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INTROLUCTION

The d i t e r p e n o i d  l a c t o n e ,  n a r r u h i in  ( l ) ,  a h i t t e r

p r i n c i p l e  o f  th e  'tfhite horehound (Marrubiun v u lg a r e  L)

was f i r s t  i s o l a t e d  i n  1842 by Mein and. s e n t  t o  Harms^ f o r
2

i n v e s t i g a t i o n .  I t  was l a t e r  examined hy Kroymeyer ,

3 4 5H e r t e l  , M orr ison  , and Matusow ■a l l  o f  whom employed

d i f f e r e n t  methods f o r  th e  i s o l a t i o n  o f  th e  compound.

Matusow*s method, u s in g  a c e to n e  as s o l v e n t ,  was found t o

he th e  most c o n v e n ie n t  f o r  e x t r a c t i o n  on a l a r g e  s c a l e .

T h is  method was f u r t h e r  improved upon hy Gordin who

o b ta in e d  n a r r u h i in  m .p. 154 - 1 5 5 ° a f t e r  r e p e a te d

c r y s t a l l i s a t i o n s  from a l c o h o l .  However i t  was not

7o b ta in e d  i n  a h ig h  s t a t e  o f  p u r i t y  u n t i l  1932 •

The c h e m is tr y  o f  m a rru b iin  was f i r s t  examined hy 

Gordin . who p ro p o sed  th e  fo rm u la  ^21^28^4 ^ron  a n a l y t i c a l  

d a ta .  Gordin r e c o g n i s e d  t h a t  m a rru b iin  c o n ta in e d  a 

l a c t o n e  s in c e  on h y d r o l y s i s  a m onobasic  a c id  was formed  

w hich  he c a l l e d  m arruhic a c id  ( 2 a ) .  T h is  a c id  was fo u n d ,  

t o  he r e c o n v e r te d  i n t o  m a rru b iin  e i t h e r  on h e a t in g  i n  

vacu o  or on tr e a tm e n t  w ith  a l c o h o l i c  h y d r o c h lo r i c  a c i d .

Ho f u r t h e r  work on the  c o n s t i t u t i o n  o f  m a rru b iin  was

done u n t i l  1939 when two groups o f  w o rk ers ,  H o l l i s ,

8 9R ich ard s  and R o b ertso n  and Lawson and E u s t i c e

in d e p e n d e n t ly  found t h a t  t h e i r  a n a l y t i c a l  r e s u l t s  and

m o le c u la r  w e ig h t  d e te r m in a t io n s  were i n  agreem ent w ith

t h e  fo M U la  C20H28O4 r a t h e r  th an  021H2 g04 ag p3.e T io u s ly
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s u g g e s t e d .  D e te r m in a t io n  o f  a c t i v e  hydrogen  in d ic a t e d  

th a t  n a r r u h i in  c o n ta in e d  one h y d ro x y l group and s in c e  th e  

compound d id  not form any a c y l  d e r i v a t i v e s  under the  

u s u a l  c o n d i t io n s  i t  was con clud ed  t h a t  i t  Has t e r t i a r y .  

Treatm ent n i t h  th e  d eh y d r a t in g  a g e n t s ,  t h i o n y l  c h lo r id e  or  

phosph oru s t r i c h l o r i d e  a f fo r d e d  anhydrom arrubiin  (3a )*

The rem a in in g  oxygen atom Has u n r e a c t iv e  and was assumed  

t o  he p r e s e n t  i n  an e th e r  l i n k a g e .  That m arru b iin  

c o n t a in s  two d ouble  bonds was shown by th e  f a c t  t h a t  i t  

co u ld  be h yd rogen ated  over p la t in u m  b la c k  i n  a c e t i c  a c id  

t o  g iv e  a t e t r a h y d r o - d e r i v a t i v e .  \7hen e t h y l  a c e t a t e  was 

u sed  as s o lv e n t  no h y d ro g e n a t io n  to o k  p la c e  and t h e s e  

f i n d i n g s  s u g g e s te d  to  Lawson and B u s t i c e  th a t  th e  double • 

bonds must be p r e s e n t  i n  th e  c y c l i c  p a r t  o f  th e  s t r u c t u r e .  

D eh y d r o g en a t io n  w ith  se le n iu m  gave a good y i e l d  o f  

1 . 2 5 5 t r im e th y ln a p h th a le n e  (4 )  and from t h i s  i t  was 

con c lu d ed  th a t  m a rru b iin  i s  a hydroxy d i t e r p e n e  la c t o n e  

o f  t h e  manoyl o x id e  (5 )?  s c l a r e o l  (6 )  t y p e .  On th e  b a s i s  

o f  t h e s e  f i n d i n g s  and th e  i s o p r e n e  r u l e  Lawson and E u s t i c e  

p rop osed  th e  p a r t  s t r u c t u r e  (7 )  f o r  m a rru b iin .

M a rru b iin ,  h ow ever , d i f f e r e d  from th e  manoyl o x id e  ty p e  

o f  d i t e r p e n e  i n  th a t  no t r i c y c l i c  d e r i v a t i v e s  cou ld  be  

form ed.

I n  1947 G h i g i ^  began work on th e  c h e m is tr y  o f '

m arru b iin  and found th a t  o x i d a t io n  w ith  chromium t r i o x i d e

i n  a c e t i c  a c id  gave a n e u t r a l  compound m .p. 1 6 2 °

a n a ly s in g  f o r  coul^  h y d r o ly s e d  by b a se

0t o  ah a c id  C-,r7Ho/j0 t. m.p* 222 .I f  24 5



N e i t h e r  o f  t h e s e  d e g r a d a t io n  p r o d u c ts  gave a p o s i t i v e

t e t r a - n i t r o n e t h a n e  t e s t ,  i n d i c a t i n g  th a t  th e  th ro e  carbon

atoms e l im in a t e d  i n  th e  f i r s t  s t a g e  o f  t h e  o x id a t io n  are

t h o s e  w hich  ca r r y  th e  double  b on ds. T h is  was confirm ed  by 

11Cocker and h i s  co -w o rk ers  who c o r r e c t e d  t h e  form u la  o f  

t h e  o x i d a t io n  p rod u ct  from ^17^24^4* S in ce

b oth  d ouble  bonds and th e  i n e r t  e t h e r e a l  oxygen  were l o s t  

t h e s e  r e s u l t s  are  b e s t  accomodated by c le a v a g e  o f  a  fu ra n  

r i n g .  The i n f r a  r e d  and u l t r a  v i o l e t  a b s o r p t io n  maxima

and c o lo u r  r e a c t i o n s  o f  m arru b iin  r e i n f o r c e d  t h i s
-1

c o n c l u s io n .  An a b s o r p t io n  a t  1740 cm i n  t h e  i . r .  was 

assumed to  be due t o  a ^ - l a c t o n e .  The a c id  o b ta in ed

from h y d r o l y s i s  o f  t h e  o x id a t io n  p ro d u ct  d i s p la y e d  no 

fu r a n  a b s o r p t io n  and la c k e d  th e  t e r t i a r y  h y d ro x y l  band. 

However i t  showed a s t r o n g  ca rb o n y l band c h a r a c t e r i s t i c  

o f  a b u ta n o l id e  i n d i c a t i n g  t h a t  t h e  o x i d a t i o n  p rod u ct  was 

a d i l a c t o n e .  From t h e s e  r e s u l t s  Cocker t e n t a t i v e l y  

s u g g e s t e d  th e  form u lae  (8 )  or ( 9 ) .
12However, Y/hen Hardy and Rigby s t u d ie d  th e  i . r .  

spectrum  o f  m a rru b iin  th e y  found a band a t  I 78O cm  ̂

c h a r a c t e r i s t i c  o f  a ^ - l a c t o n e .  G h ig i ! s compound 

showed o n ly  one ca rb o n y l  f r e q u e n c y ,  a t  1778 \

c o r r e sp o n d in g  t o  two # - l a c t o n e  g r o u p s ,  th e  o r i g i n a l  

# - l a c t o n e  and one d e r iv e d  from d e g r a d a t io n  o f  t h e  s id e  

c h a in .  I t  was th e n  r e a l i s e d  t h a t  th e  t e r t i a r y  h y d ro x y l  

must be i n  th e  p o s i t i o n  w i t h  r e s p e c t  to  t h e  p o in t  o f  

attach m en t o f  th e  fu r a n  r i n g ,  s in c e  i t  r e a d i l y  u n dergoes  

l a c t o n i s a t i o n  w ith  th e  ca r b o x y l  group d e r iv e d  by c le a v a g e



o f  th e  fu r a n .  O z o n o ly s i s  o f  anhydrom arrubiin  gave a k e to  

l a c t o n e  CL i n  w hich  t h e  e n t i r e  s id e  c h a in  was
1 4  3

rem oved. The i . r .  spectrum  o f  t h i s  compound showed th a t

t h e  o r i g i n a l  >' - l a c t o n e  was p r e s e n t  a lo n g  w ith  a s i x

membered r i n g  k e to n e .  F u r th e r ,  s in c e  th e  hydroxy  a c id

o b ta in e d  by h y d r o l y s i s  d id  not r e a d i l y  l o s e  carbon d io x id e

i t  was not a (3 -k e to  a c id .  C onsequently , o f  th e  th ree

13p o s s i b l e  p o s i t i o n s  C-4* C-8 and C-10 f o r  th e  a ttach m en t  

o f  th e  ca r b o x y l  group t o  t h e  b i c y c l i c  n u c le u s ,  th e  l a s t  

two must be e x c lu d e d  and th u s  th e  c a r b o x y l  group o f  t h i s  

compound and o f m arrubic a c id  must be a t  C -4« S in ce  

m a rru b iin  was known t o  be a - l a c t o n e  C - 2  and C -6  are  

th e  o n ly  p o s s i b l e  p o s i t i o n s  o f  a ttach m en t o f  th e  oxygen  

atom. M ethyl m arrubate (2b) on chrom ic a c id  o x id a t io n  

l o s t  t h r e e  carbon atoms w ith  con com itan t  fo r m a t io n  o f  th e  

- l a c t o n e  and o x id a t io n  o f  the  h y d ro x y l  (d e r iv e d  from  

h y d r o l y s i s  o f  t h e  o r i g i n a l  l a c t o n e )  t o  a k e to n e .  T h is  

k e to  a c id  (1 0 )  was c y c l i s e d  w ith  a c e t i c  anh ydr id e  t o  an 

e n o l - l a c t o n e  which cou ld  have b een  e i t h e r  ( l l )  or ( 1 2 ) .

The p rod u ct  r e a c t e d  r a p i d l y  w ith  brom ine and p o ta ss iu m  

perm anganate and on h y d r o g e n a t io n  was red u ced  t o  a 

s a t u r a t e d  a c id  i n  k e e p in g  w ith  an e n o l - l a c t o n e  fo r m u la t io n .  

A s t r u c t u r e  i n  w hich th e  e th e r  oxygen was a t ta c h e d  t o  C - 2  

c o u ld  be r u le d  out s i n c e  fo r m a t io n  th e  e n o l  la c t o n e  ( 1 3 ) 

would be an in f r in g e m e n t  o f  B r e d t ’ s r u l e .  That th e  e n o l  

l a c t o n e  ( l l )  was th e  c o r r e c t  s t r u c t u r e  was shown by  

o z o n o l y s i s  w hich a f f o r d e d  a n -a ld eh y d e  ( p o s i t i v e  S c h i f f  

and T o l l e n 1s t e s t s ) .



The r e a c t i o n s  o f  n a r r u h i in  were co m p a t ib le  w ith  i t s  

fo r m u la t io n  as ( l )  bu t  no c o r r e l a t i o n  w ith  known conpounds 

had b een  made u n t i l  Burn and R igb y‘S  su c c e e d e d  i n  

c o n v e r t in g  i t  i n t o  a known d e g r a d a t io n  p rod u ct  (14 )  o f  

am brein . The s t a r t i n g  m a t e r ia l  f o r  t h i s  c o n v e r s io n  was 

t h e  e n o l - l a c t o n e  ( l l )  w hich on h y d r o g e n a t io n  gave th e  

a c id  ( 1 5 a ) .  Treatment o f  t h i s  a c id  w ith  t h i o n y l  c h lo r id e  

f o l l o w e d  by Rosenmund r e d u c t io n  f u r n is h e d  th e  a ld eh yd e  

(15b) which on Huang-Minlon r e d u c t io n  gave th e  compound 

( 1 5 c ) .  T h is  was i d e n t i c a l  w ith  one o f  th e  i s o a m b r e in o l id e s
1 jr

p rep ared  by C o l l i n - A s s e l i n e a u  by th e  a c t i o n  o f  "JOfo 

s u lp h u r ic  a c id  on a n b r e in o l id e  (14)*  However th e  major 

p ro d u ct  o f  th e  r e d u c t io n  was th e  u n s a tu r a te d  a c id  (1 6 )  

w hich  had a l s o  b een  p rep ared  from a n b r e in o l i d e .

The s t r u c t u r e  o f  m arru b iin  h a v in g  b een  d eterm ined  

work began on th e  e l u c i d a t i o n  o f  i t s  s t e r e o c h e m i s t r y .

The s t e r e o c h e m is t r y  shown i n  (1 7 )  was p ro p o sed  by Cocker"^ 

who b ased  h i s  argum ents on K ly n e ’ s m o le c u la r  r o t a t i o n  

s t u d i e s  o f  d i t e r p e n e s .  M arrub iin  was c o n v e r te d  by a 

seq u en ce  o f  r e a c t i o n s  which cou ld  n o t  a f f e c t  th e  

s t e r e o c h e m is t r y  o f  th e  a /b  r i n g  j u n c t i o n  i n t o  (1 8 )  and 

t h e  s h i f t  i n  m o le c u la r  r o t a t i o n  s t u d i e d .  T h is  s u g g e s te d  

a t r a n s  a /b  j u n c t io n  and an e q u a t o r ia l  environm ent f o r  th e  

l a c t o n e  c a rb o n y l  group . A cco rd in g  t o  khese a u th o rs  +he 

s t a b i l i t y  o f  t h e  la c t o n e  i n  th e  k e t o - l a c t o n e  ( 1 9 ) cou ld  

o n ly  be e x p la in e d  i f  th e  ca r b o n y l  group and t h e  oxygen  

atom had a d i e q u a t o r i a l  arrangem ent s i n c e  o th e r w is e  th e  

l a c t o n e  would be im p o s s ib ly  s t r a i n e d .
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The C-8 m ethy l group i n  t h e  lc e t o - la c t o n e  (1 9 )  and

t h e r e f o r e  i n  m arru h iin  was assumed t o  he i n  th e  s t a b l e

e q u a t o r ia l  c o n fo rm a t io n  s in c e  i t  was n ot e p im e r is e d  by

b o i l i n g  i n  a l k a l i  and s in c e  i t  was formed from m a rru b iin

under c o n d i t io n s  u n l i k e l y  t o  e p im e r is e  t h i s  c e n t r e .

F u r th e r ,  s in c e  d e h y d r a t io n  o f  m arru b iin  a f fo r d e d  a

compound w ith  an e x o c y c l i c  double  bond t h i s  was ta k e n  as

e v id e n c e  f o r  an e q u a t o r ia l  h y d ro x y l group . On f u r t h e r

s tu d y  o f  th e  r o t a t i o n a l  d a ta  fo r  th e  c o n f ig u r a t i o n  a t  

17C-6 Cocker m o d if ie d  th e  s t e r e o c h e m ic a l  a s s ig n m e n ts  to

th a t  shown i n  (2 0 )  w ith  la c t o n e  r i n g  o r i e n t e d  a t  b o th

18p o i n t s  o f  a ttach m en t to  th e  s k e l e t o n .  W heeler , on th e

o th e r  hand, on th e  b a s i s  o f  some p r e l im in a r y  r e d u c t io n

s t u d i e s  p roposed  th a t  th e  la c t o n e  was --1 , f u s e d .

14-Burn and R igby c r i t i c i s e d  C ocker*s argum ents ,

r e j e c t i n g  as in a d e q u a te  th e  r e a s o n in g  used  f o r

p o s i t i o n s  4> 6? 8 an & 9* R igby*s work on t h e  c o n v e r s io n

o f  m a rru b iin  i n t o  an i s o a m b r e in o l id e  showed t h a t  th e

C-10 a n g u la r  m eth y l was and a x i a l  and s u g g e s te d  t h a t

th e  r i n g  j u n c t io n  was t r a n s  ( l a t e r  con firm ed  by O.R.D.

s t u d i e s ) .  T h is  c o - r e l a t i o n  w ith  i s o a m b r e in o l id e  prompted

t h e  c o n c l u s io n  t h a t  a know ledge o f  th e  s t e r e o c h e m i s t r y  at

C-8 and C-9 i n t h i s  la c to n e  would a l lo w  th e  assignm ent

o f  s t e r e o c h e m is t r y  at t h e s e  c e n t r e s  i n  m a rru b iin .

R e c e n t ly ,  d u r in g  work on th e  s t e r e o c h e m i s t r y  o f

19g r i n d e l i c  a c id  ( 2 1 ) ,  Mangoni was a b le  t o  p rep a re  th e  

l a c t o n e  and deduce th e  s t e r e o c h e m i s t r y  a t  t h e s e  c e n t r e s .
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The h y d ro x y -k e to n e  (2 2 )  d e r iv e d  f r o n  s o l a r e o l  (6 )  by

perm anganate o x id a t io n  was co n v erted  i n t o  th e  u n sa tu r a te d

k e to n e  ( 23 ) hy tea tm en t w ith  io d in e  i n  b e n z e n e .

O x id a t io n  o f  t h i s  compound w ith  p e r p h t h a l i c  a c id  gave th e

e p o x y -a c id  ( 2 4 ) .  Subsequent h y d r o l y s i s  r e s u l t e d  i n  th e

fo r m a t io n  o f  two c r y s t a l l i n e  l a c t o n e s  ( 25) and ( 26) due to

t h e  t r a n s  d i a x i a l  open ing  o f  th e  ep o x id e  fo l lo w e d  by

l a c t o n i s a t i o n .  That t h e  two l a c t o n e s  ( 25) and ( 2 6 ) had

i d e n t i c a l  c o n f ig u r a t i o n s  at C-8 and C-9 n as  confirm ed  by

t h e  t r a n s fo r m a t io n  o f  ( 25) in t o  ( 26 ) by h y d r o l y s i s

f o l lo w e d  by a c i d i f i c a t i o n .  R e a c t io n  o f  ( 26 ) w ith  t h i o n y l

c h l o r i d e  i n  p y r id in e  gave th e  u n sa tu r a te d  la c t o n e  ( 27 ) .

The double bond was shown to  be e n d o c y c l i c  from

s p e c t r o s c o p i c  e v id e n c e .  S in ce  under t h e s e  c o n d i t io n s  no

e x o c y c l i c  o l e f i n  was formed i t  was ta k e n  a s  e v id e n c e  t h a t

t h e  C-8 h yd roxy l was a x i a l  and th u s  assum ing th e  two

h y d r o x y l  groups t o  be t r a n s  d i a x i a l l y  r e l a t e d  th e  one a t

C-9 must be oi o r i e n t e d .  The r e a c t i o n  o f  osmium 
1 R

t e t r o x i d e  w ith  th e  u n sa tu r a te d  a c id  ( l 6 )  gave as th e

s o l e  p rod u ct  a h y d r o x y - la c to n e  (2 8 )  which was th e n  

d eh yd rated  w ith  t h i o n y l  c h lo r id e  i n  p y r id in e  to  a f f o r d  

th e  u n s a tu r a te d  l a c t o n e  ( 29) ,  th e  exom eth y lene  grou p in g  

b e in g  c l e a r l y  v i s i b l e  i n  t h e  n .m .r .  sp ectrum . S in ce  

d e h y d r a t io n  to o k  p la c e  exo t o  th e  r i n g  th e  C-8 h y d ro x y l  

group must have b een  e q u a t o r i a l .  C a t a l y t i c  r e d u c t io n  o f  

( 27 ) fu r n is h e d  a m ix tu re  o f  two s a tu r a te d  l a c t o n e s ,  

e p i n e r i c  a t  C-8. The most abundant p r o d u c t ,  w hich was 

i d e n t i c a l  t o  th e  7i - l a c t o n e  o b ta in e d  by i s o m e r i s a t i o n  o f



~a~

a n b r e in o l i d e —w a s - -a s s ig n e d - - th e - s tr u s tu r e  Clpc) w ith  th e  ••

G-8 m ethyl group fi s in c e  h y d r o g e n a t io n  was ansumed to

rak e pla,oe from th e  l e s s  h in d ered  cO - f a c e  o f  th e  m o le c u le .

H y d ro g en a t io n  o f  th e  la c t o n e  (29 )  however produced (30 )

as the major  p ro d u c t  Y/hich d i f f e r e d  c o n s i d e r a b l y  from

(15C) i n  i t s  p h y s i c a l  p r o p e r t i e s .  As a r e s u l t  o f  t h e s e

f i n d i n g s  i t  was c la im ed  th a t  m arru b iin  has a $ o r i e n te d

C-9 s i d e  c h a in  and a % - o r i e n t e d  C-8 m ethyl group.

20 °1However i t  has s in c e  b een  p o in te d  out ,t_ t h a t  i t  i s

i m p o s s ib l e  to  p r e d i c t  w ith  any c e r t a i n t y  w hich fa c e  o f  th e

m o le c u le  i s  more a c c e s s i b l e  t o  h y d r o g e n a t io n  a n d ' t h e r e f o r e

th e  ass ign m en t o f  s t e r e o c h e m is t r y  a t  C-8 i n  m arru b iin  on

th e  b a s i s  o f  th e  above arguments was i n v a l i d .  In  a l a t e r  

22paper  Mangoni m o d if ie d  th e  s t e r e o c h e m is t r y  at t h i s  

ceu b re  t o  t h a t  h a v in g  th e  m ethyl group i n  an cL -  

o r i e n t a t i o n .
23

A s y n t h e t i c  r o u te  t o  m arru b iin  p rop osed  by Moody 

was b a sed  on th e  c o n v e r s io n  o f  th e  k e t o - e s t e r  ( p i )  v i a  

th e  d i e n e - l a c t o n e  ( 3 2 ) t o  th e  k e t o - l a c t o n e  ( 1 9 ) w hich  can  

be d e r iv e d  from anhydrom arrubiin  (3 a )  or 

a n h y d r o te tra h y d r o m a rru b iin  (3 3 )  >̂7 o z o n o l y s i s .  T h is  

scheme had t o  be abandoned b eca u se  th e  in t e r m e d i a t e s  

underwent u n e x p e c te d ly  f a c i l e  r e a r r a n g e m e n ts .  A ttem pted  

a l k y l a t i o n  o f  th e  k e t o - l a c t o n e  ( 1 9 ) w i th  Grignard  

r e a g e n t s  and l i t h i u m  a l k y l s  gave no ad d ucts  bu t sodium  

a c e t y l i d e  gave a 40$  y i e l d  o f  th e  e th y n o l  (3 4 )*  The 

s t r u c t u r e  o f  t h i s  compound was con firm ed  by h y d r o g e n a t io n  

o v er  Adams c a t a l y s t  t o  (3 5 )  •



Attempted ca rb o x y la t io n  o f the sod io  d e r iv a t iv e  o f  the

e th y n o l  gave n e i t h e r  a c r y s t a l l i n e  p rod u ct  nor th e

s t a r t i n g  m a t e r i a l .

Marrubium v u lg a r e  i s  th e  main so u rce  o f  m arru b iin
24

but i t  has a l s o  been  i s o l a t e d  from B a l l o t  a f o e t i d a .

25More r e c e n t l y  R iv e t t  has i s o l a t e d  i t  from L eonQ tis

l e o n u r i s  R. Br. a lo n g  w ith  two r e l a t e d  compounds.

D e s p i t e  i t s  c l o s e  r e l a t i o n s h i p  b o t a n i c a l l y  to  Marrubium

26v u lg a r e  a Y u g o s la v ia n  sample o f  M. incanum was found

t o  c o n ta in  v e r y  l i t t l e  m arrub iin . The main c o n s t i t u e n t

o f  t h i s  p la n t  was a c r y s t a l l i n e  su b s ta n c e  ^20^26^5 wh ose

p h y s i c a l  p r o p e r t i e s  correspon ded  t o  t h o s e  r e p o r te d  f o r

27p e r e g r in in e  a compound i s o l a t e d  from M. neregrm um .  

That t h i s  d i t e r p e n e  was 3 -k e to -m a r r u b i in  ( 36 ) was shown 

by i t s  c o n v e r s io n  i n t o  th e  o l e f i n  (3 7 )  w hich  on 

c a t a l y t i c  h y d r o g e n a t io n  a f fo r d e d  m a rru b iin .
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IISCUSSION

The S t e r e o c h e m is tr y  o f  M a rr u b iin .

S in c e  o n ly  th e  s t e r e o c h e m is t r y  a t  C-91  ̂ and

14 17
C-10 9 appeared a c c e p ta b le  a s p e c t r o s c o p i c  s tu d y  o f

m a rru b iin  d e r i v a t i v e s  was undertaken  i n  ord er  t o

d e term in e  th e  s t e r e o c h e m is t r y  a t  th e  r e m a in in g

asym m etric  carbon atom s.

That th e  5 - l a c t o n e  f u n c t io n  was fu s e d  to  th e

s k e l e t o n  was deduced from a s tu d y  o f  th e  n .m .r .  s p e c t r a

o f  m arru b iin  ( l ) ,  te tr a h y d r o m a r r u b iin  (3 8 )  and th e  e th e r

( 3 9 ) •  I n  t h e s e  compounds th e  C-6 p r o to n  r e s o n a t e s  a t

5 * 2 3 ,  5*28 and 5*85 t  r e s p e c t i v e l y  as an i l l - r e s o l v e d

t r i p l e t  w ith  a m u l t i p l e t  w id th  o f  1 0 -1 4  c . / s e c .  In

m arrubenol (2 C ),  marrubanol ( 40a) and th e  m o n oaceta te

(2 d )  t h i s  p r o to n  r e s o n a t e s  as a broad s i n g l e t

(Wi = 6 -8  c / s e c . )  at 3*78 ? 5*78 and 5*66 1  r e s p e c t i v e l y

The narrow ness o f  t h e s e  r e s o n a n c e s  i s  d i a g n o s t i c  o f  an

e q u a t o r ia l  p ro to n  at C-6 s in c e  C-5 .and .Q-7 b o th  c a r r y  an

a x i a l  p r o to n ,  th e  p r o to n  a t  C-6 d i s p l a y i n g  a band w id th

c o m p a t ib le  w ith  one e q u a , t o r ia l - e q u a t o r ia l  and two a x i ^ l -

e q u a t o r i a l  s p i n - s p i n  c o u p l in g s .  The s u b s t i t u e n t  a t  C-6
*

i n  m a rru b iin  and th e  d e r i v a t i v e s  d i s c u s s e d  above i s

t h e r e f o r e  a x i a l  (^ ) .

C onvin c in g  e v id e n c e  f o r  th e  s t e r e o c h e m i s t r y  a t  C-4

was l e s s  r e a d i l y  o b t a in a b le .  N orm ally  w i t h  d i t e r p e n o i d s ,

29n .m .r .  s h i f t  v a lu e s  f o r  th e  p r o to n s  i n  t h e  f u n c t i o n a l

/  *groups -CH2 0Ac , -CHgOH and -CHO a n d /o r  pK ^ g
XQ

m easurem ents f o r  t h e  c o r r e sp o n d in g  c a r b o x y l i c  a c id
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a l lo w  th e  assignm ent o f  s t e r e o c h e m is tr y  to  oxygenated

m ethy l groups at C-4* In  th e  p r e s e n t  c a s e ,  when

u t i l i s i n g  compounds r e a d i l y  d e r iv a b le  from m arru b iin

such  d a ta  d id  not accord  vdLth e i t h e r  a normal a x i a l  or

e q u a t o r ia l  group. Thus th e  pK ^  o f  m arrubic a c id  (2 a )

and te tr a h y d r o -m a r r u b ic  a c id  ( 40b) w e r e ^  belov/ th e

v a l u e s  ex p e c te d  f o r  e i t h e r  an a x i a l  or e q u a t o r ia l  c a r b o x y l

group . N .m .r .  s t u d i e s  were a l s o  o f  l i t t l e  u se  i n

d i s t i n g u i s h i n g  betw een  th e  two p o s s i b l e  o r i e n t a t i o n s  o f

a ttach m en t o f  th e  la c to n e  r in g  t o  C-4* In  th e  k e t o -

a ld eh yd e  ( 2 f )  th e  a ld e h y d ic  p ro to n  appears as a b a r e ly

r e s o l v e d  d o u b le t  ( s e p a r a t io n  l c . / s e c . )  a t  - 0 . 4 2  X, a

29v a lu e  c o n s id e r a b ly  low er  th an  th a t  ex p e c te d  f o r  e i t h e r  

an a x i a l  ( 0 . 2  X a p p rox im ate ly )  or an e q u a t o r ia l  

( 0 . 7  %  a p p ro x im a te ly )  a ldehyde group at C-4* This  

d o w n fie ld  s h i f t  i s  caused  by th e  carb on y l group at C-6.

A s im i l a r  s h i f t  was apparent i n  th e  spectrum  o f  th e  k e to  

a c e t a t e  (2 e )  which shows a q u a r te t  (J  = 12 c . / s e c . )  

c e n tr e d  at 5 .3 2  X w hich conforms*^ w ith  n e i t h e r  an a x i a l  

(5*70  -  5 .9 0  T ) nor an e q u a t o r ia l  ( 6 .1 5  -  6 .3 5  X)  

prim ary  a c e t a t e  group at C-4*

FOOTNOTE?- P r e l im in a r y  s t u d i e s  on th e  s t e r e o c h e m is t r y

o f  m arru b iin  were c a r r ie d  out by

28Dr. J .  7 .  B. Fulke
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In  th e  n o n o a ce ta te '  (2d) t h i s  m ethylene group appears as

a q u a r te t  ( j= 1 2  c . / s e c . )  at 5*44 X  , th e  d o w n f ie ld  s h i f c

b e in g  in duced  hy th e  C-6 a x i a l  hydroxy group. I n  t h i s

c a s e  th e  chem ica l s h i f t  would appear to  he b e t t e r

r a t i o n a l i s e d  as d er iv e d  f i  n. an a x i a l  r a t h e r  th a n  an

e q u a t o r ia l  prim ary a c e t a t e  group. R eason in g  on t h e s e

l i n e s ,  however, l e d  o n ly  t o  t e n t a t i v e  c o n c lu s io n s  and to

r e s o l v e  th e  problem the oxygen f u n c t io n  at C-6  was removed

by th e  f o l l o w i n g  se q u e n c e . ^

H ydrogenation  o f  anhydrom arrubiin  (3^) i n e th a n o l

o ver  Adams c a t a l y s t  a f fo r d e d  th e  d e s o x y te t r a h y d r o la c to n e

(4 2 )  ^20^32^3* m.p. 94“93°« Treatment o f  t h i s  l a c to n e

w ith  p o ta ss iu m  h yd rox id e  i n  c e l l o s o l v e  and c a r e f u l

a c i d i f i c a t i o n  fu r n is h e d  t h e  c o r r e s p o r t in g  hydroxy a c id

(4 1  n) C2oH^ 4 °4 j 224 -2 2 6 °  w hich Yfas o x id i s e d  t o  th e

k e to  a c id  (41b) m.p. 1 7 0 -1 7 2 °  w ith  S a r e t t } s

r e a g e n t .  The k e t o - a c i d  was co n v er te d  i n t o  th e  u n s ta b le

e n o l  la c t o n e  (4 3 )  w ith  re - f lu x in g  a c e t i c  anhydride

c o n t a in in g  a la r g e  e x c e s s  o f  fu se d  sodium a c e t a t e .  Ho

s p e c t r o s c o p ic  e v id e n c e  f o r  th e  p o s i t i o n  o f  th e  double

bond i n  t h i s  compound was a v a i l a b l e  s i n c e  i t  r a p i d l y

decomposed i n t o  th e  k e t o - a c id  d u r in g  th e  work-up

p r o c e d u r e .  However i t  was assumed t o  b e  a A  ̂ r a t h e r  
c;

th a n  a 6  double  bond by a n a lo g y  w ith  r e l a t e d  

c o m p o u n d s .^ 92°° C a t a ly t i c  h y d ro g e n a t io n  o f  t h i s  l a s t  

compound ( c o n t a in in g  th e  k e t o - a c id  as an im p u r ity )  i n  

a c e t i c  a c id  over lOf t  Pd-C gave as th e  more poles: prod u ct  

th e  a c id  G2QE ^ 0 ^ 9 ( 4 1 c )  m.p. 9 9 -1 0 1 °  produced by



ng drog en o l y s i s  o f  tho v i n y l i c  oxygen a to n  and 

s a t u r a t i o n  o f  the double  bond. The d e s o x y - la c t o n e  (4 2 )  

was o b ta in ed  as  th e  o th e r  component, i d e n t i f i e d  by 

d i r e c t  com parison  w ith  an a u th e n t ic  sam ple . The p r e s e n c e  

o f  t h i s  compound can be e x p la in e d  i n  t e r n s  o f  th e  

h y d r o g e n a t io n  o f  th e  k e t o - a c i d  f r  mi th e  oc f a c e  o f  t h e  

m o le c u le  t o  form th e  h y d r o x y -a c id  ( 4 1 a) which would  

r a p i d l y  l a c t o n i s e  under th e  a c i d i c  r e a c t i o n  c o n d i t i o n s .

M e th y la t io n  o f  th e  a c id  (4 1 c )  f o l lo w e d  by l i t h i u m  

aluminium h yd rid e  r e d u c t io n  gave th e  prim ary a l c o h o l  

(41d) w hich shows an AB q u a r te t  at 6 . 4I  X  (2H, C-19)*.

The co rr esp o n d in g  a c e t a t e  (4 1 e )  and th e  u n s t a b le  o i l y  

a ld eh y d e  (4--f)  were prepared  and a s tu d y  o f  t h e i r  n .n ,r «  

s p e c t r a  (5*90 X 5 -GHgOAc i n  (4 1 c)  s 0 .1 4  X l  -CH0 i n  

( 41 f ) ) .r e in fo rce d  our c o n c lu s io n s  c o n c e r n in g  th e  a x i a l

nature o f the C-4 fu n c t io n a l  group.
28S im ila r  r e s u l t s  were o b ta in ed  f o r  th e  s e r i e s  w ith  

th e  C-9 h y d ro x y l group p r e s e n t .  Thus th e  o i l y  m on oaceta te  

(4 0 c )  d e r iv e d  from th e  a lc o h o l  ( 40d) shows i n  th e  n -n .r *  

a q u a r te t  ( j=  11 c . / s e c . )  c e n tr e d  on 5*95 X (-CEgOAc) a 

v a lu e  which i s  a c c e p t a b le 2  ̂ f o r  an a x i a l  p rim ary  a c e t a t e  

a t  C-4. Furtherm ore o x id a t io n  o f  t h e  a l c o h o l  (40d) w ith  

chromium t r i o x i d e  i n  p y r id in e  p r o v id e d  th e  u n s t a b le  o i l y  

a ld eh y d e  ( 40 £) th e  n .m .r .  o f  which shows a r e so n a n c e  a t  

0.14  X (1H s i n g l e t )  as e x p e c te d 2 *̂ f o r  a C-4 a x i a l  

a ld eh yd e  group .

The o r i e n t a t i o n  o f  the  la c t o n e  r i n g  i n  m arru b iin  

as  c i s  and (1 ha,s b een  advanced"^ but th e n  r e f u t e d " ^ .



The v a l i d i t y  o f  th e  fi c i s  o r i e n t a t i o n ,  a s s ig n e d  i n  t h i s

d i s c u s s i o n  m ain ly  on s p e c t r o s c o p ic  grounds g a in s  some

c o n f ir m a t io n  from ch em ica l e v id e n c e .  Thus (a )  th e  ease

o f  fo r m a t io n  of m arrub iin  ( l )  f r o m ^ J^^, m arruhic a c id  and

28th e  e th e r  (39 )  on attem pted  p -b rom o~ b en zen esu lp h on ation  

o f  marrubenol (2 c )  would he r a t i o n a l i s e d  s in c e  i n  each  

c a s e  a 1 ,3  d i a x i a l  non-honded i n t e r a c t i o n  i s  b e in g  removed  

(b )  th e  o b s e r v a t i o n ^  th a t  th e  o l e f i n  (4 4 )  i s  o b ta in e d  i n  

a p p r e c ia b le  y i e l d  (a p p ro x im a te ly  50$ )  from tre a tm e n t  o f  

t h e  hydroxy a c id  (45 )  w ith  t o lu e n e - p - s u lp h o n y l  c h l o r i d e -  

p y r id in e  would i n d i c a t e  a smooth t r a n s - d i a x i a l  (5  16 )

e l i m i n a t i o n  o f  t o lu e n e - p - s u lp h o n ic  a c id  from the  

in t e r m e d ia t e  e s t e r 5 ( c )  th e  secon d ary  hydroxy group i n  

m arrubenol (2 c )  i s  f a i r l y  r e s i s t a n t  t o  a c e t y l a t i o n ,  th e  

p ro d u ct  o f  a c e t y l a t i o n  under m ild  c o n d i t io n s  b e in g  th e  

m o n o -a c e ta te  (2d) ?/hich i s  however r e a d i l y  o x id i s e d  t o  

t h e  k e t o - a c e t a t e  (2 e )  i . e .  r e a c t i v i t y  t y p i c a l  o f  an 

a x i a l  secon d ary  a l c o h o l .

The a ss ig n rr 'n t  o f  s t e r e o c h e m is tr y  a t  C-8 b ased  on 

t h e  e v id e n c e  p r e s e n te d  beloYT i n v o l v e s  th e  assu m p tion  th a t  

th e  compounds d i s c u s s e d  have r i n g  B i n  th e  c h a ir  (o r  h a l f  

c h a ir )  co n fo rm a tio n . The major f a c t o r  l i a b l e  t o  l e a d  t o  

a p r e f e r e n c e  f o r  a r i n g  B boat co n fo rm a tio n  would be th e  

1 , 3  d i a x i a l  i n t e r a c t i o n  b etw een  a C-8 m ethyl group and 

t h e  C-10 m ethyl group* However from m odels  i t  seems  

l i k e l y  th a t  downward r o t a t i o n  o f  C-8 would e v e n t u a l l y  

produce even  more s e v e r e  s t e r i c  i n t e r a c t i o n s .  Assuming

33a r i n g  B c h a ir  co n fo rm a tio n  i t  would be e x p e c te d  th a t  

i f  th e  secon d ary  m ethyl group a t  C-8 were a x i a l ,  th e



>45-
c o n v e r s io n  o f  th e  m on o-aceta te  (2d) i n t o  th e  k e t o -

a c e t a t e  ( 2e) would produce an u p f i e l d  s h i f t  o f  ah out lp

-  2 0 c . / s e c .  f o r  th e  r e so n a n c e s  o f  th e  C~8 and C-10

m eth y l grou ps. A lthough th e  observed  u p f i e l d  s h i f t

(22  c . / s e c . )  o f  th e  n e c e s s a r i l y  a x i a l  C- 1 0  m ethyl group

d oes  in d eed  accord  r e a s o n a b ly  w e l l  w ith  e x p e c t a t i o n ,  th e

seco n d a ry  m ethyl group at C- 8  s u f f e r s  a d o w n fie ld  s h i f t

( 3 *5c / s e c . )  and i s  t h e r e f o r e  p ro b a b ly  e q u a t o r ia l  ( 06 ) *

The r e s o n a n c e s  o f  th e  C-4 and C-10 m eth y l groups i n  th e

k e t o - a c e t a t e  were i d e n t i f i e d  by r e c o r d in g  i t s  n .m .r ,

s p e c t r a  a f t e r  p r o g r e s s iv e  a d d i t io n s  o f  ben zene to  a

d eu te r o c h lo r o fo r m  s o l u t i o n  and a p p l i c a t i o n  o f  th e  "plane  

34r u l e " .  I n  th e  o r i g i n a l  spectrum th e  m eth y l groups

appear a t  8 ,9 4  ( s )  (3H> C -18 ) ,  8 .9 7  (d) (3H, C-17 J

J » 6 . 5  c . / s e c . )  and 9 .0 9  X  ( s )  (pH , C-20) and s h i f t

p r o g r e s s i v e l y  i n  benzene to  a f i n a l  v a lu e  o f  8*76 > 9*34
CP Cl *

and 9 . 2 9  X r e s p e c t i v e l y  i . e .  A  Cg Hg -0 * 1 8 ,  +0*37  

and 0*20 p .p .m i

The p ro d u cts  o f  d e h y d ra t io n  o f  m arru b iin  w ith  a 

l a r g e  e x c e s s  o f  phosp h ory l c h lo r id e  i n  p y r id in e  a t  r e f l u x  

f o r  f i v e  hours r e i n f o r c e  t h i s  c o n c l u s io n .  S u b s t a n t ia l  

q u a n t i t i e s  (a p p r o x im a te ly  90fo) o f  m arru b iin  can be 

r e c o v e r e d  even a f t e r  trea tm en t  w ith  a l a r g e  e x c e s s  o f  

warm ( 60°)  p h osp h ory l c h l o r i i e - p y r i d i n e  f o r  two h o u rs .

On th e  assu m p tion  o f  a fl ( a x i a l )  o r i e n t a t i o n  f o r  th e  

hydrogen  atom a t  C-8  th e  ( e q u a t o r i a l )  o r i e n t a t i o n  f o r  

th e  C-9 hydroxy group was o r i g i n a l l y ^  s u g g e s te d  v e r y  

t e n t a t i v e l y  w ith  th e  p r o v is o  th a t  th e  s lo w  r a t e  o f
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d e h y d r a t io n  m ight be due to  the s t e r i c  e x c l u s i o n  o i

r e a g e n t s  r a th e r  th an  an u n fa v o u ra b le  o r i e n t a t i o n  f o r

t r a n s  d iaxia .1  e l im in a t io n .  Indeed M angoni's"^ work on

g r i n d e l i c  a c id  ( 21) p r e s e n t s  c o n v in c in g  e v id e n c e  f o r  th e

a ss ig n m en t  o f  th e  o(. c o n f ig u r a t i o n  f o r  th e  C-9 oxygen

at on i n  t h i s  compound and i n  m arru b iin .  However a

c a r e f u l  n .m .r .  s tu d y  o f  th e  p h osp h ory l c h lo r id e  -

p y r id in e  d eh y d ra t io n  product ( f o r c i n g  c o n d i t i o n s - s e e

l a t e r )  s u g g e s t s  th a t  th e  m ixture  c o n s i s t s  o f  two

compounds, namely ®(9) 0qe f i n ( 4 6 ) ( 7Ofo) and i t s

A  9 ( l l )  j_SOEier ( 3a) ( 30^o). Form ation o f  a s u b s t a n t i a l

p r o p o r t io n  o f  th e  p roduct w ith  an endo o l e f i n i c  bond

p r o b a b ly  i n d i c a t e s  th e  p r e s e n c e  o f  an 8 p  -  H and a

9 f  -OH group. These c o n f ig u r a t i o n a l  a s s ig n m e n ts  g a in

f u r t h e r  support from th e  c o n v e r s io n  ( a l b e i t  i n  low y i e l d )

o f  a m b r e in o l id e  ( 1 4 ) i n t o  i s o a m b r e in o l id e  ( 15 ° )  w hich i s

a l s o  d e r iv a b le  from m arru b iin .  The i s o m e r i s a t i o n  o f

a m b r e in o l id e  can be e f f e c t e d  by t r e a tm e n t  w ith  s u lp h u r ic

a c i d ^  p ro b a b ly  v i a  th e  u n sa tu r a te d  a c id  ( l 6 ) p r o t o n a t io n

at C- 8  and r e l a c t o n i s a t i o n  a t  C-9 b e in g  e x p e c te d  t o  p r o c e e

i n  a t r a n s  d i a x i a l  f a s h io n  to  f u r n i s h  an e q u a t o r i a l

m eth y l group at C-8  and an e q u a t o r ia l  s id e  c h a in  a t  C-9*

S im ila r  c o n c lu s io n s  co n c e r n in g  th e  s t e r e o c h e m i s t r y

a t  t h e s e  c e n t r e s  were a r r iv e d  a t  in d e p e n d e n t ly  by  

21H h ee ler  who based  h i s  arguments on r e d u c t i o n  s t u d i e s .  

Sodium b oroh yd rid e  and l i t h i u m  i n  l i q u i d  ammonia 

r e d u c t i o n  o f  th e  t c tr a h y d r c  k e t o - a c i d  ( 40f )  b o th  r a t h e r  

s u r p r i s i n g l y  gave te tra h y d ro m a rru b ic  a c id  ( 40b ) .
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J?r cnlavM.il u i  1 ho- L . o  h< . 1  (-10u) v/i Hi :m ..rahyu ri;’'

a f fo r d e d  n a rru b ic  a c id  (2c.) w h i le  th e  use o f  l i t h i u m -

l i q u i d  ammonia produced a m ixture o f  m arrubic a c id  (2u) 
eptthe v

ancl i t s  C-6/ (4?)»  Lithium  aluminium h y d r id e  r e d u c t io n  

o f  th e  e s t e r  (2h) f o l lo w e d  by a c e t y l a t i o n  a f fo r d e d  

marrubenol d i a c e t a t e  ( 2 i )  whereas trea tm en t  w ith  l i t h i u u  

l i q u i d  ammonia formed the  is o m e r ic  fcriol ( 4 8 ) i s o l a t e d  

as  i t s  d i a c e t a t e  (4 9 ) •  A study  o f  t h e  s p e c t r o s c o p ic  

p r o p e r t i e s  o f  t h e s e  compounds supported  th e  

s t e r e o c h e m is t r y  shown i n  ( l )  fo r  m arru b iin .

H yd rogenation  o f  M arrubiin and i t s  d e r i v a t i v e s .

P r e v io u s  workers have d e s c r ib e d  th e  c a t a l y t i c

h y d r o g e n a t io n  o f  m arru b iin .  U sing p la t in u m  b la c k  i n
9

a c e t i c  a c id  Lawson and E u s t ic e  o b ta in e d  t e t r a - 1 

hydrom arrub iin  (38 )  m.p. 134° whereas th e  u s s ' ^  o f  

a c id  c o n t a in in g  b o th  10$ Pd-C and Adams c a t a l y s t  

f u r n is h e s *  i n  a d d i t io n  t o  th e  t e t r a h y d r o  d e r i v a t i v e  (Z>0yo) 

m .p. 123-3°?  ‘t*70 hexahydro compounds (40$ )  ( 50a ? pOd) 

w hich  had m .p. 80°  and 154°- These compounds were 

se p a r a te d  by c r y s t a l l i s a t i o n  but no e v id e n c e  was 

advanced w hich  would a l lo w  th e  c o r r e c t  c h o ic e  betw een  

a l t e r n a t i v e  a s s ig n m e n ts .  These compounds are  d e r iv e d  

from th e  d i f f e r e n t  modes o f  open ing  o f  t h e  fu ra n  r i n g .  

Uhen m arru b iin  i s  hydrogen ated  over 10$ Pd-BaSO. as
/ j .

25 37c a t a l y s t  i n  e i t h e r  e th a n o l  or a c e t i c  a c id  ‘ o n ly  t e t r a -

hyd rom arru b iin  i s  formed. S in ce  h y d ro g e n a t io n  can ta k e

p la c e  from b oth  s i d e s  o f  the fu ra n  r i n g  t h e r e  a r i s e s  th e
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p o s s i b i l i t y  o f  tho two e p in e r s  b e in g  form ed. The grea t

v a r i a t i o n s  i n  th e  r e p o r te d  m e lt in g  p o i n t s  o f  t e t r a -

hydr ociarrubiin  ( 3 8 ) l e d  B o y l c ^  t o  s e p a r a te  t h e s e  i s o n e r s

( e p i n e r i c  at C -1 3 )* He u l t i m a t e l y  o b ta in e d  th e  two

t e t r a h y d r o  compounds m.p. 139J and 1 1 6 ° .

I n  our hands h y d rogen ation  o f  m arru b iin  i n  e th a n o l

over Adams c a t a l y s t  y i e l d e d ,  i n  a d d i t io n  to  th e  compounds

*p r e v i o u s l y  d e s c r ib e d ,  th e  desoxy  compound ( 5 0 c)
C.U j

n . p .  38-89°*  This compound i s  th e  prod u ct  o f  com p lete

h y d r o g c n o ly s i s  o f  the furan  r i n g .  The o i l y  h y d ro g e n a t io n

m ix tu re  was sep a ra ted  i n t o  i t s  components by c a r e f u l

column chromatography over a c i d i c  a lum ina , com plete

s e p a r a t io n  o f  th e  two hexahydro compounds r e q u ir in g

r e p e a te d  p r e p a r a t iv e  t h i n  la y e r  chrom atography.
*

The l e s s  p o la r  compound f a i l e d  to  c r y s t a l l i s e  and 

was c h a r a c t e r i s e d  as i t s  a c e t a t e  ( 50b) C22H36°5 n *p *

1 2 1 -1 2 3 °  w h i le  th e  more p o la r '  had m.p. 1 5 0 -1 5 2 ° .  The 
*

form er d i s p la y s  i n  i t s  n .m .r .  spectrum  an i l l - r e s o l v e d

d o u b le t  a t  6 . 4 4  X ( 211-16 j V/i = 6 c . / s e c . )  due t o  th e

CH -CH2 -OH group. On a c e t y l a t i o n  th e  r e so n a n c e  o f  t h e s e

p r o to n s  moves d o w n fie ld  and appears as a d o u b le t  a t  6 . 0 6  \

(2H -16 \ J = 6 c . / s e c . ) .  Hexahydrom arrubiin  A can th u s
*

be f o r m u la t e d  as  (5 0 a ) .  H ex a h y d ro m a rru b iin  B , on t h e

*
FOOTNOTES- T h is  and l a t e r  compounds marked w ith  

an a s t e r i s k  were presum ably  e p im e r ic  

m ix tu res  at C-13 "but no a ttem p t was 

made to  s e p a r a te  th e  i n d i v i d u a l  com ponents.
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. .ather "hand., showo- a.,..iripl.ct "at--6-.. 32' X  ( 2H-15 ; J = 6

c . / s e c . )  due t o  th e  CĤ  -  CĤ  -  OH group and t h e r e f o r e  

can he r e p r e s e n te d  as i n  (5 0 d ) .

The l e a s t  p o la r  h y d ro g en a t io n  p r o d u c t ,  th e  d e so x y  

compound'' (5 0 c )  shows i n  i t s  n . n . r .  spectrum  t h e  t y p i c a l  

C-6 i l l - r e s o l v e d  t r i p l e t  at 5«35 X ( j  = 6 c . / s e c . )  as  

t h e  o n ly  a b s o r p t io n  below  7*5 X  • A s i n g l e t  a t  8 . 7 6 

i n t e g r a t i n g  f o r  s i x  p ro to n s  i s  a t t r i b u t a b l e  t o  th e  C-18 

and C-20 t e r t i a r y  m ethyl groups w h i le  s i g n a l s  from th e  

seco n d a ry  m ethyl groups appear as  d o u b le t s  a t  9»05  

( j  = 5 c . / s e c . )  and 9*12 ^ ( j  = 5 c . / s e c . ) .  The 

p rim ary  m ethyl group i n  th e  s a t u r a t e d  s id e  c h a in  g i v e s  

r i s e  t o  a t r i p l e t  a t  9»10 X. ( j  = 5 c . / s e c . ) .

Anhydromarrubiin (3&) on h y d r o g e n a t io n  under  

s i m i l a r  c o n d i t io n s  gave th e  c o r r e s p o n d in g  d eso x y  s e r i e s
y

o f  compounds, namely th e  waxy b i s d e s o x y  compound ( 51&)

020^34^2 * desoxyhexahydromarrubiin A (51t>) ^20^54^5 m P

96-97 ? desoxyhexahydromarrubiin B ( 51<3.) ^20^34^31 m*P*
o ^

8 6 -8 8  and d e so x y te tr a h y d r o m a r r u b iin  ( 4 2 ) C20^32^3 , m*P*

9 4 -9 5 ° .

The resonance  o f  th e  C-6  la c t o n e  p r o to n  i n  th e  
*

b i s d e s o x y  compound appears a s  two o v e r la p p in g  t r i p l e t s

cen tred  on 5*17 1  (J s  5 c . / s e c . )  and 5«25 X (J= 5

c . / s e c . )  w h i le  i n  th e  d e so x y  t e t r a h y d r o  compound ( 4 2 )

i t  ap p ears  a s  a broad m u l t i p l e t  a t  5*22

(Wi = 16 c . / s e c . ) .  The m ethyl s i g n a l s  i n  t h i s  compound 
2

are  ob serv ed  a t  8 .7 4  X, ( s )  9*04 X  ( s ) an(  ̂ ^*94 % ( d ) .
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The two d eso x y  hoxahydro d e r i v a t i v e s  were e lu t e d  

t o g e t h e r  a s  a waxy s o l i d  hut a f t e r  s e p a r a t io n  hy  

p r e p a r a t iv e  t . l . c .  both  c r y s t a l l i s e d .  The l e s s  p o la r  of
•jf

th e  tw o , d eso x y h ex a h y d r o n a r ru b i in  A d i s p l a y s  a d o u b le t  

a t  6.,48 ^  (2I-I-16 | J = 4 c . / s e c . )  due t o  t h e  CH -  CĤ  -  OH 

group w h i le  th e  more p o la r  e x h i b i t s  a, t r i p l e t  a t  

6*58 % (211 -  15 I J = 6 c . / s e c . )  due t o  t h e  CHg “ CH  ̂ -  OH

group. T h is  t h e r e f o r e  a l lo w s  t h e  ass ign m en t o f  

c o n s t i t u t i o n s  ( 51"b) arid ( 51&) r e s p e c t i v e l y  to  th e  two 

compounds. Both hexahydro d e r i v a t i v e s  were t r e a t e d  w ith  

a c e t i c  anhydride i n  p y r id in e  but th e  p r o d u c ts  f a i l e d  to
■ft

c r y s t a l l i s e .  The n .m .r .  o f  a c e t a t e  A ( 51°) shows a

d o u b le t  a t  6 .0 5  ^  (2H-16 ; J = 4 c . / s e c . )  w h i le  t h a t  o f

a c e t a t e  B (51©) h©*© a t r i p l e t  a t  5»90 % (2H -  15 5

J = 6 c . / s e c . ) .

D eh y d ra tio n  o f  M arrub iin

P r e v io u s  w orkers have t r e a t e d  m arru b iin  w ith  th e
9

d eh y d r a t in g  a g e n ts  t h i o n y l  c h lo r id e  or phosphorus  

9 56t r i c h l o r i d e  i n  benzene and have r e p o r te d  o n ly  one

c r y s t a l l i n e  p r o d u c t ,  anhydrom arrubiin  ( 5 a ) • T h is  r e s u l t

16was ta k en  as  e v id e n c e  s u p p o r t in g  an e q u a t o r ia l  

ass ign m en t f o r  th e  C -  9 h yd roxy l group s in c e  th e  

hydrogen  atom a t  C -  8 i s  a x i a l l y  o r i e n t e d .  However i t  

was p o in te d  o u t ^  th a t  t h i s  c o n c lu s io n  was unsound s in c e  

the  y i e l d  (maximum 40%) o f  c r y s t a l l i n e  anhydrom arrubiin  

was so s m a l l .  The d e h y d r a t io n  o f  m arru b iin  w ith  

phosphorus t r i c h l o r i d e  i n  r o f l u x i n g  benzene was r e p e a te d  

and i n  our hands i t  was found t h a t  th e  n .m .r .  o f  th e
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t o t a l  o i l y  p r o d u c t ? a f t e r  ro n o v a l  of t r a c e s  o f  p o la r

m a t e r ia l  by chrom atography? was i d e n t i c a l  even  i n  d e t a i l

w ith  t h a t  o f  c r y s t a l l i n e  anhydrom arrubiin . The

d i f f i c u l t y  e x p e r ie n c e d  i n  r e c o v e r in g  even  m oderate y i e l d s

o f  c r y s t a l l i n e  m a t e r ia l  from th e  o i l y  p rod uct nay be due

t o  one or b o th  o f  the f o l l o w i n g ,  (a )  Both g e o m e tr ic

is o m e r s  ( 3 a ,  3 1 ) are  produced i n  th e  d e h y d r a t io n  and o n ly

one i s  c r y s t a l l i n e .  T h is  e x p la n a t io n  i s  u n s a t i s f a c t o r y

i n  th a t  th e  prod uct appears homogeneous on th e  b a s i s  o f

b o th  t . l . c .  and n .m .r .  b e h a v io u r .  (b) A nhydrom arrubiin

w i l l  n o t  c r y s t a l l i s e  from m oist  s o l v e n t .  T h is  appears

more a c c e p ta b le  s in c e  c r y s t a l l i s a t i o n  o f  th e  prod u ct

from dry m ethanol g i v e s  a p p r e c ia b ly  h ig h e r  y i e l d s  ( 63fo)

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

m .p . o f  t h i s  m a t e r i a l  f a l l s  r a p i d l y  on exposu re  to

a tm o sp h er ic  m o is tu r e  (95 -  96° to  56 -  5 8 ° i n  f i v e  h o u r s ) .

S in c e  d e h y d r a t io n  exo t o  th e  r i n g  t a k e s  p la c e

e x c l u s i v e l y  and th e  8 -  II and 9 -  Oil are b o th  a x i a l l y

o r i e n t e d  th e n  i t  i s  s u g g e s te d  t h a t  under t h e s e  c o n d i t io n s

d e h y d r a t io n  i s  c i s o i d  end p o s s i b l y  p r o c e e d s  by a c y c l i c

mechanism f o r  o th e r w is e  i t  i s  d i f f i c u l t  t o  r a t i o n a l i s e

th e  f a c t  th a t  no endo e l i m i n a t i o n  i s  o b se r v e d .  The f i r s t

s ta g e  o f  th e  r e a c t i o n  w ith  phosphorus t r i c h l o r i d e  i n

n e u t r a l  s o l u t i o n  i s  the  fo r m a t io n  o f  an a lk y l

38p h o s p h o r o d ic h lo r id a te  ( 52) which can th en  p ro ceed  

throu gh  a f i v e  nembered r i n g  t r a n s i t i o n  s t a t e  ( s e e  5 5 ) 

t o  th e  u n sa tu r a te d  d e h y d r a t io n  p r o d u c t .  The fo r m a t io n  o f  

an e x o c y c l i c  dou ble  bond i n  anhydrom arrubiin  p rod u ces  a



s u b s b iT / u t o d  r j  1 y l i  c g r o u p  ?. :i. bhe : ioI.ochI p .  Such  a
xq

system  has a f e r n  o f  s t e r i c  h in d ra n ce  a s s o c i a t e d  w ith  i t .

I f  one exam ines a n cd o l o f  a n h y d r o n a r ru b i in  w ith  r i n g  B

i n  a c h a ir  c o n f o r n a t io n  (54 )  i t  i s  s e e n  t h a t  t h e  C -  11

s i d e  c h a in  and th e  G -  8 e q u a t o r ia l  n e t h y l  group w i l l

i n t e r f e r e  w ith  each o th er  d r a s t i c a l l y .  R e l i e f  o f  t h i s

s t r a i n  (known as s t r a i n  s in c e  i t  a r i s e s  from

s u b s t i t u e n t s  on th e  1 said 3 p o s i t i o n s  o f  an a l l y l i c

system ) can be a t t a in e d  most e a s i l y  by c o n fo r m a t io n a l

( l  3^i n v e r s i o n  t o  th e  b o a t  form. That A s t r a i n  has in d eed

b een  r e l i e v e d  by a downward d is p la c e m e n t  o f  G -  8 and a

con seq u en t upward r o t a t i o n  o f  C-7 p ro d u c in g  a q u a s i  -

b o a t  r i n g  B c o n fo r n a t io n  (5 5 )  can be s e e n  from a c a r e f u l

s tu d y  o f  th e  n . n . r ,  spectrum  of a n h y d r o n a r ru b i in .  A l l

o th e r  n a r r u b i in  d e r i v a t i v e s  c o n t a in in g  th e  C -  4? C ~ 6

l a c t o n e  r i n g  show a c o l la p s e d  t r i p l e t  i n  t h e i r  n . n . r .

s p e c t r a  a t  about 5*30 a t t r i b u t a b l e  t o  II—6. In

a n h y d ro n a rru b iin  however t h i s  r e s o n a n c e  i s  s h i f t e d

d o w n f ie ld  to  4*97 't and has a much w ider spread  ( s e x t e t ;

JTT c TT r^5 and JTT c O T T  r 7 ” 8 c . / s e c . ) .  The d ih e d r a l  H-5>H"*o Ib 'O ; 2 H - ; '  '

s ing les  b etw een  th e  p ro to n s  at C-5? C -6, C~7 and C-8 i n  th e  

b o a t  form would be e x p e c te d  t o  r e s u l t  i n  s p in  -  s p in  

c o u p l in g  c o n s t a n t s  o f  a p p r o x im a te ly  th e  m agnitude found  

( see  f i g u r e  1 ) .

Under c o n d i t io n s  w hich are  known t o  le a d  t o  t r a n s o id  

e l im in a t io n . ,  phosphorus t r i c h l o r i d e  or phosphorus  

o x y c h lo r id o  i n  p y r i d i n e ,  th e  major p rod u ct  i s  th e  endo-  

o l e f i n  ( 4 6 ) as would be e x p e c te d  s i n c e  H ~ 8 and th e
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C -  9 h y d ro x y l  group ar e  b o t h  a x i a l .  The o i l y  m ix tu res  

o b ta in e d  r a n  as one sym m etric a, 1 sp o t  on t h i n  l a y e r  

chrom atography and no s e p a r a t io n  co u ld  be e f f e c t e d  e i t h e r  

on s i l i c a  g e l  or on s i l i c a  g e l  im p regn ated  w i th  s i l v e r  

n i t r a t e .  However an e s t im a te  o f  th e  c o m p o s i t io n s  o f  th e  

m ix tu r e s  was made on th e  b a s i s  o f  t h e i r  n .rn .r .  s p e c t r a .  

C a r e fu l  i n t e g r a t i o n  o f  the r e s o n a n c e  o f  th e  j$ -  fu ra n  

p r o to n  v e r s u s  th a t  o f  t  he H -  6 p lu s  II -  11 p r o to n s  gave  

a r a t i o  o f  n e a r ly  e x a c t l y  I s  2 f o r  anhydrom arrubiin  but  

1 s 1 . 3  f o r  th e  r e a c t i o n  w ith  phosphorus o x y c h lo r id e  -  

p y r id in e  and 1 % 1 . 2 5  f ° r  th a t  w ith  phosphorus t r i c h l o r i d e -  

p y r i d i n e .  The p r o p o r t io n  o f  o l e f i n s  ( 4 6 ) s (J a )  

p r e s e n t  was t h e r e f o r e  a p p r o x im a te ly  7 • 3 and 3 * 1 

r e s p e c t i v e l y .  In  an a ttem p ted  p a r t i a l  s e p a r a t io n  o f  t h e s e  

i s o m e r s  th e  p h o sp h o ry l c h lo r id e  -  p y r id in e  prod u ct  was 

s u b j e c t e d  t o  p r e p a r a t iv e  t . l . c .  The r e s u l t i n g  a p p a r e n t ly  

homogeneous band was h a lv e d  w ith  r e s p e c t  t o  p o l a r i t y  and 

th e  two e x t r a c t s  s u b j e c t e d  t o  a n a l y s i s  by n .rn .r .  However 

t h e i r  c o m p o s it io n  appeared to  be a lm ost  i d e n t i c a l  

( s e e  t a b l e  1 ) ,  Furtherm ore tr e a tm e n t  o f  t h i s  m ix tu r e  

w ith  dry hydrogen  c h lo r id e  i n  ch lo r o fo r m  produced v e r y  

l i t t l e  i s o n e r i s a t i o n  (n .rn .r .  e v i d e n c e ) .  The p o s s i b i l i t y  

o f  rearrangem en t o f  a f i r s t  formed & o l e f i n  i n t o

8 ( 9 )i t s  ' iso m er  under th e  d e h y d r a t io n  c o n d i t io n s

was c o n s id e r e d .  However, anhydrom arrubiin  m.p* 95 -  96°  

(r e p o r te d ^  v a lu e  9 8 °)  v?as r e c o v e r e d  a p p a r e n t ly  unchanged  

(a s  seen  from i t s  n .rn .r . spectrum ) from trea tm en t  w ith  

p h o sp h o ry l c h lo r id e  i n  m o is t  p y r id in e  a t  r e f l u x .



T etrah yd rom arru b iin  (3^) on  t r e a tm e n t  w ith  phosphorus

t r i c h l o r i d e  i n  r e f l u x i n g  benzene a f fo r d e d  th e

co r r e sp o n d in g  anhydro compound (3 3 )  n .p .  1 2 4 ° w hich  i n

i t s  n .rn .r .  s p e c tr u n  e x h i b i t s  a s e x t e t  a t  5*00 "£ (\7±_ =
2

18 c . / s e c . )  f r o n  th e  C-6 p r o to n .  However r e a c t i o n  w ith  

r e d i s t i l l e d  p h o sp h o ry l c h lo r id e  i n  dry  r e f l u x i n g  p y r id in e  

f a i l e d  t o  g iv e  th e  m ix tu re  o f  endo and exo o l e f i n s  as  

e x p e c te d  by a n a lo g y  w ith  n a r r u b i in .  T h is  re se c t io n  was 

r e p e a te d  s e v e r a l  t im e s  under v a r y in g  c o n d i t io n s  but i n  

no c a s e  c o u ld  any p rod u ct  be i s o l a t e d .

F u r th er  C o n s t i t u e n t s  o f  Marrubiun v u lg a r e

An a c e to n e  e x t r a c t  o f  th e  whole horehound p la n t  was

p a r t i a l l y  s e p a r a te d  i n t o  i t s  components by column

chrom atography over  a lum ina . The e a r l y  f r a c t i o n s

c o n ta in e d  th e  hydrocarbon  waxes d e s c r ib e d  by Burn and

R ig b y ^ -. M arru b iin  was e lu t e d  n e x t  a lo n g  w ith

c h lo r o p h y l l  and a f t e r  s e v e r a l  c r y s t a l l i s a t i o n s  from

e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m  was o b ta in e d  as

c o l o u r l e s s  n e e d le s  n .p .  159 -  1 6 0 ° .  Two f u r t h e r

compounds were e l u t e d  and u l t i m a t e l y  s e p a r a te d  by

r e p e a te d  p r e p a r a t iv e  t h i n  la y e r  chrom atography.

The l e s s  p o la r  compound (5 6 a )  was o b ta in e d  as a

dark co lo u r ed  o i l  w hich  cou ld  not be in d u ced  t o

c r y s t a l l i s e  and as a r e s u l t  no s a t i s f a c t o r y  a n a l y s i s

f i g u r e s  were o b ta in e d .  A mass s p e c t r o n e t r i c  m o le c u la r

w eig h t  d e te r m in a t io n  corresp on d ed  t o  a m o le c u la r  formula,

o f  Co J3-,„0c . I n  k e e p in g  w ith  i t s  ch rom atograp h ic  
.̂U pu p

p o l a r i t y  th e  compound c o n ta in s  a h y d ro x y l  group as  s e e n
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from th e  f r e q u e n c ie s  a t  36IO and 3530 cn  ̂ i n  i t s  i . r .  

spectrum . The peak a t  I 78O cm  ̂ i n d i c a t e d  t h a t  th e  

1 - l a c t o n e  group o f  n a r r u b i in  was a l s o  p r e s e n t  (1778  

cm  ̂ i n  n a r r u b i i n ) . None o f  the  c h a r a c t e r i s t i c  fu r a n  

peak s  were p r e s e n t  and t h i s  s u g g e s t e d  th a t  th e  main  

d i f f e r e n c e  betw een  n a r r u b i in  and t h i s  compound l a y  i n  th e  

n a tu re  o f  t h e  s i d e  c h a in .

These f i n d i n g s  were confirm ed  by a s tu d y  o f  i t s  n .m .r .  

spectrum . The C-6 p r o to n  appears as  th e  t y p i c a l  i l l -  

r e s o lv e d  t r i p l e t  a t  5*30 X w i th  a m u l t i p l e t  w id th  o f  

10 c . / s e c .  (5 -2 5  X l J = 6 c . / s e c .  i n  n a r r u b i i n ) .  The 

s i g n a l s  from th e  p r o to n  a d ja c e n t  t o  th e  h y d ro x y l group  

appear as broad s i n g l e t s  a t  4 -3 8  X (•§■ H) and 4*56 \  (■§■ Id), 

at  lo w er  f i e l d  th a n  e x p e c te d  f o r  a seco n d a ry  h y d ro x y l  

group s u g g e s t i n g  a h e n i - a c e t a l  h y d r o x y l ,  l a t e r  confirm ed  

by i t s  ch em ica l b e h a v io u r .  The two p r o to n s  on the. carbon  

atom a d ja c e n t  t o  th e  e t h e r e a l  h e n i - a c e t a l  oxygen g iv e  

r i s e  t o  a v e r y  d i f f u s e  m u l t i p l e t  a t  5*7 ~ 6 . 4  X  • The 

f i f t h  o x y g e n  atom co u ld  n o t  be d e t e c t e d  by s p e c t r o s c o p ic  

methods and was assumed t o  bo p r e s e n t  as an e t h e r  l in k a g e  

( o f  th e  d i e t h e r  (5 7 )  from S o l id a g o  c a n a d e n s i s ) ^ .  M ethyl  

groups g iv e  r i s e  t o  r e s o n a n c e s  a t  8 .6 6  /Y ( s i n g l e t  5 

t e r t i a r y  m e t h y l ) ,  8 .8 7  (broad  s i n g l e t  5 t e r t i a r y  

m eth y l)  and 9*04 "t (d o u b le t  ; J = 6 c . / s e c . ,  seco n d a ry  

m e t h y l ) .

£1
T his  compound was r e a d i l y  o x i d i s e d  w ith  S a r e t t * s ‘ 

r e a g e n t  to  th e  c o r r e s p o n d in g  c r y s t a l l i n e  d i l a c t o n e  ( 56b)  

C20II28°5  * n ,I ) ’ 17 9 - 1 Q 5 ° > - + 9°* I n  th e  i . r .  t h e r e



are  carb on yl  f r e q u e n c i e s ,  at  1797 and 177$ on The

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

to  t h e  l a c t o n e  formed by o x i d a t i o n  o f  t h e  h e n i - a c e t a l  r i n g ,

t h e  h ig h  v a lu e  b e i n g  caused by th e  oxygen atom a t t a c h e d  to

the  carbon a t o n .  The n . n . r .  spectrum e x h i b i t s  s i g n a l s

f r o n  one s econ dary  ( 9 -0 5  ~ I 3H) and two t e r t i a r y  ( 8 . 8 6

and 8 . 6 5  1 , JK each) methyl  g rou ps .  A lso  a p p a r e n t ,  i n

a d d i t i o n  t o  th e  t r i p l e t  at  5*28 "t- due t o  t h e  C- 6  p r o t o n

are  two d i f f u s e  q u a r t e t s ,  one c e n tr e d  a t  5 . 6 8  "6 ( 211-16 ;

J - 1 0 c . / s e c . )  and th e  o th e r  at  7*28 X (211-14 ? J = 17 c * /

s e c . ) .  The d i f f u s e  natu re  of  t h e s e  q u a r t e t s  i s

e x p l i c a b l e  i n  t e r n s  of  a C-13 e p i n e r i c  m ix tu r e .  The

d i l a c t o n e  can th u s  be form u la ted  as  ( 56b)  and th e  p aren t

a l c o h o l  a s  ( 36a ) .  The n . n . r .  s p e c t r a  o f  t h e s e  compounds

s u g g e s t e d  t h a t  th e  h e n i - a c e t a l  i s  i n  f a c t  a m ix tu re  of

e p i n e r s  at  one or more c e n t r e s  (C-13 and C-15 ? ) •

23I t  i s  o f  i n t e r e s t  t h a t  R i v e t t  has  i s o l a t e d  f r o n  

L e o n o t i s  l o o n u r i s , n a r r u b i i n  and one o f  the  e p i n e r s  o f  

th e  d i l a c t o n e .  I n  an attempt  t o  s e p a r a t e  t h e s e  d i l a c t o n e  

i s o m e r s  the m ix tu re  was s u b j e c t e d  t o  r e p e a t e d  t . l . c .  over  

t h e  g r e a t e r  l e n g t h  o f  a 20 X 500 cm p l a t e .  The r e s u l t i n g  

a p p a r e n t ly  homogeneous band was q u a r te r e d  w i th  r e s p e c t  t o  

p o l a r i t y .  A l l  f o u r  e x t r a c t s  were c r y s t a l l i s e d  f r o n  e t h y l  

a c e t a t e  -  l i g h t  p e tr o le u m  and had, from l e a s t  p o l a r  th rough  t o  

most p o l a r ,  n . p .  211 -  214° ,  103 -  1 8 4 ° ,  180 -  1 8 2 ° ,
Q

179 ~ 182 r e s p e c t i v e l y .  The f i r s t  e x t r a c t  was 

r e c r y s t a l l i s e d  end had n . p .  225 -  2 3 0 ° .  D ir e c t  

comparison  o f  t h i s  i som er  w i t h  an a u t h e n t i c  sample of  the
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d i l a c t o n e  f r o n  L e o n o t i s  l e o n u r i s  r e v e a l e d  t h a t  th e  two 

compounds were i n  f a c t  i d e n t i c a l  ( s e e  E x p er im en ta l  

s e c  b i o n ) .

Firm support  f o r  t h e  c o n c l u s i o n s  c o n c e r n i n g  th e  

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

c o n v e r s i o n  i n t o  n a r r u b i i n .  This  was c a r r i e d  out by  

h e a t i n g  the  compound w i t h  t o l u e n e - p - s u l p h o n y l  c h l o r i d e  

i n  p y r i d i n e .  The n a r r u b i i n  th u s  o b t a in e d  was 

i d e n t i f i e d  by d i r e c t  comparison  w i t h  an a u t h e n t i c  sample .

That the  more p o l a r  compound n . p .  1 3 9 -1 4 0 °  was i n  

f a c t  n.arrubencl  ( 2c)  t h e  p rod u ct  o f  l i t h i u m  aluminium  

hydri.de r e d u c t i o n  o f  n a r r u b i i n  was shown by d i r e c t  

comparison w i t h  an a u t h e n t i c  sample o f  marrubenol and by  

i t s  c o n v e r s i o n  i n t o  and d i r e c t  comparison w i t h  a u t h e n t i c  

samples  o f  marrubenol m onoaceta te  ( 2d) th e  k e t o  a ld ehyd e  

(2.4)  and the  e t h e r  (39 )  n . p .  1 2 4 - 1 2 5 ° .  Marrubenol was 

o b ta in e d  as  an o i l  and was c r y s t a l l i s e d  w i t h  d i f f i c u l t y  

from e t h e r  -  l i g h t  p e tr o le u m .  I n  i t s  n . n . r .  spectrum  

are s i g n a l s  from one s eco n d a ry  ( 9 - 0 8  X (d)  $ J = 6c . / s e c . )  

a id  two t e r t i a r y  methyl ( 8 . 9 9  ( s )  and 8 . 7 4  ^  ( s ) )  groups ,  

geminal  -CEo0H r e s o n a n c e s  appear as  two d o u b l e t s  w i t h  a  

r e p a r a t i o n  i n  e x c e s s  o f  1 p .p .m .  ( a t  5*68 and 6 , 8 2  X  

(1H e a c h ) 5 J = 12 c . / s e c . ) .  T h is  l a r g e  s e p a r a t i o n  i s  

caused  by the  i n t e r a c t i o n  o f  t h e  -CH^OH p r o t o n s  w i t h  t h e  

C-20 m ethy l  group.  Marrubenol on t r e a tm e n t  w i t h  S a r e t t ’ s 

r e a g e n t  gave t h e  k e t o  a ldeh yd e  ( 2 f )  m.p. 110 - 111° which  

shows two ca r b o n y l  f r e q u e n c i e s  i n  t h e  i . r .  a t  1713 and 

1702; cm 'E I n  t h e  n . n . r .  th e  a ld eh y d e  p r o t o n  appears

The
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a t  - 0 . 4 2  't as a cl o u t l e t  w i t h  a s e p a r a t i o n  o f  1 c . / s e c .  , 

th e  s i n g l e t  a,t 6.74  X "being a t t r i b u t a b l e  t o  t h e  C-5  p roton .  

Marrubenol ? on a c e t y l a t i c n  under m i ld  c o n d i t i o n s  gave the  

oi l jr  n o n o a c e t a t e  ( 2 d ) .  I n  i t s  n . n . r .  spectrum i t  e x h i b i t s  

an AB q u a r t e t  c e n t r e d  a t  5*44  ^ t o  th e  CĤ - OAc grou p in g  

and a t r i p l e t  a t  5*66 % f r o n  th e  p r o to n  a d j a c e n t  t o  th e  

0 -6  h yd roxy l  f u n c t i o n .  However on t r e a t n e n t  w i t h  a c e t i c

a n h y d r i d e - p y r i d i n e  at  r o c n  tenpera. turo  f o r  t h r e e  days th e

21 oo i l y  d ia c e ta te  ( 2 i )  (rep orted  n .p .  102-103 ) was formed.

On at tem p ted  p - b r o n o - b c n z e n e s u l p h o n a t io n  t h e  e t h e r  ( 3 9 )

n . p .  124- 125° wa,s o b t a in e d  as th e  s o l e  p r o d u c t .

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

n a r r u b i i n  have a l l  i n v o l v e d  t h e  use  o f  r a t h e r  v i g o r o u s  

c o n d i t i o n s s  namely S o x h l e t  e x t r a c t i o n  o f  th e  p l a n t  w i t h  

a c e t o n e ,  d i s s o l u t i o n  of  an e x t r a c t  i n  r e f l u x i n g  e t h a n o l  or 

column chromatography over  alumina,. However under nuch  

m il d e r  c o n d i t i o n s  ( s h a k i n g  w i th  c o l d  a c e t o n e  f o r  30 m in u te s )  

t h e  dark g ree n  o i l  o b ta in e d  shows a s i g n i f i c a n t  d i f f e r e n c e  

i n  t . l . c .  b e h a v io u r .  Thus n o r m a l ly ,  th e  major E h r l i c h -  

a c t i v e  spot  i s  tha,t a r i s i n g  f r o n  n a r r u b i i n  but  under t h e s e  

m il d e r  c o n d i t i o n s  t h i s  sp o t  i s  ab sen t  and i s  r e p l a c e d  by  

one o f  low er  p o l a r i t y .  T h is  new compound has  been  

i s o l a t e d  by  e x c e e d i n g l y  c a n e f u l  p r e p a r a t i v e  t . l . c .  but  

f a i l e d  to  c r y s t a l l i s e .  The a n a l y t i c a l  f i g u r e s  i n d i c a t e d  

a m o le c u l a r  form ula  o f  showing t h a t  t h e  new

d i t e r p e n e ,  named p rem a rr u b i in  ( 5 8 )> was i s o m e r i c  w i t h  

n a r r u b i i n .  I n  i t s  i . r .  spectrum i t  e x h i b i t s



a b s o r p t i o n  a t  1778 cm  ̂c h a r a c t e r i s t i c  o f  a # - l a c t o n e  but

s i g n i f i c a n t l y  t h e r e  are no peaks  a t t r i b u t a b l e  t o  e i t h e r  a

h y d ro x y l  group or a  ̂ s u b s t i t u t e d  fu r a n  r i n g .  The n . n . r .  

spectrum has  c e r t a i n  f e a t u r e s  i n  common w i th  t h a t  o f  

n a r r u b i i n ,  namely r e s o n a n c e s  a r i s i n g  f r o n  one s eco n d a ry  

( d o u b l e t  at 9*13 X ; J = 6 c . / s e c . )  and two t e r t i a r y

m eth y l  groups ( s i n g l e t s  a t  8 . 8 5  &n8 8 . 9 8  X ) w h i l e  t h a t

from H -  6 appears  as the  t y p i c a l  broadened  t r i p l e t  at  

5.44 x  ( j  = 5 o . /  s e c . ) .  However t h e  c h a r a c t e r i s t i c  s i g n a l s  

f r o n  one and two X p r o t o n s  on th e  furan  r i n g  are  n o t a b l y  

a b sen t  and are  r e p l a c e d  by r e s o n a n c e s  from fo u r  p r o to n s  

which  g i v e  r i s e  t o  two AB q u a r t e t s ,  one f r o n  an e n o l  e t h e r  

at  3 . 6 4  and 4»95 X (J = 2c / s e c . )  and th e  o th e r  from 

-GHg 0 -  at  5 . 67 and 6 . 0 3  (J = 1 0 c / s o c . ) .  These d a t a  are  

c o n s i s t e n t  w i t h  a s t r u c t u r e  ( 5 8 ) c o n t a i n i n g  two e t h e r e a l  

grou p s .  P r o o f  f o r  t h i s  s t r u c t u r e  f o l l o w s  f r o n  i t s  rea d y  

c o n v e r s i o n  i n t o  n a r r u b i i n  by d i s t i l l a t i o n  i n  v a c u o ,  h e a t i n g  

i n  r e f l u x i n g  s o l v e n t s  or by d i s s o l u t i o n  i n  ch lor o for m .

I n  c o n t r a s t  t o  t h e  a n a lo g o u s  s p i r o - e t h e r s  from S>. 

c a n a d e n s i s ^  and t h e  h e n i - a c e t a l s  d e s c r i b e d  above  

p rem arr u b i in  i s ,  on the  b a s i s  o f  i t s  n . n . r .  spectrum ,  not  

a m ix tu re  o f  C -  13 e p i n e r s .

The i s o l a t i o n  o f  compounds o f  th e  ty p e  ( 56a) and(58)  

n i g h t  i n d i c a t e  a b i o g e n e t i c  pathway t o  b i c y c l i c  d i t e r p e n o i d s  

w i t h  a C -  9 t e r t i a r y  h y d ro x y l  f u n c t i o n  and a, (3 ~ s u b s t i t u t e d  

fu ra n  r i n g  i n  th e  s i d e  c h a in .  A p o s s i b l e  b i o g e n e t i c  scheme 

i s  o u t l i n e d  i n  f i g u r e  2 • S ide  c h a in  o x y g e n a t io n

r e p r e s e n t i n g  a l l  s t a g e s ,  ex ce pt  th e  hydroxy -  a ld eh yde  have
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been found i n  ditorxuenoids of n a tu ra l provenance.

I n t r o d u c t i o n  o f  oxygen i n t o  the  a l l y l i c  p o s i t i o n  i n  t h e

s i d e  c h a in  d e r i v e d  f r o n  g e r a n y l  -  l i n a l o o l  a f f o r d s  a d i o l .

A compound w i th  such a grouping  i n  t h e  s i d e  c h a in  i s  m eth y l

/  2s c i a d o p a t e  (59)  ? i s o l a t e d  r f r o n  S c i a d o p i t y s  v e r t i c i l l a t a , ,

a p l a n t  f r o n  which s e v e r a -1 f u r a n o id  d i t e r p e n e s  have b een

o b t a i n e d .  F u rth er  o x i d a t i o n  p rod u ces  th e  h y d r o x y -a ld e h y d e

which  on c y c l i s a t i o n  a f f o r d s  the  h e n i  -  a c e t a l .

D e h y dr a t io n  f u r n i s h e s  the  dihydro -  fu r a n  r i n g ,  a system

which has  been  o b t a in e d  f r o n  b oth  Marrubiun v u l g a r e  and

S o l i d a g o  c a n a d e n s i s , th e  source  o f  th e  n a r r u b i i n  -  r e l a t e d

compound, s o l i d a g e n o n e  (6 o ) . Both  t h e s e  fu r a n  p r e c u r s o r s

have a C -  1 3 j C -  9 o t h e r  l i n k a g e ,  as  do a l s o  g r i n d e l i c
1 3a c i d  (21 )  and i t s  c o n g e n e r s ,  i s o l a t e d  f r o n  t h e  r e s i n  o f  

G r i n d e l i a  r o b u s t a . I n  a d d i t i o n  t h i s  sy s te m  i s  found i n  th e  

d i l a c t o n e  ( 56b) f r o n  L e o n o t i s  l e o n u r i s  and l a g o c h i l i n  ( 6 1 ) ,  

t h e  t e t r o l  f r o n rr L a g o c h i l u s  i n e b r i a n s .

Attempted s y n t h e s i s  o f  "compound YH.

While p r e p a r i n g  compounds r e q u i r e d  f o r  th e  e l u c i d a t i o n

o f  th e  s t r u c t u r e  f r o n  S o l id a g o  s ero  t i n a  ( v i d e  i n f r a )  i t

was found t h a t  c e r t a i n  a l l y l i c  and h o m o a l l y l i c  a l c o h o l s ,

a c e t a t e s  and m ethyl  e s t e r s  on t r ea tm en t  w i t h  chromium

t r i o x i d e  -  p y r i d i n e  a t  20° r e a c t  t o  form 0/^- u n s a t u r a t e d

k e t o n e s  by th e  i n t r o d u c t i o n  o f  an oxygen atom i n t o  an

a l l y l i c  p o s i t i o n .  As an e x t e n s i o n  o f  t h i s  work i t  was

c o n s id e r e d  t h a t  o x i d a t i o n  o f  a s u i t a b l e  n a r r u b i i n
5

d e r i v a t i v e  might  a f f o r d  th e  4 -  7 “ k e t o  f u n c t i o n
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fo u n d  i n  "compound Y” ( 62a) one o f  t h e  d i t e r p e n o i d s  

i s o l a t e d  r f r o n th e  l e a v e s  o f  L e o n o t i s  l e o n u r i s . S in c e  the  

s t e r e o c h e m i s t r y  a t  a l l  th e  asymmetric c e n t r e s  i s  th e  sane  

i n  compound Y as i n  n a r r u b i i n  t h i s  o x i d a t i v e  s t e p  cou ld  

form th e  b a s i s  o f  a s y n t h e s i s  o f  "Y" from n a r r u b i i n .

The i n i t i a l  scheme e n v i s a g e d  th e  c o n v e r s i o n  o f  th e  

known m o n o -a c e ta te  ( 2d) i n t o  th e  o l e f i n  ( 63a) by t r e a tm e n t  

w it h  t o l u e n e - p - s u l p h o n y l  c h l o r i d e  i n  p y r i d i n e  a t  room 

t e m p e r a tu r e ,  a method d e s c r ib e d  e a r l i e r  f o r  t h e  h y d r o x y -a c id  

(45 )  hy Burn and R i g b y ^ .  These m ild  c o n d i t i o n s ,  however ,  

l e f t  t h e  m o n o -a c e ta te  u n r e a c to d .  When th e  r e a c t i o n  was 

c a r r i e d  out i n  r e f l u x i n g  p y r i d i n e  t h e  major product  was th e

SO^, m.p. 110°

w h i l e  t h e  r e q u i r e d  o i l y  o l e f i n  ( 63 a) ^22^32^4 accoun^e(  ̂ ^or  

o n l y  Gfo o f  th e  m ix tu r e .  The n . n . r .  spectrum o f  t h e  t o s y l a t e  

e x h i b i t s  r e s o n a n c e s  a t  4*77 (1H, C -  6 j I 1 = 7 c . / s e c . )  

and a q u a r t e t

* A minor product  o b ta in e d  i n  t h e  a c e t y l a t i o n  o f

marrubenol was t h e  c r y s t a l l i n e  h y d r o x y - a c e t a t e  C22H ^ 0 ,-

m.p.  179°  which can be form u la ted  as ( 2 k ) .  I n  i t s  n . n . r .

spectrum th e  r e s o n a n c e s  o f  t h e  two C -  19 primary h y d r o x y l

p r o t o n s  appear as a q u a r t e t  c e n tr e d  a t  6 . 2 9  (J = 11 c . / s e c . )

w h i l e  the  C -  6 p r o to n  o f  th e  s eco n d a ry  a c e t a t e  f u n c t i o n

r e s o n a t e s  as  a m u l t i p l e t  at  'X 4*4 (Wi_ = 7 c . / s e c . ) .
s

c r y s t a l l i n e  a c e t o x y  -  t o s y l a t e  ( 2 j )  C2 qH.q
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a t  X 5*53 and 6 . 2  (2H, C -  19 ? J = 10 c . / s e c . )  5 t h a t  of  

the  o l e f i n  has a t r i p l e t  at  % 4 . 2 9  (1H, 0 -  6 5 J = 3 c . / s e c . )  

and a q u a r t e t  cen tr e d  at  6 .0 0  (1H, C -  19 5 J = 11 c . / s e c . ) .  

Treatment o f  t h e  t o s y l a t e  ( 2 j )  w i th  r e f l u x i n g  p y r i d i n e ,  

c o l l i d i n e  or p y r i d i n e  c o n t a i n i n g  t o l u e n e - p - s u l p h o n y l  c h l o r i d e  

f a i l e d  t o  e l i m i n a t e  t o l u e n e - p - s u l p h o n i c  a c i d .

R ed u c t io n  w i th  e i t h e r  l i t h i u m  aluminium h y d r id e  or

sodium horoh yd r id e  o f  th e  a c e t o x y  -  t o s y l a t e  ( 2 j )  a f f o r d e d

as th e  major product  a c r y s t a l l i n e  compound m.p 123 -  1 2 4 °

whose n .m . r .  spectrum was i d e n t i c a l  t o  t h a t  o f  t h e  e t h e r  ( 3 9 )
28formed p r e v i o u s l y  from tr e a tm e n t  o f  marrubenol w i t h  p-bromo-  

benzene  su lp h o n y l  c h l o r i d e .  The fo r m a t io n  o f  t h i s  compound 

can be r a t i o n a l i s e d  i n  terms of a n u c l e o p h i l i c  d i s p la c e m e n t  

o f  the second ary  t o s y l a t e  f u n c t i o n  by the  newly formed  

primary a l c o h o l .

S ince  methyl  e s t e r s  appear t o  be as  e f f i c i e n t  as 

a c e t o x y  groups i n  a i d i n g  th e  i n t r o d u c t i o n  o f  an a l l y l i c  

k e to n e  th e  p r e p a r a t i o n  o f  t h e  c o r r e s p o n d in g  o l e f i n i c  e s t e r  

was u ndertaken  w i th  a v iew  t o  s u b j e c t i n g  i t  t o  chromium 

t r i o x i d e  -  p y r i d i n e  o x i d a t i o n .  The s t a r t i n g  m a t e r i a l  f o r  

t h i s  s y n t h e s i s  was marrubic a c i d  ( 2a) which was c o n v e r te d  

i n t o  the  o l e f i n  by t rea tm en t  w ith  t o l u e n e - p - s u l p h o n y l  

c h l o r i d e  i n  p y r i d i n e .  The t em p era tu re  a t  v/hich t h i s  r e a c t i o n  

was c a r r i e d  out proved t o  be c r i t i c a l  s i n c e  d i f f e r e n t  p ro d u cts  

were formed under d i f f e r e n t  c o n d i t i o n s .  When th e  r e a c t i o n  

was c a r r i e d  out at 20° f o r  fou r  days th e  m ix tu re  o f  a c i d s  

o b ta in e d  was im m ed ia te ly  e s t e r i f i e d  w i th  d iazomethane and 

t h e  product  chromatographed over  a lum ina .  The l e a s t  p o l a r
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compound was tho r e q u ir e d  o i l y  o l e f i n i c - c s t e r  Co-,H™0 ,
21  50 4

( 63b) i n  a p p ro x im a te ly  48f0 y i e l d  (of. the  52fo y i e l d  o f
l/i

Burn and Rigby r) . I n  i t s  n .m . r .  sp>ectrum t h e  C -  6 

v i n y l i c  p r o to n  r e s o n a t e s  as a t r i p l e t  at  "X 4 . 1 7  ( j  = 3 c . / s e c . )  

The compound o f  i n t e r m e d i a t e  p o l a r i t y  proved t o  be methyl  

marrubate ( 2b) ( n . m . r . ) .  The f i n a l  f r a c t i o n s  c r y s t a l l i s e d  

s p o n t a n e o u s ly  and con ta in ed  o n ly  m arru b i in .  I n  a f u r t h e r  

exper im ent  m arru b i ic  a c id  ( 2a) i n  warm ( 7 0 °)  p y r i d i n e  was 

t r e a t e d  w i th  a l a r g e  e x c e s s  o f  t o l u e n e - p - s u l p h o n y l  c h l o r i d e  

f o r  65 h o u r s ,  f o l l o w e d  by d i a z c m e t h y l a t i o n  as b e f o r e .  In  

a d d i t i o n  to  t h e  o l e f i n  and m arru b i in  a t h i r d  major p roduct  

was formed. C r y s t a l l i s a t i o n  a f f o r d e d  t h i s  furano -  su lp h o x id e  

(6 4 )  C2yH^S0g as a sharp m e l t i n g  s o l i d  m.p.  129°* That i t  

s t i l l  c o n t a i n s  the  C -  9 t e r t i a r y  hydroxy l  f u n c t i o n  and t h e  

y - l a c t o n e  i s  e v i d e n t  from t h e  a b s o r p t i o n  a t  36IO, 3 5 2 0 , 

and 1772 cm  ̂ i n  th e  i . r .  I n  i t s  n .m .r .  spectrum th e  t y p i c a l  

p a t t e r n  o f  th e  t h r e e  furan  p r o to n s  i s  absent  and i s  r e p l a c e d  

by two d o u b l e t s  at  % 2 .53  and 3 . 6 3  ( j  = 2 c . / s e c . )  i n d i c a t i n g  

t h a t  the  s u b s t i t u e n t  must be a t t a c h e d  t o  C -  16 r a t h e r  than  

C -  15 .  Methyl marrubate (2b) was found t o  be co n v er te d  

q u a n t i t a t i v e l y  i n t o  the  o l e f i n  ( 63b) when kept  f o r  s e v e n  days  

at  20° w i th  t o l u e n e - p - s u l p h o n y l  c h l o r i d e  i n  p y r i d i n e .  When 

t h i s  exper iment  was re p e a te d  u s i n g  r e f l u x i n g  p y r i d i n e  f o r  

12 hours  the  amount o f  o l e f i n i c  -  e s t e r  r e c o v e r e d  was v e r y  

much l e s s  (a p p r o x im a te ly  72?o s based  on r e c o v e r e d  m a t e r i a l )  

and the  product  re q u ir e d  t o  be p u r i f i e d  by xoreparativo t . l . c .
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The e s t e r  ( 63b) was transformed i n t o  th e  o i l y  enone

( 62b ) ,  ^21^28^5 "̂n aPPr o x i ma t e l y  53$ y i e l d  (based  on m a t e r i a l  

r e c o v e r e d )  by r e a c t i o n  w i th  chromium t r i o x i d e  i n  p y r i d i n e  at  

room temperature  f o r  10 days .  I n  i t s  n . m . r .  spectrum th e  

r e s o n a n c e  o f  the C -  6 c l e f i n i c  p ro to n  has moved d o w n f i e ld  

t o  X  3*82 and i s  now a sharp s i n g l e t  as  ex p e c te d  s i n c e  th e  

a d ja c e n t  m ethy lene  p ro to n s  have been r e p l a c e d  by a carb on y l  

f u n c t i o n * .  The enone a b s o r p t i o n  i s  c l e a r l y  v i s i b l e  i n  i t s  

i . r .  spectrum a t  1680 cm \  th e  e s t e r  grouping  a pp ear in g  at  

1730 cm \  R ed uct ion  w i th  l i t h i u m  aluminium hyd r id e  a f fo r d e d  

a m ixture  of  two t r i o l s ,  i n  a p p ro x im a te ly  equal amounts which  

on S a r e t t  o x i d a t i o n  were con verted  i n t o  one o i l y  a ld ehyde  

(6 2 c )  ^20^26^4 ’ s ^Snu l s  from t h e  C -  6 o l e f i n i c  p r o to n

and th e  a ld e h y d i c  p r o to n  appear as s i n g l e t s  at  X  3»85 and 

0 . 7 7  r e s p e c t i v e l y ,  w h i le  i n  the  carb ony l  r e g i o n  o f  i t s  i . r .  

spectrum t h e r e  are peaks  at  1730 and 1680 cm  ̂ as e x p e c t e d .

The p e n u l t im a t e  s t e p  i n  th e  s y n t h e s i s  was t o  have been  

th e  c o n v e r s io n  o f  t h e  k e t o - a ld e h y d e  ( 62 g ) i n t o  th e  t h i o -  

a c e t a l ,  Raney n i c k e l  r e d u c t i o n  o f  which would have y i e l d e d  

th e  d e s i r e d  compound. However,  c o n d i t i o n s  have not  y e t  been  

found whereby t h i s  t h i o - a c e t a l  can be produced .  I n  s e v e r a l  

e x p e r im e n ts  o n ly  n o n - fu r a n o id  m a t e r i a l  was r e c o v e r e d .

As a r e s u l t  t h i s  r o u t e  was d i s c o n t i n u e d  and as an 

a l t e r n a t i v e  th e  f o l l o w i n g  scheme was d e v i s e d  i n  t h e  hope  

t h a t  th e  C -  9 hydroxyl group would a s s i s t  i n  oxygen i n s e r t i o n  

C -  7* The k e t o n e 4° ( 65a) was p repared  from m arru b i in  v i a  th e  

k e t o - a l d e h y d e  ( 2 f )  by r e d u c t i o n  o f  th e  d e r i v e d  o i l y  t h i o -  

a c e t a l  w ith  Raney n i c k e l  i n  a c e t o n e .  R e d uc t io n  w i t h  l i t h i u m
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aluminium hyd r id e  or sodium borohydride  o f  th e  ketono  

f u r n i s h e d  as t h e  major product t h e  o i l y  a l c o h o l  ( 65b)

020^32°3* axaa,l  n ature  of  th e  C -  6 h yd roxy l  f u n c t i o n

was deduced from the  h a l f - b a n d  width (7 c . / s e c . )  o f  t h e  

m u l t i p l e t  i n  i t s  n . n . r .  spectrum at  %  5»7» Treatment o f  

t h i s  a l c o h o l  w i th  methane su lphon y l  c h l o r i d e  i n  p y r i d i n e  at  

room temperature  ( c o n d i t i o n s  used p r e v i o u s l y ^  f o r  t h e  

p r e p a r a t i o n  o f  s o l i d a g - 5- e n e )  a f fo r d e d  th e  r e q u ir e d  o l e f i n  

( 6 3 c) ^20^3002 m.p.  133 -  135°j which shows i n  i t s  n .m . r .  

spectrum th e  r e son an ce  o f  the  C -  6 p r o to n  as a t r i p l e t  at

1  4 .3 5  (J = 3 c . / s e c . ) .

Treatment o f  t h i s  compound ?/ith e x c e s s  chromium t r i o x i d e  -  

p y r i d i n e  f o r  25 days f u r n i s h e d  m ain ly  one compound which  d id  

n ot  r e a c t  w i th  E h r l i c h * s  rea g e n t  i n d i c a t i n g  th a t  i t  no 

l o n g e r  c o n t a i n s  a fu ran  r i n g .  This was conf irmed by i t s  i . r .  

spectrum i n  which t h e  t y p i c a l  sharp band a t  about 875 cm”*1 

i s  ab sen t  as i s  any hydroxyl a b s o r p t i o n .  I n s t e a d ,  i n  the  

carb on y l  r e g i o n  t h e r e  are peaks a t  1 7 8 7 ? 1713? 1&77 1^57

cm 1 i n d i c a t i v e  o f  a )  - l a c t o n e  and an - u n s a t u r a t e d  

k e t o n e .  The mass spectrum shows a m o le c u la r  i o n  at  m/e =

276 c o rr espo n d in g  t o  a m o le c u la r  formula  o f  c 17H24°3 '  Thus 

t h e  c o n s t i t u t i o n  o f  t h i s  enone can be r e p r e s e n t e d  by ( 6 6 ) 

which i s  t h e  product  of  a l l y l i c  o x i d a t i o n  and c l e a v a g e  o f  the  

fu r a n  r i n g  t o  form an a c i d  which s u b s e q u e n t ly  l a c t o n i s e s  w i th  

t h e  0 - 9  t e r t i a r y  hydroxy l  group. A s i m i l a r  o x i d a t i o n  has  

b een  r e p o r t e d 1 0 ’ 11 f o r  s e v e r a l  marrubi in  d e r i v a t i v e s  u s i n g  

e i t h e r  p o tass iu m  permanganate or chromium t r i o x i d e  i n  a c e t i c  a c i d .
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Although t h o s e  r e a c t i o n s  have f a i l e d  t o  produce t h e

r e q u i r e d  "compound Y" th e  above o x i d a t i o n  o f  t h e  o l e f i n

( 6 3 c) i n d i c a t e s  t h a t  i t  i s  p o s s i b l e  t o  i n t r o d u c e  th e  

a 5&  -  7 -  k e to  system even when C -  19 i s  l a c k i n g  an

oxygen  f u n c t i o n .  Perhaps ,  the  r e a c t i o n  t ime was t o o  l o n g  

s i n c e  i n  t h e  o th e r  ( s h o r t e r )  o x i d a t i o n  o f  th e  methyl e s t e r  

( 63b) t h e r e  was v e r y  l i t t l e ,  i f  any,  l a c t o n i c  m a t e r i a l  i n  

t h e  p r o d u c t .  No f u r t h e r  work i n  t h i s  d i r e c t i o n  has y e t  

b een  done.
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Exper imenta l

Genera l  d e t a i l s .

M e l t in g  p o i n t s  were determined on a K o f l e r  h o t - s t a g e  

a p p aratu s  and are u n c o r r o c te d .  S p e c i f i c  r o t a t i o n s  r e f e r  t o  

c h lor o for m  s o l u t i o n s  at  room te m p e r a tu r e .  I n f r a  r e d  s o l u t i o n  

s p e c t r a  were rec o rd ed  on P er k in  Elmer 257 and 225 G r a t in g  

s p e c t r o m e t e r s .  M ic r o a n a ly s e s  were "by Mr. J.M.L. Cameron 

and h i s  s t a f f .  N uc lear  magnet ic  re s o n a n c e  spectra ,  were  

r e c o r d e d  on th e  P e r k i n  Elmer R 10 and V ar ian  A s s o c i a t e s  

T -  60 and HA -  100 s p e c tr o m e te r s  i n  d e u te r o c h lo r o fo r m  or 

carbon  t e t r a c h l o r i d e  u s i n g  t e t r a - n e t h y l s i l a n e  as i n t e r n a l  

s ta n d a r d .  Mass s p e c t r a  were run on A»E.I* M.S.  9 and M.S.

12 double  f o c u s s i n g  i n s t r u m e n t s .  Woelm grade 1 a lumina,

d e a c t i v a t e d  t o  th e  a p p r o p r ia te  grade a c c o r d in g  t o  Brockmann,  

was u sed  f o r  column chromatography.  For a n a l y t i c a l  and 

p r e p a r a t i v e  t h i n  l a y e r  chromatography ( t . l . c . )  ch r o m a to p la te s  

were made by th e  method o f  S t a h l  u s i n g  K i e s e l g e l  G (Merck).  

H yd roge nat ion s  were c a r r i e d  out i n  a S lo p in g - M a n i f o l d  

h yd rogen ator  at a tm ospher ic  p r e s s u r e  and tem p eratu re .
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E x tr a c t io n  of Marrubium vulgare L.

(a )  The c o a r s e l y  chopped d r ie d  whole p l a n t  (5  Kg) was

e x t r a c t e d  w i th  a c e to n e  (20 l )  f o r  43 hours  i n  a S o x h le t

a p p a r a tu s .  The a c e to n e  s o l u t i o n  was evap ora ted  and t h e

r e s u l t i n g  o i l  (00 g) d i g e s t e d  i n  b en zene .  The su p e r n a ta n t

l i q u i d  was decanted  and the  r e s i d u e  d i g e s t e d  w i t h  b enzene

t w i c e  more.  The combined s o l u t i o n s  were reduced  i n  volume

and chromatographed over alumina (2  Kg $ Spence grade 0 ) .

M arrub i in  ( l )  was e l u t e d  with  c h l o r o p h y l l  i n  ch loroform  -

l i g h t  p e tro leum  ( 1 s l ) .  The crude m arru b i in  thus

o b t a in e d  ( l 2g) was c r y s t a l l i s e d  s e v e r a l  t im e s  from e t h y l

a c e t a t e - l i g h t  petro leum  and had m.p.  159 -  =
CC1/l 1

33 ( c  = 1 . 5 ) s  ^  max 3 6 2 0 , 3585,  1778 ,  1740 ,  873 cm |
Eton

X max 214 mu ( l o g  €  = 3 *93)? n .m . r .  s i g n a l s  a t  5*31

X ( t ) ( l  H,C- 6 5 J = 6 c . / s e c . ) .  Methyl p ro to n s  (3 II each)

appeared at O.7 2  X  ( s )  (C -  2 0 ) ,  8 . 9 4  ( s )  (C -  18)  and at

9 . 0 3  (d) (C -  17 5 J = 6 c . / s e c . ) .  E l u t i o n  with  ch loroform

-  l i g h t  p e tro leum  (3 % 1 approx im ate ly )  a f f o r d e d  two f u r t h e r

compounds which were s e p a r a te d  by r e p e a t e d  p r e p a r a t i v e  t h i n

l a y e r  chromatography (ch loro form  c o n t a i n i n g  Y/o m e th a n o l ) .

The l e s s  p o l a r  compound, th e  h e m i - a c e t a l  (56a)  was o b ta in e d

as a dark co lo u r e d  o i l  which cou ld  not  be induced  t o
CCl

c r y s t a l l i s e s  m/e = 350 (M)? ^  max^ 3610,  3550 ,  1780 cm 5 

n . m . r .  s i g n a l s  at  4*58 ^ (broad s i n g l e t )  (-3- H ) , 4*56  

(broad s i n g l e t )  (-§• H ) , 5*50 X  ( t )  (1H, C -  6 5 Wp. = 10 c . / s e c . )  

and a v e r y  d i f f u s e  m u l t i p l e t  at 5-7  ~ 6 . 4  v (211, C- 1 6 ) .

Methyl p r o to n s  (3 H) appeared at 8 .6 6  X  ( s ) ( 0  -  2 0 ) ,  3 . 8 7  X ( s )  

(C -  18) and at 9^04 X (d ) (C  - 1 7  5 J = 6 c ; / s e c . ):
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The more p o la r  compound, marrubenol ( 2 c )  was o b ta in e d  as

an o i l  which c r y s t a l l i s e d  from d i e t h y l  e t h e r  -  l i g h t
CCi,

p e tr o le u m  and had m.p. 139 -  140°°, ^  max4 3 6 3 0 , 3 6 0 0 , 3 4 5 0 ,

3200 ,  872 cm . In  th e  n .m .r .  i t  e x h i b i t e d  a p a i r  o f  

d o u b l e t s  (1 H each ,  C -  19 5 J = 12 c . / s e c . )  at  5 -7 5  and 

6 . 8 8  . Methyl s i g n a l s  appeared a t  "t = 8 . 7 4  ( s ) ( C  -  20 ) ,

8 . 9 9  ( s ) ( C  -  18) and 9*08 (d)(C -  17 5 J = 6 c . / s e c . ) .  This  

compound was i d e n t i c a l  ( t . l . c . ,  m .p . ,  mixed m . p . ,  i . r . ,  and 

n . m . r . )  w i th  an a u t h e n t i c  sample o f  marrubenol o b ta in e d  by 

l i t h i u m  aluminium hyd r id e  r e d u c t i o n  o f  m arrub i in .  A ch lor o for m  

s o l u t i o n  o f  marrubenol was a l low e d  t o  s tand  f o r  s e v e r a l  days  

i n  b r i g h t  s u n l i g h t  and at th e  end of  t h i s  t im e i t  was found  

t h a t  i t  had decomposed c o m p le t e ly  i n t o  a l a r g e  number ( t . l . c . )  

o f  compounds more p o la r  than  marrubenol i t s e l f .  The n . m . r .  

spectrum of t h i s  m ixture  showed no e v i d e n c e  o f  fu ran  

ab s o r p t i o n .

(b )  The chopped whole  harehound p l a n t  (60g ) was shaken w i t h

c o l d  a c e t o n e  at  room temperature  f o r  30 m inutes  and a f t e r

removal o f  s o l v e n t  f u r n i s h e d  a dark gree n  o i l  ( 0 . 7 g)»

P r e p a r a t i v e  t . l . c .  (prewashed p l a t e s ,  r e d i s t i l l e d  s o l v e n t s ,

e t h y l  a c e t a t e  -  l i g h t  pe tro leum  3 ’ l )  gave as the  major

component th e  o i l y  e t h e r  (58 s 88 mg) $ & ]  _ = -  4 1 ° ( c  = 0 . 6  5 EtOH) 
CC1

^  max4 1778 cm"1 . (Founds C = 7 2 . 1 0 ,  H = 8 . 3 9  j C20H2804

r e q u i r e s  C = 7 2 . 2 6 ,  H = 8 .4 9 ^ )

C onvers ion  o f  t h e  e t h e r  (58)  i n t o  m a r r u b i i n .

The above e t h e r  was converted  i n t o  m arru b i in ,  m.p.  155 -  

1 5 7 ° ,  fiO = + 33°  ( c  = 0 . 9 5 )  by d i s t i l l a t i o n  i n  v a c u o ,  

h e a t i n g  f o r  t h r e e  hours i n  r e f l u x i n g  e th a n o l  or d i s s o l u t i o n  

i n  ch loro form .
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R ed u c t io n  o f  Marrubi in  ( 1 ) .

Marrubi in  ( l  g 2g) and e x c e s s  l i t h i u m  aluminium  

h y d r id e  were h ea ted  i n  dry r e f l u x i n g  t e t r a h y d r o f u r a n  

(100  ml) f o r  24 hours .  The e x c e s s  r e a g e n t  was decomposed  

hy t h e  c a u t i o u s  a d d i t i o n  o f  a s a t u r a t e d  sodium s u lp h a t e  

s o l u t i o n  and th e  complex aluminium s a l t s  f i l t e r e d  o f f .  

E v a p o r a t io n  o f  th e  s o lv e n t  a f f o r d e d  crude marrubenol ( l . 9 g )  

as  an o i l  which c r y s t a l l i s e d  from d i e t h y l  e t h e r  -  l i g h t  

p e tr o le u m  and had m.p.  143*5 -  1 4 4 *5 ° ( r ep o r ted * ^  1 3 8 ° ) .

A o e t y l a t i o n  o f  Marrubenol ( 2 c ) .

Marrubenol (2 c  s l * 2 g )  i n  dry p y r i d i n e  (50  ml) was

t r e a t e d  at  room temperature  f o r  12 hours  w i th  a c e t i c  anhydride

(50  m l ) .  The r e a c t i o n  m ixture  was poured on to  i c e *  e x t r a c t e d

w i t h  e t h y l  a c e t a t e  and washed w i th  b r i n e .  E vap orat ion  o f  the

s o l v e n t  a f f o r d e d  an o i l  ( 1 . 2 3  g) which was s e p a r a te d  i n t o  i t s

t h r e e  components by p r e p a r a t i v e  t . l . c .  ( c h lo r o f o r m ) .  The

l e a s t  p o l a r  compound was th e  o i l y  d i a c e t a t e  ( 2 i  g 125 mg) s 

) CC1A - 1v  max4 3630 ,  3550,  1740,  1235 ,  875 cm • The major p ro d u c t ,

t h e  m on oaceta te  A (2d s 933 mg) was a l s o  an o i l j M - p .  = - 6 °
CCl

(o  = 0 . 8 ) ;  0  max4 J6 2 5 , 3590,  3565 ,  1752,  1730 ,  1 237 ,  073 cm- 1 .

I t  e x h i b i t e d  an AB q u ar te t  cen tr e d  a t  X  5*48 (2H, C -  19 I

J = 12 c . / s e c . ) ,  and a t r i p l e t  a t  5 .6 5 (1 H ,  C -  6 j Wi. =

6 c . / s e c ) .  Methyl p ro tons  (3 H) appeared at 't 8*73 ( s )

(C -  2 0 ) ,  8.97  ( s ) ( C  -  18) and 9*00 (d )  (C -  17 5 J = 6 c . / s e c . ) .

C r y s t a l l i s a t i o n  o f  th e  most p o l a r  component (2k  s 30 mg) from

d i e t h y l  e t h e r  -  l i g h t  petro leum  f u r n i s h e d  th e  m on oaceta te  B
CHC1,

as  v e r y  f i n e  n e e d l e s ,  m.p.  179 ? ^  max 3^10,  3 5 0 0 , 1727 ,

872 cm ^5 n . m . r .  s i g n a l s  at  1 4 * 4  ( m) ( l H ,  C -  6 5 WjL = 7 c ° / s e c . )
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6 - 2 9  (q)(2JT, C -  19 j J = I l o . / s e c . ) ,  7*95 ( s ) ( O A c ) ,  8 .7 8  

and 8 . 9 7  ( s )  (3H each ,  2 x C -  GĤ ) and 9-07  (d )  (3H, C -  17 5 

J = 6 c . / s e c . ) .  (Found; C = 6 9 . 6 0 , H = 9*00 ; C ^H ^O ^

r e q u i r e s  C = 6 9 . 8 1 ,  II = 9 . 0 5 $ ) .

O x i d a t i o n  o f  Marrubenol ( 2 c ) .

Marrubenol (2c  1 430 mg) i n  dry  p y r i d i n e  (15 ml)  was

t r e a t e d  w i th  chromium t r i o x i d e  (500 mg) a t  room tem p era tu re

f o r  14 h o u r s .  Methanol (5 ml) was added and t h e  m ix tu re

a l l o w e d  t o  s tand f o r  15 m in u te s .  Mater (25 ml) and e t h y l

a c e t a t e  (30 ml) were th en  added and t h e  s o l u t i o n  a l lo w e d

to  s tand  f o r  a f u r t h e r  two h o u r s .  The s o l u t i o n  was f i l t e r e d

through c e l i t e ,  e x t r a c t e d  with  e t h y l  a c e t a t e ,  washed w i t h

b r i n e ,  d r ie d  over  anhydrous sodium s u l p h a t e  and e vap ora ted .

The crude product  (410 mg) was chromatographed over n e u t r a l

a lumina  (grade  3 " 50 g) and f u r n i s h e d  t h e  k e to  -  a ldehyde

( 2 f )  which c r y s t a l l i s e d  from cho lor form  -  l i g h t  p e tr o le u m
CCi.

as  n e e d l e s ,  m.p.  110 -  111 | ^ max 3 6 2 0 , 3580 ,  1 7 1 2 , 1705  

cm”1 5 a l d e h y d i c  p r o to n  at t  -  0 . 4 2  (d ; s e p a r a t i o n  1 c . / s e c . ) .

Ma r r u b i i n  e t h e r  ( 3 9 )•

Marrubenol (2c  s 50 mg) i n  dry p y r id in e  (5 ml) was

t r e a t e d  at  room tem perature  f o r  15 hours  w i th

p-brom obenzen esu lp hon yl  c h l o r i d e  (50 mg). Work-up a f f o r d e d

t h e  crude product  (52  mg) from which t h e  e th e r  (59 s 45 mg)

was o b t a in e d  by p r e p a r a t i v e  t . l . c .  ( c h lo r o f o r m ) .

C r y s t a l l i s a t i o n  from ch loroform  -  l i g h t  p e tr o le u m  gave
CCi.

n e e d l e s ,  m.p. 124 -  125°? kO-p = + 1 2 . 4  ( c = 0 . 9 )  I ^  max 

5 6 2 8 ,  5588 ,  875 cm”1 ,0 n .m . r .  s i g n a l  at \  5*85 (m)

( lH ,  C -  6 j band width  14 c . / s e c . ) .
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D eh y d r a t io n  o f  Marrubenol m o n o -a c e ta te  ( 2 d ) .

Marrubenol monoaceta te  (2d s 900 mg) was h e a te d  i n  dry  

r e f l u x i n g  p y r i d i n e  (25 ml) f o r  18 hours  w i th  e x c e s s  

p - t o l u e n e s u l p h o n y l  c h l o r i d e .  The dark r e d  o i l  o b t a in e d  

(945  mg) a f t e r  work up was s u b j e c t e d  t o  p re iJ a r a t iv e  t . l . c .

(2  x 20$  e t h y l  a c e t a t e  -  l i g h t  p e tro le u m )  and two bands  

e x t r a c t e d .  The l e s s  p o l a r  band (52  mg) which f a i l e d  t o

c r y s t a l l i s e  was the  o l e f i n i c  -  a c e t a t e  ( 53a ) -  P u r i f i c a t i o n

o CC14.was e f f e c t e d  by d i s t i l l a t i o n  a t  130 / 0 . 0 5  mm5 max 5 5 2 0 ,

—11728 and 882 cm 5 n . m . r .  s i g n a l s  appeared at 4*29 ( t )

(1H, C -  6 | J = 4 c . / s e c . ) ,  6 . 0 0  (q) (2H, C -  19 ; J s  

11 c . / s e c . ) ,  7 . 9 7  ( s )  (3H, OAc), 8 . 9 0  ( s )  (6H, C -  18 and

C -  20) and 9*00 (d)  (3H, C -  17 5 J = 6 c . / s e c . ) .  (Found 2

C = 73 .15*  H = O.925 CggH^gO^ r e q u i r e s  C = 73*30 ,  H *  8 . 95$ ) .

C r y s t a l l i s a t i o n  o f  the more p o l a r  e x t r a c t  (689  mg) from e t h y l

a c e t a t e  -  l i g h t  p e tro le u m  a f f o r d e d  th e  a c e t o x y  -  t o s y l a t e

o CC14 -1( 2 j ) ,  m.p.  110 ,° max4 1730 and 882 cm . S i g n a l s  appeared

i n  t h e  n .m . r .  at  4*77 (m )( lH ,  C -  6 5 Wi = 7 c . / s e c . )  5*86
2

( q ) ( 2 H ,  C -  19 5 J = 10 c / s e c . )  and 8 . 0 7  ( s ) ( 3 H ,  OAc). (Founds

C = 6 5 . 1 3 ,  H = 7*59 1 C29H4 o s °7  re( iu:Lres G = 65*39 * h = 7 *57$ )

R e d u c t io n  o f  A cetoxy  -  T o s y l a t e  ( 2 , i ) .

The a c e t o x y  -  t o s y l a t e  ( 2 j  s 50 mg) i n  dry r e f l u x i n g  

t e t r a h y d r o f u r a n  (5 ml) was t r e a t e d  f o r  18 hours  w i t h  e x c e s s  

l i t h i u m  aluminium h y d r id e .  T . l . c .  showed th e  p r e s e n c e  o f  one 

major compound, l e s s  p o l a r  th an  t h e  s t a r t i n g  m a t e r i a l .  

P r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  p e t r o le u m ,  1 s 3 ) 

f u r n i s h e d  t h i s  compound (38 mg) which c r y s t a l l i s e d  from e t h y l  

a c e t a t e  ~ l i g h t  pe tro le um  and had m.p,  123 -  1 2 4 ° ,
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- "ao i d o o t i c a l  ( t . l . c . ,  mixed m.p.  and n . m . r . )  to  th e  

ebher (39)  • The minor,  more p o la r  component (4  mg) was 

marrubenol ( 2 c ) .

O x i d a t i o n  of  th e  H e m i -a ce ta l  ( 5 6 a ) .

The h e m i - a c e t a l  (56a  s 200 mg) was t r e a t e d  a t  room

tem p eratu re  f o r  14 hours w ith  e x c e s s  chromium t r i o x i d e  i n

p y r i d i n e .  Vfork up as d e s c r ib e d  p r e v i o u s l y  a f f o r d e d  th e  crude

d i l a c t o n e  ( 56b 5 193 mg) from which t h e  c o l o u r e d  i m p u r i t i e s

were removed by p r e p a r a t i v e  t . l . c .  (b enzene  -  c h lo r o fo r m ,

1 : 9 ) *  C r y s t a l l i s a t i  on from e t h y l  ? ,ce ta te  -  l i g h t  p e tro le um

y i e l d e d  a m ixtu re  of  n e e d l e s  and cu b e s ,  m.p.  179 -  1 8 5 ° ,
CC1A 1

DO = + 9*1 (c  = 1 . 1 ) 5 v max4 I 7 9 7 , 1778 cm . I n  th e

n . n . r .  i t  e x h i b i t e d  a t r i p l e t  a t  1 5*28 ( lH ,  C -  6 5 J =

5 c . / s e c . )  and two AB q u a r t e t s  c e n tr e d  at  \  5*68 (2H, C -  16 5 

J = 10 c . / s e c . )  and 7*28 (2H, C -  14 I J ** 17 c . / s e c . ) .  Methyl  

groups (3H each)  appeared a t  X 8 . 6 3  ( s ) ( C  -  2 0 ) ,  8 . 8 6  ( s ) ( C  -  18)  

and 9*03 ( d ) ( C — 17 ; J = 6 c . / s e c . )  (Founds C = 6-9.07,  H =

8 . 2 0  5 ^20^28^5 r e q u i r e s  C = 6 8 . 9 4 ,  H = 8 .1 0 ^ )  • I n  an 

a t tem pted  p a r t i a l  s e p a r a t i o n  o f  th e  i s o m e r s  o f  the  d i l a c t o n e  t h e  

m ixtu re  was s u b j e c t e d  to  r e p e a te d  p r e p a r a t i v e  t . l . c .  over  t h e  

g r e a t e r  l e n g t h  o f  a 20 x  500 cm p l a t e  ( e t h y l  a c e t a t e  -  l i g h t  

p e tr o le u m  1 s l ) .  The r e s u l t i n g  a p p a r e n t ly  homogeneous band 

was q u a r tered  w i th  r e s p e c t  to  p o l a r i t y  and a l l  f o u r  e x t r a c t s  

c r y s t a l l i s e d  f r o n  e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m .  From l e a s t

p o l a r  t o  most p o la r  t h e y  had n . p .  210 -  2 1 4 ° ,  183 -  1 8 4 ° ,  180 -

1 8 2 ° ,  179 -  1 8 2 ° .  The l e a s t  p o l a r  f r a c t i o n  was r e c r y s t a l l i s e d  

and had m.p. 225 *- 232° .  This  h ig h  m e l t i n g  sample was 

compared d i r e c t l y  w i th  e.n a u t h e n t i c  sample of  the  l a c t o n e  X
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f r o n  L o o n o t i s  l o o n u r i s  which had n . p ,  23G -  240° .  A

m ix tu re  of  t  ho two compounds head n . p .  225 -  255° .  On

t . l . c .  (hexane -  e t h y l  a c e t a t e ,  2 % 3) b o th  compounds had

0 . 4 7  and could  not ho s e p a r a te d ,  t h e  p l a t e  "being sprayed  

w i t h  30°/o c h lo r o s u lp h o n ic  e,cid i n  a c e t i c  a c i d ,  h e a t e d  at  100°  

and v iew ed  under u . v .  l i g h t .

C onvers ion  o f  the  I -Ieni -aceta l  (56a)  i n t o  n a r r u b i i n .

The h e n i - a c e t a l  (5&a ‘ 54 nig) and p - t o l u e n e s u l p h o n y l  

c h l o r i d e  (50 ng) were heated  f o r  two hours  i n  dry r e f l u x i n g

p y r i d i n e  under an atmosphere o f  n i t r o g e n .  \7ork up a f f o r d e d

t h e  crude product  (49 nig) which when p u r i f i e d  by p r e p a r a t i v e  

t . l . c .  ( ch loroform )  f u r n i s h e d  n a r r u b i i n  as n e e d l e s  n . p .  158 -  

159°? a f t e r  c r y s t a l l i s a t i o n  from e t h y l  a c e t a t e  -  l i g h t  

p e tr o le u m  oOO = + 27 *5 ° (c  = l . l ) , i d e n t i c a l  ( t . l . c . ,  n . p . ,  

-Q ixed -m .p . , C«0 , and n . n . r . )  w i th  an a u t h e n t i c  sample o f

n a r r u b i i n .

H ydrogenat ion  o f  m arrubiin  ( l ) .

Marrubiin  ( l  2 963 ms )  i-n e t h a n o l  (40  ml) was

h ydrogen ated  ever  Adams c a t a l y s t  (400  mg).  The uptake o f

hydrogen s topped at 253 nil. The c a t a l y s t  was f i l t e r e d  o f f

and t h e  s o l u t i o n  evapora ted  a f f o r d i n g  an o i l  (960 mg) shown

by t . l . c .  t o  be a mixture  o f  four  components.  These were

s e p a r a te d  by chromatography over a c i d  alumina (100  g 5 grade 3)

u s i n g  benzene as ol-uent. The e a r l y  f r a c t i o n s  c o n ta in e d  th e

d e s o x y - compound ( 50c) as a waxy s o l i d  (15 nig) which

c r y s t a l l i s e d  from l i g h t  p e tro leum  as n e e d l e s ,  m.p.  88 -  89°5
CCl ‘ ■ ' ■ ’ ;

 ̂ + 38° (c  = 1 . 1)5 ^ max^ 3 6 3 0 , 1700 cm- 1 ,0 s i g n a l s  i n

t h e  n .m .r*  at ^ 5 * 3 5  ( t ) ( l H *  C -  6 5 J *= 5 c . / s e c . ) .
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(Founds C = 74*43? H = 1 0 .765 C^qH^O^, r e q u i r e s  C = 74*49,

II = 10.637o)* The major component, t o t r a - h y d r o n a r r u b i i n  ( 38 ) 

was e l u t e d  next  and c r y s t a l l i s a t i o n  from e t h y l  a c e t a t e  -  

l i g h t  p e tro leum  f u r n i s h e d  n e e d l e s  (856  mg),  m.p.  1 2 5 °^
CC1-i
max* 3 6 3 0 , 1780 cm" $ t r i p l e t  c e n tr e d  at  X 5 . 2 6  ( lH ,

C -  6 | J = 6 c . / s e c . )» Methyl p r o to n s  (3H) appeared at

X 8*65 ( s ) ( C  -  2 0 ) ,  8 . 8 9  ( s ) ( C  -  18) and 9*02 (d )  (C -  17 5

J = 6c . / s e c . ) .  The f i n a l  components (80 mg) were e l u t e d

t o g e t h e r  w i t h  almost  no s e p a r a t i o n  o f  one from th e  o t h e r .

They were e v e n t u a l l y  se p a r a te d  by r e p e a t e d  p r e p a r a t i v e  t . l . c .

( e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m ,  1 : l )  t o  g i v e  as t h e  l e s s

p o l a r  component, h e x a -h y d r o n a r r u b i in  A (50a  t 29 mg) which

f a i l e d  t o  c r y s t a l l i s e .  I n  th e  n . n . r .  i t  e x h i b i t e d  a t r i p l e t

a t  ^ 5*28 (C -  6 ; J = 6 c . / s e c . )  and an i l l - r e s o l v e d  d o u b le t

at X  6 . 4 4  ( 2H, C -  16 5 Wi = 6c . / s e c . ) .  The more p o l a r
2"

component,  hcxahydromarrubiin  B ( 50d ; 44 mg) was c r y s t a l l i s e d  

from e t h y l  a c e t a t e  -  l i g h t  p e tro leum  as  n e e d l e s ,  n . p .  150 -  1 5 2 ° 

( r e p o r t e d ^  1 5 4 °)  I  -q -  1 7 ° ( 0  =  1  •  2) 3 i n  th e  n . m . r .  i t  

e x h i b i t e d  a t r i p l e t  at  X  6 . 3 2  (211, C -  1 5 1 J = 6 c . / s e c ) .  

(Founds C = 70*84 ,  II = 9*95 5 C^II^O^ r e q u i r e s  C = 70 .9 7 ?

H = 1 0 . 1 3 $ )  .

A c e t y l a t i o n  o f  E exah ydronarrubi in  A ( 5 0 a ) .

Hexahydronarrubi in  A (50 a j 20 mg) i n  dry p y r i d i n e  (5 ml)

was t r e a t e d  at  room tem perature  f o r  12 hours  w i th  a c e t i c

anhydr ide  (5 m l ) ,  \7ork up i n  the u s u a l  manner a f f o r d e d  t h e

crude a c e t a t e ,  c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g h t
CC1A

p e tr o le u m  as n e e d l e s ,  m.p.  121 -  128°^ max 3 6 2 0 , 3 5 4 0 , 1775? 

1 745 ,  1240 cm"1 . I n  t h e  n . n . r .  i t  e x h i b i t e d  s i g n a l s  at  ^ 5 . 2 8
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( t ) ( l H ,  C -  6 ; J = 5 c . / s e c . )  and X 5 . 9 9  (d ) (2II ,  C -  16 5 

J = 5 c . / s e c . ) .  (Founds C = 69 *8 4 ? H = 9 . 6 5  ? C2 2H^ 6 ° 5  

r e q u i r e s  C = 69-44? II = 9*54%).

Hydrogenat ion  o f  Anhydromarrubiin ( 5 a ) .

Anhydronarrubiin  (3a  s 4 -994  g) i n  e t h a n o l  (40  ml) was 

hydrogen ated  over  Adams c a t a l y s t  ( l  g ) . F i l t r a t i o n  o f  t h e  

c a t a l y s t  and e v a p o r a t io n  of  th e  s o l v e n t  f u r n i s h e d  an o i l  

(4*857 g) shown by t . l . c .  t o  be a mixture  o f  f o u r  compounds? 

s e p a r a te d  by chromatography over a c i d i c  alumina (500 g s grade 3 ) 

u s i n g  benzene as  e l u e n t .  The e a r l y  f r a c t i o n  c o n t a in e d  th e  

b i s d e s o x y  -  compound ( 51a) as a waxy s o l i d  (433 mg) which
,  c c i  _ 1

f a i l e d  to  c r y s t a l l i s e ?  max'4- 1775 cm . In  the  n . m . r .  i t

showed two o v e r la p p in g  t r i p l e t s  cen tr e d  at  5*17 and 5*25

(1H, 0 - 6 5 1 = 5  c . / s e c . ) .  (Founds C = 78*16? H = 1 0 . 9 8  5

C2qII^ 0 2  r e q u i r e s  C = 78*38? H = 1 1 . 1 8 $ ) ,  The major product

was e l u t e d  as an o i l  ( 2 .165  g) and c r y s t a l l i s a t i o n  from e t h y l

a c e t a t e  -  l i g h t  petro leum f u r n is h e d  d e s o x y te t r a h y d r o -m a r r u b i in
0 0 1 .

( 4 2 ) as n e e d le s ?  m.p.  9 3 .5  -  95°? ^ max^ 1775 cm" . I n  th e  

n . m . r .  i t  d i s p l a y e d  a t r i p l e t  at  X 5*22 ( i l l? C -  6 j J = 5 c . / s e c . )  

M ethyl r e s o n a n c e s  (3K each) appeared at  /'£ 0 ,7 4  ( s ) ( 0  -  2 0 ) ,

9*04 ( s ) ( C  -  18) and 8 .9 4  (d)(C -  17 I J = 6 c . / s e c . ) .

(Founds C = 74 .04?  H = 9*90 ? G20H32°4 r e q u i r e s  0 = 74*96 ,

H = 1 0 . 0 6 $ ) .  The f i n a l  f r a c t i o n s  c o n ta in e d  a waxy s o l i d  

( l . 9 0  g 5 two components by t . l . c . )  a sample o f  which (167 mg) 

was s e p a r a te d  by re p e a te d  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  

p e t r o le u m ,  1 ; l ) .  The l e s s  p o la r  compound, d esoxyh exa  -  

hydromarrubiin  A (51h s 80 mg) c r y s t a l l i s e d  from e t h y l  

a c e t a t e  -  l i g h t  petro leum  as n e e d l e s ,  m.p.  96 97 ?



^ max4 3 6 4 0 , 3530* 1775 crrf1 ? d o u b le t  at  X 6 . 4 0

(2H, G -  16 ; J = 4 c . / s e c . ) -  (Pounds C = 74*57 ,  H = 10.42?

°20H34°3 r e l u i r e s  C = 7 4 . 4 9 ,  H = 1 0 . 6 3 $ ) .  C r y s t a l l i s a t i o n  

o f  the  more p o l a r  compound from e t h y l  a c e t a t e  -  l i g h t

p e tr o le u m  a f f o r d e d  desoxyhexahydromarrubi in  13 (51d s 70 mg)
o CC1Aas  n e e d l e s ,  m. p.  86 -  00 5 *  max4 3 6 4 0 , 3 5 3 0 , 1775 cm $ 

t r i p l e t  at  X 6 , 3 0  (2H, C -  15 5 J = 6c . / s e c . ) .  (Founds C = 

7 4 . 7 6 ,  PI = 1 0 . 4 0 1 C2qH^^0^ r e q u i r e s  C = 7 4 . 4 9 , H = 1 0 . 6 3 $ ) .  

Ac e t y l a t i o n  o f  th e  Desoxyhexahydro-compounds.

The above d e s o x y h e x a h y d r o -d e r iv a t iv e s  (5 1 a  and 51h) i n  

l r 7 p y r i d i n e  were a c e t y l a t e d  i n  th e  u s u a l  f a s h i o n  t o  a f f o r d  

t h e  c orr esp on d in g  a c e t a t e s ,  n e i t h e r  o f  which was ob ta in ed  

c r y s t a l l i n e .  The n .m . r .  o f  a c e t a t e  A (51c )  showed a d o u b le t  

at "I 6 . 0 5  (2H, C -  16 5 J = 4 c o / s e c . )  w h i le  t h a t  o f

a c e t a t e  B (5--®) ^ad a t r i p l e t  at  5*90 'I ( 2H, 0 -  15 ! J a

6 c . / s e c . ) .

D e h y d r a t io n  o f  ma r r u b i i n  ( l ) .

( a ) .  Ph osp hory l  c h l o r i d e  i n  p y r i d i n e .

M arrubi in  ( l  s 100 mg) and f r e s h l y  d i s t i l l e d  

p h o sp h o r y l  c h l o r i d e  (500 mg) were heated  i n  dry r e f l u x i n g  

p y r i d i n e  (5 ml) f o r  f i v e  hours .  A f t e r  p ou r in g  on to  i c e

t h e  product  was tak en  up i n  e t h y l  a c e t a t e ,  washed w i th

b r i n e ,  d r ie d  over  anhydrous sodium s u lp h a te  and t h e  s o l v e n t  

e v a p o r a t e d .  The o i l y  r e s i d u e  (91 mg) appeared as a s i n g l e  

sp o t  on t . l . c . ,  however n .m . r .  i n d i c a t e d  t h e  p r e s e n c e  o f  two 

components,  namely the  A ijlOfo) and A ^   ̂ ( 30$)

o l e f i n s .  In  an attempted p a r t i a l  s e p a r a t i o n  of  t h e s e  i s o m e r s  

t h e  m ixture  was s u b j e c t e d  to  p r e p a r a t i v e  t . l . c .  on s i l i c a  -
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g e l  and on s i l i c a  -  g e l  impregnated  w i th  s i l v e r  n i t r a t e  

(9 s 1)* I n  the  former c a s e ,  a f t e r  d e v e l o p i n g  w i th  ch loroform,  

t h e  r e s u l t i n g  a p p a r e n t ly  homogeneous band was h a lved  with  

r e s p e c t  t o  x> o lar i ty  and the  c o r r e s p o n d in g  e x t r a c t s  s u b j e c t e d  

t o  a n a l y s i s  by n . m . r .  % the  product  c o m p o s i t io n  appeared t o  

be n e a r l y  i d e n t i c a l  i n  each c a s e .

(b)  M arrubi in  ( l  % 100 mg) i n  dry p y r i d i n e  (5 ml) was t r e a t e d  

w i t h  r e d i s t i l l e d  p h osp h ory l  c h l o r i d e  (500 mg) fo r  two hours  a t  

6 0 ° .  The r e a c t i o n  mix ture  was poured on t o  i c e  and e x t r a c te d  

w i t h  e t h y l  a c e t a t e .  Evap ora t ion  o f  t h e  s o l v e n t  a f fo r d e d  an 

o i l  (90 mg) which  was shown by t . l . c .  to  c o n s i s t  o f  two 

components.  These were s e p a r a te d  by p r e p a r a t i v e  t . l . c .  

( c h lo r o fo r m  -  benzene 9 s 1) and a f f o r d e d  9 mg o f  the o l e f i n  

m ix tu r e  ( n . m . r .  e v i d e n c e )  and m arrubi in  (75 mg).

( c )  Treatment  o f  o l e f i n  m ixture  w i th  hydrogen c h l o r i d e .

The p h osp h ory l  c h l o r i d e  d eh y d ra t io n  mixture  (50 mg) i n

ch lo r o fo r m  (25 ml) was t r e a t e d  w i th  dry hydrogen c h l o r i d e  f o r  

15 m in u te s  u n t i l  the s o l u t i o n  v/as s a t u r a t e d .  A c a r e f u l  s tu d y  

o f  t h e  r e a c t i o n  product  showed t h a t  no s i g n i f i c a n t  i s o n e r i s a t i o n  

had ta k e n  p l a c e  ( n . m . r .  e v i d e n c e ) .

(d) Phosphorus  t r i c h l o r i d e  i n  benzene .

M arrubi in  ( i s  6 g) and phosphorus t r i c h l o r i d e  (12 ml)

were  h e a te d  f o r  two hours  i n  dry r e f l u x i n g  benzene (240  m l ) .

A f t e r  the  a d d i t i o n  o f  w ater ,  the  benzene l a y e r  was s e p a r a t e d ,

washed w i t h  sodium b ic a r b o n a te  d r i e d  over  anhydrous sodium

s u l p h a t e  and t h e n  e v a p o r a t e d .  P u r i f i c a t i o n  o f  t h e  crude  
e f f e c t e d

p r o d u c t / b y  column chromatography over  n e u t r a l  alumina

(600  g % grade 3) u s i n g  benzene as e l u e n t .  The anhydromarrubiin

o b t a i n e d  (4*99  § )  was an o i l  which c r y s t a l l i s e d  from dry



m e t h a n o l  a,« n o o d l e s  (3*14  g? 6 3/ ) .  A f t e r  d r y i n g  a t  room

t e m p e r a t u r e  f o r  t h r e e  d a y s  u n d e r  v acuum  i t  h a d  m.p. 95 " 96 °

( r e p o r te d ^  90 °)? 56 -  5 0 ° a f t e r  f i v e  hours  exposure  to
CilCl ^

a tm osph er ic  m o i s t u r e .  ^  max 1 7 7 2 ? 875 cm • N .m .r .

s i g n a l s  f o r  m a t e r i a l  m.p.  95 -  96° appeared at  ^ 4*64 ( t )

(1H, C -  1 1 ) ,  4 -97  ( s e x t e t )  ( lH ,  C -  6 ) ,  6 . 8 2  (d ) (2 H ,  C -  1 2 ) ,  

6 . 9 5  ( d i f f u s e  m u l t i p l e t ) ( l  H,C -  0 ) ,  7*72 (q ) (2 H ,  C -  7)>

0 . 0 2  ( d ) ( l H ,  C -  5) and O. 7 8  (d ) (3 H ,  C -  1 7 ) ;  JH_5 H_ 6 -  

5 c . / s e c . ,  Jh —6 ,H-7 = 0 c ‘ / s e c *> J 2H-7,  H-8 = ^  c . / s e c .  ,

JH-0 ,  3II-17 = 7 G' / 3 e c '> and Jh - 1 1 ,  2H-12 88 7 c . / s e c .

( e )  Teatment o f  anhydromarrubiin  w i t h  p hosph ory l  c h l o r i d e  i n

m o is t  p y r i d i n e .

Anhydromarrubi in (3 a  : 72 mg) i n  p y r i d i n e  (5 ml)  

c o n t a i n i n g  a t r a c e  o f  w ater  (4  mg) was h e a t e d  a t  r e f l u x  w i th  

p h o sp h o r y l  c h l o r i d e  (360  mg) f o r  f i v e  h o u r s .  The r e a c t i o n  

was worked up as  p r e v i o u s l y  d e s c r i b e d  t o  a f f o r d  t h e  p roduct  

(70 mg) th e  n . m . r .  o f  which was v e r y  s i m i l a r  t o  t h a t  o f  th e  

s t a r t i n g  m a t e r i a l .

( f )  Phosphorus  t r i c h l o r i d e  i n  p y r i d i n e .

M arrubi in  ( l  5 140 mg) and phosphorus  t r i c h l o r i d e  

( 0 . 3  ml) were h e a t e d  f o r  two hours  i n  dry re  f l u x i n g  p yr id in e . ,  

The r e a c t i o n  was worked up i n  th e  u s u a l  manner and a f f o r d e d  

th e  crude p rod u ct  (134  mg) which  f a i l e d  t o  c r y s t a l l i s e .  A 

c a r e f u l  i n t e g r a t i o n  s tudy  i n  th e  n . m . r .  showed t h e  p r e s e n c e  

o f  t h e  A ( 7 rjofo) arLc[ A 9 ( 1 1 ) ^ 25<f0) o l e f i n s .

(g )  Phosphorus  t r i c h l o r i d e  i n  carbon t e t r a c h l o r i d e .

Marrubi in  ( l  2 130 mg) and phosphorus  t r i c h l o r i d e  ( 0 . 3  ml)

were h e a te d  f o r  two hours  i n  r e f l u x i n g  carbon t e t r a c h l o r i d e  

(6 m l ) .  Th is  a f f o r d e d ,  on work up,  t h e  crude p rod u ct  (125  mg^
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from which p o l a r  i m p u r i t i e s  were removed by p r e p a r a t i v e  

t . l . c .  ( c h lo r o fo r m  c o n t a i n i n g  lofo  b enzene)  t o  g i v e  th e  

d e h y d r a t io n  product  (00 mg) shown by n . m . r .  t o  c o n s i s t  

e x c l u s i v e l y  o f  th e  ^  9 ( H )  j_sonier#

(h) P hosp hory l  c h l o r i d e  i n  b en zen e .

Marrubi in  ( l  s 125 mg) and r e d i s t i l l e d  p h osp h ory l  

c h l o r i d e  (600 mg) were h ea ted  f o r  f i v e  hours  i n  dry  r e f l u x i n g  

b en zen e  (5 m l ) .  Work up i n  t h e  normal f a s h i o n  a f f o r d e d  a v e r y  

non p o l a r  o i l  which was not i n v e s t i g a t e d  f u r t h e r .

D e h y d r a t io n  o f  t e t r a h y d r o m a r r u b i in  ( 5 8 ) .

(a )  Phosphorus  t r i c h l o r i d e  i n  ben zen e .

Tetrah ydrom arrub i in  (50 s 65 mg) and phosphorus

t r i c h l o r i d e  ( 0 . 1  ml) were h e a te d  f o r  two hours  i n  dry

r e f l u x i n g  benzene  (2 m l ) .  Work up a f fo r d e d  t h e  crude product

( 6 l  mg) p u r i f i e d  by r e p e a te d  p r e p a r a t i v e  t . l . c .  ( c h lo ro fo r m  -

benzene* 1 : 1 ) .  Anhydrotetrahydro  -  marrubiin  (53)

c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g h t  pe tro leum  as  n e e d l e s ,
s CCl. -1

m.p.  124°  ( r e p o r t e d  125 ~ 126°)5  max 1700 cm • In  the

n . m . r .  i t  e x h i b i t e d  s i g n a l s  at  1  4*05 ( t ) ( l H ,  C -  11 5 J =

5 c . / s e c , ) ,  and 'X 5*00 ( s e x t e t )  (1H, G -  6 | = 18 c . / s e c . ) .

(Pounds C = 75*30 ,  H = 9-50  5 G2oH50°5 reclu i r e s  0 = 75*43?

H = 9.5096).

(b )  P h o sp h o r y l  c h l o r i d e  i n  p y r i d i n e .

T etrah ydrom arrub i in  (50 s 60 mg) and r e d i s t i l l e d

p h o sp h o r y l  c h l o r i d e  (300 mg) were h e a te d  f o r  e i g h t  hours  i n  

dry r e f l u x i n g  p y r i d i n e .  The r e a c t i o n  was worked up i n  th e  

normal manner but no d eh y d ra t io n  p ro d u cts  virere o b t a in e d .

T h i s  r e a c t i o n  was r e p e a t e d  s e v e r a l  t im e s  but i n  a l l  c a s e s  t h e
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r e s u l t s  were the  sane.

H y d ro ly s is  o f  desoxytetrahydrom arrubiin  ( 4 2 ) .

D esoxyte trah yd r om arru b i in  (42  s 2 .1 6 5  g )  was h e a t e d  i n

r e f l u x i n g  e t h o x y - e t h a n o l  (50 ml) c o n t a i n i n g  p o t a s s i u m

hydroxide ( l  g) and water ( l  ml) for  two hours. The hot

r e a c t i o n  m ixtu re  was poured on t o  i c e  and a f t e r  a d j u s t i n g

th e  pH o f  th e  aqueous la y e r  to  12, n eu tra l  products were

e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  The aqueous l a y e r  was made

j u s t  a c i d  t o  Congo red  w i th  1H h y d r o c h l o r i c  a c i d  and

e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  Evap ora t ion  o f  th e  s o l v e n t

a f f o r d e d  an o i l  ( 2 . 5 4  g) which was chromatographed on s i l i c a

g e l  t o  a ffo rd  th e  hydroxy -  acid  ( 41a s 1.0  g) c r y s t a l l i s e d

from e t h y l  a c e t a t e  -  l i g h t  pe tro leum  as  n e e d l e s  which
c c i

sublimed at 224 -  226° ? ^ nax^ 5590, 5400, 2720 and 1725

uq broadened s i n g l e t  a t  X 5*52 ( 1H, c -  6 ; Wi = 0 c . / s e c .
2

(Founds C = 7 1 . 0 4 ,  H « 10.25? r e q u i r e s  C = 70*97,

H = 1 0 . 1 5 $ ) .

O xid ation  of hydroxy -  acid ( 4 1 a ) .

The above hydroxy -  ac id  (41a  s 1 . 7 5  g) i n  dry p y r id in e

(50  ml) was t r e a t e d  w i t h  chromium t r i o x i d e  (1*5 g) at  room

tem perature fo r  16 hours. Work up afford ed  an o i l  (1*72 g)

from which c o lo u r e d  i m p u r i t i e s  were removed by p r e p a r a t i v e

t . l . c .  ( ch lo ro fo r m )  t o  f u r n i s h  th e  k e t o - a c i d  ( 41b) which on

c r y s t a l l i s a t i o n  from e t h y l  a c e t a t e  -  l i g h t  pe tro leum
C Cl

a ffo rd ed  n e e d le s ,  m.p. 170 -  172 ? ^ &ax 5060, 2740, 1700 , 

1745 and 1605 cm"'1 .* s ig n a ls  at X = -  2 .7 5  ( s )  (COOH), 7*44  

( s ) ( l H ,  C -  5 ) .  (Founds C « 71*59 ,  H -  9*62?

r e q u ir e s  C » 71*59 ,  H *» 9*59$)*
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L a e t o n i s a t i o n  o f  the k e t o - a c i d  (4 1 b ) .

The k e to  -  acid. (41b % 1 . 0 5 g )  was h e a te d  i n  r e f l u x i n g  

a c e t i c  anhydride (50 ml) under n i t r o g e n  f o r  an hour and then  

f o r  a f u r t h e r  two hours  a f t e r  th e  a d d i t i o n  o f  f u s e d  sodium 

a c e t a t e  (2  g ) . The s o l u t i o n  was poured on t o  i o e  and 

e x t r a c t e d  w i th  e t h y l  a c e t a t e .  E vap ora t ion  o f  t h e  s o l v e n t  

a f f o r d e d  th e  en o l  -  l a c t o n e  (43 s 030 mg) which r a p i d l y

decomposed i n t o  th e  k eto  -  a c i d  ( 41b) on s ta n d i n g  ( t . l . c . )
 ̂ C01A 1^ max4- 1000 ,  1703 cm .

H yd rogenat ion  o f  en o l  -  l a c t o n e  ( 4 5 ) .

The e n o l  l a c t o n e  (43 • 030 mg) c o n t a i n i n g  the  k e t o  -

a c i d  as an im p u r i ty  was hydrogenated i n  g l a c i a l  a c e t i c  a c i d

(40  ml) over  10$ P d / c  (500 mg). The product  (000 mg) was a

m ix tu re  o f  two compounds ( t . l . c . )  which were s e p a r a te d  by

p r e p a r a t i v e  t . l . c .  u s in g  ch loroform c o n t a i n i n g  2$ methanol

as  s o l v e n t .  This  a f fo r d e d  d e s o x y te tra h y d ro m a rru b i in  (42  %

400 mg) as the  l e a s t  p o la r  component,  i d e n t i f i e d  by m . p . ,

mixed m . p . ,  i . r . ,  and n .m .r .  The o th er  component (305 mg)

was t h e  b i s d e s o x y -  ac id  ( 41c) which c r y s t a l l i s e d  from

0 CC14l i g h t  p e t r o l e u m  aS n e e d l e s ,  m.p.  99 -  101 5 ^ max 3520,

1 7 0 0 ,  1740 and 1695 cm"1 . (Pounds C = 74*64 ,  H = 1 0 . 4 8  5

ConHx/l0 x r e q u i r e s  C = 74*49? H = 10.63%).20 54 3
M eth y la t  i o n  and r e d u c t i o n  o f  b i s d e s o x y  -  a c id  ( 4 1 c ) »

An e t h e r a l  s o l u t i o n  of  the  b i s d e s o x y  -  a c i d  (41c  s 100 mg) 

was e s t e r i f i e d  w i th  an e t h e r a l  s o l u t i o n  o f  d iazomethane and 

t h e  methyl  e s t e r  i n  dry r e f l u x i n g  d i e t h y l  e th e r  t r e a t e d  f o r

t?/o hours  w i th  e x c e s s  l i t h i u m  aluminium h y d r id e .  The o i l y
r CC!14 -1

a lc o h o l  obta ined  (414 : 75 ng) had J max 3640 cm . ana
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. V . r i e t  co nt  rod a t  ** 6 .4 1  (2H, C -  19 5 J = 1 1 c . / s e c . ) .  

i !25. iyl a t i o n  o f  the desox.y -  a l c o h o l  ('hid')

The d e s o x y  -  a l c o h o l  (41d : 30 mg) was a c e t y l a t e d  i n  the

normal manner t o  a f f o r d  the c o rr esp o n d in g  ace  t a t  e ( 41 ® s 2'Jng)

whicn  c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m  and
CC1

had m.p.  76 -  7 7 ° , ^ ] ^  -  + 23- 5° (0 = 2 . 0)5 max4 I 742 om"1 ; 

m/e = 290 (M -  60)5 In  the n .m . r .  i t  showed an AB q u a r te t  at

'X 5>90 (2H, C -  193 J = 1 1 c . / s e c . ) .  (Founds C = 7 5 . 2 5 ,

H = 1 1 . 3  5 C22H3G°3 re(lu i r e s  c = 75*4? H = 1 0 . 9 $ ) .

O x i d a t i o n  of  th e  b i s d e s o x y  -  a l c o h o l  (41d ) .

The "bisdesoxy -  a l c o h o l  (41d s 12 mg) i n  dry p y r i d i n e

(5 ml)  was t r e a t e d  at room temperature  f o r  14 hours w ith

chr'-onium t r i o x i d e .  Work up y i e l d e d  the  u n s t a b le  ( t . l . c . )
c c i .

o i l y  a ld eh y d e  ( 41f  s 9 Q g ) | ^ ]  = + 1 3  (c  = 0 . 8) j   ̂ max

1718 on"1 ; n / e  = 306 (m) 5 s i n g l e t  at  X 0 . 1 4  (1H, C -  1 9 ) .

T h i  ok e t  a l i s a t i o n and r e d u c t i o n  of  marrubenol k e to -a ld e h y d e  (2 f ;

Marrubenol k e t o - a ld e h y d e  ( 2 f  2 330 mg) i n  d i e t h y l  e th er  

(25  ml)  c o n t a i n i n g  f r e s h l y  d i s t i l l e d  boron t r i f l u o r i d e  d i e t h y l  

e i h o r a t e  (2  m l )  was t r e a t e d  at room temperature  f o r  70 hours  

w i t h  e th a n e  d i t h i o l  (2 m l) .  The e t h e r e a l  s o l u t i o n  was 

washed w i t h  d i l u t e  ( 4N) sodium hydroxide  and evaporated  to  

a f f o r d  an o i l ,  an ace ton e  s o l u t i o n  o f  which was added t o  a 

s u s p e n s i o n  o f  F.aney n i c k e l  i n  a c e t o n e .  The mixture  was 

a l l o w e d  t o  r e f l u x  f o r  10 hours and the  c a t a l y s t  and s o l v e n t  

removed t o  a, fford an o i l  (295 mg) which was chromatographed  

o v e r  n e u t r a l  a lumina (grade 3 « 50 g) * E l u t i o n  w i th  e t h y l  

a c e t a t e  -  l i g h t  pe tro leum  ( l  2 1 9 ) f u r n i s h e d  th e  k e ton e



- 5 4  -
V 6 5as 176 mg) which c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g l u

p e tr o le u m  and had m.p.  04 -  06 ° ( r e p o r t e d 40 09 -  9 0 ° ) .
CHC1,

^ max 1700 ,  870 cm  ̂ . n .m .r .  s i g n a l  at  X  7*17 ( s )

(1H, C « 5 ) •

R e d u c t io n  o f  k e to n e  (6Sp, ) .

The above k e ton e  (65a;  176 mg) i n  dry r e f l u x i n g  d i e t h / i

e t h e r  was t r e a t e d  f o r  18 hours  w i t h  e x c e s s  l i t h i u m  aluminium

hydrrde  to  a f f o r d  an o i l .  (182 mg) from which t h e  major p r c d u c .

t h e  a x i a l  a l c o h o l  ( 65b % 88 mg) was o b ta in ed  by column

chromatography over n e u t r a l  alumina (grade 3 ; 25 g) on

e l u t i o n  w i th  l i g h t  petroleum c o n t a i n i n g  10fo e t h y l  a c e t a t e .

The a l c o h o l  f a i l e d  t o  c r y s t a l l i s e  and was p u r i f i e d  by
GO! . ...

d i s t i l l a t i o n  at  155 / 0 . 0 5  eieu ^ max4 36IO, 3390,  865 cm"’1 ;

n . m . r .  r e s o n a n c e s  appeared at  ^ 5 * 7  (m) ( l h ?  C - 6 5  Wjl =
'2

7 c . / s e c . ) .  Methyl groups (3H each) appeared at X 3 .75?

8« 7 3 ,  9 -0 2  ( a l l  s ) ( t e r t i a r y  C -  CH )̂ and X  9*09 ( l ) ( C  -  17 :

J = 6 c . / s e c . ) .  (Pounds C = 74*73? H =* 10 .03?  ^20^32°3

r e q u i r e s  C = 74*96,  H = 10.  06f o ) .

D eh y d r a t io n  o f  a l c o h o l  ( 6 5 b ) .

The d i o l  ( 65b s 66 mg) i n  dry p y r i d i n e  (2  ml) was

t r e a t e d  at  room temperature  fo r  JO m inutes  w i th  methane

s u l p h o n y l  c h l o r i d e  ( l  m l ) . The o i l  o b ta in ed  ( J 2  mg) was

s u b j e c t e d  t o  p r e p a r a t i v e  t . l . c .  ( 5$  e t h y l  a c e t a t e  i n  l i g n o

p e tr o le u m )  and a f fo r d e d  t h e  o l e f i n  ( 63c § 57 n &) which
0 CCI.

c r y s t a l l i s e d  as  n e e d l e s  m.p. 133 ~ 135 • n&x 35^0,  QJQ 

cn"^ 5 n . m . r .  s i g n a l s  at 4*35 ( t ) ( l K ?  C -  6 1 J -  3 c * / s e c . ) .
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' - c a t i o n  o l o f i n  ( G ^ c ) .

The o l e f i n  ( 63c s 50 mg) i n  dry p y r id in e  (3 ml) was

a l lo w e d  bo stand at room te n p e r a tu r e  f o r  25 days w ith

chromium t r i o x i d e  (100 mg) and a f t e r  work up th e  o i l

o b ta in e d  (15 mg) was s u b je c te d  to  p r e p a r a t iv e  t . l . c .

( c h lo r o f o r m ) .  F urther jJ w r if ic a t io n  o f  th e  la c t o n e  (66  s 7mg)
\ CC1.

was e f f e c t e d  by d i s t i l l a t i o n  i n  v a c u o 5 ^ nax^ 1787 ,  1 7 1 3 , 1 6 7 7 .
— 1

1657 cm j m/e = 276 (m) corresp on d in g  to  Clr7Ho / 0 , .
1 ( 24 5

Red u c t io n  o f  Dohydr01:1 e t h y l  marrubate ( 63b ) .

The o l e f i n i c  e s t e r  ( 63b % 67 mg) i n  dry r e f l u x i n g  

d i e t h y l  e th e r  was t r e a t e d  fo r  12 hours w ith  l i t h iu m  aluminium  

.Hydride and a f t e r  x>reparative t . l . c .  (ch loro form ) a f fo r d e d

th e  a l c o h o l  ( 63d 1 45 mg). A fter  fu r th e r  p u r i f i c a t i o n  by

, CC14 -1
d i s t i l l a t i o n  i n  vacuo i t  had max 3^1 5 > 8®0 cn ? n .m .r .

s i g n a l s  a t  ‘Y 4*3 ( n ) ( lH ,  C -  6 5 ¥1 = 6 c . / s e c . )  and a
2

m ulti p lo t  centred  at X 6 .53  (211, C -  19 I n u l t i p l e t  width =

28 c . / s e c . ) .  (Found : C = 75* 13 ? H = 9* 27 j ^20^30^3 re(lu^r e s  

0 -  75-43?  II = 9*50?o).

H y d r o ly s i s  o f  marrub i i n  ( l ) .

M arrub iin  ( l  5 2 .2 .  g) i n  r e f l u x i n g  e th o x y -e th a n o l

(3  ml) was t r e a t e d  f o r  30 m inutes w ith  x>otassium hydrox ide

( 2  g ) . The s o l u t i o n  was a c i d i f i e d  by th e  c a r e f u l  a d d i t io n  o f

d i l u t e  (lH ) h y d r o c h lo r ic  a c id  and the x>'r c c ix ) i ta t e d  s o l i d

ta k e n  U|3 i n  e t h y l  a c e t a t e .  The organ ic  la y e r  was washed w ith

w a ter  and evax* o r a te d  i n  vacuo t o  a f fo r d  narrubii_c a c id
N ujo l

(2 a  1 2 .3  g) m .p. 190° (re p o r te d  205°)?  nax 3700 , 3400 -  

2 7 0 0 , 1 6 7 5 ; 883 cm”1 .



.and Met h y l  at io n  o f  M arrub iic  a c id  (2  a ) .

(a ;  Marrubic a c id  (2 a  s I .56  g) i n  dry p y r id in e  (10 ml) was 

t r e a t e d  at room tem peratu re  fo r  fo u r  days w ith  p - t o lu e n e  

s u lp h o n y l  c h lo r id e  (2  g ) . A f te r  rem oval o f  th e  r e a g e n t  and 

s o l v e n t  the red  o i l  was d i s s o lv e d  i n  m ethanol and t r e a t e d  w ith  

an e t h e r o a l  s o l u t i o n  o f  d ia zo n e th a n e .  The product ( I .63  g) 

was chromatographed over n e u tr a l  alumina (grade 3 s 200 g) 

and e l u t i o n  w ith  l i g h t  petro leum  c o n ta in in g  57° e t h y l  a c e t a t e

-pu r n is h e d  th e  o i l y  o l e f i n  ( 63b • 693 mg) which was d i s t i l l e d
0 / J CC1/

at 130 / 0 . 0 2  mm). maxr 366 0 , 1 7 2 2 , 882 cm ; n .m .r ,

s i g n a l s  at % 4*17 ( t ) ( l H ,  C -  6 ; J = 3 c . / s e c ) ,  6 .3 7  ( s )

(3h? 0 -  CH^), 8 .7  and 9«07 (s ) (3 H  each; t e r t i a r y  C -  CH )̂

and 9*00 (d ) (3 H , C -  17 » 1 = 6 c . / s e c « ) 3 (Found s C -  7 2 » 6 l ,

II -- 8 .6 2  ; r e q u ir e s  C = 7 2 .8 0 ,  H = 8 .7 3 $ )*  Continued

e l u t i o n  a f fo r d e d  m ethyl marrubate ( 2b s 282 mg) i d e n t i f i e d  by

its. n .m .r .  spectrum  where th ere  were s i g n a l s  at R 4*3 ( s )

(H I, OH), 5 .67  (m )(lH , C -  6 ; 7 i  = 8 c . / s e c . ) ,  6 .3  ( s )
2

(3H, 0 -  CH )̂ , 8 . 7  and 8 ,97  (s ) (3 H  ea ch , t e r t i a r y  C -  CH )̂ 

and 9 .0 5  (d ) (3 H , C -  17 ; J = 6 c . / s e o . ) .  The f i n a l  f r a c t i o n  

c o n ta in e d  m arru b iin  ( l  s 291 mg) which c r y s t a l l i s e d  

s p o n ta n e o u s ly  and was i d e n t i f i e d  by t . l . c .  and n .m .r .

( 0 ) A f u r t h e r  sample o f  m arrubiic  a c id  (2a  : 600 mg) i n  warm 

( 7 0 ° )  p y r id in e  was t r e a t e d  fo r  65 hours w ith  e x c e s s  p - t o lu e n e  

s u lr ^ o n y l  ch lor id e- .  The crude product was d i s s o lv e d  i n  

m ethan ol and t r e a t e d  w ith  diazomethane as d e sc r ib e d  above. 

ChroEiatography o f  th e  product over n e u tr a l  alumina (grade  

3 " 38 s )  fu r n is h e d  th r e e  f r a c t i o n s ,  th e  l e a s t  p o la r  o f  which  

was n e t  i n v e s t i  gdccc* f u r t h e r .  The in te r m e d ia te  f r a c t i o n
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c o n ta in e d  th e  r e q u ir e d  o l e f i n  (631 • 241 ng) i d e n t i f i e d  by 

n . n . r .  The most p o la r  f r a c t i o n  (295 ng) was a m ix tu re  o f  

two compounds o f  v e r y  s im i l a r  p o l a r i t y  and was s e p a r a te d  by 

p r e p a r a t iv e  t . l . c .  (ch loro form ) t o  a f fo r d  a,s th e  l e s s  p o la r  

compound, the  t o s y l a t e  (64 : 92 mg) which c r y s t a l l i s e d  from  

e t h y l  a c e t a t e  -  l i g h t  petro leum  as n e e d le s  m .p. 1 2 9°  5 

m axr 36 IO, 3 5 2 0 , 1772 cm 5 n . n . r ,  s i g n a l s  a t  2 .5 3  (&)

(1I-I, C -  15 , J = 2 c . / s e c . ) ,  3 .63  ( d ) ( lH ,  C  -  14  5 J = 2 c . / s e c . )  

and 5 -3  ( t ) ( l H ,  C -  6 \ J = 6 c . / s e c . ) .  The more p o la r  component 

(90  mg) was m arru b iin  ( l ) .

D e h y d r a t io n  o f  M ethyl marrubate ( 2 b ) .

( a )  M ethyl marrubate (2b % 421 mg) in  dry p y r id in e  was t r e a t e d  

at  room tem p era tu re  f o r  seven  days w ith  e x c e s s  p - t o lu e n e  

s u lp h o n y l  c h lo r id e .  Removal o f  th e  e x c e s s  re a g e n t  and s o lv e n t  

a f f o r d e d  an o i l  (414  ng) which c o n s i s t e d  o f  o n ly  one compound, 

t h e  o l e f i n  ( 63b ) .

(b ) M ethyl m arrubate (2b s 521 ng) i n  dry r e f l u x i n g  p y r id in e  

Yfas t r e a t e d  f o r  14 hours w ith  p - t o lu e n e  su lp hon yl c h lo r id e  as

d e s c r ib e d  ab ove , to  a f fo r d  an o i l  (417 ng) which c o n s i s t e d  o f

m a in ly  one compound, th e  o l e f i n  ( 63b ) .  A f te r  p r e p a r a t iv e  t . l . c .  

( c h lo r o fo r m )  th e  o l e f i n  ( 63b : 300 ng) was o b ta in ed  as  an o i l  

w hich  c o u ld  not be in duced  to  c r y s t a l l i s e .

O x id a t io n  o f  Q l e f i n i c  -  e s t e r  (6 3 b ) .

The above e s t e r  ( 63b ; 750 mg) i n  dry p y r id in e  (3 n l )  was 

t r e a t e d  at room tem p erature  f o r  te n  days w ith  chromium t r i o x i d e  

(5 0 0  mg). Work up i n  th e  u su a l  way a f fo r d e d  the  crude 

m a t e r i a l  (687 ng) ’separa-to-d by column enronatography over



   "

n o u tr a l - -al.un i.un _(jgradc 3 s 60 g ) . The e a r l y  f r a c t i o n s

c o .n ta in in g  th e  unreacted. e s t e r  (631 ; 320 ng) were e l u t e d  w ith

e t h y l  a c e t a t e  -  l i g h t  petro leum  ( l  % 1 9 ) .  The enone ( 62b s

360 mg) was e l u t e d  next (3 s 1 7 ) as an o i l  which cou ld  n ot he
V CC1,

in d u c e d  t o  c r y s t a l l i s e .  max4 1 7 3 0 , 1 6 80 , 878 c m ' s  n .m .r .  

s i g n a l s  a t  t  3 . 8 2  ( s ) ( l H ,  C -  6) and 6 . 3 8  ( s ) ( 3 H ,  0 -  CH ) .

R e d u c t io n  o f  Enone (6 5 b ) .

The above enone ( 63b s 340 ng) i n  dry  r e f l u x i n g  d i e t h y l  

o t h e r  was t r e a t e d  f o r  12 hours w ith  e x c e s s  l i t h iu m  aluminium  

h y d r id e .  i;ork up gave an o i l  (298 mg) seen  from t . l . c .  t o  

c o n s i s t  o f  a m ixtu re  o f  two compounds.

O x id a t io n  o f  T r i o l s .

The m ix tu re  o f  a l c o h o l s  o b ta in ed  above (298 mg) was

d i s s o l v e d  i n  dry p y r id in e  ( 2 - ml) and was t r e a t e d  at room

tem p era tu re  f o r  40 hours w ith  chromium t r i o x i d e  (100  ng) •

Work up gave an o i l  (272  ng) from which co lou red  p o la r

m a t e r i a l  was removed by column chromatography over n e u tr a l

a lu m in a  (g ra d e  3 ° 25 g) ■* E lu t io n  w ith  e th y l  a c e t a t e  -  l i g h t

p e tr o le u m  (3 5 1 7 ) a f fo r d e d  th e  a ldehyde ( 6 2 c) which was furtire-r
CC1,

p u r i f i e d  by d i s t i l l a t i o n  i n  vacuo. m axr 1 7 2 0 , 1 6 7 0 , 882 

cm  ̂ s n . n . r .  s i g n a l s  a t  % 0 .7 7  ( s ) ( l H ,  C -  19)> 3*85 ( s )

(1H, C -  6 ) ,  8 .5 9  (d )(3 H , C -  17 | J = 7 c . / s e c . )  and 8 .8  and 

8*75 ( s ) ( 3 H  e a c h ,  two C -  CE^) • (Pound s C = 7 2 . 6 6 , H = 8 .0 1  j

^20^ 26^4 re(l u^rGS C = 7 2 . 7 0 9 H = 7*93$)*

A ttem pted  t h i o a c e t a l i s a t i o n  o f  th e  A ldehyde (62,  0)...

The above a ld eh yd e ( 6 2 c  s 50 ng) i n  anhydrous d i e t h y l  

e t h e r  (250 ml) was t r e a t e d  at room tem perature f o r  fo u r  hours
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with, r e  d i s t i l l o t T 'b  or on t r i f l u o r i d e  d ie th y l '  nether at e ( l  ml} 

and eth an e  d i t h i o l  ( l  n l ) • T . l . c .  o f  th e  produ ct a f t e r  

work up showed th e  absen ce  o f  th e  a ldehyde w ith o u t  any  

f u r a n o id  p r o d u c t .
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R earranged L abd anes .

In  r e c e n t  y e a r s  a r a p id ly  exp an d in g  c l a s s  o f  

d i t e r p e n o i d s  w ith  a rea r ra n g ed  lab dane s k e l e t o n  has been  

i n t e n s i v e l y  i n v e s t i g a t e d .  These compounds can be e n v is a g e d  

as a r i s i n g  from th e  c y c l i s a t i o n  o f  a g e r a n y l - g e r a n i o l  or
M

g e r a n y l - l i n a l o o l  p r e c u r s o r  f o l lo w e d  by a s e r i e s  o f  c o n c e r te d  

1 ,  2 m ethyl and h y d r id e  io n  m ig r a t io n s  ( s e e  f i g u r e  I ) .  I f  

th e  m ig r a t in g  a x i a l  groups were t o  r e t a i n  t h e i r  c o n f i g u r a t i o n a l  

i n t e g r i t y  t h i s  would r e s u l t  i n  t h e  s t e r e o c h e m is t r y  shown i n  

f i g u r e  I f o r  a p r e c u r s o r  w ith  th e  10 !p m ethyl lab dane  

c o n f ig u r a t i o n .  I n  many members o f  t h i s  c l a s s  th e  r e s u l t i n g  

backbone s t e r e o c h e m i s t r y ,  e s t a b l i s h e d  i n  some c a s e s  by X -ray  

a n a l y s i s ,  i s  in d e e d  i n  accord  w ith  a c o n c e r te d  rearrangem ent  

o f  t h i s  t y p e .

C le r o d in  ( 1 ) th e  b i t t e r  p r i n c i p l e  o f  C lerodedron
1

in fo r tu n a tu m  was f i r s t  i s o l a t e d  i n  193& but th e  c o r r e c t  

s t r u c t u r a l  form u la  was not o b ta in e d  u n t i l  19&1 when t h e
\

c o n s t i t u t i o n  and s t e r e o c h e m is t r y  were e s t a b l i s h e d  by an

2X -ray  c r y s ta l lo g r a p h s .c  s tu d y  o f  th e  d e r iv e d  b r o m o -la c to n e
■Z

( 2) .  B e fo r e  t h e s e  r e s u l t s  were a v a i l a b l e  p a r t i a l  s t r u c t u r e s  

had b een  advanced on th e  b a s i s  o f  ch em ica l and s p e c t r o s c o p ic  

ev id en ce*  P r e l im in a r y  i n v e s t i g a t i o n  showed t h a t  c l e r o d i n  had 

two a c e to x y  g ro u p s ,  one secon d ary  and th e  o th e r  p r im ary , i n  

a c i s  1 ,3  r e l a t i o n s h i p  s in c e  d e a c e t y l t e t r a h y d r o c l e r o d i n  ( 3 ) 

co u ld  be c o n v e r te d  i n t o  a c y c l i c  ca rb o n a te  on tre a tm e n t  w ith  

e t h y l  c h lo r o fo r m a te .  The o th e r  f u n c t i o n a l i t i e s  i n  th e  

m o le c u le  c o n s i s t e d  o f  an e n o l  e th e r  system  c o n ta in e d  i n  a
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f i v e  membered r i n g ,  a 1 , 1  d i s u b s t i t u t e d  ep o x id e  and a 

r e l a t i v e l y  i n e r t  e t h e r e a l  oxygen atom v/hich was shown to  be 

a t ta c h e d  to  th e  carbon atom c a r r y in g  th e  oxygen o f  t h e  

c y c l i c  v i n y l  e t h e r .  The s t e r i c  r e l a t i o n s h i p  o f  th e  ep o x id e  

and th e  1 ,3  g l y c o l  system  was d em on stra ted  c h e m ic a l ly  and 

by n .m .r .  e x p e r im e n ts .  The a b s o lu t e  c o n f ig u r a t i o n  was 

b ased  on th e  o p t i c a l  r o t a t o r y  d i s p e r s i o n  c u rv es  o f  th e  

k e t o - t o s y l a t e  ( 4 ) and the k e t o - a c i d  ( 5 ) w hich were  

e n a n t io m e r ic  w ith  r e s p e c t  t o  t h a t  o f  a 6 -k e to  t r a n s  a /B  

s t e r o i d .
A

I t  has been s u g g e s te d  t h a t  Colombo r o o t  p r o b a b ly  

c o n t a in s  o n ly  one compound o f  th e  c o m p o s it io n  ^20^22^69 

nam ely colum bin (6 )  which i s  co n v e r te d  i n t o  i t s  C -  8 

epim er by trea tm en t  w ith  a l k a l i .  The o th e r  n a t u r a l l y  

o c c u r in g  d i t e r p e n o i d s  from t h i s  source^have th e  m o le c u la r

form u la  ^20^22^7 anc* are a^  eP ox -̂ ê s * J a t e o r i n  (7 )  i s

2 ,3  e p o x y -co lu m b in ,  chasm anthin  (7 a )  i s  ep im e r ic  ( a t  C -  12)

w ith  j a t e o r i n  w h i le  p a lm arin  (7"b) i s  th e  C -  0 epimer o f

chasm anth in . 8 e p i - j a t e o r i n  may n ot occur n a t u r a l l y .

6P a lm arin  was shown t o  c o n ta in  a p- - s u b s t i t u t e d  fu r a n  r i n g ,  

two $  l a c t o n e  groups and a t e r t i a r y  h y d ro x y l  f u n c t i o n .

The ep o x id e  r i n g  was shown to  be l o c a t e d  i n  a p '■ r e l a t i o n s h i p  

t o  th e  l a c t o n e  i n  r i n g  A o f  p a lm ar in  by c a r e f u l  a n a l y s i s  o f  

th e  n u c le a r  m a g n et ic  double re so n a n ce  ex p er im en ts  perform ed
H

on th e  d e r iv e d  k e to - fo r m a te  ( 8 ) .  B a r to n ’ s o r i g i n a l  

s u g g e s t i o n  th a t  colum bin  cou ld  a r i s e  b i o g e n e t i c a l l y  from a 

lab d an e  p r e c u r s o r  by a s e r i e s  o f  m ethyl m ig r a t io n s  would  

i n d i c a t e  t h a t  colum bin and i t s  co n g en ers  had an a/ b t r a n s
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r i n g  f u s i o n .  O c ta h y d r o iso c o lu m b in ic  a o id  (9 )  on h y d r o l y s i s  

a f fo r d e d  t h e  i s o l a c t o n e  (10) which was co n v e r te d  i n t o  th e  

n o r -k e to n e  ( l l ) • A m ixture  o f  1 , 4  e n e -d io n e  e s t e r s  (1 2 )  

was o b ta in e d  from th e  h y d r o x y - k e t o - e s t e r  ( 1 3 ) upon o x i d a t i o n  

w it h  chromic a c id  and se len iu m  d io x i d e .  These r e s u l t s  accord  

o n ly  w ith  an a /B  c i s  fu se d  r i n g  j u n c t io n .  The a b s o lu t e  

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

cu r v e s  and was confirm ed  by an X -ray a n a l y s i s  o f  th e  d e r iv e d  

i o d o d i p h e n y l n i t r i l i m i n e  ( 1 4 )•

C a s c a r i l la  bark i s  the source^*^of two fu r a n -c o n ta in in g  

d ite r p e n e s  w ith  the rearranged s k e le t o n ,  namely c a s c a r i l l i n  

A (15) and c a s c a r i l l i n ,  a m ono-acetate  (l6&) which had been  

known s in c e  IO96 . The c o n s t i t u t i o n  and r e l a t i v e  

s te re o ch em is try  o f th e  l a t t e r  as ( l6 a )  was determined from 

th e  X-ray a n a ly s i s  of th e  io d o a c e ta te  ( l 6 b ) .  This s tr u c tu r e  

superceded th a t  shown i n  ( 17) which had been deduced from 

e x te n s iv e  d eg ra d a tiv e  and sp e c tr o s c o p ic  ev id en ce . A 

l i m i t a t i o n  on the lo c a t io n  of th e  oxygen atoms was imposed 

by the knowledge th a t  both th e  acetoxy  group and the  

fu r fu r y l-h y d r o x y l  group were a ttach ed  to  carbon atoms $ to  

th e  aldehyde fu n c t io n  s in ce  a c id  treatm ent o f  d e a c e t y l -  

c a s c a r i l l i n  ( l 6 c )  gave the s ta b le  a c e t a l  (18)* This a c e t a l  

was a l s o  i s o l a t e d  from s im ila r  treatm ent of c a s c a r i l l i n  A, 

in d ic a t in g  th a t  i t  must have the  same carbon s k e le to n  as 

c a s c a r i l l i n .  In  a d d it io n ,  the  p resence  of an epoxide r in g  

and a secondary hydroxyl group in  c a s c a r i l l i n  A was deduced 

from i t s  n .m .r .  spectrum. The absence o f  carbonyl  

a b so rp tio n  i n  the i . r .  was taken  to  in d ic a t e  th a t  the



-  79 ~

a ld eh yd e  group was in v o lv e d  i n  h e m i- a c e t a l  fo r m a t io n  and 

confirm ed  by i t s  o x id a t io n  to  a k e t o -  i  - l a c t o n e  ( 1 9 )•

The o l e o r e s i n  o f  H ardw ickia  p in n a t a  has b een  s h o w n ^  

t o  c o n s i s t  o f  a s e r i e s  o f  s e s q u i t e r p e n o id s  and a s e r i e s  o f  

c l o s e l y  r e l a t e d  d i t e r p e n o i d s .  Prom the  d i t e r p e n o id  f r a c t i o n  

f i v e  new compounds, th r e e  a c id s  and two a l c o h o l s ,  were  

i s o l a t e d .  H a r d w ic k i ic  a c i d ,  ^20^28^3 (20a )  was s e e n  from  

n .m .r .  and i . r .  e v id e n c e  to  c o n t a in  a - s u b s t i t u t e d  fu ra n  

r i n g ,  an ©̂ 3 -u n s a tu r a te d  a c id  and one secon d ary  and two 

t e r t i a r y  m eth y l grou p s. H yd rogenation  over Rh-C a f fo r d e d  a 

t e t r a h y d r o - d e r i v a t i v e , th e  n .m .r .  o f  which s t i l l  showed a  

reso n a n ce  a r i s i n g  from an o l e f i n i c  p r o to n ,  w h i le  p ro lo n g ed  

h y d r o g e n a t io n  y i e l d e d  a f u l l y  s a t u r a t e d  hexahydro-compound  

i n d i c a t i n g  t h a t  h a r d w ic k i ic  a c id  has t h r e e  e t h y l e n i c  bonds  

and t h e r e f o r e  must be b i c y c l i c .  D eh y d ro g en a t io n  over 10% 

Pd-C f u r n is h e d  a m ix tu re  o f  1 , 2  d im eth y l -  and 1 , 2 , 3  

t r im e t h y ln a p h t h a le n e s  (2 1 a  and 21b r e s p e c t i v e l y ) .  Prom 

b i o g e n e t i c  c o n s id e r a t i o n s  th e  s t r u c t u r e  ( 20a) was proposed
r* '■] O

f o r  th e  a c i d .  D e x tr a r o ta to r y  h a r d w ic k i ic  a c id  L*J + 125

11has b een  i s o l a t e d  from C o p a ifera  o f f i c i n a l i s . The m e l t in g  

p o in t  o f  a m ix tu re  o f  th e  two a c id s  was 50°  h ig h e r  than  th e  

m e lt in g  p o in t  o f  th e  i n d i v i d u a l  com ponents, b eh a v io u r  

t y p i c a l  o f  c e r t a i n  racem ic  compounds. The d i c a r b o x y l i c  a c i d ,  

k o l a v i c  a c id  ( 2 2 a ) ,  on d eh y d ro g en a tio n  gave th e  same m ixture  

o f  n a p h th a le n e s  showing th a t  i t  was c l o s e l y  r e l a t e d  t o  

h a r d w ic k i ic  a c i d .  That b o th  c a rb o x y l  groups were i n  

c o n j u g a t io n  w ith  a d ou b le  bond was deduced from th e  u . v .  

s p e c t r a  o f  th e  a c id  and i t s  m ethy l e s t e r .  Ty/o m oles  o f



-  8 n ~

hydrogen  were ta k e n  up on h y d r o g e n a t io n  over Pt i n d i c a t i n g

th e  p r e s e n c e  o f  o n ly  two dou ble  bonds and t h e  a ttach m en t o f

a m eth yl group t o  one o f  t h e s e  bonds was -deduced from t h e

p r e s e n c e  o f  a d o u b le t  at 7*9 u i n  th e  n .m .r .  spectrum .

Prom t h i s  e v id e n c e  k o l a v i c  a c id  was fo rm u la ted  as (2 2 a )  and

t h i s  was con firm ed  by a c o r r e l a t i o n  w ith  h a r d w ic k i ic  a c i d ,

b o th  compounds b e in g  c o n v er te d  i n t o  th e  same d i a c e t a t e  ( 23a ) .

The rem a in in g  a c i d ,  k o la v e n ic  a c id  (22b) was i s o l a t e d  as

i t s  m ethyl e s t e r .  S p e c t r a l  d a ta  i n d i c a t e d  th e  p r e s e n c e  o f

one seco n d a r y ,  two t e r t i a r y  and two v i n y l i c  m ethyl groups

i n  th e  a c id  and th u s  s u g g e s te d  a s t r u c t u r e  (22b) w hich was

confirm ed  by a d i r e c t  i n t e r r e l a t i o n  w ith  k o l a v i c  a c id  th rou gh

t h e  hydrocarbon  ( 2 3 b ) .  Hydride r e d u c t io n  o f  k o la v e n ic  a c id

a f fo r d e d  an a l c o h o l ,  k o la v e n o l  (22d) w hich  was i d e n t i c a l  w ith

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

K o la v en y l  a c e t a t e  on se len iu m  d io x id e  o x id a t io n  gave as  th e

main p r o d u c t ,  t h e  compound ( 24) w hich was tra n sfo rm ed  i n t o

m eth yl h a r d w ic k ia te  (20b) on sh ak ing  w ith  A m berlyst-15*
n . 12

The o th e r  a l c o h o l ,  k o l a v e l o o l  (2 5 )  was i s o m e r ic  w ith  

k o la v e n o l  and i t s  s t r u c t u r e  proved  by a p a r t i a l  s y n t h e s i s  

from t h i s  compound. The a ld eh yd e  (2 2 c )  o b ta in e d  from  

k o la v e n o l  by manganese d io x id e  o x i d a t i o n ,  on tr e a tm e n t  w ith  

hydrogen  p e r o x id e  fu r n is h e d  an e p o x y - k o la v e n a l . R e a c t io n  

w ith  h y d ra z in e  h y d ra te  and a c e t i c  a c id  a f fo r d e d  an a l l y l i c  

a lc o h o l  ( 25 ) w hich proved  t o  be i n d i s t i n g u i s h a b l e  from an
M

a u t h e n t i c  sample o f  k o l a v e l o o l .

13E x p er im en ta l support f o r  th e  p o s i t i o n i n g  o f  t h e  

a n g u la r  m eth yl groups o f  h a r d w ic k i ic  a c i d  as shown (20a )
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came from d e g r a d a t iv e  work which a l s o  l e d  to  th e  

e l u c i d a t i o n  o f  th e  a b s o lu te  s t e r e o c h e m is t r y  at th e  v a r io u s  

asym m etric  c e n t r e s .  The two major p r o d u c ts  ( 2 6 and 27) o f  

o z o n o l y s i s  o f  h a r d w ic k i ic  a c id  b o th  showed i n  t h e i r  n .m .r .  

s p e c t r a  th a t  th e  r e so n a n ce  o f  one o f  t h e  t e r i a r y  m ethyl  

groups had s u f f e r e d  a d o w n f ie ld  s h i f t  t o  0 .8  S ' .  , a v a lu e  

a c c e p ta b le  f o r  a m eth y l group a d ja c e n t  t o  a carbom ethoxy  

f u n c t i o n .  T h is  was ta k en  t o  i n d i c a t e  th e  p r e s e n c e  o f  a 

C -  5 m ethyl group. I n tr o d u c t io n  o f  a double  bond i n  

c o n ju g a t io n  w ith  th e  keton e  o f  ( 27 ) fu r n is h e d  th e  compound 

(2 0 )  whose n .m .r .  spectrum showed th e  two o l e f i n i c  p r o to n s  

as an iJ3 q u a r te t  w ith  no fu r th e r  c o u p l in g  i n d i c a t i n g  a 

f u l l y  s u b s t i t u t e d  C -  9 p o s i t i o n .  The t r i e s t e r  ( 26 ) was 

c o n v e r te d  i n t o  a s u b s t i t u t e d  cy c lo p e n ta n o n e  (2 9 )  w i th  a 

s tr o n g  n e g a t iv e  c i r c u l a r  d ich ro ism  e f f e c t .  S in c e  t h i s  curve  

was th e  m irror  image o f  th a t  o f  a normal 1 7 - k e t o - s t e r o i d  i t  

was co n c lu d ed  th a t  t h e  r i n g s  were t r a n s  fu s e d  bu t w ith  th e  

o p p o s i t e  a b s o lu t e  s t e r e o c h e m is t r y .  From th e  n .m .r .  o f  th e  

d e r iv e d  k e t o - e s t e r  ( 30 ) i t  was s e e n  th a t  th e  e s t e r  f u n c t io n  

had no s h i e l d i n g  e f f e c t  on th e  C -  5 m ethyl group and 

t h e r e f o r e  was :• - o r i e n t e d  s in c e  i n  th e  a l t e r n a t i v e  c--.I

c o n f ig u r a t i o n  th e  C -  5 m ethy l would have a 1 , 3  d i a x i a l  

r e l a t i o n s h i p  w ith  th e  e s t e r  and l i e  i n  th e  s h i e l d i n g  zone o f  

t h e  e s t e r  c a rb o n y l  group. The d i e s t e r  (2 8 )  was c o n v e r te d  

i n t o  th e  k e t o - e s t e r  ( 31 ) i n U s  n .m .r .  spectrum  th e

G -  8 m ethyl r e s o n a n c e  appeared as  a d o u b le t  c e n tr e d  a t  

8 .8 1  X , h a v in g  s u f f e r e d  a p a ra m a g n et ic  s h i f t  o f  about 21 

c . / s e c .  The G -  8 m ethyl group was t h e r e f o r e  a s s ig n e d  th e



e q u a t o r ia l  c o n f ig u r a t i o n .  The a b s o lu t e  s t e r e o c h e m is t r y  o f  

th e  rem a in in g  n a t u r a l l y  o c c u r in g  compounds f o l l o w s  from  

t h e i r  r e l a t i o n s h i p  w ith  h a r d w ic k i ic  a c i d .

A r o o t  and bark e x t r a c t  of T inom iscium  p h i l i p p i n e n s e , 

a p la n t  o f  t h e  sane fa m i ly  as J a t o r r h iz a  pa lm ata  from w hich  

colum bin  (6 )  h as b een  i s o l a t e d  f u r n i s h e d ^  a fu r a n o id  m eth y l  

e s t e r  f o r  w hich s t r u c t u r e  (32 )  was p ro p o sed . In  th e  ca rb o n y l  

r e g i o n  o f  th e  i n f r a - r e d  spectrum  were peaks c h a r a c t e r i s t i c  o f  

an u n sa tu r a te d  k eto n e  and e s t e r  and a £ l a c t o n e .  

R ed u c t io n  w ith  z in c  and a c e t i c  a c id  gave th e  s a tu r a te d  k eto n e  

(3 3 )  as  e x p e c te d .  In  th e  h ig h  r e s o l u t i o n  n .m .r .  spectrum  i n  

ben zen e  the  C -  1 p r o to n s  showed, i n  a d d i t io n  t o  th e  gem inal  

c o u p l in g ,  c o u p l in g  t o  th e  C -  10 p r o to n  i n d i c a t i n g  t h e  

absen ce  o f  a m eth y l group a t t h i s  p o s i t i o n .  However no 

e v id e n c e  was p r e s e n te d  which would a l lo w  th e  ass ign m ent o f  

s t e r e o c h e m is t r y  a t  e i t h e r  th e  r i n g  j u n c t io n  or a t  any o f  

th e  rem a in in g  asym m etric  c e n t r e s .

Prom ch em ica l and s p e c t r o s c o p ic  e v id e n c e  th e  s t r u c t u r e  
1 R

(3 4 a )  was s u g g e s te d  fo r  o l e a r i n ,  a n e u t r a l  d i t e r p e n o id  

from O le a r ia  h e t e r o c a r p a . The p r e s e n c e  o f  two u n sa tu r a te d  

ca rb o n y l  g ro u p in g s  was deduced from th e  i . r .  and u . v .  

a b s o r p t io n  w h i le  th e  i . r .  spectrum  of th e  t e t r a - h y d r o  

d e r i v a t i v e  (35a )  in d i c a t e d  t h a t  b o th  t h e s e  f u n c t io n s  are  

p r e s e n t  i n  $ l a c t o n e  r i n g s .  That th e  rem ain in g  oxygen  atom 

i s  p r e s e n t  a s  a seco n d a ry  h y d ro x y l group was deduced from i t s  

re a d y  o x id a t io n  t o  th e  c o r r e s p o n d in g  k e to n e  (3 5 ^ )•  Treatm ent  

o f  t h i s  k e to n e  w i t h  a l k a l i  gave form ald eh yd e by a 

r e t r o  -  a ld o l  c o n d e n s a t io n  showing t h a t  a new ly  formed
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h y d r o x y l ,  from op en in g  one o f  th e  la c t o n e  r i n g s ,  must be i n

1 p o s i t i o n  to  th e  k eto  group. The n .m .r .  spectrum  o f
\

o l s a r i n  proved most in f o r m a t iv e  show ing r e so n a n c e s

ab o r ib u t a b le  t o  a (b - s u b s t i t u t e d  b u t e n o l i d e ,  two m eth y l

g r o u p s ? one seco n d a ry  and th e  o th e r  t e r t i a r y ,  one v i n y l

p r o to n  a d ja c e n t  t o  a m eth y len e  group and a -  CIA, 0 -  a t ta c h e d

t o  a f u l l y  s u b s t i t u t e d  carbon atom. The p r o to n s  o f  th e  t r a n s

double bond o f  a n h y d r o -o le a r in  ( 3 &) formed v i a  th e  m ethane-

sulphcru c e  ( 34b) b o th  appear as  d o u b le t s  showing no f u r t h e r

c o u p l in g ,  c o n s i s t e n t  w i t h  o l e a r i n  h a v in g  a repTn^vggcd

lab d an e  s k e l e t o n .  The r e l a t i v e  s t e r e o c h e m is t r y  o f  o l e a r i n

im p lie d  ll. O  kO i s  b ased  on b i o g e n e t i c  c o n s i d e r a t i o n s .

A l i g h t  p e tro le u m  e x t r a c t  o f  th e  heartw ood o f  P la th y nenhu

r e t lc n . , .a ta  was found ' t o  c o n t a in  p l a t h y t e r p o l , an o i l y

d i t e r p e n o i d  w hich was; d e d u c e d  to  have th e  s t r u c t u r e  ( 3 7 ) from

s p e c b r e y c o p ic  and d e g r a d a t iv e  s t u d i e s .  The n .m .r .  spectrum

o f  th e  d e r iv e d  1-6 -  u n sa t  ur a t  e d  k e to n e  ( 38 ) showed th e  p r o to n s

t o  ;'he c a rb o n y l f u n c t io n  t o  be th e  AB p a r t  o f  an ABX

system  Furtherm ore th e  C -  10 p r o to n  appeared t o  be

e q u a t o r ia l  t o  r in g  A and th u s  th e  a/B  r i n g  f u s i o n  was

u n e x p e c te d ly  c i s  as i n  co lum bin . I n  order to  r e s o l v e  t h i s

problem  th e  c r y s t a l l i n e  d ibrom oketone ( 3 9 ) was p rep ared  and 

77s u b je c te d  t o  X -ray  a n a l y s i s  w hich  con firm ed  th e  p r e v io u s

b e n t a t iv e  s t e r e o c h e m is t r y  a t  th e  r i n g  j u n c t io n .

in  e x t r a c t  o f  th e  l e a v e s  and t w ig s  o f  Croton l u o i d u s , 

a member o f  t h e  E u p horb iu coae , th e  f a m i l y  t o  w hich  Croton

e le n te j r ia  ( th e  sou rce  o f  tn e  c a s c a r i l l i n s )  a l s o  b e lo n g s ,

"L Gfu r n i  shed' th e  n >rd.it e rp en o id  c r o t o n in  (4 0 )  . The i . r .
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-cp-o G-trx~ulacked _hydxo^d-—al>s-or^i.ou J^urh-indi c a t  ed.. th e  

p r e s e n c e  o f  a k e t o n e ,  a s a tu r a te d  ") l a c t o n e  and a 

jl> - s u b s t i t u t e d  fu ra n  r i n g .  The n .m .r .  spectrum  r e v e a le d  

no f u r t h e r  u n s a t u r a t i o n  w h i le  i n  th e  m eth y l r e g i o n  t h e r e  

were two d o u b le t s  from two secon d ary  m eth y l g ro u p s .

C a t a l y t i c  h y d r o g e n a t io n  over Pd f u r n is h e d  th e  t e t r a h y d r o -  

a c id  ( 4-1 ) show ing t h a t  th e  e t h e r e a l  oxygen atom i n  th e  

lac -ton e  i s  a l l y l i c  t o  th e  fu ran  r i n g .  The n .m .r .  sx^ectrum 

o f  t i . j  co r r e sp o n d in g  a ld eh yd e  showed t h i s  p r o to n  as a s i n g l e t  

i n d i c a t i n g  th a t  t h i s  group i s  a t ta c h e d  t o  a f u l l y  s u b s t i t u t e d  

carbon  atom. The s u b s t i t u t i o n  p a t t e r n  on th e  b i c y c l i c  

n u c le u s  was deduced from th e  n .m .r .  spectrum  o f  th e  

m e th y la te d  d e h y d r o g e n a t io n  produot ( 42a) where t h e  two 

a ro m a tic  p r o to n s  h,ad a met a c o u p l in g .  O x id a t io n  o f  th e  e t h e r  

f o l l o w e d  by trea tm en t  w i th  fu r fu r a ld e h y d e  fu r n is h e d  th e  

f u r f u r y l i d o n e  d e r i v a t i v e  ( 42b) whose n .m .r .  spectrum  showed 

th e  C -  3 p r o to n  (now a l l y l i c )  a s  a q u a r te t  a t  much low er  

f i e l d .
19An e t h e r e a l  e x t r a c t  o f  Dodonaea a t t e n u a t a  gave as th e  

major a c i d i c  c o n s t i t u e n t  th e  h y d r o x y -a c id  ( 43a) whose n .m .r .  

spectrum  showed s i g n a l s  a t t r i b u t a b l e  t o  a & - s u b s t i t u t e d  

fu r a n  r i n g ,  a t e r t i a r y  m eth y l and an a c e t a t e  group and an 

■oî i enone system  w hich  in c l u d e s  a £> carbon atom b e a r in g  a 

p ro to n  and a m eth y len e  group . The s t e r i c  r e l a t i o n s h i p  o f  

th e  a c id  and th e  prim ary h y d ro x y l  f u n c t i o n s  was e s t a b l i s h e d  

by t h e  fo r m a t io n  o f  an - u n s a t u r a t e d -  >> - l a c t o n e  on 

t r e a tm e n t  w ith  d i c y c l o - h e x y l c a r b o d i i m i d e .  The n .m .r .  spectrum  

o f  t h i s  la c t o n e  showed th e  C -  19 p r o to n s  as  an AB system



'in&i.c~ating-- th a t---th is  ...me'bhyd.ene group was a t ta c h e d  t o  a 

f u l l y  s a t u r a t e d  carbon atom. In  th e  d e r iv e d  a ld eh y d e  (44&) 

th e  C -  17 p r o to n  appeared as a d o u b le t  showing t h a t  th e  

a d ja c e n t  carbon atom b e a r s  one p r o to n .  The r e l a t i v e  p o s i t i o n s  

o f  th e  a c e to x y -m e th y l  group and th e  £ - s u b s t i t u t e d  fu r a n  i n  

(44h) were e s t a b l i s h e d  by i t s  c o n v e r s io n  i n t o  t h e  k e t o - l a c t o n e  

(4 5 )  f th e  fo r m a t io n  o f  a cy c lo p en ta n o n e  i n d i c a t i n g  t h a t  t h e r e  

a re  fo u r  carbon atoms l i n k i n g  th e  prim ary a c e t a t e  to  th e  

fu r a n  r i n g .  I n  t h e  prod u ct  ( 4 6 ) o f  f u r t h e r  d e g r a d a t io n  th e  

v i n y l  p r o to n  r e s o n a te d  a s  a t r i p l e t  and th e  C -  11 p r o to n s  as  

a d o u b l e t , w ith  no fu r t h e r  c o u p l in g .  E v id en ce  f o r  th e  

d e c a l i n  r i n g  sy stem  was o b ta in e d  by se le n iu m  d eh y d ro g en a t io n  

o f  (440 ) w hich  gave 1 , 2  d im e th y ln a p h th a le n e .  The r e l a t i v e  

s t e r e o c h e m is t r y  shown i n  ( 43 a) was a s s ig n e d  on th e  b a s i s  o f  

c h em ic a l  and s p e c t r o s c o p ic  e v id e n c e  w h i le  th e  a b s o lu t e  

c o n f ig u r a t i o n  f o l lo w e d  from th e  s t r o n g  p o s i t i v e  C otton  e f f e c t  

o f  th e  c y c lo p  entanone ( 4 5 ) s im i l a r  t o  t h a t  o f  2 5 , 24-‘B is n o r -

A - ( 4 ) - n o r - 5  ( i l ) - l u p a n - 3-one (4 7 )  •

A m e th y la te d  e x t r a c t  o f  D. a t t e n u a t a  A. Cunn.v a r . l i n e a r i s
19

B en th . a f t e r  chromatography on alum ina a f fo r d e d  th e  la c t o n e

(4 0 )*  S a p o n i f i c a t i o n  fu r n is h e d  th e  h y d r o x y -a c id  (4Jb) w hich

on s o d iu m -e th a n o l  r e d u c t io n  was c o n v e r te d  i n t o  th e  s a t u r a t e d

l a c t o n e  p r e v i o u s l y  prepared  from th e  a c e t o x y - a c i d  ( 4 3 &) th u s

e s t a b l i s h i n g  t h e ’s t r u c t u r e  and s t e r e o c h e m is t r y  o f  th e  l a c t o n e .

The p h y s i c a l  c o n s t a n t s  o f  th e  h y d r o x y -a c id  (43t>) th e

l a c t o n e  ( 4 0 ) s u g g e s t e d  th a t  th e y  a r e  i d e n t i c a l  w ith

20h a u t r iw a ic  a c id  ( i s o l a t e d  i n  19 3  ̂ from D . v i s c o s a ) and i t s  

d e r iv e d  l a c t o n e «
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21Teucrium p o liu m  has been  a  r i c h  sou rce  o f  h ig h ly  

oxygen ated  fu r a n o id  d i t e r p e n e s  w ith  a rea r ra n g ed  labdane  

s k e l e t o n ,  t e n  c l o s e l y  r e l a t e d  c r y s t a l l i n e  compounds h a v in g  

b een  i s o l a t e d .  Of t h e s e ,  com plete  s t r u c t u r e s  have b een  

deduced f o r  t h r e e  and p a r t i a l  s t r u c t u r e s  f o r  f i v e ,  o n ly  

i n s u f f i c i e n t  m a t e r ia l  p r e v e n t in g  pure sam ples o f  the  

rem a in in g  compounds from b e in g  o b ta in e d .  The major  

component, p i c r o p o l i n  ( 49 a) was s e e n  from i t s  s p e c t r a l  

p r o p e r t i e s  t o  c o n ta in  a  ̂ - s u b s t i t u t e d  fu r a n  r i n g ,  an J„. 

k e t o l ,  a b l a c t o n e ,  an ep ox id e  and a prim ary a c e t a t e  group.  

H y d r o g e n o ly s is  o f  p i c r o p o l i n  over  Pd fu r n is h e d  an a c id  (5 0 )  

w hich d id  not c o n ta in  a la c to n e  i n d i c a t i n g  th a t  th e  la c t o n e  

e t h e r e a l  oxygen atom was i n  an a l l y l i c  p o s i t i o n  to  t h e  fu ra n  

r i n g .  Hydride r e d u c t io n  o f  th e  la c to n e  to  a h e x a - o l  

fo l l o w e d  by a c e t y l a t i o n  a f fo r d e d  a t e t r a - a c e t a t e  ( 51a) and a 

p e n t a - a c e t a t e  ( 5H )  i n d i c a t i n g  th e  t e r t ia r y  n a tu re  o f  th e  

s i x t h  h y d ro x y l  f u n c t i o n .  These r e s u l t s  are  c o n s i s t e n t  w ith  

th e  op en in g  o f  a p r im a r y - t e r t ia r y  e p o x id e .  Sodium ca rb o n a te  

tre a tm e n t  o f  p i c r o p o l i n  produced n ot d e s a c e t y l p i c r o p o l i n  but  

an isom er  ( 52a) which on r e a c e t y l a t i o n  gave i s o p i c r o p o l i n  

(52b) Yfhich was i d e n t i c a l  w ith  one o f  th e  n a t u r a l l y  o c c u r in g  

a c e t a t e s .  A t h i r d  compound, th e  d i a c e t a t e  (491 )  w&s 

o b ta in e d  from p i c r o p o l i n  by d i r e c t  a c e t y l a t i o n .  The 

rem a in in g  compounds, two m o n o a c e ta te s ,  one d i a c e t a t e ,  and 

two w hich do n ot c o n ta in  a c e to x y  g ro u p s ,  a l l  appeared t o  be  

o f  s im i l a r  s t r u c t u r e ,  h a v in g  a ft - s u b s t i t u t e d  fu ra n  r i n g  

and a  ̂ l a c t o n e .
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D io s b u lb in s  A, B and C (5 3 a ,  54 and 531) from th e

r o o t  tu b e r s  o f  D io s c o r e a  b u l b i f e r a  are  th e  f i r s t  t e r p e n o id s  
22r e p o r te d  i n  D io s c o r e a c e a e  and th e  f i r s t  f u r a n - c o n t a in in g

d i t e r p e n o i d s  i n  M o n o co ty led o n ea e . A l l  th r e e  compounds, from

t h e i r  a n a l y t i c a l  d a ta ,  appeared to  be n o r d i t e r p e n o i d s .

They had c e r t a i n  s t r u c t u r a l  f e a t u r e s  i n  common, nam ely a

(3 - s u b s t i t u t e d  fu ra n  r i n g ,  a V  l a c t o n e ,  an e th e r  b r id g e

and one t e r t i a r y  m ethyl group. D io s b u lb in  B, th e  main

c o n s t i t u e n t ,  had an a d d i t i o n a l  4 l a c t o n e  w h i le  C was a

h y d r o x y -a c id ,  m e th y la t io n  o f  w hich  gave a m ethyl e s t e r

i d e n t i c a l  i n  a l l  r e s p e c t s  w ith  compound A. H y d r o ly s i s  o f

B w ith  sodium h y d ro x id e  i n  aqueous p y r id in e  a f fo r d e d  a

c a r b o x y l i c  a c id  which proved  t o  be i n d i s t i n g u i s h a b l e  from

D io s b u lb in  C. H yd rogen ation  o f  B prod u ced , i n  a d d i t io n  t o

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

a lc o h o l  ( 5 5 ) t th e  p roduct o f  h y d r o g e n o ly s i s  o f  th e  e th e r

l i n k a g e ,  th u s  e s t a b l i s h i n g  th e  r e l a t i v e  p o s i t i o n s  o f  th e

e th e r  and th e  fu ra n  r i n g .  The p o i n t s  o f  a ttachm ent (C -4  a-n(i

C-0) o f  th e  t  l a c t o n e  r i n g s  t o  th e  b i c y c l i c  n u c le u s  were

e s t a b l i s h e d  from th e  prod u ct  o f  s e len iu m  d eh y d r o g e n a t io n .

The o th er  lu o in ts  o f  attachm ent a t  C -  2 and C -  6

r e s p e c t i v e l y  were proved  by f u r t h e r  d e g r a d a t iv e  work. The

secon d ary  h y d ro x y l  group i n  compounds A and C proved  t o  be

23s t e r i c a l l y  h in d e r e d  r e s i s t i n g  b o th  a c e t y l a t i o n  and S a r e t t

o x i d a t i o n  but i t  was co n v er te d  i n t o  th e  co rr e sp o n d in g

2 Ak e to n e  u s in g  S n a t z k e 's  c o n d i t i o n s .  The assign m en t o f  

s t e r e o c h e m is t r y  was b a sed  l a r g e l y  on a c a r e f u l  s tu d y  o f  a 

s e r i e s  o f  o p t i c a l  r o t a t o r y  d i s p e r s i o n  c u rv es  which a f t e r



a p p l i c a t i o n  o f  th e  la c to n e  s e c t o r  r u l e  in d i c a t e d  t h a t  th e  

A/B r i n g  system  was t r a n s  f u s e d ,  b o th  l a c t o n e s  were c i s  

and s i o r i e n t e d ,  and th e  m ethyl group and t h e  s i d e  c h a in  

were [3 o r i e n t e d .  These f i n d i n g s  were s u b s t a n t ia t e d  by  

n u c le a r  m a g n et ic  double r e so n a n ce  e x p e r im e n ts .  S a t u r a t io n  

of t h e   ̂ - f u r a n  p r o to n  s i g n a l  gave r i s e  t o  a 1 &fo i n c r e a s e  

i n  th e  t e r t i a r y  m eth y l re so n a n ce  w h i le  a s i m i l a r  exp erim ent  

on t h e  l a t t e r  produced  a 20fo i n c r e a s e  i n  th a t  o f  t h e  fu ra n  

p r o to n .

A n o v e l  b i c y c l i c  d i t e r p e n e ,  p o r t u l a l  (5^) w hich
25

c o n t a in s  a p e r h y d r o -a z u le n e  s k e l e t o n  has been  i s o l a t e d  

from P o r t u la c a  g r a n d i f l o r a . I t s  s p e c t r a l  p r o p e r t i e s  are  

c o n s i s t e n t  w ith  i t s  c o n t a in in g  a seco n d a ry  and a v i n y l  

m eth y l group, two double  b on ds,  t h r e e  prim ary h y d ro x y l  

groups and an i s o l a t e d  t e r t i a r y  a ld eh y d e .  The m o le c u la r  

s t r u c t u r e ,  s t e r e o c h e m is t r y  and a b s o lu t e  c o n f ig u r a t i o n  were 

determ ined  from a t h r e e - d im e n s io n a l  X -ray  d i f f r a c t i o n  s tu d y  

o f  th e  d e r iv e d  b r o s y lh y d r a z o n e .  A b i o g e n e t i c  r o u te  t o  

p o r t u l a l  from a g e r a n y l - g e r a n io l  p r e c u r s o r  was s u g g e s te d  and 

i s  as shown i n  f i g u r e  2, .

An e x t r a c t  o f  F ib r a u r ea  c h lo r o le u c a  has been  sh o w n ^ o  

c o n t a in  th e  new co lu m b in -ty p e  fu r a n c id  d i t e r p e n e  f i b l e u c i n  

(57 )*  The p r e s e n c e  o f  two b l a c t o n e  r i n g s  was deduced from  

i t s  a b s o r p t io n  i n  th e  i . r .  w h i le  th e  s i m i l a r i t y  o f  i t s  n .m .r .  

spectrum  to  th a t  o f  colum bin  i n d i c a t e d  th a t  one o f  th e  

l a c t o n e s  was p r e s e n t  i n  r i n g  A. H yd rogenation  o f  f i b l e u c i n  

f u r n is h e d  an u n s a tu r a te d  c a r b o x y l ic  a c id  ( 5^) as e x p e c te d  

f o r  a la c t o n e  i n  a p o s i t i o n  a l l y l i c  t o  a fu ran  r i n g .



_ _

In  a d d i t i o n  t o  tho  d i t e r p e n o i d s  d i s c u s s e d  above an

a l k a l o i d ,  t h e l e p o g i n e  ( 5 9 ) w hich a l s o  h as a rea r ra n g ed

27labdane s k e l e t o n  has been  i s o l a t e d  1 from th e  g r a s s

Thelepogon s l o g a n s . I n  t h i s  c a se  however o n ly  a p a r t i a l

rearrangem ent has ta k e n  p la n e  i n  which th e  m ig r a t io n  o f

th e  C -  4 m ethyl t o  C -  5 h&s not b een  f o l l o w e d  by t h e

h y d r id e  io n  s h i f t  from C — 5 "t0 C — 10 . The s t r u c t u r e  was 

20e s t a b l i s h e d  by an X -ray ex a m in a t io n  o f  th e  d e r iv e d  

m e t h io d id e .
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D it e r p e n o id s  from th e  S o l id a g o  S p e c i e s .

G-olden r o d ,  th e  p opular  name fo r  p l a n t s  o f  th e  genus  

S o l i d a g o , i s  o f  th e  n a tu r a l  order C om positae . There are  

a p p r o x im a te ly  120 s p e c i e s ,  found c h i e f l y  i n  North America  

a lth o u g h  a few do occur i n  Europe. The most common g o ld e n  

rod ( s .  c a n a d e n s i s ) i s  a N orth American s p e c i e s ,  S>. 

v ir g a u r e a  b e in g  t h e  o n ly  member o f  th e  genus n a t iv e  to  

B r i t a i n .  H y b r i d i s a t i o n  betw een  c l o s e l y  r e l a t e d  s p e c i e s  

o c cu rs  f r e e l y  i n  n a t u r e ,  making i d e n t i f i c a t i o n  o f  s p e c i e s  

d i f f i c u l t .
29P r e v io u s  ch em ica l s t u d i e s  o f  v a r io u s  S o l id a g o

s p e c i e s  have l e d  t o  th e  i s o l a t i o n  o f  a number o f

p o ly p h e n o l io .  compounds w h i le  m a t r ic a r ia  e s t e r  ( 60 ) and

8 c i s  dp  d ih y d r o m a tr ic a r ia  e s t e r ^ ( 6 l  ) have b een

o b ta in e d  from _S. v ir g a u r e a  and S_. s em p erv iren s  r e s p e c t i v e l y .

S. c a n a d e n s is  has been  th e  o b j e c t  o f  s e v e r a l  i n v e s t i g a t i o n s .

32I n  1947 H ouston and B u r r e l l^  i s o l a t e d ,  from th e  r o o t s  o f

t h i s  p l a n t ,  a d i t e r p e n e  C^qH^qÔ  n .p .  8 0 -9 0 °  but d id  not

s u g g e s t  a s t r u c t u r e  f o r  th e  compound. The Czech w orkers

29K rep in sk y  and Herout i n  1962 r e p o r te d  th e  i s o l a t i o n  o f

two a l c o h o l s ,  one a d i t e r p e n e  Co ~H.,,0 n .p .  169°  and th e
20 34

o th e r  a t r i t e r p e n e  C^qH^,-^ m.p. 214- 215° from an e t h e r e a l

e x t r a c t  o f  th e  same p l a n t .  From S. c a n a d e n s is  and

33 0S. g ig a n t e a  G erlach  o b ta in ed  th e  d i t e r p e n e  m .p. 131 -1 3 2

p r e v i o u s l y  i s o l a t e d  by Houston and B u r r e l l  and p rop osed  th e

s t r u c t u r e  ( 62 ) w hich has a m o lec u la r  form u la  ^20^ 26^3

d e s p i t e  th e  f a c t  t h a t  h i s  mass s p e c t r o n e t r i c  d e te r m in a t io n
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i n d i c a t e d  a m o le c u la r  w e ig h t  o f  316 c o r r e sp o n d in g  to  a

m o le c u la r  form u la  o f  Co J3oo0 , .

l u r i n g  an e x a m in a t io n  o f  members o f  the  Compositae

3 /fa m i l y  f o r  a c e t y l o n i c  compounds A n th o n sen ^ r a l s o  i n v e s t i g a t e d

iS. c a n a d e n s is  and i s o l a t e d  t h i s  d i t e r p e n e  i n  good y i e l d .

From i t s  s p e c t r a l  p r o p e r t i e s  he r e c o g n i s e d  t h a t  i t  c o n t a in s

a b - s u b s t i t u t e d  fu ra n  r i n g .  The p r e s e n c e  o f  a h y d ro x y l

group was shown from th e  peak a t  M -  18 i n  the mass spectrum

but th e  i n t e n s i t y  o f  t h i s  peak was much l e s s  th a n  t h a t  o f

th e  p a r e n t ,  an e f f e c t  s im i la r  to  t h a t  s een  i n  th e  mass

35spectrum  o f  n a r r u b i in  . The c o n s t i t u t i o n  o f  s o l id a g e n o n e  as

(63 ) was p r o p o s e d ^  on th e  b a s i s  o f  i t s  s p e c t r o s c o p ic  and

c h e m ic a l  p r o p e r t i e s  by members o f  t h i s  department w orking

i n  c o l l a b o r a t i o n  w ith  A nthonsen . The p r e s e n c e  o f  th e  o(d -

u n s a tu r a te d  k e to  f u n c t io n  was d e t e c t e d  from th e  ca rb o n y l

a b s o r p t io n  a t  I 678 cm  ̂ i n  th e  i . r *  sp ectru m , th e  enone

a b s o r p t io n  i n  th e  u . v .  b e in g  seen  as a narrow band a t  234 nu

a f t e r  s u b t r a c t i o n  o f  th e  furan  a b s o r p t io n  o f  n a r r u b i in .

That s o l id a g e n o n e  c o n t a in s  a h y d ro x y l group was determ ined

from th e  n .m .r .  spectrum  where a c o n c e n tr a t io n -d e p e n d e n t

one p r o to n  s i n g l e t  a t  about 8 X d isa p p e a red  ux^on th e

a d d i t i o n  o f  heavy  w a te r .  S in ce  t h e r e  was no re so n a n ce

a t t r i b u t a b l e  t o  a p r o to n  o f  th e  ty p e  H -  G -  OH i t  was

con clud ed  th a t  th e  h y d ro x y l  i s  t e r t i a r y .  These f a c t s
34.

r e a d i l y  e x p la in e d  th e  known ^ c h em ic a l  p r o p e r t i e s .  The 

37ass ig n m en t^ ' o f  s t e r e o c h e m is t r y  was i n i t i a l l y  e n v is a g e d  as  

in v o l v i n g  a c o r r e l a t i o n  w ith  n a r r u b i in  (6 4 )* I t  was hoped  

t h a t  b o th  conpounds c o u ld  be c o n v e r te d  i n t o  th e  same



-  9 ?  -

k e to n e  ( 6 5 ) "but s o l id a g e n o n e  co u ld  n o t  be red uced  to  th e  

r e q u ir e d  compound. The d ihydro  d e r i v a t i v e  o b ta in e d  by  

h y d r id e  or by c a t a l y t i c  r e d u c t io n  had a C -  8 a x i a l  m eth y l  

group (from  n .m .r .  e v i d e n c e ) .  However th e  f it u n sa tu r a te d  

k eto n e  (6 6  ) o b ta in e d  from l i th iu m -a n m o n ia  r e d u c t io n  o f  

s o l id a g e n o n e  was i d e n t i c a l  w ith  th e  p rod u ct  o f  p h o sp h o ry l  

c h lo r id e  -  p y r id in e  d e h y d r a t io n  o f  th e  k e t o l  (63 ) from  

n a r r u b i in  th u s  p r o v in g  th e  s t e r e o c h e m is t r y  at C -  5 &n<3- 

C -  1 0 .  The c o n f ig u r a t i o n  a t  C -  9 ^as d e r iv e d  from th e  

p ro d u ct  o f  e p o x id a t io n  ( 67 ) o f  t h e  double  bond i n  th e  

l> % u n s a tu r a te d  k e to n e .  T h is  ep o x id e  was r a p i d l y  

c o n v e r te d  i n t o  s o l id a g e n o n e  ( 63 ) i n d i c a t i n g  th e  fo r m a t io n  

o f  an oC ep o x id e  and r in g  op en in g  t o  form a 9 h y d r o x y l  

grou p .

37I t  has b een  s u g g e s te d  t h a t  s o l id a g e n o n e  nay i n  f a c t

be an a r t e f a c t  s i n c e  no so l id a g e n o n e  was o b ta in e d  on

c o n c e n t r a t io n  o f  a l i g h t  p e tro leu m  e x t r a c t  o f  th e  p l a n t .

I n s t e a d  a c r y s t a l l i n e  compound ^20^28^3 n *P* 1 0 8 -1 0 9 ° (  68 )

Yiras i s o l a t e d  w hich  on s p e c t r a l  e v id e n c e  was a p p a r e n t ly  an

a p p r o x im a te ly  1 2 1 m ixtu re  o f  two compounds e p im e r ic  at

C -  13* These e t h e r s  were i s o n e r i s e d  i n  h ig h  y i e l d  i n t o

s o l id a g e n o n e  on h e a t in g  i n  r e f l u x i n g  e t h a n o l .  These

32 33f i n d i n g s  may e x p l a i n  th e  apparent change 9 y i n  th e  

m e lt in g  p o in t  o f  s o l id a g e n o n e  on r e c r y s t a l l i s a t i o n .

An a c e to x y  m onobasic c a r b o x y l ic  a c id  s o l i d a g o n i c  a c id  

C22H34°4  ( ^ a ) has b een  i s o l a t e d '58 from a r o o t  e x t r a c t  o f  

S. a l t i s s i m a . The p r e s e n c e  o f  s e v e r a l  s t r u c t u r a l  f e a t u r e s  

was r e a d i l y  deduced from th e  n .m .r .  spectrum  o f  i t s  m eth yl
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e s t e r  (69b )» nam ely , a seco n d a ry  a c e t a t e  group (a  one

p r o to n  s i g n a l  a t  about 4*95 6 )* a p r o to n  and a m ethyl

group a t ta c h e d  t o  a double  bond ( a broad one p r o to n  s i g n a l

a t  4 . 9 5  and & th r e e  p r o to n  s i n g l e t  a t  8 * 2 7 % ) t

t e r t i a r y  m ethyl groups ( s i n g l e t s  a t  9*03 and 8 . 8 2 ^  ) and

one secon d ary  m ethyl group (d o u b le t  c e n tr e d  a t  9*09 t  ) •

That th e  ca rb o x y l  group was i n  c o n ju g a t io n  w ith  an o l e f i n i c

bond was s e e n  from th e  u . v .  a b s o r p t io n  at 217*5

( €  = 15400 ) and t h a t  t h i s  double  bond a l s o  c a r r i e s  a

p r o to n  and a m ethyl group was deduced from t h e  n .m .r ,

r e s o n a n c e s  a t  4*44 4 (one p r o to n  s i n g l e t )  and 7*85 O

( t h r e e  p r o to n  d o u b l e t ) .  The p o s i t i o n s  o f  th e  v a r io u s

groups a t ta c h e d  to  th e  b i c y c l i c  n u c le u s  were determ ined

from th e  p r o d u c ts  o f  s e le n iu m  or lOfo P d / c  d eh y d ro g en a t io n

o f  s e v e r a l  d e r i v a t i v e s .  The s t r u c t u r e  (6 9 a )  i n v o l v i n g  a

rea r ra n g ed  labd an e s k e l e t o n  was p rop osed  f o r  t h i s  a c i d .

T h is  was con firm ed  by a s tu d y  o f  the n .m .r .  spectrum  o f

th e  d e r iv e d  s a tu r a te d  k e to n e  (70  ) w hich shows th e  p r e s e n c e

o f  th r e e  p r o to n s  i n  p o s i t i o n s  to  t h e  ca rb o n y l f u n c t i o n .

A q u a r te t  c e n tr e d  a t  7*55 4 a s s ig n e d  t o  a C -  8 p r o to n

co u p led  o n ly  to  th e  th r e e  p r o to n s  i n  th e  secon d ary  m ethyl

group w h i le  th e  two C -  6 p ro to n s  appeared as  two c le a n

d o u b le t s  c e n tr e d  a t  8 . 0 5  and 7 *72 %■ •

S. e lo n g a t a  1'Iutt. has been  c l a s s i f i e d  as  a s u b s p e c ie s

.§.* c a n a d e n s is  L. but i t  has b een  shown th a t  t h e s e  p l a n t s

are  a t  l e a s t  c h e m ic a l ly  d i s t i n c t  s i n c e  th e  l a t t e r  c o n ta in s

d i t e r p e n o i d s  w hich  a re  c o n s id e r a b ly  d i f f e r e n t  from th o s e  

39i s o l a t e d  from th e  former by A nthonsen and M cC rindle .
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From an e t h y l  a c e t a t e  e x t r a c t  t h e s e  a u th o r s  have o b ta in e d  

a s e r i e s  o f  o i l y  d i t e r p e n o i d s  s i m i l a r  to  th o s e  d e s c r ib e d  

e a r l i e r  from H ardw ickia  p in n a t a ^ .  The p o la r  f r a c t i o n s ,  

a f t e r  tre a tm e n t  v/ith  d ia zo m eth a n e , fu r n is h e d  th r e e  m eth y l  

e s t e r s  one o f  which was i d e n t i c a l  t o  m eth yl k o la v e n a te  

( 7 1 a ) .  The n •m .r .  s p e c t r a  o f  th e  o th e r  e s t e r s  were s i m i l a r  

t o  t h a t  o f  m eth yl k o la v e n a te  but shoved e v id e n c e  o f  

a d d i t i o n a l  e s t e r  f u n c t i o n s ,  i n  one c a se  a secon d ary  

a c e t a t e  group and i n  th e  o th e r  a secon d ary  a n g e la t e  group. 

That t h e s e  e s t e r s  are l o c a t e d  on th e  b i c y c l i c  n u c le u s  and 

not i n  th e  s id e  c h a in  was dem on strated  from t h e i r  mass 

s p e c t r a  where th e  most i n t e n s e  peak s r e s u l t  from c le a v a g e  

o f  e i t h e r  t h e  C -  C -  11 or th e  G -  1 1 ,  C -  12 bonds.

These peaks a l s o  occur in  th e  spectrum  of m ethyl  

k o la v e n a t e .  P o s i t i o n s  1 and 2 can a l s o  be e l im in a t e d  

s i n c e  i n  th e  d e r iv e d  k e to n e  ( 71b )  th e  d   ̂ double  bond i s  

not i n  c o n j u g a t io n  w ith  th e  c a rb o n y l group nor does i t  

m ig r a te  i n t o  c o n j u g a t io n  on trea tm en t  w ith  b a s i c  a lum ina .  

That the e s t e r s  are  lo c a t e d  a t  C -  6 was deduced from  

s p e c t r o s c o p i c  c o n s i d e r a t i o n s .  The c o n s id e r a b le  changes of  

th e  ch em ic a l s h i f t  o f  th e  C -3  p r o to n  and th e  C -  4 m eth y l  

group on c o n v e r s io n  o f  th e  a c s t a t e  ( 71c) i n t o  th e  a lc o h o l  

(71d )  and t h e  k e to n e  ( 71h) can be e x p la in e d  by th e
Z

p r o x im i ty  o f  th e  s u b s t i t u e n t  and th e  d ou b le  bond.

The w id th  (\7i = 6 c . / s e c . )  o f  th e  C -  6 p r o to n  r e s o n a n c e  was
s

ta k e n  t o  i n d i c a t e  an e q u a t o r ia l  p r o to n  and an a x i a l  e s t e r  

group. F u rth erm ore, i n  th e  mass spectrum  of th e  k e to n e  

(71b )  th e  major peaks r e s u l t  from c l e a v a g e  o f  th e
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C -  9> C -  10 and C -  5y C -  6 bonds as e x p e c te d .

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

new b u t e n o l id e s  ( t h e  " e l o n g a t o l i d e s ") t h r e e  a l c o h o l s  o f  

which tw o ,  k o la v e n o l  ( 22d) and k o l a v e l o o l  ( 25 ) have b een  

o b t a i n e d ^  p r e v i o u s l y .  The t h i r d  a l c o h o l ,  an a n g e lo y lo x y -  

k o l a v e l o o l  was a s s ig n e d  th e  s t r u c t u r e  ( 72 ) on s p e c t r a l  and 

b i o g e n e t i c  grou n d s. The rem a in in g  f i v e  compounds (7 3  -  74)  

a l l  c o n ta in  a - s u b s t i t u t e d  b u t e n o l id e  group. Three

o f  th e n  form an a l c o h o l  -  a c e t a t e  -  a n g e la t e  s e r i e s  s i m i l a r  

t o  t h a t  found i n  th e  m e th y la te d  f r a c t i o n .  C on vers ion  o f  

th e  a c e t a t e  (73b) i n t o  t h e  k e to n e  ( 7 5 )  y i e l d e d  a compound 

s u i t a b l e  f o r  th e  s tu d y  o f  benzene in d u ced  s h i f t s  s in c e  i t

c o n t a in s  no a d d i t i o n a l  c a rb o n y l f u n c t i o n s .  The v a lu e s
/

o b ta in e d  acco rd  o n ly  w i th  a C -  6 carb on y l group and 

s u g g e s t  th a t  r i n g  33 must be d i s t o r t e d  i n t o  a t w i s t  -  

b o a t  co n fo r m a t io n .
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DISCUSSION.

A c id ic  C o n s t i t u e n t s  o f  S o l id a g o  S e r o t i n a .

57S in ce  S o l id a g o  c a n a d e n s is  has been  found t o  c o n ta in  

s o l id a g e n o n e  ( 63 ) a d i t e r p e n o id  r e l a t e d  t o  m a r r u b iin ,  a 

ch em ic a l  i n v e s t i g a t i o n  o f  th e  r e a d i l y  a v a i l a b l e  S o l id a g o  

s e r o t i n a  A i t .  was u n dertak en  i n  the  hope t h a t  i t  might  

c o n t a in  b i o g e n e t i c a l l y  i n t e r e s t i n g  compounds. In d e ed ,  an 

ex a m in a tio n  by t . I . e .  o f  th e  ch lo ro fo rm  -  s o lu b le  f r a c t i o n  

o f  an e t h y l  a c e t a t e  e x t r a c t  o f  d r ie d  r o o t  m a t e r ia l  c o n ta in e d  

a l a r g e  number o f  fu r a n o id  compounds which were d e t e c t e d  by 

t h e i r  p in k  c o l o u r a t i o n  w ith  E h r l i c h rs r e a g e n t .  In  a l l ,  t e n  

d i t e r p e n o i d s  have been  i s o l a t e d  and t h e i r  s t r u c t u r e s  and 

s t e r e o c h e m is t r y  deduced on th e  b a s i s  o f  s p e c t r a l  and 

ch em ica l s t u d i e s .  A t r i a l  s e p a r a t io n  o f  t h i s  e x t r a c t  by  

column chrom atography over s i l i c a  g e l  was o n ly  p a r t i a l l y  

s u c c e s s f u l  s in c e  two o f  th e  n e u t r a l  components were 

co n tam in ated  w ith  a major a c i d i c  c o n s t i t u e n t  from w hich th e y  

c o u ld  not r e a d i l y  be s e p a r a te d  by r e  chrom atography over  

s i l i c a  g e l .  However, Woelm n e u t r a l  a lum ina proved  t o  be 

more e f f e c t i v e  f o r  s e p a r a t io n  o f  th e  e x t r a c t  and e l u t i o n  i n  

th e  normal manner fu r n is h e d  th e  n e u t r a l  m a t e r i a l .  The 

a c i d i c  compounds were o b ta in e d  by w ash ing  th e  column w ith  

e t h y l  a c e t a t e  c o n t a in in g  a c e t i c  a c id  ( 2 0 $ ) .

The a c i d i c  f r a c t i o n  a f t e r  rech rom atograp h y , t h i s  t im e  

over  s i l i c a  g e l ,  fu r n is h e d  two c r y s t a l l i n e  a c i d s ,  th e  l e s s  

p o la r  o f  which was i s o l a t e d  i n  a p p ro x im a te ly  0 . 6 $  y i e l d  

(b a se d  on th e  w eigh t  o f  d r ie d  r o o t s ) .
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A n a l y t i c a l  and mass s p e c t r a l  d a ta  i n d i c a t e d  t h a t  t h i s  

compound5 d e s ig n a te d  " s o l id a g o ic  a c id  A" ( 7 6 a ) m.p*

I 69 -  171° has th e  m o le c u la r  form u la  CnJ2 oo0 , .  The sharp  

i . r .  hand a t 875 cm  ̂ tak en  i n  c o n ju n c t io n  w ith  th e  t h r e e  

broadened  s i n g l e t s  a t  X  2 .75?  2 . 9 4  and 3..82 i n  th e  n .m .r .  

i n d i c a t e s  th e  p r e s e n c e  o f  a (i -  s u b s t i t u t e d  fu r a n  r i n g .

That th e  rem a in in g  oxygen atoms are p r e s e n t  i n  a ca r b o x y l  

group i s  con firm ed  s p e c t r o s c o p i c a l l y  by th e  broad a b s o r p t io n  

betw een  36OO and 3100 cm ^ i n  th e  i . r .  An o l e f i n i c  p r o to n  

and a m eth y l group a t ta c h e d  to  th e  same double bond g iv e  r i s e

to  an u n r e s o lv e d  m u l t i p l e t  (Wi = 11 c . / s e c . )  at V 4*45 and
2

a broadened s i n g l e t  a t  8 . 4 8  r e s p e c t i v e l y .  A t h r e e  p r o to n

s i n g l e t  a t  I 9*02 and d o u b le t  a t  X 9 * H  (J  = 6 c . / s e c . )  can

be a t t r i b u t e d  t o  two m ethyl g r o u p s ,  th e  former t e r t i a r y  and

th e  l a t t e r  seco n d a ry .

The d e r iv e d  m ethyl e s t e r  ( 7 6b ) , [ * ' ]  ^ * -  6 7 * 5 °  ^as

o b ta in e d  as an o i l  which f a i l e d  to  c r y s t a l l i s e .  In  i t s

n .m .r .  spectrum  th e  o l e f i n i c  p r o to n  appears as an u n r e s o lv e d

m u l t i p l e t  a t  g 4*51 (Wi = 9 c . / s e c . )  which on double
2

i r r a d i a t i o n  o f  th e  m u l t i p l e t  from th e  a l l y l i c  m ethy lene

p r o to n s  c o l l a p s e s  t o  a much narrower m u l t i p l e t  (Wi_ = 5 c . / s e c . )
2

When th e  m eth y len e  e n v e lo p e  was i r r a d i a t e d  a t  % 8*14 th e  

d o u b le t  at 9*10 became a broad s i n g l e t  c o n f ir m in g  i t s  

ass ign m en t as a secon d ary  m ethyl group.

In  order t o  tra n s fo rm  i t  i n t o  th e  c o rr esp o n d in g  

p rim ary  a l c o h o l  (7 ^ ° )  th e  e s t e r  was t r e a t e d  w ith  l i t h i u m  

aluminium h y d r id e  i n  r e f l u x i n g  d i e t h y l  e th e r  but even  a f t e r  

48 hours t r e a tm e n t  a c o n s id e r a b le  amount o f  e s t e r  was l e f t
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u n a f f e c t e d .  For com p lete  r e a c t i o n  th e  r e d u c t io n  r e q u ir e d

t o  be c a r r ie d  out i n  r e f l u x i n g  t e t r a h y d r o fu r a n .  The o i l y

a l c o h o l  ( 76 c ) , [ i j  ^ = -  38° th u s  o b ta in e d  shows h y d ro x y l

-1a b s o r p t io n  i n  th e  i . r .  r e g i o n  a t  3630 cm w h i le  i n  i t s  

n .m .r .  spectrum  th e  c a r b in o l  p r o to n s  ("GHg ” OH) appear as  

two d o u b le t s  a t  t  6 .37  and 6 . 5I  (J = H  c . / s e c . ) .  The 

p r o to n  and m eth y l group a t ta c h e d  to  th e  double  bond g i v e  r i s e  

to  s i g n a l s  a t  4*29 (m)(Wi = 9 c . / s e c . )  and 8 .3 3  (broad s )  

r e s p e c t i v e l y .

O x id a t io n  o f  th e  a l c o h o l  w ith  chromium t r i o x i d e  -  

p y r id in e  f u r n i s h e d  a m ixture o f  th r e e  i s o l a b l e  compounds 

w hich were s e p a r a te d  by p r e p a r a t iv e  t . l . c .  The l e a s t  p o la r  

was th e  a ld eh yd e  ( 7^^ ) ^20^28^2 * D = ” 161° .  P eaks a t  

2690 and 1722 cm \  t y p i c a l  o f  an a ld eh yd e  f u n c t i o n  are  

c l e a r l y  v i s i b l e  i n  i t s  i . r .  spectrum  w h i le  th e  -CHO ald eh yd e  

p r o to n  r e s o n a t e s  as a s i n g l e t  a t  \  0 .34*  A d o u b le t  a t  ^  

8 . 5 8  (J  = 1 . 5  c . / s e c . )  can be a s s ig n e d  to  th e  v i n y l i c  m ethyl

group and th e  m u l t i p l e t  a t  X 4*30 (l/Yi = 10 c . / s e c . )  to  th e
2

o l e f i n i c  p r o to n .  I t  i s  o f  s i g n i f i c a n c e  th a t  the  r e s o n a n c e s  

o f  th e  -  GHg-OH and t h e  -CHO p r o to n s  show no v i c i n a l  s p in  -  

s p in  c o u p l in g  i n d i c a t i n g  th a t  t h e s e  groups must be a t ta c h e d  

t o  a f u l l y  s u b s t i t u t e d  carbon atom. I t  was n o ted  t h a t  th e  

l e a s t  p o la r  o f  th e  n e u t r a l  components o f  th e  e x t r a c t  has  

s i m i l a r  p h y s i c a l  and s p e c t r a l  p r o p e r t i e s  t o  t h i s  a ld e h y d e .  

In d e e d ,  d i r e c t  com parison  o f  th e  two compounds i n d i c a t e d  

t h a t  th e y  were i d e n t i c a l .

F u rth erm ore, th a t  th e  l o c a t i o n  o f  th e  c a rb o x y l  group  

as ^ t o  th e  o l e f i n i c  bond i n  th e  p a ren t f o l l o w s  from th e
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s t r u c t u r e  ( 7 7 a) o f  th e  o x id a t io n  prod u ct  o f  in t e r m e d ia te

p o l a r i t y .  T h is  s u b s ta n c e  ,|7a3 j) = ~ 100° from mass s p e c t r a l

and a n a l y t i c a l  f i g u r e s  has th e  m o le c u la r  form u la  ^1^ 26^2 *

Although i t s  n . m . r .  spectrum has no r e s o n a n c e s  a t t r i b u t a b l e

t o  o l e f i n i c  p r o to n s  th e  v i n y l i c  m ethyl group i s  s t i l l  p r e s e n t

and g iv e s  r i s e  t o  a d o u b le t  a t  y 8 . 3 1  (J = 1 -5  c . / s e c . )

w hich shows lo n g  ran ge  c o u p l in g  t o  one o f  th e  a l l y l i c  p r o t o n s .

I n  th e  methyl r e g i o n  o f  th e  spectrum t h e  r e l a t i v e  p o s i t i o n s

o f  th e  seco n d a ry  and t e r t i a r y  m ethyl groups have in t e r c h a n g e d ,

the  form er now ap p ear in g  as  a d o u b le t  a t  \  3*97 (J = 6 c . / s e c . )

and th e  l a t t e r  as a s i n g l e t  a t  \  9*12 . Support f o r  th e

s t r u c t u r e  (7 7 a )  f o r  t h i s  compounds f o l l o w s  from th e  i . r .

band a t  1675 cm  ̂ c h a r a c t e r i s t i c  o f  an -u n s a tu r a te d

k e to n e .  The mechanism f o r  th e  fo r m a t io n  o f  t h i s  n o r-en o n e

can be e n v is a g e d  as a t t a c k  by th e  0 -  Cr e s t e r  at th e  double

bond which th e n  m ig r a te s  i n t o  a t e t r a s u b s t i t u t e d  p o s i t i o n .

S im i la r  r e s u l t s  have b een  ob served  i n  th e  tre a tm e n t  o f

c e r t a i n  drim en ol d e r i v a t i v e s  w ith  th e  same o x id a n t  ( s e e  l a t e r ) .

The m inor, most p o la r  compound ^20^26^3 D = ” -*-97°? from

n .m .r .  e v id e n c e  was an a ld eh yd e  -  enon e, th e  a ld eh yd e  p r o to n

r e s o n a t i n g  as  a s i n g l e t  a t  \  0 .4 3 *  and th e  o l e f i n i c  p r o to n

now as a sharp s i n g l e t  at \  4*09 (Wi = 3 c . / s e c . ) .  The
2

s i g n a l  from th e  v i n y l i c  m ethyl group a l s o  appears as  a 

sharp s i n g l e t  a t  Y. 8 .29= The narrow ness  o f  t h e s e  l a s t  two 

s i g n a l s  i n d i c a t e s  th a t  a c o u p l in g  to  an a d d i t io n a l  

m eth y len e  group h as  been  removed. That t h e s e  p r o to n s  have  

been  r e p la c e d  by a carb on yl group i s  confirm ed  by th e
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d o w n f ie ld  s h i f t  o f  th e  sh o l e f i n i c  p r o to n  r e s o n a n c e .  The

i . r .  spectrum  shows two peaks i n  th e  ca rb o n y l  r e g i o n  at  

-11730 and 1680 cm as e x p e c te d .

These r e s u l t s  r e q u ir e  the system  (7 8 )  t o  be p r e s e n t  i n  

th e  a c id  but t h i s  cannot be accommodated i n  a normal b i c y c l i c  

d i t e r p e n o id  s k e l e t o n .  Assuming a c lc r o d a n e  s k e l e t o n ,  C(3) -  

c (4 )  i s  th e  most favou red  l o c a t i o n  o f  th e  d ou ble  bond, on 

b i o g e n e t i c  ground s. T h is  would th en  r e q u ir e  th e  ca rb o x y l  

group to  be a t ta c h e d  at C -  5* S in c e  r e l a t e d  S o l id a g o  

s p e c i e s  have c o n ta in e d  o n ly  d i t e r p e n o i d s  w ith  th e  normal 

d e c a l i n  r i n g  sy ste m , o n ly  s t r u c t u r e s  h a v in g  t h i s  n u c le u s  

have been  c o n s id e r e d .  An a l t e r n a t i v e  p o s s i b i l i t y  i s  th a t
7

i n  w hich th e  d ouble  bond i s  i n  a A p o s i t i o n  w ith  th e  

c a r b o x y l  group lo c a t e d  at  C -  9* O xygenation  o f  th e  m eth y l  

group a t C -  9 i s  l e s s  common th an  th a t  at C -  5 a lth o u g h  i t  

does occur i n  t h e  c a s c a r i l l i n  s e r i e s .  At t h i s  s t a g e ,  how ever ,  

t h i s  s t r u c t u r e  appears u n l i k e l y  s in c e  th e  n .m .r .  o f  th e  

a ld eh yd o  -  enone ( 7 9 a) shows a b s o r p t io n  from two p r o to n s  

d\, t o  th e  ca rb o n y l o f  th e  enone sy stem . E v id en ce  w i l l  be 

p r e s e n te d  l a t e r  which w i l l  c o m p le te ly  e l im in a t e  t h i s  s t r u c t u r e .

A d d i t io n a l  e v id e n c e  f o r  th e  r e l a t i o n s h i p  o f  t h e  double  

bond and th e  ca r b o x y l  f u n c t io n  f o l lo w e d  from th e  p rod u ct  o f  

attem p ted  c h l o r o a c e t y l a t i o n  o f  t h e  d e r iv e d  a l c o h o l  ( 7 6 c ) .

S in c e  th e  a l c o h o l  was r e c o v e r e d  unchanged a f t e r  b e in g  a l lo w e d  

t o  s tan d  f o r  15 hours a t  20° w ith  c h l o r o a c e t i c  anh ydrid e  -  

p y r id in e  th e  experim ent was r e p e a te d  u s in g  r e f l u x i n g  

p y r id in e  f o r  s e v e r a l  days . In  t h i s  c a s e  an o i l y  p rod u ct
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( 77b) ,(d] = -  3 2 . 5°j  l e s s  p o l a r  than  the  a l c o h o l ,  was

o b t a i n e d .  I n  i t s  n . m . r .  spectrum i t  shows r e s o n a n c e s  from 

t h r e e  methyl groups at  % 9 . 1 3  ( s ) ( t e r t i a r y  m e t h y l ) ,  8 . 9 5  

( d ) ( secon d ary  m ethy l)  and 8 . 3 5  (broadened s ) ( v i n y l  m eth y l )  

and s i g n i f i c a n t l y , no reson an ce  from an o l e f i n i c  p r o t o n .

This  n o r - o l e f i n  (77b) i s  a l s o  formed when a c i d  A i s  h e a te d  

at  200° i n  an e v a c u a te d  t u b e .  As observed  i n  t h e  spectrum o f  

the  n o r -en o n e  ( 7 7 a) th e  p o s i t i o n s  o f  th e  s i g n a l s  o f  th e  

t e r t i a r y  and secon dary  methyl  groups have i n t e r c h a n g e d  and 

t h i s  may i n d i c a t e  th a t  t h e  double bond,  now e x o c y c l i c  t o  

r i n g  B c a u s e s  t h i s  r i n g  t o  ta k e  up a d i f f e r e n t  c o n fo r m a t io n .

The second  a c i d i c  component, s o l i d a g o i c  a c id  B (80a)  

c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g h t  p e tro leu m  as n e e d le s  

m.p. 134 -  135°* The a n a l y t i c a l  f i g u r e s  s u g g e s t  a m o le c u la r  

form u la  C2 p.H-2.gO,- a lth o u g h  th e  mass spectrum  shows no peak  

h ig h e r  than  m/e = 314 (w hich  th u s  co rresp o n d s  to  a l o s s  o f  a 

f i v e  carbon u n i t ) .  An i n f r a  -  red  band at 1695 cm  ̂ can be 

a s s ig n e d  t o  an d /  -u n s a tu r a te d  ca rb o n y l group ing  and th a t  t h i s  

i s  c o n ta in e d  i n  an a n g - .la tc  e s t e r  i s  confirm ed by an 

e x a m in a t io n  o f  i t s  n .m .r .  spectrum . Thus th e r e  are r e s o n a n c e s  

a t \  3»96 (1H) and b etw een  7*95 and 8 .1 5  ( 6h) w hich are  

c h a r a c t e r i s t i c ^  o f  t h i s  f u n c t i o n .  The rem ainder o f  th e  

spectrum  shows a marked s i m i l a r i t y  to  th a t  o f  a c id  A 

s u g g e s t i n g  t h a t  th e  two compounds may be c l o s e l y  r e l a t e d .

A s i g n a l  from th e  m eth y len e  p r o to n s  o f  a -GiL, -0  -  group 

appears as a s i n g l e t  a t  £, 5*50 w h i le  a m u l t i p l e t  at V, 4*02

(Wi = 10 c . / s e c . )  i s  a s s i g n e d  t o  an o l e f i n i c  p r o t o n .  Two
2

m ethyl g ro u p s ,  one t e r t i a r y ,  th e  o th er  secon d ary  g iv e  r i s e
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to  a s i n g l o t  a t  X 8*97 and a d o u b le t  a t  X 9*09 (J = 6 c . / s e c . )

r e s p e c t i v e l y . ,  Those a s s ig n m e n ts  were confirm ed  by n u c le a r

m agn etic  double  re so n a n c e  ex p er im en ts  i n  w hich i r r a d i a t i o n

o f  th e  s i n g l e t  at b 5»50 (Wi = 4- c . / s e c . )  cau sed  th e
2

reso n a n ce  o f  th e  o l e f i n i c  p r o to n  at Y 4 . 0 2  t o  c o l l a p s e  to  a

t r i p l e t  ( j  = 4 c . / s e c . ) .  A s i m i l a r  experim ent a t  %  7*93

( th e  r e so n a n ce  o f  th e  C -  2 m eth y len e  p r o to n s )  c o n v e r te d  t h i s

m u l t i p l e t  i n t o  a broad s i n g l e t  (Wy = 4 c . / s e c . )  and th e

s i n g l e t  at t  5*50 i n t o  a v e r y  sharp s i n g l e t  (Wi =« 2 .5  c . / s e c . ) ,
2

c o n f ir m in g  th a t  th e  t r i s u b s t i t u t e d  d ou b le  bond has an a l l y l i c  

m eth y len e  group a d ja c e n t  t o  t h e  carbon atom c a r r y in g  th e  

v i n y l i c  p r o to n  w h i le  a -  CĤ  -  0 group i s  a t ta c h e d  to  th e  

o th e r  end . I r r a d i a t i o n  at X  8 .4 2  cau sed  the  d o u b le t  at  

X  9*09 to  c o l l a p s e  t o  a sharp s i n g l e t  i n d i c a t i n g  t h a t  i t  

does in d e e d  a r i s e  from a secon d ary  m ethyl group. When th e  

o l e f i n i c  p r o to n  o f  the  a n g e la t e  e s t e r  was doubly  i r r a d i a t e d  

th e  two m ethyl groups appeared as s e p a r a te  s i g n a l s  0 .0 8  ppm 

a p a r t .  From t h i s  e v id e n c e  i t  can be deduced t h a t  th e  v i n y l  

m ethyl group o f  a c id  A has been  r e p la c e d  by an a l l y l i c  

prim ary a l c o h o l  p r e s e n t  as i t s  a n g e la t e  e s t e r .

M oreover, p y r o l y s i s  o f  t h i s  a c id  at 320°  i n  an 

e v a cu a ted  tu b e  f u r n i s h e d ,  in  a d d i t io n  to  an o i l y  m ixture  o f  

compounds, a few c r y s t a l s  o f  a n g e l i c  a c id  m.p. 4 5 ° ( s e a l e d  

tu b e )  w hich were c o l l e c t e d  i n  a c o ld  t r a p .  Comparison o f  

t h e s e  c r y s t a l s  w ith  an a u t h e n t i c  sample o f  a n g e l i c  a c i d ,  

p rep ared  from t i g l i c  a c id  by th e  method o f  B u c k le s  and M o c k ^ ,  

was a c h ie v e d  by vapour phase chrom atography ( 1 0 /  F .F .A .P .  j 

125° ) ,  th e  t h r e e  i s o m e r ic  a c i d s ,  d im eth y l a c r y l i c ,  t i g l i c  and



a n g e l i c  a c i d s  b e in g  w e l l  s e p a r a te d  on t h i s  f r e e  a c id  p h a se .  

A ttem pts  to  compare th e  a c id s  as t h e i r  m ethyl e s t e r s  were 

u n s u c c e s f u l  s in c e  no method o f  m e t h y la t io n  on a microgram  

s c a l e  co u ld  be d e v i s e d .  D ia z o m e th y la t io n  was n ot p r a c t i c a b l e  

s in c e  d iazom ethane i s  known to  r e a c t  w ith  -  u n sa tu r a te d  

a c i d s  t o  form p y r a z o l in e  d e r i v a t i v e s .

The o i l y  n e u t r a l  m a t e r ia l  was s e e n  from t . l . c .  to  

c o n s i s t  o f  two compounds o f  v ery  s i m i l a r  p o l a r i t y  which were  

o n ly  s e p a r a te d  a f t e r  r e p e a te d  p r e p a r a t iv e  t . l . c .  The o i l y  

l e s s  p o la r  compound ^20^26^3 J w^ ic h  was by f a r  th e

more abundant, shows a s t r o n g  ca rb o n y l  fr e q u e n c y  i n  th e  i . r .  

a t  1778 cm \  i n d i c a t i v e  o f  a jj -  l a c t o n e .  The a l l y l i c  

m eth y len e  p r o to n s  i n  t h i s  la c t o n e  r e s o n a t e  as a p a ir  o f  

d o u b le t s  at % 5*31 and 5*60 (J = 12 c . / s e c . ) ,  th e  lo w er  p a ir  

show ing f u r t h e r  lo n g  range c o u p l in g .  The minor compound 

c r y s t a l l i s e d  and had m .p. 145 -  147°» From i . r .  and mass 

s p e c t r a l  e v id e n c e  i t  appeared to  be an i s o m e r ic  l a c t o n e  

a lth o u g h  i n s u f f i c i e n t  m a te r ia l  was o b ta in e d  f o r  an n .m .r .  

spectrum , even a t  100 M e . / s .  The s t r u c t u r e  (8 2 )  i s  s u g g e s te d  

t e n t a t i v e l y  f o r  t h i s  compound. The fo r m a t io n  o f  t h e s e  

l a c t o n e s  can be r a t i o n a l i s e d  by a n u c l e o p h i l i c  a t t a c k  o f  th e  

c a r b o x y l  group a t ,  i n  one case  th e  a l l y l i c  m eth y len e  group 

c a r r y in g  th e  e s t e r ,  i n  th e  second a t th e  o th er  end o f  th e  

d ouble  bond w ith  su bseq u en t rearrangem ent o f  th e  double  bond 

i n t o  an e x o c y c l i c  p o s i t i o n ,  both  p r o c e s s e s  b e in g  f o l l o w e d  by  

e x p u ls io n  o f  a n g e l i c  a c i d .  E xam in ation  o f  m odels i n d i c a t e s  

t h a t  th e  c a r b o x y l  group can -'bp'roach s u f f i c i e n t l y  c l o s e  to  

C -  3 fon  th e  l a t t e r  p r o c e s s  t o  occu r .



C arefu l  t r e a tm e n t  o f  a c i d  3 (80a)  w i th  d iazomethane  

f u r n i s h e d  the  c o r r e s p o n d in g  o i l y  methyl e s t e r  (80b)

^26^36^5? D = ~ v/as s e p a r a t e d  from th e

diazomethane add ucts  by p r e p a r a t i v e  t . l . c .  The n . m . r .  o f  

t h i s  s u b s ta n c e  was v e r y  s i m i l a r  t o  t h a t  o f  th e  p a r e n t  a c i d  

i n  t h a t  th e  two o l e f i n i c  p r o to n s  appear as m u l t i p l e t s  at  

X  3*97 ( a n g e l a t e  p ro to n )  and 4*09  (H -  3)«

R e d u c t io n  o f  t h i s  methyl  e s t e r  w i th  l i t h i u m  aluminium  

h y d r id e  l e d  t o  th e  d i o l  (80c)  , [Vj ^ = -  36 ° .  Mass s p e c t r a l  

and a n a l y t i c a l  f i g u r e s  i n d i e a t e  th e  m o le c u l a r  form ula  

C2qH^q0 ^. The b e h a v io u r  on t . l . c . ,  r o t a t i o n  and s p e c t r a l  

p r o p e r t i e s  o f  t h i s  d i o l  prompted a comparison  w i th  one o f  th e  

more p o l a r  n a t u r a l l y  o c c u r i n g  f u r a n o i d  compounds and th e  

p h y s i c a l  and ch em ic a l  p r o p e r t i e s  o f  the  two compounds were  

found t o  be i d e n t i c a l .  I t s  n . m . r .  spectrum was o f  l i t t l e  

d i a g n o s t i c  v a lu e  due to  t h e  s t r o n g  hydrogen  b onding  o f  th e  

two h y d ro x y l  f u n c t i o n s  which r e s u l t e d  i n  th e  i n d i v i d u a l  

s i g n a l s  b e in g  i n d i s t i n g u i s h a b l e .  However the  n . m . r .  o f  the

d e r i v e d  d i a c e t a f e  (80d) C0 , H , . 0 r , f i J _ = -  44° was more
24 54 3 u

i n f o r m a t i v e  s i n c e  t h e  two a c e t o x y  m e t h y l e n e  gr o u p s  (-CIA, -  OAc) 

g i v e  r i s e  t o  two s i n g l e t s ,  t h e  one from t h e  a l l y l i c  group a t  % 

5 * 4 3 y "fcbe o t h e r  from t h e  i s o l a t e d  a c e t a t e  group a t  % 6 . 0 1 .

T h is  compounds was th e  l e a s t  ’p o l a r  component o f  the  m ixtu re  

o f  a c e t a t e s  o b t a in e d  when th e  d i o l  was kept  at  20° f o r  3 hours  

w it h  a c e t i c  an hydr ide  -  p y r i d i n e .  The compound o f  i n t e r m e d i a t e  

p o l a r i t y  was t h e  m on oaceta te  A (8 0 e )  O^H^O^ whose n . m . r .  

shows r e s o n a n c e s  a t  %■ 4 . 0 8  (m)(H -  3)? 8 . 9 4  ( s ) ( 3 H  -  20) and
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9 -1 2  (d )(3H  -  17)* Two q u a r te t s  appear at ^  5*53 (J = 12 c . / s e c . )  

and. 6 .4 9  (J = 12 c . / s e c . ) .  The form er i s  a s s ig n e d  to  th e  

m eth y len e  p r o to n s  o f  an a l l y l i c  p rim ary  a c e t a t e  ( “ QHr> -  OAc) 

and th e  l a t t e r  to  t h o s e  o f  an i s o l a t e d  prim ary h y d r o x y l  f u n c t io n .  

The t h i r d  component, th e  i s o m e r ic  m on oaceta te  B ,^ 22^32^4 Can 

t h e r e f o r e  "be a s s ig n e d  th e  c o n s t i t u t i o n  ( 8 0 f )  and t h i s  was 

con firm ed  hy i t s  n .m .r .  r e s o n a n c e s  at X 5*50 ( s ) ( a l l y l i c  -CH^

OH) and 6 . 0 6 ( s ) (  -  CH2 -OAc).

H yd rogen ation  o f  th e  d i a c e t a t e  (80d) i n  e th a n o l  c o n t a in in g  

t r i e t h y l a m in e  over  lo fo  Pd -  C f o r  40 m in u tes  fu r n is h e d  m a t e r ia l  

w hich was s e e n  from t . l . c .  to  c o n s i s t  o f  two compounds one o f  

w h ich ,  th e  l e s s  p o l a r ,  s t i l l  c o n ta in e d  a fu r a n  r i n g .  The 

n .m .r .  o f  t h i s  compound (? 6 e )  ^  D = " ^4° shows a

m u l t i p l e t  at % 4*53 from th e  o l e f i n i c  p ro to n  i n d i c a t i n g  t h a t  

th e  double  bond has rem ained i n t a c t .  The s i n g l e t  a t  5*44 I s 

m is s in g  and i s  r e p la c e d  by a broadened  s i n g l e t  at X  8 .3 5  

from a v i n y l i c  m ethyl group s u g g e s t in g  th a t  h y d r o g e n o ly s i s  o f  

th e  a l l y l i c  prim ary a c e t a t e  group has ta k en  p l a c e .  The 

p r o to n s  o f  th e  rem a in in g  a c e t a t e  group now appear as a q u a r te t  

at  'X 6 .0 5  (J = 11 c . / s e c . ) .  D ir e c t  com parison o f  t h i s  

compound (by t . l . c . ,  n .m .r .  and [elI p) w ith  a sample o f  th e  

m on oaceta te  d e r iv e d  from th e  a l c o h o l  co r r e s p o n d in g  t o  a c id  A, 

i n d i c a t e d  th a t  t h e y •were i d e n t i c a l .  The minor component o f  

th e  h y d r o g e n a t io n  produ ct was a l s o  an o i l ,  a n a ly s in g  f o r  

CooH7 ^0v . In  i t s  n .m .r .  spectrum  the  t h r e e  fu ra n  p r o to n22 pb  2

s i n g l e t s  are a b sen t  but are r e p la c e d  by two m u l t i p l e t s  

a s s ig n e d  to  the p r o to n s  c f  a te tr a h y d r o  -  fu ra n  r i n g .  The 

m u l t i p l e t  at X 4»50 (Wi_ = 9 c . / s e c . )  i s  s t i l l  p r e s e n t
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i n d i c a t i n g  th a t  th e  double bond has s u r v iv e d  th e  h y d r o g e n a t io n  

and a m ethyl group a t ta c h e d  t o  t h i s  double  bond g i v e s  r i s e  

t o  a broad s i g n a l  a t  X  8 . 3 6 . A s i n g l e t  a t  X 6 .0 5  i s  

a t t r i b u t e d  t o  th e  p r o to n s  o f  a prim ary a c e t a t e  group. Prom 

t h i s  e v id e n c e  i t  can be deduced t h a t  t h i s  compound i s  th e  

t c tr a h y d r o  -  d e r i v a t i v e  (84a)  o f  a l c o h o l  A ( 7 ^ e ) .

The fo r m a t io n  o f  t h e s e  two a c e t a t e s  t h e r e f o r e  co n f irm s  

th e  e a r l i e r  s u g g e s t i o n  th a t  th e  s o l e  d i f f e r e n c e  i n  th e  two 

a c i d s  l i e s  i n  th e  n a tu re  o f  th e  f u n c t i o n  a t ta c h e d  t o  th e  

o l e f i n i c  bond at C -  4* In  A t h i s  i s  a m ethy l group and i n  

B an a l l y l i c  pr im ary  a n g e la t e  e s t e r .



N eu tra l C o n s t i tu e n ts  o f  S o lid a g o  s e r o t in a .

The n e u tr a l  f r a c t i o n s  from th e  crude e x t r a c t  have 

fu r n is h e d  e ig h t  furan -  c o n ta in in g  d i t e r p e n o id s  seven  o f  

•which have "been i n t e r r e l a t e d  w ith  a c id  A (76a) « The compounds 

w i l l  he d is c u s s e d  in  th e  f o l lo w in g  order o f  in c r e a s i n g  

chrom atographic p o l a r i t y  (on s i l i c a  g e l  u s in g  e t h y l  a c e t a t e  -  

l i g h t  petro leum  m ixtu res  as e lu e n t^

Compound I .

The l e a s t  p o la r  n e u tr a l  c o n s t i t u e n t ,  an a ldehyde ( 7 6 4 ) ,  

i s  i d e n t i c a l  w ith  one o f  th e  o x id a t io n  produ cts  o f  a lc o h o l  

A (7 6 c )  ( s e e  p re c e e d in g  s e c t i o n ) . In order to  prepare the  

co rr esp o n d in g  te tra h y d ro  -  d e r i v a t i v e  ( 84b) th e  aldehyde  

was hydrogenated in  e th a n o l  over Adams c a t a l y s t  hut  

fu r n is h e d  in  a l l  c a s e s  a hexahydro compound (85a)

^ = - 1 5 °  r e g a r d le s s  o f  th e  r e a c t io n  t im e .  In i t s  n .m .r .  

spectrum th e  s i g n a l s  from th e  o l e f i n i c  and furan p rotons  are  

absent and r e p la c e d  by m u l t ip l e t s  from th e  te tra h y d ro  -  

furan  r i n g .  The a ldehyde proton  appears as a broad s i n g l e t

a t  % O.6 5  (Ni = 4 c . / s e c . ) ,  th e  b readth  o f  the  s ig n a l
2

r e f l e c t i n g  the asymmetry at C -  13*

In c o n tr a s t  to  th e  beh aviour  o f  t h i s  a ld eh y d e}when th e  

m ethyl e s t e r  ( 76b) was hydrogenated over th e  same c a t a l y s t  

f o r  25 m inutes a complex m ixture o f  compounds was o b ta in ed .

The l e a s t  p o la r  o f  t h e s e  was the  te tra h y d ro  m ethyl e s t e r  ( 84c)

^21^34^3’ D = ~ ^  s t i l l  shows ev id e n c e  o f  an

o l e f i n i c  group in  i t s  n .m .r .  spectrum . Thus th e r e  i s  a 

m u lt ip le t  a t  '1 4 .6 7  (1H -  3 5 Ni = 9 c . / s e c , )  and a broadenedr>
s i n g l e t  at ^  8 .6 0  ( v i n y l i c  m e th y l) .  The next "component"
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behaved on t . l . c .  as a s i n g l e  compound but from n .m .r .  data  

was r e c o g n is e d  to  com prise th e  two p o s s i b l e  hexahydro e s t e r s  

(86a  and 86b) C^H gO , formed by h y d r o g e n o ly s is  o f  th e  furan  

r i n g .  No attem pt was made to  se p a r a te  th e  m ixture in t o  

in d iv id u a l  components and i t  was c h a r a c te r is e d  as th e  

m ix tu re .  I t  e x h i b i t s  reso n a n ces  a t  X 4*63 (m)(H — 3) and 8 . 5 6  

(broad s ) ( v i n y l i c  m ethyl) 6 .32  and 6 .3 8  (b o th  s ) ( 0  -  CH )̂ in  

a d d i t io n  to  th e  m u l t ip le t  at X 6 .6 4  (Wi = 6 c . / s e c . )  from th e  

c a r b in o l  p roton s  o f  th e  two primary a l c o h o l s .  Hydride r e d u c t io n  

o f  th e  te tra h y d ro  e s t e r  ( 84c) y ie ld e d  th e  corresp on d in g  

a lc o h o l  ( 84d) C ^H ^O ^, (• / ]  p = “ w -̂ose  n .m .r .  spectrum  

shows th e  c a r b in o l  p ro ton s  (-CH^ -  OH) as a q u a r te t  at  

6 . 5 6  (J  = 12 c . / s e c . )  superimposed on th e  m u l t ip l e t s  from 

th e  te tra h y d ro fu ra n  p r o to n s .  O x idation  to  th e  req u ir ed  aldehyde

( 84b) ^20^32^2? I ^  I) = ~ was aocomP l i s ked- treatm ent

w ith  S a r e t t ’ s reagent  i n  a la r g e  e x c e s s  o f  p y r id in e  to  

m inim ise th e  p o s s i b i l i t y  o f  a l l y l i c  o x id a t io n .  The a ld eh y d ic  

(-CHO ) proton  appears in  th e  n .m .r .  as a d ou b let  ( s e p a r a t io n  

= 2 c . / s e c . )  a t  \  0 . 7 4 9 th e  two s i g n a l s  aga in  r e f l e c t i n g  th e  

asymmetry a t  C -  13*

Compound I I .

The n ex t  two compounds were ob ta in ed  as an o i l y  m ixture  

which was sep a ra ted  i n t o  i t s  components by rep ea te d  p r e p a r a t iv e  

t . l . c .  The l e s s  p o la r ,  th e  la c to n e  (87a) ^20^26^3’ D = +

1 1 .7 °  a f t e r  d i s t i l l a t i o n  c r y s t a l l i s e d  from l i g h t  petroleum  

and had m.p. 92 -  95°•  T fs fo rm u la t io n  as a t  — la c to n e  i s  

e v id e n t  from th e  s t r o n g  carbonyl a b so rp t io n  at 1772 cm"'*' and 

th a t  t h i s  carb on yl group i s  in  c o n ju g a t io n  w ith  a double bond



can "be deduced from th e  u . v .  maximum at 204 mu (£- =* 2 1 ,0 0 0 ) .

In  i t s  n .m .r .  spectrum th e  o l e f i n i c  proton  now appears as a 

t r i p l e t  at % 3*35 (J  “ 3 c . / s e c . )  and o n ly  shows c o u p l in g  to  

th e  C -  2 m ethylene p r o to n s .  This  was confirm ed by a n u c le a r  

m agnetic double resonance  experiment in  which i r r a d i a t i o n  o f  

th e  broad t r i p l e t  a t  X  1* 1 1  (from 2H -  2) caused th a t  o f  th e  

v i n y l i c  proton  to  c o l l a p s e  to  a sharp s i n g l e t .  On double  

i r r a d ia t io n  a t  \  8 .3 7  (1H -  8) th e  d ou b let  a t  X 9»10 (J  =*

6 c . / s e c . )  became a sharp s i n g l e t  a l lo w in g  i t s  assignm ent  

as  a secondary methyl group. In a d d i t io n ,  a t e r t i a r y  methyl 

group appears as a sharp s i n g l e t  at X 8 .9 7  and th e  two 

p roton s  ad ja cen t  to  th e  e th e r e a l  oxygen atom o f  th e  'i -  

la c to n e  r i n g  g iv e  r i s e  to  two d o u b le ts  a t T  5*5^ and 6 .2 0  

(J  = 9 c . / s e c . )  and show no v i c i n a l  c o u p l in g .  Assuming t h i s  

l a c to n e  to  have th e  same s k e le to n  as th e  two a c id s  i t s  

c o n s t i t u t i o n  as (87a) accords w ith  th e  above e v id e n c e .  I t s  

c o r r e l a t i o n  w ith  th e  known compounds was accom plished  by 

r e d u c t io n  w ith  l i th iu m  aluminium hydride to  th e  d i o l  ( 8 0 c ) ,  

a c e t y l a t i o n  o f  which a f fo rd ed  th e  co rresp o n d in g  d ia c e t a t e  

(80d) i d e n t i c a l  in  a l l  r e s p e c t s  w ith  th e  d ia c e t a t e  from 

a c id  B,

I f  th e  above fo rm u la t io n  fo r  th e  la c to n e  i s  c o r r e c t  th a i  

t h i s  compound must be r e l a t e d  to  th e  la c to n e  ( 4 8 ) m.p. 119 -  

1 2 0 ° ,  & ]  = -  156° i s o l a t e d  ^  from Dodonaea s p e c i e s .

However th e  p h y s ic a l  c o n s ta n ts  o f  th e  two la c to n e s  are  

markedly d i s s i m i l a r  s u g g e s t in g  th a t  th e  d i f f e r e n c e  may 11® 

i n  th e  s te r e o c h e m is tr y  a t  one or more o f  th e  asymmetric  

c e n t r e s  ( s e e  l a t e r ) .
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C o m p o u n d  I I I .

The t h ir d  component (80g) was ob ta in ed  as a s o l i d  which  

on c r y s t a l l i s a t i o n  from e th y l  a c e t a t e  -  l i g h t  petro leum  

fu r n ish e d  n e e d le s ,  m.p. 103 -  105°•  A n a ly t ic a l  f i g u r e s  

in d ic a t e d  th a t  t h i s  compound,[ / ]  ^ = -  49° l a s  a m olecu lar  

form ula ^20^26^3 ’ i someI*lc w ith  th e  above con ju gated  la c to n e  

( 8 7 a ) .  The p resen ce  o f  two aldehydo groups was r e c o g n ise d  

from th e  two n .m .r .  s i n g l e t s  a t  X - 0 . 1 7  and O.8 9 , th e  one a t  

low er f i e l d  b e in g  a s s ig n e d  to  th a t  a tta ch ed  t o  th e  double bond, 

th e  v i n y l i c  proton  o f  which r e s o n a te s  as a t r i p l e t  a t  X 3«l6  

(J  = 4 c . / s e c . ) .  The two carbonyl groups appear in  th e  i . r .  

a t  1720 ( i s o l a t e d  a ldehyde) and I 69O cm  ̂ (o((3 -  u n sa tu ra ted
f

a ld e h y d e ) . I t  was c o n s id ered  th a t  r e d u c t io n  fo l lo w e d  by 

a c e t y l a t i o n  should  a f fo r d  th e  d ia c e t a t e  ( 80d) and thus  

con firm  th e  c o n s t i t u t i o n  ( 80g) and in d eed  when t h i s  was c a r r ie d  

out th e  d ia c e t a t e  was i d e n t i c a l  to  th a t  o b ta in ed  above.

C o m p o u n d  IV .

T h e  n e x t  c o m p o u n d  i s o l a t e d ,  f r o m  i . r .  e v i d e n c e ,  w a s  a n  

a l c o h o l .  S i n c e  i t  c o u l d  n o t  b e  i n d u c e d  t o  c r y s t a l l i s e  i t  w a s  

d i s t i l l e d  a n d  a f f o r d e d  a  c o l o u r l e s s  o i l ,  ^20^30^2 ’ D  =  ~

45°* The n .m .r .  spectrum in d ic a t e d  th a t  i t  was c l o s e l y  r e l a t e d  

to  th e  o th e r  d i t e r p e n o id s  d is c u s s e d  above. Thus, th e r e  are  

reso n a n ces  at X 4*26 ( m ) ( H  -  3) and in  th e  methyl re g io n  a t  X  

8 . 8 2  and 8 .9 7  (both  s ) ( tw o  t e r t i a r y  methyl groups) and a t  

9 .1 5  ( d ) ( secon d ary  methyl gro u p ) .  A  twfc p roton  s i n g l e t  a t  

5 .8 4  can be a t t r ib u t e d  to  th e  p ro to n s  o f  a primary a lc o h o l  

f u n c t io n ,  th e  d ow n fie ld  s h i f t  i n d i c a t i n g  i t s  a l l y l i c  n a tu re .  

These a ss ign m en ts  and hence th e  s t r u c tu r e  (88a) f o r  t h i s
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a lc o h o l  ga in  some support from a s e r i e s  o f  sp in  -  d ec o u p lin g  

ex p er im en ts .  Double i r r a d i a t i o n  o f  th e  m u l t ip le t  from th e  

C -  2 p ro ton s  cau ses  th e  m u lt ip le t  a t  X 4 -26  to  become a

s i n g l e t  and th e  % 5*84 s i n g l e t  (w^ = 4 c . / s e c . )  to  c o l l a p s e
2

to  a much sharper s i n g l e t  (Wi = 2 . 5  c . / s e c . ) » S a tu r a t io n  o f
2

th e  s ig n a l  at X  4 -26  ( o l e f i n i c  proton) ca u ses  t h i s  s i n g l e t  

to  become a d o u b le t  ( j  = 1 .5  c . / s e c . )  and when th e  r e v e r s e  

experim ent i s  c a r r ie d  out th e  s ig n a l  o f  th e  v i n y l  proton  

becomes a t r i p l e t  ( j  = 4 c . / s e c . ) „ These r e s u l t s  re q u ir e  

th e  system  -  CĤ  -  CH = C -  CĤ OH to  be p resen t  and t h i s  

i s  accomodated in  th e  p o s tu la t e d  s t r u c tu r e  ( 8 8 a ) .

A c e t y la t io n  fu r n is h e d  an a c e t a t e  (88b) ^22^32^3* D

= -  34° whose n .m .r .  spectrum shows th e  resonance  o f  th e  

primary a c e t a t e  p roton s  as a s i n g l e t  a t  X 5*55* The remainder  

o f  th e  spectrum i s  s im i la r  to  th a t  o f  th e  parent a lc o h o l ,  th e  

th r e e  methyl groups g i v i n g  r i s e  to  two s i n g l e t s  a t  X 8 .8 2  and 

8 .9 3  ( t e r t i a r y  methyl groups) and a d ou b let  a t  X 9*10 (J  -  

6 c . / s e c . ) ( s e c o n d a r y  methyl grou p ).

The f i r s t  attem pt to  r e l a t e  t h i s  a lc o h o l  w ith  one o f  th e  

p r e v io u s ly  known compounds in v o lv e d  th e  p r e p a ra t io n  o f  the  

aldehydo -  a c e t a t e  (80h) by o x id a t io n  o f  one o f  th e  mono­

a c e t a t e s  d e r iv e d  from th e  d i o l  ( 8 0 c ) .  In one experim ent when 

th e  r eq u ir ed  mono -  a c e t a t e  A (8 Oe) was t r e a t e d  f o r  12 hours  

a t  20° w ith  chromium t r i o x i d e  -  p y r id in e  th e  product c o n s i s t e d  

o f  o n ly  one su b stan ce  ( 83a ) ,  0^. The i . r .  shows peaks

a t  2710, 1755? 1725 an d  1230 cm- '*' as exp ected  f o r  m a te r ia l  

c o n t a in in g  both  an a ldehyde and an a c e t a t e  group. In i t s



n .m .r .  spectrum th e  a ldehyde (-CHO) proton  appears as a 

s i n g l e t  a t  t  0 .0 5  w h i le  th e  -CH^-OAc p ro ton s  appear as a p a ir  

o f  d o u b le ts  a t  X 6 .0 7  and 6*42 (J  = 12 c . / s e c . ) .  However, th e  

m u lt ip le t  at about X, 4*2 i s  absent and i s  r e p la c e d  by a 

broadened s i n g l e t  a t  X 6 .97  a s s ig n e d  to  th e  proton  o f  an 

ep ox id e  r i n g .  This i s  p o s s i b l y  th e  f i r s t  rep o rt  o f  e p o x id a t io n  

d u rin g  th e  cou rse  o f  an o x id a t io n  u s in g  th e  chromium t r i o x i d e  — 

p y r id in e  complex a lth ou gh  th e  r e a c t io n  occu rs  f r e q u e n t ly  

when chromic a c id  i s  th e  o x id a n t .

When t h i s  experim ent was rep ea ted  w ith  a fu r th e r  sample 

o f  th e  m onoacetate from th e  same sou rce  anoth er  su bstan ce  

was i s o l a t e d  which was l e s s  p o la r  than th e  above epoxy -  

compound. T his o i l #  m a te r ia l  (8 0 h ) ,  D * *”

from n .m .r .  e v id e n c e ,  was the r eq u ir ed  o l e f i n i c  -  a ld eh yd e .

Thus i t  e x h i b i t s  reso n a n ces  a t  \  0*53 ( s ) i , ,  4*03 (m) and 

5*82 ( s )  which can be a t t r ib u t e d  to  an a ldehyde p ro ton , a 

v i n y l i c  p roton  and th e  m ethylene p ro ton s  o f  a primary  

a c e t a t e  group, r e s p e c t i v e l y .

The is o m e r ic  hydroxy -  a c e t a t e  B ( 8 0 f )  on s im i la r  

o x id a t io n  fu r n is h e d  a m ixture o f  compounds o f  which th e  l e s s  

p o la r  was by fa r  th e  more abundant. The c o n s t i t u t i o n  o f  t h i s

a c e to x y  -  a ld eh yd e , ^22^30^4 ’ D ** ~ ^ °  aS f o l l o w s

from th e  s i g n a l s  a t  7 0 .7 3  ( s )  from an aldehyde p ro ton , a 

t r i p l e t  a t  X 3*29 (J  = 4 c . / s e c . )  from t h e #  proton  o f  an ^  — 

u n sa tu r a te d  carb on yl f u n c t io n ,  and th e  p a ir  o f  d o u b le ts  a t  % 

5 .48  and 5*80 (J  = 12 c . / s e c . )  -  OAc) . The minor

component was not i s o l a t e d  in  s u f f i c i e n t  q u a n t i ty  fo r  an n.m. r .  

spectrum to  be record ed  but a spectrum o f  th e  o x id a t io n
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m ixture shows a peak a t  about % 7 c h a r a c t e r i s t i c  o f  an 

epoxid e  p ro to n .  These two o x id a t io n s  appear to  be i s o l a t e d  

examples s in c e  no s i g n i f i c a n t  amount o f  any p rod u cts  o f  

e p o x id a t io n  has been observed  in  any o f  th e  o th er  o x id a t io n s  

t o  be d e s c r ib e d .

R eduction  o f  th e  epoxy -  a ldehyde (83a) w ith  l i th iu m

aluminium hydride fu r n is h e d ,  as th e  major p rodu ct,  an o i l y

t r i o l  ( 8 9 a ) ,  j#0 p = 27° • A c e ty la t io n  o f  t h i s  compound

y ie ld e d  a hydroxy -  d ia c e t a t e  ( 89b ) , 1X3 = -  16° whose i . r .

spectrum shows hydroxyl a b so rp tio n  at  3590 and 3480 cm*"'*' and

s in c e  th e r e  i s  no s ig n a l  in  th e  n .m .r .  from a proton  o f  th e

ty p e  -H -C -OH t h i s  group must be t e r t i a r y .  The two

m ethylene groups o f  th e  a ce to x y  fu n c t io n s  g iv e  r i s e  t o  a

q u a r te t  a t  X 5-71 (J  = 13 c . / s e c . )  and a s i n g l e t  a t  X 5*91»

Because ep ox id e  r in g s  are known to  open in  a t r a n s  d i a x i a l

f a s h io n  when reduced w ith  l i th iu m  aluminium hydride i t  f o l l o w s

th a t  th e  hydroxyl group in  ( 89a) must be a x i a l l y  ( [b )

o r ie n te d  and hence th e  epoxide r in g  in  th e  paren t compound

must a l s o  have been  ̂ o r ie n te d  at  both  p o in t s  o f  a ttachm ent.

In  t h i s  example th e  i n s e r t i o n  o f  oxygen has t h e r e f o r e  taken

p la c e  on th e  o p p o s i te  f a c e  o f  th e  m olecu le  from th a t  o f  th e

hydroxyl fu n c t io n ,  deduced to  be a x i a l  from b io g e n e t i c

c o n s id e r a t i o n s .  T h is  c o n t r a s t s  w ith  th e  b eh av iou r  o f  c e r t a in

42a l l y l i o  a lc o h o l s  towards chromic a c id  in  which i t  was found  

th a t  e p o x id a t io n  always ta k e s  p la c e  on th e  same s id e  o f  th e  

m olecu le  as th e  hydroxyl group.

In order to  con vert  th e  a c e to x y  -  a ldehyde (80h) in t o  

th e  a c e t a t e  ( 88b) i t  was d i s s o lv e d  in  methanol and t r e a t e d
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f o r  12 hours a t  20° w ith  100$  hydrazine  hydrate  whereupon a 

s i n g l e  product was i s o l a t e d .  From i . r .  ev id en ce  t h i s  was an 

a lc o h o l  and not th e  req u ir ed  hydrazone and th e  n .m .r .  spectrum  

was i d e n t i c a l  to  th e  hemi -  a c e t a l  ( 8 lb )  o f  n a tu r a l  provenance  

w hich w i l l  he d is c u s s e d  in  d e t a i l  l a t e r .

A fte r  t h i s ,  a t t e n t io n  became fo c u s se d  on attem p ts  to  

prepare th e  hydrocarbon ( 88c) b oth  from th e  a l l y l i c  a c e t a t e  

( 88b) and from a c id  A d e r i v a t i v e s .  H yd rogen o lysis  o f  th e  

a c e t a t e  ( 88b) in  e th a n o l  c o n ta in in g  t r ie th y la m in e  fo r  f i v e  

m inutes over 10$ Pd — C fu r n ish e d  a m ixture o f  two compounds 

one o f  which ( th e  l e s s  p o la r )  s t i l l  r e ta in e d  th e  furan m oiety .  

That th e  double bond in  t h i s  compound ( 88c) ^20^30^? D ~

-  21° had su r v iv e d  th e  h ydrogenation  i s  e v id e n t  from th e

m u l t ip le t  a t  4*82 (Wi = 9 c . / s e c . )  a r i s i n g  from th e  o l e f i n i c
2

p ro to n . A v i n y l i c  methyl group appears as a broadened  

s i n g l e t  a t  8 . 5O. The minor, more p o la r  product was seen  

from mass s p e c t r a l  ev id en ce  to  be a m ixture o f  th e  te tra h y d ro  

and hexahydro -  hydrocarbons.

In a fu r th e r  experim ent th e  above a c e t a t e  ( 88b) in  

b a s ic  s o l u t i o n  was hydrogenated f o r  40 m inutes over 10 $

Pd -  C - from th e  same s o u r c e .  The o i l  i s o l a t e d  c o n s i s t e d  

m ainly  o f  one compound, which was more p o la r  than th e  

hydrocarbons produced in  th e  p r ev io u s  r e a c t io n  and d id  not  

c o n ta in  a furan r i n g .  Mass s p e c t r a l  and a n a l y t i c a l  data  

in d ic a t e d  a m olecu lar  form ula o f  gO (^ 5*0 corresp on d in g

to  a hexahydro -  compound. That indeed  t h i s  i s  th e  ca se  can 

be deduced from th e  n .m .r .  spectrum which i s  la c k in g  in  

a b so r p t io n  below 6 . 0  \  , th e  o l e f i n i c  proton  resonance
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b e in g  c o m p le te ly  absent and th e  furan s i g n a l s  hav ing  

been r e p la c e d  by two m u l t ip l e t s  a t  I  6 . 3  and 6 .8  t y p i c a l  

o f  a te tra h y d ro fu ra n  r in g .

One r o u te  from a c id  A to  th e  hydrocarbon was c o n s id ered  

to  be v i a  th e  d e r iv e d  t o s y l a t e  ( 7 6 f ) .  However when a lc o h o l  A 

in  c h i l l e d  p y r id in e  was t r e a t e d  w ith  to lu e n e -p - s u lp h o n y l  

c h lo r id e  a m ixture o f  one minor and two major prod u cts  was 

o b ta in e d ,  s e p a r a t io n  b e in g  e f f e c t  by p r e p a r a t iv e  t . l . c .  on 

s i l v e r  n i t r a t e  -  s i l i c a  g e l .  The compound o f  in te r m e d ia te  

p o l a r i t y  was i s o l a t e d  as an o i l  and seen  from n.m .r* data  to  

be a hydrocarbon in s t e a d  o f  th e  req u ired  t o s y l a t e .  The hydro­

carbon i s  presumably a product o f  r in g e x p a n s io n .  T his  

f a i l u r e  to  form a t o s y l a t e  fu n c t io n  i s  perhaps not  

s u r p r i s in g  s in c e  th e  a lc o h o l  i s  c o n ta in ed  in  a s u b s t i t u t e d  

n e o p e n ty l  system  w ith  a double bond s i t u a t e d  in  a p o s i t i o n  

fa v o u r a b le  f o r  p a r t i c i p a t i o n  in  a rearrangement p r o c e s s .

Two r o u te s  from th e  mono -  aldehyde ( T6d) were ex p lo r e d .  

In  th e  f i r s t  i t  was proposed to  prepare th e  corresp on d in g  

t h i o a c e t a l  which cou ld  then  be removed by r e d u c t io n  w ith  

Raney n i c k e l  to  a f fo r d  th e  d e s ir e d  compound. However, th e  

aldehyde was reco v ered  l a r g e l y  u n a f fe c t e d  by trea tm en t w ith  

ethan e d i t h i o l .  An a l t e r n a t i v e  method c o n s i s t e d  o f  

p rep a r in g ,  under m ild c o n d i t io n s ,  th e  hydrazone (76g) which  

c o u ld  undergo a Huang -  Minion r e d u c t io n  to  fu r n is h  th e  

hydrocarbon. When th e  a ld eh yd e, in  methanol, was trea ted ' a t  

20° w ith  100$ hydrazin e  hydrate  th e  product was a s u b s t i t u t e d  

hydrazone (76h) ^22^34^2^’ spectrum o f  t h i s



compound shows th e  two methyl groups a t ta c h e d  t o  th e  n itr o g e n  

atom as two s i n g l e t s  a t  % 8 .0 5  and 8 . 0 9 . M u l t ip l e t s  a t  %

2o77 and 4-52  can be a s s ig n e d  to  a proton  o f  th e  type  

H -  C = N and to  th e  C -  3 o l e f i n i c  proton  r e s p e c t i v e l y .

In a fu r th e r  experim ent u s in g  more f o r c i n g  c o n d it io n s  

th e  a ldehyde in  e th y le n e  g ly c o l  was t r e a t e d  at 9 6 ° f o r  48 

hours w ith  h yd razine  h y d ra te .  The tem perature was then r a i s e d  

to  210° and th e  hydrazone decomposed by th e  a d d it io n  o f  base .  

The r e s u l t i n g  o i l y  m a te r ia l  had [/J ^ = -  19° and was i d e n t i c a l  

in  a l l  r e s p e c t s  w ith  th e  hydrocarbon (8 8 c )  d e sc r ib e d  above.

The co rresp o n d in g  te tra h y d ro  -  compound was prepared from 

th e  te tra h y d ro  -  aldehyde ( U b )  u s in g  s im i la r  c o n d i t io n s .  

Compound V.

The n .m .r .  spectrum o f  the  n ext  su bstan ce  (81b) ^qH^qO^, 

= -  30° showed a marked s i m i l a r i t y  to  th o se  o f  th e  l e s s  

p o la r  compounds d is c u s s e d  above. R ecogn isab le  from th e  s i g n a l s  

a t  4*52 ( m)> 9 <>03 ( s )  and 9»15 (&) are an o l e f i n i c  proton  

and two methyl groups, one t e r t i a r y  and th e  o th er  secon dary .  

Moreover, a m u l t ip le t  a t  "u 6 . 6 5  which d isap peared  upon the  

a d d it io n  o f  deuterium  o x id e ,  can be a s s ig n e d  to  a proton • •

(0  -  H) o f  a hydroxyl group and th a t  t h i s  group i s  co n ta in ed  

in  a c y c l i c  hemi -  a c e t a l  r in g  can be deduced from the  

s i n g l e t  a t  \  4*58 (Wi = 5 c . / s e c . )  from th e  c a r b in o l  

p ro to n .  In a d d it io n  th e  protons ad jacen t  to  th e  e th e r e a l

oxygen atom appear as a broadened s i n g l e t  at X 5*79 (W_i =
2

6 c . / s e c . ) .  I t s  c o n s t i t u t i o n  as ( 8 lb )  and i  not th e  

a l t e r n a t i v e  ( 87b) f o l lo w s  from some double resonance  

ex p er im en ts .  When th e  resonance o f  th e  o l e f i n i c  proton
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was s a tu r a te d  th e  s i n g l e t  a t  % 5*79 "became an i l l  -  r e s o lv e d  

d o u b le t  (¥1 = 5 c . / s e c . )  whereas on i r r a d i a t i o n  a t  % 7*9 

(from 2H -  2 ) i t  c o l l a p s e s  to  a sharp d ou b le t  ( j  3 c . / s e c . ) . 

These r e s u l t s  r e q u ir e  th e  system  -  CH = C -  CĤ  -  t o  be  

p r e se n t  as in  ( 8l b ) .  The co u p l in g  o f  th e  c a r b in o l  proton  to  

th e  hydroxyl proton  was dem onstrated by i r r a d i a t i n g  at  

6 . 6 5  whereupon th e  s ig n a l  at  ̂ 4 -58  became a v ery  sharp  

s i n g l e t  ( 11̂  = 2 c . / s e c . ) .

A c e t y la t io n  fu r n ish e d  an o i l y  su bstan ce  ( 8 l c )  which in  

i t s  n.m.r-- spectrum e x h ib i t e d  th e  reson ance  o f  th e  proton  

a d ja cen t  to  th e  a c e t a t e  group (H -  C -  OAc) as  a s i n g l e t  

at  \  3 .63  h av in g  s h i f t e d  d ow n fie ld  by 0 .9  PPm and th a t  o f

2H -  18 as a m u lt ip le t  a t  q 5*72 (¥1 = 12 c . / s e c . ) .  This
a

a c e t a t e  h yd ro lysed  r a p id ly  or. s ta n d in g ,  behaviour t y p ic a l  

o f  hemi -  a c e t a l  a c e t a t e s .

H ydroxy la tion  o f  an e th e r e a l  s o lu t io n  o f  th e  hemi -  

a c e t a l  ( 8lb )  f o r  s e v e r a l  days w ith  osmium t e t r o x i d e  

fu r n is h e d ,  a l b e i t  in  v ery  sm all y i e l d ,  an o i l y  t r i o l  ( 90a)

( t h e  o v e r a l l  amount o f  m a ter ia l  recovered  a l s o  b e in g  lo w ) .  

A d d it io n  o f  p y r id in e  to  the brown su sp en s ion  o n ly  r e s u l t e d  

in  even low er y i e l d s .  The form ation  o f  t h i s  t r i o l  i s  in  

c o n t r a s t  t o  th e  behav iou r  o f  a c id  A and i t s  d e r i v a t i v e s  

towards t h i s  reagen t and towards hydroboration  when on ly  

s t a r t i n g  m a te r ia l ,  w ith  no t r a c e  o f  any p o la r  m a ter ia l  

was rec o v ered  ( t . l . c . )  even a f t e r  extended r e a c t io n  t im e s .

The n .m .r .  spectrum o f  t h i s  t r i o l  was r a th e r  complex but  

was s i m p l i f i e d  by th e  a d d it io n  o f  heavy water whereupon
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m u lt ip l e t s  at \  5*18, 5*56 an<̂  6 .82  were no lo n g e r  v i s i b l e .  

The rem ain in g  peaks can th e r e fo r e  be assigned, to  p roton s  o f  

th e  typ e  H -  C -  OR. Those at  4*5^ (%. -  5 c . / s e c . )  and 

6 . 3 1  (Wi = 6 c . / s e c . )  a r i s e  from th e  p ro ton s  a d ja cen t  to  

th e  hemi -  a c e t a l  hydroxyl and to  th e  newly formed C -  3 

hydroxyl and th e  narrowness o f  th e  l a t t e r  s ig n a l  i s  

d ia g n o s t ic  o f  an a x i a l  a lc o h o l  f u n c t io n ,  th e  e q u a to r ia l  

proton  showing o n ly  an e q u a to r ia l  -  e q u a to r ia l  and an 

e q u a t o r ia l  -  a x i a l  c o u p l in g  to  th e  n e ig h b o u r in g  methylene  

group. Prom t h i s  i t  f o l l o w s  th a t  th e  a t ta c k  o f  th e  reagent  

has been from th e  l e s s  h in dered  q(, f a c e .  As in  th e  parent  

compound th e  methine proton  o f  th e  hemi -  a c e t a l  group 

shows c o u p l in g  to  th e  hydroxyl proton  s in c e  in  th e  spectrum  

record ed  b e fo r e  th e  a d d it io n  o f  heavy w ater  th e  s ig n a l  

appears as a much broader m u l t ip le t  (W  ̂ = 10 c . / s e c . ) .  The 

m ethylene p roton s  o f  C -  18 are  v i s i b l e  as a s i n g l e t  (¥1 =g

6 c . / s e c . )  at ^ 6 .1 2 ,  a t  h ig h er  f i e l d  s in c e  th e y  are no 

lo n g e r  a l l y l i c .

The c o r r e la t io n  o f  th e  hemi -  a c e t a l  (8 lb )  w ith  a 

known compound was ach ieved  by t r e a t i n g  i t  w ith  sodium 

borohydride and th e  d i o l  (80c)  th u s  ob ta in ed  was 

im m ed ia te ly  a c e t y la t e d  to  a f fo r d  th e  d ia c e t a t e  (8 0 d ) ,  fo(J 

= -  56° ,  i d e n t i c a l  in  a l l  r e s p e c t s  w ith  th a t  prepared  

p r e v i o u s ly .  Further co n f irm a tio n  o f  th e  l o c a t i o n  o f  th e  

hemi -  a c e t a l  r i n g  was ob ta in ed  from an exam ination  o f  th e  

n .m .r .  spectrum o f  th e  corresp on d in g  d eu tera ted  d ia c e t a t e  

( 8 0 j )  prepared from th e  hemi -  a c e t a l  by r e d u c t io n  w ith  

l i t h iu m  aluminium d e u te r id e  fo l lo w e d  by a c e t y l a t i o n .  This
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spectrum was i d e n t i c a l  to  th a t  o f  th e  d ia c e t a t e  excep t th a t  

th e  peak a t  X  6 .0 8  now in t e g r a t e s  f o r  o n ly  one proton  showing 

th a t  th e  m ethylene group and not th e  methine proton  i s  

a t ta c h e d  to  th e  double bond.

A l l  attem pts  to  o x id i s e  th e  hemi -  a c e t a l  r i n g  to  th e  

co rresp o n d in g  -  la c to n e  were u n s u c c e s s f u l .  A la r g e  number 

o f  o x i d i s i n g  a g en ts  were t r i e d  but e i t h e r  th e  compound was 

rec o v ered  or e l s e  no i s o l a b l e  product was o b ta in ed .

Compound V I.

The n ex t  compound ( $ |a )  ^  I) = “ ^7° was

ob ta in ed  as an o i l  which s lo w ly  c r y s t a l l i s e d  on c o o l in g  to

0° but m elted  ju s t  below  room tem p eratu re . In k e ep in g  w ith  i t s

chrom atographic p o l a r i t y  i t  shows ev id en ce  o f  hydroxyl
- 1

a b so r p tio n  in  th e  i . r .  at 36OO and 3400 cm . That t h i s

group i s  co n ta in ed  in  a c y c l i c  hemi -  a c e t a l  r i n g  can be

deduced from th e  s i n g l e t  in  i t s  n .m .r .  spectrum at X  4*49 •

A lso  v i s i b l e  i s  a q u arte t  a t  X 5*96 (J  = 10 c . / s e c . )  from an

e t h e r e a l  m ethylene group. The m u lt ip le t  at about 1, 4*4 p r e se n t

in  th e  s p e c tr a  o f  th e  n a t u r a l ly  o ccu r in g  d i te r p e n o id s  d is c u s s e d

above, i s  ab sen t and r e p la c e d  by a s i n g l e t  at 1 6 .7 1  (% = 4
2

c . / s e c . )  d ia g n o s t i c  o f  a proton  a t ta ch ed  to  an epoxide r i n g .  

T his  ev id e n c e  would seem to  su g g e s t  th a t  th e  compound i s  th e  

epoxy -  analogue o f  th e  above hemi -  a c e t a l .  However, a l l  

attempts-.' t o  prepare t h i s  epoxide by treatm ent o f  compound 

V w ith  m -  c h lo r o p e rb en zo ic  a c id  in  v a r io u s  s o lv e n t s  le d  

e i t h e r  to  th e  reco v ery  o f  th e  u n reacted  hemi -  a c e t a l  or to  

non -  fu ra n o id  m a t e r ia l .

I t s  c o r r e la t io n  w ith  th e  d i o l  (8 0 c )  was c a r r ie d  out as



-  133 -

f o l l o w s .  R eduction w ith  l i th iu m  aluminium hydride fu rn ish ed  

a m ixture o f  two t r i o l s  o f  v e r y  s im i l a r  p o l a r i t y .  A fte r  

s e p a r a t io n  "by p r e p a r a t iv e  t . l . o .  th e  l e s s  p o la r  component, 

which was by f a r  th e  major p rod u ct ,  was o b ta in ed  as a

c o l o u r l e s s  o i l  ( 8 9 a ) ,  C20H3 2 °4 ? ^  D = ” 12°* Ttie n ,m ,r * 

spectrum o f  t h i s  compound shows th e  hydroxyl p roton s  as a 

broad u n r e so lv e d  m u l t ip le t  between \  5*4 and 6 . 6 .

A c e t y l a t i o n  a f fo r d e d  a hydroxy -  d i a c e t a t e  ( 89b)

^ = -  13° which shows i . r .  a b so rp tio n  at  3590 and 

1745 cm  ̂ from th e  hydroxyl and a c e t a t e  f u n c t io n s .  The 

m ethylene p rotons  o f  th e  a c e t a t e  groups appear as a 

q u a r te t  cen tr e d  a t  X 5*^3 (J  = 13 c . / s e c . )  and a broad  

s i n g l e t  a t  V 5*8 3 * The f a i l u r e  o f  th e  t h ir d  hydroxyl group 

t o  a c e t y l a t e  and the  la c k  o f  a reson an ce  a t t r i b u t a b l e  to  a 

c a r b in o l  proton  in  th e  product i s  taken  to  in d i c a t e  th e  

form ation  o f  an a x i a l  t e r t i a r y  hydroxyl fu n c t io n  durin g  

r e d u c t io n  o f  th e  epoxide r in g .  In th e  parent compound th e  

ep ox id e  r i n g  must th e r e f o r e  be  ̂ o r ie n te d  as i s  th e  

epox ide  formed by o x id a t io n  o f  th e  mono -  a c e t a t e  (80h)  

and indeed  d i r e c t  comparison showed th e  p rodu cts  o f  r e d u c t io n  

o f  b oth  compounds to  be i d e n t i c a l .  Treatment o f  th e  hydroxy -  

d ia c e t a t e  w ith  phosphoryl c h lo r id e  in  p y r id in e ,  c o n d i t io n s  

known to  e f f e c t  t r a n s  d i a x i a l  e l im in a t io n ,  gave m ainly  

one compound, th e  known d ia c e t a t e  (8 0 d ) .

Although t h e s e  r e a c t io n s  confirm  th e  p resen ce  o f  an 

epox ide  and a hemi -  a c e t a l  r in g  th ey  do not d i s t i n g u i s h  

between th e  two a l t e r n a t i v e  s t r u c tu r e  (91a) and ( 9 2 ) .  To
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determine ibis tho above sequence of reactions was repeated

u s in g  d eu te r a te d  m a t e r ia l .  The more abundant product o f

r e d u c t io n  w ith  l i th iu m  aluminium d e u te r id e  was th e  t r i o l

which on a c e t y l a t i o n  fu r n ish e d  th e  d e u te r io  -  d i a c e t a t e  ( 9 3 )

th e  mass spectrum o f  which in d ic a t e d  th e  p resen ce  o f  two

deuterium  atom s. In th e  n .m .r .  spectrum th e  two proton

s i n g l e t  a t  /vu 5*^4 i s  s t i l l  p resen t  but th e  q u a r te t  cen tred

at ^ 5 .6 3  has now c o l la p s e d  to  a one -  proton s i n g l e t  a t  X

5-35  i n d i c a t i n g  th a t  th ep ro ton  g i v i n g  r i s e  to  th e  u p f i e l d

d o u b le t  has been r e p la c e d  by a deuterium  atom. D ehydration

as d e s c r ib e d  above fu r n ish e d  th e  d ia c e t a t e  o b ta in ed  from th e

o l e f i n i c  hemi -  a c e t a l  con firm in g  th a t  both  compounds have

th e  hemi -  a c e t a l  r in g  a t ta ch ed  to  th e  skel<!ton in  th e  same

f a s h i o n .  These r e s u l t s  enable  assignm en ts  to  be made f o r  th e

s i g n a l s  between % 5 and 6 in  th e  n .m .r .  spectrum o f  th e

hydroxy -  d i a c e t a t e  ( 89b).- The s i n g l e t  at X 5*83 d e r iv e s

from th e  C -  18 a c e t a t e  f u n c t io n ,  s h i f t i n g  d ow n fie ld  to  T

5*52 on d eh yd ration  s in c e  i t  i s  now a l l y l i c  and th e  s i n g l e t

a t  X 5 .3 5  from th e  C -  19 group which moves u p f i e l d  to

6 .0 8  in  th e  d ia c e t a t e  ( 80d ) .

Reduction o f  (91a) w i th  sodium borohydride l e f t  the

epoxide r i n g  u n a f f e c t e d .  The epoxy -  d i o l  ( 83b ) ,  ^20^30^4’

F Xl = -  5° shows s tr o n g  hydroxyl a b so rp tio n  in  th e  i . r .
 ̂ D

at 3630 and 3380 cm  ̂ and in  i t 3  n .m .r .  spectrum th e  c a r b in o l

p ro ton s  appear as an u n reso lv ed  m u lt ip le t  between 1 6 . 0  and

6 . 6 . On th e  o th er  hand, in  th e  d er iv ed  d ia c e t a t e  ( 83c ) ,

Ck.H-.O/r th e  p roton s  o f  th e  primary a c e t a t e  fu n c t io n s  appear  
24 34 o

as  two q u a r te t s  cen tred  at X 5*82 (J  = 12 c . / s e c . )  and at
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5 . 8 9 . In a d d it io n  th e  proton  on th e  epoxide  r i n g  i s  v i s i b l e  

as  a d ou b le t  a t  X 6 .89  (J  = 3 c . / s e c . )  and th e  a c e to x y  m ethyls  

as two s i n g l e t s  at X 7*97 and 7 *9 9 •

The b eh av iou r  o f  th e  hydroxyl group in  t h i s  epoxy hemi -  

a c e t a l  ( 91a) p a r a l l e l s  th a t  o f  th e  hemi -  a c e t a l  ( 8lb )  *;

d is c u s s e d  above in  th a t  a c e t y l a t io n  a f fo r d s  an e a s i l y  

h y d ro ly sed  a c e t a t e  ( 91b)> th e  n .m .r .  spectrum o f  which e x h i b i t s  

s i g n a l s  a t  X 3»62 ( s )  from th e  proton  ad jacen t  to  th e  a c e t a t e  

fu n c t io n ,  6 . I 4 (q) from th e  m ethylene group a t ta c h e d  to  an 

oxygen fu n c t io n  and 6 .7 1  ( s )  from th e  proton  o f  th e  epoxide  

r i n g .  Furthermore, th e  r e s i s t a n c e  o f  th e  hydroxyl group to  

o x id a t io n  to  th e  correspon d in g  7f -  la c to n e  was v ery  s im i la r  

to  th a t  en countered  w ith  th e  hemi -  a c e t a l  ( 8 l b ) .

Compound V l l .

The n e u tr a l  component p en u lt im a te  in  p o l a r i t y  was the  

d i o l  (80 c ) ,  j )  = -  36° to  which a l l  th e  above mentioned  

compounds have been r e l a t e d .  On c o o l in g  t h i s  compound to  0° 

i t  s lo w ly  c r y s t a l l i s e d  as r o s e t t e s  o f  n e e d le s ,  m.p. 60 -  63° .

By an a logy  w ith  th e  r e a c t io n  o f  marrubenol w ith  p~ 

bromobenzene su lp hon y l c h lo r id e  in  p y r id in e  to  form an e th e r ,  

th e  above d i o l  was t r e a t e d  w ith  th e  same reagent*  The product  

i s o l a t e d  was v ery  much l e s s  p o la r  than the  s t a r t i n g  m a te r ia l  

and a n a l y t i c a l  and mass s p e c t r a l  ev id ence  in d ic a t e d  a molecuhr  

form ula ^20H28° 2 ? ( 9 4 )* I t s  i . r .  spectrum s i g n i f i c a n t l y  shows 

no peaks a t t r i b u t a b l e  to  e i t h e r  a hydroxyl or a carbonyl  

f u n c t io n .  In i t s  n .m .r .  spectrum th e  e th e r e a l  m ethylene groups  

appear as two q u a r te t s ,  one cen tred  a t  X 5*88 from th e  two
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p ro to n s  in  th e  a l l y l i c  p o s i t i o n  at  C -  18 and. th e  o th er  a t  X  

6 .2 8  from 2H -  1 9 .

O x id a tion  o f  th e  d i o l  w ith  S a r e t t ! s r ea g e n t  u s in g  a la r g e  

e x c e s s  o f  chromium t r i o x i d e  over p y r id in e  fu r n is h e d  as th e  

major product a la c to n e  (95) G 2 0 ^ 2 4 ^ ^  ^  ^ -  8 ° which

c r y s t a l l i s e d  from e th y l  a c e t a t e  -  l i g h t  petro leum  as p l a t e s  

m.p. I 48 -  149°* The i . r .  shows two carbonyl bands at  1779 

and I 69O cm  ̂ c h a r a c t e r i s t i c  o f  a /  - l a c t o n e  and an — 

u n sa tu r a te d  k etone  r e s p e c t i v e l y .  That th e  double bond i s  a l s o  

in  coO jygation  w ith  th e  carbonyl group o f  th e  la c to n e  can 

be deduced from th e  p resen ce  o f  a v ery  sharp s i n g l e t  in  i t s  

n .m .r .  spectrum, a t  % 3 «5  ̂ from an o l e f i n i c  proton  showing  

no fu r th e r  c o u p l in g .  The u p f i e l d  r e g io n  o f  th e  spectrum i s  

r e l a t i v e l y  s im p le ,  showing as th e  main f e a t u r e s ,  a p a ir  o f  

d o u b le t s  a t  X  5*49 and 6 .O4 (J  =* 12 c . / s e c . )  from th e  

m ethylene p ro to n s  o f  C -  19, a s i n g l e t  a t  X 9»03 from a 

t e r t i a r y  m ethyl and a dou b let  a t  7 9*10 (J  = 6 c . / s e c . )  

from a secondary methyl group. When th e  r e a c t io n  was rep ea ted  

u s in g  a much sm a lle r  amount o f  chromium t r i o x i d e  a m ixture  

o f  two la c t o n e s  was o b ta in ed , th e  more p o la r ,  minor 

component o f  which was the  above product o f  a l l y l i c  

o x id a t io n .  The major product in  t h i s  second experim ent was 

th e  la c to n e  ( 8 7 a ) ,  L-iJ ^ = + 5*3° which c r y s t a l l i s e d  from 

e t h y l  a c e t a t e  -  l i g h t  petroleum  and had nup. 93 -  95° and 

d i r e c t  comparison w ith  the la c to n e  o f  n a tu ra l  provenance  

suggest#.#,- th a t  th e  two compounds were i d e n t i c a l .  Wo tr a c e  

o f  any non -  con ju gated  la c to n e s  was observed in  th e  product
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from which i t  can he deduced th a t  o x id a t io n  o f  th e  a l l y l i c  

primary a lc o h o l  must he th e  i n i t i a l  s t e p  in  th e  r e a c t io n ,  

fo l lo w e d  hy c y c l i s a t i o n  to  form a hemi -  a c e t a l  w ith  

subsequent o x id a t io n  ■'■a th e  % -  l a c t o n e .

In order to  prepare th e  corresp on d in g  te tra h y d ro  -  

l a c t o n e s  i t  was f i r s t  n e c e s s a r y  to  make th e  te tra h y d ro  -  

d i o l  ( 8 4 f ) ? th e  major product from hyd rogenation  o f  th e  d i o l  

(8 0 c )  in  e th a n o l over e i t h e r  Adams p latinum  ox id e  c a t a l y s t  

or pa llad ium  -  c h a r c o a l .  A fter  p r e p a r a t iv e  t . l . c .  th e  o i l y  

t e tra h y d ro  -  d i o l  ( 8 4 f ) ,  C^H^O^, D = -  47° was

o b ta in ed  as  an o i l .  N .m .r . data  in d ic a t e d  th e  r e t e n t i o n  o f  

th e  double bond. A m u l t ip le t  a t  4°22 (Wĵ  = 7 c . / s e c . )  can
9.

be a s s ig n e d  to  th e  o l e f i n i c  proton  but th e  c a r b in o l  

(--CH  ̂ -  OH) r e g io n  aga in  appears as a broad m u lt ip le t  

between X  5°6 and 6 . 8 .  However, th e  n .m .r .  spectrum o f  the  

d e r iv e d  d i a c e t a t e  (84g) C^H^gO,- i s  more in fo r m a t iv e .  In i t ,  

th e  primary a c e t a t e  m ethylene groups appear as s i n g l e t s  at  

'X 5*49 (C -  18) and X 6 .0 6  (C -  19) in  a d d it io n  to  a 

m u lt ip le t  a t  X 4 - H  (%_ = 6 c . / s e c . )  from th e  v i n y l i c  

p ro to n .

O x idation  o f  th e  te trah yd ro  -  d i o l  ( 8 4 f )  as d e scr ib ed  

above u s in g  th e  f o r c i n g  c o n d it io n ,  fu rn ish ed  in  low y i e l d ,  

a number o f  prod u cts  ( t . l . c .  ev id e n c e )  o f  which th e  major 

were th e  two o f  lo w est  p o l a r i t y .  The l e a s t  p o la r  component

was th e  l a c t o n e  (96a) ^20^30^3 s ^ows C -  3

o l e f i n i c  proton as a t r i p l e t  a t  X 3»41 (J = 3 c . / s e c . )  

aga in  i n d i c a t i n g  th a t  th e  double bond i s  i n  a p o s i t i o n
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t o  th e  carbonyl group o f  th e  la c to n e  f u n c t io n .  The C -  19 

m ethylene group i s  seen  as a d ou b le t  a t  t  5*64 (J  = 8’ c . / s e c . ) , 

th e  h ig h er  f i e l d  s ig n a l  b e in g  superimposed on m u l t ip l e t s  

from th e  te tra h y d ro fu ra n  r i n g  p r o to n s .  The second component 

( 9 6 b ) ,  C20^28° 4 ? £ = “ 4° from i t s  i . r .  bands a t  1775

and 1693 cm  ̂ in  th e  carbonyl r e g io n  i s  th e  enone — la c t o n e .  

I t s  n .m .r .  spectrum ( i n  CC1 ) shows th e  o l e f i n i c  proton  as  

a s i n g l e t  a t  X 3*64 and th e  C -  19 proton s as a p a ir  o f  

d o u b le ts  a t  X 5*57 and 6 ,1 2  (J  = 8 c . / s e c . )  w h i le  th e  

C -  1 m ethylene p roton s  appear as  a m u lt ip le t  a t  ^  7*71*

T his  spectrum was a l s o  recorded  u s in g  benzene as s o lv e n t  

and w i l l  be d is c u s se d  in  the  f o l l o w i n g  s e c t i o n .

The form ation  o f  th e s e  enone -  la c to n e s  le d  to  an

i n v e s t i g a t i o n  o f  th e  p o s s i b i l i t y  o f  in tr o d u c in g  an

oxygen atom in t o  ' C -  2 in  m o lec u les  not c o n ta in in g  an

o x id i s a b le  f u n c t io n .  To do t h i s  a number o f  d e r i v a t i v e s

o f  a c id  A were t r e a t e d  w ith  chromium t r i o x i d e  -  p y r id in e

a t  20° f o r  s e v e r a l  d a y s .  Thus when th e  mono -  a c e t a t e  ( 7 6 s ) ,

d ia c e t a t e  (80d) and th e  methyl e s t e r  (76b) were r e a c te d

under s im i l a r  c o n d it io n s  i t  was found th a t  a l l  th ree

compounds had had an a d d i t io n a l  oxygen atom in s e r t e d  in to

th e  a l l y l i c  p o s i t i o n .  The enone a c e t a t e  (7 9 * ) ,  c22h30o4

jV} = -  88° had hands in  the  i . r .  a t  1740 and 1660 cm

( i n  C H C l^ )ch a ra c te r is t ic  o f  an a c e t a t e  and an atp -

u n sa tu r a te d  k e to n e .  In i t s  n .m .r .  spectrum th e  o l e f i n i c

proton  r e s o n a te s  as a broadened s i n g l e t  at £ 4 -07  (Wi =
2

4 c . / s e c . )  and shows c o u p l in g  to  th e  v i n y l i c  methyl group at
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\  8 . 2 8 . The s p e c t r a l  p r o p e r t ie s  o f  th e  enone — d ia c e t a t e  

( 79d) ^24^32^6 are v e r y s im i la r  to  th o se  o f  th e  above 

a c e t a t e  ( 79b) in  th a t  th e  o l e f i n i c  proton  appears as a 

s i n g l e t  at j) 4 *0 5 * As in  th e  s p e c tr a  o f  th e  two nor -  

compounds ( 77a and 77b) th e  r e l a t i v e  p o s i t i o n s  o f  th e  

reso n a n ces  o f  th e  two methyl groups have been i n t e r ­

changed in d i c a t i n g  a d i s t o r t i o n  in  th e  r i n g  sy ste m s.  In th e  

spectrum o f  th e  enone -  methyl e s t e r  (7 9 c )  ^21^28^4 

o l e f i n i c  proton  g iv e s  r i s e  to  a broadened s i n g l e t  a t  ^ 4*23

(Wi = 3 c . / s e c . )  coupled  to  th e  v i n y l i c  methyl group 
a

which i s  v i s i b l e  as a d ou b let  ( j  = 1 c . / s e c . )  at \

8 .29*  The rem aining  methyl groups appear at t h e i r  normal 

p o s i t i o n s ,  th e  t e r t i a r y  a t  \  9*07 and th e  secondary as an 

i l l  -  r e s o lv e d  dou b let  a t  X  9»12 (J  = 6 c . / s e c . ) .

Compound V l l l .

The most p o la r  fu ra n o id  compound (90b) C^qH^qO^, ^

= -  18 ° was ob ta in ed  as an o i l  which s lo w ly  c r y s t a l l i s e d  

and had m.p. I 35 -  137°« Tbe n .m .r .  spectrum shows no t r a c e  

o f  o l e f i n i c  a b so rp tio n  b i t  a broad m u lt ip le t  betw een ,'

5 . 6  and 6 . 6  from hydroxyl fu n c t io n s ,  w h i le  a m u lt ip le t  

at  \  4*5 can a s s ig n e d  to  th e  c a r b in o l  proton  o f  a 

c y c l i c  hemi -  a c e t a l  r i n g .  A c e ty la t io n  a f fo rd ed  as th e  

major product an o i l y  d ia c e t a t e  ( 90c) which from i . r .  

e v id e n c e  s t i l l  c o n ta in s  a hydroxyl group, assurwd  

ta  Ve t e r t i a r y *  The n .m .r .  spectrum was more u s e f u l  fo r  

d eterm in in g  th e  s t r u c tu r e  o f  t h i s  compound than th a t  o f  th e  

paren t compound. Thus, th e  proton ad jacen t  to  the hemi — 

a c e t a l  a c e t a t e  has moved d ow n fie ld  and appears as a
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a s i n g l e t  X 3 *2 8 . A t r i p l e t  at X 5*18 (J  = 6 c . / s e c . )  can be

a s s ig n e d  to  th e  proton  o f  a secondary e q u a to r ia l  a c e t a t e

fu n c t io n  h av in g  two n e ig h b o u r in g  p r o to n s c The e th e r e a l

m ethylene group o f  th e  hemi -  a c e t a l  r i n g  g iv e s  r i s e  to  a
2

q u a r te t  a t  5°87 (J  = 10 c . / s e c . ) .  Assuming th e  A double

bond to  have been r e p la c e d  by a 1 , 2  d i o l  system  then  th e

c o n s t i t u t i o n  ( 90b) f o l l o w s  fo r  th e  parent compound and

(9 0 c )  f o r  th e  d er iv ed  a c e t a t e .  The l o c a t i o n  o f  th e  hemi -

a c e t a l  i s  by analogy  w ith  th e  p r ev io u s  compounds. The

d i f f e r e n c e  in  s t e r e o c h e m is tr y  at C -  3 In t h i s  compound and 
*

th e  t r i o l  ob ta in ed  from h y d r o x y la t io n  o f  th e  hemi -  a c e t a l  

(8 1 b ) ,  a s s ig n e d  on th e  b a s i s  o f  n .m .r .  ev id en ce  was 

r e f l e c t e d  in  th e  d i f f e r e n c e  in  p o l a r i t y  o f  th e  two 

compounds on t . l . c .  The sm all amount o f  t h i s  su bstan ce  

a v a i l a b l e  preven ted  any i n t e r r e l a t i o n  w ith  th e  known 

compound and as a r e s u l t  th e  s t r u c tu r e  ( 9 ^ )  i s  o n ly  

t e n t a t i v e l y  su g g e s te d ;
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TLg St era och emis t  ry o f  S o l id a g o io  ac id  A and i t s  C^-ngqners«

The c o n s t i t u t i o n  o f  a c id  A and i t s  congeners hav in g  been  

e s t a b l i s h e d  th e  rem aining problem i s  th e  assignm ent o f  s t e r e o ­

ch em is try  at th e  four  asymmetric c e n t r e s ,  C -  5? C — B, C -  9 

and C -  1 0 o S ince  a ttem p ts  to  form a heavy atom d e r i v a t i v e  f o r  

f o r  an X -  ray c r y s t a l io g r a p h ic  a n a ly s i s  met w ith  l i t t l e  

s u c c e s s  our a t t e n t io n  was turned to  th e  p r ep a ra t io n  o f  

s u i t a b l e  d e r i v a t i v e s  whose s p e c t r a l  p r o p e r t ie s  cou ld  bo 

compared w ith  th o se  o f  compounds o f  known c o n f ig u r a t io n .  As 

observed  e a r l i e r ,  d i t e r p c n o id s  d er iv ed  from an a c y c l i c  

p recu rso r  by c y c l i s a t i o n  and a s e r i e s  o f  co n cer ted  methyl and 

hydride io n  m ig ra t io n s  should  have a tr a n s  r in g  f u s io n .  Those 

columbin -  typ e  compounds which have a c i s  fu s io n  are assumed 

to  a r i s e  from a d d it io n  a c r o s s  th e  r i n g  to  a  ̂ double

bond formed from a tr a n s  fu sed  p recu rso r .

That th e  s o l id a g o i c  a c id s  do indeed  p o s s e s s  th e  exp ected  

s te r e o c h e m is tr y  at the  r i n g  ju n c t io n  f o l l o w s  from a c a r e fu l  

exam ination  o f  th e  n .m .r .  s p e c tr a  o f  the  te tra h y d ro  d e r i v a t i v e s  

(96b) and (97) • f o r  t h i s  i n v e s t i g a t i o n  i t  was deemed d e s ir a b le  

to  remove th e  furan r in g  by hydrogenation  s in c e  o th erw ise  the  

s i g n a l s  from th e  two C -  I protons were obscured by th o se  o f  

th e  p ro ton s  at C -  12. A l l y l i c  o x id a t io n  by S a r e t t 1s reagent  

in  th e  te tra h y d ro  s e r i e s  o f  compounds was l e s s  s u c c e s s f u l  than  

when a p p l ie d  to  th e  corresp on d in g  fu ran o id  d e r i v a t i v e s  and in  

th e  a c id  A group no*, onones could  be prepared. A l l y l i c  o x id a t io n  

by th e  more common reagents.,  se len ium  d io x id e ,  d i - t e r t  b u ty l  

chromate or sodium chromate a l s o  f a i l e d  to  produce the  req u ir ed  

compound. However, th e  te trah yd ro  -  enone la c to n e  (9^b) was
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i s o l a t e d ,  a l though  in  low y i e l d ,  from the  mixture o f  compounds 

ob ta in ed  when the  t e tra h y d ro  -  d i o l  ( 8 t f )  was t r e a t e d  with  

chromium t r i o x i d e  — p y r id in e -  An n .m .r .  spectrum o f  t h i s  

compound i n  CCl.  showed the  two C -  ( protons  as a m u l t i p l e t
-r

cen tr e d  at  X 7«7I from which J (1? c . / s e c . )  was ob ta in ed  by
Ai3

i n s p e c t i o n .  When th e  spectrum was recorded  i n  benzene t h i s

r e g i o n  appeared as th e  AB part o f  a d e c e p t i v e l y  s im ple  ABX

system i n  which on ly  th r e e  l i n e s  are v i s i b l e .  A f t e r  the  a d d i t io n

o f  chloroform th e  two proton s  became m a g n e t i c a l ly  e q u iv a le n t

and appear as a d o u b le t .  Double i r r a d i a t i o n  o f  th e  methylene

enve lope  a t  X 8 .3 8  caused t h e s e  s i g n a l s  to  c o l l a p s e  to  a

broad s i n g l e t  i n d i c a t i n g  th a t  t h i s  methylene group i s  not

i s o l a t e d  but a t ta ch ed  to  a carbon atom b e a r i n g  a proton .  This

e v ide n c e  t h e r e f o r e  e l i m i n a t e s  the  s t r u c t u r e  h av ing  the  double
7

bond l o c a t e d  i n  a A p o s i t i o n .  A c a l c u l a t i o n  o f  the

i n d i v i d u a l  c o u p l in g  c o n s t a n t s  was made and the  r e s u l t s  J  Y =
AA

3 .75  and J = 14*25 c . / s e c .  o b ta in ed .  However, from an Sa

examinat ion  o f  models o f  both c i s  and t r a n s  fu se d  compounds i t  

was seen t h a t  the  l a c t o n e  r i n g  produces  a c o n s t r a i n t  i n  the  

system which in  both c a s e s  l e a d s  to  a marked d ecre a se  in  

con form at ion a l  p r e f e r e n c e .  In b r i e f  i t  appeared t h a t  no f irm  

d ed u ct io n  o f  s t e r e o c h e m i s t r y  could  be made.

S ince  in t r o d u c t i o n  o f  an enone system i n t o  a t e t r a h y d r o -  

compound could  not be e f f e c t e d  the  r e v e r s e  procedure was adopted  

i n  which the  oxygon atom was i n s e r t e d  f i r s t  and then the  furan  

r i n g  c a r e f u l l y  hydrogenated.  I n  t h i s  way the  a c id  (97) was 

formed whose n .m .r .  spectrum ( i n  CCl^) shows the o l e f i n i c  

proton as a broad s i n g l e t  (Wi = 2 . 5  c . / s e c . )  at 7) 4 . 2 0 .  I t s
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c o u p l in g  to a v i n y l i c  methyl group (broadened s i n g l e t  at  \  0 .2 3 )

was demonstrated by n u c le a r  magnet ic  double resonance

exp er im en ts .  I r r a d i a t i o n  at  "I 8 .2  3 caused  the  former s i g n a l  to

c o l l a p s e  to  a sharp s i n g l e t  w h i le  i n  the  r e v e r s e  experiment a

s i m i l a r  e f f e c t  was observed  fo r  the  resonance  at  \  8 . 2  3* In the

7»7 “ 7 »9 X r e g i o n  th e  two G -  I protons  g iv e  r i s e  to  a s i m i l a r

p a t t e r n  as t h a t  observed  in  the  spectrum i n  benzene o f  the

l a c t o n e ,  namely a th r e e  l i n e  system.  Assuming J to  be 17 c . / s e c .AB '

i t  can be c a l c u l a t e d  th a t  J = 16 c . / s e c .  and J = 4 c . / s e c .  

co rrespon d in g  to  d ih e d r a l  a n g le s  o f  approxim ately  180° and 125° 

r e s p e c t i v e l y .  An examinat ion o f  a model o f  the  compound with  a 

t r a n s  fu se d  r i n g  system i n d i c a t e s  th a t  t h i s  conformation  

would r e s u l t  i n  c o u p l in g  c o n s t a n t s  o f  approxim ate ly  the  

magnitude observed .  On th e  o th er  hand, th e  most favoured  

conformation o f  the correspon d in g  c i s  compound would be 

exp ec te d  to  g iv e  r i s e  to  a n g le s  o f  approxim ately  90° and 120°  

f o r  which the  c o u p l in g  c o n s t a n t s  would be c o n s id e r a b ly  

d i f f e r e n t  from th o s e  c a l c u l a t e d .  These r e s u l t s  can be taken  as  

e v ide n c e  f o r  a t r a n s  r i n g  f u s i o n  i n  accord w ith  b i o g c n e t i c  

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

To confirm th e s e  r e s u l t s  the  s p e c t r a  o f  two model compounds

were examined,  one h av ing  a t ra n s  and the o th e r  a c i s  f u s i o n .

In th e  former,  th e  enone (114 ) d e r iv e d  from c o n f e r t i f o l i n

d i a c e t a t c ,  th e  two C -  6 protons  appear ( i n  CDCl^) as the  AB

p o r t i o n  o f  an ABX system i n  which th e  c e n t r a l  l i n e s  o f  both

q u a r t e t s  are v i s i b l e .  However, a l l  e i g h t  l i n e s  can be observed

when th e  spectrum i s  recorded  in  benzene .  By i n s p e c t i o n  J A_ wasAB
found to  be 17 c . / s e c .  w h i le  by c a l c u l a t i o n  th e r e  are two
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p o s s i b l e  v a l u e s  f o r  J ^ ( 3 - 5  or 7°75 c . / s e c . )  and (13*5 or

1 6 . 7 5  c . / s e c . ) . The enone ( 38) d er iv e d  from the  anomalous

17p l a t h y t e r p o l  (37)  was known to  p o s s e s s  a c i s  r i n g  ju n c t io n
•X*

from X -  ray e v id e n c e .  The spectrum i n  CDCl^ was very  s i m i l a r  

i n  the  7»2 ~ 7»4''6 r e g io n  to  th o se  d e s c r ib e d  p r e v i o u s l y  in  th a t  

i t  c o n s i s t s  o f  th r e e  l i n e s  w h i le  i n  benzene t h e s e  become a

d o u b l e t .  However, t a k in g  J to  be 17 c . / s e c .  J was c a l c u l a t e d
A-d AA

to  cb 0 . 7 5  and J to  be 9»25 c . / s e c . , c o u p l in g  c o n s t a n t s
.D A

markedly d i f f e r e n t  to  t h o s e  found in  the  S o l id ago  compounds.

The i s o l a t i o n  o f  th e  a l c o h o l  (88a)  made d i r e c t  comparison  

w ith  i t s  s t e r e o i s o m e r  h ard w ick io l  (98a)  p o s s i b l e .  Although  

th e  p h y s i c a l  c o n s t a n t s  and the  t . l . c .  behaviour  o f  the  two 

compounds were i d e n t i c a l  th ere  are smal l  but s i g n i f i c a n t  

d i f f e r e n c e s  in  the  n .m -r .  s p e c t r a .  Thus th ere  are  d i f f e r e n c e s  

in  the  p o s i t i o n  o f  th e  reson ances  o f  the  secondary methyl and 

one o f  th e  t e r t i a r y  methyl groups (9*20 and 9° 29 X  r e s p e c t i v e l y  

i n  h a rd w ick io l  ? 9*15 an(i  8 .97  in  th e  So l id ago  a l c o h o l ) .  In  

a d d i t i o n ,  th e  doublet  from the  secondary  methyl group i n  

h a rd w ick io l  i s  much l e s s  sharp than t h a t  i n  the  above compounds 

behav iour  t y p i c a l  o f  an e q u a t o r i a l  methyl group. This  would 

su g g e s t  th a t  t h i s  group i s  t h e r e f o r e  a x i a l  i n  th e  s o l id a g o  

s e r i e s .  Careful  hydrogenat ion  o f  h a rd w ick io l  a c e t a t e  (9$^)

Tile s p e c t r a  o f  p l a t h y t e r p o l  were k i n d ly  s u p p l i e d  by Dr. T.

J .  King o f  the  U n i v e r s i t y  o f  Nottingham and samples o f  (+)  

e t h y l  h ard w ick ia te  and ( - )  h ard w ick io l  by P r e f e s s o r  ¥ .  Cocker 

and Dr. Sukh Dev r e s p e c t i v e l y .



-  145 -

i n  e th an o l  c o n t a i n i n g  t r i e t h y l a m i n e  over  10$ Pd -  C f u r n i s h e d  

th e  o i l y  hydrocarbon (98c)  C^qH^qO which again  had an n .m .r .  

spectrum s i m i l a r  to  t h a t  o f  th e  known hydrocarbon (88c )  

e x cept  f o r  th e  p o s i t i o n  o f  th e  s i g n a l  o f  the  secondary  

methyl group ( X 9»h3)« The low f i e l d  r e g i o n s  o f  the  two 

s p e c t r a  were almost  i d e n t i c a l  from which i t  may be taken th a t  

th e  s o l e  d i f f e r e n c e  l i e s  in  the  s t e r e o c h e m i s t r y  o f  the  C -  8 

methyl group. This  i s  taken  as ev ide nc e  f o r  th e  s t e r e o ­

ch em is try  shown i n  (76a )  f o r  s o l i d a g o i c  a c i d  A. That o f  th e  

o th e r  n a t u r a l l y  o c c u r in g  compounds f o l l o w s  from t h e i r  

proven r e l a t i o n s h i p  w i th  a c i d  A.
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S o l id a g o  j u n c e a .

The r o o t s  o f  S o l id a g o  j im ce a  were e x t r a c t e d  w i t h  e t h y l  

a c e t a t e  i n  t h e  manner d e s c r i b e d  f o r  £>. s e r o t i n a  and th e  major  

E h r l i c h  -  a c t i v e  compound was i s o l a t e d  as an o i l ,  i n  

approximate l y  V?° y i e l d ,  b ased on d r i e d  p l a n t  m a t e r i a l ,  by  

p r e p a r a t i v e  t . l . c .  From i t s  b eh av iour  on t . l . c .  i t  was 

deduced t o  be a c i d i c  and t h i s  was conf irmed by th e  broad  

a b s o r p t i o n  b etw een  3400 and 3000 cm  ̂ i n  th e  i . r .  A mass 

s p e c t r o n e t r i e  m o le c u l a r  w e igh t  d e t e r m i n a t i o n  i n d i c a t e d  a 

m o le c u l a r  form u la  o f  820^ 28^3 showing t h a t  th e  compound,  

!,j u n c e a i c  ac id"  i s  i s o m e r i c  w i th  s o l i d a g o i c  a c i d  A ( 76a ) *

The p r e s e n c e  o f  a 13 - s u b s t i t u t e d  fu r a n  m o ie ty  i s  e v i d e n t

from th e  a b s o r p t i o n  at  877 cm  ̂ i n  i t s  i . r .  spectrum and th e

t h r e e  c h a r a c t e r i s t i c  s i n g l e t s  at  I  2 . 6 3 , 2 .7 4  and 3*70 i n

i t s  n . m . r .  spectrum. The remainder  o f  i t s  n . m . r .  spectrum i s

s i m i l a r  t o  t h a t  o f  a r i d  A i n  t h a t  t h e r e  are r e s o n a n c e s  from

an o l e f i n i c  p r o to n  (an u n r e s o lv e d  m u l t i p l e t  at X 4*72 5

¥1 = 8 c . / s e c . ) ,  a m ethy l  group a t t a c h e d  t o  a double  bond (a  
2

broadened  s i n g l e t  at  A 8 . 40 ) ,  a t e r t i a r y  m ethy l  group*

( a  s i n g l e t  at 1 9 *0 4 ) and a s econ d ary  methyl group (an i l l -  

r e s o l v e d  d o u b le t  at  8 . 83 ) .  I t  was n o t e d ,  however ,  t h a t  

t h e  s i g n a l  from t h e  o l e f i n i c  p r o t o n  appears  at  h i g h e r  f i e l d  

th a n  i n  a c i d  A ( \  4 * 4 6 ) ( c f  th e  h ig h  v a lu e  found ( \  4*82)

i n  th e  d e r i v e d  hydrocarbon ( ggG ) i n  which th e  oxygen  

f u n c t i o n s  at  C -  5 have been r e p l a c e d  by a methyl  g ro u p ) .  

Furthermore the  re s o n a n c e  o f  th e  secon d ary  methyl group 

appearo cA 1 : w o f i e l d  than t h a t  o f  a c i d  A and i t s



d e r i v a t i v e s  (about  'v 9 « l )*  I n  c o n t r a s t  t o  both th e  a c i d s  

from jS. s e r o t i n a  j u n c c a i c  a c i d  d i s t i l l e d  i n  vacuo w i t h  no 

d e c o m p o s i t io n  ( t . l . c .  e v id e n c e )  s u g g e s t i n g  th a t  i n  t h i s  

compound th e  c a r b o x y l  f u n c t i o n  i s  not h o m o a l l y l i c .

H e a c t io n  w i th  diazomethane f u r n i s h e d  th e  c o r r e s p o n d in g  

o i l y  methyl e s t e r  the n . m . r .  o f  which showed r e s o n a n c e s  

from t h e  o l e f i n i c  p r o to n  as a. m u l t i p l e t  at  \  4»83? th e

s econd ary  m ethy l  group as a d o u b le t  at  X 8 . 8 8 ,  and th e  

t e r t i a r y  methyl  group as a s i n g l e t  at  X 9*2.  That th e  

d o u b le t  cen tr e d  at  ^ 8 . 8  does  in d eed  a r i s e  from a secon d ary  

methyl group was conf irmed by n u c l e a r  m agn et ic  double  

re s o n a n c e  e x p e r im e n ts  i n  which i r r a d i a t i o n  at % 8 . 5 4  caused  

th e  d o u b le t  t o  c o l l a p s e  t o  a sharp s i n g l e t .  S im i l a r  

i r r a d i a t i o n  o f  t h e  o l e f i n i c  p r o t o n  caused  a sh a rp en in g  of  

t h e  broadened s i g n a l  at  \  8 . 4 5  a t t r i b u t e d  t o  the  methyl

group a t t a c h e d  t o  th e  double  bond ( s e e  f i g u r e  7 ) .

I n  th e  d e r i v e d  a l c o h o l ,  r e a d i l y  p rep ared  from th e  

m ethy l  e s t e r  by r e d u c t i o n  w ith  l i t h i u m  aluminium h y d r i d e ,  

t h e  primary h y d ro x y l  p r o to n s  r e s o n a t e  as a s i n g l e t  at X- 

6 . 3 7 ,  s i g n i f i c a n t l y  showing no v i c i n a l  s p i n - s p i n  c o u p l i n g .  

The n .m . r .  a l s o  e x h i b i t s  s i g n a l s  from t h e  s econ d ary  methyl  

group as a d o u b le t  a t  X 9*10 ( h a v in g  s h i f t e d  u p f i e l d  by  

approxim ate1y 0 . 2 2  p . p . m. ) .

T h is  e v i d e n c e  appears  t o  i n d i c a t e  a r ear ran ged  labdane  

s k e l e t o n  and assuming the  compounds t o  have a b i c y c l i c  

n u c le u s  c o n t a i n i n g  a ki o l e f i n i c  bond as found i n  th e  

d i t e r p e n o i d s  d e s c r i b e d  e a r l i e r  t h e r e  are  s e v e r a l  p o s s i b l e  

s t r u c t u r e s  f o r  j u n c o a i c  a c i d .  I t s  ch e m ic a l  b eh av iou r  and
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i t s  s p e c t r a l  p r o p e r t i e s  appear t o  e l i m i n a t e  C -  5 as a 

p o s s i b l e  xj ° i n t  o f  at tachment  o f  th e  c a r b o x y l  group t o  th e  

t r a n s  d e c a l i n  r i n g  system .  T h is  t h e r e f o r e  l e a v e s  C -  9 as  

an a l t e r n a t i v e  s i t e  f o r  the  l o c a t i o n  o f  th e  carb oxy l  

f u n c t i o n .  The e q u a t o r i a l  o r i e n t a t i o n  o f  th e  C -  8 second ary  

methyl group f o l l o w s  from th e  i l l  -  r e s o l v e d  nature  o f  th e  

d o u b le t  i n  th e  n . m . r .  s p e c t r a  o f  th e  a c i d  and i t s  d e r i v a t i v e s .  

The as s ign m en t  o f  s t e r e o c h e m i s t r y  at th e  rem a in in g  asymmetric  

c e n t r e s  i s  by a n a lo g y  w i th  a c id  A. Prom t h i s  e v i d e n c e  th e  

s t r u c t u r e  ( 99a ) i s  s u g g e s t e d  v e r y  t e n t a t i v e l y  f o r  t h i s  a c i d  

and hence  ( 99H ) and ( 99c )  f o r  t h e  d e r i v e d  e s t e r  and a l c o h o l  

r e s p e c t i v e l y .  I n  order  t o  conf irm t h i s  s t r u c t u r e  i t  was 

proposed  to  prepare  th e  c o r r e s p o n d in g  a ldehyde  and t r e a t  i t  

under W olf f  -  K ish ner  r e d u c t i o n  c o n d i t i o n s .  Assuming th e  

a c i d  t o  have th e  same c l e r o d a n e  s k e l e t o n  as th e  o th er  

d i t e r p e n o i d s  from _S. s e r o t i n a  t h i s  r e a c t i o n  should  have  

f u r n i s h e d  one or o th e r  o f  the  known hydrocarbons  ( 88c) o r  

( 98c ) ?  th u s  e s t a b l i s h i n g  th e  s t e r e o c h e m i s t r y  at  a l l  t h e  

asymmetric carbon atoms,  and at C -  8 i n  p a r t i c u l a r .  However 

S a r e t t  o x i d a t i o n  f a i l e d  t o  produce  the d e s i r e d  a ldeh yde  and 

a l th o u g h  the  experiment  was r e p e a t e d  s e v e r a l  t i m e s  t h i s  

r e s u l t  was r e p r o d u c i b l e .  T h is  l e n d s  support  t o  t h e  s u g g e s t i o n  

t h a t  th e  primary hydroxy l  f u n c t i o n  i s  not  l o c a t e d  at  C -  5 

s i n c e  a l c o h o l  A ( 76c )> under s i m i l a r  c o n d i t i o n s ,  was 

r e a d i l y  o x i d i s e d  to  the  c o r r e s p o n d in g  aldehyde. A d d i t i o n a l  

\70rk on j u n c e a i c  a c i d  must aw ait  f u r t h e r  s u p p l i e s  o f  p l a n t  

m a t e r i a l .
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S o l id a g o  g l a b e r i n a .

A steam d i s t i l l a t e  o f  S o l i d a g o  g l a b e r i n a , a f t e r

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

(lOO )> n . p .  92 -  9 4 ° ,  L i = -  5 0 ° ? the  mass spectrum o f

which  c l e a r l y  shows a m o le c u la r  i o n  at  290 co r r e s p o n d in g

t o  a m o le c u la r  form ula  o f  C„ II 0 .  In  i t s  i . r .  spectrum
20 9 4

t h e r e  are no peaks  a t t r i b u t a b l e  t o  e i t h e r  h yd roxy l  or

carb on y l  f u n c t i o n s  s u g g e s t i n g  t h a t  th e  oxygen atom i s

p r e s e n t  as  an e t h e r  b r i d g e .  S i g n i f i c a n t l y ,  i t  e x h i b i t s  a

sharp peak at 3033 cm  ̂ i n d i c a t i v e  of  at  l e a s t  one o l e f i n i c

bond. From t h i s  i t  can be conc lud ed  t h a t  the compound i s

p r o b a b ly  t r i c y c l i c .  Three sharp t h r e e  -  p r o t o n  s i n g l e t s

from t e r t i a r y  m eth y l  groups are v i s i b l e  at  X 9 *1 7 ? 9*25

and 9«90 i n  i t s  n . m . r .  spectrum. Two t e r t i a r y  methyl groups

a t t a c h e d  t o  carbon atoms a d ja c e n t  t o  oxygen g i v e  r i s e  t o

addit ioneJ .  s i g n a l s  at  X 8 . 8 1  and 8 . 9 0 .  I n  th e  low f i e l d

r e g i o n  o f  the  spectrum t h r e e  o l e f i n i c  p r o t o n s  g i v e  r i s e  t o

r e s o n a n c e s  which form a t y p i c a l  ABC p a t t e r n ,  t h e  d o w n f ie ld

C -  14 p r o to n  a p p ea r in g  at  3*98 as  a q u a r te t  from which

J, and J . are  s e e n  t o  be a p p r o x im a te ly  18 c . / s e c .  andt r a n s  c r s  '

10 c . / s e c .  r e s p e c t i v e l y .  The two C -  15 p r o t o n s  Hn and H_0 j5

r e s o n a t e  as d o u b l e t s  at  5*05 and 5 * H  r e s p e c t i v e l y  

i n d i c a t i n g  t h a t  th e  geminal c o u p l i n g  i s  n e g l i g i b l e .

The e x t r a c t  was k i n d l y  s u p p l i e d  by Dr. T. Anthonsen  

o f  the Organic  Chemistry L a b o r a t o r i e s ,  Trondheim.
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These f i n d i n g s  are c o n s i s t e n t  w i th  t h i s  compound b e i n g  

( - )  13 epimanoyl  o x id e .  I n d e e d ,  i t s  p h y s i c a l  p r o p e r t i e s  are  

i d e n t i c a l  t o  t h o s e  o f  th e  d i t e r p e n e  i s o l a t e d  from G i b b e r e l l a  

f u . j i k u r o l  by C ross ,  Galt and H anson .^  These au th o rs  have  

compared t h e i r  compound v/ith a sample o f  o l e a r y l  o x i d e ,  a 

monounsaturated  e t h e r  o f  unknown s t r u c t u r e  i s o l a t e d  e a r l i e r  

from Ole a r i a  p a n i c u l a t a  by McLean and S l a t e r ^  and have  

found them t o  be i d e n t i c a l  i n  a l l  r e s p e c t s .
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A l l y l i c  o x id a t io n  by Chromium (V l)..

I n t r o d u c t i o n

The f i r s t  examples  o f  a l l y l i c  o x i d a t i o n  hy chromium (VI)  

were r e p o r t e d  hy T r e i b s  and Schmidt ^  who were a b le  t o  

c o n v e r t  c y c lo h e x e n o  i n t o  cy c lo h e x e n o n e  u s i n g  a s o l u t i o n  o f  

chromium t r i o x i d e  i n  a, m ix tu re  o f  a c e t i c  anhydride  and carbon  

t e t r a c h l o r i d e .  T h is  same o x i d a t i o n  was e f f e c t e d  by Whitmore 

and P e d l o w ^  during an i v e s t i g a t i o n  o f  th e  o x i d a t i o n  of  

a l k e n e s  by chromic  a c i d .  These au th ors  found t h a t  a l l y l i c  

o x i d a t i o n  by chromic a c i d  i s  a r e l a t i v e l y  minor r e a c t i o n  w i t h  

s t r a i g h t  ch a in  a l k e n e s  but can t a k e  p l a c e  to  a c o n s i d e r a b l e  

e x t e n t  i n  a number o f  s t e r o i d a l  a l k e n e s .  A s i m i l a r  a l l y l i c  

o x i d a t i o n  u s i n g  d i  -  t e r t  -  b u t y l  chrornate was d i s c o v e r e d  by  

Oppenauer and Oberrauch 47 who u sed  a s o l u t i o n  o f  t h e  r e a g e n t  

i n  a n o n - p o l a r  s o l v e n t  to  which  was added a c e t i c  an h ydr id e .

W ith -• i t '"tlieya were a b le  to c o n v e r t  c y c l o h e x e n e  i n t o  cyc loh exan onc  

i n  4-Ofo y i e l d  and. -ch o lea t jery l  a c e t a t e  i n t o  i t s  7 - k e t o  d e r i v a t i v e  

i n  90io y i e l d .  F o l lo w in g  t h i s ,  s e v e r a l  groups o f  Japanese
4P

workers  u sed  t h i s  r e a g e n t  f o r  t h e  o x i d a t i o n  o f  c e r t a i n  

n o n o te r p e n e s  and found t h a t  o x i d a t i o n  u s u a l l y  occu rs  at  b oth  

ends o f  the  double bond, which c o n t r a s t s  w ith  a l l y l i c  

o x i d a t i o n  by m erc u r ic  a c e t a t e  or s e le n iu m  d i o x i d e .  The 

n a tu r e  o f  the  r e a g e n t  has  not been  f u l l y  i n v e s t i g a t e d  but i s  

thought  to  be d i a c e t y l  chrornate formed by t h e  r e a c t i o n  o f  

t e r t - b u t y l  ch r o n a te  w i th  the  a c e t i c  anhydride  i n  t h e  s o l v e n t .

Two t y p e s  o f  mechanisms have been  p o s t u l a t e d  f o r  chromium 

(VI) a l l y l i c  o x i d a t i o n .  In  t h e  f i r s t ,  a hydrogen atom (or  

h y d r id e  i o n )  i s  a b s t r a c t e d  from the  a lk en e  t o  form an a l l y l i c
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f r e e  r a d i c a l  (or  carboniun  io n )  which  i s  t h e n  c o n v e r t e d  i n t o

t h e  u n s a t u r a t e d  k e t o n e .  This  mechanism x̂ r e d i c t s  t h a t  th e

piroducts sh ou ld  c o n t a i n  a m ixture  o f  double bond i s o m e r s  as

i s  in d e e d  found i n  th e  r e a c t i o n s  o f  many s t e r o i d a l  a l k e n e s .

The second mecliojiism i n v o l v e s  o x i d a t i o n  at  the  d ouble  bond

l o a d i n g  t o  a k o t o l  d e r i v a t i v e  which ,  a f t e r  e l i m i n a t i o n  o f

w a t e r ,  forms t h e  enonc system.  E v id ence  f o r  th e  f i r s t

mechanism f o l l o w e d  from t h e  chromic a c i d  o x i d a t i o n  o f

13c y c l o h c x e n c  l a b e l e d  w i t h  C at t h e  double  bond when i t  was 

found t h a t  one q u a r te r  o f  t h e  o r i g i n a l  t o t a l  l a b e l  appeared  

at th e  ca rb o n y l  carbon atom. Ho m e c h a n i s t i c  s t u d i e s  on a l l y l i c  

o x i d a t i o n  by ch ron y l  a c e t a t e  and d i  -  t e r t  -  b u t y l  chromate  

have as  y e t  boon c a r r i e d  out but i t  i s  assumed t h a t  t h e i r  mode 

of  a t t a c k  i s  s i m i l a r  t o  t h a t  o f  chromic a c i d .

I n  a d d i t i o n ,  the  chromium (Vl)  o x i d a t i o n  o f  a l k e n e s  i n  

an a c i d i c  medium may a l s o  l e a d  t o  fo r m a t io n  o f  e p o x i d e s ,  

k c t o l s  and even  a c i d s  or k e t o n e s  d e r i v e d  by e i t h e r  c l e a v a g e  o f  

t h e  double  bond or a r ea r ra n g em en t . The iDroduct o b ta in e d  

d i f f e r s  a c c o r d i n g  t o  th e  s o l v e n t  u s e d .  When th e  r e a c t i o n  i s  

c a r r i e d  out i n  a c e t i c  a c i d  w i th  a d e f i c i e n c y  of  the ox id an t  

t h e  product  i s  commonly an e p o x i d e .  A number o f  s t e r o i d a l  

a l k e n e s  g i v e  m ix t u r e s  formed by a l l y l i c  o x i d a t i o n  and t h e  

ex>oxides d e r i v e d  from the  k e t o n e s .  I n  th e  c a s e  o f  t h e  A ®(^) 

s t e r o i d s  double  bond m i g r a t i o n  occu rs  b e f o r e  eiDOxidation  

l e a d i n g  t o  m ix t u r e s  o f  epoxy k e t o n e s .

R e a c t i o n s  c a r r i e d  out i n  aqueous a c i d  s o l u t i o n  a re  much 

more complex s i n c e  c o n s i d e r a b l e  s k e l e t a l  rearrangement  o c c u r s .
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I t  has  been  s u g g e s t e d  t h a t  an e p o x id e  nay be t h e  i n t e r n e d i a t e  

i n  many r e a c t i o n s  and a l a r g e  number o f  rearrangem ent  p r o d u c ts  

which have been ob served  can be r a t i o n a l i s e d  i n  terms o f  an 

a c i d  c a t a l y s e d  p i n a c o l  -  type  rearrangernent of  an i n t e r n e d i a t e  

e p o x id e .  The p o s s i b i l i t y  o f  the  i n t e r m e d i a t e  b e i n g  a g l y c o l  

was c o n s id e r e d  but d i s c o u n t e d  s i n c e  f o r  an i n t e r m e d i a t e  g l y c o l  

t h e  r a t e  o f  o x i d a t i o n  or c l e a v a g e  would be f a s t e r  than  th e  

r a t e  o f  rea r ra n g em en t .  An a l t e r n a t i v e  mechanism was proposed  

t o  account  f o r  t h o s e  examples which could  not be e x p l a i n e d  by  

e p o x id e  f o r m a t i o n ,  i n  which t h e  i n i t i a l  s t e p  i s  th e  

e l o c t r o p h i l i c  a d d i t i o n  o f  0 -  Cr (V l)  t o  t h e  double  bond.

The i n t e r m e d i a t e  could  e i t h e r  decompose to  th e  ep ox id e  by l o s s  

o f  chromium (V l)  or l e a d  d i r e c t l y  t o  th e  rear ran ged  p r o d u c t s  

w it h o u t  i n v o l v i n g  th e  e p o x id e .  I t  i s  not known whether  t h e  

e l e c t r o p h i l i c  a t t a c k  at  th e  double  bond i s  s i m i l a r  t o  t h e  

a d d i t i o n  o f  bromine t o  an a lk en e  i n  a p o l a r  medium or 

i n v o l v e s  s im u l ta n e o u s  a d d i t i o n  t o  b o th  s i d e s  o f  the  double  

bond i n  a s i m i l a r  manner t o  t h a t  o f  permanganate.  E i t h e r  o f  

t h e s e  s t e p s  cou ld  account f o r  t h e  fo r m a t io n  o f  e p o x i d e s  and 

th e  o th er  p r o d u c t s  o b s erv ed ,  ( s e c  f i g u r e  2 ) •

The occu r r e n c e  o f  rearrangement  p r o d u c t s  i n  b o th  th e  

chromic a c i d  and ch ron y l  a c e t a t e  o x i d a t i o n s  of  a l k e n e s  

i n d i c a t e s  t h a t  a carboniun  i o n  may be formed a t  some s t a g e  

during  th e  r e a c t i o n .  Th is  cou ld  occur  i n  t h e  op en in g  o f  t h e  

ep o x id e  r i n g  or from a chromium -  c o n t a i n i n g  i n t e r m e d i a t e  

which p r e c e d e s  t h e  fo r m a t io n  o f  an e p o x i d e .  However t h e r e  i s  

i n s u f f i c i e n t  d a ta  a v a i l a b l e  which would a l lo w  a d e c i s i o n  to  be 

made betw een  th e  two p o s s i b i l i t i e s .
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V h l l e  p r e p a r in g  compounds r e q u ir e d  f o r  t h e  e l u c i d a t i o n

o f  th e  s t r u c t u r e  o f  a s t e r o i d a l  l a c t o n e  G l o t t e r ,  G r e e n f i e l d  

42and L av ie  found i t  n e c e s s a r y  t o  o x i d i s e  some a l l y l i c

a l c o h o l s  w i t h  J o n e s ^  r e a g e n t .  S in c e  t h e  p r o d u c t s  were not

t h e  e x p e c t e d  enones  but  i n s t e a d  e p o x y - k e t o n e s  t h e s e  a u th ors

i n v e s t i g a t e d  o th e r  a l l y l i c  a l c o h o l  sy s tem s  t o  d i s c o v e r  th e

r e q u ir e m e n ts  f o r ,  and the  l i m i t a t i o n s  of  such a r e a c t i o n .  I t

was observed  t h a t  whereas th e  e q u a t o r i a l  a l c o h o l s  were always

o x i d i s e d  t o  th e  co r r e s p o n d in g  dp u n s a t u r a t e d  k e t o n e s  t h e i r

a x i a l  i s o m e r s  wore e i t h e r  o x i d i s e d  t o  enones  or underwent

e p o x i d a t i o n  o f  t h e  double bond i n  a d d i t i o n  t o  the  o x i d a t i o n  o f

t h e  h y d ro x y l  f u n c t i o n  t o  form e p o x y - k e t o n e s .  I n  th e  examples

s t u d i e d  e p o x i d a t i o n  o n ly  occurred  under a c i d i c  c o n d i t i o n s ,

21p y r i d i n e  s o l u t i o n .  prod u c in g  o n ly  th e  co r r e s p o n d in g  enon es .  

I n  t h o s e  a x i a l  a l l y l i c  a l c o h o l s  i n  which th e  r a t e  o f  

o x i d a t i o n  o f  the secon d ary  a l c o h o l  i s  f a s t e r  than  t h a t  o f  

e p o x i d a t i o n  o f  the  double bond i t  was n o te d  t h a t  enones  were  

formed whereas e p o x y -k e to n e s  were produced from t h o s e  i n  which  

t h e  r e l a t i v e  r a t e s  of  the two p r o c e s s e s  are r e v e r s e d .  

Furthermore,  u n s a t u r a t e d  a l c o h o l s  which g i v e  t r a n s o i d  enone  

sys te m s  b e lo n g  t o  the  former group w h i l e  t h o s e  which would 

r e s u l t  i n  c i s o i d  enones  g i v e  e p o x y - k e t o n e s .  E p o x id a t io n  was 

s t e r e o s p e c i f i c  and to o k  p l a c e  on th e  same s i d e  o f  the  m o le c u le  

as the hyd roxy l  f u n c t i o n ,  a s  i n  th e  case  o f  e p o x i d a t i o n  by  

p e r - a c i d s .  From t h i s  e v i d e n c e  i t  was assumed t h a t  th e  

e p o x i d a t i o n  o f  the  double bond i n v o l v e d  the  i n i t i a l  f o r m a t io n  

o f  a chrornate e s t e r  f o l l o w e d  by t r a n s f e r  o f  an oxygen atom 

from the  e s t e r  t o  th e  double bond.
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The o x i d a t i o n s  d i s c u s s e d  above have a l l  been  c a r r i e d

out i n  an a c i d i c  medium, making them u n s u i t a b l e  f o r  u se  w i t h

compounds c o n t a i n i n g  a d d i t i o n a l  a c i d - s e n s i t i v e  f u n c t i o n a l

groups .  T h is  problem was overcome by th e  i n t r o d u c t i o n ,  as

an o x i d i s i n g  a g e n t , o f  the  f a i r l y  s t a b l e  chromium t r i o x i d e  -

ROp y r i d i n e  complex which had p r e v i o u s l y  been p r e p a r e d b y

th e  c a u t i o u s  a d d i t i o n  o f  chromium t r i o x i d e  t o  anhydrous

p y r i d i n e .  T h is  r e a g e n t  was s u c c e s s f u l l y  a p p l i e d  t o  a s e r i e s

2 3o f  s t e r o i d a l  a l c o h o l s  by S a r e t t  who found t h a t  i t  smoothly  

co n v e r te d  prim ary and secondary  a l c o h o l s  i n t o  t h e  co rr es p o n d in g  

carb on yl  compounds, th e  y i e l d s  o f  k e t o n e s  from monohydric  

secondary  a l c o h o l s  b e i n g  a lm ost  t h e o r e t i c a l .  I n  the  examples  

s t u d i e d  t h e  complex d id  not  a t t a c k  double  bonds or t h i o e t h e r s .

No f u r t h e r  i n v e s t i g a t i o n  i n t o  th e  scope o f  th e  r e a g e n t ,  or th e  

mechanism of  th e  o x i d a t i o n  has  as y e t  been  c a r r i e d  ou t .

A d d i t i o n a l  chromium t r i o x i d e  -  p y r i d i n e  o x i d a t i o n s *

As noted  ab ove ,  th e  chromium t r i o x i d e  -  p y r i d i n e  complex

has u n t i l  now been  u sed  more or l e s s  e x c l u s i v e l y  as an

o x i d i s i n g  agent  f o r  compounds which are a c i d - l a b i l e  and i n  the

m a j o r i t y  o f  c a s e s  o n ly  t h e  e x p e c t e d  o x i d a t i o n  p r o d u c t s  have been

r e p o r t e d .  I t  has  been  observed  however ,  d ur ing  th e  course  o f

th e  p r e s e n t  i n v e s t i g a t i o n ,  th a t  t h i s  r e a g e n t  i s  a much more

v e r s a t i l e  o x i d i s i n g  a,gont. I n  a d d i t i o n  to  the  examples

d i s c u s s e d  above f u r t h e r  v/ork on th e  o x i d a t i o n  o f  some r e a d i l y

a v a i l a b l e  s e s q u i t e r p e n o i d s  and s t e r o i d s  was c a r r i e d  out i n

order  t o  i n v e s t i g a t e  i t s  p o t e n t i a l  u s e s .

51P r e v i o u s  workers  ' have t r e a t e d  drimenol ( 1 0 1 a ) >
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s e s q u i t e r p e n e  a l c o h o l  i s o l a t e d  from th e  bark o f  Drimys

w in te r  i  j s ith  chromic  a c i d  and p o t a s s i u m  d i  chr ornate i n

aqueous a c e t i c  a c i d  and have i s o l a t e d  a c r y s t a l l i n e  n o r -

enone f o r  which t h e  s t r u c t u r e  ( 102. 00) was f i r s t  proposed  and 

52t h e n  r e v i s e d  t o  t h e  i s o m e r i c  enono ( / o 3 ) .  However on

tr e a tm e n t  o f  d r i n c n o l  w i th  th e  chromium t r i o x i d e  -  p y r i d i n e

complex the  k e t o  a c i d  ( / 0 1 b )  was formed, ^  a l b e i t  i n  low

y i e l d .  As an e x t e n s i o n  t o  t h i s  the co r r e s p o n d in g  o i l y  a c e t a t e

( lOlcj) was p repared  and i n  i t s  n .m . r .  spectrum i t  shows t h e

res o n a n ce  o f  the  C -  7 o l e f i n i c  p r o to n  as a m u l t i p l e t  at

4*5 (Wi = 8 c . / s e c . )  and t h a t  o f  th e  methyl  group a t t a c h e d  t o  
2

a double  bond as a broadened s i n g l e t  at  \  8 . 3 4  07 i  -  4 c . / s e c . ) .
2

The m eth y len e  p r o to n s  a d ja c e n t  t o  t h e  a c e t a t e  f u n c t i o n  appear

as th e  AB p a r t  o f  an ABX system at  \  5*75 and 5*87 ( J A-v _AA —

^BX = C,/ S0G* ancl- Jjgg = i 2  c . / s e c . ) ( c a l c . ) .  Th is  a c e t a t e

on b e in g  a l lo w e d  t o  s tand  f o r  16 days w i th  chromium t r i o x i d e  

i n  p y r i d i n e  f u r n i s h e d  as the more p o l a r  product  an o i l  (fOSic) 

^17^ 26^3 s l o w l y  c r y s t a l l i s e d  on c o o l i n g  t o  0 °  and had

m.p.  48 -  5 0 ° .  S i g n i f i c a n t l y ,  i n  i t s  n . m . r .  spectrum t h e r e  i s  

no re s o n a n c e  from an o l e f i n i c  p r o t o n ,  th e  methyl g r o u p  

a t t a c h e d  t o  th e  double bond a p p ea r in g  as  a v e r y  sharp  s i n g l e t  

at  8 . 2 4  showing no f u r t h e r  c o u p l i n g  as e x p e c te d  f o r  a

m ethyl  group a d ja c e n t  to  a ca rb o n y l  f u n c t i o n .  Furthermore,  

th e  p r o t o n s  o f  th e  primary  a c e t a t e  group appear as  a q u a r te t  

at  '4... 5*28 ( j  = 13 c . / s e c . )  h a v in g  moved d o w n f i e ld  by

a p p r o x im a te ly  0-53 ppia 1 °  a v a lu e  a c c e p t a b l e  f o r  an a l l y l i c
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p r i m a r y  a c e t a t e  i n d i c a t i n g  t h a t  t h e  / y  d o u b l e  b o n d  h a s  

m i g r a t e d  i n t o  t h e  t e t r a s u b s t i t u t e d  p o s i t i o n .  T h e  i . r .  

s p e c t r u m  s h o w s  i n  a d d i t i o n  t o  t h e  a c e t a t e  p e a k  a t  1 7 4 5  c m  ^  

a  p e a k  a t  1 6 7 7  c m  ^  c h a r a c t e r i s t i c  o f  a  c y c l o h e x e n o n e .  T h e  

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

e l e c t r o p h i l i c  a t t a c k  b y  0  -  C r  ( V l )  o n  t h e  d o u b l e  b o n d  

f o l l o w e d  b y  i t s  r e a r r a n g e m e n t  i n t o  t h e  ® ( 9 )  p o s i t i o n .

53
A  s i m i l a r  r e s u l t  w a s  f o u n d  i n  t h e  t r i t e r p e n e  f i e l d  i n  t h e  

c o n v e r s i o n  o f  a l n u s a d i e n o l  ( / £ > * + )  i n t o  t h e  d i e n e d i o n e  ( / 0 5 "  ) .

I n  o r d e r  t o  e x a m i n e  t h e  e f f e c t ,  i f  a n y ,  o f  t h e  r e a g e n t  o n  

a  c o m p o u n d  c o n t a i n i n g  n o  o x y g e n  f u n c t i o n s  t w o  h y d r o c a r b o n s  

w e r e  s u b j e c t e d  t o  o x i d a t i o n  u n d e r  s i m i l a r  c o n d i t i o n s .  T h e  

s e s q u i t e r p e n e  h y d r o c a r b o n  d r i m e n e  ( l O l b )  ^ 1 ^ 2 6  T / a s  Prepared  

f r o m  d r i m e n o l  ( l O l a )  v i a  ' t h e  t h e r m a l l y  u n s t a b l e  t o s y l a t e

(  1 0 1 c )  ^ 2 2 ^ 3 2 ^ 3 * n , n , r * s p e c t r u m  o f  t h i s  c o m p o u n d  h a d

c e r t a i n  f e a t u r e s  i n  c o m m o n  w i t h  t h a t  o f  t h e  c o r r e s p o n d i n g

a c e t a t e  ( l O l d ) s -  a  m u l t i p l e t  a t  \  4 * 5 2  ( W i  =  8  c . / s e c . )  f r o m
2

t h e  o l e f i n i c  p r o t o n ,  a  b r o a d e n e d  s i n g l e t  a t  Y  8 . 4 4  f r o m  t h e  

C  -  1 2  m e t h y l  g r o u p ,  a  s i x - p r o t o n  s i n g l e t  a t  \  9 * 1 8  a n d  a

t h r e e - p r o t o n  s i n g l e t  a t  ^  9 « 2 8  f r o m  t h r e e  t e r t i a r y  m e t h y l  

g r o u p s .  I n  a d d i t i o n ,  t h e  f o u r  a r o m a t i c  p r o t o n s  r e s o n a t e  a s  a  

p a i r  o f  d o u b l e t s  a t  X 2 . 2 0  a n d  2 . 6 6  ( j  =  9 c . / s e c . ) .  T h e  t w o  

m a g n e t i c a l l y  n o n - e q u i v a l e n t  p r i m a r y  t o s y l a t e  p r o t o n s  b e i n g  

t h e  A B  p a r t  o f  a n  A B X  s y s t e m  a p p e a r  a s  t w o  q u a r t e t s  a t  %- 

5 . 8 5  a n d  5 * 9 5  ( J ^  =  4  c . / s e c . ,  =  8  c . / s e c .  a n d  =

1 0  c . / s e c . ) ( c a l c . ) .
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This  t o s y l a t e  on h y d r o g e n o l y s i s  w i th  l i t h i u m  aluminium  

h yd r id e  f u r n i s h e d  as th e  major p r o d u c t ,  t h e  o i l y  h ydrocarbon ,  

drimene ( i o i b ) » t h e  n .m . r .  o f  w hich  e x h i b i t s  a m u l t i p l e t  at  

H 4*57 (Wi = 8 c . / s e c . )  and a broadened s i n g l e t  at  '/ 8 , 3 8

a t t r i b u t a b l e  r e s p e c t i v e l y  t o  a p r o to n  and a methyl group,  

b o th  a t t a c h e d  t o  a double  bond. The o x i d a t i o n  o f  t h i s  

compound a f f o r d e d  no i s o l a b l e  p rod u ct  ( t . l . c .  e v i d e n c e )  w h i l e  

s i m i l a r  t r e a tm e n t  o f  c h o l e s t - 5 - G n c  ( l06a ) f o r  23 days and 

work up produced o n l y  s t a r t i n g  m a t e r i a l  ( n . m . r . )  and s l i g h t  

t r a c e s  of  more p o l a r  compounds.

A f u r t h e r  i n v e s t i g a t i o n  o f  th e  stem barks  o f  South

American Drim^rs s p e c i e s  f u r n i s h e d  54 an u n s a tu r a te d  l a c t o n e ,

c o n f e r t i f o l i n  ( 107 ) shown to  be r e l a t e d  to  d r i n e n o l .  Under

our c o n d i t i o n s  c o n f e r t i f o l i n  i t s e l f  was r e s i s t a n t  t o

o x i d a t i o n  but c e r t a i n  of  i t s  d e r i v a t i v e s  proved to  be

54s u s c e p t i b l e .  P r e v i o u s  workers  have a l s o  n o ted  t h a t  w h i l e  

drim enin  ( q o p ) and i s o d r i m e n i n  (109 ) were tran s form ed  i n t o  

o x o i s o d r i n e n i n  ( n o )  at  s i m i l a r  r a t e s  w i t h  e i t h e r  Beckmann's  

m ixtu re  or chromium t r i o x i d e  i n  95/  a c e t i c  a c i d  c o n f e r t i f o l i n  

did  not y i e l d  th e  c o r r e s p o n d in g  o x o - l a c t o n e  and was 

r e c o v e r e d  l a r g e l y  unchanged.

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

d i o l  ( i l i a )  i n  which  th e  p ro to n s  from the two pr im ary  a l l y l i c  

h y d ro x y l  f u n c t i o n s  r e s o n a t e  as two s i n g l e t s  a t  % 5*83 and

5.9*  That t h e  low f i e l d  s i g n a l  a r o s e  from t h e  C -  11 p r o t o n s  

was deduced from the  spectrum o f  the  d e u t e r a t e d  d i o l  ( l l ld )  , 

p rep ared  by r e d u c t i o n  w i t h  l i t h i u m  aluminium d e u t e r i d e ,  whore
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th e  s i g n a l  a t  1/ 5*9 i r o n  th e  C -  12 h yd roxy l  group i s

a b s e n t .  The d i o l  was c o n v e r te d  by t r e a tm e n t  w i t h  th e

r e a g e n t  f o r  15 hours  a t  20° i n t o  an o i l y  m ixture  o f  compounds.

The l e s s  p o l a r  component,  which was the o n ly  one t o  s t a i n  up 

4+w i t h  Ce f a i l e d  t o  c r y s t a l l i s e  but a f t e r  d i s t i l l a t i o n  

a n a ly s e d  f o r  I n  i t s  n . m . r .  spectrum the  s i g n a l s

from th e  t h r e e  t e r t i a r y  methyl groups ( a t  \  8 . 8 1 ,  9*08 and 

9*10) are c l e a r l y  s e e n  w h i l e  i n  t h e  low f i e l d  r e g i o n  t h e r e  i s  

a two p r o to n  s i n g l e t  at  (, 2 .9 3  c h a r a c t e r i s t i c  o f  <*5 fu r a n  

p r o t o n s .  From t h i s  e v i d e n c e  i t  f o l l o w s  th a t  t h i s  compound 

must be  a , V - d i s u b s t i t u t e d  f u r a n o id  compound o f  t h e  

s t r u c t u r e  ( 3.12 ) • The o th e r  two p r o d u c ts  were o f  v e r y  

s i m i l a r  p o l a r i t y  and a f t e r  c r y s t a l l i s a t i o n  th e  l e s s  p o l a r  had 

150 -  1520 and proved  to  be i s o d r i m e n i n .  The more p o l a r ,  

o b ta in e d  i n  a p p r o x im a te ly  th e  same y i e l d ,  on c r y s t a l l i s a t i o n  

had m.p.  127° and was i d e n t i c a l  i n  a l l  r e s p e c t s  w i t h  th e  

i s o m e r i c  l a c t o n e  c o n f e r t i f o l i n  (108 ) •  The r e a c t i o n  can be 

e n v i s a g e d  as  p r o c e e d i n g  throu gh  th e  h e m i - a c o t a l s  ( / / 3  aand b ) 

v i a  th e  h y d r o x y -a ld e h y d e s  ( m b  and C ) .  F u r th er  o x i d a t i o n  

l e a d s  t o  the  l a c t o n e s ,  the f u r a n o id  compound a r i s i n g  from  

d e h y d r a t io n .  The a ld e h y d e s  are produced i n  a p p r o x im a te ly  

eq u a l  amounts s i n c e  i n  th e  d i o l  ( i l i a )  t h e  two h y d r o x y l  groups  

are c h e m i c a l l y  much more n e a r l y  e q u i v a l e n t  th an  t h o s e  o f  the  

d i o l  (god ) from J3. s e r o t i n a  .

I n  t h e  n . m . r .  spectrum o f  t h e  c o r r e s p o n d in g  d i a c e t a t e  

( l l l e )  ^19^ 30^4 s:J-Sna l s  from th e  a c e t a t e  groups a t  C -  11 

and C -  12 appear as  s i n g l e t s  at  X  3*37 and 5*4* Treatment  

w i t h  th e  o x i d i s i n g  r e a g e n t  t ra n s fo rm ed  i t  i n t o  th e  product  o f
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a l l y l i c  o x i d a t i o n ,  th e  o i l y  k e t o - d i a c e t a t o  (-q^ ) ^19^ 28^5 

t h e  n .m . r .  o f  which has a l r e a d y  been  d i s c u s s e d  ( v i d e  s u p r a ) .

C h o l e s t e r y l  a c e t a t e  ( 106h) has p r e v i o u s l y  been  

c o n v e r te d  i n t o  i t s  7 -  k e to  d e r i v a t i v e  (115 ) ,  i n  h ig h  y i e l d ,  

by t h e  a c t i o n  o f  di  -  t e r t  -  b u t y l  c h ro n a te  and i n  t h i s  

p r e s e n t  i n v e s t i g a t i o n  th e  r e a c t i o n  was r e p e a t e d  u s i n g  chromium 

t r i o x i d e  i n  p y r i d i n e .  The major product  ob ta in ed  was the  

£  -7  k e to n e  ( 115 ) a l th o u g h  i n  much low er  y i e l d .  In

c h o l e s t e r y l  a c e t a t e  t h e  o l e f i n i c  p r o t o n  appears  as a 

m u l t i p l e t  at  X  4*59 (Wi = 8 c . / s e c . )  and th e  p r o t o n  a t  C -  3 

a d j a c e n t  t o  th e  a c e t a t e  group as  a broad m u l t i p l e t  c e n t r e d  at  

Y. 5*33 ( m u l t i p l e t  w idth  = 40 c . / s e c . ) .  In  th e  enone (1 1 5  ) 

w h i l e  t h e  r e s o n a n c e  o f  th e  C -  3 p r o to n  s t i l l  appears  a t  

5*33 t h a t  o f  th e  o l e f i n i c  p r o t o n  has  moved d o w n f i e ld  t o  Z 4*3  

and i s  now a s i n g l e t  as e x p e c t e d .  C h o l e s t e r o l  ( 106c) i t s e l f ,  

on o x i d a t i o n  under s i m i l a r  c o n d i t i o n s ,  y i e l d e d  as th e  major  

p r o d u c t s ,  c h o l e s t - 4 “en G, 3 > 6- d i o n e  ( l l 6a ) and 6 h yd roxy-  

c h o l o s t - 4 - e n e - 3-one  ( l l 6b) i d e n t i f i e d  from t h e i r  n . m . r .  and 

i . r .  s p e c t r a .  These compounds have been  i s o l a t e d  from t h e  

r e a c t i o n  o f  c h o l e s t e r o l  w i th  chromic  a c i d .

E r y t h r o x y l o l  I  a c e t a t e  ( l l 7  ) a h o m o a l l y l i c  a c e t a t e  

d e r i v e d  from one o f  t h e  t e t r a c y c l i c  d i t e r p e n e  a l c o h o l s
55

found i n  Er.ythroxylon monogynum was a l s o  t r e a t e d  as  

d e s c r i b e d  a b ove .  S in c e  t h i s  compound has  no m ethy len e  group 

a d ja c e n t  t o  the  double bond a l l y l i c  o x i d a t i o n  t o  an enone i s  

i m p o s s i b l e  a s  i s  a t t a c k  by 0 -  Cr (V l )  at  C -  15 w i t h  

con com itan t  m i g r a t i o n  o f  the  double bond. There rem ains  th e
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p o s s i b i l i t y  o f  e p o x i d a t i o n  o f  th e  double  bond. However,  

th e  a c e t a t e  was r e c o v e r e d  a p p a r e n t ly  unchanged ( n . m . r .  

e v i d e n c e )  and showed no e v i d e n c e  o f  any e p o x id e  f o r m a t io n .

I n  c o n c l u s i o n  t h e n ,  i t  may be n o te d  t h a t  t h e  r e a c t i o n  

o f  chromium t r i o x i d e  i n  p y r i d i n e  i s  more complex th an  has  

p r e v i o u s l y  b e e n  s u g g e s t e d ,  i n  t h a t  i t  can g i v e  r i s e  t o  

p r o d u c t s  o f  a l l y l i c  o x i d a t i o n ,  r e a r r a n g e m e n t , e p o x i d a t i o n  and 

g l y c o l  c l e a v a g e .  These r e a c t i o n s  have u n t i l  now o n l y  been  

r e p o r t e d  f o r  the  a c t i o n  o f  chromium (V l )  i n  an a c i d i c  medium.  

I t  a l s o  appears  t o  a t t a c k  fu r a n  r i n g s  Yfhich may e x p l a i n  th e  

poor y i e l d s  e x p e r i e n c e d  i n  th e  i n v e s t i g a t i o n  o f  t h e  f u r a n -  

c o n t a i n i n g  d i t e r p e n o i d s .  At t h i s  s t a g e ,  hov/ever,  no 

s u g g e s t i o n  as  t o  t h e  mechanisms of  t h o s e  v a r i o u s  r e a c t i o n s  

can be made but i t  would appear t h a t  f o r  th e  s u c c e s s f u l  

i n t r o d u c t i o n  o f  an a l l y l i c  ca r b o n y l  f u n c t i o n  i n t o  an o l e f i n  

t h e  p r e s e n c e  of  an oxygen f u n c t i o n  e l s e w h e r e  i n  t h e  m o le c u l e  

i s  d e s i r a b l e .
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Phtrg .ct  i on o f  S o l id a g o  s e r o t i n a  r o o t s .

The f i n e l y  ground, d r i e d  r o o t s  o f  S o l i d a g o  s e r o t i n a  

(grown i n  t h e  Glasgow area;; g a th e r e d  i n  August 19&7) (500  g)  

were e x t r a c t e d  f o r  24 hours  w i t h  e t h y l  a c e t a t e  i n  a S o x h l e t  

a p p a r a tu s .  E v a p o r a t io n  o f  the  s o l v e n t  a f f o r d e d  t h e  crude  

e x t r a c t  (27 g) shown by q u a l i t a t i v e  t . l . c .  t o  c o n s i s t  o f  

t w e l v e  major components ,  t e n  o f  which gave a p o s i t i v e  

Jii ir l ich  t e s t  f o r  f u r a n - c o n t a i n i n g  compounds.

I s o l a t i o n  o f  compounds from S . s e r o t i n a  e x t r a c t .

The c h lor o for m  s o l u b l e  p o r t i o n  o f  th e  above e x t r a c t  

( 2.4 g) was chromatographed over  Y/oelm n e u t r a l  alumina  

(grad e  3 s 2 Kg) u s i n g  as  s o l v e n t ,  l i g h t  p e tr o le u m  -  

ch lor o for m  m i x t u r e s .  S in c e  no f r a c t i o n  was o b ta in e d  

c o m p l e t e l y  pure f u r t h e r  p u r i f i c a t i o n  by column or p r e p a r a t i v e  

chromatography was n e c e s s a r y .  For t h o s e  compounds which were  

i s o l a t e d  as  o i l s  t h i s  was f o l l o w e d  by d i s t i l l a t i o n  i n  v a c u o .

F r a c t i o n  A (4»3  g) e l u t e d  w i t h  ch lor o for m  -  l i g h t  

p e tr o le u m  ( l  g 1 9 ) c o n t a in e d  th e  n o n - p o l a r  m a t e r i a l  and was 

not  i n v e s t i g a t e d  f u r t h e r  s i n c e  i t  d id  not  appear t o  c o n t a i n  

any f u r a n o id  compounds.

F r a c t i o n  B (923  mg) was e l u t e d  w i th  10fa c h lor o for m  i n  

l i g h t  p e tr o le u m  and c o n ta in e d  t h e  mono-a ldehyde ( 76d ?471mg) 

as th e  major c o n s t i t u e n t .  D i s t i l l a t i o n  i n  vacuo f u r n i s h e d  

t h e  a ld eh yd e  as  a c o l o u r l e s s  o i l  which  had L*] = -  1 6 4 °
* r CC1A -1

■ ( c  ~ 0 . 9 )  9 'L■ max^ 2 6 9 0 , 1 7 2 2 , 872 cm ; n . m . r .  s i g n a l s

at X  0 - 5 4  ( s )  ( lH ,  C -  1 9 ) ,  4 . 2 0  (m) ( i l l ,  C -  3 5 ¥1 -  9
2

c . / s e c . ) ,  8 . 5 7  (d ) (3 H ,  C -  18 ; J = 2 c . / s e c . )  (Found s C =

- I n  t h i s  s e c t i o n  r o t a t i o n s  r e f e r  t o  e t h a n o l  s o l u t i o n s  u n l e s s  
o th e r w is e  s t a t e d ________________
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7 9 - 9 0 ,  II -  9 -38  ; G20H20°2  r e i ui:res C -  7 9 - 9 5 ,  H = 9 . 59/0)5

m/e « 300 (M).

F r a c t i o n  C ( 1 . 3  g) c o n t a in e d  two compounds o f  very- 

s i m i l a r  p o l a r i t y  which  were s e p a r a t e d  w i t h  c o n s i d e r a b l e  

d i f f i c u l t y  by r e p e a t e d  p r e p a r a t i v e  t . l . c .  (6 x  e t h y l  a c e t a t e  -  

l i g h t  p e t r o le u m ,  1 : 1 9 ) .  The r e s u l t i n g  a p p a r e n t ly  

homogeneous band (w ater  spray)  was d i v i d e d  i n t o  fo u r  p a r t s  

w i t h  r e s p e c t  t o  p o l a r i t y .  The l e s s  p o l a r  q u a r te r  c o n t a in e d  

t h e  c o n ju g a te d  l a c t o n e  ( % 311 mg) which a f t e r

d i s t i l l a t i o n  c r y s t a l l i s e d  from l i g h t  p e tr o le u m  as  n e e d l e s ,
/ CC1/!

m .p . 92 -  9 5 ° ,  W  TV = + 1 1 . 7 °  ( c  = 0 . 6 5 ) 5 V  max4 1 7 7 2 ,
_1 EtOH

074 cm 5 r  max 204 mu ( ^ = 2 1 , 300)5 n . m . r .  s i g n a l s

at X  3 .3 5  ( t ) ( l H ,  C -  3 J J = 3 c . / s e c . ) ,  5..88 (q ) (2 H ,

C -  19 ? J = 9 c . / s e c . ) ,  0 . 9 7  ( s ) ( 3 H ,  C -  20 ) and 9 -10  (d)

(3H, C -  17 ; J = 6 c . / s e c . ) .  (Found s C = 7 6 . 4 4 , H = 8 . 4 1  I

^20^26^3 r e q u i r e s  C = 7 6 . 4 0 ,  H = 0 . 3 4 / )  9 m/e = 314 (M ) .

The two e x t r a c t s  o f  i n t e r m e d i a t e  p o l a r i t y  c o n t a i n e d  t h e  

l a c t o n e  a lo n g  w i th  the  d ia ld e h y d e  ( 00g ) ( i . r .  and n . m . r .

e v i d e n c e ) .  The pure  d ia ld e h y d e  ( 80g g 472 mg) was

o b t a in e d  from th e  most p o l a r  band and c r y s t a l l i s e d  as n e e d l e s

tro l  
CC1

from e t h y l  a c e t a t e  -  l i g h t  p e tro le u m  and had m.p.  103 -  1 0 5 ° ,

r°0  D = ” 4 5 ° = 1 ^  max4 17 2 0 » l 6 90 ,  070 cm”1 5

n . m . r .  s i g n a l s  at  - 0 . 1 7  ( s )  (1H, C -  1 0 ) ,  0 . 0 9  ( s )

(1H, C -  1 9 ) ,  3 . 1 6  ( t )  (1H, C -  3 I J = 4 c . / s e c . ) ,  9*04 ( s )  

(3H, C -  20) and 9*15 (d ) (3 H ,  G -  17 I J = 6 c . / s e c ) .  (Found’

C = 7 6 . 5 2 ,  H = 0 . 4 3  9 C20H26°3  r e l u i r e s  c = 7 6 . 4 0 ,  H = O.34/ )  

m/e = 314 (M)
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F r a c t i o n  D (928 mg) c o n ta in e d  o n l y  one component,  t h e

a l c o h o l  ( pga s 67I  mg) which s i n c e  i t  cou ld  not he

in d uced  t o  c r y s t a l l i s e ,  was p u r i f i e d  hy d i s t i l l a t i o n  a t
CC1

1 2 0 ° / 0 . 0 1  mm,i> 3  = -  4 5 ° (0 = 0 . 6 ) 5 a / max4 3 6 2 0 , 3 4 0 0 ,

875 cm The n . m . r .  showed r e s o n a n c e s  a t  X  4*36 (m) ( l H ,

C -  3 5 Wi = 8 c / s e c . ) ,  5 . 9 9  ( s ) ( 2 H ,  C -  1 8 ) ,  7 . 8 6  ( s ) ( - 0 H ) ,

8 . 8 0  and 8 . 9 3  ( s ) ( 3 H  each ,  2 t e r t i a r y  methyl  groups)  and 

9*10 (d ) (3 H ,  C -  17 °9 J = 6 c . / s e c ) .  (Found s C = 7 9 * 3 0 ,  H = 

9*94 5 C20H30 °2  r e l uirGS 0 = 79*42 ,  H = 10.0096) 5 m/e = 302 (M).

F r a c t i o n  E (4*3  g) c o n t a in e d  t h e  h e m i - a c e t a l  and a non-  

f u r a n o id  s t e r o l  and a f t e r  f u r t h e r  s e p a r a t i o n  h y  column

chromatography,  t h e  h e m i - a c e t a l  was d i s t i l l e d  i n  vacuo 5
CCl,

y ]  ^ = -  2 9 . 7 °  ( c  = 1 . 1  °9 CHCl^) | V max4 3^00 ,  3390 ,

872 c m 1 n . m . r .  s i g n a l s  a t  X 4*51 (m )( lH ,  C -  3 5 Yfi = 10
2

c . / s e c . ) ,  4 . 5 8  (hroad s ) ( l H ,  C -  1 9 ) ,  5*79 (hroad s ) ( 2 H ,  C -  

18 5 ¥1 = 7 c . / s e c . ) ,  6 . 67 (m ) ( -0 H ) ,  9 -03  ( s ) ( 3 H ,  C -  20) and 

9 . 1 5  (d ) (3 H ,  C -  17 j J = 6 c . / s e c . ) .  (Found s C = 7 5 * 9 1 ,  H =

9 . 0 3  9 ^20^28^3 re(lu i r e s  C = 7 5 * 9 1 ,  H = 8 . 9 2 io) 5 m/e = 316

(M). C r y s t a l l i s a t i o n  o f  the  s t e r o l  from e t h y l  a c e t a t e  -  l i g h t

o 0014 -1p etro le u m  gave n e e d l e s ,  m.p.  l 6 l  -  163 \ 8/ max 3^00 cm j

m/e = 412 (Cg^H^gO). These p h y s i c a l  p r o p e r t i e s  are  s i m i l a r

t o  t h o s e  r e p o r t e d  f o r  s t i g m a s t a  -  8 ( 1 4 ) , 2 2 - d i e n - 3  (6 - o l

r e c e n t l y  i s o l a t e d  ^6 from " r a y l e s s  g o ld en ro d 'XAplopappus

h e t e r o p h y l l u s ) .

F r a c t i o n  F (3*2 g) c o n t a in e d  t h e  epoxy - h e m i a c e t a l

( 91a * g) as t h e  main component,  s e p a r a t i o n  from th e

minor components h e i n g  e f f e c t e d  hy column chromatography

over  aluminr fgrade  3) f o l l o w e d  hy p r e p a r a t i v e  t . l . c .  ( e t h y l
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a c e t a t e  -  l i g h t  p e t r o l e u m ,  1 s 3) • was o b ta in e d  as a

c o l o u r l e s s  o i l  which s l o w l y  c r y s t a l l i s e d  on c o o l i n g s  n . p ,
c d ,

c 10 5 l > ]  = -  4 7 ° ( c  = 0 . 0)5 V  max4 56oo? 5400? q j 2

cm- 1  5 n .m . r .  s i g n a l s  at  X  4*49 ( s ) ( l H ,  C -  19)? 6 . 1 1  (q)

(2H, C -  18 5 J = 10 c . / s e c . ) .  6 . 7 I  ( s )  (1H, C -  5 ,  Wi »
2

4 c . / s e c . )  and 7 . 0 3  (m )( lH ,  -OH). (Pound ; C « 7 2 . 3 3 ,  II = G.6 4 ;

C!20H28°4  re(Iu i r e s  G = 7 2 . 2 6 ,  H = 0 ,4 9 ^ )  5 m/e = 332 ( l ) .

F r a c t i o n  G, e l u t e d  from th e  column w i t h  ch lo r o fo r m ,  

c o n t a in e d  the  d i o l  ( 80c * 2 . 9  g) as t h e  s o l e  c o n s t i t u e n t

which  a f t e r  d i s t i l l a t i o n  i n  vacuo f o l l o w e d  by c o o l i n g  t o  0 °

c r y s t a l l i s e d  as r o s e t t e s ,  m.p.  60 -  62° 5 l / j  _ = -  3 6 . 1 °
/ CC1ZL - 1

( c  = 0 . 7 )  $ v  max 3 6 2 0 , 3300? G7 5 cm 5 n . m . r .  s i g n a l  at

V 4*11 (m)(1H, C -  3 5 Wi = 0 c . / s e c ) . (Pound s C « 7 5 . 2 6 ,
2

H = 9*30°, G20H30°3  r e 2ui r e s  C = 75*43? H = 9 -5 0 $ )  j m/e 51s  (m).

The f i n a l  n e u t r a l  f r a c t i o n  (509 nig) was e l u t e d  w i t h  

c h lor o for m  c o n t a i n i n g  5^ methanol and c o n t a in e d  the  most  

p o l a r  compound, th e  t r i o l  ( 90b ! 204 mg).  Fu r th er  column

chromatography over  n e u t r a l  a lumina  (grade  5 s 50 g) and 

e l u t i o n  w i th  d i e t h y l  e t h e r  -  l i g h t  p e tr o le u m  ( l  s 1 ) 

f u r n i s h e d  th e  t r i o l  a s  an o i l  which a f t e r  p ro lo n g ed  c o o l i n g

at  0 °  c r y s t a l l i s e d  as n e e d l e s  m.p.  135 -  137° 5 L°0 t» = "
j 00 14 - 1(o = 0 . 95 ) ' max 3 4 2 5 ? 075 cm 5 n . m . r .  r e s o n a n c e  a t

4 . 5  (m ) ( lH ,  C -  19 5 Wi « 10 c . / s e c . )  (Pound ; C = 6 0 . 4 2 ,

H = 6 . 0 9  | 020H^o Ĉ  r e q u i r e s  c = 6 0 - 5 4 -  II = 0 ^ 3 1 °)l m/e =

350 (M).

Further  e l u t i o n  o f  the  column w i t h  e t h y l  a c e t a t e  -

a c e t i c  a c i d  (4  ' 1) a f f o r d e d  t h e  a c i d i c  f r a c t i o n s  which were

s ep ara ted  by f u r t h e r  column chromatography over  s i l i c a  g e l .
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E l u t i o n  w i th  d i e t h y l  e t h e r  -  l i g h t  p e tr o le u m  ( i s  9)

a f f o r d e d  as th e  major component,  th e  l e s s  p o l a r  s o l i d a g o i o

a c i d  A ( 76a s 3 . 1  g) which  c r y s t a l l i s e d  as  l a r g e  p l a t e s

from e t h y l  a c e t a t e  -  l i g h t  p e tro le u m  and had m.p.  I 69 -  1 7 1 ° I
CC1

M  J » “ 5 7 . 7 °  O  = 0 . 9 ) 5 7/ “ max4 3600- 3 1 0 0 , 1 6 9 5 , 875

cm”'*' ; n . m . r .  s i g n a l s  a t  X  4 -46  ( m)( lH ? C -  3 ? Wi = 6 c . / s e c . ) .
2

8 . 4 6  ( s ) ( 3 H ,  C -  1 8 ) ,  3 . 9 9  ( s )  (3H, C -  2 0 ) ,  and 9*09 (d)

(3H, C -  17 f J ~ 6 c . / s e c . ) .  (Pounds C = 75*75? H = 8 . 5 8  5

C20H28°3 r e l u i r e s  c = 75*91? H = 8.92/o) 5  m/e =  316 (M) .

Continued e l u t i o n  w i th  d i e t h y l  e t h e r  -  l i g h t  p e tr o le u m  ( l  s 4)

a f f o r d e d  an o th er  c r y s t a l l i n e  a c i d ,  s o l i d a g o i c  a c i d  B 

( 80a s 571 mg) which  on c r y s t a l l i s a t i o n  from e t h y l  a c e t a t e

-  l i g h t  p e tr o le u m  f u r n i s h e d  n e e d l e s ,  m.p.  134 ~ 1 5 5 ° I
CC1

= -  27 . 7 °  (0 = 0 . 7  I CHCl,)? v" max4 36OO, 3100,  1720 ,
-1 Et0H

1 6 9 5 ? 875 cm | A  max = 221 mu ( l o g  £  = 3*78)? n . m . r .  

s i g n a l s  at X 3*96 ,  7*95 -  8 . 1 5  (1H and 6h r e s p e c t i v e l y  5 

a n g e l a t e  p r o to n  and methyl groups)^ 4*02 (m )( lH ,  C -  3 )9

5*50 ( s ) ( 2 H ,  C -  13) and 8 . 9 7  ( s ) ( 3 H ,  C -  20) and 9*09 (d)

(3H, C -  17 | J = 6 c . / s e c . ) .  (Pounds C = 7 2 - 4 0 ,  H = 8 . 5 5  ?

G25H34°5 re(lu i r e s  0 = 72 .43?  H = 8 . 2 7 / )  5 m/e = 314 (M -  1 0 0 ) .

The f i n a l  f r a c t i o n s  were o i l y  and c o n t a in e d  at l e a s t  two 

a d d i t i o n a l  fu r a n o id  a c i d s  which  were not  i n v e s t i g a t e d  

f u r t h e r .

M e t h y l a t i o n  o f  A cid  A ( 7 6a. ) °

S o l i d a g o i c  A ( 7ga s 1 . 5 3  g ) i n  d i e t h y l  e t h e r  was 

t r e a t e d  w i t h  an e t h e r e a l  s o l u t i o n  o f  diazomethane f o r  15 

m in u t e s .  E v a p o r a t io n  o f  the  s o l v e n t  a f f o r d e d  t h e  o i l y  

methyl e s t e r  ( 76 b 2 1*58 g ) , ** - 6 7 . 5 ° ( G = 1*0) ?
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V n a f  1723 ,  073 cm 5 n . m . r .  s i g n a l s  at  X  4*51 ( m)

(1H? C -  3 5 Wi_ = 9 c . / s e c . ) , 6 . 4 7  ( s ) ( 3H? -0  -CH^),  8 .4 7

(■broad s ) (3 H ,  C -  18)  , 8 . 9 7  ( s ) ( 3 H ,  C -  20) and 9 . 1 0  (d)

(3H, C -  17 j J = 6c . / s e c . ) .

R ed uc t ion  o f  Methyl e s t e r  A ( 7 ^  ) •

The above methyl  e s t e r  ( 76b s I .58  g) was d i s s o l v e d

i n  dry r e f l u x i n g  t e t r a h y d r o f u r a n  (30 ml) and t r e a t e d  f o r  72

hours  w i th  e x c e s s  l i t h i u m  aluminium h y d r id e .  Work up gave

t h e  crude a l c o h o l  ( 76c • 1 . 5 6  g) which a l s o  f a i l e d  t o
/ CG1/

c r y s t a l l i s e .  U j  = -  3 7 - 5 ° (c  = 1 . 0)5 V nax4 3 6 3 0 , 875 

cm x 5 n . m . r .  s i g n a l s  at  ^ 4 * 2 9  (m )( lH ,  C -  3 I ¥1 = 9 c . / s e c

6 , 4  (cl) (2H, C -  19 I J “ 11 c . / s e c . )  , 8 . 3 3  (broad s ) ( 3 H ,  C

8 . 9 1  ( s ) ( C  -  20) and 9 .10  (d ) (3 H ,  C -  17 5 J = 6c . / s e c . ) ,

p x l d a t i o n  o f  A l e ohol  A ( 76c ) .

Acid A a l c o h o l  ( 76c s 723 mg) i n dry p y r i d i n e  (10 n l

ws,g t r e a t e d  a t  room tem perature  f o r  14 hours  w i t h  chromium 

t r i o x i d e  (800 mg) and th e  crude m a t e r i a l  o b ta in e d  (732 mg) 

was s e e n  t o  c o n s i s t  o f  t h r e e  major components s e p a r a t e d  by  

p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  p e t r o le u m ,  1 s 9 )°

The l e a s t  p o l a r  component ( 76d s 480 mg) had i d ]  = -161
/ CC1A - 1

( c  = 0 . 05)9 * max 2 6 9 0 , 1 7 2 2 , 872 cm" and was i d e n t i c a l

( f d ]  -q? i . r .  , n . m . r .  and t . l . c . )  w i t h  th e  mono-a ldehyde of

n a t u r a l  p roven an ce .  The compound o f  i n t e r m e d i a t e  p o l a r i t y

-he ror -^n on e  ( 77a 8 35 mg) was o b ta in e d  as  an o i l  from

0

which  th e  dark c o l o u r  was removed by d i s t i l l a t i o n  a t  1 6 0 ° /  

D
CC1A 1

0 . 0 2  mm5 [ d ]  = -  1 0 0 ° ( c  = 0 . 7)5 ^ max4 1 6 7 5 , 872 cm

n . m . r .  s i g n a l s  at  £  8 . 3I (d ) (3 H ,  C -  13 5 J = 2 c . / s e c . ) ,

0« 97 (d) (3H, 0 -  17 s J = 7 c . / s e c = )  and 9 . 1 2  ( s ) ( 3 H ,  C -2 0 )
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(Founds C = 79-50* H = 9-15? ^19^26^2 reclul r e s  0 = 7 9 - 6 8 ,

H = 9 -1 5 f°) 9 m/e = 286 (M). The most p o l a r  o f  t h e  major  

compounds was the  a ld eh yd o-en on e  ( 79a s 25 mg) f u r t h e r

p u r i f i e d  hy d i s t i l l a t i o n  a t  1 4 0 ° / 0 . 0 5  mm̂  L4-7 y, = -  1 9 7 °
) CC1/i -1

( c  = 0 . 86)3 'v maxT 2 7 0 0 , 1730* 1 6 8 0 , 073 cm 5 n . m . r .

s i g n a l s  at  \  4 - 0 9  ( s ) ( l H ,  C -  3 )* 0 . 4 3  ( s ) ( l H ,  C -  1 9 ) ,

8 . 2 9  ( s ) ( 3 H ,  C -  1 8 ) ,  9 -0 4  ( s ) ( 3 H ,  C -  20) and 9 -1 6  (d)

(3H* C -  17 5 J = 6 c . / s e c . ) .  (Found s C = 7 6 - 4 0 ,  H = O.4O3

C20H26°5 r e l u i r e s  c = 7 6 . 4 0 ,  H = 0 . 34$)  - m/e -  314 (m) .

Treatment o f  Aldehyde A w ith  Hydraz ine  h y d r a t e .

Aldehyde A ( 75  ̂ s 50 mg) i n  methanol (2ml) was

t r e a t e d  at  room tem p era tu re  f o r  16 hours  w i t h  100 fo  h y d r a z in e  

h y d r a te  ( 2 m l) .  The s o l u t i o n  was e x t r a c t e d  w i t h  e t h y l  

a c e t a t e ,  washed w i th  w ater  and t h e  o r g a n ic  l a y e r  d r ie d  over  

anhydrous sodium s u l p h a t e .  E v a p o r a t io n  o f  the s o l v e n t  

f u r n i s h e d  an o i l  from which t h e  v e r y  minor ,  p o l a r  compounds 

were removed by p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t

p e t r o l e u m ,  1 s 3 ) -  The s u b s t i t u t e d  hydrazone (32 mg) th us

o ) CC14 -1o b t a in e d  was d i s t i l l e d  at  140 /O.OOl mm3 ” max 875 cm 5

n . m . r .  s i g n a l s  a t  \  4 - 5 2  (m )( lH ,  C -  3 I Wi = 10 c . / s e c . ' ,
2

8 . 0 5  and 0 . 0 9  ( s ) ( 3 H  e a c h ,  -  N -  CH^), 0 . 5 3  (broad s ) ( 3 H ,

C -  1 0 ) ,  9 . 0 4  ( s ) ( 3 H ,  C -  20) and 9 -13  (d ) (3 K ,  C -  17 I

J = 6 c . / s e c . ) .  (Founds C = 7 7 - H ,  H = 9 - 9 4 ,  E = 0 . 2 0  3

^22^34^2^ r e l u i r e s   ̂ = 7 7 - 1 4 ,  H = 1 0 . 0 1 ,  N = 8 . 1 8  ‘f o ) .

A c e t y l a t i o n  o f  A l c o h o l  A ( 7 f>n ) •

A lc o h o l  A ( 75c s 50 mg) i n  dry p y r i d i n e  (2ml) was

t r e a t e d  a t  room tem p era tu re  f o r  14 hours  w i th  a c e t i c
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anhydride  (2  m l ) .  The a c e t a t e  o b t a i n e d  (47 mg) f a i l e d  t o  

c r y s t a l l i s e  and a f t e r  p u r i f i c a t i o n  by p r e p a r a t i v e  t . l . c .

(b en zen e )  f o l l o w e d  by d i s t i l l a t i o n  i n  vacuo i t  hadO/J _ =
I CC1A -1

-  5 9 . 4  ( c  = 0 . 8 ) 5  ™ max 1740? 1 2 5 5 9 872 cm” 5 n .m . r .

s i g n a l s  at  ̂ 4 . 2 6  (m ) ( lE ,  C -  3 j %  = B c . / s e c . ) ,  5*97
2

(q) (2H, C -  19 ? J = 12 c . / s e c . ) ,  8 . 0 0  ( s ) ( 3 H ,  OAc), 8 . 3 5  

(broad s ) ( 3 H ,  C -  1 0 ) ,  8 .9 1  ( s ) ( 3 H ,  C -  20) and 9 .1 0  (d)

(3H, C -  17? J = 6 c . / s e c . ) .  (Found % C = 7^*99> H = 9*54 » 

C22H‘32°3  r e q u i r e s  G = 7 6 . 7 0 , H = 9*36 $ )  $ V e = 344 (M).

Attempted t h i p k e t a l i s a t i o n  o f  Aldehyde A ( ) .

Aldehyde A ( 7&d s 50 mg) i n  d i e t h y l  e t h e r  (50  ml)

c o n t a i n i n g  r e d i s t i l l e d  boron t r i f l u o r i d e  d i e t h y l  e t h e r a t e  

(2  ml) was t r e a t e d  a t  room tem p eratu re  f o r  75 hours  w i th  

ethane  d i t h i o l  (3 m l ) .  The e t h e r e a l  s o l u t i o n  was v/ashed 

w i t h  d i l u t e  sodium h yd rox id e  u n t i l  th e  l a s t  t r a c e s  o f  e thane  

d i t h i o l  had b e e n  removed. E v a p o r a t io n  o f  the  s o l v e n t  

a f f o r d e d  an o i l y  r e s i d u e  (53 mg) which was s een  ( t . l . c . )  t o  

c o n s i s t  m a in ly  o f  the  u n r e a c te d  a ld eh yd e  w i t h  a t  l e a s t  s i x  

more p o l a r  compounds none o f  which  appeared t o  be i n  major  

y i  e l  d .

W o l f f - K i s h n e r  r e d u c t i o n  o f  Aldehyde A ( 76d ) *

Aldehyde A ( 7^d s 50 mg) i n  e t h y l e n e  g l y c o l  (2 ml)

was t r e a t e d  at 95°  f o r  48 hours  w i t h  100^ h y d r a z in e  h y d ra te  

(3 m l ) .  P o ta s s iu m  h yd rox id e  (100 mg) was added and th e  

tem peratu re  o f  the m ixture  a l lo w e d  t o  r i s e  t o  210° and 

remain  t h e r e  f o r  13 hou rs .  A f t e r  b e in g  a l l o w e d  to  c o o l  

th e  s o l u t i o n  was a c i d i f i e d  and th en  e x t r a c t e d  w i th  e t h y l
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a c e t a t e .  The o i l  o b ta in e d  (45 mg ) ? a f t e r  removal o f  the  

s o l v e n t  j was s u b j e c t e d  t o  p r e p a r a t i v e  t . l . c .  (lOOfo l i g h t  

p etro le um )  and th e  major component i s o l a t e d  had [U.J ^ = -  1 9 °

( c  = 1 . 0 )  and was i d e n t i c a l  ( t . l . c .  and n . m . r .  t o  th e  

hydrocarbon ( P8c ) o b ta in e d  p r e v i o u s l y .

Attempted h y d r o x y l a t i o n  o f  Acid A ( 76a ) »

To a s o l u t i o n  o f  the a c id  i n  d i e t h y l  e t h e r  (21 mg i n  5 ml )  

was added an e t h e r e a l  s o l u t i o n  o f  osmium t e t r o x i d e  (80 mg i n  

5 ml) and t h e  r e s u l t i n g  brown s u s p e n s i o n  a l lo w e d  to  s tand at  

room tem peratu re  fo r  20 h o u r s .  Hydrogen s u lp h i d e  gas  was 

bubbled through the  m ix tu re  f o r  50 m inutes  and a f t e r  removal  

o f  the  p r e c i p i t a t e d  s u l p h i d e s  th e  s o l v e n t  was ev a p o ra ted  t o  

a f f o r d  th e  crude m a t e r i a l  (18 mg) which from t . l . c .  and n . m . r .  

e v i d e n c e  was th e  u n r e a c te d  a c i d .

Attempted h y d r o b o r a t io n  o f  Acid A ( 76a ) .

F r e s h l y  d i s t i l l e d  boron t r i f l u o r i d e  d i e t h y l  e t h e r a t e  

( 0 . 2  ml) v âs added t o  a s o l u t i o n  o f  th e  a c i d  (17 mg) i n  

d i e t h y l  e t h e r  ( l  ml ) under n i t r o g e n .  L i th ium  aluminium  

h y d r id e  i n  dry d i e t h y l  e t h e r  was added d r o p -w ise  over a 

p e r i o d  o f  t e n  m in u tes  w i th  s t i r r i n g .  The m ix ture  was t h e n  

s t i r r e d  f o r  a f u r t h e r  two hours  whereupon th e  e x c e s s  r e a g e n t  

was d e s t r o y e d  by  th e  c a u t i o u s  a d d i t i o n  o f  a s a t u r a t e d  sodium 

s u lp h a t e  s o l u t i o n .  A f t e r  e v a p o r a t io n  o f  the s o l v e n t  th e  

r e s i d u e  was d i s s o l v e d  i n  90%§thanolic  sodium h y d ro x id e  (2  ml)  

and 50fo hydrogen p e r o x i d e  added dropwise under n i t r o g e n  w i t h  

s t i r r i n g  and th en  th e  mixture  was s t i r r e d  f o r  a f u r t h e r  12 

h o u r s .  E x t r a c t i o n  w i t h  e t h y l  a c e t a t e  gave th e  product  (16 mg)
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s e e n  from t . l . c *  and n . m . r .  t o  c o n s i s t  o f  th e  u n rea c ted  a c i u .

Attempted h y d r o x y l a t i o n  o f  A c e t a t e  ^ L J L j £ sl I*

The d e r i v e d  a c e t a t e  ( 76e s 16 mg) was t r e a t e d  w i th

osmium t e t r o x i d e  i n  th e  manner d e s c r i b e d  above but on work 

up th e  m a t e r i a l  was shown from t . l . c .  and i . r .  e v i d e n c e  t o  

c o n s i s t  o f  the  s t a r t i n g  a c e t a t e .

Hydrogenat i o n  o f  Meth y l  Es t e r A ( 76b ) «

ITethyl e s t e r  A ( 76b ' 530 mg) i n  a b s o l u t e  a l c o h o l

(40 m3) was h y d ro g en a ted  f o r  25 m in u tes  over  Adams c a ta ly s i .

(2 J mg;.  Removal o f  th e  c a t a l y s t  and s o l v e n t  a f f o r d e d  an 

o i l  (401 mg) c o n s i s t i n g  o f  one major and s e v e r a l  minor  

components.  S e p a r a t i o n  by p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  

*•• l i g h t  p e tro leum .5 1 % 3 ) a f f o r d e d  th e  o i l y  t e t r ahydr o e t h y l ^  

e s t e r  ( s 215 mg') which d i e - t i l l e d  at  1 3 0 ° / 0 . 0 4  mm5
T  “^ 1 ,  ’
V max7 1723 cm" j n . m . r .  s i g n a l s  at  X 4*67 (m) (1H, C -

-- O c . / s e c . ) ,  6 . 4 0  ( s ) ( 3 H ? -0GH::) .  (Pounds C = 7 5 » 6 2 y 
2 >

II  ̂ 1 0 . 4 7  5 Cp1H 0 7 r e q u i r e s  C = 75*40 ,  H -  1 0 . 2 5 / ) *  The
C . 1 .  \ ) L ' r  J )

two l^xa-^l^dro d e r i v a t i v e s '  ( g £ a and 86b * 40 mg) were

o b ta in e d  w i t h  no s e p a r a t i o n  o f  one from t h e  o ther  and t h e

m ix tu re  had s i g n a l s  i n  th e  n . m . r .  a t  L 4*63 (m )( lH ,  G -  3

Wi 3.0 c . / s e c . )  and two s i n g l e t s  a t  6 . 3 2  and 6 . 3 3  (-0CH-,)*
2 “ P

(Pounds C = 7 5 * 2 2 ,  H ~ 1 0 . 9 0  ; Og-jHjgO^ r e q u i r e s  C = 7 4 - 9 5 9 

H = 1 0 . 7 3 / ) .

Reduct i o n  o f  T e tr a hyd.ro-Me t h y l  e s t e r  ( Bin )*

The t e t r a h y d r o - m e t h y l  e s t e r  ( 84c s 60 mg) i n  dry  

r e f l u x i n g  d i e t h y l  e t h e r  was t r e a t e d  f o r  14 hours  w i th  e x c e °c  

l i t h i u m  aluminium h y d r id e .  T7ork up gave +-he t e t r a h y dro-

V
:J
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a l c o h o l  ( 84d s 57 mg) as  an o i l  which d i s t i l l e d  a t  1 4 0 ° / 0 . 0 2

mm 5 QjT| ^ => -  15* 8° ( c  = 1 . 2  g CHCl^) ? n . m . r .  s i g n a l s  a t  "%

4 . 4 2  (m) ( i l l , C -  3 5 Wi = 8 c . / s e c . ) ,  6 . 5 6  (q.)(2H, G -  19 I
2

J = I 2 c . / s e c . ) ,  O.3 6  (broad s ) ( 3 H ,  C -  18 ,  8*99 ( S) (3H ,

C -  20) and 9 -1 4  (d ) (3 H ,  C — 1 7 1 J = 6 c . / s e c . ) - .  (Pound s C = 

78* 5 2 ,  H = 1 1 . 2 8  5 C2oH34°2 re(l u i r e s  G = 7 8 *38,  H « 11 .18% ).

O x i d a t i o n  o f  T e t r a h y d r o - a l c o h o l  ( a^d ) .

The above a l c o h o l  ( 84d : 23 mg) i n  dry  p y r i d i n e  (2  ml)

was t r e a t e d  a t  room tem p era tu re  f o r  15 hours  w i th  chromium 

t r i o x i d e  (100 mg). vTork up gave th e  crude m a t e r i a l  ( 2 4  mg) 

from which th e  a ldeh yd e  ( 84b : 17 mg) was o b ta in e d  by

p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  p e tr o l e u m ,  1 s 4 )•  

D i s t i l l a t i o n  i n  vacuo a f f o r d e d  a c o l o u r l e s s  o i l ,  Ip*J.-. = -  88°

\ CC14 -1( c  =  1 . 2  g  CHGlj) j  v  max 1723 om 5  n . m . r .  s i g n a l s  at  0*74  

( d ) ( l H ,  C -  19 5 s e p a r a t i o n  2 c . / s e c . )  and 4*36 (m )( lH ,  G -  3 5 

¥1 = 8 c . / s e c . ) .  (Poundg C = 7 8 . 9 2 ,  H = 1 1 . 0 5  G20^32^2 

r e q u i r e s  C = 7 8 . 8 9 ,  H = 10.59%) 5 m/e = 304 (M).

O x i d a t i o n  o f  Methyl e s t e r  A ( 76b ) .

Methyl  e s t e r  A ( 76b * 152 mg) i n  dry  p y r i d i n e  (2  ml)

was t r e a t e d  at  room tem p eratu re  f o r  18 days w i t h  chromium

t r i o x i d e  (500 mg).  Work up i n  t h e  u s u a l  manner a f f o r d e d  

an o i l  (172  mg) which v/as s u b j e c t e d  t o  p r e p a r a t i v e  t . l . c .  

( e t h y l  a c e t a t e  -  l i g h t  p e t r o l e u m ,  3 • 7)»  The l e s s  p o l a r  

component (48 mg) was the u n r a a c te d  e s t e r  w h i le  the compound

o f  i n t e r m e d i a t e  p o l a r i t y  was t h e  e n o n e - e s t e r  ( g 63 mg)

' CC14 -1which  was d i s t i l l e d  i n  vacuo $ ^ max 1 7 2 5 ? 1^75> 882 cm 5

n . m . r .  s i g n a l s  a t  4*23 ( s ) ( l H ,  C -  3)? 6 . 5  ( s ) ( 3 H ,  -OCH^),
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G.?9 (d ) (3 H ,  C -  1G 5 J = l c . / s e c . )  ̂ 9 . 0 7  ( s ) ( 3 H ,  C -  20) 

and 9 .0 7  (d ) (3 H ,  C -  17 ? J = 5 0 . / s e c . ) .  (Founds C = 73*26 ,

H ■--= 8 , 3 5  I ^21^20^4 re(lu^r e s  C ” 73*22 ,  H = 8 . 1 9 $ ) | m/ G =

344 (M).

H ydrogenat ion  o f  Aldehyde A ( 7 ^  ) °

Aldehyde A ( 76d s 140 mg) i n  a b s o l u t e  a l c o h o l  (40  ml)

was i iydrogenated  f o r  30 m inu tes  over  Adams c a t a l y s t .  The

c a t a l y s t  was f i l t e r e d  o f f  and t h e  s o l v e n t  evapora ted  t o  a f f o r d

an o i l  (133 mg) from which the  major p r o d u c t ,  t h e  hexahydro-

.aldGhwxle ( % 65 mg) was o b ta in e d  by p r e p a r a t i v e  t . l . c .

(2 x e t h y l  a c e t a t e  -  l i g h t  x^etroleum, 1 ; 4)* D i s t i l l a t i o n  at

140° / 0 . 0 2  mm a f f o r d e d  th e  a ld eh yd e  as  a c o l o u r l e s s  o i l , - 1*'.] _
CC1A 1

-  -  15 ( c  = O.7 4  1 CHCl-,) 5 V max 1713 cm . I n  t h e  n .m . r .
j

th e  a ld e h y d ic  p r o t o n  appeared at 1 O.6 5  ( s ) .  (Founds C = 70*61 ,

E -  11*45 5 C?qH5z,0 2 r e q u i r e s  C => 7 0 . 3 8 , H = 1 1 .1 8  $ ) .

O x id a t i o n  of  Ac e t a t e  A ( 7^0  ̂ °

The a c e t a t e  from a c i d  A ( 76e s 40 mg) i n  dry p y r i d i n e

(2  ml) was t r e a t e d  at  room tem perature  f o r  17 days w i t h

chromium t r i o x i d e  (100  mg).  The o i l  o b t a in e d  (30 mg) was

s e p a r a t e d  by p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m ,

2 s 3) t o  a f f o r d  the  a c e t a t e  (17 mg) as the  l e s s  p o l a r

component. The p o l a r  p r o d u c t ,  the  e n o n e - a c e t a t e  ( 79-5 s 12 mg)

was o b ta in e d  as  an o i l  which d i s t i l l e d  a t  1 4 0 ° / 0 . 0 4  mm $ 0*}

CHC1*
= “ 8 7 . 6  (c  = 0 . 0)5 ^ max  ̂ 1 7 4 0 , 1 6 6 0 , 072 cm” 5 n . m . r .

s i g n a l s  at  X 4*07 ( s ) ( l H ,  C -  3)> 6 . 0 1  ( q ) ( 2H, C -  19 5 J =

12 c . / s e c . ) ,  8 . 0  ( s ) ( 3 H ,  -O A c) , 8 . 2 0  (broad s ) ( 3 H ,  C -  18 5 

Wi_ = 5 c - / s ° c 0 /  0.-97 (d ) (3 H ,  C -  17 9 J = 6 c . / s e c . )  and
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9 . 0 0  ( s ) ( 3 H ,  C -  2 0 ) .  (Founds C = 73*03 ,  H = 0 . 5 2  | C22H 0^

r e q u i r e s  C = 73*71 ,  H = 0 .4 4 $ )*

W o l f f - K i s h n e r  r e d u c t i o n  o f  T e tr a h y d r o -a ld e h y d e  ( ft/fh ) *

T etr a h y d r o -a ld e h y d e  ( $4b • 35 mg) i n  e t h y l e n e  g l y c o l

(2  ml)  was t r e a t e d  f o r  66 hours  at J 0 °  w i t h  100$  h y d r a z in e  

h y d r a te  (2  m l ) .  P o ta s s iu m  hyd rox id e  (100  mg) was added and 

th e  tem peratu re  r a i s e d  t o  1 9 0 ° and m a in ta in e d  t h e r e  f o r  24 

h o u r s .  The o i l  (27 mg) o b ta in e d  a f t e r  work up was s u b j e c t e d  

t o  p r e p a r a t i v e  t . l . c .  (pthyl a c e t a t e  -  l i g h t  p e t r o le u m ,  1 s 4 ) 

and a f f o r d e d  the  o i l y  t e t r a h y d r o  -  hydrocarbon ( : 9 mg),

m / a  = 290 (M).

A ttem pted  ch lo roacG t .y la . t ion  o f  A lcoho l  A ( 76c ) .

(a )  A lc o h o l  A ( 76c : 125 mg) i n  dry p y r i d i n e  ( 2ml) was

t r e a t e d  at  room tem p eratu re  f o r  15 h ours  w i t h  e x c e s s

c h i o r o a c o t i c  a n h y d r id e .  T . l . c .  of  the  p roduct  a f t e r  work up

showed o n ly  s t a r t i n g  m a t e r i a l .

(b)  The above a l c o h o l  was t r e a t e d  w i th  c h l o r o a c e t i c  anhydride  

i n  r e f l u x i n g  p y r i d i n e  f o r  f i v e  days and th e  o i l y  m a t e r i a l  was

s e e n  from t . l . c .  t o  c o n s i s t  o f  two compoundsthe more p o l a r  o f

which was the u n r e a c te d  a l c o h o l  ( 765 % 43 mg).  S e p a r a t i o n

was e f f e c t e d  by p r e p a r a t i v e  t . l . c .  ( l i g h t  p e tro le u m  

c o n t a i n i n g  5$ e t h y l  a c e t a t e )  and a f f o r d e d  t h e  n o r - o l e f i n

( 7713 s 24 mg) as the l e s s  p o l a r  component , p “ ~ 3 2 *5 °

( c  =s l . o ) .  In  the  n .m . r .  i t  e x h i b i t e d  s i g n a l s  a t  %  8*35 ( s )  

(3H, C -  1 3 ) ,  8 . 9 3  (d) ( 3$  C -  17 j J s  6 c . / s e c . )  and 9*1 ( s )

(3H, 0 - 2 0 ) ;  m/e = 272 (M).
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Attempted c h l o r o a c o t y l a t i o n  o f  a c i d  A ( 7 ^  ) »

Acid A ( 76a s 52 mg) i n  dry c h i l l e d  ben zen e  (2  ml) was 

t r e a t e d  f o r  40 m in u tes  w i th  e x c e s s  c h l o r o a c e t i c  a n h y d r id e .  

R e d i s t i l l e d  boron  t r i f l u o r i d e  d i e t h y l  e t h e r a t e  was added and 

t h e  m ix tu re  a l l o w e d  t o  s tan d  a t  room tem perature  f o r  an hour.  

A f t e r  the  a d d i t i o n  o f  w ater  t h e  s o l u t i o n  was kep t  at  room 

tem perature  f o r  24 h o u r s .  The crude m a t e r i a l  o b ta in e d  on 

work up v/as s e e n  from t . l . c .  t o  c o n s i s t  o f  the  u n r e a c t e d  a c i d  

w i t h  no t r a c e  o f  any n o n - fu r a n o i d  m a t e r i a l .

Treatment of  A lc o h o l  A w i th  p - t o l u e n e  s u lp h o n y l  c h l o r i d e .

A lc o h o l  A ( 76c s 65 mg) i n  dry p y r i d i n e  ( 0 . 5  ml) was 

t r e a t e d  at  0°  f o r  7 days w i t h  p - t o l u e n e  s u lp h o n y l  c h l o r i d e .  

T . l . c .  o f  the product  on s i l v e r  n i t r a t e  -  s i l i c a  g e l  showed 

th e  p r e s e n c e  of one minor and two major p r o d u c t s ,  a l l  o f  v/hich  

were l e s s  p o l a r  th a n  t h e  s t a r t i n g  m a t e r i a l .  P r e p a r a t i v e  t . l . c .  

on s i l v e r  n i t r a t e  -  s i l i c a  g e l  a f f o r d e d  th e  compound o f  

i n t e r m e d i a t e  p o l a r i t y  (27 mg) a s  an o i l  w hich ,  s i n c e  i t  was  

not  the r e q u i r e d  t o s y l a t e ,  was not  i n v e s t i g a t e d  f u r t h e r .  The 

most p o l a r  component (23 mg) d id  not c o n t a i n  a fu r a n  r i n g  

and f a i l e d  t o  c r y s t a l l i s e .

M o t h y la t i o n  o f  Acid  B ( 80a. ) •

Acid B (gOa s ^0 mg) i n  d i e t h y l  e t h e r  was t r e a t e d  f o r  

f i v e  m inutes  w i th  an e t h e r e a l  s o l u t i o n  o f  d ia z o m e th a n e . 

E v a p o r a t io n  o f  the  s o l v e n t  a f f o r d e d  an o i l  (62  mg) from  

v/hich t h e  r e q u i r e d  methyl e s t e r  B was s e p a r a te d  from t h e  

diazomethane adducts  by p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  

l i g h t  p e tr o le u m ,  3 s 17)* D i s t i l l a t i o n  i n  vacuo a f f o r d e d



t h e  methyl  e s t  er  ( 80b ) ns a c o l o u r l e s s  o i l  ,/..>] = -  24 *7 °
'  ' CC1/  - l

(C = 0 - 9 5  5 CHCl^)s maxr 1720 cm 5 n .m . r .  s i g n a l s  at

4 3 .97  (m) ( a n g e l a t e  H) , 4*09 (m )( lH ,  C -  3 5 Wi = 9 c . / s e c . ) ,
2

5*63 ( s ) ( 3 H ,  C -  1 0 ) ,  6 . 3 2  ( s ) ( 3 H ,  -OCH^), 9*03 ( s ) ( 3 H ,  C -  20) 

and 9 . 1 9  (d ) (3 H ,  C -  17 5 J = 6c . / s e c . ) .  (Founds C = 7 3 - 3 2 ,

H -  8 . 4 9  5 ^26^3505 r e q u i r e s  C = 7 2 . 0 6 ,  Ii « 0 . 4 7 $ )  5 m/e =

420 (M).

R e d u c t io n  o f  Methyl e s t e r  B ( 80h ) .

Methyl e s t e r  B ( 80b s 40 mg) i n  dry  r c f l u x i n g  d i e t h y l

a.'. .or was t r e a t e d  f o r  15 hours  w i t h  l i t h i u m  aluminium h y d r id e .  

\7ork up gave  th e  crude d i o l  ( 80c * 36 mg) , L$i « -  3 6 . 1 ° ,

which on t r e a tm e n t  w i t h  a c e t i c  anhydr ide  -  p y r i d i n e  (2  ml each)  

f u r n i s h e d  t h e  c o r r e s p o n d in g  d i a c e t a t e  ( 80d s 27 mg) 

i d e n t i c a l  ( t . l . c .  and n . m . r . )  w i t h  th e  d i a c e t a t e  prepared  

from the  n a t u r a l l y  o c c u r i n g  d i o l  by d i r e c t  a c e t y l a t i o n .

Pyro l y s i s  o f  Acid B ( 80a ) .

Acid B ( 80a s 75 mg) was h e a t e d  a t  300°  f o r  f i v e  

m in u tes  i n  an evacu ated  t u b e .  A few c r y s t a l s  o f  a n g e l i c  a c i d  

m.p. 4 5 ° ( s e a l e d  tu b e)  c o l l e c t e d  i n  the c o l d  p a r t  o f  t h e  tub e  

and were i d e n t i f i e d  by g a s - l i q u i d  chromatography (1 0 $  F . F . A . P .  

at  1 2 5 ° ) .  The o i l y  m a t e r i a l  o b ta in e d  ( 49 mg) was

s e e n  t o  c o n s i s t  o f  t h r e e  compounds ( t . l . c . ) ,  two o f  v e r y  

s i m i l a r  p o l a r i t y  and the  o th e r  much more p o l a r .  T h is  

compound was s e e n  from t . l . c .  to  be u n ro a c ted  a c i d  B and was 

s e p a r a te d  from t h e  n e u t r a l  components by f i l t r a t i o n  throu gh  a 

sh ort  column o f  n e u t r a l  a lumina.  The non -  p o l a r  compounds 

wore s e p a r a te d  from each  o th e r  by p r e p a r a t i v e  t . l . c .
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( e t h y l  a c e t a t e  -  l i g h t  p e t r o l e u m ,  1 s 19) and th e  o i l y  

l a c t o n e  A ( 8 l a  s 20 mg) o b ta in e d  as t h e  more abundant  

component.  D i s t i l l a t i o n  i n  vacuo was n e c e s s a r y  t o  remove

the dark colour and then i t  hadC'^l _ = -  66. 3° (C = 1*4-)?
• CC1A -1 -

V max 1 7 7 8 ? 872 cm | n .m . r .  s i g n a l s  at  L 4*41 (m)

(1H, C -  3 5 Wi = 0 c . / s e c . ) ,  5*45 (q ) (2 H ,  C -  10 j J a 11 c . / f n

8 . 9 6  ( s ) ( 3 H ,  C -  20) and 9 .1 3  (d ) (3 H ,  C -  1 7 5 J = 6 c . / s e c . ) .

(Founds C » 7 6 . 34 ,  H = 8 . 4 8  ; ^20^26^3 reclu i r e s  8 = 7^®40,

H = 8*34^)* rtb e  more p o l a r  l a c t o n e  ( 82 s 6 mg) c r y s t a l l i s e d

from e t h y l  a c e t a t e  -  l i g h t  p e tro le u m  and had m.p. 145 -  147° 5 
031
max4 I 705 cm~'S m/e = 314 (M).

A c e t y l a t i o n  o f  D i o l  ( ftrv ) •

The d i o l  ( 80c s 960 mg) i n  dry  p y r i d i n e  (20 ml)  was 

c re a ted  at  room tem p era tu re  f o r  two hours  w i t h  a c e t i c  

anhydride  ( 0 . 3 5  m l ) .  T . l . c .  o f  t h e  p rodu ct  (975  mg) showed 

t h a t  i t  c o n s i s t e d  o f  f o u r  compounds which were s e p a r a t e d  by

p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  p e t r o le u m ,  3 • 1 7 )•

The l e a s t  p o l a r  component (320 mg) was t h e  o i l y  d i a c e t a t e
CQl

( 80d ) > t  D = -  4 4 - 1 °  (c  = 1 . 7 )  5 'J max4 1 745 ,  1230 ,  875

cm n . m . r .  s i g n a l s  a t  X  4«06 (m )( lH ,  C -  3 I Wi = 7 c » / s e c * /'-
2

5*43 ( s ) ( 2 H ,  C -  1 8 ) ,  6 . 0 1  ( s ) ( 2H, C -  1 9 ) ,  7• 9Q ( s ) ( 6 h ,  2 x  OLn 

8 , 9 5  ( s ) ( 3 H ,  C -  20) and 9 -08  (d ) (3 H ,  C -  17 ; J = 6 c . / s e c , ) .  

(Found s C = 7 1 - 5 8 ,  II = 8 . 7 2  § C24^34°5 re(lu i r e s  8 = 71®6l ,

H = 8 . 51^)  $ m/e = 402 (M). The m on oaceta te  A ( 8C0 s 175 mg)

was a l s o  an o i l  which a f t e r  d i s t i l l i n g  a t  1 2 0 ° / 0 . 0 1  mm had
CCl

I X] -  -  55-6°  ( c  = 0 . 8 )  5 V max4 3460, 1740, 12 2 0 ,  872  

cm  ̂ j n , m , r .  s i g n a l s  cbjp O ared at  T 4*08 (m )( lH ,  C -  3 5

\7i ■■■• 0 c . / s e o . )  , 5 . 5 3  (q ) (2 H ,  C -  18$ J = 12 c . / s e c . ) ,
2
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6 . 4 9  (q.) (2E,  C -  19 ? J 12 c . / s e c . ) ,  8 .0 0  ( s ) ( 3 H ,  OAc),

8 . 9 4  ( s ) ( 3 H ,  C -  20) and 9 -1 2  (d ) (3 H ,  C -  17 j J = 6 c . / s e c . )

(Founds C = 7 3 . 2 0 ,  II = 8 . 8 2 5 ^22^32^4 re(lu^r e s   ̂ * 73*30 ,

II = 8 . 95$ ) .  S i m i l a r l y ,  t h e  m o noaceta te  B ( 8 0 f  s 170 mg)
CC1,

was d i s t i l l e d  at  150° / 0 . 0 0 1  mm \ \f  max*1- 3 5 8 0 , 1 7 4 5 , 1 2 3 0 ,

878 cm  ̂ j n . m . r .  s i g n a l s  at  4 - 1 2  (m) ( lH ,  C -  3 I ^1 =
2

7 c . / s e c . ) ,  5 -50  ( s ) ( 2H, C -  1 8 ) ,  6 . 0 6  ( s ) ( 2 I I ,  C -  1 9 ) ,

8 . 0 3  ( s )  3H, OAc), 8 . 9 2  ( s ) ( 3 H ,  C -  20) and 9 -16  (d) (3H,

C -  17 5 J = 6 c . / s e c . ) .  (Found s C = 73*32 ,  II = 8 . 7 3  5 

^22^32^4 rGl uirGS  ̂ = 73*30 ,  II = 8 . 9 5 $ )*  The r em a in in g

component was t h e  u n r e a c te d  d i o l  ( 80c s 102 mg).

Oxi d a t i o n  o f  D i o l  ( ftp,-. ) .

(a )  The d i o l  ( 00c s 50 mg) i n  dry p y r i d i n e  (20  ml) was 

t r e a t e d  at room tem perature  f o r  14 hours  w i th  chromium 

t r i o x i d e  (50 mg). A f t e r  work up t h e  o i l y  p rod u ct  (55 mg)  

was p u r i f i e d  hy p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  

p e tr o le u m ,  1 g 1 9 ) t o  a f f o r d  as t h e  s o l e  p rod u ct  th e  l a c t o n e  

( 87a s 37 m§) which c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g h t  

p etro le u m  and had m.p.  89 -  90 ° ,  iXj ^ = + 5*3°  ( c  = 1*5)  '•

CC14 -1max 1772 ,  871 cm . Th is  compound was i d e n t i c a l  ( m . p . , 

mixed m . p . ,  n . m . r . ,  and t . l . c . )  w i t h  a sample o f  th e  

n a t u r a l l y  o c c u r in g  l a c t o n e .

(b) The d i o l  ( 80c s 75 mg) i n  dry p y r i d i n e  (2  n l )  was 

t r e a t e d  at  room tem perature  f o r  14 hours  w i t h  a l a r g e  e x c e s s  

of  chromium t r i o x i d e  (500 mg). Under t h e s e  c o n d i t i o n s  th e  

p rod u ct  was s e e n  from t . l . c .  t o  c o n s i s t  o f  two components,  

th e  l o s s  p o l a r  o f  which correspond ed  t o  t h e  l a c t o n e  o b ta in e d  

p r e v i o u s l y .  S e p a r a t io n  o f  the  two compounds was e f f e c t e d  by



p r e p a r a t i v e  t . l . c .  and a f f o r d e d  th e  l a c t o n e  ( 87a • H  nig)

as th e  minor component.  The more p o l a r  <, major product

( 95 s 47 nig) , th e  e n o n e - l a c t o ne c r y s t a l l i s e d  from e t h y l

a c e ta te  -  l i g h t  petroleum  as p l a t e s ,  m.p. 148 -  14 9 ° L*]  -n, ~
1 CC1, . ;

- 8 . 4  ( c  = 1 . 2 )  °9 max*1, 1 7 7 9 ? 1 6 9 0 , 872 cm-  5 n . m . r .

s i g n a l s  at  \  3 -5 6  ( s ) ( l H ,  C -  3) ? 5*76 (q ) (2 H ,  C -  19 J J =

8 c . / s e c . ) ,  9 . 0 3  ( s ) ( 3 H ,  C -  2 0 ) ,  9*10 (d ) (3 H ,  C -  17 | J

6 c . / c e c . ) . (Found g 0 = 73*11? H = 7*23 ? G20H24G4 re(l u; r̂ e s

C = 73 .14?  H = 7 . 3 7  f°)°<, m/e = 328 (M).

H yd rogenat ion  o f  D i o l  ( f\on ) .

The d i o l  ( gQc % 325 mg) i n  a b s o l u t e  a l c o h o l  (35  ml)

was h ydrogenated  over  Adams c a t a l y s t  (300  mg) f o r  two h o u r s .

Removal of the c a t a ly s t  and so lv e n t  a fford ed  an o i l  (320 mg)

which  was s e e n  from t . l . c .  t o  c o n s i s t  o f  a complex m ixtu re

o f  compounds none o f  which c o n t a in e d  a fu ran  r i n g  ( S h r l i c h *s

t e s t ) .  The major component,  t h e  t e t r a h y d r o  -  d i o l  ( 84f t 175 m

was o b ta in e d  by p r e p a r a t i v e  t . l c .  ( c h lo r o fo r m  c o n t a i n i n g

5 io m e th a n o l ) .  D i s t i l l a t i o n  at 1 8 0 ° / 0 . 0 3 5  mm gave a
•■ CC1A

c o l o u r l e s s  o i l ,  i:x i ^ = -  4 6 *5° ( c  = 0 . 7 7 )  »  ̂ max 3&20,

3320 cm  ̂ 5 n . m . r .  s i g n a l s  at  V 4 - 2 2  (m )( lH ,  C -  3 ? Wi =
2

7 c . / s e c . ) ,  9 .0 7  ( s ) (3H ? C -  20) and 9*18 (d ) (3 H ,  C -  17 5 J 

= 6 c . / s e c . ) .  (Found g C = 74* 20,  II = 1 0 . 8 0  % CgQH^jOj 

r e q u i r e s  C = 74*49? H = 1 0 . 6 3 $ ) .

A o e t y l a t i o n  o f  T e t r a h y d r o - d i o l  ( R/j-p ) .

T e t r a h y d r o - d i o l  ( 8 4 f  2 30 mg) i n  dry p y r i d i n e  (3 ml)  

was t r e a t e d  at  room tem p era tu re  f o r  16 hours  w i t h  e x c e s s  

a c e t i c  anhydr ide  t o  a f f o r d  th e  c o r r e s p o n d in g  t e t r a h y d r o - d i a c o t
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( 84g s 27 mg) . D i s t i l l a t i o n  at  1 7 5 ° / 0 . 0 4  mm f u r n i s h e d  a
/  001 >! -1

c o l o u r l e s s  o i l , ' * '  max^ 1 7 4 5 ? 1235 cm 5 n . m . r .  s i g n a l s

at  X 4*11 (m) (1H, C -  3 3 T7i = 6 c . / s e c . ) ,  5 -49  ( s ) ( 2 H ,
2

C -  1 8 ) ,  6 . 0 6  ( s ) ( 2H, C -  19 )?  8 . 0 0  ( s ) ( 6 H, 2 x OAo) , 8 . 9 9  

( s ) ( 3 H ,  C -  20) and 9*10 (d ) (3 H ,  C -  17 ? J = 6 c . / s e c . ) .  

(Found3 C = 7 0 . 6 6 ,  H = 9*51 3 c 2/iH38°5  re(l u i r e s  0 = 7 0 . 9 0 ,

H = 9 . 4 2 /0)

O x i d a t i o n  o f  T o t r a h y d r o - d i o l  ( 8 4 f  ) .

The t e t r a h y d r o - d i o l  ( 84 f  s 101 mg) i n  dry p y r i d i n e  

(2  ml) was t r e a t e d  at  room tem perature  f o r  14 hours  w i t h  

chromium t r i o x i d e  (500  mg).  The product  (98 mg) a f t e r  work 

ux> was seen  t o  he  a, mix ture  o f  compounds,  th e  two major ones  

b e i n g  o f  v e r y  s i m i l a r  p o l a r i t y .  Those were s e p a r a t e d  by  

from th e  minor components by pr exoar at i v e  t . l . c .  (4  x e t h y l  

a c e t a t e  -  l i g h t  p e tr o l e u m ,  3 * 1 7 ) .  D i s t i l l a t i o n  o f  the  

l e s s  p o l a r  one at 155° / 0 . 0 1 5  mm a f f o r d e d  t h e  t e t r a h y d r o -

l a c t o n e  ( 96a • 27 mg) as a c o l o u r l e s s  o i l , !_yj  = + 2 5 «4 °
J  CC1A -1( c  = 1 . 1 ) ,  max 1775 om 3 n . m . r .  s i g n a l s  a t  8 3*41

( t ) ( l H ,  C -  3 ; J = 3 c . / s e c . ) ,  9 .1 1  ( s ) ( 3 H ,  C -  20) and

9 . I 8 ( a ) ( 3 H ,  C -  17 3 J = 6 c . / s e c . ) .  (Found s C = 75*67 ,

H = 9*47 3 C20H30°3 rG(lu i r o s  0 = 75*43? H = 9 * 5 0 / )  3 m/e =

318 (M). The more p o l a r  e n o n e - l a c t o n e  ( 96b * 43 mg) a l s o

f a i l e d  t o  c r y s t a l l i s e  and was p u r i f i e d  by d i s t i l l a t i o n  i n
CC1

v acuo ,  jXJ -  4*2°  ( c  = 0 . 9 )  3 max 1783? 1694  cm 3 

n . m . r .  s i g n a l s  at  V 3 . 6 4  ( s ) ( l H ,  C -  3)? 5*84 ( q ) ( 2 H ,  C -  19? 

J = 8 c . / s e c . ) .  (Founds C = 7 2 . 0 3 ,  H = 8 . 2 8  3 G2 0E2Q°4. 

r e q u i r e s  C = 7 2 . 2 6 ,  H = 8 . 4 9  / ) ?  m/e = 332 (M).
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Formation  o f  E ther  ( Q/| )»

The d i o l  ( 80c s 50 mg) i n  dry r e f l u x i n g  p y r i d i n e  (5 ml)

was t r e a t e d  f o r  15 hours  w i th  p-bromobenzene s u lp h o n y l  c h l o r i d e .

A f t e r  working up i n  the  usua,l manner an o i l  (46  mg) was

o b t a in e d  from which  th e  major prod uct  was o b t a in e d  by

p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  petroleum* 3 ‘ 1 7 )»

E x t r a c t i o n  f u r n i s h e d  the e t h e r  ( 9 4  s 32 mg) as an o i l  which

was d i s t i l l e d  a t  1 5 0 ° / 0 . 0 3  mm °9 jVj -  30 ° (c  = 0 *65)5 ^

CC14 -1max 872 cm 5 n . m . r .  s i g n a l s  at  'Y 4. 57 (m)(1H, c -  3 ;

\7i = 7 c . / s e c . ) ,  5 . 8 8  (q.)(2H, C -  18 ; J = 11 o . / s e c . ) ,

6 . 2 8  ( q ) ( 2H, C -  19 5 J = 8 c . / s e c . ) ,  9*01 ( s ) ( 3 H ,  C -  20)  

and 9*16 (d ) (3 H ,  C -  17 * 1 = 6  c . / s e c . ) .  (Founds C = 79*88 ,

H = 9 -5 2  5 C20H2Q0 2 r e q u i r e s  C = 7 9 - 9 5 ,  H = 9*39 %) 5

m/e = 300 (M).

O x i d a t i o n  o f  M onoacetate  A ( 80e ) .

(a )  M o n o -a c e ta te  A ( 80e s 130 mg) i n  dry p y r i d i n e  (2  ml) was

t r e a t e d  at  room tem p era tu re  f o r  12 hours  w i th  chromium t r i o x i d e

(500 mg).  From th e  crude product  (145 mg) t h e  e p o x y -a ld e h y d e  

(90  mg) was o b ta in e d  by p r e p a r a t i v e  t . l . c .  ( c h lo r o f o r m  -

l i g h t  p e t r o l e u m ,  1 s 9 ) •  D i s t i l l a t i o n  at 1 5 0 ° / 0 . 0 1 5  mm

o , CC14a f f o r d e d  a c o l o u r l e s s  o i l , [ / 3  = + 2 . 3  ( c  = 1*3) 5 max

2 7 1 0 , 1 7 5 5 , 1 7 2 2 , 1 2 3 0 , 878 cm*"̂  \ n . m . r .  r e s o n a n c e s  appeared

at  \  0 . 0 5  ( s )  (1H, C -  1 9 ) ,  6 . 2 5  (q ) ( 2 H ,  C -  18 5 J =

12 c . / s e c . ) ,  6 .9 7  (broad s ) ( l H ,  C -  3 5 vTi = 4 c . / s e c . ) ,
2

8 . 0 4  ( s ) ( 3H, OAc), 9 . 1 3  ( s ) ( 3 H ,  C -  20) and 9*25 (d) (3H,

C -  17 5 J = 6 c . / s e c . ) .  (Founds C = 7 0 * 2 1 ,  H = 7*89 5 

C22H30°5  r e l u i r e s  0 = 7 0 . 5 6 ,  Ii = 8 . 0 8  <f0) 5 m/e = 374 (M).
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(b) M on o-ace ta te  A ( QOe » 45 mg) i n  dry p y r i d i n e  (20 ml)

was t r e a t e d  at  room tem perature  f o r  12 hours  w i th  chromium

t r i o x i d e  (50  mg).  The crude p rod u ct  (49 mg) was s e e n  from

t . l . c .  t o  c o n s i s t  o f  o n ly  one compound, l e s s  p o l a r  th a n  t h a t

o b t a in e d  i n  t h e  p r e v i o u s  exp er im en t .  P u r i f i c a t i o n  by

p r e p a r a t i v e  t . l . c .  ( c h lo r o fo r m  -  l i g h t  p e tr o le u m ,  4 s l )

f o l l o w e d  by d i s t i l l a t i o n  at  l 60° / 0 . 0 4  mm f u r n i s h e d  th e

a ldehyde  ( 30h 0 as l o u r l e s s  o i l , { y "3 = -  8 9 - 4 ° (c  = 0 , 8 ) ;
.. CGI, ?

Y max^ 2 6 9 0 , 1 7 4 5 , 1 7 2 5 , 1 2 3 0 , 878 cm" 5 n . m . r .  s i g n a l s  at

Y 0 . 5 3  ( s ) ( l H ,  0 -  1 9 ) ,  4*03 ( m ) (1H, C -  3 5 Wi = 9 c . / s e c . ) ,
2

5 . 8 2  ( s ) ( 2H, C -  1 8 ) ,  8 . 0 8  ( s )  (3H, OAc), 9 -0 2  ( s ) ( 3 H ,  C -  20) 

end 9 -23  (d ) ( 3 H ,  C -  17 5 J = 6 c . / s e c . ) .  (Found : C = 7 5 -8 6  |

H = 8047 I ^22^ 30^4 rGl u^rGS  ̂ = 7 3 - 7 1 ,  H = 8 . 4 4 ^ ) -  m/e =

358 (M).

Ox i d a t i o n  o f  M o n o -a c e ta te  B ( 8 0 f  ) «

M o n o -a ce ta te  B ( 8 0 f  - 50 mg) i n  dry  p y r i d i n e  (2  ml) was

t r e a t e d  as d e s c r i b e d  above w i t h  chromium t r i o x i d e  (50 mg).

Work up gave th e  crude product  (52  mg) which c o n s i s t e d  o f  two

compounds,  t h e  more p o l a r  one b e i n g  t h e  more abundant .

P r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  p e t r o l e u m ,  1 s 3)

a f f o r d e d  t h e  a c e t o x y - a l d e h y d e  ( 8 0 i  s 37 mg) as an o i l  which

was d i s t i l l e d  at  1 5 5 ° / 0 . 0 2 5  mm 51°0-n = ~ ^1° ( c = 0 *88 ) °9 V~
CC1A -1
max 2 7 1 0 , 1 7 4 5 , 1695 ,  1 2 3 5 , 874 cm ,• n . m . r .  s i g n a l s  a t  

/  0 . 7 3  ( s ) ( 1H, G -  1 8 ) ,  3 -29  ( t ) ( l H ,  G -  3 5 J = 4 c . / s e c . ) ,

5 . 6 4  ( q ) ( 2H, C -  19 5 J = 12 c . / s e c . ) ,  8 . 1 4  ( s ) ( 3 H ,  OAc),  8 . 9 7  

( s ) ( 3 H ,  C -  20) and 9 -1 6  (d ) (3 H ,  C -  17 } J = 6 c . / s e c . ) .

(Found s C = 7 3 . 7 0 ,  H = 8 . 4 2  $ G22E3 0 ° r  rGl uirGS C = 7 3 - 7 1 ,

H = 8 . 4 4  f°) 9 m/e =» 358 (M).



T r e a t m e n t  o f  A l d e h y d e  ( 80h ) w i t h  H y d r a z i n e  H y d r a t e .

The a c e t o x y - a l d e h y d e  ( 80h : 50 mg) i n  methanol (5 ml)

was t r e a t e d  at  room tem perature  f o r  15 h ours  w i th  100/> 

h y d r a z in e  h y d r a te  (5 ml) t o  a f f o r d  an o i l  (47 mg) from which  

t h e  major p rod u ct  ( 8 lh  ; 32 mg) was o b ta in e d  by p r e p a r a t i v e  

t . l . c .  ( c h l o r o f o r m ) .  I t  had It] = -  75»8°  ( c  = 1 . 0 8 )  and 

was i d e n t i c a l  ( n . m . r . ,  i . r .  and t . l . c . )  w i th  th e  hem iaceta , l  

( 8 lb  ) o f  n a t u r a l  p roven ance .

I l y d r o g e n o ly s i s  o f  b i a c e t a t e  ( 80d ) .

The d i a c e t a t e  ( 80d $ 60 mg) i n  a b s o l u t e  a l c o h o l  (30 ml; 

c o n t a i n i n g  t r i e t h y l a m i n e  (5 ml) was h ydrogenated  f o r  40 

m in u tes  over lOtfo Pd-C. Removal of  t h e  c a t a l y s t  and solvenD  

a f f o r d e d  an o i l  (62 mg) which was s e e n  t o  c o n t a i n  two

compounds,  one o f  which s t i l l  c o n t a i n e d  a furan. r i n g .  These

compounds were s e p a r a t e d  by p r e p a ra . t iv e  t . l . c .  (b en zen e )  t o

a f f o r d  th e  acota/fce ( 760 s 37 mg) as th e  l e s s  p o l a r  component ,
CC1/  1 

u ]  B = -  4 3 -7  (0  = 1 . 2 ) I ^  max4 1 7 4 0 , 1 2 3 5 , 872 cm'-1-.

This  acete„te was ( i . r . ,  n . m . r .  and t . l . c . )  i n d i s t i n g u i s h a b l e

from the a c e t a t e  prej)ared from a c i d  A. The o t h e r  compound,

the  c o r r e s p o n d in g  t e t r a h y d r o - a c e t a t e  ( 84a ‘ 14 mg) a f t e r

d i s t i l l a i  i o n  e„t 1 5 0 ° / 0 . 0 4  mm had Li j ^ = + 27«5 ° ( c  = 1 . 2 ) f
CG1/  - 1  

'\i mait"1” 1740 ,  1235 cm ? n . m . r .  s i g n a l s  at  L 4*50

(1H, C -  3? ¥1 = 9 c . / s e c . ) ,  6 . 0 5  ( s ) ( 2H, C -  1 9 ) , 8 . 0 1  ( s)
2

(3H. OAc), 8 . 3 6  (broad s ) ( 3 H ,  C -  1 8 ) ,  8 . 9 7  ( s ) ( 3 H ; 0 -  20)

and 9 . 1 2  (d ) (3 H ,  C -  17 $ J = 6 c . / s g c . )  (Founds C = 7 5 . 8 6 ,
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R ed u c t io n  and a o e t y l a t i o n  o f  Epoxy-a ld eh yd e  ( 8 3a ) .

The ep o x y -a ld e h y d e  ( 83a s 60 ng) i n  dry  r e f l u x i n g  

d i e t h y l  e t h e r  was t r e a t e d  w i th  e x c e s s  l i t h i u m  aluminium  

h y d r id e .  pork up> gave an o i l y  m ix ture  (57 mg) ° f  compounds 

of  which t h e  l e s s  p o la r  compound was th e  most abundant .  

S e p a r a t i o n  was e f f e c t e d  by p r e p a r a t i v e  t . l . c .  ( c h lo r o fo r m  

c o n t a i n i n g  3 f° m ethan o l)  and a f f o r d e d  the  t r i o l  ( 89a s 35 mg) , 

j i j ^ = “ 27°  (c  = 0 . 9 l ) »  A o e t y l a t i o n  i n  t h e  u s u a l  f a s h i o n  

f u r n i s h e d  t h e  h y d r o x y - d i a c e t a t e  ( 89b % 33 mg),  Lyj = -  1 5 *8°

( c  = 1 . 0 )  which was i d e n t i c a l  ( t . l . c . ,  i . r .  and n . m . r . )  w i t h  

t h e  d i a c e t a t e  prep ared  from the  n a t u r a l l y  o c c u r i n g  epoxy-  

h e m i a c e t a l  ( 91a ) .

R e d u c t io n  o f  (+) E t h y l  h a r d w i o k ia t e  ( 98& ) .

E th y l  h a r d w i c k i a t e  ( 98& s 55 mg) i n  dry r e f l u x i n g

d i e t h y l  e t h e r  (5 ml) was t r e a t e d  w i th  e x c e s s  l i t h i u m

aluminium h y d r id e  f o r  19 h o u rs .  Work up gave th e  crude

p rod u ct  ( 57 mg) which was seen  from t . l . c .  t o  c o n s i s t  o f  two

components o f  v e r y  s i m i l a r  p o l a r i t y ,  t h e  l e s s  p o l a r  o f  which

was t h e  more abundant.  S e p a r a t i o n  by p r e p a r a t i v e  t . l . c .

(2  x  ch loro form )  a f f o r d e d  th e  o i l y  h a r d w i c k i o l  ( 98a s 37 m g)•

I n  the  n . m . r .  i t  showed r e s o n a n c e s  at  "f 4*45 (m )( lH ,  C -  3 5

¥ 1 = 8  c . / s e c . ) ,  5 . 9 3  ( s ) ( 2H, C -  1 8 ) ,  8 . 9 5  and 9 . 2 9  ( s )
2

(3H each ,  2 t e r t i a r y  methyl groups)  and 9 -20  (d)(3H> G -  17 I 

J = 5 c . / s e c . )  m/o = 302 (M).

A o e t y l a t i o n  o f  H ardw ick io l  ( 98a ) .

H a r d w ic k io l  ( 98 a 1 30 mg) i n  dry p y r i d i n e  (2  ml) was 

t r e a t e d  at  room tem p eratu re  f o r  14 hours  w i t h  a c e t i c  anhydride
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t o  a f f o r d  tho  c o r r e s p o n d in g  a c e t a t e  ( 98b • 31 mg)•

H yd roge nat ion  o f  H ar d w ic k io l  a c e t a t e  ( 98b ) .

H a r d w ic k io l  a c e t a t e  ( 98b s 25 nig) i n  a b s o l u t e  a l c o h o l  

(20 ml) c o n t a i n i n g  t r i e t h y l a m i n e  (5 ml) was hyd rogen ated  f o r  

f i v e  m in u tes  over  10% Pd -  C. The o i l  (27 mg) o b t a in e d  was 

p u r i f i e d  by p r e p a r a t i v e  t . l . c .  ( l i g h t  p e tro le u m )  t o  a f f o r d  

t h e  o i l y  hydrocarbon ( 9805 22 mg) which was d i s t i l l e d  i n

v acu o .  I n  th e  n . m . r .  i t  e x h i b i t e d  r e s o n a n c e s  at  X- 4 . 8 6  ( El)

(1H, 0 -  3 i ^  = 8 c . / s e c . ) 5 8 . 4I  (d ) (3 H ,  C -  18 ; J = 2 c . / s c e
1§~

8 . 9 7  and 9*22 ( s ) ( 3 H  each 5 2 t e r t i a r y  methyl groups)  and 9*13 

(d ) (3 H ,  C -  17 5 J = 6 c . / s e c . ) ,  (Found s 0 = 8 3 . 8 7 , H =

1 0 . 6 2  5 C^qH^qO r e q u i r e s  C = 8 3 . 8 6 , H = 10.56%)? m/e = 286 ( j l j  .

A c e t y l a t i o n  o f  B p i - h a r d w i c k i o l  ( 8ftg ) .

The a l c o h o l  ( 88a 2 100 mg) i n  dry  p y r i d i n e  (2  ml) was

t r e a t e d  at  room tem p era tu re  f o r  15 hours  w i th  a c e t i c  anhydride

t o  a f f o r d  a m o n o -a c e ta te  ( 88b s 98 mg) which  was p u r i f i e d

by iDreparat ive  t . l . c .  ( c h l o r o f o r m ) .  D i s t i l l a t i o n  i n  vacuo

f u r n i s h e d  a c o l o u r l e s s  o i l / X j  = -  33*5°  (0 = 1*4)  5 
CC1, ^
max'” 1 7 4 0 > 1 2 3 0 , 878 cm f n . m . r .  s i g n a l s  a t  \  4 - 3 4  (m)

(1H, C -  3 I Xi = 8 c . / s e c . ) ,  5 . 5 5  ( s ) ( 2H, C -  1 8 ) ,  8 . 0 5  ( s )

(3H, OAc), 8 . 8 2  and 8 . 9 3  ( s ) ( 3 H  e a c h ,  2 t e r t i a r y  m eth y l  groups)  

and 9*10 (d ) (3 H ,  C -  17 ? J -  6 c . / s e c . ) . (Found s C = 76*95?

H = 9 * 3 4  ? ^22^ 32^3 r e l u^r e s  0 = 7^*70? H = 9 *36$ ) .

H ydrogenat ion  o f  E p i - h a r d w i c k i o l  a c e t a t e  (88b  ) .

(a )  The above m o n o -a c e ta te  ( 88b . 50 mg) i n  a b s o l u t e  a l c o h o l

(25  ml) c o n t a i n i n g  t r i e t h y l a m i n e  (5 ml) was h yd rogen ated  f o r  

f i v e  m in utes  over  10% Pd-C. Removal o f  c a t a l y s t  and s o l v e n t
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a f f o r d e d  an o i l  which appeared t o  c o n s i s t  o f  two compounds,

one o f  which ( t h e  l e s s  p o l a r )  s t i l l  c o n ta in e d  a fu r a n  r i n g .

P r e p a r a t i v e  t . l . c .  ( l i g h t  p e tro le um )  a f f o r d e d  t h e  hydrocarbon

( 88c ! 31 nig) as the  major component and a f t e r  d i s t i l l a t i o n
CC1 ,

i t  had Lj. j  = -  21° (c  = 1 . 0 8 )  5 1 max 872 cm” 5 n . m . r .

s i g n a l s  at  V 4*28 (m )( lH ,  C -  3 5 ¥ 1 = 8  c . / s e c . ) ,  8 . 5 0  ( s )
' 2

(3H, C -  1 8 ) ,  8 . 9 6  and 9 -05  ( s ) ( 3 H  ea ch ,  two t e r t i a r y  methyl  

groups)  and 8 . 2 3  (d ) (3 H ,  C -  17 I J = 6 c . / s e c . ) (Pounds C = 

8 3 . 8 2 , H = 1 0 . 7 5  ? ^20^ 30  ̂ r e l ‘i;ii rGS C = 8 3 . 8 6 , E = 1 0 . 5 6/ )  I

m/e = 286 (M). The minor "compound" appeared ,  from mass 

s p c c t r o m e t r i c  e v i d e n c e ,  t o  ho a m ix tu re  o f  t h e  t e t r a h y d r o -  

and h ex a h y d r o -h y d r o c a r h o n s 5 m/e = 290 ( 292) .

0 0  I n  a s e p a r a t e  experiment  t h e  above a c e t a t e  (88b 2 45 mg)

i n  a b s o l u t e  a l c o h o l  c o n t a i n i n g  t r i e t h y l a m i n e  was h ydrogenated  

f o r  40 m in u tes  over  lOfo Pd-C. ¥ork  up gave an o i l  (40  mg) 

s e e n  from t . l . c *  t o  c o n s i s t  o f  m a in ly  one compoundj not  

c o n t a i n i n g  a fu r a n  r i n g  which was more p o l a r  than  th e  

hydrocarbon o b t a in e d  above.  P r e p a r a t i v e  t . l c .  ( e t h y l  a c e t a t e  -  

l i g h t  p e t r o l e u m ,  1 : 1 9 ) a f f o r d e d  th e  hexahydro-compound 

( 85b 2 28 mg) as an o i l  which was d i s t i l l e d  at  * .0 0 ° / 0 .0 5  nun >

j4j ^ = -  7°  ( c  -  0 . 7  5 GHCl^). (Pounds C = 8 1 .95?  H * 1 2 . 2 3  5 

C20H36°  rGTairGS c = 8 2 . 1 2 ,  II = 1 2 . 4 0 / )  5 m/e = 292 (M).

A c e t y l a t i on o f  t h e  H e m i -a c e ta l  ( 8 l o  ) -

The h e m i - a c e t a l  ( 8 l c  s 20 mg) i n  dry p y r i d i n e  (2  ml) 

was t r e a t e d  a t  room tem peratu re  f o r  15 hours  w i th  a c e t i c  

a n h ydr id e .  The u n s t a b l e  o i l y  a c e t a t e  ( 8 i c : 19 ng)

ccb -1o b ta in e d  had 1/1 m axr 1 7 4 0 , 882 cm 5 n . m . r .  s i g n a l s  at
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% 3 -6 8  ( s ) ( l H ,  C -  1 9 ) ,  4 . 4 4  (m ) ( lH ,  C -  3 5 %  = 10 c . / s e c .
2

and 3*72 (m)(2H, C -  18 | ¥i_ = 12 c . / s e c . ) ,
2

R e d u c t io n  o f  the  H e m i - a c e t a l  J L a i h - l "

(a )  The h e m i - a c e t a l  ( 8 lb  « 60 mg) i n  a b s o l u t e  a l c o h o l  (5 n l )

was t r e a t e d  at room tem perature  f o r  15 hours  w i t h  a l a r g e

e x c e s s  o f  sodium b o r o h y d r id e .  The s o l u t i o n  was d i l u t e d  w i th  

w a ter  and e x t r a c t e d  w i th  e t h y l  a c e t a t e .  E v a p o r a t io n  o f  the  

d r i e d  (RagSO^) s o l v e n t  a f f o r d e d  t h e  d i o l  ( 860 s 54 mg) &s

s o l e  p r o d u c t ,  f/'J = -  52°  (c  = 1 . 2 ) .  A c e t y l a t i o n  o f  t h i s

d i o l  i n  th e  u s u a l  manner f u r n i s h e d  th e  d i a c e t a t e  ( 80d )>

p i ]  jj = " 5 5 . 6° ( c  = 0 . 8 ) which was i n d i s t i n g u i s h a b l e  ( i . r . ,  

n . m . r ,  and t . l . c . )  from th e  d i a c e t a t e  formed from th e  

n a t u r a l l y  o c c u r i n g  d i o l  by d i r e c t  a c e t y l a t i o n .

(b) The h e m i - a c e t a l  ( 8 lb  ; 50 mg) i n  dry r e f l u x i n g  d i e t h y l

e t h e r  was t r e a t e d  f o r  14 hours  w i t h  e x c e s s  l i t h i u m  aluminium

d e u t e r i d e .  The d e u t e r o - d i o l  ( 47 mg) o b ta in e d  a f t e r

work up was a c e t y l a t e d  i n  the  u s u a l  manner w i th  a c e t i c

anhydr ide  -  p y r i d i n e  t o  a f f o r d  the  c o r r e s p o n d in g  d e u t e r o -

d i a c e t a t e  ( 80j s 39 nig). I n  i t s  n . m . r .  spectrum i t

e x h i b i t e d  r e s o n a n c e s  at  't 4*12 (m )( lH ,  C -  3 ? Wi = 8 c . / s e c . '  ,
2

5 . 5 0  ( s )  ( 2H, C -  1 8 ) ,  6 . 0 8  ( s ) ( 1H, C -  1 9 ) ,  8 . 0 3  ( s ) ( 6 H ,  2 x  

OAc), 8 . 9 3  ( s ) ( 3 H ,  C -  20) and 9 .07  ( 3H, C -  17 ? J = 7 c . / s e c . ) .

H y d r o x y l a t i o n  o f  t h e  H e m i - a c e t a l  ( 8 lb  )*

The h e m i - a c e t a l  ( 81b s 450 mg) i n  anhydrous d i e t h y l  

e t h e r  was t r e a t e d  f o r  fo u r  days w i th  osmium t e t r o x i d e  (500  mg).  

Working up as  d e s c r i b e d  p r e v i o u s l y  gave th e  crude p rod uct  

(430  mg) w hich  was seen  from t . l . c .  t o  c o n s i s t  o f  two compounds
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which were s e p a r a t e d  by p r e p a r a t i v e  t . l . c .  ( c h lo r o fo r m  

c o n t a i n i n g  5f° m e th a n o l ) .  The l e s s  p o l a r  (350  mg) ?/as th e  

u n r e a c t e d  h e m i - a c e t a l  w h i l e  th e  minor p rod u ct  ( 89a s 40 mg) 

was th e  r e q u i r e d  d i o l ,  max 3 5 0 0 , 880 cm” '*'$ n . m . r .  s i g n a l s

a t  y  4 . 5 1  (m ) ( lH ,  G -  1 9 5 ¥1 = 10 c . / s e c . ) ,  6 . 1 4  ( s ) ( 2 H ,
2

C -  18)  and 6 . 3 3  ( s ) ( l H ,  C -  3) • Hydroxyl p r o to n s  r e s o n a t e d  

at  \  5*18 (m ) , 5*56 ( s )  and 6 . 8 2  (m) and d i s a p p e a r e d  upon

t h e  a d d i t i o n  o f  heavy  w a ter ,  m/e = 350 (m ) .

A t t e m p t e d  e p o x i d a t i o n  o f  t h e  H e m i - a c e t a l  ( 8 l h  ) «

(a )  The h e m i - a c e t a l  ( 8l b  2 15 nig) i n  ch lor o for m  was t r e a t e d  

a t  room tem p era tu re  f o r  90 m inu tes  w i t h  m -c h lo r o p e r b e n z o ic  a c i d  

(20  mg) i n  c h lor o for m  ( l  m l ) .  F i l t r a t i o n  through  a s h o r t  

column o f  n e u t r a l  a lumina a f f o r d e d  an o i l  (13 mg) which was 

s e e n  from t . l . c .  t o  be t h e  u n r e a c te d  h e m i - a c e t a l .

(b) The h e m i - a c e t a l  ( 8 lb  s 12 mg) was t r e a t e d  as d e s c r i b e d  

above f o r  15 h o u r s .  I n  t h i s  c a s e ,  a f t e r  f i l t r a t i o n  through  

alumina no i s o l a b l e  product  was o b t a i n e d .

A t t e m p t e d  o x i d a t i o n  o f  t h e  H e m i - a c e t a l  ( 8 lb  ) .

(a )  The h e m i - a c e t a l  ( 8 lb  • 10 mg) i n  d i e t h y l  e t h e r  was 

s t i r r e d  at  room tem peratu re  f o r  16 hours  w i t h  a c t i v a t e d  

manganese d i o x i d e  but a f t e r  removal o f  th e  r e a g e n t  t . l . c .  

showed th e  o i l  o b ta in e d  t o  c o n s i s t  s o l e l y  o f  th e  u n r e a c t e d  

s t a r t i n g  m a t e r i a l .  T h is  experiment  was r e p e a t e d  u s i n g  

d i f f e r e n t  grad es  o f  manganese d i o x i d e  but i n  a l l  c a s e s  th e  

r e s u l t  was th e  same.

(b) The h e m i - a c e t a l  was t r e a t e d  at  room tem p eratu re  f o r

15 hours  w i th  S a r e t t ! s r e a g e n t  w i th  th e  same r e s u l t  a s  found  

above.
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R ed u c t io n  o f  t h e  Epoxy-Hem iaoeta l  ( on a ) •

(a)  The e p o x y - h e m ia c e t a l  ( 91a » 50 mg) i n  a b s o l u t e  a l c o h o l

(10  ml) was t r e a t e d  at  room tem p eratu re  f o r  15 hours  w i t h  a

l a r g e  e x c e s s  o f  sodium b o ro h y d r id e .  Work up a f f o r d e d  an o i l

(47 mg) which was s e e n  from t . l . c .  t o  c o n s i s t  o f  one major

component,  from which minor i m p u r i t i e s  were removed by

p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  p e t r o le u m ,  1 s l ) «.

F u r th e r  p u r i f i c a t i o n  o f  th e  e p o x y - d i o l  was a c h ie v e d  by

d i s t i l l a t i o n  at  1 5 0 ° /  0 . 0 3 5  mm and th e  r e s u l t i n g  c o l o u r l e s s
- C C 1 /

o i l  had Jj) = -  5*3 (0 = 1*5)5 V max^ 3^30,  3380 ,  875 cm“^

(Found § C = 7 1 * 8 9 ,  H = 9*12 | ^20^30^ A- r e l ul r e s   ̂ = 7 1 - 8 2 ,

H = 9*04  fo).

(b) The e p o x y - h e m ia c e t a l  ( 91a s 50 mg) i n  dry r e f l u x i n g

t e t r a h y d r o f u r a n  was t r e a t e d  f o r  15 hours  w i t h  e x c e s s  l i thium.

aluminium h y d r id e .  The product  (43 mg) o b ta in e d  c o n s i s t e d  o f

two p o l a r  compounds o f  v e r y  s i m i l a r  p o l a r i t y  which were

s e p a r a t e d  by p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t

p e t r o l e u m ,  3 s l ) .  The major ,  l e s s  p o l a r  component,  t r i o l  A

( 89a s 21 mg) was an o i l  which d i s t i l l e d  at  1 8 0 ° / 0 . 1  mm \
CC1

[ / ]  = -  1 1 . 8 °  ( c  = 0 . 7 5 )  5 ^  max4 3420 ,  880 cm”1 5 (Found.

C = 7 1 . 3 3 , H = 9*60 1 C2o E32°A r e l u i r e s  c = 71*39 ,  H = 9 - 5 9 $ ) •

( c )  The e p o x y - h e m ia c e t a l  ( 9 i a § 50 mg) i n  dry r e f l u x i n g  

d i e t h y l  e t h e r  was t r e a t e d  f o r  17 hours  w i th  l i t h i u m  aluminium  

d e u t e r i d e  and the  o i l y  d e u t e r o - t r i o l  A i s o l a t e d  as d e s c r i b e d  

a b o v e .

A c e t y l a t i o n  o f  t h e  E p o x y - d i o l  ( 83b ) .

The above e p o x y - d i o l  ( 83b . 3 0  mg) was a c e t y l a t e d  u s i n g

a c e t i c  anhydride  -  p y r i d i n e  and th e  r e s u l t i n g  e p o x y - d i a c e t e t '
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( 83c i 27 mg) was d i s t i l l e d  at  1 8 0 ° / 0 . 0 2  mm and had /V} =
, CG1/  -1  

- 1 1 °  ( c  = 0 . 6 ) |  'v max* 1 7 4 5 ? 1 2 3 5 ? 875 cm” 9 n . m . r .  s i g n a l s

at  X  5*82 (q ) (2 H ,  C -  18 ; J = 12 c . / s e c . ) ,  5 . 8 9  (q.) (2H,

C -  19 9 J = 7 c . / s e c . ) ,  6 . 8 9  ( d ) ( l H ,  C -  3 5 J = 3 c . / s e c . ) ,

8 . 9 7  and 8 . 9 9  ( s ) ( 3 H  each ,  2 x OAc), 8 . 9 7  ( s ) ( 3 H ,  C -  2 0 ) ,

and 9 . 1 4  (d)(3H> C -  17 5 J = 6 c . / s e c . ) . (Founds C = 6 9 . 0 4 ?

II = 8 . 3 9  ? C221H34°6  rG(lu i r e s  C = 6 8 *86,  H = 8 . 1 9 $ ) .

A c e t y l a t i o n  o f  T r i o l  A ( 8Qa. ) «

(a )  T r i o l  A ( 89a % 50 mg) was a c e t y l a t e d  i n  th e  u s u a l  manner

t o  a f f o r d  t h e  hydroxy - d i a c e t a t e  ( 89b s 45 mg) as an o i l  which

Yj-as d i s t i l l e d  at  7 5 ° / G),01 mm \ f / j  = -  1 2 . 5 °  ( c  = 1 . 0 )  ? *0 
c c l 4 ' - 1max 3590? 3480 ,  1745? 1240 ,  875 cm 5 n . m . r .  s i g n a l s  at  L 

5 . 6 3  (q) ( 2H, C -  19 ? J = 13 c . / s e c . ) ,  5 . 8 3  ( s ) ( 2 H ,  0 - 1 8 ) ,

8 . 0 0  and 8 . 1 3  ( s ) ( 3 H  each ,  2 x OAc), 9*07 ( s ) ( 3 H ,  C -  20) and

9 . 1 8  (d ) (3 H ,  C -  17 ; J = 6 c . / s e c . ) .  (Founds C = 6 8 . 7 4 ,

H = 8 . 8 6  5 c 2/ H36°6  rG(luirGS c = 6 8 -54? H = 8 . 63$ ) .

(b) The c o r r e s p o n d in g  d e u t e r a t e d  d i a c e t a t e  ( 8 0 j ) was 

p rep ared  i n  a s i m i l a r  manner and showed n . m . r .  r e s o n a n c e s  a t

X 5 . 3 5  ( s )  ( i l l , C -  19) and 5 . 8 4  ( s ) ( 2 H ,  C -  18) 5 m/e =

422 (M).

D eh y d r a t io n  o f  th e  H y d r o x y - d i a c e t a t e  (89b ) .

(a )  The h y d r o x y - d i a c e t a t e  ( Q9"b s 15 mg) i n  dry p y r i d i n e  was 

h e a t e d  f o r  3 hours  w i t h  r e d i s t i l l e d  p h o sp h o r y l  c h l o r i d e  

( 0 . 5  n l ) .  The r e a c t i o n  m ixture  was poured on t o  i c e  and

e x t r a c t e d  w ith  e t h y l  a c e t a t e  to  a f f o r d  t h e  crude m a t e r i a l

(17 mg) which was s e e n  from t . l . c .  t o  c o n s i s t  o f  two compounds.  

S e p a r a t i o n  by p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t
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p e tr o le u m ,  1 ; 4 ) f u r n i s h e d  t h e  o i l y  d i a c e t a t e  ( 80d» 10 mg) 

as the  major,  more p o l a r  component. I t  had fhQ £ = “ 57«3°

( c  = 1 . 0 ) .  This  compound was i d e n t i c a l  ( n . m . r .  and t . l . c . )  

t o  t h a t  o b ta in e d  p r e v i o u s l y  by d i r e c t  a c e t y l a t i o n  o f  th e  

d i o l  ( 80c ) •

(b)  The d e u t e r a t e d  h y d r o x y - d i a c e t a t e  ( 9 3  » 17 mg) was

t r e a t e d  i n  a s i m i l a r  manner and i n  i t s  n . m . r .  spectrum i t

showed r e s o n a n c e s  a t  X  4*13 ( m) ( lM ,  C -  3 ? Wi = 5 c . / s e c . ) ,
2

5 . 5 2  ( s )  (2H, C -  1 8 ) ,  6 . 0 8  ( s ) ( l H ,  C -  1 9 ) ,  8 .0 3  ( s )  ( 6H,

2 x OAc), 8 .9 3  ( s ) ( 3 H ,  C -  20) and 9*07 (d ) (3 H ,  C -  17 J J 

= 7 c . / s e c . )  j m/e = 407 (M).

R ed uc t ion  and a c e t y l a t i o n  o f  t h e  d ia ld e h y d e  ( 80g ) .

The d ia ld e h y d e  ( 80g ; 50 mg) i n  dry r e f l u x i n g  d i e t h y l  

e t h e r  was t r e a t e d  f o r  24 hours  w i t h  a l a r g e  e x c e s s  o f  l i t h i u m  

aluminium h y d r id e .  Work up i n  t h e  u s u a l  f a s h i o n  a f f o r d e d  

an o i l y  r e s i d u e  (45 nig) from which th e  d i o l  ( 8qc s 27 mg) 

v/as i s o l a t e d  by p r e p a r a t i v e  t . l . c .  ( c h lo r o f o r m  c o n t a i n i n g

3 fo m e th a n o l ) .  This  compound, [.v j ^ = -  51° ( c = 1*3)  

a c e t y l a t e d  w i th  a c e t i c  anhydride  -  p y r i d i n e  t o  a f f o r d  th e  

d i a c e t a t e  ' ( 80d 8 25 mg);£aQ p = “ 4 5 *5° ( c = 0 *9 ) which  

was i d e n t i c a l  ( n . m . r .  and t . l . c . )  w i th  an a u t h e n t i c  sample  

o f  th e  d i a c e t a t e  (god )•

Oxidat i o n o f  D i a c e t a t e  ( 8 0 d ) .

The d i a c e t a t e  (BOd 2 50 mg) i n  dry p y r id in e  (2 ml) was 

t r e a t e d  f o r  17 days w i th  chromium t r i o x i d e  and a f t e r  work up 

a f f o r d e d  the  crude m a te r i a l  (51 mg) from which th e  enone -  

d i a c e t a t e  ( 79d s 16 mg) was ob ta in ed  by p r e p a r a t iv e  t . l . c .



( e t h y l  a c e t a t e  -  l i g h t  petro leum ,  2 % Z ) • D i s t i l l a t i o n  at
CC1

150° / 0.03  mm afforded an o i l .  *0 max 1753? 1675? 1220,

875 cm n .m . r .  s i g n a l s  at  X  4 .O5 ( s ) ( l H ,  0 -  3 ) ,  5 .28  (m) 

(2H, 0 -  1 8 ) ,  5 .99  (q ) (2H ,  C -  19 ? J = 11 c . / s e c . ) ,  7*91 and

8 . 0 2  ( s ) ( 3H  each ,  OAc), 8 .9 9  ( d ) ( 3H, C -  17 5 J « 7 o . / s e c . )  

and 9 . 1 2  ( s ) ( 3 H ,  C -  2 0 ) .  (Found s C » 6 9 . 2 1 ,  H = 7 -72  5 

C24H32°6 r e l u i r e s  0 = 89*21,  H = 7*74 %)■•
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E x tr a c t io n  of  So l idago  juncea r o o t s .

The ground d r ie d  r o o t s  o f  S o l i d a g o  .juncea (9  g)  were  

e x t r a c t e d  c o n t i n u o u s l y  f o r  fou r  hours  w i t h  e t h y l  a c e t a t e  i n  

a S o x h le t  ap p a ra tu s .  E v a p o ra t io n  o f  th e  s o l v e n t  a f f o r d e d  t h e  

e x t r a c t  ( 282 mg ) which  was s e e n  (on t * l . c . )  from i t s  s t a i n i n g  

p a t t e r n  w i t h  E h r l i c h 1s r e a g e n t  t o  c o n s i s t  o f  one major  

f u r a n o i d  compound w i t h  t r a c e s  o f  at l e a s t  t h r e e  o th e r  minor  

o n e s .

Chromatography o f  S. Juncea e x t r a c t .

The above e x t r a c t  ( 282 mg ) was s u b j e c t e d  t o  p r e p a r a t i v e

t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  p e t r o l e u m ,  3 * 7 )  and- 'fĉle major

f u r a n o i d  compound Yfas e x t r a c t e d  t o  a f f o r d  t h e  a c i d  ( 99a * 80

as an o i l  which was p u r i f i e d  by d i s t i l l a t i o n  i n  v a c u o .  I t  had
CCiy,

CO d = “ 59° ( c  = 0 . 8 4  ? CHCl^ )$ J  max"1- 1748 ,  1700 ,  877

cm  ̂ \ n . m . r .  s i g n a l s  at \  4»72 (m )( lH ,  C -  3 ? ^i. =
2

8 c . / s e c . ) ,  8 . 4 0  (broad  s ) ( 3 H ,  C -  1 8 ) ,  8 . 8 3  (d ) (3 H ,  C -  17 5 

J = 6 c . / s e c . ) ,  and 9*04 ( s ) ( 3 H ,  C -  19)5 m/e = 316 (M).

M e t h y l a t i o n  o f  a c i d  ( 9 9 a ) .

The a c i d  ( 99a * 70 mg) i n  d i e t h y l  e t h e r  was t r e a t e d  f o r

13 m in u te s  w i t h  e x c e s s  d iazom eth an e .  E v a p o r a t io n  o f  t h e  s o l v e n t

a f f o r d e d  t h e  c o r r e s p o n d in g  methyl e s t e r  ( 99b % 1 2  mg) which

d i s t i l l e d  at l 6 0 ° / 0 . 0 2  m m , i y l  = -  53* 5° ( c  = 1 . 5 7  ? C H C d ); 
CC1. -1  ^

V max 1 7 3 5 ? 878 cm 5 n . m . r .  r e s o n a n c e s  a t  % 4*83 ( m)

(1H, C -  3l Wi = 7 c . / s e c . ) ,  6 . 4 7  ( s ) ( 3 H ,  -  0CH ) ,  8 . 4 5
2 2

(broad s ) ( 3 H ,  C -  1 8 ) ,  8 . 8 8  (d ) (3 H ,  C -  1 7 5 J = 6 c . / s e c . )

and 9 . 2  ( s ) ( 3 H ,  C -  19)5  m/e = 330 (m) .
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R ed uc t ion  o f  Methyl e s t o r  (9913 ) •

The above m ethy l  e s t e r  ( 99b s 60 mg) i n  dry r e f l u x i n g

d i e t h y l  e t h e r  v/as t r e a t e d  f o r  15 hours  w i th  e x c e s s  l i t h i u m

aluminium h y d r id e  and f u r n i s h e d  th e  a l c o h o l  ( 99c % 57 mg)

which s i n c e  i t  f a i l e d  t o  c r y s t a l l i s e  was d i s t i l l e d  i n  vacuo
' CC1A

and h a d U ]  _ = -  4 8 . 8 °  ( c  = 1 .0 3  5 CHClJ ? V max4 3650 ,1) p

3 4 6 0 , 877 cm’”'*' 5 r e s o n a n c e s  i n  th e  n . m . r .  at  4 . 8 6  ( m)

(1H, C -  35 Wi «  7 c . / s e c . ) ,  6 .3 7  ( s ) ( 2 H ,  C -  20) ,  8 . 4 3
2

(broad s ) ( 3 H ,  C -  1 8 ) ,  9 . 0  ( s ) ( 3 H ,  C -  19) and 9*1 (d)

(3H, C -  17 5 J = 6 c . / s e c . )1 n / e  = 302 (M).

Attempted o x i d a t i o n  o f  a l c o h o l  ( 99° ) •

The a l c o h o l  ( 90® ; 18 mg) was t r e a t e d  f o r  14 hours  

w i t h  S a r e t t * s  r e a g e n t  but no i s o l a b l e  p rod u ct  ( t . l . c . )  was 

o b t a i n e d .  T h is  experiment was r e p e a t e d  t h r e e  t im e s  but i n  

a l l  c a s e s  th e  r e s u l t  was t h e  same.
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R e d u c t io n  o f  C o n f e r t i f o l i n  ( 108 ) .

G o n f e r t i f o l i n  ( 108 s 187 mg) i n  dry r e f l u x i n g  d i e t h y l  

e t h e r  (10  ml) was t r e a t e d  f o r  90 m in u tes  w i th  e x c e s s  l i t h i u m  

aluminium h y d r id e  and a f t e r  work up a f f o r d e d  t h e  d i o l  

( 111a s 190 mg) which c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g h t  

p e tr o le u m  and he,d m.p.  1 2 3 ° ( r e p o r t e d  54 121 -  1 2 3 °)?  n . m . r .

s i g n a l s  at X  5*83 and 5*9 ( s ) ( 4 H ,  C -  11 and C -  1 2 ) ,  9*0 ,

9 . 1  and 9*15 ( a l l  s ) (3H  e a c h ,  3 t e r t i a r y  methyl g r o u p s ) .

O x i d a t i o n  o f  C o n f e r t i f o l i n  d i o l  ( 111a )«

The above d i o l  ( 111a • 150 mg) i n  dry p y r i d i n e  (2  ml) was

t r e a t e d  f o r  14 hours  w i th  e x c e s s  chromium t r i o x i d e  and

a f f o r d e d  the  crude m a t e r i a l  (146 mg) s e e n  from t . l . c .  t o

c o n s i s t  o f  t h r e e  components.  S e p a r a t i o n  was e f f e c t e d  by

p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  p e tr o l e u m ,  1 s 1 9 )
1

and a f f o r d e d  th e  l e a s t  p o la r  component,  th e

d i s u b s t i t u t e d  fu r a n  ( 112 s 57 n g) as  t h e  major c o n s t i t u e n t .  

CC1£ - l'\i max'" 889 cm" 5 n .m . r .  s i g n a l s  at  b  2 .9 3  ( s ) ( 2 H ,  C -  11 

and C -  1 2 ) ,  8 . 8 1 ,  9 .0 8  and 9*10 ( s ) ( 3 H  ea ch ,  C -  13 ,  C -  14  

and C -  1 5 ) .  (Founds C = 8 2 . 4 0 ,  H = 1 0 . 1 2 |  r e q u i r e s

C = 8 2 . 5 1 ,  II = 1 0 . 1 6 $ ) .  The minor components were o f  v e r y  

s i m i l a r  p o l a r i t y  and wore seen  from n . m . r .  t o  bo c o n f e r t i f o l i n  

( 108 2 3 4  mg) m.p.  1 5 0 - 1 5 2 0 and i s o d r i n e n i n  ( 109 : 37 n g )

m.p. 125 -  1 2 7 ° ( r e p o r t e d  ^  m.p.  1 5 2 ° and 131 -  1 3 2 ° 

r e s p e c t i v e l y ) .

ii . c e t y l a t i o n  o f  Drimenol (, 101a ) .

Drimenol ( 1 0 1 a  ; 98 mg) i n  dry p y r i d i n e  was t r e a t e d  a t  

room tem p eratu re  f o r  15 hours  w i t h  e x c e s s  a c e t i c  anhydr ide
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t o  a f f o r d  t h e  o i l y  a c e t a t e  ( 101d )? 4/ nax^ 1 7 4 0 ? 1235 cm" 5

n . m . r .  s i g n a l s  at  \  4 . 5  ( n ) ( l H ,  C -  7 ? Wi = 8 c . / s e c . ) ,
2

8 . 0 0  ( s ) ( 3 H ,  OAc), 9 . 1 3  ( s)  ( 6li,  C -  13 and C -  1 4 ) , 8 . 3 4

( s ) ( 3 H ,  C -  12 5 l(i  = 4 c . / s e c . )  and 9*20 ( s ) ( 3 H ,  C -  15) •
2

O x i d a t i o n  o f  D r in on y l  a c e t a t e  ( irfcd )>

Drimenyl a c e t a t e  ( 10 .M s 70 mg) i n  dry p y r i d i n e  (2  ml)

was t r e a t e d  at room tem p era tu re  f o r  16 days w i t h  e x c e s s

chromium t r i o x i d e  t o  a f f o r d  th e  crude product  ( 7 7  mg) w h i c h

was s e p a r a te d  i n t o  i t s  tv/o components "by p r e p a r a t i v e  t . l . c .

( e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m ,  3 ° 1 7 )* The l e s s  p o l a r

"band (23 mg) was i d e n t i c a l  w i th  drim enyl a c e t a t e .  The more

p o l a r  compound, th o  e n o n e - a c e t a t e  (1 s 33 mg) was o b ta in e d

as an o i l  which s l o w l y  c r y s t a l l i s e d  on b e i n g  a l lo w e d  t o  s tand
CC1

at  0 ° and had m.p.  48 -  50 °? 'v' nax4" 1745? 1677? i 2 2 8  cn"’1 ? 

n . m . r .  s i g n a l s  at  5*28 (q ) (2 H ,  G -  11 5 J = 13 c . / s e c ) ,

7 . 9 7  ( s ) ( 3 H ,  OAc), 8 . 2 4  ( s ) ( 3 H ,  C -  1 2 ) ,  8 . 9 1 ,  9 . 1 0  and 9 . 1 3  

( s ) ( 3 H  each ,  3 t e r t i a r y  methyl g r o u p s ) .  (Founds C = 73*10 ,

H = 9*40 ? 8i 7 K26°3 reclul r e s  0 = 73*34? H = 9*41/>)*

A c e t y l a t i o n  o f  C o n f e r t i f o l i n  D i o l  ( n i g  ) »

C o n f e r t i f o l i n  d i o l  (  m a °  90 m g )  w a s  a c e t y l a t e d  i n  t h e  

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

o i l y  d i a c e t a t e  ( m e ; 92 mg) which was p u r i f i e d  by
CC1P -1

d i s t i l l a t i o n  a t  1 0 0 ° / 0 . 0 5  m n $  V  m a x '  1 ? 4 3 ? 1225 c m  5

n . m . r .  s i g n a l s  at  "4 5*37 and 5*4 ( S)(2II e a c h ,  C -  11

and C -  1 2 ) ,  7 -9 3  and 7 . 9 7  ( s ) (3 I I  each ,  2 x OAc), 8 . 9 7

9 . 0 3  and 9 . 1 0  ( s ) ( 3 H  each ,  3 t e r t i a r y  methyl g r o u p s ) .  (Founds

C = 71 .05?  H = 9-= 55? c i 9 H3004 r e q u i r e s  0 = 70 .77?  H = 9*38/0*
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O x i d a t io n  o f  C o n f e r t i f o l i n  d i a c e t a t e  (|qq0 ) «

C o n f e r t i f o l i n  d i a c e t a t e  ( l l l e  s 80 mg) was t r e a t e d  as  

d e s c r i b e d  above w i t h  S a r o t t ' s  r e a g e n t .  The o i l y  m ix tu re  

(84  mg) o b ta in e d  a f t e r  work up was s u b j e c t e d  t o  p r e p a r a t i v e  

t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m ,  1 ; 3) and 

a f f o r d e d  t h e  u n r c a c t e d  d i a c e t a t e  ( l l l e  s 23 mg) as  t h e  l e s s  

p o l a r  component.  The more p o l a r  compound, t h e  e n o n e - d i a c e t a t e

( 114 • 47 mg) f a i l e d  t o  c r y s t a l l i s e  and was p u r i f i e d  by
/ CC1A - 1

d i s t i l l a t i o n  i n  vacuo  5 V max 1 7 5 0 , 1685 and 1230 cm 5

n . m . r .  s i g n a l s  at p 5*16 ( s ) ( 4 H ,  C -  11 and C -  1 2 ) ,  7 •95

and 8 . 0 0  ( s ) ( 3 H  ea ch ,  2 x OAc) , 8 . 8 1 ,  9*06 and 9«08 ( s )

(3H each ,  t h r e e  t e r t i a r y  methyl g r o u p s ) . (Founds C = 6 8 . 2 6 ,

H = 8 . 4 7 l ^19^28°5 rG(luirGS 0 = 67 .83 ,  H = 8 . 39%) 5

m/e = 336 (M).

Tos.yl a t i o n  o f  br imenol  ( i o i A ) .

Drimenol ( io ia* 153 mg) i n  dry  c h i l l e d  ( 0 ° )  p y r i d i n e

was t r e a t e d  at  0 °  f  r  90 hours  w i t h  a s o l u t i o n  o f

p - t o l u e n e s u l p h o n y l  c h l o r i d e  i n  p y r i d i n e .  ¥ork  up gave t h e

o i l y  t o s y l a t e  ( i o i c  s 157 ng) ? n . m . r .  s i g n a l s  appeared at

X/ 4 . 5 2  ( n ) ( l H ,  C -  7 | ¥1 = 6 c . / s e c . ) ,  8 . 4 4  ( s ) ( 3 H ,  C -  1 2 ) ,
2

9 . 1 8  ( s )  (6 l l ,  C -  13 and C -  1 4 ) and 9 . 2 8  ( s ) ( 3 H ,  C -  15) *

SO  ̂ r e q u i r e s  C = 7 0 . 1 8 ,

II = 8.57%).

R e d u c t io n  o f  D r in e n y l  t o s y l a t e  ( m i n  )»

Drimenyl t o s y l a t e  ( 101c s 85 mg) i n  dry  r e f l u x i n g  

t e t r a h y d r o f u r a n  was t r e a t e d  f o r  15 hours  w i th  e x c e s s  l i t h i u m  

aluminium h y d r id e .  The crude p rod u ct  (83 mg) o b ta in e d  was

(Founds C = 7 0 . 4 2 ,  H = 8 . 7 9  f



s e p a r a te d  by p e e p e r a t i v e  t . l . c .  ( l i g h t  pe tro le um )  t o  

a f f o r d  drimene ( i o i b s 73 n &) as  t h e  l e s s  p o l a r  oonponent .  

S ince  i t  f a i l e d  t o  c r y s t a l l i s e  i t  was p u r i f i e d  hy  

d i s t i l l a t i o n  a t  4 5 ° / 0 . 0 0 5  on t o  a f f o r d  a v e r y  m obile  

c o l o u r l e s s  o i l .  I n  th e  n . n . r .  i t  showed r e s o n a n c e s  a t  ^

4<*57 (m) ( ILH9 C -  7 I ¥ i  = 8 c . / s e c . )  and 8 . 3 8  (broad s)
g

(3H, C -  125 Wi = 5 c . / s e c . ) .  (Founds C = 8 7 . 0 8 ,  H = 1 2 . 5 8
2

^15^26 r e q u i r e s  C = 87*30,  II = 12 .70 /o ) .

Attempted o x i d a t i o n  o f  Drimene (tpith ) •

Drimene ( poib  1 40 mg) was t r e a t e d  f o r  14 days w i t h  

e x c e s s  S a r e t t ’ s r e a g e n t  but a f t e r  Y/ork up no i s o l a b l e  

Product  ( t . l . c . )  was o b t a in e d .

Attem p ted  o x i d a t i o n  o f  C o n f e r t i f o l i n  ( 1 0 7  ) •

C o n f e r t i f o l i n  ( 107 * 52 mg) was t r e a t e d  f o r  22 days  

w it h  S a r e t t ' s  r e a g e n t  and a f t e r  work up a f f o r d e d  t h e  crude  

m a t e r i a l  (50 mg) from which t h e  c o l o u r e d  i m p u r i t i e s  were  

removed by f i l t r a t i o n  through a sh ort  column o f  a lumina.  

C r y s t a l l i s a t i o n  o f  the product  from e t h y l  a c e t a t e  -  l i g h t  

p e tr o le u m  a f f o r d e d  n e e d l e s ,  m.p.  148 -  1 5 0 ° i d e n t i c a l  w i t h  

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

Attempted o x i d a t i o n  o f  Er.ythr0x y l o l  B a c e t a t e

E r y t h r o x y l o l  B a c e t a t e  ( 117 s 14 Qg) was t r e a t e d  f o r  

17 days w i t h  S a r e t t ' s  r e a g e n t  t o  a f f o r d  t h e  crude product  

(14  mg) v/hich was i d e n t i c a l  ( t . l . c .  and n . m . r . )  w i t h  t h e  

s t a r t i n g  m a t e r i a l  and showed no t r a c e  o f  any p o l a r  m a t e r i a l



-  199 -

A c e t y l  at  i o n  o f  C h o l e s t e r o l  )*

C h o l e s t e r o l  ( 106c » 350 mg) was a c e t y l a t o d  w i th  a c e t i c  

a n h y d r i d e - p y r i d i n e  i n  the  u s u a l  manner and a f f o r d e d  

c h o l e s t e r y l  a c e t a t e  ( 1 0 6 h % 354 ng) which c r y s t a l l i s e d  from  

ch loro form  -  l i g h t  p e tr o le u m  and had n . p .  119° ( r e p o r t e d

111 -  1 1 6 ° ) .  I n  the  n . n . r .  s i g n a l s  appeared at 4*59 \

( n ) ( l H ,  C -  6 ; % = 10 c . / s e c . )  and 5*33 (m )( lH ,  C -  3 5
2

Yin -  16 c . / s e c . ) .
2'

Oxidat i o n  of  C h o l e s t e r y l  a c e t a t e  ( infth ) .

C h o l e s t e r y l  a c e t a t e  ( 106h • 330 mg) v/as t r e a t e d  f o r  1/  

days w i t h  e x c e s s  S a r e t t ' s  r e a g e n t .  The product  (340 mg) 

o b t a in e d  a f t e r  Y/ork up) was s u b j e c t e d  t o  p r e p a r a t i v e  t . l . c .  

( e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m ,  3 s 1 7 ) an<l  two major  

bands e x t r a c t e d .  The l e s s  p o la r  was th e  a c e t a t e  ( 106b s ■-

C r y s t a l l i s a t i o n  o f  t h e  o th e r  band (68 mg) from l i g h t

p e tr o le u m  a f f o r d e d  3 a c o t o x y - c h o l e s t - 5 - G nC"7onG as p l a t e s ,
/ CG1/  1 

m . p c  154 ( r e p o r t e d  155 -  1 6 3 ° ) 5 ^ nax^ 1740 ,  1682 cm .

I 11 the  n . n . r .  i t  showed s i g n a l s  at "4, 4*3 ( s ) ( l H ,  C -  65

Wi « 2 c . / s e c . )  and 5-53  ( m) ( lH ,  C — 3 y m u l t i p l e t  w id th  
2

20 c . / s e c . ) .

Attempted o x i d a t i o n  o f  c h o l e s t - 5 - c n e  (xo£g ) -

C h o l e s t - 5 - c n e  ( 106ag 46 mg) was t r e a t e d  at  room 

tenrperature f o r  23 days v/ ith chromium t r i o x i d e  i n  p y r i d i 1̂ 0 

T/ork up gave t h e  crude m a t e r i a l  from which t h e  c o l o u r i n g  

m a tte r  was removed by f i l t r a t i o n  through  a sh o r t  column of  

a lumina.  T . l . c .  and n . n . r .  o f  t h e  p roduct  showed i t  t o  be 

i d e n t i c a l  t o  th e  o l e f i n  with  o n ly  v e r y  small t r a c e s  o f  more
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P c 1a r  m a t e r i a l .

C I:.', dab i on o f  C h o l e s t e r o l  c ) .

C h o l e s t e r o l  ( 106cs 262 mg) was t r e a t e d  at  room 

'G e np e r at  ure f o r  15 hours  w i th  chromium t r i o x i d e  i n  p y r i d i n e  

and a f f o r d e d  an o i l y  m ixtu re  (268  mg) o f  t h r e e  compounds 

which  were s e p a r a te d  by p r e p a r a t i v e  t . l c .  ( c h l o r o f o r m ) .

The l e a s t  p o l a r  band, c h o l e s t - 4 - e n e ,  3? 6 ,  d io n e  ( 116a * 139 mS; 

c r y s t a l l i s e d  from ch lor o for m  -  l i g h t  p e tr o le u m  and had m.p.
r )  C G 1 *

113 -  1 1 5 ° ( r e p o r t e d  1 2 2 ° ) ,  rnax  ̂ 1685 cm 5 n . m . r .

s i g n a l  at % 3* 85 ( s ) ( l H ,  C -  4 )* The compound o f

i n t e r m e d i a t e  p o l a r i t y  was c h o l e s t e r o l  ( 106c s JO mg) w h i l e  

i;. most p o l a r  compound was 6  ̂ -  h y d r o x y - c h o l e s t - 4 e n e ~

3 '-one ( i l 6 b :42 mg) which c r y s t a l l i s e d  from e t h y l  a c e t a t e  -

l i v h t  •petroleum and had m.p.  179 ~ 180°  ( r e p o r t e d

0 ' CC1/’ - 1I I I  -  193 )5 N maxr 3550 ,  I 675 cm j n . m . r .  s i g n a l s

at y  4 . 2  ( s ) ( l H ,  C -  4) and 5 . 4 6  (m) (1H, C -  6 5 Wi =
2

7 c */ s e c . ) .
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D i t e r p e n o i d s  f r o m  S o l i  d a g o  s e r o t i  n a

No.
Molecular
Formula

M el t in g
Point

OO
[kj-v (StOH) . CC1, f _ 1 N 

V  s a x 4 (om )

76a
°2 0 E28°3 169--1710 - 58° 3 1 0 0 -3 6 0 0 ,1 6 9 5 ,8 7 5 .

80a
C25H34°5 134-1 3 5 ° “ 28° 31 0 0 -3 6 0 0 ,1 7 2 0 ,1 6 9 5 .

80d
C20H28°2

o i l -  1640 2690 ,1722 ,875«

87a C20H26°3 9 2 - 9 5 ° + 12° 1772,874*

80g
C20H26°3

103- 105° - 49° 172 0 , 1690 , 8 7 8 .

8lb C20H28°3
o i l 28° 3 6 0 0 ,3 3 9 0 ,8 7 2 .

91a C20H28°4
c .  18° - 47° 3600 ,3400 ,872c

88a C20H30°2 o i l - 45° 3 6 2 0 , 3 4 0 0 ,8 7 5 .

80c C20H30°3
60- 62° - 36° 3 6 2 0 ,3 3 4 0 ,8 7 5 .

90b C20H3O°5 135-1 3 7 ° - 18° 3425 ,875-

T a b l e  1



Oxi da  M o n  by C h r o m i u m ( V I )

Mechanism A
R R

1 \ /  3
C== C/ \

R R,2 4

R
V

■> -  f t

f t  ° ' C r -

y

O ,
+ i3

4  R . - C - C - R  
' I *1 4

R̂  O- Cr -

o h ^  r ,  
i V i 3

R f C  C -R .
1 I a  A

R2 (O-Cr

\  / f t> C c
r /  \ y \

0 R.

P.
R3 °

M e c h a n i s m  B

R

R.

_ / R 3  

/ C_C\
R.

R.

R , - C  
1 I 

R.

C
II
0

R,

R
f t1

f t _  C  " ,

0  J C °
Cr

HO7 N OH

R

F i g u r e  8

0

V

R l R o[ i  j j

,C— C
( V X 2  0 R



76

a :  R=COOH 
b :  FUCOOCH

c : R = CH OH 
2

d : R = C HO
e : R = C H OAc 

2
f : R = C H2OTs  

g : R = CH=N-NI-L 

h : R = CH=N- N( CHJ.

R

. 77

a : R = 0  

b : R= H

H H C
I I I

- c - c = c -c -c
I I I 
H H-C COOH

78

a :  R = C H O : R = C H  

b:  R = CH OAc:R,  = CHg 

c :  R = C02 CH : R = CH  ̂

d : R -  R =CH2OAc



a  : RrCH^OAng :R = COOH 

b : Rj =CKOAng : R = CC^CH3 

c : R -  R = CH2OH 

d  : R̂  = R3 = CH^OAc 

e  : R1 = CH2OAc: R nCF^OH 

f : = Cl^OH : R = C^OAc

g  : R = R= CHO

h :  R1 = CH OAc :R2=CHO

i : R, = CHO : R = CHOAc  
1 2 2

j ; R1=CH2OAc : R = CHDOAc

81

a  : R = 0  
b : R= H,OH 
c : R = H> OAc

8 2

a  : R= C H2OAc : R2= C HO 

brR^R^C^OH 
c :R1 = R2 =CH2OAc



p2 8 2
1

a :  R = CH3 :R2=CH2OAc

b: R. = CH  ̂ : R2= CHO 

c : R,= CH : Ro = C 0 0 C R ,
1 O L J

d:  R j s C H g : ^  CH OH

*:  ^  = F?2= C H3 

f : R1 = R2 = CH2OH

g  : R, = R= CH OAc 
y  1 2 2

85

a : R = CHO 

b : R = C H
O

COOCH

a :  R1=CH2OH : R=CH3

b: R = CH : R = CH,OH 
1 3 2 2

a  : R = 0  

b: R = H,OH
87



a :R = CH OH

b : R = CH OAc

c : R = C H 
3

HO

a  :R =ocOH 

b : R  = BOH 

c:  R = B OAc

a  : R = C hLO H 

b: R = C K O A c

91

a  : R = H,OH 
b ; R = H, OAc



HO
92

9 4

R

| CHDOAc  
CH OAc

9 5

a : R = H 2

b: R = 0
9 6

9 7



R
9 8 9 9

a  : R 

b : R 

c : R = C H 

d  : R

CH2 OH 

CH OAc

= cooc2i-u

a :  R 

b: R 

c:  R

1 0 0

= COO H 

= COOChL 

= CH OH



CH R

a  : R = OH 
b : R= H

c : R = OTs 

d : R = O A c

HO

R

0 * R - H 
b:  R= COOH
c • R - r H  D A r

a : R _ h

b: R = OAc  

c: R = OH



1 0 7

1 0 9

a  :R = R1= C H  OH 

b: R = CHO:R,=CHOH  

c : R  = CH O H : R = C HO

d : R = C H 0 H : R = C  D OH 
2  1 2

e : R = R  = CH OAc 
1 2

108

r t ^ * 1

a  R= H_- R=H OH 
2  1

b R = H,OH •' R = H



C HO Ac 
I 2

k <5V " C  H OAc

1 1 4 11 5

o

R
1 1 6

a  : R = o  

b : R = H,OH

C H OAc 
2
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I n t r o d u c t i  o n .

S in c e  members of  t h e  M o l ia c e a e  f a m i l y  have been  a r i c h  

sou rce  o f  m o d i f i e d  t r i t c r p e n e s  an e x a m in a t io n  o f  t h e  

heartwood o f  Guaroa g la b r a  was u ndertaken  i n  a s e a r c h  f o r  

b i o g e n e t i c a l l y  r e l a t e d  compounds. Prom an e t h y l  a c e t a t e  

e x t r a c t  Dr. J.W.B. Pulke^ has i s o l a t e d  seven  t e t r a c y c l i c  

t r i t e r p e n o i d s  and from chem ic a l  and s p e c t r o s c o p i c  e v i d e n c e  

has s u g g e s t e d  t e n t a t i v e  s t r u c t u r e s  f o r  f i v e  o f  t h e n .

The l e a s t  p o l a r  compound, g l a b r a l  I  ( l a )  was scon  from

i t s  mass spectrum to  be a m ix tu re  of  compounds o f  m o le c u l a r

formulae  and The i . r .  and n . n . r .  s p e c t r a

i n d i c a t e d  the  p r e s e n c e  o f  an a c e t o x y  group and an

u n s a t u r a t e d  e s t e r .  I n  a d d i t i o n ,  i n  i t s  n . n . r .  spec trum ,  were

r e s o n a n c e s  from a p r o to n  o f  the  t y p e  -  0 -  CH -  OH i n  a

c y c l i c  h e m i a c e t a l ,  and from a f u r t h e r  p r o t o n  on th e  carbon

atom which i s  th e  o th er  term inu s  o f  th e  e t h e r e a l  l i n k a g e .

T h is  l a t t e r  p r o to n  showed c o u p l i n g  t o  an e p ox id e  p r o t o n .  The

c o n c l u s i o n  was reached  t h a t  g l a b r a l  I  has  a s i d e  c h a in
2

s i m i l a r  t o  th a t  o f  t u r r a o a n t h i n  ( 2 ) . S a r e t t  o x i d a t i o n  

f u r n i s h e d  a h - l a c t o n e  ( lb  ) c o n f ir m in g  t h e  p r e s e n c e  o f  a 

c y c l i c  h e m i - a c e t a l  i n  the  p a r e n t .  The absence  o f  th e  e x p e c te d  

double  bond i n  th e  n u c le u s  was accou n ted  f o r  by t h e  d o u b l e t s  

c e n t r e d  at  t 9 * 6 6  and 9*34? t y p i c a l  o f  a m eth y len e  group i n  

a c yc lop rop an e  r i n g  which was t e n t a t i v e l y  a s s i g n e d  a 9?10  

f u s i o n  as  i n  the  c y c l o a r t a n o l  ( 3 ) group o f  t r i t e r p e n o i d s  

where th e  c y c lo p ro p a n e  r i n g  i s  f u s e d .
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The r e s o n a n c e  o f  t h e  p ro ton  a d j a c e n t  t o  t h e  second ary

a c e t a t e  group ( -CH • OAc) appeared i n  t h e  n . n . r .  s p e c t r a  o f

g l a b r a l  I  and i t s  d e r i v a t i v e s  as an i l l - r e s o l v e d  t r i p l e t  a t

'V, 4*98 which s u g g e s t e d  t h a t  t h i s  p r o to n  has two n e ig h b o u r s .

I n  th e  p ar t  s t r u c t u r e  ( 4 ) t h e r e  are o n ly  fo u r  p o s s i b l e

p o s i t i o n s  f o r  t h i s  p r o t o n ,  v i z .  C - l ,  C - l l ,  C - 1 2  and

C -  15 and s i n c e  t h e  a c e t a t e  was found to  be r e s i s t a n t  t o  b ase

h y d r o l y s i s ,  t h i s  e l i m i n a t e d  C - l  and C -  15* From b i o g e n e t i c

c o n s i d e r a t i o n s  th e  h in d ered  p o s i t i o n  a t  C - l l  was s u g g e s t e d

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

o f  t h i s  group f o l l o w e d  from t h e  s m al l  c o u p l in g  observed

(Wi. = 6 c . / s e c . )  which i s  i n d i c a t i v e  o f  an a x i a l  group.  S in ce  
2

a l l  n a t u r a l l y  o c c u r i n g  t r i t e r p o n o i d s  of  the l a n o s t a n e  -

euphane group have o x y g e n a t io n  a t  C -  3> t h i s  i s  t h e  p rob ab le

p o i n t  of  a t tachm ent  o f  the  e u n s a t u r a t e d  e s t e r  g r o u p in g .

The a d ja c e n t  p ro to n  appeared i n  the  n . m . r .  as a t r i p l e t  at

4 ; 5 . 3I ,  w i t h  a h a l f  band w id th  o f  o n ly  7 c . / s e c . ,

i n d i c a t i n g  t h a t  t h i s  e s t e r  i s  a l s o  i n  an a x i a l  o r i e n t a t i o n .

I n  the  members o f  the  l a n o s t a n e  s e r i e s  c o n t a i n i n g  a

c yc lop rop an e  r i n g  th e  C -  8 p r o to n  i s  /  c o r r e s p o n d in g  t o

a d d i t i o n  o f  hydrogen  to  th e  double  bond from t h e  s t e r i c a l l y

l e s s  h in d ered   ̂ f a c e .  S ince  g l a b r a l  I  i s  assumed'*' t o  b e l o n g

t o  th e  euphol s e r i e s  th e  C -  8 p r o to n  i s  a s s i g n e d  t h e  -C

o r i e n t a t i o n  as  th e  4  f a c e  i s  th e  l e s s  h in d e r e d  i n  t h i s  c a s e .

The second compound, g l a b r a l  I I  ( 5a ) had th e  m o le c u la r

form ula  C ,r,H,riO/- and from i t s  i . r .  spectrum was s e e n  t o  
p 2  4 8  6

c o n t a i n  a hyd roxy l  group, an a c e t a t e  and a s i x  nenberod r i n g  

k e t o n e .  The p r e s e n c e  o f  a cyc lo p ro p a n e  r i n g  and t h e  h e m i a c e t a l
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ep o x id e  s i d e  ch a in  was deduced from i t s  n . n . r .  spectrum.

From t h i s  e v id e n c e  the  s t r u c t u r e  o f  g l a h r a l  I I  was proposed  

as ( 5a ) .

G labra l  I I I  ( 6a ) was a s s i g n e d  the  m o le c u la r  form ula  

from a n a l y t i c a l  d a ta  and a mass s p e c t r o n e t r i c  

m o le c u la r  w e igh t  d e t e r m i n a t i o n .  I t s  s p e c t r a l  p r o p e r t i e s  

indicanted the  p r e s e n c e  o f  th e  hem ia ,ceta l  -  e p o x id e  s i d e  

c h a in  and o x i d a t i o n  f u r n i s h e d  a 5 - l a c t o n e  as e x p e c t e d .

I n  a d d i t i o n  t o  t h e  s i g n a l s  i n  the  n . n . r .  from an e q u a t o r i a l  

p r o t o n  a d ja c e n t  t o  th e  a c e t o x y  group ( -  CHOAc) and th e  

c y c l o p r o p y l  m eth y len e  group t h e r e  appeared a broa,dened 

s i n g l e t  at  g 5*22 ( H -  5 ) and a re s o n a n c e  a/b about V'

9 . 1 0  from two secon d ary  methyl grou p s .  A m u l t i p l e t  at  

X, 6 . 0 5  c o l l a p s e d  t o  a sharp d o u b le t  when t h e  sample was 

shaken w i th  heavy  w a te r .  N u c lea r  m agn et ic  double  r e s o n a n c e  

ex p er im en ts  i n d i c a t e d  th a t  t h i s  d o u b l e t  a r o s e  from c o u p l i n g  

o f  t h e  c a r b i n o l  p r o t o n  o f  a secon dary  h y d r o x y l  f u n c t i o n  w i t h  

a p r o t o n  i n  th e  m eth y lene  e n v e l o p e .  Such a system  cannot  

be accomodated on th e  t e t r a c y c l i c  n u c le u s  and t h e r e f o r e  had 

t o  be l o c a t e d  i n  th e  f i v e  carbon e s t e r  f u n c t i o n  which proved  

t o  be a 3~iriG‘fcbyl,“2 -h yd roxyb utyra t  e by comparison  w i t h  t h e  

n . m . r .  spectrum o f  e t h y l  l a c t a t e .

The o i l y  g l a b r a l  IV ( 5b ) , i n  common w i th

t h e  t h r e e  l e s s  p o la r  compounds had a h e m i a c e t a l  -  e p ox id e  

s i d e  c h a in ,  a c yc lop rop an e  r i n g  and an a x i a l  secon d ary

a c e t a t e  group. A m u l t i p l e t  at  t  6 , 5 5  (Vi = 7 c . / s e c . )
2

and th e  a b s o r p t i o n  at  'j>626 cm  ̂ i n  t h e  i . r .  i n d i c a t e d  th e  

p r e s e n c e  of  a, s econ d ary  h y d roxy l  group, th e  sm al l  c o u p l i n g
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b e i n g  d i a g n o s t i c  o f  an e q u a t o r i a l  p r o t o n .  O x i d a t i o n  

f u r n i s h e d  a k e t o -  7 - l a c t o n e  ( 5c ) which was i d e n t i c a l  

i n  a l l  r e s p e c t s  t o  the  o x i d a t i o n  p roduct  o f  g l a b r a l  I I .

The most p o l a r  compound, g l a b r a l  V I I I  was o b t a in e d  as  

an o i l  a f t e r  r e p e a t e d  p r e p a r a t i v e  t . l . c .  and i t s  i . r .  

spectrum showed th e  p r e s e n c e  o f  an a c e t a t e  group,  a s i x  

membered r i n g  k e t o n e  and two h y d r o x y l  f u n c t i o n s ,  one prim ary  

and t h e  o th e r  s e c o n d a r y ,  p o s s i b l y  i n  a 1 , 4  r e l a t i o n s h i p .  

M u l t i p l e t s  at  6 . 2 0  ( i l l )  , 6 . 3 8  ( 2H) and 6 . 6 2  ( lH) i n  i t s  

n . m . r .  spectrum were a s s i g n e d  t o  -CH -OS, "QS2 an(  ̂ “ CH -  OR

p r o to n s  r e s p e c t i v e l y  w h i le  i n  the  m ethy l  r e g i o n  t h e r e  

were s i n g l e t s  from s i x  t e r t i a r y  m ethy l  groups .  S a r e t t  

o x i d a t i o n  f u r n i s h e d  a c r y s t a l l i n e  compound i n  which t h e  

h yd roxy l  a b s o r p t i o n  had d i s a p p e a r e d  and was r e p l a c e d  by a 

new peak at 1790 cm  ̂ c h a r a c t e r i s t i c  o f  a & - l a c t o n e .  The 

n . m . r .  o f  t h i s  compound was most i n f o r m a t i v e ,  t h e  two p r o t o n s  

o f  t h e  cyc lo p ro p a ne  r i n g  b e in g  c l e a r l y  v i s i b l e  as  d o u b l e t s  at  

'7, 9«6 /t and 9*35 (J -  6 c . / s e c . ) .  N u c le a r  m a g n et ic  double

r e s o n a n c e  ex p er im en ts  showed the/b t h e  m eth y len e  group a d j a c e n t  

t o  t h e  carbon atom b e a r i n g  th e  a x i a l  s econ d ary  a c e t a t e  f u n c t i o n  

was a l s o  a t t a c h e d  t o  a f u l l y  s u b s t i t u t e d  carbon atom.

Assuming t h e  s k e l e t o n  to  be th e  same as  t h a t  o f  t h e  o th e r  

t r i t e r p e n o i d s  t h e r e  are o n ly  two p o s s i b l e  l o c a t i o n s  f o r  t h e  

a c e t o x y  group, at  C -  11 and C -  12 .  C - l l  was ch osen  as t h e  

more l i k e l y  s i t e  o f  a t tachm ent  from b i o g e n e t i c  c o n s i d e r a t i o n s .

I n  th e  low f i e l d  r e g i o n  o f  t h e  spectrum t h e r e  were r e s o n a n c e s  

from two m u tu a l ly  cou p led  p r o to n s  which apvpearod as  t r i p l e t s ,



-  224 -

one at  X 6 . 0 2  ( j  = 8 c . / s e c . )  and t h e  o th e r  at  t  5*64  

(w id th  = 26 c . / s e c . ) .  I r r a d i a t i o n  a t  X  6 . 0 2  caused  th e  

m u l t i ”) l e t  at  7' 5*64 t o  c o l l a p s e  t o  a q u a r te t  w h i l e  th e  

r e v e r s e  exper im ent  caused  th e  t r i p l e t  a t  T 6 . 0 2  t o  c o l l a p s e  

t o  a d o u b l e t .  Th<a p r o to n  at 4 5*64 was f u r t h e r  cou p led  t o  a 

p r o to n  at  X  7*54  and th a t  at  X  6 . 0 2  t o  two p r o t o n s  at  X  7*72  

which s u g g e s t e d  t h a t  t h e  system ( 7 ) must be p r e s e n t .  S in ce  

th e  h e m i a c e t a l  -  ep o x id e  s i d e  c h a in  o f  th e  l e s s  p o l a r  compounds 

appeared t o  be absent  t h i s  grou p in g  was assumed t o  c o n s t i t u t e  

t h e  s i d e  c h a in  and from t h i s  e v i d e n c e  the  s t r u c t u r e  ( 8 ) 

which c o n t a i n s  th e  r e q u ir e d  7 - l a c t o n e ,  was s u g g e s t e d .  The 

fo r m a t io n  o f  t h i s  system from th e  p r e c u r s o r ,  g l a b r a l  V II I  

( 9 ) can be e n v i s a g e d  s,s i n v o l v i n g  t h e  o x i d a t i o n  o f  t h e  

prim ary a l c o h o l  t o  a h yd roxy-e . ld eh yde , which a f t e r  c y c l i s a t i o n  

t o  a h e m i a c e t a l  would be o x i d i s e d  to  t h e  c o r r e s p o n d in g  

l a c t o n e .

No c o n c l u s i o n s  c o n cer n in g  th e  s t r u c t u r e s  o f  t h e  r e m a in in g  

compounds ¥/ere made s i n c e  o n ly  v e r y  s m a l l  amounts o f  m a t e r i a l  

were a v a i l a b l e  and thus  th e  q u a l i t y  o f  t h e  n . m . r .  s p e c t r a  was 

poor and o f  l i t t l e  v a l u e  i n  s t r u c t u r e  d e t e r m i n a t i o n .  However,  

from th e  i . r .  s p e c t r a  i t  was s e e n  t h a t  t h o s e  compounds were  

c o n s i d e r a b l y  d i f f e r e n t  from t h o s e  d e s c r i b e d  above.
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DISCUSSION.

I f  th e  c o n c l u s i o n s  reached  above c o n c e r n in g  t h e  nature  

o f  the  C -  5 e s t e r  f u n c t i o n s  are c o r r e c t  th en  removal o f  t h i s  

m o ie ty  from g l a b r a l  I  and g l a b r a l  I I I  should  a f f o r d  g l a b r a l  IV 

and th u s  r e l a t e  th e  four major t r i t e r p e n o i d s  from th e  e x t r a c t ,  

g l a b r a l  I I  and IV h a v in g  p r e v i o u s l y ^  b een  i n t e r r e l a t e d .  In  

f a c t ,  th e  o x i d i s e d  forms of  th e  compounds have been  used  f o r  

th e  f o l l o w i n g  i n t e r r e l a t i o n s  s i n c e  t h e  p aren t  compounds are  

m ix t u r e s  o f  the  t w o  p o s s i b l e  e p im e r ic  h e m i - a c e t a l s .  In  t h e i r  

n . n . r .  s p e c t r a  t h i s  i s  r e f l e c t e d  i n  th e  r e s o n a n c e  o f  t h e  

C -  24. ep ox id e  p r o to n  which appears  as a p a i r  o f  d o u b l e t s  i n  

th e  h e m i - a c e t a l s  but as a s i n g l e  dou ble t  i n  th e  c o r r e s p o n d i n g  

- l a c t o n e s .

An e t h e r e a l  s o l u t i o n  o f  g l a b r a l  1 l a c t o n e  ( l b  ) ,  

prepared  from g l a b r a l  I  by S a r e t t  o x i d a t i o n ,  was t r e a t e d  w i t h  

osmium t e t r o x i d e  and a f fo r d e d  an o i l y  m ix tu re  o f  two compounds 

which were e a s i l y  s e p a r a te d  by -p rep arat ive  t . l . c .  u s i n g  x>lates  

0 . 3  nn i n  t h i c k n e s s .  On t h i c k e r  p l a t e s  th e  b o u n d a r i e s  o f  th e  

two compounds were i n d i s t i n c t  and l e d  t o  m ix t u r e s .  The l e s s  

p o l a r  d i o l  A ( 10a ) C^H^O^ a f t e r  c r y s t a l l i s a t i o n  from e t h y l  

a c e t a t e  -  l i g h t  p e tro leum  had m.p. 218 -  2 2 0 ° .  The m o le c u l a r  

i o n  at  m/e = 644 i s  c l e a r l y  v i s i b l e  i n  i t s  mass spectrum which  

shows no t r a c e  o f  any lower  homologues .  I n  the  ca r b o n y l  

r e g i o n  o f  i t s  i . r .  spectrum t h e r e  are o n ly  two p e a k s ,  one at  

1777 cm’*'1' from t h e   ̂ - l a c t o n e  and t h e  o th e r  a broad peak at  

1731 cm”  ̂ from th e  a c e t a t e  and th e  e s t e r  f u n c t i o n ,  t h e  peak  

at 1717 cm~^ from the . /4  - u n s a t u r a t e d  e s t e r  g ro u p in g  h a v in g
f.

d i s a p p e a r e d .  The hyd roxy l  a b s o r p t i o n  appears  at  3583 and 3514
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I n  i t s  n . n . r .  spectrum th e  low f i e l d  o l e f i n i c  p r o t o n s  are  

absent  and are r e p l a c e d  by a q u a r t e t  c e n tr e d  a t  5*82  

( j  = 7 c . / s e c . )  from t h e  p r o to n  (-CH -OH) o f  a secon dary  

hyd roxy l  f u n c t i o n  which i s  s p i n  -  s p i n  coup led  t o  a m eth y l  

group. The G -  3 and C - l l  e q u a t o r i a l  p r o to n s  appear as

u n r e s o lv e d  n u l t i p l e t s  at  \  5*24 (YTi = 7 c . / s e c . )  and 4*98
2

(Wi = 6 c . / s e c . )  w h i l e  the  C -  23 and C -  24 p r o t o n s  appear  
2

as a m u l t i p l e t  at  \  6 . 4  ( m u l t i p l e t  w id th  = 30 c . / s e c . )  and 

a d o u b le t  at  %  7*2 (J = 7  c . / s e c . )  r e s p e c t i v e l y .  The methyl  

s i g n a l  o f  th e  a c e t a t e  group appears  as two s i n g l e t s  a t  '£,7*98  

and 8 . 0 1  i n d i c a t i n g  a m ixtu re  o f  d i a s t e r e o i s o m e r s  as  ex p e c te d  

upon th e  f o r m a t io n  of  two a d d i t i o n a l  asymmetric c e n t r e s .

D i o l  B ( 10b ) C^gH /̂iO  ̂ a l s o  c r y s t a l l i s e d  from e t h y l  

a c e t a t e  -  l i g h t  p e tro leum  but as v e r y  f i n e  n e e d l e s ,  m.p.

203 -  203° .  That t h i s  compound c o n t a i n s  o n ly  a e s t e r  

group can be deduced from th e  p r e s e n c e  o f  the m o le c u la r  i o n  

at  m/e = 630 i n  i t s  mass spectrum which shows no p eak s  from 

h i g h e r  m o le c u la r  w e igh t  m a t e r i a l .  I t s  i . r .  spectrum i s  v e r y  

s i m i l a r  t o  t h a t  of  d i o l  A i n  t h a t  t h e  a b s o r p t i o n  from t h e  

hydroxy l  groups appears  at  3585 and 3518 cm~^ and t h a t  from 

th e  carb ony l  f u n c t i o n s  at 1781 and 1727 (broad) cm""\ I n  i t s  

n .m . r .  spectrum i t  e x h i b i t s  an i l l - r e s o l v e d  q u a r t e t  at  % 6 . 4  

( j  = 9 c . / s e c . )  a t t r i b u t a b l e  t o  th e  m eth y len e  p r o t o n s  o f  a 

prim ary  h y d ro x y l  group. Furthermore,  the  a c e t o x y  m ethy l  

group a g a in  r e s o n a t e s  as  two s i n g l e t s  at  X 8 . 0  and 8 . 0 4  

r e f e l c t i n g  the  in h o m o g e n e i ty  o f  t h i s  s u b s t a n c e .
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Sodium m e ta p e r io d a te  t r e a tm e n t  o f  d i o l  A a f f o r d e d  a 

c r y s t a l l i n e  compound ( 11 ) C^H^qOq m.p. 180 -  182°  which  

i n  i t s  i . r .  spectrum shows t h r e e  c a rb o n y l  peaks  a t  1782 ,

1730 and 1722 cm \  The l a t t e r  a r i s e s  from t h e  p y r u v a t e ,  

the  low er  v a lu e  b e in g  caused  by th e  i n t r o d u c t i o n  o f  an 

a d d i t i o n a l  carbon y l  f u n c t i o n  to  form an - k e t o - e s t e r .

T h is  i s  conf irmed by the p r e s e n c e  i n  i t s  n .m . r .  spectrum o f  

a s i n g l e t  at  % 7 » 6 l  from a m ethyl  group a t t a c h e d  t o  an c/. -  

d i c a r b o n y l  sys tem .  A compound i d e n t i c a l  i n  a l l  r e s p e c t s  was 

o b t a in e d  from s i m i l a r  t r e a tm e n t  o f  d i o l  B ( 10b ) which  must  

t h e r e f o r e  c o n t a i n  t h e  HOĤ  C-C(CH^)(OH)-C = 0 grou p in g  s i n c e  

o t h e r w i s e  the p roduct  of  p e r i o d a t e  c l e a v a g e  would be an 

a ld eh yd e  and not a methyl k e t o n e .

From t h i s  ch em ica l  e v id e n c e  i t  i s  s e e n  t h a t  th e  o r i g i n a l  

m a t e r i a l ,  g l a b r a l  I ,  must b e ,  a s  p r e v i o u s l y  s u g g es te d ^  on 

s p e c t r a l  grounds,  a m ix tu re  o f  and C,_ c>'g - u n s a t u r a t e d

e s t e r s ,  a l th o u g h  no s e p a r a t i o n  on s i l i c a  g e l  or on s i l v e r  

n i t r a t e  -  s i l i c a  g e l  c o u ld  be e f f e c t e d .  Of t h e  s i x  p o s s i b l e  

e s t e r s  o n ly  th e  t h r e e  w i th  methyl groups a t t a c h e d  t o  th e  

oC carbon atom need be c o n s id e r e d  s i n c e  th e  o t h e r s  would not  

g i v e  a p yru vate  e s t e r  on o x i d a t i o n .  That g l a b r a l  I  i s  a 

m ixture  o f  a n g e l a t e ,  t i g l a t e  and m e t h a c r y l a t e  e s t e r s  i s  

conf irm ed  by an ex a m in a t io n  o f  th e  o l e f i n i c  r e g i o n  i n  th e  

n . m . r .  spectrum of  both  i t  and th e  l a c t o n e .  A broad  

m u l t i p l e t  a t  1. 3*15 ( m u l t i p l e t  w idth  = 24 c . / s e c . )  and an

u n r e s o l v e d  m u l t i p l e t  a t  3*89 (Wi_ = 4 c . / s e c . )  are
2

3
c h a r a c t e r i s t i c  o f  the o l e f i n i c  p r o to n s  i n  t i g l a t e  and 

a n g e l a t e  e s t e r s  r e s p e c t i v e l y  w h i l e  th e  exom ethy lene  p r o t o n s
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o f  a m e t h a c r y l a t e  ap'oear as m u l t i p l e t s  at  \  4*48 (Wi ~
2

5 c . / s e c . )  and 3*89? t h e  c i s  p r o t o n  b e i n g  a p p r o x im a te ly  0 . 6  

ppm low er  than  th e  t r a n s  p r o to n .

Both d i o l s  A and B were t r e a t e d  w i t h  S a r e t t ' s  r e a g e n t  

and a f t e r  p r e p a r a t i v e  t . l . c .  the major p roduct  i n  b o th  c a s e s  

c r y s t a l l i s e d  from e t h y l  a c e t a t e  and had m.p.  179 -  1 8 1 ° .

The mass and n .m . r .  s p e c t r a  of  both  o f  t h e s e  compounds were  

i d e n t i c a l  t o  t h a t  o f  th e  ob - k e t o  e s t e r  p r e v i o u s l y  o b ta in e d  

by p e r i o d i c  a c i d  c l e a v a g e .  The minor p r o d u c t ,  from i t s  

m e l t i n g  p o i n t  and i . r .  spectrum was deduced t o  be g l a b r a l  IV 

l a c t o n e  (5 c )  produced by c l e a v a g e  o f  th e  p y r u v a te  e s t e r  i n  

b a s i c  s o l u t i o n  f o l l o w e d  by o x i d a t i o n  o f  the  newly  formed  

h y d ro x y l  t o  a cy c lo h e x a n o n e .  S ince  both  p e r i o d i c  a c i d  and 

chromium t r i o x i d e  -  p y r i d i n e  o x i d a t i o n s  have produced  

i d e n t i c a l  p r o d u c t s  i t  appears  p o s s i b l e  t h a t  the  i n t e r m e d i a t e  

i n  th e  l a t t e r  may be a c y c l i c  chromate e s t e r ,  d e c o m p o s i t io n  

o f  which i n  a manner s i m i l a r  t o  t h a t  s u g g e s t e d  f o r  l e a d  t e t r a ­

a c e t a t e  and p e r i o d i c  a c i d  c l e a v a g e s  would a f f o r d  th e  ob s erv ed  

p r o d u c t .

G ly co l  c l e a v a g e  by chromic a c id  has p r e v i o u s l y  been  

4 5r e p o r t e d  and th e  mechanism s t u d i e d  i n  some d e t a i l .  The

s u g g e s t i o n  o f  a c y c l i c  i n t e r m e d i a t e  f o l l o w e d  from th e  f a c t  

t h a t  the  monomethyl e t h e r  o f  p i n a c o l  was not  r e a d i l y  o x i d i s e d  

and th a t  c i s  1 , 2 - d i m e t h y l - l , 2 - c y c l o p e n t a n e d i o l  i s  o x i d i s e d  t o  

2 , 6 -h e p t a n e d i o n e  1 7 ,0 0 0  t im e s  f a s t e r  t h a t  th e  c o r r e s p o n d in g  

t r a n s  i s o m er .  No s tu d y  o f  th e  chromium t r i o x i d e  -  p y r i d i n e  

c l e a v a g e  o f  c i s  g l y c o l s  has been  r e p o r t e d  but t h e r e  i s  no 

ob v io u s  r e a s o n  f o r  the  mechanism to  be o th e r  t h a n  t h a t
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s u g g e s t e d  f o r  th e  r e a c t i o n  under a c i d i c  c o n d i t i o n s .

H y d r o l y s i s  o f  the  p y ru v a te  ( 11 ) w i t h  a s a t u r a t e d

aqueous s o l u t i o n  o f  sodium b i c a r b o n a t e  f u r n i s h e d  th e

a l c o h o l  (5d) ^ 2 ^ 4 8 Og, m.p.  202 -  204° which on t r e a tm e n t

w i th  S a r e t t ' s  r e a g e n t  a f fo r d e d  a k e t o - l a c t o n e  (5 c )  m.p.

215 -  217° i d e n t i c a l  i n  a l l  r e s p e c t s  v/ ith g l a b r a l  IV l a c t o n e  
1

p r e v i o u s l y  p repared  from g l a b r a l  IV by d i r e c t  o x i d a t i o n .

The i . r .  spectrum o f  t h e  h y d r o x y - l a c t o n e  (5d)  shows a b s o r p t i o n

at  3630 (non-bonded h y d r o x y l ) , 1779 (0 - l a c t o n e )  and 1728

( a c e t a t e )  cm  ̂ as e x p e c t e d .  I n  i t s  n . m . r .  spectrum th e  C -  3

e q u a t o r i a l  p r o to n  appears  at  t h e  s u r p r i s i n g l y  h ig h  v a l u e  o f

6 . 6 0  as an u n r e s o l v e d  m u l t i p l e t  (Wi = 5 c . / s e c . )  w h i l e
2

H -  11 r e s o n a t e s  as a m u l t i p l e t  a t  % (Wi = 7 c . / s e c . ) ,
2

H -  23 as a m u l t i p l e t  at  5*84 ( m u l t i p l e t  w id th  = 28 c . / s e c . )

and H -  24 as a d o u b le t  at  y  7*22 ( j  = 7 c . / s e c . ) .

H ydrogenat ion  o f  g l a b r a l  I  over  Adams c a t a l y s t  i n  e i t h e r

e t h a n o l  or e t h y l  a c e t a t e  f u r n i s h e d  as  th e  major p rod u ct  t h e

o i l y  d i h y d r o g l a b r a l  I  ( l c  ) whose n . m . r .  spectrum shows no

a b s o r p t i o n  be low  \  4»5» That th e  h e m i - a c e t a l  and t h e

cyc lop rop an e  r i n g s  have remained i n t a c t  can be deduced from

th e  p r e s e n c e  o f  a m u l t i p l e t  a t  \  4«&2 (Wj  ̂ = 6 c . / s e c . )  and
2

th e  p a i r  o f  d o u b l e t s  at \  9*35 and J , 6 6  ( j  = 6 c . / s e c . ) .

By trea tm en t  w i th  S a r e t t ' s  r e a g e n t  t h i s  s u b s ta n c e  was 

c o n v e r te d  i n t o  th e  c o r r e s p o n d in g  $ -  l a c t o n e  ( i d )  m.p.

190 -  191° which was an i n s e p a r a b l e  m ixtu re  o f  C ^H^O^  

and C.-H 0_ (mass spectrum ).
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The h e m i - a c e t a l  grouping  could  be red uced  t o  th e  d i o l ,  

by r e a c t i o n  o f  g l a b r a l  I  w i th  sodium b o r o h y d r id e ,  which a f t e r  

c r y s t a l l i s a t i o n  from e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m  

f u r n i s h e d  th e  d i o l  ( 12 ) as v e r y  f i n e  n e e d l e s  m.p.  183 -  

184°•  Mass s p e c t r a l  and a n a l y t i c a l  d a ta  i n d i c a t e d  t h a t  t h i s  

m a t e r i a l  was a mix ture  o f  compounds o f  m o le c u l a r  formulae

and I n  th e  n .m . r .  th e  r e s o n a n c e  a t  about

%  4*6 i s  n o t a b l y  absent  and i s  r e p l a c e d  by a m u l t i p l e t  

b etw een  i  6 . 2  and 6 . 8  i n t e g r a t i n g  f o r  t h r e e  p r o t o n s .  This  

can be a s s i g n e d  to  t h e  p r o t o n s  a d ja c e n t  t o  th e  newly formed 

h y d roxy l  groups .

O x i d a t i o n  o f  g l a b r a l  I I I  y i e l d e d  a m ixture  o f  two

l a c t o n e s ,  the  l e s s  p o l a r  o f  which a f t e r  c r y s t a l l i s a t i o n  had

m.p. 209 -  210° .  That t h i s  compound ( 6b ) C^yH^^Og was th e

f u l l y  o x i d i s e d  g l a b r a l  I I I  l a c t o n e  was deduced from i t s  i . r .

spectrum which shows no h y d ro x y l  a b s o r p t i o n  but i n s t e a d  a

band at 1768 cm  ̂  ̂ - l a c t o n e )  and a v e r y  broad band a t

1720 cm from the  a c e t a t e  and th e  C -  3 e s t e r .  The p r o t o n

a d ja c e n t  t o  the  - d i c a r b o n y l  sy s te m  appears  i n  th e  n . m . r .

as a s e p t e t  at  X 6 . 8 2  (J  = 7 c . / s e c . )  showing c o u p l i n g  t o  two

methy] gro u p s ,  which t h e m s e l v e s  g i v e  r i s e  to  a s i x - p r o t o n

d o u b le t  a t  'X 8 . 8 4  (J  = 7 c . / s e c . ) .  A ls o  v i s i b l e  are  t h e

s i g n a l s  from t h e  C - l l  p r o t o n  ( m u l t i p l e t  at  5*02 5  Wj. =

6 c . / s e c . ) ,  the  C -  3 p r o to n  ( m u l t i p l e t  a t  'X 5*17 I Wjl =
a

6 c . / s e c . ) ,  the  C -  23 p r o to n  ( m u l t i p l e t  at  \  5*87 5 w id th

= 30 c . / s e c . )  and t h e  C -  24 p r o t o n  ( d o u b l e t  at  7*24 5 J =

8 c . / s e c . ) .  The more p o l a r  o x i d a t i o n  p r o d u c t  ( 6 c )  c r y s t a l l i s e d  

from ^thy] a c e t a t e  -  l i g h t  p e tr o le u m  and had m.p .  225 “ 226° .
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The mass s p e c t r a l  and a n a l y t i c a l  f i g u r e s  correspon d  t o  a 

m o le c u l a r  formula  o f  C^H^^Og i n d i c a t i n g  t h a t  o n ly  one o f  th e  

h y d ro x y l  groups had been o x i d i s e d .  That i t  was t h e  hemi­

a c e t a l  h yd roxy l  group can be deduced from th e  p r e s e n c e  o f  th e  

c h a r a c t e r i s t i c  b - l a c t o n e  a b s o r p t i o n  i n  th e  i . r .  at  1779  

cm \  the  h y d ro x y l  and the  a c e t a t e  a p p ea r in g  at  3535 and 

1724 cm  ̂ r e s p e c t i v e l y .  The r e son an ce  of  the  HO -C -H 

p r o to n  appears  at  b 5*94 as a d o u b l e t  ( j  = 4 c . / s e c . )  

superimposed on th e  m u l t i p l e t  from H -  23 a t  5*33 

( m u l t i p l e t  Yridth = 34 c . / s e c . ) .  Th is  h yd roxy l  group proved  

t o  be r a t h e r  r e s i s t a n t  t o  o x i d a t i o n  s i n c e  a f t e r  18 hours  

t r ea tm en t  w i th  t h e  chromium t r i o x i d e  complex c o n s i d e r a b l e  

amounts o f  th e  h a l f - o x i d i s e d  p rod u ct  were o b t a i n e d .

The c o r r e s p o n d in g  a c e t o x y  -  l a c t o n e  (6d) was prepared

from g l a b r a l  I I I  by t r ea tm en t  w i th  a c e t i c  anhydr ide  -

p y r i d i n e  f o l l o w e d  by h y d r o l y s i s  t o  th e  a c e t o x y  -  h e m i a c e t a l

on b a s i c  a lumina .  Th is  compound was tran s form ed  by

o x i d a t i o n  w i t h  S a r e t t 1s . r e a g e n t  i n t o  t h e  b - l a c t o n e  (6d)

c r y s t a l l i s a t i o n  o f  which a f f o r d e d  n e e d l e s ,  C^^Hr-oO^, m.p,
59  53  9

204 -  205° .  I n  i t s  n .m . r .  the  s i g n a l  from t h e  e x t r a - n u c l e a r  

H -  C -  OAc p r o to n  had moved d o w n f ie ld  by 0 . 8 3  ppm t o  

5 . 0 9  (d.) ( J = 4 c . / s e c . ) .  The a c e t a t e  methyl groups appear as  

s e p a r a t e  s i n g l e t s  at  V  8 . 8 6  and 8 . 9 8 .

G labra l  I I I  l a c t o n e  (6b) b e i n g  an d  - k e t o  e s t e r  was 

r e a d i l y  h y d r o ly s e d  by an aqueous s o l u t i o n  o f  sodium 

b ic a r b o n a t e  and gave as the major p rod u ct  th e  hydroxy -  

l a c t o n e  (5d) m.p.  201 -  203° p r e v i o u s l y  o b ta in e d  by Xupchan 

c l e a v a g e  of  g la /bral  I  l a c t o n e  as  d e s c r i b e d  above .
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Sodium b oroh yd r id e  r e d u c t i o n  o f  g l a b r a l  IV l a c t o n e

(5 c )  f u r n i s h e d  as the  me,jor product  an o i l y  t r i o l  ( 12b )

^32 '̂52^6 "̂ 1G s PeG^r a l  p r o p e r t i e s  of  which i n d i c a t e  t h a t  b o th

th e  cyc loh exan one  and the  7 - l a c t o n e  f u n c t i o n s  have been

redu ced  (peaks  at  hbout 1705 and 1780 cm”  ̂ a b s e n t ) .  The

r e t e n t i o n  o f  the a c e t a t e  and the  ep o x id e  r i n g  can be deduced

from i t s  n . m . r .  r e s o n a n c e s  at  %  5*01 (m)(Wi = 5 c . / s e c . )  and
2

7 . 2 6  ( d ) ( j  = 9 c . / s e c . ) .  The c a r b i n o l  p r o t o n s  appear as  a 

m u l t i p l e t  (4H) betw een  X 6 . 2  and 6 . 9  i n  which th e  

i n d i v i d u a l  s i g n a l s  cannot be d i s t i n g u i s h e d .  As a r e s u l t  i t  

i s  n o t  p o s s i b l e  t o  deduce th e  s t e r e o c h e m i s t r y  at  C -  3 i n  

t h i s  compound but as r e d u c t i o n  t a k e s  p l a c e  from the  l e s s  

h in d e r e d  X f a c e  o f  t h e  m o le c u l e  th e  hyd roxy l  group sh ou ld  

have th e  o p p o s i t e  s t e r e o c h e m i s t r y  t o  t h a t  o f  g l a b r a l  IV 

i t s e l f .  The 3 X o r i e n t a t i o n  o f  th e  oxygen f u n c t i o n s ,  a l t h o u g h  

l e s s  common than t h e  3 y o r i e n t a t i o n  i s  not  unknown i n  

compounds i s o l a t e d  from members o f  th e  M e l ia c e a e  (o r  t h e  

r e l a t e d  Rutaceae  s p e c i e s ) .  In de ed ,  i t  has b een  found i n  

f l i n d i s s o l  ( 13 ) ,  a t r i t e r p e n o i d  which a l s o  c o n t a i n s  a 

c y c l i c  h e m i - a c e t a l  i n  the  s i d e  c h a in .

Treatment o f  g l a b r a l  IV l a c t o n e  (5 c )  w i t h  e i t h e r  

c h l o r o a c e t i c  or b r o m o a c e t i c  a c id  i n  r e f l u x i n g  benzene  

f u r n i s h e d  i n  a d d i t i o n  t o  th e  d e s i r e d  c h l o r o -  or brom oaceta te  

( s e e  l a t ^ r )  s i g n i f i c a n t  amounts of  two o th e r  c r y s t a l l i n e  

compounds by open ing  o f  the  ep ox id e  r i n g .  The l e a s t  p o l a r  

component,  the hydroxy -  o l e f i n  ( 1 4 a ) m.p.  157 -  l 6 0 ° 

a n a ly s e d  f o r  i s o m e r i c  w i t h  g l a b r a l  IV l a c t o n e .
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That the  o r i g i n a l  ketone? a c e t a t e  and l a c t o n e  are  s t i l l  

i n t a c t  can be s een  from i t s  i . r .  spectrum.  I n  a d d i t i o n  t h e r e  

i s  h yd roxy l  a b s o r p t i o n  at  3588 and 3445 cm  ̂• The r e s o n a n c e  

i n  the  n . m . r .  spectrum from H -  24 i s  a b s e n t  and r e p l a c e d  by 

a two p r o to n  m u l t i p l e t  at  ' t  4*97 (J = 8 c . / s e c . )  a s s i g n e d  to  

an exom eth y lene  grou p in g .  A methyl group a t t a c h e d  t o  a double  

bond g i v e s  r i s e  to  a broadened s i n g l e t  at  \  8 . 2 3 « I n

a d d i t i o n ,  t h e r e  i s  a d o u b le t  a t  X 6 . 0 3  (J = 7 c . / s e c . )  from 

t h e  (-CH -  OH) p r o t o n  o f  a secondary  h y d ro x y l  f u n c t i o n  which  

i s  cou p led  t o  the  l a c t o n e  p r o to n  a t  C -  23* A c e t y l a t i o n  o f  

t h i s  compound a f f o r d e d  v e r y  l a r g e  n e e d l e s  ( 14h )> m.p.

110 -  115? 184° a f t e r  c r y s t a l l i s a t i o n  from c h lor o for m  -  

l i g h t  p e tro le u m .  A n a l y t i c a l  f i g u r e s  i n d i c a t e d  t h a t  th e  

compound c o n ta in e d  a m o le c u le  of  ch lor o for m  of  c r y s t a l l i s a t i o n .  

This  was conf irmed by r e c o r d i n g  i t s  n . m . r .  spectrum i n  

a c e t o n e  when the  CHCl^ p r o t o n  appears  as a s i n g l e t  at  ^ 1 - 9 5  

c h lor o for m  d i s s o l v e d  i n  a c e t o n e  a lo n e  appears  a t  7 2 . 1 8 ) .

I n  th e  remainder  o f  th e  spectrum th e  s i g n a l s  from th e  

exom ethy lene  p r o t o n s  and the  two p r o t o n s  a d j a c e n t  t o  t h e  

a c e t o x y  groups are superim posed  on ea ch  o t h e r  and cannot be  

d i s t i n g u i s h e d .

The second eompound from the  r e a c t i o n  was the  

c h l o r ^ a c e t a t e  ( 1 5 a ) (or  brom oaceta te  ( 15b ) ) which w i l l  

be d i s c u s s e d  i n  d e t a i l  i n  the f o l l o w i n g  s e c t i o n .  The most  

p o l a r  compound was a d i o l ,  C^H^gO^ m.p.  198 -  200°  whose  

c o n s t i t u t i o n  as ( 15 c ) f o l l o w s  from i t s  m o le c u l a r  w e igh t  

and i t s  i . r .  spectrum which shows p eaks  at  35 ^5 ? 5 5 1 5 9 1 7 8 2 ,

173 4 and J.f’07 cm \
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Prom t h e s e  r e s u l t s  i t  i s  s e e n  t h a t  a l l  f o u r  compounds

have the  same s k e l e t o n  and o n ly  d i f f e r  i n  t h e  n a tu r e  o f  t h e

oxygen ated  f u n c t i o n s  t e n t a t i v e l y  l o c a t e d  a t  C -  3 cm

b i o g e n e t i c  grounds.  As y e t  no ch em ic a l  e v i d e n c e  i s  a v a i l a b l e

f o r  th e  c o r r e c t  p o s i t i o n i n g  o f  th e  a c e t a t e  group or th e

c y c lo p r o p a n e  r i n g .  The r e l a t i o n s h i p  o f  th e  h e m i - a c e t a l  and

t h e  e p ox id e  r i n g  has  been  dem onstrated  by n u c l e a r  m a g n et ic

double  re s o n a n c e  exp e r im e n ts  and th e  p o s i t i o n i n g  o f  t h e s e

groups i n  the s i d e  c h a in  a t  C -  17 appears  a c c e p t a b l e  s i n c e

6 7s i m i l a r  groups are found i n  f l i n d i s s o l  ( 13 ) ,  a g l a i o l '
2

( 16 ) and t u r r a e a n t h i n  ( 2 ) .
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U n s u c c e s s f u l  X - r a y  D e t e r m i n a t i o n .

I n  order t o  determine  th e  r e m a in in g  s t r u c t u r a l  and 

s t e r e o c h e m i c a l  f e a t u r e s  o f  th e  G-uarea g la b r a  t r i t e r p e n o i d s  

i t  was d e c id e d  t h a t  an X-ray  c r y s t a l l o g r a p h i c  ex a m in a t io n  

o f  a heavy atom d e r i v a t i v e  was r e q u i r e d .  Only compounds 

d e r i v e d  from g l a b r a l  I I I  or IV cou ld  be used s i n c e  th e  

l e s s  p o l a r  compounds were known from mass s p e c t r o m e t r i c  

e v i d e n c e  t o  be m ix t u r e s  of  homologues .  Attempts  to  

f u n c t i o n a l i s e  th e  h yd roxy l  group o f  t h e  h y d r o x y - l a c t o n e  ( 5&) 

w i t h  p-bromobenzene s u lp h o n y l  c h l o r i d e ,  p - i o d o b e n z o y l  

c h l o r i d e  or 3?5 d ibromobenzoyl c h l o r i d e  r e s u l t e d  i n  s t a r t i n g  

m a t e r i a l  w i th  o n ly  t r a c e s  o f  l e s s  p o l a r  compounds. S i m i l a r  

t r ea tm en t  o f  the  h y d r o x y - e s t e r  ( 6c ) o b t a in e d  from g l a b r a l  I I I  

by S a r e t t  o x i d a t i o n  f a i l e d  t o  produce th e  d e s i r e d  d e r i v a t i v e .

Experiments  d i r e c t e d  towards  t h e  open ing  o f  the  e p o x id e  

r i n g  met w i th  more s u c c e s s .  R e a c t i o n  o f  g l a b r a l  IV l a c t o n e  

( 5c)  w i t h  c h l o r o a c e t i c  a c i d  i n  benzene gave th e  c h l o r o a c e t a t e  

( 15 a ) ^^h/j^OgCl,  m.p.  195- 1 9 6 ° as one o f  t h e  major 

p r o d u c t s .  In  i t s  n .m . r .  spectrum the  d o u b le t  a t  about X

7 . 3  (J = 6 c . / s e c . )  a t t r i b u t a b l e  t o  th e  ep ox id e  p r o t o n  i s  

absent and i s  r e p l a c e d  by an i l l - r e s o l v e d  d o u b l e t  a t  ^  5*10  

( j  = 4 c . / s e c . )  a s s i g n e d  to  t h e  p r o to n  a d j a c e n t  t o  t h e  new ly  

formed c h l o r o a c e t a t e  group, th e  m ethy lene  p r o to n s  o f  which  

appear as a s i n g l e t  at  4 5*94* Although i t s  i . r .  spectrum  

shows hyd roxy l  a b s o r p t i o n  at  3590 cm  ̂ t h e r e  i s  no r e s o n a n c e  

i n  the  n .m . r .  from a p r o to n  a d ja c e n t  t o  a h y d r o x y l ,  i n d i c a t i n g  

an Ant i -Markownikoff  opening o f  t h e  ep o x id e  r i n g  t o  form a
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secon dary  c h l o r o - a c e t a t e  and a t e r t i a r y  h y d roxy l  group.

Treatment o f  the  c h l o r o a c e t a t e  w i t h  sodium i o d i d e  i n  

r e f l u x i n g  a c e to n e  f u r n i s h e d  a compound o f  s i m i l a r  p o l a r i t y  

which c r y s t a l l i s e d  from d i e t h y l  e t h e r  -  p e t r o le u m  i n  

c l u s t e r s  o f  c r y s t a l s  which were u n s u i t a b l e  f o r  X -ray  

a n a l y s i s .  Very s low r e c r y s t a l l i s a t i o n  o f  t h i s  i o d o a c e t a t e  

{ 1 5 d ) C ^ H ^ O g l  from ch loroform  -  p e tr o le u m  a f f o r d e d  

n e e d l e s ,  m.p. 173-174°?  o f  a s i z e  s u i t a b l e  fo r  X-ray  

a n a l y s i s .  However on v i e w i n g  t h e s e  c r y s t a l s  under a 

p o l a r i s i n g  m icr o sc o p e  i t  was s e e n  t h a t  t h e y  were twinned  

and did  not  e x t i n g u i s h  p r o p e r l y ,  thus  making t h i s  d e r i v a t i v e  

u n s u i t a b l e  f o r  the  X-ray  determins/fcion. The n . m . r .  spectrum  

o f  t h i s  compound was v e r y  s i m i l a r  t o  t h a t  o f  the  c o r r e s p o n d in g  

c h l o r o a c e t a t e  i n  t h a t  the  p r o to n  a d ja c e n t  to  the  i o d o a c e t o x y  

f u n c t i o n  appears as  a d o u b le t  at  \  3*12 (J = 3 c . / s e c . ) ,  

th e  m u l t i p l e t  at  % 4*97 (Wi = 6 c . / s e c . )  a r i s i n g  from th e
3

p r o t o n  a d j a c e n t  t o  th e  C - l l  a c e t a t e  group. The p r o t o n s  

o f  the  i o d o a c e t a t e  g i v e  r i s e  t o  a two p r o t o n  s i n g l e t  a t  % 6 . 1 5 * 

The c o r r e s p o n d in g  b rom oace ta te  C ^H ^O gBr ( 15b ) was 

p rep ared  from g l a b r a l  IV l a c t o n e  by t r e a t m e n t  w i t h  b r o m o a c e t i c  

a c i d  i n  dry r e f l u x i n g  b en zen e .  The b rom oaceta te  was i s o l a t e d

from the  o th e r  h y d r o l y s i s  p r o d u c t s  by p r e p a r a t i v e  t . l . c .  and

o *o b t a in e d  as n e e d l e s  m.p.  203-204  from c h lo r o fo r m -p e tr o le u m  .

Slow c r y s t a l l i s a t i o n . f r o m  a l a r g e  v o l u m e  o f  e t h y l  a c e t a t e  -  
*

p e tr o le u m  a f f o r d e d  t h e  l a r g o  n e e d l e s  which f u l f i l l e d  th e  

p h y s i c a l  c o n d i t i o n s  n e c e s s a r y  f o r  an X-ray  a n a l y s i s .  I n  i t s  

n . m . r .  spectrum the  m eth y lene  brom oaceta te  p r o to n s  appear as  

a s i n g l e t  at  'p 6 . 1 5 ? a v a l u e  i n t e r m e d i a t e  between t h a t  o f
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th e  c h l o r o a c e t a t e  ( X  5*9 4 ) and. the  i o d o a c e t a t e  ( \  6 . 25 )

as e x p e c te d .  The carbonyl r e g i o n s  o f  the  i . r .  s p e c t r a  o f  

t h e s e  th r e e  ha logen  d e r i v a t i v e s  are i d e n t i c a l ,  h av ing  

a b s o r p t io n  at  1780cm  ̂ from the  ^ - l a c t o n e  and a broad peak  

at  1735 cm  ̂ from the  two acetoxy  groups.

P re l im inar y  o s c i l l a t i o n  and equi -  i n c l i n a t i o n  Weissenberg  

photographs  taken  with  Cu -  K ^  r a d i a t i o n ,  o f  the  

c h l o r o a c e t a t e  and the  bromoacetate  were i d e n t i c a l  i n d i c a t i n g  

t h a t  th e  c r y s t a l s  were isomorphous,  both c r y s t a l s  b e lo n g in g  

t o  th e  orthorhombic system with  c e l l  d im ensions  o f  7 *27 ,

1 8 . 1 4  and 25*80 %• S in ce  the  bromo d e r i v a t i v e  was more 

s u i t a b l e  f o r  an X -  ray d e te r m in a t io n  o f  a t r i t e r p e n e  the  

c h l o r o a c e t s t e  was not i n v e s t i g a t e d  f u r t h e r  and the  f o l l o w i n g  

d i s c u s s i o n  r e f e r s  to  the  bromoaceta te .  The absence c f  (OkO) 

and (OO.l) (k  and .1 both  odd) r e f l e x i o n s  in  th e  zero l a y e r  

photographs  i n d i c a t e d  the  p resen ce  o f  two 2 — f c l d  screw axes  

o f  symmetry p a r a l l e l  t o  Id and c_. The data  were c o l l e c t e d  up 

th e  a_ a x i s  from l a y e r s  (Okl ) t o  ( 5 k l  ) u s i n g  th e  m u l t i - f i l m  

t e c h n iq u e ,  a t o t a l  o f  1457 r e f l e x i o n s  b e i n g  o b ta in e d .  These  

were e s t im a te d  v i s u a l l y  by comparison w i th  a c a l i b r a t e d  s c a l e .  

U n f c r t u n a t e l y  th e  h igh  order r e f l e x i o n s  n e c e s s a r y  f o r  a good 

c r y s t a l i o g r a p h i c  s t r u c t u r e  were absent but i t  was c o n s id ered  

t h a t  th e r e  were s u f f i c i e n t  r e f l e x i o n s  f o r  a g r o s s  structure-,

* In t h i s  s e c t i o n  petro leum marked w ith  an a s t e r i s k  r e f e r s  

t o  th a t  f r a c t i o n  h av ing  b o i l i n g  range 100 -  120 .
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w ith o u t  any r e f i n e m e n t s *  t o  he o b t a i n e d .

The observed  i n t e n s i t i e s  were c o n v e r t e d  i n t o  s t r u c t u r e

f a c t o r s  and a P a t t e r s o n  v e c t o r  map o b t a in e d  i n  order  t o

d eterm ine  t h e  p o s i t i o n  o f  the  heavy atom. S in c e  th e  sp ace

group was not  c o m p le t e ly  determ ined  by th e  p hotographs*  t h e

Harker m o d i f i c a t i o n  which  s i m p l i f i e s  th e  P a t t e r s o n  method by

making u s e  o f  th e  symmetry p r o p e r t i e s  o f  th e  c r y s t a l  was

a p p l i e d  i n  order  t o  d e t e c t  the  p r e s e n c e  o f  th e  s p e c i a l

v e c t o r s  from a P 9 9 space  group. This space  group has
1 1 1

t h e  f o l l o w i n g  e q u i v a l e n t  p o s i t i o n s ? -

x y  z

i  -  x  y i  + z

i  + X h  -  y  a

x z + y IT *" z

which  g iv e  r i s e  t o  v e c t o r s  at

-  2x - 2y

- 2x  k  k -  2 z

2

S S'

S in c e  no peaks  appeared at  t h e s e  p o s i t i o n s  i t  was con c lu d ed

t h a t  t h e r e  was no 2- f o l d  screw a x i s  p a r a l l e l  t o  t h e  a a x i s .

S i m i l a r l y ,  th e  s p a ce  group P 9? 9 has  e q u i v a l e n t  p o s i t i o n s ?-
1 1

x y  z

x  y  z
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0 2y 2z

i,
2 i -  2z

2x 1
2

Assuming t h i s  t o  he th e  c o r r e c t  sp ace  group th e  bromine atom 

was found t o  have c o - o r d i n a t e s ? -

These v a l u e s  were used f o r  a t h r e e - d i m e n s i o n a l  F o u r i e r  

summation.  Even a l l o w i n g  f o r  the  c o m p l i c a t i o n  o f  t h e  p s e u d o ­

symmetry a s s o c i a t e d  w i t h  t h i s  space group i t  was n ot  p o s s i b l e  

to  p i c k  out peaks  which would make ch em ica l  s e n s e  and t h i s  

attem pt  had t o  be abandoned at  t h i s  s t a g e .  T h is  b e h a v io u r  

t o g e t h e r  w i th  th e  absence  o f  h ig h  order  r e f l e x i o n s  i s  t y p i c a l  

o f  a d i s o r d e r e d  c r y s t a l  i n  which th e  heavy atom d o es  n o t  have  

a d e f i n i t e  p o s i t i o n  i n  the  c r y s t a l .  The c o - o r d i n a t e s  found  

from t h e  P a t t e r s o n  map did  not,  i n  f a c t ,  r e p r e s e n t  t h e  t r u e  

p o s i t i o n  o f  t h e  bromine atom.

x = 0 . 2 5 0

y  = 0 .1 9 5 8 7

z = 0 . 0 2 1 5 4
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EXPERIMENTAL.

I s o l a t i o n  o f  t r i t o r p c n o i d s  from Guarea g l a b r a .

The ch lo r o fo r m  -  s o l u b l e  p o r t i o n  ( 7 0  g ) o f  an e t h y l  a c e t a t e

e x t r a c t  o f  the  heartwood o f  Guaroa g la b r a  from which  t h e

non p o l a r  waxes had been  removed was chromatographed over

a c i d i c  a lumina (Woelm grade 3 5 2 Kg) .  E l u t i o n  w i th

ch lor o for m  -  l i g h t  p e tro le u m  ( l  ; 3 ) f u r n i s h e d  t h e  non p o l a r

m a t e r i a l  (6 g) which was not i n v e s t i g a t e d  f u r t h e r .  Cont inued

e l u t i o n  w i t h  th e  same s o l v e n t s  a f f o r d e d  G labra l  I  ( l a  s lOg)

which  c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m  and
o  ■ C C 1 /1

had m.p.  105 -  110 5 ’'! max4 3611 ,  1 7 3 2 , 1715? 1 6 5 2 ,  1635?

1249 cm" ̂ 5 n . m . r .  s i g n a l s  at  4*49 (m )( lH ,  C -  21 ; Wi =
2

6 c . / s e c . ) ,  5 .0 3  (m ) ( lH ,  C -  11 5 Wi = 5 c . / s e c . ) ,  5*55 ( m)
2

(1H, C -  3 I Wi_ = 6 c . / s e c . ) ,  6 . 2 3  (m ) ( lH ,  C -  23 5 m u l t i p l e t  
2

w idth  = 34 c . / s e c . ) ,  7*16 and 7 . 3 3  (b o th  d) (1H, C -  24 5 J =

7 c . / s o c . )  and 8 . 0 1  (d ) (3 H ,  OAc °? s e p a r a t i o n  = 2 c . / s e c . ) .

G labra l  I I  (5 a  2 6g) was o b ta in e d  from the  n e x t  f r a c t i o n s  and 

a f t e r  c r y s t a l l i s a t i o n  from e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m
c c i A 1

had m.p.  130 -  133 ? J max4 3 6 1 0 , 1735? 1709? 1246 cm 5

n . m . r .  s i g n a l s  a t  X, 4*75 ( n ) ( l H ,  C -  21 5 Wi = 6 c . / s e c . ) ,
2

5 . 0 4  (m)(1H, C -  11 5 Wi = 4 c . / s e c . ) ,  6 . 2 5  (m ) ( lH ,  C -  23 5
2

Wi = 9 c . / s e c . ) ,  6 . 4  (m)(OH ; Wi = 6 c . / s e c .  s d i s a p p e a r e d
2 “  2

on a d d i t i o n  o f  D^O), 6 . 6 6  ( d ) ( l H ,  C - 24 9 J = 7 c . / s e c . )  

and 8 . 0 8  ( s ) ( 3 H ,  OAc). Methyl s i g n a l s  appeared as s i n g l e t s  

at  X 9 .0 7  ( 6h ) , 9 . 0 4  (3H) ,  8 . 8 9  (3H) and 8 . 7 9  ( 6h ) .

Fu r th er  e l u t i o n  with  e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m  ( l  2  l )

f u r n i s h e d  G labra l  I I I  ( 6a § 7g ) which c r y s t a l l i s e d  from
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e t h y l  a c e t a t e  -  l i g h t  p e tro leum  and had m.p.  118 -  130° ,  
cci

200° 5 ^  max4 3610 ,  3540 ,  3430 ,  1730 ,  1250 cm""1 5 n . m . r .

s i g n a l s  at  X' 4*64 (m )( lH ,  C -  21 ; Wi = 6 c . / s e c . ) ,  5*05
2

(el) (1H, C -  11 5 Wi = 5 c . / s e c . ) ,  5 -29  (m )( lH ,  C -  3 5 f  1 =
'2 2

3 c . / s e c . ) ,  7*15 and 7*32 (b o th  d ) ( l H ,  C -  24 ? J = 7 c . / s e c . )

and 8 . 0 0  ( s ) ( 3 H ,  OAc). Hydroxyl p r o t o n s  (OH) appeared a t  %

6 . 1 5  (m) and 6 , 9 8  (d) and d i s a p p e a red  upon t h e  a d d i t i o n  o f

0 .  (Found s C = 70 .39?  H - 9.36 j C^yH^gOg r e q u i r e s  C =

7 0 .44?  H = 9*27 °/o) . Glabral  IY (5 c  • 3*5 g) was o b ta in e d  as
C01

an o i l  which cou ld  not  be in d u ced  to  c r y s t a l l i s e ?  ^  max 

3634? 3611 ,  3 5 3 0 , 1731? 1250 cm 1 ? n . m . r .  s i g n a l s  a t . t  4*63

(m )( lH ,  C -  21 j Wi = 6 c . / s e c . ) ,  5*03 (m )( lH ,  C - l l  ; ¥1 =
2 2

6 c . / s e c . ) ,  5 -3 3  ( m) ( l H ,  C -  3 j Wi = 5 c . / s e c . ) ,  6 . 2 0  (m)

(1H, C -  23 9 m u l t i p l e t  w id th  = 18 c . / s e c . ) ,  7*17 and 7*35  

( b o th  d ) (1H ,  C -  24 ? J = 8 c . / s e c . )  and 7*90 (d ) ( 3 H ,  OAc ? 

s e p a r a t i o n  = 2 c . / s e c . ) .  The p o l a r  compounds (22  g) were  

e l u t e d  t o g e t h e r  as a dark o i l  which was not  i n v e s t i g a t e d  

f u r t h e r .

O x i d a t i o n  o f  G labra l  I  ( l a ) .

Glabra l  I  ( l a  s 425 mg ) i n  dry p y r i d i n e  (5  nil) was

t r e a t e d  f o r  t h r e e  days at  room tem p era tu re  w i t h  e x c e s s

chromium t r i o x i d e .  Work up gave th e  crude l a c t o n e  ( l b  : 442 mg)

which when f i l t e r e d  through a s h o r t  column o f  n e u t r a l  a lum ina ,

c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m  and had

m.p.  200 -  2 02° .  I n  the  n . m . r .  i t  e x h i b i t e d  s i g n a l s  a t  u

5 . 0 0  (m ) ( lH ,  C -  11 5 Wi = 6 c . / s e c . ) ,  5 -3 4  (m ) ( lH ,  C -  3 5
2

Wi = 6 c . / s e c . ) ,  5 . 8 5  ( m ) ( l E ,  C -  23 5 m u l t i p l e t  w id th  = 36 c . / s e c ,  
2

and 7 . 2 6  ( d ) ( l H ,  C -  24 ? J = 7 c . / s e c . ) .
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H ydroxylation  o f Glabral I la c to n e  ( lb  ) .

G labra l  I  l a c t o n e  ( lb  % 400 mg ) i n  dry  d i e t h y l  e t h e r

(20  ml) c o n t a i n i n g  p y r i d i n e  (5 ml) was t r e a t e d  f o r  24 hours

at  room tem p era tu re  w i th  osmium t e t r o x i d e  (500 mg).  The

e x c e s s  osmium t e t r o x i d e  and th e  osmate e s t e r  were decomposed

by p r e c i p i t a t i o n  as s u lp h i d e  a f t e r  th e  a d d i t i o n  o f  hydrogen

s u l p h i d e  g a s .  F i l t r a t i o n  through  c e l i t e  and e v a p o r a t i o n  o f

th e  s o l v e n t s  f u r n i s h e d  a dank c o lo u r e d  o i l  (350 mg) shown

by t . I . e .  t o  c o n s i s t  of  two major compounds o f  v e r y  s i m i l a r

p o l a r i t y  which  were s e p a r a te d  by r e p e a t e d  p r e p a r a t i v e  t . l . c .

( 3 x e t h y l  a c e t a t e  -  l i g h t  p e t r o l e u m ,  3 s 1 ) •  The l e s s  p o l a r

d i o l  A ( 10a : 155 mg ) c r y s t a l l i s e d  from e t h y l  a c e t a t e  -

o ' CC14.l i g h t  p e tr o le u m  as n e e d l e s  m.p. 218 -  2 2 0 ° ,  v max 3584?

3515? 1 7 8 0 ,  1732 cm 1 ; n . m . r .  s i g n a l s  at  1 4*90 (m )( lH ,

C -  11 ,  Wi_ = 5 c . / s e c . ) ,  5»24 ( m ) ( lH ,  C -  3 ? Wi = 6 c . / s e c . ) ,
2 2

5 . 8 2  ( q ) ( l H ,  H - C - 0 H ? J = 7  c . / s e c . ) ,  6 . I 4 (m ) ( lH ,  C -  23 5 

m u l t i p l e t  w id th  = 40 c . / s e c . ) ,  7 . 2  ( d ) ( l H ,  C -  24 ? J = 7 c . / s e c . )  

and 7*98 and 8 . 0 1  ( s ) ( 0 A c ) .  (Found s C = 6 8 . 8 1 ,  H -  8 . 7 7  ?

C^yH^O^ r e q u i r e s  C = 6 8 . 8 1 ,  H = 8 . 7 5  fo) ? m/e = 644 0-0 •

The more p o l a r  d i o l  33 ( 10b % 160 mg ) a l s o  c r y s t a l l i s e d  from

e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m  but  a s  v e r y  f i n e  n e e d l e s  m.p.
• CC1A 1

203 -  205 5 'v max4 3585 ,  3520 ,  1 7 8 5 ,  1744? 1737 cei 5

n . n . r .  s i g n a l s  a t  X 5»01 (m )( lH ,  C - l l  5 Wi = 6 c . / s e c . ) ,
2

5 . 2 9  (m ) ( lH ,  C -  3 5 Wi = 5 c . / s e c . ) ,  5*90 (m )( lH ,  C -  23 5
2

m u l t i p l o t  w id th  = 3 4  c . / s e c . )  6 . 4 0  ( n ) ( 2 H ,  CH2 -  OH 5 

m u l t i p l e t  w id th  = 35 c . / s e c . ) ,  7*25 ( d ) ( l H ,  C -  24 5 J =

7 c . / s e c . )  and 8 . 0  and 8 . 0 4  ( s ) ( 0 A c ) .  (Found i C = 6 6 . 6 8 ,
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H = 8 . 4 8  5 C ^ H ^ O ^ .  H20 r e q u i r e s  C = 6 6 . 6 4 , H = 8 . 7 0  fo) ? 

m/e = 530 (M).

P e r i o d a t e  o x i d a t i o n  o f  D i o l  A ( 1 0 a ) .

D i o l  A (1 0 a  s 40 mg) i n  methanol ( 1 ml ) was t r e a t e d  at

room tem p erature  f o r  12 hours  w i t h  a s a t u r a t e d  aqueous

s o l u t i o n  o f  sodium m e t a p e r i o d a t e .  F i l t r a t i o n  o f  t h e  i n s o l u b l e

m a t e r i a l  f o l l o w e d  by e x t r a c t i o n  w i t h  ch loro form  and e v a p o r a t i o n

o f  the  s o l v e n t  gave  the  c r y s t a l l i n e  product  ( 11 s 35 mg )•

C r y s t a l l i s a t i o n  from e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m  a f f o r d e d

0 CC14th e  p y ru v a te  as v e r y  f i n e  n e e d l e s ,  m.p.  189 -  192 5  ̂ max

I 7 8 4 , 1730? 1724 cm""1 5 n .m . r .  s i g n a l s  at  \  5*03 (m )( lH ,

C - l l  5 Wi  = 7 c . / s e c . ) ,  5*26 (m )( lH ,  C -  3 ? Wi = 6 c . / s e c . ) ,
2 2

5 . 8 8  (q) ( lH ,  C -  23 5 J = 7 c . / s e c . ) ,  7*27 ( d ) ( l H ,  C -  24 ;

J = 8 c . / s e c . ) ,  7 . 6 1  ( s ) ( 3 H ,  CĤ  -  C = 0 ) and 8 . 0 1  ( s ) ( 0 A c ) .  

(Found : C = 68 .44?  H = 8 .3 0  5 C^H^qOq.B^O r e q u i r e s  C = 6 8 . 1 5 ,  

H = 8 . 5 0  io) | m/e = 598 (Ml).

P e r i o d a t e  c l e a v a g e  o f  D i o l  B ( 10b ) .

D i o l  B ( 10b g 40 mg ) i n  methanol ¥/as t r e a t e d  w i t h

sodium m e t a p e r i o d a t e  i n  a s i m i l a r  manner and a f f o r d e d  n e e d l e s
c c i

m.p.  180 -  182° | v‘ max4 I 7 8 3 , 1730 ,  1723 cm""1 j m/e = 598 (M). 

T his  compound was i d e n t i c a l  w i th  t h a t  o b ta in e d  from d i o l  A.

O x i d a t i o n  o f  D i o l  A ( 10a  ) .

D i o l  A ( 10a  s 30 mg ) i n  dry p y r i d i n e  (5  ml) was

t r e a t e d  a t  room tem p eratu re  f o r  15 hou rs  w i t h  chromium 

t r i o x i d c  (50 mg). The -product o b t a i n e d  on work up was s e e n

from t . l . c .  to  c o n s i s t  o f  two compounds which were s e p a r a te d
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by p r e p a r a t i v e  t . l . c *  (2  x e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m ,

1 % l ) . The l e s s  p o l a r  compound ( 19 mg) c r y s t a l l i s e d  from 

ch lor o for m  -  l i g h t  p e tro le u m  and had m.p.  179 -  1 8 1 ° .  m/e =

598 (M). I t  was i d e n t i c a l  ( n . m . r .  and m . s . )  w i t h  t h e  p y r u v a te  

( 11 ) o b ta in e d  p r e v i o u s l y .  The minor component (4 mg) 

c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m  a s  v e r y  f i n e  

n e e d l e s ,  m.p.  213 -  215° and was i d e n t i c a l  ( m . p . ,  mixed m.p.  

and i . r . )  w i t h  a sample o f  g l a b r a l  IV l a c t o n e .

O x i d a t i o n  o f  D i o l  33 ( 10b ) .

D i o l  B ( 10b 5 28 mg ) 'was t r e a t e d  w i t h  S a r e t t ’ s

r e a g e n t  as  d e s c r i b e d  above and a f t e r  p r e p a r a t i v e  t . l . c .  o f  

th e  product  t h e  X  - k e t o - e s t e r  ( 11 ) c r y s t a l l i s e d  from 

l i g h t  p e tr o le u m  as  r o s e t t e s  m.p. 180 -  1 8 1 ° ,  i d e n t i c a l  

( n . m . r .  and m . s . )  v/ i th  th e  above p y r u v a t e .

Cleavage  of   ̂ K e t o - e s t e r  ( 11 ) .

The above k e t o - e s t e r  ( 11 % 82 mg ) i n  methanol (50  ml)

was a l lo w e d  t o  s t i r  f o r  four  hours  v/ i th  a s a t u r a t e d  aqueous

s o l u t i o n  o f  sodium b i c a r b o n a t e .  The i n s o l u b l e  m a t e r i a l  was

f i l t e r e d  o f f ,  t h e  f i l t r a t e  reduced  i n  volume and e x t r a c t e d

w i t h  ch lo r o fo r m .  E v a p o r a t io n  o f  th e  s o l v e n t  a f f o r d e d  t h e

crude h y d r o x y - l a c t o n e  ( 5 !  % 70 mg ) p u r i f i e d  by p r e p a r a t i v e

t . l . c .  (2  x e t h y l  a c e t a t e  -  l i g h t  p e t r o l e u m  1 s l ) .

C r y s t a l l i s a t i o n  from e t h y l  a c e t a t e  -  l i g h t  p e t r o l e u m  f u r n i s h e d
' CC1A - 1

p l a t e s  m.p.  202 -  204 % {) max 3650 ,  1779? 1 7 2 8 ,  1244 cm 5

n . m . r .  s i g n a l s  a t  X  5*02 (m )( lH ,  C - l l  $ Wi = 8 c . / s e c . ) ,
2

5 . 9 0  (m )( lH ,  C -  23 I m u l t i p l e t  w id th  = 36 c . / s e c . ) ,  6 . 6 2  (m)
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(1H, C -  3 5 Wi = 7 o . / s e o . ) ,  7.26  ( d ) ( l H,  C -  24 j J =
2

7 c . / s e c . )  and 8 . 0 1  ( s ) ( 3 H ,  OAc). (Found s C = 70*36 ,  H =

9 -18  5 C^H^gOg.HgO r e q u i r e s  C = 7 0 . 3 0 ,  H = 9*22 $ )  ; m/e 

= 528 (M).

Oxi d a t i o n  o f  H y d r o x y - la c to n e  ( 5 d ) .

The above h y d r o x y - l a c t o n e  ( 5d s 30 mg ) i n  dry p y r i d i n e

(5  ml) was t r e a t e d  i n  the  u s u a l  manner w i th  a s l u r r y  o f

chromium t r i o x i d e  i n  p y r i d i n e .  Chloroform e x t r a c t i o n

a f f o r d e d  an o i l y  product  (27 mg) from which c o l o u r e d  i m p u r i t i e s

were removed by p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t

p e t r o l e u m ,  1 s l ) . The ke ton e  (5 c )  th u s  o b ta in e d  c r y s t a l l i s e d

from ch lor o for m  -  l i g h t  p e tro le u m  as  v e r y  f i n e  n e e d l e s  m.p.  
c c i

°15 -  218° 5 5 max4 1 7 8 0 , 1 7 3 5 , 1 7 1 0 , 1248 cm"1 ,- n . m . r .

s i g n a l s  a t  \  4*93 (m )( lH ,  C -  11 ? Wi = 8 c . / s e c . ) ,  5 -88
2

( n ) ( l H ,  C -  2 3 ) ,  7 . 2 3  (d ) (1 H ,  C -  24 I J = 8 c . / s e c . )  and

8 , 0  ( s ) ( 3 H ,  OAc). Th is  compound was i n d i s t i n g u i s h a b l e  from  

an a u t h e n t i c  sample o f  g l a b r a l  IV l a c t o n e .

0 x l d a t i o n  o f  G lab r a l  I I I  ( 6 a ) .

Glabra l  I I I  ( 6a s 141 mg ) i n  dry  p y r i d i n e  was t r e a t e d

at room tem p eratu re  f o r  7 hours  w i t h  e x c e s s  chromium t r i o x i d e .

'pork up a f f o r d e d  an o i l y  m ixture  (139 mg) which was s e p a r a te d

i n t o  two components by p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -

l i g h t  p e tr o l e u m ,  1 s l ) . The l e s s  p o l a r  compound, t h e  k e t o -

1 a c to n e  ( 6  b : 82 mg ) c r y s t a l l i s e d  from e t h y l  a c e t a t e  -
. CHC1-,O 1

l i g h t  p e tro le u m  as n e e d l e s  m.p.  209 -  210 5 a max 1 7 6 8 ,

1720 (broad)  cm 1 5 n . m . r .  s i g n a l s  a t  t' 5*02 (m )( lH ,  C -  11 5
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Wi = 6 c . / s e c . ) ,  5*17 (ni) ( 1H9 C -  3 I Wi a 6 c . / s e c . ) ,  5*87
2 2

(m ) ( lH ,  C -  23 ? m u l t i p l e t  w id th  = 30 c . / s e c . ) ,  6 . 8 2  ( s e p t e t )

(1H, (CH5 ) 2 -C - H  5 J = 7  c . / s e c . ) ,  7*24  ( d ) ( l H ,  C -  24 5 J =

8 c . / s e c . )  and 8 . 0  ( s ) ( 3 H ,  OAc). (Pound s C = 71*13 , H = 8 . 7O5

r e q u i r e s  C = 7 0 . 9 0 ,  H = 8 . 6 8  <$>) j m/e =* 626 (M).

The more p o l a r  c o n s t i t u e n t ,  th e  hydroxy -  l a c t o n e  ( 6c s 52 mg )

c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m  as v e r y  f i n e
c c i

n e e d l e s  m.p.  225 -  226° ‘■f max4 3 5 3 5 , 1 7 7 9 , 1724 cm"1 5 

n . m . r .  s i g n a l s  at  "{■ 5 .00  (m ) ( lH ,  C -  11 j W_̂  = 8 c . / s e c . ) ,

5 . 2 4  (m ) ( lH ,  C -  3 5 Wi = 4 c . / s e c . ) ,  7*23 ( d ) ( l H ,  C -  24 5
2

J = 6 c . / s e c . )  and 8 . 0 1  ( s ) ( 3 H ,  OAc). (Found 1 C » 7 0 . 5 2 ,

H = 9 . 1 0  5 C ^ E ^ 0 Q r e q u i r e s  C = 7 0 . 6 7 , H = 8 . 9 8  ft)-,  m/e =

628 (M).

(;l e a v a g e  of  K e t o - l a c t o n e  ( 6 b ) .

The k e t o - l a c t o n e  ( 6h : 60 mg) i n  methanol (30  ml) was 

s t i r r e d  f o r  15 hours  w i t h  a s a t u r a t e d  s o l u t i o n  o f  sodium  

b i c a r b o n a t e .  Work up as d e s c r i b e d  above- gave th e  hydroxy  -  

l a c t o n e  ( 1 58 ) as th e  m a j o r  p r o d u c t .  A f t e r  b e i n g

s u b j e c t e d  t o  p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -  l i g h t  

p e t r o le u m ,  1 3 l )  i t  c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g h t  

p e tr o le u m  and had m.p.  202 -  204° and was i d e n t i c a l  i n  a l l  

r e s p e c t s  w i t h  th e  m a t e r i a l  o b ta in e d  from Kupohan c l e a v a g e  o f  

g l a b r a l  I  l a c t o n e .

A o o t y l a t i o n  o f  G labra!  I l l  ( 6 a ) .

G labra l  I I I  ( 6a s 92 mg ) was a c e t y l a t e d  at  room 

tem p era tu re  over  two days w i t h  a c e t i c  anhydr ide  -  p y r i d i n e .

Work up a f f o r d e d  a mix ture  of  a c e t a t e s  (98 nig) which were
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d i s s o l v e d  i n  anhydrous benzene and a f t e r  the  a d d i t i o n  of

b a s i c  a lumina (Woelm grade 1 i 5 g) a l l o w e d  t o  shake fo r

48 h o u r s .  The l o s s  p o l a r  major product  was s e p a r a t e d  from

the p o l a r  m a t e r i a l  by p r e p a r a t i v e  t . l . c .  ( c h lo r o fo r m

c o n t a i n i n g  2 $  methanol)  to  a f f o r d  the  hydroxy  -  a c e t a t e

(44  n g ) • S a r e t t  o x i d a t i o n  f u r n i s h e d  th e  l a c t o n e  -  a c e t a t e

( 6 d : 37 L1g) which c r y s t a l l i s e d  from i c e - c o l d  e t h y l  a c e t a t e  -

o /' CC14l i g h t  p e tro le u m  as  n e e d l e s , m.p.  204 -  205 ? 17 niax 1 7 8 2 ,

1 7 3 7 ? 1 2 4 8 , 1232 cm ^5 n . m . r .  s i g n a l s  at  "t 5*01 (m )( lH ,

C -  11 5 Wi = 9 c . / s e c . ) ,  5*09 ( d ) ( l H ,  H -  C -  OAc ? J =

4 c . / s e c . ) ,  5 -30  (r.i) ( 1H, C -  3 j Wi = 7 c . / s e c . ) ,  7 -2 3  (d )
2

( lH ,  G -  24 j J = 7 c . / s e c . ) ,  8 . 8 6  and 8 . 9 8  ( s ) ( 3 H  each ,

2 x OAc).(Pound 1 C = 70 .03?  H « 8 . 7 6  § G^H^gO^ r e q u i r e s  

C = 6 9 . 8 3 , H = 8 . 7 I io)% m/e = 670 (M).

R e d u c t io n  o f  G-labral IV l a c t o n e  ( 5 c ) .

Glabral  IV l a c t o n e  ( 5c * 70 mg ) i n  a b s o l u t e  a l c o h o l  

was t r e a t e d  at  room tem p eratu re  f o r  17 hours  w i t h  e x c e s s  

sodium b o r o h y d r id e .  The crude o i l  (65  mg) was s e e n  from t . l . c .  

t o  be m ain ly  one compound much more p o l a r  th an  the  s t a r t i n g  

m a t e r i a l .  P r e p a r a t i v e  t . l . c .  (2  x e t h y l  a c e t a t e  -  l i g h t  

p e tr o le u m ,  3 s l )  a f f o r d e d  t h e  o i l y  t r i o l  ( l?b  s 52 mg ) ,
, c c h  -

[YJ « -  5 . 4  ( c  = 1 . 8 )  5 max4 3 620 ,  3 5 2 0 , 1735 cci 5

n . m . r .  s i g n a l s  at  I 5*01 (m ) ( lH ,  C -  11 5 Wi = 4 c . / s e c . ) ,
2

6 . 2  -  6 . 9  (m)(4H, H -  OH), 7 . 2 6 ( d ) ( l H ,  C -  24 ? J = 9 c . / s e c . )

and 7 . 9 9  ( s ) ( 3 H ,  OAc). (Found 2 G = 7 2 .0 3 ?  H = 9*94 ?

^32H52^6 rcclu i r o s  C = 72 .14?  H = 9*84 ff/o) .
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Hydrogenation of Glabral I ( l a ) .

G labra l  I  ( l a  s 70 mg ) i n  e t h y l  a c e t a t e  (35  ml) was

hydrogenated  f o r  60 m inu tes  over Adams c a t a l y s t .  F i l t r a t i o n

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

o i l y  r e s i d u e  (74  mg) from which the  o i l y  d ihydro  d e r i v a t i v e

( l c  : 48 mg ) was o b ta in e d  by p r e p a r a t i v e  t . l . c .  (2  x
CC14

ch lor o for m  c o n t a i n i n g  2 $> m e th a n o l ) .  I t  had k max 3630 ,

3595? 3475? 1730? 1715 ( s )  cm  ̂ ,° n . m . r .  s i g n a l s  a t  X 4*62

(m )( lH ,  C -  21 $ Wi = 6 c . / s e c ) ,  5*04 (m )( lH ,  C -  11 ; Wi
2 2

= 6 c . / s e c . ) ,  5*48 (m )( lH ,  C -  3 ? Wi = 6 c . / s e c . ) ,  6 . 1 6  ( n )
2

( lH ,  C -  23 ? m u l t i p l e t  w id th  = 30 c . / s e c . ) ,  7*20 and 7*46

(b o th  d ) ( l H ,  C -  24 5 J = 8 c . / s e c . )  and 7 . 9 9  ( s ) ( 3 H ,  OAc).

O x i d a t i o n  o f  P i h y d r o g l a b r a l  I  ( l c ) .

D ih y d r o g l a b r a l  I  ( l c  2 24 mg ) was o x i d i s e d  u s i n g  

S a r e t t ' s  r e a g e n t  and a f t e r  work up a f f o r d e d  t h e  crude l a c t o n e  

(28  mg) from which th e  co lo u r e d  i m p u r i t i e s  were removed by  

p r e p a r a t i v e  t . l . c .  ( c h lo r o fo r m  c o n t a i n i n g  2 °/o m e t h a n o l ) .

C r y s t a l l i s a t i o n  o f  d ih y d r o g l a b r a l  I  l a c t o n e  ( Id  2 14 mg )

from i c e - c o l d  e t h y l  aceta , te  -  l i g h t  p e tr o le u m  f u r n i s h e d  v e r y  

f i n e  n e e d le s ?  m.p.  190 -  191° ? n . m . r .  s i g n a l s  a t  X  5*01 (m) 

(1H, C -  11 ; ¥1 = 5 c . / s e c . ) ,  5 . 3 5  (m ) ( lH ,  C -  3 5 Wi =

5 c . / s e c . ) ,  5*90 (m ) ( lH ,  C -  23 ? m u l t i p l e t  w id th  = 30 c . / s e c . ) ,

7 . 2 1  ( d ) ( l H ,  C -  24 ? J -  7 c . / s e c . )  and 7*99 ( s ) ( 3 H ; OAc),

(Found 2 C = ' . 72 .49?  H = 9*07 ? r e q u i r e s  C = 72 .51?

H = 9*21 /  ) OjgKr-^Orj r e q u i r e s  C = 7 2 . 2 1 ,  H = 9*09 f o ) .
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R ed u c t ion  o f  G labra l  I  ( l a ) .

Glabral  I  ( l a  s 91 mg ) i n  a b s o l u t e  a l c o h o l  (20  ml) was

t r e a t e d  a t  room tem p eratu re  f o r  70 m in u tes  w i t h  e x c e s s  sodium

b o ro h y d r id e  and a f f o r d e d  a f t e r  work up,  an o i l y  r e s i d u e  (83 mg)

which was s u b j e c t e d  t o  p r e p a r a t i v e  t . l . c .  ( e t h y l  a c e t a t e  -

l i g h t  p e t r o l e u m ,  3 8 l ) .  C r y s t a l l i s a t i o n  o f  th e  d i o l  (12a )

from e t h y l  ace to/be -  l i g h t  p e tr o le u m  f u r n i s h e d  v e r y  f i n e

n e e d l e s ,  m.p.  183 “ 184°  ? n .m . r .  s i g n a l s  at  5*02 (m)

(1H, C -  11 | Wi = 5 c . / s e c . ) ,  5 -35  (m) ( 1H, C -  3 ? Wi =
2 2

5 c . / s e c . ) ,  6 . 2  -  6 . 8  (m)(3H, H -  OH), 7*31 ( d ) ( l H ,  C -  24 5 

J = 9 c . / s e c . )  and 8 . 0  ( s ) ( 3 H ,  OAc). (Found s C = 7 0 . 5 0 ,

H = 9 -45  5 G37^5 6^7*^2^ r e l ul r e s  0 = 70 .44?  H = 9*27 ?

^gH^O^.HgO r e q u i r e s  C = 7 0 . 1 0 ,  H = 9 . 1 5  ) .

Acid h y d r o l y s i s  o f  G labra l  IV l a c t o n e  ( 5 c ) .

( a )  Glabra l  IV l a c t o n e  ( 5c s 207 mg ) i n  anhydrous benzene

was r e f l u x e d  f o r  f o u r  hours  w i t h  c h l o r o a c e t i c  a c i d  (200  mg).

The s o l u t i o n  was f i l t e r e d  th rough a s h o r t  column o f  n e u t r a l

alumina (grade  3) t o  a f f o r d  an o i l y  m ix tu r e  of  f o u r  compounds

(188  mg) which was s e p a r a te d  by p r e p a r a t i v e  t . l . c .  ( e t h y l

a c e t a t e  -  l i g h t  p e tr o le u m ,  1 : 1 ) .  The l e a s t  p o l a r  component

( l l  mg) was i s o l a t e d  as o i l  which d i s t i l l e d  a t  270° / 0*04 mm

o ' CC15and th e n  s o l i d i f i e d  and had m.p.  85 -  90 I '' max 1 7 0 6 ,

1734? 1785 cm  ̂ 5 n . m . r .  s i g n a l s  at  \  4«94 (m )( lH ,  C -  11 5

Wi = 7 c . / s e c . )  and 7*99 ( s ) ( 3 H ,  OAc). m/e = 526 (M) ( C ^ H ^ O g ) .

The second component was th e  hydroxy -  o l e f i n  ( 14a  s 68 mg )

which  c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g h t  p e tr o le u m  and had
CC11

m.p.  157 - 160 5 V max4 3 5 8 8 , 3445? 3 0 6 2 ,  1 7 8 0 , 1 7 3 4 ? 1705
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1240 cm  ̂ 5 n .m .r*  s i g n a l s  at  X- 4*97 (m)(2H, C -  26 and

1H, C -  11 ; Wi = 5 c . / s e c * ) ,  6 . 0 3  ( d ) ( l H ,  C -  24 ? J =
2

7 c . / s e c . ) , 7 -9 9  ( s ) ( 3 H ,  OAc) and 8 . 2 3  ("broad s ) ( 3 H ,  C -  2 7 ) .

(Found ; C = 73*21 ,  H = 8 . 7 2  5 C32H46 °6  reclu i r e s  0 = 72 .97?

H = 8 . 8 0  &/o) °9 n / e  = 526 (M). The t h i r d  compound, the

o h l o r o a c e t a t e  ( 15a s 79 mg ) a l s o  c r y s t a l l i s e d  from e t h y l

a c e t a t e  -  l i g h t  p e tr o le u m ,  as v e r y  lo n g  t h i n  n e e d l e s  m.p*
CC1

195 “ 196°  5 1 a a x 4 3590,  3480 ,  3 0 6 5 , 1780 ,  1735? 1 7 0 8 ,  1242  

cm  ̂ \ n . m . r .  s i g n a l s  a t  X  5*00 (m )( lH ,  C -  11 5 ¥1 = 6  c . / s e c . )

5 -10  ( d ) ( l H ,  C -  24 5 J = 4 c . / s e c . ) ,  5 -9 4  ( s ) ( 2 H ,  CH2 -  Cl)

and 7*98 ( s ) ( 3 H ,  OAc). (Found s G = 6 5 . 8 2 , H = 7 • 9 5 1

C34H4 9 ° 8 C1 recIu i r e s  c = 65*75? H = 7*89 I'o)- m/e = 560 (M -  6 0 )-

A c r y s t a l  s u i t a b l e  f o r  X-ray a n a l y s i s  was mounted and

p r e l i m i n a r y  p h otograp hs  ta k e n  but were i d e n t i c a l .  t o  t h o s e

from t h e  b rom oaceta te  ( l 6 b )  i n d i c a t i n g  t h a t  the  two compounds

were i s o n o r p h o u s .  The most p o l a r  compound, th e  d i o l

( 15c % 18 mg) was c r y s t a l l i s e d  from e t h y l  a c e t a t e  -  l i g h t

o /' CC14p etro le u m  and a f t e r  d ry in g  i t  had m.p.  198 -  200 j v max 

3565? 3520 ,  1707? 1723 and 1782 cm- 1 . (Found : C = 6 7 . 4 0 ,

H = 8 . 8 3  ? C32H48°7  5/2H20 r e q u i r e s  C = 6 7 . 2 5 ,  H = 8 . 9 3  1<> ) 5 

m/e = 484 (M -  6 0 ) .

(b )  Glabra l  IV l a c t o n e  ( 5° % 150 mg ) was t r e a t e d  i n  

r e f l u x i n g  benzene f o r  15 hours  w i t h  b r o m o a c e t i c  a c i d  as  

d e s c r i b e d  above .  T . l . c .  showed t h a t  th e  product  c o n s i s t e d  o f  

a s i m i l a r  s e r i e s  o f  compounds from which  t h e  major p r o d u c t ,  

t h e  b ro m o -a o e ta te  ( 15b s 64 mg ) was i s o l a t e d  by p r e p a r a t i v e  

t . l . c .  C r y s t a l l i s a t i o n  from ch lo r o fo r m  -  l i g h t  p e tr o le u m
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fu r n i s h e d  n e e d l e s  m.p.  201 -  2 0 2 ° .  A sample f o r  X-ray  

a n a l y s i s  v/as grown by d i s s o l v i n g  i t  i n  a l a r g e  volume o f  

e t h y l  a c e t a t e ,  f o l l o w e d  by the  a d d i t i o n  o f  h ig h  b o i l i n g

p e tro le u m  ( b . p .  100 -  120°)  and a l l o w i n g  th e  s o l v e n t s  to
CC1A - 1

e v a p o ra te  s l o w l y ,  'i max 3590 ,  17 &5 , 1 7 2 4 , 1700 cm 5

n .m . r .  s i g n a l s  at  % 4*90 (m )( lH ,  C -  11 ? Wi_ = 7 c . / s e c . ) ,
2

5 . 1 2  ( d ) ( 1H, G -  24 s J = 3 c . / s e c . ) ,  5 ,29 .  (m ) ( lH ,  C -  23 }

Wi_ = 21 c . / s e c . ) ,  6 . 1 5  ( s)  ( 2H, CH0 -  B r ) , and 8 . 0 2  ( s )

(3H, OAc). (pounds C = 6 1 . 2 9 ,  H = 7*37 ? ÔqBcc* r e q u i r e s

c = 6 1 . 3 6 , h = 7*37 f°) 1 V e = 665 (m).

Formation o f  I o d o a c e t a t e  ( l 5 d ) .

The above c h l o r o a c e t a t e  ( 15 a s 75 mg ) i n  a c e t o n e  was

r e f l u x e d  f o r  15 hours  w i th  e x c e s s  sodium i o d i d e  i n  an

a,tmosphere o f  n i t r o g e n .  T . l . c .  showed t h a t  t h e  p o l a r i t y  o f

th e  product  was s i m i l a r  t o  t h a t  o f  t h e  s t a r t i n g  m a t e r i a l .

A f t e r  p u r i f i c a t i o n  by p r e p a r a t i v e  t . l c .  ( e t h y l  a c e t a t e  -

l i g h t  p e tr o le u m ,  1 1 l )  th e  i o d o - a c e t a t e  ( 15d % 56 mg)

c r y s t a l l i s e d  from ch loroform  -  l i g h t  p e tr o le u m  as n e e d l e s
CC1

m.p.  173 -  1 7 4 ° $ max4 3590 ,  1 7 6 5 , 1724 ,  1700 cm”1 5

n . m . r .  s i g n a l s  a t  X 4 -97  ( m) ( l H ,  C -  11 | W_i = 6 c . / s e c . ) ,
2

5 . 1 2  ( d ) ( l H ,  C -  24 5 J = 3 c . / s e c . ) ,  6 . 2 5  ( s ) ( 2 H ,  CHg -  I )  

and 8 . 0 0  ( s ) ( 3 H ,  OAc). (Found s C = 5 7 . 2 3 ,  H = 7*05 5

C34H4 9 °8 I  r e l u;i-r e s  0 = 57*31 ,  H = 6 . 8 9 $ ) .  -1 sample was

grown f o r  X-ray  a n a l y s i s  as d e s c r i b e d  above but formed  

c l u s t e r s  of  c r y s t a l s  u n s u i t a b l e  f o r  an X-ray  d e t e r m i n a t i o n .  

R e c r y s t a l l i s a t i o n  f u r n i s h e d  s i n g l e  c r y s t a l s  o f  a s u i t a b l e  s i z e  

but were found t o  be twinned when v iewed  under a p o l a r i s i n g
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m icroscope  and were not  f u r t h e r  i n v e s t i g a t e d .

C r y s t a l  D ata .

B r o n o a c e t a t e  ( 15b ) ,  C ^ H ^ O g B r ,  ^ = 6 6 5 , Orthorhom bic ,

a = 7*27 ,  b = 1 8 . 1 4 ,  C = 2 5 .80  £ ,  u = 3402 £  5 , D n o tm

measured,  Z = 4 3) = 1 . 3 0 .? 9 c

The i n t e n s i t y  d a ta  c o l l e c t i o n  was by th e  equ i  -  

i n c l i n a t i o n  Weisscmberg method u s i n g  Cu -  K r a d i a t i o n  w i t hod

a s m al l  c r y s t a l  r o t a t i n g  about th e  a a x i s .  The r e c i p r o c a l  

l a t t i c e  n e t s  (Okl)  t o  ( 5 k l )  were surveyed  u s i n g  t h e  m u l t i  -  

f i l m  t e c h n i q u e ,  a t o t a l  o f  1457 r e f l e x i o n s  b e i n g  o b t a i n e d .

The i n t e n s i t i e s  r/ere e s t i m a t e d  v i s u a l l y  by comparison  w i t h  

a c a l i b r a t e d  s c a l e  and a p p r o p r ia t e  c o r r e c t i o n s  were made f o r  

L o r e n t z ,  p o l a r i s a t i o n  and r o t a t i o n  f a c t o r s .  S in ce  a b s o r p t i o n  

was sm al l  110 c o r r e c t i o n s  were a p p l i e d .

A c e t y l a t i o n  o f  Hydroxy -  O l e f i n  ( 1 4 a ) .

The hydroxy -  o l e f i n  (14a  : 2o mg) v/as t r e a t e d  a t  room 

t em perature  f o r  48 hours w i t h  a c e t i c  anhydr ide  -  p y r i d i n e  and 

a f f o r d e d  th e  co r r e s p o n d in g  a c e t a t e  ( 14b s 24 mg ) from which  

minor i m p u r i t i e s  were removed by p r e p a r a t i v e  t . l . c .  ( e t h y l  

a c e t a t e  -  l i g h t  p e tr o le u m ,  1 s 1 ) .  C r y s t a l l i s a t i o n  from 

i c e  c o ld  ch lor o for m  -  l i g h t  p e tr o le u m  a f f o r d e d  t h e  o l o f i n i c  -  

a c e t a t e  ( '14b ) as  v e r y  l a r g e  n e e d l e s ,  m.p.  110 -  115°9 1 8 4 ° ,  

(Found % C = 6 o . 9 9 j  H = 7*24  5 C^H^gO^CHCl^ r e q u i r e s  C =» 

6 1 . 0 9 ,  H = 7*12 1c).
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