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The M o d ified  T r i te r a e n e s

The fo llo w in g  s e c t io n  o f  t h i s  t h e s i s  d e s c r ib e s  th e  c h e m is try  o f  

th e  n a t u r a l  p ro d u c t c e d re lo n e , and i t s  r a t i o n a l i s a t i o n  i n  te rm s  o f  th e  

e x p re s s io n  ( A 1 ) .  In s p e c t io n  o f  t h i s  s t r u c t u r e  p o in t s  to  a  c lo s e  

b io  g e n e t ic  r e la t io n s h ip  w ith  lim o n in  ( A 2 ) ,  and  by way o f  background , 

t h e r e f o r e ,  a  b r i e f  rev iew  o f  t h i s  sm a ll, b u t grow ing, c l a s s  o f  Ĉ  

m o d ifie d  t r i t e r p e n e s  i s  i n i t i a l l y  p resen ted *

The s t r u c tu r e  o f  lim o n in  was deduced s im u lta n e o u s ly  from  th e  

e le g a n t  chem ica l work o f  A rig o n i, B arto n , C orey, J e g e r  and t h e i r  

c o l la b o r a to r s ^ ,  and by an  X -ray  s tu d y  o f  e p ilim o n o l io d o a c e ta te  ( A 8j
i N

R = O.COCH2 I 5 R = H J , w hich i n  a d d i t io n  gave th e  r e l a t i v e  s t e r e o -
2

c h e m is try  o f  th e  m o lecu le . The a b s o lu te  s te re o c h e m is t ry  a s  shown

i n  ( A 2 ) was b ased  on th e  s i m i l a r i t y  o f  th e  o p t i c a l  r o t a t o r y  d is p e r s io n

curve o f  lim o n in  to  t h a t  o f  a  7~oxo s te r o id .

More r e c e n t ly  th e  b i t t e r  p r in c i p le s  obacunone ( A 3 )  and n o m ilin

( A 4. ) have been  r e l a t e d  to  lim o n in  by th e  c o n v e rs io n  o f  each  to  a
3

common d e g ra d a tio n  p ro d u c t i n  th e  fo llo w in g  m anner. Lim onin on

M eerw ein-Ponndorf re d u c t io n  gave lim o n o l ( A S ;  R = H; R* = OH ) ,  w hich 

had an  a x i a l  h y d ro x y l group i n  k eep in g  w ith  i t s  mode o f  fo rm a tio n .

W hereas e p ilim o n o l was re c o v e re d  unchanged from tre a tm e n t w ith  aqueous 

b a se , lim o n o l underw ent a p ro fo u n d  rea rran g e m en t, w ith  l o s s  o f  p - f u r f u r -  

a ldehyde  and th e  fo rm a tio n  o f  m erolim onol ( A 9 ) .  T h is  n o v e l r e a c t io n ,  

p e c u l i a r  to  th e  a x i a l  a lc o h o l ,  h as  been  r a t i o n a l i s e d  by p o s tu la t in g



open ing  o f  th e  epox ide  r in g  to  g iv e  th e  tr im e th y le n e  o x id e  ( A 16 ) ,  

s t e r i c a l l y  p o s s ib le  o n ly  f o r  th e  a -e p im e r. T h is  th e n  u n d erg o es  b a s e -  

c a ta ly s e d  lo s s  o f  B - f u r f u r a l  dehyde a s  shown, w ith  th e  fo rm a tio n  o f  th e  

h y d ro x y -a c id  ( A 17 ) ,  which l a c to n i s e s  to  m ero lim onol on a c i d i f i c a t i o n .  

D eh y d ra tio n , fo llo w e d  by  c a t a l y t i c  h y d ro g e n a tio n  o f  th e  p ro d u c t l e d  to  

te trah y d ro an h y d ro m ero lim o n o l ( A 10 ) .  V igorous t r e a tm e n t  o f  t h i s  

w ith  barium  h y d ro x id e  opened th e  r in g  A la c to n e  w ith  con co m itan t 

e p im e r is a t io n  a t  to  g ive  th e  h y d ro x y -a c id  ( A 11 ) .  T h is  ep in ter i  s a t — 

io n  i s  e n v isag e d  a s  o c c u rr in g  by ( ^ e l im in a t io n  to  form  th e  a p - u n s a tu r a t -  

ed a c id  ( A 18 ) fo llo w ed  by r e c y c l i s a t i o n  to  th e  more s ta b le  ep im er 

( A 19 ) .  The hydroxym ethyl group a t  C-̂ q was c o n v e rte d  to  a  m e th y l 

group by a s e r i e s  o f  s ta n d a rd  r e a c t io n s ,  w hich in v o lv e d  fo rm a tio n  o f  

th e  m e th an esu lp h o n a to , tr e a tm e n t o f  t h i s  w ith  sodium io d id e ,  and

h y d ro g e n o ly s is  o f  th e  r e s u l t i n g  iodo-com pound w ith  z in c  i n  a c e t i c  a c id  

to  g ive  ( A 12 ) ,  By a s im i la r  sequence o f  r e a c t io n s  is o p ro p y l  e p i -  

iso o b a c u n o la te  ( A 13 ) ,  th e  P onndorf r e d u c t io n  p ro d u c t from  m ethy l e p i -  

iso o b a c u n o a te  ( A 14, R “  Me ) ,  w hich was form ed from obacunone a s  

shown, was degraded  to  m ethyl te tra h y d ro a n h y d ro e p i-m e ro o b a c u n o la te .

T his proved to  be id e n t ic a l  w ith  ( A 12 ) from which fo llow ed  th e  

s t ru c tu re  o f obacunone as ( A 3  ) > where o n ly  th e  c o n f ig u ra tio n  a t  th e  

poim o f a ttachm ent o f th e  fu ran  r in g  rem ains to  be determ ined .

Since nom ilin  lo s e s  a c e t ic  a c id  on trea tm en t w ith  a t e r t i a r y  amine to  

give obacunone, i t  must th e re fo re  have th e  s t ru c tu re  ( A 4 )•

Two o th e r  compounds fo r  which s t ru c tu re s  have been re p o r te d  in
/ c 6

t h i s  as y e t sm all c la s s  o f n a tu ra l  p ro d u c ts  a re  g e d u m rr? J , and k h iv o r in
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These o ccu r i n  th e  West A fr ic a n  tim b e rs  E ntandrophragm in  an g o le n se  and  

Khava iv o r e n s i s  r e s p e c t iv e ly ,  b o th  o f  which b e lo n g  to  th e  M e liaceae .

G edunin, ^28^3407 , as  an  aP”u n sa^u ra ^ ec  ̂ k e to n e . On sodium 

b o ro h y d rid e  re d u c t io n  i t  a f f o r d s  a te t r a h y d ro  d e r iv a t iv e ,  i n  w hich th e  

enone fu n c t io n  h as  been  reduced  to  th e  s a tu r a te d  a lc o h o l .  A r e c e n t

X -ray  c r y s ta l lo g r a p h ic  ex am in a tio n  o f  th e  c o rre sp o n d in g  io d o a c e ta te  

h a s  d e f in e d  th e  s t r u c tu r e  ( A 20 j R = ft ) f o r  t h i s  a lc o h o l ,  d ih y d ro g ed u n - 

3 p - o l .^  I t  th e r e f o r e  fo llo w s  t h a t  gedunin  h as  th e  s t r u c tu r e  ( A 21 ) .  

The a b s o lu te  s te re o c h e m is try  d e p ic te d  was deduced from  th e  o b s e rv a t io n  

t h a t  th e  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  f o r  th e  c o n v e rs io n  o f  g edun in  tao 

deoxygedunin ( A 22 ) by chromous c h lo r id e ,  was c lo se  i n  v a lu e  to  th e  

co rre sp o n d in g  change f o r  r e d u c t io n  o f  lim o n in  to  deoxy lim on in . J

K h iv o rin , ^32^ 42^10? p o s se s s e d  th e  i n f r a - r e d  and u l t r a - v i o l e t

c h a r a c t e r i s t i c s  o f  a  fu ra n , and had  no h y d ro x y l g ro u p s . A f te r  s team -

d i s t i l l a t i o n  from a l k a l i  B ~ fu rfu ra ld eh y d e  and a  h y d ro x y - la c to n e , k h iv o l

^21^32^59 w ere i s o l a t e d .  I f  k h iv o r in  h a s  th r e e  a c e to x y l g ro u p s,
*

a  fu ra n  r in g ,  an  epoxide , and a fc-lac tone th e n  i t  m ust be t r i c a r b o -  

c y c l ic ,  and i n  c o n ju n c tio n  w ith  th e  above r e a c t io n  i t  was p o s tu la te d  

to  have th e  p a r t  s t r u c tu r e  ( A 23 ) ,  i n  w hich o n ly  two o f  th e  a c e to x y l 

groups rem ain  to  be p la c e d . The " m erolim onol n r e a c t io n  i s  dependen t 

among o th e r  th in g s  on th e  p re sen ce  o f  th e  epox ide  r in g ,  and on h y d r o ly s is  

o f  d eo x y k h iv o rin , th e  chromous c h lo r id e  r e d u c t io n  p ro d u c t, a  t r i s d e a c e t y l  

d e r iv a t iv e  was o b ta in e d . T h is , on o x id a tio n ,  a f fo rd e d  a  t r i k e to n e  

whose u l t r a - v i o l e t  c h a r a c t e r i s t i c s  in d ic a te d  t h a t  two o f  th e  c a rb o n y l 

groups were (3 w ith  re s p e c t  to  one a n o th e r . T h is  p e rm it te d  th e



p la c in g  o f  th e  rem a in in g  two ac e to x y l group a a.t f! ayufi fi 0,11 uoxf&al 

t e t r a c y c l i c  t r i t e r p e n e  s k e le to n . The s t r u c tu r e s  ( A 24, 25, 27, and 28 

f o r  k h iv o r in ,  t r i s d e a c e ty ld e o x y k h iv o r in ,  k h iv o l ,  and th e  t r i k e to n e  

fo llo w e d . Support f o r  t h i s  s t r u c tu r e  f o r  k h iv o r in  was o b ta in e d  by 

o z o n o ly s is  o f  tr i s d e a c e ty ld e o x y k h iv o r in  ( A 25 ) to  th e  t r i s n o r - a c i d  

( A 26 ) ,

R e c e n tly  i n  th e s e  l a b o r a to r i e s  a  la c to n e ,  c e d re l id e  C H 0 ,
J 26 30 6

h a s  been  i s o l a t e d  from C ed re la  m exicana. 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 tr a ,  and th e  c lo se  resem b lance  o f  th e  r e le v a n t  p o r t io n s  o f  

th e  n u c le a r  m agnetic  reso n an ce  spectrum  to  t h a t  o f  c e d re lo n e  su g g e s t

t h a t  i t  h a s  th e  s t r u c tu r e  ( A 7 ) ,  and i s  y e t  a n o th e r  C m o d ifie d
26

t r i t e r p e n e .  The s t r u c tu r e s  a s s ig n e d  to  k h iv o r in  and c e d r e l id e

cqnnot be s a id  a s  y e t  to  have been r ig o r o u s ly  e s ta b l i s h e d .  I t  w ould, 

how ever, be d i f f i c u l t  to  f in d  a l t e r n a t i v e  s t r u c t u r e s  f o r  e i t h e r  which 

w ould b o th  accom odate th e  chem ical o b s e rv a t io n s ,  and th e  presum ed 

b io g e n e t ic  r e l a t io n s h ip  to  lim o n in .

I t  can be seen  t h a t  th o se  members o f  t h i s  c l a s s  o f  n a t u r a l  p ro d u c ts  

whose s t r u c tu r e s  have been p r e c i s e ly  d e f in e d , nam ely lim o n in , obacunone, 

n o m ilin , gedunin , and ced re lo n e  have c e r t a i n  s t r u c t u r a l  and s te re o c h e m ic a l 

f e a tu r e s  i n  common. Thus th e y  a l l  have a ^ - s u b s t i t u t e d  fu ra n  r in g ,

a  [3-epoxide r in g  betw een C and C , a p -m ethy l group a t  Cg, and an
14 15

oxygen s u b s t i tu e n t  a t ta c h e d  to  C^. From a c o n s id e ra t io n  o f  th e

c o n s t i t u t i o n  and s te re o c h e m is try  o f lim o n in , B arto n  h a s  been  l e d  to

p ropose  t h a t  i t  i s  b io  g e n e t ic a l ly  d e r iv e d  from a p r e c u r s o r  p o s s e s s in g
8

th e  carbon  s k e le to n  and s te re o c h e m is try  o f  euphol . T h is  s k e le to n



and s te re o c h e m is try  a re  b e l ie v e d  to  o r ig in a te  i n  c y c l i s a t i o n  o f  a l l .  t r a n s  

sq u a len e  i n  i t s  c h a i r - c h a i r - c h a i r - b o a t  conform ation* as  shown.

iThe c y c l i s a t i o n  i s  i n i t i a t e d  by th e  a t ta c k  o f  OH * o r  i t s  e q u iv a le n t ,

and p ro c e e d s  i n  a synchronous t r a n s - a n t i - p l a n a r  f a s h io n  to  th e  f i n a l

carbonium  io n  ( A 30 ) .  T h is  i s  th e n  s t a b i l i s e d  by i n t e r a c t i o n

w ith  th e  s o lv e n t medium, o r  by  s. s e r i e s  o f  c o n se c u tiv e  1 , 2- s h i f t s  o f

s u i t a b ly  a l ig n e d  t r a n s - a n t i - p a r a l l e l  m ethy l g roups and hydrogen  atom s,

w hich te rm in a te s  i n  th e  e v e n tu a l l o s s  o f  a p ro to n  from to  g iv e  eu p h o l,

o r  from to  g iv e  bu tyrosperm olo  S im ila r  c y c l i s a t i o n s  f o r  o th e r

co n fo rm a tio n s  o f  sq u a le n e ,' fo llo w ed  by th e  a p p ro p r ia te  W agner-M eerwein

m ig ra tio n s  have been  p o s tu la te d  to  le a d  to  a l l  th e  known s k e l e t a l  ty p e s

i n  t r i t e r p e n e  s . E vidence f o r  th e  synchronous n a tu re  o f  th e  c y c l i s a t i o n

and i t s  i n i t i a t i o n  th ro u g h  th e  medium o f  OH , o r  i t s  e q u iv a le n t ,

h a s  been  o b ta in e d  from th e  t r a c e r  s tu d ie s  c a r r i e d  o u t on th e  c y c l i s a t i o n

o f  sq u a len e  to  l a n o s t e r o l .^ 0 A ttack  a t  i n  a  d e r iv a t iv e  o f
+

b u ty ro sp e rm o l ( A 31 ) by OH th e n  le a d s  to  th e  in te rm e d ia te  ( A 32 ) 

by means o f  a  m ethy l m ig ra tio n  from G to  C w ith  con co m itan t l o s s  o f-L/f. o
a p ro to n  from C , A chem ical an a lo g y  f o r  t h i s  i s  to  be found  i n  th e  

15
o b se rv ed  fo rm a tio n  o f  7-oxoapoeuphenyl a c e ta te  ( A 34 ) by o x id a t io n

11
u n d er m ild  c o n d it io n s  o f  d ih y d ro b u ty ro sp erm y l a c e ta te  ( A 33 )•

The in te rm e d ia te  ( A 32 ) h as  th e  r e q u i s i t e  f u n c t i o n a l i t y  f o r  i t s  c o n v e rs io n  

to  any o f  th e  known t r i t e r p e n e s  by  b io l o g ic a l ly  u n e x c e p tio n a l p a th ­

ways. Thus a l l y l i c  o x id a tio n  a t  C fo llo w ed  by a B a e y o r -V il l ig e r

r e a c t io n  and e p o x id a tio n  o f  th e  double bond g iv e s  r i s e  to  th e  common 

ep o x y -5 - la c to n e  fu n c t io n .  C leavage o f  th e  s id e - c h a in  betw een C and
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G , fo llo w ed  by o x id a tiv e  c y c l i s a t i o n  o f  th e  rem a in d er le a d s  to  th etLL\.
fu ra n  r in g .  F u r th e r  o x id a t io n  in  r in g  A le a d s  to  gedunin  and k h iv o r in .

A l te r n a t iv e ly  c leav ag e  o f  r in g  A, which h a s  i t s  p re c e d e n ts  i n  th e  s t r u c t u r e s
12 13 12 o f  n y c ta n th ic  ? J and daim narenolic a c id s  ( A 35 and A 36 r e s p e c t iv e l y  )

fo llo w ed  by o x id a tiv e  c y c l i s a t i o n  o f  on to  and o f  to

p ro v id e s  lim o n in .

B io g e n e t ic a l ly  c ed re lo n e  i s  o f  some i n t e r e s t  i n  t h a t  i t  i s  th e

so le  member o f  th e  c l a s s  to  p o s se s s  an i n t a c t  r in g  D. I t  i s  a ls o

n o v e l i n  b e in g  a  d io sp h o n o l, a s t r u c t u r a l  f e a tu r e  o f  r a r e  o c c u rre n c e

i n  n a tu re .



« 7 c ~

Obacuaona ( A 3 )





{ A 16  )

6H,0H

Tefrgahydzoaahydr o -*--Mrr.r~c-:. r .jr«r-ri rr.aiTAt y  iim i  n. 1 r s a a n f lo r ^ ^ r^ . 'v *

memLimonol ( A 10 ) i n  base



( A 23 )

( A 25 )

' " 'O - 'K

( A 27 ) ( A 28 )





( A 31 )

A 33 ) ( A 34  )

U y m t o  

1 6 °

Svcfcqntfaic Acid ( A 35 ) ( A 36 )
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The C hem istry  o f  C edrelone

The i s o l a t i o n  o f  th e  n a tu r a l  p ro d u c t, c e d re lo n e , was f i r s t  r e p o r te d  

by P a r ih a r  and D u tt, who o b ta in e d  i t  a lo n g  w ith  an  e s s e n t i a l  o i l  by 

benzene e x t r a c t io n  o f  th e  heartw ood o f C ed re la  to o n a  R o x b .^

T h is  s p e c ie s ,  b e lo n g in g  to  th e  n a tu r a l  o rd e r  o f  M eliaceae , i s  a t r e e  o f  

mahogany ty p e  which o ccu rs  ab u n d an tly  i n  th e  f o o t - h i l l s  o f  th e  H im alayas, 

and i s  e x te n s iv e ly  u sed  i n  In d ia  f o r  th e  m an u fac tu re  o f  fu rn i tu re , ,

The above w orkers a s s ig n e d  th e  fo rm u la  C ^H ^qÔ . to  c e d re lo n e .

On th e  b a s is  o f  some c o lo u r  t e s t s ,  and th e  fo rm a tio n  o f  an a c e ta t e ,  

an oxim e, and a d ibrom ide th e y  c o n s id e re d  i t  to  be p h e n o lic  and to  

p o s se s s  a k e to n ic  ca rb o n y l group, an  e th y le n ic  double bond, and a  {3̂ “ 

u n s a tu r a te d  la c to n e  ring*

R e p e t i t io n  o f  th e  In d ia n  w o rk e rs ’ i s o l a t i o n  p ro ced u re  gave 

c ed re lo n e  w ith o u t d i f f i c u l t y  as  a  h ig h ly  c r y s t a l l i n e  c o lo u r le s s  

su b stan ce  w hich, i n  c o n t ra s t  to  th e  a n a lo g o u s ly  c o n s t i tu te d  " b i t t e r  

p r in c i p le s  " , i s  q u i te  t a s t e l e s s .  E lem en ta l a n a ly s i s  and an  a c c u ra te  

m a ss -sp e c tro m e tr ic  d e te rm in a tio n  o f th e  m o le c u la r  w eigh t im m ed ia te ly  

showed th a t  th e  p re v io u s  m olecula,r fo rm u la  had to  be amended to  *-'26^ 30^ 5* 

The s p e c t r a l  p r o p e r t i e s  o f ced re lo n e  and i t s  sim ple d e r iv a t iv e s  

were i n  good agreem ent w ith  th e  fu n c t io n a l  groups p r e s e n t ,  and a re  

d e sc r ib e d  i n  some d e t a i l  s in c e  th e y  p ro v id ed  v a lu e s ,  c h a r a c t e r i s t i c  

o f  c e r t a in  f u n c t io n a l  g roups, which were o f  c o n s id e ra b le  u se  i n  d e te rm in ­

in g  th e  s t r u c tu r e s  o f  many o f  th e  t r a n s fo rm a tio n  p ro d u c ts .  Thus, 

i n  th e  i n f r a - r e d  spectrum , th r e e  bands a t  3130w, 1505w, and 878s cm, ^
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c h a r a c t e r i s t i c  o f  th e  fu ra n  r in g  were p r e s e n t .  A peak  in  th e  ca rb o n y l

re g io n  a t  1678 cm. c a r ry in g  an i n f l e c t i o n  a t  1685 cm. ^ in d ic a te d

th e  two u n s a tu ra te d  carb o n y l groups i n  th e  m o lecu le . In  a d d i t io n ,  th e

p re se n c e  o f  a h y d ro x y l group was shown by a band a t  34-25 cm. ^

The p o s i t io n  o f t h i s  band and i t s  i n s e n s i t i v i t y  to  d i l u t i o n  in d ic a te d

th a t  th e  d io sp h en o l hyd roxy l was in t r a m o le c u la r ly  hydrogen  bonded to

th e  a d ja c e n t ca rb o n y l fu n c tio n . The u l t r a - v i o l e t  spectrum  o f  c e d re lo n e

had A 217 m m ( £  11,800 ) c o n s is te n t  w ith  a summation o f  fu ra n  and
max. J

r in g  A enone chrom ophores, and a maximum a t  279 nyw- ( €, 9 ,100 ) s h i f t i n g

in  base  to  3 2 7  myu ( £  5,530 ) which was p a r t i c u l a r l y  c h a r a c t e r i s t i c

f o r  th e  d io sp h en o l fu n c tio n . The p o s i t io n  and i n t e n s i t i e s  o b se rv ed  

f o r  ced re lo n e  and o th e r  d io sp h en o ls  i n  th e  s e r i e s  were i n  good agreem ent
1$

w ith  th o se  observ ed  f o r  d io sp h en o l ( B 1 ) ,  [ X max 274 m /< ( £ 11 ,000  ) ]

and lim o n in  d io sp h en o l ( B 2 ) ,  [ maX 278 myn ( £ 10,000 ) ,  s h i f t i n g

i n  base  to  336 myu ( £ 6,150 ) ] ^ ,  i n  which th e  d io sp h e n o l h as  an

environm ent s im i la r  to  th a t  in  c e d re lo n e .

On a c e ty la t io n  ced re lo n e  r e a d i ly  gave a m onoaceta te  ( B 5j R “  Ac ) 

and s im i la r ly  a c h lo ro a c e ta te .  C edrelone a c e ta t e  had  bands i n  th e  

i n f r a - r e d  a t  1770 cm.~“ , h ig h ly  c h a r a c t e r i s t i c  f o r  th e  en o l a c e ta te  

ca rb o n y l, and 1702 cm. a s s o c ia te d  w ith  th e  two enone c a rb o n y ls .

The s h i f t  to  h ig h e r  freq u en cy  o f th e  d io sp h en o l ca rb o n y l a f t e r  a c e ty la t io n  

can be a t t r i b u t e d  m ain ly  to  rem oval o f  th e  hydrogen bonding. The u l t r a ­

v i o l e t  spectrum  had maxima a t  222 m/j ( £ 16,400  ) w ith  an i n f l e c t i o n

a t  245 myu ( £ ca . 8 ,000  ) ,  and 320 ny.* ( £ 170 ) ,  i n  agreem ent w ith

th e  norm al n e u t r a l i s a t i o n  o f  th e  batiiochrom ic e f f e c t  o f th e  h y d ro x y l in  a
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16a-hydroxyenone a f t e r  a c e ty la t io n .  The s u c c e s s fu l  h y d ro ly s is  o f

ced re lo n e  a c e ta te  back to  ced re lo n e  was found to  be v e ry  dependent upon

th e  r e a c t io n  c o n d it io n s ,  owing to  th e  l a b i l i t y  o f  ced re lo n e  i t s e l f  in

base  ( v id e  i n f r a  ) ,  The read y  c h lo ro a c e ta te  fo rm a tio n  le d  i n  tu r n

to  th e  p re p a ra t io n  o f  th e  c r y s t a l l i n e  io d o a c e ta te  which was su b m itted  to

th e  X -ray  departm ent f o r  s t r u c t u r a l  ex am in a tio n  w h ile  th e  chem ica l work

was p ro ceed in g . T h is  le d  r a p id ly  to  th e  d e te rm in a tio n  o f  th e  s t r u c tu r e
17and r e l a t i v e  s te re o c h e m is try  o f ced re lo n e  as  ( B 55 R = H ) ,

The ch em is try  o f c ed re lo n e  a s  d e sc r ib e d  h e r e in  was f u l l y  c o n s is te n t  w ith  

t h i s  c o n s t i tu t io n .

On tre a tm e n t w ith  d im ethy l su lp h a te  and a l k a l i  c e d re lo n e  a f fo rd e d  

th e  co rresp o n d in g  m ethy l e th e r  ( B 5 | R = Me )•

C a ta ly t ic  h y d ro g en a tio n  o f  ced re lo n e  u n d er m ild  c o n d it io n s  le d  to  

to  th e  fo rm a tio n  o f  - a d ih y d ro -d e r iv a tiv e  ( B 3$ R — H ) ,  [ i  210 imu
JTIgI^Cq r

( 8 6 ,100  ) and 279 m/* ( £ 9 ,938  ) ,  Vmax 1712, 1677 cm, ^ ] ,  i n  which 

th e  double bond in  r in g  A had been s a tu r a te d .  The u l t r a - v i o l e t  

s u b tr a c t io n  curve o f  d ihydro  ced re lo n e  from ced re lo n e  had Amax 225 m̂ u 

( £ 8 ,100  ) which i s  th e  c o n t r ib u t io n  o f  th e  enone chromophore i n  r in g  A 

to  th e  t o t a l  u l t r a - v i o l e t  a b s o rp tio n  o f  c e d re lo n e . By1- th e  use  o f  

p la tin u m  in  a c e t ic  a c id  h y d ro g en a tio n  p roceeded  f a r t h e r  to  a hexahydro - 

d e r iv a t iv e  ( B 4 | R = H ) in  which th e  fu ra n  r in g  was a ls o  red u ced .

The d io sp h en o l fu n c t io n  in  ced re lo n e  was found to  be co m p le te ly  

r e s i s t a n t  to  q u in o x a lin e  fo rm a tio n  u nder a v a r i e ty  o f c o n d i t io n s .

A number o f a tte m p ts  were made to  c leav e  i t  to  th e  d ic a rb o x y lic  a c id  

( B 6 ) by th e  u se  o f  re a g e n ts ,  s ta n d a rd  f o r  th e  o x id a t iv e  c leav ag e
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o f  or-diketones. C edrelone was re c o v e re d  unchanged from tre a tm e n t

w ith  sodium p e r io d a te .  W ith le a d  t e t r a - a c e t a t e  i t  a f fo rd e d  a y e llo w ,

c r y s t a l l i n e  compound, which p roved  to  be u n s ta b le  on s ta n d in g  and

f o r  which no s a t i s f a c t o r y  a n a ly s is  was e v e r  o b ta in e d . On th e  b a s is

o f  i t s  s p e c t r a l  p r o p e r t i e s ,  and th e  known b eh av io u r o f  th e  re a g e n t we

have v e ry  t e n t a t i v e l y  a s s ig n e d  th e  s t r u c tu r e  ( B 7 ) to  i t .  Thus i t s

in f r a - r e d  spectrum showed no hydroxyl ab so rp tio n  and had bands a t  1744

and 124C cm, ^ ( a c e ta te  CsO and C.O r e s p e c t iv e ly  ) ,  a b ro ad  in te n s e

band c e n tre d  a t  1690 cm. ^ ( -CO.CO- and enone ca rb o n y l ) ,  bands a t

3100, 1500 and 874 cm.~^ ( fu ran  r in g  ) ,  and one a t  680 cm. ^ ( c i s

double bond ) 0 I t s  u l t r a - v i o l e t  spectrum , [ ^  ̂ 215 hiaji ( £  11 ,500  ) ,max. '

273 myU ( 1. 5,100 ) ,  and 433 m>* ( t  34 ) ]* w ith  th e  e x c e p tio n  o f  th e

maximum a t  273 him , was c o n s is te n t  w ithe  p re sen ce  o f  th e  fu r a n  and enone
IS

chrornophores, and w ith  t h a t  o f an u n e n o lis e d  a -d ik e to n e . W hereas

ced re lo n e  had co m p le te ly  r e a c te d  w ith in  two m in u tes  w ith  a l i t t l e  ov er

one m o lecu la r  p ro p o r tio n  o f th e  re a g e n t,  c ed re lo n e  a c e ta te  was re c o v e re d

unchanged a f t e r  one day. A c e to x y la tio n  a to  a ca rb o n y l group by

19le a d  t e t r a - a c e t a t e  i s  no t u n p reced en ted .

A ttem pted c leav ag e  o f  th e  d iosphenol. by th e  a c t io n  o f  hydrogen 

p e ro x id e  and a l k a l i  l e d  to  th e  i s o l a t i o n  o f  a n e u t r a l  compound,

T h is  was fo rm u la te d  a s  th e  epoxide ( B 8 ; R = H ) ,  s in c e  i t s  u l t r a ­

v i o l e t  spectrum , [ AmaX. 201 m/* ( L 7 ,200  ) ,  and 276 m / A  ( I 10 ,700 ) ] ,  

e s ta b l i s h e d  th e  r e t e n t io n  o f  th e  d io sp h en o l fu n c t io n  b u t l o s s  o f  th e  

r in g  A enone. The in f r a - r e d  spectrum  w ith  ca rb o n y l bands a t  1719 

( a -oxygenated  cyclohexanone ) ,  1681 cm. ( d io sp h en o l ) ,  and no a b s o rp tio n
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below  700 cm, ^ confirm ed t h i s 0 S u b tra c t io n  o f  th e  u l t r a - v i o l e t  

spectrum  from t h a t  o f  ced re lo n e  gave Amax 225 m̂ u ( £  7 ,300  ) ,  i n  good 

agreem ent w ith  th e  p re v io u s  v a lu e  e s t im a te d  f o r  t h i s  chrom ophore,

P a r ih a r  and B u tt r e p o r te d  th e  fo rm a tio n  o f  a c r y s t a l l i n e  oxime 

from ced re lo n e  on tre a tm e n t w ith  hydroxylam ine h y d ro c h lo r id e  and sodium 

a c e ta te  in  r e f lu x in g  a c e t ic  a c id .  In  ou r hands t h i s  p ro ced u re

a f fo rd e d  o n ly  amorphous s o l id s  w hich decomposed on a tte m p te d  p u r i f i c a t i o n ,  

and which had  a number o f th e  in f r a - r e d  c h a r a c t e r i s t i c s  o f  th e  a c id -  

c a ta ly s e d  rea rran g em en t p ro d u c t from ced re lo n e  ( v id e  i n f r a  )„

However, ox im atio n  in  p y r id in e -e th a n o l  s o lu t io n  gave a n it r o g e n  c o n ta in ­

in g  d e r iv a t iv e ,  >̂26^3 3^6  , whose fo rm ula  showed i t  to  be an adduct 

w ith  hydroxylam ine and no t an oxime. I t  decomposed a t  th e  m e ltin g  

p o in t  w ith  re fo rm a tio n  o f ced re lo n e  and t h i s ,  i n  c o n ju n c tio n  w ith  th e

s p e c t r a l  p r o p e r t i e s ,  [ /\ 211 myu ( £  7 ,000  ) and 281 m/» ( £ 9 ,300 ) ,max. /
VTnô . ( N ujo l ) 3450s ( hyd roxy l ) ,  3300 ( N-H ) ,  1695 ( hydrogen bondedmax. f \ ^

cyclohexanone ) ,  1678 cm. ( d io sp h en o l ) ] ,  in d ic a te d  th e  s t r u c tu r e

( B 9 ) f o r  i t c The fo rm a tio n  o f  p -hydroxylam ino-oxim es from
20

a p -u n s a tu ra te d  k e to n e s  on ox im ation  i s  w e ll known, and th e  above adduct 

r e q u ir e s  l i t t l e  f u r th e r  comment. I t  i s ,  however, o f  i n t e r e s t  to  

n o te  t h a t  th e  ca rb o n y l group a t  was r e s i s t a n t  to  o x im atio n  even a f t e r  

p ro lo n g ed  tre a tm e n t w ith  th e  re a g e n t.  A r a th e r  s im i la r  r e a c t io n ,  

r e p o r te d  by A rig o n i e t  a l . , i s  th e  b a s e -c a ta ly s e d  a d d i t io n  o f  m ethano l 

to  th e  enone system  w ith  fo rm atio n  o f  th e  m o th o x y -d e riv a tiv e  ( B 10 

T h is  read y  a d d i t io n  o f n u c le o p h ile s  to  th e  enone system  w ith  s a tu r a t io n

o f  th e  double bond may have i t s  o r ig in  i n  th e  r e s u l t i n g  r e d u c t io n  o f  th e
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s t r a i n  in h e re n t  i n  th e  A-B r in g  system . An e n t i r e l y  an a lo g o u s, and

p o s s ib ly  un ique r e a c t io n  i s  to  be found i n  th e  r e d u c t io n  o f  c e d re lo n e

w ith  ex cess  sodium bo ro h y d rid e  a t  room te m p e ra tu re  i n  aqueous d io x an ,

to  th e  same d ih y d ro -d e r iv a tiv e  a s  i s  o b ta in e d  by c a t a l y t i c  h y d ro g e n a tio n .

R eduction  o f  th e  double bond in  co n ju g a ted  system s by sodium b o ro h y d rid e

h as  been p re v io u s ly  observed . The b u te n o lid e  system  o f  i r e  s in  ( B 12 )
22

was reduced  to  th e  b u ta n o lid e  in  d ih y d ro i r e s in  ( B 13 ) ,  and c o n ju g a te d
23

n i t r o - a lk e n e s  g ive th e  s a tu r a te d  n itro -com pounds. In  o th e r  c a se s

known to  u s  s a tu r a t io n  o f th e  double bond in  an  enone by sodium bo ro ­

h y d rid e  was accom panied by concom itan t r e d u c t io n  o f  th e  ca rb o n y l

group ing . Thus, c h o l e s t - l - e n - 3-one gave c h o le s ta n -3B -o l, and
2 4a n d ro s t- l ,4 ~ d ie n -3 ,1 7 -d io n e  gave a n d ro s t-4 -e n -3 ,1 7 -d io lo  The system

m ost c lo s e ly  com parable to  c ed re lo n e  o ccu rs  i n  gedunin  ( B 14 ) ,  which 

g iv e s  d ihydrogeduno l ( B 15 ) on tre a tm e n t w ith  sodium b o ro h y d rid e
5

un d er c o n d itio n s  in  which o n ly  th e  double bond o f  c ed re lo n e  i s  red u ced .

D ra s t ic  re d u c t io n  o f ced re lo n e  to  th e  t r i o l  ( B 16 ) by b o ro h y d rid e  has  

21been re p o r te d .

The f a i l u r e  o f th e  r in g  A ca rb o n y l o f  d ih y d ro ce d re lo n e  to  ox im ate ,

and i t s  c o n s id e ra b le  r e s is ta n c e  to  bo ro h y d rid e  r e d u c t io n  c o n t r a s t

s t ro n g ly  w ith  th e  norm al r e a c t i v i t y  o f  th e  ca rb o n y l fu n c t io n  i n  3-o x o -

t r i t e r p e n e s ,  which r e a d i ly  undergo bo th  o f th e s e  r e a c t io n s .  The

re a so n s  f o r  t h i s  a re  p ro b ab le  s t e r i c  in  o r ig in .  Ring A o f  c ed re lo n e

io d o a c e ta te  ( B 5; R -  GO.GI^I ) was observed  to  e x i s t  i n  th e  b o a t - l ik e
17co n fo rm ation  r a th e r  th a n  i n  th e  h a l f - c h a i r  a ls o  a v a i la b le  to  i t . "

A lthough in te rm o le c u la r  fo rc e s  i n  th e  c r y s ta l  may p la y  some p a r t  i n
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t h i s ,  i t  i s  l i k e l y  th a t  t h i s  co n fo rm ation  i s  p r e f e r r e d  s in c e  non-bonded

in t e r a c t io n s  betw een th e  m ethy l groups on C. and th e  b u lk y  s u b s t i tu e n t

a t  C6 a re  m in im ised . In  th e  h a l f - c h a i r  th e  a-m ethy l group

e c l ip s e s  t h i s  s u b s t i tu e n t ,

A model o f d ih y d ro ced re lo n e  shows t h a t  r in g  A can adopt e i t h e r  a

c h a i r  ( B 17 ) o r  one o f two b o a t con fo rm atio n s ( B IB and B 19 ) .

A c o n s id e ra t io n  o f  th e  non-bonded in t e r a c t io n s  a s s o c ia te d  w ith  each  o f

th e se  su g g e s ts  t h a t  much th e  p r e f e r r e d  co n fo rm a tio n  w i l l  be th e  b o a t

( B 18 ) ,  s in c e  o n ly  i n  i t  i s  th e  sev ere  e c l ip s e d  i n t e r a c t i o n  betw een

th e  a-m ethyl and th e  s u b s t i tu e n t  a b s e n t. In  t h i s  co n fo rm a tio n

th e  ca rb o n y l group i s  s h ie ld e d  from a t ta c k  on th e  [3- f a c e  by th e  C-̂ q

m e th y l, and on th e  a~ face by th e  p se u d o -a x ia l  C a-m ethy l group.
4

A lso , n u c le o p h il ic  a d d i t io n  to  th e  carb o n y l would be e n e r g e t i c a l ly
l  ntermed'-

u n fa v o u ra b le  a s  i t  r e q u ir e s  t h a t  become t e t r a h e d r a l ,  and th e  r e s u l t i n g

ia .te  would have a severe  non-bonded in t e r a c t io n  o f th e  1 ,A -M b o a t - f la g p o le  "

ty p e  betw een th e  3- s u b s t i tu e n t  and th e  C m eth y l. N u c le o p h ilic

a d d i t io n  to  th e  ca rb o n y l group when r in g  A i s  i n  th e  c h a ir  co n fo rm atio n

would be f r e e  from th e s e  o b je c t io n s ,  b u t ,  a s  h a s  a lre a d y  been  s ta t e d ,

t h i s  con fo rm ation  i s  e n e r g e t ic a l ly  th e  l e s s  fa v o u ra b le .

In  c o n t r a s t ,  O u risso n  e t  a l .  have r e c e n t ly  in t e r p r e te d  d ip o le

m easurem ents on some p e n ta c y c l ic  t r i t e r p e n e  d e r iv a t iv e s  a s  in d i c a t in g  an

e q u ilib r iu m  betw een c h a ir  and b o a t con fo rm ations f o r  r in g  A i n  a r a t i o

25o f abou t seven to  th r e e .  T h is would su g g es t t h a t  i n  g e n e ra l th e

c h a i r  con fo rm ation  i s  s l i g h t l y  th e  more fav o u red  i n  a norm al 3- o x o t r i t e r p -  

ene. In  t h i s  confo rm ation  th e re  i s  e asy  a c c e ss  to  th e  a - fa c e  o f



th e  ca rb o n y l group, and th e  t e t r a h e d r a l  in te rm e d ia te  p roduced  by n u c le o ­

p h i l i c  a d d i t io n  i s  o f  a  s t r a i n - f r e e  c h a i r  cyclohexane ty p e .

T reatm ent o f  ced re lo n e  a c e ta te  w ith  bo ron  t r i f l u o r i d e  e th e r a te

y ie ld e d  an iso m e ric  compound, iso c e d re lo n e  a c e ta t e .  E xam ination  o f

i t s  in f r a - r e d  and u l t r a - v i o l e t  s p e c tra , f A 210 mjw ( £ 23,100 ) ,
' ' max.

and 238 m,M ( t  26,300 ) ,  Vm0X# ( CHC1 ) 342-5, ( hydrogen  bonded h y d ro x y l ) 

1764 ( d io sp h en o l a c e ta te  ) ,  1696 ( cyclohexanone ) ,  1667 ( d io sp h en o l 

ca rb o n y l ) cm,~^ ] ,  and com parison w ith  th o se  o f  c e d re lo n e  a c e ta te  

e s ta b l i s h e d  t h a t  th e  d io sp h en o l and enone fu n c t io n s  were s t i l l  p r e s e n t ,  

and th a t  a h y d ro x y l group and a new chromophore had  been  in tro d u c e d . 

S u b tra c t io n  o f  th e  u l t r a - v i o l e t  spectrum  o f  c ed re lo n e  a c e ta te  from t h a t

o f  is o c e d re lo n e  a c e ta te  showed t h i s  chromoohore to  have /\ 242 m/4
max, 7

( 6 13,200 ) ,  The hydroxy l group f a i l e d  to  a c e ty la te  under m ild

co n d itio n s  but d id  so in  re f lu x in g  a c e t ic  anhydride-sodium  a c e ta te

s o lu t io n ,  w hich su g g es ted  t h a t  i t  was a t e r t i a r y  o r  h in d e re d  secondary

a lc o h o l. The l a t t e r  was fav o u red  on th e  b a s is  o f  a new peak i n  th e
-1

i n f r a - r e d  spectrum  a t  1061 cm, , in c o m p a tib le  w ith  th e  carbon-oxygen

s in g le  bond s t r e t c h in g  v ib r a t io n  o f  a t e r t i a r y  a lc o h o l.  T hat t h i s

was c o r r e c t  was shown by com parison o f  th e  n u c le a r  m agnetic  re so n an ce

s p e c tr a  o f  ced re lo n e  and is o c e d re lo n e  a c e ta te s .  These were f a i r l y

s im i la r ,  b u t th e  form er had a peak a t  Z 6 .3 6  which had  moved d o w n fie ld

i n  th e  l a t t e r  to X 5 » 4 2 , T h is  peak had been a s s ig n e d  to  th e  epox ide

p ro to n  on C in  cedrelone a c e ta te .  I t s  p o s i t io n , ca. 1 Z low er 
15

26th a n  th e  l i t e r a t u r e  v a lu e  f o r  such a p ro to n , i s  e x p l ic a b le  i n  te rm s o f
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d e s h ie ld in g  by th e  n earb y  ca rb o n y l f u n c t io n  a t  C^, In  is o c e d re lo n e  

a c e ta t e  i t  was com patib le  w ith  a s im i la r ly  d e s h ie ld e d  p ro to n  on a carbon  

b e a r in g  a hyd roxy l group*

The above s p e c t r a l  o b s e rv a tio n s  combined w ith  th e  mode o f  fo rm a tio n  

in d ic a te d  th e  s t r u c tu r e  ( B 20; R = H ) a s  th e  m ost p ro b a b le . 1 T h is  

a r i s e s  th ro u g h  a c id - c a ta ly s e d  c leavage  o f  th e  epoxide r in g  w ith  concom ittant 

m ethy l m ig ra tio n  from C-^ to  C_^, and th e  p la c in g  o f  a double bond i n  

c o n ju g a tio n  w ith  th e  fu ra n  r in g .  The s te re o c h e m is try  o f  c e d re lo n e  

i s  such t h a t  r in g  C o f  n e c e s s i ty  e x i s t s  i n  a b o a t co n fo rm a tio n , w hereas 

i t  becomes a c h a ir  i n  iso c e d re lo n e  a c e ta t e .   ̂ I t  i s  c o n s id e re d  t h a t  

th e  d r iv in g  fo rc e  f o r  th e  rearrangem en t d e r iv e s  from th e  a t te n d a n t  

r e l i e f  o f  s t e r i c  s t r a i n .  E x c e lle n t an a lo g y  f o r  t h i s  e x i s t s  i n  th e  

co n v e rs io n  o f  th e  s te re o  ch em ica lly  s im i la r  h ex ah y d ro lim o n in ic  a c id  ( B 21 ) 

to  th e  Y -la c to n e  ( B 22 ) by th e  a c t io n  o f  h y d r o c h lo r ic - a c e t ic  a c id
Ci-

m ix tu re .

The new chromophore a t  212 myu was a s s ig n e d  to  th e  s u b s t i tu t e d

13-v iny lfu ran . The s p e c tr a  o f  3 -v in y l£ i r a n  and i t s  d e r iv a t iv e s

have no t been re p o r te d ; 2- v in y l f u ra n ,  how ever, h a s  ^ mrLX 260 rry*

27( £ 16,600  )* T hat th e  o b served  chromophore i s  c o n s is te n t  w ith  th e

p -v in y lfu ra n  fo rm u la tio n  i s  borne o u t by com parison w ith  th e  s p e c tr a  o f
28

p -c h lo ro p h e n y lfu ra n s . The 2 -iso m er h as  A 287 myu ( L 20 ,600  )max.

w hereas th e  3- iso m e r h as  ^max 262 iy* ( £ 13 ,200 ) .  T h is  r e l a t io n s h ip

o f  th e  chromophore to  th e  p o s i t io n  o f  th e  s u b s t i tu e n t  i s  in  agreem ent

w ith  th e  o b s e rv a tio n  t h a t  an e q u iv a le n t o f  two e th y le n ic  l in k a g e s  i s

16c o n tr ib u te d  to  th e  K-band o f  a co n ju g a ted  system  by a fu ra n  r in g .
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Thus 2 -p -c h lo ro p h e n y lfu ra n  h as  a b s o rp tio n  s im i la r  to  t h a t  o f  p h e n y l-

b u ta d ie n e , \ A 280 m/u ( £ 21,100 ) ] ,  and th e  c ro s s -c o n ju g a te dmax. J

3- iso m e r to  s ty re n e , [ A max* 262 m^u ( £. 1330G ) ] .  On t h i s  b a s is

th e  o bserved  v a lu e  f o r  th e  [3~ v in y lfu ra n  chromophore i n  is o c e d re lo n e

a c e ta te  seems re a so n a b le  when compared w ith  a t r i s u b s t i t u t e d  b u ta d ie n e ,

ex p ec ted  to  abso rb  m axim ally  somewhere around  235 hjm. Analogous

rearran g em en t p ro d u c ts  were o b ta in e d  from d ih y d ro ce d re lo n e  and a c e ta te ,,

and from epoxycedre lone .

I t  has been r e c e n t ly  r e p o r te d  by Aghoram urthy e t  a l .  t h a t  c ed re lo n e

on tre a tm e n t w ith  a c e t i c  anhyd ride  i n  th e  p re sen ce  o f  p - to lu e n e s u lp h o n ic

a c id  gave a d ia c e ta te ,  m .p. 245- 217° ,  w hich th e y  fo rm u la te d  a s  th e
29

compound ( B 23 ) on no ev id en ce . The r e a c t io n  c o n d it io n s  employed

would have been ex p ec ted  to  g ive is o c e d re lo n e  d ia c e ta te  ( B 20; R = Ac )

b u t t h i s ,  however, h as  m .p. 195- 200° .  We have r e in v e s t ig a t e d  t h i s

compound, and found th a t  i t  a n a ly se d  as  a t r i a c e t a t e  o f  c e d re lo n e .

I t s  i n f r a - r e d  spectrum , [ y  ( CC1 ) 1767, 1712, 1699* 1688 cm.” ^ 1,nicix#

c l e a r ly  showed by com parison w ith  t h a t  o f  is o c e d re lo n e  d ia c e ta te ,

[ y  ( CGI ) 1766, 1712, 1698 cm. ^ ] ,  t h a t  i t  was a d e r iv a t iv e
max. 4

o f  th e  l a t t e r  i n  to  w hich a t h i r d  a c e ty l  group had been in tro d u c e d .

The u l t r a - v i o l e t  spectrum , [ Anax# 223 n^u ( £ 20,100 ) and 276 my 

(£11,010  ) ] ,  p ro v id e d  th e  c lu e  a s  to  th e  p o s i t io n  o f t h i s  a c e ty l  

group, by in d ic a t in g  th a t  th e  v in y l fu r a n  chromophore had undergone 

ex tended  c o n ju g a tio n . T h is  r e q u ire d  t h a t  a F r ie d e l - C r a f ts  a c y la t io n  

o f  th e  fu ra n  had ta k e n  p la c e , and th u s  s t r u c tu r e  ( B 21 ) o r  ( B 25 ) 

f o r  th e  p ro d u c t. T hat t h i s  was so was p roved  by th e  appearance  o f
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o n ly  one a - fu ra n  p ro to n , ( m u l t ip le t  a t  t  2 . 4-4- ) and one p -p ro to n ,

( m u l t ip le t  a t  I. 3 . 04- ) i n  th e  n u c le a r  m agnetic  reso n an ce  spectrum ,

A d e c is io n  betw een th e  two s t r u c tu r e s  h as  n o t been  c o n c lu s iv e ly  reached*

However, th e  w ell-know n s e n s i t i v i t y  o f  th e  F r ie d e l - C r a f t s  r e a c t io n  to

s t e r i c  h in d ran c e  would support th e  23- a c e t y l  d e r iv a t iv e  r a th e r  th a n

th e  21- a c e ty l  isom er. T h is  a c e ty la t io n  o f  th e  fu ra n  r in g  i s  q u i te

u n e x c e p tio n a l, Furan , i t s e l f ,  g iv e s  i n  m oderate  y i e ld  2- a c e ty l f u r a n
30

on tre a tm e n t w ith  a c e t ic  anhydride  and p - to lu e n e s u lp h o n ic  a c id .

The maximum a t  lo n g e s t w aveleng th  i n  th e  u l t r a - v i o l e t  i s  l i t t l e

d i f f e r e n t  from th a t  o f  2- a c e ty l f u r a n ,  [ X 226 mu ( £  2 , 4-00 ) and
max,

31270 myu 14-,000 ) ] ,  T h is  can be r a t i o n a l i s e d  a s  b e fo re ,  on

th e  b a s is  t h a t  th e  c ro s s -c o n ju g a te d  system  o f  a 2- a c e t y l - 3- v in y l f u r a n  

would be e j e c t e d  to  have an  u l t r a - v i o l e t  spectrum  ap p ro x im a te ly  

e q u iv a le n t to  th e  summation o f  th e  chromophores f o r  2- a c e ty l f u r a n  

and 3 -v in y lfu ra n  r e s p e c t iv e ly .  In  su p p o rt o f  t h i s  one may observe  

t h a t  2 , 5-d ip h e n y lfu ra n  has an u l t r a - v i o l e t  spectrum  s im i la r  to  t h a t  o f  

l , 4--d ip h en y lb u tad ien e , w hereas th e  spectrum  o f  th e  2, 4--isom er i s  i n

32agreem ent w ith  a summation o f th o se  f o r  s ty re n e  and p h e n y lb u ta d ie n e .

In  a d d i t io n  to  th e  above p ro d u c t th e r e  was i s o l a t e d ,  i n  an amount 

to o  sm all to  p e rm it com plete c h a r a c te r i s a t io n ,  a second compound, whose 

u l t r a - v i o l e t  and i n f r a - r e d  s p e c tr a ,  [ > 227 m^ ( £ 24-, 2^0 ) ,  256 m*4
IHciX* /

( t  19 ,230 ) and 282 m/, ( £ 15 , 630 ) ,  ( CC1 ) 1767, 1744-, 1697,

and 1682 cm. ^ ] ,  would be i n  agreem ent w ith  i t s  b e in g  th e  21- a c e t y l -  

fu ra n  isom er ( B 25 ) .
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T reatm ent o f  ced re lo n e  w ith  a q u e o u s -a lc o h o lic  po tass iu m  h y d ro x id e

u nder r e f lu x  a f fo rd e d  i n  m oderate y ie ld  an a c id ,  C26H32°6 • T hat ^

was a m onocarboxylic  a c id  was shown by i t s  s o l u b i l i t y  i n  aqueous sodium

hydrogen ca rb o n a te  s o lu t io n ,  and th e  fo rm a tio n  o f  a n e u t r a l  monomethyl

e s t e r  on tre a tm e n t w ith  d iazom ethane. The a c id  had  bands i n  i t s

s o l id  s t a t e  i n f r a - r e d  spectrum  a t  3550* 354-0* 3250, 1706, 1672, and

875 cm. ^ The peaks a t  1672 and 875 cm. ^ in d ic a te d  t h a t  th e  r in g  A

enone and fu ra n  r in g  r e s p e c t iv e ly  had been r e ta in e d .  Those a t  3604- 
-1

and 3525 cm. i n  th e  e s t e r  e s ta b l i s h e d  th a t  i t  was a  d e r iv a t iv e  o f  

a mono- o r  d ih y d ro x y ac id . T hat th e  l a t t e r  was c o r r e c t  was p ro v ed  by 

th e  c o n v e rs io n  o f  th e  e s t e r  to  an a c e ta t e ,  ( u n f o r tu n a te ly  n o n - c r y s ta l l in e ,  

b u t shown to  be pu re  by i t s  b eh av io u r on a s i l ic a - c h ro m a to p la te  ) ,  

which s t i l l  had a hyd roxy l band in  th e  i n f r a - r e d .  The p re se n c e  o f  

two hydroxy l g roups, th e  fu ra n  r in g ,  and th e  enone fu n c t io n  in  r in g  A, 

ta k e n  i n  c o n ju n c tio n  w ith  th e  m o le c u la r  fo rm u la  o f  th e  a.cid  in d ic a te d  

th a t  th e  epoxide r in g  cou ld  110 lo n g e r  be i n t a c t .  The same c o n c lu s io n  

was a ls o  reac h ed  from th e  o b s e rv a tio n  t h a t  th e  a c id  was s ta b le  to  

bo ron  t r i f l u o r i d e  e th e r a te .

The u l t r a - v i o l e t  spectrum  o f th e  a c id , [ Araax 235 m/x ( £ 20 ,000 ) ,  

u n a l te r e d  i n  base  ] ,  confirm ed th e  rem oval o f  th e  d io sp h en o l fu n c t io n ,  

and su g g es ted  th a t  th e  epoxide had been opened i n  th e  same manner as  

i n  is o c e d re lo n e  a c e ta te ,  w ith  th e  a t te n d a n t  fo rm a tio n  o f  a  v in y l fu r a n .

T h is  was confirm ed  by i t s  n ea r i d e n t i t y  to  th e  u l t r a - v i o l e t  s u b tr a c t io n  

curve o f h exahydroced re lone  a c e ta te  ( B 4.; R -  Ac ) from is o c e d re lo n e  

a c e ta te ,  which had Anax# 236 iryu ( £ 18,000 ) ,  th e  c o n t r ib u t io n  o f  th e
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r in g  A enone and v in y l fu r a n  chrom ophores to  th e  u l t r a - v i o l e t  spectrum  

o f  is o c e d re lo n e  a c e ta te .

The above ev idence  s tro n g ly  in d ic a te d  t h a t  th e  a c id  had  th e  

s t r u c tu r e  ( B 26^ R = H ) ,  form ed by b e n z i l i c  a c id  rea rran g em en t o f  

th e  d io sp h en o l m oiety,, and opening  o f  th e  epoxide r in g  a s  p r e v io u s ly .  

F u r th e r  su p p o rt f o r  t h i s  s t r u c tu r e  came from two so u rc e s . F i r s t ly *  

s im i la r  h y d ro ly s is  o f is o c e d re lo n e  a c e ta te  gave th e  same a c id ic  p ro d u c t. 

Secondly* o x id a tio n  o f  th e  a c id , h e n c e fo rth  r e f e r r e d  to  as  is o c e d re lo n ic  

a c id ,  by le a d  t e t r a - a c e t a t e  in  d ioxan-benzene a t  room te m p e ra tu re  

a f fo rd e d  a n e u t r a l  compound* C ^H ^qO^ , T hat t h i s  was th e  n o rk e to n e  

( B 27 | R = H ) ex p ec ted  on th e  b a s is  o f  s t r u c tu r e  ( B 26 ) f o r  th e  

a c id  was shown by i t s  u l t r a - v i o l e t  spectrum , i d e n t i c a l  to  t h a t  o f  th e  

a c id ,  and bands a t  34-70 ( hydrogen bonded h y d ro x y l ) ,  17IS  ( hydrogen  

bonded cyclopen tanone ) ,  1691 ( r in g  A enone ) cm. ^ i n  i t s  i n f r a - r e d  

spectrum . The norketone on a c e ty la t io n  gave a  m onoaceta te  ( B 27j

R = Ac ) ,  [ -v ( CC1 ) 1739 w ith  an i n f l e c t i o n  a t  174-5 cm. , and
IILcLa.* /.

-1
I 69O cm, ] ,  i n  which th e  cyclopen tanone ca rb o n y l a b s o rp tio n  had 

moved up to  a  more norm al v a lu e .

The p ro b ab le  s te re o c h e m is try  a s s ig n e d  to  is o c e d re lo n ic  a c id  

r e s u l t s  from th e  fo llo w in g  o b s e rv a tio n s .  The h y d ro x y l group on C ^  

must be p s in c e  th e  same a c id  r e s u l t s  from h y d ro ly s is  o f  is o c e d re lo n e  

a c e ta te . .  The norke tone  was o b ta in e d  from th e  a c id  by a v e ry  m ild  

r e a c t io n  ( v id e  sup ra  ) ,  d u rin g  which q u a n t i ta t iv e  e p im e r is a t io n  a t  

would ap p ea r u n l ik e ly  to  o ccu r. I t  was shown to  be th e  more s ta b le  

epim er s in c e  i t  was reco v e re d  unchanged from r e f lu x in g  in  10/a aqueous-
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a lc o h o l ic  a l k a l i .  In s p e c tio n  o f  s te reo -m o d e ls  o f  th e  c i s  and t r a n s

As 33 fu se d  k e to n es  ( B 29 ) and ( 3 30 ) r e s p e c t iv e ly ,  showed t h a t  th e

l a t t e r  i s  much th e  l e s s  s ta b le ,  s in c e  i t  i s  th e  more s t r a in e d  and h as

s e r io u s  1 , 3-non-bonded in t e r a c t io n s  betw een th e  B -m ethyl groups a t

C , C^q , and G^. By com parison th e  c i s  epim er can adop t a co n fo rm a tio n

i n  which th e re  i s  no in t e r a c t io n  betw een th e  G B -m ethyl group and t h a t
4

a t  C-̂ q, and in  w hich th e  i n t e r a c t io n  betw een th e  Cg m ethy l and th a t  a t

C-̂ q i s  d im in ish ed . The s te re o c h e m is try  in d ic a te d  a t  C/ was e s ta b l i s h e d

th rough  th e  fo rm a tio n  o f  a  la c to n e  ( B 28 ) ,  d e s c r ib e d  in  more d e t a i l

l a te r , ,  M o lecu la r models in d ic a te  t h a t  f o r  e i t h e r  a c i s  o r  t r a n s

AtB fu se d  r in g  ju n c t io n ,  l a c to n i s a t io n  can ta k e  p la c e  o n ly  i f  th e  ca rb o x y l

group i s  p la c e d  <a on Cg6 C o n s id e ra t io n  o f  th e  mechanism o f  th e

b e n z i l i c  a c id  rearrangem en t p ro v id ed  some su p p o rt f o r  th e  assignm ent

o f  c o n f ig u ra tio n s  a t  C  ̂ and Cg.

I t  i s  o f  some i n t e r e s t  to  e n q u ire  in to  th e  re a so n s  and mechanism

f o r  th e  opening o f  th e  epoxide r in g  d u rin g  fo rm a tio n  o f i s o c e d re lo n ic

a c id . Under even fo rc in g  c o n d itio n s  o f  h y d ro ly s is  d ih y d ro ce d re lo n e

and iso d ih y d ro c e d re lo n e  a c e ta te s  were c o n v e rted  to  th e  co rresp o n d in g

d e a c e ty l compounds, w ith  o n ly  t r a c e  fo rm a tio n  o f  a c id ic  b y p ro d u c ts .

A rig o n i e t  a l .  have re p o r te d  t h a t  epoxycedrelone behaved s im i la r ly ,

and concluded th a t  th e  epoxide in  r in g  D i s  no t s u s c e p t ib le  to
21

c leav ag e  by th e  a t ta c k  o f  e x te rn a l  b a se . From th e s e  o b s e rv a tio n s

th e y  were le d  to  p ropose t h a t  th e  epoxide r in g  i s  c leav ed  by an i n t e r n a l  

a t t a c k  o f  th e  c a rb o x y la te  an io n  p re s e n t  in  th e  b e n z i l i c  a c id  rea rran g em en t 

p ro d u c t ( B 31 ) to  g iv e , a s  an in te rm e d ia te ,  ore o f  th e  la c to n e s  ( B %  )



o r  ( B 33 ) . The known s te re o c h e m is try  a t  i n  th e  a c id  n e g a te s

th e  fo rm er p o s s i b i l i t y .  The l a t t e r ,  were i t  an in te rm e d ia te ,  would

be hydrolysed  to  th e  tr ih y d ro x y ac id  ( B 34 )? and one must th e n  p o s tu la te

e i t h e r  t h a t  t h i s  undergoes a b a s e - c a ta ly s e d  W agner-M eerwein, [ ( B 34 -

B 35 ) ] j  a c tu a te d  by removal o f th e  weakly a c t iv a te d  p ro to n  from G-j.7*

o r  t h a t  i t  undergoes an a c id - c a ta ly s e d  d e h y d ra tio n  w ith  concom itan t

m ethyl m ig ra tio n  on a c i d i f i c a t i o n  o f  th e  r e a c t io n  m ix tu re . The l a t t e r

pathw ay cannot be e n t i r e l y  excluded  bu t seems u n l ik e ly  f o r  th e  fo llo w in g

re a s o n s . As h as  a lre a d y  been m en tioned , th e  d r iv in g  fo rc e  f o r  open ing

o f  th e  epoxide w ith  m ethyl m ig ra tio n  l i e s  in  r e l i e f  o f  th e  s t r a i n

a s s o c ia te d  w ith  th e  b o a t co n fo rm ation  o f r in g  C. T h is  s t r a i n  i s

a b se n t i n  th e  s t r u c tu r e  ( B 34 )? in  which r in g  C i s  now a c h a i r .

In  a d d i t io n  th e  h y d ro x y l group to  be e l im in a te d  and th e  m ig ra tin g

m ethy l group a re  c i s  to  one a n o th e r , a s i t u a t io n  w hich would p re v e n t an

e n e r g e t ic a l ly  fa v o u ra b le  c o n c e r te d  m ig ra tio n  from ta k in g  p la c e .

The fo rm er p o s s i b i l i t y  was e l im in a te d  by i s o l a t i n g  th e  po tass ium  s a l t

from th e  r e a c t io n  m ix tu re , and m easuring  i t s  u l t r a - v i o l e t  spectrum .

T h is  had A 220 mow ( £. 9?700 ) ,  c o n s is te n t  w ith  th e  p re sen ce  o f  th e  
max. x

r in g  A and fu ra n  chromophores o n ly , and on a c i d i f i c a t i o n  o f  th e  s o lu t io n  

i t  changed im m ed ia te ly  to  th e  spectrum  o f is o c e d re lo n ic  a c id .

I t  would th e r e f o r e  seem h ig h ly  p ro b a b le  t h a t  th e  epox ide r in g  i s  un­

a f f e c te d  d u rin g  th e  b e n z i l i c  a c id  rearrangem en t p e r  se , b u t undergoes 

an ex tre m ely  f a c i l e  opening  on a c i d i f i c a t i o n ,  owing to  th e  v e ry  c o n s id e ra b le  

s t r a i n  in h e re n t  i n  a b o a t r in g  C fu sed  t r a n s  to  two f iv e  membered r in g s .

A number o f a tte m p ts  were made to  prove t h i s  by form ing d e r iv a t iv e s



-2 8 -

which cou ld  be a n a ly se d . Thus, th e  above po tass iu m  s a l t ,  u nder 

c o n d itio n s  which form ed a p -n i t r o b e n z y l  e s t e r  from is o c e d r e lo n ic  a c id ,  

gave o n ly  s o lv o ly s is  p ro d u c ts  o f th e  re a g e n t i n  th e  n e u t r a l  f r a c t i o n ,  

and none o f th e  e s t e r  ( B 36 | R = C^C^H^NC^ ) . S im i la r ly ,  an

a tte m p t to  o x id is e  i t ,  by means o f chromium t r i o x id e  i n  p y r id in e ,  to  th e  

no rk e to n e  ( B 37 ) a lso  f a i l e d .

As p re v io u s ly  m entioned , d ih y d ro - and iso d ih y d ro c e d re lo n e  cannot

be induced  to  undergo th e  b e n z i l ic  a c id  rea rran g e m en t, b eh av io u r which

c o n t r a s t s  m arkedly  w ith  t h a t  o f  ced re lo n e  The re a so n s  f o r  t h i s

a re  n o t a t  a l l  obv io u s. The c u r r e n t ly  a c c e p te d  mechanism f o r  th e

33b e n z i l i c  a c id  rearrangem en t i s  a s  shown i n  ( B 38 -  41 )« I n t h i s ,

hyd ro x id e  io n  adds r e v e r s ib ly  to  th e  ca rb o n y l group to  form an adduct 

( B 39 ) ,  w hich th e n  undergoes a r a te -d e te rm in in g  rea rran g em en t to  form 

a  second in te rm e d ia te  ( B 40 ) , r a p id ly  c o n v e rted  to  th e  b e n z i la t e  an io n  

by th e  a p p ro p r ia te  p ro to n  t r a n s f e r s .  By an e n t i r e l y  s im i la r  mechanism, 

b e n z i l i c  a c id  e s t e r s  can be o b ta in e d  under d a t a ly s i s  by th o se  a lk o x id e  

io n s , which a re  n o t r e a d i ly  o x id ise d .

The above mechanism in d ic a te s  t h a t  f o r  rea rran g em en t to  o ccu r in

d ih y d ro c e d re lo n e , i n i t i a l  a t ta c k  must ta k e  p la c e  on th e  c i s  o r  t r a n s

AsB fu se d  u n e n o lis e d  a -d ik e to n e  ta u to m ers  ( B 42$ p-H and a-H ) , p re s e n t

a t  low c o n c e n tra t io n  in  e q u ilib r iu m  w ith  th e  form ( B 43 ) .  In  th e

t r a n s  a l t e r n a t iv e  th e  (3-face i s  s h ie ld e d  from a t ta c k  by th e  m e th y ls  a t

Cg and A d d itio n  to  G  ̂ from th e  a-face . w i l l  be l e s s  fav o u red

th a n  to  Gy, s in c e  i n  th e  r e s u l t in g  in te rm e d ia te  two a d d i t io n a l .  1 ,3 -

in t e r a c t io n s  a r i s e  between th e  6 - s u b s t i tu e n t  a t  G, and th e  Crt and C,~
b  o  1 0
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m ethy l g roups, w hereas in  th e  case th e  same two in t e r a c t io n s  a re  

betw een th e  a-C s u b s t i tu e n t  and th e  a-hydrogen atoms a t  C and G .
7 5 9

I t  would th u s  app ea r t h a t  th e  n e c e s sa ry  in te rm e d ia te  f o r  rea rran g em en t 

should  be capab le  o f form ing. The re a so n  f o r  i t s  f a i l u r e  to  undergo

rearrangem en t may be because th e  energy  r e q u ir e d  to  form th e  t r a n s  A;B 

fu se d  a c id  i s  p r o h ib i t iv e .  In  bo th  con fo rm atio n s  a v a i la b le  to  i t ,

( B 44 ) and ( B 45 ) th e  a c id  i s  s e v e re ly  d e s t a b i l i s e d  by non-bonded 

in t e r a c t io n s  betw een th e  m ethy ls  a t  C^, Cg, and C , and th e  h y d ro x y l 

and carb o x y l groups a t ta c h e d  to  Cg. An e x a c t ly  s im i la r  argum ent 

a p p l ie s  to  c e d re lo n e , a s  s u b s t i t u t i o n  o f a double bond betw een and 

C2 makes n e g l ig ib le  a l t e r a t i o n  to  th e  s t e r i c  r e l a t io n s h ip s  o f  th e  

groups m entioned . Hence, s in c e  d ih y d ro ce d re lo n e  does n o t form a 

t r a n s  kiBi  fu se d  a c id  n e i th e r  shou ld  c e d re lo n e . By c o n t r a s t ,  th e  c i s  

kiB fu se d  d ih y d ro a c id  can adopt a co n fo rm ation  ( B 46 ) r e l a t i v e l y  

f r e e  from in t e r a c t io n s  between th e  m ethyl groups and th e  s u b s t i tu e n t s ,  

and i t  d i f f e r s  from th e  co rresp o n d in g  ced re lo n e  d e r iv a t iv e  in  h av in g  an 

a d d i t io n a l  in t e r a c t io n  o f  th e  1 ,4  11 f la g p o le - ty p e  ” betw een a m ethy l a t  

and a hydrogen on C . One m ight th e r e f o r e  deduce t h a t ,  i f  th e

n e c e ssa ry  in te rm e d ia te  were a v a i la b le ,  th e r e  shou ld  be l i t t l e  b a r r i e r  

to  i t s  rearran g em en t to  th e  c i s  AsB fu se d  d ih y d ro a c id . An ex am in a tio n  

o f  th e  p o s s ib le  con fo rm ations open to  th e  c i s  AsB fu se d  d ik e to  ta u to m er 

o f  d ih y d ro ce d re lo n e  and ced re lo n e  re v e a ls  t h a t  f o r  each o f  th e s e ,  e i t h e r  

acc ess  to  th e  ca rb o n y ls  by hydrox ide  io n  i s  h in d e re d  from bo th  s id e s  o f  

th e  m o lecu le , o r  t h a t  th e  in te rm e d ia te  form ed i s  s e r io u s ly  d e s t a b i l i s e d  

by 1 ,3 - i n t e r a c t io n s ,  I t  th e r e f o r e  seems p ro b a b le  t h a t  th e  f a i l u r e  to
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i s o  l a t e  any c i s  AsB fu se d  d ih y d ro a c id  l i e s  i n  th e  d i f f i c u l t y  in v o lv e d  

in  form ing  th e  f i r s t  in te rm e d ia te ,  By th e  same argum ent ced re lo n e  

i t s e l f  shou ld  no t form th e  analogous a c id ,  A p o s s ib le  e x p la n a tio n  

f o r  i t s  so doing may be th e  fo llo w in g . As h as  been  p re v io u s ly  

observ ed , th e  r in g  A enone i s  h ig h ly  s u s c e p t ib le  to  n u c le o p h i l ic  a t t a c k ,  

and i n  aqeous m e th an o lic  a l k a l i  th e  l a -  and lB -h y d ro x y - l ,2 -d ih y d ro c e d re l~  

ones w i l l  e x i s t  i n  e q u ilib r iu m  w ith  c e d re lo n e . In  th e  case  o f  th e  

l a - c i s  AsB fu se d  d ik e to  tau to m er ( B 47 ) i n t e r n a l  a d d i t io n  o f  th e  

an io n  g e n e ra te d  by base on th e  h y d ro x y l group a t  to  th e  carb o n y l 

group a t  Cg would le a d  to  th e  in te rm e d ia te  ( B 4$ = B 52 ) ,  which 

cou ld  th e n  undergo rearrangem ent to  th e  a -h y d roxyacid  ( B 51 )? o f  th e  

same s te re o c h e m is try  deduced on o th e r  g rounds, by way o f  e i t h e r  th e  

in te rm e d ia te  ( B 49 ) o r  ( B 50 = B 53 ) .  Such a mechanism i s  o f 

cou rse  p re c lu d e d  when th e  r in g  A double bond has been removed.

On r e f lu x in g  in  benzene in  th e  p re se n c e  o f  d ic y c lo h e x y lc a rb o -  

d iim id e , is o c e d re lo n ic  a c id  a f fo rd e d  two p ro d u c ts ,  r e a d i ly  se p a ra b le  

by chrom atography. The more p o la r  su b s ta n c e , Og^HgQO^, had an u l t r a ­

v i o l e t  spectrum  id e n t i c a l  to  t h a t  o f  th e  a c id , and peaks i n  th e  i n f r a ­

re d  a t  3593 ( hydrogen bonded h y d roxy l ) ,  1753 ( 5 - la c to n e  ) ,  and 

1686 ( r in g  A enone ) cm. The s p e c t r a l  d a ta ,  and th e  re c o n v e rs io n

o f  th e  compound to  is o c e d re lo n ic  a c id  on h y d ro ly s is  in d ic a te d  fo rm u la tio n  

as  th e  la c to n e  ( B 28 ) ,  The l e s s  p o la r  su b stan ce  was shown to  be 

th e  n o rk e to n e  ( B 27j R -  H ) , by a d i r e c t  com parison o f  i t s  p h y s ic a l  

p r o p e r t i e s  w ith  th o se  o f  th e  p ro d u c t r e s u l t i n g  f ro n  o x id a tio n  o f  i s o ­

c e d re lo n ic  a c id .  The la c to n e  was o b served  to  decompose on m e ltin g
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w ith  e v o lu tio n  o f  a gas, and th e  decom position  p ro d u c t p ro v ed  to  be 

once a g a in  th e  n o rk e to n e . R a th e r  s u r p r i s in g ly ,  how ever, th e  la c to n e ,  

when r e f lu x e d  w ith  more o f  th e  re a g e n t in  benzene, d id  n o t y ie ld  

any o f  th e  n o rk e to n e , th u s  in d ic a t in g  t h a t  u n d er th e  r e a c t io n  c o n d it io n s  

employed i t  was no t an in te rm e d ia te  in  th e  fo rm a tio n  o f  th e  n o rk e to n e .

The fo rm a tio n  o f  th e  no rketone  d u rin g  th e  d iim id e  r e a c t io n  may have 

th e  fo llo w in g  e x p la n a tio n , B e n z i l ic  a c id ,  t r e a t e d  u n d er th e  same 

c o n d it io n s ,  gave a  n e u t r a l  p ro d u c t, judged to  be th e  l a c t i d e  ( B 54 ) 

on th e  b a s is  o f i t s  i n f r a - r e d  spectrum , but no benzophenone.

L a c tid e s  a re  known to  undergo a synchronous double d e c a rb o n y la tio n  

on p y r o l y s i s . T h u s ,  th e  s p i r o la c t id e  ( B 55 ) g iv e s  two m o lecu le s  

each  o f  carbon  monoxide and cyclohexanone a s  shown. I f  a  l a c t i d e  

were form ed from two m olecu les o f  is o c e d re lo n ic  a c id ,  as  an a lte rn a tiv e  

to  l a c to n i s a t io n ,  th e n  i t  would seem re a so n a b le  t h a t  t h i s  l a c t i d e  ( B 56 ) 

( B 56 ) , h ig h ly  d e s ta b i l i s e d  by non-bonded in t e r a c t io n s  betw een th e  

two lin k e d  m o lecu le s , m ight undergo a p a r t i c u l a r l y  f a c i l e  double 

d e c a rb o n y la tio n  w ith  th e  consequent fo rm a tio n  o f  th e  n o rk e to n e .

The m o th e r - liq u o rs ,  from c r y s t a l l i s a t i o n  o f  crude is o c e d re lo n ic

a c id ,  on e v a p o ra tio n  gave a m ix tu re  o f  a c id s .  T rea tm en t o f  t h i s

w ith  le a d  t e t r a - a c e t a t e ,  fo llo w ed  by chrom atography o f  th e  r e s u l t i n g

n e u t r a l  f r a c t i o n ,  a f fo rd e d  a n o rketone  iso m e ric  w ith  t h a t  o b ta in e d

from is o c e d re lo n ic  a c id . The u l t r a - v i o l e t  spectrum , [ \  220 mu*
max, '

( 1. 12 ,500 ) ] ,  c o n s is te n t  w ith  enone and fu ra n  chrom ophores, coup led  

w ith  th e  absence o f hyd roxy l a b s o rp tio n  and th e  p re se n c e  o f  a sharp  

peak a t  1751 cm, ^ i n  th e  in f r a - r e d  spectrum  in d ic a te d  s t r u c tu r e s
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( B 57 ) o r  ( B 58 ) as  l i k e l y .  The com plete s t a b i l i t y  o f  th e  

compound in  boron  t r i f l u o r i d e  e th e r a te  showed th e  fo rm er to  be c o r r e c t .  

T h is  a r i s e s  from th e  a l t e r n a t iv e ,  and more u s u a l  mode o f  epox ide  

open ing . A ttem pts to  c y c l is e  t h i s  l | 4“ d.iketone to  a d ih y d ro -  

p y r id a z in e  ( B 59 ) by th e  a c t io n  o f  h y d ra z in e  f a i l e d ,  p ro b a b ly  

because o f  th e  s t r a i n  in v o lv ed  in  such a s t r u c tu r e ,

The iso m e ric  m ethyl e s t e r  ( B 60 ) ,  co rre sp o n d in g  to  t h i s  

new d ik e to n e  was a lso  o b ta in e d  th rough  m e th y la t io n  and chrom atography 

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

To conclude t h i s  s e c t io n  on th e  ch e m is try  o f  ced re lo n e  some 

m en tion  o f  th e  d a ta  o b ta in e d  from s o lu t io n  i n f r a - r e d  s tu d ie s  seems 

d e s i r a b le .

The dio  soheno l fu n c t io n .

In tra m o le c u la r  hydrogen bonding betw een th e  h y d roxy l and th e  

a d ja c e n t ca rb o n y l group was observed  f o r  a l l  th e  d io sp h en o ls  i n  th e  s e r ie s :  

th e  hyd ro x y l a b s o rp tio n  b e in g  c o n s ta n t betw een 3425 and 3435 cm. 

and t h a t  f o r  th e  carbony l f a l l i n g  betw een 1681 and 1675 cm. ^ f o r  

ch loroform  s o lu t io n s .  In  is o c e d re lo n e  ( B 61 ) and is o d ih y d ro c e d re l­

one ( B 62 ) an i n t e r e s t i n g  example o f  double hydrogen  bonding o f  th e  

carb o n y l to  th e  d io sp h en o l and r in g  D h y d ro x y ls  was o b served , i n  which 

th e  d io sp h en o l carbony l appeared  a t  1620 cm. n e a r ly  30 cm. ^ 

below th e  a b s o rp tio n  a t  1658 cm. ^ f o r  th e  double bond. S im i la r ly ,

hydrogen bonding between th e  C hyd roxy l group and th e  ca rb o n y l
15

i n  r in g  B was observed  f o r  is o c e d re lo n e  and iso d ih y d ro c e d re lo n e  a c e t a t e s ,
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-1
where th e  d io sp h en o l ca rb o n y l ab so rbed  a t  1677 and 1672 cm. ,

a  s h i f t  to  low er f re q u e n c ie s  o f about 30 cm, ^ from th e  norm al

v a lu e  o f  1702 cm. as observ ed  i n  ced re lo n e  a c e ta t e .  The above

exam ples, o f  in tra m o le c u la r  hydrogen bonding , in c lu d in g  t h a t  o f  th e

no rk e to n e  ( B 27 ) a re  o f i n t e r e s t  s in c e  a seven  membered r in g  o c c u rs .

R ing A enone fu n c tio n

The a b s o rp tio n  freq u en cy  a s s o c ia te d  w ith  t h i s  fu n c t io n
-1

v a r ie d  ov er a w ider range o f  v a lu e s ,  from 1677 to  1696 cap.
-1

F or th e  m a jo r i ty  o f  compounds i t  app ea red  c lo se  to  1685 cm. 

i n  ch lo ro fo rm , and to  1688 cm. ^ i n  carbon  t e t r a c h l o r i d e .

The p r e c i s e  v a lu e s  f o r  each compound a re  g iven  i n  th e  E x p erim en ta l 

S e c tio n .
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Experimenta-l,

M .p .s  were determ ined  on th e  K o fle r b la c k . S p e c if ic  r o ta t io n s  

a re  f o r  ch lo ro fo rm  s o lu tio n s  a t  room te m p era tu re , u n le s s  o th e rw ise  

s p e c i f i e d .  I n f r a - r e d  s o lu tio n  s p e c tr a  were reco rd ed  on th e  

Unicam SP 100 Mark I I ,  w ith  a prism  g ra t in g  monochrom ator, and o p e ra te d  

w ith  e v ac u a ted  o p t ic s ;  N ujol s p e c tr a  were o b ta in e d  from a P e rk in  Elmer 

M I n f r a c o rd  " sp ec tro p h o to m ete r. U l t r a - v i o le t  maxima below  215 mju 

were re c o rd e d  from th e  H ilg e r  11 Uvispek " p h o to e le c t r ic  sp ec tro p h o to m e te r , 

and above 215 mM on th e  P e rk in  Eirnier U.V, R ecord ing  S pectropho tom eter 

( Model 137 ) ,  bo th  f o r  e th a n o l s o lu t io n s .  M icroana ly ses  were

by Mr. J.M .L . Cameron and h i s  a s s o c ia te s .  Brockmann s ta n d a rd is e d  

alum ina was u sed  f o r  chrom atography.

E x t r a c t io n  o f  C ed re lone; -  Dry powdered heartw ood o f  C ed re la  to o n a  

Roxb. was e x t r a c te d  co n tin u o u s ly  w ith  benzene i n  a S oxh le t a p p a ra tu s . 

A d d itio n  o f  l i g h t  petro leum  to  th e  e x t r a c t ,  a f t e r  c o n c e n tra tio n  i n  vacuo, 

p r e c i p i t a t e d  crude ced re lo n e  ( 0 „4> on th e  w eigh t o f  d r ie d  wood).

T h is  on r e c r y s t a l l i s a t i o n  s e v e ra l tim es  from ch lo ro fo rm -e th a n o l a f fo rd e d

pu re  c ed re lo n e  as rhombs, m.p. 209- 211° ,  La]p  “ 64 .5  ( £ 1 * 0  ) y

JL, - 217 nuu ( £ 11,800 ) and 279 myi ( £ 9 ,100 ) s h i f t i n g  in  base  toIilcLX# / »

327 ( £ 5 ,530 ) ,  y  naXe ( CHC1 ) 3425 ( hyd roxy l ) ,  1678 w ith  a

sh o u ld e r  a t  1685 ( o p -u n sa tu ra te d  k e to n es  ) cm. , ( N ujol ) 3130, 1505, 

878 ( f u ra n  ) cm. ( Founds C, 74*1? H, 7 .4 2 . C alc, f o r  C ^H ^O ^s 

C, 7 3 .9 1 ; H, 7 .1 6  % ),  I t  gave a d a rk -g reen  c o lo ra t io n  w ith  a lc o h o lic
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f e r r i c  c h lo r id e .

C edrelone A ce ta te  ( B 5. R = Ac ) s -  C edrelone ( 2 g. ) was

a c e ty la te d  in  a c e t i c  anhydride ( 2 ml. ) and p y r id in e  ( 2 m l. ) a t  room

re m p e ra tu re  f o r  2-4 h r .  The s o lu t io n  was poured in to  w a te r and e th e r

e x t r a c te d .  The e x t r a c t  was washed w ith  d i l u te  s u lp h u r ic  a c id ,  sodium

hydrogen ca rb o n a te  s o lu t io n ,  and w ater i n  su c c e ss io n . Removal o f  th e

s o lv e n t and c r y s t a l l i s a t i o n  o f  th e  re s id u e  from SOfc aqueous e th a n o l

Save c ed re lo n e  a c e t a t e ( 2 g. ) as p la t e s ,  m .p, 156- 159°? [ a ] ^  - 56°

( .c 0 .9 9  )? ^ nax  222 ly j ( £ 16,400 ) ,  sh o u ld e r a t  245 nyw ( £  ca. 8 ,000  ) ,

y  ( CCl ) 1770 ( en o l a c e ta te  ) ,  1702 ( o B -u n sa tu ra ted  ca rb o n y ls  ) max. <4-
-1

cm. , ( Founds C, 72.52,“ H, 7 .O4 . C alc , f o r  C H 0 s C, 72,395
28 3^ 6

H, 6 .9 4  z-3 )•

H y d ro ly s is  o f  C edrelone A ce ta te  to  C edrelones -  C edrelone a c e ta te

( 20 mg. ) was d is so lv e d  in  d ioxan  ( 0 .5  ml. ) and N. po tassium  hydrox ide 

s o lu t io n  ( 0 . 2  m l, ) and k ep t a t  room tem p era tu re  f o r  2 days. The 

s o lu t io n  was d i lu te d  w ith  w ate r and e th e r  e x t r a c te d  to  g ive ced re lo n e  

( 13 mg. ) .

C edrelone jjhlo _ roaceta te  ( B 5? H = CO.CH2CI ) s -  C edrelone ( 100 mg. )

and c h lo ro a c e t ic  anhydride  ( 97 mg.; 2 .4  equ iv . ) were d is s o lv e d  in

benzene ( 1 m l. ) c o n ta in in g  p y r id in e  ( 0 .02  m l. ) a t  room te m p e ra tu re .

A f te r  s ta n d in g  o v e rn ig h t th e  s o lu tio n  was poured in to  w ate r and th e

p ro d u c t i s o l a t e d  by e th e r  e x t r a c t io n .  Removal o f  th e  so lv e n t and 

c r .y s ta l l i s a . t io n  from ch lo ro fo rm -e th an o l gave ced re lo n e  .chJ^pxqac.^hate 

( 114 mg. ) a s  n e e d le s , m .p. 171.5-173 ? [ a]p  “ 39 ( 2. ! • !  ^max. 1Tl/M

( I  15?900 ) ,  320 iy , ( £ 442 )? l 7 aXe ( N ujol ) 1769, 1702 cm. 1 ,

( Founds C, 67 .1 9 ; H, 6 .35 . G28H31C106 r e Hu i r e s  G? 67 .3 9 | H, 6 .2 6  % ).
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0-o d r  e lo n e  Io d o a c e ta te  ( B 5 | R “  CO.CH^I ) ; -  C edrelone c h lo ro — 

a c e ta te  ( 100 rag. ) and sodium io d id e  ( 200 mg, ) were re f lu x e d  u nder 

n i t r o g e n  in  " AnalaR " ace tone ( 8 ml. ) f o r  8 h r .  A f te r  c o n c e n tra t io n , 

th e  s o lu t io n  was poured  in to  w ater and th e  p ro d u c t i s o la te d  by e th e r  

e x t r a c t io n .  C r y s ta l l i s a t io n  from aqeous e th a n o l a f fo rd e d  c ed re lo n e  

io d o a c e ta te  a s  p l a t e s ,  m.p. 149- 149. 5° ,  [a] - 24° ( c 1 .0  ) ,  223 m/j

( £ 15 ,610  ) ,  sh o u ld e r a t  250 ( £ ca. 8 ,500  ) ,  ( Found; C, 56. 70 |

H, 5 .1 3 . C28H31I0 6 reclu i r e s  56.94? H, 5 .294 ) .

C edrelone M ethyl E th e r  ( B 5 * R = lie ) s -  C edrelone ( lg .  ) and 

d im eth y l su lp h a te  ( 2 m l. ) were d is so lv e d  in  d ioxan  ( 25 ml. )

Sm all q u a n t i t i e s  ( 2 . 5  ml. in  each case ) o f  N. po tassium  hydrox ide 

s o lu t io n  were added a t  in t e r v a l s  s u f f i c i e n t  to  m a in ta in  th e  yellow  c o lo u r 

o f  th e  s o lu t io n .  When a d d it io n  o f  a l k a l i  no lo n g e r  r e - e s ta b l i s h e d  th e  

c o lo u r  a f u r th e r  q u a n t i ty  ( 10 ml. ) was added to  h y d ro ly se  th e  excess 

d im eth y l s u lp h a te . The p r e c i p i t a t e ,  a f t e r  f i l t r a t i o n  th ro u g h  Grade I I  

a lum ina i n  50>o benzene-ch lo ro fo rm , gave ced re lo n e  m ethyl e th e r  ( 800 mg. ) . 

T h is  c r y s t a l l i s e d  as p rism s from ch lo ro fo rm -e th a n o l, m .p. 207-210°,

[ a l  -1 3 .4 °  ( 0 0 .9 7  ) ,  ^  216 ( t  13,180 ) ,  262 m/t U  9 ,000 ) ,
D “  max. /

V ( CHCl ) 1692 cm.- 1 , ( Found: C, 74 .1 8 ; H, 7 .5 1 . c , 7Hcio0. max. 3 2 - 2

r e q u i r e s  C, 74*28j H, 7 .394  )•

The Lead T e t r a - a c e ta te  O x id a tio n  P roduct from C edrelone ( B 7 ) s-  

C edrelone ( 550 mg. ) in  benzene ( 10 ml. ) was shaken a t  room te m p e ra tu re  

w ith  le a d  t e t r a - a c e t a t e  ( 630 m g.; 1 .05 equ iv . ) and th e  r e s u l t i n g  

m ix tu re , a f t e r  d i l u t io n  w ith  e th e r ,  was th o ro u g h ly  washed w ith  d i l u te  

sodium hydrox ide s o lu t io n  and water* Removal o f th e  so lv e n t and 

c r y s t a l l i s a t i o n  o f  th e  re s id u e  from e th y l  a c e ta t e - p e t r o l  a f fo rd e d  th e
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IIDO-duct, which gave one spo t on a s i l ic a -c h ro m a to p la te  ,

m .p. 212° 5  [a ] -1 2 .8  ( c 1 .25 ) , A 215 riu ( £ 11,570 ) ,  273 m,u
u max. 7

( £ 5 ,176  ) ,  433 nju ( i n  chloroform  ) ( 6 34 ) ,  V  ( N u jo l ) 3100, ̂ max.

1500, 874 ( fu ra n , 1744, 1240 ( a c e ta te  ) ,  I 69O ( enone and a -d ik e to n e  )
- i

69O ( c i s  double bond ) cm. A fte r  s ta n d in g  f o r  a day th e  p ro d u c t

showed s e v e ra l  a d d i t io n a l  sp o ts  when examined on a s i l ic a - c h ro m a to p la te .

D ihyd roced re lone  ( B 3; R = H ) : -  By h y d ro g en a tio n .

C edrelone ( 33 ,8  mg. ) in  n AnalaR " e th y l  a c e ta te  ( 10 ml. ) was

h y d ro g en a ted  ov er 5/° p a lla d iu m -c h a rc o a l ( 11 mg. ) u n t i l  th e  up take  o f

hydrogen  ( 2 .4 1  m l. 3 th e o r e t i c a l  f o r  1 m ol. = 2 .25 m l. ) ceased .

The p ro d u c t was chrom atographed over Grade I I  alum ina. E lu tio n  w ith  

154 ch lo ro fo rm  in  benzene gave d ih v d ro ce d re lo n e . p rism s from ch lo ro fo rm ,

m .p, 211- 214° ( s e a le d  c a p i l l a r y  ) ,  [ o L  -60° ( c 0 .9 7  ) ,  A 210 nru
D max. 7

( t  6 ,100  ) 279 nijA ( £ 9,938 ) ,  V  ( CHCl ) 3430, 1712 .5 , 1677,
-1  “ -1  

1636w cm. , ( n u jo l  ) no band a t  69O cm. , ( Found: C, 73.233 H, 7 .5 8 .

C26H32O5 r e q u ir e s  0, 73.563 H, 7 .6 0 /0 .

D ihyd roced re lone  on a c e ty la t io n  w ith  1 :1  a c e t ic  a n h y d rid e -p y rid in e  ( 1 ml. ) 

a t  room te m p e ra tu re  f o r  24 h r ,  gave d iliyd roced re lone  a c e ta te  ( B 33 

R = Ac ) ,  p l a t e s  from aqueous e th a n o l, m .p, 176-180°, [a ]  -76

( c 0 .8 4  ) ,  A maXo 217 iy i ( * 8 ,470 ) 245 nyu ( £ 9 ,040 ) ,  ( CHCl 3 )

1764, 1714, 1702 .5 , l6 l0w  cm.”1 , ( Found: C, 71.863 H, 7 ,5 0 . C28H34°6

r e q u i r e s  C, 72.083 H, 7 .354 )•

H exahydrocedre lo n e  ( B 43 R = H ) : -  C edrelone ( 1 g. ) in  

" AnalaR " a c e t ic  a c id  ( ISO ml. ) was hydrogenated  ov er p re red u ced  

p la tin u m  ox ide  ( 250 mg. ). H ydrogenation was com plete a f t e r  1 .5  h r .  

d u rin g  w hich 214 ml. had been absorbed  ( th e o r e t i c a l  f o r  3 mol. up tak e
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v a
-  175 ml, ),  The p roduct was absorbed  from benzene on Grade IV

alum ina ( 50 g. ) . E lu tio n  w ith  benzene gave h exahydroced re lone

( 700 mg, ) a s  a m ix tu re  o f epim ers a t  C „ R epeated  c r y s t a l l i s a t i o n

from c h lo ro fo m i-e th a n o l a ffo rd e d  one isom er, p u re , as  n e e d le s , m .p.

222-225°, [ a]_ ~44« 5 ( c 0 ,3 6  ) ,  \  279 mu ( £ 11,000 ) s h i f t i n g  in
D ' max,

base  to  329 (fc 7 ,500  ) , ( CHCl ) 3435 ( hyd roxy l ) ,  1712

( cyclohexanone ) ,  1676 ( d io spheno l ) ,  l624w ( d io sp h en o l double bond ) 

cm. ” , ( Found: C, 73.10$ H, 3 ,5 7 . r e q u ire s  C, 72.36$ H, 3,.474 )a

Hexahydro c ed re lo n e  ( 145 mg. ) on a c e ty la t io n  as  f o r  d ihydro  ced re lo n e  

gave h ex ah y d ro ced re lo n e a c e ta te ( B 4$ R = Ac ) ,  a s  p l a t e s  from aqueous 

e th a n o l,  m .p. 185-190°, [a ]^  -4 4 .5 °  ( c 0 ,92  ) ,  AmaXt 245 m/j ( £  9 ,400 )

^  ( CC1.) 1770.5 ( eno l a c e ta te  ), 1720,5 ( cyclohexanone ) ,illcuX*

1705 ( d io sp h en o l ) an. ( Found: G, 71.57$ H, 7 .9 0 , C^gH^gOg re q u ir e s

C, 71.46$ H, 8 .144  ) .

1 , 2-Epoxyced relone ( B8$ R = H ) : -  C edrelone ( 150 mg. ) was

d is s o lv e d  i n  d ioxan  ( 20 ml. ) . 304 Hydrogen p e ro x id e  ( 5 m l, ) and

N. Sodium hydro x id e  s o lu tio n  ( 5 ml, ) were added, and th e  s o lu t io n  was

allow ed  to  s ta n d  36 h r ,  a t  room te m p era tu re . The p ro d u c t was i s o la te d

by ch lo ro fo rm  e x t r a c t io n  o f th e  s o lu tio n  a f t e r  d i l u t io n  w ith  w a te r .

1$ 2-Epoxvced re lone  c r y s t a l l i s e d  from ch lo ro fo rm -e th an o l as n e e d le s ,

m .p. 222-228°, [a ]  -1 0 ,6 °  ( c 0 .7 1  ) ,  Anax# 201 m̂ a ( £  7 ,200 ) 276

( £  10,700  ) ,  y  ( CHCl ) 3423 ( hydroxy l ) 1719 ( a -oxygenated  max, j
cyclohexanone ) 1631 ( d iospheno l ) l630w ( d io sp h en o l double bond ) cm.

( Found: C, 71.24$ H, 6 .7 8 . C26H30°6 r e Gu i r e s  C> 71 .2± i H, 6 . 9O4 ).

A c e ty la t io n  a s  f o r  d ihydro ced re lone  gave 1 ,2-ep oxyc^dr oAijne__ap_e1 ĵfce^
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o la te s  from aqueous e th a n o l, m .p, 213-217°, [a]  -26° ( c 0 .88  ) ,

AmaXo 217 him ( £ 8 ,900 ) 244 m/4 ( £ 9,910 ) ,  y  ( CCl, ) 1769 ( en o l

a c e ta te  ) ,  1722 ( a-oxygenated cyclohexanone ) ,  1707.5 ( d io sp h en o l ) cm.~^

( Found: G, 69 .9 2 ; H, 6 .97 . ^28^32^7 r e 9u i re s  0, 69 .98 ; H, 6 .714  ) .

l-H ydroxy lam in o - l , 2 -d ih y d ro ce d re lo n e  ( B 9 ) : -  C edrelone ( 200 mg, )

hydroxylam ine h y d ro ch lo rid e  ( 220 mg. ) were d is so lv e d  in  p y r id in e  ( 4 m l. )

and e th a n o l ( 2 m l. ) , and th e  s o lu t io n  was a llow ed  to  s ta n d  a t  room

te m p e ra tu re  f o r  9 days. A d d itio n  o f w a te r p r e c i p i t a t e d  th e  p ro d u c t

i n  c r y s t a l l i n e  form . 1-Hydro x y la m in o -l, 2 -d ih v d ro ce d re lo n e  form ed

p rism s from d io x a n -p e tro l ,  m .p. 188-190° ( decomp, ) ,  [ c t ] - 24°

( c 0 .9  i n  d ioxan  ) ,  Anax 211 Kyi (8  6,930 ) 231 m/n ( £  9,280 ) ,

y  ( N ujo l ) 3450 ( hydroxyl ) , 3300 ( N-H ) , 1695 ( hydrogen bonded 
max,

cyclohexanone ) ,  1678 ( d io spheno l ) cm. , ( Found: C, 68 .55 ; h , 7 .1 4 ;

N; 3.30o C^gHggNOg re q u ire s  C, 68 .55; H, 7 .3 0 ; U, 3 .084  ) .
o

A sample was m e lted  under n it ro g e n  and k e p t a t  200 f o r  5 min.

The r e s u l t i n g  red. gum was absorbed  from benzene on s i l ic a . .  E lu tio n  

w ith  104 ch lo roform  in  benzene a ffo rd e d  ced re lo n e  ( I .R . and mixed m .p. ) .  

The same adduct r e s u l t e d  from re f lu x in g  ced re lo n e  w ith  hydroxylam ine 

h y d ro c h lo r id e  i n  p y rid in e -m eth an o l s o lu tio n .

Dihydro ce d re lo n e  ( 3 3; R = H ) : -  By sodium bo rohydride  r e d u c t io n . 

C edrelone ( 100 mg. ) d is so lv e d  in  dioxan ( 1 .5  m l. ) and w a te r ( 0 .15  ml. ) 

was t r e a t e d  w ith  sodiuim borohydride  ( 10 m g.; 11 mol. ) a t  room te m p era tu re  

f o r  1 .5  h r .  A d d itio n  o f w ater p r e c ip i t a t e d  c r y s ta l l in e  d ih y d ro c e d re lo n e , 

i d e n t i c a l  w ith  th e  p ro d u c t o b ta in ed  by h y d ro g en a tio n  o f  c e d re lo n e .
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I s o ced re lo n e  A ce ta te  ( B 20; R = H ) : -  C edrelone a c e ta te  ( 100 mg. )

in  e th e r  ( 4 m l. ) was t r e a te d  w ith  boron t r i f l u o r i d e  e th e r a te  ( 4 ml. ) 

f o r  2 h r .  The s o lu t io n  was d i lu te d  w ith  e th e r  and washed w ith

d i l u t e  sodium hydrogen carbona te  s o lu tio n  and w a te r. Removal o f  

th e  s o lv e n t a f fo rd e d  a gum which was p u r i f i e d  by f i l t r a t i o n  th ro u g h  

Grade IV alum ina in  b en ze n e -e th e r ( 9s 1 ) ,  fo llo w ed  by c r y s t a l l i s a t i o n  

from c h lo ro fo rm -e th a n o l. Iso ced re lo n e  a c e ta te  form ed p la te s ,  m .p.

223-227° ( decomp. ) ,  [a] -61° ( c 0 .98  ) ,  AmaXe 210 mp  ( £  23,100 )

238 myu ( t  26,300 ) ,  ~VmaXm ( CHClg ) 3 6 0 6 w  ( unbonded hydroxy l ) ,

3415 ( h y d ro x y l ) ,  1764 ( en o l a c e ta te  ) ,  1696 ( cyclohexenone ) ,

1667 ( d io sp h en o l ) ,  ( Found: C, 72 .41; H, 6 .8 9 . ^28^32^6 recLu i re s

C, 7 2 .3 9 ; H, 6 .944  ).

I so c e d re lo n e  D ia c e ta te  ( B 20; R = Ac ) : -  Iso c e d re lo n e  a c e ta te  

was r e f lu x e d  in  a c e t ic  anhydride ( 5 ml. ) c o n ta in in g  anhydrous sodium 

a c e ta te  ( 300 mg. ) f o r  3 h r .  Removal o f  th e  a c e t ic  anhydride  under 

reduced  p re s s u re  l e f t  a re s id u e  which was ta k e n  up in  e th e r -w a te r .

The e th e r  la y e r  was th o ro u g h ly  washed w ith  d i l u te  aqueous sodium hydrogen 

ca rb o n a te  to  remove any unchanged a c e t ic  an h y d rid e . Removal o f th e  

s o lv e n t gave a gum which was p u r i f i e d  by f i l t r a t i o n  th rough  Grade I I  

a lum ina in  b e n z e n e -e th e r  ( 9s 1 ) ,  fo llow ed  by c r y s t a l l i s a t i o n  from 

c h lo ro fo rm -e th a n o l. Iso ced re lo n e  d ia c e ta te  form ed p l a t e s ,  m .p.

195-200°, [ a ] D - 8 ,7 °  ( O 0 .86  ) ,  4 max> 238 m/i ( £ 26,860 ) ,  ( C C y )

1766 ( e n o l a c e ta te  ) ,  1743 ( normal a c e ta te  ) ,  1698 ( enone and d io sp h en o l ) 

cm ."1 , ( ’found: C, 71 .37 ; H, 6 .4 9 . C30H34°7 reclu i r e s  C> 71 *135

H, 6.77/» ) .
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XsoA^iZ.4lP-gQdrelone A cetates-- This was p re p a re d  from d ih y d ro -

c ed re lo n e  a c e ta te  ( B 3; R -  Ac ) e x a c tly  as  f o r  is o c e d re lo n e  a c e ta t e .

X^Q^ihydTOjcedTelor^ a c e ta te  c r y s t a l l i s e d  as p l a t e s  from ch lo ro fo rm -

e th a n o l,  m .p. 221-223°, [a] -7 3 .8 °  ( c 1 .0  ) ,  X 212 mn  ( £ 15,200 )
D "" max. /

24-2 m/ u (  i  20,700 ) ,  v max- ( CCl^ ) 1772, 1721, 1672 cm.”1 , ( Founds 

C, 7 2 .2 3 ; H, 7*61. GpgH^^O^ re q u ir e s  C, 72 .08 ; H, 7.35$ )•

I s o d ih y d ro ced re lo n e  ( B 62 ) s -  T h is  was p re p a re d  from d ih y d ro -  

c e d re lo n e  ( B 3; R -  H ) as f o r  iso c e d re lo n e  a c e ta te ,  w ith  th e  m o d if ic a t­

io n  th a t  th e  r e a c t io n  was allow ed  to  p roceed  f o r  12 h r .  Iso d ih v d ro -  

c ed re lo n e  c r y s t a l l i s e d  from b e n z e n e -p e tro l as  f in e  n e e d le s , m .p, 115-118°, 

[a ] -4 5 °  ( c 1 .0 3  ) , ( Found: C, 75-41,° H, 7 .4 8 . G26H320 5ei C ^

r e q u ir e s  C, 75-16; H, 7-56% ) ,  and a f t e r  su b lim a tio n  had  m.p, 168-172°

^max  ̂ ^ 13,900 ) 287 mjU ( £. 11,400 ) s h i f t i n g  in  base to

345 mu ( £. 7 ,000  ) ,  ' y  ( CHCl ) 3418 ( hydroxy l ) ,  1712,5 ( c y c lo -

hexanone ) ,  l658w ( d io spheno l double bond ) ,  1620s ( d io sp h en o l ca rb o n y l ) 

cm. ( Founds C, 73-40; H, 7 ,6 9 . ^26^32^5 r e q u ir e s  C, 73-56; . .

H, 7 . 60>o ) .

Iso c e d re lo n e  ( B 61 ) s -  T his was p re p a re d  from ced re lo n e  a s  f o r  

iso d ih y d ro c e d re lo n e  b u t was u n fo r tu n a te ly  n o t c r y s t a l l i n e ,  ~Vmax . ( CHCl^

1684 ( eycloliexenone ) ,  l659w ( d iospheno l double bond ) ,  1619s

, \ “ 1 ( d io sp h en o l carbony l ) cm.

2 3 -A c e ty li  so ced re lo n e  D ia c e ta te ( B 24 ) : -  C edrelone ( 60 mg. )

and f t - t o l u e n e s u l p h o n i c  a c id  ( 30 mg ) were re f lu x e d  in  a c e t ic  anh y d rid e

( 3 m l. ) f o r  6 h r .  A fte r  rem oval o f th e  a c e t ic  anhydride  under

reduced  p re s s u re  th e  re s id u e  was d is s o lv e d  in  e th e r  and washed w ith
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d i lu te  sodium hydrox ide  s o lu tio n  and w ate r. E xam ination  o f th e

crude p ro d u c t on a s i l ic a -c h ro m a to p la te  showed t h a t  i t  c o n ta in e d  no
<1

is o c e d re lo n e  d ia c e ta te ,, The p ro d u c t, a b la ck  gum, wa.s abso rbed

on Grade I I  a lum ina from benzene. E lu tio n  w ith  b e n z e n e -e th e r  ( I s l  ) 

gave 21 mg. which showed one spo t and a t r a c e  o f  a second on a s i l i c a -  

c h ro m a to p la te . T h is f r a c t io n  was c r y s t a l l i s e d  from e th a n o l to  g ive  

n e e d le s , m .p . 24-5-252°, [a] -1 2 .5 °  ( c O.65  ) ,  A 223 myH ( £ 20,4.00 )
III S IX  « /

276 dlu (■£ 14,010 ) ,  “12 ( CGI ) 1767 ( en o l a c e ta te  ) ,  174-2/  maxc /

( norm al a c e ta te  ) ,  1699 ( cyclohexenone and d io sp h en o l ) ,  1686 ( f u ra n

a c e ty l  ) cm. \  ( Founds C, 69»98; H, 6 .3 7 . C-^H^Og re q u ire s

C, 70 .0 5 ; H, 6 . 6I /0 ) .

E lu t io n  w ith  e th e r  gave a second f r a c t io n  ( 9 mg. ) .  T his c r y s t a l l i s e d

from e th a n o l as  f in e  n e e d le s , m .p. 237-24-1°, A 227 mM ( £  24-,240 )max. /
256 m.U ( £  19,220 ) 282 mu ( £  16,630 ) ,  V  v ( CGI ) 1767, 1744,/  /  max. /),

1697, 1692 cm. and i s  b e lie v e d  to  be 2 1 -a c e ty liso c e d re lo n e  d ia c e ta te .

I s o c e d re lo n ic  a c id  ( B 26 ) s -  C edrelone ( 5 g. ) was suspended 

i n  m ethano l ( 200 m l. ) . A s o lu t io n  o f po tassium  hydrox ide ( 100 g. ) 

i n  w a te r  ( 150 m l. ) ,  which had been deoxygenated by th e  passage  o f  

n i t ro g e n  f o r  0 .5  h r , ,  was added. The r e s u l t in g  s o lu t io n  was r e f lu x e d  

u n d er n i t r o g e n  f o r  7 h r .  A f te r  co o lin g  i t  was e x tra c te d  w ith  e th e r  

( 2 1 200 m l. ) and th e n  poured slow ly  in to  ic e - c o ld  conc. h y d ro c h lo r ic  

a c id  ( 200 m l. ) and m ethanol ( 200 ml. ).  The r e s u l t in g  s o lu t io n

was a llow ed  to  s ta n d  o v e rn ig h t and was th e n  d i lu te d  to  2 1 . w ith  w a te r , 

to  g ive  th e  p ro d u c t in  an e a s i l y  f i l t e r a b l e  form . C r y s t a l l i s a t i o n  

from ch lo ro fo rm -m ethano l a ffo rd e d  i so ced re lo n ic  jacid  ( 2 .136 g, ) as
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p rism s , m .p. 295- 300° ( decomp. ) ,  [ a] - 50° ( c 0 .5  in  l s l  ch lo fo rm -

e th a n o l ) ,  \  235 mU ( £ 20,000  ) unchanged by th e  a d d i t io n  o fmax. /
b ase , 'Vnax> ( N ujo l ) 3550, 3450 ( h yd roxy ls  ) ,  3250 ( ca rb o x y l ) ,

1706 ( c a rb o x y l ) ,  1672 ( cyclohexenone ) cm. , ( Found; C, 7 0 ,78 j

H, 7 .5 6 . ^26^32^6 r e 2.u i re s  6 , 70.89$ H, 7*32/0 )* C o n c e n tra tio n  o f

th e  m other l iq u o r s  gave a f u r th e r  q u a n t i ty  o f p u re  ( ch ro m ato p la te  )

is o c e d re lo n ic  a c id  ( 400 mg. ) . The m other l iq u o r s ,  a f t e r  e v a p o ra tio n

to  d ry n ess  y ie ld e d  a m ix tu re  o f a c id s  ( 500 mg. ) used  f o r  th e  p r e p a ra t io n

o f  th e  n o rk e to n e  ( B 57 ) .  E x tra c tio n  o f  th e  aqueous f i l t r a t e

w ith  ch lo ro fo rm  gave a foarn ( 800 mg. ) ,  which was no t f u r th e r  exam ined.

I s o c e d re lo n ic  a c id  was suspended in  e th e r  and t r e a t e d  w ith  excess

e th e r e a l  d iazom ethane to  g ive in  th e  u su a l manner m ethyl is o c e d re lo n a te

( B 26f R = Me ) .  T his c r y s t a l l i s e d  as p la te s f ro m  ch lo ro fo rm -benzene,

m .p. 270-272°, [ aU  -4 9 °  ( c 1 .25  ) ,  A 236 mi* ( £ 20,460 ) ,
D “  max. /

y  ( CHCl ) 3604 ( hydroxyl ) ,  3525 ( hydroxy l ) ,  1703 ( e s t e r  ) ,  
max. 3

—11677 ( cyclohexenone ) cm. , ( Found; C, 71.47$ H, 7 .6 8 .

C27H34O6 r e q u ir e s  C, 71.34$ H, 7.54/° )•

N orketone ( B 27$ R = H ) ; -  A s o lu t io n  o f is o c e d re lo n ic

a c id  ( 550 mg. ) i n  d ry  dioxan ( 10 m l. ) was added to  le a d  t e t r a ­

a c e ta te  ( 8 0 0  mg. ) i n  benzene ( 15 ml. ) ,  and th e  r e s u l t in g  s o lu t io n

was a llo w ed  to  s ta n d  f o r  3 h r .  a t  room te m p e ra tu re . A f te r  d i l u t i o n  

w ith  e th e r  i t  was washed w ith  d i lu te  sodium hydrox ide s o lu t io n  and w a te r . 

C r y s t a l l i s a t i o n  o f th e  re s id u e , a f t e r  rem oval o f th e  s o lv e n t ,  a f fo rd e d  

th e  no rk e to n e  ( B 27 R = H ) as rhombs from c h lo ro fo rm -e th a n o l, m .p.

206-2 0 8 ° , [ a ] D -8 7 ° ( £  1 -°  t  Aa a x . T  ( i  19,000 ) ’ In a jc . ( ° C14 }
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34-70, 1718 ( hydrogen bonded cyclopentanone ) ,  1691 ( cyclohexenone )

cm.~^, ( Founds C, 7 5 .8 6 | H, 7 .5 8 . r e q u ir e s  0, 7 6 .1 1 | H, 7.67% ).

The n o rk e to n e  ( 50 mg, ) t r e a te d  w ith  hydroxylam ine h y d ro c h lo r id e

( 50 mg. ) i n  p y r id in e  ( 0 ,5  ml. ) f o r  3 h r .  on th e  s team -b a th  gave a

mono-oxime ( r in g  B ) ,  p rism s from m ethanol-benzene, m .p. 210-24-3°,

[a]  +60 ,7° ( c O065 in  dioxan ) ,  X 210 m.u ( t  25,900 ) 237 mju
D max. 7 7

( £  27,4-50 ) ,  ^ nax# ( N ujol ) 3380 ( N-H and OH ) ,  1696 ( cyclohexenone )

cn„ 1 , ( Founds N, 3 .5 3 . C H^-jNO  ̂ r e q u ir e s  N, 3.12% ).

The n o rk e to n e  ( 4-0 mg. ) was re f lu x e d  w ith  anhydrous sodium a c e ta te

( 300 mg, ) i n  a c e t i c  anhydride ( 5 mil. ) . The p ro d u c t was i s o la te d

by rem oval o f  th e  a c e t ic  anhydride  under reduced  p re s s u re ,  e th e r  e x t r a c t io n

o f th e  r e s id u e ,  and f i l t r a t i o n  th rough  Grade I  alum ina in  benzene-

e th e r  ( 1 :1  ) .  The no rke tone ace t a t e  ( B 27,* R -  Ac ) form ed p rism s

from e t h e r - p e t r o l ,  m .p. 133-136°, [a ] -27° ( c 1 .35  ) , / (  234-m-u
D max. '

( £  17,34-0 ) ,  I 7 ( 0G1 ) 1739 w ith  an i n f l e c t i o n  a t  174-5 ( a c e ta te
max;, 4- ^

and cyclopen tanone ) ,  1690 ( cyclohexenone ) cm. , ( Found: C, 74-. 32 |

H, 7 .0 8 , C27H32°5 r e GuirGS c > 7 4 ,2 8 j H, 7=394° ) .

The n o rk e to n e  was re f lu x e d  in  e th a n o l ( 1 , 6  m l. ) and 50% aqueous 

po tass ium  h yd rox ide  ( 0.4- m l, ) f o r  1 ,5  h r .  I s o la t io n  o f  th e  p ro d u c t 

by e th e r  e x t r a c t io n  and exam ination  o f  i t  on a s i l ic a -c h ro m a to p la te  

in d ic a te d  th a t  i t  co n ta in ed  on ly  s t a r t i n g  m a te r ia l .

H y d ro ly s is  o f Iso ced re lo n e  A c e ta te s -  A s o lu t io n  o f  is o c e d re lo n e

a c e ta t e  ( B 20; R = H ) ( 160 mg. ) in  m ethanol ( 5 m l. ) and 50% 

aqueous po tassium  hydrox ide ( 5 ml, ) was re f lu x e d  under n i t ro g e n  f o r  

4. h r 0 The s o lu t io n ,  a f t e r  e th e r  e x t r a c t io n ,  was a c i d i f i e d  and th e
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a c id s  i s o la te d  by chloroform  e x t r a c t io n .  T h is , upon c r y s t a l l i s a t i o n ,  

gave an a c id  ( 130 mg, ) id e n t i c a l  w ith  is o c e d re lo n ic  a c id  ( m .p*, I .R . ) 

and a m ethy l e s t e r ,  on tre a tm e n t w ith  e th e r e a l  diazom ethane in  th e  

u s u a l  way, i d e n t i c a l  w ith  m ethyl is o c e d re lo n a te  ( m .p ., mixed m .p. and 

I .R . ) .

H y d ro ly s is  o f Dihydro ced re lone  A ce ta te  ( B 3 R = Ac ) ; -  

D ihydro c ed re lo n e  a c e ta te  ( 100 mg. ) ,  50% aqueous p o tassium  h yd rox ide  

( 4 m l. ) and m ethanol ( 4 m l. ) were re f lu x e d  u n d er n it ro g e n  f o r  15 h r .  

The m ethanol was removed under reduced  p re s su re  and th e  n e u t r a l  f r a c t i o n  

was i s o l a t e d  by e th e r  e x t r a c t io n .  C r y s ta l l i s a t io n  from ch lo ro fo rm - 

e th a n o l a f fo rd e d  d ihydro  ced re lone  ( 83 mg. ) i d e n t i c a l  w ith  p re v io u s  

sam ples. A c id i f ic a t io n  o f th e  aqueous s o lu t io n ,  fo llo w ed  by ch loroform  

e x t r a c t io n  y ie ld e d  on ly  a t r a c e  o f  gum, which was n o t f u r th e r  exam ined. 

H y d ro ly s is  a s  above by employing 60% aqueous-m ethano lic  po tassium  

h y d ro x id e  f o r  2 4 h r . ,  gave somewhat l e s s  pu re  d ihydro  c e d re lo n e .

H y d ro ly s is  o f Iso d ih y d ro ced re lo n e  A c e ta te ; -  H y d ro ly s is  o f  i s o ­

d ih y d ro ce d re lo n e  a c e ta te  ( 100 mg. ) ,  under th e  same manner as  f o r  

d ih y d ro ce d re lo n e  a c e ta te ,  in  25% aqueous-m ethano lic  po tassium  hydrox ide  

f o r  18 h r .  gave iso d ih y d ro c ed re lo n e  ( 85 mg. ) .

E xam ination  o f  th e  In te rm e d ia te  Potassium  S a l t  in  th e  H y d ro ly s is  o f  ' 

C ed re lo n e ; -  C edrelone ( 0 .5  g. ) was hArdrolysed as  i n  th e  p r e p a ra t io n

o f  is o c e d re lo n ic  a c id . The s o lu t io n ,  a f t e r  e th e r  e x t r a c t io n ,  was 

d i lu te d  w ith  w a te r t i l l  cloudy, c l a r i f i e d  by warming, and a llow ed  to  

co o l s low ly  to  g ive  th e  potassium  s a l t  ( 244 mg. ) ,  w hich, a f t e r  d ry in g  

u n d er h ig h  vacuum a t  5C f o r  2 days, had A 220 mu ( £  9?700 ) ,
^  IlicLA.* '
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344-5-34-55 ( hydroxyl ) ,  1678 ( cyclohexenone ) ,  1580 ( c a rb o x y la te  
max. _q

a n io n  ) cm.

T his s a l t  ( 55 mg. ) and £ -n it ro b e n z y l bromide ( 25 mg. ) were r e f  lu x e  d 

f o r  16 h r .  in  m ethanol ( 2 ml. ) c o n ta in in g  0 .5  N. po tassium  hydro x id e  

( 3 drops ) .  The n e u tra l  f r a c t io n  ( 12 mg. ) ,  i s o la te d  by e th e r  

e x t r a c t io n ,  showed o n ly  a  v e ry  sm ell e s t e r  ca rb o n y l peak in  th e  i n f r a ­

r e d , and was n o t f u r th e r  examined.

The s a l t (  49 mg. ) was t r e a te d  w ith  chromium t r i o x id e  ( 40 mg. ) in  

p y r id in e  ( 2 m l. ) f o r  3 days. On work up no n e u t r a l  f r a c t i o n  was 

o b ta in e d .

p -K itro b e n zy l I s o c e d re lo n a te  ( B 261 R = p -n i t ro b e n z y l  ) ; -  

I s o c e d re lo n ic  a c id  ( 50 mg. ) i n  m ethanol ( 2 m l. ) was n e u t r a l i s e d  by 

th e  a d d i t io n  o f  s u f f i c i e n t  5% aqueous po tassium  h yd rox ide  to  make th e  

s o lu t io n  j u s t  a lk a l in e  to  l i tm u s . p -N itro b e n z y l bromide ( 29 mg. )

was added and th e  s o lu tio n  was re f lu x e d  f o r  24 h r .  C r y s t a l l i s a t i o n  

o f  th e  n e u t r a l  f r a c t io n ,  i s o la te d  by e th e r  e x t r a c t io n ,  a f fo rd e d  p- n i t r o -  

b en zy l is o c e d re lo n a te  ( 47 mg.) a s  p la te s  from e th a n o l, m .p. 2 4 0 -2 4 2 .5 ° ,

[ a ] D -2 8 °  ( o 1 .0  ) ,  X  241 myU ( £ 22,000 ) ,  ( N ujo l )

1700 ( e s t e r  ) ,  1666 ( cyclohexenone ) ,  1505s and 1340 ( n i t r o  group ) 

cm. ( Founds C, 68.82^ H, 6 .3 3 . C^H^yNOg re q u ir e s  G, 6 8 .8 5 |

H, 6 .48$  ) .

I s o c e d re lo n ic  A cid Lactone ( B 28 ) : -  A s o lu t io n  o f  i s o c e d re lo n ic  

a c id  ( 300 mg. ) and d icy c lo h ex y lcarb o d iim id e  ( 300 mg. ) i n  benzene 

( 15 m l. ) was re f lu x e d  f o r  14 h r .  A f te r  rem oval o f  th e  s o lv e n t th e  

re s id u e  was ab so rbed  on Grade IV alum ina ( 30 g. ) from chloroform  ( 5 m l. )



Jiilu tion  w ith  benzene ( 3 *15 nil, ) gave unchanged d ic y c lo h e x y lc a rb o d i-  

im ide. F a r th e r  e lu t io n  w ith  benzene ( 3^  30 m l0 ) and c r y s t a l l i s a t i o n  

o f  th e  p ro d u c t gave th e  norketone ( B 27; R = H ) ( 87 mge ) ,  i d e n t i c a l  

to  m a te ria l, o b ta in e d  by o x id a tio n  o f is o c e d re lo n ic  a c id  ( m .p, , 

m ixed m .p .,  I .R . and s il ic a -c h ro m a to p la te  ) ,  E lu tio n  w ith  5 and

10% e th e r  i n  benzene ( 60 ml, o f each ) gave d ic y c lo h e x y lu re a .

E lu t io n  w ith  20% e th e r  in  benzene ( 100 m l, ) and c r y s t a l l i s a t i o n  

o f  th e  p ro d u c t from e th a n o l gave is o c e d re lo n ic  a c id  la c to n e  ( 140 mg. ) 

a s  f in e  n e e d le s , m .p, 219-221° ( decomp. ) ,  [a ] - 90° ( c 0 .8  ) ,

^max, 2^  m/ x  ̂ * 23,300 ) ,  ( CCl ) 3593 ( hyd roxy l ) ,  1753

( 6 - la c to n e  ) ,  1686 ( cyclohexenone ) cm. , ( Founds C, 7 3 .9 1 | H, 6 .99

G26H30°5 reclu ^re s  c ? 73 .91 ; H, 7.16% ).,

The la c to n e  on f a r t h e r  r e a c t io n  w ith  d ic y c lo h ex y lca rb o d iim id e  was 

re c o v e re d  unchanged.

The la c to n e  was com ple te ly  hyd ro ly sed  to  is o c e d re lo n ic  a c id  ( m .p. and 

I .R . ) on re  f lu x in g  w ith  2 5% aqueous-m ethano lic  po tassium  hydrox ide  

s o lu t io n  f o r  12 h r .

The la c to n e  ( 19 mg. ) was h e a te d  under n i t ro g e n  in  an o i l - b a th  a t  

240° u n t i l  gas e v o lu tio n  had ceased . The p ro d u c t, a f t e r  f i l t r a t i o n  

th ro u g h  Grade IV alum ina in  b en ze n e -e th e r ( 95 s 5 ) and c r y s t a l l i s a t i o n  

from e thano l^  gave th e  norketone ( B 27 R -  H ) ( 10 mg. )

Nork e to n e  ( B 57 ) : -  This was o b ta in e d  by o x id a tio n  o f  th e  

c o n te n ts  o f th e  m o th e r- liq u o rs  from c r y s t a l l i s a t i o n  o f  is o c e d re lo n ic  

a c id .  Acid m ix tu re  ( 200 mg. ) in  d ioxan  ( 5 ml. ) was t r e a t e d  w ith  

le a d  t e t r a - a c e t a t e  ( 400 nig. ) in  benzene ( 10 m l. ) f o r  2 h r .
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The n e u t r a l  f r a c t i o n  was i s o la te d  as b e fo re , and was ab so rb ed  on Grade I I  

alumina. ( 20 g. ) from benzene. E lu tio n  w ith  5, 10, and 15% e th e r  in  

benzene ( 20 m l, o f each ) fo llow ed  by c r y s t a l l i s a t i o n  gave th e  no rk e to n e  

( B 27; R = H ) , E lu tio n  w ith  b en z e n e -e th e r ( l s l  ) gave th e  iso m e ric

no rk e to n e  ( B 57 ) which formed p rism s from c h lo ro fo rm -e th a n o l, 

m .p. 229-231°, [a ]  -3 5 °  ( c 1 .0  ) ,  \ 220 mu ( £  12,620 ) ,
Jj  l u c i X *  *

V ( CHCl ) 1751*5 ( cyclopentanone ) ,  1683 ( cyclohexenone ) cm. ^
I llc lX g  ^

( Founds C, 76 .33 ; H, 7 .8 6 . (-'25^30^4 r e q u ir e s  0, 76 .11 ; H, 7.67% )•

The n o rk e to n e  was reco v e red  unchanged from tre a tm e n t w ith  boron  t r i f l u o r i d e

e th e r a te  u n d er th e  c o n d itio n s  u sed  to  form iso c e d re lo n e  a c e ta te .

M ethyl E s te r  ( B 60; R = Me )s~ In  a s im i la r  fa s h io n , m e th y la tio n

w ith  e th e r e a l  d iazonethane o f th e  c r y s t a l l i s a t i o n  r e s id u e s  ( 1 .5  g. )

from p re p a ra t io n  o f  is o c e d re lo n ic  a c id  gave a m ix tu re  o f  e s t e r s ,  ( c h ie f ly

m ethy l i s o c e d re lo n a te  and one o th e r  as judged from th e  beh av io u r on a

s i l ic a -c h ro m a to p la te  ) ,  T h is  was chrom atographed over Grade I I I

alum ina ( 100 g. ) ,  and e lu t io n  w ith  40% ch loroform  i n  benzene ( 100 m l, )

gave th e  new e s t e r ,  contam inated  w ith  a l i t t l e  m ethy l is o c e d re lo n a te .

Re chrom atography o f t h i s  f r a c t io n  ( 436 mg. ) a f fo rd e d  th e  new m ethy l

e s t e r  ( B 60 ) which c r y s t a l l i s e d  from e th a n o l a s  p l a t e s ,  m .p. 180-185°

X 210 m/A ( 8 11,200 ) ,  1/ ( CHCl ) 3520, 1735 ( e s t e r  and c y c lo -  '
max. /  max. 2

pen tanone ) ,  1683 cm. , ( Founds C, 71*63; H, 7.63« ^27^34^6 r e 2u i r e s

C, 7 1 .3 4 ; H, 7.54% ) , H ydro ly sis  gave th e  co rresp o n d in g  ac id #  n e e d le s , 

m .p. 135-137° from aqueous e th a n o l. The a c id  on le a d  t e t r a - a c e t a t e

o x id a tio n  gave a n e u t r a l  p roduct which c o n s is te d  o f  th e  no rketone ( B 57 ) 

and an im p u rity  ( s i l ic a -c h ro m a to p la te  ).
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Some C o n s titu e n ts  o f V e tiv e r  O il

O il o f  V e tiv e r  i s  th e  e s s e n t i a l  o i l  o b ta in e d  by s t e a m - d i s t i l l a t i o n  

o f  th e  ro o ts  o f  V e tiv e r  g ra s s , V etfve r i a  z iz a n io id e s , S tapf*

The p la n t  i s  c u l t iv a te d  p r in c ip a l ly  in  Jav a  and Reunion, b u t h a s  a ls o  

been  developed  in  In d ia  and Ceylon as a source  o f th e  o i l  which 

f in d s  e x te n s iv e  use  in  soap m anufacture and perfum ery .

P r io r  to  1939 i t  was known, thanks to  th e  work o f R uzicka and 

o th e r s  , t h a t  th e  o i l  co n ta in ed  di~  and t r i c y c l i c  s e sq u ite rp e n e  hydro­

carbons and a lc o h o ls ,  and a t r i c y c l i c  a c id , b u t 110 a tte m p ts  had been 

made to  i s o l a t e  any s in g le  compound and open s t r u c t u r a l  in v e s t ig a t io n s .

The o n ly  m ention  up to  t h i s  d a te  in  th e  l i t e r a t u r e  o f  th e  p resen ce

o f k e to n e s  appeared  in  a p a te n t  o f 1902, which r e p o r te d  t h e i r  i s o l a t i o n
2

a s  sem icarbazones, and re g e n e ra tio n  by a c id  h y d ro ly s is .

The f i r s t  s ig n i f i c a n t  i s o l a t i o n  and exam ination  o f th e  k e to n ic  f r a c t i o n
3

o f th e  o i l  was perform ed by Sabetay  and Trabaud, They employed

th e  r e c e n t ly  developed  G ira rd  P re a g e n t^  to  g ive them a m ix tu re  o f

k eto n es, w hich th e y  p u r i f i e d  rough ly  by co n v ers io n  to  th e  sem icarbazone, 
o

m e ltin g  p o in t  210 a f t e r  se v e ra l r e c r y s t a l l i s a t i o n s ,  fo llo w ed  by hydro ­

l y s i s  and d i s t i l l a t i o n  o f th e  reco v ered  k e to n e . They d e s ig n a te d  

t h e i r  compound as  a ketone s in ce  th e  a lc o h o l, o b ta in e d  by sodium in  

e th a n o l re d u c t io n , d id  no t form a t r i t y l  d e r iv a t iv e .  S h o r tly  fo llo w in g

t h i s ,  two acco u n ts  appeared o f d e g rad a tiv e  work on th e  k e to n ic  c o n s t i tu e n ts
5

o f V e tiv e r  o i l  by Pfau and P la t tn e r .  They i s o la te d  th e  k e to n e s ,

e i t h e r  by th e  p rocedu re  o f Sabetay and Trabaud, o r  by re p e a te d  f r a c t i o n a l



-65-

d i s t i l l a t i o n ,  and se p a ra te d  two o f them by f r a c t i o n a l  c r y s t a l l i s a t i o n

o f  th e  crude sernicarbazone. The d e x t ro ro ta to ry  ke to n e  th e y  named

ct-ve tivone , and th e  laevo  th e y  named B -v etiv o n e . They r e s t r i c t e d

t h e i r  in v e s t ig a t io n s  to  B -vetivone , and accorded  i t  th e  s t r u c tu r e  ( C l )

on th e  b a s is  o f th e  fo llo w in g .

The m olar r e f r a c t i v i t y  o f  B -vetivone, C H 0, su g g ested  th a t  i t
15 22

was a  b ic y c l ic  ketone w ith  two double bonds. T hat one o f  th e s e  

double bonds was in  co n ju g a tio n  w ith  th e  carbony l group was shown 

bo th  by th e  m olar r e f r a c t i v i t y  and by th e  sodium i n  e th a n o l re d u c tio n  

o f  B -v e tiv o n e  to  a m ix tu re  o f d ih y d ro -B -v e tiv o ls  ( C 6 ) ,  i n  which 

th e  ca rb o n y l group and one double bond had been reduced . T h is 

m ix tu re  on d e h y d ra tio n , fo llow ed  by selenium  d ehydrogena tion  gave th e

known n a p h th a le n e , v e t iv a le n e  ( C $ ) ,  v e tiv a z u le n e  ( C 3 ) ,  th e  s t r u c tu r e
6

o f  w hich was proved by sy n th e s is ,  and t r a c e s  o f  eudalene ( C 4 ) .  

B -V etivone, i t s e l f ,  a ffo rd e d  on dehydrogenation  v e tiv a z u le n e  and a 

n a p h th o l, b e l ie v e d  to  be th e  hydroxyeudalene ( C 2 ) .  These r e s u l t s  

e s ta b l i s h e d  th e  b ic y c l ic  n a tu re  o f th e  k e to n e , and th e  p re sen ce  o f  

two m ethy l groups. O zonolysis o f B -vetivone and o f  d ih y d ro B -v e tiv o l 

gave one m o lecu la r  p ro p o r tio n  o f ace to n e , th e re b y  in d ic a t in g  t h a t  th e  

u n c o n ju g a ted  double bond was p re se n t in  an  iso p ro p y lid e n e  group.

Whereas sodium in  a lc o h o l re d u c tio n  o f B -vetivone le d  to  a 

m ix tu re  o f  d ih y d ro -B -v e tiv o ls , c a t a ly t i c  h y d ro g en a tio n  gave o n ly  one 

iso m er, which p roved  to  be o p t i c a l l y  in a c t iv e .  That t h i s  was due 

to  th e  in t r o d u c t io n  o f a p lan e  o f symmetry in to  th e  m olecule  and no t to  

co in c id en c e  was confirm ed by th e  fo rm atio n  from This o p t i c a l l y  in a c t iv e



d in y d ro -B -v e tiv o l o f ,  in  a l l  te n  o p t i c a l l y  in a c t iv e  d e g ra d a tio n  p ro d u c ts  

and d e r iv a t iv e s  ( C 6 -  C 10 ) The p re sen ce  o f o n ly  one -CH(Oh)- 

g ro u p in g , and one iso p ro p y lid en e  group in  d ih y d ro -3 -v e t iv o l  r e q u ir e s  

th a t  th e s e  l i e  in  th e  p lane o f symmetry. S im ila r ly ,  th e  two m ethyl

groups m ust bo opposed-sym m etrica lly , and th e  rem ain ing  e ig h t  carbon  

atoms m ust be d iv id e d  in to  two groups o f  fo u r ,  one on each s id e  o f  t h i s  

p la n e  o f  symmetry. These req u irem en ts , ta k e n  in  c o n ju n c tio n  w ith  th e  

b ic y c l i c  n a tu re  o f  th e  m olecule and th e  known s t r u c tu r e  o f  v e t iv a z u le n e , 

c l e a r l y  in d ic a te d  th e  c is - fu s e d  s t r u c tu re  ( G 6 ) f o r  d ih y d ro -B -v e tiv o l, 

and ( C l )  f o r  p -v e tiv o n e  i t s e l f ,  on th e  rea so n ab le  assum ption  th a t  

e p im e r is a t io n  a t  th e  r in g  ju n c tio n  would no t ta k e  p la c e  d u rin g  h y d rogenat­

io n  o v e r a  n ic k e l  c a t a ly s t ,  A p ie c e  o f  c o n firm a to ry  ev idence

came from o x id a tio n  o f te tra h y d ro -8 -v e tiv o n e  ( C 10 ) to  th e  d ic a rb o x y lic  

a c id  ( G 11 ) .  T h is a c id  was c y c lis e d  by h e e l in g  w ith  a c e t ic  anhydride  

to  th e  cyclohexanone ( C 12 ) ,  which gave an in d a n o l ( C 13 ) ,  i d e n t i f i e d  

by s y n th e s is ,  on dehydrogenation .
7

Naves and P e r r o te t  th e n  r e in v e s t ig a te d  a- and {3-vetivone.

They confirm ed  f o r  th e  most p a r t  th e  f in d in g s  o f th e  p re v io u s  w orkers 

w ith  re g a rd  to  p -v e tiv o n e , and d isco v ered  th e  v e ry  c lo se  s im i l a r i t y  

in  chem ica l and p h y s ic a l p r o p e r t ie s  which e x i s t s  between th e  two k e to n e s . 

On selen ium  dehydrogenation  a—v etiv o n e  gave v e t iv a z u le n e  and th e  same 

hydroxyeudalene ( C 2 ) as p -v e tiv o n e . T h is suggested  th a t  i t  had 

th e  same carbon  sk e le to n  and a s im i la r ly  p la c e d  carbony l fu n c tio n .

On o z o n o ly s is  cl—v e tiv o n e  a lso  gave one m o lecu la r p ro p o r tio n  o i a c e to n e , 

and on c a t a l y t i c  hydrogenation  i t  a ffo rd e d  a m ix tu re  o f o p t i c a l l y
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in a c t iv e  te t r a h y d r o - a - v e t iv o ls  ( C 9 )? which on o x id a tio n  y ie ld e d  a

s in g le  te tra h y d ro -o -v e tiv o n e  ( C 10 )„ These fa c ts ?  coup led  w ith

c o n s id e ra b le  s im i l a r i t y  in  th e  Raman s p e c tra  o f  th e  two compounds?

a llo w ed  th e s e  a u th o rs  to  propose th a t  a™ and B -vetivone were s t r u c t u r a l l y

i d e n t i c a l  and d i f f e r e d  on ly  in  th e  c o n f ig u ra tio n  o f th e  secondary  m ethyl

group* They observed  th a t  th e  p h y s ic a l co n s tan ts?  b o i l in g  po in t?

r e f r a c t i v e  index? and d ensity?  were s l i g h t l y  h ig h e r  f o r  c e r t a in  compounds

( e . g. a- and B -vetivone and a- and B -te tra h y d ro v e tiv o n e  ) i n  th e

a - s e r ie s  th a n  f o r  th e  co rrespond ing  B -vetivone d e r iv a t iv e s .

On th e  b a s is  o f  th e  A uw ers-Skita ru le  th e y  th e re f o r e  fo rm u la ted  a -v e tiv o n e

a s  h a v in g  th e  s te re o c h e m is try  ( C 14 ) in  which th e  m ethyl group and

th e  r in g  ju n c t io n  hydrogen atoms a re  a l l  c i s ,  and B -vetivone a s  hav ing

th e  s te re o c h e m is try  ( C 15 ) in  which th e  m ethyl group i s  t r a n s  to  th e

r in g  ju n c t io n  hydrogen atoms. T his h ig h ly  dubious assignm ent

o f  c o n f ig u ra t io n  i s  made even more u n c e r ta in  by th e  f a c t  t h a t  a re c e n t

d e te rm in a tio n  o f  th e  p h y s ic a l c o n s ta n ts  o f th e  same compounds by Romanuk
8

and H erout h as  i n  s e v e ra l cases  re v e rse d  th e  above m entioned order..

I t  seems f a i r  to  say  th a t  a lthough  th e  s t r u c tu r e s  o f  a- and B -vetivone  

have been  r ig o ro u s ly  e s ta b lish e d ?  th e  s te reo ch em istry ?  save f o r  th e  

p re sen ce  o f 0. c i s  r in g  ju n c tio n  in  both? i s  s t i l l  u n c e r ta in .

A number o f  th e  o th e r  c o n s t i tu e n ts  o f V e tiv e r  o i l  have been 

s u b je c te d  to  chem ical d eg rad a tio n  in  re c e n t y e a rs  by C hiurdoglu  and 

h i s  c o l la b o r a to r s .  They have a ss ig n ed  th e  s t r u c tu r e s  ( G 16 )

and ( C 17 ) to  th e  p rim ary  a lcoho ls?  b ic y c lo v e tiv e n o l and t r i c y c l o -  

v e tiv e n o l?  o b ta in e d  via. a c e ty la t io n  o f th e  a lc o h o l xra.cuion o f  o i l  from
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9
th e  B e lg ia n  Congo. The s t r u c tu re s  o f  two t e r t i a r y  a lc o h o ls  were

d ete rm in ed  by exam ination  o f t h e i r  r e s p e c t iv e  d e h y d ra tio n  p ro d u c ts?  

b ic y c lo v e t iv e n e  and v e ticad in en e?  and shown to  be ( C 18 ) and ( C 19 ) . 10 

f i n a l l y  th e s e  w orkers have proved th e  s t r u c tu r e  ( C 20 ) f o r  a t r i c y c l i c  

hydro carbon  sub s t  i t u e n t .

Only one in s ta n c e  appears to  have been re p o r te d  o f  th e  i s o l a t i o n  

o f  a  s e s q u ite rp e n e  o f th e  v e tiv a n e  type from any n a tu r a l  source  o th e r  

th a n  V e tiv e r  o i l .  T his i s  th e  u n sa tu ra te d  t e r t i a r y  a lc o h o l h in e s o l ,  

^15^26^* o ccu rs  a s  a m ix e d -c ry s ta l w ith  eudesmol in  th e  e s s e n t i a l

o i l  from A tra c tv lo d e s  la n c e a de C andolle. Two groups have e s ta b l is h e d

th e  v e t iv a n e  s k e le to n  f o r  t h i s  a lcoho l?  and shown th a t  th e  hydroxyl 

group i s  on th e  s id e -c h a in . They d if fe re d ?  however? in  t h e i r  p la c in g  

o f  th e  double bond? ( known to  be t r i s u b s t i t u t e d  from th e  in f r a - r e d

\  / \  I 2spectrum  ) } one group p r e f e r r in g  th e  s t r u c tu re  ( C 21 ) f and th e
1 *3

o th e r  th e  s t r u c tu r e  ( C 22 )? bo th  on in c o n c lu s iv e  ev idence .

The p o s tu la te s  o f Ruzicka and h i s  c o l la b o ra to r s  on th e  b io g e n e s is  

o f th e  t r i t e r p e n e s  by co n fo rm a tio n a lly  d i f f e r e n t  c y c l i s a t io n s  o f  a l l -  

t r a n s - s q u a le n e 1^ have been adap ted  by H endrickson  to  p ro v id e  an e q u iv a le n t 

scheme f o r  th e  s e s q u ite rp e n e s ." ^  These a re  co n sid e red  to  a r i s e  

by c y c l i s a t i o n  o f a f a rn e s o l  p re c u rso r  w ith  a t r a n s  c e n t r a l  double bond 

and e i t h e r  a c i s  o r  t r a n s  te rm in a l double bond? ( C 23 ) amd ( C 30 ) 

re s p e c t iv e ly *  These? by lo s s  o f hydrox ide  io n  o r  i t s  e q u iv a le n t?  

and in t e r a c t io n  o f  th e  r e s u l t in g  carbonium io n  w ith  any s u i ta b ly  

ju x ta p o se d  double bond? le a d  to  a s e r ie s  o f  m onocyclic carbonium  io n s  

( C 24 -  C 29 ) .  By c o n s id e ra tio n  o f th e  r e l a t i v e  p r o b a b i l i t y  o f
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fo rm a tio n  o f each? i t s  p re fe r re d  conform ation? and th e  p o s s i b i l i t i e s  

f o r  o ccu rren c e  o f f u r th e r  c y c l is a t io n ,  H endrickson has been a b le  to  

d e r iv e  p la u s ib le  pathways fo r  th e  g en es is  o f  a l l  th e  known s e s q u ite rp e n e  

s k e le to n s ,  ex cep t th e  b ic y c lo ia rn e s o ls .  These l a s t  r e q u ire  

c y c l i s a t i o n  s im i la r  in  n a tu re  to  t h a t  o c c u rr in g  w ith  sq u a len e .

The v e t iv a n e  sk e le to n  can be env isaged  a s  a r i s i n g  by an a n t i -  

M arkownikoff t r a n s - a n t i - p la n a r  c y c l i s a t io n  o f  th e  a lc o h o l ( C 31 ) > 

form ed from th e  carbonium io n  ( C 28 ) by so lv a tio n ?  and a m ig ra tio n  

o f  one o f  th e  double bonds. The p rod u c t from t h i s  c y c l i s a t io n  i s  

th e  a lc o h o l ( C 32 ) which? by o x id a tio n  a l l y l i c  to  th e  double bond 

and d e h y d ra tio n  in v o lv in g  th e  t e r t i a r y  hydroxy l group? would le a d  to  

3 -v e tiv o n e  ( C 33 ) .
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S y n th e tic  A pproaches to  6-V etiv o n e

In  c o n s id e r in g  th e  t o t a l  s y n th e s is  o f  h y d ro azu len o id  s e s q u i te rp -

enes th e  s k e l e t a l  symmetry o f  a- and B -vetivone  re n d e rs  them an a t t r a c t i v e

p r o p o s i t io n .  As d e sc r ib e d  in  th e  p re c e d in g  s e c t io n ,  th e  s te re o c h e m is try

o f  a- and S -v e tiv o n e  a s  a p a i r  o f  ep im ers h as  been a s s ig n e d , b u t which

o f them co rresp o n d s  to  th e  s t r u c tu r e  ( D 1 ) ,  and which to  ( D 2 )

h a s  n o t been  e s ta b l i s h e d .  In  th e  incom ple te  s y n th e s is  to  be d e t a i l e d

below unambiguous s te re o c h e m ic a l c o n tro l  o f th e  th r e e  asym m etric c e n t r e s

in  th e  v e tiv o n e  s k e le to n  was a ch iev ed , and th e  r e s u l t i n g  v e tiv o n e

would- have been  t h a t  o f  s t r u c tu r e  ( D 1 ) , 3-v e tiv o n e  acc o rd in g  to

7Naves and P e r r o te t .

The s y n th e t ic  ro u te  em ployed f a l l s  in to  two s e c t io n s .  The f i r s t

o f th e s e  in v o lv e d  th e  s y n th e s is  o f  th e  hydrindane  d e r iv a t iv e  ( D 5 |

R = H ) by a sequence o f  s ta n d a rd  r e a c t io n s .  T h is  in te rm e d ia te  

p o sse sse d  th e  n e c e s s a ry  f u n c t i o n a l i t y  f o r  o b te n t io n  o f  th e  cyclohep tenone  

r in g ,  and f o r  a d d i t io n  o f  an is o p ro p y lid e n e  s id e - c h a in  to  th e  f iv e  

membered r in g .

The s y n th e s is  o f th e  h y d rin d an e  commenced w ith  th e  D ie ls -A ld e r

a d d i t io n  o f  m a le ic  anhy d rid e  to  h e x a - t r a n s ,  t r a n s - 2 ,4 - d ie n e  to  g ive  th e

adduct ( D 3 ) .  T h is  p a r t i c u l a r  D ie ls -A ld e r  r e a c t io n  has been
16v e ry  f u l l y  s tu d ie d  by A lder and Vogt. They showed t h a t  po tassium

b is u lp h a te  d e h y d ra tio n  o f  h ex -2 -e n ~ 4 -o l ( D 12 ) from a d d i t io n  o f 

e th y l  magnesium brom ide to  c ro to n a ld eh y d e , gave a m ix tu re  o f d ie n e s  ( D 13 ) . 

R eac tio n  o f  t h i s  m ix tu re  w ith  m a le ic  anhydride  le d  to  th e  fo rm a tio n  o f
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two e a s i l y  s e p a ra te d  ad d u c ts  ( D 15 = D 3 ) and ( D 17 ) ,  whose carbon  

sk e le to n s  were i d e n t i f i e d  by d eh y d ro g en a tio n , fo llo w ed  by o x id a tio n  

o f th e  r e s u l t i n g  p ro d u c ts  to  b e n z e n e -1 ,2 ,3 ?4 ~ te tra c a rb o x y lic  a c id  

( D 14 ) and b e n z e n e -1 ,2 ,3 - t r i c a r b o x y l i c  a c id  ( D 18 ) r e s p e c t iv e ly .

The u n re a c te d  component o f th e  d ien e  m ix tu re  was shown to  be h e x a - c i s , -  

t r a n s - 2 ,4 “ d ien e  ( D 16 ) ,  s in c e  u n d er fo rc in g  c o n d it io n s  i t  gave an 

iso m e ric  adduct ( D 21 ) w ith  m a le ic  an h y d rid e , and th e  adduct ( D 15 ) 

a f t e r  i t  ( th e  d ien e  ) had been  iso m e rise d  w ith  io d in e . T hat th e

m ethyl g roups i n  th e  adduct ( D 21 ) were t r a n s  was p roved  by th e  fo rm a t­

io n  o f  two s te re o is o m e r ic  t r a n s - d ia c id s  ( D 22 and D 24 ) ,  from a d d i t io n  

o f fum ary l c h lo r id e  to  th e  c i s ,  t r a n s - d ie n e .  S im ila r ly ,  th e  m ethy l 

groups i n  th e  adduct ( D 15 ) must have been  c i s  s in c e  o n ly  one" t r a n s - d i ­

a c id  ( D 19 ) r e s u l t e d  on e p im e r is a t io n  o f th e  d ih y d ro a c id  w ith  c o n c e n tra t­

ed h y d ro c h lo r ic  a c id  a t  130°, and a second c i s - d i a c id  ( D 20 ) was 

o b ta in e d  on h e a t in g  to  240°. The e p im e r is a t io n s  d e s c r ib e d  were 

c a r r ie d  o u t on th e  co rresp o n d in g  d ih y d ro -a c id s  to  o b v ia te  any change 

i n  th e  c o n f ig u ra t io n s  o f  th e  m ethy l g roups, b ro u g h t abou t by double 

bond m ig ra tio n s  under th e  r e a c t io n  c o n d itio n s  employed. The i n i t i a l

adduct o f  h e x a - t r a n s , t r a n s - 2 ,4 ~ d ie n e  ( D 15 ) was a s s ig n e d  th e  a l l - c i s

s te re o c h e m is try ,  r a th e r  th a n  t h a t  o f  th e  c is -a d d u c t ( D 20 ) ,  on th e
17

b a s is  o f  th e  " A lder R ules which re q u ir e  t h a t  th e  d ie n o p h ile

should  add to  th e  d ien e  in  t h a t  s t e r i c  sense  w hich a llo w s maximum 

o r b i t a l  o v e r la p  betw een th e  K -bond system s o f th e  two r e a c ta n ts  in  

th e  t r a n s i t i o n  s t a t e .
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The n ex t s te p  i n  th e  s y n th e s is  o f  th e  hydrindane  d e r iv a t iv e

la y  i n  th e  re d u c t io n  by li th iu m  aluminium h y d rid e  o f  th e  adduct ( D 3 )

to  th e  d io l  ( D 4* R = H ) .  The c o n f ig u ra tio n  a t  each  o f  th e  fo u r

asym m etric c e n tr e s  i n  th e  d io l  was ta k e n  to  be th e  same a s  in  th e

ad d u c t. The b a s is  f o r  t h i s  l i e s  in  th e  w e ll e s ta b l i s h e d  s te r e o -

s p e c i f i c i t y  o f  l i th iu m  aluminium h y d rid e  r e d u c t io n s ,  i n  which asym m etric
18c e n t r e s ,  a d ja c e n t to  ca rb o n y l groups do n o t undergo e p im e r is a t io n .

Thus, i n  th e  11 c lo se d  c i r c u i t  n tr a n s fo rm a tio n , (-)-m en thone  to  m enthol

fo llo w ed  by o x id a t io n  to  (-)-m en th o n e , th e  re d u c t io n  s te p  was ach iev ed

by l i th iu m  alum inium  h y d rid e  w ith o u t any change i n  th e  s p e c i f i c  r o t a t i o n  
19o f th e  m enthone. S ince no f u r th e r  r e a c t io n s  were perfo rm ed  on, o r

a d ja c e n t to  th e s e  asym m etric c e n tre s  th e  c o n f ig u ra tio n  o f  th e  f i n a l  

v e tiv o n e  shou ld  have been  th a t  o f  th e  s t r u c tu r e  ( D 1 ) ,

The d io l  ( D 4$ R = H ) was co n v erted  to  th e  co rre sp o n d in g  d i -  

p - to lu e n e s u lp h o n a te  and dim ethane su lp h o n a te  by r e a c t io n  w ith  th e  

a p p ro p r ia te  a c id  c h lo r id e s  i n  p y r id in e .  A s id e - r e a c t io n  i n  th e  fo rm at­

io n  o f  th e s e  d e r iv a t iv e s  was th e  fo rm a tio n  o f th e  te t r a h y d ro fu ra n  ( D 7 ) , 

by c y c l i s a t i o n  o f th e  in te rm e d ia te  m o n o -es te r ( D 6 ) .  A s im i la r  

f in d in g  h as  been re p o r te d  by A lder and R oth, who o b served  fo rm a tio n  o f 

th e  c y c l ic  e th e r  ( D 9 ) on a ttem p ted  d i t o s y l a t i o n  o f  th e  d io l  ( D 8 

The amount o f  t h i s  byproduct form ed can be k e p t to  a minimum by th e  use 

o f  a  la rg e  ex ce ss  o f  re a g e n t, and slow  a d d i t io n  o f  th e  d io l  to  i t .

The double a lk y la t i o n  o f 'm a lo n ic  e s t e r  by e i t h e r  o f  th e s e  su lp h o n y l 

d e r iv a t iv e s  p roved  to  be d i f f i c u l t .  R eac tio n  o f  th e  m ethane su lphon­

a te  w ith  so d io —m alon ic  e s t e r  i n  e th a n o l,  c o n ta in in g  a c a la l^ / t ic  amount
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o f sodium io d id e ,  fu rn is h e d  a sm all amount o f th e  e s t e r  ( D 5? R = E t ) .

The y ie ld ,  how ever, was found to  be im proved by em ploying s. h ig h e r

r e a c t io n  te m p e ra tu re , and a m o d e ra te ly  good y ie ld  was e v e n tu a lly

o b ta in e d  th ro u g h  th e  use  o f is o p e n ta n o l w ith  pota.ssium  is o p e n to x id e  as

condensing  a g e n t. The use.- o f  t h i s  com bination  r e s u l t e d  in  p a r t i a l

t r a n s e s t e r i f i c a t i o n  o f  th e  e th o x y carb o n y l groups, and hence th e  crude

e s t e r  was h y d ro ly se d  d i r e c t l y  to  th e  m alon ic  a c id  ( D 5* R -  H ) ,

c h a r a c te r i s e d  a s  i t s  d im ethy l e s t e r .  The c y c l i s a t i o n  o f  th e

b isd esm e th y l d i-p - to lu e n e s u lp h o n a te  ( D 10 ) to  ( D 11 ) by so d io -

m alon ic  e s t e r  i n  e th a n o l h as  been r e p o r te d  a s  p ro c e e d in g  i n  h ig h  yield,?

•' 21( 87%' ) .  T here seemed to  be no obv ious rea.son why th e  d i - p -

to lu e n e su lp h o n a te  ( D 4? R “  SOpGyHy ) shou ld  no t have been  tra n s fo rm e d  

e q u a l ly  s u c c e s s f u l ly ,  b u t under th e s e  c o n d itio n s  i t  was reco v e re d  

unchanged.

The m ethod s e le c te d  to  e f f e c t  expansion  o f  th e  cyclohexene r in g

in  th e  in te rm e d ia te  ( D 5 ) to  th e  cyclohep tenone r in g  o f  B -vetivone

was by c leav ag e  o f  a d ic h lo ro c y c lo p ro p a n e , formed, by a d d i t io n  o f

d ic h lo ro c a rb e n e  to  th e  double bond i n  a s u i ta b le  d e r iv a t iv e .  I t  i s

th e r e f o r e  a p p ro p r ia te  a t  t h i s  p o in t  to  rev iew  th o se  f e a tu r e s  o f  d ic h lo ro

carbene ch e m is try  r e le v a n t  to  th e  s y n th e s is .

D ich lo ro ca rb en e  i s  one o f a number o f  e l e c t r o n - d e f i c i e n t  s p e c ie s

o f th e  g e n e ra l fo rm u la , i GR^R^. I t s  e x is te n c e  was f i r s t  su sp e c ted

by h in e  who p o s tu la te d  i t  as an in te rm e d ia te  i n  th e  a lk a l in e  h y d ro ly s is  

22o f ch lo ro fo rm . P roof o f t h i s  soon fo llo w ed  by th e  i s o l a t i o n

and c h a r a c te r i s a t io n  o f  i t s  a d d i t io n  p ro d u c ts  w ith  a lk e n e s , th e  g em -d ich lo ro -
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23,24
cy c lo p ro p an es . S ince d ic h lo ro c a rb e n e  i s  r a p id ly  so lv o ly se d

in  aqueous o r  a lc o h o lic  m edia i t s  p r e p a ra t io n  as an in te rm e d ia te  in  

o rg a n ic  c h e m is try  i s  p r e f e r a b ly  done u nder a p r o t ic  c o n d itio n s .

A number o f  m e c h a n is t ic a l ly  s im i la r  r a c t io n s  a re  a v a i la b le  f o r  i t s  

p r e p a ra t io n ,  ( D 25 -  D 28 ) ,  a l l  o f which in v o lv e  fo rm a tio n  o f  th e  

CCl^ io n , w hich in  tu r n  lo s e s  c h lo r id e  io n  to  g ive  d ich lo ro ca rb en e#

The open ing  o f  a sim ple a l k y l - s u b s t i tu t e d  g em -d ich lo rocyclop ropane  

r in g  ( D 29 ) can be en v isag ed  as  o c c u rr in g  in  s e v e ra l  p o s s ib le  waysj

(a) by p ro to n a t io n  o f  th e  r in g  to  g ive a carbonium  io n  ( D 29a  )j

(b) by lo s s  o f  h a lo g en  w ith  th e  fo rm a tio n  o f  an a l le n e  ( D 29b ) |

(c ) by h e t e r o l y s i s ,  c a ta ly s e d  o r  u n c a ta ly se d , o f  th e  ca rb o n -h a lo g en

bond 'le a d in g  to  a cy c lo p ro p y l carbonium  io n  ( D 29c ) ,  which cou ld  th e n

re a r ra n g e  to  th e  r e s o n a n c e - s ta b i l i s e d  a l l y l i c  carbonium io n  ( D 29d ) .

The f i r s t  o f  th e s e  h as  no t been r e p o r te d | th e  second h as  been  induced

29by th e  a c t io n  o f  l i th iu m  a lk y ls .  W ith re g a rd  to  th e  t h i r d

p o s s i b i l i t y ,  S k e ll  and S an d le r r e p o r te d , w ith o u t ex p e rim e n ta l d e t a i l s ,

th a t  th e  cyclo p o n ten e  adduct ( D 30f X = C l, Br ) r e a c te d  r a p id ly  w ith

a lc o h o l ic  s i l v e r  n i t r a t e  to  g ive th e  e th e r  ( D 31| X = C l, Br ) , and

onshak ing  w ith  aqueous s i l v e r  n i t r a t e  to  g ive th e  a lc o h o l ( D 32$ X = C l,

Br ) ,  and t h a t  th e  cyclohexene adduct ( D 33; X = Cl ) ,  which was

about two hundred  tim es  l e s s  r e a c t iv e ,  gave th e  co rresp o n d in g  cyclo
30

h ep ten e  d e r iv a t iv e s  ( D 34-, R =: OEt, 0H$ X = Cl ) .  In  c o n t r a s t ,

D oering and Hoffmann reco rd ed  t h a t  th e  cyclohexene adduct ( D 33 | X = C l, Br ) 

d id  n o t r e a c t  w ith  brom ine o r  perm anganate , was reco v e re d  unchanged from 

50)b po tass iu m  hydrox ide  in  r e f lu x in g  e th y le n e  g ly c o l, from a lc o h o lic
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£ i.lv e r t i t r a t e  aj: room t em p era tu re , from s i l v e r  ox ide su sp e n sio n  in  

e th a n o l,  and in  62% y i e ld  from seven d a y s1 r e f lu x  w ith  sodamide in  

b e n z e n e .^

On th e  o th e r  hand, where th e r e  i s  an e l e c t r o n - r e le a s in g  s u b s t i tu e n t

a t ta c h e d  to  th e  cyclopropane r in g ,  which can s t a b i l i s e  th e  carbonium

io n  form ed, o r  where format, io n  o f  an. a ro m a tic  r in g  r e s u l t s ,  th e n

opening  o f  a  d ic h lo ro c y c lo p ro p a n e  by p a th  (c ) o ccu rs  f a i r l y  r e a d i ly .

The d ic h lo ro  cyc lopropane from in d en e , ( D 37 ) underw ent s o lv o ly s is

i n  m e th a n o lic  po tass iu m  hydrox ide  w ith  th e  p ro d u c tio n  o f  2-c h lo ro n a p h th -  

r \ 31a le n e  ( D 38 ),  S im ila r  sequences p ro b ab ly  o p e ra te  i n  th e  r in g

ex p an sio n  by ch lo ro fo rm  and a l k a l i ,  o f  p y r ro le s  and in d o le s  to  c h lo ro -
32

p y r id in e s  and q u in o l in e s  r e s p e c t iv e ly .  The k e te n  a c e t a l
33

l o s t  m ethy l c h lo r id e  a t  180° to  g ive th e  e s t e r  ( D 4-0 ) .

The d ih y d ro p y ran  adduct ( D 41 ) was co n v erted  by th e  a c t io n  o f  q u in o lin e

a t  14.0 to  th e  o x ep in  d e r iv a t iv e  ( D 4-2 ) ,  v and o th e r  s im i la r  exam ples 

1 35a re  known.

I t  was c o n s id e re d  th a t  i f  t h i s  r e a c t io n ,  w hereby th e  cyclohexene 

adduct ( D 335 X = Cl ) gave a s u b s t i tu t e d  cy c lo h ep ten e , cou ld  be a p p lie d  

to  th e  d ic h lo ro c y c lo p ro p a n e  from a d e r iv a t iv e  o f th e  hydrindane  ( D $ ) ,  

th e n  th e  r e s u l t i n g  hyd roxy l group and v in y l  c h lo r id e  fu n c t io n  cou ld  be 

employed as  p re c u r s o r s  o f  th e  double bond and ca rb o n y l group r e s p e c t iv e ly  

o f 8-v e t iv o n e .  In  v iew  o f  th e  d i s p a r i t y  betw een th e  r e s u l t s  o f

S h e ll  and S an d le r  and o f  D oering and Hoffmann i t  was co n s id e re d  d e s i r a b le  

to  re-exam ine th e  s i l v e r  io n  c a ta ly s e d  opening  o f  7 ,7 -d ic h lo ro b ic y c lo -  

[ 1 ,1 ,0 ] -h e p ta n e  ( D 33$ X = Cl ) ,  and in v e s t ig a te  i t s  opening  by means



of o th e r  r e a g e n ts .  In  th e  p r e p a r a t io n  o f  t h i s  compound, and o f  

o th e rs  to  be d e s c r ib e d  below, d ic h lo ro c a rb e n e  was p re p a re d  by th e  method 

o f Parham and S ch w e itze r, by th e  a c t io n  o f  sodium m ethoxide on m ethy l 

t r i c h lo r o a c e t a t e  in  pen tane  a t  room te m p era tu re  in  th e  p resen ce  o f  th e
o

a lk en e  s u b s t r a t e . 0

In  o u r hands th e  cyclohexene adduct ( D 33? X = Cl ) was found to  

be s ta b le  to  s i l v e r  n i t r a t e  i n  aqueous d ioxan  f o r  two days a t  room 

te m p e ra tu re , and to  r e f lu x in g  w ith  s iv e r  n i t r a t e  i n  m e thano l.

I t  was a ls o  re c o v e re d  unchanged from tre a tm e n t w ith  boron  t r i f l u o r i d e  

e th e r a te ,  £ - to lu e n e s u lp h o n ic  a c id  i n  benzene under r e f lu x ,  p e r c h lo r ic  

a c id  i n  a c e t i c  a c id  a t  room te m p e ra tu re , c o l l id in e  a t  110° ,  and q u in o lin e  

a t  14-0°. On r e f lu x in g  w ith  s i l v e r  a c e ta te  in  a c e t i c  a c id  f o r

f iv e  days a  40% c o n v e rs io n , as e s tim a te d  by G as-L iquid-C hrom atography, 

to  th e  a c e ta te  ( D 325 R = Acj X = Cl ) was ach iev ed . S e p a ra tio n  

from unchanged s t a r t i n g  m a te r ia l  was o b ta in e d  by h y d ro ly s in g  th o  m ix tu re  

and i s o l a t i n g  th e  a lc o h o l ( D 32; R = IIj X = Cl ) by chrom atography 

over a lu m in a . The a lc o h o l was c h a ra c te r i s e d  by th e  p r e p a r a t io n  o f

a 3 , 5- d in i t r o b e n z o a te ,  and by co n v e rs io n  to  th e  cyc lohep tenone  ( D 35 )> 

i s o l a t e d  a s  i t s  2 , 4~ d in itro p h e n y lh y d ra z o n e . D ehydra tion  o f  th e  

a lc o h o l by phosphorus p en to x id e  i n  p e t r o l  gave a v o l a t i l e  and u n s ta b le  

d ien e  ( D 36 ) ,  [ A 274 m/u ] .  Owing to  th e  low o v e r - a l l

y i e ld  i n  th e  p r e p a r a t io n  o f  th e  a lc o h o l and th e  i n s t a b i l i t y  and v o l a t i l i t y  

o f th e  d ie n e , i t  was d ec ided  to  p re p a re  some g em -d ich lo rocyclop ropanes 

from a lk e n e s  o f  much h ig h e r  m o lecu la r  w eig h t.



The method was f i r s t  a p p l ie d  to  c h o le s te r o l  te tra h y d ro p y ra n y l 

e th e r  ( D 43 ) w hich was reco v e re d  unchanged. The re a so n  f o r  t h i s

was a t t r i b u t e d  to  s t e r i c  h in d ran c e  i n  th e  ad d u c t, by v i r t u e  o f  non­

bonded in t e r a c t io n s  betw een one o f th e  c h lo r in e  s u b s t i tu e n ts  on th e  

cyclopropane r in g  and th e  pseudo-socia l hydrogen atoms a t  C-y and in  

th e  r i g i d  r in g  B. That t h i s  was p ro b ab ly  so was borne o u t by th e

p r e p a r a t io n ,  u n d er th e  same r e a c t io n  c o n d itio n s ,  o f  th e  adduct ( D 44 ) 

from c h o le s t -2 - e n e ,  i n  which r in g  A can adopt a con fo rm atio n  which 

does n o t have non-bonded in t e r a c t io n s  com parable i n  m agnitude w ith  

th o s e  p r e s e n t  i n  an adduct from c h o le s te r o l .  T h is  a.dduct from

c h o le s t-2 -e n e  was judged  n o t v e ry  s u i ta b le  f o r  s tu d ie s  o f  r in g  open ing , 

s in c e  t h i s  co u ld  ta k e  p la c e  i n  two ap p ro x im ate ly  e q u iv a le n t  ways, w ith  

th e  consequen t fo rm a tio n  o f  p ro d u c t m ix tu re s . The more u s e fu l

adduct i n  t h i s  r e s p e c t ,  from [3~amyra*2,12-diene ( D 45 ) d id  n o t form , 

and t h i s  may a g a in  be due to  s t e r i c  h in d ran c e  caused  by in t e r a c t io n s

o f  th e  c h lo r in e  atoms w ith  th e  a- o r  [3-methyl group a t  C^.

The r e a c t io n  sequence when perfo rm ed  on is o p h y llo c la d e n e  ( D 46 ) 

r e s u l t e d  i n  th e  fo rm a tio n  o f  a c h lo r in e  c o n ta in in g  d e r iv a t iv e .

T h is  a n a ly se d  a s  CpiHy^Cl, had ^43 mm ( £ 18 ,000  ) i n  th e  u l t r a ­

v i o l e t  spectrum , and bands i n  th e  in f r a - r e d  spectrum  a t  I6 l7w , 1588m

( c o n ju g a ted  double bond CsC s t r e t c h in g  v ib r a t io n s  ) ,  890s ( exom ethylene ) ,
,  . . — 1

875s ( t r i s u b s t i t u t e d  double bond ) ,  822s ( v in y l ic  c h lo r in e  ) cm.

The u l t r a - v i o l e t  spectrum  in d ic a te d  t h a t  i t  was a h e te ro a n n u la r  d ie n e ,

and t h i s ,  i n  c o n ju n c tio n  w ith  th e  in f r a - r e d  spectrum , su g g ested  th e

ch lo ro d ie n e  ( D 48 ) as  th e  p ro b a b le  s t r u c tu r e .  P ro o f o f t h i s  fo llo w ed



-8 2 -

from th e  fo rm a tio n , by c o n t ro l le d  o z o n o ly s is , o f an. a -ch lo ro k o to n e  ( D 4-9 ) ,  

C20H29C10> t A max> 257 m M t  6 ,790  ) ,  > mnx> ( C C q ) 1697.5 cm ."1 ] .

The ab n o rm ally  h ig h  p o s i t io n  o f  th e  maximum in  th e  u l t r a - v i o l e t  spectrum  

o f  t h i s  a B -d is u b s t i tu te d  enone i s  c o n s is te n t  w ith  t h a t  observed  f o r  th e
36

p a re n t  system  ( D 50 ) ,  w hich had A nax> 24-1 myu { f  7 ,800  ) .

The fo rm a tio n  o f  th e  d iene can be r a t i o n a l i s e d  a s  p ro cee d in g  v i a  th e  d e s ir e d  

d ic h lo ro  cyclo p ro p an e  ( D 4-7 ) ,  from which hydrogen c h lo r id e  has been  

e l im in a te d  in  p r e c i s e ly  th e  same manner a s  o c c u rre d  w ith  th e  adduct 

from in d e n e . A ttem pts to  i s o l a t e  th e  supposed in te rm e d ia te  cy c lo ­

propane by c a r ry in g  o u t th e  r e a c t io n  i n  th e  p re se n c e  o f a la rg e  ex ce ss  

o f  m ethy l t r i c h l o r o a c e t a t e  o v e r sodium m ethoxide f a i le d *

I n v e s t ig a t io n  o f  t h i s  c h lo ro d ie n e  was th e n  commenced w ith  a 

view  to  f in d in g  a  method f o r  h y d ro ly s in g  th e  v in y l  c h lo r id e  fu n c t io n  

to  a c a rb o n y l5 a s  would be r e q u ir e d  a t  some s ta g e  i n  th e  p roposed  

s y n th e s is  o f  6-v e t iv o n e ,  The method sought was r e q u ire d  e i t h e r  to  

be v e ry  m ild , o r  to  g ive  th e  ca rb o n y l group i n  a  p r o te c te d  form , 

s in c e  th e  v e t iv o n e s  a re  s e n s i t iv e  to  a l k a l i  and m in e ra l a c id s .

The c h lo ro d ie n e  was found  to  be s ta b le  to  sodium m ethoxide i n  r e f lu x in g  

d ie th y le n e  g ly c o l d im eth y l e th e r  f o r  15 h r . , and to  sodium a c e ta te

in  r e f lu x in g  a c e t i c  an h y d rid e  f o r  24- h r .  S uccess , how ever, a t te n d e d
37

th e  u se  o f  sodamide i n  p ip e r id in e  under r e f lu x ,  w hich gave, an o i l y  

p ro d u c t whose i n f r a - r e d  spectrum , [ T*max# l6 l lw ,  1578m, 889s, and 859s 

cm.”1 ] ,  in d ic a te d  r e t e n t io n  o f  th e  same co n ju g a ted  d ien e  system , bu t 

lo s s  o f  th e  v in y l i c  c h lo r in e .  T hat t h i s  compound was th e  enamine ( D 51 ) 

was shown by i t s  s o l u b i l i t y  i n  d i l u t e  h y d ro c h lo r ic  a c id ,  and th e  fo rm a tio n
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o f  a c r y s t a l l i n e  p i c r a t e ,  which a n a ly se d  c o r r e c t ly  f o r  C H N 0
32 44 4 7

a s  re q u ire d .

The h y d ro ly s is  o f  th e  enamine was accom plished  by a d i l u te  

b u f fe re d  s o lu t io n  o f  a c e t ic  a c id  i n  m ethano l, a  p ro ced u re  which has
38

been s u c c e s s f u l ly  employed f o r  th e  h y d ro ly s is  o f  s t e r o i d a l  enam ines.

T h is  gave, a f t e r  chrom atography, a  c r y s t a l l i n e  s o l id  i n  low y ie ld .

T h is  a n a ly se d  a s  th e  d e s ir e d  a S -u n sa tu ra te d  ke to n e  ( D 52 ) ,  b u t i t s  

p h y s ic a l  p r o p e r t i e s  w ere a t  v a r ia n c e  w ith  i t s  p o s se s s in g  t h i s  s t r u c tu r e .

I t  had no u l t r a - v i o l e t  a b s o rp tio n  above 220 nyj , and had a band i n  th e  

i n f r a - r e d  spectrum  a t  1719 cm. 1 ( cyclohexanone ) .  The c lu e  to  

i t s  s t r u c tu r e  came from th e  u n e x p e c te d ly  h ig h  m e ltin g  p o in t  o f  252°,

[ c f .  th e  enone ( D 50 ) ,  m .p. 115°, and th e  clilo roenone ( D 49 ) , 

m .p. 123-126° ] ,  and from th e  f a i l u r e  to  o b ta in  a m a ss -sp e c tro m e tr ic  

d e te rm in a tio n  o f  th e  m o le c u la r  w eight on accoun t o f i t s  i n v o l a t i l i t y .

These d a ta ,  and th e  known p e c u l i a r i t i e s  o f  th e  exom ethylene cy c lo ­

hexanone system  in d ic a te d  fo rm u la tio n  as  th e  dim er ( D 53 ) .  T h is  

a r i s e s  from  a D io ls -A ld e r  r e a c t io n  o f  th e  exom ethylene double bond 

o f one m o lecu le  o f  ( D 52 ) w ith  th e  enone g roup ing  o f  a second.

The s t r u c tu r e  o f  th e  d in e r  ( D 54 ) r e s u l t i n g  from a tte m p te d  p r e p a ra t io n

of 2 -m ethy lene cyclohexanone h as  been unam biguously d e te rm in ed  by th e

39d e g ra d a tiv e  work o f  M annich. The s te re o c h e m is try  a s s ig n e d  to

th e  d im er ( D 53 ) i s  t h a t  p r e d ic te d  on th e  b a s is  o f  th e  :t A lder R u les !I 

o f endo a d d i t io n  from th e  l e a s t  h in d e re d  fa c e  ( i n  t h i s  case  th e  

a -fa c e  ) o f  b o th  m o lecu le s . T hat th e s e  r u le s  a p p ly  to  t h i s  ty p e  o f 

D io ls -A ld e r  was e s ta b l i s h e d  by th e  d im e r is a t io n  o f  th e  ( l ) - k e to n e  ( D 55 )



i n  t h i s  s t e r i c  fa s h io n ,  ( D 56 ) ,  to  f u r n is h  as  th e  m ajo r p ro d u c t th e  

( l ) -d im e r  ( D 57 ) .  T h is  cou ld  be g iven  th e  s te re o c h e m is try

shown, s in c e  i t  was su b se q u e n tly  co n v erted  to  (+ )-o n o ce ran ~ 8 ,8 t - d i o l  

( D 58 ) / °

The c o n v e rs io n  o f  a cy c lo a lk en o  to  th e  hom ologated cy c lo a lk en o n e , 

by way o f  a  d ic h lo ro c y c lo p ro p a n e  in te rm e d ia te ,  had now been shown to  

be f e a s i b l e ,  and a t t e n t i o n  was th e r e f o r e  d i r e c te d  to  e f f e c t in g  th e  

some t r a n s fo rm a tio n  on a s u i ta b le  'd e r iv a t iv e  o f th e  h y d rin d an e  ( D 5 )•

The d ic a rb o x y lic  a c id  ( D 5> R -  H ) was d e c a rb o x y la te d  a t  220° to  g ive  

th e  m onocarboxy lic  a c id  ( D 59; R = H ) .  I t  had  e a r l i e r  been  

a s c e r ta in e d  t h a t  an  a l l  c i s - 3 , 4 , 5 , 6 - t e t r a s u b s t i t u t a d  cyclohexene would 

give an  adduct w ith  d ic h lo ro c a rb e n e , by co n v ers io n  o f th e  m ethy l e s t e r  

( D 60 ) ,  o b ta in e d  from th e  an h y d rid e  ( D 3 ) i n  th e  u s u a l  m anner, 

to  th e  c o rre sp o n d in g  d ic h lo ro cy c lo p ro p an o  d e r iv a t iv e  ( D 61 ) .

The m ethy l e s t e r  ( D 59; R -  Re ) confirm ed t h i s  by fu rn is h in g  th e  

adduct ( D 62| R = Me ) ,  c h a r a c te r i s e d  by h y d ro ly s is  to  th e  p a re n t  a c id . 

R e a c tio n  o f  t h i s  e s t e r  w ith  m ethy l G rignard  re a g e n t a f fo rd e d  th e  a lc o h o l 

( D 63 ) .  T h is , a f t e r  d eh y d ra tio n b y  phosphorus o x y c h lo rid e  in  

p y r id in e ,  p ro v id e d  a m ix tu re  o f  two o le f in s ,  a s  de te rm in ed  by G as-L iq u id - 

Chrom atography. The i n f r a - r e d  spectrum  o f  th e  m ix tu re  c l e a r ly  showed

th a t  one o f  th e  c o n s t i tu e n t s  was th e  iso p ro p e n y l d e r iv a t iv e  ( D 65 \  

by v i r t u e  o f  bands a t  l633w and 887m cm. The second

o le f i n ,  p r e s e n t  i n  much l a r g e r  amount, was o b ta in e d  pu re  by re p e a te d  

c r y s t a l l i s a t i o n ,  and was fo rm u la te d  as  th e  iso p ro p y lid e n e  isom er ( D 66 ) 

on th e  fo llo w in g  b a s i s .  I t s  n u c le a r  m agnetic  resonance spectrum
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ind icateci. th e  absence o f  e th y le n ic  p ro to n s .  I t s  o x id a t io n ,  by th e  

Lemieux m ethod, a f fo rd e d  a ke tone  which from i t s  a n a ly s is  a s  C!]_2^ i 6^ 2^ 

and a band i n  th e  i n f r a - r e d  spectrum  a.t 1747.5 cm. was c l e a r ly  th e  

cyclopen tanone  ( D 67 ) .

D ehy d ra tio n  o f th e  a lc o h o l by r e f lu x in g  i t  w ith  p - to lu e n e s u lp h o n ic  

a c id  i n  benzene gave a  d i f f e r e n t  p ro d  u c t ,  which d id  n o t c r y s t a l l i s e .  

E xam ination  o f  t h i s  by G ao-L iquid-C hrom atography showed i t  to  be one 

compound, c o n ta in in g  o n ly  t r a c e  amounts o f  th e  above two o l e f i n s .

T hese, i n  tu r n ,  w ere co n v erted  to  t h i s  new compound on tre a tm e n t w ith  

p - to lu e n e s u lp h o n ic  a c id  u nder i d e n t i c a l  c o n d it io n s ,  which su g g es ted  

t h e i r  b e in g  in te rm e d ia te s  i n  i t s  fo rm a tio n . T h is new compound

proved  to  be u n s ta b le  on s ta n d in g , and an a n a ly s is  co m p le te ly  s a t i s f a c t ­

o ry  f o r  i t s  fo rm u la tio n  as  an isom er o f  th e  o le f in s  was n o t o b ta in e d . 

However, from th e  mode o f  fo rm a tio n  one would p r e d ic t  t h a t  th e  m ost 

l i k e l y  s t r u c t u r e  f o r  t h i s  compound would be t h a t  o f th e  en d o c y c lic  

isom er ( D 64 )•> form ed by p r o to t r o p ic  rearran g em en t o f  th e  double 

bond i n  th e  o l e f i n s  ( D 65 and D 66 ) .  The s p e c tr a  o f  th e  compound 

l e n t  c o n s id e ra b le  su p p o rt to  t h i s  s t r u c t u r a l  ass ig n m en t. The i n f r a ­

re d  spectrum  was s im i la r  to  t h a t  o f  th e  o l e f i n  ( D 66 ) ,  th e re b y  

in d ic a t in g  r e t e n t io n  o f  th e  d ic h lo ro c y c lo p ro p a n e  r in g ,  b u t p o sse sse d  

s e v e ra l  a d d i t io n a l  p eak s , in c lu d in g  one a t  856 cm. ” , c o n s is te n t  w ith  

th e r e  b e in g  a t r i s u b s t i t u t e d  double bond. The n u c le a r  m agnetic  re so n ­

ance spectrum  confirm ed  t h i s  by showing th e  p resen ce  o f one e th y le n ic  

p ro to n , X  4 .68  s p l i t  a s  a d o u b le t ( J  = 10 cps. ) by th e  a d ja c e n t 

p ro to n  on th e  r in g  ju n c t io n ,  and by h av in g  two d o u b le ts , Z 8 .7 9
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( J  = 9 cps. ) and "£ 8.4-7 ( J  -  9 cp s . ) a s s ig n a b le  to  two p a i r s  ox 

secondary  m ethy l g roups, one s l i g h t l y  d e sh ie ld e d  by th e  nearb y  double 

bond. In  su p p o rt o f  t h i s ,  one may quo te  th e  work o f T u rn er and
41

G arner, who su g g e s te d , on th e  b a s is  o f h e a ts  o f h y d ro g e n a tio n , t h a t ,

in  th e  iso m e r ic  p a i r s ,  m e th y len ecy c lo p en tan e , 1 -m e th y lcy c lo p en te n e ,

and e th y lid e n e c y c lo p e n ta n e , 1 -e th y lc y c ]  o p en ten e , th e  e n d o c y c lic  isom er

i s  th e  more s ta b l e ,  and who showed t h a t  t r e a tm e n t o f  e th y l id e n e c y c lo -
o

p en tan e  w ith  jD -to lu en esu lp h o n ic  a c id  i n  a c e t i c  a c id  a t  100 gave a 

m ix tu re  i n  w hich th e  endo isom er g r e a t ly  p redom inated .

W ith th e  i s o l a t i o n  and p o s i t i v e  i d e n t i f i c a t i o n  o f  th e  o l e f i n  ( D 66 ) 

th e  n e c e ss a ry  in te rm e d ia te  f o r  th e  f i n a l  s ta g e s  o f  th e  s y n th e s is  was 

now to  hand. I n i t i a l  a t te m p ts  to  c leav e  th e  d ic h lo ro c y c lo p ro p a n e  

r in g  c e n tre d  around  th e  use o f  sodamide i n  p ip e r id in e ,  w hich, i t  was 

hoped, would perfo rm  i n  one r e a c t io n  f i r s t l y  th e  b a s e - c a ta ly s e d  e l im in a t io n  

o f hydrogen c h lo r id e  to  g ive th e  c h lo ro d ie n e  ( D 68 ) ,  and seco n d ly  

rep lacem en t o f  th e  v in y l ic  c h lo r in e  in  t h i s ,  w ith  fo rm a tio n  o f  th e  

re q u ir e d  enamine ( D 69 )• T h is  f a i l e d  co m p le te ly . R e a c tio n ,

under c o n d it io n s  w hich gave th e  enamine ( D 51 ) from th e  c h lo ro d ie n e  

( D 46 ) ,  p roduced  from th e  o l e f i n  ( D 66 ) i n t r a c t a b l e  polym er,

A s im i la r  r e s u l t  was o b ta in e d  on a ttem p ted  open ing  o f  th e  d ic h lo ro c y c lo ­

propane from c h o le s t-2 -e n e  ( D 44- )•

I t  was th e r e f o r e  dec id ed  to  in v e s t ig a te  open ing  o f  th e  r in g  

by th e  a c t io n  o f  s iv e r  a c e ta te  i n  a c e t i c  a c id ,  w hich had p roved su c c e ss ­

f u l  i n  th e  case  o f  th e  cyclohexene adduct ( D 33; X = Cl ) .  A f te r

4 d a y s ’ r e f lu x  w ith  th e s e  re a g e n ts  th e  o l e f i n  ( D 70 = D 66 ) f u rn is h e d
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an o i l  which showed weak a c e ta te  a b s o rp tio n  i n  th e  i n f r a - r e d  spectrum . 

F i l t r a t i o n  th ro u g h  alum ina i n  p e t r o l  removed th e  sm all p e rc e n ta g e  o f  

a c e ta te  p r e s e n t  and gave a  c h lo r in e  c o n ta in in g  hyd rocarbon , which 

G as-L iquid-C hrom atography shoved to  be one compound, c o n ta in in g  o n ly  

a t r a c e  o f  s t a r t i n g  m a te r ia l .  T h is  compound a ls o  p roved  to  be

u n s ta b le  on s ta n d in g , b u t th e  a n a ly s i s  o f  a d i s t i l l e d  sam ple, a lth o u g h  

n o t co m p le te ly  s a t i s f a c to r y ,  d id  in d ic a te  t h a t  l o s s  o f  hydrogen c h lo r id e  

from th e  s t a r t i n g  m a te r ia l  had o c c u rre d , F i r s t  th o u g h t su g g es ted  

t h a t  th e  d ic h lo ro c y c lo p ro p a n e  had opened in  th e  ex p ec ted  manner to  g ive 

th e  c o n ju g a te d  c h lo ro d ie n e  ( D 68 ) ,  how ever, th e  absence o f  a b s o rp tio n  

above 220 mju i n  th e  u l t r a - v i o l e t  spectrum  e l im in a te d  t h i s  p o s s i b i l i t y .  

The i n f r a - r e d  spectrum , [ 1 / max# 1630m, l6 l lm , 886s ( exom ethylene ) ,

843s ( v in y l i c  c h lo r in e  ) cm. ^ ] ,  in d ic a te d  th e  p re sen ce  o f  two double 

bonds, one an  exom ethylene, and a v in y l i c  c h lo rin e*  A peak in  th e

n u c le a r  m agnetic  reso n an ce  spectrum  a t  V  4«7 ( 1 p ro to n  ) ,  and two 

a t  X 5 .1 9  and 5 .27  ( each  1 p ro to n  ) e s ta b l i s h e d  t h a t  th e  second 

double bond was t r i s u b s t i t u t e d  and confirm ed  th e  exom ethylene group 

r e s p e c t iv e ly .  In  a d d i t io n ,  th e  spectrum  re v e a le d  th e  p re se n c e  o f

two seco n d ary  m ethy l g roups, [ d o u b le ts  a t  t  8 .9 1  ( J  = 3 ) and 

■ £ 9 . 0 3 ( J = 2 ) ] ,  and one m ethy l group a t ta c h e d  to  a double bond,

X 8 .1 8 . The fo rm u la , th e  p re se n c e  o f  a minimum o f  two double bonds?

and th e  re a so n a b le  assum ption  t h a t  th e  compound i s  a t  l e a s t  b ic y c l ic  

in d ic a te  t h a t  th e r e  m ust be a t h i r d  r in g  o r  a t h i r d  double bond, t e t r a -  

s u b s t i tu t e d  i n  c h a r a c te r .  W ith re g a rd  to  th e  l a t t e r  p o s s i b i l i t y  

th e r e  i s  no s t r u c t u r e ,  based  on ( D 70 ) a s  s t a r t i n g  m a te r ia l ,  which i s



c o n s is te n t  w ith  a l l  th e  f a c t s .  With re g a rd  to  th e  fo rm er th e r e  i s

o n ly  one s t r u c tu r e  ( D 73 ) which w i l l  accomodate th e  known f a c t s ,  

and f o r  w hich a  sim ple mechanism can be p roposed  f o r  i t s  d e r iv a t io n  

from ( D 70 ) .

T h is  s t r u c tu r e  cou ld  a r i s e  by th e  s i lv e r - c a ta ly s e d  opening  o f  

th e  d ic h lo ro c y c lo p ro p a n e  r in g  i n  th e  norm al manner to  g iv e  th e  carbonium  

io n  ( D 71 ) , which cou ld  th e n  i n t e r a c t  w ith  th e  iso p ro p y lid e n e  s id e -  

c h a in  to  form a second carbonium  io n  ( D 72 ) ,  s t a b i l i s e d  by th e  l o s s  

o f  a  p ro to n . The fo rm a tio n  o f  th e  second carbonium  io n  co u ld ,

how ever, be a  c o n c e rte d  p ro c e s s ,  i n  which opening  o f  th e  r in g  i s  

a n c h im e r ic a lly  a s s i s t e d  by th e  iso p ro p y lid e n e  double bond. F or th iss 

to  o ccu r th e  s te re o c h e m is try  o f  th e  adduct would r e q u ir e  to  be a s  shown 

i n  ( W 70 ) ,  w hich i s  th e  s te re o c h e m is try  p r e d ic te d  on th e  assum ption  

t h a t ,  i n  common w ith  o th e r  e l e c t r o p h i l e s ,  d ic h lo ro c a rb e n e  adds to  

double bonds from  th e  l e a s t  h in d e re d  s id e  o f  th e  m o le c u le . Some 

c i r c u m s ta n t ia l  ev id en ce  f o r  a c o n c e r te d  p ro c e s s  comes from com parison 

o f  th e  e x te n t  o f  r e a c t io n  o f  th e  iso p ro p y lid e n e  d e r iv a t iv e  w ith  th e  

m ethy l e s t e r  ( D 62 ) .  A f te r  fo u r  days th e  fo rm er had  co m p le te ly  

r e a c te d  to  g ive  one p ro d u c t, w hereas, u nder th e  sane conditions, only 

about 50$ o f  th e  l a t t e r  had done so , and a m ix tu re  o f  p ro d u c ts  r e s u l t e d .

I t  was hoped t h a t  i n  th e  case o f  th e  m ethy l e s t e r  ( D 62 ) th e  

d ic h lo ro c y c lo p ro p a n e  r in g  m ight open i n  th e  norm al manner and p ro v id e  

e i t h e r  th e  c h lo ro d ie n e  ( D 74 ) o r  th e  epdm eric a c e ta te s  ( D 75 ) .

As m entioned  above a m ix tu re  o f  p ro d u c ts  r e s u l t e d ,  which was s e p a ra te d  

by alum ina-ch rom atography  in to  two p a i r s  o f  compounds, a s  re v e a le d  by
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G as-L iquid-C hrom atography and ch rom ato p la te  ex am in a tio n . The m ajor 

component o f  th e  f i r s t  p a i r  was th e  s t a r t i n g  e s t e r  ( D 62 ) ,  and th e  

m inor component may have been  th e  c h lo ro d ien e  ( D 74- ) ,  s in c e  th e  

m ix tu re  had  1 253 mu « The second p a i r  was more p o la r  and hadlUcLX# +

no u l t r a - v i o l e t  a b s o rp tio n  above 220 m/4 • I t  may have been  th e  

r e q u ire d  a c e ta t e s  s in c e  p ro lo n g ed  tre a tm e n t w ith  m ethy l G rig n ard  

r e a g e n t,  fo llo w e d  by h y d ro ly s is  o f  th e  p ro d u c t, gave a  g la s s  w ith  in te n s e  

h y d ro x y l a b s o rp t io n  i n  th e  i n f r a - r e d  spectrum  b u t no ca rb o n y l .

T h is , -which sh o u ld  have been th e  d io l  ( D 76 ) was d eh y d ra ted  w ith  

phosphorus o x y c h lo rid e  i n  p y r id in e  a t  0 ° . The h y d ro x y l f r e e  p ro d u c t, 

a f t e r  f i l t r a t i o n  in  p e t r o l  th ro u g h  alum ina was found to  c o n s is t  o f  a t  

l e a s t  s ix te e n  compounds on G as-L iqu id-C hrom atograph ic  ex am in a tio n  

T h is  exp erim en t te rm in a te d  o u r endeavours to  s y n th e s is e  (3 -vetivone.

A lthough th e  u se  o f  a d ich lo ro cy c lo p ro p an e  r in g  in te rm e d ia te  was

u n s u c c e s s fu l  i n  e la b o r a t in g  th e  cyclohexene r in g  to  t h a t  o f  a  c y c lo h e p t-

enone i t  i s  p o s s ib le  t h a t  a s im i la r  in te rm e d ia te ,  form ed w ith  c h lo ro -  

12m ethoxy c a rb e n e , m ight be s u i ta b le  i n  t h a t  i t s  s i lv e r - c a ta l y s e d  

open ing  co u ld  w e ll le a d  to  th e  r e a d i ly  h y d ro ly se d  en o l e th e r  o f  a 

cy c lo h ep te n o n e ,

An a l t e r n a t i v e  f u tu r e  ro u te  to  8-v e tiv o n e  w hich does n o t in v o lv e  

th e  u se  o f  a  cyc lop ropane  in te rm e d ia te  h a s  a ls o  been  c o n s id e re d .

T h is  would r e q u ir e  th e  s y n th e s is  o f th e  m ethoxyhydrindane d e r iv a t iv e  

( D 77 ) by  a  ro u te  analogous to  t h a t  f o r  th e  in te rm e d ia te  ( D 59 ) ,  

and p o s s e s s in g  th e  same s te re o c h e m ic a l a d v an tag es . I n tro d u c t io n
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o f  th e  is o p ro p y lid e n e  group, a s  p re v io u s ly  d e sc r ib e d , fo llo w ed  by 

h y d ro ly s is  o f  th e  en o l e th e r  f u n c t io n  , and b rom oacetic  e s t e r  a l k y l a t -  

io n  o f  th e  r e s u l t i n g  cyclohexanone shou ld  le a d  to  th e  p ro d u c t ( D 78 )«, 

A T a e y e r -V i l l ig e r  r e a c t io n  perform ed on t h i s  e s t e r  would f u r n is h  th e  

la c to n e  ( D 79 ) ,  w hich, on base  t r e a tm e n t,  would undergo ^ -e l im in a t io n  

to  form th e  a c id  ( D 80 ) . T h is , a f t e r  e s t e r i f i c a t i o n ,  co u ld  be 

c y c l is e d  by  th e  Dieckmann p ro ced u re  to  a  v e tiv o n e  ( D 81 ) o f  th e  

same s te re o c h e m is try  a s  i n  th e  p re v io u s  s y n th e s is ,
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E xperim en ta l

F o r g e n e ra l e x p e rim en ta l p ro ced u re s  see p . 4-7.

The D iene M ix tu re  from D eh y d ra tio n o f  H ex-2-en-A .-o li -  Hex-

4-32 -en -4 .-o l was p re p a re d  in  78% y ie ld  by th e  method o f  Adams and Geissmann#
o lx. 3

The p ro d u c t had  b .p .  60-61  /  30 mme, [ l i t .  b .p .  5 5 ° /  15 mm# ]

The a lc o h o l ( 180 g, ) and p - to lu e n e s u lp h o n ic  a c id  ( 10 g. ) were

h e a te d  i n  an o i l - b a th  a t  110-1206 . The d i s t i l l a t e  was p a s se d  up

a sm all f r a c t i o n a t in g  column, and c o l le c te d  w ith  ic e - c o o l in g .  The

o rg a n ic  la y e r  was s e p a ra te d  and washed w ith  s a td .  sodium c h lo r id e

s o lu t io n  and d r ie d  o v e r anhydrous calcium  c h lo r id e .  D i s t i l l a t i o n

gave th e  m ix tu re  o f h ex ad ien es  ( 80 g . • 61% ) .

T h is  was p re p a re d  by th e  p ro ced u re  o f  A lder and V o g t^ ,  and had m#p.

93 -9 6 ° , ( l i t . 16 a .p .  93° ) .

3 .6 -D 3 jne thv l-4 .5 -d ihvdroxvm ethy lcyclohexene ( D 4.; R -  H ) ; -

3 ,6-D im ethy l c y c lo h e x e n e -4 ,5 -d ic a rb o x y lic  a c id  an h y d rid e  ( 3 g. ) i n  

e th e r  ( 100 m l. ) was added dropw ise to  a s t i r r e d  s o lu t io n  o f  l i th iu m  

alum inium  h y d r id e  1 .6 1  g , ; 100% excess. ) i n  e th e r  ( 4-0 ml# )#

The r e s u l t i n g  m ix tu re  was re f lu x e d  f o r  8 h r , ,  co o led , and t r e a t e d  w ith  

ex ce ss  e th y l  a c e ta te  in  e th e r  ( l s l  ) to  remove u n re a c te d  l i th iu m  aluminium 

h y d r id e . The e th e r  la y e r  was s e p a ra te d , a f t e r  a d d i t io n  o f  d i l .  

s u lp h u r ic  a c id  to  th e  m ix tu re , washed w ith  sodium hydrogen ca rb o n a te  

s o lu t io n ,  w a te r  and d r ie d . Removal o f th e  e th e r ,  and c r y s t a l l i s a t i o n  

o f  th e  r e s id u a l  o i l  from c h lo ro fo rm -p e tro l gave 3 , 6 -d im e th y l-A ,5“
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d ihydroxym ethy lcyclohexene ( 2 .15  g. | 86% ) ,  m .p. 7 7 -78°, ( Founds

G, 70.365 H, 10.12,* C -m ethyl, 1 6 .8 0 , G ale, f o r  C H 0 C, 70,..51|

H, 10,665 C -m ethyl, 17.65% ) ,  ( l i t ,  r e p o r ts  t h i s  compound a s  an o i l  ) ,

3 . 6- P im e th v l - l ,5 - d i - p - to lu e n e s u lp h o nyloxvm ethv lcvclohexene ( D I 5

R = SO^C/yH  ̂ ) % -  A s o lu t io n  o f  th e  above d io l  ( 1 g. ) i n  p y r id in e

( 10 m l, ) was added dropw ise to  ic e - c o ld  p - to lu e n e su lp h o n y l c h lo r id e  

( 2 .6  g. ) i n  p y r id in e  ( 10 m l. )„ The r e s u l t i n g  m ix tu re , a f t e r  

1 days a t  0 ° , was poured  in to  d i l .  s u lp h u r ic  a c id  and th e  p ro d u c t 

i s o l a t e d  by e th e r  e x t r a c t io n .  C r y s t a l l i s a t i o n  from e th a n o l gave th e

d i-p - to lu e n e s u lo h o n a te  ( 1 ,3  g. ) a s  p r ism s , m .p. 9 5 -9 7 .5 ° , ( Founds

C, 60o105 H, 6,115 S, 1 3 .1 8 , ^?1^30^6^2 r e l u i r e s  6O.2A5 H, 6.325

S, 13,11% ) .

3 .6- Dimethyl-" ! . 5-dim e th anesu lo h o n y lo xvm ethylcyclohexene ( D I 5 

R = SO^H^ ) s — A s o lu t io n  o f  th e  above d io l  ( 36 .5  g, ) i n  l s l

p y r id in e - e th e r  ( 100 ml, ) was added dropw ise ov er 1 h r .  to  a  s t i r r e d ,  

i c e - c o ld  s o lu t io n  o f  r e d i s t i l i i e d  m ethanesu lphonyl c h lo r id e  ( 100 m l. ) 

i n  p y r id in e  ( 100 m l. ) .  A f te r  s ta n d in g  2 days a t  room te m p e ra tu re , 

th e  m ix tu re  was poured  in to  ex ce ss  ic e - c o ld  d i l .  s u lp h u r ic  a c id  and th o  

p ro d u c t e x t r a c te d  in to  e th e r .  The combined e th e r  e x t r a c t s  were washed

w ith  d i l ,  h y d ro c h lo r ic  a c id ,  5% sodium h yd rox ide  s o lu t io n  u n t i l  th e  

w ashings were a lk a l in e  to  l i tm u s ,  and w a te r , th e n  d r ie d . Removal o f

th e  s o lv e n t ,  and c r y s t a l l i s a t i o n  o f  th e  r e s id u a l  o i l  from m ethano l ( 75 m l. ) 

a f fo rd e d  th e  dime th a n e  su lo h o n a t e ( 60 g. 5 86% ) ,  m .p. 7 3 -7 5 ° , ( Founds

C, 4 1 .1 0 5 H, 6 .7 0 . C12H20° 6S2 r e q u ir e s  C., 1 1 .1 7 5 H, 6.80% ) .
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2 , 5-Di m e th y lb ic v c lo r4 . 3 .0 ln o n -3 -e n -8 ,8 -d ic a rb o x y lic  Acid ( D 5;

R = H ) s -  A s o lu t io n  o f  po tass iu m  is o p e n to x id e , from po tassium

( 13 .16  g . |  1% ex ce ss  over th e o ry  ) and iso p e n ta n o l ( 300 m l. ) was 

added dropw ise o v e r 3 h r ,  to  a v ig o ro u s ly  s t i r r e d  r e f lu x in g  s o lu t io n  

o f  th e  d im eth an esu lp h o n a te  ( 54- g. ) ,  sodium io d id e  ( 2 g. ) and 

d ie th y l  m alonate  ( 26 m l. 5 5% ex cess  ) i n  xy lene ( 60 m l. ) and i s o ­

p e n ta n o l ( 40 m l. ) u n d er n i t ro g e n .  Iho  r e s u l t i n g  s o lu t io n  was r e ­

f lu x e d  f o r  a f u r t h e r  18 h r ,  d u rin g  which po tassium  m ethane su lp h o n a te  

p r e c i p i t a t e d .  The s o lu t io n  was th e n  coo led  and poured  in to  w a te r ( 3 1 . )  

T h is  was a c i d i f i e d  by th e  a d d i t io n  o f  6Nr s u lp h u r ic  a c id ,  and th e  crude 

p ro d u c t was i s o l a t e d  by p e t r o l  e x t r a c t io n  ( 3 ><400 m l. ) ,  A f te r  rem oval
° ,  -4

o f  th e  so lv e n t th e  m ix tu re  was f l a s h - d i s t i l l e d ,  b .p .  115-140 /  4 * 1 0  mm.

The crude e s t e r  th u s  o b ta in e d  was h y d ro ly sed  w ith  p o tassium  hydrox ide 

( 100 g„ ) i n  m ethano l ( 200 ml. ) and w a te r ( 200 m l. ) u nder r e f lu x  

f o r  1 .5  h r .  The m ethanol was ta k e n  o f f  under reduced  p r e s s u re ,  and 

th e  rem ain in g  s o lu t io n ,  a f t e r  d i l u t i o n  to  1 1 , w ith  w a te r , was e t h e r -  

e x t r a c te d  and th e n  pou red  in to  ic e - c o ld  conc0 h y d ro c h lo r ic  a c id  ( 200 m l, ) 

to  g ive  th e  d ic a rb o x y lic  a c id . T h is  c r y s t a l l i s e d  from aqueous e th a n o l 

a s  n e e d le s  ( 22 g0$ 56% ) , m .p. 197 -197 .5° ( decomp. ) ,  ~y ( N ujo l )
iiicLK.#

1706, 1685 ( ca rb o x y ls  ) ,  925 ( carb o x y l OH d efo rm a tio n  ) , 689 ( c i s  

double bond ) cm, 1 , ( Founds C, 65*43; H, 7 .5 6 . Cl3 Hlg ° 4  s q u i r e s  

C, 65«532 H, 7.61% ) e

The dime th y l  e s t e r  ( D 5; R = Me ) p re p a re d  in  th e  u s u a l  way from th e  

a c t io n  o f  e th e r e a l  d iazom ethane, form ed p la t e s  from aqueous m ethano l, 

m .p. 59 -61°, ( Founds C, 67 .64 ; H, 8 ,0 2 . ^ i5 Hp2C4 re<^Jî r e s  87 .64 ;
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H, 8,33% ).

7 . 7 -D ic h lo ro b ic y c lo [4 .1 ,0 1 h ep tan e  ( D 33 | X = Cl ) s -  T h is  was
26p re p a re d  by th e  m ethod o f  Parham and S ch w e itze r, w ith  th e  m o d if ic a t io n

th a t  m ethy l t r i c h lo r o a c e t a t e  was u sed  in s te a d  o f th e  e th y l  e s t e r .
o , 20 26

The p ro d u c t had b .p .  76-78 /  12 mm., nD 1 .5015 , ( l i t .  b .p .  8 1 .5 “
q  2^

82 ,5  /  16 mm., n^ 1 .5004  )

2 -C h lo ro c v c lo h e p t-2 -e n o l ( D 34 | R = H| X = Cl ) ; -  A m ix tu re

o f  7 , 7 - d ic h lo r o b ic y c lo [ 4 ,1 ,0 ] -h e p ta n e  ( 12 g. ) and s i l v e r  a c e ta te  

( 30 g. ) i n  g l a c i a l  a c e t ic  a c id  ( 150 m l. ) was r e f lu x e d  w ith  s t i r r i n g  

and u nder n i t r o g e n  f o r  5 days. Most o f  th e  a c e t i c  a c id  was d i s t i l l e d  

o f f  a t  a tm o sp h eric  p re s s u re ,  and th e  rem ain ing  su sp e n s io n  was d i lu te d  

w ith  e th e r  and f i l t e r e d .  The f i l t r a t e  was washed w ith  d i l .  sodium 

h y d ro x id e , w a te r  and d r ie d . Removal o f th e  e th e r  gave a ye llow  

o i l  ( 10 g. ) c o n s is t in g  o f  th e  d ic h lo ro b ic y c lo h e p ta n e  and 2 -c h lo ro -  

c y c lo h e p t-2 -e n y l a c e ta te  in  th e  r a t io ,  o f 6?4, as  de te rm in ed  by G.L.C.

The p ro d u c t was h y d ro ly sed  by r e f lu x in g  in  10% m e th a n o lic  po tassium  

h y d ro x id e  s o lu t io n  ( 25 ml. ) f o r  1 h r .  The m ethano l was ta k e n  o f f  

u n d er red u ced  p r e s s u r e ,  and th e  n e u t r a l  f r a c t i o n  i s o l a t e d  by e x t r a c t io n

in to  p e t r o l .  The m ix tu re  o f s t a r t i n g  m a te r ia l  and a lc o h o l o b ta in e d

was s e p a ra te d  by chrom atography ov er Grade I  alum ina ( 50 g. ) .

P e t r o l  e l u t io n  gave s t a r t i n g  m a te r ia l  ( 4 g» ) and e lu t io n  w ith  p o t r o l -  

e th e r  ( l s l  ) gave th e  a lc o h o l ( D 34; R = H; X = Cl ) ,  T h is  was

c h a r a c te r i s e d  a s  i t s  3 ,5 -d in i t r o b e n z o a te ,  which was p re p a re d  by th e
45 , \

method o f  B rew ste r and C io t t i .  The a lc o h o l ( 137 mg. ) ,  3 , 5 - d i -

n i t  ro b en zo ic  a c id  ( 407 mg. ) and p - to lu e n e su lp h o n y l c h lo r id e  ( 376 mg. )
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\  0were d is s o lv e d  in  p y r id in e  ( 5 ml. ) and k e p t f o r  1 h r .  a t  0 .

The e s t e r  was i s o l a t e d  by d i l u t i n g  th e  s o lu t io n  w ith  e th e r ,  and w ashing

t h i s  w ith  d i l .  h y d ro c h lo r ic  a c id ,  sodium ca rb o n a te  s o lu t io n ,  and w ate r

i n  s u c c e s s io n 0 2 -C h lo ro c y c lo h e p t-2 -e n y l 3 ,5 - d in i t r o b e n z o a te  c r y s t a l l i s e d

a s  p l a t e s  from p e t r o l ,  m„p0 99-101°, ( Found: C, 4 9 .38 ; H, 3*54; N, 8.07*

H-j qClN^O^ re q u ir e s  C, 4 9 .3 4 ; H, 3*84; N, 8.22/o ) .

O x id a tio n  o f  t h i s  a lc o h o l ( 40 mg. ) i n  ace to n e  ( 4 ml .  ) w ith  8N.
46

chrom ic a c id  gave th e  co rresp o n d in g  k e to n e  ( D 35 )* w hich was i s o l a t e d  

a s  i t s  2 , 4 -^ in itro p h e n y lh y d ra z o n e . 2 -C h lo ro cy c lo h ep t-2 -en o n e  2 ,4 -

d in itro p h e n y lh y d ra z o n e  c r y s t a l l i s e d  as  p l a t e s  from e th y l  a c e ta t e -  

p e t r o l ,  m .p. 157-161°, X 371 rmu (£  26,500 ) in  ch lo ro fo rm ,niciiKo s
( Found: C, 48 ,2 8 ; H, 4 .1 9 ; N, 1 7 .0 9 . C_ JL -C 1N .0  . r e q u ir e s

-Ld 4 4
G, 4 8 .0 8 ; H, 4 .0 3 ; N, 17.26ft ) .

The a lc o h o l ( 250 mg. ) i n  p en tan e  ( 10 ml. ) was shaken f o r  3 h r .  a t  

room te m p e ra tu re  w ith  ex cess  phosphorus p e n to x id e , The p en tan e

s o lu t io n  was d i lu te d ,  washed w ith  sodium c a rb o n a te , w a te r , and d r ie d .  

Removal o f  th e  so lv e n t l e f t  a p a le  y e llow  o i l  w ith  th e  c h a r a c t e r i s t i c s  

o f th o  d ien e  ( D 36 ) ,  [ 274 nyu, ( l i q u i d  f i lm  ) 1642m,
l iic l-X e  in c U ^ a

.  -1
1620m ( c o n ju g a te d  double bonds ) cm.

The Adduct o f  D ich lo ro carb en e  and G h o le s t-2 -en e  ( D 44 ) s -

47C h o le s t-2 -e n e  was p re p a re d  by th e  method o f F ie s e r  and Dominguez.

A s o lu t io n  o f  m ethy l t r i c h lo r o a c e ta t e  ( 1 0 .1  g . • a  la r g e  ex ce ss  ) in  

p en tan e  ( 40 m l. ) was added dropw ise over 3 h r .  to  a m ix tu re , s t i r r e d  

u n d er n i t ro g e n ,  o f  c h o le s t-2 -e n e  ( 990 mg. ) and d ry  sodium m ethoxide 

( 3o4 go ) in  p en tan e  ( 40 m l. ) .  The r e a c t io n  m ix tu re  was s t i r r e d  f o r



-1 0 5 -

a f u r t h e r  12 h r .  and worked up by w ashing th e  f i l t e r e d  p en tane  s o lu t io n
V

w ith  w a te r . Removal o f  th e  s o lv e n t gave a re d  o i l ,  w hich, a f t e r

f i l t r a t i o n  th ro u g h  Grade I  alum ina i n  p e t r o l ,  fo llo w ed  by c r y s t a l l i s a t i o n

from c h lo ro fo rm -e th a n o l gave th e  d ic h lo ro c a rb e n e  a d d u c t( 810 mg. )

a s  n e e d le s , m .p. 1 0 7 -1 0 8 .5°> [a] +4-4° ( c 0 .9 1  ) ,  y ( N ujo l )
u ~  max. ^

808s ( c h lo r in e  s u b s t i tu e n ts  on th e  cyclopropane r in g  ) cm. ,

( Founds 0, 74.03^ 9.94« ^ 2 8 ^ 4 6 ^ 2  recll;Li rGS C, 74*20; H, 10 .164  )•

The b is d e c h lo ro -a d d u c t . p re p a re d  by sodium i n  l i q u i d  ammonia re d u c t io n  

o f  th e  above a d d u c t, c r y s t a l l i s e d  from ace to n e-m e th an o l a s  n e e d le s , 

m .p. 1 0 5 -1 0 6 .5 ° , [a ]  +31° ( c 0 .8  ) ,  ( Founds C, 8 7 .3 4 ; H, 1 2 .2 7 .

C H r e q u i r e s  C, 87 .4 2 ; H, 12.58:4 ) ,
28 4o

The d ic h lo ro c a rb e n e  adduct was re c o v e re d  unchanged from 48 h r .  r e f lu x  

i n  q u in o l in e , and from 24 h r .  r e f lu x  in  m orpho line . On r e f lu x in g  

w ith  an  ex cess  o f  sodium amide in  p ip e r id in e  f o r  0 .5  h r .  th e  adduct 

gave an  i n t r a c t a b l e  polym er.

A ttem pts to  form a d ic h lo ro c a rb e n e  adduct from c h o le s te r o l  te t r a h y d r o -  
48

p y ra n y l e th e r  , u n d er th e  above c o n d itio n s  f a i l e d .

P erfo rm in g  th e  r e a c t io n  in  hexane u nder r e f lu x  s im i la r l y  fu rn is h e d  a  

p ro d u c t w hich, a f t e r  h y d ro ly s is  and chrom atography a f fo rd e d  o n ly  

c h o le s te r o l .

A ttem pts to  p re p a re  an adduct from B -axnyra-2 ,12-d iene, o b ta in e d  by 

p y r o ly s is  o f  B -am yrin b en zo a te , a ls o  gave o n ly  unchanged s t a r t i n g  m a te r ia l .

The C h lo rod iene  ( D 48 ) from th e  A ction  of  D ich lo ro carb en e  on 

Is o p h y llo c la d e n e : -  A s o lu t io n  o f  m ethyl t r i c h lo r o a c e ta t e  ( 1 g. ) 

i n  p en tan e  ( 10 m l. ) was added to  a m ix tu re , s t i r r e d  u n d er n i t ro g e n
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o f  is o p h y llo c la d e n e  ( 197 mg. ) and sodium m ethoxide ( 475 nig. ) i n

p en tan e  ( 15 m l. ) .  S t i r r i n g  ims co n tin u ed  f o r  24 h r .  and th e

m ix tu re  was d i lu te d  w ith  pen tane and washed w ith  w a te r . Removal o f

th e  s o lv e n t a f fo rd e d  an o i l .  T h is  was f i l t e r e d  th ro u g h  Grade I

a lum ina i n  p e t r o l  to  g ive  th e  c h lo ro d ie n e  ( 150 mg. ) ,  w hich c r y s t a l l i s e d
o °

from c h lo ro fo rm -e th a n o l as  n e e d le s , m .p. 103- 104.5  • [ a | - 19 .2
D

( a  0 .7 3  ) ,  A n „„  243 mu ( £  18,000  ) ,  V  _  ( N u jo l ) l6 l7 w , 1588miiid-A.. j  max.

( co n ju g a ted  double bonds ) ,  890s ( exom ethylene ) ,  875s ( t r i s u b s t i t u t ­

ed  double bond ) ,  847s ( v in y l io  c h lo r in e  ) cm. , ( Founds C, 79 .3 2 ;

H, 9.74* 0 H Cl r e q u i r e s  C, 7 9 .H i  H, 9 .744  ) .
21 31

O zo n o lv s is  o f  th e  C h lo ro d ien es -  O zonised oxygen was p a sse d

th ro u g h  a  s o lu t io n  o f th e  c h lo ro d ie n e  ( 170 mg. ) i n  e th y l  a c e ta te  

\ 0( 25 m l. ) a t  -80 t i l l  th e  appearance o f  th e  p a l e - v io le t  c o lo u r .
o

The r e s id u e ,  a f t e r  rem oval o f th e  so lv e n t i n  vacuo a t  30 , was h e a te d  

on th e  s team -b a th  f o r  5 min. w ith  a c e t ic  a c id  ( 2 m l. ) and 304 hydrogen 

p e ro x id e  ( 0 .5  ml. ) .  E th e r  e x t r a c t io n ,  fo llo w ed  by w ashing th e  e x t r a c t  

w ith  d i l .  sodium hydrox ide  s o lu t io n  s e p a ra te d  th e  n e u t r a l  f r a c t i o n  

( 150 mg. ) .  T h is  was f i l t e r e d  th ro u g h  Grade I  alum ina ( 5 g. ) i n  

e th e r  and c r y s t a l l i s e d  from e th a n o l to  g ive  th e  q -ch lo ro k e to n e  ( D 49 ) ,

( 80 mg. ) a s  n e e d le s , m .p. 123-126°, [a ]  -72  ( c O.95 ) ,  257 mMJ) HlclX# /

( t  6 , 80G ) ,  ~u ( CCl, ) 1697.5 cm."1 , ( Found: C, 74 .6 6 ; H, 8 . 88 .
’ max. 4

C20H29CIO r e q u ir e s  C, 7 4 .92 ; H, 9 .054  ) .

The A c tio n  o f  Sodamide in  P ip e r id in e  on th e  C h lo ro d ien es -  

The c h lo ro d ie n e  ( 95 mg. ) and sodamide ( 600 mg. ) were r e f lu x e d  in  

d ry , r e d i s t i l l e d  p ip e r id in e  ( 10 ml. ) under n it ro g e n  f o r  2 h r .
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The p ip e r id in e  was removed u n d er reduced  p re s s u re  and th e  ex ce ss  

sodamide was d e s tro y e d  by th e  a d d i t io n  o f  e th e r  c o n ta in in g  some e th a n o l.  

The e th e r e a l  s o lu t io n  was washed w ith  w a te r  and d r ie d .  Removal o f  

th e  s o lv e n t l e f t  th e  enamine ( D 51 ) ( 7 0  mg. ) a s  an o i l ,  [ *vnicLX*

l 6l lw , 1578m ( co n ju g a te d  double bonds ) ,  889 ( exom ethylene ) ,  859 

( t r i s u b s t i t u t e d  double bond ) cm. ^ ] .

T h is  on tre a tm e n t w ith  e th a n o lic  p i c r i c  a c id  a f fo rd e d  a  p i c r a t e ,  as  

p l a t e s  from e th a n o l,  m .p. 179-183° ( decomp, ) ,  ( Founds C, 64 .4 8 ;

H, 7 .6 8 ; N, 9 .1 7 . C H N 0 r e q u ir e s  C, 64 .4 1 ; H, 7 .4 3 ; N, 9*394 ).
jti 44 4 i

H y d ro ly s is  o f  th e  Enamine ( D 51 ) • -  The enamine ( 60 mg. )

was ta k e n  up in  m ethano l ( 10 m l, ) and a c e t i c  a c id  ( 1 m l. ) c o n ta in in g

sodium a c e ta t e  ( 1 .5  g. ) ? and was r e f lu x e d  f o r  3 h r .  The m ethanol

was removed i n  v acu o . and th e  n e u t r a l  p ro d u c ts  were i s o l a t e d  by e th e r

e x t r a c t io n  from th e  m ix tu re  a f t e r  a c i d i f i c a t i o n  w ith  d i l .  h y d ro c h lo r ic

a c id .  The p ro d u c t was adso rbed  from p e t r o l  on Grade I  alum ina ( 5 g. )•

E lu t io n  w ith  p e t r o l  ( 15 m l. ) ,  204 benzene i n  p e t r o l  ( 10 m l. ) ,  and

404 benzene in  p e t r o l  ( 10 ml. ) gave gums ( i n  a l l  20 njg. ) ,  none o f

w hich c r y s t a l l i s e d .  E lu t io n  w ith  604 benzene i n  p e t r o l  ( 15 m l. )

gave a c r y s t a l l i n e  f r a c t i o n  ( 10 mg. ) .  T h is , th e  d im er ( D 53 ) ,

form ed f in e  n e e d le s  from e th a n o l,  m .p, 252° ,  ‘Vmax# ( CC1 ) 1719

( cyclohexanone ) ,  1697m ( double bond ) ,  ( Founds C, 8 3 .8 3 ; H, 1 0 .3 7 .

( C H O )  r e q u ir e s  C, 83 .9 4 ; H, 10 .734  ) .
21 32 2

2 . 5-D im e th v lb ic v c lo r4 .3 .0 1  n o n -3 -e n -8 -c a rb o x v lic  A cid ( D 595 R = H ) : -  

The co rre sp o n d in g  d ic a rb o x y lic  a c id  ( D 5; R = H ) ( 1 0 .4 g, ) 

underw ent d e c a rb o x y la tio n  on b e in g  h e a te d  a t  220° u nder n i t r o g e n  f o r  6 min.
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to  g iv e  th e  m onocarboxvlic  a c id  ( 8 ,5  g. ) .  T h is  form ed n e e d le s  

from c h lo ro fo rm -p e tro l ,  m .p. 130-133°, ( Found; C, 7 4 .2 0 ; H, 9 .0 6 .

C12H18C2 r e l u i r e s  7 4 .1 9 ; H, 9.34/° )•

T rea tm en t o f  th e  a c id  w ith  e th e r e a l  d iazom ethane i n  th e  u s u a l  manner 

a f fo rd e d  th e  m ethy l e s t e r  ( D 59; R -  Me ) , which c r y s t a l l i s e d  as  n e e d le s  

from m ethano l, m .p. 64°* ( Founds C, 7 4 .7 8 ; H, 9 .4 9 . ^13^20^2 reclu^r e s

C, 7 4 .9 6 ; H, 9 . 68/0 ) .
3 5

M ethyl A a 4 -d ic h lo ro -2 .6 -d im e th y ltr ic y c lo r  5 .3 .0 .0  1decan -9-c a rb o x y la te

( D 62; R = H )s~  A s o lu t io n  o f  m ethy l t r i c h lo r o a c e t a t e  ( 42 g. )

i n  p en tan e  ( 90 m l. ) was added dropw ise ov er 1 h r .  to  a m ix tu re ,

co o led  to  5° u n d er n it ro g e n ,  o f th e  m ethy l e s t e r  ( D 59; R = Me )

( 9 g. )* sodium m ethoxide ( 15 g. ) and p en tane  ( 130 ml. )•

A f te r  com plete a d d i t io n ,  th e  co o lin g  was removed and th e  m ix tu re

was s t i r r e d  f o r  a f u r th e r  12 h r .  a t  room te m p e ra tu re , was th e n  d i lu te d

w ith  p en tan e  and washed w ith  w a te r . Removal o f  th e  s o lv e n t l e f t

th e  crude p ro d u c t, and G.L.G. exam ination  o f  t h i s  in d ic a te d  t h a t  o n ly

a t r a c e  o f  s t a r t i n g  e s t e r  rem ained u n re a c te d . D i s t i l l a t i o n  gave
3 5

m ethy l 4 . 4- d ic h lo r o - 2 . 6- d im e th y l - t r i c y c lo [ 5 .3 .0 .0  1d eca n e-9-c a rb o x y la te

( 7 .5  g. )* b .p .  126- 128° /  0 .0 1  mm., which form ed rhombs from m ethanol

m .p. 119-119.5°* 'V ( R u jo l ) 1725 ( e s t e r  ) ,  830-820 ( c h lo r in e s  on
max,

cyclop ropane  r in g  ) cm. , ( Founds C, 57 .69 ; H, 7 .0 0 . C H Cl 0
±4- 20 2 2

r e q u ir e s  C, 57 .7 3 ; H, 6 .924  ) .  R e d i s t i l l a t i o n  o f a s l i g h t l y  h ig h e r

b o i l in g  f r a c t i o n  y ie ld e d  a f u r th e r  q u a n t i ty  o f  th e  same e s t e r  ( 1 ,5  g. )* 

The e s t e r  ( 100 mg. ) was re f lu x e d  i n  104 m e th an o lic  p o tassium  h y d rox ide  

s o lu t io n  f o r  45 rnin. The re s id u e ,  a f t e r  rem oval o f th e  me.thanol
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in  vacuo, was d i lu te d  w ith  w a te r  and washed w ith  e th e r .  The s o lu t io n  

was th e n  a c i d i f i e d  and ch loroform  e x t r a c t io n  a f fo rd e d  4 ,4 -d ic h lo ro -

which form ed p l a t e s  from p e t r o l ,  m .p, 1 6 6 -1 6 7 .5 ° , ( Founds C, 56.36?

H, 6 ,6 0 , ^13^18^-2^2 reciLli r e s  C, 56 .31; H, 6.55/° )•

D im ethyl 7 .7 -d ic h lo ro -2 .5 -d irn e th v lb ic v c lo [  4 . 1 .01 h e p ta n e -3 ,4 -d ic a rb o x -  

v la t e  ( D 60 ) s -  The D ie ls -A ld e r  adduct ( D 3 ) was h y d ro ly se d  to  

th e  a c id  by d i s s o lu t io n  in  h o t aqueous sodium ca rb o n a te  fo llo w ed  by 

a c id i f ic a t io n *  The d im ethy l e s t e r  o f  t h i s  a c id  was p re p a re d  in  th e

u s u a l  manner w ith  e th e r e a l  d iazom ethane, and form ed s to u t  n e e d le s
o

from  aqueous m e th an o l, m .p. 50-51 , ( Founds C, 63.63? H, 8 .2 9 .
4-9

C qlc. f o r  ^22^ 18^ 4. ^  6 3 .7 0 | H, 8.02/6 ) ? ( l i t .  r e p o r ts  t h i s  a s  an o i l .  ) .

A s o lu t io n  o f  m ethy l t r i c h lo r o a c e t a t e  ( 1 .3 2  g. ) i n  p en tan e  ( 15 ml. ) 

was added o v er 1 h r .  to  th e  above d im ethy l e s t e r  ( 105 mg. ) and 

sodium m ethoxide ( 500 mg. ) in  p en tane  ( 15 m l. ) .  The s o lu t io n  

was s t i r r e d  a t  room te m p era tu re  f o r  4 h r .  and th e  p en tan e  s o lu t io n  

was th e n  washed w ith  w a te r and ev ap o ra ted  to  g ive : th e  crude p ro d u c t.

T h is  was adso rbed  from p e t r o l  on Grade I  alum ina ( 10 g, ) ,

E lu t io n  w ith  p e t r o l  ( 30 m l. ) ,  5/°* and 20% benzene i n  p e t r o l

( 30 m l. o f  each  ) b ro u g h t o f f  c h ie f ly  m ethy l t r i c h lo r o a c e t a t e .

E lu t io n  w ith  30% and 50% benzene i n  p e t r o l  ( 60 m l. and 30 ml* r e s p e c t­

iv e ly  ) gave c r y s t a l l i n e  m a te r ia l  ( 115 mg. ) . T h is  was c r y s t a l l i s e d  

from m ethano l to  g ive d im ethy l 7 . 7 -d ic h lo ro -2 , 5 -d im e th y lb ic y c lo [4 .1 .0 .1 -  

h e p ta n e -3 .4 -d ic a rb o x v la te  a s  p r is m a tic  n e e d le s , m .p . 105-106°, U
maXo

( N ujo l ) 1734 ( e s t e r s  ) ,  870m, 828s, 817s, 800w, 779 cm.~ ,
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( Founds C, 50,75? H, 5 .8 8 , C H Cl 0 r e q u ir e s  C, 50,49? H, 5*83% )»
13 18 2 4

When th e  r e a c t io n  was re p e a te d  a s  above, b u t w ith  s t i r r i n g  f o r  15 h r , ,

an iso m e ric  d im ethy l' e s t e r  was o b ta in e d  , p ro b a b ly  owing to  e p im e r is a t -
c

io n  o f  one o f  th e  carboxy l groups under th e  b a s i^  r e a c t io n  c o n d itio n s

em ployed. T h is  isom er form ed n e e d le s  from aqueous m ethano l, m ,p,

7 5 ,5 -7 6  , -y ( N u jo l ) 1725, 1713 ( e s t e r  c a rb o n y ls  ) ,  806s , max.

798m, 782m, 735m cm.”1 , ( Founds C, 50.24? H, 5 .7 1 . Ci 3 Hi g C12°4  

r e q u i r e s  C, 50.49? H, 5.83% )•

3 54 ,4 -D lc h lo ro -2 « 6 -d im e th y l-9 ~ iso p ro p y lid e n e tr ic y c lo { ~ 5 .3 .0 .0  9 1-  

decane ( D 66 ) s -  Tho m ethy l e s t e r  ( D 62 ) ( 2 g. ) i n  e th e r

( 15 m l. ) was added o v er 20 min, to  a s t i r r e d  s o lu t io n  o f  m ethy l 

magnesium io d id e ,  from magnesium ( 488 mg. ) ,  m ethy l io d id e  ( 2 ,8 8  g, ) 

and e th e r  ( 10 m l. ) .  The r e s u l t i n g  m ix tu re  was r e f lu x e d  f o r  0 .5  h r . ,

th e n  co o led  to  0°and th e  G rignard. complex was h y d ro ly se d  by  th e  a d d i t io n

o f  s a td .  ammonium c h lo r id e  s o lu t io n  ( 20 m l. ) .  The aqueous phase 

was e x t r a c te d  w ith  e th e r ,  and th e  combined e th e r  la y e r  and e x t r a c t s  

w ere washed w ith  w a te r . Removal o f  th e  s o lv e n t gave th e  a lc o h o l 

( D 63 ) .  T h is  was ta k e n  up i n  p y r id in e  ( 16 m l. ) ,  co o led  to  0 ° , 

and phosphorus o x y ch lo rid e  ( 5 m l, ) was added. The s o lu t io n

was a llo w ed  to  s ta n d  a t  0° f o r  24 h r . , and was th e n  d i lu te d  w ith  p e t r o l

( 200 m l. ) and washed c a u t io u s ly  w ith  w a te r ( 2 X 30 m l. ) ,  6N, h y d ro c h lo r ic

a c id  ( 30 m l. ) ,  sodium ca rb o n a te  s o lu t io n  and w a te r  i n  su c c e s s io n .

Removal o f  th e  so lv e n t a f fo rd e d  an o i l  which had no h y d roxy l a b s o rp tio n  

i n  i t s  i n f r a - r e d  spectrum . The o i l  was f i l t e r e d  th ro u g h  Grade I  

a lum ina i n  p e t r o l .  The r e s u l t i n g  p ro d u c t, w hich p a r t l y  c r y s t a l l i s e d
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[ i / ( l i q u i d  f ilm  ) 1633m, 887m ( exom ethylene ) cm. ] ,  was
max,

exam ined by G.L.C. ( 5% A piezon L on " Embacel " a t  190° ) and found

to  c o n s is t  o f  two compounds in  th e  approx im ate r a t i o  o f  4s1.

R epea ted  c r y s t a l l i s a t i o n  from ch lo ro fo rm -m ethano l gave p u re  4 .4 -
3 ,5

d ic h lo r o - 2 ,6 —d im e th v l-9 - is o p ro p v lid e n e tr ic v c lo l  5 .3 .0 ,0  1 decan e . m .p,
o , \ ,

110-112 , "V ( N ujo l ) 1189s, 828s ( c h lo r in e s  on th e  cyclopropanemax.

r in g  ) 792m c n .“^ , ( Founds C, 65*83? H, 8 .3 3 . C ^ H ^ C l^  r e q u ir e s  

G, 65.92? H, 8.12/0 ).
3 5

4 . 4 -D ic h lo ro -2 . 6 -d ir i ie th v ltr ic y c lo [  5 .3 .0 .0  ? 1 decan-9-one ( D 67 )*—

A s o lu t io n  o f  th e  iso p ro p y lid .en e  a lk en e  ( D 66 ) ( 90 mg. ) i n  d ioxan  

( 5 m l. ) .was t r e a t e d  w ith  ex ce ss  aqueous sodium p e r io d a te  and a  t r a c e  

o f  osmium te t r o x id e  a t  room te m p e ra tu re  f o r  3 days. The o rg a n ic  

p ro d u c ts ,  i s o l a t e d  by p e t r o l  e x t r a c t io n ,  were adso rb ed  from p e t r o l  

on Grade I  alum ina ( 10 g. ) .  E lu tio n  w ith  p e t r o l  ga/e back un­

changed s t a r t i n g  m a te r ia l  ( 62 mg. ) ,  and w ith  e th e r  4 . A -d io h lo ro -2 .6-

3 5d im e th v l tr ic v c lo r  5 .3 .0 .0  9 1decan-9-one ( 20 mg. ) ,  which c r y s t a l l i s e d

from m ethano l a s  p r ism s , m .p. 99-100°, ”}/ ( CGI ) 1747.5 cm, ,'  max. 4

( Founds C, 57.99? H, 6 .7 6 . ^ 1 2^16^2^  re(:lu i r e s  0, 58,29? H, 6.52% ) .

D ehy d ra tio n  o f  th e  A lcohol ( D 63 ) w ith  p -T o lu en esu lo h o n ic  A cids -  

The a lc o h o l was r e f lu x e d  w ith  p - to lu e n e s u lp h o n ic  a c id  ( 58 mg. ) in  

benzene ( 13 m l. ) f o r  0 ,5  h r .  The s o lu t io n  was washed w ith  aqueous 

sodium c a rb o n a te  and w a te r . The p ro d u c t, a f t e r  rem oval o f  th e  s o lv e n t ,  

was f i l t e r e d  th ro u g h  Grade I  alum ina i n  p e t r o l  and fu rn is h e d  an o i l ,  

w hich G .L.C . ex am in a tio n  showed to  c o n s is t  o f  one compound w ith  t r a c e  

am ounts o f  im p u r i t i e s .  A sample was d i s t i l l e d  tw ic e , b .p ,  9 5 °/0 .0 1 5  mm.,
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and th e n  had  y  ( l i q u id  f i lm  ) l648w ( double bond ) ,  1206 m, 
max.

856m ( t r i s u b s t i t u t e d  double bond ) ,  828s ( c h lo r in e s  on th e  c y c lo ­

propane r in g  ) cm. , ( Founds C, 64 .42 ; H, 7 .6 2 ; C l, 2 5 .5 3 .

^ 1 5 ^ 2 2 ^ 2  reclu ^r e s  8, 65*92; H, 8 .1 2 ; C l, 26.0% )

T rea tm en t o f  th e  m ix tu re  o f  o l e f i n s ,  from phosphorus o x y c h lo r id e -  

p y r id in e  d e h y d ra tio n , u nder i d e n t i c a l  c o n d itio n s  w ith  p - to lu e n e  su lp h o n ic  

a c id  in  benzene gave a p ro d u c t i d e n t i c a l  to  th e  above o i l  i n  i t s  

i n f r a - r e d  spectrum , and b eh av io u r on G c L . C .  T reatm en t o f  th e  

o l e f i n  m ix tu re  w ith  r e f lu x in g  a c e t i c  a c id  f o r  12 h r .  gave m a te r ia l  

c o n ta in in g  o n ly  a t r a c e  o f t h i s  a c id - c a ta ly s e d  rea rran g em en t p ro d u c t.

A c tio n  o f  Sodamide i n  P ip e r id in e  on th e  Iso p ro p y lid e n e  Z^lkene 

( D 66 ) s -  The a lk en e  ( 150 mg. ) was re f lu x e d  u n d er n it r o g e n

w ith  sodamide ( 200 mg. ) i n  p ip e r id in e  ( 5 m l. ) f o r  0 ,5  h r .

M ethanol was added to  d e s tro y  th e  ex cess  sodam ide, and th e  p ro d u c t, 

i s o l a t e d  by p e t r o l  e x t r a c t io n  o f  th e  rem ainder, was an i n t r a c t a b l e  gum, 

s o lu b le  o n ly  i n  ch lo ro fo rm .

A c tio n  o f  S i lv e r  A ce ta te  i n  A c e tic  A cid on th e  Iso p ro p y lid e n e  

A lkene ( D 66 ) s -  The a lk en e  ( 650 mg. ) and s i l v e r  a c e ta te  ( 1 .1  g. )

were r e f lu x e d  i n  a c e t ic  a c id  ( 15 m l. ) u nder n i t ro g e n  f o r  5 days.

The s o lu t io n  was co o led , f i l t e r e d ,  and th e  s i l v e r  a c e ta t e  w e ll washed 

w ith  p e t r o l .  The p e t r o l  w ashings and f i l t r a t e  were combined and 

e v a p o ra te d  i n  vacuo to  d ry n ess . The re s id u e  was ta k e n  up i n  p e t r o l ,  

f i l t e r e d ,  and th e  f i l t r a t e  was washed w ith  d i l .  sodium hydrox ide and 

w a te r . Removal o f  th e  so lv e n t and f i l t r a t i o n  o f  th e  rem ainder 

th ro u g h  Grade I  alum ina in  p e t r o l  a f fo rd e d  a c o lo u r le s s  o i l ,  which
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G.L.C. ex am in a tio n  showed to  be one compound c o n ta in in g  o n ly  a t r a c e

o f  im p u r ity , A sample o f  t h i s  was d i s t i l l e d ,  b .p .  8 8 -9 0 ° / 0 ,1  mm,,

and had  *y ( l i q u id  f i lm  ) 1630s l6 l lm  ( double bonds ) ,  886s
*max, _1

( exom ethylene ) ,  843s ( v in y l ic  c h lo r in e  ) cm. , ( Found: C, 7 5 .7 0 ;

H, 9 .4 4 . C H Cl r e q u ir e s  C, 76 .1 5 ; H, 8.88% ) .
15 21

A ttem pted  P re p a ra t io n  o f  th e  C hlo rod iene ( D 74 )»~ The m ethy l

e s t e r  ( D 62; R = Me ) ( 2 g. ) and s i l v e r  a c e ta t e  ( 3*6 g. ) were 

r e f lu x e d  in  a c e t i c  a c id  ( 20 m l. ) under n i t ro g e n  f o r  4 days.

The m ix tu re  was coo led  and worked up as  b e fo re  to  g ive  a  p a le  g reen  o i l  

E xam ination  o f  t h i s  on a s i l ic a - c h ro m a to p la te  showed i t  to  c o n s is t  o f 

4  compounds, grouped in to  2 p a i r s  o f d i f f e r e n t  p o l a r i t y .  The p ro d u c t 

was chrom atographed over Grade I  a lum ina ( 100 g, ) .  E lu t io n  w ith  

10% and 15% e th e r  in  p e t r o l  gave th e  f i r s t  p a i r  ( 245 mg, ) ;  f u r t h e r  

e l u t io n  w ith  in c re a s in g  p e rc e n ta g e s  o f  e th e r  i n  p e t r o l  a f fo rd e d  th e  second 

p a i r .  T h is  l a t t e r  was ta k e n  up i n  e th e r  ( 15 m l. ) and added to  ex cess  

m ethy l G rig n a rd  re a g e n t.  A f te r  4 h r .  r e f lu x  th e  complex was h y d ro ly se d  

by th e  a d d i t io n  o f  s a td .  ammonium c h lo r id e  s o lu t io n ,  and th e  p ro d u c t 

i s o l a t e d  by e th e r  e x t r a c t io n .  The p ro d u c t s t i l l  showed some ca rb o n y l 

a b s o rp tio n  in  th e  i n f r a - r e d  spectrum  and was h y d ro ly se d  by r e f lu x in g  in  

10% m e th a n o lic  a l k a l i .  The n e u t r a l  f r a c t i o n  was i s o l a t e d  by e th e r  

e x t r a c t io n  o f  th e  re s id u e  a f t e r  rem oval o f  th e  m ethano l i n  vacuo . I t  

was d is s o lv e d  in  p y r id in e  ( 15 m l. ) ,  coo led  to  0° and t r e a t e d  w ith  

phosphorus o x y c h lo rid e  ( 3 m l. ) The s o lu t io n  was worked up as  

p re v io u s ly ,  and found to  c o n s is t  o f  a t  l e a s t  s ix te e n  compounds on 

G .L.C. ex am in a tio n .
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