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I  N T B O P U C T I O B

(1 )I n  E l s e v i e r ’s  E n c y c lo p a e d ia  d e s c r i p t i o n s  a re  g iv e n

o f  m e th y l-n a p h th a le n e s ,  from  th e  m onom ethyl- t o  th e  p e n ta

m e th y l-  compounds* Much o f  th e  s y n t h e t i c  w ork  i n  t h i s

f i e l d  h a s  b e e n  done hy  RSosicka, 9
K L o e tz e l, ( 8 ) > , ( 1 0 ) ,  ( 1 1 ) ,  j>Brz&nQ> (1 2 )> ( 1 3 ) ,

and o t h e r s , ( I 5 ) > d 6 ) > ( I 7 ) > (1 8 )

0 ( -  and /3  -  m e th y l-n a p h th a le n e s  a r e  p r e p a r e d  b y  a  w ide
e l

v a r i e t y  o f  m e th o d s , o f  w h ich  th e  d i r e c t  F r i e c ^ C r a f t s  r e a c 

t i o n  i s  th e  m ost im p o r ta n t .

The h ig h e r  m e th y l-n a p h th a le n e s  a re  p r e p a r e d  b y  (1 ) th e  
do h y d ro g e n a tio n ^ ® M S  ) , ( 1 0 ) ,  ( 1 8 ) ,  (19 ) ,< 2 0 ) ,  (21) o f  th e  d i 

h y d ro -  o r  t e t r a h y d r o - m e th y la te d  n a p h th a le n e ,  (2 ) th e  

G rig n a rd  r e  a c t i o n ^  ^   ̂ on th e  t e t r a l o n e  d e r i v a t i v e s

fo l lo w e d  b y  d e h y d ro g e n a tio n  and  (3 ) th e  c h lo r o - m e th y la t io n  

and  r e d u c t io n  o f  lo w e r  m e th y l-n a p h th a le n e  s«  ̂ ^9 9 ^

M ono-, d i -  and t r i - m e th y l - n a p h th a le n e  a re  o b ta in e d  

from  n a t u r a l  s o u rc e s  i n  l a r g e  am oun ts. 9 9

(X -  and /3 -  m e th y l-n a p h th a le n e s ,  1 j 2 - ,  1 : 3 - ,  1 : 4 - ,  1 : 5 - ,  

1 : 6 - ,  1 : 7 - ,  2 : 3 - ,  2 :6 -  and  2 :7 -  d im e th y l-n a p h th a le n e s  and 

th e  1 : 2 : 6 - ,  1 : 2 : 7 - ,  1 : 6 : 7 - ,  1 : 2 : 5 - ,  and  2 : 3 : 6 -  t r i  m e th y l-



2

n a p h th a le n e s  a re  fo u n d  i n  Roum anian a s p h a l t i c  p e tro le u m , 

c o a l  t a r  and  p e tro le u m  o i l .

A lk y l-n a p h th a le n e s  a re  fo rm ed  b y  th e  d e h y d ro g e n a tio n  

o f  c e r t a i n  t e r p e n e s  and  g iv e  u s e f u l  in f o r m a t io n  a b o u t th e  

s t r u c t u r e  o f  th e  p a r e n t  t e r p e n e .
to  \

1 : 6 -  D im e th y l-n a p h th a le n e  i s  fo rm ed  from  io n o n e , '  '

c a d in e n e ^ 2 1  ̂ and  i  s  oz ing ibcH ene  /  ̂   ̂ 2 : 7 -  D im e th y l-n a p h th a le n e

i s  o b ta in e d  from  t r i c y c l i c  te r fc e n e s . 1 : 2 : 7 -  T r im e th y l-

n a p h th a le n e ,  o r  a g a th e le n e , i s  a  d e h y d ro g e n a tio n  p ro d u c t  o f

agath ic a c i d , ^  and i s  a lso  obtained frcm s q u a le n e ^  by

e y e lo - i s o m e r i s a t io n  and d e h y d ro g e n a tio n . 1 : 2 : 6 -  and 1 :2 :7

t r i - m e th y l - n a p h th a le n e s  ( th e  l a t t e r  a l s o  known a s  S a p o t a i i n

o i l )  a re  dehydroge n a t io n  p ro d u c ts  o f  i ro n e  and p e n ta c y c l io  
(5 )t e r e n e s  7 r e s p e c t i v e l y .

The known 1 : 2 : 3 : 4 - , ( 1 0 ) ’ *1 5 ) , ( 1 6 )  1 : 2 : 4 : 8 - ,  1 : 2 : 5 : 6 - , (2 6 ) 

1 : 2 : 5 : 7 - ,  1 : 2 : 5 : 8 - ,  and  1 : 2 : 6 : 8 -  t e t r a m e th y l - n a p h th a le n e s  

and 1 : 2 : 4 : 5 : 8 -  and  1 : 2 : 4 : 6 : 8 -  p e n ta  m e th y l-n a p h th a le n e s  have 

b e e n  m o s tly  s y n th e s is e d  b y  R u z ic k a  and  c o -w o rk e rs .  ^  ^  

No h ig h e r  s u b s t i t u t e d  p ro d u c ts  a re  known.

A s h o r t  summary o f  th e  g e n e r a l  m ethods o f  p r e p a r a t i o n  

n e e d s  t o  be g iv e n .  The m ost common m ethod u s e d  i s  t h a t  o f  

R u z ie k a ,^ 2 ^  ^  w here th e  R e fo rm a tsk y  r e a c t i o n  w as

u se d  t o  condense  a p p ro p r ia te  m e th y l-a c e to p h e n o n e s  ( I )  ( f o r
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s i m p l i c i t y  o n ly  a c e to p h e  none i s  f o r m u la te d )  w i th  e t h y l -  

b re m o -p ro p io n a te  ( I I ) .
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The h y d ro x y  e s t e r  o b ta in e d  was d e h y d ra te d  t o  ( I I I )  an d  t h i s  

was re d u c e d  t o  th e  d lh y d ro c in n a m ic  e s t e r  d e r i v a t i v e s  ( IV ) .

The l a t t e r  was f u r t h e r  r e d u c e d  b y  th e  B o u v e a lt  m ethod  t o  th e  

p r im a ry  a lc o h o l  (V) w h ich  was le n g th e n e d  v i a  th e  b rom ide  and  

c y a n id e  t o  th e  b u t y r i c  a c id  d e r i v a t i v e  (V I ) .  The k e t o - t e t r a -  

l i n  d e r i v a t i v e  (V II)  was e i t h e r  re d u c e d  and  d e h y d ro g e n a te d  

t o  ( V I I I )  o r  t r e a t e d  w i th  m ethyl^-m agneslum  io d id e  and  d e h y d ro 

g e n a te d  t o  ( IX ) .
(4

To In tro d u c e  a  m e th y l g roup  i n t o  th e  3 - p o s i t i o n ,  R u z ic k a  

h y d ro ly s e d  (IV ) t o  th e  d lh y d r  © cinnam ic a c id  d e r i v a t i v e  (X ), 

th e  a c id  c h lo r id e  o f  (X) r e a c t e d  w i th  m e th y l s i n e  io d id e  t o  

g iv e  (X I) .
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(X I) was re d u c e d  t o  th e  se c o n d a ry  a lc o h o l  and  t h i s  v i a  th e  

b rom ide and  c y a n id e  d e r i v a t i v e s  gave th e  b u t y r i c  a c id  d e r i v 

a t i v e  ( X I I ) .  The f e e t o - t e t r a l i n  (X I I I )  o b ta in e d  on  r i n g
(i

c lo s u r e  s i m i l a r  t o  (V II)  gave b o th  (XIV) and  X V ). E L o e tz e l
( 2 7 )

u se d  th e  A r n d t - E i s t e r t  m ethod  t o  e n la r g e  th e  s id e  c h a in  

o f  th e  a c id  (X) t o  (V I) .

R u z ic k a  h a s  a l s o  co n d en sed  b e n z y l  a c e to p h e n o n e  an d  p -  

m e th y l tro p a p a ld h y d e  w i th  e t h y l -  c( -b ro m o p ro p io n a te  .  Be ob 

t a i n e d  (XVI) and  (XX) r e s p e c t i v e l y ,  from  w h ic h  (X V II) and  

(XXI) w ere o b ta in e d  on  r e d u c t io n  and  h y d r o l y s i s .

Coofcf
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A cid  (XV II) was c y c l i s e d  t o  th e  k e t o - t e t r a l i n  (XVIII), and 

t h i s  a f f o r d e d  b o th  d i - a n d  t r i -  m e th y l-n a p h th a le n e s  (XIX) 

and  (XIV) r e s p e c t i v e l y .  The k e t o - t e t r a l i n  (X X II) gave s im 

i l a r l y  (X X III) and  ( IX ) .
( 5 )I n  th e  s y n th e s i s  o f  t e t r a  m e th y l -n a p h th a le n e s ,  R u z ic k a  '

/< re d u c e d  p h e n y l - a c e t i c  e s t e r  (XXIV) t o  th e  a lc o h o l  (XXV),
'  \ . -   - .

and  t h i s  w as co n d en sed  w i th  so d io -m e th y l^ m a lo n ic  e s t e r  t o  

g iv e  (XXVI) . (XXVI) w as h y d r o ly s e d ,  d e c a rb o x y la te d  and  

c y c l i s e d  t o  th e  k e t o - t e t r a l i n  (XXVII)

t o  o e t M*.0«

( w i v )

y*.
y .  -<C.OO£^

( x x \ )

(kxvw)

(kxwi) (ynj)
(XXVII) a f f o r d e d  b o th  £  -me th y l - n a p h th a le n e  (X X V III) v

and  1 : 2-d im e th y l- n a p h th a le n e  ( V I I I ) .
(1 7 )

H e i lb ro n , c o n v e r te d  2 , :  4 dime t h y l  -b en z a ld e h y d e  t  o th e  

c in n am ate  d e r i v a t i v e  (XXIX). Hie t h e n  re d u c e d  i t  t o  th e  

p r im a ry  a lc o h o l  (XXIX^ and  t h i s
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(XKI^) ( X X /X * ) (XKxJ

gave th e  c o r re s p o n d in g  a c id  (XXX) on  e n la rg e m e n t o f  th e  s id e  

c h a in .  From t h i s ,  1 : 3-d lm e th y l- n a p h th a le n e  and  1 :3 :5  t r i -  

m e th y l-n a p h th a le n e  w ere o b ta in e d  b y  th e  u s u a l  m e th o d s .

A common m ethod f o r  a lk y l - n a p h th a le n e  s y n t h e s i s  i s  th e  

F r i e d e l - G r a f t s  r e a c t i o n  o f  b enzene  and  a lk y l- b e n z e n e s  w i th  

s u c c i n i c ,  and  s u b s t i t u t e d  s u c c in ic  a n h y d r id e s  i n  p re s e n c e  o f  

a lw m ln $ # n ch lo rid e  t o  g iv e  ^ - k e t o - b u t y r l c  a c id  d e r i v a t i v e s  

(XXXI) ( f o r  s i m p l i c i t y  th e  r e a c t i o n  o f  ben zen e  w i th  s u c c in ic  

a n h y d rid e  i s  f o r m u la te d .  )

c.hf5 .co 
+  I >o 

c  ,. c6 Coo H

,r

I
- ir
o

( x * *  /)
(XXXI) w as re d u c e d  t o  b y  th e  Clemmensen m ethod  t o  th e  c o r 

r e s p o n d in g  b u t y r i c  a c i d  d e r i v a t i v e  w h ich  on c y c l i s a t i o n  gave 

th e  k e t o - t e t r a l i n  (X X X II). (XXXII) a f f o r d e d  b o th  n a p h th a le n e  

and  oC -me th y l - n a p h th a le n e  •
(9 )As a  m o d i f i c a t io n ,  K lo e tz e l  ^ * u sed  th e  in v e r s e  G r ig n a rd  

r e a c t i o n  o f  e x c e s s  me th y l-m a g n e s iu m -io d id e  on  th e  e s t e r  o f
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(XXXI) t o  o b t a in  2 -m e th y l-5 -p h e n y l  hexane -  2 : 5 - d i o l - d e r i v 

a t i v e s  (XXXIII) and  t h i s  w i th  s u lp h u r ic  o r  h y d ro flitQ iric  

a c id s  gave b o t h  th e  t e t r a l i n  d e r i v a t i v e  (XXXIV) and  th e  

a ro m a tic  h y d ro c a rb o n  (DC). The fo rm e r  a f f o r d e d  I s 4 -  d i 

me th y l - n a p h th a le n e  on d e h y d ro g e n a tio n  (XXXV) •

Me
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U sin g  1*3 e q u iv a le n t s  o f  m e th y l m agnesium  io d id e  on  th e  e s t e r  

o f  a c id  (XXXI), K lo e tz e l  a l s o  o b ta in e d  th e  mono a d d i t i o n  p r o 

d u c t  (XXX¥I). The c o r re s p o n d in g  a c id  was th e n  c y c l i s e d  t o  

(XXXVII); w h ich  gave b o th c <  -me th y l - n a p h th a le n e  and  1 :4 -

dhne th y l - n a p h th a le n e  (XXXV). To in t ro d u c e  a  m e th y l g roup
(28)i n  th e  3 - p o s i t i o n ,  he u se d  th e  Bachmann and  Thomas m ethod, 

in te r m e d ia te s  (XXXVIII) t o  (X L I). From th e  k e t o - t e t r a l i n  

d e r i v a t i v e  (X L I), b o th  a ro m a tic  h y d ro c a rb o n s  (IX ) and  (X X III) 

w ere o b ta in e d .

me th y l - n a p h th a le n e  (XV) b y  th e  c h lo r o m e th y la t io n  o f  2 :3 -  

dime th y l- n a p h th a le n e  w i th  para-form al& jehyaleand h y d r o c h lo r ic  

a c i d .  The l - c h lo r o m e th y l- 2 :3 - d im e th y l - n a p h th a le n e  (X L II)

o b ta in e d  was re d u c e d  t o  1 : 2 : 3 -  t r im e th y l - n a p h th a le n e  (X IV ).
i g g

On r e p e a t / b o t h  th e  c h lo r o - m e th y la t io n  an d  r e d u c t io n  (XV) was 

o b ta in e d .

(ku i)

Me
i

chz u i
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S i s id o  and  N o z a k i ^ a l s ©  o b ta in e d  (XV) b y  th e  F r i e d e l -  

C r a f t s  r e a c t i o n  b e tw ee n  3 :4 - d ie h lo r o - 3 :4 - d im e th y l - h e x a n e  

(XLXV) and  b enzene  v i a  th e  l : 2 : 3 : 4 - t e t r a h y d r o - l : 2 : 3 : 4 -  

t e t r a  me th y l - n a p h th a le n e  (XLV) i n t e r m e d i a t e . R e c e n tly  

K l o e t z e l ^ ^  ^ p re p a re d  (XV) b y  th e  c o n d e n s a t io n  o f  p r e h n i te n e  

w i th  s u c c in ic  a n h y d r id e .

DISCUSSION.

(A) ISOMERISATION REACTIONS PRODUCED IN THE FRIEDSL-GRAFTS 

REACTIONS WITH DIFFERENT SOLVENTS, and  (B ) ISOMERISATION 

REACTIONS IN PRESENCE OF ANHYDROIB HYDROGEN FLUORIDE.

(A) T h is  w ork r e l a t e d  t o  th e  c o n d e n s a t io n  o f  d u ren e  

(XLIX) w i t h - d i m e t h y l - s u c c i n i c  a n h y d rid e  ( L I I )  w as u n d e r 

ta k e n  a s  a l t e r n a t i v e  p ro c e d u re s  f o r  th e  p r e p a r a t i o n  o f  th e  

new f o l lo w in g  compounds w h ich  a re  I n te r m e d ia te s  i n  th e  sy n 

t h e s i s  o f  p o ly -m e th y ln & p h th a le n e  s .

(1 )  $ - k e t o - ^ - p r e h n i ty l  -  o( -  dime t h y l - b u t y r i c  a c id  

(L2V).

(2 ) 1 : 2 : 3 : 4 - T e t r a h y d r o - 2 : 3 : 5 :6 :7 :8 -h ex a m e  t h y l  - n a p h th a le n e .
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Many r e c e n t  exam p les have b e e n  q u o te d  r e g a r d in g  th e  e f f e c t  

o f  s o lv e n ts  on i s c a n e r is a t io n s  i n  th e  F r i e  d e l - C r a f t s  c o n d e n sa 

t i o n s .  Cook^2 9 ^ re p o r te d  th e  c o n d e n s a t io n  o f  o c ta h y d ro -

a n th ra c e n e  (XLVI) w i th  s u c c in ic  a n h y d rid e  t o  g iv e  i n  c a rb o n  

d i s u lp h id e  th e  u n e x p e c te d  o c ta h y d ro -p h e n a n th ro y l  p r o p io n ic  

a c id  (XLVII) ,  i n s t e a d  o f  th e  o c t  a h y d ro -a n th ra c e n e  d e r i v a t i v e  

(X L V III). U nder th e  same c o n d i t i o n s ,  when t e t r a e h l o r o -  

e th a n e  w as u se d  i n s t e a d  o f  c a rb o n  d i s u l p h id e ,  b o th  p r o d u c ts  

w ere i s o l a t e d .  T h is  i s o m e r i s a t i o n  i s  i n  c o n t r a s t  t o  th fe t o f  

A rn o ld  and B a rn e s^ 30,^where no i s o m e r i s a t i o n  o c c u r re d  i n  th e  

r e a c t i o n  o f  o c t  a h y d ro -a n th ra c e n e  w i th  a c e t i c  a n h y d rid e  i n  

t e t r a c h l o r o - e t h a n e  ̂  a n d  th e  o n ly  p ro d u c t  i s o l a t e d  w as 9 - 

a c e ty l - o c ta - h y d r o - a n th r a c e n e . T h is  r e s u l t  w as c o n firm e d  b y

Cook who a l s o  fo u n d  t h a t  th e  same p ro d u c t  was o n ly  o b ta in e d
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i n  c a rb o n  d i s u l p h id e .
(311L a te r  Cook i n v e s t i g a t e d  th e  F r i e d e l - C r a f t s  r e a c t i o n

b e tw een  d u ren e  (XLIX) and  s u c c in ic  a n h y d r id e .  I n  c a rb o n  

d i s u lp h id e  i s o m e r i s a t i o n  occu rred ,bm 1£ ithe  no rm al c o n d e n sa 

t i o n  p ro d u c t  $ -k e to -§ * -d u ry l-b u ty r ic  a c i d  (L I)  and  th e  is o ra e r -  

i s e d  $ - k e t o - $ - p r e h n i t y l - b u t y r i c  a c id  (L) b e in g  fo rm e d . I n  

t e t r a c h l o r o  e th a n e ,  th e  l a t t e r  i s  omer b e in g  p ro d u c e d  i n  

o n ly  a  s m a ll  am ount.

CONDENSATION OP DURE ME WITH ( t ) X '#  -DIMETHYL-SUCCINIC

ANHYDRIDE.

T h is  s o lv e n t  e f f e c t  was o b se rv e d  and  c o n f im e d  h e re  b y  

th e  a u th o r  i n  th e  c o n d e n s a t io n  o f  d u ren e  (XLIX) w i th  (*)<X:^- 

d i a e t h y l - s u c c i n i c  a n h y d rid e  ( L I I ) .

I n  c a rb o n  d i s u l p h id e ,  y -k e to -< jf-d u ry l-< * ;/ -d im e t h y l - b u t y r i c  

a c id  ( L I I I )  R = H and  # - k e t o - |- p r e h n i t y l - t f . ’̂ - d im e t h y l - b u ty r i c  

a c id  (LIV) R = H w ere o b ta in e d  i n  th e  r a t i o  4 : 1 ,  th e  sod ium  

s a l t  o f  th e  l a t t e r  b e in g  l e s s  s o l u b l e .  The i s o l a t i o n  o f  

b o th  p r o d u c t  was c o n firm e d  i n  many w ays.

(1 ) The is o m e r is e d  a c id  (LIV) R » H was fo u n d  t o  be
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i d e n t i c a l  w i th  a n  a u th e n t i c  sam ple o f  ^ - k e t o - ^ - p r e h n l t y l -  

OC/^-dime t h y l - b u t y r i c  a c i d ,  one o f  2 is o m e r ic  a c i d s  p ro d u c e d

s u c c in ic  a n h y d rid e  (p . 27 ) .  M ethy l e s t e r s  (LIV) R = GHg 

w ere i d e n t i c a l .

(2 ) B o th  m e th y l e s t e r s  ( L I I I )  R = CHg an d  (LIV) R = CH^ 

w ere h y d ro ly s e d  t o  th e  same a c id s  ( L I I I )  R * H and  (LIV)

R = H r e s p e c t i v e l y .

(3 ) Two d i f f e r e n t  o r o to n o - la c to n e  d e r i v a t i v e s  (LV) and  

(LVI) w ere o b ta in e d  from  ( L I I I )  R * H and  (LIV) R * H r e 

s p e c t i v e l y .

(4 ) The a c id s  ( L I I I )  R -  H and (LIV) R * H on h e a t in g  

w i th  c o n c e n tr a te d  h y d r o c h lo r ic  a e i d  i n  s e a le d  tu b e s  gave 

d u ren e  and  p r e h n i te n e  r e s p e c t i v e l y .

(5 ) The sodium  h y p o c h lo r i te  o x id a t io n  o f  b o th  a c id s  

( L I I I )  R * H and  (LIV) R * H gave d u r y l -  and  p r e h n i t y l -  

e a r b o x y l ic  a c id s  r e s p e c t i v e l y .

(B) T here  a re  s i m i l a r i t i e s  b e tw een  th e  i s o m e r i s a t i o n  

r e a c t i o n s  b ro u g h t a b o u t b y  a lum inium  c h l o r i d e ,  s u lp h u r ic  a c id

i n  th e  c o n d e n s a t io n  o f  p r e h n i te n e  w i th  ( ^ ) -  ^ • '^ •d im e th y l-
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and  p h o sp h o ru s?  p e n ta o x id e  and  w i th  th o s e  new ly  d i s c o v e r e d

b y  Cook. * R is in g  h y d ro u f lu o r ic h c id iA lm a in d m rh a lld e s  a re

o f  o u ts ta n d in g  e f f i c a c y  i n  b r in g in g  a b o u t r e a r ra n g e m e n ts  an d

low  te m p e ra tu re  c y c l i s a t i o n s  i n  b o th  a ro m a tic  a n d  a l i p h a t i c
m

com pounds. T h is  p r o p e r ty  o f  a lu m im iu f f ia l id e s  f i n d s  g r e a t  

u se  i n  p e tro le u m  i n d u s t r y .
(32 )

The re a r ra n g e m e n t o f  th e  Ja c o b se n  ty p e  ( i . e .  i n  s u l 

p h u r ic  a c id )  a re  e i t h e r : -  (a )  I n t r a m o le c u la r ,  w here  th e  

m ig r a t in g  g ro u p s move from  one p o s i t i o n  t o  a n o th e r  i n  th e  

same m o le c u le .  (b )  I n te r m o le c u la r  w here t h e r e  i s  a  t r a n s f e r  

o f  one o r  more g ro u p s  from  one m o le c u le  t o  a n o th e r .  The 

u n iq u e  im p o rtan c e  o f  th e  r e a c t i o n  l i e s  i n  th e  p r e p a r a t i o n  o f  

v i c i n a l  a lk y lh y d ro c a rb o n s  w h ic h  o th e rw is e  a re  d i f f i c u l t  t o  

p r e p a r e .

S im i la r  t o  th e  Ja c o b s e n  r e a c t i o n ,  an h y d ro u s  h y d ro g e n
(3 3 ,3 4 )  (3 5 ,3 6 )

f l u o r id e  h a s  no i s o m e r is in g  e f f e c t  on  d u ren e  o r  a n th ra c e n e

i t s e l f .  The fo rm er in v o lv e s  th e  s u lp h o n ic  a c id  d e r i v a t i v e s .
m. (37)

However a lu m in d u fc h l o r  id e  b r in g s  a b o u t d i r e c t l y  th e  r e  a r r a n g e -
JHF

m ent o f  th e  h y d ro c a rb o n s . The l a t t e r ^ r e  a g e n t  n e c e s s i t a t e s  

e y c l i s a t i o n  t o  o c c u r  f o l lo w in g  th e  i s o m e r l s a t i o n  r e a c t i o n ,  

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

a c t i o n  m aking i t  u n iq u e  f o r  room te m p e ra tu re  r e a c t i o n s .
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(LV"°  ^ ' Y * )

^  (XL I)
Compounds (LVB) an d  (L V III)  (n  = 0 and  1 )  f a i l e d  com

p l e t e l y  t o  is o m e r is e  a s  e y c l i s a t i o n  i s  im p o s s ib le .  Compound 

(LVI*) (n  * 2 and  3) gave o c ta h y d ro -p h e n a n th ry l  d e r i v a t i v e s  

(L V II) (n  = 2 and  3 ) .  Corapound(XVIJl)[n * 2 )  gave a  m ix tu re  

o f  4 : 5 :7 - tr im e  th y l- in d a n e -ln O R e  (L33C) and  4 : 5 : 6 : 7 - t e t r a m e t h y l -  

in d a n e - to n e  (LX ), th e  f o m e r  b e in g  fo rm ed  b y  th e  i s o m e r i s a -  

t i o n ,  th e  l o s s  o f  one m e th y l g roup  and  e y c l i s a t i o n ,  th e  l a t t e r  

(m ain p ro d u c t)  b y  th e  i s o m e r i s a t i o n ,  m ig r a t io n  o f  one m e th y l 

g roup  t o  a n o th e r  p o s i t i o n  i n  th e  same m o le cu le  and e y c l i s a t i o n .  

When (n  5 3 ) i n r t 'O I J ^ h e  o n ly  p ro d u c t  i s o l a t e d  w as 1 - k e to -
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r
5 : 6 : 7 : 8 - t e t r a m e t h y l - t e f t a l i n  (L X I), fo rm ed  s i m i l a r  t o  (LX ).

THE ISOMERISATION AND CYCLISATION OF-y-DURYL-# -DIMETHYL - 

BUTYRIC ACID (L X II ) ,

Cl  in )

COOK

Hooc - COOH
-  COOHtJOOC -<>v

coo H
COO H

(  L M X  Vi)

I n  o u r  w ork h e re -^ - fe e to  ^ - d u r y l - t f - /  -dim e t h y l - b u t y r i c  a c id  

( L I I I )  w as re d u c e d  to -  ̂ - d u r y l - *  ’/# -d im e th y l  - b u t y r i c  a c i d  

( I & I I ) .  The l a t t e r  i n  p re s e n c e  o f  a n h y d ro u s h y d ro g en

fD ftftride  was fo u n d  t o  g iv e  l : 2 : 3 : 4 - t e t r a h y d r o - 2 : 3 : 5 : 6 : 7 : 8 -
-L -one

h e x a m e th y l-n a p h th a le n e /T S x iI I )  i n  5 0 #  y i e l d .  r>ThiB  ̂ -

b e in g  p ro d u ce d  b y  th e  i s o m e r i s a t i o n ,  m ig r a t io n  o f  one m e th y l 

g roup  t o  a  v i c i n a l  p o s i t i o n  and e y c l i s a t i o n , ( L X I I I )  w as
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i d e n t i c a l  w i th  th e  m a t e r i a l  o b ta in e d  from  th e  c y c l i s e d  

^ - p r e h n i t y l - # : ^ - d i m e t h y l - b u t y r i c  a c id  ( d e s c r ib e d  on  page  30 ) .

P ro d u c t (L X III)  w as f u r t h e r  c o n f i ira e d  b y  o x id a t io n  t o  m e l l i t i c  

a c i d  (LXIV).
( l o c - c i t )

Prom th e s e  r e s u l t s  and  th o s e  o b ta in e d  b y  Cook e t a i ,  i t  

c an  be  c l e a r l y  s e e n  t h a t  e y c l i s a t i o n  i s  a n  i n t e g r a l  p a r t  i n  

t h i s  h y d ro g en  f l u o r i d e  r e a c t i o n .  P o s s i b i l i t y  i n  p re s e n c e  

o f  h y d ro g en  f l u o r i d e  th e r e  i s  a n  e q u i l ib r iu m  b e tw ee n  th e  

o r i g i n a l  an d  th e  is o m e r is e d  a c i d .  The e q u i l ib r iu m  b e in g  

d i s t u r b e d  b y  th e  e y c l i s a t i o n  o f  th e  l a t t e r  a c id  w here th e  

d r iv in g  f o r c e  o f  th e  r e a c t i o n  i s  th e  te n d e n c y  o f  th e  s id e  

c h a in f n  = 2 an d  3 )  t o  r i n g  c lo s e  i n  th e  o r t h o - p o s i t i o n .

T h is  r e s u l t s  i n  f u r t h e r  i s o m e r i s a t i o n  t o  r e s t o r e  th e  e q u i l 

ib r iu m . The a lk y l  g roup  w here e y c l i s a t i o n  t a k e s  p la c e  i s  

e i t h e r  l o s t  o r  i t  h a s  m ig ra te d  t o  a  v a c a n t  p o s i t i o n .

The r e d u c t io n  o f -y -k e to -$ -d u ry l< r t  -dim e t h y l - b u t y r i c

a c id  ( L I I I )  h a s  p ro v e d  t o  be more d i f f i c u l t  t h a n  e x p e c te d .

Only th e  h ig h  p r e s s u r e  h y d ro g e n a tio n  w i th  c o p p e r c h ro m ite ^ 5 8  ̂

c a t a l y s t  o f  th e  aqueous sodium  s a l t  c o u ld  g iv e  p a r t i a l  r e d u c 

t i o n .  T h is  i s  due t o  th e  v e ry  s t e r ^ i c a l l y  h in d e r e d  c a rb o n y l  

g roup  i n  ( L I I I ) .  The re d u c e d  a c i d  (L X II) w as i s o l a t e d  

th ro u g h  th e  l e s s  s o lu b le  r e d u c e d  sodium  s a l t .  The a c i d i f i e d

p ro d u c t  was gummy and we w ere u n a b le  t o  e f f e c t  i t s  c r y s t a l 

l i s a t i o n .  However, i n  p re s e n c e  o f  an h y d ro u s  h y d ro g e n f^ u o r id e , 

- ^ - d u r y l - O '- d i m e t h y l  b u t y r i c  a c id  (L X II) (gum) gave a  5 0 $  

y i e l d  o f  a  c r y s t a l l i n e  l - k e to - te r t§ 0 . in  d e r i v a t i v e  (L X I I I ) .
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SYNTHESIS OP FOLYMETHYL-NAPHTHALENES.

The i n t e n t i o n  o f  t h i s  w ork  o u t l i n e d  h e re  was m a in ly  th e  

s y n t h e s i s  o f  octam e th y l- n a p h th a le n e  (DXV). I n c i d e n t a l l y ,  

th e  t r i a l  o f  s e v e r a l  m ethods l e d  u s  t o  th e  s y n t h e s i s  o f  a  

h e p ta -m e th y l  -n a p h th a le n e  (IX V I), t h r e e  hexa-m e t h y l - n a p h t h a l 

e n e s  (L X V II), (LX V III) and  (LXIX) an d  a  p en tam e th y l-h o m o lo g u e  

(LXX).

Octame th y l - n a p h th a le n e  i s  o f  g r e a t  i n t e r e s t  f o r  s e v e r a l  

r e a s o n s  : -

(1 ) The sym m etry and  f u l l  s u b s t i t u t i o n  o f  th e  e i g h t  

p o s i t i o n s  i n  th e  n a p h th a le n e  n u c le u s  w i th  m e th y l g ro u p s  a f 

f o r d s  p o s s ib ly  an  i n t e r e s t i n g  X-Ray s tu d y  ( a l r e a d y  a  sam ple 

h a s  b e e n  o f f e r e d  b y  u s  t o  P r o f e s s o r  R o b e n ts a p ,C h e m is try  

D e p a rtm e n t, The U n iv e r s i ty  o f  G lasgow , f o r  X-Ray i n v e s t i g a t i o n ) .

hA? Mt H t f*1c

( z - x x ;
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(2 )  The s t e r i c  h in d ra n c e  i n  th e  1 :8  and  4 :5  p o s i t i o n s ,  

i n  p re s e n c e  o f  m e th y l g ro u p s  i n  th e - /?  - p o s i t i o n s  and  th e  

d i f f i c u l t y  o f  th e  i n t r o d u c t i o n  o f  s u b s t i t u e n t s  i n  th e  above 

f o u r  m e n tio n e d  p o s i t io n s *

(3 ) V ery  few  f u l l y  s u b s t i t u t e d  n a p h th a le n e s  a re  d e 

s c r ib e d *  T hese in c lu d e  o c ta d e u te r o - n a p h th a le n e  i s o l a t e d  b y  

Clemo^2 3 ^ in  th e  p r e p a r a t i o n  o f  h e x a d e u te ro b e n z e n e  a n d  o c ta -  

G h lo ro -n a p h th a le n e  ^24  ̂ o b ta in e d  from  th e  d i r e c t  a c t i o n  o f  

c h lo r in e  on  n a p h th a le n e  a t  h ig h  te m p e ra tu re *

UNSUCCESSFUL ROUTES TO OCTAMETHYL-NAPHTHALENE.

-  gJ-prehiiityl-CX ':/? - d im e th y l - s u c c in ic  

e s t e r  (LIV) H s  Me, w as th e  s t a r t i n g  

p o in t  f o r  s e v e r a l  t r i a l s *  n o rm a lly  

a  c a rb o n y l g roup  i s  more r e a c t i v e  

th a n  an  e s t e r  g roup  and  c a r e f u l  co n 

t r o l  o f  th e  G r ig n a rd  r e a c t i o n ^  

c a n  a f f o r d  good  y i e l d s  o f  an  a d d i t i o n  

G rig n a rd  r e a g e n t  a t t a c h e s  i t s e l f  p r e f e r e n t i a l l y  t o  th e  c a r 

b o n y l g roup  n e x t t o  th e  p h e n y l r a d i c a l .  However t h i s  w as 

n o t  fo u n d  t o  be th e  case*  The c a rb o n y l  g roup  h a s  a p p a r e n t ly  

m asked c a rb o n y l r e a c t i v i t y  (Compare F i e s e r ^ ) )  and  i f  one 

e q u iv a le n t  o f  m e th y l m agnesium  io d id e  i s  u s e d ,  th e  r e a g e n t  

a t t a c k s  th e  e s t e r  g roup  f i r s t  and th e  p ro d u c t  i s  u n h y d ro ly s -  

ab le*  The r e q u i r e d  c o n d e n s a t io n  p ro d u c t  c o u ld  n o t  be

!?
^  '

M t - f '  )\
HC- )

I
MC

( L  w )  K - m e .  

compound w here th e

- h e
coo  f l
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(8 )  (40 )
o b ta in e d  fo l lo w in g  e i t h e r  K lo e tz e l  o r  D ’« v !̂  p ro c e d u re s

w here v e ry  good y i e l d s  o f  (XXXVI) w ere o b ta in e d  from  th e

a c t io n  o f  1 .3  m o le s  o f  me th y l-m ag n esiu m  io d id e  on th e  e s t e r

o f  (XXXI). The c a rb o n y l a c t i v i t y  i n  (LIV) R « M e,m ight be

com pared w i th  Hewman^I1 i n v e s t i g a t i o n

o f  th e  S to b b e  c o n d e n s a t io n  o f  e t h y l

s u c c in a te  w i th  compounds o f  th e

ty p e  (IiXXI), w here th e  c o n d e n s a t io n

f a i l s  c o m p le te ly  i n  th e  fo l lo w in g

c a s e s

(a )  Rx -  R* = CH* Rps H (b ) R.

(c )  R.

d i
\ a

ii

R,

- - A Rg * R* * CH,

= CH R H (d ) R » R *
1 2  3 3  1 2  3 3

T h is  m ig h t be due t o  th e  s t e r i c  h in d ra n c e  f a c t o r s  p ro d u c e d

from  th e  b u lk in g  o f  th e  m e th y l g ro u p s  a ro u n d  th e  c a rb o n y l  

g ro u p , th u s  p r e v e n t in g  any r e a c t i o n  t o  o ccu r*  I f  (LIV)R^Me

He r1 
I

/
L *  c o o HM l

l L y X H j

r \ t
X \

M C
II

r ic  o  

( L  X X//I)

ML

M t

( L X V )  

N  ( L V I )

h ad  r e a c t e d  w i th  m e th y l m a g n e s iu m -io d id e , th e  p ro d u c t  w ould  

be e a s i l y  d e h y d ra te d , re d u c e d  and  h y d ro ly s e d  t o  (L X X II),
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from  w h ic h  th e  l - k e to - te t r a i f c n 4 L X X I I I ) c o u ld  he  o b ta in e d  on  

c y c l i s a t i o n *  (L X X III) c an  a f f o r d  b o th  (LXV) and  (LXVI).

As a  seco n d  a t te m p t  we t r i e d  th e  R efo rm at sky  r e a c t i o n ,  

u s e d  e x te n s iv e ly  by  R u z ic k a  ( l o c .  d i t )  t o  in t r o d u c e  a  m e th y l 

g ro u p  i n  th e  h in d e r e d  p o s i t i o n .  As an  a d a p t a t i o n ,  a c e t y l -  

p r e h n i te n e  (LXXIV) w as co n d en sed  w ith -(* )~ (X -b rG m o -0 (^  - d i 

me t  h y l  -  sue  c i n a t e  (LXXV). T h is  r e a c t i o n  s h o u ld  g iv e  (LXXVI) 

w h ic h  on  f u r t h e r  h y d r o l y s i s ,  d e c a r b o x y la t io n  d e h y d ra t io n  

and  r e d u c t io n  w ould  a f f o r d  th e  d e s i r e d  in te im e d ia te  ^ - p r e h n i t y l -  

- oC \ »l$ - t r im e th y l - b u ty r i c  a c id  (LXXII) .

no c o n d e n sa te  c o u ld  be  i s o l a t e d  and  m ost o f  th e  s t a r t i n g  

m a t e r i a l  was re c o v e re d  u n ch an g ed . The f a i l u r e  o f  t h e  c o n 

d e n s a t io n  o f  (LXXIV) w i th  (LXXV) ,  i s  p ro b a b ly  due t o  th e  

e x c e s s iv e  s t e r i c  h in d ra n c e  c a u se d  b y  th e  b u lk y  g ro u p s  a ro u n d  

t h e - - c a r b o n  atom  i n  (LXXVI). Thus th e  u s u a l  low  y i e l d s  

o b ta in e d  i n  th e  R efo rm atsk y  r e a c t i o n ,  t o g e t h e r  w i t h  th e  

s t e r i c  h in d ra n c e  t o  be  p ro d u ce d  a re  th e  m a in  f a c t o r s  f o r  th e

r i d
c o o r te tfe :  
Me— ^

c U c o o r i e , c o o r t  £

(  L - M I IJ

r t f i .

When th e  h ig h ly  a c t iv e  z in c  r e  comaended b y  Hoch
(42 )

w as u s e d ,
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f a i l u r e  o f  th e  r e a c t i o n  t o  o c c u r .  T h a t th e  rea c tio n ® ^ L X X IV ) i s  

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

shown by th e  e a s e  w i th  w h ic h  su c h  k e to n ic  d e r i v a t i v e s  

th e  s e m ic a rb a z o n e , oxinte and  2 :4 -d 4 n it ro p h e n y l-h y d ra z o n e  

a re  fo rm ed  i LXXW ) a l  so  r e a c t s  w i th  pheny l-m agnesium  b rom ide  

g iv in g  an  o i l y  a d d i t i o n  compound. The f o r m a t io n  o f  d e r i v a t 

i v e s  c h a r a c t e r i s t i c  f o r  c a rb o n y l g ro u p s  may be e x p la in e d  b y  

th e  f a c t  t h a t  s in c e  t h e i r  fo r m a t io n  d o e s  n o t  in v o lv e  b ra n c h e d  

c h a in s ,  no s t e r i c  h in d ra n c e  i s  p ro d u c e d . The b en zen e  g roup  

i n  pheny l-m agnesium  b rom ide  a t t a c h e s  i t s e l f  v e r t i c a l l y  t o  th e  

c a rb o n y l c a rb o n  atom  and t h e r e f o r e  o c c u p ie s  a  f r a c t i o n  o f

th e  sp ace  o c c u p ie d  b y  a  m e th y l g ro u p . The f a c t  t h a t  p -
(5 )x y le n e -a c e to p h e n o n e  h a s  b e e n  s u c c e s s f u l l y  c o n d en sed  w i th

e th y l-o (  -b ro m o -p ro p io n a te  m ig h t have b e e n  m a in ly  due t o  b o th  

s h o r t e r  s id e  c h a in  and a  v a c a n t  o r t h o - p o s i t  Io n ,  th u s  c a u s in g  

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

S in c e  th e  m e th y l g ro u p s  a re  known t o  a c t i v a t e  th e  r i n g  

i n  th e  v a c a n t  p o s i t i o n  i n  th e  p r e h n i t y l  n u c le u s  i n  (LIV) R « H » 

an  a tte m p t w as made t o  c y c l i s e  t h i s  p ro d u c t  d i r e c t l y  b e fo r e  

th e  r e d u c t io n  o f  th e -)£  - k e to  g ro u p  t o  o b t a i n  a  compound a s  

(LXXVI1). Such  a  compound w ould  

r e a c t  w i th  two e q u iv a le n t s  o f  

m ethy l-m agnesium  io d id e  t o  g iv e  on 

d e h y d ra t io n  o c ta m e th y l-n a p h th a le n e  

(LXV) • However (LXXVII) may e x i s t

rt&
r -  t i e

( l x x v / iJ
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a s  an  enoX and w ould  n o t  fo rm  a d d i t i o n  p ro d u e t*  U s in g  

an h y d ro u s h y d ro g en  f l t ic tr id e  on  (LIV) R = H, a  20% y i e l d  o f  

n e u t r a l  p ro d u c t  was o b ta in e d  w h ic h  w as fo u n d  t o  he a  c r o to n o -  

l a c to n e  d e r i v a t i v e  (LV I) .

re m a in in g  s t a r t i n g  m a t e r i a l  w as (J-V!)

r e c o v e re d  u n c h an g e d . A g a in  i t  i s  u n u s u a l  t o  o b t a i n  

c y c l i z a t i o n  o f- y -k e to  a c id s  a s  th e -  )f -  c a rb o n y l  g ro u p  d e -  

c a t i v a t e s  th e  r i n g  and  th u s  p r e v e n ts  c y c l i z a t i o n ,  i . e .  h a v 

in g  a  more d e a c t i v a t i n g  e f f e c t  th a n  th e  a c t i v a t i o n  c a u se d  b y  

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

FIBST ROUTE TO OCTAMETHH,-K&PHTHALEHE.(AMBIOUITY AMD POOR YH5I.fi

The d e s i r e d  o c ta m e th y l-n a p h th a le n e  (LXV) w as f i r s t  o b -
(9 )

t a i n e d  i n  a  few  m e ll ig ra m s  b y  a  m o d i f i c a t io n  o f  K L o e tz e l’ s  

s y n th e s i s  o f  1 s 2 :4 - t r im e th y l - n a p h th a le n e  (DC) v i a  th e  i n t e r 

m e d ia te s  (XXXIII) and (XXXIV). U s in g  a  s i m i l a r  p ro c e d u re
(43)t o  t h a t  o f  B o g e r t ,  K L o e tze l fo u n d  t h a t  c o n c e n tr a te d  s u l 

p h u r ic  a c id  o r  anhyd rous h y d ro g en  f l u o r i d e  a c t e d  on  2 -m e th y l-  

5 -p h e n y l-h e x a n e -2 :5 -d io l  (XXXIII) t o  g iv e  a  m ix tu re  o f  n e a r ly  

e q u a l  am ounts o f  l : l : 4 - t r i m e t h y l - t e t r a l i n  (XXXIV) and  1 :2  ;4 -  

t r im e th y l - n a p h th a le n e  (IX ) accom panied  b y  a  c o n s id e r a b le  

q u a n t i t y  o f  r e s in o u s  m a t e r i a l .  The p ro lo n g e d  a c t io n  o f  h o t

I t  i s  knowA2 5 ^ th a t  a c id s  o f  t h i s  

ty p e  l a c to n i z e  q u i c k ly .  The
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p h o s p h o r ic  a c id  on (X X X III) , on th e  o th e r  hand^gave a  m ix tu re  

o f  1 : 1 : 4 - t  rim e th y l- d ih y d r o - n a p h th a le n e  and l : 2 : 4 - t r i m e t h y l -  

d ih y d r  a -n a p h th a le n e  . The f o r m a t io n  by  p h o s p h o r ic  a c id  o f

l a r g e  am ounts o f  r e s in o u s  s u b s ta n c e ,  t o g e t h e r  w i th  th e  l a s t  

two compounds s u g g e s ts  th e  m echanism  f o r  th e  s u lp h u r ic  a c id  

and  h y d ro g en  f l u o r i d e  t o  b e : -  (a )  d i r e c t  e l i m in a t i o n  o f  

one m o le cu le  o f  w a te r  from  th e  h y d ro x y l g roup  i n  th e  2 - p o s i 

t i o n  and  th e  h y d ro g en  i n  th e  a ro m a tic  n u c le u s .  (b ) th e  

e l im in a t io n  o f  one m o le c u le  o f  w a te r  from  th e  h y d ro x y l g roup  

i n  th e  5 - p o s i t i o n  and a  h y d ro g en  i n  th e  s id e  c h a in  w i t h  th e  

p r o d u c t io n  o f  an  o l& fin  w h ich  i n  t u r n  may i s c m e r is e  o r  

p o ly m e r is e .  I n  t e r p e n e s  and r e l a t e d  com pounds, i s o m e r i s a -  

t i o n  t a k e s  th e  fo rm  o f  c y c l i s a t i o n  t o  g iv e  a  d ih y d r o - n a p h th a l 

ene d e r i v a t i v e ,  th e  l a t t e r  u n d e r th e  c o n d i t io n s  o f  th e  r e 

a c t io n ,  d i s p r o p o r t io n a te s  t o  a  t e t r a l i n  and a n  a ro m a tic  d e 

r i v a t i v e  r>, w i th  th e  m ig r a t io n  o f  a  m e th y l g roup  t o  an  a d ja c e n t  

p o s i t i o n  i n  th e  a ro m a tic  o n e .

The in v e r s e  r e a c t i o n  o f  e x c e s s  m e th y l m agnesium  io d id e  

o n - ^ -k B to - J -p r e h n i ty l - t f (  i /3 - d im e th y l -b u ty r ic  e s t e r  (LIV ) R = Me 

gave an  o i l y  p ro d u c t  (hXXVIII) a f t e r  a  p ro lo n g e d  r e a c t i o n  

t im e *  b o th  th e  u n r e a c t iv e  c a rb o n y l  g ro u p  and th e  e s t e r  g roup  

w ere s lo w ly  a t t a c k e d .  C a re fu l  h y d r o ly s i s  o f  th e  G r ig n a rd  

com plex i s  n e c e s s a ry  t o  m in im ise  any  d e h y d ra t io n  r e a c t i o n .
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T h is  o i l  (IXXVIII) was fo u n d  t o  lo o se  w a te r  on d i s t i l l a t i o n  t o  

g iv e  p ro b a b ly  th e  d ie n e  d e r i v a t i v e  (LXXX/). Prom th e  f a c t  

t h a t  th e  d i s t i l l a t e  q u ic k ly  a b so rb s  a b o u t two e q u iv a le n t s  o f  

h y d ro g en  i n  p re s e n c e  o f  p a l l a d i s e d  c h a r c o a l  and  i n s t a n t l y  

d e c o lo u r is e s  b rom ine w a te r  and  p o ta s s iu m  p e rm an g an a te  s o l u t i o n  

s u g g e s ts  t h a t  i t  i s  (LXXXI), fo rm ed b y  th e  e l i m in a t i o n  o f  

two m o le c u le s  o f  w a te r  from  th e  s id e  c h a in  o f  (XXXVIII) on 

d i s t i l l a t i o n .  I f  how ever a  t e t r a h y d r o -  

f u r a n  d e r i v a t i v e  ^  (LXXXII) w as ^  ‘

fo rm ed  by  th e  e l im in a t io n  o f  one T  \i /  /v \—

m o le cu le  o f  w a te r  b e tw een  th e  tw o 

h y d ro x y ls  i n  (LX X V III), th e  p ro d u c t Cz_x x x-//;
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w ould  n o t  d e c o lo u r is e  e i t h e r  "bromine w a te r  o r  p o ta s s iu m  

p e rm angana te  s o l u t i o n .

The c ru d e  o i l  (LXXVIII) i n  p re s e n c e  o f  h y d ro g en  fM O rid e  

gave a  d a rk  c o lo u re d  m a t e r i a l  t h a t  was d i s t i l l e d  a s  a  y e llo w  

o i l  l e a v in g  much polymerisaeBXa m a t e r i a l  i n  th e  d i s t i l l a t i o n  

f l a s k .  The d i s t i l l a t e  gave a  b la c k  c r y s t a l l i n e  2 :4 s 7 -  

t r i n i t r o - f l u o r e n o n e  co m p lex ;v s . The l a t t e r  w as h y d ro ly s e d  

t o  g iv e  o c ta m e th y l-n a p h th a le n e  (LXV) .  The m o th e r l i q u o r  

a f t e r  th e  i s o l a t i o n  o f  th e  f  l u c r e  none d e r i v a t i v e  w as su b 

j e c t e d  t o  tw o e x p e r im e n ts .  One p a r t  was d e h y d ro g e n a te d  

w i th  se le n iu m  i n  a  s e a le d  tu b e  w here a  f u r t h e r  am ount o f  th e  

same 2 :4 :7 - t r in i t r o - f 3 t tm r e n o n e  o f  (LXV) w as o b ta in e d .  The 

o th e r  p a r t  gave m e l l i t i c  a c id  (LXIV) on o x id a t io n .

An e x p la n a t io n  o f  t h i s  i s  t h a t  f o l lo w in g  th e  p ro lo n g e d

a c t i o n  o f  e x c e s s  o f  m ethy l-m agnesium  io d id e  on (LIV) R = Me,
t e t r a

2 :3 j44tE ^ L e th y l-5- p r e h M ty l - h e x a n e -2 :6 - d i o l  (LXXVIII) w as 

o b ta in e d *  The l a t t e r  i n  p re s e n c e  o f  a n h y d ro u s h y d ro g e n

f l u o r i d e  g iv e s  th e  in te r m e d ia te  d ihyd ro -com pound  (LXXIX),
a

w h ich  q u ic k ly  d i s p r o p o r t io n a te  s  t o  th e  t e h d f i n  d e r i v a t i v e  

(LXXX) and  o c ta m e th y l-n a p h th a le n e  (LXV). The f o r m a t io n  o f  

(LXXX) i s  p ro v e d  b o th  b y  d e h y d ro g e n a tio n  t o  (IXV) an d  o x id a 

t i o n  t o  m e l l i t i c  a c id  (LXIV) .
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IMPROVED BUT LONGER ROUTE TO PC TABETHHj-NAPHTHALENE.

T h is  r o u te  h a s  th e  a d v a n ta g e  t h a t  a l l  in te r m e d ia te  

p r o d u c ts  w ere i s o l a t e d  c r y s t a l l i n e  • The F r i e d e l - G r a f t s  

r e a c t i o n  b e tw ee n  ( - )  -  ^ '/3  - d im e th y l - s u c c in ic  a n h y d rid e  (L I I )  

and  p r e h n i te n e  (LXXXIII) w as c a r r i e d  o u t i n  th e  p re s e n c e  o f  

anhy d ro u s alum inium  c h lo r id e ,.

t o  g iv e - ^ - k e to  y -p r e h n i ty l- Q ( $  -d im e th y l-  b u t y r i c  a c id  (LIV)

R = H. (As f a r  a s  I  am aware t h i s  i s  th e  f i r s t  r e c o r d e d  

c o n d e n s a t io n  b e tw een  a lk y l  b e n z e n e s  and  s y m m e tr ic a lly  su b -  

s t i t u t e d - ^ ^ - d i m e t h y l - s u c c i n i c  a n h y d rid e  •)  w i th  y i e l d s  a s  

h ig h  a s  8 5 $  i n  t e t r a c h l o r o - e t h a n e  and  5 0 $  i n  c a rb o n  d i s u l p h id e .  

The low y i e l d  i n  th e  l a t t e r  s o lv e n t  may be  due t o  th e  lo w e r

coop.
( 5 x / / / / /

coo/4

(X-XXXV^ ( A -x x x w y ( L V I )
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s o l u b i l i t y  o f  th e  a n h y d r id e . The a c id  (L IV ) R = H w as p r o 

m e lte d  o v e r  a  w ide ran g e  o f  te m p e ra tu re  and  o n ly  s m a ll  sa m p le s  

o f  c o n s ta n t  m e l t in g  p o i n t s  o f  b o th  iso m e rs  w ere o b ta in e d  on 

r e p e a te d  f r a c t i o n a l  c r y s t a l l i s a t i o n  from  d i f f e r e n t  p r o p o r 

t i o n s  o f  b e n z e n e , l i g h t  p e tro le u m  ( b . p . 60^30) m ix tu re  ,m .p .s  

a re  168° and 1 5 1 .5 ° .  As iso m erism  d is a p p e a r s  i n  th e  t e r 

m in a l s ta g e  o f  th e  s y n t h e s i s ,  th e  t o t a l  I s o m e ric  m ix tu re

o b ta in e d  i n  e a c h  in te r m e d ia te  s ta g e  w as u s e d  a s  su c h , and
(3 9 )no s e p a r a t io n  o f  iso m e rs  was a t te m p te d .  F i e s e r  's u g g e s t s  

t h a t  th e  fo rm a t io n  o f  d ia s te re f& s o m e rs  from  a  hom ogenous 

m ix tu re  o f  (* ) -Cf:/3 - d im e th y l - s u c c in ic  a n h y d rid e  p r e p a r a t i o n  

i s  due to  th e  r a c e m is a t io n  o f  th e  a c id  th ro u g h  th e  e n o l  

fo rm . The e s t e r i f i c a t i o n  o f  th e  a c id  m ix tu re  w i th  m e th a n o l 

and  s u lp h u r ic  a c id  gave a  sh a rp  m e l t in g  e s t e r  (L IV ) R = Me 

w h ich  w as fo u n d  on h y d r o ly s i s  t o  g iv e  th e  lo w e r  m e l t in g  

is o m e r . T here  w as p r e s e n t  i n  th e  e s t e r i f i c a t i o n  p ro d u c t  a  

l i q u i d ,  n o n - a c id ic  f r a c t i o n  w h ich  f a i l e d  t o  c r y s t a l l i s e .

U sin g  th e  F i s h e r  m ethod o f  e s t e r i f i c a t i o n ,  F i e s e r  

i s o l a t e d  a  c r y s t a l l i n e  E n o l l a c to n e  from  a c id  (LXXXYII),

l a c to n e  (LVI) when a  s o l u t i o n  o f  th e  k e to - a c i d  i n  a c e t i c

d u e ed  a p p a r e n t ly  i n  b o th  iso m e rs  ̂ ^ a s  th e  m a t e r i a l  I s o l a t e d

(4 5 ) flL e g a l ' t e s t  f o r  l a c t o n e s .  On th e  o th e r
ne-op

h a n d , t h e - i f  - k e to  a c id  (LIV) R « H, gave a  I,
t /\6rC^L0

c r y s t a l l i n e ! .o(: B  - d im e th y l - ^ (1*p r e h n i t y l ) -  ^  - e r o t o n
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a c id  a c e t i c  a n h y d rid e  m ix tu re  was s a t u r a t e d  w i th  an h y d ro u s  

h y d ro g en  c h l o r i d e ♦ (LV I) gave a  p o s i t i v e  L e g a l - t e s t*

The-)f - k e t o - a c i d  (LIV) R = H, w i th  i t s  h in d e re d  c a rb o n y l

g ro u p , h a s  p ro v e d  d i f f i c u l t  t o  re d u c e *  Ho k e to n ic  r e a g e n t s

r e a c t e d  t o  g iv e  d e r i v a t i v e s .  The Clemmensfcn m e th o d ^ ^ ^  o f

r e d u c t io n  f a i l e d  c o m p le te ly ,  and  th e  s t a r t i n g  m a t e r i a l  w as
(47 )

r e c o v e re d  u n ch an g ed . The H uang-M il on m o d i f i c a t io n  o f

th e  W o lf f -K ish n e r  r e d u c t io n  gave a  1 5 $  y i e l d  o f  a  r e d u c t io n  

p r o d u c t ,  accom panied  b y  a  c o n s id e r a b le  amount o f  h ig h  m e l t 

in g  n o n - a c id ic  s o l i d .  The l a t t e r  d i s s o l v e s  s lo w ly  i n  h o t  

d i l u t e  c a u s t i c  so d a . On h e a t in g  w i th  s o d a - l im e ,  ammonia 

w as e v o lv e d . The h ig h  p e rc e n ta g e  o f  n i t r o g e n  shown b y  th e  

a n a l y t i c a l  f i g u r e s ,  s u g g e s ts  t h a t  i t  i s  a  h y d ra z id e  fo rm ed  

from  th e  r e a c t i o n  o f  h y d ra z in e  h y d ra te  p r e s e n t  i n  e x c e s s  i n  

th e  r e a c t i o n  m ix tu re  w i th  th e  c a rb o x y l g ro u p .

H igh p r e s s u r e  h y d ro g e n a tio n  o v e r  c o p p e r -c h ro m ite  c a t a -  

l y s t ^ ®  ^of a  n e u t r a l  sodium  s a l t  s o l u t io n  c o m p le te ly  r e d u c e d  

th e  k e to  group* A t 150° a b s o r p t io n  w as r a p i d ,  one m ole o f  

h y d ro g en  b e in g  a b s o rb e d , th e n  i t  s lo w ed  down and  te m p e ra tu re  

h ad  t o  be  m a in ta in e d  a t  240° f o r  tw e lv e  h o u rs  t o  e f f e c t  th e  

a b s o r p t io n  o f  th e  se co n d  m o le . The optimum te m p e ra tu re  and  

p r e s s u r e  f o r  t h e  l a t t e r  m ole o f  h y d ro g en  was fo u n d  t o  be  

240° and  220 a tm o sp h e re s . I t  i s  m ost l i k e l y  t h a t  r e d u c t io n  

p ro c e e d s  e a s i l y  t o  th e  se c o n d a ry  a l c o h o l i c  compound (LXXXIV). 

The l a t t e r  q u ic k ly  u n d e rg o e s  l a e t o n i s a t i o n .  The r e s u l t i n g
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l a c to n e  (L3G0CV) i s  e x p e c te d  t o  u n d e rg o  d i f f i c u l t  and  s lo v  

r e d u c t io n  t o  (LXXXVI). T h is  s u g g e s t io n  i s  s u p p o r te d  b y  

th e  f a c t  t h a t  a  non  a c i d ic  m a t e r i a l  o f  a  s l i g h t  s o l u b i l i t y  

i n  e t h e r  o r  ben zen e  w as smong th e  r e d u c t io n  p ro d u c t  s ,  th e  

f a c t  t h a t  t h i s  m a t e r i a l  i s  s o lu b le  o n ly  i n  h o t  sodium  c a r 

b o n a te ,  and g iv e s  a  p o s i t i v e  L e g a l t e s t  i s  e v id e n c e  t h a t  i t  

i s  a  la c to n e  (LXXXV) fo rm ed  a s  an  in te r m e d ia te  i n  th e  r e d u c 

t i o n .  The a n a l y t i c a l  f i g u r e s  a re  a l s o  i n  s u p p o r t  o f  a  

l a c to n e  fo rm u la .

The c y c l i s a t i o n  o f - /  -  p re h n ity l-o ^ '/#  - d im e th y l - b u ty r ic

a c id  (IXXXVI) t a k e s  p la c e  i n  8 0 -8 5 #  y i e l d  b o th  w i t h  h y d ro g en
(4 8 ) (49 )f l u o r i d e  and  J o h n s o n ^  m ethod 7 o f  i n t r a  m o le c u la r

a o y la t i o n  o f  th e  a c id  c h lo r id e  by  th e  in v e r s e  F r i e d e l  and
m

C r a f t  r e a c t i o n  i n  p re s e n c e  o f  a lu m in to  ( c h lo r id e  t o  g iv e-j-one
1 : 2 : 3 : 4 - t e t r a h y d r o - 2 : 3 : 5 : 6 ;7 :8 -h e x a m e th y l-n a p h th a le n e  f (L X II I ) .  

T h a t th e  l a t t e r  d id  n o t  u n d e rg o  re a r ra n g e m e n t o r  l o s s  o f  

m e th y l g ro u p s  w as p ro v e d  by  n i t r i c  a c id  o x id a t io n  t o  m e l l i t i c  

a c id  (LXIV) i s o l a t e d  a s  m e th y l m e l l i t a t e .

{L.XMJ \ coon

co o f t
Tooo/4
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1 : 2 :3 : 4 : 5 :6 : 7 * -  H ep ta  m e th y l-n a p h th a le n e  • (LX X fl) 

w as t r e a t e d  w i th  e x c e s s  m e th y l m agnesium  io d id e  I n  b o i l i n g  

b en zen e  and  on h y d r o ly s i s  o f  th e  com plex an  o i l y  c a r b i n o l  

w as o b ta in e d  w&ihhon d e h y d ra t io n  w i th  an h y d ro u s  fo rm ic  a c id  

gave 1 : 2 -  d ih y d ro  -  2 : 3 : 4 : 5 : 6 : 7 : 8 -  h e p ta -m e th y l-n a p h th a le n e  

(LXXXVIII) a s  an o i l .  T h is  w as f u r t h e r  p u r i f i e d  fro m  any 

o x y g e n a ted  m a t e r i a l  b y  p a s s in g  th ro u g h  an  a lu m in a  colum n 

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

p re s e n c e  o f  t r i e h l o r o  b enzene  a s  a  s o lv e n t .  The d e h y d ro 

g e n a t io n  p ro d u c t  h e p ta m e th y ^ n a p h th a le n e  (LXVI) w as a  c o lo u r 

l e s s  c r y s t a l l i n e  s o l i d  s u p .  13 4 °  and g iv e s  th e  u s u a l  a ro m a tic  

h y d ro c a rb o n  d e r iv a t iv e s >  ( i . e .  p i c r a t e ,  s ty p h n a te ,  1 :3 :5 -  

t r i n i t r o - b e n z e n e  and 2 : 4 : 7 -  t r i n i t r o - f  l u c r e  none d e r i v a t i v e s ) .  

OCTAMETHYL-NAPHTHALENE (LXV)

R - t f  OK
The c h io r o - m e th y la t io n  o f  (LXVI), p ro v e d  t o  be  a  d e l i c a t e  

r e a c t i o n .  Of th e  many p ro c e d u re s  f o r  c h lo ro m e th y la -

1

K|* I*]*

( L X X K t x )

Me

C L X V i )

t i o n ^ 2 ^9 d ® ) 9 (22 ) * (50) o f  n a p h th a le n e  d e r i v a t i v e s ,  t h a t  o f
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H e w e t t^ 4  ̂ was c h o se n . P a ra -fo rm a ld h y d e  i n  a c e t i c  a c id  

s o l u t i o n  s a t u r a t e d  w i th  h y d ro g en  c h lo r id e  was u s e d  a t  room  

te m p e ra tu re  a s  a  c h lo r o - m e th y la t in g  a g e n t ,  th u s  a v o id in g  

th e  h ig h  te m p e ra tu re  p r o c e d u re s .  The r e a c t i o n  r e q u i r e s

one t o  two d a y s . The c h lo ro -m e th y l g roup , in t r o d u c e d  i n  th e
v in g

o n ly  v a c a n t - o ( - p o s i t i o n  lgi»(LXXXIX), R = 0 1 , i s  v e ry  s e n s i t i v e  

t o  h y d r o ly s i s  and  e v en  when i c e  w as u se d  a s  a  d i l u e n t  th e

c o r re s p o n d in g  a lc o h o l  (LXXXIX) R * OH w as p ro d u c e d  i n  a
th e

sm a ll  a a o u n t . D i s t i l l a t i o n  o f f o i l y  c ru d e  p ro d u c t  r e s u l t e d  

i n  e x te n s iv e  d e c o m p o s itio n . F o r  p u r i f i c a t i o n ,  th e  o n ly  p r o 

ced u re  t h a t  c o u ld  be a d o p te d  w as b o i l i n g  w i t h  c h a r c o a l  t o  

remove any r e s i n i f i e d  m a t e r i a l .  I f  p u r i f i c a t i o n  w as c a r r i e d d u t  

th ro u g h  th e  d i s s o c i a t i o n  o f  th e  p i c r a t e  d e r i v a t i v e ,  h y d r o ly s i s  

o f  th e  c h lo ro  m e th y l g roup  m ig h t have o c c u r r e d .  The n e a r l y  

c o lo u r l e s s  c h lo ro m e th y l compound (LXXXIX) R = 01 w as s lo w ly  

re d u c e d  i n  p re s e n c e  o f  p a l l a d i s e d  c a lc iu m  c a rb o n a te  t o  g iv e  

a  p o o r  y i e l d  o f  o c ta m e th y l-n a p h th a le n e  (LXV) m .p . 1 7 4 ° , t o 

g e th e r  w i th  a  sm a ll  amount o f  a  h ig h  m e l t in g  s o l i d ,  th e  

l a t t e r  may be a  d im o le c u la r  compound. When p a l l a d i s e d  

c h a rc o a l  w as u s e d  a s  c a t a l y s t  i n  c y c lo h ex a n e  a s  s o l v e n t ,  

a  s a o o th  r e d u c t io n  gave th e  d e s i r e d  p ro d u c t  i n  b e t t e r  y i e l d s .  

1 : 2 : 5 : 4 : 6 : 7 -  H e x a m e th y l-n a p h th a le n e . (LXVII)



( x o )  ( x e . i l )
The k e to - te fc r f i in  (XiXIII) w as re d u c e d  b y  b o th  th e  Cleramensen

and th e  W o lff -K ish n e r  m ethods g iv in g  p o o r  y i e l d s  o f  1 : 2 : 3 : 4 -

t e t r a h y d r o -  2 : 3 : 5 : 6 : 7 : 8 -  h e x a m e th y l-n a p h th a le n e  (XC). How-
(5 2 )e v e r ,  sm ooth r e d u c t io n  was o b ta in e d  u s in g  A dam 's c a t a l y s t  

i n  g l a c i a l  a c e t i c  a c id  and  th e  r e q u i r e d  one m ole o f  h y d ro g en  

was a b so rb e d  i n  1 -2  h o u r s .  Removal o f  t h e  s o lv e n t  u n d e r  

v a c u o , p ro d u c e d  a  m ix tu re  o f  th e  se c o n d a ry  a lc o h o l  (XG1) and  

th e  d ihydro-com pound  (X C II) . B o th  th e  d i s t i l l a t i o n  o f  th e  

r e s u l t i n g  m ix tu re  and  th e  fo rm ic  a c id  d e h y d ra t io n  a f f o r d e d

good y i e l d s  o f  1 : 2 -  d ih y d ro -  2 : 3 : 5 : 6 : 7 : 8 -  h e x a m e th y l-n a p h -
a

th a ie n e  (X C II) . D e h y d ro g e n a tio n  o f  b o th  th e  tefcfcaCin (XC)

a t  260 -300° and  th e  d ihydro -com pound  (X C II) a t  2 0 0 -2 4 0 °  i n
(811

p re s e n c e  o f  p a l l a d i s e d  c h a rc o a l  gave th e  same c r y s t a l l i n e  

1 : 2 : 3 : 4 : 6 : 7 -  h e x a m e th y l-n a p h th a le n e  (L X V II). I t  i s  i n t e r e s t i n g
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t o  n o te  t h a t  th e  de h y d ro g e n a tio n  o f  1 : 2 : 3 : 4 -  t e  t r a h y  euro

s ' : 5 : 6 : 7 : 8 -  h e x a m e th y l-n a p h th a le n e - 1 - one (L X III)  gave a  

m ix tu re  o f  th e  te & e d in  (XC) and  h e x a m e th y l-n a p h th a le n e

(LXVII) a s  a  r e s u l t  o f  d i s p r o p o r td o n a t io n  o f  (DXIXI)*
(53 )p h e n o l ic  p ro d u c t  w as i s o l a t e d .

SYNTHESIS OF TWO HEXAMETHYL-NAPHTHALENES (LXVI1I) an d  (LXIX) 

AND ONE PENTA MBTHYL-NAPHTHALENE (LXX).

The c o n d e n s a t io n  o f  m o n o -a lk y l o r  m o n o -a ry l s u c c in i c  

a n h y d rid e  w i th  benzene  o r  a lk y l-b e n z e n e  p ro c e e d s  i n t o  two 

d i r e c t i o n s  w i th  th e  p r o d u c t io n  o f  two is o m e r ic  a c id s *  B en

zene and

o

-  A s

me
CHl - C O \  y l  eciOtf

Afc-oW. C o /  \  ( f t C - l l l J

cooH
( S t W j

m o n o -m e th y l-su e e ia le  a n h y d rid e  condense  i n  th e  p re s e n c e  o f  

alum in ium  c h lo r id e  t o  g i v e - o t  -m e th y l - y ? - h e n ^ . - p r o p  io n io
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°a c i d  (X C III) a n d  -m e th y l- /? -b e n z /y l -p r o p io n ic  a c i d  (XGIV).

A lth o u g h  many i n v e s t i g a t o r s ( ^ ^ 5 7 ) i s o l a t e d  o n ly
_  (5 8 )

th e  - m e th y l- a c id ,  b o th  a c id s  a re  a c t u a l l y  p ro d u c e d .

The -/& - m e th y l- a c id ,  b e in g  more d i f f i c u l t  t o  i s o l a t e  a s  i t

i s  o n ly  fo rm ed  i n  a  s m a ll  amount and  i s  a l s o  m ore s o lu b le *

I t  i s  fo u n d  t h a t  th e  p h e n y l g roup  a t t a c h e s  i t s e l f  t o  th e

c a rb o n y l  g roup  n e x t  t o  th e  l e a s t  a lk y l a t e d  c a rb o n  atom ,
(54) (5 9 ) (6 0 )com pare R fith e in  and S a b o r , H aw orth , Clem o,

D aaa l and  W a l l , '6 1 * and  D ev.*405
P h en y l s u c c in ic  anhydride '® ® ^ and  b e n z e n e , y i e l d  d i f -  

f e r e n t  p r o p o r t io n s  o f  th e  is o m e r ic  a c i d s  i n  r a t i o s  d e p en d in g  

upon  th e  s o lv e n t  u s e d .  B o th  H aw orth and  D a sa i and  W ali 

advance s i m i l a r  m e c h a n ise s  w h ich  a s c r ib e  p r e f e r e n t i a l  fo rm a 

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

a n io n  b y  th e  in d u c t iv e  e f f e c t  o f  th e  a lk y l  g ro u p .

C o n t r a s t in g  r e s u l t s  have b e e n  r e p o r t e d  i n  th e  l i t e r a t u r e  

r e g a r d in g  th e  c o n d e n s a t io n  o f  to lu e n e  w i th  m ono-m ethy l 

s u c c in i c  a n h y d r id e .  M ayer and S t a m m i s o l a t e d  two i s o 

m e r ic -  -  an d -/)  -  a c id s  i n  3 9 .6  and  5 6 .6 $  y i e l d  r e s p e c t i v e l y .  

However, when t h i s  w ork w as r e p e a te d  b y  D ev, he o b ta in e d  

o n ly  th e -o ^  -  a c id  i n  8 5 $  y i e l d ,  a  h ig h e r  m e l t in g  p r o d u c t ,  

w h ich  i s  e v id e n t ly  p u r e r .  He c o n firm ed  h i s  r e s u l t s  b y  an  

in d e p e n d e n t s y n th e s i s  o f  t h e - ^  -  a c i d .

I n  o u r  w ork h e re  r e s u l t s  a g re e in g  w i th  th o s e  o f  Dev 

and o th e r s  w ere o b ta in e d  when p r e h n i te n e  (DXXXIII) w as
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condensed w ith  raono-mcthyl-aucclnlo anhydride. She only 

product Iso la ted  was- X -ke to - -p reh n lty l -  -m ethyl-butyric

a c id  (XCV)
r id

tf£-c H■ to / '

Me  
( L  XXXIH)

r te - f
rf&X

Me

Me to  oj4
O c v / J

Me

rfc is*

> /

Me -kv..

c>00 X

( L X I V )

(XC v n )

in  y i e l d s  a s  h ig h  a s  8 5 $  u s in g  an h y d ro u s a l im in l t tT c h lo r ld *  

i n  t e t r a c h l o r o - e t h a n e . T h is  a c id  gave a  sharp m e l t in g  

homogenous e th y l e s te r  which on h y d ro lysis  a f f o r d e d  the  

a c id  w i th  the same m elting point* Mixed m elting  p o in ts  

w ere u n d e p re s s e d . That no rearrangement took p lace w as 

shown h y  th e  sodium  hypochlorite ox id ation  in  which p r e ta ity l*  

c a rb o x y l ic  a c id  was obtained* I t  i s  already e s t a b l i s h e d  

i n  c o n d e n s a t io n  o f prehnitens w i t - dImethyl~ sue o 1 n lc 

a n h y d r id e , that Whhfthe methyl .group was occupying th e  — 

p o s i t i o n ,  the acid  produced towe f a i le d  to  react w i th

c a rb o n y l reagents oi and>’ e®nreduced by the 01e.mejss&& 

m ethod . However, i t  was found th a t the c o n d e n s s t iM  product



37

w ith  mono-me t h y l  -  sue  c i n i  c a n h y d rid e  and  p r e h n i te n e  g iv e  a  

q u a n t i t a t i v e  p r e c i p i t a t e  w i th  2 :4 - d in i t r o - p h e n y l - h y d r a z in e  

and  c o u ld  he e a s i l y  r e d u c e d  hy  th e  Clemmens§n m e th o d ^ ®   ̂ t o  

g iv e - 'j  -  p r e h n i t y l  -jjtf -  me t h y l - b u t y r i c  a c id  (XGVI) i n  Q0% 

b l e o r th g o r y ,  a  p e rc e n ta g e  r e d u c t io n  w h ich  c o u ld  have n e v e r  

b e e n  a c h ie v e d  i f  th e  c o n d e n s a t io n  p ro d u c t  w as a  m ix tu re  •

An i n d i r e c t  p ro o f  (se e  p .  72 ) t h a t  th e  p ro d u c t  i s  t h e - $ f ~

a c id  an d  n o t t h e - o n e ,  i s  t h a t  when th e  m a le ic  a n h y d rid e  

a d d u c t w ith  t h e  h e x a m e th y l-n a p h th a le n e , u l t i m a t e l y  p ro d u c e d  

from  th e - jQ ^ -a c id  w as o x id i s e d ,  i t  gave th e  c o r re s p o n d in g  

t e t r a  c a r b o x y l ic  a c id  ( p r e h n iy t ic  a c i d ) .

I f  th e  p ro d u c t  o f  c o n d e n s a t io n  w as t h e  - a c i d ,  th e  

o a& d a tio n  p ro d u c t  w ould  have b e en  th e  i s o d u r y l i c  a c id .

- M e rtctu  - c o N
1 ,0

/
fr1&, COOU

Me,
r tc ,  COOV\

o(-  f t  cicL •

-W tH  c o t

n t  M e

-rieoH

caoH 

''"'jj- COotf 

Js-COOH

cOOtf

cooH|

COO H

1 V -  p r e h n i t y l  - |3 [ -  m e th y l-  b u t y r i c  a c id  (X8V I) w as c y c l i s e d  

b o th  w i th  h y d ro g en  f l u o r id e  and b y  th e  p r e v io u s ly  m e n tio n e d  

Jo h n so n ’s  in t r a m o le c u la r  a c y l a t i o n  p ro c e d u re  o f  a c id  c h lo r i d e s
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w ith  a lu m in ta r o h lo r id e  t o  g iv e  8 0 -8 5 $  y i e l d  o f  1 : 2 : 3 : 4 -

t e t r a - h y d r o -  2 : 5 :6 : 7 :8 - p e n ta m e th y l - n a p h th a le n e - l -0ne 

(X G V II). T h a t no re a r ra n g e m e n t o r  l o s s  o f  m e th y l g ro u p s  

o c c u r re d  d u r in g  th e  c y c l i s a t i o n  was p ro v e d  by  th e  o x id a t io n  

o f  th e  t e t r a l o n e  (XCVII) t o  m e l l i t i c  a c id  (LXIV).

1 : 2 : 5 : 4 : 5 : 6 -  H ex am e th y l-n ap h th a le n e  (LX V III)

The tefcnfibne (XCVII) on  t r e a tm e n t  w i t h  e x c e s s  me t h y l -

m agnesium  io d id e  fo l lo w e d  b y  d e h y d ra t io n  and  p u r i f i c a t i o n  

a s  d e s c r ib e d  f o r  (LXXXVIII), gave th e  o i l y  l : 2 - d i h y d r o -  

3 : 4 : 5 : 6 : 7 : 8  h e x a m e th y l-n a p h th a le n e  (X CV III) w h ich  w as sm o o th ly  

d e h y d ro g e n a te d  t o  th e  h e x a m e th y l-n a p h th a le n e  (L X V III).

1 : 2 : 5 : 4 : 6 -  P e n ta m e th y l-n a p h th a le n e  (LXX)
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The p la t in u m  o x id e  r e d u c t io n  o f  (XGVII) i n  a c e t i c  a c id  

w as sm ooth; one m ole o f  h y d ro g en  w as q u ic k ly  a b s o rb e d .

The p ro d u c t  w as p u r i f i e d  a s  d e s c r ib e d  f o r  (X G II) o f  t h e  o th e r
1

s e r i e s  t o  g iv e  a  c ry s ta l f ln e  l : 2 - d i h y d r o -  8 : 5 : 6 : 7 : 8 -  p e n ta  

m e th y l-n a p h th a le n e ( .C ). The Clemmentfen m ethod   ̂ o f  r e d u c t io n  

and th e  Huang M in ion  m o d i f i c a t io n  gave l : 2 : 3 : 4 - t e t r a  

h y d ro -  2 : 5 : 6 : 7 : 8 -  p e n ta  me th y l - n a p h th a le n e  (XCIX) a s  an  

o i l y  p r o d u c t .  B o th  (XCIX) and (C) w ere d e h y d ro g e n a te d  

o v e r p a l l a d i s e d  c h a rc o a l  a t  2 6 0 -3 0 0 °  and 2 0 0 -2 3 0 °  r e s p e c t 

i v e l y  t o  g iv e  th e  same 1 : 2 : 3 : 4 : 6  p e n ta  me th y l- n a p h th a le n e  

(LXX).

ATTEMPTS TO PREPARE 1 : 2 : 3 : 4 : 5 : 7  HEPTAICETHYL-NAPHTHALENE ( C I I I )

The f a i l u r e  o f  th e  S to b b e  c o n d e n s a t io n  b e tw e e n  a c e t y l -  

p r e h n i te n e  (LXXIV) a n d - - m e t h y l -  s u c c in ic  e s t e r  due p ro b a b ly  

t o  s t e r i c  f a c t o r s  and th e  i s o l a t i o n  o f  o n ly  a  sm a ll  am ount 

o f  an  o i l y  la c to n e  from  th e  a c t i o n  o f  1 m o le c u le  o f  m e th y l 

m agnesium  io d id e  on  th e  e s t e r  o f  th e  a c i d  (XGV), l e d  u s  t o  

a t te m p t th e  c h lo ro m e th y la t io n  o f  1 : 2 : 3 : 4 : 5 : 6 -  h e x am e th y l -  

n a p h th a le n e  (L X V III).
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( l x v / i )

m* Pte.
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-Pk.

V ( o , j ^

- ^ - S u h s t l tu t io n  may g iv e  ( C l ) .  The l a t t e r  on r e d u c t io n  a f 

f o r d s  th e  a l r e a d y  d e s c r ib e d  h e p ta m e th y l-n a p h th a le n e  (LXVI). 

- ^ - S u b s t i t u t i o n  on th e  o th e r  h a n d , may a f f o r d  ( O i l )  w h ic h  

on  r e d u c t io n  g iv e s  1 : 2 : 3 : 4 :5 :6 :8 -h e p ta m e  t h y l  -n a p h th a le n e  

(G U I)  w i th  th e  o n ly  v a c a n t - - p o s i t i o n .

c h lo ro m e th y la t io n  and r e d u c t io n  o f  h e p ta m e th y l-n a p h th a le n e  

(LXVI) i t  w as f o u n d ,s u r p r i s in g ly  e n o u g h ,th a t  th e  o n ly  p ro d u c t  

i s o l a t e d  w as th e  l :2 :3 :4 :5 :6 :7 : - h e p t a m e th y l - n a p h th a l e n e  

(LXVI) a l r e a d y  d e s c r ib e d .  T h is  was p ro v e d  b y  r e p e a t e d  

e x p e r im e n ts  and  th e  i d e n t i t y  o f  th e  p ro d u c t  fo rm ed  b y  an  

a u th e n t i c  specim en* T h is  u n e x p e c te d  r e s u l t  m ig h t be  e x p la in e d  

by  th e  f a c t  t h a t  t h e -  - p o s i t i o n  i s  more s t e r i e a l l y  h in d e re d  

th a n  t h e -  J  - p o s i t i o n  e v en  th o u g h  the-e^agarig§n i$ $ S ^ W  o r d e r

U sin g  a  s i m i l a r  p ro c e d u re  t o  t h a t  d e s c r ib e d  f o r  th e
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o f  r e a c t i v i t y  I s  g r e a t e r .

1 : 2 : 3 : 4 : 5 : 7 : -  H e x a m e th y l-n a p h th a le n e . (LXIX)

< £ / ✓ )  ( M t % )

A n o th e r u n u s u a l r e s u l t  was o b ta in e d  when 1 :2 :3  r e 

p e n t  ame th y l- n a p h th a le n e  was s u b je c te d  t o  c h lo r a te  t h y l  a t  i o n  

and  r e d u c t io n .  The o n ly  p ro d u c t  i s o l a t e d  w as fo u n d  t o  be  a  

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

d i f f e r e n t  m e l t in g  p o in t  o f  i t  and  i t s  d e r i v a t i v e s  an d  d i f 

f e r e n t  a b s o r p t io n  s p e c t r a  c u rv e s  from  b o th  1 : 2 : 3 : 4 : 6 : 7 -  

and  1 : 2 : 3 : 4 : 5 : 6 -  h e x a m e th y l-n a p h th a le n e s  (LXVII) and  (LX V III) 

r e s p e c t i v e l y  a l r e a d y  d e s c r ib e d .  As th e  m e th y l g ro u p s  5 : 6 : 7 : 8 -  

a re  s t a b l e  and  n o t  s u b je c t  t o  re a r ra n g e m e n t o r  m ig r a t i o n  

u n d e r  th e  r e a c t i o n  c o n d i t io n s  u s e d  f o r  th e  c h lo r o - m e th y la t io n  

and  r e d u c t io n ,  th e n  th e  hexa-m e th y l- n a p h th a le n e  i s o l a t e d  

m ust be th e  1 : 2 : 3 : 4 : 5 : 7 -  h e x a  me th y l - n a p h th a le n e  Isom er 

(LXIX). T h is  e x p e r im e n ta l  r e s u l t  shows t h a t  th e  s t e r i c  

h in d ra n c e  i n  th e  - p o s i t i o n  i s  l e s s  p ro n o u n ced  w hen th e  

f t  -  p o s i t i o n  i s  v a c a n t .  T h is  a d d in g  t o  th e  g r e a t e r  r e a c t i v i t y
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o f  th e  - p o s i t i o n  d i r e c t s  th e  c h lo ro m e th y l g roup  t o  th e  

I - p o s i t i o n  and  n o t th e  4 - p o s i t i o n  w h ich  i s  m ore s t e r i c a l l y  

h in d e re d  b y  th e  p re s e n c e  o f  a  m e th y l g ro u p  i n  3 - p o s i t i o n .

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  t h e r e  a re  f i f t e e n  p o s 

s i b l e  iso m e rs  o f  he xame th y l - n a p h t  h a le  n e , o f  w h ich  th r e e  a re  

d e s c r ib e d  h e r e .  We w ere u n a b le  t o  p re p a re  1 : 2 : 5 : 4 : 5 : 6 :8 -  

h e p ta m e th y l-n a p h th a le n e  ( C I I I )  b y  th e  a c t io n  o f  e x c e s s  o f  

m e th y l m agnesium  io d id e  on th e  e s t e r  o f  /  - k e t o -  - p r e h n i ty l - c ^  -  

me t h y l - b u t y r i c  a c id  due t o  l a c k  o f  m a t e r i a l .

The m ixed  m e l t in g  p o i n t s  o f  t h e s e  p o ly n e th y l - n a p h th a l -  

e n e s  d e s c r ib e d  h d re  show a  d e p re s s io n  b e tw ee n  5 - 1 5 ° .  Those

o f  th e  d e r i v a t i v e s  a re  b e tw ee n  5 - 2 0 ° .  S im i la r  r e s u l t s  a re
(4 ) (5 )r e c o r d e d  by  R u z ie k a  f o r  th e  t e t r a  and  p e n ta - m e th y l-

n a p h th a le n e s  and  d e r i v a t i v e s .

The c o lo u r  r e a c t i o n s  w i th  c o n c e n tr a te d  s u lp h u r ic  a c i d  

a re  shown i n  T ab le  I  .
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STARTING MATERIALS.

The s t a r t i n g  m a t e r i a l s  u se d  i n  t h i s  w ork w ere  p r e p a r e d  

a s  f o l l o w s : -

(1 ) ck : B -  dime t h y l  -  suo c i n i c  a n h y d rid e  -  ( L I I ) .  The 

m ethod  o f  Bon..and S p r a n k l in g ^ * ^  and  F i e s e r ! s ^ ^ ^ m o d i f i c a 

t i o n  was th e  b e s t .  Compare w i th  th e  m ethod  o f  B is c h o f f  

and  R ach^® ^  w here 2 m o le c u le s  o f  s  odio-m e t h y l - d i e  t h y l  -  

m a lo n a te  w ere c o u p le d  i n  p re s e n c e  o f  i o d in e .  The t e t r a

e t h y l - e s t e r  fo rm ed  was th e n  h y d ro ly s e d  and  d e c a rb o x y la te d
/ o (64 )t o  g iv e ^ - ’yo- d im e th y l- s u c c in ic  a c id .  Bon and P e r k in

(63) ,
and  B is c h o f f  and  R ach co n d en sed  e t h y l  -b ro m o -p ro p io n a te

w i th  s  odio-m e t h y l - d i e  t h y l  m a lo n a te .  The t r i e t h y l - e s t e r

form ed w as h y d ro ly s e d  and d e c a rb o x y la te d  t o  g iv e ^ f ’/£ -dim e t h y l  -

s u c c i n i c - a c i d .  The l a t t e r  was r e f lu x e d  w i th  a c e t y l - c h l o r i d e

t o  g iv e  th e  a n h y d r id e .

(2 )  o{ -M e th y l- s u c c in ic  a n h y d rid e  was b e s t  p r e p a r e d  

b y  th e  im proved  p ro c e d u re  o f  ,Dey4nd Guha^6^  w here sodium  

m a lo n ie  e s t e r  was condensed  w ith  e t h y l -  (A - b ro m o -p ro p io n a te , 

th e  t r i e s t e r  so  fo rm ed  w as th e n  h y d ro ly s e d  and  d e c a rb o x y l

a te d  t o  g iv e  -m e th y l- s u c c in ic  a c i d .  T h is  m ethod  gave 

h ig h e r  y i e l d s  th a n  t h a t  d e s c r ib e d  i n  O rgan ic  S y n th e s i s  

w here c r o to n ie  e s t e r  and sodium  c y an id e  w ere u s e d .

(3 ) - B ra m o -^ '/ f f -d im e th y l- s u c c in ic  e s t e r  (LXXV) 

w as p r e p a r e d  by  th e  a c t io n  o f  brom ine and  r e d  p h o sp h o ro u s
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o n t f ' r f  -d im e th y l  s u c c in ic  a c i d .

(4 ) D u re n e , 1 : 2 : 4 : 5 -  te t r a m e th y l-b e n z e n e  (XLIX) w as 

p r e p a r e d  a s  d e s c r ib e d  b y  V o n - B r a u n ^ ^ b y  th e  e h lo ro m e th y la -  

t i o n  and r e d u c t io n  o f  x y le n e . B e t t e r  y i e l d s  w ere o b ta in e d  

b y  I n c r e a s in g  th e  r e a c t i o n  tim e  i n  th e  c h lo r o - m e th y la t io n  

an d  b y  u s in g  to lu e n e  i n s t e a d  o f  ben zen e  a s  a  s o lv e n t  i n  

th e  r e d u c t io n  o f  th e  d i  c h i  orome t h y l  x y le n e s .  T h is  e n a b le d  

th e  u s e  o f  a  h ig h e r  te m p e ra tu re  w h ic h  f a v o u re d  r e d u c t io n #

The r e d u c t io n  a l s o  d ep en d s upon  th e  q u a l i t y  o f  z in c  u s e d .

(5 )  D urene and  Iso d u re n e  m ix tu re  ^was p r e p a r e d  b y  

th e  P r i e d e l - C r a f t s  r e a c t i o n  o f  m -xy lene  and  m e s i ty le n e  w i th  

m e th y l c h lo r id e  i n  p re s e n c e  o f  alumiriura c h l o r i d e .  I n  

s m a ll  s c a l e  r u n s ,  th e  a d ju s t i n g  o f  th e  e q u iv a le n t  amount

o f  m e th y l c h lo r id e  i s  d i f f i c u l t  a s  a b s o r p t io n  o f  th e  l a t t e r  

i s  n o t  q u ic k  and i t  u s u a l ly  e sc a p e d  from  th e  m erc u ry  v a lv e  

b e fo r e  r e a c t i n g .  I n  one ru n  w i th  m -xy lene  and  th e  e q u iv a l 

e n t  amount o f m e th y l c h lo r id e  (2 m o le s ) ,  th e  o n ly  p r o d u c ts  

i s o l a t e d  w ere p e n ta -  and  h ex am eth y l benzene  accom pan ied  

b$Lth p o ly m e r is e d  m a t e r i a l .  Ho te t r a m e th y l - b e n z e n e s  w ere  

fo u n d  among th e  r e a c t i o n  p r o d u c t s .  T h is  may be due t o  t h e  

c o u p lin g  o f  th e  m -x y len e  to  g iv e  d ip h e n y l d e r i v a t i v e s ,  th u s  

le a v in g  l e s s  m -xy lene  t o  r e a c t  w i th  m e th y l c h l o r i d e .

(6 ) P r e h n i te n e » 1 :2 ; 5 ; 4 - te tr a m e th y l-b e n z e n e  (EXXXDll)
(71) (7 2 )was p re p a re d  by  th e  J a c o b s e n ' ' r e a c t i o n  on d u re n e ,

is o d u re n e  and p e n ta m e th y l-b e n z e n e . B e s t re  s u i t s  w ere
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o b ta in e d  when a  m ix tu re  o f  d u ren e  and  i s o d u r e n e ^ ^  w as 

u s e d  w i th  60# oleum .

(7 )  A c e ty l  p r e h n i te n e  (XXXIV) was p r e p a r e d  b y  th e  

m ethod  o f  C lau s  an d  F o h l i s h ^ 4  ̂ b y  th e  F r ie d e  1 - C r a f t s  r e  

a c t i o n  o f  p r e h n i te n e  w i th  a c e ty l  c h l o r i d e . The p r o d u c t  

w as f u r t h e r  c h a r a c t e r i s e d  by  new k e to n ic  d e r i v a t i v e s .

ANTHRACENES PRODUCED IN ATTEMPTS 10 PREPARE POLYMETHYL-

B r u s o n ^ ^  ^ d e s c r ib e d  th e  c o n d e n s a t io n  o f  1 ; 4 - d i t e r t i a r y  

g ly c o l s  (CV) and  t h e i r  d e r i v a t i v e s  (CV), (C V II) and  (C V III)  

w i th  v a r io u s  a ro m a tic  h y d ro c a rb o n s  (CIX) (RjjSg,Rg = H o r  CH^) 

i n  th e  p re s e n c e  o f  alum inum  c h lo r id e  t o  y i e l d  t e t r a h y d r o -  

n a p h th a le n e s  o f  th e  ty p e  (CX) (R ^,R g,R g = H o r  CH^.)

(n4 K 0H)- CH* CH2 ' C (oh)
( c s t )
« a . CHZ . C (C 0 ( H  ^

( £ v 0 -  oH 
.CHZ . CHS . C. Kj, f | )  Ri _>»

( n 0 c  —  c r t * — c n * - c ( ( i 4  **■
^    J C * '* )\

(C  V m )

The m echanism  su g g e s te d  was t h a t  th e  a ro m a tic  f r a c t i o n
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(GDC) a l k y l a t e s  a s  u s u a l  i n  th e  p -  p o s i t i o n  t o  t h e  h y d ro x y l 

g ro u p  t o  fo rm  th e  m o n o - a lk y l- d e r iv a t iv e s  w h ich  q u ic k ly  

u n d e rg o  c y c lo - d e h y d r a t io n ,  c y c lo -d e h a lo g e n a t io n  o r  c y c lo -  

a d d i t i o n  w i th  (CV), (CVI) and  (C V II) r e s p e c t i v e l y .  The 

te t r a - h y d r o - n a p h th a le n e  d e r i v a t i v e  so  fo rm ed  may r e a c t  

f u r t h e r  w i th  one m o le cu le  o f  th e  a lk y l a t i n g  a g e n t t o  g iv e  

ch ro iao n es . The compound (CX) (R ^ ,1*2 ^ 3  = H. o r  CH^) w as 

a l s o  o x id is e d  t o  1 : 1 : 4 : 4 -  t e t r a m e th y l - a d i p i c  a c i d ,  w h ic h  

p ro v e d  t h a t  no i s o m e r i s a t io n  o r  m ig r a t io n  o f  m e th y l g ro u p s  

i n  H and  4 p o s i t i o n  h ad  o c c u r r e d .

Two p r o d u c ts  (CXI) and  (CX II) w ere fo rm ed  when ben zen e  

w as c o n d en sed  w i th  (C V I), d e p en d in g  on  th e  amount o f  a lu m in i

um c h lo r id e  u s e d .  C a ta ly t i c  am ounts f a v o u re d  th e  f o rm a t io n  

o f  (C X I), w h ile  e x c e s s

K t  H i  r f ^ / ^ e

gave (C X II) . W ith  to lu e n e  and (CVI) o n ly  th e  m o n o -a lk y l

a te d  p ro d u c t  (C X III) was i s o l a t e d .
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B o g e r t s u g g e s te d ^ ® ^  t h a t  w i th  t o lu e n e ,  a k y la t i o n  t a k e s  

p la c e  i n  th e  p -  p o s i t i o n  t o  th e  m e th y l g ro u p , fo l lo w e d  b y  

e y e lo - d e h a lo g e n a t io n  o f  th e  a lk y l  d e r i v a t i v e  so  t h a t  r i n g  

c lo s u r e  o c c u r re d  a s  rem ote  a s  p o s s ib le  from  th e  s u b s t i t u e n t  

a l r e a d y  p r e s e n t  i n  th e  a ro m a tic  f r a c t i o n .  We may s u g g e s t  

a s  an  a l t e r n a t i v e  m echanism  f o r  th e s e  ty p e s  o f  r e a c t i o n s  

t h a t  compounds (CV) and  (GVX) i n  p re s e n c e  o f  alumirfum 

c h lo r id e  lo s e  two m o le c u le s  o f  w a te r  and  h y d ro g en  c h lo r id e  

r e s p e c t i v e l y  t o  g iv e  th e  d i o l e f i n  (C V II) . The l a t t e r  th e n  

co n d en se s  w i th  th e  a ro m a tic  f r a c t i o n  t o  g iv e  th e  c o r r e s p o n d 

in g  t e t r a l i n  d e r i v a t i v e . T h is  i s  s u p p o r te d  b y  th e  e x p e r i 

m e n ta l r e s u l t s  w here i t  was fo u n d  t h a t  any o f  t h e  f o u r

a l k y l a t i n g  a g e n ts  (CV), (C V I), (C V II) and (O V III) gave th e
(75  )same c o n d e n s a t io n  p ro d u c t

A tte m p ts  w ere made t o  u se  th e s e  m ethods t o  s y n th e s i s e  

d i f f e r e n t  iso m e rs  o f  p o ly m e th y l-n a p h th a le n e s  b y  th e  d e h y d ro 

g e n a t io n  o f  th e  c o r re s p o n d in g  te t r a h y d r o n a p h th a le n e  d e r i v a t 

i v e s .  I f  th e  r e a c t i o n  fo l lo w s  th e  c o u rse  d e s c r ib e d  a b o v e , 

th e n  p -x y le n e  and p r e h n i te n e  (liX X X III)shou ld  con d en se  w i th  

2 :5 - d ic h lo r o ) ( 2 :5 - d ih y d ro x ^ - 2 :3 :4 :5 -  te t r a m e th y l-h e x a n e  

(CXIV) and  2 :5  d i c h l o r o - 2 :5 -  ~hexane (CV£) r e s p e c t i v e l y
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t o  g iv e  th e  c o n d e n s a t io n  p ro d u c ts  (GXV) and (CXVI). B o th

th e  l a s t  two c o n d e n s a te s  on se le n iu m  d e h y d ro g e n a tio n  w ou ld

g iv e  th e  same 1 ; 2 : 3 : 4 : 5 j8 -  h e x a m e th y l-n a p h th a le n e  (G X V II)as in

E n a c t io n  (1 )  and  ( 2 ) .  A lso  p r e h n i te n e  a n d s h o u l d

condense  t o  g iv e  (BX V III) and  th e  l a t t e r  may d e h y d ro g e n a te
As i n

t o  o c ta m e th y l-n a p h th a le n e  (LV ). T  R e a c t io n  ( 3 ) .
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I n  r e a c t i o n  ( 3 ) ,  b e tw ee n  0* and  1C^', i n  ab sen ce  o f  s o lv e n t

and I n  p re s e n c e  o f  a lu m iifc im -ch lo rid e , no  p ro d u c t  w as i s o l a t e d  

an d  90#  o f  th e  s t a r t i n g  m a t e r i a l  w as r e c o v e re d .  T h is  may 

be  due t o  th e  g r e a t  s t e r i c  h in d ra n c e  w h ich  w ou ld  b e  i n t r o 

duced  i f  c o n d e n s a t io n  o c c u r re d  i n  th e  1 :8  and  4 :5 -  p o s i t i o n s  

i n  th e  t e t r a l i n  d e r i v a t i v e  (G X V III).

I n  r e a c t i o n  ( 1 ) ,  b e tw een  50 and 6 0 ° , u s in g  t e t r a c h l o r o  

e th a n e  a s  a  s o lv e n t  and  i n  p re s e n c e  o f  a lum in ium  c h l o r i d e ,  

two p ro d u c ts  w ere  i s o l a t e d :  A y e llo w  o i l  (A) ( b .p .  1 4 0 ° -

1 6 0 ° /4  rams.) and  a  s o l i d  (B) ra .p . 2 4 1 ° -2 ° , t o g e t h e r  w i th  a  

c o n s id e r a b le  amount o f t a r .  (A) on se le n iu m  d e h y d ro g e n a 

t i o n  a t  3 3 0 ° , gave a  p i c r a t e  d e r i v a t i v e  m .p . 1 8 3 -5 ° , th e  

l a t t e r  on  d i s s o c i a t i o n  gave a  s o l i d  m .p . 1 2 5 -1 3 0 ° .

The compound (B) a n a ly s e d  f o r  th e  fo rm u la  o r

^18% 8* 8ave a  w in e - re d  t r i n i t r o - b e n z e n e  com plex m .p . 1 4 5 -7 °  

and  a  b ro w n -b la c k  t r i n i t r o - f l u o r e n o n e  com plex m .p . 1 6 0 -2 ° . 

Chrom ic a c id  o x id a t io n ^ 7*7  ̂ gave a  y e llo w  qu inone  m .p . 1 5 5 -8 ° .  

The a b s o r p t io n  s p e c t ru p F ig .  (1 ) shows u n m is ta k e a b ly  t h a t  

th e  compound (B) i s  an  a n th ra c e n e  d e r i v a t i v e .  A s e a r c h  

th ro u g h  th e  l i t e r a t u r e  showed t h a t  t h e r e  a r e  tw o t r im e t h y l  -  

a n th r a c e n e s  0 17H1 6 y l : 2 : 4 -  t r h a e th y l - a n th r a c e n e

MC
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(GX3X) m .p# 2 4 3 or  2 4 1 ^ ® ^ , q u in o n e , m .p . 1 6 0 -3 °  an d
(8 0 )1 :2 :3 - t r im e th y l - a n th r a c e n e  (GXX) m .p . 2 3 6 ° , q u in o n e , 

m .p . 1 5 0 ° .
( 8 1 ) , ( 8 2 ) , ( 8 3 )

Of th e  d e s c r ib e d  t e t r a m e th y l - a n th r a e e n e s

G i8% 8> ROna b a s  s i m i l a r  p r o p e r t i e s  t o  o u r  compound (B ).

T here i s  th u s  e v id e n c e  t h a t  o u r a n th ra c e n e  compound (B) i s

th e  1 : 2 : 4 -  t r im e th y l - a n th r a c e n e  m .p . 2 4 1 -2 ° , q u in o n e

m .p . 1 5 5 -8 ° .  I t s  fo rm a t io n  may be  e x p la in e d  i n  tw o w a y s :-  
1:2:3:4-

(1 )  X  T e tr a - m e th y l- a n th r a c e n e  was f i r s t  fo rm ed  by  th e  c o n 

d e n s a t io n  o f  tw o m o le c u le s  o f  p -x y le n e  w i th  one m o le c u le  

o f  t e t r a e h l o r o - e t h a n e  fo llo w e d  b y  th e  m ig r a t io n  o f  one 

m e th y l g roup  and  th e  l o s s  o f  a n o th e r  t o  g iv e  th e  1 : 2 : 4 -  

t r im e t h y l - a n t h r a c e n e .

( 2) p -x y le n e  i n  p re s e n c e  o f  a lum inium  c h lo r id e  may 

g iv e  b e n z e n e , t o lu e n e ,  1 : 2 : 3 -  a n d H 2 :4 ^ tr im e th y l-b e n z e n e .

Two m o les  o f  th e s e  p r o d u c ts  may condense  w i th  one m o le c u le  

o f  t e t r a c h l o r o e t h a n e  t o  g iv e  th e  above p ro d u c t  (GXIX).

The c o n s id e r a b le  amount o f  p o ly m e r is e d  m a t e r i a l  w as 

m a in ly  p ro d u c e d  from  (GV) and  (CTtDas th e y  q u ic k ly  d e h y d ra te  

o r  d e h a lo g e n a te  t o  g iv e  d i o l e f i n  d e r i v a t i v e s  w h ic h  p o ly m e r is e  

u n d e r  su c h  fa v o u ra b le  r e a c t i o n  c o n d i t i o n s .

I n  r e a c t i o n  ( 2 ) ,  s i m i l a r  r e a c t i o n  c o n d i t io n s  t o  th o s e  

d e s c r ib e d  f o r  r e a c t i o n  (1 )  w ere u s e d .  A g a in  tw o p r o d u c ts  

w ere  i s o l a t e d : -  an  o i l  (C) ( b .p .  150-170°^4fflraa.) and  a  

s o l i d  (D) y e llo w  l e a f l e t s  m .p . 2 3 6 -7 °  t o g e t h e r  w i th  a
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c o n s id e r a b le  amount o f  t a r *

The compound (C ) on d e h y d ro g e n a tio n  gave  a  p ro d u c t  

m .p . 1 2 5 -8 ° , p i c r a t e  d e r i v a t i v e  m *p. 1 8 3 ° .

B o th  d e h y d ro g e n a tio n  p r o d u c ts  o f  compounds (A) and  (C) 

w ere fo u n d  t o  be  i d e n t i c a l*  The m ixed  m e l t in g  p o i n t s  o f  

th e s e  d e h y d ro g e n a tio n  p ro d u c ts  an d  p i c r a t e  d e r i v a t i v e s  

w ere n o t  d e p re sse d *  B o th  have i d e n t i c a l  a b s o r p t io n  

s p e c t r a  and  a re  s i m i l a r  t o  th o s e  o f  p o ly m e th y l-n a p h th a le n e  •

Maxima M inim a

A lo g  e A lo g  e A lo g  e

A b s o rp tio n
S pec trum  2360 4 .9501  2960 3 .8 1  2570 3 .3 1

We may s u g g e s t  t h a t  i n  b o th  r e a c t i o n s  (1 ) an d  ( 2 ) ,  th e  

c o n d e n s a t io n  p a r t l y  p ro c e e d e d  v i a  th e  in te r m e d ia te  o i l y  

t e t r a l i n  d e r i v a t i v e s  (CXV) and  (C X 7I). T hese s u b s ta n c e s  

on d e h y d ro g e n a tio n  gave th e  same 1 : 2 : 3 : 4 : 5 : 8 -  h e x a m e th y l-  

n a p h th a le n e  (C X V II). S in c e  o n ly  m in u te  am ounts o f  th e  

d e h y d ro g e n a tio n  p ro d u c ts  o f  (A) and  (C) w ere a v a i l a b l e  no 

f u r t h e r  w ork  was done on th em .

The m ixed  m e l t in g  p o in t  o f  cosapounds(l>) and(B )w as d e 

p r e s s e d  b y  40G0 • S u b stan ce( D), s i m i l a r  t o  a n th ra c e n e  and  

I t s  d e r i v a t i v e s ,  h ad  a  b lu e  f i lo re sc e n c e  i n  b e n z e n e . I t  

fo rm ed  a  w in e - r e d  t r i n i t r o - b e n z e n e  com plex m .p . 1 6 2 -4 °  and  

a  brow n b l a c k  t r i n i t r o  f lu o re n o n e  com plex m .p . 1 8 2 -3 ° . The
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sp e c tru m  F i g .  (2 ) shows th e  compound (D) i s  an  a n th ra c e n e  

d e r i v a t i v e  •

T h is  compound i s  n o t  1 : 2 : 3 : 4 : 5 : 6 : 7 : 8 -  

o c ta n e th y l - a n th r a c e n e  (CXXI) 

fo rm ed  by  th e  c o n d e n s a t io n  o f  2 

m o le c u le s  o f  p r e h n i te n e  w i th  one 

m o le cu le  o f  t e t r a c h lo r o e th a n e  a s  

(EXXI) h a d  m .p . 2 9 2 ° .

We c a n n o t s a y  t h a t  su b s ta n c e  (D) i s  1 : 2 : 3 -  t r im e th y l  -  

a n th ra c e n e ^  . p . 236° a s  t h i s  r e q u i r e s  f u r t h e r  e v id e n c e .  

The i s o l a t i o n  o f  compound (D) i n  a  m in u te  q u a n t i t y  made 

f u r t h e r  i n v e s t i g a t i o n  Im p o s s ib le .  2 :5 - © ic h lo r o -  2 : 5 - d i -  

m e th y l-h e x a n e  (C V l)and 2 :5  d ih y d ro x y -  2 : 3 : 4 : 5 -  t e t r a m e th y l -  

hexane (GXIV) w ere p r e p a re d  by  th e  m ethod  o f  H a r r is  and
/gc  \

W e il;  ;b y  a  d o u b le  G -rignard r e a c t i o n  on s u c c in ic  a n d p( • -

d im e th y l - s u c c in ic  e s t e r s  r e s p e c t i v e l y  f o l lo w e d  b y  t r e a tm e n t  

w i th  h y d ro g en  c h lo r id e  t o  r e p la c e  th e  h y d ro x y l g ro u p s  b y  

c h lo r in e  atom s * i n  ( CV).

THE QBE STEP SYNTHESIS OF POLlMTHHi-MPHTHALBIiiBS
(15)S i s id o  and  Hozafci, r e c e n t l y  r e p o r t  th e  F r i e d e l -  

G r a f ts  r e a c t i o n  o f  3 :4 - d ie h lo ro -3 :4 -d im e th y l -h e x a n e  (XXIV) 

w ith  b e n z e n e . The m ain  c o n d e n sa te  was an  o i l ,  (XLV).

n e
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flie  l a t t e r  on  d e h y d ro g e n a tio n  w ith  se le n iu m  gave 1 : 2 : 3 : 4 -  

te t r a m e th y l - n a p h th a le n e  (XV). T h is  r e a c t i o n ,  to g e th e r  

w i th  th e  o x id a t io n  o f  (XLV) t o  p h t h a l i e  a c i d ,  p ro v e d  t h a t  

(XLV) w a s , 1 : 2 : 3 i4 -  t e t r a h y d r o -  1 : 2 : 3 : 4 -  t e t r a m e th y l -  

n a p h th a le n e .

A s m a ll  amount o f  a  h ig h  m e l t in g  c o n d e n sa te  w as i s o l 

a t e d ,  w h ich  may have b e e n  o b ta in e d  th ro u g h  f u r t h e r  a l k y l a -  

t i o n  o f  (XLV).

I n  o u r  w ork h e re  we in v e s t i g a t e d  tw o c o n d e n s a t io n s : -

(A) The c o n d e n s a t io n  o f  (XLIV) w i th  o - x y le n e .

(B) The c o n d e n s a t io n  o f  (XLIV) w i th  p r e h n i t e n e .  

R e a c tio n  (A) was c a r r i e d  a t  40° i n  ab sen ce  o f  s o lv e n t*  

A lum inium  c h lo r id e  was u se d  a s  c a t a l y s t .  0 -X y lene  w as 

p r e s e n t  i n  e x c e s s  t o  a v o id  d i a l k y l a t i o n .  The o i l y  c o n d en - 

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

f r a c t i o n s .
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W hile th e  f i r s t  and  seco n d  f r a c t i o n s  w ere o b ta in e d  a s  im

p u re  l i q u i d s ,  th e  t h i r d  f r a c t i o n  was a  s o l i d  (^ g H g ^ )  

m .p , 1 4 5 ° . T h is  s o l i d  was fo u n d  t o  be  an  a ro m a tic  h y d ro 

c a rb o n  g iv in g  a  p i c r a t e  d e r i v a t i v e  m .p . 1 9 0 ° . I t  was 

i d e n t i c a l  w i th  1 : 2 : 3 : 4 : 6 : 7 -  h e x a m e th y l-n a p h th a le n e  (LX V II) 

p re p a re d  b y  a n o th e r  m ethod p .  (3 2 ) .

The fo rm a t io n  o f  (LXVII) may be  e x p la in e d  b y  th e  p o s s l  

b i l i t y  t h a t  th e  a lk y l a t i n g  a g e n t (XLIV) i n  p re s e n c e  o f  

a lum inium  c h lo r id e  l o s t  two m o le c u le s  o f  h y d ro g en  c h lo r id e  

t o  g iv e  th e  d i o l e f i n  (SSXXII). The l a t t e r  th e n  co n d en sed  

w i th  o -x y le n e  by  a d d i t i o n  to  g iv e  th e  t e t r a l i n  d e r i v a t i v e  

(CX X III) w h ich  s im u lta n e o u s ly  d e h y d ro g e n a te d  t o  ( IX V II) .

A f t e r  se len iu m  de h y d ro g e n a tio n , th e  f i r s t  f r a c t i o n  gave
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o n ly  a  f a i n t  c o lo u r  w i th  p i c r i c  a c id  and  no d e r i v a t i v e  

w as i s o l a t e d .

The de h y d ro g e n a tio n  o f  t h e  second  f r a c t i o n  gave  a  s m a ll  

amount o f  b r i c k  c o lo u re d  n e e d le s  o f  2 : 4 : 7 - t r i n i t r o - f l u o r e n o n e  

com plex . D i s s o c i a t i o n  gave a  s o l i d  m .p . 1 3 5 -1 3 7 °  i d e n t i c a l  

w i th  th e  c o r re s p o n d in g  1 : 2 : 3 : 4 : 5 : 7 -  h e x a m e th y l-n a p h th a le n e  

(LXIX). T h is  r e a c t i o n  may he  e x p la in e d  by  a ssu m in g  th e  

i s o m e r i s a t i o n  o f  o -x y le n e  i n  p re s e n c e  o f  a lum in ium  c h lo r id e  

t o  p -  and  m -x y len e  fo llo w e d  b y  th e  c o n d e n s a t io n  o f  th e  

' l a t t e r  w i th  (XLV) t o  g iv e  l : 2 : 3 : 4 - t e t r a h y d r o -  1 : 3 : 5 : 6 : 7 : 8 -  

te t r s m e th y l - n a p h th e n e . T h is  d e h y d ro g e n a te d  t o  (LXIX).

R e a c t io n  (B) was i n t e r e s t i n g .  I n  one r u n  a t  40°, c . ,  

a  s l i g h t  e x c e s s  o f  (XLIV) w as u s e d .  The o i l y  c o n d e n sa te  

o b ta in e d

gave no  p i c r a t e . I t  was d e h y d ro g e n a te d  w i th  s e le n iu m

r M c
: -r f£

(LX*)  ye  (L-XVI)

and th e  p r o d u c t  was c a r e f u l l y  f r a c t i o n a t e d .  F o u r f r a c t i o n s  

w ere c o l l e c t e d .
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From th e  f i r s t  f r a c t i o n  no p i c r a t e  c o u ld  be o b ta in e d *  

The se co n d  fo rm ed  a  r e d  p i c r a t e  m .p . 1 9 0 ° . The l a t t e r  on 

d i s s o c i a t i o n  gave a  h y d ro c a rb o n  m .p . 145° and  w as i d e n t i f i e d  

a s  h e x a m e th y l-n a p h th a le n e  (LXVII}. The t h i r d

f r a c t i o n  gave a  d a rk  brow n 2 : 4 : 7 -  t r i n i t r o f l u o r e n o n e  com

p le x  m .p . 2 1 0 ° -2 1 2 ° . D i s s o c i a t i o n  gave a  h y d ro c a rb o n  

m .p . 1 3 2 -4 °  i d e n t i c a l  w i th  1 : 2 : 3 : 4 : 5 : 6 : 7 -  h e p ts m e th y l-  

n a p h th a le n e  (LXVI) p re p a re d  b y  a n o th e r  m ethod  d e s c r ib e d  on 

page  ( 3 1 ) .  The f o u r t h  f r a c t i o n  gave a  b la c k  p i c r a t e  from  

w h ic h  a  v e ry  sm a ll  amount o f  a  h y d ro c a rb o n  m .p . 1 7 0 -3 °  w as 

o b ta in e d .  I t  w as i d e n t i f i e d  a s  o c ta m e th y l-n a p h th a le n e  

p r e p a re d  b y  a n o th e r  m ethod p .  ( 31 ). I d e n t i t y  o f  th e s e  

p o ly m e th y l-n a p h th a le n e  was f u l l y  c o n firm e d  b y  m ixed  m e l t in g  

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

a b s o r p t io n  s p e c t r a .  The p ro p o se d  c o u rse  o f  

®gffi&h$itene a| i di £ &  be lo w .

( a )  P re h n i te n e  i n  p re s e n c e  o f  a lum in ium  c h lo r id e  i s  

l i a b l e  t o  l o s e  m e th y l-g ro u p s  t o  g iv e  lo w e r m e th y la te d  b e n 

z e n e s .

(b ) The h ig h  te m p e ra tu re  r e q u i r e d  i n  th e  s e le n iu m  d e 

h y d ro g e n a tio n  may r e s u l t  i n  th e  l o s s  o f  th e  s t r a i n e d  m e th y l 

g ro u p s  i n  th e  1 : 8 -  and  4 :5 -  p o s i t i o n s .

( c )  The c o n d e n s a t io n  p ro d u c t  m ig h t have  l o s t  one o r  tw o 

m e th y l g ro u p s  t o  f a c i l i t a t e  c o n d e n s a t io n .

(d ) The g r e a t  s t e r i e  h in d ra n c e  i n  1 :8  and  4 :5  p o s i t i o n s



may c a u se  th e  l o s s  o f  some o f  th e s e  m e th y l g ro u p s  t o  g iv e  

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

A ga in  t h e  h y d ro c a rb o n s  i s o l a t e d  a r e  a  v e ry  m in u te  

f r a c t i o n  o f  th e  b u lk  o f  th e  c o n d e n sa te  and t h i s  may i n v a l i 

d a te  t h i s  I n t e r p r e t a t i o n .

The c o n d e n s a t io n  o f  p r e h n i te n e  and  (XLIV) w as r e p e a t e d  

a t  65° C . f o r  se v e n  h o u rs  and  w as th e n  l e f t  o v e rn ig h t  a t  

3 5 -4 0 ° . F r a c t i o n a t i o n  o f  th e  o i l y  p ro d u c t  fo l lo w e d  b y  

a t te m p te d  i s o l a t i o n  o f  d e r i v a t i v e s  showed t h a t : -  W ith  th e  

f i r s t  f r a c t i o n  a l th o u g h  no d e r i v a t i v e  c o u ld  be i s o l a t e d  i t  

gave a  deep  r e d  c o lo u r  w i th  p i c r i c  a c i d .  The se c o n d  f r a c 

t i o n  gave a  2 : 4 : 7 - t r i n i t r o f l u o r e n e  d e r i v a t i v e  from  w h ich  a  

h y d ro c a rb o n  m.p* 1 3 2 -4 °  w as o b ta in e d .  The l a t t e r  w as 

i d e n t i f i e d  a s  1 : 2 : 3 : 4 : 5 : 6 : 7 -  h e p ta m e th y l-n a p h th a le n e  (IX V I).

The t h i r d  f r a c t i o n  gave a  b la c k  p i c r a t e  d e r i v a t i v e  w h ic h  

was d i s s o c i a t e d  t o  a  s o l i d  m .p . 1 7 3 -4 °  and  w as i d e n t i f i e d  

a s  o c ta m e th y l-n a p h th a le n e  (LXV) .  The f o u r t h  f r a c t i o n  w h ic h  

w as th e  m ain  p ro d u c t  w as o b ta in e d  a s  a  y e llo w  s o l i d .  T h is  

gave a  d eep  b lu e  f lu o r e s c e n c e  i n  b e n ze n e  s o l u t i o n .  I t  w as 

in s o lu b le  i n  l i g r o i n ,  m e th y l and  e th y l  a l c o h o l ,  s o lu b le  i n  

h o t  b e n z e n e . The com pounds, G20^22 m ,P* 2 3 6 -7 °  g iv e s  a  

b l a c k  p i c r a t e  m .p . 2 1 4 ° , a  g r e e n i s h  b l a c k  t r i n i t r o f l u o r e n o n e  

com plex m .p . 2 2 8 -9 °  and  a  w in e - r e d  t r i n i t r o b e n z e n e  com plex 

m .p . 2 2 4 ° . The a b s o r p t io n  sp ec tru m  F i g .  (3 )  r e s e m b le s  th o s e  

o f  a n th ra c e n e  d e r i v a t i v e s .  Chrom ic a c id  (*?*?) o x id a t io n  o f  th e
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compound gave a  y e llo w  s o l i d  ^20^20^2* ®hls 

showed t h a t  t h e r e  was no l o s s  o f  c a rb o n  a to m s. T h is  t o 

g e th e r  w i th  th e  a n a l y t i c a l  f i g u r e s  shows t h a t  th e  p ro d u c t  

o b ta in e d  i n  th e  f o u r t h  f r a c t i o n  was a  h e x a m e th y l-a n th ra c e n e  

w i th  b o th  th e  9~and 1 0 - p o s i t io n s  v a c a n t .  A l a r g e  num ber 

o f  is o m e r ic  h e x a m e th y l-a n th ra c e n e s  a r e  p o s s ib l e  and  o u r 

compound c o u ld  n o t  be  i d e n t i f i e d  a s  any  o f  th e  p r e v io u s ly  

d e s c r ib e d  h ex am eth y l a n th r a c e n e s .
(8 6 )5 :4  h i c h l o r o - 3 : 4 -  d im e th y l-h e x a n e  (XLIV) w as p r e 

p a re d  b y  th e  r e d u c t io n  o f  m e th y l - e th y l  k e to n e  u s in g  

s i m i l a r  p ro c e d u re  t o  t h a t  d e s c r ib e d  f o r  p in a c o le  h y d r a t e , 

fo l lo w e d  b y  s a t u r a t i o n  w i th  h y d ro g en  c h lo r i d e .

ABSORPTION SPECTRA OF METHZL-HAPHTHALEHES

The a b s o r p t io n  s p e c t r a  o f  s i x  p o ly m e th y l-n a p h th a le n e s

w ere i n v e s t i g a t e d  and th e  c u rv e s  a re  shown i n  F i g s .  41-19.
(8 9 )The r e s u l t s  a re  a l s o  com pared b o th  w i th  th o s e  o f  M o rto n ,

G a v a t^ ® ^  and  M a y n eo rd ^ * ^  f o r  n a p h th a le n e ,  m ono-, d i -  and
(6 )t r l - s u b s t i t u t e d  n a p h th a le n e s  and w i th  th o s e  o f  R u z ic k a  f o r  

th e  h ig h e r  s u b s t i t u t e d  p r o d u c t s .

I n  F i g s .  a re  shown th e  a b s o r p t io n  s p e c t r a  c u rv e s

o f  d i f f e r e n t  p o ly m e th y l-n a p h th a le n e s  t o  g iv e  a  c l e a r  p i c t u r e
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o f  tli© v a r i a t i o n  i n  th e s e  c u rv e s  w i th  th e  d i f f e r e n t l y  su b 

s t i t u t e d  p o ly m e th y l -n a p h th a le n e  s .

TableDlI show s o n ly  th e  m ain  tw o maxima and  a  minimum 

f o r  n a p h th a le n e  t o  o c ta m e th y l-n a p h th a le n e .

The in t r o d u c t i o n  o f  a lk y l  g ro u p s  i n t o  th e  n a p h th a le n e  

n u c le u s  o n ly  r e l a t i v e l y  p ro d u c e s  s l i g h t  ch an g e s  i n  th e  a b 

s o r p t i o n  s p e c t r a  c u r v e s .  The d e g re e  o f  r e s o l u t i o n  i n  th e  

m id d le  p a r t  o f  th e  sp ec tru m  d i f f e r s  from  d e r i v a t i v e  t o  

d e r i v a t i v e ,  and  th e r e  i s  no o b se rv e d  r e g u l a r i t y .

A l l  compounds s tu d i e d  b y  u s ,  s i m i l a r  t o  d e s c r ib e d  

a lk y l - n a p h th a le n e s  showed th r e e  r e g io n s  o f  a b s o r p t io n

(a )  (3250-2950A 0 ) low  lo g  e v a lu e s .

(b )  (2500-2950A 0 ) M oderate  lo g  e v a lu e s .

(c )  (below  2500A °) H igh lo g  e v a lu e s .

I n  th e  m o n o - s u b s t i tu te d  compounds th e  o n ly  s i g n i f i c a n t  

d i f f e r e n c e  i s  t h a t  A m ax. p e a k  B . f o r  1 -m e th y l-n a p h th a le n e  

i s  in c r e a s e d  fro m  2755 t o  2810A°.

I n  th e  d i - s u b s t i t u t e d  p r o d u c t s ,  \  m ax. a re  a p p ro x i

m a te ly  th e  sam e, b u t  lo g  e i s  s l i g h t l y  lo w e r .

I n  th e  t r i - s u b s t i t u t e d  n a p h th a le n e s  t h e r e  i s  a n  in c r e a s e  

i n  X m ax. f o r  p e a k  A f o r  b o th  th e  1 : 3 : 5 -  and  th e  1 : 3 : 8 -  t r i 

m e th y l com pounds, b u t  f o r  2 : 3 : 5 -  t r im e th y l - n a p h th a le n e  /A m ax. 

p e ak  A r e v e r t s  t o  a  v a lu e  b e tw een  t h a t  f o r  n a p h th a le n e  and 

th o s e  f o r  th e  fo rm e r  com pounds.

I n  th e  d i f f e r e n t  iso m ers  o f  t e t r a m e th y l - n a p h th a le n e s
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A m ax. p e a k  B . i n c r e a s e s  from  2755 t o  2820A° f o r  1 : 2 : 3 : 4 -  

te tra m e  th y l - n a p h th a le n e  and  t o  29O0A0 f o r  1 : 2 : 6 : 8 -  t e t r a -  

m e th y l-n a p h th a le n e . I n  th e  1 : 2 : 3 : 4 : 6 -  p e n ta  me t h y l  -

n a p h th a le n e s  A m ax. f o r  p e a k  A was s t i l l  h ig h e r  th a n  th o s e  

f o r  t h e  t r i - s u h s t i t u t e d  p r o d u c t ,  h u t  A m ax. f o r  p e a k  (B) 

i s  th e  same. &r B .  On th e  o th e r  h an d , A m ax. f o r  p e a k  B i n 

c r e a s e d  from  2850 t o  2980° and  3020A0 f o r  1 : 2 ; 4 : 6 : 8 -  a n d  

1 : 2 : 4 : 5 : 8 -  p e n t  ame th y l- n a p h th a le n e s  r e s p e c t i v e l y ,  lo g  e 

h e in g  n e a r ly  c o n s ta n t  ( 3 .7 0 - 3 .8 0 ) .

I n  th e  h e x a m e th y l-n a p h th a le n e s  A m ax. f o r  p e a k  A i n 

c re a s e d  from  2210A° f o r  n a p h th a le n e  t o  2440A0 i n  1 : 2 : 3 : 4 : 5 : 6 -  

hexame th y l - n a p h th a l e n e , lo g  e = 4 .8 6 .  A m ax. f o r  p e a k  B 

i s  n e a r ly  th e  same a s  th o s e  o f  t e t r a -  and  p e n ta m e th y l-  

n a p h th a le n e  •

I n  h e p ta  me th y l - n a p h th a le n e  A m ax. p e a k  A was 2420A° 

h u t  lo g  e w as s l i g h t l y  lo w e r  th a n  th e  c o r re s p o n d in g  v a lu e s  

f o r  p o ly m e th y l-n a p h th a le n e  s .  A gain  A m ax. f o r  p e a k  B

in c r e a s e d  t o  3020A °.
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TABLE I  I

Peak  (A)
Maxima M inima

Peak (B)
Compound lo g  e lo g  e lo g  e

la p h th a le n e
1-M ethyl-
2-M ethyl-

2210
2205
2208

5 .1 8
4*98
4 .9 8

2755
2810
2750

3 .9
3 .7 1
3 .7 1

2565
2705
2660

3 .7 0
3 .6 9
3 .6 8

2 :6 -  Dime t h y l  -  
2 :7 -  Dime t h y l - - -

2725
2750

3 .6 8
3 .6 0 - -

1 :4 :6 -  T r im e th y l-  
1 :3 :5 -  T r im e th y l-  
1 :3 :8 -  T r im e th y l-  
2 :3 :5 -  T r im e th y l-

2315
2315
2253

5 .3 0
5 .1 2
5 .0 6

2980
2890
2850
2838

3 .8 1  
3 .9 7  
3 .8 3  
3 .8 9

2520
2772
2775
2648

3 .0 5
3 .8 6
3 .7 9
3 .7 3

1 :2 :3 :4 -  T e tra m e th y l-  
1 :2 :3 :5 -  T e tra m e th y l-  
1 :2 :6 :8 -  T e tra m e th y l-

2260 4 .9 0 2820
2920
2900

3 .8 5
3 .7 5
3 .7 0

2580
2560
2500

3 .0 0
3 .0 0  
3 .2 1

1 :2 :4 :5 :8 -  P e n ta m e th y l-  
1 :2 :4 :6 :8 -  P e n ta m e th y l-  
1 :2 s 3 :4 :6 -  P e n ta m e th y l- 2360 4 .867

3620
2980
2880

3 .8 3
3 .8 0
3 .6 9

260
2670
2540

3 .2
3 .1 5
3 .2 0

1 :2 :3 :4 :5 :  7 -Hexame t h y l  -  
1 :2 :3 : 4 : 6 : 7 -Hexame t h y l  -  
1 : 2 :3 : 4 :5:6-H Sexam ethyl-

2380
2360
2440

4 .8 2
5 .1 3
4 .8 6

2980
2940
2980

3 .8 5
3 .7 3
3 .8 7

2570
2560
2600

3 .1 4
3 .2 4
3 .1 9

1 : 2 :3 : 4 : 5 : 6 :7 -H e p ta -  
m e th y l 2420 4 .7 4 3020 3 .7 0 2630 3 .3 0

Oc ta m e th y l- 2540 4 .7 3080 3 .7 0 2740 3 .3 1

I n  © c ta m e th y l-n a p h th a le n e A m ax. f o r  p eak  B i s  a t a

r a t h e r  h ig h  wave l e n g th  2540A( I n  th e  m id d le  p a r t  o f  th e

sp e c tru m  th e r e  a re  two maxima a t  wave l e n g th s  2920A0 lo g  e -  

3 .5 6  and  3080A° lo g  e = 3 .7 2 ) .
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THE BEACTIOff OP MALBIC ANHYDRIDE WITH POLYMETHYL-NAPHTHALESES

c o n ta in in g  d o u b le  o r  t r i p l e  b o n d s , u s u a l ly  a c t i v a t e d  b y  o th e r

Among th e  s u b s ta n c e s  t h a t  have b e e n  em ployed m o st f r e 

q u e n t ly  a s  d ie n o p h i le s  a re  m a le ic  a n h y d rid e  and  o th e r  c l o s e l y  

r e l a t e d  d ic a r b o x y l ic  a c i d  d e r i v a t i v e s .

The a d d u c t fo rm ed  i n  th e  D ie ls - A ld e r  r e a c t i o n  may i n 

v o lv e  t r a n s f e r  o f  e l e c t r o n s  from  th e  d ie n e  t o  th e  d ie n o p h i le  

t o  fo rm  a n  a d d u c t com plex , so  fo rm ed , a s  t o  h o ld  th e  maximum 

a t t r a c t i v e  f o r c e s 9 . T h is  i s  fo llo w e d  b y  s t a b i l i z a 

t i o n  o f  th e  io n ic  com plex t o  a  s t a b l e  a d d u c t .  T h is  m echan

ism  i s  s u p p o r te d  b y  su c h  f e a t u r e s  o b se rv e d  i n  th e  r e a c t i o n  

a s  c o lo u r  change and th e  i s o l a t i o n  o f  io n ic  com pounds.

The n a tu r e  o f  th e  s o lv e n t  and  i t s  e f f e c t  on th e  i o n ic

d is c o v e r e d  t h a t  com pounds

c e n t r e s  o f  u n s a t u r a t i o n  i n  th e  : /£ - p o s i t i o n ,  add  t o  th e

1 : 4 -  p o s i t i o n s  o f  a  c o n ju g a te d  s y s te m , e . g .

C

0
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compounds i s o l a t e d  i n  th e  h e t e r o c y c l i c  a d d i t i o n s  and th e  

e f f e c t  o f  c a t a l y s t  may g iv e  some i n d i c a t i o n  o f  i o n ic  m echan

ism .

B u ta d ie n e  r e a c t s  q u ic k ly  w i th  m a le ic  a n h y d rid e  t o  g iv e  

a  q u a n t i t a t i v e  y i e l d  o f  c i s -  1 : 2 : 3 : 6 -  t e t r a - h y d r o p h t h a l i e

However a  t r u e  d ie n e  i s  n o t  e s s e n t i a l ,  f o r  one o f  th e  

d o u b le  b o n d s may be an  a ro m a tic  d o u b le  bond  c o n ju g a te d  w i th  

an  e th y l e n i e  l i n k a g e .  Thus e x t r a n u c l e a r  u n s a t u r a t i o n  i n  

c o n ju g a t io n  w i th  th e  n a p h th a le n e  o r  p h e n a n th re n e  n u c le u s  

p ro d u c e s  a  d ie n e  sy s tem  w h ich  i s  r e a c t i v e  to w a rd s  m a le ic  

a n h y d r id e .

I n  b o i l i n g  to lu e n e  o r  x y le n e  f o r  e x am p le , m a le ic  a n h y d rid e  

r e a c t s  w i th  1 -  v in y ln a p h th a le n e  (CXXIV) t o  y i e l d  a  1 : 2 :3 : 1 1 -

a n h y d rid e  (CXXII) ( 9 2 ) , ( 9 6 ) , ( 9 7 )

//
£[J

£

(PXXIl)

o

p

o



t e  trah ydro-ph en anth rene d er iv a tiv ©  (CXXYj #( 9 8 ) > ( 9 9 )

A ls o , b o th  d o u b le  bonds o f  th e  d ie n e  may forna p a r t  o f  

an  a ro m a tic  r i n g .  The c e n t r a l  r i n g  o f  th e  a n th ra c e n e  n u c le u s  

c o n ta in s  a  c h a r a c t e r i s t i c  d ie n e  sy stem  and m a le ic  a n h y d rid e  

a d d s  t o

a n th ra c e n e  t o  g iv e  9 :1 0 ~ d ih y d ro a jn th ra c e n e -  9:10-^ e n d o -

a b ly  th e  a b s o r p t io n  sp e c tru m  o f  a  s im p le  benzene  d e r i v a t i v e .

A n th rac en e  d e r i v a t i v e s  d i f f e r  w id e ly  i n  t h e i r  r a t e  o f  

r e a c t i o n  w i th  m a le ic  a n h y d r id e . W hile  a lk y l  g ro u p s  i n  th e  

m e s o p o s i t io n  f a c i l i t a t e  a d d i t i o n ,  p h e n y l g ro u p s  r e t a r d  th e  

r e a c t i o n .  Thus 9 -  m e th y l-a n th ra c e n e  r e a c t s  more q u ic k ly  

th a n  a n th r a c e n e ,  and  th e  9 :1 0  d im e th y l- a n th ra c e n e  r e a c t s  

r a p id ly  a t  room te m p e r a tu re .  On th e  o th e r  h a n d , 9 -p h e n y l -  

a n th ra e e n e  r e a c t s  much more s lo w ly  th a n  a n th ra c e n e  and  th e  

r e a c t i o n  b e tw e e n  e q u im o le c u la r  q u a n t i t i e s  o f  m a le ic  a n h y d rid e  

and 9 :1 0 -d ip h e n y l  a n th ra c e n e  i s  in c o m p le te  e v en  a f t e r  r e -  

f l u x in g  f o r  many d a y s .

The r e a c t i o n  o f  m a le ic  a n h y d rid e  w i th  p o ly c y c l i c  a ro m a tic  

h y d ro c a rb o n s  i s  r e v e r s i b l e . ) I d e n t i c a l  e q u i l ib r iu m  m ix tu re

s u c c in ic  a n h y d rid e  (CXXVJ) The l a t t e r  showed u n m is ta k e
(101)
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o f  h y d ro c a rb o n , m a le ic  a n h y d rid e  and a d d u c t a re  o b ta in e d  b y  

h e a t in g  x y le n e  s o l u t io n s  o f  e i t h e r  a d d u c t o r  e q u im o le c u la r  

am ounts o f  th e  com ponen ts.

M am eli and P a n e t t o ^ ^ 3  ̂ r e p o r t e d  t h a t  no a d d u c t p ro d u c t  

i s  fo rm ed  when n a p h th a le n e  i s  h e a te d  w i th  m a le ic  a n h y d r id e . 

However, E L o e t z e l ^ ^  r e c e n t l y  i s o l a t e d  1 % a d d u c t p r o d u c t  

u s in g  e x c e s s  o f  m a le ic  a n h y d r id e . He a l s o  fo u n d  t h a t  w i th  

th e  i n t r o d u c t i o n  o f  m e th y l g ro u p s i n  th e  n a p h th a le n e  n u c le u s ,  

( c f . th e  e f f e c t  o f  th e  m e th y l g ro u p s  i n  th e  m e s o - p o s i t io n  i n  

a m th ra c e n e ) th e  r a t e  o f  th e  r e a c t i o n  r a p i d l y  in c r e a s e d  w i th  

s u c c e s s iv e  m e th y l g ro u p s  t o  r e a c h  a  maximum i n  1 : 2 : 3 : 4 -  t e t r a -  

m e th y l-n a p h th a le n e .

iAC

{ p f t {cxxvn)
W ith  l : 2 : 3 : 4 - t e t r s m e t h y l - n a p h t h a l e n e  (XV) and  a  t h i r t y  

f o l d  m o la r  e x c e s s  o f  m a le ic  a n h y d r id e , E lo e tz e l  o b ta in e d  a  

90# y i e l d  o f  th e  a d d u c t 1 : 2 : 3 : 4 -  t e t r a m e th y l -  l : 4 - d i h y d r o -  

l:4 -e n d o -c ? (  s u c c in ic  a n h y d rid e  (GXXVII)^1 0  ̂ Prom 

K l o e t z e l ’ s  w ork one can  make th e  fo l lo w in g  c o n c lu s io n s

(a )  Maximum y i e l d  o f  ad d u c t i s  o b ta in e d  when m a le ic  

a n h y d rid e  i s  p r e s e n t  i n  l a r g e  e x c e s s ,  i * e .  th e  e q u i l ib r iu m  

i s  s h i f t e d  to w a rd s  a d d u c t f o r m a t io n .
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(b ) H ig h e r r e a c t i o n  te m p e ra tu re  f a v o u r s  d i s s o c i a t i o n .

(c )  M ono-/#  s u b s t i t u t i o n  f a v o u r s  th e  r e a c t i o n  more th a n  

mono- o i  - s u b s t i t u t i o n ;  the /4*  -m ethy l-com pounds a re  n e a r l y  

a s  a c t iv e  a s  1 :4 - d im e th y l - n a p h th a le n e .

(d ) 1 : 2 : 3 : 4 -  T e tr a -m e th y l-n a p h th a le n e  show s th e  m o st 

r a p id  and  f a v o u ra b le  e q u i l ib r iu m .

(e )  E th y l - g r o u p s ,  th o u g h  l a r g e r  th a n  m e th y l-g r o u p s , a c t 

iv a t e  th e  n u c le u s  more th a n  th e  l a t t e r .

I t  a p p e a re d  o f  some s ig n i f i c a n c e  t o  d e te rm in e  w h e th e r  

more m e th y l g ro u p s  i n  th e  n a p h th a le n e  n u c le u s  w ould  o r  w ou ld  

n o t  p rom ote  s i m i l a r  r e a c t i o n s  w i th  m a le ic  a n h y d r id e , and  

th e n  t o  c o r r e l a t e  th e  d ie n o id  a c t i v i t y  o f  th e  n a p h th a le n e  

n u c le u s  w i th  th e  e x te n t  and p o s i t i o n  o f  su c h  s u b s t i t u e n t s .

The r e a c t i o n  o f  m a le ic  a n h y d rid e  w i th  a  p e n t  a  m e th y l - ,  

two h e x a m e th y l- ,  a  h e p ta  m e th y l-  and  an  o c ta  m e th y l - n a p h th a l 

ene w as t h e r e f o r e  i n v e s t i g a t e d .  T h is  w ork w as l i m i t e d  t o  

seme e x te n t  by  th e  sm a ll  am ounts o f  th e s e  p o ly m e th y l- n a p h th a l 

e n e s  a v a i l a b l e .  T h e ir  s y n th e s i s  d e s c r ib e d  on p .27  w as i n  

p r o g r e s s  when E L o e tz e l ’ s  w ork  w as p u b l i s h e d .



( L t X t f U l )

p e n tsm e th y l-M  

H exam ethyl-H  

H exam ethyl-N  

H ep tam ethy l-N  

O ctsm ethy l-H

5 .7 .8  = H; 6 = Me 

5 ,6  » Me; 7 ,8  = H

5 .8  = H; 6 ,7  = Me

5 .6 .7  = Me; 8 s  H

5 .6 .7  and  8 = Mfe.

(LXX) 

(LXVIIX) 

(LXVII) 

(LXVI) 

(L3CV)

The r e a c t  ion" o f  p o ly m e th y l-n a p h th a le n e  s  (GXXVIII) w i th  

m a le ic  a n h y d rid e  g iv e  a d d u c t (CXX33C).

The T a b le  fcXlh}/ shows th e  e x te n t  t o  w h ich  e a c h  h y d ro 

c a rb o n  r e a c t e d  w i th  m a le ic  a n h y d r id e . A t h i r t y - f o l d  m o la r  

e x c e s s  o f  m a le ic  a n h y d rid e  w as u se d  i n  p re s e n c e  o f  b en zen e  

a s  a  d i l u e n t .  The p e r c e n ta g e s  o f  a d d u c t-  and u n r e a c te d  

h y d ro c a rb o n  w ere  d e te rm in e d  a f t e r  48 and 72 h o u r s .
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TABEE ( I I I )

D e r iv a t iv e a  

N ap h th a len e

l : 2 : 3 : 4 : l -  P e n ta -  
m ethyl (LXX)

1 : 2 :3 : 4 : 5 :6 -  H exa- 
m eth y l- (LX V III)

1 :2 :3 2 4 :6 :7 -  Hexa
m e th y l-  (IX V II)

1 : 2 : 3 : 4 : 5 : 6 : 7 -  Hepta- 
m ethyl (IX V I)

O ctam ethy l- (LXV)

A f te r  48 h o u rs

A dduct % Hydro
c a rb o n  
r e c o v e re d

50

68

45

60

62

35

15

35

20

17

A f te r  72 h o u rs

A dduct % H ydro
c a rb o n  
re c o v e re d

42

65

42

55

60

40 

20

41

23

18

The a d d u c t a n h y d r id e s  w ere i s o l a t e d  b y  f i r s t  d i l u t i n g  

th e  r e a c t i o n  p r o d u c ts  w i th  e x c e s s  w a te r  t o  d i s s o lv e  th e  

g r e a t  e x c e s s  o f  m a le ic  a n h y d r id e , fo l lo w e d  b y  e x t r a c t i o n  

w i th  e t h e r .  The p ro d u c t  o b ta in e d ,  c o n ta in in g  b o th  a d d u c t 

and u n r e a c te d  h y d ro c a rb o n , was th e n  h y d ro ly s e d  w i th  5% 

p o ta s s iu m  h y d ro x id e  and th e  u n r e a c te d  h y d ro c a rb o n  e x t r a c t e d .  

The a d d u c t d ic a r b o x y l ic  a c i d ,  l i b e r a t e d  b y  a c i d i f i c a t i o n  ©f 

th e  a lk a l i n e  s o l u t i o n ,  was th e n  w e ig h ed  and th e  p e rc e n ta g e  

c a l c u l a t e d .

An a l t e r n a t i v e  p u r i f i c a t i o n  o f  th e  a d d u c ts  w as t o  

d i s s o lv e  w i th  g e n t le  h e a t in g  th e  a d d u c t d i b a s i c  a c i d s ,  

i s o l a t e d  i n  th e  above d e s c r ib e d  f a s h io n ,  i n  a  sm a ll  volum e 

o f  e t h y l  a c e t a t e  c o n ta in in g  a c e t i c  a n h y d rid e  o r  a c e ty l
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c h l o r i d e .  The a n h y d rid e  u s u a l ly  c r y s t a l l i s e d  i n  n e a r ly  

q u a n t i t a t i v e  y i e l d  a f t e r  c o o l in g .

A q u a n t i t a t i v e  y i e l d  o f  th e  r e s p e c t iv e  h y d ro c a rb o n  

w as o b ta in e d  when e a c h  a d d u c t was h e a te d  above i t s  m e l t in g  

p o in t  u n d e r  v a c u o . Thus th e  m a le ic  a n h y d rid e  r e a c t i o n  i s  a  

p o s s ib le  a l t e r n a t i v e  m ethod  f o r  p u r i f i c a t i o n  o f  th e s e  h y d ro 

c a rb o n s .

T h a t a l l  a d d u c ts  f a i l e d  t o  g iv e  a  c o lo u r  w i th  p i c r i c  

a c id  o r  2 : 4 : 7 -  t r i n i t r o - f l u o r e n o n e  and  no c o rre s p o n d in g  

d e r i v a t i v e s  w ere  o b ta in e d  on c o o l in g  e x c lu d e s  th e  p re s e n c e  

o f  a  n a p h th a le n e  n u c le u s .

A tte m p ts  made t o  o b ta in  th e  p u re  d i b a s i c  a c id s  w ere  u n 

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

on c r y s t a l l i s a t i o n .

The c o r r e l a t i o n  o f  th e  r e s u l t s  i n  T ab le  ( I I I )  m ust n o t  

be  b a s e d  on a c t i v a t i o n  o f  th e  n a p h th a le n e  n u c le u s  w i th  i n 

c re a s e  i n  th e  num ber o f  s u b s t i t u e n t s .  On th e  o th e r  h a n d , 

th e s e  b u lk y  g ro u p s  may h in d e r  s t e r i c a l l y  th e  fo r m a t io n  o f  

th e  c o r re s p o n d in g  a d d u c ts .

A lth o u g h  w i th  1 : 2 : 3 : 4 -  te t r a m e th y ln a p h th a le n e  (X V ), ) ,

K L o etze l r e p o r t e d  n e a r ly  a  q u a n t i t a t i v e  y i e l d  o f  a d d u c t ,  w i th  

1 : 2 : 3 : 4 : 6 -  p e n ta m e th y l-n a p h th a le n e  (LXX), th e  y i e l d  d ro p p ed  

t o  5 0 $ . T h u s, f u r t h e r / ?  -  s u b s t i t u t i o n  h a s  d e a c t i v a t e d  th e  

n u c le u s .  T h is  i s  i n  c o n t r a s t  w i th  th e  o b s e r v a t io n  t h a t

/3  -  m e th y l s u b s t i t u t i o n  i s  a s  e f f e c t i v e  i n  p ro m o tin g  m a le ic



a n h y d rid e  a d d i t i o n  a s  I s  th e  s im u lta n e o u s  i n t r o d u c t i o n  o f  

two m e th y l g ro u p s  i n  th e  1 -  a n d  4 -  p o s i t i o n s .  W ith  1 : 2 : 3 : 4 :  

6 :7 -  h e x a m e th y l-n a p h th a le n e  (1X 711), th e  y i e l d  o f  a d d u c t i s  

s t i l l  lo w e r .  I t  i s  e v id e n t  h e re  t h a t  th e  s u b s t i t u t i o n  ©f 

m e th y l g ro u p s  i n  b o th  th e  - 6 -  and  7 -  p o s i t i o n s  g r e a t l y  

d e a c t iv a t e d  th e  n u c le u s .  T h is  r e s u l t  i s  th e  o p p o s i te  t o  

t h a t  e x p e c te d  b y  a n a lo g y  w ith  2 : 3 -  d im e th y l-n a p h th a le n e  

w h ich  gave  a  43$  y i e l d  o f  a d d u c t ,  i . e .  ev en  two s u b s t i t u e n t s  

w ere s u f f i c i e n t  t o  a c t i v a t e  th e  n a p h th a le n e  n u c le u s .

On th e  o th e r  h a n d , 1 : 2 : 3 : 4 : 5 : 6 -  h e x a m e th y l-n a p h th a le n e  

( IX V II I ) gave  a  68$  y i e l d  o f  a d d u c t .  I t  w ould  seem t h a t  

th e  -m e th y l g roup  in tro d u c e d  i n  5 - p o s i t i o n  i s  r e s p o n s ib le  

f o r  th e  a c t i v a t i o n  o f  th e  n u c le u s .  W ith  h e p ta m e th y l-  

n a p h th a le n e  (LXVI) a  6 0 $  y i e l d  o f  a d d u c t was o b ta in e d  com

p a re d  w i th  a  y i e l d  o f  1 9 $  w i th  1 : 2 : 3 -  t r l a e t h y l - n a p h t h a l e n e ,  

i . e .  th e  i n t r o d u c t i o n  o f  f o u r  more m e th y l g ro u p s  i n t o  t r i 

m e th y l-n a p h th a le n e  in c r e a s e d  th e  y i e l d  o f  a d d u c t b y  40$ .

I n  o c ta m e th y l-n a p h th a le n e  (1X7) r e a c t i o n ,  d e s p i t e  th e  g r e a t  

s t e r i c  h in d ra n c e  p ro d u ce d  i n  th e  a d d u c t ,  i t  w as o b ta in e d  

i n  6 2 $  y i e l d .

I t  i s  a l s o  c l e a r  from  t a b l e  ( I I I )  t h a t  e q u i l ib r iu m  was 

re a c h e d  a f t e r  48 h o u r s ,  f u r t h e r  h e a t in g  fa v o u re d  slow  d i s 

s o c i a t i o n .  The a d d i t i o n  o f  m a le ic  a n h y d rid e  t o  2 :3 -  d i 

m e th y l-  and  1 : 2 : 3 : 4 -  te t r a m e th y l - n a p h th a le n e  in v o lv e d  th e  

s u b s t i t u t e d  r i n g .  W ith  p o ly m e th y l-n a p h th a le n e s  (CX X V III),
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th e  a d d i t i o n  in v o lv e d  th e  f u l l y  s u b s t i t u t e d  and n o t  th e  

p a r t i a l l y  s u b s t i t u t e d  r i n g .  These c o n c lu s io n s  a re  su p p o r te d  

b y  th e  f o l lo w in g  r e s u l t s : -

(1 )  B o th  2 : 3 -  d im e th y l-  an d  1 2 2 :3 :4 -  t e t r a m e th y l -  

naph tha len©  a d d u c t a n h y d rid e s  w ere h y d ro ly s e d  t o  th e  c o r r e s 

p o n d in g  d ib a s ic  a c i d s , w h ich  w i th  d iagom ethane  gave th e  

d i e s t e r s  (GXXX5RjR = E o r  Me ) .

2  ! v - v j a w  V U J X ~ U  •  — u »

1:2 :3 :4-T etram ethy l-R & »^R ,R ,, s  Me.

B o th  e s t e r s  on o z o n o ly s is  gave a  d ik e to n e  (GXXXI.

R,R = H o r  Me) w h ich  form ed a  d io x im e . The f a i l u r e  o f  

t h i s  p ro d u c t  t o  show a ld e h y d ic  r e a c t io n s  m akes i t  u n l i k e l y  

t h a t  th e  m a le ic  a n h y d rid e  added  t o  th e  u n s u b s t i t u t e d  r i n g .

(2 )  The o x id a t io n  o f  th e  c o rre s p o n d in g  d ic a r b o x y l io  

a c id s  o f  (CXXXjR,R = H o r  Me) gave o n ly  p h t h a l i c  a c i d .

(1 ) and  (2 ) r e s u l t s  w ere r e p o r t e d  b y  K L o e tze l ( l o c .  a i t . )
(3 ) The o x id a t io n  o f  th e  d ic a r b o x y l ic  a c id  a d d u c ts  o f  

1 :2 :3 2 4 :5 :6 -  and 1 : 2 : 3 : 4 : 6 : 7 -  h e x a m e th y l-n a p h th a le n e s

(CXXXI I; R « Men, R i  * H) and (CXXXII;R -  H,Rjj = Me) gave

LOOrtZ

f^'cerie.
( c  X X / 1)
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p r e b n i t i c (104) (CXX III) and  p y r o m e l l i t l c  a c i d s (105) (CXXXV)

r e s p e c t i v e l y .

CooU

(*i<.

I r i z 6 o o | 4 c o o  hi

iS-xx Yu) (c XXXUIJ tCXXXW)
1 : 2 : 3 : 4 : 5 : 6 -  H e x am e th y l-n ap h th a le n e  (R = Me, Rj, = H) 

l s 2 : 3 : 4 : 6 : 7 -  H e x am e th y l-n ap h th a le n e  (R = H, Rj, » Me)

The s t r u c t u r e s  (CXXIX) f o r  d ip o ta s s iu m  s a l t s  a d d u c ts  o f  

p o ly m e th y l-n a p h th a le n e s  (LXV), (LXVI), (L X V II), (I^CVIII) 

and (LXX) a re  s u p p o r te d  by  a b s o r p t io n  s p e c t r a  c u rv e s  F i g s .  

235-25r e s p e c t i v e l y .  I n  e ac h  f i g u r e  i s  shown th e  u l t r a  v i o l e t

a b s o r p t io n  s p e c t r a  c u rv e s  from  2400-2900A ° f o r  a d d u c t d i 

p o ta s s iu m  s a l t s  i n  aqueous s o lu t io n *  A c lo s e  c o r r e s p o n d 

ence  i s  e v id e n t  b e tw een  th e  maxima i n  th e s e  c u rv e s  (b e tw een

2580-2700A ° lo g  e = 2 .7 - 3 .0 )  and  th e  maxima i n  s i m i l a r
(1 0 1 )c u rv e s  f o r  a n th ra c e n e  m a le ic  a n h y d rid e  a d d u c ts  

( 259 0 -2 7 40A°) and  f o r  s im p le  a lk y l  b e n z e n e s ^ . I n

a l l  th e  a d d u c ts  p r e p a r e d ,  s i m i l a r  t o  th e  l a t t e r  tw o com pounds, 

a b s o r p t io n  r a p i d l y  d ro p p ed  beyond  ( 2800A°) t o  a  n e g l i g i b l e

v a l u e .

The s p a r in g  s o l u b i l i t y  o f  th e  a d d u c t d ip o ta s s iu m  s a l t s  

i n  w a te r  l i m i t e d  th e  a c c u ra c y  o f  th e  c u rv e s*  However th e y
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a re  satisfactory f o r  co m p ariso n  w i th  th e  c o r re s p o n d in g  p u re

h y d ro c a rb o n s  • I n  95% e t h a n o l , th e  l a t t e r  showed s t r o n g

a b s o r p t io n  i n  t h e  ra n g e  ( ^ s  2700-3200A °, lo g  e = 3 . 5 - 4 . 0 ) .

T h is  b ro a d  b an d  i s  c h a r a c t e r i s t i c  o f  th e s e  p o ly m e th y l -
(8 9 ) (9 0 )n a p h th a le n e  a s  w e l l  a s  o th e r  n a p h th a le n e  d e r i v a t i v e s  9 

N ap h th a len e  i t s e l f  shows a  s e r i e s  o f  maxima i n  t h i s  r e g io n .

I t  i s  c l e a r l y  e v id e n t  from  c o m p a riso n  o f  th e s e  c u rv e s  

t h a t  no a d d u c t r e t a i n s  th e  a b s o r p t io n  sp e c tru m  o f  th e  

n a p h th a le n e  n u c le u s .  The c u rv e s  o f  th e  a d d u c ts  a r e  c h a r 

a c t e r i s t i c  o f  sim p le  a lk y l-b e n z e n e  d e r i v a t i v e s .

I t  i s  i n t e r e s t i n g  t o  m e n tio n  t h a t  an a t te m p t  w as made 

t o  a p p ly  th e  a c t i v a t i n g  e f f e c t  o f  m e th y l s u b s t i t u e n t s  i n  

th e  a n th ra c e n e  an d  n a p h th a le n e  s e r i e s  to  th e  a lk y l-b e n z e n e  s .  

H ex am e th y l-b en zen e , was r e f lu x e d  w i th  a  t h i r t y - f o l d  m o la r  

e x c e s s  o f  m a le ic  a n h y d rid e  f o r  p e r io d s  o f  2 4 , 48 and  72 

h o u r s .  C are f i l l  a n a l y s i s  o f  th e  p r o d u c t s ,  gave no t r a c e

o f  a d d u c t fo rm a t io n  and  h e x am eth y l-b en zen e  w as q u a n t i t a t i v e l y  

r e c o v e re d .
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EXPERIMENTAL

(-)-< ? (. : /9 -V im e th y la u o c in lc  a n h y d rid e  ( L I I )•

(A f te r  Bon and  S p r a n k l i n g ^ ^  and  F i e s e r ^ ^ ) .

Sodium  ( 6 .8  g . )  was d i s s o lv e d  in  a b s o lu te  a lc o h o l  

(95 c .e .$ *  When c o ld ,  e th y l - c y a n o a c e ta te  (33 g . )  was 

added  d u r in g  40 m in s . w i th  s t i r r i n g ,  fo llo w e d  b y  ethyl-<?( -  

brom opr op d o n a te  (50 g . )  o v e r  a  p e r io d  o f  2 h o u r s .  The 

e s t e r  f r a c t i o n  b . p .  1 3 0 -1 7 0 ° /1 4  mm. was c o l l e c t e d  (47 g . ) .  

T h is  was a d d ed  o v e r  1 h o u r  w ith  ic e  c o o lin g  t o  sodium  (5  g . )  

d i s s o lv e d  i n  a b s o lu te  a lc o h o l  (50 c . c . )  f o l lo w e d  b y  m e th y l-  

io d id e  (39 g . ) .  The e s t e r  so  fo rm ed  b . p .  1 5 0 -1 6 0 ° / l6  mm.

(39 g . )  w as h y d ro ly s e d  by  r e f l u x i n g  o v e rn ig h t  w i th  c o n cen 

t r a t e d  h y d r o c h lo r ic  a c id  (150 c . c . ) .  The d i b a s ic  a c id  

c r y s t a l l i s e d  o u t (20 g . )  a f t e r  c o n c e n t r a t io n  and c o o l in g .

I t  was r e f lu x e d  w i th  a c e ty l - c h l o r i d e  (3 0 g .)  f o r  1 h o u r .

The f r a c t i o n  b . p .  2 2 4 -2 4 0 °/7 6 0  mm. was c o l l e c t e d .  I t  w as 

c r y s t a l l i s e d  from  ben zen e  l i g h t  p e tro le u m  t o  g iv e  ( L I I )

(11 g . )  m .p . 7 0 -8 0 ° , a  ( d , l )  m ix tu r e .

^ C -M eth y lsu cc in ic  a n h y d r id e .

( A f te r  Lev and  Ouha^6^ ^ , ) .

Sodium (11 g . )  w as a to m ise d  u n d e r  x y le n e .  A f t e r  d e 

c a n t in g ,  to lu e n e  (500 c . c . )  was added  fo l lo w e d  r a p i d l y  by  

d i e t h y l  m a lo n a te  (80 g . )  w i th  s t i r r i n g .  A f t e r  h a l f  an  h o u r ,
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th e  m ix tu re  was r e f lu x e d  f o r  3 h o u r s .  A f te r  c o o l in g ,  e t h y l  

o (-b ro m o -p ro p io n a te  (90 g . )  w as s lo w ly  ad d ed  d u r in g  2 h o u r s .  

The p ro d u c t  w as l e f t  s t a n d in g  o v e r n ig h t ,  th e n  i t  was r e f l u x e d  

(10 h o u r s )  w i th  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  (150 c . c . ) .

The aq u eo u s s o l u t i o n  w as e v a p o r a te d .  Then n i t r i c  a c id  

w as ad d ed  s lo w ly  t o  o x id is e  th e  i m p u r i t i e s .  The a c i d  

s o l i d i f i e d  (110 g . )  m .p . 1 0 4 -1 0 8 ° . A f te r  r e f l u x i n g  f o r  

2 h o u rs  w i th  a c e ty l  c h lo r id e  (750 c . c . ) ,  th e  a n h y d rid e  w as 

o b ta in e d  a s  a  c o lo u r l e s s  o i l  b . p .  1 1 8 -1 2 0 ° /7  mm. (78 g . ) .

On c r y s t a l l i s a t i o n  from  l i g h t  p e tro le u m  th e  a n h y d rid e  (50 g . )  

was o b ta in e d  m .p . 3 1 -3 ° ,  b . p .  2 4 7 ° /7 6 0  mm.

Dime t h y l - - B r o m o -  Of; B  -  dime t h y l  s u c c in a te  (LXXV).

C a r e f u l ly  d r i e d  ( - ) - < ^  : /3 - d im e th y l - s u c c in ic  a c i d

(22 g . )  w as m ixed  w i th  r e d  p h o sp h o ro u s  (4  g . )  i n  a  d o u b le

n eck  f l a s k  w i th  a  d ro p p in g  fu n n e l  and a  c o n d e n se r . B rom ine

(80 g . )  w as added  d ro p  w ise  (40 m in .)  t o  th e  s o l i d  m ix tu re

w ith  c o n tin u o u s  sh a k in g  ( th e  r e a c t i o n  i s  e x o th e rm ic ) .  The

e x c e s s  b rom ine w as rem oved on a  s team  b a th  l e a v in g  th e  mono-
o

b r  ctnodime t h y l  sue  c ir iy lb  r  am id e . The l a t t e r  was p o u re d  i n t o  

b o i l i n g  w a te r  (120 c c . ) .  I t  was f i l t e r e d  and e x t r a c t e d  

w ith  e t h e r  (5 x  50 c . c . ) .  The com bined e t h e r  e x t r a c t  w as 

d r i e d  (NagSO^) and  c o n c e n tr a te d .  The r e s id u e  w as c r y s t a l 

l i s e d  from  e t h e r  o r  w a te r  t o  g iv e  - b r o m o - d i m e t h y l -  

s u c c in ic  a c i d  i n  c o lo u r l e s s  p l a t e s  m .p . 9 0 ° . The l a t t e r
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(10 g . )  w as r e f lu x e d  f o r  2 h o u rs  w i th  m e th y l a lc o h o l  

(20 c . c . )  and  a  few  d ro p s  o f  c o n c e n tr a te d  s u lp h u r ic  a c i d .

The p ro d u c t  was d i s t i l l e d  a s  a  c o lo u r l e s s  l i q u i d  h . p .  9 2 - 9 4 ° /  

15 mm.

Dime t h y l  -eK -Me th y ls u c c  i n a t e .

cp(  -M e th y ls u c c in ic  a c id  was t r e a t e d  a s  above t o  g iv e  a  

c o lo u r l e s s  l i q u i d  h . p .  1 9 6 ° -1 9 8 ° /7 6 0  mm. ( l i t e r a t u r e ,  b . p .  

1 9 7 -1 9 8 .5 ° /7 6 0  m m .).

D u ren e , 1 : 2 : 4 : 5 -  t e t r a  m eth y lb en zen e  (XLIX)

(A f te r  Von B r a u n ^ ^ ) .

C om m ercial x y le n e  (90$; m -iso m er) ( 2 7 5 g .) ,  f o r m a l in  

(546 g . )  an d  c o n c e n tr a te d  h y d ro c h lo r ic  a c id  (1365 g . )  w ere 

h e a te d  w i t h  m e c h a n ic a l s t i r r i n g  a t  7 0 -8 0 °  C . on a  w a te r  

b a th  (7 h o u r s ) .  F o rm a lin  (547 g . )  w as th e n  added  and 

hyd ro g en  c h lo r id e  w as b u b b le d  th ro u g h  th e  m ix tu re  d u r in g  

35-40  h o u r s ,  w i th  s t i r r i n g .  D i s t i l l a t i o n  o f  th e  o rg a n ic  

l a y e r  gave a  m ix tu re  o f  d ie h lo ro -m e th y lx y le n e s  (600 g . )  

b . p .  1 5 0 ° /1 4  mm. The l a t t e r  (100 g . )  i n  to lu e n e  (150 c . c . )  

w as added  d ropw ise  t o  a  s o l u t io n  o f  z in c  (200 g . )  i n  w a te r  

(3500 c . c . )  and  c a u s t i c  soda  (4 0 0 g .)  w i th  s t i r r i n g  (10 h o u r s ) .  

The r e a c t i o n  m ix tu re  was r e f lu x e d  f o r  a  f u r t h e r  12 h o u r s .

The o rg a n ic  d i s t i l l a t e  b . p .  20 0 -2 1 5 ° w as c o l l e c t e d .  I t  

r a p id ly  c r y s t a l l i s e d  frcrn e th a n o l  t o  g iv e  d u ren e  (30 g . )  

m .p . 8 0 ° .
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D urene, l £ 2 s 4 :5 -  te tr a m e  th y l-b e n z e n e  and  I so d u re n e g 1 : 2 : 3 :5 -  

t e tram e th y l - b e n z e n e .
(70)

(M o d if ie d . S m ith  ) .
and

X ylene  (400 g . )  f  m e s i ty le n e  (175 g . )  w ere m ixed  w i th
1

f r e s h l y  p u l v e r i s e d  anhy d ro u s aluminium c h lo r id e  (175 g . ) 

M ethyl c h lo r id e  g a s  (520 g . )  was b u b b le d  in to  th e  m ix tu re  

a t  9 0 -9 5 °  (60 h o u r s )  u n d e r  a  s l i g h t  p r e s s u r e  (10 cm* o f  

m ercu ry )*  The r e a c t i o n  m ix tu re  was p o u re d  i n t o  a  m ix tu re  

o f  c o n c e n t r a te d  h y d r o c h lo r ic  a c id  an d  chopped ic e *  D is 

t i l l a t i o n  o f  th e  o rg a n ic  l a y e r  a f f o r d e d  a  m ix tu re  o f  d u ren e  

and  is o d u re n e  b*p* 1 8 5 -2 0 5 ° /7 6 0  mm. (300 g . ) .  A n o th e r  f r a c 

t i o n  d i s t i l l e d  a t  205-220°A ® 0 mm. and  c o n s i s t e d  o f  

p e n ta m e th y l-b e n z e n e  (100 g* ) m .p . 5 2 ° .

P re h n i te n e  , 1 : 2 : 3 : 4 - te tra m e th y lb e n z e n e  (LXXXIIl)

( A f te r  S m ith  and  G ass and  S m ith  and  L u x ^ ^ ) .
1

The above m ix tu re  (100 g . ) ,  c o n c e n tr a te d  s u lp h u r ic  

a c id  (60 c . c .  ) ,  fum ing  s u lp h u r ic  a c id  (40 c . c . ;  60$) w as 

sh a k en  (5 m i n s . ) ,  th e n  h e a te d  a t  8 0° (17 h o u r s ) .  The r e 

s u l t i n g  b la c k  v is c o u s  m a t e r i a l  was p o u re d  on t o  chopped  

ic e  (500 g . ) .  The' f i l t r a t e  was th e n  c o o le d  t o  0 °  and  con

c e n t r a t e d  s u lp h u r ic  a c id  (250 c . c . )  was a d d ed  s lo w ly  w i th  

s t r o n g  c o o l in g .  The d a rk  c r y s t a l l i n e  su lp h o n ic  a c i d  w h ieh  

f l o a t e d  t o  th e  to p  w as c o l l e c t e d  and  p r e s s e d  d ry  ( 6 5 g . ) .

A s i m i l a r  p ro c e d u re  was em ployed f o r  pentam e t h y l  -b e n z e n e , 

w here th e  l a t t e r  (100 g . )  was h e a te d  t o  65° and  c o n c e n tr a te d
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s u lp h u r ic  a c id  (300 c . c . )  w as a d d e d . The m ix tu re  w as 

sh a k en  v ig o r o u s ly  and w as th e n  l e f t  s ta n d in g  a t  room te m p e r

a tu r e  (24  h o u r s )  and  w orked  up a s  above.

P r e h n i te n e  su lp h o n ic  a c i d  w as th e n  c o n v e r te d  t o  th e  

sodium  s a l t  v i a  th e  c a lc iu m  s a l t .  The fo rm e r  was h y d ro ly s e d  

hy  th e  f l a s h  steam  m eth o d . S u p e rh e a te d  steam  was p a s s e d  

th ro u g h  a  m ix tu re  o f  c o n c e n tr a te d  s u lp h u r ic  a c i d  and  w a te r  

m a in ta in e d  a t  15 0 -1 6 0 °  w h ile  a  t h i n  p a s te  o f  sodium  p r e h n i te n e  

s u lp h o n a te  (100 g . ) w as s lo w ly  a d d e d . A y e llo w  o i l  was 

c o l l e c t e d  (4 5 g .)  w h ich  was p u r i f i e d  by  d i s t i l l a t i o n  th ro u g h  

a  Widmer co lum n. The f r a c t i o n  b . p .  2 0 2 -2 0 4 ° /7 6 0  mm., 

m .p . -  9° w as c o l l e c t e d  ( l i t e r a t u r e  b . p .  2 0 4 ° /7 6 0  mm., m .p . 

- 5 ° ) .

1 - A c e ty l - p r e h n i te n e  (LXXIV)

(M o d ified  C lau s  an d  F o h l i c h '7 4 ^ ) .

A c e ty l  c h lo r id e  (3 .5  g . ) ,  w as ad d ed  d ro p w ise  t o  a  s u s 

p e n s io n  o f  f r e s h l y  pow dered  anhyd rous a lum in ium  c h lo r id e  

( lO g .)  i n  t e t r a c h l o r e t h a n e  (25 c . c . ) .  P re h n i te n e  (3  g . )  

w as now a d d ed  (40 m in e .)  w i th  s t i r r i n g  and  ic e  c o o l in g .  

S t i r r i n g  was c o n tin u e d  f o r  a  f u r t h e r  4 h o u r s .  The r e a c t i o n  

m ix tu re  was th e n  p o u re d  o v e r  c ru s h e d  i c e  (50 g . )  and  c o n 

c e n t r a t e d  h y d r o c h lo r ic  a c id  (25 c . c . ) .  The in o r g a n ic  l a y e r  

was e x t r a c t e d  once w i th  e t h e r  and  th e  l a t t e r  a d d ed  to  th e  

o rg a n ic  l a y e r .  The s o lv e n t  was th e n  rem oved . The r e s i d u a l  

o i l  gave on d i s t i l l a t i o n  a  y e llo w  o i l  (3 .5  g . )  b . p .  1 4 5 ° /
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15 ram., b . p .  2 5 8 ° /7 6 0  mm. ( l i t e r a t u r e  b .p *  2 5 8 ° /7 6 0  mm.)

The 2 : 4 - d i n i t  ra p h e  n y lh y d ra z  one w as c r y s t a l l i s e d  from  

a c e t i c  a c id /e th a n o l  i n  f i n e  o ran g e  c r y s t a l s  m .p . 1 5 5 -1 5 6 ° . 

(Found: H, 1 5 .4 2 .  C i8 % 9 ^4 ^4  r e q u i r e s  E , 1 5 .7 0 $ ) .

The oxime fo rm ed  a  w h ite  c r y s t a l l i n e  s o l i d  from  e t h y l  

a lc o h o l  m .p . 12 2 °  (Found = E , 6 .9 6 .  ^ g H ^ O E  r e q u i r e s  H,

7 .3 0 $ ) .

The sem ica rb azo n e  w as o b ta in e d  a s  c o lo u r l e s s  p r is m s  

from  e th a n o l  m .p . 2 0 3 ° . (Found: N, 1 8 .2  r e q u i r e s

H, 1 8 .0 $ ) .

'if-K eto- / - d u r y l -  0 ( \B  - d im e th y lb u ty r ic  a c id  (L III» R  = H) and

k e to -  / - p r e h n i t y l - ^  : / i  - d im e th y lb u ty r ic  a c id  (LIV;R = E)

(1 ) I n  c a rb o n  d is u lp h id e  a s  s o l v e n t .

To a  s t i r r e d  ic e  c o ld  s u s p e n s io n  o f f r e s h l y  pow dered

alum idum  c h lo r id e  (10 g . )  i n  d ry  c a rb o n  d i s u lp h id e  (70 c c . )

w as added  a t  i n t e r v a l s  s e p a r a te  p o r t io n s  o f  d u ren e  and

1 $  - d im e th y l - s u c c in ic  a n h y d rid e  t o t a l l i n g  (3 .3  g . )  an d  3 .2  g . )

r e s p e c t i v e l y  o v e r 40 m in s . S t i r r i n g  was c o n tin u e d  4 h o u rs

lo n g e r  th e n  th e  r e a c t i o n  m ix tu re  was l e f t  o v e rn ig h t  a t

room te m p e r a tu r e . The s o lv e n t  w as th e n  d e c a n te d  an d  th e

s t i c k y  r e s id u e  w as decom posed w i th  ic e  and  c o n c e n tr a te d

h y d r o c h lo r ic  a c i d .  The w h ite  gummy p ro d u c t  o b ta in e d  a f t e r  
t -

d e c a n la tio n  o f  th e  aq u eo u s l a y e r  was b o i l e d  w i th  sodium  c a r 

b o n a te ,  c o o le d ,  th e n  e x t r a c t e d  w i th  e t h e r  t o  rem ove u n r e a e te d
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d u re n e . I t  was th e n  c l a r i f i e d  b y  b o i l i n g  w i th  c h a r c o a l ,  

and  th e n  f i l t r a t e d .  The b u lk  o f  aqueous s o l u t io n  was 

e v a p o ra te d  t o  (15 c . c . ) ,  made j u s t  a lk a l i n e  and  th e n  l e f t  

i n  th e  i c e  c h e s t  o v e r n ig h t .  The pow dery p r e c i p i t a t e d  s o l i d  

was f i l t e r e d  (0 .8  g . ) .  T h is  on a c i d i f i c a t i o n  gave  I - k e t o -  

y - p r e h n i t y l - ^ : / }  - d im e th y l - s u c c in ic  a c id  i n  c o lo u r l e s s  

s to u t  n e e d le s  fro m  b e n z e n e / l ig h t  p e tro le u m  m. 1 5 1 -1 5 2 ° .

(Pound: 0 ,  7 3 .6 ;  H, 8 .5 5 .  ^16^22^3 C, 7 3 .3 ;

H, 8 * 4 $ ) . A sam ple o f  th e  above a c id  was u n d e p re s s e d  on  

ad m ix tu re  w i th  a  sam ple o f  / - k e to -  /  - p r e h n i t y l - ^  = -

d im e th y l s u c c in i c  a c id  p re p a re d  a s  d e s c r ib e d  on p .  86 .

The f i l t r a t e  from  th e  a lk a l i n e  e x t r a c t  w as a c i d i f i e d

t o  g iv e  a  w h ite  s o l i d  ( 2 .4  g . ;  4 2 $ ) . I t  w as c r y s t a l l i s e d

from  d io x a n  t o  g iv e  / - k e t o -  /  -d u ry l-c ? ( :  ^ - d im e th y l s u c c in i c  

a c id  I n  t h i c k  n e e d le s  m .p . 1 4 7 -1 4 8 ° . (Pound: 0 ,  7 3 .7 ;

H, 8 .7 .  gx6H22^3 3?e(lu ^r e s  7 3 .3 ;  H, 8 .4 $ ) .  A dm ixture

w i th  th e  above a c id  d e p re s s e d  th e  m .p . t o  1 2 0 -1 2 5 ° .

(2 ) I n  t e t r a c h lo r o e th a n e  a s  s o l v e n t .

A s lu d g e  o f  th e  a n h y d rid e  (L I I )  (2 g . )  i n  t e t r a c h l o r o -  

e th a n e  (10 c . c . )  was added  (40 m in s .)  t o  a  m e c h a n ic a l ly  

s t i r r e d  i c e  c o ld  s u s p e n s io n  o f  f r e s h l y  pow dered  a n h y d ro u s  

a lum inium  c h lo r id e  (6 g . )  and  du rene  (2 g . )  i n  t e t r a c h l o r o -  

© thane (15 c . c . ) .  S t i r r i n g  w as c o n tin u e d  (4  h o u r s )  a t  0 °  

and th e  r e a c t i o n  m ix tu re  w as l e f t  o v e rn ig h t  a t  room te m p e r a tu r e .
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The p r o d u c ts  w ere w orked  up a s  ab o v e , th e  s o lv e n t  b e in g  

rem oved b y  d i s t i l l a t i o n  w i th  s te a m . From th e  r e s id u e  

(L I I I ;R  * H) and  (LIV;R = H) w ere o b ta in e d  (2 .2  g . )  and  

(0 .2  g . )  r e s p e c t i v e l y .  O v e r - a l l  y i e l d  60$ .

M e th y l-  /  - k e t o -  j  - d u r y l -  o( : ff  dime t h y lb u ty r  a te  ( L I I I ;R  = MO) 

(L II I ;  R = H) (0 .5  g . ) ,  a b s o lu te  m e th y l a lc o h o l  (4  c . c . )  

and  few  d ro p s  o f  c o n c e n tr a te d  s u lp h u r ic  a c id  w ere r e f lu x e d  

(2 h o u r s )  on a  steam  b a t h .  I t  was th e n  c o o le d , d i l u t e d  

w i th  w a te r  and  e x t r a c t e d  w i th  e t h e r .  The e t h e r  l a y e r  w as 

th e n  e x t r a c t e d  w i th  sodium  b ic a r b o n a te  and  d r i e d  (NagSO^).

A c o lo u r l e s s  o i l  w as o b ta in e d  w h ich  q u ic k ly  s o l i d i f i e d .

I t  c r y s t a l l i s e d  i n  c o lo u r l e s s  p r ism s  (m e th a n o l) , 

m .p . 1 0 3 °  (Found; C, 7 3 .8 5 ;  H, 8 .5 .  Gi 7% 4G3 r e q u i r e s

0 ,  7 3 .9 ;  H, 8 . 7 # .

M e t h y l - /  - k e to -  /  - p r e h n i ty l - f l (  : 8  dime t h y lb u ty r  a t e  (LIV;R a MO) 

T h is  w as p re p a re d  a s  f o r  (L II I ;  R = M e), i n  c o l o u r l e s s  

p l a t e s  m .p . 88° from  m e th a n o l. (Found: 0 ,  73*6 ; H, 8 .8 5 .

^1 7 % 4 ^3  re<lu ^I‘e s  G 9 7 3 .9 ;  H, 8 .7 $ ) .

B o th  above e s t e r s  (200 m g .) w ere h y d ro ly s e d  t o  th e  c o r 

r e s p o n d in g  p u re  a c id s  w i th  1 0 $  a l c o h o l i c  c a u s t i c  so d a  t o  

g iv e  i d e n t i c a l  sam p les o f  th e  o r i g i n a l  a c i d s .

d im e th y l-  Z -  (1 - d u r y l ) -  -  G ro to C n o -la c to n e  (LV) .

(A f te r  F i e s e r  and D a u d t ^ ^ ) .

/  -K e to -  $ - d u r y l -<?( -d im e th y l b u t y r i c  a c id  (100 m g .)
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g l a c i a l  a c e t i c  a c id  (3 e c . ) ,  and  a c e t i c  a n h y d rid e  (0*2 c . c . )  

w ere s a t u r a t e d  w i th  anhydrous h y d ro g en  c h l o r i d e .  A f te r  

s ta n d in g  o v e rn ig h t  th e  a c e t i c  a c id  was rem oved i n  v a c u o . 

Benzene (10 c . c . )  was ad d ed , th e n  d i s t i l l e d  o f f ;  t h i s  was 

r e p e a te d  tw ic e .  The o i l y  r e s id u e  q u ic k ly  s o l i d i f i e d .  

C r y s t a l l i s a t i o n  from  b e n z e n e / l ig h t  p e tro le u m  gave o{ ;/ff-di- 

m e th y l-  -  ( 1 - d u r y l ) - /» /? - o r o to n o - la c t  one i n  c o lo u r l e s s  s h i n 

in g  l e a f l e t s  m .p . 1 1 9 ° . (Pound: G, 7 4 .0 ;  H? 7 .8 4  GigHgQOg 

r e q u i r e s  0 ,7 8 .6 5 ;  H ,8 .0 2 $ ) . A p o s i t i v e  L e g a l t e s t ^ ^ ' ^ ^

was o b s e rv e d , ( a  p in k  c o lo u r  w ith  a lk a l i n e  sodium  n i t o -  

prux&dLde w h ich  p e r s i s t s  a f t e r  a c i d i f i c a t i o n  w i th  a c e t i c  

a c i d ) .

o( s B -  D im e th y l-  t  - ( 1 -  p r e h n i ty l ) - A f f - c r o to n o - l a c to n e  (LVI) 

T h is  was p re p a r e d  a s  above from  / - k e t o -  Jf - p r e h n i t y l -  

: -dim e t h y l - b u t y r i c  a c id  and  was o b ta in e d  as  s t o u t ,  c o l 

o u r l e s s  n e e d le s  from  benzene  l i g h t  p e tro le u m . m .p . 1 1 4 .5 ° .  

(Pound: 0 ,7 8 .7 0 ;  H ,7 .9 3  G16H200g r e q u i r e s  0 ,  7 8 .6 5 ;

H, 8 .0 2 $ ) .  The compound gave a  p o s i t i v e  L e g a l t e s t .

Sodium hy p o b ro m ite  o x i d a t io n .

( I )  /  - k e to -  J - d u r y l - - d i m e t h y l - b u t y r i c  a c id  (200 m g .)  

was added  t o  an  i c e  c o ld  s o l u t io n  o f  1 0 $  sodium  h y b o b ro m ite  

(20 c . c . ) .  The r e s u l t i n g  m ix tu re  was g r a d u a l ly  h e a te d  t o  

100° w i th  o c c a s io n a l  s h a k in g . I t  was m a in ta in e d  a t  100°

(4  h o u r s ) .  A f te r  c o o l in g ,  i t  was f i l t e r e d  and  a c i d i f i e d .  

The p r e c i p i t a t e d  m a t e r i a l  was e x t r a c t e d  w i th  e t h e r  and  e t h e r
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e x t r a c t  w as d r i e d  (MagSO^) • A f te r  rem oval o f  e t h e r ,  th e  

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

and gave d u ry l  c a r b o x y l ic  a c id  a s  n e e d le s  m .p . 1 7 6 -1 7 8 ° .

A sam ple was n o t d e p re s s e d  by  an  a u th e n t ic  sp ec im en  o f d u r y l  

c a rb o x y l ic  a c id  ( L i t e r a tu r e  , 9 (108) j #

(2 )  I - k e to -  - p r e h n i t y l - ^ (  : - d im e th y l - b u ty r ic  a c id  was 

o x id is e d  a s  above t o  g iv e  p r e h n i t y l  c a rb o x y l ic  a c id  a s  

n e e d le s  fro m  l i g r o i n  m .p . 1 6 6 -1 6 8 ° , u n d e p re s s e d  on adm ix

tu r e  w ith  a n  a u th e n t i c  specim en  o f  p r e h n i t y l  c a r b o x y l ic  

a c id  ( l i t e r a t u r e  m .p . 1 6 9 ° ) .  The amide was o b ta in e d

by r e f l u x i n g  th e  a c id  (50 m g .) w ith  th io n y l  c h lo r id e  (1 h o u r ) ,  

fo l lo w e d  by  sh a k in g  w ith  ammonium h y d ro x id e . P r e h n i ty l  

c a rb o x y lam id e  c r y s t a l l i s e d  a s  p l a te 3  m .p . 2 2 0 ° . ( l i t e r a t u r e ^ * ^  

m .p . 2 2 2 ° ) .

Removal o f  th e  s id e  c h a in  w i th  c o n c e n tr a te d  h y d r o c h lo r ic  a c i d .

( 1 ) }( - k e to - d u r y i -  (A .: - d im e th y l - b u ty r ic  a c id  (200 m g .)

was h e a te d  (5 h o u rs )  w ith  c o n c e n tr a te d  h y d ro c h lo r ic  a c id

i n  a  s e a le d  tu b e  a t  1 5 0 ° . The r e a c t i o n  m ix tu re  was d i l u t e d

and e x t r a c t e d  w i th  e t h e r .  The e t h e r  was d r i e d  (NagSO^) and
t

rem oved. The r e s id u e  was c r y s t a l l i s e d  from  m effinol to  

g iv e  d u ren e  (5 m g .) m .p . 7 9 -8 0 °  ( l i t e r a t u r e ,  8 0 ° ) .

(2 ) K - k e t o - f p r e h n i t y l - ^  : f t - d im e th y l - b u ty r ic  a c id  (500 m g .) 

s i m i l a r  to  above gave p r e h n i t e n e ,  b . p .  202°/760°m m . ( l i t e r a 

tu r e  , 2 0 4 ° /7 6 0  mm.)
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^ -D u ry l-o f  : $  -dim e th y l  - b u ty r i c  a c id  (LX II)

/  - k e t o -  - d u r y l~o{ i 8 -d im e th y l b u t y r i c  a c id  (3.5g£)

was d i s s o lv e d  i n  aqueous sodium  h y d ro x id e . E x c e ss  a l k a l i

was c a r e f u l l y  n e u t r a l i z e d  by  ad d in g  d i l u t e  h y d r o c h lo r ic

a c id  w i th  c o n tin u o u s  sh a k in g  (B .D .H . u n iv e r s a l  c o lo u r  i n -
( 3 8 )

d i c a t o r ) .  C o p p e r-c h ro m ite  c a t a l y s t  (2 .5 g )  was th e n

added  and  th e  m ix tu re  h e a te d  in  a  bomb a t  an  i n i t i a l  h y d ro 

gen  p r e s s u r e  o f  130 a tm o sp h e re s . The te m p e ra tu re  was 

r a i s e d  s lo w ly  t o  240° and m a in ta in e d  f o r  12 h o u r s .  The 

r e a c t i o n  m ix tu re  was th e n  f i l t e r e d  from  c a t a l y s t ,  c l a r i f i e d  

w i th  c h a r c o a l  and  th e  aqueous s o l u t io n  re d u c e d  (25 c . c . ) .

A b ro w n ish  sodium  s a l t  s e p a r a te d  o v e r n ig h t .  The l a t t e r  

was a c i d i f i e d  and  was o b ta in e d  as  a  gummy w h ite  m a t e r i a l  

(1 g . )  w h ich  r e s i s t e d  a l l  a t te m p ts  to  c r y s t a l l i s e .  The 

aqueous f i l t r a t e  was a c i d i f i e d  t o  g iv e  th e  o r i g i n a l  a c id  

(1 .2  g . ) m .p . 1 4 7 ° .

I s o m e r iz a t io n  and  c y c l i z a t i o n  w ith  h y d r o f lu o r i c  a c i d .

The above gummy p ro d u c t  (1 g . )  was c a u t io u s ly  ad d ed  

t o  h y d r o f lu o r i c  a c id  (25 c . c . )  In  a  p la t in u m  c r u c ib le  (24  

h o u r s ) .  E x ce ss  a c id  was th e n  d e s t ro y e d  w ith  a l k a l i  and  

th e  r e s i d u a l  m a t e r i a l  was e x t r a c t e d  w ith  b e n z e n e . The 

benzene  s o l u t io n  was th e n  w ashed w i th  a l k a l i  and  w a te r  and  

d r i e d  (hagS04 ) .  A f te r  rem oval o f  th e  b e n z e n e , th e  r e s id u e

ram. was a  c o lo u r l e s s  

o i l  (0 .3 5  g . )  w hich  s o l i d i f i e d  when s c r a t c h e d .  C r y s t a l l i s a t i o n
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from  l i g h t  p e t r o l e d  gave 1 : 2 : 5 : 4 -  t e t r a h y d r o -  2 : 3 ; 5 : 6 ; 7 : 8 -  

h e x a m e th y l-n a p h th a le n e -1 -o n e  (L X III ) ,  a s  s t o u t  lo n g  n e e d le s  

m .p . 120° and  was n o t d e p re s s e d  on ad m ix tu re  w i th  a n  a u th 

e n t i c  sp ec im en  p .  89 .

C o n d e n sa tio n  o f  P re h n ite n e  w i th  o i x f i -  Dime th y l - S u c c in i c  

A nhydride .

jf-Kieto- $- p r e h n i t y l - c{ : 3 -  d im e th y l b u t y r i c  a c id  

(LIV R = M).

I n  a  t h r e e  n eck  f l a s k ,  p ro v id e d  w i th  a  s e a le d  m echan

i c a l  s t i r r e r ,  a  d ro p p in g  fu n n e l  and  a  c a lc iu m  c h lo r id e  

g u a rd  tu b e ,  (^)-cK  : - d im e th y l - s u c c in ic  a n h y d rid e  (16 g . )  

i n  p u re  t e t r a c h lo r o e th a n e  (120 c . c . )  was s t i r r e d  and  k e p t  

c o o l w i th  i c e ;  P re h n ite n e  (1 6 .5  g . )  was added  (1 h o u r)  and 

a t  th e  same tim e  f r e s h l y  pow dered anhyd rous alum inium  

c h lo r id e  (50 g . )  i n  5 p o r t io n s  (10 g . )  (1 h o u r ) .  S t i r r i n g  

was c o n tin u e d  (6 h o u r s ) .  The r e a c t i o n  m ix tu re  was th e n  

l e f t  o v e rn ig h t  a t  room te m p e r a tu r e . The com plex was th e n  

decom posed and  th e  s o lv e n t  rem oved i n  s te a m . The p ro d u c t  

was e x t r a c t e d  w ith  b o i l i n g  sodium  c a rb o n a te  and f i l t e r e d  

( c h a r c o a l ) .  The c l e a r  f i l t r a t e  was a c i d i f i e d  and th e  s t i c k y  

w h ite  s o l i d  was s t r o n g ly  c o o le d  and s c r a tc h e d .  The c ru d e  

pow dered a c id  was f i l t e r e d  (29 g .  = 88Jfe») m .p . 1 4 0 -1 6 0 ° .

On f r a c t i o n a l  c r y s t a l l i s a t i o n  from  d i f f e r e n t  p r o p o r t io n s  o f  

b e n z e n e / l ig h t  p e tro le u m  2 iso m e r ic  c r y s t a l l i n e  p ro d u c ts  o f  

J - k e t o -  ? - p r e h n i t y l -  -dim e t h y l - b u t y r i c  a c id  w ere o b ta in e d .
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One a s  s t o u t  n e e d le s  m .p . 1 5 1 .5 -1 5 2 °  (m ain p r o d u c t )  (Found:

C, 7 3 .0 ;  H ,8 .2 .  c i e H22°3  reclu i r e s  c > 7 3 .3 ;  H, 8 .4 $ ) .  The

o th e r  a s  sm a ll  c o lo u r l e s s  p l a t e s  m .p . 1 6 7 -1 6 8 ° (Found:

G, 73 .4 .1 ; H, 8 .3 .  C16H22°3  r e t i r e s  C, 7 3 .3 ;  H, 8 .4 $ ) .

A c tio n  o f  h y d r o f lu o r ic  a c i d .

The above a c id  m .p . 1 5 1 .5 °  (1 g . )  and h y d r o f lu o r i c

a c id  (25 c . c . )  i n  a  p la t in u m  c r u c ib le  w ere a llo w e d  t o  s t a n d

a t  room te m p e ra tu re  (30 h o u r s ) .  E x ce ss  a c id  w as d e s t ro y e d  

w i th  a l k a l i  and th e  n e u t r a l  m a te r i a l  was e x t r a c t e d  w i th  

b e n z e n e . On rem oval o f th e  b e n z e n e , th e  r e s id u e  (200 m g .) 

was c r y s t a l l i s e d  from  benzene  l i g h t  p e tro le u m  i n  s t o u t  

n e e d le s  m .p . 1 1 3 -1 1 4 ° and was u n d e p re ss e d  on ad m ix tu re  w i th  

d im e th y l-  j f - ( l - p r e h n i ty l ) - / jy f f -  c ro to n o la c to n e  > p . 83 .

The aqueous e x t r a c t  was a c i d i f i e d  t o  g iv e  th e  o r i g i n a l  

a c id  (0 .5  g . )

R e d u c t io n .

(1 ) Clemmensen m e th o d . ^f-K eto- ^ - p r e h n i ty l - c ^  ^ - d i 

m e th y l - s u c c in ic  a c id  (1 g . ) ,  z in c  amalgam (10 g . ) ,  co n cen 

t r a t e d  h y d r o c h lo r ic  a c id  (50 g . ) ,  to lu e n e  (8 c . c . )  and  e th a n o l  

(2 c . c . )  was b o i l e d  u n d e r  r e f l u x  f o r  48 h o u r s .  U nchanged 

a c id  was r e c o v e re d  m .p . 1 4 5 -1 6 0 ° . U n d ep ressed  on a d m ix tu re  

w ith  th e  o rig in a l!-  k e to - a c id .

(2 ) The C o p p e r-ch ro m ite  m e th o d : A n e u t r a l  aqueous s o l u 

t i o n  (150 c . c . )  o f  th e  sodium  s a l t  o f  $ - k e to -  $ - p r e h n i t y l -  

cK : -d im e th y l b u t y r i c  a c id  (10 g . )  p r e p a re d  a s  d e s c r ib e d



for  -k e to - Jf~duryl- 0( 1 /$  -d im ethyl- b utyric a c id , and 

copper chromite ca ta ly st  (6 g . )  were heated in  a bomb.

The i n i t i a l  hydrogen pressure was 130 atmospheres at 1 4 0 ° . 

Absorption was rapid and hydrogen consumption was eq u ivalen t 

to  1 m ole. The temperature was then ra ised  to  240° (1 5 -1 8  

h ou rs). The pressure was 225-200 atmospheres. A fter  

co o lin g , hot water was added to  d isso lv e  the p rec ip ita te d  

m a ter ia ls , and the c a ta ly s t  removed by f i l t r a t io n .  The 

f i l t r a t e  was c la r if ie d  w ith  charcoal. I t  was now evapor

ated on a steam bath to  (50 c . c )  and l e f t  to  coo l In the ice  

ch est over n ig h t. The c r y s ta ll is e d  so lid  was f i l t e r e d ,  

d isso lv ed  in  hot w ater, cooled  and a c id if ie d . A mixture 

of a w hite s o lid  and a gummy m ateria l was obtained . The 

mixture was a g ita ted  twice w ith ether (50 c . c . )  and f i l t e r e d .  

The s o l id  was dried (0.6 g . ) .  I t  was sparingly so lu b le  

in  eth er  and benzene, in so lu b le  in  cold  sodium carbonate.

I t  gave a p o s it iv e  Legal t e s t .  C r y s ta llisa t io n  from methanol 

gave oi : fe -dim ethyl- $ - ( 1 -p r e h n ity l)- lacton e (LXXXV) as 

co lo u r less  prisms m.p. 131-132°. (Pound: C, 77.85;  H, 9 .1 .  

^16 % 2 °2  ^ ^ tiir e s  78.06; H, 8 .9 $ ) .

The ether ex tra c t was dried (imgSO^) and evaporated to  

give a white s o l id  (6 g . ) .  C r y s ta llisa t io n  from benzene

gave <j( - p r e h n i t y l - - d i m e t h y l - b u t y r i c  acid  (L IV  I} T)  as 

stou t r o s e t te s  o f f in e  n eed les . m.p. 135-5°. (Found:

G, 7 7 . 2 ;  H, 9 .6 .  C16Hg402 requires C, 77.4;  H, 9 .7 % ).
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Admixture w ith  the above lactone gave a depression  in  the
/  O  Vm.p. (10-15 ) .  Prom the o r ig in a l aqueous f i l t r a t e  obtained  

a fte r  separation  of the ahove two products the unchanged acid  

(1 g . )  was obtained m.p. 165°-166° corresponding to  the 

higher m eltin g  isomer of the f  -k eto -acid  and was undepressed  

on admixture w ith  an authentic specimen.

C y c lisa tio n  of y -p reh n ity l-  : S  -d im ethylbutyric acid  

( &XXXVI).

(1) Using hydrofluoric a c id .

(After P ieser  and Hersberg. )

The above acid  (3 g . j  and hydrofluoric acid  (70 c . c . )  

were allowed to  stand for 30 hours in  a platinum c r u c ib le .

The ex cess  ac id  was destroyed and the neutral m ateria l was 

extracted  w ith  benzene. The benzene was dried  (imgSO^) and 

evaporated. The resid u a l co lo u r less  o i l  (2.38 = 82$) b . p .  

180° (a ir  bath tem perature)/ 4 mm. quickly s o l id i f ie d .  

C r y s ta llisa t io n  from l ig r o in  gave 1 :2 :3 :4 - t e tr a  hydro 

-2 :5 :5 :6 :7 :8 -  he xame th y l -nap ht hale ne -1  - one (bXIII) as c o l 

ou rless stou t need les m.p. 120°. (Pound: C, 83 .2 ; H, 9 .3  

CigHggO requ ires C, 83.4; H, 9.55%).

(2) Using anhydrous aluminium ch lo r id e .
(49)(After Johnson and Green. )

To phosphorous pentachloride (3 g .)  in  a dry f la s k  w ith  

a calcium chloride guard, was added dry benzene (10  c . c . )  

and the above acid  (3 g . ) .  A fter 15 m ins. more benzene

was added (30 c . c . )  and then removed in  vacuo at 60-70?



90

This was repeated three tim es. The resid u a l acid  ch loride  

was coo led , d isso lv ed  in  dry benzene (20 c . c . )  and was 

added dropwise (15 mins.)  to  a suspension of fr e s h ly  powdered 

aluminium ch loride (35 g .)  in  benzene (50 c . c . )  in  a f la s k  

f i t t e d  w ith a mercury sea led  s t ir r e r  and m oisture guard at

0 -10°, s t ir r in g  was continued (5 hours). The complex was 

then decomposed w ith hydrochloric acid  (1:1) at 0 -1 0 ° . The 

organic la y er  was then washed twice w ith  hydrochloric ac id  

(1 :1 ) (20 c . c .  l o t s ) ,  then w ith  saturated  sodium carbonate 

so lu tio n  fo llow ed  by 5% potassium hydroxide so lu t io n  and 

f in a l ly  w ith  w ater. I t  was then c la r if ie d  w ith charcoal 

and dried  (KgCO3 ) . On removal of the benzene the res id u a l

o i l  rap id ly  s o l id i f ie d  (2 g .;  71%). C r y s ta llisa t io n  from 

l ig h t  petroleum gave 1 :2 :3 :4 - tetrafhydro - 2 :5:5:6 :7:8 -  

hexamethyl-naphthalene -1-one (LXIII) as stou t need les  

m.p. 120° undepressed on admixture w ith the above product.

Oxidation o f 1 :2 :5:4°  tetrahydro - 2 :5 : 5 :6 : 7 :8 -  hexa-  

m ethyl-naphthalene -1 - one (LXIII).

The above ketone (0*2 g .)  was heated w ith  n i t r ic  acid  

(2 c . c . )  (S.Gr. 1.42)  and water (2 c . c . )  in  a sea led  tube at 

175° (6 h ours). The re su ltin g  so lu tio n  was evaporated to  

dryness and the residue was e s t e r i f ie d  w ith  dia^cmethane.

The product formed stou t p la te s  m.p. 184-6°, not depressed  

on admixture w ith an authentic specimen of methyl me 11 i t  ate  

( lite r a tu r e  m.p. 186°) .
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l;2 -d ih yd ro  - 2 :5:4:5:6 :7:8 - heptamethyl-naphthalene(l^&XXVIII).

In an atmosphere o f dry n itrogen  in  a f la s k  f i t t e d  w ith  

a mercury sea led  mechanical s t ir r e r ,  dropping funnel and a 

double surface condenser w ith a moisture guard, an ex cess of 

Grignard so lu t io n  was prepared from magnesium turnings (0 . 6g . j ,  

methyl iodide (3.5 g . )  and ether (40 c . c . ) .  To t h is  was 

added a so lu tio n  of 1 :2 :3:4-  tetrah£dr*.o^ - 2 23 * z ) 6 :p- 

he xame thyl-naphthalene-1 -one in  eth er (20 c . c . )  during 20  

m ins. The eth er was removed and replaced by thiophene free  

dry benzene (30 c . c . ) .  Ref Taxing was continued (36 h ours).

The rea c tio n  mixture was cooled in  ice and decomposed w ith  

an ic e  cold  saturated  so lu tio n  of ammonium c h lo r id e . The 

combined ether e x tra c ts  of the aqueous layer  were dried  

(NagSO^). To the resid u a l o i l  anhydrous formic acid  was 

added (2  c . c . )  and the mixture l e f t  at room temperature (2 

hours), then i t  was d ilu ted  w ith  water (10 c . c . ) ,  ex tracted  

w ith  eth er and the ether extract washed w ith sodium bicarbon

ate so lu t io n . The resid u a l o i l  was then d isso lv ed  in  

l ig r o in  and passed through an alumina column. The e lu a te  

was concentrated and the resid u a l yellow  o i l  d i s t i l l e d  to  

give an almost co lo u r less  o i l  b .p .  170° (a ir  bath temper

ature) / 2  mm. which f a i le d  to  c r y s t a l l i s e .

1 : 2 :5 : 4 :5 : 6 :7- Heptamethyl-naphthalene (LXVI}

The above o i l  (0.6 g . ) ,  p a lla d ised  charcoal^51  ̂ (0 .15 g .)  

and tr ich i or obenzene (3 c . c . )  were reflu xed  (2 h ours).
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Hydrogen was evolved and was equivalent to  one m ole. The 

product was then d ilu ted  w ith benzene and f i l t e r e d  free  

from c a ta ly s t . The trichlorobenzene was removed in  vacuo 

to  g ive a liq u id  that rap id ly  c r y s ta ll is e d  (0 . 4  g . 2= 66%). 

This was d isso lv ed  in  benzene and passed through an alumina 

column. The e lu a te  was concentrated and the residue cry s

t a l l i s e d  from benzene/methanol to  g ive he p t  ame t  hyl -nap h thal - 

ene m.p. 134°. An a n a ly tica l specimen, prepared by the 

d is so c ia t io n  of a benzene so lu tio n  o f the p icra te  over alum

in a , formed co lo u r less  shining needles m.p. 134° (Pound:

C, 90.0;  H, 9.5 G^Egg requires G, 90.2; H, 9.8%).

The p icra te  c r y s ta ll is e d  from methanol as dark brown 

need les m.p.  184.5° (Pound: N, 9 .6  ^23^25  7̂^3 re(luiF®s

K, 9.5%).

The 1:3:5« trin itrobenzene complex was c r y s ta l l is e d  

from benzene as orange red needles m.p. 210° (Pound:

H, 9.55 Gg3Hg506N3 requires H, 9.5%). The 2 :4:7 -  t r i - 

nitrofluorenone complex was obtained by mixing equim olecular 

q u a n titie s  of t r in it r o f  luorene and heptame thyl-naphthalene  

in  g la c ia l  a c e tic  acid . I t  was obtained as brown b lack  

l ig h t  need les m.p. 212°. (Pound: N, 7 .5  G3QHgT70»7M3 r e 

quires M, 7.75%).

styphnate was c r y s ta ll is e d  from methanol as dark 

red n eed les m.p. 168°. (Pound: N, $ .1 , Gg3H25 0 Qi'Jg req u ires  

8 . 9%).
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l-C h lorom eth y l-2 :5 :4 :5 :6 :7 :8 - hep tame thyl-naphthalene (LXXXIX) .

(After Kewett ) .

Heptame thyl-naphthalene (0.3 g . )  and an ice  co ld  so lu 

t io n  of paraformaldehyde (100 mg.) in  g la c ia l  a c e t ic  acid  

(3 c . c . )  saturated  w ith  anhydrous hydrogen ch loride u n t i l  

so lu tio n  was c le a r , was shaken at room temperature (24 

hours) . The hydrocarbon formed a f in e  suspension and the 

so lu tio n  became very dark. Hydrogen ch loride was again  

passed through the reaction  mixture (2 mins . )  and shaking 

was continued fo r  24 hours. The rea ctio n  product was then  

coo led , d ilu te d  w ith  ic e  and extracted  w ith  e th er . The 

ic e -c o ld  ether ex tract was washed with ic e -c o ld  d ilu te  

sodium bicarbonate, iced  water and then dried  (Na^SO^).

A fter removal of the e th er , the dark o i ly  residue was d is 

so lved  in  cyclobexane and p u r ified  w ith  charcoal. The 

nearly co lo u r le ss  o i ly  residue (0.150 g . ) decomposed on a t 

tempted d i s t i l la t io n .  Attempted c r y s ta l l is a t io n  was un

su c c e ss fu l.

The 1 : 5 : 5 - trin itro-benzen e complex c r y s ta l l is e d  out 

when a hot mixture of the o ily  product and tr in itro -b en zen e  

in  benzene was l e f t  to  co o l. I t  was c r y s ta l l is e d  from 

benzene/hexane to  give dark red need les m.p. 160° decamp.J 

(Pound: N, 8 .8  C24%6^6N3 CEL . requires N, 8 . 6$ ) .

In one experiment, d ilu tio n  of the reaction  mixture of  

the chloro-methyl-compound w ith tap water gave a sm all amount
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of a s l ig h t ly  yellow  c r y s ta llin e  m ateria l m.p. 146-148°.

This d id  not contain ch lorine and a n a ly tica l f ig u res  co rres

ponded approximately w ith 1 -hydroxymethyl- 2 :3 :4 :5 :6 :7 :8 - 

heptam ethyl-naphthalene. (Found: C, 82.8 ; H, 8 .9

G18H24° 0 , 84.3; H, 9.4%).

Oct ame th y l -naphthalene (LXV).

The above o i ly  chloromethyl-compound (0.1 g . ) ,  p u r i

f ie d  cvclohexane (15 c . c . ) ,  20% p a lla d ised  charcoal (50 mg.)  

were shaken in  presence of hydrogen at room tem perature. 

Reduction was snooth and complete (1 mole of hydrogen) in  

30 m ins. A fter f i l t r a t io n  from c a ta ly s t  and removal o f 

so lv e n t, the residue was d isso lv ed  in  hot methanol. Addi

t io n  o f a hot so lu tio n  of p ic r ic  acid  in  methanol y ie ld ed  

a b lack  c r y s ta llin e  p icrate  d erivative which was r e c r y s ta l

l i s e d  from methanol. I t  was then d isso lv ed  in  benzene and 

passed through an alumina column. The elu ate  was concen

tra ted  and the residue c r y s ta ll is e d  from b en zen e/lig h t  

petroleum in  long f l a t  greenish  p la te s , m.p. 174° (25 mg.) .

(Found: C, 89.9;  H, 1 0 .2  Gx8H24 re9.uires C, 89.9; H, 1 0 . 1 %).

The p icra te  formed short b lack  needles (m ethanol). 

Softens at 173° and m elts at 193°. (Found: N, 9 .1

G24H27°7N3 re<lu ire s  •
The 1 : 3 :5 -  tr in itro-benzen e complex c r y s ta ll is e d  from

benzene as dark red prisms m.p. 192-193°. (Found: G, 63.5;

H, 6,2 requires C, 63.6; H, 6.1%).
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The 2 :4 :7 -  tr in itro -flu o ren o n e complex was obtained  

as black sh in ing c r y s ta ls  (a ce tic  acid) m .p. 209°. (Found: 

N, 7 .7  C3i H2g^7M3 requires N, 7 .6 $ ) .

1 :2:5:4-tetrah ydro  - 2 :3:5:6:7:8-hexam ethyl-naphthalene (XC ) .

(1) Clemmensen method. 1 :2 :3:4-T etrahydro-2:3:5:6:7 :8-
'-I~one

he xame thyl-naphthalene r ( 0 . 5 g » ) ,  z inc amalgam (5g . ) ,  con

centrated  hydrochloric acid  (25 c . c . ) ,  toluene (4 c . c . ) ,  

ethanol (1 c . c . )  were refluxed  fo r  36 hours, furth er quan

t i t i e s  of zinc amalgam (2 g .) and concentrated hydrochloric  

acid  (5 c . c . )  were added, and reflux, was continued 12 hours 

more. The ether ex tract was washed w ith a saturated  so lu 

t io n  of sodium bicarbonate and then w ith  w ater. On removal 

of so lv e n t , an o i l  (0 .3 5 g .)  was obtained which was c r y s ta l

l i s e d  by rubbing w ith  l ig h t  petroleum. C r y s ta llisa tio n  

from methanol afforded l ig h t  co lo u r less  need les (100 mg.) 

m.p. 108°. Further c r y s ta ll is a t io n  from methanol (3 tim es) 

gave 1 :2 :3 :4 -  te tr a  hydro-2:3 :5 :6 :7 :8 - hexamethyl-naphthalene 

m.p. 1110 . (Found: C, 88 .9; H, 10.95 ci6% 4 requ ires

C, 88 .8 ; H, 1 1 .2 $ ).

(2) Huang-Minion m o d ifica tio n ^'1̂  . 1 :2:3:4~Tetrahydro-
-1-one

2 :3 :5 :6 :7 :8 -  he xame th y l -naphthalene r (0 .5 ) ,  90% hydr ePi.ne-ic 

hydrate (2 c . c . ) ,  potassium hydroxide (Q .3g.) and d iethy len e  

g ly c o l (10 c . c . )  were heated in  the fash ion  described  by 

Huang-Mini on (4 hours). The reaction  mixture was then  

coo led , d ilu te d  w ith  water and extracted  w ith  e th er . The
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eth er ex tra c t was evaporated and the residue (0 .3 g .)  was

c r y s ta ll is e d  from methanol to  give 1 :2 :5 :4 - tetrahydro-

2 :3 :5 :6 :7 :8 -  hexamethyl-naphthalene as co lo u r less  need les  
om.p. 109-111 . A sample o f the la t t e r  was undepressed on 

admixture w ith a specimen obtained by the Clemmensen method.

1 :2 -Dihydr o -2: 5 :5 :6 :7 : 8-hexame th y l -naphthale ne (XC I ) 

1 :2 :3 :4  Tetrahydro- 2 :3 :5 :6 :7 :8-hexamethyl-naphthalene 

-1-one ( l g . ) ,  g la c ia l  a ce tic  acid  (30 c . c . ) ,  platinum oxide 

ca ta ly s t  ^ " ^  ( .1 5 g .) were shaken at room temperature. Absorp

t io n  was q u an tita tive  (2 hours). The so lu tio n  was now f i l 

tered  from c a ta ly s t  and the a ce tic  acid  removed in  vacuo.

The remaining o i l  was dehydrated w ith formic acid  as described  

fo r  1 :2 -d ih yd ro-2 :3 :4 :5 :6 :7 :8 - heptamethyl-naphthalene . As 

an a ltern a tiv e  procedure fo r  dehydration, the former product 

was d i s t i l l e d  b .p . 200° (a ir  bath temperature ) /4  ram. Product 

from each procedure was d isso lv ed  in  benzene l ig h t  petroleum  

(2:1) and passed through a column packed w ith  alumina. The 

e lu a te  was concentrated and the residue (Q .7g.) was c r y s ta l

l i s e d  from methanol (3 tim es) to  give co lo u r less  need les  

m.p. 117°, depressed to 104° on admixture w ith  1 :2 :3 :4 -  

tetrahydro- 2 :3 :5 :6 :7 :8 - hexame thyl-naphthalene• (Pound:

C, 8 9 .4 , H, 10 .3  C16H22 requires C, 89.65,* H, 1 0 .3 5 $ ).

1 :2 :3 :4 :6 :7 -Hexamethyl-naphthalene (LXVII).

(1) From 1:2 dihydro compound (XGI). The la t t e r  (0 .6 g .)
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20$ p a lla d ised  charcoal (0 .1 5 g .)  were heated gradually to  

200° then kept between 200°-220° (2 hours). Hydrogen 

evolved corresponded to  one m ole. The product was d isso lv ed  

in  benzene, f i l t e r e d  from ca ta ly s t  and c la r if ie d  w ith  char

co a l. The so lven t was removed and the s o lid  thus obtained  

was c r y s ta l l is e d  from methanol (3 tim es) to  give s l ig h t ly  

green sh in ing l e a f l e t s .  Further p u r if ic a t io n  by form ation  

and d is so c ia t io n  of the p icrate  y ie lded  c r y s ta ls  m .p. 145° • 

(Found: C, 90.6; H, 9 .5  ° ^ qE20  r e t i r e s  C, 9 0 .5 , H, 9.5%).

( 2 ) 1 :2:5:4-Tetrahydro~ 2 :5 :5 :6 :7  :8-hexame thyl-naphthalene 

(XC).

The above compound (Q .3 g .), 20% p a lla d ised  charcoal 

c a ta ly s t  (50 mg.) was heated in  carbon dioxide in  a strong  

tube in  a m etal bath. The temperature was ra ised  slow ly to  

250°, kept between 250-280 (2 hours), then heated f in a l ly  at 

300° (10 m ins.) Evolution of hydrogen corresponded approxi

m ately to  2 m oles. 1 :2 :5 :4 :6 :7-Hexame th y l -naphthale ne

c r y s ta ll is e d  in  le a f le t s  m.p. 145° (0 .2 g .)  and was undepressed  

on admixture with the above hydrocarbon.

The p icra te  c r y s ta ll is e d  from methanol in  dark red  

needles m.p. 1 9 0 .5 ° . (Found: N, 9 .3  G22H23°7N 3 requ ires

N, 9.5%).

The 1 :3 :5 - trin itrobenzene complex was obtained as orange 

needles (methanol) m.p. 215°. (Found: N, 9 .9  ^22^23^6^3

requires H, 9.9%).
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ne
'The 2 :4 : 7 - t r in it r o f lucrena("complex c r y s t a l l i s e d  in  dark 

b r ic k  n e e d le s  ( a c e t i c  a c i d ) .  m.p.  2 1 0 ° . (Found: N, 8 .4

G29^25U7^3 requires 3.0%).

Pehydrogenation of 1 :2 :5:4-tetrahydro- 2 :5 :5 :6 :7 :8 -  

hexa methyl -naphthalene -1 one (LXIII)

The above ketone (G .4g.) was dehydrogenated as described  

fo r  the above tetrahydro-naphthalene. The product was then  

d isso lv e d  in  benzene, f i l t e r e d  from ca ta ly s t  and the so lv en t  

evaporated. The residue d isso lved  in  hot methanol, was 

trea ted  w ith a s l ig h t  excess of p ic r ic  ac id , in  methanol, 

and cooled . The dark red c r y s ta llin e  p icra te  was f i l t e r e d  

(100 mg.) m.p. 190°. I t  was then d isso c ia te d  by passing  

through a column packed w ith  alumina to give 1 :2 :3:4:6  :7~ 

hexame th y l -naphthalene m.p. 145° undepressed on admixture 

w ith an authentic specimen. The f i l t r a t e  mother liq u or was 

freed  from p ic r ic  acid  by shaking with ammonia so lu tio n .

I t  was then extracted  w ith  eth er . The ether was dried  

(MagSO )̂ and evaporated. The residue was c r y s ta ll is e d  to  

give l ; 2 :5 :4 - t e tr a  hydro-2;5:5:6 :7 :8-hexamethyl-naphthalene 

as co lo u r less  needles (40 m g.), m.p. 108-110° undepressed on 

admixture w ith  an authentic specimen.
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X-Keto- X-prehnityl- -me thyl-butyric acid (XCV)

Prehnitene (12 g .)  was slow ly added (40 m lns. ) to  a 

s t ir r e d  suspension of fr e sh ly  powdered anhydrous aluminium 

ch loride (40 .5) and ^ -m eth y l-su cc in ic  anhydride (lO g.) in  

tetraeh loro-ethane (100 c . c . ) .  S tir r in g  was continued (5 

hours) at 0 ° , the reaction  mixture l e f t  overnight then de

composed as u su a l. The so lven t was d i s t i l l e d  in  steam and 

the residue d isso lv ed  in  sodium carbonate so lu tio n  and f i l 

tered  (ch arcoa l). The f i l t r a t e  was concentrated and l e f t  

to  c r y s t a l l is e  in  the r e fr ig er a to r . As no sodium s a l t  sep

arated from the concentrated so lu tio n , i t  was a c id if ie d . A 

w hite gum p rec ip ita ted  which s o l id i f ie d  on scratch ing (18g. = 

82$). C r y sta llisa tio n  from benzene gave X -k e to - X -p r e h n ity l- 

o(-me th y l -bu tyric acid  as prisms m.p. 130-131°. (Found:

C, 72.55; 8 .1  G15H200;3 requires C, 72.55; H, 8 .1 $ ) .

F raction al c r y s ta l l is a t io n  from b en zen e/ligh t petroleum or 

methyl a lcoh o l gave no other product.

E th yl- jf -k e to - X -prehnityl-^C  -methyl butyrate  

(XCV; R = C2H5 ).

The above acid (0 .3 g .)  was e s t e r i f ie d  w ith e th y l a lcohol 

as described for  X -k eto - X duryl- : B -dime th y l-b u ty r ic  

a c id . The eth y l e s te r  was obtained as co lo u r less  short 

rods from eth anol, m.p. 6 8 .5 ° . (Found = C, 73 .5 ; H, 8 .9  

C1pHpg03 requires C, 73 .8 ; H, 8 .8 $ ) .
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The o r i g i n a l  a c id  m .p . 13 0 -1 3 1 ° was r e g e n e r a te d  when 

th e  above e s t e r  was h y d ro ly s e d .

Sodium  h y p o b ro m ite  o x i d a t i o n .

J - K e to -  $ - p r e h n i t y l -  ^ - m e t h y l - b u t y r i c  a c id  w as o x i 

d i s e d  a s  d e s c r ib e d  f o r  $  - k e to -  $ - p r e h n i t y l -  ^  : f t  -m e th y l
(109)

b u t y r i c  a c i d .  I t  gave p r e h n i t y l  c a rb o x y l ic  a c id  

m .p . i?65-1680 u n d e p re s s e d  on a d m ix tu re  w i th  an  a u th e n t i c  

sp e c im en . From th e  l a t t e r ,  p r e h n i t y l  ca rb o x y lam id e  m .p . 

22 0 -2 2 2 ° w as o b ta in e d ,  ( l i t e r a t u r e  , 2 2 2 °) 

if - p r e h n i t y l -  m e th y lb u ty r ic  a c id  (XCVI)

J -K e to -  j  - p r e h n i t y l - ^  - m e th y lb u ty r ic  a c id  ( 1 5 g . ) ,  

w as added  s lo w ly  t o  a  m ix tu re  o f  z in c  amalgam ( 9 0 g . ) ,  c o n 

c e n t r a t e d  h y d ro c h lo r ic  a c id  (250 c . c . ) ,  to lu e n e  (20 c . c . )  

and  e th a n o l  (5 c . c . )  th e n  r e f lu x e d  f o r  36 h o u r s .  Concen

t r a t e d  h y d ro c h lo r ic  a c id  (100 c . c . )  was th e n  added  and  r e 

f l u x  was c o n tin u e d  12 h o u rs  m o re . The p ro d u c t  was now e x 

t r a c t e d  w i th  e t h e r  and  th e  e t h e r  e x t r a c t  d r i e d  (Ha^SO^) and  

e v a p o ra te d .  The r e s id u e  q u ic k ly  s o l i d i f i e d  (1 2 g . = 8 6 $ ) .  

C r y s t a l l i s a t i o n  from  m eth an o l gave w h ite  l e a f l e t s  m .p . 1 0 6 - 

1 0 7 ° . (Found: G, 7 6 .6 ;  H, 9 .6  re (lu i r 0 S  G> *76.9;

H, 9.5% ) •

1 : 2 : 3 : 4 - t e t r a h y d r o - 2 : 5 : 6 : 7 : 8-pentm e th y l - n a p h th a le  n e -  

1 -o n e  (XCVII)
(48)

(1 ) U sin g  h y d r o f lu o r ic  a c id

The above a c id  ( 5 . g . ) ,  h y d r o f lu o r ic  a c id  (100 c . c . )  i n
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a  p la t in u m  c r u c ib le  was l e f t  a t  room te m p e ra tu re  (24  h o u r s ) .  

The c y c l i s e d  p ro d u c t  o b ta in e d  (3 .8 g .  = 83$) was c r y s t a l l i s e d  

from  lig rG & n (4  t im e s )  t o  g iv e  c o lo u r l e s s  s m a ll  n e e d le s  m .p . 

7 8 .5 °  (Pound: C, 8 3 .2 ;  H, 9 .2  ^15^20^ r e q u i r e s  C, 8 3 .4 ;

H, 9 .3 $ ) .

(2 ) U sin g  anhyd rous alum inium  c h l o r i d e . ^ ^ )

The above a c id  (5 g .)  was c y c l i s e d  a s  d e s c r ib e d  f o r  

1 : 2 : 3 : 4 - t e t r  ahyd ro  2 : 3 : 5 : 6 : 7 : 8-hexam e th y l- n a p h th a le n e  -1 -o n e  

gave a  m a t e r i a l  b . p .  170° ( a i r  b a th  te m p e ra tu re  ) /4  mm.

(3 .5 g .  = 7 5 $ ) .  C r y s t a l l i s a t i o n  from  l ig r d b n  a f f o r d s  1 : 2 : 3 : 4 -  

te t r a h y d r o - 2 :5 :6 :7 :8 - p e n ta m e th y l - n a p h th a le n e - 1 - o n e  a s  s to u t  

n e e d le s  m .p . 7 8 .5 °  u n d e p re sse d  on ad m ix tu re  w i th  th e  above 

sam ple •

O x id a tio n  o f  l : 2 : 3 : 4 - t e t r a h y d r o - 2 :5 : 6 : 7 : 8 - p e n t a m e t h v l -  

n a p h th a le n e  - 1 - o n e .

The above ke to n e  ( 0 .2 g . )  was o x id is e d  w ith  n i t r i c  a c id  

t o  g iv e  m e l l i t i c  a c id  i s o l a t e d  a s  m e th y l me 11 i t  a te  p l a t e s  

m .p . 186° u n d e p re s s e d  on ad m ix tu re  w i th  an  a u th e n t i c  s p e c i 

m en, ( l i t e r a t u r e ,  1 8 6 ° ) .

1 : 2 :5 :4 - T e t r a h y d r o - 2 :5 :6 :7 : 8-hexame th y l - n a p h th a le n e  

(XCDC)

(1) Clemmensen m e th o d . The above c y c l i s e d  k e to n e  

( 1 .2 g . )  was re d u c e d  a s  d e s c r ib e d  f o r  1 : 2 : 3 :4 - t e t r a h y d r o -  

2 : 3 - 5 : 6 : 7 : 8-hexam e t h y l  -n a p h th a le n e  gave an  o i l  (0 .  8 g . )  w h ich  

f a i l e d  t o  c r y s t a l l i s e  a f t e r  d i s t i l l a t i o n  and  ru b b in g  w i th
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lig i< £ b n .

(2 ) H uang-M ink& f~m odification. The ahove c y c l i s e d

k e to n e  (XCVII) ( 0 .5 g . )  gave an  o i l y  p ro d u c t ( 0 .3 g . )  w h ich  

f a i l e d  to  c r y s t a l l i s e .

1 :2 -d ih y d ro ~ 5 : 5 :6 :7 :8 -p e n ta m e th y l-n a p h th a le n e  (G)

The ahove c y c l i s e d  k e to n e  (XCVII) ( 1 . 2 g . ) ,  g l a c i a l  

a c e t i c  a c id  (30 c . c . ) ,  Adam*s c a t a l y s t  (Q .1 2 g .)  a b so rb e d  1 

m ole o f  h y d ro g en  (2#5 h o u r s ) .  The p ro d u c t a f t e r  rem o v a l o f  

s o lv e n t  i n  v acu o  was d e h y d ra te d  w i th  anhyd rous fo rm ic  a c id  

th e n  p a s s e d  th ro u g h  a  colum n p ack ed  w i th  a lu m in a . The 

e lu a te  was c o n c e n tr a te d  and  th e  r e s id u e  c r y s t a l l i s e d  from  

m e th an o l a s  c o lo u r l e s s  n e e d le s  m .p . 64° ( 0 .6 3 g .)  (Pound:

0 ,  8 9 .7 ;  H, 1 0 .1  C^HgQ r e q u i r e s  G, 8 9 .9 ;  H ,1 Q .1 $ ).

1 : 2 : 5 : 4 : 6  -Pe n t  ame t h y l  -n a p h th a le  ne (Ii&2£)

(1 ) From 1 : 2 : 5 :4 - t e t r a h y d r o - 2 : 5 : 6 : 7 : 8 -P e n ta m e th y l-  

n a p h th a le n e  (XCIX)

The ahove o i l y  p ro d u c t (Q .5 g .)  and  20$  p a l l a d i s e d  c h a r 

c o a l  (80 m g .) w ere h e a te d  s lo w ly  i n  c a rb o n  d io x id e  i n  a 

s t r o n g  tu b e  i n  a  m e ta l  b a th .  The te m p e ra tu re  r a i s e d  t o  

2 5 0 ° , k e p t b e tw een  250-280° (2 h o u rs )  and  f i n a l l y  a t  300°

(10 m in s .)  E v o lu t io n  o f  h y d ro g en  c o rre sp o n d e d  t o  2 m o le s . 

The p ro d u c t  was c r y s t a l l i s e d  from  m e th an o l a s  c o lo u r l e s s  

rhcm bfthedra m .p . 8 3 -8 5 °  ( 0 .2 5 g .)  A sam ple p u r i f i e d  v i a  th e  

p i c r a t e  gave m .p . 8 5 ° . (Pound: G, 9 0 .7 ;  H, 9 .3 5  c i 5 % 8
r e q u i r e s  C, 9 0 .8 5 ; H, 9 .1 5 $ ) .
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(2 ) From 1 :2 -d ih y d .ro -3 -5 :6 :7 :8 -p e n ta m e  th y l- n a p h th a le n e

(C ).

The above d ihydro-com pound (XCI) ( 0 .4 g . )  and 20$  p a l l a -  

d i s e d  c h a r c o a l  ( O . lg . )  was h e a te d  g r a d u a l ly  t o  200° th e n  

k e p t b e tw ee n  200-220° (2 h o u r s ) .  H ydrogen e v o lv e d  c o r r e s 

ponded  t o  1 m o le . The p ro d u c t  w as now c o o le d , d i s s o lv e d  i n  

benzene  and  f i l t e r e d  from  c a t a l y s t .  The ben zen e  was e v a p o r  

a te d  and th e  r e s id u e  ( 0 .3 g . )  w as c r y s t a l l i s e d  from  m e th a n o l 

t o  g iv e  1 : 2 ;5 ;4 :6 - p e n ta  me th y l- n a p h th a le n e  a s  c o lo u r l e s s  

rhom b& hedra m .p . 85° i d e n t i c a l  w i th  th e  above p r o d u c t .

The p i c r a t e  c r y s t a l l i s e d  from  m eth an o l i n  l i g h t  r e d  

n e e d le s  m .p . 176° (Found: H, 1 0 .0 $ ; r e q u i r e s

a ,  9 .8 $ ) .

The l : 5 ; 5 - t r i n i t r o  b enzene  com plex was o b ta in e d  a s  

y e llo w  n e e d le s  from  benzene  m .p . 1 8 7 ° . (Found: N, 1 0 .0

C2lH21°6N3 re<l u^res 1 0 *2 $ ).
The 2 : 4 :7 - t r i n i t r o f l u o r e n o n e  com plex was c r y s t a l l i s e d

a s  r e d  n e e d le s  from  a c e t i c  a c id  m .p . 174° (Found: G, 8 .4

G28H23°7N3 rec 1̂^rea  8 *2 $)«
1 : 2 - d ih y d r o -5 : 4 : 5 : 6 : 7 :8-hexam e th y l-n a p h th a le n e  (XCVTII)

l :2 :3 :4 - T e t r a h y d r o - 2 :5 : 6 : 7 :8  pentam e th y l- n a p h th a le n e

-1 -o n e  (XCVII) ( 1 .5 g . )  was t r e a t e d  w i th  e x c e s s  m e th y l

m agnesium  io d id e  a s  a l r e a d y  d e s c r ib e d  f o r  1 :2 - d ih y d r o - 2 :3 :4 :

5 :6 :7 :8 -h e p ta m e th y l-n a p h th a le n e  (LXXVTII)^an o i l  b . p .  170°

( a i r  b a th  te m p e ra tu re  ) /4  mm. (O .g g .)  The l a t t e r  f a i l e d  t o
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c r y s t a l l i s e  a f t e r  s e v e r a l  a t t e m p ts .

l : 2 ; 3 : 4 : 5 : 6 - h e x a  m e th y l-n a p h th a le n e  (LX V III)

The above d ih y d ro  compound (O .g g .) ,  t r ic h io b e n z e n e  

(3 c . c . ) ,  20% p a l l a d i s e d  c h a r c o a l  ( 0 .1 5 g .)  w ere r e f lu x e d  

(2 h o u r s ) .  The p ro d u c t was w orked up a s  d e s c r ib e d  f o r  

1 : 2 : 3 : 4 : 5 : 6 : 7  >8 -hep  t  ame t h y l  -n a p h th a le  ne (DCVI) .  The h y d ro  -

c a rb o n  w as f u r t h e r  p u r i f i e d  by  th e  d i s s o c i a t i o n  o f  i t s  

p i c r a t e  d e r i v a t i v e s  to  g iv e  c o lo u r l e s s  n e e d le s  (m e th an o l)  

m .p . 8 1 .5 ° .  (Pound: G, 9 0 .3 ;  H, 9 .4  ^16^20 reclu lP e s

0 ,  9 0 .5 ;  H, 9 .5% ).

p l e g a te  'was c r y s t a l l i s e d  i n  d a rk  r e d  n e e d le s  

(m e th a n o l) ,  m .p . 1 6 7 -8 ° . (Pound: N, 9 .6  G22H23°7N3

r e q u i r e s  N, 9.5%)

The 1 : 5 :5 - t r i n i t  obenzene com plex w as o b ta in e d  i n  o range  

n e e d le s  fro m  benzene  m .p . (1 8 6 ° ) . (Pound: N, 9 .8  C22H23°6H3 

r e q u i r e s  N, 9 .5% ).

The 2 : 4 :7 - t r i n i t r o f l u o r e n o n e  com plex was c r y s t a l l i s e d  

from  a c e t i c  a c id  m .p . 181° (Pound: N, 7 .8  G29^25^7^3 r e ~ 

q u i r e s  7 .9 5 % ).

The M ale ic  an h y d rid e  a d d u c t and  i t s  o x id a t io n  t o  p r e h n i -  

te $ a  a c id  i s  d e s c r ib e d  on p . I ®  .

l - C h lo r o m e th y l - 3 :5 :6 :7 :8 - p e n t  ame th y l- n a p h th a le n e  (CIV) 

1 :2 :3 :4 :6 -P e n ta m e th y l-n a p h th a le n e  ( 0 .3 g . )  w as c h lo r o -  

m e th y la te d  a s  d e s c r ib e d  f o r  1 -ch lo rom e th y l-h e p ta m e  t h y l  -  

n a p h th a le n e  (LXXXIX) t o  g iv e  an o i l  w h ich  q u ic k ly  became



105

brow n i n  c o lo u r .

1 : 2 : 5 : 4 : 5 :7 -  H ex am e th y l-n ap h th a len e  (LXIX)

The above o i l y  ch io rom ethy l-com pound  (150 m g .)  was r e 

du ced  a s  d e s c r ib e d  f o r  oc tame th y l- n a p h th a le n e  (LXV) to  g iv e  

a  s o l i d  m .p . 1 3 5 -7 °  (50 m g .) P u r i f i c a t i o n  v i a  th e  p i c r a t e  

gave c o lo u r l e s s  cu b es from  m eth an o l m .p . 1 4 0 ° . (Pound:

C, 9 0 .4 5 ; H, 9 .4 5  r e q u i r e s  G, 9 0 .5 ;  H, 9 .5 $ ) .  M ixed

m e l t in g  p o i n t  w i th  1 : 2 : 3 : 4 : 5 :6 -h e x a m e th y l-n a p h th a le n e  6 0 -6 5 ° . 

M ixed m e l t in g  p o in t  w i th  1 : 2 : 3 : 4 : 6 : 7 -  h e x a m e th y l-n a p h th a le n e  

1 3 2 -1 3 4 ° .

Plcr&fce c r y s t a l l i s e d  a s  d a rk  r e d  n e e d le s  (m e th an o l)  

m .p . 1 8 8 ° . (Pound: N, 9 .7 5  ^22^23^7^3 re (lu i r e s  N, 9*5%)

The 1 : 3 :5 - t r in i t r o b e n z e n e  com plex was o b ta in e d  a s  l i g h t  

o range  n e e d le s  from  benzene  m .p . 2 0 7 ° . (Pound: N, 9 .9

^22% 3^6^3  r e q u i r e s  N, 9 .9% ).

The 2 : 4 :7 - t r i n i t r o f l u o r e n o n e  com plex c r y s t a l l i s e d  a s  

s t o u t  brow n n e e d le s  from  a c e t i c  a c i d .  1 9 9 ° . (Pound: I f ,7-365

C2 9 H25°7 '^ 3  reclu i r e s  *7*^5%)

2 -G h lo ro m e th y l-3 :4 :5 :6 :7 :8 -h e x a  me th y l- n a p h th a le n e  (C l)

1 : 2 : 3 : 4 :5 :6 -H e xame th y l-n a p h th a le n e  (LX V III) ( 0 .3 g . )  w as

c h lo ro m e th y la te d  a s  d e s c r ib e d  above t o  g iv e  a  brow n o i l y

p r o d u c t .

The p i c r a t e  c r y s t a l l i s e d  i n  d a rk  b r i c k  n e e d le s  m .p . 

17 8 -1 8 0 ° decom p. (Pound: N, 8 .9  Cg^Hg^O^N^Cl r e q u i r e s  

W, 8.6%).
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The 1 : 5 : 5 - t r in i t r o b e n z e n e  com plex was o b ta in e d  a s  r e d  

n e e d le s  from  benzene m .p . 188° decam p. (Pound: N, 9 .1  

GggHg^OgNgCl r e q u i r e s  N, 8 .9 % ).

R e d u c tio n  o f 2 - c h lo r a m e th y l - 5 :4 :5 :6 :7 : 8-hexame t h y l  -  

n a p h th a le n e  (G I)

The above p ro d u c t (150 m g.) was re d u c e d  a s  d e s c r ib e d  

f o r  th e  above c h io ro m e th y l compound t o  g iv e  1 : 2 : 5 : 4 : 5 : 6 : 7 -  

hep tame t h y l  -n a p h th a le n e  m .p . 134° (50 m g .) u n d e p re s s e d  on 

ad m ix tu re  w i th  an a u th e n t ic  sp ec im en .

The p i c r a t e  d e r iv a t iv e  m .p . 1 8 4 * 5 ° . The 8 : 4 : 6 - t r i n i t r o -

f lu o re n o n e  com plex m .p . 2 1 2 ° . M ixed m e l t in g  p o i n t s  w ere

u n d e p re s s e d  on ad m ix tu re  w ith  a u th e n t i c  sp e c im en s .
t g t r a

O c ta m e th y l-n a p h th a le n e  from  2 : 5 ^ gwf i5 ie th y l -5 -p r e h n i ty l -  

hexane 2 : 5 - d i o l  (XSQEVTXXj  ̂ .

M e th y l-  \  - k e to -  ^ - p r e h n i t y l -  0( : ^ - d im e th y l - b u ty r a te  ; 

(LIV R = Me) (3 g .)  i/a s  added  to  e x c e s s  m e th y l m agnesium  Iodide^ 

a s  d e s c r ib e d  f o r  The r e a c t i o n  m ix tu re  was th e n

r e f lu x e d  f o r  60 h o u r s .

The p ro d u c t  was decom posed w ith  c o ld  s a t u r a t e d  s o l u t io n  

o f  ammonium c h lo r i d e .  The e th e r  e x t r a c t  was e v a p o ra te d  t o  

g iv e  a n  o i l  ( 2 .4 g . )  w hich  q u ic k ly  d a rk e n e d . W ater Y/as fo rm ed  

on th e  s id e s  o f  th e  r e c e i v e r  on d i s t i l l a t i o n .

The o i l y  d i s t i l l a t e  r a p id ly  d e c o lo u r is e d  b o th  b rom ine 

w a te r  and  p o ta s s iu m  perm anganate  s o l u t io n .  W ith  p a lla d iu m  

b la c k  a s  c a t a l y s t ,  2 e q u iv a le n t s  o f h y d ro g en  w ere a b s o rb e d .
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The c ru d e  o i l  from  th e  G rig n a rd  r e a c t i o n  ( 1 .5 g . )  and  

h y d r o f lu o r ic  a c id  (40 c . c . )  w ere l e f t  i n  a  p la t in u m  c r u c ib le  

(36 h o u r s ) .  E x c e ss  o f a c id  was d e s t ro y e d  w ith  d i l u t e  

a l k a l i  and  th e  p ro d u c t  e x t r a c t e d  w i th  e t h e r .  E th e r  e x t r a c t e d  

was d r i e d  (NagSO^) and e v a p o ra te d .  The r e s i d u a l  gummy 

m a t e r i a l  ( 1 .2 g . )  f a i l e d  t o  c r y s t a l l i s e .

To a  h o t  s o l u t io n  o f  th e  above p ro d u c t  i n  a c e t i c  a c i d ,  

a  h o t  s o l u t i o n  o f 2 : 4 : 7 - t r i n i t r o f l u o r e n o n e  was added . The 

c o lo u r  o f  th e  s o l u t io n  became b la c k  and  on c o o lin g  th e  com

p le x  c r y s t a l l i s e d  i n  b la c k  p r ism s  m .p . 2 0 7 -209° (30 m g .) .

The h y d ro c a rb o n  was n o t  d i s s o c i a t e d  b y  p a s s in g  a  benzene  

s o l u t i o n  o f  th e  above com plex i n  a  colum n p a ck e d  w i th  a lu m in a . 

However d i s s o c i a t i o n  was e f f e c t e d  b y  b o i l i n g  th e  f lu o re n o n e  

com plex w i th  a  m ix tu re  o f  stan& ous c h l o r i d e , h y d r o c h lo r ic  

a c id  and a c e t i c  a c id  f o r  15 m in s . The n e u t r a l  o rg a n ic  e x 

t r a c t  d e p o s i te d  a  powder m .p . 1 7 0 -172° (5 m g .)  c r y s t a l l i s a t i o n  

from  m e th an o l gave o c ta m e th y l-n a p h th a le n e  (LXV) m .p . 1 7 2 -3 °  

u n d e p re s s e d  on adm ix tu re ' w i th  an  a u th e n t i c  sp ec im en . The 

l : 5 : 5 - t r i n i t r o b e n z e n e  com plex m .p . 192 -193° was u n d e p re s s e d  

on ad m ix tu re  w i th  an  a u th e n t ic  sp ec im en .

The m o th e r l i q u o r  o b ta in e d  a f t e r  f i l t r a t i o n  o f  th e  

f lu o re n o n e  com plex was f r e e d  from  2 : 4 : 7 - t r i n i t r o f l u o r e n o n e  

b y  r e d u c t io n  o f  th e  l a t t e r ,  t o  g iv e  an o i l  (LXXX) ( 0 .5 g . )  

w h ich  d id  n o t  c r y s t a l l i s e .

The above o i l  (LXXX) ( 0 .2 g .)  was o x id is e d  w i th  n i t r i c
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a c id  i n  a  s e a le d  tu b e  a s  d e s c r ib e d  f o r  1 : 2 : 3 : 4 - t e t r  a h y d ro -
-1 -o n e

2 : 3 : 5 : 6 :7 : 8 -  h e x a m e th y l-n a p h th a le n e ^1X 111) to  g iv e  m e l l i t i c  

a c id  i s o l a t e d  a s  me th y l-m e  H i t  a te  m .p . 1 8 3 -1 8 5 ° . Unde

p r e s s e d  on ad m ix tu re  w ith  an  a u th e n t ic  sp ec im en .

The above o i l  (LXXX) ( 0 .4 g . )  w as h e a te d  w i th  S k len iu flier 

( 0 .5 g . )  i n  a  s e a le d  tu b e  a t  310-340° (24 h o u r s ) .  The p r o 

d u c t  was d i s s o lv e d  i n  b e n z e n e , f i l t e r e d  and c l a r i f i e d  w i th  

c h a r c o a l .  The benzene  was e v a p o ra te d  and  th e  r e s id u e  d i s 

s o lv e d  i n  a c e t i c  a c id  (2 c . c . )  and  added  t o  2 : 4 : 7 - t r i n i t r o -  

f l u c r e  n o n e . On c o o l in g ,  th e  com plex c r y s t a l l i s e d  i n  b la c k  

c r y s t a l s  m .p . 2 0 9 ° . D is s o c ia t io n  a s  d e s c r ib e d  b e fo r e  gave 

o c t  ame t h y l  -n a p h th a le n e  m . p . 1 7 1 -3 °  (6 m g .) u n d e p re s s e d  on 

ad m ix tu re  w i th  an  a u th e n t ic  specim en .

The p i c r a t e  was o b ta in e d  a s  b la c k  n e e d le s  from  m e th a n o l 

m .p . 193° u n d e p re s s e d  on ad m ix tu re  w i th  an  a u th e n t i c  s p e c i 

m en.
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2 :5 -D ih y d ro x y -2  ;5 -d im e th y lh ex a n e  (CV)

(A f te r  H a r r is  and W eil*8 5 ^ ) .

To a  G r ig n a rd  s o l u t i o n  p re p a re d  from  m agnesium  (6 .g .~ ) , 

d ry  e t h e r  (120 c . c . )  and  m e th y l io d id e  ( 3 5 g . ), s u c c in ic  e s t e r  

was ad d ed  ( l l g . )  (20 m in s .)  The m ix tu re  was r e f lu x e d  f o r  

30 m in s . The com plex was th e n  decom posed w i th ^ ic e  c o ld  

s a t u r a t e d  s o l u t i o n  o f  ammonium c h lo r i d e .  The e t h e r  e x t r a c t  

was e v a p o r a te d .  The r e s i d u a l  s o l i d  c r y s t a l l i s e d  w i th  6

m o les o f  w a te r .  The anhydrous compound was o b ta in e d  b y

h e a t in g  th e  c r y s t a l l i s e d  m a te r i a l  on a  w a te r  b a th  in  v a cu o .

2 : 5 -d ih y d ro x y  -  2 : 5-dim e t h y l  -hexane c r y s t a l l i s e d  i n  p l a t e s  

from  l ig h t - p e t r o le u m  m .p . 89° (8 g . = 45$) ( l i t e r a t u r e   ̂ ^

8 9 ° ) .

2 : 5 - d i c h lo r o - 2 :5 -d im e th y lh ex an e  (CVI)
(75)(A f te r  B ruson  and  K roeger ' ) .

The above d ih y d ro x y  compound (4 g .)  was d is s o lv e d  i n

c o n c e n tr a te d  h y d ro c h lo r ic  a c id  (20 c . c . )  and  h y d ro g en  c h lo r id e

was p a s s e d  th ro u g h  th e  m ix tu re  (15 m i n s . ) .  The p r e c i p i t a t e d
and

m a t e r i a l  was f i l t e r e d ,  w ashed w i th  w a t e r , /“m eth an o l and d r i e d  

i n  v acu o  ( 4 .g .  * 9 0 $ ) . The p ro d u c t was o b ta in e d  a s  w h ite  

l e a f l e t s  m .p . 6 3 -6 4 ° . ( l i t e r a t u r e  6 4 ° ) .

2 : 5 -D ih y d ro x y -2 ;5 :4 ; 5 - te tra m e th y lh e x a n e  (CXIV)

M e th y l- ( - ) -<X. : B -d im e th y l s u c c in a te  ( lO g .)  ( b .p .  2 0 0 ° /

760 mm. was t r e a t e d  w ith  a  G rig n a rd  s o l u t io n  a s  d e s c r ib e d  above
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t o  g iv e  an  o i l  b . p .  , ,5 5 -6 0 ^ 1 0 -1 2  mm. ( l i t e r a t u r e  b . p .  5 5 ° /

12 m m.)

C o n d e n sa tio n  o f  p -x y le n e  w ith  2 : 5 - d ih y d r o x y - 2 : 5 :4 : 5 - t e t r a -  

m e th y l hexane (CXIV)

Dry t e t r a c h lo r o e th a n e  (15 c . c . ) ,  anhyd rous a lum inium  
a n j

c h lo r id e  ( 5 g . ) ?fp -x y le n e  ( 4 .g . )  w ere s t i r r e d  a t  room  te m p e ra 

t u r e  w h ile  (CXIV) was added ( 1 .5 g . )  (10 m in s .)  The w a te r  

b a th  te m p e ra tu re  was now r a i s e d  s lo w ly  t o  60° and  k e p t c o n 

s t a n t  (5 h o u r s ) .  The r e a c t i o n  m ix tu re  was th e n  l e f t  o v e r 

n ig h t  and  th e  com plex was decom posed w ith  ic e  an d  h y d r o c h lo r ic  

a c i d .  T e tr a c h lo ro e  th a n e  was rem oved i n  s te a m . The r e s id u e  

was f r a c t i o n a l l y  d i s t i l l e d  t o  g iv e  an  o i l  (A) b . p .  14 0 -1 6 0 ° 

( o i l  b a th  te m p e ra tu re  ) /2  mm. ( 0 .5 g . )  and a  s e m i^ s o l id  (B) b . p .  

2 0 0 ° /2  mm., and t a r r y  r e s id u e  ( 2 .5 g . )  O il  (A) ( 0 .5 g . ) ,  

se le n iu m  ( 0 .5 g . )  was h e a te d  i n  a  s e a le d  tu b e  a t  530° (24 

h o u r s ) .  The p ro d u c t was d is s o lv e d  i n  benzene and f i l t e r e d  

from  se len iu m  and c l a r i f i e d  w ith  c h a r c o a l .  The s o lv e n t  was

rem oved. The r e s id u e  f a i l e d ^ t o  c r y s t a l l i s e .  The l a t t e r  was
added

th e n  d i s s o lv e d  i n  h o t  m e th an o l andHfo a  s o lu t io n  o f  p i c r i c  

a c id  i n  m e th a n o l; a  deep r e d  c o lo u r  d e v e lo p e d  and  on c o o l in g  

deep  r e d  c r y s t a l s  o f a  p i c r a t e  d e r iv a t iv e  was o b ta in e d  (8 m g .) 

m .p . 1 8 2 -1 8 5 ° . The l a t t e r  was d i s s o c i a t e d  o v e r  an a lu m in a  

colum n t o  g iv e  a  w h ite  pow der m .p . 1 2 5 -130° (3 m g .)

A b s o rp tio n  sp ec tru m  i n  cy e lo h ex an e  showed a  s t r o n g  b ro a d  

band  b e tw een  2750 and  3100A°.
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S e m is o lid  (B) was c r y s t a l l i s e d  from  b e n z e n e /lig r§ & n , 

th e n  from  b en zen e  t o  g iv e  y e l lo w is h  s h in in g  l e a f l e t s  m .p . 

2 4 1 -2 4 2 ° h a v in g  a  s t r o n g  b lu e  f lu o re s c e n c e  i n  benzene  s o lu 

t i o n .  (Pound: C, 9 2 .7 ;  H, 7 .6 5 .  C1?H16 r e q u i r e s  C, 9 2 .7 ;

H, 7 # 3 $ ).
(79 ) (78)

(1 :2 :4 -T r im e th y la n th ra c e n e  m .p . 241 , 245

The 1 : 5 :5 - t r ln i t r o b e n z e n e  com plex was o b ta in e d  a s  wine-** 

r e d  p r is m s  from  benzene  m .p . 146 -148° decom p.

The 2 : 4 :7 - t r i n i t r o f  lu c r e  none com plex was c r y s t a l l i s e d  

a s  b ro w n ish  b la c k  n e e d le s  from  a c e t i c  a c id  m .p . 16 0 -1 6 2 ° 

decom p. (Pound: N, 7 .7 5  r e q u i r e s  N, 7 .8 $ ) .

A b s o rp tio n  sp ec tru m  f o r  compound (B) i s  shown i n  P ig .  1 

95$/S£thyl;&&0Qh0lwas u se d  a s  s o lv e n t .

i o n - 1<■>£ - . ^ 1 ; , S k - W S j a U P O d - QO-3r¥ O B t  .

Chrom ic a c id  o x id a t io n  o f compound (B)

(A f te r  Morgan and C o u l s o n ^ ^ ) .

To a  b o i l i n g  s o l u t io n  o f  th e  above compound (50 m g .)  i n  

a c e t i c  a c id  (3 c . c . )  a  c o n c e n tr a te d  s o l u t io n  o f  ch rom ic  a n 

h y d r id e  ( O . lg . )  i n  d i l u t e  a c e t i c  a c id  (1 c . c . )  w as g r a d u a l ly  

a d d ed . A f te r  one h o u r ,  th e  p ro d u c t  was c o o le d ,  and  p o u re d  

i n to  w a te r ,  th e n  e x t r a c t e d  w i th  e t h e r .  The e t h e r  e x t r a c t  

was w ashed  w ith  w a te r ,  d i l u t e  s u lp h u r ic  a c i d ,  aquous sodium  

b ic a rb o n a te  and a g a in  w ith  w a te r .  The e t h e r  was th e n  d r i e d  

(Ha2S04 ) and  e v a p o ra te d  le a v in g  a  y e llo w  s o l i d  m .p . 1 5 5 -1 5 8 ° . 

( 1 : 2 :4 - tr im e th y la n th ra q u in o n e   ̂ m .p . 1 6 1 -1 6 3 ° .
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e
The c o n d e n s a tio n  o f  p A n i t e n e  ( W m i i l )  w i th  2 ; 5 - d i -  

h y d ro x y -2 :5 -d im e th y lh e x an e  (CVI)

P re h n i te n e  ( 2 * 3 g .) ,  anhydrous alum inium  c h lo r id e  ( 8 g .)  

and  t e t r a c h lo r o e th a n e  (20 c . c . )  w ere m e c h a n ic a l ly  s t i r r e d  

w h ile  2 :5 -d ih y d ro x y -2 :5 -d im e th y l  hexane ( 2 g .)  was added 

d ro p w is e . The above p ro c e d u re  f o r  th e  p -x y le n e  c o n d e n s a t io n  

was t h e n  fo llo w e d  e x a c t l y .  The h y d ro ly s e d  m a t e r i a l  w as 

f r a c t i o n a l l y  d i s t i l l e d  t o  g iv e  a  y e llo w  o i l  (C ) b . p .  1 3 0 -1 5 0 °  

( o i l  b a t h  te m p e r a tu r e ) /2  mm. ( 0 .8 g . ) ,  a  d a rk  y e llo w  s o l i d

(D) b . p .  2 0 0 ° /2  mm. ( O . lg . )  and a  t a r r y  r e s id u e  ( 3 g .)

O il  (C) ( 0 .5 g . )  and se len iu m  ( 0 .5 g . )  w ere h e a te d  i n  a  

s e a le d  tu b e  a t  330° (24 h o u r s ) .  From th e  r e a c t i o n  m ix tu r e ,  

a  d a rk  r e d  p i c r a t e  was o b ta in e d  m .p . 183-185° (10 m g .)  u n d e 

p r e s s e d  w ith  th e  p i c r a t e  o b ta in e d  from  th e  d e h y d ro g e n a tio n  

p ro d u c t  o f  o i l  (A ).

D i s s o c i a t i o n  o f  th e  p i c r a t e  d e r i v a t i v e  on a n  a lu m in a  

colum n gave a  s o l i d  h y d ro ca rb o n  m .p . 1 2 5 -1 2 8 ° , u n d e p re s s e d  

on a d m ix tu re  w ith  th e  h y d ro ca rb o n  o b ta in e d  from  (A ).

O x id a tio n  o f  o i l  (C) ( 0 .3 g .)  gave m e l l i t i e  a c id  i s o l a t e d  

a s  m e th y l me 11 i t  a te  m .p . 183-185 u n d e p re s s e d  on ad m ix tu re  

w i th  a n  a u th e n t i c  specim en .

Compound (D) was c r y s t a l l i s e d  from  benzene i n  l i g h t  

y e llo w  l e a f l e t s  h a v in g  a  s t r o n g  b lu e  f lu o r e s c e n c e  m .p . 

2 3 6 -2 3 7 ° , d e p re s s e d  by  40° on m ix in g  w ith  compound B . (n o t 

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



113

l ? 5 : 5 - T r in i tr o b e n z e n e  com plex was c r y s t a l l i s e d  i n  w in e -  

r e d  p r is m s  from  benzene  m .p . 1 6 2 -4 ° .

2 : 4 : 7 - T r i n i t r o - f  lu o re n o n e  com plex was c r y s t a l l i s e d  i n  

b la c k  brow n n e e d le s ,  m .p . 1 8 3 -1 8 5 ° .

A b s o rp tio n  spec trum  cu rv e  i s  shown in  F i g .  2 .  95#

e t h y l  a lc o h o l  was u se d  as  s o lv e n t .

3 : 4-Dime th y lh e x a n e  - 3 : 4 - d io l

(A f te r  W hitby and M acaHum^8* ^ ) .

The p ro c e d u re  u s e d  i s  s i m i l a r  t o  t h a t  d e s c r ib e d  f o r  

p in a c o le - h y d r a te ^ 8 8 ^ . b . p .  1 9 5 °/7 6 0  1 2 3 ° /2 5  mm.

( l i t e r a t u r e  1 2 3 ^ 1 2 5  mm •)

5 ;  4  D ie h l  o r o - 3 : 4-dim e th y lh e x a n e  (XCIV)

(A f te r  B ruson  and K ro e g e r(75 >) •

3 s 4-Dime th y lh e x a n e - 3 :4  d i o l  ( 2 0 g .) ,  c o n c e n tr a te d  h y d ro 

c h l o r i c  a c id  (25 c . c . )  w ere sh ak en  w h ile  p a s s in g  h y d ro g en  

c h lo r id e  th ro u g h  th e  s o lu t io n  (20 m in s .)  S e p a r a t io n  o f  2 

l a y e r s  o c c u r re d .  The o rg a n ic  l a y e r  was w ashed w i th  w a te r ,  

d r i e d  and d i s t i l l e d ,  b . p .  6 5 -7 5 ° / l0 -1 2  mm. 163-5°/*760 ram. 

(1 6 g .)  ( l i t e r a t u r e  ^8 6  ̂ b . p .  114-1150/1 8  mm., 1 6 5 -1 6 6 ° /7 6 0  ram.) 

C o n d e n sa tio n  ofosacvlene w i th  3 :4 -d ic h lo ro -3 :4 -d lm e th y lh e x a n e
— — wmmm n ■ n  — ■  ■  ■■ ■ i m       n  i     i  m

(XL IV )

O -X ylene ( 8 0 g .) ,  anhydrous alum inium  c h lo r id e  ( lO g .)  

w ere s t i r r e d  a t  room te m p e ra tu re ,  th e n  3 :4  d i c h l o r o - 3 :4 -  

d im e th y lh ex an e  (1 8 g .)  was added  s lo w ly  (2 h o u r s ) .  The tem p

erature of the reaction  mixture was then ra ised  to  40° and
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m a in ta in e d  f o r  6 h o u rs  th e n  l e f t  o v e rn ig h t  a t  room te m p e ra 

tu r e  . The r e a c t i o n  p ro d u c ts  w ere decom posed w ith  ic e  and  

h y d r o c h lo r ic  a c i d .  U n re a c te d  s t a r t i n g  m a t e r i a l s  w ere d i s 

t i l l e d .  The re m a in in g  o i l  was c a r e f u l l y  f r a c t i o n a t e d  i n  

a  s p e c i a l  d i s t i l l a t i o n  f l a s k ,  3 f r a c t i o n s  w ere c o l l e c t e d .

(1 )  B .p .  11 0 -1 3 0 ° ( o i l  h a th  te m p e ra tu r^ /8  mm. ( 5 g .)

(2 ) B .P . 1 3 0 -1 5 0 ° / / 8  mm. ( lO g .)

(3 ) B .P . 1 5 0 -1 7 0 ° / 6  m .  ( 7 g .)

F r a c t i o n  (1 ) gave no c o lo u r  w i th  p i c r i c  a c i d  a f t e r  d e -  

h y d ro g e n a tio n  •
and

F r a c t i o n  (2 ) ( 5 g .) P s e le n iu m  (8 g .)  w ere h e a te d  i n  a  

s e a le d  tu b e  (24 h o u r s ) .  The p ro d u c t w as d i s s o lv e d  in  a c e t i c  

a c i d ,  f i l t e r e d  and  c o n c e n tr a te d .  To th e  r e s id u e  w as added  

a  s o l u t io n  o f  2 : 4 : 7 - t r i n i t r o f l u o r e n o n e ,  a  d a rk  r e d  c o lo u r  

w as fo rm ed  and c r y s t a l l i n e  d a rk  r e d  n e e d le s  o f th e  f lu o re n o n e  

com plex w ere o b ta in e d  m .p . 203-204° (40 m g .)  (Found: N ,8 .1 5  

C29H25^7^3 r e ^u i r e s  8 .0 $ ) .  The com plex was b o i l e d  w ith  

a  m ix tu re  o f  s ta n n o u s  c h lo r id e ,  h y d ro c h lo r ic  a c id  an d  a c e t i c  

a c id  t o  g iv e  a  h y d ro ca rb o n  m .p . 133-135° (10 m g .) (Found:

C, 8 9 .7 ;  H, 1 0 .0  C16Hg0 r e q u i r e s  C, 9 0 .5 ;  H, 9 .5 $ )  A n a ly 

t i c a l  f i g u r e s  a re  a p p ro x im a te ly  c o r r e c t  f o r  h e x am e th y l-  

n a p h th a le n e . A dm ixture w i th  1 :2 :3 :4 :5 :7 -h e x a m e th y l-n a p h th 

a le n e  (LXIX) and  th e  c o rre sp o n d in g  t r i n i t r o f l u o r e n o n e  com plex 

and p i c r a t e  p ro d u ced  no d e p re s s io n .  I d e n t i c a l  a b s o r p t io n  

sp ec tru m  w as o b ta in e d  f o r  th e  2 sam ples F ig .  9 .
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The p i c r a t e  was o b ta in e d  a s  r e d  n e e d le s  from  m e th an o l

m .p . 1 8 7 -1 8 8 ° . (Found; N, 9 .6  ^22^25^7^5 reclu ^r e s  9 .5 $ ) .

F r a c t i o n  (3 ) s o l i d i f i e d  a f t e r  d i s t i l l a t i o n .  I t  was 

f i r s t  c r y s t a l l i s e d  from  l i g r o i n  m .p . 1 4 2 ° , th e n  from  m e th a n o l 

m .p . 1 4 4 -1 4 5 °  (300 m g .) .  A sam ple o b ta in e d  b y  th e  d i s s o c i a 

t i o n  o f  th e  p i c r a t e  gave s h in in g  l e a f l e t s  o f  1 ; 2 : 5 : 4 : 6 ; 7 -  

h ex am eth y l -  nap h t  h a le  ne (LXVII) m .p . 145° (Found; C, 9 0 .1 ;

H, 9 .7 5  C^HgQ r e q u i r e s  G, 9 0 .5 ;  H, 9 .5 $ )

The p i c r a t e  was o b ta in e d  i n  r e d  n e e d le s  (m e th an o l)

m .p . 1 9 0 -1 9 1 ° . (Found: N, 9*5 C Ho , 0 J ,  r e q u i r e s  N, 9.5% )22 23 7 3
The 2 ;4 ;7 - t r in i t r o f lu o r e n o n e - c o m p le x  c r y s t a l l i s e d  from  

a c e t i c  a c id  i n  d a rk  b r i c k  c o lo u re d  n e e d le s  m .p . 2 1 0 ° . B o th  

h y d ro c a rb o n  and c o rre sp o n d in g  d e r i v a t i v e s  w ere u n d e p re s s e d  

on  a d m ix tu re  w i th  a u th e n t ic  specim ens o f  l : 2 : 3 : 4 : 6 : 7 - h e x a -  

m e th y ln a p h th a le n e  and d e r i v a t i v e s .  I d e n t i c a l  a b s o r p t io n  

s p e c t r a  c u rv e s  were a l s o  o b ta in e d  F i g .  6 .

C o n d e n sa tio n  o f  p re h n i te n e  (LXXXIIIi w i th  3 ;4 - d l c h lo r o - 

3 : 4 -d lm e th y lh e x an e  (XLIV)

(A) At 5 5 -4 0 ° . P re h n ite n e  ( lO g .)  and  an h y d ro u s alum 

in ium  c h lo r id e  ( lO g .)  were s t i r r e d  a t  room te m p e ra tu re  3 :4 -  

d i c h l  o r  o -3 ;  4-dim e th y lh e x a n e  (XLIV) was th e n  added  s lo w ly  

(2 h o u r s )  ( 1 5 g .) .  Hydrogen c h lo r id e  fum es w ere e v o lv e d  and 

th e  r e a c t i o n  m ix tu re  became warm. The te m p e ra tu re  was th e n  

r a i s e d  t o  40° and  k e p t c o n s ta n t  f o r  5 h o u r s .  The com plex 

was decom posed in  th e  u s u a l  way and th e  u n re a c te d  m a t e r i a l s
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w ere rem oved . The o i l y  r e s id u e  was f a i n t l y  c o lo u re d  w i th  

p i c r i c  a c id  s o l u t io n  and  no p i c r a t e  was i s o l a t e d .  The above 

r e s id u e  ( 8 g . ) ,  se len iu m  ( 8 g .)  was h e a te d  i n  a  s e a le d  tu b e  

a t  340° f o r  24 h o u r s .  The p u r i f i e d  p ro d u c t was th e n  d i s 

t i l l e d  c a r e f u l l y ,  4 f r a c t i o n s  w ere c o l l e c t e d :  -

(1 ) B .p .  11 0 -1 3 0 ° ( o i l  b a th  te m p e r a tu re ) /2  ram. ( 2 g .)

(2 ) B .p .  13 0 -1 5 0 °  / 2  ram. ( 1 .5 g . )

(3 ) B .p .  15 0 -1 6 0 °  / 2  ram. ( l g . )

(4 ) B .p .  above 160° / 2  mm. ( 0 .5 g . )

F r a c t i o n  (1 ) gave no p i c r a t e .

F r a c t i o n  (2 ) gave a  r e d  p i c r a t e  m .p . 1 4 0 -1 °  (40 m g .)

The l a t t e r  was d i s s o c i a t e d  to  1 : 2 : 5 : 4 : 6 :7 -h e x a m e th y l-  

n a p h th a le n e  (LXVII) m .p . 1 4 4 -1 4 5 ° . (10 m g .)

F r a c t i o n  (3 ) fo rm ed  a  brow n b la c k  2 :4 :7 - t r i n i t r o f l u o r e n 

one com plex (50 m g .) m .p . 2 1 0 -2 1 2 ° . The d i s s o c i a t i o n  o f  th e  

l a t t e r  gave 1 : 2 : 3 : 4 :5 : 6 : 7 -h e p ta m e th y l-n a p h th a le n e  (LXVI) a s  

c o lo u r l e s s  l e a f l e t s  m .p . 1 3 2 -3 °  (5 m g .)

F r a c t i o n  (4) gave 2 :4 :7 - t r i n i t r o f l u o r e n e  com plex (10 m g .)  

m .p . 2 0 7 -2 0 9 ° . The d i s s o c i a t i o n  o f  th e  l a t t e r  gave o c ta -  

m e th y l-n a p h th a le n e  (LXV) m .p . 1 7 1 -1 7 3 ° . (2 m g .)

F u l l  i d e n t i t y  was e s t a b l i s h e d  by  m ixed  m e l t in g  p o in t  o f  

h y d ro c a rb o n s  and  d e r i v a t i v e s .

A b s o rp tio n  s p e c t r a  c u rv e s  a re  shown i n  F ig s .  6 ,  7 and  8 

f o r  (LXVII) ,  (LXVI) and (LXV) r e s p e c t i v e l y .

(B) At 6 0 ° . P re h n ite n e  ( 1 0 g .) ,  anhyd rous alum in ium
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c h lo r id e  ( lO g .)  w ere s t i r r e d ,  2 , :4 - d ic h lo r o - 3 :4 - d im e th y l 

hexane ( XLIV ) (1 5 g .)  was added (2 h o u r s ) .  The te m p e ra tu re  

w as m a in ta in e d  a t  60° f o r  7 h o u rs  th e n  th e  r e a c t i o n  m ix tu re  

w as l e f t  a t  3 5 -4 0 °  o v e r n ig h t .  The com plex was decom posed 

and  u n r e a c te d  m a t e r i a l s  were rem oved . The o i l y  r e s id u e  w as 

d i s t i l l e d  c a r e f u l l y  and  4 f r a c t i o n s  c o l l e c t e d .

(1 ) B .P . 1 1 0 -1 3 0 °  ( o i l  b a th  te m p e ra tu re )  / l  mm. ( 2 .5 g . )

(2 ) B .p .  13 0 -1 5 0 ° / I  mm. ( 2 .g . )

(3 ) B .p .  15 0 -1 7 0 °  / I  mm. ( 0 .7 g . )

(4 ) B .p .  above 170° / l  mm. ( 2 .g . )

F r a c t i o n  (1 ) gave no p i c r a t e .

F r a c t i o n  (2 ) gave a  d a rk  b r i c k  r e d  p i c r a t e  m .p . 18 4 -1 8 5 ° 

(20 m g .)  w h ich  on d i s s o c i a t i o n  gave 1 : 2 : 3 : 4 : 5 : 6 ; 7 -  h e p ta m e th y l-  

n a p h th a le n e  (LXVI).

F r a c t i o n  (3 ) gave sm a ll b la c k  n e e d le s  o f  2 : 4 :7 - t r i n i t r o -  

f lu o re n o n e  com plex , m .p . 208 (30 m g .)  w h ich  on d i s s o c i a t i o n  

gave o c ta m e th y l-n a p h th a le n e  (LXV) .

F u l l  i d e n t i t y  i s  e s t a b l i s h e d  by  m ixed  m e l t in g  p o in t s  o f  

h y d ro ca rb o n s  and  d e r i v a t i v e s  w i th  a u th e n t i c  sp e c im en s .

F r a c t io n  (4 ) s o l i d i f i e d  a f t e r  d i s t i l l a t i o n .  I t  gave a  

b lu e  f lu o r e s e n c e  in  benzene s o l u t i o n .  C r y s t a l l i s a t i o n  from  

ben zen e  gave c o lo u r l e s s  s h in in g  p l a t e s (  h a v in g  a b lu e  f l u o r e s 

ence) o f_ aL_ b ^ x ^ e th y la n tb ra c e n e  m .p . 2 3 6 -2 3 7 ° . (Found:

0 ,  9 1 .5 ;  H, 8 .5  C go^O  re(lu i r e s  9 1 .5 ;  H, 8 .5 $ ) .

The p i c r a t e  w as o b ta in e d  a s  b la c k  c r y s t a l s  f r a n  m e th an o l
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m .p . 214° (Pound: N, 8 .7 °  C26H25°7H3 re<lu ip ®s  N> 8 .585b).

The 1 : 5 : 5 -  t r i n i t r o b e n z  ene ccm plex  was o b ta in e d  a s  w ine -  

r e d  n e e d le s  fro m  b e n z e n e . (Found: 3f, 8*83 C26H25°6NS

r e q u i r e s  H, 9»0jf)

The 2 : 4 :7 - t r i n i t r o f l u o r e n o n e  com plex c r y s t a l l i s e d  i n  

b ro w n ish  b la c k  c r y s t a l s  from  a c e t i c  a c id .  m .p . 2 2 8 ° .

(Found: If, 7 *4 C 0*̂ H^ r e q u i r e s  H, 7 «3j() •

The -a b so rp tio n  spectrum , cu rv e  i s  shown i n  F ig .  3 .  95%

e th a n o l  w as u s e d  a s  s o lv e n t .

■ Chrom ic a c id  o x id a t io n  o f  f r a c t i o n  ( 4 ) .

A f t e r  M organ and C o u lso m ^ * ^ ) .

Above h y d ro c a rb o n  m .p . 236 ( 0 .2 g . )  was o x id is e d  w ith  a  

m ix tu re  o f  ch ro m ic  -anhydride. ( 0 .4 g . )  i n  d i l u t e  a c e t i c  a c id  

(3  c . c . } .  From th e  e th e r  e x t r a c t  a y e llo w  s o l i d  w as o b ta in e d .  

The l a t t e r  w as p u r i f i e d  b y  s u b l im a t io n  an d  c r y s t a l l i s a t i o n  

from  m e th a n o l t o  g iv e  y e llo w  c r y s t a l s  o f  a  h e x a m e th y la n th ra -  

q u in o n e  m .p . 1 9 9 ° . (Found: C, 8 2 .9 ;  H, 7 .4  > C20s 20°2

r e q u i r e s  C , 8 2 .2 ;  H, 6 .9 $ ) .
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THE CONDENSATION OF P OLYME HYL -  NAP HT HALS HE S WITH MALEIC 

ANHYDRIDE.

A m ix tu re  o f  e ac h  h y d ro ca rb o n  (200 m g .) (1 m o le ) ,  

f r e s h l y  d i s t i l l e d  m a le ic  a n h y d rid e  (3 g . )  (30 m o le s )  and d ry  

t h io p h e n e - f r e e  b enzene  (4 c . c . )  was r e f lu x e d  (48 and  72 

h o u r s ) .  A c o lo u r  change was n o t ic e d  on m ix in g  th e  r e a c t 

a n t s .  I t  g r a d u a l ly  deepened  from  y e llo w  t o  deep r e d  o r  

g r e e n i s h  r e d .  The benzene w as th e n  e i t h e r  rem oved i n  vacuo  

o r  e v a p o r a te d  by  a  c u r r e n t  o f  a i r .

E i t h e r  o f  th e  fo l lo w in g  p ro c e d u re s  was f o l lo w e d : - 

(A) The r e a c t i o n  m ix tu re  was d i l u t e d  w i th  e x c e s s  w a t e r ?and  

sh a k e n  f o r  10 m in s . u n t i l  a l l  m a le ic  a n h y d rid e  h a d  d i s s o lv e d .  

The a d d u c t and  unchanged  h y d ro ca rb o n  f l o a t e d  on th e  to p .

I n  m ost c a s e s  i t  was s o l i d  m ixed  w ith  d r o p le t s  o f  o i l .  T h is  

w as e x t r a c t e d  once w i th  e t h e r .  The e t h e r  e x t r a c t  was d r i e d  

(NagSO^) and  d i s t i l l e d  o f f  t o  le a v e  a  m ix tu re  o f  a d d u c t an d  

h y d ro c a rb o n . I t  was now b o i l e d  (5 m in s .)  w i th  5% p o ta s s iu m  

h y d ro x id e . The unchanged  h y d ro ca rb o n  was th e n  e x t r a c t e d  

from  th e  m ix tu re  w i th  e t h e r  ( tw ic e ) .  A f te r  d ry in g  and r e 

m oval o f  th e  e t h e r ,  t h i s  gave th e  w e ig h t o f th e  re c o v e re d  

h y d ro c a rb o n . The aquGus l a y e r  was a c i d i f i e d  and c o o le d .

The p r e c i p i t a t e d  a d d u c t d ib a s ic  a c id  was f i l t e r e d .  The 

aqueous l a y e r  was a l s o  e x t r a c t e d  w ith  e t h e r  and  th e  e t h e r  was

d r i e d  and rem oved. The com bined y i e l d s  o f  f i l t e r e d  m a t e r i a l
d

an ^resid u ©  o f  th e  e th e r  e x t r a c t  c o rre sp o n d e d  to  th e  w e ig h t
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o f  a d d u c t . I t  may be w eighed  a s  a n h y d rid e  by  d i s s o lv in g  

th e  c rude  a d d u c t i n  e t h y l a c e t a t e  c o n ta in in g  a  few  d ro p s  o f  

a c e t i c  a n h y d r id e . On c o n c e n t r a t io n ,  a  q u a n t i t a t i v e  y i e l d  

o f  a d d u c t a n h y d rid e  was o b ta in e d .

(2 ) To th e  r e a c t i o n  m ix tu r e ,  40$ p o ta s s iu m  h y d ro x id e  

(10 c . c . )  was added  s lo w ly  and th e n  th e  r e a c t i o n  p ro d u c t  

w as b o i l e d  (5 m in s .)  The p ro d u c t was now c o o le d  i n  th e  i c e  

c h e s t  f o r  s e v e r a l  h o u rs  and  th e  p r e c i p i t a t e d  d ip o ta s s iu m  s a l t  

was f i l t e r e d  and w ashed w i th  e t h e r .  I t  can  be  w eighed  a s  

su c h , o r  a c i d i f i e d  and o b ta in e d  a s  th e  a d d u c t d i b a s ic  a c id  

o r  a n h y d r id e .  The a lk a l in e  l a y e r  was e x t r a c t e d  w ith  e t h e r .  

The com bined e th e r  e x t r a c t  and  w ash in g s gave on e v a p o r a t io n ,  

th e  w e ig h t o f  th e  r e c o v e re d  h y d ro c a rb o n .

The ad d u c t d ib a s ic  a c id s  w ere d i f f i c u l t  t o  p u r i f y .

W ith  e t h y l  a c e ta t e  o r  l i g h t  p e tro le u m  tik th e y , r e v e r t e d  

p a r t i a l l y  t o  th e  a n h y d r id e .

The a d d u c t an h y d rid e  i n  e ac h  e x p e rim e n t was o b ta in e d  b y  

f i r s t  c r y s t a l l i s i n g  th e  c rude  ad d u c t d ib a s ic  a c id  from  e th y l  

a c e ta te  c o n ta in in g  a  few d ro p s  o f  a c e t i c  a n h y d rid e  o r  a c e t y l  

c h lo r i d e ,  fo llo w e d  by th e  u se  o f an  a p p ro p r ia te  s o l v e n t .

The r e v e r s i b i l i t y  o f  th e  r e a c t i o n  was shown i n  e a c h  

ad d u c t by  d i s t i l l i n g  th e  l a t t e r  (50 m g .)  a t  1 5 0 -1 8 0 °  ( o i l  

b a th  te m p e ra tu re  ) / 2 - 4 mm. The d i s t i l l a t e  was th e n  d i s s o lv e d  

i n  5 $  p o ta s s iu m  h y d ro x id e  and e x t r a c t e d  w i th  e t h e r .  The 

e th e r  e x t r a c t  a f t e r  d ry in g  and e v a p o ra t io n  gave 90$ o f  p u re

h y d ro ca rb o n .
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The r a t e  o f  r e a c t i o n  o f  e a c h  h y d ro ca rb o n  w i th  m a le ic  

a n h y d rid e  i s  shown i n  t a b l e  (IV ) b o th  a f t e r  48 and 72 h o u rs  

o f  r e f lu x *
TABLE (IV )

Polym ethyl
N aphthalene

s o lv e n t  and  
c r y s t a l l i n e  
form

m .p . o f  
a d d u c t F o rm u la

1 :2 :3 :4 :6 -
P en tam eth y l-

a c e to n e
(w h ite
pow der)

138-
159° g19h20°3

1 : 2 :3 :4 :5 :6 -
H exam ethyl-

e t h y l -
a c e ta t e
(p r ism s )

134-
136° c20h22°3

1 : 2 :3 :4 ;6 :7 -
H exam ethyl-

e t h y l -  
a c e ta te  
( cube s )

170° 
decam p.

c20h22°3

l ! 2 2 3 s 4 :5 :6 :7 -
H eptam ethyl

e th y l
a c e ta te
(p r ism s )

160
decom p. C21H24°3

O ctam ethy l- l i g h t  p e t 
ro leum  
(p r ism s)

176- 
168° 
decam p.

°2 2 h26°3

Found$  r e q u i r e d  % 

G H C H

To e a c h  ad d u c t (3 mg*) a  h o t  s o l u t io n  o f p i c r i c  a c id  

i n  m e th an o l and s e p a r a t e ly  2 : 4 : 7 - t r i n i t r o f  lu o re n o n e  i n  a c e t i c  

a c id  w ere a d d e d . No change I n  c o lo u r  was o b se rv e d  n o r  c o u ld  

any d e r i v a t i v e  be i s o l a t e d .

F o r a b s o r p t io n  s p e c t r a  o f  a d d u c ts ,  e a c h  a d d u c t w as d i s 

s o lv e d  i n  th e  minimum volume o f  warm 5% aqueous p o ta s s iu m  

h y d ro x id e  w ith  th e  a id  o f  m eth an o l (5 c . c . ) .  The s o l u t io n

was th e n  d i l u t e d  w ith  d i s t i l l e d  w a te r  t o  1000 c . c .  T h is
-3gave an a p p ro x im a te ly  10 m o la r s o lu t io n  o f  th e  a d d u c t



d ip o ta s a iu m  s a l t s *  The s p e c t r a  o f  th e  h y d ro c a rb o n s  w ere 

de te rm in e  d  i n  oyc lohexane  .

O x id a tio n  o f  1 : 2 : 3 ; 4 : 5 :6 -h e x a m e th y l- l :g -d lh Y d ro  -n apht h a l -  

e n e t- l^ 4 -e n d o - ^ x /5 - s u c c in ic  a c id  (CXXII, R - M e ,  R-j “ Hi

To th e  above ad d u ct d ib a s ic  a c id  (300 mg*) i n  a  solu

t i o n  o f  sodium  h y d ro x id e  ( 2 g .)  i n  w a te r  (20 c . c . )  th e r e  w as 

s lo w ly  added  w i th  s t i r r i n g  an Q% s o l u t io n  o f  p o ta s s iu m  p e r 

m anganate  . The l a t t e r  was q u ic k ly  d e c o lo u r is e d ,  and  m angan

e se s  d io x id e  p r e c i p i t a t e d .  The r e a c t i o n  m ix tu re  was s t i r r e d  

anck ihea ted  on a  steam  b a th  f o r  16 h o u r s ,  th e n  c o o le d  and 

m e th a n o l added (5 -10  c . c . ) .  The m ix tu re  was w arned  u n t i l  

co m p le te  d e c o lo u r i s a t i o n  and th e  p ro d u c t was f i l t e r e d  and 

p u r i f i e d  w i th  c h a r c o a l .  The c o lo u r l e s s  f i l t r a t e  was co n cen 

t r a t e d  on th e  steam  b a th  and a c i d i f i e d .  The e t h e r  e x t r a c t  

was d r i e d  (NagSO^) and e v a p o ra te d .  The re m a in in g  r e s id u e  

c r y s t a l l i s e d  from  w a te r  t o  g iv e  p r e h n i t i c  a c id  (GXXIXI) a s  

c o lo u r l e s s  p r ism s  m .p . 235-237° u n d e p re s s e d  on ad m ix tu re  w ith, 

an  a u th e n t i c  specim en  p re p a re d  by  th e  o x id a t io n  o f  p r e h n i te n e  

( l i t e r a t u r e  *104 > 2 3 8 ° ) .

O x id a tio n  o f  1 ;2 :5 :4 ;6 :7 - h e x a m e th y l - l : 4 -d ih y d ro n a p h th a l - 

e n e -1 1 4 -en d o -tf^  - s u c c in ic  a c id  (CXXII, R » H, R^= M e).

The above a d d u c t (300 m g .) was o x id is e d  a s  d e s c r ib e d  

b e fo re  t o  g iv e  p y r o m e l l i t i c  a c id  (GXXIV) m .p . 271 -2 7 3 ° u n d e 

p r e s s e d  on ad m ix tu re  w ith  an a u th e n t ic  specim en  p rep a red , by  

■the o x id a t io n  o f du rene  ( l i t e r a t u r e  (3-05) 2750^
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B icy c lo n o n a n e  ( I )  was f i r s t  CH, CH-------0Ha
I i i

s y n th e s i s e d  unam biguously  b y  CHa CHa CH*
(1 ) I 1 ^M eerw ein ' '  CHa------CU-------CH*

(I)
L a t e r  Rabe 9 > con d en sed  2 - c y e lo h e x e n e - l -

one d e r i v a t i v e s  ( I I )  w i th  e th y l  a c e to a c e ta te  and  a s s ig n e d  

t o  h i s  p r o d u c ts  fo rm u la e  b a s e d  on b ic y c lo n o n a n e  s k e l e to n .  

A lth o u g h  he was w e l l  aware t h a t  c o n d e n s a tio n  m ig h t have l e d  

t o  c y c lo -o c ta n e  d e r i v a t i v e s  he c o n s id e re d  t h a t  th e  r e a c t i o n s  

o f  h i s  in te r m e d ia te s  c o u ld  more s a t i s f a c t o r i l y  be e x p la in e d  

on b i c y c lo  nonane fo rm u la t io n .  S in c e  he w as u n a b le  t o  ob

t a i n  th e  u n s u b s t i t u t e d  2 -c y c lo h e x a n e - l-o n e  i n  q u a n t i t y ,  he 

was u n a b le  t o  compare h i s  end  p ro d u c t d i r e c t l y  w i th  t h a t  o f  

M eerw ein . How t h a t  2 -c y c lo  h e x e n - l-o n e  i s  a v a i l a b l e  by  

c a t a l y t i c  o x id a t io n  o f c y c lo  hexene w i th  e o b a l t  r e s i n a t e ,  i t  

seem ed w o rth  w h ile  r e p e a t in g  th e  s t e p s  o f  R ab e !s s y n th e s i s  

w i th  a  v iew  t o  a  d i r e c t  com parison  o f  th e  en d  p r o d u c ts  o f  h i s  

s e r i e s  w i th  M eerw ein b ic y c lo -n o n a n e .

The s t e p s  o f  R abe1s  m ost r e c e n t  s y n th e s i s  a re  d e s c r ib e d  

b y  fo rm u la e  ( I I I )  t o  (V II I )  (R, R-ĵ  = M e). HHis c o n d e n sa te  

(IV ) and  h i s  p e n u lt im a te  and f i n a l  p ro d u c ts  (V II)  and  (V I I I )  

r e s p e c t i v e l y  a re  o i l s -
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ItOOUH, 
1 4  
CO

(t

C—  CH*

cH a H

c o — ch*

(II)

ItoOCCH
I
Co
I

c « ,

C(o»)-CHZ

o  V)

c / / , -  C —  CHi
1 i * „
C h  C H  C H - h

CH— C(oH)-CHz
w

II
c \  

/ "  * ctooc c cn,
I

CH.

K os' C * U ,
e« r c \  W /

\

ItOoccH-

co

C H

Ok- 
c H
I
C H

C-

0*)
I

C - C H  

CH, CH-t, 
I I 
CO—  CHj 

(III) 

f
C R — c  — ct f *
1 * 1  I 

c o  <j 4  CU-HI

CH- c(o*)-ch2
C.V)

a
C H ,

CH,

C H .- C — CH
I I

CH-&

I I f
C (d )-C H

i m

C H% CH .  C  H JC i
I I I .
c H — c t i — c H t

(Vl,l)

( 5 )Rabe v h a s  shown t h a t  1 -5  d ik e to n e s  ( i l l )  r a p i d l y  C ondense 

to  th e  c y c l i c  o x y -k e to n e  form  (IV ).
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A l l  th e  p ro d u c ts  d e s c r ib e d  below  were w § ll 

c r y s t a l l i n e  s o l i d s  b u t  u n f o r tu n a te ly  th e  f i n a l  oxygen 

atom  c o u ld  n o t  be c o m p le te ly  rem oved in  th e  l a s t  s ta g e*

L ack  o f  tim e  and m a te r i a l  made f u r t h e r  w ork im p o s s ib le .

2 -C y c lo h e x e n - l-o n e  (1 1 ,R, R^ = H) was co n d en sed  w i th  

e t h y l  a c e to a c e ta t e  i n  p re se n c e  o f  sodium  e th o x id e  a s  a  

c o n d e n s in g  a g e n t t o  g iv e  th e  b r id g e d  compound (IV , R, = H) 

In  40$ y i e l d  v i a  th e  in te rm e d ia te  d ik e to n e  ( I I I ,  R , R^ = H ).

I n f e r i o r  y i e l d s  o f  (IV , R, R^ = H) w ere o b ta in e d  when 

d io x a n  o r  e t h e r  w as u se d  a s  a  s o lv e n t  i n s t e a d  o f  a lc o h o l .

(IV , R , R j = H) was h y d ro ly se d  and  s im u lta n e o u s ly  d e c a rb o x y -  

l a t e d  t o  (V, R, R^ = H) by  h e a t in g  w i th  6 $  aqueous a lc o h o l i c  

p o ta sh *

T hree  d i f f e r e n t  r o u te s  w ere e x p lo re d  t o  c o n v e r t  th e  

h y d ro x y k e to n e  (V, R, R^ = H) to  h iey e lo ^ feh g 3 r!3 ^ n o n an e  ( I ) .

(A) The r e d u c t io n  o f  th e  c a rb o n y l g roup  i n  (V, R, R-̂  = H) 

p ro v e d  t o  be d i f f i c u l t .  R e p e a tin g  R a b e 's  p ro c e d u re  a s  

c a r e f u l l y  a s  p o s s i b l e ,  i . e .  h e a t in g  th e  h yd razone  i n  n i t r o g e n  

w i th o u t  a d d i t i o n  o f  a l k a l i  gave no r e d u c t io n  p r o d u c t .  B o th  

th e  C le ra m e n s e n ^  and th e  Meerwe in-Pcaanddrf  ̂ 7  ̂ m ethods a l s o
( o )

f a i l e d .  The W o lff-K ish n e r  m ethod i n  a  s e a le d  tu b e  and 

th e  H uang-M inion m o d i f i c a t i o n ^  gave u n s a tu r a t e d  o i l y  p r o 

d u c t s .

On th e  o th e r  h an d , h ig h  p r e s s u r e  h y d ro g e n a tio n  i n  

p re s e n c e  o f  co p p er ch ro m ite  c a t a l y s t  gave an  80$  y i e l d  o f
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(V I, R , R^ = H ). The r e a c t i o n  was d r a s t i c  and  r e d u c t io n  

was o n ly  a c h ie v e d  when a  l a r g e  p r o p o r t io n  o f  c a t a l y s t  and  a

used*  (V I, R, R^ = H) was d i s t i l l e d  a s  a  c o lo u r l e s s  g la s s y  

o i l .  A n a ly t i c a l  f i g u r e s  a re  i n  acco rd an ce  w i th  fo rm u la  

(V I, R , R^ = H ). A sm a ll amount o f  a  c o lo u r l e s s  c r y s t a l 

l i n e  s o l i d  was among th e  r e d u c t io n  p r o d u c ts .  I t  r a p i d l y  

d e c o lo u r is e d  ‘brom ine w a te r  and  p o ta s s iu m  perm angana te  s o lu 

t io n *  A n a ly t i c a l  f i g u r e s  a g ree  w i th  fo rm u la  (X) a  . and b .  
Compound (x )  a  and  T&

Way have b e e n  fo rm ed  by  th e  d e h y d ra t io n  o f  th e  g ly c o l  (X I I I )  

in te r m e d ia te  i n  th e  r e d u c t io n  o f  (V, R, R-̂  -  H) d u r in g  th e  

d i s t i l l a t i o n .  (V I, R, Rx = H) w i th  p h o spho rous p e n ta -  

e h lo r id e  gave a  brown o i l  c o rre sp o n d in g  t o  fo rm u la  

(V II , R , R^ = H ). The l a t t e r  was re d u c e d  w i th  Raney n ic k e l

h ig h  te m p e ra tu re  (240°) and p r e s s u r e  (200 a tm o sp h e re s )  w ere

b
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c a t a l y s t  t o  g iv e  a  p ro d u c t w h ic h , even  a f t e r  e x h a u s t iv e  

d i s t i l l a t i o n  o v e r  sod ium , c o n ta in e d  oxygen and u n f o r tu n a t e ly  

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

(B) I n  v iew  o f th e  d i f f i c u l t y  i n  o b ta in in g  s o l i d  p r o 

d u c t s ,  th e  a c t i o n  o f  p h o sp h o r mm p e n ta c h lo r id e  on th e  above 

hydroxy  k e to n e  (V, R, Rx s  H) was t r i e d .  T h li t  gave 5 - c h lo r o -  

b ic y e lo n o n -7 -o n e  (X t) . A ttem p ts  t o  red u c e  th e  c h lo ro -c c m - 

pound u s in g

ja —  ^ — c k  ok— a  -  cn

co t k  w *  co  o k  c k
C k — C — Ch*. C ^ — C.H-— C k

cC
nu) W

p a lla & is e d -c a le iu m  c a rb o n a te  a s  c a t a l y s t ,  gave no r e d u c t io n  

p r o d u c t s .  Sodium i n  a lc o h o l  m ethod gave an  u n c r y s t a l l i s a b l e  

p ro d u c t^  p o s s ib ly  a  m ix tu re  o f b o th  re d u c e d  m a t e r i a l  and  th e  

e t h e r  o f  (V, R , = H ). However an  a lk a l in e  a lc o h o l i c  

s o l u t io n  o f  (X l)w as re d u c e d  t o  th e  k e to n e  (X3E) i n  70% y i e l d

A lth o u g h  t h i s  p ro d u c t a c t u a l l y  m e lte d  a t  146° and d id  n o t  
d e p re s s  th e  m .p . 146° o f  a  sam p ley b icy c lo n o n an e  p r e p a r e d  
b y  M eerw ein !s r o u te ,  M eerwein h a s  n o te d  i n  h i s  e x te n s iv e  
w ork on b ic y c lo n o n a n e  d e r i v a t i v e s ,  s e v e r a l  exam p les o f  
d i f f e r e n t  compounds w h ich  f a i l e d  t o  d e p re s s  e a c h  o t h e r !s 
m e l t in g  p o i n t s .  However th e  b . p .  168^ /760  mm. o f  W r  
compound a g re e d  e x a c t ly  w ith  t h a t  o f  th e  M eerw ein h y d ro 
c a rb o n . A lso  ou r p ro d u c t s i m i l a r  to  b ic y c lo n o n a n e  h ad  
a  s t r o n g  c am p h o r-lik e  o d o u r.
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by  th e  h ig h  p r e s s u r e  h y d ro g e n a tio n  in  th e  p re s e n c e  o f  Raney 

n i c k e l  c a t a l y s t .  (XI) was o b ta in e d  a s  c o lo u r l e s s  d iam onds 

m .p . 4 9 ° . A n a ly t i c a l  f i g u r e s  showed t h a t  i t  was im p u re .

An a tte m p t  t o  c o n v e r t  (X I) t o  b ic y c lo n o n a n e  ( I )  gave a  p r o 

d u c t*  h a v in g  i d e n t i c a l  p r o p e r t i e s  t o  b ic y c lo n o n a n e . An

a l y t i c a l  f i g u r e s  showed t h a t  i t  was im pure .

(0 )  Gompound (V I, R, R*̂  = H) was re d u c e d  t o  th e  g ly c o l  

(X I I I )  w i th  sodium  i n  a lc o h o l  a t  0 ° .  I n f e r i o r  y i e l d s  w ere

^ ^  I** cMj— CH— CH

O iM  U ( C A  — r  Crt C.H GK, L  L  In
I I I  I I I t" P  I
CHt —  CfHoJ-CHz. 0 ^ — c,H— C [ . d ) - C K

W 1) Q < \ V )

o b ta in e d  when e i t h e r  sodium  i n  w et e t h e r  o r  sodium  amalgam i n  

a lc o h o l  was u s e d .  At h ig h e r  te m p e ra tu re  sodium  i n  a lc o h o l  

r e d u c t io n  gave o n ly  p o ly m e ris e d  m a t e r i a l .  S e v e ra l  a t te m p ts  

w ere made t o  r e p la c e  th e  two h y d ro x y l g ro u p s i n  (X I I I )  by  

c h lo r in e  (a )  when (X II I )  was r e f lu x e d  w i th  t h io n y l c h l o r i d e , 

an  o i l  c o n ta in in g  0 .5  atom o f  c h lo r in e  was o b ta in e d ,  (b) 

P h ospho rous t r i c h l o r i d e  and p y r id in e  on (X II I )  gave a  brow n 

o i l  w i th  0 .7  atom s o f  c h lo r i n e .  (c )  W ith  p h o sp h o ro u s  p e n ta -  

c h l o r i d e , a  m ix tu re  o f  a  s o l i d  (A) and an  o i l  (B) w ere 

o b ta in e d .  The compound (A) c o n ta in e d  one c h lo r in e  atom  and

*See F o o tn o te ,  p .  132 .
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one d o u b le  b o n d . I t  r a p id ly  d e c o lo u r is e d  brom ine w a te r .

I t  i s  su g g e s te d  t h a t  compound (A) i s  (XIV i a  and b )  fo rm ed

by  th e  d e h y d ra t io n  o f  th e  se co n d a ry  a lc o h o l i c  g roup  and th e

re p la c e m e n t o f th e  t e r t i a r y  one by  c h lo r in e .  A l l  a t te m p ts  
i n

t o  o b t a in  i t ' / " 'q u a n t i t y  w ere u n s u c c e s s f u l .

The o i l  (B) was a l s o  u n s a tu r a te d  and fo u n d  to  c o n ta in  

one c h lo r in e  a tom . On c a t a l y t i c  d e h y d ro g e n a tio n  i n  p re s e n c e  

o f  p a l l a d i s e d  c a lc iu m  c a rb o n a te  i t  a b so rb e d  1 .7  m o le s  o f  

h y d ro g e n . A ttem p ted  p u r i f i c a t i o n  gave a  c o lo u r l e s s  o i l  

b . p .  1 6 0 -1 7 0 ° /7 6 0  mm. I t  h ad  a  s t ro n g  c a m p h o r-lik e  o d o u r . 

The o i l  f a i l e d  t o  c r y s t a l l i s e  ev en  a f t e r  d i s t i l l a t i o n  o v e r 

sodium  an d  se e d in g  w i th  a  c r y s t a l  o f  th e  M eerw ein b i c y c lo 

nonane .

2 -c y c lo h e x e n e - l-o n e  was p re p a re d  by  th e  a i r  o x id a t io n  

o f  c y c lo h ex e n e  i n  p re s e n c e  o f  c o b a l t  r e s i n a t e  a s  c a t a l y s t .
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E X P E R I M B H  T A L

C y c lo h ex en -1 -o n e  ( I I ,  R, R^ = H ).

G y c lo h ex en e , (300 c . c . ) ,  and f i n e l y  pow dered c o b a l t  

r e s i n a t e  c a t a l y s t  (9 g .)  w ere s t i r r e d  a t  6 2 -6 5 ° . D ry oxygen 

was p a s s e d  in to  th e  m ix tu re  f o r  15 h o u rs .  A n o th e r q u a n t i t y

h o u rs  m o re . The r e a c t i o n  m ix tu re  was f i l t e r e d  f r e e  from  

s o l i d  m a t e r i a l s  and d i s t i l l e d  w i th  a  Widmer colum n. 

O y c lo h e x e n -l-o n e  was o b ta in e d  a s  a y e llo w  o i l  b .p .  5 6 - 5 9 ° /

13 mm. (105g .=  3 5 $ ) .

C o n d e n sa tio n  o f  c y c lo h e x e n - l-o n e  w i th  e th y l  a c e to  a c e t a t e .

(1 ) U sin g  a b s o lu te  a lc o h o l  a s  s o l v e n t .

I n  an  i c e - c o o le d  d ry  sw ept f l a s k , ( n i t r o g e n .)  w i th  a  

m e c h a n ic a l s t i r r e r  w ere m ixed , d ry  a lc o h o l  (50 c . c . )  and 

c l e a n - c u t  sodium  ( 2 .5 g . ) .  A f te r  th e  sodium  had  d i s s o lv e d ,  

e t h y l a c e t a t e  ( 2 6 .8 g .)  was added d ropw ise  fo l lo w e d  by  c y c lo 

h e x e n - l-o n e  ( 2 0 g .) .  S t i r r i n g  and ic e  c o o lin g  was c o n tin u e d  

a  f u r t h e r  3 h o u r s .  The r e a c t io n  m ix tu re  was th e n  l e f t  3 -4  

days a t  0 ° .  The form ed c r y s t a l l i n e  m a t e r i a l  w as f i l t e r e d ,  

w ashed w i th  w a te r ,  and d r i e d  to  g iv e  8 -c a rb e th o x y b ic y c lo -  

(1 :5 ;3 ) - n o n - 5 - o l - 7 - o n e  (IV , R, R;j_ = H) a s  c o lo u r l e s s  n e e d le s  

m .p . 1 3 3 .5 °  (19g . = 4 0 $ ).

(2 ) U sin g  d ry  e th e r  a s  s o lv e n t .

The above p ro ce d u re  w as u s e d , ( l ¥ ,  R, R-j_ = &} was o b ta in e d

was added  and th e  r e a c t i o n  c o n tin u e d  7
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a s  c o lo u r l e s s  n e e d le s  m .p . 134*5 (139 . * 2 7 $ ) .

I n  b o i l i n g  e th e r  o r  ad d in g  th e  in g r e d ie n t s  a t  th e  same

t im e ,  th e  p ro d u c ts  w ere u n c r y s t a l l i s a b l e , p ro b a b ly ,  c y c lo -
in  s

hexenone was re d u c e d  t o  cy  cloh*«s»0H fe jT presence  o f  n a € e n t

h y d ro g e n .

(3 ) I n  p u re  d ioxane  a s  s o l v e n t .

The above p ro c e d u re  was u s e d , (IV , R, R^ = H) w as

o b ta in e d  i n  n e e d le s ,  m .p . 1 3 4 ° . (12g . = 24$)

B i c y c lo - ( 1 :5 ^ 3 ) -n o n -5 -o l-7 -o n e  (V, H, = H)

A m ix tu re  o f  p o ta s s iu m  h y d ro x id e  ( 1 5 g . ) ,  w a te r  (150 c . c . ) ,

and  e t h y l  a lc o h o l  (100 c . c . )  was c o o le d  and  n i t r o g e n  p a s s e d

i n t o  th e  s o l u t i o n  th e n  (IV , R, R^ = H) ( lO g .)  w as a d d ed .
ed

The r e a c t i o n  m ix tu re  was lo o s e ly  s to p p e re d  and he a t  r on a  

w a te r  b a th  a t  65° f o r  20 h o u r s .  The p ro d u c t was c o o le d , 

and  c a rb o n  d io x id e  g a s  p a s se d  in to  th e  s o l u t io n .  The p r e 

c i p i t a t e d  p o ta s s iu m  c a rb o n a te  was f i l t e r e d  o f f ,  an d  th e  

f i l t r a t e  c o n c e n tr a te d .  The r e s id u e  was th e n  e x t r a c t e d  w i th  

e t h e r  i n  a  c o n tin u o u s  l i q u i d  e x t r a c t o r  f o r  24 h o u r s .  The 

d r i e d  e t h e r  e x t r a c t  was e v a p o ra te d , and th e  r e s id u e  su b lim e d  

a t  100 -1 2 0 ° ( o i l  b a th  t e m p e r a tu r e ) / !  mm. t o  g iv e  b i c y c lo -  

(1 ; 5 : 5 ) -n o n -5 -o l-7 -o n e  a s  a  w h ite  s o l i d  m .p . 2 3 3 ° , ( 5 .2 g .  =

79$) e x tre m e ly  s o lu b le  i n  w a te r .

The sem icarbazone  was o b ta in e d  a s  c o lo u r le s s  p r is m s  

from  a lc o h o l  m .p . 2 0 6 ° . (Found: C, 5 6 .9 ;  H, 7 .8 ;  N, 1 9 .9 .
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°1 0 EL702W3 re(lu i r e 3  5 6 .9 ;  H, 8 .0 ;  N, 2 0 .0 # ) .  The 

h y d raao n e  w as d i f f i c u l t  t o  p u r i f y .  A f te r  f o u r  c r y s t a l l i s a 

t i o n s  from  a lc o h o l  a  sam ple was o b ta in e d  m .p . 8 0 -1 0 0 ° .

(Found: H, 1 4 .5  CgH160H3 r e q u i r e s  N, 1 6 .6 # ) .

A ttem p ted  r e d u c t io n  o f  b ic y c lo - ( l : 3 :5 ) - n o n - 5 - o l - 7 - o n e  

(V, R, Rx = H)
( 5 )(1 ) A f te r  Rabe and  K laus Appuhn ;

The above hydrazone  ( 0 .5 g . )  w as h e a te d  f i r s t  a t  180°

( o i l  b a th  te m p e r a tu r e ) th e n  a t  150° i n  p re s e n c e  o f  a  c u r r e n t  

o f  d ry  n i t r o g e n .  The d i s t i l l a t e  was fo u n d  to  c o n ta in  

n i t r o g e n .  A ttem p ted  c r y s t a l l i s a t i o n  was u n s u c c e s s f u l .
H / Q \

(2 ) Huang-Mifron M o d if ic a t io n . The above h y d ro x y k e to n e  

( 3 g . ) ,  sodium  h y d ro x id e  ( 3 g . ) ,  90# h y d ra z in e  h y d ra te  (3 c . c . )  

and  d ie th y le n e  g ly c o l  w ere h e a te d  a s  d e s c r ib e d  by  Huang- 

M ini o n . The p ro d u c t  was d i l u t e d  w i th  w a te r ,  a c i d i f i e d ,  and  

e x t r a c t e d  w i th  e t h e r .  The e t h e r  e x t r a c t  was d r i e d  (NagSO^) 

and  e t h e r  rem oved . The r e s id u a l  m a te r i a l  d e c o lo u r is e d  

brom ine w a te r .  On m ic ro h y d ro g e n a tio n  h a l f  a  m o le cu le  o f  

hy d ro g en  was a b so rb e d .

(3 ) The W o lff-K ish n e r  m eth o d ^ .  The above sem icarb ast-

zone ( l g . ) ,  a b s o lu te  a lc o h o l  (4 c . c . )  and  sodium  h y d ro x id e

( I g . )  w ere h e a te d  in  a  s e a le d  tu b e  a t  200° f o r  8 h o u r s .  The
un

brow n o i l y  p ro d u c t  o b ta in e d  c o n ta in s  a  m ix tu re  o f  f c r y s t a l l ! s -  

a b le  m a t e r i a l s .  On m ic ro  h y d ro g e n a tio n , h yd rogen  ( 0 .6 )  m ole 

was a b s o rb e d .
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(4 ) The c o p p er c h ro m ite  m e th o d .

The above h y d ro x y k e to n e , (5 g .)  a b s o lu te  a lc o h o l  

(75 c . c . )  and  co p p er c h ro m ite  c a t a l y s t  ( 5 g .)  w ere h e a te d  and  

s t i r r e d  i n  an  a u to c la v e  i n  p re se n c e  o f  h yd rogen  a t  an  i n 

i t i a l  p r e s s u r e  o f  130 a tm o sp h e re s . The m ix tu re  was h e a te d  

t o  240° and  m a in ta in e d  a t  t h a t  te m p e ra tu re  f o r  24 h o u r s .

The p ro d u c t  was f i l t e r e d  f r e e  from  c a t a l y s t  and  th e  s o lv e n t  

rem oved i n  v a c u o . The re m a in in g  c o lo u r le s s  g la s s y  m a t e r i a l  

was th e n  t r a n s f e r r e d  t o  a  f l a s k  w ith  an  e f f i c i e n t  colum n 

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

The f i r s t  f r a c t i o n  b . p .  5 0 ° / l0  mm. was im p u re .

The seco n d  f r a c t i o n  b . p .  88°/ 1 0  d i s t i l l e d  a s  a
ane

c o lo u r l e s s  g la s s y  o i l  o f  b i c y c l o - ( 1 : 5 : 3 ) -non*-5-ol

(V I, R , R^ = H ). The l a t t e r  i s  v e ry  s o lu b le  i n m o s t  o rg a n ic  

s o lv e n ts  ( 3 .4 g .  = 8 0 # ) . (Pound: G, 7 6 .6 ;  H, 1 1 .4  GqKi q Q 

r e q u i r e s  C, 7 7 .0 ;  H, 1 1 .4 # ) .

The t h i r d  f r a c t i o n  (X a  and b ) was o b ta in e d  a s  c o lo u r 

l e s s  c r y s t a l s  m .p . 137° ( O .lg . )  (Pound: 0 ,  7 8 .2 ;  H, 1 0 .1 .  

GgHj^O r e q u i r e s  C, 7 8 .2 5 ; H, 1 0 .1 # ) .

A tte m p te d  r e d u c t io n  o f  b ic y c lo -  ( 1 :5:5)-noi]iafi& o^5~ol.

(V I, R , R^ = H ). To th e  above hydroxy  compound (2 g .)  and  

m eth y len e  c h lo r id e  (30 c . c . ) ,  was added pow dered phosphorcass 

p e n ta c h lo r id e  ( 5 . g . ) .  The r e a c t i o n  w ent q u ic k ly  and  h e a t

was d e v e lo p e d . The p ro d u c t was l e f t  o v e rn ig h t  a t  roam
th e

te m p e ra tu re  and  th e n  r e f lu x e d  o n rsteam  b a th  (30 m i n s . ) .  I t
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w ith  e t h e r
was c o o le d ,  d i l u t e d  w i th  ic e  and th e  m ix tu re  was sh ak en  twice*! 

The o rg a n ic  l a y e r  was d r ie d  and c o n c e n tr a te d  t o  g iv e  5 - c h io r o  

b i c y c lo -  ( 1 :5 ;5 ) -n o n a n e  (V II , H, = H) a s  a  y e llo w  o i l  on 

d i s t i l l a t i o n .  (Pound: C l, 22.P C g H ^ l r e q u i r e s  C l ,  2 2 .4 $ ) .

The above c h io ro  compound ( l g . ) ,  a b s o lu te  a lc o h o l  

(25 c . c . ) ,  p o ta s s iu m  h y d ro x id e  ( l g . )  and Raney n ic k e l  

c a t a l y s t  ( l g . )  were sh ak en  in  a n  a u to c la v e  i n  p re s e n c e  o f  

h y d ro g en  a t  80° and 50 a tm o sp h eres  f o r  10 h o u r s .  The r e 

a c t i o n  p ro d u c t  was f i l t e r e d ,  a  few  d ro p s  o f  d i l u t e  s u lp h u r ic  

a c id  w ere added  and th e  s o lv e n t  d i s t i l l e d  i n  v a c u o . The 

r e s id u e  was e x t r a c t e d  w ith  e t h e r ,  d r i e d  (NagSO^) and  e t h e r  

was rem oved . The r e s id u a lm a te r i a l  was h e a te d  w i th  sodium  

( 0 .5 g . )  f o r  one h o u r ,  th e n  th e  p ro d u c t was su b lim ed  a t  4 0 ? /

12 mm. t o  g iv e  c o lo u r l e s s  n e e d le s  m .p . 146° u n d e p re s s e d  on
( 1 )a d m ix tu re  w i th  a  specim en  o f  M eerw einfs b i c y c l o - (1 

n o n a n e . I t  had  a s tro n g  cam p h o r-lik e  o d o u r, e x tre m e ly  v o l 

a t i l e  and s o lu b le  i n  o rg a n ic  s o lv e n t s ,  in s o lu b le  i n  w a te r .  

5 -C h lo ro b ic y o lo -  ( 1 :5 :5 ) -n o n -7 -o n e  (X) .

The h y d ro x y k e to n e  (V, R, R^ = H) (2 g .)  was t r e a t e d  w i th  

I phosphor®tfis p e n ta c h lo r id e  as d e s c r ib e d  f o r  5 - c h lo r o b ic y c lo  

! ( 1 :3 :3 ) -n o n a n e  t o  g iv e  5 - c h lo r o b ic y c lo - ( 1 : 3 :3 ) -n o n a n e ^ il^
_ A

c o lo u r l e s s  c r y s t a l s  from  l i g h t  p e tro le u m  m .p . 117° ( 1 .8 g .  = 

8 0 $ ) . (Pound: G l, 1 9 .3  CgH140Cl r e q u i r e s  C l ,  2 0 .5 $ ) .

The 2 :4 - d in i t r o p h e n y l  hydrazone was o b ta in e d  a s  o ran g e  

c r y s t a l s  from  m e th a n o l, m .p . 1 4 4 .5 °  (Pound: H, 1 7 .4 ;
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015H170 4®4G1 s q u i r e s  N, 1 7 .2 $ ) .

R e d u c tio n  o f  5 - e h lo r o b ic y c lo -  ( 1 :5 :3  ) -n o n an e -7 -o n e  (X i) 

The above chioro-com pound (2 g .)  was re d u c e d  a s  d e s c r ib e d  

f o r  5 - c h l o r o b i c y c lo - ( 1 : 3 :3 ) -nonane gave b i c y c l o - ( 1 : 5 : 5 ) -  

n o n -7 -o n e  (X I) a s  c o lo u r le s s  d iam onds, m .p . 49° ( 1 .2 g . ,  7 0 $ ) .

The sem icarb azo n e  was o b ta in e d  a s  n e e d le s  from  aqueous 

e th a n o l  m .p . 173 . (Found: C, 5 9 .5 ;  H, 8 .2 5 ;  CxoH1 7° %  

r e q u i r e s  G, 6 1 .5 ;  H, 8 .8 $ ) .

A ttem p ted  r e d u c t io n  o f  b i c y c l o - (1 :5 :5 ) -n o n -7 -o n e  (X IJ) 

The above sem icarbazone  ( 0 .3 g . ) ,  f r e s h l y  c u t  sodium  

( 0 .3 g . )  and  d ry  a lc o h o l  (6 c . c . )  were h e a te d  i n  a  s e a le d  

tu b e  f o r  8 h o u rs  a t  2 2 0 ° . The r e a c t io n  m ix tu re  was d i l u t e d  

w i th  w a te r .  The aqueous m a te r i a l  was d i s t i l l e d  i n  s te am , 

w i th  a n  ic e  t r a p  t o  c a tc h  any v o l a t i l e  m a t e r i a l s .  The d i s 

t i l l a t e  w as e x t r a c t e d  w i th  e th e r  and th e  e th e r  was d r i e d  

(HagSO^) and rem oved. The re m a in in g  m a t e r i a l  was d i s t i l l e d  

b . p .  1 6 8 ° /7 6 0  mm. and th e  p ro d u c t was c r y s t a l l i s e d  to  g iv e  

c o lo u r l e s s  n e e d le s  m .p . 146°♦ A dm ixture w ith  M eerw ein fs

b ic y c 1ononane p ro d u ce d  no d e p re s s io n .
ane

B ic y c lo -  ( 1 :5 :5 )  -n o n ^ 5 -7 -d io l  (X II I )

(1 )  U sin g  sodium  i n  A lco h o l a t  0 ° .

To a  m ix tu re  o f  b i c y c l o - ( 1 :3 :3 ) -n o n -5 -o l -7 -o n e  

(V, R, R1 = H) (5g«) ,  d ry  a lc o h o l  (250 c . c . )  was added  

s lo w ly  c le a n  s l i c e s  o f  sodium (1 5 g .)  o v e r a  p e r io d  o f  10 

h o u r s .  The r e a c t i o n  m ix tu re  was s t i r r e d  3 h o u rs  more and
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th e n  d i l u t e d  w i th  w a te r .  C arbon d io x id e  g a s  was th e n

p a s s e d  th ro u g h  th e  m ix tu re  u n t i l  no f u r t h e r  p r e c i p i t a t e  o f

sodium  c a rb o n a te  i s  fo rm ed . The s o lu t io n  w as now f i l t e r e d

and th e  f i l t r a t e  was d i s t i l l e d  w i th  s team . D i s t i l l a t i o n
th e

was s to p p e d  when ̂ d i s t i l l a t e  became t u r b i d .  The d i s t i l l a t e

w as c o n c e n tr a te d  and e x t r a c t e d  w ith  e t h e r  i n  a l i q u i d  l i q u i d

e x t r a c t o r  f o r  2 d a y s . The e th e r  e x t r a c t  was d r i e d  (Na«SO.)
ane

and  d i s t i l l e d  o f f  to  g iv e  B i c y c l o - ( 1 : 3 :5 ) - n o i£ 5 - 7 - d io l  ( X I I I ) 

a s  a  w h ite  s o l i d  m .p . 193 (2g . = 4 0 $ ) . T h is  was f u r t h e r  

p u r i f i e d  b y  c r y s t a l l i s a t i o n  from  e th e r  fo llo w e d  b y  e x t r a c t 

in g  th e  im p u r i t i e s  w i th  benzene i n  a (Found: C,

69*65; H, 10*2 g9%6(>2 r e q u i r e s  C, 6 9 .2 5 ; H, 1 0 .3 $ ) .

(2 ) Sodium i n  wet e t h e r .

F o llo w in g  th e  above p ro c e d u re , th e  above hyd ro x y k eto n e

(V, R, R^ = H) ( 5 g . ) ,  5 $  wet e th e r  (300 c . c . )  and sodium
ane

(1 5 g .)  gave b i c y c l o - ( 1 : 3 :3 ) -n o r£ 5 :7  - d i o l  (X I I I )  m .p . 1 9 3 ° . 

( l g .  = 2 0 $ ) .  U n d ep ressed  on adm ix tu re  w i th  th e  above d i o l .

(3 ) Sodium Amalgam i n  a lc o h o l .

To a  s o lu t io n  o f  th e  hydroxyketone  (V, R, R-̂  = H ),

a b s o lu te  a lc o h o l  (200 c . c . )  was added 5 $  pow dered sodium

amalgam (3 0 0 g .)  o v e r 15 h o u rs  w i th  c o n tin u o u s  s t i r r i n g  and

i c e - c o o l i n g .  A f te r  th e  amalgam had  d is s o lv e d ,  th e  s o l u t io n

was s e p a r a te d  from  th e  re c o v e re d  m erc u ry . The p ro d u c t  was
ane"

th e n  w orked up a s  i n  (1) t o  g iv e  B ic y c lo -  ( 1 :3 :3 ) - n o n f 5 :7 - d io l  

(X I I I )  (1 *5g. = 3 0 $ ) .
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Attempted ch lorin ation  of b ic y c lo - (1 :3:5)-non*^5-7-aioI 

(X III).

(1) Using th ion y l ch lo r id e ,

The above d io l ( l g , ) ,  th ion y l chloride (15 c . c . )  and 

th iophene-free benzene (10 c . c . ) were refluxed  (2 hours).

The e x c e ss  of th ion y l chloride was removed in  vacuo. The 

product was d i s t i l l e d  b.p* 7 0 -8 0 ° /l0  mm. to  g ive an o ily  

product which contained 0 .5  gm. atoms o f c h lo r in e .

(2) Using phosphoruss tr ich lo r id e  in  p y r id in e .

The above d io l  ( l g . ) ,  p h o s p h o r t r i c h l o r i d e  (2 c . c . ) ,  

pyridine (2 c . c*)  and benzene (5 c . c . )  were refluxed  for  

8 hours. The excess reactants removed in  vacuo and the 

residue d i s t i l l e d  to  give a brown o i l  which contained 0*7 

gm* atoms o f ch lo r in e .

(3) Using phosphorcass pen tach loride.

The above d io l  ( l g . ) ,  methylene chloride (25 c . c . )  

and phosphorate pentachloride ( 3 g . ) were l e f t  overnight at 

roam tem perature, then re fluxed  for 1 hour. The product 

was coo led , washed with Iced water, ice  co ld  sodium b ic a r 

bonate, and then dried (HagSO^). The solvent was evaporated  

and the residue was sublimed to  give co lo u r less  l e a f l e t s  m.p.  

120° probably (XIV a, b) (50 mg.) (Pound: 01, 22 .3  CqH-^CI 

requ ires 01 , 22*6$). This product quickly decolourised  

bromine water and potassium permanganate so lu t io n . The main 

bulk of the reaction products d i s t i l l e d  as an o i l  b . p .  7 5 -8 0 ° /
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i 0  mm. This substance was a lso  unsaturated towards bromine

water- (Found: Cl, 32.4; requires C l, 22 . 6#) .

The o i ly  product ( 0 . 5g . ) ,  aloohol (50 c . c , )  and 3#  

p a lla d ised  calcium carbonate (100 mg*) were shaken in  p res

ence o f hydrogen at room temperature. Absorption corres-  
moles

ponded to  1 .7 /'of hydrogen (4 hours). The product was then  

f i l t e r e d  from ca ta ly st  and the alcohol removed in  vacuo.

The remaining o i l  was d i s t i l l e d  to  give a co lo u r less  o i l  

b. p.  158°/760 mm. having a strong camphor-*like odour. The 

compound fa i le d  to  c r y s ta l l is e  a fter  several attempted p u ri

f ic a t io n s  .

B icy c lo * (1 ;5 ;5 )-nonane m.p.  145° fo r  comparison was
(1 )prepared as described by MeerweinVJ*'.
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PART I I I .



TROPOLONES

INTRODUCTION

The t ro p o lo n e  c o n ce p t was f i r s t  s u g g e s te d  b y  D e w a r ^  

i n  1945 t o  i n t e r p r e t  th e  re c o rd e d  ch em ica l b e h a v io u r  o f  

s t i p i t a t i c  a c i d .  ^  He c o n c lu d ed  t h a t  th e  p r o p e r t i e s  o f  

t h i s  a c id  a re  e x p la in e d  by  fo rm u la  ( I I ,  I l a )  and t h a t  t r o p o 

lo n e  (1 , l a )  r e p r e s e n t s  a new ty p e  o f a ro m a tic  s t r u c t u r e .

Q  —  Qo art ^ o °

10  (« * ; (w)
(3 ) (3 \

Two m ould p ro d u c ts  p u b e ru l ic  and p u b e ru lo n ic  a c id  

re se m b le d  s t i p i t a t i c  a c id  c h e m ic a lly . S t r u c tu r e  ( I I I )  was
(4 )

d e te rm in e d  by  Todd e t  a l .  ' f o r  th e  fo rm er a c id .  S t r u c tu r e  

(IV ) was s u g g e s te d  by  th e  same a u t h o r s ^  f o r  th e  l a t t e r  

a c i d ,  b u t  A u lin -E rd traan  ̂ p r o v e d  t h a t  th e  a c tu a l  s t r u c t u r e  

i s  t h a t  shown i n  (V ).

0 OH
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a l s o  su g g e s te d  t h a t  a  tro p o lo n e  m e th y l e t h e r

=o

HO o h

HO-

HO*1

OMt

W O  (y«0
s t r u c t u r e  b e s t  i n t e r p r e t e d  th e  ch em ica l b e h a v io u r  o f  r i n g

(C) i n  c o lc h ic in e  (VI)* T h is  s t r u c tu r e  h a s  now b e e n  con

f irm e d  b y  X -ra y  a n a l y s i s .  F o r p u r p u r o g a l l in ,  H a w o r t h ^

and  c o -w o rk e rs  co n firm ed  s t r u c tu r e  (V II) fo rm u la te d  b y
(9)B a r l t r o p  and N ich o lso n .

CHMe

O OH

c r
o OH

CttMe*

0  OH

( \ A i l ^ )  0 * 0  f X J
S t r u c tu r e s  ( V I I I ) ,  (IX ) and (X) w ere e s t a b l i s h e d  f o r  th e  

o W ^ - a n d ^ f -  th u ja p l ic im s  r e s p e c t iv e ly ,  b o th  b y  d e h y d ro g e n a 

t i o n  ) 9 ^and b y  s y n t h e s i s . ^#

S y n th e t i c  t r o n o lo n e s * The f i r s t  s u c c e s s f u l  s y n th e s i s  

tro p o lo n e  was t h a t  o f  Of : -b e n z tro p o lo n e  (X I) b y  Cook,

fo l lo w e d  b y  th e  ft  : ) ( - iso m er (X II) by  T a r b e l l  e t  a l .^ 1 ^
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o H 

O

( X I ) (XII)

T h is  w as fo llo w e d  i n  1950 by th r e e  a lm o st s im u lta n e o u s  

b u t  d i s t i n c t  s y n th e s e s  o f tro p o lo n e  (1 , l a )  by D o erin g ^ 1 5  ̂

i n  A m e ric a , Cook e t, a l . ^ ^ a n d  Haworth e t  a l . ^ ' ^ i n  B r i t a in *

A s i m i l a r  s y n th e s i s  t o  t h a t  o f  Cook was p u b l is h e d  by  Hozoe^1 8  ̂

i n  J a p a n  who a l s o  re c o rd e d  th e  s y n th e s is  o f  C(~ > ~ and  2f -

t h u j a p l i c i n s •

o o

(x\v/

Si,
hl(K±Ut

( x v ;

C o o k 's  m ethod fo llo w s  th e  above ro u te *

The a d d i t i o n  o f  brom ine to  (X II I )  i s  com plex and  d e 

p ends on th e  p ro p o r t io n  o f  brom ine u se d  and i n  a d d i t i o n  t o
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t r o p o lo n e , m ono-, d i -  and tr ib ro m o tro p o lo n e s  w ere i s o l a t e d .  

Sodium b ro m o tro p o lo n e  (XVI) i s  h ig h ly  c y s t a l l i n e .  I t  i s  

sm o o th ly  re d u c e d  to  t r o p o lo n e .

D o e rin g  i r r a d i a t e d  benzene s o lu t io n s  o f  d iazom ethane  

w i th  u l t r a v i o l e t  l i g h t  w hereby he o b ta in e d  a  compound, 

p ro b a b ly  (XV II) o r  (X V III) . T h is  on o x id a t io n  w i th  p o t a s 

sium  p e rm an g an a te  gave tro p o lo n e  i n  1 % y i e l d .

H aw orth  s y n th e s is e d  tro p o lo n e  from  th e  m o n o cy c lic  o x id a 

t i o n  p r o d u c t  (XIX) o f  p u r p u r o g a l l in  a s  fo l lo w s

0 Qj.i

tt)

Meo o
(XXii)

Me
Ho o O

(XIX) ( * * )
Ofl(

0 OfI

t i x w )

0 0\\

(*xi)

( x / 1 ^
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f e m r ^  p roperties of tropology a . Tropolones are 

c r y s t a l l in e , e a s i ly  snblimafele s o l id s  of various co lo u r s» 

They are more rea d ily  soluble in  hydroxylIc so lven ts than 

in  eth er  or hydrocarbon so lv e n ts .

As e n d s ,  tropolones fora  coloured s a l t s  in  a lfca li 

th at are deeper in  colour than the parent trop olone. This 

i s  dm© to  the increased resonance».la  the anions as i l l u s 

tra ted  by formulae (IX?) 

and {XX?I).

Most tropolone s give  

p o s it iv e  colour t e s t s  w ith  

f e r r ic  c h lo r id e . They 

fo r a  ch ela te  compounds.

Structure (XX?II) i s  

p o ss ib ly  the copper 

complex of tropolone.

They have a c id ic  strength  

w ith  va lues that are 

gen era lly  interm ediate 

between those o f phenol 

(pE 1 0 .0 ) and a ce tic  acid  (p& 4 . 8 ) .  Tropolones d if fe r  in  

s o lu b i l i t y  in  sodium bicarbonate, some being in so lu b le . 

Molecular weight determ inations shew that they are monomeric*

The e th ers lik e  e s te r s  are read ily  hydrolysed and are 

more so lu b le  than the parent tropolone * Dewar regards toe

D ©--

W )

-  O Q

{XXVI)

0 > 'O
4XXVflJ

o oil
CM X v/n)
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i o n ic  resoxk iaace  e x e m p lif ie d  by  s t r u c tu r e s  (XXVIII) and 

(XXIX) a s  b e s t  i n t e r p r e t i n g  th e  h ig h  s o l u b i l i t y  o f  th e  e t h e r .

C o n s id e re d  a s  a  means o f e lu c id a t in g  s t r u c t u r e s ,  p e r 

h a p s  th e  m ost im p o r ta n t r e a c t i o n  i s  th e  b e n z i l i c  a c id  r e 

a rra n g em e n t w hereby  th e  tro p o lo n e  se v en  membered r i n g  i s  

c o n t r a c te d  t o  a  s i x  member©d o n e .

H y d ro g e n a tio n  h a s  d i f f e r e n t  e f f e c t s  on d i f f e r e n t  t r o p o l 

one s t and th e  r e s u l t  depends on th e  c a t a l y s t  u s e d .

T ro p o lo n e  s  do n o t r e a c t  w ith  any o f th e  u s u a l  c a rb o n y l 

r e a g e n t s ,  b u t  fi I ' i  -b e n z tro p o lo n e  and d ib e n z tro p o lo n e  a re  

e x c e p t io n s .  However th e  c a rb o n y l a c t i v i t y  i s  r e v e a le d  f r e 

q u e n tly  i n  th e  r e d u c t io n  productg%  The tro p o lo n e  r i n g  sy s tem  

i s  s t a b l e  to w a rd s  m ild  o x id is in g  a g e n ts .

B l e c t r o p h i l i c  r e a g e n ts  a t t a c k  th e  t ro p o lo n e  m o le c u le . 

Dewar su g g e s te d  t h a t  m o n o -s u b s t i tu t io n  sh o u ld  o c cu r a lm o st 

e x c lu s iv e ly  i n  th e  p - p o s i t i o n .  However on n i t r a t i o n  b o th  

th e  0 -  and  p -  p o s i t i o n s  a re  a t ta c k e d .

G e n e ra l ly  t r o p o lo n e , j$  -m e th y ltro p o lo n e  and ft  —th u ^ a p l i ’c in  

( h i n o k i t i o l )  w ere fo u n d  to  undergo  n i t r a t i o n  and c o u p lin g  w i th  

d i a z o t a t e s ,  h a lo g e n a t io n  and s u lp h o n a tio n .

R o b e r tso n ^ 1 9 ^has in v e s t ig a te d  th e  X -ra y  s t r u c tu r e  o f  

c o p p e r t ro p o lo n e  and shown t h a t  th e  r i n g  sy stem  i s  a  f l a t  

r e g u l a r  h e p ta g o n , w ith  two a t ta c h e d  oxygen atom s o f  w h ich  

one i s  more c lo s e ly  im p lic a te d  th a n  t l ^  o th e r  I n  b  in d in g  th e  

c o p p e r a to m . The l s 2 — bond i s  th e r e f o r e  n o t  a  lo n g  b o n d ,
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d e v o id  o f  d o u b le  bond c h a r a c t e r ,  a s  i s  im p lie d  i n  th e  

c h e m ic a l fo rm u la  f o r  

t r o p o lo n e ,  b u t  a p p e a rs  

in d e e d  t o  be i n d i s 

t in g u i s h a b le  from  th e  

o th e r  b o n d s  i n  th e  

r in g *  The a ro m a tic  

s t r u c t u r e  o f  tro p o lo n e

O -f

( x XXI)

can  be  r e p r e s e n te d  by  s t r u c tu r e  (XXXI a , b ) .  The l a t t e r  

accommodate th e  p r o p e r t i e s  d is c u s s e d  h e r e .

DISCUSSION

The f o l lo w in g  d is c u s s io n  i s  b a se d  upon my e x p e r im e n ta l  

f i n d in g s  w h ic h  w ere c a r r i e d  b e fo re  any s im i l a r  r e s u l t s  w ere 

p u b l is h e d  by  o th e r  w o rk e rs .

The a c i d ic  c h a r a c te r  o f  tro p o lo n e  and  4 -b ro m o tro p o lo n e  

i s  m a n i f e s te d  b y  th e  re a d y  s a l t  fo rm a tio n . W ith  ammonia 

s o l u t i o n ,  b o th  g ive  y e llo w  c y s t a l l i n e  ammonium s a l t s  w h ich  

a re  s p a r in g ly  s o lu b le  i n  w a te r .  The m e l t in g  p o in t s  o f  

ammonium t ro p o lo n e  and ammonium b rom otropo lone  a re  much 

lo w e r th a n  th o s e  o f  th e  sodium o r  copper s a l t s .  Ammonium 

b ro m o tro p o lo n e  c r y s t a l l i s e s  from  e th a n o l  w i th  h a l f  a  m o lecu le  

o f s o lv e n t  o f  c r y s t a l l i s a t i o n  th u s  lo w e rin g  i t s  m e l t in g  p o in t  

from  195° t o  1 5 0 ° .
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On th e  o th e r  h an d , th e  b a s i c  c h a r a c te r  o f  t ro p o lo n e  a 

i s  r e v e a le d  i n  th e  fo rm a tio n  o f  s a l t s  w i th  a c i d s .  A b e n 

zene o r  e t h e r  s o l u t io n ,  s a t u r a t e d  w i th  hydrogen  c h lo r id e  and 

t ro p o lo n e  p r e c i p i t a t e s  a  c o lo u r le s s  h y d ro c h lo r id e .  From 

a c e t i c  a c id -h y d ro g e n  c h lo r id e  s o lu t io n  tro p o lo n e  h y d ro c h lo r 

id e  c r y s t a l l i s e s  w ith  one m o lecu le  o f  a c e t i c  a c i d .  T ropo lone  

h y d ro c h lo r id e  i s  u n s ta b le  a t  room te m p e ra tu re  and  e v o lv e s  

h y d ro g en  c h lo r i d e .  I t  su b lim es w ith  e x te n s iv e  decom posi

t i o n .  On th e  o th e r  hand tro p o lo n e  hydrobrom ide and  h y d ro 

f l u o r i d e  a re  v e ry  s t a b le  and sub lim e undecom posed. Bromo

t r o p o lo n e  h y d ro c h lo r id e  i s  v e ry  u n s ta b le ,  on s u b l im a t io n ,  

b ro m o tro p o lo n e  i s  q u a n t i t a t i v e l y  o b ta in e d . B o th  b ro m o tro p o l

one a n d  t ro p o lo n e  h y d ro c h lo r id e s  g iv e  w i th  f e r r i c  c h lo r id e  

a  b lo o d - r e d  p r e c i p i t a t e  t h a t  s lo w ly  r e d i s s o lv e s  t o  g iv e  g re e n  

s o l u t i o n s .

T h is  rem ark ab le  b a s ic  c h a r a c te r  o f  tro p o lo n e  can  be 

e x p la in e d  b y  th e  s u g g e s t io n  t h a t  th e  p o s i t i v e  ch arg e  can  be 

b o rn e  b y  th e  two oxygen atoms s t r u c t u r e s  (XXXII a ,  b :  It » H ). 

These two s t r u c t u r e s  have c o u n te rp a r ts  i n  th e  c o n ju g a te  a c id  

o f  - d ik e to n e s  b u t  do n o t s u f f i c e  t o  c o n fe r  a  com parable
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" b a s ic i ty  (XXXIII c ,  d ;  R = H ). T h is  re m a rk a b le  re so n a n c e  

p o s s i b i l i t y  i s  ^ a ro m a tic ” i n  th e  se n se  o f r e q u i r i n g  a  r in g  

f o r  i t s  e x is te n c e  and  o f  in v o lv in g  th e  s t a b l e  m o le c u la r  

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

The A c tio n  o f T h io n y l C h lo r id e , P h o sp h o ru ss  t r i c h l o r i d e  and  

t r ib r o m id e  on T ro p o lo n e  and  B ro m o tro p o lo n e .

T ro p o lo n e  may be c o n s id e re d  a s  a  c y c l i c  v in y lo g u e  o f  

a  e a r b o x y l ie  a c i d .  As w i th  a l l  a c i d s ,  th e  above r e a g e n t s  

sh o u ld  e a s i l y  r e p la c e  i n  t ro p o lo n e  and  b ro m o tro p o lo n e  th e  

h y d ro x y l g roup  c o n ju g a te d  t o  th e  c a rb o n y l  g roup  t o  g iv e  th e  

c o r re s p o n d in g  a c id  c h lo r i d e .

T ropo lone  r e a c t s  w i th  t h io n y l  c h lo r id e  i n  b en zen e  s o lu 

t i o n  a t  room te m p e ra tu re  t o  g iv e  t ro p o lo n e  h y d r o c h lo r id e . 

T h is  may have b e e n  p ro d u ce d  from  th e  h y d ro g en  c h lo r id e  t h a t  

i s  a lw ays p r e s e n t  i n  e v en  th e  p u r e s t  r e a g e n t .
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(+) <-)

Ho 0

P8u

0 OH

s o d  2,

7c%

(* m v)

(XX/ vj

C r y s t a l l i s a t i o n  o f  t ro p o lo n e  h y d ro c h lo r id e  from  hyd ro g en  

c h l o r i d e - f r e e  h y d ro c a rb o n  s o lv e n ts  p r o g r e s s iv e ly  lo w e re d  th e  

m e l t in g  p o in t  and a f t e r  f o u r  c r y s t a l l i s a t i o n s ,  a  new compound 

m .p . 6 4° was o b ta in e d .  T h is  no lo n g e r  g iv e s  a  c o lo u r  w i th  

f e r r i c  c h l o r i d e . I t  was fo u n d  t o  be  2 - c h lo r o - c y e lo h e p ta -  

t r i e n - l - o n e  (XXXIV) .

The c h lo r id e  io n  from  th e  h y d ro g en  c h lo r id e  m o le c u le
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"bound t o  th e  t ro p o lo n e  n u c le u s  i n  th e  fo rm  o f  h y d ro c h lo r id e  

m ust have r e p la c e d  th e  h y d ro x y l group  a t  th e  h ig h e r  te m p e ra 

t u r e  o f  c r y s t a l l i s a t i o n .  On g e n t le  r e f l u x i n g ,  w i th  t h io n y l  

c h l o r i d e ,  th e  p r e c i p i t a t e d  h y d ro c h lo r id e  r e d i s s o lv e d  and 

h y d ro g en  c h lo r id e  was e v o lv e d  and a g a in  (XXXIV) w as i s o l a t e d  

i n  good y i e l d s .

L ik e  t r o p o lo n e ,  b ro m o tro p o lo n e  g iv e s  w i th  t h io n y l  c h lo r id e  

i n  th e  c o ld  th e  c o r re s p o n d in g  h y d r o c h lo r id e .  W ith  g e n t l e  

r e f l u x i n g  f o r  th r e e  t o  f o u r  h o u rs  2 :3 - d ic h lo r o  c y c lo h e p ta -  

2 : 4 : 6 - t r i e n - l - o n e  (XXXV) i s  o b ta in e d .  The h y d ro x y l g ro u p  

and th e  brom ine atom a re  b o th  r e p la c e d  b y  c h lo r in e  i o n s .

The re p la c e m e n t o f  b rom ine b y  c h lo r in e  i n  (XXXV) i s  e x p la in e d  

b y  th e  f a e t  t h a t  th e  l a t t e r  i s  more r e a c t i v e  th a n  th e  fo rm e r .  

F o rm u la  (XXXV) i s  s u p p o r te d  b y  e x p e r im e n ta l  e v id e n c e  d e s c r ib e d  

on p JL62 .

At room te m p e r a tu r e ,  b o th  p h o sp h o ru s  t r i c h l o r i d e  and 

t r ib r a m id e  g iv e  u n s ta b le  h y g ro sc o p ic  com plexes w i th  t ro p o lo n e  

and  b ro m o tro p o lo n e . Hydrogen c h lo r id e  o r  brom ide i s  q u ic k ly  

e v o lv e d  and  a  d a rk  v i s c o u s  m a t e r i a l  r e m a in s .

A t h ig h e r  te m p e r a tu re ,  w i th  p h o sp h o ro u s  t r i c h l o r i d e  and 

t r ib r a m i d e ,  t r o p o lo n e  g iv e s  2 -b ram o -an d  2 - e h lo r o - c y e lo h e p ta  

-2  * 4 4 :6 -  t r i e n - l - o n e  r e s p e c t i v e l y .

W ith  p h o sp h o ro u s  t r i c h l o r i d e ,  b ro m o tro p o lo n e  g iv e s  

2 :3 ~ d ic h lo ro  c y c lo h e p ta  - 2 : 4 : 6 - t r i e n - l - o n e  (XXXV).

2 - 0 h lo r o c y c lo h e p ta - 2 : 4 : 6 - t r i e n - 1 - o n e  (XXXIV)
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A lth o u g h (505X2Vi) i s  a  v in g lo g u e  o f  an  a c id  c h lo r i d e ,  

i t s  c h e m ic a l p r o p e r t i e s  l i e  b e tw ee n  th o se  o f  an  a c id  c h lo r id e  

and  an  a lk y l  h a l i d e .  I t  u n d e rg o e s  th e  fo l lo w in g  r e a c t io n s

(1 ) The k e to n ic  p r o p e r ty  t h a t  i s  m asked i n  t r o p o lo n e  

i s  r e v e a le d  i n  2 -e h lo ro c y c lo ~ h e p ta t r ie n o n e  a s  th e  l a t t e r  

g iv e s  a  y e llo w  p r e c i p i t a t e  w i th  e th a n o l i c  2 :4 - d in i t r o p h e n y l  

h y d ra z in e  s u lp h a te .

(2 ) W ith  10$  anhyd rous m e th a n o lic  ammonia, 2-am ino
t r i e n - l - o n e

c y c lo h e p ta - 2 :4 : 6 - / '(XXXVI, a ) i s  o b ta in e d .  T here i s  no 

e v id e n c e  t o  i n d ic a t e  t h a t  th e  a c t u a l  p ro d u c t  i s  n o t  th e  

ta u to m e r  (XXXVI, b ) .  Compound (XXXVI a  o r  b ) was o b ta in e d  

b y  D o e r in g ^ ^ ^ b y  th e  a c t io n  o f  5 $  an h y d ro u s m e th a n o lic  

ammonia on tro p o lo n e  m e th y l e t h e r .  2 - a m in o c y c lo h e p ta -2 :4 :6 -  

t r i e n - l - o n e  d i s s o l v e s  i n  a c id s  t o  g iv e  th e  s o lu b le  h y d ro 

c h l o r i d e s .  W ith  f e r r i c  c h lo r i d e ,  i t  g iv e s  a  deep g re e n  

c o lo u r .  L ik e  a c id  am ides i t  c an  be h y d ro ly s e d  w i th  a l k a l i

4- 4. 1  ( l 5 b )t o  t r o p o lo n e .

(3 ) W ith  m e th y lam in e , d h a e th y la m in e  and  p ro p y lam in e

th e  c o r re s p o n d in g  2 - n - a lk y lc y c lo h e p ta t r ie n o n e s  w ere o b ta in e d .

These a re  deep y e llo w  v is c o u s  l i q u i d s ;  l i k e  am ino- 

c y c lo h e p ta t r i e n o n e , th e y  d i s s o lv e  i n  a c id s  and g iv e  deep  

g re e n  f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n s .  They a l s o  g iv e  

y e llo w  c r y s t a l l i n e  p i c r a t e s .  (These compounds a re  n o t  

a n a l y t i c a l l y  p u re  and l a c k  o f  m a t e r i a l  p re v e n te d  f u r t h e r  

p u r i f i c a t i o n ) .



157

(4 ) W ith  a b s o lu te  m e th a n o lic  sodium  m e th o x id e , t ro p o lo n e  

m e th y l e t h e r  i s  o b ta in e d . The l a t t e r  i s  e a s i l y  h y d ro ly s e d  

by  a c id s  o r  a l k a l i  t o  t r o p o lo n e .

(5 ) 2 -c h lo ro c y c lo h e p ta  -  2 6 - t r i e n - l - o n e  u n d e rg o e s

a  b e n z i l i c  a c id  re a rra n g e m e n t u n d e r  re m a rk a b ly  m ild  c o n d i t io n s .  

On w arm ing w i th  d i l u t e  a l k a l i  o r  e v e n  b o i l i n g  w i th  w a te r ,  

r i n g  c o n t r a c t i o n  t a k e s  p la c e  t o  g iv e  b e n z o ic  a c id  a s  th e  

m a in  p ro d u c t  and  a  v e ry  s m a ll  amount o f  a  w h ite  c r y s t a l l i n e  

s o l i d  m .p . 9 0 ° . The l a t t e r  was n o t  i d e n t i f i e d .  On r e f l u x 

in g  w i th  an h y d ro u s m e th a n o l, m e th y l b e n z o a te  i s  d e te c t e d ,  

and  on h y d r o ly s i s  th e  l a t t e r  g iv e s  b e n z o ic  a c i d .

Compounds (XXXVIII a  and  b )  a re  p o s s ib l e  i n t e m e d i a t e s  i n  

th e  b e n z i l i c  a c id  re a r ra n g e m e n t.  Compound (XXXVIII, a )  

may a r i s e  from  th e  r e a c t i o n  o f  a  h y d ro x id e  io n  w i th  th e  

a n io n  o f  (XXIV). (XXXVIII a )  u n d e rg o e s  r a p i d l y  d e h y d ra t io n  

t o  (XXXVIII, b )  w h ich  h y d ro ly s e s  t o  b e n z o ic  a c i d .  T h is



158

f a c i l e  re a r ra n g e m e n t may be  com pared w i th  th e  o b s e r v a t io n s  

t h a t  t ro p o lo n e  w hich  i s  th e  more a c i d i c ,  r e q u i r e s  c o n s id e r a b ly  

more s e v e re  r e a c t i o n  c o n d i t i o n s ,  ( i . e .  220° and s t r o n g  a l k a l i )  

w h ile  th e  l e s s  a c i d i c  - d ik e to n e s  n o rm a lly  r e a r r a n g e  w i th  

a l k a l i  b e tw ee n  1 0 0 -1 5 0 ° . Then (XXXIV) sh o u ld  r e a r r a n g e  

u n d e r  much m ild e r  c o n d i t io n s  th a n  $  - d ik e to n e s .

(6 ) On b o i l i n g  (XXXIV) w i th  s i l v e r  n i t r a t e ,  a  v o lu m in 

o u s p r e c i p i t a t e  o f  s i l v e r  c h lo r id e  i s  o b ta in e d .

(7 ) G e n tle  h e a t in g  w i th  ammonium c h lo r id e  s o l u t io n ,  

(XXXIV) ga^e a  low  y i e l d  o f  t ro p o lo n e  i s o l a t e d  a s  th e  

c o p p e r s a l t .

(8 ) The r e d u c t io n  o f  2 - c h l o r o c y c l o h e p t a - 2 : 4 : 6 - t r i e n - l -  

one i s  v e ry  s e n s i t i v e  t o  r e a c t i o n  c o n d i t io n s  : -

(a )  H y d ro g e n a tio n  was c a r r i e d  o u t i n  c y c lo h ex an e  a s  

s o lv e n t  i n  p re s e n c e  o f  p a l l a d i s e d  c h a r c o a l .  The r e a c t i o n  

was s to p p e d  a f t e r  one e q u iv a le n t  o f  h y d ro g en  was a b so rb e d  

and  a  c r y s t a l l i n e  p ro d u c t*  m .p . 100° was o b ta in e d .  Ho s a t 

i s f a c t o r y  e x p la n a t io n  c an  b e  s u g g e s te d  h e re  on  th e  b a s i s  o f  

th e  a n a l y t i c a l  d a t a  a v a i l a b l e .

(b ) I n  benzene s o l u t i o n ,  s i m i l a r l y  a  s o l i d  m .p . 145° 

w as i s o l a t e d  i n  a  sm a ll am ount. The m ain  p ro d u c t  w as

* T h is  p ro d u c t  may p o s s ib ly  be c h lo ro c y c lo h e p ta -  
t r ie n o n e  fo rm ed  b y  th e  r e d u c t io n  o f  th e  
c a rb o n y l g roup  i n  (XXXIV)
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a  h ig h  b o i l i n g  m a t e r i a l .  I  was u n a b le  t o  i d e n t i f y  th e  

above s o l i d  due to  th e  l a c k  o f  m a t e r i a l .

( c )  I n  anhy d ro u s e th a n o l i c  p o ta s s iu m  a c e ta t e  i n  p re s e n c e  

o f  p a l l a d i s e d  c h a r c o a l ,  4 e q u iv a le n t s  o f  h y d ro g en  w ere a b 

s o rb e d  t o  g iv e  c y c lo h e p ta n o n e  (XXXIX), i s o l a t e d  a s  th e  sem i

c a rb a z o n e . However, i f  th e  r e a c t i o n  w as i n t e r r u p t e d  a f t e r  

one m o le c u le  o f  h y d ro g en  was a b s o rb e d , a  c o lo u r l e s s  v is c o u s  

o i l  b .p *  1 0 4 -1 0 5 ° /1 0  mm. was o b ta in e d .  T h is  i s  e x p e c te d  

t o  b e  c y c lo h e p ta -2  *=445?6 - t r i e n - l - o n e , ( tro p o n e  ) (XL).
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T h is  o i l  (XL) a g re e d  i n  p h y s ic a l  and  c h e m ic a l p r o p e r t i e s  

w i th  t h a t  d e s c r ib e d  b y  b o th  D o e r in g ^ ^ ^  and  B a u b e n ^ -^  b y  two 

d i f f e r e n t  s y n th e s i s  from  th e  ab o v e , and a  f o u r t h  i n  w h ich
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2 :3 - d ic h lo r o c y c lo h e p ta - 2  : ^ 4 4 :6 - t r i e n - l - o n e  (XXXV) was re d u c e d  

u n d e r  s i m i l a r  c o n d i t io n s  t o  th o s e  d e s c r ib e d  f o r  (XXXIV). 

However o u r p ro d u c t  w as n o t  a n a l y t i c a l l y  p u r e ,  p o s s ib ly  b e 

c au se  i t  i s  v e ry  h y g ro s c o p ic .

D o e r in g *s s y n th e s i s  was r a t h e r  re m a rk a b le . Hydroxy-  

c y c lo h e p ta t r ie n y l iu m  brom ide (X L II) was o b ta in e d  from  m ethoxy- 

t r o p i l i d e n e  p re p a re d  b y  th e  p h o to c h e m ic a l d e c o m p o s itio n  o f  

d iazo m eth an e  i n  a n i s o l e . T rea tm en t w i th  one e q u iv a le n t  

o f  b ro m in e , e i t h e r  d i r e c t l y  o r  a f t e r  p r e l im in a r y  a c id  

h y d r o ly s i s  y i e ld e d  c y c lo h e p ta d ie n o n e . Compound (X L II) i s  

a  c o l o u r l e s s ,  su b lim a b le  s a l t  from  w h ich  sodium  b ic a rb o n a te  

l i b e r a t e s  c y c lo h e p ta t r ie n o n e  (XL).

Dauberofs s y n th e s i s  r e q u i r e s  th e  b ro m in a t io n  o f  c y c lo -  

h e p te n - l - o n e  (X L III)  w i th  f o u r  e q u iv a le n t s  o f  b rom ine  i n  

a c e t i c  a c id  t o  g iv e  2 :4 :7 - t r ib ro m o trq p o n e  (XLIV) a f t e r  p r o 

lo n g e d  h e a t in g .  T h is  was h y d ro g e n a te d  w i th  p a l l a d i s e d  

b a riu m  s u lp h a te  t o  g iv e  (XL). H ydrogen co n su m p tio n  w as 

s to p p e d  a f t e r  t h r e e  e q u iv a le n t s  o f  h y d ro g en  h ad  b e e n  a b s o rb e d .

Tropone (XL) i s  a  c o l o u r l e s s ,  v i s c o u s  v e ry  h y g ro sc o p ic
ft 20o i l  w i th  a  c h a r a c t e r i s t i c  sm e ll  b . p .  1 1 5 ° /1 2  mm., n  D 1 .6 0 8 1  

m .p . -  5 f8 °  from  e t h e r .  I t  r a p i d l y  a b s o rb s  two m o le c u le s  

o f  w a te r  from  th e  a tm o sp h e re . I t  i s  s o lu b le  i n  w a te r .

Tropone g iv e s  a  h y g ro sc o p ic  su b lim a b le  h y d ro c h lo r id e  i n  

e t h e r e a l  h y d ro g en  c h lo r id e .  (XL) fo ira s  a  y e llo w  p i c r a t e  m .p . 

100° (n o t a n a ly s e d  a s  i t  w as i s o l a t e d  i n  sm a ll am oun t) .
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The c a rb o n y l  r e a c t i v i t y  i n  tro p o n e  i s  m asked a l th o u g h  

i t  i s  r e v e a le d  i n  th e  h y d ro g e n a tio n  and  s u b s t i t u t i o n  p r o 

d u c ts  • Tropone r a p i d l y  d e c o lo u r is e d  p o ta s s iu m  perm an g an a te  

s o l u t i o n .  Dauben ( l o c .  c i t . )  a l s o  r e p o r t s  t h a t  (XL) d e 

c o lo u r i z e s  b e n zen ed iazo n iu m  c h lo r id e  i n  aqueous sodium  

a c e t a t e ,  fo rm s a  p ic r y l s u lp h o n y l  d e r i v a t i v e  m .p . 266 -267° 

and  i s  re d u c e d  t o  c y c lo h e p ta n o n e  (XXX3X). He a l s o  fo u n d  

t h a t  b ro m in a t io n  a t  26° i s  m o d e ra te ly  r a p i d  i n  w a te r ,  slow  

i n  aq u eo u s a c e t i c  a c id  and  v e ry  slow  i n  c a rb o n  t e t r a c h l o r i d e  

t o  g iv e  a d d i t i o n  p r o d u c ts  t h a t  e l im in a te  h y d ro g en  b rom ide 

t o  g iv e  i n  t u r n  b rom otropone  s .

D o e rin g  ( l o c .  c i t )  c o n s id e r s  t h a t  an  ex trem e  e l e c t r o n i c  

s t r u c t u r e  (XLI) and  n o t  (XL) s a t i s f a c t o r i l y  e x p la in s

(a )  th e  b a s i c i t y ,  w h ich  r e f l e c t s  a  h ig h  e l e c t r o n  d e n 

s i t y  on oxygen and a  s t a b i l i z a t i o n  o f  p o s i t i v e  c h a rg e  (X L II) .

(b ) th e  l a r g e  d ip o le  moment im p lie d  by  th e  h ig h  b o i l i n g  p o i n t  

( c f .  b e n z a ld e h y d e , b . p .  6 8 ° / l5  m m .), m i s c i b i l i t y  w i th  w a te r  

and  th e  l a r g e  e x a l t a t i o n ,  (c )  th e  s h i f t  o f  th e  c a rb o n y l 

f r e q u e n c y  i n  th e  u l t r a  v i o l e t  sp e c tru m .

The s t a b i l i t y  o f  (XLI) r e l a t i v e  to  (XL) and th e  v e ry  

e x is te n c e  o f  th e  cy c lo h ep ta ti?d en o n e  i n  c o n t r a s t  t o  th e  n on - 

e x is te n c e  o f  c y e lo p e n ta d ie n o n e s  f i n d  i n s u f f i c i e n t  t h e o r e t i c a l  

e x p la n a t io n  i n  te rm s  o f  re so n a n c e  s t r u c tu r e  (XLI) a lo n e ,  b u t  

a re  e x p la in e d  by  th e  m o le c u la r  o r b i t a l  th e o r y  w h ich  p r e d i c t s  

p e c u l i a r  s t a b i l i t y  from  s ix  e l e c t r o n s  i n  a  c y c l ic  r e s o n a t in g
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sy s te m . Due t o  th e  l a c k  o f  m a t e r i a l  and  tim e  th e  r e a c t i o n s  

o f  (XL) w ere n o t  th o ro u g h ly  i n v e s t i g a t e d .

2 : 5 - D ic h lo ro c y c lo h e p ta -2 : 4 : 6 - t r i e n - l - o n e  (XXXV)

The r e a c t i o n s  o f  th e  above compound a re  v e ry  s i m i l a r  

t o  (XXXIV):-

(1 ) W ith  2 :4 - d in i t r o p h e n y lh y d r a z in e ,  a  y e llo w  p r e c i p i 

t a t e  i s  q u ic k ly  fo rm ed .

(2 ) On b o i l i n g  (XXXV) w i th  s i l v e r  n i t r a t e ,  s i l v e r  c h lo r 

id e  i s  fo rm e d .

(3 ) As w i th  (XXXIV), 

w arm ing w i th  d i l u t e  a l k a l i ,  

p ro d u c e s  a  b e n z i l i c  a c id  

re a r ra n g e m e n t t o  g iv e  0 -  

c h lo ro b e n z o ic  a c id  (XLV) 

i n  m o d era te  y i e l d .

(4 ) O nly one c h lo r in e  

atom  i s  e a s i l y  r e p la c e d  b y  

a l k y l  g ro u p s . E th y lam in e  

r e p l a c e s  one c h lo r in e  atom  

t o  g iv e  p ro b a b ly  2 - e t h y l -  

a m in o -3 -c h lo ro c y c lo h e p ta -  

2 : 4 : 6 - t r i e n - l - o n e  (XLVI) 

a s  a  v is c o u s  y e l lo w is h  g re e n  o i l .  The l a t t e r  i s  s o lu b le  

i n  a c id s  and  g iv e s  a  g re e n  f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n .

(5 ) Compound (XXXV) a b so rb s  f i v e  e q u iv a le n t s  o f  h y d ro g en

0 c t

- c t  

coo#

(XLY)

o  n / {  C i H g



163

i n  a b s o lu te  m e th a n o lic  p o ta s s iu m  a c e t a t e  i n  p re s e n c e  o f  

p a l l a d i s e d  c h a r c o a l  to  g iv e  c y c lo h e p ta n o n e  (XXXIX); i n t e r 

r u p t io n  o f  th e  r e a c t i o n  a f t e r  th e  co nsum p tion  o f  tw o e q u iv 

a l e n t s  o f  h y d ro g en  f u r n i s h e d  tro p o n e  (XL).

REPLACEMENT REACTIONS OF O-BROMOTROPOLONE.

(1 )  2 -A m in o -5 -b ro m o -o y c lo h e p ta -2 ; 4 : 6 - t r i e n - l - o n e  (XLVII)

B rom otropo lone  m e th y l e t h e r  ( X X I l i k e  e s t e r s ,  r e 

a c t s  sm oo th ly  w i th  1 0 $  anhyd rous m e th a n o lic  ammonia t o  g iv e  

2 -a m in o -3 ~ b ro m o c y c lo h e p ta -2 :4 :6 - t r ie n - l-o n e  (XLVII) a s  a  

y e llo w  c r y s t a l l i n e  s o l i d .  Compound (XLVII) i s  s p a r in g ly

b

s o lu b le  i n  h y d ro ca rb o n  s o l v e n t s ,  v e ry  s o lu b le  i n  h y d ro x y l ic
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s o l v e n t s ,  s o lu b le  i n  a c i d s ,  an d  g iv e s  a  g re e n  f e r r i c  c h lo r 

id e  c o lo u r  r e a c t i o n .  I t  i s  re m a rk a b le  t h a t  th e  brom ine 
i s

a tom ^so u n r e p la c e a b le , s in c e  th e  r e a c t i o n  c o n d i t io n s  w ere 

r a t h e r  v ig o ro u s .  (10% a b s o lu te  m e th a n o lic  ammonia was 

h e a te d  w i th  th e  m e th y l e t h e r  o f  (XVI) i n  a  s e a le d  tu b e  a t  

1 0 0 ° f o r  10 h o u r s ) .

(2 ) <K -H y d ro x y tro p o lo n e  (XLV III)

On r e f lu x in g  b ro m o tro p o lo n e  w i th  5 0 $  a l k a l i  f o r  a  p r o 

lo n g e d  t im e ,  <K -h y d ro x y tro p o lo n e  (X LV III) was o b ta in e d  i n  

a  p o o r  y i e l d .  I t  was a l s o  p ro d u c e d  when b ro m o tro p o lo n e  w as 

f u s e d  w i th  a l k a l i  a t  230 -250° f o r  15 m in u te s .  When brom o

tro p o lo n e  was h e a te d  i n  a  s e a le d  tu b e  w i th  d i l u t e  a l k a l i  o r  

e v e n  w a te r  a t  2 0 0 ° , o n ly  a  t a r  was p ro d u c e d .

^  -H y d ro x y tro p o lo n e , l i k e  a l l  t r o p o lo n e s  i s  v e ry  s o l 

u b le  i n  h y d ro x y lic  s o lv e n ts .  I t  i s  a  cream  c o lo u re d  su b 

l im a b le  s o l i d  w i th  a  r e l a t i v e l y  h ig h  m e l t in g  p o in t  (244° 

deeom ^.). I t  g iv e s  a  brow n f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n .

-H y d ro x y d ro x y tro p o lo n e  u n d e rg o e s  a  b e n z i l i c  a c id  

re a r ra n g e m e n t u n d e r  much more se v e re  c o n d i t io n s  th a n  t r o p o lo n e  

t o  g iv e  s a l j r e |: l i c  a c id  (L ) . Only f u s io n  w i th  a l k a l i  a t  300° 

f o r  15 m in u te s  c o u ld  p ro d u ce  th e  l a t t e r .

S im i la r ly  b ro m o tro p o lo n e  was fo u n d  t o  g iv e  s a l i c y l i c  

a c id  u n d e r  th e s e  v ig o ro u s  r e a c t i o n  c o n d i t i o n s .  I t  i s  c l e a r  

t h a t  r i n g  c o n t r a c t io n  to o k  p la c e  o n ly  a f t e r  th e  t r a n s fo r m a 

t i o n  o f  b ro m o tro p o lo n e  t o  h y d ro x y tro p o lo n e , th e  l a t t e r  v i a
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th e  in te r m e d ia te  (XLIX) y i e l d i n g  (L ) . The r e a c t i o n  p r o d u c ts  

w ere c a r e f u l l y  exam ined h u t  no o -b ro m o lte n z o ic  a c id  c o u ld  

he i s o l a t e d .

(&) P i-C y a n o tro p o lo n e  (1*1)

The re p la c e m e n t o f  th e  h a lo g e n  i n  b ro m o tro p o lo n e  b y  a  

cyano g roup  i s  i n t e r e s t i n g .  F u s io n  o f  (XVI) w i th  c u p ro u s  

o r  p o ta s s iu m  cy an id e  gave o n ly  1 o r  2 $  o f  ( L I ) .  R e f lu x in g  

w i th  a  p y r id in e  s o l u t io n  c o n ta in in g  cu p ro u s  c y a n id e , f u r 

n is h e d  o n ly  unchanged  m a t e r i a l .  R e f lu x in g  i n  b e n z y l  c y a n id e  

a s  s o lv e n t  r e s u l t e d  i n  e x te n s iv e  d e c o m p o s itio n . However, 

when sodium  b ro m o tro p o lo n e  in s t e a d  o f  b ro m o tro p o lo n e  was 

u se d  i n  p y r id in e  a s  s o lv e n t  and  in  p re s e n c e  o f  e x c e s s  

cu p ro u s  c y a n id e , a l l  su sp en d ed  m a t e r i a l s  d i s s o lv e d ,  and  an 

80$  y i e l d  o f  c y a n o tro p o lo n e  (L I) was o b ta in e d  a s  a  y e llo w  

su b lim a b le  s o l i d .  I t  was d i f f i c u l t  t o  o b ta in  a n a l y t i c a l  

p u re  ev en  a f t e r  s e v e r a l  s u b l im a t io n s .  C y an o tro p o lo n e  i s  o n ly  

s o lu b le  i n  h y d ro x y lic  s o lv e n ts  and  g iv e s
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a  "brown f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n .

A ttem p ted  r e d u c t io n  o f c y a n o tro p o lo n e  ( L I )

Ho c r y s t a l l i n e  r e d u c t io n  p ro d u c t  o f  th e  cyano  g roup  

c o u ld  "be o b ta in e d .  R e d u c tio n  o f  c y a n o tro p o lo n e  w i th  b o th  

l i th iu m  alum inium  h y d r id e  and  p a l l a d i s e d  c h a r c o a l  gave a  r e d  

gummy m a t e r i a l .  I t  a l s o  fo rm ed  i n  n e u t r a l  e th a n o l i c  s o lu 

t i o n  a  r e d  c o lo u r  t h a t  p e r s i s t e d  ev en  a f t e r  c l a r i f i c a t i o n  

w i th  c h a r c o a l .  T h is  p ro d u c t  i s  p ro b a b ly  ( L I I ) .  I t  w as 

fo u n d  t o  be  a m p h o te r ic , d i s s o lv in g  i n  a c id s  t o  g iv e  a  c o lo u r 

l e s s  s o l u t i o n  and i n  a l k a l i  t o  g iv e  a  r e d d is h  c o lo u r .  A t

te m p ts  t o  o b ta in  th e  d i a c e t a t e  o r  th e  d ip h th a i a t e  o f  (L I I )  

i n  a  c r y s t a l l i n e  form  was u n s u c c e s s f u l .

(4 )  T ropo lone  ^ - c a r b o x y l i c  a c id  ( L I I I ) .

When c y a n o tro p o lo n e  (L I) was r e f lu x e d  w ith  50$ a l k a l i ;  

t r o p o lo n e  ^ - c a r b o x y l i c  a c id  ( L I I I )  was o b ta in e d .  W ith  

c o n c e n tr a te d  h y d ro c h lo r ic  a c id  o n ly  a  low  y i e l d  o f  ( L I I I )  

was i s o l a t e d .  T ropo lone  - c a r b o x y l ic  a c id  i s  a  c r y s t a l l i n e  

y e llo w  s o l i d  m .p . 2 1 3 ° , s o lu b le  o n ly  I n  h y d ro x y lic  s o l v e n t s .  

I t  su b lim e s  i n  vacuo  w ith o u t  d e c o m p o s itio n  and g iv e s  a  brow n 

f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n .

When t ro p o lo n e  o( - c a r b o x y l ic  a c id  was h e a te d  i n  an  o i l  

b a th  above I t s  m e l t in g  p o i n t ,  t ro p o lo n e  was o b ta in e d .

S im i la r  t o  (X -h y d ro x y tro p o lo n e , o n ly  v ig o ro u s  r e a c t i o n  

c o n d i t io n s  b r in g  a b o u t b e n z i l i c  a c id ,  r e a r r a n g e m e n t .  Thus 

when ( L I I I )  was f u s e d  w i th  a l k a l i  a t  3 1 0 ° , p h t h a l i c  a c id  (LV)
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was o b ta in e d ,  b e in g  i s o l a t e d  a s  th e  a n h y d r id e . A r e a r r a n g e 

m ent m echanism  f o r  ( L I I I )  may be  p o s u la te d  s i m i l a r  t o  t h a t  

o f  s t i p i t a t i c  a c i d .  T h u s, when a p p l ie d  t o  ( L I I I ; a )  o r  th e  

d ik e to fo rm  ( L I I I ; c ) ,  b e n z i l i c  a c id  change p ro c e e d s  v i a  th e  

in te r m e d ia te  (L IV ). The l a t t e r  w ould  be  e x p e c te d  t o  u n d erg o  

re a d y  d e h y d ra t io n  t o  g iv e  p h t h a l i c  a c i d .  T h is  i s  i n  a c c o rd 

ance w i th  th e  e x p e r im e n ta l  r e s u l t s .

The a c t io n  o f  d ia z o  m ethane on ( L I I I )  gave a y e llo w  

gummy u n c r y s t a l i i s a b l e  p r o d u c t .  The l a t t e r  n e i t h e r  gave a 

f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n  n o r  was s o lu b le  i n  sodium  

b ic a r b o n a te .  T here a re  p resu m ab ly  i n  th e  r e a c t i o n  m ix tu re  

two m e th y l e th e r s  c o rre sp o n d in g  t o  s t r u c t u r e s  ( L I I I ,  a  and  

b ) .  The above gummy p ro d u c ts  w ere e a s i l y  h y d ro ly s e d  t o  

th e  o r i g i n a l  a c id  ( L I I I ) .

(5 )  -T h io tro p o lo n e s  (L IX ).

A re m a rk a b le  r e a c t i o n  was th e  re p la c e m e n t o f  th e  h a lo 

g e n  i n  b ro m o tro p o lo n e  by  p - t h i o c r e s o l  and  th io p h e n o l

(LV/ ) ( L y  ii)
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A v e ry  sim p le  m o d if i c a t io n  was a d o p te d . Sodium 

b ro m o tro p o lo n e  was r e f lu x e d  w i th  th io p h e n o l  and  p - t h i o c r e s o l  

i n  p y r i d i n e . R ep lacem ent o f  th e  brom ine q u ic k ly  to o k  p la c e  

and  th e  h y d ro g en  brom ide fo rm ed  i n  th e  r e a c t i o n  m ix tu re  r e 

a c te d  w i th  th e  sodium  io n  t o  g iv e  th e  f r e e  th io t r o p o lo n e

(LVI, R = H o r  R = Me) and  sodium  b ro m id e .

0 ^ - S u b s t i t u t e d  thiotrop& boneBSare h ig h ly  c r y s t a l l i n e  

s o l i d s  s o lu b le  i n  h y d ro x y lic  s o l v e n t s .  They g iv e  a  g re e n 

i s h  brow n f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n .

W ith  Raney n i c k e l  i n  e th a n o l ,  (LVI, R = Me) gave a low

y i e l d  o f  t r o p o lo n e ,  th e  r e s t  b e in g  unchanged  m a t e r i a l .  

However when th e  sodium  s a l t  was u s e d ,  i n s t e a d  o f  th e  f r e e  

t ro p o lo n e  a  b e t t e r  y i e l d  o f  t ro p o lo n e  was o b ta in e d .

A tte m p ts  were made t o  o x id is e  (LVI, R = H and  R = Me) 

w i th  30$  hy d ro g en  p e ro x id e  i n  a c e t i c  a c id  s o l u t io n  t o  o b ta in  

th e  c o rre s p o n d in g  su lphone  (L V II); a  w h ite  am orphous m a te r 

i a l  was o b ta in e d .  The l a t t e r  was s o lu b le  i n  a l k a l i  and 

sodium  b ic a r b o n a te ,  b u t  f a i l e d  t o  g iv e  a  c o lo u r  r e a c t i o n  

w i th  f e r r i c  c h lo r i d e .  I t  was decom posed on s u b l im a t io n .  

P o s s ib ly  th e  t ro p o lo n e  r i n g  sy stem  was d e s t ro y e d  by  th e  

r u p tu r e  o f  th e  r i n g .

(6 )  COHPLIHG OF BROMOTROPOLONE.

I t  w as o f  i n t e r e s t  t o  see  w h e th e r  b ro m o tro p o lo n e  

c o u p le d  w i th  i t s e l f  i n  p re s e n c e  o f  c o p p e r pow der t o  g iv e  

d i t r o p o lo n e  (L V III ) , s im i l a r  t o  th e  r e a c t i o n  o f  bramd$>hBnehe
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to  g iv e  d ip h e n y l .  However, 

when sodium  b ro m o tro p o lo n e  

w as f u s e d  w i th  co p p er 

pow der a t  2 5 0 ° , o n ly  t r o -
D,

p o lo n e  w as i s o l a t e d .  A 

s i m i l a r  r e s u l t  i s  some

t im e s  m et i n  b e n z e n o id  

com pounds.
o c>H o  oM 

( l v i i i )

i; '**" ’



170

IS  0TR0P0L0HES

O

o H

b
(L\ t ) (i-X)

T h e o r e t i c a l ly  t h e r e  a re  2 p o s s ib le  fo rm u la e  f o r  i s o -  

t ro p o lo n e  (LIX; a  arid b )  i s  th e  m - is o tro p o lo n e  and (LX; a  

and  b ) i s  th e  p - is o m e r .  I t  i s  i n t e r e s t i n g  t o  p re p a re  su c h  

compounds and compare t h e i r  p h y s ic a l  and c h e m ic a l p r o p e r t i e s  

w i th  th o s e  o f  t r o p o lo n e .

A lth o u g h  th e  m ain  t a r g e t  was th e  s y n th e s i s  o f  tro p o n e  

(XL), compounds w h ich  may be  s u b s t i t u t e d  i s o t r o p o lo n e s  w ere 

p ro d u c e d .

B ro m in a tio n  o f  c y c lo h e p ta n o n e  i n  a c e t i c  a c id  a t  0 °  p r o 

cee d ed  sm oo th ly  t o  g iv e  c o lo u r le s s  c r y s t a l l i n e  b ro m o cy c lo - 

h e p ta n o n e s . W ith  tw o , t h r e e  and f o u r  e q u iv a le n t s  o f  b ro m in e , 

a  d ib rom o- (LX I) ,  a  t r ib r c m o -  (L X II) and  a  te t r a b r o m o - c y c lo  

h ep tan o n e  (L X III)  w ere o b ta in e d  r e s p e c t i v e l y .

A l l  th e  t h r e e  b ro m in a te d  compounds w ere d eh y d ro b ro m in - 

a te d  w i th  c o l l i d i n e .

Prom th e  d ib ro m o cy c lo h ep tan o n e  (L X I), an  im pure l i q u i d
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oH

C

o H

(L XII)

—>

dAfZ' o

(LMI) ( lxyi)  (l XV//)

was o b ta in e d  w hich  was fo u n d  to  c o n ta in  b ro m in e . T rib ro rao - 

c y c lo h e p ta n e  (L X Il) gave 2 c o lo u r l e s s  c r y s t a l l i n e  s o l i d s  

m .p . 1 0 5 °and  140°r e s p e c t i v e l y ,b o t h  w ere s o lu b le  i n  m ost 

o rg a n ic  s o lv e n ts .  A n a ly t ic a l  f i g u r e s  f o r  b o th  a g re e d  w ith  

fo rm u la  (LXV). 'Ehese d e h y d ro b ro m in a ted  compounds w ere s o lu b le  

i n  a l k a l i  and  sodium  b ic a r b o n a te  b u t  d id  n o t  g iv e  a  c o lo u r

r e a c t i o n  w ith  f e r r i c  c h lo r id e .  When th e y  w ere b o i l e d  

w ith  s i l v e r  n i t r a t e , s i l v e r  b rom ide  was o b ta in e d .  B oth

p r o d u c ts  w ere r e c o v e re d  unchanged  a f t e r  h e a t in g  w ith
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d i l u t e  a l k a l i ,  r e f lu x in g  w i th  c h i o r a n i l  i n  x y le n e  o r  h e a t in g  

w i th  p a l l a d i s e d  c h a r c o a l  i n  t r i c h lo r o h e n z e n e . W ith  p - t h i o -  

c r e s o l ,  th e  h a lo g e n  i n  compound m .p . 105° was r e p la c e d  t o  

g iv e  a  b rom ine f r e e  t h i o d e r i v a t i v e  w hich  was s o lu b le  i n  

a l k a l i  and  sodium  b ic a r b o n a t e .

On r e d u c t io n  o f  th e  two d e h y d ro b ro m in a tio n  p ro d u c ts  

(LXV) i n  e th a n o l  s o l u t io n  i n  p re s e n c e  o f  t r i e th y la m in e  and  

p a l l a d i s e d  c h a rc o a l  as  a  c a t a l y s t ,  f o u r  e q u iv a le n t s  o f  h y d ro 

g en  w ere a b so rb e d  t o  g iv e  h e x ah y d ro b en z o ic  a c id  (LX V III) 

i s o l a t e d  a s  th e  a n i l i d e . The a n i l i d e  was fo u n d  t o  be  

i d e n t i c a l  w i th  an  a u th e n t i c  sp ec im en .

T etrab rom o  c y c lo h e p ta n o n e  (L X II) was d e h y d ro b rc m in a te d  

t o  g iv e  a  c r y s t a l l i n e  p ro d u c t  m .p . 9 5 ° . A n a ly t i c a l  f i g u r e s  

a g re e  w i th  fo rm u la  (L X V II). I t  was s o lu b le  i n  a l k a l i  and  

sodium  b ic a r b o n a te  b u t  f a i l e d  t o  g iv e  a  f e r r i c  c h lo r id e  

c o lo u r  r e a c t i o n .  On r e d u c t io n ,  th e  s m e ll  o f  h e x ah y d ro b en - 

z o ic  a c id  was c l e a r l y  d e te c t e d .  The l a t t e r  w as i s o l a t e d  

a s  th e  a n i l i d e  and  was fo u n d  i d e n t i c a l  w i th  an  a u th e n t i c  

sp ec im en .

Mo c r y s t a l l i n e  s o l i d  w as o b ta in e d  when th e  h y d ro g e n a tio n  

o f  e i t h e r  (LXV) o r  (LXVII) was s to p p e d  a f t e r  one e q u iv a le n t  

o f  h yd rogen  was a b so rb e d .

The b ro m in a tio n  o f  c y c lo h e p ta n o n e  m ost l i k e l y  p ro c e e d s  

i n  th e  more a c t iv e  p o s i t i o n s  o and  o* t o  g iv e  th e  s u b s t i t u t e d  

c y c lo h e p ta n o n e s  (L X I), (L X II) and (L X III)  Compounds (L X II)
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and (L X III)  on b e a t in g  w i th  c o l l i d i n e  w ould  b e  e x p e c te d  t o  

g iv e  p o s s ib ly  th e  in te r m e d ia te  d ibrom o compounds (LXIV) 

and(LX V II) r e s p e c t i v e l y .  One o f  th e  b ro m in e s  i n  th e  l a t t e r  

tw o compounds may be e a s i l y  h y d ro ly s e d  u n d e r  th e  r e a c t i o n  

c o n d i t io n s  u s e d ,  w here c o n c e n tr a te d  h y d ro c h lo r ic  a c id  was 

added  t o  th e  r e a c t i o n  p r o d u c ts  t o  d i s s o lv e  e x c e s s  o f  th e  

c o l l i d i n e .

The re a rra n g e m e n t o f  b o th  (LXV) and (LX V III) t o  h e x a -  

h y d ro b e n z o ic  a c id  i s  u n e x p e c te d  a s  su c h  p r o d u c ts  w ould  r e 

q u ir e  th e  e x is te n c e  o f  two a d ja c e n t  h y d ro x y l g ro u p s . How

e v e r ,  m ig r a t io n  o f  th e  h y d ro x y l g ro u p s  may have o c c u r r e d .
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5 : 4 : 5 : 6-DIBENZTR0P0L0KB

3 : 4 : 5 :6-D ibenz tro p o lo n e  '( LXXV ) d s  th e  f i r s t  s y n th e t i c  

t r i c y c l i c  t r o p o lo n e .  I t  i s  i n t e r e s t i n g  t o  compare i t s  p ro p 

e r t i e s  w i th  c o lc h ic in e  (V I) , th e  o n ly  known t r i c y c l i c  

t r o p o lo n e ,  w i th  o th e r  s y n th e t i c  and  n a t u r a l  t r o p o lo n e s  and  

w i th  b e n z y lp h e n y l d ik e to n e  and i t s  e n o lo n e  (LXXIX; a ,  b )

One may m e n tio n  a t  t h i s  p o in t  th e  p o s s ib le  e f f e c t  o f th e  two 

p h e n y l r a d i c a l s  l i n k e d  t o  th e  t ro p o lo n e  sy s te m .

D ib e n z tro p o lo n e  was p r e p a re d  by  th e  se len iu m  d io x id e  

o x id a t io n  o f  3 :4 :5 :6 - d ib e n z c y c lo h e p ta - 3 2 5 r d ie n - l - o n e  

(LX X III) . The o x id a t io n  i s  n o t  s im p le  and  i s  v e ry  se n 

s i t i v e  t o  b o th  s o lv e n ts  and  r e a c t i o n  c o n d i t i o n s .

The two m eth y len e  g ro u p s s i t u a t e d  on e i t h e r  s id e  o f  

th e  c a rb o n y l group  i n  (LX X III) a re  e q u a l ly  r e a c t i v e  a s  th e y  

a re  e q u a l ly  a c t i v a t e d  by  b o th  th e  c a rb o n y l g roup  and  th e  two 

p h e n y l g ro u p s . I n  benzene  o r  e th a n o l  s o l u t io n ,  no o x id a 

t i o n  p ro d u c t  w as I s o l a t e d .  I n  g l a c i a l  a c e t i c  a c id  p h e n a n - 

th ra q u in o n e  (LXXV 1 1 ) w as th e  o n ly  o x id a t io n  p r o d u c t .  I n  

b o th  aqueous a c e t i c  a c id  and  aqueous d io x an e  s e v e r a l  p r o d u c ts  

o th e r  th a n  d ib e n z tro p o lo n e  w ere i s o l a t e d ,  v i z . ,
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(1 ) 9 -P h e n a n th re n e  c a r b o x y l ic  a c id  (LXXVTII). T h is  

may have h e e n  p ro d u ce d  i n  th e  a l k a l i  e x t r a c t i o n  p r o c e s s  o f  

th e  a c id ic  p r o d u c ts  a s  d ib e n z tro p o lo n e  r e a d i l y  u n d e rg o e s  a  

b e n z i l i c  a c id  re a rra n g e m e n t to  (LX X V III).

(2 ) F h e n a n th ra q u in o n e  (LXXVTI). As a  p o s s ib l e  r o u te

(IX X III)  may have b e en  p a r t l y  o x id is e d  i n  b o th  a c t iv e  c e n t r e s

( i . e .  th e  two m e th y len e  g ro u p s  on e i t h e r  s id e  o f  th e  c a rb o n y l

g ro u p ) t o  g iv e  a  t r i k e t o n e  (IXXVI) w h ich  p o s s ib ly  r e a r r a n g e d

t o  p h e n a n th ra q u in o n e . T h is  may be com pared w i th  b e n z o y l-
(24)

p h e n y l d ik e to n e  (LXXX) w h ich  i n  p re s e n c e  o f  h y d ro g en  io n s  

l o s e s  a  c a rb o n y l  group  t o  g iv e  d ip h e n y l d ik e to n e  (LXXXI). 

P h e n a n th ra q u in o n e  was i s o l a t e d  b o th  f r e e  and a s  th e  o -  

p h en y len e  d iam ine  d e r i v a t i v e .

(3 ) A c re a m -c o lo u re d  c r y s t a l l i n e  s o l i d  m .p . 2 1 8 ° . An

a l y t i c a l  f i g u r e s  show t h a t  i t  i s  a p p ro x im a te ly  C15H3O3 .

I t  i s  i n s o lu b le  i n  b o th  sodium  b ic a r b o n a te  and a l k a l i  an d  

g iv e s  no f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n .  I t  fo rm s a  gummy 

p r e c i p i t a t e  w i th  2 : 4 - d in i t r o p h e n y l  h y d r a z in e .  I t  may be 

s u g g e s te d  t h a t  i t  i s  th e  t r i k e t o n e  (IXXVT) fo rm ed  a s  d e s c r ib e d  

in f 2 ) .  S in c e  t h i s  p ro d u c t  was i s o l a t e d  i n  m in u te  q u a n t i t y  

I  w as u n a b le  t o  e s t a b l i s h  co m p le te  i d e n t i t y  w i th  (LXXVI).

(4 ) 3 ; 4 : 5 :6 -D ib e n z tro p o lo n e  (IXXV; a ) was o b ta in e d  a s  

a  y e llo w  c r y s t a l l i n e  s o l i d  m .p . 1 1 5 -1 1 6 ° . I t  h a s  th e  f o l 

lo w in g  p r o p e r t i e s : -
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( a )  I t  i s  s o lu b le  i n  a l k a l i  b u t  in s o lu b le  i n  sodium  

b ic a rb o n a te *  (b ) I t  g iv e s  a brow n f e r r i c  c h lo r id e  c o lo u r  i n  

aqueous e th a n o l .  (c )  a  g re e n  c h lo ro fo rm  s o lu b le  coipper 

s a l t  i s  o b ta in e d  on sh a k in g  w i th  c o p p e r a c e ta t e  s o l u t i o n .

(d ) I t  g iv e s  a  r e d  2 :4 - d in i t r o p h e n y l  h y d razo n e  m .p* 2 3 4 ° .

(e )  D ih e n z tro p o lo n e  q u ic k ly  u n d e rg o e s  a  b e n z i l i c  a c id  r e 

a rra n g em e n t i n  d i l u t e  a l k a l i  t o  g iv e  9 -p h e n a n th re n e  c a rb o x y 

l i c  a c id  (LXXVIII) i n  n e a r ly  q u a n t i t a t i v e  y i e l d .  The a u th o r  

w as u n a b le  t o  o b ta in  a  c r y s t a l l i n e  m e th y l e t h e r ,  p o s s ib ly  

b e c a u se  o f  th e  i n s t a b i l i t y  o f  th e  m o le cu le  and  th e  m e th y l 

e t h e r ,  i f  fo rm ed , w ould be  r a t h e r  s u s c e p t ib le  t o  h y d r o ly s i s  

u n d e r m ild  c o n d i t io n s .

Com paring th e  p r o p e r t i e s  o f  d ib e n z tro p o lo n e  w i th  th o s e  

o f  b e n z y lp h e n y l d ik e to n e  and i t s  e n o lo n e  (LXXIX; a ,  b )  th e  

l a t t e r  i s  s o lu b le  i n  a l k a l i  b u t  in s o lu b le  i n  sodium  b i c a r 

b o n a te .  I t  g iv e s  a  brow n f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n .

On th e  o th e r  hand  (LXXIX: a ,  b )  d o e s  n o t  g iv e  a  c h lo ro fo rm  

s o lu b le  coipper s a l t .

(5 ) A se len iu m  com plex w i th  d ib e n z tro p o lo n e  w h ich  p a r t l y  

h y d ro ly s e d  w i th  s u lp h u r ic  a c id  t o  g iv e  d ib e n z tro p o lo n e  and 

e le m e n ta ry  s e le n iu m .

Only ab o u t 70$  o f  th e  se le n iu m  d io x id e  u se d  i n  th e  r e 

a c t io n  h a s  b e e n  a cc o u n te d  f o r  i n  te rm s  o f  e le m e n ta ry  se le n iu m  

s e p a r a te d  from  th e  r e a c t i o n  m ix tu r e ;  th e  r e s t  may b e  i n  th e  

fo rm  o f  a  s t r o n g ly  bound com plex , o r  a s  u n r e a c te d  se le n iu m .
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d io x id e .

3 :4 ;5 :6 - D ib e n z c y c lo h e p ta - 3 :5 - d ie n - l - o n e  w as k in d ly  su p 

p l i e d  "by D r. J .  D. Loudon and  I  u n d e rs ta n d  t h a t  i t  was p r e 

p a re d  b y  th e  m ethod  o f  E enner and T u rn e r  ^ ^ v i a  th e  i n t e r 

m e d ia te  (LXIX) to  (LX X II).

B en zy l p h e n y ld ik e to n e  and  i t s  e n o lo n e  (LXXIX) w ere 

p r e p a r e d  from  c h a lco n e  v i a  b e n z a la c e to p h e n o n e  ox ide  by  th e  

m ethod  d e s c r ib e d  by  K o h le r^22a ,k ) .

The se len iu m  com plexes fo rm ed  i n  th e  se le n iu m  d io x id e  

o x id a t io n  o f  (LX X III) c a u se d  a  s e v e re  eczem a, w h ic h  d i s a p 

p e a re d  o n ly  a f t e r  p ro lo n g e d  t r e a tm e n t  w i th  b o r i c  a c i d  and 

ca lam in e  l o t i o n .
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EXPERIMENTAL

T ro p o lo n e  h y d r o c h lo r id e * (a )  I n  e t h e r  o r  b en zen e  a s  

s o l v e n t .  D ry h y d ro g en  c h lo r id e  was b u b b le d  th ro u g h  a  s o lu 

t i o n  o f  t r o p o lo n e  (30 m g .) i n  d ry  e t h e r  o r  b en zen e  (3  c . c . ) .  

C o lo u r le s s  c r y s t a l s  p r e c i p i t a t e d  a t  o n c e . These w ere f i l 

t e r e d  d ry  and  c r y s t a l l i s e d  from  d ry  e th e a l  h y d ro g en  c h lo r id e  

i n  c o lo u r l e s s  n e e d le s  m .p . 1 2 4 -1 2 6 ° . (Found: C, 5 2 .8 ;

H, 5 .1 5  C^H^OgCl r e q u i r e s  C, 5 3 .0 ,  H, 4*5$) W ith  f e r r i c  

c h l o r i d e ,  th e  h y d ro c h lo r id e  g iv e s  a  b lo o d  r e d  c o lo u r  w h ich  

s lo w ly  becom es g r e e n .  I t  was u n s ta b le  a t  o r d in a r y  te m p e ra 

t u r e  and decom posed s lo w ly  w i th  th e  e v o lu t i o n  o f  h y d ro g en  

c h l o r i d e .  On s u b l im a t io n  o f  th e  h y d r o c h lo r id e ,  t h e r e  was 

e x te n s iv e  d e c o m p o s itio n  and  t ro p o lo n e  w as o b ta in e d .

(b ) I n  a c e t i c  a c id  t r ip o lo n e  h y d ro c h lo r id e  p re p a r e d  a s  

d e s c r ib e d  above i n  a c e t i c  a c i d  gave c o lo u r l e s s  n e e d le s  m .p . 

12 0 -1 3 0 ° c o n ta in in g  one m o le cu le  o f  a c e t i c  a c i d .  (Found:

C,5 0 .6 ;  H, 5 .2  ^q^i^O ^C I r e q u i r e s  G, 4 9 .4 ;  H, 5 .1 $ ) .  On 

a d m ix tu re  w i th  th e  above h y d ro c h lo r id e  th e  m .p . was d e p r e s 

se d  10^ .

B rom otropo lone h y d r o c h lo r id e . P re p a re d  a s  d e s c r ib e d  

f o r  t r o p o lo n e ,  was o b ta in e d  i n  cream  c o lo u re d  n e e d le s ,  

m .p . 1 5 0 -160° (d e c c m p .) . The h y d ro c h lo r id e  i s  v e ry  u n s ta b le  

a t  room te m p e ra tu re  and  on s u b l im a t io n  p u re  b ro m o tro p o lo n e  

m .p . 1 0 5 -1 0 8 °  was o b ta in e d .
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Ammonium t r o p o lo n e : To p u re  t ro p o lo n e  (20 m g .) i n

w a te r  (0 .5 c  . c . ) ^ c o n c e n tra te d  aramonian (1 c . c . )  was added ; 

a  y e llo w  c r y s t a l l i n e  p ro d u c t  w as o b ta in e d .  I t  was f i l t e r e d  

d ry  and  d r i e d  a t  100° C. m .p . 1 4 5 -1 5 0 ° . (Found: 0 ,6 0 .8 1 ;

H, 6 .3 5 .  G^HgOgM r e q u i r e s  C, 6 0 .5 1 ; H, 6 .4 %). When i t  

was c r y s t a l l i s e d  from  am m oniacal e th a n o l ,  th e  m e l t in g  p o in t  

w as p r o g r e s s iv e ly  lo w e re d , m .p . 1 2 5 -1 3 0 ° .

Ammonium b ro m o tro p o lo n e : w as p re p a re d  a s  d e s c r ib e d  f o r

ammonium t r o p o lo n e ,  and  was o b ta in e d  as  a  y e llo w  c r y s t a l l i n e

s o l i d  m .p . 1 8 5 -1 9 0 ° . (Found: 0 ,  3 8 .9 ;  H, 3 .2 5  C7Hg02HBr

r e q u i r e s  C, 3 8 .5 5 ;  H, 3 .7 %). C r y s t a l l i s a t i o n  from  am m oniacal

m e th a n o l gave y e llo w  lo n g  n e e d le s  c o n ta in in g  h a l f  a  m o le c u le

o f  e th a n o l  m .p . 1 4 5 -1 5 0 ° . (Found: C, 3 9 .5 ;  H, 4*6 CwHpOgHBril- 
G

CgHgOH r e q u i r e s  3 9 .8 ;  H, 4 * 6 $ ) .

A c t io n  o f  t h io n y l  c h l o r i d e : (1 ) A t o r d in a ry  te m p e ra 

t u r e  . (a )  T ro p o lo n e : To tro p o lo n e  (50 m g .)  i n  d ry  th io p h e n e

f r e e  ben zen e  (2 c . c . ) ,  t h io n y l  c h lo r id e  (0 .5  c . c . )  was a d d e d . 

The w h ite  c r y s t a l l i n e  p r e c i p i t a t e  fo rm ed  w as f i l t e r e d  d r y ,  

w ashed w i th  benzene and  th e n  d ry  e t h e r .  I t  w as o b ta in e d  

i n  c o lo u r l e s s  n e e d le s  m .p . 1 1 9 -2 5 ° . (Found: C, 5 3 .4 ;  H, 5 .0 .  

C17B7O2GI r e q u i r e s  C, 5 3 .0 ;  H, 4 * 5 $ ) .

The above p ro d u c t w as u n d e p re s s e d  on a d m ix tu re  w i th  

t ro p o lo n e  h y d ro c h lo r id e  and  when i t  was c r y s t a l l i s e d  from  

b e n z e n e / l ig h t  p e tro le u m , c o lo u r l e s s  c r y s t a l l i n e  n e e d le s  o f  

2 - c h lo r o c y c lo h e p ta - 2 : 4 :6- t r i e n - l - o n e  (XXXIV) m .p . 6 3 -6 4 °
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w ere o b ta in e d  a f t e r  f o u r  c r y s t a l l i s a t i o n s .  A n a ly t i c a l  

f i g u r e s  a re  ap p ro x im ate  t o  (XXXIV). (Found: G, 5 8 .6 ,  H, 3 .6

C^HgOCl r e q u i r e s  G, 5 9 .6 5 ,  H, 3 .6 $ ) .

(b ) B ro m o tro p o lo n e . B rom otropo lone  h y d ro c h lo r id e  was 

o b ta in e d  by  th e  same m eth o d , m .p . 1 5 0 -1 6 0 ° .

(2 ) A t h ig h e r  t e m p e r a tu r e . (a )  T ro p o lo n e . A m ix tu re

o f  t r o p o lo n e  ( l g . ) ,  p u r i f i e d  t h io n y l  c h lo r id e  (10 c . c . )  and  

th io p h e n e  f r e e  d ry  b en zen e  (10 c . c . )  w ere g e n t ly  r e f lu x e d  

on a  w a te r  b a th  (3 h o u r s ) .  The w h ite  p r e c i p i t a t e  fo rm ed  

a t  th e  tim e  o f  m ix in g  s lo w ly  r e d i s s o l v e d  on h e a t in g .  E x

c e s s  o f  t h io n y l  c h lo r id e  and b e n ze n e  w ere rem oved i n  v a c u o . 

F r e s h  b en zen e  w as added  and  t h i s  was a l s o  rem oved ( tw ic e ) .

The r e s id u e  w as t h e n  re  d i s s o lv e d  i n  benzene  an d  d e c o lo u r is e d  

w i th  c h a r c o a l .  The s o lv e n t  w as rem oved and r e s id u e  d i s t i l l e d  

b . p .  7 0 °  ( o i l  b a t h  t e m p e r a t u r e ) / l  mm. t o  g iv e  2 -C h lo ro c y c lo -  

h e p ta - 2 : 4 :6 - t r i e n - l - o n e  (XXXIV) a s  a  c o l o u r l e s s  o i l .  The 

l a t t e r  q u ic k ly  s o l i d i f i e d .  I t  w as c r y s t a l l i s e d  from  b e n 

z e n e / l i g h t  p e tro le u m  a s  c o lo u r l e s s  c r y s t a l l i n e  n e e d le s  m .p .

64° ( 0 .5 g .  a 5 3 $ ) .  (Found: C, 5 9 .8 ;  H, 3 .7  CyHgOGl r e q u i r e s  

C, 5 9 .7 5 ;  H, 3 .6 $ ) .  (XXXIV) gave no  c o lo u r  w i th  f e r r i c  

c h lo r id e  and  when b o i l e d  w i th  s i l v e r  n i t r a t e , s i l v e r  b rom ide  

w as p r e c i p i t a t e d .

(b ) B ra m o tro p o le n e . A m ix tu re  o f  b ro m o tro p o lo n e  ( l g . )  

t h i o n y l  c h lo r id e  (10 c . c . )  and b en zen e  (10 c . c . )  w ere  r e 

f l u x e d  f o r  4 h o u r s .  The p ro d u c t  on d i s t i l l a t i o n  gave
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2 : 3 - d i o h l o r o c y c l o h e p t a - 2 : 4 : 6 - t r i e n - l - o n e  (XXXV) a s  a  y e llo w  

o i l  b . p .  110° ( o i l  b a th  te m p e ra tu re  ) / l  mm. The l a t t e r  w as 

c r y s t a l l i s e d  from  b en zen e  t o  g iv e  e re  a m -c o lo u re d  s h in in g  

n e e d le s  m .p . 130° ( 0 .5 g .  .= 50%) (Found: C, 4 7 .2 ,  H, 2 .4 5  

0^ 2^0012 r e q u i r e s  C, 4 8 .0 ,  H, 2*3% ).

A c tio n  o f  P h o sp h o ro u s t r i c h l o r i d e .

(1 ) A t O rd in a ry  t e m p e r a tu r e . (a )  T ro p o lo n e  gave  an

u n s ta b le  w h ite  c r y s t a l l i n e  s o l i d  m .p . 8 7 -9 0 ° . T h is  q u ic k ly  

d a rk e n e d  and became v is c o u s  on e x p o su re  t o  a i r .

(b ) B rom o tro p o lo n e  gave a  d a rk -c lo u d e d  h y g ro s c o p ic  

com plex , m .p . 5 0 -1 2 0 ° .

(2 )  A t h ig h e r  t e m p e r a tu r e . ( a )  T ro p o lo n e . A m ix tu re

o f  t r o p o lo n e  ( 0 . 5 g . ) ,  d ry  b enzene  (15 c . c . )  and  p h o sp h o ru s s  

t r i c h l o r i d e  (4  c . c . )  was r e f lu x e d  on a  w a te r  b a th  (1 h o u r ) .  

The p ro d u c t  w as th e n  w orked  a s  d e s c r ib e d  f o r  (XXXIV) .  The 

su b lim e d  r e s id u e  gave 2 - c h lo r o c y c lo h e p ta t r i e n o n e  (XXXIV) i n  

c o lo u r l e s s  n e e d le s  m .p . 64° and  w as u n d e p re s s e d  on a d m ix tu re  

w i th  a  sam ple o b ta in e d  b y  th e  t h io n y l  c h lo r id e  e x p e r im e n t .  

A n a ly s is  i s  ap p ro x im a te  f o r  (XXXIV). (Found: C, 5 8 .8 ;  3 .7

07 HgOGl r e q u i r e s  6 , 5 9 .7 5 ;  H, 3 .6 % ).

A c tio n  o f  p h o sp h o ra u s  t r i b r o m i d e . A m ix tu re  o f  

t r o p o lo n e  (200 m g .) ,  p h o sp h o ra u s  t r ib r o m id e  (0 .5  c . c . )  an d  

b enzene  (5 c . c . )  w ere t r e a t e d  a s  d e s c r ib e d  above t o  g iv e  

2 -b ro m o o y c lo h e p ta -2 : 4 :6- t r i e n o n e  a s  c o l o u r l e s s  s h in in g
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l e a f l e t s  m .p . 1 1 7 -9 ° . (Found: 0 ,  4<5.®,5 H, 2 .5 ;

CyligOBr r e q u i r e s  C, 4 5 .4 ;  H, 2.57%).

R e a c tio n s  o f  2 - c h lo r o c y c lo h e p ta - 2 :4 :6 - t r i e n o n e  (XXXIV)

(1 ) The above compound (200 m g .)  w as h e a te d  i n  a  s e a l e d  

tu b e  w i th  10% a b s o lu te  m e th a n o lic  ammonia (5 c . c . )  a t  100°  

f o r  4 h o u r s .  The s o lv e n t  and  e x c e s s  o f  ammonia w ere th e n  

rem oved . The r e d  r e s id u e  p a r t i a l l y  c r y s t a l l i s e d  w i th  l i g h t  

p e tro le u m  on s c r a t c h in g .  T h is  p ro d u c t  w as su b lim e d  a t  

8 0 ° / l  mm. The y e llo w  pow der o b ta in e d  w as c r y s t a l l i s e d  

from  b e n z e n e /m e th a n o l t o  g iv e  y e llo w  n e e d le s  o f  2 - am ino-  

c y o lo h e p ta - 2 :4 :6 - t r i e n - l - o n e  (XXXVII) m .p . 1 0 0 -1 0 1 °

(Found: C, 6 9 .9 ;  H, 5 .8  C7H7ON r e q u i r e s  C, 6 9 .4 ;  H, 

5 .8 % ). (XXXVII) I s  s p a r in g ly  s o lu b le  i n  h y d ro c a rb o n  s o l 

v e n t s ,  v e ry  s o lu b le  i n  h y d ro x y l ic  s o l v e n t s ,  and  s o lu b le  i n  

a c i d s .  I t  g iv e s  a  g re e n  c o lo u r  w i th  f e r r i c  c h lo r id e  i n  

e t h a n o l .

(2 ) 2 - n - A lk y lo y c lo h e p ta - 2 :4 :6 - t r i e n - l - o n e  (XXXVII)

To a  m ix tu re  o f  c h lo r o c y c lo h e p ta t r i e n o n e  (150 m g .) ,a n d  

b en zen e  (2 c . c . ) ,  a lk y la m in e  (2 c . c . )  w as s lo w ly  a d d e d . The 

r e a c t i o n  d e v e lo p e d  h e a t  and  a k y l  amine h y d ro c h lo r id e  was 

fo rm e d . The r e a c t i o n  m ix tu re  was h e a te d  (30 m in s . )  on th e  

steam  b a t h  and  th e n  f i l t e r e d .  The f i l t r a t e  w as w ashed  w i th  

w a te r  u n t i l  f r e e  from  a lk y la m in e . The b en zen e  e x t r a c t  w as 

d r i e d  (KagSO^) and  s o lv e n t  rem oved . The y e llo w  brow n 

r e s id u e  w as d i s t i l l e d .  The a lk y la m in e  d e r i v a t i v e s  w ere
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o b ta in e d  a s  y e l lo w -g re e n  v is c o u s  o i l s .  They g iv e  a  g re e n  

f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n  and  a re  s o lu b le  i n  a c i d s .

2 - M e th y la m in o c y c lo h e p ta -2 :4 :6 - t r ie n - l - o n e  (XXXVII,

R = H, R^ = Me) b . p .  7 0 °  ( o i l  b a t h  te m p e ra tu re  ) / l  ram.

(Found: C, 7 0 .0 ,  H, 7 .2 5  CgHg0Ng r e q u i r e s  C, 7 1 .0 5 ;  H, 

6 .7 $ )  The p ic  r a t e  w as o b ta in e d  a s  y e llo w  n e e d le s  m .p .

1 3 0 ° . I t  was a n a l y t i c a l l y  im p u re .

2 -D 3 m e th y la m in o c y c lo h e p ta -2 :4 :6- t r i e n - l - o n e  (XXXVII,

R , R^ = Me) b . p .  90° ( o i l  b a th  t e m p e r a t u r e ) / !  ram. w as a n a ly 

t i c a l l y  im p u re . The p i c r a t e  was o b ta in e d  a s  y e llo w  n e e d le s  

from  m e th a n o l m .p . 148° decam p. (F ound: C, 4 6 .9 ;  H, 3*8

C15H1 4 08^4 reclu i r e s  4 7 .9 ;  H, 3 * 7 5 $ ) .

2 - F r o p y la r a in o c y o lo h e p ta - 2 s 4 :6 - t r ie n - l - o n e  (XXXVII,

R = H, R^ » Cglfy). b . p .  100°  ( o i l  b a th  te m p e ra tu re  ) / l  ram.

(Found: C, 7 2 .0 ;  H, 8 .0  ^ i o % 3 ^  r e q u i r e s  C, 73*6 ;

H, 8 .0 $ )  ( A n a ly t i c a l ly  im p u re ) .  The p i e r  a te  w as o b ta in e d

a s  y e llo w  n e e d le s  m .p . 145° decom p. (Found: C, 4 9 .5 ,  H, 4 .5

C1 6 % 6 ^8 ^4  re(Iu 3-1’e s  4 9 .0 :  H, 41$)

(3 ) A m ix tu re  o f  c h lo r o  c y c lo h e p ta t r ie n o n e  (100 m g .)  

and  1 5 $  sodium  m eth o x id e  i n  a b s o lu te #  m e th a n o l w ere h e a te d  

i n  a  s e a le d  tu b e  a t  80° (4  h o u r s ) .  The p ro d u c t  was e x 

t r a c t e d  w i th  e t h e r .  From th e  e t h e r  e x t r a c t  t r o p o lo n e  m e th y l 

e t h e r  h e m ih y d ra te  (XXIX) m .p . 3 5 -3 6 °  was o b ta in e d  and  w as 

u n d e p re s s e d  on ad m ix tu re  w i th  an  a u th e n t i c  e t h e r  o b ta in e d  

by  th e  a c t i o n  o f  d iazo m eth an e  on t r o p o lo n e .
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(4 ) The r e a c t i o n  o f  a l k a l i  and  w a te r  on 2 - c h lo r o c y c lo -  

h e p ta t r i e n o n e  (XXXIV). (XXXIV) (100 m g .) and  Z% sodium  

h y d ro x id e  w ere h e a te d  (30 r a in s . )  on a  w a te r  b a th  a t  5 0 -6 0 ° .

The p ro d u c t  was a c i d i f i e d  and  e x t r a c t e d  w i th  e t h e r .  The 

d r i e d  e t h e r  e x t r a c t  was e v a p o ra te d  and  th e  r e s id u e  f r a c t i o n 

a l l y  c r y s t a l l i s e d  from  b e n z e n e / l i g h t  p e tro le u m  t o  g iv e

(a )  b e n z o ic  a c i d , m .p . and  m ixed  m .p . w i th  an  a u th e n t i c  

sp e c im en  1 1 9 -1 2 0 ° . ( b ) c o lo u r l e s s  c r y s t a l l i n e  n e e d le s ,  

m .p . 9 0 ° . The l a t t e r  w as s o lu b le  i n  sodium  h y d ro x id e  and  

b ic a r b o n a te  and  d id  n o t  g iv e  a  f e r r i c  c h lo r id e  c o lo u r  r e a c 

t i o n .  I t  w as i n s u f f i c i e n t  f o r  a n a l y s i s .

When c h lo r o c y c lo h e p ta t r ie n o n e  was b o i l e d  w i th  w a te r ,  

th e  two above p ro d u c ts  w ere a l s o  o b ta in e d .  On r e f l u x i n g  

w i th  m e th a n o l , ra e th y lb e n z o a te  c o u ld  be  c l e a r l y  d e t e c t e d  and  

a c id  h y d r o ly s i s  gave b e n z o ic  a c id  m .p . and m ixed  m .p . 118 - 

120° .

(5 ) When 2 - c h lo r o - c y c lo h e p ta  t r i e n o n e  (50 m g .)  was 

h e a te d  w ith  a  s a t u r a t e d  s o l u t i o n  o f  ammonium c h lo r id e  fo l lo w e d  

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

a s  th e  c o p p e r s a l t  (2 m g .)

(6 ) R e d u c tio n  o f  c h lo r o c y c lo h e p ta t r i e n o n e .

(1 )  I n  c y c lo h ex a n e  a s  s o l v e n t , c h lo r o  c y c lo h e p ta t r i e n o n e  

(150 m g .)  i n  c y c lo  hexane (10 c . c . )  was r e d u c e d  i n  p re s e n c e  

o f  p a l l a d i s e d  c h a rc o a l  c a t a l y s t  (30 m g .)  H y d ro g e n a tio n  w as 

i n t e r r u p t e d  a f t e r  1 m ole o f  h y d ro g en  (24 c . c . )  was consum ed.
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The p ro d u c t  was su b lim e d  and c r y s t a l l i s e d  from  c y c lo h ex a n e  

t o  g iv e  c o lo u r l e s s  n e e d le s  m .p . 96° (Pound: C, 6 5 .6 ,  H, 5 .0  

CtjrHtyCl r e q u i r e s  C, 6 6 .4 ;  H, 5*5$) ( a n a l y t i c a l l y  im p u re)

T h is  p ro d u c t  showed no k e to n ic  p r o p e r t i e s  and was fo u n d  t o  

c o n ta in  c h l o r i n e .  I t  i s  su g g e s te d  t o  be  c h i  o r  o c y c lo h e p ta -  

t r i e n e .

(b ) I n  b en zen e  a s  s o l v e n t . On r e d u c t io n  o f  (XXXIV) 

(150 m g .)  a s  above a  s o l i d  m .p . 14 5 °  was o b ta in e d  (4  m g .)  

t o g e t h e r  w i th  a  h ig h  b o i l i n g  r e s i d u e .  The fo rm e r  gave no 

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

I n  e t h a n o l . 2 - c h lo r o c y c lo h e p ta t r i e n o n e  (100 m g .) ,

a n h y d ro u s p o ta s s iu m  a c e ta t e  ( 0 . 5 g . ) ,  a b s o lu te  e th a n o l  

(10 c . c . )  and  p a l l a d i s e d  c h a r c o a l  c a t a l y s t  w ere sh a k e n  i n  

p re s e n c e  o f  h y d ro g e n . A b s o rp tio n  was sm ooth  (64 c . c . ,

4 m o le s )  i n  l ^  h o u r s .  A f te r  f i l t r a t i o n  o f  c a t a l y s t  and

rem o v a l o f  s o l v e n t ,  w a te r  (3 c . c . )  was a d d ed  and  th e n  th e  

m ix tu re  was e x t r a c t e d  w i th  e t h e r .  The d r i e d  e t h e r  e x t r a c t  

was e v a p o ra te d  and th e  r e s id u e  d i s t i l l e d  to  g iv e  c y c lo h e p t -  

anone (XXXIX) to .p .  1 7 5 -1 7 8 ° . ( l i t e r a t u r e ,  b . p .  1 7 4 -1 8 0 ° ) .

The se m lca rb azo n e  h a d  m .p . 1 6 2 -3 °  u n d e p re s s e d  on a d m ix tu re  

w i th  an  a u th e n t i c  sp e c im en .

When th e  h y d ro g e n a tio n  o f (XXXIV) (100 m g .)  w as i n 

t e r r u p t e d  a f t e r  h y d ro g en  (16 c . c . ,  1 m o le ) w as a b so rb e d  and  

th e n  fo l lo w in g  th e  above p ro c e d u re ,  c y c lo h e p ta  2 : 4 : 6 - t r i e n -

1 -o n e  (XL) was o b ta in e d  as a  c o lo u r l e s s  v i s c o u s  o i l  b . p .  115
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- 1 1 5 ° / l2  nm. N^°D 1 .6 0 8 2 . (10 m g .)  ( l i t e r a t u r e  ; 21) ’ ( 2 1  ̂

b . p .  1 0 4 -1 0 5 ° / l 0  W25D 1 .6 0 7 0 , U22D 1 .6 1 7 0 ) .  The l a t t e r

was v e ry  h y g ro s c o p ic  and  a n a l y t i c a l l y  f i g u r e s  showed t h a t  

i t  c o n ta in e d  2 m o le c u le s  o f  w a te r  and  w as im pure (Pound:

G, 5 9 .6 ;  H, 5 .3  67 H1003 r e q u i r e s  0 ,  5 9 .2 ;  H,

N e i th e r  t im e  n o r  m a t e r i a l  was a v a i l a b l e  f o r  r e p e a t in g  t h i s  

e x p e r im e n t .  C y c lo h e p ta tr ie n o n e  gave no k e to n ic  d e r i v a t i v e s  

and whfe r a p i d l y  d e c o lo u r is e d  v / a t h  d i l u t e  p o ta s s iu m  perm angan

a te  s o l u t i o n .  The h y d ro c h lo r id e  was p r e p a r e d  i n  e t h e r  

s o l u t i o n  and  fo rm ed  a  w h ite  c r y s t a l l i n e  s o l i d  t h a t  r a p i d l y  

a b so rb e d  m o is tu re  an d  d a r k e n e d . . On s u b l im a t io n  a  c r y s t a l l i n e

h y d ro c h lo r id e  was o b ta in e d  b u t  i t  was d i f f i c u l t  t o  i s o l a t e  I

a s  i t  was v e ry  h y g ro s c o p ic .  The p i c r a t e  d e r i v a t i v e  was 

o b ta in e d  a s  p a le  y e llo w  n e e d le s  m .p . 1 0 0 -1 0 1 °  from  aqueous |

m e th a n o l ,  ( l i t e r a t u r e  m .p . 1 0 0 -1 0 1 ° ) .  !

R e a c tio n s  o f  2 : 3 - d i c h lo r o c y c l o h e p ta - 2 :4 : 6 - t r i e n - l - o n e  

(XXXV) |

(1 ) A c tio n  o f  a l k a l i  o r  w a t e r . 2 :3 - d ic h lo r o c y c lo -  

h e p ta t r i e n o n e  (100 m g .)  w as h e a te d  w i th  Z% a l k a l i  a t  60° 

f o r  1 h o u r .  Q -Q h lo ro h en zo ic  a c id  (XLV) w as o b ta in e d  

(5Qmg.) m .p . and  m ixed  m .p . w i th  a n  a u th e n t i c  spec im en  1 4 3 - 

1 4 5 ° .

B o i l in g  (XXV) w i th  w a te r  a l s o  y i e ld e d  o r c h lo ro b e n z o ic  a c i d .

(2 ) R e a c tio n  w i th  e th y la m in e . T h is  was c a r r i e d  o u t

a s  d e s c r ib e d  f o r  (XXXIV) t o  g iv e  2 - e th y la m in o - 5 - c h lo r o c y c lo -
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h e p ta n e - 2 : 4 : 6 - t r i e n o n e  (XLVI) a s  a  y e l lo w is h - g r e e n  o i l  

b . p .  110° ( o i l  h a th  t e m p e r a tu r e )/2ram. (Pound: C, 5 7 .8 5 ;

H, 5 .0  C9H100NC1 r e q u i r e s  C, 5 8 .8 5 ;  H, 5 .4 5 # ) .

(3 ) R e d u c tio n  o f  (XXXV) (200 m g .)  i n  a b s o lu te  e th a n o l i c  

p o ta s s iu m  a c e t a t e  i n  p re s e n c e  o f  p a l l a d i s e d  c h a r c o a l ,  gave 

( a f t e r  5 m o les  o f  h y d ro g en  w ere a b so rb e d )  c y c lo h e p ta n o n e  

(50 m g .)  b . p .  1 7 6 -1 7 8 °  ( l i t e r a t u r e ,  b . p .  1 7 9 -1 8 0 ) . The 

se m ic a rb a zo n e  h ad  m .p . an d  m ix ed  m .p . w i th  an a u th e n t i c  

sp ec im en  1 6 2 -1 6 3 ° .

When a b s o r p t io n  o f  h y d ro g en  w as i n t e r r u p t e d  a f t e r  h y d ro 

g en  (2 m o le s )  w as a b s o rb e d , c y c lo h e p ta t r ie n o n e  b . p .  1 0 4 -
i

1 0 5 ° /1 0  mm. n^^B 1 .6 0 8 1  (10 m g .) ,  ( l i t e r a t u r e ,  b . p .  1 0 4 - 

1 0 5 ° / l0  mm. ,  n 22D 1 .6 1 7 2 ( 2 0 ) , n 25D 1 .6 0 7 0 ( 2 1 ) ) w as i s o l a t e d .

R ep lacem en t r e a c t i o n s  o f rb ro m o tro p o lo n e .

(1 ) 2 -A m in o -3 -b ro m o c y c lo h e p ta -2 :4 : 6 - t r i e n - l - o n e  (XLVII) 

B ro m o tro p o lo n e  m e th y l e t h e r  (200 m g .)  w as h e a te d  w i th  

15#  an h y d ro u s m e th a n o lic  ammonia (5 c . c . )  a t  11 0 ° f o r  8 

h o u r s .  The s o lv e n ts  w ere rem oved and  th e  r e d  r e s id u e  

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

brow n s o l i d  was su b lim e d  a t  110° ( o i l  b a th  t e m p e r a t u r e ) / l  mm. 

t o  g iv e  a  y e llo w  pow der. The l a t t e r  w as c r y s t a l l i s e d  from  

b e n z e n e /m e th a n o l t o  g iv e  y e llo w  c r y s t a l l i n e  n e e d le s  m .p . 1 4 0 0 . 

(Pound: G, 4 1 .0 ;  H, 3 .0  C^HgOiiBr r e q u i r e s  C, 4 2 .0 ,  H, 3 .0 # ) .

2 -a m in o -3 -b ro m o c y c lo h e p ta tr ie n o n e  i s  s o lu b le  i n  h y d r o c h lo r ic  

a c i d ,  and  g iv e s  a  g re e n  f e r r i c  c h lo r id e  c o lo u r  i n  e t h a n o l .
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I t  i s  s p a r in g ly  s o lu b le  i n  h y d ro c a rb o n  s o l v e n t s ,  v e ry  s o l 

u b le  i n  h y d ro x y l ic  s o l v e n t s .

The above p ro d u c t  (20 m g .) and  10$  sodium  h y d ro x id e  

(1 c . c . )  w ere h e a te d  on th e  s team  b a th  (2 h o u r s ) .  B ro m o tro -  

p o lo n e  m *p. an d  m ixed  m .p . 1 0 3 -1 0 8 °  was o b ta in e d .

(2 )  <X -H y d ro x y tro p o lo n e  (XLVI 1 1 )

Sodium  b ro m o tro p o lo n e  ( 0 .5 g . )  and  50$ sodium  h y d ro x id e  

s o l u t i o n  (5 c . c . )  w ere  r e f lu x e d  (15 h o u r s ) .  The p ro d u c t  

w as a c i d i f i e d  w i th  s u lp h u r ic  a c id  and e x t r a c t e d  w i th  e t h e r  

i n  a  c o n tin u o u s  l i q u i d - l i q u i d  e x t r a c t o r  (48 h o u r s ) .  Then 

th e  e t h e r  e x t r a c t  was d r i e d  (NagSO^) and  th e  e t h e r  rem oved .

The d a rk  brow n r e s id u e  w as su b lim e d  a t  1 5 0 ° / l  m .m. t o  g iv e  

a  y e llo w  s o l i d  m .p . 2 3 0 -4  (50 m g .) .  T h is  w as c r y s t a l l i s e d  

from  b e n ze n e  m e th a n o l m ix tu re  t o  g iv e  (K -h y d ro x y tro p o lo n e  

(X L V III) a s  a  y e llo w  e y s t a l l i n e  s o l i d  m .p . 244° decom p.

(Pound: C, 6 0 .6 ;  H, 4 .5  C^HgOg r e q u i r e s  C, 6 0 .8 5 ,  H, 4*4$) 

o< -H y d ro x y tro p o lo n e  i s  v e ry  s o lu b le  i n  h y d ro x y l ic  s o l v e n t s ,  

s o lu b le  i n  sodium  b ic a r b o n a te  and  g iv e s  a  brow n f e r r i c  

c h lo r id e  c o lo u r  r e a c t i o n .

(X LV III) was a l s o  o b ta in e d  i n  low  y i e l d  when brom o

t r o p o lo n e  was f u s e d  w i t h a a l k a l i  a t  2 3 0 -2 5 0 °  f o r  15 m in s .

F u s io n  o f  h y d ro x y tro p o lin e  w i th  a l k a l i . 4 -  H ydroxy

tro p o lo n e  (30 m g .) was f u s e d  w i th  sodium  h y d ro x id e  ( 2 g .)  

and  w a te r  (1 c . c . )  i n  a  n i c k e l  c r u c i b le  a t  3 0 0 -3 1 0 °  (25 m in s . )  

The d a rk  brow n m e lt  was c o o le d ,  d i s s o lv e d  i n  w a te r ,  a c i d i f i e d
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and e x t r a c t e d  w i th  e t h e r .  The e th e r  e x t r a c t  was d r i e d  and  

e v a p o ra te d  t o  g iv e  a  b ro w n ish  r e s i d u e .  The l a t t e r  was su b 

lim e d  t o  g iv e  s a l i c y l i c  a c id  (L) (2 m g .) ,m .p . and  m ixed  m .p . 

w i th  an  a u th e n t i c  specim en  1 6 0 ° .

F u s io n  o f B rom otropo lone  w i th  a l k a l i . o{-Bvom otropo lone 

(250 m g .) ,  p o ta s s iu m  h y d ro x id e  (2 g . )  and w a te r  (1 c . c . )  

w ere f u s e d  a s  d e s c r ib e d  above t o  g iv e  saXfo^Llie a c id  (L) 

m .p . and  m ixed  m .p . 160° (10 m g .) .  The l a t t e r  gave a  

v i o l e t  f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n .

(3 )  -O y an o tro p o lo n e  ( L I )

Sodium b ro m o tro p o lo n e  ( 4 g . ) ,  p u re  p y r id in e  (20 c . c . )  

and  cu p ro u s  c y an id e  (5 g .)  w ere r e  f lu x e d  (15 h o u r s ) .  The 

su sp en d ed  s t a r t i n g  m a t e r i a l  s lo w ly  d i s s o lv e d  on h e a t in g  

(15 m in s . )  and th e  s o l u t io n  was c o lo u re d  deep y e llo w .

A f te r  c o o l in g ,  th e  p ro d u c t  was c a r e f u l l y  a c i d i f i e d  

u n d e r  a  hood w i th  h y d ro c h lo r ic  a c i d .  Then i t  was e x t r a c t e d  

w i th  e t h e r  i n  a  c o n tin u o u s  l i q u i d - l i q u i d  e x t r a c t o r .  The 

e t h e r  e x t r a c t  was d r i e d  (HagSO^) and th e  e th e r  rem oved . The 

r e s i d u a l  s o l i d  w as su b lim ed  a t  1 3 0 -150° ( o i l  b a th  t e m p e r a tu r e ) /  

2 mm*, t o  g iv e ^ c y a n o tro p o lo n e  (L I) a s  a  y e llo w  pow der m .p . 

1 5 0 -160° (2 g . 8 0 $ ) . The l a t t e r  was su b lim e d  and  c r y s t a l l i s e d  

s e v e r a l  t im e s  from  b e n z e n e /m e th a n o l t o  g iv e  y e llo w  l e a f l e t s  

w h ich  a l th o u g h  s h a r p - m e l t in g ,  d id  n o t  a n a ly se  s a t i s f a c t o r i l y ,  

m .p . 165° (Found: G, 6 3 .2 ;  H, 3 .3  CgHgOgN r e q u i r e s  C, 6 5 .3 ;  

H, 3 .4 $ ) .
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c< -C yano tropo lone  g iv e s  a  g r e e n is h  brow n f e r r i c  

c h lo r id e  c o lo u r  r e a c t i o n ,
Oi-

W hen^brom otropolone was f u s e d  w i th  cu p ro u s  o r  p o ta s s iu m  

c y a n id e  a t  2 0 0 -2 2 0 ° , 1 .5 $  o f  c < -c y a n o tro p o lo n e  was o b ta in e d  

a s  a  y e llo w  pow der m .p . 1 6 0 -1 6 5 ° .

T ro p o lo n e- c < -c a rb o x y lic  a c id  ( L I I I )  

c^ -C y a n o tro p o lo n e  ( l g . )  and  3 0 $  p o ta s s iu m  h y d ro x id e  

s o l u t i o n  (5 c . c . )  w ere r e f lu x e d  (12 h o u r s ) .  The p ro d u c t  

was a c i d i f i e d  w ith  s u lp h u r ic  a c id  and  e x t r a c t e d  w i th  e th e r  

i n  a  c o n tin u o u s  l i q u i d - l i q u i d  e x t r a c t o r  (48 h o u r s ) .  The 

e t h e r  e x t r a c t  was d r i e d  (iiagSO^) and th e  e t h e r  rem oved .

The r e s i d u a l  b row n s o l i d  was su b lim ed  a t  140-160  ( o i l  b a th  

t e m p e r a t u r e ) / l - 2  ram. when sm a ll  y e llo w  n e e d le s  w ere o b ta in e d  

( 0 .5 g .  s  4 0 $ ) . The l a t t e r  was c r y s t a l l i s e d  from  benzene  

t o  g iv e  t ro p o lo n e  -< x -c a rb o x y lic  a c id  ( L I I I )  a s  y e llo w  n e e d le s  

from  b en zen e  m e th an o l m .p . 2 1 2 -2 1 3 ° decom p. (Pound: C, 5 8 .0 ;  

H, 3 .8  GqH^O^ r e q u i r e s  G, 5 7 .8 5 ; 3 .6 5 $ ) .

T ropo lone  -c < -c a rb o x y lic  a c id  i s  s o lu b le  i n  b o th  sodium  

h y d ro x id e  and sodium  b ic a r b o n a te .  S p a r in g ly  s o lu b le  i n  

h y d ro c a rb o n  s o lv e n ts  and e t h e r ,  v e ry  s o lu b le  i n  h y d ro x y l ic  

s o lv e n ts  and g iv e s  a  brow n f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n .

When c y a n o tro p o lo n e  was r e f lu x e d  w i th  c o n c e n tr a te d  

h y d ro c h lo r ic  a c i d ,  t r o p o lo n e - c S r c a r b o x y l ic  a c id  was o b ta in e d  

i n  20$  y i e l d .

D e c a rb o x y la t io n  o f t r o p o lo n e >0^ - c a rb o x y l ic  a c i d . The
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above a c id  ( L I I I )  (100 m g .) was h e a te d  i n  an  o i l  b a th  i n  a  

s u b l im a t io n  tu b e  a t  2 4 0 -2 5 0 ° ; th e  m a t e r i a l  q u ic k ly  decom

p o se d  and a  w h ite  o i l y  s o l i d  was o b ta in e d .  The l a t t e r  was 

d r i e d  on a  p o ro u s  p l a t e  and  th e  r e s id u e  c r y s t a l l i s e d  from  

l i g h t  p e tro le u m  ( b .p .  4 0 -6 0 ° )  t o  g iv e  t ro p o lo n e  a s  c o lo u r 

l e s s  c r y s t a l l i n e  n e e d le s  m .p . 49° u n d e p re s s e d  on ad m ix tu re  

w i th  an  a u th e n t i c  specim en  o f  t r o p o lo n e .

F u s io n  o f  T ropo lone-. o ( - c a rb o x y lic  a c id  w i th  a l k a l i .

The above a c id  (100 m g .) was fu s e d  i n  a  n ic k e l  c r u c ib le  

a s  d e s c r ib e d  f o r  c< -h y d ro x y tro p o lo n e  (X LV III) t o  g iv e  on 

s u b l im a t io n  p h t h a l i c  a n h y d rid e  m .p . 130° (5 m g .) u n d e p re s s e d  

on a d m ix tu re  w i th  an  a u th e n t i c  spec im en  m .p . 1 3 1 ° . B o i l in g  

w i th  w a te r ,  p h t h a l i c  a c id  m .p . 228° was o b ta in e d  u n d e p re s s e d  

on a d m ix tu re  w i th  an  a u th e n t i c  sp ec im en  m .p . 2 3 1 ° .

When t r o p o l o n e - c a r b o x y l i c  a c id  was t r e a t e d  w i th  

d ia g o m e th a n e , a  y e llo w  gummy r e s id u e  was o b ta in e d .  The 

l a t t e r  w as d i s t i l l e d  b . p .  110° ( o i l  b a th  t e m p e r a tu r e )/ l  mm. 

t o  g iv e  a  y e llo w  u n c r y s t a l l i s a b l e  o i l .  T h is  o i l  was i n 

s o lu b le  i n  a l k a l i  and  no lo n g e r  gave a  f e r r i c  c h lo r id e  c o lo u r  

r e a c t i o n .  On h y d r o ly s i s  o f  th e  o i l ,  t r o p o lo n e  -o( - c a r b o x y l ic  

a c id  was o b ta in e d  m .p . and  m ixed  m .p . 212° .

T ropo lone  - c K - (p - th lo c re s o l) . (LVI, R = Me )

B rom otropo lone  ( l g . ) ,  p - t h i o c r e s o l  ( l g . )  and  p y r id in e  

(10 c . c . )  w ere r e f lu x e d  f o r  1 h o u r .  The p ro d u c t  was f i l 

t e r e d  f r e e  from  p r e c i p i t a t e d  sodium  b ro m id e . E x c e ss  p y r id in e



193

was rem oved i n  vacuo  and th e  r e s i d u a l  s o l i d  was c r y s t a l l i s e d  

from  m e th a n o l i n  g ree n -b ro w n  c r y s t a l s .  When pow dered , i t  

a p p e a re d  y e llo w , m .p . 175° ( l g .  81$) (Pound: C, 6 9 .0 ;

H, 5 .2 5 .  r e q u i r e s  C, 6 8 .8 ;  H, 4 .9 5 $ ) .  W ith

th io p h e n o l ,  t ro p o lo n e  - th io p h e n o l  (LVI, R = H) was o b ta in e d  

i n  y e llo w  c r y s t a l l i n e  n e e d le s  m .p . 58°., I&owever, th e  p ro d u c t  

was n o t  a n a l y t i c a l l y  p u r e .  (Pound: C, 6 7 .6 5 ; H, 5 .6  

C1 3 % 0°2^  r e q u i r e s  G, 6 7 .8 ;  H, 4 .4 $ ) .

B o th  above p ro d u c ts  w ere s o lu b le  i n  a l k a l i  and gave a  

brow n c o lo u r  w i th  f e r r i c  c h lo r i d e .

D e s u lp h u r iz ;a t io n  o f  T ropo lone  ( p - t h i o c r e s o l )

The sodium  s a l t  o f  th e  above p ro d u c t  (100 m g .) was 

r e f lu x e d  w i th  Raney n ic k e l  (200 m g .) i n  e th a n o l  (5 c . c . )  

f o r  2 h o u r s .  The p ro d u c t  was f i l t e r e d  and th e  e th a n o l  r e 

m oved. On s u b l im a t io n  o f  th e  r e s i d u e ,  t ro p o lo n e  was ob

t a i n e d  m .p . 49° u n d e p re s s e d  on ad m ix tu re  w i th  an  a u th e n t i c  

sp ec im en .

F u s io n  o f^ b ro m o tro p o lo n e  w i th  co p p er p o w d er: Sodium

b ro m o tro p o lo n e  (100 m g .) and  c o p p e r pow der (200 m g .) w ere 

h e a te 4  i n  p y re x  tu b e  i n  an o i l  b a th  a t  250° (2 h o u r s ) .

The p ro d u c t was a c i d i f i e d  and  e x t r a c t e d  w i th  e th e r .

The e t h e r  e x t r a c t  was d r ie d  and  e th e r  rem oved.

The r e s id u e  on f r a c t i o n a l  s u b l im a t io n  gave t r o p o lo n e ,  

su b lim in g  a t  4 0 ° / l  mm. (5 m g .) m .p . and m ixed  m .p . 49° and 

b ro m o tro p o lo n e  su b lim in g  a t  8 5 ° / l  m m .-m .p. and  m ixed  m .p .
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105-105  (20 m g.)

o(~Bromotr op o lone  and tro p o lo n e  u se d  i n  th e  r e a c t i o n s
(16 a )d e s c r ib e d  h e re  w ere p r e p a r e d  by  th e  m ethod o f Cook e t  a l .

0 , :  O ^-T e trab ro m o cy c lo h ep tan o n e  (L X II I ) .  To an  ic e  

c o ld  s o l u t i o n  o f  c y c lo h e p ta n o n e  (5 g .)  i n  g l a c i a l  a c e t i c  a c id  

(5 c . c . )  was added  a  s o lu t io n  o f  brom ine ( 2 8 .6 g .)  i n  g l a c i a l  

a c e t i c  a c id  (15 c . c . )  f o r  30 m in s . A t f i r s t  th e  r e a c t i o n  

m ix tu re  became r e d ,  th e n  a  sudden  r e a c t i o n  to o k  p la c e  and 

th e  r e a c t i o n  m ix tu re  was d e c o lo u r is e d .  A f te r  com p lete  

a d d i t i o n  o f  b ro m in e , th e  r e a c t i o n  p ro d u c t  was v is c o u s  and 

r e d .  The p ro d u c t  was l e f t  o v e rn ig h t  in  a  f l a s k  p r o t e c te d  

w i th  a  g u a rd  tu b e  and was th e n  h e a te d  on a steam  b a th  (20 

m in s . ) .  Dense fum es o f hy d ro g en  b rom ide were e v o lv e d .

The p ro d u c t  was th e n  c o n c e n tr a te d  i n  vacuo  to  o n e - th i r d  o f  

i t s  b u lk  and th e n  e x t r a c t e d  w i th  e t h e r .  The e t h e r  e x t r a c t  

was f i r s t  w ashed w ith  sodium b ic a r b o n a te  th e n  w i th  w a te r  

and d r i e d  (Na^jSO^). The e t h e r  was rem oved and th e  r e s i d u a l  

r e d d i s h  o i l  q u ic k ly  s o l i d i f i e d  on c o o l in g .  The l a t t e r  was 

c r y s t a l l i s e d  from  b e n z e n e / l ig h t  p e tro le u m  t o  g iv e  Os 0  ̂ t e t r a - 

bram o c y c lo h e p ta n o n e  a s  c o lo u r l e s s  cubes m .p . 7 9 °  ( 5 .1 g .  = 

1 9 $ ) .  (Pound: 0 ,  2 0 .1 5 , H, 2 .1 5 .  C^HQOBr^ r e q u i r e s  

C, 1 9 .6 5 ; H, 1 .9 $ ) .
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0 ; # - tr ib ro m o c y c lo h e p ta n o n e  (L X II) .  To c y c lo h e p ta n o n e  

( 5 g .)  i n  g l a c i a l  a c e t i c  a c id  (5 c . c . ) ,  b rom ine ( 2 1 .4 g . i n  

a c e t i c  a c id  (10 c . c . )  was ad d ed . The r e a c t i o n  was c a r r i e d  

o u t a s  d e s c r ib e d  above t o  g iv e  c o lo u r l e s s  l e a f l e t s  o r  p r is m s , 

m .p . 7 2 °  (5 g . = 2 8 $ ) . (Found: C, 2 4 .2 ;  H, 2 .4 .  C7 H90B r3 

r e q u i r e s  G, 2 4 .1 ;  H, 2 * 6 $ ) .

0 •Q* -D ib ro m o cy c lo -h ep tan o n e  (LX I) .  To c y c lo h e p ta n o n e  

( 5 g .)  i n  g l a c i a l  a c e t i c  a c id  (5 c . c . ) ,  b rom ine ( 1 4 .3 g .)  i n  

a c e t i c  a c id  (10 c . c . )  was a d d e d . The p ro d u c t  was w orked 

up  a s  d e s c r ib e d  above to  g iv e  c o lo u r l e s s  p r ism s  from  l i g h t  

p e tro le u m  (8 0 -1 0 0 ° )  m .p . 71° (3 g . = 2 5 $ ) . (Found: C, 3 1 .6 ;

H, 4 .1 .  GyH^QOBrg r e q u i r e s  C, 3 1 .2 ;  H, 3 .7 5 $ ) .

D eh y d ro b ro m in a tio n  o f  O.Qf - te tra b ro m o o y c lo h e p ta n o n e  

(L X I I I ) .  The above p ro d u c t  (3 g .)  and  c o l l i d i n e  (40 c . c . )  

w ere h e a te d  i n  an  o i l  b a th  w i th  g e n t l e  r e f l u x .  A f te r  n e a r ly  

15 m in s . c o l l i d i n e  hydrobrom ide was p r e c i p i t a t e d .  R e f lu x in g  

was c o n tin u e d  f o r  30 m in s . m ore . The r e a c t i o n  p ro d u c t was 

c o o le d  and  f i l t e r e d ,  th e  s o l i d  m a t e r i a l  was w ashed w i th  b e n 

z e n e . To th e  com bined f i l t r a t e  and  w a sh in g s , c o n c e n tr a te d  

h y d ro fe h lo rie  a c id  (50 c . c . )  was ad d ed . The r e a c t i o n  m ix tu re  

was sh ak en  and  th e  benzene  l a y e r  s e p a r a te d .  The l a t t e r  was 

th e n  w ashed w i th  d i l u t e  h y d ro c h lo r ic  a c id  th e n  w i th  w a te r .

The b enzene  e x t r a c t  was d r i e d  (NagSO^), d e c o lo u r is e d  w i th  

c h a r c o a l ,  and  f i l t e r e d .  The b r i g h t  y e llo w  f i l t r a t e  w as
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e v a p o ra te d  and th e  r e s id u e  d i s t i l l e d  i n  vacuo  a t  8 0 -100°

( o i l  b a th  t e m p e r a tu r e ) / !  mm. The d i s t i l l a t e  was o b ta in e d  

a s  a  c o lo u r l e s s  o i l  w h ich  q u ic k ly  c r y s t a l l i s e d .  C r y s t a l l i s a 

t i o n  from  l i g h t  p e tro le u m , c o lo u r l e s s  c r y s t a l s  o f  (LXVII) 

w ere o b ta in e d  m .p . 95° ( 0 .5 g .  = 38%).  (Pound: C, 41 .25  

H, 4 .4 .  C*7HgQ2B r r e q u i r e s  C, 4 1 .0 ,  H, 4 .4 $ ) .  The above 

p ro d u c t  was s o lu b le  i n  sodium  h y d ro x id e , sodium  b ic a r b o n a te ,  

b u t  d id  n o t  g iv e  a  f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n .  On 

a d d i t i o n  o f  s i l v e r  n i t r a t e  t o  a  b o i l i n g  s o l u t io n  o f  th e  

above p ro d u c t  i n  n i t r i c  a c id  s i l v e r  brom ide was o b ta in e d .

D eh y d ro b ro m in a tio n  o f  0:. 0* - tr ib ro m o c y c lo h e p ta n o n e  (L X II) .  

The above p ro d u c t  ( 3 g .)  and  c o l l i d i n e  (40 c . c . )  w ere 

h e a te d  to g e th e r  and w orked up a s  d e s c r ib e d  f o r  (LXVII) .

The p ro d u c t  was f r a c t i o n a l l y  d i s t i l l e d  t o  g iv e  a  f r a c t i o n  

b . p .  9 0 -1 1 0 °  ( o i l  b a th  t e m p e r a t u r e ) / l -2  mm. T h is  w as f r a c 

t i o n a l l y  c r y s t a l l i s e d  from  b e n z e n e / l i g h t  p e tro le u m  t o  g iv e

(a )  c o lo u r l e s s  n e e d le s  m .p . 105° ( 0 .5 g .  = 31%).  (Pound:

G, 4 1 .0 5 , H, 3 .7 5 .  CyH^OgBr r e q u i r e s  C, 4 1 .4 ;  H, 3 .5 $ ) .

(b ) c o lo u r l e s s  c u b es  m .p . 140° (O .lg .  = 6 %) (Pound: C, 4 0 .9 ;

H, 3 .7 .  G^H^OgBr, r e q u i r e s  C, 41 , 4 ; 3 * 5 $ ) . B o th  p r o d u c ts

(a )  and  (b ) c o rre sp o n d e d  t o  fo rm u la  (L X V ,a). B o th  p ro d u c ts  

w ere s o lu b le  i n  sodium  h y d ro x id e  and  sodium  b ic a r b o n a te  b u t  

d id  n o t  g iv e  a  f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n .

F u s io n  o f  p ro d u c t m .p . 105 w i th  a l k a l i . T h is  w as 

c a r r i e d  o u t a s  d e s c r ib e d  f o r  ^ - h y d ro x y tr o p o lo n e  (X L V III).
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A c r y s t a l l i n e  s o l i d  m .p . 100° was o b ta in e d  from  l i g h t  p e t r o l 

eum. A dm ixture w i th  th e  s t a r t i n g  m a t e r i a l  th e  fo rm e r  gave 

a  d e p re s s io n  o f  3 0 ° . The p ro d u c t  was a l s o  s o lu b le  i n  sodium  

b ic a r b o n a te  and d id  n o t  g iv e  a  f e r r i c  c h lo r id e  c o lo u r  r e a c 

t i o n .  (Pound: 0 ,  5 2 .8 8 ; H, 7 .8 .  (- '7% 2^4 G, 5 2 .5 ;

H, '7 .6555) .

R e a c tio n  o f  s o l i d  m .p . 105° w i th  p - t h i o c r e s o l . T h is  

was c a r r i e d  o u t a s  d e s c r ib e d  f o r  (LVI) t o  g iv e  c o lo u r l e s s  c r y 

s t a l s  m .p . 198° w h ich  were a n a l y t i c a l l y  im p u re . (Pound:

C, 6 7 .0 ;  H, 5 *5<54| ^ f | ^ 2reclu i r e s  G> 6 8 .2 5 ; H, 5 .7  %).

T h is  p ro d u c t  was so lu b le  i n  b o th  a l k a l i  and sodium  b ic a r b o n 

a te  and had  no c o lo u r  r e a c t i o n  w i th  f e r r i c  c h lo r id e  s o l u t i o n .

R e d u c tio n  o f  s o l i d  m .p . 1 0 5 ° ; (LXV) (100 m g .) ,  e th a n o l  

(15 c . c . ) ,  t r i e th y la m in e  (0 .5  c . c . )  and  p a l l a d i s e d  c h a rc o a l  

(25 m g .) w ere sh ak en  i n  th e  p re s e n c e  o f  h y d ro g en . A b s o rp tio n  

s to p p e d  a f t e r  th e  consum ption  o f  4 e q u iv a le n t s  o f  h y d ro g en . 

The p ro d u c t  was th e n  f i l t e r e d  from  c a t a l y s t  and  s o lv e n t  w as 

rem oved i n  v a c u o . The c o lo u r l e s s  r e s id u e  had  a  sm e ll  o f  

t h a t  o f  h ex ah y d ro b en zo ic  a c i d . I t  d i s t i l l e d  a t  220 -230° 

u n d e r  o rd in a ry  p r e s s u r e  [ c y c lo h e x a n e -c a rb o x y lic  a c i d .  b . p .  

2 3 0 ° /7 6 0  T h is  r e s id u e  was th e n  r e f lu x e d  w i th  th io n y l

c h lo r id e  and  th e  a c id  c h lo r id e  p ro d u ce d  was h e a te d  w i th  

a n i l i n e  ( i  h o u r ) .  The p ro d u c t  was th e n  d i l u t e d  w i th  w a te r  

and  e x t r a c t e d  w i th  e t h e r .  The r e s id u e  gave c y c lo h e x a n e -  

c a r b o x y la n i l id e  m .p . 1 3 5 -1 3 8 ° . A dm ixture w i th  an a u th e n t i c
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specim en  gave no d e p re s s io n .

When th e  co nsum ption  o f  hy d ro g en  was i n t e r r u p t e d  a f t e r  

th e  a b s o r p t io n  o f  one e q u iv a le n t  o f  h y d ro g en , th e  o n ly  p r o 

d u c ts  t h a t  c o u ld  be d e te c te d  w ere cy c lo h ex an e  c a rb o x y l ic  

a c id  and th e  s t a r t i n g  m a t e r i a l .

R e d u c tio n  o f  s o l i d  m .p . 1 4 0 ° . T h is  was c a r r i e d  a s  d e 

s c r ib e d  above t o  g iv e  h e x ah y d ro b en z o ic  a c id  b . p .  225 /760  mm.

a u i l i d e  m .p . 1 3 5 -1 3 7 ° . The l a t t e r  p ro d u c t  was u n d e p re s 

s e d  on ad m ix tu re  w i th  an  a u th e n t i c  sp ec im en .

3 : 4 :5 :  6 -D ibenz  t ro p o lo n e  (LXXV)

(1) I n  D io x a n e . To 3 :4 :5 :6 - d ib e n z c y c lo h e p ta  3 :5 -  

d i e n - l - o n e  (LX X III) (200 m g .) d i s s o lv e d  i n  d io x a n  (3 c . c . ) ,  

w as added  a  s o l u t io n  o f  se len iu m  d io x id e  (85 m g .) i n  w a te r  

(1 c . c . ) .  The r e a c t i o n  m ix tu re  was th e n  h e a te d  on th e  

s team  b a th  f o r  8 h o u r s .  S e len iu m  b la c k  was p r e c i p i t a t e d .

The p ro d u c t was th e n  l e f t  o v e rn ig h t  a t  room te m p e r a tu r e .

I t  was f i l t e r e d  from  se len iu m  (40 m g .) ,  d i l u t e d  w i th  w a te r  

(3 c . c . )  and e x t r a c t e d  w i th  e t h e r  (3 t im e s ) .  The com bined 

e t h e r  e x t r a c t  was th e n  e x t r a c t e d  w i th  sodium  b i c a r b o n a te ,  

fo l lo w e d  b y  sodium  h y d ro x id e  t i l l  no c o lo u r  a p p e a re d  i n  th e  

a lk a l i n e  e x t r a c t .  The s t r a w -c o lo u re d  sodium  b ic a r b o n a te  

e x t r a c t  was a c i d i f i e d ,  and  th e n  e x t r a c t e d  w i th  e t h e r .  The 

r e s id u e  was su b lim ed  a t  1 8 0 ° / l  mm. to  g iv e  y e llo w  n e e d le s  

o f  9-phe n a n t  h r  e n e - c a r b o x y l ic  a c id  (LXXVTII) m .p . 253 -256°
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(6 m g .) .  A dm ixture w i th  an  a u th e n t i c  specim en  p ro d u ce d  no 

d e p re s s io n  i n  th e  m e l t in g  p o i n t .  The sodium  h y d ro x id e  e x 

t r a c t  w as q u ic k ly  f i l t e r e d  th ro u g h  c h a rc o a l  and  th e  deep 

y e llo w  f i l t r a t e  was q u ic k ly  a c i d i f i e d  and e x t r a c t e d  w ith  

e th e r*  The e t h e r  e x t r a c t  was d r i e d  and e t h e r  e v a p o ra te d .

The r e s id u e  was f r a c t i o n a l l y  c r y s t a l l i s e d  from  e th e r  t o  

g iv e  y e llo w  n e e d le s  o f  9 -p h e n a n th re n e -c a rb o x y lic  a c id  

(LXXVIII) m .p . 254-256° (4  m g .) and  y e llo w  p r is m s  (15 m g .)

The l a t t e r  w ere c r y s t a l l i s e d  from  b e n z e n e / l ig h t  p e tro le u m  

t o  g iv e  5 : 4 : 5 :6 -  d ib e n z tra p o lo n e  (LXXV) m .p . 1 1 5 -1 1 6 ° .

(Found: C, 8 0 .7 5 ; H, 4*4 . ^ is % o ^ 2  reclu S re s  8 1 .0 5 ;

H, 4 .5 $ ) .

The 2 : 4 -d in i t r o p h e n y  hyd razone  was o b ta in e d  a s  r e d  l e a f 

l e t s  from  m e th a n o l/b e n z e n e  m .p . 2 3 4 ° . (Found: G, 6 2 .6 ;

H, 4 .0 5 .  r e q u i r e  C, 6 2 .5 ;  H, 3 * 7 $ ).

D ibenz tro p o lo n e  was fo u n d  to  have th e  fo l lo w in g  p ro p 

e r t i e s  : -

(1 ) G ives a  brow n f e r r i c  c h lo r id e  c o lo u r  r e a c t i o n .

(2 ) G iv es  a  y e llo w  sodium  s a l t  i n  s o l u t i o n .  (3 ) Forms a  

g re e n  c o p p e r com plex i n  p re s e n c e  o f  c o p p e r a c e t a t e  w h ich  i s  

s o lu b le  i n  c h lo ro fo rm . I t  was in s o lu b le  i n  sodium  b i c a r 

b o n a te ,  s o lu b le  i n  sodium  h y d ro x id e .

The n e u t r a l  e th e r  e x t r a c t  was once w ashed w i th  w a te r  

th e n  was d r i e d  (¥ a 2S0^) and th e  e t h e r  e v a p o ra te d .  The y e llo w  

gummy p ro d u c t  was e x t r a c t e d  once w i th  l i g h t  p e tro le u m . The
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l a t t e r  on slow  e v a p o r a t io n  gave d ib e n z c y c lo h e p ta - 3 :5 -d ie n e  

(unchanged  m a t e r i a l )  m.p* 7 5 -7 8 °  (20 m g .) and was u n d e p re s s e d  

on ad m ix tu re  w i th  a n  a u th e n t i c  sp e c im en . The re m a in in g  

m a t e r i a l  was th e n  f r a c t i o n a l l y  c r y s t a l l i s e d  from  "benzene/ 

cy c lo h ex an e  to  g iv e  (a )  p h e n a n th ra q u in o n e  (LXXVII) w h ich  was 

p u r i f i e d  by  s u b l im a t io n  and c r y s t a l l i s a t i o n  m .p . 1 9 5 -1 9 7 ° .

The O -p h eny lened iam ine  d e r i v a t i v e  gave m .p . 2 1 7 ° . A dm ixture 

o f  b o th  above specim ens w i th  a u th e n t ic  sp ec im en s o f  p h e n a n th ra  

qu inone  and th e  O -pheny lene^d iam ine  d e r i v a t i v e s  r e s p e c t i v e l y  

w ere n o t  d e p re s s e d ,  (b ) Cream c o lo u re d  p r is m s  m .p . 218°

(8 m g .)  p o s s ib ly  th e  t r i k e to n e  (LXXVI) (Pound: C, 7 5 .4 5 ;

H, 3 .9 5 .  C^gHgOg r e q u i r e s  C, 7 6 .2 ;  H, 3 .4 $ ) .  The l a t t e r  

was in s o lu b le  i n  a l k a l i  and  gave a  gummy p r e c i p i t a t e  w i th  

2 :4 - d in i t r o p h e n y l  h y d ra z in e .

The r e s i d u a l  p ro d u c t was s c r a tc h e d  i n  l i g r o i n .  A f i n e  

pow der w as o b ta in e d  m .p . 1 4 5 -1 5 0 ° . The l a t t e r  was r e f lu x e d  

w i th  d i l u t e  s u lp h u r ic  a c id  (2 h o u r s ) .  The e t h e r  e x t r a c t  

gave d ib e n z tro p o lo n e  m .p . 1 1 5 -116° and  r e d  se le n iu m  (2 m g .)

(2 ) I n  aqueous a c e t i c  a c i d . The above d e t a i l e d  p r o 

c ed u re  was fo l lo w e d  u s in g  314-35:6 - d ib e n z c y c lo h e p ta - 3 :5 - d ie n -  

1 -one  (200 m g .) i n  a c e t i c  a c id  (3 c . c . )  and a  s o l u t io n  o f  

se len iu m  d io x id e  (85 m g .) i n  w a te r  (2 c . c . ) .  The fo l lo w in g  

p ro d u c ts  w ere o b ta in e d ,  (a )  D ib e n z tro p o lo n e  (LXXV) (15 m g .)

(b ) 9-p h e n a n th re n e -c a rb o x y lic  a c id  (LXXVIII) (12 m g .)

(c )  P h e n a n th ra q u in o n e  (lOCXVII) (5 m g .)  (d ) U nchanged
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d ib e n z c y c lo h e p ta d ie n o n e  (LX X III) (20 mg*) (4 ) The t r i k e to n e  

(LXXVI) (5 m g .) and  ( f )  a  se le n iu m  com plex .

(3 ) In  g l a c i a l  a c e t i c  a c id  D ib e n c y c lo h e p ta -3 :5 -d ie n -  

1 -o n e  (3IX X III), g l a c i a l  a c e t i c  a c id  (3 c . c . )  and  se le n iu m  

d io x id e  (85 m g .) w ere h e a te d  on a  s team  h a th  (8 h o u r s ) .

The p ro d u c t  became deep r e d  and e le m e n ta ry  se len iu m  was 

p r e c i p i t a t e d .  The r e a c t i o n  m ix tu re  was th e n  t r e a t e d  as 

d e s c r ib e d  above t o  g iv e  p h e n th ra q u in o n e  (LXXVII) (25 m g .) 

and  s t a r r i n g  m a t e r i a l  (50 m g .) a s  th e  s o le  p r o d u c ts .

R e a c tio n  o f  A lk a l i  on d ib e n z tro p o lo n e  (LXXV) .

D ib e n z tro p o lo n e  (10 m g .) and  3% sodium  h y d ro x id e  w ere 

h e a te d  on a  w a te r  b a th  a t  50° (30 m in s .)  The p ro d u c t  was 

a c i d i f i e d  and  e x t r a c t e d  w i th  e t h e r .  The r e s id u e  was su b 

lim e d  to  g iv e  9 -p h e n a n th re n e  - c a rb o x y l ic  a c id  (LXXVTII) 

m .p . and  m ixed  m .p . 2 5 4 -2 5 6 ° .

A tte m p ts  w ere made to  p re p a re  d ib e n z tro p o lo n e  m e th y l 

e t h e r  b y  th e  a c t i o n  o f  d iazom ethane  on d ib e n z tro p o lo n e .  

However th e  p ro d u c t  f a i l e d  to  c r y s t a l l i s e . Ho c o lo u r  r e a c 

t i o n  was o b ta in e d  w i th  f e r r i c  c h l o r i d e . On h y d r o ly s i s  o f 

th e  gummy m e th y l e t h e r  w i th  d i l u t e  s u lp h u r ic  a c i d ,  d ib e n z 

t ro p o lo n e  was o b ta in e d  m .p . and  m ixed  m .p . 1 1 5 -1 1 6 ° .
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