
CATIONIC REARRANGEMENTS AND CYCLISATIONS OF DITERPENES 

by 

STEPHEN FRANK HALL 

B.Sc. Tech. University of Manchester, 1964 

A DISSERTATION SUBMITTED IN PARTIAL FULFILLMENT 

OF THE REQUIREMENTS FOR THE DEGREE OF 

DOCTOR OF PHILOSOPHY 

in the Department 

of 

Chemistry 

@ STEPHEN FRANK HALL, 1 9  7 1  

SIMON FI-ASER UNIVERSITY 

March, 1971 



APP ROVAL 

Name: Stephen Frank H a l l  

Degree: Doctor  o f  Phi losophy 

' l ' i t l c  o f  T h e s i s  : Cat ion i  c Rearrangements and C y c l i s a t i o n s  

o f  D i t c r p e n e s  

iixamining Committee: 

A. C.  O e h l s c h l a g ~ r  
S e n i o r  S u p e r v i s o r  

'2. N .  B e l l  
Exapininq Comrni ttee 

A. M. Unrau 
Examining Committee 

, J .  Borden 
Department of B i o l o g i c a l  S c i e n c e s  

'1'. Money 
Ex t c , rna l  Examiner 

Departmtlnt o f  Chemistry 
U n i v e r s i t y  of British Columbia 



ABSTRACT 

The biogenesis  of t h e  t e t r a c a r b o c y c l i c  d i t e rpenes  

i s  considered t o  involve c y c l i s a t i o n  v i a  a b i c y c l i c  C-- 

13  carbonium ion. This spec ies  has  been generated i n  

t h e  labora tory  by a c i d  t reatment  of  man001 and A13- 

man001 and found t o  give,  under t h e  r e l a t i v e l y  mild con- 

d i t i o n s  of re f luxing  a c e t i c  a c i d ,  a 1:l mixture of 1 1 3 -  

man001 a c e t a t e  and o l e f i n s .  The o l e f i n  mixture cons is ted  

mainly of l abda t r i enes  with samller  amounts of t h r e e  

c l a s s e s  of cyc l i sed  products.  Ring c losure  between C- 

1 3  and C-17 gave approximately equal amounts of tri- 

c y c l i c  A-vinyl  isopimaric  and $-vinyl pimaric 0 7 ,  0 8  

and 4 8  (14) d ienes  toge the r  wi th  a product of backbone 

rearrangement i n  each s e r i e s .  Each of t h e  d ienes  was 

found to 5e stable under t h e  r eac t ion  condi t ions,  in- 

d i c a t i n g  t h a t  t h e  backbone rearrangement occurred by 

t r a n s f e r  of t h e  migrat ing funct ions  along t h e  backbone 

of t h e  molecule without p a r t i c i p a t i o n  of  t h e  in termedia te  

o l e f i n s .  The t h i r d  type  of cyc l i sed  product was a 

h i t h e r t o  unknown cycloocta-1,s-diene d e r i v a t i v e ,  which 

we c a l l  8,13-burnabadiene, generated by c y c l i s a t i o n  

between C-15 and C-17. 

iii 



8,13-Burnabadiene 

Under t h e  more v igorous  c o n d i t i o n s  o f  r e f l u x i n g  

fo rmic  a c i d ,  t h e  format ion o f  l a b d a t r i e n e s  was pre-  

c luded  and t h e  y i e l d s  o f  t h e  i n i t i a l l y  c y c l i s e d  pimara- 

d i e n e s  and i sop imarad i enes ,  t h e  backbone r ea r r anged  

p roduc t s  and burnabadiene  i n c r e a s e d .  I n  t h i s  r e a c t i o n  

t h e  r a t i o  o f  A13-man001 formate  t o  o l e f i n s  was 1:7. 

The i n i t i a l  d i e n e s  and t h e  backbone r ea r r anged  p roduc t s  

w e r e  i n t e r c o n v e r t e d  by t h e  r e a c t i o n  c o n d i t i o n s  showing 

t h a t  backbone rearrangement  i s  r e v e r s i b l e .  A t e t r a -  

c y c l i c  p roduc t ,  h iban -14d - fo rma te  was a l s o  i s o l a t e d  and 

i n  a d d i t i o n  was formed i n  q u a n t i t a t i v e  y i e l d  when 8,13- 

burnabadiene  was s u b j e c t e d  t o  t h e  r e a c t i o n  c o n d i t i o n s .  

Deuterium l a b e l l i n g  of  Al3-man001 a t  C-14  showed t h a t  

hiban-14 &formate  was indeed  formed v i a  such a  carbon 

s k e l e t o n .  

A s y n t h e t i c  r o u t e  t o  8,13-burnabadicne i s  d i s c u s s e d  
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CHAPTER 1 

INTRODUCTION 



The b iogenes i s  of  t h e  n a t u r a l l y  occu r r ing  com- 

pounds known a s  t h e  t e rpenes  i s  cons idered  t o  involve  

c a t i o n i c  c y c l i s a t i o n s  of a c y c l i c  p recu r so r s  t o  g ive  

c y c l i c  p rogen i to r s .  Reasonable c a t i o n i c  rearrangements 

of t h e s e  i n i t i a l l y  formed in t e rmed ia t e s  can account f o r  

t h e  g ros s  carbon s t r u c t u r e  of  most o f  t h e  t e rpeno ids  

encountered i n  Nature. Often a  s i n q l e  p l a n t  o r  animal 

e x t r a c t  w i l l  c o n t a i n  t e rpenes  of apparen t ly  g r o s s l y  

d i f f e r e n t  s t r u c t u r e s ,  which, on c l o s e  examination,  a r e  

seen t o  r e p r e s e n t  p roduc ts  of  n e u t r a l i s a t i o n ,  e l i m i n a t i o n  

and ox ida t ion  of  t h e  va r ious  ca rbocyc l i c  i n t e rmed ia t e s  

reasonably involved i n  t h e  b iogenes i s  of  t h e  carbon 

s k e l e t o n  of  t h e  most h igh ly  c y c l i s e d  and rear ranged  

component of t h e  e x t r a c t .  

A n u r b e r  of  t h e  p r c p m e d  c y c l i s a t i c n s  and re -  

arrangements have been i m i t a t e d  i n  t h e  l abo ra to ry  by 

gene ra t ing  t h e  app rop r i a t e  carbonium ions  i n  s u i t a b l e  

s k e l e t o n s  and t h e s e  c a t i o n i c  -- i n  v ivo  t r ans fo rma t ions  

and t h e i r  - i n  v i t r o  analogues have been t h e  s u b j e c t  of 

a  number of r e c e n t  reviews,  1-6 

The p r i n c i p l e  c y c l i s a t i o n s  and rearrangements con- 

s i d e r e d  t o  occur  i n  t h e  b iogenes i s  of t h e  C20 i sop reno ids  

ltnown a s  t h e  d i t e r p e n e s  and t h e  - i n  v i t r o  analogues which 

had been r epo r t ed  p r i o r  t o  t h e  s t a r t  of t h i s  work w i l l  

b e  reviewed b r i e f l y .  



The i n i t i a l  s t e p  of  t h e  b i o g e n e s i s  o f  c a r b o c y c l i c  

d i t e r p e n e s  i s  t h e  c y c l i s a t i o n  o f  g e r a n y l l i n a l y l  pyro- 

phospha te  (1, R=pyrophosphate) o r  i t s  A 1 3  a l l y l i c  isomer 

ge rany lge rany l  pyrophosphate t o  t h e  b i c y c l i c  C- 8 

carbonium ion  (2)  * . 
R 

The involvement o f  t h e  a c y c l i c  p r e c u r s o r ( 1 )  i s  sup- 

p o r t e d  by t h e  i s o l a t i o n 7  from t h e  e s sence  o f  jasmin of  

g e r a n y l l i n a l y l  a l c o h o l ,  i s o p h y t o l  ( i t s  hexahydro 

d e r i v a t i v e )  and p h y t o l ,  t h e  analogous hexahydro a l c o h o l  

d e r i v e d  from ge rany lge rany l  a l c o h o l  and by t h e  i n c o r p o r a t i o n  

* of  ge rany lge rany l  pyrophosphate i n t o  t h e  t e t r a c y c l i c  

d i t e r p e n e  kaurene ( 2 3  see below) . I n  a d d i t i o n  t h e r e  have 

been performed a Large number o f  m ine ra l  a c i d  c a t a l y s e d  

c y c l i s a t i o n s  o f  1 ,5 -d ienes  3 f  each of which p o r t r a y s  

t h e  e s s e n t i a l  f e a t u r e s  of t h e  above r e a c t i o n  i e .  t h e  con- 

*Although a  f u l l y  developed carbonium i o n  i s  probably  n o t  
p r e s e n t  i n  v ivo ,  i t  i s  t h e  most conven ien t  way o f  r ep re -  -- 
s e n t i n g  t h e  b i o l o g i c a l  e q u i v a l e n t  o f  t h i s  and subsequent  
c a t i o n i c  s t r u c t u r e s .  

I t  i s  p o s s i b l e  f o r  an enan t iomer i c  form of  1 t o  
c y c l i s e  t o  an enant iomer  of  2 and i n  f a c t  compounds r e s u l t -  
i n g  from f u r t h e r  r e a c t i o n  of  bo th  forms a r e  w e l l  known. I n  
o r d e r  t o  s i m p l i f y  c o r r e l a t i o n s  between d i f f e r e n t  s k e l e t o n s ,  
most s t r u c t u r e s  a r e  drawn h e r e  w i t h  t h e  10B methyl  con- 
f i g u r a t i o n  a l though  some ( e r y t h r o x y d i o l s ,  t r a chy lnbancs ,  
g i b b e r e l l i n s )  have s o  f a r  on ly  been encountered i n  t h e  l o o (  
methyl  series.  



c e r t e d  c y c l i s a t i o n s  of isoprenoid 1 ,  5-dienes proceed t o  

g i v e  cyclohexyl systems by t r a n s  a n t i - p a r a l l e l  a d d i t i o n  

t o  t h e  double bonds. 

The b i c y c l i c  i o n ( 2 )  possesses  t h e  carbon ske le ton  

of  t h e  c l a s s  of d i t e rpenes  known a s  t h e  labdanes, which 

a r e  considered t o  d e r i v e  d i r e c t l y  from it. 

of 1 , 2  s h i f t s  i n  vivo, known a s  a  backbone rearrange- 

ment. This  l eads  t o  t h e  carbon ske le tons  of t h e  re- 
16 

arranged labdanes, of which c l e r o d i n ( 3 )  is  an example. 

The formation of (5) upon t reatment  of (4) with 
17 

su lphur ic  acid i s  an example of t h i s  type  of r eac t ion  

i n  v i t r o .  - 



Diterpenes  possess ing  t h e  pimarane ( 7 )  and i so -  

pimarane ( 8 )  s k e l e t o n s  a r e  cons idered  t o  be formed from 

an 8[17)-labdene p recu r so r  ( 6 )  by  c y c l i s a t i o n  t o  C-13. 

8 

I n  each case  a t r i c y c l i c  C-8 carbonium ion  i s  con- 

s i d e r e d  l i k e l y  and t h i s  can l e a d  d i r e c t l y  t o  t h e  known 

members of t h e s e  groups. A t  t h e  commencement of  t h i s  

work t h e r e  was on ly  one r epo r t18  of  t h i s  c y c l i s a t i o n  - i n  

v i t r o .  

B i o l o g i c a l l y  induced backbone rearrangements  i n  a 

f a sh ion  s imilar  t o  t h a t  desc r ibed  f o r  t h e  labdanes 

w o u l d  l e a d  t o  t h e  rear ran : fed  s k e l e t o n s  of rosenono- 

l a c t o n e  ( 9 )  and rimuene (48)  . 



T h i s  r ea r rangement  h a s  been i m i t a t e d  i n  t h e  

l a b o r a t o r y  by t h e  treatment1' o f  d i h y d r o p i m a r i c  a c i d  (11; 

1 1 
R = E t ,  R =CH3) and d i h y d r o i s o p i m a r i c  a c i d  (11; R=CH R = 

3 ' 
E t )  w i t h  c o l d  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  g i v e  t h e  

c o r r e s p o n d i n g  5$-Y -1ac tones  ( 1 2 ) .  

F u r t h e r  c y c l i s a t i o n  of t h e  carbonium i o n  s p e c i e s  ( 7 )  

and ( 8 )  -- i n  v i v o  i s  consiclcred t o  g i v e  t h e  cor respond ing  

t e t r a c y c l i c  i o n s  (13)  and ( 1 4 ) .  



S t r i c t l y  s p e a k i n g  t h i s  c y c l i s a t i o n  h a s  n o t ,  t o  d a t e ,  

been i m i t a t e d  i n  t h e  l a b o r a t o r y .  The t r i c a r b o c y c l i c  t o  

t e t r a c a r b o c y c l i c  t r a n s f o r m a t i o n  h a s  been performed f o r  

e a c h  series however, w i t h  an e l e c t r o n  s h i f t  i n  t h e  

o p p o s i t e  d i r e c t i o n ,  and t h i s  was accompanied by a  back- 

bone rea r rangement .  Thus t h e  s o l v o l y s i s  o f  pimarene 

m e s y l a t e  (15)  20 and isopirnarene m e s y l a t e  (16)  21 gave  t h e  

r e a r r a n g e d  h i b a e n e  (17)  and i s o h i b a e n e  ( 1 8 )  s k e l e t o n s  

r e s p e c t i v e l y .  

Whereas p h y l l o c l a d e n c  (19)  and n e o - a t i s e n e  (20)  a r e  

t h e  o n l y  known n a t u r a l l y  o c c u r r i n g  d i t e r p e n e s  w i t h  s k e l e t o n s  

d e r i v a b l e  from (141, t h e  i s o l a t i o n  o f  d i t e r p e n e s  p o s s e s s -  

i n g  t h e  h i b a e n e  (21)  , a t i s e n e  ( 2 2 )  , kaurene  ( 2 3 )  and 

t r a c h y l o b a n e  ( 2 4 )  s k e l c t o ~ w  ( d e r i v a b l e  from 13)  i n d i c a t e  



t h e  variety o f  pathways available t~ t h i s  type  of i n t c r -  

media te .  



There a r e  many r e p o r t s  of t h e  c a t i o n i c  v i t r o  i n t e r -  
22-32 

conversion of t h e s e  ske le tons  
90 

T h e  b i o l o g i c a l l y  important g i b b e r e l l i c  a c i d  (25)  

is  envisioned a s  being formed v i a  con t rac t ion  of r i n g  B 
89 

i n  t h e  kaurene ske le ton  ( 2 3 )  . 

T h i s  sequence i s  supported by  t h e  i s o l a t i o n  of the  re- 

l a t e d  intermediate  compounds ( 2 6 )  3 3 ,  ( 2 7 )  3 4 ,  ( 2 8 )  34.  

-CH3 =CH 2 CHO 

-CI1201-I =CH2 COOH 

CII 
- C H 2 0 H  <0H3 



COOH 

CH , 
3 

COOH 

Strong  suppor t  is  l e n t  t o  t h e  above desc r ibed  bio-  
14 

s y n t h e t i c  pathways by t h e  C l a b e l l i n g  s t u d i e s  which 

have been performed i n  i n v e s t i g a t i n g  t h e  pathways which 

l e a d  t o  p l eu romut i l i n  ( 2 9 )  35-38, rosenonolactone ( 9 )  35 ,  3 6 ,  

3 9 r 4 0  and g i b b e r e l l i c  a c i d  ( 2 5 )  39,40 

The o v e r a l l  scheme cons idered  above f o r  t h e  bio-  

genes i s  of  t h e  more e x t e n s i v e l y  c y c l i s e d  and rear ranged  

d i t e r p e n e s  i s  i l l u s t r a t e d  by t h e  b i o q e n e t i c  d e r i v a t i o n  of  
14 

t h e  l a b e l  i n  g i b b e r e l l i c  a c i d  from a c e t a t e  -1 C and 14c- 

2 mevalonate a s  shown i n  Im'igure 1, (p. 13 )  



I n s p e c t i o n  o f  the o v e r a l l  scheme shows t h a t  t h e  

b i o g e n e s i s  of t h e  d i t e r p e n e s  can proceed v i a  i n t e r m e d i a t e  

carbonium ions .  The  t r ans fo rma t ions  may occur  by 

e l i m i n a t i o n  t o  i n t e r m e d i a t e  o l e f i n s  and re -pro tona t ion  

b u t  i n  t h e  p l a n t  t h i s  i s  less l i k e l y  t han  a  p rocess  in-  

vo lv ing  t r a n s f e r  of t h e  c a t i o n i c  c e n t r e  simply by n o r 0  

e l e c t r o n  migra t ion .  Many of t h e  processes  have,  indeed ,  

been copied i n  t h e  l a b o r a t o r y  by gene ra t ing  a  c a t i o n i c  

c e n t r e  i n  an a p p r o p r i a t e  ske l e ton .  A t  t h e  beginning of 

t h i s  r e sea rch  t h e r e  had,  however, been very few - i n  v i t r o  

s t u d i e s  on t h e  b i ca rbocyc l i c~ t r i ca rbocyc l i c - -+ te t r a -  

ca rbocyc l i c  p rocesses  and it was t h e  purpose of t h i s  work 

t o  i n v e s t i g a t e  i n  t h e  l a b o r a t o r y ,  r e a c t i o n s  which may 

i m i t a t e  t h e s e  t r ans fo rma t ions .  

R convenient  s t a r t i n g  material was manool (311 , 

s i n c e  it was commercially a v a i l a b l e  and would, on a c i d  

t r ea tmen t  provide t h e  r e q u i r e d  b i c y c l i c  C-13 carbonium 

ion .  



The purpose then was t o  use  condi t ions  s u f f i c i e n t l y  

vigorous t o  consume t h e  man001 b u t  no t  so  vigorous a s  

t o  cause extens ive  rearrangement of t h e  primary products.  

The primary products were t o  b e  i s o l a t e d ,  i d e n t i f i e d  and 

reac ted  f u r t h e r  and t h i s  process  repeated a s  o f t e n  a s  

poss ib le .  I n  t h i s  way, it was proposed t o  study t h e  

spec ies  underwent t ransformations resembling those  pro- 

posed f o r  t h e  i n  vivo processes  involved i n  t h e  bio- 

syn thes i s  of t h e  more extens ive ly  cyc l i sed  d i te rpenes .  



F i g u r e  1: Biogenesis of Gibbere l l i c  Acid 8 9 





Reaction of both man001 (31) and 013-man001 (32)  i n  

r e f lux ing  a c e t i c  a c i d  gave hydrocarbon mixtures w i t h  

i d e n t i c a l  vapour phase chromatograms (see Figures  2, p. 28 

and 3, p.29). 

The r e s u l t s  a r e  summarised i n  Table 1 (p. 2 4 ) .  Each 

component was i d e n t i f i e d  by i t s  I R ,  NMR and Mass Spectrum 

and where p o s s i b l e  by comparison wi th  a u t h e n t i c  samples. 

Af te r  appropr ia t e  work-up and extens ive  chromato- 

graphic  separa t ion  each of t h e  hydrocarbon products was 

subjected t o  t h e  o r i g i n a l  r eac t ion  condi t ions  and a l l  

except trans-biformene (34)  were shown t o  be completely 

s t a b l e ,  a s  determined by vapour phase chromatographic 

a n a l y s i s  on column A o r  column B. A f t e r  1 hour reac t ion ,  

70% of t h e  trans-biformene was consumed. No a d d i t i o n a l  

peaks were, however, observed and t h e  trans-biformene was 

considered t o  have polymerised. 

The determinat ion of product d i s t r i b u t i o n  i n  t h e  

hydrocarbon mixture was performed by VPC on columns A 

and B. I t  was t h e r e f o r e  necessary t o  c a l i b r a t e  t h e  re- 

sponse of each of t h e  components to be determined. This 



was done by d e f i n i n g  a " s p e c i f i c  responset '  (SR) of compound 

X w i th  r e s p e c t  t o  t h e  i n t e r n a l  r e f e r e n c e  compound oc t a -  

decane (OD) 

SR = W t . X  . W t . O D  
response X response OD 

From t h i s  t h e  a c t u a l  weight and hence th!? y i e l d  of  a com- 

ponent X i n  a mixture  could be determined i f  t h e  s p e c i f i c  

response of t h a t  component had been determined and i f  t h e  

weight of  octadecane was known, simply by measuring on 

t h e  VPC t r a c e  t h e  r a t i o  of  t h e  a r e a s  of t h e  peaks cor-  

responding t o  X and OD. 

. . W t .  X = S R  x response X 
X Wt. OD response OD 1 

To t h i s  end  t h e  s p e c i f i c  response of each i s o l a t e d  hydro- 

carbon was determined and t h e  r e s u l t s  a r e  summarised i n  

T & l e  2. (p .25 )  

41 4 8 kS 

Due t o  decomposition of  t h e  samples it was n o t  

p o s s i b l e  t o  determine t h e  s p e c i f i c  response f o r  sandaraco- 

pimaradiene(41)  o r  r imueile(48).  I n  a d d i t i o n  t o  t h e  above 

desc r ibed  compounds t h e r e  was a f u r t h e r  component(49) 

which appeared i n  s e v e r a l  chromatograms b u t  which e luded 



a l l  a t tempts  a t  i s o l a t i o n  and hence t h i s  component could 

no t  b e  c a l i b r a t e d .  The y i e l d s  of t h e s e  t h r e e  compounds 

a r e  t h e r e f o r e  uncorrected and a r e  marked wi th  an a s t e r i s k * .  

The experimental e r r o r  was est imated a t  2 10% of 

each va lue  determined, except f o r  y i e l d s  of l e s s  than 1% 

which were rounded o f f  t o  t h e  n e a r e s t  t e n t h  of a percent .  

Reaction of man001 (31 and A 13-man001 (32) wi th  re- 

f luxing  formic a c i d  gave hydrocarbon mixtures wi th  ident-  

i c a l  chromatograms (see Figures  4, p.30 and 5, p.31), j u s t  

a s  they d i d  on reac t ion  wi th  a c e t i c  ac id .  The r e s u l t s  a r e  

summarised i n  Table 3. (p. 27) 

The in terconvers ions  of t h e  hydrocarbons i n  t h e  

above reac t ion  were s tudied  by sub jec t ing  them individ-  

u a l l y  t o  t h e  r eac t ion  condi t ions  f o r  var ious  l eng ths  of 

time. The r e s u l t s  of t h i s  t reatment  f o r  t h e  t r i c y c l i c  

compounds (4O,42, 44) possessing a C-13d-vinyl group a r e  

summariscd i n  Tables 4 (p. 541, 5 (p. 55) ,  and 6 (p. 56) and 

t h e  r e s u l t s  f o r  t h e  epimcric compounds (37,38,39,43) 

possessing a C-13p v iny l  group a r e  summarised i n  Tables 

7 (p.57), 8 (p.581, 9 (p.59) and 10 (p.60).  8-Epi-5 ( l o ) ,  15- 

rosadiene(46)  was shown t o  b e  s t a b l e  under t h e  r eac t ion  

condi t ions  and 5 ( l o ) ,  12-abietarosadiene (47), al though 



40% reac ted  a f t e r  1 hour, d i d  not  g i v e  products de tec t -  

a b l e  by VPC and I R  spectroscopy of t h e  r eac t ion  mixture 

showed no formate absorpt ion.  Hence t h e  formation of  t h i s  

compound was i r r e v e r s i b l e  and it was considered t o  have 

polymerised. 8,13-Burnabadiene (45) on r e f  luxing with 97% 

formic a c i d  f o r  1 hour was converted q u a n t i t a t i v e l y  i n t o  

i l i l d n - i 4 ~ ( - ~ i -  formate (521) which was a i s o  i s o i a t e d  from t h e  

reac t ion  mixture. 

Addit ional  information concerning t h e  pathway by 

which hiban-14d-yl-formate (50) was formed from t h e  b i -  

c y c l i c  ske le ton  was provided by t reatment  wi th  formic 

a c i d  of Al3-manool(32) deutera ted  a t  C-12,  C-14 and C-16. 

This compound was prepared according t o  t h e  scheme out- 

l i n e d  i n  Figure 6 (p. 32).  Thus, reduct ion of t h e  a l l y l i c  

e s t e r  (33; R=AC) wi th  LiA1H4 and subsequent oxidat ion wi th  

chromic anhydride and pyr id ine  gave t h e  aldehyde (51).  

Attempts a t  f u r t h e r  oxida t ion  using Jones reagent o r  

T o l l e n ' s  reagent  o r  by prolonged reac t ion  wi th  chromic 

anhydride and pyr id ine  proved unsuccessful .  Oxidation 

according t o  t h e  method of corey4', gave enantio-methyl 

copala te  (52). Base-catalysed deuterium exchange followed 

by L i A 1 H 4  reduct ion gave bl3-man001 deutera ted  a t  C- 

12, C-14 and C-16 (54).  The ex ten t  of deu te ra t ion  a t  C- 



14 was asce r t a ined  t o  b e  50% by NMR comparison of t h e  

i n t e n s i t y  of t h e  p a i r  of s i g n a l s  ( ~ 5 . 2 0 ,  5.53) due t o  

t h e  C-17 hydrogens wi th  t h e  t r i p l e t  ( ~ 4 . 7 4 )  due t o  t h a t  

a t t ached  t o  C-14. Af te r  chromatography of t h e  r eac t ion  

mixture, hiban-14d -yl- formate (50) was i s o l a t e d  i n  low 

y i e l d .  I n t e g r a t i o n  of t h e  NMR s i g n a l  due t o  t h e  formate 

'L----J ----.-- 
I I ~ U L V L J ~ J I  (i1.8ij; a i d  c m ~ ~ a r i s o ~ l  with t h a t  due t o  t h e  i4B- 

hydrogen ( ~ 5 . 5 5 )  i n  t h i s  hiban-14d-yl-formate revealed 

t h a t  a l l  of t h e  deuterium o r i g i n a l l y  a t  C-14 i n  t h e  s t a r t -  

ing  m a t e r i a l  was loca ted  a t  C-14 i n  t h i s  product. Further- 

more, t h e  i so tope  d i s t r i b u t i o n  around t h e  parent  peak i n  

t h e  mass spectrum of  both  of t h e s e  compounds was t h e  same, 

i n d i c a t i n g  t h a t  t h e  deuterium a t  C-12 and C-16 i n  t h e  

deutera ted  A13-manoo1(54) were no t  l o s t  i n  t h e  reac t ion .  

An at tempt  was made t o  maintain asymmetry a t  C-13 

i n  t h e  r i n g  c l o s u r e  between C-17 and C-13 of man001 by 

decreasing t h e  ease  of t h e  s t e p  which genera tes  a carbon- 

i u m  ion c e n t r e  a t  C-13. I t  was hoped t h a t  asymmetric 

cap tu re  of C-13 could b e  de tec ted  by an inc rease  i n  t h e  

y i e l d s  of products der ived  from t h e  pimarane ske le ton  

(C-13p-vinyl), formed by a backside displacement, a t  t h e  

expense of products der ived from t h e  isopimarane 



skele ton  (c-13d-vinyl)  . The l a t t e r  compounds can only 

b e  formed a f t e r  complete i o n i s a t i o n  and r o t a t i o n  about 

t h e  C-12 - C-13 bond, To t h i s  end t h e  p n i t r o b e n z o a t e  

of man001 was prepared and i t s  s o l v o l y s i s  attempted i n  a 

v a r i e t y  of so lvents .  Unfortunately,  t h e  compound was 

s o  s t a b l e  t h a t  no i o n i s a t i o n  occurred and pure s t a r t i n g  

material was recc~ered cn each cccasicn. 

The compound t o  which t h e  s t r u c t u r e  5 ( l o ) ,  12-  

ab ie ta rosad iene  (47) was subsequently assigned was hydro- 

genated and t h e  product compared by VPC with a sample of  

a u t h e n t i c  hibane prepared from hiban-14&-yl- formate. 

The two compounds were no t  i d e n t i c a l  and it was t h e r e f o r e  

concluded t h a t  t h i s  compound,whose s t r u c t u r e  had no t  y e t  

been determined, d i d  no t  possess  t h e  hibane carbon skeleton.  

I n  o rde r  t o  s u b s t a n t l a t e  s t r u c t u r e  ( 4 5 )  f o r  8,13-  

burnabadiene s e v e r a l  a t tempts  were made t o  synthes ise  it. 

Photolysis  of pimaradiene(38) i n  t e r t -bu tano l  with 

xylene as  s e n s i t i s e r ,  t h e  same condi t ions  as  have been 

previously used42 t o  induce c a t i o n i c  rearrangements v i a  

p h o t o l y t i c a l l y  generated carboniurn cen t res  i n  cyclo- 

hexane systems eg. (55) 4 3 ,  f a i l e d  t o  give any reac t ion .  

Exposure of 8,15-pimaradiene(37) and 8,15-iso- 

pimaradiene ( 4 0 )  t o  (OCN) ~ d ~ 1 : ~  under the  same condit ions 

a s  have been reported45 f o r  the  i somer isa t ion  of 4-vinyl- 



cyclohexene ( 5 6 )  t o  1,5-cyclooctadiene ( 5 7 )  d i d  not produce 

material was recovered. 



The t h i r d  p rocedure  which was a t t e m p t e d  invo lved  

a s  t h e  l a s t  s t e p  t h e  c y c l i s a t i o n  o f  t h e  d i a l l y l  bromide 

(58) u s i n g  ~ d i  ( C O )  o r  g3PNi  (CO)  :6 a c c o r d i n g  t o  t h e  pro- 4 

cedure  p r e v i o u s l y  r e p o r t e d 4 7  f o r  t h e  c y c l i s a t i o n  i n  5- 

20% y i e l d  o f .  t h e  d i a l l y l  bromide (59) t o  1 , 5 - c y c l o o c t a d i e n e  

g3 P N i  (CO) 20% y i e l d  

The b i c y c l i c  p r e c u r s o r  (58) was t o  be s y n t h e s i s e d  

a c c o r d i n g  t o  t h e  p r o c e d u r e  o u t l i n e d  i n  F i g u r e  7 (p. 33) ,  

u t i l i s i n g  enant io-methyl  c o p a l a t e ( 5 2 )  a s  s t a r t i n g  m a t e r i a l .  

The b romina t ion  s t e p d 8  t o  g i v e  ( 6 1 )  and t h e  subsequen t  

dshydrobrominat ion49 t o  (42)  proceeded s u c c e s s f u l l y  b u t  an 

a t t e m p t e d  p u r i f i c a t i o n  of  (62)  by column chromatography 

gave o n l y  po lymer i sed  p roduc t? .  T h i s  s y n t h e s i s  was,  t h e r e -  



- 2 3  - 

fore, discontinued a t  this  stage. 



Product Distribution from Reaction of Mario01 with Acetic 

Acid 

Compound Yield % 

Manool (31) 36 

A13-Manool Acetate(33; R=Ac) 3 0 

Trans-biformene (34) 15 

Cis-biformene - (35 5.4 

Sclarene (36) 6.2 

Pimaradiene (38) 0.5 

7,15-Pimaradiene ( 3 3 )  1.1 

Sandaracopimaradiene (41) 0.4* 

Isopimaradiene (42) 1.2 

Total 104.1 



TABLE 2 

Specific Response of Hydrocarbon Products 

Sclarene (36) : 1.8 

Pimaradiene ( 3 8 j  :i. 3 

Isopimaradiene (42) : 1.1 

rosadiene ( 4 4 )  : 1 . 5  



- 26 - *  

TABLE 2, Cont. 



TABLE 3 

Product Distribution from Reaction of Manool with Formic 

Acid 

Compound Yield %- 

A 13-Manool formate (33; R=CIiO) 

8,15-Pimaradiene (37) 

Pimaradiene (38) 

7,15-Pimaradiene (39) 

8,15-Isopimaradiene (40 

Sandaracopimaradiene (41) 

Isopimaradiene (42) 

5 (lo), 15-Rosadiene (43) 

13-Epi-5 (10) ,15-rosadiene (44) 

Rimuene (48) 1.8* 

8-Epi-5 (10) ,15-rosadiene (46) 1.2 

5 (10) ,12-Abietarosadiene (47) 1.1 

Unknown ( 4 9 )  1.0* 

8,13-Burnabadienc (45) 2.0 

IIiban-14d -yl formate (50) 8.0 

Total 90.3 
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F i g u r e  6 : S y n t h e s i s  of b e u t e r a t e d  Al3-~anool 



F i g u r e  7:  Attempted S y n t h e s i s  of D i a l l y l  Bromide P r e c u r s o r  



CHAPTER 3 

DISCUSSION O F  RESULTS 



That t h e  b i c y c l i c  s p e c i e s  undergoing c y c l i s a t i o n  i s  

best r e p r e s e n t e d  by (6) i s  i n d i c a t e d  by t h e  fo l lowing  r e s u l t s .  

a )  The i d e n t i c a l  p roduc t  d i s t r i b u t i o n  from bo th  

man001 (31) and A13-manool(32) 

b )  Comparable y i e l d s  o f  t h e  two C-13 ep imer i c  

t r i c y c l i c  series o f  compounds 

c) The isolation of Al3-manool fo rmate  and acetate 

(33;  R=CHO, COCH3) 

d )  The i s o l a t i o n  of  t h e  c y c l i s e d  p roduc t  8,13- 

burnabadiene ( 4 5 )  

The f i r s t  t h r e e  o b s e r v a t i o n s  are suppor ted  by t h e  pre-  

l i m i n a r y  r e p o r t s  50t51t 52 o f  o t h e r  workers  which were  pub- 

l i s h e d  w h i l e  t h i s  work was i n  p rog re s s .  

The lower pKa of  formic  a c i d  compared w i t h  a c e t i c  

a c i d  r e s u l t e d  I n  a g r e a t e r  consunpt ion o f  inanool and t h e  

fo rmat ion  i n  h i g h e r  y i e l d s  of  more e x t e n s i v e l y  c y c l i s e d  and 

r ea r r anged  p r o d u c t s ( t o  be d i s c u s s e d )  i n  t h i s  r e a c t i o n  

medium. 



N e u t r a l i s a t i o n  a t  C-15 by t h e  a p p r o p r i a t e  gegenion l e d  

t o  t h e  corresponding e s t e r  (33;  R= -CHO, -COCH3).  I n  

a c e t i c  a c i d  depro tona t ion  t o  trans-biformene (34) , - c i s -  

biformene (35)  o r  s c l a r e n e  (36) was t h e  predominant 

a l t e r n a t i v e  f a t e  of  ( 6 ) .  These produc ts  have been i s o -  

l a t e d  from n a t u r a l  sources  and t h e i r  format ion under 

5 3 t h e s e  r e a c t i o n  cond i t i ons  has  a l s o  r e c e n t l y  been r epo r t ed .  

Reactions i n  97% formic a c i d ,  however, f a i l e d  t o  re- 

s u l t  i n  t h e  d e t e c t i o n  of any of  t h e s e  t h r e e  p roduc t s ,  and 

t h e  compounds which were formed i n s t e a d  were de r ived  

from (6 )  v i a  a l t e r n a t i v e  pathways invo lv ing  c y c l i s a t i o n  

t o  C-17. This  obse rva t ion  can be expla ined  i n  two ways. 

The l a b d a t r i e n e s ,  i f  formed,would be  expected t o  be re -  

p ro tona t ed  much more r e a d i l y  i n  formic a c i d  than  i n  a c e t i c  

a c i d ,  i n  a process  poss ib ly  r e s u l t i n g  i n  t h e  r egene ra t ion  

of  ( 6 ) ,  which could then r e a c t  i n  a non- revers ib le  fashion 

v i a  t h e  a l t e r n a t i v e  c y c l i s a t i o n  pathways. This would ex- 

p l a i n  t h e  f a i l u r e  t o  d e t e c t  any of  t h e  b i c y c l i c  t r i e n e s  

i n  t h e  r e a c t i o n  mixture .  This  explana t ion  was e l imina ted ,  

however, by t h e  complete consumption of  c i s -b i formene  (35) 

and t rans-biformene ( 34 )  and s e l a r e n e  ( 3 6 ) ,  when sub jec t ed  in- 

d i v i d u a l l y  t o  t h e  r e a c t i o n  cond i t i ons ,  t o  g i v e  mix tures  whose 

vapour phase  chromatograms possessed peaks a t  r e t e n t i o n  t i m e s  



s h o r t e r  than those of the  e a r l i e s t  peaks observed i n  the  

chromatogram f o r  t h e  man001 reac t ion .  I t  was, theref  o r e ,  

concluded t h a t ,  once the  b i c y c l i c  ion  ( 6 )  was formed, it 

underwent c y c l i s a t i o n  a t  a r a t e  which precluded deproton- 

a t i o n  by formate ion t o  a l abda t r i ene .  

The s t a b i l i t y  of  t h e  l a b d a t r i e n e s  t o  re f luxing  a c e t i c  

ac id  shwwed t h a t  i n  t h i s  reac t ion ,  t h e  cyci i sed  products 

r e s u l t e d  d i r e c t l y  from reac t ion  of (6) without t h e  par t -  

i c i p a t i o n  of b i c y c l i c  o l e f i n  intermediates .  Hence 

a c e t a t e  ion i s  s u f f i c i e n t l y  b a s i c  t o  al low proton elimin- 

a t i o n  t o  compete favourably wi th  c y c l i s a t i o n .  

In  both  a c e t i c  a c i d  and formic a c i d  c y c l i s a t i o n  of 

(6)  between C-13 and C-17 gave t h e  t r i c y c l i c  pimaradienes 

(37,38,39) and isopimaradienes (4O,4l, 42) a s  wel l  a s  t h e  

corresponding backbone rearranged products (43,44). 

Analogous c y c l i s a t i o n s  i n  model systems a r e  wel l  known 54,55 

I n  add i t ion ,  r e p o r t s  
50, 51, 52 

of  t h i s  r i n g  c l o s u r e  were 

published concurrent wi th  our  work. 

Many compounds possessing s t r u c t u r e s  de r ivab le  from 

t h e  regu la r  o r  backbone rearranged t r i c y c l i c  ske le ton  have 

been i s o l a t e d  from n a t u r a l  sources,  and evidence t h a t  i n  

t h e  i n  v ivo  process  t h e  b i c y c l i c  ion  (6) i s  a precursor  of 

t h e s e  products i s  provided by t h e  incorporat ion56 of 15-T- 

a13-manool(32a) i n t o  rosenonolactone ( 9 )  by Tricothecium 

ros  e m .  



The preponderance  o f  t h e  A8 i somers  may be  r a t i o n -  

a l i s c d  i n  t e r m s  of  t h e  g r c a t e r  s t a b i l i t y  of t h e  t e t r a -  

s u b s t i t u t e d  doub le  bond w i t h  r e s p e c t  t o  t h e  t r i s u b -  

s t i t u t e d  doub le  bond o f  t h e  o t h e r  two isomers .  An i n -  

v e s t i g a t i o n  o f  m o l e c u l a r  models ,  however,  r e v e a l s  t h a t  

t h i s  i s  n o t  t h e  on ly  f a c t o r  t o  b e  c o n s i d e r e d .  The most 

s t a b l e  conforrnat iord64,65,66)  o f  t h e  t h r e e  i somers  i n -  

vo lved  a r e  shown below. 

Althcugh t h e  bonds a s s o c i a t e d  w i t h  r i n g s  B and C i n  t h e  

A and &14) compounds arc a l l  s t a g g e r e d ,  t h e r e  i s  1 , 3  

d i a x i a l  i n t e r a c t i o n  o f  t h e  C - l l p - H  w i t h  t h e  C-10 methyl  

and the C-13j3-substituenL. Thc A8 i somer ,  however, 

possesses a rc?duccd 1 , 3  c l  i inxial  i n t e r a c t i o n  between t h e s e  



t h r e e  groups. The presence o f  t h e s e  a d d i t i o n a l  i n t e r - -  

a c t i o n s  adds f u r t h e r  exp lana t ion  t o  t h e  h ighe r  y i e l d s  of 

t h e  A8 isomers compared t o  t h e  A7 and A8(14) isomers .  

Cons i s t en t  w i th  t h i s  i s  t h e  obse rva t ion  t h a t  t h e  A7, A8 

( 1 4 )  and 6 8  isomers on t r ea tmen t  wi th  formic a c i d  f o r  a  

s h o r t  t ime underwent a  f a c i l e  i n t e r conve r s ion  i n  an 

equ i l i b r ium process  g iv ing  mixtures  c o n s i s t i n g  of t he  above 

isomers i n  t h e  approximate r a t i o  1:1:25. The l e s s  s t a b l e  

isomers were consumed more r a p i d l y  than t h e  &8 isomers .  

The f a c t  t h a t  each of t h e  t r i c y c l i c  products(37-42)  

w a s  s t a b l e  t o  r e f l u x i n g  a c e t i c  a c i d  r a i s e s  one i n t e r e s t i n g  

p o i n t  which has  n o t  p rev ious ly  been observed.  The back- 

bone rear ranged  produc ts  ( 4 3 )  and ( 4 4 )  formed on r e a c t i o n  

wi th  a c e t i c  a c i d  must have come d i r e c t l y  from t h e  

i n i t i a l l y  c y c l i s e d  carbonium ions  (7 )  and (8 )  wi thout  t he  

p a r t i c i p a t i o n  of o l e f  i n i c  i n t e rmed ia t e s .  By analogy wi th  

t h e  argument above concerning t h e  f a t e  of t h e  b i c y c l i c  

i o n  ( 6 )  , t h e  i n c r e a s e  i n  t h e  y i e l d s  of  t h e  backbone re -  

arranged products  upon r e a c t i o n  i n  formic a c i d  i s  attribut- 

a b l e ,  a t  l e a s t  i n  p a r t ,  t o  an i n c r e a s e  i n  t h e  compete- 

t i v e n e s s  of backbone rearrangement of t h e  i n i t i a l l y  formed 

t r i c y c l i c  i on  (7 )  o r  (8 )  s i n c e  pro ton  e l i m i n a t i o n  i s  re -  

Larded i n  t h i s  r e a c t i o n .  The e x t e n t  of  t h c  c o n t r i b u t i o n  

from re-protonatcd o l e f i n s ,  however, cannot be determined 



from t h e  a v a i l a b l e  d a t a ,  b u t  t h e  f a c t  t h a t  it d i d  p a r t i c i -  

p a t e  t o  some e x t e n t  was shown by t h e  f u r t h e r  r e a c t i o n s  of 

t h e  primary produc ts  of c y c l i s a t i o n  t o  g ive  backbone r e -  

arranged compounds when r e a c t e d  i n d i v i d u a l l y  i n  formic 

ac id .  

These obse rva t ions  a r e  e s p e c i a l l y  i n t e r e s t i n g  i n  t h e  

l i g h t  of t h e  many r e p o r t s  of  both  -- i n  v ivo  and - i n  v i t r o  

backbone rearrangements which proceed wi thout  t h e  p a r t i c i -  

p a t i o n  o f  o l e f i n i c  i n t e rmed ia t e s .  

The e a r l i e s t  experiments 5 7 r 5 8  designed t o  i n v e s t i -  

g a t e  t h e  mechanism of -- i n  v ivo  backbone rearrangements were 

t h e  enzymatic c y c l i s a t i o n  and subsequent rearrangement of  

squalene t o  l a n o s t e r o l  (67)  i n  t h e  presence of ~ ~ 0 .  Xo 

measurable amount of  deuterium was incorpora ted .  Nore 

r e c e n t l y  t h e  i nco rpo ra t ion  of 4R- [4T : 2-14c3 mevalono- 

l a c t o n e  i n t o  l a n o s t e r o l  (67)  53 and rosenonolactone ( 6 8 )  

6 0 r 6 1  showed t h a t  t h e  -- i n  v ivo  backbone rearrangements 

involved i n  t h e  b iogenes i s  of t h e s e  compounds from t h e i r  

p o l y c y c l i c  p rogen i to r s  ( 6 9 )  , ( 70) proceeded wi th  r e t e n t i o n  

of  l a b e l  a s  shown. These r e s u l t s  a r e  c o n s i s t e n t  w i th  a  

pathway which does n o t  involve  o l e f i n i c  i n t e rmed ia t e s .  

I t  has a l s o  been shown62 t h a t  t h e  b i o s y n t h e s i s  of t h e  

backbone rear ranged  c u c u r b i t a c i n  B (71)  does n o t  involve 



t h e  o l e f i n i c  i n t e rmed ia t e  l a n o s t e r o l  (67)  . 

Also of  i n t e r e s t  i s  t h e  a c i d  ~ a t a l ~ s e d ~ ~  backbone 

rearrangement of  t h e  two d ioPs(723 ,  (73) i n  anhydrous HF and 

D F  r e s p e c t i v e l y .  The presence of only  one deuterium atom 

i n  each o f  t h e  corresponding produc ts  (74) , (75)  



a t i o n  r e a c t i o n s  of  t h e  i n t e r m e d i a t e  carbonium i o n s .  

Prolonged fo rmic  a c i d  t r e a t m e n t  o f  t h e  p imaradienes  

(37 ,38 ,39)  o r  isopimaradienes(40,41,42) r e s u l t e d  i n  

e q u i l i b r i u m  mix tu r e s  i n  which t h e  r a t i o s  of  y i e l d s  o f  

r e g u l a r :  backbone r ea r r anged  s k e l e t o n s  were approximate ly  

1 : 3  and 1:12 r e s p e c t i v e l y .  The same e q u i l i b r i u m  mix tu r e s  

- were o b t a i n e d  upon s t a r t i n g  w i t h  5  ( l o )  ,15-rosadiene  (43)  

and 13-epi-5 (10)  ,15-rosadiene  ( 4 4 )  . A r a t i o n a l e  f o r  t h e  

preponderance of t h e  backbone r ea r r anged  p roduc t s  may 

be adduced by examinat ion of  t h e  1 , 3 - d i a x i a l  i n t e r a c t i o n s  

i n  each isomer.  Thus i n  t h e  backbone r ea r r anged  p roduc t s  

1 , 3 - d i a x i a l  i n t e r a c t i o n  between t h e  methyl  groups  a t  C-4 



and C-10 i s  r e l i e v e d .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  backbone re- 

a r r a n g e d  p r o d u c t  was more favoured  i n  t h e  C - 1 3 d - v i n y l  

series t h a n  i n  t h e  C-13p-vinyl series. T h i s  can b e  s e e n  

by examina t ion  o f  molecu la r  models which r e v e a l  t h a t  1 , 3 -  

d i a x i a l  i n t e r a c t i o n  i n  t h e  backbone r e a r r a n g e d  s k e l e t o n s  

hetween the C - 1 3 d  group and t h e  & p r o t o n s  a t  C-8 and .- 

C - 1 1  w i l l  b e  g r e a t e r  when t h e  a x i a l  d group a t  C-13 i s  

methyl  r a t h e r  t h a n  v i n y l .  S i m i l a r l y  t h e  l o s s  o f  s t e r i c  

i n t e r a c t i o n  between t h e  C-13B group and t h e  C - 1 1  p- 

p r o t o n  i s  g r e a t e r  f o r  r ea r rangement  i n  t h e  i sopimarane  

series (40 , 4 l ,  42) . These e f f e c t s  i n d i c a t e  t h a t  l o s s  o f  



s t e r i c  i n t e r a c t i o n  on format ion of  ( 4 4 )  i s  g r e a t e r  t han  

on format ion of (43) i n  agreement w i th  t h e  observed 

produc t  r a t i o s .  

I n spec t ion  o f  t h e  r e s u l t s  i n  Tables  4-10 (pp. 54-60) 

r e v e a l s  t h a t  5(10),12-abietarosadiene(47) was formed much 

f a s t e r  from 5 ( l o ) ,  15-rosadiene (43) t han  from t h e  pimara- 

d i e n e s  (37,38,39) ,  o r  13-epi-5 ( l o ) ,  15-rosadiene (44) and it 

i s  i n  t h i s  compound t h a t  t h e  mig ra t ing  C-13 methyl group 

i s  i n  t h e  l e a s t  s t a b l e  con f igu ra t ion .  This  i n d i c a t e s  t h a t  

format ion of (47) proceeded by i n i t i a l  backbone rearrange-  

ment followed by C-13 - C-15 methyl migra t ion  and de- 

p ro tona t ion .  

I t  might be expected t h a t  backbone rearrangement would 

preceed methyl s h i f t  s i n c e  p ro tona t ion  t o  g ive  a  t e r t i a r y  

carbonium i o n  u s u a l l y  proceeds f a s t e r  t han  p ro tona t ion  

t o  g ive  a  secondary carbonium i o n ,  t h e  r e q u e s i t e  i n t e r -  

mediates f o r  t h e  two t r ans fo rma t ions .  

The t e t r a c y c l i c  h i b a n - l 4 d  - y l  formate was a l s o  formed 

on r e a c t i o n  of man001 wi th  formic a c i d .  There have been 

i s o l a t e d  from n a t u r a l  sou rces  many compounds possess ing  

carbon s k e l e t o n s  which can r e a d i l y  be de r ived  from t h i s  



s t r u c t u r e .  

Two pathways (F igure  8, p. 61) l e a d i n g  t o  t h i s  pro- 

d u c t  are m e c h a n i s t i c a l l y  d t t r a c t i v e .  

C y c l i s a t i o n  of  ( 6 )  bt tween C-17 and t h e  t e r t i a r y  

C-13 c a t i o n i c  c e n t r e  (pathway a )  l e a d s  t o  the c a t i o n  ( 7 )  

which i s  t h e  p r e c u r s o r  of  t h e  p r e v i o u s l y  d i s c u s s e d  

pimaradienes (37 ,38 ,39 ) .  F u r t h e r  r i n g  closi~re b e t w e e n  C- 

16 o f  t h e  v i n y l  group and t h e  c a t i o n i c  c e n t r e  a t  C-8 

fo l lowed by hyd r ide  s h i f t  and n e u t r a l i s a t i o n  a s  shown 

might  r e s u l t  i n  t h e  observed p roduc t  ( 5 0 ) .  This  i s  t h e  

pathway by which t h e  t e t r a c y c l i c  and p e n t a c y c l i c  d i t e r -  

penoids  have long  been cons ide red  t o  be  s y n t h e s i s e d  - i n  

v i ~ o ~ ~  , and by which t h i s  compound was i n i t i a l l y  consid-  

50 e r e d  t o  be  formed i n  t h e  l a b o r a t o r y  c y c l i s a t i o n  . 
k more m e c h a n i s t i c a l l y  i n t e r e s t i n g  r o u t e ,  however, 

has  been proposed52 i n  which t h e  i n i t i a l  c y c l i s a t i o n  o f  

t h e  b i c y c l i c  c a t i o n  ( 6 )  occu r s  between C-17 and t h e  

primary C-15 c a t i o n i c  c e n t r e  (pathway b )  . F u r t h e r  r i n g  

c l o s u r e  by mig ra t i on  of  tile IT e l e c t r o n s  i n  t h e  A 1 3  

bond fol lowed by Wagner-Mcerwein s h i f t  and n e u t r a l i s a t i o n  

a s  shown cou ld  conce ivab ly  l e a d  t o  t h e  observed produc t  

(50)  . While t h e  f a i l u r e  o f  t h e  pimaradicncs(37,38,39) t o  

c y c l i s c  t o  hiban-14 0(--yl Eormate on t r e a t m e n t  w i t h  formic  



a c i d  appeared t o  exc lude  pathway ( a )  , t h e  s o l v o l y s i s S 2  o f  

t h e  su lphona t e  (76)  t o  y i e l d  a f t e r  L i A 1 H 4  t r e a t m e n t  t h e  

a l c o h o l  (77)  was a  good i n d i c a t i o n  t h a t  pathway (b )  might  

be  t h e  c o r r e c t  one. 

HCOOH 

I n s p e c t i o n  o f  t h e  two proposed pathways r e v e a l s  t h a t  

C-14 o f  t h e  b i c y c l i c  p r e c u r s o r  ( 6 )  becomes i n  ( 5 0 )  C-16 

v i a  pathway (a) and C-14 v i a  pathway b). Accordingly ,  

d e u t e r a t e d  Al3-manool(54)  was s y n t h e s i s e d  and conve r t ed  

t o  d e u t e r a t e d  h i b a n - 1 4 d - y l  formate .  ,NMR spec t roscopy  

a s  d i s c u s s e d  ear l ier  r e v e a l e d  t h a t  a l l  o f  t h e  deu te r ium 

o r i g i n a l l y  a t  C-14 i n  t h e  s t a r t i n g  m a t e r i a l  was l o c a t e d  

a t  C-14 i n  t h i s  p roduc t .  Th i s  r e s u l t  exc ludes  pathway (a) 

and conf i rms t h a t  pathway (b) i s  t h e  r o u t e  by which t h e  

t e t r a c y c l i c  s k e l e t o n  i s  formed - i n  v i t r o .  L a b e l l i n g  

exper iments  by o t h e r  workers  65 6 6  have a l s o  demonst ra ted  

t h i s .  

Mass Spec t roscopy ,  a.; d i s c u s s e d  e a r l i e r  r e v e a l e d  

t h a t  t h e  deu te r ium a t  C-1% and C-16 i n  t h e  s t a r t i n g  

m a t e r i a l  w e r e  n o t  l o s t  i n  t h e  r e a c t i o n .  Th i s  o b s e r v a t i o n  

e l i m i n a t e s  biformene or  s c l a r e n e  i n t e r m e d i a t e s  i n  t h i s  



t r a n s  fo rmat ion ,  i n  agreement w i t h  t h e  conc lus ion  drawn 

from t h e  r e s u l t s  of  formic  a c i d  t r e a t m e n t  of  t h e s e  labda-  

t r i e n e s  d i s c u s s e d  e a r l i e r .  

A compound t o  which t h e  8,13-burnabadiene s t r u c t u r e  

(45)  was a s s igned  was i s o l a t e d  from t h e  r e a c t i o n  of  man001 

i n  a c e t i c  a c i d  and was shown by vapour phase chromatography 

t o  be a product nf  the f n r m i  c a c i d  r e a c t i o n  a l s o .  R e a c t i o n  

o f  t h i s  compound i n  r e f l u x i n g  fo rmic  a c i d  r e s u l t e d  i n  i t s  

q u a n t i t a t i v e  convers ion  t o  hiban-140C - y l  formate ( 5 0 )  . 
Hence t h e  r e a c t i o n  of  man001 w i t h  a c e t i c  a c i d  and 

w i t h  formic  a c i d  may be  fo rmula ted  a s  i n  F igu re s  9 (p. 6 2 )  

and 10  (p. 6 3 )  r e s p e c t i v e l y .  

The e x c l u s i o n  of  pathway ( a )  i n  t h e  - i n  v i t r o  p roces s  

n e c e s s i t a t e s  examinat ion of t h e  exper iments  on which t h e  

evidence f o r  t h i s  i n  v i v o  pathway is  based ,  e s p e c i a l l y  

s i n c e  a t t emp t s  6 7  16' t o  i n c o r p o r a t e  l a b e l l e d  pimaradiene 

i n t o  g i b b e r e l l i c  a c i d  ( 2 5 )  w e r e  unsucces s fu l .  That  t h i s  

l a t t e r  r e s u l t  cou ld  have ijeen due merely t o  a  t r a n s p o r t -  

a t i o n  problem, however, i s  i n d i c a t e d  by t h e  absence o f  

r e p o r t s  of t h e  n a t u r a l  occur rence  o f  compounds reasonab ly  

d e r i v a b l e  from a  C-14 c a t i o n i c  h ibane  whereas d e r i v a t i v e s  

o f  a  C-16 c a t i o n i c  h ibanc  are p l e n t i f u l .  

I n  a d d i t i o n ,  a  c l o s c  examinat ion of  t h e  p r e v i o u s l y  

r epo r t ed39  b i o s y n t h e s i s  of g i b b e r e l l i c  a c i d  i n  G i b b e r e l l a  



f u j i k u r o i  from CH 14W2PJa r e v e a l s  t h a t  t h e  d e g r a d a t i o e  3 

t echn ique  used was i n c a p a b l e  o f  d i s t i n g u i s h i n g  between 

t h e  two pathways. I n c o r p o r a t i o n  o f  C H ~ ~ ~ C O ~ X ~  i n t o  

g i b b e r e l l i c  a c i d  would l e a d  t o  l a b e l l i n g  p a t t e r n  (25a)  

v i a  pathway @I and l a b e l l i n g  p a t t e r n  (25b) v i a  pathway (b). 

I t  can bc? seen t h a t  t o  d i s t i n g u i s h  betwc.cn the two path-  

ways t h e  l o c a t i o n  o f  t h e  l a b e l  a t  C-13 o r  C-14 o f  

g i b b e r e l l i c  a c i d  must be  a s c e r t a i n e d .  

The repor ted3 '  d e g r a d a t i o n  invo lved  a c i d  t r e a t m e n t  of 

g i b b e r e l l i c  a c i d  (25)  t o  g i v e  g i b b e r i c  a c i d  (78)  which 

on dehydrogenat ion w i t h  se len ium and subsequent  o x i d a t i o n  

gave g ibberenone (80)  . ' l 'his p rocedure  invo lved  l o s s  o f  

C-16 and C-15 i n  g i b b e r i c  a c i d  (C-13 and C-14 r e s p e c t i v e l y  

i n  25) i n  one s t e p  s o  t h a t  a l though  it was shown t h a t  one 



of them was a c t i v e ,  which one it w a s  cou ld  n o t  be  as-  

c e r t a i n e d .  Hence t h i s  work d i d  n o t  d i s t i n g u i s h  between 

pathway (4 and pathway (63. 

Simultaneous w i t h  t h i s  work i nco rpo ra t i onG8  of  15- 

T -&3-~anoo1(32a )  i n t o  g i b b e r e l l i c  a c i d  by G i b b e r e l l a  

f u j i k u r o i  and subsequent  deg rada t i on  l o c a t e d  t h e  l a b e l  

s p e c i f i c a l l y  a t  C-14  i n  t h e  g i b b e r e l l i c  a c i d .  Th is  con- 

c l u s i v e l y  e s t a b l i s h e s  t h e  pimarane r o u t e  ( a )  a s  t h e  pa th -  

way by which g i b b e r e l l i c  a c i d  i s  b i o s y n t h e s i s e d .  



I t  i s  i n t r i g u i n g  t h a t  t h e  t e t r a c y c l i c  h ibane  s k e l e t o n  

i s  formed from t h e  b i c y c l i c  l abdane  s k e l e t o n  by a  r o u t e  i n  

t h e  p l a n t  which i s  q u i t e  d i f f e r e n t  from t h e  pathway t o  t h e  

same s k e l e t o n  fo l lowed by a  c a t i o n  g e n e r a t e d  i n  t h e  

l a b o r a t o r y .  

The d i f f i c u l t  s t e p  i n  t h e  - i n  v i t r o  r e a c t i o n  i s  t h e  

r i n g  c l o s u r e  between t h e  v i n y l  C-16 and t h e  c a t i o n i c  c e n t r e  

a t  C-8. T h i s  i s  n o t  s u r p r i s i n g  s i n c e  t h e  v i n y l  group 

would b e  e x p e c t e d  t o  have a p r e f e r r e d  o r i e n t a t i o n  away 

from t h e  rest o f  t h e  molecule  and hence  t h e  r i n g  c l o s u r e  

would b e  s u f f i c i e n t l y  s low t o  a l l o w  t h e  o t h e r  obse rved  

p r o c e s s e s  (backbone rea r rangement  and e l i m i n a t i o n )  t o  

o c c u r .  I n  s u p p o r t  o f  t h i s  i d e a  i s  t h e  r e c e n t l y  r e p o r t e d  
69 

r i n g  c l o s u r e  o f  t h e  W - e p o x i d e ( 8 1 )  t o  t h e  hydroxy- Y - 
l a c t o n e  (82)  . 

8 1 
I n  t h i s  molecule  t h e  b u l k  o f  t h e  

8 2 

-OCH3 group p r e f e r e n t -  

i a l l y  o r i e n t a t e s  t h e  s o u r c e  o f  t h e  rr e l e c t r o n s  o v e r  t h e  

deve lop ing  carbonium s i t e  and t h e r e b y  f a c i l i t a t e s  

c y c l i s a t i o n .  



The nove l  compound 8,13-burnabadiene pos se s se s  a  

h i t h e r t o  unknown s k e l e t o n .  I t  r e s u l t s  from an a l t e r n a t i v e  

mode o f  c y c l i s a t i o n  which i s  i n  compe t i t i on  w i t h  t h e  - i n  

v i t r o  c y c l i s a t i o n  of  t h e  b i c y c l i c  p r e c u r s o r  ( 6 )  t o  t h e  

carbon s k e l e t o n  o f  t h e  well-known pimarane d i t e r p e n o i d s .  

I n  e v a l u a t i n g  t h e  p o s s i b i l i t y  o f  encoun t e r i ng  t h i s  s t r u c -  

t u r e  in a naturdi  sliste=, ""- '-1 1 --*:-- < -Fn---+;fin c h n 1 7 1  A Lllt: L V I I u W A l l y  I l ILV.LIL,CZ C - I V I I  U I A V  u-u 

b e  cons ide r ed .  

a )  B i c y c l i c  p r e c u r s o r s  have been i n c o r p o r a t e d  i n t o  

r o s e n o n ~ l a c t o n e ~ ~  and g i b b e r e l l i c  a c i d 6 8  whereas a t t emp t s  

t o  i n c o r p o r a t e  t r i c y c l i c  p r e c u r s o r s  have f a i l e d .  

b )  Both b i c y c l i c  and t e t r a c y c l i c  d i t e r p e n e s  have 

been 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 i  b u t  t h e r e  a r e  no 

r e p o r t s  o f  t h e  i s o l a t i o n  o f  t r i c y c l i c  p imaradiene  

7 0 m e t a b o l i t e s  from t h i s  s o u r c e  . 
c)  Although t h e r e  a r e  numerous examples o f  b i c y c l i c  

d i t e r p e n e s  from bo th  t h e  1 0 M  and t h e  l o $  series,  t h e  

t r i c y c l i c  compounds pos sc s s  predominant ly  t h e  10p con- 

f i g u r a t i o n  whereas most o f  t h e  t e t r a c y c l i c  d i t e r p e n o i d s  

a r e  members o f  t h e  1 0 d  series. 

Hence it would appear  t h a t  most p l a n t s  i n v e s t i g a t e d  

t o  d a t e  pos se s s  t h e  a b i l i t y  t o  t r an s fo rm  t h e  b i c y c l i c  

s k e l e t o n  p o s s e s s i n g  a  10 d. s t e r e o c h e m i s t r y  t o  t h e  l O O C  



t e t r a c y c l i c  s t r u c t u r e  w i t h  ve ry  l i t t l e  p roduc t i on  o f  lOOc 

t r i c y c l i c  compounds. Th i s  might  s u g g e s t  an i n  v ivo  -- 

p r o c e s s  i n  which t h e  c l o s u r e s  o f  t h e  C and D r i n g s  o f  

t h e  1 0 d  t e t r a c a r b o c y c l i c  d i t e r p e n e s  a r e  d i r e c t e d  by a 

s i n g l e  o r  c l o s e l y  a s s o c i a t e d  s e t  o f  enzymes. Pathways 

l e a d i n g  t o  8,13-burnabadiene i n  t h e  l o &  series a p p a r e n t l y  

do n o t  form p a r t  o f  t h i s  n a t u r a l  p r o c e s s .  

The o b s e r v a t i o n  t h a t  t h e  10B t r i c y c l i c  compounds a r e  

g e n e r a l l y  i s o l a t e d  from tree t r u n k  r e s i n s  seems t o  s u g g e s t  

t h a t  t h e  many sys tems s y n t h e s i s i n g  t h e s e  108 s k e l e t o n s  

a r e  a b l e  t o  r e l e a s e  them p r i o r  t o  t h e i r  convers ion  t o  t e t r a -  

c a r b o c y c l i c  d e r i v a t i v e s .  Accordingly  one might encoun t e r  

less r e s i s t a n c e  t o  i n  v i v o  i n c o r p o r a t i o n  o f  l a b e l l e d  10B -- 

pimarenes i n t o  l o p  t e t r a c y c l i c s  t h a n  no t ed  above i n  t h e  

l O d  s e r i e s .  

An a l t e r n a t i v e  e x p l a n a t i o n  f o r  t h e  predominance o f  

l o p  t r i c y c l i c  pimarenes i n  t r u n k  r e s i n s  i s  t h a t  many h i g h e r  

p l a n t s  l a c k  t h e  a b i l i t y  t o  c y c l i s e  t h e  10p b i c y c l i c  pro-  

g e n i t o r .  Th i s  r a i s e s  t h e  p o s s i b i l i t y  t h a t  t h e s e  t r i c y c l i c s  

may a r i s e  from a non-enzymatic c y c l i s a t i o n  which i n  t h e  

l a b o r a t o r y  ha s  indeed  been shown t o  g i v e  moderate y i e l d s  

o f  t h e s e  compounds. Fol lowing t h i s  l i n e  o f  r e a son ing ,  

one might e x p e c t  t h a t  i f  compounds based  on t h e  8,13- 

burnabadiene  s k e l e t o n  w e r e  t o  be  encounte red  i n  Nature ,  



t h e y  a r e  more l i k e l y  t o  o c c u r  w i t h  t h e  10p s t e r e o c h e m i s t r y .  

P e r u s a l  of t h e  l i t e r a t u r e  r e v e a l s  no  a p p a r e n t  ev idence  

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

c y c l o o c t e n y l  r o u t e .  Thus a l l  n a t u r a l l y  o c c u r r i n g  h i b a n e s  

p o s s e s s  o x i d a t i o n  o r  u n s a t u r a t i o n  a t  C-16 ( e x p e c t e d  v i a  t h e  

pimarene r o u t e )  and n o t  a t  C-14 ( e x p e c t e d  v i a  t h e  cyc lo -  

ozteiiyl rou te )  . 
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Figure 8 : Possible Routes to Hiban-14o( -yl Formate 



Manool(31) 

6 

t 0 - 1  J \ Acetate 
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Backbone Rearrangement ' 

Pimaradienes 

Cyclisation 

Cyclisation 

5 (10) ,15-~osadiene 13-Epi- 5 ( 10 ) ,15- ros adieile 
(43) (44) 

(33;R=Ac) 

elimination 

Labdatriene (34,35,36) 

to C-13 

Figure 9: Reaction Scheme for Nanool and Acetic Acid 

8,13-Uurnabadiene (45) I 



&3-~anool(32) 

Cyclisation 
to C-15 u3-Manool Formate 

(33; R=CHO) 

8,13-Burnabadiene (45) 

Wiban-14 o(-yl 
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C-13 methyl 

Figure 10: Reaction Scllcme for Manool and Formic Acid 



CHAPTER 4 

DISCUSSION OF STRUCTU-RAL ASSIGNMENTS 



I d e n t i f i c a t i o n  o f  t h e  p roduc t s  o f  t h e  a c i d  c a t a l y z e d  

r e a c t i o n s  o f  man001 was performed by comparison o f  I R ,  

NMR and MS d a t a  w i t h  p r e v i o u s l y  pub l i shed  r e s u l t s  and 

where p o s s i b l e  by comparison w i t h  a u t h e n t i c  samples .  

T h i s ,  however, cou ld  n o t  be done i n  t h e  c a s e  o f  7,15- 

p imaradiene  ( 39) , 8,13-burnabadiene (45)  , o r  8-Burnabene ( 8 3  ) 

s i n c e  t h e s e  compounds had n o t  been p r e v i o u s l y  r e p o r t e d .  

I n  a d d i t i o n ,  no r e p o r t s  cou ld  be  found d e s c r i b i n g  compounds 

w i t h  t h e  same s p e c t r a l  p r o p e r t i e s  a s  t h e  p roduc t s  t o  which 

t h e  5 ( 1 0 )  , 12 -ab i e t a ro sad i ene (47 )  and 8-epl -5(10)  ,15- 

r o s a d i e n e ( 4 6 )  s t r u c t u r e s  w e r e  a s s i gned .  A more d e t a i l e d  

e v a l u a t i o n  o f  t h e  s p e c t r a  o f  t h e s e  compounds was t h e r e -  

f o r e  r e q u i r e d .  

NMR of  T r i c y c l i c  Compounds 

The chemical  s h i f t s  o f  t h e  CN3 groups i n  t h e  NMR 

50 50 s p e c t r a  of  t h e  p imarad ienes (37  , 3 8  ) the i sop imarad ienes  

( 4 0 ~ '  , d l 5 '  14271) 5 (10)  ,15- rosad iene  (43)  7 2 ,  1 3 - e - 5  (19) ,15- 

r o sad i ene  ( 4 4 )  51 and rimuene71 have been pub l i shed .  The 

NMR d a t a  o f  t h e  compounds i s o l a t e d  i n  t h i s  work and t o  

which t h e  above s t r u c t u r e s  were a s s i g n e d  w e r e  i n  p r e c i s e  

agreement w i t h  t h e s e  pub l i shed  r e s u l t s .  7,15-Pimaradiene 

(39)  was a l s o  i s o l a t e d  and t h e  chemical  s h i f t s  of t h e  CH3 

groups i n  t h i s  com~ound,  t o g e t h e r  w i t h  t h e  cor responding  

d a t a  f o r  t h e  aforement ioned s t r u c t u r e s  are summarised i n  



Table I1 (p.81). The f u l l  NMR spec t ra  of a l l  of  t h e s e  

compounds except f o r  sandaracopimaradiene a r e  shown i n  

Figures  11 - 1 8  (pp. 82-89). 

Some very i n t e r e s t i n g  c o r r e l a t i o n s  can be made from 

an examination of the  d a t a  i n  Table 11. Moving the  endo- 

c y c l i c  double bond from t h e  h 8 ( 1 4 )  pos i t ion  t o  e i t h e r  

t h e  A8(9) o r  the  A7(8) p o s i t i o n  causes an upf ie ld  s h i f t  

of the  C-13 methyl group i n  both epimeric s e r i e s .  Further- 

more, moving t h i s  double bond from the  A8(9) p o s i t i o n  t o  

t h e  &7(8) o r  t h e  A8(14)  p o s i t i o n  r e s u l t s  i n  an upf ie ld  

s h i f t  of t h e  C-10 methyl. On the  o t h e r  hand, the  more 

remote methyl groups a t  C-4 a r e  r e l a t i v e l y  unaffected by 

any of these  changes. 

The s t r u c t u r e s  of  f i v e  of t h i s  s e t  of s i x  t r i c y c l i c  

isomers (37,38,40,41,42) a r e  we l l  es tabl i shed .  The C-13 

con•’ i g u r a t i o n  of t h e  h i t h e r t o  unreported member (39) was 

r e a d i l y  e s t ab l i shed  from i t s  a c i d  ca ta lysed  interconver- 

s i o n  wi th  (37) and (38) and t h e  width of t h e  peak a t  T4.57 

i n  i ts  NMR spectrum (Figure 13,p.84) was cons i s t en t  wi th  

a A7 (8) double bond. The above a n a l y s i s  of t h e  changes 

i n  chemical s h i f t  of t h e  CH3 groups of t h e  isopimaradienes 

(40, 41, 42) a s  t h e  endocyclic double bond was moved from 

one p o s i t i o n  t o  another  allowed an anology t o  b e  drawn 



wi th  t h e  pimaradienes (37,38,39) and t h e  NMR da ta  of 7,15- 

pimaradiene was c o n s i s t e n t  wi th  t h i s  c o r r e l a t i o n ,  

I t  can t h e r e f o r e  be  seen t h a t  no t  only do t h e  spec t ra  

of a l l  of t h e s e  t r i c y c l i c  d ienes  ag ree  wi th  published da ta  

b u t  t h e  s i x  pimaradienes (37,38,39) and isopimaradienes 

(40,41,42) form a s e l f  c o n s i s t e n t  s e t  wherein t h e  changes 

in spec t ra l  charactcr-stics caused by s t r u < t - ~ r a l  modifi- 

c a t i o n  can be  e a s i l y  r a t i o n a l i s e d .  

Mass Spectra  of T r i c y c l i c  Pimaranes and Isopimaranes 

and Their  Backbone Rearranqed Products 

Examination of t h e  mass spec t ra  of  t h e  t r i c y c l i c  

products (Figures 19- 27, pp. 90- 98) r evea l s  t h a t  compounds 

which a r e  epimeric a t  C-13 b u t  whose s t r u c t u r e s  a r e  other-  

wise i d e n t i c a l  have mass spec t ra  which a r e  d i s t i n g u i s h a b l e  

oniy by minor i n t e n s i t y  d i f f e rences .  This i n d i c a t e s  t h a t  

t h e  primary cleavage i n  t h e  fragmentation of t h e s e  com- 

pounds occurs  i n  e i t h e r  t h e  A o r  B r i n g  t o  g ive  i n t e r -  

mediates i n  which t h e  asymmetry of t h e  C r i n g  is l o s t .  

The assignments previously reported73 f o r  8.15- 

isopimaradiene, sandaracopimaradiene and isopimaradiene 

appear t o  b e  based 

n o t  po in t  out  t h a t  

i c a l  fragmentation 

on t h i s  f a c t o r  b u t  t h e  authors  d i d  

epimeric isomers e x h i b i t  near ly  ident-  

p a t t e r n s ,  I n  a d d i t i o n  t h e  peaks i n  



t h e  mass spec t ra  of t h e  backbone rearranged products may 

b e  assigned by analogy wi th  t h e  assignments f o r  t h e  

r egu la r  Pimarane and isopimarane ske le tons .  

8,15-Pimaradiene (37) and 8,15-Isopimaradiene (40) 

The mass spec t ra  of (37) (Figure 19, p. 90) and (40) 

(Figure 22,p.93) obtained by u s  were i d e n t i c a l  wi th  t h a t  

previously reported73 f o r  8.15-isopimaradiene. The assign-  

ments made73 f o r  t h e  ions  m/e272, 257, 187, 175, 161 a r e  

shown i n  Figure 28(p.99). I n  support  of t h i s  scheme i s  

t h e  appearance of a metas table  ion. i n  t h e  mass spectrum 

of  each of t h e s e  compounds a t  m / e l O l  corresponding t o  t h e  

m/e257+ 161 fragmentation. 

Pimaradiene (38) and Sandaracopimaradiene (41) 

The mass spec t ra  of (38) (Figure 20, p. 91) and (41) 

(Figure 23, ;_P-94) obtained by u s  were i d e n t i c a l  wi th  

those  previously reported f o r  pimaradiene71 and sandaraco- 

73 pimaradiene . The assignments made73 f o r  t h e  ions  m/e 

272,137,136 a r e  shown i n  Figure  29 (p.100). I n  a d d i t i o n  

t o  t h e  previously reported73 assignments t h e  ion a t  m/e 

257 may b e  caused by l o s s  of t h e  C-13 methyl t o  g ive  t h e  

a l l y l i c  ion (84).  

7 ,15-~imaradiene  (39) and Isopimaradiene (42) 

The mass spectrum of (42) (Figure 24, p. 95) obtained 

by us  was i d e n t i c a l  wi th  t h a t  previously reported71,73 



f o r  isopimaradiene. The assignments made73 f o r  t h e  ions  

rn/e272,148,133,124, 109 a r e  shown i n  Figure 30 (p.101). I n  

a d d i t i o n  t o  t h e  previously reported73 assignments t h e  ion  

a t  m/e257 may b e  caused by l o s s  of  t h e  C-13 methyl t o  g i v e  

t h e  a l l y l i c  ion  (85). I n  support  of  t h i s  scheme t h e  mass 

spec t ra  of both  isopimaradiene and of t h e  compound t o  

which t h e  7.15-pimaradiene s t r u c t u r e  (Figure 21, p- 92 )  w a s  

assigned showed metas table  ions  a t  m/e119.5 and 96 corres-  

ponding t o  t h e  m/e148+ 133 and 124--- 109 fragmentations 

r e spec t ive ly .  The only s i g n i f i c a n t  d i f f e r e n c e  between t h e  

mass spec t ra  of t h e s e  two compounds is  t h a t  t h e  ion a t  m/e 

148 f o r  7,15-pimaradiene i s  more i n t e n s e  than f o r  iso- 

pimaradiene. I f ,  however, t h e  i o n i s a t i o n  vo l t age  was in- 

creased t h e  i n t e n s i t y  of t h i s  ion  decreased i n  r e l a t i o n  

t o  i t s  daughter a t  m/e133. miis  observat ion was a l s o  re- 

ported73 f o r  isopimaradiene. Therefore t h e  mass s p e c t r a l  

d a t a  a r e  i n  complete agreement wi th  t h e  assignment of t h e  

7,15-pimaradiene s t r u c t u r e  t o  t h i s  compound. 

5 ( l o ) ,  15-Rosadiene (43) and 13-Epi- 5 ( l o ) ,  15-rosadiene (44) 

The mass spec t ra  of t h e s e  compounds (Figure 25,p.96; 

26,p.97 respec t ive ly )  were i d e n t i c a l .  Inspect ion of t h e i r  

g ross  s t r u c t u r e  r evea l s  t h a t  f o r  t h e  purpose of proposing 

a cracking p a t t e r n  they may b e  regarded a s  10& ana.logs of 



8,15-pimaradiene and 8.15-isopimaradiene. 

37,40 43 ,44  
43,44 

A sequence of rearrangements analogous t o  those proposed 

f o r  t h e  fragmentation of (37) and (40) i s  shown in  Figure 

31 (p. 102) and t h i s  p red ic t s  ions a t  m/e257,163,149,175. 

Ions of these  masses a r e  i n  f a c t  observed and addi t ional  

support i s  given by t h e  appearance of a metastable ion a t  

m/e119 corresponding t o  t h e  m/e257-+175 fragmentation. 

Rimuene (48) 

The mass spectrum of (48) (Figure 27,p.98) obtained 

by us w a s  iden t ica l  with t h a t  previously reported 71,73 

The l a r g e  peak a t  m/e257 has been assigned73 t o  l o s s  of 

methyl from e i t h e r  C-4 o r  C-13. A c lose  look a t  t h e  struc-  

t u r e  of t h i s  compound reveals  t h a t  i f  it i s  considered a 

l o d a n a l o g  of 7.15-pimaradiene and isopimaradiene a frag- 

mentation scheme analogous t o  t h a t  proposed fo r  (39) and (42) 



a s  shown i n  Figure 32 (p. 103) p r e d i c t s  ions  a t  m/e257,136 

121. Ions of  t h e s e  masses a r e  i n  f a c t  observed and a 

metas table  ion  appears a t  m/e107.5 corresponding t o  t h e  

m/e136=+ 121 t ransformation.  

The S t r u c t u r e  of 8,13-Burnabadiene (45) 

Mass s p e c t r a l  a n a l y s i s  (Figure33, p. 104) revealed 

t h a t  t h i s  compound possessed M . W t .  272. Compound (45) 

must t h e r e f o r e  e i t h e r  be  b i e y c l i c  wi th  t h r e e  double bonds, 

t r i c y c l i c  wi th  two double bonds o r  t e t r a c y c l i c  wi th  one 

double bond. The W spectrum of  (45) was t r ansparen t  

above 200 mp showing t h a t  i f  (45) possessed two o r  more 

double bonds they were no t  conjugated. 

I ts  NMR spectrum (Figure 34, p.105) possessed t h r e e  

sharp  s i n g l e t s  (3H each) a t  ~ 9 . 1 5 ,  9.18, 9.28 which were 

assigned to three methyl groups attached tc f u l l y  sub- 

s t i t u t e d  carbon atoms. In a d d i t i o n  a sharp  doublet  J= 

2.0 cps a t  ~ 8 . 4 5  (3H) was assigned t o  a v iny l  methyl group 

coupled with e i t h e r  a - c i s  o r  a t r a n s  v iny l  hydrogen. In  

support  of t h i s  l a t t e r  assignment was t h e  appearance a t  

T 4 .60  of a broad s i n g l e t ( l H 1 .  In teg ra t ion  over t h e  

range T 7.50-8.25 accounted f o r  t e n  hydrogens, i n d i c a t i n g  

the  presence of t e n  a l l y l i c  hydrogens. The absence of the  

v iny l  ABX p a t t e r n  which was p resen t  i n  t h e  NMR s p e c t r a  of 

t h e  t r i c y c l i c  compounds discussed e a r l i e r  suggested t h a t  



t h i s  compound might  be  t e t r a c y c l i c .  Reasonable p o s s i b i l i -  

t i e s  w e r e  i s o a t i s e n e ( 8 6 ) ,  i s o k a u r e n e ( 8 7 )  and i sophy l l oc -  

l adene  (88)  . 

Each o f  t h e s e  s t r u c t u r e s  p o s s e s s e s  t h r e e  methyl  groups  

a t t a c h e d  t o  f u l l y  s u b s t i t u t e d  ca rbons ,  a v i n y l  methyl  group 

c is  t o  a v i n y l  hydrogen and M W t .  272. They do n o t ,  however, - 
posse s s  t e n  a l l y l i c  hydrogens and t h e  v i n y l  s i n g l e t  i n  

t h e  NMR o f  o u r  compound was much b r o a d e r  t h a n  would b e  

expec t ed  f o r  a hydrogen which was coupled o n l y  w i t h  a - c is  

1 
methyl  group. A s k e l e t o n  p o s s e s s i n g  t h e  RCH2-CH=CR CH3 

moiety would account  more s u c c e s s f u l l y  f o r  t h e  observed 

spect rum.  Indeed ,  comparison o f  t h e  s p e c t r a l  d a t a  o f  t h e  

compound w i t h  t h a t  r e p o r t e d  f o r  (86)  74,75 , (87)  
75,76,77 

and (88)  76 r e v e a l e d  t h a t  t h i s  compound was n o t  i d e n t i c a l  

w i t h  any o f  t h e s e  s t r u c t u r e s .  



The presence of a t  l e a s t  two double bonds was proven by 

p a r t i a l  hydrogenation. Thus one mole of hydrogen was 

absorbed giving a product(89) MWt.274 which s t i l l  gave a 

p o s i t i v e  te t rani t romethane t e s t .  

That t h e  p o s i t i v e  te t rani t romethane  t e s t  was not  caused by 

unreduced s t a r t i n g  mate r i a l  was proven by t h e  absence of 

an ion  a t  m/e272 i n  t h e  mass spectrum(Figure 35, p.106) of 

(89).  I n  t h e  NMR spectrum of t h e  reduct ion product (Figure 

36 ,  p.lO7), t h e  v iny l  hydrogen had disappeared, t h e  v iny l  

CH3 double t  had moved u p f i e l d  and only s i x  a l l y l i c  hydrogens 

remainec?. 

I t  had been shown by l a b e l l i n g  s tud ies (d i scussed  

e a r l i e r )  t h a t  the  hiban-l4&-yl formate ( 5 0 )  i s o l a t e d  from 

t h e  reac t ion  of man001 with formic ac id  was formed v i a  

the  t r i c y c l i c  c a t i o n ( 9 0 ) ,  and proton l o s s  from C-9 i n  tri- 



c y c l i c  c a t i o n s  of  t h e  t y p e  ( 7 ) ,  ( 8 )  was c o n s i d e r e d  t h e  

o r i g i n  o f  t h e  8 ,15-pimaradiene(37)  and 8 ,15- isopimaradiene  

( 4 0 )  i s o l a t e d  from t h e  a c i d  c a t a l y s e d  r e a c t i o n s  o f  manool. 

Hence by analogy p r o t o n  l o s s  from C-9 i n  (90)  t o  g i v e  (45)  

seemed a  r easonab ly  a t t r a c t i v e  p o s s i b i l i t y .  Indeed ,  

s t r u c t u r e  ( 4 5 )  f i t s  a l l  o f  t h e  above mentioned s p e c t r a l  

d a t a  s i n c e  it p o s s e s s e s :  

a )  t h r e e  methyl  groups  a t t a c h e d  t o  f u l l y  s u b s t i t u t e d  

ca rbons  

b )  t e n  a l l y l i c  hydrogens 

c)  u n s a t u r a t i o n  f e a t u r i n g  

d )  no v i n y l  group 

e )  M W t .  2 7 2  

1 t h e  RCH3C=CHCH2R moiety 

Completing t h e  c o u r s e  o f  though t  concern ing  t h i s  com- 

- - 2 p u u l ~ u  one wo.icld e x p e c t  t h a t  upon t r z a t m e n t  with acid  t h z t  

i f  p r o t o n a t i o n  o c c u r r e d  a t  C-9 t o  r e g e n e r a t e  t h c  c a t i o n ( 9 0 )  

t h e n  h i b a n - l 4 d - y l  fo rmate  s h o u l d  b e  one o f  t h e  p r o d u c t s .  

Indeed ,  a l though  t h e  compound was s t a b l e  i n  r e f l u x i n g  

a c e t i c  a c i d ,  t r e a t m e n t  w i t h  r e f l u x i n g  fo rmic  a c i d  r e s u l t e d  

i n  i t s  q u a n t i t a t i v e  c o n v e r s i o n  t o  h i b a n - 1 4 d - y l  fo rmate .  

The l o c a t i o n  o f  t h e  A 8 ( 9 )  doub le  bond a p p e a r s  c l e a r  

from t h e  absence  o f  v i n y l  hydrogens i n  t h e  NMR spect rum of  

( 8 9 )  , however, it c o u l d  be  argued t h a t  t h e  0 1 3  ( 1 4 )  double  

bond c o u l d  pe rhaps  b e  a t  t h e  A 12 ( 1 3 )  p o s i t i o n .  Th i s  can 



be r u l e d  o u t  s i n c e  t h e  deu te r ium l a b e l l i n g  s t u d i e s  e s t a b -  

l i s h e d  t h a t  deprotonation-reprotonation proces se s  do n o t  

occu r  a t  C-12 o r  C-14 du r ing  t h e  convers ion  of man001 t o  

h i b a n - 1 4 d - y l  formate  v i a  ( 9 0 ) .  

The S t r u c t u r e  o f  5 (10) ,12-Abietarosadiene (47)  

The fo rmat ion  of  t h i s  compound from bo th  t h e  pimarane 

i 371 and t h e  i sopimaranc ( 4 0 )  s k e l e t o n s  i s  immediately 

s u g g e s t i v e  of  a m ig ra t i on  o f  t h e  C-13 methyl  t o  C-15(91--c 

1 
92) i n  a f a sh ion  analog'ous t o  t h e  r e p o r t e d  t r ans fo rma t ion  

1 of  e i t h e r  p imar i c  (11; R=vinyl ,  R =CH3) o r  i s o p i m a r i c  (11; 

R=CH3, ~ ' = v i n ~ l )  a c i d  t o  a b i e t i c  a c i d ( 9 3 )  and t h e  a b i e t i c  

1 l a c t o n e  ( 1 2 ;  R ,  R = -OH,-CH(CH ) 1. 
3 2 

Therefore  a r ea sonab l e  f i r s t  guess  of  t h e  s t r u c t u r e  o f  t h i s  

compound would be  (94)  . 

c HOOC 



- 76 - 

Indeed, t h e  mass spectrum (Figure 37, p. 108) showed t h a t  

t h e  compound had M W t .  272 and t h e  NMR spectrum ( ~ i g u r e  38, 

p.109) showed t h e  presence of a broad s i n g l e t  a t  T4.67 

corresponding t o  a v iny l  proton. I n  add i t ion ,  t h e  appear- 

ance of four  sharp  s i n g l e t s  a t  T 8.97, 9.02, 9.07, 9.22 

wi th  a t o t a l  i n t e g r a t i o n  corresponding t o  f i f t e e n  hydrogens 

ind ica ted  f i v e  methyl groups. The l a r g e s t  peak a t  T 9.07 

was assigned t o  a methyl group a t t ached  t o  a f u l l y  sub- 

s t i t u t e d  carbon superimposed on t h e  u p f i e l d  peak of t h e  

double t  J=6.5cps corresponding t o  t h e  two methyl groups 

of  t h e  -CH (CH3) a t  C-13. The peak a t  T8.97 c o n s t i t u t e d  

t h e  downf i e l d  p a r t n e r  of t h i s  doublet .  

The s t r u c t u r e  (94) , however, would p r e d i c t  a sharp 

s i n g l e t  f o r  t h e  v iny l  proton whereas t h e  peak a t  T 4.67 

was f a i r l y  broad. I n  additiorr ,  t h e  U'J spectrum was trans- 

parent  above 200 mu showing t h a t  t h e  compound d i d  not  

possess conjugated double bonds. An a l t e r n a t i v e  assign- 

ment might the re fo re  be ( 9 5 ) .  

The s t a b i l i t y  of t h i s  compound, however, t o  acid 

t reatment  compared t o  the  reportedL f a c i l e  interconversions 

of a b i e t i c  (93), neoabie t ic  ( 9 6 1 ,  levopimaric (97) and 



p a l u s t r i c  ( 9 8 )  a c i d s  s u g g e s t s  t h a t  t h i s  assignment i s  

probably  i n c o r r e c t .  

The f a c i l e  backbone rearrangement  which w e  observed 

i n  bo th  t h e  pimarane (37)  and isopimarane  ( 4 0 )  s k e l e t o n s  

a s  w e l l  a s  t h e  repor ted1 fo rmat ion  of  t h e  a b i e t i c  l a c t o n e  

1 (12; R , R  = -OH, - C H ( C H 3 ) Z )  on t r e a t m e n t  o f  p imar i c  (11; 

1 1 R=vinyl ,  R = -CH ) o r  i s o p i m a r i c  (11; R= -CH R = v i n y l )  3 3 ' 
a c i d  w i t h  c o l d  s u l p h u r i c  a c i d  s u g g e s t s  t h a t  t h i s  compound 

might  p o s s e s s ,  i n  a d d i t i o n  t o  a  r e a r r anged  s i d e - c h a i n ,  a 

r e a r r anged  backbone. The re fo r e  t h e  s t r u c t u r e  (47 j i s  pro-  

posed f o r  t h i s  compound. 

Th i s  s t r u c t u r e  e x h i b i t s  a l l  o f  t h e  f e a t u r e s  r e q u i r e d  

by t h e  fo r ego ing  d i s c u s s i o n .  I t  is n o t  c l e a r ,  however, 

why t h i s  s t r u c t u r e  would be  s o  r e l u c t a n t  t o  undergo 

r e v e r s a l  of t h e  backbone rearrangement  which w e  have found 



t o  occur with S (10) ,1S-rosadiene (43) and 13-epi-5 (10 , l5-  

rosad iene(44) ,  s i n c e  an examination of molecular models 

r evea l s  t h a t  t h e  changes i n  s t e r i c  i n t e r a c t i o n  occurr ing 

i n  t h i s  process a r e  t h e  same i n  both types of systems 

I n  conclusion, although t h e  s t r u c t u r e  of t h i s  compound 

i s  by no means secure ,  w e  f e e l  t h a t  from t h e  information 

1 + + 3 -  / A T \  is LL- --- - l 2 7 - - 1 - -  
u v u r r u u r +  D L L U L L U A G  1 1  LllC: 111~s t l l A t 2  ly . 
The S t ruc tu re  of 8-Ep i -5  ( 1 0 )  ,15-Rosadiene ( 4 6 )  

The NMR spectrum (Figure 39, p. 110) of t h i s  compound 

showed t h e  ABX p a t t e r n  of t h e  v i n y l  group a s  t h e  only ab- 

so rp t ion  f o r  v i n y l i c  hydrogens, and t h e  absence of any 

absorpt ion  corresponding t o  a v i n y l i c  methyl group. The 

appearance 05 t h r e e  sharp  s i n g l e t s  a t 7 9 . 0 1 ,  9.05, 9.10 

wi th  a t o t a l  i n t e g r a t i o n  corresponding t o  twelve hydrogens 

w a s  assigned t o  four  methyl groups a t t ached  t o  f u l l y  sub- 

s t i t u t e d  carbons. These d a t a  suggested t h a t  t h e  compound 

was t r i c y c l i c  and possessed both  a v iny l  group and an add- 

i t i o n a l  double bond which was f u l l y  s u b s t i t u t e d  by groups 

o t h e r  than methyl. 

I ts exclus ive  formation from t h e  pimarane ( 3 7 )  s e r i e s  

showed t h a t  t h e  v iny l  group was i n  t h e  C-13p pos i t ion .  

This da ta ,  toge the r  wi th  a M W t ,  272 from i t s  mass spectrum 

(Figure 40, p.111) suggested s t r u c t u r e s  of  t h e  type  (99) 

and (100). 

The mass spectrum was near ly  i d e n t i c a l  with t h a t  of 



5 ( L O  j , i 5 - i u s d d i e i i e  ( 4 3 )  , (ail6 s u b s t a n t i a l l y  d i f f e re i i t  fro= 

t h a t  o f  8 ,15-p imaradiene)  which s u g g e s t e d  t h a t  t h e s e  CORI- 

pounds c o n t a i n e d  s i m i l a r  c a rbon  s k e l e t o n s  and might  be 

e p i m e r i c .  ( I t  w a s  shown e a r l i e r  t h a t  compounds which were  

e p i m e r i c  a t  C-13 b u t  which were  o t h e r w i s e  i d e n t i c a l  

p o s s e s s e d  n e a r l y  i d e n t i c a l  m a s s  s p e c t r a ) .  T h e r e f o r e  

s t r u c t u r e  ( 4 6 )  w a s  p roposed  f o r  t h i s  compound. 

I n s p e c t i o n  o f  t h e  ahove s t r u c t u r e  p r e d i c t e d  t h a t  t h e  

compound would b e  much more s t a b l e  t o  a c i d  r e a c t i o n  than 

t h c  e p i m e r i c  5 ( 1 0 )  , 1 5 - r o s a d i e n e  ( 4 3 )  , and i n d e e d  i t  was com- 

p l e t e l y  s t a b l e  i n  r e f l u x i n g  f o r m i c  a c i d .  A n a l y s i s  o f  

m o l e c u l a r  models o f  ( 4 6 )  and t h e  e p i m e r i c  5 ( 1 0 ) , 1 5 -  



rosad iene  r evea l ed  t h a t  s t r u c t u r e  ( 4 6 )  possessed fewer 1 ,3-  

d i a x i a l  i n t e r a c t i o n s  than  i t s  epimer (See Figure  41, p. 112) .  

This  d i f f e r e n c e  s u c c e s s f u l l y  e x p l a i n s  t h e  s t a b i l i t y  of  t h e  

compound i n  r e f l u x i n g  formic a c i d .  

I n  conc lus ion ,  a l though t h e  s t r u c t u r e  of t h i s  com- 

pound i s  n o t  f i rmly  e s t a b l i s h e d ,  t h e  in format ion  a v a i l a b l e  

suggests that structure ( 4 6 )  is tile mvst likely. 
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Figure 28: Fragmentation Pattern of 8,15-Pimaradiene(37) 

and 8,15-Isopimaradiene(40) 



Figure  29 : Fragmentat io~l  P a t t e r n  of Pimaradiene ( 38 )  and 

Sandaracopimaradiene ( 4 1) 



Figure 30: Fragmentation Pattern of 7,15-Pimaradiene(39) 

and Isopimaradiene(42) 



Figu re  31: Fragmenta t iox  P a t t e r n  of  5 (10)  ,15-Rosadiene 

(43)  and 13-E:>i-5 - (10) ,15-rosadiene  (44)  
* 
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Figure 3 2  : Fragmentation Pattern of Rimuene (48) 
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5 C-C t? C-I1 

G C-11 4-+ C-14 

Figure 41: Comparison of 1,3-diaxial interactions in 

rings nand C of T(10) ,15-Rosadiene and 8- 

E p i - 5  (10) ,15-Rosadiene 



CHAPTER 5 

RECOMMENDATIONS FOR FURTHER RESEARCH 



Synthesis of 8,13-Burnabadiene (45) 

The bromo ester (62) was prepared as an intermediate 

compound in an attempted synthesis of 8,13-burnabadiene. 

Its decomposition upon attempted purification by column 

chromatography probably proceeded by loss of Br to give the 

allyl radical (101) which then polymerised. In fact the 

reported8' synthesis of allyl bromides recommends that 

these compounds be protected from light, but in this case, 

the precaution was not taken. If the previously outlined 

procedure were to' be repeated, protecting from light the 

compounds (62,63,58) which possess an allyl bromide func- 

tion a successful synthesis of 8,13-burnabadiene would 

likely result. 

Determination of the Intermediacy of Pimaradiene(38) in 

Gibberellic Acid Biosynthesis 

It has been shown88 by the incorporation of 4- ( R ) -  

3 3 L4- H, 2-14c] mevalbnate and 12- Ha, 2-14c] mevalonate in- 

to gibberellic acid that 8,15-pimaradiene(37) and 7,15- 

pimaradiene(39) are not involved in the biosynthesis of 

this compound. The absence of reports of a successful 

incorporation of pimaradiene into gibberellic acid indi- 



c a t e s  t h a t  e i t h e r  t r a n s p o r t a t i o n  d i f f i c u l t i e s  w e r e  en- 

c o u n t e r e d  o r  t h a t  t h e  t r i c y c l i c  i o n ( 7 )  undergoes r i n g  

c l o s u r e  t o  t h e  t e t r a c y c l i c  carbonium i o n  (13)  w i t h o u t  t h e  

p a r t i c i p a t i o n  o f  any i n t e r m e d i a t e  o l e f i n s .  

These two p r o c e s s e s  c o u l d  b e  d i s t i n g u i s h e d  by i n c o r -  

p o r a t i o n  o f  17-14c] n13-manool(32b)  89 i n t o  

A d e c r e a s e  i n  T:14c r a t i o  on g o i n g  from s t a r t i n g  m a t e r i a l  

t o  g i b b e r e l l i c  a c i d  would i n d i c a t e  t h a t  indeed  pirnaradiene 

i s  a n  i n t e r m e d i a t e  i n  t h i s  b i o s y n t h e t i c  p r o c e s s ,  s i n c e  C-17 

i n  t h e  l abdene  p r e c u r s o r  ( 32) becomes C-14 i n  t h e  pimarene 

i n t e r m e d i a t e ( 7 ) .  Formation o f  p imarad iene  would t h e r e f o r e  

n e c e s s a r i l y  r e s u l t  i n  l o s s  o f  t r i t i u m .  I f  no change 

i n  T : ~ ~ c  r a t i o  were  obse rved  t h e n  a l l  o l e f i n i c  i n t e r m e d i a t e s  

d e r i v a b l e  d i r e c t l y  from ( 7 j  wouldi b e  f i n a i l y  e l i m i n a t e d .  



A s y n t h e s i s  of (32b) could be achieved by W i t t i g  

r e a c t i o n s  upon t h e  p rev ious ly  repor ted65  ketone (102) 

i n t r o d u c i n g  l4cH2 and CT s e p a r a t e l y  w i th  subsequent 
2 

mixing of  t h e  r a d i o a c t i v e  p r e c u r s o r s  t o  g ive  ( 3 1 a ) .  

I s ~ m e r i s a t i o n  a s  p rev ious ly  desc r ibed  would g ive  t h e  d e s i r e d  

product .  

Determination o f  t h e  Intermediacy o f  Hibaene i n  G i b b e r e l l i c  

Acid Biosynthes i s  

The r epo r t ed6  i n c o r p o r a t i o n  of ~ 1 5 -  3~ 3 nl3-man001 8 9 

i n t o  g i b b e r e l l i c  a c i d  proved t h a t  t h e  b i o s y n t h e t i c  r o u t e  

proceeded v i a  t h e  t e t r a c y c l i c  carbonium i o n  (13)  . This  

exper iment ,  however, was n o t  a b l e  t o  d i s t i n g u i s h  between a 

pathway proceeding by t h e  rearrangement o f  (13) t o  t h e  

kaurene s k e l e t o n ( 2 3 )  d i r e c t l y  and one involv ing  t h e  

in termediacy of  t h e  o l e f i n  h ibaene(21)  de r ived  by deproton- 

a t i o n  of ( 1 3 ) .  

These two pathways could be  d i s t i n g u i s h e d  by a mixed 

8 9 l a b e l l i n g  experiment w i th  ~ 1 5 - ~ H  I 1 7 - 1 4 d  Al3-man001 . 
Since  C-15 i n  t h e  labdene p r e c u r s o r  (32) becomes C-16 i n  

1 4  t h e  t e t r a c y c l i c  i o n ( l 3 )  a decrease  i n  T: C r a t i o  on going 

from s t a r t i n g  m a t e r i a l  t o  g i b b e r e l l i c  a c i d  would show t h a t  

some e l i m i n a t i o n  t o  hibaene and subsequent  r ep ro tona t ion  

d i d  occur .  I f  no change i n  T : ' ~ c  r a t i o  was observed then  



t h i s  p roces s  would be precluded.  

3 The placement of t h e  15- H has  been prev ious ly  re- 

por ted68  and t h e  placement of  t h e  17-14c was desc r ibed  above. 

The Mode of  Closure  of  r i n g  D i n  t h e  Biogenesis  of  

G i b b e r e l l i c  Acid 

I n  cons ide r ing  t h e  s t e r eochemis t ry  involved dur ing  t h e  

format ion of t h e  C-D r i n g  system of  g i b b e r e l l i c  a c i d ,  t h e  

s t e r eochemis t ry  a t  C-15 i s  e s p e c i a l l y  i n t e r e s t i n g .  This  

carbon a r i s e s  from C-5 of  mevalonate. 

Formally,  two t r ans fo rma t ions  i nvo lv ing  s t e r eochemis t ry  

occur  a t  t h i s  c e n t r e  du r ing  t h i s  b i o g e n e t i c  p rocess .  One 

i s  t h e  i somer i sa t ion  of  t h e  A13(14)  double bond i n  t h e  b i -  
89 

c y c l i c  p rogen i to r  ( 32) t o  t h e  A 1 5  (16)  p o s i t i o n  i n  t h e  

pimarane s k e l e t o n ( 7 )  which must occur  du r ing  t h e  format ion 

of  r i n g  C. The o t h e r  i s  r i n g  c l o s u r e  between C-8 and C-16 

i n  t h e  format ion of  r i n g  D i n  ( 1 3 ) .  S ince  t h e  s t e r e o -  

chemist ry  involved i n  t h c  double bond i somer i sa t ion  cannot  

be s e t t l e d  wi thout  knowledge of  t h e  s t e r eochemis t ry  involved 

i n  t h e  formation of  t h e  D r i n g ,  t h i s  l a t t e r  p o i n t  should 

r e c e i v e  t h e  i n i t i a l  a t t e n t i o n .  

The v i n y l  group involved i n  t h e  c l o s u r e  of  r i n g  D i n  

t h e  format ion of  (13) must r o t a t e  i n  o r d e r  f o r  c y c l i s a t i o n  

8 9 
t o  occur  between C-8 and C-16. 



c lockwise  

L 
pathway c 

pathway d  

'?& 

I f  C-16 i n  ( 7a )  was l a b e l l e d  a s  shown, c lockwise  

r o t a t i o n  (pathway c)  would r e s u l t  i n  t h e  l a b e l l i n g  p a t t e r n  

(13c)  and an t i - c l ockwi se  r o t a t i o n  (pathway d )  would r e s u l t  

i n  l a b e l l i n g  p a t t e r n  ( l 3 d )  . Both p r o c e s s e s  appear  e q u a l l y  

f e a s i b l e .  I f  t h e  r e s u l t s  o f  t h e  exper iments  sugges t ed  

e a r l i e r  showed t h a t  h ibaene  was n o t  invo lved  and t h a t  t h e  

kaurane  s k e l e t o n  was formed d i r e c t l y  from (13)  t h e n  (13c)  

and (13d) would g i v e  g i b b e r e l l i c  a c i d  w i t h  l a b e l l i n g  p a t t e r n  

(25c)  and (25d)  r e s p e c t i v e l y .  

Methy la t ion  fo l lowed by a c i d  t r e a t m e n t  would g i v e  t h e  

cor responding  methyl  g i b b e r a t e ( 7 8 a )  which upon r e d u c t i o n  



&H & 
Ts chugaev 

\ 
rC 

\ 
e 

0 - * - 
E O ~ M ~  

104 103 E"2Me 

would a f  f o r d  t h e  a l c o h o l  (10 3 )  . Tschugaev e l i m i n a t i o n  would 

t h e n  g i v e  t h e  o l e f i n i c  compound (104 ) .  I f  t r i t i u m  was n o t  

l o s t  i n  t h e  t r a n s f o r m a t i o n  (103-104) t h e n  t h i s  would show 

t h a t  t h e  v i n y l  group i n  ( 7 )  r o t a t e d  i n  a c lockwise  f a s h i o n  

upon c l o s u r e  o f  r i n g  D. I f  t r i t i u m  was l o s t  i n  t h i s  t r a n s -  

fo rmat ion  t hen  an an t i - c l ockwi se  r o t a t i o n  would be i n d i c a t e d .  

The p r e c u r s o r  o f  (7d) which would be  f e d  t o  G i b b e r e l l a  

f u j i k u r o i  t o  tes t  t h e  s t e r e o c h e m i s t r y  o f  t h e  CD r i n g  c l o s u r e  

8 9 d e s c r i b e d  above cou ld  b e  s y n t h e s i s e d  a s  shown below . 



Oxidat ion of man001 wi th  potassium permanganate has  

been shown 'If 9 2  t o  g ive  t h e  ketone (105) . A Grignard 

r e a c t i o n  a s  shown would r e s u l t  i n  t h e  formation of a  mixture  

of manools ( 3 l b )  d i a s t e r i o i s o m e r i c  a t  C-13 wi th  t h e  t r i t i u m  

t r a n s -  i n  t h e  v i n y l  p o s i t i o n  as shown. The Grignard r eagen t  

would be prepared by a d d i t i o n  of  magnesium t o  t h e  adduct  of  

ace ty l ene  and T B r .  Addi t ion of  hydrogen h a l i d e s  t o  s imple  

9 3  ace ty l enes  has  been shown t o  be s t e r e o s p e c i f i c - t r a n s .  

Although t h e  i n c o r p o r a t i o n  of  t h e  d i a s t e r i o i s o m e r i c  

mixture  would most l i k e l y  r e s u l t  i n  t h e  i nco rpo ra t ion  of 

one d i a s t e r i o i s o m e r ,  convers ion of each d i a s t e r i o i s o m e r  i s  

p o s s i b l e  s i n c e  t h e  s e p a r a t i o n  of t h i s  d i a s t e r i o i s o m e r i c  s e t  

94. i s  r e a d i l y  e f f e c t e d  by chromatography on Si02-AgN03 

With t h e  above s te rcochemica l  p o i n t  s e t t l e d ,  t h e  only  

remaining q u e s t i o n  of  s t c r eochemis t ry  a r i s i n g  i n  t h e  t r a n s -  

i t i o n  of a  mevalonate C-5 t o  a g i b b e r e l l i n  C - 1 4  could be 

3 so lved  by t h e  i nco rpo ra t ion  of 5- ( R )  - 15- 11, 2-14c] 

mevalonate and t h e  cor responding(S)  mevalonate i n t o  gibbe- 



r e l l i c  ac id .  Degradation i n  t h e  manner descr ibed  above t o  

determine t h e  s t e r eochemis t ry  of t h e  hydrogens a t  C-14 i n  

g i b b e r e l l i c  a c i d  t hus  de r ived  would then  y i e l d  t h e  a b s o l u t e  

s t e r eochemis t ry  of t h e  A 13  ( 1 4 )  t o  a 1 5  (16)  i somer i sa t ion  

which must occur  dur ing  t h e  format ion of  t h e  CD r i n g  

system of g i b b e r e l l i c  a c i d .  

The Metabolism of Gibberellic Acid 

Of more gene ra l  i n t e r e s t  would be an i n v e s t i g a t i o n  of 

t h e  metabolism of t h e  g i b b e r e l l i n s .  G i b b e r e l l i c  a c i d  i s  

w e l l  known for i t s  growth r e g u l a t i n g  p r o p e r t i e s  and a s  such 

has  p o t e n t i a l  use  f o r  c o n t r o l  of t h e  development of p l a n t s ,  

e s p e c i a l l y  t hose  used a s  food sou rces .  I t  i s  t h e r e f o r e  con- 

s i d e r e d  impor tan t  t o  determine t h e  e f f e c t s  of  i n g e s t i o n  of 

g i b b e r e l l i n s  and t h e i r  me tabo l i t e s .  A p e r u s a l  of  t h e  

l i t e r a t u r e  r e v e a i s  t h a t  i i t t l e  work has been done on d l t e r -  

pene metabolism. 

Biogene t ic  degrada t ion  of dehydroab ie t i c  ac idg5  and 

i t s  methyl esterg6 has  been shown t o  r e s u l t  i n  hydro- 

x y l a t i o n  of  r i n g s  A and B l e a d i n g  e v e n t u a l l y  t o  t h e i r  

c leavage t o  g i v e  a  mixture  o f  .low molecular  weight 

ca rboxy l i c  a c i d s  (106-109) 



These r e s u l t s  i n d i c a t e  t h a t  t h e  organism uses  t h e  d i t e r p e n e  

s k e l e t o n  a s  a sou rce  o f  carbon.  S i m i l a r  s t u d i e s  on t h e  

g i b b e r e l l i n s  might be  expec t ed  t o  g i v e  a  s i m i l a r  r e s u l t ,  

and an examinat ion o f  t h e  t o x i c i t y  o f  t h e  r e s u l t i n g  

d e g r a d a t i o n  p roduc t s  would be worthwhi le .  



CIIAPTER 6 

EXPERIMENTAL 



P u r i f i c a t i o n  o f  Manool(31) 

Manool(20g) a s  s u p p l i e d  by Koch-Light was p ~ ~ r i f  i c d  by 

chromatography on s i l i c a  g e l  impregnated  w i t h  10% AgN03 

( 5 0 0 g ) .  U n i d e n t i f i e d  i m p u r i t i e s  w e r e  e l u t e d  by p e t r o -  

leum e t h e r  through 60% benzene i n  pe t ro leum e t h e r  and p u r e  

manool (13.59) was e l u t e d  by benzene.  

Reac t ion  o f  Manool w i t h  A c e t i c  Acid 

A s o l u t i o n  of  Manool ( l 2 . 5 g )  i n  g l a c i a l  a c e t i c  a c i d  

(125 m l )  was h e a t e d  under r e f l u x  f o r  1 hour .  The r e a c t i o n  

m i x t u r e  w a s  poured  i n t o  w a t e r  ( 4 0 0  m l )  , n e u t r a l i s e d  with 

NaHC03 and e x t r a c t e d  s e v e r a l  t i m e s  w i t h  e t h e r .  The e t h e r  

e x t r a c t s  w e r e  combined, washed w i t h  w a t e r ,  d r i e d  o v e r  

anhyd. MgSQ4 and e v a p o r a t e d  t o  g i v e  a  brown o i l  ( l 1 . 3 g )  

which was chromatographed on a c t .  1 n e u t r a l  a lumina 

(300g) : pe t ro leum e t h e r  e l u t e d  a m i x t u r e  o f  hydrocarbons  

(3 .50g)  ; 10% benzene i n  pe t ro leum e t h e r  e l u t e d  A 13- 

manool a c e t a t e  (33;  R=Ac)  (3.23g) whose s p e c t r a  were i n  a g r e e -  

ment w i t h  p u b l i s h e d  d a t a 7 8 ;  60 %benzene  i n  pe t ro leum e t h e r  

e l u t e d  u n r e a c t e d  man001 ( 2.76g) . 
The m i x t u r e  o f  hydrocarbons  was chromatographed on 

s i l i c a  g c l  impregnated  w i t h  10% AgN03(200g): 10% 

benzene i n  pe t ro leum e t h e r  e l u t e d  8,13-burnabadiene ( 4 5 )  

(109 mg; f o r  s p e c t r a l  d a t a  see C h .  4 and mix tu re  A 



(840mg); 15% benzene th rough  2 0 %  benzene i n  pe t ro leum 

e t h e r  e l u t e d  m i x t u r e  B (1 .2639) ;  benzene e l u t e d  - cis- 

b i formene (35)  (532mg); 3% c h l o r o f o r m  th rough  20% c h l f .  

i n  benzene e l u t e d  t r ans -b i fo rmene  (34)  (517mg). The 

s p e c t r a  o f  t h e  two b i fo rmenes  w e r e  i n  agreement  w i t h  

l i t e r a t u r e  s p e c t r a  5 3 1 7 8 r 7 9 .  I n  a  subsequen t  r e p e a t  o f  

t h i s  exper iment  u s i n g  l a r g e r  amounts o f  m a t e r i a i s ,  4 0 %  

benzene  i n  pe t ro leum e t h e r  e l u t e d  7,15-pimaradiene ( 3 9 )  

(255mg; f o r  s p e c t r a l  d a t a  see Ch. 4 ) . 
Mixture  A was re-chromatographed on s i l i c a  g e l  

impregnated  w i t h  10% AgN03 ( 2 5 g ) :  pe t ro leum e t h e r  e l u t e d  

8,13-burnabadiene (45)  (70mg) and 8 ,15-pimaradiene ,  ( 37) 

(500mg; f o r  s p e c t r a l  d a t a  see C h .  4 ) i d e n t i c a l  on 

columns A and B w i t h  an a u t h e n t i c  sample. 50 I n  t h e  

r e p e a t  exper iment ,  4 %  benzene i n  pe t ro leum e t h e r  e l u t e d  

m i x t u r e  C (630mg) which w a s  s e p a r a t e d  by p rep .  VPC on 

column C a t  1 8 3 O ~  i n t o  8 ,15-pimaradiene  (188mg) and 

m i x t u r e  D (106mg). Mixture  D was p u r i f i e d  by p r e p .  VPC 

on column D a t  1 5 0 ~ ~  t o  g i v e  i s o p i m a r a d i e n e  ( 4 2 )  (50mg; 

f o r  s p e c t r a l  d a t a  see Ch. 4 ) 

Mixture  B was s e p a r a t e d  by p rep .  VPC on column E 

a t  1 3 0 ~ ~  t o  g i v e  8 ,15- i sop imarad iene  ( 4 0 )  (125mg; f o r  

50 
s p e c t r a l  d a t a  see Ch. 4 ) m.p. 50-1•‹c (lit. m.p. 51- 

2 . 5 O ~ ) ,  i d e n t i c a l  on columns A and B w i t h  an a u t h e n t i c  



50 sample , and s c l a r e n e ,  whose s p e c t r a  

7 9 agreement w i t h  t h o s e  p u b l i s h e d  . 
1 d a t a  w e r e  i n  

D i e l s - ~ l d e r  Adduct o f  S c l a r e n e  w i t h  Te t racyanoe thy lene  

A s o l u t i o n  o f  s c l a r e n e ( 3 6 )  (100mg; 0.37 m. moles)  and 

TCNE (47mg; 0.37 m. moles)  i n  E t O A c  (10ml) was r e f l u x e d  

f o r  24 h o u r s ,  when t h e  s o l u t i o n  w a s  evapo ra t ed  and t h e  

s o l i d  p roduc t  r c c r y s t a l l i s e C i  from e thano l -wate r  t o  g i v e  

t h e  adduc t  a s  w h i t e  n e e d l e s  (80mg) m.p. 138-go@ (lit. 7 9 

m.p. 115O) whose s p e c t r a l  p r o p e r t i e s  w e r e  i d e n t i c a l  w i t h  

p r e v i o u s l y  p u b l i s h e d  f i n d i n g s 7 9 .  TLC on s i l i c a  g e l  i m -  

p r egna t ed  w i t h  10% AgN03 and e l u t i n g  w i t h  benzene 

i n d i c a t e d  a s i n g l e  component Rf.= 0.6. The w h i t e  

n e e d l e s  w e r e  subl imed a t  1 2 0 ~ ~  / .25mm. t o  g i v e  an ana- 

l y t i c a l  sample (12mg) m.p. 139-9 .5O~.  Found: C ,  77.52; 

H ,  7.93; r e s i d u e ,  2.20. @ H N r e q u i r e s :  C ,  77.96; 26 32 4 

H ,  8.05. 

r 

Reac t ion  o f  Manool w i t h  Formic Acid 

A s o l u t i o n  o f  man001 (14g) i n  97% formic  a c i d ( l 4 0 m l )  

was r e f l u x e d  f o r  1 hou r ,  when t h e  s o l u t i o n  was poured 

i n t o  w a t e r  (450ml) ,  n e u t r a l i s e d  w i t h  K2COJ and e x t r a c t e d  

s e v e r a l  t i m e s  w i t h  e t h e r .  The e t h e r  e x t r a c t s  w e r e  com- 

b i n e d ,  washed w i t h  w a t e r ,  d r i e d  o v e r  anhyd. MgS04 and 

evapo ra t ed  t o  g i v e  a brown o i l  (11 .7g)  . 



A p o r t i o n  of  t h e  o i l  (10 .7g)  was chromatographed 

on s i l i c a  g e l  (500g) :  pe t ro leum e t h e r  e l u t e d  a  m i x t u r e  

o f  hydrocarbons  (7.26g) ; c h l f .  e l u t e d  m i x t u r e  A (2.2879) 

The mix tu re  of  hydrocarbons  was chromatographed on 

s i l i c a  g e l  impregnated  w i t h  1 0 %  AgN03 (3509) : pe t ro leum 

e t h e r  through 10% benzene i n  pe t ro leum e t h e r  e l u t e d  

u n i d e n t i f i e d  m i x t u r e s  (799 mg); 10% benzene i n  pe t ro leum 

e t h e r  e l u t e d  m i x t u r e  B ( 1 . 3 1 6 g ) ;  10% benzene i n  p e t r o -  

leum e t h e r  through 40% benzene i n  pe t ro leum e t h e r  e l u t e d  

a m i x t u r e  o f  8,15-pimaradiene (37)  and 8 ,15- i sop imarad iene  

(40)  (1:1, 4.623g) ;  c h l f .  e l u t e d  7,15-pimaradiene (33)  

(100mg). 

A s o l u t i o n  of  m i x t u r e  A i n  d r y  e t h e r  (100ml) was 

added dropwise  w i t h  s t i r r i n g  t o  LiA1H4 (0.5g)  i n  d r y  

e t h e r  (2001111) d u r i n g  30 min. and t h e  r e a c t i o n  m i x t u r e  

r e f l u x e d  f o r  30 min. Excess  r e a g e n t  was d e s t r o y e d  w i t h  

w a t e r ,  t h e  s o l u t i o n  f i l t e r e d ,  d r i e d  o v e r  anhyd. MgS04 and 

e v a p o r a t e d  t o  g i v e  a  ye l low o i l  (1.79g) Vmax 3450 c m - l ,  

no  c=o. The ye l low o i l  was chromatographed on s i l i c a  

g e l  ( 5 0 g ) :  208 benzene i n  pe t ro leum e t h e r  e l u t e d  h iban-  

50 
l 4 d  -01 (400mg) m.p. l 1 3 . 5 - 1 2 • ‹ ~  (lit. m.p. 1 1 4 - 5 O ~ )  

whose 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  w e r e  i d e n t i c a l  

w i t h  t h o s e  p u b l i s h e d 5 0 ;  G O %  benzene i n  pe t ro leum e t h e r  



1 t h e  known 

.- 128 - 

13-man001 51f78 a s  an impure o i l  (527rng). 

Mixture I3 was s e p a r a t e d  by prep.  VPC on column C a t  

1 8 6 O ~  i n t o  13-e~&-5 ( 1 0 )  , 15-rosadiene ( 4 4 )  (211mg; f o r  

s p e c t r a l  d a t a  s e e  Ck. 4 ) , 8,13-burnabadiene (45)  

(112mg), 8-&-5(10) ,15-rosadiene (46)  (35mg; f o r  s p e c t r a l  

d a t a  s e e  C k ,  4 ) and rimuene (48)  (25mg; f o r  s p e c t r a l  

A +  n L ) I  \ 
uuLu 31-G b l L . .  7 J . 

Hiban-14 d - y l  Aceta te  

1Iiban-14 d-ol(100mg) was d i s s o l v e d  i n  py r id ine  

( 3  drops)  , a c e t i c  anhydride ( 5  d rops)  added and t h e  

r e a c t i o n  mixture al lowed t o  s t a n d  a t  1 0 0 ~ ~  f o r  28 hours .  

The mixture  was then  al lowed t o  s t a n d  over  P205 and 

NaOH i n  a vacuum d e s s i c a t o r  f o r  20  hours ,  whereupon hiban- 

1 4 d - y l  a c e t a t e  c r y s t a l l i s e d  (100mg) m.p. 8 4 - 5 " ~  (lit. 

50 m.p. 8 5 - 6 O ~ ) .  The s p e c t r a  and p h y s i c a l  p r o p e r t i e s  were 

i d e n t i c a l  wi th  t hose  publ i shed .  50 

Hiban-14d-yl  Formate. From Hiban-14&-01 

~ i b a n - l 4 d  -01 (100mg) was d i s s o l v e d  i n  H C 1  (4mg of 385 

s o h .  ) and formic a c i d  (270mg of 97% s o l u t i o n )  . The 

r e a c t i o n  mixture was al lowed t o  remain i n  a s e a l e d  tube 

0 a t  90 C f o r  18 hours whcreupon it was added t o  wate r  and 

e x t r a c t e d  s e v e r a l  t imes wi th  e t h e r .  The e t h e r  e x t r a c t s  

were combined, washed wi th  NaIIC03 s o l u t i o n  and wa te r ,  d r i e d  

over  anhyd. MgS04 and evaporated t o  g ive  a c o l o u r l e s s  o i l  



which showed on ly  one s p o t  on TLC and a s i n g l e  peak on 

VPC column F a t  1 9 0 ~ ~  vmax 1730s. 1175s c m - l .  NMR 

spect rum ( T ) : 1.80 ( s h a r p  s i n g l e t ,  l H ,  formyl hydrogen) , 

5 . 5 5 ( s h a r p  s i n g l e t ,  l H ,  13-C-0-) , 9.07,  9.13,  9.17, 9.20 

+ 
( s h a r p  s i n g l e t s ,  4CH3 groups)  . m/e  318 ( P  ) 

Iliban-14 4 - y l  Formate. From 8,13-Burnabadiene 

a c i d  ( l m l )  f o r  1 hour.  The r e a c t i o n  mix ture  was 

n e u t r a l i s e d  w i t h  10% N a 2 C 0 3  s o l u t i o n  and e x t r a c t e d  

s e v e r a l  t i m e s  w i t h  e t h e r .  The e t h e r  e x t r a c t s  were com- 

b ined ,  washed w i t h  w a t e r ,  d r i e d  o v e r  anhyd. MgS04 and 

evapo ra t ed  t o  g i v e  hiban-14 &-yl formate  (50mg) 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  t h e  sample p r epa red  above. 

Hydrogenation o f  8,13-Burnabadiene 

A s o l u t i o n  of  8,13-burnabadiene (48mg) i n  E t O A c  (3ml) 

was shaken w i t h  P t  on c h a r c o a l  (30mg) under 70 p. s .  i. g .  

H2 f o r  4 days.  The c a t a l y s t  was removed by c e n t r i f u g a t i o n  

and t h e  s u p e r n a t a n t  evapora ted  t o  g i v e  8-burnabene (89)  

a s  a wh i t e  s o l i d  (46mg) m.p. 60-62OC. This  p roduc t  gave 

a p o s i t i v e  t e t r a n i t r o m e t h a n e  tes t  and a mass spect rum 

which possessed  no peak a t  m/e  =272. (For  s p e c t r a l  d a t a  

see ch.  4 1 .  

Formic Acid Treatment o f  8,15-pimaradiene (37)  

A s o l u t i o n  o f  8,15-pimaradiene (880mg) i n  97% formic  



a c i d  (10ml) was r e f l u x e d  f o r  6  h o u r s .  The r e a c t i o n  

m i x t u r e  was poured i n t o  w a t e r  ( l O O m l ) ,  n e u t r a l i s e d  w i t h  

Na2C03 and e x t r a c t e d  s e v e r a l  t i m e s  w i t h  e t h e r .  The 

e t h e r  e x t r a c t s  w e r e  combined, washed w i t h  w a t e r ,  d r i e d  

o v e r  anhyd. MgS04 and e v a p o r a t e d  t o  g i v e  a  brown o i l  

(806mg) , a  p o r t i o n  o f  which (68Omg) was chromatographed on 

s i l i c a  g e l  impregnated  w i t h  10% AqN03(40q): 3% benzene i n  

pe t ro leum e t h e r  e l u t e d  5  (10)  , 1 2 - a b i e t a r o s a d i e n e  (47)  (27mg; 

f o r  s p e c t r a l  d a t a  see Ch. 4 ) and 8-epi -5(10)  ,15- rosad iene  

(46)  (74mg; f o r  s p e c t r a l  d a t a  see Ch. 4 ) ; 5 %  benzene iil 

pe t ro leum e t h e r  e l u t e d  a  mix tu re ( l08mg)  which was p u r i f i e d  

by p rep .  VPC on column D a t  1 5 0 ~ ~  t o  g i v e  5 ( 1 0 )  , 15 - rosad iene  

( 4 3 )  72 (34mg; f o r  s p e c t r a l  d a t a  see Ch. 4 ) 

Siban-14-one 

Chromic o x i d e  ( .37g;  3.7m moles)  was added w i t h  

s t i r r i n g  t o  i c e - c o l d  anhy.1. p y r i d i n e ( l 2 m l )  d u r i n g  1 0  min. 

A s o l u t i o n  o f  h i b a n - l 4 d  01 (372mg; 1 .33  m. moles)  i n  

anhyd. p y r i d i n e  (3ml) was added i n  one p o r t i o n  whereupon 

t h e  r e a c t i o n  darkened.  The r e a c t i o n  mix tu re  was s t i r r e d  

0 a t  0 c f o r  30 min. and a t  room t e m p e r a t u r e  f o r  8 hours  

t h e n  poured i n t o  w a t e r  (oOml) and e x t r a c t e d  s e v e r a l  t i m e s  

w i t h  e t h e r .  The e t h e r  e x t r a c t s  w e r e  combined and 

e v a p o r a t e d  under vacuum ~ ~ n t i l  o n l y  a  few m l .  o f  m a t e r i a l  

remained.  Th i s  r e s i d u e  was d i s s o l v e d  i n  e t h e r  and washed 



qu ick ly  wi th  2 %  NaHS04 s o l u t i o n  u n t i l  t h e  washings re -  

mained a c i d i c .  The e t h e r  s o l u t i o n  was then  washed wi th  

w a t e r ,  d r i e d  over  anhyd. MgSO and evaporated t o  g ive  4 

hiban-14-one (348mg) whose s p e c t r a  and phys i ca l  p r o p e r t i e s  

50 were i d e n t i c a l  w i th  t hose  publ i shed  . 

(15ml) under dry H e .  Hydrazine (958,  2.0ml) and hiban- 

14-one (157mg) were added, t h e  mixture  r e f luxed  a t  1 8 0 ~ ~  

f o r  2 hours ,  t h e  temperature  r a i s e d  t o  217Oc by d i s -  

t i l l a t i o n  and r e f l u x  cont inued f o r  15 hours .  The mix- 

t u r e  and d i s t i l l a t e  were poured i n t o  wate r  ( 1 0 0 m l )  

and e x t r a c t e d  s e v e r a l  t i m e s  w i th  e t h e r .  The e t h e r  

e x t r a c t s  w e r e  combined and evapora ted  and t h e  r e s i d u e  

d i s s o l v e d  i n  petroleum e t h e r ,  washed wi th  wa te r ,  d r i e d  

over  anhyd. MgS04 and evapora ted  t o  g i v e  hibane(l29mg) 

whose p r o p e r t i e s  and s p e c t r a  were i d e n t i c a l  wi th  

50 publ i shed  d a t a  . 

Hydrogenation of  5 (10) ,12-Abietarosadiene (47)  

Impure 5 ( L O )  ,12-ab ie ta rosad iene  (47) (6mg) was 

p u r i f i e d  by prep.  VPC on column D a t  1 3 0 ~ ~ .  The pure  

compound w a s  hydrogenated i n  EtOAc (2ml) over  P t  on 

cha rcoa l  (20mg) a t  78 p . s . i . g .  H2 w i th  shaking f o r  

5 d. The c a t a l y s t  was removed by c e n t r i f u g a t i o n  and 



t h e  r e a c t i o n  mix tu re  e v a p o r a t e d  t o  g i v e  a  c l e a r  o i l  

(1.9mg) whose VPC on column B showed o n l y  one peak. 

T h i s  had a  r e t e n t i o n  t ime  d i f f e r e n t  from t h e  s t a r t i n g  

m a t e r i a l .  Both s t a r t i n g  m a t e r i a l  and p r o d u c t  had 

r e t e n t i o n  t i m e s  d i f f e r e n t  Erom t h a t  o f  h ibane  d e s c r i b e d  

above. 

~ e t h y i  Sdrldaracopiinarate 

8 0 
A d r y  e t h e r  s o l u t i o n  o f  diazomethane (3ml; 3.9m. 

moles)  was added w i t h  c o o l i n g  and s t i r r i n g  t o  a  s o l u t i o n  

o f  sandaracop imar ic  a c i d *  (130mg; 0.43m. moles)  i n  d r y  

e t h e r  (2ml) and t h e  s o l u t i o n  a l lowed  t o  s t a n d  o v e r n i g h t .  

The r e a c t i o n  m i x t u r e  was e v a p o r a t e d  t o  g i v e  methyl  

8 1  sandaracop imara te  (103mg) m.p. 6 3 - 4 O ~  (lit. m.p. 64- 

0 5 .5  C) whose s p e c t r a  w e r e  i d e n t i c a l  w i t h  t h o s e  pre-  

5 0 , 8 0 , 8 1 .  v i o u s l y  r e p o r t e d  

Sandaracopimarol  

A s o l u t i o n  o f  methyl  sandaracop imara te  (90mg; 0.29 

m moles) and LiAlI1 (23mg; 0 .6  m moles)  i n  d r y  e t h e r  ( l 0 m l )  4 

was r e f l u x e d  o v e r n i g h t .  The e x c e s s  r e a g e n t  was d e s t r o y e d  

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

MgS04 and e v a p o r a t e d  t o  g i v e  sandaracop imaro l  a s  a clear 

*A sample o f  sandaracop imar ic  a c i d  was g e n e r o u s l y  
s u p p l i e d  by D r .  J .  W .  ApSimon 



o i l  (84mg) whose s p e c t r a  a r e  i d e n t i c a l  w i t h  t h o s e  pub- 

l i s h e d  5O,8l  

Sandaracopimaral  

Chromic ox ide  (84 mg; .84 m. moles)  was added w i t h  

s t i r r i n g  t o  i ce -coo led  anhyd. p y r i d i n e  (3ml) du r ing  10 

minu tes .  A s o l u t i o n  o f  sandaracop imaro l  (84mg; .29 m. 

moles)  i n  anhyd. p y r i d i n e  ( l m l )  was added i n  one p o r t i o n .  
0 

The r e a c t i o n  mix tu re  was s t i r r e d  a t  0 C f o r  + hour  and a t  

r. t. f o r  2 h o u r s ,  t h e n  poured i n t o  w a t e r  (20ml) and 

e x t r a c t e d  s e v e r a l  t i m e s  w i t h  e t h e r .  The e t h e r  e x t r a c t s  

w e r e  combined, washed w i t h  w a t e r  and evapora ted  u n t i l  

on ly  a ve ry  s m a l l  amount o f  m a t e r i a l  remained. The 

r e s i d u e  was r e - d i s s o l v e d  i n  e t h e r ,  washed q u i c k l y  w i t h  

2 %  NaHS04 s o l u t i o n ,  w a t e r ,  2% K2C03 s o l u t i o n  and aga in  

w i t h  water, t h e n  d r i e d  o v e r  anhyd. MgS04 and evapora ted  

t o  g i v e  sandaracop imara l  (67mg) whose s p e c t r a  and pro- 

81  p e r t i e s  w e r e  i d e n t i c a l  w i t h  p r e v i o u s l y  r e p o r t e d  d a t a  . 

Sandaracopimaral  semicarbazone 

To semicarbaz ide  hyd roch lo r i de  s o l u t i o n 8 3  ( 0 . 1 2 m l ;  

0.234 m moles)  was added sandaracopimaral (67mg;  0.234 

m moles)  i n  methanol  ( l m l )  and Id .  o f  p y r i d i n e .  The 

r e a c t i o n  mix tu re  was h e a t e d  g e n t l y  w i th  v igorous  s t i r-  

r i n g .  A f t e r  a few minutes  a w h i t e  p r e c i p i t a t e  appeared.  



Heating was d i scont inued  and s t i r r i n g  cont inued f o r  1 

hour ,  then t h e  r e a c t i o n  mixture  al lowed t o  s t a n d  a t  r . t .  

f o r  a  f u r t h e r  hour.  The r e a c t i o n  mixture  was f i l t e r e d  

and t h e  r e s idue  washed wi th  methanol t o  g ive  sandaraco- 

pimaral  semicarbazone a s  a  whi te  s o l i d  (35mg) m.p. 212 -  

81 
~ O C  (lit. m.p. 218-20•‹c). 

A mixture  of  sandaracopimaral  semicarbazone (35mg) 

and d i e t h y l e n e  g l y c o l  (2ml) was hea ted  t o  1 0 0 ~ ~  wi th  

s t i r r i n g  under dry He. S o l i d  KOH (0.45g) was added and 

t h e  temp. r a i s e d  t o  2 0 5 ~ ~ .  The r e a c t i o n  mixture  was 

mainta ined a t  t h i s  temp. wi th  s t i r r i n g  under dry He 

f o r  3  hours  a f t e r  which it was poured i n t o  wate r  ( 3 0  

m l )  and e x t r a c t e d  s e v e r a l  t i m e s  wi th  e t h e r .  The e t h e r  

e x t r a c t i o n s  were combined, washed wi th  wa te r ,  d r i e d  

over  anhyd. MgSO and evapora ted  t o  g ive  sandaraco- 
4 

pimaradiene ( 4 1  ) (6mg; f o r  s p e c t r a l  d a t a  s e e  Ch, 4 ) . 

Methyl Pimarate 

An e t h e r  s o l u t i o n  of  diazomethane80 (30ml;O. 039 

moles) was added wi th  coo l ing  and s t i r r i n g  t o  a  s o l u t i o n  

o f  p imar ic  ac id*  (1.017g; 3.3 m moles) i n  d ry  e t h e r  

*Pimaric a c i d  i s  commercially a v a i l a b l e  from Koch- 
Ligh t  . 



(20ml) .  The s o l u t i o n  was a l lowed  t o  s t a n d  o v e r n i g h t  

and t h e n  e v a p o r a t e d  t o  g i v e  methyl  p i m a r a t e  (1.021g) 

81  m.p. 65-6Oc (lit. m.p. 6g0c) p o s s e s s i n g  p r e v i o u s l y  

r e p o r t e d  s p e c t r a l  p r o p e r t i e s  50,81,82 

P imaro l  

A s o l u t i o n  of  methyl  p i m a r a t e ( l . 0 6 6 g )  i n  d r y  e t h e r  

(70ml) was added drop-wise w i t h  s t i r r i n g  t o  LiAiR4 

(o .4g)  i n  d r y  e t h e r  (100ml) and t h e  r e a c t i o n  mix tu re  

r e f  luxed  o v e r n i g h t .  Excess r e a g e n t  was d e s t r o y e d  w i t h  

w a t e r ,  t h e  s o l u t i o n  f i l t e r e d ,  d r i e d  o v e r  anhyd. MgS04 

and e v a p o r a t e d  t o  g i v e  p i m a r o l  (869mg) whose s p e c t r a l  

p r o p e r t i e s  w e r e  i d e n t i c a l  w i t h  p r e v i o u s l y  p u b l i s h e d  

50 f i n d i n g s  . 

Pimara l  

Chromic o x i d e  (870mg; 8.7 m moles)  was added w i t h  

s t i r r i n g  t c  i c e - c o l d  anhyd. p y r i d i n e ( 3 0 m l )  d u r i n g  1 0  

minu tes .  A s o l u t i o n  o f  p i m a r o l  (869mg; 3.0 m moles)  

i n  anhyd. p y r i d i n e ( l 0 m l )  was added i n  one p o r t i o n  and 

t h e  r e a c t i o n  m i x t u r e  s t i r r e d  a t  OOC f o r  % hour  t h e n  

a t  r . t .  f o r  2  hours .  T h e  s o l u t i o n  was poured i n t o  w a t e r  

(200ml) and e x t r a c t e d  s c v e r a l  t i m e s  w i t h  e t h e r .  The 

e t h e r  e x t r a c t s  w e r e  combined, washed w i t h  w a t e r  and 

e v a p o r a t e d  u n t i l  on ly  a few ml .05  m a t e r i a l  remained.  



The r e s i d u e  was r e d i s s o l v e d  i n  e t h e r ,  washed q u i c k l y  

w i t h  2% NaHS04 s o l u t i o n ,  w a t e r ,  2% X2C03  s o l u t i o n  and 

a g a i n  w i t h  w a t e r ,  t hen  d r i e d  o v e r  anhyd.MgS04 and 

evapo ra t ed  t o  g i v e  p imara l  (626mg) whose s p e c t r a l  

c h a r a c t e r i s t i c s  w e r e  i d e n t i c a l  w i t h  p r e v i o u s l y  pub l i shed  

d a t a  5O,8l  

To semicarbaz ide  hyd roch lo r i de  s o l u t i o n s 3  (1. l m l :  

2.2m moles)  was added a  s o l u t i o n  o f  p imara l  (626mg; 

2.2 m moles)  i n  methanol (8ml) and p y r i d i n e  ( 8  d rops )  . 
The r e a c t i o n  mix tu re  was h e a t e d  g e n t l y  w i t h  v igorous  

s t i r r i n g .  A f t e r  a  few minutes  a  w h i t e  p r e c i p i t a t e  

appeared.  Hea t ing  was d i s c o n t i n u e d  and s t i r r i n g  con- 

t i n u e d  f o r  1 hour .  The r e a c t i o n  mix tu re  was a l lowed 

t o  s t a n d  f o r  1 hour  f u r t h e r  a t  r. t. and t hen  f i l t e r e d  

t o  g i v e  p i h a r a l  semicarbazone (391mg) m. p .  214-~OC 

81 (lit. m . p .  213-6O~)  which e x h i b i t e d  t h e  same s p e c t r a l  

50 c h a r a c t e r i s t i c s  a s  p r e v i o u s l y  r e p o r t e d  . 

Pimaradiene 

A mix tu re  o f  p imara l  semicarbazone (391mg) and 

d i e t h y l e n e  g l y c o l  ( 1 4 m l )  w a s  h e a t e d  under d ry  H e  t o  

1 0 0 " ~  s o l i d  KOH (4 .6g)  was added and t h e  t empera tu re  

g r a d u a l l y  r a i s e d  t o  2 0 5 ~ ~  where it was main ta ined  under 



d ry  I I e  f o r  3  hours .  The r e a c t i o n  mix tu re  was poured 

i n t o  w a t e r  (150ml) and e x t r a c t e d  s e v e r a l  t i m e s  w i t h  

e t h e r .  The e t h e r  e x t r a c t s  w e r e  combined, washed w i t h  

w a t e r ,  d r i e d  over  anhyd. MgS04 and evapora ted  t o  g i v e  

p imaradiene  (38)  (185mg; f o r  s p e c t r a l  d a t a  see ch.. 4 1 .  

A sn l  ~ ~ t i n n  nf A l + m a n o o l  a c e t a t e  (33;R=Ac) ( 4 . 4 q )  - - - - -- - - - - - 
i n  d ry  e t h e r ( l 5 3 m l )  was added s lowly  w i t h  s t i r r i n g  t o  

L i A l i i 4  (0 .  Bg) i n  d ry  e t h e r  ( 3OOml) and t h e  r e a c t i o n  r e -  

f l u x e d  ove rn igh t .  Excess r e a g e n t  was de s t royed  w i t h  

water and t h e  r e a c t i o n  mix tu r e  f i l t e r e d ,  d r i e d  o v e r  

anhyd. MgS04 and evapo ra t ed  t o  g i v e  t h e  p r e v i o u s l y  re- 

p o r t e d  51'78 n13-manool(32)  (3.868g) . 

- 2  Chromic ox ide  (3.9g;  3 .9  x 10 moles)  was added 

w i t h  s t i r r i n g  t o  i c e - c o l d  anhyd. pyr id ine (100ml)  

d u r i n g  1 0  min. A s o l u t i o n  o f  n13 -manoo l (3 .  868g) i n  

anhyd. py r id ine (20ml )  was added i n  one p o r t i o n  where- 

upon t h e  r e a c t i o n  mix tu re  darkened.  S t i r r i n g  a t  OOC 

was con t inued  f o r  + hour  and a t  r . t .  f o r  15 hours .  The 

r e a c t i o n  mix tu re  was poured i n t o  water(1000ml)  and ex- 

t r a c t e d  s e v e r a l  t i m e s  w i t h  e t h e r .  The e t h e r  e x t r a c t s  

were combined and evapo ra t ed  u n t i l  on ly  a few m l .  o f  

m a t e r i a l  remained. The r e s i d u e  was d i s s o l v e d  i n  e t h e r ,  



washed w i t h  2% NaNS04 s o l u t i o n ,  w a t e r ,  2% K2C03 s o l u t i o n  

and a g a i n  w i t h  w a t e r ,  t hen  d r i e d  o v e r  anhyd. MgS04 and 

evapo ra t ed  t o  g i v e  a mix tu re  o f  - cis  and t r a n s  enan t i o -  

copa ldehyde(51) (2 .995g)  vmax 1678cm-I. NMR spect rum 

( T ) : 0.13 ( t r i p l e t  J=8cps ,  113,  i s  a c t u a l l y  two super -  

imposed d o u b l e t s  a t  0 . 07  and 0 .22,  a ldehyde p r o t o n ,  - cis- 

t r a n s  m i x t u r e j ,  4 . 20 idoub i e t1  Z=8cps, i H ,  C - i 4  v i n y i  

hydrogen) , 5.18 ( s i n g l e t ,  l H ,  C-17 v i n y l  hydrogen) , 5.55 

( s i n g l e t ,  l H ,  C-17 v i n y l  hyd rogen ) ,  7.87 ( d o u b l e t ,  J= 

l c p s ,  1.5H approx. ,  v i n y l  CHJ o f  t r a n s - i s o m e r ) ,  8.05 

( d o u b l e t ,  J = l c p s ,  1.5H approx.', v i n i l  CH3 of  c i s - i somer )  , 

9.14,  9.21,  9.32 ( 3  s h a r p  s i n g l e t s ,  3CH3 groups)  . 
Enantio-methyl  c o p a l a t e  (52)  

A s o l u t i o n  o f  enant io-copaldehyde - (51)  (4.46g) NaCN 

(4.139) , a c e t i c  ac id ( l .52r j )  and f r e s h l y  p repared84  Mn02 

i n  methanol  (30ml) was s t i r r e d  a t  r .  t. f o r  12 hours .  

MnO w a s  removed by c e n t r i f u g a t i o n  and t h e  s o l u t i o n  
2 

e vapo ra t ed  t o  g i v e  an amber s o l i d  which was d i s s o l v e d  i n  

w a t e r  and e t h e r .  The aqueous l a y e r  was e x t r a c t e d  s e v e r a l  

t i m e s  w i t h  e t h e r  and t h e  e t h e r  e x t r a c t s  combined, washed 

w i t h  10% Na2C03 s o l u t i o n ,  and t h e n  w a t e r ,  d r i e d  o v e r  

anhyd. MgS04 and evaporated t o  g i v e  a mix tu re  o f  - cis  

and t r a n s  enan t io -methy l  c o p a l a t e ( 5 2 )  p r e v i o u s l y  des-  



~ r i b e d ~ ~  (3.8689) vma, 1720cm-l. NMR spectrum ( T ) : 

4.23 ( s i n g l e t ,  l H ,  C-14 v i n y l  hydrogen) , 5.07 ( s i n g l e t ,  

l H ,  C-17 v i n y l  hydrogen) ,  5 . 4 0 ( s i n g l e t I  l H ,  C-17 v i n y l  

hydrogen) ,  6.28 ( s i n g l e t ,  3H, e s t e r  C H 3 ) ,  7 .81(double t  

J = l c p s ,  1.5H approx. ,  v i n y l  CH3 of  t r ans - i somer ) ,  8.08 

(doub le t  J = l c p s ,  1.5H approx, v i n y l  CH3 of - c i s - i s o m e r ) ,  

9.12,  9 ;  l B i  9 - 3 1  ( 3  sharp s i n g l e t s ,  2r-w -vn17nc' 

a-1.*3 yL"UrLI' 

Deuterium Exchange of Enantio-methyl Copalate 

A s o l u t i o n  of enantio-methyl c o p a l a t e  (2.533g) and 

sodium methoxide ( 3.79) i n  CH30D (2SOml) was s t i r r e d  a t  

r . t .  f o r  2% hours  and then  t h e  r e a c t i o n  mixture  evapora ted  

t o  d ryness  a t  40'~. The r e s i d u e  was d i s so lved  i n  D20 

and dry  e t h e r .  The D20 l a y e r  w a s  e x t r a c t e d  s e v e r a l  t i m e s  

wi th  dry e t h e r ,  t h e  e t h e r  l a y e r s  combined, washed wi th  

D20,dr ied over  anhyd. MgS04 and evaporated t o  g i v e  

p a r t i a l l y  d e u t e r a t e d  enantio-methyl c o p a l a t e  (53) (1.477g) . 
I n t e g r a t i o n  of C-14 v i n y l  hydrogen vs.  e s t e r  CH3and C- 

1 7  hydrogens i n d i c a t e d  50% d e u t e r a t i o n  a t  C-14 and t h e  

two double t s  corresponding t o  v i n y l  CH3 were very smal l .  

Deuterated n 1 3 - ~ a n o o 1 ( 5 4 )  

A s o l u t i o n  o f  d e u t e r a t e d  enantio-methyl c o p a l a t e  

(1.477g) i n  dry e t h e r  (54ml) w a s  added dropwise w i th  stir- 

r i n g  t o  L i A 1 H 4  (0.4g) i n  clry c ther (100ml)  and t h e  r e a c t i o n  



r e f  luxed  ove rn igh t .  Excess r e a g e n t  was d e s t r o y e d  w i t h  

water, t h e  s o l u t i o n  f i l t e r e d ,  d r i e d  o v e r  anhyd. MgS04 

and evapo ra t ed  t o  g i v e  d e u t e r a t e d  *Al3-manool. The WMR 

spec t rum aga in  i n d i c a t e d  50% d e u t e r a t i o n  a t  C-14 and t h e  

s i n g l e t  a t  1 8.37 cor responding  t o  v i n y l  CH3 was b u r i e d  

i n  t h e  background. The d o u b l e t  J=7cps  c e n t r e d  a t  T 5 .95  

a s i n g l e t .  I n  t h e  mass spec t rum t h e  i s o t o p i c  d i s t r i -  

b u t i o n  around t h e  p a r e n t  peak was t h e  same a s  t h a t  f o r  

t h e  d e u t e r a t e d  enan t io -methy l  c o p a l a t e ( 5 3 ) .  

Formic Acid Treatment  o f  Deu t e r a t ed  A l 3 - ~ a n o o l  

A s o l u t i o n  o f  d e u t e r a t e d  A l3 -manoo l ( l .  39) i n  

fo rmic  a c i d ( l 3 m l )  was r e f l u x e d  f o r  1 hour  when t h e  s o l -  

u t i o n  w a s  poured i n t o  w a t e r  (50ml) n e u t r a l i s e d  w i t h  

KZCOj  and e x t r a c t e d  s e v e r a l  t i m e s  w i t h  e t h e r .  The 

e t h e r  e x t r a c t s  were combined, washed w i t h  w a t e r ,  d r i e d  

o v e r  anhyd. MgS04 and evapo ra t ed  t o  g i v e  a yel low o i l  

(1.23g) which was chromatographed on s i l i c a  g e l  ( 7 0 g ) :  

pe t ro leum e t h e r  e l u t e d  a m ix tu r e  o f  hydrocarbons (542mg) ; 

10% benzene i n  pe t ro leum e t h e r  e l u t e d  a mix tu re  of hiban- 

14  d - y l  formate  and u n i d c n t i f  i e d  impur i t y  A (254mg) ; A 

(76mg) was a l s o  e l u t e d  by  t h i s  s o l v e n t .  The above mix- 

t u r e  w a s  re-chromatographed on s i l i c a  ge l (12 .5g )  t o  



g i v e  h i b a n - 1 4 d - y l  formate  contaminated  w i t h  A and VPC 

on column F a t  1 7 0 ~ ~  showed t h a t  t h e  t e t r a c y c l i c  ester 

w a s  72% pure .  Mass s p e c t r a l  a n a l y s i s  showed t h a t  t h e  . 
i s o t o p i c  d i s t r i b u t i o n  around t h e  p a r e n t  peak was un- 

changed. I n t e g r a t i o n  o f  t h e  NMR spect rum o f  t h i s  h iban-  

14  d - y l  formate  showed t h a t  t h e  peak due t o  t h e  148 

The NMR spect rum of  t h e  impur i t y  A pos se s sed  no 

a b s o r p t i o n  i n  t h e s e  two r eg ions .  

S t u d i e s  o f  Acid Ca t a ly sed  Reac t ions  o f  Hydrocarbons 

To a known weigh t  (10-70mg) o f  pu re  hydrocarbon 

was added a known weigh t  o f  oc tadecane ,  a  sample o f  t h e  

mix tu r e  passed  th rough  VPC column A o r  B and t h e  a r e a  

o f  t h e  peak f o r  each  comj>onent measured. To t h i s  mix- 

t u r e  w a s  added t h e  a p p r o p r i a t e  a c id (2ml )  and t h e  mix- 

t u r e  h e a t e d  under  r c f l u x  f o r  t h e  a p p r o p r i a t e  l e n g t h  of  

t i m e .  The s o l u t i o n  w a s  t h e n  poured i n t o  wa te r (2Oml) ,  

n e u t r a l i s e d  w i t h  MaZCOj and e x t r a c t e d  s e v e r a l  t i m e s  

w i t h  e t h e r .  The e t h e r  e x t r a c t s  were combined, washed 

w i t h  wa t e r ,  d r i e d  o v e r  anhyd. MgS04 and evapora ted .  A 

sample o f  t h e  r e s i d u e  was pa s sed  through one o f  t h e  

above VPC columns, and t h e  peak area measured f o r  each  

component. The components w e r e  i d e n t i f i e d  by peak 



enhancement from mixed i n j e c t i o n .  The p rocedure  w a s  

r e p e a t e d  as r e q u i r e d .  

Manoolp. - n i t r o b e n z o a t e  

A s o l u t i o n  o f  manool ( l .45g ;  5 m moles)  and p - 

n i t r o b e n z o y l  c h l o r i d e ( l . 8 6 g ;  10 m moles) i n  d r y  p y r i d i n e  

(100ml) was s t i r r e d  a t  r . t .  f o r  6 d . ,  a f t e r  which t i m e  

t h e  c o i o u r  o f  the r e a c t i o n  m i x t u r e  had changed from 

ye l low t o  r e d .  TLC on s i l i c a  g e l  impregnated  w i t h  10% 

AgN03 e l u t i n g  w i t h  benzene showed comple te  consumption 

o f  man001 and t h e  p r e s e n c e  o f  a  s i n g l e  new p r o d u c t  a t  

h i g h e r  Rf. The r e a c t i o n  m i x t u r e  was e v a p o r a t e d  and t h e  

r e s i d u e  f i l t e r e d  th rough  a c t .  I11 n e u t r a l  a lurnina(60g) .  

Benzene e l u t e d  a  p a l e  ye l low s o l i d  which w a s  r e c r y s t a l l i s e d  

from benzene t o  g i v e  manoolp - n i t r o b e n z o a t e  ( l . 2 g )  m. p .  

149-50•‹c vmax 1700cm-I. NMR s p e c t r u m (  r.) : 3.9 3  ( q u a r t e t  

J c i s = l O c p s ,  J t r a n s = 1 8 c p s I  111, C-14 v i n y l h y d r o g e n ) ,  4.78 

( d o u b l e t ,  J=18cps ,  l H ,  C-15 v i n y l  h y d r o g e n ) ,  4 . 8 2 ( d o u b l e t I  

J= lOcps I  l H I  C-15 v i n y l  h y d r o g e n ) ,  5 . 2 0 ( s i n g l e t r  1 H I  C-17 

v i n y l  h y d r o g e n ) ,  S . 5 2 ( s i n g l e t I  l H ,  C-17 v i n y l  h y d r o g e n ) ,  

8 . 3 0 ( s i n g l e t I  3H, C-13 m e t h y l ) ,  9 .13 ,  9 .20 ,  9 . 3 3 ( 3  s h a r p  

+ 
s i n g l e t s ,  3CH3 groups )  . m/e  439 (P 1 a 

Attempted S o l v o l y s i s  o f  planool p - n i t r o b e n z o a t e  

A s o l u t i o n  o f  man001 p - n i t r o b e n z o a t e  ( l g )  i n  80% 



ace tone-wate r ( l0ml )  w a s  r e f l u x e d  f o r  1 hour .  A f t e r  re- 

moval o f  t h e  s o l v e n t ,  u n r e a c t e d  man001 p - n i t r o b e n z o a t e  

was recovered .  The same r e s u l t  was o b t a i n e d  upon u s i n g  

c h l f . ,  90% e t h a n o l - w a t e r  o r  80% DMF-water a s  s o l v e n t .  

Brominat ion  o f  Enantio-methyl  c o p a l a t e  (52)  

To a s o l u t i o n  o f  enan t io -methy l  c o p a l a t e  ( 5 2 )  (2.786g;  

8.77 m moles)  and p y r i d i n e ( 0 . 7 0 g ;  8.77 m moles)  i n  d r y  

methylene  chlor ic le(50ml)  a t  OOC was added dropwise  with 

s t i r r i n g ,  a  s o l u t i o n  o f  bromine (1.4Og; 8.77 m moles)  i n  

d r y  methylene  c h l o r i d s ( 2 5 m l )  d u r i n g  8  hours .  The r e a c t i o n  

m i x t u r e  was a l lowed t o  s t i r  a t  r . t .  o v e r n i g h t ,  and evapor-  

a t e d  t o  g i v e  a  ye l low o i l  and a  ye l low gum. The r e s i d u e  

w a s  washed s e v e r a l  t i m e s  w i t h  e t h e r  and t h e  e t h e r  

f r a c t i o n s  combined, washed w i t h  2% NaHS04 s o l u t i o n  and 

t h e n  w i t h  w a t e r ,  d r i e d  o v e r  anhyd. MgS04, and e v a p o r a t e d  

t o  g i v e  9@, 17-dibromo-en anti^-methyl c o p a l a t e  (61)  a s  a  

ye l low o i l  (2 .149g) .  TLC on s i l i c a  g e l  e l u t i n g  w i t h  

benzene showed two major s p o t s  a t  t h e  same R f .  a s  t h e  

t w o  s p o t s  c o r r e s p o n d i n g  t o  - c is  and t r ans -enan t io -methy l  

-1 c o p a l a t e .  I R  spect rum:  peak a t  vmax 900cm ( C=CH2) 

d i s a p p e a r e d .  NMR spec t rum(T)  : 5.0 7,  5.40 ( C=CH2) d i s -  

appeared ,  9.  31(C-10CH3) s h i f t e d  t o  8.93*: 6 .11 ,  6.17 

* See f o o t n o t e  p ,  144 



( 2  s i n g l e t s ,  2 H ,  -CH2Br )  . 

Dehydrobromination o f  9$-17-Dibromo-enantio-methyl copala te@l)  

A s o l u t i o n  o f  (61)  (2.149g; 4.50 m moles)  i n  xy lene  

(10 m l )  was added dropwise t o  a  v i g o r o u s l y  b o i l i n g  

s o l u t i o n  o f  P (OCH3) (558mg; 4.50 m moles)  i n  xy lene  

(10ml) .  A f t e r  r e f l u x i n g  f o r  90 min. t h e  r e a c t i o n  mix- 

t u r e  was evapora ted  t o  d rynes s  t o  g i v e  a  yel low o i l  

(1 .9799) .  TLC o n  s i l i c a  g e l  e l u t i n g  w i t h  benzene 

showed one major  s p o t .  NMR spect rum ( T )  : 8.93 (C-10CH3) 

s h i f t e d  t o  9.13*. Chromatography o f  t h e  r e a c t i o n  mix- 

t u r e  on s i l i ca  g e l  (1009) r e s u l t e d  i n  a number o f  un- 

i d e n t i f i a b l e  m ix tu r e s  and t h e  column g r a d u a l l y  t u r n e d  

orange.  Only a  s m a l l  f r ac t ion(338mg)  had t h e  same Rf. 

on s i l i c a  g e l  TLC e l u t i n g  w i t h  benzene a s  t h e  major  

s p o t  i n  t h e  r e a c t i o n  mix tu r e  and NMR a n a l y s i s  showed 

it t o  be  an u n i d e n t i f i a b l e  mix tu re .  

*The 0.38ppm downfie ld  s h i f t  o f  t h e  C-10 methyl  group 
on i n t r o d u c t i o n  o f  a C-8 @-Br  i n  t h e  labdene ske&ton  
compares favourab ly  w i t h  t h e  p r e v i o u s l y  r e p o r t e d  0.2 7 
ppm downfie ld  s h i f t  on i n t r o d u c t i o n  o f  a  C-8 p-OH. The 
u p f i e l d  s h i f t  o f  on ly  0.20ppm ( r a t h e r  t han  0.38ppm) on 
dehydrobromination i s  j u s t i f i e d  by t h e  p rox imi ty  o f  the 
newly i n t roduced  a 8  (9 ) double  bond. 
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Reaction of 8,15-Pimaradiene and 8,15-Isopimaradiene 

with ($CN) ,PdCl, 4 4  
C .L 

To solutions of 8,15-pimaradiene(37mg; 0.136 m moles) 

and 8,15-isopimaradiene (37mg; 0.136 m moles) in dry 

benzene (lrnl) was added ($CN) PdC12 (52mg; 0.136 m moles) . 
The reaction mixtures were examined by VPC on column G 

a + + n r  c f i  r r i n m  .t r . t .  f o r  20 hours  2nd after reflvxing UL b-4- Y I+& L -.A=, 

for 98 hours. In each case the chromatogram showed the 

presence of starting material without the appearance of 

any 8,13-burnabadiene . 
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APPENDIX 



u e s c r i p t i o n  of Equipment and S e r v i c e s  

I R  s p e c t r a  : Pcrlcin Elmer 457 G r a t i n g  I n f r a r e d  Spec t ro -  

photometer .  Samples were run  between 

sodium c h l o r i d e  d i s c s .  O i l s  were run  n e a t  

and s o l i d s  as n u j o l  muls.  

NMR s p e c t r a  : Varian  A-56/60A a n a l y t i c a l  NMR Spec t ro -  

photometer .  CDC1, was used a s  s o l v e n t  with 
3 

TMS a s  i n t e r n a l  s t a n d a r d .  

UV s p e c t r a  : Cary 1 4  Recording Spec t ropho tomete r .  T h e  

s o l v e n t  was a b s o l u t e  e t h a n o l .  

: Perkin-Elmer P22 S p e c t r o p o l a r i m e t e r .  The 

s o l v e n t  was hexane.  

: H i t a c h i  Perkin-Elmer RMU-6E Mass S p e c t r o -  

m e t e r .  I n l e t  t e m p e r a t u r e  : 80•‹c I o n i s a t i o n  

Vol tage:  80ev. 

VPC : A n a l y t i c a l ,  Var ian  S e r i e s  1200 Gas Chromato- 

graph equipped w i t h  f lame i o n i s a t i o n  d e t e c t o r .  

P r e p a r a t i v e ,  Var ian  Autoprep 700 equipped 

w i t h  c a t h r o m e t e r  d e t e c t o r .  

Column A : 150 '  x .02" w a l l  c o a t e d  DEGS. 

Column B : 150 '  x . 0 2 "  w a l l  c o a t e d  Ucon o i l  LB-550-X 

(Perkin-Elmer l i q u i d  phase  l e t t e r  de- 

s i g n a t i o n  R) 



c o l u m n  c : 2 0 '  x 3/8" 3 0 %  DEGS 

C o l u m n  D : 5 '  x 1 / 4 "  2 0 %  DEGS 

C o l u m n  E : 6 ' x 1 / 2 "  2 0 % X F 1 1 5 0  

C o l u m n  F : 5 '  x 1 / 8 "  5% DEGS 

C o l u m n  G : 6 '  x 1/8" 2 0 %  DEGS 

E l e m e n t a l  A n a l y s i s :  A l f r e d  B e r n h a r d t ,  M i c r o a n a l y s i c h e s  

L a b o r a t o r i u m ,  M u l h e i n ,  G e r m a n y .  


