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S U 1  M A E Y .

PARf I .  i n  a t te m p te d  s y n t h e s i s  o f  t e t r a h y d r o y i ?  - v e t i v o n e ,  

shown by  S t .  P fa u  and P l a t t n e r  t o  be  ( B ) , l e d  to  th e  p r e 

p a r a t i o n  o f  a  number o f s t e r e o o h e m i c a l ly  p u re  c y c lo p e n ta n e  

d e r i v a t i v e s  r e l a t e d  to  t h i s  compound, and p a r t i c u l a r l y  to  

a  s t e r e o c h e m ic a l l y  p u re  sample o f  1 - i s o p r o p y l - c y c lo p e n ta n e -  

3 j 4 b i s  - b u t y r i c  a c id )  (A ) .

x r - y
CH rn, j--------<

A B

PAHf I I .  A new s y n t h e t i c  r o u t e  to  9 - m e th y l - l - d e c  a lo n e  

(C) by t h e  use of a  n o v e l  R efo rm atsky  r e a c t i o n  betw een

2 -m e th y lc y c lo h e x a n o n e  and m e th y l  Y  -b ro m o c ro to n a te  i s  

d e s c r i b e d .  A k e to n e ,  b e l i e v e d  to  be  l - k e t o - 1 3 - m e t h y l - 

A  1 1 ' l ^ -d o d e c a h y d ro p h e n a n th re n e  (B) , h a s  a ls o  b e en  o b ta in e d .  

Ih e  c o n s t i t u t i o n  o f  a  k e to n e  (3) o r  ( 3 ) ,  o b ta in e d  by a  

"S to b b e  c o n d e n s a t io n ” be tw een  2 -m e th y lc y c lo h e x a n o n e  and 

d i e t h y l  s u c c i n a t e ,  fo l lo w e d  by  c y c l i s a t i o n ,  d e c a r b e th o x y la -  

t i o n ,  and h y d ro g e n a t io n ,  i s  d i s c u s s e d .
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PART I I I A p r o j e c t e d  s t e r o i d  s y n t h e s i s  u s in g  2 - c h l o r o -

m e th y le n e - 1 : 2  j S ^ - t e t r a t i y d r o n a p h t h a l e n e  ( Gr) as  an i n t e r 

m e d ia te  l e d  to  th e  s y n th e s e s  o f  v a r io u s  h y d ro co o m arin  

d e r i v a t i v e s  (H ) .
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1 .

P B B g A 0 B«

The a z u le n e s  a re  b l u e ,  v i o l e t ,  o r  g r e e n  h y d ro 

c a rb o n s  p r e s e n t  i n  c e r t a i n  e s s e n t i a l  o i l s  o r  o b t a in e d  from  

them b y  h i g h  t e m p e r a tu r e  d e h y d ro g e n a t io n .  S y n th e t i c  and

d e g r a d a t iv e  s t u d i e s  by  a  number o f  w o rk e r s ,  b u t  m a in ly
(l 2  3 ) ( 4 ,5 )

S t .  P fa u  and P l a t t n e r  * , P l a t t n e r  and Wyss and

o t h e r  c o l l a b o r a t o r s  have d e m o n s tra te d  t h a t  t h e  a z u le n e s  

c o n t a i n  a  fu s e d  f i v e  and sev en  membered r i n g  sy s tem  con 

t a i n i n g  f i v e  d oub le  bonds

( I )

I n  1936 S t .  P fa u  and P l a t t n e r ^ ^  i s o l a t e d  a  new

a z u le n e ,  v e t i v a z u l e n e ,  by  d e h y d ro g e n a t io n  o f  J a v a  v e t i v e r
( 6 )o i l  w i t h  s e le n iu m . L a t e r  t h e  same a u th o r s  su cceed ed  

i n  i s o l a t i n g  i n  p u re  form  k e to n e s ,  d e s i g n a t e d  by  them oc - 

and j S  - v e t i v o n e , w hich  y i e l d e d ,  among o t h e r  p r o d u c t s ,  

v e t i v a z u le n e  on d e h y d ro g e n a t io n .  The e l u c i d a t i o n  o f  th e  

s t r u c t u r e  o f  one o f  th e s e  k e to n e s  p ro v e s  th e  p r e s e n c e  o f  

a  fu s e d  f i v e -  and seven-membered r i n g  sys tem  i n  a  n a t u r a l l y  

o c c u r r in g  red u ced  a z u le n e  d e r i v a t i v e .



2 .

i a r i R O P U c i i o i r .

Y e t iv o n e »

Y e t iv e r  o i l ,  one o f  th e  e s s e n t i a l  o i l s ,  i s  ex p en 

s i v e ,  i t s  low  v o l a t i l i t y  and h ig h  f r a g r a n o e  r e n d e r i n g  i t  

v a lu a b le  i n  p e r fu m e ry .  The o i l  i s  o b t a in e d  by  d i s t i l l a 

t i o n  o f  t h e  r o o t  d e r iv e d  from  v e t i v e r  g r a s s  ( Y e t i v e r i a  

z i z a n i o i d e s , S t a p f . ) ,  a  p l a n t  o u l t i v a t e d  i n  R a jp u ta n a  and 

C h u t ia  U agpur, G eylon, F i j i ,  t h e  P h i l i p p i n e  I s l a n d s ,  M alay 

S t a t e s ,  J a v a ,  Y/est I n d i e s ,  B r a z i l ,  i n  t h e  S e y c h e l l e s  and 

a t  R eun ion .

The y i e l d  o f  o i l  v a r i e s ,  J a v a  r o o t  y i e l d i n g  2 - 3 $ ,  

w h i le  M a n i la  r o o t  y i e l d s  ab o u t 0*25jt. The e x a m in a t io n  of 

th e  o i l  p rov ed  to  be  e x t r e m e ly  d i f f i c u l t .  Most o f  t h e  

c o n s t i t u e n t s  a r e  o f  h ig h  b o i l i n g  p o i n t ,  and l i a b l e  to  be  

changed by  h e a t  t r e a tm e n t  o r  by  p ro lo n g e d  steam  d i s t i l l a 

t i o n .  E a r l y  i n v e s t i g a t o r s  were a l s o  ham pered by  t h e  l a c k  

o f  u n i f o r m i t y  o f  sam ples o b ta in e d  from d i f f e r e n t  s o u r c e s  

and t h e  absence  o f  a sch em a tic  m ethod o f  p ro c e d u re  f o r

t r e a tm e n t  o f  th e  v a r io u s  f r a c t i o n s .  G env resse  and Lang- 
n . (7)l o i s  examined a Bourbon o i l  by s team  d i s t i l l a t i o n .  They 

found  a  s e s q u i t e r p e n e ,  c a l l e d  v e t iv e n e  - f i r s t

s e p a r a t e d  by G la d s to n e ^ - )  - a  m ix tu re  o f  e s t e r s  w hich  

y i e l d e d  an a l c o h o l ,  v e t i v e n o l  on s a p o n i f i c a t i o n ,

and th e  r e s i d u e  i n  th e  f l a s k  c o n ta in e d  a  m ix tu re  o f  a c i d s ,  

( ' l 5 a 2 ^ 4 * These a u th o r s  a t t r i b u t e d  t h e  odour o f  th e  e s s e n c e



to  th e  v e t i v e n o l  e s t e r s  o f  t h e s e  a o i d s .  Bacon was u n 

a b le  to  c o n f i rm  th e  a o id s  o b ta in e d  by  t h e  above a u th o r s  

b u t  fou nd  t h a t  t h e  n e u t r a l  o i l s  re m a in in g  a f t e r  s a p o n i f i c a 

t i o n  o f  th e  e s s e n c e  h a d  a s t r o n g  odou r  o f  v e t i v e r .  The

f i r s t  m en t io n  o f  t h e  i s o l a t i o n  of k e to n io  m a t e r i a l  from
( 10)t h e  o i l  o c c u r s  i n  a  German p a t e n t  b y  F r i t z c h e  and C ie  •

These a u th o r s  c la im e d  to  have  i s o l a t e d  s e v e r a l  k e to n e s  from

v e t i v e r  o i l  th ro u g h  i n t e r m e d i a t e  amorphous se m ic a rb a z o n e s

o r  ox im es. To th e s e  compounds, c a l l e d  " v e t i r o n e s "  o r

" v e t i v e  r o n e s 11, th e y  a s s ig n e d  th e  fo rm u la  S&v®

t h e  b o i l i n g  p o i n t  o f  th e  f r a c t i o n s .  The e x i s t e n c e  o f
(6 )t h e s e  k e to n e s  was d i s p u t e d  by  S t .P f a u  and P l a t t n e r  who

were u n a b le  to  o b t a i n  k e to n io  m a t e r i a l  such a s  d e s c r i b e d
( 11)by  F r i t z o h e  and C ie .  Semmler, R is s e  and S c h rB te r  a l s o

examined th e  o i l .  The most com prehens iv e  s t a te m e n t  on

th e  c o n s t i t u e n t s  o f t h e  o i l  was made by  R u z ic k a ,  C a p a ta
( 1 2 )H u yser  . They d e t e c t e d  a  d i o y c l i o  compound, v e t i v e n e ,  

^15^24* 8 1 1  *somer cad in en e ?  t h i s  was aooompanied b y  

a t r i o y o l i o  v e t i v e n e .  Among th e  a l c o h o l s  a  t r i c y c l i c  p r i 

mary v e t i v e n o l ,  C1 5 H2 4 O, two p r im a ry  d i c y o l i c  v e t i v e n o l s ,  

one o f  t h e  o a d a le n e  ty p e  ( I I ) ,  t h e  o t h e r  o f  t h e  e u d a le n e  

ty p e  ( i l l ) ,  and f i n a l l y  a  d i o y c l i c  t e r t i a r y  v e t i v e n o l  o f  

th e  o a d a le n e  ty p e ,  accom panied  b y  o t h e r  t e r t i a r y  a l o o h o l s .  

Ho m en tion  was made o f  k e to n io  c o n s t i t u e n t s .



( IX) (XXX)

(13)I n  a  p a p e r  by  S a b e ta y  on "A s i m p l i f i e d  p ro c e d u re

f o r  t h e  a n a l y t i c a l  o x im a t io n  o f  a ld e h y d e s  and k e to n e s 11, v e ry

b r i e f  m en t io n  i s  made o f  t h e  f a c t  t h a t  e s s e n c e  o f  v e t i v e r

c o n t a i n s  1 2 .5 $  o f  " v e t iv e r o n e "  , a  f i g u r e  o b ta in e d  b y  a

t i t r a t i o n  m ethod and n o t  b a se d  on any q u a n t i t a t i v e  i s o l a t i o n

o f  s o l i d  d e r i v a t i v e s .

A lthough  i t  was now o l e a r  t h a t  v e t i v e r  o i l  c o n ta in e d

l a r g e  amounts o f  a l c o h o l s ,  e i t h e r  p r im a ry  o r  t e r t i a r y  o r  a

m ix tu re  o f  b o th ,  t h e  e x i s t e n c e  o f  c a rb o n y l  c o n s t i t u e n t s  was

s t i l l  i n  some d o u b t .  I n  1939, two d i f f e r e n t  g ro u p s  o f

w o rk e rs  p u b l i s h e d  c o n c lu s iv e  e v id e n c e  of t h e  e x i s t e n c e  o f
(14)

k e to n e s  i n  th e  o i l .  S a b e ta y  and I r a b a u d  by  t r e a tm e n t
(15)

o f  B ourbon v e t i v e r  o i l  w i th  G i r a r d 1 s  r e a g e n t  o b ta in e d  

w a t e r - s o l u b l e  d e r i v a t i v e s  w hich  decomposed to  g iv e  an o i l  

w hich  f u r n i s h e d  e v e n t u a l l y  a  sem io a rb azo n e ,  m .p .  2 1 0 ° .  

S im i la r  r e s u l t s  w ere  o b ta in e d  w i th  a  J a v a  v e t i v e r  o i l .  Re

g e n e r a t i o n  o f  t h e  c a rb o n y l  c o n s t i t u e n t s  from  t h e  c ru d e  se m i-  

o a rb a z o n e s  gave an o i l  o f  c o m p o s i t io n  O-^H^gO. A b r i e f  

n o te  by  th e  a u th o r s  added t h a t  th e  k e to n e ,  w hich  t h e y  o a i l e d  

" v e t i v e r o n e " , c o u ld  be  re d u c e d  w i th  sodium and a l c o h o l  to



g iv e  an a lc o h o l  w hich  c o a id  he  e s t im a t e d  by  a o e t y l a t i o n  

and t r i t y l a t i o n .

S im a l t a n e o a s ly  w i th  th e  above p u b l i c a t i o n ,  S t .  P fa u  

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

on v e t i v e r  o i l .  I n  a  v e ry  p a i n s t a k i n g  and b r i l l i a n t  

i n v e s t i g a t i o n  k e to n e s  were o b ta in e d  i n  a  h ig h  s t a t e  o f  

p u r i t y  and work was w e l l  advanced  to w a rd s  a  s o l u t i o n  of 

t h e i r  c o n s t i t u t i o n .  A p r e l i m i n a r y  e x a m in a t io n  o f  t h e  o i l  

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

th e  a l c o h o l s  a t t e n t i o n  was c o n c e n t r a t e d  on t h e  n e u t r a l  

m a t e r i a l  o b ta in e d  a f t e r  rem oval o f  t h e  p h e n o ls .  E v e n tu a l ly ,  

by u s in g  th e  odour o f  v e t i v e r  as  a  roug h  g u id e ,  t h e y  o b ta in e d  

a  f r a c t i o n  which had th e  m ost i n t e n s e  o d o u r .  On t r e a t m e n t  

w i th  s e m ic a rb a z id e  h y d r o c h lo r id e  a  p o s i t i v e  r e s u l t  was ob

t a i n e d .  S e v e ra l  c r y s t a l l i s a t i o n s  o f t h e  amorphous d e r i v a 

t i v e s  gave a  c ru d e  m ix tu re  o f  se m ic a rb a z o n e s  from w h ich , by 

t r e a tm e n t  w i th  p h t h a l / i c  a c i d ,  an  o i l  o f  c h a r a c t e r i s t i c  

odour was o b t a i n e d .  I n  an a t t e m p t  to  f i n d  an e a s i e r  r o u t e  

t o  th e  c a rb o n y l  c o n s t i t u e n t s  th e  c ru d e  v e t i v e r  o i l  was ex 

t r a c t e d  w i th  G i r a r d ' s  r e a g e n t .  By t h e  use o f  t h i s  t e c h n iq u e  

th e  t e d i o u s  and w a s t e f u l  d i s t i l l a t i o n  p ro c e s s  was e l i m i n a t e d .  

The p u r i f i c a t i o n  o f  t h e  c ru d e  se m ic a rb a z o n e s  p ro ved  to  be  

d i f f i c u l t ,  b u t ,  by 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 ,  two sem i

c a rb a z o n e s  w ere e v e n t u a l l y  o b ta in e d ,  a  l a e v o - r o t a r y  compound, 

m .p .  228° - 229° , and a  c r u d e r  d e x t r o - r o t a r y  m a t e r i a l ,



m. p .  2 1 0 -2 1 2 ° .  R e s a l t s  o f  a n a l y s i s  i n d i c a t e d  a  fo rm u la

0 i 6 H2 5 0 I 3  f o r  t h e  s e m ic a rb a z o n e s ,  c o r r e s p o n d in g  to  a  su b 

s t a n c e  o f  c o m p o s i t io n  C ^ H ^ O .  E v id en ce  o f  t h e  k e t o n i c ,  

a s  opposed to  a ld e h y d ic  n a t u r e  o f  t h e s e  compounds, was p r o 

v id ed  by  t h e  f a c t  t h a t  t h e y  d id  n o t  r e s t o r e  t h e  c o lo u r  t o  

S c h i f f ’ s r e a g e n t ;  a l s o  on o x i d a t i o n  no a c id  was o b ta in e d ,  

r e d u c t io n  w i th  sodium and a lc o h o l  y i e l d i n g  a l c o h o l s .  The 

k e to n e  from  t h e  l a e v o r o t a r y  se m ic a rb a zo n e  was d e s ig n a t e d
t

y # - v e t i v o n e  and t h a t  from  t h e  d e x t r o - r o t a r y  m a t e r i a l ,  

o C - v e t iv o n e .  M o le c u la r  r e f r a c t i o n  m easu rem en ts  i n d i c a t e d  

a  d i e y c l i e  fo rm u la  and t h e  e x a l t a t i o n  s u g g e s te d  t h a t  one of 

th e  do u b le  bonds was c o n ju g a te d  w i th  th e  c a rb o n y l  f u n c t i o n .  

I f  t h e  v e t i v o n e s  w ere d i c y c l i c ,  th e n  t h e i r  fo rm u la  would 

i n d i c a t e  th e  p r e s e n c e  o f  two d o u b le  b o n d s » R e d u c t io n  o f  

^ 7 - v e t i v o n e  w i th  p la t in u m  gave  a  t e t r a h y d r o - ^ - v e t i v o l .

The t e t r a h y d r o  compound c o u ld  be o x id i s e d  to  a  t e t r a h y d r o -  

v e t iv o n e ,  w hich  gave a d ib e n z y l id e n e  d e r i v a t i v e ,  th u s  

i n d i c a t i n g  the  p r e s e n c e  of two u n s u b s t i t u t e d  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  k e to n ic  f u n c t i o n .  I f  th e  

r e d u c t io n  o f ^  - v e t iv o n e  was c a r r i e d  o u t  w ith  sodium  and 

a b s o lu te  a l c o h o l ,  o r ,  . c a t a l y t i c a l l y ,  w i th  n i c k e l ,  d ihy& ro- 

^ - v e t i v o l s  w ere  fo rm ed . L a t e r  th e  i n t e r e s t i n g  f a c t  was 

n o te d  t h a t  w h i l e  th e  r e d u c t i o n  o f  o p t i c a l l y  a c t i v e  n a t u r a l  

^ - v e t i v o n e  w i th  sodium and a lc o h o l  gave a  m ix tu re  o f

s t e r e o i s o m e r i c  d ihydro  - P  - v e t i v o l s ,  t h e  o p t i c a l  a c t i v i t y
/

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



s i n g l e  i so m e r  w hich  was o p t i c a l l y  i n a c t i v e .  I f  th e  h y d ro 

g e n a t io n  was s to p p e d  a f t e r  th e  a b s o r p t io n  o f  one m o le c u le  

o f  h y d ro g en , a  m ix tu r e  o f  u n c h a n g e d ^ - v e t i v o n e ,  d i h y d r o - ^ -  

v e t iv o n e ,  and d i h y d r o - y ^ - v e t i v o l  was o b t a i n e d .  The 

s e p a r a t e d  d i h y d r o - ^ - v e t i v o n e  gave  an i n a c t i v e  d ib e n z y l id e n e  

d e r i v a t i v e  and i t s  s e m ic a rb a z o n e ,  p u r i f i e d  w i th  some d i f f i 

c u l t y ,  showed a lm o s t  n e g a t iv e  a c t i v i t y ,  t h i s  a c t i v i t y  d e 

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

l i s a t i o n .  These f a c t s ,  i n  c o m b in a t io n  w i th  o t h e r  f a c t s ,  

a llow ed  th e  a u th o r s ,  as w i l l  be s e e n  l a t e r ,  t o  draw im

p o r t a n t  c o n c lu s io n s  a s  to  t h e  s t r u c t u r e  o f - v e t i v o n e .

I t  i s  s u f f i c i e n t  to  r e c o r d ,  f o r  t h e  moment, t h a t  th e  r e 

d u c t io n  of one dou b le  bond , w hich  was p ro b a b ly  c o n ju g a te d  

w i th  th e  k e to n i c  group  i n  o p t i c a l l y  a c t i v e ~ v e t i v o n e  u n d e r  

c o n d i t i o n s  w here r a c e m i s a t i o n  was u n l i k e l y ,  g av e  a  s i n g l e  

o p t i c a l l y  i n a c t i v e  i s o m e r .

0 = 0

-  GHo -  CHP
o  ------------>  • >

—  OR -  CiHg
a c t i v e  i n a c t i v e .

The i n v e s t i g a t i o n  was c o n t in u e d  b y  S t .  P fa u  and 

P l a t t n e r ^ 2 4  ̂ bjr a  s tu d y  o f  t h e  p r o d u c t s  o f  d e h y d ro g e n a t io n  

b o th  o f  s t e r e o c h e m ic a l ly  p u r e y£7- v e t iv o n e  and th e  m ix tu re  

o f  s t e r e o i s o m e r i c  k e to n e s ,  ^ i s o v e t i v o n e s ” , which had  b e e n  

r e c o v e re d  from  t h e  r e s i d u a l  c ru d e  m ix tu re  o f  s e m ic a rb a z o n e s .  

R e s u l t s  o f  th e  many d e h y d ro g e n a t io n  e x p e r im e n ts  gave



i n c o n c lu s iv e  d a t a  a s  to  t h e  i d e n t i t y  o f  th e  fu n d a m e n ta l  

r i n g  sys tem  i n  t h e  v e t i v o n e s .

D e h y d ro g e n a tio n  o f  a  h y d ro c a rb o n ,  (71 )  o b t a i n 

ed b y  d e h y d r a t io n  o f  th e  m ix tu r e  o f  d i h y d r o v e t i v o l a  (7 ) 

form ed by  th e  r e d u c t i o n  of t h e  i s o v e t i v o n e s  (17) gave  t h r e e  

h y d ro c a rb o n s :  an a z u le n e ,  ( V I I ) ,  a  n a p h th a le n e

d e r i v a t i v e ,  c a l l e d  v e t i v a l e n e  ( Y I I I )  by  th e  a u t h o r s ,

and a sm a l l  q u a n t i t y  o f  eu d a lene  ( l - m e th y l - 7 - i s o p r o p y l n a p h -  

t h a l e n e )  ( I I I ) .  The p re s e n c e  of th e  i s o p r o p y l  group i n  

v e t i v a l e n e  was i n d i c a t e d  by  th e  i s o l a t i o n  o f  cumene on 

t r e a tm e n t  o f  th e  h y d ro c a rb o n  w i th  a lum inium  brom ide i n  p r e s 

ence o f  b e n z e n e .  The h y d ro c a rb o n  (7111) was i d e n t i f i e d  a s

1 , 5 - d im e tb y l - 7 - i s o p r o p y ln a p h th a l e n e  by  a  f o r t u i t o u s  syn -
(16)t h e s i s  o f  t h i s  compound by  R u z ic k a  and c o -w o rk e r s  •

°1 1 H19 -> c i i Hi9 C11H19
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The p r o d u c t s  w ere a lw ays th e  same no m a t t e r  w hat 

d e h y d r a t in g  a g e n t s  w ere u se d  i n  t r a n s f o r m in g  (7) to  (71) 

o r  w h e th e r  s u lp h u r  o r  s e le n iu m  was u se d  as t h e  d e h y d ro -  

g e n a t in g  a g e n t .  A r e p e t i t i o n  o f  t h e s e  e x p e r im e n ts  w i th  

t h e  d i h y d r o v e t  ivo lfcs  o b t a in e d  from ^ - v e t i v o n e ,  r a t h e r  

th a n  from  th e  c ru d e  i s o v e t i v o n e s , gave s i m i l a r  r e s u l t s  

a l th o u g h  th e  f o r m a t io n  o f  e u d a len e  was n o t  e s t a b l i s h e d  w i th  

c e r t a i n t y .

D e h y d ro g e n a tio n  o f  t h e  W o lf f -K ls h n e r  r e d u c t i o n  

p ro d u c t  o f  v e t iv o n e ,  g a v e ,  w i th  e i t h e r  s u lp h u r  o r

se le n iu m , v e t i v a z u l e n e  and e u d a le n e ,  no v e t i v a l e n e  b e in g  

d e t e c t e d .  D i r e c t  d e h y d ro g e n a t io n  w i th  e i t h e r  s u lp h u r ,  

se len iu m  o r  p a l l a d i s e d  c h a r c o a l  o f  t h e  i s o v e t i v o n e s  gave 

no n a p h th a le n e  h y d ro c a rb o n s  b u t  a  m ix tu re  o f  p h e n o ls ,  one 

o f  which was e v e n t u a l l y  i d e n t i f i e d  a s  1 - m e t h y l - 7 - i s o p r o p y l -

3 -h y d ro x y - n a p h th a le n e . A nalogous r e s u l t s  w ere  o b ta in e d  

w i th  - v e t i v o n e .

To sum m arise th e  r e s u l t s :  t h e  s im u l ta n e o u s  p ro 

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

c a s e s  examined d id  n o t  a l lo w  any s t r i c t  c o n c lu s io n  t o  be  

drawn as  to  w h e th e r  t h e  fu n d a m e n ta l  r i n g  system  was o f  th e  

n a p h th a le n e  o r  a z u le n e  t y p e ,  a l th o u g h  th e  d i c y c l i o  n a tu r e  

o f  t h e  k e to n e s  h a d  r e c e iv e d  c o n f i r m a t i o n .

A t t e n t i o n  was, t h e r e f o r e ,  d i r e c t e d  to  th e  d e g ra d a t i i  

o f  / ? - v e t i v o n e .  Q z o n is a t io n  gave a m o le c u le  o f  a c e to n e ,



i n d i c a t i n g  th e  p r e s e n c e  o f  an i s o p r o p y l id e n e  g ro u p .  A 

r e p e t i t i o n  o f  t h e  e x p e r im e n t  u s in g  t h e  m ix tu re  o f  d ih y d ro -^ ?  - 

- v e t i v o l s ,  o b ta in e d  by  r e d u c t i o n  of th e  p u re  k e to n e  w i t h  

sodium and  a l c o h o l ,  a l s o  gave a c e to n e ,  t h u s  i n d i c a t i n g  t h a t  

th e  d oub le  bond c o n ju g a te d  w i th  t h e  k e to n ic  g roup  i n ^ 0  - 

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

t h e  fo r m a t io n  of a d ib e n z y l id e n e  d e r i v a t i v e  by th e  d ih y d ro  

compound had shown t h a t  t h i s  c o n ju g a te d  bond h ad  b e e n  r e 

d u c ed . A h y d ro x y -k e to n e ,  G -^ ^ ^ O ^  ( I X) ,  was a l s o  i s o l a t e d  

from  th e  p ro d u c ts  o f  o z o n i s a t i o n .  T h is  was d e h y d ra te d  t o  

a k e to n e ,  G-^H^qO (X ), w hich , when p u r i f i e d  th ro u g h  t h e  

se m io a rb azo n e , 3howed a norm al m o le c u la r  r e f r a c t i o n ,  th u s  

d e m o n s t r a t in g  t h e  ab sen ce  o f  any c o n ju g a t i o n  be tw een  do u b le  

bond and o a rb o n y l  f u n c t i o n :*

and a lc o h o l gave an a lc o h o l,  C12Hg00 , w h ich , when dehydrated

C H 11 19 +  GH3
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R eduction  o f  th e  u n sa tu rated  k eton e (X) w ith  sodium



w i t h  p o ta s s iu m  b i s u l p h a t e ,  gave  a  h y d ro c a rb o n ,  °1 2 E18 ( Z I ) * 

S h is  h y d ro c a rb o n  gave a  v i o l e t  c o lo u r e d  a z u le n e ,  C^gH^g ( X I I ) ,  

when d e h y d ro g e n a te d  w i th  s e le n iu m .
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(X II )

She f o r m a t io n  o f  t h e  a z u le n e  (X II)  was a  m a t t e r  o f  

c o n s i d e r a b le  i n t e r e s t  s i n c e  i t  p ro v id e d  t h e  f i r s t  e v id e n c e  

( a t  th e  t im e  t h e  e x p e r im e n ts  w ere  p e rfo rm ed  - 1936) o f  t h e  

e x i s t e n c e  o f  a z u le n e s  c o n t a i n i n g  l e s s  t h a n  f i f t e e n  c a rb o n  

a to m s. So c o n f i rm  t h e  f o rm a t io n  o f  t h i s  im p o r ta n t  com

pound and to  s tu d y  i t  and th e  p r o d u c t s  o f  o z o n i s a t i o n  i n  

some d e t a i l ,  w i th o u t  th e  t ro u b le so m e  i n t e r f e r e n c e  o f  s t e r e o 

i s o m e rs ,  i t  was d e c id e d  to  subm it  th e  s t e r e o c h e r n i c a l l y  p u re  

d i h y d r o - ^ - v e t i v o l ,  o b ta in e d  by c a t a l y t i c  r e d u c t i o n  o f -  

v e t iv o n e ,  t o  th e  above s e r i e s  o f  r e a c t i o n s .  She k e to n e  ( X ) , 

o b ta in e d  b y  th e  d e h y d r a t io n  o f  t h e  h y d ro x y -k e to n e  ( I X) ,  gave 

a  sem icarb azo n e  w hich  d i d  n o t  d e p re s s  t h e  m e l t in g  p o i n t  

o f  th e  o p t i c a l l y  a c t i v e  sem ica rb azo n e  o b ta in e d  b y  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  o f  t h e  k e to n ic  d e r i v a t i v e s  from  t h e  s t e r e o -  

i s o m e r ic  m ix tu r e ;  f u r th e r m o r e ,  t h i s  new se m ic a rb a z o n e  was 

i n a c t i v e *  I n t r i g u e d  by  t h i s  i n a c t i v i t y  t h e  a u th o r s  made 

a  c a r e f u l  e x a m in a t io n  o f  th e  s p e c i f i c  r o t a t i o n s  o f  a l l  t h e  

compounds p r e p a r e d .  S v e ry  s u b s ta n c e  o b ta in e d  from  c a t a 

l y t i c  d ih y d ro  -J B - v e t i v o n e  o r  d ihydro-^tf  - v e t i  v o l  was foun d  

to  be i n a c t i v e ,  t h e  o t h e r s  a c t i v e ;  a l s o  t h e  h y d r o g e n a t io n  

p r o d u c t s  w ere  th e m s e lv e s  i n a c t i v e .  She s i g n i f i c a n c e  o f  

t h i s  c h a n g e ,  o c c u r r in g  w i th  t h e  r e d u c t i o n  o f  a  d oub le  bond 

c o n ju g a te d  w i th  th e  k e to n ic  g ro u p , was n o t  l o s t  t o  t h e  

a u t h o r s .  I f  r a c e m is a t i o n  was r u l e d  ou t as t h e  c a u s e  o f  

t h i s  i n a c t i v a t i o n ,  and i t  a p p ea re d  u n l i k e l y ,  t h e  d ih y d ro -  

v e t iv o n e  and i t s  d e r i v a t i v e s  m ust r e p r e s e n t  rlmeso,f fo rm s .  

She m o le cu le  s h o u ld ,  t h e r e f o r e ,  p o s s e s s  a  p la n e  ( o r  c e n t r e )  

o f  symmetry - as  i n  t a r t a r i c  a c id  - and  be i n a c t i v e  b y  

i n t e r n a l  c o m p e n sa tio n :  d i h y d r o - ^  - v e t i v o n e ,  a  d i c y c l i c

k e to n e ,  w i th  an i s o p r o p y l id e n e  s i d e - c h a i n ,  m u s t ,  t h e r e f o r e ,  

embrace t h e  fo l lo w in g  sy m m e tr ic a l  scheme

p ro d u c t  o f  d e h y d ro g e n a t io n  c o u ld  n o t  be a  n a p h th a le n e  

h y d ro c a rb o n .  She o t h e r  h y d ro c a rb o n ,  v e t i v a z u l e n e  ( X I I I ) ,  

w ould , t h e r e f o r e ,  a p p e a r  to  be  t h e  t r u e  p r o d u c t  o f  d e h y d ro 

g e n a t io n ,  r e p r e s e n t i n g  t h e  fu n d am e n ta l  r i n g  sy s te m .

C«3 G
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I f  t h i s  r e a s o n in g  i s  a d m i t te d ,  t h e n  t h e  norm al
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( 1 , 2 , 3 , 4 , 5 )
S u f f i c i e n t  e v id e n c e  had  been  adduoed to  r e p r e s e n t

t h e  a z ti len e  r i n g  a s  a  b i c y c l o -  0 , 3 , 5  -d e c a p e n ta e n e  s t r u c t u r e  

( I )  and t h e  s y n t h e s i s  o f  v e t i v a z u l e n e  ( X I I I )  ( i t  w ould  a p p o a r  

to  b e  a t  a  l a t e r  d a t e  to  t h e  a c t u a l  e x p e r im e n ta l  work h e re )  

b y  S t .  P fa u  and P l a t t n e r  ' l e a v e s  no d o u b t  a s  to  t h e  n a t u r e  

o f  t h i s  fu n d am e n ta l  s t r u c t u r e .  The c a rb o n  s k e l e t o n  o f  t h e  

d e h y d ro g e n a t io n  p ro d u c t  (and  s y n t h e t i c  p ro d u c t )  was i n  com

p l e t e  a c c o rd  w ith  th e  sy m m e tr ic a l  a r ra n g e m e n t  s u g g e s te d  f o r  

- v e t i v o n e .  I n  t h e  l i g h t  o f  t h e s e  f a c t s ,  t h e r e f o r e ,  t h e  

a u th o r s  p ro p o sed  fo rm u la  (XIY) f o r  th e  d i c y c l i c  k e t o n e .

/  j '

(X I I I )

The a u th o r s  add t h a t  t h i s  a rran g em en t e x p la in s  a l l  

th e  e x p e r im e n ta l  f a c t s  i f  we make t h e  f o l lo w in g  p r o v i s o s  ( t h e  

r e s u l t s  o f  d e h y d ro g e n a t io n  e x p e r im e n ts  a r e  d i s c u s s e d  l a t e r )

1 .  The two r i n g s  a re  f u s e d  TTc i s ,! t o  one a n o th e r s  a  

,!t r a n s ’f l i n k a g e  i n  d ih y d ro  - - v e t i v o n e  would r u l e  o u t  t h e  

p o s s i b i l i t y  o f  o b t a in in g  "meso ’1 fo rm s .

2 .  On c a t a l y t i c  h y d r o g e n a t io n  o f ^ 3 - v e t i v o n e ,  t h e  

m e th y l  g roup on c a rb o n  atom 1 0  becomes o r i e n t e d  i n  th e  same 

d i r e c t i o n  as  t h e  m e th y l  group on 6  w i t h  r e s p e c t  to  th e  

c y c lo p e n ta n e  r i n g ,  w h i l e  on r e d u c t io n  w i th  sodium and



a lc o h o l  t l ie  m e th y l  g roup  on 1 0  i s  o r i e n t e d  p a r t l y  i n  t h e  

o p p o s i t e  d i r e c t i o n .

( I l l )  by d e b y d ro g e n a t io n  o f  t h e  v e t i v o n e s  o r  t h e i r  d e r i v a 

t i v e s  oan no t be  d i r e c t l y  r e c o n c i l e d  w i th  t h i s  f o r m u la  d e 

duced f o r  v e t i v o n e .

i n t e r p r e t e d  a s  i n d i c a t i o n  of a  eudesm ol s k e l e t o n  (XV) f o r  

v e t iv o n e ,  b u t  S t .P fa u  and P l a t t n e r  hav e  p o in te d  ou t t h a t  

t h i s  i s  in c o m p a t ib le  w i th  th e  f a c t  t h a t  f u l l y  re d u c e d  com

pounds o f  t h e  e.udesmol ty p e  g iv e  no a z u le n e  on d e h y d ro 

g e n a t io n ;  a l s o ,  t h e  r e d u c t i o n  o f  a  compound w i th  t h e  eudes  

mol s t r u c t u r e  would no t g iv e  r i s e  to  nmesoM form s s i n c e  t h e  

m o lecu le  p o s s e s s e s  no c e n t r e  o f sym m etry. The a u th o r s  

w e re , t h e r e f o r e ,  f o r c e d  to  t h e  c o n c lu s io n  t h a t  t h e  n a p h th a l  

ene h y d ro c a rb o n s  must have  b een  form ed by r i n g  r e - a r r a n g e 

m ent, and , i n  t h e  c a s e  o f  v e t i v a l e n e ,  by  m ig r a t i o n  o f  a  

m ethy l g ro u p . I n  1936 S t .P fa u  and P l a t t n e r ^ ^  o b ta in e d

CH3

The p r o d u c t io n  o f  v e t i v a l e n e  ( V I I I )  and e u d a le n e

In d e e d ,  t h e  f o rm a t io n  o f  t h e s e  compounds m ight b e



m ix tu r e s  o f  n a p h th a le n e  h y d ro c a rb o n s  by p a s s i n g  t h e  vap o u r  

o f  S -g u a ia z u le n e  o v e r  s i l i c a  g e l  a t  300° u n d e r  vacuum, 

show ing t h e  p r o b a b i l i t y  o f  m i g r a t i o n  o f  a l k y l  g r o u p s .  De

h y d r o g e n a t io n  o f  t h e  p ro d u c t  o b ta in e d  by  t r e a t m e n t  o f  

g u a i o l  w i th  h y d ro g e n  io d id e  and  r e d  p h o sp h o ru s  g a v e ,  a f t e r

s e p a r a t i o n  o f  a z u le n e ,  1 s 4 - d im e th y l - 6 - i s o p r o p y l  n a p h th a le n e  
(17 18)(X7T) • Komppa * and c o -w o rk e rs  have  a l s o  o b se rv e d

th e  s im u lta n e o u s  f o r m a t io n  of a z u le n e s  and n a p h th a le n e

h y d ro c a rb o n s  d u r in g  d e h y d ro g e n a t io n  o f  t r i c y c l i c  t e r p e n e

p r o d u c t s ,  e . g . ,  l e d o l .  I t  i s  p e rh a p s  n o t  i r r e l e v a n t ,

a l th o u g h  h a r d l y  a d d in g  to  th e  a rgum ent, t o  add t h a t  aroma-
( 1 9 )

dendrene  (XVII) ( R a d c l i f f e  and S h o r t  ; Haves and 

P e r r o t e t ^2 0 ^ ) y i e l d s  g u a ia z u le n e  ( X V I I I )  and n o t  a  d e r i v a 

t i v e  o f  n a p h th a le n e  on d e h y d ro g e n a t io n .

/ ^ / \  

XT- ->

( m u )( m i )
The i n a c t i v a t i o n  o f  t b e  k e to n e  (X) ,  form ed a s  a  

r e s a l t  o f  o z o n is in g  t b e  c a t a l y t i c  d i b y d r o - - v e t i v o l , i s  

e x p la in e d  by  t b e  a a t b o r s  i n  t b e  fo l lo w in g  w a y :-
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CH.
H * 4 f«3
» H '
; itf— CHt  I iw ----CHV

\ H> / " - V  \  \r 4  )“■ <4 ””A  /  ; c n —  a h
h [ « '

A /} Of   CH*
r

ir«, *»> (IZ)
CH. CH}

M ; , ,
! JCH  CH----------------------------------------------------------------- .CH------ CHt«rf ~rf V

* * *  /  / /  
! CH  •  C H t  C H ------ CH

t t y  (X) tH*

D e h y d ra t io n  o f  (IX) t o  (X) c a n  p ro c e e d  i n  two 

d i r e c t i o n s  g iv in g  r i s e  t o  a n t i p o d e s :  th e  k e to n e  i s ,  t h e r e 

f o r e ,  an i n a c t i v e  ra c e m a te .  The p r o d u c t io n  o f  d im e th y l - 

a z u le n e ,  C H , (X II)  from  (X)  by r e d u c t i o n ,  d e h y d r a t io nJL&
and d e h y d ro g e n a t io n ,  a l s o  r e c e i v e s  a  s a t i s f a c t o r y  e x p la n a 

t i o n  w i th  t h e  a c c e p ta n c e  of t h e  f i v e  and se v en  membered 

r i n g  s t r u o t u r e  f o r  J O - v e t i v o n e .

C o n f i rm a t io n  o f  t h e  p ro p o se d  f o rm u la  was o b ta in e d  

by  o x i d a t i v e  d e g r a d a t i o n .  T rea tm en t o f  t e t r a h y d r o - ^ ? -  

v e t iv o n e  (XIX) w i th  chrom ic a c i d  gave a  d i b a s i c  racem io

a c i d ,  C H 0 , (XX) .
15 26 4



1 7 .

COOH

( X I X )  i I X )

D i s t i l l a t i o n  o f t h i s  a c id  w ith  a c e t ic  anhydride  

fu r n ish ed  a k e to n e , shown to  he (XXI) by i t s

dehydrogenation  to  2 - is o p r o p y l - 4 :7 -d im eth y l-5 -h y d ro x y -  

hydrindene (X X II), th e  l a s t  named compound b e in g  i d e n t i f i e d  

hy s y n t h e s is .

CH S
1 I

C f t  K S 1" 1- ^  c h ,  ? * * - < ?
ycH -C H  I I  > 'C H -cU  I II

*^3 C»Z-<fSy/*''®  C*i
CH  C

(XXI)

3

(XXII)



Tbe h y d r in d a n o n e  (XXI)  i s  p o s s i b l y  i d e n t i c a l  w i th  

t b e  p a r e  iso m er  p r e p a r e d  b y  G oats  and G ook^*^  and r e 

d e s c r i b e d  i n  t b i s  t h e s i s .  An  a t t e m p t  t o  o b t a i n  an  a c id  

(XX III) by  b r o m in a t io n  o f  t e t r a h y d r o y ? - v e t i v o n e , rem oval 

o f  bydrobrom ic  a o id  and o x i d a t i o n  was u n s u c c e s s f u l .

f H>

Ctz H iz 4

f-CH Qr 
I
C x O
I

L-C H Ot

C = .C H

\
CsO

/
CH

£h*
COOH

COOH

( X X III)

S t .  P fa u  and P l a t t n e r  n e x t  examined tb e  u n s a t u r a t e d  

k e to n e  (X) . W o lf f -X is h n e r  r e d u c t i o n  o f  t b e  se m ic a rb a zo n e  

gave a  hydrocarbon(XXIV) which was o x i d i s e d  to  a  d i c a r -  

b o x y l ic  a c id  (XXV) s-

CH

Ctf-ti
CH*

(XXIV)

■CH
\

CH

/

ft
CM COOH

CHt-CH \  y  * i/  CtI, I COOH
SCHt-C H  /

CM CHXk
(2X7)

i ' i n a l l y ,  c a t a l y t i c  r e d a c t i o n  o f  t t i e  same k e to n e  ( X ) ,



f o l lo w e d  b y  o z o n i s a t i o n  gave a  d i c a r b o x y l i c  a c id  (XXVI). 

As would b e  e x p e c te d ,  no k e to n e  c o u ld  be  o b ta in e d  on d i s 

t i l l a t i o n  w i th  a c e t i c  a n h y d r id e .

i  i\ru  ru „ » £H—

\  \  
/*• 4  /

V.. ! £ — c//
(TH /» H • '

^ ( O T )  ^  ( Z X V I I )  '

The p r e p a r a t i o n  o f  an ox ide  (XXVII) o f  J 8  - v e t i v o n e
( 2 1 )by  t h e  p ro c e d u re  o f  7 /e i tz  c o n f irm e d  th e  p r e s e n c e  o f  a  

do ub le  bond c o n ju g a te d  w i th  t h e  k e to n ic  g ro u p .

Thus, v / i th  t h e s e  r e s u l t s  i n  ag reem ent w i t h ,  and c o n 

f i r m in g  t h e  p ro p o se d  s t r u c t u r e  (XIV),  S t .P f a u  and P l a t t n e r  

co n c lu d ed  t h e i r  r e s e a r c h .
( 2 2 )

The work was c o n t in u e d  by Naves and P e r r o t e t  

w i th  a  com parison  o f  t h e  c h e m ic a l  and p h y s i c a l  c h a r a c t e r i s t 

i c s  o f  0 < - J 3  - v e t i v o n e ,  o b ta in e d  from t h e i r  r e s p e c t i v e

se m ic a rb a z o n e s .  B o th  k e to n e s  gave d i f f e r e n t  c o l o u r a t i o n s  

w i th  a l c o h o l i c  sodium h y d ro x id e  and w i th  L e g a l 1s r e a g e n t  

(sodium  n i t r o p r u s s i d e ) .

D e h y d ro g en a tio n  o f  b o th  compounds gave s i m i l a r  y i e l d s  

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

o f  an i d e n t i c a l  c a rb o n  s k e l e t o n  i n  t h e  k e to n e s  w i th  t h e  

c a rb o n y l  group i n  t h e  same p o s i t i o n .  O z o n o ly s is  ofQ£ - and



- v e t i v o n e  and o f  th e  c o r r e s p o n d in g  a n d - v e t i  v an es  

w i th  th e  f o r m a t io n  o f  a c e to n e ,  fo rm ald eh y d e  and fo rm ic  

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

t h e  Raman s p e c t r a  o f  t h e  k e to n e s ,  p a r a c h o r s ,  r e f r a c t i o n  

d i s p e r s i o n s  and d i p o le  moments were m easured  and r e c o r d e d ;  

u l t r a - v i o l e t  a b s o r p t io n  c u rv e s  were a l s o  o b t a i n e d .  The 

a u th o r s  c o n c lu d e d  t h a t  oc - a n d ^ 7 - v e t i v o n e s  a re  s t e r e o 

iso m e rs  and have t h e  same p la n e  p r o j e c t i o n  fo rm ula*



2 1 .

S y n th e t i c  A pproaches to  T e t r a h y d r o v e t i v o n e .

I n  th e  s y n t h e s i s  o f  v e t i v a z u l e n e  by  G oats  and 

Cook^®^ a  c o n d e n s a t io n  b e tw ee n  e t h y l - 4 - i s o p r o p y l c y c l o -

p e n ta n o n e - 2 - c a r b o x y la t e  ( I )  and t £  -hexen-^* -o n e  ( I I )

gave an i n t e r m e d i a t e  k e t o - e s t e r  ( I I I ) ,  w hich  was c o n v e r te d

by d e c a r b e t h o x y la t io n  and th e n  r e d a c t i o n  t o  a m ix tu r e  o f

d i c y c l i c  k e to n e s  r e p r e s e n t e d  b y  th e  s t r u c t u r e  ( V ) • These

a u th o r s  succeed ed  i n  i s o l a t i n g ,  by way o f  th e  s e m ic a rb a z o n e ,

a p u re  c o n s t i t u e n t  o f  th e  m ix tu r e :  th e  m e l t in g  p o i n t  o f

t h i s  sem ica rb azo n e  was n o t  v e ry  d i f f e r e n t  from  t h a t  o f  th e

same d e r i v a t i v e  o f  4 : 7 - d im e th y l - 2 - i s o p r o g y l - 5 -h y d r in d a n o n e
(24)

(V) o b ta in e d  by  S t .  P fa u  and P l a t t n e r  by d e g r a d a t i o n  of

t e t r a h y d r o * y t f - v e t iv o n e  (VI) o b ta in e d  from  n a t u r a l y ^ - v e t i -  

v o n e . I t  was p ro p o se d  to  p r e p a r e  a f u r t h e r  q u a n t i t y  o f  

t h i s  d i c y c l i c  k e to n e  (V) and to  e x p lo r e  v a r io u s  m ethods 

w hich  m igh t l e a d  to  a  s y n t h e s i s  o f  t e t r a h y d r o - v e t i v o n e  (VI) .

COOCt Hs

( I ) ( I I ) ( I I I )

—>■ k^i -> xi~y°
(IV) (V) ( VI)



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

q u a n t i t y  o f  p - i s o p r o p y lp h e n o l  (V II)  which c o u ld  b e  c o n -
(23)v e r t e d ,  i n  t h e  m anner d e s c r i b e d  by  G oats  and Cook to  

e th y l - 4 - i s o p r o p y lc y o l o p e n t a n o n e - 2 - c a r b o z y l a t e  ( I ) t

Raney

Tolu
ene

O n
is i  tor

M c k e l

(VII)
A l i t e r a t u r e  s u rv e y  of t h e  m ethods a v a i l a b l e  f o r  

th e  p r e p a r a t i o n  o f  t h i s  i n t e r m e d i a t e  su g g e s te d  an  a l t e r n a t 

iv e  method to  t h a t  u se d  by  th e  above a u th o r s  and w hich  

m igh t be  more l a b o u r - s a v i n g .  T h is  c o n s i s t e d  i n  c o n d e n s in g  

p h e n o l  w i th  a c e to n e ,  i s o l a t i n g  t h e  c o n d e n s a t io n  p ro d u c t  

( V I I I ) ,  and b y  h y d ro g e n © ly s is ,  c l e a v in g  th e  c a rb o n  to  

c a rb o n  l in k a g e  to  o b t a i n  e i t h e r  p - i s o p r o p y l  p h e n o l  o r  p - 

i s o p r o p y l c y c lo h e x a n o l *

H O CH:

H O

H O

HO

(25)V. B raun p r e p a re d  b o th  p - i s o p r o p y lc y c lo h e x a n o l

and p - i s o p r o p y lp h e n o l  by  u s in g  d i f f e r e n t  n i c k e l  c a t a l y s t s ,

b u t  i n  t h e  p a p e r  c i t e d  he  makes no m en t io n  o f  t h e  ty p e  o f

c a t a l y s t  he employed o r  i t s  m ethod o f  p r e p a r a t i o n .  C la im s
(26 27)

i n  s e v e r a l  p a t e n t s  ’ i n d i c a t e d  t h a t  t h e  m ethod c o u ld



b e  worked w i th  a  v a r i e t y  o f  c a t a l y s t s  and i n  one c a s e  

a  m ixed c a t a l y s t  ( n i c k e l - m a n g a n e s e - k i e s e lg u h r )  was p r e 

p a re d  and th e  h y d r o g e n a t io n  i n v e s t i g a t e d .  The r e s u l t s ,  

how ever, d id  n o t  j u s t i f y  a  c o n t i n u a t i o n  of t h i s  method and

th e  t r o u b l e  i n  p r e p a r in g  th e  r e q u i r e d  q u a n t i t i e s  o f  s u p p o r t -
(28)

ed c a t a l y s t  would have  b e e n  c o n s i d e r a b l e .  Raney n i c k e l  

gave p o o r  r e s u l t s  i n  c l e a v i n g  th e  compound so i t  was d e 

c id e d  to  i n v e s t i g a t e  th e  use o f  tTc o p p e r  c h ro m i te 11, a l th o u g h

t h e r e  was no e n c o u ra g in g  e v id e n c e  t h a t  i t  c o u ld  be  u sed  to
( 29 . 30 )c le a v e  c a rb o n  to  c a rb o n  bonds . H igh t e m p e r a tu re

and p r e s s u r e  h y d ro g e n a t io n  o f  th e  c ru d e  c o n d e n s a t io n  p r o 

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

c le a v e  th e  compound s u f f i c i e n t l y  to  j u s t i f y  u s in g  th e  method 

f o r  p r e p a r a t o r y  p u r p o s e s .  / / * •  - b i s - ( p -h y d ro x y p h en y l)  

p ro p an e  ( T i l l )  was c le a v e d  to  t h e  e x t e n t  o f  60-70$  g i v in g  

a  30-35$ y i e l d  o f  p - i s o p r o p y lp h e n o l  b a se d  on th e  c ru d e  c o n 

d e n s a t i o n  p r o d u c t  ( m. p .  o a  1 0 0 ° ) .  More th a n  a  k i lo g ra m  o f  

p - i s o p r o p y lp h e n o l  was p re p a re d  i n  t h i s  way. R e h y d ro g e n a t io n  

o v e r  Raney n i c k e l  gave p - i s o p r o p y l c y c l o h e x a n o l  . The

a lc o h o l  was o x id i s e d  to  p - i s o p r o p y l  a d ip i c  a c id  by  t h e
(2 3 .3 1 )

method used  by  G oats  and Gook * : i n  th e  c a s e  o f  th e

a u th o r ,  t h e  a c id  was o b ta in e d  as a  s o l i d  i n  78$ y i e l d .

Ring c lo s u r e  by th e  Dieckman p ro c e d u re  gave th e  r e q u i r e d  

k e t o - e s t e r  ( I ) .  The u n s a t u r a t e d  k e to n e ,  - h e x e n - ^  -

one ( I I )  r e q u i r e d  f o r  th e  R obinson  c o n d e n s a t io n ^ 2 3 *4 9 ^, was



(32  33)found  d i f f i c u l t  t o  p r e p a r e  b y  t h e  B l a i s e  r e a c t i o n  * 

and , a f t e r  p e r fo rm in g  a  few t ro u b le so m e  r e a c t i o n s ,  i t  was 

d e c id e d  to  p r e p a r e  a  b lo c k  o f  z in c  from  a r s e n i c - f r e e  z in c  

ro d s  and m i l l  t h i s  down a s  r e q u i r e d .  T h is  p ro c e d u re  gave 

good r e s u l t s .  The r e a c t i o n  can  be i n i t i a t e d  by  a d d in g  

one c c .  o f  p y r id in e *  p e r  h a l f  m ol. o f  p r o p i o n i t r i l e .

C o n d e n sa t io n  b e tw ee n  th e  k e to  e s t e r  ( I )  and th e  

u n s a t u r a t e d  k e to n e  ( I I )  to  g iv e  th e  compound ( I I I )  was 

c a r r i e d  o u t  i n  d ry  a l c o h o l i c  sodium e th o x id e  and th e  un

s a t u r a t e d  p r o d u c t  ( i l l )  i s o l a t e d  and d i s t i l l e d .  D eca r-  

b e t h o x y l a t i o n  was acc o m p lish e d  by  th e  method u se d  by  C o a ts  

and Cook.

The u n s a t u r a t e d  k e to n e  (IT )  gave a  sem ic a rb a zo n e  

and oxime which were homogeneous, and th e  q u a n t i t a t i v e  

p r e p a r a t i o n  o f  th e  sem ica rb azo n e  i n d i c a t e d  t h a t  t h e  c o n 

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

w i th  o x a l i c  a c id  i n  steam  gave t h e  p u re  u n s a t u r a t e d  k e to n e  

( I T ) .  H y d ro g e n a t io n  o f  th e  m a t e r i a l  o v e r  p a l la d iu m  gave a  

m ix tu re  o f  s t e r e o i s o m e r i c  k e to n e s  (T) and one p u re  component 

( iso m e r  A) was i s o l a t e d  th ro u g h  i t s  s e m ic a rb a zo n e  w i th  a  y i e l d  

com parab le  to  t h a t  o b ta in e d  by  C o a ts  and Cook, who h y d ro 

g e n a te d  t h e  c ru d e  m a t e r i a l .  I n  d e a l in g  w i th  t h e  m ain  b u lk  

o f  u n s a t u r a t e d  m a t e r i a l ,  t h e r e f o r e ,  h y d r o g e n a t io n  was 

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

k e to n e  ( IT )  by  way o f  t h e  se m ic a rb a z o n e .



The s t e r e o o h e m i c a l ly  p u re  4 s7 - d i m e t h y l - 2 - i s o p r o p y l -

5 -h y n d r in d an o n e  was o b ta in e d  by  steam  d i s t i l l a t i o n  o f  t b e  

sem ic a rb a zo n e  w i t b  2,0$ s u l p h u r i c  a c i d .  S i m i l a r  t r e a tm e n t  

o f  t h e  gummy m ix tu r e  o f  se m ic a rb a z o n e s ,  o b ta in e d  by  d i l a t 

in g  th e  .aqueous m o th e r  l i q u o r s  from which t h e  p u re  d e r i v a 

t i v e  had  b e e n  o b ta in e d ,  gave a  c ru d e  m ix tu r e  o f  s t e r e o - 

i s o m e r ic  k e t o n e s .

H y d ro g e n a t io n  o f  t h e  u n s a t u r a t e d  k e to n e  (IV) w i th  

a  p a l la d iu m  s t r o n t iu m  c a r b o n a te  c a t a l y s t  u n d e r  p r e s s u r e  

gave a  m ix tu r e  o f  s t e r e o i s o m e r io  k e to n e s  w h ich , on t r e a tm e n t  

w i th  s e m ic a rb a z id e  h y d r o c h lo r id e  and p o ta s s iu m  a c e t a t e ,  

gave , a f t e r  some d i f f i c u l t y ,  a  c r y s t a l l i n e  d e r i v a t i v e  

m e l t in g  s h a r p l y ,  1 75 -17 6o s .

By s team  d i s t i l l a t i o n  o f  t h i s  sem ica rb azo n e  w i th

20$  a n o th e r  p u re  iso m er  o f  (7 ) ( i so m e r  B) was o b t a i n 

e d .  R e co n v e rs io n  to  th e  se m ica rb azo n e  gave a  compound 

w i th  t h e  same m e l t in g  p o i n t  a s  b e f o r e .

The p ro b lem , a t  t h i s  s t a g e ,  was to  f i n d  t h e  m ost

s u i t a b l e  way whereby t h e  six-m em bered  r i n g  c o u ld  be  e n la r g e d

e i t h e r  by  a  d i r e c t  r e - a r r a n g e m e n t  o r  by o x i d a t i v e  o r  o t h e r  

m ethods o f  d e g r a d a t io n  fo l lo w e d  by r e b u i l d i n g ,  to  f o r a  a

T h is  d e r i v a t i v e  h a s  b e e n  found  to  g iv e  no d e p r e s s io n  i n  
m e l t in g  p o i n t  on a d m ix tu re  w i th  t h e  sem ica rb azo n e  o f  m .p .  
167-168° o f  th e  iso m er  o b ta in e d  by  G oats  and Gook on t r e a t 
ment o f  iso m er  A w i th  d iazom eth an e  •



seven-m embered r i n g  w i th  t h e  k e to  group o r i e n t e d  sym m etr i

c a l l y  w i th  r e s p e c t  to  th e  r e s t  o f  th e  m o le c u le .  C o a ts  and 

Cook a t te m p te d  to  a c h ie v e  such  an e n la rg e m e n t  by  t h e  a c t i o n  

o f  d iaa o m e th an e ,  b a t  t h e  k e to n e  w hich  t h e y  i s o l a t e d  p ro v ed  

to  be an iso m e r  o f  (V ), a l th o a g h  t h e  i s o l a t i o n  o f  v e t i -  

v a z u le n e  from th e  p r o d a c t s  o f  d e h y d ro g e n a t io n  i n d i c a t e d  

t h a t  some r i n g  e n la rg em en t h a d ,  i n  f a c t ,  t a k e n  p l a c e .  An 

a t t r a c t i v e  m ethod o f  r i n g  e n la rg em en t  was c o n s id e r e d ;  t h i s  

in v o lv e d  t h e  p r e p a r a t i o n  o f  th e  c y a n h y d r in ,  i t s  r e d a c t i o n  

by  p la t in u m  to  th e  bydrox y -am ine , and by  t r e a tm e n t  w i th  

n i t r o u s  a c id  to  o b t a i n  th e  homologous c y c l i c  k e to n e  by  r e 

a rran g em en t
N  v ^ O H  / O H  .
o = 0 ------->  )c  --------- >  X   > 6  = 0

/  * XCH CBLHH |
* 2  -C H 2

I t  was th o u g h t ,  how ever, t h a t ,  by a n a lo g y  w i th  known 

e x a m p l e s 36^ , t h e  above method would g iv e  a  k e to n e  

w i th  t h e  o a rb o n y l  f u n c t i o n  o r i e n t e d  d i f f e r e n t l y  from  t h a t  

i n  t e t r a h y d r o v e t i v o n e :

The method w as, t h e r e f o r e ,  n o t  a t t e m p te d .

The o x i d a t i o n  o f  t h e  h y d r in d a n o n e  (V) t o  (2 -

a c e t y l - 4 - i s o p r o p y lc y c lo p e n ty l )  b u t y r i c  a c i d  (IX) h a d  b e e n
(23)i n v e s t i g a t e d  by  C oa ts  and Cook and i t  was hoped  t h a t ,  

by  v a r y in g  t h e  e x p e r im e n ta l  c o n d i t i o n s ,  a  method m igh t be



o b ta in e d  w hich  w ould g iv e  a  s u i t a b l e  y i e l d  o f  k e t o - a c i d s  - 

two s t e r e o i s o m e r i c  k e t o - a c i d s  w ere  o b ta in e d  by  o x i d a t i o n  

o f  t h e  m ix tu re  o f  s t e r e o i s o m e r i c  k e to n e s .  tfrom one o f  

t h e s e  a c id s  i t  m ig h t b e  p o s s i b l e  to  o b t a i n  th e  d e s i r e d  p r o 

d u c t  by  th e  u se  o f  a H efo rm atsky  r e a c t i o n :

ooh

( I X ) HO

O x id a t io n  e x p e r im e n ts  w i th  chrom ic a c i d ,  v a ry in g

th e  c o n c e n t r a t i o n ,  te m p e ra tu re  and t im e  o f  r e a c t i o n  on th e  

p u re  k e to n e  and on th e  c ru d e  m ix tu re  o f  k e to n e s  gave r e s u l t s  

com parab le  to  th o s e  o b ta in e d  by  G oats  and Cook, b u t  no im

provem ent i n  y i e l d  c o u ld  be o b t a i n e d .  A m ethod o f  o x id a -
(37)

t i o n  d e s c r ib e d  by  T r ie b s  w i th  hy d rogen  p e ro x id e  and

vanadium  p e n to x id e  c a t a l y s t  gave  p r a c t i c a l l y  no k e t o - a o i d .

The f r e e  a o id  was i s o l a t e d  i n  s m a l l  y i e l d ,  when an  a t t e m p t

was made to  o b ta in  th e  oxime o f  t h e  k e t o - a c i d  by  th e  a c t i o n

o f  amyl n i t r i t e  and c o n c e n t r a t e d  h y d r o c h lo r i c  a o id :  such  an
/ g o )

e x p e r im e n t  gave p ro m is in g  r e s u l t s  w i th  t e t r a h y d r o o a r t ’o ne ' ' .

f*l —* (̂ ao*
I n  view o f  t h e  u n p ro m is in g  n a t u r e  o f  t h e s e  a t t e m p t s ,  

o x i d a t i o n  e x p e r im e n ts  w ere  a t  t h i s  s t a g e  su spended  and th e  

f o l lo w in g  scheme a t te m p te d * -



2 8 .

CHOH M o W

(X)

OOH

( XI ) ( X I I )

( 3 9 ,4 0 ,4 4 )
S ev era l a n a lo g ie s  are a v a i la b le  , e . g . ,

(39)
R o z io ta ,  Sch inz  and S e id e l  p r e p a r e d  1 , 1 , 6 - t r i m e f b y l -  

o y o lo h .ep tan e -4 -o n e  ( Z I I I )  b y  a  somewhat s i m i l a r  s e r i e s  o f  

r e a c t i o n s  from  d ih y d ro - is o p h o ro n e

- \ > o  \ ^  u ,
Ht O M

h l c o o h

( X I I I )



A&ipic a o id  h a s  b e e n  c o n v e r t e d  to  s u b e r i c  a c i d  and

s e b a c ic  a c i d  to  d e c a n e - 1 - 1 0 - d i e a r b o x y l i c  a c i d  th ro u g h  t h e
(41 )

b ±'3 d iazo  k e to n e s  i n  t h e  A r n d t - E i s t e r t  p ro c e d u re  , th u s  

i n t r o d u c i n g  two m e th y le n e  g ro u p s  i n t o  a  d i c a r b o x y l i c  a c id  

i n  one o p e r a t i o n ^ 2 , . I t  v/as hoped t h a t  1 - i s o p r o p y l -  

e y c l o p e n t a n e - 5 : 4 - b i s ( y t f - b u t y r i c  a c id )  (X II)  c o u ld  b e  ob

t a i n e d  by t h i s  method* A t r i a l  A r a d t - E i s t e r t  w i t h  j 3  -  

i s o  p ro p y l  a d ip i c  a c i d  gave e v e n t u a l l y  a  s m a l l  amount o f  

c r y s t a l l i n e  - i s o p r o p y l  s u b e r i c  a c i d  (XIY)

V5
I I

CH .CH-COQH ------------ >  CH •CH „CH n .COOH| 2 | 2 2
CH^OHgOOCE G H g .C H g .C H  GOGH

(XIY)

The p r e p a r a t i o n  o f  th e  hy d roxym ethy lene  compound (X) 

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

sm a l l  amount o f  p u re  iso m er  a v a i l a b l e  w i th  w h ich  to  con

d u c t  e x p lo r a to r y  e x p e r im e n ts .  P o o r  r e s u l t s  w ere  o b ta in e d  

w i th  sodium w ire  w i th  benzene  o r  t o lu e n e  as  s o l v e n t s  o r  by  

u s in g  a lc o h o l  f r e e  sodium e th o x id e  i n  e t h e r .  By u s in g  a  

l a r g e  e x c e s s  o f  b o th  a to m ised  sodium and e t h y l  f o r n a t e ,  

and w i th  e t h e r  as  s o l v e n t ,  good r e s u l t s  were o b ta in e d  w i th  

1  gram q u a n t i t i e s ,  b o th  o f  th e  s t e r e o c h e m ic a l l y  p u re  k e to n e  

and t h e  c ru d e  m ix tu re  o f  s te reo iso m eric  k e to n e s ,  b u t  e x p e r i 

m en ts  w i th  l a r g e r  q u a n t i t i e s  o f  th e  m ixed k e to n e s  gave 

v a ry in g  r e s u l t s .  The hydroxym ethy lene  d e r i v a t i v e  from th e



p u re  k e to n e  ( i s o m e r  A) was s o l u b l e  i n  a l k a l i  and gave sin 

i n t e n s e  v i o l e t  c o l o u r a t i o n  w i t h  f e r r i c  c h l o r i d e .  I t  

form ed a  y e l lo w ,  s l i g h t l y  v i s c o u s ,  o i l  w h ich  d id  n o t  

c r y s t a l l i s e  even a f t e r  s t a n d in g  f o r  s e v e r a l  m onths ( a l t h o u g h  

a  tw ic e  d i s t i l l e d  sam ple k e p t  i n  a  r e f r i g e r a t o r  f o r  a  lo n g  

p e r io d  h a s  shown some te n d e n c y  to  s o l i d i f i c a t i o n )  • D u rin g  

t h e  p r e p a r a t i o n  o f  th e  hydroxy m ethy lene  compound a  s o l i d  

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

m ix tu r e .  The same compound was a l s o  o b ta in e d  on r e c o v e r y  

o f  t h e  k e to n e  from t h e  n e u t r a l  f r a c t i o n  o f  t h e  e x p e r im e n t ,  

d i s t i l l i n g  a t  a  s l i g h t l y  h i g h e r  te m p e r a tu re  t h a n  t h e  k e to n e  

and c r y s t a l l i s i n g  o u t  from th e  l a s t  compound on s t a n d i n g .

I t  c r y s t a l l i s e d  i n  c o l o u r l e s s  g l i s t e n i n g  f l a k e s  from  d i l u t e  

a c e t i c  a c i d ,  i n  l a r g e  f l a t  diamond shap ed  c r y s t a l s  from  

more c o n c e n t r a t e d  a c e t i c  a c id ,  and h ad  m .p .  6 9 -7 0 ° ;  sam ples  

o f  t h e  compound d e v e lo p ed  a  r e d d i s h  c o l o u r a t i o n  on s t a n d i n g .  

A n a ly s i s  f i g u r e s  i n d i c a t e d  t h a t  th e  s u b s ta n c e  i s  i s o m e r ic  

w i th  t h e  hydroxym ethy len e  compound. A s i m i l a r  compound 

was i s o l a t e d  d u r in g  t h e  p r e p a r a t i o n  o f  t h e  h yd rox ym ethy lene  

d e r i v a t i v e  o f  iso m e r  B . T h is  compound d id  n o t  d e p r e s s  th e  

m e l t i n g  p o i n t  o f  t h e  m a t e r i a l  o b ta in e d  from  iso m e r  A and 

gave a  sem ic a rb a zo n e ,  m .p .  2 0 6 -2 0 8 ° . R e s u l t s  o f  a n a l y s i s  

o f  t h i s  s e m ic a rb a zo n e  a re  u n f o r t u n a t e l y  n o t  a v a i l a b l e  a t  t h e  

moment* ( o f .  page 6 4 a ) .

The o x i d a t i o n  o f  t h e  hydro xym eth y lene  compound 

( iso m e r  A) was c a r r i e d  o u t  w i th  b o th  chrom ic  a c id  i n  a c e t i c



a c id  and p o ta s s iu m  pe rm angana te  i n  i c e - c o l d  a l k a l i n e  

s o l u t i o n .  The s o l i d  d i b a s i c  a c i d ,  m .p .  156° (X I ) ,  

c r y s t a l l i s e d  w e l l  and gave c o r r e c t  a n a l y t i c a l  f i g u r e s .

I t  was f u r t h e r  c h a r a c t e r i s e d  by  t h e  p r e p a r a t i o n  o f  a  b i s  

(p -p h e n y lp h e n a c y l)  e s t e r .  The same a c i d ,  m .p .  1 5 3 ° ,  

s o f t e n i n g  14-3°, was i s o l a t e d  i n  m in u te  y i e l d  from  t h e  gummy 

m ix tu re  o f  a c id s  o b ta in e d  by  o x i d a t i o n  o f  th e  h y d ro x y m e th y l

ene d e r i v a t i v e s  from th e  c ru d e  m ix tu re  o f  s t e r e o i s o m e r i c  

k e to n e s .  O x id a t io n  o f  th e  hyd roxym ethy lene  compound 

o b ta in e d  from  iso m er  B, gave an a c id  w hich  c o u ld  n o t  be  

o b ta in e d  s o l i d .  The p -p h e n y lp h e n a c y l  d e r i v a t i v e  d id  n o t  

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

a lc o h o l  gave a  p ro d u c t  o f  m .p .  1 3 2 -1 4 6 ° , unchanged by  

f u r t h e r  c r y s t a l l i s a t i o n  from  a lc o h o l  and showing p r a c t i c a l l y  

no d e p r e s s io n  on a d m ix tu re  w i th  th e  p -p h e n y lp h e n a c y l  e s t e r  

(m .p .  154°) o f  t h e  a c i d  from t h e  iso m er  A s e r i e s  (m ixed 

m .p .  1 3 0 -1 4 6 ° ) .

T rea tm en t  o f  t h e  a c id  c h l o r i d e  o f  t h e  c r y s t a l l i n e  

a o id  (XI) w i th  d iazom ethane  gave a  c r y s t a l l i n e  b i s  d iaz o  

k e to n e  w hich r e - a r r a n g e d  to  a  d iam ide  w hich  was n o t  p u r i f i e d  

H y d r o ly s i s  w i th  aqueous a l k a l i  gave th e  r e q u i r e d  d i b a s i c  

a c id  ( X I I ) ,  c r y s t a l l i s i n g  w e l l  from  d i l u t e  a c e t i c  a c i d .  

D i s t i l l a t i o n  o f  t h e  th o r iu m  s a l t  o f  t h i s  a c i d ,  n e u t r a l i s e d  

w i th  s t a n d a r d  sodium h y d ro x id e  and p r e c i p i t a t e d  i n  aqueous 

a l c o h o l i c  s o l u t i o n  w i th  th o r iu m  n i t r a t e ,  gave  a  m in u te



amount o f  red -b ro w n  d i s t i l l a t e  ( m e t a l - b a t h  2 5 0 - 3 0 0 ° / .2  ram.) 

w i th  a  k e to n i c  o d o u r .  An a t te m p t  t o  o b t a i n  a  c r y s t a l l i n e  

se m ic a rb a zo n e  was u n s u c c e s s f u l .

At t h i s  s t a g e ,  i t  was d e c id e d  to  a t t e m p t  tb e  p r e 

p a r a t i o n  o f  t b e  n e c e s s a r y  d i b a s i c  a c id  (XI) by  a n o th e r  

schem e. T h is  e n v is a g e d  th e  fo l lo w in g  r e a c t i o n s : -

(XV)
o

(XVI)

7
' 0

( x v n ) (XV III)

CNtĤ OOCjHy
Hfiocj »s

OÔ U,

60^ H{

COO N yOOCjH,' nY ^* iy< »4
0&etitiOAyyt.Frr/oN

A s i m i l a r  schema was u sed  b y  l i n s t e a d  and Meade 

t o  o b t a i n  (XIX)

(45)

dCOOf,H,-

■> S — i / C a o c ,

CN

(XIX)



A c o n d e n s a t io n  o f  a  s i m i l a r  ty p e  ( I  ---- ^  X V III)

u s in g  o i -bromo p r o p io n ic  e s t e r  h a s  a l s o  b e e n  c a r r i e d  o u t  b y  

H nzioka  .

The s u c c e s s  o f  such  a  scheme i n  o u r  own c a s e  would

depend upon th e  q u a n t i t y  o f  s t e r e o c h e m ic a l l y  p u re  e s t e r  

(X V III) o b ta in e d  as  i n d i c a t e d  by  a  q u a n t i t a t i v e  p r e p a r a t i o n  

o f  a  c r y s t a l l i n e  se m ic a rb a z o n e .

C o n d e n sa t io n  be tw een  t h e  k e t o - e s t e r  ( I )  and e t h y l  

c < -b ro m o p ro p io n a te  (xv) • was c a r r i e d  out a t  -15°C i n  a l 

c o h o l ic  sodium e th o x id e  and th e  n e u t r a l  f r a c t i o n  from  th e  

c o n d e n s a t io n  i s o l a t e d  and d i s t i l l e d .  Two i l l - d e f i n e d  

f r a c t i o n s  w ere o f t a i n e d  a f t e r  rem oval o f  lo w e r  b o i l i n g  

m a t e r i a l*  The m a jo r  f r a c t i o n  was h y d r o l i s e d  and d e c a r -  

b o x y la t e d  by  b o i l i n g  f o r  6  h o u r s  w ith  c o n c e n t r a t e d  h y d ro 

c h l o r i c  a c i d .  F o llo w in g  t h e  p ro c e d u re  o f  L in s t e a d  and 

Meade, t h e  c ru d e  p ro d u c t  was e s t e r i f i e d  by  a l lo v / in g  i t  to  

s t a n d  o v e rn ig h t  a t  room te m p e r a tu re  w i th  a b s o l u te  a l c o h o l  

s a t u r a t e d  w i th  h y d r o c h lo r i c  a c i d ,  and t h e  e s t e r  i s o l a t e d  b y  

d i s t i l l a t i o n .  A se m ica rb azo n e  was e a s i l y  o b ta in e d ,  c r y s t a l 

l i s i n g  w e l l  i n  lo n g  c o l o u r l e s s  b l a d e s ,  b u t  i n  d i s a p p o i n t i n g 

l y  low y i e l d .  A n a ly s is  f i g u r e s  w ere  n o t  good i n  s p i t e  o f  

r e p e a t e d  c r y s t a l l i s a t i o n  and i n d i c a t e d  p e rh a p s  some c o n 

ta m in a t io n  by  a  s m a l l  amount o f  a n o th e r  k e to n ic  c o n s t i t u e n t .  

The p r o d u c t ,  form ed by  th e  h y d r o l y s i s  w i th  c o n c e n t r a t e d  

h y d r o c h lo r i c  a c i d ,  was f u r t h e r  i n v e s t i g a t e d .  A c id ic  m a t e r i a l



was s e p a r a t e d  w i th  sodium c a r b o n a te  and form ed an  o i l  w hich  

c o a id  n o t  be  o b ta in e d  s o l i d  and d id  n o t  form  a  s e m ic a rb a z o n e .  

A n e a t r a l  l i q u i d  rem ained  w h ich , when b o i l e d  w i t h  aqueous 

m e th a n o l ic  sodium h y d ro x id e ,  gave a s o l i d .  T h is  oompound 

c r y s t a l l i s e d  i n  g l i s t e n i n g  p l a t e s ,  m .p .  72 -74 °  from  

aqueous m e th y l  a lc o h o l  and gave a  r e d  p r e c i p i t a t e  w i th  

2 : 4 - d i n i t r o p h e n y l h y d r a z i n e .  A n a ly s i s ,  m e l t i n g - p o i n t ,  and 

a p p ea ra n c e  s u g g e s te d  t h a t  th e  compound was d i - i s o p r o p y l  

c y c lo p e n ty l id e n e  c y c lo p e n ta n o n e  (XX) w h ich  was a l s o  o b ta in e d  

as  a  b y e -p r o d u c t  i n  a  c o n d e n s a t io n  b y  G oats  and Cook.

(XX)
The c o n d e n s a t io n  b e tw ee n  th e  k e to  e s t e r  and e t h y l  

o c -b ro m o p ro p io n a te  was a l s o  c a r r i e d  o u t  v / i th  a to m ise d  sodium 

and b enzene  a s  s o l v e n t ,  and th e  p r o d u c t  i s o l a t e d  by  d i s 

t i l l a t i o n  and h y d r o l i s e d  and d e c a rb o x y la te d  a s  b e f o r e .  I n  

t h i s  c a s e  oC  ( 2 - k e t o - 4 - i s o p r o p y l c y c lo p e n ty l ) - p r o p i o n i o  a c i d  

(XYII) was i s o l a t e d  as  a  s o l i d ,  c r y s t a l l i s i n g  w e l l  and g i v 

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

y i e l d  to  j u s t i f y  p u r s u in g  t h i s  schem e.

The a t te m p t  w as, t h e r e f o r e  abandoned and a t t e n t i o n  

d i r e c t e d  on t h e  m ix tu re  o f a c id s  (XI) w hich h ad  a cc u m u la te d  

from  numerous o x i d a t i o n s  o f  t h e  hy d roxym ethy lene  d e r i v a t i v e s  

(X) o b ta in e d  from th e  v a r io u s  m ix tu r e s  o f  s t e r e o i s o m e r i c



k e to n e s  (Y)‘ . T h is  gummy m a t e r i a l  s u c c e s s f u l l y  underw en t 

t h e  A m d t - 3 i s t e r t .  h o m o lo g a t io n  p r o c e s s  g i v in g  t h e  f i n a l  

c ru d e  a c i d i c  p r o d u c t  (X II)  i n  good y i e l d .  T rea tm en t  o f  

t h e  gum w ith  f r e s h l y  p r e c i p i t a t e d  th o r iu m  h y d r o x id e ,  ro u g h 

l y  d r i e d  on a  po ro u s  p l a t e ,  g av e , a f t e r  h e a t i n g  and d r y in g  

t h e  m ix tu r e  i n  vacuo , a  brown amorphous s o l i d .  P y r o l y s i s  

o f  t h i s  s a l t  i n  vacuo gave  a  d a rk  brown v i s c o u s  d i s t i l l a t e  

w i th  an i n t e n s e  p l a n t - l i k e  k e to n io  o d o u r .  T h is  l i q u i d  was 

d i s s o l v e d  i n  e t h e r ,  t h e  e t h e r  washed w i th  sodium c a r b o n a t e ,  

and t h e  p ro d u c t  r e - d i s t i l l e d ,  from an a i r - b a t h .  Two 

f r a c t i o n s  were o b ta in e d :  t h e  f i r s t ,  a  l i g h t  brown m o b ile

o i l  and t h e  second , a  brown v i s c o u s  l i q u i d .  T rea tm en t  o f  

b o th  f r a c t i o n s  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 n  an  a t t e m p t  

to  o b t a i n  a  c r y s t a l l i n e  d e r i v a t i v e ,  gave o n ly  unhomogeneous 

gummy r e d  p r e c i p i t a t e s .  A d u l l - r e d  amorphous, low m e l t in g  

s o l i d  (m .p .  6 0 -74 °)  was e v e n t u a l l y  o b ta in e d  from an  a l c o h o l i c  

s o l u t i o n  b u t  i t  c o u ld  n o t  be o b ta in e d  i n  a  s t a t e  o f  a n a l y t i c a l  

p u r i t y .  The powder i s  p o s s i b l y  a  m ix tu re  o f  i so m e r ic  

2 :4 - d in i t r o p h e n y lh y d r a z o n e s  o f  th e  r e q u i r e d  t e t r a h y d r o v e t i v o n e  

( Y I ) .  Owing t o  s h o r t a g e  o f  s t e r e o c h e m ic a l l y  pu re  d i c y c l i c  

k e to n e  (Y ), th e  r e s e a r c h  h as  n o t  been  c a r r i e d  beyond t h i s  

p o i n t .  I t  had  b een  hoped t h a t  th e  e x p e r im e n ta l  work l e a d 

in g  to  t h e  p r o d u c t io n  o f  t h e  s t e r e o c h e m ic a l l y  p u re  1 - i s o p r o p y l - 

c y c lo p e n ta n e - 3 :4  b i s  { p - b u t y r i c  a c id )  (X II)  c o u ld  b e  r e p e a t e d ,  

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



t h e  u n f o r t u n a t e  c o u rs e  o f  a  h y d r o g e n a t io n  o f  t h e  i n t e r 

m e d ia te  u n s a t u r a t e d  k e to n e  (IV) w i th  a  p a l l a d i s e d  s t r o n 

t iu m  c a r b o n a te  c a t a l y s t  g iv in g  r i s e  t o  d i f f e r e n t  s t e r e o 

iso m e rs  o f  4 : 7 - d im e th y l -2 - i s o p r o p y l - 5 -h y d r in d a n o n e  p r e 

v e n te d  t h i s  from  b e in g  c a r r i e d  o u t .  The s y n t h e t i c  

d i f f i c u l t i e s ,  combined w i th  t h e  p rob lem  o f  s t e r e o i s o m e r s ,  

makes t h e  c o n s t r u c t i o n  o f  a  m o le c u le  o f  t h e  - v e t i v o n e  

ty p e  a m a t t e r  o f  c o n s i d e r a b l e  i n t e r e s t ,  and th e  a u th o r
i

lo o k s  fo rw a rd  to  t h e  p u b l i c a t i o n  o f  t h e  r e s u l t s  o f  o t h e r  

w o rk e rs  i n  t h i s  f i e l d .
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-1313 (p -h y d ro x y p h en y l)  p ro p an e  ( V I I I ) .

The m ethod used  by  Z i n c k e ^ ^  was fo un d  t o  b e
(25)s u p e r i o r  t o  t h a t  i n d i c a t e d  b y  J . v .  B raun

A p ro d u c t  s u i t a b l e  f o r  "h y d rogena tio n  was o b ta in e d  

by  a l lo w in g  com m erc ial p h e n o l  (1050 g . ) , a c e to n e  (150  - 

160 g . ) ,  and fum ing h y d r o c h lo r i c  a c id  (105 g . ;  S.Gr. 1*19) t 

to  s t a n d  f o r  2 - 3  days a t  36°G i n  a  t i g h t l y  s to p p e r e d  Win

c h e s t e r .  The p r o d u c t  was s t i r r e d  w i th  d i l u t e  a c e t i c  a c id  

( 1 0 0 0  c c .  o f  3 0 ^ ) ,  f i l t e r e d ,  p r e s s e d  w e l l  w i th  s u c t i o n ,  

washed w i th  a  f u r t h e r  q u a n t i t y  o f  a c e t i c  a c i d  (500 - 700 c c . ) ,  

p r e s s e d  w e l l ,  t h e n  washed w i th  w a te r  (1500 c c . ) .  I n  t h i s  

way 400 - 500 g .  o f  g l i s t e n i n g  w h i te  n e e d l e s ,  m .p .  ca*  1 0 0 ° ,  

w ere  o b t a i n e d .  Two c r y s t a l l i s a t i o n s  from ben zen e  gave a  

p ro d u c t  o f  m .p .  159 - 1 6 0 ° .

H y d ro g e n a t io n  o f  c o n d e n s a t io n  p r o d u c t .

1 .  W ith M c k e l-M a n g an e se -K iese lg u .h r  c a t a l y s t .

P r e p a r a t i o n  o f  C a t a l y s t

A s o l u t i o n  o f  a n a l a r  n i c k e l  c h l o r i d e  (42 g . )  and 

manganese c h l o r i d e  ( 4 .5  g . )  i n  d i s t i l l e d  w a te r  (80  c c . )  was 

added t o  k i e s e l g u h r  (50  g . )  - p r e v i o u s l y  p u r i f i e d  w i th  c o n 

c e n t r a t e d  n i t r i c  a c id  - and th e  r e s u l t a n t  t h i n  g r e e n  p a s t e  

g round  by  hand  i n  a  m o r ta r  f o r  60 m in u te s .  The m ix tu r e ,  

w hich f lo w ed  l i k e  l u b r i c a t i n g  o i l ,  was pou red  i n t o  a  b e a k e r  

and a  warm s o l u t i o n  o f  sodium b i c a r b o n a t e  ( 3 4 . 8  g . ,  i n



w a te r ,  150 c c . )  ad d ed . The p a s t e  was s t i r r e d  b r i s k l y ,  t h e n  

f i l t e r e d  and washed w i th  w a t e r ,  su sp en d ed  i n  d i s t i l l e d  w a te r  

s e v e r a l  t im e s ,  and f i n a l l y  washed w i th  l a r g e  q u a n t i t i e s  o f  

d i s t i l l e d  w a t e r .  The g re e n  mass was d r i e d  a t  110 - 120° 

o v e r n i g h t ,  when a  l i g h t  brown powder was o b t a i n e d .  

H y d ro g e n a t io n

The above powder (12 g . )  was red u c ed  i n  a  s t r e a m  o f  

hy d rogen  f o r  1 h o u r  a t  450° , i n  an e l e c t r i c  f u r n a c e .  The 

b la c k -b ro w n  powder was t r a n s f e r r e d  ( i n  an a tm osp here  o f  

hydrogen) to  t h e  a u to c la v e  ( p r e v i o u s l y  f i l l e d  w i th  o a rb o n  

d i o x i d e ) . To th e  c a t a l y s t  was added th e  c ru d e  a c e to n e -  

ph en o l c o n d e n s a t io n  p ro d u c t  (215 g . )  and th e  bomb f i l l e d  

w i th  hy d ro g en  to  a  p r e s s u r e  o f  110 a tm o sp h e re s .  A f t e r  

h e a t i n g  a t  200° f o r  4 h o u rs  t h e  bomb was c o o le d ,  a  sam ple 

o f  p ro d u c t  e x t r a c t e d ,  and t h e  h y d ro g e n a t io n  r e p e a t e d  by  

a d d in g  a  f u r t h e r  q u a n t i t y  o f  c a t a l y s t  (30 g . ) . H e a t in g  

was c a r r i e d  o u t  t h i s  t im e  f o r  5 h o u rs  a t  1 8 0 ° .  The t o t a l  

a b s o r p t io n  o f  hydrogen  c o rre sp o n d e d  ro u g h ly  to  105 l i t r e s .

The c o n te n t s  o f  t h e  a u to c la v e  w ere  washed o u t  w i th  

a c e to n e ,  th e  a c e to n e  removed and t h e  m o b ile  l i q u i d  r e s i d u e  

d i s t i l l e d  i n  v acu o . I n i t i a l l y  t h r e e  f r a c t i o n s  were 

o b ta in e d

(1 )  B .p .  95 -  1 2 5 ° /3 0  mm. 60 g .

(2) B .p .  120° -  2 0 0 ° /3 0  mm. 8  g .

(3) Above 200 a  v e ry  visoou.s m a t e r i a l  s t a r t e d .  to  d i s t i l .



I t  c o o le d  t o  a  h a r d  g l a s s ,  m .p .  c a .  4 0 ° ,  and was s o l u b l e  

to  some e x t e n t  i n  sodium h y d r o x id e .

F r a c t i o n  ( l )  was r e d i s t i l l e d  to  o b t a i n :

1) a  b . p .  73 -  9 3 ° / l 4  mm. 30 g .

2) a  b . p .  103 - 1 0 7 ° / l4  mm. 15 - 16 g .

F r a c t i o n s  (2) and 2 (a )  a p p ea re d  t o  c o n s i s t  e s s e n t i 

a l l y  o f  p - i s o p r o p y l  c y c lo h e x a n o l .

2 .  H y d ro g e n a t io n  w i th  Baney N ic k e l .

P r e p a r a t i o n  o f  C a t a l y s t .

Pure  sodium h y d ro x id e  (50  - 55 g . )  was d i s s o l v e d  i n  

d i s t i l l e d  w a te r  (900 c c . ) ,  and t h e  n ic k e l - a lu m in iu m  a l l o y  

(50  g . )  added to  th e  i c e - c o o l e d ,  w e l l  s t i r r e d ,  s o l u t i o n  

o v e r  a  p e r io d  o f  2 h o u r s .  The s o l u t i o n  was a l lo w e d  to  

r e a c h  room te m p e r a tu re  ( 1  h o u r ) ,  th e n  h e a te d  on a  s team - 

b a t h ,  w i th  s t i r r i n g ,  u n t i l  e v o lu t i o n  of h y d ro g en  had  c e a s e d  

( 3 - 4  h o u rs )  • The c a t a l y s t  was t r a n s f e r r e d  to  a  c l e a n  

b e a k e r  and washed by  d e c a n t a t i o n  w i th  l a r g e  q u a n t i t i e s  o f  

d i s t i l l e d  w a te r ,  t h e n  tw ic e  w i th  r e c t i f i e d  s p i r i t s ,  tv /ice  

w i th  a b s o lu te  a l c o h o l ,  and s t o r e d  u n d er  a b s o l u t e  a l c o h o l .  

H y d ro g e n a t io n :

The c ru d e  a e e to n e -p h e n o l  c o n d e n s a t io n  p ro d u c t  

(212 g . )  was p la c e d  i n  t h e  a u to c la v e  w i t h  Raney n i c k e l  (20  - 

25 g . )  . A b s o rp t io n  o f  h y d ro g en  s t a r t e d  ab ou t 8 0° , i n i t i a l  

p r e s s u r e  95 a tm o sp h e re s ,  and c o n t in u e d  a s  t e m p e r a tu r e  r o s e  

t o  2 2 8 ° .  The te m p e ra tu re  was h e ld  a t  o v e r  200° f o r  4 h o u r s ,



when 60 l i t r e s  o f  h y d ro g en  w ere a b s o rb e d .  F i l t r a t i o n  o f  

o a t a l y s t  and rem oval o f  w a s h - s o lv e n t s  gave a  v i s c o u s  l i q u i d .  

Yacuum d i s t i l l a t i o n  a t  24 mm. gave two f r a c t i o n s : -

(X) Up to  95° - 45 g . .

(2) 95 - 1 3 0 ° ,  m a in ly  127 -  130° -  34 g .

A t h i r d  f r a c t i o n ,  b . p .  203 - 2 3 0 ° / l5  mm. was t h e

m ain  f r a c t i o n  and c o n s i s t e d  o f  a  s t i c k y  v i s c o u s  m a t e r i a l  

s e t t i n g  to  a  h a rd  g l a s s :  i t  was n o t  f u r t h e r  i n v e s t i g a t e d .

R e d i s t i l l a t i o n  o f  f r a c t i o n  (2) gave a  c o l o u r l e s s ,  

m o b ile  l i q u i d  (20  g . ) #  b . p .  105 - 1 1 6 ° / l4  mm., and by  s m e l l  

and b o i l i n g  p o i n t  was, p re su m ab ly ,  p - i s o p r o p y l  o y c lo h e x a n o l .

3• H y d ro g e n a t io n  w i th  11 Copper G hrom ite lf.

( P r e p a r a t i o n  o f  !Gopper C h ro m ite 1 c a t a l y s t ) •

The c ru d e  d ip h e n o l i c  c o n d e n s a t io n  p r o d u c t  (380  g . )  

was h y d ro g e n a te d  w i th o u t  s o lv e n t  i n  p re s e n c e  o f  c o p p e r  

c h ro m ite  (38 g . ) .  The i n i t i a l  p r e s s u r e  was 100 a tm o sp h e res  

and r o s e  to  180 a tm o sp h e res  a t  222°C (2  h o u r s ) ,  t h e n  f e l l  

g r a d u a l l y ,  t h e  te m p e ra tu re  b e in g  m a in ta in e d  220 - 230°C f o r  

5 h o u r s .  A b s o rp t io n  o f  hydrogen  c o r re s p o n d e d  ro u g h ly  to  

70 -  75 l i t r e s .  D i s t i l l a t i o n  o f  t h e  v i s c o u s  p r o d u c t ,  

a f t e r  rem oval o f  c a t a l y s t ,  gave two f r a c t i o n s :

(1 ) B .p .  8 8  -  1 0 0 ° / l5  mm. 120 - 130 g .

(2) B .p .  100 - 1 2 5 ° / l5  mm. 100 g .

F r a c t i o n  (2 ) beg an  to  c r y s t a l l i s e  a lm o s t  im m e d ia te ly  

g iv in g  w h i te  g l i s t e n i n g  n e e d l e s ,  m .p .  62 - 6 3 ° ,  and con 

s i s t i n g  e s s e n t i a l l y  o f  p - i s o p r o p y l  p h e n o l .



H y d ro g e n a t io n  o f  B - l s o p r o p y l  p h e n o l  o v e r  Raney n i c k e l .

T h is  was p e rfo rm e d  a s  d i r e c t e d  by  G oa ts  and  Gook^®^ 

w i t h  com parab le  r e s a l t s .  H ig h e r  f r a c t i o n s  (345  g . )  from  

tb e  "chromite** h y d r o g e n a t io n s ,  c o n s i s t i n g  e s s e n t i a l l y  o f  

p - i s o p r o p y l  p h e n o l ,  w i th  a  Raney n i c k e l  o a t a l y s t  (2 0  g . ) ,  

a t  160-180° and 1 0 Q a tm o sp h e re s  gave  p - i s o p r o p y l  o y c lo -  

h e x a n o l  (240 g . ) ,  b . p .  9 0 - 1 1 0 ° / l l  mm. *

O x id a t io n  o f  p - i s o p r o p y l  o y c lo h e x a n o l  %o f l  * i s o  p r o p y l  

a d ip jo  a o i d .

p - I s o p r o p y l  o y c lo h e x a n o l  was o x i d i s e d  a c c o rd in g  t o  
(2 3 ,3 1 )

G oats  and Cook u s in g  n i t r i c  a c id  w i t h  ammonium

v a n a d a te  a s  c a t a l y s t .  By v e r y  slow  a d d i t i o n  o f  t h e  p - i s o -  

p ro p y l  o y c lo h e x a n o l ,  and b y  k e e p in g  th e  i n t e r n a l  t e m p e r a tu re  

r i g i d l y  b e tw een  5 0 -5 5 ° ,  a  78$ y i e l d  o f  s o l i d ,  m .p .  ( c ru d e )  

o a .  70° was o b ta in e d  on c o o l i n g  r e a c t i o n  m ix tu re  i n  r e f r i 

g e r a t o r .

D ie th y l^ /?  - i s o p r o p y l  a d ip a te  

The c ru d e  s o l i d  J 3 - i s o p r o p y l  a d ip i c  a c i d  was e s t e r i -

f i e d  w i t h  a b s o l u t e  a l c o h o l  and d r y  h y d ro g en  o h l o r id e  as
(33)

i n d i c a t e d  b y  G oa ts  . The e s t e r  had  b . p .  1 5 2 -1 5 3 ° / l 5  mm.

B tb y l-4 -> lsQ B r0 p y lcy o lo p en tan o n e-2 -o  a r b o x y l a t e .

The k e to  e s t e r  was p r e p a r e d  b y  th e  Dieokman r e a c t i o n  

i n  t o lu e n e  a c c o rd in g  to  G - o a t s ^ ^  •

** Acid. Phthalate iCis and T r a n s  mixture; m.p. 9 0 - 9 8 °



42 .

Y ie ld ,  6 5 -70$ , b . p .  1 2 8 - 1 3 2 ° / l£  mm.

-H e x e n -f  - o n e .

A l l y l  "bromide, p r o p i o n i t r i l e , and z in c  w ere  r e 

a c te d  a c c o rd in g  to  C o a t s ^ 5  ̂ by  t h e  method o f  B l a i s e ^ ^  •

The y i e l d  was g r e a t l y  im proved by  th e  u se  o f  z in c  m i l l e d  

from  a  b lo c k  o f  th e  m e ta l  made from a r s e n i c  f r e e  r o d s .

One c . c . o f  p y r i d in e  ( p e r  h a l f  m o l.  o f  p r o p i o n i t r i l e )  

i n i t i a t e s  t h e  r e a c t i o n .

2-Isop rop y l-4?7-dimethyl-5-keto A 4-tetrahydrohydrindene ( IV) .

The d i c y c l i c  u n s a t u r a t e d  k e to n e  was p r e p a r e d  a c c o rd 

in g  to  G oats  and Cook by  c o n d en s in g  e t h y l - 4 - i s o p r o p y l - o y c l o -
(3 .

p e n ta n o n e - 2 - c a r b o x y l a t e  w i th  &  -h e x e n -  o -o n e  i n  p r e s e n c e  

o f  sodium e th o x id e  and d e c a r b e t h o x y la t in g  t h e  f r a c t i o n  

b . p .  1 7 0 - 1 9 3 ° / l0  mm. w i th  b o i l i n g  aqueous a l c o h o l i c  p o ta s s iu m  

h y d r o x id e .  The u n s a t u r a t e d  k e to n e  ( 5 .2  g « ) ,  s e m io a rb a z id e  

h y d r o c h lo r id e  (5 g . ) ,  p o ta s s iu m  a c e t a t e  ( 6  g . )  i n  aqueous 

a l c o h o l  gave a c ru d e  sem icarbazon e  (5 g . )  w hich  on r e c r y s t a l -  

l i s a t i o n  from aqueous a l c o h o l  gave c o l o u r l e s s  n e e d l e s ,  

m .p .  198-204° ( 3 .4  g . ) .

A sam ple f o r  a n a l y s i s  had  m .p .  2 0 4 ° .

Founds C, 6 8 .4 7 ;  H, 9 .2 7 ;  U, 1 6 .1 0 .

°15H2503J3 r0(*#: °» 6 8 *4 4 J H. 1 5 .9 8 .

S e v e ra l  f u r t h e r  c r y s t a l l i s a t i o n s  o f  t h e  a n a l y s i s  

sam ple gave lo n g  n e e d le s  (saw -sh ap ed  edges  u n d e r  m ic r o s c o p e ) ,  

m .p .  2 0 8 -2 1 0 ° .



An oxime was a l s o  o b t a i n e d  by  r e f l u x i n g  t b e  k e to n e  

w i th  h yd rox y lam ine  h y d r o c h lo r id e  i n  p y r i d i n e  s o l u t i o n .

The a n a l y s i s  sam ple had  m.p* 1 7 2 .5 -1 7 3 * 5 °  and fo rm ed  sm a ll  

w h i te  n e e d le  c l u s t e r s  from  a l c o h o l .

Found: G, 1 . 7 6 .0 1 :  H, 1 .  9 .6 7 f  Iff, 6 .4 5
2 . 7 6 .1 6 ;  2 .1 0 .1 6 ;

C-.Ho-OBr r e q . :  G, 7 6 .0 1 ;  H, 1 0 .4 0 ;  II, 6 .3 4 .
±4- dtO

Steam d i s t i l l a t i o n  o f  t h e  s e m ic a rb a z o n e ,  m .p .  198- 

204° ( 3 .4  g . )  w i th  o x a l i c  a c id  gave th e  p u re  u n s a t u r a t e d  

k e to n e  a s  a  c o l o u r l e s s  m o b ile  o i l  ( 2  g . )  which d i s t i l l e d  

from  an a i r - b a t h  a t  8 8 ° / •  15 mm. ( a i r - b a t h  t e m p e r a t u r e ) .

4 ;  7 - d i m e t h y l - 2 - i s o p r o p y l -  5 - h y d r in d a n o n e .

The above o i l  (2 g . ) ,  h y d ro g e n a te d  i n  a b s o l u te  

a lc o h o l  (18 cc .) w i th  Pd b l a c k  ( 0 .7  g . )  , a b so rb e d  190 cc . 

o f  h y d ro g en  i n  s i x  h o u r s .  T rea tm en t  w i th  s e m ic a rb a z id e  

h y d r o c h lo r id e  gave a c ru d e  sem icarbazo ne  ( 0 .4  g . ) ,  m .p .  ca* 

1 7 0 ° .  Three  r e c r y s t a l l i s a t i o n s  from a b s o lu te  a l c o h o l  gave  

c o l o u r l e s s  n e e d l e s ,  m .p .  2 0 1 ° .  C o n c e n t r a t io n  o f  t h e  f i l 

t r a t e s  from Y/hich th is  sem ica rb azo n e  h ad  been  o b ta in e d  gave 

a n o th e r  amorphous sem ica rb azo n e  w hich , a f t e r  a  f u r t h e r  two 

c r y s t a l l i s a t i o n s  from a lc o h o l ,  had  m .p .  1 5 6 -1 6 4 ° , d e p r e s s e d  

t o  150° by a d m ix tu re  w i th  m a t e r i a l  m .p .  2 0 1 ° .  Steam d i s 

t i l l a t i o n  o f  th e  sem icarb azo n e  m .p .  2 0 1 ° w i th  s u lp h u r i c  

a c id  ( 2 0 $) gave t h e  p u re  s a t u r a t e d  k e to n e  ( i s o m e r  A ).

I n  t h i s ,  and i n  o t h e r  e x p e r im e n ts  on a  much l a r g e r



s c a l e ,  t h e  c ru d e  m ix tu r e  o f  s t e r e o i s o m e r i c  k e to n e s  was r e 

c o v e re d  by  s team  d i s t i l l a t i o n  w i th  £ 0 $ s u l p h u r i c  a c i d  o f  

t h e  aqueous a l c o h o l i c  m o th e r  l i q u o r s  from  w hich  t h e  p u re  

sem ic a rb a zo n e  h ad  b e en  o b t a i n e d .

T y p ic a l  E x p e r im e n t : O x id a t io n  o f  t h e  Crude M ix tu re  o f

S te r e o i s o m e r ic  K e to n es  ( V ) .

A s t i r r e d  s o l u t i o n  o f  th e  m ix tu re  o f  k e to n e s  (20  g « ) ,  

r e c o v e re d  by steam  d i s t i l l a t i o n  o f  th e  a l c o h o l i c  m o th e r  

l i q u o r s  from  w hich  sem ic a rb a zo n e  m .p .  2 0 1 ° had  b e e n  o b t a i n e d ,  

i n  p u r i f i e d  a c e t i c  a c id  (145 c c . )  was t r e a t e d ,  d rop  by d ro p ,  

w i th  chrom ic a n h y d r id e  (1 1 .7  g . )  i n  80$ a c e t i c  a c i d  (30  c c . ) .  

The a d d i t i o n  r e q u i r e d  an h o u r .  The m ix tu r e  was l e f t  o v e r 

n i g h t ,  p o u red  i n t o  w a te r  (600 c c . )  and e x t r a c t e d  t h r e e  t im e s  

w i th  e t h e r .  The aqueous s o l u t i o n  was made a l k a l i n e  w i th  

s o l i d  sodium c a rb o n a te  and h e a t e d  on t h e  w a t e r - b a t h .  

A c i d i f i c a t i o n  gave a  gum ( 6 . 8  g . ) . T rea tm en t  w i t h  p o ta s s iu m  

a c e t a t e  ( 8  g . ) ,  s e m ic a rb a z id e  h y d r o c h lo r id e  ( 6  g . )  i n  a l 

c o h o l  (150 c c . )  and w a te r  (50  c c . )  gave s o l i d  se m ic a rb a zo n e  

d e r i v a t i v e s  ( 2 .9  g . )  . R e c r y s t a l l i s e d  from  a lc o h o l  t h e r e

The m ain  b u lk  o f  t h i s  compound ( iso m e r  A} was p r e 
p a re d  a c c o rd in g  to  C oa ts  and Cook by  g o in g  d i r e c t l y  from  th e  
u n s a t u r a t e d  k e to n e  t o  th e  s a t u r a t e d  m a t e r i a l  w i th o u t  p r e 
l i m i n a r y  i s o l a t i o n  o f  t h e  p u re  u n s a t u r a t e d  compound by  way 
o f  i t s  s e m ic a rb a zo n e ,  a s  i t  was o b v io u s  from  t h e  f i g u r e s  
g iv e n  above t h a t  no ad v an tag e  c o u ld  be g a in e d  by  t h i s  p r e 
l i m i n a r y  t r e a t m e n t .



was o b ta in e d :

Crop I  m .p .  168 -170° 0 .8 8  g .

Crop I I  m .p .  168-170°

R e o r y s t a l l i s a t i o n  gave s a t i n  w h i te  r o s e t t e s ,  m .p .  

1 7 5 ° ,  s o f t e n i n g  1 6 8 ° .  Mixed m .p .  w i th  P r o f e s s o r  Cook’ s 

sam ple  o f  sem ica rb azo n e  (m .p .  181°)  o f  ( 2 - a c e t y l - 4 - i s o  -  

p ro p y l  c y c l o p e n t y l ) b u t y r i c  a c i d  was 1 7 5 -1 7 7 ° .

Crop I I I  - m .p .  1 6 3 -167 °  - p l a t e - l i k e  m a t e r i a l ,

Crop IT  - m .p .  161-165° - s o f t e n i n g  1 5 5 ° .  0 .7  g .

Mixed m .p .  Crop I I I  w i th  Crop I ,  m .p .  158-16 2°  

Mixed m .p .  Crop IT  w i th  P r o f e s s o r  Cook’ s sam ple 

(m .p .  150-15 5°)  was 150 -  1 6 0 ° .

H y d ro g e n a t io n  o f  U n s a tu r a te d  K etone ( IT )  w i th  a  P a l l a d i s e d  

S t ro n t iu m  C a rb o n a te  C a t a l y s t .

(H y d ro g e n a t io n  w as p e rfo rm e d  b y  Mr. Cameron) .

The d i c y o l i c  k e to n e  (50 g . ) # a b s o l u te  a lc o h o l  

(500 c c . )  and p a l l a d i s e d  s t r o n t iu m  c a r b o n a te  (20  g . )  were 

p la c e d  i n  t h e  a u to c la v e  u n d e r  a  p r e s s u r e  o f  1 1 2  a tm o sp h e re s  

o f  h y d ro g e n .  The bomb was h e a te d  to  50° and m a in ta in e d  

t h e r e  f o r  s i x  h o u r s .  A b s o rp t io n  o f  hy d ro g en  was a p p r o x i 

m a te ly  12 l i t r e s .  A f t e r  f i l t r a t i o n  o f  c a t a l y s t  and d i s 

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

w i th  s e m ic a rb a z id e  h y d r o c h lo r id e  and p o ta s s iu m  a c e t a t e .

An o i l  p r e c i p i t a t e d .  The o i l  was s e p a r a t e d ,  washed w i th  

w a te r ,  e t h e r  e x t r a c t e d ,  and th e  e t h e r  d i s t i l l e d .  The



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

w a te r  and e t h e r  e x t r a c t e d .  The r e c o v e r e d  gummy m ix tu r e  o f  

s e m ic a rb a z o n e s  was d i s s o l v e d  i n  a l c o h o l  v/hen, e v e n t u a l l y ,  

two c ro p s  o f  s o l i d  c r y s t a l l i n e  d e r i v a t i v e s  v/ere o b t a i n e d .  

C r y s t a l l i s a t i o n  o f  a sam ple from  each  c ro p  gave t h e  same 

s e m ic a rb a z o n e . The two c ro p s  w e re ,  t h e r e f o r e ,  oom bined 

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  c r y s t a l l i n e  se m ic a rb a z o n e  

( 7 .9  g . ) ,  m .p .  1 6 2 -1 6 4 ° ,  was o b t a i n e d .  H y d r o ly s i s  o f  

t h i s  m a t e r i a l  b y  s team  d i s t i l l a t i o n  w i th  2 0 j£ s u l p h u r i c  a c id  

gave a  l i q u i d  k e to n e  - iso m e r  B ( 5 .8  g . ) ,  b . p .  8 5 ° /3  mm. 

( a i r - b a t h  t e m p e r a t u r e ) ;

Sounds C, 8 0 .8 2 ;  H, 1 1 .3 9 .

°14H240 r8 q # ;  1 1 .5 3 .
R e c o n v e rs io n  o f  a  sam ple o f  t h e  p u re  k e to n e  t o  se m i

c a rb a z o n e  gave m a t e r i a l  m .p .  1 6 2 -1 6 4 ° .  f u r t h e r  r e c r y s t a l 

l i s a t i o n  of t h e  above sem icarb azo ne  gave g l i s t e n i n g  p l a t e 

l e t s ,  m e l t in g  s h a r p l y  1 7 5 -1 7 6 ° .

Sound s i . 0 ,  6 7 .3 9 ;  H, 10 .1)7. 2 .  C, 6 7 .7 4 ;  H, 1 0 .3 6 .

C15H270 I 3 r e q , :  G» 6 7#91»’ E »
Steam d i s t i l l a t i o n  w i th  20j£ s u lp h u r i c  a c i d  o f  t h e

aqueous a l c o h o l i c  m o ther l i q u o r s  from  which t h e  above d e r i v a 

t i v e  had  b e en  p r e p a r e d  gave a  c ru d e  m ix tu re  o f  s t e r e o i s o m e r i c  

k e t o n e s •

A sample o f  th e  above sem ic a rb a zo n e  m .p .  162-164° showed 
no d e p r e s s io n  o f  m e l t in g  p o i n t  on a d m ix tu re  w i th  t h e  se m i
c a rb az o n e  m .p .  167-168° o b ta in e d  b y  C o a ts  and Cook by  th e  
a c t i o n  o f  d iazom ethane  on th e  p u re  d i c y c l i c  k e to n e  ( i s o m e r  A ) .



O x id a t io n  o f  Crude M ix tu re  o f  S te r e o i s o m e r io  K e to n es  ( Y)

w i th  H ydrogen P e r o x i d e .

A c a t a l y s t  was p r e p a r e d  b y  ad d in g  h y d ro g e n  p e ro x id e  

( 0 # 2  c c . o f  30$) to  vanadium p e n to x id e  ( 0 .0 5  g . ) • A 

v i o l e n t  r e a c t i o n  to o k  p l a c e  and a  vo lum inous g r e e n  brown 

p r e c i p i t a t e  r e s u l t e d .  To th e  above c a t a l y s t  a  m ix tu r e  o f  

t h e  s t e r e o i s o m e r io  k e to n e s  ( 2  g . )  and m e th y l  a l c o h o l  (16 c o . )  

was added: hy d ro g en  p e ro x id e  (4 c o .  o f  30$) was t h e n  added

drop  by  d r o p .  A v ig o ro u s  r e a c t i o n  to o k  p l a c e ,  t h e  s o l u t i o n  

becom ing r e d  and warming to  r e f l u x  p o i n t ,  when w a te r  c o o l in g  

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

on th e  w a t e r - b a t h  and t h e  a l c o h o l  d i s t i l l e d ,  th e  m ix tu re  

t u r n i n g  g r e e n .  The r e s i d u e  was p o u red  i n to  sodium c a r b o n 

a t e  s o l u t i o n ,  t h e  m ix tu re  e x t r a c t e d  w i th  e t h e r ,  and th e  

a l k a l i n e  l i q u o r s  made a c id  and a g a in  e t h e r  e x t r a c t e d .  An ' 

a c i d ic  f r a c t i o n  (.0 . 6  g . )  was o b ta in e d  as a  gum w hich  gave 

o n ly  a  t r a c e  o f  sem icarb azon e  on t r e a tm e n t  w i th  s e m ic a rb a z id e  

h y d r o c h lo r id e  and p o ta s s iu m  a c e t a t e  i n  aqueous a l c o h o l .

A c t io n  o f  Amyl N i t r i t e  and H y d ro c h lo r ic  A cid  on th e  P u re  

D ic y c l ic  Ketone ( iso m e r  A ).

I s o l a t i o n  o f  /?( 2 - a c e t y l - 4 - i s o p r o p y l  c y c l o p e n t y l )  b u t y r i c  

a c id  ( I X ) .

The p u re  k e to n e  (1 g . )  was m ixed w i th  amyl n i t r i t e  

( 0 . 6  g . ) , t h e  m ix tu re  c o o le d  i n  i c e  and c o n c e n t r a t e d  h y d r o 

c h l o r i c  a c id  ( 0 .5  c c . )  added g r a d u a l l y  w i th  s h a k in g .  The



s o l u t i o n  became g r e e n ,  t h e n  g r e e n i s h  b lu e  w i th  s e p a r a t i o n  

o f  w h i te  s e m i - s o l i d  m a t e r i a l *  A f t e r  9 h o u r s  t h e  s o l u t i o n  

was p o u re d  i n t o  aqueous sodium c a r b o n a t e ,  e x t r a c t e d  w i t h  

e t h e r  and t h e  e t h e r  washed w i th  sodium  h y d ro x id e *  The 

sodium h y d ro x id e  w a sh in g s ,  on a c i d i f i c a t i o n ,  gave p r a c t i 

c a l l y  no o rg a n ic  m a t e r i a l *  A c i d i f i c a t i o n  ( d i l u t e  h y d r o 

c h l o r i c  a c id )  o f  th e  c a r b o n a te  w ash in g s  c a u se d  th e  s low  d e 

p o s i t i o n  o f  f e r n - l i k e  n e e d l e s ,  m .p .  c a .  6 4 ° .  C r y s t a l l i s a 

t i o n  from  hexane o r  c y c lo h e x a n e  (more s o l u b l e  i n  l a t t e r  

s o l v e n t )  gave lo n g  c o l o u r l e s s  n e e d l e s ,  m .p .  7 1 -7 2 ° ,  which 

d id  n o t  d e p re s s  th e  m e l t in g  p o in t  o f  a  sam ple  o f  t h e  above 

k e t o - a c i d  s u p p l i e d  by P r o f e s s o r  Cook.

Pound: C, 6 9 .9 0 ;  H, 1 0 .0 3 .

G14E 24°3 r 0 <l * 5 G» 6 9  #97* E » 1 0 -O2 *

6 -H y d ro x y m e th y len e -4 :7 -D im e th y l- 2 - i s o  p r o p y l -5 -h y d r in d a n o n e  (X)

a) • S te r e o c h e m ic a l ly  P u re  K etone  (V) -  Iso m er  A*

The k e to n e  (1 g . )  was added to  a tc m is e d  sodium (1 g . )  

i n  a b s o lu te  e t h e r  (25 c c . )  and e t h y l  fo rm a te  ( 5 .5  c c . )  a d d ed . 

A f a i r l y  v ig o ro u s  r e a c t i o n  fo l lo w e d ,  t h e  c o lo u r  o f  th e  

s o l u t i o n  ch an g in g  from  y e l lo w  to  r e d .  A f t e r  s t a n d in g  f o r  

tw e n ty  f o u r  h o u rs  a t  room te m p e r a tu r e ,  t h e  r e a c t i o n  m ix tu r e  

was p o u red  i n t o  i c e - w a t e r  (300 c c . )  and e x t r a c t e d  w i th  e t h e r .  

A w h i te  s o l i d  s e p a r a t e d  a t  t h e  i n t e r f a c e  o f  t h e  e t h e r - a l k a l i  

l a y e r .  T h is  s o l i d  was removed by  f i l t r a t i o n ,  th e  e t h e r  

l a y e r  s e p a r a t e d ,  and t h e  c o ld  aqueous a l k a l i n e  s o l u t i o n



a c i d i f i e d  w i th  d i l u t e  h y d r o c h l o r i c  a c i d .  B th e r  e x t r a c t i o n ,  

d ry in g  (sodium  s u lp h a te )  and d i s t i l l a t i o n  o f  t h e  e t h e r  gave  

a h ro w n -re d  v i s c o u s  o i l .  T h is  was d i s t i l l e d  from  an a i r -  

b a th  to  g iv e  a  l i g h t  g o ld e n  y e l lo w  v i s c o u s  l i q u i d  ( 0 . 6 - 0 . 6 5 g . )  

b . p .  9 8 - 1 0 5 ° / .2  mm., ( a i r - b a t h  t e m p e r a t u r e ) .  The same 

p ro c e d u re  w i th  t h e  c ru d e  m ix tu r e  o f  s t e r e o i s o m e r i o  k e to n e s  

gave a  s l i g h t l y  lo w e r  y i e l d  o f  a  g o ld e n  y e l lo w  v i s c o u s  o i l ,  

b . p .  1 2 0 - 1 4 0 ° / .2 5  mm. ( a i r - b a t h  t e m p e r a t u r e ) .  The hy d ro x y -  

m e th y len e  d e r i v a t i v e  gave an i n t e n s e  v i o l e t  c o l o u r a t i o n  w i th  

f e r r i c  c h l o r i d e .

The e t h e r e a l  e x t r a o t  o f  n e u t r a l  m a t e r i a l  from  t h e  

e x p e r im e n t  w i th  th e  p u re  k e to n e  gave a  d i s t i l l a t e  ( 0 . 2  - 

0 .3  g . ) ,  b . p .  9 0 - 1 2 0 ° / .4  mm. ( a i r - b a t h  t e m p e r a t u r e ) ,  whioh 

s lo w ly  d e p o s i t e d  l a r g e  c r y s t a l s  w hich  had  m .p .  oa* 64° when 

p r e s s e d  on po ro u s  p l a t e .  The s u b s ta n c e ,  w hich  was i d e n t i 

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

t h e  e x p e r im e n t ,  c r y s t a l l i s e d  from d i l u t e  a c e t i c  a c id  i n  

w h i te  g l i s t e n i n g  f l a k e s ,  m .p .  6 9 -7 0 ° ,  o r  from more c o n c e n 

t r a t e d  a c e t i c  a c id  i n  l a r g e  f l a t  diamond shaped  c r y s t a l s .

On s t a n d in g  t h e  sam ples d e v e lo p ed  a r e d d i s h  c o l o u r a t i o n ,  

p ro b a b ly  due to  an  i m p u r i t y .  The s u b s ta n c e  gave an  i n t e n s e  

v i o l e t  c o l o u r a t i o n  w i th  f e r r i c  c h l o r i d e .  T re a tm e n t  w i th  

se m ic a rb a z id e  gave a  se m ic a rb a z o n e .  R e s u l t s  o f  a n a l y s i s  

i n d i c a t e  t h a t  th e  s u b s ta n c e  may b e  an iso m e r  o f  t h e  h y d ro x y -  

m e th y len e  d e r i v a t i v e .
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Found: 0 , 7 6 .1 7 ;  H, 9 .8 2 .

G1 5 H j84 0g req .:  0 ,7 6 .2 7 ;  H, 1 0 .1 6 .

b ) .  Crude m ix tu r e  o f  k e t o n e s .

An i c e - c o l d  m ix tu re  o f  t h e  k e to n e s  ( 6  g . )  i n  d ry

benzen e  (50 c o s ) ,  c o n ta in i n g  sodium (0*67 g « ) ,  i n  t h e  form

o f  w i r e ,  was t r e a t e d  w i th  e t h y l  fo rm a te  ( 2 . 8  c c . ) .  A

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

changed  from  y e l lo w  to  r e d .  A f t e r  s t a n d in g  a t  room tem p e ra -
♦

t u r e  f o r  40 h o u r s  t h e  d a rk  r e d  r e a c t i o n  m ix tu re  was p o u red  

i n t o  w a te r  and t h e  s o l u t i o n  e x t r a c t e d  w i th  e t h e r .  A c i d i f i 

c a t i o n  o f  th e  aqueous l a y e r  p r e c i p i t a t e d  an o i l  w hich was 

e x t r a c t e d  w i th  e t h e r .  Removal o f  th e  e t h e r  l e f t  a  d a rk  

r e d  v i s c o u s  gum. D i s t i l l a t i o n  o f  t h i s  m a t e r i a l  from an 

a i r - b a t h  gave a s l i g h t l y  v i s c o u s ,  y e l lo w  l i q u i d  ( 1 . 1 - 1 . 2  g . ) ,  

b . p .  1 2 0 - 1 4 0 ° / .2  mm. ( a i r - b a t h  t e m p e r a t u r e ) .

c ) .  M ix tu re  o f  K e to n e s .

Sodium ( 0 . 3  g . )  was a to m ised  i n  t o lu e n e  and s u s 

pended i n  t o lu e n e  ( 1 0  c c . ) .  The m ix tu re  o f  k e to n e s  ( 2  g . ) ,  

e t h y l  fo rm a te  ( 1  c c . ) ,  and t o lu e n e  ( 1 0  c c . )  were added w i th  

o o o l in g .  A s l u g g i s h  r e a c t i o n  s t a r t e d  and was a l lo w e d  to  

c o n t in u e  f o r  some 24 h o u r s .  She a l k a l i  s o l u b l e  f r a c t i o n  

was w orked up as  b e f o r e  and on d i s t i l l a t i o n  from  an a i r -  

b a th  gave a y e l lo w  s l i g h t l y  v i s c o u s  l i q u i d  ( 0 . 4 - 0 . 5  g . ) ,  

b . p .  1 2 5 - 1 4 5 ° / .2 - .3  mm.



E ydroxym ethy lene  D e r i v a t i v e  from  Iso m er B .

T rea tm en t o f  p u re  d i o y c l i o  k e to n e  (1 g - ) ,  from  

iso m er  B, w i th  e t h y l  fo rm a te  (5 c c . )  i n  a b s o l u t e  e t h e r  

(30 o o . )  c o n t a i n i n g  a to m ised  sodium ( 1  g . )  gave  th e  

hydroxy m ethy lene  d e r i v a t i v e  ( 0 . 6  g . ) ,  b . p .  c a .  1 0 0 ° ( a i r -  

b a t h  t e m p e r a t u r e ) ,  as a s l i g h t l y  y e l lo w  v i s o o u s  o i l .  As 

i n  t h e  ex p e r im e n t  w i th  iso m er  A, a  s o l i d  s e p a r a t e d  a t  th e  

i n t e r f a c e  o f  th e  e t h e r - a l k a l i  l a y e r .  I t  was a l s o  o b ta in e d  

i n  th e  n e u t r a l  f r a c t i o n  c o n ta in i n g  unchanged k e to n e .  

C r y s t a l l i s a t i o n  o f  t h i s  m a t e r i a l  from d i l u t e  a c e t i o  a o id  

gave g l i s t e n i n g  f l a k e s ,  m. p .  6 9 -7 0 ° ,  u n d e p re s se d  on ad 

m ix tu re  w i th  th e  oompound o b ta in e d  i n  t h e  e x p e r im e n t  w i th  

iso m er  A (p ag e  4 9 ) .  The su b s ta n o e  gave an  i n t e n s e  v i o l e t  

c o l o u r a t i o n  w i th  f e r r i c  c h l o r i d e ,  and form ed a s e m io a rb a z -  

one , m. p .  2 0 6 -2 0 8 ° .

Found: C, 5 8 .4 2 ;  H, 8 .5 4 .

C17S 30°2'IJ6 re(3-*: G» 5 8  #28;

E ydrom ethy lene  D e r iv a t iv e  from  th e  Crude M ix tu re  o f  S t e r e o 

iso m e r io  K etones  from w hich  Isom er B had  b e en  rem oved.

S e v e r a l  e x p e r im e n ts  u s in g  t h e  m ix tu re  o f  k e to n e s  

( 6  g . )  i n  e t h e r  (5 0 -30  o o . )  and a to m ise d  sodium ( 1 - 1 .2  g . )  

and e th y l  fo rm a te  ( 5 - 5 .5  c c . )  and a l lo w in g  t o  s t a n d  f o r  

24 h o u rs  a t  room te m p e ra tu re  gave c ru d e  a l k a l i - s o l u b l e  

f r a c t i o n s  ( 4 . 5 - 4 . 2  g . )  w h ich , d i s t i l l e d  from  an  a i r - b a t h ,



0 t
gave h y d roxym ethy lene  d e r i v a t i v e s  ( 3 . 2 - 2 . 9  g . ) ,  b . p .  114 /

•4 mm. ( a i r - b a t h  t e m p e r a t u r e ) .

1 - I s o p r o p y l  G yo lopen tane  5 ;4  b i s  (oc - P r o p i o n i c  A cid) ( X I ) .

a) O x id a t io n  w i t h  P o ta s s iu m  P e rm a n g a n a te .

The hyd ro xy m eth y lene  d e r i v a t i v e  ( 0 . 5  g . )  p r e p a r e d  

from t h e  s t e r e o c h e m i o a l l y  p u re  d i o y c l i c  k e to n e  ( V )* i s o m e r  

A, i n  lOyt sodium h y d r o x id e  ( 1 . 5  c o . )  was t r e a t e d  d ro p  b y  

d rop  w i t h  an i c e - o o l d  s o l u t i o n  o f  p o t a s s iu m  p e rm angana te  

( 1 . 0  g .  i n  38 c c .  w a t e r )  a t  0 ° .  A f t e r  s t a n d i n g  f o r  s e v e r a l  

h o u r s  i n  i c e - w a t e r ,  when t h e  c o l o u r  o f  t h e  pe rm angana te  had 

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

f i l t r a t e  e x t r a c t e d  w i t h  e t h e r .  A c id io  m a t e r i a l  was r e 

moved w i t h  sodium b i c a r b o n a t e  s o l u t i o n  and e x t r a c t e d  w i t h  

e t h e r .  D ry ing  o f  t h e  e t h e r  s o l u t i o n  (sodium s u l p h a t e )  

and d i s t i l l a t i o n  gave a  l i g h t  y e l lo w  gum ( 0 .4 5  g . )  which 

became s e m i - s o l i d  i n  a vacuum d e s i c d a t o r .  C r y s t a l l i s a t i o n  

from w a t e r ,  a f t e r  removal  o f  u n s o l i d i f i e d  m a t e r i a l  Y/ith 

n - h e x a n e ,  gave a  s o l i d  a c i d  which  s e p a r a t e d  from hexane  i n  

o o l o u r l e s s  cubes  o r  from a  l a r g e  volume o f  v /a te r  i n  g l i s t e n 

in g  w h i t e  n e e d l e s ,  m .p .  154-156°  ( Y i e l d ;  0 . 2  g . )  .

Found; C, 1 ) .  6 5 .6 0 ;  H, 1 ) .  8 . 7 2 ,
2 ) .  6 5 .5 9 ;  2 ) .  9 . 0 3 .

G H 0 r e q . :  C, 6 5 .6 2 ;  H, 9 . 3 7 .
14 24 4

Ih e  r e s i d u a l  gum ( 0 . 2  g . ) ,  o b t a i n e d  from t h e  hexane  

mother l i q u o r s ,  was t r e a t e d  w i t h  p -p h e n y lp h e n a o y l  b rom ide



(400 mg.) i n  aqueous a l o o h o l  w i t h  s u f f i c i e n t  o a r b o n a t e  t o  

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

a c i d  to  make t h e  s o l u t i o n  a c i d  to  l i t m u s -  A f t e r  r e f l a t 

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

( a b s o lu te )  gave t h e  b i s - p - p h e n y l p h e n a c y l  e s t e r  o f  above a c i d  

a s  c o l o u r l e s s  m ic r o s c o p ic  n e e d l e  t u f t s ,  nwp. 1 5 3 - 1 5 3 . 5 ° .

Found; G, 7 8 .0 0 ;  H, 7 . 0 5 .

G42H44°6 r0(l - J G, 7 8 .2 5 ;  H, 6 . 8 3 .

O x id a t io n  o f  t h e  o rud e  m i x t u r e  o f  s t e r e o i s o m e r i o  

k e to n e s  by  t h e  p ro o ed u re  o u t l i n e d  above gave a  gum w h ich ,  

a f t e r  s t a n d i n g  f o r  s e v e r a l  m onths ,  became p a r t i a l l y  

c r y s t a l l i n e .  T r i t u r a t i o n  w i t h  l i g h t  p e t r o l e u m  gave a  

sm a l l  q u a n t i t y  o f  an a c i d  which c r y s t a l l i s e d  from d i l u t e  

a c e t i c  a c i d  i n  m ic r o s c o p ic  n e e d l e s ,  m .p .  1 53 ° ,  s o f t e n i n g  

a t  1 4 3 ° .

O x id a t io n  o f  Hydroxymethylene  D e r i v a t i v e  from Isom er  B.

O x id a t io n  o f  t h e  h ydroxym ethy lene  d e r i v a t i v e  w i t h  

i c e - c o l d  a l k a l i n e  pe rm an gana te ,  u n d e r  s i m i l a r  c o n d i t i o n s  

to  t h a t  used  f o r  t h e  m a t e r i a l  from isom er  A, gave  a c i d i c  

m a t e r i a l  as  a  gum which c o u ld  n o t  be  o b t a i n e d  s o l i d -  The 

o ru d e  p -p h e n y lp h e n a o y l  e s t e r  had  m .p .  o a .  125° ;  r e p e a t e d  

c r y s t a l l i s a t i o n  gave w h i t e  m ic r o s c o p ic  n e e d l e s ,  m .p .  132- 

1 4 6 ° .  Mixed w i t h  a  sample of  t h e  e s t e r  (m .p .  154°)  o f  

a c i d  o f  i so m er  A s e r i e s ,  m .p .  1 3 0 -1 4 6 ° .



b) . With Chromic A o id .

S t e r e o c h e m i c a l l y  p u re  hyd ro xy m ethy len e  d e r i v a t i v e  

( 0 . 4  g . )  from d i c y c l i c  k e to n e  - i so m e r  A - i n  p u r i f i e d  

a c e t i c  a c i d  (20 c c . )  was t r e a t e d  w i t h  chromic  a n h y d r id e  

( 0 .6 8  g . )  i n  a c e t i c  a c i d  (68 o c . ) .  The s o l u t i o n  was a l lo w e d  

t o  s t a n d  o v e r n i g h t ,  t h e  e x c e s s  chromic  a c i d  d e s t r o y e d  by  th e  

a d d i t i o n  o f  a  l i t t l e  m e th y l  a l c o h o l ,  t h e n ,  a f t e r  c o n c e n 

t r a t i o n  i n  p a r t i a l  vacuum to  a b o u t  2 o o . ,  t h e  r e s i d u e  was 

d i l u t e d  w i t h  w a t e r ,  and e t h e r  e x t r a c t e d .  The e t h e r e a l  

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

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

a c i d ) , and a g a i n  e t h e r  e x t r a c t e d .  E v a p o r a t i o n  o f  t h e  e t h e r  

gave a  gum w hich ,  on t r e a t m e n t  w i t h  m e th y l  a l o o h o l  and on 

p r o lo n g e d  s t a n d i n g ,  gave w h i t e  s o l i d  m a t e r i a l ,  m .p .  1 3 0 -1 3 5 ° .

1 - I s o p r o p y l  C y o l o p e n t a n e - 3 : 4 - b i s  {J3B u t y r i c  Acid) (X I I )  .

The a c i d  ( x i )  m .p .  c a .  150° ( 0 . 7 5  g . )  was t r e a t e d  

w i t h  p u r i f i e d  t h i o n y l  c h l o r i d e  (2 c c . )  a t  0°C and t h e  

m ix tu r e  l e f t  f o r  20 h o u r s .  The e x c e s s  t h i o n y l  c h l o r i d e  was 

removed i n  vacuo and th e  s o l u t i o n  s t r i p p e d ,  once w i t h  e t h e r  

and once w i t h  b e n z e n e .  A b ro w n ish  v i s c o u s  l i q u i d  r e m a in e d .  

T h is  was d i s s o l v e d  i n  e t h e r  (12 c c . )  and added ,  drop by  

d ro p ,  to  an e t h e r e a l  s o l u t i o n  o f  d iazom ethane  ( f rom  9 g .  o f  

n i t r o s o m e t h y l u r e a )  a t  0°C. A f t e r  s t a n d i n g  o v e r n i g h t  t h e  

s o l u t i o n  was c o n c e n t r a t e d  i n  a  p a r t i a l  vacuum, when a  l i g h t  

lemon y e l lo w ,  c r y s t a l l i n e  powder,  m .p .  1 1 1 -1 1 1 .5 °  s o f t e n i n g



110° ,  p r e c i p i t a t e d .

The d i a z o k e t o n e  ( 0 . 3 - 0 * 4  g . )  was f i l t e r e d  and t h e  

e t h e r e a l  f i l t r a t e  a g a i n  c o n c e n t r a t e d ,  when a  gummy lemon- 

y e l lo w  s e m i - s o l i d  was o b t a i n e d .  T h is  was d i s s o l v e d  i n  

e t h e r  (10 c c . )  and l e f t  i n  t h e  r e f r i g e r a t o r ,  when a  f u r t h e r  

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

The d i a z o - k e t o n e  c r y s t a l l i s e d  from n -h e x a n e  as  

a lm os t  w h i t e ,  c r e a m - c o lo u r e d  m i c r o - n e e d l e s ,  m .p .  1 1 1 - 1 1 1 . 5 ° .

A n a l y s i s  was pe rfo rm ed  a f t e r  s t a n d i n g  f o r  s e v e r a l  

weeks a t  room t e m p e r a t u r e ,  when t h e  sample  may have  

d e t e r i o r a t e d  t o  some e x t e n t .

Found: G, 6 3 .7 9 ;  E„ 7 . 6 6 .

G16H24°21I4 re<l #:G» 6 3 -1 6 5 H* 7 -8 9 -

R e-a r rang em en t  o f  t h e  B i s  Diazo K e to n e .

The cream c o l o u r e d  powder ( 0 . 3 0  g . )  was d i s s o l v e d  

(and su spended :  n o t  too  s o l u b l e 1.)  i n  d io x a n  (20 c c . ) ,

h e a t e d  on t h e  w a t e r - b a t h ,  t h e n  t r e a t e d  w i t h  aqueous  ammonia 

( 1 . 5  c c .  o f  20$0 and s i l v e r  n i t r a t e  ( 0 . 3  c c .  o f  1 0 $ ) .  The 

s o l u t i o n  beoame brown and opaque .  I t  was h e a t e d  f o r  one 

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

f i l t r a t e  which when c o n c e n t r a t e d  (10 c c . ) ,  d e p o s i t e d  a  

sm a l l  amount o f  brown m i c r o c r y s t a l l i n e  n e e d l e s  ( p r o b a b l y  

unchanged d iaz o -co m p o u n d ) . The s o l u t i o n  was f i l t e r e d ,

t a k e n  to  d r y n e s s ,  when a gum was o b t a i n e d .  T h is  s o l i d i f i e d  

c o m p le t e ly  unde r  hexane  ( m i o r o - n e e d l e s ) . The brown s o l i d ,



presu m ab ly  th e  d ia m id e ,  was h y d r o l i s e d  by  r e f l u x i n g  w i t h  

m e th a n o l i c  p o t a s s iu m  h y d r o x id e  ( 0 . 4  g .  KOE i n  6 c c . w a t e r )  

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

C o n c e n t r a t i o n  o f  t h e  s o l u t i o n  i n  vacuo ,  c o o l i n g ,  e t h e r  

e x t r a c t i o n ,  f o l l o w e d  by  a c i d i f i c a t i o n  ( d i l u t e  h y d r o c h l o r i c  

a c id )  o f  t h e  aqueous l a y e r  gave a  gum w h ich  s o l i d i f i e d  on 

s t i r r i n g  t o  g i v e  a  brown m i c r o c r y s t a l l i n e  s o l i d ,  m .p .  160-  

1 6 1° ,  s o f t e n i n g  a t  155° ( y i e l d  0 .1 2 0  g . ) .  The a c i d  r e 

c r y s t a l l i s e d  (tvri.ce) from d i l u t e  a c e t i c  a c i d  a s  s l i g h t l y  

brown f l u f f y  n e e d l e s ,  m .p .  1 7 2 -1 7 3 ° .

Founds G, 1 ) .  6 8 .1 3 ;  H, l ) . 1 0 . 2 0 ,
2) . 6 8 .2 4 ;  2) . 1 0 . 1 7 .

G E O  r e q . :  G, 6 7 .6 1 ;  E ,  9 . 8 6 .
16 28 4

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

G14H24°4 r9q#S °* 6 5 ,6 7 ;  H ’ 9 *3 7 ‘

G15H26°4 r e ^ * ! G* 9 *70*

P y r o l y s i s  o f  t h e  Thorium S a l t  o f  1 - I s o p r o p y l  Q y o lo p en tan e -  

5 : 4 - B i s  ( j ? - B u t y r i c  A c id ) .

The a c i d  (0 .0 8  g . )  was t r e a t e d  w i t h  sodium h y d r o x id e  

(2 cc . o f  .2727 E) f o l lo w e d  by t h e  t h e o r e t i c a l  amount o f  

th o r iu m  n i t r a t e  d i s s o l v e d  i n  aqueous a l c o h o l .  D i s t i l l a t i o n  

o f  t h e  p r e c i p i t a t e d  l i g h t  brown th o r iu m  s a l t  gave  a  m in u te  

amount of b row n-red  d i s t i l l a t e  w i th  a  p l e a s a n t  k e t o n i c  

odour ,  m e t a l - b a t h  2 5 0 - 3 0 0 ° / . 2  mm.



An a t t e m p t  t o  o b t a i n  a  c r y s t a l l i n e  se m ic a rb a z o n e  

was u n s u c c e s s f u l •

X 7 - I s o p ro p y l  A d ip o y l  C h l o r i d e .

j 3 - i s o p r o p y l  a d i p i o  a c i d  (4 g . )  was t r e a t e d  i n  t h e  

o o l d  w i t h  t h i o n y l  c h l o r i d e  (4 c c . )  and l e f t  o v e r n i g h t .

The brown r e a c t i o n  m ix t u r e  was h e a t e d  i n  vaouo t o  remove 

t h i o n y l  c h l o r i d e .  D i s t i l l a t i o n  o f  t h e  r e s i d u e  f rom  an  a i r -  

b a t h ,  2 mm., e x t e r n a l  t e m p e r a t u r e  10 4 ° ,  gave t h e  a c i d  

c h l o r i d e  ( 3 .9  g . ) .

Diazo K e to n e .

The a c i d  c h l o r i d e  i n  a b s o l u t e  e t h e r  (30 o o . )  was 

added t o  a  s o l u t i o n  o f  d iazom ethane  - from n i t r o s o m e t h y l -  

u r e a  (20 g . )  - i n  e t h e r  (250 c c . ) .  There  was a  s l i g h t  

e f f e r v e s c e n c e  and a  f l u f f y  p r e c i p i t a t e  a p p e a r e d .  A f t e r  

l e a v i n g  f o r  36 h o u r s  t h e  e t h e r  was removed i n  a  p a r t i a l  

vacuum to  g iv e  a b ro w n - re d  v i s c o u s  gum which  c o u ld  n o t  be 

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

R e -a r ran gem en t  and I s o l a t i o n  o f  j ^ - I s o p r o p y l  S ub e r io  Acid  (XIV) 

The r e d  v i s c o u s  gum was d i s s o l v e d  i n  d io x a n  (40 c c . )  

and t h e  s o l u t i o n  h e a t e d  on t h e  v / a t e r - b a t h .  To t h e  h o t  

s o l u t i o n  was added ammonia (15 c c .  o f  2 ( $ ) , f o l lo w e d  by  

s i l v e r  n i t r a t e  (3 c c .  o f  1 0 ^ ) .  A m i ld  e f f e r v e s c e n c e  

f o l lo w e d ,  becoming v e ry  b r i s k ,  and c e a s i n g  a f t e r  t e n  m i n u t e s .  

H e a t in g  was c o n t i n u e d  f o r  one h ou r  and t h e  s o l u t i o n  f i l t e r e d .



Removal o f  t h e  d io x a n  i n  vacuo gave a  r e d  gum which  d i d  n o t  

s o l i d i f y  on c h i l l i n g  o r  u n d e r  s o l v e n t s .  The gum was r e 

f l u x e d  w i t h  p o ta s s iu m  h y d ro x id e  (3 g .  i n  30 c c .  w a t e r ) .

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

A c i d i f i c a t i o n  o f  t h e  h o t  s o l u t i o n  ( d i l u t e  h y d r o c h l o r i c  a c i d )  

gave a  gum. On c o o l i n g  t h e  h o t  m o th e r  l i q u o r s ,  d e o a n t e d  

from gum, d e p o s i t e d  f e r n - l i k e  n e e d l e s ,  m .p .  5 0 - 5 4 ° .  Re- 

c r y s t a l l i s e d  from hexane  t h e s e  formed c o l o u r l e s s  n e e d l e s ,  

m .p .  6 9 . 5 - 7 1 ° ,  d e p r e s s i n g  t h e  m e l t i n g  p o i n t  o f  t h e  s t a r t i n g  

m a t e r i a l  to  6 1 ° .

]?0und: 0 ,  6 0 .8 9 ;  H, 9 .0 0

G11H20°4 r6(1#: 6 1 ,1 1 ;  H’ 9#25,
S t a r t i n g  m a t e r i a l *

CgH^gO^ r e q . :  G, 5 7 .4 4 ;  H, 8 . 5 1 .

P y r o l y s i s  o f  t h e  Thorium S a l t  o b t a i n e d  from t h e  R e s i d u a l  Sum.

The th o r iu m  s a l t  (1 g . ) ,  o b t a i n e d  from a p o r t i o n  o f  

t h e  above gum (which had  s o l i d i f i e d  u n d e r  p e t r o l e u m  e t h e r )  

by  d i s s o l v i n g  i n  sodium h y d r o x id e  ( 0 . 5  H) and a l o o h o l ,  

n e u t r a l i s i n g  w i th  d i l u t e  n i t r i c  a c i d ,  and t r e a t i n g  w i t h  

th o r iu m  n i t r a t e ,  was h e a t e d  a t  3 0 0 - 3 5 0 ° / . 3 - . 4  mm. At 320°,  

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

o f  v i o l e t s ,  was o b t a i n e d .  This  gave a  s e m ic a rb a z o n e ,  m .p .  

1 40 -14 1 ° ,  s o f t e n i n g  1 2 1 ° .  R e p ea ted  c r y s t a l l i s a t i o n  o f  t h e  

sm a l l  q u a n t i t y  a v a i l a b l e  f a i l e d  t o  g iv e  a  sam ple  s u i t a b l e  

f o r  a n a l y s i s .



G o n d e n sa t io n  o f  e t h y l - 4 - i s o p r o p y l - c y c l o p e n t a n o n e - 2 - o a r b o x y l - 

a t e  w i t h  e t h y l  oC - b r o m o p r o p i o n a te .

A s o l u t i o n  o f  sodium e t h o x i d e  was o b t a i n e d  by d i s 

s o l v i n g  sodium ( 2 . 3  g . )  i n  a b s o l u t e  a l c o h o l  (50 c o . ) .  The 

s o l u t i o n  was c o o le d  to  -15°G, and t h e  k e t o - e s t e r ,  e t h y l  

i s o p r o p y l  c y c lo p e n ta n o n e  c a r b o x y l a t e  (20  g . )  add ed .  A f t e r  

l i  h o u r s  t h e  b r o m o - e s t e r  ( 1 8 .1  g . )  was added ,  drop b y  d r o p ,

w i t h  o c c a s i o n a l  s t i r r i n g  of  t h e  s lu d g y  w h i t e  p a s t e  o f  so d io
ocompound. The s o l u t i o n  was h e a t e d  f o r  6 h o u r s  a t  50 , 

a f t e r  l e a v i n g  f o r  30 h o u r s  a t  room t e m p e r a t u r e .  A f t e r  

p o u r in g  t h e  m ix t u r e  on to  i c e ,  t h e  n e u t r a l  m a t e r i a l  was 

e t h e r  e x t r a c t e d ,  d r i e d  (sod ium  s u l p h a t e )  and d i s t i l l e d .

The m ain  f r a c t i o n  was o b t a i n e d  as  a  c o l o u r l e s s ,  s l i g h t l y  

v i s c o u s  l i q u i d  (15 g . ) ,  b . p .  1 5 5 - 1 8 5 ° / l 3  mm.

T rea tm en t  o f  t h e  G o n den sa t io n  P r o d u c t .

The main f r a c t i o n  was r e f l u x e d  w i t h  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  (100 c c . )  f o r  6 h o u r s .  A f t e r  o o o l i n g ,  

t h e  s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  and t h e  e t h e r  d r i e d .  

D i s t i l l a t i o n  o f  t h e  e t h e r  gave a  brown o i l  which was 

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

i c  a c i d .  A f t e r  s t a n d i n g  o v e r n i g h t  a t  room t e m p e r a t u r e ,  t h e  

s o l u t i o n  was po u red  i n t o  w a t e r ,  e x t r a c t e d  w i t h  e t h e r  and th e  

e t h e r  l a y e r  washed w i t h  a  s o l u t i o n  o f  sodium c a r b o n a t e ,  t h e n  

w a t e r .  D i s t i l l a t i o n  o f  t h e  d r i e d  e t h e r e a l  e x t r a c t  gave  an 

o i l  which  was vacuum d i s t i l l e d .  The m ain  f r a c t i o n  (7 g . )



d i s t i l l e d  as  a  c o l o u r l e s s  l i q u i d ,  b . p .  1 4 1 - 1 5 0 ° / l 5  mm. 

T rea tm en t  o f  t h i s  o i l  i n  aqueous a l c o h o l  w i t h  p o t a s s i u m  

a c e t a t e  and s e m ic a r b a z id e  h y d r o c h l o r i d e  gave a  s e m ic a rb a z o n e  

which a f t e r  s e v e r a l  c r y s t a l l i s a t i o n s  from aqueous  m e th y l  

a l c o h o l  formed lo n g  c o l o u r l e s s  b l a d e s ,  m .p .  1 6 3 -1 6 5° ,  

s i n t e r i n g  a t  1 5 9 ° .  A f u r t h e r  c r y s t a l l i s a t i o n  gave  m a t e r i a l s  

m .p .  1 6 4 - 1 6 6 .5 ° .  The p o o r  a n a l y t i c a l  f i g u r e s  m a y b e ,  

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

d i - i s o p r o p y l  o y o l o p e n t y l i d e n e  c y c lo p e n ta n o n e  (XX) s see  

n e x t  e x p e r im e n t .

Founds C, 6 0 .0 4 ;  H, 8 . 7 5 ;  U, 1 4 . 2 4 .

G14H2 5 ° 3 %  re(l ' s C, 5 9 .3 7 ;  H, 8 . 8 3 ;  H, 1 4 . 8 4 .

Found: G, 5 9 .6 3 ;  H, 8 . 8 .

H y d r o l y s i s  o f  C o n d e n sa t io n  P r o d u c t  and I s o l a t i o n  o f  D i 

i s o p r o p y l  G y c lo p e n ty l id e n e  O yc lopen tanone  (XX).

The m ain  f r a c t i o n  (15 g . ) ,  from c o n d e n s a t i o n  o f  k e t o -

e s t e r  and oc - p r o p i o n i c  e s t e r ,  was b o i l e d  f o r  6 h o u r s  w i t h

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (100 c c . )  and t h e  a c i d i c  

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

a l k a l i n e  l i q u o r s  a c i d i f i e d  ( d i l u t e  h y d r o c h l o r i c  a c i d )  and 

e t h e r  e x t r a c t e d .  E v a p o r a t i o n  o f  t h e  e t h e r  gave an a c i d  

(9 g . )  which c o u ld  n o t  be  o b t a i n e d  s o l i d .  I t  d i d  n o t  form 

a  s e m ic a rb a z o n e .  The n e u t r a l  m a t e r i a l  from t h e  h y d r o l y s i s ,  

when b o i l e d  w i th  aqueous m e th y l  a l c o h o l i c  p o t a s h  (50  cc . o f



lOj!) gave a  s o l i d  which c r y s t a l l i s e d  from aqueous  m e th y l  

a l c o h o l  as  g l i s t e n i n g  p l a t e s ,  m .p .  7 2 - 7 4 ° .  I t  gave  a  

r e d  p r e c i p i t a t e  w i t h  2 :4  d i n i t  r o p h e n y l h y d r a z i n e  • A n a l y s i s  

and m e l t i n g  p o i n t  i n d i c a t e d  t h a t  t h e  compound i s  d i - i s o -  

p r o p y l  c y c l o p e n t y l i d e n e  c y c l o p e n t a n o n e ,  o b t a i n e d  a l s o  by  

G o a ts  and C o o k ^ ^ x .

Found:  G, 8 2 .1 2 ;  H, 1 0 . 8 .

G1 6 ^ 2 6 G r e q . :  C, 8 2 .0 6 ;  H, 1 1 . 1 1 .

G o n d e n sa t io n  i n  B e n z e n e .

Sodium ( 1 . 2  g . )  was a to m ise d  i n  t o l u e n e ,  t h e  t o l u e n e  

d e c a n te d  and benzene  (40 c c . )  added-  The k e t o - e s t e r  (10 g . )  

was added and t h e  w h i t e  sod io  compound h e a t e d  a t  r e f l u x  

p o i n t  f o r  2 h o u r s .  The r e a c t i o n  m ix t u r e  was c o o l e d  and

t h e  bromo compound (10 g . )  added .  A f t e r  h e a t i n g  on t h e

steam  b a t h  f o r  6 h o u r s ,  t h e  s o l u t i o n  was p o u re d  i n t o  w a t e r  

and e t h e r  e x t r a c t e d ,  t h e  e t h e r - b e n z e n e  l a y e r  d r i e d  (sod ium  

s u l p h a t e )  and d i s t i l l e d .  The main  f r a c t i o n  ( 8 .8  g . )  d i s 

t i l l e d  a s  a  c o l o u r l e s s  o i l ,  b . p .  1 4 0 - 1 8 0 ° / l 0  mm.

H y d r o l y s i s  o f  Main F r a c t i o n :  I s o l a t i o n  o f  o d - ( 2 - k e t o - 4 -

i s o p r o p y l  o y c l o p e n t y l )  p r o p i o n ic  a c i d  ( X Y II ) .

The m ain  f r a c t i o n  was b o i l e d  w i t h  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  (60 c c . )  f o r  6 h o u r s .  The r e s u l t a n t

x  A sample of  t h e  m a t e r i a l  o b t a i n e d  b y  Goats  i s  u n f o r t u n a t e 
l y  n o t  a v a i l a b l e  f o r  a  mixed m e l t i n g - p o i n t .



62.

m ix tu r e  was e t h e r  e x t r a c t e d  and t h e  e t h e r  l a y e r  washed w i t h  

sodium c a r b o n a t e .  A c i d i f i c a t i o n  of  t h e  a l k a l i n e  l i q u o r s ,  

and e t h e r  e x t r a c t i o n  o f  t h e  p r e c i p i t a t e d  o i l ,  f o l l o w e d  by  

d r y i n g  and d i s t i l l i n g  t h e  e t h e r  l a y e r ,  gave  a  gum ( 4 - 5  g . )  

which g r a d u a l l y  became s e m i - s o l i d .  A d d i t i o n  o f  p e t r o l e u m  

e t h e r  and f i l t e r i n g  gave a  s o l i d  a c i d  fo rm in g  s m a l l ,  

c o l o u r l e s s  n e e d l e s ,  m .p .  9 7 - 1 0 3 ° .  C r y s t a l l i s a t i o n  from 

n -h ex a n e  ( t h r e e  t im e s )  gave an a c i d  o f  m .p .  109 -1 10 °•

bounds C, 6 6 .6 3 ;  H, 9 . 3 0 .

^11^18^3 r6(l * s ^ » 6 6 .6 7 ;  H , 9 . 1 0 .

The m a t e r i a l ,  i n s o l u b l e  i n  c a r b o n a t e  ( 3 . 1  g . ) ,  a  

brown o i l  w i t h  a s t r o n g  t e r p e n e - l i k e  odo u r ,  gave  an  un- 

homogeneous 2 :4  d i n i t r o p h e n y l h y d r a z o n e , ' s e p a r a t e d  b y  

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

s o l u b l e  i n  a l c o h o l ,  m .p .  80-110°  and more s o l u b l e  l i g h t  

o range  p l a t e s ,  m .p .  1 2 0 -1 2 5 ° .  I t  was n o t  f u r t h e r  i n 

v e s t i g a t e d  .

A rndt  B i s t e r t  Chain l e n g t h e n i n g  o f  M ix tu re  o f  A c ids  (21) 

O b ta ined  from M ix tu re  of S t e r e o i s o m e r i o  K etones  ( Y ) .

The i c e - c o l d  m ix t u r e  o f  a c i d s  ( 7 . 4  g . )  was t r e a t e d  

w i t h  t h i o n y l  c h l o r i d e  (6 c c . ) .  A r e a c t i o n  soon  s t a r t e d  

and c o n t i n u e d  u n t i l  t h e  gum had d i s a p p e a r e d  and a  d a r k  

brown s o l u t i o n  was o b t a i n e d  (2^- h o u r s )  . A f t e r  warming 

(4 0 -60 ° )  on t h e  w a t e r - b a t h  f o r  abou t  30 m in u te s ,  t h e  t h i o n y l  

c h l o r i d e  was removed i n  v acuo .  Benzene (10 cc>) was added



and t h e n  removed; f i n a l l y ,  a b s o l u t e  e t h e r  was ad ded ,  d i s 

t i l l e d  o f f ,  and t h e  r e s i d u a l  gum h e a t e d  -in a p a r t i a l  

vacuum f o r  a  s h o r t  t i m e .  The brown a c i d  c h l o r i d e  was d i s 

s o lv e d  i n  d r y  e t h e r  (70  c c . )  and t h e n  added ,  d rop  by d ro p ,  

t o  an e t h e r e a l  s o l u t i o n  o f  d iazom ethane  ( f rom  n i t r o s o -  

m e t h y l u r e a  (41 g . ) ) .  A b r i s k  r e a c t i o n  s t a r t e d  i m m e d ia t e l y .  

The s o l u t i o n  was l e f t  f o r  18 h o u r s  a t  room t e m p e r a t u r e ,  

t h e n  t h e  e t h e r  and e x c e s s  d iazom e th an e  removed i n  a  p a r t i a l  

vacuum. The r e s i d u e  ( a  da rk  brown v i s c o u s  l i q u i d )  was 

d i s s o l v e d  i n  d io x a n  (50 c c . ) ,  t h e  s o l u t i o n  warmed t o  50° 

on w a t e r - b a t h ,  t h e n  ammonia (17 c c .  o f  20$!) added,  f o l l o w e d  

b y  a s i l v e r  n i t r a t e  s o l u t i o n  (3 c c . o f  10fl) . A v i g o r o u s  

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

t h r e e - q u a r t e r s  o f  an h o u r  t h e n  l e f t  o v e r n i g h t .  A f t e r  f i l 

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

f i l t e r e d ,  and e v a p o r a t e d  i n  vacuo .  A t h i c k  brown, a lm o s t  

s o l i d  gum re m a in e d .  To t h i s  was added a  s o l u t i o n  o f  

p o ta s s iu m  h y d r o x id e  (6 g .  i n  36 c c .  o f  w a te r )  and t h e  

s o l u t i o n  b o i l e d  u n t i l  e v o l u t i o n  o f  ammonia c e a s e d .  The 

c o o le d  s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  and t h e  brown 

aqueous l a y e r  a c i d i f i e d  ( d i l u t e  h y d r o c h l o r i c  a c i d ) .  A 

brown gummy amorphous s e m i - s o l i d  m a t e r i a l  p r e c i p i t a t e d .  I t  

was e x t r a c t e d  w i th  e t h e r ,  and t h e  e t h e r  d r i e d  (sod ium  s u l 

p h a te )  and d i s t i l l e d ,  when a d a rk  brown a lm o s t  s o l i d  gum 

( 6 . 5  g . ) ,  p resum ab ly  t h e  r e q u i r e d  m ix tu r e  o f  1 - i s o p r o p y l -



c y c l o p e n t a n e - 3 : 4  b i s  ( ^ - b u t y r i c  a c i d s ) ,  was o b t a i n e d .

P y r o l y s i s  o f  t h e  Thorium S a l t  o f  t h e  M ix tu re  o f  Grade Acids  

(XIX) •

The c ru d e  m ix t u r e  o f  a c i d s  ( 6 . 5  g . )  was t r e a t e d  

w i t h  f r e s h l y  p r e c i p i t a t e d  t h o r iu m  h y d r o x id e  (made from 

th o r iu m  n i t r a t e  (8 g . )  and ammonium h y d r o x i d e ,  and q u i c k l y  

d r y i n g  t h e  washed p r e c i p i t a t e  on h e a t e d  p o ro u s  p l a t e )  and 

t h e  m ix t u r e  h e a t e d  under  vacuum on t h e  w a t e r - b a t h .  The 

r e s u l t a n t  amorphous brown powder was q u i c k l y  h e a t e d  w i t h  

a b u n s e n  f lam e  a t  .2  - .5  mm. p r e s s u r e .  A v i s o o u s  brown 

d i s t i l l a t e  ( 1 . 5  g . ) ,  w i t h  a  p l a n t - l i k e  odour ,  was o b t a i n e d .  

The o i l  was d i s s o l v e d  i n  e t h e r ,  washed s e v e r a l  t im e s  w i t h  

s a t u r a t e d  c a r b o n a t e  s o l u t i o n ,  t h e n  w a t e r .  E v a p o r a t i o n  o f  

t h e  e t h e r  gave a  brown o i l  which was r e d i s t i l l e d .  

f r a c t i o n  I :  b . p .  8 5 -9 5 ° ,  m a in ly  8 5 ° / . 1 - . 1 5  mm. ( a i r - b a t h

t e m p e r a t u r e )  -  l i g h t  brown m o b i le  o i l .  

f r a c t i o n  I I :  b . p .  1 0 5 - 1 1 3 ° / . 1 - . 1 5  mm. ( a i r - b a t h  t e m p e r a t u r e )  

brown v i s c o u s  o i l .

Both  f r a c t i o n s  gave r e d  gummy p r e c i p i t a t e s  w i t h  2 :4  

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

t i v e s  from f r a c t i o n  I  gave a  d u l l - r e d  amorphous s o l i d ,  m .p .  

6 0 -7 4 ° .

U o t e : -  A l l  m e l t i n g  p o i n t s  a r e  u n c o r r e c t e d -



Addendum.

The a n a l y s i s  f o r  t h e  se m ic a rb a z o n e  ( r e f e r r e d  to  

on page 30) i s  now a v a i l a b l e  (page  51) . These 

f i g u r e s ,  t a k e n  i n  c o m b in a t io n  w i t h  t h e  a n a l y s i s  f o r  t h e  

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

d i s e m i c a r b a z o n e .  A l though  no r i g i d  p r o o f  i s  advanced,  

i t  would a p p e a r  p o s s i b l e  t h a t  t h e  s o l i d  which was i n 

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

t h e  na ldehydo"  form o f  th e  hydroxym ethy lene  d e r i v a t i v e  %
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PART I I .

S y n th e s e s  o f  ffased Bing Compounds 

R e l a t e d  to  S t e r o i d s .



Syntheses of Fused Ring Compounds Belated to Steroids

Many n o v e l  s y n t h e t i c  methods have r e c e n t l y  l e d  to  

f u r t h e r  deve lopm en ts  i n  the  f i e l d  o f  s y n t h e s i s  o f  t h e  

n a t u r a l  hormones* E q u i l e n i n  and o e s t r o n e  have  be en  t h e  

most  a t t r a c t i v e  g o a l s  b e c a u s e  t h e y  p r e s e n t  l e s s  complex 

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

hormone s t r u c t u r e .  There a r e  many methods o f  approach  to  

t h e  s y n t h e s i s  o f  t h e  c y c lo p e n te n o p h e n a n th r e n e  oa rbon  

s k e l e t o n  ( I ) .

( I )  .

I n  g e n e r a l ,  t h e s e  methods can  be  ro u g h ly  d i v id e d  i n 

t o  two,  t h e  f i r s t  b a se d  on t h e  b u i l d i n g  up o f  r i n g  J) i n  t h e  

e a r l y  s t a g e s  o f  th e  s y n t h e s i s  and th e  c o m p le t io n  o f  t h e  

m id d le  r i n g s  a t  some l a t e r  p o i n t ,  o r  t h e  second ,  which 

a t t e m p t s  t h e  c o n s t r u c t i o n  o f  t h e  f ive-membered  r i n g  on to  

t h e  co m p le te d  sys tem  A - B - C.

The p r e s e n t  work i s  c o n c e rn e d  w i th  t h e  second method 

o f  ap p ro a ch  t o  t h e  prob lem , v i z . ,  t h e  p r e l i m i n a r y  b u i l d i n g  of  

t h e  sys tem  A - B - G. I n  a  s y n t h e s i s  o f  o e s t r o n e ,  where 

r i n g  A i s  a ro m a t ic  , and i n  e q u i l e n i n ,  where b o t h  A and B a re  

a r o m a t i c ,  t h e  absence  o f  a n g u la r  m ethy l  s u b s t i t u e n t s  

s i m p l i f i e s  t h e  problem, and f u r t h e r m o r e ,  use  can  be made o f



t h e  r e a c t i v i t y  o f  t h e  a ro m a t ic  n u c le u s  and t h e  p a r a  d i r e c t 

i n g  i n f l u e n c e  o f  t h e  methoxy g ro u p .  The no n -b en z en o id  

hormones p r e s e n t  a  much more d i f f i c u l t  problem, w i t h  t h e  

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

i n c r e a s i n g  number o f  s t e r e o i s o m e r s  c o m p l i c a t i n g  th e  problem 

o f  p u r i f i c a t i o n  and c o n s e q u e n t ly ,  i d e n t i f i c a t i o n .

i n  t h e  s y n t h e s i s  o f  a  m o le cu le  o f  t h e  a n d ro s t a n e  ty p e  (IV) 

i s  9 - m e t h y l - l - d e o a l o n e  ( I I ) .  S e v e r a l  c o n s i d e r a t i o n s  make 

t h i s  compound d e s i r a b l e  a s  an  i n t e r m e d i a t e :  i t s  e ase  o f

p u r i f i c a t i o n  and i d e n t i f i c a t i o n ,  th e  r e a c t i v e  n a t u r e  o f  t h e  

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

and,  f u r t h e r m o r e ,  t h e  f a c t  t h a t  a  method o f  s y n t h e s i s  o f  

t h i s  compound from 2 -m eth y l  cyc lohexanone  c o u ld ,  t h e r e o t i -  

o a l l y ,  be  r e p e a t e d  u s i n g  9 - m e t h y l - l - d e o a l o n e  i t s e l f  to  

o b t a i n ,  u l t i m a t e l y ,  l - k e t o - 1 3 - m e t h y l - p e r h y d r o p h e n a n th r e n e  ( I I I )

A su rv e y  o f  t h e  l i t e r a t u r e  r e v e a l s  a  v a r i e t y  o f  p r o 

c e s s e s  whereby  9 - m e t h y l - l ” dec a lone  ( I I )  c a n  be  o b t a i n e d .

A compound w hich  would be u s e f u l  as an i n t e r m e d i a t e

(IV)( I I ) ( I I I )



A l l  tli© r e p o r t e d  m ethods ,  w i t h  t h e  e x c e p t i o n  o f  t h e  p r o c e d u r e  

whereby t h e  a n g u l a r  m e thy l  group i s  d i r e c t l y  i n t r o d u c e d  i n t o  

dec a lo n e  , c e n t r e  on t h e  p r e p a r a t i o n  o f  m e th y lc y c lo -  

h e x e n y l  b u t y r i c  a c i d  (V) which i s  c y c l i s e d  a c c o rd in g  t o  t h e  

D arzens  r e a c t i o n  a s  m o d i f i e d  by Cook and L a w r e n c e ^ * ^  t o  

t h e  c o r r e s p o n d i n g  c h l o r o  k e to n e  (VI) w hich ,  a f t e r  removal 

o f  h y d r o c h l o r i c  a c i d ,  y i e l d s  t h e  u n s a t u r a t e d  k e to n e s  (VII)  

o r  ( V I I I )  o r  a  m ix tu r e  o f  b o t h .

V II I )  •
P r i m a r i l y  t h e  p rob lem  i s  t h e  p r e p a r a t i o n  o f  t h e  sub 

s t i t u t e d  b u t y r i c  a c i d  (V) s i n c e  t h e  c y c l i s a t i o n  p ro c e d u re  

h a s  b e en  w e l l  t r i e d  and t h e  r e p o r t e d  y i e l d s  a re  good.  T h is

a c i d  h a s  b e en  s y n t h e s i s e d  by  s e v e r a l  m ethods .  Ghuang, T ien
(6)and Ma , f o l l o w i n g  a  method e l a b o r a t e d  by  Cook and Law

r e n c e  i n  t h e  s y n t h e s i s  o f  dec a lo n e ,  o b t a i n e d  t h e  a c i d  by 

t h e  f o l l o w i n g  schem e:-

R e fo rm a tsky
 >

t h e n  d e 
h y d r a t i o n

coon
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C0OHa
These a u t h o r s  a n t i c i p a t e d  to  some e x t e n t  tho work 

and Lawrence 

to  t h e  b u t y r i c  a c i d :

(5)o f  Cook and Lawrence who now r e p o r t e d  a  d i f f e r e n t  r o u t e

ccr’CfcrCCis'CC?
(7)

E l l i o t  and l i n s t e a d  , i n  t h e  f o l l o w i n g  y e a r ,  r e 

p o r t e d  an i n g e n i o u s  though  some?/hat in v o lv e d  method of  

o b t a i n i n g  t h i s  i n t e r m e d i a t e .  T h is  c o n s i s t e d  i n  r e a c t i n g

2 - m e th y lc y o lo hexanone w i th  a  G-rignard r e a g e n t  p r e p a r e d  from 

A ^ - n - p e n t e n y l  b rom ide ,  o x i d i s i n g  th e  p ro d u c t  to  a  hydroxy 

a c i d  and d e h y d r a t i n g  to  th e  r e q u i r e d  u n s a t u r a t e d  compound:-

..............  .............
L

A more r e c e n t  method o f  p r e p a r a t i o n  o f  ^ - ( 2 - m e th y l -
_ ( O )

A  - c y c l o h e x e n y l )  b u t y r i c  a c i d  (Y), due t o  p l e n t l  and B o g e r t  

c o n s i s t s  i n  th e  e l o n g a t i o n  of  t h e  s i d e - c h a i n  o f  m ethy l  c y c l o 

h e x e n y l  a c e t i c  a c i d  by  two s u c c e s s iv e  A r a d t - E i s t e r t  r e a c t i o n s .
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9 - M e t h y l - l - d e c a l o n e  lias a l s o  b e e n  s y n t h e s i s e d  by
tsi's

Eon, l i n s t e a d  and Simons by  a  G r ig n a rd  r e a c t i o n  be tw een  

m e th y l  c y c l o hexanone c a r b o x y l a t e  and 2^-e th o xy  b a t y l  b rom ide ,  

o x i d i s i n g  t h e  p r o d u c t  to  a  d i b a s i c  a c i d  and r i n g  c l o s i n g  th e  

e s t e r .

O

o?Co o n

The f i r s t  o b j e c t i v e  o f  t h i s  r e s e a r c h  was t o  s y n t h e s i s e  

9- m e t h y l - 1 - dec a lone  ( I I )  by t h e  use  o f  a  n o ve l  Reform atsky  

r e a c t i o n  w i t h  m ethy l  Y  -bromo c r o t o n a t e  ( IE) e n v i s a g i n g  th e  

f o l l o w i n g  schem e:

a * j  ->  or
( I E )  (E)

, 0 0  CH,

0 0<Hj

Hi

( E l i )

ooH

( E l i I ) (EIV)



74 ,

(XV)

I f  t h e  method c o u ld  be t h a s  s u c c e s s f u l l y  r e a l i s e d  i t  

was p ro p o s e d  to  e x te n d  t h e  same s e r i e s  o f  r e a c t i o n s  to  

9 - m e t h y l - l - d e c  a lo n e  i t s e l f  i n  t h e  hope o f  o b t a i n i n g  1 - k e t o -  

1 3 - m e th y l -  ' ^ - d o d e c a h y d r o p h e n a n t h r e n e  (XIV) o r  1 - k e t o -  

1 3 - m e t h y l - p e r h y d r o p h e n a n th re n e  (XV) .

She v in y lo g u e s  o f  t h e  c * . - t i a l o e s t e r s  app ea r  to  have 

b e e n  f i r s t  used  by  kuson ,  Arnold and C o o k e ^ ^  who con

d en sed  - i o d o c r o t o n a t e  v / i th  c y c lo hexanone and a in c  to  

o b t a i n  (XVI)

/0 0 /C

The same group o f  w o rk e rs  , a l s o  Sobotka  and co -
( T P T ^ ^

w o rk e rs  * have  sough t  to  u t i l i s e  th e  r e a c t i o n  i n  

p o ly e n e  s y n t h e s i s ,  r e a c t i n g  -m e th y l-  f -bromo c r o t o n i o  

e s t e r  w i t h  f t - o y c lo c i t r a l  (XVII) to  o b t a i n  V i tam in  A 

i n t e  m e d i a t e s .

S t i l l  more r e c e n t l y  i n  t h i s  l a b o r a t o r y  Cook and 

S o h o e n ta l* 1 4  ̂ have s u c c e s s f u l l y  u t i l i s e d  if -bromo o r o t o n i c  

e s t e r  i n  a hydroxy  ch rysene  s y n t h e s i s .

The method g a in e d  i n  im por tance  w i th  t h e  f i n d i n g  o f



(1 5 ,1 6 )
Z i e g l e r  t h a t  m ethy l  o r o t o n a t e  c o u ld  he d i r e c t l y

h r o m in a te d  i n  th e  a l l y l  p o s i t i o n  w i th  n-hromo su o o in im id e  

i n  good y i e l d .

I n  t h e  scheme which h a s  h een  o u t l i n e d  above, 9- 

m e t h y l - 1 - dec a lone  h a s  now heen  s y n t h e s i s e d  i n  an o v e r a l l  

y i e l d  o f  2 CPr  from 2 -m ethy l  oyc lohexanone ;  and hy  e s s e n t i 

a l l y  t h e  same s e r i e s  o f  r e a c t i o n s ,  a k e to n e  h a s  h een  o b t a i n e d ,

c h a r a c t e r i s e d  hy  i t s  2 j 4 - d i n i t r o p h e n y l h y d r a z o n e , which i s ,
11:12

p re s u m a b ly ,  t h e  r e q u i r e d  1 - k e t o - 1 3 - m e th y l  -  XX -dodeoa-

h y d ro p h e n a n th re n e  (XIY) .

By u s i n g  z i n c ,  p r e p a r e d  hy m i l l i n g  down a z ino  b lo c k

made from a r s e n i c  f r e e  z in c  r o d s ,  and a c t i v a t e d  by amalga- 
(17)

m a t i o n  ( t h e  a u t h o r  i s  i n d e b t e d  to  D r .  S c h o e n ta l  f o r  t h i s  

o b s e r v a t i o n ) ,  2 -m ethy l  cyc lohexanone  r e a c t e d  w i t h  i f  -brouio 

c r o t o n i c  e s t e r  (IX) to  g iv e  m e t h y l - i f - ( 1 -h y d ro x y -2 -m e th y l  

c y c l o h e x y l )  c r o t o n a t e  (X) i n  50^  y i e l d .  The d i s t i l l e d  

p r o d u c t  was h y d ro g e n a te d  w i t h  p a l l a d iu m  b l a c k  as  c a t a l y s t ,  

t h e  i n t a k e  o f  hydrogen  c e a s i n g  a f t e r  th e  t h e o r e t i c a l  amount 

r e q u i r e d  f o r  one double  bond had  been a b so rb e d .  The p r o 

c e d u r e  ad o p te d  a t  t h i s  s t a g e  was to  d e h y d ra te  the  hydroxy  

e s t e r  ( X I ) ,  h y d r o l i s e  the  c rude  p r o d u c t  (XII)  w i t h  aqueous 

m e th a n lo io  sodium h y d ro x id e ,  and judge th e  u t i l i t y  o f  t h e  

p r o c e s s  by  t h e  m e th y l  c y c lo h e x e n y l  b u t y r i c  a o id  ( X I I I )  

fo rm ed.  S e v e r a l  methods o f  d e h y d r a t io n  o f  t h e  hydroxy-  

e s t e r  were s t u d i e d .  Poor r e s u l t s  were o b t a i n e d  w i t h



t h i o n y l  c h l o r i d e  and p y r i d i n e ,  t h e  a c i d i c  m a t e r i a l  showing

no t e n d e n c y  t o  s o l i d i f y .  D e h y d r a t io n  w i th  sodium b i -

s u l p h a t e ,  f o l l o w e d  by  h y d r o l y s i s  gave an a l k a l i  s o l u b l e

f r a c t i o n  which s lo w ly  d e p o s i t e d ,  i n  sm a l l  y i e l d ,  c r y s t a l s  o f

t h e  r e q u i r e d  a c i d .  However, by  h e a t i n g  th e  hydroxy  e s t e r

g e n t l y  w i t h  a  o r y s t a l  o f  i o d i n e  and h y d r o l i s i n g  t h e  orude

p r o d u c t ,  an a l k a l i  s o l u b l e  v i s c o u s  l i q u i d  was o b t a i n e d  whioh

r a p i d l y  s o l i d i f i e d  a t  room t e m p e r a tu re  to  a  w h i te  mass o f

f l a k e s  o f  t  - ( 2 - m e t h y l -  A  ^ - o y c lo h e x e n y l ) - b u t y r i o  a c i d  ( X I I I ) .

The c r u d e  m a t e r i a l  was c y c l i s e d  to  th e  o h lo ro  k e to n e  and

h y d r o o h l o r i c  a c i d  removed w i th  d i m e t h y l a n i l i n e ,  to  g iv e  
4 : 1 0 ( o r  5 :10)

9 - m e th y l -  A  - 1 - o c t a l o n e  (V II )  o r  ( V I I I ) ,  i d e n t i 

f i e d  by  m*p. (and mixed m .p . )  o f  the  se m ic a rb a zo n e .  Hydro

g e n a t i o n  w i th  p a l l a d iu m  b l a c k  was slow, b u t  by u s in g  a l a r g e  

e x c e s s  o f  c a t a l y s t ,  9 - m e th y l - 1 - d e o a lo n e ,  (m ain ly  t h e  c i s  

p r o d u c t )  was o b t a i n e d .  I t  was i d e n t i f i e d  by compar ison  w i th  

an a u t h e n t i c  sample of  methyl  d e c a lo n e  s e m io a rb a z o n e . 1’o r  

p r e p a r a t o r y  p u rp o se s  on a somewhat l a r g e r  s c a l e ,  h y d r o g e n a t io n  

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

p a l l a d i s e d  s t r o n t i u m  c a r b o n a t e  c a t a l y s t  a t  50° and 115 a tmos

p h e r e s  p r e s s u r e .  The d i s t i l l e d  p r o d u c t ,  which was i d e n t i 

f i e d  by i t s  sem ic a rb a zo n e ,  was used d i r e c t l y  i n  t h e  s u b s e q u e n t

s t a g e s  o f  t h e  s y n t h e s i s .

The d i c y c l i c  k e to n e ,  p r e p a re d  as  i n d i c a t e d ,  r e a c t e d  

v i g o r o u s l y  w i t h  m ethy l  i f  -bromo o r o t o n a t e  and z in c  a c t i v a t e d  

as b e f o r e .  I n  working up the  r e a c t i o n  m ix t u r e ,  a l t h o u g h



d i s t i l l a t i o n  was o a r r i e d  ou t  on a  sm a l l  s c a l e  from an a i r -  

b a t h ,  no a t t e m p t  was made to  d i s t i l  p r o d u c t s  on a  l a r g e  

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

m e th y l  1 - h y d r o x y - 9 - m e th y l  d e o a l y l )  o r o t o n a t e  (X V I I I ) .

H y d ro g e n a t io n  w i t h  p a l l a d iu m  b l a c k ,  i n  s e v e r a l  

d i f f e r e n t  e x p e r im e n t s ,  i n d i c a t e d ,  by  th e  amount o f  hydrogen  

a b s o r b e d ,  t h a t  t h e  u n s a t u r a t e d  hydroxy e s t e r  (XVIII)  had  

b e e n  formed i n  40 - 5 0 y i e l d  ( a l t h o u g h  no a l low ance  i s  

made f o r  any m e th y l  d e o a l o l  which may have been  formed w i t h  

9 - m e t h y l - l - d e c a l o n e  d u r i n g  t h e  h y d r o g e n a t io n  w i th  p a l l a d i s e d  

s t r o n t i u m  c a r b o n a t e ) . The c rude  p ro d u c t  was d e h y d ra te d  a s  

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

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

m e th y l  dec a lo n e  and i n d e f i n i t e l y  b o i l i n g  h i g h e r  f r a c t i o n s  

which  d i s t i l l e d  w i th  c o n s i d e r a b l e  d e c o m p o s i t io n  l e a v i n g  a 

l a r g e  d a rk  r e s i d u e  i n  t h e  f l a s k .  H y d r o l y s i s  o f  th e  m ethy l  

e s t e r  (XX) was,  t h e r e f o r e ,  e f f e c t e d  w i t h  aqueous m ethano l io  

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

e x t r a c t i o n  o f  t h e  d i l u t e d  aqueous m e th an o l io  sodium h yd ro x id e  

gave a  40 - 50/t r e c o v e r y  o f  9- m e t h y l - 1 - dec a lon e  (based  on 

w e ig h t  o f  s e m ic a r b a z o n e ) .  Erom t h e  a l k a l i n e  l i q u o r  a  brown 

gum was o b t a i n e d  by a c i d i f i c a t i o n .  E x t r a c t i o n  w i th  e t h e r ,  

d r y i n g  and d i s t i l l a t i o n  gave a  d a rk  brown v i s c o u s  m a t e r i a l .

By i t s  b e h a v i o u r  tow ards  h o t  and c o ld  a l k a l i  i t  appeared  

to  c o n s i s t  m a in ly  o f  l a c t o n e ,  p o s s i b l y  (XXII), w i th  a  s m a l l
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Some o f  t h e  above gum was t r e a t e d  w i t h  t h i o n y l

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

o y c l i s e d  w i t h  s t a n n i c  c h l o r i d e  a c c o rd in g  to  t h e  p ro c e d u re  

o f  Cook and Lawrenoe 9 . On d e c o m p o s i t io n  o f  t h e  brown

complex which  s e p a r a t e d  from th e  ca rbo n  d i s u l p h i d e  r e a c t i o n  

m i x t u r e ,  an  i n s o l u b l e  gum, p resum ably  m a in ly  t h e  s t a r t i n g  

m a t e r i a l ,  was r e c o v e r e d .  On s t a n d i n g  under  aqueous a l c o h o l ,  

t h e  gum s o l i d i f i e d  t o  a brown o r u s t y  s o l i d .  This  d i s s o l v e d  

i n  a l o o h o l  and on s t a n d in g  d e p o s i t e d  a f a w n -c o lo u re d  amor

phous powder .  The b e h a v i o u r  o f  t h e  powder su g g e s te d  t h a t  

i t  was a  l a c t o n e ,  p o s s i b l y  (XXII) • Trea tm ent  o f  th e  

m a t e r i a l  s o l u b l e  i n  ca rb o n  disulxohide w i th  d i m e t h y l - a n i l i n e  

and d i s t i l l a t i o n  o f  t h e  p ro d uo t  gave a f a i r l y  m obi le  l i g h t  

y e l lo w  l i q u i d  which da rkened  v e ry  s l i g h t l y  a f t e r  s t a n d i n g  

f o r  some t im e  a t  room t e m p e r a t u r e .  The su b s ta n c e  gave a 

b r i l l i a n t  r e d  2 :4  d i n i t . r o pheny lhydrazone  which was homogeneous 

and c r y s t a l l i s e d  e a s i l y  and w e l l  from g l a c i a l  a c e t i c  a c id s



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

t h e  r e q u i r e d  1 - k e to -  1 3 -m e th y l-  '^ ^ -d o d ecah y d ro p h cn -

a n th r e n e  (XIY)X.

At t h i s  s t a g e  i n  t h e  s y n t h e s i s  th e  work o f  Johnson
. 1 -uand c o -w o rk e r s  became a v a i la b le *  These w orke rs  p r e 

p a re d  f ive-m em bered  r i n g  k e to n e s  by c y c l i s a t i o n  o f  l a c t o n e s  

on to  a l i c y c l i c  r i n g  system s by  th e  use  o f  a c e t i c  a n h y d rid e  

aud a c e t i c  a c i d - c o n t a i n i n g  a  c a t a l y t i c  amount o f  fu s e d  

z in c  c h lo r id e ^  :

There a re  a  few r e f e r e n c e s  i n  th e  l i t e r a t u r e  to  t h e
(19)c y c l i s a t i o n  o f  l a c t o n e s .  P l a t t n e r  and S t .P f a u  p r e 

p a re d  s u b s t i t u t e d  c y c lo p en te n o n es  by  th e  rem oval o f  w a te r  

from  $  - u n s a tu r a te d  a c id s  o r  th e  c o r r e s p o n d in g  l a c to n e

C y c l i s a t i o n s  o f  l a c to n e s  have a l s o  been  d e s c r ib e d  i n  th e
(2 0 ,2 1 ,2 2 .2 3 )  (24)

P a t e n t  L i t e r a t u r e  by  B ryusova  and O sipova ,
(25)

and by  ii’r a n k ,  Arvan, R ic h te r  and Yanneman • The l a s t  

named a u th o r s  su cceeded  i n  t r a n s fo rm in g  ^ - m e t h y l - ^ - d e -  

c a n o la c to n e  (XX III) to  d ihydrojasm one i n  50jt y i e l d  by u s in g  

ph o sp h o ru s  p e n to x id e .

x  An a t t e m p t  to  o b t a i n  a  sem icarbazone  gave gummy m a t e r i a l :  
a  l a t e r  t e s t  w i th  se m ic a rb a z id e  on a n o th e r  sample o f  k e to n e  
a p p e a rs  to  be  much more p ro m is in g .
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I t  w as, t h e r e f o r e ,  a  m a t t e r  o f  some i n t e r e s t  to  see  

i f  t h e  brovm powder, r e c o v e re d  from th e  c y c l i s a t i o n  w i th  

s t a n n i c  c h l o r i d e ,  and p resum ab ly  h av in g  th e  s t r u c t u r e  r e 

p r e s e n t e d  b y  (XXII) c o u ld  be o y c l i s e d  to  th e  r e q u i r e d  su b 

s t i t u t e d  cyo lohexenone  by th e  use  o f  th e  " a o e t i c  an h y d rid e  - 

z in c  c h l o r i d e "  r e a g e n t .  T rea tm ent o f  t h i s  m a t e r i a l  w i th  

t h i s  r e a g e n t ,  under th e  c o n d i t i o n s  used  by  Johnson f o r  

c y c lo p e n te n o n e s  ( i n  t h i s  p a r t i c u l a r  c a se  th e  r e a c t i o n  was 

n o t  Q a r r ie d  o u t  i n  an a tm osphere  o f  n i t r o g e n  - l a t e r  e x p e r i 

m en ts  w ere , how ever) , d id ,  i n  f a c t ,  g iv e  a sm a ll  y i e l d  o f
’ X11:121 -k e to - 1 3 - m e th y l -  ^  -d o d ecah yd rop henan th ren e  (XIV), 

c h a r a c t e r i s e d ,  by  th e  same re d  c r y s t a l l i n e  2 :4  d i  n i t  ro  phenyl - 

h y d raz o n e  as  had  b e en  o b ta in e d  from th e  p ro d u c t  o f  th e  

s t a n n ic  c h l o r i d e  c y c l i s a t i o n .  C on seq u en tly ,  i n  th e  n ex t  

s e r i e s  o f  e x p e r im e n ts  th e  gum (p ro b a b ly  a l a c to n e  (XXII) - 

a c id  (XXI) m ix tu re )  o b ta in e d  a f t e r  h y d r o l y s i s  o f  th e  un- 

s a t u r a t e d  e s t e r  (XX) was t r e a t e d  d i r e c t l y  w i th  th e  z in c  

o h l o r id e ,  a c e t i c  an h y d rid e  r e a g e n t .  By t h i s  te c h n iq u e ,  and, 

i n  t h i s  c a s e ,  by  c a r r y in g  o u t  th e  r e a c t i o n ,  i n  a  s t re am  o f  

n i t r o g e n ,  t h e  a c i a - l a c t o n e  m ix tu re  was c o n v e r te d  to  n e u t r a l  

k e to n ic  m a t e r i a l  a p p a r e n t ly  c o n s i s t i n g  e s s e n t i a l l y  o f  1 - k e to -
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11 • 12
1 3 -m e tb y l-  A  ‘ -d o d eo ah y d ro p h en an th ren e ,  i n  38J© y ie ld *

An a t te m p t  to  redu ce  t h i s  t r i c y c l i c  k e to n e  w i th  pallad ium  

h l a o k  a p p e a re d  to  he o n ly  v e ry  p a r t i a l l y  s u c c e s s f u l • T his 

was t o  h e  e x p e c te d  i n  view o f  t h e  d i f f i c u l t y  exp erien ced  by
— m , a (26)
R ob inson  and c o -w o rk e rs  i n  a t t e m p t in g  to  reduoe  th e  

d o u b le  bond i n  (XXIV).

(XXV)
However, a  m ix tu re  o f  2 :4 - d in i t r o p h e n y lh y d r a z o n e s  was o b ta in e d  

from  t h e  p a r t i a l l y  h y d ro g e n a te d  m a t e r i a l .  A f t e r  s e p a r a t io n  

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

a  more s o lu b le  s e m i - c r y s t a l l i n e  o ra n g e - re d  s u b s ta n c e ,  m.p* 

c a .  176° , was o b ta in e d  from a c e t io  a c i d .  f h i s  may be  th e  

2 :4 - d in i t r o p h e n y lh y d ra z o n e  o f  l -k e to - 1 3 - m e th y I - p e r h y d r o -  

p h e n a n th re n e  (XXV) .

I n  view o f th e  amount o f u n s a tu r a t e d  m a t e r i a l  a v a i l 

a b le  and  th e  p ro b a b le  d i f f i c u l t y  o f o b t a in in g ,  w i th o u t  a 

much l a r g e r  amount o f  s t a r t i n g  m a t e r i a l ,  any u s e f u l  q u a n t i t y  

o f  (XXV), i t  was d ec id ed  to  o o n t in u e  th e  r e s e a r c h ,  f o r  th e  

moment, by  a t t e m p t in g  t h e  s y n th e s i s  o f  a  t e t r a c y c l i c  compound 

from  th e  u n s a t u r a t e d  k e to n e  (XIV) * S e v e ra l  methods have 

b e en  e l a b o r a t e d  f o r  th e  c o n s t r u c t i o n  o f  th e  five-m em bered  

r i n g  w i t h  t h e  c a rb o n y l  f u n c t i o n  i n  th e  r e q u i r e d  p o s i t i o n :
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Bachman and oo -w o rk e rs  have used  t h e  fo llo w in g

m ethod I n  t h e  s y n t h e s i s  o f  e c iu i le n in  and o e s t ro n e * 2 8 ^
(29)

and more r e c e n t l y  ?  -m e th y l - 1 -h y d r in d an o n e  i
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She e s s e n t i a l  f e a t u r e  o f  t h i s  and o t h e r  a v a i l a b l e  

m ethods i s  th e  o b ta in in g  o f  a  p ro p io n io  a c id  r e s i d u e  a t  th e  

s i t e  o f  th e  c a rb o n y l  f u n c t i o n .  Bobinson and W alker
( 3 i )

and Kon and L in s te a d  u t i l i s e d  a G r ig n a rd  r e a c t i o n  w i th  

^ f -e th o x y p ro p y l  brom ide and o x id is e d  th e  d e h y d ra te d  and 

red u ced  p r o d u c t  (XXVI) to  th e  r e q u i r e d  a c id s
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The i n t r o d u c t i o n  o f  th e  p ro p io n ic  ao id  r e s id u e  has  

b e en  a c h ie v e d  i n  one s t a g e  by  H ab er lan d  and H e in r i c h  

who r e a c t e d  th e  k e to n e  w i th  J 3  -b rom oprop ion io  e s t e r  and

magnesium
J>

y r — > j
The y i e l d  v/as, how ever, p o o r .  An a t t r a c t i v e  method has

(18)
r e c e n t l y  b e e n  r e p o r t e d  by JoiinsOn and c o l l a b o r a t o r s

(33)
A m o d if ie d  "S tobbe  c o n d e n s a t io n ” was c a r r i e d  ou t  be tw een

th e  k e to n e  and d i e t h y l  s u c c in a te  i n  th e  p re se n c e  o f

p o ta s s iu m - t e r t b u to x id e  y i e l d i n g  a  h a l f - e s t e r  (XSVII) i n

89-94^  y i e l d .  * T his m a t e r i a l  co u ld  be d e o a rb e th o x y la te d  to

t h e  r e q u i r e d  p ro p io n ic  a c id  (2XYIII) o r  cou ld  be  d i r e c t l y

eye U s e d  to  th e  five-m em bered  r i n g  k e to ne  by  u s in g  a  m ix tu re

o f  a c e t i c  an h y d rid e  and a c e t i c  a c id  c o n ta in in g  a  o a t a l y t i c
(34)

amount o f  fu s e d  z inc  c h lo r i d e  . By d e o a rb e th o x y la t in g  

th e  p ro d u o t  (XXIX) by  b o i l i n g  w i th  c o n c e n t r a te d  h y d ro c h lo r ic  

a o id ,  t h e  sem icarbazone  o f  th e  k e to n e  (XXX) was o b ta in e d  i n  

58$  y i e l d .
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- I t  was d ec id ed  to  apply t h i s  p rooess to  th e  t r io y o l io  

u.ns a t  c ra ted  ketone (2XV)  a f t e r  o a rry in g  out p re lim in a ry  

exp erim en ts on th e  e a s i l y  o b ta in a b le  2-m ethyl cycloh exan on e:

(XSXII)

( x m n )

cooĉ  h;
(z z x i;

hi
(XXXIV)

I t  would a l s o  be  a m a t t e r  o f  some i n t e r e s t  to  a s c e r 

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

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

o a rb o x y  group in to  an u n s a t u r a t e d  a l i c y c l i c  n u c le u s .

2 -M ethylcyclohe:xanone condensed with, d i e t h y l  s u c c in a te  i n  an 

a tm osp here  o f  n i t r o g e n  to  y i e l d  th e  c ru d e  a c id  (XXXI) i n  

80jt y i e l d .  D i s t i l l a t i o n  o f  a sample gave two a c id ic

f r a o t i o n s .  The low er  b o i l i n g  f r a c t i o n  rem ained l i q u i d ,  b u t

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

p e tro le u m  and gave an a c id  which a n a ly se d  i n  agreem ent w i th

(XXXI). The l i q u i d  a c id  i s  p o s s ib ly  an isom er o f  (XXXI).

Ring c l o s u r e  o f  th e  c ru d e  p ro d u c t  w i th  th e  fu s e d  z in c  c h l o r i d e

Art a t t e m p t  to  condense methyl c y c lo h exanone w i th  d i e t h y l  
g l u t a x a t e  i n  p re s e n c e  o f  p o ta s s iu m t e r t - b u t y l a t e  was u n s u c c e s s 
f u l .



r e a g e n t  and d e c a r b e th o x y la t in g  th e  i n t e r m e d i a t e  k e t o - e s t e r

b y  r e f l u x i n g  v /ith  c o n c e n t r a te d  h y d r o c h lo r ic  a c id  gave a

k e to n e  w i th  t h e  odour o f  bog m y r t l e .  The s u b s ta n c e  gave a

se m ic a rb a z o n e ,  m.p .24-0*5^: a n a l y t i c a l  d a ta  were in  agreement

v /ith  t h e  e x p e c te d  d i c y c l i c  h y d r in d e n o n e . Ohuang, T ien  and 
(/* \

i la  , who p re p a re d  8  -m e th y l - 1 -k e to -h e x a h y d ro - in d e n e

(XXXII) o r  (XXXIII) by  a d i f f e r e n t  scheme, o b ta in e d  a  sem i- 

o a rb a z o n e ,  m .p .  1 8 7 ° .  Thus th e  compound a r i s i n g  from th e  

r i n g - c l o s u r e  v /i th  th e  a c e t i c  a c id ,  a c e t i c  a n h y d r id e ,  z inc  

c h l o r i d e  r e a g e n t ,  may be a  s te r e o i s o m e r  o f  th e  k e to n e  p r e 

p a re d  by  t h e  l a s t  named a u th o r s  (XXXII) o r  (XXXIII), th e  

l o c a t i o n  o f  th e  d oub le  bond b e in g  d i f f e r e n t ,  o r  th e  two com

pounds m igh t be  p o s i t i o n a l  iso m ers  d i f f e r i n g  i n  t h e  l o o a t i o n  

o f  t h e  m e th y l  group (XXXIV). H y d ro g en a tio n  o f  th e  un

s a t u r a t e d  compounds m ight g iv e  r i s e  to  th e  same s a t u r a t e d  

k e t o n e s .  The c ru de  k e to n e  v/as, t h e r e f o r e ,  h y d ro g en a ted  i n  

p re s e n c e  o f  p a l la d iu m  b la c k  u n t i l  t h e  a b s o r p t io n  o f  hydrogen  

(w hich  v/as v e ry  slov/) had  c e a s e d .  An o i l  was o b ta in e d  which 

d id  n o t  p o s s e s s  th e  c a m p h o r- l ik e  odour, t y p i c a l  o f  8  -m e th y l-  

1 -h y d r in d a n o n e  (XXXVUy. A sem icarbazone  was o b ta in e d  w hich , 

when c r y s t a l l i s e d  to  c o n s ta n t  m e l t in g  p o in t  ( 2 1 0 - 2 1 1 ° ) ,  

m e l te d  o n ly  s e v e r a l  d e g re e s  below th e  p ro d u c t  o b ta in e d  by

Chuang, T ie n  and Ma (2 1 3 ° ) ,  b u t  c o n s id e r a b ly  low er t h a n  th e
(29 30 31)

V alues o b s e rv e d 'b y  l a t e r  w orke rs  * * , f ° i “ e i t h e r  th e

Mo i s lf o r  " t r a n s "  d e r i v a t i v e s *  I t  was d e c id e d ,  t h e r e f o r e ,



to  p r e p a r e  a  sample o f  t h e  known 8  - m e th y l- l -h y d r in d a n o n e  

and compare t h e  sem ica rb azo n es  o f  th e  two k e to n e s .

She m ost s u i t a b l e  method f o r  o a r  p u rp o se  ap p ea re d  

to  be  one r e c e n t l y  e l a b o r a t e d  by  Johnson*3 5 ,36^ :

(XXXV)

Oi*
(XXXVI) (XXXVII)

I n  o u r  c a s e  th e  i n te r m e d ia t e  (XXXV) was o b ta in e d

d i r e c t l y  from  9 -m e th y l - l - d e c a lo n e ,  a su p p ly  o f  which was

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

m e t h y l a t i o n .  O x id a tio n  v /ith  n e u t r a l  perm anganate  i n

a c e to n e  s o l u t i o n  gave th e  d ib a s ic  a c id  (XXXVI), which r i n g -

c lo s e d  i n  p re s e n c e  o f  b a r y t a ,  to  g ive  c i s - 8  -m e fh y l - 1 -

h y d r in d a n o n e  (XXXVII) as a  waxy s o l i d .  The sem ica rb azo n e ,

w hich  form ed s lo w ly ,  had m .p . 222-225° • On ad m ix tu re  w i th

th e  se m ica rb azo n e  m .p .  2 1 0 - 2 1 1 ° ,  t h e r e  was a  d e f i n i t e  de 

p r e s s i o n  (m .p .  200-202°, s o f t e n in g  1 9 6 ° ) .  I h i s  i d e n t i t y  o f  

t h i s  d i c y c l i c  k e to n e  i s  s t i l l ,  t h e r e f o r e ,  up to  t h e  p r e s e n t ,  

i n  d o u b t - t h e  o n ly  c l e a r  p o in t  i s  t h a t  t h e  k e to n e  i s  n o t  

p u re  c i s - 8  -m e th y l-  1 -h y d r in d a n o n e .

At t h e  moment exp erim en ts  on th e  t r i c y c l i c  k e to n e ,



87.

1 - k e to - 1 3 - m e th y l -  ^  -dod ecah y d ro p h en an th ren e  a r e  s t i l l  

i n  th e  p r e l i m i n a r y  s t a g e s  and th e  f o l lo w in g  in f o r m a t io n  

c a n n o t ,  i n  any way, be  re g a rd e d  as  f i n a l .

C o n d e n sa t io n  o f  t h i s  k e to n e  (X2X7III) w i th  d i e t h y l  

s u c c i n a t e ,  i n  a s tre am  o f  n i t r o g e n ,  and w i th  p o ta s s iu m  t e r t -  

b u to x id e  a s  c o n d en s in g  a g e n t ,  gave an a o id io  p ro d u o t as  a 

gum w hich  was n o t  o b ta in e d  s o l i d .  This m a t e r i a l  m ight con 

c e i v a b l y  b e  th e  m ono-e thy l e s t e r  o f  l - (  13 -m ethy l-  

dec a l iy d ro p h e n a n th ry l)  s u c c in ic  a c id  ( n m r ) .

(XL)
T rea tm en t ox t h i s  a c id ic  p rodu c t  w i th  'a c e t io  a n h y d r id e ,  

a c e t i c  a c i d  and fu s e d  z inc  c h lo r i d e ,  fo l lo w e d  by r e f l u x i n g  

w i th  c o n c e n t r a t e d  h y d ro c h lo r ic  a c id ,  i n  th e  hope o f  o b ta in in g  

3 * -k e to -1 3 -m e th y l -  A 1  ;3 ^ : 1 1 : 1 2 - d e o a h y d r o - l : 2 - o y o lo p e n te n o -  

p h e n a n th re n e  (XL) gave o n ly  a  t r a c e  o f  k e to n ic  m a t e r i a l .  

D i s t i l l a t i o n  o f  t h i s  m a t e r i a l  from an a i r - b a t h  gave a  l i q u i d  

d i s t i l l a t e  which formed an unhomogeneous 2 j 4 - d i n i t r o p h e n y l -  

h y d r a z o n e . C r y s t a l l i s a t i o n  gave o n ly  a m inu te  amount o f  

th e  2 : 4 - d in i t r o p h e n y lh y d ra z o n e  o f  th e  i n i t i a l  t r i c y c l i c



k e to n e  (m*p. and mixed m.p*) ( a  o e r t a i n  sm a ll  amount o f  t i l l s  

m a t e r i a l  h ad  p ro b a b ly  escaped  e th e r  e x t r a c t i o n )  •

P r e s s u r e  o f  tim e  h a s  p re v e n te d  a r e p e t i t i o n  o f  th e s e
\

l a s t  e x p e r im e n ts ,  b a t  th e  a a th o r  hopes to  r e - i n v e s t i g a t e  

t h e  a s e  o f  th e  Stobbe c o n d e n s a t io n  a p p l ie d  to  th e  t r i o y o l l o  

k e to n e  d a r in g  th e  rem ainder  o f  h i s  tim e  i n  th e s e  l a b o r a t o r i e s .



APDE2IDA.

! •  A p r e l i m i n a r y  a t te m p t  was made, i n  ttxe c o u rs e  o f

t h i s  w ork , to  condense brom o-m ethyl o r o to n a te  w i th

6 - m e t h o x y - l - t e t r a l o n e  and z i n c . The r e a c t i o n  was s lu g g i s h

and o n ly  s u s t a i n e d  by  h e a t i n g .  E x t r a c t i o n  o f  k e to n io
(37)

m a t e r i a l  v / i th  G i r a r d ’ s r e a g e n t  gave a y e l lo w  gum whioh, 

on t r i t u r a t i o n  w i th  m ethy l a lc o h o l ,  gave a y e llo w  s o l i d ,  

i n  s m a l l  y i e l d .  R epea ted  o r y s t a l l i s a t i o n  gave shimmering 

y e l lo w  rhom bs, m .p .  182 ° . A n a ly s is  d a ta  f o r  a  oompound 

o f  s t r u c t u r e  (XLI) were poor d e s p i t e  s u b l im a t io n  and r e 

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

2 .  The fo l lo w in g  i n t e r e s t i n g  method o f  five-'membered

r i n g  c o n s t r u c t i o n  h a s  appeared  as a n o te  i n  th e  l a t e s t
(9)

a v a i l a b l e  p u b l i c a t i o n  o f  J.A*C.S*

CHOH

*  A  ---------------- >

(SL II)

M
/

A  /
(S L I I I )
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(XLIV) (SLVI)



90.

T rea tm en t  o f  th e  i s o x a z o le  d e r i v a t i v e  (X L I I I ) ,  

o b ta in e d  from  (XLII) v /ith  h y d ro x y l amine h y d r o c h lo r id e ,  w i th  

sodium m e th o x id e  and m ethy l io d id e  gave (XLIV). Conden-

p r e s e n c e  o f  p o ta s s iu m  t e r t - b a to x id e  gave (XLV) i n  one s t e p .

The a c i d  on h e a t in g  under red u ced  p r e s s u re  gave (XLVI) •

The a u th o r s  c la im  a s y n th e s i s  o f  d and 1 e q u i l e n i n

b y  t h i s  m ethod .

I t  i s  in te n d e d  to  i n v e s t i g a t e  th e  r e a c t i o n  i n  t h e  hope
(41)

o f  o b t a i n i n g  a n d ro s tan o n e  ( a e t io a l lo - c h o la n o n e - 1 7 )  (XLVII)

o r  an  iso m e r  o f  t h i s  compound.

s a t  i o n  o f  t h i s  c y an o -k e to n e  v /ith  d i e t h y l  s u c c in a te  i n

, 0

(XLVII)



BZPBB1MB3TOAL.

S u cc in im id e  was p re p a re d  acc o rd in g  to  Ma and Sah^3^ .
(40)

P ro b a b ly  a b e t t e r  method i s  o u t l i n e d  i n  Organic S yn th eses •

M ethyl O ro to n a te  was p re p a re d  a c c o rd in g  to  P u rd ie
(38)

and M a r s h a l l

D -Brom o-succinim ide and m e th y l -y '-b ro m o -o ro to n a te
(15)w ere p re p a re d  a c c o rd in g  to  Z ie g l e r  and co -w o rk e rs

M eth y l-  1 -h y d ro x y -2 -m e th y l  o y o lo h ex y l)  o r o to n a te  ( X ) .

Zinc (10 g . ) f m i l l e d  from a r s e n ic  f r e e  z ino r o d s ,  

was p la c e d  i n  a  250 o c .  f l a s k  and h e a te d  o ve r  a  f r e e  f lam e  

w i th  a s m a l l  q u a n t i t y  o f m ercu ric  c h lo r id e  u n t i l  a  su b l im a te  

form ed on t h e  s id e s  o f  t h e  f l a s k .  Dry benzene (50 o c . )  was 

added, th e  m ix tu re  h e a te d  to  r e f l u x ,  th e n  a llow ed  to  o o o l .

2 -m e th y l  cy c lohexanone  ( 1 1  g . )  was added to  th e  s l i g h t l y  

warm s o l u t i o n  fo l lo w e d  by m ethy l $  -bromo o r o to n a te  ( 2 1  g . )  

i n  one l o t .  The r e a c t i o n  s t a r t e d  im m ed ia te ly  ( i t  may be 

e x c e e d in g ly  v i o l e n t  i f  th e  bromo compound i s  added to  th e  

h o t  m ix tu re )  , and c o n tin u e d  v ig o ro u s ly  f o r  5 - 7  m in u te s ,  

w a te r  c o o l in g  b e in g  a p p l ie d  from tim e to  t im e .  The f l a s k  

Was t r a n s f e r r e d  to  th e  s team -b a th  and a v ig o ro u s  r e f l u x  

a l lo w e d  to  'proceed f o r  30 m in u te s .  The complex form ed was 

decomposed w i th  i c e - c o l d  d i l u t e  h y d ro c h lo r io  a c id  and th e  

p r o d u c t  e x t r a c t e d  w i th  e th e r*  A f te r  d ry in g  over  sodium 

s u l p h a t e ,  th e  e t h e r  was d i s t i l l e d  g iv in g  a r e s i d u a l  d a rk



brown o i l .  D i s t i l l a t i o n  gave as th e  main f r a c t i o n  a  l i g h t  

y e l lo w  v i s c o u s  o i l  ( 1 1  g . ) ,  b . p .  1 7 0 -1 7 6 ° / l5 -1 7  mm.

S e v e ra l  gram , o f  d i s c o lo u r e d  gum rem ained  i n  th e  f l a s k i  

t h i s ,  when t a k e n  up i n  h o t  m ethy l a lo o h o l ,  d e p o s i te d  a  d a rk  

brown s o l i d  which was n o t  f u r t h e r  i n v e s t i g a t e d .

H y d r o g e n a t io n :

M e th y l-  l i  1 -h y d ro x y -2 -m e th y l-c y o lo h e x y l)  b u t y r a t e  (X I ) .

The R eform atsky  p ro duc t (10 g . )  i n  a b s o lu te  a lo o h o l  

(45 o c . )  was h y d ro g en a ted  i n  p re se n c e  of p a llad iu m  b la o k  

( .1  g . )  u n t i l  t h e r e  was no f u r t h e r  in t a k e  o f  h y d ro g en . The 

s u b s ta n c e  a b so rb ed  a p p ro x im a te ly  1 2 0 0  c o .  o f  hydrogen  i n  

ab o u t  13 h o u r s ,  t h e  t h e o r e t i o a l  amount r e q u i r e d  f o r  one double 

bond b e in g  1120 o c .  D i s t i l l a t i o n  o f  th e  a l c o h o l ,  a f t e r  

f i l t r a t i o n  o f  c a t a l y s t ,  gave th e  p ro d u c t  whioh d i s t i l l e d  a s  

a  l i g h t  y e l lo w  m ob ile  l i q u i d  (9 g . ) ,  b . p .  1 4 4 -1 6 0 ° / l2  mm.

D e h y d ra t io n  o f  H yd ro gena tio n  P ro d u c t  fo l lo w e d  by H y d r o ly s i s .

a ) .  W ith T h io n y l C h lo r id e  and P y r i d i n e .

The h y d ro g e n a t io n  p ro d u c t  (9 g . )  was d i s s o lv e d  i n  

e t h e r  (63 c c . ) ,  c o o le d  i n  i c e  and t r e a t e d  v /ith  p y r id in e  

( 6 . 5  g . ) ,  fo l lo w e d  by t h io n y l  c h lo r id e  ( 6  g . ) ,  drop by d ro p .

D o te :  When a  s i m i l a r  experim ent was perfo rm ed  u s in g  double
th e  q u a n t i t i e s  and w ith  no w a te r - c o o l in g ,  th e  p ro d u c t  (and  
su b se q u e n t  h y d ro g e n a t io n  p ro d u c t)  was l e s s  v is c o u s  and b o i l e d  
some tw e n ty  d e g re e s  lower* Hov/ever, t h i s  m a t e r i a l  a ls o  gave 
m a in ly  th e  e x p ec te d  u n s a tu r a te d  b u ty r ic  a c id ,  as  i t  s o l i d i f i e d  
a lm o s t  c o m p le te ly  i n  a f r e e z in g  m ix tu re  and c y c l i s e d  to  th e  
ex p ec te d  k e to n e .



The e t h e r  was f i l t e r e d ,  e v a p o ra te d ,  and th e  r e s i d u a l  o i l  

d i s t i l l e d .  The m a t e r i a l  d i s t i l l e d  over a  c o n s id e r a b le  

r a n g e  and was o o l l e o t e d  i n  two f r a c t i o n s  which were n o t  

s h a r p l y  d e f in e d :

1 ) .  B .P .  120 - 130°
n 15 mm.

2 ) .  B .P .  132 - 144

H y d r o ly s i s  o f  Above P r o d u c ts .

f r a c t i o n  1 ) was t r e a t e d  v /ith  warm aqueous m e th an o lio  

sodium h y d ro x id e  ( 2 0  c c . o f  l o f t )  and l e f t  a t  room tem p era 

t u r e  o v e r n i g h t .  The d e a r  s o l u t i o n  was poured  i n t o  w a te r ,  

e t h e r  e x t r a c t e d ,  and th e  aqueous l a y e r  a c i d i f i e d .  The 

p r e o i p i t a t e d  o i l  was e x t r a c t e d  w i th  e th e r  and a c id ic  m a t e r i a l  

removed w i th  sodium o a rb o n a te .  An a o id  was o b ta in e d  as a  

l i q u i d  w hich  d id  n o t  show any tendency  to  s o l i d i f y .  The 

h y d r o l y s i s  was r e p e a te d  w i th  f r a c t i o n  2 ) ,  w i th  s i m i l a r  r e 

s u l t s .  The two a c id ic  f r a c t i o n s  were combined and d i s 

t i l l e d  a t  0 . 3  mm. from an a i r - b a t h ,  when th e  m a t e r i a l  d i s 

t i l l e d  a s  an a lm ost c o l o u r l e s s  s l i g h t l y  y e llow  m ob ile  l i q u i d  

( 4 .2  g . )  a t  90 - 115° ( e x t e r n a l  a i r - b a t h  t e m p e r a tu r e ) .

b) • D e h y d ra t io n  w ith  I o d i n e .

The s a t u r a t e d  hydroxy e s t e r  ( 6 .1  g . ) ,  w i th  th e  

a d d i t i o n  o f  a few c r y s t a l s  o f  io d in e ,  was h e a te d  f o r  30 

m in u te s  o v e r  a f r e e  f lam e and j u s t  under t h e  r e f l u x  p o i n t  • 

W ater a p p ea re d  on th e  s id e s  o f  th e  f l a s k .



H y d r o l y s i s .

y - ( 2 - m e t h y l -  A  -o y c lo h e x en y l)  b u t y r i c  a o id  ( X I I I ) .

P o r  h y d r o l y s i s  th e  d e h y d ra te d  e s t e r  was added to  

s l i g h t l y  warm aqueous m e th an o lio  sodium h y d ro x id e  [  1 2 0  o o .  -  

made up w i th  m ethy l a lc o h o l  (70 o o . ) ,  w a te r  (50 o c . ) ,  sodium 

h y d ro x id e  ( 1 2  g . )  and th e n  shaken t i l l  s o l u t i o n  was oom- 

p l e t e .  A f t e r  s t a n d in g  f o r  24 h o u rs  a t  room te m p e ra tu re  th e  

a l c o h o l i c  m ix tu re  was poured  i n to  w a te r  and th e  n e u t r a l  

m a t e r i a l  e x t r a c t e d  w ith  e t h e r .  A c i d i f i c a t i o n  o f  th e  

a l k a l i n e  l a y e r  ( d i l u t e  h y d ro c h lo r ic  ao id )  gave an o i l y  gum 

w hich  was e x t r a c t e d  w ith  e t h e r  ( i n  one sm a ll  s o a le  e x p e r i 

m ent t h e  gum s o l i d i f i e d  a f t e r  s ta n d in g  f o r  s e v e r a l  days a t  

room t e m p e r a tu r e ,  g iv in g  g l i s t e n i n g  waxy f l a k e s  o f  th e  r e 

q u i r e d  a o i d ) . D i s t i l l a t i o n  o f  th e  e t h e r  gave c ru d e  

m a t e r i a l  ( 4 . 9  g . )  which s o l i d i f i e d  a t  room te m p e ra tu re  to  a 

s e m i-so  l i d  mass o f w h ite  g l i s t e n i n g  f l a k e s .  The c ru d e  

p r o d u c t ,  when f i r s t  p re s s e d  on porous p l a t e ,  m e l te d  a t  39°
 ̂ j 0

( l i n s t e a d  g iv e s  m .p . 44 ) .

ffound: G, 72 .39 ; H, 9 .7 4 .

G11H18°2 r0 q # :  C* 7 2 *52; H# 9#9°*

o ) .  D e h y d ra t io n  w ith  Sodium B i s u l p h a t e .

The h y d ro g en a ted  hydroxy e s t e r  (2*3 g») was t r e a t e d  

w i th  v e ry  ro u g h ly  powdered sodium b i s u l p h a t e  ( 2  g . )  and 

h e a t e d  a t  180° f o r  30 m in u te s .  W ater a p p ea red  on t h e  s i d e s  

o f  -fckQ jfi&sis;. The p ro d u c t  was e th e r  e x t r a c t e d ,  washed w i th



w a t e r ,  t h e  e t h e r  d r i e d  (sodium  s u lp h a te )  and d i s t i l l e d .  

H y d r o ly s i s  or t h e  c rud e  p ro d u c t  was c a r r i e d  ou t as b e f o r e  

w i th  1 0 fo aqueous m e th a n o l ic  sodium h y d ro x id e  a t  room 

t e m p e r a t u r e .  A c i d i f i c a t i o n  o f  t h e  aqueous l a y e r  w i th  

d i l u t e  h y d r o c h lo r i c  a c id ,  a f t e r  d i l u t i o n  and e th e r  e x t r a c t i o n  

o f  n e u t r a l  m a t e r i a l ,  gave an o i l  which a f t e r  e x t r a c t i o n  w i th  

e t h e r  d i s t i l l e d  from an a i r - b a t h  as a l i g h t  brown l i q u i d  

( 1 .3  g . j .  C r y s t a l s  o f  th e  u n s a tu r a te d  b u ty r io  a c id  were 

s lo w ly  d e p o s i t e d  a f t e r  t h e  o i l  had s to o d  f o r  some t im e .

I t  d id  n o t  become c o m p le te ly  s e m i- s o l id  even i n  a  f r e e z i n g  

m i x t u r e .

4 :1 0 ( o r  5 s l0 )
9-M e th y l-  A ______________ - 1 - o c ta lo n e  (V II) o r  ( V I I I ) .

The u n s a tu r a te d  a c id  (9 .1 5  g .)*  o b ta in e d  by  d e 

h y d r a t i o n  w i th  i o d in e ,  fo l lo w ed  by  h y d r o l y s i s ,  was t r e a t e d  

w i th  p y r i d in e  ( 5  c o . )  i n  a b s o lu te  e th e r  (60 o c . ) .  T h iony l 

c h l o r i d e  ( 5  o c . )  v/as added d rop  by d rop  to  t h e  io e - o o ld  

s o l u t i o n .  A l i t t l e  e t h e r e a l  h y d ro c h lo r ic  a c id  was th e n  

ad d ed . The r e s u l t a n t  l i q u i d  was f i l t e r e d  th rou gh  a p lu g  

o f  c o t t o n  wool i n  th e  s id e  arm of th e  f l a s k  and d i s t i l l e d .  

A f t e r  h e a t i n g  th e  l i q u i d  r e s id u e  i n  vacuo f o r  a s h o r t  t im e ,  

i t  was d i s s o l v e d  i n  carbo n  d i s u lp h id e  ( 2 0  c o .)  and added, 

d rop  by  d ro p ,  to  a s o l u t i o n  of s t a n n ic  c h lo r i d e  ( 6  g . )  i n  

c a rb o n  d i  s u lp h id e  (50 o c . )  i n  a  f r e e z i n g  m ix tu r e .  The 

r e a c t i o n  m ix tu re  darkened  and a da rk  brown o i l  s e p a r a t e d .



A f t e r  one h o u r  i n  t h e  f r e e z i n g  m ix tu re  and two h o u rs  a t  

room te m p e r a tu re  th e  m ix tu re  was p ou red  on to  i c e ,  when 

t h e  d a rk  brown c o lo u r  d is a p p e a re d ,  g iv in g  an amber c o lo u re d  

l a y e r  o f  o a rb o n  d i s u l p h i d e .  D i s t i l l a t i o n  o f  t h e  oa rh o n  

d i s u l p h i d e  gave a brown r e s i d u a l  o i l  which was t r e a t e d  w i th  

d i m e t h y l - a n i l i n e  ( 6  g . )  and h e a te d  i n  a  m e ta l  b a th  a t  195° 

f o r  t h r e e  h o u r s .  The m ix tu re  was d i s s o lv e d  i n  e t h e r ,  when 

a  s o l i d  p r e c i p i t a t e d ;  th e  whole was shaken  w ith  d i l u t e  

h y d r o c h l o r i c  a c id  ( t h r e e  t im e s ) ,  th e n  w ith  w a te r ,  and th e  

e t h e r  d r i e d  (sodium  s u l p h a t e ) .  D i s t i l l a t i o n  gave a  brown 

o i l  w i th  odour o f  camphor. This was d i s t i l l e d  g iv in g  a  

c l e a r  l i q u i d  ( 4 .5 V g . ) ,  b . p .  110 - 1 1 5 ° / l 2 mm., which became 

y e l lo w is h -b ro w n  on s t a n d in g .  A d a rk  brown gum was l e f t  

i n  t h e  f l a s k .  I n  a n o th e r  experim en t th e  p ro d u c t  was d i s 

t i l l e d  from an  a i r - b a t h  ( 0 .2  mm.). Three f r a c t i o n s  were 

o b ta in e d  ( t e m p e ra tu r e s  - a i r - b a t h ) :

1 ) .  7 5 -8 1 ° .

C o lo u r l e s s  m obile  l i q u i d ,  d a rk en in g  on s t a n d in g .

2 ) .  9 5 -1 0 0 ° .

Y ellow  m ob ile  l i q u i d  t u r n in g  g re e n  on s t a n d in g .

3 ) .  1 6 0 ° .

Y isco u s  p a r t i a l l y  c r y s t a l l i n e  brown gum.

f r a c t i o n  1 ) gave a  sem icarbazone b u t  no such  d e r i v a t i v e  

was o b t a in e d  from f r a c t i o n  &). Ib e  sem ioarbazone  o b ta in e d  

from f r a o t i o n  1) bad  m .p . 225-226°. a f t e r  r e o r y s t a l l i s a t i o n



97.

from  a b s o l u t e  a lc o h o l  and formed c o lo u r l e s s  g l i s t e n i n g  prism s#  

Soundi C# 6 5 .3 8 ;  H# 8 . 5 4 ; H, 1 8 .8 3 .

G12H1 9 ° %  r 0 ^ * : °» 6 5 .1 0 ;  H, 8 .5 5 ;  H, 1 9 .0 0 .

There was no d e p r e s s io n  o f  m e l t in g  p o in t  on ad m ix tu re  

w i th  an  a u th e n t i c  sample o f  9 -m e th y l- l -o c ta lo n J .* ^  A aeoond 

c ro p  o f  c r y s t a l s  had  m .p . c a .  176°, a  t h i r d  o ro p , m .p . 166 -
/ A  V

1 7 6 ° ,  and a  f o u r t h ,  140 - 150° • P l e n t l  and B o g e r t  

r e p o r t  two se m ic a rb a z o n e s , m .p . 228 - 229° and 1 6 8 ° .

9- M e th y l-1 - dec a lo n e  ( I I ) .

1 .  H y d ro g e n a t io n  w ith  p a l la d iu m  b l a c k .

The o c ta lo n e  (4 .6  g . ) ,  which had been  p r e v io u s ly  

p u r i f i e d  by  steam  d i s t i l l a t i o n  o f  i t s  sem icarbazone  w i th  

o x a l i c  a c i d ,  was hy d ro g en a ted  i n  p re sen c e  o f  p a l la d iu m  ( . 1  g . )  

and a b s o l u t e  a lc o h o l  (60 c o . ) .  A f te r  550 o c . o f  hydrogen  

had  b e e n  a b so rb ed  ( 6  h o u r s ) ,  th e  h y d ro g e n a t io n  beoame 

s l u g g i s h .  A d d i t io n  o f  a f u r t h e r  amount o f  p a l la d iu m  ( . 1  g . )  

c a u se d  an  a b s o r p t io n  o f  125 c c .  o f  hyd ro gen . The t o t a l  

a b s o r p t i o n  w as, t h e r e f o r e ,  675 o c .  o f h y d rog en . D i s t i l l a 

t i o n  o f  th e  p ro d u c t  from an a i r - b a t h  gave 9 -m e th y l - l - d e o a lo n e  

( 3 .5  g . ) ,  b . p .  97 - 1 0 7 ° /0 .5  mm. ( a i r - b a t h  t e m p e r a t u r e ) .

I t  form ed a  semioarbazone which c r y s t a l l i s e d  from a b s o lu te
0a lc o h o l  i n  w h i te  need les#  m .p . 2 2 2  •

Pound: C# 6 4 .7 1 ;  H# 9.50*

C1 2 H2 1 ° I 3  r e t * I c,  6 4 .5 8 ;  H, 9 .4 1 .



H y d ro g e n a t io n  o f  9-me th y l - l - o o t a l o n e  w i th  a  p a l l a d i s e d  

s t r o n t iu m  Qarhonate c a t a l y s t .

(H y d ro g e n a t io n  was perform ed by Mr. Oameron) .

M ethy l o o ta lo n e  (50 g . ) ,  a b s o lu te  a lo o h o l  (500 c o . )  

and p a l l a d i s e d  s t r o n t iu m  c a rb o n a te  ( 2 0  g . )  were in t ro d u c e d  

i n t o  t h e  a u to c la v e  and hydrog en a ted  f o r  6  hou rs  a t  50° and 

115 a tm o s p h e re s .  The drop i n  p re s s u re  was 17 a tm ospheres .  

P i l t r a t i o n  o f  c a t a l y s t  and d i s t i l l a t i o n  o f  a lo o h o l  gave a 

l i q u i d  p r o d u c t  w hich  b o i l e d  a t  108 - 1 1 2 ° / l2  mm., 44 g .

The se m ic a rb a zo n e  formed from a lc o h o l  i n  w h ite  n e e d le s ,  

m .p .  221 - 2 2 2 ° ,  d e p re s s e d  to  204 - 207° on adm ix ture  w ith  

a  sam ple  o f  m e th y l  o c ta lo n e  sem ioarbazone.

B e fo rm a tsk y  B e a c t io n  w i th  9 -m e th y l- l -d e o a lo n e  and m ethyl

(^ -b ro m o c ro to n a te .

Z inc (10 g . )  was amalgamated as a l r e a d y  d e sc r ib e d  

and b enzene  (50  o c . )  and 9 -m e th y l- l -d e o  a lone  ( 1 0  g . )  added.

To t h e  ¥/arm s o l u t i o n  m ethy l r -b rom o cro tona te  ( 2 0  g . )  was 

added i n  one l o t . A v ig o ro u s  r e a c t i o n  began and was 

m o d era ted  by  im m ersing th e  f l a s k  once o r  tw ice  i n  c o ld  w a te r .  

The s o l u t i o n  became ye llow  and a brown ye llow  oomplex 

s e p a r a t e d .  A f t e r  h e a t in g  on th e  w a te r - b a th  f o r  30 m in u te s ,  

th e  m ix tu r e  was c o o le d  th en  s t i r r e d  w ith  i c e - c o l d  d i l u t e  

h y d r o c h l o r i c  a o id  ( 3  - 531). She complex decomposed v e ry  

s lo w ly .  E x cess  z in c  was removed by means o f  a rough g l a s s  

wool f i l t e r  and washed w ith  e t h e r .  The e th e r -o e n z e n e  l a y e r



was removed and d r i e d  (sodium s u l p h a t e ) .  Removal o f  th e  

s o l v e n t  u n d e r  s l i g h t l y  reduced  p r e s s u r e  gave a brown m obile

011 (1 4 .8  g . ) ,  p resum ably  c o n s i s t i n g  o f  unchanged 9 -m eth y l-

l - d e o  a lo n e  and m e th y l-  Y{ 1 -h y d ro x y - 9 -m e th y l-d e o a ly l )  c r o to n -  

a t e  (X 7TII) •

I n  a  sm a l l  s c a l e  experim ent w ith  9 -m e th y l- l -d e o  a lo n e  

( 2  g . ) # t h e  p ro d u c t  was d i s t i l l e d  from an a i r - b a t h .  Two 

f r a c t i o n s  were o b t a i n e d : -

1) • B .p .  84 - 1 0 0 ° /0 .8  mm.
e x te r n a l  te m p e ra tu re

2 ) .  B .p .  100- 160 / 0 . 8  mm.

P r a c t i o n  2 ) ,  a  v is c o u s  ye llow  o i l ,  abso rbed  95 o c .  

o f  h y d ro g en  when d i s s o lv e d  i n  a b s o lu te  a lo o h o l  (15 o c . )  and 

h y d ro g e n a te d  w i th  p a l la d iu m  b la c k  ( . 1  g . )  •

H y d ro g e n a t io n  o f  o rude  Reform at sky p ro d u c t .

The c ru d e  p ro d u c t  was d is s o lv e d  i n  a b s o lu te  a lc o h o l  

(100 o c . )  and p a l la d iu m  (0 .2  g .)  added. H ydrogen a tion  was 

s l u g g i s h  a f t e r  500 c c .  o f  hydrogen had been  absorbed  ( 1 0  -

12 h o u r s ) .  A d d i t io n  o f  f r e s h  p a llad iu m  (0 .1  g«) cau sed  a 

f u r t h e r  a b s o r p t io n  o f  hydrogen  (155 o c . ,  8  h o u r s ) .  The 

t o t a l  i n t a k e  o f  hydrogen  was, th e r e f o r e ,  655 o c . ,  c o r r e s p o n d 

in g  ro u g h ly  to  about 7 g .  of expec ted  hydroxy e s t e r  (X V III) •

T rea tm en t o f  H ydrog en a tion  P ro d u c t .

The c a t a l y s t  was f i l t e r e d  and th e  a lo o h o l  removed,

th e  l a s t  t r a c e s  i n  vacuo, l e a v in g  a l i g h t  brown, m o b ile ,



p l e a s a n t - s m e l l i n g  l i q u i d .  To t h i s  was added a few o r y s t a l s  

o f  i o d i n e  and th e  m ix tu re  h e a te d  g e n t ly  over a  f r e e  f lam e 

f o r  30 m in u t e s .  T h is  m a t e r i a l  was added to  warm m eth an o lio  

sodium h y d ro x id e  ( 1 <$) - made w ith  m ethyl a lo o h o l  (80 - 1 0 0  oo) 

and w a te r  (30 o o .)  - and l e f t  o v e rn ig h t  a t  room te m p e ra tu re  

a f t e r  o c c a s i o n a l  sh a k in g .  The r e s u l t a n t  m ix tu re  was d i l u t e d  

w i th  w a t e r ,  t h e  n e u t r a l  m a t e r i a l  e x t r a c te d  w ith  e th e r  and th e  

aqueous l a y e r  a c i d i f i e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id  and 

e t h e r  e x t r a c t e d .  A f te r  d ry in g  (sodium s u l p h a t e ) ,  th e  e t h e r  

was d i s t i l l e d ,  g iv in g  a r e s i d u a l  da rk  brown v isc o u s  m a t e r i a l  

( 5 .9  g . j ,  p ro b a b ly  c o n s i s t i n g  of a m ix tu re  o f l a c to n e  (XXII) 

and u n s a t u r a t e d  a c id  (XX I). D i s t i l l a t i o n  o f  th e  e th e r  

e x t r a c t  o f  n e u t r a l  m a t e r i a l  gave a brown m obile  l i q u i d  which 

gave 9 - m e th y l - 1 - dec a lone  sem icarbazone (5 .5  g . )  on t r e a tm e n t  

w i th  s e m ic a r b a z i d e .

C y o l i s a t i o n  o f  th e  c rud e  H y d ro ly s is  P roduc t w ith  S tannio
11 •  12C h l o r i d e : l - k e to - 1 3 - m e th y l -  A  ‘ -dodeoahydrophenan th rene

(XIV) .

The brown v isc o u s  m a t e r i a l  (5 .9  g . )  was t r e a t e d  w i th  

p y r i d in e  (25 c c . )  and a b s o lu te  e th e r  (an  amorphous gummy s o l i d  

s e p a r a t e d  a t  t h i s  s t a g s  and was r e - d i s s o l v e d  by h e a t in g )  • To 

th e  i c e - c o o l e d  s o l u t i o n  t h io n y l  c h lo r id e  (2 .5  c o . )  was added, 

d rop  by d ro p ,  and th e  m ix tu re  allow ed to  s ta n d  i n  i c e - w a te r  

f o r  one h o u r  w i th  o c c a s io n a l  sh a k in g .  The e t h e r  was d i s 

t i l l e d  from  t h e  f i l t e r e d  s o lu t io n  and th e  r e s i d u a l  brown gum,



i n  c a r b o n  d i  s u lp h id e  (15 c c . ) ,  added, drop by d ro p , t o  a  

s o l u t i o n  o f  s t a n n ic  c h lo r i d e  (3 c c . j  i n  ca rb o n  d i s u lp h id e  

(21 c c . )  i n  a  f r e e z i n g  m ix tu re  ( -1 5 ° C ) .  A f te r  l e a v in g  

f o r  some 24 h o u rs  th e  m ix tu re  was shaken w i th  io e  and w a t e r .  

The b ro w n -c o lo u re d  ca rb o n  d i s u lp h id e  l a y e r  was s e p a r a te d ,  

l e a v in g  a  l a r g e  q u a n t i t y  o f in s o lu b le  brown gum (se e  n e x t  

e x p e r im e n t ) .  D i s t i l l a t i o n  of th e  oarbon  d i s u lp h id e  ( d r i e d  

o v e r  sodium  s u lp h a te )  gave a  brown v is c o u s  l i q u i d .  T h is  

was t r e a t e d  w i th  d im ethy l a n i l i n e  ( 2  g . )  and th e  m ix tu re  

h e a t e d  f o r  3 h o u rs  a t  200 ° . The c o o le d  p rodu o t was shaken  

w i th  d i l u t e  h y d ro c h lo r io  a c id  and th e  m ix tu re  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  was washed w i th  d i l u t e  h y d r o c h lo r ic  

a c i d  t h e n  w a te r ,  and d r i e d .  Removal o f  th e  e t h e r  gave a  

d a rk  brown v i s c o u s  o i l  which d i s t i l l e d  from an a i r - b a t h  a s  

a  f a i r l y  m o b ile  ye llow  o i l  ( .7  g . ) ,  b . p .  120 - 1 2 8 ° /0 .2 5  mm. 

( e x t e r n a l  t e m p e r a tu r e ) .  R e d i s t i l l a t i o n  o f  a  sam ple gave 

an  o i l  w i t h  a  v e ry  l i g h t  y e l lo w ish  t i n g e ,  b . p .  105 -  1 0 8 ° /  

0 .2 5  mm. ( e x t e r n a l  t e m p e r a tu re ) .

T rea tm en t  o f  a  sample o f  th e  p rodu o t w i th  2 : 4 - d i n i t r o -  

p h e n y lh y d ra z in e  gave a  voluminous r e d  c r y s t a l l i n e  p ro d u c t  

w h ich  was d i f f i c u l t l y  s o lu b le  i n  a lc o h o l  b u t  c r y s t a l l i s e d  

from g l a c i a l  a c e t i c  a c id  i n  a  m a t te  o f  g l i s t e n i n g  r e d  m ic ro 

sc o p ic  n e e d l e s ,  m.p* 225®. (See l a t e r  ex p e r im en t f o r

a n a l y s i s ) .



T re a tm e n t  o f  th e  R e s id u a l  Gum from S tann ic  C h lo r id e

Q y o l i s a t i o n .

The d a rk  brown gum, i n s o l u b le  i n  carbon  d i s u lp h id e  

( l a s t  e x p e r im e n t ) ,  s lo w ly  s o l i d i f i e d  under aqueous e th y l  

a l o o h o l .  When p r e s s e d  on porous p l a t e  and d r i e d  i n  a  

vacuum d e s i o c a t o r ,  i t  formed a  brown amorphous powder o f  

i n d e f i n i t e  m e l t in g  p o i n t .  The compound was i n s o l u b le  i n  

c o ld  d i l u t e  sodium c a rb o n a te  and sodium h y d ro x id e ;  an 

a lo o h o l i c  s o l u t i o n  o f  t h i s  m a te r i a l  d e p o s i te d  a  faw n-oo lou red  

amorphous p ro d u c t  which cou ld  no t be o b ta in e d  c r y s t a l l i n e .

I n  c o n t a c t  w i th  sodium hydrox ide  (4 - 5N) th e  oompound 

s lo w ly  d i s s o lv e d  a t  room te m p e ra tu re ,  g iv in g  a  brown s o l u t i o n  

w h ic h ,  on a c i d i f i c a t i o n ,  d e p o s i te d  th e  same brovm powder.

The b e h a v io u r  su g g e s ts  t h a t  th e  compound i s  a  l a o to n e  

( p o s s i b l y  (X X II ) ) .

The d r y  powdered la o to n e  (0 .7  -  0 . 8  g . )  was r e f lu x e d  

f o r  4 :̂ h o u r s  w i th  a  m ix tu re  o f  g l a c i a l  a c e t i c  a c id  ( 1 0  c c . ) ,  

a  s o l u t i o n  o f  fu se d  z inc  c h lo r id e  i n  a c e t i c  a c id  (3 c c .  o f  

s to c k  s o l u t i o n  c o n ta in in g  zino  c h lo r id e  (5 .5  g . )  i n  a c e t io  

a c id  (80 o c . ) ) ,  and a c e t i c  anhydride  (14 c c . ) .  S o lv e n ts  

were removed i n  a  p a r t i a l  vacuum and th e  da rk  r e s i d u e  a llow ed  

to  s t a n d  o v e rn ig h t  i n  c o n ta c t  w ith  d i l u t e  sodium h y d ro x id e .  

The m ix tu re  was e th e r  e x t r a c t e d ,  washed w ith  w a te r  and d r i e d  

(sodium  s u l p h a t e ) .  D i s t i l l a t i o n  of th e  e t h e r  gave a  sm a ll  

q u a n t i t y  o f  a  brown v isc o u s  l i q u i d  w i th  r a t h e r  a  sh a rp



p l e a s a n t  s m e l l .  The k e to n *  d i s t i l l e d  from an a i r - b a t h ,  

s lo w ly  h e a t e d  from 110 - 1 3 0 % . 2 5  - 0 . 3  mm., a s  a  l i g h t

y e l lo w  s l i g h t l y  v is c o u s  l i q u i d 31. T h is  gave th e  2 i 4  d i n i t r o -
11*12

p h e n y lh y d ra z o n e  o f  l - k e to - 1 3 - m e th y l -  A  -dodacatiydro- 

p h e n a n t l i re n e  as  a  voluminous red  c r y s t a l l i n e  p r e c i p i t a t e ,  

m .p .  2 2 5 ° ,  and i d e n t i o a l  with, th e  m a t e r i a l  o b ta in e d  from  th e  

s t a n n ic  c h l o r i d e  c y c l i s a t i o n .  The a n a l y s i s  was perform ed 

on -the  sam ple from t h i s  c y c l i s a t i o n .

Found: C, 6 3 .7 3 ; H, 6 .9 3 ;  I ,  1 4 .2 7 .

°21H36°43ff4 rQ^ * : G» 63*32; H, 6 .5 3 ;  II, 1 4 .0 7 .

Q y o l i s a t i o n  o f  th e  Crude P ro d u c t  o f  H y d ro ly s is  (p ro b a b ly  a

m ix tu r e  o f  (9 -m e th y l-d e c a le n y l )  b u t y r i c  a c id  (XXI)  and

f r - (9 -m e th y l-d e c  a ly l )  b u ty ro -  f f - la c to n e  (XXII) w ith  a o e t io  

a n h y d r id e  and fu se d  z inc  c h lo r id e  i n  a c e t i c  a c i d ) .

The c ru d e  brown gum ( 6  g . )  was r e f lu x e d  f o r  4^ h o u rs ,  

i n  a  s t r e a m  o f  n i t r o g e n ,  w ith  a  m ix tu re  o f  a c e t i c  an h y d rid e  

(112 c c . ) ,  g l a c i a l  a c e t i c  a c id  (50 c c . )  and a s o l u t i o n  o f  

fu s e d  z in c  c h lo r i d e  (20 c c . )  ( th e  s o l u t io n s  o o n ta in  70 m g ./  

100 c c .  - z in c  c h l o r i d e ) .  A fte r  c o o l in g  th e  d a rk  brown 

s o l u t i o n  was c o n c e n t r a te d  i n  a  jo a r t ia l  vacuum, l e a v in g  a  

v i s c o u s  d a rk  brown m a te r ia l*  This was t r e a t e d  w i th  5$ 

p o ta s s iu m  h y d ro x id e  s o lu t io n  ( 1 2 0  c c . )  and warmed f o r  s e v e r a l  

h o u rs  on t h e  w a te r - b a th  ( th e  r e s i d u a l  l a c to n e  was, however,

x  Becomes dank brown on keeping*



104.

v e ry  in c o m p le te ly  c le a v e d  by t h i s  p ro ced u re  - see  l a t e r ) .

The c o o le d  a l k a l i n e  s o l u t io n  was e x t r a c t e d  w i th  e t h e r ,  the  

e t h e r  d r i e d  (sodium  s u lp h a te )  and e v a p o ra te d .  D i s t i l l a 

t i o n  o f  t h e  r e s i d u e  from an a i r - b a t h  gave a  l i g h t  y e l lo w , 

s l i g h t l y  v i s c o u s  l i q u i d  (1 .7  g . ) ,  b . p .  120 - 1 3 0 % . 2  mm. 

( a i r - b a t h  t e m p e r a t u r e ) .  This m a t e r i a l  gave th e  same r e d  

2 : 4 - d in i t r o p h e n y lh y d ra z o n e  (m .p . 225°) as  had been  o b ta in e d  

i n  p r e v io u s  e x p e r im e n ts .  A c o n d e n sa t io n  w ith  d i e t h y l -  

s u c o i n a t e  was p erfo rm ed  w ith  t h i s  sam ple .

I n  th e  f l a s k  from which k e to n e  had been  d i s t i l l e d  

t h e r e  rem a in ed  a da rk  brown " g l a s s '1. T his m a t e r i a l  d i s 

s o lv e d  s lo w ly  (24 h o u rs )  i n  5 - 8 H sodium h y d ro x id e -  

E th e r  e x t r a c t i o n  of t h i s  s o l u t i o n ,  fo l lo w ed  by a c i d i f i c a t i o n ,  

gave a  brown amorphous powder ( 2 . 8  g . ) .

H y d ro g e n a t io n  o f  l -k e to -1 3 -m e fh y l-  ^  ^ ' ^ - D o d e c a  Hydro-

p h e n a n th r e n e .

The d i s t i l l e d  k e to n ic  m a t e r i a l  (0 .3 5  g . )  was t r e a t e d  

w i th  p a l la d iu m  b la c k  (0 .0 5  g .)  i n  a b s o lu te  a lo o h o l  (10 c c . ) .  

30 c c .  o f h y d rogen  were absorbed  i n  2 - 3 h o u r s .  A d d i t io n  o f  

more o a t a l y s t  cau sed  no f u r t h e r  a b s o r p t io n .  H a l f  o f  th e  

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

o f  2 : 4 - d in i t r o p h e n y lh y d r a z in e  (which had been  d i s s o lv e d  i n  

c o n c e n t r a t e d  s u lp h u r ic  a c i d ) .  An o ra n g e - re d  unhomogeneous 

gummy p r e c i p i t a t e  was o b ta in e d .  C r y s t a l l i s a t i o n  from 

g l a c i a l  a c e t i c  a c id  gave c ro p s  of o r y s t a l s :



1 ) .  Red n e e d l e s ,  m .p .  210° ,

2 ) .  Red n e e d le s ,  m .p . o a .  200° .

3 ) .  S e m i - c r y s t a l l i n e  o range  p l a t e s ,  m .p . o a .  1 7 6 ° .

The s m a l l e s t  c ro p ,  crop  3) ,  i s  p o s s ib l y  a  d e r iv a t iv e

o f  l - k e t o - 1 3 - m e t h y l  pe rh y d ro p h en an th ren e  (XXV).

C o n d e n sa t io n  o f  2 -m ethy l-cyc loh ex anon e  w i th  D ie th y l  S u o o in a te : 

y 3 -o a rb e th o x y -  ^ - ( 2 -m e th y l-  ^  ^ -o y c lo h ex e n y l)  p ro p io n io  

a c i d  (XXXI).

P o ta s s iu m  (2 .1 5  g . )  was d i s s o lv e d  i n  t e r t - b u t y l  

a lc o h o l  (40 c c . )  ( d i s t i l l e d  from q u ic k l im e ) ,  th e  s o l u t i o n  

c h i l l e d  i n  i c e ,  and a m ix tu re  o f  m ethy l cyclohexanone  (5 .6  g . )  

and d i e t h y l  s u c c in a te  (13 g . )  i n  t e r t - b u t y l  a lc o h o l  (10 o c . )  

a d d ed . A brown re d  c o lo u r  d ev e lo p ed . The c l e a r  brown re d  

s o l u t i o n  was a llow ed  to  r e f l u x  f o r  40 m in u te s ,  i n  a  s t re a m  

o f  n i t r o g e n ,  th e n  l e f t  f o r  4 h o u rs  a t  room te m p e ra tu re ,  when 

th e  s o l u t i o n  had  d eve loped  a g re e n is h  c o lo u r .  A o i d i f i o a t i o n  

gave a s t r a w - o o lo u r e d  s o l u t i o n  which was c o n c e n t r a te d  i n  

v a c u o .  The p o tass iu m  c h lo r id e  was d i s s o lv e d  i n  w a te r ,  l e a v 

in g  a  y e l lo w  brown o i l  i n  su s p e n s io n .  The s o l u t i o n  was 

made a l k a l i n e  w i th  sodium o a rb o n a te ,  when a l a r g e  amount o f  

t h e  o i l  d i s s o l v e d .  E th e r  e x t r a c t i o n  and a o i d i f i o a t i o n  o f  

t h e  aqueous l a y e r  gave a  brown y e llow  v is c o u s  o i l  ( 9 . 3  g . )  

which d id  n o t  s o l i d i f y  i n  a vacuum d e s i c c a t o r .  D i s t i l l a 

t i o n  o f  a  sam ple o f  th e  a c id  from an a i r - b a t h  gave two

f r a c t i o n s : -



1 ) .  B . p .  10 5 -1 2 5 °  ( a i r - b a t h  t e m p e r a t u r e ) / 0 .15  mm.,

2 ) .  B .p .  1 30 -15 0°  ( a i r - b a t h  t e m p e r a t u r e ) / o .15  mm.

F r a c t i o n  1) - o l e a r  m o b ile  l i q u i d  show ing no t e n d e n c y  

to  s o l i d i f y  -  s o l u b l e  i n  sodium c a rb o n a te *

F r a c t i o n  2) - v i s c o u s  l i q u i d  w i th  s l i g h t  g r e e n i s h - 

b lu e  f l u o r e s c e n c e .  On s t a n d in g  f o r  s e v e r a l  d ay s  i t  s t a r t e d  

to  s o l i d i f y .  A d d i t io n  o f  l i g r o i n  gave a  c o l o u r l e s s ,  

c r y s t a l l i n e  a c i d ,  m .p .  c a .  9 0 ° .  R e c r y s t a l l i s e d  from  n -  

h e x a n e ,  t h e  a c i d  was o b ta in e d  a s  l u s t r o u s  m o th e r  o f  p e a r l  

f l a k e s ,  m .p .  9 9 -1 0 0 ° .

Found; G, 6 5 .0 9 ;  H, 8 .2 3 .

°13H19°4 rQ^ -!  °* 6 5  * 2 7  »* H » 7 *9 6 -

8 - m g t t i r l - ^ g : 9 ' o r  4 ! 9 ) - i--h ya rinc le i ioae  (XXXII) o r  ( M I I I J  

o r  4 - m e t h y l - ^  - l -h y d r in & e n o n e  (XXXI7) •

The c ru d e  a c i d i c  m a t e r i a l  (2 g . )  from  t h e  l a s t  c o n 

d e n s a t io n  was r e f l u x e d ,  i n  a  s t r e a m  o f  n i t r o g e n ,  f o r  4 h o u r s  

w i th  a  m ix tu r e  o f  a c e t i c  a n h y d r id e  (28 c o . ) ,  a c e t i c  a o id  

( 1 0  c c . )  and a s o l u t i o n  o f  f u s e d  z in c  c h l o r i d e  i n  a c e t i o  

a o id  ( 6  c c . )  ( s o l u t i o n  c o n ta in e d  70 m g . / c c .  o f  f u s e d  z in c  

c h l o r i d e ) .  The s o l u t i o n  beoame d a rk  brown i n  c o l o u r .  

S o lv e n ts  w ere  removed i n  p a r t i a l  vacuum and th e  d a r k  brow n

B o te : A c o n d e n s a t io n  u s in g  d i e t h y l  g l u t a r a t e  i n s t e a d  o f  
d i e t h y l  s u c c i n a t e  w i th  s i m i l a r  q u a n t i t i e s  ( i n  t h i s  c a s e  i n  
a b sen c e  o f  n i t r o g e n )  gave  a  n e g l i g i b l e  a c l d io  f r a o t i o n .
The c o n d i t i o n s  w e re ,  o t h e r w i s e ,  e x a c t l y  th e  same a s  a b o v e .



r e s i d u a l  o i l  r e f l u x e d  f o r  40 m in u te s  w i th  c o n c e n t r a t e d  h y d ro -  

o h l o r i c  a c i d  ( 8 . 5  o c . )  and g l a c i a l  a o e t io  a o id  (10 c o . ) .

The a o i d  was removed i n  vacuo and t h e  r e s i d u e  t r e a t e d  w i t h  

5$ p o t a s s i u m  h y d ro x id e  s o l u t i o n  (40 c c . ) .  A f t e r  warming 

f o r  s e v e r a l  h o u r s  on th e  w a t e r - b a t h ,  t h e  s o l u t i o n  was e t h e r  

e x t r a c t e d ,  and t h e  e t h e r  washed w i th  w a te r  and d r i e d  (sodium 

su l r j h a t e )  . D i s t i l l a t i o n  of  t h e  e t h e r  gave a l i g h t  brown 

o i l  ( 0 . 3  g . )  . The o i l  was t r e a t e d ,  i n  aqueous a l o o h o l ,  w i t h  

s e m ic a r b a z i d e  h y d r o c h l o r i d e  ( 0 . 5  g . )  and p o ta s s iu m  a c e t a t e  

( 0 . 5  g . )  . On s t a n d in g  a semioarbazone was o b t a i n e d  a s  a lm os t  

c o l o u r l e s s  m i c r o - n e e d l e s ,  m .p .  233-236° ( t o  a brown l i q u i d ) .  

Three c r y s t a l l i s a t i o n s  from a b s o l u t e  a lo o h o l  gave d u l l  c o l o u r 

l e s s ,  f e r n - l i k e  c l u s t e r s  o f  n e e d l e s ,  m .p .  2 4 0 .5 ° ,  t u r n i n g

brown a t  2 3 0 ° .

Founds C, 6 3 .42 ;  H, 7 .9 7 ;  B, 20*18.

G'11^170^3 r e q . s  G, 6 3 .7 6 ;  H, 8 .2 1 ;  B, 20*28.

H y d r o g e n a t io n  o f  th e  Methyl Hydrindenone .

The c rud e  k e to n e  ( 0 .6  g . )  was hy d ro g en a ted  w i t h  

a b s o l u t e  a lo o h o l  (30 c c . )  and p a l l a d iu m  b l a c k  (0*1 g . )  u n t i l  

a b s o r p t i o n  o f  hydrogen  had  c e a se d .  H y d ro g e n a t io n  was 

s l u g g i s h  and a  f u r t h e r  q u a n t i t y  of  p a l l a d iu m  (0 .0 5  g . )  had  

t o  b e  added b e f o r e  a p p ro x im a te ly  t h e  n e c e s s a r y  volume o f  

h y d ro g e n  r e q u i r e d  f o r  one double  bond had b e en  a b so rb e d  (8 

h o u r s )  • F i l t r a t i o n  o f  c a t a l y s t  and t r e a t m e n t  o f  t h e  

s o l u t i o n  w i t h  se m io a rb a z id e  gave a sem icarbazone  which



c r y s t a l l i s e d  from a l c o h o l  i n  g l i s t e n i n g  w h i t e  n e e d l e s ,  m .p .  

210-211 , d i f f e r e n t  i n  ap p ea ra n c e  from t h e  sem ioarbazone,  

m .p .  2 4 0 . 5 ° .  Mixed w i th  a  sample o f  c i s -  8 - m e th y l - 1 -  

h y d r in d a n ^ o n e  sem icarbazone ,  m .p .  222-223°  ( s e e  l a t e r  

e x p e r i m e n t s ) ,  i t  h ad  m .p .  200-202° ,  s o f t e n i n g  196° .

2 - B e n z a l - 9 - m e th y l - 1 - d e c  a lo ne  (XXXV) .

C i s - 9 -M e th y l - 1 - dec a lone  (5 g . ) ,  i n  e th a n o l  (50 c c . ) ,  was 

t r e a t e d  w i t h  c o o le d  sodium h y d ro x ide  s o l u t i o n  (15 o c .  o f  

15$), .  b e n z a ld e h y d e  (4 g . )  and w a te r  (4 c c . ) ,  w i t h  s w i r l i n g ,  

and i n  t h a t  o r d e r .  A f t e r  s t a n d in g  s e v e r a l  days a t  room 

t e m p e r a t u r e  an o i l  s e p a r a t e d .  The m ix tu r e  was d i l u t e d  w i t h  

w a t e r ,  e t h e r  e x t r a c t e d ,  and th e  e t h e r  d r i e d .  D i s t i l l a t i o n  

gave a  y e l lo w  l i q u i d  which became p a r t i a l l y  s o l i d  on s t a n d i n g .  

T r i t u r a t i o n  w i t h  p e t ro leu m  e t h e r  gave 2 - b e n z a l - 9 - m e t h y l - l -  

d e o a lo n e  (3 g . )  as a s o l i d ,  m .p .  (c ru d e  9 8 ° ) .

( 2-o  a rb o x y - 2 - m e th y lc y c lo h e x y l )  - p ro p io n ic  a o id  (XXXVI) •

The a c i d  v/as p re p a re d  by  o x i d a t i o n  o f  t h e  above 

b e n z a l  d e r i v a t i v e  w i th  p o tas s iu m  permanganate  a cc o rd in g  to  

J o h n s o n ^ , and v / i th  comparable  r e s u l t s .

C i s -  8 - m e t h y l -  1 -hyd r ind an on e  (XXXVII) >

P r e p a r e d  b y  p y r o l y s i s  of th e  above a c id  (2 g . )  i n  

p r e s e n c e  o f  b a r y t a  (0*15 g*) a t  210-300 a o co rd in g  to  

Johnson  , t h e  semioarbazone had m .p .  222-223 • Mixed 

m e l t i n g  p o i n t  w i t h  semicarbazone  o f  l a s t  h y d r o g e n a t io n



p r o d u c t  (m .p .  210-211°)  was 200-202° ,  s o f t e n i n g  a t  1 9 6 ° .

C o n d e n s a t io n  o f  l - k e t o - 1 3 - m e t h y l -  ^  ^  '^ -dodeoahyflyophenfiT)- 

t h r e n e  (XXIV) w i t h  d i e t h y l  s u c c i n a t e .

The f r e s h l y  d i s t i l l e d  k e tone  ( 1 .6  g . ) ,  m ixed w i t h  

d i e t h y l  s u c c i n a t e  ( 2 .3  g . )  and t e r t - b u t y l  a lo o h o l  (4 o c . )  

was added  t o  c h i l l e d  po tas s ium  t e r t - b u t o x i d e ,  made by  h e a t 

i n g  p o t a s s i u m  ( 0 .4  g . )  w i th  d r y  t e r t - b u t y l  a l c o h o l  (9 o c . ) .

A r e d  c o l o u r a t i o n  deve loped  im m ed ia te ly .  The s o l u t i o n  was 

r e f l u x e d  f o r  35 m in u te s ,  i n  a  s t ream  of n i t r o g e n ,  when th e  

s o l u t i o n  became d a rk  r e d .  The s o l u t i o n  was a c i d i f i e d  w i t h  

d i l u t e  h y d r o c h l o r i c  a c i d ,  when a ye l low  o i l  was o b t a i n e d .  

S o l v e n t s  were  removed i n  a  p a r t i a l  vacuum and sodium oa rbon-  

a t e  s o l u t i o n  added to  t h e  r e s i d u a l  b rown-red  o i l .  The 

c a r b o n a t e  e x t r a c t  was e t h e r  e x t r a c t e d ,  th en  a c i d i f i e d  and the  

p r e c i p i t a t e d  o i l  e x t r a c t e d .  D i s t i l l a t i o n  o f  t h e  e t h e r  gave 

a  s l i g h t l y  v i s c o u s  brovm l i q u i d  ( 1 .7  g . )  .

A t tem p ted  Q y o l i s a t i o n  and P e c a r b e t h o x y l a t i o n  o f  t h e  A c id ic  

C o n d e n s a t io n  P ro d u o t .

The a c i d  (1 .7  g . )  was t r e a t e d  w i th  a c e t i c  a n h y d r id e  

(20 c c . ) ,  a c e t i c  a c id  (4 o c . )  and a s o l u t i o n  o f  f u s e d  z in c  

c h l o r i d e  i n  a c e t i c  a c id  (5 c o . )  ( s o l u t i o n  c o n t a i n e d  0 .06  g / c c . ) ,  

and t h e  m ix tu r e  a l lowed to  r e f l u x  f o r  4^ h o u r s  w i t h  a  s t r e a m  

o f  n i t r o g e n  p a s s i n g  th rough  th e  s o l u t i o n .  Water  ( o a .  20 o c . )  

was t h e n  added to  t h e  oooled  s o l u t i o n  to  decom£)Ose t h e  a c e t i c  

a n h y d r i d e ,  f o l lo w e d  by c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (oa*



10 o o . )  t o  d e c a r b e t h o x y l a t e  t h e  c y c l i s e d  p r o d u c t .  A f t e r  

r e f l u x ! n g  f o r  one h o u r  t h e  s o l v e n t s  were removed i n  vacuum 

and t h e  d a r k  r e s i d u e  t r e a t e d  w i th  5$ p o ta s s iu m  h y d ro x id e  

(40 c c * ) ,  when most o f  t h e  m a t e r i a l  d i s s o l v e d .  The m ix tu r e  

was warmed on t h e  w a t e r - b a t h ,  t h e n  e x t r a c t e d  w i th  e t h e r ,  t h e  

e t h e r  l a y e r  washed w i t h  w a te r  and d r i e d .  D i s t i l l a t i o n  o f  

t h e  e t h e r  gave  o n ly  a  m inu te  amount o f  n e u t r a l  p roduo t  which 

was d i s t i l l e d  from an a i r - b a t h .

F r a c t i o n  I .

B . p .  110-120°  (0 .1 5  mm.: a i r - b a t h  t e m p e r a t u r e ) .

On r a i s i n g  t h e  t e m p e r a tu r e  t h e r e  was ev id en ce  o f  t h e  d i s 

t i l l a t i o n  o f  a  m inu te  amount o f  ye l low  v i so o u s  m a t e r i a l ,  

showing s i g n s  o f  s o l i d i f i c a t i o n .

F r a c t i o n  I  gave a 2 :4 - d in i t r o p h e n y l h y d r a z o n e  a s  an 

unhomogeneous b r i g h t  r e d  c r y s t a l l i n e  p r e c i p i t a t e .

C r y s t a l l i s a t i o n  from a c e t i c  a c id  gave a  sm a l l  q u a n t i t y  

o f  t h e  l - k e t o - 1 3 - m e t t i y l -  £  11 - 1 i 2 :3  i 4 - dodeoahydrophenan-

t h r e n e  2 : 4 - d i n i t r o p h e n y lh y d r a z o n e  (m .p .  and mixed m . p . ) .



EXPERIMENTAL ADDENDA.

R e a c t i o n  be tw een  6 - m e t h o x y - l - t e t r a l o n e  and -b ro m o o ro to n ic

e s t e r  and z i n c .

Methoxy t e t r a l o n e  (8*8 g . )  was d i s s o l v e d  in  benzene  

(30 c c . )  and z in c  t u r n i n g s  ( 3 .5  g . )  added.  On a d d i t i o n  o f  

t h e  bromo e s t e r  (9 g . )  an ex t rem e ly  s l u g g i s h  r e a c t i o n  s t a r t e d ,  

and o n l y  s u s t a i n e d  by  h e a t i n g .  H e a t in g  was d i s c o n t i n u e d ,  

t h e  r e a c t i o n  l e f t  a t  room te m p e ra tu re  f o r  s e v e r a l  h o u r s ,  t h e n ,  

f i n a l l y ,  h e a t e d  f o r  30 m inu tes  on a  steam b a t h .  Ih e r e d  

complex was decomposed w i th  c o ld  ammonium c h l o r i d e  and h y d r o 

c h l o r i c  a c i d  ( 1 - 2 1 ) .  the  p ro d u c t  e x t r a c t e d  w i th  e t h e r ,  and

t h e  e t h e r  d r i e d  (sodium s u l p h a t e ) .  E v a p o r a t io n  o f  t h e  e t h e r
(37)

gave a  r e d  o i l  which was t r e a t e d  w i th  O i r a r d ' s  r e a g e n t  T 

(8 g . )  i n  t h e  p r e s c r i b e d  a o e t i c  a c id  (10$). a l c o h o l  m ix tu r e  

(75 c o . ) .  The m ix tu re  was r e f l u x e d  f o r  1 h o u r  on w a t e r - b a t h  

t h e n  po u red  i n t o  i o e - c o l d  sodium c a r b o n a t e  s o l u t i o n  ( 7 . 5  g . ) . 

The gummy r e d  m a t e r i a l  which s e p a r a t e d  was e t h e r  e x t r a c t e d ,  

washed w i t h  w a t e r ,  and d r i e d  (sodium s u l p h a te )  E v a p o r a t i o n  

o f  t h e  e t h e r  gave a s e m i - s o l i d  r e d  gum. When d i s s o l v e d  i n  

a b s o l u t e  a l c o h o l  a lemon ye l low  c r y s t a l l i n e  s o l i d  p r e c i p i t a t 

ed,  m .p .  176° ( t u r n i n g  red )  ( f i r s t  t h r e e  c ro p s  = 0 .6  g . ) .  

C r y s t a l l i s a t i o n  from a lc o h o l  gave g l i t t e r i n g  y e l lo w  p l a t e s ,  

m .p .  1 8 1 - 1 8 3 .5 ° ,  a p p a r e n t l y  co n tam ina ted  w i t h  a  m inu te  amount 

o f  o o lo a f l e s s p r i s m s ,  m .p .  o a .  82° ( m ic r o - m e l t in g  p o i n t ) .  Re

p e a t e d  c r y s t a l l i s a t i o n  d id  no t  remove t h e  i m p u r i t y .



11 2 .

Found:  0 ,  7 6 .0 3 ;  H, 7 .0 9 .

G16^18G3 C, 7 4 .4 2 ;  H, 6.98*

The compound was subl imed a t  17Q -180° /0 .2  mm., and 

t h e  s u b l i m a t e  r e c r y s t a l l i s e d  from a b s o l u t e  a l c o h o l .  Lemon 

y e l lo w  g l i s t e n i n g  p l a t e s ,  m .p .  182-183° ,  were o b ta in ed . 

Found:  0 ,  7 5 .45 ;  H, 7 .2 1 .

G16H18°3  r e &-* G* 7 4 -4 2 J H» 6 *9 8 *

D e co m p o s i t io n  o f  t h e lfG i ra rd  hydrazone"  w ith  o o ld

d i l u t e  h y d r o c h l o r i c  a o id  gave unchanged methoxy te tr a lo n e

( 3 . 8  g . )  *

v C-; '

,X % : V ^
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116.

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

w hich  m igh t  be  u s e f u l  i n  a  s y n t h e s i s  o f  a  s t e r o i d  m o le o u le  

o f  t h e  o e s t r o n e  t y p e  ( I ) ,  we h a d  o c c a s i o n  t o  i n v e s t i g a t e  

t h e  p r e p a r a t i o n  and r e a c t i o n s  o f  2 - o h l o r o m e t h y l e n e - l - k e t o -  

1 : 2 : 3 s4 t e t r a h y d r o n a p h t h a l e n e  ( I I )

C H C t

( I I )

I h e  l i t e r a t u r e  o o n t a i n s  few r e f e r e n c e s  to  t h e  p r e 

p a r a t i o n  o f  c h lo ro m e th y le n e  d e r i v a t i v e s .  C h lo rom e th y lene  

camphor ( I I I )  h a s  b e e n  p r e p a r e d  b y  C l a i s e n ^  and B r t i h l ^  

by  t h e  a c t i o n  o f  phosphorus  t r i c h l o r i d e  o r  o x y c h l o r i d e  on 

hydroxym eth y len e  camphor.  The c h l o r i d e  c a n ,  how ever ,  be

p r e p a r e d  more c o n v e n i e n t l y  by  t h e  a o t i o n  o f  t h i o n y l  
(3)

c h l o r i d e  . I t  r e a c t s  r e a d i l y  w i t h  magnesium a l k y l  

h a l i d e s  t o  y i e l d  a l k y l i d e n e  camphors  ( I T ) ,  and t h i s  i s  p r o 

b a b l y  t h e  s i m p l e s t  method f o r  t h e  p r e p a r a t i o n  o f  t h e s e
(3)

d e r i v a t i v e s  o f  camphor

c*o .c*o Cz O

C - CHCt

( I I I )

CsCHR

( I T )

CHCOO^

( T )



C hlo rom e th y len e  camphor a l s o  r e a c t s  w i t h  t h e  so d io  

d e r i v a t i v e  o f  a c e t o - a c e t i c  e s t e r  to  y i e l d  an  e s t e r  o f
(4)

s t r u c t u r e  (V)

The c h lo r o m e th y le n e  d e r i v a t i v e  o f  d i e t h y l  s u c c i n a t e

h a s  b e e n  p r e p a r e d  by  W is l i o e n u s ,  B ok len  and R e u t h e ^  ; and,

r e c e n t l y ,  i n  t h e s e  l a b o r a t o r i e s ,  2 (an d  3 ) - c h l o r o m e t h y l e n e - 1

(and  4 ) - k e t o - 1 : 2 s 3 : 4 - t e t r a h y d r o p h e n a n t h r e n e s  have b e e n  s u c c e s
( 6 )f u l l y  u se d  i n  s y n t h e s e s  o f  p y r i m i d i n e s  by  Gook and Thomson 

I n  view o f  t h e  p a u c i t y  o f  i n f o r m a t i o n  abou t  t h e s e  

compounds i t  was, t h e r e f o r e  s u r p r i s i n g  t o  f i n d  t h a t  t h e  

r e q u i r e d  d e r i v a t i v e  ( I I )  c o u ld  be  o b t a i n e d  e x t r e m e ly  e a s i l y  

and i n  e x c e l l e n t  y i e l d  from t h e  hydroxym ethy lene  compound 

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

no t r o u b l e  i n  p u r i f i c a t i o n  s i n c e  i t  d i s t i l l e d  i n  vacuo w i t h 

o u t  d e c o m p o s i t io n  and c r y s t a l l i s e d  e a s i l y  and w e l l .  A 

c o n d e n s a t i o n  w i th  t h e  so d io  d e r i v a t i v e  o f  d i e t h y l  m a lo n a t e  

gave  a  y e l l o w  c r y s t a l l i n e  s o l i d  i n  good y i e l d .  The sub 

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

c e n t r a t e d  s u l p h u r i c  a c i d  and p r e c i p i t a t e d  unchanged on t h e  

a d d i t i o n  o f  w a t e r .  D i l u t e  a l k a l i  had  no a c t i o n  on t h e  

compound i n  t h e  c o l d  b u t  i t  d i s s o l v e d  i n  a l c o h o l i c  sodium 

h y d r o x i d e ,  t h e  s o l u t i o n  becoming d a r k  b r o w n - r e d .  H e a t i n g

w i t h  aqueous sodium h y d r o x i d e  r e s u l t e d  i n  d e c o m p o s i t i o n ,  

y i e l d i n g  a  n e u t r a l  o i l ,  which c o u ld  b e  e x t r a c t e d  w i t h  e t h e r ,  

and a  r e s i n o u s  m ix tu r e  o f  a c i d s  which  c o u ld  n o t  be  p u r i f i e d .  

H ot  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  gave an a c i d ,  t h e  sodium



s a l t  o f  which  was s p a r i n g l y  s o l u b l e  i n  w a t e r .  The a c i d  

c r y s t a l l i s e d  w e l l  and r e g e n e r a t e d  t h e  o r i g i n a l  compound on 

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

p h u r i c  a c i d .  An a t t e m p t  t o  o b t a i n  an ad d u c t  w i t h  m a le io  

a n h y d r i d e ,  by  r e f l u x l n g  i n  t o l u e n e ,  gave a  d a rk  brown s o l i d  

which  c o u ld  n o t  be  p u r i f i e d .

The above r e a c t i o n s ,  combined w i t h  a n a l y t i c a l  d a t a ,  

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

( 5 : 6 - d i h y d r o - 7 :8 b e n z c o u m a r i n ) - 3 - o a r b o x y l a t e  ( 7 1 ) ,  and t h e  

a o i d ,  o b t a i n e d  by  th e  a c t i o n  o f  h y d r o c h l o r i c  a c i d ,  (711)

C 6 0 H

(711)(71)

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

a c t i o n  a  s i m i l a r  c o n d e n s a t i o n  was c a r r i e d  o u t  w i t h  3 - c h l o r o -  

m e t h y l e n e - i - k e t o - l : 2 : 3 : 4 - t e t r a h y d r o p h e n a n t h r e n e  ( T I I I ) ^

( k i n d l y  s u p p l i e d  by  Mr. W.H.S. Thomson).

fiHU

(Till)



The o r a n g e - r e d  c o n d e n s a t i o n  p r o d u c t  was i n s o l u b l e  

i n  aqueous sodium c a r b o n a t e  and h y d r o x i d e .  I t  d i s s o l v e d  i n  

a l c o h o l i c  sodium h y d ro x id e  w i t h  a  d e e p e n in g  i n  c o l o u r  and 

gave a  p r e c i p i t a t e  on a o i d i f i o a t i o n .  The r e s u l t s  o f  a n a l y s 

i s  a r e  a l s o  i n  agreem ent  v / i th  t h e  l a c t o n e  s t r u c t u r e  (IX)#

A c o n d e n s a t i o n  v / i th  s o d i o - a c e t o  ace  t i c  e s t e r  and 

2 - c h l o r o m e t h y l e n e - l - k e t o - l  : £ : 3 : 4 - t e t r a h y d r o n a p h t h a l e n e  u n d e r  

s i m i l a r  c o n d i t i o n s  t o  t h o s e  used  f o r  t h e  above e x p e r im e n t s  

gave  tv/o n e u t r a l  p r o d u c t s :  an o r a n g e - r e d  c r y s t a l l i n e  s o l i d ,

m .p .  136-137°  (which gave a  y e l lo w  se m ic a rb a zo n e  which was 

h i g h l y  i n s o l u b l e  i n  t h e  u s u a l  s o l v e n t s )  # t o g e t h e r  v / i th  l i g h t  

y e l l o w  g l i s t e n i n g  f l a k e s ,  m .p .  £ 4 5 -2 46 ° ,  formed i n  much 

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

t h e  f i r s t  compound, and f o r  i t s  s e m io a rb az o n e ,  s u g g e s t  t h a t  

i t  i s  3 - a c e t y l - 5 : 6 - d i h y d r o - 7 :8 -b en z co u m ar in  (X);  we v/ere 

u n a b le  t o  i n t e r p r e t  t h e  r e s u l t s  o f  a n a l y s i s  f o r  t h e  second 

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

The f o r m a t io n  o f  t h e s e  h i g h l y  c r y s t a l l i n e  compounds, 

i n  good y i e l d ,  i s  i n t e r e s t i n g  i n  view o f  t h e  r e c e n t  i n t e r e s t
X

i n  s u b s t i t u t e d  coum ar ins  and t h e  r e p o r t e d  V i tam in  S a c t i v i t y

X Compound (XI) i s  p r e p a r e d  by Smith and Dobrovo lny^1 5  ̂ by  t h e  
r e a c t i o n  o f  duroqu inone  v / i th  e t h y l  so d io m a lo n a te  i n  benzene  
s o l u t i o n .  This  s u b s t a n c e  h a s  a p p a r e n t l y  been  d i s p e n s e d  i n  
t a b l e t  f o r a  a lo ng  w i t h  v a r i o u s  food  m a t e r i a l s ' l l ) .
S m i t l r 1 7 » lo» ly»2o)  ^ as  m a a .e  an e x h a u s t i v e  i n v e s t i g a t i o n  o f  t h e  
p r e p a r a t i o n  of 6 - h y d r o x y - 5 : 7 *8-t r i m e t h y l  co um ar in s  s u b s t i t u t e d  
i n  t h e  3 p o s i t i o n  by  g ro u ps  such  as  c a r b e t h o x y l ,  a r y l ,  cyano ,  
e t c .



o f  a  d e r i v a t i v e  s a c k  a s  (XI)i0
COCHi

(7)

C6QC*Hi

Goamarins “have b e e n  p r e p a r e d  by  a  v a r i e t y  o f  m e th o d s .  

Two m ethods wbicb b e a r  some r e l a t i o n s h i p  t o  t h e  c o n d e n s a t i o n s  

o a r r i e d  o a t  i n  t h i s  work a r e : -
( 8 )( 1 ) .  Ehoevenagel*  s c l a s s i c a l  method

X O O C ,H %- pYMptHe

j[ -  4  - = >
%  C 0 O C t H f

( 2 ) .  A method dae to  Weiss  and Merksammer and Weiss and

K r a t z ^ ^  i n v o l v i n g  e th ox y m eth y len e m a lo n a te  o r  e th o x y  - 

m e th y len e  a c e t o a c e t a t e  and re s a c e to p h e n o n e s

C O O C z H f

1  !  +CN/oS

COOC^Hf
hszCHOC.Hr
iCOCK S/LH.COR RzCH)

H «**
O ct Hy.

A f a l l  rev iew  o f  t h e  r e a c t i o n s  and methods o f  p r e 

p a r a t i o n  o f  coum ar ins  h a s  v e r y  r e c e n t l y  been  g iv e n  by  S e t t n a  
( 11)

and Shah

I n  y e t  a  f a r t h e r  a t t e m p t  t o  o b t a i n  a  s a i t a b l e  i n t e r 

m e d ia te  f o r  a  p r o j e c t e d  s y n t h e s i s ,  t h e  c o n d e n s a t i o n  b e tw ee n  

o c  - c a r b o - e t h o x y  d i e t h y l  s a c c i n a t e  (XII)  and 2 - c h lo r o m e th y le n e

1 - k e t o - l j £ : 3 j 4 : - t e t r a h y d r o n a p h th a l e n e  ( I I )  was i n v e s t i g a t e d .
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CQOBt
I
GH- CHgCOOEt

GOOBt

(X II) (XIII)

The main p r o d u c t  was a  gum which, d i s t i l l e d  o v e r  a

c o n s i d e r a b l e  range  and c o u ld  n o t  be o b t a i n e d  i n  a  s u i t a b l e  

s t a t e  f o r  f u r t h e r  t r e a t m e n t .  A b y e - p r o d u c t  o f  t h e  r e 

a c t i o n  was a  h i g h l y  c o l o u r e d ,  h i g h - m e l t i n g  s o l i d  which 

c r y s t a l l i s e d  w e l l .  I t  i s  t e n t a t i v e l y  s u g g e s t e d  t h a t  t h e  

compound m ig h t  be  r e p r e s e n t e d  by  s t r u c t u r e  ( X I I I ) .  Such a

compound i s  an a lo g ou s  to  t h e  h i g h - m e l t i n g  b y e - p r o d u c t ,
/ ( 1 2 ) a s s i g n e d  s t r u c t u r e  (XV), o b t a i n e d  by  Dey and c o -w o r k e r s  ,

who p r e p a r e d  s u b s t i t u t e d  c o u m a r i n - 3 - a c e t i c  a c i d s  (XIV) by  a

c o n d e n s a t i o n  be tw een  o -hydroxy  a ld e h y d e s ,  sodium s u o c i n a t e ,

and suo c i n i o  a n h y d r i  d e .

A f u r t h e r  c o n d e n s a t io n  was c a r r i e d  ou t  w i t h  t h e  

c h lo ro m e th y le n e  compound ( I I )  and b e n z y l  o y a n i d e . I h e  r e s u l t s  

a r e  b r i e f l y  summarised : -

CH. C06H

W



Two p r o d u c t s  were o b t a i n e d ,

Compound A - w h i t e  n e e d l e s , ' m . p .  1 8 2 -18 3 ° ,  and a n a l y s i n g  i n  

ag reem en t  w i t h  a  s t r u c t u r e  (XVI) o r  (X V I l j ,

Compound B -  l i g h t  ye l lo w -b ro w n  g l i s t e n i n g  rhombs, g i v i n g  

a n a l y t i c a l  d a t a  con fo rm ing  to  s t r u c t u r e  ( X V I I I ) .

(XVI) (XVII) (XVIII)
Compound A on t r e a t m e n t  w i t h  c o n c e n t r a t e d  s u l p h u r i c

a c i d  gave an unhomogeneous p r o d u c t  from whioh was o b t a i n e d  

an u n s t a b l e ,  c r y s t a l l i n e ,  r ed  p ic  r a t e  (n o t  g iv e n  b y  t h e  

o r i g i n a l  compound) . D ecom pos i t ion  o f  t h i s  p i c r a t e  w i th  

ammonia gave a  d i f f e r e n t  compound, m .p .  248° ,  and a l s o  

a n a l y s i n g  i n  agreem ent  w i th  fo rm u la e  (XVI) and (XVII) .

These i n t e r e s t i n g  deve lopm en ts  o f  a  p i e c e  o f  work ,  

which  a r o s e ,  i n c i d e n t a l l y ,  t o  t h e  main  o b j e c t s  o f  t h e  r e 

s e a r c h ,  have  no t  b e en  i n v e s t i g a t e d  beyond t h i s  p o i n t ,  due to  

t h e  p r e s s u r e  o f  t im e ,  b u t  t h e  r e s u l t s  would  seem to  i n d i c a t e  

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

r e a c t i o n s  and p o s s i b l e  s y n t h e t i c a l  a p p l i c a t i o n s  o f  c h l o r o -  

m e th y le n e  d e r i v a t i v e s .



EXPEBIMEHIAL.
/

1 - g e t o - l  a2 ; 3 : 4 - t e t r a h y d r o n a p h t h a l e n e  113 ̂  

l s 2 s 3 : 4 - t e t r a h y d r o n a p h t h a l e n e  ( t e t r a l i n )  (140 g . ) ,

d i s s o l v e d  i n  p u r i f i e d  a c e t i c  a c i d ,  was c o o le d  be low 0° and 

chromic  a n h y d r id e  (153 g . )  i n  w a t e r  (60 g o . )  and g l a c i a l  

a c e t i c  a c i d  (300 c c . )  added w i t h  s t i r r i n g .  The s o l u t i o n  

was l e f t  t i l l  i t  a c q u i r e d  a g r e e n i s h - v i o l e t  t i n g e  (72  h o u r s ) .  

The a c e t i c  a c i d  was removed and t h e  r e s i d u e  d i l u t e d  w i t h  

w a t e r  and s team d i s t i l l e d .  l - K e t o - l : 2 : 3 : 4 - t e t r a h y d r o n a p h -  

t h a l e n e  (60 g . )  d i s t i l l e d  as  a  l i g h t  y e l lo w  o i l ,  b . p .  123- 

1 2 8 ° / l 0  mm.

2 -H y d ro x ym eth y len e -1 - k e t  o - 1 : 2 : 5 : 4 - 1 e t r a h y d r o n a p h t h  a l e n e .

The hydroxym ethy lene  d e r i v a t i v e  was o b t a i n e d  i n  

1 e x c e l l e n t  y i e l d  (85$■) by  t h e  method o f  Auv/ers and W i e g a n d ^ 4^ .

2 - C h l o r o m e t h y l e n e - l - k e t o - l : 2 : 3 ; 4 - t e t r a n a p h t h a l e n e  ( I I ) ♦

Th iony l  c h l o r i d e  (15. c c . )  was added,  drop b y ' d r o p ,  to

t h e  hydroxym ethy lene  d e r i v a t i v e  (15 g . )  and a  f a i r l y  v ig o r o u s  

r e a c t i o n  o c c u r r e d ,  th e  brown c o l o u r  o f  t h e  hydroxym ethy lene  

compound ch an g in g  to  da rk  r e d .  The m ix tu r e  was h e a t e d  f o r  a  

s h o r t  t im e  on t h e  w a t e r - b a t h ,  t h e n  t h e  t h i o n y l  c h l o r i d e  r e 

moved i n  a  p a r t i a l  vacuum. The l i q u i d  p r o d u c t  was poured  

i n t o  w a t e r ,  when a d a rk  brown c r u s t y  s o l i d  was o b t a i n e d .

Th is  was b ro k e n  up,  washed w i t h  sodium h y d r o x id e  (31ST) t h e n  

d i s s o l v e d  i n  e t h e r  ( s l i g h t  amount o f  brown s o l i d ,  a p p a r e n t l y



124.

a  b y e - p r o d u c t  and d i f f i c u l t  t o  p u r i f y ,  r em a in ed  u n d i s s o l v e d ) .

The e t h e r  was washed s e v e r a l  t im e s  w i th  d i l u t e  sodium h y d r o x 

i d e ,  w a t e r ,  f o l l o w e d  by  h y d r o o h l o r i c  a o i d ,  t h e n  w a te r  a g a i n .  

D i s t i l l a t i o n  o f  t h e  e t h e r  gave a  brovrn s o l i d  whioh d i s t i l l e d  

as  a  s l i g h t l y  y e l lo w  l i q u i d ,  b . p .  1 1 5 - 1 1 6 ° / 0 . 5  mm., s o l i d i 

f y i n g  im m e d ia te ly  to  an  a lm ost  w h i t e  c r y s t a l l i n e  mass 

( 1 2 .2  g . ) .  The p r o d u c t  c r y s t a l l i s e s  from a l c o h o l  o r  p e t r o l 

eum e t h e r  (4 0 -6 0 ° )  i n  lo n g  s t o u t  g l i s t e n i n g  t r a n s p a r e n t  p r i s m s ,  

m .p .  6 4 - 6 5 ° .

Bound: C, 6 8 .7 9 ;  H, 4 . 8 2 .  .

G_ _Ho0Cl r e q . :  C, 6 8 .5 7 ;  H, 4 . 6 7 .11 y

E t h y l - ( 5 : 6 - d i h y d r o - 7 : 8 - b e n z o o u m a r in ) - 5 - o a r b o x y la t e  ( V I ) .

2 - G h l o r o m e t h y l e n e - l - k e t o - l : 2 : 5 : 4 - t e t r a h y d r o n a p h t h a l e n e  

(15  g . )  and a b s o l u t e  a l c o h o l  (15 c c . )  were  p l a c e d  i n  a  f l a s k  

w i t h  d i e t h y l  m a lo n a te  (12 g . ) . A s o l u t i o n  o f  sodium e t h o x i d e ,  

p r e p a r e d  from sodium ( 1 .7  g . )  d i s s o l v e d  i n  a b s o l u t e  a l c o h o l

(30 c c . )  was added .  The c o l o u r  o f  t h e  s o l u t i o n  changed from

y e l lo w  t o  r e d ,  and h e a t e d .  A s o l i d  s e p a r a t e d  r a p i d l y  and 

rem ained  a f t e r  r e f l u x i n g  t h e  s o l u t i o n  f o r  2 f  h o u r s .  The 

r e a c t i o n  m ix t u r e  was l e f t  o v e r - n i g h t ,  t h e n  poured  i n t o  w a t e r ,  

when a  y e l lo w  s o l i d  (18 g . ) ,  m .p .  o a .  147° ,  s e p a r a t e d .  Re

c r y s t a l l i s a t i o n  from a l c o h o l  (8C$) gave g l i s t e n i n g  y e l lo w  

p r i s m s ,  m .p .  150-152 .

j?ound: C, 7 1 .3 1 ;  H, 5 . 1 6 .

C H 0 reg , . :  0 ,  7 1 .1 1 ;  H, 5 .1 8 .
16 14 4



( 5 : 6 - d i h y d r o - 7 : 8 - b e n z o o m n a r i n ) - 3 - c a r b o x y l i c  a c i d  ( V I I ) .

The caritoethoxy compound (2 g . )  was  h e a t e d  f o r  1 h o u r  

on t h e  w a t e r - b a t h  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (25 o o . )  

An amorphous mass was soon  o b t a i n e d ,  t h e  c r y s t a l l i n e  form o f  

t h e  e s t e r  d i s a p p e a r i n g .  The s o l u t i o n  was l e f t  o v e r - n i g h t ,  

t h e n  poured  i n t o  w a t e r ,  made a l k a l i n e  w i th  sodium o a r b o n a t e  

[a  c e r t a i n  amount o f  i n s o l u b l e  sodium s a l t  ( g l i s t e n i n g  w h i t e  

p l a t e s )  s e p a r a t e d ]  , f i l t e r e d  and t h e  f i l t r a t e  a c i d i f i e d .

The a c i d  ( 1 . 5  g . )  s e p a r a t e d ,  and c r y s t a l l i s e d  from a l c o h o l  i n  

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

1 9 5 -1 9 6 ° .

Bound: G, 6 9 .4 9 ;  H, 4 . 1 6 .

C14H10°4 r 0 q , :  6 9 *4 2 5 H, 4 . 1 3 .

R e c o n v e r s io n  o f  t h e  above a c i d  to  t h e  o r i g i n a l  p r o d u c t .

The a c i d  (1 g . )  was h e a t e d  on t h e  w a t e r - b a t h  w i th  

a b s o l u t e  a l c o h o l  (10 c e . )  and a few d ro p s  o f  c o n c e n t r a t e d  

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

n e u t r a l  p r o d u c t  (m .p .  and mixed m . p . ) .

T rea tm en t  o f  Ooumarin (VI) with .  A l k a l i .

The s u b s ta n c e  was u n a f f e c t e d  b y  s h a k in g  f o r  10 h o u r s  

w i t h  2$  p o ta s s iu m  h y d r o x i d e .  Complete d e c o m p o s i t i o n  r e 

s u l t e d  by  h e a t i n g  w i t h  5H sodium h y d r o x id e ,  t h e  s o l u t i o n  

becoming g r e e n - b l u e  i n  c o l o u r  and l e a v i n g  a  n e u t r a l  o i l  

w hich  c o u ld  be  removed w i th  e t h e r .  A c i d i f i c a t i o n  y i e l d e d  

r e s i n o u s  a c i d i c  m a t e r i a l  which c o u ld  no o be p u r i f i e d  a l t h o u g h



i n  one e x p e r im e n t  a  s m a l l  q u a n t i t y  o f  an  a c i d ,  m .p .  c a .  12 0° ,  

was o b t a i n e d .

C o n d e n s a t io n  o f  Compound (YI) w i t b  M ale ic  A n h yd r id e .

The compound (1 g . ) ,  m a l e i c  a n h y d r id e  ( . 3 2  g . )  and 

t o l u e n e  (3  c o . )  were r e f l u x e d  f o r  2 h o u r s ,  when a  b l a c k  

t a r r y  m a t e r i a l  was o b t a i n e d .  B o i l i n g  m e th y l  a l c o h o l  l e f t  

a  b r o w n i s h - b l a c k  s o l i d  which  decomposed s lo w ly  above 28 0 ° .  

A t tem p ts  a t  p u r i f i c a t i o n  were  u n s u c c e s s f u l .

o < -C arb o e th o x y  d i e t h y l  s u c c i n a t e  ( X I I ) .

A s o l u t i o n  o f  sodium e th o x id e  was p r e p a r e d  by d i s 

s o l v i n g  sodium ( 6 .9  g . )  i n  a b s o l u t e  a l c o h o l  (160 c c . ) .  To 

t h e  so d io  compound was added d i e t h y l  m a lo n a te  (48 g . )  f o l l o w e d ,  

d rop  by  d ro p ,  b y  c h l o r a c e t i c  e s t e r  (37 g . )  . The r e a c t i o n  

m ix t u r e  was a l lo w ed  to  s t a n d  f o r  s e v e r a l  h o u r s ,  t h e n  h e a t e d  

on t h e  w a t e r - b a t h  f o r  30 m i n u t e s .  Some o f  t h e  a l c o h o l  was 

d i s t i l l e d  and t h e  r e s i d u e  p o ured  i n t o  w a t e r .  A f t e r  e x t r a c t i o n  

w i t h  e t h e r ,  d r y i n g ,  e t c . ,  t h e  e t h e r  was d i s t i l l e d ,  l e a v i n g  

an o i l .  The r e q u i r e d  e s t e r  d i s t i l l e d  as  a c o l o u r l e s s  

l i q u i d  (4 0 .7  g . ) ,  b . p .  1 5 6 - 1 5 8 ° / l5  mm.

C o n d e n s a t io n  o f  2 - c h lo r o m e th y le n e - 1 - k e t o - l : 2 : 3 : 4 - t e t r a h y d r o - 

n a p h t h a l e n e  w i t h  d X -c a rb o e th o x y  d i e t h y l  s u c c i n a t e .

The c h lo r o  compound (10 g . )  was suspended  i n  a b s o l u t e  

a l c o h o l  (10  c o . ) ;  t h e  e s t e r  ( 1 2 .3  g . )  was added w i t h  s t i r r i n g .  

A s o l u t i o n  o f  sodium e th o x id e  [ f ro m  Ua ( 1 - 1  g*) i n  a b s o l u t e



a l c o h o l  (20  o c . ) ]  was added,  d rop  by d ro p ,  with, s t i r r i n g .

A r e d  c o l o u r  d ev e lo ped  im m e d ia te ly ,  and s t i r r i n g  was c o n 

t i n u e d  f o r  15 m in u te s  a f t e r  a d d i t i o n .  The s o l u t i o n  was 

l e f t  f o r  1 h o u r  a t  room t e m p e r a t u r e ,  t h e n  h e a t e d  on t h e  

w a t e r - b a t h  (1 h o u r ) . When c o l d ,  t h e  m i x t u r e  was poured  

i n t o  w a t e r ,  and e t h e r  e x t r a c t e d .  A r e d  amorphous powder 

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

C r y s t a l l i s a t i o n  o f  t h i s  s o l i d  from c h lo r o f o r m  and a c e to n e  

gave  a m a t t e  o f  lo n g  s l e n d e r  g l i s t e n i n g  o r a n g e - r e d  n e e d l e s  

( p o s s i b l y  ( X I I I ) ) # m .p .  302 ° .

.Found: C, 7 8 .7 4 ;  H, 4 . 4 6 .

C26H18 04 reqt .s C, 7 9 .1 6 ;  H, 4 . 5 6 .

The e t h e r  was removed and a  r e s i d u a l  gum o b t a i n e d .

T h is  d i s t i l l e d  as  a  t h i c k  v i s c o u s  gum, b . p .  2 6 5 -2 8 5 ° /5  mm. 

A t tem p ts  t o  o b t a i n  s o l i d  m a t e r i a l  from t h e  gum were  un

s u c c e s s f u l  .

M ic r o -H y d ro g e n a t io n  o f  Compound, m .p .  302° ( p o s s i b l y  ( X I I I ) ) • 

The s u b s t a n c e  ( 3 .5 7 0  m g . ) ,  w i th  p l a t i n u m  ox ide  i n  

a c e t i c  a c i d  ab so rb ed  hydrogen  ( 2 .5 3  c c .  a t  769 mm. and 1 6 . 7 ° ) .  

Assuming a  compound o f  s t r u c t u r e  ( X I I I ) , t h e  amount o f  h y d r o 

gen  a b so rb e d  c o r r e s p o n d s  t o  11 .88  (12) doub le  b o n d s .

C o n d e n s a t io n  o f  2 - c h l o r o m e t h y l e n e - l - k e t o - l : 2 , ; 3 : 4 - t e t r a h y d r o -  

n a o h th a l e n e  w i th  a c e t o a c e t i c  e s t e r .
— — ■■■■ !■!!■ II I I - III . -  ■■■■■■'■■ I —" ■■■■ —  . ■ I I » -  I" 1 ™  ~

Sodium ( . 6  g . )  was d i s s o l v e d  i n  a b s o l u t e  a l c o h o l  

(15 c c . )  and t h e  c o o le d  s o l u t i o n  of  sodium e th o x i d e  added to



a m i x t u r e  of  a o e t o a c e t i c  e s t e r  (4 g . )  and t h e  c h lo r o m e t h y l -  

ene d e r i v a t i v e  (5 g . )  i n  a b s o l u t e  a l o o h o l  (20 g o . ) .  The 

m i x t u r e  was r e f l u x e d  f o r  30 m in u t e s ,  t h e n  l e f t  o v e r - n i g h t  

a t  room t e m p e r a t u r e .  Orange c r y s t a l l i n e  m a t e r i a l  ( 3 .7  g . )  

m .p .  o a .  130° f i l l e d  t h e  l i q u i d  i n  t h e  m orn ing .  C r y s t a l 

l i s e d  from a l c o h o l  two f r a c t i o n s  were o b t a i n e d :-

( 1 ) .  L i g h t  y e l l o w  g l i s t e n i n g  f l a k e s ,  m .p .  2 4 5 -2 4 6 ° .

Found: 1 ) .  C, 8 1 .1 4 ;  H, 4 . 9 0 .

2 ) .  C, 8 0 .8 0 ;  H, 5 . 2 5 .

We a r e  u n a b le  to  i n t e r p r e t  t h e  a n a l y s i s .

( 2 ) .  O ran g e- re d  p r i s m a t i c  n e e d l e s ,  m .p .  1 3 6 -13 7 ° .

■Found: C, 7 4 .9 3 ;  H, 5 . 0 3 .

C 1 5 S 1 2 ° 3  req , . :  C, 7 5 .0 0 ;  H, 5 . 0 0 .

The su b s ta n c e  gave a  s e m ic a r b a z o n e , m .p .  239° ( d  ) 

c r y s t a l l i s i n g  from a l a r g e  volume of  a c e to n e  a s  a  m i c r o - 

c r y s t a l l i n e  y e l lo w  m a t t e .

Found:  C, 6 4 .1 1 ;  H# 5 . 4 7 .

G162 1 5 ° 3 %  re<l , : C * 5 . 0 5 .

The second compound i s  p r o b a b ly  3 - a c e t y l - 5 : 6 - d ih y d ro

7 :8 -b enzco um ar in  (X).

C o n d e n s a t io n  o f  3 - c h l o r o m e t h y l e n e - 4 - k e t o - l : 2 : 3 : 4 - t e t r a h y d r o - 
(6 'p h e n a n th re n e  '  w i t h  d i e t h y l  m a lo n a t e .

The c h lo ro m e th y le n e  compound ( 0 . 8  g . ) ,  d i e t h y l  

m a lo n a te  (1 c c . ) ,  i n  warm a b s o l u t e  a l c o h o l  (10 c c . )  were  

t r e a t e d  w i th  a  s o l u t i o n  o f  sodium e th o x i d e  made from sodium



(0*08 g . )  i n  a b s o l u t e  a l c o h o l  (5 c c . ) .  An im m edia te  r e d  

c o l o u r a t i o n  d e v e lo p ed  and a  w h i t e  p r e c i p i t a t e  ( s a l t )  

a p p e a r e d .  A f t e r  h e a t i n g  t h e  m ix tu r e  on t h e  w a t e r - b a t h  f o r  

25 m in u te s  w i th  o c c a s i o n a l  s h a k in g ,  i t  was p oured  i n t o  

w a t e r ,  7/hen a  r e d  gum s e p a r a t e d .  A d d i t i o n  o f  a l c o h o l  and 

t r i t u r a t i o n  gave an o r a n g e - y e l lo w  s o l i d  ( 0 .6  g . )  which 

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

m .p .  1 7 2 -1 7 3 ° ,  and a n a l y s i n g  i n  agreem ent  w i t h  s t r u c t u r e  

( I X ) .  A f u r t h e r  c rop  ( 0 . 3 - 0 . 4  g . ) ,  m .p .  168° ,  v/as o b t a i n e d  

from t h e  a l c o h o l i c  e x t r a c t s .

Found; G, 1 ) .  7 3 .7 1 ;  H, 1 ) .  4 . 5 7 ,

2) . 7 4 .9 3 ;  2) . 4 . 9 3 .

G20H16°4 r e q - :  G* 7 5 -°°»' H» 5 , 0 °*

C o n d e n s a t io n  o f  2 - c h l o r o m e t h y l e n e - l - k e t o - l  :2 ;3 ;4 t e t r a h y d r o -  

n a p h th a l e n e  w i t h  b e n z y l  c y a n i d e .

To a s o l u t i o n  of sodium e th o x i d e  made from sodium 

( 1 . 5  g . )  i n  a b s o l u t e  a l c o h o l  (35 c c . )  was added b e n z y l  

c y a n id e  ( 7 . 3  g . ) .  The s o l u t i o n  was c o o le d  and th e  o h lo ro  

compound (1 2 .2  g . ) ,  d i s s o l v e d  i n  warm a b s o l u t e  a l c o h o l  

(30 c c . ) ,  was added w i t h i n  a  few m in u t e s ,  t h e  c o n t e n t s  o f  

t h e  f l a s k  b e in g  s w i r l e d  d u r in g  t h e  a d d i t i o n .  There  was an 

im m edia te  r e d d e n in g  o f  th e  s o l u t i o n  and h e a t  was e v o lv e d .

The m ix t u r e  was h e a t e d  on t h e  v / a t e r - b a th  f o r  2 h o u r s ,  when 

a  c o n s i d e r a b l e  q u a n t i t y  o f  s a l t  s e p a r a t e d .  I c e - c o o l i n g  o f  

t h e  r ed  l i q u i d  p r e c i p i t a t e d  a r e d  gummy m a t e r i a l  w h ic h ,  on



t r i t u r a t i o n  w i t h  a l c o h o l ,  gave a  b r i c k - r e d  s o l i d  ( 5 . 5  g . J .

Two c r y s t a l l i s a t i o n s  from r e o t i f i e d  s p i r i t s  ( a  l i t t l e  d i l u t e  

h y d r o c h l o r i c  a c i d  added to  t h e  s o l v e n t  removed t h e  r e d  

c o l o u r a t i o n  i n  t h e  s o l u t i o n )  gave  w h i t e  n e e d l e s ,  m .p .  182-  

183° (171)  o r  (X7II )  - Compound A-

Sound.i 1 ) .  C, 8 2 .2 4 ;  H, 5 .5 2 .

2 ) .  C, 8 3 .6 4 ;  H, 5 .3 2 ;  H, 4 . 9 3 .

OU recL-s C, 8 3 .1 6 ;  H, 5 .4 9 ;  H, 5 . 1 2 .
19 15

A second  c ro p  o f  amorphous gummy m a t e r i a l  was o b t a i n e d  

from t h e  o r i g i n a l  m o th e r  l i q u o r s .  F u r t h e r  c o n c e n t r a t i o n  

gave a  t h i r d  c ro p  of  m a t e r i a l ;  t h i s ,  o r y s t a l l l s e d  f rom  a l c o 

h o l ,  gave g l i s t e n i n g  ye l low -b ro w n  rhombs, m .p .  210° ,  and 

c o n t a i n i n g  no n i t r o g e n  - Compound B.

Found; C, 8 3 .3 8 ;  H ,  4 . 5 4 .

C_ qH_m0^ r e q . #  C, 8 3 .2 2 ;  H, 5.10*19 14 3
The a n a l y s i s  s u g g e s t s  t h a t  t h e  compound i s  3 - p h e n y l - 

5 s 6 - d i h y d r o - 7  ;8 -b enzco um ar in  ( X V I I I ) .

T rea tm en t  o f  Compound (A) w i t h  S u lp h u r i c  Acid*

A m ix tu r e  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  (9 c c . )  and 

w a t e r  (1 c c . )  was c o o le d  i n  i c e  and compound (A) ( 0 . 5  g . )  

added  w i t h  s t i r r i n g .  The s u b s ta n c e  s lo w ly  d i s s o l v e d ,  t h e  

c o l o u r  o f  t h e  s o l u t i o n  c h an g in g  from y e l lo w  to  b r o w n - r e d .

A f t e r  s t a n d i n g  f o r  30 m in u te s  a t  room t e m p e r a t u r e  i t  was 

p o u re d  on to  i c e  and made a l k a l i n e  w i th  sodium c a r b o n a t e .

An amorphous ye l low  s o l i d  s e p a r a t e d ,  m .p .  be low 1 0 0 ° .  An



131-

a l c o h o l i c  s o l u t i o n  ( f l u o r e s c e n t - b l u e )  o f  t h i s  s u b s t a n o e  was 

t r e a t e d  w i t h  p i c r i c  a c i d .  A d a rk  r e d  p i c r a t e  (0*15 g . )  , 

m .p .  1 8 6 -1 8 8 ° ,  was o b t a i n e d  i n  t h e  form o f  d u m b -b e l l  shaped  

c r y s t a l s  (u n d e r  m ic ro sc o p e )  . D e co m po s i t io n  o f  t h e  p i c r a t e  

w i t h  ammonium h y d r o x id e  gave a  y e l l o w  powder, c r y s t a l l i s i n g  

f rom  a l c o h o l  t o  g iv e  m ic r o s c o p ic  p a l e - c r e a m  n e e d l e s ,  m .p .  

2 4 6 ° .

2‘o u u a . j  C ,  8 2 . 9 3 ;  H ,  6 . 4 9 ;  K ,  6 , 6 7 .

0 I ®  req. s  0,  83.16; H. 6 .49; I ,  6 .1 * .



BIBLIOGRAPHY.

1 .  B i s h o p ,  C l a i s e n  and S i n c l a i r , A n n a l e n ,  1894, 2 8 1 , 36 .

2 .  B r t th l ,  B a r . ,  1904, 37 ,  2069.

3 .  Rupe and I s e l i n ,  B e r . ,  1916, 49,  29 .

4 .  Rape and B u r k h a r d t ,  B e r . ,  1916, 49, 2547.

5 .  W i s l i c e n u s ,  BBklen and R e u th e ,  Anna len ,  1908, 3 6 3 , 361 .

6 .  Cook and Thomson,

7 .  F i e s e r  and F i e s e r ,

8 .  K noev en ag e l ,

9 .  W eiss  and Merksammer, 

10-. Weiss and K r a t z ,

1 1 .  S e t t n a  and Shah,

1 2 .  Bey, Ran and 
S a h k a ra n a r a y a n a n ,

1 3 .  S c h r o e t e r ,

1 4 .  Auwers and Wiegand,

1 5 .  Smith and Dobrovolny ,

1 6 .  Smith ,

1 7 .  Smith and A u s t in ,

1 8 .  Smith and B y e r s ,

1 9 .  Smith and Denyes,

2 0 .  Smith  and U i c h o l s ,

J . ,  194-5, 395.

Organic  C h e m is t ry ,  1944, 1021

B e r . ,  1898,  31, 2585, 2596; 
I b i d ,  1904, 37 ,  4461 e t . s e q .

M o n a tsh . ,  1928, 50, 115 .

M o n a tsh . ,  1929, 51, 386.

Chem.Rev., 1945, 36,  1 .

J . Ind.Chem.Soc . ,  1932, _9»
71.

D .R .P . ,  346, 9 48 .

J . P r a k t  .Chem •, 1932, 1 3 4 , 89 .

J . A . C . S . ,  1926,  48 ,  1693 .

U .S . ,  2 ,  318, 894,
O f . ,  C .A . ,  1943, 37,  6086.

J . A . C . S . ,  1942, 64, 528.

I b i d ,  1941,  63, 612.

I b i d ,  1936, 58, 304.

I b i d ,  1943, 65,  1739.



Acknowledgments .

The a u t h o r  w i s h e s  t o  e x p r e s s  h i s  a p p r e c i a t i o n  

t o  P r o f e s s o r  J .W. Cook, F . R . S . ,  f o r  h i s  s t i m u l a t i n g  

i n t e r e s t  i n  t h i s  work and f o r  th e  n o v e l t y  o f  h i s  

p ro b lem s ;  t o  Mr. J .M .L .  Cameron f o r  m i c r o - a n a l y t i c a l  

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

q u a n t i t y  o f  9 - m e t h y l - l - d e c a l o n e  by  th e  method o u t l i n e d  

i n  t h i s  r e s e a r c h ;  l a s t l y ,  t o  ( t h e  l a t e )  Mr. H. MoGilvray 

f o r  t h e  p r e p a r a t i o n  o f  a q u a n t i t y  o f  t e t r a l o n e .


