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I .  INTRODUCTION

The compound, c y c l o b u t a d i b e n z e n e , 1 - 1 ,  a l s o  c a l l e d

1 -1

b l p h e n y l e n e ,  has  a r a t h e r  I n t e r e s t i n g  h i s t o r y  inasm uch  as i t s  

p r e p a r a t i o n  was a m a t t e r  o f  d i s p u t e  among s e v e r a l  i n v e s t i ­

g a t o r s  f o r  a c o n s i d e r a b l e  t i m e .  The many f a i l u r e s  t o  s y n t h e -

s y s te m .  I n d e e d ,  even  when i t  seemed f a i r l y  r e a s o n a b l e  t h a t  

b l p h e n y l e n e  was f i n a l l y  p r e p a r e d  by L o th ro p  (1)  i n  19^4-1, th e  

q u e s t i o n  o f  s t r a i n  was param ount  and  i t s  e x i s t e n c e  was d o u b te d  

b y  B aker  ( 2 ) .  I n s t e a d ,  he i n t e r p r e t e d  L o t h r o p ' s  e x p e r im e n t s  

as  l e a d i n g  t o  a new c o n j u g a t e d  r i n g  s y s te m ,  nam ely ,  t h a t  o f  

c y c l o p e n t i n d e n e ,  1 - 2 .

L o t h r o p ' s  c l a i m  f o r  t h e  s y n t h e s i s  o f  1 -1  no d e f i n i t e  con ­

c l u s i o n  can  be drawn c o n c e r n i n g  B a k e r ’ s c o u n t e r - c l a i m  u n t i l  

1 - 2  i s  s y n t h e s i z e d .  The p rob lem  o f  a c c o m p l i s h in g  t h i s  s y n ­

t h e s i s  and  com par ing  some o f  t h e  p r o p e r t i e s  o f  c y c l o p e n t ­

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

work r e p r e s e n t e d  by t h i s  t h e s i s .

s i z e  t h i s  compound were a t t r i b u t e d  t o  th e  s t r a i n e d  r i n g

1-2

A lth o u g h  v a r i o u s  p h y s i c a l  m easurements  have  j u s t i f i e d
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- 2

The f i r s t  m e n t io n  o f  b l p h e n y l e n e ,  1 - 1 ,  i n  t h e  l i t e r a ­

t u r e  o c c u r r e d  i n  1871 when H o f f m e i s t e r  (3)  a t t e m p t e d  i t s  p r e p ­

a r a t i o n  f rom d i b e n z o f u r a n ,  1 - 3 ,

1 -3

by d i s t i l l i n g  th e  l a t t e r  w i t h  z in c  d u s t  i n  an e f f o r t  t o  remove 

th e  oxygen atom. D ib e n z o f u r a n  d i s t i l l e d  o v e r  u n c h an ged ,  t h u s ,  

th e  a c t i o n  o f  z i n c  d u s t  f a i l e d  t o  p rod uce  b i p h e n y l e n e .

In  18 9 3 , H osaeus (Ip) t r e a t e d  o -d ib ro m o b en zen e , I —Ip,

I~lp 1 -5

w i t h  sodium i n  an  a t t e m p t e d  Wurtz  r e a c t i o n  b u t  o b t a i n e d  some 

b i p h e n y l ,  1 - 5 , and a m ix tu r e  o f  complex p r o d u c t s  p re s u m a b ly  

due t o  th e  l i n k i n g  up o f  a number o f  benzene  n u c l e i .

The work o f  Niementowski  (5 )  f o l l o w e d  i n  1901,  and 

c o n s i s t e d  o f  th e  a c t i o n  o f  c o p p e r  powder on t h e  d iaz o n ium  s a l t  

o f  2 , 2 » - d ia m in o b ip h e n y l ,  1 - 6 .

2C1

1 -7
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-3 -

I t  was e x p e c t e d  t h a t  an i n t e r n a l  Ullmann r e a c t i o n  would  l e a d  

t o  t h e  d e s i r e d  compound, 1 - 1 , b u t  i n s t e a d  Niementowski  ob ­

t a i n e d  c a r b a z o l e ,  1 - 7 .

Pox and Gauge ( 6 ) i n  1911 when t h e y  r e p o r t e d  a 100$ y i e l d  o f  

t h i s  h y d r o c a r b o n  f rom  2 , 2 *- d i b r o m o b i p h e n y l ,  1 - 8 ,

by  th e  i n t r a m o l e c u l a r  Wurtz r e a c t i o n  u s i n g  f r e s h l y  c u t  

sod ium . The r e a c t i o n  was r u n  i n  e t h e r  u n d e r  r e f l u x  and p r o ­

ceed ed  v e r y  s lo w ly  w i t h  sodium bromide s e p a r a t i n g  o u t  f rom  

th e  s o l u t i o n .  A f t e r  d e c a n t i n g  t h e  s o l u t i o n  f rom  th e  sodium 

b r o m id e ,  r em ova l  of  t h e  e t h e r ,  and  c r y s t a l l i z a t i o n  f rom  l i g h t  

p e t r o l e u m  f o l l o w e d  by r e c r y s t a l l i z a t i o n  f rom a l c o h o l ,  t h e y  

o b t a i n e d  s t r a w - c o l o r e d  c r y s t a l s  i n  th e  fo rm  o f  p r i s m s  t h a t  

m e l t e d  a t  7if-.5-75°C. The a n a l y s i s  conform ed t o  b l p h e n y l e n e .  

M o le c u la r  w e ig h t  d e t e r m i n a t i o n  a l s o  a g r e e d  w i t h  t h a t  o f  t h i s  

compound. These i n v e s t i g a t o r s  b a s e d  t h e i r  p r o o f  on h a v in g  

o b t a i n e d  b l p h e n y l e n e  by t h e i r  method o f  s y n t h e s i s  and  a l s o ,  

b e c a u s e  o x i d a t i o n  o f  t h e i r  compound gave some p h t h a l i c  

a c i d ,  1 - 9 .

The f i r s t  c la im  on b l p h e n y l e n e  was made by D o b b ie ,

1-8

•COOH

-COOH

1 - 9
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I n  a l a t e r  p a p e r  ( 7 ) ,  Dobbie e t  a l ,  d e s c r i b e d  s e v e r a l  r e ­

a c t i o n s  o f  t h e i r  new compound w hich  i n d i c a t e d  a  s t r a i n e d  

c e n t r a l  r i n g  s i n c e  brom ine  opened  i t  t o  g iv e  th e  s t a r t i n g  

m a t e r i a l ,  1 - 8 , w h i l e  d i l u t e  n i t r i c  a c i d  fo rm ed  d i b e n z o f u r a n ,  

1 - 3 ,  among o t h e r  p r o d u c t s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  

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

ene  f rom  2 , 2 »- d i i o d o b i p h e n y l ,  1 - 1 0 ,

1 -1 0

by th e  a c t i o n  o f  sodium i n  e t h e r  un d e r  r e f l u x  which  gave only 

r e s i n s  i n s t e a d  o f  th e  d e s i r e d  compound.

I n  th e  same y e a r  (1911) t h a t  Dobbie e t  a l .  p u b l i s h e d  

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

c o n c e r n i n g  t h i s  work a p p e a re d  i n  t h e  l i t e r a t u r e .  N i e r e n s t e i n  

( 8 ) was w ork ing  w i t h  p u r p u r o t a n n i n  which may be f o r m u l a t e d  

a s  I - 1 1 .

1 -1 1

He d i s t i l l e d  t h i s  compound w i t h  z in c  and c la im e d  t h a t  th e  

main  p r o d u c t  was a compound i d e n t i c a l  w i t h  t h a t  o f  D o b b ie ’ s 

e t  a l .  T h is  would seem s t r a n g e  s i n c e  H o f f m e i s t e r  ( s e e  page 2) 

h a d  fo u n d  t h a t  d i b e n z o f u r a n  i t s e l f  d i d  n o t '  y i e l d  b l p h e n y l e n e
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on su c h  t r e a t m e n t .

The work on b l p h e n y l e n e  r em a in e d  I d l e  f o r  a number 

o f  y e a r s  u n t i l  Schwechten  ( 9 ) I n  1932 resum ed I n v e s t i g a t i o n  

o f  2 , 2 ' - d i b r o m o b i p h e n y l .  He was u n a b le  t o  r e p r o d u c e  D o b b i e ' s  

e t  a l ,  ( 6 ) r e s u l t s .  L ik e w i s e ,  i n  1933 M a s c a r e l l i  and G a t t i  

( 1 0 ) c o u ld  n o t  o b t a i n  b l p h e n y l e n e  f rom 2 , 2 ' - d ib r o m o b ip h e n y l  

by  t h e  a c t i o n  o f  sodium as Dobbie e t  a l ,  ( 6 ) h a d  c l a im e d .  

A g a in ,  i n  19^-1 Rapson (11) a t t e m p t e d  t h i s  r e a c t i o n ,  n o t  o n ly  

i n  e t h e r  b u t  a l s o  i n  b e n z e n e , s o l u t i o n ,  and f a i l e d  t o  p ro d u ce  

b l p h e n y l e n e .

I n  the  m ean t im e ,  C u l l i n a n e ,  Morgan and Plummer (12) 

were  a t t e m p t i n g  t o  s y n t h e s i z e  b l p h e n y l e n e  a lo n g  a somewhat 

d i f f e r e n t  r o u t e .  They i n v e s t i g a t e d  t h e  e f f e c t  o f  d e h y d r a t i n g  

a g e n t s  on 2 - h y d r o x y b i p h e n y l ,  1 - 1 2 .

- S 0 2

1-131-12

Phosphorous  p e n t o x i d e ,  50% 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  

a l l  were  w i t h o u t  e f f e c t ;  70%  s u l f u r i c  a c i d  gave th e  s u l f o n e  

o f  2 - h y d r o x y b i p h e n y l - 2 ' - s u l f o n i c  a c i d ,  1 - 13 .

The c l a im  o f  Dobbie e t  a l .  ( 6 ) as h a v in g  p r e p a r e d  b i -  

p h e n y le n e  now seemed d o u b t f u l .  S t i l l  n o t  c e r t a i n ,  how ever ,  

L o th ro p  (13) i n  1914!  began  th o r o u g h  r e s e a r c h  on 2 , 2 ' -d ib r o m o ­

b i p h e n y l .  He fo u n d  t h a t  th e  a c t i o n  o f  h y d ro g e n ,  l i t h i u m ,  

sodium and p o t a s s i u m  a l l  were s u c c e s s f u l  i n  e l i m i n a t i n g  th e
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- 6 -

brom ine  atoms b u t  t h e  p r o d u c t  i n  e ac h  c a se  was b i p h e n y l ,  1-5> 

o b t a i n e d  g e n e r a l l y  i n  v e r y  p o o r  y i e l d  and c o n ta m i n a te d  w i t h  a 

brom ine  c o n t a i n i n g  o i l  which  was t a k e n  t o  be 2 - b r o m o b ip h e n y l ,  

I - l i ^ .

I - 1I4.

These e x p e r im e n t s  were c o n d u c te d  w i t h  or  w i t h o u t  s o l v e n t  and 

t h e  r e s u l t s  were th e  same* L o th ro p  fo u n d  t h a t  c a l c iu m  and 

z in c  were w i t h o u t  e f f e c t  and  magnesium r e a c t e d  o n l y  w i t h  

d i f f i c u l t y  w i t h  th e  brom ine  i n  th e  2 - p o s i t i o n  and c o u ld  n o t  

be f o r c e d  t o  r e p l a c e  th e  se co n d  bromine a t  2 * even  u n d e r  th e  

m ost  d r a s t i c  c o n d i t i o n s .

L o th ro p  c o n t i n u e d  h i s  e x p e r im e n t s  on 2 , 2 ' -d ib ro m o ­

b i p h e n y l  and  fo u n d  t h a t  p y r o l y s i s  o f  t h i s  compound w i t h  p u re  

c o p p er  powder l e d  a g a i n  t o  b i p h e n y l  and 2 -b r o m o b ip h e n y l .

I n  one o f  h i s  e x p e r i m e n t s ,  how ev er ,  he u s e d  some o l d  co p p er  

powder t h a t  p re s u m a b ly  h a d  been  e x p o sed  t o  t h e  a i r  w i t h  f o r ­

m a t io n  o f  some cuprous  o x id e  and o b t a i n e d  a new h y d r o c a r b o n .  

T h is  was r e a d i l y  v o l a t i l e  w i t h  s te am  and c r y s t a l l i z e d  f rom 

a l c o h o l  i n  lon g  s t r a w - c o l o r e d  p r i sm s  m e l t i n g  a t  109-110°C.

The compound a l s o  formed a s c a r l e t  p i c r a t e  m e l t i n g  a t  

121-122°G.  S u b s e q u e n t  e x p e r im e n t s  showed t h a t  i t  was th e  

cup rous  o x id e  a lo n e  t h a t  was t h e  a c t i v e  r e a g e n t  i n  fo rm in g  

th e  new h y d r o c a r b o n .  Pure  cop p er  and  c u p r i c  o x id e  had no e f f e c t .
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I n  the  above method some unchanged  d ib ro m id e  was 

a lw ays  p r e s e n t  i n  th e  c ru d e  p r o d u c t  and c o u ld  be removed 

o n ly  by a t e d i o u s  p r o c e s s .  This  n e c e s s i t a t e d  i s o l a t i o n  o f  

t h e  h y d r o c a r b o n  as t h e  p i c r a t e .  To a v o id  t h i s  d i f f i c u l t y ,  

L o th ro p  p y r o l y z e d  b l p h e n y l e n e  iodon ium  i o d i d e ,  I - l 5 >

j. NH2 nh2

1 -15  1-16

w i t h  c up rous  o x i d e .  Compound 1 -1 5  was p r e p a r e d  f rom  2 , 2 ' -  

d i a m i n o b ip h e n y l ,  1 -1 6 ,  by  t r e a t m e n t  o f  th e  l a t t e r  w i t h  sodium 

n i t r i t e  and p o t a s s i u m  i o d i d e  a c c o r d i n g  t o  th e  p r o c e d u r e  o f  

S e a r l e  and Adams ( l ip ) . B ip h e n y le n e  was p ro d u c e d  i n  s l i g h t l y  

b e t t e r  y i e l d  by  t h i s  method a l t h o u g h  t h e  y i e l d  was s t i l l  

q u i t e  low, a b o u t  %%.
I t  i s  i n t e r e s t i n g  t o  n o t e  a t  t h i s  p o i n t  t h a t  some o f  

t h e  p r o p e r t i e s  o f  L o th ro p* s  compound were s i m i l a r  t o  t h o s e  

o f  Dobbie*s  e t  a l .  Both  c r y s t a l l i z e d  i n  s t r a w - c o l o r e d  

p r i s m s  and p o s s e s s e d  an odor  s i m i l a r  t o  t h a t  o f  b i p h e n y l .  

A l s o ,  b o t h  compounds were v o l a t i l e  w i t h  s te am .  On th e  o t h e r  

h a n d ,  th e  m e l t i n g  p o i n t s  d i f f e r e d  c o n s i d e r a b l y —D o b b ie ' s 

e t  a l .  m e l t e d  a t  7^»5“ 75°C w hereas  L o t h r o p ’ s m e l t e d  a t  

109-110°C.

There  r e m a in e d ,  t h e n ,  th e  p r o o f  o f  s t r u c t u r e  o f  

L o th ro p * s  compound. His  compound and a l s o  t h e  p i c r a t e  a n a l ­
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y z ed  f o r  ^ g H g .  O x i d a t i o n  w i t h  chromic  a n h y d r id e  to o k  p l a c e  

r e a d i l y  t o  y i e l d  p h t h a l i c  a c i d ,  1-9* H y d r o g e n a t io n  o v e r  r e d  

h o t  c o p p e r  gave b i p h e n y l ,  1-5* A l l  o f  t h e s e  e x p e r i m e n t s  

would l e n d  s u p p o r t  t o  th e  f a c t  t h a t  L o th ro p  h a d  p r e p a r e d  

b l p h e n y l e n e .

S t i l l  more c o n v in c in g  e v id e n c e  was f u r n i s h e d  by  

L o th ro p  when he p r e p a r e d  d e r i v a t i v e s  o f  b l p h e n y l e n e  u s i n g  

s i m i l a r  e x p e r i m e n t a l  m e th o d s .  Thus,  he p r e p a r e d  2 , 7 - d i ­

me t h y l b i p h e n y l e n e , 1 - 1 7 »

CH3'  ^  GH3

1-17

by two d i f f e r e n t  r o u t e s ,  one by  th e  p y r o l y s i s  o f  2 , 7 - d i ­

me t h y l b i p h e n y l e n e  iodonium i o d i d e ,  I - l 8 ,

I
I

1-18  1 -19

w i t h  c u p ro us  o x ide  and th e  o t h e r  by  th e  p y r o l y s i s  o f  3 » 6 - h i -  

m e t h y l b i p h e n y l e n e , I -19>  w i t h  t h e  same r e a g e n t .  A l s o ,  i n  a 

l a t e r  p a p e r  (15) p u b l i s h e d  i n  192+2, L o th ro p  p r e p a r e d  2 , 7 -  

dime thoxyb i p h e n y l e n e , 1 - 2 0 ,  and 1 , 8 - d i m e t h y l b i p h e n y l e n e , 1 - 2 1 ,  

by p y r o l y s i s  o f  t h e  c o r r e s p o n d i n g  iodonium  i o d i d e  w i t h  

c u p ro u s  o x i d e .  These d e r i v a t i v e s  (diagrammed on page 9)
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1-20

CH

1-21

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

f o r  th e  s y n t h e s i s  o f  b i p h e n y l e n e .

Such e v id e n c e ,  how ever ,  was n o t  c o n v in c in g  t o  Baker 

( 1 6 ) who p u b l i s h e d  a p a p e r  i n  19^2 t h a t  d e s c r i b e d  an  e n t i r e l y  

d i f f e r e n t  i n t e r p r e t a t i o n  o f  L o t h r o p ’ s e x p e r i m e n t s .  Baker  c o n ­

s i d e r e d  i t  u n l i k e l y  t h a t  u n d e r  t h e  s e v e r e  c o n d i t i o n s  em­

p lo y e d  by  L o th ro p  a compound so s t r a i n e d  and u n s t a b l e  as b i ­

p h e n y le n e  s h o u ld  r e s u l t ,  even  i n  s m a l l  y i e l d .  He i n t e r p r e t e d  

t h e  r e a c t i o n  as l e a d i n g  t o  c y c l o p e n t i n d e n e ,  1 - 2 , and s u g g e s t e d  

t h e  f o l l o w i n g  mechanism:

Cu£0

P y r o l y s i s

1 -1 5

7
6

1 - 2

< -

1 -2 2
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Baker  assumed t h a t  rem ova l  of  t h e  I o d i n e  f rom  I - l 5  ( o r  o f  t h e  

two brom ine  atoms f rom  2 , 2 ’ -d ib r o m o b ip h e n y l )  w i t h  c up rous  

o x id e  l e d  t o  a b i p h e n y l  w i t h  f r e e  v a le n ce s ,  i n  p o s i t i o n s  2 

and  2 ’ as  i n d i c a t e d  by th e  a s t e r i s k s  i n  fo r m u la  1 - 2 2 .  He 

f u r t h e r  assumed t h a t  t h e s e  v a l e n c e s  can o n l y  u n i t e  w i t h  the  

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

r e s u l t  i n  a d i r a d i c a l  o f  b e n z o - c y c l o - o c t a t e t r a e n e , 1 - 2 3 , i n  

w h ich  th e  c a rb o n  atoms 1 and 6 a r e  t r i v a l e n t  (marked by 

a s t e r i s k s ) .  T h is  r e a r r a n g e s  im m e d ia te ly  i n t o  c y c l o p e n t ­

i n d e n e ,  1 - 2 , th e  l e a s t  s t r a i n e d  s t r u c t u r e .

Baker c la im e d  t h a t  t h i s  view f o r  t h e  s t r u c t u r e  o f  

b i p h e n y l e n e  i s  i n  harmony w i t h  t h e  i d e n t i t y  o f  th e  o t h e r  d e r ­

i v a t i v e s  o f  b i p h e n y le n e  p r e p a r e d  by  L o th r o p .  Thus ,  th e  two 

i s o m e r i c  d i m e th y ld ip h e n y l io d o n iu m  i o d i d e s ,  I - l 8 and 1 - 1 9 , 

m ust  y i e l d  th e  same i n t e r m e d i a t e ,  the  Ip,8 - ( 3 , 9 ) - d i m e t h y l  

d e r i v a t i v e  o f  1 - 2 3 , and t h e r e f o r e ,  th e  same f i n a l  p r o d u c t ,  

which  may be e i t h e r  th e  2 , 7 -  o r  th e  3 , 6 - d i m e t h y l  d e r i v a t i v e  

o f  1 - 2 .

I n  th e  same y e a r ,  Coulson  (17) s u p p o r t e d  B a k e r ' s  

t h e o r y  by c o n s i d e r a t i o n  o f  r e s o n a n c e  and s t r a i n  e n e r g i e s .

The numbers o f  s i n g l e  and doub le  bonds i n  b o t h  1 - 1  and 1 -2  

a r e  th e  same and b o t h  m o le c u le s  a r e  p l a n a r ,  so t h a t  t h e i r  

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

6 - b o n d s .  Coulson c a l c u l a t e d  r e s o n a n c e  e n e r g i e s  f o r  1 -1  and 

1 -2  t o  be Ij..3o6 / J and Ip. r e s p e c t i v e l y ,  where  f i  i s  a c o n s t a n t
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h a v i n g  a m ag n i tud e  o f  abo u t  20 K c a l .  These were m easu red  

r e l a t i v e  t o  a c a rb o n  framework o f  s i x  double  and  e i g h t  s i n g l e  

b o n d s .  These f i g u r e s  i n d i c a t e d  t h a t  th e  m o b i le  e l e c t r o n s  o f  

1 -1  a r e  more s t a b l e  t h a n  th o s e  o f  1 -2  by 0 . 202^ ,  t h a t  i s ,  

a b o u t  ij. K c a l .  However, s t r a i n  e n e r g i e s  c a l c u l a t e d  by  Coulson  

a c c o r d i n g  t o  th e  method o f  Penney (19) showed t h a t  t h e  s t r a i n  

e n e r g y  o f  1 -2  i s  o n ly  a few K c a l . ,  b u t  i n  1 -1  i t  i s  v e r y  

l a r g e ,  p o s s i b l y  as g r e a t  as 100 K c a l .  Thus ,  C ou lson  c on ­

c lu d e d  t h a t  1 -2  i s  much more s t a b l e  t h a n  1 -1  s i n c e  th e  i n ­

c r e a s e d  r e s o n a n c e  i n  1 -1  i s  more t h a n  com pensa ted  by th e  

s t r a i n  i n v o l v e d  i n  t h e  6 - t y p e  b o n d s .

a v a i l a b l e  which  g iv e  s t r o n g  s u p p o r t  t o  th e  b i p h e n y l e n e  s t r u c ­

t u r e .  Waser and Schomaker (20) i n  19^3 made an e l e c t r o n  

d i f f r a c t i o n  i n v e s t i g a t i o n  o f  L o th ro p * s  compound and  d e t e r ­

m ined  th e  f o l l o w i n g  d a t a  f o r  b i p h e n y l e n e ,  1 - 1 :

These authors stated that the cyclopentindene structure, 1-2, 
i s  d e f i n i t e l y  e x c lu d e d  becaxise t h e r e  a re  no C-C d i s t a n c e s  o f

More r e c e n t l y  t h r e e  p i e c e s  o f  e v id e n c e  have become

1 -1

a =  b = c = d = lolpl ± 0 .0 2  it 

e =  l J 4 - 6 ± 0 . 0 5  it 

C - H = 1 .1 0  £(assumed)

*  =  121 ± 3 °

2 .3 0  £  c o r r e s p o n d i n g  to  th e  c a l c u l a t e d  d i a g o n a l s  o f  two 

r e g u l a r  p e n t a g o n s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 1 2 -

L a t e r ,  i n  1 9 ^  > Waser and C h ia -S i  Lu (21) s t u d i e d  th e  

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

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

i s ,  L o t h r o p ’ s compound h a s  th e  s t r u c t u r e  i n d i c a t e d  by  b i ­

p h e n y le n e ,  1 - 1 ,  and n o t  t h a t  o f  B a k e r ’ s c y c l o p e n t i n d e n e ,  1 - 2 .  

Waser and C h i a - S i  L u’ s f i n d i n g s  show t h a t  t h e  c r y s t a l  s t r u c ­

t u r e  o f  b i p h e n y l e n e  i s  b a s e d  on a m o n o c l in ic  u n i t  c e l l  con ­

t a i n i n g  s i x  m o le c u le s  and h a v in g  th e  f o l l o w i n g  d im e n s io n s :

a 0 =  1 9 .6 0  ± 0 . 0 3  £ e~o = £ . 8 l ] . ± 0 o 0 2  A

b 0 =  1 0 .5 0  ± 0 .0 2  a  f - 91° 2 0 « ± 2 0 ’

The r e p o r t  a l s o  i n d i c a t e d  a c l o s e l y  k n i t  p a c k in g  o f  th e  b i ­

p h e n y le n e  c r y s t a l .

S u r p r i s i n g l y  enough,  th e  t h i r d  p i e c e  o f  e v id e n c e  i n  

f a v o r  o f  th e  b i p h e n y l e n e  s t r u c t u r e  f o r  L o t h r o p ' s  compound 

came f rom  B a k e r ,  h i m s e l f ,  i n  a l a t e r  p a p e r  (22)  p u b l i s h e d  i n  

19^4-S* A c t u a l l y ,  t h i s  p a p e r  was a T i l d e n  L e c t u r e  and  i n c l u d e d  

some o f  B a k e r ’ s u n p u b l i s h e d  e x p e r i m e n t s .  One o f  them was 

c o n c e rn e d  w i t h  th e  h y d r o g e n a t i o n  o f  b i p h e n y l e n e .  I n  h i s  f i r s t  

p a p e r  (1 ? )»  Baker h a d  i n c l u d e d  the  r e s u l t  o f  th e  c a t a l y t i c  

h y d r o g e n a t i o n  o f  b i p h e n y l e n e  i n  a c e t i c  a c i d  a t  room t e m p e r a ­

t u r e  i n  the presence of a palladium — charcoal catalyst which 

showed t h a t  3 moles  of  h y d r o g e n  were a b s o r b e d .  T h is  f a c t  had  

r e i n f o r c e d  h i s  t h e o r y  as  t o  th e  s t r u c t u r e  o f  L o t h r o p ' s  com­

pound b e in g  c y c l o p e n t i n d e n e ,  1 - 2 , s i n c e  he r e a s o n e d  t h a t  a
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m o le c u le  p o s s e s s i n g  t h e  b i p h e n y l e n e  s t r u c t u r e ,  1 - 1 , s h o u l d  

u n d e rg o  r e a d y  c a t a l y t i c  r e d u c t i o n  w i t h  r u p t u r e  o f  t h e  s t r a i n ­

ed  four-m em bered  r i n g  t o  g iv e  b i p h e n y l  ( a b s o r p t i o n  o f  o n ly  

1 mole o f  h y d r o g e n ) .  Now, how ever ,  i n  th e  T i l d e n  L e c tu r e  

m e n t io n e d  above ,  Baker  i n c l u d e d  t h e  r e s u l t s  o f  some f u r t h e r  

e x p e r i m e n t a t i o n .  He fo u n d  t h a t  th e  c o u rs e  o f  r e d u c t i o n  was 

q u i t e  d i f f e r e n t  when h y d r o g e n a t i o n  was a f f e c t e d  i n  a l c o h o l i c  

s o l u t i o n  i n  t h e  p r e s e n c e  o f  Raney n i c k e l .  I n  t h i s  c a s e ,  th e  

u p t a k e  o f  h y d ro g en  was r a p i d  and  c e a s e d  a f t e r  l i t t l e  more 

t h a n  one m o le c u le  o f  h yd ro g en  was a b s o rb e d  and an 85$  y i e l d  

o f  p u re  b i p h e n y l  was i s o l a t e d ,  ' t h i s  r e p r e s e n t s  s t r o n g  

ch em ic a l  e v id e n c e  i n  f a v o r  o f  t h e  b i p h e n y l e n e  s t r u c t u r e  

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

would  i n v o lv e  t h e  b r e a k i n g  o f  two C-C l i n k s  w i t h  th e  fo rm a ­

t i o n  o f  a new C-C l i n k  t o  g iv e  t h e  r e s u l t .  Waser and Scho-  

maker (21) s u g g e s t e d  t h a t  B a k e r ’s f i r s t  c a t a l y t i c  r e d u c t i o n  

e x p e r i m e n t ,  w h ich  i n d i c a t e d  a b s o r p t i o n  o f  t h r e e  moles  o f  

h y d r o g e n ,  c o u ld  be e x p l a i n e d  on th e  a s s u m p t io n  t h a t  one o f  th e  

s ix -m em bered  r i n g s  became c o m p l e t e ly  s a t u r a t e d  w i t h o u t  dam­

age t o  t h e  four-m em bered  r i n g .

In view o f  th e  e v id e n c e  t h a t  has  mounted i n  f a v o r  of  

t h e  biphenylene structure, it would seem apparent that 
L o t h r o p ’ s c l a im  was f u l l y  j u s t i f i e d .  B ip h e n y le n e  may be r e ­

g a rd e d  as a u n iqu e  ty p e  o f  m o le c u le  i n  which  th e  c y c l o b u t a -  

d i e n e  r i n g  i s  s t a b i l i z e d  by f u s i o n  w i t h  two benzene  n u c l e i .  

F u r t h e r m o r e , f o u r  p o s s i b l e  r e s o n a t i n g  forms may e x i s t  f o r

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



t h i s  compound as i n d i c a t e d  by I -1 A ,  I - 1 B ,  I -1 C  and I - I D .

I-1A I - I B  I -1C I - I D

T h is  r e s o n a n c e  would compensa te  f o r  th e  e x p e c t e d  i n s t a b i l i t y  

due to  s t r a in . . .  An i n t e r e s t i n g  f e a t u r e  would  be th e  s t u d y  o f  

t h e  M i l l s - N i x o n  e f f e c t  on b i p h e n y l e n e  which  may . l e n d  i n ­

f o r m a t i o n  as t o  th e  c o n t r i b u t i o n  o f  each  o f  t h e  r e s o n a t i n g  

f o r m s .

Even though  the  a rgument  c o n c e r n in g  b i p h e n y l e n e  and 

c y c l o p e n t i n d e n e  now seems o n e - s i d e d ,  th e  f a c t  t h a t  t h e  l a t t e r  

h a s  n e v e r  b een  s y n t h e s i z e d  i s  h i g h l y  s i g n i f i c a n t  s i n c e  o n ly  

t h i s  accom pl ishm en t  can  c o n c l u s i v e l y  s e t t l e  t h e  c o n t r o v e r s y .  

L ik e  b i p h e n y l e n e ,  c y c l o p e n t i n d e n e  s h o u ld  e x i s t  as  a p l a n a r  

m o le c u le  f o r  which  t h r e e  s t r u c t u r e s  can be w r i t t e n ,  two b e n -  

z e n o i d  s t r u c t u r e s ,  I -2A  and I - 2 B ,  and one o r t h o - Q u i n o n o id  

s t r u c t u r e ,  I -2 C .

I-2A I -2B  1-20

The d e c r e a s e d  r e s o n a n c e  i n  c y c l o p e n t i n d e n e  as compared to  

b i p h e n y l e n e  is . ,  how ever ,  more t h a n  com pensa ted  b y  l e s s  bond 

s t r a i n . .  The p r e p a r a t i o n  o f  t h i s  compound s h o u l d  be f e a s i b l e .
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H ot  many a t t e m p t s  have  b e en  made t o  p r e p a r e  c y c l o ­

p e n t i n d e n e ,  as a m a t t e r  o f  f a c t ,  n o t  many compounds h a v in g  

t h i s  r i n g  s k e l e t o n  a re  known. I n  192?» Braun  and  Kuhn (23) 

r e p o r t e d  th e  s y n t h e s i s  o f  i p - k e t o - l , 2 , 3 >i-|-,9 >10”k e x a h y d r o -  

c y c l o p e n t i n d e n e , I ~ 2 lp,

a c c o r d i n g  t o  th e  f o l l o w i n g  scheme:

1-525

+

1-26

01-

1-27

HC1

S0C12

A1C1

CS2
■3

1-28

HBr-HOAc

Br

Mg & C02
1-29

COOH

1-30
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These a u t h o r s  c la im e d  t h a t  th e  r e a c t i o n  o f  1 - p h e n y l -  

c y c l o p e n t - 2 - e n e ,  1 - 2 8 ,  w i t h  h y d ro g e n  bromide  i n  a c e t i c  a c i d  

a t  100 C. y i e l d e d  2 - p h e n y l - 1 , - b r o m o c y c lo p e n ta n e , 1 - 2 9 ,  as  

shown i n  th e  d iag ra m ,  The c o n v e r s i o n  o f  1 -29  t o  2 - p h e n y l -  

c y c l o p e n t a n e - l - c a r b o x y l i c  a c i d ,  1 - 3 0 , how ever ,  was o n ly  2 

t h e  m ain  p r o d u c t  b e i n g  b i s - ( p h e n y l c y c l o p e n t y l ) . The a c i d ,  

1 - 3 0 ,  was i s o l a t e d  as an o i l .  Ring c l o s u r e  was v e r y  d i f f i ­

c u l t  g i v i n g  o n ly  a 30^  y i e l d  o f  th e  k e t o n e ,  I - 2i}..

In I 9 I4.8 , Baker and Leeds (2Lj.) criticized this work. 
They found that Braun and Kuhn had actually prepared
3-phenylcyclopentane-l-carboxylic acid, I-31>

1 -3 1

f o r  t h e  most  p a r t  and t h a t  r i n g  c l o s u r e  gave lp - k e to - 1 , 3 -  

e n d o e t h y l e n e - l , 2 , 3 ,i4- - t e t r a h y d r o n a p h t h a l e n e ,  I -3 2 A ,

I-32BI-32A

th e  l a t t e r  o f  which  may be r e g a r d e d  as th e  b r i d g e d  b e n z e n d o - - 

m e t h y l e n e c y c lo h e p t e n o n e ,  I - 3 2 B .  T h e i r  b a s i s  f o r  p r o o f  was 

a B a r b i e r - W i e l a n d  d e g r a d a t i o n  o f  th e  a c i d ,  T - 3 1 , .  which  gave 

v i a  i t s  m e th y l  e s t e r  and 3 - p h e n y l c y c l o p e n t y l d i m e t h y l c a r b i n o l ,
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t h e  k e t o n e ,  3 - p h e n y l c y c l o p e n t a n o n e ,. 1 —3̂ 4-- T h e ' p o s i t i o n  o f  

t h e  k e to n e  groups  and h e n c e ,  th e  o r i g i n a l  c a r b o x y l  g r o u p ,  

was e s t a b l i s h e d  by th e  p r e p a r a t i o n  o f  a d i b e n z y l i d e n e  d e r ­

i v a t i v e  ( I -35* R=Ph.)  and a d i p i p e r o n y l i d e n e  d e r i v a t i v e  

( 1 - 3 5 ;  R = 3 , i | - -m e th y len e d io x y p h e n y l ) . A l s o ,  t h e  p r e p a r a t i o n  

o f  t h e  a c i d ,  1-31* by a n o t h e r  r o u t e  ( P r i e d e l - C r a f t s  r e a c t i o n  

o f  benzene  and c y c l o p e n t - l - e n e  c a r b o x y l i c  a c i d ,  1 - 36 *

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

r i n g  c l o s u r e  compound, I -32A o r  B, as  s e m ic a rb a z o n e s  were

a d d i t i o n a l  e v id e n c e  as t o  th e  i d e n t i t y  o f  t h e  a c i d ,  1-31*

L a t e r ,  i t  was fo u n d  by Baker  ( Sip) t h a t  th e  a c i d ,  1 - 3 0 ,  i s  a

s o l i d  h a v in g  a m e l t i n g  p o i n t  o f  87-88°C w hereas  t h e  a c i d ,

1-31* I s  an o i l  and  m e l t s  a t  1 7 - 1 8 . 5°C. S in c e  Braun and Kuhn
%

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

e v id e n c e  ( a l t h o u g h  n o t  -too good) t h a t  t h e y  had  a c t u a l l y  p r e ­

p a r e d  1 -31  and n o t  1-30..

1 -3 6

The work o f  C h a t t e r j e e  (25) i n  1938 was th e  most
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s i g n i f i c a n t  c o n c e rn in g  the  s y n t h e s i s  o f  th e  6 - 5 - 5 ~ r in g  

s y s te m .  H is  aim was to  p r e p a r e  th e  s a t u r a t e d  compound o f  

c y c l o p e n t i n d e n e ,  nam ely ,  l , 2 , 3 ,L).,9 , 10 - h e x a h y d r o c y c l o p e n t -  

i n d e n e ,  1 - 37#

1 -3 7

w hich  he accomplished . .  H is  r e a c t i o n s  may be o u t l i n e d  as 

f o l l o w s :

r^ 'T rC H O

1 -3 8

+  CN-CH2 -CO OEt

1 -3 9

A lc o h o l
P i p e r i d i n e

C a t a l y s t

I-lpO

CN

\
COOEt

NaCN

G l-C H 2 -CH 2 -C 0 0 E t

Contd .  on 
page 19

I —I4-I

CN
/

-CH 
\  ^CN

COOEt

CH2 -CH 2 -C 0 0 E t
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I

(y' X-ch
CU

U X0NpC O O Et 

I - l+ l GH2 -CH2 -C 00Et

H y d ro ly sis :

D eo ar b oxy  1 a t  i  on

CH3 O Q C Q

COOCH-

1 - 1+!+

H y d r o ly s is

0
A

ck

< -
CH30H

CHoONa

OOH

on

Clemmenson
R e d u c tio n

COOH

CH-COOH

1 - 1+2 GH2 -CH2-C00H

Es t a r i f i c a t i o n  
CH3 OH-HCI

v

(
GOOCH3

1-1+3

CH-COOCHo 
/  J 

CH2 -GH2 -GOOCH3

X X

COOH

1-1+5

Clemmenson
R e d u c tio n

1-30

SOCl^

A lC l t

X X

.1*37 I  —2 '+
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This  s y n t h e s i s  was m o d i f i e d  by B aker  and Leeds (2ij.) 

who e l i m i n a t e d  the  i s o l a t i o n  o f  some o f  th e  i n t e r m e d i a t e s ,  

n am ely ,  e t h y l  b e n z y l i d e n e c y a n o a c e t a t e ,  I - Ip ) ,  and  e t h y l  * ,  

d i c y a n o - ^ - p h e n y l p r o p i o n a t e ,  I - I p . ,  & ls o ,  Baker  and  Leeds u s e d  

a p h o s p h o r i c  a n h y d r i d e - p h o s p h o r i c  a c i d  m ix t u r e  f o r  t h e  r i n g  

c l o s u r e  s t e p  ( c o n v e r s i o n  o f  1 -30  t o  I - 2 i p  i n s t e a d  o f  t h e  fo rm a ­

t i o n  o f  t h e  a c i d  c h l o r i d e  and P r i e d e l - C r a f t s  r e a c t i o n  as  u s e d  

by  C h a t t e r j e e .  I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  B a k e r ’ s aim 

was t o  p r e p a r e  c y c l o p e n t i n d e n e  b u t  t h i s  p a p e r  (2ij.) i n d i c a t e d  

e x p e r i m e n t s  o n ly  as  f a r  as  C h a t t e r j e e ’ s k e t o n e ,  I-2lj. ,

Our p ro b lem ,  as p r e v i o u s l y  m e n t io n e d ,  i s  c o n c e rn e d  w i t h  

t h e  s y n t h e s i s  o f  c y c l o p e n t i n d e n e ,  1 - 2 ,  and th e  com pa r iso n  o f  

some o f  th e  p r o p e r t i e s  o f  t h i s  compound w i t h  i t s  i s o m e r ,  

b i p h e n y l e n e ,  1 - 1 ,
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I I .  PROCEDURE AND DISCUSSION

There  a r e  t h r e e  g e n e r a l  methods o f  a p p ro a c h  t o  th e  

p r e p a r a t i o n  o f  c y c l o p e n t i n d e n e ,  I I - l ,

I I - l

which  may be c l a s s i f i e d  as  f o l l o w s !

1 .  F o rm a t io n  o f  t h e  o u t e r  f iv e -m em b ered  r i n g  by  r i n g  

c l o s u r e  o f  an  in d en e  d e r i v a t i v e  su c h  as  i n d e n e - 2 - p r o p a n o i c  

a c i d ,  I I - 2 ,

- ch2 - cooh

I I -2  I I - 3

t o  g iv e  l - k e t o - 2 , 3 , i | - - t r i h y d r o c y c l o p e n t i n d e n e ,  I I - 3 .

2 .  F o rm a t io n  o f  th e  o u t e r  f iv e -m em b ered  r i n g  by  con ­

d e n s a t i o n  r e a c t i o n s  such  as  a Dieckmann p e r fo rm e d  on an i n d a n  

d e r i v a t i v e ,  m e th y l  1 , 2 - i n d a n d i a c e t a t e ,  I I - I j . .

-ch^ cooch^ 

^ ^ X ^ > C H 2 C 0 0 C H 3

I I - I 4- I I - 5
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A f t e r  h y d r o l y s i s  and d e c a r b o x y la t io n  th e r e  s h o u ld  r e s u l t  

2 - k e t o - 1  1 0 - p e n ta h y d r o c y c lo p e n t in d e n e , I I - 5 .

3. F o rm a t io n  o f  th e  i n n e r  f iv e -m em b ered  r i n g  b y  r i n g  

c l o s u r e  of  a p h e n y lc y c l o p e n t a n e  d e r i v a t i v e  s u c h  as  2 - p h e n y l -  

c y e l o p e n t a n e - l - c a r b o x y l i c  a c i d ,  I I - 6 .

c6 oh

i i -7I I - 6

This  s h o u l d  y i e l d  i p - k e t o ~ l , 2 , 3 , 9 , 1 0 - p e n t a h y d r o c y c l o p e n t -  

i n d e n e ,  I I - 7 .

These t h r e e  methods a r e  a p p l i c a b l e  t o  o t h e r  d e r ­

i v a t i v e s  and one can  d e te rm in e  th e  b e s t  s y n t h e s i s  by  i n ­

v e s t i g a t i o n  o f  s e v e r a l  p r o m is in g  compounds.  Onoe th e  r i n g  

s k e l e t o n  h a s  been  formed i t  i s  n e c e s s a r y  t o  p e r f o r m  th e  

a p p r o p r i a t e  o p e r a t i o n s  t h a t  w i l l  r e s u l t  i n  th e  f i n a l  com­

pound,  I I - l .

I t  was d e c i d e d  t h a t  in d en e  d e r i v a t i v e s  be i n v e s t i ­

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

c y c l o p e n t i n d e n e .  Compounds h a v in g  a s i d e  c h a i n  on t h e  

2 - p o s i t i o n  of  in d en e  ( a s  i n  f o rm u la  1 -2 )  were t h o u g h t  t o  be 

the most promising for method $1 since ring closure i n  

e i t h e r  d i r e c t i o n  would g iv e  th e  same c a rb o n  f ram ew ork .  Two 

r o u t e s  employing  t h i s  m ethod  were i n v e s t i g a t e d .
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M eth od  1A

I I - 8

Brp W ate r

90° G.

■OH

H ydro lys is :  
_ 0 0 0 H  30^ KOH

A e e t o a c e t i c  E s t e r

NaOEt

/COOEt

11-11

D e h y d r a t io n

G-CH-s II
1 1 -1 0  0

A r n d t - E i s  t e r
IH2 -COOH S y n t h e s i s t-CH2 -C0QH

11-12 I I - 2

1 1 - 1 3

Meerwein
«-

Ponndorf
R e d a c t i o n

Ring  C lo su re

Dehydr og e n a t  i o n

I I - 3

I I - l
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The s y n t h e s i s  o f  1 1 - 1 2 . f rom  I I - 8  was fou n d  i n  the  

l i t e r a t u r e ,  Pope and Read (26) b e in g  c r e d i t e d  f o r  t h e  con ­

v e r s i o n  o f  I I - 8  t o  I I - 9  and Peacock  and Menon (27) f o r  t h e  

c o n v e r s i o n  o f  I I - 9  t o  1 1 - 1 2 .  The compound, 1 1 - 1 0 ,  was n o t  

i s o l a t e d  i n  p u re  fo rm  s i n c e  i t  underw en t  h y d r o l y s i s  (30^  KOH) 

r e a d i l y  to  g iv e  t r a n s - l - h y d r o x y h y d r i n d e n e - 2 - a c e t i c  a c i d ,  

1 1 - 1 1 .

When i n d e n e ,  I I - 8 ,  was e m u l s i f i e d  w i t h  w a t e r  a t  90°C 

and t r e a t e d  w i th  a p o t a s s i u m  brom ide  s o l u t i o n  s a t u r a t e d  

w i t h  brom ine  t h e r e  r e s u l t e d  2 - b r o m o - l - h y d r o x y h y d r i n d e n e ,

I I - 9 .  An a l c o h o l i c  s o l u t i o n  o f  t h i s  s o l i d  was added  to  a; 

s o l u t i o n  o f  e t h y l  sodium a c e t o a c e t a t e  i n  a l c o h o l  whereupon 

sodium brom ide  s e p a r a t e d  o u t  r a p i d l y  t o  y i e l d  t h e  d e r ­

i v a t i v e ,  1 1 - 1 0 .  T h is  was h y d r o l y z e d  t o  y i e l d  th e  a c i d ,  IE-11.

The d i f f i c u l t y  a r o s e  i n  th e  c o n v e r s i o n  o f  11-11  t o  

1 1 - 1 2 .  Peacock  and Menon (27) c la im e d  t h a t  t r e a t m e n t  o f  

t h e  a c i d ,  1 1 -1 1 ,  w i t h  h y d ro g en  bromide s o l u t i o n  a t  100°C 

gave a m ix t u r e  o f  th e  l a c t o n e ,  11 - 1 5 ,

n-15
and indene—2—acetic acid, 11—12. Ho yield of the acid was 
m e n t io n e d  i n  t h i s  p a p e r  ( 2 7 ) .  S e v e r a l  a t t e m p t s  were made to  

d u p l i c a t e  t h i s  work b u t  i n  a l l  c a s e s  we were u n a b le  t o  ob­

t a i n  th e  a c i d ,  1 1 - 1 2 .  Only th e  l a c t o n e ,  1 1 - 1 5 ,  and u n r e a c t e d  

a c i d ,  1 1 - 1 1 ,  c o u ld  be i s o l a t e d .
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O th e r  d e h y d r a t i n g  a g e n t s  were employed i n  an e f f o r t  

t o  o b t a i n  i n d e n e - 2 - a c e t i c  a c i d .  The a c t i o n  o f  p h o s p h o r i c  

a n h y d r id e  i n  benzene  s o l u t i o n  gave th e  l a c t o n e  e x c l u s i v e l y .  

The a c t i o n  o f  b a r iu m  o x ide  ( b a s i c  d e h y d r a t i n g  a g e n t  to  p r e ­

v e n t  l a c t o n e  f o r m a t i o n )  on t h e  b a r iu m  s a l t  o f  th e  a c i d ,  11-11, 

a t  200°C was a p p a r e n t l y  w i t h o u t  e f f e c t  s i n c e  t h e  o r i g i n a l  

a c i d  was r e c o v e r e d  on a c i d i f i c a t i o n  o f  th e  r e a c t i o n  m i x t u r e .  

The e t h y l  e s t e r  o f  11-11  a l s o  gave th e  l a c t o n e  when t r e a t e d  

w i t h  p h o s p h o r i c  a n h y d r id e  i n  benzene  s o l u t i o n .  T h is  em­

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

f i c a t i o n  o f  th e  s a p o n i f i e d  e s t e r  r e g e n e r a t e d  i t .  A p p a r e n t l y ,  

then,,, t h e  c i s - c o  n f i g u r a t i o n  o f  th e  h y d r o x y l  and  h y d ro g e n  

g ro up s  and th e  e a s y  c o n v e r s i o n  o f  t h e  a c i d  to  th e  l a c t o n e  

were r e s p o n s i b l e  f o r  the  f a i l u r e  o f  th e  c o n v e r s i o n  to  1 1 - 1 2 .

A l a s t  e f f o r t  was made t o  p r e p a r e  i n d e n e - 2 - a c e t i c  

a c i d  by an a c e t o a c e t i c  e s t e r  c o n d e n s a t i o n  on 2 - b ro m o in d e n e , 

I I - 1 6 .

I I -16

T h is  was e x p e c t e d  t o  be a somewhat u n s a t i s f a c t o r y  r e a c t i o n  

b e c a u s e  o f  th e  i n a c t i v e  p o s i t i o n  o f  t h e  brom ine  a tom. The 

r e a c t i o n  m ix t u r e  i n  an  a l c o h o l i c  s o l u t i o n  t u r n e d  j e t  b l a c k  

i n  c o l o r .  N e i t h e r  th e  a c i d ,  1 1 - 1 2 ,  n o r  t h e  o r i g i n a l  bromo- 

compound c o u ld  be i s o l a t e d  on w ork ing  up t h e  . r e a c t i o n  

m i x t u r e •
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The i n a b i l i t y  t o  o b t a i n  i n d e n e - 2 - a c e t i c  a c i d  c a u s e d  

us t o  a l t e r  the  s y n t h e s i s  as  d e s c r i b e d  on page 2 3 .  The new 

r o u t e  i n v e s t i g a t e d  may be o u t l i n e d  as f o l l o w s :

Method IB
04c

KOAc
HOAe

100°C . 11-18

11-17

Mg
E t h e r

1 1 -1 9

H y d r o l y s i s

y OH

11 -21
o3

11-20  

Pb(OAc)^

10^ HpSOj^

•GH2 - 0 H 2 - C H 0

11-23
1 1 -2 2

GH2 (C00H)2 

P y r i d i n e  C a t a l y s t

CH= GH-COOH

11-21}.

Ring
C lo s u r e

11-25

D e h y d r a t i o n

I I - l

R e d u c t io n

OH
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The s y n t h e s i s  o f  i n d e n e - 2 - a l d e h y d e , 1 1 - 2 3 ,  f rom  

t e t r a l i n ,  1 1 -1 7 ,  was r e p o r t e d  by  Braun  and Z o b e l  ( 2 8 ) .  T h e i r  

method c o n s i s t e d  o f  th e  b r o m i n a t i o n  o f  t e t r a l i n  to  g iv e  the  

d ib ro m id e ,  I I - 1 8 ,  which  r e a c t e d  r e a d i l y  w i t h  magnesium i n  

e t h e r  to  y i e l d  1 , 2 - d i h y d r o n a p h t h a l e n e , 1 1 - 2 1 .  The l a t t e r  com­

pound when o z o n iz e d  gave th e  d i a l d e h y d e ,  1 1 - 2 2 ,  w h ich  u n d e r ­

went  e a s y  r i n g  c l o s u r e  t o  y i e l d  i n d e n e - 2 - a l d e h y d e ,  1 1 - 2 3 .

The o z o n i z a t i o n  p r o c e d u r e  was a l o n g ,  t e d i o u s  o p e r a t i o n  and 

gave o n l y  a 35$ y i e l d  o f  t h e  d i a l d e h y d e ,  1 1 - 2 2 .  A. b e t t e r  

method f o r  o b t a i n i n g  t h i s  compound was th e  f o r m a t i o n  o f  th e  

d i a c e t a t e ,  11 - 1 9 , h y d r o l y s i s  o f  th e  l a t t e r  to  d ih y d r o n a p h ­

t h a l e n e - 1 , 2 - d i o l ,  1 1 -2 0 ,  and  t h e n  c le a v a g e  o f  th e  - d i o l  w i t h  

l e a d  t e t r a c e t a t e .  The l a s t  s t e p  gave a q u a n t i t a t i v e  y i e l d  

o f  ^ - ( o - f o r m y l p h e n y l )  p r o p a l d e h y d e , 1 1 -2 2 .  The r o u t e  v i a  

I I - I 9 and 11-20 was r e p o r t e d  by  B lo u n t  ( 2 9 ) .

R e se a rch ,  work was begun  on i n d e n e - 2 - a l d e h y d e ,  1 1 - 2 3 .

A P e r k i n  r e a c t i o n  u t i l i z i n g  a c e t i c  a n h y d r id e  and p o t a s s i u m  

a c e t a t e  was n o t  s u c c e s s f u l  b e ca u se  th e  h i g h  t e m p e r a t u r e  

(175>°0) o f  th e  r e a c t i o n  gave m o s t l y  t a r s .  H o w e v e r ,  a D o e b -  

n e r  r e a c t i o n  u t i l i z i n g  m a lo n ic  a c i d  and a s m a l l  amount of  

p y r i d i n e  was s u c c e s s f u l  and gave i n d e n e - 2 - p r o p e n o i c  a c i d ,  

I I -2 l j . ,  i n  $ 1 %  y i e l d .

The s h o r tc o m in g s  o f  t h i s  s y n t h e s i s  l a y  i n  t h e  n e x t  

s t e p ,  n am e ly ,  r i n g  c l o s u r e  o f  th e  s i d e - c h a i n  a c i d ,  I I - 2 I4. .

The a c t i o n  o f  anhydrous  h y d r o f l u o r i c  a c i d  gave a p o ly m e r ic  

m a t e r i a l .  The red -b ro w n  p o ly m e r ,  h o w ever ,  p a r t i a l l y

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 28-

d i s s o l v e d  i n  h o t  sodium b i c a r b o n a t e  s o l u t i o n  t o  y i e l d  some 

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

t h e  r e a c t i o n  t o o k  p l a c e  t o  some e x t e n t  b u t  w i t h  t h e  fo rm a ­

t i o n  o f  c o n s i d e r a b l e  p o ly m e r ic  m a t e r i a l .

The a c i d  c h l o r i d e  form ed r e a d i l y  when th e  a c i d ,  

was t r e a t e d  w i t h  t h i o n y l  c h l o r i d e .  An i n t r a m o l e c u l a r  

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

s o l u t i o n  c o n t a i n i n g  anhydrous  aluminum c h l o r i d e  a p p e a r e d  t o  

t a k e  p l a c e  r e a d i l y  as e v id e n c e d  by th e  s t e a d y  e v o l u t i o n  o f  

h y d ro g e n  c h l o r i d e .  The p r o d u c t  i s o l a t e d  was a b r o w n - c o lo r e d  

polymer  mixed w i t h  some u n r e a c t e d  a c i d .  I t  i s  i n t e r e s t i n g  

t o  n o t e  t h a t  the  r e a c t i o n  d i d  n o t  t a k e  p l a c e  a t  a l l  i n  

c a rb o n  d i s u l f i d e  s o l v e n t .

A p p a r e n t ly ,  two f a c t o r s  were r e s p o n s i b l e  f o r  our  

f a i l u r e  to  o b t a in  the k e t o n e ,  1 1 - 2 5 .  F i r s t  th e  extrem e r e ­

a c t i v i t y  o f  the c o n ju g a te d  double  bond sy ste m  o f  in d e n e - 2 -  

p r o p e n ic  a c id  gave r i s e  t o  p o ly m e r iz a t io n  and s e c o n d ly ,  th e  

p o s s i b i l i t y  t h a t  th e  t r a n s - fo r m  o f  the i s o m e r ic  a c i d  was i n  

p red om in ate  amount and r e s i s t e d  r i n g  c l o s u r e .  No e f f o r t  

was made t o  red u ce  th e  a c i d  i n  o rd er  to  e l i m i n a t e  t h e s e  

f a c t o r s  s i n c e  th e  p ro d u ct  o f  su ch  a r e d u c t io n  w ould p r o b a b ly  

be in d a n - 2 - p r o p io n ic  a c i d ,  1 1 - 2 7 ,

CH2~CH2"COOH

11-27
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which  i s  n o t  l i k e l y  to  unde rg o  r i n g  c l o s u r e  due t o  th e  

a b sen c e  o f  a doub le  bond  i n  th e  f iv e -m em bered  r i n g .

S i n c e  i n d e n e - 2 - p r o p e n o i c  a c i d  d i d  n o t  y i e l d  th e  

d e s i r e d  6-f>-5 c a rb o n  s k e l e t o n ,  o u r  a t t e n t i o n  was drawn to  

. t h e  h i g h l y  r e a c t i v e  i n d e n e - 2 - a l d e h y d e , 1 1 - 2 3 , w h ich  we 

t h o u g h t  would s e r v e  a p u rp o se  i n  a d i f f e r e n t  m anner .  I t  i n ­

t r o d u c e s  th e  n e x t  method o f  a p p r o a c h ,  nam ely ,  p o s s i b l e  con­

d e n s a t i o n  r e a c t i o n s  t h a t  may l e a d  to  th e  d e s i r e d  c a r b o n  

r i n g  s y s te m .  The f o l l o w i n g  t w o - s t e p  s y n t h e s i s  ( f rom  

i n d e n e - 2 - a l d e h y d e ) was c o n s i d e r e d :

Method 2A

-GHO
CH^CHO — 3 ---------- >

1 1 - 2 3

I I - l

■CH=CH-CHO

11-28

I n t r a m o l e c u l a r  
C o n d e n s a t i o n

The compound, 1 1 -2 3 ,  i s  a w h i t e  s o l i d  when f r e s h l y  

p r e p a r e d  b u t  t u r n s  y e l lo w  a f t e r  o n ly  one h o u r  and  s e t s  t o  a 

r e s i n o u s  mass on s t a n d i n g  a few d a y s .  This  e x t rem e  a c t i v i t y  

i s  a t t r i b u t e d  t o  th e  a ld e h y d e  and m e th y lene  g r o u p s .  The com­

pound i s  e x t r e m e l y  s e n s i t i v e  t o  a l k a l i  r e a d i l y  g i v i n g  p o l y ­

mers w i t h  t h i s  r e a g e n t .  Hence ,  i t  was th o u g h t  b e s t  to
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p e r f o r m  th e  a l d o l  c o n d e n s a t i o n  u n d e r  a c i d  c o n d i t i o n s .  The 

most  p r o m is in g  a g e n t  f o r  t h i s  ty p e  o f  r e a c t i o n  was f r e s h l y  

£u se d  z in c  c h l o r i d e .  The r e a c t i o n  was p e r fo rm e d  i n  a p r e s *  

s u r e  b o t t l e  c o n t a i n i n g  a m ix t u r e  o f  g l a c i a l  a c e t i c  a c i d  and 

a c e t i c  a n h y d r id e  as th e  s o l v e n t .  The r e s u l t s  o f  th e  e x ­

p e r i m e n t  c a r r i e d  o u t  a t  120°C i n d i c a t e d  e x c e s s i v e  p o ly m e r ­

i z a t i o n .  Some o r i g i n a l  i n d e n e - 2 - a l d e h y d e  was r e c o v e r e d  

f ro m  th e  p o ly m e r ic  m ix tu r e  by  s te am  d i s t i l l a t i o n .

Bomb e x p e r im e n t s  u t i l i z i n g  a l k a l i n e  c o n d i t i o n s  were 

a l s o  c a r r i e d  o u t  i n  s p i t e  o f  t h e  t e n d e n c y  o f  i n d e n e - 2 -  

a ld e h y d e  t o  p o ly m e r iz e  un d e r  t h e s e  c o n d i t i o n s .  An a l d o l  

c o n d e n s a t i o n  employing  0 , 1 %  sodium h y d r o x id e  s o l u t i o n  gave 

r i s e  t o  a s t i c k y  po lym er  i n  o n ly  t e n  m in u te s  a t  room 

t e m p e r a t u r e .  I n  a n o t h e r  e x p e r im e n t  an a l c o h o l i c  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  c o n t a i n i n g  th e  two a ld e h y d e s  was h e a t e d  

a t  120 C i n  a bomb. There was i s o l a t e d  an o ran g e -b ro w n  

amorphous s o l i d  f rom  t h i s  e x p e r i m e n t .  I t  m e l t e d  a t  135>°C 

w i t h  d e c o m p o s i t i o n  i n t o  a  b l a c k  r e s i n .  The compound co u ld  

n o t  be c r y s t a l l i z e d  f rom  th e  u s u a l  s o l v e n t s  b e c a u s e  i t  

p o ly m e r iz e d  r e a d i l y  t o  a s t i c k y  r e s i n ,  a p r o p e r t y  t y p i c a l  

o f  f u l v e n e s .  •

These e x p e r im e n t s  i n d i c a t e d  t h a t  in d en e  d e r i v a t i v e s  

a r e  to o  s u s c e p t i b l e  t o  p o l y m e r i z a t i o n  to  be o f  much v a lu e  

i n  o b t a i n i n g  the  c y c l o p e n t i n d e n e  r i n g  sy s tem . .  T h e r e f o r e ,  

a t t e n t i o n  was f o c u s e d  upon in danone  and in d a n  d e r i v a t i v e s .  

The f o l l o w i n g  r o u t e  was i n v e s t i g a t e d :
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M eth o d  2B

Br;
Ethexr

I I - 8 11-29 N aO E t
A c e t o a c e t i c  E s t e r  

A c i d  H y d r o l y s i s :

^ 2 - 0  00H 

-COOH

11-30

E t c ,

i i - 5

^ D ie c k m a n n
R e a c t i o n

H y d r o l y s i s  
De c  a r b o x y l a t i o n

E s t e r i f i c a t i o n  

tOH2-COOCH3 

:-C00CH3

I l - I f

The ad v an tag e  o f  t h i s  s y n t h e s i s  i s  th e  r e l a t i v e l y  few 

s t e p s  n e e d e d  to  s e c u r e  th e  d e s i r e d  r i n g  s y s te m .  U n f o r t u n a t e l y ,  

th e  s e co n d  r e a c t i o n  ( c o n v e r s i o n  o f  I I -  29 t o  11-30)  to o k  a  w i d e l y  

d i f f e r e n t  c o u rse  f rom  th e  one i n d i c a t e d  and gave some r a t h e r  

s u r p r i s i n g  r e s u l t s *

Indene  ( f r e s h l y  d i s t i l l e d )  was b r o m in a te d  a c c o r d i n g  to  

t h e  p r o c e d u r e  o f  Kraemer and S p i l k e r  (30)  who u t i l i z e d  a  low 

t e m p e r a t u r e  (0°C) and e t h e r  as th e  s o l v e n t .  There  r e s u l t e d  w h i t e  

c r y s t a l s  o f  in d en e  d i b r o m i d e ,  1 1 -2 9 ,  w h ich  m e l t e d  a t  31-33°C .  

These were o b t a i n e d  i n  o n ly  a y i e l d .  T h is  low y i e l d  may be 

a c c o u n te d  f o r  by  th e  d i f f i c u l t y  e x p e r i e n c e d  i n  r e c r y s t a l l i z a t i o n
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o f  th e  c rude  p r o d u c t .  Only 6 0 %  Indene  ( B a r r e t t  Company) 

c o u ld  be o b t a i n e d  f o r  th e  b r o m i n a t i o n  e x p e r im e n t  and th e  im­

p u r i t i e s  t h a t  were s t i l l  p r e s e n t  a f t e r  the  b r o m i n a t i o n  were 

n o t  e a s i l y  removed w i t h o u t  a l a r g e  l o s s  o f  th e  in d en e  d i ­

b ro m id e .  I n  our  e x p e r im e n t s  b o t h  th e  p u r i f i e d  and t h e  c ru d e  

Indene  d ib rom ide  gave i d e n t i c a l  r e s u l t s  i n  th e  c o n d e n s a t i o n  

r e a c t i o n s .  ( I t  s h o u l d  be n o t e d  t h a t  Kraemer and S p i l k e r  (30) 

o b s e r v e d  a m e l t i n g  p o i n t  o f  l4-3 *-ip^°C f o r  in d en e  d ib ro m id e  

w hereas  S p i l k e r  and Dombrowsky (31) l a t e r  r e p o r t e d  a m e l t ­

in g  p o i n t  o f  3 1 . 5 - 3 2 . 5°C f o r  t h i s  compound).

For  the  a t t e m p t e d  c o n v e r s i o n  o f  11-29  t o  1 1 - 3 0 ,  

b o t h  a c e t o a c e t i c  e s t e r  and m a lo n ic  e s t e r  were u s e d ;  b o t h  o f  

t h e s e  e s t e r s  gave s i m i l a r  r e s u l t s .  The r e a c t i o n  o f  in d en e  

d ib ro m id e  w i t h  e i t h e r  o f  t h e s e  e s t e r s  i n  a l c o h o l i c  s o l u t i o n  

a p p e a r e d  t o  p r o c e e d  sm oo th ly  as e v id e n c e d  by  a p r e c i p i t a t i o n  

o f  sodium brom ide  r a n g i n g  f rom  Q0%  t o  100^  o f  t h e  t h e o r e t i c a l  

amount .  ( I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  r e a c t i o n  d i d  

n o t  t a k e  p l a c e  a t  a l l  i n  e t h e r  s o l u t i o n ) .  The p u z z l i n g  t h i n g  

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

e s t e r .  A f t e r  a c i d i f i c a t i o n ,  d e c o l o r i z i n g  and f i l t e r i n g  the  

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

i n  an i c e  b a t h .  However,  by r e d u c i n g  the  volume of  th e  

s o l u t i o n ,  c r y s t a l s  were o b t a i n e d  w h ic h ,  when p u r i f i e d ,  were 

fo u n d  to  be s u c c i n i c  a c i d .  F u r t h e r m o r e ,  i n  t h e  m a lo n ic  e s t e r  

e x p e r i m e n t s ,  t h e  o i l  i s o l a t e d  f rom  th e  c o n d e n s a t i o n  r e a c t i o n  

p a r t i a l l y  c r y s t a l l i z e d  and th e  p u r i f i e d  c r y s t a l s  were fou n d
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t o  be e t h y l  s y m - e t h a n e t e t r a c a r b o x y l a t e ,  11 - 3 1 *

CH(CG0Et)2

GH(GOGEt)2

11-31

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

I n  th e  i n s t a b i l i t y  o f  in d en e  d ib r o m id e .  The l a t t e r  compound 

e x e r c i s e d  an e f f e c t i v e  b r o m i n a t i n g  a c t i o n  on e t h y l  sodium 

a c e t o a c e t a t e  or e t h y l  sodium m a l o n a t e .  The n e t  r e s u l t  was 

an a lo g o u s  t o  the  a c t i o n  o f  a h a l o g e n  on t h e s e  compounds, 

na m e ly ,  a c o u p l i n g  o f  two e s t e r  r e s i d u e s  w i t h  t h e  s i m u l ­

t a n e o u s  l o s s  of  sodium b ro m id e .  The f a t e  o f  th e  in d e n e  d i ­

b rom ide  was th e  p r o d u c t i o n  o f  i n d e n e ,  p a r t  o f  which  was r e ­

c o v e r e d  w i t h  the  a l c o h o l  when th e  l a t t e r  was d i s t i l l e d  f rom  

th e  h y d r o l y s i s  m ix tu r e  and the  r e m a in d e r  e x t r a c t e d  f rom  th e  

a l k a l i n e  s o l u t i o n  w i t h  b e n z e n e .

The s y n t h e s i s  o f  11-30  was c o n s id e r e d  a lo n g  a d i f f e r ­

e n t  a n g le  b u t  i n v o l v i n g  a g r e a t e r  number o f  r e a c t i o n s .  They 

may be summarized as f o l l o w s :

•BrE th e r

11-32 11-33 H y d r o l y s i s
De c a rb  o x y l a t i  on

C on td ,  on 
page  3k

E s t e r i f i c a t i o n
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Br-CHp-COQEt----------------------------- 5,
■CH2 -COOEt Zn

1 1 -3 5

CH2 -C00Et

CH2-GOOEt

S0C12
NaOH
A c i d i f i c a t i o n

COOH

R e d u c t io n

Hg-COOH

CH-GOOH

1 1 -3 7

In d a n o n e -1  was b r o m in a t e d  i n  good y i e l d  a c c o r d i n g  to  

t h e  p r o c e d u r e  o f  Johnson  and S h e l b e r g  ( 3 2 ) .  The y i e l d  on th e  

n e x t  s t e p ,  how ever ,  was v e r y  low;  l - k e t o - h y d r i n d e n e - 2 - a c e t i c  

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

o b t a i n e d  i n  t h i s  r e a c t i o n  was o f  p o ly m e r ic  n a t u r e .  The po lym er  

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

a c t i o n  o f  c h a r c o a l  f a i l e d  t o  d e c o l o r i z e  t h e  s o l u t i o n .  A d d i t i o n  

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

t h i s  po lym er  was n o t  i n v e s t i g a t e d  a l t h o u g h  we s u r m is e d  t h a t  i t
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h a d  a low m o l e c u l a r  w e ig h t  and c o n t a i n e d  s e v e r a l  c a r b o x y l  

g r o u p s * ,

I t  was c o n s i d e r e d  unwise  t o  c o n t i n u e  t h i s  e l a b o r a t e  

s y n t h e s i s  I n  v iew o f  th e  s m a l l  y i e l d  o b t a i n e d  i n  th e  seco nd  

s t e p .  I n s t e a d ,  i t  was d e c i d e d  t h a t  method #3 be employed 

e s p e c i a l l y  s i n c e  t h e . g rou n d  work f o r  t h i s  m ethod h ad  a l r e a d y  

b e e n  e s t a b l i s h e d  by  C h a t t e r j e e  ( 2 £ ) .  The sequence  o f  r e ­

a c t i o n s  may be d e s c r i b e d  as  f o l l o w s :

Method 3A

,CN

11-38

CHO CN-CHfj-COOBt

A lc o h o l  
P i p e r i d i n e  C a t a l y s t

n - 3 9

‘COOEt

S t

NaCN
Cl-CH2 -CH2 -C00Et

/COOH 
CH 
\
CH-COOH

II-lpL CH2 -CH2-COOH

E s t e r i f i c a t i o n  
(CH3OH-HCI)

H y d r o l y s i s ?tch . ch

( h c i - h 2o)
D e c a r b o x y l a t i o n

II-IpO
/ 'COOEt

CH2 -CH2-COOEt

^-COOCHo
rs ^ h r o H  3

I I -1 |2

I \
HaOCH3 i n  CH^OH

CH-COOCH-
/

CH2 -CH2 -C00CH3

H y d r o l y s i s  
(HCl-HpO)
De c a r b o x y l a t i  on

COOH

H-Il-3

C on td .  
page 36
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COOH

Ring C lo s u re

n-U-3
R e d u c t io n

)H

11-14-5 

D e h y d r a t io n

D e h y d r o g e n a t io n

114*6 I I - l

The c o n v e r s i o n  o f  I I -38  t o  I I - i | 3  was a c c o m p l i sh e d  

a c c o r d i n g  t o  th e  p r o c e d u r e  o f  Baker  and Leeds (2l |)  w h ich  i s  a 

m o d i f i c a t i o n  o f  t h e  work o f  C h a t t e r j e e  ( 2 5 ) .  Compounds 11-39  

and I I - i j .0 were n o t  i s o l a t e d  p u re  i n  t h i s  p r o c e d u r e  b u t  were 

t r a n s f o r m e d  to  t h e  t r i b a s i c  a c i d ,  I I - l p . ,  by  h y d r o l y s i s  and 

d e c a r b o x y l a t i o n .

The a c i d ,  I I -1^3* when t r e a t e d  w i t h  a m ix t u r e  o f  p h o s ­

p h o r i c  a n h y d r id e  and p h o s p h o r i c  a c i d  (90% ) d i d  n o t  y i e l d  th e  

e x p e c t e d  d i k e t o n e ,  IT —i+Ip. I n s t e a d ,  a n a l y s i s  o f  th e  compound 

o b t a i n e d  f ro m  th e  r e a c t i o n  showed t h a t  i t  conformed t o  the  

f o r m u l a ,  C-j^H^qO; t h i s  f a l l s  s h o r t  o f  th e  d i k e t o n e  by  one atom 

e a c h  o f  c a rb o n  and oxygen .  I t  was r e a s o n e d ,  t h e n ,  t h a t  one 

m o le c u le  o f  c a rb o n  monoxide was l i b e r a t e d  i n  a d d i t i o n  to  one
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m o le c u le  o f  w a t e r  s p l i t t i n g  o u t  i n  th e  r e a c t i o n .

The s t r u c t u r e  o f  th e  compound, G-qH^qO, o b t a i n e d  f rom  

t h i s  r e a c t i o n  h a s  n o t  b e en  c o m p l e t e ly  e l u c i d a t e d  a l t h o u g h  

some p r o p e r t i e s  have  b e en  s t u d i e d  w h ich  g iv e  a few c l u e s  as 

t o  i t s  i d e n t i t y .  The compound i s  a w h i t e  s o l i d ,  m e l t i n g  

p o i n t  76-77°C,  and p o s s e s s i n g  a k e to n e  group  as  shown by a n ­

a l y s i s  o f  the  oxime.  I t  h a s  an o l e f i n i c  l i n k a g e  and we s u r ­

mise  on th e  e v id e n c e  g i v e n  be low t h a t  th e  p o s i t i o n  o f  th e  

doub le  bond i s  1 , ip w i t h  r e s p e c t  t o  th e  k e to n e  l i n k a g e .  T h is  

was i n d i c a t e d  t o  a c e r t a i n  e x t e n t  by r e d u c t i o n  o f  t h e  com­

pound w i t h  l i t h i u m  aluminum h y d r i d e  and aluminum i s o p r o p o x i d e  

r e s p e c t i v e l y .  I n  t h e  case  o f  th e  f i r s t  r e a g e n t ,  two p r o d u c t s  

were o b t a i n e d ,  n am ely ,  a w h i t e  s o l i d  o f  m e l t i n g  p o i n t  72-73°G 

i n  20fo y i e l d  and a c o l o r l e s s  o i l  i n  80^ y i e l d .  A Meerwein-  

P o nndor f  r e d u c t i o n ,  how ever ,  gave an  80^ y i e l d  o f  th e  s o l i d  

m e l t i n g  a t  72-73°C .  A mixed m e l t i n g  p o i n t  o f  t h e  s o l i d s  

o b ta ined ,  f rom  th e  two d i f f e r e n t  r e a c t i o n s  showed no d e p r e s s ­

i o n .  S in c e  th e  M eerw ein-Ponndorf  r e d u c t i o n  l e a d s  e x c l u s i v e l y  

t o  th e  a l c o h o l ,  i t  i s  s a f e  t o  c o n c lu d e  t h a t  th e  s o l i d  has  

th e  h y d r o x y l  and o l e f i n i c  g r o u p i n g s .  A n a l y s i s  o f  t h i s  com­

pound showed i t  t o  have t h e  f o r m u la ,  C,.,H, 0 ,  which  i s  i n
11 12

l i n e  w i t h  t h e  p r e v i o u s l y  m e n t io n e d  k e t o n e ,  F u r t h e r

e v id e n c e  o f  the  a l c o h o l  g ro u p in g  was f u r n i s h e d  by  c h a r a c t e r ­

i z a t i o n  w i t h  b e n z o y l  c h l o r i d e  t o  r e s u l t  i n  t h e  e s t e r  m e l t i n g  

a t  8 6-88  C. The u n s a t u r a t e d  a l c o h o l  i s  r a t h e r  u n s t a b l e  and 

s e t s  t o  a r e s i n o u s  mass on s t a n d i n g ;  t h i s  a l s o  i n d i c a t e s  an
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u n s t a b l e  o l e f i n i c  compound.

I t  was e x p e c t e d  t h a t  th e  Q i l  r e s u l t i n g  f ro m  th e  r e ­

d u c t i o n  o f  th e  k e t o n e ,  ^ H ^ O ,  w i t h  l i t h i u m  aluminum h y d r i d e  

would be  a s a t u r a t e d  k e to n e  form ed by a l , L ) - a d d i t i o n .  The 

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

s a t u r a t i o n .  However,  we f a i l e d  t o  o b t a i n  a c r y s t a l l i n e  

oxime a l t h o u g h  t h i s  t e s t  a lo n e  i s  n o t  c o n c l u s i v e , .  F u r t h e r  

r e d u c t i o n  o f  th e  o i l  w i t h  l i t h i u m  aluminum h y d r i d e  l e d  t o  

a n o t h e r  o i l  which  d i d  n o t  fo rm  a  c r y s t a l l i n e  compound w i t h  

b e n z o y l  c h l o r i d e .

O b v io u s ly ,  t h e  i n v e s t i g a t i o n  o f  t h e  o i l  r e s u l t i n g  

f rom  th e  r e d u c t i o n  o f  th e  k e t o n e ,  C-^H.^0 , w i t h  l i t h i u m  

aluminum h y d r i d e  i s  r a t h e r  i n c o m p le t e  and no c o n c l u s i o n s  

c o n c e r n i n g  i t  s h o u l d  be drawn h e r e .  S u f f i c e  i t  t o  s a y ,  how­

e v e r ,  t h a t  s i n c e  th e  o i l  was n o t  fo rm ed i n  th e  Meerwein-  

P o nndor f  r e d u c t i o n  o f  th e  above k e to n e  ( o n l y  t h e  s o l i d ,  

m e l t i n g  p o i n t  7 2 - 73°C> was formed) we may assume t h a t  th e  

r e a c t i o n  o f  th e  compound, C ^ H ^ O ,  w i t h  l i t h i u m  aluminum 

h y d r i d e  i s  a compet ing  1 ,2  and 1 , 1). a d d i t i o n  t o  th e  c o n j u ­

g a t e d  s y s te m  w i t h  th e  1 , 1). mode o f  a d d i t i o n  p r e d o m i n a t i n g .

O x i d a t i o n  s t u d i e s  on th e  k e t o n e ,  C n ^ l o 0 * gave some 

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

would  be o b t a i n e d  on v i g o r o u s  o x i d a t i o n  b e c a u s e  we t h o u g h t  

t h a t  th e  compound h a d  an  indenone  o r  b e n z o c y c lo h e p te n o n e  type 

s t r u c t u r e  as  I n d i c a t e d  by f o r m u la s  11-1)7 and 11-1)8 r e ­

s p e c t i v e l y .
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H-1*7 n - l j .8

On the  c o n t r a r y ,  the  a c t i o n  o f  a b o i l i n g  sodium d i -  

c h r o m a t e - s u l f u r i c  a c i d  m ix t u r e  on th e  compound, C11H10°> 

gave b e n z o i c  a c i d  as shown by  m e l t i n g  p o i n t  and more c o n ­

c l u s i v e l y ,  by a mixed m e l t i n g  p o i n t  o f  t h e  p r o d u c t  and a 

sample  o f  p u re  b e n z o i c  a c i d  w h ich  showed no d e p r e s s i o n .

T his  e v id e n c e  w ould  fa v o r  a p h e n y lc y c lo p e n te n o n e  s t r u c t u r e  

such  as II-lj.9 .

l l - l i -9

The l a t t e r  compound h as  n o t  b een  r e p o r t e d  i n  t h e  l i t e r a t u r e .

A l th o ug h  no f u r t h e r  work h a s  b een  done on th e  e l u ­

c i d a t i o n  o f  th e  s t r u c t u r e  o f  th e  compound, 0 , we a re
J .  -L

i n c l i n e d  to  f a v o r  t h e  s t r u c t u r e ,  I I - I 4.9 , and p o s t u l a t e  a, 

p r o b a b l e  mechanism o f  th e  r e a c t i o n  as  f o l l o w s :
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A
GOGH

, |0 O 0 G«

11-4 3

A A
o

A A

i i A I j.

[ A nu

-  c o

11A 9 1 1 -5 0

Th© r i n g  c l o s e d  t o  g i v e  th©  d i k e  t o n e ,  O u t  u n d e r  th©  ■■

e x i s t i n g  c o n d i t i o n s  i t  w as u n s t a b l e  a n d  r e a d i l y  ' l o s t  c a r b o n  

m o n o x id e  t o  g i v e  th©  d i r a d i c a l ,  .1 1 - 5 0 , .  T he  h y d r o g e n  a to m ,  <*. 

t o  th ©  k e t o  g r o u p  a n d  p h e n y l  g r o u p ,  t h e n  m i g r a t e d  t o  t h #  

p h e n y l  r i n g ,  t o  r e s u l t  i n  t h e  c o m p o u n d , I l» t} ,9 *

O f c o u r s e ,  o n l y  a  r i g o r o u s  p r o o f  o f  s t r u c t u r e  o f  

t h e  c o m p o u n d , G ^ H ^ O ,  w i l l  g i f ©  d e f i n i t e ' c o n c l u s i o n s '  a s  t o  

i t s  i d e n t i t y *

I t  s h o u l d  b® n o t e d  t h a t  o t h e r  m e thod®  w e r e  a t t e m p t e d  

" in  an . e f f o r t  t o  c o n v e r t  t h e  a c i d ,  t o  t h e  d i k e t o n e ,

I l4 f l{ .*  Th© u s e  o f  a n h y d r o u s  h y d r o f l u o r i c  a c i d  w as  w i t h o u t  

e f f e c t ,  m o s t  o f  th©  a c i d  I I - l j . 3  b e i n g  r e c o v e r e d  u n c h a n g e d .  

W hen IX —Ip3 w as  t r e a t e d  w i t h ,  t h i o n y l  c h l o r i d e  s o  h a  t o  o b t a i n
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the acid chloride for a Friedel-Crafts type ring closure, a 
red tar was obtained. This reaction took place vigorously 
with ready evolution of hydrogen chloride, but apparently 
the resulting acid chloride condensed with the •<-hydrogen to 
the keto group of another molecule; this process being re­
peated to yield a polymeric material.

The advantage of obtaining the diketone, I I - I 4J4., is 
quite apparent in that this compound can be reduced to the 
dialcohol and afford subsequent unsaturation in the outer 
five-membered ring thereby facilitating complete dehydro­
genation in the ring. However, since we were unable to ob­
tain the diketone there remained two alternative routes lead­
ing from the acid, 11—lp3.

One of the routes involved reduction of the ketone group to 
the hydrocarbon (Clemmenson reduction) followed by ring 
closure. The other route consisted of esterification of the 
acid, reduction of the carbonyl group to the alcohol, methyl- 
ating the alcohol group and then ring closure. Time per­
mitted only the full investigation of the first route and 
only a partial investigation of the latter route. The first 
route will now be discussed but the second route will be 
discussed in a later portion of this thesis (under suggestions

COOH

H - 4 3
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for further research). 
Method 3B

R e d u c t io n

(Zn(Hg) +HC1)
GOOH

II—1+.3

COOH

II-5l

R ing  C lo su re

H3P0li--p205

Meerwein-
Ponndor f

R e d u c t io n
'OH

n -5 3

o

11-52

D e h y d r a t i o n
KHS0^-210°C

s u c c i n i m i d e

n -5 5

D e h y d ro g e n a t io n

Dehydrogen-
<F-

D ehydro-  
h a l o g e n a t i o n

a t i o n

I I - l 11-56
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A s  m e n t i o n e d  i n  t h e  i n t r o d u c t i o n  ( p a g e  1 9 ) ,  t h e  

k e t o n e ,  1 1 - 5 2 , w a s  p r e p a r e d  b y  C h a t t e r j e e  ( 2 5 ) .  T h e  p r o ­

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

t h e  m o d i f i e d  o n e  a c c o r d i n g  t o  B a k e r  a n d  L e e d s  ( 2 I4. ) .

R e s e a r c h  w o r k  w a s  b e g u n  o n  t h e  k e t o n e ,  1 1 - 5 2 .  I t  

u n d e r w e n t  s l o w  r e d u c t i o n  w i t h  a l u m i n u m  i s p r o p o x i d e  t o  g i v e  

t h e  h y d r o x y  c o m p o u n d ,  1 1 - 5 3 ,  i n  8 2 ^  y i e l d .  D e h y d r a t i o n  o f  

1 1 -5 3  w i t h  p o t a s s i u m  a c i d  s u l f a t e  a t  2 10 ° C  a f f o r d e d  t h e  

o l e f i n ,  I I - 5 1 + ,  i n  l\.2% y i e l d .

T h e  o l e f i n  r e s i s t e d  t h e  a c t i o n  o f  N - b r o m o s u c c i n i m i d e ,  

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

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

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

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

t h e  c a t a l y s t  ( b e n z o y l  p e r o x i d e )  w a s  u s e d .  I t  s h o u l d  b e  n o t e d  

h e r e  t h a t  t h e  o l e f i n  i s  r a t h e r  u n s t a b l e  a n d  p o l y m e r i z e s  

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

S o m e  d e h y d r o g e n a t i o n  e x p e r i m e n t s  w e r e  a t t e m p t e d  o n  

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

p e n t i n d e n e .  T h e  m e t h o d  o f  A r n o l d  a n d  C o l l i n s  ( 3 3 )  w h i c h  

e m p l o y e  c h l o r a n i l  i n  b o i l i n g  x y l e n e ,  p r o d u c e d  a  v i s c o u s  d a r k -  

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

w a s  n o t  s t e a m - d i s t i l l a b l e .  T w o  d e h y d r o g e n a t i o n  e x p e r i m e n t s  

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

t h e  o l e f i n ,  1 1 - 5 2 , w a s  h e a t e d  w i t h  t w o  e q u i v a l e n t s  o f  s u l f u r  

a t  2 l\£ °C  f o r  t w e n t y  m i n u t e s .  H y d r o g e n  s u l f i d e  w a s  e v o l v e d
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r e a d i l y  th u s  i n d i c a t i n g  p r o g r e s s  o f  th e  r e a c t i o n .  However,  

on c o o l i n g  th e  r e a c t i o n  m ix t u r e  a b l a c k ,  b r i t t l e  s o l i d  p o l y ­

mer was o b t a i n e d .  This  polymer  was e x t r a c t e d  s e v e r a l  t im e s  

w i t h  b o i l i n g  l i g r o i n  (9 0 -1 2 0 ° C ) .  F i l t r a t i o n  o f  th e  h o t  

s o l u t i o n  f o l l o w e d  b y  e v a p o r a t i o n  of  t h e  f i l t r a t e  gave a b la c k ,  

t a r r y  r e s i d u e .

The dehyd rog en a t io n .  e x p e r im e n t  w i t h  s u l f u r  was r e - '  

p e a t e d  w i t h  th e  p l a n  o f  h e a t i n g  a t  2l[.50C f o r  o n ly  f i v e  

m in u te s  f o l l o w e d  by  a r a p i d  vacuum d i s t i l l a t i o n  t o  remove 

t h e  u n p o ly m e r iz e d  p r o d u c t .  T h is  p r o c e d u r e  was u n s u c c e s s f u l  

b e c a u s e  when a r e d u c e d  p r e s s u r e  (25 mm. Hg) was a p p l i e d  

a f t e r  f i v e  m in u te s  th e  r e a c t i o n  m ix t u r e  s w e l l e d  i n  t h e  f l a s k  

b u t  f a i l e d  to  d i s t i l l .  On c o o l i n g  th e  r e a c t i o n  m i x t u r e ,  e x ­

t r a c t i n g  i t  w i t h  b o i l i n g  l i g r o i n  (90-120°C) and f i l t e r i n g  

t h e r e  was o b t a i n e d  a r e d - c o l o r e d  f i l t r a t e .  E v a p o r a t i o n  o f  

t h e  l i g r o i n  l e f t  a r e d - c o l o r e d  o i l  which  f a i l e d  t o  c r y s t a l l ­

i z e  on c o o l i n g .  The o i l  i n  a l c o h o l i c  s o l u t i o n  d i d  n o t  

form a p i e r a t e .
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Ill EXPERIMENTAL

1 .  A t tem p ted  d e h y d r a t i o n  o f  t r a n s - 1 - h y d r o x y h y d r i n d e n e -  

2 - a c e t i c  a c i d ,  11 - 1 1 .

COOH

11-11 11- 12:

Compound, 1 1 -1 1 ,  was p r e p a r e d  a c c o r d i n g  to  th e  p r o c e d u r e  o f  

Peacock  and Menon ( 2 7 ) .

(a )  Use o f  h y d rob rom ic  a c i d  (Method o f  Peacock  

and Menon (27) ) •

A s a t u r a t e d  s o l u t i o n  o f  h y d ro b ro m ic  a c i d  a t  0°C 

was p r e p a r e d  by b u b b l i n g  h y d ro g e n  brom ide  i n t o  25> m l .  o f  w a t e r  

u n t i l  no more gas  was a b s o r b e d .  The h y d ro g e n  b rom ide  was p r e ­

p a r e d  by d ro p p in g  brom ine  on to  n a p h t h a l e n e  and t h e n  p u r i f i e d  by 

p a s s i n g  th e  gas th r o u g h  a \fash b o t t l e  c o n t a i n i n g  c a r b o n  t e t r a i -  

c h l o r i d e .  The wash b o t t l e  was p a ck ed  i n  i c e  t o  p r e v e n t  e x c e s s i v e  

v o l a t i l i z a t i o n  o f  th e  c a rb o n  t e t r a c h l o r i d e .  T h is  w ash in g  

o p e r a t i o n  was e f f i c i e n t  i n  rem oving  bromine  f ro m  th e  h y d ro g en  

brom ide  g a s .

S i x  grams of  11 -11  were  p l a c e d  i n  a p r e s s u r e  

b o t t l e  and th e  c o ld  s a t u r a t e d  s o l u t i o n  o f  hy d ro b ro m ic  a c i d  ad d ed .  

The b o t t l e  was s e a l e d  and h e a t e d  on a b o i l i n g  w a t e r  b a t h  f o r  

s i x  h o u r s .  An o i l  s e t t l e d  o u t  i n  t h e  e a r l y  p a r t  o f  th e  h e a t i n g .
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W hile  th e  s o l u t i o n  was s t i l l  h o t ,  t h e  l i g h t e r  

aqueous l a y e r  was s e p a r a t e d  f rom  t h e  o i l  by  d e c a n t a t i o n .

A d d i t i o n  o f  some a c e t i c  a c i d  t o  t h e  aqueous l a y e r  and c o o l i n g  

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

d r i e d  m e l t e d  a t  131°C. T h is  m e l t i n g  p o i n t  was i d e n t i c a l  w i t h  

t h a t  o f  the  s t a r t i n g  m a t e r i a l ,  11-11* Mixed m e l t i n g  p o i n t s  

showed no d e p r e s s i o n .

The y e l lo w  o i l ,  when c o o le d  i n  an i c e  b a t h ,  

became r u b b e r - l i k e  b u t  c r y s t a l l i z e d  on c o n t i n u a l  s t i r r i n g .  I t  

was f i l t e r e d  and r e c r y s t a l l i z e d  f rom  low b o i l i n g  l i g r o i n  i n  th e  

form  o f  w h i t e ,  f l u f f y  b u n c h e s .  M e l t i n g  p o i n t  — 73°C. The 

c r y s t a l s  were i n s o l u b l e  i n  sodium b i c a r b o n a t e  s o l u t i o n .

(b)  Use o f  p h o s p h o r i c  a n h y d r id e  i n  b en zene  s o l u t i o n .

I n  a 3 -n e c k e d  f l a s k  (300 m l . )  e q u ip p e d  w i t h  a 

m e r c u r y - s e a l e d  s t i r r e r  and r e f l u x  c o n d e n s e r ,  t h e r e  were  added 

3 grams o f  11-11  and $0 m l .  o f  b e n z e n e .  The s o l u t i o n  was r e ­

f l u x e d  u n t i l  most  o f  th e  a c i d  d i s s o l v e d .  I t  was t h e n  c o o le d  

s l i g h t l y  and 3 grams o f  p h o s p h o r i c  a n h y d r id e  added  a l l  a t  o n c e .  

The v i g o r o u s l y  s t i r r e d  s o l u t i o n  was a g a i n  r e f l u x e d  f o r  two h o u r s .

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

f i l t r a t e  d e c a n te d  f rom  th e  gummy p h o s p h o r i c  a c i d .  The benzene  

was removed unde r  r e d u c e d  p r e s s u r e  and t h e r e  r e m a in e d  a y e l lo w  

o i l  w h ich  c r y s t a l l i z e d  on c o o l i n g  and s t i r r i n g  i n  an i c e  b a t h .

The c ru d e  c r y s t a l s  were t r e a t e d  w i t h  IpO m l .  o f  a s a t u r a t e d  

s o l u t i o n  o f  sodium b i c a r b o n a t e  b u t  v e r y  l i t t l e ,  i f  a ny ,  d i s s o l v e d .  

The s o l u t i o n  was f i l t e r e d  and th e  f i l t r a t e  a c i d i f i e d  w i t h  c q n c .
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h y d r o c h l o r i c  a c i d .  I t  became s l i g h t l y  m i lk y  b u t  c r y s t a l s  f a i l e d  

t o  a p p e a r  when th e  s o l u t i o n  was c o o le d  i n  an i c e  b a t h .

The r e s i d u e  was washed w i t h  w a t e r  and d r i e d  o v e r ­

n i g h t .  The d r i e d  s o l i d  was r e c r y s t a l l i z e d  f rom low b o i l i n g  

l i g r o i n .  The m e l t i n g  p o i n t  o f  t h e  w h i t e ,  f l u f f y  s o l i d  was 

70-71°C .  A no th e r  c r y s t a l l i z a t i o n  f rom  l i g r o i n  b r o u g h t  th e  m e l t ­

i n g  p o i n t  t o  73°C. The y i e l d  on th e  s o l i d  m e l t i n g  a t  70-71°G 

was I k f o .  T h is  s o l i d  conformed t o  th e  l a c t o n e .

(c )  F o r m a t io n  o f  th e  b a r iu m  s a l t  o f  11-11  f o l l o w e d  

by  a t t e m p t e d  d e h y d r a t i o n  w i t h  b a r iu m  o x i d e .

Three  grams o f  11-11  were d i s s o l v e d  i n  h o t  w a t e r  

and c l e a r  b a r iu m  h y d r o x id e  added  t o  n e u t r a l i z e  t h e  s o l u t i o n .  An 

e x c e s s  o f  b a r iu m  h y d r o x id e  was t h e n  added and th e  s o l u t i o n  

e v a p o r a t e d  t o  d r y n e s s .  The r e s u l t i n g  w h i t e  s o l i d  was mixed w i t h  

5  grams o f  b a r iu m  o x id e  and p u l v e r i z e d  i n - a  m o r t a r .  The m ix t u r e  

was t r a n s f e r r e d  t o  a l a r g e  t e s t  tu be  h a v in g  a s i d e  arm and h e a t e d  

i n  an o i l  b a t h  a t  200°G 'under a r e d u c e d  p r e s s u r e  o f  25 mm. Hg 

f o r  t?/o h o u r s .  A s m a l l  amount o f  g l a s s  wool was i n t r o d u c e d  i n  

t h e  tub e  t o  p r e v e n t  l o s s  o f  powder when th e  vacuum was a p p l i e d .

The powder t u r n e d  t o  a brown c o l o r  i n d i c a t i n g  some 

c a r b o n i z a t i o n .  I t  was t r e a t e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  i n  

o r d e r  t o  p r e c i p i t a t e  the  p r o d u c t  and a l s o  d i s s o l v e  th e  b a r iu m  

o x i d e .  A p r e c i p i t a t e  r e m a in e d  which  a p p e a re d  w h i t e  b u t  c o n ta m i ­

n a t e d  w i t h  some t a r .  The s o l u t i o n  was f i l t e r e d  and th e  r e s i d u e  

d i s s o l v e d  i n  sodium b i c a r b o n a t e  s o l u t i o n .  D e c o l o n i z a t i o n  w i t h  

a p i n c h  o f  c h a r c o a l  f o l l o w e d  by a c i d i f i c a t i o n  w i t h  h y d r o c h l o r i c
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a c i d  gave w h i t e  c r y s t a l s  m e l t i n g  a t  131°C. T h is  checked  w i t h  

t h e  s t a r t i n g  m a t e r i a l ,  I I - 1 1 .

( d) F o rm a t io n  o f  e t h y l  e s t e r  o f  11-11  f o l l o w e d  by  

d e h y d r a t i o n  w i t h  p h o s p h o r i c  a n h y d r i d e .

F iv e  grams o f  1 1 -1 1 ,  20 m l .  o f  a b s o l u t e  e t h a n o l  

and  1|. d ro p s  of  c o n c e n t r a t e d  s u l f u r i c  a c i d  were r e f l u x e d  f o r  two 

h o u r s .  The s o l u t i o n  t u r n e d  t o  a p a l e - r e d  c o l o r .

The e t h a n o l  was removed by  d i s t i l l a t i o n  l e a v i n g  

a c l e a r ,  r e d  l i q u i d .  Twenty m l .  of  b enzene  were added  and th e  

r e s u l t i n g  s o l u t i o n  washed w i t h  two p o r t i o n s  o f  20 m l .  e ach  o f  

s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n  f o l l o w e d  by  two p o r t i o n s  

o f  20 m l .  e ach  o f  d i s t i l l e d  w a t e r .  The b en zene  s o l u t i o n  was 

d r i e d  o v e r  c a l c iu m  s u l f a t e .

The d ry  benzene  s o l u t i o n  o f  th e  e s t e r  was t r a n s ­

f e r r e d  t o  a 3 -n e c k e d  f l a s k  e q u ip p e d  w i t h  m e r c u r y - s e a l e d  s t i r r e r  

and c q n d e n s e r .  Two grams o f  p h o s p h o r i c  p e n t o x i d e  were added and 

th e  m ix t u r e  v i g o r o u s l y  s t i r r e d  and r e f l u x e d  f o r  one h o u r .

The s o l u t i o n  was f i l t e r e d  and  th e  b en zene  removed 

f rom  t h e  f i l t r a t e  by  d i s t i l l a t i o n .  There  r e m a in e d  a p a l e ,  r e d  

o i l y  r e s i d u e  which  d i d  n o t  c r y s t a l l i z e  on c o o l i n g  and s t i r r i n g  

i n  an i c e  b a t h .

-The r e d  o i l  was s a p o n i f i e d  w i t h  sodium h y d r o x id e  

s o l u t i o n  ( 2 . 5  g .  NaOH p e r  10 m l .  w a t e r )  by r e f l u x i n g  w i t h  th e  

l a t t e r  u n t i l  a l l  th e  o i l  d i s s o l v e d .  The a l k a l i n e  s o l u t i o n  was 

d i l u t e d  w i t h  a l i t t l e  w a t e r  and t h e n  a c i d i f i e d  w i t h  HC1 ( 1 : 1 ) .

An o r a n g e - c o l o r e d  o i l  s e p a r a t e d  o u t  which  s o l i d i f i e d  on s t i r r i n g
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and c o o l i n g .  The c r y s t a l s  d i d  n o t  d i s s o l v e  i n  sodium b i ­

c a r b o n a t e  s o l u t i o n .  They were r e c r y s t a l l i z e d  f ro m  low b o i l i n g  

l i g r o i n  and  m e l t e d  a t  71-72°C .  T h is  p r o d u c t  conforms t o  th e  

l a c t o n e .
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2 .  A t tem p ted  f o r m a t i o n  o f  i n d e n e - 2 - a c e t i c  a c i d ,  1 1 - 1 2 ,  

f ro m  2 -b ro m o in d e n e , I I - 1 6 .

I ----------------------------------- II |l
>k!H2-C00H

I I - 1 6  11 -12

Compound, I I - 1 6 ,  was p r e p a r e d  a c c o r d i n g  to  t h e  p r o c e d u r e  o f  

P o r t e r  and S u t e r  (3̂ 1-) •

I n t o  a 300 m l . ,  3 -n e c k e d  f l a s k  e q u ip p e d  w i t h  m e r c u r y -  

s e a l e d  s t i r r e r  and c o n d e n s e r ,  t h e r e  were i n t r o d u c e d  20 m l .  o f  

a b s o l u t e  a l c o h o l .  F o r t y - o n e  t h o u s a n d th s  o f  a mole (0.9l+gram) o f  

sodium ( f r e s h l y  exit u n d e r  l i g r o i n )  was d i s s o l v e d  i n  t h e  a l c o h o l .  

While  th e  s o l u t i o n  was s t i l l  h o t ,  5*32 grams (O.Oipl mole)  o f  

a c e t o a c e t i c  e s t e r  were  added  t h r o u g h  a d ro p p in g  f u n n e l .  A f t e r  

f i v e  m in u te s  had  e l a p s e d  a s o l u t i o n  o f  e i g h t  grams ( 0 . 0I4.I mole) 

o f  2 -b ro m o in d e n e ,  1 1 - 1 6 ,  i n  20 m l .  a b s o l u t e  a l c o h o l  was added 

d ropw ise  t o  th e  warm, w e l l - s t i r r e d  e t h y l  sodium a c e t o a c e t a t e  

s o l u t i o n .  Im m e d ia te ly  th e  r e a c t i o n  m ix t u r e  b eg an  t o  d a rk e n  and 

a p p e a r e d  g r e e n - b l a c k  i n  o n ly  a few m i n u t e s .  The s o l u t i o n  was 

r e f l u x e d  f o r  t h r e e  h o u r s .  D u r ing  t h i s  t im e i t  became j e t - b l a c k  

i n  c o l o r  and no sodium bromide  was s e e n  on th e  b o t to m  o f  t h e  

r e a c t i o n  f l a s k  when th e  s t i r r e r  was s t o p p e d  a t  i n t e r v a l s .

The b l a c k - c o l o r e d  s o l u t i o n  was c o o le d  and  f i l t e r e d .  

The b l a c k  f i l t r a t e  was d i s t i l l e d  u nd e r  r e d u c e d  p r e s s u r e  t o  r e ­

move t h e  a l c o h o l .  There  r e m a in e d  a b l a c k ,  t h i c k  o i l  which  h a d
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a s t r o n g ,  t a r r y  o d o r .  The o i l  was added d ro pw ise  t o  a r a p i d l y  

s t i r r e d  s o l u t i o n  o f  8 grams of KOH d i s s o l v e d  i n  10 m l .  o f  w a t e r .  

A f t e r  t h e  a d d i t i o n  o f  t h e  o i l  th e  r e a c t i o n  m ix t u r e  was h e a t e d  

on a b o i l i n g  w a t e r  b a t h  f o r  two h o u r s .  At th e  end o f  t h i s  h e a t ­

i n g  t ime t h e r e  s t i l l  r e m a in e d  a b l a c k ,  o i l y  l a y e r  on to p  o f  t h e  

a l k a l i n e  l a y e r  a l t h o u g h  i t  a p p e a re d  t h a t  some of  th e  o i l  h ad  

d i s s o l v e d .

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

and  th e  b l a c k ,  t a r r y  l a y e r  t h a t  h a d  f a i l e d  t o  d i s s o l v e  was e x ­

t r a c t e d  w i t h  b e n z e n e .  The a l k a l i n e  l a y e r  (which  was a l s o  d a r k  

i n  c o l o r )  was a c i d i f i e d  w i t h  HC1 ( 1 : 1 ) .  More t a r  r e s u l t e d .  The 

s o l u t i o n  was b o i l e d  w i t h  2 grams o f  c h a r c o a l  and  f i l t e r e d  h o t .  

The s l i g h t l y  c o l o r e d  f i l t r a t e  was c o o le d  i n  an i c e  batjh b u t  no 

c r y s t a l s  a p p e a re d  on s t i r r i n g  a s u f f i c i e n t  t im e .

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

a f t e r  th e  a l k a l i n e  t r e a t m e n t  was n o t  i n v e s t i g a t e d .
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3 .  C o n v e r s i o n  o f  i n d e n e - 2 - a l d e h y d e , 1 1 - 2 3 ,  t o

i n d e n e - 2 - p r o p e n o i c  a c i d ,  I I - 2i | .

OHO —CH-COOH

11-23 I I - 2I4.

The compound, 1 1 -2 3 ,  was f i r s t  p r e p a r e d  a c c o r d i n g  t o  th e  p r o ­

c e d u r e s  o f  Braun and Z o be l  ( 2 8 ) .  L a t e r ,  t h e  m o d i f i e d  p r o ­

c e d u r e s  o f  B lo u n t  ( 2 9 ) were u s e d .  The o u t l i n e s  f o r  b o t h

(a)  A t tem p ted  c o n v e r s i o n  u s i n g  an a c e t i c  anhy­

d r i d e  - p o t a s s i u m  a c e t a t e  m ix t u r e  ( P e r k i n  r e a c t i o n ) *

I n  a sm a l l  R .B . f l a s k ,  3*77 grams o f  11-23  were 

d i s s o l v e d  i n  15 m l ,  o f  a c e t i c  a n h y d r id e  t o  g i v e  a c o l o r l e s s  

s o l u t i o n .  Two and t w o - t e n t h s  grams o f  f r e s h l y  f u s e d  p o t a s s i u m  

a c e t a t e  were added ,  a c o n d e n s e r  a t t a c h e d  and th e  s o l u t i o n  r e ­

f l u x e d  f o r  two h o u r s .  Some i n t e r e s t i n g  c o l o r  changes  to o k  

p l a c e  even b e f o r e  t h e  r e f l u x  t e m p e r a t u r e  (175>°C) was r e a c h e d .  

I m m e d ia te ly  on th e  a d d i t i o n  of  t h e  p o t a s s i u m  a c e t a t e  t h e  

s o l u t i o n  became y e l l o w .  As i t  was h e a t e d  th e  c o l o r  changed  

t o  o r a n g e ,  r e d ,  d a rk  r e d ,  and  f i n a l l y  b l a c k  a t  t h e  r e f l u x  ' 

t e m p e r a t u r e .

o f  warm w a t e r  and t h e  c o n t e n t s  s t e a m - d i s t i l l e d  t o  remove any 

u n r e a c t e d  1 1 -2 3 .  The t w o - l a y e r  r e s i d u a l  l i q u i d  ( b l a c k ,  t a r i y

p r o c e d u r e s  a r e  shown on page 2 6 .

The h o t  r e a c t i o n  m ix t u r e  was p o u r e d  i n t o  100 m l .

o i l  on to p )  was b o i l e d  and m ost  o f  t h e . t a r  removed m e c h a n ic a l ly .
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Then 2 grams o f  c h a r c o a l  were added ,  th e  s o l u t i o n  b o i l e d  f o r  

5 -1 0  m in u te s  and f i l t e r e d  th r o u g h  a s i n t e r e d - g l a s s  f i l t e r  

( p r e v i o u s l y  h e a t e d  a t  120°C) w h i l e  s t i l l  h o t .  The c l e a r  f i l ­

t r a t e  was h e a t e d  t o  b o i l i n g ,  2 m l .  o f  co n c .  HC1 added ,  and th e  

h o t  s o l u t i o n  c o o le d  r a p i d l y  w i t h  s t i r r i n g .  C r y s t a l s  f a i l e d  

t o  a p p e a r .

(b) C o n v e r s io n  u s i n g  m a lo n ic  a c i d  and p y r i d i n e  

(Doebner  r e a c t i o n ) .

An i n t i m a t e  m ix t u r e  o f  8 .2 5  grams o f  11 -2 3  and 

7 .2 6  grams o f  m a lo n ic  a c i d  was p l a c e d  i n  a 125 m l .  R . 3 .  f l a s k .  

Three  m l .  o f  p y r i d i n e  ( d r i e d  o v e r  KOH s t i c k s )  were added ,  t h e  

c o n d e n s e r  q u i c k l y  a t t a c h e d  and th e  r e a c t i o n  m ix t u r e  h e a t e d  on a 

b o i l i n g  w a t e r  b a t h  f o r  1 h o u r .  D u r in g  t h i s  t im e  th e  m i x t u r e  was 

sh a k e n  o c c a s s i o n a l l y .  Carbon d i o x i d e  came o f f  r e a d i l y  and th e  

r e a c t i o n  m ix tu r e  beg an  t o  cake and s w e l l  d u r i n g  th e  l a t t e r  p a r t  

o f  th e  h e a t i n g .

The brown cake  was c o o le d  and t r e a t e d  w i t h  d i l u t e  

HC1 (87  m l .  H2O and 17 m l .  c o n c .  HC1) t o  d i s s o l v e  th e  p y r i d i n e .  

The cake d i s p e r s e d  n i c e l y  and th e  s u s p e n s i o n  was f i l t e r e d  and 

washed w i t h  s m a l l  amounts o f  w a t e r .

The brown p r e c i p i t a t e  was d i s s o l v e d  i n  h o t  

ammonium h y d r o x id e  (1  l i t e r  o f  w a t e r  and 100 m l .  co n c .  NH^OH).

The d i s s o l v i n g  was v e r y  s low and to o k  a c o n s i d e r a b l e  l e n g t h  of  

t i m e .  The brown, c lo ud y  s o l u t i o n  was b o i l e d  an a d d i t i o n a l  t e n  

m in u te s  w i t h  3 grams o f  c h a r c o a l - a n d  f i l t e r e d  h o t .  The f i l t r a t e ,  

w h ich  was c l e a r  b u t  l i g h t - b r o w n  i n  c o l o r ,  was a c i d i f i e d  w i t h
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c o n c .  HC1. The c rude  p r o d u c t  p r e c i p i t a t e d  o u t  as  a w h i t e  s o l i d  

b u t  when c o l l e c t e d  and d r i e d  i n  a i r  o v e r n i g h t  was t a n - c o l o r e d .

The t a n ,  c ru d e  p r o d u c t  was r e c r y s t a l l i z e d  f rom  

b e n ze n e  ( i n  which  i t  was fou n d  t o  be o n ly  s p a r i n g l y  s o l u b l e ) .  

Seven  h u n d re d  m l .  o f  d ry  benzene  were u s e d ,  th e  s o l u t i o n  b e in g  

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

c o o l i n g ,  b e a u t i f u l  n e e d l e - l i k e  c r y s t a l s  came o u t .  When f i l t e r e d

and  f r e e d  f rom  s o l v e n t  i n  a vacuum d e s s i c a t o r ,  t h e r e  r e s u l t e d  

£ . i |-5 grams { % l %  o f  t h e o r e t i c a l  y i e l d )  o f  i n d e n e - 2 - p r o p e n o i c  

a c i d ,  p a l e  y e l l o w  i n  c o l o r  and m e l t i n g  a t  237 - 239° ^ .

A n a l y s i s :

CaLc’ d .  f o r  C12H1002 : 0*7 7 .3 0  H=5.38

Pound:  ,0=77.28 H=5.57

A secon d  c ro p  o f  c r y s t a l s  w e ig h in g  0 .8  gram were 

o b t a i n e d  by e v a p o r a t i n g  down t h e  m o th e r  l i q u o r  t o  a b o u t  100 m l .  

and c o o l i n g .  However, t h e s e  c r y s t a l s  were brown i n  c o l o r .
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i | .  F o r m a t i o n  o f  t h e  a c i d  c h l o r i d e  o f  i n d e n e - 2 -

p r o p e n o i c  a c i d ,  I I - 2I4A .

CH =  CH-GOOH

I I —21*.

■CH- C0C1

I I —2I4A.

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

in g  t o  t h e  p r o c e d u r e  o f  F i e s e r  (35) ) were added  t o  1 .58  

grams o f  II-21}. i n  a s m a l l  H .3 .  f l a s k  e q u ip p e d  w i t h  a conden­

s e r .  The i n g r e d i e n t s  were  warmed on a w a t e r  b a t h  m a i n t a i n e d  

b e tw ee n  Lj-5 and 50°C f o r  two h o u r s .  Hydrogen c h l o r i d e  came o f f  

r e a d i l y .  D ur ing  t h i s  t im e ,  th e  a c i d  c o n t i n u e d  t o  d i s s o l v e  i n  

th e  t h i o n y l  c h l o r i d e  and was c o m p l e t e ly  d i s s o l v e d  a t  the  

end o f  th e  f i r s t  h o u r .

The e x c e s s  t h i o n y l  c h l o r i d e  was removed u n d e r  r e ­

duced p r e s s u r e  w i t h  the  t e m p e r a t u r e  o f  th e  w a t e r  b a t h  n e v e r  ,

e x c e e d in g  50°C. The vacuum was g r a d u a l l y  i n c r e a s e d  so  lo n g  

as  s e r i o u s  bumping d i d  n o t  o c c u r .  F i n a l l y ,  t h e  f u l l  vacuum 

o f  th e  w a t e r  a s p i r a t o r  was a p p l i e d  t o  remove a l l  o f  th e  

t h i o n y l  c h l o r i d e .

The y e l lo w  s o l i d  was b r o k e n  up i n t o  a powder and 

d i s s o l v e d  i n  h o t  b e n z e n e .  On c o o l i n g  th e  s o l u t i o n ,  rhom bic  

c r y s t a l s  o f  the  a c i d  c h l o r i d e  p r e c i p i t a t e d  o u t .  They were

y e l lo w  i n  c o l o r  and m e l t e d  a t  136-138°C.

A n a l y s i s :  C a l c ' d .  f o r  C-^H^OCl: Cl = 1 7 .3 6 ^

Found; Cl = 18 . 2 2 f o
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5.  A t tem p ted  r i n g  c l o s u r e  o f  i n d e n e - 2 - p r o p e n o i c  a c i d ,  

II-2L}., t o  g iv e  l - k e t o - i | - - h y d r o c y c l o p e n t i n d e n e ,  1 1 -2 5 .

CH-CH-COOH

II-2lj .  11 -25

(a )  Use o f  anhydrous  h y d r o f l u o r i c  a c i d .

The r e a c t i o n  was c a r r i e d  o u t  i n  a p l a t i n u m  

c r u c i b l e .  The anhydrous  h y d r o f l u o r i c  a c i d  was o b t a i n e d  by 

c o o l i n g  th e  gas f rom  a c y l i n d e r  (Harshaw Chemical  Company) by  

means o f  a c o o l i n g  c o i l  immersed i n  a m e t h a n o l - d r y  i c e  m i x t u r e .  

The r e a c t i o n  was r u n  i n  a good h oo d .

A w e ig h t  o f  1 . 5  grams o f  11-21}. was u s e d .  Enough 

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

c o n t e n t s  were s t i r r e d  a t  i n t e r v a l s  w i t h  a c opper  s t i r r i n g  r o d  

as  t h e  h y d r o f l u o r i c  a c i d  e v a p o r a t e d  f rom th e  c r u c i b l e .  I t  t o o k  

tw e n ty  m in u te s  b e f o r e  most  o f  th e  r e a g e n t  h a d  v o l a t i l i z e d .

D ur ing  t h i s  t im e ,  t h e  c o l o r  o f  th e  s o l u t i o n  was d a r k - r e d .  The 

c r u c i b l e  was p e r m i t t e d  t o  r e m a in  i n  th e  hood an  a d d i t i o n a l  h o u r .

There  re m a in e d  a red -b ro w n  r e s i d u e  w h ich  was 

b r o k e n  up w i t h  a s t i r r i n g  r o d  and washed w i t h  c o l d  w a t e r .  The 

r e s i d u e  was i n s o l u b l e  i n  b e n z e n e ,  a b s o l u t e  a l c o h o l  and e t h e r .

I n  a c e to n e  i t  was p a r t i a l l y  s o l u b l e  g i v i n g  a y e l l o w  s o l u t i o n .  

T h is  was f i l t e r e d  and th e  f i l t r a t e  e v a p o r a t e d .  Impure c r y s t a l s  

o f  t h e  s t a r t i n g  m a t e r i a l ,  11-21}., were o b t a i n e d .  They m e l t e d
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at 23l).-2380C.

The residue partially dissolved in a sodium 
bicarbonate solution. The mixture was filtered and the alkaline 
filtrate boiled with a pinch of charcoal. It was filtered hot, 
cooled and acidified. A white precipitate came out which when 
collected and dried melted at 236-238°C .  Again, this checks 
the starting material, H - 2I4..

The polymeric material that did not dissolve in 
the sodium bicarbonate solution was also insoluble in a number 
of organic solvents including benzene and ether. Ho effort was 
made to steam-distill the polymeric material.

(b) Attempted ring closure of the acid chloride in 
carbon disulfide with anhydrous aluminum chloride as catalyst.

The acid chloride was prepared according to the 
directions of page Sb except that two grams of II-2L). were used 
and also, the acid chloride was used without recrystallizing it 
from benzene. Some carbon disulfide was added to the solid to 
dissolve it and then the solvent removed under reduced pressure. 
More carbon disulfide was added to redissolve the acid chloride 
and again the solvent removed under reduced pressure. In the 
last operation, the solid was evacuated with a vacuum pump to 
remove all traces of thionyl chloride.

The a c i d  c h l o r i d e  was r e d i s s o l v e d  i n  a b o u t  30 m l .  

o f  c a rb o n  d i s u l f i d e  and th e  r e s u l t i n g  s o l u t i o n  t r a n s f e r r e d  t o  a 

s m a l l ,  t h r e e - n e c k e d  f l a s k  e q u ip p e d  w i t h  m e r c u r y - s e a l e d  s t i r r e r  

and  c o n d e n s e r  h a v in g  a d r y i n g  tu b e  a t t a c h e d .  A w e i g h t  o f  1.6lj_
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grains o f  anhydrous  aluminum c h l o r i d e  was added t o  t h e  s o l u t i o n  

w i t h  v i g o r o u s  s t i r r i n g .  The aluminum c h l o r i d e  t u r n e d  r e d  i n  

c o l o r  and  t e n d e d  t o  accu m u la te  i n  a mass as  th e  m ix t u r e  was r e -  

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

o v e r n i g h t .

The c a r b o n  d i s u l f i d e  was removed u n d e r  r e d u c e d  

p r e s s u r e  and t h e  r e s i d u e  t r e a t e d  w i t h  i c e  c o l d  d i l .  HC1 

( $ 0  m l .  HgO and $  m l .  c o n c .  H G l) .  The p r e c i p i t a t e  was e x t r a c t e d  

w i t h  e t h e r ,  washed tw ic e  w i t h  s m a l l  p o r t i o n s  o f  HaHCO^ 

s o l u t i o n  ( s h a k e n  a t  lo n g  i n t e r v a l s  i n  o r d e r  t o  d i s s o l v e  any 

u n r e a c t e d  a c i d ) ,  and f i n a l l y  d r i e d  ov e r  anhydrous  sodium s u l f a t e .  

The e t h e r  was removed by  d i s t i l l a t i o n  and t h e r e  r e m a in e d  a small ,  

amount o f  a y e l lo w  o i l  which  q u i c k l y  s o l i d i f i e d  t o  a s lu d g e  on 

c o o l i n g .  I t  was r e c r y s t a l l i z e d  f rom  benzene  and fo u n d  t o  m e l t  

a t  136-138°C,  i d e n t i c a l  w i t h  t h a t  o f  th e  a c i d  c h l o r i d e .  (T h is  

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

c h l o r i d e  would  have  b e en  h y d r o l y z e d  to  t h e  a c i d  on th e  above 

t r e a t m e n t . )

The aqueous sodium b i c a r b o n a t e  s o l u t i o n  was 

a c i d i f i e d  w i t h  a few d rop s  o f  c o n c .  HGl and gave an  imm edia te  

p r e c i p i t a t e .  T h is  was c o l l e c t e d  and d r i e d .  I t  m e l t e d  a t  

23£-239°C ,  i n d i c a t i n g  t h e  a c i d ,  II-21}..

The y e l l o w  c r y s t a l s  t h a t  m e l t e d  a t  136-138°C were 

b o i l e d  w i t h  w a t e r  i n  o r d e r  t o  d e te rm in e  i f  t h e y  were e i t h e r  th e  

a c i d  c h l o r i d e  o r  th e  e x p e c t e d  p r o d u c t  o f  th e  r e a c t i o n .  A f t e r  

b o i l i n g  t h e  s o l u t i o n  f o r  a b o u t  an h o u r ,  i t  was c o o l e d  s l i g h t l y
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and  sodium b i c a r b o n a t e  ( s o l i d )  add ed .  The y e l lo w  p r e c i p i t a t e  

d i s s o l v e d  t o  g iv e  a c lo u d y  s o l u t i o n  which  was d e c o l o r i z e d  

w i t h  c h a r c o a l ,  f i l t e r e d  h o t  and the  c o o le d  f i l t r a t e  a c i d i f i e d  

w i t h  a few drops  o f  conc .  HCl. A w h i t e  p r e c i p i t a t e  came o u t  

im m e d ia te ly .  T h is  was f i l t e r e d  and d r i e d .  I t  m e l t e d  a t  

237-2i |0°C,  a g a i n  i n d i c a t i n g  t h e  o r i g i n a l  a c i d ,  I I - 2I4..

( c )  A t tem p ted  r i n g  c l o s u r e  o f  th e  a c i d  c h l o r i d e  

i n  n i t r o b e n z e n e  u s i n g  anhydrous  aluminum c h l o r i d e  as th e  

c a t a l y s t .

The a c i d  c h l o r i d e  was p r e p a r e d  a c c o r d i n g  t o  

th e  d i r e c t i o n s  on page 55 e x c e p t  t h a t  1 .5 8  grams o f  I I - 2I4. 

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

f rom  b e n z e n e .

A l l  t r a c e s  o f  t h i o n y l  c h l o r i d e  were  removed 

f rom  th e  a c i d  c h l o r i d e  by e v a c u a t i n g  th e  s o l i d  w i t h  a vacuum 

pump. (T em p era tu re  was m a i n t a i n e d  a t  [j-5°C.)

A w e ig h t  o f  2 . 3 3  grams o f  anhydrous  aluminum 

c h l o r i d e  was d i s s o l v e d  i n  20 m l .  o f  n i t r o b e n z e n e  ( f r e s h l y  

d i s t i l l e d )  t o  g iv e  a r e d  s o l u t i o n .  T h is  s o l u t i o n  was c o o le d  

i n  an i c e  b a t h .  Ten m l .  o f  n i t r o b e n z e n e  were added  t o  th e  

a c i d  c h l o r i d e  and d i s s o l v e d  by  warming th e  l a t t e r  t o  r e s u l t  

i n  a y e l l o w - o r a n g e  c o l o r e d  s o l u t i o n .  T h is  solution likewise 
was c o o le d  i n  an i c e  b a t h .  The two i c e  c o l d  s o l u t i o n s  were 

m ixed and an  imm edia te  b l o o d - r e d  c o l o r a t i o n  fo rm e d .  Fumes 

o f  h y d ro g en  c h l o r i d e  were  s e e n  i s s u i n g  f rom th e  mouth o f  

t h e  f l a s k .  The s o l u t i o n  was c o n t i n u a l l y  sh a k en  i n  an i c e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



b a t h  f o r  a b o u t  15 m in u t e s .  The f l a s k  c o n t a i n i n g  t h e  m ix­

t u r e  was t h e n  l o o s e l y  c o rk e d  and p l a c e d  i n  a r e f r i g e r a t o r  

o v e r  t h e  w eek -end .

On a d d i t i o n  o f  i c e  c o l d  d i l .  HGl (90 m l .  o f  

w a te r  and 10 ml,  c o n c .  HGl) t o  th e  b l o o d - r e d  s o l u t i o n ,  t h e r e  

r e s u l t e d  a brown p a s t e  o f  th e  r e a c t i o n  p r o d u c t  w i t h  n i t r o ­

b e n z e n e .  The l a t t e r  was s t e a m - d i s t i l l e d  l e a v i n g  a brown 

s o l i d  r e s i d u e .

The r e s i d u e  was f i r s t  e x t r a c t e d  w i t h  b en zene  

b u t  on s e e i n g  t h a t  i t  was r a t h e r  i n s o l u b l e  e t h e r  was em­

p l o y e d .  However,  e t h e r  d i d  n o t  seem t o  d i s s o l v e  much o f  th e  

r e s i d u e  e i t h e r .  The y e l l o w  b e n z e n e - e t h e r  s o l u t i o n  was d i s ­

t i l l e d  u n t i l  most  o f  th e  e t h e r  was rem oved .  The b enzen e  

r e s i d u a l  s o l u t i o n  was t r e a t e d  w i t h  0 .5  gram o f  c h a r c o a l ,  

b o i l e d  f o r  a few m in u te s  and f i l t e r e d  th r o u g h  a h o t  s i n t e r e d -  

g l a s s  f i l t e r .  The f i l t r a t e  was p a l e  y e l l o w  i n  c o l o r .  When 

i t  was d i s t i l l e d  c r y s t a l l i z a t i o n  o c c u r r e d  i n  t h e  r e s i d u a l  

l i q u i d .  The c r y s t a l s  were  f i l t e r e d  o f f  and p l a c e d  i n  a 

vacuum d e s s i c a t o r .  The p a l e  y e l lo w  c r y s t a l s  m e l t e d  a t  

235-238°C .  They d i s s o l v e d  i n  sodium b i c a r b o n a t e  s o l u t i o n  

t h u s  i n d i c a t i n g  th e  o r i g i n a l  a c i d ,  I I -21}..

The brown r e s i d u e  l e f t  a f t e r  t h e  b e n z e n e - e t h e r  

t r e a t m e n t  was d i g e s t e d  w i t h  h o t  d i l u t e  ammonium h y d r o x i d e  t o  

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

f i l t e r e d  and th e  brown r e s i d u e  d i g e s t e d  w i t h  g l a c i a l  a c e t i c  

a c i d .  The a c e t i c  a c i d  s o l u t i o n  t u r n e d  y e l lo w  i n  c o l o r  and i t
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seemed t h a t  p a r t  o f  the  r e s i d u e  was d i s s o l v i n g .  The s o l u t i o n  

was f i l t e r e d  w h i l e  s t i l l  h o t  and  t h e n  d i s t i l l e d  u n d e r  r e ­

duced p r e s s u r e  i n  o r d e r  t o  remove th e  a c e t i c  a c i d .  There 

r e m a in e d  a y e l l o w ,  s t i c k y  s o l i d  h a v in g  a wide m e l t i n g  p o i n t  

(2 1 0 - 2 3 0 ° C ) .

The r e m a in d e r  o f  th e  brown s o l i d  was e x ­

t r a c t e d  w i t h  b o i l i n g  a c e to n e  and f i l t e r e d .  The a c e to n e  was 

e v a p o r a t e d -  o f f  l e a v i n g  a y e l l o w i s h - r e d  c o l o r e d ,  s t i c k y  r e s i ­

due which  c o u ld  n o t  be c r y s t a l l i z e d  and h a d  th e  a p p e a ra n c e  

o f  a p o ly m e r .
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6 .  A t t e m p t e d  c o n v e r s i o n  o f  i n d e n e - 2 - a l d e h y d e ,  1 1 - 2 3 ,

t o  c y c l o p e n t i n d e n e , I I - l .

1 1 -2 3 I I - l

(a )  Under a c i d  c o n d i t i o n s .

A w e ig h t  o f  9*5 grams o f  i n d e n e - 2 - a l d e h y d e  was

d i s s o l v e d  i n  10 m l .  o f  g l a c i a l  a c e t i c  a c i d  by warming the

s o l u t i o n .  I n  a n o t h e r  t e s t  t u b e ,  1 .1 7  grams o f  f r e s h l y  f u s e d  

z i n c  c h l o r i d e  were d i s s o l v e d  i n  a m ix t u r e  o f  5 m l .  g l a c i a l  a c e t i c  

a c i d  and 10 ml.  o f  a c e t i c  a n h y d r i d e .  B oth  s o l u t i o n s  were p o u re d

i n t o  a p r e s s u r e  b o t t l e ,  c o o le d  i n  an i c e  b a t h  and Ip grams of

a c e t a l d e h y d e  added .  The b o t t l e  was q u i c k l y . s e a l e d .  A w h i t e  

p r e c i p i t a t e  s e t t l e d  o u t  b u t  t h i s  was fo un d  t o  be i n d e n e - 2 -  

a ld e h y d e  i n  a l a t e r  r u n ;  c o o l i n g  i n  th e  i c e  b a t h  c a u se d  i t s  

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

The bomb was h e a t e d  a t  120°C f o r  2 ^  h o u r s .  The 

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

end o f  the  h e a t i n g  p e r i o d .

The s o l u t i o n  was c o o le d  and t h e  c o n t e n t s  t r a n s ­

f e r r e d  t o  a n o t h e r  f l a s k  and s t e a m - d i s t i l l e d .  Some u n r e a c t e d  

1 1 -23  d i s t i l l e d  o v e r  as e v id e n c e d  by i t s  m e l t i n g  p o i n t  o f  

5 l - 5 2 ° C  as  w e l l  as i t s  c h a r a c t e r i s t i c  o d o r .  The r e s i d u e  f rom  

t h e  s team  d i s t i l l a t i o n  was d a rk -m aro on  i n  c o l o r  and e x i s t i n g  i n
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b e a u t i f u l  p e a r l y  p l a t e s . I t  was t h o u g h t  t h a t  t h e  p r o d u c t  

was c r y s t a l l i n e .  However,  when a m e l t i n g  p o i n t  was a t t e m p t e d  

on t h e  c r y s t a l s  th e  t e m p e r a t u r e  o f  th e  b a t h  was r a i s e d  as 

h i g h  as  3l |0OC b u t  th e  m a t e r i a l  d i d  n o t  m e l t .  A l s o ,  an 

a t t e m p t  was made t o  su b l im e  th e  m a t e r i a l  b u t  i t  o n l y  f u s e d  

t o  a t a r r y  m ass ,  The m a t e r i a l  d i d  d i s s o l v e  i n  b en zene  to  

g iv e  a r e d  s o l u t i o n  b u t  on e v a p o r a t i o n  o f  th e  b en zen e  a r e d  

po lym er  r e s u l t e d *

(b) Under b a s i c  c o n d i t i o n s .

To a c o l d  s o l u t i o n  o f  9*5 grams o f  i n d e n e - 2 -  

a ld e h y d e  i n  20 m l .  a b s o l u t e  a l c o h o l  i n  a p r e s s u r e  b o t t l e ,  

t h e r e  were  added Lj. grams o f  a c e t a l d e h y d e . A s o l u t i o n  o f  

0*5 gram o f  KOH i n  30 m l .  o f  a b s o l u t e  a l c o h o l  was added and 

th e  b o t t l e  q u i c k l y  s e a l e d .  A v i g o r o u s  r e a c t i o n  to o k  p l a c e  

w i t h  t h e  f o r m a t i o n  o f  a r e d - c o l o r e d  s o l u t i o n .  The s o l u t i o n  

was a l l o w e d  to  s t a n d  o v e r n i g h t .
O .

The bomb was t h e n  h e a t e d  a t  120 C f o r  

h o u r s .  I t  was c o o le d  and t h e  c o n t e n t s  p o u r e d  i n t o  w a t e r .

A b r i l l i a n t  o r a n g e ,  amorphous p r e c i p i t a t e  f l o c c u l a t e d .  I t  

was f i l t e r e d  and d r i e d  i n  a i r .  The c o l o r  o f  th e  d r y  s o l i d  

was o ran g e -b ro w n .  I t  was s o l u b l e  i n  th e  v a r i o u s  o r g a n i c  

s o l v e n t s  w i t h  th e  e x c e p t i o n  o f  low and h i g h  b o i l i n g  l i g r o i n .  

When t h e  s o l i d  was d i s s o l v e d  i n  h o t  benzene  f o l l o w e d  by 

c o o l i n g  c r y s t a l s  f a i l e d  t o  a p p e a r .  E v a p o r a t i o n  o f  th e  s o l ­

v e n t  l e f t  a r e d - c o l o r e d ,  s t i c k y  p o ly m e r .  E i t h e r  th e  s o l i d  

was a l r e a d y  a po lym er  b e f o r e  a t t e m p t i n g  i t s  c r y s t a l l i z a t i o n
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o r  i t  p o ly m e r iz e d  a f t e r w a r d s .  I n  a l l  p r o b a b i l i t y ,  i t  was 

a l r e a d y  p r e s e n t  as a polymer b e f o r e  th e  c r y s t a l l i z a t i o n  

e x p e r i m e n t .
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7 .  A t t e m p t e d  c o n v e r s i o n  o f  i n d e n e - 2 - a l d e h y d e ,  1 1 - 2 3 ,

t o  i n d e n e - 2 - p r o p e n a l d e h y d e , 11- 28 .

11-23  11-28

A m ix t u r e  of 8 grams o f  11-23  and 15 grams o f  

a c e t a l d e h y d e  was sh a k en  i n  a bomh u n t i l  most  o f  th e  i n d e n e - 2 -  

a ld e h y d e  d i s s o l v e d .  A s o l u t i o n  o f  0 . 1  gram o f  sodium h y d r o x id e  

i n  100 m l .  o f  w a t e r  was added  and th e  m ix t u r e  sh a k e n  a t  room 

t e m p e r a t u r e .  The s o l u t i o n  warmed and had  t o  be c o o le d  a t  

i n t e r v a l s .  W i th in  t e n  m in u te s  a v i s c o u s ,  y e l lo w  o i l  s e p a r a t e d  

o u t .  The bomb was opened im m e d ia te ly  and th e  c o n t e n t s  p o u re d  

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

( I n  p r e v i o u s  e x p e r im e n t s  i t  was fo u n d  t h a t  i f  t h e  r e a c t i o n  

m ix t u r e  r e m a in e d  a l k a l i n e  to o  lo ng  t h e  y e l lo w  o i l  p o l y m e r i z e d  

to  a s t i c k y  s o l i d . )  The aqueous l a y e r  was d e c a n t e d  o f f  and th e  

o i l  c o o le d  i n  an i c e  b a t h .  I t  f a i l e d  t o  c r y s t a l l i z e .  I n s t e a d ,  

i t  became v e r y  v i s c o u s  and e l a s t i c .  A p p a r e n t l y ,  th e  compound, 

11 - 2 3 , p o l y m e r i z e d  ev en  i n  so s h o r t  a t im e  as t e n  m i n u t e s .
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8 . B ro m in a t io n  o f  in d en e

I I -8  I I - 2 9

A m o d i f i c a t i o n  o f  th e  p r o c e d u r e  o f  Kraemer and 

S p i l k e r  ( 3 0 ) .

The in d e n e  was o b t a i n e d  f rom t h e  B a r r e t t  Company 

as  com m erc ia l  i n d e n e ,  70% p u r e .  When f r e s h l y  d i s t i l l e d  i t  

s t i l l  had  a p p r o x i m a t e ly  th e  same a s s a y  v a l u e  as i n d i c a t e d  

by t h e  amount o f  bromine  a b so rb e d .

One h u n d re d  and s i x t e e n  grams o f  th e  f r e s h l y -  

d i s t i l l e d  com m erc ia l  i n d en e  were d i s s o l v e d  i n  a b o u t  500 m l .  

o f  anhydrous  e t h e r  i n  a 1 - l i t e r ,  3 necked  f l a s k  e q u ip p e d  

w i t h  s t i r r e r ,  d r o p p in g  f u n n e l  and  the rm om eter  so t h a t  th e  

l a t t e r  was immersed i n  th e  s o l u t i o n .  The s o l u t i o n  was c o o le d  

i n  an i c e - s a l t  m ix t u r e  u n t i l  t h e  t e m p e r a t u r e  was 0°C. One 

h u n d r e d  and t h i r t y  grams o f  b rom ine  were added  s lo w ly  ove r  

a p e r i o d  of two h o u r s  w i t h  c o n s t a n t  s t i r r i n g  and n e v e r  

a l l o w i n g  t h e  t e m p e r a t u r e  t o  e x c e e d  5 ° 0 .  ( C o n s i d e r a b l e  h e a t  

was e v o lv e d  i n  th e  r e a c t i o n  w h ich  n e c e s s i t a t e d  a s low 

a d d i t i o n  o f  the  b r o m in e . )

The c o ld  s o l u t i o n  was t r a n s f e r r e d  t o  a d i s t i l l i n g  

f l a s k  and th e  e t h e r  removed u n d e r  r e d u c e d  p r e s s u r e  w i t h  th e  

t e m p e r a t u r e  o f  t h e  w a t e r  b a t h  n e v e r  e x c e e d in g  20°C. There
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r e m a in e d  a p a l e - y e l l o w  o i l .

The o i l  was b r o u g h t  t o  room t e m p e r a t u r e  and  

l i g r o i n  ( IpO—60°C) added u n t i l  i t  was c o m p l e t e ly  d i s s o l v e d .

The s o l u t i o n  was c o o le d  i n  a m e t h a n o l - d r y  i c e  b a t h  w i t h  

v i g o r o u s  s t i r r i n g .  There  s e p a r a t e d  o u t  a y e l l o w  v i s c o u s  

o i l  which  c r y s t a l l i z e d  a f t e r  p r o l o n g e d  s t i r r i n g .  The m ix t u r e  

was f i l t e r e d  w h i l e  s t i l l  v e r y  c o l d  and t h e . y e l l o w  c r y s t a l s  

washed tw ic e  w i th  75 ml* p o r t i o n s  o f  a b s o l u t e  a l c o h o l .

T h is  was done m ost  e f f i c i e n t l y  by  t r a n s f e r r i n g  th e  p r e ­

c i p i t a t e  f rom t h e  f i l t e r  to  a b e a k e r  so t h a t  i t  c o u ld  be 

m ixed  w e l l  w i t h  th e  a l c o h o l .  'The a l c o h o l  m ix t u r e  # a s  t h e n  

c o o l e d  i n  t h e  m e t h a n o l - d r y  i c e  m ix t u r e  and f i l t e r e d  w h i l e  

v e r y  c o l d .  The l a s t  f i l t r a t i o n  gave v e r y  w h i t e  c r y s t a l s .  

However, as th e  t e m p e r a t u r e  o f  th e  c r y s t a l s  a p p ro a c h e d  room 

t e m p e r a t u r e  ( 22°G) t h e y  s t a r t e d  to  m e l t  and  a c o n s i d e r a b l e  

amount o f  o i l  f i l t e r e d  th r o u g h  th e  f u n n e l .  There  r em a in e d  

p u r e  w h i t e  c r y s t a l s  which  w e ighed  55 grams ( 25$  o f  t h e o ­

r e t i c a l  y i e l d  b a s e d  on 70$  in d en e  as  th e  s t a r t i n g  m a t e r i a l ) .  

They m e l t e d  a t  31~33°C. ( S p i l k e r  and Dombrowsky (31) r e ­

p o r t e d  a m e l t i n g  p o i n t  o f  3 1 . 5 - 3 2 . 5 ° C . )
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9 .  A t t e m p t e d  c o n v e r s i o n  o f  i n d e n e  d i b r o m i d e ,  1 1 - 2 9 ,

t o  h y d r i n d e n e - l , 2 - d i a c e t i c  a c i d ,  11- 30 .

y B V

C Hp-COOH

11-3011-29

(a)  A c e t o a c e t i c  e s t e r  i n  e t h e r  s o l u t i o n .

I n t o  a 2 - l i t e r ,  3 -n e c k e d  f l a s k  e q u ip p e d  w i t h  

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

d r y i n g  tub e  a t t a c h e d  and d ro p p in g  f u n n e l ,  t h e r e  were i n t r o ­

duced 1 l i t e r  o f  anhydrous  e t h e r  and  9^*2 grams ( 0 . 72lp m o l e ) 

o f  a c e t o a c e t i c  e s t e r .  A  w e i g h t  o f  1 6 .7  grams (O .72I4. mole)  o f  

sodium was s l i c e d  t h i n  u n d e r  l i g r o i n  and added  p o r t i o n w i s e  t o  

t h e  e t h e r  s o l u t i o n .  C o o l in g  was n e c e s s a r y  to  c o n t r o l  th e  r e ­

a c t i o n  i n  t h e  b e g i n n i n g .  The t h i c k  s u s p e n s i o n  o f  e t h y l  sodium 

a c e t o a c e t a t e  impeded th e  r e a c t i o n  o f  th e  r e m a in in g  sodium. 

R e f l u x i n g  and good s t i r r i n g  were n e c e s s a r y  f o r  a p e r i o d  of  

f o u r  h o u r s  i n  o r d e r  to  have a l l  t h e  sodium r e a c t .

One h u n d re d  grams (O .362  mole)  o f  t h e  p u re  i n ­

dene d ib rom id e  were  d i s s o l v e d  i n  200 m l .  o f  d ry  e t h e r  and 

t h i s  s o l u t i o n  added  r a p i d l y  to t h e  r e a c t i o n  m i x t u r e .  No r e ­

action seemed t o  o c c u r  as e v id e n c e d  by th e  f a c t  . t h a t  th e  

t h i c k  e t h y l  sodium a c e t o a c e t a t e  s u s p e n s i o n  r e m a in e d .  The 

s o l u t i o n  was r e f l u x e d  f o r  f o u r  h o u r s  b u t  w i t h o u t  e f f e c t .  

R e f l u x i n g  was c o n t i n u e d  a l l  n i g h t  and s t i l l  t h e  r e a c t i o n
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f a i l e d  t o  t a k e  p l a c e .

T o j ro v e  f u r t h e r  t h a t  th e  t h i c k  s u s p e n s i o n  was 

e t h y l  a c e t o a c e t a t e  and n o t  sodium bromide a b o u t  200  m l .  o f  

a b s o l u t e  e t h a n o l  were added t o  t h e  s u s p e n s i o n ;  im m e d ia te ly  

t h e  s u s p e n s i o n  d i s s o l v e d  to  r e s u l t  i n  a c l e a r  s o l u t i o n .

Thus ,  r e a c t i n g  i n  e t h e r  s o l u t i o n  f o r  s i x t e e n  h o u r s  h ad  no 

e f f e c t .

The e t h e r  was removed by d i s t i l l a t i o n  and 

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

sodium bromide began  to  s e p a r a t e  o u t  from t h e  s o l u t i o n .

T h is  s o l u t i o n  was worked up i n  a manner t h a t  w i l l  be d e ­

s c r i b e d  u n d e r  p a r t  ( b ) .

A r e p e a t  r u n  was made t h a t  employed e t h y l  

sodium m a lo n a te  i n  e t h e r  s o l u t i o n  and s i m i l a r  r e s u l t s  were 

o b s e r v e d .  R e f l u x i n g  th e  e t h e r  s o l u t i o n  o v e r n i g h t  h a d  no 

e f f e c t  — th e  r e a c t i o n  d i d  n o t  t a k e  p l a c e .

(b)  A c e t o a c e t i c  e s t e r  i n  a l c o h o l  s o l u t i o n .

B a r r e t t ' s  com m erc ia l  in d en e  (B 0 % )  was p u r i ­

f i e d  a c c o r d i n g  to  th e  p r o c e d u r e  o f  Naidus and M u e l l e r  (3&).  

I n  t h i s  p r o c e d u r e ,  th e  commercia l  indene  was r e f l u x e d  w i t h  

NaOH t o  remove b e n z o n i t r i l e  and th e n  s h a k e n  f o r  2 l\. h o u r s  

w i t h  6N-HC1 t o  remove t a r  b a s e s .  The Indene  was d i s t i l l e d  

u n d e r  a r e d u c e d  p r e s s u r e  o f  25 mm. o f  Hg. ( I t  s h o u ld  be 

n o t e d  t h a t  Naidus and M u e l l e r  p u r i f i e d  i t  f u r t h e r  by  

f r a c t i o n a l  r e c r y s t a l l i z a t i o n ,  how ever ,  we s im p ly  u s e d  th e  

d i s t i l l e d  in d en e  a f t e r  th e  a l k a l i n e  and a c i d  t r e a t m e n t s . )
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I n t o  a 1 - l i t e r ,  3 -n e c k e d  f l a s k  e q u ip p e d  w i t h  

s t i r r e r ,  d ro p p in g  f u n n e l  and th e rm o m e te r ,  were p o u r e d  1|00 m l .  

o f  anhydrous  e t h e r .  O n e - h a l f  mole (58 grams) o f  th e  p u r i ­

f i e d  in d e n e  was added  and th e  s o l u t i o n  c o o le d  to  0°C by 

means o f  an i c e - s a l t  m i x t u r e .  Bromine was added  d ropw ise

t h r o u g h  th e  f u n n e l  o v e r  a p e r i o d  o f  one h o u r .  The t e m p e ra -
ot u r e  o f  th e  s o l u t i o n  n e v e r  e x c e e d e d  5 0 .  The t h e o r e t i c a l  

amount o f  b rom ine  was 80 grams b u t  a c t u a l l y  o n ly  70 grams 

were  n e ed e d  b e f o r e  th e  s o l u t i o n  c o l o r i z e d .  A p p a r e n t l y ,  th e  

i n d en e  was s t i l l  o n ly  88% p u r e .

The e t h e r  was removed un d e r  r e d u c e d  p r e s s u r e  

( b o i l i n g  s t o n e s  were u s e d  i n s t e a d  o f  c a p i l l a r y ) .  The b a t h  

t e m p e r a t u r e  was n e v e r  p e r m i t t e d  t o  ex ce ed  20°C d u r i n g  t h i s  

o p e r a t i o n .  There  r em a in e d  an  a lm o s t  c o l o r l e s s  o i l ,  Th is  

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

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

One mole (23 grams) o f  sodium was s l i c e d  unde r  

l i g r o i n  and added p o r t i o n w i s e  t o  350 m l .  o f  a b s o l u t e  a l c o h o l  

c o n t a i n e d  i n  a 1 - l i t e r ,  3 -n e c k e d  f l a s k  e q u ip p e d  w i t h  m e rc u ry -  

s e a l e d  s t i r r e r ,  c o n d e n se r  h o l d i n g  a d r y i n g  tu be  and a d r o p p ­

in g  f u n n e l .  A f t e r  a l l  o f  th e  sodium had  d i s s o l v e d  th e  

s o l u t i o n  was c o o le d  somewhat f rom  th e  r e f l u x  t e m p e r a t u r e  and 

1 mole (130  grams) o f  a c e t o a c e t i c  e s t e r  added o v e r  a p e r i o d  

o f  t e n  m i n u t e s .  While  th e  s o l u t i o n  was s t i l l  h o t ,  t h e  o i l y  

i n d e n e d ib r o m id e  was added  r a p i d l y  o v e r  a p e r i o d  o f  f i f t e e n  

m i n u t e s .  The s o l u t i o n  became c lo u d y  and as  i t  was b r o u g h t
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t o  th e  r e f l u x  t e m p e r a t u r e  a. l a r g e  q u a n t i t y  of  sodium brom ide  

s e p a r a t e d  o u t  f rom  the  r e a c t i o n  m i x t u r e .  The s o l u t i o n  was 

r e f l u x e d  o v e r n i g h t  ( lip h o u r s ) .

The s o l u t i o n  was c o o le d  and f i l t e r e d .  The 

sodium brom ide  p r e c i p i t a t e  was washed w i t h  s m a l l  p o r t i o n s  o f  

a l c o h o l .  (A w e ig h t  o f  72 grams of NaBr was o b t a i n e d  which  

amounted t o  80fo o f  t h e  t h e o r e t i c a l  amount o f  N aB r . )  The 

a l c o h o l  was removed by  d i s t i l l a t i o n  un d e r  r e d u c e d  p r e s s u r e  

t o  l e a v e  a d a r k - r e d  c o l o r e d  o i l .  The w e ig h t  o f  th e  c rude  

o i l  was 170 gram s.  T h is  o i l  was added  d ropw ise  t o  a w e l l -  

s t i r r e d  c a u s t i c  p o t a s h  s o l u t i o n  (170 grams o f  KOH and 225 ml* 

o f  w a t e r )  c o n t a i n e d  i n  a 1 - l i t e r ,  3-n e c k e d  f l a s k  e q u ip p e d  

w i t h  s t i r r e r ,  c o n d e n se r  w i t h  th e rm o m ete r  and d ro p p in g  f u n n e l .  

The t e m p e r a t u r e  o f  the, s o l u t i o n  r o s e  f rom 26°C t o  l4-9°C 

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

h e a t e d  on a b o i l i n g  w a t e r  b a t h  f o r  2 |- h o u r s  t o  com ple te  t h e  

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

h e a t i n g  p e r i o d  was p u r p l e .  A l a y e r  o f  in d e n e  h a d  formed on 

to p  o f  t h e  a l k a l i n e  s o l u t i o n .  Pour  h u n d re d  m l .  o f  w a t e r  were 

added and th e  s o l u t i o n  d i s t i l l e d  to  remove th e  a l c o h o l .

Some of  th e  in den e  a l s o  d i s t i l l e d  o v e r .  D i s t i l l a t i o n  was 

c o n t i n u e d  u n t i l  250 m l .  o f  d i s t i l l a t e  were c o l l e c t e d .  The 

r e s i d u a l  l i q u i d  was c o o le d  and t r a n s f e r r e d  t o  a s e p a r a t o r y  

f u n n e l  and  e x t r a c t e d  w i t h  benzene  to  remove., t h e  r e m a in d e r  o f  

t h e  in d e n e  and a l s o  any t a r .  The d a r k - r e d  a l k a l i n e  s o l u t i o n  

was a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  ( I j l ) .  Only a r e d  t a r
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came o u t .  Most o f  t h i s  was removed m e c h a n i c a l l y .  The 

s o l u t i o n  was c o o le d  i n  an i c e  b a t h  b u t  c r y s t a l s  f a i l e d  t o  

a p p e a r .

The s o l u t i o n  was b r o u g h t  t o  b o i l ,  t r e a t e d  w i t h

5 grams o f  c h a r c o a l  and f i l t e r e d  h o t .  The c o o le d  s o l u t i o n

f a i l e d  t o  p roduce  c r y s t a l s .  However,  when i t  was e v a p o r a t e d

down t o  a b o u t  I4.OO m l .  and c o o le d  i n  an i c e  b a t h  a l a r g e  c ro p

o f  c r y s t a l s . a p p e a r e d .  These were f i l t e r e d  and washed w i t h

a m a l l  p o r t i o n s  o f  e t h e r  which  removed t h e  y e l lo w  c o l o r  to
o

g iv e  w h i t e  c r y s t a l s .  These were d r i e d  i n  an oven a t  120 C.

The w h i t e  c r y s t a l s  c o n s i s t e d  o f  a m ix t u r e  o f  

s u c c i n i c  a c i d  and p o t a s s i u m  c h l o r i d e .  The a c i d  was s e p a r a t e d  

f rom  th e  p o t a s s i u m  c h l o r i d e  by  e x t r a c t i n g  i t  w i t h  f o u r  

100 m l .  p o r t i o n s  o f  a b s o l u t e  a l c o h o l .  The a l c o h o l  was e v ap ­

o r a t e d  o f f  l e a v i n g  c ru d e  s u c c i n i c  a c i d  c r y s t a l s  ( c o n ta m in ­

a t e d  w i t h  p o t a s s i u m  c h l o r i d e ) .  The p r o d u c t  was r e c r y s t a l l ­

i z e d  f rom  a s m a l l  amount o f  w a t e r  t o  y i e l d  some s u c c i n i c  

a c i d  m e l t i n g  a t  182- 186°C.

(c)  Malonic  e s t e r  i n  a b s o l u t e  a l c o h o l .

O n e - h a l f  mole o f  in d en e  was b r o m in a t e d  as 

d e s c r i b e d  i n  p a r t  ( b ) .  The r e s u l t i n g  o i l y  d ib ro m id e  was u sed  

w i t h o u t  f u r t h e r  p u r i f i c a t i o n .

One mole o f  sodium was s l i c e d  u n d e r  l i g r o i n  

and added p o r t i o n w i s e  t o  LpOO m l.  o f  a b s o l u t e  a l c o h o l  c o n ­

t a i n e d  i n  a 1- l i t e r ,  3 -n e c k e d  f l a s k  e q u ip p e d  w i t h  a m e r c u r y -  

s e a l e d  s t i r r e r ,  c o n d e n s e r  w i t h  c a l c iu m  c h l o r i d e  tu b e  a t t a c h e d
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and  d ro p p in g  f u n n e l .  A f t e r  a l l  o f  th e  sodium h a d  d i s s o l v e d ,  

t h e  s o l u t i o n  was c o o le d  s l i g h t l y  be low th e  r e f l u x  t e m p e r a t u r e  

and l6 o  grams (1 mole)  o f  m a lo n ic  e s t e r  added  o v e r  a p e r i o d  

o f  10 m i n u t e s .  Then th e  o i l  was added o v e r  a p e r i o d  o f  V~> 
m i n u t e s .  When the  s o l u t i o n  was b r o u g h t  t o  th e  r e f l u x  

t e m p e r a t u r e  sodium bromide s e p a r a t e d  o u t  a b u n d a n t l y .  The 

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

o f  th e  s o l u t i o n  was l a v e n d e r  a f t e r  t h i s  h e a t i n g  p e r i o d .

The s o l u t i o n  was c o o le d  and f i l t e r e d .  The 

r e s i d u e  o f  NaBr was washed s e v e r a l  t im e s  w i t h  s m a l l  p o r t i o n s  

o f  a b s o l u t e  a l c o h o l .  (The r e s i d u e  was fou nd  t o  weigh  96 

grams o r  9 Jf° ° f  th e  t h e o r e t i c a l  am ount . )

The f i l t r a t e  was d i s t i l l e d  u n d e r  r e d u c e d  

p r e s s u r e  to  remove th e  a l c o h o l .  A p r e c i p i t a t e  o c c u r r e d  i n  

t h e  r e s i d u a l  o i l  t h u s  g i v i n g  r i s e  t o  an o i l y  s u s p e n s i o n .

When t h i s  was t r e a t e d  w i t h  w a t e r ' t h e  r e d - c o l o r e d  o i l  s e t t l e d  

t o  th e  b o t to m .  This  was e x t r a c t e d  w i t h  e t h e r  and th e  e t h e r a l  

s o l u t i o n  washed t h r e e  t im es  w i t h  50 m l .  p o r t i o n s  o f  w a t e r  

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

The e t h e r  was removed by d i s t i l l a t i o n  and th e  

r e s u l t i n g  o i l  d i s t i l l e d  u nd e r  3 mm. o f  Hg. p r e s s u r e  u s i n g  

an o r d i n a r y  C l a i s e n  f l a s k .  Pour  c u t s  w e r e  t a k e n  i n  th e  

d i s t i l l a t i o n :
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F i r s t  c u t  -  up t o  80°C

Second  c u t  80 -  110°C

T h i r d  c u t  -  110 -  135°C

F o u r t h  c u t  -  135 -  160°C (M os t ly  152 -158°C)

The t h i r d  f r a c t i o n  was composed of v e r y  l i t t l e  m a t e r i a l  and 

was a l l  i n  s o l i d  fo rm .  The f o u r t h  f r a c t i o n  was l a r g e  and 

was a l s o  c o m p l e t e ly  s o l i d .

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

t h e r e  were o b t a i n e d  75 grams o f  a s o l i d  which  d i s t i l l e d  

o v e r  a t  156-158°C u n d e r  3 mm. Hg p r e s s u r e .

The f i r s t  and s e co n d  l i g h t e r  f r a c t i o n s  were 

r e d i s t i l l e d  and f o u r  c u t s  t a k e n :

F i r s t  c u t  -  up t o  70°G

Second c u t  -  70 -  90°C

T h i r d  c u t  -  90 -  120°C

F o u r t h  c u t  -  120 -  1 $ 2 ° 0
The f o u r t h  c u t  was a l l  s o l i d  and w eighed  9*0 g ram s .  This  

was c o n s i d e r e d  th e  same as t h e  s o l i d  o b t a i n e d  i n  t h e  t h i r d  

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

The f i r s t  c u t  o f  t h i s  l a s t  d i s t i l l a t i o n  con ­

s i s t e d  m o s t ly  o f  i n d e n e .  I t  w e ighed  33 g ram s .  The seco n d  

and  t h i r d  c u t s  combined w e i g h te d  26 grams and gave a 

p o s i t i v e  B e i l s t e i n  t e s t .

The s o l i d  which  d i s t i l l e d  o v e r  a t  156-158°  

u n d e r  3 mm. o f  m ercu ry  was washed r e p e a t e d l y  w i t h  small ,  

p o r t i o n s  o f  l i g r o i n  t o  r e s u l t  i n  p u re  w h i t e  c r y s t a l s
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m e l t i n g  a t  7^ -76°C .  They were o b t a i n e d  i n  39$ y ie ld ,  b a s e d  

on i n d e n e .  (T h is  m e l t i n g  p o i n t  checks  w i t h  t h a t  o f  e t h y l  

e t h a n e - l , 2 - t e t r a c a r b o x y l a t e . )

This  compound was s a p o n i f i e d  by th e  f o l l o w i n g

p r o c e d u r e :

I n  a sm a l l  R.B.  f l a s k  e q u ip p e d  w i t h  a conden­

s e r  t h e r e  were p l a c e d  9*5 grams o f  th e  above e s t e r .  An 

a l k a l i n e  s o l u t i o n  (18 grams KOH i n  18 grams H^O) was ad d ed .  

When th e  s o l u t i o n  was warmed a v i g o r o u s  s a p o n i f i c a t i o n  t o o k  

p l a c e  w i t h  th e  sodium s a l t  s e p a r a t i n g  o u t .  The s o l u t i o n  

was r e f l u x e d  f o r  V~> m i n u t e s .

The c o o le d  s o l u t i o n  was t r e a t e d  w i t h  c o ld  

s u l f u r i c  a c i d  (18 m l .  conc .  H^SO^ and 36 m l .  HgO). I t  was 

t h e n  r e f l u x e d  f o r  two h o u r s .  E v o l u t i o n  o f  c a rb o n  d i o x id e  

to o k  p l a c e  r e a d i l y .

The s o l u t i o n  was c o o l e d  and on c o n t i n u e d  

s t i r r i n g  a l a r g e  c ro p  o f  c r y s t a l s  r e s u l t e d .  These were 

f i l t e r e d ,  d r i e d  and  e x t r a c t e d  w i t h  h o t  g l a c i a l  a c e t i c  a c i d .

On c o o l i n g  th e  combined e x t r a c t s ,  c r y s t a l s  o f  s u c c i n i c  a c i d
owere o b t a i n e d .  The c r y s t a l s  m e l t e d  a t  180-186 C.
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1 0 .  C o n v e r s io n  o f  l - k e t o - 2 - b r o m o h y d r i n d e n e ,  1 1 - 3 3 ,

t o  1 - k e t o - h y d r i n d e n e - 2 - a c e t i c  a c i d ,  II-31+*

IH2-C00H

H - 3 3

The compound, 1 1 - 3 3 ,  was p r e p a r e d  a c c o r d i n g  to  t h e  p r o c e d u r e  

o f  Johnson  and S h e l b e r g  ( 3 2 ) .

I n  a 300 m l . ,  3 -n e c k e d  f l a s k  e q u ip p e d  w i t h  a 

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

s e a l e d  s t i r r e r  and d ro p p in g  f u n n e l ,  t h e r e  were d i s s o l v e d  

2 .7 3  grams o f  sodium ( s l i c e d  t h i n  u n d e r  l i g r o i n )  i n  a m ix t u r e  

o f  35 m l .  a b s o l u t e  a l c o h o l  and 20 m l .  o f  benzen e  ( a n h y d r o u s ,  

C . P . ) .  When a l l  o f  th e  sodium was d i s s o l v e d  th e  s o l u t i o n  

was c o o le d  somewhat f rom th e  r e f l u x  t e m p e r a t u r e  and 19 grams 

o f  m a lo n ic  e s t e r  added w i t h i n  a p e r i o d  o f  5 m i n u t e s .  The 

compound, 1 1 -3 3 ,  amount ing  t o  1 5 .8  g ram s ,  was d i s s o l v e d  i n  

70 m l .  o f  benzene  and t h i s  s o l u t i o n  added t o  th e  e th y l  sodium 

m a lo n a te  s o l u t i o n  d u r in g  a p e r i o d  o f  10 m i n u t e s .  When the  

s o l u t i o n  was b r o u g h t  to  th e  r e f l u x  t e m p e r a t u r e  sodium bromide 

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

p l e .  The s o l u t i o n  was r e f l u x e d  f o r  3lj h o u r s .

The s o l u t i o n  was f i l t e r e d  and the  r e s i d u e  washed 

w i t h  s m a l l  p o r t i o n s  o f  b e n z e n e .  The combined f i l t r a t e  and 

w ash ings  were s u b j e c t e d  t o  a c u r r e n t  o f  a i r  t o  e v a p o r a t e  th e
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b e n z e n e .  There  rem a in e d  a d a r k - c o l o r e d  o i l .

F o r  t h e  s a p o n i f i c a t i o n  a m ix t u r e  o f  58 m l .  o f  

Ij$ fo  KOH and 58 m l .  o f  m e th a n o l  was u s e d .  This  was added  to  

t h e  o i l  and th e  r e s u l t i n g  m i x t u r e  h e a t e d  on a warm w a te r  

b a t h  f o r  o n e - h a l f  h o u r . A s m a l l  amount o f  w a t e r  was added  

and t h e n  th e  m ix t u r e  h e a t e d  on a b o i l i n g  w a t e r  b a t h  f o r  

one h o u r .

The s o l u t i o n  was a c i d i f i e d  w i t h  d i l u t e  H_SO,2 Ip
( 1 : 3 ) ,  a l i t t l e  more w a t e r  added  and th e  r e s u l t i n g  s o l u t i o n  

r e f l u x e d  o v e r n i g h t  (15  h o u r s ) .

The s o l u t i o n  was c o o le d  whereupon y e l l o w - c o l o r e d  

c r y s t a l s  s e p a r a t e d  o u t  accom panied  by a c o n s i d e r a b l e  amount 

o f  a p o ly m e r ic  l o o k in g  m a t e r i a l .  The c r y s t a l s  were  d i s s o l v e d  

i n  sodium b i c a r b o n a t e  s o l u t i o n  b u t  th e  po lym er  d i s s o l v e d  

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

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

a c i d  and c o o le d  i n  an i c e  b a t h .  White  c r y s t a l s  s e p a r a t e d  

o u t ,  b u t  a g a i n ,  th e  polymer  accompanied  them. The impure 

c r y s t a l s  were d i s s o l v e d  i n  h o t  w a t e r ;  i n  t h i s  t r e a t m e n t  the  

p o ly m e r ic  m a t e r i a l  d i d  n o t  d i s s o l v e .  T re a tm e n t  w i t h  c h a r -  ' 

c o a l ,  f i l t e r i n g  and c o o l i n g  th e  s o l u t i o n  gave a lm o s t  w h i t e

c r y s t a l s .  . O n  r e p e a t i n g  t h i s  o p e r a t i o n  t h e r e  w a s  o b t a i n e d
\

0 . 7  gram o f  purs w h i t e  c r y s t a l s  m e l t i n g  a t  l i ( . 8 - l5 l0C.

A n a l y s i s :

G a lcd .  f o r  C^H^O i C -  6 9 .1 4  H -  5 .3 0  

Found:  C s  6 9 .3 7  H = 5 . l 6
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1 1 .  A t tem p ted  r i n g  c l o s u r e  o f  2 - p h e n y l c y c l o p e n t a n -  

3- o n e - l - c a r b o x y l i c  a c i d ,  I I - I 4.3 , t o  y i e l d  l , i j - - d i k e t o - l , 2 -  

d i h y d r o c y c l o p e n t i n d e n e , I I  —

A
COOH

11 *43

The compound, 11-43* was p r e p a r e d  a c c o r d i n g  to  t h e  p r o c e d u r e s  

o f  Baker  and Leeds ( 2L|_) which  a r e  t h e  m o d i f i e d  p r o c e d u r e s  of

C h a t t e r j e e  ( 2 5 ) .  The o u t l i n e  f o r  t h e s e  r e a c t i o n s  i s  shown

on page 3 5 .

(a )  Use o f  a nhydrous  h y d r o f l u o r i c  a c i d .  (The 

r e a c t i o n  was r u n  i n  a good h o o d . )

I n  a c o p p e r  f l a s k  e q u ip p e d  w i t h  a c o p per  

s t i r r i n g  r o d  t h e r e  were p l a c e d  8 grams o f  th e  a c i d ,  I I  —Ip3• 

Anhydrous h y d r o f l u o r i c  a c i d  ( i n  l i q u i d  form) was p o u r e d  

i n t o  th e  c r u c i b l e  u n t i l  110 grams of  th e  r e a g e n t  were added .  

The s o l u t i o n  was s t i r r e d  a t  i n t e r v a l s  w h i l e  th e  excess:  

h y d r o f l u o r i c  a c i d  e v a p o r a t e d .  I t  t o o k  3 / 4  o f  a n  h o u r  f o r  

th e  a c i d  t o  e v a p o r a t e .  I t  seemed t h a t  a r e d - c o l o r e d  s o l u t i o n  

e x i s t e d  d u r in g  th e  p r e s e n c e  o f  th e  r e a g e n t .  The c r u c i b l e  

was p e r m i t t e d  t o  r e m a in  i n  the  hood an a d d i t i o n a l  h o u r .

A 1 0 /  s o l u t i o n  o f  sodium c a r b o n a t e  (200 m l . )  

was ad d ed  t o  th e  c r u c i b l e  whereupon most  o f  th e  s o l i d  

d i s s o l v e d  t o  g iv e  a g r e e n  s o l u t i o n .
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The a l k a l i n e  s o l u t i o n  was f i l t e r e d  and t h e r e  

r e m a in e d  o n ly  a s m a l l  r e s i d u e .  The f i l t r a t e  was a c i d i f i e d  

w i t h  d i l u t e  HC1 ( l i l )  which  c a u se d  a p r e c i p i t a t i o n  o f  a 

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

some w a t e r ,  b o i l e d  t o  d i s s o l v e  th e  p r e c i p i t a t e ,  d e c o l o r i z e d  

w i t h  c h a r c o a l  and f i l t e r e d  w h i l e  s t i l l  h o t .  On c o o l i n g  th e  

f i l t r a t e ,  a w h i te  f l u f f y  p r e c i p i t a t e  came down.

The p r e c i p i t a t e  was f i l t e r e d  and d r i e d  i n  a i r
.o

a t  room t e m p e r a t u r e .  I t  m e l t e d  a t  115 C. w i t h  p r e v i o u s  

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

s t a r t i n g  m a t e r i a l ,  11 —14-3 •

(b)  A t tem p ted  f o r m a t i o n  o f  the  a c i d  c h l o r i d e  o f  

II-lj .3 p r i o r  t o  the  r i n g  c l o s u r e  e x p e r i m e n t .

I n  a s m a l l  R.B. f l a s k  t h e r e  were p l a c e d  

1 0 .2  grams o f  th e  a c i d ,  I I - I 4.3 . E le v e n  grams of t h i o n y l  

c h l o r i d e  ( p u r i f i e d  a c c o r d i n g  t o  F i e s e r  (35) ) were added and 

th e  s o l u t i o n  warmed on a w a t e r  b a t h  m a i n t a i n e d  a t  If5°C. The 

a c i d  d i s s o l v e d  and h y d ro g en  c h l o r i d e  came o f f  f r e e l y .  How­

e v e r ,  t h e  s o l u t i o n  c o n t i n u e d  t o  d a rk e n  i n  c o l o r  and  became 

more v i s c o u s .  Hydrogen c h l o r i d e  came o f f  r e a d i l y  f o r  t h r e e  

h o u r s .  The c o n t e n t s  o f  th e  f l a s k  c o n g e a le d  t o  a r e d ,  s t i c k y  

p o ly m e r .  The po lym er  was d i s c a r d e d .

(c )  Us:e o f  a p h o s p h o r i c  a c i d  and p h o s p h o r i c  

a n h y d r id e  m ix t u r e  f o r  th e  a t t e m p t e d  r i n g  c l o s u r e  o f  I I - 1 |3 .

This  p r o c e d u r e  i s  s i m i l a r  t o  th e  one u s e d  by 

Baker  and Leeds (2lj.) who employed i t  f o r  th e  r i n g  c l o s u r e
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o f  th e  compound, I I - 5 1 .

P h o s p h o r ic  a c i d  (90 %>) was p r e p a r e d  f ro m  85 %  

p h o s p h o r i c  a c i d  by th e  a d d i t i o n  o f  3 .6  grams o f  p e r

100 grams o f  8 5 %  H^PO^.

Three  grams o f  11-14-3 were added  t o  a c o o le d  

m ix t u r e  o f  2.5  m l .  o f  90%> an(  ̂ ^  grams . o f  J?2®5 c o n “

t a i n e d  i n  a 500 m l . ,  3 -n e c k e d  f l a s k  e q u ip p e d  w i t h  a m e r c u r y -  

s e a l e d  s t i r r e r  and a c o n d e n se r  w i t h  d r y i n g  tu b e  a t t a c h e d .

The m ix t u r e  was h e a t e d  on a b o i l i n g  w a t e r  b a t h  f.or t h r e e  

h o u r s .  Good s t i r r i n g  was n e c e s s a r y .  As t h e  h e a t i n g  was con­

t i n u e d  the  m ix t u r e  became t h i c k e r  and h a d  t h e  a p p e a ra n c e  of  ' 

t h i c k  p e a - s o u p .  F u r t h e r m o r e ,  i t  a p p e a re d  t o  s w e l l  i n  th e  

f l a s k  i n d i c a t i n g  th e  e v o l u t i o n  o f  a g a s .

One-hundred  m l .  o f  d i s t i l l e d  w a t e r  were  added 

t o  th e  c o o le d  s o l u t i o n .  A l i g h t - b r o w n  c o l o r e d  o i l  s e t t l e d  

on to p  o f  t h e  aqueous l a y e r .  T h i r t y  m l .  o f  e t h e r  were added 

and  th e  s o l u t i o n  s t i r r e d .  The two l a y e r s  were t r a n s f e r r e d  

t o  a s e p a r a t o r y  f u n n e l  and th e  aqueous l a y e r  drawn o f f  and 

e x t r a c t e d  tw ic e  w i t h  s m a l l  p o r t i o n s  o f  e t h e r .  The e x t r a c t s  

and  o r i g i n a l  e t h e r  l a y e r  were combined.

E le v e n  such  e x p e r im e n t s  were c a r r i e d  o u t  and 

a c o m p o s i te  made o f  t h e  e t h e r  s o l u t i o n s .  This  e t h e r  s o l u t i o n  

was washed tw ic e  w i t h  10 %  sodium h y d r o x id e  s o l u t i o n ;  f i r s t  

w i t h  a 100 m l .  p o r t i o n  and t h e n  w i t h  a 5 0 m l .  p o r t i o n .  This  

was f o l l o w e d  by two w ash in gs  w i t h  7 5  m l .  o f  d i s t i l l e d  w a t e r .  

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

o i l  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .  I t  came o v e r  a t  

108-110°C u n d e r  3 mm* Hg. as  a c o l o r l e s s  o i l  which  t e n d e d  to

s o l i d i f y  i n  th e  r e c e i v i n g  f l a s k .

The c r y s t a l s  h a d  some o i l  a t t a c h e d .  They were 

r e c r y s t a l l i z e d  f rom  300 m l .  o f  low b o i l i n g  l i g r o i n ,  f i l t e r e d  

and p l a c e d  i n  a vacuum d e s s i c a t o r  to  be f r e e d  o f  th e  l i g r o i n .

The m e l t i n g  p o i n t  o f  th e  p r o d u c t  was 76-77°C .  ^6® w e i g h t  o f

d r y ,  l i g r o i n - f r e e  c r y s t a l s  was 1 2 .9  grams o r  1+3% o f  th e  

t h e o r e t i c a l  amount b a s e d  on o b t a i n i n g  th e  d i k e t o n e , 11 —Lpip.

A n a l y s i s  o f  th e  compound, h o w ev er ,  showed i t

t o  have  th e  e m p i r i c a l  f o r m u la ,  M o le c u la r  w e ig h t

d e t e r m i n a t i o n  gave I 3J4- a s  compared t o  th e  c a l c u l a t e d  1 5 8 .

T h i s  i n d i c a t e s  th e  p r e s e n c e  o f  a monomer.

C a l c ' d .  v a lu e  b a s e d  on C ^ H ^ O :  C = 8 3 .5 5  H = 6 .3 9

Pound:  C Z 8 3 . M-5 H z  6 .Ipl

The y i e l d  b a s e d  on th e  fo r m u la  C ^ H  0 becomes 5 l % .
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12* E x p e r im e n ts  p e r fo rm e d  on th e  compound,

(a )  F o rm a t io n  o f  t h e  oxime

P ro c e d u re  s i m i l a r  t o  t h a t  o f  F i e s e r  ( 3 7 ) .

One gram o f  t h e  compound, C^qH^QO, WaS 

d i s s o l v e d  i n  10 m l .  of  a b s o l u t e  a l c o h o l .  A m ix t u r e  o f  6 m l .  

o f  5M h y d ro x y lam in e  h y d r o c h l o r i d e  and 6 m l .  o f  5M sodium 

a c e t a t e  was added .  The s o l u t i o n  was r e f l u x e d  f o r  2|f h o u r s .  

While  t h e  s o l u t i o n  was s t i l l  r e f l u x i n g  w h i t e  c r y s t a l s  s e p a ­

r a t e d  o u t .

The s o l u t i o n  was c o o le d  i n  an  i c e  b a t h  to 

b r i n g  a b o u t  th e  c r y s t a l l i z a t i o n  o f  th e  r e m a in d e r  o f  t h e  

p r o d u c t .  The c r y s t a l s  were f i l t e r e d  and washed w i t h  d i s ­

t i l l e d  w a t e r .  They were r e c r y s t a l l i z e d  from 50% a l c o h o l  

and d r i e d  i n  a vacuum d e s s i c a t o r .  The c r y s t a l s  m e l t e d  a t  

155-156°c.
A n a l y s i s :

G a lcd .  f o r  C ^ H ^ N G :  N -  8 .0 9

Found:  N s  8 .0 3

(b) R e d u c t io n  w i t h  l i t h i u m  aluminum h y d r i d e

A w e i g h t  o f  2 . 6I4. grams o f  l i t h i u m  aluminum 

h y d r i d e  was d i s s o l v e d  i n  a b o u t  150 m l .  o f  anhydrous  e t h e r  

c o n t a i n e d  i n  a 500 m l . ,  3 -n e c k e d  f l a s k  e q u ip p e d  w i t h  a m er­

c u r y - s e a l e d  s t i r r e r ,  d ro p p in g  f u n n e l  and c o n d e n s e r  w i t h  a 

c a l c iu m  c h l o r i d e  d ry in g  tub e  a t t a c h e d .  The s o l u t i o n  was 

s t i r r e d  v i g o r o u s l y  f o r  an h o u r  b u t  t h e r e  s t i l l  r e m a in e d  some 

su sp en d e d  m a t e r i a l .
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A s o l u t i o n  o f  1 2 .9 3  grams o f  C ^ H  0 i n  

100 m l .  of  e t h e r  was added  d ropw ise  t o  th e  e t h e r  s o l u t i o n  o f  

l i t h i u m  aluminum h y d r i d e  so  as  to  m a i n t a i n  a s t e a d y ,  g e n t l e  

r e f l u x .  T h is  t o o k  a p e r i o d  o f  $ 0  m i n u t e s .  The s o l u t i o n  was 

t h e n  r e f l u x e d  f o r  one h o u r .

The s o l u t i o n  was c o o le d  i n  an  i c e  b a t h  and 

10 m l .  o f  w a t e r  added c a u t i o u s l y  th r o u g h  th e  d ro p p in g  f u n n e l .  

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

i n  a s h o r t  t im e .  The r e a c t i o n  m ix t u r e  was p o u r e d  i n t o  i c e  

w a t e r  and 100 m l .  o f  10fo s u l f u r i c  a c i d  added t o  d i s s o l v e  th e  

h y d r o x i d e .  The l a y e r s  were s e p a r a t e d  and th e  aqueous l a y e r  

e x t r a c t e d  tw ic e  w i t h  sm a l l  p o r t i o n s  o f  e t h e r .  The combined 

e t h e r  l a y e r  was washed once w i t h  100 m l.  o f  sodium b i ­

c a r b o n a t e  s o l u t i o n  and t h e n  d r i e d  o v e r  anhydrous  sodium 

s u l f a t e .

The e t h e r  was d i s t i l l e d  o v e r  l e a v i n g  an a lm o s t

c o l o r l e s s  o i l .  Enough l i g r o i n  (LjjD — 60° 0) was added  t o  g i v e

m i s c i b i l i t y  w i t h  the  o i l  and th e n  t h e  s o l u t i o n  c o o le d  i n  an

i c e  b a t h .  I n n o c u l a t i o n  w i t h  a c r y s t a l  f rom a p r e v i o u s  r u n
*

b r o u g h t  a b o u t  imm edia te  c r y s t a l l i z a t i o n  i n  th e  form  o f  a 

f l u f f y ,  w h i t e  p r e c i p i t a t e .  The p r e c i p i t a t e  was f i l t e r e d  and 

washed w i t h  s m a l l  p o r t i o n s  o f  c o l d  l i g r o i n  (ij.0-60°C) and 

p l a c e d  i n  a vacuum d e s s i c a t o r  o v e r n i g h t .

The c r y s t a l s  t u r n e d  y e l l o w  i n  t h e  d e s s i c a t o r  

and some o i l  p e n e t r a t e d  them. ,J-hey were r e d i s s o l v e d  i n  

l i g r o i n ,  r e c r y s t a l l i z e d ,  f i l t e r e d ,  washed w i t h  c o l d  l i g r o i n
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and a l l o w e d  to  s t a n d  I n  th e  a i r  a t  room t e m p e r a t u r e  ( t o  

e v a p o r a t e  o f f  t h e  l i g r o i n ) . White  f e a t h e r y  n e e d l e s  r e s u l t e d  

which  m e l t e d  a t  72-73°C . The w e ig h t  o f  th e  p r o d u c t  was 

2 .5 8  g ram s .  A mixed m e l t i n g  p o i n t  w i t h  th e  k e t o n e ,  O-j^H-^qO, 

was r u n  and m e l t e d  a t  lpip-]p6°C.

A n a l y s i s ;

C a lc d .  f o r  C s  8 2 .5 0  H = 7*55

Pound:  C = 8 2 .2 7  H = 7*50

E v a p o r a t i o n  o f  th e  m o th e r  l i q u o r  f rom  th e  

l a s t  r e c r y s t a l l i z a t i o n  t o  a s m a l l e r  volume gave a se co n d  

c ro p  o f  c r y s t a l s  w e ig h in g  0 .2 7  gram. However,  t h e s e  were 

y e l lo w  i n  c o l o r .

The m o th e r  l i q u o r  r e s u l t i n g  f rom  th e  f i r s t  

c r y s t a l l i z a t i o n  o f  th e  above compound was e v a p o r a t e d  down to  

y i e l d  a p a l e  y e l l o w  o i l .  Th is  was c o o le d  i n  an  i c e  b a t h  

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

o i l  f a i l e d  to  c r y s t a l l i z e .  I t  was d i s t i l l e d  u n d e r  vacuum

and came o v e r  a t  103°0 u n d e r  Ip mm. o f  Hg p r e s s u r e  as  a

c o l o r l e s s  o i l .  I t  w e ighed  8 gram s .  I n n o c u l a t i o n  o f  th e  

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

c r y s t a l l i z a t i o n .

C h a r a c t e r i z a t i o n  o f  th e  a l c o h o l , C-^^H-^gO 

A w e ig h t  o f  0 . 3  gram o f  the  a l c o h o l ,

C;q H 0 ,  was d i s s o l v e d  i n  benzene  and mixed w i t h  a s o l u t i o n  

o f  30 drops  of  b e n z o y l  c h l o r i d e  i n  b e n z e n e .  Two m l .  o f  

p y r i d i n e  were added .  A p r e c i p i t a t e  o c c u r r e d  im m e d ia te ly  on
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t h e  a d d i t i o n  o f  p y r i d i n e  accompanied  by a warming o f  th e  

s o l u t i o n .

The s o l u t i o n  was r e f l u x e d  f o r  l / 2  h o u r ,  c o o le d  

and w a t e r  added .  The p r e c i p i t a t e  d i s s o l v e d  i n  th e  w a t e r  

l a y e r .  E t h e r  was added ,  t h e  l a y e r s  a g i t a t e d  w e l l  and  th e  

aqueous  l a y e r  drawn o f f .  The e t h e r  l a y e r  was washed w i t h
i

d i l u t e  h y d r o c h l o r i c  a c i d  ( 1 : 5 ) ,  5$ sodium h y d r o x id e  and 

f i n a l l y  w a t e r .  I t  was d r i e d  o v e r  anhydrous  sodium s u l f a t e .  

The e t h e r  was e v a p o r a t e d  o f f  l e a v i n g  an o i l  which  q u i c k l y  

s o l i d i f i e d  on c o o l i n g .  This  was d i s s o l v e d  i n  a b s o l u t e  a l ­

c o h o l ,  b o i l e d  a few m in u te s  w i t h  a p i n c h  o f  c h a r c o a l  and 

f i l t e r e d  h o t .  The c o l o r l e s s  f i l t r a t e  was e v a p o r a t e d  on a 

w a tch  g l a s s  and w h i t e  n e e d l e s  o f  th e  p r o d u c t  came o u t .

These were c o l l e c t e d  and r e c r y s t a l l i z e d  f rom  a s m a l l  amount 

o f  a l c o h o l .  The p r o d u c t  was f i l t e r e d  and p l a c e d  i n  a vacuum 

d e s s i c a t o r .  The m e l t i n g  p o i n t  o f  t h e s e  c r y s t a l s  was 86-88°C .

(c)  R e d u c t io n  of  w i t h  aluminum

i s o p r o p o x i d e .

I n  a sm a l l  R .B .  f l a s k  t h e r e  was p l a c e d  a 

m ix t u r e  o f  3*0 grams o f  the  compound, 811 ̂  grams

o f  aluminum i s o p r o p o x i d e  ( p r e p a r e d  and  p u r i f i e d  a c c o r d i n g  

t o  th e  d i r e c t i o n s  o f  Wilds ( 3 8 ) ) .  F i f t e e n  m i l l i l i t e r s  o f  

i s o p r o p y l  a l c o h o l  ( d i s t i l l e d  f rom  CaO) were added .  A conden­

s e r  w i t h  th e  w a t e r - j a c k e t  empty a c t e d  as t h e  f r a c t i o n a t i n g  

column. This  was c o n n e c te d  to  a c o n d e n se r  t u r n e d  downward 

f o r  d i s t i l l a t i o n .  The s o l u t i o n  was s lo w ly  d i s t i l l e d
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(£ -1 0  d rops  p e r  m in u te )  u n t i l  t h e  a c e to n e  t e s t  was n e g a t i v e .  

T h is  r e q u i r e d  f o u r  h o u r s .

The e x c e s s  i s o p r o p y l  a l c o h o l  was removed u nd e r  

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

T h is  was h y d r o l y z e d  w i t h  c o l d  d i l u t e  h y d r o c h l o r i c  a c i d  (7 m l .  

o f  co n c .  HC1 and 38 m l .  w a t e r ) .  A c o l o r l e s s  o i l  r e s u l t e d

w hich  was e x t r a c t e d  w i t h  e t h e r .  The aqueous p o r t i o n  was e x ­

t r a c t e d  tw ic e  w i t h  s m a l l  p o r t i o n s  o f  e t h e r .  The combined 

e t h e r  s o l u t i o n  was washed w i t h  100 m l .  o f  %% sodium b i c a r b o n ­

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

The e t h e r  was d i s t i l l e d  o f f  l e a v i n g  a c o l o r ­

l e s s  o i l .  Low b o i l i n g  l i g r o i n  was added t o  g i v e  com ple te  

m i s c i b i l i t y  w i t h  th e  o i l  and t h e  r e s u l t i n g  s o l u t i o n  c o o le d  

i n  an i c e  b a t h .  I n n o c u l a t i o n  b r o u g h t  a b o u t  an  imm edia te  

c r y s t a l l i z a t i o n .  The c r y s t a l s  were f i l t e r e d  and washed w i t h  

s m a l l  p o r t i o n s  o f  c o ld  l i g r o i n .  ^'he l i g r o i n - f r e e , w h i t e ,  

f e a t h e r y  n e e d l e s  w e ighed  2 . Ip grams o r  80^  o f  th e  t h e o r e t i c a l

amount b a s e d  on th e  f o r m u la ,  0 .
* 11 10

A mixed m e l t i n g  p o i n t  o f  t h e s e  c r y s t a l s  and 

t h o s e  o b t a i n e d  f rom  the  l i t h i u m  aluminum h y d r i d e  r e d u c t i o n  

showed no m e l t i n g  p o i n t  d e p r e s s i o n .

(d)  T e s t  f o r  o l e f i n  g r o u p in g  i n  th e  k e t o n e ,

ci i Hio°-
A few c r y s t a l s  o f  th e  compound were d i s s o l v e d  

i n  c a r b o n  t e t r a c h l o r i d e  and th e  s o l u t i o n  c o o le d  i n  an  i c e  

b a t h .  Bromine was added  d ropw ise  f rom  a p i p e t t e  and became
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im m e d ia te ly  d e c o l o r i z e d  when c o n t a c t i n g  th e  s o l u t i o n .

A l s o ,  a s o l u t i o n  o f  th e  k e t o n e ,  i n

a c e to n e  d e c o l o r i z e d  a  s u l f u r i c  a c i d  s o l u t i o n  o f  p o t a s s i u m  

pe rm an g an a te  when th e  l a t t e r  was added  d ro p w is e .

(e)  V ig o ro u s  o x i d a t i o n  o f  t h e  k e t o n e ,

I n  a s m a l l  R.B. f l a s k  t h e r e  were  p l a c e d  3 grams 

o f  and 9 grams o f  sodium d ic h ro rn a te .  The s o l i d s

were mixed i n t i m a t e l y .  Twenty m l .  o f  w a t e r  were added ,  th e  

c o n d e n s e r  a t t a c h e d  and 15 m l .  o f  c o n c .  s u l f u r i c  a c i d  

c a u t i o u s l y  added  p o r t i o n w i s e  th r o u g h  th e  to p  o f  th e  conden­

s e r .  A v i g o r o u s  r e a c t i o n  to o k  p l a c e  w i t h  t h e  s o l u t i o n  h e a t ­

in g  a lm o s t  t o  th e  r e f l u x  t e m p e r a t u r e .  A f t e r  th e  a d d i t i o n  

o f  a l l  o f  th e  a c i d ,  th e  s o l u t i o n  was r e f l u x e d  f o r  3 h o u r s .

The c o o le d  s o l u t i o n  was p o u re d  i n t o  100 m l .  

o f  w a t e r  and  t h e r e  s e p a r a t e d  o u t  c r y s t a l s  c o n ta m i n a te d  w i t h  

t a r .  The s o l u t i o n  was f i l t e r e d  and t h e  c r y s t a l s  d i s s o l v e d  

i n  sodium b i c a r b o n a t e  s o l u t i o n .  Most of  t h e  t a r  was r e ­

moved m e c h a n i c a l l y .  The a l k a l i n e  s o l u t i o n  was b o i l e d  w i th  

c h a r c o a l ,  f i l t e r e d  and a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  

a c i d  ( 1 : 1 ) .  The c r y s t a l s  were f i l t e r e d  and d r i e d  b u t  were 

p a l e  y e l l o w  i n  c o l o r .  They were r e d i s s o l v e d  i n  sodium b i ­

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

f i l t e r e d  and a c i d i f i e d .  C r y s t a l s  came o u t  w h i t e  i n  c o l o r .  

They were  c o l l e c t e d  and d r i e d  ove r  c o n c e n t r a t e d  s u l f u r i c  a c i d  

i n  a vacuum d e s s i c a t o r .  The c r y s t a l s  m e l t e d  a t  122-123°C.

A mixed m e l t i n g  p o i n t  o f  t h e s e  and p u re
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b e n z o i c  a c i d  showed no d e p r e s s i o n .  A l s o ,  t h e  odor  o f  th e  

c r y s t a l s  o b t a i n e d  i n  t h i s  e x p e r im e n t  was th e  same a,s 

b e n z o i c  a c i d .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1 3 .  R e d u c t io n  o f  l 4 - k e t o - l , 2 , 3 > 9  A 0 “Pe n t a k y d r o c y c l o “

p e n t i n d e n e ,  1 1 -5 2 .

The compound, 1 1 -5 2 ,  was p r e p a r e d  a c c o r d i n g  t o  th e  p r o c e d u r e s  

o f  Baker and Leeds (2l|_). The o u t l i n e  of r e a c t i o n s  fo r  s y n ­

t h e s i z i n g  t h i s  compound i s  shown on page \ \ Z ,
I n  a 300 m l .  R .B .  f l a s k ,  t h e r e  were d i s s o l v e d  

10.l)-6 grams ( 0 .0 5 2 3  mole)  o f  p u r i f i e d  aluminum i s o p r o p o x i d e  

i n  100 m l .  o f  i s o p r o p y l  a l c o h o l  ( d i s t i l l e d  f rom  c a l c iu m  

o x i d e ) .  Nine grams (0 .0 5 2 3  mole)  o f  th e  k e t o n e ,  1 1 - 5 2 ,  were 

ad d ed .  A c o n d e n se r  w i t h  th e  w a t e r - j a c k e t  empty was a t t a c h e d  

so as  t o  s u p p l y  th e  f r a c t i o n a t i n g  column. The s o l u t i o n  was 

d i s t i l l e d  s lo w l y  (5 -10  drops  p e r  m in u te )  u n t i l  th e  a c e to n e  

t e s t  was n e g a t i v e .  T h is  r e q u i r e d  5 1 /2  h o u r s .  D ur ing  

t h i s  t im e  70 m l .  o f  d i s t i l l a t e  were c o l l e c t e d .

The r e m a in in g  a l c o h o l  was removed u n d e r  r e d u c e d  

p r e s s u r e  t o  l e a v e  a v i s c o u s  r e s i d u e .  This  was h y d r o l y z e d  

w i t h  c o l d  d i l u t e  h y d r o c h l o r i c  a c i d  (17 m l .  c o n c .  HC1 and 

87 m l .  water). The o i l  that separated o u t  was extracted with 

e t h e r .  The aqueous p o r t i o n  was e x t r a c t e d  two t im e s  w i t h  

s m a l l  p o r t i o n s  o f  e t h e r .  The combined e t h e r  s o l u t i o n s  we.re 

washed w i t h  100 m l .  o f  5 /  sodium b i c a r b o n a t e  s o l u t i o n
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f o l l o w e d  b y , 50 m l .  o f  w a t e r .  I t  was d r i e d  o v e r  anhydrous

sodium s u l f a t e .

The e t h e r  was d i s t i l l e d  o f f  t h r o u g h  a s m a l l

f r a c t i o n a t i n g  column. There  re m a in e d  a p a l e  y e l l o w  o i l

which  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .  I t  d i s t i l l e d  
o

o v e r  a t  110 G u n d e r  3 mm. o f  Hg p r e s s u r e  as  a c o l o r l e s s  

o i l .  The w e ig h t  of o i l  was 7*5 grams or  82% o f  t h e  

t h e o r e t i c a l  amount.

A n a l y s i s :

C a lc d .  f o r  c H 0:  G ~ 8 2 .7 1  H = 8 .1 0  Id Ill-
Found:  C = 8 3 . 3I4. H = 8 . 0I4.

a t  = 1 - 287
pn

n £::u s  1 .5680  ( c o r r e c t e d  t o  b en zene)
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ll|.. C on v e rs io n  o f  ! 5 - h y d r o x y - l , 2 , 3 , 9 > 1 0 “Pe n 'kaliy d r o -  

c y c l o p e n t i n d e n e ,  1 1 -5 3 ,  to  1 , 2 , 3 , 9 - t e t r a h y d r o c y c l o p e n t i n d e n e ,

11-51+.*-

)H

n -5 3  n-5i+

Ten grams o f  f r e s h l y  f u s e d ,  powdered p o t a s s i u m  

a c i d  s u l f a t e  were p l a c e d  i n  a s m a l l  C l a i s e n  f l a s k  and 7*3 

grams o f  11-53  added .  The m ix t u r e  was h e a t e d  by  means of 

an o i l  b a t h  t o  a t e m p e r a t u r e  o f  2 1 0 - 2 l5 ° C .  As th e  h e a t i n g  

p r o c e e d e d  d r o p l e t s  o f  w a t e r  c o u ld  be s e e n  c o l l e c t i n g  on th e  

u p p e r  w a l l s  of th e  f l a s k .  When the  t e m p e r a t u r e  r a n g e  was 

r e a c h e d  a r e d u c e d  p r e s s u r e  o f  50 -60  mm. o f  Hg was a p p l i e d  so 

t h a t  a v e r y  slow d i s t i l l a t i o n  t o o k  p l a c e .  W ater  v a p o r  and 

t h e  o l e f i n  d i s t i l l e d  o v e r .  Near  th e  end o f  t h e  d i s t i l l a t i o n  

th e  f u l l  r e d u c e d  p r e s s u r e  of t h e  w a t e r  a s p i r a t o r  was a p p l i e d  

(25 mm. o f  H g ) . There r e m a in e d  i n  th e  f l a s k  a c o n s i d e r a b l e  

amount o f  p o ly m e r iz e d  m a t e r i a l .

E t h e r  was added t o  th e  d i s t i l l a t e  and th e  r e s u l t i n g  

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

d i s t i l l e d  o f f  l e a v i n g  an a lm o s t  c o l o r l e s s  o i l .  T h is  d i s ­

t i l l e d  o v e r  a t  'JQ °C  u n d e r  3 mm. o f  Hg p r e s s u r e  as a  c o l o r l e s s  

o i l .  The w e ig h t  o b t a i n e d  was 2 . 8  grams o r  1+2% o f  t h e  t h e o ­

r e t i c a l  amount.
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n p -  1 .5878  ( c o r r e c t e d  bo b en zen e)

A n a ly s t  s :

G a lcd .  f o r  $ 1 2 ^ 1 2 *  G = 92 *31 H 5 7 .8 9  

Pound:  C = 9 0 .9 2  H = 7 . 7 5

T e s t s  on th e  o l e f i n :

(a )  When th e  o l e f i n  was d i s s o l v e d  i n  c a rb o n  

t e t r a c h l o r i d e  and  the  s o l u t i o n  c o o l e d  i t  d e c o l o r i z e d  b r o ­

mine i n s t a n t l y .

(b)  The o l e f i n  d i s s o l v e d  i n  a c e to n e  d e c o l o r ­

i z e d  a s u l f u r i c  a c i d  s o l u t i o n  o f  p o t a s s i u m  p e rm angane te  

im m e d ia te l y .

Note ;

The po o r  a n a l y s i s  f o r  c a rb o n  c o u ld  have  b een  

due to  t h e  t e n d e n c y  o f  t h e  o l e f i n  t o  p o ly m e r iz e  t h u s  r e n ­

d e r i n g  t h e  sample  impure b e f o r e  t h e  a n a l y s i s .  However, we 

f e e l  t h a t  th e  more l o g i c a l  cause  was th e  p r e s e n c e  o f  some 

o f  th e  a l c o h o l ,  I I - 5 3 ,  which  we fo u n d  d i f f i c u l t  t o  remove 

f rom  th e  o l e f i n  by  f r a c t i o n a t i o n  b e c a u se  o f  the  t e n d e n c y  

o f  th e  o l e f i n  t o  p o l y m e r i z e .
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1 5 .  A t t e m p t e d  b r o m l n a t i o n  o f  1 , 2 , 3 , 9 - t e t r a h y d r o -

c y c l o p e n t i n d e n e  ,  I I - 5 l ± ,  w i t h  N - b r o m o s u c c i n i m i d e .

11 -51+- n -5 5

I n  a s m a l l  3 -n ec k ed  f l a s k  e q u ip p e d  w i t h  a m ercu ry  

s e a l e d  s t i r r e r  and a c o n d e n s e r  w i t h  d r y i n g  tu b e  a t t a c h e d ,  

t h e r e  were i n t r o d u c e d  3»36 grams o f  th e  o l e f i n ,  11-51^.

Twenty m l .  o f  c a r b d n  t e t r a c h l o r i d e  were added t o  d i s s o l v e  

th e  o l e f i n .  Then 3* 81|. grams o f  N -b rom osu cc in im ide  were 

added  and t h e  s o l u t i o n  s t i r r e d  w h i l e  I t  was h e a t e d  t o  th e  

r e f l u x  t e m p e r a t u r e .  W i t h i n  the  f i r s t  h o u r  no r e a c t i o n  

seemed to  t a k e  p l a c e  as e v id e n c e d  by  th e  com ple te  s e t t l i n g  

o f  th e  s o l i d  s u s p e n s i o n  t o  t h e  b o t to m  o f  t h e  f l a s k  when th e  

s t i r r e r  was s to p p e d .  The s o l u t i o n  was r e f l u x e d  f o r  f o u r  

h o u r s  and  s i m i l a r l y ,  a t  t h e  end  o f  t h i s  t im e ,  t h e  r e a c t i o n  

h a d  f a i l e d  t o  t a k e  p l a c e .

A p a r t i c l e  of  b e n z o y l  p e r o x i d e  was added  and  th e  

s o l u t i o n  r e f l u x e d  o v e r n i g h t  (15  h o u r s ) .

When th e  s t i r r e r  was s t o p p e d  some o f  t h e  s u s ­

pended  m a t e r i a l  f l o a t e d  on to p  o f  t h e  s o l u t i o n  ( i n d i c a t i v e  

o f  s u e c i n i m l d e ) . The s o l u t i o n  was c o o le d  and f i l t e r e d .  The 

r e s i d u e  (brown i n  c o l o r )  was washed s e v e r a l  t im es  w i t h  s m a l l  

p o r t i o n s  o f  c a rb o n  t e t r a c h l o r i d e .  T h is  l e f t  a l i g h t
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t a n - c o l o r e d  r e s i d u e .  The a m b e r - c o lo r e d  f i l t r a t e  was t r a n s ­

f e r r e d  t o  a d i s t i l l i n g  f l a s k  a n d : t h e  c a rb o n  t e t r a c h l o r i d e  r e ­

moved u n d e r  vacuum u s i n g  a n i t r o g e n  c a p i l l a r y .  There  r e ­

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

The o i l  f a i l e d  t o  c r y s t a l l i z e  on c o o l i n g  i n  an  i c e  b a t h .  

A d d i t i o n  o f  95$ a l c o h o l  and c o o l i n g  a l s o  f a i l e d  t o  b r i n g  

a b o u t  c r y s t a l l i z a t i o n .  The o i l  was t a k e n  up i n  e t h e r  and 

d r i e d  o v e r  anhydrous  sodium s u l f a t e .  The e t h e r  and a l c o h o l  

were d i s t i l l e d  o v e r  and t h e n  th e  o i l  d i s t i l l e d  u n d e r  r e d u c e d  

p r e s s u r e .  I t  d i s t i l l e d  o v e r  b e tw een  80° and 123°C trader  

3 mm. o f  Hg. Along w i t h  th e  y e l lo w  o i l  some c r y s t a l l i n e  

m a t e r i a l  a l s o  came o v e r .  The o i l  and c r y s t a l s  were  t r e a t e d  

w i t h  w a t e r  whereby t h e  c r y s t a l s  d i s s o l v e d  i n  th e  w a t e r  l a y e r  

i n d i c a t i n g  s u c c i n i m i d e .  The wet  o i l  was e x t r a c t e d  w i t h  e t h e r  

and  th e  e t h e r  l a y e r  washed w i t h  w a t e r  t o  remove t h e  r e m a in ­

d e r  o f  th e  s u c c i n i m i d e .  Then i t  was d r i e d  o v e r  anhydrous  

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

r e d i s t i l l e d .  I t  came o v e r  b e tw een  80°  and 125°C u n d e r  3 mm. 

o f  Hg a s  a  y e l l o w  o i l  and p o s s e s s i n g  an odor  s i m i l a r  t o  

t h a t  o f  t h e  s t a r t i n g  compound, 11 - 51}..

A sm a l l  p o r t i o n  o f  th e  o i l  was p u t  i n  a t e s t  tu be  

and some 95$ a l c o h o l  added .  The s o l u t i o n  c lo u d e d  somewhat.  

Then some aqueous 0.1N s i l v e r  n i t r a t e  s o l u t i o n  was add ed .  The 

s o l u t i o n  became c lo u d y  b u t  was due o n ly  t o  a p r e c i p i t a t i o n  o f  

th e  o i l  i t s e l f  (which  c o l l e c t e d  as  a g l o b u l e  on t h e  b o t to m  of  

t h e  t e s t  t u b e ) .  S i l v e r  b rom ide  d i d  n o t  fo rm .
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l 6 . A t tem p ted  d e h y d r o g e n a t i o n  of l , 2 , 3 » 9 - ‘k e t r a h y d r o -  

c y c l o p e n t i n d e n e ,

I I - l

(a) Use of chloranil in xylene. Procedure similar 
to that of Arnold and Collins (33)*

A s o l u t i o n  of  2 . 1 3  grams ( 0 .0 1 3 6 5  mole)  o f  

th e  o l e f i n ,  I I - 51+, and 6 .7 2  grams ( 0 .0 2 7 3  mole)  o f  c h l o r a n i l  

i n  15 m l .  o f  x y l e n e  was r e f l u x e d  f o r  19 h o u r s .  The c o l o r  o f  

t h e  s o l u t i o n  was b l o o d - r e d  a t  f i r s t  b u t  a f t e r  r e f l u x i n g  t h i s  

l e n g t h  of t ime t h e  c o l o r  was r e d - b r o w n .  A r e s i d u e  h ad  

p r e c i p i t a t e d  o u t .

The s o l u t i o n  was c o o le d  and f i l t e r e d .  The 

r e s i d u e  c o n s i s t e d  o f  a h e t e r o g e n e o u s  m ix t u r e  o f  an  amorphous 

l o o k i n g  t a n - c o l o r e d  s o l i d  and a b l a c k ,  b r i t t l e  s o l i d .  The 

x y l e n e  s o l u t i o n  ( f i l t r a t e )  was d i l u t e d  w i t h  e t h e r  and th e  

r e s u l t i n g  s o l u t i o n  e x t r a c t e d  w i t h  1 $  p o t a s s i u m  h y d r o x i d e .

The aqueous l a y e r  was a deep d a r k - r e d  c o l o r  and t h e  e t h e r  

l a y e r  l i g h t - r e d  i n  c o l o r .  The l a t t e r  was d r i e d  o v e r  a n ­

hy d ro u s  sodium s u l f a t e .  When th e  e t h e r  and x y l e n e  were r e ­

moved u n d e r  r e d u c e d  p r e s s u r e ,  t h e r e  r e m a in e d  a r e d - b r o w n ,  

t h i c k  v i s c o u s  o i l .  The o i l  f a i l e d  t o  c r y s t a l l i z e  a lo n e  o r  

f rom  a l i g r o i n  (90°-120°C)  s o l u t i o n .
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An a t t e m p t  was made to  s t e a m - d i s t i l l  t h e  o i l  

b u t  i t  f a i l e d  t o  d i s t i l l .  I t  was t h o u g h t  t h a t  t h e  o i l  r e ­

s u l t e d  f rom th e  p o l y m e r i z a t i o n  o f '  t h e  o l e f i n ,  11 - 514-•

The amorphous l o o k in g  r e s i d u e  m ix t u r e  was n o t

i n v e s t i g a t e d .

(b)  Use o f  s u l f u r  a t  2 h f$ °G »
I n  a sm a l l  C l a i s e n  f l a s k  t h e r e  were i n t r o d u c e d  

1*7 grams (0 .0 10 9  mole) of  11-514- and 0 .7  gram (0 .0 2 1 8  mole) 

o f  s u l f u r .  The m ix t u r e  was h e a t e d  b y  means o f  a wax b a t h  t o  

2i|.50C a t  which  t e m p e r a t u r e  h y d ro g en  s u l f i d e  was e v o lv e d .  I t  

was n o t i c e d  t h a t  t h i s  gas was n o t  r e l e a s e d  a t  low er  t e m p e r a ­

t u r e s  su ch  as 225 °C»

I n  one e x p e r i m e n t ,  t h e  m ix tu r e  was k e p t  a t  

2l4-5 °C f o r  tw e n ty  m i n u t e s .  When th e  f l a s k  was c o o l e d  t h e r e  

a p p e a r e d  a j e t - b l a c k  r e s i d u e .  , T h is  was r a t h e r  b r i t t l e  and 

e a s i l y  removed from t h e  f l a s k .  I t  was d i g e s t e d  w i t h  s m a l l  

amounts o f  b o i l i n g  l i g r o i n  ( 9 0 ° - 1 2 0 ° C ) .  The e x t r a c t s  were 

combined and the  l i g r o i n  e v a p o r a t e d  o f f  t o  r e s u l t  i n  a b l a c k ,  

t a r r y  r e s i d u e .

I n  a n o t h e r  e x p e r i m e n t  th e  m ix t u r e  was k e p t  

a t  2ii-5°0  f o r  o n ly  5 m in u te s  a t  t h e  end o f  which  t im e  t h e  f u l l  

r e d u c e d  pressure (25 mm. of Hg) of a water aspirator applied. 
The c o n t e n t s  s w e l l e d  i n  th e  f l a s k  b u t  d i d  n o t  d i s t i l l .  On 

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

b r i t t l e .  This was e x t r a c t e d  w i t h  s m a l l  p o r t i o n s  o f  b o i l i n g  

l i g r o i n  (90-120°G) to  g iv e  a r e d - c o l o r e d  f i l t r a t e .  The
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ligroin solution was evaporated down to a smaller volume and 
then cooled in an ice bath. A small amount of precipitate 
separated out. This was filtered but found to be a sticky 
resin.

The rest of the ligroin was evaporated to 
leave a red-brown oil. This was cooled in an ice bath but 
did not crystallize. It was then dissolved in alcohol and 
added to an alcoholic solution of picric acid. The solution 
was cooled but a picrate did not form; the yellow solution 
simply became a little cloudy.
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17* E s t e r i f i c a t i o n  o f  2 - p h e n y l c y c l o p e n t a n - 3 - o n e - l -  

c a r b o x y l i c  a c i d ,  I I  —ip3•

0

COOH

n-lj-3

GOOCH

V - l

A s o l u t i o n  o f  if5 grams o f  the  a c i d ,  II-I j-3, i n  

300 m l .  o f  m e th y l  a l c o h o l  c o n t a i n i n g  12 grams o f  h y d ro g e n  

c h l o r i d e  was r e f l u x e d  f o r  23 hou rs . .

The m e th an o l  was removed u n d e r  r e d u c e d  p r e s s u r e  

and t h e  r e s i d u a l  l i q u i d  d i s t i l l e d  two t im e s  w i t h  100 m l .  

p o r t i o n s  o f  benzene  t o  remove t h e  w a t e r .  The r e s i d u a l  o i l  

was t r a n s f e r r e d  t o  a b e a k e r  and c r y s t a l l i z e d  f rom  75 m l .  

o f  a b s o l u t e  a l c o h o l .  A w h i t e  s o l i d ,  m e l t i n g  p o i n t  75-77°C ,  

was o b t a i n e d .  The w e ig h t  of  t h e  e s t e r  was 38 grams o r  Q0%  

o f  th e  t h e o r e t i c a l  amount.

A se co n d  r e c r y s t a l l i z a t i o n  f rom 75 m l.  o f  a l c o h o l  

r a i s e d  t h e  m e l t i n g  p o i n t  t o  79~80°C.

A n a l y s i s :

C a lc d .  f o r  C -^H -^O y  c = 7 1 .5 6  H = 6.1+7 

Pound:  C = 72 .00  H = 6 . 7 1
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18 .  M eerw ein-Ponndorf  r e d u c t i o n  o f  m e th y l  2 - p h e n y l -  

c y c l o p e n t a n - 3 - o n e - l - c a r b o x y l a t e ,  V - l .

X
GOOCH3 COOCH

V-2V - l

The method was e s s e n t i a l l y  th e  same as  d e s c r i b e d  

on page 8 9 * The m a t e r i a l s  c o n s i s t e d  o f  0 . 1  mole ( 2 1 .8  grams) 

o f  th e  e s t e r ,  V - l ,  20 grams ( 0 . 1  mole)  o f  aluminum i s o -

p r o p o x id e  and 150 m l .  o f  d ry  i s o p r o p y l  a l c o h o l .  The r e d u c t i o n

was f a i r l y  r a p i d  and c o m ple ted  i n  2 1 /2  h o u r s .

A f t e r  w ork ing  up t h e  r e a c t i o n  m i x t u r e  ( a s  d e sc r ib e d  

on page 8 9 ) t h e r e  r e s u l t e d  a y e l l o w  o i l  which  d i s t i l l e d  o v e r  

a t  l)4.5>°C u n d e r  3 mm. o f  Hg p r e s s u r e  as a p a l e - y e l l o w  o i l .

The w e i g h t  o f  p r o d u c t  was 1.5.6 grams o r  7 1 /  o f  th e  t h e o ­

r e t i c a l  amount .  Some p o ly m e r ic  m a t e r i a l  was l e f t  i n  th e  

d i s t i l l i n g  f l a s k .

d2jj = 1.269
n a

n £  z 1 .5196  ( c o r r e c t e d  to  b en zen e)

A n a l y s i s :

C a lc d .  f o r  C ^ H ^ O  : G = 7 0 .91  H = 7 .3 3

Found:  c = 7 2 .5 9  H = 7 .8 2

N o t e :

No e x p l a n a t i o n  h a s  been  fo u n d  f o r  t h e  p oo r  

a n a l y s i s .  A f r a c t i o n a l  d i s t i l l a t i o n  was a t t e m p t e d  on th e  

o i l  u n d e r  1 mm. o f  Hg p r e s s u r e  b u t  th e  h i g h  b o i l i n g  p o i n t
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-100-

o f  th e  o i l  c a u se d  e x c e s s i v e  f l o o d i n g  a t  t h e  to p  o f  th e  

f r a c t i o n a t i n g  column r e s u l t i n g  i n  an i n e f f i c i e n t  p u r i ­

f i c a t i o n .
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1 9 .  S a p o n i f i c a t i o n  o f  m e t h y l  2 - p h e n y l c y c l o p e n t a n - 3 -

o l - l - c a r b o x y l a t e , V-2.

OH OH

COOH

v-3

A m ix t u r e  o f  lip. 68 grams o f  t h e  e s t e r ,  V -2 ,  3lp m l .  

o f  m e th a n o l  and 3ip ml., o f  \\$ %  p o t a s s i u m  h y d r o x id e  was r e -  

f l u x e d  f o r  3 / k  h o u r .  The s o l u t i o n  t u r n e d  l i g h t  r e d  i n  c o l o r  

b u t  was one phase  and c l e a r .  The s o l u t i o n  was c o o le d  and

d i l u t e d  w i t h  £0 m l .  of  w a t e r .  Then i t  was a c i d i f i e d  w i t h

100 m l .  o f  d i l u t e  h y d r o c h l o r i c  a c i d  (70  m l .  o f  w a t e r  and

30 m l .  c o n c .  HC1). A y e l lo w  o i l  s e t t l e d  o u t  which  f a i l e d  

t o  c r y s t a l l i z e  on c o o l i n g  th e  s o l u t i o n  i n  an i c e  b a t h .  The 

o i l  was t a k e n  up i n  e t h e r  and  th e  aqueous l a y e r  e x t r a c t e d  

w i t h  s m a l l  p o r t i o n s  o f  e t h e r .  'The combined e t h e r e a l  s o l u ­

t i o n s  were washed once w i t h  £0  ml .  o f  w a t e r  and t h e n  d r i e d

o v e r  anhydrous  c a l c iu m  c h l o r i d e .

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

which  d i s t i l l e d  o v e r  a t  185°C u n d e r  3 mm. o f  Hg p r e s s u r e .

I t  was v e r y  v i s c o u s  and p a l e  y e l l o w  i n  c o l o r .

The p r o d u c t  was s t i l l  p r e s e n t  as a v i s c o u s  o i l  

t h e  n e x t  d ay .  However,  some c r y s t a l s  were n o t i c e d  a round  

th e  l a s t  d rop  h a n g in g  f rom  t h e  arm of  t h e  d i s t i l l i n g  f l a s k .  

These were u s e d  t o  i n n o c u l a t e  t h e  main  body o f  o i l ;
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c r y s t a l l i z a t i o n  t o o k  p l a c e  im m e d ia te ly .  The p a l e  y e l l o w  

c r y s t a l s  were d i s s o l v e d  i n  h o t  b en zene  and r e c r y s t a l l i z e d  

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

and s t i r r i n g  f o r  If? m in u te s  (and  i n n o c u l a t i o n )  was n e c e s s a r y  

t o  b r i n g  a b o u t  c r y s t a l l i z a t i o n .  The w h i t e  c r y s t a l s  were

f i l t e r e d  and p l a c e d  i n  a vacuum d e s s i c a t o r  t o  be f r e e d  f rom

t h e  benzene  s o l v e n t .  The m e l t i n g  p o i n t  was 1 07° -110°C .

A n a l y s i s :

G a lcd .  f o r  C120 ^ O  : C = 6 9 .9 0  H = 6 .8 5

Found:  C = 6 9 .9 7  h -  6 .6 0
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- 1 0 3 -

2 0 .  P r e p a r a t i o n  o f  t h e  o x im e  o f  i | _ - k e t o - l , 2 , 3 > 9 » 1 0 “

p e n t a h y d r o c y c l o p e n t i n d e n e .

N.-OH

11-52 . I I - 5 2 A ,

The p r o c e d u r e  was s i m i l a r  to  t h a t  o f  P i e s e r  ( 3 7 ) .

A m ix t u r e  o f  1 .0 l |  grams o f  h yd ro x y lam in e  h y d r o ­

c h l o r i d e  and 1 .2 3  grams o f  sodium a c e t a t e  i n  6 m l .  o f  w a t e r  

was added  t o  1 gram of  th e  k e t o n e ,  11 - 5 2 , d i s s o l v e d  i n  5 ml, 

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

f o r  3 h o u r s .

On c o o l i n g  th e  s o l u t i o n  and s t i r r i n g  w h i t e  

c r y s t a l s  were o b t a i n e d .  These were r e c r y s t a l l i z e d  f rom  

a s m a l l  amount o f  m e th a n o l .  They m e l t e d  a t  116-117°C .

A n a l y s i s ;

C a lc d .  f o r  C ^ H  NO! N = 7 .I4.9

P ound ; N = 7 • 2I4.
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2 1 .  P r e p a r a t i o n  o f  1 - b e n z y l c y c l o p e n t a n - l - o l .

0 OH

!H2MgCl

D e n is se n k o  (39) r e p o r t e d  t h i s  compound as  an o i l  d i s t i l l i n g  

a t  129-30°C u n d e r  11 mm. o f  Hg p r e s s u r e  and h a v in g  a d e n s i t y  

o f  1 .0218  a t  20°C. Our e x p e r im e n t s  l e d  t o  a w h i t e  s o l i d

nes ium  was u se d  i n  o r d e r  to  m in im ize  th e  c o u p l i n g  r e a c t i o n  

t h a t  l e a d s  t o  d i b e n z y l )  were su sp en d e d  i n  a b o u t  100 m l .  o f  

anhydrous  e t h e r  c o n t a i n e d  i n  a 1 - l i t e r ,  3 - n e c k e d  f l a s k  

e q u ip p e d  w i t h  m e r c u r y - s e a l e d  s t i r r e r ,  c o n d e n se r  w i t h  c a l ­

cium c h l o r i d e  d r y i n g  tu b e  a t t a c h e d  and d ro p p in g  f u n n e l .  

O n e - h a l f  o f  a mole ( 6 3 . 3  grams)  o f  f r e s h l y  d i s t i l l e d  b e n z y l  

c h l o r i d e  was d i s s o l v e d  i n  a b o u t  300 m l .  o f  anhydrous  e t h e r .  

A p p ro x im a te ly  l £  m l .  of  t h i s  s o l u t i o n  were added  t o  th e  

e t h e r  s u s p e n s i o n  o f  magnesium a t  room t e m p e r a t u r e  t o  

i n i t i a t e  th e  r e a c t i o n .  Then th e  r e a c t i o n  f l a s k  was immersed 

i n  an i c e  b a t h  and th e  r e m a in d e r  o f  th e  b e n z y l  c h l o r i d e  

s o l u t i o n  added o v e r  a p e r i o d  o f  f i v e  h o u r s .  (T h is  s low 

a d d i t i o n  and th e  low t e m p e r a t u r e  h a d  th e  p u rp o s e  o f  m i n i ­

m iz in g  c o u p l i n g . )  A f t e r  th e  a d d i t i o n  o f  a l l  o f  th e  b e n z y l  

c h l o r i d e  s o l u t i o n ,  o n e - h a l f  o f  a mole (ip2 grams)  o f

h a v in g  a m e l t i n g  p o i n t  o f  3’9»5“6 0 .5 ° C .

E i g h t e e n  grams o f  magnesium (50 % e x c e s s  o f  mag-
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c y c lo p e n ta n o n e  was added d ropw ise  t o  th e  c o l d  G r i g n a r d  r e ­

a g e n t  o v e r  a p e r i o d  o f  one h o u r .  The i c e  b a t h  was r e p l a c e d  

by a warm w a te r  b a t h  and th e  e t h e r  s o l u t i o n  g e n t l y  r e f l u x e d  

f o r  o n e - h a l f  h o u r .  A w h i t e  p r e c i p i t a t e  r e s u l t e d  f rom  the  

r e a c t i o n .

The c o n t e n t s  o f  th e  f l a s k  were p o u r e d  i n t o  a 

m ix t u r e  o f  Lj-00 grams o f  i c e  and 300 m l .  o f  10^  s u l f u r i c  

a c i d .  The l a y e r s  were s e p a r a t e d  and th e  aqueous  l a y e r  e x ­

t r a c t e d  two t im e s  w i t h  150 m l .  p o r t i o n s  o f  e t h e r .  The com­

b i n e d  e t h e r  s o l u t i o n s  were washed  once w i t h  50 m l .  o f  d i s ­

t i l l e d  w a t e r ,  once w i t h  $ 0  m l .  o f  5^  sodium b i c a r b o n a t e  

s o l u t i o n  and f i n a l l y ,  w i t h  $ 0  m l .  o f  w a t e r .  Then i t  was 

d r i e d  o v e r  anhydrous  sodium s u l f a t e .

The e t h e r  was d i s t i l l e d  o v e r  l e a v i n g  a r e s i d u a l

o i l .  T h is  was d i s t i l l e d  u n d e r  a r e d u c e d  p r e s s u r e  o f  13 mm. 

o f  Hg and  came o v e r  a t  135°-138°C .  The d i s t i l l a t e  c r y s t a l ­

l i z e d  r e a d i l y  i n  th e  r e c e i v i n g  f l a s k .  The p r o d u c t  was r e -  

c r y s t a l l i z e d  tw ic e  f rom  l i g r o i n  (J4j0 °-60 °C ) . Slow c r y s t a l ­

l i z a t i o n  gave b e a u t i f u l  h e x ag o n a l  p l a t e s  which  m e l t e d  a t  

5 9 . 5 ° “6 0 .5 ° C .  The w e ig h t  of r e c r y s t a l l i z e d  p r o d u c t  was 

i|0 grams o r  \\b %  o f  th e  t h e o r e t i c a l  amount .  The compound h a s

an a g r e e a b l e  sw ee t  od o r .

A n a l y s i s :

C a lc d .  f o r  C = 8 1 .7 6  H = 9 .1 6

Pound:  C = 8 I .98  H s  8 .91).
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Note:
T his  compound was d e h y d r a t e d  r e a d i l y  by 

d i s t i l l i n g  i t  w i t h  a few c r y s t a l s  o f  i o d i n e  a t  a tm o s p h e r ic  

p r e s s u r e .  The d i s t i l l a t e  ( o l e f i n  and w a t e r  v a p o r )  came 

o v e r  a t  230°G u n d e r  7^1- mm* o f  Hg p r e s s u r e  ( b a r o m e t r i c  

p r e s s u r e ) .  I t  was c o n ta m i n a te d  w i t h  some i o d i n e  th e  l a t t e r  

b e i n g  removed by w ash ing  the  e t h e r  s o l u t i o n  w i t h  a sodium 

t h i o s u l f a t e  s o l u t i o n .  A f t e r  d r y i n g  th e  e t h e r  s o l u t i o n  o v e r  

anhydrous  sodium s u l f a t e  and rem o v a l  o f  t h e  e t h e r ,  t h e  

o l e f i n  d i s t i l l e d  o v e r  a t  111°-117°C u n d e r  17 ram. o f  Hg 

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

sw ee t  o d o r .  When i t  was r e d i s t i l l e d  i t  came o v e r  a t  t h i s  

same t e m p e r a t u r e  r a n g e .

The olefin, when dissolved in cold carbon 
tetrachloride, decolorized bromine instantly.
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2 2 .  A t t e m p t e d  c o n v e r s i o n  o f  1 - b e n z y l c y c l o p e n t a n - l -

o l  t o  1 , 2 , 3 , 14. , 9 , 10- h e x a h y d r o c y c l o p e n t i n d e n e ,  1- 37*

 r ^ i
*  Q jO lj

1-37

The p r o c e d u r e  f o r  t h i s  a t t e m p t e d  Bogar t-Cooke  r e a c t i o n  i s  

s i m i l a r  to  t h a t  o f  P e r lm an ,  D av idson  and M ars to n  (l|-0).

F o r t y  m i l l i l i t e r s  o f  an 8 $ %  s u l f u r i c  a c i d  s o l u t i o n  

were c o o le d  i n  an i c e  b a t h  and 10 grams o f  1 - b e n z y l c y c l o -  

p e n t a n - l - o l  added s l o w l y  t o  t h e  w e l l  s t i r r e d  s o l u t i o n  o v e r  

a p e r i o d  o f  20 m i n u t e s .  The s o l u t i o n  became r e d - c o l o r e d  

w i t h  th e  o r g a n i c  p o r t i o n  becoming t h i c k  and v i s c o u s .  The 

s o l u t i o n  was b r o u g h t  to  room t e m p e r a t u r e  and a g i t a t e d  an 

a d d i t i o n a l  20 m i n u t e s .

L i g r o i n  (ij.0°-60°C) was added  to  e x t r a c t  th e  

o r g a n i c  p o r t i o n  b u t  v e r y  l i t t l e ,  i f  any ,  d i s s o l v e d .  ( I n  th e  

s e p a r a t o r y  f u n n e l  t h e r e  were t h r e e  l a y e r s ,  nam ely ,  th e  r e d -  

c o l o r e d  s u l f u r i c  a c i d  l a y e r ,  a r e d - c o l o r e d  t h i c k ,  v i s c o u s  

o i l y  l a y e r  and f i n a l l y ,  t h e  l i g r o i n  l a y e r . )  The a c i d  was 

drawn o f f  and e t h e r  added t o  th e  r e m a in i n g  two l a y e r s .  

Complete  m i s c i b i l i t y  r e s u l t e d .  This  s o l u t i o n  was washed 

t h r e e  t im e s  w i t h  i c e - c o l d  8 $ %  s u l f u r i c  a c i d  f o l l o w e d  by 

10$ sodium c a r b o n a t e  s o l u t i o n  and f i n a l l y ,  w a t e r .  I t  was 

d r i e d  o v e r  anhydrous  sodium s u l f a t e .
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A f t e r  th e  rem ova l  o f  th e  e t h e r  t h e r e  r e m a in e d  a. 

v i s c o u s  r e d - c o l o r e d  o i l .  A d i s t i l l a t i o n  was a t t e m p t e d  on 

t h i s  o i l  b u t  w i t h  l i t t l e  s u c c e s s .  When t h e  p o t  t e m p e r a t u r e  

r e a c h e d  2i[_0°C o n l y  a few drops  o f  a l i q u i d  d i s t i l l e d  o v e r  a t  

112°C u n d e r  18 mm. o f  Hg p r e s s u r e .  The o i l - b a t h  was r e ­

moved and th e  f l a s k  h e a t e d  w i t h  th e  f r e e  f l a m e .  A polym er  

d i s t i l l e d  o v e r  a t  2lp8°-276°C u n d e r  18 mm. o f  Hg p r e s s u r e  

which  was r e d  i n  c o l o r  and  e x t r e m e l y  v i s c o u s .  A c o n s i d e r a b l e  

amount o f  r e s i d u e  r e m a in e d  i n  th e  d i s t i l l i n g  f l a s k  which  

was c o m p l e t e ly  s o l i d  a t  room t e m p e r a t u r e .
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Two main a p p ro a c h e s  t o  th e  s y n t h e s i s  o f  c y c l o p e n t -  

in d e n e  were s t u d i e d .  The f i r s t  one i n v o l v e d  in d en e  d e r i v a ­

t i v e s  w i t h  th e  s u b s e q u e n t  f o r m a t i o n  o f  t h e  o u t e r  f i v e -  

member ed  r i n g  t o  g iv e  the  c a rb o n  f ramework r e p r e s e n t e d  by 

I I - l .  The seco n d  a p p ro a c h  was c o n c e rn e d  w i t h  p h e n y l c y c l o -  

p e n ta n e  d e r i v a t i v e s  w i t h  the  s u b s e q u e n t  f o r m a t i o n  o f  th e  

i n n e r  f iv e -m em bered  r i n g .  Our e x p e r im e n t s  i n d i c a t e d  t h a t  

t h e  s e co n d  method o f  a p p ro a c h  was th e  more s u c c e s s f u l .

The compound, 1 , 2 , 3 , 9 - t e t r a h y d r o c y c l o p e n t i n d e n e , 

11 - 51]-, was

11 - 5I4-

p r e p a r e d  in our  l a b o r a t o r i e s  b u t  we were u n a b le  t o  d e h y d ro -  

g e n a t e  th e  o u t e r  f ive -m em b ere d  r i n g  w i t h o u t  c a u s i n g  e x c e s s i v e  

p o l y m e r i z a t i o n .  D e h y d r o g e n a t io n  o f  II -5 l | -  w i t h  s u l f u r  a t  

2l4.5 °C and w i t h  c h l o r a n i l  i n  b o i l i n g  x y le n e  r e s p e c t i v e l y  l e d  

t o  p o ly m e r ic  p r o d u c t s .  A l s o ,  t h e  compound, 11-51]., d i d  n o t  

r e a c t  w i t h  N -b ro m o su c c in im ia e . The b r o m in a te d  p r o d u c t  would  

have been an intermediate In the i n d i r e c t  d e h y d r o g e n a t i o n  o f  

11-51]. and may have l e d  t o  th e  f i n a l  compound, I I - l .

A number o f  new compounds were p r e p a r e d  as i n t e r ­

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

s y n t h e s i s  o f  c y c l o p e n t i n d e n e . They a r e  l i s t e d  i n  T ab le  I .
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I n  a d d i t i o n ,  f o u r  p o s s i b l e  new compounds were  p r e ­

p a r e d  whose s t r u c t u r e s  have  n o t  b e e n  c o m p l e t e ly  e l u c i d a t e d  

( s e e  pages  78 t o  8 8 ) .

TABLE I

Compound
Formula
Number

Page
Number

P h y s i c a l
C o n s t a n t s

1 .  I n d e n e - 2 - p r o p e n o i c  
a c i d

IT-2[p 52 P a l e - y e l l o w  s o l i d
m .p .  = 237-239°

2 .  I n d e n e - 2 - p r o p e n y l  
c h l o r i d e

II -2 ip4 55 Yellow s o l i d  
m .p .  2 13 8 -1380

3.  1 - k e t o - h y d r i n d e n e -  
2 - a c e t i c  a c i d

11 -  3ip 76 White  s o l i d  
m .p .  z  l i p 8 - l 5 l °

ip. Oxime o f  ip -k e to -  
1 , 2 , 3 , 9 , 1 0 - p e n t a -

I I - 5 2 A 103 White s o l i d  
m .p .  = 116-117°

h y d r o c y c l o p e n t i n d e n e

5 .  i p - h y d r o x y - 1 ,2 ,3 ,9 ,1 0 -  
p e n t a h y d r o c y c l o p e n t -  
in d en e

n - 5 3 89 C o l o r l e s s  o i l  
B .P .  = 1 1 0 ° / 3mm. Hg 
n 2g  -  1 .5680  

d25 = 1 .287
C r y s t a l l i z e s  on 

l o n g  s t a n d i n g  
m .p .  = 5 7 -5 8 °

6* 1 , 2 , 3 , 9 - t e t r a h y d r o -  
c y c l o p e n t i n d e n e 91 C o l o r l e s s  o i l  

B .P .  = 78°/3mm.Hg 
n  g = 1 .5878

7 .  Methyl  2 - p h e n y l c y e l o -  
p e n t a n - 3 - o n e - l - c a r -

V - l 98 W hite  s o l i d  
m .p .  -  79-80

b o x y l a t e

8 .  M e t h y l  2 - p h e n y l c y c l o -  
p e n t a n - 3 - o l - l - c a r -  
b o x y l a t e

V-2 99 P a l e - y e l l o w  o i l  
B .P .  s  lip5°/3mm.Hg
n D oW 1 »5l98 

d2|  = 1 .26 9

9» 2 - p h e n y l c y c l o p e n t a n -  
3 * - o l - l - c a r b o x y l i c

v - 3 101 White  s o l i d  
m .p .  s  107- 110°

a c i d
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V SUGGESTIONS FOR FURTHER RESEARCH

1 .  The i n a b i l i t y  to  o b t a i n  e y c l o p e n t i n d e n e  was due 

t o  e x c e s s i v e  p o l y m e r i z a t i o n  o f  e i t h e r  th e  o l e f i n ,  o r

e y c l o p e n t i n d e n e ,  i t s e l f .  I f  one double  bond c o u ld  be i n t r o ­

duced i n  t h e  o u t e r  f ive -m em b ere d  r i n g  u n d e r  m i l d  c o n d i t i o n s  

so  as t o  y i e l d  th e  compound, I I - I 4.6 ,

XI-I4.6

t h e n  i t  seems f a i r l y  r e a s o n a b l e  t h a t  th e  l a s t  d ou b le  bond 

s h o u l d  be i n t r o d u c e d  u n d e r  much m i l d e r  d e h y d r o g e n a t i o n  con ­

d i t i o n s  ( su c h  as t h e  use  o f  c h l o r a n i l  i n  t o l u e n e )  t o  y i e l d  

e y c l o p e n t i n d e n e .  This  p l a n  was a l r e a d y  c o n s i d e r e d  when 

method #  3A was i n v e s t i g a t e d  b u t  the  r i n g  c l o s u r e  e x p e r im e n t  

o f  the  a c i d ,  11 —lj_3, d id  n o t  r e s u l t  i n  th e  d i k e t o n e ,  I I  —Ipip.,

GOGH.

as explained previously. The next step would have been the 
p r e p a r a t i o n  o f  th e  - d i o l ,  I I - I 4.5 .. The p r e p a r a t i o n  o f  th e  

l a t t e r  compound may be p o s s i b l e  by  a n o t h e r  r o u t e  stemming 
f rom  t h e  a c i d ,  11 —14-3 * Some work h as  a l r e a d y  b e e n  done on t h i s  

r o u t e  b u t  i s  in c o m p le t e  a t  th e  p r e s e n t  t im e .  S h o u ld  f u r t h e r
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work be resum ed on the  s y n t h e s i s  o f  e y c l o p e n t i n d e n e ,  t h i s  

r o u t e  o f f e r s  p o s s i b i l i t i e s .

I t  may be o u t l i n e d  as f o l l o w s :

Method #30

E s t e r i f i c a t i o n  
 >

C00H

n-43

OH

/C00H

^ S a p o n i f i c a t i o ns.
A c i d i f i c a t i o n

V-3
Ha0H-|-(GH3)2S0[}_ 

A c i d i f i c a t i o n  
CH3

Ring
C lo su re

v-4

R e d u c t io n

D e h y d r a t i o n

D e h y d r o g e n a t io n

COOCH-
V - l

R e d u c t io n  

fflt.

C00CH-

V-2

OCH

H y d r o l y s i s  o f  
E t h e r  Group

V -6

11-46 I I - l
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I t  i s  a p p a r e n t  t h a t  su c h  a s y n t h e s i s  would  be a lo n g  

and t e d i o u s  one ( s e v e n t e e n  s t e p s  f rom  b e n z a l d e h y d e ) , n e v e r ­

t h e l e s s ,  i t  may r e p r e s e n t  th e  b e s t  r o u t e  t o  t h e  f i n a l  com­

pound,  I I - l .  We have p r o c e e d e d  as f a r  as t h e  a c i d ,  V -3 ,  i n  

t h i s  r e s e a r c h  w ork .  • '

2. The compound, 2 - a c e t o n y l - 1 , 3 - d i k e t o i n d a n e , V -7 ,

may be a p o s s i b l e  i n t e r m e d i a t e  i n  th e  s y n t h e s i s  o f  c y c l o -  

p e h t i n d e n e  f o r  s h o u l d  r i n g  c l o s u r e  o c c u r  by  an i n t r a ­

m o l e c u l a r  c o n d e n s a t i o n  t h e r e  would r e s u l t  compound, V - 8 ,

which  a p p e a r s  to  be an e x c e l l e n t  i n t e r m e d i a t e .  B aker  and 

Leeds (2ij_) a p p a r e n t l y  h a d  t h i s  i n  mind when t h e y  s y n t h e ­

s i z e d  compound, V -7 .  However,  t h e y  o b t a i n e d  t h i s  compound 

i n  o n l y  a 1.8/& y i e l d  f rom  1 ,  3 - d ik e  t o h y d r i n d e n e , V -9 ,

v-9
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by a c o n d e n s a t i o n  o f  th e  l a t t e r  w i t h  b r o m o a c e to n e . A method 

w h ich  may g iv e  a h i g h e r  y i e l d  o f  th e  compound, V -7 ,  i s  & 

c o n d e n s a t i o n  o f  2 - b r o m o - l , 3 - d i k e t o i n d a n e ,  V -10 ,

■Br

V-10

w i t h  e t h y l  sodium a c e t o a c e t a t e  f o l l o w e d  by k e to n e  h y d r o l y s i s .  

The compound, V -10 ,  h a s  b e e n  p r e p a r e d  th ro u g h  a v e r y  i n ­

t e r e s t i n g  s e r i e s  o f  r e a c t i o n s .  They may be o u t l i n e d  as 

f o l l o w s :

COOEt

COOEt

V - l l

A lc o h o l

W ater

NaOEt OOEt

V-12

Br^

CS2

COOEt

V-10 v-1 3
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The c o n v e r s i o n  o f  V - l l  t o  V-12 was a c c o m p l i s h e d  by 

W is l i c e n u s  ( L|-l) w hereas  F la to w  (L(.2) was r e s p o n s i b l e  f o r  

th e  s y n t h e s i s  o f  V-10 f rom  V -12 .  I t  s h o u l d  be n o t e d  t h a t  

we c a r r i e d  ou t  a few e x p e r im e n t s  i n  t h i s  s e r i e s  b u t  the  

work was too  In c o m p le te  t o  show any d e f i n i t e  c o n c l u s i o n s .  

Fo r  exam ple ,  we fo un d  th e  compound, V-12 ,  v e r y  s t a b l e ,  i n  

f a c t ,  i t  d i d  n o t  seem to  r e a c t  w i t h  b rom oace tone  i n  benzene  

s o l u t i o n  when th e  l a t t e r  was r e f l u x e d  o v e r n i g h t .  A l s o ,  i t  

a p p e a re d  t h a t  th e  compound, V -13 ,  when t r e a t e d  w i t h  e t h y l  

sodium a c e t o a c e t a t e  i n  a l c o h o l  s o l u t i o n  r e g e n e r a t e d  th e  

s t a b l e  compound, V-12 ,  r a t h e r  t h a n  r e a c t  i n  th e  c u s to m a ry  

f a s h i o n  w i t h  t h i s  r e a g e n t .

3. The p r o o f  o f  s t r u c t u r e  o f  th e  o l e f i n ,  1 1 - 5 ^ ,  

would  show w h e th e r  o r  n o t  a r e a r r a n g e m e n t  to o k  p l a c e  d u r ­

in g  th e  d e h y d r a t i o n  o f  th e  a l c o h o l ,  11-53*

l\.. F u r t h e r  d e h y d r o g e n a t i o n  s t u d i e s  on th e  o l e f i n ,

II-5I+-* such  as th e  u t i l i z a t i o n  o f  p l a t i n u m  c a t a l y s t s ,  may 

p rov e  w o r t h w h i l e .

5 .  I t  would  be i n t e r e s t i n g  to  p ro v e  th e  s t r u c t u r e  

o f  the  k e t o n e ,  , t h a t  we o b t a i n e d  by  th e  a t t e m p t e d  .

r i n g  c l o s u r e  o f  2 - p h e n y l c y c l o p e n t a n ~ 3 - o n e - l - c a r b o x y l i c  

a c i d  as d e s c r i b e d  on pages  36 and 78 .
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