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Summary

The c h e m is t ry  o f  some n a t u r a l  p ro d u c ts  has  been  i n v e s t i g a t e d  

w i th  p a r t i c u l a r  r e f e r e n c e  to  t h e i r  biogenesis^*

P a r t  l ( a )  — V a r io u s  t h e o r i e s  oil th e  s t e r e o c h e m i s t r y  o f  d i t e r p e n e  

b i o g e n e s i s  a r e  rev iew ed  and th e  th e o ry  i s  advanced t h a t  a l l  d i t e r p e n e s  

a r i s e  from th e  t r a n s - a n t i  c y c l i s a t i o n  o f  a g e r a n y l - g e r a n i o l  p r e c u r s o r*

A number o f  d i t e r p e n e s  whose s t e r e o c h e m i s t r y  does  n o t  comply w i th  t h i s  

th e o r y  a r e  l i s t e d  and th e  e v id en ce  f o r  t h e  assignm ents  o f  th e  r e s p e c t i v e  

s t e r e o c h e m i s t r i e s  i s  c r i t i c a l l y  a p p ra ise d *  The s t r u c t u r e  and s t e r e o ­

c h e m is t r y  o f  two o f  th e  a p p a re n t  e x c e p t io n s  to  th e  r u l e ,  g i b b e r e l l i c  

a c i d  and c a f e s t o l ,  i s  unam biguously  d e f in e d  by X—r a y  s t r u c t u r a l  a n a l y s i s  

and c i r c u l a r  d ic h ro ls m  s tu d ie s *  T h is  i s  th e  f i r s t  u se  o f  c i r c u l a r  d i— 

ch ro ism  i n  s t r u c t u r a l  o rg a n ic  ch em is try *  The new s te r e o c h e m ic a l  assign** 

m en ts  a r e  i n  f u l l  ag reem en t w ith  b io g e n e s i s  by t r a n s —a n t i  c y c l i s a t i o n  

o f  a g e n a n y l - g e r a n io l  p re c u r s o r*

P a r t  1 (b )  — The mould T r ic h o th e c iu m  Roseum was grown and fo u r  new 

m e t a b o l i t e s  were i s o l a t e d  from  i t *  Two o f  th e  m e t a b o l i t e s  were l i q u i d  

e s t e r s  w i th  m o le c u la r  w e ig h ts  o f  258 and 342 r e s p e c t i v e l y  and a t h i r d  

m e t a b o l i t e  was an amide Cg 2^ 4 *3® io*i4 ? nuP*'# ~  2 T l-2 7 4 ab ,  /% 7 j ) •.*

The f o u r t h  m e t a b o l i t e  was an  a c i d ,  C2oH3o®$» and a workiinS s t r u c t u r e  

i s  s u g g e s te d  f o r  t h i s  compound*

The s t r u c t u r e  and a b s o lu t e  s t e r e o c h e m i s t r y  o f  th e  m e t a b o l i t e  

r o s o l o l a c t o n e  i s  d e f in e d  by chem ica l and X—r a y  s tu d ie s *

P a r t  2 -  The b io g e n e s i s  o f  c h o l e s t e r o l  and methods f o r  f u n c t i o n a l i s i n g

i n e r t  m e thy l g roups  a r e  re v ie w e d ,  and an  a t te m p t  to  remove th e  14 0^^- 

m e thy l group from l a n o s t e r o l  i s  d e s c r ib e d *  The removal o f  t h i s  m ethyl



group  was n o t  a c h ie v e d ,  b u t  a s e r i e s  o f  i n t e r e s t i n g  compounds was 

o b ta in e d *  E v idence  f o r  th e  s t r u c t u r e s  o f  t h e s e  compounds i s  p re se n te d *  

P a r t  3 — H ypo theses  f o r  t h e  b io g e n e s i s  o f  c o l c h i c i n e  a r e  rev iew ed  and

a  s y n t h e s i s  o f  c o l c h i c i n e  i s  b ased  on one o f  th e se *  The b i c y c l i c  p re ­

c u r s o r ,  l - ( 3 ,  4 ,  5 t r i h y d r o x y p h e n y l ) - 3 - (  jB - t ro p o lo n y l ) -p ro p a n e ,  was 

p r e p a r e d  and r i n g  c l o s u r e  to  t h e  t r i c y c l i c  system  by p h e n o l ic  o x id a t i v e  

c o u p l in g  was a t tem p ted *  The r i n g  c l o s u r e  was s u c c e s s f u l  b u t  o v e r -  

o x i d a t i o n  of th e  p y r o g a l l o l  m o ie ty  t o  a pyrone r e s u l t e d *

The t r i c y c l i c  compound which would be ex p ec ted  from th e  

o x i d a t i v e  c o u p l in g  r e a c t i o n  was p re p a re d  by d e g r a d a t io n  o f  c o l c h i c i n e ,  

and t h i s  was s u c c e s s f u l l y  c o n v e r te d  to  d e s a c e ty la m id o c o lc h ic e ln e  from 

w hich c o l c h i c i n e  had b een  s y n th e s i s e d  by p re v io u s  w orkers*  The t o t a l  

s y n t h e s i s  o f  t h e  a l k a l o i d  i s ,  t h e r e f o r e ,  b u t  one s t e p  from c o m p le t io n  

and t h e  o x i d a t i o n  o f  t h e  b i c y c l i c  p r e c u r s o r  to  a t r i c y c l i c  pyrone has  

p ro v id e d  an  i n  v i t r o  a n a lo g y  f o r  t h e  b i o g e n e t i c  h y p o th e s is*



P a rt 1

S tu d ie s  i n  D i te rp e n e  C hem is try  

( a )  S te re o c h e m ic a l  im p l i c a t i o n s  o f  d i t e r p e n e  b io g e n e s i s  

0 )  M e t a b o l i t e s  o f  th e  mould T r ic h o th e c iu m  Roseum)

N o m e n c la tu re ? S t e r o i d  Numbering i s  u sed  th ro u g h o u t  th e  
p r e s e n t  work u n l e s s  o th e rw is e  in d i c a te d *
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The S te r e o c h e m ic a l  I m p l i c a t i o n s  o f  D i te rp e n e  B io s y n th e s i s

H i s t o r i c a l

The f i r s t  o b s e rv a t io n !  o f  any s t r u c t u r a l  s i m i l a r i t y  i n  t e r p e n e s

was made by R u z ic k a  who, h av in g  found m ono te rpenes  which were n o t  r e l a t e d

t o  p a r a - cymene^1^ « p ro p o sed  th e  c l a s s i c a l  i s o p r e n e  r u l e .  T h is  s t a t e d  t h a t

t e r p e n e s  w ere b u i l t  up from i s o p r e n e  u n i t s  j o i n e d  head to  t a i l  as  i n  I .

By u s in g  t h i s  h y p o th e s i s  he was a b l e  t o  p ro p o se  s t r u c t u r e s  f o r  c a d a le n e  ( I I )

and e u d a le n e  ( i l l ) ,  t h e  h y d ro c a rb o n s  d e r iv e d  from s u lp h u r  d e h y d ro g e n a t io n

( 2)o f  some s e s q u i t e r p e n e s '  ' •  He t h e n  v e r i f i e d  t h e s e  s t r u c t u r e s  by sy n -

t h e s i s ^ 3 ^ 4 ^ .  I n  t im e  th e  i s o p r e n e  r u l e  became th e  more s o p h i s t i c a t e d

b i o g e n e t i c  i s o p r e n e  r u l e ,  and i t  was h e ld  t h a t  s e s q u i t e r p e n e s  were d e r iv e d

from f a r n e s o l ( l V )  by c y c l i s a t i o n s  and r e a r r a n g e m e n t s ^ ^  •

C o n c u r re n t  w i th  th e  work on s e s q u i t e r p e n e s  was th e  e l u c id a t i o n !

o f  t h e  s t r u c t u r e  o f  th e  d i t e r p e n e  a b i e t i c  a c id  (V ) . U sing  a s i m i l a r  

(7 )a p p ro a c h '  ' t h e  com ple te  s t r u c t u r e  and c o n f i g u r a t i o n  o f  th e  a c id  

f o l l o w e d ^ ^ . With th e  h e lp  o f  t h e  i s o p r e n e  r u l e ,  t h e  s t r u c t u r e s  o f  

a  l a r g e  number o f  d i t e r p e n e s  have b e e a  fo u n d , and th e  s im p l e s t  o f  t h e s e  

a r e  c l a s s e d  a s  a c y c l i c ,  mono—, d l—*, t r i —, and t e t r a c y c l i c  d i t e r p e n e s ,  

d e r iv e d  d i r e c t l y  from a g e r a n y l - g e r a n i o l  (..VI) o r  a g e r a n y l - l i n a l o o l  (V II)  

p r e c u r s o r .  Examples o f  t h e s e  g roups  a r e  p h y to l  ( V I I I ) ^ 13^ ,  v i t a m in  A 

(IX) ( J1), a ga t h i c  a c id  (X )^12^ , p im a r ic  a c id  (X I )^ 13^ 14^ ,  and p h y l l o -  

c l a d e n e ( X I l ) ^ 15  ̂ r e s p e c t i v e l y .  G e r a n y l - l i n a l o o l  has  beeru found i n  

n a t u r e ^ 16^ ,  and b o th  i t  and g e r a n y l - g e r a n i o l  have been  s y n t h e s i s e d ^ 17^ .

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

w r i t t e n  a s  VI —> X II I  —> XIV - > X I I  and XV as shown o p p o s i t e .

S e v e ra l  d i t e r p e n e s  a r e  n o t  d e r iv e d  d i r e c t l y  from t h i s  seq u en ce ,
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b u t  t h e s e  can  be e x p la in e d  v e r y  r e a d i l y  by a s e r i e s  o f  r e a r ra n g e m e n ts*  

G i b b e r e l l i c  a c i d  (X V I)^ ® ^ ,  g r a y a n o to x in s  ( X V I l ) ^ ^ *  and t h e  r e c e n t l y  

d i s c o v e r e d  p l e u r o m u t i l i n  ( X V I I l ) ( 20H 21) ar e  exam ples o f  t h i s  ty p e  o f  

d i t e r p e n e *  and th e y  can a l l  be d e r iv e d  from th e  p r e c u r s o r s  XII o r  X II I  

by t h e  r e a r r a n g e m e n t s  X I I - >  X l l a  XVI, XII X l l b X V I I , and X I I I -> -  

X H I a  XVIII r e s p e c t i v e l y *

( 22)Many a l k a l o i d s  w ith  a d i t e r p e n e  s k e l e t o n  a r e  known' '*  and

a model s y n t h e s i s  from th e  d i t e r p e n e  s k e l e t o n  has  been  a c h ie v e d  by a z id e

( 2d)p h o t o l y s i s  • The g a r r y a  a l k a l o i d s  such as  XIX can  be d e r iv e d  d i r e c t l y

from  a p r e c u r s o r  i n  th e  R u z ick a  scheme* w h i le  o t h e r s  such  as  a t i s i n e  

( X X ) ^ ^ ^ ^ *  and d e l p h in in e  (X X l)^ * ^  r e q u i r e  r e a r ra n g e m e n t  o f  t h e s e  

p r e c u r s o r s .

The wide a p p l i c a b i l i t y  o f  R u z ic k a * s scheme i s  e v i d e n t ,  and

work on th e  b i o s y n t h e s i s  o f  s t e r o i d s  ( s e e  p* 62 ) and mould m e tabo-

(27) (28)l i t e s  h a s  p u t  t h e  i s o p r e n e  r u l e  on a f i rm  f o o t i n g .  T h is  work*

some o f  w hich w i l l  be d e t a i l e d  e lse w h e re  i n  t h e  p r e s e n t  t h e s i s *  has- 

t r a n s l a t e d  R u z i c k a ' s  e m p i r ic a l  p r e d i c t i o n s  i n t o  t h e  scheme XXII 

XXIII X X I V X X V - K X X V I V I  e t c .

A ccep tan ce  o f  th e  s im p le  s t r u c t u r a l  b io g e n e t i c  i s o p r e n e  r u l e  

was fo l lo w e d  by s p e c u l a t i o n  on th e  b io g e n e t i c  s te r e o c h e m ic a l  r e l a t i o n ­

s h ip s  o f  d i t e r p e n e s .  At f i r s t  i t  was th o u g h t  t h a t  a l l  d i t e r p e n e s  had 

th e  same t r a n s  A/B r i n g  j u n c t i o n  as  was p r e s e n t  in i  t r i t e r p e n e s  and 

s t e r o i d s ^ ^ , as  many o f  t h e s e  compounds had b een  i n t e r r e l a t e d  by de­

g r a d a t i o n  p r o d u c t s  which r e t a i n e d  th e  asym m etric  c e n t r e s  a t  Cg and C^q »

I t  was soon e v i d e n t  t h a t  t h i s  was n o t  a g e n e ra l  r u l e  from th e  i n c r e a s i n g
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number o f  d i t e r p e n e s  such  a s  s t e v i o l  (X XV II)(29H 30) and k au ren e  XXXVII(30H 31) 

w hich had a t r a n s  A/B r i n g  j u n c t i o n  which was a n t ip o d a l  t o  t h a t  o f  m ost

s t e r o i d s  and t r i t e r p e n e s *

( 32)D j e r a s s i  examined th o s e  s e s q u i— and d i t e r p e n e s  w i th  t h e  

r a r e  Cg h y d ro x y l  f u n c t i o n ,  and o b se rv e d  t h a t  th e  a n t ip o d a l  A/B r i n g  

j u n c t i o n  was a lw ays p r e s e n t  i n  such compounds* He p r e d i c t e d  t h a t ,  

on t h i s  b a s i s ,  g i b b e r e l l i c  a c id  would have an a n t ip o d a l  A/B r i n g  j u n c t i o n ,  

and s u g g e s te d  t h a t  th e  enzyme system  r e s p o n s i b l e  f o r  h y d r o x y l - c a t i o n -  

i n i t i a t e d  r i n g  c l o s u r e  would c au se  c y c l i s a t i o n  to  r e s u l t  i n  a n t ip o d a l  

A/B r  in g  j u n c t io n s *

( 33}R u z ick a* s  t h e o r i e s  have been d ev e lo p ed  by W en k e r t '  ' whon 

s u g g e s te d  a p im a ra d ie n e  p r e c u r s o r  (XXIX) f o r  th e  t e t r a c y c l i c  d i t e r p e n e s ,  

and made a s e r i e s  o f  s te r e o c h e m ic a l  p r e d i c t i o n s  on t h i s  b a s i s *  To 

o b t a i n  a b i e t i c  a c id  (V) from a p im a ra d ie n e  (XXIX), th e  m ethy l group  a t  

Cjg m ust m i g r a t e  t o  th e  a d ja c e n t ,  p o s i t i o n ,  on t h e  v in y l  g ro u p in g .  T h is  

i s  f a c i l i t a t e d  i f  t h e  t r a n s i t i o n  s t a t e  XXX can  be w r i t t e n  and , i f  r i n g  

C i s  c o n s id e r e d  r i g i d ,  t h e n  o n ly  t h a t  conform ation,,  w i th  am a x i a l  m ethy l 

and an e q u a t o r i a l  v in y l  g roup a t  C^g can  g iv e  r i s e  t o  such  a t r a n s i t i o n  

s t a t e *  W enkert con c lu d ed  from t h i s  t h a t ,  s i n c e  th e  a b i e t i c  a c id  r e ­

a r ra n g e m e n t  was so f a c i l e ,  t h e  o n ly  n a t u r a l l y  o c c u r r i n g  p im a ra d ie n e s  

would be th o s e  w i th  an  e q u a t o r i a l  m ethyl and an> axiial v in y l  group a t  C jg .

The a x i a l  v in y l  g roup  i s  w e l l  p o s i t i o n e d  f o r  r e a r r a n g e m e n t  o f  th e  pim&*~ 

r a d i e n e s  t o  t e t r a c y c l i c  d i t e r p e n e s ,  and r im uene (XXXl)^3^ ^  ) ? f 0E

exam ple , y i e l d s  i s o p h y l l o c l a d e n e  (XXXIl) on t r e a t m e n t  wiith fo rm ic  

a c i d ^ 3* ^ 33^ 3^  • From th e s e  a rg u m e n ts ,  W enkert con c lu d ed  t h a t  t h e  

s t e r e o c h e m i s t r y  o f  th e  t e t r a c y c l i c  d i t e r p e n e s  would be a s  ini XXXII.
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/ oa\
Wenkert* '  h as  now r e t r a c t e d  h i s  t h e o ry  o f  a x i a l  m ethy l

m ig r a t io n ?  and a l lo w s  t h a t  th e  t r a n s i t i o n  s t a t e  XXX can  a r i s e  f ron t

e i t h e r  Cig  ep im er by v i r t u e  o f  th e  f l e x i b i l i t y  o f  r i n g  C. He and

o t h e r s ^ ^ ^ ^ ^ * ^  have shown t h a t  b o th  C jg ep im ers  o f  t h e  p im a ra d ie n e s

can  e x i s t  i n  n a tu re ?  and th e  p i m a r a d i e n e ->  a b i e t i c  re a r r a n g e m e n t  has

been  a c h ie v e d  in i v i t r o * w ith  b o th  e p i m e r s ^ ^  <> These r e s u l t s  have

i n v a l i d a t e d  t h e  s te r e o c h e m ic a l  i m p l i c a t i o n s  o f  W enkert*s h y p o t h e s i s .

( 39 )W h a l le y '  * h as  r e c e n t l y  p roposed  a th e o r y  to  a c c o u n t  f o r  t h e  

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

te rm s  o f  t h e i r  b io g e n e s i s  from a p im a ra d ie n e  p r e c u r s o r .  He i n d i c a t e d  

t h a t '  f o u r  p im a ra d ie n e s  were p o s s i b l e  ? two w ith  a Cg—CjQ s y n  backbone? 

and two w i th  a  a n t i  backbone? and c o n s id e r e d  th e  r e a r r a n g e m e n ts

w hich would be in v o lv e d  i n  t r a n s f o r m in g  each  o f  t h e s e  to  th e  r e s p e c t i v e  

t e t r a c y c l i c  compound.

The two syn  p im arad ie n es?  XXX111 and XXXVI? would g iv e  r i s e  

t o  t h e  c a t i o n s  XXXIV and XXXVII r e s p e c t i v e l y .  C a t io n  XXXIV i s  u n fa v o u re d  

due to  t h e  s t r o n g  hydrogen  i n t e r a c t i o n ?  w h ile  c a t i o n  XXXVII i s

r e l a t i v e l y  u n s t r a i n e d  s in c e  th e  f i v e  membered r i n g  D c a u s e s  th e  

bond to  be b e n t  away from C&. The t e t r a c y c l i c  d i t e r p e n e s  w i th  a s y n  

backbone would th u s  be ex p ec ted  to  have th e  s t e r e o c h e m i s t r y  XXXVIII.

The two a n t i  p im a ra d ie n e s?  XXXIX and X L II,  g iv e  r i s e  to  t h e  

c a t i o n s  XL and X LIII r e s p e c t i v e l y .  Due to  r e l i e f  o f  s t r a i n  th rough , 

b u t t r e s s i n g ?  t e t r a c y c l i c  d e t e r p e n e s  w i th  an  a n t i  backbone c a n  have th e  

s t e r e o c h e m i s t r y  XLI o r  XLIV. The r i n g  system  of d i t e r p e n e  a l k a l o i d s  

do es  n o t  a l lo w  b u t t r e s s i n g  o f  th e  C1Q m ethyl group  and so c a t i o n  XL w i l l
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be t h e  more s t r a i n e d  and XLIV w i l l  be t h e  e x p e c te d  s t e r e o c h e m i s t r y .  

S t r a i n  in i  t h e  d i t e r p e n e  a l k a l o i d s  can  be removed when r i n g  B i s  i n  

t h e  b o a t  co n fo rm a tio n ?  and t h i s  i s  t h e  c a s e  i n  th e  v a r io u s  d i t e r p e n e  

a l k a l o i d s  w hich have a  m ethy l t o  n i t r o g e n  o r  oxygem b r id g e  o r  

c a r b o n - c a r b o n  bond.
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T h e o r e tic a l

I n  W h a l le y 's  th e o r y  o f  d i t e r p e n e  s t e r e o c h e m i s t r y  p ro v is io n *  

was made f o r  a g roup  o f  d i t e r p e n e s  h a v in g  a sym Cq-C jq  backbone .  We 

have  o b se rv e d  th a t ?  a p a r t  from a v e ry  sm all  g roup  o f  compounds a p p a re n t ly -  

h a v in g  su ch  a syn  backbone , th e  d i t e r p e n e s  whose a b s o lu t e  c o n f i g u r a t i o n s  

a r e  known can  be e x p la in e d  on. th e  b a s i s  o f  a synch ronous  t r a n s - a n t i  

c y c l i s a t i  oua o f  th e  g e r a n y l - g e r a n i o l  p r e c u r s o r  a s  shown, o p p o s i t e  (VIa->-XIIl) • 

We now p ro p o s e  t h a t  a l l  t r i -  and t e t r a c y c l i c  d i t e r p e n e s  a r i s e  from such a 

c y c l i s a t i o n  and w i l l  t h u s  have t h e  s t e r e o c h e m i s t r y  p r e s e n t  i n  X H l a

o r  i t s  m i r r o r  image X l l l b .  I t  f o l lo w s  t h a t  th e  s t e r e o c h e m i s t r y  o f  any 

d i t e r p e n e  w i th  a p o s t u l a t e d  Cq-C ^q syni backbone has been  a s s ig n e d  w rong ly ,  

u n l e s s  t h i s  backbone can  r e s u l t  from a s im p le  r e a r ra n g e m e n t  o f  t h e  

a n t i  p r e c u r s o r  X I I I .  T h is  th e o r y  fo l lo w s  th e  s u g g e s t i o n . ^ 3  ̂ by Biitch 

t h a t  r o s e n o n o la c to n e  would have th e  s t e r e o c h e m i s t r y  XLV i f  i t  were formed 

a s  a  r e s u l t  o f  r e a r r a n g e m e n t  o f  t h e  t r a n s —a n t i  p r e c u r s o r  X I I I a  as  shown, 

o p p o s i t e .  T h is  s u g g e s t io n  was made b e f o r e  th e  f i n d i n g  o f  s e v e r a l  com­

pounds w hich  a p p a r e n t l y  cou ld  n o t  d e r iv e  from a t r a n s - a n t i  p r e c u r s o r .

The group  o f  d i t e r p e n e s  c o n t a in in g  a syn*backbone

w hich c a n n o t  be e x p la in e d  i n  te rm s  o f  t h e  s im p le  s k e l e t a l  r e a r r a n g e m e n t  

o f  a Cg-Cjg a n t i  p r e c u r s o r  in c lu d e s  e p e ru ic  a c id  (XLVI) , i s o -

p im a r ic  a c id  (XLVIl) (^3 )   ̂ r im uene (XXXl)^ s ta c h e n o n e  (XLVIIl)

and i t s  r e l a t i v e s ^ 4 4  ̂s g i b b e r e l l i c  a c id  (XVIa) c a f e s t o l  (XLIX)

(32)  (4T)  ̂ kahw eol ( l / 32  ̂. We a r e  o f  th e  o p in io n  t h a t  th e  s t e r e o ­

c h e m is t r y  o f  t h e s e  " e x c e p t i o n s ’* to  a g e n e r a l  " t r a n s - a n t i  p r e c u r s o r  r u l e "  

h a s  been  w rong ly  a s s ig n e d ,  and we have r e i n v e s t i g a t e d  th e  e v id e n c e  f o r
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each  o f  t h e s e  f o r m u l a t io n s  i n  tu rn *  T here  were i n c o n s i s t e n c i e s  i n  t h e  

s t e r e o c h e m i s t r y  o f  each  compound, and we p r e s e n t  new and unam biguous 

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

c a f e s t o l *

( l )  E p e m ic  Acid i s  known to  have th e  same g r o s s  s t r u c t u r e  a s  th e

p r o d u c t  o f  d e h y d r a t io n  (L i )  o f  l a b d a n o l i c  a c id  ( L I l ) ^ 4 ^ ) .  The compounds

L l l l  d e r iv e d  from each  i n  t u r n  had i d e n t i c a l  i n f r a - r e d  s p e c t r a  and

r o t a t i o n s  o f  e q u a l  m agn itude  b u t  o p p o s i t e  s ig n ,  and so i t  was p o s s i b l e

t o  s t a t e  t h a t ,  w i th  t h e  e x c e p t io n  o f  Cg, e p e r u i c  a c id  was th e  com ple te

m i r r o r  image o f  th e  d e h y d r a t io n  p ro d u c t  o f  l a b d a n o l i c  a c id  ( L I ) • From

0*R*D* s t u d i e s  o f  t h e  k e to n e s  LIV d e r iv e d  from th e  e p e ru ic  and l a b d a n o l i c  
(41)

s e r i e s ,  D je ra ss i*  7 p o in te d  o u t  t h a t  th e  0*R*D. c u rv e s  were a lm o s t  th e  

m i r r o r  im ages which would be e x p e c te d  from com ple te  a n t ip o d e s *  He 

a t t r i b u t e d  th e  v e ry  sm all  d e v i a t i o n  from a n t ip o d y  to  t h e  Cg asym m etric  

c e n t r e  and p ro p o sed  s t r u c t u r e  XLVIa f o r  e p e r u i c  ac id*  The d iv e rg e n c e  

from co m p le te  a n t ip o d y  was s u b s t a n t i a t e d ,  i n  h i s  v iew , by t h e  d i f f e r e n c e  

i n  m e l t i n g  p o i n t s  o f  t h e  oximes LVII d e r iv e d  from th e  two s e r i e s *

We have  o b s e rv e d  t h a t  th e  d iv e rg e n c e  i n  th e  two O.R.D* c u rv e s  

a s  p u b l i s h e d  i s  n o t  r e a l l y  g r e a t  enough to  w a r r a n t  th e  a s s ig n m e n t  o f  

t h e  Cg s t e r e o c h e m i s t r y  a s  i n  XLVIa. F u r th e rm o re  we have o b se rv e d  t h a t  

t h e r e  a r e  to o  many d e r i v a t i v e s  o f  l a b d a n o l i c  and e p e r u i c  a c i d s  which 

have  n e a r l y  t h e  same m e l t i n g  p o in t  o r  r e f r a c t i v e  in d e x  and eq u a l  b u t  

o p p o s i t e  r o t a t i o n  t o  be acc o u n te d  f o r  by mere c o in c id e n c e *  These d a t a  

a r e  l i s t e d  i n  T a b le  1 o p p o s i t e ^ 48  ̂ and i n d i c a t e  t h a t  e p e r u i c  a c id  i s  

t h e  co m p le te  m i r r o r  image o f  th e  d e h y d r a t io n  p r o d u c t  (L i)  o f  l a b d a n o l i c  

ac id *  E p e ru ic  a c id  i s  th u s  r e p r e s e n t e d  by XLVIb and may now be con-
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s i d e r e d  as  b e in g  d e r iv e d  from a t r a n s —a n t i  p r e c u r s o r#

(2 )  I s o p im a r i c  A c id # T hree  n a t u r a l l y  o c c u r r i n g  is o m e r fc  p im a r ic

a c i d s  a r e  known9 p im a r ic  a c i d 9 i s o p im a r ic  a c id  and s a n d a ra c o p im a r ic  ac id#  

The e a r l i e r  w o rkers  gave t h e  s t r u c t u r e  LXII to  p im a r ic  and i s o p im a r ic  

a c i d s 9 w i th  no p r o v i s i o n  f o r  th e  s t e r e o c h e m i s t r y  a t  Cg o r  

W e n k e r t ^ ^  r e a r r a n g e d  th e  d ih y d ro p im a r ic  a c i d s  to  f i v e  raembered (L X II l)  

and s i x  membered (LXIV) la c to n e s #  S in c e  a l l  o f  t h e  asym m etric  c e n t r e s  

i n  t h e  m o le c u le  were in v o lv e d  in. t h e  re a r ra n g e m e n t  e x c e p t  C^9 and C jg 9 

and each  a c i d  gave a d i f f e r e n t  s e t  o f  l a c t o n e s 9 th e  two p im a r ic  a c id s  

m us t  be e p im e r ic  a t  C^g# From th e  e q u i l i b r i u m  d a t a  from t h e s e  r e a r r a n g e — 

raentsy W enkert s u g g e s te d  L X Ila  f o r  p im a r ic  a c id  and LXIIb f o r  i s o p im a r ic  

a c i d  w hich was i n  ag reem en t w i th  s u r f a c e  t e n s i o n  s t u d i e s ^ ^  • W h a l l e y ^ ^  

u s e d  a  s i m i l a r  a rgum ent f o r  t h e  C13 s t e r e o c h e m i s t r y  b u t  s u g g e s te d  t h a t  

t h e  a c i d s  were a l s o  epimeriic a t  Cg s in c e  he co u ld  r e a r r a n g e  d ih y d ro -  

i s o p i m a r i c  a c i d  t o  t h e  (LXV) b u t  p im a r ic  a c id  had n o t  r e a r r a n g e d ^

u n d e r  s i m i l a r  c o n d i t io n s #  He r e a s o n e d  from t h i s  t h a t  i s o p i m a r i c  a c id  

would have  th e  s t r a i n e d  syn . backbone i n  which s t r a i n * m ig h t  be r e l i e v e d  

•by r e a r r a n g e m e n t  t o  th e  / \ ^ ^ e n e «  and conc luded  t h a t  LXIXc and XLVII

(38)r e p r e s e n t e d  p im a r ic  a c id  and i s o p im a r ic  a c id  r e s p e c t i v e l y #  Edw ards ' '
a  89su ccee d ed  in* i s o m e r i s in g  p im a r ic  a c id  t o  th e  ene (LX¥) and so*

W h a l l e y 's  a rgum en ts  have no b a s i s  i n  f a c t .

R e c e n t ly  t h e  s t r u c t u r e  LXVI was a s s ig n e d  t o  t h e  t h i r d  a c id  

s a n d a ra c o p im a r ic  a c i d ^ 51  ̂ and t h i s  has  been  p roved  by p a r t i a l  s y n t h e s i s  

from s t e r o i d s ^ * ^  9 and by s t e r e o s p e c i f i c  s y n th e s i s ^  ^# The s t e r e o ­

c h e m is t r y  o f  p im a r ic  a c i d  h as  been  shown to  be LXXlc by s t e r e o s p e c i f i c  

s y n t h e s i s ^ 53  ̂#
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I n  a r e c e n t  p a p e r , W enkert^43  ̂ a c c e p te d  W h a l le y 's  s u g g e s te d  

s t e r e o c h e m i s t r y  f o r  i s o p im a r i c  a c i d ,  and advanced some r a t h e r  te n u o u s  

n » o . r»  e v id e n c e  i n  s u p p o r t  o f  t h i s *  I r e l a n d ^ 4  ̂ h a s  s in c e  com ple ted  

a  s t e r e o s p e c i f i c  s y n t h e s i s  o f  th e  two e p im e r ic  p im a ra d ie n e s  LXVII 

and LX V U I, b u t  n e i t h e r  co u ld  be i d e n t i f i e d  w i th  th e  d ie n e  d e r iv e d  from 

i s o p i m a r i c  ac id ?  and so th e  s u g g e s te d  s t r u c t u r e  XLVII i s  i n c o r r e c t *  I n  

t h e  n*m*r* o f  i s o p im a r i c  a c i d ^ 43^ ,  th e  n o n -v in y l  o l e f i n i c  p ro to n ,  o c c u r re d  

a s  a  d o u b le t  and a l l y l i c  p ro to n s  were p r e s e n t*  The s t r u c t u r e  LXIX 

a c c o u n ts  f o r  t h i s  n«m«r* s p ec tru m , and a l s o  a l lo w s  f o r  a c id  i s o m e r i s a t i o n i  

t o  t h e A 8<9) ene (LXV). The compound m ust undergo  o l e f i n i c  m i g r a t i o n ,

A  7 - > a 8U 4 ) , in ,  one o f  i t s  d e g r a d a t io n s  to  a c c o u n t  f o r  t h e  m i s l e a d in g

(14)d e g r a d a t i o n  p r o d u c t  LXX a f t e r  r u p t u r e  o f  th e  d o u b le  bond ' ' •  The Cg _

o r i e n t a t i o n ,  and hence  th e  a n t i  backbone h as  b een  shown by r e l a t i o n  o f

(55)i s o p i m a r i c  a c i d  t o  s a n d a ra c o p im a r ic  a c id  th ro u g h  th e  compound LXXI *

( 3 ) R im uene* The s t r u c t u r e  XXXI was a s s ig n e d  to  rim uene  on

r a t h e r  d u b io u s  n*m*r* ev id e n c e  combined w i th  t h e  f a c t  t h a t  i t  was found 

im p o s s ib l e  t o  r e l a t e  t h e  h y d ro c a rb o n  to  any o f  th e  p im a ra d ie n e s  d e r iv e d  

from t h e  p im a r ic  a c i d s ^ 43^ * T ha t XXXI i s  n o t  i n  f a c t  a  r e p r e s e n t a t i o n !
/ g 1 \

o f  r im uene  was shown by I r e l a n d ' s  s t e r e o s p e c i f i c  s y n t h e s i s '  '  o f  t h e

two ep im ers  o f  t h i s  s t r u c t u r e ,  n e i t h e r  o f  w hich co rre sp o n d e d  toX o
. r im uene i n  p r o p e r t i e s *  I t  m ig h t be te m p tin g  to  s u g g e s t  t h a t  r im uene 

i s  a  d o u b le  bond isom er o f  XXXI; i n  view o f  t h e  h ig h l y  s p l i t  o l e f i n i c  

p r o to n  i n  t h e  n*nur*^43^ ,  b u t  th e  e v id e n c e  f o r  a A   ̂  ̂ d o u b le  bond i s

c o m p e l l in g  s i n c e  d ih y d ro r im u en e  on e p o x id a t io n ,  G r ig n a rd  t r e a t m e n t  and 

s e le n iu m  d e h y d ro g e n a t io n  gave th e  p h e n a n th re n e  LXXII^ ^ • T h is  i n ­

c o n s i s t e n c y  m ig h t be e x p la in e d  by d o u b le  bond m i g r a t i o n  on h y d ro g e n a t io n
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o f  r im uene  and t h i s  co u ld  be p roved  by n . m . r .  s t u d i e s .  An a l t e r n a t i v e  

e x p l a n a t i o n  co u ld  be t h a t  sam ples o f  r im uene  may n o t  be homogeneous, as  

was t h e  c a s e  w i th  th e  d i t e r p e n e  h y d ro c a rb o n  m i r e n e ^ ^  •

(4 )  S tac h en o n e  and o th e r  r e l a t e d  compounds have r e c e n t l y  beeni

found i n  Tam booti Wood, and th e  s t r u c t u r e  XI/VII was a s s ig n e d  to  t h e  
( 4 4 )

p a r e n t  compound » M o le c u la r  r o t a t i o n  d i f f e r e n c e  com parison  has  

shown t h e  a n t i p o d a l  A/B r i n g  j u n c t i o n ,  and fo u r  p o s s i b l e  s t r u c t u r e s  

X LV III, and LXXIIIa to  c ,  were p ro p o se d .  S in c e  i t  had b een  found im­

p o s s i b l e  to  o x i d i s e  t h e  p o s i t i o n  i n  th e  n o rk e to n e  LXXIV, i t  was 

c o n s id e r e d  t h a t  Cj was a v e ry  h in d e re d  p o s i t i o n .  The syn- backbone i n  

XLVlII h a s  c o n s id e r a b le  h in d ra n c e  o f  from t h e  p o s i t i o n ,  and so> 

t h i s  s t r u c t u r e  was p r e f e r r e d .  A lthough  i t  i s  o bv ious  t h a t  XLVIII 

in v o l v e s  c o n s i d e r a b l e  s t e r i c  h in d ra n c e  a t  C j , t h i s  i s  f a r  from con ­

v i n c i n g  e v id e n c e  t h a t  XLVIII i s  th e  c o r r e c t  s t r u c t u r e ,  and we f e e l  

t h a t  f u r t h e r  work on t h i s  compound w i l l  show t h a t  one o f  t h e  two t r a n s -  

a n t i  i so m e rs  LXXX11 b o r  c i s  t h e  c o r r e c t  s t r u c t u r e .  C om parative  

o p t i c a l  r o t a t i o n  s t u d i e s  o f  a r i n g  D k e to n e ,  and n o r o h v l1o c lad en o n e  

would be e x t re m e ly  u s e f u l  i n  t h i s  r e s p e c t .

(5 )  G i b b e r e l l i c  Acid has  been a s s ig n e d  th e  g ro s s  s t r u c t u r e  XVI
( 18)a s  a r e s u l t  o f  t h e  s t u d i e s  o f  t h e  I ,C ,X ,  group o f  G rove, C ro ss  e t  a l .  ?

(4 6 ) (4 6 )and th e  s t e r e o c h e m i s t r y  XVIa has been p r e s e n te d  f o r  t h i s  compound' 7 '  7

When t r e a t e d  w ith  m in e ra l  a c i d ,  g i b b e r e l l i c  a c id  y i e l d e d  

a l l o g i b b e r i c  a c i d  (LXXV) which cou ld  be r e a r r a n g e d  to  g i b b e r i c  a c id

(LXXVl), B i r c h ^ 57  ̂ has  shown t h a t  th e  Cl2 ~Cl g  bond m ig r a te s  i n  t h i s

r~ 14*7 • ••rea rrangem en ts  by f e e d in g  /Ar C m eva lon ic  a c id  t o  G , f u j i k u r o i  and



H

LXXV
c o 2 h

c o ^m

i-Xxvn LXXVIII

LXXIX

•uOH

cc»v\
L.X X K



-  13

o b t a i n i n g  th e  compounds l a b e l l e d  a s  i n  LXXV and LXXVI o p p o s i t e .  A l lo -  

g i b b e r i c  a c i d  (LXXV) o z o n ise d  t o  th e  n o rk e to n e  (bXXVIl) which was t r e a t e d  

w i th  sodium b i s m u th a te  t o  y i e l d  th e  k e t o - a c i d  LXXVIII. T h is  was conr- 

v e r t e d  to  an  an h y d r id e ?  and so th e  Cg c a r b o x y l i c  a c id  g roup  and th e  two 

c a rb o n  b r id g e  were i n  a c i a  r e l a t i o n s h i p .  The mechanism o f  t h e  a l l o -  

g i b b e r i c  a c id  (LXXV) to  g i b b e r i c  a c id  (LXXVI) r e a r ra n g e m e n t  r e q u i r e s  

t h a t  t h e  two—ca rb o n  b r id g e  be d i r e c t e d  in* an  o p p o s i t e  s e n se  i n  each  com­

pound? and t h i s  was v e r i f i e d  by t h e  o b s e r v a t i o n  t h a t  th e  O .E.D. c u rv e s  

o f  t h e  n o rk e to n e  LXXVII and g i b b e r i c  a c id  (LXXVI) were m i r r o r  im ages .

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

t o  g i b b e r i c  a c i d  c o n v e rs io n ?  and so th e  B/C r i n g  j u n c t io n ,  w i l l  be c i s  

i n  one compound and t r a n s  i n  th e  o t h e r .  P a l la d iu m  d e h y d ro g e n a t io n  o f  

g i b b e r i c  a c i d  and d i h y d r o a l l o g i b b e r i c  a c id  y i e l d e d  s t y r e n e s  LXXIX and 

LXXX w hich r e g e n e r a t e d  th e  p a r e n t  compounds on c a t a l y t i c  r e d u c t i o n .  

H ydrogen had th u s  added t r a n s  to  th e  twcf-carbon b r id g e  i n  one compound 

and c i s  i n  t h e  o t h e r .  T ran s  a d d i t i o n  would be fa v o u re d  when, th e  Cg 

c a rb o x y l  g roup  and th e  two c a rb o n  b r id g e  were on th e  same s id e  o f  th e  

p la n e  o f  t h e  m o le c u le  and so s t e r e o c h e m i s t r i e s  LXXV and LXXVI co u ld  be 

w r i t t e n  f o r  a l l o g i b b e r i c  a c i d  and g i b b e r i c  a c id  r e s p e c t i v e l y .  These  

were shown to  be th e  a b s o l u t e  s t e r e o c h e m i s t r i e s  by com parison  o f  th e  

O.R.D. cu rv e  o f  t h e  k e t o - d i a c i d  LXXVIII w i th  t h a t  o f  c h o le s t a n o n e .

S to r k  has  a rgued  t h a t  th e  Cg hydrogen  i n  g i b b e r e l l i c  a c id  

would be ^ - o r i e n t e d ,  s in c e ?  i f  i t  were oC ? Cg would be a x i a l  to  r i n g  A 

and t h e  Cg c a rb o x y l  group  which i s  known to  be f would have th e  l e a s t  

s t a b l e  o f  t h e  two p o s s i b l e  o r i e n t a t i o n s .  The f a c t  t h a t  t h e  m ethy l e s t e r
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d id  n o t  e p im e r i s e  a t  Cg was t a k e n  a s  e v id en ce  i n  f a v o u r  o f  a Cg 

h y d ro g e n ,  The t r a n s  n a t u r e  o f  th e  Cg and Cg hydrogen  atoms has  been

Base t r e a tm e n t  o f  t e t r a h y d r o g i b b e r e l l i c  a c id  LXXXI y i e l d e d  

th e  d i a c i d  LXXXII which cou ld  be r e l a c t i o n i s e d  to  3 e p i - t e t r a h y d r o -  

g i b b e r e l l i c  a c i d .  The r o t a t i o n  d i f f e r e n c e  betw een th e  3 e p i—l a c t o n e  

and t h e  3 e p i - a c id  was l a r g e  and p o s i t i v e *  and so t h e  l a c to n e  was c o n ­

s i d e r e d  t o  be o<- on th e  b a s i s  o f  a m o d i f i c a t i o n  o f  t h e  Klyne—Hudson r u l e  

The e p i r a e r i s a t i o n  o f  th e  Cg a lc o h o l*  p ro b a b ly  v i a  a d e a ld o l i s a t io n * -

o f  t h i s  g ro u p .

The Cg ©C-hydrogen o f  a l l o g i b b e r i c  a c id  (LXXV) i s  n o t  th e  

same a s  t h e  o r i g i n a l  Cg hydrogen  i n  g i b b e r e l l i c  acid-* as  was shown by 

t h e  c o n s i d e r a b l e  d e u te r iu m  exchange when th e  r e a r ra n g e m e n t  was c a r r i e d  

o u t  i n  d e u te r iu m  oxide* and th e  a r o m a t i s a t i o n  in v o lv e s  th e  i n t e r m e d i a t e  

g i b b e r e l l e n i c  a c i d  (LX X X IIl) , The Cg s t e r e o c h e m i s t r y  i n  g i b b e r e l l i c  

a c i d  was c o n c lu d ed  to  be t h e  same as  t h a t  i n  a l l o g i b b e r i c  acid*  due to- 

t h e  c l o s e  c o r re sp o n d e n c e  i n  th e  O.R,D. c u rv e s  o f  th e  k e t o - e s t e r s  d e r iv e d  

from th e  o x i d a t i o n  o f  r i n g  D i n  m e th y la l lo g ib b e r a te *  and m e th y l*  

d i h y d r o g i b b e r e l l a t e .  The s t e r e o c h e m i s t r y  XVIa cou ld  now be a s s ig n e d  

t o  g i b b e r e l l i c  a d d .

b a s i s  o f  l a c t o n e / a c i d  r o t a t i o n  d i f f e r e n c e  com parison  w ith  th e  p im a r ic  

a c id s *

v e r i f i e d  by n „ m .r .  s t u d i e s

r e a l d o l i s a t i o n  mechanism* was h e ld n a t u r e

h a s  s u g g e s te d  th e  f o r m u l a t io n  LXXXIV on th eEdwards

we have c o n s id e re d  t h a tU sing  t h e  argum en ts  o f  B irc h
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a l th o u g h  s t r u c t u r e  XVIa h a s  a t r a n s - s y n - t r a n s  backbone ; i t  cou ld  a r i s e  

from an a n t i p o d a l  t r a n s —a n t i  p r e c u r s o r  X IH b ;  i f  m ethyl m i g r a t i o n ;  as  

e n c o u n te re d  in .  r o s e n o n o la c to n e  b io g e n e s i s  ( s e e  p .2 5 > ) ;  had o c c u r re d  

b e f o r e  o x i d a t i v e  rem oval o f  t h e  m ethy l g ro u p .  Such a m i g r a t i o n ;  how ever; 

in v o lv e s  m i g r a t i o n  o f  th e  h y d rogen  a t  Cg to  Cg , and Cg would be i n  th e  

wrong o x i d a t i o n  l e v e l  f o r  e n t r y  to  th e  t e t r a c y c l i c  group  o f  d i t e r p e n e s .

The m i g r a t i o n  i s ;  t h e r e f o r e ;  u n l i k e l y  and we would s u g g e s t  t h a t  th e  

m ethy l g roup  i s  o x id i s e d  w i th o u t  p r i o r  m i g r a t i o n  from Cjq* The r e c e n t  

f i n d i n g  o f  k au ren e  (LXXXVI) and some o f  i t s  r e l a t i v e s  such  a s  L X X V I I , ^ ^  

w hich  i s  o x id i s e d  i n  p o s i t i o n s  Cg and C  ̂ a s  would be e x p e c te d  o f  a 

g i b b e r e l l i c  a c id  p r e c u r s o r ;  i n  t h e  mould G ibber e l  l a  fu . j ik u ro i t  w ith  t h e  

g i b b e r e l l i n s  h a s  s t r e n g th e n e d  t h i s  v iew . L a b e l le d  k au ren e  has  now 

b e e n  c o n v e r te d  to  g i b b e r e l l i c  a c id  i n  v iv o ^ ^ ;; showing t h a t  k au ren e  i s ;  

i n  f a c t ;  t h e  p r e c u r s o r  o f  g i b b e r e l l i c  acid*. The s t e r e o c h e m i s t r y  o f  

k a u re n e  (LXXXVI); s u b s t a n t i a t e s  our h y p o th e s i s  t h a t  t h e  s t e r e o c h e m i s t r y  

o f  g i b b e r e l l i c  a c id  i s  r e p r e s e n t e d  as  XVlb o p p o s i t e .

The f a c t  t h a t  k au ren e  c o n ta in s  no C g-hydroxyl group i n d i c a t e s  

t h a t  such  a g roup  m ust be added by su b se q u e n t  b io l  o g ic a l  hyd roxy l a t i o n ;  

and D j e r a s s i ' s  r e a s o n i n g ^ ^  t h a t  t h e  a n t ip o d a l  n a t u r e  o f  g i b b e r e l l i c  

a c id  was a r e s u l t  o f  th e  c y c l i s a t i i o n  o f  t h e  g e r a n y l - g e r a n i o l  p r e c u r s o r  

by an enzyme system  which u sed  th e  HO® c a t i o n ;  can  have no b a s i s  i n  f a c t .

To v e r i f y  our p ro p o sed  s t e r e o c h e m i s t r y  XVlb; we have com­

p l e t e d  an X -ray  s t r u c t u r a l  a n a l y s i s  o f  a heavy atom d e r i v a t i v e  o f  

g i b b e r e l l i c  a c i d .  T re a tm e n t  o f  m ethyl g i b b e r e l l a t e  w i th  p y r id i n e  

p e rb ro m id e  gave a compound CggH^gOgBr aS p r *sms m*Pt *5S1 215 -217°C from
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e t h a n o l , /VJnaxs= 1758 ( l a c t o n e )  , 1745, ( f i v e  membered r i n g  k e to n e )  and 

1730 cm * ( e s t e r ) .  The 174$  cm” 1 band i n d i c a t e d  t h a t  b ro m in a t io n  had 

b een  accom panied  by r e a r r a n g e m e n t ,  and th e  b rom o-ketone  was e x p ec ted  ta .  

have  s t r u c t u r e  LXXXVIII. T h ree  d im e n s io n a l  i n t e n s i t y  d a t a  were r e ­

c o rd ed  on e q u i - i n c l i n a t i o m  W eissenbe rg  p h o to g ra p h s ,  and from th e  1 ,716  

d a t a  we have e s t i m a t e d  v i s u a l l y ,  our c o l l e a g u e s  were a b le  to  deduce t h a t  

s t r u c t u r e  LXXXVIII was i n  f a c t  a  r e p r e s e n t a t i o n  o f  th e  b ro m o -d e r i iv a t iv e ,  

and so g i b b e r e l l i c  a c id  i s  unam biguously  d e f in e d  as XVlb.

(6 )  C a f e s t o l  h a s  b een  a s s ig n e d  th e  s t r u c t u r e  and s t e r e o c h e m i s t r y

XL1X by D j e r a s s i ^ * ^ ^ ^  » The a n t i p o d a l  n a t u r e  o f  th e  A/B r i n g  ju n c t io n !  

was co n c lu d ed  from a co m p ar iso n  o f  th e  O.R.D. c u rv e s  o f  t h e  c a f  e s t o l  

d e g r a d a t io n  p r o d u c t  LXXXIX and 4 o < - e t h y l  cho les tan -3 -one  (XC) which were 

m i r r o r  im ag es .  The s t e r e o c h e m i s t r y  ab o u t  t h e  B/C and C/D r i n g  j u n c t i o n s  

was im p l ie d  by a com p ariso n  o f  th e  O.R.D. c u rv e s  o f  n o rp h y l lo c la d e n o n e  

(XCl) and e p o x y n o re a fe s ta n o n e  XC11. These  c u rv e s  were c o n s id e re d  to  be 

i d e n t i c a l  and so th e  B/C/D r i n g  j u n c t i o n  s t e r e o c h e m i s t r y  was a s s ig n e d ,
/ go\

s i n c e  t h e  s t e r e o c h e m i s t r y  o f  p h y l lo c la d e n e  was known • The s t e r e o ­

c h e m is t r y  o f  t h e  g ly c o l  g ro u p in g  was a s s ig n e d  by p a r t i a l  s t e r e o s p e c i f i c  

s y n t h e s i s ^ ^ , and so c a f e s t o l  was c o n s id e re d  to  have th e  s t e r e o ­

c h e m is t ry  XLIX.

T h i s  s t e r e o c h e m i s t r y  co u ld  n o t  be d e r iv e d  from a t r a n s - a n t i  

p r e c u r s o r ,  and so we con c lu d ed  t h a t  some e r r o r  had been  made i n  i t s  

a s s ig n m e n t .  S te r e o c h e m ic a l  a s s ig n m e n ts  made on th e  b a s i s  o f  O.R.D. 

m easurem en ts  o f  r e l a t i v e l y  s im p le  cy c lohexanone  ty p e s  have i n v a r t a b l y  

p roved  to  be c o r r e c t ^ , and so we f e l t  t h a t  t h e  e r r o r  had been  made
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i n  t h e  a s s ig n m e n t  o f  th e  B/C/D r i n g  j u n c t i o n  s t e r e o c h e m i s t r y .  The f a c t

t h a t  a s i m i l a r  r i n g  sy s tem  had b een  p r e s e n t  i n  g i b b e r e l l i c  a c id  whose CQy

s t e r e o c h e m i s t r y  had been  w rong ly  a s s ig n e d  on th e  b a s i s  o f  O.R.D. m easure­

m ents  gave f u l l e r  g rounds  f o r  ou r d o u b ts ,  and we s u g g e s te d  t h a t  XC111 

m ig h t  be a b e t t e r  e x p r e s s io n  f o r  th e  s t e r e o c h e m i s t r y  o f  c a f e s t o l .  We 

have v i n d i c a t e d  t h i s  s u g g e s t io n  by X -ray  s t r u c t u r a l  d e t e r m i n a t i o n .

I n  o u r  h a n d s ,  b ro m o ep o x y n o rc a fes tan o n e  XCIV c r y s t a l l i s e d  from 

e th a n o l  a s  n e e d l e s  m . p t . =  197 to  1 9 8 .5°C ( l i t . ^ * ^  m .p t .  — 1 8 3 .S°C) and 

had a p o s i t i v e  B e i l s t t e i n  h a lo g e n  t e s t .  E q u i - i n c l i n a t i o n  W eissenberg  

p h o to g ra p h s  were t a k e n  and th e  d a t a  were e s t im a te d  v i s u a l l y .  From th e s e  

d a t a  our c o l l e a g u e s  have  g iv e n  s t r u c t u r e  XCIV' f o r  b ro m o ep o x y n o rc a fe s tan o n e ,  

and th e  s t r u c t u r e  X CIII fo l lo w s  f o r  c a f e s t o l ,
(7 )  Kahweol h as  been  g iv e n  s t e r e o c h e m i s t r y  L on th e  b a s i s  o f  th e

s t e r e o c h e m i s t r y  o f  c a f e s t o l .  The new f o r m u la t io n  XCV fo l lo w s  from th e  

above r e s u l t s .
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R o ta ry  D i s p e r s i o n ^ ^

S in c e  t h e  i n c o r r e c t  s t e r e o c h e m i s t r y  had b een  a s s ig n e d  to  

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

r e s u l t s ?  we d e c id e d  to  i n v e s t i g a t e  th e  r e a s o n s  f o r  t h i s  t o o l  b re a k in g  

down i n  t h e s e  c a s e s ,  an d ,  i f  p o s s i b l e ,  p ro v id e  some improvement o f  th e
t.

method o f  more g e n e r a l  a p p l i c a b i l i t y *

L ig h t  h a s  e l e c t r i c  and m a g n e tic  f i e l d s  a s s o c i a t e d  w i th  i t ,  

and i t  i s  t h e  i n t e r a c t i o n  o f  t h e s e  w i th  v a r io u s  media which g iv e s  r i s e  

to  t h e  phenomena o f  a b s o r p t i o n  and r o t a t i o n .  P la n e  p o l a r i s e d  l i g h t  i s  

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

p o l a r i s e d  l i g h t ,  w hich d e s c r i b e  r i g h t  and l e f t  handed h e l i x e s  as  a 

f u n c t i o n  o f  t im e  as  shown i n  f i g u r e  1 .  The two components n o rm a lly  

have t h e  same s p e e d ,  and th e  r e s u l t a n t  v e c t o r  w i l l  be two d im en s io n a l  

w ith  t im e ,  d e s c r i b i n g  a s in e  cu rv e  as shown in i f i g u r e  2 .

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

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

l i g h t  w i l l  d i f f e r .  S in c e  th e  speed  o f  l i g h t  i s  d ep en d e n t  on th e  r e ­

f r a c t i v e  in d e x  o f  t h e  medium th ro u g h  which i t  i s  t r a v e l l i n g ,  th e  r i g h t  

and l e f t  c i r c u l a r l y  p o l a r i s e d  components w i l l  t r a v e l  a t  d i f f e r e n t  sp e e d s ,  

b u t  w i th  t h e  same e n e rg y ,  th ro u g h  an o p t i c a l l y  a c t i v e  medium, so t h a t  

th e  r e s u l t a n t  v e c t o r ,  i . e .  t h e  r e s u l t a n t  p la n e  p o l a r i s e d  l i g h t ,  w i l l  

be a t  an a n g le  t o  t h e  i n c i d e n t  l i g h t .  T h is  s i t u a t i o n  i s  shown i n  

f i g u r e  3 ,  and th e  a n g le  between, t h e  i n c i d e n t  and th e  r e s u l t a n t  p la n e  

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

When a m o le c u le  a b s o rb s  l i g h t ,  t h e  e n e rg y  g i v e n  to  th e  

a b s o rb in g  m o le c u le  i s  d e p e n d e n t  on th e  speed  o f  l i g h t .  Hence, i f  we
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have an o p t i c a l l y  a c t i v e  a b s o rb in g  medium, th e  two components o f  p la n e  

p o l a r i s e d  l i g h t  w i l l  have d i f f e r e n t ,  s p e e d s ,  and so th e y  w i l l  ab so rb  

d i f f e r e n t l y .  The two v e c t o r s  a t  any one tim e  can  have d i f f e r e n t  

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

c r i b e s  an  e l l i p s e  a s  in= f i g u r e  4 ^>pp. p ,1 8 )a n d  th e  em ergent l i g h t  i s  

s a id  t o  be e l l i p t i c a l l y  p o l a r i s e d .

The r o t a t i o n  i s  m easured  h e r e  a s  th e  a n g le  betw een th e  

i n c i d e n t  p la n e  p o l a r i s e d  l i g h t  and th e  m a jo r  a x i s  o f  th e  e l l i p t i c a l l y  

p o l a r i s e d  l i g h t .  The r o t a t i o n  i s  w a v e le n g th  d ep en d e n t  and a p l o t  o f  

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

c u r v e .  As we have  s e e n ,  a compound need n o t  a b so rb  to  have a r o t a t i o n !  

so t h a t  th e  r o t a t i o n !  o f  a m o le c u le  i s  n o t  m e re ly  a f u n c t io n ;  o f  th e  

a b s o r b in g  chrom ophore and i t s  en v iro n m e n t ,  b u t  c o n t a in s  a f a c t o r  depend­

e n t  on th e  asymmetry o f  th e  m o le c u le  a s  a w ho le .  I f  o t h e r  chromophores 

a r e  p r e s e n t ,  i t  h a s  been; shown t h a t  t h e  o p t i c a l  r o t a t o r y  d i s p e r s i o n  im  

t h e  t r a n s p a r e n t  r e g i o n  i s  a f u n c t i o n  o f  t h e s e  chrom ophores, and th e  

O.R.D. cu rv e  in ; t h e  r e g i o n  o f  each  chromophore w i l l  c o n t a in  c o n t r i b u t i o n s  

fromi th e  o t h e r  chrom ophores  i n  t h e  m o le c u le .

To o b t a i n  a more p r e c i s e  m easurem ent o f  t h e  o p t i c a l  p r o p e r t i e s  

o f  a s p e c i f i c  a b s o r b in g  chrom ophore and i t s  en v iro n m en t ,  we shou ld  

m easure  th e  d i f f e r e n c e  i n  a b so rp t io n *  be tw een  th e  r i g h t  and l e f t  c i r c u ­

l a r l y  p o l a r i s e d  com ponen ts .  S in c e  t h i s  v a lu e  i s  z e ro  when, t h e r e  i s  

no a b s o r p t i o n ,  we w ould  be m e a su r in g  o n ly  th e  o p t i c a l  p r o p e r t i e s  o f  th e  

chromophore u n d e r  c o n s i d e r a t i o n  and g ra p h s  o f  t h i s  a b s o r p t i o n  d i f f e r e n c e  

w i th  w a v e le n g th  ( i . e .  c i r c u l a r  d ic h ro is ra  c u rv e s )  would g iv e  more
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m e a n in g fu l  s t e r e o c h e m ic a l  c o r r e l a t i o n s *  We have made u se  o f  c i r c u l a r  

d ic h ro i s m  s t u d i e s  i n  th e  g i b b e r e l l i c  a c id  and c a f e s t o l  problem s and 

t h i s  h a s  been* th e  f i r s t  s u c c e s s f u l  u se  o f  th e  new to o l  i n  s t r u c t u r a l  

o r g a n ic  c h e m i s t r y ^ ^  «

G i b b e r e l l i c  a c i d ;  on t r e a tm e n t  w ith  m in e ra l  a c i d ;  gave g i b b e r i c  

a c id  (LXXVI), and th e  Cg epim er o f  t h i s ;  e p i g i b b e r i c  a c id  (LXXVIa) was 

o b ta in e d  by h e a t i n g  g i b b e r i c  a c id  w ith  10^ p a l la d iu m  c h a rc o a l*  The 

c i r c u l a r  dichroism > c u rv e s  o f  m ethyl b r o m o g ib b e r e l l a te  (LXXXVIIl), 

g i b b e r i c  a c i d  (LXXVI) and e p i g i b b e r i c  a c id  (LXXVIa) were e s t i m a t e d ;  and 

a r e  r e p r e s e n t e d  i n  f i g u r e  5 o p p o s i te *  E p ig ib b e r ic  a c id  and bromo- 

r a e t h y l g i b b e r e l l a t e  had i d e n t i c a l  c u rv e s ;  w h ile  g i b b e r i c  a c id  showed a 

marked s h i f t  o f  a l l  t h r e e  maxima to  th e  r e d .  These r e s u l t s  would 

i n d i c a t e  t h a t  th e  s t e r e o c h e m i s t r y  o f  g i b b e r i c  a c id  and e p i g i b b e r i c  acid, 

had b een  a s s ig n e d  c o r r e c t l y  by th e  p r e v io u s  w o rk e rs ;  b u t  t h a t  th e  

a r o m a t i s a t i o n  o f  g i b b e r e l l i c  a c id  to  a l l o g i b b e r i c  a c id  had been  accom­

p a n ie d  by i n v e r s i o n  o f  th e  Cg s te r e o c h e m is t ry *

The c i r c u l a r  d ic h ro i s m  spec trum  o f  e p o x y n o rc a fe s ta n o n e  (XCVl) 

showed a r e d  s h i f t  from t h a t  o f  n o rp h y l lo c  la d e  none ( X C l ) ^ ^ *  and , by 

a n a lo g y  to  t h e  s h i f t  o b se rv ed  i n  th e  g i b b e r e l l i c  a c id  c a s e ,  s t r u c t u r e s  

XCVI and XCI w ere a s s ig n e d  to  th e s e  compounds ( s e e  f i g u r e  5 ) .  T h is  

a s s ig n m e n t  was l a t e r  v e r i f i e d ;  by our X -ray i n v e s t i g a t i o n  which we have 

a l r e a d y  d i s c u s s e d  ( p .  I'l ) .  The ba thoch rom ic  s h i f t  shown^ i n  go ing  from 

C/ D t r a n s  to  C/D c i s  compounds may be u s e f u l  i n  a s s ig n in g  th e  s t e r e o ­

c h e m i s t r i e s  o f  o th e r  t e t r a c y c l i c  d i te rp e n e s * .
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iQ 3) M e ta b o l i t e s  o f  the mould Trichothecium Roseum L infc

H i s t o r i c a l

The m e t a b o l i t e s  o f  th e  mould T» roseum were examined by Freeman 

and M o rr iso n ^  ^  ^   ̂ and by M i c h a e l , th e  f i r s t  i s o l a t e d  compound 

b e in g  t r i c h o t h e c i n ,  whose s t r u c t u r e  was shown to  be XCVII^74^ .  The 

o th e r  m e t a b o l i t e s  o f  t h e  mould were a r e l a t e d  s e r i e s  o f  d i t e r p e n e s  which 

were te rm ed  r o s e i n  I ,  r o s e i n  I I ,  and r o s e i n  I I I ^ * ^ *  R o se in  I I I ,  

^20^28^4* ”  221°C, =  -1 2 4 ° ,  was a k e to n e  which i s o m e r is e d  i n

b ase  i n  much th e  same way as  r o s e i n  I ,  b u t  no f u r t h e r  work has  been  pub­

l i s h e d  on t h i s  compound,

R o s e in  I and r o s e i n  I I  were term ed ro s e n o n o la c to n e  and r o s o -  

l o l a c t o n e  r e s p e c t i v e l y  by th e  L iv e rp o o l  g roup ,  who deduced a s t r u c t u r e 1 

f o r  r o s e n o n o la c to n e ,  and showed t h a t  r o s o l o l a c t o n e  had one o f  two p o ss i ib le  

St r » c t u r e a <75> ( 76><77>.

R o s e n o n o la c to n e ^ ^  f n u p t ,  *  214aC, /ptf-Q— —107,5°^,

^20^28^3 showed th e  c h a r a c t e r i s t i c  ca rb o n y l  a b s o r p t i o n s  o f  ^ - l a c t o n e  

(1786 cm and s i x —membered r i n g  k e to n e  (1720 cm i n  th e  i n f r a - r e d ,  

and th e  u l t r a - v i o l e t  a b s o r p t i o n  o f  289 (1*6) was i n  ag reem en t w i th

th e  l a t t e r  a s s ig n m e n t .  The compound abso rbed  one mole o f  hydrogen  on

c a t a l y t i c  r e d u c t i o n ,  and o z o n o ly s i s  gawe fo rm aldehyde  and a n o r - a c id

T h is  ev id e n c e  was i n d i c a t i v e  o f  a t r i c y c l i c  l a c to n e  w i th  a

v in y l  d o u b le  bond .

Selenium : d e h y d ro g e n a t io n  o f  t h e  l a c to n e  y i e l d e d  l , 7 r d i m e t h y l  

p h e n a n th re n e *  and 9 - h y d ro x y -1«7- d im e th y l—p h e n a n th re n e  (X C V III) ,  T h is

p h e n a n th re n e  num bering .
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i n d i c a t e d  t h e  p a r t i a l  s k e l e t o n  (C V II) ,  and showed; t h a t  t h e  k e to n e  group 

was i n  t h e  p o s i t i o n .  D ih y d ro ro s e n o n o la c to n e  (XCIX) was c o n v e r te d  

t o  t h e  deso i^ jr lac tone  (c )  , ^  ^ aney  n i c k e l  t r e a tm e n t  o f  th e

m e r c a p t a l • T re a tm e n t  o f  C w ith  e t h a n o l i c  h y d r o c h lo r i c  a c id  gave an 

a c id  (C l)  , ^20^30^2 wk ic h  l o s t  c a rb o n  d io x id e  a t  i t s  m e l t in g  p o in t?  and 

was* t h e r e f o r e  a ^ - u n s a t u r a t e d  a c i d .

O x id a t io n  o f  d ih y d ro ro s e n o n o la c to n e  (XCIX) gave a k e t o - a c i d

C20H30°5  ( C11) frora which a k e t o - d i a c i d  C ^ H ^ Q g  ('Cl 11) and a s i x -  

membered r i n g  ke to n e ,  C10HjgO (CIV) were o b ta in e d  on t r e a tm e n t  w i th  

b a s e .

The s i x —membered ke tone , (CIV) was o x id i s e d  w i th

p o ta s s iu m  p erm angana te  to  a k e t o - a c i d ,  C^QH^gOg, which gave a p o s i t i v e  

iodo fo rm  t e s t .  The p a r t i a l  s t r u c t u r e  CV cou ld  now be w r i t t e n  f o r  

t h i s  k e t o - a c i d ,  and CVI f o r  th e  six-membered r i n g  k e to n e .  N i t r i c  a c id  

o x i d a t i o n  o f  t h i s  k e to n e  gave ex '-m ethyl © 6-e thy l s u c c in i c  a c i d .  The 

k e to n e  CIV was d e r iv e d  from th e  k e t o - d i a c i d  CII by what cou ld  o n ly  have 

b een  a r e t r o - a l d o l  r e a c t i o n .  The se len ium  d e h y d ro g e n a t io n  o f  ro sen o n o ­

l a c t o n e  had i n d i c a t e d  a p a r t i a l  s t r u c t u r e  CVII, and so t h e  p a r t i a l  

s t r u c t u r e  o f  t h e  k e t o - a c i d  would be C l l a .  A p a r t i a l  s t r u c t u r e  CVIa

fo l lo w e d  f o r  th e  s i x —membered r i n g  ke to n e  which cou ld  now o n ly  have
( 78)

s t r u c t u r e  CIV. T h is  has  been  p roved by s y n t h e s i s  •

The l a c t o n e  ca rb o n y l  of ro s e n o n o la c to n e  has  been  a s s ig n e d  a 

q u a t e r n a r y  p o s i t i o n  s in c e  when t h i s  group was reduced  to  m ethyl and th e  

r e s u l t a n t  p r o d u c t  was d eh y d ro g en a ted  w i th  s e le n iu m , th e  r e s u l t a n t  phenan­

th r e n e  was s t i l l  1 .7  d im e th y l  phenan th rene*  The l a c to n e  

was a s s ig n e d  to  th e  C4 p o s i t i o n  i n  th e  p a r t i a l  s t r u c t u r e  CVII,
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and t h e  k e to —d i a c i d  ( C l l l )  was known to  have i t s  two c a rb o x y l  g roups  l e s s  

th a n  f o u r  c a rb o n  atoms a p a r t  s in c e  a c e t i c  an h y d r id e  t r e a tm e n t  y i e l d e d  an 

a n h y d r id e .  S t r u c t u r e  C l l l  was a s s ig n e d  to  t h i s  compound, and t h i s  h a s  

been p ro v ed  by s y n t h e s i s ^ .

The s t r u c t u r e  CVIII f o r  ro s e n o n o la c to n e  fo l lo w s  from* t h i s  work. 

R o s o l o l a c t o n e , m .p t .  -  186°C, + 6 . 3 ° ,  c 2oH30°3>was shown

to  have  l a c t o n e  and a lc o h o l  g roups  from th e  i n f r a - r e d  sp ec tru m , and selenium ! 

d e h y d ro g e n a t io n  gave 1 .7  d im e th y l  p h e n a n th re n e .  O z o n o ly s is  gave a n o r -  

a c i d ,  CjgHggOg and fo rm a ld e h y d e .  R o s o lo la c to n e  has  been, r e l a t e d  to  

r o s e n o n o la c to n e  as  f o l l o w s .

T re a tm e n t  o f  d ih y d r o r o s o lo l a c to n e  w ith  n a p h t h a l e n e - 2 - s u l phon ic

a c id  gave a d i e n e - a c i d  o f  X =  238 my . Reduction* o f  th e  d i e n e - a c i dmax /

gave an  a c i d  which co u ld  be l a c t o n i s e d  to  a l i o -  and n eo -  h y d ro x y ro s a n o ic

l a c t o n e s  which had been  o b ta in e d  by l a c t o n i s a t i o n  o f  th e  a c id  Cl ( s e e  p .  2 2 )

d e r iv e d  from r o s e n o n o la c to n e .

O x id a t io n  o f  th e  a l c o h o l i c  group i n  d ih y d r o r o s o lo l a c to n e  gave

a k e to n e ,  th e  l a c t o n e  r i n g  o f  which opened in  a c id  o r  b ase  to  y i e l d  an

enone COrtH„„0o , \  248 ml* (4 .0 5 )  and 314 m/X( l . 8 3 ) .  T h is  su g g e s te d
20 30 3 J max /  /

t h a t  t h e  ( - C - 0 - )  g roup  o f  th e  l a c to n e  was to  th e  k e to n ic  c a rb o n y l ,  and

s t r u c t u r e s  CIX and CX were p ro p o s e d  f o r  th e  k e to n e  and CXI and CXII f o r

r o s o l o l a c t o n e .

D esoxyrosenono  l a c  t o n e , m .p t .  =  115—116 C, ,

( 79)
C2 0 ^ 30°29 WaS found  i n  T« roseupl by Arigonit who proved  i t s  s t r u c t u r e

by i d e n t i f i c a t i o n  o f  th e  d ih y d ro  compound with* compound C ( s e e  p .22  ) 

d e r iv e d  from r o s e n o n o la c to n e .

The s t e r e o c h e m i s t r y  o f  r o s e n o n o l a c t o n e ^ a n d  i t s  r e l a t i v e s
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i s  o f  param oun t im p o r ta n c e  i n  d e f i n i n g  th e  b i o l o g i c a l  p r e c u r s o r  o f  th e

s e r i e s  ( s e e j & l a ) .  The k e to —d i a c i d  G i l l  ( s e e  p.22: ) fromu ro s e n o n o la c to n e

e p im e r i s e d  i n  a l k a l i  and was th u s  a s s ig n e d  th e  c i s  a r ran g em en t  C i l i a ,

g o in g  t o  t h e  more s t a b l e  t r a n s  a r ra n g e m e n t  C l I I b  i n  a l k a l i .  The a b s o lu t e

s t e r e o c h e m i s t r y  o f  C l l l  h as  been* a s s ig n e d  C i l i a  s in c e  th e  O.R.D. cu rv e  o f

th e  ep im er  C H I b  was com parab le  to  t h a t  o f  ( - )  t r a n s  2 - m e th y l -2 c a rb o x y -6 -

k e to c y c lo h e x y l—p r o p io n i c  a c id  (C X ll l )  whose a b s o lu t e  s t e r e o c h e m i s t r y  was 

( 81)knownr • Clemmenson r e d u c t i o n  o f  th e  epim er C i l i a  y i e l d e d  (—) c i s —2—

m eth y l—2—c a r b o x y c y c lo h e x y l - a c e t i c  a c id  (CXIV) o f  known c o n f i g u r a t i o n ^ * ^ .

The p a r t i a l  s t r u c t u r e  CXV may be w r i t t e n  f o r  r o s e n o n o la c to n e .

( T9)W halley  '  co nc luded  t h a t  t h e  l a c to n e  r i n g  and th e  m ethy l 

g roup  a t  Cg were sy n ,  due to  th e  f a c t  t h a t  n e i t h e r  n e o - r o s a n o ic  l a c t o n e ,  

a l l o - r o s a n o i c  l a c t o n e ,  nor d e s o x y ro se n o n o la c to n e  co rre sp o n d e d  to  th e  

J j - l a c t o n e  LX III  d e r iv e d  from p im a r ic  a c id  ( s e e  p . 22) which had th e  t r a n s  

backbone .  He c o n s id e r e d  t h a t  t h e  Cg asym m etric  c e n t r e  was i n v e r t e d  i n  

t h e  f o r m a t io n  o f  neo»- and a l i o — ro s a n o ic  l a c to n e s  from th e  a c id  C l .  The 

o n ly  mechanism f o r  t h i s  i n v e r s i o n  would be th e  doub le  m ethy l m ig ra t io n !  

a s  i n  CI->“ CXVI-^ C la  o p p o s i t e .  T h is  i s  im p ro b a b le .  We f e e l  t h a t  th e  

f a c t  t h a t  t h e  compounds Cl d id  n o t  l a c t o n i s e  to  a more s t a b l e  s ix — 

membered l a c t o n e  such  as  LXIV,- as  had been  th e  c a se  w i th  th e  p im a r ic  

a c i d s ,  i s  more i n d i c a t i v e  o f  th e  synt Cg“ Cjg backbone , as  i t  would be 

s t e r i c a l l y  im p o s s ib l e  f o r  such  a compound to.- e x i s t  i f  t h e  l a c to n e  ca rb o n y l  

and th e  Cg m e thy l g roup  were c i s .

R o s e n o n o la c to n e  i s o m e r i s e s  to  i t s  Cg ep im er ,  i s o ro s e n o n o — 

l a c t o n e ,  i n  b a s e .  L i th iu m  aluminium h y d r id e  t r e a tm e n t  o f  r o s e n o n o la c to n e
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y i e l d e d  a t r i o l  w i th  a r e l a t i v e l y  u n h in d e re d  Cj p o s i t i o n ,  w h ile  s i m i l a r  

t r e a t m e n t  o f  th e  Cg epim er gave a m ix tu re  o f  t r i o l s  e p im e r ic  a t  C„.Ti
The h in d e r e d  c a rb o n y l  g roup  o f  i s o r o s e n o n o la c to n e  can  be e x p la in e d  by* 

p o s t u l a t i n g  th e  c i s  B/C r i n g  j u n c t i o n  o f  CXVIII o p p o s i t e ,  i n  which th e  

h y d ro g en s  s h i e l d  th e  p o s i t i o n .  The s t e r e o c h e m i s t r y  o f  ro sen o n o —

l a c t o n e  may th u s  be w r i t t e n  a s  CXVII.

The B io s y n th e s i s  o f  ro s e n o n o la c to n e  has  been  shown to  o ccu r  

by t h e  scheme V I X I I I C X V I I  o p p o s i t e  by t r a c e r  s t u d i e s ^ ^ ^ * ^  .
!— 14-* __  14_

When / \C  a c e t i c  a c id  and /2C  m eva lona te  (CXIX) were fe d  to  

T. ro seum , r o s e n o n o la c to n e ,  l a b e l l e d  a s  i n  CXX and CXXI r e s p e c t i v e l y ,  

was o b t a i n e d .  The C^ oC -m ethy l group was shown to  be d e r i v e d  s p e c i f i ­

c a l l y  from Cg o f  m e v a lo n a te ,  i n  ag reem en t w i th  s i m i l a r  r e s u l t s  f o r  th e  

t r i t e r p e n e s ^ * ^  , and g i b b e r e l l i c  a c i d ^ ^ ^ ® ^ * ^ .  The m ethy l group  

d e r iv e d  from Cg^ o f  m e v a lo n a te  has  alw ays been t h e  one to  be o x id ise d ;  

i n  t h e  c a s e s  i n v e s t i g a t e d ,  and Cg/ and Cg o f  m e v a lo n a te  n e v e r  become 

e q u i v a l e n t  a t  any s t a g e  i n  t h e  b i o s y n t h e s i s .



T h e o r e t ic a l

The f o r e g o in g  re v ie w  has  shown* t h a t  th e  s t e r e o c h e m i s t r y  o f  

th e  C j3 c e n t r e  i n  th e  ro s e n o n o la c to n e  group of  compounds, and th e  

p o s i t i o n i  and s t e r e o c h e m i s t r y  o f  th e  hyd roxy l group i n  r o s o l o l a c t o n e  have 

y e t  t o  be d e f i n e d .  The mould T. roseum was, t h e r e f o r e ,  grown to  i s o l a t e  

t h e s e  m e t a b o l i t e s  f o r  f u r t h e r  s tu d y ,  and to  s ee  i f  o th e r  m e t a b o l i t e s  

were p r e s e n t .  O th e r  moulds i n  th e  T r ic h o th e c iu m  fa m i ly  have a l s o  been  

grown f o r  s tu d y ,  b u t  grow th  was n o t  v e ry  p r o l i f i c  and no m e t a b o l i t e s  were 

i s o l a t e d .

The mycelium from T. roseum was e x t r a c t e d  i n  a s o x h l e t  

e x t r a c t o r  w i th  c h lo ro fo rm ,  and th e  gummy e x t r a c t s  were t r i t u r a t e d  w ith  

p e t r o l  to  g iv e  a s o l i d  from w h ich  ro s e n o n o la c to n e  m . p t .  212°iC, and 

r o s o l o l a c t o n e  m . p t .  — 186°C cou ld  be s e p a r a t e d  by v i r t u e  o f  t h e i r  

d i f f e r e n t  s o l u b i l i t i e s  i n  m e th a n o l .  The p e t r o l  s o lu b le s  from th e  

m ycelium w ere ch rom atog raphed  on g rad e  I I I  a lum ina  and d eso x y ro sen o n o -  

l a c t o n e ,  ^ 2 0 ^3 0 ^ 2 > 55 116“*^°1C, '+ 6 0 . 7 0 , a l i q u i d  p ro d u c t ,

which we have  te rm ed  r o s e i n  V, and t r i c h o t h e c i n ,  m .p t .  «  115-7°C, 

were o b t a i n e d .

The b r o th  from t h e  T. roseum c u l t u r e s  was e x t r a c t e d  w i th  

c h lo ro fo rm  and s e p a r a t e d  i n t o  b ic a r b o n a te  s o lu b le  and n o n - b ic a r b o n a te  

s o lu b l e  p o r t i o n s .  The n e u t r a l  p o r t i o n  was chrom atographed  on g ra d e  I I I  

a lu m in a  t o  y i e l d  t h e  l i q u i d  r o s e i n  V and t r i c h o t h e c i n ,  and th e  a c i d i c  

p o r t i o n  was ch rom atog raphed  on s i l i c a  g e l  to  g iv e  a new s o l i d  m e t a b o l i t e  

which we have  d e s ig n a t e d  r o s e i n  V I. At no t im e  was any o f  th e  m e t a b o l i t e  

r o s e i n  I I I ^ 73  ̂ i s o l a t e d  and th e  mould a p p ea red  to  have s to p p ed  p ro ­

d u c in g  t h i s  m e t a b o l i t e .
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I n  "two o f  t h e  b a tc h e s  o f  T, rogeum which were grown, a n  

i n f i n i t e s s i r a a l  amount o f  a n e u t r a l ,  n i t r o g e n - c o n ta in in g  m e ta b o l i t e  

was i s o l a t e d  from b o th  mycelium and b r o t h .  We have termed t h i s  

m e t a b o l i t e  r o s e i n  V I I ,  and i t  c r y s t a l l i s e d  from e th y l  a c e t a t e ,  

m.pt* =  271-274°C , *+" 5*5 6 ° ,  The m e ta b o l i t e  a n a ly se d  as

^32^46^10^4* and t l le  m o le c u la r  w e ig h t  was 602 ±  50 by th e r m i s to r  drop 

te c h n iq u e *  The i n f r a - r e d  spec trum  was c h a r a c t e r i s t i c  o f  an. amide

w ith  V  1=8 1645 cm 1 and 1570 cm and th e r e  was no a p p r e c ia b le  u l t r a ­max

v i o l e t  a b s o r p t i o n  beyond e n d - a b s o r p t i o n .  The n .m . r .  spectrum  had a 

s i n g l e t  a t  2*8-f (6H) which would i n d i c a t e  u n s a t u r a t i o n ,  and so th e  lack , 

o f  u l t r a - v i o l e t  a b s o r p t i o n  i s  s u r p r i s in g *  F u r th e r  peaks o ccu rred  a t  

2 .7 5 Y  (1H;NH) , 4 * 2 5 r f ( lH ,  q u a r t e t ^ ^ ^ ^  6 , 3 ^  »  12 c . p * s . ) ,  4*76 y  

( 1H s i n g l e t  CH -0), 6*7Y (3H, s i n g l e t ,  NMe), 7*08Y (3H , s i n g l e t ,  NMe) •

A s e r i e s  o f  w e l l  d e f in e d  s i n g l e t s  o c c u r re d  i n  th e  8*4 to  9Y r e g io n ,  and 

e i g h t  p r o to n s  o c c u r r e d  a t  t h e  e x c e p t i o n a l l y  h ig h  v a lu e  o f  9*25 Y , The

amount of m a t e r i a l  a v a i l a b l e  to  us  has n o t  p e r m i t t e d  any f u r t h e r  work 

to  be done on t h i s  m e ta b o l i t e *

The l i q u i d  m e t a b o l i t e  r o s e i n  V, found i n  b o th  mycelium and 

b r o th ,  d i s t i l l e d  a t  124°C and 0*045. mm p re s s u re *  I t  had a r e f r a c t i v e  

index: o f  1*4565 and — 0°« Peaks a t  1745 cm 1 and 1730 cm 1 i n

th e  i n f r a - r e d  w ere th o u g h t  to  be t y p i c a l  o f  e s t e r  and —u n s a tu r a t e d  

e s t e r  f u n c t i o n s ,  and th e  l a t t e r  a s s ig n m e n t was su p p o r ted  by an* u l t r a ­

v i o l e t  sp ec tru m  with* =  216 m /*. The compound showed on ly  one
max /

peak  on a  Q»75f> s i l i c o n e  v*p*c . columni and a n a ly se d  as  One

mole o f  hy d ro g en  was consumed on c a t a l y t i c  r e d u c t io n ,  and th e  p ro d u c t  

no lo n g e r  had th e  1730 cnT1 i n f r a - r e d  a b s o r p t i o n ,  c h a r a c t e r i s t i c  o f  th e
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<*/> —u n s a t u r a t e d  e s t e r ,  t h e  u l t r a —v t o l e t  spectrum ; becoming t r a n s p a r e n t .

H y d r o ly s i s  o f  r o s e i n  V r e q u i r e d  two m oles o f  b ase  and gave o n ly  w a te r

s o l u b l e  p roduc ts* .

From t h e  n .m .r*  sp ec tru m  o f  t h i s  compound? and some f u r t h e r

e x p x r im e n ts ,  i t  was co nc luded  t h a t  i t  was n o t  homogeneous? and s e p a r a t io n !

was e f f e c t e d  on a  p o ly e th y le n e  g ly c o l  a d i p a t e  v . p . c .  column to  g iv e

two m e t a b o l i t e s  w i th  mass s p e c t r o s c o p i c  m o le c u la r  w e ig h ts  o f  258 and

342# No f u r t h e r  work has  been  done on t h e s e  m e ta b o l i t e s *

E o se n o n o la c to n e  and r o s o l o l a c t o n e . W h a l le y 's  work on th e

s t r u c t u r e  o f  r o s o l o l a c t o n e  i n d i c a t e d  t h a t  s t r u c t u r e s  CXI and CXII were

p o s s i b l e  ( s e e  p* 2 3 ) ,  and r e - e x a m in a t io n  o f  t h e  ev id en ce  would i n d i c a t e

t h a t  s t r u c t u r e  CXII i s  th e  more l i k e l y *

D e h y d ra t io n  o f  d ih y d r o r o s o lo l a c to n e  gave a d ie n e

X ~  238 m/  • We would s u g g e s t  t h a t  t h i s  i s  th e  h e t e r o d i e n e  CXXII max /

w i th  X c a j c ~  245 mj* which can  be o b ta in e d  from a lc o h o l  CXII d i r e c t l y .  

A lcoho l CXI would g iv e  th e  homodiene CXXII I ,  ^ ca i c*  ^74 m^* b u t  i t  i s  

n o t  i n c o n c e i v a b l e  t h a t  t h i s  homodiene m ig h t r e a r r a n g e  to  t h e  h e t e r o d ie n e  

and so t h i s  e v id e n c e  f o r  s t r u c t u r e  CXII i s  n o t  r i g o r o u s .  More com­

p e l l i n g  e v id e n c e  i s  t h e  f a c t  th e  enone d e r iv e d  by o x id a t i o n  and l a c to n e  

o p en in g  o f  d i h y d r o r o s o l o l a c t o n e  has  248 m ^ .  T h is  enone can

have s t r u c t u r e s  CXXIV o r  CXXV w i th  X c a l c ~  243 and 248 m r e s p e c t i v e l y  

and th e  c o r r e s p o n d e n c e  o f  X cgj c fo*1 CXXV t o  th e  o b se rv ed  abso rp tion*  

s t r o n g l y  s u p p o r t s  t h i s  s t r u c t u r e  f o r  th e  enone and hence s t r u c t u r e  

CXII f o r  r o s o l o l a c t o n e .

I f  r o s o l o l a c t o n e  i s  i n  f a c t  th e  Cg a lc o h o l  CXII, i t  sho u ld
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be r e l a t i v e l y  s im p le  to  p rove  t h i s  by c o n v e r s io n  o f  r o s o l o l a c t o n e  and 

r o s e n o n o la c to n e  to  a  common in t e r m e d i a t e  which would in c lu d e  some f e a t u r e  

i n d i c a t i v e  o f  t h e  v i c f n y l  n a t u r e  o f  th e  o x id i s e d  c a rb o n  atoms in i each  

compound*

The A ene CXXYI would be a  u s e f u l  compound th ro u g h  which 

t h e  two compounds m ig h t  be i n t e r r e l a t e d .  I t  shou ld  be p r e p a r a b l e  by 

©C—b r o m in a t io n  o f  th e  r e s p e c t i v e  ke to n es*  r e d u c t i o n  o f  t h e  brom oketones 

t o  b rom hydrin s*  and c o n v e r s io n  o f  t h e s e  to  th e  common 6—ene by t r e a tm e n t  

w i th  z i n c  and a c e t i c  a c i d .  T rea tm e n t  o f  d ih y d ro ro s e n o n o la c to n e  w i th  

b rom ine i n  a c e t i c  a c id  gave th e  monobromide Cg^HggOgBr, m ,p t ,  =  221-223°C , 

a s  p l a t e s  from  m e th a n o l .  N e i t h e r  t h e  in f ra ^ - re d  no r  th e  u l t r a - v i o l e t  

k e to n e  a b s o r p t i o n  had s h i f t e d  to  any e x t e n t  i n  t h i s  compound* due 

p r o b a b ly  t o  t h e  f a c t  t h a t  r i n g  B was i n  th e  b o a t  fo rm . The n . m . r ,  

sp ec tru m  o f  th e  monobromide showed a p r o to n  a t  5 ,3 7 t*  (CHBrCO), i n d i c a t i v e  

o f  Cg r a t h e r  t h a n  Cg b r o m in a t io n .  Sodium b o ro h y d r id e  r e d u c t i o n  o f  

t h e  b rom oketone  gave a b rom hydrin ,  m ,p t ,  ~  185-187°C, as  n e e d le s  from 

m ethano l*  The i n f r a - r e d  a b s o r p t i o n  a t  3400 cm * (OH) and th e  n ,m ,r*  

sp ec tru m  w i th  p r o to n s  a t  5 ,5 n f  (CHBr) and 6 ,1  n' (CHOH) were i n  ag reem en t 

w i th  t h i s  a ss ig n m e n t*  R e d u c t io n  o f  th e  b rom hydrin  w i th  z in c  and a c e t i c  

a c id  gave a compound ^20^32^3* =  186—189 C as p l a t e s  from m e th a n o l .

T h is  s t i l l  c o n ta in e d  th e  a l c o h o l i c  g ro u p in g  as  ev id en ced  by th e  s t r o n g  

i n f r a - r e d  a b s o r p t i o n  a t  3500 cm  ̂ and was shown to  be th e  7—a lc o h o l  

(CXXVII) by i d e n t i t y  w ith  an a u t h e n t i c  specim en which we p r e p a re d  by 

sodium b o r o h y d r id e  r e d u c t i o n  o f  d ih y d r o r o s e n o n o la c to n e .

The l a c k  o f  s u c c e s s  w i th  t h e  above r o u t e  le d  us  to  a t t e m p t
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t h e  p r e p a r a t i o n  o f  th e  d io s p h e n o l  CXXVIII as  th e  l i n k  compound*

S e len ium  d io x i d e  o x i d a t i o n  o f  d ih y d ro ro s e n o n o la c to n e  gave a  s o l id *  

^20^28^3* ra*P^* ** 15®—159 C as  n e e d le s  from m ethanol*  The u l t r a - v i o l e t  

s p e c tru m  o f  "X max 237 (6 ,8 5 0 )  s u g g e s te d  t h a t  t h i s  was th e  enone

CXXIX w hich h a s  X CQj c “  238 mj^ , and t h i s  was borne  o u t  by a 1670 cm""* 

peak  i n  t h e  i n f r a - r e d  sp ec tru m , and an u n s p l i t  p ro to n  a t  4 .2 3 Y  i n  th e  

n*m*r* spectrum *

I n  th e  hope t h a t  o z o n o ly s i s  o f  a f u r f u r y l i d e n e  d e r i v a t i v e  

would p r o v id e  us  w i th  t h e  r e q u i r e d  d io s p h e n o l ,  we p re p a re d  o < - f u r f u r y l -  

d ih y d r o r o s e n o n o la c to n e ,  C25?32!04 , nuPt * *  1®2' t o  193 ° t .  Z % 7 d=  -+ 1 9 3 ° ,  

a s  n e e d l e s  from m ethanol*  The i n f r a - r e d  sp ec tru m  had th e  e x p ec ted  

p eak s  a t  1670, 1600 and 1530 cm * , and th e  u l t r a - v i o l e t  spec trum  had 

a b s o r p t i o n  a t  X =  319 m/ ( 2 3 ,1 3 0 ) .  O z o n o ly s is  o f  t h i s  compound in .R16L2! *

c h lo ro fo rm  a t  -50°C  f o r  30 m in u te s ,  fo l lo w e d  by an o x id a t i v e  work u p ,  

gave a compound C^gH ^O ^, m .p t*  *  228“ 229°C as  n e e d le s  from e t h y l  a c e t a t e -  

p e t r o l e u m - e t h e r  (60—8 0 ° ) •  The i n f r a - r e d  spec trum  o f  t h i s  compound 

was t y p i c a l  o f  a  c a r b o x y l i c  a c id  i n  t h e  3500-2500 cm * r e g i o n ,  and had 

p eak s  a t  1770 cm""* ( ^ - l a c t o n e ) ,  1710 cm""* ( c a r b o x y l i c  a c id )  and 1670 

cm~* (e n o n e )*  The u l t r a - v i o l e t  spec trum  o f  X max*  2 4 7 .1 1 ^ (8 ,0 0 0 )  

i n d i c a t e d  enone CXXX, X c a l c =s 242 m ^  and an u n s p l i t  p r o to n  a t  3 .5 - f  

s u p p o r te d  t h i s  a s s ig n m e n t .  A s i m i l a r  u n s p l i t  p ro to n  o c c u r re d  a t  5.57-Y 

and t h i s  m ig h t  i n d i c a t e  th e  m ix tu re  o f  c i s  and t r a n s  i s o m e r s ,  CXXX and 

CXXXa, t h e  p r o t o n  i n  CXXXa b e in g  d e s h ie l d e d  by th e  k e t o n i c  ca rbony l*

The s t e r i c  c o m p re ss io n  i n  CXXXa would be s e v e r e ,  and so th e  a s s ig n m e n ts  

ca n n o t  be made w i th  c e r t a i n t y *
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We had o b se rv e d  a s i m i l a r  p a r t i a l  o z o n o ly s is  o f  f u r f u r y l id e n e  

d e r i v a t i v e s  i n  some s y n t h e t i c  work i n  g i b b e r e l l i n  ch em is try  where we 

p re p a re d  t h e  f u r f u r y l - i n d a n o n e  CXXXI, c i 5Hi 203 * m .p t .  =  166 .5  to  167°C 

as n e e d le s  from m e th a n o l ,  ^ max~  240 (6 ,2 0 0 )  288 m^* (6 ,300 )  and

360 ( 2 9 ,4 0 0 ) .  O z o n o ly s is  o f  CXXXI i n  ch lo ro fo rm  a t  -50°C f o r  10

m in u te s ,  f o l lo w e d  by o x i d a t i v e  work up gave a compound m .p t . *

207-8°C as  n e e d l e s  from e t h a n o l - w a t e r • The i n f r a - r e d  i n  th e  3500 to>

2500 cm 1 r e g i o n  was c h a r a c t e r i s t i c  o f  a c a rb o x y l ic  a c i d ,  th e  carbonyl 

o f  which a p p e a re d  a t  1700 cm X .  The compound CXXXII had ^ caj c ”  242 nj/* 

by  Woodward's r u l e s  f o r  t h e  enone chrom ophore, and X ca j c “  256 m b y  

S c o t t ' s  r u l e s ^ ^  f o r  t h e  phenone chromophore. The average  X ca i c ®

249 m ^  i s  i n  ag re e m e n t  w i th  th e  ob se rv ed  X max~  250 111^(15,120), 288 mj* 

( 9 ,1 7 0 ) ,  and 345 m ^ ( 5 , 2 7 0 ) ,  and th e  s i n g l e t  a t  3 .59  Y i n  th e  n .m .r .  

spec trum  i s  i n  f u l l  ag reem en t w i th  th e  compound b e in g  CXXXII.

S in c e  o z o n o l y s i s  had been  in c o m p le te  a t  -50°C , f u r f u r y l -

d ih y d r o r o s e n o n o la c to n e  was o z o n ise d  i n  a c e t i c  a c id  a t  room te m p e ra tu re

and r e d u c t i v e l y  worked up to  g iv e  a compound C^QH^gO^, m . p t . «  173-176°C

-1as  n e e d le s  from m e th a n o l .  The i n f r a - r e d  spectrum  had peaks a t  1760 cm 

( ^ - l a c t o n e ) ,  1670 cm™1 , ( e n o n e ) ,  and 1640 cm” 1 (doub le  bond) and hydroxyl 

a b s o r p t i o n  a t  3400 cm™1 . The compound gave a g r e e n -b la c k  co lo u r  w ith  

a l c o h o l i c  f e r r i c  c h l o r i d e  s o l u t i o n ,  and had ^  max *  22^ mJK (.11*500) 

s h i f t i n g  to  355 mj* i n  b a s e .  The ba thochrom ic  s h i f t  i s  expec ted  f o r  a 

d i o s p h e n o l ^ * ^ , and th e  o n ly  d io sp h e n o l  p o s s i b l e  has X  caj c® 2^4 »

th e  d iv e rg e n c e  from th e  o b s e rv e d  a b s o r p t i o n  b e in g  due to  th e  b o a t  r i n g  B. 

A c e t y l a t i o n  o f  th e  d io s p h e n o l  gave a gummy a c e t a t e  w ith  X  raaX's=s 254 m
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and such  a hypsochrom ic  s h i f t  i s  ex p e c te d  from th e  a c e t y l a t i o n  o f  a

d io s p h e n o l*  A b i p r o d u c t  o f  th e  a c e t y l a t i o n  r e a c t i o n  was a compound

C22H36°6» 189—192 C as  n e e d le s  from m ethanol*  The compound

had no u l t r a - v i o l e t  a b s o r p t i o n ,  and th e  i n f r a - r e d  spec trum  i n d i c a t e d

t h a t  i t  was an  a n h y d r id e  w i t h * /  *s 1835 and 1780 cm” 1 . No f u r t h e rmax

work was done on t h i s  compound i n  view  o f  th e  sm all  q u a n t i t i e s  a v a i l a b l e .

I n  o u r  h a n d s ,  o x i d a t i o n  o f  d ih y d r o r o s o lo l a c to n e  gave a

k e to n e  w i th  m . p t .  =  157-9°C ( l i t . ^ 1̂  m .p t .  — 138°C) . I n  an a t t e m p t

to  p r e p a r e  t h e  f u r f u r y l i d i n e  d e r i v a t i v e  o f  t h i s  compound, a gum was

o b ta in e d  o f  A 249 m r  • I t  appea red  t h a t  th e  b a s ic  c o n d i t i o n smax /

u sed  to  p r e p a r e  t h e  f u r f u r y l i d e n e  d e r i v a t i v e  had opened th e  l a c t o n e  r i n g

t o  g iv e  t h e  enone CXXV. The gum was ch rom atographed  on g rade  I I I  a lum ina

to  g iv e  a sm a l l  y i e l d  o f  a compound m .p t .  *  189^*191°C, from

m e th an o l a s  y e l lo w  n e e d l e s ,  V* 1670 cm 1 ( e n o n e ) ,  and X  «=• 325 m/^J max max /

( 8 , 3 0 0 ) .  . T h is  f u r f u r y l i d e n e  d e r i v a t i v e  was o z o n ise d  i n  a c e t i c  a c id  a t

room t e m p e r a t u r e  and r e d u c t i v e l y  worked up to  g iv e  a gum, X 286 my ,m&x f
s h i f t i n g  to  355) m i n  b a s e .  The gum was s p o t t e d  on a s i l i c a  g e l  

c h r o m a to p la te  w hich was d ev e lo p ed  i n  benzenes e t h e r  ( 1 s 1) and sp ray ed  

w ith  f e r r i c  c h l o r i d e  s o l u t i o n .  Two g r e e n - b l a c k  s p o t s  a p p e a re d ,  th e  

more p o l a r  o f  which had th e  same Rf as  th e  a u t h e n t i c  d io sp h e n o l  CXXIX 

from d i h y d r o r o s e n o n o la c to n e .

T h is  would i n d i c a t e  t h a t  th e  h y d ro x y l group i s  a t  Cg i n  

r o s o l o l a c t o n e ,  a l th o u g h  f u r t h e r  e v id e n c e  would be r e q u i r e d  to  s e t t l e  

t h i s  p o i n t  c o m p le te ly .

Two p o s s i b l e  e p im e r ic  a l c o h o l s ,  CXXXIIIa and CXXXIIlb may
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be w r i t t e n  f o r  r o s o l o l a c t o n e .  R e d u c t io n  o f  th e  ke tone(C X ),  d e r iv e d  

from d i h y d r o r o s o l o l a c t o n e ,  w i th  sodium b o ro h y d r id e ,  r e g e n e r a t e d  d ih y d ro ­

r o s o l o l a c t o n e ,  i n d i c a t i n g  t h a t  CXXXIIIa i s  th e  s t e r e o c h e m i s t r y  i n  

r o s o l o l a c t o n e ,  a s  h y d r id e  a t t a c k  i s  ex p e c te d  from th e  l e s s  h in d e re d  

a C - fa c e  o f  t h e  m o le c u le .

The s t e r e o c h e m i s t r y  a t  i n  th e  ro s e n o n o la c to n e  s e r i e s  

rem a in ed  t o  be d e te rm in e d .  W h a l l e y ^ ^  had i s o l a t e d  o C e th y l-  ©C m e th y l-  

s u c c i n i c  a c i d  a s  a d e g r a d a t io n ,  p r o d u c t  o f  d ih y d r o ro s e n o n o la c to n e  ( s e e  p .  22 )  

b u t  had n o t  r e p o r t e d  a r o t a t i o n  f o r  t h i s  compound. The a b s o lu t e  s t e r e o ­

c h e m is t r y  o f  (* )  ® < -m e th y l - © £ - e th y l - s u c c in ic  a c id  has  been adduced from

( 87)m ixed m e l t i n g  p o i n t  s t u d i e s '  ' ,  and so th e  r o t a t i o n  o f  th e  compound 

from d ih y d r o r o s e n o n o la c to n e  sh o u ld  p e r m i t  a s s ig n m e n t  o f  th e  s t e r e o ­

c h e m is t r y .  I n  o r d e r  to  o b t a i n  t h i s  r o t a t i o n ,  we r e p e a te d  th e  d e g ra d a t io n !  

o f  d i h y d r o r o s e n o n o la c to n e ,  b u t  were u n a b le  to  r e p e a t  th e  l a s t  s t e p  owing 

t o  t h e  po o r  y i e l d s  in v o lv e d .

To o b t a i n  unam biguous e v id e n c e  f o r  th e  s t e r e o c h e m i s t r y  a t  

i n  r o s o l o l a c t o n e ,  and to  v e r i f y  our o t h e r  s t r u c t u r a l  and s te r e o c h e m ic a l  

a s s ig n m e n ts ,  we u n d e r to o k  an X -ray  s t r u c t u r a l  a n a l y s i s  o f  th e  compound. 

T re a tm e n t  o f  r o s o l o l a c t o n e  w i th  p y r i d i n e  p e rb rom ide  i n  d io x a n  gave a 

d ib ro m id e ,  m»Pt * “  187-189°C as  p r is m s  from e th y l

a c e t a t e .  The compound e f f e r v e s c e d  a t  i t s  m e l t i n g  p o i n t ,  and th e  v in y l  

p eak  a t  910 cm” * i n  t h e  i n f r a - r e d  sp ec tru m  of r o s o l o l a c t o n e  was now 

m i s s in g .  E q u i - i n c l i n a t i o n  W eissenbe rg  p h o to g ra p h s  were t a k e n ,  and from 

t h e  d a t a  w hich we e s t i m a t e d  v i s u a l l y ,  our c o l l e a g u e s  have deduced th e  

s t r u c t u r e  CXXXIV f o r  th e  d ib ro m id e .  The s t r u c t u r e  and a b s o lu t e  s t e r e o -
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c h e ra is t r y  o f  r o s o l o l a c t o n e  i s  th u s  a s  r e p r e s e n t e d  i n  CXXXV o p p o s i t e .

R o s e in  V I, t h e  a c i d  m e t a b o l i t e  i s o l a t e d  from th e  b r o th  o f  

T. roseum  c r y s t a l l i s e d  from b e n z e n e -p e tro le u m  e t h e r  (6 0 -8 0 ° )  as  n e e d l e s ,  

m .p t .  =  191—193 C, • From th e  i n f r a - r e d  spec trum  w ith

V  max®* 3 4 0 0  c m ~ l  ( ° H)» 1695 cm-1 ( c ° 2H) >  1020 cm” 1 (OH) and 909 cm” 1

( C=c) we co n c lu d e d  t h a t  t h e  compound was p ro b a b ly  a hydroxy—a c id  w ith  

a  v i n y l i c  d o u b le  bond. The compound a n a ly s e d  as  and t f l i s

was s u p p o r te d  by a mass s p e c t r o s c o p i c  m o le c u la r  w e ig h t o f  318 . The 

l o s s  o f  w a te r  and COg co u ld  be o b se rv e d  i n  th e  mass s p e c t r a l  c r a c k in g  

p a t t e r n .  The u l t r a - v i o l e t  spec trum  had X  max^  2 0 3 m ^ (5 ,7 5 0 )  •

H y d ro g e n a t io n  o f  th e  mould a c id  w i th  10^ p a l l a d i s e d  c h a rc o a l

i n  e t h y l  a c e t a t e  r e s u l t e d  i n  th e  u p ta k e  o f  one mole o f  hyd rogen , and

th e  d ih y d ro  compound, m .p t .  — 180—184°C as  n e e d le s  from e th e r - p e t r o le u m  

e t h e r  ( 6 0 - 8 0 ° ) ,  no lo n g e r  had th e  c h a r a c t e r i s t i c  v in y l  a b s o r p t i o n  a t  

1630 and 909 ct *̂* H y d ro g e n a t io n  w i th  Adams c a t a l y s t  i n  a c e t i c  a c id  

r e s u l t e d  i n  a  two mole u p ta k e  o f  hyd ro g en ,  th e  second mole b e in g  conr- 

sumed v e ry  s lo w ly .  R o s e in  VI i s  th u s  p ro b a b ly  a t r i c y c l i c  hydroxy-  

a c i d  w i th  one v i n y l  d o u b le  bond, and one v e ry  h in d e re d  d o u b le  bond.

As t h e  h y d ro x y a c id  LXXXII from g i b b e r e l l i c  a c id  cou ld  be 

l a c t o n i s e d  r e a d i l y ^ 4 ^ ,  we a t te m p te d  to  l a c t o n i s e  our mould hydroxy­

a c i d  u n d e r  t h e  same c o n d i t i o n s ,  b u t  o b ta in e d  a q u a n t i t a t i v e  r e c o v e ry

o f  s t a r t i n g  m a t e r i a l .  T h is  su g g e s te d  t h a t  th e  hyd roxy l group and

th e  c a r b o x y l i c  a c i d  group  were n o t  s e t  up f o r  .such  a l a c t o n i s a t i o n ,

and were n o t  a t  C4 and C1Q as  in . LXXXII. T h is  was s u p p o r te d  by th e

f a c t  t h a t  t h e  d i o l  CXXXVI, C2()H3()0 2 , m . p t . =  144-145°C, ” 29°

from d e s o x y ro s e n o n o la c to n e  on t r e a t m e n t  w ith  l i t h i u m  aluminium h y d r id e ,
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l a c t o n i s e d  im m e d ia te ly  on o x i d a t i o n  of  th e  p r im ary  a l c o h o l i c  group w ith  

chromium t r i o x i d e  and p y r i d i n e .

A c e t y l a t i o n  o f  r o s e i n  VI gave an i n t r a c t a b l e  gum. E s t e r i -  

f i c a t i o n  a l s o  gave a gum which chrom atographed  on s i l i c a - g e l  to  g ive  

a sm all  y i e l d  o f  a  s o l i d  m . p t .  «  130-134°C. T h is  had no hydroxyl peak 

i n  th e  i n f r a - r e d  . sp e c tru m  w hich had peaks a t  1720 cm” * ( e s t e r ) ,  1125 cm” * 

( OMe) and 910 cm * ( v i n y l )  and th e  u l t r a - v i o l e t  spectrum  showed only  

end a b s o r p t i o n ,

A c e t y l a t i o n  and e s t e r i f i c a t i o n  o f  th e  mould a c id  gave a l i q u i d  

which was ch ro m a to g rap h ed  on g rad e  I I  a lu m in a .  The i n f r a - r e d  spectrum  

of th e  a c e t o x y - e s t e r  had peaks  a t  1720 cm * ( e s t e r ,  a c e t a t e ) ,  and 1210 

cm * ( a c e t a t e )  and th e  n . m . r .  spec trum  had t h r e e - p r o t o n  s i n g l e t s  a t  

6 .3 4  and 7 .97^*  i n d i c a t i v e  o f  m e thy l e s t e r  and a c e t a t e  g ro u p in g s .  A 

q u a r t e t  a t  4 . 1 6 ^  ( lH ,  d c i g ■= 10 c . p . s .  J TRANS“  1 ^ .5  c . p . s . ,  v i n y l ) ,  

a d o u b le t  a t  5 .1 0  ( lH ,  «  1 7 .5  c . p . s . ,  v in y l )  a d o u b le t  a tJLKANd

Sr.lS'T' ( lH ,  J  . ■== 10 c . p . s . ,  v in y l ) ,  and m ethyl s i n g l e t s  a t  8 .72 'T ',Cl s

9 .0 8  #T' and 9 . 1 3 -t'  were a l s o  a p p a r e n t  i n  th e  n .m . r ,  spec trum . The 

m ethyl s i n g l e t  a t  8 , 7 2 'Y' i s  t y p i c a l  o f  a m ethyl group on a ca rbon  atom 

which a l s o  b e a r s  a c a rb o n y l  g ro u p ,  and th e  chem ical s h i f t s  f o r  t h i s  

p r o to n  and f o r  t h e  p r o to n s  a s s o c i a t e d  w ith  th e  v in y l  group a r e  ex trem ely  

s i m i l a r  t o  ch em ica l  s h i f t s  f o r  s i m i l a r  g roups  i n  r o s o lo la c to n e  as  i s  

shown i n  t a b l e  2 .  o p p o s i t e .  The CH0AC p ro to n  o c c u r re d  i n  th e  5 . 0 ‘T  

reg io n *

The n . m . r .  sp ec tru m  o f  t h e  e s t e r —a c e t a t e  would i n d i c a t e  

t h a t  t h e  compound may be i n  th e  ro s e n o n o la c to n e  s e r i e s  o f  d i t e r p e n e s ,
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w ith  a s e c o n d a ry  h y d roxy l g ro u p ,  and s t r u c t u r e  CXXXVII was s u g g e s te d .
(92)

J o n e s  o x i d a t i o n  '  o f  r o s e i n  VI gave a compound, m .p t .  —

217—222 C as  n e e d l e s  from m e th a n o l ,  1705 cm ^ ( a c i d  and k e to n e )

and 905 cm-1  ( v i n y l ) .  T h is  was e s t e r i f i e d  w ith  e t h e r e a l  d iazo m eth an e

to  g iv e  a s o l i d ,  ^£1^30^3’ “  135~136°C, as  n e e d le s  from m e th a n o l .

The k e t o - e s t e r  h a d / y / ^ ^ s  1730 cm  ̂ ( e s t e r ) ,  1710 cm * (k e to n e )  and 

had no u l t r a - v i o l e t  a b s o r p t i o n  above 220 ,

100 m egacycle  n . m . r .  s p e c t r a  o f  t h i s  compound, and o f  th e

o r i g i n a l  h y d ro x y -a c id  were now i n v e s t i g a t e d .  B oth  showed th e  m ethy l

and v i n y l  p r o to n s  which had been  o b se rv e d  i n  t h e  e s t e r - a c e t a t e .  The

n . m . r .  sp ec tru m  o f  th e  k e t o - e s t e r  had d o u b le t s  a t  7 .0 3 V  and 7 .6 0 V  *

w i th  c o u p l in g  c o n s t a n t s  o f  1 2 ,5  c . p . s .  These can  be a s c r i b e d  to

e q u a t o r i a l  p r o t o n s ,  o £  to  a k e to n e  g ro u p ,  b e in g  s p l i t  by t h e  a x i a l  p ro to n s

( 88)on t h e  same c a rb o n  a tom ' . The o n ly  p o s i t i o n  on th e  ro s e n o n o la c to n e  

s k e l e t o n  which would a l lo w  th e  k e to n e  to  have fo u r  a d j a c e n t  hy d ro g en  

atom s i s  th e  Cg p o s i t i o n ,  and so th e  k e to n e  would be CXXXVIIa. The 

d o u b l e t  a t  7 .0 3 V  may be a s c r i b e d  to  th e  1 ^  p r o to n  and t h a t  a t  7 . 6 0 v  

to  th e  3 p  p r o to n  s in c e  b o th  a r e  s h i f t e d  by th e  k e to n e  g ro u p ,  b u t  t h e  

1 f$ p r o to n  i s  a l s o  s h i f t e d  by th e  do u b le  bond.

The n . m . r .  sp ec tru m  o f  th e  h y d ro x y ac id  r o s e i n  VI i s  shown: 

o p p o s i t e .  An i l l - r e s o l v e d  c a r b o x y l i c  a c id  p r o to n  o b scu red  th e  CH0H 

p r o to n  a t  6 . 8 V * .  b u t  t h i s  was removed by e q u i l i b r a t i o n  w ith  d e u te r iu m  

o x id e .  The p r o t o n ,  which a p p ea red  as  a t r i p l e t  o f  i n t e n s i t y  r a t i o  

l s 2 s l  c e n t r e d  a t  5 . 8 V ,  was a s s ig n e d  to  an a x i a l  p r o to n  on th e  carbon* 

atom b e a r i n g  th e  a l c o h o l  g roup  s in c e  i t  showed a x i a l - a x i a l  s p in - s p in i
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co u p l in g  ( j  — 10 c . p . s . )  w i th  th e  a d ja c e n t  a x i a l  p ro to n s .  On th e  b a s i s

o f  our a rgum en ts  from th e  n .m . r .  spectrum  o f th e  k e t o - e s t e r ,  th e  two

a d j a c e n t  p r o to n s  would be th e  1 oc and 3o( p ro to n s ,  and doub le  i r r a d i a t i o n ^ ^

a t  th e  f r e q u e n c y  of  t h e s e  p ro to n s  caused s p in  d eco u p l in g  o f  th e  t r i p l e t  to

a s i n g l e t *  The t r i p l e t  and decoupled  s i n g l e t  bands both- showed a f i n e

s p l i t t i n g  o f  J  a  2 .5  c . p . s .  which cou ld  be a s c r ib e d  to  a x i a l - e q u a t o r i a l

c o u p l in g  w i th  th e  1 and 3 P  protons*.

The and 3 P  p r o to n s ,  which had been observed  i n  th e  c a se  o f

th e  k e t o - e s t e r ,  now ap p ea red  a h  7 .55  "t* and 7 .83 t * r e s p e c t i v e l y ,  b u t  were

( 88)h ig h ly  s p l i t .  T r i p l e  i r r a d i a t i o n '  ' a t  th e  f r e q u e n c ie s  o f  th e  1 ©C

and 3 o t  p r o to n s  and th e  CHOH p ro tom  caused s p in  d e c o u p l in g  and two w e ll

d e f in e d  s i n g l e t s  were o b ta in e d  a t  7 . 5 5 'T' and 7 .8 3 'TV The s t r u c t u r e

CXXXVIII f o l lo w s  f o r  th e  mould a c i d .

When th e  mould a c id  was d eh y d ra ted  w ith  phosphorus o x y c h lo r id e

and p y r i d i n e ,  a gum was o b ta in e d  235 mJ* which had no c a rb o n y l

a b s o r p t i o n  i n  i t s  i n f r a - r e d  spec trum . A f u r t h e r  d e h y d ra t io n  o f  r o s e i n  VI

u nder  th e  same c o n d i t i o n s  gave a gum w ith  ^ max® 290 m a n d  a v e ry  much

reduced  c a rb o n y l  a b s o r p t i o n  i n  i t s  i n f r a - r e d  spec trum . These r e s u l t s

can be e x p la in e d  on th e  b a s i s  o f  th e  d e c a rb o x y la t io n -d e h y d ra t io n i  mechanism 

CXXXVIII-> CXXXIX-*- CXL-^CXLI. The homoannular d ie n e  CXL would have

\  _ ss. 289 in/* and cou ld  presum ably  r e a r r a n g e  to  th e  h e te r o a n n u la r
c a i  c /

d ie n e  CXLI w i th  "Xc l c .** 240 m ^ .

P y r o l y s i s  o f  th e  e s t e r —a c e t a t e  o f  r o s e i n  VI gave a f r a c t i o n i

w ith  X «  243 ml* which had s t i l l  th e  e s t e r  ca rbony l a b s o r p t i o n  i n  
max /

th e  i n f r a - r e d .  T h is  m igh t w e ll  be th e  d ie n e  e s t e r  CXXII which we have



Mo

: £*5.^

‘•UK’’ -J i  '  • ■" *■■ :':.■■• ' ■,. >■■■ . i  ,
‘v

, A nzi?- A-Xs'";



-  38 -

p r e p a r e d  by W h a l le y ‘ s p ro ced u re^  ^ • The p y r o l y s i s  p r o d u c t  and th e  

a u t h e n t i c  d ie n e  were s p o t t e d  on a s i l i c a —g e l  c h ro m a to p la te ,  and d e v e lo p e d  

w i th  b e n z e n e : e t h e r  ( l : l ) *  The p y r o l y s i s  p ro d u c t  o f  t h e  e s t e r - a c e t a t e  

showed sev en  s p o t s ,  th e  l e a s t  p o l a r  o f  which had th e  same m o b i l i t y  a s  

th e  a u t h e n t i c  d i e n e - e s t e r *

The a c id  CXLII, ^20^30^2’ '** 13&-148°C as  p r is m s  from;

p e t ro le u m  e t h e r ,  was p r e p a re d  from d e s o x y ro s e n o n o la c to n e ,  and e s t e r i f i c a -  

t i o n  w i th  e t h e r e a l  d iazo rae thane  gave th e  m ethyl e s t e r  ^21^32^2 as  an 

o i l *  The m e thy l e s t e r  was h y d ro g en a ted  to  i t s  d i h y d r o - d e r i v a t i v e *

The k e t o - e s t e r  o f  r o s e i n  VI was c o n v e r te d  to  th e  m e rc a p ta l  w hich was 

r e d u c e d  w i th  Raney n i c k e l  t o  g iv e  a gummy p ro d u c t  which showed s i x  

s p o t s  on e l u t i o n  o f  a s i l i c a - g e l  e h ro ra a to p la te  w i th  benzene* The 

l e a s t  p o l a r  s p o t  had an i d e n t i c a l  Rf to  b o th  t h e  e s t e r  o f  a c id  CXLII, 

and i t s  d ih y d ro  d e r i v a t i v e *

T re a tm e n t  o f  th e  mould a c id  w i th  c o n c e n t r a t e d  s u l p h u r i c
j

a c i d  a t  -1 0  C gave a gum which had ^ / max “  1180 cm i n d i c a t i v e  o f  a

^ - l a c t o n e *  T h is  sh o u ld  have p roved  th e  d o u b le  bond, b u t  th e

u l t r a - v i o l e t  a b s o r p t i o n  o f  \  — 240 m i n d i c a t e d  t h a t  d e h y d r a t io nmax /

had o c c u r r e d ,  and so th e  ex p e r im e n t  was ambiguous*

I n  summary, we have a w orking  s t r u c t u r e  CXXXVIII f o r  th e  

mould a c i d .  The ch em ica l r e l a t i o n  to  th e  r o s e i n  s k e l e t o n  h a s ,  how'- 

e v e r ,  b een  made on th e  b a s i s  o f  t h i n - l a y e r  ch ro m a to g ra p h ic  e v id e n c e ,  

w hich i s  f a r  from b e in g  s a t i s f a c t o r y *  The o b s e r v a t i o n  o f  th e  v a r i o u s  

chrom ophores  on d e h y d r a t io n  i s  encourag ing*

I n  some e a r l i e r  work on th e  r o s e i n  VI p rob lem , i t  was
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t h o u g h t  t h a t  th e  h y d ro c a rb o n  CXLIII m ig h t be a u s e f u l  model compound

f o r  co m p ar iso n  w i th  th e  mould acid*  Some a t te m p ts  to  p r e p a r e  t h i s

h y d ro c a rb o n  r e s u l t e d  i n  r e a r ra n g e m e n ts  which we s h a l l  m e n tio n  b r i e f l y *

The d i o l  CXXXVI on t r e a tm e n t  w ith  p a ra —to l u e n e —su lp h o n y l

c h l o r i d e  a t  r e f lu x *  fo l lo w e d  by l i t h iu m  aluminium h y d r id e  reduc t ion*  gave a 

s o l id *  ^20^32—3 4 ^ ’ m* p t .  = 4 5 - 5 1  C which had no h y d roxy l group i n  i t s  i n f r a —r e

spectrum * T h is  compound was t r e a t e d  w i th  m in e ra l  a c id  to  g iv e  th e

a l c o h o l  CXLIV, ® *pt. — 106-108°C which we had p re p a re d  un­

am b ig u o u s ly  from t h e  d i o l  CXXXVI by d e h y d r a t io n .  The d i o l  CXXXVI and

t h e  a l c o h o l  CXLIV had s i m i l a r  n .m .r*  s p e c t r a *  w i th  two p r o to n s  e x h i b i t i n g

a q u a r t e t  a t  c a .  6 , 5 8 ^ ,  T h is  was a s c r ib e d  to  two i d e n t i c a l  p r o to n s

o f  an  AB sy s tem  w i th  =  0 .3  to  1 . 0 ^ * ^ ,  as  would be e x p e c te dAn n A

o f  t h e  CHgOH g ro u p .  The s o l i d  o f  r a .p t .  =* 45 to  51 °C e x h i b i t e d  a tw o -  

p r o t o n  s i n g l e t  a t  6 .2 8  'T  c h a r a c t e r i s t i c  o f  a c y c l i c  e t h e r  o f  th e  ty p e  

CXLV^^^ . S u p p o r t  f o r  t h i s  s t r u c t u r e  was o b ta in e d  when o x id a t io n ,  

o f  t h e  d ih y d ro  compound gave a gum w ith  an i n f r a - r e d  spec trum  c h a ra c ­

t e r i s t i c  o f  a  ^ - l a c t o n e .

An a t t e m p t  to  p r e p a re  th e  h y d ro ca rb o n  CXLIII from th e  

a l c o h o l  CXLIV by r e d u c t i o n  o f  th e  t o s y l a t e  r e s u l t e d  i n  a l i q u i d

h y d ro c a rb o n  CrtrtHort w i th  X  «  246 m f , T h is  to o k  up two m oles o f  20 30 max /
hy d ro g en  and we have  t e n t a t i v e l y  a s s ig n e d  s t r u c t u r e  CXLVI w ith  

245 n t o  t h e  compound, p o s t u l a t i n g  th e  r e a r ra n g e m e n t  CXLIV- >  CXLVI

as  shown o p p o s i te *
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E x p er im en ta l

M e l t in g  p o i n t s  were ta k e n  on th e  J b f l e r  B lo ck .  I n f r a - r e d  

s p e c t r a  w ere t a k e n  w i th  a P e r k in —Elmer I n f r a c o r d  s p e c t ro p h o to m e te r  f o r  

N u jo l  M u l l s ,  u l t r a - v i o l e t  s p e c t r a  were ta k e n  w ith  a Perk inr-E lm er 202 

s p e c t r o p h o to m e te r  t o r  e th a n o l  s o l u t i o n s ,  and n . m . r .  s p e c t r a  were t a k e n  

on a V a r ia n  A .60 n . m . r .  s p e c t ro m e te r  f o r  s o l u t i o n s  i n  d e u te r o c h lo r o f o r m .

The c i r c u l a r  d ic h ro i s m  s p e c t r a  were ta k e n  w i th  a m o d i f i e d ^ * ^  Unicant 

SP500 s p e c t r o p h o t o m e t e r .  M ic ro a n a ly s e s  were by Mr J .  M. L . Cameron, B .S c .  

and h i s  s t a f f  a t  Glasgow U n i v e r s i t y  and by M rs. C. A ld r i c h  a t  t h e  

U n i v e r s i t y  o f  B r i t i s h  Columbia*

M ethyl b r o m o g i b b e r e l l a t e  (LXXXVIIl)

M ethy l g i b b e r e l l a t e  (190 mg) and p y r id i n e  p e rb rom ide  (135 mg.) 

w ere d i s s o l v e d  in .  d io x a n  (3  m l . ) ,  and e t h e r  was added a f t e r  30 m in u te s  

t o  g iv e  w h i te  p r is m s  (170 m g .) ,  m .p t .  ~  180-200°ic, which c r y s t a l l i s e d  

from e t h a n o l  w i th  m .p t .  =  215-217°C ( fo u n d ,  C, 54.7£$ H, 5 .6 6 ^ .

C20H23°6Br r e 9u i re B  C, 5 4 .6 ^ ;  H : 5 . 2 # )  and 3490 (OH), 1758

—l a c t o n e ) ,  1745 (5.M r i n g  k e to n e )  and 1730 cm * ( e s t e r ) .  

B ro m o e p o x y n o rc a fes tan o n e  (XCIV)
(32)T h i s  was p r e p a re d  by t h e  method o f  D je r a s a i  • R ep ea ted  

r e c r y s t a l l i s a t i o n  from e th a n o l  gave p r is m s ,  m .p t .  s s  1 9 7 -1 9 8 .5  C ( l i t .  

m . p t .  r=sl83—5°C) • T h is  gave a deep g re e n  B e i l s t e i n i  t e s t .

G ib b e r ic  A cid  (LXXVl)
(91)

T h is  was p r e p a re d  by th e  method o f  C ross  , and had 

m . p t .  »  154-155°C , “ 4° ( l i t / 91  ̂ m . p t .  =  1 52 .5 -154°C , S ± } ^ -

- T ° ) .
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E p i g i b b e r i c  A cid  (LXXVIa)

The fo l lo w in g  m o d i f i c a t i o n  o f  th e  p r e v io u s l y  r e p o r t e d  r o u t e ^ 9^  

was used* G ib b e r ic  a c id  ( l  gm•) and 10/$ p a l l a d i s e d  c h a rc o a l  ( l  gm») 

w ere h e a te d  a t  210 C f o r  90 m in u te s  i n  a s tream  o f  n i t r o g e n *  The p ro ­

d u c t  was c o o le d  and d i g e s t e d  w i th  e th e r*  The e t h e r e a l  s o l u t i o n  was 

washed w i th  sodium b ic a r b o n a te  s o l u t i o n ,  and th e  sodium b ic a r b o n a te  

w ash in g s  were a c i d i f i e d  w i th  d i l u t e  s u lp h u r ic  a c id  and e x t r a c t e d  w i th  

e th e r *  The e x t r a c t s  were washed w i th  w a te r  and d r i e d  (anhyd .  Mg S04 ) , 

and th e  s o l v e n t  was removed to  g iv e  a s o l i d  (170 mg.) which c r y s t a l l i s e d  

from m e thano l w i th  m .p t .  *  253-255°C, +  131° ( l i t . ^ 91  ̂ m . p t . «  252-

255°C, £ * 7 d« + 1 3 1 0) .

M e t a b o l i t e s  o f  T . Roseum L in k

(72)20 l i t r e s  o f  Czapec-Dox and c o rn  s t e e p  l i q u o r '  '  was seeded  

w i th  t h e  s p o r e s  o f  T* roseum . The mould was grown f o r  3 weeks i n  s t i l l  

c u l t u r e ^  and t h e  b r o t h  was d e c a n te d  from th e  m ycelium . A l i t t l e  c h lo ro ­

form was added to  b o th  b r o th  and mycelium to  e f f e c t  s t e r i l i s a t i o n .

The mycelium (190 gm.) was d r i e d ,  powdered and e x t r a c t e d  in . 

a  s o x h l e t  e x t r a c t i o n  a p p a r a tu s  w ith  c h lo ro fo rm .  The s o lv e n t  was r e ­

moved t o  g iv e  a brown s e m i - s o l id  which was t r i t u r a t e d  w ith  p e t r o l *  The 

p e t r o l  i n s o l u b l e  p o r t i o n  was washed w ith  h o t  m ethano l and c e n t r i f u g e d

to  g iv e  a w h i te  c r y s t a l l i n e  s o l i d  which r e c r y s t a l l i s e d  from m ethanol
Oj (75)

as  w h i te  p r i s m s  o f  ro s e n o n o la c to n e  (.14 gm.) m .p t .  — 212 C ( l i t .  

m . p t .  21 4 °C ) .  The m ethano l s o lu b le  p o r t i o n  was a brown s e m i - s o l id  

w hich was f i l t e r e d  th ro u g h  a p in g  o f  a lum ina  and r e c r y s t a l l i s e d  from 

e t h y l  a c e t a t e —p e t ro le u m  e t h e r  (60—80 ) a s  f i n e  n e e d le s  o f  r o s o l o l a c t o n e ,  

m .p t .  =  186°C ( l i t .  m .p t .  =  186 C) ( 4 .3  g m .) .
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The p e t r o l  s o lu b le  m a t e r i a l  (17*06 gm*) was a brow n o i l  and 

1 gm. was ch rom atog raphed  on g rad e  I I I  a lu m in a .  E l u t i o n  w i th  benzene  

gave a  s o l i d  (177  mg.) which r e c r y s t a l l i s e d  from p e t ro le u m  e t h e r  (6 0 -  

80°) a s  p r i s m s  m .p t .  »  116-7°C , * 6 0 . 7 °  ( fo u n d ,  C. 7 9 .2 l f o  H,

9 .9 9 ^ .  ^20^309 2 re f lu *r ®® C, 79.42/&J H, 10.00/&). T h is  was desoxy—

r o s e n o n o la c to n e  ( l i t . ^ 79  ̂ m . p t . =  115-116°C, /o < 7 D- - V  57°) . E l u t i o n

w i th  b e n z e n e : e t h e r  (1 9 :1 )  gave a l i q u i d  p ro d u c t  (305 mg.) which we

h ave  d e s i g n a t e d  r o s e i n  V, and e l u t i o n  w ith  b e n z e n e :e th e r  (9 :1  and 5 :1 )

gave t r i c h o t h e c i n  (120 mg.) m .p t .  »  115 -117°C ( l i t . ^ 72  ̂ m .p t .  *» 118°C ) ,

w i th  X  *  230 m / \  max /

The b r o th  was e x t r a c t e d  w i th  ch lo ro fo rm ,  and th e  e x t r a c t s  

were washed w i th  sodium b ic a r b o n a te  s o l u t i o n  and w a te r  and d r i e d  

( a n h y d .  Mg SO^) and th e  s o l v e n t  was removed to  g iv e  a brown gum ( 1 5 .8  gm) . 

1 gm. o f  t h i s  gum was chrom atographed  on g rad e  I I I  a lu m in a .  E l u t i o n  

w i th  b en ze n e  gave t h e  l i q u i d  p r o d u c t  r o s e i n  V (364 m g .) ,  and e l u t i o n  

w i th  b e n z e n e : e t h e r  (1 9 :1 )  gave t r i c h o t h e c i n  (122 m g .) .

The sodium b ic a r b o n a t e  w ash ings were n e u t r a l i s e d  w i th  d i l u t e  

s u l p h u r i c  a c i d  and e x t r a c t e d  w ith  e th y l  a c e t a t e .  The e x t r a c t s  were 

washed w i th  w a te r  and d r i e d  o ver  anhydrous magnesium s u l p h a t e ,  and 

th e  s o l v e n t  was removed to  g iv e  a brown gum ( 1 . 2  gm.) w hich was; 

ch ro m a to g rap h ed  on s i l i c a  g e l .  E l u t i o n  w ith  b e n z e n e :e th e r  ( i s l )  gave 

a  semi—s o l i d  w hich  c r y s t a l l i s e d  from benzene—p e tro leu m  e t h e r  (60—80 ) 

as  n e e d l e s  m . p t .  »  191-193°C (113 m g .) .  T h is  compound was d e s ig n a t e d  

r o s e i n  V I .

I n  a  f u r t h e r  b a tc h  o f  T. roseum , grown on 70 l i t r e s  o f
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c u l t u r e  medium, a n e u t r a l  p ro d u c t  cou ld  be i s o l a t e d  by ch rom atography

o f  b o th  th e  mycelium and th e  b ro th *  T h is  was d e s ig n a t e d  r o s e i n  VII

and c r y s t a l l i s e d  from e t h y l  a c e t a t e  as  f i b r o u s  n e e d l e s ,  m .p t .  *  271-

274°C, ^ 7 d = +  5 .5 6  ( fo u n d ,  C, 5 9 .4 6 ? 5 H, 7 .2 1 ? ;  N, 8 .8 0 ? .

C32H46°10N4 r e 9u i r e ® C, 5 9 .5 ? s  H, 7 .1 2 ? 5 N, 8 . 6 7 ? ) , V  =  3329,ni&x
3230 (NH), 1745 ( e s t e r ) ,  1645 and 1570 cm ^ (a m id e ) ,  *X “  202 m/^

'  max /
( 1 4 ,7 0 0 ) .  The m o le c u la r  w e ig h t  was 602 ^  50 by t h e  t h e r m i s t o r  d rop  

t e c h n iq u e  and a  t o t a l  y i e l d  o f  90 mg. o f  t h i s  m e ta b o l i t e  was o b ta in e d .  

The m e t a b o l i t e  was n o t  p r e s e n t  i n  l a t e r  b a tc h e s  o f  th e  mould.

The l i q u i d  m e t a b o l i t e  r o s e i n  V

T h is  d i s t i l l e d  a t  124°C and 0 .0 4 5  mm., and — 1 .4 5 6 5 ,  

£ < 7 d =  0° ( fo u n d ,  C, 6 3 . 36)65 H, 8 .6 0 ? .  r e q u i r e .  C, 63 .36?s

H, 8 . 5 1 ? ) ,  ^  -  1745 ( e s t e r ) , and 1730 cm- 1  ( ^  — u n s a t u r a t e d

e s t e r ) ,  *Xmax ~  216 ( 6 ,7 4 5 ) .  V .p . c .  on a 0 . 7 ^  s i l i c o n e  column

a t  185°C showed one peak  w i th  a  r e t e n t i o n  tim e  o f  30 m in u te s .  

H y d ro g e n a t io n  o f  r o s e i n  V

R o s e in  V (47  mg.) was added t o  p r e s a t u r a t e d  10J& p a l l a d i s e d  

c h a r c o a l  (2 5  mg.) i n  e t h y l  a c e t a t e  ( 6  m l . )  and 3 .2 8  m l.  o f  hydrojgem 

was t a k e n  up a f t e r  s h a k in g  f o r  2|r h o u rs  i n  an  a tm osphere  o f  h y d rogen .

The s o l u t i o n  was f i l t e r e d  th ro u g h  c e l i t e  and th e  s o lv e n t  was removed 

to  g iv e  a  gum (43  mg.) w i th  V  — 1740 cm ( e s t e r ) .
Q l d X

H y d r o ly s i s  o f  R o s e in  ¥

R o s e in  V (157 mg.) was d i s s o lv e d  i n  m ethanol and r e f l u x e d  

w i th  15 m l .  o f  0.1N sodium h y d ro x id e  s o l u t i o n  f o r  2 h o u r s .  The 

s o l u t i o n  was n e u t r a l i s e d  to  m ethy l r e d  w i th  5 .9  m l.  o f  0.1N h y d r o c h lo r i c
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ac id *  E xcess  a c id  was added , and th e  s o l u t i o n  was e x t r a c t e d  w ith  

e t h y l  a c e t a t e .  No o rg a n ic  s o lu b l e  p r o d u c t  was ob ta ined* .

S e p a r a t i o n  o f  R o s e in  V

R o s e in  V s e p a r a t e d  on a p o ly e th y le n e  g ly c o l  a d i p a t e  v . p . e .  

column a t  189°C to  g iv e  two f r a c t i o n s  w ith  r e t e n t i o n  t im e s  o f  59 m in u te s  

and 95 m in u te s  r e s p e c t i v e l y *  The f r a c t i o n s  had mass s p e c t r o s c o p i c  

m o le c u la r  w e ig h t s  o f  248 and 342 .

B ro m o d ih y d ro ro se n o n o la c to n e

D ih y d ro ro s e n o n o la c to n e  ( 2  gm.) was d i s s o lv e d  i n  g l a c i a l  a c e t i c  

a c i d  (10  m l . )  and 3 .5  m l.  o f  a s o l u t i o n  o f  bromine (3 gm.) i n  a c e t i c  

a c i d  (10 m l . )  was added . The s o l u t i o n  was l e f t  a t  room te m p e ra tu r e  

f o r  30 m in u te s ,  w a te r  was added , and th e  aqueous s o l u t i o n  was e x t r a c t e d  

w i th  e t h e r .  The e x t r a c t s  were washed w ith  sodium b ic a r b o n a te  s o l u t i o n  

and w a te r  and d r i e d  (anhyd . Mg S0^) , and th e  s o lv e n t  was removed to  g iv e  

a gum w hich t r i t u r a t e d  w i th  m ethanol t o  g iv e  a s o l i d  (260 m g . ) .  The 

p r o d u c t  c r y s t a l l i s e d  from m ethanol a s  p l a t e s ,  m. p t .  *  2 2 l -2 2 3 0C 

( fo u n d ,  C, 6 0 .1 7 ^ ;  H, 7.16^$ B r ,  2 0 .3 3 ^ .  C20H29°3Br reclu i r e « C>

6 0 .4 ^ ;  H, 7 .3 ^ ;  B r ,  2 0 .1 5 ^ ) ,  1770  ( ^ l a c t o n e ) ,  and 1705 cm 1

( k e t o n e ) .  The n . m . r .  spec trum  had a s i n g l e t  a t  5 .37 'Y  • 

D ih y d ro ro s e n o n o la c to n e  brom hydrin

The brom oketone (160 mg.) was d i s s o lv e d  i n  m ethanol (10 m l . )  

and added to  a s o l u t i o n  o f  sodium b o ro h y d r id e  (160 mg.) i n  w a te r  

( 1 . 5  m l . )  and m e thano l (5  m l . ) .  A f te r  one hour a t  room te m p e r a tu r e ,  

t h e  s o l u t i o n  was added to  ex c e ss  w a te r  and e x t r a c t e d  w i th  e t h e r .  The 

e x t r a c t s  w ere  washed w i th  w a te r  and d r i e d  (anhyd .  Mg S0^) and th e
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s o l v e n t  was removed to  g iv e  a w h i te  s o l i d  (142 mg.) which c r y s t a l l i s e d

from m e th an o l w i th  m .p t .  =  1 8 5 -1 8 7 .5°C, V  «  3400 (OH), 1770 and
max '  ' 7

1740 cm ( s p l i t  l a c t o n e ) .  The n . m . r .  spec trum  had p r o to n s  a t  5 . 5 a - 

(CH-Br) and 6 . 1 o -  (CHOH).

R e d u c t io n  o f  t h e  b rom hydrin .

The b rom hydrin  (93 mg.) was d i s s o lv e d  i n  g l a c i a l  a c e t i c  a c id  

(10 m l . )  and powdered A.R. z in c  (250 mg.) was added o ver  a p e r io d  o f  

one h o u r  a t  r e f l u x .  The s o l u t i o n  was added to  ic e d  w a te r ,  and ex­

t r a c t e d  w i th  e t h e r .  The e x t r a c t *  were washed w i th  sodium b ic a r b o n a te

s o l u t i o n  and w a te r  and d r i e d  (anhyd .  Mg S04 ) • The s o lv e n t  was removed 

to  g iv e  a  gum w hich  was ch rom atographed  on Spense a lu m in a .  E l u t i o n  

w i th  benzenes  e t h e r  ( 4 :1 )  gave a s o l i d  (17 mg.) which c r y s t a l l i s e d  

from e t h y l  a c e t a t e  a s  p r i s m s ,  m .p t .  — 186-189°C (fo u n d  C, 75 .16#f H,

9 .9 3 # .  C20H32°3 re(VxireB c > 7* .9 6 # ;  H, 1 0 .0 6 # ) ,  ^  *  3500 (OH)

and 1730 cm * ( l a c t o n e ) ,  w i th  no u l t r a - v i o l e t  a b s o r p t i o n .

R e d u c t io n  o f  d ih y d ro ro s e n o n o la c to n e

D ih y d ro ro s e n o n o la c to n e  (100 mg.) was d i s s o lv e d  i n  m ethano l 

(5  m l . ) ,  and added to  a  s o l u t i o n  o f  sodium b o ro h y d r id e  (100 mg.) i n  

w a te r  ( l  m l . )  and m ethano l ( 3 .5  m l . ) .  A f te r  one hour a t  room tem pera­

t u r e ,  t h e  s o l u t i o n  was added t o  d i l u t e  h y d r o c h lo r i c  a c id  and e x t r a c t e d  

w i th  e t h e r .  The e x t r a c t s  were washed w ith  w a te r  and d r i e d  ( a n h y d r .

Mg S04 ) ,  and th e  s o l v e n t  was removed to  g iv e  a s o l i d  (87 mg.) which 

c r y s t a l l i s e d  from m ethano l as  p r i s m s ,  m . p t . . 193—4 C, u n d e p re s s e d  on

a d m ix tu re  w i th  t h e  p ro d u c t  o f  th e  p re v io u s  r e a c t i o n .  The i n f r a - r e d  

and n . m . r .  s p e c t r a  o f  t h e s e  two compounds were i d e n t i c a l .
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The enone CXXIX

D ih y d ro ro se n o n o la c to n e  (250 mg.) was d i s s o lv e d  i n  e th a n o l

( l 0  ml •)  9 and r e f l u x e d  w i th  se len ium  d io x id e  (300 mg.) f o r  22 h o u r s .

S u lp h u r  d i o x i d e  gas  was p assed  th rough  th e  s o l u t i o n  which was f i l t e r e d

th ro u g h  c e l i t e ,  added to  ex ce ss  w a te r ,  and e x t r a c t e d  w ith  e t h e r .  The

e x t r a c t s  w ere washed w ith  w a te r ,  and d r i e d  (an h y d r .  MgS04 ) , and th e

s o l v e n t  was removed to  g iv e  a s e m i - s o l id  w ith  A/ »  1760 ( l a c t o n e ) .
max '  11

1710 ( k e t o n e ) ,  and 1670 cm” 1 (e n o n e ) ,  and 'X a  235 m / * ( 3 , 2 6 0 ) .
max /

S in c e  th e  o x i d a t i o n  was o b v io u s ly  in c o m p le te ,  t h e  p ro d u c t  

was d i s s o l v e d  i n  e th a n o l  (10 m l .)  and r e f lu x e d  w i th  se len ium  d io x id e  

(250  m g.) f o r  a f u r t h e r  fo u r  d a y s .  The r e a c t i o n  was worked up as 

above t o  y i e l d  a  s o l i d  which c r y s t a l l i s e d  from m ethanol as  n e e d l e s ,  

m .p t .  s r  1 5 9 -1 5 9 .5°C ( fo u n d ,  C, 7 5 .8 2 ^ ; H, 9 .1 4 ^ .  c 2oH28°3  r e q u i r e s

C, 75 .91^5 H, 8 .9 2 ^ ) ,  A /  t s  1760 ( l a c t o n e ) ,  and 1670 cm"1 ( e n o n e ) ,BlAX

and ^  =. 237 m/ ( 6 ,8 5 0 ) .  The n .m . r .  spectrum  had an u n s p l i t
max /

p r o to n  a t  4 .2 3 Y  •

F u r f u r y ld ih y d r o r o s e n o n o la c to n e

D ih y d ro ro s e n o n o la c to n e  ( 2 .2  gm.) was d i s s o lv e d  in i e th a n o l  

(14 m l . )  and 15^ aqueous sodium hyd ro x id e  ( 3 .4  m l . ) ,  and f r e s h l y  d i s ­

t i l l e d  f u r  f u r  a ld e h y d e  (450 mg.) was added to  th e  s o l u t i o n  which was 

l e f t  o v e r n i g h t  a t  room te m p e ra tu r e .  The s o l u t i o n  was f i l t e r e d  to  

g iv e  a  s o l i d  (680 mg.) which c r y s t a l l i s e d  from m ethanol as  y e l lo w  

n e e d l e s ,  m . p t .  »  192-193°C, + 195° ( found C> 75*5^5 8 .3 ^ .

C25H32°4 r e 9u i r e ® C» 7 5 • 7 2J&; H, 8 .1 3 ^ ) ,  V mftX «  1770 ( l a c t o n e ) ,  1670 

(en o n e)  and 1600 cm"1 ( a r o m a t i c ) ,  and ^ max/ =  319 ( 2 3 ,1 3 0 ) .
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O z o n o ly s is  of f u r f u r y ld ih y d ro ro s e n o n o la c to n e  a t  low te m p e ra tu re

F u r f u r y ld ih y d r o r o s e n o n o la c to n e  (100 mg.) was d i s s o lv e d  i n  

AR c h lo ro fo rm  (30 m l . )  and ozo n ised  a t  - 5 0 aC. An a l i q u o t  showed t h a t

th e  322 m b a n d  i n  th e  u l t r a v i o l e t  spectrum  had d i s a p p e a re d  a f t e r  5 

m in u te s ,  and th e  s o l u t i o n  was ozon ised  fo r  a t o t a l  o f  30 m in u te s  and 

t h e  s o l v e n t  was removed a t  low tem pera tu re*  G la c ia l  a c e t i c  a c id  (10 m l* ) ,  

30/& h y d ro g en  p e r o x id e  (5  ml*) and cone* s u lp h u r ic  a c id  (2 d ro p s )  were 

added to  t h e  gum and th e  s o l u t i o n  was l e f t  o v e rn ig h t  a t  room te m p e ra tu re  

and h e a t e d  f o r  15 m in u te s  on th e  steam bath* Excess sodium b ic a r b o n a te  

s o l u t i o n  was added and th e  s o l u t i o n  was washed w ith  e t h e r .  The 

aqueous p h a se  was n e u t r a l i s e d  w ith  d i l u t e  s u lp h u r ic  a c id  and e x t r a c t e d  

w i th  e t h y l  a c e t a t e .  The e x t r a c t s  were washed w ith  w a te r  and drived 

(a n h y d .  Mg S0^) , and th e  s o lv e n t  was removed to  g iv e  a gum which was 

c h rom a tog raphed  on s i l i c a  g e l .  E l u t io n  w ith  benzenes e t h e r  (9s 1) gave 

a s o l i d  (20 mg.) which was c r y s t a l l i s e d  from e th y l  a c e t a t e - p e t r o l e u m  

e t h e r  (6 0 -8 0 ° )  w i th  m .p t .  *  22&-229°C (found  C, 70.71^$ H, 8 .4 0 ^ .

C22H30°5  r e 9u i r e s  c > 7 0 .5 6 ^ ;  H, 8 .08£) , 555 1770 ( l a c t o n e ) ,  1710

( c a r b o x y l i c  a c id )  and 1670 cm * ( e n o n e ) ,  and ^ mftX~  245 m/ A ( 8 ,1 6 0 ) .

The n . m . r .  sp e c tru m  had s i n g l e t s  a t  3 .5  &nd 5.7*1* •

2 - f u r f u r .y l - 7 —methoxy in d a n - l - o n e  (CXXXI_)

7 m e th o x y - in d a n - l -o n e  ( l  gm.) was d i s s o lv e d  i n  e th a n o l  

(10 m l . )  and sodium h y d rox ide  s o l u t i o n  (3 m l .)  and f r e s h l y  d i s t i l l e d

f u r f u r a l d e h y d e  ( 0 .7 5  gm.) was added. A f te r  5 m in u tes  a t  room tem pera­

t u r e ,  a  y e l lo w  s o l i d  (1 .8 5  gm.) was f i l t e r e d  o f f .  T h is  c r y s t a l l i s e d  

from e t h e r  a s  n e e d l e s ,  m .p t .  «  166 .5 -167  C (found  C, 74 .5 2 ^ ;  H, 5.06/&#
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C15H12°3 r e <l"i r e » C, 7 4 .9 ? ;  H, 5 .0 3 ? ) ,  V maI -  1695 ( in d a n o n e ) ,  and 

1630 cm-1  (d o u b le  b o n d ) ,  and 240 ml*- ( 6 ,2 0 0 ) ,  288 (8 ,3 0 0 )

and 360 m^* ( 2 9 ,4 0 0 ) .

The in d a n o n e  a c i d  (CXXXIl)

2—f u r f u r y l —7m ethoxy indan -l—one ( l  gm.) was d i s s o lv e d  i n  AR 

c h lo ro fo rm  (50 m l . )  and o zo n ised  a t  -50°C  f o r  t e n  m in u te s .  The s o lv e n t ,  

was removed a t  red u ce d  p r e s s u r e ,  and g l a c i a l  a c e t i c  a c id  (40 m l .} ,  30^ 

hyd ro g en  p e r o x id e  (5  m l .)  and conc. s u lp h u r ic  a c id  (2 d ro p s )  were added .  

The r e a c t i o n  was l e f t  o v e r n ig h t ,  and added to  excess  p o ta ss iu m  b ic a r b o ­

n a t e  s o l u t i o n .  The b a s i c  s o l u t i o n  was washed w ith  e t h e r ,  n e u t r a l i s e d  

w ith  c o n c .  s u l p h u r i c  a c i d ,  and e x t r a c t e d  w ith  e t h e r .  The e x t r a c t s  

were washed w i th  w a te r ,  and d r i e d  (anhyd . Mg S 0 ^ ) , and th e  s o lv e n t  was 

removed to  g iv e  a s o l i d  (340 mg.) which c r y s t a l l i s e d  from e th a n o l  as  

y e l lo w  n e e d l e s ,  m .p t .  m  207-208°C (found  C, 65.5J&; H, 5 .3 4 ^ .  c 12Hio ° 4  

r e q u i r e s  C, 65.45j&; H, 5 .5 /6 ), ss 1700 cm""* ( c a r b o x y l i c  a c id )  and

'X m a x ~  250 m/ *  ( 1 5 ,1 2 0 ) ,  288 m ( 9, 170)  and 345 m̂  ( 5 ,2 7 0 ) .  The 

n . m . r .  s p e c tru m  had a s i n g l e t  a t  3 .5 9 Y  .

O z o n o ly s is  o f  f u r f u r y ld ih y d r o r o s e n o n o la c to n e  a t  a h ig h e r  te m p e ra tu re

F u r fu ry ld ih y d r o r o s e n o n o la c to n e  ( l  gm.) was d i s s o lv e d  i n  a c e t i c  

a c id  and o z o n is e d  a t  room te m p e ra tu re  f o r  2 h o u r s .  Powdered z in c  was 

added ,  and th e  s o l u t i o n  was l e f t  o v e rn ig h t  a t  room te m p e ra tu r e ,  and 

f i l t e r e d  th ro u g h  c e l i t e .  Most o f  th e  a c e t i c  a c id  was removed under  

re d u c e d  p r e s s u r e ,  and ex c e ss  sodium b ic a rb o n a te  s o l u t i o n  was added .

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

were washed w i th  w a te r  and d r i e d  (a n h y d r .  MgSO^)• The s o lv e n t  was
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removed t o  g iv e  a s o l i d  (529 mg.) which c r y s t a l l i s e d  from m ethanol a s  

n e e d l e s ,  m . p t . =  173-176°C (found  C, 72 .59$ ; H, 8 .7 7 $ .  ^20E2B°4 r e <lu i r ®«

C, 7 2 .2 6 $ ;  H, 8 .4 9 $ ) ,  V max=  3400 ( e n o l ) ,  1760 ( l a c t o n e ) ,  1670 (enone) 

and 1640 cm-1  ( o l e f i n ) ,  and \ m&x— 287 m ^ ,  s h i f t i n g  to  355 m̂ T* i n  

b a s e .  The d io s p h e n o l  showed a s t ro n g  b lac fe -g reen  c o lo u r  w ith  a l c o h o l i c  

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

A c e t y l a t i o n  o f  t h e  d io sp h e n o l

The m o ther  l i q u o r s  o f  th e  d io sp h en o l ( X  =  287 m/ ) weremax /  '

l e f t  o v e r n i g h t  a t  room te m p e ra tu re  w ith  a c e t i c  a c id  (2 m l .)  and AR p y r id i n e

(2  m l . ) .  The s o l u t i o n  was added to  sodium b ic a r b o n a te  s o l u t i o n  and

e x t r a c t e d  w i th  e t h e r ,  and th e  e x t r a c t s  were washed w i th  w a te r  and d r i e d

(a n h y d .  MgSO^) • The s o lv e n t  was removed to^ y ^ e ld  a gum w i th  ^  =

254 m ^  ( 5 , 5 1 0 ) .

T r i t u r a t i o n  o f  th e  gum w ith  m ethanol gave a s o l i d  which was

c r y s t a l l i s e d  from m ethanol as  n e e d le s ,  m .p t .  =  189-192°C (found  C,

6 7 .7 5 ? ;  H, 7 .4 5 ? .  C22H'30°6 r *9u i r *» C> 6 7 .6 7 ? ;  H, 7 .7 4 ? ) ,  V maI=

1835 and 1780 cm- 1  ( a n h y d r id e ) ,  1770 cm ( Y - l a c t o n e )  . T here  vae

no u l t r a - v i o l e t  a b s o r p t i o n  beyond end a b s o r p t io n .

D ih y d ro ro s o n o la c to n e
(77)T h is  was p re p a re d  by W a l le y 's  method , and had m . p t . — 

157-159°C ( l i t . ^ 77) m . p t . =  138°C).

F u r f u r y ld ih y d r o r o s o n o la c to n e

D ih y d ro ro so n o  l a c to n e  (.500 mg.) was d i s s o lv e d  i n  e th a n o l  

(3 m l . )  w i th  15$ sodium h y d ro x id e  s o l u t i o n  (,0.75 m l .)  and f r e s h l y  

d i s t i l l e d  f u r f u r a l d e h y d e  (200 m g .) .  The s o l u t i o n  was l e f t  o v e r n ig h t



-  50 -

a t  room t e m p e r a t u r e  and added to  aqueous sodium m e ta b i s u l p h i t e  s o l u t i o n .  

T h is  s o l u t i o n  was e x t r a c t e d  w ith  e t h e r ,  and th e  e x t r a c t s  were washed 

w ith  w a te r  and d r i e d  (anhyd . MgS04 ) . The s o lv e n t  was removed to

a lu m in a .  E l u t i o n  w ith  e t h e r  gave a s o l i d  (40 mg,) which c r y s t a l l i s e d  

from m e th an o l a s  y e l lo w  n e e d le s ,  m .p t .  =  189-191°C (found  C, 7 5 .6 $ ;

O z o n o ly s is  o f  f u r f u r y ld ih y d r o r o s o n o la c to n e

F u r f u r y ld ih y d r o r o s o n o la c to n e  (5  mg.) was d i s s o lv e d  i n  g l a c i a l  

a c e t i c  a c i d  and o z o n ise d  a t  room te m p e ra tu re  f o r  3 h o u r s .  Powdered 

z in c  was ad d ed ,  and th e  s o l u t i o n  was l e f t  o v e rn ig h t  a t  room te m p e r a tu r e ,  

f i l t e r e d  th ro u g h  c e l i t e ,  and added to  sodium b ic a r b o n a te  s o l u t i o n .  The 

b a s i c  s o l u t i o n  was e x t r a c t e d  w i th  e th y l  a c e t a t e ,  and th e  e x t r a c t s  were 

washed w i th  w a te r  and d r i e d  (anhyd . MgSO^). The s o lv e n t  was removed

sam ples  o f  t h e  gummy p ro d u c t  and th e  d io sp h en o l from d ih y d ro ro se n o n o — 

l a c t o n e ,  and d e v e lo p e d  w ith  benzenes e th e r  ( l s l ) .  The p l a t e  was d r i e d  

and s p ra y e d  w i th  a l c o h o l i c  f e r r i c  c h lo r id e  s o l u t i o n .  The gummy p ro d u c t  

showed two s p o t s ,  th e  l e a s t  p o la r  of which had th e  same Rf as  t h e  d io s — 

pheno l from d ih y d r o r o s e n o n o la c to n e .

R e d u c t io n  o f  d ih y d ro ro s o n o la c to n e

D ihyd rorosono lacton e  (150 mg.) was d is s o lv e d  in  methanol 

(10 m l . )  and added to  a s o lu t io n  o f  sodium borohydride (150 mg.) i n

which was chrom atographed on g rad e  I I I

H, 8 .0 $ .  C25H3204 r e q u i r e s  C, 75 .7$ ;  H, 8 .1 3 $ ) ,  V m ax® 1770 ( ^ - l a c t o n e )

and 1670 cm * ( e n o n e ) ,  and X max~  325 m/* ( 8 ,3 0 0 ) .max

’ max /
A t h i n —la y e r  s i l i c a - g e l  chromatoplate was sp otted  with

wi t h  A =  286 m r ,  s h i f t i n g
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w a te r  (1*5  m l . )  and m ethanol (5  m l , ) ,  A f te r  one hour a t  room te m p era ­

tu re *  e x c e s s  w a te r  was added , and th e  s o l u t i o n  was e x t r a c t e d  w ith  e t h e r .  

The e x t r a c t s  were washed w i th  w a te r  and d r i e d  (an h y d r .  MgS04) and th e  

s o l v e n t  was removed to  g iv e  a s o l i d  (133 mg«) which c r y s t a l l i s e d  from 

e t h y l  a c e t a t e  w i th  m ,p t ,  182—183 C and had an i d e n t i c a l  i n f r a - r e d  

sp ec tru m  to  t h a t  o f  d ih y d r o r o s o lo l a c to n e .

The k e to n e  CIV

T h is  was p re p a re d  as  r e p o r te d  p r e v i o u s l y b u t  i n  much 

lo w er  y i e l d .

O x id a t io n  o f  t h e  k e to n e  CIV

The s w e e t - s m e l l in g  l i q u i d  k e to n e  CIV (v350 mg.) was t r e a t e d  

w i th  c o n c ,  n i t r i c  a c i d  (3 m l , )  and w a te r  (3 m l , ) ,  and h e a te d  f o r  f i v e  

m in u te s  on t h e  s team  b a t h .  The r e a c t i o n  was a l low ed  to. p ro cee d  sponr> 

t a n e o u s l y ,  and was th e n  h e a te d  f o r  a f u r t h e r  45 m in u te s  on th e  s team  

b a t h ,  c o o le d ,  and added to  ex ce ss  sodium b ic a r b o n a te  s o lu t io n *  The 

s o l u t i o n  was washed w ith  e t h e r ,  n e u t r a l i s e d  w ith  d i l u t e  s u lp h u r ic  a c i d ,  

and e x t r a c t e d  w i th  e t h y l  a c e t a t e .  The e x t r a c t s  were washed w ith  w a te r  

and d r i e d  ( a n h y d .  MgSO^), and th e  s o lv e n t  was removed to  g iv e  a gum. 

C hrom atography  o f  th e  gum and a t te m p te d  s u b l im a t io n  o f  th e  main f r a c t i o n s  

from t h e  column f a i l e d  to  y i e l d  any o ^ - e t h y l -  o^-methyl s u c c in i c  a c id  

as  had b een  r e p o r t e d ^ * ^ ,

D ib ro m o ro s o lo la c to n e

R o s o lo la c to n e  (200 mg.) was d i s s o lv e d  i n  d io x a n  (8  m l . )  

w i th  p y r i d i n e  p e rb ro m id e  (300 mg.) and l e f t  f o r  3 h o u rs  a t  room tem pera­

t u r e .  The s o l u t i o n  was added to  aqueous sodium th i o s u l p h a t e  s o l u t i o n



and e x t r a c t e d  w i th  e t h e r .  The e x t r a c t s  were washed w ith  w a te r  and 

d r i e d  (a n h y d .  MgSO^), and th e  s o lv e n t  was removed to  g iv e  a s e m i - s o l id  

which y i e l d e d  a  s o l i d  (127 mg.) on t r i t u r a t i o n  w ith  m e th a n o l .  T h is  

s o l i d  c r y s t a l l i s e d  from e th y l  a c e t a t e  as  p r ism s ,  m .p t .  *as 187-189°C,

£ < 7 j ) ~  - 9 *7° ( f °und C, 50.59/6; H, 6 .0 5 ? ;  B r, 3 3 .5 2 ? .  C20H3003B r2

r e q u i r e s  C, 5 0 .2 ? ;  H, 6 ,2 6 ? ;  B r,  3 3 .4 5 ? ) ,  a/  -= 3400 (OH), andmax '
1750 cm * ( ^ - l a c t o n e ) .

R o s e in  V I ,  t h e  mould a c id

The mould a c id  c r y s t a l l i s e d  from benzene—p e tro leu m  e t h e r  

(6 0 -8 0 ° )  a s  f i b r o u s  n e e d le s ,  m .p t .  a* 191-193°C, / ° < 7 j j=  ^  9° ( found  

C, 7 5 .3 9 ? ;  H, 9 .3 0 ? . ,  C20H30°3 reclu i r e s  C> 75 .43? ;  H, 9 . 5 0 ) ,  ^ =

3400 (OH), 3070 ( v i n y l  CH), 1695 ( c a r b o x y l ic  a c i d ) ,  1020 (OH) and 

909 cm * ( v i n y l ) ,  and ^  max ~  202 ,5  m ( 5 , 750 ) .  The mass spec trum  

had a  p a r e n t  a t  318 , and th e  l o s s  o f  a n g u la r  m e th y l,  w a te r  and carboni 

d io x id e  was o b s e rv e d  i n  th e  c ra c k in g  p a t t e r n .

D ih y d r o r o s e in  VI

R o s e in  VI (.17.8 mg.) was added to  a p r e s a t u r a t e d  s u s p e n s io n  

o f  10? p a l l a d i s e d  c h a rc o a l  (8  mg.) i n  e th y l  a c e t a t e  (11 m l . ) .  One mole 

o f  h y d ro g en  was t a k e n  up i n  45 m inu tes  and no f u r t h e r  u p ta k e  was o b se rv e d .  

The s o l u t i o n  was f i l t e r e d  th ro u g h  c e l i t e ,  and th e  s o lv e n t  was removed 

to  g iv e  a  s o l i d  (15  mg.) which c r y s t a l l i s e d  from e th e r - p e t r o le u m  

e t h e r  (6 0 -8 0 ° )  w i th  m .p t .  ®  180-184°iD, ^ max *  3380 ( 0H)> 1695 ( C02H)» 

and 1020 cm~* (OH), and £ 2 i q “  1»400.

T e t r a h v d r o r o s e i n  VI

R o s e in  VI (1 8 .7  mg.) was added to  a p r e s a t u r a t e d  su s p e n s io n
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of p la t in u m  o x id e  (Adams, 50 mg*) i n  a c e t i c  a c id  (6 ml*)* 2*14 ml*

o f  h y d ro g en  were t a k e n  up over 2 hours  and a t o t a l  o f  2 .5 7  m l. ( l  H a

1 .32  m l . )  had  b een  t a k e n  up a f t e r  18 h o u rs .  The s o l u t i o n  was f i l t e r e d

th ro u g h  c e l i t e ,  added to  w a te r  and e x t r a c te d  w ith  e t h e r .  The e x t r a c t s

were washed w i th  w a te r  and d r i e d  (anhyd . MgS04 ) , and th e  s o lv e n t  was

removed to  g iv e  a s o l i d  which c r y s t a l l i s e d  from e th y l  a c e t a t e - p e t r o l e u m

e t h e r  (6 0 -8 0 ° )  w i th  m .p t .  =  228-230°C, a/  =  3400 (OH) and 1700 cm” 1max '  '
( co2h ) .

A ttem pted  l a c t o n i s a t i o n  o f  R ose in  VI

R o s e in  VI (14 mg.) was d i s s o lv e d  i n  AR e th y l  a c e t a t e  (16  m l .)  

and co n c .  h y d r o c h l o r i c  a c id  (3 d r o p s ) ,  and r e f lu x e d  f o r  2 h o u r s .  More 

e t h y l  a c e t a t e  was added and th e  s o l u t i o n  was washed w ith  w a te r  and 

d r i e d  (a n h y d .  MgS04 ) , and th e  s o lv e n t  was removed to  g iv e  a s o l i d  (9 m g .) ,  

m .p t .  a s  184-192°C which had an i d e n t i c a l  i n f r a - r e d  spectrum  to  s t a r t i n g  

m a t e r i a l .  The m e l t i n g  p o i n t  d id  n o t  d e p re s s  on adm ix tu re  w ith  s t a r t i n g  

m a t e r i a l •

The d i o l  CXXXV1

D eso x y ro se n o n o la c to n e  (500 mg.) was d i s s o lv e d  i n  anhydrous 

e t h e r  (20 m l . ) ,  and added dropw ise  to  a s t i r r e d  s u sp e n s io n  o f  l i t h i u m  

alum inium  h y d r id e  (300 mg.) i n  anhydrous e t h e r .  S t i r r i n g  was c o n t in u e d ,  

a t  r e f l u x ,  o v e r n i g h t  and ex c e ss  LiAlR4 was d e s t ro y e d  by d ropw ise  

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

f i l t e r e d  th ro u g h  c e l i t e ,  washed w ith  w ater  and d r i e d  (anhyd . MgS04 ) , 

and th e  s o l v e n t  was removed to  g iv e  a s o l i d  (424 mg.) which c r y s t a l l i s e d  

from p e t ro le u m —e t h e r  (60—80 ) w ith  m.pt* ■ 144—145 C “ 89 (found
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C, 7 8 .6 3 $ ;  H, 1 0 .9 0 $ .  C20H34°2 re(lu i r ®s C, 78 ,4$ ; H, 1 1 .1 8 $ ) ,

V fflax ~  3100 (OH), 1640 ( o l e f i n )  and 910 c n f1 ( v i n y l ) .

O x id a t io n  o f  d i o l  CXXXVI

The d i o l  CXXXVI (134 mg.) i n  AR p y r id in e  ( l  m l .)  was added 

to  AR chromium t r i o x i d e  (V13Q mg.) i n  AR p y r id in e  ( l  m l .)  and l e f t  over­

n i g h t  a t  room t e m p e r a tu r e .  The s o l u t i o n  was added to  ex cess  w a te r  and 

e x t r a c t e d  w i th  e t h y l  a c e t a t e .  The e x t r a c t s  were washed w ith  w a te r  and

d r i e d  (a n h y d .  MgSO^) and th e  s o lv e n t  was removed to  g iv e  a s o l i d  (72 mg.)

which c r y s t a l l i s e d  from p e tro leu m  e t h e r  (6 0 -  8 0 ° ) ,  m .p t .  =  116°C, uun­

d e p re s s e d  on a d m ix tu re  w ith  d e s o x y ro se n o n o la c to n e .

A c e t y l a t i o n  o f  R o se in  VI

R o s e in  VI (13 mg.) was d i s s o lv e d  i n  AR p y r id in e  ( l  m l . )  and 

AR a c e t i c  a n h y d r id e  ( l  m l .)  and l e f t  o v e rn ig h t  a t  room te m p e ra tu r e .  The 

s o l u t i o n  was added to  d i l u t e  aqueous h y d ro c h lo r i c  a c id ,  and e x t r a c t e d  

w ith  e t h e r .  The e x t r a c t s  were washed w ith  w a te r  and d r i e d  (anhyd . MgSO^), 

and t h e  s o l v e n t  was removed to  g iv e  a gum w ith  '=a 1730—1710 (C0oHlu&X

and a c e t a t e )  and 1210 cm 1 ( a c e t a t e ) .

D iazom ethane t r e a t m e n t  o f  r o s e i n  VI

R o s e in  VI was d i s s o lv e d  i n  ex ce ss  e t h e r e a l  d iazom ethane  and 

l e f t  f o r  4 h o u r s  a t  room te m p e ra tu r e .  A few d rops  o f  a c e t i c  a c id  were 

added to  d e s t r o y  any re m a in in g  d iazom ethane ,  and th e  s o lv e n t  was removed 

to  g iv e  a gum w hich was chrom atographed on g rade  I I I  a lum ina  to  y i e l d  a 

s o l i d  (5  m g . ) ,  m .p t .  «  130-134°C, ^ raax =  1720 ( e s t e r ) ,  1125 (OMe) and 

910 cm*"1 ( v i n y l ) .  The s o l i d  had no u l t r a - v i o l e t  a b s o r p t i o n  above 220 mj* .



-  55 -

R o s e in  VI e s t e r - a c e t a t e

R o s e in  VI (50 rag.) was d i s s o lv e d  i n  AR p y r id i n e  ( l  m l . )  and 

a c e t i c  a n h y d r id e  ( l  m l . ) ,  and l e f t  o v e rn ig h t  a t  room te m p e ra tu r e .  The 

s o l u t i o n  was added to  w a te r  and e x t r a c t e d  w ith  e th y l  a c e t a t e .  The 

e x t r a c t s  were washed w ith  d i l u t e  h y d ro c h lo r ic  ac id  and w ate r  and d r i e d  

(an h y d .  MgSO^) , and th e  s o lv e n t  was removed to  g iv e  a gum which was 

d i s s o l v e d  i n  e x c e ss  e t h e r e a l  d iazom ethane and l e f t  o v e rn ig h t  a t  room 

te m p e r a t u r e .

The s o l u t i o n  was washed w ith  sodium b ic a r b o n a te  s o l u t i o n

and w a te r  and d r i e d  (anhyd . MgSO^) and th e  s o lv e n t  was removed to  g iv e

a l i q u i d  (40 mg.) which was chrom atographed tw ice  on g rade  I I  a lu m in a .

T h is  had 1^10 ( e s t e r - a c e t a t e ) , and 1210 cm * ( a c e t a t e ) ,  and

th e  n . m . r .  sp ec tru m  had p ro to n s  a t  4 .1 6  'T ( lH , q u a r t e t ,  — 10 c . p . s . ,

J TRANS^ 1 7 ,5  C ,P*S*)» 5 .10  ( lH , d o u b le t ,  1 7 .5  c . p . s . ) ,  5 .13*T

(lH ; d o u b l e t  J  . — 10 c . p . s . ) ,  6.34*Y (3H, s i n g l e t ,  OMe), 7 .97  c x s

(3H, s i n g l e t ,  OAc) > 8 . 7 2 ^  (3H, s i n g l e t ,  Me), 9 . 0 8 ^  (3H, s i n g l e t ,  Me), 

and 9 . 1 3 ^  (3H, s i n g l e t ,  Me).

The k e to  e s t e r  CXXXVIII

R o s e in  VI (20 mg.) i n  ace to n e  (2 m l .)  was t r e a t e d  d ropw ise  

w i th  0 . 2  m l.  o f  a s o l u t i o n  o f  AR chromium t r i o x i d e  (260 mg.) iiL conc. 

s u l p h u r i c  a c i d  ( 0 .2  m l . )  and w a te r  ( l  m l .)  over one m inu te  a t  room 

te m p e r a tu r e  w i th  s t i r r i n g .  S t i r r i n g  was co n t in u ed  f o r  a f u r t h e r  4 

m in u te s  and t h e  s o l u t i o n  was added to  w ate r  and e x t r a c t e d  w ith  e t h e r .

The e x t r a c t s  w ere washed w ith  w ate r  and d r i e d  (anhyd* MgSO^), and th e  

s o l v e n t  was removed to  g iv e  a s o l id  (18 mg.) which c r y s t a l l i s e d  from
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m ethano l a s  n e e d l e s  m .p t .  =  217-222°C, «  1T05 cm-1  ( e s t e r  and

k e t o n e ) 9 and 905 cm * ( v i n y l ) .

The a c i d ,  m .p t .  «  217-222°C was d i s s o lv e d  i n  ex ce ss  e t h e r e a l  

d iazo m e th an e  and l e f t  o v e r n ig h t  a t  room te m p e ra tu re .  Removal o f  th e  

s o l v e n t  gave a s o l i d  which c r y s t a l l i s e d  from methanol as  n e e d le s  (6 m g ,) ,  

m .p t .  «  135-136°C (found  C, 76.61J&; H, 9 .0 8 ^„  C ^ H ^ O g  r e q u i r e s  C, 

76.32^5 9.15J&), 1730 ( e s t e r ) ,  1710 (k e to n e )  and 910 cm *

( v i n y l ) .  The compound had no u l t r a - v i o l e t  a b s o r p t io n  above 220 

and th e  n . m . r .  spec trum  i s  d i s c u s s e d  on p . 36,

P h o sp h o ru s  o x y c h lo r id e  t r e a tm e n t  of R o se in  VI

R o s e in  VI (20 mg.) was d i s s o lv e d  i n  AR p y r id in e  ( 0 .3  m l .)  

w i th  f r e s h l y  d i s t i l l e d  phosphorus o x y c h lo r id e  (0 .0 7 5  m l ) ,  and l e f t  

o v e r n ig h t  a t  room te m p e r a tu r e .  The s o l u t i o n  was added to  e x c e ss  w a te r  

and e x t r a c t e d  w i th  e t h e r .  The e x t r a c t s  were washed w ith  w a te r  and 

d r i e d  (a n h y d .  MgSO^) , and th e  s o lv e n t  was removed to  g iv e  a gum, A / max=  

1710 ( low  i n t e n s i t y ,  CO^H), 1630, 1620, 1580, 1540 and 820 cm and

\  — 290 m / \max /
R o s e in  VI (3 mg.) 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  phos­

pho rus  o x y c h lo r id e  (2  d ro p s )  i n  AR p y r id in e  (0 .3  m l .)  a t  room tem pera­

t u r e ,  and th e  m ix tu re  was worked up as above to  g iv e  a semi—s o l i d

with V  as 1620, 1605, 1530 cm-1  and 'Xina «  235 mr .  max max /
P y r o l y s i s  o f  R o s e in  VI e s t e r  a c e t a t e

R o s e in  VI e s t e r  a c e t a t e  ( 9 .4  mg.) was p y ro ly s e d  a t  0 .1  mm, 

p r e s s u r e .  A f r a c t i o n  d i s t i l l e d  a t  150-160°C w ith  no a p p r e c ia b le  u l t r a ­

v i o l e t  a b s o r p t i o n ,  w h i le  a f u r t h e r  f r a c t i o n  d i s t i l l e d  a t  180—200 C w ith
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^ m 0x “  243 " /  and V ma*  =  1720 cn_1 ( ea teB ) .
The d ie n e  CXXII

T h i s  was p re p a re d  by th e  method o f  W halley^77^ ,  and diiaxo- 

methane t r e a t m e n t  gave th e  m ethyl e s te r*

The p y r o l y s i s  p ro d u c t  o f  'X mftx«  243 m f r o m  th e  above r e ­

a c t i o n ,  and t h e  d ie n e  m ethyl e s t e r  were s p o t te d  on. a s i l l c a ^ -g e l  t h i n  

l a y e r  c h ro m a to p la te *  which was developed  w ith  benzenes e t h e r  ( l s l ) .  The 

p l a t e  was d r i e d  and l e f t  i n  an atm osphere of phosphorus p e n t a c h lo r i d e  

o v e rn ig h t*  U l t r a - v i o l e t  i r r a d i a t i o n  showed seven s p o ts  i n  th e  p y r o l y s i s  

p ro d u c t*  t h e  f a s t e s t  moving s p o t  having  th e  same Rf as  th e  d ie n e  e s t e r *

The A cid  CXLII

D e so x y ro se n o n o la c to n e  (200 mg*) was d i s s o lv e d  i n  e th a n o l  (60 ml*) 

and 12N h y d r o c h l o r i c  a c id  (5 m l .)  and r e f lu x e d  fo r  3 hours* Most o f  

th e  e t h a n o l  was removed a t  reduced  p re s su re*  and th e  s o l u t i o n  was added 

to  w a te r  and e x t r a c t e d  w ith  e t h e r .  The e x t r a c t s  were washed w ith  w ate r  

and d r i e d  (a n h y d .  MgSO^) * and th e  s o lv e n t  was removed to  g iv e  a s o l i d  

which c r y s t a l l i s e d  from p e tro leu m  e th e r  (60 -80°)  as  p r ism s m.pt* =  138- 

140°C (1 0 8  mg.) ( fo u n d  C, 79 ,6 # ;  H, 10. 06^* C2oH30°2 r e q u i r e s  C*

70.42/&; H, 10*00J6), ( C02H)» 1640 ( o l e f i B ) and 907 cm~^

( v i n y l ) .

T re a tm e n t  o f  th e  a c id  w i th  excess  e th e r e a l  d iazom ethane
0 - |

o v e r n ig h t  gave t h e  m ethy l e s t e r  a s  a l i q u i d  which d i s t i l l e d  a t  90—100 C

and 0 .1  mm. p r e s s u r e  (found  C> 78.80/6* H* 9*95/6. ^21^32^2 r e 9u ^r e s
—1

C, 79.756; H, 10*19J6) * A /  -= 1740 ( e s t e r ) ,  1630 ( o l e f i n )  and 910 cm
max

( v i n y l ) .
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The d i h y d r o e s t e r  o f  CXL1I

The m e th y l e s t e r  o f  a c id  CXLII (68  mg.) was added to  a p re ­

s a t u r a t e d  s u s p e n s io n  o f  10? p a l l a d i s e d  c h a rc o a l  (30 mg.) i n  e th y l  ace­

t a t e  (7  m l . ) .  5 . 2  m l.  o f  hydrogen  was ta k e n  up , and th e  soltu tiion was

f i l t e r e d  th ro u g h  c e l i t e *  The s o lv e n t  was removed to  g iv e  th e  d ih y d ro — 

e s t e r  a s  an  o i l *

R e d u c t io n  o f  t h e  k e t o - e s t e r  o f  R o se in  VI

The k e t o - e s t e r  ( l * 8  rag.) was d is s o lv e d  i n  g l a c i a l  a c e t i c  a c id  

(0*3 m l . )  and 40^  boron  t r i f l u o r i d e  e t h e r a t e  (5 d rops)  and e th a n e  d i t h i o l  

(4 d ro p s )  were added to  th e  s o l u t i o n  which was l e f t  o v e rn ig h t  a t  room 

t e m p e r a tu r e  and added to  w a te r .  The s o l u t i o n  was e x t r a c t e d  w ith  

e th e r*  and t h e  e x t r a c t s  were washed; w ith  w ater  and d r i e d  (anhyd . MgSO^)• 

The s o l v e n t  was removed to  g iv e  a gum.

The gummy m e rc a p ta l  was d i s s o lv e d  i n  d ioxan  (1*5 m l .)  and 

w a te r  (1*5  ml*)* and W2 Raney n ic k e l  (20 mg«) was added. The su sp e n s io n  

was r e f l u x e d  o v e rn ig h t*  added to  ex cess  water* and e x t r a c t e d  w ith  e t h e r .  

The e x t r a c t s  w ere washed w ith  w ate r  and d r i e d  (anhyd. MgSO^)* and th e  

s o lv e n t  was removed to  g iv e  a gum w ith  /^ max'=s 1740 cm * ( e s t e r ) *

The gummy p ro d u c t  and th e  m ethyl e s t e r  and d ihyd ro -rae thy l 

e s t e r  o f  th e  a c i d  CXLII were s p o t te d  on a s i l i c a - g e l  t h i n  l a y e r  chromato­

p l a t e  w hich  was d e v e lo p ed  w ith  benzene* The p l a t e  was d r i e d  and l e f t  

i n  an  a tm o sp h e re  o f  phosphorus  p e n ta c h lo r id e  o v e rn ig h t*  U l t r a - v i o l e t  

i r r a d i a t i o n  showed s i x  s p o ts  f o r  th e  gummy r e d u c t io n  p ro d u c t ,  th e  

f a s t e s t  moving o f  which had th e  same Rf as  b o th  model compounds*
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L a c t o n i s a t i o n  o f  R o s e in  VI

R o s e in  VI (6  rag,) was d i s s o lv e d  i n  conc,. s u lp h u r ic  a c id  ( l  m l ,)  

and l e f t  a t  —10 C f o r  2 d a y s .  The red  s o lu t i o n  was added to  sodium 

b ic a r b o n a te  s o l u t i o n  and e x t r a c t e d  w ith  e t h e r .  The e x t r a c t s  were 

washed w i th  w a te r  and d r i e d  (a n h y d r .  MgS04 ) , and th e  s o lv e n t  was removed 

to  g iv e  a gum, =s 3500 (OH) and 1780 cm-1  ( la c to n e )  and X m ax-  240 m

The E th e r  CXLV

The d i o l  CXXXVI (100 mg.) and f r e s h ly  r e c r y s t a l l i s e d  p a ra — 

t o l u e n e - s u lp h o n y l  c h l o r i d e  (200 mg.) were r e f lu x e d  i n  d ry  p y r id in e  (5  m l ,)  

f o r  5 h o u r s .  D i l u t e  s u lp h u r ic  ac id  s o lu t i o n  was added, and th e  s o lu t i o m  

was e x t r a c t e d  w i th  e t h e r .  The e x t r a c t s  were washed w ith  w a te r  and 

d r i e d  ( a n h y d r ,  MgSO^), and added dropw ise to  a s t i r r e d  s u sp e n s io n  o f  

l i t h i u m  alum in ium  h y d r id e  (300 mg,) i n  anhydrous e th e r  (20 m l# ) .  The 

s o l u t i o n  was s t i r r e d  a t  r e f l u x  f o r  s i x  h o u rs ,  excess  LiAlH4 was d es ­

t ro y e d  by d ro p w is e  a d d i t i o n  o f  an e t h e r e a l  e th y l  a c e t a t e  s o l u t i o n ,  and 

d i l u t e  s u l p h u r i c  a c id  was added. The e th e r  l a y e r  was washed w ith  w a te r  

and d r i e d  ( a n h y d r .  MgS04) , and th e  s o lv e n t  was removed to  g iv e  a gum 

which was d i s t i l l e d  a t  100-120° and 0 .1  mm p r e s s u r e  to  y i e l d  a w h ite  

s o l i d  (3 8  m g , ) ,  m .p t ,  — 45—51 C (found C, 82.69$! H, 1 1 .5 5 $ ,  ̂ 20^34^

r e q u i r e s  C, 8 3 .2 7 $ 5 H, 1 1 .1 8 $ ) ,  ^ may *  1630 and 910 cm 1 ̂ v in 3r l ) w ith

a s i n g l e t  (2H) a t  6 . 2 8 ' f  i n  th e  n .m . r .  spec trum .

Acid t r e a t m e n t  o f  th e  e t h e r  CXLV

The e t h e r  (40 mg.) was r e f lu x e d  w ith  e th a n o l  (10 m l . )  and conc*

h y d r o c h l o r i c  a c i d  ( l  m l . )  f o r  4 hou rs  and th e  s o l u t i o n  was added to  

w a te r  and e x t r a c t e d  w i th  e t h e r .  The e x t r a c t s  were washed w ith  w a te r
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and d r i e d  (a n h y d .  MgSO^) and th e  s o lv e n t  was removed to  g iv e  a s o l i d  

(32 mg.) w hich  c r y s t a l l i s e d  from pe tro leum  e th e r  (60 -80°)  w ith  m . p t . =

98 -102°C  and V max *  3350 (OH), 1630 and 910 cu f1 ( v i n y l ) .

The a l c o h o l  CXLIV

The d i o l  CXXXVI (100 mg.) was re f lu x e d  w ith  e th a n o l  (30 m l .)  

and 12N h y d r o c h l o r i c  a c id  (3 m l .)  f o r  4 h o u rs .  The s o l u t i o n  was added 

to  w a te r  and e x t r a c t e d  w i th  e t h e r ,  and th e  e x t r a c t s  were washed w ith  

w a te r  and d r i e d  (an h y d .  MgSO^) . The s o lv e n t  was removed to  g iv e  a 

s o l i d  (71 m g.) which c r y s t a l l i s e d  from petroleunH -ether as  n e e d le s  m . p t . ~  

106-108°C ( fo u n d  C, 83.42^$ H, 1 1 .0 9 . to  C2()ff320 r e q u i r e s  C, S3.27J&;

H, 1 1 ,1 8 ^ ) .  The i n f r a - r e d  spectrum  o f  t h i s  compound was i d e n t i c a l  

to  t h a t  o f  t h e  p r o d u c t  o f  th e  p re v io u s  r e a c t i o n ,  and a mixed m e l t in g  

p o i n t  was u n d e p r e s s e d .

R e d u c t io n  and o x i d a t i o n  o f  th e  e th e r  CXLV

The e t h e r  (90 mg.) was added to  a p r e s a tu r a t e d  su sp e n s io n  of  

10% p a l l a d i s e d  c h a rc o a l  (30 mg.) i n  e th y l  a c e t a t e  (6 m l . ) ,  and 1 mole 

o f  h y d ro g en  was t a k e n  u p .  The s o l u t i o n  was f i l t e r e d  th rough  c e l i t e  

and th e  s o l v e n t  was removed to  g iv e  a gum which was d i s s o lv e d  i n  AR 

p y r id i n e  ( l  m l . )  and added to  AR chromium t r i o x i d e  (90 mg.) i n  p y r id in e  

( l  m l•) • The s o l u t i o n  was l e f t  o v e rn ig h t  a t  room te m p e ra tu re ,  added 

to  d i l u t e  s u l p h u r i c  a c i d ,  and e x t r a c te d  w ith  e t h e r .  The e x t r a c t s  

were washed w i th  w a te r  and d r i e d  (anhyd. MgSO^) and th e  s o lv e n t  was 

removed to  g iv e  a gum, 1780 cm ( ^ - l a c t o n e ) .

The d ie n e  CXLVI

The a l c o h o l  CXLIV (160 mg.) was d i s s o lv e d  i n  d ry  p y r id i n e  (.5 m l .)
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w ith  f r e s h l y  r e c r y s t a l  U s e d  p a r a -  to lu e n e  su lphonyl c h lo r id e  (160 mg.) 

and r e f l u x e d  f o r  fo u r  h o u r s .  The s o lu t i o n  was added to  d i l u t e  s u l ­

p h u r ic  a c i d  and e x t r a c t e d  w i th  e t h e r .  The e x t r a c t s  were washed w ith  

w a te r  and d r i e d  (an h y d .  MgSO^) , and added dropw ise to  a s t i r r e d  sus­

p e n s io n  o f  l i t h i u m  aluminium h y d r id e  (200 mg.) i n  anhydrous e t h e r  

(30 m l . )  S t i r r i n g  was co n t in u e d  a t  r e f l u x  fo r  f i v e  hours  and th e  

e x c e ss  LiAlH^ was d e s t ro y e d  by dropw ise a d d i t io n  o f  e t h e r e a l  e th y l  

a c e t a t e .  The s o l u t i o n  was washed w ith  d i l u t e  s u lp h u r ic  ac id  and 

w a te r  and d r i e d  (an h y d .  MgSO^), and th e  s o lv e n t  was removed to  g iv e  

a gum w hich  d i s t i l l e d  a t  105-115°C and 0 .1  mm. p r e s s u re  (found C, 89.33^p 

H, 1 1 .0 6 ? .  C20Hg0 r e q u i r e s  C, 88.82?s H, 1 1 .1 8 ? ) ,  <Vm ax=  1630, 910

and 885 cm and X  246 mj  ( 3 ,6 0 0 ) .max /

R e d u c t io n  o f  th e  d ie n e ,  u s in g  10^ p a l l a d i s e d  ch a rc o n l i n  

e t h y l  a c e t a t e ,  r e s u l t e d  i n  a b s o r p t io n  o f  two moles o f  hydrogen .



Part 2

An a t te m p te d  i n  v i tn o  removal o f  th e  

14c<  m ethyl group o f  l a n o s t e r o l
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H is t o r ic a l

The b io g e n e s i s  o f  c h o l e s t e r o l  ( i )  i s  one o f  t h e  m ost c a r e f u l l y

w orksd o u t  b i o g e n e t i c  pa thw ays , and th e  t o p i c  has  been  w e ll  rev ie w e d ^ 9^^
(OS) (96) (97) _ ,_ _.

• i n  tn e  f i r s t  s t e p s ,  a c e t a t e  condenses  w i th  a c e h o a c e ty l—

coenzyme A ( I I )  to  g iv e  hydroxy-  - m e t h y lg l u a r i c  a c id  ( i l l ) ^ 98  ̂ which 

i s  r e d u c e d  v i a  m ev a ld ic  a c id  (IV) to  y i e l d  (+ ) -m e v a lo n ic  a c id  (y )  ( 98) ( " ) .  

M ev a lo n ic  a c i d  i s  p h o s p h o ry la te d  and c o n c e r te d ly  d e c a rb o x y la te d  and 

d e h y d r a t e d  t o  i s o p e n te n y lp y ro p h o s p h a te  ( y i )  ( l 0 0 H 101) w hich , u n d e r  th e  

i n f l u e n c e  o f  a t h i o l —c o n ta in in g  enzyme, w i l l  i s o m e r i s e  to  d i m e t h y l a l l y l — 

p y ro p h o s p h a te  ( V I l ) ^ 102^*

C o n d e n s a t io n  o f  i s o p e n te n y lp y ro p h o s p h a te  (VI) w ith  d i m e t h y l a l l y 1- 

p y ro p h o s p h a te  (V II)  g iv e s  r i s e  to  g en an y lp y ro p h o sp h a te  (V I J l )  which can  

co n d en se  w i th  a n o th e r  m o lecu le  o f  i s o p e n te n y lp y ro p h o s p h a te  (VI) to  g iv e  

f a r n e s y lp y r o p h o s p h a t e  (IX)# Two m o lecu le s  o f  f a rn e s y lp y ro p h o s p h a te  con­

d e n s e  by a  m echanism  in v o lv in g  a d d i t i o n  o f  one hydrogen  atom from TPNH, 

aucfa aa (lX)->> (X )- M x i ) - >  (X II)  to  y i e l d  sq u a le n e  (X II)  ( 103) .

S q u a le n e  ( X l l )  c y c l i s e s  c o n c e r te d ly  by a p ro c e s s  i n i t i a t e d  by 

atm ospheric  oxygen p ro b a b ly  as  th e  HO® c a t i o n  on f to  g iv e

th e  h y p o th e t ic a l  i n t e r m e d i a t e  ( X I l l )  which can undergo two 1*2 m ethy l 

a h i f t . < 109X l ° T ) ( l 0 8 )  t o  y i e l d  l a n o s t e r o l  (XIV),

The s t e p s  i n  th e  c o n v e rs io n  o f  l a n o s t e r o l  to  c h o l e s t e r o l  have 

r e c e n t l y  been  e s t a b l i s h e d *  W o o d w ard ^ "^  f i r s t  su g g e s te d  l a n o s t e r o l  

as  an  i n t e r m e d i a t e  i n  c h o l e s t e r o l  b io g e n e s i s ,  and t h i s  was l a t e r  shown 

t o  be th e  c a s e  by l a b e l l i n g  experim ents^  • The l a n o s t e r o l  to  

c h o l e s t e r o l  c o n v e r s io n  r e q u i r e s  re a r ra n g e m e n t  o f  th e  a n n u la r  doub le
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bond from th e  p o s i t i o n  to  th e  Cg p o s i t i o n ,  r e d u c t i o n  o f  th e

s i d e  c h a in  d o u b le  bond, and l o s s  o f  t h r e e  m ethyl g ro u p s .  The m ethyl 

g ro u p s  a r e  l o s t  a s  c a rb o n  d io x id e ^   ̂ i n  a sequence which r e q u i r e s  

oxygen and i s  b e l i e v e d  to  in v o lv e  o x i d a t io n  o f  th e  m ethyl g roups  to  

c a rb o x y l  g ro u p s ^ 112^ .

Cho1e s t e n o 1 (X V IIl)  i s known to  be c o n v e r te d  to  

c h o l e s t e r o l ^ 113^ ( 114) and 4 o < - m e th y l -  ^ J - c h o l e s t e n o l  (XVII) has  been  

o b s e rv e d  i n  r a t  t i s s u e s  and c o n v e r te d  to  c h o l e s t e r o l  i n  v i v o / 115) ( 116) ( 117)

K an d u tsch  and R u s s e l ( 118) have i d e n t i f i e d  l a n o s t e r o l  (XIV), 2 4 .2& d i -

8 7h y d r o l a n o s t e r o l  (XV), 4 o ^ -m e th y l -  [ \  c h o l e s t e n o l  (XVI), A  c h o l e s t e n o l

( X V I I l ) ,  and 7 - d e h y d r o c h o le s te r o l  (XIX) i n  mouse tum ours w ith  c h o l e s t e r o l ,

and found  t h a t  t h e s e  compounds cou ld  be c o n v e r te d  to  c h o l e s t e r o l  i n  v i v o .

2 4 .2 5  —D ih y d ro la n o -s te ro l  (XV) has r e c e n t l y  been o b ta in e d  from l a n o a t e r o l

i n  r a t  l i v e r  hom ogenates^11^  . From th e s e  r e s u l t s ,  th e  scheme (XIV)—

(XV)—M x V I ) - > -  (XVII)—M X V I I I ) - ^  (X IX )->  ( I )  can be p u t  fo rw ard  a s

a mode o f  c h o l e s t e r o l  b i o x y n t h e s i s .  B loch  has  shown t h a t  o x i d a t i o n -

r e d u c t i o n  o f  t h e  Cg a l c o h o l i c  f u n c t io n  o cc u rs  d u r in g  t h i s  p r o c e s s ^ 12^  .

An a l t e r n a t i v e  scheme f o r  c h o l e s t e r o l  b i o s y n t h e s i s  e x i s t s ,  

s i n c e  14 d e s r a e t h y l l a n o s t e r o l  (XX) ( 111) ( 1^1) 9 z y m o s te ro l  (XXI) ^122^ 123^ » 

and d e s m o s te ro l  (X X IIl)  ( 124H 125) have been i s o l a t e d  and c o n v e r te d  to  

c h o l e s t e r o l  i n  v i v o « The scheme in v o lv e s  r e d u c t io n  o f  th e  s i d e - c h a i n  

d o u b le  bond a t  a l a t e r  s t a g e ,  and may be r e p r e s e n te d  as  XIV->XX- >  XXI

XXII X X I I I -* -1 .

The l o s s  o f  th e  m ethyl group i n  th e  l a n o s t e r o l - s q u a l e n e  

i n t e r c o n v e r s i o n  has  been o f  c o n s id e r a b le  i n t e r e s t .  S in c e  18 and 19
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h y d r o x y la t e d  d e s o x y c o r t i s o n e s  have been  found in . N a tu re ^ 126  ̂ and 19 

hyd ro x y  s t e r o i d s  a r e  c o n s id e re d  to  be l i k e l y  p r e c u r s o r s  o f  r i n g  A nor™ 

s t e r o i d s  such  as  o e s t ro n e ^  ^  i t  i s  r e a s o n a b le  to  assume t h a t

th e  f i r s t  s t e p  i n  th e  d e m e th y la t io n  may be h y d r o x y la t io n  o f  th e  m ethy l 

g r o u p s .  I n v e s t i g a t i o n  o f  b i o l o g i c a l  h yd roxy la t ion*  to  th e  ,

11/^ (1^1)  ̂ ( I 32) hydroxy s t e r o i d s  has  i n d i c a t e d  t h a t  th e  h y d ro x y l -

a t i o n  o c c u r s  by re p la c e m e n t  o f  hydrogen  w i th o u t  i n v e r s i o n  o f  stereo*-
( 133}

c h e m is t r y ,  and Corey '  has  su g g e s te d  e l e c t r o p h i l i c  oxygen as  th e  

a c t i v e  a g e n t ,  com paring th e  enzyme—oxygen complex to  a p e ro x id e  or 

p e r a c i d ,  a s  i n  XXIV o p p o s i t e .

I n  v i t r o  f u n c t i o n a l i s a t i o n  o f  n o n - a c t iv e  m ethyl g ro u p s ,  by 

i n t r a m o l e c u l a r  a t t a c k  by groups  n e a r  th e s e  g roups i n  s p a c e ,  has  been  

a c h ie v e d  by a v a r i e t y  o f  m ethods. The f i r s t  r e p o r t e d  f u n c t i o n a l i s a t i o n  

o f  i n a c t i v e  m e thy l g roups  was th e  u se  o f  t h e L o e f f l e r - F r e i t a g  r e a e t i o n ^ * ^ )  

(135) ^o p r e p a r e  c o n e s s in e  d e r i v a t i v e s  a s  shown i n  XXV-^~ XXIX o p p o s i t e .

The m echanism i s  o f  th e  f r e e  r a d i c a l  c h a in  ty p e ^ * 33^ , and r a d i c a l  ab­

s t r a c t i o n  by n i t r o g e n  i s  f a v o u red  by th e  j u x t a p o s i t i o n  o f  t h e  two g roups  

in v o l v e d .  A s i m i l a r  r a d i c a l  a b s t r a c t i o n  r e a c t i o n  in v o lv in g  oxygen 

r a t h e r  t h a n  n i t r o g e n  as  th e  a b s t r a c t i n g  r a d i c a l ,  was th e  p h o t o l y s i s  

o f  Cg0 k e to n e s  w hich gave r i s e  to  c y c lo b u ta n o l  p ro d u c ts  as  i n  XXX—>

XXXII o p p o s i t e ^ 137) .

P y r o l y s i s  o f  2 1 .d ia z o -5 o ^ -p re g n a n -2 0 -o n e  (XXXIIl) r e s u l t e d  

i n  t h e  f o r m a t io n  o f  a ca rb o n —carbon  bond between th e  18 m ethyl group

(138)

P h o t o l y s i s  o f  a z i d e s  w i l l  cause  n i t r e n e  i n s e r t i o n  i n  a s i m i l a r  manner

and C by ca rb e n e  i n s e r t i o n  as  shown i n  XXXI11 ~XXXV o p p o s i t e .
Smt X
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as  i n  XXXVI >*XXXVIII o p p o s i t e ,  and u se  has  been made o f  t h i s  i n  B a r t o n 's  

c o n e s s in e  s y n t h e s i s * 139) and Edw ards ' d i t e r p e n e  a l k a l o i d  s y n t h e s i s * 23^ .

T re a tm e n t  o f  s t e r o i d a l  a l c o h o l s  w ith  le a d  t e t r a —a c e t a t e  w i l l  

g iv e  r i s e  t o  c y c l i c  e t h e r s  such as  XLI? and th e  r e a c t i o n  i s  th o u g h t  to  

in v o lv e  th e  t r a n s i t i o n  s t a t e  XL*90) * 140) * 141) . The r e a c t i o n  has  been* 

u sed  to  f u n c t i o n a l i s e  th e  C^g m ethyl group i n  an a l d o s t e r o n e  s y n th e s i s * ^ 4 2 ^ * 

H y p o c h lo r i t e s  can be p h o to ly s e d  to  g iv e  f u n c t i o n a l i s a t i o n  o f  s u i t a b l y  

p la c e d  i n e r t  m ethy l g roups**43 ^**44^ ? and le a d  t e t r a a c e t a t e  t r e a t m e n t  

o f  h y p o h a l i t e s  g iv e s  s i m i l a r  r e s u l t s * * 4^ .

P h o t o l y s i s  o f  n i t r i t e s  has  been  used  to  f u n c t i o n a l i s e  b o th  

18 and 19 m e thy l g r o u p s ^ 4 3  ̂**4 ^  by a mechanism such as  XLII—>-XLV 

o p p o s i te *  The r a d i c a l  n i t r i t e  i s  th o u g h t  to  be h e ld  in , a s o lv e n t  c ag e .

The r e a c t i o n  h a s  been used  i n  a p a r t i a l  s y n th e s i s  o f  a ld o s te ro n e * * 4 3 ^ .

The methods o f  f u n c t i o n a l i s i n g  methyl groups? summarised 

above? have a l l  in v o lv e d  some s o r t  o f  f r e e  r a d i c a l  r e a c t i o n ?  and a r e  

th u s  n o t  good a n a l o g i e s  f o r  C o re y 's  model f o r  b i o l o g i c a l  h y d r o x y la t io n  

w hich i n v o l v e s  a t t a c k  o f  c a t i o n i c  oxygen. A c l o s e r  ana logy  to  t h i s  

model was th e  r e a c t i o n  o f  1 . 3 .4  t r im e th y lc y c lo h e x a n e  h y d ro p e ro x id e  (XLVl) 

w i th  p a r a —n i t r o b e n z e n e s u lp h o n y l  c h lo r id e  i n  p y r id i n e  and m ethy lene  

c h l o r i d e ?  w hich r e s u l t e d  i n  th e  e t h e r  (XLVIIl) v i a  th e  t r a n s i t i o n ,

• t a t e  XLVII^149) .
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T h e o r e t ic a l

As we have seen* th e  f i r s t  s t a g e  i n  th e  c o n v e r s io n  o f  l a n o s t e r o l  

to  c h o l e s t e r o l  i s  th e  rem oval o f  t h e  1 4 oC m e thy l g ro u p .  To a c h ie v e  

i n  v i t r o  o x i d a t i o n  o f  t h i s  m e th y ls  a s u i t a b l e  group would have t o  be 

in t r o d u c e d  i n  a 1 .3  d i a x i a l  r e l a t i o n s h i p  to  i t .  The d o u b le  bond

makes t h e  9 and ToC p o s i t i o n s  p a r t i c u l a r l y  l a b i l e *  and t h e s e  are*  t h e r e ­

fo re *  t h e  b e s t  p o s i t i o n s  f o r  s u b s t i t u t i o n  w ith  a v iew  to  removal o f  th e  

1 4 o ^  m ethy l g roup  as th e y  a r e  b o th  i n  a 1 .3  d i a x i a l  r e l a t i o n s h i p  to  i t .

S in c e  m o le c u la r  oxygen i s  in v o lv e d  i n  b i o l o g i c a l  h y d roxy l a t i o n ^ ^ ^  (1^2) *

a  r e a c t i o n  i n v o l v i n g  m o le c u la r  oxygen would be a c l o s e r  i n  v i t r o  a n a lo g y .

A u to x id a t io n  o f  o l e f i n s  i s  known to  g iv e  a l l y l i c  h y d ro p e ro x i -  

d a t i o n ^ ^ ^ ^ ^  * and l a n o s t e r o l  would be ex p e c te d  to  o x i d i s e  i n  th e  

and Cj j  p o s i t i o n s .  A u to x id a t io n  o f  l a n o s t e r o l  i s  known, how ever, to  

g iv e  t h e  7 ^  and 11 h y d r o p e r o x i d e s ^ ^ ^  * and t h i s  would be u s e l e s s  as  

a  means o f  o b t a i n i n g  th e  7 c< h y d ro p e ro x id e .  O xygena tion  o f  o l e f i n i c  

d o u b le  bonds i n  th e  p r e s e n c e  o f  l i g h t  and a p h o t o s e n s i t i s e r  g iv e s  hydro­

p e r o x id e s  i n  which th e  d o u b le  bond has  r e a r r a n g e d ^ * '^  • The p ro p o sed  

m e ch an ism ^ * ^ ^  o f  t h i s  r e a c t i o n  in v o lv e s  e x c i t a t i o n  o f  t h e  p h o t o s e n s i t i s e r  

by l i g h t  and th e  f o r m a t io n  o f  an e x c i t e d  p h o t o s e n s i t i s e r - o x y g e n  com plex.

The com plex b r e a k s  down to  y i e l d  e x c i t e d  oxygen which w i l l  r e a c t  w i th  

t h e  d o u b le  bond to  g iv e  th e  r e a r r a n g e d  a l l y l i c  h y d ro p e ro x id e  LI v i a  th e  

s i x  membered t r a n s i t i o n  s t a t e  L .

V a r io u s  s t e r o i d a l  o l e f i n s  have been h y d ro p e ro x id i s e d  i n  t h i s  

manner and a t t a c k  has u s u a l l y  b een  from th e  l e s s  h in d e re d  o< -face  o f  

t h e  m o le c u le ^ 156^ . I n  d i h y d r o l a n o s t e r o l  t h e  Cg p o s i t i o n  i s  more h in d e re d
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t h a n  th e  Cg p o s i t i o n  due t o  t h e  p r o x im i ty  o f  th e  14 oC m e thy l group and

so 9 oC h y d r o p e r o x y la n o s t - 7 e n e - 3  o l ( L l l )  would be th e  e x p e c te d  p ro d u c t

o f  p h o t o s e n s i t i s e d  o x id a t io n *  T h is  compound cou ld  be used  to  f u n c t i o n —

a l i s e  t h e  m ethy l group u nder  th e  i n f l u e n c e  o f  a pow erfu l l e a v i n g

group  su ch  as  th e  p a r a - n i t r o b e n z e n e  su lp h o n y l  group* The CQ-C , A m ethy l
y  1 4

e t h e r  ( L i n )  would be th e  e x p e c te d  p ro d u c t  by an a lo g y  to  th e  Corey 

r e a c t i o n ^  ^  ( s e e  p .  65 ) ,  and t h i s  e t h e r  cou ld  be o x id i s e d  to  th e  

u n s a t u r a t e d  l a c t o n e  (LIV) which would open to  th e  a c id  (LV) from which 

th e  g roup  would be r e a d i l y  l o s t  by d e c a rb o x y la t io n *  I n  t h i s  se­

q u e n c e ,  th e  C^4 m ethy l group would be removed, and th e  d o u b le  bond would 

be s h i f t e d  to  t h e  7 p o s i t i o n .  B oth  o f  th e s e  a r e  s t e p s  i n  th e  i n  v iv o  

c o n v e r s io n  o f  l a n o s t e r o l  to  c h o l e s t e r o l*

D ih y d r o l a n o s t e r o l  was oxygena ted  i n  p y r i d i n e  i n  th e  p r e s e n c e  

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

i o d i n e  from sodium io d id e  s o l u t i o n ,  was reduced  and a c e t y l a t e d .  Chroma­

to g ra p h y  o f  t h e  r e s u l t a n t  gum gave 3 j B - a c e t o x y l a n o s t a - 7 . 9 ( l l ) —d ie n e  (LVl) 

a s  t h e  o n ly  s o l i d  p r o d u c t .  T h is  r e s u l t  m igh t i n d i c a t e  t h a t  9 hydro­

p e r o x i d a t i o n  had i n  f a c t  o c c u r re d  s in c e  th e  9 o ^ -a lc o h o l  would be r e a d i l y  

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

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

ch ro m a to g rap h y  gave 3 j ^ - a c e to x y la n o s ta — 7 . 9 ( l l ) “ d i e n e ,  m .p t .  ~  147—149 C, 

+ 9 1 . 1 ° ,  X  raax~  236 245 m a n d  254 “yT ( l i t .  ( 158) mop t . =

160-169°C , / ^ 7  =  -1- 8 9 ° ) .  The mass spec trum  of t h i s  sample showed a D

p eak  a t  mass number 455 which was no't p r e s e n t  i n  th e  mass spec trum  o f  

an  a u t h e n t i c  sam ple (M — 468) b u t  no meaning cou ld  be a t t a c h e d  to  t h i s  

in f o r m a t i o n .



An a t t e m p t  to  i s o l a t e  th e  9©< h y d ro p e ro x id e  by r e v e r s e  p h ase  

p a r t i t i o n  ch rom atog raphy  betw een  n—h e p ta n e  and aqueous e th a n o l  on a 

column o f  n o n -w e t t in g  s u p e r c e l l  was u n s u c c e s s f u l .  The l a b i l i t y  or 

i n t r a c t a b i l i t y  o f  any 9 o £ -h y d ro p e ro x id e  formed i n  t h e  pho to—o x y g e n a t io n  

r e a c t i o n  m ig h t  be overcome by c a r r y in g  o u t  th e  r e a c t i o n  i n  th e  p r e s e n c e  

° f  P a ra—n i t r o b e n z e n e - s u lp h o n y l  c h l o r i d e  so t h a t  t h e  p e ro x id e  m igh t 

r e a c t  w i th  t h e  14©^-methyl group  i n  s i t u .

When th e  i n  s i t u  r e a c t i o n  was c a r r i e d  o u t ,  a gum was o b ta in e d  

w hich  was ch rom a tog raphed  on g rad e  I I I  a lu m in a .  E l u t i o n  w i th  p e t ro le u m  

e t h e r  gave unchanged p a r a - n i t r o b e n z e n e - s u lp h o n y l  c h l o r i d e  and 3 ^ -  

a c e t o x y l a n o s t a - 7 . 9 ( l l )  d i e n e .  P e t r o l s  benzene (9 :1 )  gave a s o l i d  

w h ich  c r y s t a l l i s e d  from petro leum : e t h e r  as  n e e d l e s ,  r a .p t .  =  142-144°C, 

Z ^ 7 d =  4 -1 6 4 ° ,  i n  1.5/& y i e l d .  T h is  compound a n a ly se d  as  ^32^ 52^3  an<* 

was d e s i g n a t e d  I . P . I .

E l u t i o n  w i th  p e t r o l s  benzene ( 4 s l )  gave a compound I . P . 2 which 

c r y s t a l l i s e d  from p e tro le u m  e t h e r  as  n e e d l e s ,  i n . p t . =  146—151°C,

1 9 ° .  The i n f r a - r e d  spec trum  had peaks a t  1650 cm * and 1580 cm * 

and t h e  u l t r a - v i o l e t  a b s o r p t i o n  was a t  255 i&Ĵ  , which showed t h a t  th e  

compound was an enone .  I t  was, i n  f a c t ,  3 ^ — a c e to x y la n o s t— 8 -ene— 7-one 

( l i t . ^ 158) m .p t .  =  149-155°C , ^ 7 D=  +  22°) .

E l u t i o n  w i th  benzenes e t h e r  (1 9 :1 )  gave a s o l i d  which c r y s t a l l i s  

from e t h y l  a c e t a t e  a s  n e e d l e s  m .p t .  ~  175—176 C, —"V* 3 5 .2  * The

compound a n a ly s e d  a s  CooH_o0 .  and was d e s ig n a t e d  I . P . 3 .  I t  h as  been  

o b ta in e d  i n  a s  much as  14J& y i e l d .

When r e p e a t  ru n s  o f  t h i s  r e a c t i o n  were ch rom atog raphed ,  a
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compound was e l u t e d  a f t e r  t h e  e l u t i o n  o f  compound I . P . l .  and  b e f o r e  

t h e  e l u t i o n  o f  3 ^ - a c e t o x y l a n o s t —8ene—Tone* T h is  c r y s t a l l i s e d  from

p e t ro le u m  e t h e r  w i th  m .p t .  « 1 8 2 - 1 8 3 ° C ,  - 4 . 5 ° ,  CggHggOg, and

was d e s i g n a t e d  I . P . 4 .

R echrom atography  o f  th e  f r a c t i o n s  which had e l u t e d  betw een 

th e  e l u t i o n  o f  3 ^ - a c e t o x y l a n o s t a —7 .9 (1 1 ) —d ie n e  and compound I „ P ,1  

y i e l d e d  a  new compound, I . F . 5 . ,  w hich c r y s t a l l i s e d  from p e t ro le u m  

e t h e r  a s  p r i s m s ,  r a . p t . «  171 .5 -174°C , / % 7 D~  "*“9 4 .3 ° ,  C3 2H5^ ° 3 > i n

0.25/& y i e l d .

The p r o d u c ts  l . P . l . ,  I . P . 4 „ ,  and I . P . 5 . ,  a n a ly s e d  c o r r e c t l y  

f o r  t h e  r e q u i r e d  c y c l i c  e t h e r  ( L l l l ) .  O x id a t io n  o f  th e s e  compounds 

u n d e r  c o n d i t i o n s  w hich  had y i e ld e d  l a c t o n e s  from s i m i l a r  e t h e r s ^ ^  

f a i l e d  to  g iv e  p ro d u c ts  w ith  l a c to n e  a b s o r p t i o n  i n  th e  i n f r a - r e d .

The compound X .P .3 . ,  CggH gO^. ra*P*'*~ 175*-176°C, / c^ 7 q ~  

+ 3 5 . 2 °  had an i n f r a - r e d  spec trum  w ith  peaks  a t  3500 cm * (OH), 1737 cm * 

( a c e t a t e )  and 1634 cm * ( o l e f i n )  and no u l t r a - v i o l e t  a b s o r p t i o n  above 

220 m ^  • The 3500 cm * peak  i n  th e  i n f r a - r e d  spec trum  was t a k e n  as  

b e in g  i n d i c a t i v e  o f  th e  p re s e n c e  o f  an a l c o h o l i c  f u n c t i o n  i n  th e  

m o le c u le ,  and th e  compound was t r e a t e d  w ith  a c e t i c  an h y d r id e  i n  

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

w as , how ever ,  3 a c e to x y la n o s t - 8 e n e - 7 o n e ,  ^32^ 50^ 3 ’ ^  maaT^
1 -"I / 1( 1 3 ,7 5 0 ) ,  V  =  1720 cm“ ( a c e t a t e ) ,  1650 and 1570 cm (enone)

I t t & X

w ith  m .p t .  — 145-149°C , u n d e p re s se d  on adm ix tu re  w i th  an  a u t h e n t i c

sam ple  o f  th e  enone.

T re a tm e n t  o f  t h e  compound I . P . 3 , w ith  manganese d io x id e
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gave 3 / * - a c e t o x y l a n o s t a - 7 . 9 ( l l ) - d i e n e ,  A *  238, 244 and 251  m/\BI&X /

w ith  r a .p t .  «  164-167 C u n d e p re s se d  on a d m ix tu re  w ith  an a u t h e n t i c  sam ple .  

I f  t h e  compound had been  an a l l y l i c  a l c o h o l )  an enone would have r e s u l t e d  

from  t h i s  o x id a t io n )  and i t  wasy t h e r e f o r e )  conc luded  t h a t ,  t h e  compound 

was n o t  an a l c o h o l .  The 3500 cm"1 peak  i n  th e  i n f r a - r e d  sp ec tru m  

c o u ld  be e x p la in e d  i f  th e  compound were a h y d ro p e ro x id e )  and t h i s  a s s i g n ­

ment was su p p o r te d  by th e  f a c t  t h a t  th e  compound gave a red  c o l o u r a t i o n  

w i th  f e r r o u s  th i o c y a n a t e  s o l u t i o n ' 15®^.

The r e s u l t s  o f  th e  a c e t y l a t i o n  and o x i d a t io n  ex p e r im e n ts  

c o u ld  o n ly  be e x p la in e d  i f  th e  compound were 3 j^ - a c e t o x y l a n o s t - 8 - e n e -  

h y d ro p e ro x id e  ( L V I l ) .  A c e ty l a t i o n  o f  LVII would be fo l lo w e d  by l o s s  

o f  t h e  a c e t a t e  i o n  from LV III to  g iv e  th e  enone LIX as  shown o p p o s i t e .  

O x id a t io n  o f  h y d ro p e ro x id e s  w i th  m u l t i v a l e n t  m e ta l  io n s  has  been  o b se rv ed  

to  g iv e  r i s e  t o  an a l k y l  c a t i o n  and m o le c u la r  oxygen^1® ^ )  and so th e  

f o r m a t io n  o f  t h e  7 . 9 ( l l ) - d i e n e  (LVI) can  be r a t i o n a l i s e d  as  i n  LVII^->- 

L X -^L V I o p p o s i t e .

The h y d ro p e ro x id e  I . P . 3  was n o t  i d e n t i c a l  to  3 p - a c e t o x y l a n o s t -  

8ene-7^S h y d ro p e ro x id e  which had been  i s o l a t e d  by Horn and I l s e ^ 1^ ^  

from th e  a u t o x i d a t i o n  o f  3 ^ - a c e t o x y l a n o s t - 8 e n e )  and i t  was h ig h ly  

l i k e l y  t h a t  t h i s  compound was th e  7©< ep im er.  The n . m . r .  sp ec tru m  o f  

I . P . 3  had t h e  CHOOff and CHOAc p ro to n s  a t  c a .5 .6 -T ' and i t  was im p o s s ib le  

t o  im pu te  t h e  s t e r e o c h e m i s t r y  from t h i s .  The d i f f e r e n c e s  i n  m o le c u la r  

r o t a t i o n  be tw een  3 a c e to x y la n o s t - 8 e n e  and th e  compounds I . P . 3  and 7 ^ -  

h y d r o p e r o x y - 3 j^ a c e to x y la n o s t - 8  ene were m easured) and th e  d i f f e r e n c e  

be tw een  t h e s e  was o f  th e  same o rd e r  as t h a t  f o r  th e  7o£ and 7 s t e r o i d a l



TABLE 1 .

3 a c e t o x y l a n o s t - 8  ene +  271

7 j $ - h y d r o p e r o x y l a n o s t - 8  e n e -3  p -  a c e t a t e

P r o d u c t  I . P . 3  /K 7p»  -1-170

o
A i . P . 3 r  - 9 5 °  )  M  a + 1 5 9 o \
A 7 J&O0H* +  64 J  A Tp 0H-  + n o °
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a l c o h o l s  , a s  shown i n  t a b l e  1 o p p o s i te *  The compound I . P . 3  i s  

t h e r e f o r e  3 ^ - a c e to x y l a n o s t - 8 - e n e - 7 c * - h y d r o p e r o x i d e  ( L V l l a ) .

S in c e  a l l y l i c  h y d r o p e r o x id a t io n ^ 155  ̂ had y i e l d e d  t h e  7©£- 

h y d r o p e r o x id e ,  i t  was p o s s i b l e  t h a t  compound I . P . 3  had been  formed by 

r e a r r a n g e m e n t  o f  th e  f i r s t - f o r m e d  3 J^ ~ a c e to x y la n o s t—7ene—9o£—h y d ro p e ro x id e  

( L I l )  a s  shown o p p o s i t e .  The r e a r ra n g e m e n t  o f  t e r t i a r y  to  s e co n d a ry  

h y d ro p e ro x id e s  had been r e p o r t e d  by Schenk^162  ̂ and L y thgoe^163^ , and 

th e  mechanism r e q u i r e s  r e t e n t i o n  o f  c o n f i g u r a t i o n .

I n  t h e  hope o f  f u n c t i o n a l i s i n g  th e  C j4 m ethy l group v i a  th e  

Cj— C14-m e th y l  e t h e r  (LXI) , 3 ^ a c e to x y la n o s t -8 e n e ~ 7 o <  h y d ro p e ro x id e  was 

t r e a t e d  w i th  p a r a - n i t r o b e n z e n e - s u lp h o n y l  c h l o r i d e  i n  p y r id i n e  b u t  no 

r e a c t i o n  o c c u r r e d )  th e  o n ly  compound to  be i s o l a t e d  b e in g  s t a r t i n g  

m a t e r i a l *

The compound I . P . 4 . ,  CggH^gOg* m . p t . — 182-183°CJ, —

—4 . 5 ° ,  had o n ly  end a b s o r p t i o n  i n  th e  u l t r a - v i o l e t ,  and th e  i n f r a - r e d  

sp e c tru m  had p eak s  a t  1720 and 1240 cm * t y p i c a l  o f  t h e  a c e t a t e  g ro u p .

The n . m . r .  sp ec tru m  e x h i b i t e d  one o l e f i n i c  p ro to n  a t  4 .3 6  which was 

s p l i t  s y m m e tr ic a l ly  by two o th e r  p ro to n s  w i th  a  c o u p l in g  c o n s t a n t  o f  

3 c . p . s .  The 3oC p ro to n  o c c u r re d  as  a q u a r t e t  a t  5 . 7 2 ^  and a d o u b le t  

a t  6 .9 n f  ( J  *  4 c . p . s . )  was a s c r ib e d  to  th e  p r o to n  o f  a t r i s u b s t i t u t e d  

1 .2  ep o x id e  which was a l l y l i c  to  a doub le  bond. T rea tm e n t  o f  I . P . 4  

w i th  b o ro n  t r i f l u o r i d e  e t h e r a t e  gave 3 /> ~ a c e to x y la n o s t -8 e n e -7 o n e ,  and 

so t h e  compound was concluded  to  be 3 ace to x y —l a n o s t ~ 9 ( l l ) —ene—7 . 8 — 

e p o x id e  (L X la ) .  T h is  was borne o u t  by com parison  o f  i t s  p h y s ic a l
/ 1 co\

p r o p e r t i e s  w i th  th o s e  o f  th e  a u t h e n t i c  compound ( l i t .  m . p t . —
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185-186°C , - 8 ° ) .

The compound I . P . 5 . ,  C ^ H ^ O g ,  m . p t . =  171 .5 -174°C ,

4“ 9 4 .3 °  had a mass s p e c t r o s c o p i c  m o le c u la r  w e ig h t  o f  484 i n  ag reem en t 

w i th  t h e  a n a l y s i s .  The i n f r a - r e d  spec trum  had peaks  a t  1730 and 

1240 cm ( a c e t a t e ) , and th e  u l t r a - v i o l e t  spec trum  had o n ly  end a b so rp ­

t i o n  The n . m . r .  spec trum  o f  I . P . 5  had an o l e f i n i c  p r o to n  a t  4 ,3 6 * T , 

s p l i t  s y m m e tr ic a l ly  by two o th e r  p ro to n s  w i th  a c o u p l in g  c o n s t a n t  o f  

4 c . p . s .  The 3 o (  proton* q u a r t e t  was a t  5 .6  t , and a p ro to n  a t  7,08*7* 

was a s c r i b e d  to  th e  p r o to n  o f  a t r i s u b s t i t u t e d  1 .2  epox ide  a l l y l i c  to  

a  d o u b le  bond . T rea tm e n t  o f  1 . P . 5  w ith  boron  t r i f l u o r i d e  e t h e r a t e  

gave 3 ^ - a c e t o x y l a n o s t - 8 e n e —7one and so th e  compound i s  3 ^ — a c e to x y la n o s t -  

9 (1 1 ) -  e n e - 7 . 8 -e p o x id e  (L X la ) ,  s t e r e o i s o m e r i c  w ith  th e  compound I . P . 4 .

No s t e r e o c h e m i s t r y  had been  a s s ig n e d  to  th e  compound I . P . 4 .  

by t h e  p r e v io u s  w o r k e r s ^ ^ ^  b u t ,  s in c e  i t  had been  formed by epox ida tion*  

o f  t h e  7 , 9 ( l l )  d i e n e ,  i t  was more l i k e l y  to  be th e  o (-epox ide .  Re­

d u c t i o n  o f  t h e  ep o x id e s  I . P . 4 and I . P . 5 to  th e  c o r re s p o n d in g  a l c o h o l s  

would a l lo w  th e  s t e r e o c h e m i s t r i e s  to  be a s s ig n e d  by th e  method o f  

m o le c u la r  r o t a t i o n  d i f f e r e n c e s .  T rea tm en t o f  th e  epox ide  I . P . 4  w i th  

l i t h i u m  alum inium  h y d r id e  gave 3 j3 - a c e to x y la n o s t - 8 - e n e - 7 o n e  a s  th e  

o n ly  p ro d u c t^  due t o  o pen ing  o f  th e  epox ide  r i n g  i n  b ase  w i th o u t  r e ­

d u c t i o n .  On c a t a l y t i c  h y d r o g e n o ly s i s ,  p la t in u m  and a c e t i c  a c id  had 

to  be u s e d  b e f o r e  u p ta k e  o f  hydrogen  was o b se rv e d ,  and compound I . P . 4  

gave 3 - a c e t o x y l a n o s t a - 7 . 9 ( l l ) - d i e n e  un d er  th e s e  c o n d i t i o n s .  Re­

d u c t i o n  o f  t h e  compound I . P . 5 under  th e  same c o n d i t i o n s  gave a sm all 

y i e l d  o f  a  compound w ith  no u l t r a - v i o l e t  a b s o r p t i o n  above 220 *
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The f o r m a t io n  o f  t h e  7 , 9 ( l l ) - d i e n e  from th e  compound I . P . 4 and n o t  from

I . P . 5 s u p p o r t s  th e  a s s ig n m e n t  o f  an ^ - c o n f i g u r a t i o n  to  th e  fo rm er epox ide  

s i n c e  t h e  7 — epox ide  would open to  th e  7 oC a l c o h o l  which would de­

h y d r a t e  r e a d i l y  by a t r a n s - d i a x i a l  mechanism to  g iv e  th e  7 . 9 ( l l ) - d i e n e .

The compound I . P . 4  is*  t h e r e f o r e ,  3 p ~ a c e t o x y l a n o s t - 9 ( l l ) -  ene-7o< « 

e p o x id e ,  and I . P . 5 i s  3 ^ - a c e t o x y l a n o s t - 9 ( l l ) - e n e - 7 j S * 8 e p o x id e .

The compound I . P . I . ,  CggH^Og, r a . p t . =  142-144°C, — + 1 6 4 °>

had an  i n f r a - r e d  spec trum  w ith  peaks  a t  1730 and 1240 era” 1 ( a c e t a t e ) ,

and 825 cm” 1 , and an  u l t r a - v i o l e t  spec trum  w i th  ^  210 m/* ( 9 ,0 5 0 ) .max /

The mass s p e c t r o s c o p i c  m o le c u la r  w e igh t  o f  484 was i n  ag reem en t w i th  

t h e  a n a l y s i s ,  and s in c e  i t  had no ca rb o n y l or h y d roxy l f u n c t i o n s ,  th e  

compound was co n c lu d ed  to  be an e t h e r .

T re a tm e n t  o f  th e  compound I . P . l  w i th  chromium t r i o x i d e  i n  

a c e t i c  a c i d  gave 3 ^ -  a c e to x y la n o s t - 8 e n e - 7 o n e ,  and r e d u c t io n  w ith  p o ta s s iu m  

i o d i d e  i n  a c e t i c  a c id  gave 3 ^ - a c e t o x y l a n o s t a - 7 . 9 ( l l ) - d i e n e .  A 6 0 -  

m e g acy c le  n . m . r .  spec trum  o f  th e  compound I . P . l  now became a v a i l a b l e  

t o  u s  and th e  w orking  s t r u c t u r e  LX1I was o b ta in e d  from i t .  The 3ck- 

a x i a l  p r o t o n  on th e  same carbon  atom as th e  a c e t a t e  f u n c t i o n  o c c u r re d

a s  a q u a r t e t  a t  5 .4 1 -T  w i th  J aJ.i a l _ ax ia l~ ‘ 8 and J a x i a l - e q u a t o r i a l

3 c . p . s .  a s  e x p e c te d .  The o l e f i n i c  p r o to n  a t  C? was a s s ig n e d  to

a  d o u b l e t  a t  5 .28nT  ( J g 7 =  13 c . p . s . )  and th e  Cg p ro to n  was a s s ig n e d

to  a q u a r t e t  a t  5 . 1 7 ^  w i t h J g 7 — 13 c . p . s .  and J ^ g  =  10 c . p . s .

The s t r u c t u r e  LXII i s  e x tre m e ly  s t r a i n e d  and a l th o u g h  c y c lo -

h e x - l - e n e - 3 . 6  e t h e r s  a r e  known as  th e  p ro d u c ts  o f  D ie l s - A ld e r  r e a c t i o n s

W ith f u r a n  r i n g s ,  t h e r e  i s  a h ig h  P i t z e r  s t r a i n  betw een th e  18 and 19
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m eth y l g ro u p s .  The r e d u c t i o n  o f  I . P . l  w i th  p o ta ss iu m  io d i d e  i n  a c e t i c  

a c i d  can  be e x p la in e d  on th e  b a s i s  o f  t h i s  s t r u c t u r e  by th e  sequence

^  L X I I I -^  LXIV— LVI, as  th e  homoannular d ie n e  LXIV w i l l  r e a r r a n g e  

t o  t h e  more s t a b l e  h e t e r o a n n u la r  d ie n e  LVI^165^.

The r e a c t i o n  w ith  chromium t r i o x i d e  i n  a c e t i c  a c id  to  y i e l d  

t h e  8 -e n e -7 o n e  can  on ly  be e x p la in e d  by th e  in v o lv e d  a c id  c a t a l y s e d  

r e a r r a n g e m e n t  LX II-*-LX V-vLIX *

A lthough  th e  s t r u c t u r e  LX1I was r e g a rd e d  w i th  s u s p i c i o n ,  i t  

was a p p e a l in g  i n  t h a t ,  i f  th e  e x p ec ted  7ene-9o< h y d ro p e ro x id e  ( L I l )  were 

i n  f a c t  fo rm ed , th e n  th e  Cq p o s i t i o n  would be n u c l e o p h i l i c  due to  i t s  

a l l y l i c  n a t u r e  and so i t  m ig h t c o n c e iv a b ly  compete w i th  th e  —

m eth y l g roup  f o r  th e  oxygen c a t i o n  a t  Cg .

The e t h e r  I . P . l  was t r e a t e d  w ith  bo ron  t r i f l u o r i d e  e t h e r a t e  

to  g iv e  two homogeneous p r o d u c t s .  The f i r s t  o f  t h e s e  was an  enone, 

C ggH ^O ^, m .p t .  — 162-163°C, — - 1 9 ; 2 °  w ith  peaks  i n  t h e  i n f r a - r e d

s p e c tru m  a t  1720 cm~* ( a c e t a t e )  and 1645 and 1600 cm * ( e n o n e ) .  The 

u l t r a - v i o l e t  a b s o r p t i o n  a t  253 mĵ  (1 1 ,2 0 0 )  s u b s t a n t i a t e d  t h a t  t h i s  com­

pound was an enone , and th e  n .m . r .  spec trum  showed no enone o l e f i n i c  

p r o t o n  so t h a t  th e  enone doub le  bond was t e t r a s u b s t i t u t e d *  The o n ly

enones« w ith  th e  l a n o s t e r o l  s k e l e t o n  w hich  have a t e t r a s u b s t i -
32 52 3

tu e d  enone d o u b le  bond a r e  th e  8—ene—7one and th e  8 -ene—11 one, and 

t h i s  c o r re s p o n d e d  to  neither o f  the se*  R earrangem ent o f  th e  l a n o s t e r o l  

s k e l e t o n  was i n d i c a t e d ,  and an enone LXVIII m igh t be d e r iv e d  from th e  

w orking  s t r u c t u r e  LXII as  shown o p p o s i te *  LXVIII would f i t  a l l  o f  

t h e  p h y s i c a l  d a t a  to  hand.
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The second p r o d u c t  from boron  t r i f l u o r i d e  t r e a t m e n t  o f  th e

e t h e r  I . P . l  was a k e t o l ,  m .p t .  »  176-177°C, D= - 6 1 . 7 ° ,

a s  p l a t e s  from p e tro leu m  e t h e r .  The i n f r a - r e d  spec trum  had peak s  a t

3500 cm (OH)} 1710 cm ( a c e t a t e )  and 1680 era  ̂ ( k e to n e )  and th e

u l t r a - v i o l e t  spec trum  was t r a n s p a r e n t .  The a l c o h o l i c  g ro u p in g  was

c o n s id e r e d  to  be seco n d a ry  i n  view  o f a p ro to n  a t  6 .8 Y  i n  th e  n . m . r .

s p e c t ru m .  T h is  p ro to n  was coup led  w i th  two p ro to n s  on an ad jacen t^

c a rb o n  atom and was c o n s id e re d  to  be a x i a l  s in c e  th e  q u a r t e t  had s i m i l a r

s p i n - s p i n  c o u p l in g  to  th e  3 oC a x i a l  p r o to n  a t  5.51*T . S in c e  t h i s

p r o t o n  i s  a x i a l , t h e  a l c o h o l i c  group m ust be e q u a t o r i a l . I t  i s

im p o s s ib l e  t o  d e r i v e  a k e to n e - s e c o n d a ry  a lc o h o l  e a s i l y  from th e  w orking

s t r u c t u r e  LXII which m ust t h e r e f o r e  be i n c o r r e c t .

I n  summary, th e  o x i d a t io n  p ro d u c t  I . P . l  i s  an e t h e r  and ,

s i n c e  i t  i s  formed from th e  o x y g e n a t io n  o f  3 a c e to x y la n o s t - 8 e n e ,

we f e e l  t h a t  one te rm in u s  o f  th e  e t h e r  l i n k a g e  i s  a t  C_ o r  C . A 1 . 2 —» y

e p o x id e  i s  r u l e d  o u t  i n  v iew  o f  th e  l a c k  of a p r o to n  i n  th e  r e g io n

o f  t h e  n . m . r .  sp ec tru m , and th e  fo rm a t io n  o f  a k e to n e - s e c o n d a ry  a l c o h o l  

w i th  b o ro n  t r i f l u o r i d e  e t h e r a t e  would i n d i c a t e  t h a t  t h e  e t h e r  t e r m in i  

a r e  v e r y  p r o b a b ly  se c o n d a ry .  None o f  th e  v a r io u s  h y p o t h e t i c a l  s t r u c t u r e s  

w hich a r e  p o s s i b l e  h as  f i t t e d  a l l  o f  th e  p h y s ic a l  and chem ica l d a t a  

a v a i l a b l e  and so we d e c id e d  to  t a c k l e  th e  problem  by X -ray  m ethods .

The compound I . P . l  was r e a d i l y  b ro m in a ted  to  g iv e  th e  d ib rom ide

CQOHKf>0 oB ro as  l a t h e s  from p e tro leu m  e t h e r ,  m .p t .  =■ 198—199 .5  C, /p ^ J ™ —
32 52 3 2

*4“ 7 9 . 6 ° ,  and we a w a i t  r e c e i p t  o f  an unambiguous s t r u c t u r e  f o r  th e  

d ib ro m id e  by X -ray  a n a l y s i s .
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E x p er im en ta l

M e l t in g  p o i n t s  were ta k e n  on th e  K o f f l e r  B lock .  I n f r a - r e d  

s p e c t r a  were ta k e n  on th e  P e rk in -E lm e r  I n f r a c o r d  s p e c t ro p h o to m e te r  f o r  

N u jo l  M u lls  and u l t r a - v i o l e t  s p e c t r a  were ta k e n  on th e  P e rk in -E lm e r  202 

s p e c t r o p h o to m e te r  f o r  s o l u t i o n s  i n  e t h a n o l .  N .m .r ,  s p e c t r a  were t a k e n  

on th e  V a r ia n  A60 n .m . r .  s p e c t ro m e te r  f o r  s o l u t i o n s  i n  d e u te ro c h lo ro fo rm .  

M ic r o a n a ly s e s  were by Mr. J .  M. L. Cameron, B .S c . ,  and h i s  s t a f f .  The 

p h r a s e  “worked up i n  th e  u s u a l  way” r e f e r s  to  a d d i t i o n  o f  th e  r e a c t i o n  

m ix tu r e  to  w a te r ,  e x t r a c t i o n  w i th  e t h e r ,  w ashing th e  e x t r a c t s  w ith  w a te r ,  

d r y in g  (a n h y d .  MgSO^) , and removing th e  s o lv e n t  on th e  s team  b a th  i n  v a c u o . 

O x y g en a t io n  o f  d i h y d r o l a n o s t e r o l

D ih y d r o la n o s t e r o l  ( l  gm.) and h aem a to p o rp h y r in  (8  mg.) were 

d i s s o l v e d  i n  AR p y r i d i n e  (20 m l . ) .  The s o l u t i o n  was i r r a d i a t e d  w ith  

two 20 w a t t ,  250 v o l t  f l u o r e s c e n t  t u b e s ,  and oxygen was bubb led  th ro u g h  

i t  f o r  t h r e e  d a y s .  The s o lv e n t  was removed i n  vacuo and th e  p r o d u c t  

(992  mg.) was d i s s o l v e d  i n  a s o l u t i o n  o f  sodium io d id e  ( 5 .6  gm.) in  

an h y d ro u s  e t h e r  (10 m l . ) ,  e th a n o l  (50 m l . )  and a c e t i c  a c id  (15  d r o p s ) .

The s o l u t i o n  became re d  on s ta n d in g  o v e r n ig h t  a t  room te m p e ra tu r e  and 

th e  s o l v e n t  was removed. E th e r  and w a te r  were added to  th e  r e s i d u e ,  

and th e  r e a c t i o n  was worked up i n  th e  u s u a l  way, a sodium t h i o s u l p h a t e  

wash b e in g  u sed  to  remove t r a c e s  o f  io d i n e .

The gummy p ro d u c t  (766 mg.) was d i s s o lv e d  i n  a c e t i c  a n h y d r id e  

(5  m l . )  and p y r i d i n e  (5 m l .)  and l e f t  o v e rn ig h t  a t  room te m p e r a tu r e .  The 

r e a c t i o n  was worked up i n  th e  u s u a l  way to  g iv e  a gum (793 mg.) which was 

ch ro m a to g rap h ed  on g rad e  I I I  a lum ina .  E l u t i o n  w ith  p e t ro le u m  e t h e r
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(6 0 -8 0  ) :  benzene  (9 :1 )  gave 3 a c e t o x y l a n o s t a - 7 . 9 ( l l ) - d i e n e  (20 mg.) 

a s  w h i te  n e e d l e s  from p e t ro le u m  e t h e r  (6 0 -  8 0 ° ) ,  m .p t ,  =  161-165°t!,

(OAC), 1230 (.OAC) and 810 cm * ( o l e f i n ) ,  236 m 9

244 m and 253 .

E l u t i o n  w ith  p e t ro le u m  e t h e r  (60—8 0 ° ) : benzene ( l s l )  gave a 

s o l i d  (2  mg.) which c r y s t a l l i s e d  from p e t r o l e u m - e th e r  (6 0 -8 0 ° )  w i th  

m . p t .  ^  191—199 C. The compound had no u l t r a - v i o l e t  ab so rp tio n *  above 

220 mJ* and — 1?30 (OAC), 1715 ( C = 0 ) , 1670, 1630, 1245 (OAC)

and 855 cm

O x y g e n a t io n  o f  3 ^ - a c e t o x y l a n o s t - 8 e n e .

D i h y d r o l a n o s t e r o l  a c e t a t e  (V1 gm.) and haeraatoporphyrin* (8  mg.) 

were d i s s o l v e d  i n  Aft p y r id i n e  (v20 m l .)  and th e  s o l u t i o n  was i r r a d i a t e d  

w i th  two 20 w a t t ,  250 v o l t  f l u o r e s c e n t  tu b e s  f o r  t h r e e  days  w h i le  a 

s t e a d y  s t re a m  o f  oxygen was p asse d  th ro u g h  i t .  The s o lv e n t  was removed 

i n  vacuo and th e  r e s u l t a n t  gum was d i s s o lv e d  i n  a s o l u t i o n  o f  sodium 

i o d i d e  (3  gm.) i n  e t h e r  (12 m l . ) ,  e th a n o l  (60 m l .)  and g l a c i a l  a c e t i c  

a c i d  (1 8  d ro p s )  and l e f t  o v e r n ig h t  a t  room te m p e r a tu r e .  The deep r e d  

s o l u t i o n  was t a k e n  to  sm all volume and e t h e r  was added .  The e t h e r e a l  

s o l u t i o n  was washed w i th  sodium th i o s u l p h a t e  s o l u t i o n  and w a te r  and 

d r i e d  (a n h y d .  MgSG4 ) and th e  s o lv e n t  was removed to  g iv e  a gum ( l . l  gm.) 

w hich  showed e i g h t  s p o t s  on an a lum ina  c h ro m a to p la te .

The gum was chrom atographed  on g rade  I I I  a lu m in a .  E l u t i o n

w i th  p e t ro le u m  e t h e r  (.60—80 ) :b e n z e n e  (4s l )  gave a s o l i d  (243 mg.)

w hich c r y s t a l l i s e d  from p e t ro le u m  e t h e r  (60—80 ) as  n e e d l e s ,  m . p t . 5*  147—

149°'C, / ^ 7 ^ =  +  91* l°»  "X — 236, 245 (1 0 ,3 0 0 )  and 254 m . T h is  7 —• D max /
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was v e r y  s i m i l a r  i n  p r o p e r t i e s  to  3 a c e t o x y l a n o s t a - 7 . 9 ( 1 1 ) - d ie n e

 ̂ m .p t .  — 164-166 C, Z ^ / d” " ^ ^ 0) , a peak  was e v i d e n t  a t  

455 i n  t h e  mass spectrum*

E l u t i o n  w ith  benzenes e t h e r  ( l s l )  gave a s o l i d  (176 mg.) which 

c r y s t a l l i s e d  from p e t r o l e u m : e th e r  (6 0 -8 0 ° )  a s  n e e d l e s ,  m .p t .  =  159-168°C. 

T h is  was shown to  be a m ix tu re  o f  two compounds by t h i n  l a y e r  chrom ato­

g ra p h y ,  and a p r e p a r a t i v e  t h i n  l a y e r  a lum ina  c h ro m a to p la te  was d ev e lo p ed  

w i th  benzenes  e t h e r  ( l s l )  t o  g iv e  3 - a c e to x y l a n o s t - 8 e n e —7one, m . p t . =

140°C, “  1725 (OAC) and 1660 cm  ̂ ( e n o n e ) ,  X  255 m /*, ho*>max max f

g e t h e r  w i th  a sm all  amount o f  a compound, m .p t .  146-176°C, V  »  3450
max

(OH), 1740 (OAC), 1230 (OAC) and 855 cm” 1 * Thi s was l a t e r  to  be

i d e n t i f i e d  w i th  3 p ~ a c e t o x y la n o s t - 8 e n e —7 oC -hydroperox ide  ( l . P . 3 . )

O x y g e n a t io n  o f  d i h y d r o l a n o s t e r o l  a c e t a t e  i n  th e  p re s e n c e  o f  p a r a -  
n i t r o b e n z e n e  su lp h o n y l  c h l o r i d e

3 a c e to x y la n o s t - 8 e n e  (10 gm .) ,  p a r a -  n i t r o b e n z e n e s u lp h o n y l  

c h l o r i d e  ( 4 .6 6  gm.) and h aem ato p o rp h y r in  (130 mg.) were d i s s o l v e d  i n  

AR p y r i d i n e  (200 m l . )  and oxygen was p a s se d  th ro u g h  th e  s o l u t i o n ,  which 

was i r r a d i a t e d  w i th  two 20 w a t t ,  250 v o l t  f l u o r e s c e n t  t u b e s ,  f o r  s i x  

d a y s .  The s o l v e n t  was removed under  reduced  p r e s s u r e ,  and th e  r e ­

a c t i o n  was worked up i n  th e  u s u a l  way to  g iv e  a s e m i - s o l id  which was 

c h ro m a to g rap h ed  on g rad e  I I I  a lum ina .

E l u t i o n  w i th  p e tro leu m  e t h e r  (6 0 -8 0 °)  gave unchanged p a r a -  

n i t r o b e n z e n e - s u lp h o n y l  c h l o r i d e ,  fo l lo w ed  by 3f* -  a c e t o x y l a n o s t a - 7 . 9 ( l l ) -  

d i e n e  w hich  c r y s t a l l i s e d  from p e tro leu m  e t h e r  a s  n e e d l e s ,  m .p t .  160—165 C,

A 588 236, 245 and 254 my . max /
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E l u t i o n  w i th  p e t ro le u m  e t h e r  (60—8 0 ° ) ; benzene  ( 9 :1 )  gave a 

s o l i d ,  I . P . I . ,  w hich c r y s t a l l i s e d  from p e tro leu m  e t h e r  (60—80°) as  

n e e d l e s  (153 m g . ) ,  m .p t .  a  142-144°C, £ £ }$ *  4 -164°  (fo u n d  G, 79.00#$

H, 1 0 .5 3 # .  C32H52°3 reflu i r e s  C, 79.28#$ H, 1 0 .8 1 # ) ,  V =  1730

and 1240 cm ( a c e t a t e )  and 820 cm* — 210 m ( 9 , 0 5 0 ) .max /

E l u t i o n  w i th  p e t ro le u m  e t h e r  (60—8 0 ° )? benzene (4 :1 )  gave a

compound ( 1 .6  gm.) which c r y s t a l l i s e d  from p e tro leu m  e t h e r  (6 0 -8 0 ° )  as

n e e d l e s ,  m . p t . . — 146-151°C, Z % 7 n ” +‘ 19°» V  =  1730 (OAC), 1650 andU max ' 7

1570 (en o n e)  and 1230 cm"1 (OAC) , X  =* 255 m/* ( 1 3 ,0 5 0 ) .  T h is  wasmax. /

3 p *  a c e to x y la n o s t r -8 e n e -7 o n e  ( l i t . ^ 158  ̂ m .pt.*®  1 4 9 -1 5 5 °C , Z ^ 7 d88 4* 2 2 °)  .

E l u t i o n  w i th  b e n z e n e :e th e r  ( l 9 * l )  gave a s o l i d ,  I . P . 3 . ,  which

c r y s t a l l i s e d  from e t h y l  a c e t a t e  as  n e e d le s  (540 m g .) ,  m .p t .  =  1 7 5 -1 76°C,

^ 7 ^ 4 - 3 5 . 2 °  ( fo u n d  C, 76.96#$ H, 1 0 .4 1 # .  C32H5204 r e <lu i r e s  c > 76.75#$

H, 1 0 .4 7 # ) ,  V  =  3500 (00H ), 1737 and 1270 (OAC) and 855 cm"1 . The

compound had o n ly  end a b s o r p t i o n  i n  th e  u l t r a - v i o l e t .

When th e  r e a c t i o n  was r e p e a te d  w i th  3 p - a c e t o x y l a n o s t - 8 - e n e

(10 g m .) ,  a compound, I . P . 4 . ,  was e l u t e d  im m ed ia te ly  a f t e r  t h e  e l u t i o n

o f  t h e  p r o d u c t  I . P . l .  T h is  compound (200 mg.) c r y s t a l l i s e d  from

p e t ro le u m  e t h e r  (60—80°) w ith  m .p t .  ** 182-183°C, — —4 . 5 ° ,  (fo u n d

C, 79.69#$ H, 1 0 .7 4 # .  C32H52°3 r e q u i r e s  C, 79.28#$ H, 1 0 .8 1 # ) ,

A /  — 1720 and 1240 cm” 1 (OAC). The u l t r a - v i o l e t  spec trum  had 
max

no a b s o r p t i o n  above 220 m •

The f r a c t i o n s  w hich e l u t e d  a f t e r  th e  7 . 9 ( l l ) - d i t e n e  and b e f o r e  

t h e  p r o d u c t  l . P . l . ,  u s in g  th e  r e s i d u e s  from th e  r e a c t i o n  o f  a t o t a l  

o f  40 gm. 3 - a c e t o x y l a n o s t - 8 e n e ,  were rech ro m ato g rap h ed  on g ra d e  I I I
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a lu m in a .  E l u t i o n  w i th  p e t ro le u m  e t h e r  (.60- 80°)  gave 3/3 -  a c e t o x y l a n o s t a -

7 . 9 ( l l ) - d i e n e ,  m .p t .  -  15 6 -1 59°C, X *  236, 246 and 254 m/*“. E l u t i o nmax j
w ith  p e t ro le u m  e t h e r  (60—3 0 ° ) :  benzene (1 9 :1  and 9 :1 )  gave a s o l i d  which 

c r y s t a l l i s e d  from p e t ro le u m  e t h e r  (60—80°) a s  p r is m s  (101 r a g . ) ,  m . p t . s  

1 7 1 .5 -1 7 4 °C , ^ * 7 d =  +  9 4 .3 °  (found  C, 79.34%$ H, 10.17%. C32H®2°3

r e q u i r e s  C, 79.28%; H, 10.17% ), V  »  1730 and 1240 cm-1  ( a c e t a t e )max

and 980 cm ^ . The compound was d e s ig n a t e d  1 .F .5 ) . ,  and h ad  no u l t r a ­

v i o l e t  a b s o r p t i o n  above 220 m , and a mass s p e c t r o s c o p i c  m o le c u la r  

w e ig h t  o f  4 8 4 .

Chromic a c i d  o x i d a t i o n  o f  I . P . I . ,  I . P . 4 . ,  and I . P . 5 .

The f o l lo w in g  g e n e r a l  p ro c e d u re  was u sed  t o  o x i d i s e  t h e s e  

compounds •

The e t h e r  (12  mg.) was d i s s o lv e d  i n  a c e t i c  a c id  (1 m l . )  and

a s o l u t i o n  o f  AH chromium t r i o x i d e  (20 mg.) i n  95% a c e t i c  a c id  ( 1 . 6  m l . )

was added a t  r e f l u x .  The s o l u t i o n  was r e f l u x e d  f o r  a f u r t h e r  15

m in u te s ,  added to  e x c e ss  m ethano l and worked up i n  t h e  u s u a l  way. The

p r o d u c t s  were a l l  gums, and i n  no c a se  was a peak  o b se rv ed  above 1740

cm**’  ̂ i n  t h e  i n f r a - r e d  sp e c tru m .

A ttem p ted  a c e t y l a t i o n  o f  th e  compound I . P . 3 .

The compound I . P . 3  (20 mg.) was d i s s o l v e d  i n  a c e t i c  a n h y d r id e

( l  m l . )  and p y r i d i n e  (1 m l .)  and l e f t  o v e r n ig h t  a t  room te m p e r a t u r e .

The s o l u t i o n  was worked up i n  th e  u s u a l  way to  g iv e  a s e m i - s o l id  (16 mg.)

w hich  c r y s t a l l i s e d  from p e t ro le u m  e t h e r  (60—80°) as  n e e d l e s ,  m.pt*=»

145-149°C (fo u n d  C, 79.2%; H, 10.1%. C32H50°3 re (Iu i r e s  c >

H, 10 .4% ), V  — 1720 (OAC), 1660 and 1570 (e n o n e ) , 1235 (OAC) and ' max
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896 cm , X «  257 m ^  ( 1 3 ,7 5 0 ) .  The m e l t in g  p o i n t  was u n d e p re s se d

on. a d m ix tu re  w i th  an a u t h e n t i c  sample o f  3 ^ — a e e to x y la n o s t—8ene— 7one.

M anganese d io x i d e  t r e a tm e n t  o f  t h e  compound I . P . 3

The compound I . P . 3 (37 mg.) was d i s s o lv e d  i n  c h lo ro fo rm  (4  m l . )

and sh ak en  w ith  manganese d io x id e  (350 mg.) f o r  t h r e e  days  a t  room

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

was removed t o  g iv e  a gum which was chrom atographed  on g rad e  I I I  a lu m in a .

E l u t i o n  w i th  p e t ro le u m  e t h e r  (6 0 -8 0 ° )  gave a s o l i d  (3 m g .) ,  m . p t . «

160 -1 6 3 °C , a/  *  1730 and 1230 (OAC) and 820 cm * ( o l e f i n ) ,  X  — max '  '  7 7 max

236 , 244 (1 9 ,4 0 0 )  and 252 • The i n f r a - r e d  and u l t r a - v i o l e t  s p e c t r a

were i d e n t i c a l  to  th o s e  o f  3 p - a c e t o x y l a n o s t a - 7 . 9 ( l l ) - d i e n e ,  and a 

m ixed m e l t i n g  p o i n t  was u n d e p re s s e d .

T re a tm e n t  o f  1 .P .3  w i th  p a r a - n i t r o b e n z e n e - s u lp h o n y l  c h l o r i d e

The compound 1 .P .3  (500 mg.) and p a r a - n i t r o b e n z e n e - s u lp h o n y l  

c h l o r i d e  (250 mg.) were d i s s o lv e d  i n  d ry  p y r id i n e  (15 m l . )  and th e  s o lu ­

t i o n  was l e f t  a t  room te m p e ra tu r e  f o r  two d a y s .  The r e a c t i o n  was 

worked up i n  th e  u s u a l  way to  g iv e  a s e m i - s o l id  which was ch rom atographed  

on g ra d e  I I I  a lu m in a .  E l u t i o n  w i th  p e t ro le u m  e t h e r  (6 0 -8 0 ° )  gave 

u nchanged  p a r a —n i t r o b e n z e n e - s u lp h o n y l  c h l o r i d e ,  w h i le  e l u t i o n  w i th  

b e n z e n e : e t h e r  (1 9 :1  and 9 :1 )  gave unchanged I . P . 3 .  No in t e r m e d i a t e

f r a c t i o n s  were o b t a in e d .

T re a tm e n t  o f  I . P . 4 w ith  boron  t r i f l u o r i d e

The compound I . P . 4  (80 rag.) was d i s s o lv e d  i n  45% boron  t r i ­

f l u o r i d e  e t h e r a t e  (4  m l . )  and l e f t  f o r  t h r e e  days a t  room te m p e r a tu r e .

The r e a c t i o n  was worked up i n  th e  u s u a l  way to  g iv e  a gum which was
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ch ro m a to g rap h ed  on g rad e  I I I  a lu m in a .  E l u t i o n  w ith  benzene gave a 

s o l i d  (35 mg.) which c r y s t a l l i s e d  from p e tro le u m  e t h e r  (6 0 -8 0 ° )  as  

n e e d l e s ,  m .p t .  =* 156-160°C, X max=  257 i J * , 1720 (OAC), 1650
•l "

and 1570 ( e n o n e ) ,  and 1230 cm" ( a c e t a t e ) .  The compound was 3 ^ “ 

a c e to x y la n o s t - 8 e n e - 7 - o n e  s in c e  th e  i n f r a - r e d  and u l t r a - v i o l e t  s p e c t r a  

and th e  m e l t i n g  p o i n t  were i d e n t i c a l  to  th o s e  o f  an  a u t h e n t i c  sam ple .  

T re a tm e n t  o f  I . P . 5 w ith  bo ron  t r i f l u o r i d e

The compound I . P . 5  (50 mg.) was d i s s o lv e d  i n  a c e t i c  a c id  

( 2 . 5  m l . )  w i th  45J& bo ron  t r i f l u o r i d e  e t h e r a t e  (,10 d ro p s )  and l e f L  a t  

room te m p e r a tu r e  f o r  t h r e e  h o u r s .  The r e a c t i o n  was worked up i n  th e  

u s u a l  way to  g iv e  a s o l i d  (47 mg.) which c r y s t a l l i s e d  from p e t ro le u m  

e t h e r  (6 0 -8 0 ° )  as  n e e d l e s ,  m .p t .  =  152-154°C, + 1 8 . 6 ° ,  ^

1735 (OAC), 1650 and 1580 ( e n o n e ) ,  and 1245 cm  ̂ (OAC), X max“  ^57 

(9 ,2 5 0 )  • The compound was 3 a e e to x y la n o s t - 8 e n e - 7one as  i t s  p h y s i c a l  

p r o p e r t i e s  w ere i d e n t i c a l  to  th o s e  o f  an  a u t h e n t i c  sam ple .

L i th iu m  alum inium  h y d r id e  t r e a tm e n t  o f  th e  compound I . P . 4 .

T re a tm e n t  a t  room te m p e ra tu re  r e s u l t e d  i n  r e c o v e ry  o f  s t a r t i n g  

m a t e r i a l ,  and so th e  r e a c t i o n  was u n d e r ta k e n  a t  r e f l u x .

The compound I . P . 4  (100 mg.) was d i s s o l v e d  i n  d ry  t e t r a -  

h y d r o f u r a n  and r e f l u x e d  w ith  l i t h iu m  alum inium  h y d r id e  (130 mg.) w ith  

s t i r r i n g  f o r  two days* Excess l i t h iu m  aluminium h y d r id e  was d e s t r o y e d  

by d ro p w is e  a d d i t i o n  o f  e th y l  a c e t a t e  and th e  r e a c t i o n  was worked up 

i n  t h e  u s u a l  way to  g iv e  a gum which c r y s t a l l i s e d  from p e tro le u m  e t h e r  

(6 0 -8 0 ° )  a s  n e e d l e s  (40 m g .) ,  m .p t .  141-149 C, ^0 > max”

1730 (OAC), 1650 and 1580 (enone) and 1240 cm"1 (OAC), ^  m ax”  255 at *
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T h is  compound was i d e n t i c a l  to  3 a c e to x y la n o s t—8ene—7one i n  e v e ry  

r e s p e c t .

C a t a l y t i c  r e d u c t i o n  o f  I . P . 4 .

The compound I . P . 4  (39 mg.) was added to  a s u s p e n s io n  o f  p r e — 

s a t u r a t e d  p la t in u m  o x id e  (62 mg.) i n  a c e t i c  a c id  (6 m l . )  and shaken  

i n  an  a tm o sp h ere  o f  hydrogen  u n t i l  one mole had b e e n  a b so rb e d .  The 

s o l u t i o n  was f i l t e r e d  th ro u g h  c e l i t e  and worked up i n  th e  u s u a l  way to  

g iv e  a s o l i d  (32 mg.) which c r y s t a l l i s e d  from p e t ro le u m  e t h e r  (60—80°)

a s  n e e d l e s ,  m .p t .  =  160-162°C, a/  «  1730 and 1240 ( a c e t a t e )  andmax ' r
810 cm ( o l e f i n ) ,  237, 245 and 253 m T h e  compound was

I Q c I j L /

i d e n t i c a l  t o  3 ^ -  a c e t o x y l a n o s t a - 7 . 9 ( l l ) - d i e n e  i n  ev e ry  r e s p e c t .  

C a t a l y t i c  r e d u c t i o n  o f  I . P . 5 .

The compound I . P . 5 .  (17 mg.) was added to  a  s u s p e n s io n  o f  

p r e s a t u r a t e d  p la t in u m  o x id e  (25 mg.) i n  a c e t i c  a c id  (6 m l . )  and shaken  

i n  an a tm o sp h ere  o f  hydrogen  u n t i l  0 . 8  m l.  o f  hydrogen  had been  con ­

sumed. The s o l u t i o n  was f i l t e r e d  th ro u g h  c e l i t e  and worked up i n  th e  

u s u a l  way to  y i e l d  a s e m i - s o l id  which c r y s t a l l i s e d  from p e t ro le u m  e t h e r  

(6 0 -8 0 ° )  w ith  m .p t .  — 134-145°C (2 m g .) ,  a/  ma^  «  1730 and 1240 cm” 1 

( a c e t a t e )  and no u l t r a - v i o l e t  a b s o r p t i o n  above 220 m ^ .

Chromium t r i o x i d e  o x i d a t i o n  o f  th e  compound I . P . l .

The compound I . P . l  ( l l  mg.) was d i s s o lv e d  i n  g l a c i a l  a c e t i c  

a c i d  ( 0 . 6  m l . )  and a  s o l u t i o n  o f  chromium t r i o x i d e  (40 mg.) i n  8Sf£ 

a c e t i c  a c id  ( l  m l . )  was added .  The s o l u t i o n  was l e f t  o v e r n ig h t  a t  

room te m p e r a t u r e ,  added to  m e th an o l ,  and worked up i n  th e  u s u a l  way 

to  g iv e  a  s o l i d  which c r y s t a l l i s e d  from p e tro leu m  e t h e r  (6 0 -8 0 ° )  as
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n e e d le s  (6  m g .) ,  m .p t .  »  138-143°C, A/max ^  1720 (OAC) 1650 and 1570 

( e n o n e ) ,  1240 (OAC) and 895 e n f 1 , ^  ma3, — 255 mj** ( 1 5 ,5 5 0 ) .  The 

m e l t i n g  p o i n t  was u n d e p re s se d  on a d m ix tu re  w i th  an a u t h e n t i c  sample 

o f 3^ — a c e to x y la n o s t— 8ene—7one.

P o ta s s iu m  io d i d e  r e d u c t i o n  o f  I . P . l .

The compound I . P . l  (21 mg.) was h e a te d  w ith  a s a t u r a t e d  s o l u t i o n  

o f  p o ta s s iu m  i o d i d e  i n  a c e t i c  a c id  (5  ml..) on th e  s team  b a th  f o r  t h i r t y  

m i n u te s .  The r e d  s o l u t i o n  was added to  a s o l u t i o n  o f  sodium th i io -  

s u l p h a t e  and sodium b ic a r b o n a te  and worked up i n  th e  u s u a l  way to  g iv e  

a s e m i - s o l i d  w i th  X — 235, 244 ( 3 ,2 0 0 ) ,  and 253 m /^ . The r e a c t i o n
l U u X  I

was o b v io u s ly  in c o m p le te ,  and so th e  p ro d u c t  was h e a te d  f o r  a f u r t h e r  

f o u r  h o u r s  on t h e  s team  b a th  w i th  a s a t u r a t e d  s o l u t i o n  o f  p o ta s s iu m  

i o d i d e  i n  a c e t i c  a c id  (10 m l . ) .  The r e a c t i o n  was worked up i n  th e  

u s u a l  way to  g iv e  a  gum (12 mg.) which was ch rom atographed  on g ra d e  

I I I  a lu m in a .

E l u t i o n  w i th  p e tro le u m  e t h e r  (60—80°) gave a s o l i d  (6 mg.)

w hich  c r y s t a l l i s e d  from p e tro leu m  e t h e r  (6 0 -8 0 ° )  a s  n e e d l e s ,  m .p t . s e

166-169°C , X — 236, 244 (1 3 ,5 0 0 )  and 253 m/  . The i n f r a - r e d  max » v / j

sp e c tru m  o f  t h i s  compound was i d e n t i c a l  to  t h a t  o f  3 a c e t o x y l a n o s t a — 

7 . 9 ( l l ) - d i e n e ,  and a mixed m e l t in g  p o in t  was u n d e p re s s e d .

Boron t r i f l u o r i d e  t r e a t m e n t  o f  I . P . l .

The compound I . P . l .  (150 mg.) was d i s s o lv e d  i n  g l a c i a l  a c e t i c  

a c i d  (7  m l . )  w i th  45^  b o ron  t r i f l u o r i d e  e t h e r a t e  (17 d ro p s )  and th e  

s o l u t i o n  was l e f t  f o r  f o u r  h o u rs  a t  room te m p e ra tu r e  and worked up 

i n  t h e  u s u a l  way to  g iv e  a gum which was ch rom atographed  on g rad e  I I I  

a lu m in a .



E l u t i o n  w i th  p e tro leu m  e t h e r  (60—80°^ gave a semi—s o l i d  

(56  mg.) w hich c r y s t a l l i s e d  from p e tro leu m  e t h e r  (60—80°^ as  n e e d l e s  

(14  r a g . ) ,  m .p t .  - 1 6 2 ~ 1 6 3 ° C ,  /o < 7 D =  - 1 9 . 2 °  (fo u n d  C, 7ft.34?) H, 1 0 .4 7 ? .  

C32H52°3 re(ll l i r e s  c > 7 9 .2 8 ? ;  H, 1 0 .8 1 ? ) ,  V  «  1720 (OAC) 1645 andIuEIa
1600 (enone)  and 1260 cm” 1 (OAC), 'Xmax*s 253 ( 1 1 ,2 0 0 ) .

E l u t i o n  w i th  p e tro le u m  e t h e r  (60—8 0 ° ) sbenzene ( l 9 s l  t o  l s l )

gave a s o l i d  (35 m g .) .  S u b l im a t io n  and r e p e a te d  r e c r y s t a l l i s a t i o m

from p e t ro le u m  e t h e r  gave a w h ite  s o l i d ,  m .p t .  — 187r»192°C, X — 260
max

( 8 8 5 ) ,  b u t  t h i s  was n o t  p u re .

E l u t i o n  w i th  benzene gave a s o l i d  which r e c r y s t a l l i s e d  from

p e t ro le u m  e t h e r  (6 0 -8 0 ° )  as  p l a t e s  (32 r a g . ) , m .p t .  =  17 6 -1 77°C, Z % 7 d =

- 6 1 . 7 °  ( fo u n d  C, 7 6 .1 5 ? ;  H, 1 0 .7 3 ? .  ^32^ 54^4  re(lu i r e s  C, 7 6 .4 4 ? ;

H, 1 0 . 8 3 ? ) ,  V  ~  3500 (OH), 1710 (OAC), 1680 (k e to n e )  and 1280 cm” 1

(OAC). The compound had no u l t r a - v i o l e t  a b s o r p t i o n  and had a n e g a t iv e

B e i l s t e i n  h a lo g e n  t e s t .  The n . m . r .  sp ec tru m  had th e  u s u a l  q u a r t e t

a t  5 .5 1  qf due to  t h e  p r o to n ,  and a q u a r t e t  a t  6 .80  w i th

J  . , . »  10 c . p . s .  and J  . n , . 5 c . p . s .  was a s s ig n e daxial™  a x i a l  r  a x i a l - e q u a t o r i a l  r  0

t o  t h e  a x i a l  p r o to n  on a ca rb o n  atom b e a r in g  an a l c o h o l  g ro u p .

B ro m in a t io n  o f  I . P . l .

The compound I . P . l  (29 mg.) was d i s s o l v e d  i n  d io x a n  (5  m l . )  

w i th  p y r i d i n e  pe rb ro m id e  (29 mg.) and th e  s o l u t i o n  was l e f t  f o r  t h r e e  

h o u rs  a t  room te m p e r a tu r e ,  added to  sodium t h i o s u l p h a t e  s o l u t i o n  and 

worked up i n  th e  u s u a l  way to  y i e l d  a s o l i d .  The p ro d u c t  c r y s t a l l i s e d  

from p e t ro le u m  e t h e r  as  l a t h e s  (27 m g .) ,  m .p t .  198-199 C, p a*

+ 7 9 .6 °  ( fo u n d  C, 5 9 .0 5 ? ;  H, 7 .9 3 ? .  C32H52°3Br2 re ( lu i r e s  C, 5 9 .7 ? ;



H, 8 . 0 3 ? ) ,  V  =-1720 and 1242 (OAC) and 890 c m 1 . The u l t r a —v io le t -  max

sp ec tru m  was t r a n s p a r e n t .
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I n  v i t r o  s y n t h e s i s  o f  c o l c h ic i n e
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H is to r ic a l

The a l k a l o i d  c o l c h i c i n e  and i t s  r e l a t i v e s  a r e  found in .  p l a n t s  

o f  t h e  L i l l i i a c e a e  fa m i ly *  P u re  c r y s t a l l i n e  c o l c h i c i n e ,  f r e e  o f  s o l v e n t  

was f i r s t  d e s c r ib e d  i n  191S^ and s t r u c t u r e  I  was a s s ig n e d  to  i t

by Windaus i n  1924^ A sev en  membered r i n g  B was p ro p o sed  by C o o k ^ ^ ^

and t h i s  was s u b s t a n t i a t e d  by two in d e p e n d e n t  s y n t h e s e s ( 169) ( 170) 0f  th e  

d e g r a d a t i o n  p r o d u c t  N - a c e t y l c o l c h i n o l  m ethy l e t h e r  ( I I ) ,  The t r o p o lo n e  

n a t u r e  o f  r i n g  C was su g g e s te d  by D e w a r t o  e x p la in ,  i t s  r e a c t i v i t y  

b e in g  s i m i l a r  t o  t h a t  o f  th e  mould m e ta b o l i t e  s t i p l t a t i c  a c id  ( i l l )  

f o r  w hich  he  had p o s t u l a t e d  t r o p o lo n e  a s  a new a ro m a t ic  s y s t e r a ^ ^ ^ ,  

and he p ro p o se d  t h a t  c o l c h i c i n e  would have th e  s t r u c t u r e  IV , T h is  

s u g g e s t i o n  was u p h e ld  by th e  s y n t h e s i s ^ o f  th e  co lc h i ic in e  d e g r a d a t io n  

p r o d u c t  V* The o b s e r v a t i o n . ^ t h a t  N a c e ty l - L - g l u t a r a i c  a c id  (VI) 

was a  d e g r a d a t i o n  p r o d u c t  o f  c o l c h i c i n e  le d  to  th e  s t e r e o c h e m i s t r y  VII

f o r  t h e  a l k a l o i d .  S e v e r a l  re v ie w s  a r e  a v a i l a b l e  on th e  s t r u c t u r a l

. . .  (175) (176) (177)s t u d i e s  on c o l c h i c i n e  '  •

Many s y n th e s e s  o f  c o l c h i c i n e  have been  a t te m p te d ,  and th e  

work i n  t h i s  f i e l d  up t o  1959 h a s  been rev iew ed  by N o z o e ^ ^ 3^* T hree  

t o t a l  s y n th e s e s  o f  t h e  a l k a l o i d  have r e c e n t l y  been  a c h ie v e d ,

E s c h e n m o s e r ^ ^ ^  condensed th e  suberone  ( .V III ,  R ~ H ) ,  

o b t a in e d  from p u r p u r o g a l l i n ,  w ith  p r o p i o l i c  e s t e r .  The r e s u l t a n t  e n o l -  

e s t e r  ( V I I I ,  R -  O^CC=-CH) underw en t i n t e r n a l  M ichae l c o n d e n s a t io n ,  

fo l lo w e d  by l a c t o n i s a t i o n  and m e th y la t io n  to  y i e l d  t h e  l a c t o n e  IX* 

D i e l s - A l d e r  c o n d e n s a t io n  o f  th e  l a c to n e  IX w i th  c h lo ro m e th y lm a le ic  a n h y d r id e  

gave t h e  a d d u c i  X, th e  d i e s t e r  o f  which cou ld  be r in g -e x p a n d e d  i n  b ase
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t o  th e  c y c l o h e p t a t r i e n e  (X I, R = M e ) .  The a c id  (X I,  R - f f )  eou ld  be 

o b ta in e d  by b a s i c  h y d r o ly s i s *  and i t  was t r e a t e d  w i th  osmium t e t r o x i d e  

t o  g iv e  th e  t r o p o lo n e  XII which was d e c a rb o x y la te d  and t o s y l a t e d *  

T re a tm e n t  o f  th e  t o s y l  d e r i v a t i v e  w i th  ammonia gave th e  amino d e r i v a t i v e  

( X I I I ,  R^NHg) which was c o n v e r te d  t o  d e s a c e ty la m id o c o lc h ic e in e  (X III*  

R « 0 H ) .  T h is  was c o n v e r te d  to  d e s a c e ty lc o lc h is c e in e  (XIV, R ^NHg) v i a  

t h e  T-bromo compound (XIV, R « B r )  and t h i s  compound was r e s o lv e d  to  

g iv e  (—) d e s a c e t y l c o l c h i c e i n e  from which ( - )  c o l c h i c i n e  had a l r e a d y  been  

s y n t h e s i s e d ^ ^  •

Van T om elin^*® ^ used  th e  b en zsu b ero n e  (V III*  R —Me) as  h i s  

s t a r t i n g  m a te r i a l*  M ichae l a d d i t i o n  o f  a c r y l o n i t r i l e ,  fo l lo w e d  by 

R e fo rm a tsk y  r e a c t i o n  w i th  b ro m o ac e t ic  e s t e r  and 1 a c t o n i s a t i o n  gave th e  

l a c t o n e  (XV) which underw en t a novel a c y l o i n  r e a c t i o n  t o  g iv e  th e  

h e m ik e ta l  XVI* The h e m ik e ta l  was o x id i s e d ,  d e h y d ra te d  and a ro m a t is e d  

to  g iv e  ( ~ )  d e s a c e ty la m id o c o lc h ic e in e  (xX I I I ,  R “ OH) which was r e a d i l y  

c o n v e r te d  to  c o lc h ic in e *

N akam ura^**^  p re p a re d  c o lc h ic e in a m id e  (X V II ) , which had 

p r e v i o u s l y  b een  c o n v e r te d  to  c o l c h i e i n e ^ ^ ^ » from th e  c o l c h i c i n e  

d e g r a d a t i o n  p r o d u c t  XVIII* He l a t e r  s y n th e s i s e d  XVIII t o  com ple te  

th e  t o t a l  s y n t h e s i s ^ ^ L

The b io g e n e s i s  o f  c o l c h i c i n e  has been  th e  s u b j e c t  o f  much 

s p e c u l a t i o n  o v e r  th e  p a s t  few y e a r s ,  a l th o u g h  t h i s  has  been accom panied 

by a  d i s p r o p o r t i o n a t e l y  sm all amount o f  e x p e r im e n ta l  work*

A n e t ^ ^ ^ * ^ ^ * ^  su g g e s te d  t h a t  c o l c h i c i n e  m ig h t be r e ­

l a t e d  t o  th e  f l a v o n e s  (XIX) th ro u g h  th e  common p r e c u r s o r  ( XX) • T h is
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p r e c u r s o r  co u ld  co u p le  to  XXI which would undergo  r i n g  e n la rg e m e n t  

by fo rm ald eh y d e  o r  i t s  e q u iv a le n t*  F eed ing  e x p e r im e n ts  have  shown 

t h a t  p h e n y l a l a n i n e  i s  th e  p r e c u r s o r  o f  r i n g  C and i t s  appended t h r e e -  

c a rb o n  s i d e  c h a in  i n  th e  f l a v a n o i d s ^ 187^ 188^ 189) , and s o ,  i f  th e  

A n e t-R o b in so n  scheme f o r  c o l c h i c i n e  b io g e n e s i s  i s  v a l i d ,  f e e d in g  o f  

^ 3 0 ^ 7  pheny l a l  a n in e  to  t h e  c ro c u s  sh o u ld  r e s u l t  i n  c o l c h i c i n e  l a b e l l e d  

a t  p o s i t i o n  Cg.

B e l l e a u ^ 799  ̂ p o s t u l a t e d  t h a t  c o l c h i c i n e  i s  d e r iv e d  from 

p h e n y l a l a n i n e  v i a  t h e  o x id a t i v e  c o u p l in g  o f  two m o le c u le s  o f  3 * 4 .5  — 

t r i h y d r o x y p h e n y lp y r u v ic  a c id  (XXII) to  y i e l d  th e  qu inone (X X IIl)  w hich 

would u ndergo  r i n g  c le a v a g e  fo l lo w e d  by c y c l i s a t i o n ,  as  i n d i c a t e d  

o p p o s i t e ,  t o  g iv e  t h e  c o l c h i c i n e  s k e l e t o n .  T h is  p ro p o s a l  would 

r e q u i r e  c o l c h i c i n e  to  be l a b e l l e d  a t  p o s i t i o n s  Cg and on f e e d in g

pheny l a l  a n in e  to  th e  c rocus*

(191)W e n k e r t '  ' p roposed  t h a t  c o l c h i c i n e  i s  formed by c o n d e n s a t io n  

o f  s h i k i m a t e - d e r i v e d  5s-hydroxy tropo lone  (XIV) w i th  th e  prephenate*- 

d e r iv e d  p r o to n a t e d  S c h i f f ’ s b ase  XXV, v i a  i n t e r m e d i a t e s  XXVI and XXVII 

a s  shown* F e e d in g  T ^ C ^ ^ p h e n y l a la n i n e  would be e x p e c te d  to  y i e l d  c o l ­

c h i c i n e  l a b e l l e d  a t  CK i f  t h i s  h y p o th e s i s  were v a l id *

L e e te ^ 792  ̂ has  fe d  /3 C 1^ 7 p h e n y la l a n in e  to  Colchicum  byzan tium  

and o b t a in e d  c o l c h i c i n e  l a b e l l e d  e x c l u s i v e l y  i n  th e  Cg p o s i t i o n .  The 

A net—R o b in so n  and B e l le a u  schemes were r u l e d  o u t  on t h i s  b a s i s ,  b u t  

L e e te  h a s  p ro p o sed  a m o d i f ie d  A net-R ob inson  scheme which would a c c o u n t  

f o r  t h e  o b s e rv e d  l a b e l l i n g *  The p r e c u r s o r  XXVIII, i n  which r i n g  A and 

i t s  appended th r e e - c a r b o n  s id e  c h a in  would be p h e n y l a l a n i n e - d e r iv e d  and
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r i n g  C would be a c e t a t e - d e r i v e d ,  cou ld  r e a c t  w i th  fo rm aldehyde  a s  shown 

to  y i e l d  c o l c h i c i n e  by th e  sequence  X X V II I -* -X X IX -> -X X X X X X IX X X II -> -  

V I I ,  T h is  scheme in v o lv e s  two u n n e c e s s a ry  changes  i n  o x i d a t i o n  l e v e l ,  

a l th o u g h  th e  g e n e s i s  o f  th e  t r o p o lo n e  r i n g  from t h r e e  a c e t a t e  u n i t s  and 

one fo rm ald eh y d e  u n i t  would be in .  ag reem en t w ith  th e  b io g e n e s i s  o f  

t r o p o l o n o i d  mould m e t a b o l i t e s ^ 193) ^ 194) • The f a c t  t h a t  B a t t e r s b y ^ 19®) 

was u n a b le  t o  i n c o r p o r a t e  ^ lC 1^ ]7 a ce tic  a c id  i n  t h e  t r o p o lo n e  r i n g  o f  

c o l c h i c i n e  may have been  due to  e x p e r im e n ta l  d i f f i c u l t i e s .

B a t t e r s b y ^ 19^) was u n a b le  to  i n c o r p o r a t e  ^ C ^ j ^ t y r o s i n e  i n  th e  

r i n g  sy s tem  o f  c o l c h i c i n e ,  and a l l  o f  th e  l a b e l  ap p ea red  i n  t h e  N - a c e ty l  

g ro u p .  S in c e  L e e te ^ 19^) had in c o r p o r a te d  ^ B C ^ / p h e n y l a l a n i n e ,  B a t t e r s b y  

a rg u e d  t h a t  th e  Cg~Cg p r e c u r s o r  had b roken  down to  Cg-Cj and u n i t s  

b e f o r e  b e in g  i n c o r p o r a t e d .  A lthough  i t  i s  r e a s o n a b le  t o  assume s p l i t t i n g  

o f  t y r o s i n e  i n t o  Cg-C^ and u n i t s ,  t h e r e  i s  no r e a s o n  to  suppose  t h a t  

t h e  Cg— u n i t  i s  in c o r p o r a t e d  i n t o  th e  a l k a l o i d  o r  in d e e d  t h a t  t y r o s i n e  

i s  a  p r e c u r s o r ,

S e o t t ^ 193) h as  p roposed  a scheme f o r  c o l c h i c i n e  b io g e n e s i s  

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

XXXIII w hich has  a p re fo rm ed  t r o p o lo n e  r i n g .  The f e e d in g  o f  s u i t a b l e  

p r e c u r s o r s  would be r e q u i r e d  b e fo re  i t  cou ld  be a s c e r t a i n e d  w he the r  

t h e  t r o p o l o n e  r i n g  were formed b e fo re  o r  a f t e r  th e  o x i d a t i v e  c o u p l in g  

r e a c t i o n .

The c o n c e p t^ 19^) o f  p h e n o l ic  o x id a t i v e  c o u p l in g  has  been  

w e l l  r e v ie w e d ^ 19^ ) ^ 193) ^ 199) • *n such  c o u p l in g  r e a c t i o n s ,  p h e n o ls  a r e  

t r e a t e d  w i th  o n e - e l e c t r o n  o x i d i s i n g  a g e n ts  such as  p o ta s s iu m  f e r r i c y a n i d e ,
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m anganese d io x id e  and le a d  d io x id e  to  y i e l d  re s o n a n c e —s t a b i l i s e d  r a d i c a l s *

such  a s  XXXIV, which w i l l  co u p le  to  g iv e  c a rb o n -c a rb o n ,  ca rb o n -o x y g en

o r  oxygen-oxygen  bonds . The c o u p l in g  o f  such  r a d i c a l s ,  formed by

o x i d a t i v e  enzymes, has  been  r e c o g n i s e d  a s  b e in g  an  im p o r ta n t  b i o s y n t h e t i c

p r o c e s s ,  and th e  c o n v e r s io n  o f  l a b e l l e d  n o r l a u d o n o s o l in e  (XXXV) to

m orph ine  (XXXVI) i n  P ap av e r  somniferum has i n d i c a t e d  an i n  v iv o  p a ra —p a r a

r a d i c a l  c o u p l in g  o f  th e  d i r a d i c a l  XXXVII^200) .  N o r b e l l a d in e  (XXXVIII)

h a s  b een  i n c o r p o r a t e d  i n t o  l y c o r i n e  (XXXIX)(201) , g a la n th a m in e  (XL)^202)

and o t h e r  A rm a ry l id a c e a e  a l k a l o i d s  which i s  a l s o  i n d i c a t i v e  o f  a

p h e n o l i c  o x i d a t i v e  c o u p l in g  mechanism i n  th e  b i o g e n e s i s .

B i r c h ^ 23^) has  shown t h a t  a c e t i c  a c id  i s  i n c o r p o r a t e d  i n

g r i s e o f u l v i n  (XLI) i n  th e  ex p ec ted  m anner, and t h a t  t h e  l a b e l l e d  p r e -

»( 2041)c u r s o r  XLII w i l l  y i e l d  g r i s e o f u l v i n  i n  v iv o v 7 * An i n  v i t r o  conf- 

v e r s i o n  o f  t h i s  p r e c u r s o r  to  th e  in t e r m e d i a t e  s p i r o d ie n o n e  X LIII h as  

b een  a c h ie v e d  by S c o t t  -205) (206) ^ ig  t o t a l  s y n t h e s i s  o f  t h e  m e t a b o l i t e .  

V a r io u s  o th e r  i n  v i t r o  p h e n o l ic  r a d i c a l  c o u p l in g  r e a c t i o n s

( 20 7>)have  b een  perfo rm ed  to  y i e l d  th e  ex p e c te d  n a t u r a l  p r o d u c t s .  B a r to n  '  

h a s  s y n t h e s i s e d  ga lan tham ine  (XL) from n o r b e l l a d i n e  (XXXVIII) u s in g  

m anganese d io x i d e  a s  th e  o x id a n t ,  and g eo d in  (XLIV)^2^ ^ ,  d i p l o l c i n  

(XLV)^209) and p i c r o l i c h e n i c  a c id  (XLVl)^210) have been s y n th e s i s e d  i n  

l i k e  m anner .  R e c e n t ly  F ran k * 211) has  a c h ie v e d  th e  i n  v i t r o  s y n t h e s i s  

o f  an  a p o rp h in e  a l k a l o i d  XLVII from th e  q u a t e r n a r y  s a l t  o f  n o r la u d a n o so -  

l i n e  (XXXV) u s in g  f e r r i c  c h l o r i d e  a s  th e  o x id a n t .  T h i r t y  y e a r s  b e f o r e ,  

R ob in so n * 212  ̂ and S chopf*213) had a t te m p te d  t h i s  c o u p l in g  and o b ta in e d

o n ly  th e  d e h y d ro la u d a n o s o l in e  XLVIII w hich was l a t e r  shown to  be a

• a. (214) n a t u r a l l y  o c c u r r i n g  ty p e  .
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A lthough  r a d i c a l  c o u p l in g  r e a c t i o n s  o f  p h e n o ls  a r e  w e ll  

e s t a b l i s h e d  b o th  i n  v i t r o  and i n  v i v o 9 r a d i c a l  c o u p l in g  o f  t r o p o lo n e  

w i th  p h e n o l9 a s  would be r e q u i r e d  i n  th e  scheme f o r  c o l c h i c i n e  b io ­

s y n t h e s i s  p ro p o sed  by S c o t t ^ ^ ^ , i s  w i th o u t  p r e c e d e n t .  No p r e c u r s o r  

c o r r e s p o n d in g  to  XXXIII has  been  i s o l a t e d  from th e  p l a n t  t o  i n d i c a t e  t h a t  

t h i s  i s  t h e  mode o f  b io g e n e s i s *  and th e  o n ly  example o f  t r o p o lo n e  r a d i c a l  

c o u p l in g  h a s  b een  th e  i s o l a t i o n  o f  th e  b i t r o p o lo n e  XLIX on n i t r o u s  a c i d  

o x i d a t i o n  o f  5 hyd roxy -4  m e t h y l - t r o p o l o a e ^ * ^  •

T here  a r e  no t h e o r e t i c a l  g rounds  f o r  su p p o s in g  t h a t  t h e  di>- 

r a d i c a l  L would n o t  co u p le  and in d e e d  we s h a l l  show i n  th e  se q u e l  t h a t  

su ch  a  c o u p l in g  i s  e x t re m e ly  f a c i l e .
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T h e o r e tic a l

The scheme f o r  c o l c h i c i n e  b io g e n e s i s  p roposed  by S c o t t ^ ^ ^  

s u g g e s t s  a s y n t h e t i c  r o u t e  t o  t h e  a lk a lo id *  S y n th e s i s  o f  th e  p r e c u r s o r  

(XXXIIl) fo l lo w e d  by o x i d a t i v e  c o u p l in g  w i th  a one—e l e c t r o n  o x i d i s i n g  

a g e n t  would y i e l d  th e  t r i c y c l i c  p ro d u c t  (L i )  which sh o u ld  be c o n v e r t a b l e  

to  d e s a c e ty l a m id o c o l c h ic e in e  ( X I I I ,  R^OH) by m e th y la t io n  and h y d r o ly s i s *  

D e s a c e ty la m id o c o lc h ic e in e  has  been  c o n v e r te d  t o  c o l c h i c i n e  by o th e r  

w o r k e r s ^ ^  ) ( ^ T9) (180)  ̂ ^ t o t a l  s y n t h e s i s  would have been* ach ieved*

N o z o e ^ * ^  has  p re p a re d  th e  pheny l ana logue  (L I1) o f  t h e  

p r e c u r s o r  (XXXIII) by c o n d e n s a t io n  o f  p h e n y la c e ta ld e h y d e  w i th  t h e  an ­

h y d r id e  o f  3 c a rb o x y -4 c a rb o x y m e th y l t ro p o lo n e  ( L I I I ) (21*0(218) g iv e  

t h e  l a c t o n e  LIV which was d e c a rb o x y la te d  and red u ce d  to  y i e l d  L II*  He

a t te m p te d  to  condense  3 .4 .5 - t r im e th o x y p h e n y la c e ta ld e h y d e  w ith  th e

a n h y d r id e  L I I I  b u t  f a i l e d  t o  o b t a i n  th e  e x p e c te d  la c to n e *

I n  o u r  h a n d s ^ * * ^ , 3*4*5 t r im e th o x y p h e n y la c e ta ld e h y d e ,  p r e ­

p a r e d  by Rosenmund r e d u c t i o n  o f  th e  a c id  c h l o r i d e ,  condensed  w i th  th e  

a n h y d r id e  L I I I  to  g iv e  th e  d e s i r e d  l a c to n e  i n  72/& y ie ld *

The l a c t o n e  LV was d e c a rb o x y la te d  by h e a t in g  w i th  copper b ronze  

to  265°C a t  0*05 mm. p r e s s u r e .  The r e s u l t a n t  gum was t r i t u r a t e d  w i th  

m e th an o l to  g iv e  a s o l i d  which c r y s t a l l i s e d  from m ethano l as  y e l lo w -  

g r e e n  p r i s m s ,  m . p t .  »  115—116°C i n  48^ y i e l d .  The p r o d u c t ,  

no lo n g e r  e x h i b i t e d  th e  l a c to n e  c a rb o n y l  peak  which had been  t y p i c a l  

o f  th e  s t a r t i n g  l a c t o n e  i n  th e  i n f r a - r e d  spectrum * and had X — 270

and 380 m , s h i f t i n g  to  345 “f  and 420 mj* i n  b a s e .  Of t h e  two 

p o s s i b l e  s t r u c t u r e s ,  LVI and LV II, f o r  th e  d e c a r b o x y la t io n  p ro d u c t ,
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LVI was p r e f e r r e d  s in c e  t h e  a b s o r p t i o n  a t  270 i n  th e  u l t r a - v i o l e t

sp ec tru m  was n e a r e r  to  t h e  'X maxiar 264 a b s o r p t i o n  o f  i s o e l e m i c i n

(L V II I )  t h a n  t o  t h e  X max — 254 m a b s o r p t i o n  o f  j i d o l a b r i n  (L IX )^220^ .

The s t y r e n e  p ro to n s  o c c u r re d  as  a r a u l t i p l e t  w ith  th e  benzene r i n g

p r o to n s  i n  th e  3 .5 Y  r e g io n  o f  th e  n . m . r .  spec trum  and t h i s  was o f  no

h e lp  i n  a s s i g n i n g  th e  p o s i t i o n  o f  th e  doub le  bond*,

H y d ro g e n a t io n  o f  th e  s ty r e n e  (LVI),, u s in g  10$ p a l la d iu m

c h a r c o a l  i n  e t h y l  a c e t a t e  and one mole o f  h y d rogen ,  l e d  t o  th e  d ih y d ro —

compound (LX) which c r y s t a l l i s e d  from e th a n o l  a s  brawn p l a t e s ,  ^ig^22®5*

m . p t .  113-115°C , i n  75$ y i e l d .  The p ro d u c t  had an u l t r a - v i o l e t

a b s o r p t i o n  o f  X max ~  334 s h i f t i n g  to  408 mj^ i n  b a s e .  The 270

a b s o r p t i o n ,  c h a r a c t e r i s t i c  o f  th e  o r i g i n a l  s t y r e n e  was no lo n g e r  p r e s e n t .

D e m e th y la t io n  o f  LX was e f f e c t e d  by r e f l u x i n g  i n  48$ h y d ro -

brom ic  a c id  f o r  t h i r t y  m in u te s ,  and th e  d e s i r e d  t r i h y d r o x y  p r e c u r s o r

(XXXIII) was o b ta in e d  a s  brown p r i s m s ,  m . p t . =  128-132°C, from w a te r  i n

39$ y i e l d .  The p r o d u c t ,  C^gH^O,., sub lim ed  a s  a w h i te  s o l i d  w i th

X *  325 and 350 m)^ s h i f t i n g  to  338 and 398 my i n  b a s e ,  and V  »  
max /  /  max

3500 cnT* (OH). The i n f r a - r e d  a b s o r p t i o n  a t  1150 cm” '1 ( o n e ) ,  c h a r a c t e r ­

i s t i c  o f  s t a r t i n g  m a t e r i a l ,  had d i s a p p e a r e d ,  as  had th e  n in e -p ro to n *

s i n g l e t  a t  6 . 1 5 (OMe) i n  th e  n .m . r ,  sp ec tru m . T rea tm e n t  o f  th e  

t r i b v d r o x y  p r e c u r s o r  (XXXIII) w ith  d iazom ethane  fo l lo w e d  by h y d r o l y s i s

gave  b ack  th e  t r im e th o x y  compound (LX).

D e s a c e ty la m id o c o lc h ic e in e  ( X I I I ,  R —OH) was p re p a re d  from

(179)c o l c h i c i n e  by th e  method o f  Eschenmoser » and i t  was d e m e th y la te d

by r e f l u x i n g  i n  48$ hydrobrom ic a c id  f o r  f o u r  h o u r s .  The r e s u l t a n t
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t r i h y d r o x y  compound (LXI) c r y s t a l l i s e d  from m ethano l a s  y e l lo w -g r e e n  

p r i s m s ,  m . p t .  — 238-240°C i n  5 7 ,5£ y i e l d .  I t  a n a ly se d  as  C16H1405 

and had 363 m^* s h i f t i n g  to  402 m ^  i n  b a s e .  T here  were no

p r o to n s  i n  t h e  m ethoxyl r e g io n  o f  th e  n .m . r .  sp ec tru m .

The t r i h y d r o x y  t r i c y c l i c  compound (LXI) was t r e a t e d  w i th  

m e thy l i o d i d e  and p o ta ss iu m  c a rb o n a te  i n  a c e to n e ,  and th e  p r o d u c t  was 

h y d ro ly s e d  i n  d i l u t e  a c id  to  g iv e  d e sa c e ty la m id o c o lc h ic e iu o e  ( X I I I ,

R — OH) i n  good y i e l d .  As t h i s  compound had been  c o n v e r te d  to  c o l c h i c i n e  

by p r e v io u s  w o r k e r s ^ ^ ^  (1 7 9 ) (>1 8 0 ) , p{jenoi i , c o x id a t i v e  c o u p l in g  o f  th e  

p r e c u r s o r  XXXIXI to  th e  t r i c y c l i c  compound LXI would com ple te  th e  

fo rm a l  t o t a l  s y n t h e s i s  o f  c o l c h i c i n e .  W ith t h i s  end i n  v iew , and w i th  

t h e  o b j e c t  o f  p r o v id in g  a l a b o r a t o r y  ana logy  f o r  S c o t f ’s h y p o th e s i s  

f o r  t h e  b io g e n e s i s  o f  c o l c h i c i n e ,  we have s u b je c t e d  b o th  t h e  p r e c u r s o r  

XXXIII and t h e  ex p e c te d  p ro d u c t  LXI to  t r e a tm e n t  w ith  a  v a r i e t y  o f  

o n e - e l e c t r o n  o x i d i s i n g  a g e n t s .

(221)A ir  o x i d a t i o n  o f  b a s i c  s o l u t i o n s  o f  p y r o g a l l o l '  '  and o f  

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

compounds, and i t  was th o u g h t  t h a t  t h i s  would be a good an a lo g y  f o r  th e  

d e s i r e d  c o u p l in g  r e a c t i o n .  An aqueous sodium c a rb o n a te  s o l u t i o n  o f  

t h e  t r i c y c l i c  compound (LXI) was t r e a t e d  w ith  a i r  f o r  two days t o  g iv e  

a  poo r  r e c o v e ry  o f  a gum w hich , from i t s  u l t r a - v i o l e t  sp ec tru m  and 

p a p e r  c h ro m a to g ra p h ic  c h a r a c t e r i s t i c s ,  was e s s e n t i a l l y  s t a r t i n g  m a t e r i a l .  

A e r a t i o n  o f  s o l u t i o n s  o f  th e  b i c y c l i c  p r e c u r s o r  (XXXIII) i n  aqueous 

b ar ium  h y d ro x id e  and 3N. ammonium h y d ro x id e  gave s t a r t i n g  m a t e r i a l  a s  

th e  o n ly  i s o l a b l e  p r o d u c t .  Ani aqueous sodium c a rb o n a te  s o l u t i o n  o f
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XXXIII was a e r a te d ^  and a l i q u o t s  were ta k e n  a t  th re e *  tw en ty  f o u r ,  and 

f o r t y  e i g h t  hours*  The u l t r a - v i o l e t  s p e c t r a  o f  th e  a l i q u o t s  were 

i d e n t i c a l  t o  t h e  spec trum  o f  s t a r t i n g  m a te r i a l*  P ap er  ch rom atography  

r e v e a l e d  t h a t  t h e  p ro d u c t  was v e ry  impure b u t  none o f  th e  co u p led  t r i ­

c y c l i c  m a t e r i a l  cou ld  be d e te c te d *

T re a tm e n t  o f  a c e to n e  s o l u t i o n s  o f  b o th  th e  b h c y c l i c  (XXXIII) 

and th e  t r i c y c l i c  (LXI) compounds w ith  le a d  d io x id e  a t  room te m p e ra tu re  

r e s u l t e d  i n  co m p le te  d e s t r u c t i o n  o f  th e  t r o p o lo n e  chrom ophore , even 

a f t e r  two m in u tes*

E t h a n o l i c  f e r r i c  c h l o r i d e  has  proved  to  be an e f f e c t i v e  one-  

e l e c t r o n  o x id a n t  in  th e  p a s t ,  and t r e a tm e n t  o f  th e  t r i c y c l i c  compound 

(LXI) w i th  t h i s  o x id a n t  gave good r e c o v e r i e s  o f  s t a r t i n g  m a te r i a l*  The 

b i c y c l i c  p r e c u r s o r  XXXIII was t r e a t e d  i n  th e  same way, and a l i q u o t s  were 

ta k e n  a t  tw o, f i v e ,  f i f t e e n ,  and t h i r t y  m in u te s  and one, t h r e e  and 

e i g h t e e n  hours*  The u l t r a - v i o l e t  s p e c t r a  o f  t h e s e  a l i q u o t s  showed a 

p r o g r e s s i v e  s h i f t  to  lo n g e r  w ave leng th  w i th  t im e ,  as  would be e x p e c te d  

i f  we were e n t e r i n g  th e  t r i c y c l i c  s e r i e s *  No t r i c y c l i c  m a t e r i a l  was 

d e t e c t e d  by p a p e r  ch rom a tog raphy .  S t a r t i n g  m a t e r i a l ,  Rf 0*81, was 

p r e s e n t  i n  a l l  o f  th e  a l i q u o t s ,  and a b lu e  f l u o r e s c e n t  s p o t  o f  Rf 0.5 

was o b s e rv e d  i n  th e  l a t e r  a l iq u o t s *

The t r i c y c l i c  compound LXI was t r e a t e d  w i th  a f o u r f o l d  ex ce ss  

o f  m anganese d io x id e  i n  a c e to n e ,  and a l i q u o t s  were ta k e n  a t  f i v e ,  t e n ,  

tw e n ty ,  f o r t y  and one hundred  and tw en ty  m in u te s .  P ap e r  chrom atography  

o f  t h e s e  a l i q u o t s  showed d im in is h in g  amounts o f  s t a r t i n g  m a t e r i a l  w i th
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t im e ,  and th e  f o r t y  m in u te  a l i q u o t  e x h i b i t e d  a y e l lo w -b lu e  s p o t  o f  Rf 

0*57 . S i m i l a r  t r e a tm e n t  o f  th e  b i c y c l i c  p r e c u r s o r  XXXIII showed 

d i m in i s h in g  amounts o f  s t a r t i n g  m a t e r i a l  w i th  t im e ,  and th e  u l t r a - v i o l e t  

a b s o r p t i o n  t y p i c a l  o f  t r o p o l o n e - c o n t a i n i n g  compounds had d e g e n e ra te d  

c o m p le te ly  a f t e r  t h i r t y  m in u te s .  When a 1 :1  r a t i o  by w e ig h t o f  manganese 

d io x id e  to  s t a r t i n g  m a t e r i a l  was u se d ,  p a p e r  chrom atography  o f  a l i q u o t s  

from th e  r e a c t i o n  o f  th e  t r i c y c l i c  m a t e r i a l  showed d e c r e a s in g  amounts 

o f  s t a r t i n g  m a t e r i a l  w i th  t im e ,  and i n c r e a s i n g  amounts o f  a m a t e r i a l  which 

a p p e a re d  a s  a  yellow y-green  s p o t  o f  Rf 0 .5 0 .  The b i c y c l i c  m a t e r i a l  was 

t r e a t e d  i n  t h e  same way to  g iv e  s t a r t i n g  m a t e r i a l ,  t o g e t h e r  w ith  a sm all 

amount o f  a compound w ith  m .p t .  ■** 184-19I°C  whose u l t r a - v i o l e t  spec trum  

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

An aqueous sodium c a rb o n a te  s o l u t i o n  o f  th e  t r i c y c l i c  compound 

LXI was t r e a t e d  w i th  3 .3  m oles o f  p o ta s s iu m  f e r r i c y a n i d e  i n  an a tm osphere  

o f  n i t r o g e n ,  and sam ples  were t a k e n  a t  f i v e ,  t e n ,  f i f t e e n ,  t h i r t y ,  s i x t y  

and one hund red  and tw en ty  m in u te s .  The u l t r a - v i o l e t  s p e c t r a  o f  th e s e  

a l i q u o t s  showed no change , b u t  p a p e r  chrom atography  r e v e a le d  a  y e l lo w -  

g r e e n  f l u o r e s c e n t  s p o t  o f  Rf 0 .5 7  which had a l s o  been ob se rv ed  i n  t h e  

m anganese d io x i d e  o x i d a t i o n  p r o d u c t s .  T rea tm e n t o f  a sodium b ic a r b o n a te  

s o l u t i o n  o f  t h e  p r e c u r s o r  XXXIII w i th  3 .3  moles o f  p o ta ss iu m  f e r r i c y a n i d e  

i n  a n i t r o g e n  a tm osphere  was a l s o  fo l lo w e d  by a l i q u o t s ,  t a k e n  a t  f i v e ,  

f i f t e e n ,  t h i r t y  and s i x t y  m in u te s .  I t  was e v id e n t  from p a p e r  chrom ato­

g rap h y  t h a t  s t a r t i n g  m a t e r i a l  rem ained  u n t i l  th e  t h i r t y  m inu te  a l i q u o t ,  

and th e  s i x t y  m in u te  a l i q u o t  showed th e  y e l lo w -g r e e n  s p o t  o f  Rf 0 .5 6 .

The y e l lo w -g r e e n  s p o t ,  Rf 0 .5 6 ,  had now been  o b se rv ed  on
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o x i d a t i o n  o f  t h e  t r i c y c l i c  compound LXI w ith  manganese d io x id e  and 

p o ta s s iu m  f e r r i c y a n i d e ,  and o f  th e  b i c y c l i c  compound XXXIII w i th  

p o ta s s iu m  f e r r i c y a n i d e *  I t  became im p o r ta n t ,  t h e r e f o r e ,  to  i s o l a t e  

and i d e n t i f y  th e  compound r e s p o n s i b l e  f o r  t h i s  spot*

A sodium c a rb o n a te  s o l u t i o n  o f  th e  t r i c y c l i c  compound LXI 

was t r e a t e d  f o r  f o r t y  m in u te s  w i th  3 .3  m oles o f  p o ta ss iu m  f e r r i c y a n i d e  

i n  an  a tm o sp h ere  o f  n i t r o g e n  to  g iv e  a s o l i d  which c r y s t a l l i s e d  from 

e t h a n o l  a s  n e e d l e s ,  m*pt. «  284-286°C, i n  35^ y ie ld *  The i n f r a - r e d  

sp e c tru m  had p eaks  a t  3500 cm” 1 (OH), 3250 cm” 1 (OH), 1750 cm” 1 and 1700 

cm 1 ( s p l i t  COgH) , and th e  u l t r a - v i o l e t  a b s o r p t i o n  was a t  233 mj  ̂ and 

365 r a , s h i f t i n g  to  239 mj*' and 404 m ^  i n  base*

A sodium b ic a r b o n a te  s o l u t i o n  o f  th e  p r e c u r s o r  XXXIII was 

t r e a t e d  w i th  3 ,3  m oles o f  p o ta ss iu m  f e r r i c y a n i d e  i n  an a tm osphere  o f  

n i t r o g e n  f o r  one h o u r ,  to  g iv e  a s o l i d  which c r y s t a l l i s e d  from e th a n o l  

a s  n e e d l e s ,  m .p t ,  =■ 286-290°C i n  bf> y i e l d .  The m e l t i n g  p o i n t  o f  th e  

p r o d u c t  was u n d e p re s s e d  on adm ix tu re  w i th  t h e  o x i d a t i o n  p ro d u c t  o f  th e  

t r i c y c l i c  compound LXI, and th e  i n f r a - r e d  and u l t r a - v i o l e t  s p e c t r a  

and p a p e r  c h ro m a to g ra p h ic  b eh a v io u r  o f  th e  two compounds were i d e n t i c a l .

The o x i d a t i o n  p r o d u c t  common to  b o th  th e  b i c y c l i c  and t r i c y c l i c  

compounds was r e c r y s t a l l i s e d  from e th a n o l  a s  y e l lo w  n e e d le s  w i th  m .p t* — 

284-286°C . I t  a n a ly se d  as th e  e th a n o l  s o l v a t e ,  CjgHjgOg.EtOH, and 

was o b ta in e d  f r e e  o f  s o lv e n t  as  by s u b l im a t io n .  The u l t r a ­

v i o l e t  sp e c tru m  w ith  X m a x *  f  and 365. mj*' , s h i f t i n g  td  239 mj* 

and 404 i n  b a s e ,  was a lm o s t  i d e n t i c a l  to  th e  u l t r a - v i o l e t  spec trum

o f  t h e  t r i c y c l i c  compound LXI, and th e  i n f r a - r e d  spec trum  was t y p i c a l
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o f  a p y r o n e - a c id  w i t h / v / ^ ^ -  3 5 5 0  cm”" 1 (0 H |,  3250 cm” 1 (OH), 1750 

cm and 1700 cm ( s p l i t !  COgjd) • The a n a l y s i s  was s u p p o r te d  by a

mass s p e c t r o s c o p i c  m o le c u la r  w e ig h t  o f  3 0 0 -and th e  mass s p e c t r a l  c r a c k in g  

p a t t e r n  i n d i c a t e d  t h a t  c a rb o n  monoxide and ca rb o n  d io x id e  were l o s t  a t  

t h e  i o n  s o u r c e .  Loss o f  c a rb o n  monoxide i s  a mass s p e c t r a l  c h a r a c t e r i s ­

t i c  o f  t r o p o l o n e s  and l o s s  of ca rb o n  d io x id e  i s  i n d i c a t i v e  o f  th e  

p r e s e n c e  o f  a  c a r b o x y l i c  a c id  f u n c t i o n  which was confirm ed  by th e  

e f f e r v e s c e n c e  o f  th e  compound w ith  aqueous sodium b i c a r b o n a te  s o l u t i o n .  

The n . m . r .  sp ec tru m  was t y p i c a l l y  t h a t  o f  a 4 .5  d i s u b s t i t u t e d  t r o p o lo n e  

w i th  a s i n g l e t  a t  2 . 6 8 'T' f o r  th e  p r o to n  and an AB q u a r t e t  c e n t r e d  a t  

2 . 4 8 ^  and 2 .8 2 Y  f o r  th e  Cg and p ro to n s  ( s e e  LXII o p p o s i te )  w i th

c o u p l in g  c o n s t a n t s  o f  12 c . p . s .  and an i n t e n s i t y  r a t i o  o f  1 : 2 : 2 : 1 .  A

( 226^f u r t h e r  p r o to n  o c c u r r e d  a s  a s i n g l e t  a t  2 .7

The above e v id e n c e  e s t a b l i s h e s  t h a t  th e  o x i d a t i o n  p r o d u c t  i s

t h e  p y ro n e  LXV ( o r  LXVl), formed from th e  t r i c y c l i c  compound LXI by

o x i d a t i o n  and r i n g  f i s s i o n  as  shown i n  LXI—>■ L X III—>-LXIVa and b->*LXV

and LXVI o p p o s i t e .  P r e c e d e n t  f o r  pyrone fo rm a t io n  from p y r o g a l l o l  r i n g s

u n d e r  o x i d a t i v e  c o n d i t i o n s  was found i n  th e  fo rm a t io n  of g a l l o f l a v i n

(L X V IIl)  from g a l l i c  a c i d  (LXVIl) on a e r a t i o n  o f  b a s i c  s o l u t i o n s  o f  th e

l a t t e r ^ ^ ^  (224)  ̂ ^  c l o s e r  an a lo g y  i s  th e  fo rm a t io n  o f  th e  pyrone

c a r b o x y l i c  a c i d  (LXX) from 4 . 6 - d i t e r t i a r y b u t y l  p y r o g a l l o l  (LXIX) on
( 225)

a e r a t i o n  o f  i t s  a l k a l i n e  s o l u t i o n  .

The s t r u c t u r e  LXV i s  p r e f e r r e d  t o  LXVI f o r  th e  pyrone s in c e  

i t s  u l t r a - v i o l e t  spec trum  i s  more i n  k e e p in g  w ith  th e  c r o s s —c o n ju g a te d  

s y s tem  th a n  th e  th ro u g h  c o n ju g a te d  sy s tem .
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The f o r m a t io n  o f  t h i s  pyrone from th e  p r e c u r s o r  XXXIII 

i n d i c a t e s  t h a t  t h e  ex p e c te d  p h e n o l ic  o x id a t i v e  c o u p l in g  be tw een  th e  

p y r o g a l l o l  and t r o p o lo n e  m o i e t i e s  has  o c c u r re d  and so th e  l a b o r a t o r y  

a n a lo g y  f o r  S c o t t * s  b i o g e n e t i c  h y p o t h e s i s ^ ^ ^  has  been  ach ieved*  The 

f a c i l e  o v e r o x i d a t i o n  o f  th e  t r i c y c l i c  p ro d u c t  LXI has  p r e v e n te d  com­

p l e t i o n  o f  th e  t o t a l  s y n t h e s i s  and some a t te m p ts  were now made to  

p r e v e n t  o v e ro x id a t io n *

When th e  t h e o r e t i c a l  amount o f  p o ta ss iu m  f e r r i c y a n i d e  f o r  

t h e  c o m p le t io n  o f  th e  o x i d a t i v e  c o u p l in g  was u sed  (two, m o l e s ) , th e  

p r e c u r s o r  XXXIII y i e l d e d  o n ly  s t a r t i n g  m a t e r i a l  i n  th e  f i r s t  a l i q u o t s  

(Rf 0*75) and some pyrone  (Rf 0*47) i n  th e  l a t e r  a l i q u o t s *  The same 

r e s u l t  was o b s e rv e d  when o n ly  0*5 m oles o f  p o ta ss iu m  f e r r i c y a n i d e  was 

u s e d ,  and i t  was co nc luded  t h a t  th e  r a t e  o f  pyrone  fo rm a t io n  from th e  

t r i c y c l i c  m a t e r i a l  was f a s t e r  th a n  th e  r a t e  o f  o x id a t i v e  c o u p l in g  o f  

t h e  b i c y c l i c  p r e c u r s o r .

I n  th e  hope t h a t  th e  r e a c t i o n  would be pH -dependen t,  th e  

p r e c u r s o r  XXXIII was t r e a t e d  w i th  two m oles of p o ta ss iu m  f e r r i c y a n i d e  

s o l u t i o n  a t  pH .7 i n  an a tm osphere  o f  n i t ro g e n *  A l iq u o t s  t a k e n  a t ,  

f i v e ,  f i f t e e n ,  t h i r t y ,  s i x t y  and one hundred  and tw en ty  m in u te s  showed 

d e c r e a s i n g  amounts o f  s t a r t i n g  m a t e r i a l ,  Rf 0.7&, and i n c r e a s i n g  amounts

o f  th e  p y ro n e ,  Rf 0 .5 7 .

The e x t re m e ly  f a c i l e  o x id a t i o n  of  th e  coup led  m a t e r i a l  LXI 

h a s  p r e v e n te d  i t s  i s o l a t i o n ,  and an app roach  i n  which, two o f  th e  

p y r o g a l l o l  hy d ro x y l f u n c t i o n s  a r e  b locked  m ig h t be i n d i c a t e d  b e f o r e  

t h e  t o t a l  s y n t h e s i s  o f  c o l c h i c i n e  can be com pleted  by t h i s  ro u te *  I n
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t h e  p r e s e n t  work, we have shown, t h a t  o x i d a t i v e  c o u p l in g  be tw een  a phenol 

and a  t r o p o l o n e  r i n g  i s  f e a s i b l e  and so no t h e o r e t i c a l  o b j e c t i o n  to  th e  

s y n t h e s i s  rem ains*

I n  summary, th e  i n  v i t r o  a n a lo g y  f o r  S c o t t ' s  b io g e n e t i c  

h y p o t h e s i s  h a s  been  a c h iev ed  and th e  t o t a l  s y n t h e s i s  o f  c o l c h i c i n e  i s  

b u t  one s t e p  from c o m p le t io n .  In d e e d ,  i f ,  by im proved p a p e r  chrom ato­

g r a p h ic  t e c h n iq u e s ,  we can  d e t e c t  some o f  t h e  t r i c y c l i c  compound LXI 

i n  any o f  th e  a l i q u o t s  from th e  o x i d a t i o n  o f  p r e c u r s o r  XXXIII, t h e  syn­

t h e s i s  w i l l  have been  a c h ie v e d .  I t  i s  n o t  in c o n c e iv a b le  t h a t  some of 

t h e  compound LXI may be p r e s e n t  i n  t h e s e  a l i q u o t s  i n  v iew  o f  th e  

mechanism  f o r  th e  fo rm a t io n  o f  th e  pyrone  and th e  v e ry  s i m i l a r  p ap e r  

c h ro m a to g ra p h ic  b e h a v io u r  o f  th e  b i c y c l i c  and t r i c y c l i c  compounds.



E x p er im en ta l  (3)



E x p er im en ta l

M e l t in g  p o in t s  were done on th e  K o f f l e r  b lock* I n f r a - r e d  

s p e c t r a  were t a k e n  w i th  a P e rk in -E lm e r  I n f r a c o r d  s p e c t ro p h o to m e te r  f o r  

n u j o l  m u l l s  and u l t r a - v i o l e t  s p e c t r a  were ta k e n  w i th  a C arey  14 s p e c t r o ­

p h o to m e te r  f o r  e t h a n o l i c  s o lu t io n s *  N«m*r* s p e c t r a  were ta k e n  w i th  a 

V a r ia n  A 60 s p e c t ro m e te r  f o r  s o l u t i o n s  i n  d e u te ro c h lo ro fo rm  o r  d im e th y l— 

su lp h o x id e *  M ic ro a n a ly s e s  were by Mrs* C. A ld r ic h  o f  th e  U n i v e r s i t y  

o f  B r i t i s h  Columbia and A lf r e d  B e rn h a rd t  and A ss o c ia te s *  Mulheim* U n less  

o th e r w is e  s t a t e d *  p aper  chrom atography  was done on Whatman No* 3 paper* 

b u f f e r e d  by s p r a y in g  w i th  0*5 M aqueous p o ta ss iu m  d ih y d ro g e n  p h o sp h a te  

s o l u t i o n  and d ev e lo p ed  w i th  a b u ta n o ls  a c e t i c  a c i d : w a t e r  (6 0 s4 0 s 35) sy s tem . 

The p h r a s e  "worked up i n  th e  u s u a l  way" r e f e r s  to  a d d i t io n ,  o f  t h e  

r e a c t i o n  m ix tu r e  to  6N. s u lp h u r ic  ac id*  e x t r a c t i o n  w i th  c h lo ro fo rm  and 

e th e r*  w ash ing  th e  e x t r a c t s  w i th  w a te r  and rem oving th e  s o lv e n t  o n  th e  

s team  b a t h  i n  v acuo .

3 c a rb o x y -4  c a rb o x y m e th y l t ro p o lo n e  

T h is  was p 

The a n h y d r id e  ( L I I l )

(217)T h is  was p re p a re d  a s  d e s c r ib e d  by Haworth and Hobsoni /

T h is  was p re p a re d  as  d e s c r ib e d  by Crow* Haworth and J e f f r i e s ^ 2**^ 

3*4*5* t r im e th o x y p h e n y la c e ta ld e h y d e

T h is  was p re p a re d  as d e s c r ib e d  by D avidson^ ^*

The l a c t o n e  LV

T h is  was p re p a re d  as  d e s c r ib e d  by D av idson^219^ *

The s t y r e n e  LVI

The l a c to n e  (LV) (200 mg*) was mixed w i th  a  l i t t l e  copper
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b ro n z e  and h e a te d  to  265 C a t  0 .0 5  mm* The gummy d i s t i l l a t e  was 

t r i t u r a t e d  w i th  m ethano l to  g iv e  a s o l i d  (85; m g.,  4 8 ,2 # )  which c r y s ­

t a l l i s e d  from e th a n o l  a s  y e l lo w —g re e n  p r i s m s ,  m . p t . =  115—116°C (found  

C, 69.30#$ H, 5 .9 9 # .  c x9H20 ° 5  r e q u i r e s  C, 69.50#$ H, 6 .1 4 # ) ,  V

3200 ( t r o p o l o n e  OH), and 1590 cm * ( a r o m a t i c s ) ,  X  -=  270 and 380 m/4, ,max l

s h i f t i n g  to  345 and 420 mĵ  i n  base* The n .m . r .  sp ec tru m  had th e  t h r e e  

t r o p o l o n e  r i n g  p ro to n s  i n  th e  2*5—3'T' r e g io n ,  and th e  two benzene r i n g  

p r o to n s  a s  a s i n g l e t  a t  3 .5 9 /t' ♦ The two o l e f i n i c  p r o to n s  w ere a l s o  

i n  t h e  3 .5  Y  r e g i o n .  The methoxyl n i n e - p r o t o n  s i n g l e t  o c c u r re d  a t  

6 .1 5 Y  , and th e  ’’a l l y l i c - b e n z y l i c "  p r o to n s  were a t  6 .4 8 t "  a s  a d o u b le t ,

J  =  5 c . p . s .

The P ihydro-com pound LX

The s ty r e n e  LVI (.25 mg.) was added to  a p r e s a t u r a t e d  sus­

p e n s io n  o f  10# p a l la d iu m  c h a rc o a l  (,26 mg.) i n  e th y l  a c e t a t e  (5  ml*) 

and h y d ro g e n a te d  u n t i l  1 .9 8  m l. o f  hydrogen  was consumed* The s o l u t i o n  

was f i l t e r e d  th ro u g h  c e l i t e  and th e  s o lv e n t  was removed to  g iv e  a 

s o l i d  (1 8  mg.) which c r y s t a l l i s e d  from e th a n o l  as  l i g h t  brown p l a t e s ,  

m . p t .  =  113-115°C (found  C, 68.98#$ H, 6 .5 2 # .  c i 9 H22°5  re t lu i r e s  c ?

69 .07#$ H, 6 .7 1 # ) ,  A/ =  3200 ( t r o p o lo n e  OH), 1590 ( a r o m a t i c s )  and
IQHX

1150 an”* (OMe) , mftX— 334 mf' , s h i f t i n g  to  337 and 408 m i n  b a s e .  

The p r e c u r s o r  XXXIII

The d ih y d ro  compound EX (300 mg.) was r e f lu x e d  f o r  t h i r t y  

m in u te s  w i th  48# hydrobrom ic a c id  (30 m l . ) .  The s o lv e n t  was removed

i n  vacuo and th e  r e s u l t a n t  gum was d ig e s t e d  i n  h o t  w a te r  from which i t  

c r y s t a l l i s e d  as  brown p r is m s .  The p ro d u c t  sub lim ed  as  a  w h i te  s o l i d ,
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^ m a x “  325 and 350 “ /*» s h i f t i n g  to  338 and 398 mj^ i n  b ase  ( fo u n d  G, 

66.51#$ H, 5 .7 8 # .  C ^ H ^ O g  r e q u i r e s  C, 66.66#$ H, 5 . 5 9 # ) .  The n . m . r .  

sp e c tru m  had s i x  a l i p h a t i c  p ro to n s  i n  th e  7 . 5 r e g i o n ,  two benzene r i n g  

p r o to n s  a s  a  s i n g l e t  a t  3 . 8 3 ^ ,  and th e  t h r e e  t r o p o lo n e  p r o to n s  i n  th e  

2 .7  t o  3 Y  r e g io n .

M e t h y l a t i o n  and h y d r o ly s i s  of m i l l

The p r e c u r s o r  XXXIII (10 mg.) was d i s s o lv e d  i n  th e  minimum 

amount o f  e th a n o l  and ex ce ss  e th e r e a l^ d ia z o m e th a n e  was added . The 

s o l u t i o n  was l e f t  o v e r n ig h t  a t  room te m p e ra tu re  and th e  s o l v e n t  was r e ­

moved to  g iv e  a gum which was l e f t  w i th  0.1N s u lp h u r i c  a d d  (.7 ml.,) 

on th e  s team  b a th  f o r  one hour and worked up i n  th e  u s u a l  way to  g iv e  

a gum which showed a s p o t ,  Rf 0 .9 5 ,  o k  pap e r  ch rom atography  on th e  

u s u a l  sy s te m . The gum sub lim ed  a t  140°G and 0 .5  mm. p r e s s u r e  to  giive 

a  s o l i d  w hich c r y s t a l l i s e d  from m ethanol as  p l a t e s ,  m .p t .  . *  1 05 -113°C 

(2  m g . ) ,  u n d e p re s se d  on ad m ix tu re  w ith  a u t h e n t i c  LX. 

D e s a c e ty la m i 'd o c o lc h ic e in e  ( X I I I ,  R — OH)
/ j jojj

T h is  was p re p a re d  by th e  method o f  E schenm oser ' ' •

D e m e th y la t io n  o f  d e s a c e ty la m ld o c o lc h ic e in e

D e s a c e ty la m id o c o lc h ie e in e  (200 mg.) was r e f l u x e d  w ith  

48# hyd rob rom tc  a c id  (,20 m l . )  f o r  fo u r  h o u r s ,  and th e  s o lu t io n *  was t a k e n  

to  d r y n e s s  i n  v a c u o . The r e s u l t a n t  b la c k  gum was d i g e s t e d  w ith  e t h e r  

and w a t e r .  The aqueous phase  was e x t r a c t e d  w ith  e t h e r  and c h lo ro fo rm ,  

and th e  combined o rg a n ic  l a y e r s  were washed w i th  b r i n e ,  and th e  s o lv e n t  

was removed to  g iv e  a s o l i d  (101 mg.) which c r y s t a l l i s e d  from e th a n o l  

as  y e l lo w —g re e n  p r i s m s ,  m .p t .  =  238—240 C ( fo u n d  G, 67.31#$ H, 5 .2 0 # ,
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C16H1 4 °5  r e 0u i r e s C, 67.12#$ H, 4 .9 3 # ) ,  M 3500 (OH) and 1590 cnT1

( a r o m a t i c s ) ,  ^ max'==’ 363 m ^ ,  s h i f t i n g  to  402 “J* i n  b a s e .  The n . m . r .  

sp e c tru m  had a  s i n g l e t  a l t  3 . 7 5 'T' f o r  th e  p ro to n  on th e  benzene r i n g  and 

a  s i n g l e t  a t  2*67^r' f o r  th e  i s o l a t e d  Cg p ro to n  on th e  t r o p o lo n e  r i n g .

The C6 and C | t r o p o lo n e  p ro to n s  e x h i b i t e d  an A.B spec trum  c e n t r e d  on 

2 . 5 3 t* and 2 .8 6 Y  w i th  J 4T> =  12 c . p . s .AJd

M e t h y l a t i o n  and h y d r o l y s i s  o f  LXI

The t r i c y c l i c  compound LXI (10 m g .) ,  m ethyl io d id e  ( 0 .5  m l . )  

and d r y  AR p o ta s s iu m  c a rb o n a te  (500 mg.) were r e f lu x e d  in  a c e to n e  (10 m l .)  

f o r  e i g h t e e n  h o u r s .  The s o l u t i o n  was f i l t e r e d ,  t a k e n  to  sm a l l  b u lk  

and added t o  e x c e s s  w a te r .  The s o l u t i o n  was e x t r a c t e d  w ith  e t h e r  and th e  

e x t r a c t s  w ere washed w ith  d i l u t e  sodium h y d ro x id e  s o l u t i o n  and w a te r  and 

d r i e d  (a n h y d .  MgSO^) . The s o l v e n t  was removed to  g iv e  a gum to  which 

w a te r  (10 m l . )  and s u lp h u r i c  a c id  ( 0 . 5 m l . )  w ere added . The s o l u t i o n  

was h e a t e d  on  th e  s team  b a th  f o r  one hour and worked up i n  th e  u s u a l  

way to  g iv e  a s o l i d  (.6 mg.) on t r i t u r a t i o n  w ith  m e th a n o l .  T h is  had 

m . p t .  — 157“ 160°C, u n d e p re s s e d  on adm ix tu re  w i th  d e s a c e ty la m id o c o l c h lc e in e .  

A ir  and sodium c a rb o n a te  on LXI

The compound LXI (10 mg.) was d i s s o lv e d  i n  w a te r  (10 m l .)  

c o n t a i n i n g  AR sodium c a rb o n a te  (80 mg.) and a i r  was bubb led  th ro u g h  th e  

so l u t i o n .  A l iq u o t s  were ta k e n  a t  3 ,  24 and 48 h ou rs  and worked up i n  

th e  u s u a l  way. The u l t r a - v i o l e t  s p e c t r a  a l l  had 390 m/* ,

s h i f t i n g  to  402 i n  b a s e .  The exp er im en t was r e p e a te d  on LXI (10 mg.)

f o r  24 h o u r s ,  and th e  p ro d u c t  (3 mg.) tfas p ap e r  chrom atographed  on th e  

u s u a l  a s c e n d in g  system  to  show a brown f l u o r e s c e n t  s p o t  o f  Rf 0..S1, 

i d e n t i c a l  to  s t a r t i n g  m a t e r i a l .
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A ir  and barium  h y d ro x id e  on XXXIII

The compound XXXIII (10 mg,) was d i s s o lv e d  i n  w a te r  ( l  m l .)  

and AR barium  h y d ro x id e  (TOO mg.) i n  w a te r  ( 8  m l .)  was added .  A ir  

was p a s s e d  th ro u g h  th e  s o l u t i o n  f o r  t h i r t y  h o u rs  and i t  was worked up

t h i r t y  h o u r s .  The s o l u t i o n  was worked up i n  th e  u s u a l  way to  g iv e  a

A ir  and sodium c a rb o n a te  on XXXIII

The p r e c u r s o r  XXXIII (10 mg,) was d i s s o l v e d  i n  a s o l u t i o n  o f  

AR sodium c a r b o n a te  (80 mg.) i n  w a te r  (10 m l , ) .  A ir was p a s s e d  th ro u g h  

t h e  s o l u t i o n  and a l i q u o t s  t a k e n  a t  3 , 24 and 4 8  h o u rs  were worked up 

i n  t h e  u s u a l  way. The u l t r a - v i o l e t  s p e c t r a  o f  t h e s e  a l i q u o t s  were 

i d e n t i c a l  to  th e  spec trum  o f  s t a r t i n g  m a t e r i a l .

The r e a c t i o n  was r e p e a te d  u s in g  XXXIII (25 mg,) and a e r a t i n g  

f o r  24 h o u r s .  The gummy p r o d u c t  (,5 mg.) was p a p e r  chrom atographed  on 

th e  u s u a l  system  ( a s c e n d in g )  to  g iv e  a l a r g e  t r a i l i n g  s p o t  o f  Rf 0 .4  

t o  0 . 9 .

Lead d io x id e  o x i d a t i o n  o f  XXXIII and LXI

The compound LXI (10 mg.) was d i s s o lv e d  i n  d ry  a c e to n e  (10 m l . )  

and s t i r r e d  v ig o r o u s ly  w ith  le a d  d io x id e  (100 m g . ) .  A l iq u o t s  were

i n  t h e  u s u a l  way to  g iv e  a gum w ith  an  u l t r a - v i o l e t  spec trum  c h a r a c t e r ­

i s t i c  o f  th e  b i c y c l i c  sy s tem , ^  max =  325) m s h i f t i n g  

i n  b a s e .

A ir  and ammonium h y d ro x id e  on XXXIII

The p r e c u r s o r  XXXIII (10 mg.) was d i s s o lv e d  i n  3N ammonium 

h y d ro x id e  s o l u t i o n  (30 m l .)  and a i r  was p a s s e d  th ro u g h  th e  s o l u t i o n  f o r

with "X i n  b a se
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f i l t e r e d  o f f  a t  2 ,  5 ,  10, 1 5 ,3 0 ,  60 and 150 m inu tes*  None o f  t h e s e  

showed any u l t r a - v i o l e t  a b s o r p t i o n  i n  th e  250 to  400 m r e g i o n *

The same r e s u l t s  were o b ta in e d  w i th  t h e  compound XXXIII*

F e r r i c  c h l o r i d e  t r e a tm e n t  o f  LXI

The compound LXI (10 mg*) was d i s s o lv e d  i n  e th a n o l  (10 ml*) 

w i th  AR f e r r i c  c h l o r i d e  h e x a h y d ra te  (13 mg*) and a l i q u o t s  were worked 

up i n  th e  u s u a l  way a f t e r  1 , 5 and 24 hours*  The u l t r a - v i o l e t  s p e c t r a  

w ere i d e n t i c a l  t o  th e  spectrum  o f  s t a r t i n g  m a t e r i a l  and p ap e r  chrom ato­

g rap h y  on u n b u f f e r e d  No* 1 p aper  (d e s c e n d in g )  u s in g  a b e n z e n e : a c e t i c  

a c id g w a te r  ( I2 5 s 7 2 s3 )  system  i n d i c a t e d  t h a t  each a l i q u o t  c o n ta in e d  o n ly  

s t a r t i n g  m a t e r i a l , Rf 0*75.

F e r r i c  c h l o r i d e  t r e a t m e n t  o f  XXXIII

The compound XXXIII (10 mg*) was d i s s o lv e d  i n  e th a n o l  ('10 ml*) 

w i th  AR f e r r i c  c h l o r i d e  h e x a h y d ra te  (13 mg*) and a l i q u o t s  were worked 

up i n  t h e  u s u a l  way a f t e r  2? 5 , 15 and 30 m in u te s  and 1 , 3 and 1& hours*  

The u l t r a - v i o l e t  s p e c t r a  showed a p r o g r e s s iv e  s h i f t  from 325 mj* t o  lo n g e r

w av e le n g th ?  and t h e  a l i q u o t  ta k e n  a f t e r  18 h o u rs  had A =- 326 mymax /

and 338 m 9 s h i f t i n g  to  396 i n  base* D escend ing  p a p e r  chrom ato­

g rap h y  on b u f f e r e d  no* 1 p a p e r  u s in g  a benzenes a c e t i c  a c id s  w a te r  ( 1 2 5 :7 2 :3 )  

sy s tem  showed s t a r t i n g  m a t e r i a l 9 Rf 0*37? i n  a l l  a l i q u o t s *  and l a t e r  

a l i q u o t s  had a b lu e  f l u o r e s c e n t  s p o t  a t  Rf 0*5*

M anganese d io x i d e  ( f o u r  p a r t s )  t r e a tm e n t  o f  LXI (one  p a r t )

The t r i c y c l i c  compound LXI (10 mg.) was d i s s o l v e d  i n  a c e to n e  

(1 5  m l . )  and shaken  w i th  manganese d io x id e  (40 m g . ) .  A l iq u o t s  were 

t a k e n  a t  5 ,  10, 20, 4 0 ,  60 and 120 m in u te s ,  f i l t e r e d  th ro u g h  c e l i t e
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and t h e  s o l v e n t  was removed. The u l t r a - v i o l e t  s p e c t r a  o f  th e  a l i q u o t s  

a l l  had 355 m̂  s h i f t i n g  to  402 i i n  b a se  w hich was th e

s p e c tru m  t y p i c a l  o f  s t a r t i n g  m a t e r i a l .  A scend ing  p a p e r  ch rom atography  

on u n b u f f e r e d  No, 1 p a p e r ,  u s in g  a benzenes a c e t i c  a c id s  w a te r  (1 2 7 :7 2 :3 )  

sy stem  showed o n ly  s t a r t i n g  m a t e r i a l ,  Rf 0 . 2 .

The ex p e r im e n t  was r e p e a te d  w ith  LXI (20 mg,) f o r  40 m in u te s ,

and p a p e r  ch rom atography  o f  th e  p ro d u c t  w i th  th e  u s u a l  system  ( s e e  p , 1 0 2 ) 

showed a  y e l lo w -b lu e  s p o t ,  Rf 0 ,5 7 .

M anganese d io x id e  t r e a tm e n t  o f  XXXIII (4 :1  by w e igh t)

The p r e c u r s o r  XXXIII (10 mg.) was shaken  w i th  manganese d io x id e

(40 mg,) i n  a c e to n e  (15 m l . )  and a l i q u o t s  were t a k e n  a t  2 ,  5 ,  10, 15,

30 and 60 m in u te s .  The u l t r a - v i o l e t  a b s o r p t i o n  a t  321 and 350 mĵ  , 

s h i f t i n g  t o  340 and 400 m i n  b a s e ,  c h a r a c t e r i s t i c  o f  s t a r t i n g  m a t e r i a l ,  

was o b s e rv e d  up t o  t h e  30 m inu te  a l i q u o t  b u t  th e  one hour a l i q u o t  

showed no maximum i n  th e  300 to  400 m r e g i o n .  P aper  ch rom atography  

on u n b u f f e r e d  No. 1 paper  u s in g  a b e n z e n e : a c e t i c  a c i d :w a te r  ( 1 2 5 :7 2 :3 )  

s y s tem  showed d im in ish ing*  amounts o f  s t a r t i n g  m a t e r i a l  w i th  t i m e .  

M anganese d io x id e  t r e a tm e n t  o f  LXI (1 :1  by w e ig h t)

The compound LXI (15 mg.) was d i s s o l v e d  i n  a c e to n e  (2 5  m l.)  

and shaken  w i th  manganese d io x id e  (15 m g . ) .  A l iq u o t s  were t a k e n  a t  15:, 

3 0 ,  60 and 120  m in u te s  and pap er  ch rom atography  on t h e  u s u a l  a s c e n d in g  

sy s tem  showed d im in is h in g  amounts o f  s t a r t i n g  m a t e r i a l ,  R f 0 .7 6 ,  and 

i n c r e a s i n g  amounts o f  a y e l lo w —g re e n  s p o t ,  R f 0 .5 0 ,  w i th  t im e .

M anganese d io x id e  t r e a tm e n t  o f  XXXIII

The compound XXXI11 (20 mg.) was d i s s o l v e d  i n  a c e to n e  (.30 m l . )
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and shaken  w ith  manganese d io x id e  (20 m g . ) .  A l iq u o t s  were t a k e n  a t  

15 , 3 0 ,  60 , and 120 m in u te s ,  and paper chrom atography on th e  u s u a l  

s y s tem  showed t h a t  t h e s e  c o n s i s t e d  m a in ly  o f  s t a r t i n g  m a t e r i a l ,  Rf 0 .8 3 .  

The a l i q u o t  t a k e n  a f t e r  30 m in u te s  showed a y e l lo w  s p o t  o f  Rf 0 .8 1 .

The r e a c t i o n  was r e p e a te d  w ith  XXXIII (40 mg.) f o r  30 m in u te s  

and t h e  p ro d u c t  was c r y s t a l l i s e d  from e th a n o l  t o  g iv e  a s o l i d  (2  m g .) ,  

m . p t .  =  184—191 C, w ith  an u l t r a - v i o l e t  spec trum  i d e n t i c a l  to  t h a t  o f  

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

F e r r i c y a n i d e  ( 3 .3  m oles) t r e a tm e n t  o f  a sodium c a rb o n a te  s o l u t i o n  o f  LXI

The compound LXI (10 mg.) was d i s s o lv e d  i n  a s o l u t i o n  o f  

AR sodium c a r b o n a te  (80 mg.) i n  d i s t i l l e d  w a te r  (6  m l .)  and 3 . 8  m l.  

o f  a  lfi p o ta s s iu m  f e r r i c y a n i d e  s o l u t i o n  was added , w i th  s t i r r i n g ,  u n d e r  

n i t r o g e n .  S t i r r i n g  was c o n t in u e d ,  and a l i q u o t s  were ta k e n  a f t e r  5 ,

10 , 15;, 3 0 ,  60 and 120 m in u te s ,  and worked up i n  th e  u s u a l  way. The 

u l t r a - v i o l e t  s p e c t r a  were i d e n t i c a l  to  th e  spec trum  o f  s t a r t i n g  m a t e r i a l  

b u t  a s c e n d in g  p a p e r  chrom atography  on t h e  u s u a l  system  i n d i c a t e d  t h a t  

t h e  s t a r t i n g  m a t e r i a l  soon d i s a p p e a r e d .

The r e a c t i o n  was r e p e a te d  on LXI (10 mg.) f o r  30 m in u te s ,  

and t h e  gummy p r o d u c t  showed a y e l lo w  f l u o r e s c e n t  s p o t ,  Rf 0 .5 5 ,  on 

a s c e n d in g  p a p e r  chrom atography  w ith  t h e  u s u a l  sy s tem .

F e r r i c y a n i d e  (3.3M) t r e a tm e n t  o f  a sodium b ic a r b o n a te  s o l u t i o n  o f  XXXIII

The p r e c u r s o r  XXXIII (10 mg.) was d i s s o lv e d  i n  a s o l u t i o n  o f  

AR sodium b i c a r b o n a te  (80 mg.) i n  d i s t i l l e d  w a te r  ( 6  m l . )  and 3*8 m l.  

o f  a  1#  p o ta s s iu m  f e r r i c y a n i d e  s o l u t i o n  was added w ith  s t i r r i n g  under  

n i t r o g e n .  A l iq u o t s  were ta k e n  a f t e r  5 ,  15, 30 and 60 m in u te s  and worked
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up i n  t h e  u s u a l  way to  g iv e  gums which were s p o t t e d  on p a p e r .  A scending  

p a p e r  ch rom atography  on th e  u su a l  sy s tem  showed s t a r t i n g  m a t e r i a l  a s  a
|

p a l e  B lue s p o t ,  Rf 0 .8 9 ,  i n  t h e  5 ,  15 and 30 m in u te  a l i q u o t s ,  and a 

| y e l lo w - g r e e n  f l u o r e s c e n t  s p o t ,  R f 0 . 5 6 , was o b se rv ed  i n  t h e  60 m in u te
I

a l i q u o t . ,
|

I s o l a t i o n  o f  th e  pyrone from o x i d a t i o n  o f  LXI

The t r i c y c l i c  compound LXI (100 mg.) was d i s s o l v e d  i n  a s o l u t i o n  

o f  AR sodium c a rb o n a te  (800 mg.) i n  d i s t i l l e d  w a te r  (60 m l . ) ,  and 38- m l.  

o f  1/& p o ta s s iu m  f e r r i c y a n i d e  s o l u t i o n  was added ,  w i th  s t i r r i n g ,  un d er  

n i t r o g e n .  The s o l u t i o n  was s t i r r e d  a t  room te m p e ra tu r e  f o r  f o r t y  

m in u te s  and worked up i n  t h e  u s u a l  way to  g iv e  a s o l i d  whicb. c r y s t a l l i s e d  

from  e th a n o l  as  y e l lo w  n e e d le s  (36 mg.) m .p t .  =  284—286°C (found! C,

6 2 .4 2 ^ ;  H, 5 . 6 ^ .  C^gH^Og.EtOH r e q u i r e s  C, 6 2 .4 2 ^ |  H, 5.24^>) . Sub­

l i m a t io n .  a t  2 2 0 °C and 0 .3  mm. p r e s s u r e  gave y e l lo w  n e e d l e s ,  m .p t .  *= 286- 

288GC (fo u n d  C, 6 4 .0 7 $ ;  H, 4 .1 3 ^ .  C16H1 2 ° 6  reciu i r e s  C> H,

4 . 0 3 ^ ) .  The i n f r a - r e d  spec trum  had ^= 3500 (OH), 3250 (OH), 1750

and 1700 cm * ( s p l i t .  COJH) and th e  u l t r a - v i o l e t  spec trum  had ^  r=?ti max

233 (9 ,7 4 0 )  and 365 mj* ( 7 ,0 0 0 ) ,  s h i f t i n g  t o  239 m ('18*400) and

404 mj*' (1 3 ,3 7 0 )  i n  b a s e .  The n .m . r .  spec trum  i s  d i s c u s s e d  i n  th e  

t h e o r e t i c a l  p a r t  o f  t h i s  t h e s i s .

I s o l a t i o n  o f  th e  pyrone from o x i d a t io n  o f  XXXIII

The p r e c u r s o r  XXXIII (100 mg.) was d i s s o l v e d  i n  a s o l u t i o n  o f  

AR sodium b i c a r b o n a t e  (800 mg.) i n  d i s t i l l e d  w a te r  (60 m l . )  and a 1 Jo 

aqueous  p o ta s s iu m  f e r r i c y a n i d e  s o l u t i o n  (38  m l . )  was added ,  w i th  

s t i r r i n g ,  u n d e r  n i t r o g e n .  S t i r r i n g  was c o n t in u e d  a t  room te m p e r a tu r e
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f o r  one ho u r  and th e  r e a c t i o n  was worked up i n  th e  u s u a l  way to  g iv e  a 

s o l i d  w hich c r y s t a l l i s e d  from e th a n o l  as y e l lo w  n e e d le s  (& mg*), m . p t . — 

286—290 C, X — 232 (7 ,9 4 0 )  and 365 ( 5 ,6 4 0 ) ,  s h i f t i n g  to

240 i d and 403 m ^  i n  b a s e .  The i n f r a - r e d  spectrum  o f  t h i s  compound

was i d e n t i c a l  to  t h a t  o f  th e  pyrone from th e  t r i c y c l i c  compound LXI, and

a m ixed m e l t i n g  p o in t  o f  th e  two compounds was undep ressed*  The p a p e r  

c h ro m a to g ra p h ic  c h a r a c t e r i s t i c s  o f  th e  two compounds on th e  u s u a l  system  

w ere i d e n t i c a l ,  b o th  a p p e a r in g  as  a y e l lo w -b lu e  f l u o r e s c e n t  s p o t ,  Rf 0*56* 

F e r r i c y a n i d e  ( 2M.) t r e a tm e n t  o f  a sodium c a rb o n a te  s o l u t i o n  o f  XXXIII 

The p r e c u r s o r  XXXIII (20 mg*) was d i s s o lv e d  i n  a s o l u t i o n  o f  

AR sodium b ic a r b o n a te  (160 mg*) i n  d i s t i l l e d  w a te r  (12 m l . )  and a  1 f>

s o l u t i o n  o f  p o ta ss iu m  f e r r i c y a n i d e  ( 4 .6  m l .)  was added w i th  s t i r r i n g

u n d e r  n i t ro g en s .  A l iq u o t s  were ta k e n  a t  5 ,  15, 30 , and 60 m in u te s  and 

worked up i n  t h e  u s u a l  way* Paper chrom atography  w i th  th e  u s u a l  

sy s tem  r e v e a l e d  s t a r t i n g  m a t e r i a l ,  Rf 0 .7 5 ,  i n  a l l  sam p le s ,  and th e  

60 m in u te  a l i q u o t  showed a yellow y-green s p o t ,  Rf 0 .4 7 ,  which was i d e n t i ­

c a l  t o  a sample o f  th e  pyrone which was ru n  on th e  same paper*  

F e r r i c y a n i d e  (0.5M) t r e a tm e n t  o f  a sodium c a rb o n a te  s o l u t i o n  o f  XXXIII 

The p r e c u r s o r  XXXIII (100 mg.) was d i s s o lv e d  i n  a  s o l u t i o n  o f  

AR sodium c a rb o n a te  (800 mg*) i n  d i s t i l l e d  w a te r  (120 ml#) and 0 .5 ^  

p o ta s s iu m  f e r r i c y a n i d e  s o l u t i o n  ( 1 2  m l .)  was added d ro p w ise  over  f i f t e e n  

m i n u te s .  The r e a c t i o n  was worked up i n  th e  u s u a l  way to  g iv e  a gum 

(59  mg.) w hich  c r y s t a l l i s e d  from e th a n o l  w i th  m .pt# *  74—103 C# B oth 

th e  s o l i d  and th e  gummy m other l i q u o r s  showed c o n s id e r a b le  amounts o f  

s t a r t i n g  m a t e r i a l ,  Rf 0 .7 7 ,  on p aper  chrom atography  on  th e  u s u a l  sy s tem ,
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and t h e  gummy m other l i q u o r s  a l s o  c o n ta in e d  th e  p y ro n e ,  Rf 0*57* 

F e r r i c y a n i d e  (2M) t r e a tm e n t  o f  XXXIII a t  pH 7

The p r e c u r s o r  XXXIII (30 mg.) was d i s s o lv e d  i n  e th a n o l  (3 m l . )  

and w a te r  (1 8  m l . )  and \f> p o ta s s iu m  f e r r i c y a n i d e  (.6.9 m l . )  was added ,  

w i th  s t i r r i n g ,  u n d e r  n i t ro g e n *  The pH o f  t h e  s o l u t i o n  was a d j u s t e d  to  

pH 7 by a d d i t i o n  o f  10J& sodium b ic a r b o n a te  s o l u t i o n ,  and s t i r r i n g  was 

c o n t in u e d .  A l iq u o t s  were ta k e n  a t  5 ,  15 , 30 , 60 and 120 m in u te s  and 

worked up i n  th e  u s u a l  way. P ap e r  ch rom atography  w ith  th e  u s u a l  system  

showed d e c r e a s i n g  amounts o f  s t a r t i n g  m a t e r i a l ,  Rf 0 .7 8 ,  and i n c r e a s i n g  

amounts o f  p y ro n e ,  R f 0 .5 7 .



R e fe re n c e s



R e fe re n c e s

( 1 ) S ta u d in g e r  and R u z ic k a ,  H e lv . ,  1924, 7 .  201. 390

( 2 ) R u z ic k a  and M eyer, H e lv . ,  1921, 4 , 505

(3 ) R u z ick a  and S e i d e l ,  H e lv . ,  1922, 5 ,  369

(4) R u z ic k a  and S t o l l ,  H e lv . ,  1922, 5 ,  923

(5) R u z ic k a ,  Eschenm oser, and H e u s s e r ,  E x p e r i e n t i a ,  1953, 9 ,  357

( 6 ) R u z ic k a ,  P r o c . ,  1959, 341

(7 ) R u z ick a  and M eyer, H e l v . , 1922, 5 ,  315

( 8) R u z ic k a ,  Waldmann, M eier  and H o s l i ,  H e lv . ,  1933, 16, 169

(®) H e u s s e r ,  B e r i g e r ,  A n l ik e r ,  J e g e r  and R u z ic k a ,  H e lv . , 1953, 36., 1918

1 0 ) F i s c h e r ,  A nnalen , 1928, 464 ,  69

1 1 )
in

K a r r e r ,  M orf, and Schopp, H e lv . ,  1931, 14, 1036, 1431

1 2 ) R u z ic k a ,  B erno ld  and T a l l i c h e t ,  H e lv . ,  1941, 24 , 223.

13) R u z ick a  and S te rn b a c h ,  H e lv . ,  1940, 23 , 124

14) H a r r i s  and S an d e rso n ,  J . A . C . S . ,  1948, 70, 2081

15) B r a n d t ,  New Z e a l .  J ,  S c i .  T e c h . ,  1952, 34B, 46

16) Demole and L e d e r e r ,  Bull*. Soc. Chim. F r . ,  1958, 1128

17) R u z ic k a  and F i rm e n ic h ,  H e l v . ,  1939, 22 , 392

IS) G rove, Q u a r t .  R e v . ,  1961, 15b, 56

19) Iw asa  e t  a l « ,  Chem. and I n d . ,  1961, 511

2 0 ) B i r c h .  Cameron, H o lz a p fe l  and R ic k a r d s ,  Chem. and Ind . 1963, 374

2 1 ) A r ig o n i ,  G azz. Chim. I t a l . ,  1962, 9 2 ( 9 ) ,  884

2 2 ) W iesner and V a le n ta ,  F o r t s c h r i t t e ,  1958, 16 , 26

23)

24)

AnSimon and Edwards, P r o c . ,  1961, 461; Can. J .  Chem., 1962, 4 0 ,  896

P e l l e t i e r  and J a c o b s ,  J . A . C . S . ,  1954, 76, 4496



-  114 -

(25) W ie sn e r ,  A rm strong , B a r t l e t t  and Edwards, Chem. and I n d . ,  
1954, 132 ■■ .................

(26) Cookson and T r e v e t t ,  J . C . S . , 1956, 3121

(27) A r ig o n i ,  "C iba Sympos. B io s y n th .  T erpenes  and S t e r o l s 1'1, 
C b u r c h i l l ,  London, 1959, 231

(28) B i r c h ,  i b i d . ,  245

(29) D o ld e r ,  L i c h t i ,  M o s e t t in g ,  and Q u i t t ,  J . A . C . S . ,  1960* 82* 246

(30) D j e r a s s i  e t . a l . ,  J . A . C . S . ,  1961, 83, 3720

(31) B r ig g s ,  C a in ,  D avis  and W ilm sh u rs t ,  T e t .  L e t . ,  1959, No. 8 , 
8 , 13

(32) D j e r a s s i ,  C a is  and M i t s c h e r ,  J . A . C . S . ,  1959, 81, 2386

(33) W enkert,  Chem. and I n d . ,  1955, 252

(34) B r ig g s ,  C a in  and W ilm sh u rs t ,  Chem. and I n d . ,  1958, 599

(35) B r ig g s ,  C a in ,  D av is  and W ilm sh u rs t ,  T e t .  L e t . ,  1959, No. 8 , 17

(36) W enkert and C ham berlin ,  J . A . C . S . ,  1959, 81, 6 8 8

(37 ) G reen , H a r r i s  and W halley , Chem. and I n d . ,  1958, 1084

(38) Edwards and Howe, Chem. and I n d . ,  1958, 629; Can. J .  Chem., 
37, 760

1959,

(39) W hallev ,  T e t r a h e d ro n ,  1962, 18, 43

(40) B i r c h ,  R ic k a rd s  e t .  a l . ,  T e t r a h e d ro n ,  1959, 7 , 241

(4 1 ) D .ie ra s s i  and M a r s h a l l ,  T e t r a h e d ro n ,  1957, 1 , 238

(42) B a r i t ro o D  and B ig l e v ,  Chem. and I n d . ,  1959, 1447

(43) W enkert and Beak, J . A . C . S . ,  1961, 83, 998

(4 4 ) B a a r s c h e r s .  Horn and Jo h n so n ,  J . C . S . ,  1962, 4046

(45) C ro s s ,  J . C . S . ,  1960, 3022

(46) S to r k  and Newman, J . A . C . S . ,  1959, 81, 5518

(47) F jn « e g a n  and D j e r a s s i ,  J . A . C . S . ,  1960, ,82, 4342



-  115 -

(48) Cocker and H a l s a l l ,  J . C . S . , 1956, 4262

(49) Bruun, A c ta .  Acad. A boensis  Math & P h y s . ,  1954, 1£, 2167

(50) V e s te r b e r g ,  B e r , , 1886, 1£ ,  2167

(51) Edwards, N ic o ls o n  and Howe, Can. J .  Chem. ,  1960, 38, 663

(52) Bose and H a r r i s o n ,  Chem. and I n d . ,  1963, 255

(50) I r e l a n d  and S c h ie s s ,  T e t .  L e t . ,  1961, No. 2 5 , 37 , 160$
J .  Org. Chem. ,  1963, 28 . 6

(54) Church and I r e l a n d ,  T e t .  L e t . ,  1961, 14, 493; J .  O rg. Chem.,
1963, 28* 17

(55) I r e l a n d  and Newbould, J .  Org. Chem. ,  1963, 2 8 , 23

(56) B r ig g s ,  p r i v a t e  ’eom m unication

(57) B i r c h ,  R ic k a r d s ,  Sm ith ,  W in te r  and T u rn e r ,  Chem. and I n d . ,
1960, 401

(58) S h ep p ard ,  J . C . S . , 1960, 3040

(59 )  K lyne , Chem. and I n d . ,  1954, 1198

(60) Edwards e t .  a l • ,  Chem. and I n d . ,  1960, 624

(61 )  C ro s s ,  G a l t ,  Hanson and K lyne, T e t .  L e t . ,  1962, No. 4 , 145
(see r e f  284)

(62.) G a l t ,  I .U .P .A .C .  M e e t in g , B r u s s e l s ,  1962 ( s e e  r e f  284)

(63) G ran t  and Hodges, T e t . L e t . , 1959, ^10, 21$ T e t r a h e d r o n , 1960,
8 , 261

(64) F in n e g a n ,  J .  Org. Chem. ,  1961, 26l,  3057

(65) D j e r a s s i  "O p t i c a l  R o ta to r y  D i s p e r s io n " ,  McGraw H i l l ,  1960

£6 6 ) Mason, Q u a r t .  R ev . ,  1963, 17 , 20

(67) McCapra, S c o t t ,  Sim and Young, P r o c . , 1962, 185>

( 6 8 ) S c o t t ,  Sira, F e rg u so n ,  Young and McCapra, J . A . C . S . ,  1962, 84,
3197

(69) We th a n k  D r. R. Hodges f o r  a g i f t  o f  t h i s  compound.



-  116 -

TO) Freeman and M o rr iso n ,  Biochem. J , ,  1948, 4 3 ,  x x i i i ,  N a tu re ,  
1948, 162, 30

n ) M ic h a e l ,  B io c h e m .J . ,  1948. 4 3 • x x iv

T2 ) Freeman and M o rr iso n ,  Biochem. J . ,  1949, 44 ,  1

73) Freeman, M o rr iso n  and M ic h a e l ,  Biochem. J . ,  1949, 4 5 ,  191

74) F ishm an, J o n e s ,  Lowe and W h it in g ,  J . C . S . ,  1960, 3948

75) R o b e r t s o n ,  S m ith ie s  and T i t t e n s o r ,  J . C . S , ,  1949, 879

76) H a r r i s ,  R o b e r tso n  and W halley , J . C . S . ,  1958, 1799

77) Idem, i b i d ,  1958, 1807

78) B r i t t  and A r ig o n i ,  P r o c . ,  1958, 224

79) W halley ,  G reen , A r ig o n i ,  B r i t t  and D j e r a s s i ,  J . A . C . S . ,  1959,
81, 5520

80) G reen , H a r r i s  and W halley , Chem. and I n d . ,  1958, 1369

81) I n h o f f e n  e t  a l . ,  B e r . ,  1958, 91 , 2626.

82) G u a ts c h i ,  J e g e r ,  P r e l a g  and Woodward, H e lv . ,  1955, 38 , 296

83) B i r c h ,  R ic k a r d s ,  S m ith ,  H a r r i s  and W halley , P r o c . ,  1958, 223

84) B i r c h ,  R ic k a rd s  and S m ith ,  P r o c . , 1958, 192

85) S c o t t ,  E x p e r i e n t i a ,  1961, 17, 68

8 6 ) Dorfman, Chem. R e v . ,  1953, 53, 47

87) P o r a t h ,  A rk iv  f o r  Kemi, 1951, 3 ,  163

8 8 ) B hacca . Wolf and Kwok, J . A . C . S . ,  1962, 84, 4976

89) Jackm an f,N u c lea r  M agnetic  Resonance S p e c t ro s c o p y ” , Pergamon, 
1959, p . 89

90) C a i n e l l i .  A r ig o n i ,  J e g e r  e t .  a l . ,  H e lv . ,  1961, 4 4 ,  518

91) C ro s s ,  J . C . S . ,  1954, 4670

92) Bowden, H e i lb ro n ,  J o n e s  and Weedon, J . C . S . ,  1946, 39



-  117 -

(9 3 )  M i t c h e l l ,  J .  S c i .  I n s t r . .  1957, 34 , 89

(94) P o p ja k ,  Ann. Rev. Bi.ochem.« 1958, 27 , 533

(95) P o p jak  and C o r n f o r th ,  Advances i n  Enzymol. ,  1960, 29 , 281

(96) F i e s e r  and F i e s e r  "S t e r o i d s " , R e in h o ld ,  New Y ork , 1959, 403

(97) W rig h t ,  Ann. Rev. Biochem. ,  1961, 30 , 525

(98 )  B ro d ie  and P o r t e r ,  Biochem. B io p h y s .  R es .  Comm. ,  1960, £ ,  173

(99 )  K nauss,  P o r t e r  and Wasson, J .  B i o l .  Chem. ,  1959, 234 , 2835>

100) B loch  e t .  a l . ,  P ro c .  N a t l .  Acad. S c i .  U .S . ,  1958, 4 4 ,  9 9 8

101) Lynen e t .  a l . ,  Angew. , 1958, 70 , 738

102) A g ran o ff  e t .  a l . ,  J . A . C . S . ,  1959, 81, 1254; J .  B i o l .  Chem.,
1960, 235., 326

103) P o p ja k ,  Goodman, D eW itt,  C o r n f a r th ,  C o rn fo r th  and Rybage,
J .  B i o l .  Chem. ,  1981, 236, 1934

104) Eschenm oser, R u z ic k a ,  J e g e r  and A r ig o n l ,  H e lv . , 1955;, 3 8 , 1890

105) Tchen and B lo ch ,  J .  B i o l .  Chem. ,  1957, 226 , 921 , 931

106) M audgal, Tchem and B loch ,  J .A .C . S . » 1958, 80 , 2589

107) C o r n f o r th ,  P o p jak  e t .  a l . ,  P r o c . , 1958, 112

108) B lo c h ,  P ro c .  4 t h  I n t e r n a t .  Cong. Biochem. ,  V ienna ,  1958, 4 ,  50

109) Woodward and B loch , J .A .C . S . ,  1953, 75, 2023

110) Tchen and B loch ,  J .A .C . S . ,  1955, 77, 6085

111) G u a tsc h i  and B lo ch ,  J .A .C . S . ,  1957, 79, 684

112) O lse n ,  L in d b e rg  and B lo c h ,  J .  B i o l .  Chem. ,  1957, 226, 941

113) B r ig g s ,  Lemmon and P i e r c e ,  A rch. Biochem. B io p h y s . ,  1954, 5 1 ,
155

114) S c h o e p fe r  and F ra n z ,  J .  B i o l .  Chem. ,  1961, 236 , 3137

115) N ie d e rh a u se n  and W e l ls ,  A rch . Biochem. B io p h y s . ,  1959, j& ,  300

116) W ells  and L o rah ,  J .A .C . S . » 1959, 81, 6089* J .  B i o l .  Chem. ,  1960,
235, 978



-  118 -

(117) F ra n z ,  Ener and M obberley , Fed . P r o c . ,  1960, 19, 240

(118) K andutsch  and R u s s e l l ,  F ed . P r o c . ,  1960, 19, 237s J .  B i o l .  Chem
I9 6 0 ,  235, 2256

(119) A vignan , D e w i t t ,  Goodman and S t e i n b e r g ,  J ,  B i o l .  Chem., 
238, 1283 .................. ..

1963,

( 1 2 0 ) L in d b e rg ,  G u a tsch i  and B loch ,  J .  B i o l .  Chem., 1963, 238, 1661

( 1 2 1 ) G u a tsc h i  and B loch , J .  B i o l .  Chem., 1958, 233 . 1343

( 1 2 2 ) S c h o e p fe r ,  J .  B i o l .  Chem., 1961, 236;. 1668

(123) J o h n s to n  and B loch ,  J . A . C . S . ,  1957, 79, 1145

(124) S to k e s ,  H ickey  and F i s h ,  J .  B i o l .  Chem., 1958, 232, 347

(125) S t e i n b e r g  and A vigan , J .  B i o l .  Chem., 1960, 235, 3127

(126) W e t t s t e i n ,  E x p e r i e n t i a ,  1954, 10, 397

(127) E h r e n s t e i n ,  J .  Org. Chem., 1950, 15, 264; 1951, 16 , 335

(128) M eyer, B iochim , B iophys .  A c t a . ,  1955, 17, 441

(129) B erg s tro m , Corey e t .  a l . ,  J . A . C . S . ,  1958, 80, 2337.

(130) Hayano, Dorfman e t .  a l . ,  J  .A .C .S . ,  1958, 80, 2336

(131) C orey , G re g o r io u  and P e t e r s o n ,  J . A . C . S . ,  1958, 80, 2338

(132) Dorfman, Hayano e t .  a l « ,  B iochim . B io p h y s .  A c t a . ,  1959, <32, 269

(133) Corey and G re g o r io u ,  J , A . C . S . ,  1959, 81, 3127

(134) B u ch sc h a c h e r ,  K alvoda, A r ig o n i  and J e g e r ,  J . A . C . S . ,  1958
2905

, 80,

(135) Corey and H e r t l e r ,  J . A . C . S . ,  1958, 80, 2903

(136) Wawzoneck and T h e len ,  J . A . C . S . ,  1950, 72, 2118,

(137) B u ch sch ac h e r .  C e r e g h e t t i ,  W ehrli and J e g e r ,  H e lv . ,  1959,
21 2 2

l i ,

(138) G r e u t e r , K alvoda and J e g e r ,  P r o c . ,  1958, 349

(139) B a r to n  and Morgan, P r o c . ,  1961, 206; J . C . S . ,  1962, 622



-  119 -

(140) C a i n e l l i ,  M ih a i lo v ic ,  A r ig o n i  and J e g e r ,  H e lv . ,  1959, 4 2 ,  1124

(141) V e l lu z ,  M u l le r ,  e t .  a l . ,  Comptes Rend. .  1960, 250 , 725

(142) H e u s s le r  e t .  a l . ,  E x p e r i e n t i a , 1960, 16, 21: H e lv . , 1961, 4 4 ,
502   —

(143) A kh ta r  and B a r to n ,  J .A .C . S . , 1961, 83, 2213

(144) M i l l s  and P e tro w , Chem. and I n d . ,  1961, 946

(145) H e u s s l e r ,  K alvoda , Anner and W e t t s t e i n ,  H e lv . , 1963, 4 6 ,  352, 618

(146) B a r to n ,  B ea to n ,  G e l l e r  and P e c h e t ,  J .A .C . S . ,  1961, 83, 4076

(147) Nussbaum and R ob inson ,  T e t r a h e d r o n , 1962, 17 ,̂ 35

(148) B a r to n  e t .  a l . ,  J .A .C . S . ,  1961, 83, 4083

(149) Corey and W hite ,  J .A .C . S . , 1958, 80 ,6686

(150) Hayano and Dorfman, J .  B i o l .  Chem. ,  1954, 211 , 227

(151) Hayano e t  a l . ,  R ec. P r o g r .  Hormone R e s . ,  1956, 12 , 79

(152) Kurosawa e t  a l • ,  A g r ic .  B i o l .  Chem. ,  1961, 2 5 , 424;

(153) D a v ie s ,  "O rgan ic  P e r o x id e s 1' ,  B u t t e r w o r th s ,  1961, 18

(154) W h a l l in g  "F re e  R a d ic a l s  i n  S o l u t i o n ” , W iley , 1957, 397

(155) Horn and U s e ,  J . C . S . ,  1957, 2280

(156) Schenk, Angew. , 1957, 6 9 , 579

(157) N ickon  and B a g l i ,  J .A .C . S . ,  1961, 83, 1498

(158) Taken from "O p t ic a l  R o ta ry  P ow er" , I I ,  The T r i t e r p e n e s ,  Pergamon,
1958

(159) F e i g l ,  "S po t T e s t s  i n  O rgan ic  A n a ly s i s " ,  E l s e v i e r ,  1960, 534

(160) K h a ra sch ,  F ons ,  Nudenberg and B is c h o f ,  J .  Org. Chem. ,  1952, 2 1 ,
207

(161) K lyne , "The C hem is try  o f  th e  S t e r o i d s " ,  M ethuen, 1957, 55

(162) Schenk , N eum uller and E i s f e l d ,  A nnalen , 1958, 618 , 202

(163) L y thgoe  and T r i p p e t ,  J . C . S . , 1959, 471



-  120  -

(164) R uz ick a  e t  a l . ,  H e l v . , 1952, 35. 964

(165) B a r to n  and Thomas, Chem. and I n d . ,  1953, 172

(166) C lew er, Green and T u t in ,  J . C . S . ,  1915, 107, 835

(167) W indaus, A nnalen , 1924, 439 , 59

(168) Cohen, Cook and Roe, J . C . S . ,  1940, 194

(169) Cook, J a c k  and Loudon, J . C . S . ,  1951, 1397

(170) R a p o p o r t ,  W illiam s and Cisney* J . A . C . S . ,  1950, 72, 3324

(171) Dewar, N a tu re ,  1945, 155, 141

(172) Dewar, N a tu re ,  1945, 155, 50

(173) Loew enthal and Rona, P r o c . ,  1958, 114

(174) C orrod i  and H ardegger ,  H e lv . ,  1957, 4 0 ,  193

(175) Cook and Loudon, "The A lk a lo id s " ,  Academic P r e s s ,  1952, I I . , 261

(176) Nozoe. F o r t s c h r i t t e ,  1956, 13, 232

(177) Nozoe, F e s t s c h r i f t  A. S t o l l ,  B i r k h a u s e r ,  B a s e l ,  1957,746

(178) N0 7 OP i n  G in sb u rg ,  "Non Benzenoid  A rom atic  Compounds, 
I n t e r s c i e n c e ,  1959, 339

(179) S c h r e ib e r ,  L eim gruber,  P e s a ro ,  S c h u d e l ,  T h r e f a l l  and Eschenmoser 
Angew., 1959, 71, 637: H e lv . ,  19.61, 44, 540

(180) Van Tpt"0-1*4" ,  S p e n se r .  A lle n  and O rv is ,  J . A . C . S . , 1959, 81, 
T e t r a h e d ro n ,  1961, 14, 8

63415

(181) N*lcamura. Chem. Pharm. B u l l . ,  1960, .8 , 843

(182) H n rn w it7 and U l lv o t ,  J . A . C . S . ,  1952, J4j 587:

(183) Sunagawa, N«k*"»""a and Nakazawa, Chem. Pharm. B u l l . ,  1961, 
81,

I f

(184) R o b inson ,  N a tu re ,  1950, 166,, 924

(185) HS+.r i , e tu r a l  R e l a t i o n s  o f  N a tu r a l  P r o d u c t s " ,  O xford , 
1955, 47



-  121 -

186) R ob inson  and A net,  P ro c ,  Roy. S o c . .  f]j7 ,  1951, 205 , 16

187) Geissman and Swan, Chem. and I n d . ,  1957, 984

188) U n d e r h i l l ,  W alkin and N e ish ,  Can. J .  Biochem. P h y s i o l . ,  1957,
35 , 219, 229 --------

189) G r is e b a c h ,  Z. N a t u r f o r s c h . 1957, 12b , 227, 597; 1958, 13b , 335

190) B e l l e a u ,  E x p e r i e n t i a , 1953, 178

191) W enkert,  E x p e r i e n t i a , 1959, lj5, 165

192) L e e te  and Nemeth, J . A . C . S . , 1960, 82 , 6055

193) B e n t l e y ,  B iochim . B iophys , A c ta . ,  1958, 29 , 666

194) R ic h a rd s  and F e r r e t t i ,  Biochem. B io p h y s .  R es .  Comm. ,  1960, j2, 107

195) B a t t e r s b y  and R ey n o ld s ,  P r o c . , 1960, 346

196) S c o t t ,  N a tu r e , 1960, 186 , 556

197) B a r to n  and Cohen, F e s t s c h r i f t  A. S t o l l , B i r k h a u s e r ,  B a s e l ,  1957,
117

198) H a s s a l l  and S c o t t ,  HC hem is try  o f  N a tu r a l  P h e n o l ic  Compounds11
Pergamon, 1961, 119

199) Erdtm an and W a c h tm e is te r , F e s t s c h r i f t  A. S t o l l , B i r k h a u s e r ,
B a s e l ,  1957, 144

200) B a t t e r s b y  and B in k s ,  P r o c . , 1960, 360

201) B a t t e r s b y ,  B in k s ,  B re u e r ,  F a le s  and Wildman, P r o c . , 1961, 243

202) B a r to n ,  K irb y ,  T a y lo r  and Thomas, P r o c . , 1961, 254

203) B i r c h ,  M assey-W estropp, R ic k a rd s  and S m ith ,  J . C . S . , 1958, 360

204) B i r c h ,  R ic k a r d s ,  Nabney and S c o t t ,  u n p u b l i s h e d  work

205) S c o t t ,  P r o c . , 1958, 195

206) Day, Nabney and S c o t t ,  P r o c . ,  1960, 284; J . C . S . , 1961, 4067

207) B a r to n  and K irb y ,  P r o c . , 1960, 392; J . C . S . , 1962, 806

208) D av idson  and S c o t t ,  u n p u b l i sh e d  r e s u l t s  
H a s s a l l  e t .  a l . ,  u n p u b l ish e d  r e s u l t s



-  122 -

209) Brown, C la rk ,  O l l i s  and V e a l ,  P r o c . , 1960, 393

210) D av idson  and S c o t t ,  P r o c . , 1960, 390; J . C . S . ,  1961, 4075

211) F ra n k  and S c h l i n g l o f f ,  A nna len , 1962, 659 , 123

212) R ob inson  and Sugasawa, J . C . S . , 1932, 789

213) Schopf and T h i e r f e l d e r ,  A nna len , 1932, 497 , 22

214) Ewing, Hughes, R i t c h i e  and T a y lo r ,  N a tu r e , 1952, 169 , 618

215) A ckroyd, Haworth and J e f f r i e s ,  J . C . S . , 1954, 2863

216) Nozoe, T akase ,  K i t a h a r a  and D oi,  A .C .S .  m e e t in g , New Y ork,
S e p t .  1957 ( s e e  r e f .  178)

217) Haworth and Hobson, J . C . S . ,  1951, 561

218) Crow, Haworth and J e f f r i e s ,  J . C . S . , 1952, 3705

219) D av idson ,  Ph .D . T h e s i s , Glasgow, 1961

220) Nozoe e t  a l . ,  Chem. and I n d . ,  1957, 1070

221) H a r r i e s ,  B e r . ,  1902, 35 , 2954

222) Hathaway, J . C . S . , 1957, 519

223) Haworth and M cLachlan, J . C . S . ,  1952, 1583

224) Grimshaw, Haworth and P in d re d ,  J  .C .S . , 1955>, 833'

225) Cam pbell ,  J .A .C . S . ,  1951, 73, 4190

226) Morgan, J .  Org. Chem. ,  1962, 27, 343

227) f o r  exam ples o f  r a d i c a l  i n s e r t i o n !  see  r e f .  (177)

228) C ro s s ,  G a l t  e t .  a l . ,  J . C . S . ,  1963, 2937, 2944


