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A* The s t r u c t u r a l ,  s tereo ch em ica l and b io g e n e t ic  s t u d ie s

g ib b e r e l l i c rev iew ed . An

account o f  th e  s y n th e t ic  approaches to  th e  d egrad ation  p rod u cts  

o f  g ib b e r e l l i c  a c id  i s  a ls o  p rov id ed .
9

£* V arious s y n th e t ic  ro u tes  to  g ib b ero n e , a d eg ra d a tio n

product o f  g ib b e r e l l i c  a c id ,  have been in v e s t ig a t e d .  The main 

s y n th e t ic  approach, which in v o lv ed  th e p rep a ra tio n  o f  s u i t a b ly  

o r ie n te d  s p ir 0 -compounds from 4~m ethylindan~l~one, p rov id ed  us

w ith  a  t r i c y c l i c  in term ed ia te  which i s  t h e o r e t i c a l ly  cap ab le  o f  

e la b o r a t io n  to  gibberone* An attem pted  c y c l i s a t i o n  o f t h i s
i *

in term ed ia te  provided  us w ith  a  product which p o sse s se d  p h y s ic a l  

p r o p e r t ie s  s im ila r  to  6 -o x o -g ib b ero n e . The e x a c t  nature o f  

t h i s  product a w a its  e lu c id a t io n *  An attem pt to  prepare the  

o z o n o ly s is  product o f g ibberone i s  a l s o  d e sc r ib e d .

C. S y n th e t ic  approaches t o  g ib b e r ic  a c id ,  an a c id -c a ta ly s e d

rearrangem ent product o f g ib b e r e l l i c  a c id ,  have been e x p lo r e d .  

These in v o lv ed  th e  i n i t i a l  p rep a ra tio n  o f e i t h e r  a s u i t a b ly

s u b s t i t u t e d  coumarin con vert th e se

compounds to  a  s u i t a b le  t r i c y c l i c  in term ed ia te  are d e s c r ib e d .  

P rom ising  r e s u l t s  have been ob ta in ed  from in v e s t ig a t io n s  

con cern in g  a  rou te  to  g ib b e r ic  a c id  which in v o lv e s  th e  u se  o f  

s p ir o - ty p e  compounds. The l a t t e r  ro u te  i s  e s s e n t i a l l y  s im i la r

to  th a t  u sed  f o r  g ib b ero n e .
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G fh h e re l l ic  A cid

(a) S tru c tu r e

l a  1926, th e  Jap an ese  p la n t  p a th o lo g is t  E* Kurosawa 

made th e  im p o rta n t d isc o v e ry ^  t h a t  c e l l - f r e e  f i l t r a t e s  

made from  p u re  c u l tu r e s  o f th e  fungus G ib b e re l la  f u j i k u r o i  

grown on s y n th e t ic  m edia w ould, i f  a p p l ie d  to  h e a l th y  r i c e  

s e e d l in g s 9 produce th e  e lo n g a tio n  symptoms c h a r a c t e r i s t i c  

of th e  Bakanae d is e a s e  in  r ic e *  I t  th e re fo r©  seemed a lm o st 

c e r t a i n  th a t  a  m e ta b o lic  p ro d u c t o f  th e  fungus# p roduced  

when i t  grew in  e i t h e r  th e  h o s t p la n t  o r  l a  c u l tu r e  m ed ia , 

was r e s p o n s ib le  f o r  th e  enhanced growth*

T h is  o b s e rv a tio n  was r a p id ly  fo llo w ed  up in  Jap an  

and i t  was soon shown t h a t  many o th e r  s p e c ie s  o f p l a n t  

resp o n d ed  by e x t r a  growth* The c o n d i t io n s  o f p ro d u c tio n  

of th e  a c t iv e  m a te r ia l  were s tu d ie d ,  u s in g  th e  re sp o n se  o f 

r i c e  s e e d l in g s  a s  a  crude  form  o f b io a ssay *  Work on 

e x t r a c t io n  and p u r i f i c a t i o n  of th e  a c t iv e  m a te r ia l  p ro ceed ed  

a t  th e  same tim e# and i t  was found th a t  i t  co u ld  be ab so rb ed  

on c h a rc o a l  and e lu te d  w ith  c e r t a i n  o rg a n ic  so lv e n ts*

E v e n tu a lly  in  1938-39 , a  c r y s t a l l i n e  m a te r ia l  was 

o b ta in e d 2 in  y ie ld s  o f abou t 10 mgA* o f crude  c u l tu r e  

media# w hich would s t im u la te  grow th  i f  a p p l ie d  to  th e  r o o ts  

o f se e d lin g s *  T h is su b s ta n c e  was o r i g i n a l l y  named



g i b b e r e l l i n  B, b u t su b se q u e n tly  c a l l e d  g i b b e r e l l i n  A^*

F u r th e r  work on th e  ch e m is try  of g i b b e r e l l i n  A and on i t s  

p h y s io lo g ic a l  p r o p e r t i e s  was p u b lis h e d  in  Jap an  and w i l l  

be d is c u s s e d  l a t e r *

More r e c e n t ly ,  i n t e r e s t  in  th e  g row th -p rom oting  

m e ta b o l i te s  of G ib b e re l la  f u i i k u r o l  h as  s p re a d , and from  

t h i s  in c re a s e d  a t t e n t i o n  has r e s u l t e d  th e  d is c o v e ry  o f o th e r  

a c t iv e  compounds which a re  r e l a t e d  ch e m ic a lly  and a l s o  in  

p h y s io lo g ic a l  a c t iv i ty *  These compounda a r e  known a s  th e  

g i b b e r e l l i n s  (A1#A2 ,A^,A^) and g i b b e r e l l i c  a c id  

( g i b b e r e l l i n  The la s t-n a m e d  component was f i r s t

o b ta in e d  in  p u re  form  in d e p e n d e n tly  and a lm o st s im u lta n e o u s ly  

i n  B r i t a in ^  and th e  0*3 .

G ib b e r e l l ic  a c id  can  now be p roduced  in  much g r e a t e r  

y i e ld s  th a n  e i t h e r  o f  th e  g ib b e r e l l i n s  and more d e t a i l e d  

and f r u i t f u l  work on i t s  c h e m is try  h as  been  c a r r i e d  out#



G ib b e re l l ic  a c id  i s  a  c o lo u r le s s ,  c r y s t a l l i n e ,

o p t i c a l l y  a c t iv e  m onobasic a c id  w hich m e lts  w ith

d eco m p o sitio n  a t  233~235°C* The a n a ly s i s ,  e q u iv a le n t

w eig h t and m o le cu la r  w eigh t (co n firm ed  by th e  2- r a y  method)

show i t s  fo rm u la  to  be Gx9H26° 6 *^

G ib b e r e l l ic  a c id  g iv e s  a  n e g a tiv e  f e r r i c  c h lo r id e

t e s t  and does n o t reduce  FehL ings s o lu t io n  o r  am m oniacal

s i l v e r  n i t r a t e  so lu t io n *  I t  i s  u n s ta b le  t o  a l k a l i  and

m in e ra l a c id  and i s  r a p id ly  o x id is e d  by a lk a l in e  p o ta ss iu m

perm anganate* A weak p o s i t iv e  n itro o h ro m io  a c id  t e s t

In d ic a te d  th e  p re se n c e  o f a  p rim ary  o r  seco n d ary  h y d ro x y l

group  and t h i s  was confirm ed  by th e  in f r a r e d  sp ec tru m

(T a b le  1) and by th e  p r e p a r a t io n  o f a  m onoacety l d e r iv a t iv e *

G ib b e r e l l ic  a c id  a l s o  y ie ld e d  a  p-brom ophenacyl e a t e r  and

a  n e u t r a l  monomethyl e s te r*  A c e ty la t io n  o f  th e  l a t t e r

gave m ethyl a o e ty lg ib b e r e l l a te  w hich was a l s o  o b ta in e d  by
7e s t e r i f i c a t i o n  of a c e ty l g ib b e r e l l i c  a c id  * 

f a b l e  1  -  I n f r a r a d  A b so rp tio n  Maxima* (G ro ss^ )

H u io i P io x an

CO OH GO OH

G ib b e r e l l i c  a c id  1746 3305,3390 1784,1736 3470

A c e ta te  1765,1736 3400 1786,1740

l a t e r  1770,1711 3490 1777,1720

E s te r  a c e t a t e  1761,1740 ,1733  3510

The in f r a r e d  spectrum  o f g i b b e r e l l i c  a c id  i n  H u jo l



showed no a b s o rp tio n  in  th e  r e g io n  n o rm ally  a s s o c ia te d  

w ith  carboxylio-O H  in  s o l id  (d im e r ic )  a c id s ; n e v e r th e le s s  

th e  band a t  1736 cm ^ (d io x aa ) was a s s ig n e d  to  a l i p h a t i c  

c a rb o x y l f o r  th e  fo llo w in g  re a so n s  2-

( a )  G ib b e r e l l ic  a c id  form ed a  m ethy l e s t e r  w ith o u t th e  

u p tak e  o f w ater*

(b )  The in f r a r e d  spectrum  ex c lu d ed  o th e r  a c id ic  g ro u p in g s  

su ch  a s  a  /S-diketone ( a ls o  n e g a tiv e  f e r r i c  c h lo r id e  

t e s t ) .

When g i b b e r e l l i c  a c id  was t r e a t e d  w ith  a  sm a ll 

e x c e s s  o f  0 »1H sodium  hydrox ide a t  room te m p e ra tu re  a  

second  e q u iv a le n t  o f a l k a l i  was consumed! t h i s ,  c o n s id e re d  

w ith  th e  f a c t  t h a t  th e  in f r a r e d  s p e c t r a  o f th e  a c id  and 

i t s  d e r iv a t iv e s  (T ab le  1) in  d io x an  s o lu t io n  showed s tro n g  

b ands a t  1780 c s l~ \  l e d  C ross to  su g g e s t t h a t  g i b b e r e l l i c  

a c id  p o sse sse d  a  s a tu r a te d  Y -lae to n e  r in g .  The rem a in in g  

oxygen atom was c o n s id e re d  to  be p r e s e n t  a s  an  u n r e a c t iv e ,  

p o s s ib ly  t e r t i a r y  a lc o h o l group s in c e  th e  in f r a r e d  sp ec tru m  

o f m ethy l a c e ty lg ib b e r e l l a t e  p o sse sse d  a  band a t  3510 cm"****
Q

I t  h as  a l s o  been  r e p o r te d  t h a t  g i b b e r e l l i c  a c id  form s a  

d i a c e t y l  d e r iv a t iv e *

The u l t r a v i o l e t  spectrum  o f m ethy l a c e ty l g ib b e r e l l a t e  

showed no maximum in  th e  range 220-320  mu in d ic a t in g  th e  

ab sen ce  o f  an  a ro m a tic  r in g  w h ile  th e  p re se n c e  o f  two
7d oub le  bonds was shown by m ic ro h y d ro g en a tio n  ex p e rim en ts  .



(I)



fh e  above ev id en ce  acco u n ted  f o r  a l l  th e  oxygen 

atom s and in d ic a te d  th a t  g ib b e r e l l i c  a c id  was a  t e t r a c y c l i c  

d ih y d ro x y la c to n ic  ac id#  F u r th e r  in fo rm a tio n  abou t th e  

r in g  system  was g a in e d  from  a s tu d y  o f th e  two p ro d u c ts  

Of a c id  h y d r o ly s is ;  M ild a c id  h y d ro ly s is  (norm al 

h y d ro c h lo r ic  a c id  a t  0°C*) o f g ib b e r e l l i c  a c id  y ie ld e d ,  

among o th e r  p ro d u c ts ,  a l lo g ib b e r le  a o id t cx8^ 20^ 3 # ^°&e 'fck0 r  

w ith  a  m olecu le o f  ca rb o n  d iox ide*  I f  th e  h y d ro ly s is  was 

conducted  a t  100°C# th e  a l lo g ib b e r ic  a c id  iso m e rised  to

gibbeario a c id ,  ° l A * 2 0 ° y

fh e  ev id en ce  f o r  th e  s t r u c t u r e s  a s s ig n e d  to  th e s e  

compounds i s  g iv e n  in  th e  sequel#  

d ib b e r ie  a c id

Cribberic a c id  ( 1 ) was o r i g i n a l l y  a s s ig n e d  th e  

fo rm u la  %g&22®3 f^bu ta- e t  a l ^ . S u b seq u en tly , a n a ly se s  

and e q u iv a le n t  w e ig h t d e te rm in a tio n s  on g ib b e r ic  a c id  and 

i t s  d e r iv a t iv e s  e s ta b l i s h e d  th e  fo rm u la  c ^g&2Q̂ 3 whence i t  

fo llo w ed  t h a t  th e  h y d ro ly s is  o f g ib b e r e l l i c  a c id  in v o lv ed  

th e  l o s s  o f ca rb o n  d io x id e  and w a te r1#

fh e  fo rm a tio n  of an  oxim e, a  m ethyl e s t e r ,  and an  

exime e s t e r  d em o n stra ted  t h a t  g ib b e r ic  a c id  was a k e to - a e id .  

fh e  in f r a r e d  sp ec tru m  ( f a b le  2)« w ith  a  strong band at 

1741 esT^t in d ic a te d  t h a t  th e  k e to  group was present in  a 

f  ive-m em bered r in g  w h ile  th e  band a t  1717 caT^ was a s s ig n e d  

to  an  a l i p h a t i c  c a rb o x y l group*



f a b le  2 * I n f r a r e d  A bsorption*^

Bujol Sioxaa
00 OH GO OH

G ib b erio  a c id a 1717,1741 3290 1740

M ethyl g ibbe r a t e *3 1736 -

a* l a  CCX  ̂ so lu t io n *  OH a b s o rp t io n  a t  3525 cm"**

b* l a  CGl^ s o lu t io n ,  a b s o rp tio n  a t  1745 e«T^ w ith  i n t e n s i t y

co rre sp o n d in g  to  two c a rb o x y l groups*

The u l t r a v i o l e t  spectrum  o f g ib b e r ic  a c id  (T ab le  3)

was c o n s la te n t  w ith  th e  p re se n ce  o f an  a ro m a tic  r in g  w h ile

i t s  r e s i s t a n c e  to  h y d ro g en a tio n  was ta k e n  a s  ev id en ce  f o r

th e  absence  o f e th y le n ic  bonds* A c o n s id e r a t io n  o f th e s e

f a c t s  and th e  fo rm u la  o f g ib b e r ic  a c id  le d  C ross to  su g g e s t

t h a t  th e  b a s ic  s t r u c t u r e  was t h a t  o f  a  t e t r a c y c l i c  k e to -a c id
7c o n ta in in g  an  a ro m a tic  r i n g *

T able 3 ~ U l t r a v io l e t  A b so rp tio n

^max* ^
G ib b e r ic  a c id  265, 274 , 300 2*56, 2 .4 7 , 1 .4 9

G ib b e r ic  a e id a  265*5, 273*5, 292 2*63, 2*56, 1 .6 9

M ethyl g ib b e ra te  265, 273 , 294 2*53, 2*45, 1*61

a* In  0*11 HaOB. The o th e r  s p e c t r a  were m easured in  EtOH*

Yatazawa and Sum iki1^ d em o n stra ted  t h a t  o x id a tio n

o f g ib b e r ic  a c id  w ith  se len iu m  d io x id e  gave a  y e llo w  a c id

(g ib b e rd io n ic  a c id )  f o r  w hich ( i n  agreem ent w ith  t h e i r

fo rm u la  f o r  g ib b e r ic  a c id )  th e y  p roposed  th e  fo rm u la  cx9®20®4



8.
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F u r th e r  o x id a tio n  w ith  hydrogen p e ro x id e  r e s u l t e d  in  th e  

l o s s  o f ca rbon  d io x id e  and th e  fo rm a tio n  of a  d ie a rb o x y lic  

a c id  f o r  w hich th e y  p roposed  th e  fo rm u la  Gx7-'l8^2 '5-24^6*

T h is  r e s u l t  was e x p la in e d  by assum ing t h a t  g ib b e rd io n ie  

a c id  had th e  p a r t i a l  s t r u c t u r e  ( CGOH)» CO' CHQ* These

ex p e rim en ts  were r e p e a te d  by G ross w ith  somewhat d i f f e r e n t  

r e s u l t s *  Selenium  d io x id e  o x id a tio n  a f fo rd e d  g ib b e rd io n ie  

ac id *  Qi 8HlB °4 f (2? R » H) • Having a s s ig n e d  a  f i v e — 

membered r in g  k e to n e  to  g ib b e r ic  a c id  G ross concluded  t h a t  

g ib b e rd io n ie  a c id  must be a  c y c l ic  oC-diketone^* Evidence 

f o r  an  o l-d iketone  s t r u c t u r e  has been  o b ta in e d  in  th e  

fo llo w in g  way*

O x id a tio n  o f g ib b e rd io n ie  a c id  w ith  a lk a l in e

hydrogen p e ro x id e  u n d e r th e  c o n d i t io n s  d e s c r ib e d  by Yatazawa 
10and Sum iki y ie ld e d  o n ly  a  t r a c e  o f ca rb o n  d io x id e  and an

a c id , w hich was shown to  be th e  t r i c a r b o x y l i c

a c id  ( 3) by a n a ly s i s  of i t s  t r im e th y l  e s t e r  f o r  m ethoxyl*

G ib b e rd io n ie  a c id  would g iv e  a t r i c a r b o x y l i c  a c id  i f  i t

c o n ta in e d  an  o(-d ik e  to n e  g rou p in g  b u t n o t i f  i t  had th e
10s t r u c t u r e  su g g e s te d  by Yatazawa and Sum iki * F u r th e r

7ev id en ce  f o r  an  oC-diketone s t r u c t u r e  has been  provided* by

in f r a r e d  and u l t r a v i o l e t  d e te rm in a t io n s .  The in f r a r e d

sp ec tru m  o f m ethy l g ib b e rd io n a te  showed c a rb o n y l bands

(H u jo l)  a t  1736 e a f^  ( e s te r ) *  1750 cm**̂  and 1764 cm"’** ( f i v e -
—1membered r in g  K-d ik e  to n e ;  of* cam phorquinone 1748 cm and
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—11760  am )* 2?he absence  o f h y d roxy l and double bond in  

th e  in f r a r e d  spectrum  su g g e s ted  a  n o n -e n o lis a b le  o< -d ik e to n e  

and t h i s  d e d u c tio n  was su p p o rted  by th e  u l t r a v i o l e t  

spec trum  which was a lm ost i d e n t i c a l  w ith  t h a t  o f g ib b e r ic  

a c id  ( f a b le  3 ) in  b o th  e th a n o l ic  and 0 *1N sodium  hydrox ide  

s o lu t io n *  « - d ik e to n e s f in  which a d ja c e n t  ca rb o n  atom s

c a r r y  hydrogen atom s, r e a d i ly  e n o l is e  an d , in  consequence , 

have an  u l t r a v i o l e t  spectrum  c h a r a c t e r i s t i c a l l y  d i f f e r e n t  

from  t h a t  o f th e  p a re n t  m onoketone)# Thus g ib b e r ic  a c id  

c o n ta in e d  a  -OM^-CO- g roup ing  so  s i t u a t e d  in  a  f i v e -  

membered r in g  a s  to  p re c lu d e  th e  e n o l i s a t io n  o f g ib b e rd io n ie  

ac id *  I t  was p o s tu la te d ,  th e r e f o r e ,  t h a t  g ib b e r ic  a c id  

had th e  p a r t i a l  s t r u c t u r e  ( 4 )* ^ #̂ *

Selenium  d eh y d ro g en a tio n  o f g ib b e r ic  a c id  to  

!« 7~ d im e tb y lf lu o re a e  (g ib b e re a e )  (5 )7 * 1 2 ,1 4  aa<|  OXi^ a t io n  

to  b en zen e-1 *2 s 3- t r i c a r b o x y l i c  a c id  f J  in  s i g n i f i c a n t  

y i e ld  e s ta b l i s h e d  th e  p re sen ce  o f th e  h ex ah y d ro flu o ren e  

n u c leu s  ( 6 )* C ibberene was a l s o  o b ta in e d  by m ild  

d eh y d ro g en a tio n  o f th e  t r i c a r b o x y l i c  a c id  ( 3 ) d e r iv e d  from  

g ib b e rd io n ie  acid** C o n firm atio n  f o r  th e  s t r u c t u r e  o f
12g ib b e re n e  has been  p ro v id ed  by d e g ra d a tio n  and s y n th e s is *  

O x id a tio n  of g ib b e re n e  w ith  p o ta ss iu m  perm anganate in  

a c e to n e  gave g ib b eren o n e  (? )  c i 5fi120f w hich , on more 

p ro lo n g ed  perm anganate o x id a tio n  in  p y r id in e ,  fu rn is h e d  

f lu o re n o n e - l* 7 -* d ic a rb o x y lic  a c id  (8 )* An unam biguous
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syn th esis of gibberene, gibberenone, and flu oren on e-lt7 -

d ic a rb o x y lic  a c id ,  b ased  on th e  work of X onthrop and

G o o d w in ^* by M ulho llaad  and Ward‘d  a s  a  f i n a l  p ro o f  o f

s t r u c tu r e *  Y abuta e t  a l*  who have a l s o  worked on th e

s t r u c t u r e  o f g ib b e re n e  p o s tu la te d  t h a t  th e  d ia c id  o b ta in e d

from  g ib b e ren e  m ight be f lu o re n o n e -4  s 5- d ic a rb o x y l ic

acid  ( 9 ) .14 This s u g g e s tio n  was la te r  invalidated by

M ulholland  and Ward who s y n th e s is e d  t h i s  compound by an

unam biguous ro u te  and showed t h a t  i t s  m e ltin g  p o in t
16d e p re s se d  th e  d ia c id  o b ta in e d  by d eg rad a tio n #

S in ce  g ib b e re n e  co u ld  be o b ta in e d  from, b o th  g ib b e r ic

a c id  (1 ) and th e  t r i c a r b o x y l i c  a c id  ( 3 ) o b ta in e d  from

g ib b e rd io n ie  a c id  ( 2 ) ,  G ross e t  a l#  concluded  t h a t  d u rin g

th e  se len iu m  d eh y d ro g en a tio n  o f g ib b e r ic  a c id  no s k e l e t a l
11 17rea rran g em en t had o c c u rre d # *  Thus th e  d eh y d ro g en a tio n

o f g ib b e r ic  a c id  in v o lv e d  th e  e l im in a t io n  o f th e  m ethylene 

ca rb o n y l b r id g e  (-GH^-CO-) and th e  m ethylene group of t h i s  

b r id g e  m s  a t ta c h e d  to  a  q u a te rn a ry  ca rb o n  atom# S ince 

th e  e n o l i s a t io n  o f th e  I s  2-d ik e to n e  system  of g ib b e rd io n ie  

a c id  was p re c lu d e d  ( p # l l ) ,  i t  was su g g e s ted  th a t  th e  

c a rb o n y l group of th e  b r id g e  was a l s o  a t ta c h e d  to  a  

q u a te rn a ry  ca rbon  atom* The p o s i t io n  o f th e  m ethylene 

c a rb o n y l group was f i n a l l y  d e te rm in ed  by th e  fo llo w in g  

s e r i e s  o f r e a c t io n s *  O x id a tio n  of g ib b e r ic  a c id  w ith  

a lk a l in e  p o ta ss iu m  perm anganate a t  0°C. y ie ld e d
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& ehydrog ibberie  a c id  ( 10 ) whose u l t r a v i o l e t  spectrum

(T ab le  4) in d ic a te d  t h a t  a  double bond had been  in tro d u c e d

in  c o n ju g a tio n  w ith  th e  a ro m a tic  r in g .  D eh y d ro g ib b eric

a c id  d id  no t undergo e i t h e r  a c id  o r  a lk a l in e  h y d ro ly s is  and

re g e n e ra te d  g ib b e r ic  a c id  on c a t a l y t i c  re d u c tio n *  I t  was

r a p id ly  degraded  by f u r th e r  tre a tm e n t w ith  a lk a l in e

perm anganate a t  25° 0 « and y ie ld e d  a  d ib a s ic  a c id ,  C1 7 l8 ° 4 *
1 fKi d e n t i c a l  w ith  t h a t  d e s c r ib e d  by th e  Jap an ese  w orkers • 

l i k e  dehy& rogibb e r i c  a c id ,  th e  d ib a s ic  a c id  had a  double 

bond in  c o n ju g a tio n  w ith  th e  a ro m a tic  r in g  a s  shown by th e  

u l t r a v i o l e t  sp ec tru m  (T ab le  4) and to o k  up 1 mol* o f 

hydrogen c a t a l y t i c a l l y *  The in f r a r e d  spectrum  showed th a t  

th e  fiv@-*a@mber©d r in g  k e to n e  o f g ib b e r ic  a c id  had been  

l o s t .  C ross e t  a l * ,  th e r e f o r e ,  a s s ig n e d  th e  s t r u c t u r e  (11 ) 

to  th e  d ib a s ic  a c id  and p o s tu la te d  t h a t ,  d u rin g  th e  o x id a tio n , 

th e  m ethylene c a rb o n y l b r id g e  had been  c leav e d  and t h a t  th e  

t e r t i a r y  c a rb o x y lic  group form ed had been l o s t  a s  ca rb o n  

d io x id e # ^

D e c a rb o x y la tio n  o f d eh y d ro g ib b e ric  a c id  (10) w ith

p a l l a d i w c h a r c o a l  o r  c h a rc o a l a lo n e  a t  230°C* fu rn is h e d

th e  n e u t r a l  k e to n e , g ibb ero n e  (1 2 ) .  X abuta e t  a l .  have

a l s o  re p o r te d  th e  i s o l a t i o n  o f g ib b e ro n e  in  17$ y ie ld  by

d i r e c t  d eh y d ro g en a tio n  of g ib b e r ic  a c id  w ith  se len iu m  a t

300~330°C. b u t th e y  w rongly  a s s ig n e d  th e  m o le c u la r  fo rm u la ,
14.CLqHlA Q, to  i t#  ^ T h is  work was l a t e r  confirm ed  by
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C ross ©t a l*  who a l s o  I s o la t e d  li7 -* d im e th y lf lu o re n e  and
11th r e e  p h e n o lic  compounds from  th e  r e a c t io n  p roduct*

One o f th e  p h e n o lic  compounds has been shown to  be 

7-h y d ro x y -l~ m e th y lilu o re n e  ( 1 3 ) | th e  s t r u c t u r e s  of th e  

e t h e r  two rem ain  to  be e lu c id a te d  a lth o u g h  s p e c tro s c o p ic  

ev id en ce  has su g g e s ted  h y d ro x y flu o re n e -ty p e  s t r u c t u r e s .  

f a b le  4 *  U l t r a v io l e t  A b so rp tio n  Maxima (mu) in  E th a n o l*

( I )  265 ,274 ,300  2 * 5 6 ,2 * 4 7 ,1 .4 9

(1 0 ) 260,269,290*300 4*14*4.09,3.50,3*414

( I I ) 265 4*01

(12 ) 2 5 9 ,2 6 9 ,290,301  4 .1 3 ,4 .0 7 ,3 .6 2 , 3 .62

(14) 2 5 0 ,2 5 7 ,2 6 7 ,2 9 0 ,3 0 1  4 .1 4 ,4 .2 1 ,4 .1 0 ,3 .6 5 ,3 .6 5

(5 ) 2 6 9 ,2 7 5 ,2 9 3 ,2 9 7 ,3 0 4  4 .4 4 ,4 .3 7 ,3 .9 5 ,3 .9 0 ,3 .9 5

( 2 1 | E » Me) 2 6 6 ,2 7 1 ,2 8 0 ,2 9 4 ,3 0 5  4 .2 8 ,4 .3 9 ,4 .2 5 ,3 .7 3 ,3 .3 9  

th e  I n f r a r e d  spectrum  o f g ib b e ro n e  showed th e  five-m em bered 

r in g  h e to n e  a b s o rp tio n  a t  1745 (GGl^) and th e  

U l t r a v io l e t  spectrum  ( f a b le  4) in d ic a te d  t h a t  th e  double 

bond , re v e a le d  by c a t a l y t i c  h y d ro g e n a tio n , was c o n ju g a te d  

w ith  th e  a ro m a tic  r i n g .  G ibberone was s t a b le  to  h y d ro ly s is  

by a c id  o r  a lk a l i*  I t  y ie ld e d  l r 7-d im e th y lf lu o re n e  w ith  

se len iu m  a t  360°C . and was o x id is e d  by se len iu m  d io x id e  in  

e th a n o l  a t  140°G. to  a  five-m em bered r in g  1 : 2-d ik e to n e  

g ib b e rd io n e  (14) w hich , l i k e  g ib b e rd io n ie  a c id ,  had a lm ost 

i d e n t i c a l  u l t r a v i o l e t  s p e c t r a  in  e th a n o l and sodium 

h y d ro x id e  s o lu t io n .  fh e  s p e c t r a  c lo s e ly  resem bled  t h a t  o f
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g ib b ero n e  ( f a b le  4 )*

G ibberone, on o x id a tio n  w ith  chrom ic o x id e ,

y ie ld e d  a  m onobasic k e to - a c id ,  ^ 7^18^4 9 ŵ ch was p ro b ab ly

i d e n t i c a l  w ith  th e  u n c h a ra c te r is e d  a c id  o b ta in e d  in  th e

same way by T abu ta  e t  a l . 1^ C ross e t  a l . ^  a s s ig n e d  th e

w tru e tu re  (15 ) to  t h i s  a c id  f o r  th e  fo llo w in g  reaso n s*  The

u l t r a v i o l e t  sp ec tru m  w ith  peaks a t  250 mu ( lo g £  4 #1 8 ) and

215 mu ( lo g £  3#55) was c h a r a c t e r i s t i c  o f an in d an o n e-ty p e

S tru c tu r e  * f u r t h e r  c o n f irm a tio n  f o r  w hich was g a in ed  from

th e  in f r a r e d  spec trum  w hich showed peaks a t  1744 ( f i v e -

mcmbered r in g  k e to n e ) ,  1738 (monomeric ca rb o x y l c a rb o n y l)
«*land 1717 cm (indanone ca rb o n y l)*  The fo rm a tio n  of t h i s  

a c id  (15) from  g ib b e ro n e  w ith o u t lo s s  o f ca rbon  and w ith  

th e  a d d i t io n  o f th r e e  oxygen atom s was c o n s is te n t  w ith  th e  

O x id a tio n  o f a  t r i s u b s t i t u t e d  double bond to  a  k e to -a c id *  

fh e  absence o f -d ik e to n e  o r  ^ - k e to  a c id  fu n c t io n s  in  (15) 

was confirm ed  by i t s  s t a b i l i t y  to  d i l u t e  a c id  o r  a l k a l i  

w h ile  i t s  s t a b i l i t y  to  n e u t r a l  perm anganate a t  room 

te m p e ra tu re , o r  chrom ic oxide in  a c e t i c  a c id  a t  75°C*t 

con firm ed  th e  p re se n c e  o f a  25 2- d i s u b s t i t u t e d  indanone 

S tru c tu re *  (2 * 2 -d im e th y lia d a n - l-o a e  was s ta b le  u n d er th e se  

c o n d i t io n s  w h ile  2-m e th y l-  and 2 s3-d im e th y lin d a n - l-o n e  were 

o x id is e d )*  From th e  above ev id en ce  C ross e t  a l* ^ *  concluded  

t h a t  th e  k e to -a c id  ( 15 ) was a  2 *2- d i s u b s t i t u t e d  in d a n -l-o n e  

and s in c e  i t  had r e ta in e d  th e  p a r t i a l  s t r u c tu r e  ( 4 ) ,
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o r i g in a l l y  p r e s e n t  in  g ib b e r ie  a c id ,  th e  fiv e -aem b ered  r in g

was a s s ig n e d  to  p o s i t io n  2 , a s  in  ( 15 ) •

Perm anganate o x id a tio n  of (15) in  th e  p re se n ce  of 
IQ on

magnesium n i t r a t e  y ie ld e d ,  among o th e r  p ro d u c ts ,

ben zen e-1 *2 13- t r i c a r b o x y l i c  a c id ,  3-m e th y lp h th a l ic  a c id  and

jS -m e th y l t r i e a r b a l ly l ie  a c id .  t h i s  was c o n s is te n t  w ith

S tr u c tu r e  (15) , f u r t h e r  p ro o f  o f w hich was p ro v id ed  by

c le a v a g e  o f  b o th  non-benzene id  r in g s  and by an unambiguous

s y n th e s i s  o f  th e  p ro d u c t*  Thus th e  k e to  a c id  (15) was

co n v e rte d  to  th e  tf-l^droxyim ino-eom pound (16) by tre a tm e n t
22w ith  b u ty l  n i t r i t e  and sodium m ethoxide* Beckmann 

rea rran g em en t o f (16) w ith  p o ly p h o sp h o ric  a c id  gave th e  

iso m e ric  im lde c a rb o x y lic  a c id  (17)* w ith  to lu s n e -p -s u lp h o n y i 

c h lo r id e  and sodium  h y d ro x id e , how ever, a  t r i c a r b o x y l ic  a c id  

( 1 8 ) was o b ta in e d  w hich c o n ta in e d  th e  ex p ec ted  cyano-group 

(band  a t  2250 cbT^)* T hat b o th  k e to n e  fu n c t io n s  in  th e  

a c id  (15) had been  e l im in a te d  was confirm ed  by th e  in f r a r e d  

sp ec tru m  (ab sen ce  of a b s o rp tio n  due to  s a tu r a te d  f  iv e -  

membered r in g  k e to n e )  and by th e  u l t r a v i o l e t  spectrum  

(X 233 , 284, 293 mu i lo g e  3 .8 9 , 3 .2 1  and 3.08  

r e s p e c t iv e ly )  w hich showed th e  absence o f th e  indanone 

chrom ophore and was ty p i c a l  o f a  t r i s u b s t i t u t e d  b en zo ic  acid*  

The c y a n o - t r ic a rb o x y l ic  a c id ,  w hich form ed an in tra m o le c u la r  

five-m em bered  r in g  an h y d rid e  when h e a te d  w ith  a c e t i c  

a n h y d r id e , was th u s  a s s ig n e d  th e  s t r u c t u r e  ( 18 ) and was
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o b v io u s ly  form ed by a lk a l in e  h y d ro ly s is  o f th e  in te rm e d ia te

^ ~ k e to ~ a i t r i l e  (19)*  F in a l ly  th e  cy a n o -a c id  (18) was

h y d ro ly sed  by 50$ s u lp h u r ic  a c id  to  an  amorphous

te t r a o a r b o x y l ic  a c id  ( 2 0 ; R * H) w hich fu rn is h e d  two

iso m e ric  te t r a m e th y l  e s t e r s  (20 ; fi » Me) on tre a tm e n t w ith

d iaxom ethane• I t  was concluded  th a t  th e s e  e s t e r s ,  w hich

had d i f f e r e n t  o p t i c a l  r o t a t i o n s y were d ia s te re o is o m e rs  and

t h a t  th e y  had been  form ed by ra c e m is a tio n  a t  th e  (Cg) c e n tre

d u r in g  h y d ro ly s is  o f th e  in te rm e d ia te  ^ - k e to  n i t r i l e  ( 19 )

The s t r u c t u r e  of th e  two e s t e r s  was e s ta b l i s h e d  by a

s y n th e s i s  o f t h e i r  ra c e m a te s» th e  in f r a r e d  s p e c t r a  of th e

e s t e r s  o b ta in e d  by d e g ra d a tio n  and s y n th e s is  b e in g  id e n t i c a l
21i n  ca rb o n  t e t r a c h l o r i d e  s o lu t io n *

The s y n th e s is  o f th e  te t r a m e th y l  e s t e r s  (2 0 ; R = Me) 

f i n a l l y  e s ta b l i s h e d  th e  s t r u c tu r e  of th e  k e to -a c id  (15) and 

c o n se q u e n tly  th e  s t r u c tu r e  o f g ib b e ro n e  (1 2 ) .  Thus i t  was 

conc luded  t h a t  th e  m ethylene ca rb o n y l b r id g e  in  g ib b e r ic  

a c id  was a t ta c h e d  a s  in  (1 ) ( th e  p o s s i b i l i t y  t h a t  th e  

m ethy lene and ca rb o n y l groups were in te rc h a n g e d  was ex c lu d ed  

f o r  a  f u r t h e r  r e a s o n , nam ely, th e  s t a b i l i t y  o f (15) in  

aqueous a l k a l i ) .  The rem a in in g  problem  in  th e  s t r u c t u r a l  

e lu c id a t io n  o f g ib b e r ic  a c id  in v o lv e d  th e  lo c a t io n  of th e  

c a rb o x y l group and t h i s  was so lv e d  in  th e  fo llo w in g  way.

Behydroge n a t io n  o f m ethyl g ib b e rd io n a te  (2? R « Me) 

w ith  30$ p a lla d iu m -c h a rc o a l a t  230°C. y ie ld e d  m ethyl
; i

ff.
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l* 7 -d im e th y lf lu o re n e -9 -e a rb o x y la te  ( 21 |  R a  Me) . 11  The 

in f r a r e d  (G « 0 a t  1736 oaf1  in  CCl^) and u l t r a v i o l e t  

s p e c t r a  (T ab le  4* p .  17) of t h i s  compound in d ic a te d  th a t  

th e  e s t e r  group was uncon^ugated  w h ile  th e  9- p o s i t i o n  f o r  

the e s t e r  group was fav o u red  by th e  f a c t  t h a t  a lk a l in e  

h y d ro ly s is  gave a  sm a ll amount o f 1 * 7-d im e th y lf lu o re n e  ( 5) 

i n  a d d i t io n  to  th e  co rre sp o n d in g  a c id .  S t ru c tu r e  (21) f o r  

th e  e s t e r  was e e a f  irm ed by s y n th e s is .  Thus tre a tm e n t of 

the 9 -lith iu si d e r iv a t iv e  o f 1 *7-dim© th y l f lu o r e n e  w ith  s o l id  

carbon dioxide2  ̂ a f fo rd e d  187-d im e th y lf  lu c r e  n e -9- c a rb o x y lic  

a e i i  ( 2 1 ; 1  *  H ), m ethyl a t  io n  o f w hich w ith  d iasom ethane 

gave th e  m ethy l e s t e r  i d e n t i c a l  w ith  th e  e s t e r  o b ta in e d  by 

d#hydrogen& tion o f m ethyl g ib b e rd io n a te .

The i s o l a t i o n  o f t h i s  e s t e r  by d e g ra d a tio n  

e s ta b l i s h e d  th e  p o s i t io n  o f th e  c a rb o x y l group in  g ib b e r ic  

a c id  i n  acco rd an ce  w ith  th e  p roposed  s t r u c t u r e  (1 ) •

I t  may be n o ted  t h a t  s t r u c t u r e  (1 ) was a t  v a r ia n c e
10w ith  th e  view s o f th e  Jap an ese  w orkers who had advanced 

th e  p a r t i a l  s t r u c t u r e  C ^& ^C Q gH )*  GQGE^. In  su p p o rt o f 

t h i s  s t r u c tu re *  S e ta  and Sum iki c la im ed  t h a t  th e  crude 

p ro d u c t o b ta in e d  by Beckmann rea rran g em en t o f g ib b e r ic  a c id  

oxime gave a  good y i e ld  o f  m ethylam ine on v ig o ro u s  a c id  

h y d r o l y s i s . ^  T h is  experim en t was re p e a te d  by C ross e t  a l  

w ith  somewhat d i f f e r e n t  r e s u l t s .  In  t h e i r  hands a  c a r e f u l  

ex am in a tio n  o f th e  h y d ro ly s is  p ro d u c ts  of th e  crude  m ix tu re
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from  th e  Beckmann rea rran g em en t f a i l e d  to  r e v e a l  th e

p re se n c e  o f m ethy laraine$ abou t 0*5 mol* o f ammonia was 

p ro d u ced , { e s tim a te d  a s  c h io r o p la t in a te )  a  f a c t  w hich 

was n o t in c o n s is te n t  w ith  p a r t i a l  s t r u c t u r e  ( 4 ) .  The 

rem a in d e r o f  th e  n i t ro g e n  o r i g i n a l l y  p r e s e n t  in  th e  oxime 

was shown to  be p r e s e n t ,  a s  o rg a n ic  n i t r o g e n ,  in  th e  

s i h s r  h y d ro ly s is  p r o d u c t s * ^

i l l o g i b b e r i c  a c id ,  Gx8^ 20®3 * s t a i n e d  from  

g i b b e r e l l i c  a c id ,  ^x9^ 20^6 * ^  m ild  h y d ro ly s is  w ith  norm al 

h y d ro c h lo r ic  a c id  a t  2G°C*, has been fo rm u la te d  a s  (22) 

B ader m m  v ig o ro u s  c o n d it io n s  (norm al h y d ro c h lo r ic  a c id  -  

! § § % * /!  h r# )  a l lo g ib b e r i c  a c id  iso m e r is e s  to  g ib b e r ic  

a c id  ( 1 ) .

The u l t r a v i o l e t  spec trum  o f a l lo g ib b e r ic  a c id

( f a b l e  5 ) su g g e s te d  t h a t  th e  a c id  was be adeno id  and showed

t h a t  th e  a ro m a tic  r in g  and th e  double bond (shown by
7 2*5%h y d ro g en a tio n  e x p e r im e n ts ’ * ^) were no t con jugated*  

M h y d ro a llo g ib b e r ic  a c id  (23) was re c o v e re d  unchanged ( 86$) 

a f t e r  t r e a tm e n t w ith  norm al h y d ro c h lo r ic  a c id  a t  1GG°C. f o r  

1  hour* G so n o ly s is  o f a l lo g ib b e r ic  a c id  o r  i t s  m ethy l 

e s t e r  y ie ld e d  0*4 -  0*5  mol* o f fo rm aldehyde w hereas 

d ih y d ro a l lo g ib b e r ie  was m ain ly  rec o v e re d  unchanged. The 

O th er p ro d u c ts  form ed d u rin g  o z o n o ly s ie  were k e to n e s  w ith  

one ca rb o n  atom  l e s s  th a n  th e  s t a r t i n g  m a te r ia ls *  Thus i t



was concluded  t h a t  a l lo g ib b e r ic  a c id  c o n ta in e d  a  te rm in a l  

m ethylene group and in  su p p o rt o f t h i s  th e  in f r a r e d  

sp ec tru m  o f m ethy l a l lo g ib b e r a te  in  e ih y lid e n e  c h lo r id e  

showed a  s t ro n g  band n e a r  890 cm"1  ( .  c a p .

lu h n -B o th  e s t im a tio n s  on b o th  a l lo g ib b e r ic  a c id  

and i t s  d ih y d ro  d e r iv a t iv e  gave 1 .1  C -m ethyl g ro u p s; th e  

f a i l u r e  to  show th e  ex p ec te d  d i f f e r e n c e  (c f*  r e f .  26) has 

b een  a s c r ib e d  to  th e  is o m e r is a t io n  of a l lo g ib b e r ic  to  

g ib b e r ic  a c id  u n d e r  th e  s t r o n g ly  a c id ic  c o n d i t io n s  u se d .

The p re se n c e  of a  h y d ro x y l group in  a l lo g ib b e r ic  

a c id  was in d ic a te d  by th e  in f r a r e d  sp ec tru m  o f th e  a c id  

and  i t s  m ethyl e s t e r  (1734 cm"*1 and 3310 cm"1 ) .  I t  was 

a s s ig n e d  a  t e r t i a r y  n a tu re 1*̂ *^  b ecau se  o f th e  d i f f i c u l t y  

o f  a o e ty la t io n  and th e  f a i l u r e  to  o x id is e  d ih y d ro a l lo g ib b e r ic  

a c id  to  a  k e to n e  u s in g  chrom ic ox ide in  p y r i d i n e ^  o r  

perm anganate in  a c e to n e . In  a d d i t io n ,  d ih y d ro a l lo g ib b e r ic  

a c id  f a i l e d  to  f u r n i s h  a  to lu e a e -p - s u lp h o n a te  o r  an  a c e ta te  

u n d e r  norm al c o n d itio n s*  When th e  d ih y d ro -a c id  (23) was 

o x id is e d  w ith  p o ta ss iu m  perm anganate th e  h y d roxy l group 

was n o t a t ta c k e d  b u t a  d e h y d ro -d e r iv a tiv e  cx8% 0°3  (24) 

was form ed in  which a  double bond had been  in tro d u c e d  in  

c o n ju g a tio n  w ith  th e  a ro m a tic  r in g  (T ab le  5 )•  T h is 

r e a c t io n  i s  an a lo g o u s to  th e  o x id a t io n  of g ib b e r ic  a c id  to
*j *i

d e h y d ro g ib b e ric  a c id  ( p .  1 5 ) . The d e h y d ro -d e r iv a tiv e  (24) 

was co n v e rte d  in to  d ih y d ro a l lo g ib b e r ic  a c id  (23) by
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5 -  U l t r a v io l e t  Abaorp-feion Maxima

^niax l 0 « £
( 22 ) . .  . .  259*254 ,273 ,287 ,297  2 .4 7 ,2 .5 1 ,2 .3 5 ,1 .2 8 ,1 .2 5

(2 3 ) . .  . .  2 6 0 ,264 ,273  2 . 1 8 , 2 . 24 , 2 .88

(2 4 ) . .  «. 2 5 0 ,2 5 9 ,2 6 8 ,2 9 0 ,3 0 0  3 .9 8 ,4 .1 3 ,4 .0 7 ,3 .5 0 ,3 .4 6

c a t a l y t i c  h y d ro g e n a tio n  and i t s  n o n - c r y s ta l l in e  m ethy l e s t e r  

gave a  c r y s t a l l i n e  d i d  (25) w ith  osmium t e t r o x i d e • F u r th e r  

ev id en ce  f o r  th e  s t r u c t u r e  o f a l lo g ib b e r ic  a c id  was o b ta in e d  

from  o x id a tio n  and d eh y d ro g en a tio n  e x p e r im e n ts ^  and i s  

d e s c r ib e d  below .

O ao n o ly s is  o f a l lo g ib b e r io  a o id  f u rn is h e d ,  in

addition to form&ldehyde, the monobasic ketol (26) E » H)

and a  d ib a s ic  Ice toxacid  (27? & * 1 )* The co rre sp o n d in g

e s t e r s  (2 6 1 1  *» He) and (27? B « Me) were o b ta in e d  when

m ethy l a l lo g ib b e r& te  was o zo n ise d . O x id a tio n  o f m ethyl

a l lo g ib b e r a te  w ith  z in c  perm anganate , o r  v ia  th e  g ly c o l  ( 28 )

fo llo w e d  by f i s s i o n  w ith  sodium  bism utim te^® , gave th e  same

p ro d u c ts  a s  o& onolysis w h ile  tre a tm e n t o f th e  k e to ls

( 8 6 ? 1  m H and E * Me) w ith  sodium  b ism u th a te  y ie ld e d  th e

C orrespond ing  k e to - a c id s  (27? B * H and B « M e). The k e to

i b i d  (2 7 f 1  «  B) form ed an  an h y d rid e  (29) from  w hich i t

co u ld  be re c o v e re d  by m ild  a lk a l in e  h y d r o ly s is .

The k e to ls  (26? E » H and E * Me), w hich showed

re d u c in g  p r o p e r t i e s  and were c le a v e d  by sodium  b ism u th a te ,
25were a s s ig n e d  <*-k©tol s t r u c t u r e s  by M u lh o llan d . In



agreem ent w ith  th e  ev id en ce  d e s c r ib e d  above th e  k e to ls  

were s ta b le  to  b ism u th  ox ide and a c e t i c  a c i d ^  and 

th e r e f o r e  c o n ta in e d  a  t e r t i a r y  hyd roxy l g roup . The 

in f r a r e d  s p e c t r a  o f  th e  k e to ls  in  s o lu t io n  (T ab le  6 ) showed 

a  high*freqm ency band a t  c a . 1750 owT^  ( f iv e  membered r in g  

ketone}#  th e  fre q u en cy  hav ing  been  r a i s e d  ( c f .  g ib b e ro n e  

1745 cm in  CGl^) by th e  p re se n c e  o f an  a d ja c e n t  h y d roxy l 

g r o u p # ^  O x id a tio n  o f th e  k e to l  (2 6 j R » H ), w ith o u t lo s s  

Of ca rb o n  atoms# to  th e  d ib a s ic  k e to -a c id  (27$ R * H) 

in d ic a te d  t h a t  th e  t e r t i a r y  hyd ro x y l group was s i t u a t e d  in  

a  s a tu r a te d  slx-m em bered r in g .  The d im e th y l e s t e r  of t h i s  

a c id  showed bands in  th e  in f r a r e d  a t  1712 c s f^  (six~mem.bered  

r in g  k e to n e )  and 1739 esT^ ( e s t e r - c a r b o n y l ) .

T ab le  6 ~ I n f r a r e d  A b so rp tio n  Maxima (cm ) in  S o lu tio n

Compound S o lv en t CO bands

(2 6 )<R «  H) Bioxan 1751, 1734

( 26 ) (H »  Me) c e c i3 1749, 1739 (sh )

g c i^ 1750

B ioxan 1752, 1736

(2 7 ) ( 1  m H) B ioxan 1735 (b ro ad )

( 2 7 ) ( t  «  Me) c h c i3 1739, 1712

( m Bioxan 1813, 1766 , 1726

S u c c in ic  an h y d rid e cicx3 1871, 1791

G lu ta r ic  an h y d rid e c h c i3 1815, 1767
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leh y d ro g e  s a t  lo ti o f  th e  d ib a s ic  a c id  (27? R « H) 

and o f d ih y d ro a l lo g ib b e r ic  a c id  (23) w ith  se len iu m  

e s ta b l i s h e d  th e  p o s i t io n  of th e  t e r t i a r y  hyd roxy l group and 

hence one p o in t  o f a ttac h m en t o f th e  five-m em bered r in g  on 

th e  h ex ah y d ro flu o ren e  s k e le to n  o f th e  k e to l  (26) and 

a l lo g ib b e r ic  acid.^** (Thus w h ile  a l lo g ib b e r ic  a c id ,  l i k e  

g ib b e r ic  a c id ,  gave m ain ly  i s  7-dim e th y l f lu o  re  ne ( 5) 

(g ib b e re n e ) ,  d ih y d ro a l lo g ib b e r ic  a c id  d id  not* The l a t t e r ,  

and more r e a d i ly  th e  k e to  a c id  (27? 1  *  H ), gave a s  a  main 

p ro d u c t a  f lu c r e n o l  whose s t r u c t u r e  was e s ta b l i s h e d  a s  

7-h y  d r  o x y - l-m e th y lf lu o re n e  (13) by com parison w ith  a  

specim en p re p a re d  by unam biguous s y n t h e s i s . ^  Sum iki 

c t  a l * ^  have a l s o  i s o l a t e d  th e  f lu o r e n o l  (13) from  

g i b b e r e l l i n  A-j_ m ethyl e s t e r  (m ethy l X -d ih y d ro g ib b e re l la te )  

by o so n o ly s is  and d eh y d ro g en a tio n  e s s e n t i a l l y  a s  d e s c r ib e d  

above f o r  a l lo g ib b e r i c  a c id .

In  th e  d eh y d ro g en a tio n  of th e  a c id  (27? R » H) to  

th e  f lu o r e n o l  (13) a l l  th e  n o n - s k e le ta l  ca rb o n  atom s were 

e l im in a te d  e x c ep t th e  a ro m a tic  G -m ethyl g ro u p . Thus i t  

was concluded  t h a t  th e  second p o in t  o f  a ttac h m en t o f  th e  

five-m em bered  r in g  in  th e  k e to l  and in  a l lo g ib b e r ic  a c id  was 

a n g u la r  a s  in  (26 ) and (22) re sp e c tiv e ly .^ * *  The a l t e r n a t i v e  

a n g u la r  p o s i t io n  co u ld  no t accommodate a  five-m em bered r in g  

B o r  e x p la in  th e  fo rm a tio n  of th e  d e h y d ro -d e r iv a tiv e  ( 24 ) 

o f d ih y d ro a l lo g ib b e r ic  a c id .  M oreover th e  in f r a r e d  spectrum
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Of th e  an h y d rid e  ( 29 ) (T ab le  6 ) showed i t  to  c o n ta in  a 

six-m em bered an h y d rid e  r in g #  S ince  m ethyl a l lo g ib b e r a te  

can  be c o n v e rte d  to  m ethyl g ib b e ra te  by b o i l in g  d i l u t e  

h y d ro c h lo r ic  a c i d f M ulholland  su g g e s te d  t h a t  th e  ca rb o x y l
4

group in  each  of th e s e  a c id s  o ccup ied  th e  same p o s i t i o n # ^  

th e  six-m em bered r in g  an h y d rid e  from  (27? H a  H) was 

th e r e f o r e  a s s ig n e d  th e  s t r u c t u r e  ( 29 )*

th e  ev id en ce  o u t l in e d  above e s ta b l i s h e d  th e  

s t r u c t u r e  ( 22 ) f o r  a l lo g ib b e r ic  ac id #  

i l l o g f b b e r i o  a c id  -  G ib b e ric  a c id  t r a n s fo rm a tio n

I t  has been s u g g e s te d ^  * ̂  t h a t  th e  is o m e r is a t io n  

o f  a l lo g ib b e r ic  to  g ib b e r ic  a c id  co u ld  be e x p la in e d  by a 

fagaer-*$teerw ein rearran g em en t?  ( 22)—* ( 3 0 ) —* (1 )# t h i s

e x p la n a t io n  was ana logous to  th e  c o n v e rs io n  o f 

l-*hydroxyeamphene (31) to  cam p h o r# ^  D uring th e  co u rse  

o f  h i s  in v e s t ig a t io n s  on th e  b io s y n th e s is  o f g ib b e r e l l i c  

a c id  (p* 73) B irc h  re p o r te d  ev id e n c e , b ased  on Kuhn-Both 

o x id a t io n s  o f compounds b io s y n th e s is e d  from  (1 -  14c) -  
a ce ta te , w hich im p lied  m ig ra tio n  of th e  m ethylene ca rbon  

atom  from  Gg to  G y  I t  was su g g e s te d  th a t  t h i s  co u ld  occur 

m  a  consequence o f p re l im in a ry  h y d ra tio n  fo llo w ed  by 

p ia ae o l-p in a co lo n ©  rearran g em en t of th e  r e s u l t i n g  g ly c o l  

( p a r t i a l  s t r u c t u r e  3 2 )#^4 ,35  s in c e  t h i s  seq u en ce , w hich 

in v o lv ed  a  oarbonium  io n  a t  a  b rid g eh e a d  p o s i t io n ,  seemed 

m e c h a n is t ic a l ly  im p ro b ab le , B irc h  re-exam ined  h i s  e a r l i e r
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e x p e rim e n ta l f in d in g s *  Thus by d eg rad in g  l a b e l l e d  

g ib b e r e l l i e  a c id  (33)» o b ta in e d  from. (4 — ^ C )  — m evalonic 

la c to n e  (3 4 ) ,  B irc h  i s o l a te d  g ib b e r ic  a c id  and 

d em o n s tra te d , by d eh y d ro g en a tio n  and o x id a tio n  e x p e rim e n ts , 

t h a t  i t  p o sse sse d  th e  l a b e l l i n g  p a t t e r n  a s  shown in  ( 35 )•  

t h i s  was in  agreem ent w ith  th e  m ig ra t io n  o f Cg to  Qq and 

c o n f l i c te d  w ith  th e  a l t e r n a t i v e  mechanism (Cg to  C^) w hich 

would g iv e  th e  p a t t e r n  shown in  ( 36)* E e p e t i t io n  o f th e  

e a r l i e r  work on th e  d e g ra d a tio n  o f (1  -  ^ C )  -  a c e t a t e -  

d e r iv e d  g ib b e r ic  a c id  showed t h a t  g ib b e r ic  a c id  d id  no t 

p o s s e s s  th e  d i s t r i b u t i o n  ( 37) a s  r e p o r te d  b u t 

d i s t r i b u t i o n  (38) w hich was in  agreem ent w ith  th e  r e s u l t s  

o u t l in e d  above* 'This c o n f irm a tio n  o f th e  W agner-Meerwein 

mechanism a ls o  v e r i f i e d  th e  s te re o c h e m is try  a s s ig n e d  to  

a l lo g ib b e r i c  and g ib b e r ic  a c id  in  t h i s  r e g io n  (se e  

s te r e o c h e m is t r y *  p .  52)#

G ib b e r e l l ie  a c id

Having e lu c id a te d  th e  s t r u c t u r e s  o f b o th  

a l lo g ib b e r i c  and g ib b e r ic  a c id  C ross e t  a l*  tu rn e d  t h e i r  

a t t e n t i o n  to  th e  s t r u c t u r e  o f g ib b e r e l l i e  ac id #  They 

had p re v io u s ly  su g g e s te d  (p# 6 ) t h a t  th e  a c id  p o sse sse d
7

a  non -benseno id  t e t r a c y c l i c  d ih y d ro x y la c to n ie  s t r u c t u r e # '

Of th e  two h y d ro x y l g roups one was c o n s id e re d  to  be 

seco n d ary  s in c e  m ethyl t e t r a h y d r o g ib b e r e l l a te  co u ld  be 

o x id is e d  to  a  k e tone  ^20^26^6 wkil@ th e  o th e r  h y d ro x y l
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group m m  a s s ig n e d  a  t e r t i a r y  n a tu re  becau se  o f th e

f a i l u r e  to  p re p a re  a  d i to s y l& te . ih© p o s i t io n  o f th e  

e& rhoxyl group was assumed to  bo th e  mmm a s  in  g ib b e r ic  

a c id  (a n d 9 th e re fo re *  a l lo g ib b e r ic  a c id )  s in c e  m ethyl 

g ib b e re l l& te  oou ld  be c o n v e rte d  to  m ethyl g ib b e ra te *

tb® two doub le  bonds in  g ib b e r e l l i e  a c id  one was shown 

t o  be p r e s e n t  a s  a  te rm in a l m ethylene group s in c e  

o s o a o ly s is  o f i t s  m ethy l e s t e r  fu rn is h e d  form aldehyde* 

th e s e  f a c t s  l e d  C ross ®t &!• to  su g g e s t t h a t  th e  co n v e rs io n  

Of g i b b e r e l l i e  to  a l lo g ib b e r ic  a c id  in v o lv ed  o n ly  th e  

a ro ia a t is a t io i i  o f r in g  A and c o n se q u e n tly  concluded  t h a t  

r in g  A a c c o m o d a te d  th e  live~ *ring  l a c to n e * th e  secondary  

h y d ro x y l g ro u p « and a  double b o n d * ^

On th e  b a s i s  o f th e  e v id en ce  o u t l in e d  so  f a r  C ross 

s t  &!• p roposed  t e n t a t i v e  s t r u c t u r e s  (39$ 1  *  H) and (40) 

f o r  g i b b e r e l l i e  a c id  and n o ted  th a t  th e  a o n - is o p re a o id  

a l t e r n a t i v e  s t r u c t u r e s  (41 ) and (42) were n o t ex c lu d ed  by 

t h e i r  ev idence**^

In  IS b S t th e  1*0*X* w orkers (C ro ss  s t  &1«) 

p u b lis h e d  f u r t h e r  work on th e  s t r u c t u r a l  e lu c id a t io n  o f 

g i b b e r e l l i e  a c id  w h ich f in  t h e i r  o p in io n , e s ta b l i s h e d  th a t  

s t r u c t u r e  ( 39 ) was c o r r e c t  fh u a  p e r io d a te  o x id a tio n  

o f th e  d im e th y l e s t e r  E « Me) of th e

am orphous a c id  ^  * H)f o b ta in e d  by opening

th e  la c to n e  r in g  o f g i b b e r e l l i e  a c id  by m ild  a l k a l i ,
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f u rn is h e d  a  compound G21H2b®7 wk i l e  o x id a tio n  w ith  manganese 

d io x id e  in  ch lo ro fo rm  y ie ld e d  a  k e to l  ^21^26^7#H2^

(^max ®u* £ 1 7 1000 -  EgC » GHR). R ed u ctio n  o f th e  

k e to l  w ith  sodium b o ro h y d rid e  re g e n e ra te d  th e  e s t e r  

^21^ 28^7 wilie h  was th e r e f o r e  a s s ig n e d  th e  p a r t i a l  s t r u c tu r e  

(44 )*  A cco rd in g ly  th e  p a r t i a l  s t r u c t u r e  (45) was assumed 

t o  be p re s e n t  in  m ethy l g ib b e r a l l a t e  (and  hence in  

g ib b e r e l l i e  a c id )  and cou ld  be accommodated in  r in g  A in  

e i t h e r  o f  two ways to  g iv e  s t r u c t u r e s  (39) o r  (40)* The 

n u c le a r  m agnetic  re so n an ce  (M R )  s p e c t r a  of m ethyl 

g ib b e r e l l a t e  and i t s  d e r iv a t iv e s  and h y d ro g en a tio n  p ro d u c ts  

ex c lu d ed  s t r u c t u r e  (40 ) f o r  g i b b e r e l l i e  a c id .  Thus m ethyl 

g ib b e r e l l a t e  showed a  s h a rp » s tro n g  peak  a t  a  chem ical 

s h i f t  (cO v a lu e  o f + 4*15 w hich was a t t r i b u t e d  to  a  m ethyl 

a t ta c h e d  to  a  s a tu r a te d  carbon  atom (p re s e n t  in  ( 39) b u t 

n o t in  (4 0 ))*  M oreover th e  a l t e r n a t i v e  s t r u c t u r e  (41) was 

f u r t h e r  in v a l id a te d  by th e  absence  o f a  s im i la r  sh a rp  peak 

in  th e  v i c i n i t y  o f d  + 3 * u s u a l ly  d ia g n o s t ic  o f th e

group* As a  f i n a l  p ro o f  o f  s t r u c t u r e  G ross e t  a l .  

p ro v id e d  ev id en ce  w hich c o n c lu s iv e ly  e s ta b l i s h e d  th e  

p o s i t i o n  o f th e  seco n d ary  hyd ro x y l group in  g ib b e r e l l i e  

a c l d . ^  T reatm ent o f m ethyl o C -d ih y d ro g ib b ereH a te  

(46$ E m Me) w ith  a c id  gave th e  k o to -a c id  (47$ R * H) w hich 

was o x id is e d  in  a c e to n e  by chrom ic o x id e -s u lp h u r ic  a c id  to
IQ

a  d ik e to  a c id  presum ably  ( 4 8 ) ) .  D ehydrogenation
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l+l.

o f t h i s  w ith  se len iu m  gave 2~hy3ro x y -117-d im e th y lf  lu o re  ne

(49) id e n t i c a l  w ith  a  s y n th e t ic  sp e c im e n # ^
17

S im ultaneous w ith  th e  p u b l i c a t i o n o f  th e

s t r u c t u r e  (3 9 ; R » H) f o r  g ib b e r e l l i e  a c id  th e re  ap p eared

In  th e  l i t e r a t u r e  a  p ap e r  by Sum iki e t  a l . ^  which re a d ie d

th e  same c o n c lu s io n  re g a rd in g  th e  p o s i t io n  of th e  seco n d ary

hy& ro^yl group in  r in g  A. The l a t t e r  w o rk e rs , how ever,

c r i t i c i s e d  s t r u c t u r e  (39) s in c e  th ey  had found th a t

r e d u c t io n  o f m ethyl g ib b e r e l l a t e  and m ethyl ^ -d ih y d ro -

g ib b e r e l l a t e  by l i th iu m  alum inium  h y d rid e  gave th e  compounds

% 9^ 3$®5 and r e s p e c t iv e ly ,  w hich in  c o n t r a s t  w ith

th e  a c id  (4 3 1 fi » H) d e s c r ib e d  above , d id  no t r e a c t  w ith

p e r io d a te *  They co n c lu d ed , t h e r e f o r e ,  t h a t  th e  a c id

(391 R a  H) was no t a  sim ple  h y d ro ly s is  p ro d u c t o f

g i b b e r e l l i e  a c id  and t h a t  a  m o le cu la r  rea rran g em en t had

o c c u rre d  d u rin g  i t s  fo rm ation#  Sum iki e t  a l . ,  th e r e f o r e ,

p ro p o sed  t h a t  g ib b e r e l l i e  a c id  p o sse s se d  th e  r in g  A

s t r u c t u r e  (50) and p re s e n te d  s t r u c t u r a l  argum ents in  i t s

fa v o u r .40*41

In  answ er to  th e  c r i t i c i s m  o u t l in e d  above C ross

• t  a l*  p ro v id ed  ev id en ce  which in  t h e i r  o p in io n

s u b s ta n t ia te d  s t r u c t u r e  (395 fi * H) and e x p la in e d  th e
37s t a b i l i t y  o f i t s  r e d u c t io n  p ro d u c ts  to  p e r io d a te #  

R e la c to n is a t io n  of th e  a c id  (4 3 ; H » H) fo llo w ed  by 

m e th y la tio n  d id  no t y ie ld  m ethyl g ib b e r e l l a t e  b u t gave an
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isom er (sup* 174) w hich co u ld  a l s o  fee o b ta in e d  d i r e c t l y  

from  m ethyl g ib b e r e l l a t e  by th e  a c t io n  o f G.OIN sodium 

h y d ro x id e . C ross e t  a l*  su g g e s ted  t h a t  t h i s  isom er was 

th e  2~ ep im erie  a lc o h o l  by ana logy  w ith  th e  2 ~ e p im e risa tio n  

o f m ethy l o C -d ih y d ro g ifeb ere lla te  w hich had been shown to  

ta k e  p la c e  u n d er i d e n t i c a l  c o n d i t io n s .  Thus th e y  concluded  

t h a t  g ib b e r e l l i e  a c id  d id  n o t undergo  m o le c u la r  

rea rran g em en t on m ild  a lk a l in e  h y d ro ly s is  b u t t h a t  

e p im e r is a t io a  d id  ta k e  p la c e  g iv in g  a  c i s - l * 2 - d i o l .  The 

s t a b i l i t y  o f  th e  r e d u c t io n  p ro d u c ts  of m ethyl g ib b e r e l l a t e  

and m ethyl o ^ - 'd ih y d ro g ib fee re lla te  to  p e r io d a te  was e x p la in e d  

fey p o s tu la t in g  e i t h e r  c y c l ic  e t h e r  s t r u c t u r e s  o r  p ro d u c ts  

w ith  t r a a s -d is p o s e d  oxygen fu n c t io n s  in  r in g  A.

F in a l ly  in  1959# f u r t h e r  work by C ross e t  a l .  

d em o n stra ted  t h a t  g ib b e r e l l i e  a c id  had th e  s t r u c t u r e  

(51? I  * I )  an d , in  agreem ent w ith  th e  s u g g e s tio n  by th e  

fa p a n e se  w o rk e rs , a d m itte d  t h a t  a  rea rran g em en t o ccu rred  

d u r in g  th e  fo rm a tio n  o f th e  a c id  (43# fi *  H ) . ^

Thus osBonolysis o f m ethyl g ib b e r e l l a t e  fu rn is h e d  

a  k e t o l  which# w ith  chrom ic ox ide in  ch lo ro fo rm ,

gave th e  k e to n e  % g & 2 G ° 7 ^ ^ m a x  ®u * ^ 7 #050). The

m ethyl e s t e r  o f th e  a c id  (5 4 ) ,  d e r iv e d  from  th e  k e to l  (5 2 ) ,  

on o x id a tio n  w ith  manganese d io x id e  in  ch lo ro fo rm  a l s o  

f u rn is h e d  a  k e to n e  QgQ&g ( 55) ( A 229 mu, £ 7 ,5 0 0 ) .  The

u l t r a v i o l e t  s p e c t r a  of th e s e  compounds in d ic a te d  th e  p re se n c e
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o f an  enone group and t h i s  prom pted th e  I . C . I .  w orkers to

r e - i n c e s t i g a t e  th e  o x id a tio n  o f m e thy l  g ib b e r e l l a t e  w ith

manganese d io x id e . P re v io u s ly  a  manganese d io x id e

p r e p a r a t io n  had l e f t  m ethyl g ib b e r e l l a t e  unchanged* F u r th e r

S tu d y § how ever, r e s u l t e d  in  a  more a c t iv e  p r e p a r a t io n  of

t h i s  re a g e n t w hich was found to  o x id is e  m ethyl g ib b e r e l l a t e

to  m  \JLtp- u n s a tu r a te d  k e to n e , C20H2205 , (5 6 )(X max 228 mu,

£ 9 ,7 0 0 )*  H ydrogenation  of t h i s  k e to n e  gave a  s a tu r a te d

k e to n e  (57)  w hich was a l s o  o b ta in e d , to g e th e r  w ith  th e
17p re v io u s ly  d e s c r ib e d  8 -e p im e r, by chrom ic a c id  o x id a tio n

o f th e  mixed m ethyl t e t r a k y d r o g ib b e r e l l a te  d e r iv e d  from

© eth y l g ib b e r e l l a t e  by hyd rogenation*  I t  was co n c lu d ed ,

th e r e f o r e ,  t h a t  no rea rran g em en t had ta k e n  p la c e  d u rin g  th e

fo rm a tio n  of th e  k e to n e  (56) from  m ethyl g ib b e r e l l a t e  and
4.2t h a t  th e  l a t t e r  was an  a l l y l i c  a lco h o l*

fh e  above ev idence  when c o n s id e re d  w ith  th e  e a r l i e r
V7

w ork, w hich e s ta b l i s h e d  th e  p o s i t io n  of th e  seco n d ary  

h y d ro x y l g ro u p , was g u i te  in c o n s is te n t  w ith  th e  r in g  A 

s t r u c t u r e  (50 ) advanced by th e  Jap an ese  w o r k e r s ^  and l e f t  

o n ly  two p o s s ib le  s t r u c t u r e s  f o r  g ib b e r e l l i c  a c id ,  namely 

(5 1 ) and (5 6 ) .

I’he s t r u c t u r e  (58) d id  no t accommodate th e  

fo rm a tio n , in  d i l u t e  a c id ,  of g ib b e r e l le n ic  a c id  

w hich was a s s ig n e d  th e  h e te ro a n n u la r  d ien e  s t r u c tu r e  

(59 ; H =s H) on th e  b a s i s  of i t s  u l t r a v i o l e t  spectrum
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^ m a x  mLf ^ 2 1 f400) and by th e  f a c t  t h a t  i t s  d im e th y l 

e s t e r  (59? K « Be) fu rn is h e d  a  d ienone (SO? H a  Me)

(Xfm x  309 mu, £ 16 ,500 ) on o x id a tio n  w ith  manganese d io x id e# ^ 2 

C ross e t  a l*  th e r e f o r e  concluded  t h a t  g ib b e r e l l i c  a c id  had 

s t r u c t u r e  (51? H s  H) and o (-a ih y & ro g ib b e re llic  a c id  

( g i b b e r e l l i n  A^) th e  s t r u c tu r e  (61? B » H)*

F u r th e r  c o n f irm a tio n  f o r  th e s e  s t r u c t u r e s  was 

O bta ined  l a  th e  fo llo w in g  way# tre a tm e n t w ith  c o l l id in e  

o f th e  to lu e a e ~ p -su lp h o n a te  o f th e  k e to  e s t e r  C2GH26^6 

( i t ?  E « Me) 1 o b ta in e d  from  m e th y lc ^ -d ih y d ro g ib b e re lla te  

( i l l  E * Me) w ith  a c id ,  gave th e  aahy d r  ©--compound (63?

1  * Me)# T h is r e a c t io n  was c o n s is te n t  w ith  th e  s t r u c tu r e  

( i t I  E s* Me) b u t im p o ss ib le  w ith  th e  a l t e r n a t i v e  s t r u c t u r e  

(47 )#

Having a d m itte d  th a t  a  rea rran g em en t had o ccu rred
A p

d u rin g  th e  fo rm a tio n  o f th e  a c id  (43) Gross e t  a l*  th e n

conc luded  t h a t  th e  s t r u c t u r e  of th e  isom er (sup# l?4°C *) o f

m ethy l g ib b e r e l l a t e  (p*45) was (39? E a* Me) w hich had
17p re v io u s ly  been  a s s ig n e d ^ ' to  m ethyl g ib b e r e l la te #  T his 

iso m er which was p re v io u s ly  c o n s id e re d  to  be th e  2-epim .er 

o f m ethyl g ib b e r e l l a t e  was no t o x id is e d  by manganese d iox ide*  

M oreover a  com parison  o f th e  n u c le a r  m agnetic reso n an ce  

s p e c t r a  of m ethyl g ib b e r e l l a t e  and th e  isom er (m#p* 174°C .) 

in d ic a te d  t h a t  th e s e  e s t e r s  were n o t ep im ers .

The r e s u l t s  o f more d e ta i l e d  s tu d ie s  on th e



ch e m is try  of g i b b e r e l l i c  a c id  and i t s  d e g ra d a tio n  p ro d u c ts  

have r e c e n t ly  been  r e p o r te d  in  th e  l i t e r a t u r e ,43 -46
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(b )  S te re o c h e m is try

W ith th e  e s ta b lish m e n t of th e  s t r u c t u r e  (51* R » H) 

f o r  g ib b e r e l l i c  a c id 4̂  th e  problem s of s te re o c h e m is try ,  

b io g e n e s is  and s y n th e s is  rem ained to  be s o lv e d . B efo re  

th e  p u b l ic a t io n  of th e  r e v is e d  s t r u c t u r e  o f C ross e t  a l . , 

S to rk  and H. Newman p u b lis h e d  th e  r e s u l t s  o f t h e i r  work on 

th e  s te re o c h e m is try  of a l lo g ib b e r ic  and g ib b e r ic  a c id ,  

th e s e  r e s u l t s  p e rm it te d  th e  a ss ig n m e n ts  o f s te re o c h e m is try  

a s  shown in  (64) and (65) r e s p e c t i v e ly . 4̂  They a r r iv e d  a t  

t h e i r  c o n c lu s io n s  in  th e  fo llo w in g  way.

I t  was f i r s t  e s ta b l i s h e d  t h a t  th e  ca rb o x y l group 

in  a l lo g ib b e r ic  a c id  was c i s  to  th e  tw o-carb o n  b r id g e  o f  th e  

b ic y e lo -{  1 ,2 ,3 ) -o c ta n e  system* T h is  fo llo w ed  from  th e  f a c t  

t h a t  th e  d ia c id  (66) was known to  g iv e  an an h y d rid e  ( p . 30 ). 

S to rk  and Newman d em o n stra ted  t h a t  th e  ep im er of (66) 

gave th e  same an h y d rid e  a s  (66) when r e f lu x e d  w ith  a c e t i c  

an h y d rid e  a n t ,  s in c e  t h i s  b e h a v io u r was com p atib le  o n ly  w ith  

a  c i s  r e l a t io n s h i p  o f th e  two a c id  g roups in  (6 6 )4^ f4^  

con c lu d ed  t h a t  th e  C ^-ca rb o x y l and th e  tw o-carbon  b r id g e  

were o la  t o  each  o th e r .

The mechanism o f th e  rea rran g em en t o f a l lo g ib b e r ic  

to  g ib b e r ic  a c id  ( p . 35) r e q u ir e d  t h a t  th e  tw o-carbon  b r id g e  

in  g ib b e r ic  a c id  had th e  o p p o s ite  c o n f ig u ra t io n  from  t h a t  

w hich i t  o ccup ied  in  a l lo g ib b e r ic  a c id .  T h is m e c h a n is tic  

c o n s id e r a t io n  was co m p ellin g  b u t, s in c e  th e  ev id en ce  was
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c o n t r a d i c t o r y , ^  S to rk  and H. Newman c o n c lu s iv e ly

e s ta b l i s h e d  t h i s  p o in t  by d em o n s tra tin g  t h a t  th e  r o ta to r y  

d is p e r s io n  cu rve  o f (65) was th e  m ir ro r  image o f t h a t  of 

th e  k e to n e  o b ta in e d  by ossonolysis o f (64)*

T h is “ in v e r s io n 11 o f th e  tw o -ca rb o n  b r id g e  le d  to  

th e  c o n c lu s io n  t h a t  th e  B/C ju n c t io n  was c i s  in  one member 

o f  th e  g ib b e r ic - a l lo g ib b e r ic  a c id  p a i r  and t r a n s  in  th e  

O th e r . In  su p p o rt o f t h i s  c a t a l y t i c  h y d ro g en a tio n  o f th e  

A®,3*® -olefins d e r iv e d  from  (65) and from  th e  d ih y d ro ­

d e r iv a t iv e  o f  (6 4 )( (6 7 )  and (68) r e s p e c t iv e ly )  r e s u l t e d  in  

th e  r e g e n e ra t io n  o f th e  s te re o c h e m is try  o f  Cg p re s e n t  in  

th e  p a re n t  s u b s ta n c e . S to rk  and B. Newman su g g e s ted  th a t  

c a t a l y t i c  h y d ro g e n a tio n  of th e s e  b ic y c lo -o c ta n e  system s had 

th u s  p roduced  a  c i s  B/C ju n c t io n  in  one ca se  and a  t r a n s  

ju n c t io n  in  th e  o th e r ,  i . e .  th e  r e d u c t io n  had ta k e n  p la c e  

t i e  to  th e  tw o -carb o n  b r id g e  in  one su b s tan ce  and t r a n s  in  

th e  o th e r*  They co n c lu d ed , t h e r e f o r e ,  t h a t  s in c e  r e d u c t io n  

ta k e s  p la c e  t r a n s  to  th e  tw o-carbon  b r id g e  in  o n ly  one of 

th e  two c a s e s  i t  m ust be t h a t  in  w hich b o th  th e  ca rb o x y l and 

th e  b r id g e  a r e  on th e  same s id e  o f th e  p la n e .  S ince  such  

a t r a n s  r e d u c t io n  re g e n e ra te d  th e  o r ig in a l  s te re o c h e m is try ,  

a l lo g ib b e r ic  a c id  was a s s ig n e d  th e  s t r u c t u r e  ( 6 4 ) . ^

The s t r u c t u r e s  (64) and (65) r e p re s e n t  th e  r e l a t i v e  

s te re o c h e m is try  o f th e  fo u r  asym m etric c e n tr e s  in  th e s e  

m o le cu le s . S to rk  and H. Newman showed t h a t  i t  a l s o
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r e p re s e n te d  th e  a b s o lu te  s te re o c h e m is try .* ^  Thus th e  

k e to  a c id  (66) w hich has been shown to  have a  t r a n s  B/O 

fu s io n *  had a  r o ta to r y  d is p e r s io n  cu rve  w hich p o sse sse d  

th e  same s ig n  o f th e  c o t to n  e f f e c t  a s  ch o lea tan o n e  o r  th e  

r e l a t e d  (+ )-tran3~8-*m ethy lhydrindanone • ̂  The a b s o lu te

e t  @ r e  ©chemist ry  o f ( 64 ) and ( 65 ) was th u s  e s ta b lis h e d *

In  a  l a t e r  p a p e r  S to rk  and H* Newman ex tended  

t h e i r  r e s u l t s  on th e  s te re o c h e m is try  o f a l lo g ib b e r ic  a c id  

t o  t h a t  o f  g i b b e r e l l i c  a c i d . ^  F i r s t  of a l l  th e  

r e l a t io n s h ip  o f th e  la c to n e  r in g  to  th e  ^ - o r ie n te d  tw o- 

Carbon b r id g e  o f r in g  B was deduced from  th e  d e m o n s tra tio n  

t h a t  th e  la c to n e  was - o r i e n t e d .  T e tr a h y d ro g ib b e re l l ic  

a c id  on tr e a tm e n t w ith  2C$ sodium  hydro x id e  s o lu t io n  f o r  

e ig h te e n  h o u rs  y ie ld e d  a  d ia c id  (69$ R » H) whose d im eth y l
r  "l*t tOH f t

• s t a r  ba& K J *  - 4 0 .3 ° .  By r e f lu x in g  th e  d la c id  f o r  two

h o u rs  w ith  e th y l  a c e ta te  c o n ta in in g  a  drop of c o n c e n tra te d  

h y d ro c h lo r ic  a c id  th e y  o b ta in e d  a  l a c to n ic  a c id  (70$ R « H) 

iso m e r ic  w ith  te t r a h y d r o g ib b e r e l l i c  a c id .  The la c to n ic  

a c id  m ethyl e s t e r  (70$ R m Me) had W+34«4°« That

th e  l a c to n i c  a c id  (7 0 ) p o sse sse d  th e  same la c to n e  r in g  

sy stem  a s  g i b b e r e l l i c  a c id  was shown in  th e  fo llo w in g  

manner* O x id a tio n  o f m ethyl g ib b e r e l l a t e  w ith  manganese 

d io x id e  gave th e  co rre sp o n d in g  k e to n e  (71)(X max 228 muf 

t  7 * 5 0 0 ). R ed u c tio n  o f t h i s  u n s a tu ra te d  k e to n e  w ith  

p la tin u m  ox ide in  a c e t io  a c id  gave a  su b s ta n c e  i d e n t i c a l



( i n f r a r e d ,  mixed m»p*) w ith  (70? 1  »  Me)# T h is  e s ta b ­

l i s h e d  t h a t  (705 B « H) d i f f e r e d  from  te t r a h y d ro ­

g i b b e r e l l i c  a c id  OHM a t  th e  h y d ro x y l g ro u p • The 

la r g e  p o s i t iv e  r o t a t i o n  d i f f e r e n c e  betw een th e  l a c to n ic  

e s t e r  (70$ 1  * Me) and th e  e o a fo rm a tio n a lly  r e l a t e d  

d i e s t e r  (69$ R » Me) e s ta b l i s h e d  th e  / - o r i e n t a t i o n  o f th e  

la c to n e  r in g * ^ 2

The assig n m en t o f - o r i e n t a t i o n  to  th e  hydrogen 

atom was b ased  on th e  fo llo w in g  reaso n in g *  I t  was a rgued  

t h a t  i f  th e  hydrogen were oL , Cg would be a x ia l to  r in g  A 

ana th e  C6 earboxyl g ro u p , w hich i s  known to  be/3 , would 

have th e  l e s s  s t a b le  o f th e  two p o s s ib le  o r i e n ta t io n s .

Base h y d ro ly s is  o f th e  m ethyl e s t e r  o f t e t r a h y d r o g ib b e r e l l i c  

a c id  fo llo w ed  by r e l a c to n i s a t i o n  gave th e  same 3- e p i -  

t e t r a h y d r o g ib b e r e l l i c  a c id  (70$ l a  H) o b ta in e d  from  

h y d ro ly s is  o f th e  a c id  i t s e l f *  S ince  (70$ B » H) had th e  

O r ig in a l  o r i e n t a t i o n  o f th e  c a rb o x y l g ro u p , no e p im e r is -  

m tio n  had ta k e n  p la c e  and i t  was concluded  t h a t  Cg was 

e q u a to r i a l l y  l in k e d  to  r in g  A*

The o b s e rv a tio n  (q u o ted  above) t h a t  th e  3 -e p i  

o o n f ig u ra t io n  o f (70$ E » H) was form ed on c a t a l y t i c  

h y d ro g en a tio n  o f th e  3 -k e to n e  from  g ib b e r e l l i e  a c id  

im p lied  ( /- s te re o c h e m is try  f o r  th e  3 -e p i  s e r i e s  ( a d s o rp t io n  

from  th e  p - s i d e ,  t r a n s  to  th e  la c to n e )*  As a  consequence 

o f t h i s  S to rk  and H* Newman a s s ig n e d  a  3^-h y d ro x y l group
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to  g i b b e r e l l i c  a c id .^ *  The same c o n c lu s io n  was reach ed  

by C ross e t  a l .  who no ted  t h a t  th e  b ase  e p im e r is a t io n  of 

C j im p lied  a x i a l —> e q u a to r ia l  t r a n s f  o ro ia tion  (p resum ab ly  

V ia d e a ld o l i s a t io n - r e a ld Q l i s a t io n )

f i n a l l y  S to rk  and H. Newman p ro v id ed  s tro n g  b u t 

n o t r ig o ro u s  ev id en ce  f o r  th e  ^ - o r i e n t a t i o n  o f th e  Cg 

hydrogen  in  g i b b e r e l l i c  a c id  ( a s  in  a l lo g ib b e r ic  a c i d ) . ^  

th e y  showed t h a t  th e r e  was a  c lo s e  co rresp o n d en ce  in  shape 

and i n t e n s i t y  o f th e  r o t a to r y  d is p e r s io n  cu rve  from  th e  

SOOh h e to  e s t e r s  d e r iv e d  from  th e  o x id a t io n  o f r in g  B of 

m ethy l a l lo g ib b e r a t e  and of th e  a c e ta te  o f m ethyl 

o ( -d ih y d ro g ib b e re l la te  ( [«* +1070 in  b o th  c a s e s ) .

G ib b e r e l l ic  a c id  was th e r e f o r e  a s s ig n e d  th e  s te r e o ­

c h e m is try  (72)

The same c o n c lu s io n s  re g a rd in g  th e  s te r e o ­

c h e m is try  o f g ib b e r e l l i c  a c id  wgat reach ed  by C ross e t  a l .  

whose r e s u l t s  were p u b lis h e d  s im u lta n e o u s ly .* ^  The 

nom encla tu re  ad o p ted  by th e  l a t t e r  w orkers was based  on 

th e  f u H y  s u b s t i t u t e d  t e t r a c y c l i c  system  (73) to  which 

th e y  a s s ig n e d  th e  t r i v i a l  namey g ib b a n e . G ib b s re l le n ic  

s o ld  ( 7 4 ) ^  w ith  h y d raz in e  h y d ra te  y ie ld e d  a l lo g ib b e r ic  

a c id  (64) and i t s  C (4 b )-ep im er e p ia l lo g ib b e r ic  a c id  (75) 

( th e  l a t t e r  compound was c o n v e r t ib le  to  e p ig ib b e r ic  acid* 

w ith  a c id ) .  S tu d ie s  o f  an h y d rid e  fo rm a tio n  o f th e  k e to  

a c id s  (7b? B * H) o b ta in e d  from  compounds (64) and (75)
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by o z o n o ly s is ,  and o f th e  o p t i c a l  r o t a to r y  d is p e r s io n  

(0*R*B*) cu rv es  o f th e  co rre sp o n d in g  e s t e r s  (7 6 ; R * Me) 

l e d  C ross e t  a l*  to  a s s ig n  th e  a b s o lu te  c o n f ig u ra t io n s  

(6 4 ) and (75) to  a l lo g ib b e r ic  and e p ia l lo g ib b e r ie  a c id  

r e s p e c t iv e ly *  The G,R*B. cu rv es  o f a  number o f r e l a t e d  

k e to - a c id s  and e s t e r s  o f ty p e  (76) a l l  showed p o s i t iv e  

C o tto n  e f f e c t  c u rv e s -̂  i n  acco rdance  w ith  th e  p r e d ic t io n s  

o f  th e  O ctan t r u le  ̂  f o r  such  s t r u c tu r e s *

S e v e ra l compounds e n a n tio m e ric  a t  0 (13) ( f lu o re n e  

num bering) were p re p a re d  fro®  (7 6 ; R » Me) by an  i n t r a ­

m o le c u la r  C la is e n - ty p e  c o n d e n sa tio n  a t  0 (6 ) fo llo w ed  by 

f i s s i o n  o f th e  G^-0^ bond* These compounds gave n e g a tiv e  

Outturn e f f e c t  c u rv e s .

The O .R.B . cu rve  f o r  th e  k e t o - e s t e r  (77) o b ta in e d  

toy o z o n o ly s is  o f m ethy l X -d ih y d ro g ib b e re l la te  was a lm o st 

i d e n t i c a l  w ith  th e  cu rve f o r  th e  k e t o - e s t e r  (7 6 ; R * Me, 

d e r iv e d  from  a l lo g ib b e r ic  and s i g n i f i c a n t l y  

d i f f e r e n t  from  t h a t  f o r  th e  k e t o - e s t e r  (76 ; R « Me, Q(12p>)) 

o b ta in e d  from  e p ia l lo g ib b e r ie  ac id*  G ib b e r e l l ic  a c id  

th e r e f o r e  has th e  same t r a n s  B/C r in g  J u n c tio n  a s  a l l o ­

g ib b e r ic  ac id *

C a ta ly t ic  h y d ro g e n o ly s is  o f m ethyl g ib b e r e l l a t e  

and o f th e  e s t e r  ( 7 8 ) ,  p roduced  by i t s  a lk a l i - in d u c e d  

ia o m e r is a t io a ,  gave th e  same a c id  (79) showing t h a t  

e p im e r is a t io n  o f  th e  2 -h y d ro x y l s u b s t i tu e n t  ( c f • m ethyl
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(* ~ d ih y & ro g ib b e re lla te ^ ) d id  n o t o cc u r  d u r in g  th e  iso m er- 

i s a t i o n .  Sine© h y d ro g e n o ly s is  o f th e  la c to n e  r in g  of 

(73) p reced ed  r e d u c t io n  o f th e  A ^ - e th y le n ic  bond, w hich 

must th e n  have ta k e n  p la c e  t r a n s  to  th e  l i b e r a t e d  ca rb o x y l 

g ro u p , C ross e t  a l .  conc luded  t h a t  th e  fo rm a tio n  o f (79) 

from  m ethyl g ib b e r e l l a t e  in v o lv ed  in v e rs io n  o f c o n f ig ­

u r a t i o n  a t  C (4 & ) .^

O x id a tio n  and d e c a rb o x y la t io n  o f th e  a c id  (79) 

y ie ld e d  a  k e to n e  (SO) th e  Q .E .B . cu rve  o f  w hich showed a  

n e g a tiv e  C o tto n  e f f e c t  in  agreem ent w ith  a  -h y d ro g en  a t  

C(10a) * t h i s  l e d  to  th e  assig n m en t o f  th e  c o n f ig u ra t io n s  

4 a ^ t 10a  /3 ( t r a n s ♦ a n t ip o d a l  t o  a  3 -o x o -5 o (-s te ro id )  o r  4 a ^ # 

10a f  ( o i a # cu rv e  s im i la r  in  s ig n  and am p litu d e  to  t h a t  o f 

a  3**oxo-5^-stero id ) f o r  th e  ketone*  C ross e t  a l .  s t a t e d  

t h a t  th e  l a t t e r  was th e  more p ro b a b le  c o n f ig u r a t io n  

( i . e .  c i s ) t 0 (4 a ) b e in g  in v e r te d  in  m ethyl g ib b e r e l l a t e  

M oreover, th e  n u c le a r  m agnetic  re so n an ce  spectrum  o f m ethyl 

a o e ty lg ib b e r e l l a t e  showed t h a t  th e  p ro to n s  a t  C(1G) and 

C(lQ a) were t r a n s . th u s  co n firm in g  th e  s te re o c h e m ic a l 

ass ig n m en t a t  O (lQ a).

Having a s s ig n e d  a  /3 -h y d ro g en  a t  th e  10a p o s i t io n  

C ross e t  a l .  were l e f t  w ith  a  c h o ice  betw een two p o s s ib le  

c o n f ig u r a t io n s  a t  th e  i /B  r in g  ju n c t io n  in  g ib b e r e l l i c  

a c id .  T h is was r e s o lv e d  by an  ex am in a tio n  o f th e  r in g  A 

k e to n e  (o b ta in e d  by o x id a tio n  of m ethy l te t r a h y d r o -
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g ib b e r e l l a i e )  w hich showed a  s t ro n g  p o s i t iv e  C o tto n  e f f e c t  

c o n s is te n t  w ith  th e  a b s o lu te  c o n f ig u ra t io n  (8 1 ) .  T h is 

c o n c lu s io n  ag reed  w ith  th a t  of S to rk  and N ew m an.^

The assignm en t of an  a x i a l  c o n f ig u ra t io n  to  th e  

r in g  A h y d ro x y l s u b s t i tu e n t  in  m ethy l o ( -d ih y d ro g ib b e re lla ie  

was a l s o  p roposed  by C ross e t  a l * ^  T h is c o n f ig u r a t io n  

was su p p o rted  by th e  fo rm a tio n  o f a  r in g  A anhydro  compound 

and by  sodium  b o ro h y d rid e  re d u c t io n  o f  th e  k e to n e  (81) 

w hich gave p red o m in a n tly  th e  0 (2 ) ep im er o f m ethyl t e t r a -  

h y d r o g ib b e r e l l a te ♦

The ev id en ce  o u t l in e d  above le d  C ross e t  a l#  to  

p ro p o se  t h a t  th e  t r a n s - a y n - t r a n a  s t r u c t u r e  (72) r e p re s e n te d  

th e  a b s o lu te  c o n f ig u r a t io n  of g i b b e r e l l i c  a e i d . ^  They 

have a l s o  commented on th e  s t r a in e d  c i s - fu s e d  A/B s t r u c tu r e  

(82 ) w hich more r e a d i ly  e x p la in s  th e  rea rran g em en t of 

m ethy l g ib b e r e l l a t e  to  th e  e s t e r  (78) and th e  fo rm a tio n  

o f g ib b e r e l le n ic  a c id  (74) from  g i b b e r e l l i c  a c id  by t r a n s  

e lim in a tio n *  They co n c lu d ed , how ever, t h a t  t h i s  s t r u c tu r e  

m m  in c o n s is te n t  w ith  th e  Q.R.B# r e s u l t s  and w ith  th e  

f a c i l e  c lo s u re  and s t a b i l i t y  o f th e  la c to n e  r in g  in  m ethyl 

£C ~ dlhy& rog ibbere lla te  •

R e c e n tly , how ever, Edwards e t  a l .  have a s s ig n e d  

a  /3 - o r ie n ta t  io n  t o  th e  la c to n e  r in g  o f g i b b e r e l l i c  a c id  

and have drawn a t t e n t i o n  to  th e  f a c t  t h a t  com parison  o f 

th e  r o t a t i o n a l  changes on r in g  opening  o f  d i te rp e n o id
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la c to n e s  o f known co n f ig u r a t io n  w ith  t h a t  o f 3 - e p i t e t r a -

h y d ro g ib b e re l l ie  a c id  le a d s  the® to  t h i s  conclusion*"*® 

fh u s  d ih y d ro iso p im a r ic  ^ - la c to n e  ( 8 3 ) ^  was 

opened w ith  ©odium h ydrox ide  in  t r i e t h y l e n e  g ly c o l  a t  

15#% * The r e s u l t i n g  h y d ro x y -ac id  had L0̂ 4-40° whence 

eA d » [cC ^ ( l a c t o n e )  -  £oT]D(a c id )  * -1 3 0 ° . Be van Thoi 

and ®urgaad"*® had r e p o r te d  [ ° ^ ] j - 1 7 °  f o r  th e  A -lac to n e  

from  d ih y d re p im a ric  a c id  (84) and #33° f o r  th e  

c o rre sp o n d in g  h y d ro x y -a c id  making X \j  m -50°*  Edwards 

e t  a l*  th e r e f o r e  em phasised  t h a t  th e  A  v a lu e  f o r  

^  ̂ o r ie n te d  ^ - l a c to n e s  was l a r g e  and n eg a tiv e*

By com parison  th e  A^ v a lu e s  f o r  th e  open ing  o f 

p  - o r i e n te d  X - la c to n e  r in g s  o f iso ro se n o n o la c to n e
t KQ 40
(8 5 ) t o  m ethy l iso ro s e a o n a te  and o f  d ih y d ro is o -

ro s e  no n o lac  t  o ne to  m ethy l d ih y d ro  is o ro s e  nonate  a re  +36° 

and *51° re s p e c t iv e ly *

S in ce  th e  A * f o r  th e  c o n v e rs io n  o f 3 - e p i t e t r a -  

h y d r o g ib b e r e l l ie  a c i d ^  to  th e  co rre sp o n d in g  m ethy l e s t e r  

In  *74® i t  was concluded  t h a t  th e  r in g  A s te re o c h e m is try  

o f  g ib b e r e l l i c  a c id  was as  shown in  (86)*  In  a d d i t io n  

Edwards e t  a l*  have conc luded  t h a t  th e  3 -h y d ro x y l group 

v is  ^ - o r i e n t e d  in  g ib b e r e l l i c  a c id  and ^ - o r i e n t e d  in  

3 - e p i te t r a h y d r o g ib b e r e l l i c  a c id •

1 more d e t a i l e d  acco u n t o f th e  s te re o c h e m ic a l 

s tu d ie s  on e p i a l l o g ib b e r ie  and e p ig ib b e r ic  a c id  has 

r e c e n t ly  been  r e p o r te d  in  th e  l i t e r a tu r e * 6 1 # 6 2
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A fte r  th e  e rro n eo u s  assig n m en t o f s t r u c tu r e  (39 ;
1*7

1  m H)'*# f o r  g i b b e r e l l i c  a c id  s p e c u la t io n  a ro se  co n ce rn in g  

i t s  b io g e n e s is#  In  1958-9* B irc h  produced  ev id en ce  which 

in d ic a te d  t h a t  g i b b e r e l l i c  a c id  was b io s y n th e s is e d  by a  

v a r i a n t  o f th e  d i te rp e a e  r e s in  a c id  p r o c e s s .^ * * ^  T h is 

in v o lv e d t b e s id e s  o x id a t io n ,  a  number o f a d d i t io n a l  s te p s  

f a r  w hich th e r e  were b io ch em ica l o r  la b o r a to r y  a n a lo g ie s ,  

fh e  v a r io u s  s te p s  in c lu d e d  (a )  o x id a tiv e  lo s s  o f th e  m ethyl 

g roup  a t ta c h e d  to  th e  1 2 - p o s i t io n j  (b )  r in g  c o n t r a c t io n  

o f r in g  3 w ith  e x t r u s io n  of a  ca rb o n  atom  and fo rm a tio n  of 

a  cyclop© ntane c a rb o x y lic  a c id  u n it*  and (c )  rea rran g em en t 

o f r in g  Q r e s u l t i n g  in  th e  g e n e ra t io n  o f a  p h y l lo c la d e a e -  

ty p e  o f b r id g e d - r in g  s t r u c t u r e .

S tep  (a )  was c o n s id e re d  to  be an a lo g o u s to  th e

lo s e  of® th e  a n g u la r  group a t ta c h e d  to  th e  1 4 - p o s i t io n  in

th e  l a a o s t e r o l - c  h o le  s t e r o l  c o n v e rs io n . ^ In  view  o f th e

o cc u rren ce  o f  d i te rp e n e s  w ith  oxygen s u b s t i tu e n t s  in  th e
64I -  o r  1 0 - p o s i t io n s  o r  b o th  ( e .g .  ro se n o n o la c to n e  (3 7 ) ,  

ro a o lo la o to n e  ( 8 8 ) ^  w hich o ccu r to g e th e r*  and 

x a n th o p h e ro l ( 8 9 ) ^ )  B irc h  su g g e s te d  t h a t  s te p  (b ) 

p ro ceed ed  v ia  a  9 * l® -d lo x y g en ated  in te rm e d ia te  and l i s t e d  

ways in  w hich t h i s  co u ld  be tra n s fo rm e d  to  a  cy c lo p e a ta n e  

c a rb o x y lic  a c id  u n i t .  These in c lu d e d !  ( i )  a  b e n z i l -  

b e n z i l i c  a c id  ty p e  o f rea rran g em en t le a d in g  to  a
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I-h y d ro x y ey o lo p ea taa©  c a rb o x y lic  a c id ?  ( i i )  a  F aw o rsk i-

ty p e  rea rran g em en t of an  e s t e r i f i e d  2-hydroxyketone 

le a d in g  d i r e c t l y  to  a cy e lo p en tan e  e a rb o x y lic  a c id ,  and 

( i l l )  rea rran g em en t o f a  d i e s t e r i f i e d  d ie q u & to r ia l 

c y o lo h e x a a e - l t 2 - d io l  o f  a  ty p e  o b served  to  co n v e rt an

I I - a c e to x y  ( o r  to s y lo x y )- 1 2 - t  o sy loxy  ( o r  a c e to x y -)  s t e r o i d
67in to  a  C H ao rs te ro id  from  w hich a  cyc loperrtane  aldehyde 

would r e s u l t*  F i n a l l y ,  s te p  (c )  was an a lo g o u s to  th e
68« o id - c a ta ly s e d  tr a n s fo rm a tio n  o f rim uene to  p h y llo c la d e n e .

By d eg rad in g  l a b e l l e d  g i b b e r e l l i c  a c id  o b ta in e d  

from  grow th  m edia c o n ta in in g  e i t h e r  CH^^CO^H o r  ( 2 - ^ C ) -  

a a v a lo n ic  la c to n e  (91) B irc h  was a b le  to  show t h a t  th e  

d e g ra d a tio n s  were in  q u a n t i t a t iv e  agreem ent w ith  th e  

l a b e l l i n g  p a t t e r n s  shown in  (39a) and (39b) and w ith  th e  

fo rm a tio n  of g i b b e r e l l i c  a c id  from  4 m olecu les o f 

m evalon ic la c to n e  o r  12 m o lecu les o f a c e t i c  ac id *  The

d e g ra d a tio n  m ethods were e s s e n t i a l l y  th o se  u sed  in  th e  

s t r u c t u r e  d e te rm in a tio n *

R efe ren ce  to  th e  p r e d ic te d  l a b e l l i n g  p a t t e r n s  

(90a) and (90b) in  th e  d i te rp e n e  p r e c u r s o r  showed c l e a r l y  

t h a t  th e  la c to n e  ca rb o n y l ca rb o n  atom was d e r iv e d  

s p e c i f i c a l l y  from  th e  3 - p o s i t io n  o f m evalonic la c to n e  and 

t h a t  th e  c a rb o x y lic  ca rb o n  of g ib b e r e l l i c  a c id  a ro se  

s p e c i f i c a l l y  from  th e  9 - p o s i t io n  o f th e  d i te rp e n o id  

p re c u rso r*  In  a d d i t io n  th e  d e g ra d a tio n s  in d ic a te d  t h a t
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tb& ..fo rm ation  o f th e  p h y llo e la d e a e  r in g  sy stem  occured

th ro u g h  th e  m ig ra t io n  o f 0^ from  to  C^g a s  in  th e  

sequence (92)— >(93)* Thus th e  o r ig in a l  m ethyl group 

(becom ing * GH  ̂ in  th e  f i n a l  p ro d u c t)  rem ained a t ta c h e d  

t o  a  l a b e l l e d  ca rb o n  atom i f  CHy^COgH was th e  p re c u rso r*  

T h is  view  o f th e  mechanism o f fo rm a tio n  o f th e  b r id g e d  

r in g  system  was in  a cco rd  w ith  th e  view s e x p re ssed  by 

W enheri in  th e  ea se  of th e  ana logous p h y llo c la d e n e  system* 

As a  r e s u l t  o f h i s  i n i t i a l  d e g ra d a t io n s !  s tu d ie s  

on l a b e l l e d  g i b b e r o l l i c  a c id ,  B i r c h ^ * ^  a l s o  o b ta in e d  

in fo rm a tio n  re g a rd in g  th e  rea rran g em en ts  o f  g ib b e r e l l i c  

a c id  w hich q u e s tio n e d  th e  v a l i d i t y  o f th e  W agner-M eerwein 

m echanism , (94)— * (9 5 ) , p roposed  by C ross e t  a l * ^  f o r  th e  

g ib b e r e l l i c - g ib b e  r i e  a c id  tr a n s fo rm a tio n  (p* 35)* By 

d eg rad in g  g i b b e r e l l i c  a c id  (3 9 a ) , d e r iv e d  from  CHy^COgH, 

B irc h  o b ta in e d  g ib b e r ic  a c id  to  which he a s s ig n e d  th e  

l a b e l l i n g  p a t t e r n  (37) on th e  b a s is  of f u r t h e r  d e g ra d - 

s t i e n a l  experim en ts#  Thus i t  was su g g e s ted  t h a t  th e  

t r a n s fo rm a tio n s  in v o lv ed  p re l im in a ry  h y d ra tio n  o f th e  

exom etbylene doub le  bond fo llo w ed  by a  p in a c o l-p in a e o lo n e  

rea rran g em en t (9 6 )— >(97)* S in ce  th e  l a t t e r  sequence

in v o lv e d  a  earboaium  io n  a t  a  b r id g e h e a d  and as  such  v/as 

m e c h a n is t ic a l ly  im p ro b ab le , B irc h  exam ined th e  r e a r r a n g e ­

ment f u r th e r*  R e p e t i t io n  of th e  e a r l i e r  w ork, how ever,
14showed t h a t  g ib b e r ic  a c id  d id  n o t p o s s e s s  th e  C-
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d i s t r i b u t i o n  (37 ) b u t d i s t r i b u t i o n  (38) w hich was in  

agreem ent w ith  th e  Wagner-Mee rw ein  mechanism o f re a r ra n g e ­

ment* F a r th e r  c o n f irm a tio n  f o r  th e  l a t t e r  was o b ta in e d  

by d eg rad in g  g i b b e r e l l i c  a c id  ( 98 ) o b ta in e d  from  ( 4- ^ C ) -  

w m lo & ie  la c to n e  (34)*  Thus B irc h  was a b le  to  show 

t h a t  th e  g ib b e r io  a c id  o b ta in e d  from  ( 98 ) had th e  

l a b e l l i n g  p a t t e r n  ( 99 ) in  agreem ent w ith  th e  m ig ra tio n  o f 

%  to  Og* In  a d d i t io n ,  d eh y d ro g en a tio n  and o x id a tio n  o f 

(99) fu rn is h e d  ( 100 ) and in d ic a te d  t h a t  th e  l o s s  o f  th e  

IH r ia g  b r id g e  had in v o lv e d  th e  lo s s  o f one o f th e  f o u r  

l a b e l l e d  atoms* The a l t e r n a t i v e  mechanism o f m ethylene 

ca rb o n  m ig ra t io n  would have g iv en  g ib b e r ic  a c id  w ith  th e  

l a b e l l i n g  p a t t e r n  ( 36) w hich , on d eh y d ro g en a tio n  and 

o x id a t io n ,  would have r e ta in e d  i t s  f o u r  l a b e l l e d  atoms*

t h i s  o o af in a a t io n  by B irc h  o f th e  Wagner~Meerwein 

mechanism h as a l s o  v e r i f i e d  th e  a te  r e  ©chemist ry  a s s ig n e d  

to  th e  compounds in  t h i s  reg io n *



In addition to gibberellic acid (gibberellin  Â ) 
the fungus Slbberella fujikuroi produces other monobasic 

acid compounds (gibberellin  A f̂ and A )̂* Those which 

© losely resemble gibberellic acid in biological properties 

and chemical structure are co llectiv e ly  known as the 

gibberellins* At the present time the naturally occuring 

gibbere11ins consist o f  a group of tetracyclic lactonic  

uagfeouylle acids* All have one or more hydroxyl 

su b stitu en ts and the majority have one or more ethylen lc  

bonds present in or attached to the tetracyclic systems 

there is  no evidence that either of these structural 

featu res is  essentia l to biological activity* The 
gibbere llin s  can now be regarded as a new c la ss  of natural 

pl&nt-growth hormones.

takahashi et al* working with strains of the 

fu n g u s different from those of the I*C*I« workers and u s in g  

a medium with a higher nitrogen carbon ratio obtained a 

mixturef wglbb@rellia A% from which they isolated

gibber e llin  A ,̂ Ag, %9H26%# and
g ib b ere llin  Aj (gibberellic ac id ) . Using the same medium 

as the Japanese worker® but a different strain of 

0* fuiikuroi Stodola et al.^  obtained a mixture which they 

separated^® by chromatography OB C elite  into g ib b ere llin  A1# 

and gibberellin X (g ibberellic acid), Gibberellin Â  has



a l s o  been I s o la t e d  from  Immature bean  se ed  (P h ase o lu s  

m u l t i f lo r a e ) * E e c e n tly  M acm illan e t  a l . ^  have i s o l a t e d  

sm o ther p la n t-g ro w th  p rom oting  a c id  from  th e  same so u rce  

a n d , s in c e  i t  i s  v e ry  s im i la r  in  b io lo g ic a l  p r o p e r t i e s  

and ch em ica l s t r u c t u r e  to  th e  fu n g a l g i b b e r e l l i n s ,  th e y  

have named t h i s  compound g ib b e r e l l i n  A^.

G ib b e r e l l ic  a c id ,  g ib b e r e l l i n  A^, and g ib b e r e l l i n  

Ag have been  shown by h y d ro g en a tio n  ex p e rim en ts  to  c o n ta in  

tw o, one and no doub le  bonds r e s p e c t  i v e l y .6 * ^  K itam ura

e t  a l .  c o n s id e re d  th e  p o s s i b i l i t y  t h a t  th e  g ib b e r e l l i n s  

and Ag m ight be r e d u c t io n  p ro d u e ts  o f g ib b e r e l l i c  a c id  

b u t t h e i r  ev id en ce  i s  somewhat in c o n c lu s iv e  However 

Grove e t  a l*  have shown t h a t  g i b b e r e l l i n  i s  a  d ih y d ro  

d e r iv a t iv e  o f  g i b b e r e l l i c  a c i d . ^  Thus c a r e f u l ,  p a r t i a l  

h y d ro g e n a tio n  o f m ethyl g ib b e r e l l a t e  (u p tak e  0 .9 4  m ol.) 

f u rn is h e d  a  m ix tu re  from  w hich an  a c id ic  and n e u t r a l  

f r a c t i o n  were i s o l a t e d .  C r y s t a l l i s a t i o n  o f th e  l a t t e r  

gave a  m ix tu re  o f  m ethyl d ih y d ro g ib b e re l la te  a 1X I+550 

w hich was s e p a ra te d  in to  d -  and /J - iso m c ra , j V ^  +46° and 

[<*]b+74* r e s p e c t iv e ly .  The fo rm e r was i d e n t i c a l  w ith  

g ib b e r e l l i n  ^  m ethyl e s t e r  and w ith  m ethyl - d ih y d ro -  

g i b b e r e l l a t e • Grove e t  a l .  a l s o  p ro v id ed  ev id en ce  which

in d ic a te d  t h a t  m ethy l eC -d ihyd rog ibbere lla t©  ( g i b b e r e l l i n  

A^) was form ed by r e d u c t io n  o f th e  r in g  A double bond in
O

g i b b e r e l l i c  a c id .  Thus o z o n o ly s is  fu rn is h e d  form aldehyde
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(a  fa c t  previously reported by Seta e t  al*^2 ) which

in d ic a te d  t h a t  th e  te rm in a l  m ethylene group in  r in g  3) was

s t i l l  p r e s e n t  in  m ethy l p(~dihydrogibbe r e l l a t e  ( g ib b e r e l l i n

Ai 5 , G ib b e r e l l in  may th e r e fo r e  be a s s ig n e d  th e

s t r u c t u r e  (61$ R » H) • The s t r u c t u r e s  o f g i b b e r e l l i n  Ag

and g i b b e r e l l i n  A^ rem ain  to  be e lu c id a te d .

G ib b e r e l l in  A^» ^19^22% * re c e n ^ y  been

a s s ig n e d  th e  s t r u c t u r e  (101$ R » H ). h y d ro g en a tio n  o f

th e  e s t e r  (101$ R m Me) fu rn is h e d  a  te t r a h y d ro  d e r iv a t iv e

and th e  absence o f h y d ro g e n o ly s is  p ro d u c ts  su g g e s te d  t h a t

th e r e  was no double bond a l l y l i c  to  th e  la c to n e  h y d ro x y l
4 0f u n c t io n  a s  in  g i b b e r e l l i c  a c id .  A cid c a ta ly s e d

rea rran g em en t o f th e  a c id  (101$ R » H) fu rn is h e d  th e  k e to

a c id  (63$ R * I ) .  S im ila r  tre a tm e n t o f  o i-d ih y d ro -

g ib b e r .l l to acid  (g ib b ere llin  (61, H ,  H) with d ilu te

h y d ro c h lo r ic  a c id  gave th e  ana logous k e to n e  (6 2 ; R 3 H)

w hich in d ic a te d  t h a t  th e  a c id s  (101 ; R * H) and (61$ R m H)

have th e  same 0/3) r in g  s t r u c t u r e . ^  T reatm ent of th e

toluene-p-sulphonate o f (62$ R 9  Me) w ith  c o llid in e

f u rn is h e d  an  u n s a tu ra te d  e s t e r  i d e n t i c a l  w ith  (63$ R * Me)

w h ile  h y d ro ly s is  gave th e  co rre sp o n d in g  a c id  (63$ R *  H ).

I t  was co n c lu d ed , th e r e f o r e ,  t h a t  o n ly  s t r u c t u r e  (101$

R m I )  f o r  g i b b e r e l l i n  A^ was c o n s is te n t  w ith  th e s e  
72r e s u l t s .

R e ce n tly  th e  s t r u c tu r e  (102) has been  a s s ig n e d



to  g ib b e re llia  which i s  yet another metabolic product 

of the fungus G ibberella fu iik u r o l. ^
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(£ )  i y a t b e t i e  R outes to  D eg rad a tio n  P ro d u c ts

As j e t  th e r e  has been no re c o rd e d  s y n th e s is  o f 

g ib b e r e l l i c  a c id  o r  any o f i t s  im m ediate d e g ra d a tio n  

p ro d u c ts .  B eeen tly*  how ever, House and h i s  co—w orkers a t  

th e  M a ssac h u se tts  I n s t i t u t e  o f T echnology have p u b lis h e d  

th e  r e s u l t s  o f  t h e i r  p re l im in a ry  s tu d i e s  on s y n th e t ic  

ap p ro ach es  t o  th e  d e g ra d a tio n  p ro d u c ts  o f g ib b e r e l l i c  

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

a r e  o u t l in e d  below .

A f te r  a  f a i r l y  e x te n s iv e  s tu d y  o f th e  p r e p a r a t iv e  

r o u te s  to  2 - s u b s t i t u t e d  in d e ao n es , House d e v ise d  a  

s y n th e s is  o f  2 - (2 ~ in d e n o n y l) -p ro p io n ic  a c id  (105) w hich he 

re g a rd e d  a s  an  im p o rta n t s t a r t i n g  m a te r ia l  f o r  h i s  p ro ­

je c te d  s y n th e s e s * ^  Thus th e  p ro p io n ic  a c id  (103) was 

f i r s t  o b ta in e d  by th e  c y c l i s a t i o n  o f  ^ - b e n s y l  g l u t a r i c  

a c id  in  th e  p re se n c e  o f anhydrous hydrogen f lu o r id e  a s
Qa

p re v io u s ly  d e s c r ib e d  by A n se ll and Hey* R e a c tio n  o f 

th e  indanone (103) w ith  H -brom succinam ide a f fo rd e d  a  

m ix tu re  o f  b ro m o -ac id s  ( a s s ig n e d  th e  s t r u c t u r e  (1 0 4 ))  which 

r e a c te d  r e a d i ly  w ith  ^ - c o l l i d i n e  to  form  th e  d e s ire d  

indenone (105) (15$ o v e r a l l  y ie ld )  and an  iso m eric  n e u t r a l  

compound (36$ y i e l d ) .  The l a t t e r  was a s s ig n e d  th e  

^ - l a c t o n e  s t r u c t u r e  (106) from  an  ex am in a tio n  o f i t s  

s p e c t r a l  p r o p e r t i e s .

Having a c h ie v e d  th e  s y n th e s is  o f th e  r e q u ir e d
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indenone (105)# House th e n  in v e s t ig a te d  methods o f

p re p a r in g  c i a - h ex ah y d ro flu o ren o n e  d e r iv a t iv e s  and

succeeded  in  s y n th e s is in g  th e  c i s - k e to - a c id  (108) by two
78a l t e r n a t i v e  r o u te s * 1 One ro u te  in v o lv ed  a  D ie ls -A ld e r

r e a c t io n  betw een  (105) and b u ta d ie n e . The r e s u l t i n g

u n s a tu ra te d  e i s - k e to - a c id  (107)# o b ta in e d  in  58$ y i e l d ,

was h y d ro g en ated  w ith  10$ p a lla d iu m -c fa a rco a l to  y ie ld  th e

d e s i r e d  hexahydro f lu o ren o n e  d e r iv a t  iv@ (108) *

fh e  a l t e r n a t i v e  rout®  to  (108) in v o lv ed  d i r e c t

s u b s t i t u t i o n  o f h ex ah y d ro flu o ren o n e  (105) an d , s in c e

p re v io u s  r o u t e s ^ * t o  t h i s  compound were n o t e n t i r e l y

s a t i s f a c to r y #  lo u s e  e t  a l .  d ev ised  an a l t e r n a t i v e  s y n th e s is

l e a n t i o n  o f c is ~  o r  Jfcrans-hexahydrofluorenone w ith  e i t h e r

a o r y l o n i t r i l e  o r  m ethy l a c r y la te  a f fo rd e d  th e  c i s - k e to n e s

(no) and (111) b o th  o f w hich co u ld  be h y d ro ly sed  to  th e

c i s - k e to  a c id  (1 0 8 )•

F u r th e r  s tu d ie s  by House e t  a l .  have d em o n stra ted

th e  p o s s i b i l i t y  o f  u s in g  2 -a th o x y - ls  3 -b u ta d ie n e  f o r  p r e -
70

p a r in g  h ex a h y d ro flu o re  none s  in  r in g  C* T h e ir  s tu d ie s  

were i n i t i a t e d  p r im a r i ly  w ith  a  view to  o b ta in in g  

p r e p a r a t iv e  ro u te s  to  hexahydro f lu o re  none s w ith  oxygen 

s u b s t i tu e n t s  a t  p o s i t io n  2 . U sing e th y l  tra n a -c in n a m a te  

a s  d ie n o p h ile  a  m ix tu re  o f two iso m e ric  k e to  a c id s  (114) 

and (115) o b ta in e d  and# a s  ex p e c te d  from  p re v io u s

s tu d ie s #  th e  p redom inan t component was th e  ad d u c t (114) •
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Both acids ©a cyolis& tioa  with polyphosphoric acid

affo rd© d th e  d ik e t  on©s (1X2) and (113) r e s p e c t iv e ly .  An 

a l t e r n a t i v e  ro u te  to  (112) was th e n  ex p lo re d  u s in g

indenone e th y le n e  k e t a l  a s  d ie n o p h ile #  A ccording  to  th e

prohahle mechanism®^ o f th e  B ie ls -A ld e r  r e a c t io n  t h i s  

fM tw  was e j e c t e d  to  y ie ld  a  d e r iv a t iv e  o f th e  d ik e to n e  

(1X3) a s  a  m ajor p ro d u c t in  th e  r e a c t io n .  However th e  

© tie  product*isolated in  ca# 25i° o v e r a l l  y i e l d ,  was found 

to  he o is -  hexahydrofluorene-3:9-dione (112).

House e t  a l.^ ®  have a l s o  s tu d ie d  th e  c o n d e n sa tio n  

Of 1 , 2 - in d an ed io n e  (116) w ith  m ethy l v in y l  k e to n e  a s  a  

p o s s ib le  p r e p a r a t iv e  method f o r  th e  ened ione  (1 1 7 ) . The 

p ro d u c t o b ta in e d , how ever, p roved  to  be th e  a l d o l -

c o n d e n sa tio n  p ro d u c t (118) o r  (1 1 9 ) . T h is p ro d u c t co u ld

a l s o  be o b ta in e d  when th e  d io a e  (116) was t r e a t e d  w ith  

p y r id in e .

Thus House*m o r ig in a l  i n t e n t io n  o f  o b ta in in g  a  

h ex ah y d ro flu c ren o n e  w ith  an  oxygen s u b s t i tu e n t  in  

p o s i t io n  2 rem ains to  be r e a l i s e d .

R e ce n tly  we have o b ta in e d  in fo rm a tio n  t h a t  

f r o f e s s o r  U* S to rk  and h i s  co -w o rk ers  a t  Columbia 

U n iv e r s i ty ,  Hew Y ork, a re  engaged on s y n th e t ic  ap p ro ach es 

to  th e  d e g ra d a tio n  p ro d u c ts  of g ib b e r e l l i c  a c id  and t h a t  

th e y  have succeeded  in  p re p a r in g  th e  in d a n o n e -d te s te r  

(120 ).85
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Q£
At th e  tim e o f  w r i t in g  we have been  inform ed

t h a t  lo e w e n th a ls  a t  th e  I s r a e l  I n s t i t u t e  o f te c h n o lo g y , 

h as  s u c c e s s f u l ly  s y n th e s is e d  th e  racem ic form  o f g ib b e ro n e . 

th e  s y n th e s i s ,  w hich i s  e s s e n t i a l l y  a  fo u r^ s te p  p ro c e s s ,  

i s  o u t l in e d  below  and w i l l  he th e  s u b je c t  o f a  fo rth c o m in g  

com munication*

CQtR CO**





(1 ) S y n th e tic  A pproaches to  G ibberone

A c o n s id e r a t io n  of th e  s t r u c t u r e  of g ib b e ro n e  

( I f )  has prom pted u s to  fo rm u la te  p o s s ib le  s y n th e t ic  

r o u te s  to  t h i s  compound. I t  i s  o u r  o p in io n  t h a t  th e  

s y n th e s is  o f g ib b e ro n e  p r e s e n ts  a  c h a lle n g e  to  th e  o rg an ic  

ch em ist in  t h a t  i t  i s  r e l a t e d  to  th e  w id e r problem  

p re s e n te d  by th e  s y n th e s is  o f compounds h av in g  a  b a s ic  

s t r u c t u r a l  s i m i l a r i t y  to  p h y llo o la d e n e  (121)*

Thus we d e v ise d  a  s y n th e t ic  ro u te  w hich , i t  was 

hoped , would surm ount th e  problem  p re s e n te d  and w hich 

would p ro v id e  us w ith  some c o n t ro l  o v e r  th e  s t e r e o ­

ch e m is try  o f  th e  f i n a l  p roduct*  The s t a r t i n g  m a te r ia l  in  

o u r p r o je c te d  ro u te  was 4 -m e th y lin d a n - l-o n e  (122)

The l a t t e r  compound was c o n s id e re d  to  be em in e n tly  s u i t a b le  

i n  t h i s  r e s p e c t  s in c e  i t  c o n ta in e d  a  c o r r e c t ly  s u b s t i tu t e d  

a ro m a tic  r in g  A fu se d  to  a  five-m em bered  r in g  k e to n e  

c a p a b le  o f f u r t h e r  e l a b o r a t io n .  In  a d d i t io n ,  th e  

p r e p a r a t iv e  ro u te s  1 ^ a v a i la b le  to  t h i s  s t a r t i n g  indanone 

were f a c i l e  and to o k  p la c e  in  f a i r l y  h ig h  o v e r a l l  y i e l d .  

Thus D oebaer c o n d e n sa tio n  o f o - to lu a ld e h y d e  w ith  m alonic 

a c i d . * ^  H ydrogenation  o f a  s o lu t io n  o f th e  l a t t e r  in  

sodium  hydro x id e  u s in g  5$ p a lla d iu m -c h a re o a l a s  c a t a l y s t  

gave an  a lm o st q u a n t i t a t iv e  y ie ld  o f o -m ethy ld ihy& ro-
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cinnam ic a c id  w hich underw ent p o ly p h o sp h o ric  a c id  c y c l i s -  

a t i o n  a t  1Q0°G* to  f u r n i s h  th e  d e s i r e d  indanone (1 2 2 ) .

Many s y n th e t ic  pathw ays, b ased  on re a s o n a b le  

l i t e r a t u r e  a n a lo g ie s ,  were s c r u t i n i s e d  b e fo re  a  f i n a l  

d e c is io n  was made abou t th e  way in  w hich our s t a r t i n g  

indanone was to  be e la b o r a te d .  Some p re l im in a ry  e x p e r i ­

m ents were perfo rm ed  on some of th e s e  pathw ays and w i l l  

be d e s c r ib e d  l a t e r *  In  th e  e v e n t, th e  ch o ice  o f  ro u te  

was b ased  on i t s  p r a c t i c a b i l i t y  and by th e  f a c t  t h a t  i t  

m ight a l s o  p ro v id e  u s  w ith  a  means of s y n th e s is in g  th e  

d ik e to - a c id  (1 5 ) ,  o b ta in e d  by o s o n o ly s is  o f g ib b e ro n © .^

The e s s e n t i a l  f e a tu r e  of t h i s  rout©  was th e  a d d i t io n ,  to  

th e  indanone fram ew ork, o f a  s p i r o - r in g  w hich co u ld  be 

c le a v e d  in  su ch  a  way a s  to  p ro v id e  us w ith  appendages 

ca p ab le  o f fo rm ing  th e  b a s i s  o f th e  r in g s  C and D o f 

g ib b e  rone* The way in  w hich we a tte m p te d  to  ac h iev e  t h i s  

O b je c tiv e  i s  d e s c r ib e d  in  th e  seq u el*

?/h©n 4 ~ m eth y lin d an -l-o n e  (1 2 2 ) , in  d ry  benzene 

© e lu tio n , was t r e a t e d  w ith  a c r y lo n i t r i l©  in  th e  p re se n ce  

o f f r i t o n  B a t  room te m p e ra tu re , d ic y a n o e th y la t io n  to o k  

p la c e ,  a s  e x p e c te d , a t  C^. The crude  o i l y  r e a c t io n  

p ro d u c t th u s  o b ta in e d  was h y d ro ly se d , a lm o st q u a n t i t a t i v e l y ,  

w ith  15$ p o ta ss iu m  h ydrox ide  s o lu t io n  to  th e  c r y s t a l l i n e  

k e to - d ia c id  (123? H *  H) whose in f r a r e d  spectrum  (n u jo l )  

showed peaks a t  1720 cm~^ (indanone ca rb o n y l)  and 1700 cm
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{carboxy l}*  Ko a tte m p t was made to  in c re a s e  th e  y ie ld  

in  th e  o y a n o e th y la tio n  r e a c t io n  b u t we have l i t t l e  doubt 

t h a t  t h i s  cou ld  be accom plished  by u s in g  more fo rc in g  

c o n d i t io n s  o r  by em ploying th e  m o d ified  c o n d itio n s  

d e s c r ib e d  by W oodw ard .^  F is e h e r - S p ie r  e s t e r i f i c a t i o n  

o f  th e  d ia c id  (1235 B « H) y ie ld e d  th e  co rre sp o n d in g  

d ie th y l  e s t e r  (123 ; B * E t) w hich, on Bieckmann c y c l i s -  

a t i o n  u s in g  sodium san d , p ro v id ed  us w ith  th e  c r y s t a l l i n e  

S p iro -  p - k e t o - e s t e r  (124)*  The in f r a r e d  sp ec tru m  o f (124) 

showed peaks a t  1T20 cm~^ ( e s t e r  and in d a n o n e ) , 1670 cm~^ 

\oL\j*> - u n s a tu r a te d  k e to n e )  and 1615 cm (e n o l  double bond) 

w h ile  th e  u l t r a v i o l e t  spectrum  e x h ib i te d  a b s o rp tio n  maxima 

a t  250-252 mu (£  2 6 ,200 ) and 295-300 m  (£  3 ,080)*  The 

a p iro - /3  - k a t o - e s t e r  (124) was re g a rd e d  a s  a  key i n t e r ­

m ed ia te  in  th e  p r o je c te d  s y n th e s is  o f g ib b e ro n e  and i t s  

d e g ra d a tio n  p ro d u c t (15)*  S ubsequent a c id  h y d r o ly s is ,  

w ith  co n co m itan t l o s s  o f carbon  d io x id e , r e s u l t e d  in  th e  

fo rm a tio n  of th e  c r y s t a l l i n e  s p iro -d ik e to n e  (1 2 5 )( ^  -m r  

1720 csT 1, indanone and cyclohexanon® : X 250-255 mu 

(£  1 2 ,7 0 0 ) and 295-300 mu (2  3 ,0 8 0 ))*

W ith r e g a rd  to  th e  s y n th e s is  o f g ib b e ro n e , we were 

now fa c e d  w ith  th e  problem  of d e v is in g  a  method f o r  

c le a v in g  th e  six -m e inhered r in g  k e to n e  o f (125) in  su ch  a  

way a s  t o  p ro v id e  u s  w ith  a  means o f c o n s tru c t in g  r in g s  C 

and B o f g ibberone*  The method u sed  was b ased  on th e
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i n i t i a l  r e a c t io n  o f e x c e ss  m ethylm agnesium  brom ide w ith

th e  sp iro k e to n e  (1 2 5 )• l a  t h i s  way th e  c o lo u r le s s  d io l

(126 ) was o b ta in e d , whose in f r a r e d  spectrum  showed a  peak 

a t  a© c a rb o n y l a b s o rp t io n  in  th e  r e g io n  16QG-1800 cm~^. 

th e  u l t r a v i o l e t  sp ec tru m  e x h ib i te d  an  a b s o rp t io n  maximum 

a t  265 m . (e  43Q). D eh y d ra tio n  o f t h i s  crude  d io l  was 

e f f e c te d  by  r e f lu x in g  w ith  p - to lu e n e -s u lp h o n ic  a c id  in  d ry  

benaene and r e s u l t e d  in  th e  fo rm a tio n  o f a  v is c o u s  brown 

s e m is o lid  p roduct*  th e  in f r a r e d  spec trum  o f th e  l a t t e r  

showed th e  ab sen ce  o f h y d ro x y l bands and th e  p re se n c e  o f 

a  s ty r e n e  doub le  bond (1630 o a f1 ) .  Chrom atography o f th e  

c ru d e  r e a c t io n  p ro d u c t on alum ina* u s in g  p e tro le u m  e th e r  

(b*p* 60*60° )  a s  e l u a n t 9 p ro v id ed  u s  w ith  th e  c o lo u r le s s ,  

c r y s t a l l i n e  s p i r o  d ien e  (127) whose s p e o t r a l  p r o p e r t i e s  

(n) 1635 ©mT^* s ty re n e  double bonds X 255 mu

{£ 15*500)* 230 mu (£  3*940) and 300 mu (£ 3 *520 ) )  were 

c o n s is te n t  w ith  th e  a s s ig n e d  s t r u c t u r e .  I* u rth e r e l u t io n  

o f th e  column w ith  e t h e r  p ro v id e d  a  y e llo w  v isc o u s  o i ly  

m a te r ia l  w hich d id  n o t e x h ib i t  s ty re n e  a b s o rp t io n  i n  th e  

in f r a r e d  and whose s t r u c t u r e  rem ain s to  be e lu c id a te d *  

i t  may be n o ted  t h a t  d u r in g  one d e h y d ra tio n  exp erim en t a  

much l a r g e r  p ro p o r t io n  o f p - to lu e n e -s u lp h o n ic  a c id  was 

u sed  and* in  t h i s  case*  work up in  th e  u s u a l  manner 

f u rn is h e d  a  c o lo u r le s s  gum w hich f a i l e d  to  c r y s t a l l i s e  

and whose in f r a r e d  sp ec tru m  p o sse s se d  o n ly  a ro m a tic  peaks



i n  th e  r e g io n  1600-18GO cm**1 * The u l t r a v i o l e t  sp ec tru m

o f t h i s  p ro d u c t,  how ever, e x h ib i te d  a b s o rp tio n  bands 

i d e n t i c a l  to  th o se  shown by (127) b u t w ith  t h e i r  i n t e n s i t y  

v e ry  much red u ce d . T h is p ro d u c t , w hich was n o t in v e s t ig ­

a te d  f u r t h e r ,  i s  re g a rd e d  a t  t h i s  p re l im in a ry  ju n c tu re  a s  

an  a c id - c a ta ly s e d  rea rran g em en t p ro d u c t o f th e  d ien e  (127)* 

In  c o n n e c tio n  w ith  th e  a fo rem en tio n ed  d e h y d ra tio n  

we were c o g n isa n t o f th e  f a c t  t h a t  an  a l t e r n a t i v e  mode 

o f  d e h y d ra tio n  was p o s s ib le  to  f u r n i s h  th e  d i-e x o  d ie n e  

(128)*  The ev id en ce  we p o sse sse d  a t  t h i s  s ta g e  in  o u r  

s y n th e s i s ,  nam ely, s p e c t r a l  p r o p e r t i e s  and e le m e n ta l 

a n a ly s i s ,  d id  n o t p e rm it an  u n eq u iv o ca l e x c lu s io n  o f t h i s  

s t r u c t u r a l  p o s s i b i l i t y *  I t  was o u r o p in io n , how ever, 

b a sed  on l i t e r a t u r e  a n a lo g y ^  and on th e  r a t h e r  meagre 

ev id en ce  o f a  peak  a t  790 omT^ in  th e  in f r a r e d  sp ec tru m  of 

th e  d eh y d ra ted  p ro d u c t ,  t h a t  o u r d ie n e  p o sse sse d  th e  

s t r u c t u r e  (127)* T h is was l a t e r  con firm ed  by th e  sub­

se q u e n t c leav a g e  experim en ts*

Thus we assum ed f o r  th e  p r e s e n t  th e  d ien e  s t r u c t u r e

(127) and p ro ceed ed  to  c o n s id e r  th e  v a r io u s  m ethods, 

a v a i la b le  in  th e  l i t e r a t u r e ,  w hich had been  employed f o r  

th e  c le av a g e  o f e th y le n ic  system s to  oxygenated  p ro ­

d u c ts  .*94^*99 Qf th e s e ,  o z o n o ly s is  seemed th e  most s u i t a b le

f o r  o u r p r e s e n t  p u rp o se . In  p o in t  o f f a c t ,  o z o n o ly s is  

o f p u re  c r y s t a l l i n e  d ien e  in  e th y l  a c e ta te  a t  -8 0 ° C .,
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fo llo w e d  by o x id a t iv e  h y d r o ly s is ,  f u rn is h e d  a  75$ y ie ld

o f crude  a c id ic  m a te r ia l  w hich r e s i s t e d  ou r a t te m p ts  a t

c r y s t a l l i s a t i o n .  The fo rm a tio n  of t h i s  a c id ic  p ro d u c t

(1 2 9 1 fi * B)» in  th e  y ie ld  in d ic a te d , f u r t h e r  confirm ed  th e

s t r u c t u r e  (127) a s s ig n e d  to  th e  s t a r t i n g  d ie n e  s in c e  th e

a l t e r n a t i v e  d i-e x o  s t r u c t u r e  (128) would have p ro v id ed  u s

w ith  th e  n o n -a e id ic  s p iro -d ik e to n e  (125)* I s t e r i f i c a t i o n

o f  th e  d ik e to - a c id  (129} B » H) w ith  diasom e th a n e  gave a

p ro d u c t whose I n f r a r e d  spectrum  in  ca rb o n  t e t r a c h lo r id e
—1s o lu t io n  showed p eak s a t  1735 cm ( e s t e r  ca rb o n y l)  and 

*»l1715 cm (indanone ca rb o n y l)  in  agreem ent w ith  th e  

a s s ig n e d  s t r u c t u r e  | | | | 9 f  B * M e). M oreover, th e  u l t r a ­

v i o l e t  sp ec tru m , w hich e x h ib i te d  a b s o rp t io n  maxima a t

250 mu (£  7 ,2 0 0 ) and 295 mu (£ 1 ,3 9 0 ) ,  was t y p i c a l  o f  an
100in d a n o n e-ty p e  compound. The s p e c t r a l  p r o p e r t i e s  o u t­

l i n e d  above f o r  th e  e s t e r i f l e d  o z o n o ly s is  p ro d u c t l e d  u s  

to  conclude  t h a t  we had e f f e c te d  c le a v a g e  o f th e  s p i r o -  

d ik e to n e  (125) in  th e  d e s ire d  manner and t h a t  th e  d ik e to -  

e s t e r  (129} B » Me) o b ta in e d  would p ro v id e  u s  w ith  e n t ry  

in to  th e  p ro p e r  t r y c y c l i c  s e r ie s #

The "obv io u s"  way in  w hich t h i s  co u ld  be 

accom plished  was by in t e r n a l  a ld o l  co n d e n sa tio n  o f (129}

1 3» Me)# A wide ch o ic e  of a c id ic  and b a s ic  condensing

a g e n ts  a v a i la b le  in  th e  l i t e r a t u r e  f o r  e f f e c t i n g  such

c o n d e n s a t io n s .101-105 j n ev@a*tf t r e a tm e n t o f
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(129? 1  *  Ms) w ith  1$ sodium  m ethoxide i n  a  n i t r o g e n

atm osphere fu rn is h e d  a re d  s e m is o lid  a c id ic  p ro d u c t w hich , 

on t r i t u r a t i o n  w ith  e t h e r ,  gave a  y e llo w  c r y s t a l l i n e  

compound h a r in g  an in f r a r e d  spectrum  (1705 e m ~ \ ca rb o x y l?
—1 —l!§ € §  cm , cyclohexenone? 1625 cm , s ty re n e  double bond) 

c o n s is te n t  w ith  th e  d e s i r e d  e a o n e -a c id  s t r u c t u r e  (130?

1  *  1)♦ I h i s  was su b se q u e n tly  con firm ed  when e s t e r i f i -  

c a t io n  w ith  d iazom ethane y ie ld e d  th e  c r y s t a l l i n e  m ethy l 

e s t e r  (130? E *  Me) w hich e x h ib i te d  th e  ex p ec ted  s p e c t r a l  

p r o p e r t i e s ,  m x  1735 cm- 1 , e s t e r i  1670 cm- 1 , c y o lo -  

hexenone; 1630 cm- 1 , s ty re n e  d o ab le  bond « X  ^  238 mu 

(£  8 ,3 0 0 ) and 300 mu (£- 1 9 ,5 0 0 ) ) ,  and whose e le m e n ta l 

a n a ly s i s  p ro v id e d  u s  w ith  f i n a l  p ro o f  o f  s t r u c tu r e #

I t  may be n o te d  t h a t  e s t e r i f i c a t i o a  o f th e  re d  

gum, o b ta in e d  a s  a  b y -p ro d u c t in  th e  c y c l i s a t i o n  r e a c t io n ,  

a f fo rd e d  a  v is c o u s  o i l  w hich r e s i s t e d  o u r a t te m p ts  a t  

c r y s t a l l i s a t i o n  and whose in f r a r e d  sp ec tru m  in  ca rb o n  

t e t r a c h lo r i d e  s o lu t io n  (1735 csT ^ , 1715 c a f^ )  was 

re m in is c e n t o f t h a t  of th e  s t a r t i n g  d ik e to - e s te r *  We

co n c lu d ed , t h e r e f o r e ,  t h a t  e i t h e r  th e  a l d o l  c o n d e n sa tio n  

had n o t p ro ceed ed  to  co m p le tio n  o r  t h a t ,  more l i k e l y ,  

some d e a ld o l i s a t i o n  had o ccu rred#  In  a d d i t io n ,  we were 

a l s o  aw are o f th e  f a c t  t h a t  a  re tro -M ic h a e l  r e a c t io n  

co u ld  have o c c u rre d , ( s e e  (131) and a r ro w s ) , to  f u r n i s h  

th e  in & a a o a e -e s te r  (132) p o s s e s s in g  s p e c t r a l  p r o p e r t i e s
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s i m i l a r  to  (1 2 9 ) . The fo rm er ex p lan a tio n ©  seemed to  be 

in v a l id a te d ,  how ever, when r e - t r e a tm e n t  o f th e  crude 

e s t e r i f i e d  b y -p ro d u c t w ith  e i t h e r  1$ sodium  m ethoxide o r  

p—to lu e n e —su lp h o n ic  a c id  in  benzene f a i l e d  to  produce 

f u r t h e r  q u a n t i t i e s  o f th e  t r i c y c l i c  e n o a e -a c id  o r  e s te r *  

Chrom atography of t h i s  b y -p ro d u c t on a lu m in a  en ab led  us 

t o  o b ta in  a  y e llo w  v isc o u s  o i l  f r e e  from  t r a c e s  o f enone 

e s t e r  b u t ,  a s  y e t ,  we have been u n ab le  to  c h a r a c te r i s e  

t h i s  m a te r ia l  c o n c lu s iv e ly *

The d is a p p o in t in g ly  low y ie ld  in  th e  c y c l i s a t i o n  

r e a c t io n  and th e  r a t h e r  obscure  n a tu re  o f th e  s i d e -  

p ro d u c t(e )  (v id e  i n f r a )  prom pted u s  to  c o n s id e r  o th e r  

co n d en sin g  a g e n ts  f o r  th e  a ld o l  co n d en sa tio n *  When th e  

d ik e to - a c id  (1291 R * H) was t r e a t e d  w ith  p o ta ss iu m  

hydro x id e  in  aqueous d i o x a n "  no s o l i d  enone a c id  was 

o b ta in e d  and th e  in f r a r e d  spectrum  o f th e  r e a c t io n  p ro d u c t 

in d ic a te d  t h a t  th e  d e s ire d  c y c l i s a t i o n  had n o t p ro ceed ed  

to  any  s i g n i f i c a n t  e x te n t*  S u c c e s s fu l  c y c l i s a t i o n  o f 

(1291 R * H) was acco m p lish ed , how ever, u s in g  1$ sodium  

e th o x ld e  b u t th e  y i e ld  of t r i c y c l i c  m a te r ia l  d id  no t 

w a rra n t a  change to  th e s e  c o n d i t io n s .  In  o rd e r  to  p re v e n t 

any re tro -M ic h a e l  r e a c t io n  o r  d e a ld o l i s a t i o n  o c c u rr in g  

d u rin g  th e  c y c l i s a t i o n ,  we th e n  r e s o r te d  to  a c id ic  

c o n d itio n s*  P ro lo n g ed  tre a tm e n t of th e  d ik e to - e s t e r
101(129 ; E w Me) in  benzene w ith  p - to lu e n e -s u lp h o n ic  a c id  ,



£>o

1C |3
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how ever, f a i l e d  to  p ro v id e  u s  w ith  more th a n  a  t r a c e  o f

t r i c y e l i e  m a te r ia l*  Beyond t h i s  no f u r t h e r  v a r i a t i o n  o f 

th e  c y c l i s a t i o n  c o n d it io n s  was a ttem p ted *

We r e tu r n  now to  th e  main s y n th e t ic  pathway* In  

th e  t r i c y c l i c  k e to n e  (130$ E « Me),  th e  p re se n c e  o f th e  

1 2 s5 -d o u b le  bond, w ith  th e  a t ta c h e d  q u a te rn a ry  c e n t r e ,  

makes p o s s ib le  th e  unambiguous in t r o d u c t io n  of 

s u b s t i t u e n t s  a t  C^* I t  w i l l  be n o ted  t h a t ,  w h ile  con­

s t r u c t i n g  r in g  0- by th e  s te p s  o u t l in e d  above , we had made 

p a r t - p r o v i s io n  f o r  th e  c o n s tru c t io n  o f r in g  1  by h av in g  

th e  r e q u ir e d  carbom ethoxym ethyl s id e  c h a in  a l r e a d y  b u i l t  

i n to  th e  t r i c y c l i c  sy s tem . A c o n s id e r a t io n  o f th e  

s t r u c t u r e  o f g ib b e ro n e  e n fo rc e d  th e  "obv io u s"  c o n c lu s io n  

t h a t  th e  s u b s t i tu e n t s  r e q u ir e d  a t  were a  m ethyl and a  

oarbom ethoxy group o r  i t s  e q u iv a le n t*  The l a t t e r  group 

would th e n  be r e q u ir e d  to  undergo M eckm aaa c y c l i s a t i o n  

w ith  th e  a n g u la r  carbom ethoxy group to  f u r n i s h  r in g  X).

In  th e  e v e n t ,  we en v isag ed  a  r e a c t io n  scheme 

involving th e  p r e p a r a t io n  o f th e  ^ - k e t o - n i t r i l e  (133l 

i  *a Me) s in c e  we c o n s id e re d  t h a t  th e  p r e p a r a t iv e  ro u te  to  

t h i s  compound would be more f a c i l e  th a n  th e  in t r o d u c t io n  

o f th e  carbom ethoxy group v ia  th e  p y r o ly t i c  d e e a rb o n y l-  

a t i o n  o f th e  g ly o x a la te  d e r iv a t iv e  (134; E ® Me)^0^ .

M oreover, th e  s t e r i c  re q u ire m e n ts  o f th e  n i t r i l e  f u n c t io n  

a re  sm all*  B efo re  d e s c r ib in g  th e  s p e c i f i c  means whereby
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t h i s  o b je c t iv e  co u ld  be r e a l i s e d ,  l e t  u s  c o n s id e r ,  f o r

th e  moment, th e  s te re o c h e m ic a l im p l ic a t io n s  o f our 

s y n th e t ic  pathw ay.

The in t r o d u c t io n  of m ethyl and a i t r i l e  g roups a t  

Qj p o se s  th e  s te re o c h e m ic a l q u e s tio n  o f w hether th e  

h i t r i l e  f u n c t io n  ( o r  th e  e s t e r  d e r iv e d  th e re fro m ) w i l l  

th e n  tiaderg© Blec'kssann c y c l i s a t i o n  w ith  th e  a n g u la r  

oarbomethoxyme t  h y l group# The re q u ire m e n ts  f o r  su c c e s s

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

two groups and th u s  we en v isag ed  a  r e a c t io n  sequence which 

would s a t i s f y  t h i s  req u irem en t#  C o n s tru c tio n  o f  th e  

m o le c u la r  model of th e  t r i c y c l i c  k e to n e  (1 3 0 1 H =* Me) 

d em o n stra ted  t h a t  t h i s  compound was e s s e n t i a l l y  p la n a r ,  

w ith  th e  carbom ethoxym ethyl group p r o je c t in g  above o r  below 

th e  p la n e .  The r e a c t io n  sequence co n tem p la ted  f o r  th e  

p r e p a r a t io n  of th e  C -m eth y la ted  ^ - d e e t o - n i t r i l e  (135 ;

E m Me) in v o lv ed  th e  p re l im in a ry  fo rm a tio n  o f th e  u n -  

s u b s t i t u t e  d cy an o -k e to n e  (1335 B a  Me),  C -m e th y la tio n  o f 

t h i s  e n o l ic  sy stem  would be ex p ec ted  to  in v o lv e  a ttach m en t 

of th e  m ethyl group to  th e  s id e  of th e  m olecu le  o p p o s ite  

to  t h a t  occup ied  by th e  a n g u la r  carbom ethoxym ethyl 

f u n c t io n .  A c i s  r e l a t io n s h ip  betw een th e s e  two g roups 

would be a s s u re d .  I t  i s  p ro b a b ly  of i n t e r e s t  to  n o te  

t h a t  in  th e  t o t a l  s y n th e s is  o f e s tro n e  one s te p  in v o lv e d  

th e  C -m e th y la tio n  o f  th e  k e t o - d i e s t e r  (1 3 6 ) . The
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r e s u l t i n g  confound (137) p o sse sse d  th e  s te re o c h e m is try

In d ic a te d

D uring ih t i r  e le g a n t  s tu d ie s  on th e  t o t a l  s y n th e s is  

o f  s t e r o i d s ,  \7. s .  Johnson  and h is  co -w o rk ers  ev o lv ed  a  

f a c i l e  p ro ced u re  f o r  p re p a r in g  C~methylate& p  - k e to -  

n l t r i l e s  from  s u b s t i t u t e d  eye lohexaaones** . ^ ® ® W e  

c o n s id e re d  t h i s  p ro ce d u re  to  be em in en tly  s u i t a b le  f o r  th e  

p r e p a r a t io n  o f th e  d e s ire d  in te rm e d ia te  (135» B « Me).  In  

o rd e r  to  o b ta in  com p ara tiv e  s p e c t r a  and t o  t e s t  th e  

p r a c t i c a b i l i t y  o f Johnson*s method on a  sm a ll s c a l e ,  a  

a e r i e s  o f  model r e a c t io n s  we® c a r r i e d  o u t u s in g  2 -m e th y l-  

cyelohexanone a s  s t a r t i n g  m a te r ia l .  Thus th e  hydroxy- 

m ethylene d e r iv a t iv e  (138) was p re p a re d  w ith o u t d i f f i c u l t y  

and underw ent sm ooth co n v e rs io n  to  th e  iso x a z o le  (139)* 

T reatm ent o f  (139) w ith  sodium m ethoxide r e s u l t e d  in  th e  

fo rm a tio n  of 2 -m ethy l-6~cyano~cyclohexanone (1 4 0 ) . I t  

may be n o ted  t h a t  th e  assignm ent o f s t r u c t u r e  in  t h i s  model 

s e r i e s  was b ased  to  a  la rg e  e x te n t  on th e  c h a r a c t e r i s t i c  

and p r e d ic ta b le  in f r a r e d  s p e c t r a  o f th e  p ro d u c ts .  The 

f a i r l y  h ig h  o v e r a l l  y i e ld  and th e  p r a c t i c a l  f a c i l i t y

** The s p e c i f i c i t y  o f t h i s  p ro ced u re  prom pted Johnson  to

su g g e s t i t s  u se  in  d i s t in g u is h in g  c h e m ic a lly  betw een

th e  p re se n c e  o f six-m em bcred and fiv e -m e  inhered r in g
108k e to n e s  in  n a tu r a l  p ro d u c ts .
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en c o u n te red  l a  t h i s  s e r i e s  o f model r e a c t lo s s  encouraged  

u s  in  our f u r t h e r  e n q u ir ie s *

A cco rd in g ly  an a tte m p t was made to  p re p a re  th e  

hy& roxym ethylene d e r iv a t iv e  o f th e  e n o n e -e s te r  (130;

1 m Me) u s in g  th e  c o n d i t io n s  p r e s c r ib e d  by Woodward f o r  

th e  p r e p a r a t io n  of th e  s t e r o i d  in te rm e d ia te  ( 1 4 1 ) The 

c ru d e  r e a c t io n  p ro d u c t th u s  o b ta in e d  gave a  d ark  brown 

c o lo u ra t io n  w ith  a lc o h o l ic  f e r r i c  c h lo r id e  s o lu t io n  and 

e x h ib i te d  th e  e x p e c te d  s p e c t r a l  p r o p e r t i e s  ( \?max 1740 c n f3,# 

ester l 1670 cm--3* 1640 cm-*3*, -d ik e to n e  s X Wfa/y 233 mu 

(s. 7#350) and 300-305 mu ( £-12,300)). S ubsequent tre a tm e n t 

o f th e  crude  hy& roxym ethylene d e r iv a t iv e  (142; B » Me) w ith  

hydroxylam ine h y d ro c h lo r id e  fu rn is h e d  an  o i l  w hich was 

a s s ig n e d  th e  isoxa& ole s t r u c tu r e  (143; E -  Me) on th e  b a s is

o f  i t s  u l t r a v i o l e t  (233 mu, £ 7*200 and 320 mu, £  11,700)
—1  * * land in f r a r e d  sp ec tru m  (1730 cm , e s t e r ;  1630 cm , s ty re n e

doub le  bond and 0 = H ) and by i t s  f a i l u r e  to  g iv e  a  p o s i t iv e  

f e r r i c  c h lo r id e  t e s t .  C leavage of th e  s u b s t i tu t e d  

is o x a s o le  (143; E » Me) in  th e  d e s i r e d  manner was th e n  

accom plished  by tre a tm e n t w ith  sodium  m ethox ide /m ethy l 

io d id e  and r e s u l t e d  in  th e  fo rm a tio n  o f th e  c r y s t a l l i n e  

C -m eth y la ted  p> - k e t o - n i t r i l e  (135; B » Me).  C o n firm ato ry  

ev id en ce  f o r  t h i s  s t r u c t u r e  was p ro v id ed  by i t s  u l t r a ­

v i o l e t  and in f r a r e d  spectrum  ( X mn/r 240 mu, £ 8,150 and 

302-310 Btu, £  20,300 » V ^  2250 c b T 1 , n i t r i l e ;  1740 cm"1 ,
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a s te r}  1675 asT1 * eyolohexenona} 1640 o*”1 , s ty ren e  double

bond)# !Ihe p re se n c e  o f th e  v e ry  weak a i t  r i l e  band in

th e  l a t t e r  i s  p ro b a b ly  due to  th e  "quenching e f f e c t ** o f
110th e  oxygenated  f u n c t io n s  in  th e  m olecu les I t  may be

n o ted  th a t ,  p r i o r  to  th e  above c leav a g e  r e a c t io n ,  a  p re ­

l im in a ry  i n v e s t ig a t io n  in to  th e  e f f e c t  o f sodium  m ethoxide 

on th e  iso x a z o le  (143; H *  Me) had r e s u l t e d  in  th e  

fo rm a tio n  o f a  s o l i d  a c id ic  p ro d u c t .  Subsequent e s t e r i f -  

i c a t i o n  o f t h i s  m a te r ia l  w ith  d iazom ethane f u rn is h e d  a  

c r y s t a l l i n e  a lk a li -* s o lu b le  e s t e r  whose in f r a r e d  sp ec tru m

in  ca rb o n  t e t r a c h l o r i d e  s o l u t i o a t (2250 cm** 2200 c m ~ \
—l  -» ln i t  r i l e ;  1735 cm , e s te r ?  1670 cm , cy c lo h ex en o n e;

1620 s ty re n e  double b o n d ), was c o n s i s te n t  w ith  th e

ex p e c te d  f  - k e t o - u i t r i l e  s t r u c tu r e  (133} H » M e). Iu

th e  e v e n t ,  th e  i s o l a t i o n  o f t h i s  compound became

u n n e c e ssa ry  due to  th e  **in s i t u "  a l k y l a t  i o n / e s t e r  i f  i c a t i o n

p ro ced u re  l a t e r  em ployed (p*109)* N e v e r th e le s s , a p a r t

from  co n firm in g  th e  g e n e ra l  v a l i d i t y  o f in tro d u c in g  a

n i t r i l e  f u n c t io n  a d ja c e n t  to  th e  ca rb o n y l group in  (1 3 0 ) ,

th e  m n su b s ti tu te d  y3 -*k© to-n itrile  (133? H * Me) l a t e r

assum ed th e  m an tle  o f im portance when a  com parison  o f i t s

m e ltin g  p o in t  and s o l u b i l i t y  w ith  t h a t  o f (135? H a  Me)

p ro v id e d  us w ith  th e  f i r s t  in d ic a t io n  t h a t  we had in  f a c t

o b ta in e d  th e  C -m eth y la ted  j} - k e t o - n i t r i l e .

As a  r e s u l t  of th e  s te re o c h e m ic a l argum ents
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o u t l in e d  above {pi 105) and in  view o f th e  r e c e n t  s t e r e o ­

ch em ica l c o n v e rs io n  of th e  iso x a a o le  (144) to  ( 1 4 5 ) ,* ^  

we were c o n f id e n t t h a t  th e  n i t r i l e  and carbom ethoxym ethyl 

f u n c t io n s  o f (135» R a  Me) p o sse sse d  th e  r e q u ir e d  c i s  

r e l a t io n s h ip  and t h a t  e n t ry  in to  th e  p ro p e r  t r i c y c l i c  

s ta g e  o f o u r s y n th e s is  had been ac h iev e d  w ith  com plete 

s te re o c h e m ic a l c o n tro l*  The two rem a in in g  s te p s  in  ou r 

p r o je c te d  s y n th e s i s ,  nam ely, th e  c o n s t r u c t io n  o f r in g  B 

and th e  r e d u c t iv e  rem oval of th e  Gg k e to n e , now aw a ite d  

accom plishm eni • The way in  w hich we in te n d e d  to  r e a l i s e  

th e s e  f i n a l  o b je c t iv e s  and th e  u n d e r ly in g  p r in c ip l e s  

in v o lv e d , a r e  d e s c r ib e d  in  th e  sequel*

B uring  h i s  s tu d ie s  on th e  t o t a l  s y n th e s is  o f  

e q u i le n in ,  Johnson  and h i s  co -w o rk ers108*109 c o n s tru c te d  

r in g  B o f t h i s  compound by a  s e r i e s  o f  s y n th e t ic  s te p s  

one o f  w hich i s  p a r t i c u l a r l y  r e le v a n t  to  th e  p re s e n t  

d is c u s s io n *  Thus by t r e a t i n g  th e  m e th y la ted  p> - k e to -  

n i t r i l e  (146) w ith  m ethyl s u c c in a te  and p o ta ss iu m  t e r t -  

b u to x id e  th e  u n s a tu r a te d  k e to -a c id  (147) was o b ta in ed *  

O bv iously  t h i s  rem ark ab ly  f a c i l e  o n e -s te p  p ro c e s s  had 

in v o lv e d  th e  u s u a l S tobbe c o n d e n sa tio n  o f a  k e to n e  w ith  a  

s u c c in ic  e s t e r  fo llo w ed  by a  c y c l i s a t i o n  o f  th e  Dieekmann 

ty p e  and a lk a l in e  f i s s i o n  o f th e  m ethoxycarbonyl g ro u p . 

The in te rm e d ia te s  in  t h i s  r e a c t io n  were th u s  a s s ig n e d  th e  

s t r u c t u r e s  (146 ; R » Me) and (1 4 9 I H « Me)*
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The s t r i k i n g  s t r u c t u r a l  an a lo g y  betw een o u r

O -m ethy la ted  y S -k e to -n i t r i le  (135? H a  Me) and th e  i n t e r ­

m ed ia te  (1465 H * Me) prom pted us* th e r e f o r e ,  to  s p e c u la te  

on w h eth e r th e  fo rm er compound w ould, u n d er th e s e  

c o n d i t io n s ,  p ro v id e  u s  w ith  th e  d e s i r e d  t e t r a c y c l i c  d i -  

k e to n e  (150) by  a  s im i l a r  o n e -s te p  p ro c e s s .  In  th e  e v e n t ,  

whoa th e  C -m eth y la ted  ^ - k e t o - n i t r i l e  (1 3 5 I B a  Me) was 

t r e a t e d  w ith  p o ta ss iu m  te r t - b u to x id e  a  c r y s t a l l i n e  p ro d u c t

was o b ta in e d  whose in f r a r e d  sp ec tru m  (1766 em~^, c y c lo -
—1  «*1 p e a ta h o n e ; 1677 cm * , eye lohexenene ; 1622 cm , s ty re n e

double bond) was co m p a tib le  w ith  th e  t e t r a c y c l i c  d ik e to n e

s t r u c t u r e  (1 5 0 ) , A com parably  h ig h  wave number 
—1(1768  cm ) h as  r e c e n t ly  been a s s ig n e d  to  th e  f  ive-m em bered

■jn p
r in g  k e to n e  in  (151)» a  d e g ra d a tio n  p ro d u c t o f d e lp h in in e *  *

In  t h i s  ca se  i t  h as  been  su g g e s te d  t h a t  d ip o le -d ip o le

i n t e r a c t i o n  of b o th  ca rb o n y l g ro u p s , due to  th e  r i g i d

s t r u c t u r e  o f (151)# co u ld  re a s o n a b ly  acco u n t f o r  t h i s  s h i f t
112t o  h ig h e r  wave number* We c o n s id e r  t h a t  a  s im i la r

e x p la n a t io n  i s  e q u a l ly  a p p l ic a b le  in  th e  ca se  o f th e  r i g i d  

t e t r a c y c l i c  d ik e to n e  s t r u c tu r e  (150 ) •

f u r t h e r  c o n f irm a tio n  f o r  th e  p re se n c e  o f th e  

enone chromophore in  ou r p ro d u c t was p ro v id ed  by th e  

u l t r a v i o l e t  sp ec tru m  w hich e x h ib i te d  a b s o rp t io n  maxima a t  

238 mu (£  6 , 850 ) ,  30O-3O2mu (£  1 5 ,400 ) and 330 mu 

( £  1 4 ,6 0 0 ) . The p re se n c e  of th e  band a t  330 mu (n o t
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p r e s e n t  in  th e  s t a r t i n g  m a te r ia l )  co u ld  be e x p la in e d  in

te rm s o f / / - e l e c t r o n  in t e r a c t i o n  betw een th e  chromophore 

and th e  ca rb o n y l group in  th e  fiv e -m e sabered r i n g .

¥ n f o r tu n a te ly  o u r su p p ly  of r e a c t io n  p ro d u c t a t  t h i s  s ta g e  

{3*8 ag«» im pure) p re v e n te d  u s  from  co n firm in g  th e  

s t r u c t u r e  (150) by e le m e n ta l a n a ly s i s .

t h a t  lo e w e n th a l had succeeded  in  s y n th e s is in g  g ib b e ro n e  

( s e e  p .  87) &nd t h a t  th e  p e n u ltim a te  compound in  h is

o b ta in e d  by a  co m p le te ly  d i f f e r e n t  ro u te  ,  th e  p h y s ic a l  

p r o p e r t i e s  o f  t h i s  compound were s im i l a r  t o  th o se  o f  o u r  

im pure r e a c t io n  p ro d u c t (T ab le  1 )#

At t h i s  t im e , how ever, we re c e iv e d  in fo rm a tio n

36s y n th e s is  was th e  t e t r a c y c l i c  d ik e to n e  (1 5 0 ) .  A lthough

M k S L l
K ea c tio n  P ro d u c t

m.p* ,«

¥ # f*  . .

. 207°c.207°C. 204-207°C,

238 mu (e  7,400) 238 mu ( e  6,850)

300 to  (e  19,000) 300-302 to  (s. 15,400)

330 to (£  15,300) 330 to (£  14,600)

x * i * ( o m 3) 1742 em*1 
1 6 6 1  Ob'"1  

1621 em*1

1766 cm*1 
1677 o b * 1  

1 6 2 2  o b * 1

The e x a c t n a tu re  o f  t h i s  r e a c t io n  p ro d u c t a w a its

e lu c id a t io n
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As in d ic a te d  p r e v io u s ly ,  th e  main s y n th e t ic

pathw ay to  g ib b e ro n e  in v o lv ed  th e  im p o rta n t in te rm e d ia te  

(1 2 4 ) . The p o t e n t i a l  s y n th e t ic  u t i l i t y  of t h i s  compound 

became e v id e n t to  us when we were c o n s id e r in g  s y n th e t ic  

avenues to  th e  d ik e to - a c id  (15)* Most o f th e se  in v o lv e d  

th e  p re l im in a ry  p r e p a r a t io n  of th e  m e th y la te d  s p i r o -  

d ik e to n e  (152) from  w hich , i t  was hoped, th e  c o rre sp o n d in g  

aor-eompound (153) co u ld  be r e a d i ly  p re p a re d  by co n v en tio n ­

a l  rin g-con t r a c t io n  methods* A cc o rd in g ly , m e th y la tio n  of 

th e  © piro - p - k e t o - e s t e r  (124) w ith  m ethyl io d id e  in  th e  

p re se n c e  o f  sodium  fu rn is h e d  a  n e u t r a l  p ro d u c t w hich on 

su b seq u en t a c id ic  h y d ro ly s is  and d e c a rb o x y la t io n  f u rn is h e d  

th e  c r y s t a l l i n e  m e th y la ted  s p iro -d ik e to n e  (152)* £wo 

c o n v e n tio n a l m ethods of r in g  c o n t r a c t io n  were th e n  chosen  

to  t e s t  th e  g e n e ra l  v a l i d i t y  o f  o u r s y n th e t ic  ro u te  and we 

in v e s t ig a te d  th e s e  by a  s e r i e s  o f s m a l l - s c a le  experim en ts*

When th e  m e th y la te d  s p iro -d ik e to n e  (152) was

t r e a t e d  w ith  f r e s h l y  d i s t i l l e d  f u r f u r a l  i n  th e  p re se n c e  of
213sodium  h y drox ide  a  y e llo w  gum was o b ta in e d  w hich 

r e s i s t e d  o u r a t te m p ts  a t  c r y s t a l l i s a t i o n  b u t whose u l t r a ­

v i o l e t  sp ec tru m  (250 mu#£ 1 3 ,000  and 325-330 tnu,£ 17 ,5 0 0 ) 

was c o n s is te n t  w ith  t h a t  o f th e  f u r f u r y l i d e m  d e r iv a t iv e  

(154)* F u r fu ry l id e n e  d e r iv a t iv e s  o f c y c l ic  k e to n e s

n o rm ally  e x h ib i t  u l t r a v i o l e t  a b s o rp t io n  a t  324 mu 

(£  2 0 ,0 0 0 ) * ^ ^  O zo n o ly s is  o f th e  f u r f u r y l id e n e  d e r iv a t iv e ,
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fo llo w e d  by  o x id a t iv e  h y d r o ly s is ,  f u rn is h e d  an a c id ic

p ro d u c t w hich e x h ib i te d  c h a r a c t e r i s t i c  indanone ab so rp ­

t i o n  in  th e  u l t r a v i o l e t  ( A ^  250-255 mu {e  9 ,2 0 0 ) and 

295 mu ( s  1 ,8 0 0 ))*  A lthough c r y s t a l l i s a t i o n  o f t h i s  

a c id ic  p ro d u c t seemed p o s s ib le ,  no a tte m p t was made to  

p u r i f y  i t  d u r in g  t h i s  p re l im in a ry  in v e s t ig a t io n *

E s te r  i f  i e a t  io n  w ith  d lass ome th an e  fu rn is h e d  th e  co rresp o n d ­

in g  d im e th y l e s t e r  (155? fi » Me) w hich , on Dieckm&nn 

o y e l i s a t i o a  u s in g  sodium  sa n d , f u rn is h e d  a  v isc o u s  o i l*  

th e  ^ - k e t o - e a t e r  s t r u c t u r e  (156) was a s s ig n e d  to  t h i s
—lcompound on th e  b a s i s  o f i t s  in f r a r e d  spectrum  (1720 cm ,

*•*1 —lindanone and e s te r ?  1665 cm cy c lo p ea ten o n e?  162Q cm ,

e n d  double bond) and by th e  f a c t  t h a t  i t  gave a  p u rp le

c o lo u ra t io n  w ith  a lc o h o l ic  f e r r i c  c h lo r id e  s o lu t io n .

S ubsequen t a c id ic  h y d ro ly s is  and d e c a rb o x y la t io n  fu rn is h e d

a  n e u t r a l  compound whose in f r a r e d  spectrum  was c o n s is te n t

w ith  th e  m e th y la ted  n o r - s p i ro -d ik e to n e  s t r u c tu r e  (1 5 3 ) .

C hrom atography o f th e  crude  p ro d u c t on a lu m in a , u s in g

be n ae n e-p e tro leu m  e t h e r  (b .p *  60 -80°) a s  e lu a n t ,  p ro v id ed

a  c o lo u r le s s  m obile o i l  whose in f r a r e d  (1745 csT**’, c y c lo -
**lp en tan o n e ; 1715 cm , indanone) and u l t r a v i o l e t  sp ec tru m  

(252 mu (£  12 ,3 0 0 ) and 298-300 mu (£ 2 ,2 0 0 ))  were in  f u l l  

agreem ent w ith  th e  a s s ig n e d  s t r u c tu r e *  F in a l  co n firm ­

a t i o n  f o r  th e  l a t t e r  was p ro v id ed  by e le m e n ta l a n a ly s i s .

P re lim in a ry  r e s u l t s  o f in v e s t ig a t io n s  in to  th e
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v a l i d i t y  o f a n o th e r  r in g -c o n  t r a c t  io n  method were a l s o  

ob ta in ed #  Thus, p a r a l l e l  w ith  th e  s e r i e s  o f ex p e rim en ts  

o u t l in e d  above, an a tte m p t was made to  p re p a re  th e  oxim ino 

compound (157) by t r e a t i n g  (152) w ith  b u ty l  n i t r i t e  and
“I <

sodium  m ethoxide* ? Beckmann rea rran g em en t of th e

c ru d e  p ro d u c t ,  fo llo w ed  by a lk a l in e  h y d r o ly s is ,  fu rn is h e d  

an  a c id ic  compound w hich was e s t e r i f i e d  w ith  diaaom ethane*

The in f r a r e d  spec trum  of t h i s  impure e s t e r  in  ca rb o n  

t e t r a c h l o r i d e  s o lu t io n  was i d e n t i c a l  w ith  th a t  of th e  k e to -  

d i e s t e r  (1 5 5 1 B *  Me)# The o v e r a l l  su c c e s s  of th e  

f u r f u r y l id e a e  method o f  r in g - c o n t r a o t io n ,  how ever, made 

th e  f u r t h e r  in v e s t ig a t io n  of t h i s  l a t t e r  ap p ro ach  un­

n ecessary #

W ith th e  p r e p a r a t io n  o f th e  m e th y la ted  n o r - s p i r o -  

d ik e to n e  (153) we came w ith in  one s ta g e  o f o u r  f i n a l  

o b je c tiv e *  As y e t ,  how ever, no a t te m p ts  have b een  made 

to  com plete  th e  s y n th e s is  a lth o u g h  m ethods o f in c o rp o ra t­

in g  th e  earboxym ethy l group in to  th e  m ethine p o s i t io n  o f 

th e  cy c lo p en tan o n e  r in g  have been  c o n s id e re d  in  d e ta i l#

We presum e t h a t  t h i s  co u ld  be acco m p lish ed  by th e  p re ­

l im in a ry  in t r o d u c t io n  o f  a  s u i t a b le  b lo c k in g  groUp3*0 1 t 3*15,1X6 

p r i o r  to  r e a c t io n  w ith  e th y l  b ro m o ace ta te  o r  i t s  e q u iv a le n t*  

Subsequent rem oval o f  th e  b lo c k in g  group and h y d ro ly s is  

o f  th e  e s t e r  f u n c t io n  would th e n  p ro v id e  th e  d e s i r e d  

d ik e to - a c id  (15)*  R e s o lu tio n , o f c o u rs e , would be
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r e q u ir e d  a t  some s u i t a b l e  s ta g e  l a  th e  s y n th e s i s .

We conclude t h i s  s e c t io n  on th e  s y n th e t ic  

ap p ro ach es to  g ib b e ro n e  w ith  an acco u n t o f some m is c e l la n ­

eous ex p e rim en ts  w hich were in te n d e d  to  le a d  d i r e c t l y  o r  

i n d i r e c t l y  t o  th e  indanone e s t e r  (1 3 2 ) . One o f th e  more 

c o n v e n tio n a l ways of b u i ld in g  th e  g ib b e ro n e  fram ew ork 

would seem to  in v o lv e  th e  i n i t i a l  p r e p a r a t io n  o f t h i s  

compound u s in g  4 -m e th y lin d a n - l-o n e  (122) a s  s t a r t i n g

m a te r ia l#  A M ichael r e a c t io n ,  u s in g  m ethyl v in y l  k e to n e
117 i tHo r  I t s  e q u iv a le n t*  # would th e n  be ex p e c ted  to  y ie ld  

th e  d ik e to - e s t e r  (129) and th e  rem a in d er o f th e  s y n th e s is  

would th e n  fo llo w  th e  l i n e s  a l re a d y  in d ic a te d #  T h is mode 

o f app ro ach  o cc u rred  to  us v e ry  e a r ly  in  o u r work s in c e  

i t  fo llo w ed  c lo s e ly  th e  s y n th e t ic  ro u te  o r i g i n a l l y  

en v isag e d  to  g ib b e r tc  a c id .  I t  was p e rh ap s  i n e v i t a b l e ,  

however* th a t*  due to  th e  su c c e ss  we e x p e rie n c e d  in  ou r 

o th e r  s y n th e t ic  scheme (v id e  i n f r a ) ,  v e ry  l i t t l e  e x p e r i­

m en ta l e f f o r t  was expended on t h i s  c o n v e n tio n a l r o u te .

D ire c t  a t te m p ts  to  in tro d u c e  a  ca rb e th o x y  group 

in to  (122), u s in g  e th y l  c h lo ro a c e ta te  and sodam ide o r  

sodium  m  cond en sin g  a g e n ts ,  p ro v id ed  u s  w ith  unchanged 

indanone# A s im i la r  f a i l u r e  to  in tro d u c e  t h i s  group 

d i r e c t l y  in to  th e  indanone e s t e r  (198; B * B t) (p#146) 

th e n  prom pted u s  to  c o n s id e r  i n d i r e c t  methods o f a c h ie v ­

in g  ou r o b je c tiv e *  I t  may be n o te d , how ever, t h a t  no
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a tte m p t was made t o  u t i l i s e  th e  e le g a n t  ©namin© method

o f  p re p a r in g  a lk y la t e d  c y c l ic  k e to n e s11^ s in c e  we f e l t

t h a t  o u r p re v io u s  f a i l u r e  to  p re p a re  th e  p y r r o l id in e  o r

m orpholine eaam ine o f  (153? E « E t)  (p .  146), and th e

r e p o r te d  g e n e ra l  f a i l u r e  o f in d an o aes t o  p ro v id e  th e s e  
120in te rm e d ia te s ,  made th e  p o s s i b i l i t y  o f su c c e s s  rem ote* 

R e c e n tly , how ever, Newman has d e v ise d  an e le g a n t  

p ro ced u re  f o r  p re p a r in g  2-oarboxym ethyl@ ne-o(«-tetral© ne 

(159) and h as a l lu d e d  to  i t s  g e n e ra l  a p p l i c a b i l i t y . 121 

In  p o in t  o f  f a c t ,  when th e  indanone (122) was t r e a t e d  w ith  

t a r t a r i c  a c id ,  i n  th e  p re se n ce  o f sodium  p e r io d a te ,  smooth 

co n v e rs io n  to  th e  c o rre sp o n d in g  earboxym ethylen©  d e r iv a t iv e  

(1 6 0 ; E m H) o c c u rre d . Subsequent c a t a l y t i c  hydro­

g e n a tio n  o f (160? R « H ), u s in g  5$ p a lla d iu m -c h a re o a l a s  

c a t a l y s t » fo llo w e d  by e s t e r i f i c a t i o n  o f  th e  n o n -k e to n ic  

a c id ic  p ro d u c t ,  f u rn is h e d  a  n e u t r a l  compound w hich was 

a s s ig n e d  th e  h y d ro x y -e s te r  s t r u c t u r e  (161 ; E » Me) on th e  

b a s i s  o f  i t s  u l t r a v i o l e t  ( A max 265 mu, £ 320) and i n f r a ­

re d  sp ec tru m  (3150 cm*1 , h y d ro x y l; 1720 cm*1 , e s t e r ) ,  

t h i s  was l a t e r  con firm ed  by e le m e n ta l a n a ly s is *  A ttem pts 

to  remove th e  u n s a tu ra te d  c e n tr e  in  (160; E * H) by 

p a r t i a l  h y d ro g e n a tio n  p ro v id ed  a  non-homogeneous p ro d u c t 

whose in f r a r e d  sp ec tru m  showed peaks a t  3500 cm*1 

(h y d ro x y l) ,  1760 cm*1 (w )( # - la c to n e )  and 1725 cm*1 

(c a rb o x y l and indanone ca rb o n y l)*  We c o n s id e re d , t h e r e -
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f o r e ,  t h a t  th e  p ro d u c t was a  m ix tu re  o f  th e  r e q u ir e d  k e to -  

a c id  (132 , 1 a* H) and th e  la c to n e  (162) d e r iv e d  from  th e  

c o m p le te ly  h y d ro g en a ted  h y d ro x y -ac id  ( I 6 l j  R = H )* That 

th e  m a jo r i ty  o f  th e  r e a c t io n  p ro d u c t c o n ta in e d  an  i n t a c t  

indanone c a rb o n y l group was con firm ed  by th e  weak 

I n t e n s i t y  o f th e  la c to n e  peak  and a l s o  by th e  c h a r a c te r ­

i s t i c  u l t r a v i o l e t  sp ec tru m  ( X ^  250 mut t  9850 and 

299 muy £ 1 ,8 4 0 ) .  A lthough  th e s e  a t te m p ts  to  ac h iev e  

p a r t i a l  h y d ro g en a tio n  seemed p ro m is in g , we d ec id ed  to  

i n v e s t ig a te  an  a l t e r n a t i v e  and l e s s  ambiguous means of 

s e l e c t i v e l y  re d u c in g  th e  u n s a tu ra te d  c e n tre *

Thus i t  o c c u rre d  to  u s  t h a t  th e  u n s a tu ra te d  k e to ­

a s t e r  (1 6 0 1 R a  Me) m ight w e ll  behave a s  a  I s  4 -d ic a rb o n y l 

compound and t h a t  r e d u c t io n  w ith  s in e  and a c e t i c  a c id ,  

(w id e ly  u se d  f o r  th e  c o n v e rs io n  o f e n e - l* 4 -d io n e s  t o  th e  

c o rre sp o n d in g  s a tu r a te d  1*4 - d ik e to n e s ) , would f u r n i s h  th e  

s a tu r a te d  k e t o - e s t e r  (132f E * Me)* U n fo r tu n a te ly , 

how ever, when (160$ R »  H) was t r e a t e d  w ith  diazom ethane 

a  n o n -a c id ic  c r y s t a l l i n e  m a te r ia l  was o b ta in e d  whose i n f r a ­

re d  spectrum  was s in g u la r ly  in c o n s i s te n t  w ith  th e  ex p e c te d  

s t r u c t u r e  (160$ 1  « Me)* S p e c i f i c a l l y  th e  spectrum  

f a i l e d  to  show s ig n s  o f th e  u n s a tu ra te d  l in k a g e  a lth o u g h  

th e  indanone ca rb o n y l and e s t e r  fu n c t io n s  ap p eared  to  be 

in ta c t*  f u r t h e r  c o n f irm a tio n  f o r  th e  p re se n c e  o f th e  

indanone c a rb o n y l was p ro v id e d  by th e  u l t r a v i o l e t  sp ec tru m
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( 2 6 0  mu, £  1 3 ,2 0 0  and 300 tm$ £- 2 ,5 8 0 ) w hich was
mA a

t y p i c a l  o f compounds b e lo n g in g  to  t h i s  c la s s * 100 Our 

f a i l u r e  to  o b ta in  th e  m ethyl e s t e r  o f (160* R «  Me) in  

t h i s  way was f i n a l l y  s u b s ta n t i a te d  by e le m e n ta l a n a ly s i s  

w hich a l lu d e d  to  a  more com plex s t r u c tu r e *

The s im p le s t  and most l o g i c a l  e x p la n a t io n  o f th e  

f a c t s  o u t l in e d  above can  be p ro v id e d  in  te rm s o f th e  

a l t e r n a t i v e  p y ra s o l in e  s t r u c t u r e s  (163* R * Me) and (164f 

S m Me)* I t  would seem , th e r e f o r e ,  t h a t  tre a tm e n t o f 

(1 6 0 1 K a* H) w ith  d iaaom ethane in v o lv e s  p re l im in a ry  

e s t e r i f i e a t i o n  fo llo w ed  by a d d i t io n  of d iaaom ethane a c ro s s  

th e  ene~ l#4~dione system * A co m p le te ly  ana lo g o u s r e a c t io n  

i s  th e  co n v e rs io n  o f e r d in  (165* R « H) o r  g eo d in  (165*

R «  Me) to  th e  p y ra a o l in e  (166)* F u r th e r  ex p e rim e n ta l

ev id en ce  w i l l  be r e q u ir e d ,  o f c o u rs e ,  b e fo re  a  f i n a l  ch o ice  

betw een  th e  s t r u c t u r e s  (163* R « Me) and (164* 1 * Me) can  

be made*

I t  may be n o te d , how ever, t h a t  ou r f a i l u r e  to  

o b ta in  th e  m ethy l e s t e r  (160* R m Me) d id  n o t in v a l id a te  

th e  p r o je c te d  r e d u c t io n  o f th e  l a t t e r  w ith  s in e  and a c e t i c  

ac id *  On th e  c o n t r a r y ,  th e  f a c t  t h a t  th e  u n s a tu ra te d  

fc e to -a c id  (160* R * H) behaved a s  an  e n e - l ;4 ~ d io n e  in  th e  

above r e a c t io n  augured  w e ll f o r  th e  su c c e s s  o f  th e  

r e d u c t iv e  s te p *  The d i f f i c u l t i e s  a s s o c ia te d  w ith  th e  u se  

o f d iasom ethane co u ld  o b v io u s ly  be removed by F is c h e r - S p e i r



e s t e r i f  l e a t i e n  and f u r t h e r  work in  t h i s  d i r e c t i o n  i s  

a n t ic ip a te d *  A l te r n a t iv e ly  i t  may be p o s s ib le  to  reduce  

th e  f r e e  a c id  (160 ; R »  H) w ith  s in e  and a c e t i c  ac id *

In  a d d i t io n ,  many o f th e  s y n th e t ic  m ethods a v a i l ­

a b le  l a  th e  l i t e r a t u r e 121 f 12* f o r  th e  in t r o d u c t io n  o f  a  

carbom ethoxym ethyl f u n c t io n  in to  th e  2 - p o s i t io n  o f  c y c l ic  

k e to n e s  rem ain  to  be in v e s t ig a te d *
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( t )  S y n th e tic  A pproaches to  G ib b erio  A cid

The c lo s e  s t r u c t u r a l  s i m i l a r i t y  o f g ib b e r ic  a c id  

(1 ) and g ib b e ro n e  (12) le a d s  one to  th e  obvious c o n c lu s io n  

t h a t  th e  problem s p re s e n te d  by th e  s y n th e s is  o f e i t h e r  of 

th e s e  compounds a r e ,  f o r  th e  most p a r t ,  common# I t  would 

seem, th e r e f o r e ,  t h a t  th e  id e a s  on w hich th e  main 

s y n th e t ic  ro u te  to  g ib b e ro n e  was based  (p# 89) would be 

a p p l ic a b le  w ith  s c a n t  m o d if ic a t io n  to  th e  s y n th e s is  o f 

g ib b e r ic  ac id #  H i s t o r i c a l l y ,  how ever, o u r in v e s t ig a t io n s  

in to  s y n th e t ic  ap p ro ach es to  g ib b e r ic  a c id  were c a r r i e d  

o u t p r i o r  to  o u r i n t e r e s t  in  a  s y n th e s is  o f g ib b e ro n e  and 

th u s  th e  s y n th e t ic  ap p ro ach es o u t l in e d  below  b e a r  l i t t l e  

r e l a t io n s h ip  to  th o se  in  s e c t io n  1 (p# 89)#

A lthough s e v e r a l  d i f f e r e n t  s y n th e t ic  r o u te s  to  

g ib b e r ic  a c id  have b een  in v e s t ig a te d  we s h a l l ,  f o r  th e  

p u rp o se  o f c l a r i t y ,  c o n f in e  o u rs e lv e s  to  th e  two main 

l i n e s  o f  ap p ro ach  on w hich th e  m a jo r i ty  o f  o u r  p r a c t i c a l  

work h as  been  based# These a r e  named a r b i t r a r i l y  a s  

follow®***

A* Coumarin ro u te*

B# Indanone ro u te#

Each o f th e s e  a r e  d e a l t  w ith  in  th e  seq u el#

A* The b a s ic  id e a  o f t h i s  ro u te  was th e  s y n th e s is

o f a  s u i t a b ly  s u b s t i t u t e d  coum arin  w h ich , on a lk a l in e  

c le av a g e  and su b seq u en t c y c l i s a t i o n ,  would f u r n i s h  a
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t r i c y c l i c  in te rm e d ia te  c a p ab le  o f f u r t h e r  e la b o ra tio n *

On© o f th e  most e le g a n t m ethods o f p re p a r in g  coum arin# 

c o n s i s t s  o f a llo w in g  phenol#  to  r e a c t  w ith  p  - k e to - e s t e r s  

u n d e r s t r o n g ly  a c id ic  c o n d i t io n s  (Eechmann r e a c t i o n ) , i 2 5-128 

A cc o rd in g ly , y - c a r b o x y /  -m e th y l-p im e lic  a c id  ( 1 6 7 ) ^ ^  

was p re p a re d  and i t s  t r im e th y l  e s t e r ,  on e y c l i s a t i o n  w ith  

sodium  h y d rid e  in  e th e r 130 a t  0°C*, f u rn is h e d  2 ?4 -d ic a rb o ~  

methoxy-4~me t  h y lc y c lo  hexanone ( 1 6 8 ) ^ ^  w hich was u sed  

w ith o u t p u r i f i c a t io n *  T reatm ent o f (168) w ith  p ~ c re s o l 

i n  th e  p re se n ce  o f 80$ (v /v )  s u lp h u r ic  a c id  a t  room 

te m p e ra tu re  a f fo rd e d  a  c o lo u r le s s  c r y s t a l l i n e  compound 

whose u l t r a v i o l e t  sp ec tru m  ( \  im x  275 mu, £ 10 ,025  and 

318 mu, e 6 ,1 3 0 ) e x h ib i te d  th e  c h a r a c t e r i s t i c  a b s o rp t io n  

bands n o rm ally  a s s o c ia te d  w ith  eouinariae t 2*31,132 coum arin  

I t s e l f  e x h ib i t s  a b s o rp t io n  bands a t  278 mu (£  1 0 ,5 0 0 ) and 

310 m i (6 6 ,0 0 0 ) in  th e  u l t r a v i o l e t C o n s e q u e n t l y ,  we 

a s s ig n e d  th e  s t r u c t u r e  (169; 1 * Me) to  t h i s  p ro d u c t and 

t h i s  was con firm ed  by e le m e n ta l a n a ly s is #  C leavage of 

(1 6 9 | E *  Me) w ith  d im e th y l s u lp h a te  and a l k a l i ^ *  

r e s u l t e d  in  th e  fo rm a tio n  o f th e  u n s a tu ra te d  m ethoxy- 

d ia c id  (170) whose u l t r a v i o l e t  sp ec tru m  ( X mnY 285-288 mu,

£  2 ,5 3 0 ) d id  n o t e x h ib i t  th e  norm al s ty re n e  a b s o rp t io n  

bands* T h is i n i t i a l l y  s u r p r i s in g  f a c t ,  how ever, i s  no t 

w ith o u t p re c e d e n t s in c e  th e  anom alous u l t r a v i o l e t  s p e c t r a  

o f  compounds p o s s e s s in g  th e  s ty re n e  chrom ophore in  a
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s im i l a r  environm ent have been  r e p o r te d  in  th e  l i t e r a t u r e

C a r l in  has p ro v id ed  ev id en ce  w hich su g g e s ts  t h a t  th e  

anom aly i s  due to  s t e r i e  i n h ib i t i o n  o f U - e l e c t r o n  

o v e rla p

At t h i s  ju n c tu re  i t  was hoped t h a t  c y c l i s a t i o n  of 

(X 70)« w ith  co n co m itan t double s h i f t*  would p ro v id e  U3 

w ith  th e  d e s i r e d  te tra h y d ro f lu o re n o n e  (171)* However, 

tr e a tm e n t o f (170) w ith  e i t h e r  c o n c e n tra te d  s u lp h u r ic  a c id  

o r  p o ly p h o ep h o ric  a c id  m erely  y ie ld e d  th e  coum aria  a c id  

(1 6 9 i 8 »  H)* F u r th e r  c o n f irm a tio n  f o r  t h i s  l a t t e r  

s t r u c t u r e  vras p ro v id e d  by th e  f a c t  t h a t  an  i d e n t i c a l  

p ro d u c t was o b ta in e d  by sim ple a lk a l in e  h y d ro ly s is  o f th e  

ooum & rinvestor {169$ B « M e). A nalogous in s ta n c e s  a re  

known o f s u i t a b ly  s u b s t i tu t e d  u n s a tu ra te d  m eth o x y -ac id s 

u n d erg o in g  t h i s  somewhat u n u su a l co n v e rs io n  to  a  coum aria 

w ith  e l im in a t io n  o f m e th an o l.136*137 An a tte m p t was a ls o  

made to  ey c lis©  th e  u n s a tu ra te d  d ia c id  (170) v ia  i t s  

a n h y d r id e . T reatm ent o f (170) w ith  a c e t i c  a n h y d r id e /  

a c e t i c  a c id  fu rn is h e d  a  crude p ro d u c t whose in f r a r e d  

sp ec tru m  c o n ta in e d  th e  c h a r a c t e r i s t i c  tw in  an h y d rid e  

p eak s (1810 cm” 1 , 1725 cm- 1 ) .  The doub le  bond s h i f t  

a s s o c ia te d  w ith  th e  fo rm a tio n  o f t h i s  an h y d rid e  i s  o f 

co u rse  n e c e s s i ta t e d  by B re d t#s r u le  and i s  ana logous to  th e  

c o n v e rs io n  o f (1 7 2 ) , (173) and (174) to  th e  an h y d rid e  

( 1 7 5 ) At t empt ed F r ie d e l - C r a f t s  c y c l l s a t i o n  of th e
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a n h y d rid e  (176) u s in g  s ta n n ic  c h l o r id e , how ever, f a i l e d

to  y i e l d  th e  d e s i r e d  k e to -a c id  (171)* In s te a d  t h i s  

mode o f o y c l l s a f io n  a g a in  p ro v id ed  u s  w ith  th e  coum arin­

a c id  (169; E a  H).

S ince  th e  double bond l a  th e  a l i c y c l i c  r in g  o f  

(170) was assum ed to  be a  m ajor c o n t r ib u to ry  f a c t o r  in  

d i r e c t in g  th e  above c y e l ia a t io n s  tow ards th e  ceum arin  

r a t h e r  th a n  th e  te tr a h y d ro f lu o re n o a e  (171)# i t  was d ec id ed  

t h a t  re d u c t iv e  rem oval o f t h i s  te t r a s u b a  t i t r a te d  double 

bond was e s s e n t i a l*  U n fo r tu n a te ly  c a t a l y t i c  hydro­

g e n a tio n  u s in g  Adams1 c a t a l y s t  w ith  e th y l  a c e t a t e , a c e t i c  

a c id  o r  e th a n o l a s  s o lv e n t ,  f a i l e d  —  a  f a c t  no t w ith o u t 

p re c e d e n t in  s im i la r  compounds. L oew an thal, fa c e d  w ith  

t h i s  same d i f f i c u l t y  in  th e  ca se  o f th e  u n s a tu ra te d  a c id

(177)#  r e v e r te d  to  th e  r e d u c t iv e  te c h n iq u e  o f l i t h iu m /
136l i q u i d  ammonia w ith  c o n s id e ra b le  su ccess*  T h is

prom pted u s ,  t h e r e f o r e ,  to  a tte m p t th e  same te c h n iq u e  on 

(170)*  As a  r e s u l t  o f  t h i s  a  compound was i s o l a t e d  whose 

m e ltin g  p o in t  was d e p re sse d  by adm ix tu re  w ith  s t a r t i n g  

m a te r ia l  o r  w ith  th e  co u m arin -ac id  (1 6 9 ; B «# H ). The 

S t ru c tu r e  (173) was a s s ig n e d  to  t h i s  p ro d u c t on th e  b a s i s  

o f s p e c t r a l  p r o p e r t i e s  ( ^  ^  1710 c u f^ , ca rb o x y l i X max 

£$® mu# £ 2*300) and e le m e n ta l a n a ly s i s .

W ith th e  p r e p a r a t io n  o f (178) and th e  co nsequen t 

rem oval o f any p o s s i b i l i t y  of coum arin  fo rm a tio n  a  s e r i e s
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o f m ean ingfu l c y c l i s a t i o n s  co u ld  now be u ndertaken*  Un­

f o r tu n a t e ly ,  how ever, ou r a t te m p ts  to  c y c l i s e  (178) u s in g  

e i t h e r  c o n c e n tra te d  s u lp h u r ic  a c id  o r  p o ly p h o sp h o ric  a c id  

a s  c y c lo d e h y d ra tin g  a g e n ts ,  f a i l e d .  T h is  f a i l u r e  i s  no t 

a l to g e th e r  s u r p r i s in g ,  how ever, when one c o n s id e r s  t h a t  

s im i la r  c y c l i s a t i o n s ,  in v o lv in g  e l e c t r o p h i l i c  a t t a c k  

© eta to  a  m ethoxyl g ro u p , have p roved  d i f f i c u l t  to  a c h ie v e , 

e#g* p> -p h e n y lp ro p io n ic  a c id  (179) can  be e y c l is e d  to  

(180) in  73$ y ie ld  w h ile , u n d er th e  same c o n d i t io n s ,  th e  

y i e l d  f o r  th e  c o n v e rs io n  o f th e  p -m eth o x y -ac id  (181) to  

(162) i a  o n ly  3£»139

At t h i s  s ta g e  wo abandoned o u r e f f o r t s  t o  o b ta in  

a  s u i t a b l e  t r i c y c l i c  in te rm e d ia te  v ia  coum arin -type  

compounds. I t  may be no ted  t h a t ,  in  a d d i t io n  to  th e  

u n d e s ira b le  e l e c t r o n ic  e f f e c t s  a s s o c ia te d  w ith  th e  m ethoxyl 

group (v id e  i n f r a ) ,  th e  e v e n tu a l p re se n c e  o f  t h i s  group 

i n  th e  f i n a l  p ro d u c t and th e  p o s s ib le  d i f f i c u l t i e s  

a s s o c ia te d  w ith  i t s  rem oval were o th e r  fu n d am en ta l o b je c t ­

io n s  to  t h i s  s y n th e t ic  approach*

B* As th e  name im p l ie s ,  th e  b a s ic  theme o f t h i s

s y n th e t ic  ap p ro ach  to  g ib b e r ic  a c id  (1 ) in v o lv e d  th e  p re ­

l im in a ry  p r e p a r a t io n  o f  a  s u i t a b ly  s u b s t i t u t e d  indanone*

We c o n s id e re d  t h a t  3 -c a rb e th o 2 y ~ 4 -a e th y lin d a n - l-o n e  (158$

R *  E t)  would be em in en tly  s u i t a b le  in  t h i s  r e s p e c t  s in c e
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t^th,

i t  c o n ta in e d  th e  e s s e n t i a l  f e a tu r e s  o f  r in g s  A and B o f 

g ib b e r ic  ac id*  In  a d d i t io n  th e  p re se n ce  o f an  a c t iv e  

m ethylene group a t  re n d e re d  (158$ H a l t )  p o t e n t i a l l y  

c a p ab le  o f f u r t h e r  e la b o r a t io n .  The p r e p a r a t iv e  ro u te  

w hich was d e v ise d  to  t h i s  compound i s  d e s c r ib e d  in  th e  

sscguel.

1 1 ^ a d d i t i o n  o f th e  g r ig n a rd  r e a g e n t ,  p re p a re d  

from  o -b ro m o to lu en e , t o  t e t r a e t h y l  e th y le n e  t e t r a -  

c a rb o x y la te  { l8 3 ) i ^ , i ^  r e s u l t e d  in  th e  fo rm a tio n  o f  th e  

f e t r a - e s t e r  (184 ; B « I t )  w hich , on a lk a l in e  h y d ro ly s is  

and th e rm a l d e c a rb o x y la t io n , a f fo rd e d  o - to ly l s u c c in ic  

a c id  (185)# Subsequen t c y c lo d e h y d ra tio n  o f (185) w ith  

p o ly p h o sp h o ria  a c id  a t  140@C. y ie ld e d  a  m ix tu re  o f 

s t a r t i n g  m a te r ia l  and th e  d e s i r e d  in d a n o n e -ac id  (158 ;

B m fi) ( mAy. 1720 cm**1 , indanone $ 1690 cm-*1 , c a rb o x y l * 

250 mu, £  1 0 ,040  and 295 mu, £  1»930) w hich were 

s e p a ra te d  by s i l i c a  chrom atography . The o v e r a l l  y i e ld  

o f  (158$ B * H) in  th e  o y c l i s a t io n  s ta g e  was 44$ and 

a t te m p ts  to  augment t h i s  by th e  a l t e r n a t i v e  u se  o f 

hydrogen  f lu o r id e  o r  c o n c e n tra te d  s u lp h u r ic  a c id  a s  eye lo ­

de h y d ra tin g  a g e n ts ,  met w ith  f a i l u r e .  The e th y l  e s t e r  

(158$ B « I t )  was p re p a re d  in  th e  u s u a l  way. I t  may be 

n o ted  t h a t  a l th o u g h  th e  s u b s t i tu t e d  s u c c in ic  a c id  (185) 

r e a d i ly  form ed an  an h y d rid e  (186) no a tte m p t was made to  

u t i l i s e  t h i s  in te rm e d ia te  f o r  th e  p r e p a r a t io n  o f th e
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indanone-acid (158? 1 »  B )* The analogous conversion of 

the anhydride (107) to  (188) in. 6 6 $  yield****2 augured w ell 

fo r  the success of th is  mode of preparation hut i t  was 

f e l t  that the overa ll y ie ld  in  th is  two-step process could 

not he expected to exceed 44$* Since the termination of 

th is  work, however, an in terestin g  paper has appeared 

purporting to  a new route to indanones of th is  general 

t y p e . t h i s  would seem to  ind icate that the conversion  

of 4-m ethylindan-l-one (122) to  (158 f H « H) could he 

achieved with l i t t l e  d if f  icu lty# Further work on th is  

p o s s ib i l i ty  i s  anticipated#

Although the above method of preparing the 

indanone-ester (1531 E * I t )  was laborious on a large  

s c a le , several p ossib le  routes to  the te tr a c y c lic  system  

of gihheric acid were investigated# The most convention­

a l  and straightforward of these syn th etic  approaches 

envisaged the in i t ia l  preparation of the k eto -d iester  (120) 

from which, i t  was hoped, the important t r ic y c l ic  in ter ­

mediate (139) could be obtained by the well-known Robinson 

aanelatlon  react ion t ̂ 7 ,1 1 3  tJnsuccessful attempts to  

prepare (120) by treatment of (1581 R * I t )  with eth y l 

bromoacetate in  the presence of sodamide or sodium 

ethoxide as condensing agents, however, soon prompted us 

to  consider Indirect method® of achieving our objective#

Of th ese , the elegant enamine method of preparing
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alkylated  c y c lic  k e t o n e s 3 seemed the most promising,

Oaoe again, however, our e ffo r ts  were thwarted by the 

fa ilu r e  of (15®; R » St) to  form e ith er  a morpholine or 

pyrrolid ine enamine# This rather surprising re su lt has 

a lso  been experienced by Stork and h is  co-workers who 

have recen tly  obtained (120) by an independent route # ^

I t  has a lso  been claimed that tndanones In general f a i l
120to  form enamine derivatives#

Although we had by no means exhausted the many 

methods availab le in  the lite r a tu r e  for  the introduction  

of a carboalkoxy&ethyl group in to  the 2 -p ositio n  of cycli©  

k e t o n e s , #124 fa ilu r e  of the attempts described

above led  us to  consider the preparation of d erivatives of 

the indanone-ester (158; E » Et) which would possess  

enhanced r e a c t ir ity  at Og. An attempt was therefore made 

to  prepare the hydroxymethylene compound (190) by trea tin g  

(15®; 1  * Et) with ethy l formate and sodium ethoxide#2^*^0* 

fhe crude reaction  product, which re s is te d  our attempts 

at c r y s ta llis a t io n , was assigned the structure (190) on 

the b a sis  of i t s  ch a ra c ter istic  Infrared spectrum 

(1730 cmT f̂ ester ; 1670 csT3" 1630 em"^, p  -d iketone) * The 

en o lic  nature o f th is  product was a lso  conf irmed by a 

p o s it iv e  fe r r ic  chloride colour t e s t  and by i t s  a b i l i ty  

to  give a complex with saturated cupric acetate solution#  

Unfortunately, the attempted C -alkylation  of (190) using
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eth y l bromoacetate and sodium e th o x id e  fa ile d  to  y ie ld  the

required product (191)* C~alkylation of -d iketones

using methyl iodide***^ or propargyl bromide^** are w e ll-

known reactions hut i t  i s  in terestin g  to  note that

O -alkylatioa predominates when eth y l or propyl bromide i s

The la t t e r  compound^ lik e  eth y l bromo-

a ce ta te , react by an B ^ 2  mechanism and th is  may con stitu te

a p ossib le  explanation fo r  the fa ilu r e  of our a lk y la tion

experiment* I t  may be noted that a su ccessfu l synthesis

of (191) would haw© enabled us to  obtain (120) by base-

catalysed  renew al o f the fo n a y l g r o u p . A l t e r n a t i v e l y ,

condensation of (191) with acetoacetic  e s te r , in  a manner

reminiscent of that employed in  syn th etic  stero id a l

w ork,*^ could hawe provided u© with the h ighly important

compound (192)*

fhe fa ilu r e  of these attempts to  prepare (120)

and the appearance, a t th is  tim e, of an in terestin g  paper

by Hewman on the preparation of h ie y c lic  compounds from
105monocyclic ^-diketoaes  ̂ led  us to  consider an a ltern ative  

syn th etic  approach* This envisaged the preparation of 

the ethoxalyl d erivative (193) follow ed by Michael 

addition  of methyl v in y l ketone (or i t s  Mannich base) to  

y ie ld  (194) or i t s  rin g-closed  product (195)* Accordingly, 

the indanone-ester (1581 B » £ t) was treated  with d ieth y l 

oxalate and sodium methoxide and a smooth conversion to
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(193) ach ieved#  U n fo r tu n a te ly , from  o u r a t te m p ts  to

prepare the Michael addition  product (194) only sta r tin g  

could he isolated# I t  i s  in terestin g  to  note, however, 

that even i f  a su ccessfu l synthesis of (194) had been 

achieved i t s  ring closure to  (195) was questionable when 

cue considers that the analogous c y e lisa tio n  of (196) to  

(1 f t )  was only rea lised  at the expense of the elim ination  

of the ethoxalyl fu n ction #^ 1®

It  i s  perhaps relevant at th is  stage to  describe 

sm s preliminary enquiries which were undertaken a t a 

m m h  la te r  date as a d irect re su lt of our in vestiga tion s  

in to  the syn th etic  approaches to  gibberone# T h e  general 

V alid ity  of the main synthetic scheme outlined in  th is  

la t t e r  section  (p . 89 ) seemed th e o r e tic a lly  p ossib le

and thus we envisaged a syn th esis of gibberic acid  which 

was b a s ic a lly  Id en tica l to  that described fo r  gibberone 

except with respect to sta rtin g  material# The indanone 

e s te r  (156; 1 * I t )  seemed e sp e c ia lly  su ited  fo r  th is  

la t t e r  purpose#

In the event, an attempt to achieve dicyaao- 

eth y la tion  of (158 i E « Bt) resu lted  in  the iso la t io n  of 

a crude reaction  product, the infrared spectrum of which 

exh ib ited  the expected n it r i le  absorption band at 2250 ceT'K 

Subsequent a lk a lin e hydrolysis of th is  crude reaction  

product, followed by s i l i c a  chromatography of the d eid ic
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mixture obtained, y ie ld ed  the c r y s ta llin e  indanone acid

(158 > R » H) and an acid ic  o i l  which re s is ted  our attempts 

c a t t a i l  is a t  ion* fhe la t t e r  m aterial, on e s te r if ic a t io n

with diazomethane, furnished aa e s te r  which a lso  fa ile d  

kb c r y s ta llise *  Chromatography of th is  e s t e r i f  led  

product on a lm ia a  follow ed by short-path d is t i l la t io n  

under reduced pressure, y ielded  a co lou rless o i l  which 

was assigned the structure (198) on the b asis  of i t s  

infrared spectrum (1735 csT1 , ester? 1715 cm"*1 , indanone 

©axhonyl) and elem ental analysis# We f e e l  confident 

that the rather low y ie ld  experienced in  the cysnoethyl- 

at ion step could he overcome by su itab le  m odification of 

the reaction  conditions# Although further experimental 

work has s t i l l  to  he undertaken on th is  syn th etic  approach 

the iso la t io n  of (198) seems to  substantiate i t s  general 

v a lid ity *  fhe remainder of the syn th esis would, of 

00Utse* fo llow  the l in e s  previously indicated in  sec tio n  1 

(p# 89)*

I t  i s  a lso  anticipated  that further experimental 

Off art w il l  be expended on a su ita b le  preparation of the 

k eto -d iester  (120) since many relevant syn th etic  id eas, 

reported in  the l ite r a tu r e , have yet to  he tested#



f i l ls  was obtained in  75# y ie ld  by the method 

described by Bachmann.^

fbe fo llow in g m odifications were made to  the 

method previously reported*^  A so lu tio n  ©f ©-methyl*- 

cinnamic acid  (20 g .)  In 10# sodium hydroxide (120 ml.)  

containing 5# palladium-charcoal (3 g*) was hydrogenated 

u n t il  the th eo re tica l amount of hydrogen had been absorbed 

( t  hours). F iltr a t io n , follow ed by a c id if ic a t io n  of the 

cold  f i l t r a t e  w ith d ilu te  hydrochloric acid* y ielded  a 

white so lid  which was f i l t e r e d  o ff  and dried* C r y s ta llis -  

at ion from petroleum ether (b*p. 60-80°) y ielded  colour­

l e s s  p la tes  (1**5 g . f SI#) m*p* 1O2~104°C* ( l i t *  m .p.l04°C.) 

4—Met hvl indaa—l- o  ne (122)

fh ls  was obtained by m odification of the method 

previously  described*^  A mixture of o-methyldihydro- 

oinnamic acid (8 g*> and polyphosphoric acid  (150 g .)  was 

s tir r ed  vigourously fo r  three hours at 100°0* The viscous  

red syrup which resu lted  was added, with s t ir r in g , to  iced  

water (400 ml*) and a yellow  so lid  precip itated* The 

aqueous mixture was extracted  with benzene and ether and 

the organic ex tracts  washed with sodium bicarbonate



so lu tio n , water and dried (MgSO^). Evaporation of the 

so lren t yielded a exude yellow so lid  which, on c r y s ta l l i s ­

a tion  from petroleum ether (b.p.  60-80°C.) ,  gaye (122)

(5*5 g . ,  79$) as pale yellow prisms m.p. 98-101°0. ( l i t .  

»*». 960, 87 99-100°,90 103-104°C.88) .

M to - d ia q ld  (123, S « 8)

A crylon itrile  (2.2 g . )  was added slow ly, at room 

temperature, to  a stirred  solution  of the Indanone (122) 

i l  | » )  and Triton B (300 mg.) in  dry benzene (30 ml . ) .  

S tirr in g  was continued for  16 hours and the deep brown 

benzene so lu tion  was then washed with water* Evaporation 

furnished a viscous o i l  which was refluxed fo r  6 hours 

with 10$ potassium hydroxide so lu tion  (100 m l . ) • The 

a lk a lin e so lu tion  was cooled, f i l t e r e d , and extracted with 

benzene. A cid ifica tion  of the ice-co ld  aqueous layer  

yield ed  an off-w hite so lid  which was co llec ted  by 

f i l t r a t io n  and dried (4.5 g», 75$) . C rysta llisa tion  from 

hot water gave (123? 1 * 1 )  as co lou rless p la tes  m.p. 160-

164°0. (round* C, 65.98; H, 6.235 S A f i S  rC(lutr08 

0» 66*19; I* 6 .25) .  2he iafx-ared apectrum (rnxjol)
—1showed peaks a t 1720 cm ( indanone carbonyl) and 1700 cm 

(carb oxyl).
The d ieth y l ester  (123? 1 * Et) was obtained in  

the way as a viscous o i l  and was used without

p urification* The infrared spectrum showed bands at



/S7.

i m - m f r - a n d  m s  « k * M ia !M M »  M urtonyl).

«»ksto~ester (124)

!?h© crude keto^diester (123? B * I t )  (21*6 g*) 

was aided dropwise, over one hour, to a stirred  and gen tly  

refluxin g  mixture of sodium sand (1.44 g*) and dry benzene 

&7S M i ) #  S tirrin g  and refluxing was maintained fo r  a 

further I f  hours* fhe orange reaction  mixture was then 

cooled and shaken with Ice-cold  d ilu te  hydrochloric acid* 

Jitter separating the benzene la y er , the aqueous layer was 

extracted with ether and the organic ex tracts combined, 

washed with sodium bicarbonate so lu tio n , water and dried  

(MgSO^) * Evaporation of the solvent yielded  a yellow  

so lid  which was d issolved  in  a minimum amount of ethanol, 

b o iled  with charcoal, and f iltered *  On coolin g , the 

ethanolic so lu tion  deposited co lou rless needles (11*2 g«) 

m*jM lff-133°§*  A further crop (2 g .)  was obtained by 

concentration of the so lu tion  and the addition of a small 

quantity o f water* f e ta l  y ie ld , 13*2 g«, 70^* He- 

c r y s ta llis a t io n  from 95$ ethanol gave (124) as co lou rless  

needles sup* 131~133°C* (Found* 0 , 71*78| H, 6*84f 

O|glj00^ requires 0 , 71*98i  H, 6.71)* fhe infrared  

spectrum (carbon tetrach loride) showed peaks at 1720 cm ^

(s )  (e s te r  and indanone carbonyl), 1670 cm-*1 (s )  (chelated  

ester carbonyl) and 1615 cm-*1 (w) (enol double bond) while 

the u ltr a v io le t  spectrum exhibited absorption maxima at



£S©*€5# m  {£ m*$m) and 295*300 m  (£ 3*O80)*

A m ix tu re  ©f th e  spir©-y3 - k a t o - e s t e r  (124) (10 g . ) ,

g l a c i a l  a c e t i c  a c id  (40 m l*), c o n c e n tra te d  h y d ro c h lo r ic  

a c id  (10 ml#) ,  and w a te r  (6 m l.)  was re  f lu x e d , u n d er 

n itro g e n #  f o r  5 hours* The co o led  s o lu t io n  was added# 

w ith  s t i r r i n g #  to  ic e  and w a te r (150 ml*) and th e  w h ite

s o l i d  o b ta in e d  removed by f i l t r a t i o n  and d r ie d  (7 g ., 92$).
C r y s t a l l i s a t I o n  from  aqueous e th a n o l  gave c o lo u r le s s  p rism a 

n.p, 123-126®C, (Found! 0, ?9 . l 8 j H, 7*195 
r e q u ir e d  0# 78*92! 1# 7*06)* The I n f r a r e d  spectrum

(c a rb o n  t e t r a c h lo r id e )  had a  peak  a t  1720 cm~^ (b ro ad ) 

(superim posed  indanone and cyclohexanone) and th e  u l t r a ­

v i o l e t  spectrum  showed bands a t  250^255 mu (6 12 #700) and 
t f 8  mu (£ 2 ,410)<

S o iro - d io l  (126)

Methylmagnesium brom ide was made by ad d in g  a  

s o lu t io n  o f m ethyl brom ide (20 m l.)  in  d ry  e t h e r  (25 m l.)  

t o  a  s t i r r e d  m ix tu re  o f magnesium tu rn in g s  (2  g») and d ry  

e t h e r  (10 ml*)* A ir  was excluded  from  th e  r e a c t io n  

v e s s e l  by a  slow  s tream  of n i tro g e n  and th e  lo s s  o f m ethyl 

brom ide was p re v e n te d  by u s in g  a  m e th a n o l-d r lk o ld  con­

d e n s e r  ( f i t t e d  w ith  a  s i l i c a  g e l  tu b e  to  exc lude  m o is tu re ) .  

A f te r  chang ing  to  a  w a te r  co n d en se r, a  s o lu t io n  o f crude  

e p i r e -d ik e te a e  (125) (4*6 g .)  i n  50$ e th e r - te t r a h y d r o f u r a n



t s i .

(AGO m l.)  was added dropw ise to  th e  s t i r r e d  and g e n t ly  

r e f lu x in g  G rignard  reag en t*  R e flu x in g  and s t i r r i n g  was 

co n tin u ed  f o r  3 hours a f t e r  which tim e th e  Grrignard 

com plex was decomposed by c a r e f u l  a d d i t io n  o f s a tu r a te d  

am en tum  c h lo r id e  s o lu t io n  (80 ml*)* The o rg an ic  l a y e r  

and th e  e th e r  w ashings of th e  aqueous l a y e r  were washed 

w ith  w a te r an# d ried *  Removal of th e  s o lv e n t  gave (126) 

a s  a  c o lo u r le s s  gum (5*1 g*, 97$) w hich was u sed  w ith o u t 

p u r i f i c a t io n *  The in f r a re d  spectrum  ( f i lm )  showed peaks 

a t  3400 eoT1 (e ) (b ro a d )(h y d ro x y l)  and 1600 cbT* (a ro m a tic )  

w h ile  th e  u l t r a v i o l e t  spectrum  had an a b s o rp tio n  maximum 

a t  265 m  (£  430)*

S n iro -d ie n e  (117)

A s o lu t io n  of th e  c ru d e  d i d  (126) (5*1 g*) in  

d ry  beanene (150 ml*) c o n ta in in g  p-toluene-sulphonie acid 
(400  mg*) was re f lu x e d  f o r  3 ho u rs in  a  Dean and Stark 
ap p a ra tu s*  The deep re d  benzene s o lu t io n  was cooled, 
washed w ith  sodium  b ic a rb o n a te  s o lu t io n ,  water and dried 
(ifeSOj)* Removal o f th e  s o lv e n t u n d er reduced  p re s s u re  

yielded a brown semisolid ( 4 .3  g .«  97£) which was 
chromatographed on alumina (grade 111). Elution with 
petroleum ether (60-80°) gave (127) as a white solid  
(2.3 g ., 6**) w hich on c r y s t a l l i s a t i o n  from  p e tro leu m  

ether (h.p. 60-80°) furnished w hite  prisms m.p. 67-69°C. 
(Founds C, 90.67} H, 9.20} requires C, 91.01}



H, 8*99)* The in f r a r e d  spectrum  (ca rb o n  t e t r a c h lo r id e )

showed peaks a t  1635 cm ^ (s ty re n e  doub le bond) and 
—1

1600 cm (a ro m a tic )  w h ile  th e  u l t r a v i o l e t  spectrum  

e x h ib i te d  bands a t  255 mu (£  1 5 ,5 0 0 ) , 290 mu ( t  3 ,9 4 0 ) ,  

and 300 mu (£  3 ,5 2 0 ) .

Anomalous d e h y d ra tio n  o f th e  d i d  (126)

A s o lu t io n  o f th e  crude d i d  (126) (6 .5  g . )  in  d ry  

benzene (150 m l .) c o n ta in in g  p - to lu e n e -s u lp h o n ic  a c id  

(50  mg.) was r e f lu x e d  f o r  4 hou rs in  Bean and S ta rk  

a p p a ra tu s ,  The y e llo w  benzene s o lu t io n  w hich r e s u l t e d  was 

worked up in  th e  manner d e sc r ib e d  above and y ie ld e d  a  

y e llo w  gum (5 .2  g . )  whose I n f r a r e d  spectrum  ( f i lm )  showed 

p eak s a t  3300 cm~^ (h y d ro x y l) , 1630 cmT1 ( s ty re n e  double 

b o n d ) , and 1600 cm~^ ( a ro m a tic ) .  B e -tre a tm e n t o f  th e  

y e llo w  gum w ith  p - to lu e n e -s u lp h o n ic  a c id  (1  g . )  u n d er th e  

c o n d itio n s  d e s c r ib e d  above, b u t u s in g  a  s h o r t e r  r e f lu x  

tim e  (2  h o u rs ) ,  fu rn is h e d  a  brown gum w hich was chrom ato­

g rap h ed  on alum ina (g rad e  1 1 1 ) . E lu t io n  w ith  p e tro leu m  

e t h e r  ( b .p .  60 -80°) gave a  c o lo u r le s s  v isc o u s  o i l  w hich 

f a i l e d  to  c r y s t a l l i s e ,  The in f r a r e d  spectrum  showed a  

peak  a t  1600 c b T 1  (a ro m a tic )  w h ile  th e  in f r a r e d  spectrum  

p o sse s se d  bands a t  25T mu (£- 3 ,1 8 0 ) , 290 mu (£ .8 1 0 ) ,  and 

300 mu ( £  6 9 5 ).

B ik e to - e s t e r  (1298 I  «  h s l

A slow  s tream  of ozone was p assed  th ro u g h  a



• e l u t i o n .o f  th e  d ien e  (127) ( l  g . )  in  a a a la r  e th y l  a c e ta te  

(5 0  ml*) which was k e p t a t  ~7Q°C• by means o f a  m ethanol— 

d r ik o ld  bath* A f te r  2 hours th e  b lu e  e th y l  a c e ta te  

s o lu t io n  was a llow ed  to  a t t a i n  room te m p era tu re  and th e  

e th y l  a c e ta te  c a r e f u l ly  removed u n d er reduced  p re s s u re  

u s in g  a  w a te r  b a th  k ep t a t  50°C. The gummy y e llo w  re s id u e  

w hich rem ained  was d is s o lv e d  in  g l a c i a l  a c e t i c  a c id  (15 ml*) 

and to  t h i s  was added 30$ hydrogen p e ro x id e  (5  ml#) and 

d i l u t e  h y d ro c h lo r ic  a c id  ( i  d ro p s)*  fh e  s o lu t io n  was 

a llo w ed  to  s ta n d  o v e rn ig h t a t  room tem p e ra tu re  and th e n  

h e a te d  on th e  steam  b a th  f o r  a  s h o r t  tim e (10  m in u tes) to  

decompose ex c ess  hydrogen perox ide*  Sodium b ic a rb o n a te  

s o lu t io n  was th e n  added to  th e  r e a c t io n  m ix tu re  w hich had 

been  c o n c e n tra te d  to  h a l f  i t s  b u lk  by rem oval o f a c e t i c  

a c id  u n d er reduced  p re ssu re *  fh e  a lk a l in e  s o lu t io n  was 

washed w ith  e th e r*  a c id 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  f i n a l l y  e x t r a c te d  w ith  e th y l  a c e ta te *  E epeated  

w ashing w ith  w a te r  and rem oval o f th e  e th y l  a c e ta te  ( a f t e r  

d ry in g s  HgSO^) y ie ld e d  ( I f t i  I  *  I )  a s  a  p a le  y e llo w  gum 

(1  | » t  8 t$ )  w hich r e s i s t e d  o u r a t te m p ts  a t  c r y s t a l l i s a t i o n ,  

fh e  in f r a r e d  spectrum  ( f i lm )  showed peaks a t  1700 cm** 

(b ro a d )( in d a n o n e  c a rb o n y l, a l i p h a t i c  c a rb o n y l and ca rb o x y l 

superim posed) and 160G cm ^  (a ro m a tic )*

T re a tm e n t o f  th e  crude gum, o b ta in e d  above , w ith  

e th e r e a l  d lasem ethane y ie ld e d  th e  d i k e t e - e s t e r  (1 2 9 I



( &2L.

B «  Me) a« a  r lso o u e  y e llo w  o i l  (1  g . ,  97* ) whioh was 

u se d  w ith o u t p u r  i f  i e a t i o n .  The in f r a r e d  s p o o tiu a

(e a fb e n  te t r a c h lo r id e )  showed peaks a t  1735 ea** ( e a t e r )

sp ec tru m  p o sse sse d  bauds a t  250 mu (£  7 *200) and 295 mu 

(£  1 * 3 9 0 ).

k  s o lu t io n  o f  th e  d ik e to - e s t e r  (129; 1  * Me)

(800  m g.) in  sodium m ethexide s o lu t io n  (100  ml** p re p a re d  

from  1  g* sodium and 100 ml* m ethanol) was re f lu x ed *  u n d er 

n i t r o g e n ,  f o r  4 to u rs *  The deep re d  s o lu t io n  m s  con* 

c e n t  r a te d  " in  vacuo" to  30*40 ml*, d i lu t e d  w ith  w a te r  

(7 5  m l.)*  and 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  ac id*  The 

tu r b i d  s o lu t io n  w hich r e s u l t e d  was e x t r a c te d  w ith  e th y l  

a c e ta te *  washed w ith  w a te r  and d r ie d  (MgSQ^)» H eaoval o f 

th e  s o lv e n t u n d er reduced  p re s s u re  y ie ld e d  a  re d  gum 

(#00  mg.) which* on t r i t u r a t i o n  w ith  e th e r*  gave th e  t r i ­

c y c l i c  e n o a e -a c id  (1301 1  «  H) a s  a  y e llo w  s o l id  (250  mg. * 

33J&)* The I n f r a r e d  spectrum  (ca rb o n  t e t r a c h lo r id e )  

showed peaks a t  1730 o a f1 ( s h ) ( e a t e r ) ,  1705 cm"1 ( c a rb o x y l) ,  

1665 oa"1  (eyoltth.3E.aoB.), and 1625 on”1 (atyr.ii. double 

b o n d )• R epeated  t r l t u r a t i o a  w ith  e th e r  g a r .  a  w hit, s o l i d  

(m .p . 2l8-225°C.)but ao f u r th e r  p u r i f i c a t i o n  was a tte m p te d .

The c o rre sp o n d in g  m ethyl e s t e r  (1 3 0 | B ■ Me) waa 

o b ta in e d  ae  a  p a le  y e llo w  s o l id  by tre a tm e n t o f  th e  enone-

and 1715 oa  (indanone ca rb o n y l) w h ile  th e  u l t r a v i o l e t



a c id  (130 ; E m H) w ith  e th e r e a l  d iazom ethane * T r i tu r a t io n  

o f th s  s o l id  e s t e r  w ith  e th e r  fo llo w ed  by c r y s t a l l i s a t i o n  

from, p e tro leu m  e th e r  (b*p# 60-80®) , c o n ta in in g  a  t r a c e  o f  

e t h y l  a c e t a t e ,  y ie ld e d  (130$ E * Me) a s  c o lo u r le s s  p rism s 

ft.®* 1 0 9 -1 H °C . (Found! 0 , 7 5 .3 6 j H, 6*26j 

r e q u i r e s  C® 75*53$ H* 6*71)* The in f r a r e d  spectrum  

(c a rb o n  te t r a c h lo r id e )  showed peaks a t  1735 cm*1 (e s te r)®  

1670 cm 1 (cy c lo h cx en o n e ), and 1630 cm*1 ( s ty re n e  double 

bond) w h ile  th e  u l t r a v i o l e t  spectrum  p o sse sse d  bands a t  

£38 mu {£ 8*300) and 300 m  ( a  I S *500)*

A ttem pted  r e - e v c l i s a t i o n  o f th e  crude b y -p ro d u c t

Iv ap c rm iio n  o f  th e  e th e r  u se d  f o r  t r i t u r a t i o n  o f 

th e  crude  en o n e -a c id  (130$ E «  H) y ie ld e d  a  re d  gum which® 

on e s t e r i f  i e a t i o n  w ith  e th e r e a l  diasom© thane® gave a  

V iscous re d  o i l  whose in f r a re d  spectrum  (ca rb o n  t e t r a ­

c h lo r id e )  showed peaks a t  1735 cm*1 (e s te r)®  1715 cm*1 

( indanone c a rb o n y l)* and 1665 cm ( w)( eyelohexenone) .  Two

a tte m p ts  wore made to  o b ta in  f u r th e r  q u a n t i t i e s  o f  t r i ­

c y c l i c  m a te r ia l  from  t h i s  crude o i l  and th e s e  a re  d e s c r ib e d  

l a  th e  s e q u e l ,

A* The exude o i l  (290 mg.) o b ta in e d  above wee re f lu x e d

w ith  1i> sodium m ethoxide s o lu t io n  (50  m l.)  f o r  3 h o u rs  in  

a  n i t r o g e n  a tm o sp h ere . Work up in  th e  u s u a l  way gave a  

r e d  gum whioh was e s t e r i f i e d  w ith  d iazom ethane . The re d  

v is c o u s  o i l  (180 mg.) whioh r e s u l t e d  p o sse sse d  peaks a t



1740 on ( e s t e r ) , 1715 cm 1 (indanone ca rb o n y l)  and 

X6§5 o a  1  ( w) ( eyelohexenone) ,  Chrom atography on a lum ina

(g rad e  111) u s in g  p e tro leu m  e th e r  (b#p# 60-*S0®)— benzene 

(111) an  e lu a n t  p ro v id ed  a  v isc o u s  y e llo w  o i l  whose 

in f r a r e d  spectrum  (ca rb o n  te t r a c h lo r id e )  showed p eak s a t  

1731 c m 1 ( e s t e r )  and 1715 cm**1 (indanone c a rb o n y l) • A 

sm a ll q u a n t i ty  o f  o i l y  m a te r ia l  was o b ta in e d  from  a  l a t e r  

f r a c t i o n  and gave peaks a t  1735 o a f1  ( e s t e r ) ,  1715 cuT1 

( indanone ca rb o n y l)  f 1670 e®*1 ( m) {eyelohexenone) and 

163® oa*1 (w )(s ty re n e  double b o n d ). A ttem pts to  o b ta in  

re a s o n a b ly  p u re  © n o n e-este r from  t h i s  sm a ll amount o f  o i l  

w ere u n s u c c e s s fu l .

1* A s o lu t io n  o f th e  crude o i l y  b y -p ro d u c t (200 mg.)

i n  d ry  benzene (80  m l.)  c o n ta in in g  p u re  p - to lu e n e -s u lp h o n ic

a c id  (100 mg.) was re f lu x e d  f o r  2 h o u rs  in  a  le a n  and S ta rk

a p p a ra tu s « Work up in  th e  u s u a l way (p . 159) fu rn is h e d  a

re d  o i l  whose in f r a r e d  spectrum  showed peaks a t  1730 oa*1

(ester)» 1670 onT1 (w X cy c lo h eaen o iie ), and 1630 cm*1 (w)

( s ty r e n e  double b o n d ). A ttem pts to  o b ta in  th e  t r i c y c l i c

e n o n e -e s te r  (130? 1  *  Me) from  t h i s  crude  p ro d u c t, u s in g

c r y s t a l l i s a t i o n  o r  chrom atography on a lu m in a , f a i le d *

A ttem pted  o v e l ia a t io n  o f th e  d ik e tc - a c id  (129? M.m H) and 
d ik e t  o - e s t e r  t l i S  t E m MeX

S e v e ra l a t te m p ts  were made to  ach iev e  a  more 

e f f i c i e n t  p r e p a r a t io n  of th e  t r i c y c l i c  e n o n e -e s te r  (130?



H a# Me) and th e  ex p e rim en ta l d e t a i l s  o f th e s e  a tte m p ts  

a r e  o u t l in e d  below .

A# fh e  impure d ik e to -a c id  (129? H * H) (1 .2  g . )  was

d is s o lv e d  in  d ry  d ioxan  (35 m l.)  and th e  s o lu t io n  co o led  

in  ic e#  An ic e - c o ld  s o lu t io n  o f p o ta ss iu m  hydrox ide  

( A  €■*•) in  w a te r  (20 m l.)  was added , th e  a i r  was d is p la c e d  

b y  n i t r o g e n ,  and th e  r e a c t io n  m ix tu re  a llow ed  to  a t t a i n  

room te m p e ra tu re . fh e  r e a c t io n  m ix tu re  was th e n  s t i r r e d  

f o r  3 h o u rs , d i lu t e d  w ith  w a te r , e x t r a c te d  w ith  e t h 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 th e  aqueous 

l a y e r  f i n a l l y  ejrt?racted w ith  e th y l  a c e t a t e ,  fh e  e th y l  

a c e t a t e  e x t r a c t  was d r ie d  (MgSO^) and th e  s o lv e n t removed 

u n d e r  reduced  p re s s u re  to  y ie ld  a  re d  gum (1 .1  g . )  w hich 

r e s i s t e d  o u r a tte m p ts ,a t  c r y s t a l l i s a t i o n *  fhe in f r a r e d  

sp ec tru m  showed a  b road  peak a t  170® cm-*1 (c a rb o n y l and 

ca rb o x y l)*

H e-trea tm en t o f t h i s  p ro d u c t w ith  sodium e th o x id e  

s o lu t io n ,  i n  th e  manner d e s c r ib e d  below , p ro v id ed  th e  

t r i c y c l i c  e n o n e -a e id  (13®| B «  H ).

1* A s o lu t io n  o f th e  impure d ik e to - a c id  (129? B *  H)

(1*1 g*) l a  1$ sodium  e th o x id e  s o lu t io n  (100 ml*) was 

r e f lu x e d  f o r  3 h o u rs  under n i t r o g e n .  fh e  y e llo w  tu r b id  

r e a c t io n  m ix tu re  was a llow ed  to  s ta n d  a t  room te m p e ra tu re  

f o r  4 hou rs and th e n  worked up a s  d e s c r ib e d  oa p .  162* fh e  

t r i c y c l i c  e a o a e -a o id  (130? B *  H) was th u s  o b ta in e d  a s  a



p a le  yellow  s o l id  (250 Big# f 22^)# E s t e r i f i e a t i o n  w ith

e th e r e a l  diazom ethane fu rn is h e d  th e  enone—e s t e r  (X30|

1  si I e )  t

A s o lu t io n  o f  th e  d lk e to - e s te r  (1 2 9 | E a  Me)

(150 mg*) in  d ry  benzene (80  ml*) c o n ta in in g  p—to lu e n e —

su lp h o n io  a c id  {29 sag*) was r e f lu x e d  f o r  4 h o u rs  in  a

Bean and S ta rk  ap p ara tu s*  Work up in  th e  u s u a l  way

p re s id e d  an o i l  whose in f r a re d  spectrum  (1735 em~*̂  ( e s t e r )  
•**1

and 1715 cm (indanone c a rb o n y l) ) was id e n t i c a l  w ith  t h a t  

o f  th e  s t a r t i n g  m a te r ia l*

le - t r e u tm e a t  o f  t h i s  p ro d u c t w ith  sodium  m ethox ide , 

i n  th e  manner p re v io u s ly  d e sc r ib e d  (p* l62 )»  fu rn is h e d  th e  

e n o n e -e s te r  (129; E « Me) *

t o  a  v ig o ro u s ly  s t i r r e d  su sp e n s io n  o f  powdered 

d ry  sodium m ethoxide'1'0^ (430 mg.) i n  d ry  benzene (10  ml*) 

was added e th y l  fo rm ate  (590 mg*» d r ie d  o v er p o ta ss iu m  

c a rb o n a te  and f r e s h l y  d i s t i l l e d )  a t  room tem p era tu re*  fhe 

m ix tu re  was s t i r r e d  f o r  30 m inu tes and co o led  in  ice*  A 

s o lu t io n  o f  2-m ethyleyelohexanone (450 mg.) in  d ry  benzene 

(X§ iSU) was added in  a  th in  s tre a m  to  th e  s t i r r e d  i c e -  

c o ld  su sp e n s io n  w hich was k ep t a t  0 ° 0 . f o r  a  f u r th e r  

35 m inutes# A f te r  s t i r r i n g  o v e rn ig h t a t  room te m p e ra tu re  

th e  y e llo w  tu r b id  m ix tu re  was d i lu t e d  w ith  benzene and 

e t h e r  and a c i d i f i e d  w ith  ic e - c o ld  d i l u t e  s u lp h u r ic  ac id*



The organic lay©!* was combined with the ether washings of 

the aqueous layer* washed with w ilute sodium b ic a rb o n a te

of the
so lven t under reduced pressure gave a mobile yellow  o i l  

(450 mg* f 54$) which gave a deep red colouration with  

alooholio  fe r r ic  chloride solution# fhe infrared spectrum 

( carbon tetrach loride) showed peaks at 1700 cm~  ̂ (m) and 

1640 eaT*’ (s )(broad)( -diketone) •

(400 mg.) in  g la c ia l acetic  acid ( l§  ad.}# containing  

hydroxylamine iiydroehloride (300 mg.)* was heated under 

re flu x  for 2 5  minutes. fhe cooled so lu tion  was d ilu ted  

with water# extracted with ether and the ether extracts  

washed with sodium bicarbonate solution# water and dried  

Be moral of the ether under reduced preeaure 

yield ed  a mobile yellow o i l  (300 mg., 76^) which gave bo 

colouration with a lcoh olic  fe r r ic  chloride so lu tio n . She 

infrared spectrum (film ) of th is  product showed peaks a t  

1715 cm”1 (w )(trace cyclohexanone) and 1640 cm""1 ( C = » ) .  

g-Hethrl~6-oyaao-Qyclohexaaone (14Q)_

4  so lu tion  of the isoxazole (139) (300 mg.) In 

dry benzene (5 ml.) was added to an ice -co ld  so lu tion  of 

sodium (80 mg.) in  dry methanol (2 ml.) and the resu ltant 

mixture was se t  a s id e , with occasional shaking, fo r  2 hours

4 so lu tion  of 2 -f ormyl-6-methylhexanone (138)



at room temperature* After d ilu tion  with water * the 

c lea r  yellow so lu tion  was extracted with ether and the 

ether layer washed with 0*5$ potassium, hydroxide solution*  

fhe a lkaline layer, a fte r  a c id if ica tio n  with d ilu te  hydro­

ch loric  acid# was extracted with ether and the organic 

la y er  washed and dried (MgSÔ ) * Removal of the solvent 

under reduced pressure yielded a mobile yellow o i l  

(tO0 mg*, 66$) whose infrared spectrum (film ) showed peaks 

at 2250 eaT* ( a i t r i le )  and 1710 caf^ ( cyclohexanone)«

fo  a vigorously stirred  suspension of powdered 

dry sodium methoxide^02 (450 mg*) in  dry benzene (15 ml*) 

was added a so lu tion  of ethyl formate (600 mg*)(dried over 

potassium carbonate and fresh ly  d is t i l le d )  in  dry benzene 

(5  ml*)* fhe mixture was stirred  for  40 minutes at room 

temperature under nitrogen and then cooled in  ice* A 

so lu tion  of the enone-ester (1301 E * Me) (1 g«) in  dry 

benzene (35 ml#) was added dropwise to  the stirred  ic e -  

cold  suspension which was kept at 0°C. fo r  a further 30 

minutes* More benzene (35 ml*} was added and the dark 

brcwn^green reaction  mixture was l e f t  s t ir r in g  overnight 

a t room temperature*
fhe so lu tion  was d ilu ted  with water, ether, shaken

w ith  d i l u t e  s u lp h u r ic  a c id  and th e  deep y e llo w  o rg a n ic  

l a y e r  s e p a ra te d  o f f  and d r ie d .  Removal o f th e  s o lv e n t
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yielded  a rad o i l  (900 m g» , 81$) wbieh gave a deep reddish—

purple colouration with a lcoholic fe r r ic  chloride so lu tion

and whose infrared spectrum. {carbon tetrach loride) showed

peaks at 1740 cm  ̂ (ester)  * 1670 (sh)(eyelohexenone)
—1and 1640 cm ( p  -diketons, enol and styrene double bond).

The ultraviolet spectrum exhibited absorption mriim at 
238 mu (£- 7,350) and 300-305 mu ( t  12,800). In 0.1H 
alcoholio sodium ethoxide solution the ultraviolet speotxum 
showed bands at 232 mu (£-7,900), 295 mu (S. 13,100) and 
390-395 mu (e 5,150).
Isoxasole (143l 8 * Me)

A solution of the formyl derivative (142) B * Me) 
(900 mg.) in glacial acetic acid (25 ml.), containing 
powdered hydroxylamine hydrochloride (900 mg.), was re­

fluxed for 25 minutes under nitrogen. The deep red 
solution was eooled, diluted with water (200 ml.) and the 
pink turbid mixture extracted with ethyl acetate. The 
organic extracts were washed with water, shaken with 
charcoal, filtered and dried (MgSO,). Removal of the 
solvent yielded a red o il (700 mg., 78#) whioh gave no 
colouration with alcoholic ferric chloride solution. The 
infrared spectrum showed peaks at 1730 cm"* (ester) and 
1630 ea'~1 (w)( styrene double bond and Ĉ JS) while the 
ultraviolet spectrum exhibited absorption maxima at 238 uni 

(£ 7 ,200) and 320 mu (£ 11,700) .
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^  t  o~ affry ile  (133 s £ » Me)

A s o lu t io n  of th e  isox& aole (143? 1 * Me)(4QQ mg*)

i s  d ry  bcassca© (7  ml*) was added, u n d er n itro g en *  to  an

io e -o o ld  s o lu t io n  o f ©odium (130 mg*) in  d ry  m ethanol

3 ml*) and th e  r e s u l t a n t  m ix ture was s e t  a s id e ,  w ith

© eeasiona i sh a d in g , f o r  1 hour a t  room tem p era tu re*  A f te r

d i l u t i o n  w ith  w a te r , th e  s o lu t io n  was e x t ra o te d  w ith  e th e r

and th e  e th e r  l a y e r  washed w ith  0*5$ p o ta ss iu m  hydroxide*

fh e  combined aqueous l a y e r s ,  a f t e r  a c i d i f i c a t i o n  w ith

d i l u t e  h y d ro c h lo r ic  a c id ,  were e x t r a c te d  w ith  e th e r  and
th e  o rg an ic  e x t r a c t s  washed and d ried *  Removal o f th e

s o lv e n t  un d er red u ced  p re s s u re  y ie ld e d  a  y e llo w  gum

(250 mg*, 62$) whose in f r a r e d  spectrum  ( f i lm )  showed peaks
a t  2250 csT^t 2190 o a f3* ( n i t r i l e ) ,  1710 cm-*1 (c a rb o x y l) ,

*»*11660 cm M (eyelohexenone) and 1620 cm (styrene double 
bead). Trituration of this acidic product with ether 
gave a p a l*  yellow solid whioh was insoluble in carbon 
tetrachloride. Subsequent esterifieation with ethereal 
diazomethane furnished a yellow solid which, on tritur­
ation with ether, and repeated crystallisation from 
petroleum ether (b.p. 60-80°), containing a trace of ethyl 
acetate, gave (1331 E * Me) as off-white prisms m.p. 139- 
142°C. The infrared spectrum showed peaks at 2250 on " ,
2200 cm"1 (n itr ile ) , 1735 cm"1 (eater), 1670 cm"1 (cyolo- 
hexenone) and 1620 cm (styrene double bond).



i n .

g ^ e t h y l a&ej, . ^ k e t o - n i t r i l e  (135s R » Me)

A s o lu t io n  of impure iso x a z o le  (1 4 3 I B ® Me)

(TOO mg*) in  d ry  benzene (18 ml*) was added, u n d er 

n itro g en *  to  an  ic e -c o ld  s o lu t io n  o f sodium (150 mg.) l a  

d ry  m ethanol (5  m l,) • The r e s u l t a n t  m ix tu re  was s e t  

a s id e *  w ith  o c c a s io n a l shaking* f o r  30 m inu tes a t  room 

tem p e ra tu re  and th e n  r e f lu x e d  f o r  10 m inutes* A f te r  

co o lin g *  m ethyl io d id e  (1  ml*) was added a n d 'th e  s t i r r e d  

s o lu t io n  was l e f t  f o r  1 hour a t  room tem p era tu re*  R eflux  

was s t a r t e d  and co n tin u ed  f o r  2 hou rs d u rin g  which tim e 

an  a d d i t io n a l  q u a n tify  of m ethyl io d id e  ( 0*5 ml*) was 

added* fh e  co o led  re d  s o lu t io n  was d i lu t e d  w ith  e t h e r  

and benzene and th e  o rg an ic  l a y e r  washed w ith  w a te r  and 

d ried *  Removal o f th e  so lv e n t u n d er reduced  p re s s u re  

gave a  red  o i l  (500  mg** 68$) which* on t r i t u r a t i o n  w ith  

e th e r*  y ie ld e d  a  ye llo w  s o l id  (250 mg** 34$) m*p*15Q-lS0°C* 

R epeated  c r y s t a l l i s a t i o n  from  e th y l  a c e ta te  gave (1351 

1  m Me) a s  c o lo u r le s s  p la t e s  m*p* 191-193°C« (Founds C,

73*82? I* 5*965 I*  4*58? r e q u ir e s  C* 73*76|

I*  6*19? I*  4*53)* 2?he in f r a r e d  spectrum  showed peaks 

a t  2250 cm"*1  ( n i t r i l e ) *  1740 cm"1  ( e s te r ) *  1675 cm"1  

( cyclohexenone) and 1640 o a f1 ( s ty re n e  double bond) w h ile  

th e  u l t r a v i o l e t  spectrum  e x h ib ite d  a b s o rp tio n  maxima a t  

240 mu (£ 8*150) and 302-310 mu (£  20*300). Founds M (mass 

s p e c tro m e te r )* 309 Calc* f o r  ^3,9^19^ 3^  * ^  309*
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Attempted preparation o f tetracyclic d ik e to n e  (150)

To a  co ld  s o lu t io n  o f p o ta ss iu m  (30 mg*) in  dry  

t e r t - b u t a n o l  (30 m l,)  was added a  s o lu t io n  of (1355 & * Me) 

(2 0 ,£ 5  mg*) in  d ry  t e r t - b u ta n o l  (2 m l . ) .  The system  was 

f i l l e d  w ith  n i tro g e n  and th e  red  s o lu t io n  was l e f t  s t i r r i n g  

o v e rn ig h t a t  room te m p e ra tu re . A f te r  c a r e f u l  a c i d i f i c ­

a t i o n  w ith  d i l u t e  h y d ro c h lo r ic  a c id ,  most o f th e  t e r t — 

b u ta n o l was removed u n d er reduced  p re s s u re  (w ith  minimum 

a p p l ic a t io n  o f h e a t)  and th e  gummy re s id u e  d is s o lv e d  in  

b en zen e . The benzene s o lu t io n  was washed w ith  w a te r , 

sodium  b ic a rb o n a te  and d r ie d  (MgSO^) • Removal o f th e  

s o lv e n t  u n d er reduced  p re s s u re  fu rn is h e d  a  crude se m iso lid  

(9  ®g*t 54$) which* on t r i t u r a t i o n  w ith  e th e r  and sub­

l im a t io n  a t  a tm o sp h eric  p re s s u re ,  gave w hite  p rism s (6 mg.* 

36$) m»p« 204-207a0* (d ep re sse d  on adm ix ture  w ith  th e  

s t a r t  l a g  n i t r i l e ) ,  Jhe s o l id  p ro d u c t,  which was s p a r in g ly  

s o lu b le  in  e th e r  and carbon  t e t r a c h l o r i d e ,  f a i l e d  to  g iv e  

a  p o s i t iv e  r e a c t io n  w ith  e i t h e r  sodium b ic a rb o n a te  o r  

a lc o h o l ic  f e r r i c  c h lo r id e  s o lu t io n ,  fh e  in f r a r e d  spectrum  

(ch lo ro fo rm ) showed peaks a t  1766 ea*"1 ( cyclop® ntanone) f 

1677 cm"1 (cyclohexeaone) and 1622 cm"*1 ( s ty re n e  double 

bond) w h ile  th e  u l t r a v i o l e t  spectrum  e x h ib i te d  a b s o rp tio n  

msiLTr̂ picL &t 238 mu (£. 6 *850)1 300—302 mu ( £  15 *400) and 

330 mu (£ 1 4 * 6 0 0 )*
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M eth y la ted  s p iro -d ik e to n e

A s o lu t io n  of the  s p iro —j$ - k e t o - a s t e r  (124) (6 g . )  

i n  d ry  benzene (30  m l.)  was added drop w ise to  a  s t i r r e d  

m ix tu re  of sodium sand (500 mg*) and d ry  benzene (5 ml*)* 

A f te r  30 m inu tes a t  room tem p era tu re  th e  s t i r r e d  m ix tu re  

was re f lu x e d  f o r  1 hour under n i t ro g e n . M ethyl io d id e  

(2  ml*) was added to  th e  coo led  yellow  em ulsion  and th e  

r e a c t io n  m ix tu re  was s t i r r e d  and h e a te d  u n d er r e f lu x  f o r  

8 h o u rs . A f te r  coo ling#  th e  benzene l a y e r  was s e p a ra te d  

o f f  and th e  aqueous l a y e r  d i lu te d  w ith  w a te r  (30 ml#) and 

e x t r a c te d  w ith  e th e r*  fbe combined o rg an ic  e x t r a c t s  were 

washed w ith  5$ p o ta ss iu m  hydroxide s o lu t io n ,  w a te r  and 

d r ie d  (MgSO^)* Removal of th e  so lv e n t u n d er reduced  

p r e s s u re  y ie ld e d  a  v isc o u s  red  o i l  (6 g», 95$) which gave 

no c o lo u ra t io n  w ith  a lc o h o lic  f e r r i c  s o lu t io n .  3?he i n f r a ­

re d  spectrum  ( f i lm )  of t h i s  crude p ro d u c t had a b road  

p eak  a t  1710 o af*  ( e s te r#  ind&noae ca rb o n y l and c y o lo -  

h ez an o n e )*

A m ix tu re  of th e  c ru d e  o i l  o b ta in ed  above, g l a c i a l  

acetic a c id  (20 m l* ), c o n c e n tra te d  h y d ro c h lo r ic  a c id  (8 ml.) 
and w a te r  (4 ml#) was re f lu x e d , u nder n i t ro g e n , f o r  

6 h o u rs . Tim co o led  s o lu t io n  was added# w ith  s t i r r i n g ,  

to  ic e  and w a te r  (120 m l.) and th e  crude y e llo w  s o l id  

o b ta in e d  removed by f i l t r a t i o n  and d r ie d  (4  g## 8 6 $ ) . 

C r y s t a l l i s a t i o n  from  aqueous m ethanol gave (152) a s  w h ite
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p rism s nup. 106-112°C. (2 .3  g . ,  5 0 * ). f i e c r y s t a l l i s a t i o n  

r a i s e d  th e  nup. to  X12-X14°G. (Pound: C, 7 9 .1 7 1 H, 7.64} 

^16%8®2 r e 4'U-ii’as  G, 79*31} H, 7 *49 ). The in f r a r e d  

sp ec tru m  showed a h road  peak a t  1710 oa"’̂ ’ ( indanone 

c a rb o n y l and oyclohex&iione) w h ile  th e  u l t r a v i o l e t  spectrum  

e x h ib i te d  a b s o rp tio n  maxima a t  252 mu ( £  12 ,500) and 

298-300 mu (£  2 ,3 0 0 ) .

S irfm rv iid e n e  d e r iv a t iv e  o f m e th y la ted  s n iro -d ik e to n e  (154)

A m ix tu re  o f  the  m e th y la ted  s p iro -d ik e to n e  (152)

(500 m g .), 53$ e th a n o l (4 nuU), 15$ sodium  hydrox ide 

s o lu t io n  (0 .8  m l.)  and r e d i s t i l l e d  f u r f u r a l  (0*3 m l.) was 

s e t  a s id e  f o r  2 ho u rs a t  room tem p era tu re*  No p r e c i p i t a t e  

was observed  and th e  dark  re d  m ix tu re  was d i lu te d  w ith  w a te r , 

e x t r a c te d  w ith  e t h e r ,  and th e  o rg an ic  e x t r a c t s  washed d r ie d  

(MgSQ^). Eomoval o f th e  s o lv e n t un d er reduced  p re s s u re  

gave a  yellow  gum (600 mg*, 91$) which r e s i s t e d  o u r a t te m p ts  

a t  c r y s t a l l i s a t i o n .  The u l t r a v i o l e t  spectrum  e x h ib i te d  

a b s o rp tio n  maxima a t  250 mu (£  13 ,000) and 325-330 mu 

U  1 7 ,3 0 0 ) .

JE e to -d le a te r  (155 ; E a* Me)

A s o lu t io n  of the  crude fu r f u ry l id e n e  d e r iv a t iv e  

(154) (600 mg.) in  a a a la r  e th y l  a c e ta te  (40  m l.)  was 

o zo n ised  a t  -70°C . f o r  30 m in u tes . The s o lu t io n  was 

a llo w ed  to  a t t a i n  room tem p era tu re  and th e  e th y l  a c e ta te  

c a r e f u l ly  removed u n d er reduced  p re s s u re  u s in g  a  w a te r



hath kept a t  50*0. The gummy resid u e wa3 d is s o lv e d  in  

g l a c i a l  ace t ie  a c id  (5 m l.) and to th in  was added 30*

hydrogen peroxide (2 fa!*) and dilute hydrochloric acid

( l  ml«)* After standing overnight at room temperature

the reaction mixture was diluted with water and sodium

bicarbonate solution and fin a lly  extracted with ether*

The ether extracts of the acidified aqueous l a y e r  were

washed thoroughly with water and dried (MgSÔ ) • Removal

of the solvent yielded a  pal© yellow acidic gum (400 mg*,

73$) which was used without p u r i f i c a t io n *  The in f r a r e d

spectrum showed a. b road  peak at 1700 enf*' (broad) ( indanone

carbonyl and carboxyl) while the u ltraviolet spectrum

exhibited absorption maxima at 250-255 mu (£  9,200) and

295 m  {£ 1 ,800)*

The corresponding dimethyl ester (1551' B a Me)
was obtained in the usual way as a red o i l  (320 mg*) whose

<**1I n f r a r a d  spectrum  showed peaks a t  1735 ou ( e s t e r )  and 

1710 cm"3, ( Indanone c a rb o n y l) .

N o r -a n lro -g  - k e to - e a te r  (156)

A s o lu t io n  of th e  impure d ik e to - e s t e r  (155} H * Me) 

(320 mg.) In  d ry  bsnsene (30 m l.)  was added d ropw iae, u n d er 

n itro g e n *  to  a t i r r e d  and g e n t ly  r e f lu x in g  m ix ture  o f  aodium 

aand (70  tag.) and d ry  benzene (20 m l . ) .  S t i r r i n g  and r e -  

f lu x in g  was m a in ta in ed  f o r  a  f u r t h e r  12 h o u rs . The 

r e a c t io n  m ix tu re  was th en  cooled* shaken w ith  ic e - c o ld



d i l u t e  h y d ro c h lo r ic  ac id*  and th e  beoxen© l a y e r  s e p a ra te d  

o ff*  th e  aqueous la y e r  was e x t ra c te d  w ith  e th e r  and th e  

o rg a n ic  e x t r a c t s  com bined, washed w ith  sodium b ic a rb o n a te  

s o iu t io n # w a te r  and d r ie d  (IgSO ^). Removal o f th e  

s o lv e n t  y ie ld e d  a  red  o i l  (230 m g., 79$) which gave a  

deep v io l e t  c o lo u ra t io n  w ith  a lc o h o lic  f e r r i c  c h lo r id e  

so lu t io n *  fh e  in f r a r e d  spectrum  (ca rb o n  t e t r a c h lo r id e )  

showed peaks a t  1720 csT^ (indanone ca rb o n y l and e s te r ) *  

IM S  ea~^ ( c h e la te d  e s t e r  ca rb o n y l)  and 1620 cm“^  (e n o l 

doub le  b ond),

M e th y la ted  nor»»spiro~diketone (153)

A m ix tu re  o f th e  nor~spiro-y3 - k e t o - e s t e r  (156) 

(230 m g ,)9 g l a c i a l  a c e t i c  a c id  (3 m l.)*  c o n c e n tra te d  

h y d ro c h lo r ic  a c id  (3  m l,) and w a te r  (1 ,5  ml*) was re~
\

f lu x e d ,  u n d er n i t r o g e n ,  f o r  7 h o u rs , fh e  r e s u l t a n t  

s o lu t io n  was c o o le d , shaken w ith  c h a rc o a l ,  f i l t e r e d  and 

added to  ic e  and w a te r  (40 m l , ) ,  fh e  tu r b id  s o lu t io n  

th u s  o b ta in ed  was e x t r a c te d  w ith  e th e r  and th e  o rg an ic  

l a y e r  washed w ith  sodium b ic a rb o n a te , w a te r  and d r ie d ,  

Eemoval o f th e  e t h e r  under reduced  p re s s u re  gave (153) a s  

a  r e d  v isc o u s  o i l  (120 m g,, 65$) which gave no c o lo u ra t io n  

w ith  a lc o h o lic  f e r r i c  c h lo r id e  s o lu t io n .  Subsequent 

tr e a tm e n t w ith  c h a rc o a l y ie ld e d  a  y e llo w  o i l  w hich was 

chrom atographed on alum ina (g rad e  1 1 1 ) , E lu t io n  w ith  

b en zen e -p e tro leu m  e th e r  (to .p . 60-80°) ( H I )  gave (153) aa



nr

a  c o lo u r le s s  v isc o u s  o i l  which was m ic r o - d i s t i l l e d  on to  

a  c o ld  £ la g e r  by u s in g  an o i l  h a th  a t  140-160°C . and a 

p re s s u re  o f 0 .4  am. (Founds C# 78.41} H, 7 .40} C^Hj^Og 

r e q u i r e s  0* 7§*92| E, 7*06). The in f r a r e d  spectrum  

showed p e a h s? a t 1745 c m ^  ( cyclop® ntanoae) and 1715 em"^ 

(indanone ca rb o n y l)  w h ile  th e  u l t r a v i o l e t  spectrum  

e x h ib i te d  a b s o rp tio n  maxima a t  252 mu ( £ 1 2 ,3 0 0 )  and 298- 

mu ( 1  2*200).

p r e p a ra t io n  of k e t o - d i e s t e r  (1 5 5 1 & « Me)

T he*m ethylated  s p iro -d ik e to a e  (152) (120 mg.) in  

d ry  m ethanol (0*5 m l.)  was t r e a t e d  w ith  a  s o lu t io n  o f 

sodium  (30 mg.) in  d ry  m ethanol (0 .5  m l . ) .  B u ty l n i t r i t e  

( 0 .1  m l.) was added and th e  r e a c t io n  m ix tu re  was s e t  a s id e ,  

u n d e r  n i tro g e n , f o r  2 days. The y e llo w  s o lu t io n  was th e n  

d i lu t e d  w ith  w a te r  (2 m l.) and a c i d i f i e d  c a r e f u l ly  w ith  

3M h y d ro c h lo r ic  a c id  u n t i l  maximum t u r b i d i t y  was o b ta in e d . 

E x tr a c t io n  w ith  e th e r  and e v a p o ra tio n  o f th e  washed and 

d r ie d  e th e r  e x t r a c t  y ie ld e d  (157) as  a  c o lo u r le s s  gum 

w hich was h ea ted  a t  12G~130°C. w ith  a  m ix tu re  o f p - to lu e n e -  

su lp h o n y l c h lo r id e  (150 mg.) and 10$ sodium hydrox ide 

s o lu t io n  (2 m l . ) .  A f te r  c o o lin g , th e  r e a c t io n  m ix tu re  

was d i lu t e d  w ith  w a te r , a c id i f i e d  w ith  d i lu t e  h y d ro c h lo r ic  

a c id ,  and e x t r a c te d  w ith  e th e r .  E v ap o ra tio n  o f th e  

washed and d r ie d  (HgSÔ ) e th e r  e x t r a c t s  y ie ld e d  a  y e llo w  

gum (75 mg.) which was h ea ted  u n d er r e f lu x  f o r  4 ho u rs



w ith  10$ sodlum hydroxide s o lu t io a  (5 a i l . ) .  The co o led

a lk a l in e  s o lu t io n  was a c id i f i e d ,  e x t r a c te d  w ith  e t h e r ,

and th e  combined e x t r a c t s  washed and d r ie d .  Removal of

th e  s o lv e n t u n d er reduced  p re s s u re  y ie ld e d  an a c id ic  gum

w hich was e s t e r i f i e d  w ith  e th e r e a l  d iazom ethane. Work

up in  th e  u s u a l  way fu rn is h e d  a  re d  o i l  whose in f r a r e d

sp ec tru m  (1735 cm*1 , 1710 cm*1 ) was id e n t i c a l  w ith  t h a t

o f  th e  k e t e - d i e s t e r  (155 i R * He) (p* 175)*

Atteartediareparation of 2-carbethoxymethvl-4-methylinaan- 
1 -o n e  (1321 1  m m T

A. To a  s t i r r e d  m ix ture o f sodium sand (230 mg.) and

d ry  benzene (10 m l.)  was added a  s o lu t io n  o f 4 -m e th y lin d an -

1 -o n e  (122) (1 .5  g . )  in  d ry  benzene (20 m l . ) .  The system

was f i l l e d  w ith  n itro g e n  and th e  r e a c t io n  m ix ture was 

s t i r r e d  f o r  a  f u r t h e r  2 hours a t  room te m p e ra tu re . To 

th e  dark  re d  r e a c t io n  m ix ture was added a  s o lu t io n  o f e th y l  

o h lo ro a c e ta te  (2  m l.)  in  d ry  benzene (30 m l.)  and th e  

r e s u l t a n t  s o lu t io a  was re f lu x e d  and s t i r r e d  f o r  3 h o u rs . 

A f te r  c o o l in g , th e  r e a c t io n  m ix tu re  was added to  ic e d  w a te r  

(40  ©1.) and th e  o rg an ic  l a y e r ,  a f t e r  d i l u t i o n  w ith  e t h e r ,  

was s e p a ra te d  o f f  and d r ie d  (MgSO^). Removal of th e  

s o lv e n t  u nder reduced  p re s s u re  y ie ld e d  a  red  s e m iso lid  

w hich on c r y s t a l l i s a t i o n  from  p e tro leu m  e th e r  ( b .p .  60 -80°) 

gave a  p a le  y e llo w  s o l id  m .p. 96-100°C . The m e ltin g  p o in t  

was no t d ep re ssed  by adm ixture w ith  th e  s t a r t i n g  m a te r ia l .



7 ? '

B. A m ix tu re  o f 4M aethy liadaa-l~one (122) (1 .4 6  g . ) f

sodam tde (450 m g .), and d ry  benzene (25 m l.)  was r e f  lu x e  d 

and s t i r r e d  u n d er n i tro g e n  f o r  8 h o u rs . To th e  ic e - c o ld  

d a rk  re d  r e a c t io n  m ix tu re  was added a  s o lu t io n  of e th y l  

e h lo r e a e e ta te  (2 m l.)  in  dry  benzene (10  m l*). A f te r  

r e f lu x in g  and s t i r r i n g  f o r  4 h o u rs  th e  r e a c t io n  m ix tu re  

was worked up in  th e  manner d e s c r ib e d  above and a  re d  

s e m is o lid  was o b ta in e d . t r i t u r a t i o n  w ith  e t h e r  fo llo w ed  

by  c r y s t a l i l s a t i o n  from  p e tro leu m  e th e r  ( b .p .  60-80°) 

y ie ld e d  th e  s t a r t i n g  indanone (1 2 2 ), i d e n t i f i e d  by m .p. 

and  m ixed m .p.

(4*28 g . ) f p a r t l y  d is s o lv e d  in  c o n c e n tra te d  s u lp h u r ic  

a c id  (0*4 m l.)  and w a te r (24 ©1.)# was added a  s o lu t io n  

o f t a r t a r i o  a c id  (3  g*) in  w a te r  (6  m l . ) .  A f te r  

5 m inu tes th e  Ice  b a th  was removed and th e  m ix tu re  was 

sh ak en  m ech an ica lly  f o r  25 m inutes a t  room te m p e ra tu re .

I n  o rder#  4-*m eihyliadan~l-oae (122) (1 .5  g » ) t sodium 

h y d ro x id e  (3  g*) in  w ate r (54 m l.)#  and e th a n o l (50 m l.)  

were added . A f te r  14 hours a t  room te m p e ra tu re , th e  

r e a c t io n  m ix tu re  was h ea ted  to  60°C. f o r  10 m in u te s . The 

a lk a l in e  s o lu t io a  was cooled# d i lu te d  w ith  w a te r  and 

e x t r a c te d  w ith  e t h e r .  A c id i f ic a t io n  o f  th e  aqueous l a y e r  

gave (160? H •  B) a s  a  yellow  s o l id  (1 .4  g*# 67$) which

-4-m e th v l  in d a n -l-o n e  (160? R » H)

To a  c o o led  su sp en sio n  o f sodium p e r io d a te



was filte r© * ! o f f  and d ried *  The in f r a r e d  spectrum  (n u jo l)  

o f  t h i s  crude m a te r ia l  (m .p . 135~200°C.) showed peaks a t

(d o u b le  bond) and th e  u l t r a v i o l e t  spectrum  e x h ib i te d  

a b s o rp tio n  bauds a t  255 mu (£  10 ,030) and 285 mu (£  7 ,600 )*  

f r l tu 3 ? a t io a  o f th e  crude p ro d u c t w ith  e th e r  

fo llo w ed  by c r y s t a l l i s a t i o n  from  m ethanol y ie ld e d  w h ite  

p r ism s  m#p. iO0~209°G. (decomp*) (Founds 0 , 71.63* Ht 4*87J 

ait% 8 ® 3  r e q u ir e s  0 ,  7 1 .2 8 1 H, 4 .9 9 ) .

hyd rox ide  (75 m l.)  c o n ta in in g  10$ p a lla d iu m -c h a re o a l 

(500 mg.) was hydrogenated  to  com pletion* F i l t r a t i o n ,  

fo llo w ed  by a c i d i f i c a t i o n  of th e  a lk a l in e  s o lu t io n  y ie ld e d  

a  w h ite  s o l id  (900 mg*9 82$) which was e s t e r i f i e d  w ith  

e th e r e a l  d iazom ethane. Work up in  th e  u s u a l way fu rn is h e d  

a  p a le  ye llow  s o l i d  which gave no r e a c t io n  w ith  2f4~ 

d ia itro p h e n y lh y d ra z in e  reagen t#  R epeated  c r y s t a l l i s a t i o n  

from  p e tro leu m  e th e r  (b*p# 60-80°) y ie ld e d  l-h y d ro x y -2 -  

c&rbomethoxymethyl—4—m ethylindane (161f 1  * Me) a s  c o lo u r ­

l e s s  n ee d le s  m .p. U 0-112°C # (Found* 0 , 7 0 .6 8 j H, 7#68* 

°1 3 % 6 @3 G* T0.89I H, 7 .3 2 ) .  fh e  in f r a r e d

sp ec tru m  (n u jo l)  showed peaks a t  3150 cm ^  (b ro ad )

{hydro jqtI )  and 1720 cm"1 ( e s t e r )  w h ile  th e  u l t r a v i o l e t

1680 cm ( indanone and ca rb o n y l)  and 1640 cm"’’*'

M _J.-carbox3rm ethy lene-4 -m ethy llndan-l-one

A s o lu t io a  o f (160* 1 » H) (1 .1  g . )  in  1$ p o ta ss iu m



sp ec tru m  e x h ib i te d  an a b s o rp tio n  maximum a t  265 mu (£  320).’ 

B* A s o lu t io n  o f (160; E = II) (800 mg.) in  e th a n o l

(100  ml*) c o n ta in in g  10y£ p a llad iu m —c h a rc o a l (400 mg.) was 

h yd rogenated  u n t i l  110 ml* o f hydrogen had been  abso rb ed  

(1 0  m in u te s )« F i l t r a t io n *  fo llo w ed  by rem oval o f th e  

s o lv e n t  u n d er reduced  p re s s u re  y ie ld e d  a  c o lo u r le s s  o i l  

(TOO m g., B n )  which s o l i d i f i e d  to  a  w hite  s o l i d .  

C r y s t a l l i s a t i o n  from  aqueous m ethanol (3 tim es) gave w h ite  

p r ism s  su p . 124-134°Q* T his p ro d u c t r e a c te d  w ith  sodium 

b ic a rb o n a te  s o lu t io n  and gave a  re d  2 s 4 -d in i t ro p h e n y l-  

hy&rasoae* Tim in f r a r e d  spectrum  (ca rb o n  te t r a c h lo r id e )  

showed peaks a t  3500 cm*1 ( w)( h y d ro x y l) ,  1760 eu f1 (w)

{ y - l a e t o n e )  and 1725 cm*1 (ca rb o x y l and indanone ca rb o n y l)  

w h ile  th e  u l t r a v i o l e t  spectrum  e x h ib i te d  a b s o rp tio n  maxima 

a t  250 ®u 9 ,8 5 0 ) and 295 mu (£  1 ,8 4 0 )*

om ethoxym ethylene-4-

1  »  H) (100 mg*) w ith  e th e r e a l  diaaomethan© f o r  1 hou r and 

work up in  th e  u s u a l way fu rn is h e d  a  p a le  ye llow  s o l id  

(100  mg.) whose in f r a r e d  spectrum  (n u jo l)  showed peaks a t

C r y s t a l l i s a t i o n  o f th e  yellow  s o l id  from  e th y l  a c e t a t e -  

p e tro le u m  e th e r  ( b .p .  60-80°) y ie ld e d  th e  p y ra s o lin e

T reatm ent of th e  u n s a tu ra te d  k e to -a c id  (160$

1735 c m *  ( e s t e r )  and 1710 cm*1 (indanone c a rb o n y l) .

(1631 E * Me o r  164; E * Me) a s  whit© p rism s m .p. 91-95°C .



/£«?,

The u l t r a v i o l e t  spectrum  e x h ib ite d  a b s o rp tio n  maxima a t  

260 mm (2-13*200) and 300 mm (2. 2*580). At th e  tim e o f 

w r i t in g  we aw ait a  more a c c u ra te  f i n a l  a n a ly s is  f o r  t h i s  

compound*
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Hi.

.y ^ l^ t t e l^ ^ ^ o a r b o x y - p i^ e l i c  a c id  (167)

f h i s  was p rep a red  by th e  method d e s c r ib e d  in  th e  
129

l i t e r a t u r e *  fh e  tr im e th y l  e s t e r  was o b ta in e d  in  th e

u s u a l  way and was u sed  w ith o u t p u r i f ic a t io n *

f  l^ ^ io a rb o m e  thoxv-4-m e th v lo  .v o lo  he xanone (168)

Anhydrous e th e r  (150 m l* ), c o n ta in in g  d ry  m ethanol

(7*5 HU*} § was added s lo w ly , w ith  s t i r r i n g ,  to  sodium 

h y d rid e  ( i* 4  g#)* A v igo rous e f fe rv e sc e n c e  ensued  and 

was a llow ed  to  subside*  fo  t h i s  s t i r r e d  ic e - c o ld  s o lu t io n  

was added th e  t r im e th y l  e s t e r  o f  (167) (26 g .)  o v er a  

p e r io d  of 20 m in u tes and th e  r e s u l t a n t  r e a c t io n  m ix tu re  was 

s t i r r e d  a t  ic e  b a th  tem p era tu re  f o r  a  f u r th e r  18 h o u rs . 

D ilu te  h y d ro c h lo r ic  a c id  (approx* 100 ml*) was th e n  added 

to  th e  r e a c t io n  m ix tu re  and th e  e th e r  la y e r  s e p a ra te d  o f f ,  

washed w ith  10$ sodium ca rb o n a te  s o lu t io n ,  w a te r  and d ried*  

Eemoval o f  th e  s o lv e n t un d er reduced  p re s s u re  gave (168) 

a s  a  p a le  y e llo w  o i l  (20 g« , 88$)# fh e  in f r a r e d  spectrum  

( f i lm )  showed peaks a t  1730 cmT^ ( e s t e r ) ,  1665 cm ^ 

( c h e la te d  e s t e r  ca rb o n y l)  and 1620 cm"1 (e n o l  double b o n d ).

f o  a  s t i r r e d  ic e -c o ld  m ix tu re  o f  p - c r e s o l  (18 g .)  

and th e  c y c l ic  p  - k e t o - e s t e r  (168) (20 g*) was added 80$ 

( v /v )  s u lp h u r ic  a c id  (200 m l.)  i n  a  t h i n  s tre a m . A f te r  

30 m in u tes th e  ic e  b a th  was removed and th e  m ix tu re  

s t i r r e d  f o r  24 h o u rs  a t  room te m p e ra tu re . fh e  c l e a r  re d



s o lu t io n  was added , w ith  s t i r r i n g ,  to  ic e  w a te r  (600 ml*) 

and th e  p a le  ye llow  s o l id  which p r e c ip i t a t e d  was f i l t e r e d  

o f f  and d r ie d .  C r y s ta l l i s a t i o n  from  m ethanol gave (169;

1  *  Me) a s  w h ite  p rism s (13 g . ,  52$) m .p. 144-148°C. 

E e c r y s t a l l i s a i i o a  from  m ethanol r a is e d  th e  m .p. to  152°C. 

(fo u n d ! C, 7 1 .2 2 ; Hf 6 .1 2 ; r e q u ir e s  C, 7 1 .3 1 ;

B* 6*34)• th e  in f r a r e d  spectrum  (n u jo l)  showed peaks 

a t  1730 ©m"* ( e s t e r ) ,  1700 ©a-"1 (coum arin) and 1620 c s f 1 

(w )(doub le  bond) w h ile  th e  u l t r a v i o l e t  spectrum  e x h ib i te d  

a b s o rp tio n  maxima a t  271 m  (£  10 ,025) and 318 mu (£  6 ,130 )

A s t i r r e d  m ix ture  o f  th e  coum arin e s t e r  (169$

E * Me) (8 g . )  and 40$ p o tassiu m  hydrox ide s o lu t io n  

(130  ml*) was h e a te d  on th e  steam  b a th  u n t i l  d i s s o lu t io n  

was com plete* D im ethyl su lp h a te  (120 m l.)  and 40$ 

p o ta ss iu m  hydrox ide  s o lu t io a  (270 m l.)  were added s e p a r a te ­

l y  and c o n c u rre n t ly  to  t h i s  v ig o ro u s ly  s t i r r e d  s o lu t io n  

o v e r  a  p e r io d  o f  3 h o u rs . fh e  s o lu t io n  was l e f t  f o r  a  

f u r t h e r  10 ho u rs a t  room te m p era tu re  and th e n  coo led  

tho rough ly*  fh e  s tra w -c o lo u re d  s o lu t io n  was th e n  f i l t e r e d  

s lo w ly  a c id i f i e d  w ith  d i lu t e  h y d ro c h lo r ic  a c id ,  and th e  

p a le  y e llo w  s o l i d  which p r e c ip i t a t e d  was f i l t e r e d  o f f  and 

d r ie d  (7  g . ,  8 2 $ ) . C r y s t a l l i s a t i o n  from  aqueous m ethanol 

gave a  w h ite  s o l id  (5*5 g*t 65$) ®*p* 172—178^C* R epeated  

c r y s t a l l i s a t i o n  from  aqueous m ethanol y ie ld e d  w h ite  p rism s



m .p . 173-178°G. (found* G, 67.38$ Hf 6.43$ OMe, 9.68$ 

% 6 % 6 ^4  r e f u i r e s  C, 67.09$ Hf 6.62$ OMe, 1 0 .2 0 ) .  The

in f r a r e d  spectrum  (n u jo l)  showed peaks a t  1690 cm**'*' 

( c a r b o x y l) , 1625 c h T 1  (w )(double bond) and 1600 cm*1 

(a ro m a tic )  w h ile  th e  u l t r a v i o l e t  spectrum  e x h ib ite d  an  

a b s o rp t io n  maximum a t  285-288 mu (<£ 2 ,5 3 0 ) .

A ttem pted  c y c l ia a t io n  o f th e  u a s a tu r a te d  d ia c ld  (170)

A. A m ix tu re  o f th e  u a s a tu ra te d  d ia c id  (170) (60  mg.) 

and po ly p h o ap h o ric  a c id  (20 g . )  was s t i r r e d  f o r  1 hour a t  

60*O« The d a rk  g reen  syrup was added , w ith  s t i r r i n g ,  to  

ic e d  w a te r  (100 m l.)  and th e  s o lu t io n  was e x t r a c te d  w ith

a  m ix tu re  o f e th e r  and benzene. A f te r  washing w ith  w a te r  

th e  o rg an ic  e x t r a c t s  were d r ie d  (MgSO^). Removal of th e  

s o lv e n t  u n d e r reduced  p re s s u re  y ie ld e d  a  y e llo w  s o l id  

(30  mg.) whose u l t r a v i o l e t  spectrum  showed a b s o rp tio n  

maxima a t  278 mu (£ -1 0 ,0 4 0 ) and 318 mu ( £ 6 ,5 5 0 ) .  

C r y s t a l l i s a t i o n  from  m ethanol gave w h ite  p rism s m .p. 218- 

2 2 3 % . u n d ep ressed  by adm ixture w ith  a u th e n t ic  coum arin 

a o id  (169$ B *  H ).

B. A m ix tu re  o f (170) (100 ©€•) and c o n c e n tra te d

s u lp h u r ic  a o id  (20  m l.)  was s t i r r e d  f o r  1 ho u r a t  room

te m p e ra tu re . The d ark  g reen  m ix tu re  was added to  ic e

w a te r  and th e  y e llo w  s o l id  which d e p o s ite d  was f i l t e r e d  

o f f  and d r ie d  (65 m g .) . C r y s t a l l i s a t i o n  from  e th y l  

a c e ta te /p e tro le u m  e th e r  ( b .p .  6O-8O0) gave (169$ B « H)
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a s  w h ite  p rism s su p . 222-224°0. (Pound* 0 , 70.66} H, 6 .02?

% 6% 6®4 *®<pi*ed 0 , 70*57? H, 5*92). fhe  u l t r a v i o l e t  

spectrum  e x h ib ite d  a b s o rp tio n  maxima a t  275 mu ( e  10 ,060) 

and 318 mu (a  6 ,5 5 0 ) .

OJW tariii a o id  (16§? H a  H)

fh e  coum arin e s t e r  (169? B a l e )  (100 mg.) was 

h e a te d  f o r  1 hour on a  steam  h a th  w ith  4N sodium hydrox ide 

s o lu t io n  (20 ml*) and m ethanol (2  m l . ) .  fhe  s o lu t io n  was 

o o o le d , f i l t e r e d ,  and th e  f i l t r a t e  a o id i f i e d  w ith  d i l u t e  

h y d ro c h lo r ic  a o id . A w hite  s o l id  d e p o s ite d  and was 

f i l t e r e d  o f f  and d r ie d  (60 m g .) . C r y s t a l l i s a t i o n  from  

m ethanol gave (169? 1 * 1 )  a s  w h ite  p rism s m .p. 221~224°C. 

(Pound* 0 , 70 .04? H, 6*24? Gi6% 6® 4 re<3.u i r e s  70*57?

I t  5*92). fh e  in f r a r e d  spectrum  (n u jo l)  showed peaks a t  

1710 cm"1  (b ro a d )(c a rb o x y l and co u m arin ), 1630 cm"1 (w) 

(d o u b le  bond) and 1600 cm"1 (a ro m a tic )  w h ile  th e  u l t r a ­

v i o l e t  spectrum  e x h ib ite d  a b s o rp tio n  maxima a t  275 mu 

( £  10 ,030) and 318 mu ( £  6 ,5 0 0 ) .

A m ix tu re  o f  th e  u n e a tu ra te d  d ia c id  (170) (1  g . )  

and a c e t i c  an h y d rid e  (40 m l.) was re f lu x e d  f o r  4 h o u rs , 

lem oval o f  a c e t i c  anhydride  un d er reduced  p re s s u re  (1  mm.) 

y ie ld e d  a  y e llo w  gum (950 mg.) whose in f r a r e d  spectrum  

( f i lm )  showed peaks a t  1010 cm"1 , 1725 cm"1 (a n h y d r id e ) ,  

1640 cm"1  (d o u b le  bond) and 1600 cm"1 ( a ro m a tic ) .  No
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f u r t h e r  p u r i f i c a t i o n  of th is m a te r ia l  was a tte m p te d . 

i M e j ^ t t d ^ M O lis a tio n  of th e  anhydride  ( 176 )

A* 3?h© anh y d rid e  (176) (90  rag.) was t r e a te d  w ith

c o n c e n tra te d  s u lp h u r ic  ao id  (13 m l.)  f o r  2 hou rs a t  room 

tem p era tu re*  fh e  d ark  g reen  r e a c t io n  m ix tu re  was added 

t o  le e  w a te r  and th e  pal© y e llo w  s o l id  w hich d e p o s ite d  

was f i l t e r e d  o f f  and d r ie d  (60 rag .)* C r y s t a l l i s a t i o n  

from  e th y l  a c e ta te /p e tro le u m  e th e r  ( h .p .  60- 80°) gave 

w h ite  p rism s m*p. 218—222°C. fh e  m*p* was u n d ep ressed  

on adm ix tu re  w ith  coum arin a c id  (1 6 9 1 1  *  H ).

B* A m ix tu re  o f th e  anh y d rid e  ( 176 ) (100  rag .) ,

s ta n n ic  c h lo r id e  (200  mg.) and d ry  hen&ene (10  m l.)  was 

s e t  a s id e ,  w ith  o c c a s io n a l sh a k in g , f o r  19 m inu tes a t  

room te m p e ra tu re . C o n cen tra ted  h y d ro c h lo r ic  a c id  and 

e t h e r  were added , th e  h e te ro g en eo u s m ix tu re  sh ak en , and 

th e  o rg an ic  l a y e r  s e p a ra te d  o ff*  A f te r  w ashing w ith  3# 

h y d ro c h lo r ic  a c id  and w a te r th e  e th e r  la y e r  was th o ro u g h ly  

washed w ith  5$ sodium  hydroxide s o lu t io n .  A c id i f ic a t io n  

o f th e  a lk a l in e  l a y e r  y ie ld e d  a  p a le  y e llo w  s o l id  w hich ,

OH c r y s t a l l i s a t i o n  from  e th y l  a c e ta te /p e tro le u m  e th e r  gave 

w h ite  p riem s su p . 22Q~224°CU The B e lt in g  p o in t  was 

u n d ep re ssed  on adm ix tu re  w ith  coum arin a c id .

S a tu r a te d  m eth o x y -d iacfd  (1781

A s o lu t io n  of th e  u n s a tu ra te d  d ia c id  (170) (3  g .)  

i n  te tr a h y d ro fu ra n  (90  ml*) was added, w ith  s t i r r i n g ,  t o



l i q u i d  ammonia (1?G m l,)*  L ith ium  (0 .7 -0 .8  g i ) was 

added in  s m a ll* f r e s h ly  c u t p ie c e s  u n t i l  th e  r e a c t io n  

m ix tu re  rem ained b lu e  f o r  app ro x im ate ly  1 minute# (The 

c o lo u r  was th e n  Im m ediately  d isc h a rg ed  by add ing  powdered 

ammonium c h lo r id e .  The r e a c t io n  m ix tu re  was a llow ed  to  

e v a p o ra te  o v e rn ig h t and the w hite  s o l id  which rem ained 

was d is s o lv e d  in  w a te r and the s o lu t io n  s a tu r a te d  w ith  

sodium  c h lo r id e ,  A f te r  e x t r a c t io n  w ith  e th e r  th e  i c e -  

c o ld  aqueous l a y e r  was a c id 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 th e  s o l i d  d e p o s it  f i l t e r e d  o f f  and d r ie d  (1 .4  g , f 

4 6 $ ) , C r y s t a l l i s a t i o n  from  aqueous m ethanol y ie ld e d  

{178) a s  w h its  p r ism s  m .p. 210-214°C. (800 m g., 2 6 $ ) . 

l e p e a t td  c r y s t a l l i s a t i o n  from  aqueous m ethanol r a i s e d  th e  

m .p. to  212-215°C. (Pounds C, 6 7 .0 1 ; H, 6 .9 8 ; C ^H ^O g  

r e q u i r e s  C, 66,65? U, 7 ,2 4 )*  fh e  m e ltin g  p o in t  was 

d e p re sse d  on adm ix tu re  w ith  e i t h e r  th e  u n s a tu ra te d  d ia c id  

(170) o r  th e  coum arin a c id  (1691 H » K ), fh e  in f r a r e d  

sp ec tru m  ( n u je l )  showed a broad  peah a t  1710 c&~^ (c a rb o x y l)  

w h ile  th e  u l t r a v i o l e t  spectrum  e x h ib ite d  an  a b s o rp tio n  

maximum a t  £§0 mu (£  2 ,3 0 0 ) ,

A ttem pted  c v c l l s a t i o n  o f th e  s a tu r a te d  d ia c id  (178)

A, T reatm ent o f th e  s a tu r a te d  d ia c id  (178) (650 mg,)

w ith  p e ly p h o sp h o ric  a c id  (60 g ,)  a t  100^0, f o r  1 ,5  hours 

and work up o f th e  deep red  syrup  in  th e  u s u a l way (p .  1 8 5 ) , 

p ro v id e d  a  deep y e llo w  s o l id  (400 m g .) . C r y s t a l l i s a t i o n
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from  aqueous m ethanol gave p o o rly -sh ap ed  c r y s ta l s  m .p .215- 

2 1 3 % . The m e ltin g  p o in t  was no t d ep ressed  on adm ixture 

w ith  s t a r t i n g  m a te r ia l .

B . T reatm ent o f th e  s a tu ra te d  d ia c id  (178) (50 mg.)

w ith  c o n c e n tra te d  su lp h u r ic  a c id  (15 m l.)  a t  100°C. f o r  

5 h o u rs  and work up l a  th e  u su a l way (p .  185) y ie ld e d  

o n ly  a  t r a c e  o f  y e llo w  so lid *  T r i tu r a t io n  o f th e  s o l i d  

w ith  e t h e r  gave a  p a le  yellow  s o l i d  whose m.p* 215~22Q°C. 

was u n d ep ressed  on adm ixture w ith  s t a r t i n g  m a te r ia l .

T h is  was p rep a red  by th e  method d e s c r ib e d  in  

th e  l i t e r a t u r e . ^ 0 

o -T o lv l-g u o c in fc  a c id  (185)

Magnesium tu rn in g s  (washed w ith  e th e r  and d r ie d )

(18 g . )  were a c t iv a te d  w ith  a  c r y s t a l  o f  io d in e . To th e  

c o o le d  tu rn in g s  was added a  s o lu t io n  of m ethyl io d id e  

(0 .5  m l.)  i n  d ry  e th e r  (100 m l . ) .  A s o lu t io n  o f o - t o l y l  

brom ide (129 gO  i n  d ry  e th e r  (150 sa l.) was th e n  added 

d ropw ise to  th e  s t i r r e d  m ix tu re  and a f t e r  e f fe rv e sc e n c e  

had ceased  th e  m ix tu re  was g e n t ly  r e f lu x e d  f o r  a  f u r t h e r  

1© m in u te s . A s o lu t io a  o f th e  t e t r a - e s t e r  (183) (47 g*) 

i n  d ry  e th e r  (500 m l.)  was added dropw ise to  th e  s t i r r e d  

G rignard  re a g e n t and th e  r e a c t io n  m ix tu re  r e f lu x e d  f o r  

1  hour* d eco m p o sitio n  o f th e  G rig n ard  complex th u s  

o b ta in e d  was e f f e c te d  by c a r e f u l ly  add ing  25# ammonium
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c h lo r id e  (250 m l.)  to  th e  coo led  M ixture* S t i r r i n g  was 

co n tin u e d  f o r  40 m inu tes a f t e r  which tim e th e  e t h e r  l a y e r  

was s e p a ra te d  from  th e  aqueous la y e r  which c o n ta in e d  much 

s o l i d  m a te r ia l*  f  o t h i s  aqueous l a y e r  was added

s u f f i c i e n t  10$ a c e t i c  a c id  to  d is s o lv e  th e  s o l id  and th e  

r e s u l t a n t  s o lu t io n  was e x tra c te d  th o ro u g h ly  w ith  e th e r*  

fh e  combined e th e r  e x t r a c t s  were washed w ith  w a te r and 

d r ie d  (HgS0^)* Removal of th e  e th e r  u n d er reduced  

p re s s u re  y ie ld e d  a  r e d  o i l .  f h i s  was d i s t i l l e d  u n d er 

red u ced  p re s s u re  and th e  t e t r a - e s t e r  (184? H a  E t)  

c o l le c te d  a s  a  y e llo w  o i l  b .p*  2 2 0 -2 4 0 % ./1 6  naa*(43 g«, 71$) • 

fh e  t e b r a - e s t e r  (184? S a  E t)  (43 g*) was r e -  

f lu x e d  w ith  25$ p o ta ss iu m  hydrox ide s o lu t io n  (400 ml*) f o r  

24 h o u rs . fh e  r e s u l t a n t  s o lu t io n  was cooled* e x t r a c te d  

w ith  e th e r*  and th e  aqueous la y e r  a c id i f i e d  w ith  40$ 

s u lp h u r ic  ao id* fh e  tu r b id  s o lu t io n  th u s  o b ta in e d  was 

e x t r a c te d  w ith  e th e r  and th e  e th e r  e x t r a c t s  washed and 

d r ie d  ($gSQ^). Removal o f th e  s o lv e n t gave (1 8 4 1 R « H) 

a s  a  p a le  y e llo w  s o l id  (22 g .»  70$).

D ecarb o x y la tio n  was e f f e c te d  by fu s in g  (1841 S » H) 

a t  185-175% * On c o o lin g , a  red-brow n s o l id  was o b ta in e d  

w hich on c r y s t a l l i s a t i o n  from  e th y l  a c e ta te /p e tro le u m  e th e r  

(80-80°) y ie ld e d  a  pale yellow  s o l id  (8 g*# 51$) «up. 173- 

178%. R e c r y s ta l l i s a t io n  from  e th y l  a c e ta te /p e tro le u m  

ether (60-80®} gave (185) as white prisms m.p. 181-182°C.
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(round* C, 63*1?5 H, 6 .0 4 ; r e q u ir e s  C, 63-45;

S , 5 .81 )*  She in f r a r e d  spectrum  showed & broad  peak a t  

169? cm-1  ( c a rb o x y l) .

3~0arboxy-4-met  h y lin d a n -l-o n e  (158 ; R » H)

A m ix tu re  o f o - to ly ls u c c in ic  a c id  (185) (5  g .)  

and p o ly p h o sp h o ric  a c id  (175 g*) was s t i r r e d  v ig o ro u s ly  

f o r  70 M inutes a t  135°0 . fh e  d ark  co lo u red  syrup  which 

r e s u l t e d  was added , w ith  s t i r r i n g ,  to  ic e  w a te r  (500 m l ,) 

and  th e  s o lu t io n  e x t r a c te d  th o ro u g h ly  w ith  e th e r .  The 

e t h e r  e x t r a c t s  were washed w ith  w a te r  and d r ie d  (MgSO^). 

Removal o f  th e  s o lv e n t  u n d er reduced  p re s su re  gave a  deep 

y e llo w  s o l i d  (3*6 g . )  m.p* 142-155°C. which was chrom ato­

g raphed  on s i l i c a .  E lu tio n  w ith  b e n z e n e -e th e r  (2 0 :1 ) 

y ie ld e d  a  w h ite  s o l i d  (2*1 g* , 46$) su p . 154-157°C. w hich, 

on c r y s t a l l i s a t i o n  from  e th y l  a c e ta te /p e tro le u m  e th e r  

( b .p .  60-80®) gave (158; E » H) as w h ite  p rism s m .p. 158- 

1S9°0* (Foundi 0 , 69.11? H, 5.56* cix % o °3  r e q u ir e s  

0# 6 9 .4 6 | I ,  5 .3 0 ) .  The in f r a r e d  spectrum  (n u jo l)  showed 

p eak s a t  1720 cm-*'*’ (indanone ca rb o n y l)  and 1690 cm ^ 

(c a rb o x y l)  w h ite  th e  u l t r a v i o l e t  spectrum  e x h ib ite d  ab so rp ­

t i o n  maxima a t  250 mu (£  10 ,040) and 295 mu (£  1 ,930)*

F u r th e r  e lu t io n  of th e  column w ith  b e n z e n e -e th e r  

( lO t l )  y ie ld e d  o - to ly ls u c c ln ic  a c id  (500 mg.) m .p .l7 6 - l8 0 °C .

F is c h e r - S p ie r  e s t e r i f  i c a t io n  o f (158? R » H) gave 

3 -c a rb e th o x y -4—m ethy lindan~I—one (158; H » E t) in  82$ y i e ld .



C r y s t a l l i s a t i o n  from  aqueous e th a n o l gave c o lo u r le s s  

n e e d le s  m .p . n ° G .  (Found: C, 71.551 H, 6 .1 8 1 C ^ H ^ O , 

r e q u i r e s  0 , 71,54? H, 6 .4 7 ) .  She in f r a re d  spectrum  

( n u jo l)  showed peaks a t  1735 cm-1  ( e s t e r )  and 1715 cm”1 

( indanone c a rb o n y l) . 

o -ffo lv lsu c c  l a i c  anhy d rid e  (186)

A m ix tu re  o f o - to ly l s u c c ia ic  a o id  (185) (650 mg.) 

mad a c e t i c  an h y d rid e  (2  m l.) was h ea ted  u n d er r e f lu x  f o r  

1  hour* Bemoval ©f th e  a c e t i c  anhydride u n d er reduced  

p r e s s u re  fu rn is h e d  a  ye llow  o i l  (400 m g., 67$) w hich, on 

d i s t i l l a t i o n #  y ie ld e d  (186) a s  a  c o lo u r le s s  v isc o u s  o i l  

170-172°C ./G .S5  nm. (found : C, 69.23? H, 5.60? C11H1003

r e q u i r e s  0 ,  6 9 . 46* H, 5*30).

ft tsm p te d  p r e p a ra t io n  o f 2~caybethoxym ethyl~3~carbethoxy- 
~me th v l  inaan~l-*one ' (120)............

A. A m ix tu re  o f th e  k e to - e s te r  (158; B * E t)(2 2 0  m g .),

d ry  e th e r  (15 m l . ) ,  and sodamide (800 mg.) was s t i r r e d  u n d er

n i t r o g e n  f o r  45 m in u tes . E th y l b rom oaceta te  (0 .5  m l.)  was

added and th e  r e a c t io n  m ix ture re f lu x e d  f o r  3 h o u rs . fh e

co o led  s o lu t io n  was d i lu te d  w ith  w a te r , a c i d i f i e d ,  and

e x t r a c te d  w ith  e t h e r .  A f te r  d ry in g  (MgS04 ) ,  th e  e th e r  was

removed u n d er red u ced  p re s s u re  and a  re d  se m iso lid  was

o b ta in e d . f r i t u r a t i o n  w ith  e th e r  and c r y s t a l l i s a t i o n  of

th e  r e s u l t a n t  s o l i d  (150 mg.) y ie ld e d  s t a r t i n g  m a te r ia l

( i d e n t i f i e d  by  m .p. and mixed m .p .) .
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B. A m ix tu re  o f  th e  k e to - e s te r  (158; R » E t)(3 5 0  a g . ) #

d ry  sodium methoxid©^®^ (350 mg*) and d ry  benzene (12 m l.) 

was s t i r r e d  u n d er n i tro g e n  f o r  1 .5  h o u rs . A s o lu t io n  of 

e th y l  b rom oaceta te  (350 mg.) in  d ry  benzene (10 m l.)  was 

added to  th e  m ix tu re  and s t i r r i n g  was co n tin u ed  f o r  a  

f u r t h e r  4 hours* W ater was added and th e  d i lu te d  m ix ture  

was e x t r a c te d  w ith  benzene. The o rg an ic  e x t r a c t s , on 

ev a p o ra tio n *  y ie ld e d  a  red  o i l  which r e s i s t e d  ou r a tte m p ts  

a t  c r y s t a l l i s a t i o n *  The crude r e a c t io n  p ro d u ct was 

h e a te d  u n d er r e f lu x  w ith  10^ p o tassiu m  hydroxide (50 m l.) 

and e th a n o l (3  m l.)  f o r  35 m inutes d u rin g  which tim e th e  

s o lu t io n  became v e ry  dark  in  co lour*  The co o led  s o lu t io n  

was a c id i f i e d  w ith  d i lu t e  h y d ro c h lo r ic  a c id ,  e x t ra c te d  w ith  

e t h e r ,  and th e  e th e r  e x t r a c t s  washed d r ie d .  Removal o f 

th e  so lv e n t y ie ld e d  a  red  o i l  from  which no pure  m a te r ia l  

co u ld  be i s o l a t e d .

|>t temp te d  p r e p a ra t io n  o f th e  p y r ro l id in e  enamine o f

A s o lu t io n  of th e  k e to - e s t e r  (158} R * E t)(5 0 0  mg*) 

and r e d i s t i l l e d  p y r ro l id in e  (0 .8  m l.) in  d ry  benzene (50 m l.)  

c o n ta in in g  p—to lu e n e —su lp h o n ic  a c id  (2 mg.) was re  f lu x e d  in  

a  le a n  and S ta rk  a p p a ra tu s  f o r  5 h o u rs . E v ap o ra tio n  o f th e  

d a rk  green s o lu t io a  gave a  se m iso lid  p ro d u c t w hich, on 

t r i t u r a t i o n  w ith  e t h e r ,  gave a  p a le  ye llow  s o l id  (300 m g .). 

C r y s t a l l i s a t i o n  o f  th e  l a t t e r  from  aqueous e th a n o l y ie ld e d



m -

th e  s t a r t i n g  k e t o - e s t e r ,  id e n t i f i e d  by nup* and mixed m .p.

A ttem pted  p g e p a ra tio n  of th e  m orpholine anamiwa nf 
i lS S j  I  » E t)  —

A s o lu t io n  of th e  k e to - e s te r  (158; R * E t)(4 2 0  mg.) 

and r e d i s t i l l e d  m orpholine (250 mg.) in  d ry  benzene (10  m l.)  

c o n ta in in g  p - to lu e n e -s u lp h o n ic  a c id  (2 mg.) was re f lu x e d  

f o r  21 h o u rs . Work up in  th e  u s u a l way p ro v id ed  a  sem i- 

s o l i d  p ro d u c t from  which s t a r t i n g  m a te r ia l  (300 mg.) was 

i s o l a t e d  by t r i t u r a t i o n  w ith  e th e r .  T his was id e n t i f i e d  

by m .p . and mixed m .p .

The above experim ent was re p e a te d  u s in g  a  l a r g e r  

p ro p o r t io n  o f m orpholine (1  g .} .  Once a g a in , however, 

o n ly  s t a r t i n g  m a te r ia l  cou ld  be i s o l a te d .

2-ffo rm y l-3 -carb e  t hox.v-4-meth v l in d a n - l - o  ne (190)

th e  k e t o - e s t e r  (1581 R * E t) (1 .5  g*) in  d ry  

benzene (15 ml*) was added w ith  shak ing  d u rin g  10 m inutes 

to  a  s t i r r e d  m ix tu re  o f e th y l  fo rm ate  (1  g . ) , d ry  benzene 

(15  m l . ) ,  and d ry  powdered sodium m ethoxide (750 mg*) which 

was co o led  in  i c e .  fh e  m ix tu re  was k ep t in  ic e  f o r  

30 m in u te s , th e n  a t  room tem p era tu re  o v e rn ig h t, and was 

t h i n  shaken w ith  ic e  w a te r . E th e r  was added and th e  

com bined aqueous l a y e r  and w a te r  w ashings o f th e  o rg an ic  

l a y e r  were a c id i f i e d  w ith  ic e - c o ld  d i lu t e  h y d ro c h lo r ic  

a c id .  fh e  tu r b id  s o lu t io a  th u s  o b ta in ed  was e x t r a c te d  

w ith  benzene sued e th e r  and the  combined o rg a n ic  e x t r a c t s  

washed w ith  w a te r  and d r ie d .  Removal of th e  s o lv e n t gave



th e  crude  fo rm a l d e r iv a t iv e  (190) a s  an orange s o l id  

(1*3 §* f 77%) * fhe  l a t t e r  m a te r ia l  gave p o s i t iv e  

r e a c t io n s  w ith  a lc o h o l ic  f e r r i c  c h lo r id e  s o lu t io n  and 

s a tu r a te d  c u p rio  a c e ta te  so lu tio n *  f r i t u r a t i o a  w ith  e th e r  

gave a  y e llo w  s o l id  (m*p. 9G-95°C.) which r e s i s t e d  ou r 

a t t e s t s  a t  c r y s t a l l i s a t i o n *  fhe in f r a re d  spectrum  (n u jo l)  

showed peaks a t  1730 cm-1 ( e a t e r ) ,  1670 cm”1 , 1630 cm”1 

(/3 -d ik e to n e )  and 1600 cm"1 ( a ro m a tic ) .  The crude 

d e r iv a t iv e  o b ta in e d  above was used  f o r  f u r th e r  work w ith o u t 

p u r i f i c a t io n *

M tgH E fil jrep aratiou  of .2^ormyl-2~carbeth03armethJl-3-
ca rb e th o x y ~ 4 -m e th y lin aan -l-o n e  (191)

A s o lu t io a  of th e  form yl d e r iv a t iv e  (190) (1  g*) 

i n  d ry  benzene (30 ml*) was added to  a  s t i r r e d  m ix ture of 

powdered sodium m ethoxide (250 mg*) and d ry  benzene (5 ml*) 

k e p t u n d er n itro g en *  A f te r  1 h o u r, a  s o lu t io n  of e th y l  

brom o& cetate (7*3 ml*) in  d ry  benzene (15 ml*) was added 

and th e  y e llo w  su sp e n s io n  was s t i r r e d  u nder r e f lu x  f o r  

48 hours* fh e  r e a c t io n  m ix tu re  was d i lu te d  w ith  w a te r  and 

th e  s e p a ra te d  benzene la y e r  was combined w ith  th e  e th e r  

w ash ings of th e  aqueous la y e r*  fhe t o t a l  o rg an ic  e x t r a c t s  

w ere washed w ith  ic e -c o ld  5% p o tassiu m  hydroxide s o lu t io n  

( t o  remove e n o l ic  m a te r ia l ) ,  w a te r and d r ie d .  Removal of 

th e  s o lv e n t  y ie ld e d  a  red  v isco u s  o i l  (650 mg*) which gave 

a  deep re d  c o lo u r  w ith  a lc o h o lic  f e r r i c  c h lo r id e  so lu tio n *
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The in f r a r e d  spectrum  showed p e a ts  a t  1730 cm"1 , 1670 cm"1 ,
"I

and 3-640 om (w ). E epeated  e x t r a c t io n  of an e th e r  

s o lu t io n  o f t h i s  o i l  w ith  ic e - c o ld  5$ a l k a l i  fo llo w ed  by 

rem oval o f th e  e th e r  under reduced  p re s su re  y ie ld e d  on ly  

a  t r a c e  o f o il*  A c id i f ic a t io n  o f th e  combined a lk a l in e  

e x t r a c t s  p ro v id ed  an  © nolle p ro d u ct whose in f r a re d  spectrum  

was i d e n t i c a l  w ith  t h a t  o f th e  s t a r t i n g  m a te r ia l .

(193)

The k e t0- e s t e r  (153; B s  I t )  (1  g .)  in  d ry  benzene 

(8  ml#} was added , w ith  s t i r r i n g ,  to  a  m ix tu re o f e th y l  

o x a la te  (1*5 g*)* d ry  benzene (6 m l.) and powdered sodium 

methoxid©^®^ (500 mg#) which was coo led  in  i c e .  The 

m ix tu re  was k e p t i n  ic e  f o r  2 h o u rs , re f lu x e d  f o r  2 hours 

u n d e r  n i t r o g e n ,  and th e n  l e f t  o v e rn ig h t a t  room te m p e ra tu re . 

A f te r  d i l u t i o n  w ith  w a te r , th e  aqueous l a y e r  was s e p a ra te d  

and th e  benzene l a y e r  e x t ra c te d  w ith  2$ sodium hydroxide 

s o lu t io n #  The to ta l aqueous la y e r s  were a c id 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 the  a c id i f i e d  s o lu t io n  was 

e x t r a c te d  w ith  e t h e r  and benzene and th e  o rg an ic  e x t r a c t s  

washed w ith  w a te r  and d ried *  Eemoval o f th e  s o lv e n t 

y ie ld e d  a  c ru d e  y e llo w  s o l id  (1 .2  g . ,  82$) which gave a 

r e d  c o lo u r  with a lc o h o l ic  f e r r i c  c h lo r id e  so lu tion .

Repeated c r y s ta llisa t io n  from aqueous ethanol gave (193) 

as pale yellow  prisma m.p• 104—106°C• (Pounds C, 63*751 

H, 6.16} ci 7 Hi 8 ° 6  re<J.uire3 c * 64.145 H, 5 .7 0 ). The
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in f r a r e d  sp ec tram  ( n u jo l i  shoved peaks a t  1730 cm x ( e s t e r ) ,  

1715 cm 1670 em""  ̂ ( p  -d ik e to n e  and e a te r )  and 1600 onT^ 

(a ro m a tic )  w h ile  th e  u l t r a v i o l e t  sp ec tru m  e x h ib i te d  an 

a b s o rp t io n  maximum a t  320 mu 13 #700) •

A ttem pted  p r e p a r a t io n  o f th e  M ichael ad d u c t (194)

A* A m ix tu re  o f th e  e th o x a ly l  d e r iv a t iv e  (193)

(3 S i mg*)# ^ d ie tk y la m in o -S -b u ta n o n e * ^  (200 m g .)# p y r id in e  

( f i®  mg*} and d ry  benzene (10 ml#) was re f lu x o d  f o r  18 hours# 

th e  r e a c t io n  m ix tu re  was c o o le d , d i lu t e d  w ith  benzene and 

washed w ith  d i l u t e  h y d ro c h lo r ic  a c id ,  w a te r ,  s a tu r a te d  

sodium  c h lo r id e  s o lu t io n  and d ried #  Removal o f th e  benzene 

u n d e r  red u ced  p r e s s u re  gave a  y e llo w  s e m is o lid  w hich gave a  

re d  c o lo u ra t io n  w ith  a lc o h o l ic  f e r r i c  c h lo r id e  s o lu t io n .

Ho a l k a l i - i n s o l u b l e  m a te r ia l  co u ld  be o b ta in e d  from  t h i s  

c ru d e  r e a c t io n  p ro d u c t ,  w h ich , on t r i t u r a t i o n  w ith  e t h e r  

and c r y s t a l l i s a t i o n  from  aqueous e th a n o l ,  gave th e  s t a r t i n g  

e th o x a ly l  d e r iv a t iv e  ( i d e n t i f i e d  by m#p. and mixed m .p .)*

I*  f e  a  s t i r r e d  m ix tu re  o f  th e  e th o x a ly l  d e r iv a t iv e

(193) (70® mg#) and m ethyl v in y l  k e to n e  (1*5 m l.)  was 

a id e d  a  25$ s o lu t io n  o f t r ie th y la m in e  in  a c e t i c  a c id  

(0#3 m l . ) .  A f te r  a  s h o r t  tim e a  re d  s o lu t io n  developed  

and was l e f t  o v e rn ig h t a t  room tem p era tu re#  Most o f  th e  

v o l a t i l e  m a tte r  was th e n  e v a p o ra te d  o f f  and a  re d  sem i- 

s o l i d  was o b ta in e d  w hich gave a  deep re d  c o lo u r  w ith  

a lc o h o l ic  f e r r i c  c h lo r id e  s o lu t io n .  The s e m is o lid  p ro d u c t



was d isso lved  in  e th e r  and the e th e r  so lu t io n  ex trac ted  

th o ro u g h ly  w ith  5$ sodium  hydro x id e  so lu tio n *  The a lk a l in e  

l a y e r  was a c id i f ie d #  e x t r a c te d  w ith  e t h e r ,  and th e  e th e r  

e x t r a c t s  washed and d ried *  Removal o f th e  s o lv e n t  u n d e r 

red u ced  p re s s u re  y ie ld e d  a  y e llo w  s o l i d  which# a f t e r  

c r y s t a l l i s a t i o n  from  aqueous e th a n o l#  was I d e n t i f i e d  a s  

s t a r t i n g  m a te r ia l  (193) by m .p ., mixed m .p*, and hy i t s  

I n f r a r e d  spectrum * Only a  t r a c e  o f  a l k a l i - i n s o lu b l e  

m a te r ia l  was i s o l a t e d  when th e  o r i g i n a l  e t h e r  l a y e r  was 

evap o ra ted *

K e t o - t r i e s t e r  (198)

To a  s t i r r e d  m ix tu re  o f  th e  k e t o - e s t e r  (1 5 8 1 B»Et)

(2  g * ) 9 T r i to n  1# and d ry  benzene (20  ml*) was added a

s o lu t io n  o f a c r y l o n i t r i l e  (1*1 g*) i n  d ry  benzene (10  m l* ).

The r e s u l t a n t  m ix tu re  was s t i r r e d  f o r  16 h o u rs  a t  room

tem p era tu re#  washed w ith  w a te r  and th e  s o lv e n t  removed u n d er

red u ced  p re s su re *  A y e llo w  v is c o u s  o i l  (2  g . )  was o b ta in e d
—1whose in f r a r e d  sp ec tru m  ( f i lm )  showed peaks a t  2250 cm 

( w ) ( n i t r i l e )  and 1710 cm x ( b r o a d ) ( e s t e r  and indanone 

c a rb o n y l)*

The y e llo w  o il#  o b ta in e d  above# was r e f lu x e d  w ith  

10$ p o ta ss iu m  h y d ro x id e  s o lu t io n  (80  ml*) f o r  5 hours* The 

tu r b id  s o lu t io n  was th e n  shaken  w ith  c h a rc o a l and f i l t e r e d *  

A f te r  a c i d i f i c a t i o n  w ith  d i l u t e  h y d ro c h lo r ic  ac id #  th e  

s o lu t io n  was f i l t e r e d  and th e  y e llo w  f i l t r a t e  e x t r a c te d



w ith  e th y l ace ta te*  th e  e th y l a c e ta te  e x tra c ts  were

washed w ith  w a te r  and d r ie d  (MgSG^)* Removal o f th e  

s o lv e n t u n d e r red u ced  p re s s u re  y ie ld e d  an a c id ic  sem i­

s o l i d  (1*8 g . )  w hich was chrom atographed on s i l i c a *  

l iu t io m  w ith  b e n z e a e -e th e r  (5*1) y ie ld e d  th e  k e to - a c id  

(158 ; M m E) (600 mg*) m*p. 154-157°®* (m*p* u n d ep ressed  

on adm ix tu re  w ith  a u th e n t ic  k e to -a c id )  * F u r th e r  e l u t io n  

w ith  e t h e r  and m ethano l y ie ld e d  a  y e llo w  gum (1  g . )  which# 

on e s t e r i f  i c a t i o n  w ith  diazome th a n e  9 y ie ld e d  a  re d  v isc o u s  

o i l  ( l  g . )  whose in f r a r e d  spectrum  (ca rb o n  t e t r a c h lo r id e )  

showed p eak s a t  1735 csT^* ( e s t e r )  and 1715 (sh )

(In d an o n e  ca rb o n y l)*  Chrom atography on a lum ina  (g ra d e  111) 

u s in g  b e n z e n e -o th e r  (20*1) a s  e lu a n t  y ie ld e d  a  p a le  y e llo w  

o i l  which# on m i c r o - d i s t i l l a t i o n  on to  a  c o ld  f in g e r#  gave 

(198) a s  a  c o lo u r le s s  v is c o u s  o i l  (Found* ®# 64*25*

I#  5.9®S r<̂ u i r ®8 °* 63.821 H, 6 .4 3 ) . fhe

in f ra re d  spectrum (carbon te t r a c h lo r id e )  showed peaks a t  

I t 35 «*** («•%**) and 1715 cm."*1 (indanone oarfconyl).
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