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INTRODUCTION

E x te n s iv e  s tu d y  h a s  b ee n  made i n  t h e  p a s t  on t h e  

a l k y l a t i o n  o f  a r o m a t i c  n u c l e i , p a r t i c u l a r l y  b en z en e  and  

p h e n o l ,  w i th  t e r t i a r y  a l c o h o l s  i n  t h e  p r e s e n c e  o f  

anhydrous  aluminum c h l o r i d e .  The g r e a t e r  sh a re  o f  t h e s e  

i n v e s t i g a t i o n s  must be  c r e d i t e d  t o  Dr. R. C. Huston and  

coworkerc  o f  t h i s  l a b o r a t o r y .  During  t h e s e  i n v e s t i g a t i o n s  

i t  was o b s e rv e d  ( 1 ) t h a t  t h e r e  was a  marked d e p r e s s i v e  

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

which t h e r e  was an a c c u m u l a t i o n  o f  a l k y l  g roups on t h e  

ca rbon  atom a d j a c e n t  to  t h e  h y d ro x y l  c a rb o n .  S ubsequen t  

s t u d i e s  by Huston  and  Awuapara ( 2 ) ,  Huston  and B a r r e t t  

( 3 ) .  Huston and Van Dyke ( •  and H uston  and K ran tz  ( 5 ) ,  

have r e s u l t e d  i n  t h e  i s o l a t i o n  o f  compounds which c o u l d  

be a c c o u n te d  f o r  o n l y  by  an a p p a r e n t  f r a g m e n t a t i o n  o r  

r e a r r a n g e m e n t  and  f r a g m e n t a t i o n  o f  t h e  a l c o h o l  d u r i n g  th e  

r e a c t i o n .  These more r e c e n t  I n v e s t i g a t i o n s  have  l e d  t o  

th e  b e l i e f  t h a t  f r a g m e n t a t i o n ,  r a t h e r  t h a n  d e p r e s s i v e  

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

d e c r e a s e d  y i e l d s  o f  t h e  e x p e c t e d  a l k y l  b e n z e n e s .

I n  the  work o f  Huston  and Friedemann ( 6 ) ,  Huston and 

J a c k s o n  ( 7 )» and  Huston and Hughes ( 8 ) , a  s a t u r a t e d  h y d r o ­

carbon  f r a c t i o n  was i s o l a t e d  and  I d e n t i f i e d  a s  t h a t  

c o r r e s p o n d in g  t o  t h e  a l c o h o l  co n d en sed .  No s a t i s f a c t o r y



t h e  f:

o c ta n e

b u t y l

g roup

s u b s t

carbon

e x p l a n a t i o n  was o f f e r e d  f o r  t h i s  a p p a r e n t  r e d u c t i o n  o r  

“p u l l i n g  o u t"  o f  t h e  oxygen o f  t h e  a l c o h o l .

I t  was t h e  p u rp o s e  o f  t h i s  i n v e s t i g a t i o n  t o  s tu d y  

g a g m e n ta t io n  and r e d u c t i o n  o f  a l l  p o s s i b l e  t e r t i a r y  

I s ,  h e p t a n o l s ,  h e x a n o l s ,  t e r t i a r y  amyl and t e r t i a r y  

a l c o h o l ,  i n  which  t h e r e  a r e  o n ly  p r i m a r y  a l k y l  

I n g s  a t t a c h e d  t o  th e  h y d ro x y l  c a r b o n ,  i . e . ,  no a l k y l  

i t u e n t s  a t t a c h e d  to  ca rbon  a d j a c e n t  t o  th e  h y d ro x y l



HISTORICAL

The f i r s t  a t t e m p t  a t  u s i n g  a l c o h o l s  a s  a g e n t s  f o r  

t h e  a l k y l a t i o n  o f  a r o m a t i c  n u c l e i  was r e p o r t e d  by  N ef  

(9) i n  I S 9 7 . He p r e p a r e d  d ip h e n y lm e th a n e  b y  c o n d e n s in g  

b e n z y l  a l c o h o l  w i th  benzene  i n  t h e  p r e s e n c e  o f  a n h y d ro u s  

aluminum c h l o r i d e .  R e p e a t in g  t h i s  work in  1 9 1 6 , H us ton  

and Friederaann (10) r e p o r t e d  o t h e r  p r o d u c t s  fo rm ed d u r i n g  

th e  r e a c t i o n .  These i n v e s t i g a t o r s  (6) a l s o  co n d e n sed  

m e th y lp h e n y l o a r b i n o l  and  e t h y l p h e n y l c a r b i n o l  w i t h  b en z en e  

in  t h e  p r e s e n c e  o f  anhydrous  aluminum c h l o r i d e  and  o b t a i n e d  

i n  a d d i t i o n  t o  t h e  e x p e c te d  c o n d e n s a t e ,  e t h y lb e n z e n e  and 

p ro p y lb e n z e n e  r e s p e c t i v e l y ,  i n  a p p r o x im a te ly  t e n  p e r c e n t  

y i e l d s .  The f o rm a t io n  o f  t h e s e  p h en y l  a l k a n e s ,  a p p a r e n t l y  

th ro u g h  r e d u c t i o n  o f  t h e  c a r b i n o l , was no t  s a t i s f a c t o r i l y  

e x p l a i n e d .  The optimum mole r a t i o  o f  a l c o h o l ,  b e n z e n e  and 

aluminum c h l o r i d e  f o r  th e  p r o d u c t i o n  o f  th e  main c o n d e n s ­

a t i o n  p r o d u c t  was a l s o  e s t a b l i s h e d  by t h e s e  i n v e s t i g a t o r s  

as  o n e ,  f i v e  and  o n e - h a l f  m oles  r e s p e c t i v e l y .  I n c r e a s i n g  

th e  amounts o f  aluminum c h l o r i d e  d i d  n o t  i n c r e a s e  t h e  

y i e l d s .  L ess  benzene  and h i g h e r  t e m p e r a tu r e s  gave  more 

b y - p r o d u c t s .  Huston  and S a g e r  (11)  showed t h a t  p r i m a r y  

a l c o h o l s  would n o t  condense  w i t h  benzene  in  th e  p r e s e n c e  

o f  anhydrous  aluminum c h l o r i d e  u s i n g  o n e - h a l f  mole o f  th e  

co n d e n s in g  a g e n t  to  one mole o f  t h e  a l c o h o l .  N o r r i s  and



S t u r g i s  (12) showed t h a t  o n l y  p o o r  y i e l d s  w ere  o b t a i n e d  

u s i n g  l a r g e  amounts o f  a luminum c h l o r i d e  a t  e l e v a t e d  

t e m p e r a t u r e s .  The l a t t e r  a l s o  e s t a b l i s h e d  t h a t  t h e  

r e a c t i o n  o f  a l c o h o l s  and a r o m a t i c  n u c l e i  was a  f u n c t i o n  

o f  t h e  q u a n t i t y  o f  aluminum c h l o r i d e  and t e m p e r a t u r e  as  

T z u k e rv a n ik  and  Nazarova (1 3 )  h a d  p r e v i o u s l y  d e t e r m i n e d  

i n  r e g a r d  t o  t h e  c o n d e n s a t i o n  o f  se co n d ary  a l c o h o l s .

I n  1933 Huston and D a v i s  ( lU-) found  t h a t  from th e  

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

o b t a i n e d ,  r a t h e r  than  t h e  e x p e c t e d  t e t r a p h e n y l m e t h a n e .

This i s  a n o t h e r  example o f  t h e  a p p a r e n t  r e d u c t i o n  o f  t h e  

c a r b i n o l  t o  form  the  c o r r e s p o n d i n g  h y d r o c a r b o n .  Huston  

and G-oodemoot ( 15 ) have shown t h a t ,  i n  g e n e r a l ,  a l c o h o l s  

a l k y l a t e  a r o m a t i c  n u c l e i  i n  t h e  p r e s e n c e  o f  a n h y d ro u s  

aluminum c h l o r i d e  on ly  when t h e r e  i s  a s t r a i n e d  ca rbon  

a t t a c h e d  t o  t h e  hydroxy l  g r o u p .  H uston ,  Pox and B in d e r  

( 1 ) f o u n d  t h a t  s t r a i g h t - c h a i n  c a r b i n o l s  , s u c h  a s  d im e th y l -  

n - b u t y l c a r b i n o l , methyl e t h y l - n  - p r o p y l  c a r b i n o l  and t r i ­

e t h y l  c a r b i n o l  condense more r e a d i l y  th an  b r a n c h e d - c h a l n  

c a r b i n o l s .  They e x p l a i n e d  t h a t  th e  l a t t e r  h a v e  a  l a r g e r  

tendency  t o  fo rm  u n s a t u r a t e d  compounds and t e r t i a r y  a l k y l  

c h l o r i d e s .

I t  was f i r s t  o b s e rv e d  by Gustavson ( 1 6 ) o n l y  a  y e a r  

a f t e r  t h e  announcement o f  t h e  F r l e d e l - C r a f t s  r e a c t i o n  

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

r e a c t i o n  i s  p r im a r y  > s e c o n d a r y  > t e r t i a r y .  He found  

t h a t  i s o p r o p y l b e n z e n e  (cumene) was found by  c o n d e n s in g



e i t h e r  n - p r o p y l  o r  i s o p r o p y l  b ro m id es  w i th  benzen

p r e s e n c e  o f  a n h y d ro u s  aluminum c h l o r i d e .  T h is  r e a r r a n g e -

e i n  the

r k e r s

th e

se co n d a ry  

t h e  low er  

n o l

b r a n c h e d ,  

l a r  w eigh t  

add  hydro -

ment phenomena was l a t e r  c o r r o b o r a t e d  by o t h e r  wq:

( 1 7 ,  I S ,  19)* T h is  i s o m e r i z a t i o n  o f  a l c o h o l s  i n  

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

and  t e r t i a r y  a l k y l  g ro u p s  i s  more p ro n o u n ced  w i th  

m o le c u l a r  w e i g h t  a l c o h o l s .  However, a s  t h e  c a r b i i  

i n c r e a s e s  i n  m o l e c u l a r  w e ig h t  and  becomes h i g h l y  

i t  t e n d s  t o  d e g r a d e  o r  f r a g m e n t  i n t o  lo w e r  molecu: 

compounds w h ich  can  e i t h e r  condense  w i t h  b e n z e n e ,  

gen c h l o r i d e  o r  c h l o r i d e  a n i o n ,  p o ly m e r i z e  o r  be  r e d u c e d .

T h is  was o b s e r v e d  by  H u s to n ,  G u i l e ,  S o u l a t i  and Wasson (20) 

i n  19*4-1 • I t  was o b s e r v e d  t h a t  when 2 ,  *4-, *4--t r i m e t h y l - 2 -  

p e n t a n o l  and  2 , 3 »3“ 't r i me t h y l - 2- p e n t a n o l  were co ndensed  w ith  

b en z e n e  low y i e l d s  o f  t h e  e x p e c t e d  c o n d e n s a te  were o b t a i n e d .  

These i n v e s t i g a t o r s  a l s o  showed t h a t  f r a g m e n t a t i o n  was dimin­

i s h e d  a t  r e d u c e d  t e m p e r a t u r e s .  The y i e l d  o f  a l k y lb e n z e n e  

and  d e g r a d a t i o n  i s  a l s o  a  f u n c t i o n  o f  t h e  amount o f  aluminum 

c h l o r i d e  u s e d  ( 1 ) .

More r e c e n t l y  o t h e r  I n v e s t i g a t o r s  ( 3 » *4-, 5) have  shown 

d e m e th y l a t i o n  an d  m ethy l  m i g r a t i o n  to  t a k e  p l a c e  d u r i n g  the  

c o n d e n s a t io n  o f  h i g h l y  b r a n c h e d  c a r b i n o l s .  For  exam ple ,  

H uston  and B a r r e t t  ( 3 ) have  shown t h a t  t h e  c o n d e n s a t i o n  of  

d i m e t h y l - t - b u t y l  c a r b i n o l  p ro d u c e d  t -am y lb en ze n e  and t r i -  

m e th y l  s t y r e n e  i n  a d d i t i o n  to  t - b u t y l  benzene  and t h e



e x p e c te d  h e p t y l b e n z e n e . The f o r m a t io n  o f  the  f i r s t  two 

p r o d u c t s  c o u ld  on ly  b e  e x p l a in e d  by  d e m e th y l a t i o n ,  th e  

f o rm a t io n  o f  t - b u t y l  b e n z e n e  by f r a g m e n t a t i o n .  Huston 

and Van Dyke (k-) o b t a i n e d  methyl c h l o r i d e ,  t - b u t y l  and 

t -am y l  b en z e n e  from t h e  c o n d e n s a t io n  o f  2 , 2 , 3- t r i m e t h y l -  

3- p e n t a n o l  which c o u ld  o n l y  be e x p l a i n e d  by  d e m e t h y l a t i o n ,  

methyl  m i g r a t i o n  and f r a g m e n t a t i o n .  Huston and K ra n tz  ( 5 ) 

have shown t h a t  m e thy l  g ro u p  m i g r a t i o n  and f r a g m e n ta t i o n  

ta k e s  p l a c e  i n  th e  c o n d e n s a t i o n  o f  2 , 3 , ^ - t r l m e t h y l - 2-  

p e n t a n o l  w i th  b e n z e n e .  They r e p o r t  t h e  i s o l a t i o n  o f  i s o ­

b u t a n e ,  t - b u t y l  and t - a m y l  benzene w i t h  o n ly  a  sm a l l  amount 

o f  t h e  o c t y lb e n z e n e  f o r m e d .  A l th o u g h  Awuapara (2) o b t a i n e d  

n e a r l y  f i f t y  p e r c e n t  y i e l d  o f  t - b u t y l b e n z e n e  from th e  

c o n d e n s a t io n  o f  2 ,3 , ^ - t r i m e t h y l - 3- p e n t a n o l  in  which a 

methyl  r a d i c a l  must m i g r a t e ,  he o b t a i n e d  on ly  v e ry  s m a l l  

y i e l d s  o f  t - b u t y l  and t - a m y l  b e n z en e s  from the  c o n d e n s a t io n  

o f  2 ,̂ 4— d i m e t h y l - 3- e t h y l - 3 -p e n ta n o l  s i n c e  t h e i r  f o rm a t io n  

n e c e s s i t a t e s  th e  m i g r a t i o n  o f  an e t h y l  g ro u p .

H uston  and Hughes (&) r e p o r t e d  t h e  i s o l a t i o n  o f  s e c -  

b u ty l  b en z en e  from t h e  c o n d e n s a t io n  o f  3 -p h e n y l - 3 -b u ta n o l  

w i th  b e n z e n e .  Also J a c k s o n  (7 ) I s o l a t e d  i s o p r o p y l  benzene  

and s e c - b u t y l  benzene from th e  c o n d e n s a t i o n s  o f  d l p h e n y l i s o -  

p ro p y l  c a r b i n o l  and d i p h e n y l  s e c - b u t y l  c a r b i n o l  r e s p e c t i v e l y  

w i th  p h e n o l .  They were f i r s t  t h o u g h t  t o  r e s u l t  from t h e  

breakdown (w i th  h y d r o g e n a t io n )  o f  t h e  co n d e n sa t io n  p r o d u c t s  

under  t h e  i n f l u e n c e  o f  aluminum c h l o r i d e .  However, when 

p - h y d r o x y t r ip h e n y l i s o p r o p y lm e th a n e  was d i s s o l v e d  i n  l i g r o i n



and  t r e a t e d  w i th  aluminum c h l o r i d e ,  no i s o p r o p y lb e n z e n e  

c o u ld  be I s o l a t e d .  I n s t e a d  1 , l - d i p h e n y l - 2 ~ m e t h y l - l - p r o p e n e  

was found a l o n g  w i th  p h e n o l .  They c o n c lu d e d  from t h i s  t h a t  

th e  s e c - a l k y l  ben z en e  was formed d u r i n g  th e  p r o c e s s  o f  

c o n d e n s a t io n  and n o t  by d e c o m p o s i t io n  o f  t h e  c o n d e n s a t io n  

p r o d u c t .  The hyd rogen  donor  was n o t  d e t e r m in e d .



THEORETICAL

The I s o l a t i o n  o f  a l k y l  h a l i d e  and  a lk e n e  from th e  

c o n d e n s a t io n  o f  a l c o h o l  and  benzene  u s i n g  anhydrous  

aluminum c h l o r i d e  a s  a  c a t a l y s t  s t r o n g l y  i n d i c a t e s  t h a t  

t h e r e  i s  a  c l o s e  r e l a t i o n s h i p  be tw een  t h e s e  t h r e e  a l k y l ­

a t i n g  a g e n t s  i n  th e  a l k y l a t i o n  r e a c t i o n .

I t  h a s  b e e n  p r o p o s e d  t h a t  a l l  o f  th e  t h r e e  a l k y l ­

a t i n g  a g e n t s  have  a  common i o n i c  i n t e r m e d i a t e  i n  t h e  

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

i n v o lv e s  th e  f o r m a t io n  o f  a l k e n e s  a n d / o r  a l k y l  h a l i d e s  

as  i n t e r m e d i a t e s .  O th e r  i n t e r m e d i a t e s  which have  been  

p ro p o s e d  a r e  com plexes  o f  aluminum c h l o r i d e  w i th  th e  

a l c o h o l  and a r o m a t i c  n u c l e i .  A lk y l  h a l i d e s  and a l k e n e s  

r e q u i r e  o n ly  c a t a l y t i c  am ounts  o f  aluminum c h l o r i d e  

w h i le  a l c o h o l s  r e q u i r e  a  l a r g e r  amount due to  th e  complex 

formed (1 2 ) .

As to  th e  r e a c t i v i t y  o f  a l c o h o l s  i n  th e  a l k y l a t i o n  

r e a c t i o n  th e  o r d e r  i s  b e n z y l  > t e r t i a r y  > se co n d a ry  > 

p r im a r y .  T h is  i s  shown by th e  f a c t  t h a t  b e n z y l  a l c o h o l  

r e q u i r e s  o n ly  t r a c e s  o f  a  weak c a t a l y s t  such  a s  z i n c  

c h l o r i d e  w h i le  m ethy l  a l c o h o l  r e q u i r e s  a c o n s i d e r a b l e  

q u a n t i t y  o f  a p o w e r f u l  c a t a l y s t  such as  aluminum c h l o r i d e .

The a s su m p t io n  t h a t  t h e  a l k y l a t i o n  r e a c t i o n  between  

a l c o h o l  and b e n z e n e ,  u s i n g  a  d e h y d r a t i n g  a g e n t  such  as  

aluminum c h l o r i d e ,  t a k e s  p l a c e  by d i r e c t  removal o f  w a te r



does n o t  e x p l a i n  t h e  r e a r r a n g e d  and lo w er  m o le c u l a r  

w e ig h t  p r o d u c t s  o b t a i n e d .  On th e  b a s i s  o f  a l k y l a t i o n  

t a k i n g  p l a c e  from t h e  f o rm a t io n  o f  t h e  a l k y l  h a l i d e  as  

an i n t e r m e d i a t e .  T z u k e rv a n lk  (1 3 ) h a s  p r o p o s e d  t h e  

f o l l o w i n g  mechanism f o r  t e r t i a r y  a l c o h o l s .

t - c 5Hn ° H  + A lC l j  » t-C^H1]LOA1012 + HC1

t -C  H 0A1C1 ------> C H + A1C1 OH
5 11 2 5 10 2

C5H10 t  HC1 ------ » t - C ^ C l

t - C 5Hu 01 + CgHg - " S 3 ,  t - 0 5 H1:LC6 H5 + HOI

The i s o l a t i o n  o f  a l k e n e s  and a l k y l  h a l i d e s  h a s  been 

o f f e r e d  a s  e x p e r i m e n ta l  e v id e n c e  o f  t h e  above ty p e  

r e a c t i o n s .  E v o l u t i o n  o f  HC1 gas  d u r i n g  th e  r e a c t i o n  

was e x p l a i n e d  by  t h e  f o rm a t io n  o f  t h e  aluminum c h l o r id e - - -  

a l c o h o l  complex w i th  su b s e q u e n t  e l i m i n a t i o n  o f  t h e  g a s .

He a l s o  p r o p o s e d  t h i s  ty p e  o f  mechanism f o r  s e c o n d a ry  

a l c o h o l s ,  a l t h o u g h  he found  no c h l o r i d e s  o r  a l k e n e s  a s  

b y - p r o d u c t s .  N o r r i s  and S t u r g i s  (12) hav e  p r o p o s e d  a 

s i m i l a r  mechanism. Th is  mechanism, how ever ,  does  n o t  

e x p l a i n  th e  r e a r r a n g e d  p r o d u c t s  found by Kaye (22) from 

h i s  work on t h e  c o n d e n s a t i o n  o f  some se c o n d a ry  a l c o h o l s  

w i th  benzene  i n  t h e  p r e s e n c e  o f  an h ydrous  aluminum c h l o r ­

i d e .  Complex fo rm a t io n  o f  a l c o h o l s  and  aluminum c h l o r i d e  

h a s  been i n v e s t i g a t e d  by s e v e r a l  w o rk e rs  ( 2 3 , 2 k ) .

The f o r m a t i o n  o f  a l k e n e s  d u r in g  t h e  r e a c t i o n  h a s  

been  u se d  t o  p ro p o s e  a  mechanism whereby r e a r r a n g e m e n t  

o f  the  a l k y l  g roups  o f  c e r t a i n  p r im a r y  and s e c o n d a ry



a l c o h o l s  t a k e s  p l a c e .  I n  c o n n e c t i o n  w i t h  t h i s ,  McKenna

and  Sowa (25) p ro p o se d  a  mechanism 

i n t e r m e d i a t e s  i n  o r d e r  t o  h e l p  ex p l  

d u r i n g  a l k y l a t i o n .  Using b o ro n  t r i  

t h e y  have  i s o l a t e d  sm a l l  am ounts  o f  

p o ly m e rs  from t h e  p r o d u c t s  o f  t h e  r

i n v o l v i n g  o l e f i n s  as 

a i n  r e a r r a n g e m e n t s  

f l u o r i d e  a s  a  c a t a l y s t  

a l k e n e s  and  t h e i r  

e a c t i o n .

R -C H 2 -C H 2 0H  R -C H = CH,

r - c h = c h 2  +  C6 H £ . R C H (C g H
5

Thus t h e  c o n d e n s a t io n  o f  a  p r i  

b en zen e  l e a d s  to  a s e c o n d a r y  a l k y l  

t h i s  mechanism may a c c o u n t  f o r  th e  

a l k y l  h a l i d e 8 and r e a r r a n g e d  p ro d u c  

n e c e s s a r i l y  e x c lu d e d  in  t h e  c a s e  o f  

( 6 ) and b e n z h y d ro l  ( 10 ) i n  which  i n  

f o r m a t io n  i s  im p o s s i b l e .  B o th  o f  t  

e f f e c t i v e  a l k y l a t i n g  a g e n t s .

S e v e r a l  i o n i c  mechanisms have 

v a r i o u s  w o rk e rs  in  t h i s  f i e l d ,  a l l  

a t t a c k  on th e  a r o m a t i c  n u c l e i .  How 

o f  P r i c e  (26)  w i l l  be  m e n t io n e d  h e r  

i n v o l v e s  an e l e c t r o p h i l l c  a t t a c k  on

) CH.

mary a l c o h o l  w i th  

b e n z en e .  A l though 

f o rm a t io n  o f  a l k e n e s ,  

t s , i t  must be 

b o th  b e n z y l  a l c o h o l  

t e r r a e d i a t e  o l e f i n  

hese  a l c o h o l s  a r e

been p ro p o s e d  by 

i n v o l v i n g  a  c a t a n o i d  

e v e r ,  o n ly  t h e  th e o ry  

e .  T h is  t h e o r y  

th e  a l k y l a t i n g  a g e n t ,

w i t h  s u b s e q u e n t  fo rm a t io n  o f  a  carbonlum i o n .  Wertyporoch

and F i r l a  ( 2 7 ) have d e m o n s t r a t e d  by 

t h e  f o rm a t io n  o f  an i o n i c  complex b 

c h l o r i d e  and a l k y l  h a l i d e .

co n d u c tan c e  s t u d i e s  

e tween  aluminum



U l ic h  an d  Heyne (23) have  m easured  t h e  e q u i l i b r i u m  

f o r  t h e  f o r m a t i o n  o f  c e r t a i n  o f  t h e  c a t a l y s t - a l k y l  h a l i d e  

complexes p o s t u l a t e d  by W ertyporoch  and i n  a d d i t i o n ,  found  

t h a t  th e  r a t e  o f  a l k y l a t i o n  was d i r e c t l y  p r o p o r t i o n a l  to  

th e  c o n c e n t r a t i o n  o f  t h i s  c a t a l y s t - a l k y l  h a l i d e  complex* 

This  type  o f  complex can a l s o  be shown u s i n g  oxygen 

c o n t a i n i n g  compounds such  a s  a l c o h o l s ,  e t h e r s ,  e s t e r s ,  e t c .
c* h c i

R:0:H  + A1:C1 ; = *  R :0  :A1:C1 R+ + (0H A 1C 1J-
Cl Cl '

This  a g a i n  shows t h e  f o r m a t io n  o f  t h e  e l e c t r o n  

d e f i c i e n t  ca rbon lum  i o n .  The a t t a c k  on th e  b en z en e  r i n g  

then  p r o c e e d s  an a lo g o u s  t o  h a l o g e n a t i o n  whereby th e  c a r -  

bonium io n  co m p le te s  i t s  o c t e t  by a s s o c i a t i o n  w i t h  a  p a i r  

o f  e l e c t r o n s  f rom a  d o u b le  bond o f  th e  a r o m a t i c  n u c l e u s .

I p a t i e f f  and  Corson (29)  have  shown t h a t  t h e  above
i

e q u a t io n  i s  r e v e r s i b l e  by c o n v e r t i n g  p - d i - t - b u t y l b e n z e n e  

i n  benzene s o l u t i o n  t o  t - b u t y l b e n z e n e  i n  th e  p r e s e n c e  o f  

a  c a t a l y s t *  A l though  th e  above r e a c t i o n  i s  r e v e r s i b l e ,  

s e v e r a l  i n v e s t i g a t o r s  ( 3 0 , 3 1 , 32 ) have  shown t h a t  

c a t a l y s t s  w i l l  remove o n ly  t e r t i a r y  a l k y l  g roups  u n l e s s  

v ig o r o u s  c a t a l y s i s  w i t h  aluminum c h l o r i d e  i s  e f f e c t e d .

T h is  f a c t  an d  th e  g r e a t e r  e a se  o f  a l k y l a t i o n  w i t h  t e r t i a r y  

a l k y l a t i n g  a g e n t s  i s  u n d o u b te d ly  due to  th e  t e n a c i t y  w i th  

which th e  R g roup  w i l l  r e t a i n  e l e c t r o n s  i t  s h a r e s  w i t h  th e  

s u b s t i t u e n t  g ro u p ,  h a l i d e ,  h y d r o x y l ,  e t c .  The o r d e r  o f  

e l e c t r o n e g a t i v i t y  b e i n g  p r i m a r y )  s e c o n d a r y )  t e r t i a r y .

Y/here t h e  R g roup  o f  th e  a l k y l a t i n g  a g e n t  i s  h i g h l y



b r a n c h e d  t h e  r e a c t i o n  becomes a  l i t t l e  more complex as  

e v id e n c e d  by t h e  i s o l a t i o n  o f  b y - p r o d u c t s  such a s  lo w er  

m o le c u l a r  w e ig h t  c h l o r i d e s ,  i s o b u t a n e ,  t - b u t y l  b e n z e n e ,  

e t c .  T h i s ,  o f  c o u r s e ,  s t r o n g l y  i n d i c a t e s  a  f r a g m e n ta t i o n  

and r e a r r a n g e m e n t  r e a c t i o n  a s  i n d i c a t e d  by th e  f o l l o w i n g  

example:

The s h i f t  o f  th e  m e th y l  group t o  t h e  p o s i t i v e  ca rbon  

w i t h  s u b s e q u e n t  s c i s s i o n  o f  t h e  ca rbon  t o  ca rbon  bond to 

form a  low en e rg y  l e v e l  t e r t i a r y  g ro u p in g  a c c o u n t s  f o r  

t h e  i s o l a t i o n  o f  t e r t i a r y  b u t y l  benzene  and lo w er  m o le c u la r  

w e ig h t  c h l o r i d e s .  In  some c a s e s  (k-) t h e  m ethy l  g roup  has 

become p e r m a n e n t ly  d e t a c h e d  w i th  t h e  fo rm a t io n  o f  methyl  

c h l o r i d e .  The i s o l a t i o n  o f  l s o b u t a n e  ( 5 . 21) and n o t  

i s o b u t e n e  shows t h a t  r e d u c t i o n  h as  t a k e n  p l a c e  d u r i n g  the  

r e a c t i o n .

The r e a r r a n g e m e n t s  e n c o u n te r e d  i n  t h e s e  a l k y l a t i o n  

r e a c t i o n s ,  p a r t i c u l a r l y  where t h e r e  i s  b r a n c h i n g  on th e  

ca rbon  a d j a c e n t  to  t h e  h y d ro x y l  ca rb o n  i s ,  o f  c o u r s e ,  in  

ag reem en t  w i t h  W h i tm o re 's  (33) views on m o le c u la r  

r e a r r a n g e m e n t  s •

CH, ™

ch3
f * CH^-C^ + CH2=CH2



EXPERIMENTAL -  PART I

I . P r e p a r a t i o n  o f  A lc o h o ls

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

and  h e x a n o ls  h a v i n g  o n ly  p r i m a r y  a l k y l  g roups  a t t a c h e d  

t o  h y d ro x y l  ca rb o n  were s e l e c t e d  f o r  t h i s  s tu d y  w i th  

t h e  e x c e p t io n  o f  4—E th y l -4 —h e p t a n o l , 4—M ethy l-* !- -hep tano l , 

and  2 , iJ-,iJ ~ T r im e th y l - 2 - p e n t a n o l  which were p r e v i o u s l y  

s t u d i e d .  T e r t i a r y  amyl and t e r t i a r y  b u t y l  a l c o h o l s ,  which  

were a l s o  condensed  i n  t h i s  work ,  were o b t a i n e d  d i r e c t l y  from 

t h e  s tockroom . The a l c o h o l s  p r e p a r e d  were p r o p e r l y  i d e n t i ­

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

3 , 5 - D i n l t r o b e n z o a t e s  were a l s o  s u c c e s s f u l l y  p r e p a r e d  and 

a n a l y z e d  f o r  n i t r o g e n .  Micro-Dumas method was u s e d .

A. 2 - M e th y l - 2 - h e p t a n o l

B. 3 - M e th y l - 3 - h e p t a n o l

G. 3 - E t h y l - 3 - h e x a n o l

D. 2 ,*}— D im e th y l -2 -h e x a n o l

E. 2 ,5-Dimet h y l - 2 - h e x a n o l

F . 2 ,  ̂ -D im e th y l - i f -h e x a n o l

a . 2-Me t h y l - 2 -h ex an o l

H. 3 -M e th y l -3 -h e x a n o l

J . 3 - E t h y l - 3 - p e n t a n o l

K. 2 ,4—D im e th y l - 2- p e n t a n o l

L . 2 -M e th y l -2 - p e n ta n o l

M. 3 -M e th y l -3- p e n t a n o l



N. 2 - M e th y l - 2 - b u t a n o l  

0 .  2 - M e th y l -2 - p ro p a n o l

P a r t  A. 2 - M e th y l - 2 - h e p t a n o l

OH, 
i 3

CH5-C-CH2-CH2-CH2-CH2-CH;5 

OH

As a l l  o f  th e  a l c o h o l s  were p r e p a r e d  by th e  a d d i -  

t i o j i  o f  e s t e r ,  k e to n e  o r  a c i d  to  a  G r ig n a r d  r e a g e n t ,  o n ly  

th e  d e t a i l e d  p r o c e d u r e  f o r  th e  p r e p a r a t i o n  o f  t h e  above 

a l c o h o l  w i l l  be g i v e n ,

2 - M e th y l - 2 - h e p t a n o l  was p r e p a r e d  by t h e  a d d i t i o n  o f  

a c e t o n e  to  n -am yl magnesium b ro m id e ,  f o l lo w e d  ky t h e  

h y d r o l y s i s  o f  t h e  r e s u l t i n g  a d d i t i o n  compound. The 

G r ig n a r d  was p r e p a r e d  by  p l a c i n g  £>5 grams ( 3 .5  moles)  o f  

magnesium t u r n i n g s  i n  a  t h r e e  l i t e r ,  t h r e e  n e c k e d ,  round 

b o t to m  f l a s k  equ ipped  w i t h  a  g l y c e r i n e  s e a l e d  m echan ica l  

s t i r r e r ,  r e f l u x  c o n d e n s e r ,  and d r o p p in g  f u n n e l .  The 

co n d e n se r  and d ro p p in g  f u n n e l  were c l o s e d  w i t h  c a lc iu m  

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

by ru n n in g  i n t o  th e  f l a s k ,  on to p  o f  t h e  magnesium, ab o u t  

5 ml o f  a  1 :1  m ix t u r e  o f  anhydrous  e t h e r  and n-amyl brom­

i d e  , The e t h e r  was d r i e d  o v e r  f r e s h l y  c u t  sodium and th e  

n -am yl brom ide  d r i e d  o v e r  anhydrous  ca lc iu m  c h l o r i d e  to  

remove w ate r ,  and a l c o h o l ,  and  d i s t i l l e d  c o l l e c t i n g  t h a t  

p o r t i o n  b o i l i n g  between 127 - 131°C» and  h a v in g  a in d e x  o f  

r e f r a c t i o n  o f  1 J l M -4 a t  20°C. A f t e r  a l l o w in g  to  s t a n d  

from 3-5  m i n u t e s ,  s i x  h u n d re d  ml o f  anhydrous  e t h e r  was



added th ro u g h  th e  to p  o f  t h e  c o n d e n s e r ,  t h e  m e c h a n ic a l  

s t i r r e r  s t a r t e d ,  and  t h e  r e m a in d e r  o f  t h e  n-amyl b ro m id e -  

e t h e r  s o l u t i o n  (5 2 2 .5  g b rom ide ;  3 -5  m oles)  (600  ml e t h e r )  

added  a t  such  a r a t e  a s  to  keep  t h e  r e a c t i o n  u n d e r  c o n t r o l .  

E x t e r n a l  c o o l i n g  w i th  i c e  was u s e d  i n  o r d e r  to  I n c r e a s e  

th e  r a t e  o f  a d d i t i o n .  A t o t a l  o f  1200 ml o f  e t h e r  was 

u s e d  f o r  t h e  3*5 mole ru n  o r  3^2 ml p e r  mole o f  G r i g n a r d .

A f t e r  t h e  a d d i t i o n  o f  t h e  bromide was com ple ted  t h e  

r e a c t i o n  m ix tu re  was s t i r r e d  f o r  two h o u r s  and th e n  

a l lo w e d  to  s t a n d  o v e r n i g h t .  The G r ig n a r d  r e a g e n t  was 

then  t i t r a t e d  a c c o r d in g  to  t h e  method d e s c r i b e d  by Gilman, 

W ilkenson ,  F i s c h e l ,  and Meyers (3^)«  The c a l c u l a t e d  

amount o f  G r ig n a r d  f o r  an av e ra g e  r u n  was 3*2 m oles  o r  

an a c t u a l  y i e l d  o f  On t h i s  b a s i s  126 grams ( 3 .2

moles) o f  a c e to n e  i n  an h y d ro u s  e t h e r  (*K)0 ml p e r  mole) 

was added  a t  a  r a t e  o f  one d ro p  p e r  s e c o n d .  The a c e to n e  

was d r i e d  o v e r  anhydrous  p o ta s s iu m  c a r b o n a t e  and  d i s t i l l e d  

c o l l e c t i n g  t h a t  p o r t i o n  b o i l i n g  between 5 5 " 57°C and  h a v in g  

an in d e x  of  r e f r a c t i o n  o f  1 .3 5 9 1  a t  20°C.

A f t e r  t h e  a d d i t i o n  o f  t h e  a c e to n e  was com ple te  t h e  

m ix tu r e  was s t i r r e d  f o r  two h o u rs  and th e n  a l lo w e d  to
Hr

s t a n d  o v e r n i g h t .  The a d d i t i o n  p r o d u c t  was then  h y d r o l i z e d  

w i th  i c e  and enough 1:1  s u l f u r i c  a c i d  added  to  d i s s o l v e  the

Although t h e  a u t h o r ,  i n  most o a s e s ,  d i d  n o t  add benzene  a t  

t h i s  p o i n t ,  B a i l e y  ( 3 5 ) fo u n d  t h a t  by  a d d in g  b e n z e n e ,  d i s t i l l ­

in g  o f f  the  e t h e r ,  and r e f l u x i n g  a t  a  h i g h e r  t e m p e r a tu r e  he

was a b l e  to i n c r e a s e  t h e  y i e l d  o f  t h e  a l c o h o l  as  much a s  IJfZ

i n  th e  case  o f  2- M e th y l - 3- e t h y l - 3 - p e n t a n o l .



b a s i c  magnesium s a l t s .  The e t h e r  a l c o h o l  l a y e r  was 

s e p a r a t e d  f rom th e  w a t e r  l a y e r  and t h e  l a t t e r  e x t r a c t e d  

w i th  e t h e r .  The combined o r g a n i c  l a y e r s  were washed w i th  

10 p e r c e n t  sodium c a r b o n a t e  u n t i l  b a s i c  to  l i t m u s ,  and 

th e n  w i th  d i s t i l l e d  w a t e r ,  and d r i e d  o v e r  anhydrous  

sodium s u l f a t e  f o r  tw en ty  f o u r  h o u r s .  The e t h e r  was 

removed th r o u g h  a  60 x  1 cm Fenske ty p e  column p a c k e d  

w i th  l / l 6 i n c h  g l a s s  h e l i c e s .  The a l c o h o l  was c o l l e c t e d  

o v e r  a  two d e g r e e  r a n g e  a t  r e d u c e d  p r e s s u r e .

Y i e l d :  5I #

BP17  : 63- 65° C

ng° : 1 .4 2 3 5

d | °  : 0 .8 1 5 6

3 , 5 - D i n i t r o b e n z o a t e :  M.P. ^3-l|H.°C

% N C a lc ,  g .63  
Obs. £ .4 0

T his  a l c o h o l  was p r e p a r e d  by Whitmore and W i l l ia m s

( 36 ) and t h e  p h y s i c a l  c o n s t a n t s  a g r e e  w i th  t h e i r  work in  

which th e y  p r e p a r e d  t h e  a l c o h o l  by t h e  same m ethod .

P a r t  B . 3 - M e t h y l - 3 - h e p t a n o l

CH-
1 ■>

CH^-CHg-C -CHg-CHp-CHg-CH^
OH

This  a l c o h o l  was p r e p a r e d  by  t h e  a d d i t i o n  o f  m ethy l  

e t h y l  k e to n e  to  n - b u t y l  magnesium b ro m id e .

Y i e l d :  68#

BP15 : 6 l -6 3 °C  

n§° : 1 . 1 2̂70



D{j° : 0 .325g

3 . 5 - D i n i t r o b e n z o a t e ' M.P. 53 -5 iJ-°C

^  N C a lc .  S . 63 
Obs. S.B25

This  a l c o h o l  was p r e p a r e d  by Whitmore and B a d e r t s c h e r

( 3 7 ) and  Snyder ( 3S) by t h e  same method .
1

P a r t  C. 3” E‘t^ y l - '3 “h e x a n o l

CH,
• P

9H2
cH j-ch 2 - c  - c h 2- c h 2- c h 3

OH

This a l c o h o l  was p r e p a r e d  by two d i f f e r e n t  m ethods ,  

b o th  however,  i n v o l v i n g  u s e  o f  th e  G r i g n a r d  r e a g e n t .  The 

f i r s t  method u s e d  was t h a t  o f  Huston and B a i l e y  (35 ) in  

which one mole o f  n - b u t y r i c  a c i d  was added  to  t h r e e  moles 

o f  e t h y l  magnesium b ro m id e .  The second  method was t h a t  

u s e d  by C la rk  and R i e g e l  (39 ) i n  which d i e t h y l  k e t o n e  was 

added t o  p r o p y l  magnesium b rom ide .  A lthough  th e  second 

method p ro d u ce d  s l i g h t l y  b e t t e r  y i e l d s  t h e  f i r s t  method 

i s  more f e a s i b l e  c o s t w i s e .  The p h y s i c a l  c o n s t a n t s  checked 

f o r  each  p r e p a r a t i o n .

Y i e l d :  50^  ( u s i n g  b u t y r i c  a c i d )

( u s i n g  d i e t h y l  k e to n e )

BPi 2 : 57-59°C
nj*0 : i . i j .316

D^° : 0 .B370

3 . 5 - D i n i t r o b e n z o a t e : M.P.  62-63°C

f* N C a lc ,  g .63  
Obs. B .7^



P a r t D. 2 D l m e t h y l - 2 - h e x a n o l

9H3 ?H3
CH^-C -CH0-CH-CH0-CH-,

J \ 2 2 3
OH

T h is  a l c o h o l  was p r e p a r e d  by two d i f f e r e n t  m e thods .  

The f i r s t  method u s e d  was t h a t  o f  Huston  and G u i le  (20) 

i n  w hich  a c e t o n e  was added  t o  a c t i v e - a m y l  magnesiuni 

b ro m id e .  The second method i n v o l v e d  t h e  a d d i t i o n  o f  

ca rb o n  d i o x i d e  to  a c t i v e - a m y l  magnesium brom ide anc. th e n  

t h e  a d d i t i o n  o f  m e thy l  magnesium b ro m id e  to  th e  a c i d  

com plex .  In  t h e  l a t t e r  method t h e  c a r b o n a t i o n  o f  t h e  

a c t i v e - a m y l  magnesium b ro m id e  was a c c o m p l i s h e d  a c c o r d in g  

to  t h e  p r o c e d u r e  g iv e n  in  O rgan ic  S y n t h e s i s  (1+0) w i th  

s l i g h t  m o d i f i c a t i o n s .  The a c t i v e - a m y l  magnesium bromide 

was p r e p a r e d  i n  a 5 - H ‘t e r ,  t h r e e -n e c lc  f l a s k  equ ipped  w i th  

s t i r r i n g  m o to r ,  co n d e n se r  a n d  d ro p p in g  f u n n e l .  For t h e  

c a r b o n a t i o n  t h e  d ro p p in g  f u n n e l  was r e p l a c e d  w i th  a  g l a s s  

tu b e  which  e x t e n d e d  2 cm above th e  s u r f a c e  o f  th e  

G r i g n a r d .  To t h i s  tu b e  was a t t a c h e d  f o u r  s a f e t y  b o t t l e s ,  

two o f  which c o n t a i n e d  s u l f u r i c  a c i d .  To t h e s e  b o t t l e s  

was co n n e c te d  a  tan k  o f  C02 g a s .  The r e a c t i o n  f l a s k  was 

c o o l e d  e x t e r n a l l y  by s o l i d  ca rb o n  d l o x l d e - e t h e r  to 

a p p r o x im a te l y  -12°C . The t e m p e r a t u r e  r o s e  t o  0°G d u r in g  

t h e  a d d i t i o n  o f  th e  ca rbon  d i o x i d e ,  which took  a p p r o x i ­

m a te ly  5-g- h o u r s  f o r  a  t h r e e  mole r u n .  The a d d i t i o n  was 

co m p le te  when t h e  t e m p e r a t u r e  d ropped  and th e  s o l u t i o n

o f  the  a c i d  complex became d a rk  and s y ru p y .  The me ih y l



magnesium brom ide  was added  d i r e c t l y  to t h e  a c i d  complex 

w i t h  s t i r r i n g .  A f t e r  t h i s  a d d i t i o n  was com ple te  t h e  

f l a s k  was f i t t e d  w i th  a g o o s e -n e c k  tu b e  and  c o n d e n s e r ,  

and th e  e t h e r  s lo w ly  d i s t i l l e d  o f f  u n t i l  th e  t e m p e r a tu r e  

r o s e  to  50 -55°C .  Then 1 l i t e r  o f  anhydrous  b en zen e  was 

added  and th e  r e a c t i o n  m ix t u r e  r e f l u x e d  f o r  f o u r  h o u r s  

b e f o r e  h y d r o l y s i s .  A c c o rd in g  to  t h e  work o f  H uston  and 

B a i l e y  (3 5 ) t h i s  p r o c e d u r e  i n c r e a s e d  th e  y i e l d  o f  a l c o h o l  

a s  much as  IJf i  i n  one p a r t i c u l a r  c a s e  a l r e a d y  m e n t io n e d .

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

ment f o r  b o t h  methods o f  p r e p a r a t i o n .

3 , 5 - D i n i t r o b e n z o a t e :  M.P. 4g.5-lj-9°C

% N C a lc ,  g .63  
Obs. g .69

T his  a l c o h o l  was a l s o  p r e p a r e d  by Levene and  Marker 

(4-1) u s i n g  th e  e t h y l  e s t e r  o f  3-m e th y l  p e n t a n o i c  a c i d  

and  m ethyl  magnesium i o d i d e .

P a r t  E. 2 , 5 -Dimet h y l - 2 - h e x a n o l

CH-jj OH ̂
CH -C CH_-CH»-CH-CH_

This  a l c o h o l  was p r e p a r e d  by Dr. G u i l e  o f  t h i s  

l a b o r a t o r y  by t h e  a d d i t i o n  o f  a c e to n e  t o  isoam yl  magnesium 

b r o m id e .

Y ie l d :  2.k-% ( u s i n g  a c e to n e )

( u s i n g  c a r b o n a t i o n )

BP20 : 6 2 - 6 ^ ° C

: 1.^250

0 .S213

3 T 2 2
OH

3



BPy^g: 1 5 1 . 6°C

ngO ; 1 .4210

D j-° : 0 .3 1 5 ^

3 , 5 - D i n i t r o b e n z o a t e :  M. P.  6 l -6 2 ° C

% N C a lc ,  g.6'3 
Obs.  <3.95

I t  was a l s o  p r e p a r e d  by Levene and  Marker (40) , 

u s i n g  th e  e t h y l  e s t e r  o f  4 -m e th y l  p e n t a n o i c  a c i d  and  

m ethy l  magnesium i o d i d e .

P a r t  F .  2 ,4 - D l m e th y l - 4 - h e x a n o l

?H3 ?H3
CH.,-CH-CH_-C -CH -CH_ 

j  d 1 2 3
OH

This  a l c o h o l  was p r e p a r e d  by  two d i f f e r e n t  m ethods .

The f i r s t  method employed by Levene and  Marker ( 4 l )  was 

th e  a d d i t i o n  o f  a c e to n e  t o  i s o b u t y l  magnesium b ro m id e .

The second method was t h a t  employed b y  C la rk e  (42) i n  which 

m e thy l  l s o b u t y l  k e to n e  was added to  e t h y l  magnesium brom ide .  

This  method gave much b e t t e r  y i e l d s  and  a  p u r e r  p r o d u c t .  

A p p a re n t ly  when t h e r e  i s  a  c h o ic e  o f  G r ig n a rd  r e a g e n t s ,  such 

as  i n  th e  p r e p a r a t i o n  o f  t h e  above a l c o h o l  and o t h e r s  p r e ­

p a r e d  f o r  t h i s  p rob lem ,  t h e  more complex th e  G r ig n a rd  

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

The t h e o r e t i c a l  a s p e c t  o f  t h i s  phenomena w i l l  be ta k en  up 

u n d e r  the  d i s c u s s i o n  p a r t  o f  t h i s  t h e s i s .

Y i e l d :  21^ ( u s in g  a c e to n e )

56j£ ( u s in g  m e th y l  e t h y l  k e to n e )



BP15 : 5 1 .5 -5 2  C

n*° : 1 A 2 7 5

D^° : 0 . g 260

3 , 5 - D i n i t r o b e n z o a t e :  M.P. 5 2 -5 3 °C

% N C a lc ,  g .63  
O bs. g .93

P a r t  G. 2 - M e t h y l - 2 - h e x a n o l  

CH3
CH-.-C -CH -CH -CH -CH 

s i  2 2 2 3
OH

T h is  a l c o h o l  was p r e p a r e d  a c c o r d in g  to  th e  method  

u s e d  by  Whitmore and Church (^ 3 ) and Whitmore and  

B a d e r t s c h e r  (3 7 )  i n  w h ich  a c e t o n e  was add ed  t o  n - b u t y l  

magnesium b r o m id e .

67^

5 9 - 6 l ° C

1 .^ 1 7 9  

0 . g l 2 2

Y i e l d  

B P

n
25

20
D
20

3 , 5 - D i n i t r o b e n z o a t e : M .P . 53-5^°C

% N C a lc .  9*02  
O bs. g . 6 g

P a r t  H .  3-Me-th y l - 3 - h e x a n o l

ch3
C H - t - C H Q- C  - C H  - C H  - C H

y I 2 2 3
OH

T h is  a l c o h o l  was p r e p a r e d  a c c o r d in g  to  th e  method  

u s e d  by W hitmore and B a d e r t s c h e r  ( 3 7 ) i n  w h ich  m eth y l  

e t h y l  k e to n e  was added t o  e t h y l  magnesium b r o m id e .



Y i e l d  

BP

n
12

20
D
20

5 3 -5 ^°c

1 . 11-231

0 .2 2 1 9

3 , 5 - D i n i t r o b e n z o a t e : M.P. ^ 3 - ^ ° C

% N C a lc .  9 .0 2  
Obs. 9 . 5*1-

P a r t  J .  3 - E t h y l - 3 - p e n t a n o l

CH7
4h2

CHa -CH_-C -C H -C H  2 2 1 2 3
OH

This  a l c o h o l  was p r e p a r e d  a c c o r d i n g  to  t h e  methods 

u s e d  by  Moyer and M arvel  (4-4-) and  Whitmore and 

B a d e r t s c h e r  ( 3 7 )  i n w hich  d i e t h y l  c a r b o n a t e  was added  to  

e t h y l  magnesium b ro m id e .

Y i e l d  

BP 

n 

Di

52

f
> f

10%

72-73°c

i , h 29k

0 .2395

3 , 5 - D i n i t r o b e n z o a t e :  M.P. 112-119°C

% N C a lc .  9 .0 2  
Obs. 9 .1 7

P a r t  K. 2,*1—D i m e th y l - 2 - p e n t a n o l

c h3 CH,
CH-.-C -CH0-CH-CH_j  l 2 3

OH

T h is  a l c o h o l  was p r e p a r e d  by  t h e  a d d i t i o n  o f  methyl 

i s o b u t y l  k e to n e  to  m e th y l  magnesium b ro m id e .  E d g a r ,



C a l i n g a e r t  and  Marker  (^5 )  p r e p a r e d  th e  same a l c o h o l  by  

th e  a d d i t i o n  o f  a c e to n e  t o  i s o b u t y l  magnesium brom ide 

and  o b t a i n e d  o n ly  a  3 °  p e r c e n t  y i e l d .  T h is  i s  a n o t h e r  

example i n  which  t h e  c h o i c e  o f  G r ig n a rd  r e a g e n t  h as  a 

g r e a t  b e a r i n g  on th e  y i e l d  and p u r i t y  o f  th e  p r o d u c t  

o b t a i n e d .

Y i e l d : 59#

b? 1 7 : lf3°C

l .H -172

0 .5106

3 , 5 - D i n l t r o b e n z o a t e : M.P. 69-70°C

#  N C a lc .  9 .0 2  
Obs. 9 .0 7

This a l c o h o l  was a l s o  p r e p a r e d  by de G raef  ( ^ ) .

P a r t  L. 2 -M e th y l~ 2 - p e n ta n o l  

?H3
CH,-C -CH -CH0-CH,3 « 2 2 3

OH

This  a l c o h o l  was p r e p a r e d  by t h e  method u se d  by 

Huston  and H s ie h  ( ^ 7 ) an*3- Fox (lJ-5) , i n  which  a c e to n e  was 

added  to  n - p r o p y l  magnesium b ro m id e .

Y i e l d :  7 0 .2 #

BP63 : 65 -66°C

n g °  : 1.1J-1Q8S

Dj*0 : o .& lkG

3 , 5- D i n i t r o b e n z o a t e :  M.P. Obs. 71-72°C
L i t .  71-72°C



P art M. 3**M ethyl-3-pentanol

CH
ch3 - ch2- c -CH^-CH^

OH

This  a l c o h o l  was p r e p a r e d  by t h e  method u s e d  by  

H uston  and  H s le h  (^7) i n  w h ich  m e thy l  e t h y l  k e t o n e  was 

ad d e d  to  e t h y l  magnesium b r o m id e .

Y i e l d :  7 0 .1 #

BP 7 : 65 - 66°C

n^O : l  A l 71

Djj° : 0 .3 2 2 2

3 , 5 - D i n i t r o b e n z o a t e :  M.P. Obs. 95* 5 -9 6 .5 °C
L i t .  9 5 * 5 - 9 6 . 5°C

P a r t  N. 2 - M e t h y l - 2 - b u t a n o l  

This was o b t a i n e d  d i r e c t l y  from th e  s tockroom  o f  a 

CP g rad e  h a v i n g  p h y s i c a l  c o n s t a n t s  w hich  a g r e e d  w i t h  

l i t e r a t u r e  v a l u e s .

P a r t  0 .  2 - M e th y l - 2 - p r o p a n o l  

This was a l s o  o b t a i n e d  d i r e c t l y  from th e  s tockroom  

o f  a  CP g r a d e  h a v i n g  p h y s i c a l  c o n s t a n t s  which a g r e e d  w i th  

l i t e r a t u r e  v a l u e s .



1 1 • The C o n d e n sa t io n  A p p a ra tu s

The a p p a r a t u s  u s e d  f o r  th e  c o n d e n s a t io n  o f  t h e  

v a r i o u s  a l c o h o l s  was e s s e n t i a l l y  th e  same a s  t h a t  

d e v i s e d  by  Van Dyke (^ )  i n  t h i s  l a b o r a t o r y  w i t h  t h e  

e x c e p t i o n  o f  a  few m inor  m o d i f i c a t i o n s .  F ig u re  1 

shows a  d ia g ram  o f  t h e  co n d en sa t io n ,  a p p a r a t u s  w i th  t h e  

i m p o r t a n t  p a r t s  i n d i c a t e d  by  l e t t e r  and  l i s t e d  b e lo w .

A. A t h r e e - n e c k ,  ro u n d  bo t tom  f l a s k ,  t h e  s i z e  v a r y i n g  

w i th  th e  amount o f  a l c o h o l  co ndensed .

B. Dropping f u n n e l  w i t h  i n n e r  s e a l e d  t u b e  f o r  e q u a l ­

i z i n g  th e  p r e s s u r e  i n  o r d e r  to  keep o u t  m o i s tu r e  and  

fo rm ing  an a i r  t i g h t  s y s t e m .

C. M ech an ica l  s t i r r e r  c o n s i s t i n g  o f  an e l e c t r i c  m oto r  

and a  g l y c e r i n e - r u b b e r  s e a l e d  g l a s s  r o d  s t i r r e r .

D. Carbon d i o x i d e  g e n e r a t o r  sys tem  c o n s i s t i n g  o f  a  

vaouum b o t t l e  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  and a 

mercury  s a f e t y  v a l v e  t o  r e l e a s e  gas  p r e s s u r e .

E. A s id e a rm  d e l i v e r y  t u b e  to  which i s  a t t a c h e d  a 

the rm om ete r  and  r e f l u x  c o n d e n s e r .

F. Two way s to p  cock i n  o r d e r  t o  b y p a s s  t h e  i c e - s a l t  

w a te r  c o o le d  t r a p .

G. I c e - s a l t  w a te r  c o o le d  t r a p  f o r  c o n d e n s in g  th e  v a p o r s  

o f  t h e  low er  v o l a t i l e  l i q u i d s  such  a s  benzene  and t h e  

a l c o h o l .

H. Two way s t o p  cock i n  o r d e r  t o  b y p a s s  t h e  s o l i d  

ca rbon  d i o x i d e - a c e t o n e  c o o le d  t r a p  l e a d i n g  t o  t h e  n i t r o ­

m e t e r .



I .  S o l i d  ca rb o n  d i o x i d e - a c e t o n e  c o o l e d  t r a p  t o  condense  

th e  h i g h l y  v o l a t i l e  l i q u i d s  n o t  b o i l i n g  lo w e r  t h a n  -SO°C. 

J .  One way s t o p  cock o p e r a t e d  i n  c o n j u n c t i o n  w i t h  s to p  

cocks  F and  H. T h is  was c l o s e d  when L was a d j u s t e d  to  

b y p a s s  the  t r a p .

K. Mercury t r a p  t o  p r e v e n t  b ac k  p r e s s u r e  due to  t h e  

c o o l i n g  down of  t h e  sys tem  tow ards  t h e  end o f  t h e  r e a c t i o n  

L. S a f e t y  b o t t l e .

M. Gas n i t r o m e t e r  c o n t a i n i n g  5°  p e r c e n t  CP p o ta s s iu m  

h y d ro x id e  f o r  a b s o r b in g  t h e  ca rbon  d i o x i d e  and  hydrogen  

c h l o r i d e .  The n i t r o m e t e r  was o f  J00  m l .  c a p a c i t y  w i th  a  

d i a m e t e r  o f  25 mm i n  t h e  v e r t i c a l  s e c t i o n s  and 10 mm i n  

th e  c u rv e d  s e c t i o n .  M ercury  was p l a c e d  i n  t h e  b a s e  t o  

s e a l  th e  p o t a s s i u m  h y d r o x id e  s o l u t i o n  from t r a p  L .

N. N i t r o m e t e r  l e v e l i n g  b u l b  c o n s i s t i n g  o f  a  250 m l .  

d ro p p in g  f u n n e l .
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I I I .  C o n d e n s a t io n  and  F r a c t i o n a t i o n

The a l c o h o l s  p r e p a r e d  a s  d e s c r i b e d  were condensed  

w i th  benzene  i n  t h e  p r e s e n c e  o f  anhydrous  aluminum c h l o r ­

i d e .  The p r o c e d u r e  u s e d  i n  r e g a r d  t o  c o n t r o l  o f  t e m p e ra ­

t u r e ,  mole p r o p o r t i o n  and r a t e  o f  a d d i t i o n  o f  r e a c t a n t s  

was s i m i l a r  t o  t h a t  employed by s e v e r a l  w orkers  i n  t h i s  

l a b o r a t o r y ,  s t u d y i n g  t h i s  p a r t i c u l a r  a l k y l a t i o n  r e a c t i o n .  

I t  was e s t a b l i s h e d  by H uston  and Friedmann ( 6 ) t h a t  t h e  

p r o p o r t i o n  o f  benzene  t o  a l c o h o l  f o r  o b t a i n i n g  maximum 

y i e l d s  o f  a l k y l  benzene  was a p p r o x im a te l y  5 moles to  1 

r e s p e c t i v e l y .  The e x c e s s  benzene  n o t  o n ly  a c t s  a s  a 

d i l u e n t  i n  t h i s  ca se  b u t  a l s o  m in im izes  d i s u b s t i t u t i o n .  

The above m o la r  r a t i o  o f  b e n z e n e - a l c o h o l  was m a in t a in e d  

t f o r  e a ch  c o n d e n s a t io n  w i t h  t h e  e x c e p t i o n  o f  3 - e t h y l - 3-  

p e n t a n o l  i n  which  a  1 :1  mole r a t i o  was u s e d .  The r e a s o n  

f o r  t h i s  e x c e p t i o n  w i l l  be e x p l a i n e d  u n d e r  P a r t  J .  I t  

was a l s o  d e t e r m in e d  by t h e  a u t h o r  ( 2 1 ) t h a t  t h e  mole 

r a t i o  o f  a lc o h o l - a lu m ln u m  c h l o r i d e  f o r  o b t a i n i n g  maxi­

mum y i e l d s  o f  a l k y l  benzene  was 1 : 0 . 5  r e s p e c t i v e l y .  As 

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

was t h e  same o n ly  one w i l l  be d e s c r i b e d  i n  d e t a i l .

One h u n d re d  s e v e n ty  n in e  and  o n e - h a l f  grams (1 .3 5  

moles)  o f  CP anhydrous  aluminum c h l o r i d e  was p l a c e d  in  

t h e  r e a c t i o n  f l a s k  a lo n g  w i th  IO53 grams (13*5 moles)  o f  

anhydrous  t h i o p h e n e - f r e e  b e n z e n e .  The benzene-alurainura 

c h l o r i d e  m i x t u r e  was h e a t e d  to  r e f l u x  w i th  s t i r r i n g  f o r  

a c t i v a t i o n  p u r p o s e s  and was th e n  a l lo w e d  to  c o o l  t o  room



t e m p e ra tu r e *  There was no n o t i c e a b l e  c o l o r  change a t  

t h i s  p o i n t ,  however s m a l l  amounts o f  gaseous  hyd rogen  

c h l o r i d e  were p r o d u c e d .  A f t e r  r e a c h i n g  room t e m p e r a t u r e  

t h e  sys tem  was swept o u t  w i t h  oarbon  d i o x i d e  u n t i l  m ic ro ­

b u b b l e s  a p p e a r e d  i n  t h e  n i t r o m e t e r .  The carbon  d i o x i d e  

g e n e r a t o r  was th e n  t u r n e d  o f f  and  th e  a l c o h o l  ( 2 , ^ - D i-  

m e t h y l - 2- p e n t a n o l  i n  t h i s  c a s e )  ( 31^  grams; 2 .7  moles)  

added  a t  such  a  r a t e  a s  t o  keep th e  t e m p e r a t u r e  o f  th e  

r e a c t i o n  be low  35°^« Gaseous e v o l u t i o n  u s u a l l y  t o o k  

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

a l c o h o l  and b a c k  p r e s s u r e  was n o t i c e d  a f t e r  a p p r o x im a te l y  

one h a l f  o f  t h e  a l c o h o l  was added .  Th is  back  p r e s s u r e  

was a p p a r e n t l y  due t o  th e  h e a t  o f  t h e  r e a c t i o n  s u b s i d i n g  

and  t h e  c e s s a t i o n  o f  t h e  f o r m a t io n  o f  any  g aseo u s  p r o ­

d u c t s .  At t h e  end o f  t h e  a d d i t i o n  o f  t h e  a l c o h o l  th e  

t e m p e r a t u r e  d ro p p e d  t o  a ro u n d  t h i r t y  d e g re e s  i n  most 

c o n d e n s a t i o n s .  S t i r r i n g  was c o n t i n u e d  f o r  .a p e r i o d  o f  

two h o u r s  and t h e n  t h e  r e a c t i o n  mix was a l lo w ed  t o  s t a n d  

f o r  t w e n t y - f o u r  h o u r s  b e f o r e  h y d r o l y s i s .  At t h i s  t im e  

any  g a s  c o l l e c t e d  i n  t h e  n i t r o m e t e r  was t r a n s f e r r e d  to  

g a s  b u r e t t e s  an d  t e s t e d  f o r  c o n d e n s i b i l i t y , b u r n i n g  and 

t h e  s u p p o r t i n g  o f  c o m b u s t io n .  The o n ly  gas  which formed 

d u r i n g  any o f  t h e  c o n d e n s a t i o n s  was i d e n t i f i e d  a s  i s o ­

b u t a n e  and t h e n  o n ly  when such  was formed by t h e  f ragm en­

t a t i o n  o f  t h e  a l c o h o l .  The o n ly  v o l a t i l e  l i q u i d  condensed  

i n  th e  d r y - l c e  a c e to n e  c o o l e d  t r a p  was I s o b u t a n e  and t h i s  

o n l y  when th e  c o n f i g u r a t i o n  o f  t h e  a l c o h o l  condensed



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

c o n d e n s a t io n  (2 • ̂ 4—D im e th y l - 2 - p e n t a n o l )  d i d  f ra g m en t  and 

i s o b u t a n e  was found i n  th e  above m e n t io n e d  t r a p .  I t  was 

i n t e r e s t i n g  to  n o t e  t h a t  i n  each  c a s e  7/here l s o b u t a n e  was 

p ro d u c e d  i t  d id  so d u r i n g  t h e  f i r s t  one t h i r d  a d d i t i o n  o f  

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

t im e s  by  a l l o w i n g  i t  to  come s lo w ly  t o  room t e m p e r a t u r e  

and p a s s  i n t o  a n o t h e r  r e c e i v e r  c o o l e d  by d r y - i c e  a c e to n e  

where i t  v/as r e c o n d e n s e d .  This  p r o c e d u r e  f r e e d  i t  from 

h ydrogen  c h l o r i d e  and any benzene  which e s c a p e d  t h e  i c e -  

s a l t  w a te r  c o o l e d  t r a p .

The h y d r o l y s i s  o f  t h e  r e a c t i o n  complex was 

a c c o m p l i sh e d  by t h e  a d d i t i o n  o f  s m a l l  p i e c e s  o f  i c e  i n t o  

the  r e a c t i o n  f l a s k ,  w i th  s t i r r i n g .  The t e m p e r a tu r e  u s u a l l y  

r o s e  s h a r p l y  a t  t h i s  p o i n t  and th e n  s u b s i d e d .  Then 200 

ml.  o f  d i s t i l l e d  w a t e r  was added i n  5° nil* p o r t i o n s .  No 

a c i d  was u s e d  i n  t h e  h y d r o l y s i s ,  a s  th e  w a t e r  was 

s u f f i c i e n t  t o  d i s s o l v e  t h e  b a s i c  s a l t s  a f t e r  c o n s i d e r a b l e  

s t i r r i n g .  The o r g a n i c  l a y e r  was t h e n  s e p a r a t e d  f rom th e  

aqueous  l a y e r ,  t h e  l a t t e r  e x t r a c t e d  t h r e e  t im e s  w i th  50 

m l.  p o r t i o n s  of  b e n z e n e ,  and  th e  combined e x t r a c t s  p l u s  

t h e  o r i g i n a l  o r g a n ic  l a y e r  were washed w i t h  10$  sodium 

c a r b o n a te  and  th e n  d i s t i l l e d  w a t e r ,  and t h e n  d r i e d  over  

anhydrous  sodium s u l f a t e .  The c o l o r  of  t h e  s o l u t i o n s  o f  

th e  v a r i o u s  c o n d e n s a t i o n s ,  a t  t h i s  p o i n t ,  v a r i e d  from 

l i g h t  o range  to  d a rk  g r e e n i s h  y e l lo w ,  a l l  h a v in g  an 

o p a l e s c e n t  t i n g e .

A l l  i n i t i a l  d i s t i l l a t i o n s  were c a r r i e d  o u t  by a



60 x  1 .0  cm column p a c k e d  w i t h  1 /1 6  i n c h  g l a s s  h e l i c e s .  

The h ead  on t h e  column was d e s ig n e d  f o r  d i s t i l l a t i o n  

u n d e r  r e d u c e d  p r e s s u r e  w i t h  a  t a k e  o f f  f o r  p e r m i t t i n g  

r e f l u x .  Thus i t  was p o s s i b l e  t o  a l l o w  t h e  v a p o r s  t o  

come t o  e q u i l i b r i u m  b e f o r e  a  c u t  was made. The s o l v e n t  

i n  e a c h  c a s e  was d i s t i l l e d  o f f  a t  a tm o s p h e r i c  p r e s s u r e .  

D ur ing  t h i s  p e r i o d  o f  t h e  d i s t i l l a t i o n  a  ca rbon  d i o x i d e -  

a c e t o n e  c o o l e d  t r a p  was c o n n e c te d  be tw een  th e  h e a d  o f  th e  

column and t h e  vacuum s a f e t y  f l a s k .  Th is  was f o r  th e  

p u r p o s e  o f  c o n d e n s in g  any low b o i l i n g  l i q u i d s  which  m ight  

have  been d i s s o l v e d  i n  t h e  s o l v e n t .

I t  was fo u n d  i n  many c a s e s  by w o rk e rs  i n  t h i s  

l a b o r a t o r y  (4-, 5 ) ,  p a r t i c u l a r l y  w i th  t h e  h i g h l y  b r a n c h e d  

c a r b i n o l s ,  t h a t  i t  was n e c e s s a r y  to  remove t h e  c h l o r i d e  

f r a c t i o n s  b e f o r e  d i s t i l l a t i o n  o f  t h e  a l k y l  benzene  

f r a c t i o n .  The a u t h o r  h a d ,  i n  most o a s e s ,  no a p p a r e n t  

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

p r o b a b l y  due to  t h e  n a t u r e  o f  t h e  a l c o h o l s  c o n d e n se d .

I n  th e  one o r  two c a s e s  where  i t  was n e c e s s a r y  t o  remove 

t h e  c h l o r i d e  c o n t a m i n a t i o n ,  t h i s  was a c c o m p l i s h e d  by 

r e f l u x i n g  t h e  a l k y l  b en zen e  o b t a i n e d  from th e  i n i t i a l  

f r a c t i o n a t i o n  w i t h  an e q u a l  volume o f  f i f t y  p e r c e n t  

a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  f o r  a  p e r i o d  o f  f o u r  to  

s i x  h o u r s .  The o r g a n i c  l a y e r  was t h e n  s e p a r a t e d  from 

th e  w a te r  l a y e r ,  washed s e v e r a l  t im e s  w i t h  d i s t i l l e d  

w a te r  u n t i l  n e u t r a l  t o  l i t m u s  and th e n  d r i e d  o v e r  anhy­

d ro u s  p o ta s s iu m  c a r b o n a t e .  Upon d i s t i l l a t i o n  t h e  a l k y l  

ben zen e  was fo u n d  f r e e  from c h l o r i d e .  O c c a s s l o n a l l y  th e



h i g h e r  f r a c t i o n s  were a l s o  c o n ta m in a te d  w i t h  u n s a t u r a t e d  

compounds. T h is  u n s a t u r a t i o n  was removed by th e  a d d i t i o n  

o f  f i v e  p e r c e n t  b romine i n  ca rbon  t e t r a c h l o r i d e  u n t i l  

c o l o r  p e r s i s t e d ,  removal  o f  ex c e s s  b rom ine  w i th  t e n  p e r ­

c e n t  sodium b i s u l f i t e ,  t h e n  washing  w i t h  d i s t i l l e d  w a t e r ,  

and  d r y in g  o v e r  anhydrous  p o ta s s iu m  c a r b o n a t e .

O ther  columns u s e d  f o r  f u r t h e r  p u r i f i c a t i o n  were o f  

t h e  same ty p e  e x c e p t  s h o r t e r  i n  l e n g t h  o r  s m a l l e r  i n  b o r e .  

These were o f  t h e  s i z e s  20 x  1 .0  cm p a c k e d  w i t h  1 /3 2  i n c h  

g l a s s  h e l i c e s ;  30 x 1 . 8> cm p ac k ed  w i t h  l / l 6 i n c h  g l a s s  

h e l i c e s ;  $2 x O.S cm p a c k e d  w i t h  I / 3 2  i n c h  g l a s s  h e l i c e s .

P a r t  A. The c o n d e n s a t i o n  o f  2 - M e th y l - 2 - h e p t a n o l  w i t h  

benzene  i n  t h e  p r e s e n c e  o f  anhydrous  aluminum c h l o r i d e .

F r a c t i o n  I .  2 -M e th y lh ep ta n e  

E ig h t  to  tw e lv e  grams o f  t h e  s a t u r a t e d  h y d ro ca rb o n  

p e r  mole o f  a l c o h o l  co n densed  was i s o l a t e d .  I t  was 

c o n ta m in a te d  to  a  sm a l l  d e g re e  w i th  t h e  c o r r e s p o n d in g  

u n s a t u r a t e d  h y d r o c a r b o n ,  a s  was to  be  e x p e c t e d .  T h is  

was e a s i l y  removed by s h a k in g  s e v e r a l  t im e s  w i th  sm al l  

p o r t i o n s  o f  c o l d  c o n c e n t r a t e d  s u l f u r i c  a c i d .  As no 

d e r i v a t i v e  c o u l d  be  p r e p a r e d  i t  was i d e n t i f i e d  by i t s  

p h y s i c a l  c o n s t a n t s ,  which  a r e  i n  c l o s e  ag reem en t  w i th  

t h o s e  r e p o r t e d  i n  th e  l i t e r a t u r e  ( ^ 9 ) .

Average Y i e l d ;  g .g #

B P ^ ;  1 1 5 - l l 6 ° C

n§° : 1 . J 9 6 2



Dg° : 0 .7 0 0 1

M * : C a lc .  3 9 .1 6  Obs. 3 9 .1 2R
T h is  h y d ro c a rb o n  was a l s o  i d e n t i f i e d  by means o f  i t s  

i n f r a - r e d  s p e c t r a  which i s  shown i n  F i g .  2 .

F r a c t i o n  I I . C h l o r id e - A lc o h o l  

S ix  t o  e i g h t  grams o f  t h i s  f r a c t i o n  c o l l e c t e d  p e r  

mole o f  a l c o h o l  condensed  c o n t a i n e d  a m ix t u r e  o f  o c t y l  

c h l o r i d e  and  uncondensed  a l c o h o l  and was n o t  s e p a r a t e d  

o r  p u r i f i e d .  The odor  was c a m p h o r - l i k e ,  c h a r a c t e r i s t i c  

o f  t e r t i a r y  a l c o h o l s ,  and gave  a  heavy  c h l o r i d e  t e s t  w i th  

5 p e r c e n t  a l c o h o l i c  s i l v e r  n i t r a t e .

F r a c t i o n  I I I . 2 - M e th y l -2 - p h e n y lh e p ta n e  

T h is  f r a c t i o n  was t h e  e x p e c te d  c o n d e n s a t io n  p r o d u c t .  

The p h y s i c a l  c o n s t a n t s  do n o t  a g r e e  w i t h  th o s e  r e p o r t e d  

i n  t h e  l i t e r a t u r e  ( 2 0 ) .

Average Y i e l d :  2J.k-fe

BP.

4 °
D2p

MR

6 9 -7 0 oC

1.^910

0 . 8S702

C a lc .  6 3 .2 7  Obs. 63 .1 6

D ata  f o r  th e  c a l c u l a t i o n  o f  m o le c u l a r  r e f r a c t i o n  was 

t a k e n  from S h r i n e r  and F u so n ,  " I d e n t i f i c a t i o n  o f  O rgan ic  

Compounds".



F r a c t i o n  IV . Dark v i s c o u s  r e s i d u e  

This  f r a c t i o n  was t h a t  c o l l e c t e d  above th e  a l k y l  

b en zen e  and amounted to  37 grams p e r  mole o f  a l c o h o l  

co n d e n sed .

P a r t  B. The c o n d e n s a t i o n  o f  3 - M e ^ y l - 3 - h e p t a n o l  w i th  

benzene  i n  t h e  p r e s e n c e  o f  anhydrous  aluminum c h l o r i d e .

Ten to  tw e lv e  grams o f  t h e  s a t u r a t e d  h y d ro c a rb o n  

p e r  mole o f  a l c o h o l  condensed  were i s o l a t e d .  The same 

t r e a t m e n t  f o r  rem oval  o f  t r a c e s  o f  u n s a t u r a t i o n  was 

employed a s  w i t h  F r a c t i o n  I ,  P a r t  A. The p h y s i c a l  

c o n s t a n t s  w ere  i n  c l o s e  ag reem en t  w i t h  t h o s e  r e p o r t e d  

i n  t h e  l i t e r a t u r e  (^9)»

T h is  h y d ro c a rb o n  was a l s o  i d e n t i f i e d  by means o f  i t s  

i n f r a - r e d  s p e c t r a  which i s  shown i n  F i g .  3 .

E ig h t  to  t e n  grams o f  t h i s  f r a c t i o n  c o l l e c t e d  p e r  

mole o f  a l c o h o l  condensed  c o n t a i n e d  a  m ix tu re  o f  o c t y l  

c h l o r i d e  and uncondensed  a l c o h o l  and was n o t  s e p a r a t e d  

o r  p u r i f i e d .  I t s  odo r  was c a m p h o r - l i k e ,  c h a r a c t e r i s t i c

F r a c t i o n  I .  3“M e th y lh ep tan e

Average Y i e l d :  9*5$

B P ^ 9 : 1 1 7 . 5 °C

n^°  : 1 . 39BO

O.7055

C a lc .  39 .16  Obs. 39 .1 ^

F r a c t i o n  I I .  C h lo r id e  -  A lcohol



o f  t e r t i a r y  a l c o h o l s ,  and i t  gave a  heav y  c h l o r i d e  t e s t  

w i th  5 p e r c e n t  a l c o h o l i c  s i l v e r  n i t r a t e .

F r a c t i o n  I I I . 3 -M e th y l -3 - p h e n y lh e p ta n e  

T h is  f r a c t i o n  was th e  e x p e c t e d  c o n d e n s a t io n  p r o d u c t .  

I t s  p h y s i c a l  c o n s t a n t s  do n o t  a g r e e  w i th  t h o s e  r e p o r t e d  

i n  th e  l i t e r a t u r e . ( 5 0 ) .

Average Y i e l d  

BP 

n 

D

I k
t20
D

.20

111°C

1 .4955

O.B77B

C a lc .  6 3 .2 7  Obs. 63 .12

F r a c t i o n  IV . Dark v i s c o u s  r e s i d u e  

T h is  f r a c t i o n  was t h a t  c o l l e c t e d  above th e  a l k y l  

benzene  and am ounted  to  27 grams p e r  mole o f  a l c o h o l  

co n d e n sed .

P a r t  C. The c o n d e n s a t io n  o f  3 - E-fch y l “ 3-*le x &nol  w i th  

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

T h is  a l c o h o l  was co n d en sed  in  p r e v i o u s  work (21) 

and  t h e  h y d ro c a rb o n  f r a c t i o n  was s e p a r a t e d  b u t  n o t  

p o s i t i v e l y  i d e n t i f i e d  a s  3 - E t h y l  h e p t a n e  a s  i t s  p h y s i c a l  

c o n s t a n t s  d i d  n o t  a g r e e  w i th  t h o s e  r e p o r t e d  i n  t h e  l i t ­

e r a t u r e  (^9 ) .

F r a c t l o n  I .  3 "E‘t 1̂y lh e x an e  

Ten to  tw e lv e  grams o f  t h i s  h y d ro c a rb o n  p e r  mole o f



a l c o h o l  co n d en sed  were I s o l a t e d .  As i t s  p h y s i c a l  c o n s t a n t s  

from s e v e r a l  c o n d e n s a t i o n s  a g r e e d  w i th  each  o t h e r  b u t  n o t  

w i t h  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  a s  m en t ioned  ab o v e ,  

a  s p e c i a l  column was b u i l t  w i t h  t h e  th o u g h t  t h a t  F r a c t i o n  

I  m ig h t  p o s s i b l y  be composed o f  two o r  more I s o m e r s .  This  

column was 93 x 0.S5 cm i n  s i z e  and p ack ed  w i th  I / 3 2  i n c h  

g l a s s  h e l i c e s .  Two s e p a r a t e  f r a c t i o n s  were c o l l e c t e d  upon 

d i s t i l l a t i o n  b o i l i n g  two d e g r e e s  a p a r t .  I n f r a - r e d  s p e c t r a ,  

F i g .  4 ,  o f  th e  two f r a c t i o n s  compared f a v o r a b l y  w i th  t h e  

s p e c t r a  f o r  3 - E th y lh e x a n e  showing them t o  be composed 

m a in ly  o f  t h i s  h y d ro c a rb o n  w i th  a p p a r e n t l y  d i f f e r e n t  

d e g r e e s  o f  i m p u r i t y .  The p h y s i c a l  c o n s t a n t s  f o r  th e  o r i g ­

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

Average Y i e l d  

BP.

Df

746
120

)20

M.R

10- 12#

H 5 - i i 6 ° o

1 .3930

0 .7 0 5 2

C a l o . 39 .16  Obs. 39.02

P a r t  D. The c o n d e n s a t i o n  o f  2 ,4-Dimet h y l - 2 - h e x a n o l  w i t h  

b en zen e  i n  t h e  p r e s e n c e  o f  anhydrous  aluminum c h l o r i d e .

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

Th is  f r a c t i o n  w a s . co n d e n sed  i n  th e  ca rbon  d i o x i d e



a c e t o n e  c o o l e d  t r a p  d u r i n g  t h e  c o n d e n s a t i o n .  R e p e a te d  

d i s t i l l a t i o n s  f r e e d  t h e  h y d ro c a rb o n  o f  hydrogen  c h l o r i d e  

and benzene  i m p u r i t i e s  an d  gave a  c o n s t a n t  b o i l i n g  r a n g e .  

An A uschu tz  the rm om eter  was u s e d  f o r  r e c o r d i n g  i t s  b o i l ­

in g  t e m p e r a t u r e .  The r e f r a c t i v e  i n d e x  o f  t h e  i s o b u t a n e  

was ta k en  on an o r d i n a r y  Abbe ty p e  r e f r a c t o m e t e r . Acetone 

c o o l e d  by s o l i d  ca rbon  d i o x i d e  was f o r c e d  b ack  and f o r t h  

t h r o u g h  t h e  p r i s m s  i n  s u c h  a  manner a s  t o  keep  t h e  tem per­

a t u r e  a s  s t e a d y  a s  p o s s i b l e  a t  -25°C .  M o is tu re  was k e p t  

from th e  to p  and b o t to m  p r i s m  s u r f a c e s  by s e a l i n g  i n  a 

p i e c e  o f  an h ydrous  c a lc iu m  c h l o r i d e  w i th  sm a l l  p l a t e s  o f  

g l a s s  and o r d i n a r y  s to p c o c k  g r e a s e .  S e v e r a l  r e a d i n g s  

were ta k en  an d  a v e ra g e d .

Average Y i e l d  

BP

S 25

3 . 1*

-1 0 .2 ° C

1.351A

F r a c t i o n  I I . 2 ,^ -D lm e th y lh ex an e  

F ive  to  seven grams o f  t h e  s a t u r a t e d  h y d ro c a rb o n  p e r  

mole o f  a l c o h o l  condensed  were i s o l a t e d .  S i m i l a r  t r e a t ­

ment f o r  rem oval  o f  t r a c e s  o f  u n s a t u r a t i o n  was employed 

as  w i th  F r a c t i o n  I ,  P a r t  A. The p h y s i c a l  c o n s t a n t s  a r e  

i n  c l o s e  a g ree m en t  w i th  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e

( W -

Average Y i e l d :  3 .8 $



D i f  : 0 .7 0 1 2

: C a lc .  39 .16  Obs. 3 9 .Og

This  h y d ro c a rb o n  was a l s o  i d e n t i f i e d  by means o f  i t s  

i n f r a - r e d  s p e c t r a  which i s  shown by F i g .  5 .

F r a c t i o n  I I I . C h lo r id e  -  A lcoho l  

S ix  to  e i g h t  grams o f  t h i s  f r a c t i o n  c o l l e c t e d  p e r  

mole o f  a l c o h o l  condensed  c o n t a i n e d  a  m ix tu r e  o f  o c t y l  

c h l o r i d e  and uncondensed  a l c o h o l  and was n o t  s e p a r a t e d  o r  

p u r i f i e d .  I t s  o d o r  was c a m p h o r - l i k e ,  c h a r a c t e r i s t i c  o f  

t e r t i a r y  a l c o h o l s  , and i t  gave a  h ea v y  c h l o r i d e  t e s t  w i th  

5 p e r c e n t  a l c o h o l i c  s i l v e r  n i t r a t e .

F r a c t i o n  IV . 2 -M e th y l -2 -p h e n y lp ro p a n e  

T h is  f r a c t i o n ,  l i k e  i s o b u t a n e ,  r e s u l t e d  from t h e  

f r a g m e n t a t i o n  o f  t h e  a l c o h o l  d u r in g  c o n d e n s a t i o n .  I t s  

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

e r a t u r e  ( 5 )* I t  was a l s o  I d e n t i f i e d  by i t s  ace tam ln o  

d e r i v a t i v e  p r e p a r e d  a c c o r d i n g  to  th e  work o f  I p a t i e f f  and 

Schraer l ing  ( 5 2 ) .  Two m l .  o f  t h e  t - b u t y l b e n z e n e  were 

p l a c e d  i n  a t e s t  tube  and  5 m l .  o f  mixed a c i d  ( 50^  conc.

HNO^ -  50$  co n c .  H^SO^) were s lo w ly  added  to  t h e  a l k y l  

b en z en e  w i th  s h a k in g .  A f t e r  a l l o w i n g  t o  c o o l ,  th e  n i t r a  

t i o n  p r o d u c t  was p o u r e d  on c r a c k e d  i c e ,  e x t r a c t e d  w i th  

e t h e r  s e v e r a l  t i m e s ,  washed w i t h  w a t e r  and  th e n  th e  e t h e r  

e v a p o r a t e d  o f f .  The r e s i d u e  was a l l o w e d  to  c o o l  and th en  

a  few m l.  o f  a l c o h o l  were a d d e d ,  5 S ° f  g r a n u l a t e d  t i n  

and 5 m l .  o f  co n c .  HC1, a  few d ro p s  a t  a  t ime w i th  s t i r r i n g .



T his was a llo w e d  to  stan d  fo r  30 m in u tes to  in su r e  com­

p l e t e  r e d u c t i o n  o f  t h e  n i t r o  compound. The am ine-SnC lg-  

HC1 complex was th e n  d e c a n t e d  from t h e  e x c e s s  t i n  and 

t h e  amine r e l e a s e d  from th e  complex w i t h  ko% sodium 

h y d r o x i d e .  The amine was th en  e x t r a c t e d  w i t h  e t h e r ,  th e  

e t h e r  washed w i t h  10% KgCO-^. The e t h e r  was th e n  evapo­

r a t e d  from th e  am ine ,  a l l o w e d  t o  c o o l  and th e n  2 m l .  o f  

a c e t i c  a n h y d r id e  ad d ed .  The a c e ta m in o  d e r i v a t i v e  

c r y s t a l l i z e d  a l n o s t  im m e d ia te ly .  I t  was r e c r y s t a l l i z e d  

s e v e r a l  t im e s  w i t h  Ho% a l c o h o l .  W hite  p e a r l y  p l a t e s ,  

M.P. l6 9 °C .

73S

Average Y i e l d  

BP 

BP 

n 

D

12
i20D
>20

M
R

l.'p/o

l 69- i 7o ° c  

5 6 .5 -5 7 °C  

1 .11-918 

0 .8656

C a lc .  ^ . 7 9  Obs. *l4.9lJ-

F r a c t i o n  V. 2 ,*1—D im e th y l -2 -p h e n y lh e x a n e  

This  f r a c t i o n  was t h e  e x p e c te d  c o n d e n s a t io n  p r o d u c t ,  

I t s  p h y s i c a l  c o n s t a n t s  a g r e e  w i t h  t h o s e  r e p o r t e d  i n  the  

l i t e r a t u r e  ( 1 ) .

Average Y i e l d

BP3
20
Dn

D20

1 9 . 6^

69-7l°c

l . H - s  20 

0 .2 7 1 2

C a lc .  63 .27  Obs. 63 .50



F r a c t i o n  V I .  Dark v i s c o u s  r e s i d u e  

T h is  f r a c t i o n  was t h a t  c o l l e c t e d  above t h e  a l k y l  

b en zen e  a n d  amounted to  3 S .3  grams p e r  mole o f  a l c o h o l  

co n d en sed .

P a r t  E. The c o n d e n s a t io n  o f  2 , 5 -Dimet h y l - 2 - h e x a n o l  w i th  

b en zen e  i n  t h e  p r e s e n c e  o f  anhydrous  aluminum c h l o r i d e *

F r a c t i o n  I .  2 , 5 -D im ethy lhexane  

S i x  t o  e i g h t  grams o f  t h e  s a t u r a t e d  h y d ro c a rb o n  p e r  

mole o f  a l c o h o l  condensed  were i s o l a t e d .  S i m i l a r  t r e a t ­

ment f o r  rem oval  o f  t r a c e s  o f  u n s a t u r a t l o n  was employed 

a s  w i t h  F r a c t i o n  I ,  P a r t  A. The p h y s i c a l  c o n s t a n t s  a r e  

i n  d o s e  ag reem en t  w i th  t h o s e  r e p o r t e d  i n  th e  l i t e r a t u r e  

( ^ 9 ) .

Average Y i e l d  

BP 

n
736

» r
MR

5 .7 #

i o 7 - i o g ° c  

1 .3 9 3 0  

0 .6 9 5 2

C a lc .  39 .16  Obs. 3 9 .1 ^  

T h is  h y d ro o a rb o n  was a l s o  i d e n t i f i e d  by means o f  i t s  

i n f r a - r e d  s p e c t r a  which i s  shown i n  F i g .  6 .

F r a c t i o n  I I . C h lo r id e  -  A lcoho l  

Seven to  n i n e  grams o f  t h i s  f r a c t i o n  c o l l e c t e d  p e r  

mole o f  a l c o h o l  condensed  c o n t a in e d  a  m ix tu re  o f  o c t y l  

c h l o r i d e  and  uncondensed  a l c o h o l  and was n o t  s e p a r a t e d  o r  

p u r i f i e d .  I t s  odor  was c a m p h o r - l i k e ,  c h a r a c t e r i s t i c  o f



t e r t i a r y  a l c o h o l s ,  and  i t  gave a  heavy  c h l o r i d e  t e s t  w i t h  

5 p e r c e n t  a l c o h o l i c  s i l v e r  n i t r a t e .

F r a c t i o n  I I I . 2 ,5 -D im e th y l -2 -p h e n y lh e x a n e  

This  f r a c t i o n  Was t h e  e x p e c te d  c o n d e n s a t io n  p r o d u c t .  

I t s  p h y s i c a l  c o n s t a n t s  do n o t  a g r e e  w i t h  t h o s e  r e p o r t e d  i n  

th e  l i t e r a t u r e  ( 2 0 ) .

Average Y i e l d

B? l 6

ni
d!

2°
D
20

M.R

2 1 . 5$

io6 -iog°c

1.4-910

0 .6 6 9 7

C a lc .  6 3 .2 7  Obs. 6 3 .1 9

F r a c t i o n  IV . Dark v i s c o u s  r e s i d u e  

This  f r a c t i o n  was t h a t  c o l l e c t e d  above t h e  a l k y l  

b enzene  and amounted to  24-.6 grams p e r  mole o f  a l c o h o l  

condensed .

P a r t  F .  The c o n d e n s a t io n  o f  2 ,4 —D im e th y l -4—h e x a n o l  w i th  

benzene  i n  t h e  p r e s e n c e  o f  anhydrous  aluminum c h l o r i d e .

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

This f r a c t i o n  r e s u l t e d  from th e  f r a g m e n t a t i o n  o f  

th e  a l c o h o l .  I t  was o o l l e c t e d  and p u r i f i e d  i n  t h e  same 

manner a s  F r a c t i o n  I ,  P a r t  D.

Average Y ie l d

bp737

% 25

4-. 6%v°
-1 0 .1 ° C

1 .3 5 1 7



n D
D20
h

MR

F r a c t i o n  I I .  2 ,  —D lm ethy lhexane  

Three t o  f i v e  grams o f  t h e  s a t u r a t e d  h y d ro ca rb o n  

p e r  mole o f  a l c o h o l  co n d e n sed  were I s o l a t e d .  S i m i l a r  

t r e a t m e n t  f o r  removal  o f  t r a c e s  o f  u n s a t u r a t i o n  was 

employed a s  w i t h  F r a c t i o n  I , P a r t  A. The p h y s i c a l  con­

s t a n t s  a r e  i n  c l o s e  ag reem en t  w i th  t h o s e  r e p o r t e d  i n  

th e  l i t e r a t u r e  ( ^ 9 ) •

Average Y i e l d :  3*9$

B P ™ :  10S .5-109°C

1 .3 9 6 2  

0.7012

C a lc .  39 .16  Obs.  39 .10  

T h is  h y d ro c a rb o n  was a l s o  i d e n t i f i e d  by means o f  

i t s  i n f r a - r e d  s p e c t r a  which  i s  shown i n  F i g .  J .

F r a c t i o n  I I I . C h lo r id e  -  A lcoho l  

E ig h t  t o  t e n  grams o f  t h i s  f r a c t i o n  c o l l e c t e d  p e r  

mole o f  a l c o h o l  condensed  c o n t a i n e d  a m ix tu re  o f  o c t y l  

c h l o r i d e  and uncondensed  a l c o h o l  and was n o t  s e p a r a t e d  

o r  p u r i f i e d .  I t s  odor  was c a m p h o r - l i k e ,  c h a r a c t e r i s t i c  

o f  t e r t i a r y  a l c o h o l s ,  and  i t  gave a h eav y  c h l o r i d e  t e s t  

w i th  5 p e r c e n t  a l c o h o l i c  s i l v e r  n i t r a t e .

F r a c t i o n  IV . 2 - M e th y l -2 -p h e n y lp ro p a n e  

This  f r a c t i o n ,  l i k e  i s o b u t a n e ,  r e s u l t e d  from th e  

f r a g m e n t a t i o n  o f  t h e  a l c o h o l  d u r i n g  c o n d e n s a t i o n .  I t s  

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

l i t e r a t u r e  ( 5 ) .  I t  was a l s o  I d e n t i f i e d  b y  i t s  a c e ta m in o  

d e r i v a t i v e  p r e p a r e d  a c c o r d i n g  t o  the  work o f  I p a t i e f f



and  S ch m e r l in g  ( 52 ) and g iv e n  u n d e r  F r a c t i o n  IV, P a r t  D, 

White p e a r l y  p l a t e s ,  M.P. l6 9 ° C .

7I14

Average Y ie l d  

BP 

BP 

n 

D

15

.20

M.R

2 .2*
l 6 B .5 - l6 9 ° C

5 2 . 5 - 5 3 ° °

1.4-918

o . 866o

C a l c .  4 4 .7 9  Obs. ^ . 9 4 -

F r a c t i o n  V. 2 ,4 —D im ethy l-4—p h en y lh ex an e  

This  f r a c t i o n  was t h e  e x p e c te d  c o n d e n s a t io n  p r o d u c t .  

I t s  p h y s i c a l  c o n s t a n t s  a g r e e  w i t h  th o s e  r e p o r t e d  i n  th e  

l i t e r a t u r e  ( 5° ) •

Average Y i e l d

BP

n

D

“ r

1
20
D
20
4-

1 9 .1 7 *

6 9 . 5 - 7 0 ° c

1.4-920

0 .8 7 3 1

C a l c .  6 3 .2 7  Obs. 6 3 . 4-7

F r a c t i o n  V I . Dark v i s c o u s  r e s i d u e  

T h is  f r a c t i o n  was t h a t  c o l l e c t e d  above th e  a l k y l  

b enzene  and  amounted to  77*2  grams p e r  mole o f  a l c o h o l  

co ndensed .

P a r t  G. The c o n d e n s a t io n  o f  2 -M e th y l - 2 -h e x a n o l  w i th  

benzene  i n  t h e  p r e s e n c e  o f  anhydrous  aluminum c h l o r i d e .

F r a c t i o n  I .  2 -M ethy lhexane  

The above h y d ro ca rb o n  was n o t  i s o l a t e d  i n  q u a n t i t a t i v e



amounts due to  t h e  f a c t  t h a t  i t  was p r e s e n t  i n  such  a  

s m a l l  amount as  compared to  t h e  l a r g e  e x c e s s  o f  benzene* 

A l though  i t  b o l l s  a p p r o x i m a t e l y  te n  d e g r e e s  above benzene  

i t  was n o t  p o s s i b l e ,  w i th  t h e  s t i l l  u s e d ,  to  s e p a r a t e  

enough f o r  p u r i f i c a t i o n  p u r p o s e s .  I t  was t h e r e f o r e  n e c ­

e s s a r y  t o  f r a c t i o n a l l y  f r e e z e  t h e  h y d ro c a rb o n  o u t  by 

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

p e r i o d s ,  d e c a n t i n g  th e  l i q u i d  o f f  e a c h  t im e  u n t i l  t h e  

c o n c e n t r a t e  would n o t  f r e e z e  when p l a c e d  i n  t h e  f r e e z i n g  

com par tm en t .  I t  was th e n  t r e a t e d  w i t h  c o l d  c o n c e n t r a t e d  

HgSO^ to  remove t r a c e s  o f  u n s a t u r a t i o n ,  washed w i t h  t e n  

p e r c e n t  Na^CO^, d i s t i l l e d  w a te r  and th e n  d r i e d  o v e r  

anhydrous  KgCO^. F r a c t i o n a l  d i s t i l l a t i o n  gave f o u r  grams 

o f  t h e  p u r e  h y d ro ca rb o n  from 2 . 3  moles  o f  a l c o h o l  oon-  

d e n s e d .  I t s  p h y s i c a l  c o n s t a n t s  were i n  c l o s e  ag reem en t  

w i t h  th o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e  (4-9).

The h y d ro c a rb o n  was a l s o  I d e n t i f i e d  by means o f  i t s  

i n f r a - r e d  s p e c t r a  which i s  shown in  F i g .  0 .

Four t o  f i v e  grams o f  t h i s  f r a c t i o n  c o l l e c t e d  p e r  

mole o f  a l c o h o l  condensed  c o n t a in e d  a  m ix tu r e  o f  h e p t y l  

c h l o r i d e  and uncondensed  a l c o h o l  and was n o t  s e p a r a t e d  o r  

p u r i f i e d .  I t s  o d o r  was c a m p h o r - l i k e ,  c h a r a c t e r i s t i c  o f

859.5 C

1 .3 * 5 5

0 .6790

C a lc .  3^*53 Obs. 35*26

F r a c t i o n  I I .  C h lo r id e  -  A lcoho l



t e r t i a r y  a l c o h o l s ,  and i t  gave a  h eav y  c h l o r i d e  t e s t  w i th  

5 p e r c e n t  a l c o h o l i c  s i l v e r  n i t r a t e .

F r a c t i o n  I I I . 2 -M e th y l -2 -p h e n y lh e x a n e  

This  f r a c t i o n  was t h e  e x p e c te d  c o n d e n s a t io n  p r o d u c t .  

I t s  p h y s i c a l  c o n s t a n t s  a g r e e  w i t h  t h o s e  r e p o r t e d  i n  th e  

l i t e r a t u r e  ( 1 ) .

Average Y i e l d :  31•3%

BP 

n

D f

I S

4°

Mr

96-97°0

1.1*925

0 . 871k

C a l c .  5^.65  Obs. ^ 8 .8 0

F r a c t i o n  IV . Dark v i s c o u s  r e s i d u e  

This  f r a c t i o n  was t h a t  c o l l e c t e d  above t h e  a l k y l  

benzene  and amounted to  35*5  grams p e r  mole o f  a l c o h o l  

co ndensed .

P a r t  H. The c o n d e n s a t io n  o f  3 -M e th y l -3 -h e x a n o l  w i th  

benzene  i n  t h e  p r e s e n c e  o f  anhydrous  aluminum c h l o r i d e .

F r a c t i o n  I .  3 -M ethy lhexane  

Four grams o f  t h e  above h y d ro ca rb o n  were i s o l a t e d  

i n  t h e  same manner a s  F r a c t i o n  I ,  P a r t  G-, from 2 .2 2  

moles o f  a l c o h o l  c o n d e n se d .  I t s  p h y s i c a l  c o n s t a n t s  were 

i n  c l o s e  ag reem en t  w i th  t h o s e  r e p o r t e d  i n  th e  l i t e r a t u r e

U 9 ) .

BP733 ! g9-5-90°0
n 20 : 1.3*595



D^° : 0 .6390

Mr  : C a l c .  34-.53 O b s .  34 - . 3 6

T h e  h y d r o c a r b o n  w a s  a l s o  I d e n t i f i e d  b y  m e a n s  o f  i t s

i n f r a - r e d  s p e c t r a  w h i c h  i s  s h o w n  b y  F i g .  9 »

F r a c t i o n  I I .  C h lo r id e  -  A lcoho l

S i x  to  e i g h t  grams o f  t h i s  f r a c t i o n  c o l l e c t e d  p e r  

mole o f  a l c o h o l  co ndensed  c o n t a i n e d  a  m ix t u r e  o f  h e p t y l  

c h l o r i d e  and uncondensed  a l c o h o l  and  was n o t  s e p a r a t e d  o r  

p u r i f i e d .  I t s  odor  was c a m p h o r - l i k e ,  c h a r a c t e r i s t i c  o f  

t e r t i a r y  a l c o h o l s ,  and i t  gave a  h ea v y  c h l o r i d e  t e s t  w i th  

5 p e r c e n t  a l c o h o l i c  s i l v e r  n i t r a t e .

F r a c t i o n  I I I . 3 -M e th y l -3 -p h e n y lh e x a n e  

Th is  f r a c t i o n  was t h e  e x p e c te d  c o n d e n s a t io n  p r o d u c t .  

I t s  p h y s i c a l  c o n s t a n t s  a g r e e  w i t h  t h o s e  r e p o r t e d  i n  the  

l i t e r a t u r e  ( 1 ) .

Average Y i e l d  

BP 

n
14-

£
d5°

mr

3 0 .0 $

9 9 - l 0 i ° c

1.4-960

0 .3 7 3 6

C a lc .  5 2 .6 5  Obs. 5 3 .7 2

F r a o t i o n  IV . Dark v i s c o u s  r e s i d u e  

T h is  f r a c t i o n  was t h a t  c o l l e c t e d  above th e  a l k y l  

b en zen e  and amounted to  3^*7 grams p e r  mole o f  a l o o h o l  

co n d e n sed .

P a r t  J .  The c o n d e n s a t io n  o f  3 ~ S t h y l - 3 - p e n t a n o l  w i th



b en zen e  i n  t h e  p r e s e n c e  o f  anhydrous  aluminum c h l o r i d e .

F r a c t i o n  I .  3 - E t h y lp e n t a n e  

Three an d  o n e - h a l f  grams o f  th e  above h y d ro c a rb o n  

were i s o l a t e d  i n  t h e  same manner a s  F r a c t i o n  I ,  P a r t  G- 

from I .63  m oles  o f  a l c o h o l  condensed .  I t s  p h y s i c a l  

c o n s t a n t s  were  i n  c l o s e  ag reem en t  w i t h  t h o s e  r e p o r t e d

92 .5 -93°C  

1 .39*10 

0 .6 9 9 5

C a l c .  3^ .53  Obs. 3^.73  

The h y d ro c a rb o n  was a l s o  i d e n t i f i e d  by means o f  i t s  

i n f r a - r e d  s p e c t r a  which i s  shown by F i g .  10 .

F r a c t i o n  I I .  C h lo r id e  -  A lcoho l  

Three to  f o u r  grams o f  t h i s  f r a c t i o n  c o l l e c t e d  p e r  

mole o f  a l c o h o l  condensed  c o n t a i n e d  a  m ix tu re  o f  h e p t y l  

c h l o r i d e  and  uncondensed  a l c o h o l  and  was n o t  s e p a r a t e d  

o r  p u r i f i e d .  I t s  odor  was c a m p h o r - l i k e ,  c h a r a c t e r i s t i c  

o f  t e r t i a r y  a l c o h o l s ,  and  i t  gave a  heavy  c h l o r i d e  t e s t  

w i th  5 p e r c e n t  a l c o h o l i c  s i l v e r  n i t r a t e .

F r a c t i o n  I I I . 3 - E t h y l - 3 - p h e n y l p e n t a n e  

This  f r a c t i o n  was t h e  e x p e c te d  c o n d e n s a t io n  p r o d u c t .  

I t s  p h y s i c a l  c o n s t a n t s  a g r e e  w i th  th o s e  r e p o r t e d  i n  th e  

l i t e r a t u r e  ( 1 ) .

Average Y i e l d :  33*2#

i n  t h e  l i t e r a t u r e  (^9 )•

b p7 ih

n 20 D
n20
%
M

R



«p° : X. <4-970

D̂ 0 

mh

0 .0 7 9 9

C a l c .  5 0 .6 5  Obs.  5 0 .7 7

F r a c t i o n  IV . Dark v i s c o u s  r e s i d u e  

This  f r a c t i o n  was t h a t  c o l l e c t e d  above t h e  a l k y l  

ben zen e  and amounted t o  2$ .k -  grams p e r  mole o f  a l c o h o l  

co n d e n sed .

P a r t  K. The c o n d e n s a t io n  o f  2 , ^ - D i m e t h y l - 2 - p e n t a n o l  

w i t h  benzene  i n  th e  p r e s e n c e  o f  an h y d ro u s  aluminum c h l o r i d e

F r a c t i o n  I .  I s o b u t a n e  

This  f r a c t i o n  r e s u l t e d  from t h e  f r a g m e n t a t i o n  o f  t h e  

a l c o h o l .  I t  was c o l l e c t e d  and  p u r i f i e d  i n  t h e  same manner 

a s  F r a c t i o n  I ,  P a r t  D.

Average Y i e l d

BP733

2 . 2$

- 1 0 .^ ° C

1 .3 5 1 6

F r a c t i o n  I I .  2 ,4 -D im e th y lp en ta n e  

The h y d ro c a rb o n  c o u ld  n o t  be I s o l a t e d  as  i t  b o i l s  

a t  t h e  same t e m p e r a t u r e  a s  b e n z e n e .

F r a c t i o n  I I I . C h l o r id e  -  A lcoho l  

F ive  t o  s i x  grams o f  t h i s  f r a c t i o n  c o l l e c t e d  con­

t a i n e d  a  m i x t u r e  o f  h e p t y l  c h l o r i d e  and uncondensed  

a l c o h o l  and was n o t  s e p a r a t e d  o r  p u r i f i e d .  I t s  odor  was 

c a m p h o r - l i k e ,  c h a r a c t e r i s t i c  o f  t e r t i a r y  a l c o h o l s ,  and i t  

gave a  heavy  c h l o r i d e  t e s t  w i th  5 p e r c e n t  a l c o h o l i c  s i l v e r  

n i t r a t e .



F r a c t i o n  I V , 2 -M e th y l -2 -p h e n y lp ro p a n e  

T h is  f r a c t i o n  l i k e  l s o b u t a n e ,  r e s u l t e d  from t h e  

f r a g m e n t a t i o n  o f  t h e  a l c o h o l  d u r in g  c o n d e n s a t i o n .  I t s  

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

l i t e r a t u r e  ( 5 )» I t  was a l s o  i d e n t i f i e d  by i t s  a ce tam in o  

d e r i v a t i v e  p r e p a r e d  a c c o r d i n g  to  t h e  work o f  I p a t i e f f  

and  S ch m e r l in g  ( 5 2 ) and g iv e n  under  F r a c t i o n  IV, P a r t  D. 

White p e a r l y  p l a t e s ,  M.P. l 6 2 .5 ° C .

73^

Average Y ie l d  

BP 

BP 

n 

D

12
i20D
2°

M.R

2 . 8$

1 6 2 - 1 6 2 .5°C

5 6 . 5 - 5 7 ° c

l . i ^ l g

0 .2 6 5 6

C a lc .  W-.79  Obs. ^ . 9 6

F r a c t i o n  V. 2 , iJ -D im e th y l -2 -p h e n y lp e n ta n e  

This f r a c t i o n  was t h e  e x p e c te d  c o n d e n s a t io n  p r o d u c t  

I t s  p h y s i c a l  c o n s t a n t s  do n o t  ag re e  w i t h  th o s e  r e p o r t e d  

i n  t h e  l i t e r a t u r e  (1 ) .

Average Y i e l d  

BP,

n!
12

‘f

M.R

2 2 .2$
22 .5 -2 3 °C

l .il-9 1 2

0 .2 7 0 6

C a lc .  5 2 .6 5  Obs. 52 .77

F r a c t i o n  V I.  D a r k 'v i s c o u s  r e s i d u e  

This  f r a c t i o n  was t h a t  c o l l e c t e d  above th e  a l k y l  

b en z en e  and amounted to  grams p e r  mole o f  a l c o h o l

condensed .



P a r t  L .  The c o n d e n s a t io n  o f  2 - M e t h y l - 2 - p e n t a n o l  w i th  

b en zen e  i n  t h e  p r e s e n c e  o f  anhydrous  aluminum c h l o r i d e .

F r a c t i o n  I .  2 -M e th y lp e n ta n e  

F ive  t o  seven grams o f  th e  s a t u r a t e d  h y d ro c a rb o n  

p e r  mole o f  a l c o h o l  co n d e n sed  were i s o l a t e d .  S i m i l a r  

t r e a t m e n t  f o r  rem oval  o f  t r a c e s  o f  u n s a t u r a t i o n  was 

employed a s  w i th  F r a c t i o n  I ,  P a r t  A. The p h y s i c a l  con­

s t a n t s  a r e  i n  c l o s e  ag reem en t  w i th  t h o s e  r e p o r t e d  i n  the  

l i t e r a t u r e  (*4-9) •

Average Y i e l d :  1*0%

B P ^ :  60 - 6 0 . 5° C 

n § °  : 1 .3720

D^° : 0 .6 5 5 8

M : C a lc .  29*91 o b s .  3 0 . IS

This  h y d ro c a rb o n  was a l s o  i d e n t i f i e d  by means o f  

i t s  i n f r a - r e d  s p e c t r a  w hich  i s  shown by F ig .  1 1 .

F r a c t i o n  I I . C h lo r id e  -  A lcoho l  

Three to  f o u r  grams o f  t h i s  f r a c t i o n  c o l l e c t e d  p e r  

mole o f  a l c o h o l  condensed  c o n t a in e d  a  m ix tu re  o f  h e x y l  

c h l o r i d e  and uncondensed  a l c o h o l  and was no t  s e p a r a t e d  

o r  p u r i f i e d .  I t s  o d o r  was c a m p h o r - l i k e ,  c h a r a c t e r i s t i c  

o f  t e r t i a r y  a l c o h o l s ,  and i t  gave a  h ea v y  c h l o r i d e  t e s t  

w i t h  5 p e r c e n t  a l c o h o l i c  s i l v e r  n i t r a t e .

F r a c t i o n  I I I . 2 -M e th y l -2 - p h e n y lp e n ta n e  

This  f r a c t i o n  was t h e  e x p e c te d  c o n d e n s a t io n  p r o d u c t .  

I t s  p h y s i c a l  c o n s t a n t s  a g r e e  w i th  t h o s e  r e p o r t e d  in  t h e



l i t e r a t u r e  ( l ) .

Average Y i e l d

BP111-
n 20

D
20

Mr

3 2 .7 ^

3iJ~35°c

l.iJ-9^5

0 .3 7 2 5

C a lc .  5^ .03 Obs. 5^.05

F r a c t i o n  IV . Dark v i s c o u s  r e s i d u e  

This f r a c t i o n  was t h a t  c o l l e c t e d  above th e  a l k y l  

b en z en e  and amounted to  2 1 .2  grams p e r  mole o f  a l c o h o l  

co ndensed .

P a r t  M. The c o n d e n s a t io n  o f  3 - M e th y l - 3 - p e n ta n o l  w i t h  

b en z en e  i n  t h e  p r e s e n c e  o f  anhydrous  aluminum c h l o r i d e .

F r a c t i o n  I .  3 -M e th y lp e n ta n e  

E ig h t  t o  n i n e  grams o f  t h e  s a t u r a t e d  h y d ro c a rb o n  

p e r  mole o f  a l c o h o l  co n d e n sed  were i s o l a t e d .  S i m i l a r  

t r e a t m e n t  f o r  rem oval  o f  t r a c e s  o f  u n s a t u r a t i o n  was 

employed a s  w i t h  F r a c t i o n  I , P a r t  A. The p h y s i c a l  con­

s t a n t s  a r e  i n  c l o s e  ag reem en t  w i t h  t h o s e  r e p o r t e d  i n  th e  

l i t e r a t u r e  ( ^ 9 ) .

Average Y i e l d

BP

n
13

20

D
D
20

M
R

1 0 .2$
33-3^°C

1 .3 7 ^0

O.6655

C a lc .  29 .91  Obs. 3 0 .OO

This  h y d ro c a rb o n  was a l s o  i d e n t i f i e d  b y  means o f  i t s  

i n f r a - r e d  s p e c t r a  which i s  shown by F i g .  1 2 .



F r a c t i o n  I I .  C h lo r id e  -  A lcoho l

T hree  t o  f o u r  grama o f  t h i s  f r a c t i o n  c o l l e c t e d  p e r  

mole o f  a l c o h o l  condensed  c o n t a i n e d  a  m ix tu r e  o f  h e x y l  

c h l o r i d e  and  uncondensed  a l c o h o l  and was n o t  s e p a r a t e d  o r  

p u r i f i e d .  I t s  od o r  was c a m p h o r - l i k e ,  c h a r a c t e r i s t i c  o f  

t e r t i a r y  a l c o h o l s ,  and i t  gave a  h e a v y  c h l o r i d e  t e s t  w i th  

5 p e r c e n t  a l c o h o l i c  s i l v e r  n i t r a t e .

F r a c t i o n  I I I . 3 - M e th y l -3 - p h e n y lp e n ta n e  

This  f r a c t i o n  was t h e  e x p e c te d  c o n d e n s a t i o n  p r o d u c t .  

I t s  p h y s i c a l  c o n s t a n t s  a g r e e  w i t h  t h o s e  r e p o r t e d  i n  t h e  

l i t e r a t u r e  ( 1 ) .

Average Y i e l d  

BP 

n 

D

I S
20

lD
,20

M.

35 *9^

63-g4-°C

1.4-960

O . S 7 S 5

C a l c .  54-.03  Obs. 53*91

F r a c t i o n  I V . Dark v i s c o u s  r e s i d u e  

T h is  f r a c t i o n  was t h a t  c o l l e c t e d  above th e  a l k y l  

benzene  and amounted to  19*5  grams p e r  mole o f  a l c o h o l  

co ndensed .

P a r t  N. The c o n d e n s a t io n  o f  2 - M e th y l - 2 - b u t a n o l  w i t h  

benzene  i n  t h e  p r e s e n c e  o f  anhydrous  aluminum c h l o r i d e .

F r a c t i o n  I_. 2 -M e th y lb u tan e  ( i s o p e n t a n e )

Three and o n e - h a l f  grams o f  t h i s  h y d ro c a rb o n  were 

i s o l a t e d  from t h r e e  moles o f  t e r t i a r y  amyl a l c o h o l .  I t



was p u r i f i e d  by d i s t i l l a t i o n  d u r in g  which i t  was p a s s e d  

th ro u g h  c o l d  c o n c e n t r a t e d  s u l f u r i c  a c i d  to  remove any 

u n s a t u r a t i o n  p r e s e n t .  I t s  p h y s i c a l  c o n s t a n t s  a g r e e d  w i th  

t h o s e  r e p o r t e d  i n  th e  l i t e r a t u r e  ( 5 3 ) .

Average Y i e l d  

BP 

n
7^-2

.20
D

.20

M.R

26.5-2B°C

1 .3552

0 .6 1 9 7

C a lc .  2 5 .2 9  Obs. 2 5 .3 2

F r a c t i o n  I I . C h lo r id e  -  A looho l  

Two to  t h r e e  grams o f  t h i s  were i s o l a t e d  p e r  mole 

o f  a l c o h o l  c o n d en sed .  I t  was n o t  s e p a r a t e d  o r  p u r i f i e d .  

I t  gave a  h e a v y  c h l o r i d e  t e s t  w i th  5 p e r c e n t  a l c o h o l i c  

c i l v e r  n i t r a t e ,  and i t s  o d o r  was c h a r a c t e r i s t i c  o f  t h a t  

o f  th e  o r i g i n a l  a l c o h o l .

F r a c t i o n  I I I . 2- M e th y l - 2 - p h e n y lb u ta n e  

This  was t h e  e x p e c t e d  c o n d e n s a t io n  p r o d u c t .  I t s  

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

l i t e r a t u r e  ( 5 )*

Average Y i e l d  

BP 

BP 

n

7^2

185

■ ?
d£°

MR

1 B9- 190° c

6 6 . 5- 6 7 °c

l . ^ t o

0 .B735

C alc ,  Obs. ^ 9 .^ 0



F r a c t i o n  IV. Dark v i s c o u s  r e s i d u e  

This  f r a c t i o n  was t h a t  c o l l e c t e d  above t h e  a l k y l  

b enzene  and amounted to  27  grams from a  t h r e e  mole r u n .

I t  u n d o u b te d ly  c o n s i s t s  o f  some d i - t e r t - a m y b e n z e n e  and 

u n s a t u r a t e d  p o ly m e r i c  m a t e r i a l  as  I t  gave  a  p o s i t i v e  

t e s t  f o r  u n s a t u r a t i o n .

P a r t  0 .  The c o n d e n s a t io n  o f  2 -M e th y l - 2 - p r o p a n o l  w i t h  

benzene  In  t h e  p r e s e n c e  o f  anhydrous aluminum c h l o r i d e .

F r a c t i o n  I_. 2 -M eth y lp ro p a n e  ( i s o b u t a n e )

Four grams o f  t h i s  h y d ro c a rb o n  were  i s o l a t e d  and 

p u r i f i e d  i n  th e  same manner as  F r a c t i o n  I ,  P a r t  D.

Average Y i e l d :  2 .22%

B P - 1 0 . 5 ° C 

n - 25 : 1.35x6

F r a c t i o n  I I . C h lo r id e  -  A lcoho l  

One to  two grams o f  t h i s  f r a c t i o n  were i s o l a t e d  p e r  

mole o f  a l c o h o l  c o n d e n s e d .  I t  was n o t  s e p a r a t e d  o r  

p u r i f i e d .  I t  gave a  hea v y  o h l o r i d e  t e s t  w i th  5 p e r c e n t  

a l c o h o l i c  s i l v e r  n i t r a t e ,  and  i t s  o d o r  was c h a r a c t e r i s t i c  

o f  t h a t  o f  t h e  o r i g i n a l  a l c o h o l .

F r a c t i o n  I I I . 2 -M e th y l -2 -p h e n y lp ro p a n e  

This  was t h e  e x p e c te d  c o n d e n s a t io n  p r o d u c t .  I t s  

p h y s i c a l  c o n s t a n t s  a g re e  w i t h  th o s e  r e p o r t e d  i n  th e  

l i t e r a t u r e  ( 5 ) .

Average Y i e l d :  55$



BP7 ^ i 6S.5°C

BPlS 56-57°C

n D ° I.i |-91S

d| ° 0 .S 656

Mr C a l c .  *14.79 Obs.  l|4.94-

F r a c t i o n  IV . Not I d e n t i f i e d

Y i e l d : 3 .5  grams

Bp7 3 g : 2 1 9 . S°C

ng° 8 1 . *1-928

D |°  : O .S691

M.W. : ISO

D l n i t r o  d e r i v a t i v e :  M.P. l 6 k —l 6 ^ ° 0

fo N C a l c .  I O .37  
Obs. 1 0 . S i

O x i d a t i o n :  n e g a t i v e

F r a c t i o n  V. 1 ,*1—D i - t e r t - b u t y l b e n z e n e  

Seven grams o f  th e  w h i t e  c r y s t a l l i n e  s o l i d  were 

i s o l a t e d  from t h r e e  moles  o f  a l c o h o l  co n d e n sed .  The 

h y d ro ca rb o n  was r e c r y s t a l l i z e d  from 95#  e t h y l  a l c o h o l .  

White rhombic n e e d l e s .

Y i e l d :  1 . 2 #

BP20 : 115-116°C 

M.P. : 76°C

2 , 6 - D i n i t r o - d i - t e r t - b u t y l b e n z e n e :  M.P. 191-192°C

R e s id u e :  6 grams



EXPERIMENTAL -  PART I I

P r e p a r a t i o n  o f  D e r i v a t i v e s
0

3 ,5 - D i n l t r o b e n z o a t e s  o f  t h e  A lc o h o ls

The above d e r i v a t i v e s  were p r e p a r e d  a c c o r d in g  t o  th e  

p ro c e d u r e  a s  o u t l i n e d  i n  C he ron is  and E n t r l k e n  on t h e  

p r e p a r a t i o n  o f  t e r t i a r y  a l c o h o l  d e r i v a t i v e s ,  e x c e p t  f o r  

s l i g h t  m o d i f i c a t i o n .  O n e - h a l f  gram o f  a l c o h o l  was p l a c e d  

i n  an e i g h t  i n c h  t e s t  t u b e  a lo n g  w i th  a  l a r g e  e x c e s s  o f

3 , 5 - D i n i t r o b e n z o y l  c h l o r i d e  and dry  p y r i d i n e .  T h is  was 

th en  p l a c e d  on th e  steam b a t h  f o r  f o u r  to  s i x  h o u r s , 

c o o le d  to  room t e m p e r a t u r e ,  t h e n  co o led  i n  an i c e  b a t h .  

F iv e  p e r c e n t  s u l f u r i c  a c i d  was th en  added  u n t i l  t h e  odor  

o f  p y r i d i n e  was d i s c h a r g e d  and a  f a i n t  odor  o f  a l o o h o l  

c o u ld  be d e t e c t e d .  The vo lum inous  p r e c i p i t a t e  was th en  

f i l t e r e d ,  washed w i th  w a t e r  s e v e r a l  t im e s  and th e n  p l a c e d  

in  a  b e a k e r .  This  p r e c i p i t a t e  was th e n  t r e a t e d  w i th  ten  

p e r c e n t  sodium c a rb o n a te  t o  r e l e a s e  t h e  p y r i d i n e  from i t s  

s a l t ,  f i l t e r e d  and th e  r e m a in in g  p r e c i p i t a t e  r e c r y s t a l l ­

i z e d  s e v e r a l  t im es  from l i g r o l n .

Acetamlno d e r i v a t i v e  o f  t e r t - B u t y l b e n z e n e

The p r o c e d u r e  f o r  t h e  p r e p a r a t i o n  o f  th e  above 

d e r i v a t i v e  i s  o u t l i n e d  on p .  3 7 .

D i n l t r o  A lk y lb e n zen e s

The above d e r i v a t i v e s  were p r e p a r e d  b o th  w i t h  mixed



a c i d  and fuming n i t r i c  a c i d  Sp. G-r. 1 .5  ap p ro x .  The 

p r o c e d u r e  u s i n g  mixed a c i d  was c a r r i e d  o u t  a t  room tem per­

a t u r e  b jr a l l o w i n g  th e  r e a c t a n t s  to  s t a n d  f o r  s e v e r a l  h o u r s .  

O n e - h a l f  gram o f  a l k y lb e n z e n e  was s lo w ly  added t o  a  mix­

t u r e  o f  f o u r  c . c .  o f  co n c .  s u l f u r i c  a c i d  Sp. G-r. l.gij-  and 

f o u r  c . c .  o f  co n c .  n i t r i c  a c i d  70%, w i t h  sh a k in g  and c o o l ­

i n g .  Th is  m ix t u r e  was th e n  a l lo w e d  t o  s t a n d  f o r  s e v e r a l  

h o u r s ,  p o u r e d  on i c e ,  f i l t e r e d ,  washed w i th  d i s t i l l e d  w a te r  

an d  r e c r y s t a l l i z e d  s e v e r a l  t im e s  from 95$ e t h y l  a l c o h o l .

The p r o c e d u r e  u s i n g  fuming n i t r i c  a c i d  was c a r r i e d  

o u t  a t  0 °C. T w e n ty - f iv e  c . c .  o f  fuming n i t r i c  a c i d  were 

p l a c e d  i n  a s m a l l  E r le n m e y e r  f l a s k  and  c o o le d  to  0°C i n  

an i c e  b a t h .  The a l k y lb e n z e n e  was th e n  added d ro p  by drop  

w i t h  s h a k in g .  A f t e r  a d d i t i o n  was com ple te  th e  r e a c t i o n  

mix was th en  p l a c e d  i n  t h e  r e f r i g e r a t o r  f o r  2k - h o u r s  

a t  which t im e  c r y s t a l s  were w i l l  fo rm ed .  These c r y s t a l s  

w ere  th e n  f i l t e r e d  a f t e r  f i r s t  p o u r i n g  on c ra c k e d  i c e ,  

washed w i th  d i s t i l l e d  w a te r  and r e c r y s t a l l i z e d  s e v e r a l  

t i ihes  from 95$  e t h y l  a l c o h o l .

I d e n t i f i c a t i o n  o f  F r a c t i o n  I V , P a r t  0 .

The p h y s i c a l  c o n s t a n t s  f o r  t h i s  f r a c t i o n ,  p .  5^ ,  

a g r e e  f a i r l y  w e l l  w i t h  t h o s e  r e p o r t e d  f o r  p - t - b u t y l - i s o -  

p ro p y lb e n z e n e  ( 5 0 ) .  An a t t e m p t  was t h u s  made t o  p ro v e  

i t s  I d e n t i t y  by means o f  i t s  d i n i t r o  d e r i v a t i v e  a s  r e p o r t e d  

by  B a r b i e r  ( 5 ^)* The d i n i t r o  d e r i v a t i v e  o f  F r a c t i o n  IV 

was p r e p a r e d  u s i n g  b o th  m ixed a c i d  and  fuming n i t r i c  a s  

o u t l i n e d  ab o v e .  L ig h t  y e l lo w  p l a t e s  were formed which



m e l te d  a t  l 6 H—l 65°G from b o t h  methods o f  p r e p a r a t i o n .  

N i t r o g e n  a n a l y s i s  by m icro  Dumas method showed th e  p r e s ­

ence o f  two n l t r o  g r o u p s .  This  m e l t i n g  p o i n t  does n o t  

a g re e  w i th  t h a t  r e p o r t e d  i n  th e  l i t e r a t u r e  ( 5^ ) ,  t h u s  i t  

was n e c e s s a r y  to  p r e p a r e  p - t e r t - b u t y l - l s o p r o p y l b e n z e n e , 

n i t r a t e  i t  and  check the  m e l t i n g  p o i n t  o f  t h e  d i n i t r o  

d e r i v a t i v e .  The h y d ro ca rb o n  was p r e p a r e d  a c c o r d i n g  to  the  

p ro c e d u r e  a s  o u t l i n e d  by B a r b l e r  ( 5^) u s i n g  i s o p r o p y l b e n -  

zene (cumene) , t e r t - b u t y l  a l c o h o l  and  c o n c e n t r a t e d  s u l f u r i c  

a c i d .  This was th en  n i t r a t e d  and i t s  m e l t i n g  p o i n t  d e t e r ­

mined as  2 1 2 -2 1 ^°C. In  o r d e r  t o  p ro v e  t h a t  th e  p r o d u c t  

was t h e  p a r a  i s o m e r ,  i t  was o x id i z e d  w i th  b o i l i n g  20$ 

n i t r i c  a c i d  and t h e  t e r t - b u t y l b e n z o i c  a c i d  i s o l a t e d .  T h is  

a c id  m e l te d  a t  l6 ^ ° C ,  w hich  c o r r e s p o n d s  t o  t h a t  r e p o r t e d  

f o r  p - t e r t - b u t y l b e n z o i c  a c i d  (5 5 ) •

From t h e  c a l c u l a t i o n  o f  F r a c t i o n  IV 1s m o le c u l a r  w eigh t  

by n i t r o g e n  a n a l y s i s  o f  i t s  d i n i t r o  d e r i v a t i v e  i t  was 

t h o u g h t  t h a t  i t  m ight  be t h e  t e r t - b u t y l - e t h y l b e n z e n e  i s o ­

mer. p - t e r t - B u t y l - e t h y l b e n z e n e  was th u s  p r e p a r e d  and 

n i t r a t e d .  I t s  d i n i t r o  d e r i v a t i v e  had  a  m e l t i n g  p o i n t  o f  

9^ -95°C .  O x id a t io n  gave p - t e r t - b u t y l b e n z o i c  a c i d .

The n e x t  s t e p  i n  t h e  i d e n t i f i c a t i o n  o f  F r a c t i o n  IV 

was i t s  o x i d a t i o n  i n  o r d e r  t o  d e te rm in e  t h e  p o s i t i o n  o f  

i t s  a l k y l  g ro u p s  on th e  r i n g .  O x id a t io n  u s i n g  20$ b o i l i n g  

n i t r i c  a c id  f a i l e d .  T h is  m igh t  I n d i c a t e  t h a t  e i t h e r  

F r a c t i o n  IV was a  m i x t u r e ,  o f  which a  d i - t e r t - b u t y l b e n z e n e  

isom er  was p r e d o m in a n t ,  o r  t h a t  i t  i s  an in d an  Isom er  formed 

by c y c l i z a t i o n  o f  an o r t h o  d i a l k y l b e n z e n e  th ro u g h  th e



a c t i o n  o f  aluminum c h l o r i d e .  To e l i m i n a t e  th e  fo rm er  

t h o u g h t ,  p - d i - t e r t - b u t y l b e n z e n e  was n i t r a t e d  to  c h e ck  i t s  

m e l t i n g  p o i n t  w i t h  t h a t  r e p o r t e d  i n  t h e  l i t e r a t u r e .  The 

d e r i v a t i v e  m e l t e d  a t  190 - 191°C, which  a g r e e d  w i t h  t h a t  

r e p o r t e d  by B o e d tk e r  ( 5 6 ) .

From the  f o r e g o i n g  r e s u l t s  one i s  a b l e  to  co n c lu d e  

t h a t  F r a c t i o n  IV ,  P a r t  0 i s  an isom er  whose m o l e c u l a r  

w e ig h t  c o r r e s p o n d s  t o  C ^ H ig *  as c a l c u l a t e d  from i t s  p u re  

d i n i t r o  d e r i v a t i v e ,  c o n t a i n s  an a r o m a t i c  n u c l e u s  which 

can be  n i t r a t e d  and p o s s i b l y  a  c a r b o c y o l l c  r i n g  which 

ca n n o t  be o x i d i z e d .  T h is  t y p e  o f  s t r u c t u r e  co u ld  be  formed 

by e l i m i n a t i o n  o f  m e thy l  g ro u p s  from th e  d i - t e r t - b u t y l -  

ben zen e  isom er  t o  form e i t h e r  e t h y l  o r  i s o p r o p y l - t e r t -  

b u ty lb e n z e n e  o r / a n d  an in d a n  isom er  by  c y c l l z a t i o n .  The 

f o r m a t io n  o f  a g a s  c o l l e c t e d  i n  th e  n i t r o m e t e r  d u r i n g  th e  

c o u r s e  o f  th e  r e a c t i o n  which  would n o t  condense  b u t  b u rn ed  

w i th  a  b l u e  f lam e  was e v i d e n c e  o f  t h e  f o rm a t io n  o f  m ethane .
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3 , 5 - D l n i t r o - Moles

A lco h o l

Condensed
M.P.

b e n z o a te  

% N % N

Moles

Cond­

ensed

A lC l j

p e r

Mole

I s o b u ta n e

°c. C a lc . O bs . A lcoho l

2 -M e t h y l -  

2 - h e p t a n o l
il.3-.i4-M- g .63 g . l *0 l.lJO 0 . 5 None

3-M eth y l -  

3-hep  t a n o l
53- 5^ g .63 g .g g 2 .1 7 0 . 5 None

3 - E t h y l -

3-h e x a n o l
62-63 g .63 g . 7 ^ 0 .7 3 0 . 5 None

2 ,^ -D lm e th y l -  

kv 2-h e x a n o l

f
^9 .5

g .63 g .69 1 . 91*- 0 . 5 3 .1 *

2 , 5 -D im e th y l -  

2- h e x a n o l
61-62 g .63 S . 95 1 .2 2 0 . 5 None

2 ,lt—Dimethyl  -  

h ex an o l
52-53 g .63 S . 93 l . g g 0 . 5

2 -M eth y l -
5 3 -5 ^  9 .0 2  2 .9 S  2 .3  0 . 5  None

2-h e x a n o l



Alkane t e r t - B u t y l - A lky l R es id u e

Y i e l d benzene

Y i e l d

Benzene

Y i e l d

(above  a l k y l
benzene)

Y i e l d

g .g j j None 2 7 .4 $ 52g

9 . 5* None 2k . 2% 6o g

None 2 5 .1 # 2 3 - 5 ?

3 . 8 * 1 . 3^ 1 9 . 6# 7 5 - 5 e  „  

1

5 .7 /5 None 2 1 . 3% 3 °g

3 -9 * 2 . 2% 1 3 . 2% 7 7 .  £g

Not
q u a n t i t a t i v e

None 3 1 . 3* 3 1 . 5 s



3 , 5 - D i n i t r o - Moles

A lco h o l
b e n z o a te Moles

Cond­

A1C1
3

p e r  , I s o b u t a n e
Condensed

M.P.

°C.

$  N $  N 

C a lc .  Obs.

ensed Mole

A lco h o l

3 -M e th y l -

3 -h e x a n o l
U-3-W-. 9 .0 2  9 . 514- 2 .22 0 . 5 None

3 - E t h y l -

3 - p e n t a n o l
l i g -119 9 .0 2  9 .1 7 I .63 0 . 5 None

2 , ^ -D im e th y l -  

2 - p e n ta n o l
69-70 9 .0 2  9*07 2 .70 0 . 5 2 . 2$

2-M e th y l -  

^  2 - p e n t a n o l
71-72

In

l i t e r a t u r e
2 .0 0 . 5 None

3-M e th y l -  

3 - p e n t a n o l
95*5-
9 6 .5

In

l i t e r a t u r e  -
2 .0 0 . 5 None

2-M e th y l -  

2- b u t a n o l

No

d e r i v a t i v e  made
3 .0 0 . 5 None

2-M e th y l -  No
3 . 0  0 . 5  2 .22$

2 -p ro p a n o l  d e r i v a t i v e  made



A lka n e t e r t - B u t y l - A l k y l R e s i d u e

Y i e l d b e n z e n e

Y i e l d

B e n z en e

Y i e l d

( a b o v e  a l k y l
b e n z e n e )

Y i e l d

N o t  
•  •

Q u a n t i t a t i v e
None 3 0 . 0# 7 7 g

N o t

Q u a n t i t a t i v e
None 33-2JS 4-1.5g

Not i s o l a t e d 2.J3# 2 2 . 2# 120g

7 $ None 3 2 . 7^ 4-2 .5g

1 0 . 2 # None 3 5 - 9 ^ 39g

l . g # None 4 0 # 27g

2 . 2 2 # 55# 55/S
1 . 1 4 #  p - D i - t e r t -

b u t y l b e n z e n e



DISCUSSION

I n  19^5» D r .  G. L .  G o ern e r  o f  t h i s  l a b o r a t o r y  

co ndensed  3 - E t h y l - 3 - h e x a n o l  w i th  b e n zen e  In  t h e  p r e s e n c e  

o f  anhydrous  aluminum c h l o r i d e  and I s o l a t e d  a  f r a c t i o n  

which  he  t e n t a t i v e l y  i d e n t i f i e d  as b e i n g  a  s a t u r a t e d  a l i ­

p h a t i c  h y d ro c a rb o n  formed a p p a r e n t l y  th ro u g h  t h e  r e d u c t i o n  

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

d i d  n o t  a g r e e  w i t h  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e  (4-9) 

i t  was n o t  d e f i n i t e l y  I d e n t i f i e d .  T h is  f i n d i n g  l e d  t o  t h e  

p ro b lem  o f  t h i s  t h e s i s ,  an d  t h e  a u t h o r  found  th ro u g h  

s p e c t r o s c o p i c  s t u d i e s  t h a t  t h e  h y d ro ca rb o n  f r a c t i o n  

i s o l a t e d  from t h e  above c o n d e n s a t io n  c o n s i s t e d  m a in ly  o f

3 -E th y lh e x a n e  a p p a r e n t l y  c o n ta m in a te d  w i t h  a n o t h e r  isom er 

form ed by  a c t i o n  o f  t h e  aluminum c h l o r i d e .

D uring  th e  p r e p a r a t i o n  o f  th e  a l c o h o l s  u s e d  i n  the  

c o n d e n s a t i o n s ,  t h e  im p o r ta n c e  o f  s e l e c t i n g  s im ple  G r ig n a rd  

r e a g e n t s ,  where more t h a n  one p o s s i b i l i t y  e x i s t s ,  was 

b r o u g h t  o u t .  F o r  exam ple ,  t h e  p r e p a r a t i o n  o f  2 ,k ~ D im ethy l-  

h e x a n o l  may r e q u i r e  e i t h e r  e t h y l  magnesium brom ide o r  

l s o b u t y l  magnesium brom ide  t o  r e a c t  w i t h  m ethy l  l s o b u t y l  

k e to n e  and m e th y l  e t h j ' l  k e t o n e  r e s p e c t i v e l y .  When th e  

fo rm e r  i s  u s e d  a  y i e l d  o f  JOfe i s  o b t a i n e d  whereas  o n ly  a 

y i e l d  o f  21^ i s  o b t a i n e d  u s i n g  th e  l a t t e r  p r o c e d u r e .  

A n o th e r  example i s  t h e  p r e p a r a t i o n  o f  2 ,4—D im e th y l -2 -  

p e n t a n o l  from i s o b u t y l  magnesium brom ide  and a c e to n e  (^ 5 ) 

g i v i n g  a  y i e l d  o f  30^ ,  w hereas  the  a u t h o r  o b t a i n e d  an



y i e l d  o f  t h e  c a r b l n o l  u s i n g  m e thy l  magnesium brom ide

and m e thy l  i s o b u t y l  k e t o n e .  A p p a r e n t ly  t h e  s t r t f f c tu r e f o f

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

a s  a c e to n e  was u s e d  i n  a l l  o f  t h e  f o l l o w i n g  p r e p a r a t i o n s .

2 ,  D im e th y l - 2 -h e x a n o l  a c t - a m y l  MgBr -  Acetone 2k%
2 - M e t h y l - 2 - h e p t a n o l  n-am yl MgBr -  Ace tone  5^$
2 D i m e t h y l - 2 - p e n t a n o l  i s o - b u t y l  MgBr -  Ace tone  30$
2 - M e t h y l - 2 - p e n t a n o l  n - b u t y l  MgBr -  Acetone §7$

Also  exam ples  i n  which  m e th y l  e t h y l  k e t o n e  was employed

a r e  shown b e lo w .

2 t k~D im e th y l - 4 -h e x a n o l  i s o - b u t y l  MgBr-methyl e t h y l  k e to n e
21 f0

3 - M e t h y l - 3 - h e p t a n o l  n - b u t y l  MgBr-methyl e t h y l  k e to n e

The t h e o r e t i c a l  s i g n i f i c a n c e  o f f t h e  above phenomena 

h a s  bee n  s t u d i e d  by  s e v e r a l  i n v e s t i g a t o r s  among whom 

N o l l e r  (3 7 ) h a s  shown t h a t  s o l u t i o n s  o f  d i - i s o b u t y l  mag­

n es iu m ,  w hich  were p r a c t i c a l l y  h a l o g e n  f r e e ,  r e d u c e d  

benzophenone to b e n z h y d ro l  a s  w e l l  a s  t h e  o r i g i n a l  G r ig n a rd  

r e a g e n t  c o n t a i n i n g  h a l o g e n .  In  c o n n e c t i o n  w i th  t h i s ,  he 

h a s  a l s o  shown t h a t  t h e  G r i g n a r d  r e a g e n t  p r e p a r e d  from i s o ­

b u t y l  b rom ide  a t  a  c o n c e n t r a t i o n  o f  a b o u t  1 .3  m o la r ,  e x i s t s  

t o  t h e  e x t e n t  o f  75$  i n  t h e  form o f  d l i s o b u t y l  magnesium. 

N o l l e r  and  H i lm e r  ( 5 8 ) hav e  a l s o  shown t h a t  th e  amount o f  

t h i s  r e d u c t i o n  i n c r e a s e s  w i t h  t h e  I n c r e a s i n g  d l a l k y l  mag­

nes ium  c o n t e n t  o f  t h e  s o l u t i o n  b u t  i s  n o t  p r o p o r t i o n a l  to  

th e  amount o f  d i a l k y l  magnesium p r e s e n t .  The d l a l k y l  

magnesium p r e s e n t  i n  G r i g n a r d  s o l u t i o n s  a p p e a r s  t o  be  

i n f l u e n c e d  more by t h e  s t r u c t u r e  th a n  t h e  m o le c u l a r  w eigh t  

o f  t h e  a l k y l  r a d i c a l .  O th e r  com pe t ing  s i d e  r e a c t i o n s  a r e



p i n a c o l  f o r m a t i o n ,  e n o l i z a t i o n ,  c o n d e n s a t io n  and  c o u p l ­

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

a l k y l  g roup  o f  t h e  G r i g n a r d  r e a g e n t .

Whitmore (33) ^ a s  o b s e rv e d  t h a t  c a t a l y s t s  such  as  

aluminum c h l o r i d e  cau se  m o le c u le s  t o  r e a r r a n g e  by m ethy l  

g roup  m i g r a t i o n s  and  i n  1916  B o e d tk e r  and  H a ls e  ( 3 0 ) 

n o t i c e d  r u p t u r e  o f  t h e  m o le c u le  w i th  aluminum c h l o r i d e  

a s  c a t a l y s t s .  S in ce  t h i s  t im e  Huston and co -w o rk e rs  

have  shown t h a t  whenever t e r t i a r y  a l c o h o l s  e x h i b i t i n g  

m e thy l  g ro u p s  on th e  a l p h a  ca rbon  atom a r e  condensed  

w i t h  benzene  i n  t h e  p r e s e n c e  o f  aluminum c h l o r i d e ,  m ethy l  

g roup  m i g r a t i o n  t a k e s  p l a c e  fo l lo w e d  by f r a g m e n t a t i o n .

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

o f  c o n d e n s a t io n  i s  t h e  low en e rg y  t e r t i a r y  b u ty lb e n z e n e  

and  more r e c e n t l y  found ( 5 ) i s o b u t a n e .  In  v iew  o f  the  

above phenomena i t  was th o u g h t  t h a t  a l c o h o l s  s e l e c t e d  

f o r  t h i s  p ro b lem  s h o u ld  be  a l l  p o s s i b l e  s t r u c t u r e s  i n  

which a l l  a l k y l  g roups  a t t a c h e d  to  c a r b i n o l  ca rb o n  a r e  

p r i m a r y .  T h is  would m in im ize  f r a g m e n t a t i o n  a l l o w in g  a 

b e t t e r  s tu d y  o f  t h e  r e d u c i n g  phenomena. Also i t  would 

show i f  b r a n c h i n g  on t h e  a l p h a  ca rbon  atom was a  p r e ­

r e q u i s i t e  f o r  f r a g m e n t a t i o n  o r  i f  a l c o h o l s  w i th  b r a n c h i n g  

on t h e / ^ - c a r b o n  atom would f ragm en t  and  i f  s o ,  w here ,  i n  

r e l a t i o n  to  t h e  p o s i t i v e  c a r b o n ,  fo rm ed by th e  e l e c t r o -  

p h i l i c  a t t a c k  o f  t h e  aluminum c h l o r i d e  on th e  a l c o h o l .  In  

c o n s i d e r a t i o n  o f  t h e  m o le c u l a r  s t r u c t u r e  o f  t h e  n o n -b ra n ch ed  

a l c o h o l s  co n d en sed  i . e . ,  2 - M e t h y l - 2 - h e p t a n o l , i t  would



h a r d l y  be  e x p e c t e d  t h a t  any  f r a g m e n t a t i o n  o r  r e a r r a n g e m e n t  

would t a k e  p l a c e  as  t h e y  a r e  a l l  o f  a  r e l a t i v e l y  low  energy  

l e v e l ,  and  t h e  chance  of  w eakening  any bond b y  e l e c t r o n  

c o n c e n t r a t i o n  would n o t  be v e r y  g r e a t ,  a s  would be  t h e  ca se  

where b r a n c h i n g  e x i s t s  on e i t h e r  o r  b o t h  t h e  -  and / 3  -  

c a rb o n  a tom s.  I t  was shown t h a t  b r a n c h i n g  on th e  JT -  carbon  

atom i s  a p p a r e n t l y  to o  f a r  removed from th e  e l e c t r o n  

d e f i c i e n t  c a rb o n  to  cause  f r a g m e n t a t i o n .

The i o n i c  mechanism o f  P r i c e  ( 2 6 ) , a s  a l r e a d y  d i s ­

c u s s e d  i n  th e  t h e o r e t i c a l  p o r t i o n ,  h a s  g a in e d  th e  most 

f a v o r  a s  a  means whereby d i r e c t  a l k y l a t l o n ,  m e thy l  group 

m i g r a t i o n  and  f r a g m e n t a t i o n  can be s a t i s f a c t o r i l y  e x p l a i n e d .  

On th e  b a s i s  o f  h i s  t h e o r y ,  th e  ca rbon ium  io n  i s  formed by 

a t t a c k  o f  th e  e l e c t r o p h i l i c  a g e n t ,  aluminum c h l o r i d e ,  on 

a l c o h o l ,  a l k y l  h a l i d e ,  o l e f i n ,  o r  a l k y l  b e n z e n e .  The 

e l e c t r o n  d e f i c i e n t  c a t i o n  th e n  r e c e i v e s  i t s  p a i r  from the  

d o u b le  bond o f  th e  benzene  r i n g ,  a n a lo g o u s  t o  h a l o g e n -  

a t i o n  i n  which  th e  h a lo g e n  c a t i o n  c o m p le te s  i t s  o c t e t  by 

a s s o c i a t i o n  w i t h  a  p a i r  o f  e l e c t r o n s  from the  d o u b le  bond 

o f  t h e  a r o m a t i c  n u c l e u s .  Showing t h e  f o rm a t io n  o f  t h e  

ca rbon ium  io n  from th e  a l c o h o l ,  t h e  r e a c t i o n  p r o c e e d s  i n  

th e  f o l l o w i n g  s t e p s .

Cl
1 .  ( R ) ,  C:0 ;H * A1:C1

* “ ci

H Cl
2 .  (R)^C:0:A1:C1 ------ > (R)^C+ + Al(OH)ClJ

•  •

Cl



The carbonium  i o n  i s  th e n  a b l e  t o  s t a b i l i z e  i t s e l f  i n  

one o f  two ways: E i t h e r  b y  a s s o c i a t i o n  w i th  a  p a i r  o f

e l e c t r o n s  from th e  b en zen e  r i n g  w i th  fo rm a t io n  o f  a l k y l  

b en zen e  a s  shown i n  s t e p  3 *
H

J .  (R )3C+ ♦ ( 0  ------- ,  (R )30 :  P — * + H *

H

o r  by l o s s  o f  a  p r o t o n  w i t h  fo rm a t io n  o f  o l e f i n  which i n  

t u r n  may condense  w i t h  ben z en e  o r  add  hydrogen  c h l o r i d e  

which  i n  t u r n  may c o n d e n s e .  A l l  o f  t h e s e  a p p a r e n t  i n t e r ­

m e d i a t e s ,  e x o e p t  o f  c o u r s e  th e  c a t i o n ,  have been  i s o l a t e d  

from t h e  r e a c t i o n .

In  t h e  c a s e  o f  a l c o h o l s  i n  which t h e r e  i s  b r a n c h in g  

on t h e - c a r b o n  atom th e  mechanism i s  a  l i t t l e  more com­

p l e x  and  compounds o f  lo w e r  m o le c u la r  w e ig h t  a r e  i s o l a t e d .  

The r e a c t i o n  may p r o c e e d  i n  th e  f o l l o w i n g  manner.

CH -CH -C -CH2 -C -CH + A i d ! -CH +
j

Al(OH)Cl

c h l o r i d e
CH-z

The carbonium io n  i n t e r m e d i a t e  may ta k e  an a l t e r n a t i v e  

c o u r s e  i n  w hich  a  c i s s i o n  o f  c a rb o n - c a rb o n  bond o c c u r s .



H c n 3
OH, - 6  — C-f- — CH -CHzCH-CH (p o ly m e r i z e )

■> •> 3

9h3 ch 3
CH_-C -CH_ -f- — > CH - 6  -CH (co n d en se  o r  r e d u c e )

2 3 + 3

The t e r t i a r y  b u t y l  c a t i o n  may condense  w i th  b en zen e  

to  form t e r t - B u t y l b e n z e n e  o r  be  r e d u c e d  to  I s o b u t a n e .

The s e c o n d a ry  c a t i o n  u n d o u b te d ly  s t a b i l i z e s  i t s e l f ,  by 

o l e f i n  f o r m a t io n  which i n  t u r n  may p o l y m e r i z e  to  h i g h e r  

m o le c u l a r  w e ig h t  u n s a t u r a t e s .  E v idence  o f  t h i s  was 

shown by Huston  and K ra n tz  (5 )»

I t  m ig h t  b e  s u s p e c t e d  t h a t  f r a g m e n t a t i o n  would t a k e  

p l a c e  n e x t  t o  t h e  c a t i o n  i n  a l l  c a s e s ,  how ever ,  i t  h a s  

been  shown i n  t h i s  work t h a t  c i s s i o n  t a k e s  p l a c e  a t  t h a t  

p o i n t  which f a v o r s  th e  d i r e c t  f o r m a t io n  o f  t h e  t e r t i a r y  

b u t y l  g ro u p .  F o r  exam ple ,  t h e  c o n d e n s a t io n  o f  2 , k - Di- 

m e t h y l - 2- h e x a n o l  r e s u l t e d  i n  t h e  i s o l a t i o n  o f  i s o b u t a n e  

and  t e r t - b u t y l  benzene  an d  no i s o p e n t a n e  and t e r t - a m y l  

b en zen e  whioh w ould  be e x p e c t e d  i f  t h e  f r a g m e n t a t i o n  took  

p l a c e  a d j a c e n t  t o  th e  c a t i o n .  One m ig h t  draw from t h i s  

com par ison  t h a t  th e  r e l a t i v e  ene rgy  d i f f e r e n c e s  betv/een 

i s o b u t a n e  and  I s o p e n t a n e  a r e  l a r g e  enough so a s  t o  f a v o r  

t h e  f o r m a t io n  o f  th e  fo rm e r  where t h e  s t r u c t u r e  o f  the  

a l c o h o l  i s  such  t h a t  e i t h e r  co u ld  be  formed th r o u g h  f r a g ­

m e n t a t i o n .

I n  t h e  a u t h o r s  p r e v i o u s  work (21)  i t  was d e t e r m in e d  

t h a t  a  r a t i o  o f  1 mole o f  a l c o h o l  t o  0 . 5  moles o f  aluminum 

c h l o r i d e  gave  t h e  maximum y i e l d  o f  t h e  a l k y l b e n z e n e . I t



was i n t e r e s t i n g  to  n o te  t h a t  i n  u s i n g  a  1:1  mole r a t i o  

o f  a l c o h o l - c a t a l y s t , th e  r e d u c t i o n  seemed to  b e  enhanced 

a s  was found  i n  th e  ca se  o f  3“Me‘t ^ y l “ 3- ^ eP ‘l:ano l«  A 1 3 .g$  

y i e l d  o f  t h e  c o r r e s p o n d in g  h y d ro c a rb o n  was o b t a i n e d  a s  

compared w i t h  9 »5$  y i e l d  u s i n g  a  1 :0*5  mole r a t i o .

However, i n  t h e  fo rm er  c o n d e n s a t i o n ,  no s e p a r a t a b l e  

f r a c t i o n  o f  a l k y l  benzene  co u ld  be o b t a i n e d .  I n  t h e  case  

o f  2 ,*1~ D im e th y l -4 —h e x a n o l , an y i e l d  o f  i s o b u t a n e  and

a  3 *5^  y i e l d  o f  t h e  c o r r e s p o n d i n g  h y d ro ca rb o n  were i s o ­

l a t e d  when a  1:1  mole r a t i o  o f  a l c o h o l - c a t a l y s t  was u s e d  

a s  compared t o  i s o b u t a n e  and  3 *9^  o f  th e  c o r r e s p o n d ­

i n g  h y d ro c a rb o n  were o b t a i n e d  u s i n g  a  1 :0*5 mole r a t i o .  

Again no s e p a r a t a b l e  f r a c t i o n  o f  a l k y l  benzene  c o u ld  be  

o b t a i n e d  i n  t h e  fo rm er  c a s e .

Many examples  a p p e a r  i n  t h e  l i t e r a t u r e  on th e  r e d u c ­

t i o n  o f  hyd rogen  a c c e p t o r s  i n  r e a c t i o n s  which aluminum 

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

r e a c t i o n s  o c c u r  over:  a  w i d e ‘.range 6f  c o n d i t i o n s  making 

i t  d i f f i c u l t  to  e v a l u a t e  t h e i r  r e s u l t s  i n  o r d e r  t h a t  th e y  

m ig h t  be  o f  h e l p  i n  e x p l a i n i n g  th e  r e d u c t i o n  i n  th e  

a u t h o r s  w ork .  As was m e n t io n ed  i n  t h e  h i s t o r i c a l  p o r t i o n ,  

e v id e n c e  o f  r e d u c t i o n  o f  a l c o h o l s  d u r i n g  c o n d e n s a t io n  

w i th  benzene  and p h e n o l  h a s  been  r e p o r t e d  by Huston and 

Hughes ( 8>) , Huston  and F r ledem ann ( 6 ) , Huston and Jack so n  

( 7 ) .  No e x p l a n a t i o n  as  t o  t h e  s o u rc e  o f  hydrogen  was 

ad v an ced .

V a r io u s  examples o f  r e d u c t i o n  o f  compounds c o n t a i n i n g  

hyd rogen  a c c e p t o r s  c o n f i rm  th e  e v o l u t i o n  of  hydrogen



e f f e c t e d  by t h e  a c t i o n  o f  aluminum c h l o r i d e  on a r o m a t i c  

compounds. The f a t e  o f  t h e  hydrogen  e v o lv e d  i s  d e f i n i t ­

e l y  shown. F reund  ( 5,9 ) fo u n d  t h a t  when n i t r o b e n z e n e  i s  

b o i l e d  w i th  b e n z en e  and  aluminum c h l o r i d e  t h e r e  i s  formed,  

i n  a d d i t i o n  t o  much r e s i n o u s  m a t t e r ,  an  y i e l d  o f

p - a m i n o b i p h e n y l . Here t h e  hydrogen  i s  e v o lv ed  by conden­

s a t i o n  o f  t h e  b e n z e n o id  compound to  a  b i p h e n y l  d e r i v ­

a t i v e  a s  w e l l  a s  t h e  h y d ro g en  p ro d u c e d  d u r in g  f o rm a t io n  

o f  t h e  r e s i n o u s  m ass .

Pummerer and B i n o p f l  ( 6 0 ) d e m o n s t r a t e d  t h e  d e h y d ro -  

g e n a t i n g  e f f e c t  o f  aluminum c h l o r i d e  i n  benzene  by  

c o n v e r s io n  o f  azobenzene  i n t o  p - a m in o b ip h e n y l  i n  

y i e l d s .  Pummerer and P r e l l  ( 6l )  a l s o  showed t h a t  d i a r y l -  

h y d ro q u ln o n e s  a r e  r e a d i l y  o b t a i n e d  by  t r e a t m e n t  o f  p -b e n z o -  

qu in o n e  w i t h  a r o m a t i c  h y d r o c a r b o n s ,  p h e n o l s  o r  p h e n o l  e t h e r s  

i n  th e  p r e s e n c e  o f  aluminum c h l o r i d e .

V o r l a n d e r  and P r i t z s c h e r  ( 62 ) d e m o n s t r a t e d  t h a t  r i n g  

c l o s u r e  o f  b e n z i l l c  a c i d  o c c u r s  upon t r e a tm e n t  w i th  alum­

inum c h l o r i d e .

A le x a n d e r ,  Jacoby  and  Fuson ( 6 3 ) found  t h a t  r e d u c t i o n  

o c c u r r e d  i n  a t t e m p t e d  r e a c t i o n  o f  1 , l - d i a r y l - 2- a c y l e t h y l -  

enes  w i th  b en z e n e  and aluminum c h l o r i d e .  I n s t e a d  o f  con­

d e n s a t i o n  o n ly  h y d r o g e n a t i o n  to  t h e  c o r r e s p o n d in g  s a t u r ­

a t e d  d i a r y l - k e t o n e s  o c c u r r e d :
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A lth o u g h  I t  was found  t h a t  th e  r e a c t i o n  i n v o lv e d  

a l s o  r e p l a c e m e n t  o f  th e  a r y l  g ro u p ,  t h e  o r i g i n  o f  the  

h y d ro g en  was unknown,

N e n i t z e s c u  and I s a c e s c u  (6*0 have  n o te d  th e  h y d ro ­

g e n a t i o n  phenomena i n  t h e  r e a c t i o n  o f  a l l y l  c h l o r i d e  

w i t h  b en zen e  in  the  p r e s e n c e  o f  aluminum c h l o r i d e .  The 

f o rm a t io n  o f  an a n t h r a c e n e  d e r i v a t i v e  i n  t h e  c o n d e n s a t io n  

w i t h  e v o l u t i o n  o f  hyd rogen  r e s u l t s  i n  an anomolous c o u r s e .  

Wlspek and Zuber  ( 6 5 ) c l a im  t h a t  by v a r y i n g  th e  c o n d i t i o n s ,  

a  f r a c t i o n  may be o b t a i n e d ,  which c o n s i s t s  p r i m a r i l y  o f  

n - p r o p y l b e n z e n e . However, N e n i t z e s c u  and I s a c e s c u  s t a t e  

t h a t  t h e  f o r m a t i o n  o f  n -p ro p y lb e n z e n e  i s  due to  t h e  use  

o f  aluminum c h l o r i d e  which has  been "p o iso n ed "  by a d d i t i o n  

o f  w a t e r .  Here th e  . c a t a l y s t  i s  so weakened t h a t  i t  e f f e c t s  

d e h y d r o g e n a t io n  o f  a  s i m u l t a n e o u s l y  form ed d i h y d r o a n t h r a ­

c e n e ,  and a  s u b s e q u e n t  r e d u c t i o n  o f  t h e  p r i m a r i l y  formed 

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

I t  i s  n o te w o r th y  t h a t  i n  many examples o f  aluminum 

c h l o r i d e  c o n d e n s a t i o n s  i n  which r e d u c t i o n  has  been  ob se rv ed  

t h e r e  h as  a l s o  been  i s o l a t e d  a b i p h e n y l  type  compound, 

a n t h r a c e n e  d e r i v a t i v e  a n d / o r  much r e s i n o u s  mass.  The form­

a t i o n  o f  t h e s e  compounds i s  accompanied  by th e  fo rm a t io n  of  

h y d ro g e n .  In  a d d i t i o n  t o  t h i s ,  N e n i t z e s c u  ( 66 ) p o i n t s  o u t  

t h a t  i n  th e  a c t i o n  o f  aluminum c h l o r i d e  on s a t u r a t e d  h y d ro ­

c a rb o n s  , t h e  e l e c t r o n s  a r e  bound so f a s t  to  ca rbon  t h a t  the  

f o rm a t io n  o f  a  s t a b l e  complex canno t  be c o n s i d e r e d .  I t  may,



how ever ,  c a u s e  an a t t r a c t i o n  o f  t h e  e l e c t r o n s  o f  ca rb o n  

atoms whereby a  r e v e r s i b l e  d e f o r m a t i o n  o f  t h e  e l e c t r o n  

s h e l l s  o c c u r s .  This  l o o s e n s  one o r  more bonds so i s o m e r ­

i z a t i o n  can o c c u r .  I f  a c c e p t o r s  f o r  hydrogen  a r e  p r e s e n t  

r e d u c t i o n  t a k e s  p l a c e .  Halogen compounds have  b e e n  shown 

to  a c t  a s  a c c e p t o r s  f o r  t h e  hydrogen  e v o l v e d .  F u r t h e r ,  the  

s a t u r a t e d  ca rb o n  c h a i n s  th e m s e lv e s  can  a l s o  a c t  a s  

a c c e p t o r s  f o r  th e  hydrogen  by breakdown i n t o  lo w e r  m o le c u la r  

w e ig h t  compounds.  I n  a d d i t i o n  t o  t h i s ,  N e n i t z e s c u  p o i n t s  

o u t  t h a t  t h e  hydrogen  i n  t h e  s a t u r a t e d  h y d ro c a rb o n s  i s  

s t r o n g l y  a c t i v a t e d  f o r  w h ich  r e a s o n  i t  i s  c a p a b le  o f  a l l  

p o s s i b l e  r e d u c t i o n s  o f  ha lo g en  . The a r o m a t i c  h y d ro c a rb o n s  

a r e  i n  a  m id d le  p o s i t i o n  be tw een  s a t u r a t e d  h y d r o c a rb o n s  and 

o l e f i n s .  T h a t  i s ,  t h e y  form no s t a b l e  compounds, a s  do 

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

deform ed th a n  th o s e  o f  s a t u r a t e d  h y d r o c a r b o n s ,  so t h a t  they  

a r e  c a p a b le  o f  t h e  known r e a c t i o n s .

I n  t h e  a u t h o r s  work i t  was hoped t h a t  a  compound co u ld  

be  i s o l a t e d  from one o f  t h e  r e a c t i o n s  whose f o r m a t io n  would 

n e c e s s a r i l y  r e s u l t  i n  th e  f o rm a t io n  o f  h y d ro g e n .  This  

would ac c o u n t  f o r  one o f  t h e  u n d o u b te d ly  many s o u r c e s  o f  

hydrogen  d u r i n g  th e  c o n d e n s a t i o n .  S in c e  i t  was s u s p e c t e d  

t h a t  methane was g iv e n  o f f  d u r i n g  a l l  c o n d e n s a t io n s  i t  may 

be s a f e  t o  assume t h a t  d e m e th y l a t i o n  h a d  t a k e n  p l a c e  ( 6 7 ) •

I t  has  been  shown ( 6 ) t h a t  a l k y l  g ro u p s  t e n d  to  s p l i t  from 

t h e  a l p h a  ca rb o n  o f  a l k y l b e n z e n e s  and t h a t  t h i s  ca rb o n  has  

a  te n d e n c y  tow ard  f r e e  r a d i c a l  f o rm a t io n  ( 6& ). As a l r e a d y



d e s c r i b e d  In  P a r t  I I  o f  th e  e x p e r i m e n ta l  a  f r a c t i o n  was 

i s o l a t e d  be tween  t e r t - b u t y l b e n z e n e  and p - d i - t e r t - b u t y l -  

benzene  i n  t h e  t e r t - b u t y l  a l c o h o l  c o n d e n s a t i o n .  I f  i t  i s  

assumed t h a t  t h i s  compound was e i t h e r  p - t e r t - b u t y l - i s o -  

p ro p y lb e n z e n e  o r  p - t e r t - b u t y l - e t h y l b e n z e n e  t h e s e  compounds 

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

i d e ,  w i th  b en z en e  o r  a n o t h e r  m o lecu le  o f  t e r t - b u t y l b e n z e n e  

i n  t h e  f o l l o w i n g  manner.

The f a i l u r e  o f  F r a c t i o n  IV, P a r t  0 t o  o x i d i z e  to  a 

b e n z o i c  a c i d  d e r i v a t i v e  ca n n o t  be e x p l a i n e d .

I f  th e  a l k y l  p o r t i o n  i s  l a r g e r ,  th e n  c y c l l z a t i o n  cou ld  

t a k e  p l a o e .

T h is  t y p e  o f  r e a c t i o n  was shown by P i n e s ,  u n p u b l i s h e d  

work, to  t a k e  p l a c e  when p - i s o b u t y l  t o lu e n e  o r  p - s e c - b u t y l  

t o l u e n e  was r e a c t e d  w i th  m e th y lcyo lohexene  i n  t h e  p r e s ­

ence o f  e i t h e r  s u l f u r i c  a c i d  o r  hydrogen  f l u o r i d e  a t  0°C.

CH, 
f-t.r -c - CH\
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The 4—m e th y lc y c lo h e x e n e  was r e d u c e d  t o  m e th y lc y c lo h e x a n e  

to  t h e  e x t e n t  o f  60$  o r  m ore .  The f a c t  t h a t  f r a c t i o n s  

i s o l a t e d  above th e  p - d i - t e r . t - b u t y l b e n z e n e  c o n t a i n e d  p r e ­

d o m in a n t ly  a r o m a t i c  g r o u p s ,  a s  shown by t h e  r e f r a c t i v e  

in d e x  and n i t r a t i o n ,  m igh t  f u r t h e r  s u p p o r t  the  above 

t h e o r y .

I f  a  c y c l i c  ln d an  s t r u c t u r e  i s  assumed f o r  F r a c t i o n  

IV, P a r t  0 ,  t h i s  co u ld  o n ly  form by c y c l i z a t i o n  o f  an 

o r t h o  d l a l k y l b e n z e n e .

A no the r  main s o u rc e  o f  hydrogen  i s  u n d o u b te d ly  t h e  

l a r g e  amount o f  r e s i n o u s  m a t e r i a l  fo rm ed ,  p a r t i c u l a r l y  w i th  

t h e  c o n d e n s a t i o n  o f  t h e  more h i g h l y  b ra n c h e d  and  h i g h e r  

m o le c u l a r  w e ig h t  a l c o h o l s .  More r e d u c t i o n  was found i n  

t h e s e  c a s e s .

The f o rm a t io n  o f  i s o b u t a n e  may be a c c o u n te d  f o r  by  th e  

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

c h l o r i d e .  I t  co u ld  a l s o  r e s u l t  from th e  d i r e c t  c r a c k in g  

o f  t h e  o o ty lb e n z e n e  i n  th e  f o l l o w i n g  manner:

CH CH-jr CH^ CH^
CHj-CH-CHg-C -CgH^ CH^-CH-CH^ + CH^-CHsC -CgH^

CHo 1 e-

To s u p p o r t  t h e  above a s su m p t io n  Huston and B a r r e t t  ( 3 ) 

f o u n d ,  i n  a d d i t i o n  t o  i s o b u t a n e ,  2 - m e t h y l - 3- p h e n y l - 2 - b u t e n e , 

3 , 3- d i m e t h y l - 2 - p h e n y l - l - b u t e n e , i n  t h e  c o n d e n s a t io n  o f  2 , 3 »-

3 - t r i m e t h y l - 2 - b u t a n o l  w i th  benzene  and aluminum c h l o r i d e .

In  p r e v i o u s  work (21) , th e  a u t h o r  h a s  shown t h a t  the  

p r e s e n c e  o f  an a r o m a t i c  n u c l e u s  i s  a p p a r e n t l y  n e c e s s a r y  i f



r e d u c t i o n  i s  r e a l i z e d .  n-Hexane was s u b s t i t u t e d  f o r  benzene 

i n  t h e  r e a c t i o n  o f  3 - E t h y l - 3 - h e x a n o l  and aluminum c h l o r i d e .  

Compounds i s o l a t e d  were t h e  d e h y d r a t i o n  p r o d u c t s  o f  th e  

a l c o h o l  and u n r e a c t e d  a l c o h o l .

One i s  a b l e  o n ly  to  p o s t u l a t e  i n  what form t h e  h y d r o ­

gen a c c e p t o r  i s  i n  d u r in g  r e d u c t i o n .  I f  one assumes t h a t  

th e  f o r m a t io n  o f  th e  o l e f i n  i s  n e c e s s a r y  t h i s  would n o t  

e x p l a i n  t h e  f o r m a t io n  o f  t r i p h e n y l m e t h a n e  when t r i p h e n y l -  

c a r b i n o l  i s  co n densed  w i t h  benzene  i n  th e  p r e s e n c e  o f  

aluminum c h l o r i d e .  I f  one assumes t h a t  t h e  carbonium ion  

o r  complex i s  r e d u c e d ,  one must then  p o s t u l a t e  t h e  form­

a t i o n  o f  a  h y d r i d  i o n .

I t  i s  more l o g i c a l  t o  assume t h a t  a  n e c e s s a r y  p r e ­

r e q u i s i t e  i n  t h i s  r e a c t i o n  i s  t h e  f o rm a t io n  of  t h e  c h l o r i d e  

which  i s  i n  t u r n  r e d u c e d  by a to m ic  h y d ro g en  w i th  th e  form­

a t i o n  o f  t h e  s a t u r a t e d  h y d ro c a rb o n  and hydrogen  c h l o r i d e .

I n  c o n n e c t i o n  w i th  t h i s ,  tw e lv e  grams o f  i s o b u t a n e  were 

i s o l a t e d  from a  t h r e e  mole c o n d e n s a t io n  o f  t e r t - b u t y l  

c h l o r i d e ,  b en z en e  and aluminum c h l o r i d e  i n  com parison  w i th  

o n ly  f o u r  and  o n e - h a l f  grams i s o l a t e d  d u r in g  th e  conden­

s a t i o n  of  a  s i m i l a r  run  u s i n g  t e r t - b u t y l  a l c o h o l .  This  

o b s e r v a t i o n  would a l s o  t e n d  t o  e l i m i n a t e  th e  p r o b a b i l i t y  

t h a t  th e  r e d u c t i o n  t a k e s  p l a c e  th ro u g h  th e  fo rm at ion ,  o f  an 

aluminum t e r t - a l k o x i d e .
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SUMMARY

1 .  F o u r t e e n  t e r t i a r y  a l c o h o l s  h a v in g  o n ly  p r im a r y  a l k y l  

g ro u p in g s  a t t a c h e d  t o  c a r b l n o l  ca rbon  were p r e p a r e d  and 

condensed  w i t h  benzene  i n  t h e  p r e s e n c e  o f  anhydrous  alum­

inum c h l o r i d e .

2 .  F r a g m e n ta t io n  was shown to  t a k e  p l a c e  o n ly  w i t h  th o s e  

a l c o h o l s  h a v i n g  b r a n c h i n g  on t h e  b e t a  ca rb o n  atom. C i s s io n  

o f  t h e  a l k y l  r a d i c a l  a lw ays  t o o k  p l a c e  a t  such a p o i n t  a s  

to  f a v o r  d i r e c t  f o r m a t io n  o f  t h e  i s o b u t y l  c a t i o n  which  was 

i s o l a t e d  i n  t h e  form o f  i s o b u t a n e  and t e r t - b u t y l b e n z e n e .  

B ran c h in g  on th e  gamma ca rb o n  i s  a p p a r e n t l y  too  f a r  removed 

from t h e  p o s i t i v e  ca rbon  to  e f f e c t  f r a g m e n t a t i o n .

3 . R e d u c t io n  was shown t o  t a k e  p l a c e  d u r i n g  c o n d e n s a t io n  

as  e v id e n c e d  by th e  i s o l a t i o n  o f  th e  p a r a f f i n  h y d ro c a rb o n  

c o r r e s p o n d in g  to  t h e  s t r u c t u r e  o f  th e  a l c o h o l  co n d en sed .  

I s o b u t a n e  was a l s o  i s o l a t e d  i n  t h o s e  c a s e s  where f r a g m e n t ­

a t i o n  o f  t h e  a l c o h o l  o c c u r r e d .

The p a r a f f i n  h y d ro c a rb o n s  were i d e n t i f i e d  by t h e i r  

p h y s i c a l  c o n s t a n t s  and i n f r a - r e d  s p e c t r o g r a m s .  T e r t - b u t y l ­

benzene  was i d e n t i f i e d  by i t s  a c e ta m in o  d e r i v a t i v e ,  i s o ­

b u ta n e  by i t s  b o i l i n g  p o i n t  and r e f r a c t i v e  in d e x  a t  -25°C, 

and p - d i - t e r t - b u t y l b e n z e n e  by i t s  2 ,6 - d i n i t r o  d e r i v a t i v e .

3 ,5 - D i n i t r o b e n z o a t e s  o f  t h e  a l c o h o l s  condensed  were a l s o  

p r e p a r e d .

5 . P o s s i b l e  mechanisms have  been  p r o p o s e d  f o r  t h e  f r a g ­

m e n ta t io n  and  r e d u c t i o n  phenomena. I t  was shown i n  p r e v i o u s



work t h a t  t h e  p r e s e n c e  o f  an  a r o m a t i c  n u c l e u s  i s  n e c e s s a r y  

f o r  r e d u c t i o n  to  t a k e  p l a c e  u n d e r  t h e  c o n d i t i o n s  o f  t h e  

r e a c t i o n .  R e d u c t io n  seemed t o  be enhanced  c o n s i d e r a b l y  

when t e r t - b u t y l  c h l o r i d e  was s u b s t i t u t e d  f o r  t e r t - b u t y l  

a l c o h o l .
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