e n e  ( e q u a t io n  8 ) .  The u se  o f  aluminum
34

c h lo r id e  a s  c a t a l y s t  y ie ld e d  o n ly  th e  t e t r a l i n .

(34) H. H a rt and  J .  L. C o rb in , J .  Am. Chem. S oc. , 8 7 , 
3135 (1 9 6 5 ) .
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h3
CH3 (8 )

h3c ch3
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M echanisms

T hroughout th e  p re c e d in g  d i s c u s s io n  i t  h as  b een  t a c i t l y -  

assum ed t h a t  th e  r e s u l t s  p r e s e n te d  c o u ld  he e x p la in e d  in  

te rm s  o f  carbon ium  io n  in te r m e d ia te s .  Such i s  a c t u a l l y  th e  

c a se  in  th e  m a jo r i ty  o f  i n s t a n c e s .  The r a t e s  o f  r e a c t io n  o f  

a l k y l  h a l id e s  in  th e  F r ie d e 1 - C r a f t s  r e a c t i o n  in c r e a s e  in  th e  

s e r i e s  m e th y l, e t h y l ,  I s o p ro p y l ,  t e r t - b u t y l ,  th e  same o r d e r  

a s  t h a t  g e n e r a l ly  found  i n  S jjl r e a c t i o n s .  M oreover, th e  

re a r ra n g e m e n ts  a re  a lm o s t a lw ay s i n  th e  d i r e c t i o n  p r im a ry  —> 

se co n d a ry  —» t e r t i a r y ,  th e  same d i r e c t i o n  a s  i s  found  in  

r e a c t io n s  in v o lv in g  carbon ium  io n s .

T e r t i a r y  and o r d in a r y  b e n z y l ic  h a l id e s  r e a c t  e s s e n t i a l l y
' 35

v ia  th e  carbon ium  io n  m echanism  o u t l i n e d  in  Scheme IX . The

Scheme IX ,
RX + l /2 A l2X6 — * R AIX4 '

> H + AIX4 + HX + AIX3

a v a i l a b le  e v id e n c e  i n d i c a t e s  t h a t  se c o n d a ry  compounds a l s o  

form  carbon ium  io n s  u n d e r  F r i e d e l - C r a f t s  c o n d i t io n s .  O p tic a l-
3 6 , 3 7  38

l y  a c t iv e  2 - b u ta n o l  and  i t s  m e th y l e t h e r  a lk y la t e d

(3 5 ) K. L. N elso n  and- H.- C, Brown in  "The Chem is-try o f  
P e tro leu m  H y d ro c a rb o n s ,"  B. T. B ro o k s, C. E. B oord , S. S , 
K u r tz , J r . ,  and L. Schm e-rling, E ds, R e in h o ld  P u b lis h in g  
C o rp o ra t io n , New Y ork, N. Y ., 1955* V ol I I I ,  p 522.
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benzene in  th e  p re s e n c e  o f  b o ro n  t r i f l u o r i d e  w ith  g r e a t e r  

th a n  99$ r a c e m iz a t io n .  Use o f  aluminum c h lo r id e  gave
36

com plete  r a c e m iz a t io n .  The p o s s i b i l i t y  o f  r a c e m iz a t io n  by 

r a p id  h y d r id e  t r a n s f e r  betw een  th e  two se co n d a ry  c a rb o n  

atom s in  th e  s e c - b u ty l  carbon ium  io n  (se e  page 5 f o r  a  d i s ­

c u s s io n  o f  s i m i l a r  re a r ra n g e m e n ts  betw een  2 -  and 3 - p e n ty l
39

carbonium  io n s )  le d  S t r e i t w i e s e r  to  s tu d y  th e  s i m i l a r  

r e a c t io n  o f  o p t i c a l l y  a c t i v e  2 - p ro p a n o l-d 3 . The r e s u l t s  

(more th a n  95$ r a c e m iz a t io n  w ith  some n e t  in v e r s io n )  

in d ic a te d  t h a t  th e  i s o p r o p y l  c a t io n  was a  l a r g e l y  f r e e  i n t e r  

m ed ia te  and t h a t  th e  F r ie d e 1 - C r a f ts  r e a c t io n  o f  s e c o n d a ry
39

a l k y l  d e r iv a t iv e s  re se m b led  an S ^ l s o l v o l y s i s .

The r e a c t io n s  o f  some p r im a ry  a lk y l  com pounds, how ever, 

le a d  to  th e  c o n c lu s io n  t h a t  an  SN2 ty p e  o f  m echanism  may 

a l s o  o p e r a te .  The r e a c t io n s  o f  3 ^ - d i c h lo r o b e n z y l  c h lo r id e  

and p a r a - n i t r o b e n z y l  c h lo r id e  w ith  a ro m a tic  h y d ro c a rb o n s  

and aluminum c h lo r id e  in  n itro b e n z e n e  s o lu t io n  w ere t h i r d  

o r d e r  ( e q u a t io n  9 ) .  The r a t e  in c re a s e d  s l i g h t l y  as  more

- = k 3 [A rH ][R C 1][A IC I3 ] ( 9 )
d t

basic aromatics were used, but in  approximately the same 
ratios as those in  which the stabilities o f  TT-complexes

(3 6 ) C. C. P r ic e  and M. Lund, J .  Am. Chem. S o c . , 62, 
3105 (1 9 4 0 ). ~~

(3 7 ) R. L. B u rw e ll , J r .  and S. A rc h e r , J .  Am. Chem. 
S o c . ,  64. 1032 (1 9 4 2 ).

(3 8 ) R. L . B u rw e ll , J r . ,  L. M. E lk in ,  and A. D. S h ie ld s  
J .  Am. Chem. S oc. ,  7 4 , 4570 (1 9 5 2 ).

(39) A. S t r e i t w i e s e r ,  J r .  and P. J .  S ta n g , J .  Am. Chem. 
S o c .,  «Z, 4955 (1 9 6 5 ).
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in c re a s e d  and now here n e a r  th e  r a t i o s  in  w hich th e  

s t a b i l i t i e s  o f  ^ -co m p le x es  and th e  r a t e s  o f  some o th e r  

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  in c r e a s e d .  I t  was con­

c lu d ed  t h a t  th e  t r a n s i t i o n  s t a t e  was th e r e f o r e  c l o s e r  t o  a
40, 41

iT-complex th a n  to  a  ^ -co m p lex  and t h a t  i t  p ro b a b ly

came ab o u t by n u c l e o p h i l i c  a t t a c k  by th e  a ro m a tic  compound 

on th e  p o la r iz e d  a l k y l  h a lid e -a lu m in u m  h a l id e  a d d i t io n
' 4 2 - 4 4  ■

compound. The o v e r a l l  m echanism  in  t h i s  c a se  i s  shown
4 0 , 4 1 , 4 3 ^ 4 4

in  Scheme X.

Scheme X

RCHsCl + A lC ls ---- * RCH2C1;A1C13
»  ■I ■

CH2C1:A1C13 CH2C1:A1C13

A1C1

+ HC1 + A1C13+ A1C1

2 , 3  3
Some o f  th e  n -p ro p y lb e n z e n e , n -b u ty lb e n z e n e , and

4
isoam ylbenzene fo rm ed  from  th e  c o rre sp o n d in g  p r im a ry  a l k y l  

h a l id e s  (pages 3 -4 )  may a l s o  come a b o u t by a  d is p la c e m e n t

(40) H. C. Brown and M. G rayson , J .  Am. Chem. S o c . , 75 
6285 1 9 5 3 ). ~~

(41) R e fe re n c e  33* P 525.
(42) H. C. Brown and H. Ju n g k , J .  Am. Chem. S o c . , 77*

5584 (1 9 5 5 ). "7
(43) H. C. Brown and H. Jungk , J .  Am. Chem. S o c . , 7 ° ,

2182 (1956 )•. ~~
(44) H. Ju n g k , C. R. Smoot, and H. C. Brown, J .  Am. 

Chem. S o c . ,  %8, 2185 (1 9 5 6 ).
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m echanism  a c t in g  in  c o m p e ti t io n  w ith  a  m echanism  in v o lv in g  

carbon ium  io n s  and  re a r ra n g e m e n ts  to  se c o n d a ry  a l k y l  d e r iv a ­

t i v e s .  The fo rm a tio n  o f  9$ n e o p e n ty lb e n z e n e  from  n e o p e n ty l 

a lc o h o l ,  b e n z en e , and aluminum c h lo r id e  (page 5) may a l s o  

be th e  r e s u l t  o f  th e  o p e r a t io n  o f  a  d is p la c e m e n t m echanism .
14

F u rth e rm o re , e t h y l  c h lo r id e  l a b e l l e d  w ith  C in  th e  £  

p o s i t i o n  a l k y l a t e d  benzene  a t  h ig h  te m p e ra tu re s  to  g iv e  

e th y lb e n z e n e  w ith  no re a rra n g e m e n t o f  th e  l a b e l ,  w hereas th e  

l a b e l  was a lm o s t c o m p le te ly  e q u i l i b r a t e d  by alum inum  

c h lo r id e  in  th e  ab sen ce  o f  benzene in  one h o u r  a t  room
45

te m p e ra tu re .  E th y l  c h lo r id e  in  t h i s  ca se  a l s o  a p p a re n t ly  

r e a c te d  by th e  d is p la c e m e n t m echanism . In  a d d i t i o n ,  some o f  

th e  c y c l i a l k y l a t i o n s  and in t r a m o le c u la r  a l k y l a t i o n s  w ith  

p r im a ry  h a l id e s  (p ag es  1 2 - 1 3 ) p ro b a b ly  p ro c e e d  by  th e  

d isp la c e m e n t m echanism .

(45) R. M. R o b e r ts ,  G. A. Ropp, and 0 . K. N e v i l l e ,  J , 
Am. Chem. S o c . ,  7 7 , 1764 (1 9 5 5 ).
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S eco n d a ry  R e a c tio n s  o f  P ro d u c ts

The i n s t a b i l i t y  o f  a l k y l a t i o n  p ro d u c ts  to  th e  r e a c t io n  

c o n d i t io n s  and t h e i r  f u r t h e r  r e a c t i o n  u n d e r  th e s e  c o n d i t io n s  

a r e  w e l l  known. Some exam ples have a l r e a d y  been  e n c o u n te re d  

( th e  re a r ra n g e m e n t o f  s e c -b u ty lb e n z e n e  to  is o b u ty lb e n z e n e , 

p r e f e r r e d  fo rm a tio n  o f  se c o n d a ry  a lk y lb e n z e n e s  from  some

t e r t i a r y  a l k y l  h a l id e s  and carbon ium  io n s ,
7

and r e a c t io n
18

o f  1 , 1 - d i m e t h y l t e t r a l i n  in  Scheme V I, page 10).

R e a c tio n  o f  e i t h e r  s e c -b u ty lb e n z e n e  o r  is o b u ty lb e n z e n e
o

w ith  m o is t  alum inum  c h lo r id e  a t  100 r e s u l t e d  i n  fo rm a tio n  

o f  an  e q u i l ib r iu m  m ix tu re  c o n ta in in g  one p a r t  o f  th e  fo rm er 

to  two p a r t s  o f  th e  l a t t e r .  D is p r o p o r t io n a t io n  and d e a lk y l - 

a t i o n  a l s o  o c c u r r e d .  The r e s u l t s  w ere e x p la in e d  on th e  b a s i s  

o f  a  b r id g e d  ir-com plex w hich c o u ld  be form ed from, and c o l la p s e  

t o ,  e i t h e r  iso m er (Scheme X l) .  D i s s o c ia t io n  o f  th e  com plex

Scheme XI 

CH3
I

ch2chch3

\ _ j  -
H

CHCH3

,CH3
/+\

ch3

CHpCHCHs

r e s u l t e d  in  th e  o b se rv e d  d e a lk y la t io n  and d is p r o p o r t io n a -
' 46

t i o n .

The fo rm a tio n  o f  3 -p h e n y l- 2 -m e th y lb u ta n e  from  t e r t -

(46) R.' M. R o b e r ts ,  J .  H. Han, C. H. Schm id, and D. A.
D a v is , J .  Am. Chem. S o c .,  8 l ,  640 (1 9 5 9 ) .

* "" * 1  1
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p e n t y l  c h l o r i d e  was f i r s t  p ro p o se d  t o  p ro c e e d  th ro u g h  a
'6

m echanism  s i m i l a r  t o  th e  d is p la c e m e n t  m echanism  (Scheme X II).

Scheme X II

H <jii^*Aici3
H3(7C-CCH3

H CH3

H CH3 
/  A1C14'
CHCCH3

H CH3
CH3 H

a
 I /
CH-CCH3 + HC1 + A1C13

i H3

47
S u b se q u e n t  work i n d i c a t e d  t h a t  p r o d u c t s  i n  some F r i e d e l -  

C r a f t s  r e a c t i o n s  depended on th e  a c t i v i t y  o f  t h e  c a t a l y s t .  

T hus, 1 -  o r  2 - c h lo r o - 5 ,5 - d im e th y lb u t a n e  and benzene  gave

3 - p h e n y l - 2 ,2 - d im e th y lb u ta n e  w ith  aluminum c h l o r i d e  o r  

b ro m id e ,  b u t  2 - p h e n y l - 2 ,3 - d im e th y lb u ta n e  was t h e  p r o d u c t  

w i th  t h e  w eaker c a t a l y s t s  f e r r i c  c h l o r i d e  o r  aluminum 

c h l o r i d e  i n  n i t r o m e th a n e  (Scheme X I I I ).. These r e s u l t s  l e d

Scheme X I I I

Cl CH3 >  
I I 

CH3-CH-C-CH3
ch3

o r

Cl CHc
CH2 -CH2C-CH3

ch3

PeC l3 o r H3C ch3
A1C13 -CH3N02 CHs-CH-C-CHs

6eH5

A1C13 o r
AlBr3

I
A1C13 I o r  A lBr3 

CH3
c6h5ch- c- ch3 

h3c ch3

L. S ch m e rlin g  and J .  P. W est, J .  Am. Chem. S o c . , 
£ 6 , 1917 (1 9 5 4 ) .
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t o  th e  c o n c lu s io n s  t h a t  th e  t e r t i a r y  carbonium  io n  was 

form ed and t h a t  t h i s  io n  r e a c t e d  w i th  benzene t o  g iv e  a  

t e r t i a r y  a lk y lb e n z e n e  w hich th e n  r e a r r a n g e d  f u r t h e r  i n  th e  

p re s e n c e  o f  s t r o n g  c a t a l y s t s  b u t  n o t  w eaker ones  (Scheme
46

X lV a). A s i m i l a r  mechanism (Scheme XlVb) a c c o u n ts  

Scheme XIV

a) Cl CH3 CH3 CH3 Cl CH3
| /  A1C13 + |  ~H“ + | A1C13 | I

CH3CHCCH3 --------- » CH3CHCCH3 i----  CHgCHCCHs <---------  CH2CH2CCH3
iH3 _ , CH3 c h3 c h3

~ ch3

C6H5 3Y J+3 H3C CH3 CeHsH3C c h3
+ | I l+ II  +1CH3CHCCH3 CeH3 CH3CHCCH3 CH3CHCCH3 ̂  CH3CHCHCH3 + CH3C-CCH3

h 3c c h3 h 3c c h3 h 3c c h 3

c 6h 5 1 'CH3l : (
c 6h 5 h 3c c6h 5 c h3c h c c h3 h 3c C6H s

+  I I I  I I  I I*-. c h3c -c c h3 + c h3c -c h c h3 h 3c c h3 c h3c -c c h3| , | f------  I
h 3c c h 3 c h3 c h3

b) c h3 c h3 c h3
I AlCls + -CH3" I + AlCls ICH3CH2CC1 ------» CH3CH2CCH3 1----- CH3CCH2 <------  CH3CCH2C1
c h3 c h3 c h3 c h3

c 6h 6 I
r

c h3c h2c c h3CH3 ^ * 3 ^ 2y ^ 3  CH3 CH3
I r,fj I ICH3CH2CCH3   3 > CH3CHCH2CH3 + CH3CH(j)CH3
CeHs CeHs

CeHs ~CH3 | ~CeHs
CeHs H3C H CH3CCH2CH3 I 1

+  I I I I +  +
e tc .  HC-CCH3 + CH(j2CH3 CH3 CH3CH(J!CH3 CH3(j:-CHCH3
< H3C CH3 H3C CeHs f H3C C6HS ' H3C C6Hs
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f o r  th e  fo rm a t io n  o f  3 -p h e n y l-2 -m e th y rb u ta n e  from e i t h e r
r  ' 9

n e o p e n ty l  c h l o r id e  o r  t e r t - p e n t y l  c h l o r i d e .  The a l i p h a t i c

h y d ro c a rb o n s  r e s u l t i n g  from  i n t e r m o l e c u l a r  h y d r id e  t r a n s f e r
' 46

were o b s e rv e d ,  i n  s u p p o r t  o f  t h e  p ro p o se d  mechanism.

A more r e c e n t  s tu d y  h a s  b een  c o n d u c ted  on th e  i s o ­

m e r i z a t i o n  o f  th e  p e n ty lb e n z e n e s  u n d e r  th e  i n f lu e n c e  o f  

m o is t  aluminum c h l o r i d e .  I t  was found  t h a t  t e r t - p e n t y l -  

benzene r a p i d l y  i s o m e r iz e d  t o  3 -p h e n y l-2 -m e th y lb u ta n e  w hich 

was s lo w ly  c o n v e r te d  t o  n e o p e n ty lb e n z e n e  (Scheme XV).

Scheme XV

CH3 ch3 ch3
| | ”* DU |

ch3cch2ch3 ch3cchc6h5 V ch3cch2c6h5
I I *—+ I
c6h5 . ch3 r ch3

'H* f» \\ ~CHa
RH H3CC-CHCH3 \V

jh3
h3cc- chch3 

C6H5

R+/||RH

RH

1 1 ’

CH3
• H3CCH$CH3 -̂-----> H3CCH(jJHCH3

C6Hs R+ C6Hs

2 -P h e n y lp e n ta n e  and 3 -p h e n y lp e n ta n e  r a p i d l y  i n t e r c o n v e r t e d ,  

and e a c h  was s lo w ly  changed  to  l~ p h e n y l - 2 -m e th y lb u ta n e  

(Scheme XVI). I s o p e n t y l -  and n -p e n ty lb e n z e n e  were r e l a ­

t i v e l y  s t a b l e  u n d e r  t h e s e  c o n d i t i o n s .  H ydride  a b s t r a c t i o n  

and i n t e r c o n v e r s i o n  o f  ca rbon ium  io n s  v i a  b r id g e d  s t r u c -
48

t u r e s  were u sed  t o  e x p l a i n  th e  t r a n s f o r m a t i o n s .  Re-
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Scheme XVI
c h3c h2c h2j:h c h3

CeH5
CH3CH2CHCH2CH3

RE^+CeHs
CHa

,+ CH3CHj»CHCHp
c h3c h£ ĥ c h 3 CH3+ RH 

CH3 or , CH3CH2CHCH ^
^C2Hs

a rra n g e m en t o f  th e  l a t t e r  two compounds would in v o lv e  

r e l a t i v e l y  u n s t a b l e  p r im a ry  carbonium  io n s .

S im i l a r  h y d r id e  a b s t r a c t i o n s  from  a lk y lb e n z e n e s  fo l lo w e d  

by i s o m e r i z a t io n s  a r e  known in  t e t r a l i n  compounds. Thus, 

1 , 1 , 4 , 4 , 5 , 5 , 8 , 8 - o c t a m e t h y l - l , 2 , 3 , 4 , 5 , 6 ,7 ,8 - o c t a h y d r o -  

a n th ra c e n e  was i s o m e r iz e d  i n  80$ y i e l d  t o  an  in d en e
1 4 9 , 5 0

d e r i v a t i v e  (Scheme XVII).

Scheme XVII TT „ „TT

H3C c h3 h 3c c h3 h 3c g h3 h 3c c h 3*4*

(48) R. M. R o b e r ts  and Y. W. Han, J .  Am. Chem. S o c . ,  
85 , 1168 (1 9 6 3 ) .  ~

(49) L. R. C. B a rc la y  and A. H. G ray, Chem. and I n d . ,  
1350 (1 9 5 9 ).

(50) L. R. C. B a rc la y ,  A. H. G ray, and C. E. M i l l i g a n ,  
Can. J .  Chem., 39 , 870  (1 9 6 1 ).
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A lk y lb e n z e n e s ,  e s p e c i a l l y  t e r t i a r y  o n e s ,  can  a l s o  

undergo  p r o t o d e a l k y l a t i o n ,  th e  r e v e r s e  o f  a l k y l a t i o n .
1 8

The fo rm a t io n  and d ec o m p o s i t io n  o f  1 ,1 - d i m e t h y l t e t r a l i n  

(Scheme V I, page 10) h as  a l r e a d y  been  m e n tio n e d . As th e  

F r i e d e l - C r a f t s  r e a c t i o n  p ro c e e d s  th e  c o n c e n t r a t i o n  o f  

hydrogen  h a l i d e  i n c r e a s e s .  The hydrogen  h a l id e -a lu m in u m  

h a l i d e  i s  a  v e r y  s t r o n g  p r o t o n a t i n g  a g e n t .  T hus, fo rm a t io n  

o f  t e r t i a r y  a lk y lb e n z e n e  a t  th e  low a c i d  c o n c e n t r a t i o n  

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

fo l lo w e d  by i t s  d e c o m p o s i t io n  i n  th e  l a t e r  s t a g e s  i n  which 

th e  a c i d i t y  o f  th e  medium i s  i n c r e a s e d ,  can be u n d e r s to o d .

25
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The Problem

51 - S2
P re v io u s  work i n  th e s e  l a b o r a t o r i e s  and e lse w h e re  

h as  d i s c l o s e d  i n t e r e s t i n g  r e a r r a n g e m e n ts  i n  th e  a c i d -  

c a t a l y z e d  h y d r o l y s i s  o f  1 , 3 - d i o l s .  C y c lo h e x a n e -1 ,1 -  

d im e th a n o l i n  aqueous s u l f u r i c  a c i d  y i e l d s  a  m ix tu re  from  

w hich f i v e  m a jo r  p r o d u c t s  have been  i s o l a t e d  and i d e n t i f i e d
51

( e q u a t io n  1 0 ) .  The l a s t  o f  th e s e  p r o d u c t s  i s  e s p e c i a l l y

CH3 .CHO

,CHO

( 10)

i n t e r e s t i n g  b e c a u s e  i t s  s t r u c t u r e  im p l ie s  a  p o s s i b l e  

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

I n  th e  l i g h t  o f  th e s e  r e s u l t s ,  and s in c e  th e  F r i e d e l -  

C r a f t s  r e a c t i o n s  o f  1 ,3 - d i h a l o  compounds have  n o t  been  

s t u d i e d  n e a r l y  a s  e x t e n s i v e l y  as  have th o s e  o f  e i t h e r  1 ,2 -  

o r  1 ,4 - d i h a l o  compounds, i t  was o f  i n t e r e s t  t o  i n v e s t i g a t e  

th e  F r i e d e l - C r a f t s  r e a c t i o n  o f  l , l - b i s ( b r o m o m e t h y l ) c y c l o ­

h e x a n e .  T h is  1 , 3 - d i h a l o  compound h a s  b o th  brom ine atoms 

a t t a c h e d  to  p r im a ry  ca rb o n  a to m s, and i t  m ig h t t h e r e f o r e  be

(51) L. H. S c h w a r tz ,  A. J .  K a s c h e re s ,  C. O v ru t ,  and
A. M. L e v in e ,  u n p u b l i s h e d  r e s u l t s ,  C i ty  C o l le g e  o f  th e  C i ty  
U n i v e r s i t y  o f  New York.

(52) H. M. G la d s to n e ,  Ph.D. T h e s i s ,  P o ly te c h n ic  
I n s t i t u t e  o f  B ro o k ly n ,  1961.
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e x p e c te d  t o  r e a c t  by a  d is p la c e m e n t  mechanism r a t h e r  th a n  

th ro u g h  a  carbonium  io n  i n t e r m e d i a t e .  However, ea ch  

brom om ethyl g roup  re se m b le s  t h a t  i n  n e o p e n ty l  b rom ide , and 

d is p la c e m e n t  r e a c t i o n s  i n  th e  n e o p e n ty l  sy s tem  a re  e x t re m e ly  

s low  com pared t o  o t h e r  p r im a ry  s y s te m s .  The r a t i o n a l e  f o r  

t h i s  i s  t h a t  th e  t h r e e  m e th y l  g ro u p s  a t t a c h e d  t o  th e  jh -ca rb o n  

atom h i n d e r  b a c k s id e  a t t a c k .  I n  t h e  1 , 1 -b is (b ro m o m e th y l) -  

cy c lo h ex a n e  sy s tem , t h i s  h in d ra n c e  t o  a t t a c k  from th e  r e a r  

o f  th e  l e a v i n g  g roup  sh o u ld  be in c r e a s e d  by  th e  p re s e n c e  

o f  th e  r i n g  and th e  brom om ethyl g ro u p  a t t a c h e d  to  th e  JS.- 

ca rb o n  atom . Thus th e  mechanism f o r  t h i s  p r im a ry  a l k y l  

h a l i d e  c o u ld  be d i v e r t e d  to  th e  ca rbon ium  io n  ty p e ,  and th e  

n a t u r e  o f  t h e  g roups  a t t a c h e d  t o  t h e  ^ .-carbon  atom makes 

p o s s i b l e  th e  f o l lo w in g  re a r r a n g e m e n ts  o f  th e  i n i t i a l  r e a l  o r  

i n c i p i e n t  carbonium  io n :  (A) r i n g  e n la rg e m e n t ,  (B) m ig r a t io n

o f  a  brom om ethyl g ro u p , and (C) 1 ,3 - h y d r id e  t r a n s f e r  (Scheme 

X V II I) .

Scheme XVIII

.CH2Br
CH2Br A lC ls
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To d e te rm in e  th e  r e l a t i v e  im p o r ta n c e s  o f  th e s e  t h r e e  

p o s s i b l e  r e a r r a n g e m e n ts  i n  th e  c a s e  o f  1 ,1 -b is (b ro m o m e th y l)  

c y c lo h e x a n e ,  th e  F r i e d e l - C r a f t s  r e a c t i o n  o f  t h i s  compound 

w i th  benzene  and aluminum c h l o r i d e  was s t u d i e d .

28
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5 3
EXPERIMENTAL

(53) M ic ro a n a ly s e s  were p e rfo rm ed  by S ch w artzk o p f  
M ic r o a n a l y t i c a l  L a b o r a to r y ,  Woodside 7 7 , New York.

M e lt in g  p o i n t s  were d e te rm in e d  on a  Thomas-Hoover 
a p p a ra tu s  and a r e  c o r r e c t e d ;  b o i l i n g  p o i n t s  a r e  u n c o r r e c t e d .

G a s - l iq u i d  ch ro m ato g rap h y  was p e rfo rm ed  on a  M ic ro te k  
Model GC 2500R ( a n a l y t i c a l  work) o r  on an A erograph  Model 
A - 9 0 - P  ( p r e p a r a t i v e  w o rk ) .

Mass s p e c t r a  were d e te rm in e d  on a  H i ta c h i  RMU-6 by 
M o rg a n -S c h a ffe r ,  M o n tre a l ,  Canada.

O th e r  s p e c t r a  were ta k e n  on th e  f o l lo w in g  in s t r u m e n t s :  
u l t r a v i o l e t ,  Cary 14 ; i n f r a r e d ,  P e rk in -E lm e r  137 ( a b s o r p t i o n  
maxima a re  e x p re s s e d  i n  r e c i p r o c a l  c e n t i m e t e r s ) ;  n u c l e a r  
m a g n e tic  r e s o n a n c e ,  V a r ia n  A-60 (c h e m ic a l  s h i f t s  a r e  
e x p re s s e d  in  ppm (_6_) d o w n f ie ld  from i n t e r n a l  t e t r a m e t h y l -  
s i l a n e  (6 = 0 ) ) .
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' (A) Preparation of 1,1-Bis(bromomethyl)cyclohexane
5 4

( l )  P r e p a r a t i o n  o f  4 ,4 -B is (h y d ro x y m e th y l )c y c lo h e x e n e

In  a  5-1  th r e e - n e c k e d  f l a s k ,  e q u ip p e d  w ith  a  r e f l u x  

c o n d e n se r ,  a  m e c h a n ic a l  s t i r r e r ,  and a  C la i s e n  a d a p te r  

c o n t a in i n g  an a d d i t i o n  f u n n e l  and a  r e f l u x  c o n d e n s e r ,  w ere
3

p la c e d  480 g (4 .5 6  m o le s )  o f  A -c y c lo h e x e n e c a rb o x a ld e h y d e ,

1200 ml o f  m e th a n o l ,  and  1050 ml o f  5 6 .5 $  f o r m a l in  (1 2 .2

m o le s ) .  To th e  s t i r r e d  c lo u d y  m ix tu re  a t  40° was added  one

ml o f  a  s o l u t i o n  o f  536 g ( 5 .1  m oles)  o f  p o ta s s iu m

h y d ro x id e  i n  575 ml o f  w a t e r .  The r e s u l t i n g  c l e a r  y e l lo w

s o l u t i o n  was h e a te d  t o  6 7 ° ,  and th e  re m a in d e r  o f  th e

p o ta s s iu m  h y d ro x id e  s o l u t i o n  was added  d ropw ise  o v e r  a  2 - h r

p e r i o d .  The r e s u l t i n g  amber m ix tu re  was r e f l u x e d  a t  79°  f o r

1 h r ,  c o o le d ,  and e x t r a c t e d  w i th  t h r e e  p o r t i o n s  o f  e t h e r

(1000, 450, 450 m l; th e  l a s t  e x t r a c t i o n  was c o l o r l e s s ) .

W ater was s a l t e d  o u t  o f  th e  combined e t h e r  s o l u t i o n  by

a d d i t i o n  o f  sodium s u l f a t e .  The e t h e r  s o l u t i o n  was d r i e d

o v e r  sodium s u l f a t e ,  f i l t e r e d ,  and c o n c e n t r a t e d  ( r o t a r y

e v a p o r a t o r ) . The r e s u l t i n g  m ix tu re  o f  w h ite  s o l i d  and brown

l i q u i d  was f i l t e r e d  w i th  s u c t i o n ,  and th e  s o l i d  was

r e c r y s t a l l i z e d  from b e n z e n e -h e x a n e  ( 7 :3 )  t o  g iv e  402 g
54

(65$) o f  w h ite  n e e d l e s :  mp 9 0 .5 - 9 2 .0 °  ( l i t  mp 9 0 . 0 - 9 3 . 0 ° ) ;

nmr (CDC13 ) : <51.57 ( t r i p l e t ,  J  = 6 c p s ,  2 H, 5 -m e th y le n e ) ,

<51.7-2.2 (com plex , 4 H, 5 -  and 6 - m e th y le n e s ) ,  62 .90  (b ro a d

(54) H. E. F re n c h  and D. M. G a l l a g h e r ,  J .  Am. Chem. 
S o c . ,  6*f, 1497 (1 9 4 2 ) .
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s i n g l e t ,  2 H, d i s a p p e a r s  on t r e a tm e n t  w i th  D20 , h y d r o x y l ) ,

63 ,62  ( s i n g l e t  w i th  s l i g h t  s p l i t t i n g  a t  b a s e  w hich  

d i s a p p e a r s  on t r e a t m e n t  w i th  D20 ,  4 H, o x y m e th y le n e ) , 6_5. 67 

( m u l t i p l e t ,  2 H, o l e f i n i c ) ;  i r  (K B r) : 3250 ( s ,  OH), 5020

(m, o l e f i n - H ) ,  2900, 2840 ( s ,  a l k y l - H ) ,  1650 (w, o l e f i n ) ,  

1460, 1455 ( s ,  m e th y le n e ) ,  1040 ( s ,  p r im a ry  a l c o h o l ) ,  709 

( s ,  c i s - o l e f i n ) ,
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5 4(2) Preparation of l,l-Bis(hydrox.ymethyl)cyclohexane

4 ,4 -B is (h y d ro x y ro e th y l) c y c lo h e x e n e  (page 3 0 ) was f i r s t  

r e c r y s t a l l i z e d  from  w a te r  t o  remove a n  im p u r i ty  w hich 

p o iso n e d  th e  h y d r o g e n a t io n  c a t a l y s t .  A t o t a l  o f  392  g 

( 2 .7 6  m o le s)  was th e n  h y d ro g e n a te d  u s i n g  a  P a r r  medium 

p r e s s u r e  a p p a r a tu s  a t  50 p s i g  i n i t i a l  p r e s s u r e  i n  60 g p o r ­

t i o n s ,  u s in g  200 ml o f  e t h a n o l  and  0 . 6  g o f  5$ rh o d iu m -o n -  

a lu m in a  p e r  ru n .  A f t e r  f i l t r a t i o n  f ro m  th e  c a t a l y s t ,  th e  

s o lv e n t  was removed ( r o t a r y  e v a p o r a to r )  from  th e  combined 

f i l t r a t e s  t o  g iv e  a  w h ite  s o l i d  w hich  was r e c r y s t a l l i z e d  from

b en zen e -h e x an e  ( 7 :5 )  to  y i e l d  366 g ( 9 2 $ ) o f  w h i te  n e e d le s :
54

mp 9 7 .0 - 9 8 .7 °  ( l i t  mp 9 8 .5 ° ) ;  nmr (CDC13 ) :  6.1.43 ( s i n g l e t ,  

10 H, r i n g  m e th y le n e s ) ,  62*99 ( s i n g l e t ,  2 H, h y d r o x y l ) ,

6 3 .6 3  ( s i n g l e t ,  4 H, o x y m e th y le n e ) ; i r  (K B r) : 3300 ( s ,

OH), 2930, 2860 ( s ,  a l k y l - H ) , l4 8 p ,  1470, 1450 ( s ,  m ethylene), 

1040 ( s ,  p r im a ry  a l c o h o l ) .
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(3 ) Preparation of l,l-Bis(tosyloxymethyl)cyclohexane

To a  5 -1  th r e e - n e c k e d  f l a s k ,  e q u ip p e d  w i th  a  r e f l u x  

c o n d e n se r  c o n t a in i n g  a  d ry in g  tu b e ,  a  m e c h a n ic a l  s t i r r e r ,  

and a  su sp en d ed  th e rm o m ete r ,  were added  366  g (2 .5 4  m oles)  

o f  l , l - b i s ( h y d r o x y m e t h y l ) c y c lo h e x a n e  (page 3 2 ) and 2700  ml 

o f  d r y  p y r i d i n e .  The s o l u t i o n  was c o o le d  t o  -2 ° f and 1351  g 

(7 . 1 0  m o les)  o f  p - t o l u e n e s u l f o n y l  c h l o r i d e  was added in  

p o r t i o n s  o v e r  a  4 -h o u r  p e r i o d ,  th e  te m p e ra tu r e  b e in g  k e p t  

be tw een  0° and 5 ° .  The m ix tu re  was s t i r r e d  a t  2 -3 °  f o r  

l / 2  h r  and th e n  a t  room te m p e ra tu r e  f o r  1 /2  h r .  The m ix tu re  

o f  l i g h t - c o l o r e d  s o l i d  and brown l i q u i d  was p o u re d  w ith  

s t i r r i n g  i n t o  a  m ix tu re  o f  i c e  and 2850  ml o f  cone h y d ro ­

c h l o r i c  a c i d .  The r e s u l t i n g  brown o i l  s lo w ly  s o l i d i f i e d  

t o  a  t a n  s o l i d .  The w a te r  l a y e r  was e x t r a c t e d  tw ic e  w ith  

c h lo ro fo rm .  The s o l i d  was d i s s o lv e d  i n  c h lo ro fo rm , and th e  

com bined c h lo ro fo rm  s o l u t i o n  was washed once w i th  w a te r  

and d r i e d  o v e r  magnesium s u l f a t e .  A f t e r  f i l t r a t i o n  and 

rem oval o f  s o l v e n t  ( r o t a r y  e v a p o r a t o r ) ,  th e  r e s u l t i n g  

t a n  s o l i d  was r e c r y s t a l l i z e d  from m e th a n o l  t o  y i e l d  874 g 

(7 6 $) o f  w h ite  s o l i d :  mp 8 6 .7 - 8 8 .2 °  (two m e l t in g  p o i n t s
5 5 i  56

have p r e v i o u s l y  b een  r e p o r t e d  f o r  t h i s  compound: 74°
56

and 8 6 -8 8 °  ) ;  nmr (CDC13 ) :  51 .32  ( s i n g l e t ,  10 H, r i n g

m e th y le n e s ) ,  62 .47  ( s i n g l e t ,  6 H, a ro m a t ic  m e th y l ) ,  63 .86  

( s i n g l e t ,  4 H, o x y m e th y le n e ) ,  6 7 .5 0 ,  7 .4 4 ,  7 .7 0 ,  7 .8 4

(55) E. R. Buchman, D. H D e u tsc h ,  and G. I .  F u j im o to ,  
J .  Am. Chem-. S o c . ,  £% 6228 (1 9 5 5 ) .

( 5 6 ) M. H e n is ,  Honors T h e s i s ,  C i ty  C o l le g e  o f  th e  C i ty  
U n i v e r s i t y  o f  New York, 1964.

55.
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(A£B£, 8 H, a ro m a t ic -H )s  i r  (K B r): 5030 (w, a r o m a t ic -H ) ,  

2920, 2860 (m, a l k y l - H ) ,  1600, 1495 (m, a r o m a t i c ) ,  1460 

(m, m e th y le n e ) ,  1350, 1180  ( s ,  s u l f o n a t e  e s t e r ) ,  8 2 0  ( v s ,  

p a r a - d i s u b s t i t u t a d  a r o m a t i c ) .
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(̂ ) Preparation of l,l-Bis(bromomethyl)cyclohexane

To a  3 -1  t h r e e - n e c k e d  f l a s k  e q u ip p e d  w ith  a  m e c h a n ic a l  

s t i r r e r ,  a  r e f l u x  c o n d e n s e r ,  and a  su spended  th e rm o m e te r ,  

were added 309  g (0 . 6 8 2  m ole) o f  1 , l - b i s ( t o s y l o x y m e t h y l ) -

cy c lo h ex an e  (page 3 3 ) and 1400 ml o f  d i e th y le n e  g l y c o l .
o

The m ix tu re  was h e a t e d  t o  140 w i th  s t i r r i n g ,  and 178  g

( l . 7 3  m o les)  o f  sodium brom ide was added o v e r  a  1 3 -min

p e r i o d ,  d u r in g  w hich  t im e  th e  s o l u t i o n  t u r n e d  o ran g e  and th e

te m p e ra tu r e  ro s e  t o  1 5 1 ° .  The m ix tu re  was h e a te d  a t  155-

1 6 5 ° f o r  3  l / 5  h r ,  th e n  c o o le d  and p o u red  i n t o  1500  ml o f

w a te r  t o  g iv e  a  brown o i l .  The aqueous s o l u t i o n  was

e x t r a c t e d  w i th  e i g h t  1 5 0 -ml p o r t i o n s  o f  ca rb o n  t e t r a c h l o r i d e ,

and th e  combined o i l  and  ca rb o n  t e t r a c h l o r i d e  s o l u t i o n  was

washed w i th  150 ml o f  w a te r  and  d r i e d  o v e r  sodium s u l f a t e .

A f t e r  f i l t r a t i o n ,  th e  s o l v e n t  was removed ( r o t a r y  ev a p o ra to r ) ,

and th e  r e s u l t i n g  d a rk  l i q u i d  was d i s t i l l e d  th ro u g h  a  2 - f t

column packed  w i th  g l a s s  h e l i c e s .  The p r o d u c t  was o b ta in e d
55

as  a  c o l o r l e s s  l i q u i d :  bp (0 . 0 6 - 0 . 0 8  mm) 5 5 - 59 ° ( l i t  bp 

117°(6mm)), 123 g ( 67$ ) ;  nmr ( s e e  page 70 ) (CCI4 ) :  f ill.51 

(b ro a d  s i n g l e t ,  10 H, r i n g  m e th y le n e s ) ,  $ 3 .4 8  ( s h a r p  s i n g l e t ,  

4 H, b rom om ethy l) ;  i r  ( s e e  page 7 1 ) ( l i q u i d  f i l m ) :  2940,

2870  ( s ,  a l k y l - H ) ,  1460, 1430 ( s ,  m e th y le n e ) ,  1260 ( s ) ,  be low  

670 (m, b ro m in e ) .
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R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



(B) P r e p a r a t i o n  o f  1 -M e th y l -6 , 7 - b e n z o b i c y c l o [ 3 .2 . 2 ]n o n -6 -e n e
5T "* 59

( l )  P r e p a r a t i o n  o f  4 -P h e n y lc y c lo h e p ta n o n e  Sem icarbazone

A 1-1 th r e e - n e c k e d  f l a s k ,  e q u ip p e d  w i th  a  m e c h a n ic a l  

s t i r r e r ,  a  p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l ,  and a  

C la i s e n  a d a p te r  c o n t a in i n g  a  su sp en d ed  th e rm o m ete r  and a  

d ry in g  tu b e ,  was f l u s h e d  w i th  d ry  n i t r o g e n  and ch a rg e d  w ith  

16 .0  g (0 .0 9 2  m ole) o f  4 -p h e n y lc y c lo h e x a n o n e  ( G a l l a r d -  

S c h l e s i n g e r ,  r e c r y s t a l l i z e d  from  c y c lo h e x a n e :  mp 7 7 . 0 - 7 8 . 7 ° ) ,  

0 .6 0  g (0 .0044  m ole) o f  anhydrous p o ta s s iu m  c a r b o n a te ,  and 

350 ml o f  a b s o lu t e  e t h a n o l .  To t h i s  r a p i d l y  s t i r r e d  

s u s p e n s io n  a t  - 8 ° was added d ropw ise  a  s o l u t i o n  of: 14 .26  g 

(0 .1 0 8  m ole) o f  N -n i t ro s o -N -m e th y lu re th a n e  i n  325 ml o f  

a b s o lu t e  e t h a n o l .  The te m p e ra tu r e  was k e p t  be tw een  -12° and

-2 °  th ro u g h o u t  th e  a d d i t i o n ,  w hich  r e q u i r e d  5 3 /4  h r .  The

m ix tu re  was s t i r r e d  o v e r n ig h t  w h ile  i t  warmed t o  room 

te m p e r a tu r e .  The r e s u l t i n g  p a l e  y e l lo w  m ix tu re  was t r e a t e d  

w i th  one ml o f  g l a c i a l  a c e t i c  a c i d ,  and  t h e  s o l u t i o n  was 

d e c a n te d  from  th e  w h i te  r e s id u e  and c o n c e n t r a t e d  ( r o t a r y  

e v a p o r a to r )  u n t i l  s o l i d  began  t o  p r e c i p i t a t e .  The s l u r r y  

was r e d i s s o l v e d  i n  a  minimum q u a n t i t y  o f  e t h a n o l .  T h is  

s o l u t i o n  was added t o  a  f i l t e r e d  s o l u t i o n  o f  1 0 .3  g (0 .0 9 2  

m ole) o f  s e m ic a rb a z id e  h y d r o c h lo r id e ,  2 5 . 8  g (0 . 1 9  m ole) o f  

sodium a c e t a t e  t r i h y d r a t e ,  and 105  ml o f  w a te r ,  and th e

(57) P. Y a te s  and  C. D. A nderson , Can. J .  Chem., 4 l ,
1033 (19 '$5). ~  ~

( 5 8 ) E. D. Bergmann and S . Y a ro s la v s k y ,  J .  Am. Chem. 
Soc.., 8^ .  2772 ( 19'59) •

(59) W. von E. D oering  and A. A. R. S a y ig h ,  J .  O rg .
Chem.. 26 , 1365 ( l 9 6 l ) .
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m ix tu re  was h e a te d  a t  7 5 ° f o r  l / 2  h r  and  a l lo w e d  t o  s ta n d  

o v e r n i g h t .  S u c t io n  f i l t r a t i o n  y i e l d e d  a  w et w h ite  s o l i d :  

2 4 .9  g ;  mp 1 5 8 .5 - 1 6 2 .0 ° .  T h is  s o l i d  was r e c r y s t a l l i z e d  from 

m e th an o l  t o  g iv e  9 . 1  g (41$) o f  w h i te  c r y s t a l s :  mp 1 7 5 . 0 -
59

1 7 5 . 0 °  ( l i t  mp 1 7 5 -1 7 7 ° ) .  S u c c e s s iv e  c o n c e n t r a t i o n s  o f  

th e  m o th e r  l i q u o r  gave t h r e e  a d d i t i o n a l  p o r t i o n s  o f  w h ite  

c r y s t a l s :  2 . 0  g ,  mp 1 6 6 - 1 6 9 ° ;  2 . 0  g ,  mp 1 6 7 . 5 - 1 7 0 . 5° ;  and 

1 .3  g* mp 1 6 8 .8 - 1 7 0 .6 ° ,  r e s p e c t i v e l y .  The f i r s t  c r y s t a l s  

were r e c r y s t a l l i z e d  from  e t h a n o l  to  g iv e  7 . 8  g o f  w h ite  

c r y s t a l s :  mp 1 7 5 .7 - 1 7 6 .7 ° ;  i r  (K B r) : 3400 ( v s ,  NH), 3030 

(m, p h e n y l -H ) ,  2900, 2850  (m, a l k y l - H ) ,  I 675  ( s ,  c a r b o n y l ) ,  

1635 ( s ,  p r im a ry  a m id e ) ,  1585 ( s ,  p h e n y l ) ,  1540 (m, 

s e c o n d a ry  a m id e ) ,  1485 (m, p h e n y l ) ,  1450 ( s ,  m e th y le n e ) ,

1420 (m, p r im a r y  am id e ) ,  757 , 697 ( s ,  m o n o s u b s t i tu t e d  

p h e n y l ) .
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5 8 , 5 9(2) Preparation of 4-Fhenylcycloheptanone

4 -P h e n y lc y c lo h e p ta n o n e  sem ica rb azo n e  (page 3 6 ) ( 6 .7  g ,

27 mmoles) was d i s s o l v e d  i n  52 ml o f  1 0 .5  N h y d r o c h lo r i c  

a c i d  and 12 ml o f  w a te r  and e x t r a c t e d  w i th  e t h e r  (500 ml) 

i n  a  c o n t in u o u s  l i q u i d - l i q u i d  e x t r a c t o r  f o r  17 h r .  The e t h e r  

l a y e r  was washed w i th  60 ml o f  w a te r ,  50 ml o f  1 N p o ta s s iu m  

c a r b o n a te ,  and two 50-ml p o r t i o n s  o f  s a t u r a t e d  sodium c h lo r id e .  

A f t e r  d r y in g  o v e r  magnesium s u l f a t e  and f i l t r a t i o n ,  th e  e t h e r  

was removed t o  g iv e  4 .5  g o f  lo w -m e l t in g  y e l lo w is h  c r y s t a l s .

The aqueous a c id  was e x t r a c t e d  w i th  a  second  p o r t i o n  

o f  e t h e r  (200 ml) f o r  24 h r .  The e t h e r  s o l u t i o n  was t r e a t e d

as  above t o  g iv e  an a d d i t i o n a l  0 .3  g o f  s o l i d  (92% c rude

y i e l d ) .

These two f r a c t i o n s  were com bined w ith  3 .4  g o f  4 -p h en y l-  

c y c lo h e p ta n o n e  (mp 4 9 .3 - 5 5 .0 ° )  o b ta in e d  from  a  s i m i l a r  e x ­

p e r im e n t .  Three r e c r y s t a l l i z a t i o n s  from  hexane gave w h ite
59

n e e d l e s :  mp 5 7 .5 - 5 9 .1 °  ( l i t  mp 5 2 - 5 3 ° ) ;  nmr (CDC13 ) ;

5 1 .4 - 2 .2  (com plex m u l t i p l e t ,  6 H, 3 - ,  5 - ,  and 6 -m e th y le n e s ) ,

^ 2 , 3 - 2 . 8  (com plex  m u l t i p l e t ,  5 H, 2 -  and 7 -m e th y le n e s  and

4 -H ) , £ [ .1 2  ( s i n g l e t ,  5 H, p h e n y l ) ;  i r  (K B r) : 3050, 3020 

(m, p h e n y l-H ) ,  2910, 2850  ( s ,  a l k y l - H ) ,  1700 ( s ,  c a rb o n y l ;
59

l i t  Vq- q 1 7 0 0 ) ,  1600, 1495 (m, p h e n y l ) ,  1450 ( s ,  m e th y l­

e n e ) ,  756 , 698  ( s ,  m o n o s u b s t i tu te d  p h e n y l ) .

38 ..
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(3) Preparation of 4-Phenyl-l-methylcycloheptanol

To a  100-ml th r e e - n e c k e d  f l a s k  i n  a  g lo v e -b a g  f i l l e d  

w i th  d ry  n i t r o g e n  were added  15  ml o f  a  1 .7  M s o l u t i o n  

(2 5 .3  mmoles) o f  m e th y l l i t h iu m  i n  e t h e r .  The f l a s k  was 

s to p p e re d ,  removed from  th e  b a g ,  and q u ic k ly  eq u ip p ed  w i th  

a  m e ch a n ica l  s t i r r e r ,  a  r e f l u x  c o n d e n se r  c o n ta in in g  a  d r y ­

in g  tu b e ,  and a  p r e s s u r e - e q u a l i z i n g  a d d i t i o n  fu n n e l  c o n t a i n ­

in g  a  s o l u t i o n  o f  1 .2 7  g ( 6 .7 6  mmoles) o f  4 - p h e n y lc y c lo -  

h e p ta n o n e  (page 3 8 , mp 5 7 .5 - 5 9 .1 ° )  i n  15 ml o f  e t h e r .  The 

sy s tem  was f l u s h e d  w i th  n i t r o g e n ,  and th e  k e to n e  was added  

d ropw ise  o v e r  a  l - l / 2 - h r  p e r i o d .  The c lo u d y  m ix tu re  was 

s t i r r e d  f o r  an a d d i t i o n a l  2 h r  and quenched by  d ropw ise  

a d d i t i o n  o f  w a te r  u n t i l  th e  l i t h i u m  h y d ro x id e  d i s s o l v e d .  The 

l a y e r s  were s e p a r a t e d .  The aqueous l a y e r  was e x t r a c t e d  

w i th  two 50-ml p o r t i o n s  o f  e t h e r ,  and th e  combined c l e a r  

c o l o r l e s s  e t h e r  l a y e r s  were d r i e d  o v e r  sodium s u l f a t e .  

F i l t r a t i o n  and s o l v e n t  rem oval ( r o t a r y  e v a p o ra to r )  gave 

1 .3 5  g ( 98$ c rude  y i e l d )  o f  a  w h ite  s o l i d ,  rap 8 0 - 8 3 ° .

Seven r e c r y s t a l l i z a t i o n s  from  hexane gave a  w h ite  s o l i d :  

mp 1 0 3 .5 - 1 0 4 .0 ° ;  nmr ( s e e  page 70) (CDC13 ) :  61 .25  ( s i n g l e t ,

3 H, 1 -m e th y l ) ,  _61 .3-2 .2  ( m u l t i p l e t ,  10 H, r i n g  m e th y l ­

e n e s ) ,  61.83 ( s i n g l e t ,  1 H, h y d r o x y l ) ,  5 2 .3 - 2 .9  (b ro a d  

m u l t i p l e t ,  1 H, 4 -H ) ,  and 67 .22  ( s i n g l e t ,  5 H, p h e n y l ) ;  i r  

( s e e  page 7 1 ) (K B r) : 3400 ( s ,  OH), 3080, 3030 (m, p h e n y l -H ) ,  

2920, 2860 ( s ,  a l k y l - H ) ,  1600, 1485 (m, p h e n y l ) ,  1470, 1450, 

1430 (m, m e th y l and m e th y le n e ) ,  1365 (m, m e th y l ) ,  1130 ( s ,  

t e r t i a r y  a l c o h o l ) ,  757 . 699 ( s ,  m o n o s u b s t i tu te d  p h e n y l ) .
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A n a l . C alcd  f o r  C14H2 0O: C, 8 2 .2 6 ;  H, 9 .8 7 .  Pound:

C, 82 .195  H, 9 .7 2 .

A lthough  seven  r e c r y s t a l l i z a t i o n s  were n e c e s s a r y  to  

a c h ie v e  c o n s t a n t  m e l t in g  p o i n t  o f  w hat was p r o b a b ly  an 

i n i t i a l  m ix tu re  o f  c i s  and  t r a n s  is o m e r s ,  th e  s p e c t r a  d id  

n o t  change a p p r e c i a b l y  a f t e r  th e  f i r s t  r e c r y s t a l l i z a t i o n .

F o r  p r e l i m i n a r y  e x p e r im e n ts  i n  th e  p r e p a r a t i o n  o f  1 - m e th y l -

6 , 7 - b e n z o b ic y c lo [ 3 . 2 . 2 ] n o n - 6 -e n e  ( s e e  page 4 2 ) ,  m a t e r i a l  from  

th e  f i r s t  th ro u g h  th e  f o u r t h  r e c r y s t a l l i z a t i o n s '  (mp 9 6 . 0 -  

9 7 .5 ° ,  9 9 .5 - 1 0 0 .5 ° j 1 0 1 . 3 - 1 0 2 . 0 ° ,  and 1 0 2 . 5 - 1 0 3 . 2 ° ,  r e s ­

p e c t i v e l y )  was u s e d .
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(4) P r e p a r a t i o n  o f  1 -M e th y l - 6 , 7 - b e n z o b i c y c l o r 3 .2 . 2 ]n o n -6 -e n e

One ml o f  8 5 $  s u l f u r i c  a c id  i n  a  5-ml f l a s k  e q u ip p e d  

w i th  a m ag n e tic  s t i r r e r  and a  r e f l u x  c o n d e n se r  was c o o le d  to  

0 ° .  4 - P h e n y l - l - m e th y lc y c lo h e p ta n o l  (page 3 9 , mp 1 0 3 .5 -1 0 4 .0 ° )  

(19 7  mg, 0 . 9 7  mmole) was added in  s m a l l  p o r t i o n s  o v e r  a  1 - h r  

p e r i o d .  The m ix tu re  was warmed t o  room t e m p e r a tu r e ,  s t i r r e d  

f o r  2 h r  ( a  seco n d  l i q u i d  l a y e r  s lo w ly  fo rm e d ) ,  and p o u red  

i n t o  35 ml o f  w a te r .  The m ix tu re  was e x t r a c t e d  w i th  50 ml 

o f  benzene^ th e  benzene  s o l u t i o n  was washed w i th  2 5  ml o f  

10$  sodium c a r b o n a te ,  th e n  w i th  25  ml o f  10$  sodium s u l f a t e ,  

and d r i e d  o v e r  sodium  s u l f a t e .  F i l t r a t i o n  and s o lv e n t  

rem oval ( r o t a r y  e v a p o r a to r )  gave a  c lo u d y  l i q u i d .  Gas 

ch rom atog raphy  bn p o l a r  ( c y c lo h e x a n e d im e th a n o l  s u c c in a t e )  

and n o n p o la r  (A piezon  L) columns i n d i c a t e d ,  i n  e a c h  c a s e ,  a  

s i n g l e  v o l a t i l e  com ponent. P r e p a r a t i v e  g as  ch rom atog raphy  

y i e ld e d  105  mg ( 58$) o f  a  c l e a r  c o l o r l e s s  l i q u i d :  nmr 

( s e e  page 7 2 )  (CC14 ) :  61 .33  ( s i n g l e t ,  3 H, 1 - m e th y l ) ,

6 1 .2 - 2 .1  (com plex  m u l t i p l e t ,  10 H, a l k y l ) ,  6 2 .8 - 3 .1  

( m u l t i p l e t ,  1 H, 5 -H ), 6_6.9-7.2 (com plex m u l t i p l e t ,  4 H, 

a r o m a t i c ) ;  i r  ( s e e  page 7 3 ) ( l i q u i d  f i l m ) :  3 0 8 0 , 3020  (m, 

p h e n y l-H ) ,  2920, 2860 ( s ,  a l k y l - H ) ,  1600 (w), 1485 ( s ,  

a r o m a t i c ) ,  14-55, 1450 (m, m e th y l and m e th y le n e ) ,  1375  (m, 

m e th y l ) ,  748 ( v s ,  o r t h o - d i s u b s t i t u t e d  b e n z e n e ) ,  a d d i t i o n a l  

bands a t  1365, 1340, 1 3 0 0 , 1265, 1245, 1 2 0 0 , 1 1 5 0 , 1115,

1 1 1 0 , 1065, 1055 ( a l l  w) , ~ 1035  (m), 1015, 985 , 975, 9 5 0 ,

(60) P a t t e r n e d  a f t e r  the ' method o f  D. P e r lm an , D. 
D av idson , and M. T. B o g e r t ,  J .  O rg . Chem. , 1 , 288 ( 1 9 3 6 ) .

4 l  .
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937, 910, 870 , 855 , 837 ( a l l  w).

A n a l . C a lcd  f o r  C 14HiB : C, 9 0 .2 6 ;  H, 9 .7 4 .  Found: C,

9 0 .4 1 ;  H, 9 .5 9 .

S im i l a r  r e s u l t s  were o b ta in e d  by h e a t i n g  4 - p h e n y l - l -

m e th y lc y c lo h e p ta n o l  a t  120° f o r  4 h r  i n  8 5$  p h o s p h o r ic  
61

a c id ,  b u t  t h i s  p ro c e d u re  l e d  t o  fo rm a t io n  o f  s m a l l  amounts 

o f  v o l a t i l e  s i d e  p r o d u c t s ,  a s  shown by g lc  a n a l y s i s .

In  p r e l i m i n a r y  e x p e r im e n ts ,  th e  sam ples  o f  4 -p h e n y l -  

1 - m e th y lc y c lo h e p ta n o l  w hich  had  been  r e c r y s t a l l i z e d  from  one 

to  f o u r  t im e s  ( s e e  page 40) were u sed  w ith  i d e n t i c a l  r e s u l t s .

( 6 l )  Based o n  th e  p ro c e d u re  o f  Ng. Ph. Buu-Hoi, 
H. Le B ih an , and F . B inon, i b i d . , 16, 185  ( l 9 5 l ) .
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(c) P r e p a r a t i o n  o f  l -B ro m o - l- (b ro m o m e th y l)c y c lo h e p ta n e  

( l )  P r e p a r a t i o n  o f  E th y l  l - ( l - H y d r o x y c y c l o h e p t y l ) -
6 2# 63# 04

a c e t a t e

To a  2 -1  th r e e - n e c k e d  f l a s k  e q u ip p e d  w i th  a  r e f l u x  

c o n d e n se r  c o n t a in i n g  a  d ry in g  tu b e ,  a  m e c h a n ic a l  s t i r r e r ,  

and a  p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l  were added 6 5 .4  g 

(l.OO m ole) o f  z in c  d u s t ,  150 ml o f  a  s o l u t i o n  p r e p a re d  

from  d ry  c y c lo h e p ta n o n e  (1 1 2  g ,  1 .0 0  m o le ) ,  e t h y l  bromo- 

a c e t a t e  (1 6 7  g ,  1 .0 0  m o le ) ,  benzene (400 m l) ,  and to lu e n e  

(550 m l) ,  and two sm a ll  c r y s t a l s  o f  i o d i n e ,  H e a t in g  to  

105° w ith  r a p i d  s t i r r i n g  i n i t i a t e d  th e  r e a c t i o n .  A f t e r  

th e  i n i t i a l  v ig o ro u s  r e a c t i o n ,  th e  re m a in d e r  o f  th e  c y c l o ­

h ep tan o n e  - e t h y l  b ro m o a c e ta te  s o l u t i o n  was added o v e r  a  5 5 -  

min p e r i o d ,  and th e  m ix tu re  was r e f l u x e d  3 h r .  A f t e r  c o o l ­

in g  i n  an i c e  b a t h ,  s u l f u r i c  a c i d  ( 10$ ,  465 ml) was 

c a u t i o u s l y  added . The o r g a n ic  l a y e r  was washed w i th  100 ml 

o f  w a te r  and d r i e d  o v e r  magnesium s u l f a t e .  A f t e r  f i l t r a t i o n ,  

m ost o f  th e  s o lv e n t  was removed a t  room te m p e ra tu re  and 13  mm 

p r e s s u r e ,  and th e  r e s id u e  was d i s t i l l e d  u n d e r  red u ced  

p r e s s u r e  t o  y i e l d  1 8 .9  g o f  r e c o v e re d  c y c lo h e p ta n o n e  (bp

(62) N. A. Abraham and M, V i l k a s ,  Compt. r e n d . ,  248,
2880  1 9 5 9 ) .      -----

(63) M. V i lk a s  and N . A. Abraham, B u l l .  Soc. Chim.
F r a n c e , 1196 ( i 9 6 0 ) .

(64) Based on th e  p ro c e d u re  o f  R. L. S h r i n e r ,  "O rgan ic  
R e a c t io n s , "  V o l.  I ,  John W iley and  S ons, New York, New York, 
1942, p 1 7 . A lso  see  A. I .  V o g e l,  " P r a c t i c a l  O rgan ic  
C h e m is t ry ,"  3d e d . ,  John W iley and S ons, I n c . ,  New York,
New York, pp 8 7 4 - 8 7 6 .
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8 2 ° a t  2 .3  mm) and 8 4 .3  g (51$ b a s e d  on u n re c o v e re d  c y c l o ­

h ep ta n o n e )  o f  e t h y l  1 - ( l - h y d r o x y c y c l o h e p t y l ) a c e t a t e : bp 

94 -96°  ( l . 3 - 2 .0  mm); nmr (CC14 ) :  6_1.27 ( t r i p l e t ,  J  = 7 c p s ,  

3 H, m e th y l ) ,  81 .57  (b ro a d ,  12 H, r i n g  m e th y le n e s ) ,  62 .40  

s i n g l e t ,  2 H, a - m e th y le n e ) , 63*37 ( s i n g l e t ,  1 H, 

d i s a p p e a r s  on sh a k in g  w i th  D20 , h y d r o x y l ) ,  64.14 ( q u a r t e t ,

J  = 7 c p s ,  2 H, m e th y len e  o f  c a rb o e th o x y ) ; i r  ( l i q u i d  

f i l m ) :  3500 (m, OH), 2920 , 2860 ( s ,  a l k y l - H ) ,  1720 ( s ,  

c a r b o n y l ) ,  1460, 1440 (m, m e th y l and m e th y le n e ) ,  1370 (m, 

m e th y l ) ,  1180  ( s ,  t e r t i a r y  a l c o h o l ) .
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(2) Preparation of l-(l-Hydroxycycloheptyl)acetic Acid

A s o l u t i o n  o f  7 5 .0  g (0 .5 7 5  m ole) o f  e t h y l  l - ( l -  

h y d r o x y c y c l o h e p ty l ) a c e t a t e  (page 45) i n  575 ml o f  2 M 

m e th a n o l ic  p o ta s s iu m  h y d ro x id e  was r e f l u x e d  o v e r n i g h t .

Most o f  th e  m e th an o l was removed ( r o t a r y  e v a p o r a to r )  t o  g iv e  

a  w h ite  s o l i d  and  an  amber l i q u i d .  W ater (500 ml) was added 

w i th  c o o l in g ,  and th e  m ix tu re  was e x t r a c t e d  w i th  50 ml o f  

b e n z e n e .  The aqueous s o l u t i o n  was a c i d i f i e d  w i th  70 ml o f  

12 N h y d r o c h lo r i c  a c i d ,  and th e  c lo u d y  m ix tu re  was e x t r a c t e d  

w i th  f o u r  50-ml p o r t i o n s  o f  e t h e r .  The combined e t h e r  

s o l u t i o n  was d r i e d  o v e r  sodium s u l f a t e ,  and a f t e r  f i l t r a t i o n  

th e  e t h e r  was removed ( r o t a r y  e v a p o r a to r )  t o  y i e l d  6 1 .9  g 

(96#) o f  th e  a c i d  a s  a  v i s c o u s  o range  r e s i d u e :  nmr (CDC13 ) :  

£ 1 .5 8  and 1.77 ( o v e r l a p p in g  b ro a d  s i n g l e t s ,  12 H, r i n g  

me th y le n e  s ) ,  6 2 .5 5  ( s i n g l e  t , 2 H, a-me t h y l e n e ) ,  £ 7 .6 7  

( s i n g l e t ,  2 H, mean o f  th e  v a lu e s  f o r  th e  r a p i d l y  ex c h an g in g  

£ -h y d ro x y  and c a r b o x y l i c  a c i d  p r o t o n s ) ; i r  ( l i q u i d  f i l m ) :  

5500-2700 (m, OH and C00H), 2920, 2860 ( s ,  a l k y l - H ) ,  1715 

( v s ,  c a rb o x y l ic  a c i d ) ,  1460, 1440 (m, m e th y le n e ) ,  1400 (m), 

1200 ( s ) ,  920  (w, c a r b o x y l i c  a c i d ) * 11 5 5  (m, t e r t i a r y  a l ­

c o h o l)  .
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6 2 * 6 3(3) Preparation of Methylenecyclofoeptane

T h is  p r e p a r a t i o n  was c a r r i e d  o u t  t h r e e  t im e s  a c c o rd in g
62* 63

t o  t h e  d i r e c t i o n s  o f  Abraham and V i l k a s ,  b u t  t h e i r

c la im ed  h ig h  p u r i t y  o f  p r o d u c t  ( a b se n c e  o f  1 -m e th y lc y c lo -  

h e p te n e )  c o u ld  n o t  be r e p ro d u c e d .  The p u r i t i e s  o f  th e  m e th y l 

e n e c y c lo h e p ta n e  from th e  t h r e e  ru n s  were 92* 7 8 , and 84$ 

r e s p e c t i v e l y ,  a s  d e te rm in e d  by vpc on ,a s i l v e r  n i t r a t e -
65

t r i e t h y l e n e  g l y c o l  colum n. A t y p i c a l  e x p e r im e n t  f o l lo w s .

A m ix tu re  o f  4 5 .8  mg o f  c o p p e r  pow der, 1 5 .1  g (7 6 .2  

mmoles) o f  l - ( l - h y d r o x y c y c l o h e p t y l ) a c e t i c  a c id  (page 4 5 ) ,  

and 9 . 1  ml ( 1 0 .0  g ,  7 7 . 5  mmoles) o f  f r e s h l y  d i s t i l l e d  

q u in o l in e  was h e a te d  a t  2 0 0 - 2 1 0 ° w i th  s t i r r i n g  f o r  3  h r  i n  

a  f l a s k  a t t a c h e d  t o  a  d i s t i l l a t i o n  a s se m b ly ,  The u p p e r  l a y e r  

o f  t h e  d i s t i l l a t e  was removed and  d r i e d  o v e r  p o ta s s iu m  c a r ­

b o n a te  .

Pure  m e th y le n e c y c lo h e p ta n e  was o b ta in e d  by p r e p a r a t i v e  

g lc  o f  th e  92$  p u re  m a t e r i a l  ( s e e  above) on a  s i l v e r  n i t r a t e -  

t r i e t h y l e n e  g l y c o l  column: nmr ( s e e  page 72) (CDCI3): 6_1.56 

(b ro a d  s i n g l e t ,  8  H, 3-* 4 - ,  5 - ,  and  6 -m e th y le n e ) ,  62.30 

(b ro a d  s i n g l e t ,  4 H, 2 -  and 7 - m e th y le n e ) ,  64 .72  ( m u l t i p l e t ,

2 H, o l e f i n ) ;  i r  ( s e e  page 75) ( l i q u i d  f i l m ) :  3060 (w, 

o l e f i n - H ) ,  2910, 2860 ( s ,  a l k y l - H ) ,  1645 (m, o l e f i n ) ,  1450 

( s ,  m e th y le n e ) ,  880  ( s ,  1 , 1 - d i s u b s t i t u t e d  o l e f i n ) .

(65) J .  S h a b ta i ,  J .  C hrom atog. ,  18, 302 (1 9 6 5 ) .
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(4) Preparation of 1-Bromo-l-(bromomethyl)cycloheptane 9 9

A s o l u t i o n  o f  m e th y le n e c y c lo h e p ta n e  (page 46) (0 .8 4 7  g , 

7 .7  m m oles), m ethy lene  c h l o r i d e  (1 5  m l) ,  and d ry  p y r id in e  

( o .62  m l, 0 .6 1  g , 7 . 7  mmoles) was c o o le d  t o  - 7 8 ° u n d e r  

n i t r o g e n  i n  a  1 0 0 -ml t h r e e - n e c k e d  f l a s k  wrapped w ith  a lu m i­

num f o i l  and eq u ip p ed  w i th  a  m e c h a n ic a l  s t i r r e r ,  a  r e f l u x  

c o n d e n se r  c o n t a in i n g  a  d r y in g  tu b e ,  and a  p r e s s u r e - e q u a l ­

i z i n g  a d d i t i o n  f u n n e l .  A s o l u t i o n  o f  0 .3 9  ml (1 .2 3  g* 7 .7  

mmoles) o f  brom ine in  30  ml o f  m e th y len e  c h l o r id e  was added  

in  a  s low  t r i c k l e  t o  th e  r a p i d l y  s t i r r e d  o l e f i n  s o l u t i o n  

o v e r  a  55-min p e r i o d .  The m ix tu re  was s t i r r e d  an a d d i t i o n a l  

15 min a t  - 7 8 ° and warmed to  room t e m p e r a tu r e .  S o lv e n t  was 

removed ( r o t a r y  e v a p o r a to r )  from  th e  y e l lo w  l i q u i d  t o  g iv e  a 

m ix tu re  o f  c o l o r l e s s  l i q u i d  and o ran g e  s o l i d  (p ro b a b ly  p y r i -  

d in ium  brom ide p e rb ro m id e )  w hich  was e x t r a c t e d  w i th  f o u r  

p o r t i o n s  o f  h ex a n e .  A r e s id u e  o f  o ran g e  s o l i d  rem ained .

The hexane was removed ( r o t a r y  e v a p o r a to r )  to  g iv e  1 .4 2  g 

( 68#) o f  a  c o l o r l e s s  o i l :  nmr ( s e e  page 74) (CCI4 ) :  61 .68  

(b ro a d  s i n g l e t ,  8 H, 3-* 4 - ,  5-* and 6 -m e th y le n e ) ,  52 .15  

(b ro a d ,  4 H, 2 -  and 7 - m e th y le n e ) ,  _63.89 ( s i n g l e t ,  2 H,

(66) J .  W olinsky and  K. L. E r i c k s o n ,  J .  Org. Chem., 30 , 
2 2 0 8  l 1965 ). •

( 6 7 ) J .  W olinsky, R. Novak, and K. L. E r ic k s o n ,
A b s t r a c t s  o f  P ap e rs  P r e s e n te d  a t  th e  152nd N a t io n a l  M eeting  
o f  th e  American Chem ical S o c ie ty ,  New York, New York,
S e p t .  12 -16 , 1966, page S2. •

(68) P r i v a t e  com m unication  from  P r o f .  J .  W olinsky to  
P r o f .  L. H. S ch w artz ,  Feb . 7* 1967. We a r e  in d e b te d  to  
P r o f e s s o r  W olinsky f o r  com m unicating  d e t a i l s  o f  h i s  p ro c e d u re  
to  u s  p r i o r  t o  p u b l i c a t i o n .
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b rom om ethy l) .

B ro ra in a tio n  u n d e r  s i m i l a r  c o n d i t i o n s  o f  m e th y le n e ­

c y c lo h e p ta n e  c o n t a in i n g  8$ 1 -m e th y lc y c lo h e p te n e  (page 46) 

y i e ld e d  a  m ix tu re  as  i n d i c a t e d  by nmr (page 74) which 

showed a  s i n g l e t  a t  6 2 .00 , a t t r i b u t a b l e  t o  a  m e th y l group 

a t t a c h e d  to  a  c a rb o n  b e a r i n g  a  brom ine atom . T h is  

a b s o r p t i o n  was a b s e n t  i n  th e  p r o d u c t  o f  b ro m in a t io n  o f  p u re  

m e th y le n e c y c lo h e p ta n e .
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(d) Preparation of 1-Phenylcycloheptylmethyl Tosylate
69

(1) P r e p a r a t i o n  o f  C y c lo h e p ty l  P h en y l Ketone

Magnesium sh a v in g s  ( l 8 . 4  g ,  O. 7 6 7  m ole) and a  s o l u t i o n  

o f  14 ml o f  d ry  bromobenzene i n  120  ml o f  anhydrous  e t h e r  

w ere added  to  a  3 - 1  t h r e e - n e c k e d  f l a s k  e q u ip p e d  w i th  a  

m e c h a n ic a l  s t i r r e r ,  a  r e f l u x  c o n d e n s e r  c o n t a in i n g  a  d ry in g  

t u b e ,  and  an a d d i t i o n  f u n n e l .  The m ix tu r e  was warmed g e n t l y  

u n t i l  r e f l u x i n g  began  and c l o u d in e s s  was o b s e rv e d ,  th e n  

s t i r r i n g  was begun (v ig o ro u s  r e a c t i o n )  and  a  s o l u t i o n  o f  66  

ml o f  brom obenzene i n  580 ml o f  e t h e r  was added o v e r  a  

90-m in  p e r io d  a t  a  r a t e  which m a in ta in e d  g e n t l e  r e f l u x .  The 

m ix tu re  was s t i r r e d  f o r  30  m in , c o o le d  t o  - 10 ° ,  and a  

s o l u t i o n  o f  7 5 . 0  g (0 .6 1  m ole) o f  c y c lo h e p t y l  c y a n id e  i n  100  

ml o f  e t h e r  was added d ro p w ise .  The m ix tu re  was s t i r r e d  a t  

room te m p e r a tu r e  o v e r n ig h t ,  th e n  c o o le d  t o  0 ° .  A s l u r r y  o f

i c e  and  w a te r  (1 0 0 0  ml) fo l lo w e d  by an  i c e - c o l d  s o l u t i o n  o f

7 5  ml o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  i n  150  ml o f  w a te r  were 

ad d ed . The aqueous l a y e r  was e x t r a c t e d  tw ic e  w i th  e t h e r ,  and 

th e  com bined e t h e r  s o l u t i o n  was w ashed w i th  5#  sodium 

c a rb o n a te  and w a te r  and d r i e d  o v e r  sodium  s u l f a t e .  D i s t i l l a ­

t i o n  y i e l d e d  108 .4  g (88 $ ) o f  l i g h t  y e l lo w  l i q u i d :  bp 137-
69

1 3 8 ° ( 1 . 9 - 2 .4  mm) ( l i t  bp 1 8 5 0 (35 mm), 115-117° ( 0 .1
7 0

mm) ) ;  nmr (CC14 ) :  61 .63  (b ro a d  s i n g l e t  w i th  a  s h o u ld e r  on

th e  l o w - f i e l d  s i d e ,  12 H, c y c l o a l k y l ) ,  6 3 .1 - 5 .6  (b ro ad

( 6 9 ) J . '  W. W i l t ,  J .  P. Z aw adzkl, and D. G. S c h u l te n o v e r ,  
S . J . ,  J .  Org. Chem. . 31, 8 7 6 ' ( l 9 6 6 ) .

C7 0 ) C. H. T i l f o r d  and M* G. Van Campen, J r . ,  J .  Am. 
Chem. S o c . ,  7 6 , 2431 (1 9 5 4 ) .  ~
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m u l t i p l e t ,  1 H, hy d ro g en  a d j a c e n t  t o  b e n z o y l ) ,  6 7 .1 - 7 .6  and

7 . 7 - 8 .1  (com plex m u l t i p l e t s ,  5 H, a r o m a t ic ;  t h i s  a b s o r p t i o n  

re se m b le s  t h a t  o f  th e  b e n z o y l  g roup  p u b l i s h e d  by  C a s t e l l a n o
7 1 *

and B o thner-B y  ) ;  i r  ( l i q u i d  fC lm ) : 3060 , 3020 (w, a ro m a t ic  

H ), 2910, 2850  ( s ,  a l k y l - H ) ,  1680 ( v s ,  a ro m a t ic  k e t o n e ) ,  

1600, 1580  (m, c o n ju g a te d  p h e n y l ) ,  1480 (w), 1456, 1443 

( s ,  p h e n y l  and m e th y le n e s ) ,  7 7 6 , 692  ( s ,  m o n o s u b s t i tu te d  

p h e n y l ) .  The 2 ,4 - d in i t r o p h e n y l h y d r a z o n e ,  a f t e r  r e c r y s t a l l i z
69

a t i o n  from  m e th an o l ,  m e l te d  a t  1 6 7 - 1 6 9 ° ( l i t  mp 1 6 8 - 16 9° ,
70,

170- 1710 ).

(7 1 ) S. C a s te l l a n o  and A. A. B o th n e r-B y , J .  Chem. 
P h y s . , 41 , 3863 (1 9 6 4 ) .  “
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( 2 ) P r e p a r a t i o n  o f  1 - C h lo r o c y c lo h e p ty l  P h en y l Ketone

S u l f u r y l  c h l o r i d e  (100 m l, 167 g* 1 .2 4  m oles)  was 

c o o le d  i n  a  2 5 0 -ml th r e e -n e c k e d  f l a s k  e q u ip p ed  w ith  a 

m e c h a n ic a l  s t i r r e r ,  a  r e f l u x  c o n d e n s e r  c o n t a in i n g  a  d ry ­

in g  tu b e ,  and a  p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l .  C y c lo ­

h e p t y l  p h e n y l  k e to n e  (page 49) (2 0 . 5  &, 0 . 1 0  m ole) was 

added  o v e r  a  20-m in  p e r i o d .  The m ix tu re  was warmed to  room 

te m p e r a tu r e  (g as  e v o l u t i o n ) .  When sp o n ta n e o u s  gas  e v o l u t io n  

c e a s e d ,  th e  m ix tu re  was h e a te d  u n d e r  r e f l u x  f o r  2 h r ,  th e n  

s t i r r e d  a t  room te m p e ra tu re  o v e r n i g h t .

The m ix tu re  was p o u red  o n to  e x c e s s  i c e ,  and a  y e l lo w  

o i l  s e t t l e d  o u t .  The aqueous l a y e r  was e x t r a c t e d  tw ic e  

w i th  ca rb o n  t e t r a c h l o r i d e ,  and th e  com bined o rg a n ic  

s o l u t i o n  was washed w ith  s a t u r a t e d  aqueous sodium b i c a r ­

b o n a te  and s a t u r a t e d  aqueous sodium  c h l o r i d e .  Removal o f  

th e  ca rb o n  t e t r a c h l o r i d e  ( r o t a r y  e v a p o r a to r )  gave a  y e l lo w
69

o i l  w h ich , b e c au se  o f  i t s  i n s t a b i l i t y ,  was u se d  d i r e c t l y  

w i th o u t  f u r t h e r  p u r i f i c a t i o n  in  th e  p r e p a r a t i o n  o f  1 -  

p h e n y lc y c lo h e p ta n e c a r b o x y l ic  a c i d  (page  52 ) .
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6 9
(5 )  P r e p a r a t i o n  o f  1 -P h e n y lc y c lo h e p ta n e c a r b o x y l ic  A cid

To a  s t i r r e d  s o l u t i o n  o f  u n p u r i f i e d  1 - c h lo r o c y c lo -  

h e p t y l  p h e n y l  k e to n e  ( t o t a l  c ru d e  y i e l d  from th e  p r e ­

p a r a t i o n  on page 5 1 ) i n  180  ml o f  d io x a n e  ( f r e s h l y  d i s ­

t i l l e d  from  sodium h y d ro x id e )  i n  a  5 0 0 -ml f l a s k  eq u ip p ed  

w i th  a  r e f l u x  co n d e n se r  was added a  s o l u t i o n  o f  54 g (0 .2 0  

m ole) o f  s i l v e r  n i t r a t e  i n  20 ml o f  d i s t i l l e d  w a te r .  The 

m ix tu re  was h e a te d  i n  a  h a t h  a t  7 0 -7 5 °  f o r  5 h r  w i th  s t i r ­

r i n g ,  c o o le d ,  and f i l t e r e d  w i th  s u c t i o n  t o  g iv e  1 4 .2  g 

(99$) o f  s i l v e r  c h l o r i d e .  The y e l lo w  f i l t r a t e  was d i l u t e d  

w i th  500 ml o f  w a te r  and e x t r a c t e d  w i th  f o u r  60-ml p o r t i o n s  

o f  e t h e r .  The comhined e t h e r  s o l u t i o n  was e x t r a c t e d  w ith  

f o u r  2 0 -ml p o r t i o n s  o f  10$ sodium  c a r b o n a te .  The combined 

b a s i c  aqueous s o l u t i o n  was b o i l e d  b r i e f l y ,  c o o le d ,  and 

c a r e f u l l y  a c i d i f i e d  by d ro p w ise  a d d i t i o n  o f  cone h y d r o ­

c h l o r i c  a c id  t o  pH 1. The m ix tu re  was f i l t e r e d  w i th  s u c t i o n  

t b  g iv e  5 .5  g (25$.» b a s e d  on th e  c o n v e rs io n  o f  c y c lo h e p ty l  

p h e n y lk e to n e  t o  th e  a c id )  o f  a  l i g h t  t a n  s o l i d .  R e c r y s t a l -
i ol i z a t i o n  from  h e p ta n e  gave w h i te  p r i s m s :  mp 1 5 0 .7 -1 5 1 .4

69 '
( l i t  mp 1 2 7 . 5 - 1 2 8 , 5 ° ) ;  nmr (CDCI3 ) :  61 .61  (b ro ad  s i n g l e t ,

8 H, 5-* 4 - ,  5 - ,  and 6 - m e th y le n e s ) ,  6 2 .0 - 2 .6  (com plex m ul­

t i p l e t ,  4 H, 2 -  and 7 - m e th y le n e s ) ,  67 .58  ( s i n g l e t  w i th  

s p l i t t i n g  a t  th e  b a s e ,  5 H, p h e n y l ) ,  611 .50  (b ro a d ,  1 H,
69 ' '

c a r b o x y l i c  a c id )  ( l i t  nmr (no s o l v e n t  g iv e n ) :  6 1 .4 2 - 2 .5 0 ,

6 7 .0 7 - 7 .5 0 ,  and 6 1 2 .1 5 ) ;  i r  (K B r) : 5600-2400 (m, b ro a d ,  

c a r b o x y l i c  a c i d ) ,  5050 (m, p h e n y l-H ) ,  2900, 2840 ( s ,  a l k y l -  

H), 1695 (v s ,  c a r b o x y l ic  a c i d ) ,  1600, 1 5 8 0 , 1493 (m, p h e n y l ) ,
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1462, 1440 (m, m e th y le n e s ) ,  1398 (m ), 1266 ( s ) ,  931 (m, 

c a r b o x y l i c  a c i d ) ,  758  (m), 695 ( s ,  m o n o s u b s t i tu te d  p h en y l)
69

( l i t  i r  (K B r) : 1695 ( c a r b o x y l i c  a c i d ) ) .
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(4) Preparation of 1-Phenylcycloheptylcarbinol

L ith iu m  aluminum h y d r id e  ( l . 0 4  g ,  27 mmoles) and a n ­

h y d ro u s  e t h e r  (5 5  ml) w ere s t i r r e d  i n  a  2 5 0 -ml t h r e e -  

necked  f l a s k  e q u ip p e d  w i th  a  m e c h a n ic a l  s t i r r e r ,  a  r e f l u x  

co n d e n se r  c o n t a in i n g  a  d r y in g  tu b e ,  and a  p r e s s u r e - 

e q u a l i z i n g  a d d i t i o n  f u n n e l .  A s o l u t i o n  o f  5 -55  g (16 

mmoles) o f  1 - p h e n y lc y c lo h e p ta n e c a r b o x y l i c  a c id  (page 5 2 ) 

i n  120  ml o f  e t h e r  was added  d ropw ise  o v e r  a  40-m in  p e r i o d ,  

and th e  r e a c t i o n  m ix tu re  was r e f l u x e d  g e n t ly  o v e r n ig h t .

The r e a c t i o n  was quenched  by  d ropw ise  a d d i t i o n  o f  25 ml 

o f  w a te r  fo l lo w e d  by enough 10$ s u l f u r i c  a c i d  (54 ml) t o  

d i s s o l v e  th e  aluminum s a l t s .  The aqueous l a y e r  was e x t r a c ­

t e d  w ith  2 5  ml o f  e t h e r ,  and th e  combined e t h e r  s o l u t i o n  

was washed w ith  two 2 5 -m l p o r t i o n s  o f  10$ sodium c a rb o n a te  

and d r i e d  o v e r  magnesium s u l f a t e .  F i l t r a t i o n  and s o l v e n t  

rem oval gave a  q u a n t i t a t i v e  y i e l d  o f  a  c lo u d y , p a l e  y e l lo w  

o i l :  nmr (CDC13 ) :  61 .52  (b ro a d  s i n g l e t ,  8 H, 3 - ,  4 - ,  5-* 

and 6 - m e th y le n e s ) , .81.65 ( s i n g l e t ,  1 H, h y d r o x y l ) ,  5 1 .8 -

2 .4  (com plex m u l t i p l e t ,  4 H, 2 -  and 7 - m e th y le n e s ) ,  .53.57 

( s i n g l e t ,  2 H, o x y m e th y le n e ) , _67 .5 0  ( s i n g l e t  w i th  s p l i t t i n g
69

a t  th e  b a s e ,  5 H, p h e n y l)  ( l i t  nmr (no s o lv e n t  g iv e n ) :  

6 1 .2 - 2 .5 3 ,  1 2 .4 3 ,  6 3 .2 2 , and 1 7 .2 7 ) ;  i r  ( l i q u i d  f i l m ) :

3330 (m, b ro a d ,  h y d r o x y l ) ,  3020 (w, p h e n y l -H ) ,  2 8 9 0 , 2830  

( s ,  a l k y l - H ) ,  1598 (w ), 1492 (m, a r o m a t i c ) ,  1462, 1437 

(m, m e th y le n e s ) ,  1055  ( s ,  p r im a ry  a l c o h o l ) ,  7 5 3 , 696  ( s ,
69

m o n o s u b s t i tu te d  phenyl) ( l i t  i r  ( n e a t  l i q u i d ) :  33 5 5  

(h y d ro x y l)  and 1064 (p r im a ry  a l c o h o l ) ) .
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(5) Preparation of 1-Phenylcycloheptylmethyl Tosylate

To a  100-ml f l a s k  e q u ip p e d  w i th  a  m a g n e tic  s t i r r e r  and

a  r e f l u x  c o n d e n se r  c o n ta in in g  a  d r y in g  tu b e  were added 3 .2 1

g (1 5 .7  mmoles) o f  1 - p h e n y lc y c lo h e p ty l c a r b in o l  (page 5*0* 15

ml o f  d ry  p y r i d i n e ,  and a  s o l u t i o n  o f  5 .10  g (2 6 .8  mmoles)

o f  p a r a - t o l u e n e s u l f o n y l  c h l o r i d e  i n  10 ml o f  d ry  p y r i d i n e .

The m ix tu re  was s t i r r e d  a t  room te m p e r a tu r e  f o r  17 h r  and

p o u re d  i n t o  a  m ix tu re  o f  i c e  and  cone h y d r o c h lo r i c  a c i d .  The

r e s u l t i n g  c lo u d y  m ix tu re  was e x t r a c t e d  tw ic e  w i th  c h lo ro fo rm ,

and th e  combined c h lo ro fo rm  s o l u t i o n  was washed w ith  w a te r

and d r i e d  o v e r  magnesium s u l f a t e .  A f t e r  f i l t r a t i o n  and

s o lv e n t  rem oval ( r o t a r y  e v a p o r a t o r ) ,  t h e  r e s u l t i n g  y e l lo w

s o l i d  was r e c r y s t a l l i z e d  from b e n z en e -h e x a n e  to  y i e l d  3 .2 3  g
„  , 6 9

o f  w h ite  n e e d le s :  mp 8 3 . 0 - 8 3 . 5  ( l i t  mp 7 9 . 5 - 8 0 . 5° ) .  

C o n c e n t r a t io n  o f  th e  m other l i q u o r s  y i e l d e d  a n o th e r  1 .9 3  g 

o f  w h ite  n e e d le s :  mp 8 2 .4 - 8 3 .4 °  ( t o t a l  y i e l d  92%). The 

s p e c t r a  o f  e a c h  c ro p  were i d e n t i c a l :  nmr (CDCI3) : 61 .49  

(b ro a d  s i n g l e t ,  8 H, 3 - ,  4 - ,  5 - ,  and 6 - m e th y le n e s ) , 6 1 .7 - 2 .1  

(com plex m u l t i p l e t ,  4 H, 2 -  and 7 -m e th y le n e s ) ,  62 .39  

( s i n g l e t ,  3 H, a ro m a t ic  m e th y l ) ,  63 .90  ( s i n g l e t ,  2 H, oxy- 

m e th y le n e ) , 6 7 .1 5 , 7 .2 8  , 7 . 50 , 7 .6 3  (AJ»B£, 4 H, a ro m a tic  

h y d ro g en s  o f  th e  p a r a - t o l u e n e s u l f o n y l  g r o u p ) ,  6 J .2 4  ( s i n g l e t ,
69

5 H, a ro m a t ic  h y d ro g en s  o f  th e  1 -p h e n y l  g roup ) ( l i t  nmr (no 

s o l v e n t  g iv e n ) :  6 1 .3 3 -2 .3 3  ( m u l t i p l e t ,  r i n g  m e th y le n e s ) ,

62 .4  ( s i n g l e t ,  a ro m a t ic  m e th y l ) ,  63 .83  ( s i n g l e t ,  oxym ethy lene), 

and 67 .4  ( m u l t i p l e t ,  a ro m a t ic  h y d r o g e n s ) ) ;  i r  (K B r): 3060,

3000 (w, a ro m a t ic -H ) ,  2 8 9 0 , 2830  (m, a l k y l - H ) ,  1595, 1485

No-
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(m, a r o m a t i c ) ,  1455* 1442 , 1432 (m, m e th y l and m e th y le n e ) ,  

1352, 1172 ( s ,  s u l f o n a t e  e s t e r ) ,  810  (m, n a r a - d i s u b s t i t u t e d
69

a r o m a t ic ) ,  755  (m), 693  ( s ,  m o n o s u b s t i tu te d  p h e n y l )  ( l i t  

i r  (K B r): 1350 and 1178 ( s u l f o n a t e  e s t e r ) ) .
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(E) Preparation of 4-Phenyl-l-methylcycloheptyl Bromide

Hydrobrom ic a c i d  (48$ , 2 m l, 1 7 .8  mmoles) was c o o le d  to  

0° i n  a  5-m l f l a s k .  4 - P h e n y l - l - m e th y lc y c lo h e p ta n o l  (page 59) 

(4 8 .4  mg, 0 .2 5 7  mmole) was ad d ed , a  r e f l u x  co n d e n se r  was 

a t t a c h e d ,  and th e  m ixture was s t i r r e d  a t  room te m p e ra tu re  

f o r  1 /2  h r ,  d u r in g  w hich t im e  a  y e l lo w  o i l  s e p a r a t e d  o u t .

The m ix tu re  was p o u red  i n t o  20 ml o f  w a te r  and e x t r a c t e d  

w i th  20 ml o f  b en z e n e .  The benzene  s o l u t i o n  was washed 

w ith  5 .5  ml o f  s a t u r a t e d  sodium b ic a r b o n a t e  fo l lo w e d  by 5 ml 

o f  s a t u r a t e d  sodium brom ide and d r i e d  o v e r  sodium s u l f a t e .  

F i l t r a t i o n  and s o l v e n t  rem oval ( r o t a r y  e v a p o r a to r )  gave 

7 0 .6  mg o f  an o i l  w hich c o n ta in e d  some b e n z en e :  nmr (C6H6 ; 

v a l u e s  were c a l c u l a t e d  assum ing  th e  CeH6 p eak  to  be a t  

6 7 .2 7 ) :  6 1 .7 5  ( s i n g l e t ,  5 H, 1 - m e th y l ) ,  _61.27-2 .04  (b ro a d  

com plex m u l t i p l e t ,  6 H, 5-* 5-* and 6 - m e th y le n e s ) , 6 2 .0 7 - 2 .8 8  

(b ro a d  com plex m u l t i p l e t ,  5 H, 2 -  and 7 -m e th y le n e s  and 4 -H );  

th e  p h e n y l  p r o to n s  were h id d e n  by  th e  l a r g e  benzene 

a b s o r p t i o n ;  no o l e f i n i c  p r o to n s  were o b s e rv e d .  T h is  m a t e r i a l  

was u se d  d i r e c t l y  i n  a  F r i e d e 1 - C r a f t s  r e a c t i o n  (page 65).
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(P) F r i e d e l - C r a f t s  R e a c t io n s

( l )  F r i e d e l - C r a f t s  R e a c t io n  o f  1 , 1 -B is (b ro m o m e th y l)c y c lo -  

hexane

(a )  K in e t i c  S tu d ie s

A t y p i c a l  k i n e t i c  ru n  was c a r r i e d  o u t  a s  f o l lo w s .  A 

2 -1  th r e e - n e c k e d  f l a s k  eq u ip p ed  w i th  a  m e c h a n ic a l  s t i r r e r ,  a 

r e f l u x  c o n d e n s e r  c o n t a in i n g  a  d ry in g  t u b e ,  and a  gas  i n l e t  

tu b e  was f l u s h e d  w i th  d ry  n i t r o g e n  f o r  3 h r  w h ile  b e in g  

h e a te d  a t  8 0 ° .  A s t i r r e d  m ix tu re  o f  900 ml o f  benzene  (Re­

a g e n t  Grade d r i e d  o v e r  s i l i c a  g e l ,  d i s t i l l e d ,  and th e  c e n t e r  

c u t  b o i l i n g  a t  7 9 .9 °  s t o r e d  o v e r  D ri-N a)  and 0 .3 5  g (2 .6  

mmoles) o f  pow dered  anhydrous aluminum c h l o r i d e  was the rm o­

s t a t e d  i n  th e  f l a s k  a t  4 0 .0  + 0 . 1 ° ,  and a  m ix tu re  o f  2 .5 1 6  g 

(9 .3 2  mmoles) o f  l , l - b i s ( b r o m o m e th y l ) c y c lo h e x a n e  (page 35) 

in  100 ml o f  benzene was added a t  z e ro  t im e .  A l iq u o ts  

(50 ml) were removed a t  i n t e r v a l s  o f  a p p ro x im a te ly  250 sec  

and quenched by a d d in g  ea ch  one t o  50 ml o f  3N h y d r o c h lo r ic  

a c i d .  Each o r g a n ic  l a y e r  was washed w i th  25 ml s a t u r a t e d  

aqueous sodium  b i c a r b o n a t e ,  d r i e d  o v e r  sodium  s u l f a t e ,  

f i l t e r e d ,  and c o n c e n t r a t e d  ( r o t a r y  e v a p o r a t o r ) .  The 

r e s i d u e s  were a n a ly z e d  by g lc  ( d i e t h y l e n e  g l y c o l  s u c c i n a t e ,  

20$ on 60 /80  mesh Chromosorb P, 60 cc o f  h e l iu m  p e r  min, 

1 9 5 ° ) .  A p l o t  o f  lo g  [1 0 0 (a re a  o f  th e  l , l - b i s ( b r o m o m e t h y l ) -  

cy c lo h ex an e  peak:) /  (sum o f  a r e a s  o f  a l l  th e  p e a k s ) ]  vs 

tim e (s e e  page 75) gave a  s t r a i g h t  l i n e  i n i t i a l l y ,  i n t e r ­

c e p t in g  th e  y - a x i s  a t  2 .0 0 .  From th e  s lo p e  o f  th e  s t r a i g h t
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l i n e  p o r t i o n  o f  th e  c u rv e ,  th e  p s e u d o - f i r s t - o r d e r  r a t e  

c o n s t a n t  was c a l c u l a t e d  t o  he 1 .6  x 10 ”3 s e c ” 1 t o  t  =

1019 s e c .  (T h is  method assum es t h a t  e a c h  p r o d u c t  m o lecu le  

c o n t a in s  o n ly  one o r g a n ic  m o ie ty  from  l , l - b i s ( b r o m o -  

m e th y l ) c y c lo h e x a n e ,  o r  t h a t  th e  t o t a l  c o n c e n t r a t i o n  o f  

o r g a n ic  s o l u t e s  i s  c o n s t a n t ,  and t h a t  e a c h  compound h as  

th e  same th e rm a l  c o n d u c t i v i t y . ) The p s e u d o - f i r s t - o r d e r  r a t e  

c o n s t a n t s  o b ta in e d  from th e  e q u a t io n

k  =  g - 3 ° 3  i o c  1 ___________
1 t  s  mole f r a c t i o n  o f  l , l - b i s ( b r o m o m e th y l ) c y c lo h e x a n e

3
d e c re a s e d  w i th  t im e ;  10 k = 1 .6  se c  up t o  1019 s e c ,  1 .1  

se c  1 a t  2262 s e c ,  0 .9 7  sec"*1 a t  3003 s e c ,  0 .8 0  s e c ” 1 a t  

37 8 8  s e c ,  and 0 .4 7  s e c ” 1 a t  7290 se c  (T a b le  3> page 8 3 ) .

See p ag e s  85-84 f o r  a  d i s c u s s i o n  o f  t h i s  phenomenon.
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(b) P ro d u c t  S tu d ie s

S ix  ru n s  were p e r fo rm e d , e a c h  u s in g  a p p ro x im a te ly  1900 

ml o f  b e n z e n e ,  0 .7  g ( 5 .2  mmoles) o f  aluminum c h l o r i d e ,  and 

5 .1  g (19 mmoles) o f  1 , 1 -b is (b ro m o m e th y l)c y c lo h e x a n e  in  100 

ml o f  b e n z e n e .  The p ro c e d u re  was s i m i l a r  t o  t h a t  o f  th e  

k i n e t i c  s t u d i e s  (page 5 8 ) ,  e x c e p t  t h a t  e a c h  r e a c t i o n  was 

quenched a f t e r  15 min and worked up a s  ab o v e . The combined 

r e s id u e s  a f t e r  rem oval o f  benzene  were d i s t i l l e d  u n d e r  

vacuum th ro u g h  a  s p in n in g -b a n d  colum n. The c o l l e c t e d  

f r a c t i o n s  a r e  i n d i c a t e d  i n  T ab le  1.

T ab le  1: D i s t i l l a t i o n  F r a c t io n s  from  F r i e d e l - C r a f t s  R e a c t io n  

o f  l , l - B i s (b r o m o m e th y 1 ) c y c lo h e x a n e .

F r a c t i o n  no . bp (mm) Volume

1 81-87° ( 1 .7 ) 0 .4  ml

2 88-96° ( 1 . 7 - 1 . 8 ) 6 .1

3 96-97° ( 1 .8 ) 2 .7

4 95° (1 .7 5 ) 0 .4

5 94-95° ( 1 . 7 - 1 . 8 ) 7 .2

6 97° (2 .0 ) 0 .7

7 101-102° ( 2 .0 ) 0 .4

8 103° (1 .9 5 ) 0 .6

F r a c t i o n  3 was shown by g lc  t o  c o n t a in  th e  h i g h e s t  

p r o p o r t i o n  o f  "p r im a ry  p r o d u c t . "  P r e p a r a t i v e  gas  ch rom ato ­

g rap h y  o f  t h i s  f r a c t i o n  (e y e lo h e x a n e d im e th a n o l  s u c c i n a t e ,

25io on 7 0 /8 0  mesh Gaschrom R, 6 5 - 7 5  cc  o f  h e l iu m  p e r  min,

60

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



200°) y i e l d e d  1 - m e t h y l - 6 ,7 - b e n z o b i c y c l o [ 3 .2 . 2 ]n o n -6 -e n e  

( " p r im a ry  p r o d u c t" )  as  a  c l e a r  c o l o r l e s s  l i q u i d :  uv  ( s e e  page 

76) (95# e t h a n o l ) :  270  ( lo g  £  = 2 . 6 3 ) ,  2 6 2 .5  ( lo g  £  = 2 . 6 6 ) ,  

259  ( s ,  l o g  £  = 2 . 5 4 ) ,  256 ( s ,  lo g  £  = 2 . 5 0 ) ,  250 ( s ,  l o g  £

= 2 . 3 1 ) ,  and 2 .0 9  mjj. ( lo g  £  = 3 - 9 4 ) ;  nmr (se e  page 7 7 )(C C l4 ): 

61 .33  ( s i n g l e t ,  3 H, 1 - m e th y l ) ,  5 1 .2 - 2 .1  (com plex m u l t i p l e t ,  

10 H, a l k y l ) ,  5 2 .8 - 3 .1  ( m u l t i p l e t ,  1 H, 5 -h y d ro g e n ) ,  6 6 .9 - 7 .2  

(com plex m u l t i p l e t ,  4 H, a r o m a t i c ) ; th e  mass sp e c tru m  i s  

d e s c r ib e d  i n  T ab le  2 ,  page  62 and  re p ro d u c e d  on page 7 8 .

A n a l . C alcd  f o r  Cx^His: C, 9 0 .2 6 ;  H, 9 .7 4 .  Pound: C, 

9 0 .3 1 ;  H, 9 . 8 5 .
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T ab le  2 :  R e la t iv e  I n t e n s i t i e s  o f  Peaks i n  th e  Mass S p e c t r a

o f  l - M e t h y l - 6 ,7 - b e n z o b ic y c lo [ 3 .2 .2 ] n o n - 6 - e n e  ("P r im a ry

P ro d u c t" )  D e r iv ed  from  D i f f e r e n t  S t a r t i n g  M a t e r i a l s .

S t a r t i n g  M a te r i a l

^ C H 2Br  ^ CH2Br CH3

m/e
f  p H s B r  [ j . 0* '

c6h5

188 0 . 7 8 1 .0 0 ,. 91
187 5 .54 5 .3 2 6 .3 2
186 3 6 .1 3 6 .2 4 0 .4
185 2 . 0 8 2 .0 2 . 2 8
172 1 .9 8 2 .0 2 .1 5
171 1 3 .7 2 1 4 .2 1 4 .2
165 0 .4 6 0 .5 0 0 .5 6
159 O'.70 0 .6 9 0 .7 5
158 5 .6 6 5 .4 3 5 .6 8
157 9 .7 3 9 .2 9 8 .3 5
156 1 .0 5 1 .2 1 .1
155 1 .2 2 1 .3 1 .3
154 0 .5 7 0 .7 7 0 .6 6
153 1 .2 5 1 .5 1 .4
152 1 .3 2 1 .5 1 .5
151 0 .3 3 0 .5 4 0 .5 2
146 1 .0 9 1 .0 1 .2
145 13 .77 1 3 .5 1 4 .5
144 6 8 .7 5 67 .0 7 6 .7 8
143 100 .00 100 .00 100.00
142 12 .1 6 1 2 .1 11 .8
l 4 l 12 .17 1 2 .5 12 .0
140 0 .9 5 0 .7 7 0 . 8 1
139 1 .77 1 .7 1 .7
132 0 .6 7 0 .7 7 0 .7 7
131 3 .9 9 4 .3 9 4 .3 9
130 1 0 .2 5 1 1 .1 10 .2
129 41 .70 4 1 .2 3 7 .9
128 4 0 .7 8 4 2 .2 3 7 .0
127 10 .78 1 1 .1 9 .3 2
1.26 1 .2 8 1 .3 1 .3
118 1 .6 4 2 .0 2 .6 3
117 5 .0 2 5 .7 8 6 .0 9
116 4 .4 2 4 .3 5 4 .3 9
115 20.'21 2 0 .0 1 9 .2
114 0 .8 2 0 .6 6 0 .6 6
113 O'. 62 O'. 54 0 .6 2
108 1 .0 9 0 .3 9 O'. 79
105 1 .4 8 1 .9 2 .3 8
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Ta b le  2 ( c o n t in u e  d )

104 1 .7 5 2 .5 8 .0 0
103 2 .1 7 2'. 6 2 .6 5
102 2 .5 0 2 . 6 2>36
101 0 . 8 0 0 .6 2 0 * 8 1

97 0 . 2 2 O'. 54 0 .2 5
95 0 .4 2 0 .6 2 1 .5
93 1 .3 6 1 . 1 2 .1 3
92 0 .9 3 1 .2 1 .3
91 8 . 7 6 9 .5 6 1 0 .1
89 2 .3 3 2 .3 2 .4 6
87 0 .6 3 O'. 62 0 .6 4
83 0 .2 6 0 .5 0 0 .5 0
82 0 .3 4 0 .6 2 1 . 1
81 0 .4 6 0 .8 5 0 .9 9
79 1 .5 8 1 .8 2 .3 0
78 2 .4 4 2 .9 2 .7 3
77 6 .4 9 6 .24 6 .61
76 2 . 0 1 1 .7 1 .8
75 1 .5 9 1 .4 1 .2
74 0 . 7 0 0 .5 4 0 .6 2
71 2 . 0 0 1 . 8 2 .2 4
7 0 .5 0 . 9 0 0 .7 4 1 .2
70 0 .7 5 0 . 8 1 0 .9 9
69 O'. 96 0 . 9 2 1 . 1
67 1 .1 6 1 . 1 2 .2 4
66 0 .4 0 0 .5 4 0 . 6 6
65 3 .9 0 3 .6 4 .0 8
64 1 .7 9 1 .7 1 .7
63 3 .9 8 3 .8 3-. 67
62 0 . 7 2 O'. 58 0 .7 2
58 0 .4 9 0 .5 8 0 . 5 8
5 7 .5 O'. 92 0 .7 7 0 .9 5
57 0 . 5 6 0 .8 9 0 .6 4
56 0 . 3 0 0 .5 4 0 .4 6
55 4 .2 9 3 .4 3 .2 5
53 2 .3 0 2 .2 2 .5 5
52 1 .4 8 1 .3 1 .3
51 5.5-4 4 .7 8 4 .6 2
50 1 .4 8 1 .3 1 .4
44 0 .4 3 2 .4 1 .5
43 2 .5 0 2 .4 2 .1 3
42 1 .9 8 1 .2 1 .2
41 7 . 1 2 6 .0 5 6-. 17
40 1 . 1 8 1 .0 0 .9 3
39 8 .4 7 7 .2 8 6.9-0.
38 0 .4 3 0 .5 4 0 .5 0
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(2) Friedel-Crafts Reaction of l-Bromo-l-(bromomethyl)-
c y c lo h e p ta n e

T h is  r e a c t i o n  was co n d u c ted  s i m i l a r l y  to  th e  p r o d u c t  

s t u d i e s  i n  th e  r e a c t i o n  o f  1 , 1 -b is (b ro m o m e th y l)e y e lo h e x a n e  

(page 6 0 ) .  1 -B ro m o -l-b ro m o m e th y lc y c lo h e p tan e  (page 47) (1 .2 2  

g, 4 .5 4  mmoles) i n  40 ml o f  benzene  was added t o  a  m ix tu re  

o f  310  ml o f  benzene  and 0 .1 6  g (1 .1 8  mmoles) o f  aluminum 

c h l o r i d e .  A f t e r  15 min th e  r e a c t i o n  was quenched and 

worked up by th e  a l r e a d y - s t a t e d  p ro c e d u re  to  y i e l d  0 .9 3  g o f  

a  c lo u d y  y e l lo w  l i q u i d .  Gas ch ro m a to g rap h y  ( e y e lo h e x a n e d i­

m e th an o l s u c c i n a t e ,  25$ on 7 0 /80  mesh Gaschrom R, 61 cc o f  

h e l iu m  p e r  m in, 190° )  i n d i c a t e d  a  m ix tu re  s i m i l a r  in  

c o m p o s i t io n  to  t h a t  o b ta in e d  from  1 , 1 -b is (b ro m o m e th ^ ^ fe y e lo ­

hexane ( s e e  page 6 0 ) .  The peak  c o r r e s p o n d in g  t o  1 -m e th y l -

6 ,7 - b e n z o b i c y c l o [ 3 .2 .2 ] n o n - 6 - e n e  was o f  g r e a t e r  r e l a t i v e  

i n t e n s i t y  i n  t h i s  m ix tu r e .  P r e p a r a t i v e  g l c  gave a  c l e a r  

c o l o r l e s s  l i q u i d :  i r  ( s e e  page 7 9 ) ( l i q u i d  f i l m ) :  3040, 3000

(m, p h e n y l -H ) ,  2905* 2840 ( s ,  a l k y l - H ) ,  1602 (w ), 1478 ( s ,  

a r o m a t i c ) ,  1454, 1445 ( s ,  m e th y l and  m e th y le n e ) ,  1368 (m, 

m e th y l ) ,  748 ( v s ,  o r t h o - d i s u b s t i t u t e d  b e n z e n e ) ,  a d d i t i o n a l  

bands a t  1350, 1 3 3 8 , 1297, 1259, 1242, 1197, 1146, 1113,

1107, 1065, 1049 ( a l l  w ), 1035 (m), 1011, 9 8 2 , 974, 948,

935, 908 , 869 , 8 5 3 , 836  ( a l l  w ); th e  mass sp ec tru m  i s  

d e s c r ib e d  i n  T ab le  2 , page 62.
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(3) Friedel-Crafts Reaction of 4-Fhenyl-l-methylcycloheptyl
Bromide

A d d i t io n  o f  6 3 . 3  mg (0 .2 3 7  mmole) o f  4 - p h e n y l - l - m e th y l -  

c y c lo h e p ty l  b rom ide (page 5 7 ) i n  10 ml o f  benzene  to  a  

m ix tu re  o f  50 ml o f  benzene  and 1 4 .1  mg (0 .1 0 5  mmole) o f  

aluminum c h l o r i d e  a t  40° f o r  15 min g a v e ,  a f t e r  t r e a tm e n t  

as  a l r e a d y  d e s c r i b e d ,  61 .0  mg o f  a  y e l lo w  o i l .  Gas ch rom ato ­

g rap h y  ( s e e  page 64 f o r  c o n d i t i o n s )  i n d i c a t e d  two m a jo r  

com ponents , th e  f i r s t - e l u t e d  o f  which had  th e  same r e t e n t i o n  

tim e as  l - m e t h y l - 6 ,7 - b e n z o b i c y c l o [ 3 .2 .2 ] n o n - 6 - e n e ,  and many 

m inor p eak s  w i th  th e  same r e t e n t i o n  t im e s  a s  th e  m a jo r  

b y - p ro d u c ts  i n  th e  F r i e d e l - C r a f t s  r e a c t i o n  o f

l , l - b i s ( b r o m o m e th y l ) c y c l o h e x a n e .  The two m a jo r  com ponents 

were i s o l a t e d  a s  c l e a r  c o l o r l e s s  l i q u i d s  by  p r e p a r a t i v e  g l c .  

The f i r s t - e l u t e d  o f  th e s e  components was 1- m e t h y l - 6 ,7 -  

b e n z o b i c y c l o [ 3 .2 .2 ] n o n - 6 - e n e : i r  ( s e e  page 79) ( l i q u i d  

f i l m ) :  3040, 3000 (m, p h e n y l-H ) ,  2905, 2840 ( s ,  a l k y l - H ) ,

1602 (w), 1480 ( s ,  a r o m a t i c ) ,  1455, 1445 ( s ,  m e th y l  and 

m e th y le n e ) ,  1370 (m, m e th y l ) ,  748 ( v s ,  o r t h o - d i s u b s t i t u t e d  

b e n z e n e ) ,  a d d i t i o n a l  bands a t  1350, 1340, 1299, 1260, 1242, 

1 1 9 8 , 1147, 1115, 1 1 0 8 , 1065, 1051 ( a l l  w ), 1037 (m), 1 0 1 1 , 

984, 976, 950 , 937 , 909, 8 7 2 , 853, 837  ( a l l  w ); th e  mass 

sp e c tru m  i s  d e s c r ib e d  i n  T ab le  2 , page 62.
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(4) Friedel-Crafts Reaction of 1-Phenylcycloheptylcarbinol
6 0

(a )  I n  th e  Absence o f  Benzene

One ml o f  85$ s u l f u r i c  a c i d  i n  a  5-ml f l a s k  e q u ip p ed  

w i th  a  m a g n e tic  s t i r r e r  and a  r e f l u x  c o n d e n se r  was c o o le d  t o  

0 ° .  1 - P h e n y lc y c lo h e p ty l c a r b in o l  (page 54 ) (105 mg, 0 .5 1  

mmole) was added d ropw ise  w i th  v ig o r o u s  s t i r r i n g .  The 

m ix tu r e  was s t i r r e d  f o r  t h r e e  h o u r s  a t  room te m p e ra tu re  and 

p o u re d  i n t o  50 ml o f  w a te r .  The m ix tu re  was e x t r a c t e d  w i th  

two 10-m l p o r t i o n s  o f  b e n z en e ,  and th e  combined benzene 

s o l u t i o n  was washed w ith  10 ml o f  1C$ sodium c a r b o n a te ,  th e n  

w i th  10 ml o f  10$ sodium s u l f a t e ,  and d r i e d  o v e r  sodium 

s u l f a t e .  F i l t r a t i o n  and s o l v e n t  rem ova l ( r o t a r y  e v a p o r a to r )  

gave a  c lo u d y  y e l lo w  l i q u i d  w hich gas  ch rom atog raphy  i n d i ­

c a t e d  t o  c o n ta in  n in e  com ponen ts . One o f  th e s e  compounds 

h ad  a  r e t e n t i o n  t im e  2$ g r e a t e r  th a n  t h a t  o f  1 - m e th y l - 6 ,7 -  

b e n z o b ic y c lo [ 5 .2 .2 ] n o n - 6 - e n e ,  b u t  i t s  a r e a  was no more th a n  

6$ o f  th e  t o t a l  a r e a s  o f  a l l  th e  p e a k s .
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(b) I n  th e  P re se n c e  o f  Benzene

T h is  r e a c t i o n  was c o n d u c te d  s i m i l a r l y  t o  th e  F r i e d e l -  

C r a f t s  r e a c t i o n s  p r e v i o u s l y  m en tio n ed  (p ag e s  5 8 -6 5 ) .

Aluminum c h l o r i d e  (1 8 2  mg, 1 .5 6  mmoles) was added  t o  a 

s t i r r e d  s o l u t i o n  o f  1 - p h e n y l c y c lo h e p ty l c a r b in o l  (page 54)

(226 mg, 1 .1 1  mmoles) i n  100 ml o f  benzene  a t  4 0 ° .  A f t e r  

1 - 1 / 2  h r  th e  r e a c t i o n  was quenched and t r e a t e d  by th e  

p r e v i o u s l y  s t a t e d  p ro c e d u re  to  g iv e  a  c lo u d y  y e l lo w  o i l .

Gas ch ro m a to g rap h y  ( s e e  page 58 f o r  c o n d i t i o n s )  showed 

e i g h t  m a jo r  and t e n  m ino r monophenyl p r o d u c t s  p lu s  two 

p r o d u c ts  o f  l o n g e r  r e t e n t i o n  tim e  w hich  a r e  p r o b a b ly  d ip h e n y l  

compounds. One o f  th e  m a jo r  p r o d u c t s  h ad  a  r e t e n t i o n  tim e 

2 io g r e a t e r  th a n  t h a t  o f  1 - m e th y l - 6 , 7 - b e n z o b i c y c l o [ 5 . 2 . 2 ]n o n -  

6 - e n e ,  b u t  i t s  a r e a  was no more th a n  4$ o f  th e  t o t a l  a r e a s  

o f  th e  monophenyl compounds and no more th a n  yfo o f  th e  

t o t a l  a r e a s  o f  a l l  th e  p r o d u c t s .

(72) A. S c h r ie s h e im  i n  " F r i e d e l - C r a f t s  and R e la te d  
R e a c t io n s , "  G. A. O lah , Ed, I n t e r s c i e n c e  P u b l i s h e r s ,  I n c . ,  
New York, N. Y .,  1964, V ol I I ,  pp 4 8 6 -5 0 8 .
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(5) Friedel-Crafts Reaction of 1-Phenylcycloheptylmethyl
73

T o s y la te

A d d i t io n  o f  aluminum c h l o r i d e  (1 8 9  mg, 1 .50  mmoles) t o  

a  s o l u t i o n  o f  1 -p h e n y lc y c lo h e p ty lm e th y l  t o s y l a t e  (page 5 5 ) 

(400 mg, 1 .1 2  mmoles) i n  100 ml o f  benzene a t  40° g av e , 

a f t e r  1 - 1 /2  h r  r e a c t i o n  t im e  and th e  u s u a l  t r e a t m e n t ,  a  

c lo u d y  w h ite  l i q u i d .  Gas ch ro m a to g rap h y  (se e  page 58 f o r  

c o n d i t i o n s )  showed f i v e  m a jo r  and n in e  m ino r monophenyl 

compounds p lu s  f o u r  p r o d u c t s  o f  lo n g e r  r e t e n t i o n  tim e w hich  

a r e  p ro b a b ly  d ip h e n y l  compounds. The peak  a r e a  o f  th e  m a jo r  

p r o d u c t  w i th  a  r e t e n t i o n  t im e  2$ g r e a t e r  th a n  t h a t  o f  1 -

m e t h y l - 6 ,7 - b e n z o b ic y c lo [ 3 .2 .2 ] n o n - 6 - e n e  a g a in  c o n s t i t u t e d

no more th a n  4$ o f  th e  t o t a l  a r e a s  o f  th e  monophenyl com­

pounds and no more th a n  3$ o f  th e  t o t a l  a r e a s  o f  a l l  th e  

p r o d u c t s .

(7 3 ) F . A. Drahow zal i n  " F r i e d e l - C r a f t s  and R e la t e d  
R e a c t io n s ," -  G. A. O lah , Ed, I n t e r s c i e n c e  P u b l i s h e r s ,  I n c . ,  
New York, N. Y .,  1964, V ol I I ,  pp 648-653 .
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Preparation of 1,l-Bis(bromomethyl)cyclohexane

1 , l-B is (b ro m o m e th y l)c y c lo h e x a n e  was p re p a re d  i n  31$

o v e r a l l  y i e l d  a s  f o l lo w s .  R e a c tio n  o f  A - c y c lo h e x e n e c a r -  

bo x a ld eh y d e  w ith  e x c e s s  fo rm ald eh y d e  and b a s e ~ y ie ld e d  an
54

u n s a tu r a te d  d i o l ,  w hich was h y d ro g e n a te d  in  h ig h  y i e l d  t o
54

l , l - b is ( h y d r o x y m e th y l) c y c lo h e x a n e .  The d io l  was c o n v e r te d
55

to  th e  d i t o s y l a t e  w h ich , on t r e a tm e n t  w ith  sodium  brom ide
' 5 5

a t  140 , gave th e  d e s i r e d  d ib ro m id e . The s y n th e s i s  i s  

sum m arized in  Scheme XIX.

Scheme XIX

3

CHO
~H HCHO

CH2OH
€H2OH

ch2oh

- ch2oh TsC1
CH2OTs 

-  CH2OTs
N,aBrp y r id in e

65 $

9 2$ 76$ 67$
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Friedel-Crafts Reaction of 1,1-Bis(bromomethyl)cyclohexane

A f te r  1 /2  h o u r  a t  4 0 ° , th e  r e a c t io n  o f  l , l - b i s ( b r o m o -  

m e th y l)c y c lo h e x a n e  w ith  alum inum  c h lo r id e  and a  l a r g e  e x c e s s  

o f  benzene y ie ld e d  a  com plex m ix tu re  o f  more th a n  tw e n ty  

p r o d u c ts ,  a s  d e te rm in e d  by g a s  ch ro m ato g rap h y . A k i n e t i c  

s tu d y  o f  t h i s  r e a c t i o n  was c a r r i e d  o u t ,  w ith  50-m l a l i q u o t s  

b e in g  w ithdraw n  fro m  th e  r e a c t io n  m ix tu re  a t  i n t e r v a l s  o f  

a p p ro x im a te ly  250 se co n d s  and a n a ly z e d  by g l c .

In  a  r e a c t io n  i n  w hich  th e  i n i t i a l  mole r a t i o  o f  

d ib rom ide  to  alum inum  c h lo r id e  was 1 :1 ,  th e  d ib ro m id e  

r e a c te d  c o m p le te ly  w i th in  1000 se c o n d s . One p ro d u c t  

( h e r e a f t e r  c a l l e d  th e  "p rim a ry  p ro d u c t" )  was a t  i t s  

h ig h e s t  c o n c e n t r a t io n  in  th e  f i r s t  a l i q u o t ,  o f  w h ich  i t  

was th e  m ain c o n s t i t u e n t ,  and th e n  i t  p r o g r e s s iv e ly  d e c re a s e d  

in  c o n c e n tr a t io n  in  su b se q u e n t a l i q u o t s .  A l l  o th e r  p ro d u c ts  

in c re a s e d  in  c o n c e n t r a t io n  th ro u g h o u t th e  r e a c t i o n .  Even 

a f t e r  a l l  th e  s t a r t i n g  d ib ro m id e  had r e a c te d ,  th e  "p rim a ry  

p ro d u c t"  c o n tin u e d  to  d e c re a s e  i n  c o n c e n tr a t io n  r e l a t i v e  to  

th e  o th e r  p r o d u c ts .

When th e  i n i t i a l  c o n c e n t r a t io n  o f  th e  c a t a l y s t  was 1 /4  

t h a t  o f  th e  l , l - b is (b ro m o m e th y l) c y c lo h e x a n e ,  b o th  th e  

d is a p p e a ra n c e  o f  th e  l a t t e r  and th e  fo rm a tio n  and d ecay  o f- 

th e  "p rim a ry  p ro d u c t"  c o u ld  be r e a d i l y  fo llo w e d . At i t s  

maximum th e  " p r im a ry  p ro d u c t"  c o n s t i t u t e d  46# o f  th e  t o t a l  

s o lu te  c o n c e n t r a t io n  and more th a n  50# o f  th e  t o t a l  p ro d u c t 

co n c en t r a t  io n .

I f  th e  r e a s o n a b le  a s su m p tio n  i s  made t h a t  e a c h  p ro d u c t
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m o lecu le  c o n ta in s  o n ly  one o rg a n ic  m o ie ty  from  th e  d ib ro m id e  

( i . e . ,  t h a t  th e  sum o f  th e  c o n c e n t r a t io n s  o f  th e  o rg a n ic  

s o lu t e s  rem a in s  c o n s t a n t ) ,  th e n  th e  m ole f r a c t i o n  o f  th e
i

d ib ro m id e  in  th e  s o lu t e s  i s  d i r e c t l y  p r o p o r t i o n a l  t o  i t s  

c o n c e n t r a t io n  in  th e  s o l u t i o n .  The m ethod o f  a n a ly s i s  w hich  

was u se d  ( s o lv e n t  rem oval and g a s  ch ro m a to g rap h y j se e  

E x p e r im e n ta l s e c t i o n ,  page 50) made th e  fo rm e r q u a n t i ty  more 

c o n v e n ie n t t o  c a l c u l a t e  th a n  th e  l a t t e r .  A p l o t  o f  

lo g (m o le  f r a c t i o n  o f  l , l - b is (b ro m o m e th y l) c y c lo h e x a n e )  a g a in s t  

tim e gave a  good s t r a i g h t  l i n e  t o  beyond 80 $  r e a c t i o n ,  

i n t e r c e p t i n g  th e  y - a x i s  a t  mole f r a c t i o n  o f  l , l - b i s ( b r o m o -

m e th y l)c y c lo h e x a n e  = 1 .0 0 .  From t h i s  p l o t  a  p s e u d o - f i r s t -
-3  ,

o r d e r  r a t e  c o n s ta n t  o f  1 .6  x 10 se c  was c a l c u l a t e d  ( t- jy 2

= 453 s e c ) .  D u rin g  th e  l a t e r  s ta g e s  o f  r e a c t i o n ,  th e  r a t e

c o n s ta n t  d e c re a s e d  m ark e d ly . The c a l c u l a t e d  p s e u d o - f i r s t -

o r d e r  r a t e  c o n s ta n ts  a t  v a r io u s  tim e s  i n  th e  r e a c t io n  a re

shown i n  T ab le  3 .

T ab le  3 : P s e u d o - f i r s t - o r d e r  R a te  C o n s ta n ts  a t  V a rio u s  Times

f o r  th e  R e a c tio n  o f  1 , 1 -B is (b ro m o m e th y l)c y c lo h e x a n e .

103k ( s e c - 1 ) ■ - tim e  ( s e c )

1 .6 0 to  1019

1 .1 2262

0 .9 7 3003

0 .8 0 3788

0 .4 7 7290

T h is  phenomenon o f  d e c re a s in g  p s e u d o - f i r s t - o r d e r  r a t e
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1 7
c o n s ta n ts  was p r e v io u s ly  o b se rv e d  by McMahon and Bunce in

th e  F r i e d e l - C r a f t s  r e a c t io n  o f  £ - p h e n y le th y l  c h lo r id e  w ith

to lu e n e  and was a t t r i b u t e d  by them  to  th e  fo rm a tio n  o f
\ 4 0a  lo o se  £ -co m p lex  ( e q u a t io n  l l ) .  Such a  phenomenon

CeHsCHg + HC1 + A12C16   v C6He CH3+ A l2C lr  “ ( l l )

sh o u ld  a l s o  o p e r a te  in  th e  sy stem  u n d e r  s tu d y , s in c e  mono- 

and d ia lk y lb e n z e n e s ,  form ed c o n c u r r e n t ly  w ith  h yd rogen  

c h lo r id e  ( a n d /o r  b ro m id e ) , w ould be e x p e c te d  t o  com plex w ith  

th e  h yd rogen  h a l id e  and aluminum c h l o r id e .  As t h i s  rem oval 

o f  aluminum c h lo r id e  from  th e  system  p r o g r e s s e s ,  th e  

a s su m p tio n  t h a t  th e  r e a c t io n  i s  fo l lo w in g  p s e u d o - f i r s t - o r d e r  

k i n e t i c s  ( i n  th e  s e n se  t h a t  aluminum c h lo r id e  c o n c e n t r a t io n  

i s  c o n s ta n t )  w ould b re a k  down, and th e  a p p a re n t  r a t e  

" c o n s ta n t"  w ould d e c re a s e .  The f a c t  t h a t  t h i s  r a t e  d e c re a s e  

does n o t  become o b v io u s  u n t i l  two h a l f - l i v e s  have p a s s e d  may 

in d ic a t e  t h a t  th e  c h i e f  co m plex -fo rm ing  a g e n ts  a re  some o f  

th e  se c o n d a ry  p ro d u c ts  and n o t  th e  " p r im a ry  p r o d u c t ."

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

th e  p ro d u c ts  o f  s i x  f i f t e e n - m in u te  r e a c t i o n s  w ere com bined 

to  g iv e  a  m ix tu re  w hich  gas c h ro m a to g ra p h ic  a n a ly s i s  showed 

to  be r i c h  in  " p r im a ry  p r o d u c t ."  The m ix tu re  was d i s t i l l e d  

a t  red u ce d  p r e s s u r e  th ro u g h  a  sp in n in g -b a n d  colum n to  y i e l d  

a  d i s t i l l a t i o n  f r a c t i o n  e n r ic h e d  in  " p r im a ry  p r o d u c t ."  Pure 

"p rim a ry  p ro d u c t"  was th e n  o b ta in e d  from  t h i s  f r a c t i o n  u s in g  

p r e p a r a t iv e  gas ch ro m ato g rap h y .
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S t r u c tu r e  o f  th e  "P rim ary  P ro d u c t11

The s t r u c t u r e  a s s ig n m e n t o f  th e  '‘p r im a ry  p ro d u c t"  i s  

b a se d  on th e  fo l lo w in g  e v id e n c e .

E le m e n ta l a n a ly s i s  and m o le c u la r  w e ig h t d e te rm in a t io n  

showed th e  m a te r i a l  i s o l a t e d  by p r e p a r a t iv e  g as  ch ro m ato ­

g rap h y  to  have th e  fo rm u la  C i4H ie . The p a r e n t - p lu s - o n e  peak  

in  th e  m ass sp ec tru m  i s  1 5 - 5$  t h a t  o f  th e  p a r e n t  peak  

( c a l c u l a t e d ,  1 5 .4 2 $ ) , i n  good ag reem en t w ith  t h i s  fo rm u la . 

T hus, b o th  brom ine atom s in  th e  l , l - b i s ( b r o m o m e th y l ) c y c lo -  

hexane h av e  r e a c te d ,  b u t  o n ly  one p h e n y l g roup  h a s  b een  

added . The s to ic h io m e tr y  o f  th e  r e a c t i o n  i s  a s  shown in  

e q u a t io n  12 .

The nmr sp ec tru m  (se e  page 77) shows com plex m u l t i p l e t s  

a t  6 6 .9 - 7 .3  (^ H, a r o m a t ic ) ,  6 2 .9 -2 .1  ( l  H, b e n z y l i c ) ,  and 

6 1 .2 5 1"2 .1  (10 H, a l k y l )  surm ounted  by a  sh a rp  s i n g l e t  a t  

5 1 .32  (2 H, m e th y l on a  b e n z y l ic  c a rb o n ) .  F or co m p ariso n , 

th e  m e th in e  and m e th y l h y d ro g en s in  is o p ro p y lb e n z e n e  a p p e a r  

a t  62 .87  and  61.22* r e s p e c t iv e ly  ( a l l  s p e c t r a  i n  ca rb o n  

t e t r a c h l o r i d e  s o l u t i o n ) .  The i r  sp e c tru m  shows bands a t  1275 

cia*1 and 748 cm-1 a t t r i b u t a b l e  to  m e th y l and o r th o ­

d i s u b s t i t u t e d  b en z en e , r e s p e c t iv e ly .  I n  a d d i t io n  th e  u s u a l  

a ro m a tic  and  a l i p h a t i c  c a rb o n -c a rb o n  and  c a rb o n -h y d ro g en  

bands a re  p r e s e n t ,  b u t  o l e f i n i c  bands a r e  a b s e n t .

A lC la
CH2B r

( 1 2 )
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The "p rim a ry  p ro d u c t"  f a i l e d  to  d e c o lo r iz e  p o ta s s  turn 

perm anganate  s o lu t io n  a t  an  a p p r e c ia b le  r a t e .  T h is  f u r t h e r  

i n d i c a t e s  th e  ab sen ce  o f  o l e f i n .  T h e re fo re  th e  two u n i t s  o f  

u n s a tu r a t io n  a s  y e t  u n a c co u n te d  f o r  a p p e a r  t o  be two r i n g s .  

O nly th r e e  p o s s ib le  s t r u c t u r e s  can  be w r i t t e n  f o r  th e  

"p rim a ry  p r o d u c t :"  I ,  I I ,  and  I I I .

ch3 ch3

I I

H

I I I

The u l t r a v i o l e t  sp e c tru m  (se e  page 7 6 ) shows b ands a t  

250-270 mjj. b u t  i s  o f  l i t t l e  u se  f o r  d i s t i n g u i s h i n g  be tw een  

s t r u c t u r e s  I ,  I I ,  and I I I ,  s in c e  b e n z o c y c lo b u te n e , in d a n e , 

and t e t r a l i n  a l l  show s i m i l a r  s p e c t r a .  These s p e c t r a  a re  

com pared in  T ab le  4 , from  w hich  i t  can  be se en  t h a t  th e

T ab le  4 : U l t r a v i o l e t  S p e c t r a  o f  "P rim ary  P ro d u c t"  and 

R e fe re n ce  Compounds.

Compound S o lv e n t X ( lo g  e) -max ' e  ' R e f.

"P rim ary
p ro d u c t

95$ e th a n o l 250
259
270

( s ,  2 . 5 1 ) ,  256 ( s ,  2 .5 0 ) ,  
( a ,  2 .5 4 ) ,  2 6 2 .5  ( 2 .6 6 ) ,  
(2 .6 3 )

t h i s
work

T e t r a l i n 95$ e th a n o l 259
274

( 2 .6 9 ) ,  266 ( 2 .8 4 ) ,  
( 2 .9 0 ) ,  286  (2 . 2 8 )

(74)

Indane hexane 254
267

( s ,  2 .7 5 ) ,  2 6 0 ( 3 . 0 0 ) ,  
( 3 .1 6 ) ,  2 7 3 .6  (3 .2 5 )

(75)

B en zo cy c lo ­
b u te n e

95$ e th a n o l  ; 260
271.

(76)
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e x t i n c t i o n  c o e f f i c i e n t s  o f  th e  "p rim a ry  p ro d u c t"  a r e  c l o s e s t  

to  th o s e  o f  t e t r a l i n ,  p o s s ib ly  f a v o r in g  I  a s  th e  s t r u c t u r e  

o f  th e  " p r im a ry  p r o d u c t ."

O th e r  s p e c t r a l  d a ta  a l s o  f a v o r  s t r u c t u r e  I  o v e r  I I  and 

I I I .  In  th e  i n f r a r e d ,  t e t r a l i n  shows a  s in g l e  a b s o rp t io n  a t
. 7 6 j 7 7 &

742 cm . In d an e  shows a  s l i g h t  s p l i t t i n g  o f  t h i s
_i 76j7 7 b

band in to  a  d o u b le t  a t  7 3 ° and 752  cm , and b en zo -

c y c lo b u te n e  shows a  more w id e ly  sp aced  d o u b le t  a t  714 and
_i 7 8

781  cm . (A l l  s p e c t r a  a re  o f  n e a t  l i q u i d s . )  As in d ic a t e d

above (page 8 5 ) ,  th e  "p rim a ry  p ro d u c t"  shows a  s in g le
“• 1a b s o rp t io n  a t  748 cm

The c o m p le x ity  o f  th e  62 .9 -3 .1  nmr a b s o r p t io n  f o r  th e  

b e n z y lic  h y d ro g en  o f  th e  "p rim a ry  p ro d u c t"  can  be r a t i o n ­

a l i z e d  f o r  s t r u c t u r e s  I  o r  I I ,  in  w hich t h i s  h yd rogen  atom  

h a s  f o u r  n e ig h b o r in g  n o n e q u iv a le n t  h y d ro g en  a to m s, b u t  n o t  

f o r  s t r u c t u r e  I I I ,  w ith  o n ly  two n o n e q u iv a le n t  n e ig h b o rs ,  

w ith o u t th e  in v o c a t io n  o f  lo n g -ra n g e  c o u p l in g .

F i n a l l y ,  an  e x a m in a tio n  o f  th e  c r a c k in g  p a t t e r n  and o f  

th e  m e ta s ta b le  io n s  in  th e  mass sp ec tru m  (s e e  p ag es  62 and 

78  ) r e v e a l s  th e  f r a g m e n ta t io n  pathw ays shown in  Scheme XX. 

The m a jo r r o u te s  o f  decay  o f  th e  m o le c u la r  io n  in v o lv e  lo s s  

o f  tw o -ca rb o n  ( C2H 5 *) and th r e e -c a r b o n  (C3H 6 and CaHy*)

(74) Z.' J .  V ejjdelek  and B. K akac, C o l le c t io n  C zech.
Chem. Commun. , § 0 , 571 (1 9 5 5 ).

(7 5 ) R. A. M orton and A. J .  A. G ouveia , J .  Chem. S oc. , 
911 (1 9 3 4 ).

(7 6 ) M. P . ' Cava and D. R. N a p ie r , J .  Am. Chem. S o c . .
§ a , 2 2 5 5  ( 1 9 5 8 ) .

(77) C a ta lo g  o f  I n f r a r e d  S p e c t r a l  D a ta , A m erican 
P e tro leu m  I n s t i t u t e  R e sea rc h  P r o je c t  4 4 , N a tio n a l  B ureau  o f  
S ta n d a rd s ,  W ash in g to n , D. C. (a )  Numbers 465 , 1422.
(b ) Number 1147.
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Scheme XX 186 t  
C114H18 *

- c3h7 • [
143 +

- c2h5
157

T -e „ - c3h6 1
186 2 +  144 +  171

CH3

+C i i H n ^  C i 2 H i 3 ^  C x4H i s  Ch H i 2 * C i 3 H i s
(m* 1 0 9 .9 )  (m* 1 3 2 .5 ) (m* 4 6 .6 )  (m* 1 1 1 .5 ) (m* 1 5 7 .3 )

-CH3
128

* | ^ .C 2H4 \ j C2H4
129

- C a H e /
** +  129 ► +  127

C3H8 

+X  115 4. 129 +
C i o H a » C 9 H 7  C i o H g  C 1 0 H 9  C 1 0 H 9  C i o H y

(m* 1 1 4 .7 ) (m* 9 2 .4 )  (m* 106) (m* 1 1 5 .5 ) (m* 9 7 .4 )  (m* 9 4 .2 )

* D eno tes a  m e ta s ta b le  t r a n s i t i o n .

f ra g m e n ts .

R ecen t work on th e  mass s p e c tro s c p p y  o f  b e n z o b ic y c l ic
78

compounds i n d i c a t e s  a  number o f  p r e f e r r e d  modes o f  

d e c o m p o s itio n  o f  th o s e  compounds c o n ta in in g  a  tw o -ca rb o n  

b r id g e .  T hus, b e n z o b ic y c lo [ 2 .2 .1 ]h e p te n e  u n d e rg o es  a  r e t r o -  

D ie ls -A ld e r  c le a v a g e  to  lo s e  e th y le n e  and g iv e  th e  is o in d e n e  

io n  (m/e 1 1 6 ), w hich  was d e te c te d  by a  peak  a t  m/e 115 and  a  

m e ta s ta b le  t r a n s i t i o n  from  m/e 116 to  m/e 115 (e q u a t io n  1 3 ) .

-e
-C2H4 (13 )

m/e 116 -  m/e 115

Loss o f  th e  th r e e - c a r b o n  b r id g e  from  I  (M -42, m/e 144) c o u ld  

p ro c e e d  s i m i l a r l y  to  g iv e  th e  l - m e th y l-2 ,3 -d ih y d ro n a p h th a le n e  

io n  ( IV ) .

B e n z o b ic y c lo [ 2 .2 .2 ] o c te n e ,  a l th o u g h  a l s o  u n d e rg o in g  a

(7 8 ) T. G oto , A. T a te m a tsu , Y. H a ta . R. M uneyuki, H. 
T a n id a , and K. T o r i ,  T e tra h e d ro n . 22±3 ( l9 6 6 ) .
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m/e 144
IV

r e t r o - D ie I s - A ld e r  c le a v a g e  to  lo s e  e th y le n e ,  h a s  a s  i t s  

m a jo r f r a g m e n ta t io n  pathw ay  th e  " ru p tu r e  o f  a  bond  w ith  

hydrogen  t r a n s f e r ,  fo llo w e d  by e l im in a t io n  o f  a  tw o -c a rb o n
7 8

fra g m en t (c2 + H) a s  a  r a d i c a l , "  th e  b a se  p eak  th u s  b e in g  

a t  M - (C2H4 + H ), o r  M-29 (e q u a t io n  1 4 ) . I t  i s  t h i s  l a t t e r

-C2H5

m /e 129

pathw ay w hich  can  a c c o u n t f o r  th e  p ro m in en t m/e 157  (M-29) 

peak  in  th e  m ass sp e c tru m  o f  th e  "p rim a ry  p ro d u c t,"  assum ing  

t h i s  compound to  have  s t r u c t u r e  I  ( e q u a t io n  1 5 ) .

CH3

L

h3c /ch 2 ch3+- ch 3

- c 2h 5 ( 15a)

CH3

ch 2 ch3

m /e 157 (M-29) 
CH3

-C2Hs
(15b)
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A s i m i l a r  p a thw ay  in v o lv in g  lo s s  o f  th e  th r e e - c a r b o n  b r id g e  

w i l l  a c c o u n t f o r  th e  m /e 1^3 (M-43) (b a s e )  peak  ( e q u a t io n  16).

HaC CH^ ;
CH2
CH3 -C3H7

CH3

ch3 (16a)

e
H CH3 +

m /e 143 (M-43) 
CH3

I
J f H3
^CH2

“C3H7 (16b)

CHS

T hese d a ta  can  be a c c o u n te d  f o r  o n ly  w ith  d i f f i c u l t y  by 

s t r u c t u r e s  I I  and I I I .

T hus, a l l  th e  s p e c t r a l  e v id e n c e  in d i c a t e d  t h a t  I ,  

l -m e ith y l-6 , 7 -b e n z o b ic y c lo [ 3 . 2 , 2 ]n o n - 6 - e n e ,  was th e  m ost 

p ro b a b le  s t r u c t u r e  o f  th e  "p rim a ry  p r o d u c t ."
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S y n th e s is  o f  th e  "P rim ary  P ro d u c t"

In  o r d e r  to  a c h ie v e  a  f i n a l  c o n f irm a t io n  o f  th e

s t r u c t u r e  o f  th e  " p r im a ry  p ro d u c t,"  th e  s y n th e s is  o f  

s t r u c t u r e  I  was u n d e r ta k e n  a s  o u t l i n e d  in  Scheme XXI

Scheme XXI

0 NO 0 ch3 oh CHs

0
^  k 2co3

c6h 5 c2H5OH

ch3ncooc2h5

(C2Hs ) 20

CH3L i

C6H5

C om m ercially  a v a i l a b l e  4 -p h en y lc y c lo h e x an o n e  was s u b je c te d  

to  d iazo m eth an e  r in g  e x p a n s io n  u s in g  N -m e th y l-N -n i tro -

s o u re th a n e  and p o ta s s iu m  c a rb o n a te  in  a b s o lu te  e th a n o l  to

m e th y l l i th iu m  gave in  h ig h  y i e l d  a  m ix tu re  o f  iso m ers  o f  4 -  

p h e n y l- l - m e th y lc y c lo h e p ta n o l  ( f o r  a n a ly s i s  and p r o p e r t i e s

see  p ag es  3 9 -4 0 ) . T h is  compound was c y c l iz e d  w ith  e i t h e r
60 61 

s u l f u r i c  a c id  o r  p h o s p h o r ic  a c id  to  y i e l d  a  s in g l e

p ro d u c t  ( s in g l e  peak  on p o l a r  and n o n p o la r  g as  ch ro m a to ­

g ra p h ic  colum ns) w hich  was i d e n t i c a l  in  a l l  r e s p e c t s  ( r e t e n ­

t i o n  tim e s  on p o la r  and  n o n p o la r  g as  ch ro m a to g ra p h ic  co lum ns, 

nmr (s e e  page 72 ) and i r  ( s e e  page 75 ) s p e c t r a )  w ith  th e  

"p rim a ry  p r o d u c t ."  The above a s s ig n m e n t o f  th e  s t r u c t u r e  

o f  th e  "p rim a ry  p ro d u c t"  a s  I  (page 90) i s  th u s  c o n f irm e d .

In  a d d i t io n ,  t h i s  l a s t  r e a c t i o n  shows some p ro m ise  i n  

th e  s y n th e s i s  o f  b e n z o b ic y c lo [ n .2 .2 ] ( n + 6 ) - e n e s ,  w here n fc .2 . 

R ecen t work in d i c a t e s  a  s i m i l a r  fo rm a tio n  o f  a  b i c y c l i c

57

58, 59
y i e l d  th e  known 4 -p h e n y lc y c lo h e p ta n o n e . T re a tm en t w ith
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7 9
s t r u c t u r e  v i a  th e  F r ie d e 1 - C r a f ts  r e a c t i o n  ( e q u a t io n  1 7 ) . 

CeHs.R

>H , .
(17)

,0H 

C6H5 ‘R
R = CH3 o r  C6H5 C6Hs

I t  i s .  r e a s o n a b le  to  assume s te p w is e  e y e l i a l k y l a t i o n s ,  

in  w hich c a s e  a  l i k e l y  in te rm e d ia te  w ould be V, s im i l a r  in :

R OH

V

s t r u c t u r e  t o  4 -p h e n y l- l -m e th y le y c lo h e p ta n o l ,

(7 9 ) L. R. C. B a rc la y  and R. A. Chapman, Can. J .  Chem., 
J £ ,  1?5^ (1 9 6 5 ) .
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Mechanistic Considerations

The u n e q u iv o c a l a s s ig n m e n t o f  th e  s t r u c t u r e  o f  th e  

m a jo r p ro d u c t  i n  th e  F r i e d e l r C r a f t s  r e a c t i o n  o f  1 ,1 - b i s -  

(brom om ethy1 ) cy c lo h ex a n e  was fo llo w e d  by a  s tu d y  o f  th e  

m echanism  o f  i t s  f o rm a tio n .  The g e n e r a l  ap p ro ac h  to  th e  

e l u c i d a t i o n  o f  t h i s  m echanism  was to  s u b je c t  p o s tu l a t e d  

in te r m e d ia te s  o r  t h e i r  p r e c u r s o r s  t o  th e  r e a c t i o n  c o n d i t io n s  

(benzene and alum inum  c h lo r id e  a t  4 0 °) and to  compare th e  

r e s p e c t iv e  p ro d u c t  m ix tu re s  w ith  t h a t  o b ta in e d  in  th e  

r e a c t io n  o f  1 , l-b is (b ro m o m e th y l)c y c lo h e x a n e .

A s im p le  co m p ariso n  o f  th e  s t r u c t u r e s  o f  th e  s t a r t i n g  

d ib ro m id e  and  o f  th e  "p rim a ry  p ro d u c t"  I  shows t h a t  a  d ee p - 

s e a te d  re a r ra n g e m e n t o f  th e  fo rm e r h a s  o c c u r r e d .  The 

s t r u c t u r e  o f  I  a lo n e  r e q u i r e s ,  a t  th e  v e ry  l e a s t ,  th e  

o c c u rre n c e  o f  a  r i n g  e x p a n s io n  (a s  i n  p a th  A, Scheme X V III, 

page 2 7 ) and a  t r a n s a n n u la r  i n t e r a c t i o n .

R ing  e x p a n s io n  o f  a  c y c lo a lk y lc a r b in y l  sy stem  i s  n o t  

u n e x p e c te d . F o rm a tio n  o f  a t  l e a s t  t h r e e  o f  the. p ro d u c ts  i n  

th e  a c id  h y d r o ly s i s  o f  l , l - b is ( h y d r o x y m e th y l) c y c lo h e x a n e  

( e q u a t io n  10, page  26 ) r e q u i r e s  su ch  a  r i n g  e x p a n s io n . O th e r

1 .1 -b is (h y d ro x y m e th y l) c y c lo a lk a n e s  have a l s o  b een  shown to  

r e a r r a n g e  p r im a r i l y  th ro u g h  r in g  e x p a n s io n  i n  aqueous 

s u l f u r i c  a c id .  The r e a c t io n  pathw ay was in d ic a t e d  by th e  

s i m i l a r i t y  o f  th e  p ro d u c ts  i n  th e  a c id  h y d ro ly s e s  o f  th e

1 . 1 -b is (h y d ro x y m e th y l)c y c lo a lk a n e s  and o f  th e  r e s p e c t iv e  

1 -h y d ro x y m e th y lc y c lo a lk a n o ls  w ith  one more r in g  ca rb o n  atom . 

The in te rm e d ia te  t e r t i a r y  c a t io n s  from  th e  l a t t e r  w ould be
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th e  same a s  th o s e  form ed from  th e  fo rm e r  by  io n i z a t i o n  and
\  5 2r i n g  e x p a n s io n  (Scheme X X II).

Scheme XXII

HOH2q  £H2OH HDH2£,CH2

T+H
'( ch2 L  l(cH- nn

(n  = 0 , 1 , 2 , 3)

CHa0H

<  + )  — > f cHp)(CHa )n

I
P ro d u c ts

H

HO CHs 0H

N ( c h 2 ) ;

F u rth e rm o re , th e  1 -m e th y lc y c lo h e x y lc a rb in y l  c a t io n  

(fro m  d i a z o t i z a t i o n  o f  th e  c o r re s p o n d in g  am ine in  d i l u t e  

aqueous p h o sp h o r ic  a c id  -  th e  Demjanov re a rra n g e m e n t)  g iv e s  

p re d o m in a n tly  th o se  p ro d u c ts  form ed v i a  a  r in g  e x p a n s io n , 

w ith  none o f  th e  p ro d u c t o f  d i r e c t  d isp la c e m e n t and o n ly  

m in o r q u a n t i t i e s  o f  th e  p ro d u c ts  o f  a  m e th y l m ig ra t io n  

(Scheme X X III) . In  c o n t r a s t  th e  c y c lo h e x y lc a rb in y l  c a t io n

Scheme XXIII 

H3Cv x h 2nh2 H2N2+ H3(\C H 2+

NaN02 
HsWV*

C ch 2ch3 c h 2c h 3

b ~ c r

+ o l e f i n s

H30^CH20H

67$

+ o l e f i n s  (5$)

y i e l d s  o n ly  24$ o f  th e  a l c o h o l  p ro d u ced  by r in g  e x p a n s io n  

and a  la r g e  amount ( 15$ ) o f  th e  a lc o h o l  p ro d u ced  by  d i r e c t

(8o) R. K o ta n i , J .  O rg . Chem. , 3 0 , 350 (1 9 6 5 ).
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displacement. (Scheme XXIV)

Scheme XXIV

H CH,

-N;
15*

OHOH

R ing e x p a n s io n  in  th e  1 -m e th y l compound i s  fa v o re d

r e l a t i v e  to  t h a t  i n  th e  u n s u b s t i t u t e d  compound b ecau se  a

t e r t i a r y  io n  may be fo rm ed , w hereas o n ly  a  se c o n d a ry  io n  can
80

be form ed by  r i n g  e n la rg e m e n t i n  th e  u n s u b s t i t u t e d  c a s e .

S u b s t i t u t i o n  o f  a  h y d ro x y l g roup  a t  th e  1 - p o s i t io n

in c r e a s e s  s t i l l  f u r t h e r  th e  p e rc e n ta g e  o f  r in g  e x p a n s io n

( th e  T iffen eau -D em jan o v  r e a r r a n g e m e n t) .  No hyd ro g en  atom  i s

p r e s e n t  to  m ig ra te  in  c o m p e ti t io n  w ith  a  r i n g  ca rb o n  atom ,

and th e  ch a rg e  i n  th e  io n  form ed by r i n g  e x p a n s io n  i s
82

s t a b i l i z e d  by  c o n ju g a t io n  w ith  th e  h y d ro x y l g ro u p . 

D eam in a tio n  o f  1 -am in o m e th y lcy c lo h ex an o l i s  u se d  a s  a
84

p r e p a r a t iv e  ro u te  to  cy c lo h ep tan o n e  ( e q u a t io n  1 8 ) .

I t  sh o u ld  be s t r e s s e d  t h a t  no d i r e c t  a n a lo g ie s  a re

( 8 1) P . A. S. Sm ith and D. R. B a e r , J .  Am. Chem. S o c . , 
6135 (1 9 5 ? ) . ~  ~  -

(82) P . A. S. S m ith  and D. R. B a e r , in  O rg an ic  
R e a c t io n s ,"  V ol 11, R. Adams, e d , John W iley  and S ons, I n c . ,  
New Y ork. N .Y ., I9 6 0 , pp 157-188.•

( 8 3 ) R. K o ta n i ,  J .  Chem. Eng. D a ta , 11, 248' ( 1 9 6 6 ) .
(84) H. G. Dauben, J r . ,  H. J .  RingolcfT H. Wade, D.

L. P e a rso n , and A. G. A nderson , J r . ,  "O rg an ic  S y n th e s e s ,1 
C o l l .  V o l. TV, N. R ab john , e d , John W iley  and Sons, I n c . ,
New Y ork, N .Y ., 1963, p 221.
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HO ,CH2NH2 HO CH2N2

HONO

OH

-N2

HO CH2

O

+
OH

-r (18)

"being drawn "between th e s e  r e a c t io n s  and th e  one u n d e r  s tu d y .  

D if fe re n c e s  in  s o l v a t i o n ,  r e a c t io n  c o n d i t io n s ,  s o lv e n t  

sy s te m s , r e v e r s i b i l i t y  o f  io n  fo rm a tio n , e t c . ,  make any such 

a n a lo g ie s  e x tre m e ly  te n u o u s  and r i s k y .  The above d a ta  have 

been  p r e s e n te d  o n ly  to  d e m o n s tra te  t h a t  r in g  e x p a n s io n s  from  

th e  c y c lo h e x y lc a r b in y l  sy stem  to  th e  c y c lo h e p ty l  sy s tem  a re  

known.

The p o s s ib le  re a r ra n g e m e n ts  o f  th e  i n i t i a l  r e a l  o r  

i n c i p i e n t  carbon ium  io n  form ed from  1 , l - b is (b ro m o m e th y l) -  

cy c lo h ex an e  a r e :  (A) r i n g  e n la rg e m e n t, (B) m ig r a t io n  o f  a

brom om ethyl g ro u p , and (c) 1 ,5 -h y d r id e  t r a n s f e r  (Scheme 

X V III) .

Scheme XVIII

CH2Br

CH2Br A lC la.

CH2Br

CH2+

A

B

CH2B r

CH2CH2Br

+
HC-Brj ,HC=BF

ch3
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I t  h a s  b een  shown t h a t ,  a l th o u g h  a  few  p e r  c e n t  o f  th e  

1 -p ro p a n o l from  d e a m in a tio n  o f  n -p ro p y la m in e  o c c u rs  by  1 ,3 -
8 5

h y d r id e  m ig r a t io n  v i a  a  p r o to n a te d  c y c lo p ro p a n e , none o f  

t h i s  re a r ra n g e m e n t o c c u rs  i n  d e a m in a tio n  o f  n e o p e n ty la m in e . 

The 1 , 3 - s h i f t  can  com pete w ith  1 , 2 - s h i f t s  i n  th e  fo rm er s y s ­

tem  b u t  n o t  i n  th e  l a t t e r  f o r  two r e a s o n s .  In  th e  l a t t e r  

sy stem  m e th y l g roup  m ig ra t io n  y i e l d s  a  t e r t i a r y  carbon ium  

io n ,  w h ereas h y d r id e  m ig ra t io n  in  th e  fo rm e r  sy stem  g iv e s  

o n ly  a  se c o n d a ry  io n .  A lso , c o n v e rs io n  o f  th e  n e o p e n ty l 

c a t io n  to  th e  t e r t -am yl c a t io n  g iv e s  a  g r e a t e r  r e l e a s e  o f

nonbonded i n t e r a c t i o n s  th a n  does c o n v e rs io n  o f  th e  l^ p r o p y l
86

c a t io n  to  th e  2 -p ro p y l  io n .  F o r s i m i l a r  r e a s o n s ,  1 ,3 -  

h y d r id e  m ig r a t io n  in  th e  n e o p e n ty l - l ik e  sy stem  u n d e r  s tu d y  

(p a th  C, Scheme X V III) m ig h t n o t  be e x p e c te d  to  com pete w ith

1 ,2 - m ig r a t io n s  (p a th s  A and B ) .

On th e  o th e r  h an d , 1 ,3 -h y d r id e  m ig r a t io n  m ig h t be 

e x p e c te d  on th e  b a s i s  o f  th e  r e l a t i v e  s t a b i l i t i e s  o f  th e  

i n i t i a l l y  form ed r e a l  o r  i n c i p i e n t  p r im a ry  carbonium  io n  and 

th e  a -b ro m o -ca rb o n iu m  io n  w hich  w ould be form ed by such 

a  re a r ra n g e m e n t. In  th e  l a t t e r  io n  th e  p o s i t i v e  ch a rg e  co u ld  

be s t a b i l i z e d  by  d o n a tio n  o f  a  p a i r  o f  nonbond ing  e l e c t r o n s  

from  th e  b rom ine atom  (s e e  p a th  C, Scheme X V TIl). In  t h i s  

ca se  th e  1 ,3 - h y d r id e  m ig ra t io n  w ould be e n e r g e t i c a l l y  

f a v o r a b le .  T hus, th e  p o s s i b i l i t y  o f  a  1 ,3 -h y d r id e  m ig ra t io n  

ca n n o t be d is c o u n te d .

(83 ) A. A. A boderin  and R. L . B a ird ,  J .  Am. Chem. S o c . ,  
86 , 2300 (1 9 6 4 ) . ' ~

(86) G. J  K a ra b a ts o s , C. E. O rz ech , J r . ,  and 
S. M eyerson, J .  Am. Chem. S o c . , 8 6 , 1994 (1 9 6 4 ).
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The m ig ra to ry  a p t i t u d e  o f  a  brom om ethyl g roup  in  

carbonium  io n  re a r ra n g e m e n ts  sh o u ld  be l e s s  th a n  t h a t  o f  a  

m e th y l g roup  b e c a u se  o f  th e  e le c t ro n - w ith d r a w in g  in d u c t iv e  

e f f e c t  o f  th e  b rom ine atom . S in ce  th e  1 -m e th y lc y c lo h e x y l-  

c a r b in y l  ca rb o n iu m  io n  r e a r r a n g e s  m a in ly  v i a  r i n g  e x p a n s io n ,
79

r a t h e r  th a n  m e th y l g roup  m ig r a t io n ,  i t  seem ed l i k e l y  t h a t  

re a rra n g e m e n t o f  th e  1 -b ro m o m e th y lc y c lo h e x y lc a rb in y l c a t io n  

sh o u ld  p ro c e e d  to  an ev en  g r e a t e r  e x t e n t  by way o f  a  r in g  

e x p a n s io n  ( p a th  A, Scheme X V III) . In  a d d i t i o n ,  a s  m en tio n ed  

above (page 9 3 ) ,  th e  s t r u c t u r e  o f  th e  "p r im a ry  p ro d u c t"  

r e q u i r e s  a  r i n g  e x p a n s io n . T h e re fo re ,  by  a n a lo g y  w ith  th e  

g e n e ra l  a p p ro a c h  o f  G lad s to n e  m en tio n ed  above (page 9 3 ) ,  

th e  h e r e t o f o r e  unknown l-b ro m o -l- (b ro m o m e th y l)c y c lo h e p ta n e  

was s y n th e s iz e d  and i t s  b e h a v io r  in  th e  F r i e d e l - C r a f t s  

r e a c t io n  was s tu d i e d .

S y n th e s is  o f  1 -b ro m o -l- (b ro m o m e th y l)c y c lo h e p ta n e  p o se s

an i n t e r e s t i n g  p ro b lem  in  i t s e l f .  The m ost o b v io u s  r o u te ,

t h a t  v i a  b rom ine a d d i t i o n  to  m e th y le n e c y c lo h e p ta n e , i s

c o m p lic a te d  by  two p i t f a l l s .  The therm odynam ic i n s t a b i l i t y

o f  e x o c y c l ic  o l e f i n s  r e l a t i v e  to  th e  is o m e r ic  e n d o c y c lic

o l e f i n s  i s  r e f l e c t e d  by  th e  re a d y  te n d e n c y  o f  th e  fo rm e r to
87 ' 88 

iso m e riz e  to  th e  l a t t e r  e i t h e r  in  a c id  o r  in  b a s e .

P r e p a r a t io n  and  i s o l a t i o n  o f  p u re  e x o c y c l ic  o l e f i n s  i s

c o m p lic a te d  by  t h i s  re a r ra n g e m e n t. In  a d d i t i o n ,  b ro m in a tio n

(8 7 ) A. C. Cope, D. Ambros, E. C ig an ek , C. P . H ow ell, 
and Z*- J a c u r a ,  J .  Am. Chem. S o c .,  8 l ,  3155 (1 9 5 9 )S 8 2 , 1750 
( i9 6 0 ) .  ' ~  ~  .

( 8 8 ) A. S c h r ie s h e im , R. J .  M u lle r , and  C. A. Rowe, J r . ,  
J .  Am. Chem. S o c . , 8 4 , 3164  (1 9 6 2 ).
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o f  e x o c y c l ic  o l e f i n s  p ro d u ces  l a r g e  q u a n t i t i e s  o f  iso m e r ic
6 6 , 67

1 ,2 - d ib ro m o - l-m e th y lc y c lo a lk a n e s .  A l l y l i c  b ro m in a tio n

com petes w ith  no rm al brom ine a d d i t io n  and  p ro d u c e s  sm a ll 

q u a n t i t i e s  o f  h yd rogen  brom ide as  a  b y -p ro d u c t .  T h is  h y d ro ­

gen b rom ide is o m e r iz e s  e x o c y c l ic  to  e n d o c y c lic  o l e f i n s  

w hich  a r e  b ro m in a te d  to  g iv e  r e a r r a n g e d  d ib ro m id e s . I t  

h a s  b ee n  c la im e d , how ever, t h a t  th e  p re s e n c e  o f  a  s o lu b le  

b a se  su ch  a s  p y r id in e  w i l l  m in im ize t h i s  fo rm a tio n  o f  

is o m e r ic  d ib ro m id e s  by  n e u t r a l i z i n g  th e  hyd ro g en  brom ide
6 6 , 6 7

b e fo re  i t  can  is o m e r iz e  th e  o l e f i n .  I t  th u s  ap p ea red

t h a t  b ro m in a t io n  o f  m e th y le n e c y c lo h e p ta n e  c o u ld  be c o n t r o l l e d  

to  g iv e  th e  d e s i r e d  1 -b ro m o - l- (b ro m o m e th y l)c y c lo h e p ta n e . 

A c c o rd in g ly  th e  s y n th e s i s  o f  m e th y le n e c y c lo h e p ta n e  was u n d e r ­

ta k e n .

The m ethod chosen  f o r  p r e p a r a t io n  o f  m e th y le n e e y e lo ­
s s ,  63

h e p ta n e  was t h a t  o f  Abraham and V i lk a s ,  who c la im ed  to

have p r e p a re d  th e  compound in  99$  is o m e r ic  p u r i t y .

R e fo rm a tsk y  r e a c t i o n  o f  c y c lo h e p ta n o n e  w ith  e t h y l  brom o- 

a c e t a t e  fo llo w e d  by  a l k a l i n e  s a p o n i f i c a t i o n  o f  th e  r e s u l t i n g  

£ -h y d ro x y e s te r  p ro d u ced  1 - h y d ro x y c y c lo h e p ty la c e t ic  a c id .  

D e c a rb o x y la t io n -d e h y d ra t io n  o f  t h i s  a c id  by th e  p u b lis h e d
6 2 , 6 3

m ethod (c o p p e r  pow der and q u in o l in e  a t  2 0 0 ° ) ,  how ever,

p ro d u ced  m e th y le n e c y c lo h e p ta n e  in  is o m e r ic  p u r i t i e s  ra n g in g  

from  o n ly  7 8 $  to  92$. P r e p a r a t iv e  g as  ch ro m a to g rap h y , u s in g
65

a  s i l v e r  n i t r a t e - t r i e t h y l e n e  g ly c o l  colum n, was n e c e s s a ry  

to  o b ta in  p u re  m e th y le n e c y c lo h e p ta n e .

Brom ine a d d i t io n  to  m e th y le n e c y c lo h e p ta n e  in  p y r id in e -
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. 6  6- 68  
m eth y len e  c h lo r id e  a t  - 7 8 ° d id  in d e e d  g iv e  o n ly

u n re a r ra n g e d  d ib ro m id e . When m e th y le n e c y c lo h e p ta n e  c o n ta in ­

in g  8$  1 -m e th y lc y c lo h e p te n e  was b ro m in a te d  u n d e r  th e  same 

c o n d i t io n s  th e  nmr sp e c tru m  had  a  s i n g l e t  a t  6 2 .0 0 , w hich was 

a t t r i b u t a b l e  to  th e  m e th y l g roup  in  1 ,2 -d ib ro m o - l-m e th y l-  

c y c lo h e p ta n e . The p ro d u c t  o f  b ro m in a t io n  o f  p u re  m e th y le n e ­

c y c lo h e p ta n e  d id  n o t  have t h i s  peak  ( o r  any o th e r  p eak s  Which 

c o u ld  n o t  be a s s ig n e d  to  1 -b ro m o -l- (b ro m o m e th y l)c y c lo h e p ta n e ) . 

The s y n th e s i s  i s  sum m arized in  Scheme XXV.

Scheme XXV CHaCOOCaHs

OH KOH %
cifeoH*

CH2C00H

Br
B ra . -7 8 °  
p y r id i n e - 
m e th y len e

Cu, 200° 
q u in o lin e '

c h lo r id e

F r ie d e 1 - C r a f t s  r e a c t i o n  o f  l -b ro m o - l- (b ro m o m e th y l)c y c lo -  

h e p ta n e  was c a r r i e d  o u t  u n d e r  c o n d i t io n s  i d e n t i c a l  w ith  th o s e  

f o r  th e  r e a c t io n  o f  l , l - b is ( b r o m o m e th y l) c y c lo h e x a n e .  Gas 

c h ro m a to g ra p h ic  a n a ly s i s  o f  th e  p ro d u c t  m ix tu re  showed t h a t  

i t  was in d e e d  s i m i l a r  to  t h a t  from  1 ,1 -b is (b ro m o m e th y l)c y c lo -  

h ex a n e , b o th  i n  r e t e n t i o n  tim e s  o f  a l l  p ro d u c ts  and in  

r e l a t i v e  p r o p o r t io n s  o f  m in o r p r o d u c ts .  The "p r im a ry  p r o d u c t" 

c o n s t i t u t e d  an ev en  g r e a t e r  f r a c t i o n  o f  th e  p ro d u c ts  from  1 - 

brom o- 1 - (b rom om ethy l) e y e lo h e p ta n e  th a n  i t  d id  o f  th e  p ro d u c ts
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from  1 ,1 -b is (b ro m o m e th y l)c y c lo h e x a n e . .The m a te r ia l  was 

i s o l a t e d  by  p r e p a r a t iv e  g as  ch ro m ato g rap h y  and was shown to  

be "p rim a ry  p ro d u c t"  by  th e  i d e n t i t y  o f  t h e i r  r e s p e c t iv e  

i n f r a r e d  and mass s p e c t r a .

These r e s u l t s  s u g g e s t  t h a t  th e  f i r s t  s te p  in  th e  

F r i e d e l - C r a f t s  r e a c t io n  o f  1 , l-b is (b ro m o m e th y l)c y c lo h e x a n e  

i s  r i n g  ex p a n s io n  to  th e  1 -b ro m o m e th y lc y c lo h e p ty l c a t io n  

(Scheme XXVI) .

Scheme XXVI

As w ith  th e  r i n g  e x p a n s io n  s t e p ,  p re c e d e n t  a l s o  e x i s t s  

f o r  t r a n s a n n u la r  i n t e r a c t i o n  i n  a  c y c lo h e p ty lc a r b in y l  sy s te m . 

The m a jo r p ro d u c t o f  a c e t o l y s i s  o f  c y c lo h e p t-4 -e n y lm e th y l  

b r o s y la t e  i s  endo- 2 - b i c y c lo [ 3 .2 .  l ] o c t y l  a c e t a t e ,  w ith  m in o r 

am ounts o f  th e  e x o - iso m e r  and o f  2 - b i c y c lo [ 2 .2 .2 ] o c t y l  

a c e t a t e .  The m a jo r in te r m e d ia te  c a t io n  i s  form ed by 

p a r t i c i p a t i o n  o f  th e  d o u b le  bond in  th e  i o n i z a t io n  s te p  a s

shown in  e q u a tio n  1 9 .

(8 9 ) G. LeNy, Compt. r e n d . , 251 , 1526 ( i9 6 0 ) .
( 9 0 ) H. F e lk in ,  G. LeNy,' C. H o n ,  W. D. K. M acrosson , 

J .  M a rtin , and W. P a rk e r ,  T e tra h e d ro n  L e t t e r s ,  157 (1 9 6 6 ) .

A lCla

(+ o th e r  

p ro d u c ts ? )

8 9 * 9 0
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^ ^ _ _ * ch2Q!>bs

A - /  ( A )  „  f d j  1 3 \
\ -' M q

A t r a n s a n n u la r  1 ,5 -h y d r id e  m ig ra t io n  h a s  b een  p o s tu l a t e d  

to  e x p la in  th e  fo rm a tio n  o f  1- m e th y l -8 - o x a b ic y c lo [3 .2 . l ] o c t -  

ane in  th e  a c id - c a t a ly z e d  h y d r o ly s i s  o f  l , l - b i s ( h y d r o x y -

8 - o x a b ic y c lo [ 5 .2 .1 ] o c ta n e  from  m e th y le n e c y c lo h e p ta n e  

ep o x id e  ( l - o x a s p i r o [ 2 .6 ] n o n a n e )  u n d e r  th e s e  c o n d i t io n s  h a s  

a l s o  been  p ro p o se d  to  in v o lv e  a  t r a n s a n n u la r  1 ,5 -h y d r id e  

m ig ra t io n  (Scheme XXVII) .

Scheme XXVIII d e p ic t s  two p o s s ib le  pathw ays f o r  th e  

fo rm a tio n  o f  " p r im a ry  p ro d u c t"  from  1 ,1 -b is (b ro m o m e th y l) -  

cy c lo h e x a n e , b o th  p ro c e e d in g  th ro u g h  th e  1 -b ro m o m eth y lcy c lo - 

h e p ty l  c a t io n .  T hese pathw ays d i f f e r  in  w h e th e r  th e  t r a n s ­

a n n u la r  s h i f t  in  th e  c y c lo h e p ty lc a r b in y l  sy stem  p re c e d e s  o r

(91) L. H. S ch w artz , M. F e i l ,  A. J .  K a sc h e re s , K. 
Kaufmann, and A. M. L e v in e , T e tra h e d ro n  L e t t e r s ,  3785 (1 9 6 7 ).

51
m e th y l)c y c lo h e x a n e  (Scheme XXVII). P ro d u c tio n  o f  1-m e th y l-

Scheme XXVII
,CH2OHHOH2C CH2OH +

ch3
Jl,5 ~ H "

H3C ,0H

H
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fo llo w s  th e  f i r s t  a l k y l a t i o n  s t e p .  Each pathw ay r e q u i r e s  th e  

in te rm e d ia c y  o f  a  n e u t r a l  s p e c ie s  c o n ta in in g  a  b rom ine atom  

and a  p h en y l g ro u p .

Scheme XXVIII92
BrHj

1C13 A lC ls

CeHs CH2Br ^

-H
A1C1

(92) R eaction- s t e p s  in v o lv in g  s t r u c t u r e s  i n  b r a c k e ts  
may be sy n ch ro n o u s .
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B e fo re  p ro c e e d in g  f u r t h e r ,  i t  m ig h t be i n s t r u c t i v e  to  

rev ie w  w hat l i t t l e  i s  known o f  th e  r e a c t io n s  o f  th e s e  two 

sy s te m s , 4 -p h e n y l- 1 -m e th y lc y c lo h e p ty l-  (V i) and 1-p h e n y l-  

c y c lo h e p ty lc a r b in y l -  ( V I l ) .

The fo rm e r sy s tem  (V I) was unknown p r i o r  t o  t h i s  w ork . 

I t  h a s  a l r e a d y  b een  seen  (page 91 ) t h a t  t r e a tm e n t  o f  th e  

a lc o h o l  (V I, X = OH) w ith  8 5$  s u l f u r i c  a c id  a t  0° p ro d u ced  

o n ly  "p rim a ry  p r o d u c t . "  T h is  was to  be e x p e c te d , s in c e  

c y c l i a l k y l a t i o n s  r e a d i l y  p ro c e e d  w ith o u t  re a r ra n g e m e n t w here

fo rm a tio n  o f  a  six -m em bered  r in g  i s  p o s s i b l e ,  a s  i n  t h i s  

c a s e .  I t  w ould t h e r e f o r e  be e x p e c te d  t h a t  th e  c o r re s p o n d in g  

bromo compound (V I, X = B r) on t r e a tm e n t  w ith  aluminum 

c h lo r id e  in  b en zen e  w ould a l s o  g iv e  " p r im a ry  p r o d u c t ."

The o n ly  p u b l is h e d  in fo rm a tio n  on th e  1 -p h e n y Ic y c lo ­
s s , 93

h e p ty lc a r b in y l  sy s tem  i s  t h a t  o f  W ilt and co w o rk e rs , 

who s tu d ie d  c a t i o n i c ,  f r e e  r a d i c a l ,  and c a rb e n o id  r e a r r a n g e ­

m ents in  th e  1 - p h e n y lc y c lo a lk y lc a r b in y l  s e r i e s .  A c e to ly s is  

o f  1 -p h e n y lc y c lo h e p ty lc a r b in y l  t o s y l a t e  (V II , X = OTs) a t  

25° t o  47° p ro c e e d e d  w ith  e x c lu s iv e  m ig r a t io n  o f  th e  p h e n y l

f. W. W ilt  and D. D. R o b e r ts ,  J .  O rg . Chem. ,  2 7 ,

VI V II

28
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group to the exocyclic carbon to produce a quantitative 
yield of the olefins 1 -benzylcycloheptene (7 1$) and 
benzylidenecycloheptane (29$). Almost identical results -were 
obtained in the dehydration of 1 -benzylcycloheptanol, and 
migration of the phenyl group to the exocyclic carbon via 
the bridged phenonium ion (VIII) was suggested as the
s o le  c o u rse  o f  th e  a c e t o l y s i s  r e a c t io n  (Scheme XXIX) .

69 >93

Scheme XXIX 
C6H5 CH2OTs

AcOH
CHaCeHs

+

This information suggests that 1-phenylcycloheptyl- 
carbinyl bromide (VII, X * Br).would not be as likely an 
intermediate in formation of "primary product" in the reac­
tion under study as would be 4-pheny1 -1 -methylcycloheptyl 
bromide (VI, X = Br). However, its possible intermediacy in 
formation of other products cannot be excluded.

From these data it appears that path A in Scheme XXVIII 
(intermediacy of 4-phenyl-1 -methylcycloheptyl bromide) is 
more likely than path B.

4-Phenyl-l-methylcycloheptyl bromide (the intermediate 
in path A, Scheme XXVIIl) was prepared from the already 
discussed corresponding alcohol (page 91) by reaction with

3 05
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48io h yd rob rom ic  a c id .

4 -P h e n y l-1 -m e th y lc y c lo h e p ty l  brom ide w ith  aluminum  

c h lo r id e  i n  b en zen e  gave a  m ix tu re  s i m i l a r  to  th o s e  o b ta in e d  

from  1 ,1 -b is (b ro m o m e th y l)c y c lo h e x a n e  and from  1 -b ro m o - l-  

(b ro m o m eth y l)cy c lo h ep tan e  c o n ta in in g  two m a jo r  p r o d u c ts .

The "p rim a ry  p ro d u c t"  ( i s o l a t e d  by gas ch ro m ato g rap h y  and 

i d e n t i f i e d  by i n f r a r e d  and mass s p e c t r a )  c o n s t i t u t e d  an even  

g r e a t e r  f r a c t i o n  o f  th e  t o t a l  p ro d u c t th a n  i t  d id  w ith  

e i t h e r  o f  th e  two dibrom o compounds.

The seco n d  m a jo r  com ponent o f  t h i s  m ix tu re  was i s o l a t e d  

by p r e p a r a t iv e  g as  ch ro m ato g rap h y . Mass s p e c tro m e try  

in d ic a te d  i t  p ro b a b ly  to  be 4 -  o r  5 - p h e n y l- l -m e th y lc y c lo -  

h e p te n e  o r  a  m ix tu re  o f  th e  two iso m ers  ( e q u a t io n  2 0 ) .

The fo rm a tio n  o f  "p rim a ry  p ro d u c t"  from  4 - p h e n y l - l -  

m e th y lc y c lo h e p ty l  b rom ide w as, as  m en tio n ed  above (page 1 0 4 ) , 

e x p e c te d . T h is  in fo rm a tio n  does n o t ,  how ever, p ro v e  th e  

in te rm e d ia c y  o f  t h i s  compound in  th e  r e a c t i o n  u n d e r  s tu d y , 

f o r  i t s  fo rm a tio n  from  th e  f i r s t  m a jo r  in te r m e d ia t e ,  th e  

1 -b ro m o m e th y lc y c lo h e p ty l c a t io n ,  i s  s t i l l  u n p ro v en .

S y n th e s is  o f  1 -p h e n y lc y c lo h e p ty lc a r b in y l  brom ide ( th e  

in te rm e d ia te  i n  p a th  B, Scheme XXVIII) c o u ld  n o t  be 

ac c o m p lish ed . The c o r re s p o n d in g  a lc o h o l  and  t o s y l a t e  (V II ,

A lC ls

CeHs ( ? )  CgHs ( ? )
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69
X = OH and OTs) w ere p r e p a re d  by th e  p ro c e d u re  o f  W ilt 

w ith  l i t t l e  d i f f i c u l t y  and in  some c a s e s  w ith  im provem ent o f  

y i e ld s  and p u r i t i e s  ( s e e  E x p e r im e n ta l s e c t i o n ,  p ag es  4 9 -5 6 ) .

R e a c tio n  o f  phenylm agnesium  brom ide w ith  c y c lo h e p ty l  

cy an id e  gav& a f t e r  h y d r o ly s i s  c y c lo h e p ty l  p h e n y l k e to n e , 

w hich  was c o n v e r te d  t o  th e  a - c h lo ro k e to n e  w ith  s u l f u r y l  

c h l o r id e .  F a v o rsk y -ty p e  re a r ra n g e m e n t, p rom oted  by s i l v e r  

n i t r a t e ,  p ro d u ced  1 -p h e n y lc y c lo h e p ta n e c a rb o x y lic  a c id .  

L ith iu m  aluminum h y d r id e  r e d u c t io n  gave a  q u a n t i t a t i v e  y i e l d  

o f  th e  a lc o h o l  w hich  was c o n v e r te d  i n  92$ y i e ld  t o  th e  

t o s y l a t e  (Scheme XXX).

Scheme XXX
CH

CeH« CH2OTs

TsC l
p y r id in e

AgN03
d io x a n e -
w a t e r ( 9 : l )

C6H5/ CH2OH C6H5. ,COOH

LiAlH4 
<------------

T rea tm en t o f  th e  t o s y l a t e  w ith  e i t h e r  sodium  brom ide in
9 4

d ie th y le n e  g ly c o l  a t  140° (p ro c e d u re  s i m i l a r  to  p r e p a r a t io n  

o f  1 ,1 -b is (b ro m o m e th y l)c y c lo h e x a n e , p ag es 35 and 8 l )  o r
95

l i t h iu m  brom ide in  d im e th y l s u l f o x id e  a t  8 5  p ro d u ced

, (94) H. L. H erzog , i n  "O rg an ic  S y n th e s e s ,"  C o l l .  V o l.
IV , N. R ab john , e d , John W iley and S o n s, I n c . ,  New Y ork,
N .Y ., 1963, p 7 5 5 . .  , .

(95) S. W. S ta le y ,  J .  Am. Chem. S o c . ,  § 9 , 1552 (1 9 6 7 ) .
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m ix tu re s  w hich  c o n ta in e d  o l e f i n i c  bonds ( i n f r a r e d  s p e c t r o ­

scopy) . The p ro d u c t  m ix tu re  from  th e  l a t t e r  p ro c e d u re  a l s o  

showed c a rb o n y l and  c o n ju g a te d  a ro m a tic  b an d s i n  th e  

in f r a r e d .
96

R e a c tio n  o f  th e  a lc o h o l  w ith  p h o sp h o ru s  t r ib ro m id e  

a l s o  gave m ix tu re s  o f  p ro d u c ts  c o n ta in in g  u n s a t u r a t i o n .  

C o n v ers io n  o f  th e  a lc o h o l  to  th e  t r i m e t h y l s i l y l  e t h e r  w ith  

t r i m e t h y l s i l y l  c h lo r id e  and q u in o l in e  was co m p le te  w i th in  

one h o u r a t  room te m p e r a tu r e .  T re a tm en t o f  t h i s  e t h e r  f o r  

2k h o u rs  w ith  p h o sp h o ru s  t r ib ro m id e  l ik e w is e  gave a  m ix tu re ,  

w hich a f t e r  h y d r o ly s i s  was found  to  be m a in ly  th e  s t a r t i n g  

a lc o h o l ,  i n d i c a t i n g  t h a t  th e  t r i m e t h y l s i l y l  e t h e r  had  n o t 

r e a c te d  w ith  th e  p h o sp h o ru s  t r ib r o m id e .

I t  t h e r e f o r e  became n e c e s s a ry  to  a t te m p t  to  o b ta in  

i n d i r e c t  e v id e n c e  a s  to  w h e th e r  1 - p h e n y lc y c lo h e p ty lc a r b in y l  

b rom ide was an in te r m e d ia te  in  th e  fo rm a tio n  o f  "p rim a ry  

p r o d u c t . "

T rea tm en t o f  th e  a lc o h o l  (V II , X = OH) w ith  85 $  s u l f u r i c  
6 0a c id  a t  0° ( s i m i l a r  t o  th e  r e a c t io n  o f  4 -p h e n y l- 1 -m ethy1 -  

c y c lo h e p ta n o l ,  p a g e s  k l  and  9 1 ) gave a  m ix tu re  o f  n in e  

p r o d u c ts ,  a s  i n d i c a t e d  by  g as ch ro m a to g rap h y . One o f  th e s e  

compounds, w hich  c o n s t i t u t e d  no more th a n  6$ o f  th e  p ro d u c t  

m ix tu re ,  had  a  g as  c h ro m a to g ra p h ic  r e t e n t i o n  tim e  2% g r e a t e r  

th a n  t h a t  o f  " p r im a ry  p r o d u c t ."  I t  can  th u s  be co n c lu d ed  

t h a t  no more th a n  6$ o f  th e  "p rim ary  p ro d u c t"  was p r e s e n t .
72 73

S in ce  a lc o h o ls  and t o s y l a t e s  u n d erg o  P r ie d e 1 - C r a f t s

(9 6 ) L. H. Sommer, H. D. B lankm an, and P . C. M i l l e r ,
J .  Am. Chem. S o c . ,  7 6 , 803  (195*0.

“  r" ' r t -r-m l -  ***«•»
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r e a c t io n s  i n  th e  p re s e n c e  o f  Lew is a c id  c a t a l y s t s ,  e a c h  o f  

th e s e  compounds (V I I ,  X = OH and OTs) was t r e a t e d  w ith  

aluminum c h lo r id e  i n  benzene  a t  4 0 ° . The 1 -p h e n y lc y c lo h e p ty l-  

c a r b in o l  c o m p le te ly  r e a c te d  w i th in  1 -1 /2  h o u rs  and p ro d u ced  

a  m ix tu re  v e ry  s i m i l a r  to  t h a t  o b ta in e d  from  i t s  a c id -  

c a ta ly z e d  d e h y d ra t io n  (p re v io u s  p a r a g r a p h ) ,  c o n ta in in g  e i g h t  

m a jo r and e le v e n  m in o r m onopheny la ted  p ro d u c ts  and two 

p ro d u c ts  o f  lo n g e r  r e t e n t i o n  tim e w hich  a r e  p ro b a b ly  d i ­

p h e n y l com pounds. Once a g a in  one o f  th e  compounds in  t h i s  

m ix tu re  had  a  g as  ch ro m a to g ra p h ic  r e t e n t i o n  tim e 2% g r e a t e r  

th a n  t h a t  o f  " p r im a ry  p r o d u c t ,"  b u t  i t  c o n s t i t u t e d  no more 

th a n  yfo o f  th e  t o t a l  m ix tu re  and no more th a n  o f  t h a t  

p o r t io n  o f  th e  m ix tu re  c o n s i s t in g  o f  m onophenyl com pounds.

The c o r re s p o n d in g  t o s y l a t e  r e a c te d  s i m i l a r l y  u n d e r  th e s e  

c o n d i t io n s  to  p ro d u ce  a  v e ry  s i m i l a r  m ix tu re  o f  f iv e  m a jo r 

and n in e  m inor m onophenyl p ro d u c ts  i n  a d d i t io n  to  fo u r  

d ip h e n y l com pounds.

The a v a i l a b l e  e v id e n c e  i n d i c a t e s  t h a t  r e a c t io n  o f

1 ,1 -b is (b ro m o m e th y l)c y c lo h e x a n e  to  y i e l d  "p rim a ry  p ro d u c t"  

fo llo w s  p a th  A i n  Scheme XXVIII, page 1 0 3 .

The c o n v e rs io n  o f  th e  1 -b ro m o m e th y lc y c lo h e p ty l c a t io n  

to  th e  1 -b ro m o - l-m e th y l- 4 - c y c lo h e p ty l  c a t io n  o b v io u s ly  

in v o lv e s  d is p la c e m e n t o f  brom ine from  th e  p r im a ry  e x o c y c l ic  

ca rb o n  to  th e  t e r t i a r y  r in g  c a rb o n . I t  i s  p o s s ib le  to  

e n v isa g e  t h i s  a s  a  s te p w ise  p ro c e d u re  in v o lv in g  two 

c o n s e c u t iv e  m ig r a t io n s  (Scheme XXXI, p a th  A ), b u t  such  a  

re a rra n g e m e n t w ould in v o lv e  c o n v e rs io n  o f  a  t e r t i a r y
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carbonium  io n  to  a  p r im a ry  o n e , a  h ig h ly  u n l i k e l y  t r a n s f o r m ­

a t i o n .  T h is  p a th  may th e r e f o r e  be r e j e c t e d .

Two a l t e r n a t e  p a th w ay s a r e  p o s s ib le  w hich  do n o t  in v o lv e

Scheme XXXI

CHa+

La 1 r B r

6
CHgBr

CH2B r CH2
|+^Br >T

\
(C)

a f r e e  p r im a ry  ca rbon ium  io n .  One (p a th  B) in v o lv e s  th e  

p o s s i b i l i t y  t h a t  th e  1 -b ro m o m e th y lc y c lo h ep ty l c a t io n  may 

form  "a b r id g e d  s p e c i e s .  In  fo rm a tio n  o f  t h i s  b r id g e d  io n  

from  1 ,1 -b is (b ro m o m e th y l)c y c lo h e x a n e , th e  brom ine c o u ld  form  

a b r id g e  to  th e  ch a rg ed  t e r t i a r y  ca rb o n  Atom a f t e r  r in g  

e x p a n s io n , w hereas th e  b r id g e d  bromonium io n  c o u ld  form  

d i r e c t l y  in  th e  r e a c t i o n  o f  1 -b ro m o -l-b ro m o m e th y lcy c lo -  

h e p ta n e . The t r a n s a n n u la r  h y d r id e  m ig ra t io n  w ould th e n  d i s ­

p la c e  th e  brom ine from  th e  e x o c y c lic  ca rb o n  w h ile  th e  brom ine 

was a l r e a d y  p a r t i a l l y  bonded to  th e  t e r t i a r y  r i n g  c a rb o n .

In  th e  o th e r  p o s s i b l e  ca se  (p a th  C) th e  r e a c t i o n  can  be 

c o n c e r te d . As th e  h y d ro g en  b e g in s  to  m ig ra te  i t  can  s t a r t  

to  d is p la c e  brom ine from  th e  e x o c y c lic  ca rb o n  o f  th e  c l a s s i c a l
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1-bromome th y lc y c lo h e p ty l  c a t io n .  As th e  bond be tw een  th e  

m ig ra t in g  h y d ro g en  and th e  ca rb o n  to  w hich  i t  i s  o r i g i n a l l y  

a t ta c h e d  becom es w eak er, th e  hy d ro g en  b e g in s  to  bond to  th e  

e x o c y c l ic  c a rb o n . T h is  i n c i p i e n t  bond fo rm a tio n  w ould s t a r t  

to  d i s p la c e  th e  b rom ine from  t h i s  p o s i t i o n ,  and th e  brom ine 

w ould th e n  s t a r t  t o  bond to  th e  r i n g  c a rb o n .

These two p o s s i b i l i t i e s  c a n n o t be d i s t in g u i s h e d  in  t h i s  

w ork. However, i t  sh o u ld  be n o te d  t h a t  th e  geom etry  a t  th e  

e x o c y c l ic  c a rb o n  atom  i s  f a v o ra b le  f o r  e i t h e r  o f  them , f o r  

th e  h yd rogen  w i l l  ap p ro ach  th e  ca rb o n  from  th e  s id e  o p p o s ite  

t h a t  to  w hich  th e  brom ine i s  a t t a c h e d .  In  e i t h e r  c a se  th e  

r e a c t io n  makes u se  o f  th e  a b i l i t y  o f  th e  b rom ine atom  to  

b r id g e  betw een  two c a rb o n s , a t  l e a s t  t r a n s i e n t l y .

The gas chrom atogram s in  th e  k i n e t i c  s tu d i e s  o f  th e  

r e a c t io n  o f  1 , l-b is (b ro m o m e th y l)c y c lo h e x a n e  showed no 

ev id en c e  f o r  th e  fo rm a tio n  and decay  o f  an in te rm e d ia te  p r i o r  

to  fo rm a tio n  and d ecay  o f  "p rim a ry  p r o d u c t ."  T h is  i s  u n d e r ­

s ta n d a b le  in  l i g h t  o f  w hat m ust be th e  h ig h  r e a c t i v i t y  o f  

th e  4 -p h e n y l- l - m e th y lc y c lo h e p ty l  brom ide form ed in  s i t u .

Brown showed t h a t  r e a c t io n  o f  t e r t - b u ty l  brom ide w ith  benzene 

and a  m o la r q u a n t i t y  o f  aluminum brom ide a t  25° was com plete
43

w ith in  0 .0 0 5  se c o n d s . In  t h i s  w ork , th e  c o n c e n t r a t io n  o f  

4 - p h e n y l- l - m e th y lc y c lo h e p ty l  brom ide a t  any i n s t a n t  m ust be 

v e ry  low , and th e  aluminum c h lo r id e  c o n c e n t r a t io n  i s  t h e r e ­

fo re  g r e a t  com pared to  i t .  F u rth e rm o re , t h i s  h a l id e  u n d e r ­

goes in t r a m o le c u la r  c y c l i a l k y l a t i o n ,  w hich  g e n e r a l ly
33

p ro c e e d s  more r a p i d l y  th a n  in te r m o le c u la r  a l k y l a t i o n .  F or
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th e s e  re a s o n s  in t r a m o le c u la r  c y c l i a l k y l a t i o n  o f  t h i s  t e r t i a r y  

h a l id e  w ould he e x tre m e ly  r a p id ,  and i t s  c o n c e n t r a t io n  c o u ld  

he e x p e c te d  n e v e r  to  r e a c h  a  d e t e c t a b le  l e v e l .

G iven th e  t r a n s a n n u la r  h y d r id e  m ig ra t io n  to  form  th e

l-b ro m o - l-m e th y l~ 4 -c y c lo h e p ty l  c a t i o n ,  i t  m ig h t he a rg u e d  

t h a t  t h i s  io n  c o u ld  u n d erg o  re a r ra n g e m e n ts  among th e  v a r io u s  

p o s s ib le  se c o n d a ry  carbon ium  io n s  v i a  f a c i l e  1 ,2 -h y d r id e  

m ig ra t io n s  and t h a t  th e s e  re a r ra n g e m e n ts  c o u ld  make p o s s ib le  

fo rm a tio n  o f  I I  o r  ev en  I I I  (page 86) as  th e  "p rim a ry  

p ro d u c t"  from  t h i s  io n .  T h is  argum ent can be d is m is s e d  f o r  

two r e a s o n s .  F i r s t ,  th e  f a c t  t h a t  4 - p h e n y l- l - m e th y lc y e lo -  

h e p ty l  a lc o h o l  and  brom ide (V I, X = OH and B r) e a c h  p ro d u ce  

"p rim a ry  p ro d u c t"  i n  r e a c t i o n s  in v o lv in g  carbon ium  io n s  

i n d i c a t e s  t h a t  p h e n y la t io n  o f  th e  l - b ro m o - l - m e th y l - 4 - c y c lo -  

h e p ty l  c a t io n  ta k e s  p la c e  a t  th e  4 - p o s i t i o n .  The i n t e r c o n ­

v e r s io n  o f  th e  two e q u iv a le n t  io n s  (IX  and IX ’ ) a f t e r  th e  

t r a n s a n n u la r  h y d r id e  m ig r a t io n  ca n n o t be r u le d  o u t ,  how ever, 

w ith o u t  r e c o u rs e  t o  d e u te r iu m  l a b e l l i n g .

* Second , th e  F r i e d e l - C r a f t s  r e a c t io n  o f  1 ,2 - d i c h l o r o -  

h e x a n e , in  w hich th e r e  a r e  f o u r  p o s s ib le  se c o n d a ry  c a rb o n  

atom s on w hich a  p o s i t i v e  ch a rg e  c o u ld  r e s i d e ,  shows t h a t  

h y d r id e  m ig ra t io n s  w i l l  o c c u r  t o 'p l a c e  th e  p o s i t i v e  ch a rg e

IX IX '
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on th e  s e c o n d a ry  ca rb o n  f u r t h e s t  from  th e  e lc t r o n -w i th d ra w -  
i a

in g  c h l o r in e .  I n  t h i s  work th e  1 -b ro m o - l-m e th y l- 4 - c y c lo ­

h e p ty l  c a t io n  i s  a l r e a d y  form ed w ith  th e  ch a rg e  on one o f  

th e  two se c o n d a ry  c a rb o n  atom s f u r t h e s t  from  th e  e l e c t r o n -  

a t t r a c t i n g  h a lo g e n . H ydride m ig ra t io n  to  move th e  ch a rg e  

n e a r e r  to  th e  b rom ine w ould th e r e f o r e  be u n l i k e l y ,  a l th o u g h  

once a g a in  in te r c o n v e r s io n  o f  th e  c h e m ic a l ly  and e n e r g e t i c a l l y  

e q u iv a le n t  c a t io n s  IX and IX ' i s  p o s s i b l e .
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R earran g em en t o f  "P rim ary  P ro d u c t"

A sam ple o f  s y n th e t i c  " p r im a ry  p ro d u c t"  was t r e a t e d  

w ith  h en zen e  and alum inum  c h lo r id e  a t  4 0 ° . Gas ch ro m a to ­

g ra p h ic  a n a ly s i s  o f  th e  p ro d u c t  m ix tu re  showed fo rm a tio n  o f  

a t  l e a s t  t e n  com pounds, f i v e  o f  w hich  w ere p ro b a b ly  d i -  

p h e n y la te d  s p e c ie s  on th e  b a s i s  o f  t h e i r  lo n g  r e t e n t i o n  

t im e s .  The q u a n t i t i e s  o f  m a te r i a l s  a v a i l a b l e  and th e  i n ­

co m p le te  gas ch ro m a to g ra p h ic  r e s o l u t i o n s  made in  in c o n ­

v e n ie n t  to  a t te m p t i s o l a t i o n  and i d e n t i f i c a t i o n  o f  th e s e  

m a t e r i a l s ,  b u t  i t  i s  p o s s ib l e  to  s p e c u la te  on t h e i r  i d e n t i ­

t i e s  in  th e  l i g h t  o f  th e  p ro d u c ts  form ed in  r e a c t io n s  o f  

s i m i l a r  com pounds.

H ydride a b s t r a c t i o n  from  a  _3-carbon atom  can  fo l lo w  

any  o r  a l l  o f  f o u r  n o n e q u iv a le n t  p a th s  (Scheme XXXII, page
49

115; com pare w ith  Scheme X VII, page 2 4 ) .  T hree o f  th e s e  

g -p h e n y le th y l  c a t io n s  can  r e a r r a n g e  v ia  a  phenonium  io n  

to  a n o th e r  carbon ium  io n ,  th e  f o u r th  w ould g iv e  th e  same io n  

on re a r ra n g e m e n t. Each o f  th e  se v en  p o s s ib le  c a t io n s  can  

then  : ( l )  a l k y l a t e  b en zen e  to  form  a  d ip h e n y la te d  d e r iv a ­

t i v e ,  (2 ) e l im in a te  a  p r o to n  to  g iv e  an o l e f i n  w hich  may be 

r e p r o to n a te d  to  form  a  carbon ium  io n  w hich  can  r e a c t  f u r t h e r ,  

o r  ( 5 ) a b s t r a c t  a  h y d r id e  io n  from  "p rim a ry  p ro d u c t"  to  form  

a  s a t u r a t e d  h y d ro c a rb o n  and to  c a u se  f u r t h e r  r e a c t i o n  o f  

"p r im a ry  p r o d u c t ."  I n  t h i s  c a s e ,  f o u r  o f  th e  io n s  w ould 

re fo rm  "p rim a ry  p ro d u c t"  and th r e e  would y i e l d  is o m e r ic  

h y d ro c a rb o n s . S eco n d ary  re a rra n g e m e n ts  o f  th e  v a r io u s  i n t e r ­

m e d ia te  carbon ium  io n s  w ould le a d  to  a d d i t i o n a l  p ro d u c ts
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w hich a re  n o t  c o n s id e re d  h e r e .

A l t e r n a t i v e l y ,  th e  "p rim ary  p ro d u c t"  c o u ld  u n d erg o  

p r o to d e a lk y la t io n  a t  e i t h e r  o f  two s i t e s  (Scheme XXXIIIj

Scheme XXXII
I  I

CH3 ' a CH3

CH3 
—H"

'I C6H5 
‘ ,CH3

+H"

+a CH3 + >̂ 6 H s  CeHs

T T
H3 -1 CH3 / I C H 3

+ c ^ j +  ^

11 u  n
ch3 /(CH 3 '► Ch3

11
CHs

ACeH5 /^ / H 3 / ^ T L“3 . Ce Hs

+l e% 3

ch3
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18
com pare w ith  Scheme V I, page l'O). I n  a d d i t io n  to  re fo rm in g

Scheme XXXIII 

CH3 ch3

/

/

+

/

C6Hs , CH3 C6Hs CHa

RH

C6H5 ch3

CeHs CH3 
CeHs/CKs X .  \

C6H5 CeHs

"p rim a ry  p r o d u c t , " th e  r e s u l t i n g  carbon ium  io n s  c o u ld  e a ch  

form  two o l e f i n s  by  p ro to n  lo s s  o r  a  p h e n y lc y c lo a lk a n e  by 

h y d r id e  a b s t r a c t i o n ,  and ea ch  c o u ld  a l k y l a t e  benzene to  g iv e  

th e  same d ip h e n y la te d  s p e c ie s .  In  th e s e  d i s c u s s io n s  geo ­

m e t r i c a l  iso m erism  and p r e f e r r e d  d i r e c t i o n s  f o r  ap p ro ach  o f  

benzene in  a l k y l a t i o n s  have n o t  been  c o n s id e re d .

In  v iew  o f  th e  r e l a t i v e l y  l a r g e  number o f  d ip h e n y la te d  

s p e c ie s  form ed from  f u r t h e r  r e a c t io n  o f  "p rim a ry  p r o d u c t , " 

i t  i s  l i k e l y  t h a t  Scheme XXXII, o r  a  co m b in a tio n  o f  Schemes 

XXXII and XXXIII, r e p r e s e n t s  th e  a c t u a l  s i t u a t i o n  more
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



a c c u r a te ly  th a n  d o es Scheme XXXIII a lo n e .  The carbonium  

io n s  i n  Scheme XXXIII a r e  p o s s ib ly  p r e s e n t  i n  th e  r e a c t i o n  

m ix tu re  and c o u ld  be th e  h y d r id e  a c d e p to r s  w h ich  w ould 

i n i t i a t e  Scheme XXXII. One o f  th e s e  io n s  i n  Scheme XXXIII 

i s  th e  m ost l i k e l y  p r e c u r s o r  to  "p rim a ry  p r o d u c t ,"  and i t s  

c o n v e rs io n  to  " p r im a ry  p ro d u c t"  e a r l y  i n  th e  r e a c t io n  and 

to  o th e r  p r o d u c ts ,  e s p e c i a l l y  d ip h e n y la te d  com pounds, in  a  

l a t e r  s ta g e  o f  th e  r e a c t i o n  may in d ic a t e  k i n e t i c  c o n t r o l  in  

th e  e a r l y  s ta g e s  o f  th e  r e a c t io n  and therm odynam ic c o n t r o l  

l a t e r  in  th e  r e a c t i o n .
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Other Possible Products in the Friedel-Crafts Reaction of
1 , 1 - B is ( b ro m o m eth y l)cy c lo h ex an e

In  a d d i t i o n  to  th o s e  compounds form ed by se co n d a ry  

r e a c t i o n ( s )  o f  "p r im a ry  p r o d u c t ,"  some o f  th e  m a te r i a l s  

d e te c te d  by  g as  ch rom ato g rap h y  may a l s o  be f i r s t - f o r m e d  

p r o d u c ts .  As m en tio n ed  above (page 1 1 4 ) ,  p o o r  g as  ch ro m ato ­

g ra p h ic  r e s o l u t i o n  and sm a ll q u a n t i t i e s  r e l a t i v e  to  "p rim a ry  

p ro d u c t"  made i s o l a t i o n  and i d e n t i f i c a t i o n  o f  any o f  th e s e  

o th e r  compounds to o  d i f f i c u l t  to  a t te m p t .  However, i t  i s  

i n t e r e s t i n g  to  s p e c u la te  on t h e i r  i d e n t i t i e s  i n  th e  l i g h t  

o f  th e  p ro p o se d  m echanism .

In te rm e d ia c y  o f  th e  1 -b ro m o m e th y lc y c lo h e p ty l c a t io n  in  

fo rm a tio n  o f  "p rim a ry  p ro d u c t"  seems w e l l  p ro v e n ; p a th  A in  

Scheme XXVIII, page 103 , a c c o u n ts  f o r  fo rm a tio n  o f  a l l  o f  

th e  " p r im a ry  p r o d u c t ."  I f  th e  in te r m e d ia te  in  p a th  B o f  

Scheme XXVIII, 1 -p h e n y lc y c lo h e p ty lc a r b in y l  b ro m id e , i s  a l s o
6 9 ,9 3  iform ed i t  can  r e a c t  a s  shown by W ilt (p ag es  104 -105) to

g iv e  two o l e f i n s  a n d /o r ,  i n  t h i s  c a s e ,  p ro d u c ts  o f  f u r t h e r  

a l k y l a t i o n s  o f  th e  c o r re s p o n d in g  ca rbon ium  ic n s  . In  a d d i t io n  

i t s  re a r ra n g e m e n t p r o d u c t ,  th e  1 -b e n z y lc y c lo h e p ty l  c a t io n ,  

can u n d erg o  h y d r id e  m ig ra t io n  to  g iv e  a  b e n z y l ic  c a t io n  

w hich can  form  a n o th e r  d ip h e n y la te d  compound. Any of; th e s e  

io n s  can  a l s o  a b s t r a c t  a  h y d r id e  io n  from  a  n e u t r a l  m olecu le , 

p e rh a p s  from  "p rim a ry  p r o d u c t ."  Some o f  th e s e  p o s s i b i l i t i e s  

a re  shown in  Scheme XXXIV, page 1 1 9 .
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Scheme XXXIV
C6Hs JEJHs

RH, -R HaCCeHs HCC6H5

jCeHe 

CeHs XHsCeHs
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Reaction of Bromine with Olefins

The p r o d u c ts ,  k i n e t i c s ,  and s te r e o c h e m is t r y  o f  th e  

r e a c t i o n  o f  brom ine w ith  o l e f i n s  have b een  e x te n s iv e ly
97

s tu d i e d .  Inasm uch as  a  co m p reh en siv e  rev ie w  h as  

r e c e n t l y  been  p u b l is h e d ,  o n ly  a  b r i e f  su rv e y  o f  th o s e  

a s p e c ts  r e l a t e d  to  th e  p r e s e n t  work w i l l  be g iv e n .

The tw o -s te p  n a tu r e  o f  l i q u i d  p h ase  1 ,2 - a d d i t i o n  o f  

b rom ine to  a  d o u b le  bond i s  w e l l  known. The f i r s t  s t e p  

in v o lv e s  fo rm a tio n  o f  a  c a t i o n i c  in te rm e d ia te  (se e  Scheme 

XXXV; th e  q u e s t io n  o f  b r id g e d  io n s  w i l l  be d is c u s s e d  l a t e r )  

w hich  r e a c t s  w ith  b rom ide to  g iv e  th e  u s u a l  p ro d u c t .  I n  t h i s  

seco n d  s te p  p r o t i c  s o lv e n t  (SOH) o r  th e  an io n  from  an  added
97

s a l t  (X” ) can  com pete w ith  b rom ide as  th e  n u c le o p h i le .

Scheme XXXV 

RCH=CHR + B r2

■"' + + 8+
RCH-CHR o r  RCH-CHR o r  RCH-CHR

Br

Br
R^H-CHR

t r

Br
SOH -H
OS 

RCH-CHR 
\rI ]

+ B r

j
RCH-CHR

I
Br

A f u r t h e r  s id e  r e a c t io n  in v o lv e s  com peting  lo s s  o f  a  

p ro to n  from  th e  c a t i o n i c  in t e r m e d ia te ,  e s p e c i a l l y  when one 

ca rb o n  o f  th e  do u b le  bond i s  h ig h ly  s u b s t i t u t e d ,  to  y i e l d  an 

u n s a tu r a te d  brom ide (Scheme XXXVI) w hich  can r e a c t  f u r t h e r  

w ith  brom ine to  g iv e  a  t r ib r o m id e .  T h is  r e a c t io n  a c c o u n ts  

f o r  an a p p r e c ia b le  f r a c t i o n  o f  th e  p ro d u c t  from  1 ,1 -

(97) P . B. D. de l a  Mare and R. B o lto n , " E l e c t r o p h i l i c  
A d d itio h s  to  U n s a tu ra te d  S y s te m s ,"  A m erican E l s e v ie r  
P u b l is h in g  C o ., New Y ork, N.* Y ., 1966, ch  7 .
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9 8 “ lOO
d i s u b s t i t u t e d  e th y le n e s  su ch  a s  is o b u te n e  (Scheme

67
XXXVI) and 5 - e th y l - l - h e x e n e  and from  medium r in g  m e th y l-

6 6 * 6 7
e n e c y c lo a lk a n e s .  At 3 0 0 ° , in  th e  v a p o r  p h a s e ,  u n ­

s a t u r a t e d  b ro m id es (50$  m e th a l ly l  b rom ide and 20$ 1 -brom o-

2 -m e th y lp ro p e n e ) a r e  th e  m a jo r  p ro d u c ts  o f  b ro m in a t io n  o f  '
' iox 

i s o b u te n e .

Scheme XXXVI
ch CIK  -  ? rOU3 \ i  -Qr  |

\> C H 2 + B r2 ---- > J£ -C H 2Br — 4 CH3-C-CH2Br
r  < J -  r u *ch3 ch3 _h+ CH3

CH2B r CH2 * CH3 * B r2 .1 '
B r2 ^  )c=CHBr ------ * Br-C-CHBr2

Br-6-CH 3 <------ .C-CH2B r /  |
6 lJ .B r  £  CH* CHi

Bromine a d d i t i o n  to  o l e f i n s  e x h i b i t s  com plex k i n e t i c s
102

in v o lv in g  h ig h  o r d e r  te rm s in  b ro m in e , a s  i n  e q u a t io n  21 .

-  = k 2 [ o l e f i n ] [ B r 2 ] + k 3 [ o l e f i n ] [ B r 2 ]
3 (2 1 )+ k 4 [ o l e f i n ] [ B r 2 ]

In  d i l u t e  s o lu t io n s  o f  b rom ine in  a c e t i c  a c id  o r  in  aqueous 

and a l c o h o l i c  s o l v e n t s ,  th e  seco n d  o r d e r  te rm  ( f i r s t  o r d e r

(9 8 ) S. V. L ebedev  and Ya. M. S lo b o d in , J .  Gen. Chem. 
( U .S .S .R .) ,  25 (1 9 3 4 ); th ro u g h  Chem. A b s t r . . £&, 5399 
(1 9 3 4 ) ..

(99) C. D. Hurd and L. U. S pence , J_. Am. Chem. S o c . . 
3561 (1 9 2 9 ). •

(100) B. K. M ereshkow sky, A n n .. 4.2JL, 113 ( 1 9 2 3 ) .
(101) A. S t r e i g l e r ,  Chem. T ech. ( B e r l i n ) ,  9 , 523 

(1 9 5 7 ). v ^
(102) B. E. Sw edlund and P. W. R o b e rtso n , J .  Chem. 

S o c . ,  6j50 (1 9 4 7 ).
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1 0 3 - 1 0 9
i n  b rom ine) p re d o m in a te s , and th e  m echanism  i s

e s s e n t i a l l y  t h a t  shown in  Scheme XXXV.

At h ig h e r  c o n c e n t r a t io n s  o f  brom ine in  a c e t i c  a c id
1 0 4 I  1 lO

(0 .0 2 5  M), th e  t h i r d  o r d e r  te rm  p re d o m in a te s . The

seco n d  m o lecu le  o f  b rom ine a p p a r e n t ly  a id s  in  b re a k in g  th e  

b ro m in e-b ro m in e  bond o f  a  brom ine m o lecu le  a l r e a d y  com plexed
109

w ith  th e  o l e f i n .  Scheme XXXV w ould th e n  r e q u i r e

e l a b o r a t io n  to  in c lu d e  th e  o le f in -b ro m in e  com plex and th e

seco n d  m o lecu le  o f  b ro m in e , a s  in  Scheme XXXVIIa.

A d d itio n  o f  w a te r  c a u se s  th e  r e a c t io n  to  r e v e r t  to  th e
i n

seco n d  o r d e r  m echanism  by in c r e a s in g  th e  i o n - s t a b i l i z i n g  

a b i l i t y  o f  th e  medium and m aking u n n e c e s s a ry  th e  io n ic  

s t a b i l i z a t i o n  due to  th e  seco n d  m o lecu le  o f  b ro m in e . A lso , 

c h l o r in a t io n  o f  o l e f i n s  shows no t h i r d  o r  h ig h e r  o r d e r  

te rm s , p resu m ab ly  b e c a u se  th e  t r i c h l o r i d e  io n  i s  n o t  a s  

e a s i l y  form ed as i s  th e  t r ib ro m id e  io n .

In  a p r o t i c  s o lv e n t s  su ch  a s  c h lo ro fo rm  and c h lo r o -

(103) A. B e rth o u d  and M. M o sse t, J .  Chim. P h y s . ,  23*
272 (1 9 3 6 ); th ro u g h  Chem. A b s t r . , 3Q. 5130 ( 1 9 3 6 ) .

(104) P. W. R o b e r ts o n , N. T. C la r e ,  K. J .  McNaught, and 
G. W. P a u l,  J_. Chem. S o c . , 335 (1 9 3 7 ).

(105) P. D. f i a r t l e t t  and D. S. T a r b e l l ,  J_. Am. Chem. 
S oc.., 58* 466 (1 9 3 6 ).

(1 0 6) J .  R. A tk in so n  and R. P. B e l l ,  £ .  Chem. S oc. ,
3260 (1 9 6 3 ). '

( 1 0 7 ) J .  E. D ubois and G. M ouv ier, T e tra h e d ro n  L e t t e r s , 
1325 (1 9 6 3 ).

( 108 ) W. W alisch  and J .  E. D u b o is , Chem. B e r . , 9 2 , 1028
(1 9 5 9 ). x ' ' '

(109) P . W. R o b e r ts o n , J .  K. H eyes, and B. E . Sw edlund,
_J. Chem. S oc. .  1014 (1 9 5 2 ) .

(H O ) I .  T ing  and  P . W. R o b e rtso n , J .  Chem. S o c . , 628
( 1 9 4 7 ) .  v

( i l l )  P . W. R o b e r ts o n , P. B. D. de l a  M are, and 
W. T. E. J o h n s to n , J .  Chem. S oc. ,  276 ( l 9 4 j ) .
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1 0 9 , 1 1 2
b e n z e n e , b rom ine a d d i t io n  i s  a l s o  m a in ly  t h i r d  o r d e r .

In  c a rb o n  t e t r a c h l o r i d e  a  low  o r d e r  h e te ro g e n e o u s  r e a c t i o n

a t  th e  w a l l  o f  th e  v e s s e l  com petes w ith  a  h ig h  o rd e r
112

hom ogeneous r e a c t i o n .

I n  th e  ran g e  o f  b rom ine c o n c e n t r a t io n  0 .1  to  0 .2  M i n

a c e t i c  a c id  and w ith  u n r e a c t iv e  o l e f i n s  su ch  as j[-brom o-
10 2

s ty r e n e ,  th e  f o u r th  o r d e r  te rm  p re d o m in a te s . H ere b o th  

e x t r a  brom ine m o le c u le s  may a id  i n  s c i s s i o n  o f  th e  b ro m in e -  

b rom ine bond (Scheme XXXVIIb) o r  one may a c t  as a  n u c le o ­

p h i l e  (Scheme XXXVIIc). The a u th o r s  p ro p o se d  th e  m echanism
102

shown i n  Scheme XXXVIII.

Scheme XXXVII
w
C

C
/ \

\ /  \ /
C\6+ 6- Br2

\  /
C>0- ±jr2 5 -  /  \ Uv

+ B r2 — » I! B r—Br ------» I 5 + B r~ B r—B r-B r | +Br + B r3 '
<y i i

\ /

I

Y I C'' ,
2B r2 [ (b) B r2 (c )
6- K  >  6"

6-tBr—B r— (B r2 )2 6+ | JBr—B r—B r-B r
(V , B r—B r-—(YA I '\

B r-C -r-C -B r»
+ 2B r2

B r-C - + B r2
-C -B r

Scheme XXXVIII

B r2 + B r2 

O le f in  + B r4 

0 1 e f in * B r2 + B r2

B r4

0 1 e f in * B r2 + B r2 

O le f in B rB r  + B r2

The r a t e  o f  r e a c t io n  in  th e  g as p h a s e , a s  in  ca rb o n

(112) P. B. D. de l a  M are, R. A. S c o t t ,  and P. W. 
R o b e r tso n , J .  Chem. S oc. , 509 (1 9 ^5 )•
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1 1 2
t e t r a c h l o r i d e ,  i s  e x tre m e ly  s e n s i t i v e  to  th e  p re s e n c e  o f  

p o la r  s u b s ta n c e s .  Brom ine and e th y le n e  r e a c t  r a p id ly  in  a  

c o n ta in e r  c o a te d  w ith  s t e a r i c  a c id  o r  c e t y l  a l c o h o l ,  b u t  i n  

a  c o n ta in e r  c o a te d  w ith  p a r a f f i n  wax th e  r a t e  o f  r e a c t io n  i s
113

a lm o s t z e ro .

N o rm ally , o l e f i n s  un d erg o  t r a n s - a d d i t io n  o f  b ro m in e . 

T h is  r u le  h o ld s  w h e th e r  th e  d o u b le  bond i s  in  an a c y -
1 1 4 - 1 1 9  1 2 0 - 1 2 6

c l i c  o r  c y c l i c  sy s te m , and h as  been  e x p la in e d
127

on th e  b a s i s  o f  th e  b r id g e d  bromonium io n  in te rm e d ia te  

in  Scheme XXXVIIa. T hus, c i s - 2 -b u te n e  y ie ld s  d , l_ - 2 ,3 - d i -  

brom obutane and t r a n s - 2 -b u te n e  g iv e s  th e  m eso-iso m er i n  th e
119 1 2 5 * 1 2 6

l i q u i d  p h ase  a t  -2 0 ° . C yclohexene and v a r io u s
122 123

s t e r o i d s  ( c h o l e s t - 2 - ,  - 3 - ,  and  - 5 -e n e  and c h o l e s t e r -
123 j 124

o l  ) y i e l d  t r a n s - v i c i n a l  d ib ro m id e s  ( e q u a t io n s  2 2 -2 4 ) .

(113) R. G. N o r r is h ,  J .  Chem. S o c . ,  12^, 3006 (1 9 2 3 ).
(114) P. P . F ra n k la n d , J . ■dhem. S o c . ,  101, 654 (1 9 1 2 ).
(115) A. J o v t s c h e f f ,  Chem."T3er., 93 , 20^8  ( i9 6 0 ) .
1116; A. J o v t s c h e f f ,  Chem. B e r . , 2629 (1 9 6 2 ).
( 1 1 7 ) R. E. B u c k le s , J .  ]M. B a d a r , and R. J .  T h u rm a ie r,

£• Qrg- Chem., 2Z, 5̂23 (1962).
r i l b T  K. N ozaki and R. A. Ogg, J .  Am. Chem. S o c . ,  64, 

697 (1 9 4 2 ).
(119) P. G. B o rd w ell and P. S . L a n u is , J .  Am. Chem. 

S o c .,  £ 2 , 1593 (1 9 5 7 ).
(120) H. B. H enbest and R. A. L. W ilson , J .  Chem. S o c . ,  

4136 (1 9 5 9 ).
(121) J .  V a i l s  and E. T o rom anoff, B u l l .  Soc. Chim. 

F ra n c e , 758 '(1 9 6 1 ) . ' *
( 1 2 2 ) G. H. A lt  and D. H. R. B a r to n , J .  Chem. S o c . ,

4284 ( 1 9 5 4 ) .
( 1 2 3 ) D. H. R. B a rto n  and E. M i l l e r ,  J .  Am. Chem. S o c . ,

7 2 , 1066 ( 1 9 5 0 ) .
(124) D. H. R. B a r to n , E. M i l l e r ,  and  H. T. Young, J .  

Chem. S o c . , 2598 (1 9 5 1 ). '
( 1 2 5 ) H. L. G o e rin g , P . I .  A b e l l ,  and B. F . A ycock, J .  

Am. Chem. S o c . ,  Xii, 5588 (1 9 5 2 ).
(12‘6) B. W in s te in , J .  Am. Chem. S o c . , £ 4 , 2792 (1 9 4 2 ) .
( 1 2 7 ) I .  R o b e rts  and G. E.. K im b a ll, J .  Am. Chem. S o c . , 

59, 947 (1 9 3 7 ).
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Br
C H ^  CH3

C=CX + B r2

' Z  H

-  H;Br
( 2 2 )Br

H3C ' “
B r ( i .  D

rH
(23)

Br
(meso)Br

Br+ Br
(24)

Br
Br

R eg a rd in g  c h ] U r in a t io n s ,  de l a  Mare h as  s t a t e d ,

" T h e o r e t i c a l ly ,  c i s - a d d i t io n  to  an o l e f i n  m igh t be e x p e c te d

to  o c c u r  i f  th e  h a lo g e n  m o lecu le  c o u ld  p r e s e n t  i t s e l f

b ro a d s id e -o n  to  th e  o l e f i n i c  d o u b le  bo n d , g iv in g  a f o u r -
128

c e n tr e  ( s i c ) t r a n s i t i o n  s t a t e . "  S e v e r a l  r e c e n t  exam ples

o f  c i £ - c h l o r i n a t i o n  o f  a  doub le  bond a r e  known, b u t  a l l  o f  

them in v o lv e  in te r m e d ia te s  c a p a b le  o f  e x i s t i n g  a s  s t a b le
1 2 9 - 1 3 5

c l a s s i c a l  ca rbon ium  io n s .  M o reo v er, th e  a b i l i t y  o f

c h lo r in e  to  b r id g e  two a d ja c e n t  c a rb o n  atom s i s  m arked ly

( 1 2 8 ) P. B. D. de l a  Mare and R. B o lto n , " E le c t r o p h i l i c  
A d d itio n s  to  U n s a tu ra te d  S y s tem s,"  A m erican  E ls e v ie r  
P u b l is h in g  C o ., New Y ork, N. Y ., 1966 , ch 6 , p 92 .

(129) S . J .  C r i s t o l ,  F . R. S te r m i t z ,  and P. S. Ramey,
J .  Am. Chem. S o c . ,  Z&, 4939 (1 9 5 6 ).

( 1 3 0 ) R. K. Sum m erbell and H. E. Lunk, J .  Am. Chem. 
S o c ..  2 2 , ■4802 (1 9 5 7 ). “  —

( 1 3 1 ) V. G eo rg ian , L. G eo rg ia n , an d  A. V. R o b e rtso n , 
T e tra h e d ro n , 1 9 , 1219 (1 9 6 3 ).

(132) R .~E. B u ck les  and D. F . K naak, J .  O rg. Chem., 2 5 . 
20 ( i 9 6 0 ) .

(133) P . B. D. de l a  M are, N. V. K la s s e n , and R. 
K o e n ig s b e rg e r , J .  Chem. S oc. , 52&5 (1 9 6 1 ) .

(134) P . B.- D. de l a  M are, N. V. K la s s e n , and R. 
K o e n ig s b e rg e r , J .  Chem. S o c .', 5527 (1 9 6 4 ) .

( 1 3 5 ) R. 0 . Fahey and C. S c h u b e r t ,  J .  Am. Chem. S o c .,  
8Z, 5172 (1 9 6 5 ) . "" ~
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l e s s  th a n  t h a t  o f  b ro m in e , so  t h a t  a  ch lo ro n iu m  io n  i n t e r ­

m e d ia te  and i t s  s te r e o c h e m ic a l  co n seq u en ces  o u g h t t o  be l e s s  

im p o r ta n t  i n  c h l o r i n a t i o n  th a n  th e  bromonium io n  in  

b ro m in a t io n . T h is  may be shown by  th e  f a c t  t h a t  c h lo r in e  

g iv e s  c i s - 9 >1 0 -d ic h lo ro a c e n a p h th e n e  from  a c e n a p h th y le n e  

(e q u a t io n  25) b u t  b rom ine g iv e s  th e  t r a n s - 9*10-d ib rom o
129

compound (e q u a t io n  2 6 ) .

+ .C12
C6H6

p e tro le u m
+ B r2 ---------------- £

e t h e r

C lC l

Br

(25)

(26)

Thus th e  c i s - a d d i t io n  o f  c h lo r in e  p ro b a b ly  p ro c e e d s  th ro u g h  

c l a s s i c a l  carbon ium  io n s  and n o t  th ro u g h  b ro a d s id e  ap p ro ach  

o f  th e  c h lo r in e  m o le c u le  to  th e  d o u b le  bond .

Brom ine adds to  n o rb o rn e n e -e n d o -5j 6 - d ic a r b o x y l ic  

a n h y d rid e  to  g iv e  th e  ex o - 2 - e x o -3 -d ib rom o d e r i v a t i v e  ( c i s -  

a d d i t i o n ) ,  b u t  th e  r e s u l t s  w ere e x p la in e d  in  te rm s o f  

t r a n s - p a r t i c i p a t i o n  by th e  c a rb o n y l oxygen o f  th e  an h y d rid e
1 3 6 * 1 3 7

f u n c t io n  (Scheme XXXIX) .

(156) J .  A. B e rso n  and R. S w id le r ,  J .  Am. Chem. S oc. , 
7 6 , 4060 (1 9 5 4 ).

( 1 3 7 ) H. k w a rt and L. K ap lan , J .  Am. Chem. S o c . , JB, 
4078 (1 9 5 4 ). ~ “

128
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Scheme XXXIX

Br, 6+
Br-~-

0

Br

6+

I t  was d e s i r e d  to  s tu d y  th e  s te re o c h e m ic a l  c o u rs e  o f  

a d d i t io n  o f  brom ine to  o l e f i n s  when th e  r e a c t a n t s  w ere 

a d so rb e d  on a  s u r f a c e .  The p o s s i b i l i t y  o f  th e  b rom ine 

m o le cu le  p r e s e n t in g  i t s e l f  b ro a d s id e  to  th e  o l e f i n  to  g iv e  

c i s - a d d i t i o n  seemed en h an ced  u n d e r  th e s e  c i r c u m s ta n c e s ,  by 

an a lo g y  w ith  th e  c i s - a d d i t io n  o f  h y d ro g en  to  a  d o u b le  bond 

a t  a  c a t a l y s t  s u r f a c e .

The o l e f i n s  s tu d i e d  w ere c i s -  and t r a n s - 2 -b u te n e  and 

c y c lo h e x e n e , b ec au se  d i f f e r e n t  s te re o c h e m ic a l  modes o f  

a d d i t io n  to  each  o f  th e s e  o l e f i n s  w i l l  g iv e  d i f f e r e n t  

p r o d u c ts .  The r e a c t io n s  w ere c a r r i e d  o u t  a t  th e  s u r f a c e s  o f  

b o th  s i l i c a  g e l  and a c t i v a t e d  c a rb o n .
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Reaction of Bromine with Aromatic Hydrocarbons

As w ith  b rom ine a d d i t io n  to  o l e f i n s ,  r e a c t i o n  o f  

brom ine w ith  a ro m a tic  h y d ro ca rb o n s  h a s  a l s o  b een  e x t e n s iv e ly  

s tu d ie d .  V a r i a t io n s  in  th e  k i n e t i c  o r d e r  o f  r e a c t io n  a r e  as 

com plex in  th e  l a t t e r  ca se  as  in  th e  fo rm e r , and e q u a t io n  27  

( s i m i l a r  t o  e q u a t io n  2 l )  shows th e  g e n e r a l  p o s s i b i l i t i e s  

w hich  have b e e n  o b se rv e d  f o r  b ro m in a t io n  by  m o le c u la r  

brom ine w ith o u t  Lew is a c id  c a t a l y s t s .

d [B rg ] 2 3
 T-— = fe2 [A rH ][B r2 ] + k 3 [A rH ][B r2 ] + k 4 [A rH ][B r2] (27)d t

W ith th e  r e a c t i v e  a ro m a tic s  a n i s o l e ,  m e s i ty le n e ,  and

a c e t a n i l i d e ,  i n  a c e t i c  a c id ,  r e a c t io n  i s  seco n d  o r d e r  when

[B r2 ] = 10-3  M b u t  t h i r d  o r d e r  when [B r2 ] = 0 .0 1  to  0 .0 2 5  
i n

M. W ith th e  l e s s  r e a c t iv e  a ro m a tic s  to lu e n e ,  naph thalene*

and m e ta -x y le n e  a t  [B r2 ] = 0 .1  to  0 .2  M th e  f o u r th  o r d e r
' i n

te rm  p re d o m in a te s .  As w ith  b rom ine a d d i t i o n ,  th e  e x t r a  

brom ine in  th e  h ig h e r  o r d e r  r e a c t io n s  p ro b a b ly  a id s  in  

b re a k in g  th e  b ro m in e-b ro m in e  bond o f  a  com plex betw een  

a ro m a tic  s u b s t r a t e  and th e  f i r s t  m o le cu le  o f  brom ine to  g iv e
138

th e  t r ib r o m id e  a n io n  (Scheme XXXX). C h lo r in e ,  w hich  

c a n n o t so e a s i l y  fo rm  ttje  t r i c h l o r i d e  io n ,  r e a c t s  w ith  

a ro m a tic s  w ith , seco n d  o r d e r  k i n e t i c s .

In  a p r o t i c  s o lv e n ts  o f  m odera te  p o l a r i t y  such  a s  n i t r o -  

m ethane th e  o r d e r  w ith  r e s p e c t  to  b rom ine i s  u s u a l ly  g r e a t e r

( 1 5 8 ) R. M.' K e e fe r ,  A. O tte n b e rg , and  L. J .  Andrews,
J .  Am. Chem. S o c . ,  7 8 , 255 (1956)
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th a n  o n e . One r e p o r t  i n d ic a t e d  th e  r e a c t i o n  to  he o f  o r d e r

Scheme XXXX

1 .5  w ith  r e s p e c t  to  b rom ine a t  50° in  th e  c o n c e n t r a t io n
139

r e g io n  0 .0 1  to  0 .0 4  M. A l a t e r  p a p e r  c la im e d  a  f i f t h  

o r d e r  r e a c t i o n ,  w ith  s o lv e n t  c o n c e n t r a t io n  b e in g  in v o lv e d
' 140

( e q u a t io n  2 8 ) .

d [B r2 ] 3
 37------  = k  g[A rH ][Br2 ] [RN02 ] (28)

The p re s e n c e  o f  Lewis a c id  c a t a l y s t s  rem oves th e  need  

f o r  brom ine m o le c u le s  to  a s s i s t  in  h e t e r o ly z in g  th e  b ro m in e- 

brom ine bond ( s e e  Scheme XXXX) and re d u c e s  th e  k i n e t i c  o rd e r  

w ith  r e s p e c t  to  b ro m in e . W ith z in c  c h lo r id e  in  a c e t i c  a c id ,
141

f o r  exam ple , th e  r e a c t i o n  i s  f i r s t  o r d e r  i n  b ro m in e .

As can  be se e n  from  T able  5* th e  r e a c t i o n  o f  brom ine 

w ith  a lk y lb e n z e n e s  u n c a ta ly z e d  by Lewis a c id s  shows a  h ig h

(159) G. I l l u m i n a t i  and G. M arino , G azz. ch im . i t a l . , 
1127 (1 9 5 4 )'5 th ro u g h  Chem. A b s t r . . 52 , 370'5 ( 195&) .  '

(140) A. H. Neyens and J .  C. JungerS T  B u l l .  S oc. Chim. 
F ra n c e , l48 l- ( 1 9 5 8 )5  th ro u g h  Chem. A b s t r . , 5 ^ , 1-4898 ( I9 6 0 ) .

(141) L. J .  Andrews and R. M. K e e fe r , Am. Chem.
S o c . ,  7 8 , 4549 (1 9 5 6 ).
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i n t e r -  and in t r a m o le c u la r  s e l e c t i v i t y .  In  a l l  c a s e s  shown, 

th e  r a t e  o f  r e a c t i o n  o f  a lk y lb e n z e n e  r e l a t i v e  to  benzene i s  

h ig h ,  and  o r th o - p a r a  s u b s t i t u t i o n  i s  o b se rv e d  a lm o s t

T ab le  5 : B ro m in a tio n  o f  Benzene and M onoalky lbenzenes w ith
M o le c u la r  Brom ine in  85 $ A c e tic  A cid  S o lu t io n  a t  2 5 ° .

Ref.

.(142' 
143] 
144!

( ! K )

!!><!
(142}

________________________________________________________________ (145)

a :  ID = i s o to p e  d i l u t i o n ,  IR = i n f r a r e d  a n a l y s i s ,  O xid . = 
o x id a t io n  to  c a rb o x y l ic  a c id s ,  b :  4 5 ° , e x c e s s  n e a t  arom atics.

A rom atic  (ArH) kArH:kB

1o| $m- fo-Qr
Method
A n a ly s i

B enzene (B) 1 .0

T oluene 340 31 m m ' 69 ID
605 32-. 9 0 .3 6 6 .8 IR

b - 4 1 .5 - 5 8 .5 O xid .

E th y lb e n z e n e 290 mm

b - 18 - 82 O xid .

Cumene 180 mm

b - 11 89 O xid .

te r t - B u ty lb e n z e n e 110 8 92 ID
138 1.20 ' 1 .4 7 9 7 .3 IR

e x c lu s iv e ly .  Where d i f f e r e n t  r e l a t i v e  r a t e s  a r e  shown f o r  a  

p a r t i c u l a r  a lk y lb e n z e n e  th e y  may be a t t r i b u t e d  to  d i f f e r e n t
142 1 4 3 , 1 4 5

m ethods o f  m easurem ent ( d i r e c t  o r  c o m p e ti t iv e

k i n e t i c  s t u d i e s ) .  D if fe re n c e s  i n  p ro d u c t  d i s t r i b u t i o n s  may

be due to  d i f f e r e n t  m ethods o f  a n a ly s i s  ( th e  m ethod in

r e f e r e n c e  144 -  o x id a t io n  to  c a r b o x y l ic  a c id s  -  p ro b a b ly
. . .  t t . *

(142 ) 'P. W. R o b e rtso n , P . B. D. de l a  M are, and  B. E . 
Sw edlund, J . '  Chem. S oc. , 7&2' ( l9 5 3 ) .

(1 4 3 )"""&. 0 . Brown and L. M. S to c k , J_. Am. Chem. S oc. , 
7 9 , 1421 (1957)'.

' (144 ) I .  N.' N azarov  and A. V. S em en o v sk ii, I z v e s t .
Akad. Nauk S .S .S .R . ,  O td e l Khirn. Nauk, 840 {l95lT7~- -

(145) jE.HM. S to ck  and H. C. Brown, J .  Am. Chem. S o c .,  
8 1 , 5615 (1 9 5 9 ).
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g iv e s  l e s s  a c c u r a te  r e s u l t s )  a n d /o r  d i f f e r e n t  r e a c t i o n  co n ­

d i t i o n s  ( s e e  f o o tn o te  b , T ab le  5 ) .  I n  a l l  c a s e s  th e  

a t t a c k in g  r e a g e n t  i s  m ost l i k e l y  m o le c u la r  b rom ine and n o t  

an  io n ic  s p e c ie s .

Use o f  a  p o s i t i v e l y  c h a rg e d  b ro m in a tin g  s p e c ie s  

( p ro to n a te d  hypobrom ous a c id )  g iv e s  a  somewhat l e s s  s e l e c t ­

iv e  r e a c t i o n ,  a s  shown in  T ab le  6 . The k i n e t i c  e x p re s s io n
' 1 4 6 5 i 47

( e q u a t io n  2 9 ) i n d i c a t e s  a  p o s i t i v e  b ro m in a t in g  a g e n t .

-  d = k 3 [A rh][B rO H ][H + ] (29)

I t  i s - l i k e l y  t h a t  i n  aqueous a c e t i c  a c id  o r  aqueous d io x an e  

th e  a t t a c k in g  s p e c ie s  i s  BrOH2+ and n o t  Br+ (Scheme XXXXI), 

and so  th e  r e a g e n t  i s  o n ly  m o d e ra te ly  e l e c t r o p h i l i c  and
^  ' 148

t h e r e f o r e  s t i l l  f a i r l y  s e l e c t i v e .  However, th e  i n t e r -  

m o le c u la r  s e l e c t i v i t y  i s  somewhat re d u ce d  r e l a t i v e  to  t h a t  

o f  m o le c u la r  b ro m in e . The in c r e a s e d  o r th o - s u b s t i t u t i o n  

w ith  p r o to n a te d  hypobrom ous a c id  may be due to  t h i s  r e a g e n t

T ab le  6: B ro m in a tio n  o f  Benzene and A lk y lb e n z en e s  w ith
P ro to n a te d  Hypobromous A cid  in  50$ Aqueous D ioxane a t  2 5 ° .

A rom atic  (ArH) kArH:k B $ £ - $m- $ £ - R e f.

Benzene (B) 1 .0 0

T oluene 5 6 .2 7 0 .5 2 .5 2 7 .4 (146)

te r t - B u ty lb e n z e n e 12 .0 5 7 .7 7 .2 5 5 .2t ( !4 7 )

(146) P . B. D. de l a  Mare and J .  T. H arvey , J .  Chem. 
S o c . , 56 (1956)'. ' • ' ' ' '

- ( i 47) P . B.' D. de l a  Mare and J .  T . H arvey , J .  Chem.
S o c . ,  151 ( 1 9 5 7 ) ,  ' ~ 7

( l4 8 )  G. A. O lah , S'. J .  Kuhn, S. H. F lo o d , and B. A. 
H a rd ie , J .  Am. Chem. S o c . , 8&, 1059 (1 9 6 4 ).
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Scheme XXXXI HOBr + H+ ---*■ BrOH2+
BrOH2+ + ArH — * ArHBr+ + H20 

ArHBr+ ArBr + H+

h a v in g  l e s s e r  s t e r i c  re q u ire m e n ts  th a n  does m o le c u la r  

b ro m in e .

B ro m in a tio n  o f  a ro m a tic s  c a ta ly z e d  by  Lewis a c id s  i s  an  

e x t e n s iv e ly  u se d  p r e p a r a t iv e  m e th o d , b u t  o n ly  a  few  s tu d i e s
149

have b een  made o f  t h i s  r e a c t i o n .  Brown r e p o r te d  t h a t  

b ro m in a t io n  o f  to lu e n e  a t  30° w ith  an  e q u im o la r  q u a n t i ty  o f  

alum inum  brom ide a s  c a t a l y s t  y i e ld e d  20$ o r th o - ,  30$ m e ta - ,
150

and 50$ p a ra -b ro m o to lu e n e . H ow ever, O lah  and Meyer have 

shown r a p id  e q u i l i b r a t i o n  o f  is o m e r ic  b ro m o to lu e n es  u n d e r  

th e s e  c o n d i t io n s ,  th e  e q u i l ib r iu m  c o m p o s itio n  o f  38$  o r t h o - ,  

44$ m e ta - ,  and 18$  p a r a - is o m e rs  was re a c h e d  in  l e s s  th a n  

f i f t e e n  m in u te s . T h e ir  d a ta  i n d i c a t e  t h a t  p a r a -b ro m o to lu en e
149

w ould g iv e  Brow n’s p r o p o r t io n s  o f  iso m ers  in  a p p ro x im a te ­

ly  two m in u te s , and i t  i s  l i k e l y  t h a t  l e s s  tim e  w ould be 

r e q u i r e d  to  r e a c h  th e s e  p r o p o r t i o n s  i f  a  m ix tu re  o f  iso m ers
151

was p r e s e n t  i n i t i a l l y .  Crump and  G ornow icz a l s o  found  

t h a t  e a c h  b ro m o to lu en e  iso m er c o u ld  be c o n v e r te d  to  an e q u i ­

l ib r iu m  m ix tu re  (37$ o r th o - ,  46$ m e ta - ,  and 17$ p a r a - is o m e r)  

w i th o u t  s o lv e n t ,  in  th e  p re s e n c e  o f  e x c e s s  to lu e n e ,  o r  in  

d i l u t e  ca rb o n  d i s u l f i d e  s o l u t i o n .  B row n 's r e s u l t s  a re  t h e r e -

(149) H. C. Brown and C. W. McGary, J r . ,  J .  Am. Chem. 
S o c . ,  2306 '(1 9 5 5 ).

( 1 5 0 ) G. A. O lah and  M. W. M eyer, £ . O rg . Chem. . 27 ,
3464 (1 9 6 2 ) .

( 1 5 1 ) J .  W. Crump and G. A. G ornow icz, J .  O rg . Chem.,
2 8 , 949 (1 9 6 3 ).
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f o r e  s u s p e c t  s in c e  h i s  c o n d i t io n s  w ere f a v o r a b le  f o r  r a p id  

i s o m e r iz a t io n .  I s o m e r iz a t io n  o f  p ro d u c ts  u n d e r  th e  r e a c t i o n  

c o n d i t io n s  m ust be c a r e f u l l y  g u a rd ed  a g a in s t  i n  a ro m a tic
148

s u b s t i t u t i o n  r e a c t i o n s .

R e s u l ts  o f  s t u d i e s  co n d u c ted  u n d e r  n o n is o m e r iz in g  

c o n d i t io n s  a re  shown in  T ab le  7 . Z inc c h lo r id e  in  a c e t i c

T ab le  7 ‘ Lewis A cid  C a ta ly z e d  B ro m in a tio n  o f  T o lu en e .

S o lv e n t
C a ta ly s t  and 
C o n c e n tra t io n B r2 *^B $ 0 — fom- ;!% - R e f.

CH3 COOH ZnCl2 , 0 .1  M 0 .0 0 1 9  M 148 (141)

ch 3no 2
ch 3no 2

FeC l3 , > .0  M 
FeC l3 , 0 .1  M

1 .5  M 
0 .0 5  M

3 .6
32

6 8 .7
5 8 .4

1 .8
~1

2 9 .5
4 0 .6

(3.48)
(148)

a :  T = •to lu e n e , B = b e n z e n e .

a c id  g iv e s  h ig h  in te r m o le c u la r  s e l e c t i v i t y  a s  a  b ro m in a tio n
' 141

c a t a l y s t ,  b u t iso m e r d i s t r i b u t i o n  was n o t  r e p o r te d .

F e r r i c  c h lo r id e  in  n itro m e th a n e  g iv e s  b ro m in a tio n  w ith  a  low
148

s u b s t r a t e  b u t  h ig h  p o s i t i o n a l  s e l e c t i v i t y .  O lah  co n c lu d ed  

t h a t  th e  s u b s t r a t e - d e te r m in in g  s te p  (an d  th e r e f o r e  th e  s te p  

t h a t  d e te rm in e s  th e  r e l a t i v e  r a t e s )  in v o lv e s  a  t r a n s i t i o n  

s t a t e  s i m i l a r  t o  a  TT-complex ( r e l a t i v e  r e a c t i v i t i e s  o f  th e  

a ro m a tic s  s tu d ie d  w ere o f  th e  same o r d e r  a s  a r e  rr-com plex 

s t a b i l i t i e s )  b u t  th e  p r o d u c t-d e te rm in in g  s te p  in v o lv e s  

c-com plex  ty p e  t r a n s i t i o n  s t a t e s  w ith  c o r re s p o n d in g  h ig h  

o r th o - p a r a  s e l e c t i v i t y .  The h ig h e r  p r o p o r t io n s  o f  o r th o -  

s u b s t i t u t i o n  th a n  th o s e  found  f o r  m o le c u la r  b ro m in -
1 4 2 ^ 1 4 4

a t io n s  w ere e x p la in e d  a s  th e  r e s u l t  o f  an  a t t a c k in g

group  w ith  sm a ll  s t e r i c  re q u ire m e n ts  com pared to  m o le c u la r
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' 148
b ro m in e , th e  i n c i p i e n t  bromonium io n .

The in c r e a s e  i n  s u b s t r a t e  s e l e c t i v i t y  and d e c re a s e  i n  

th e  orthQ fcara r a t i o  w ith  i n c r e a s in g  d i l u t i o n  i n d i c a t e  t h a t  

in c r e a s in g  s o lv a t io n  makes th e  e l e c t r o p h i l e  w eaker and
148

b u l k i e r .  S im ila r  s o lv e n t  e f f e c t s  have been  n o te d  f o r  

c h l o r i n a t i o n  r e a c t i o n s .  T h u s, th e  r a t e  o f  u n c a ta ly z e d  

c h l o r i n a t i o n  o f  to lu e n e  a t  25° in c r e a s e d  a s  th e  s o lv e n t  was 

changed  from  e th y le n e  d i c h lo r i d e  t o  e i t h e r  a c e t i c  a n h y d r id e ,
' 152

a c e t i c  a c id ,  o r  a c e t o n i t r i l e  to  n i tro m e th a n e . F u r th e r ­

m ore, iso m er r a t i o s  o f  th e  p ro d u c ts  a r e  a l s o  d ep en d en t on 

s o lv e n t .  H y d ro x y lic  s o lv e n ts  g iv e  ~60$ o r th o -  and 40$ 

p a r a - c h l o r i n a t i o n  o f  to lu e n e ,  w h ile  n o n h y d ro x y lic  s o lv e n ts  

i n v e r t  t h i s  r a t i o .  M ixed s o lv e n ts  g iv e  in te rm e d ia te  iso m e r  

d i s t r i b u t i o n s .  The ex trem e c a s e s  w ere t r i f l u o r o a c e t i c  a c id  

w ith  69$ o r th o -  and 31$  p a r a - c h l o r i n a t i o n  and n i tro m e th a n e  

w ith  34$ o r th o -  and 66$ p a r a - c h l o r i n a t i o n .  The a u th o r s  

co n c lu d ed  t h a t  th e  a t t a c k i n g  r e a g e n t  was a  com plex b e tw een  

m o le c u la r  c h lo r in e  and th e  s o lv e n t .  The r e s u l t s  c o u ld  be 

e x p la in e d  by assum ing  t h a t  th e  more s e l e c t i v e  c h l o r i n a t i o n  

r e a g e n ts  ( th o s e  w ith  a  g r e a t e r  d eg ree  o f  com plex ing  w ith  

s o lv e n t )  w ere more s e n s i t i v e  to  th e  s t e r i c  r e q u ire m e n ts  o f
153

s u b s t i t u e n t s  a l r e a d y  p r e s e n t  on th e  a ro m a tic  r i n g .

I n t e r a c t i o n  betw een, s o lv e n t  and a ro m a tic  h y d ro c a rb o n  

a l s o  can  a f f e c t  th e  c o u rse  o f  a ro m a tic  s u b s t i t u t i o n .  When

(152) L. J .  Andrews and  R. M. K e e fe r , J .  Am. Chem.
S o c . .  1063 (1 9 5 9 ). ' ~

(153) L. M. S to ck  and A. Himoe, T e tra h e d ro n  L e t t e r s .
9 ( i960) .
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o r th o - c r e s o l  was c h lo r in a t e d  in  v a r io u s  s o lv e n t s  a t  5 0 ° , th e  

r a t i o  o f  4 -  t o  6- c h l o r i n a t i o n  v a r ie d  from  0 .9  i n  c h lo ro fo rm  

o r  ca rb o n  t e t r a c h l o r i d e  t o  5 .3  in  n i t r o b e n z e n e  and 6 .4  in  

n i tro m e th a n e . Com plexing o f  o r th o - c r e s o l  w ith  th e  s o lv e n ts  

was u se d  to  e x p la in  th e  d e c re a s e d  s u b s t i t u t i o n  o r th o -  t o  th e
' 154

h y d ro x y l g roup  in  th e  more p o la r  s o lv e n t s .

F i n a l l y ,  b ro m in a t io n  o f  to lu e n e  in  th e  v a p o r  p h ase  

p ro d u ces  o n ly  b e n z y l b ro m id e , w h e th e r th e  r e a c t i o n  i s
1 55

in d u ced  th e rm a l ly  o r  p h o t o l y t i c a l l y .
154

C om plexing o f  e i t h e r  th e  a ro m a tic  h y d ro c a rb o n  o r
1 4 8 > 1 5 3

th e  a t t a c k in g  h a lo g e n  w ith  s o lv e n t  d e c r e a s e s  th e

o r t h o :p a r a  r a t i o .  A d so rp tio n  o f  th e  h a lo g e n  on th e  s u r f a c e  

sh o u ld  in c r e a s e  i t s  e f f e c t i v e  b u lk  and th e r e f o r e  a l s o  

d e c re a s e  th e  o r t h o :p a r a  r a t i o .  A d so rp tio n  o f  th e  a ro m a tic  

h y d ro ca rb o n , on th e  o th e r  h and , can  e i t h e r  in c r e a s e  o r  

d e c re a se  t h i s  r a t i o  d ep en d in g  on th e  r e l a t i v e  geom etry  

betw een  th e  h y d ro c a rb o n  and th e  s u r f a c e  ( s e e  page 1 6 l ) .

I t  was d e s i r e d  to  s tu d y  th e  r e a c t io n  o f  b rom ine w ith  

a lk y lb e n z e n e s  when th e  m o le cu le s  w ere a d so rb e d  on a  s u r f a c e ,  

w ith  th e  id e a  o f  ex am in in g  th e  e f f e c t s  o f  v a r io u s  a d s o rb e n ts  

on th e  iso m er d i s t r i b u t i o n s  o b ta in e d  and o f  e v a lu a t in g  th e s e  

e f f e c t s  in  te rm s  o f  s t e r i c  a n d /o r  e l e c t r o n i c  f a c t o r s .  

T o lu en e , cum ene, and  t e r t -b u ty lb e n z e n e  w ere s tu d ie d  s in c e  

th e  iso m er d i s t r i b u t i o n s  c o u ld  be r e a d i l y  com pared w ith

(154)' A. C am pbell and D. J .  S h ie ld s ,  T e tr a h e d ro n . 21 
211 (1 9 6 5 ). • ' ' ' '

( 1 5 5 ) H. R. A nderson , J r . ,  H. A. S c h e ra g a , and E. R. 
van A r ts d a le n ,  J .  Chem. P h y s. .  21 , 1258 (1 9 3 3 ).
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th o s e  o b ta in e d  f o r  th e s e  compounds in  s o l u t i o n .  The 

r e a c t io n s  w ere c a r r i e d  o u t  a t  th e  s u r f a c e s  o f  a lu m in a , 

s i l i c a  g e l ,  and a c t i v a t e d  c a rb o n .
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Bromination Procedures

B ro m in a tio n s  w ere c a r r i e d  o u t  in  th e  h igh -vacuum  system
156

shown in  F ig u re  1 (page l 4 l ) .

The fo l lo w in g  p ro c e d u re  i s  t y p i c a l  o f  a l l  th e  

b ro m in a tio n s  o f  a ro m a tic  compounds. C arbon ( r e f e r  to  T ab le  

11 , page 159 j 55 g) was h e a te d  ( c le a n e d )  i n  vacuo  a t  460- 

480° to  remove any m a te r i a l s  a d so rb e d  from  th e  a i r .  T oluene 

( c a  5 m l) was p la c e d  in  th e  a d ja c e n t  t r a p ,  th e  t r a p  was 

e v a c u a te d  u n t i l  4 .0  ml (5 -5  g » 38 mmoles) o f  to lu e n e  

rem a in ed , and th e  to lu e n e  v a p o rs  were a llo w e d  to  d i f f u s e  

o n to  th e  c a rb o n . The oven c o n ta in in g  th e  ca rb o n  was s e a le d  

o f f  and h e a te d  a t  176° f o r  2 h r  t o  d i s t r i b u t e  th e  to lu e n e  

e v e n ly  o v e r  th e  s u r f a c e ,  th e n  c o o le d  s lo w ly .

Bromine (0 .5 6 0  m l, 1 .7 5  g* 1 0 .9  m m oles; s to r e d  o v e r  

anhy d ro u s p o ta s s iu m  c a rb o n a te  b e fo re  u s e )  was t r a n s f e r r e d  

u n d e r  d ry  n i t r o g e n  to  th e  r e s e rv e  t r a p .  The brom ine was 

d eg a sse d  by c o o l in g  ( - 7 8 °)*  e v a c u a t in g ,  w arm ing, c o o l in g , 

and e v a c u a t in g .  As th e  brom ine th e n  warmed, i t  was d i s t i l l e d  

th ro u g h  th e  sy stem  to  th e  t r a p  (c o o le d  to  - 7 8 °)  a d ja c e n t  

to  th e  r e a c t io n  v e s s e l .  T h is  t r a p  was th e n  warmed to  and 

h e ld  a t  -12*5, and th e  brom ine was a llo w ed  to  d i f f u s e  s lo w ly  

in to  th e  r e a c t io n  v e s s e l  w hich had  b een  w rapped w ith  

aluminum f o i l  to  p r e v e n t  l i g h t - i n d u c e d  r e a c t i o n s .  A d d itio n  

o f  brom ine r e q u i r e d  th r e e  h o u r s .

A f te r  e i g h t  days th e  vaciwm system  was f lu s h e d  th r e e

(156) A. T urk , J .  I .  Morrow, and B. E. K ap lan , A nal. 
Chem., 34 , 561 (1 9 6 2 ).
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tim e s  w ith  e th y le n e ,  w ith  i n t e r m i t t e n t  e v a c u a t io n s ,  and 

th e n  f i l l e d  w ith  e th y le n e  w hich was added  in  s m a ll  p o r t io n s  

to  th e  r e a c t i o n  v e s s e l .  The c y c le  o f  f i l l i n g  th e  sy stem  

w ith  e th y le n e  and p a s s in g  th e  e th y le n e  in t o  th e  r e a c t io n  

v e s s e l  was r e p e a te d  u n t i l  th e  p r e s s u r e  o f  e th y le n e  w i th in  

th e  sy stem  a p p ro x im a te d  a tm o sp h e r ic  p r e s s u r e .  The r e a c t i o n  

v e s s e l  was a llo w e d  to  s ta n d  two days t o  e n s u re  co m p le te  

r e a c t io n  o f  th e  e th y le n e  w ith  any "bromine w hich  h a d ,n o t  

r e a c te d  w ith  th e  to lu e n e .

A g la s s  w ool p lu g  co v e re d  w ith  a  l - l / 4 - i n  column o f  

A s c a r i te  was p la c e d  in  th e  e x i t  arm o f  th e  t r a p  a d ja c e n t  to  

th e  r e a c t io n  v e s s e l .  The t r a p  was e v a c u a te d , c o o le d  in  

l i q u i d  n i t r o g e n ,  and  opened to  th e  oven  to  remove much o f  

th e  e th y le n e .  Then th e  m a te r i a l  in  th e  oven was d e so rb e d  a t  

room te m p e ra tu re  in to  th e  t r a p  w ith  pum ping u n t i l  th e  

c o o la n t  s to p p e d  b o i l i n g  v ig o r o u s ly .  The oven was c lo s e d  

o f f ,  th e  l i q u i d  n i t r o g e n  was r e p la c e d  w ith  d ry  i c e - a c e to n e ,  

and th e  c o l l e c t e d  e th y le n e  was th u s  d i s t i l l e d  o f f  th ro u g h  

th e  sy s tem . The l i q u i d  n i t r o g e n  b a th  was r e p la c e d ,  and th e  

m a te r i a l  in  th e  oven was d e so rb e d  a t  s u c c e s s iv e ly  in c r e a s in g  

te m p e ra tu re s  o v e r  v a r io u s  p e r io d s  o f  t im e ,  a s  i n d ic a t e d  f o r  

a  t y p i c a l  e x p e r im e n t i n  T ab le  8 . C o rre s p o n d in g ly  h ig h e r

T ab le  8 : D e s o rp tio n  C o n d itio n s  a f t e r  B ro m in a tio n  o f  T o lu en e .

M inu tes D esorbed T em p era tu re

15 Am bient
60 77°
60 168°
75 239°
60 279°
80 385°
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te m p e ra tu re s  w ere u se d  when th e  a lk y lb e n z e n e  was o f  h ig h e r  

m o le c u la r  w e ig h t.

The l i q u i d  n i t r o g e n  was r e p la c e d  w ith  d ry  i c e - a c e to n e ,  

and th e  e th y le n e  was a g a in  d i s t i l l e d  o f f .  A f te r  th e  t r a p  was 

warmed to  room te m p e ra tu re  i t s  c o n te n ts  w ere rem oved by  

p i p e t  and w ashed tw ic e  w ith  aqueous sodium  b ro m id e , once 

w ith  2 M sodium  h y d ro x id e , and tw ic e  w ith  aqueous sodium  

b ro m id e .

The o rg a n ic  l a y e r  was a n a ly z e d  by  g l c .  The brom o- 

to lu e n e  iso m ers  w ere p a r t i a l l y  s e p a r a te d  on a  12 f t  x  1 /2  

in  n e o p e n ty l  g ly c o l  s u c c in a te  column ( 25^  on 6 0 /8 0  mesh 

Chromosorb P) a t  1 1 2 ° , u s in g  240 cc o f  h e liu m  p e r  m in .

U nder th e s e  c o n d i t io n s  th e  o r th o -b ro m o to lu en e  was c l e a n ly  

s e p a ra te d  from  th e  m e ta -  and p a r a - iso m e rs , w hich  em erged 

to g e th e r .  A n a ly ses  o f  s ta n d a r d  m ix tu re s  showed t h a t  th e  

re sp o n se s  o f  th e  iso m ers  w ere i d e n t i c a l  w i th in  e x p e r im e n ta l  

e r r o r ,  and th e r e f o r e  th e  r e l a t i v e  a r e a s  w ere u se d  a s  d i r e c t  

m easu res o f  iso m er d i s t r i b u t i o n .  I n f r a r e d  a n a l y s i s  o f  th e  

p ro d u c t  m ix tu re s  and  o f  s ta n d a rd  m ix tu re s  showed t h a t  in  

a l l  r e a c t io n s  th e  m e ta - iso m e r was p r e s e n t  to  th e  e x t e n t  o f  

l e s s  th a n  Vfo. The r e s u l t s  a r e  sum m arized in  T ab le  10, page 

156.

R e a c tio n s  o f  b rom ine w ith  o l e f i n s  w ere co n d u c ted  

s i m i l a r l y .  The o l e f i n ,  i f  a  g a s , was added by  th e  p ro c e d u re  

d e s c r ib e d  e a r l i e r  f o r  e th y le n e .  I f  th e  o l e f i n  was a  l i q u i d ,  

i t  was added a s  w ere th e  a ro m a tic  h y d ro c a rb o n s . When i t  was 

n e c e s s a ry  to  know th e  e x a c t  m o la r q u a n t i ty  o f  g aseo u s
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o l e f i n  u s e d , a  b u lb  o f  known volum e s e a le d  o n to  th e  vacuum 

system  was em ployed . A d d itio n  o f  brom ine as d e s c r ib e d  above 

(page l4o) r e q u i r e d  4 -1 /2  h r .

The i n s t a b i l i t y  o f  v i c i n a l  d ib ro m o a lk an e s  com pared 

w ith  a r y l  b ro m id es  n e c e s s i t a t e d  m ild e r  m ethods o f  re c o v e ry  

and a n a l y s i s .  T hus, a f t e r  two days r e a c t i o n  tim e  th e  

ca rb o n  was t r a n s f e r r e d  to  a  S o x h le t e x t r a c t o r  and  e x t r a c te d  

f o r  7 -1 /2  h r  w ith  c a rb o n  t e t r a c h l o r i d e .  The s o lu t io n  was 

c o n c e n tr a te d  ( r o t a r y  e v a p o r a to r ) ,  and th e  r e s id u e  was 

an a ly z e d  by  i r  a n d /o r  nmr s p e c tro s c o p y . I n  e a c h  c a se  o n ly  

th e  p ro d u c t  o f  t r a n s - a d d i t i o n  o f  brom ine was o b s e rv e d .
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Preparation of 2-(ortho-Bromophenyl)-2-propanol

A s o lu t io n  o f  14 ml (3 1 .9  g> 0 .2 2 6  m ole) o f  m e th y l 

io d id e  i n  32  ml o f  anhy d ro u s e t h e r  was added d ro p w ise  to  a  

s t i r r e d  m ix tu re  o f  5 .3 1  g (0 .2 2 6  m ole) o f  m agnesium sh a v in g s  

and  100  ml o f  an h y d ro u s e t h e r  in  a  5 0 0 -m l th re e -n e c k e d  f l a s k  

eq u ip p ed  w ith  a  m e c h a n ic a l s t i r r e r ,  a  r e f lu x  c o n d e n se r  

c o n ta in in g  a  d ry in g  tu b e ,  and a  p r e s s u r e - e q u a l ! z in g  a d d i t i o n  

f u n n e l .  The m ix tu re  was s t i r r e d  f o r  3 /4  h r ,  th e n  a  s o l u t io n  

o f  1 5 .0 5  g (0 .0 7 0  m ole) o f  m e th y l o r th o -b rom obenzoa te  i n  25  

ml o f  e t h e r  was added  d ro p w ise . The m ix tu re  was s t i r r e d  

o v e r n ig h t  and p o u re d  i n t o  a  m ix tu re  o f  5 8 .5  g o f  ammonium 

c h l o r i d e ,  160 g o f  i c e ,  and  100 ml o f  w a te r .  The aqueous 

l a y e r  was e x t r a c t e d  w ith  two 1 0 0 -m l p o r t io n s  o f  e t h e r ,  and 

th e  com bined e t h e r  s o lu t io n  was d r ie d  o v e r  magnesium

s u l f a t e .  D i s t i l l a t i o n  u n d e r  red u ce d  p r e s s u r e  y ie ld e d  a
«* • •

s l i g h t l y  y e llo w  l i q u i d :  bp 68 -7 3 ° (0 .3 7  mm). T h is  c ru d e  

a lc o h o l  was u se d  d i r e c t l y  in  th e  p r e p a r a t io n  o f  o r th o -
1

bromocumene (s e e  page  1 4 6 ) .
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Preparation of ortho-Bromocumene

Crude 2 - (o r t h o -b ro m o p h en y l)- 2 -p ro p a n o l ( e n t i r e  c ru d e  

y i e l d ,  page 145) was d is s o lv e d  in  55 ml o f  g l a c i a l  a c e t i c  

a c id .  P e r c h lo r ic  a c id  (7 0 $ , 0 .7 6  ml) and  0 .6  g o f  5# 

p a lla d iu m -o n -c a rb o n  c a t a l y s t  w ere ad d ed , and  th e  m ix tu re  

was h y d ro g e n a te d  a t  50 p s i g .  A f te r  f i l t r a t i o n ,  th e  a c e t i c  

a c id  was rem oved u n d e r  re d u ce d  p r e s s u r e  u n t i l  an  o i l  

s e p a r a te d  o u t .  W ater was added , and th e  m ix tu re  was 

s a tu r a t e d  w ith  sodium  b ic a rb o n a te  and s team  d i a t i l l e d  

to  g iv e  9 .5  g ( 68$  o v e r a l l  y i e ld )  o f  a  c l e a r  c o l o r l e s s  o i l  

w hich g lc  a n a l y s i s  showed to  be a  s in g l e  compound. 

D i s t i l l a t i o n  u n d e r  red u ce d  p r e s s u r e  y ie ld e d  a  c l e a r  c o l o r ­

l e s s  l i q u i d :  i r  ( l i q u i d  f i l m ) :  5050 (w, a ro m a tic -H ) ,

2960, 2900, 2840 (m, a lk y l - H ) , 1590, 1560 (w, a r o m a t ic ) ,  

1470 (m, m e th y l) ,  1420 (m, m e th in e ) , 1 3 7 0 , 1350  (w, i s o ­

p r o p y l ) ,  756 ( s ,  o r th o - d i s u b s t i t u t e d  b e n z e n e ) ;  nmr (CC14 ) :  

61.23 ( d o u b le t ,  J  = 7 c p s , 6 H, m e th y l) ,  6 2 .7 3  ( s e p t u p l e t ,  

J  = 7 c p s ,  1 H, m e th in e  p r o to n ) ,  J5 6 .9 -7 .5  (com plex , 4 H, 

a ro m a tic ) .
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1 5 7
Preparation of meta-Bromocumene

m e ta -Bromocumene was p re p a re d  s i m i l a r l y  to  th e  o r th o -  

iso m e r . The o rg a n ic  l a y e r  from  th e  s team  d i s t i l l a t e  was 

shown by g lc  to  be a  s in g l e  compound. D i s t i l l a t i o n  o f  th e  

o rg a n ic  l a y e r  u n d e r  red u ce d  p r e s s u r e  y ie ld e d  a  c l e a r  c o l o r ­

l e s s  l i q u i d :  i r  ( l i q u i d  f i l m ) :  3030 (w, a ro m a tic -H ) ,

2940 ( s ) ,  2910 , 2850 (m, a lk y l - H ) ,  1395 , 1570 (m, a r o m a t ic ) ,  

1475, 1455 (m, m e th y l) ,  1418  (m, m e th in e ) ,  1 3 7 7 , 1357 (w, 

i s o p r o p y l ) ,  7 7 8 , 691 ( s ,  m e ta - d i s u b s t i t u t e d  b e n z e n e ) ; 

nmr (CCI4 ) :  _61.21 ( d o u b le t ,  J  = 7 c p s , 6 H, m e th y l) ,

_6 2 .8 2  ( s e p t u p l e t ,  J  = 7 c p s ,  1 H, m e th in e  p r o to n ) ,  J56 .98- 

7 .4 0  (com plex , 4 H, a r o m a t ic ) .

(157) M. S t i l e s  and A. J .  S i s t i ,  J .  O rg . Chem. , 2 5 , 
1691 ( i9 6 0 ) .
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Proof of Reaction at the Surface

In  th e  b ro m in a tio n  o f  a lk e n e s  a t  a d s o rb e n t  s u r f a c e s ,  

i t  was f i r s t  n e c e s s a ry  to  e s t a b l i s h  t h a t  r e a c t i o n  d id  o c c u r  

a t  th e  s u r f a c e  and n o t  d u r in g  th e  r e c o v e ry  p ro c e d u re ,  w hich 

c o n s i s te d  o f  e x t r a c t i o n  w ith  c a rb o n  t e t r a c h l o r i d e .  To t h i s  

e n d , th e  fo l lo w in g  e x p e r im e n ts  w ere p e rfo rm e d .

A sam ple o f  b ro m in a te d  c a rb o n  was t r e a t e d  w ith  a  

s l i g h t  e x c e s s  o f  an  o l e f i n  (A) ( i n  th e  c a se  o f  e th y le n e  a  

l a r g e  e x c e s s  was u s e d ) . A f te r  tw e n ty - f o u r  h o u rs  an 

e q u iv a le n t  q u a n t i ty  o f  a  seco n d  o l e f i n  (B) was ad d ed , and 

th e  c h a rc o a l  was e x t r a c t e d  w ith  ca rb o n  t e t r a c h l o r i d e ,  a s  

d e s c r ib e d  on page 144 . F o r ea ch  p a i r  o f  o l e f i n s  u s e d , a  

seco n d  r e a c t io n  was c a r r i e d  out, i n  w hich th e  o r d e r  o f  a d ­

d i t i o n  o f  th e  o l e f i n s  was r e v e r s e d .  In  t h i s  way any 

d i f f e r e n c e s  in  th e  c o m p o s itio n  o f  any  p ro d u c ts  form ed d u r in g  

e x t r a c t i o n  w hich  w ould be cau se d  by d i f f e r e n c e s  in  o l e f i n  

r e a c t i v i t i e s  c o u ld  have been  a s s e s s e d .  The c o m p o s itio n  

o f  th e  ca rb o n  t e t r a c h l o r i d e  s o l u t i o n  was d e te rm in e d  by g as  

ch ro m ato g rap h y  a n d /o r  i n f r a r e d  s p e c tro s c o p y . The r e s u l t s  

a r e  sum m arized in  T ab le  9 .

I f  th e  b ro m in a tio n  r e a c t i o n  i s  a  s u r f a c e  r e a c t i o n ,  th e  

p ro d u c t  s h o u ld , in  each  c a s e , be m a in ly  o r  e x c lu s iv e ly  th e  

b ro m in a tio n  p ro d u c t  o f  o l e f i n  A (A d ib ro m id e  in  T ab le  9 )•

I f  r e a c t i o n  o c c u rs  in  s o lu t io n  d u r in g  e x t r a c t i o n ,  how ever, 

th e  o l e f i n s  w i l l  com pete , and th e  p ro d u c ts  in  e a ch  c a se  w i l l  

be d e te rm in e d  by th e  r e l a t i v e  r e a c t i v i t i e s  o f  th e  two 

o l e f i n s  to w ard  b rom ine o r ,  i f  th e  r e a c t io n  i s  d i f f u s i o n -
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T ab le  9 : R e s u l t s  o f  S e q u e n t ia l  A d d itio n  o f  O le f in s  to  
B ro m in a ted  C arbon.

S t a r t i n g  O le f in s P ro d u c ts

A B A d ib ro m id e B d ib rom ide

E th y le n e c is -2 -B u te n e 99% 1%

c is -2 -B u te n e E th y le n e 99 1

c is -2 -B u te n e C yclohexene 99 1

C yclohexene c is -2 -B u te n e 99 1

c o n t r o l l e d ,  by  th e  r e l a t i v e  a v a i l a b i l i t i e s  o f  th e  o l e f i n s .

In  e i t h e r  o f  th e s e  l a t t e r  e a se s  th e  o r d e r  o f  a d d i t io n  o f

o l e f i n s  sh o u ld  have  no e f f e c t  on p ro d u c t  r a t i o s .  On th e

o th e r  h an d , i f  th e  b ro m in a tio n  r e a c t i o n  o c c u rs  in  th e  v ap o r

p h ase  above th e  a d s o rb e n t  s u r f a c e ,  th e  r e s p e c t iv e  a l l y l i c
' 101

b ro m in a tio n  p ro d u c ts  o f  o l e f i n  A s h o u ld  a l s o  be o b se rv e d .

The d a ta  in  T ab le  9 c l e a r l y  i n d i c a t e  t h a t  r e a c t io n  does 

o c c u r  a t  th e  s u r f a c e ,  s in c e  th e  f i r s t - a d d e d  o l e f i n  (A) in  

e v e ry  c a se  g iv e s  th e  p red o m in an t p ro d u c t  and s in c e  no s id e  

p ro d u c ts  r e s u l t i n g  from  a l l y l i c  s u b s t i t u t i o n  r e a c t io n s  

c o u ld  be d e te c te d  (s e e  page 1 5 1 ).

F u rth e rm o re , in  th e  ca se  o f  b ro m in a t io n  o f  a ro m a tic  

com pounds, work done on th e  v a p o r  p h ase  th e rm a l and p h o to ­

ch em ic a l b ro m in a tio n s  o f  to lu e n e  shows m a in ly  fo rm a tio n  o f
155

b e n z y l b ro m id e . T h e re fo re ,  in  th e  p r e s e n t  s tu d y  in  w hich 

n u c le a r  b ro m in a tio n  i s  o b se rv e d , th e  r e a c t i o n  i s  a  s u r f a c e ,  

n o t  a  v a p o r p h ase  r e a c t io n .  The p o s s i b i l i t y  o f  th e  

o c c u rre n c e  o f  a  com peting  v ap o r p h ase  r e a c t i o n  to  g iv e  

b e n z y l brom ide i s  n o t  e x c lu d e d , b u t  su ch  r e a c t io n  w i l l  n o t  

i n t e r f e r e  w ith  th e  n u c le a r  b ro m in a tio n  a t  th e  s u r f a c e .
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Bromination of Olefins

As in d ic a t e d  in  th e  E x p e r im e n ta l S e c t io n  (page 1 4 4 ), 

b ro m in a tio n  o f  o l e f i n s  le d  e x c lu s iv e ly  to  th e  p ro d u c ts  

form ed by t r a n s - a d d i t i o n  o f  b ro m in e . A n a ly s is  by  n u c le a r  

m a g n e tic  re so n a n c e  s p e c tro s c o p y , u t i l i z i n g  th e  ch em ica l 

s h i f t s  o f  th e  m e th in e  p ro to n s  and th e  s p l i t t i n g  p a t t e r n s  o f
158

th e  m e th y l p r o to n s ,  showed t h a t  c i s - 2 -b u te n e  gave 

e x c lu s iv e ly  d , l_-2, 3 -d ib ro m o b u tan e  and  t h a t  t r a n s - 2 -b u te n e  

gave o n ly  th e  m eso- is o m e r . C om parison o f  th e  i n f r a r e d  

s p e c t r a  o f  th e  1 ,2 -d ib ro m o c y c lo h e x a n e s  o b ta in e d  in  th e s e  

r e a c t io n s  w ith  th e  s p e c t r a  o f  c i s -  and t r a n s -1 ,2 -d ib ro m o -
125

c y c lo h e x a n e s  p u b l is h e d  by G o erin g  showed t h a t  o n ly  th e  

t r a n s - iso m er was p ro d u ce d . T hese r e s u l t s  a r e  in d e p e n d e n t 

o f  th e  o r d e r  o f  a d d i t io n  o f  r e a c t a n t s .  V a r ia t io n  o f  th e  

b rom ine c o n c e n t r a t io n  on th e  c h a rc o a l  betw een  1$ and 10$ 

by  w e ig h t had  no e f f e c t s  on th e  p ro d u c ts  n o r ,  in  th e  ca se  

Of c y c lo h e x e n e , d id  th e  u se  o f  s i l i c a  g e l  in  p la c e  o f  

c a rb o n . I t  i s  w o rth  m e n tio n in g  t h a t  t h i s  r e a c t io n  on an  

a d s o rb e n t  gave no d e t e c t a b le  q u a n t i t i e s  o f  s id e  p r o d u c ts ,  

i n  c o n t r a s t  to  b ro m in a tio n s  i n  s o l u t i o n  in  w hich  a l l y l i c  

s u b s t i t u t i o n  r e a c t io n s  com pete w ith  a d d i t i o n .

The e x a c t  c a u s e ( s )  o f  th e s e  r e s u l t s  i s  o b s c u re . I t  i s  

w e l l  e s t a b l i s h e d  t h a t  b ro m in a tio n  in  s o lu t io n  p ro c e e d s  by 

t r a n s - a d d i t i o n ,  b u t  i t  h a s  a l r e a d y  b een  shown (page 149) 

t h a t  i n  t h i s  s tu d y  r e a c t io n  o c c u rs  on th e  a d s o rb e n t s u r f a c e

(158) F . A. L. A net, P ro c . Chem. S o c . ,  327 (1 9 5 9 ).
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and n o t  in  s o lu t io n  d u r in g  e x t r a c t i o n .  However, a l th o u g h  in  

e v e ry  ex p e rim e n t a t te m p ts  w ere made to  add l e s s  th a n  a  

t h e o r e t i c a l  m o n o lay er o f  r e a c t a n t s ,  i t  co u ld  n o t  be d e f in ­

i t e l y  e s t a b l i s h e d  t h a t  c a p i l l a r y  c o n d e n s a tio n  was n o t  

o c c u r r in g .  Such c o n d e n s a tio n  w ould p ro v id e  th e  o p p o r tu n i ty  

f o r  l iq u id - p h a s e  r e a c t i o n  in  an u l t r a m ic r o  " f l a s k , " and th e  

r e s u l t s  w ould be e x p e c te d  to  be s im i l a r  to  th o s e  in  

s o l u t i o n .

On th e  o th e r  h an d , assum ing  a d s o r p t io n  o f  o l e f i n  and 

brom ine in  a  m o n o lay er w ith o u t  a p p r e c ia b le  c a p i l l a r y  

c o n d e n s a t io n , a  m echanism  s im i l a r  to  t h a t  in  s o lu t io n  

(Scheme XXXXIl) may a p p ly . A m o lecu le  o f  o l e f i n  may be 

b ro m in a te d  in  two s t e p s ,  w ith  fo rm a tio n  o f  a  bromonium (o r  

j3-brom ocarbonium ) io n  and a  brom ide (o r  p o s s ib ly  t r i ­

b rom ide) a n io n . T h is  m echanism  w ould r e q u i r e  m o b i l i ty  o f  a t  

l e a s t  one o f  th e  io n s  on th e  s u r f a c e  to  g iv e  b a c k s id e  

a t t a c k  and o v e r a l l  t r a n s - a d d i t io n .

Scheme XXXXIl
e  e

B r-B r B r Br Br Br
^  V  • I /®\
' 'C = C ‘:  ------* o r  —C'~C

6
:C-?

Br Br v Br
> I  /® \  /
— o r  — v C— C
•  -  ©Br Br

An a l t e r n a t e  m echanism , a l s o  assum ing  m ono layer

a d s o r p t io n ,  may be t h a t  d e p ic te d  in  Scheme XXXXIII. As one 

brom ine atom  in  a  m o lecu le  becomes a t t r a c t e d  to  one end o f
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Scheme XXXXIII.

v. ✓ 6" ^ 6+ •’ a / : \ ^nB r2  > BrBrt ■ > r - - C ~ (B r-H B r) C— C

\ C 1B \* B r” 4/ , JBr V  \ \  £3

^  > - (  ^  < - » » ■  > - ■ (

B r” B r2 / *

\ + / r  ( n -2 )B r2 / C-~C^

th e  double bond ( o r  to  th e  Tr-cloud o f  th e  double bond),

i t s  bond to  th e  o th e r  brom ine atom  becom es w eak er. A s e r i e s

o f  d ip o le - in d u c e d  d ip o le  i n t e r a c t i o n s ,  r e s u l t i n g  in

w eaken ing  o f  b rom in e-b ro m in e  bonds w i th in  m o le c u le s  and

a t t r a c t i o n  b etw een  brom ine atom s in  d i f f e r e n t  m o le c u le s , .

may e x te n d  a ro u n d  th e  o l e f i n  to  a  b rom ine m o lecu le  s i t u a t e d

t r a n s  to  th e  s i t e  o f  o r i g i n a l  i n t e r a c t i o n  betw een  brom ine

and o l e f i n .  The e n t i r e  s t n i c t u r e  may c o l la p s e  c o n c e r te d ly

(p a th  A) to  g iv e  th e  t r a n s - d ib ro m id e  and to  r e g e n e ra te

brom ine m o le c u le s . A l t e r n a t iv e l y  th e  s t i r u c tu r e  may c o l la p s e

to  an  io n  p a i r  (p a th  B ), w ith  th e  b rom ide a n io n  t r a n s  to  th e

brom ine w hich  h as  a l r e a d y  added , w hich  w ould th e n  a l s o  fosmi

th e  tra n s_ -d ib ro m id e . F in a l ly  p a th  C, i n  w hich  th e  brom ide

a n io n  i s  t r a n s m i t t e d  around  th e  o l e f i n  by r e a c t io n s  o f  th e

ty p e  shown in  e q u a t io n s  50 and 51  may be c o n s id e r e d .

B r-B r + B r” -— * B r-B r-B r” B r” + B r-B r (30)

B r-B r + B r-B r-B r ---- * B r-B r-B r” + B r-B r (5 l)
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E l e c t r o s t a t i c  a t t r a c t i o n  w ould keep  th e  b rom ide io n  from  

d i f f u s i n g  away from  th e  c a t io n .

The m echanism  in  p a th  C d i f f e r s  from  t h a t  i n  Scheme 

XXXXIl (page 1 5 2 ) in  th e  m ethod o f  t r a n s p o r t  o f  th e  brom ide 

a n io n  to  g iv e  b a c k s id e  a t t a c k  and in  th e  number o f  brom ine 

m o le c u le s  r e q u i r e d  f o r  th e  b ro m in a tio n  o f  e a c h  o l e f i n  

m o le c u le .

The in te r m e d ia te  c a t io n s  in  p a th s  B and C may be 

b r id g e d  in s t e a d  o f  open a s  shown. The a l t e r n a t e  p o s s i b i l i t i e s  

f o r  t r a n s p o r t i n g  th e  brom ide a n io n  to  a  t r a n s  p o s i t i o n  w i l l  

n o t  be s e r i o u s l y  a f f e c t e d .  However, th e  c a t io n  would be more 

c o n f o r m a t io n a l ly  s t a b l e ,  and th e  tim e  a llo w ed  f o r  t r a n s ­

p o r t i n g  th e  brom ide io n  to  a  t r a n s  p o s i t i o n  w ould in c r e a s e  

c o r r e s p o n d in g ly .

The la r g e  num ber o f  b rom ine m o le c u le s  in v o lv e d  in

Scheme XXXXIII may a t  f i r s t  g la n c e  make th e  m echanism  seem

im p ro b a b le . However, b ro m in a t io n  o f  u n r e a c t iv e  o l e f i n s  in

a c e t i c  a c id  h a s  been  shown to  be t h i r d  o rd e r  i n  brom ine in
102

th e  r e g io n  o f  b rom ine c o n c e n t r a t io n s  o f  0 .1  to  0 .2  M.

The e f f e c t i v e  c o n c e n t r a t io n  o f  brom ine m o le c u le s  a t  th e  

a d s o rb e n t  s u r f a c e  may be c o n s id e r a b ly  g r e a t e r  th a n  t h i s  

v a lu e .  M oreover, th e  m o b i l i ty  o f  th e  a d so rb e d  m o le c u le s  i s  

re d u c e d  r e l a t i v e  to  th e  m o b i l i ty  o f  th e s e  m o le c u le s  in  

s o l u t i o n .  F o r th e s e  re a s o n s  th e  in v o lv e m e n t o f  a  la r g e  

num ber o f  brom ine m o le c u le s  in  b ro m in a tio n  o f  an o l e f i n  a t  

an  a d s o rb e n t  s u r f a c e  i s  n o t  a t  a l l  u n l i k e l y .

Any m echanism  in v o lv in g  f r e e  r a d i c a l s  may be d is m is s e d
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as h ig h ly  u n l i k e l y  s in c e ,  as  m en tio n ed  above (page 1 5 1 ) ,  no 

p ro d u c ts  w hich  c o u ld  be a s s o c ia te d  w ith  su ch  a  m echanism  

co u ld  be d e t e c t e d .
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Bromination of Aromatic Hydrocarbons

The r e s u l t s  o f  th e  b ro m in a tio n  o f  a ro m a tic  compounds 

a t  a d s o rb e n t  s u r f a c e s  a r e  sum m arized in  T ab le  10 .

T ab le  10: R e s u l t s  o f  B ro m in a tio n  o f  A ro m atic  H ydrocarbons 
a t  A d so rb en t S u r f a c e s .

Bromine 
Added b e fo re  
o r  a f t e r

E n try  A d so rb en t H ydrocarbon  H ydrocarbon  S cav en g e r $  o r th o

1 c, J D - lb T o luene b e fo re none 64.5

2 c, JD -1 T oluene a f t e r E th y le n e 48.8

3 C, JD -1 T oluene 
and Benzene

a f t e r E th y le n e d

4 C, J D - le
f

T oluene a f t e r E th y le n e 52.2

5 K-3030b T oluene a f t e r E th y le n e 52.3
6 c, K-3031b T oluene a f t e r E th y le n e 52.1

7 c, K-3032b T oluene a f t e r E th y le n e 51.8

8 s T oluene b e fo re E th y le n e 36.2

9 s T oluene a f t e r E th y le n e 37.9

10 A T oluene a f t e r E th y le n e 27

11 C, JD -1 Cumene a f t e r E th y le n e 28.2

12 C, JD -1 t e r t - B u t y l - a f t e r E th y le n e 0
b enzene

&: C = a c t i v a t e d  c a rb o n , S = s i l i c a  g e l ,  A = a lu m in a , 
b : D e s ig n a t io n  o f  m a n u fa c tu re r ,  B arnebey-C heney  Company, 
Columbus 19 , O hio . See T ab le  11, page 159* f o r  p r o p e r t i e s ,  
c : C o m p e titio n  e x p e r im e n t, d : Not d e te rm in e d , e :  The ca rb o n  
was a c id -w a sh e d  p r i o r  to  th e  e x p e r im e n t, f :  T o luene "from  
S u lfo n ic  A cid" (E astm an-K odak).

A co m p ariso n  o f  e n t r i e s  1 and 2 shows t h a t  b ro m in a tio n  

o f  to lu e n e  a t  th e  c a rb o n  s u r f a c e  i s  n o t  co m p le te  a f t e r
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e i g h t  d a y s . When e th y le n e  was added ( e n t r y  2) and th e  

p ro d u c ts  w ere vacuum d e so rb e d  a t  h ig h  te m p e ra tu r e s ,  

s i g n i f i c a n t  q u a n t i t i e s  o f  e th y le n e  brom ide w ere fo rm ed , and  

th e  b ro m o to lu e n es  c o n s i s te d  o f  49$ o r t h o - iso m e r. When th e  

ca rb o n  was vacuum d e s o rb e d  a f t e r  r e a c t io n  w ith o u t  e th y le n e  

b e in g  added , th e  b ro m o to lu e n es  c o n s i s te d  o f  6 4 .5 $  o r th o -  

iso m e r , and much b e n z y l b rom ide was fo rm ed . These d a ta  

i n d i c a t e  t h a t ,  i f  no e th y le n e  i s  u s e d , r e a c t io n  o c c u rs  b o th  

on th e  s u r f a c e  and in  th e  v a p o r  p h ase  a t  th e  h ig h  

te m p e ra tu re s  r e q u i r e d  f o r  th e  vacuum d e s o r p t io n .  The 

r e a c t io n  in  th e  v a p o r  p h ase  w i l l ,  a s  h a s  been  m en tio n e d
' 155

(page 1 5 0 ), le a d  to  b e n z y l b ro m id e . The h ig h e r  

te m p e ra tu re  r e a c t io n  a t  th e  s u r f a c e  w i l l  o f  c o u rse  be much 

more r a p id  and l e s s  s e l e c t i v e ,  and th e  o r t h o :p a r a  r a t i o  

sh o u ld  be c l o s e r  to  s t a t i s t i c a l  th a n  a t  am b ien t tem p­

e r a t u r e s ,  a s  i s  o b s e rv e d .

The low p r o p o r t io n  o f  m e ta -b ro m in a tio n  ( l e s s  th a n  1$) 

in  th e s e  and in  a l l  o th e r  b ro m in a t io n s  o f  a lk y lb e n z e n e s  

s tu d ie d  in d i c a t e s  h ig h  s e l e c t i v i t y ,  k i n e t i c  c o n t r o l ,  and 

no su b se q u e n t e q u i l i b r a t i o n  o f  p r o d u c ts .

A sam ple o f  p a r a -b ro m o to lu en e  was ad so rb e d  on a c t i v a t e d  

c a rb o n , l e f t  e i g h t  d a y s , and  d e so rb e d  u s in g  th e  same 

p ro c e d u re  as  was em ployed f o r  th e  p ro d u c ts  o f  th e  b ro m in a ­

t i o n  r e a c t i o n s .  No a l t e r a t i o n  o f  th e  sam ple o c c u r r e d .

O lah  showed t h a t  p a r a -b ro m o to lu en e  is o m e r iz e s  f a s t e r  u n d e r  

th e  in f lu e n c e  o f  aluminum c h lo r id e  th a n  e i t h e r  th e  o r th o -
150

o r  m e ta - is o m e r . T h e re fo re  th e  p ro d u c ts  o b ta in e d  from
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th e  s u r f a c e  r e a c t i o n s  a r e  d e te rm in e d  by k i n e t i c  c o n t r o l  

o f  th e  r e a c t io n  and n o t  by  any se c o n d a ry  t r a n s f o r m a t io n s  

o f  p r o d u c ts .

T h is  h ig h  s e l e c t i v i t y  i s  in te r m o le c u la r  a l s o .  A 

c o m p e ti t io n  betw een  e q u im o la r  q u a n t i t i e s  o f  b en zen e  and 

to lu e n e  f o r  a  l im i t e d  q u a n t i t y  o f  b rom ine ( e n t r y  3) gave no 

d e t e c t a b le  brom obenzene by  g as  ch ro m a to g rap h y , i n d i c a t i n g  a  

s u b s t r a t e  s e l e c t i v i t y  o f  to lu e n e  o v e r  b enzene by  a  f a c t o r  

o f  a t  l e a s t  100 s in c e  1% o f  brom obenzene in  th e  p ro d u c ts  

c o u ld  e a s i l y  have b een  d e t e c t e d .

When a  sam ple o f  c a rb o n  w hich  h a s  been  " c le a n e d "  in  

vacuo a t  h ig h  te m p e ra tu r e s  i s  m ixed w ith  w a te r ,  th e  pH o f  

th e  w a te r  r a p id ly  r i s e s  to  10 , i n d i c a t i n g  th e  p re s e n c e  o f  

n o n v o la t i l e  b a s ic  im p u r i t i e s  on th e  c a rb o n . To d e te rm in e  

t h e i r  p o s s ib le  e f f e c t  on th e  c o u rse  o f  b ro m in a t io n , a  

sam ple o f  ca rb o n  was e x t r a c t e d  w ith  aqueous h y d r o c h lo r ic  

a c id ,  w ashed w ith  w a te r ,  d r i e d ,  and c le a n e d  in  vacuo  a s  

u s u a l .  Use o f  t h i s  c a rb o n  ( e n t r y  4) p ro d u ced  no change in  

th e  iso m er d i s t r i b u t i o n  in  th e  b ro m in a tio n  o f  to lu e n e .  I t  

may th e r e f o r e  be c o n c lu d e d  t h a t  th e  p re s e n c e  o f  th e s e  

n o n v o la t i l e  b a s ic  im p u r i t i e s  does n o t  a f f e c t  th e  r e a c t i o n .

E n t r i e s  5-7  show t h a t  d i f f e r e n t  p o re  s t r u c t u r e s  and 

s u r f a c e  a r e a s  have no e f f e c t  on iso m er d i s t r i b u t i o n s .  The 

p r o p e r t i e s  o f  th e s e  c a rb o n s  a r e  shown in  T ab le  11.

In  a l l  th e s e  c a s e s  i t  can  be se e n  t h a t  th e  o r t h o :p a r a

r a t i o  i s  l a r g e r  th a n  f o r  th e  u n c a ta ly z e d  r e a c t i o n  o f  to lu e n e
1 4 3and brom ine in  85% a c e t i c  a c id  and t h a t  i t  i s  i n s e n s i t i v e
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1 5 9Table 11: Properties of Carbons (Source: coconut shell)
M a n u fa c tu re r ' s a(

D e s ig n a tio n T o ta l^ S u r fa c e M ost Common Pore
o f  Carbon A rea , m2/ g P ore S iz e ,  ft Volume, cm3/ g

JD-1 1000-1100
K-3030 1000-1100 10-20 0 .4 3 3
K-3031 500-600 1 0-15 0 .3 3 5
K-3032 1600-1700 1 5-25 0 .5 1 3

a : B arnebey-C heney  Company, Columbus 1 9 , Ohio •

b : B. E. T. m ethod .
c :  By m ercu ry  p o r o s im e te r .

to  s e v e r a l  v a r i a b l e  p r o p e r t i e s  o f  th e  c h a rc o a l  s u r f a c e .

When n e u t r a l  s i l i c a  g e l  was u se d  a s  a d s o rb e n t  ( e n t r i e s

8 and 9 ) ,  th e  b ro m in a t io n  o f  to lu e n e  a p p e a re d  to  resem b le

more c l o s e ly  th e  same r e a c t i o n  in  s o l u t i o n .  H ence, Brown

and S to ck  found  33$ o r th o -  and 67$ p a r a -b ro m in a tio n  o f
1 4 3to lu e n e  in  8 5% a c e t i c  a c id .  B ro m in a tio n  on s i l i c a  g e l

gave 37$ o r th o -  and 63$ p a r a - s u b s t l t u t i o n .  T hese r e s u l t s

c o u ld  be cau sed  by  th e  more p o la r  a d s o rb e n t  ( s i l i c a  g e l )

b e in g  b e t t e r  a b le  to  s t a b i l i z e  io n ic  in te r m e d ia te s  a n d /o r

by th e  to lu e n e  b e in g  l e s s  s t r o n g ly  a d so rb e d  on th e  s i l i c a

g e l  th a n  on ca rb o n  and th u s  in  a  c o n d i t io n  s t e r i c a l l y

re se m b lin g  more c l o s e l y  i t s  c o n d i t io n  in  s o l u t i o n .  These

r e s u l t s  a l s o  i n d i c a t e  th e  iso m er c o m p o s itio n  o f  th e

b ro m o to lu e n es  to  be in d e p e n d e n t o f  th e  o r d e r  o f  a d d i t io n

o f  th e  r e a c t a n t s .

F i n a l l y ,  b ro m in a t io n  o f  to lu e n e  on n e u t r a l  a lu m in a

( e n t r y  10) d e c re a s e d  s t i l l  f u r t h e r  th e  o r t h o :p a r a  r a t i o

(159) A. T u rk , J .  I .  Morrow, S . H. S t o l d t ,  and W. 
B a e c h t, J o u r n a l  o f  th e  A ir  P o l lu t i o n  C o n tro l  A s s o c ia t io n ,
ajs, 383  ( 1 9 6 6 ) .

159

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



( 27$  o r t h o ) ,  p ro b a b ly  f o r  one o r  b o th  o f  th e  re a s o n s  

m en tio n e d  above f o r  s i l i c a  g e l .

Cumene ( e n t r y  l l )  gave 2 8 .2 $  o r th o -b ro m in a t io n ,  a l s o  

w ith  l e s s  th a n  1$ m e ta - is o m e r . In  t h i s  c a se  s id e - c h a in  

b ro m in a t io n  waa a c t u a l l y  th e  m a jo r  p r o c e s s ,  even  in  th e  

d a rk , and  la r g e  q u a n t i t i e s  o f  2 -b ro m o -2 -p h en y lp ro p an e  and 

i t s  d e h y d ro b ro m in a tio n  p r o d u c t ,  2 -p h e n y lp ro p e n e , were 

fo rm ed . T h is  i s  o f  c o u rse  due to  th e  a -h y d ro g en  in  

cumene b e in g  much more e a s i l y  a b s t r a c t e d  th a n  th o s e  in  

to lu e n e  in  th e  f r e e  r a d i c a l  s i d e - c h a in  b ro m in a t io n . (T h is  

o b s e r v a t io n  in d i c a t e s  t h a t  a l l y l i c  s u b s t i t u t i o n ,  p ro b a b ly  

v i a  a  f r e e  r a d i c a l  m echanism , a l s o  i s  c a p a b le  o f  o c c u r r in g  

on th e  a d s o rb e n t  s u r f a c e . )  W ith  cum ene, a s  w ith  to lu e n e ,  

th e  o r t h o :p a r a  r a t i o  i s  h ig h e r  th a n  f o r  th e  same r e a c t io n  

in  s o l u t i o n ,  in  w hich 11$ o r t h o -  and 89$ p a r a -b ro m in a tio n
144

a r e  o b s e rv e d .

t e r t -B u ty lb e n ze n e  ( e n t r y  12) gave c o m p le te ly  p a r a -  

s u b s t i t u t i o n .  I t  a p p e a rs  t h a t  i n  t h i s  c a se  th e  e f f e c t  o f  

th e  ca rb o n  s u r f a c e ,  w hich i s  t o  in c r e a s e  o r t h o - s u b s t i t u t i o n  

in  to lu e n e  and cumene, i s  i n s u f f i c i e n t  to  ca u se  a p p re c ia b le  

o r th o - s u b s t i t u t i o n  in  t e r t - b u ty l b e n z e n e  ( s e e  page 163 f o r  

f u r t h e r  d i s c u s s io n ) .
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The r e s u l t s  may be i n t e r p r e t e d  in  th e  l i g h t  o f  th e  d i a ­

gram s in  F ig u re  2 and th e  c a l c u l a t e d  v a lu e s  in  T ab le  12.

F ig u re  2 . P o s s ib le  G eo m etries  o f  A dsorbed A rom atic  Hydro­
c a rb o n s .

Benzene T oluene t e  r t-B u ty lb e n z e n e
CH3

H -C E3D -H

/

h 3

1 /  /  /
/  /  /  /

r  y  7  " 7  /  /
/  /  '  f  >I I  I I  !

/ / , / / /  /

/  /  /  /  /  /

T ab le  12: D eriv ed  v a lu e s  from  T ab le  5 
T ab le  10 (page 1 5 6 ) .

(page 152) and from

A rom atic o/]3 (Brown) o / £  (R ef . 144) o/]3 ( t h i s  w ork)

T o luene 0 .4 9 143 0 . 7 1 1 .1

E th y lb e n z en e 0 .2 2

Cumene 0 .1 2 0 .4 0

te r t - B u ty lb e n z e n e 0 .0 1 2 145 *0

W hereas th e  c o r n e r - to - c o r n e r  C2 a x i s  o f  th e  a ro m a tic  

r in g  o f  benzene can  be c o m p le te ly  p a r a l l e l  to  th e  a x i s  o f  

th e  p o re  in  w hich  i t  i s  a d so rb e d  ( th e  p o re  i s  assum ed to  be 

a p p ro x im a te ly  c y l i n d r i c a l ) ,  th e  m e th y l s u b s t i t u e n t  in  

to lu e n e  can  p r e v e n t  th e  C2 a x i s  o f  t h i s  a ro m a tic  r i n g  from  

a t t a i n i n g  p a r a l l e l i s m  w ith  th e  a x i s  o f  th e  p o re  by p r e ­

v e n t in g  t h a t  end  o f  th e  m o lecu le  to  w hich  i t  i s  a t ta c h e d  

from  a p p ro a c h in g  th e  s u r f a c e  a s  c l o s e l y  as  can  th e  o th e r  

end  o f  th e  m o le cu le  (F ig u re  2 ) .  The p o s i t i o n  p a r a  to  th e  

m e th y l g roup  in  to lu e n e  can  th e r e f o r e  ap p ro ac h  th e  s u r f a c e  

more c l o s e ly  th a n  can  th e  p o s i t i o n s  o r th o  to  th e  m e th y l
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g ro u p . The h in d ra n c e  r e s u l t i n g  from  th e  p re s e n c e  o f  th e  

s u r f a c e  w i l l  be c o r re s p o n d in g ly  g r e a t e r  i n  th e  p a r a  th a n  

in  th e  o r th o  p o s i t i o n .  Such a  s i t u a t i o n  w ould le a d  to  

th e  e x p e c ta t io n  t h a t  th e  o r t h o :p a r a  r a t i o  f o r  b ro m in a tio n  

o f  to lu e n e  a t  a  s u r f a c e  m igh t be g r e a t e r  th a n  t h a t  in  

s o lu t io n  ( n e g le c t in g  s o lv e n t  e f f e c t s ) .  T h is  h as  been 

shown in  th e  p r e s e n t  work to  be t r u e  (T a b le  1 2 ) .

As th e  a l k y l  s u b s t i t u e n t  becom es more b u lk y  th e  

d e p a r tu re  o f  th e  C2 a x is  o f  th e  a d s o rb e d  a ro m a tic  r in g  

from  s t r i c t  p a r a l l e l i s m  w ith  th e  a x i s  o f  th e  p o re  sh o u ld  

in c r e a s e .  The h in d ra n c e  cau sed  by  th e  s u r f a c e  a t  th e  p a r a  

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

a l s o  in c r e a s e  a s  th e  C2 a x is  o f  th e  a ro m a tic  compound i s  

f o rc e d  f u r t h e r  from  a  geom etry  p a r a l l e l  to  th e  a x is  o f  

th e  p o re .

Lack o f  a  com plete  s e t  o f  iso m er d i s t r i b u t i o n  d a ta  f o r  

th e  s e r i e s  to lu e n e ,  e th y lb e n z e n e , cum ene, t e r t -b u ty lb e n z e n e  

u n d e r  a  u n ifo rm  s e t  o f  c o n d i t io n s  makes a  s t r i c t  com parison  

o f  r e s u l t s  te n u o u s . However, th e  d a t a  f o r  to lu e n e  and cumene
144

may be com pared w ith  th e  r e s u l t s  o f  N azarov  and S em enovskii 

(4 5 ° , e x c e s s  a ro m a tic  h y d ro c a rb o n ) .

D iv is io n  o f  th e  o rth o -: p a ra  r a t i o  f o r  b ro m in a tio n  a t  th e  

s u r f a c e  o f  a c t i v a t e d  ca rb o n , 1 .1 ,  by  th e  o r t h o :p a r a  r a t i o
144

f o r  l i q u i d  p h ase  b ro m in a tio n  a t  4 5 ° , 0 .7 1 ,  shows an

in c r e a s e  in  t h i s  r a t i o  by a  f a c t o r  o f  1 .5 .  As p r e d ic te d  

e a r l i e r ,  th e  r e l a t i v e  in c re a s e  in  th e  o r t h o :p a r a  r a t i o  f o r  

an a lk y lb e n z e n e  w ith  a  b u lk i e r  s u b s t i t u e n t  th a n  a  m eth y l
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g ro u p  sh o u ld  ex ceed  t h a t  f o r  to lu e n e .  F o r cumene, th e  o r th o
144

p a r a  r a t i o  a t  45° i s  0 .1 2 .  D iv id in g  t h i s  v a lu e  i n to  th e  

o r t h o :p a r a  r a t i o  a t  a c t i v a t e d  c a rb o n , 0 .4 0 ,  g iv e s  an 

enhancem ent o f  th e  o r t h o :p a r a  r a t i o  by a  f a c t o r  o f  3 .3 ,  

m ore th a n  tw ic e  th e  enhancem ent fo u n d  f o r  to lu e n e .  These 

r e s u l t s  in d ic a t e  th e  q u a l i t a t i v e  v a l i d i t y  b f  th e  fo re g o in g  

a s s u m p tio n s .

The d a ta  o b ta in e d  f o r  t e r t -b u ty lb e n z e n e  in d ic a t e  th e  

f r a c t i o n  o f  o r th o - s u b s t i t u t i o n  to  be  to o  low to  make 

p o s s i b l e  a  s i m i l a r  com parison  be tw een  Brown’s r e s u l t s  f o r
143 145

to lu e n e  and te r t - b u ty lb e n z e n e  and th o s e  found  in  th e  

p r e s e n t  w ork. T hus, t e r t - b u ty lb e n z e n e  does n o t  fo l lo w  th e  

t r e n d  from  to lu e n e  to  cumene shown ab o v e . I t  may be t h a t  

th e  t e r t - b u ty l  g roup  i s  to o  b u lk y  to  a llo w  t e r t - b u t y l -  

b en zen e  to  be a d so rb ed  s i m i l a r l y  to  b en z en e , to lu e n e ,  and 

cumene b u t  w ith  a  geom etry  in  w hich  th e  C2 a x is  i s  s t i l l  

f u r t h e r  from  b e in g  p a r a l l e l  w ith  th e  a x i s  o f  th e  p o re .

A c tiv a te d  ca rb o n  i s  known to  a d so rb  r e l a t i v e l y  n o n p o la r  

o r g a n ic  m o lecu le s  more s t r o n g ly  th a n  do th e  in o rg a n ic  

a d s o rb e n ts  s i l i c a  g e l  and a lu m in a . A c t iv a te d  ca rb o n  

p r e f e r e n t i a l l y  removes b en zen e  from  a  m ix tu re  o f  benzene 

and  w a te r ,  w h ile  s i l i c a  g e l  and  a lu m in a  a d so rb  th e  w a te r  

p r e f e r e n t i a l l y .  B ru n au e r h as  s t a t e d ,  " in  g e n e r a l ,  th e  h e a t s  

o f  a d s o rp t io n  o f  n o n -p o la r  g a s e s  on c h a rc o a l  a re  s l i g h t l y
1.1 6 0h ig h e r  th a n  on s i l i c a  g e l  and m ost o th e r  a d s o rb e n ts .

(160) S. B ru n au e r, "The A d so rp tio n  o f  G ases and 
V a p o rs ,"  P r in c e to n  U n iv e r s i ty  P r e s s ,  P r in c e to n ,  1945* P 244 .
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I f  an a ro m a tic  compound i s  l e s s  s t r o n g ly  a d so rb e d  on 

s i l i c a  g e l  o r  a lu m in a  th a n  on a c t i v a t e d  c a rb o n , th e  

d e p a r tu re  from  p a r a l l e l  a rra n g e m e n ts  shown in  F ig u re  2 

sh o u ld  be l e s s e n e d .  T h e re fo re  th e  d i f f e r e n c e  betw een  th e  

iso m er d i s t r i b u t i o n s  in  b ro m in a tio n  o f  to lu e n e  in  s o lu t io n  

and in  th e  a d s o rb e d  s t a t e  sh o u ld  a l s o  be le s s e n e d  s in c e  

th e  s u r f a c e s  o f  s i l i c a  g e l  and a lu m in a  w i l l  n o t  p r e ­

f e r e n t i a l l y  h in d e r  th e  p a r a  p o s i t i o n  r e l a t i v e  t o  th e  o r th o  

p o s i t i o n  as  g r e a t l y  a s  w i l l  th e  a c t i v a t e d  ca rb o n  s u r f a c e .

The o r t h o :p a r a  r a t i o  f o r  b ro m in a tio n  o f  to lu e n e  a t  s i l i c a  

g e l  o r  a lu m in a  sh o u ld  th e r e f o r e  d e c re a s e  from  t h a t  f o r  

b ro m in a tio n  a t  a c t i v a t e d  ca rb o n  and ap p ro ac h  th e  v a lu e  f o r  

th e  to lu e n e  m o le cu le  in  s o lu t io n  u n h in d e re d  by an  a d s o rb e n t .

I n  a d d i t i o n ,  th e  p re se n c e  o f  p p l a r  s i l ic o n - o x y g e n  and 

alum inum -oxygen l in k a g e s  in  th e  in o r g a n ic  a d s o rb e n ts  makes 

p o s s ib le  a g r e a t e r  s t a b i l i z a t i o n  o f  c h a rg e s  in  ad so rb e d  

s p e c ie s  th a n  i s  fo u n d  w ith  a c t i v a t e d  c a rb o n . Thus b ro m in a­

t i o n  a t  th e  s u r f a c e s  o f  s i l i c a  g e l  and a lu m in a  sh o u ld  more 

c lo s e ly  re se m b le  r e a c t io n  in  a c e t i c  a c id  s o l u t i o n ,  in  w hich 

s o lv e n t  h a s  b ee n  shown to  have a  s t a b i l i z i n g  e f f e c t  on th e  

io n s ,  th a n  w i l l  b ro m in a tio n  a t  a c t i v a t e d  c a rb o n .

T hus, two in d e p e n d e n t c o n s id e r a t io n s  p r e d i c t  t h a t  

r e a c t io n  on th e  in o rg a n ic  a d s o rb e n ts  w i l l  more c l o s e ly  

re sem b le  t h a t  in  s o lu t io n  th a n  w i l l  r e a c t i o n  on a c t iv a t e d  

c a rb o n . Such h a s  been  shown to  be th e  c a s e ;  T ab le  10 shows 

t h a t  th e  o r t h o :p a r a  r a t i o s  f o r  b ro m in a tio n  o f  to lu e n e  a t  th e  

s u r f a c e s  o f  a c t i v a t e d  c a rb o n , s i l i c a  g e l ,  and  a lu m in a  a re  

1 .1 ,  0 .59* and 0 .37*  r e s p e c t i v e l y ,  com pared to  0 .4 9  in  8 5#
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143 144
a c e t i c  a c id  and 0 .7 1  in  e x c e s s  to lu e n e .  B ro m in a tio n  

a t  th e  s u r fa c e  o f  a lu m in a  a c t u a l l y  g iv e s  a  lo w er o r t h o :p a r a  

r a t i o  th a n  does b ro m in a tio n  in  8 5 $ a c e t i c  a c id .

The e f f e c t  o f  i n t e r a c t i o n  be tw een  brom ine and th e  

s u r f a c e  on iso m er d i s t r i b u t i o n s  m ust a l s o  be c o n s id e re d .

In  c h l o r in a t io n  o f  to lu e n e  in  v a r io u s  s o lv e n ts  th e  

o r t h o : p a r a  r a t i o s  v a r ie d  from  2 .2  in  t r i f l u o r o a c e t i c  a c id  to  

0 .5 2  in  n i tro m e th a n e . The o r t h o : p a r a  r a t i o  d e c re a s e d  a s  th e
' 153

com plex ing  o f  c h lo r in e  w ith  s o lv e n t  in c r e a s e d .

The d i f f e r e n t i a l  h e a t  o f  a d s o r p t io n  o f  brom ine i s  7719

c a l/m o le  on s i l i c a  g e l  and 11 ,430  c a l/m o le  on a c t iv a t e d

c a rb o n ; th e  fo rm er v a lu e  i s  o n ly  a  few  hu n d red  c a l o r i e s
161

above th e  h e a t  o f  c o n d e n s a tio n  o f  b ro m in e . I f  b e in g  

h e ld  more t i g h t l y  on th e  s u r f a c e  w ould in c re a s e  th e  

s e l e c t i v i t y  o f  brom ine f o r  th e  p a r a  p o s i t i o n  o f  to lu e n e  o v e r  

th e  o r th o  p o s i t i o n s ,  th e n  th e  lo w e s t o r t h o :p a ra  r a t i o s  

sh o u ld  be o b ta in e d  on a c t i v a t e d  c a rb o n . S in ce  th e  

o p p o s i te  was o b se rv e d , th e  c o m b in a tio n  o f  s t e r i c  and 

e l e c t r o n i c  e f f e c t s  o f  th e  s u r f a c e  on th e  a ro m a tic  h y d ro ­

c a rb o n  i s  p ro b a b ly  more im p o r ta n t  in  d e te rm in in g  th e  

c o u rse  o f  a t t a c k  th a n  a re  th e  e f f e c t s  o f  th e  s u r f a c e  on 

th e  b ro m in e .

( l 6 l )  L. H. R eyerson  and A. E. Cameron, J .  Phys. Chem.
2 2 , 181 (1935). ■ ~  —

165

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



APPENDIX

FRIEDEL-CRAFTS REACTION OF BENZOCYCIDBUTENE

t

166

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



INTRODUCTION

E a r ly  in  o u r  s tu d y  o f  th e  F r ie d e 1 - C r a f ts  r e a c t io n  o f  

l , l - b is (b ro m o m e th y l) c y c lo h e x a n e ,  m e c h a n is t ic  c o n s id e r a t io n s  

le d  u s  to  b e l ie v e  t h a t  I I I  was th e  s t r u c t u r e  o f  th e  "p r im a ry

CHa

p r o d u c t ."  S in ce  th e  "p r im a ry  p ro d u c t"  decomposed i n  b e n ­

zene -alum inum  c h l o r id e ,  th e  b e h a v io r  u n d e r  th e s e  c o n d i t io n s  

o f  th e  p a r e n t  compound o f  I I I ,  b e n z o c y c lo b u te n e , was 

i n v e s t i g a t e d .

The r e a c t io n s  o f  b e n z o c y c lo b u te n e  and i t s  d e r iv a t iv e s  

w ith  e l e c t r o p h i l i c  r e a g e n ts  g e n e r a l ly  fo l lo w  two com peting  

p a th w ay s . A rom atic s u b s t i t u t i o n  may o c c u r ,  m a in ly  a t  th e  

4 - p o s i t i o n  w ith  m inor am ounts o f  s u b s t i t u t i o n  a t  th e  

3 - p o s i t i o n .  In  a d d i t i o n ,  e l e c t r o p h i l i c  a t t a c k  may o c c u r  a t  

th e  b r id g e h e a d  ca rb o n  to  d i s p la c e  th e  a lk y l  s id e  c h a in  and 

g iv e  o r th o - s u b s t i t u t e d  £ -p h e n y le th y l  d e r i v a t i v e s .  Some 

i l l u s t r a t i v e  exam ples a r e  n i t r a t i o n  (e q u a t io n s  J>2 and
1 6 2 - 1 6 5  163 i 164

3 3 ) i a c e ty l a t i o n  ( e q u a t io n  3 4 ) ,  h a lo g e n a t io n

(162) L. H o rn er, H .-G . S ch m e lze r, and B. Thompson,
Chem. B e r . ,  2 3 ,' 177^ ( i9 6 0 ) .

(TSJ) J .  B. P . L loyd  and P . A. O ngley , T e tra h e d ro n , 2 0 , 
2185 (1 9 6 4 ).

(164) L. H o rn er, P . V. S ub ram an ian , and K. E ib en , 
T e tra h e d ro n  L e t t e r s ,  247 (1 9 6 5 ).

(165) J .  B. P . L loyd  and P . A. O ngley , T e tra h e d ro n , 2 1 , 
2281 ( l9 6 5 ) .

I l l
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4 1 6 4 , 1 6 6  ' . 166
(eq u a tio n  5 5 ) ,  and s u lfo n a t io n  (eq u a tio n  5 6 ) .  In

a d d it io n  to  th e se  r e a c t io n s ,  p r o to d e a lk y la t io n  occu rs w ith

+ HN03
Ac20 o2n

ch2ch2ono2

+  ^ v X t o *
:h2ch2oac 

+ (3 2 )

oA cN H ^ 5̂

AcOH + HNO3 —  ■»

AcNH AcN: CH2CH2OAc

A lcia
+ AcCl--------- *

AcO aCH2 CH201
(34)

Ac

(X = C l, B r, I )

ch2ch2x

k A x '
(35 )

+ so3 dloxane>
H0 3 S

+ (36)

"benzoyl c h lo r id e  and aluminum c h lo r id e  (eq u a tio n  3 7 )*
166

W ith hydrogen  "bromide, p r o to d e a lk y la t io n  i s  th e  m ain r e a c t io n

(e q u a t io n  5 8 ) .
163

C o n c e n tra te d  s u l f u r i c  a c id  o r  l i q u i d

hydrogen  f l u o r i d e  c o n v e r ts  "benzocyclobutene to  a  v is c o u s
7  6

p o ly m er, a p p a re n t ly  a l s o  by o p en in g  o f  th e  four-m em bered  

r in g  fo llo w e d  by  s e l f - a l k y l a t i o n .

(166) J .  B. F . L-loyd and P. A. O ng ley , T e tra h e d ro n , 21 , 
245 (1 9 6 5 ). ~~
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A1C13
+ c6h5co ci-

C6H5CO
COC6HsH2CH2 CI

HgCHgOAcAcOH

L loyd and O ngley have s u g g e s te d  t h a t  r in g  o p en in g  o f

b e n z o cy c lo b u ten e  by e l e c t r o p h i l i c  r e a g e n ts  does n o t  p ro c e e d

th ro u g h  benzeneonium  o r  3 - p h e n y le th y l  io n  in te r m e d ia te s .

They a rg u ed  t h a t  fo rm a tio n  o f  a  benzeneonium  in te r m e d ia te ,

and th e  r e l a t e d  t r a n s i t i o n  s t a t e ,  w ould p ro b a b ly  be

p re c lu d e d  by s t r a i n  e f f e c t s ,  and t h a t  th e  o r t h o - s u b s t i t u t e d

£ - p h e n y le th y l  carbon ium  io n s  g e n e ra te d  th e re fro m  w ould be

e n e r g e t i c a l l y  im p ro b a b le . M u l t ic e n te r  t r a n s i t i o n  s t a t e s
166

w ere p o s tu l a t e d .  I t  does seem p o s s i b l e ,  how ever, t h a t  

p r o to d e a lk y la t io n  can  p ro c e e d  by way o f  a  j3_-phenylethyl 

o r  phenonium  io n  in te r m e d ia te ,  and t h a t  in  th e  p re s e n c e  o f  

an a ro m a tic  h y d ro ca rb o n  t h i s  in te rm e d ia te  can  a c t  a s  an 

a l k y l a t i n g  a g e n t .

To i n v e s t ig a t e  t h i s  p o s s i b i l i t y ,  th e  F r i e d e l - C r a f t s  

r e a c t io n s  o f  b en z o cy c lo b u ten e  w ith  benzene and to lu e n e  w ere 

s tu d ie d .
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EXPERIMENTAL

(a ) P r e p a r a t io n  o f  B en zo cy c lo b u ten e
% 167 t 168

( l )  P r e p a r a t io n  o f  2 -T h ia in d a n e

F re s h ly  c u t  sodium  (9 .6  g , 0 .4 2  m ole) was d i s s o lv e d  in  

200 ml o f  a b s o lu te  e th a n o l  in  a  1 -1  th re e -n e c k e d  f l a s k  

eq u ip p ed  w ith  a  m e c h a n ic a l s t i r r e r ,  a  f r i t t e d  g la s s  gas 

b u b b le r ,  and a  S o x h le t  e x t r a c t o r .  The f l a s k  was c o o le d  i n  an 

ic e - w a te r  b a th ,  and  h y d ro g en  s u l f i d e  was b u b b le d  in  s lo w ly  

f o r  5 h r .  A seco n d  s o l u t io n  o f  9 .6  g (0 .4 2  m ole) o f  sodium  

in  200 ml o f  a b s o lu te  e th a n o l  was added s lo w ly  w ith  s t i r r i n g  

and c o o l in g .  a ,a  *-D ib rom o-o r th o -x y le n e  (9 5 .5  g* 0 .3 6 2  m ole) 

was p la c e d  in  th e  e x t r a c t o r  cup , and th e  r e a c t io n  m ix tu re  was 

h e a te d  u n d e r r e f l u x .  A f te r  e x t r a c t i o n  was c o m p le te , th e  

m ix tu re  was r e f lu x e d  o v e r n ig h t .

The e x t r a c t o r  was r e p la c e d  by a  d i s t i l l a t i o n  h e a d , and 

th e  e th a n o l  was d i s t i l l e d  o f f .  W ater was added to  th e  

r e a c t io n  f l a s k  (a  d a rk  o i l  s e p a r a te d  o u t ) ,  and th e  m ix tu re  

was s t e a m - d i s t i l l e d .  Each o f  th r e e  f r a c t i o n s  w h ich  w ere 

c o l l e c t e d  was e x t r a c t e d  w ith  two 50-m l p o r t io n s  o f  m e th y len e  

c h l o r id e .  The com bined m eth y len e  c h lo r id e  s o l u t io n  was d r ie d  

o v e r  magnesium s u l f a t e  i n  a  brown b o t t l e  ( th e  p ro d u c t  tu r n s  

d a rk  b lu e  on e x p o su re  to  l i g h t  o r  on c o n ta c t  w ith  g round  

g la s s  j o i n t s ) .  F i l t r a t i o n  and s o lv e n t  rem oval ( r o t a r y

(1 67) M. P . Cava and A. A. D eana, J .  Am. Chem. S o c . ,
8 l ,  4266 (19-59).

(168) J .  A. O l iv e r  and P. A. O ngley , Chem. and  I n d . ,
1024 (1 9 6 5 ).
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e v a p o r a to r )  gave 40 g ( 8 l % c ru d e  y i e l d )  o f  a  d a rk  o i l  w hich 

c r y s t a l l i z e d  on c o o l in g  to  0 ° b u t  r e m e l te d  a t  room te m p e r­

a t u r e .  The c ru d e  s u l f i d e  was u se d  w i th o u t  f u r t h e r  

p u r i f i c a t i o n  f o r  p r e p a r a t i o n  o f  th e  s u l f o n e  (page 172 ) .
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1 6 7  t 1 6 8(2) Preparation of 2-Thiaindane-2,2-dioxide

A c o o le d  s o l u t i o n  o f  40 g (0 .2 9  mole) o f  c ru d e  

2 - th i a i n d a n e  (page 170) in  25 ml o f  g l a c i a l  a c e t i c  a c i d  was 

added in  sm a ll  p o r t i o n s  w i th  s w i r l i n g  to  a  s o l u t i o n  o f  105 g 

o f  30$ hydrogen  p e ro x id e  (0 .9 4  m ole) i n  56 ml o f  g l a c i a l  

a c e t i c  a c id  c o o led  i n  an i c e - w a t e r  b a t h .  Enough a c e t i c  

an h y d r id e  was added t o  make th e  m ix tu re  homogeneous. A f t e r  

s t a n d in g  w ith  o c c a s i o n a l  s w i r l i n g  f o r  s i x  d a y s ,  d u r in g  

w hich  tim e w h ite  n e e d le s  began  to  p r e c i p i t a t e ,  th e  m ix tu re  

was c o n c e n t r a t e d  ( r o t a r y  e v a p o r a to r )  t o  50 ml and d i l u t e d  

w i th  100 ml o f  w a te r .  The m ix tu re  was f i l t e r e d  w i th  s u c t i o n  

to  y i e l d ,  a f t e r  w ash ing  w i th  w a te r ,  aqueous sodium b i s u l f i t e ,  

and w a te r ,  3 2 .6  g ( 67$) o f  w h ite  n e e d le s :  mp 1 4 9 .5 - 1 5 1 .5 °
1 6 7 ) 1 6 8  . . .

( l i t  mp 1 5 0 -1 5 1 ° ) ;  nmr (CDC13 ) :  54.37 ( s i n g l e t ,  4 H,

b e n z y l i c ) ,  67 .36  ( s i n g l e t ,  4 H, a r o m a t i c ) ;  i r  (K B r) : 3030

(w, a ro m a t ic -H ) ,  2960, 2920 (m, a l k y l - H ) ,  1590 (w ), 1480 (m, 

a r o m a t ic ) ,  1460 (m, m e th y le n e ) ,  1300, 1135 ( s ,  s u l f o n e ) ,  756 

( s ,  o r t h o - d i s u b s t i t u t e d  p h e n y l ) .
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. 1 6 7  t 1 6 8(3) Preparation of Benzocyclobutene

2 - T h ia in d a n e - 2 ,2 - d io x id e  (page 172) was p y ro ly z e d  i n  

th e  a p p a ra tu s  shown i n  F ig u re  3 on page 1 7 4 . The h e a t i n g  

e lem e n t was made from  17 f t  o f  B and S No. 26 Nichrome w ire
1 6 9

wound i n t o  a  0 . 5  cm d ia m e te r  c o i l .  The ends o f  th e  c o i l  

were co n n e c te d  by  s t a i n l e s s  s t e e l  a d a p te r s  shown i n  F ig u re  3
1 6 9

page 174  t o  t u n g s t e n  rods  s e a le d  i n t o  th e  P yrex  g l a s s  

h ea d . A 0 .5  cm d ia m e te r  P y rex  ro d  i n s e r t e d  n e a r  th e  bo ttom  

o f  th e  tu b e  k e p t  t h e  two h a lv e s  o f  th e  c o i l  a p a r t .  The 

ap p ro x im a te  te m p e r a tu r e  o f  th e  h e a te d  c o i l  was e s t im a te d
1 7 0

from  i t s  c o l o r .

A 250-ml tw o -n eck ed  f l a s k  e q u ip p e d  w i th  a  gas  i n l e t  

tu b e  r e a c h in g  t o  th e  b o tto m  o f  th e  f l a s k  was ch a rg e d  w ith  

3 2 .6  g (0 . 19^ m ole) o f  2 - t h i a i n d a n e - 2 ,2 - d i o x i d e  (page 172) 

and a t t a c h e d  to  th e  b o tto m  o f  th e  column. The a p p a ra tu s  was 

e v a c u a te d  to  0 . 1 0  mm p r e s s u r e ,  th e  c o o l in g  b a th s  were f i l l e d  

(d ry  i c e - a c e t o n e ) , and n i t r o g e n  was p a s s e d  th ro u g h  th e  

system  u n t i l  th e  p r e s s u r e  rem ained  be tw een  9 . 6  and 1 0 .2  mm. 

The Nichrome c o i l  was h e a te d  to  c a  650° ( l4 0  v o l t s ,  2 .6 6  

am ps), and th e  f l a s k  was h e a te d  by an o i l  b a t h  a t  2 0 0 - 2 0 5 ° .  

The p r o d u c ts  w ere c o l l e c t e d  i n  th e  d ry  i c e - a c e to n e  t r a p s .  

A f t e r  a l l  th e  s u l f o n e  had  v a p o r iz e d ,  t h e  h e a t e r s  and pump 

were tu r n e d  o f f  and  n i t r o g e n  was b le d  s lo w ly  i n t o  th e  sys tem

(169) The a b le  a s s i s t a n c e  o f  Mr. Jo se p h  B. S c ra n d is  i n  
d e s ig n in g  and c o n s t r u c t i n g  th e s e  p o r t i o n s  o f  th e  a p p a ra tu s  
i s  g r a t e f u l l y  acknow ledged .

( 1 7 0 ) Handbook o f  C hem is try  and P h y s ic s ,  4 3 rd  E d i t i o n ,  
Chem ical Rubber P u b l i s h in g  Company, C le v e la n d ,  O hio , 1961,
p 2 3 2 1 .
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Figure 3. P yro lysis Apparatus
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The c o l l e c t o r s  were warmed to  room te m p e r a tu r e  t o  g iv e  

ab o u t  25  ml o f  a  c lo u d y ,  s l i g h t l y  y e l lo w  l i q u i d  w hich was 

ta k e n  up i n  25 ml o f  e t h e r .  The e t h e r  s o l u t i o n  was p o u red  

i n t o  125 ml o f  w a te r .  The e t h e r  l a y e r  was w ashed w i th  w a te r  

(10 m l) ,  10$ sodium  h y d ro x id e  (5 m l) ,  3$ p o ta s s iu m  

perm anganate  (2 m l ) ,  and w a t e r ( 3 0  m l) .  The o r i g i n a l  aqueous 

l a y e r  was made b a s i c  w i th  10$ sodium h y d ro x id e  and e x t r a c t e d  

w i th  20 ml o f  e t h e r .  T h is  e t h e r  s o l u t i o n  was washed w i th  3$ 

p o ta s s iu m  p e rm an g an a te  ( l  ml) and w a te r  (20 m l) ,  and th e  

combined e t h e r  s o l u t i o n  was d r i e d  o v e r  sodium s u l f a t e .  

F i l t r a t i o n  and s o l v e n t  rem oval ( r o t a r y  e v a p o r a to r  u s in g  an 

i c e - w a t e r  b a th )  gave a  y e l lo w  l i q u i d  w hich  was d i s t i l l e d  to  

y i e l d  1 5 .3  g (76$) o f  a  c o l o r l e s s  l i q u i d :  bp 15 0 ° ( l i t  bp
167 , „168

1 4 9-150° , 148-149° (752 mm) ) ;  nmr (CC14 ) : 5 3 ,0 7
1 1

( s i n g l e t ,  4 H, b e n z y l i c  m e th y le n e s ) ,  _56.93 (A2B2 p a t t e r n ,  4 

H, a ro m a t ic )  ( l i t  nmr (CC14 ) :  j>3.l4  ( s ) ,  _§7.0 (A2B2
171 172

p a t t e r n ) ;  (no s o l v e n t  g iv e n ) :  _63.11 and _66.97 ) .

A n a ly s is  by g l c  on a  d ie th y le n e  g l y c o l  s u c c in a t e  column 

i n d i c a t e d  th e  a b sen ce  o f  o r t h o -x y le n e  and s t y r e n e ,  th e  two
167

r e p o r t e d  v o l a t i l e  b y - p ro d u c ts  i n  t h i s  r e a c t i o n .

( 1 7 1 ) G. F r a e n k e l ,  Y. A s a s h i ,  M. J .  M i t c h e l l ,  and M. P. 
Cava, T e t r a h e d r o n ,  20 , 1179 (1 9 6 4 ) .

( 1 7 2 ) E. V o g e l ,  W. Grimme, and S. K o r te ,  T e t ra h e d ro n  
L e t t e r s ,  3625 (1 9 6 5 ) .
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(B) P r e p a r a t i o n  o f  th e  I so m e r ic  1-P h e n y l- 2 - t o l v l e t h a n e s
/ x  17  3(1) P r e p a r a t i o n  o f  P heny l M eth v lb en zv l K etones

(a )  P heny l 2 -M e th v lb e n z v l  Ketone

A m ix tu re  o f  2 5 .0  g (0 .1 6 7  m ole) o f  o r t h o - t o l y l a c e t i c  

a c i d  and 1 1 .5  g (0 .0 8 3 6  m ole) o f  ph o sp h o ru s  t r i c h l o r i d e ,  i n  

a  5 0 0 -ml f l a s k  e q u ip p ed  w i th  a  r e f l u x  c o n d e n se r  c o n t a in i n g  a  

d r y in g  tu b e ,  was h e a te d  w i th  s w i r l i n g  i n  a b o i l i n g  w a te r  

b a th  f o r  1 h r .  Anhydrous benzene  (155 ml# 119 g# 1 .5 2  m oles)  

was added , and th e  r e s u l t i n g  s o l u t i o n  was d e c a n te d  i n  sm a l l  

p o r t i o n s  i n t o  a  5 0 0 -ml f l a s k  c o n t a in i n g  anhydrous  aluminum 

c h l o r i d e  (2 5 .9  g» 0 .1 9 5  m o le ) .  C o o lin g  i n  an  i c e - w a t e r  b a t h  

was n e c e s s a r y  t o  c o n t r o l  th e  i n i t i a l  v ig o ro u s  r e a c t i o n .  A 

c o n d e n se r  was a t t a c h e d ,  and th e  m ix tu re  was r e f l u x e d  f o r  1 

h r ,  c o o le d ,  and p o u re d  w i th  s t i r r i n g  i n t o  a  m ix tu re  o f  165  g 

o f  ic e  and 65 ml o f  c o n c e n t r a t e d  h y d r o c h lo r i c  a c i d .  The 

aqueous l a y e r  was e x t r a c t e d  w i th  80  ml o f  a  1 : 1  m ix tu re  o f  

benzene  and e t h e r ,  and th e  combined o r g a n ic  s o l u t i o n  was 

washed w ith  40 ml o f  w a te r  and d r i e d  o v e r  c a lc iu m  c h l o r i d e .  

F i l t r a t i o n  and s o lv e n t  rem oval ( r o t a r y  e v a p o r a to r )  gave a  

y e l lo w  o i l  ( e x h i b i t i n g  g re e n  f lu o r e s c e n c e )  w hich  s o l i d i f i e d  

on s t a n d in g .  D i s t i l l a t i o n  u n d e r  red u ce d  p r e s s u r e  y i e l d e d

2 7 .0  g (77$ ) o f  an a lm o s t  c o l o r l e s s  l i q u i d  w hich c o m p le te ly  

c r y s t a l l i z e d  to  a w h i te  s o l i d :  bp 145-151° ( 1 . 5 - 2 . 2  mm) j mp 

67-68° a f t e r  r e c r y s t a l l i z a t i o n  from m e th a n o l;  nmr (CDCI3 ) :

_6 2 . 22 ( s i n g l e t ,  5 H, a ro m a t ic  m e th y l ) ,  _64.25 ( s i n g l e t ,  2 H,

( 1 7 5 ) P a t t e r n e d  a f t e r  C. F. H. A l le n  and W. E. B a rk e r ,  
"O rgan ic  S y n th e s e s ,"  C o l l .  V o l.  I I ,  John W iley  and Sons, New 
York, N. Y .,  19^5, P 156.
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m e th y le n e ) ,  _57.12 (b ro a d  s i n g l e t  w i th  s p l i t t i n g  a t  t h e  b a s e ,  

4 H, a r o m a t i c ) ,  8 7 .2 - 7 .6 ,  7 . 8 - 8 . 1  (com plex  m u l t i p l e t s ,  5 H, 

a r o m a t ic ;  t h e s e  bands resem ble  c l o s e l y  th o s e  p u b l i s h e d  f o r  

th e  b e n z o y l  group  by C a s te l l a n o  and  B o thner-B y  ) ;  i r  (K B r) : 

5030 (m, a ro m a t ic -H ) ,  2900 (m, a l k y l - H ) ,  I 685  ( s ,  c a r b o n y l ) ,  

1595, 1580, 1490 (m, a r o m a t i c ) ,  1455, 1440 (m, m e th y l and 

m e th y le n e ) ,  1370 (m, m e th y l ) ,  1 2 0 5  ( s ,  a ro m a t ic  k e t o n e ) ,

750 , 687  ( s ,  mono- and o r t h o - d i s u b s t i t u t e d  p h e n y l ) .

A n a l . C a lcd  f o r  C1 5H 3.4O: C, 8 5 . 6 8 ; H, 6 . 7 1 . Pound: C, 

8 5 . 6 8 : H, 6 . 8 0 .

(b) P h en y l 3 -M e th y lb en zy l  Ketone

P h en y l 3 -m e th y lb e n z y l  k e to n e  was s i m i l a r l y  p r e p a re d  

from  m e t a - t o l y l a c e t i c  a c id  i n  7 6 $  y i e l d :  bp 140-147°

( l . 5 - 1 .7  mm); nmr (CDCI3 ) :  52 .20  ( s i n g l e t ,  3 H, a ro m a tic

m e th y l ) ,  _8_4.09 ( s i n g l e t ,  2 H, m e th y le n e ) ,  57 . 02 (b ro ad  

s i n g l e t  w i th  s p l i t t i n g  a t  th e  b a s e ,  4 H, a r o m a t i c ) ,

5 7 .2 - 7 .5 ,  7 . 8 - 8 .1  (com plex m u l t i p l e t s ,  5 H, a r o m a t ic ) ;  

i r  ( n e a t  l i q u i d ) :  3067, 3030 (m, a r o m a t ic - H ) ,  2924 (m, 

a l k y l - H ) ,  1678 ( s ,  c a r b o n y l ) ,  1608, 1597, 1582, 1490 (m, 

a r o m a t i c ) ,  1447 (m, m e th y l and m e th y le n e ) ,  1374 (w, m e th y l ) ,  

1208  ( s ,  a ro m a t ic  k e t o n e ) ,  767 , 759 (m), 689  ( s ,  mono- and 

m e ta - d i s u b s t i t u t e d  p h e n y l ) .

A n a l . C a lcd  f o r  C i5Hx40 : C, 8 5 . 6 8 ; H, 6 . 7 1 . Pound: C, 

8 5 .6 9 ;  H, 6 . 8 3 .

(c )  P h en y l 4 -M eth y lb en zy l  K etone

P heny l 4 -m e th y lb e n z y l  k e to n e  was l ik e w is e  p r e p a re d  from
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p a r a - t o l y l a c e t i c  a c i d  i n  64$ y i e l d :  bp 1 5 0 - 1 6 0 °

(2 . 1 - 2 . 2  mm); mp 9 5 - 96 ° a f t e r  r e c r y s t a l l i z a t i o n  from  

m e th a n o l;  nmr (CDCI3 ) :  62 .27  ( s i n g l e t ,  5 H, a ro m a t ic  

m e th y l ) ,  64 .18  ( s i n g l e t ,  2 H, m e th y le n e ) ,  67.10 ( s i n g l e t  w i th  

b ro a d e n in g  a t  th e  b a s e ,  4 H, a r o m a t i c ) ,  6 7 .2 -7 .5 *  7 . 8 - 8 . 1  

(com plex m u l t i p l e t s ,  5 H, a r o m a t i c ) ;  i r  (K B r): 3 0 6 7 , 3030 

(w, a ro m a t ic -H ) ,  289 9  (w, a l k y l - H ) ,  1692 ( s ,  c a r b o n y l ) ,

1 5 9 7 , 1 5 8 2 , 1515  (m, a r o m a t i c ) ,  1449 (m, m e th y l and 

m e th y le n e ) ,  1379  (w, m e th y l ) ,  1222 (m, a ro m a t ic  k e t o n e ) ,

780  ( s ,  p a r a - d i s u b s t i t u t e d  p h e n y l ) ,  7 5 8 , 693 ( s ,  

m o n o s u b s t i tu te d  p h e n y l ) .

A n a l . C alcd  f o r  C15H14O: C, 8 5 . 6 8 ; H, 6 . 7 1 . Found: C, 

8 5 .4 8 ;  H, 6 . 6 8 .
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1 7  4(2 ) Preparation of l-Phenyl-2-tolylethanes
(a) l-Phenyl-2-(2-tolyl)ethane

To a  s o l u t i o n  o f  2 5 .4  g (0 .5 8 6  m ole) o f  p o ta s s iu m  

h y d ro x id e  i n  100 ml o f  d i e th y le n e  g l y c o l  i n  a  500-m l f l a s k  

e q u ip p e d  w i th  a  p a r t i a l - t a k e o f f  t o t a l - r e f l u x  d i s t i l l i n g  h ead  

f i t t e d  w i th  a  r e f l u x  c o n d e n s e r  c o n t a in i n g  a  d r y in g  tu b e  were 

added a  s o l u t i o n  o f  p h e n y l  2 -m e th y lb e n z y l  k e to n e  (page 176) 

(2 7 .O g ,  0 .1 2 8  m ole) i n  55 ml o f  d i e th y le n e  g l y c o l ,  fo l lo w e d  

by  2 1 .9  ml (2 2 .5  g* 0 .4 5 0  m ole) o f  99-100$ h y d r a z in e  h y ­

d r a t e .  The m ix tu re  was r e f l u x e d  1 -1 /4  h r ,  th e n  d i s t i l l e d  

u n t i l  th e  te m p e ra tu r e  o f  th e  f l a s k  c o n te n t s  r e a c h e d  1 9 8 ° .

The m ix tu re  was th e n  r e f l u x e d  5 - 1 /4  h r ,  c o o le d ,  and  p o u re d  

i n t o  150 ml o f  w a te r .  The m ix tu re  was e x t r a c t e d  w i th  t h r e e  

50-ml p o r t i o n s  o f  p e n t a n e ,  and th e  combined p e n ta n e  

s o l u t i o n  was washed w i th  40 ml o f  w a te r  and d r i e d  o v e r  s o d i ­

um s u l f a t e .  F i l t r a t i o n  and s o l v e n t  rem oval ( r o t a r y  ev a p o ­

r a t o r )  gave a  y e l lo w  l i q u i d  w hich was d i s t i l l e d  u n d e r  

re d u c e d  p r e s s u r e  t o  y i e l d  2 1 .7  g (86$) o f  c o l o r l e s s  l i q u i d :  

bp 119-120° ( 2 .0 - 2 .2  mm); nmr (CC14 ) : ^ 2 .1 4  ( s i n g l e t ,  5 H, 

m e th y l ) ,  62 .75  ( s i n g l e t ,  4 H, m e th y le n e s ) ,  6.6.95 ( s i n g l e t ,

4 H, a ro m a tic -H , o r t h o - d i s u b s t i t u t e d  r i n g ) ,  _67.04 ( s i n g l e t ,

5 H, a ro m a t ic -H ) .

A n a l . C alcd  f o r  Ci 5Hi 6 : C, 9 1 .7 8 ;  H, 8 .2 2 .  Found: C, 

91 .71$ H, 8 .4 8 .

(174) P a t t e r n e d  a f t e r  L. J .  Durham, D. J .  McLeod, and 
J .  Cason, "O rgan ic  S y n th e s e s , "  C o l l .  V o l.  IV, John  W iley  and 
Sons, I n c . ,  New Y ork, N. Y . ,  1965» P 510.
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(b) 1 - P h e n y l - 2 - ( 3 - t o l y l ) e t h a n e

S i m i l a r l y ,  l - p h e n y l - 2 - ( 3 - t o l y l ) e t h a n e  was p r e p a r e d  from  

p h e n y l  3 -m e th y lb e n z y l  k e to n e  (page 1 7 7 ) i n  8 5% y i e l d :  bp 

118° ( 2 .0  mm); nmr (CC14 ) :  62.20 ( s i n g l e t ,  3 H, m e th y l ) ,  

62.70 ( s i n g l e t ,  4 H, m e th y le n e s ) ,  .6 6 .6 5 -6 .9 5  (com plex , 4 H, 

a ro m a tic -H , m e ta - d i s u b g t i t u t e d  r i n g ) ,  _67-02 ( s i n g l e t ,  5 H, 

a r o m a t ic - H ) .

A n a l . C alcd  f o r  CxsHxe: C, 9 1 .7 8 5  H, 8 .2 2 .  Pound: C, 

9 1 .7 3 ;  H, 8 . 2 7 .

(c )  1 - P h e n y l- 2 - ( 4 - t o l y l ) e t h a n e

L ik e w is e ,  l - p h e n y l - 2 - ( 4 - t o l y l ) e t h a n e  was p r e p a r e d  in  

92$ y i e l d  from  p h e n y l  4 -m e th y lb e n z y l  k e to n e  (page 1 7 7 ) :  bp 

115-119° ( 1 .8 - 1 .9 5  mm); nmr (CC14) : 62 .18  ( s i n g l e t ,  3 H, 

m e th y l ) ,  .62.75 ( s i n g l e t ,  4 H, m e th y le n e s ) ,  6 6 .8 7  ( s i n g l e t ,

4 H, a ro m a t ic -H , p a r a - d i s u b s t i t u t e d  r i n g ) ,  67 .01  ( s i n g l e t ,

5 H, a r o m a t ic - H ) ;  i r  ( l i q u i d  f i l m ) :  3030 (in, a ro m a t ic -H ) ,  

2 9 3 0 , 2870  (m, a l k y l - H ) ,  1610 (w), 1520, 1500 (m, a r o m a t i c ) ,  

1455 (m, m e th y l  and m e th y le n e ) ,  137 5  (w, m e th y l ) ,  806  ( s ,  

p a r a - d i s u b s t i t u t e d  p h e n y l ) ,  754 (w ), 697  ( s ,  m o n o s u b s t i tu te d  

p h e n y l ) .

A n a l . C a lcd  f o r  CxsHxe: C, 9 1 .7 8 ;  H, 8 .2 2 .  Pound: C, 

9 2 .0 3 ;  H, 8 .1 1 .
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(c) P r e p a r a t i o n  o f  2 - (p a r a - T o l y l )e t h y l  Bromide
  -----------,----------------------------- -—:------------- |-------- jy g -----
( l )  P r e p a r a t i o n  o f  2 - (p a r a - T o l y l )e t h a n o l

A s o l u t i o n  o f  16 .92  g (0 .1 1 3  m ole) o f  p a r a - t o l y l a c e t i c  

a c id  i n  12 5  ml o f  anhydrous e t h e r  was added  o v e r  a  1 -h r  

p e r io d  t o  a  g e n t l y  r e f l u x i n g  s l u r r y  o f  6 .0 8 6  g (0 .160  

m ole) o f  l i t h i u m  aluminum h y d r id e  i n  200 ml o f  anhydrous 

e t h e r  i n  a  1 -1  th r e e - n e c k e d  f l a s k  e q u ip p e d  w i th  a  m e ch an ica l  

s t i r r e r ,  a  p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l ,  and a  r e f l u x  

co n d e n se r  c o n t a i n i n g  a  d ry in g  tu b e .  The m ix tu re  was s t i r r e d  

f o r  1 h r  w i th  g e n t l e  h e a t i n g .  D i lu t e  s u l f u r i c  a c id  was 

c a u t i o u s l y  added u n t i l  th e  p r e c i p i t a t e d  aluminum s a l t s  

r e d i s s o l v e d .  The aqueous l a y e r  was e x t r a c t e d  tw ic e  w ith  

e t h e r ,  and th e  combined e t h e r  s o l u t i o n  was e x t r a c t e d  tw ic e  

w i th  sodium h y d ro x id e .  ( A c i d i f i c a t i o n  o f  t h i s  aqueous s o l u t i o n  

p r e c i p i t a t e d  2 .1 0 4  g o f  p a r a - t o l y l a c e t i c  a c i d . )  The e t h e r  

s o l u t i o n  was washed w i th  w a te r  and d r i e d  o v e r  sodium s u l f a t e .  

F i l t r a t i o n  and s o lv e n t  rem oval ( r o t a r y  e v a p o r a to r )  y i e ld e d  a  

l i g h t  y e l lo w  o i l  w hich  was d i s t i l l e d  u n d e r  red u ce d  p r e s s u r e  

to  g iv e  8 .9 3  g (67$ b a se d  on u n re c o v e re d  s t a r t i n g  m a t e r i a l )  

o f  2 - ( p a r a - t o l y l ) e t h a n o l :  bp 7 9 . 7 - 8 1 . 0 ° ( 1 .1 - 1 .2  mm) ( l i t  

bp 85° ( 1 .2  mm) ) ; nmr (CDC13 ) :  _62.30 ( s i n g l e t ,  3 H, m e th y l ) ,  

82.50 ( s i n g l e t ,  1 H, h y d r o x y l ) ,  j>2.77 ( t r i p l e t ,  J  = 7 cp s ,

2 H, b e n z y l i c  m e th y le n e ) ,  63 .76  ( t r i p l e t ,  J  = 7 cp s ,  2 H, 

m ethy lene  a to  th e  h y d r o x y l ) ,  67 .11  ( s i n g l e t ,  4 H,

(175) P a t t e r n e d  a f t e r  R. F. Nystrom  and W. G. Brown,
J .  Am. Chem. S o c . ,  6 9 , 2548 (1 9 4 7 ) .  '

(1 7 6) H. P in es~ an d  J .  S h a b ta i ,  J .  O rg . Chem., 26, 4220 
( 1961) .  ~  ~
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a ro m a t ic -H ) 3 i r  ( l i q u i d  f i l m ) :  3550 ( s ,  b ro a d ,  OH), 3030 (i 

a ro m a t ic -H ) ,  2940, 2880 ( s ,  a l k y l - H ) ,  1390 (w ), 1520 ( s ,  

a r o m a t i c ) ,  1452, 1438 (m, m e th y l and m e th y le n e ) ,  1380  (m, 

m e th y l ) ,  1045 ( s ,  p r im a ry  a l c o h o l ) ,  807 ( s ,  p a r a - d i s u b s t i ­

t u t e d  p h e n y l ) .
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(2) Preparation of 2-(para-Tolyl)ethyl Bromide

To 3 .3  ml (9 .4 1  g , 0 .0 3 4 8  m ole) o f  p h o sp h o ru s  t r ib r o m id e  

i n  a  5 0 -ml t h r e e - n e c k e d  f l a s k ,  eq u ip p ed  w i th  a  m e c h an ic a l  

s t i r r e r ,  a  p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l ,  and a  r e f l u x  

c o n d e n se r  c o n t a in i n g  a  d ry in g  tu b e ,  was added  d ro p w ise  w i th  

c o o l in g  a  s o l u t i o n  o f  8 . 9 3  g ( 0 .0 6 5 6  m ole) o f  2 - ( p a r a - t o l y l ) -  

e t h a n o l  (page l 8 l)  i n  10 ml o f  m e th y len e  c h l o r i d e  o v e r  a

1 - h r  p e r i o d .  The m ix tu re  was s t i r r e d  o v e r n ig h t  and p ou red  

i n t o  i c e - w a t e r .  The aqueous l a y e r  was e x t r a c t e d  w ith  

m e th y len e  c h l o r i d e ,  and th e  combined m e th y len e  c h l o r id e  

s o l u t i o n  was washed w i th  aqueous sodium c a rb o n a te  and d r i e d  

o v e r  magnesium s u l f a t e .  F i l t r a t i o n ,  s o lv e n t  rem ova l ( r o t a r y  

e v a p o r a t o r ) ,  and d i s t i l l a t i o n  a t  red u c e d  p r e s s u r e  gave 6 .2 5  

g (48$) o f  c l e a r  c o l o r l e s s  l i q u i d :  bp 8 7 - 8 8 ° (3  mm) ( l i t  bp
17 6 178 179

9 6 .5 °  (5  mm), 1 0 3 .5 -1 0 5 °  ( l l  mm), 116° (16 mm) )5 

nmr (CDC13 ) :  j6j2.33  ( s i n g l e t ,  3 H, m e th y l ) ,  5 2 .9 -3 .7  (A2B2 

m u l t i p l e t ,  4 H, m e th y le n e s ) ,  J57.14 ( s i n g l e t ,  4 H, 

a r o m a t ic - H ) .

( 1 7 7 ) P a t t e r n e d  a f t e r  C. R. N o l l e r  and R. D insm ore, 
"O rgan ic  S y n t h e s e s , " C o l l .  V ol. I I ,  John W iley  and Sons, 
New York, N. Y .,  1943, P 358 . • ■

( 1 7 8 ) J . B. S hoesm ith  and R. J .  Connor, J .  Chem. S o p . ,  
1768 ( 1 9 2 7 ) .

( 1 7 9 ) L. R u z ick a  and L. Ehmann, H e lv . Chim. A c ta ,  15, 
140 (1 9 3 2 ) .
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(D) Frledel-Crafts Reactions
(1) B en zo cy c lo b u ten e  w i th  Benzene

The F r i e d e l - C r a f t s  r e a c t i o n  o f  b e n z o c y c lo b u te n e  was 

c o n d u c te d  a s  a l r e a d y  d e s c r ib e d  f o r  l , l - b i s ( b r o m o m e t h y l ) -  

c y c lo h e x a n e  (page 6 0 ) .  B e n zo c y c lo b u te n e  (0 .5 9 5  g ,  0 .0 0 5 7 2  

m ole) was added to  a  s t i r r e d  m ix tu re  o f  500  ml (439 g ,  5 .6 3  

m o les)  o f  benzene  and 0 .1 8 3  g (0 .0 0 1 3 7  mole) o f  pow dered 

anhydrous  aluminum c h l o r i d e  a t  4 0 ° .  A f t e r  l / 2  h r  ( s e e  

comment i n  p a r t  (6) b e lo w ) ,  th e  m ix tu re  was quenched w i th  3N 

h y d r o c h lo r i c  a c id  and t r e a t e d  as  a l r e a d y  d e s c r ib e d  (page 

60) t o  g iv e  a  q u a n t i t a t i v e  y i e l d  o f  b ib e n z y l ,  i d e n t i c a l  i n  

a l l  r e s p e c t s  ( g lc  r e t e n t i o n  tim e on an  A piezon L colum n, nmr 

and  i r  s p e c t r a )  w i th  an  a u t h e n t i c  sa m p le :  nmr (CC14 ) :  5 2 .81  

( s i n g l e t ,  4 H, m e th y le n e s ) ,  _57.00 ( s i n g l e t  w i th  s l i g h t  

s p l i t t i n g  a t  b a s e ,  10 H, a ro m a t ic -H ) ;  i r  (K B r): 3030 (m, 

a r o m a t ic - H ) ,  2920, 2860 (m, a l k y l - H ) ,  1605, 1490 (m, 

a r o m a t i c ) ,  1445 (m, m e th y le n e ) ,  7 48 , 694 ( s ,  m o n o s u b s t i tu t e d  

p h e n y l ) .

(2 ) £ - P h e n y le th y l  C h lo r id e  w i th  Benzene

The r e a c t i o n  o f  1 .5 7  g (0 .0112  m ole) o f  ^ - p h e n y l e t h y l  

c h l o r i d e  w i th  1000 ml (8 7 9  g ,  1 1 .2 5  m o les)  o f  benzene  and 

0 .3 4 5  g (0 .0026  m ole) o f  aluminum c h l o r i d e ,  c a r r i e d  o u t  a s  

d e s c r ib e d  above f o r  b e n z o c y c lo b u te n e ,  a l s o  gave a  q u a n t i t a ­

t i v e  y i e l d  o f  b ib e n z y l .
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(3) Benzocyclobutene with Toluene

B en zo cy c lo b u ten e  (0 .4 7 3  g , 0 .0 0454  m ole) was s t i r r e d  

w i th  500 ml (433 g> 4 .7 1  m oles)  o f  to lu e n e  and 0 .1 3 8  g 

(0 .0010  m ole) o f  aluminum c h l o r i d e  a t  40° f o r  l / 2  h r .  A f t e r  

th e  u s u a l  workup, e x c e p t  t h a t  th e  to lu e n e  was d i s t i l l e d  o f f  

a t  a tm o s p h e r ic  p r e s s u r e ,  th e  r e s id u e  was s u b je c te d  t o  g lc  

a n a ly s e s .  An a p ie z o n  L column ( l4 $  on 60/80 mesh Chromosorb 

P, 16 f t ,  2 1 8 ° , 57 cc o f  h e l iu m  p e r  min) s e p a r a te d  1 -p h e n y l-

2 - ( m e ta - t o l y l ) e t h a n e  from  th e  o r t h o -  and p a r a - i s o m e r s ,  w hich  

were n o t  s e p a r a t e d .  A QF 1-0065 column (20$ on 60/80 mesh 

Chromosorb P, 12 f t ,  1 8 9 ° ,  64 cc o f  h e l iu m  p e r  min) 

s e p a r a te d  th e  o r t h o -  from th e  m e ta -  and p a r a - i s o m e r s .

A n aly ses  o f  s t a n d a r d  m ix tu re s  showed t h a t  r e l a t i v e  a r e a s  

were p r o p o r t i o n a l  t o  c o n c e n t r a t i o n s .  T h e r e f o r e ,  r e l a t i v e  

p r o p o r t i o n s  o f  th e  a l k y l a t i o n  p r o d u c t s  were c a l c u l a t e d  

d i r e c t l y  from th e  a r e a s .  The p ro d u c t  d i s t r i b u t i o n  f o r  th e  

a l k y l a t i o n  o f  to lu e n e  w ith  b e n z o c y c lo b u te n e  (a v e ra g e  o f  two 

r e a c t i o n s )  was 4 7 .8  + 0 .8 $  o r t h o - ,  1 8 .2  + 1 .0 $  m e ta - ,  and

3 4 .0  + 0 . 2 $  p a r a -  (by  d i f f e r e n c e ) .  In  a d d i t i o n ,  th e  gas 

chrom atogram s showed t r a c e  p eak s  w i th  r e t e n t i o n  t im es  

c o r r e s p o n d in g ,  i n  o r d e r  o f  e l u t i o n ,  t o  e th y lb e n z e n e , s t y r e n e ,  

b e n z o c y c lo b u te n e ,  and p_-phenyle thy l c h l o r i d e .

(4) j l - P h e n y le th y l  C h lo r id e  w i th  T o luene

£ - P h e n y le th y l  c h l o r id e  (0 .6 9 0  g , 0 .00491  mole) was 

s t i r r e d  w i th  500 ml (433 g 3 4 .7 1  m oles)  o f  to lu e n e  and 0 .1 4 1  

g (0 .00106 m ole) o f  aluminum c h l o r id e  f o r  l / 2  h r  a t  4 0 ° .
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A f t e r  t r e a t m e n t  as  f o r  b e n z o c y c lo b u te n e  (page 1 8 5 ) ,  g lc  a n a l ­

y s e s  o f  th e  r e s i d u e  gave th e  f o l lo w in g  iso m e r  distributions 
(a v e ra g e  o f  two r e a c t i o n s ) :  4 6 .1  + 0 .3 $  o r t h o - ,  1 8 .8  + 0 .8 $  

m e ta - ,  and 3 5 .1  + 1 .1 $  p a r a - . These r e s u l t s  a r e  s i g n i f i c a n t l y
17

d i f f e r e n t  from  th o s e  o f  McMahon and B unce, who found 

m a in ly  p a r a - s u b s t i t u t i o n . I n  a d d i t i o n ,  m ino r  p eak s  w i th  

r e t e n t i o n  t im e s  c o r r e s p o n d in g  to  e th y lb e n z e n e ,  s t y r e n e ,  and 

£ - p h e n y le th y l  c h l o r i d e  were a l s o  o b s e rv e d .

( 5 ) S t a b i l i t i e s  o f  P ro d u c ts

Each o f  two s ta n d a r d  m ix tu re s  o f  th e  l - p h e n y l - 2 - t o l y l -  

e th a n e s  ( 3 0 . 9$  o r t h o - ,  2 0 .1 $  m e ta - ,  4 9 .0 ^  p a r a - ;  and 9 .8 $  

o r t h o - ,  6 9 .7 $  m e ta - ,  2 0 .5 $  p a r a - ) was s u b j e c t e d  to  th e  

r e a c t i o n  c o n d i t i o n s  and su b se q u e n t  t r e a t m e n t  d e s c r ib e d  

above . R ecovery  o f  m a t e r i a l  was e s s e n t i a l l y  q u a n t i t a t i v e .  

A nalyses  by g l c  showed no a l t e r a t i o n s  i n  th e  iso m er 

d i s t r i b u t i o n s .  T h e re fo re  th e  p r o d u c t s  a r e  s t a b l e  to  th e  

r e a c t i o n  c o n d i t i o n s ,  and th e  iso m er  d i s t r i b u t i o n s  i n  th e  

a l k y l a t i o n s  a r e  th e  r e s u l t  o f  k i n e t i c  c o n t r o l  and n o t  o f  

therm odynam ic e q u i l i b r a t i o n .

(6) C om parative  R a te  S tudy  o f  B en zo cy c lo b u te n e  and

3 - P h e n y le th y l  C h lo r id e

T h is  s tu d y ,  i n  which e q u im o la r  q u a n t i t i e s  o f  ben zo ­

c y c lo b u te n e  and £ - p h e n y le th y l  c h l o r id e  were added t o  

to lu e n e  and aluminum c h l o r i d e ,  was i n i t i a l l y  c a r r i e d  o u t  a t  

4 0 ° ,  0 . 0 50M i n  e a c h  a l k y l a t i n g  a g e n t  and 0.015M i n  aluminum
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c h l o r i d e .  B oth  a l k y l a t i n g  a g e n ts  c o m p le te ly  r e a c t e d  w i t h i n

160 se co n d s .  T h is  i s  i n  l i n e  w i th  p r e v io u s  r e s u l t s  f o r  j3-

p h e n y le th y l  c h l o r i d e ,  w hich  showed t h a t  th e  r e a c t i o n  o f  t h i s

h a l i d e  (l.OM in  to lu e n e )  and aluminum c h l o r id e  (0.015M in
17t o lu e n e )  h as  a h a l f - l i f e  o f  l e s s  th a n  t e n  m in u te s  a t  0 ° .  

These r e s u l t s  a l s o  i n d i c a t e  t h a t  th e  h a l f - h o u r  r e a c t i o n  

t im e s  u se d  above f o r  F r i e d e l - C r a f t s  r e a c t i o n s  ( p a r t s  ( l ) - ( 4 )  

p ag es  184-186) a r e  p r o b a b ly  u n n e c e s s a r i l y  lo n g .

A m ix tu re  o f  1 .4 0 5 3  g (1 3 .5  mmoles) o f  b e n z o c y c lo b u te n e  

and 1 .9 2 3 8  g ( 1 3 .7  mmoles) o f  £ - p h e n y le th y l  c h l o r i d e  i n  20 

ml o f  to lu e n e  was added  to  a  r a p i d l y  s t i r r e d  m ix tu re  o f  250  

ml o f  to lu e n e  and 0 .1 6 0 3  g (1 .0 2  mmoles) o f  aluminum 

c h l o r i d e  a t  0 ° .  A l iq u o t s  were removed a t  c o n v e n ie n t  i n t e r ­

v a l s ,  quenched and t r e a t e d  a s  above , and a n a ly z e d  by  g lc  

(DC 550 column, 20$ on 60/80 mesh Chromosorb P, 8 f t ,  187° ,  

61 cc o f  h e l iu m  p e r  m in ) .  The lo g  o f  th e  h e i g h t  o f  each  

p e a k ,  r e l a t i v e  to  th e  p eak  due to  a  s m a l l  amount o f  benzene 

w hich  was p r e s e n t  i n  th e  to lu e n e  and w hich  s e rv e d  as  an 

i n t e r n a l  s t a n d a r d ,  was p l o t t e d  a g a i n s t  tim e ( s e e  g ra p h ,  

page 1 8 9 ) .  S t r a i g h t  l i n e s  were o b ta in e d .  The s lo p e  o f  th e  

l i n e  f o r  b e n z o c y c lo b u te n e  was 6 .1  t im e s  t h a t  f o r  j3_-phenyl- 

e t h y l  c h l o r i d e ,  and th e  d e r iv e d  p s e u d o - f i r s t - o r d e r  r a t e  

c o n s t a n t s  w ere : b e n z o c y c lo b u te n e :  3 .3  x 10 “ 3  sec*”1 ; J3-phenyl 

e t h y l  c h l o r i d e :  5 .4  x  10-4  sec  x .
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(7) 2-(para-Tolyl)ethyl Bromide with Benzene

2 - ( p a r a - T o l y l ) e t h y 1 brom ide (page 1 8 3 ) (0 . 7 6 8  g ,  3.86  

mmoles) was s t i r r e d  w i th  250 ml o f  benzene  and 0 .1 3 4 6  g 

( l . O l  mmoles) o f  aluminum c h l o r i d e  f o r  one h o u r  a t  4 0 ° .  The 

u s u a l  t r e a tm e n t  y i e l d e d  a  c lo u d y  y e l lo w  l i q u i d .  A n a ly s is  by 

nmr and g lc  (A piezon  L column, 20$ on 60 /80  mesh Chromosorb 

P, 10 f t ,  218° , 63 cc  o f  h e l iu m  p e r  m in ; and QF 1-0065 column, 

20$ on 60/80 mesh Chromosorb P, 10 f t ,  157° ,  61 cc o f  h e l iu m  

p e r  min) showed t h a t  1 -p h e n y l - 2 - ( p a r a - t o l y l ) e th a n e  was th e  

o n ly  a l k y l a t i o n  p r o d u c t  and t h a t  no d e t e c t a b l e  am ounts o f  

th e  o r t h o -  o r  m e ta - is o m e rs  were fo rm ed .
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C om parative  R ate S tudy  o f  th e  F r i e d e l - C r a f t s  R e a c t io n  o f  
B en zo cy c lo b u ten e  and £ - P h e n y le th y l  C h lo r id e  w i th  T o luene

and Aluminum C h lo r id e .

" 4 r  r

CotJC&JTXftTloN
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RESULTS AND DISCUSSION

B en zo cy c lo b u ten e  was p r e p a r e d  by  th e  p ro c e d u re  shown in
' 1 6 7 > 168

Scheme XXXXIV.

Scheme XXXXIV

A cco rd in g  t o  o u r  e x p e c t a t i o n s ,  b e n z o c y c lo b u te n e  d id  

in d e e d  r e a c t  w i th  benzene in  th e  p r e s e n c e  o f  aluminum 

c h l o r id e  and gave a  q u a n t i t a t i v e  y i e l d  o f  b i b e n z y l .  S e v e ra l  

p o s s i b l e  pa thw ays may be c o n s id e r e d  f o r  t h i s  r e a c t i o n  

(Scheme XXXXV). P r o to n a t io n  o f  b e n z o c y c lo b u te n e  a t  th e

Scheme XXXXV
H A1C1

A1C1

b r id g e h e a d  g iv e s  an io n  w hich  may u n dergo  any o f  f o u r  

p o s s i b l e  r e a c t i o n s .  Most s im p le  o f  t h e s e  i s  d i r e c t  a t t a c k  

by benzene  a t  the, s i d e  c h a in  t o  d i s p l a c e  th e  p r o to n a te d  

a ro m a t ic  r i n g  ( p a th  A ) . A l t e r n a t i v e l y ,  th e  io n  co u ld
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c o l l a p s e  t o  e i t h e r  th e  b r id g e d  io n  (p a th  B) o r  th e  e q u i l ­

i b r a t i n g  c l a s s i c a l  J3_-phenylethyl c a t i o n  ( p a th  C ). These 

two may o r  may n o t  be i n  e q u i l i b r iu m ,  and e i t h e r  would g iv e  

b ib e n z y l  on a t t a c k  by b e n z e n e .  These p a th s  c a n n o t  be 

d i s t i n g u i s h e d  by th e  p r e s e n t  work. F i n a l l y ,  a t t a c k  by  

t e t r a c h l o r o a l u m i n a t e  a n io n  ( p a th  D) c o u ld  c o n v e r t  t h i s  io n  

t o  £ - p h e n y le th y l  c h l o r i d e  w hich co u ld  io n iz e  to  e i t h e r  a 

c l a s s i c a l  o r  a n o n c l a s s i c a l  io n ,  e i t h e r  o f  w hich  w ould , as  

m en tioned  above , g iv e  b i b e n z y l .  In d ee d ,  j - p h e n y l e t h y l  

c h l o r id e  a l s o  p ro d u c e d  b ib e n z y l  q u a n t i t a t i v e l y  u n d e r  th e s e  

c o n d i t i o n s .  As im p l ie d  i n  Scheme XXXXV, any o p e n in g  o f  th e  

four-m em bered r i n g  w ould be e s s e n t i a l l y  i r r e v e r s i b l e .

In  an a t te m p t  t o  d i s t i n g u i s h  among th e s e  p o s s i b i l i t i e s ,  

th e  F r i e d e l - C r a f t s  r e a c t i o n s  o f  b e n z o c y c lo b u te n e  and 

p h e n y le th y l  c h l o r i d e  w i th  to lu e n e  were s t u d i e d .  Each a l k y l ­

a t i n g  a g e n t  gave e s s e n t i a l l y  th e  same iso m er  d i s t r i b u t i o n  

o f  l - p h e n y l - 2 - t o l y l e t h a n e s :  4 7 .8 $  p r t h o - ,  1 8 . 2$  m e ta - ,  and 

3 4 .0 $  p a r a -  from b e n z o c y c lo b u te n e  and 4 6 .1 $  o r t h o - , 1 8 . 8$ 

m e ta - ,  and 3 5 .1 $  p a r a -  from  p - p h e n y le th y l  c h l o r i d e .  Each 

s e t  o f  f i g u r e s  i s  th e  mean o f  two r u n s .  In  c o n t r a s t ,  McMahon

and Bunce found  m a in ly  p a r a - a l k y l a t i o n  o f  t o lu e n e  w i th  p_-
17

p h e n y le th y l  c h l o r i d e  a t  0 ° .  A p p a re n t ly ,  t h i s  r e a c t i o n

becomes much l e s s  s e l e c t i v e  when th e  te m p e r a tu r e  i s  r a i s e d

to  4 0 ° , a l th o u g h  i n  th e  p r e s e n t  work r e a c t i o n  a t  0° s t i l l
180

gave a p p r e c ia b l e  m e ta - s u b s t i t u t i o n .

( 1 8 0 ) P r e l im i n a r y  r e s u l t s  on a  QF 1-0065 colum n, 20$ on 
60/80 mesh Chromosorb P, 60 cc o f  h e l iu m  p e r  m in , 178° ,
12 f t .
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A p p ro p r ia te  c o n t r o l  e x p e r im e n ts  showed t h a t  th e  p r o d u c ts  

were s t a b l e  to  th e  r e a c t i o n  c o n d i t io n s  and t h a t  no l o s s  o r  

a l t e r a t i o n  o f  p r o d u c t  m a t e r i a l  o c c u r r e d  d u r in g  r e a c t i o n  o r  

su b se q u e n t  t r e a t m e n t .  The p r o d u c t  m ix tu re s  from  th e  two 

compounds c o n s i s t  t h e r e f o r e  o f  f i r s t - f o r m e d  p r o d u c t s ,  and th e  

e s s e n t i a l  i d e n t i t y  o f  th e s e  m ix tu re s  i n d i c a t e s  t h a t  th e  

a l k y l a t i n g  a g e n ts  p r o b a b ly  p a s s  th ro u g h  a  common in t e r m e d ia t e  

on th e  way to  fo rm ing  1 , 2 - d i a r y l e t h a n e s .

When g- (p a r a - t o l y l )e t h y l  brom ide was t r e a t e d  w i th  

benzene  and  aluminum c h l o r id e  a t  4 0 ° ,  o n ly  1- p h e n y l - 

2 - ( p a r a - t o l y l ) e th a n e  was fo rm ed . I t  i s  l i k e l y  t h a t  i f  th e

2 - ( p a r a - t o l y l ) e t h y l  c a t i o n s  e q u i l i b r a t e  th e y  do so th ro u g h  a  

phenonium  io n  s t r u c t u r e ,  i n  w hich th e  m e th y l g roup  would 

rem ain  i n  th e  p a r a - p o s i t i o n ,  r a t h e r  th a n  th ro u g h  a  p r o to n a t e d  

b e n z o c y c lo b u te n e  s t r u c t u r e ,  i n  w hich th e  m e th y l g roup  c o u ld  

r e a r r a n g e  to  th e  m e ta  p o s i t i o n .  T h e r e f o r e ,  s in c e  c lo s u r e  o f  

£ - p h e n y le th y l  c h l o r id e  ( o r  th e  io n )  t o  p r o to n a t e d  b e n z o c y c lo ­

b u te n e  i s  h i g h l y  u n l i k e l y ,  and s in c e  th e  a l k y l a t i n g  a g e n ts  

p r o b a b ly  p a s s  th ro u g h  a  common i n t e r m e d i a t e ,  p a t h  A (Scheme 

XXXXV) may be e l im in a t e d  from f u r t h e r  c o n s i d e r a t i o n .

I t  m ust y e t  be shown w h e th e r  p r o to n a te d  b e n z o c y c lo b u te n e  

c o l l a p s e s  t o  th e  same c a t i o n  as i s  form ed from jg -p h en y l-  

e t h y l  c h l o r id e  ( p a th s  B a n d / o r  C; a s  p r e v i o u s l y  s t a t e d ,  no 

d i s t i n c t i o n  can be made in  th e  p r e s e n t  work betw een  th e  

n o n c l a s s i c a l  and e q u i l i b r a t i n g  c l a s s i c a l  r e p r e s e n t a t i o n s  o f  

t h i s  io n )  o r  to  J_ -p h en y le th y l c h l o r id e  i t s e l f  ( p a th  D) 

w hich  th e n  r e i o n i z e s  t o  th e  c a t i o n .  These p o s s i b i l i t i e s  a r e
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represented in equations 39> 40, and 4l.

' f a s t

P ro d u c ts  (39)

o r
+ f a s t  v P ro d u c ts

(41)

As m en tioned  above , e q u a t io n s  39 and 40 a re  e s s e n t i a l l y
14

i r r e v e r s i b l e .  McMahon and  Bunce showed t h a t  1-C -2 -p h e n y l  -  

e t h y l  c h l o r id e  r e a c t s  w i th  a  l a r g e  e x c e s s  o f  to lu e n e  t o  g iv e ,  

a s i d e  from a  sm a l l  i s o to p e  e f f e c t ,  com ple te  e q u i l i b r a t i o n  

o f  th e  m e thy lene  g roups  i n  th e  p r o d u c t .  However, r e c o v e re d  

P_-phenylethy l c h l o r id e  was n o t  s c ra m b le d .  T h is  showed t h a t  

th e  io n ,  once form ed, r e a c t e d  more r a p i d l y  w ith  to lu e n e  th a n
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w ith  A I C I 4  . T h e re fo re  e q u a t io n  4 l  ( s t e p  1) i s  a l s o  

i r r e v e r s i b l e .

I n  an a t te m p t  t o  d i s t i n g u i s h  betw een  th e  two p o s s i b l e  

p a th w a y s , a  s tu d y  o f  th e  r e l a t i v e  r a t e s  a t  which b e n z o c y c lo ­

b u te n e  and £ - p h e n y le th y l  c h l o r i d e  r e a c t  w ith  aluminum 

c h l o r i d e  i n  to lu e n e  was u n d e r ta k e n .  An e q u im o la r  m ix tu re  o f  

b e n z o c y c lo b u te n e  and j^ -p h en y le th y l c h l o r id e  was added  to  

a  m ix tu re  o f  to lu e n e  and aluminum c h l o r i d e , and th e  r a t e  o f  

d is a p p e a ra n c e  o f  e a c h  component was fo l lo w e d  by gas  

c h ro m a to g ra p h ic  a n a l y s i s  o f  a l i q u o t s .  D i f f i c u l t i e s  were 

e n c o u n te re d  in  th e  form  o f  lo n g  and u n r e p r o d u c ib le  i n d u c t i o n
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p e r i o d s ,  f o l lo w e d  by r a t h e r  r a p id  r e a c t i o n  o f  b e n z o c y c lo ­

b u te n e  ev en  a t  a s  low a  te m p e ra tu re  a s  0 ° .  The b e s t  s e t  o f  

d a t a  from a  t o t a l  o f  e i g h t  ru n s  was p l o t t e d  ( lo g  o f  

c o n c e n t r a t i o n  vs_ t im e  f o r  each  co m p o n en t) . S t r a i g h t  l i n e s  

were o b ta in e d  ( s e e  g ra p h ,  page 1 8 9 ) ,  show ing t h a t  r e a c t i o n  

o f  e a ch  compound fo l lo w e d  p s e u d o - f i r s t - o r d e r  k i n e t i c s .  

B e n zo c y c lo b u te n e  r e a c t e d  6 .5  t im e s  as  r a p i d l y  a s  g -p h e n y l-  

e t h y l  c h l o r i d e .

The s lo p e  o f  th e  l i n e  f o r  b e n z o c y c lo b u te n e  i s  

p r o p o r t i o n a l  to  k i  + k 2 . The s lo p e  o f  th e  l i n e  f o r  g_- 

p h e n y le th y l  c h l o r i d e  a f t e r  a l l  th e  b e n z o c y c lo b u te n e  h as  

r e a c t e d  i s  p r o p o r t i o n a l  t o  k 3 . I f  k2 w ere g r e a t e r  th a n  k 3 , 

th e  c o n c e n t r a t i o n  o f  §_-phenyle thy l c h l o r i d e  i n  th e  e a r l y  

s ta g e s  o f  th e  r e a c t i o n  would r i s e  above i t s  i n i t i a l  v a l u e .

I f  k 2 were e q u a l  t o  k3 , th e  c o n c e n t r a t i o n  o f  g - p h e n y le th y l  

c h l o r id e  would rem a in  c o n s ta n t  i n i t i a l l y  and th e n  d ro p .  I f  

k 2 were l e s s  th a n  k 3 , g - p h e n y le th y l  c h l o r i d e  would d e c re a s e  

i n  c o n c e n t r a t i o n  from  th e  b e g in n in g  o f  th e  r e a c t i o n .  The 

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

a c c u r a te  t o  p e r m i t  a  c l e a r - c u t  c h o ic e  be tw een  th e  l a t t e r  tw o.

I n  any c a s e ,  k 3 may be s e t  a s  th e  u p p e r  l i m i t  f o r  k 2 . 

S ince  th e  r e a c t i o n  o f  b e n z o c y c lo b u te n e  ( k i  + k 2 ) p ro c e e d s  a t  

6 . 1  t im e s  th e  r a t e  o f  t h a t  o f  g - p h e n y le th y l  c h l o r id e  ( k 3 ) ,  

k i / k 2 i s  e q u a l  t o  o r  g r e a t e r  th a n  5 . 1 * and  t h e r e f o r e  a t  l e a s t  

8 ( 5 . I / 6 . 1) o f  th e  p r o to n a te d  b e n z o c y c lo b u te n e  i s  c o n v e r te d  

d i r e c t l y  t o  th e  c a t i o n  ( e q u a t io n  59) w i th o u t  in t e r m e d ia te  

fo rm a t io n  o f  £ - p h e n y le th y l  c h l o r i d e .
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The m ost l i k e l y  mechanism f o r  th e  m a jo r  pathw ay i n  th e  

F r i e d e l - C r a f t s  r e a c t i o n  o f  b e n z o c y c lo b u te n e  w i th  to lu e n e  may 

th e n  be e x p r e s s e d  a s  i n  Scheme XXXXVT.

Scheme XXXXVI

Ha H A I C I 4 C6H5CH3

t f — c h 3
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AUTOBIOGRAPHICAL STATEMENT

The a u th o r  was h o rn  December 17, 1938, i n  New York 

C i ty .  He g r a d u a te d  from  B rook lyn  T e c h n ic a l  High S choo l 

i n  1956 and r e c e iv e d  th e  B a c h e lo r  o f  S c ie n ce  d e g re e  in  

C h em is try  from Queens C o l le g e  i n  I9 6 0 .  I n  June 1962 he 

r e c e iv e d  th e  M as te r  o f  A r ts  d eg ree  i n  C h em is try  from  th e  

C i ty  C o lleg e  o f  New Y ork; h i s  t h e s i s  t o p i c  was "The 

R e d u c tiv e  C leavage o f  O rg a n ic  S u l f u r  Compounds w i th  

Sodium and M e th an o l ."

In  1962 and th e  summers o f  1963* 1964, and  1965 th e  

a u t h o r  was employed i n  r e s e a r c h  i n  th e  f i e l d  o f  a i r  

p o l l u t i o n  u n d e r  g r a n t s  from  th e  U n i te d  S t a t e s  P u b l ic  

H e a l th  S e r v ic e .  W hile i n  g r a d u a te  s c h o o l  he h e l d  t e a c h i n g  

a s s i s t a n t s h i p s  (1 9 6 2 -1 9 6 3 ) ,  a  N a t io n a l  D efense E d u c a t io n  

A ct ( T i t l e  IV) F e l lo w s h ip  (1 9 6 2 -1 9 6 4 ) ,  C i ty  U n i v e r s i t y  

o f  New York R e se a rc h  A s s i s t a n t s h i p s  (1 9 6 4 -1 9 6 6 ) ,  and  a  

N a t io n a l  A e ro n a u t ic s  and  Space A d m in is t r a t io n  T r a in e e s h ip  

(1 9 6 6 -1 9 6 7 ) .
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