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Abstract - E~oridation of the cembranoid diterpene (1) afforded the known 
7?,8S-eponide (2), the 75.85-epoxide (3), the 11E,12&-epoxide (4) and the 

11~.12S-epoxide (5) in the ratio 1:3:3:10. Similar epoxidation of the 

cmbranolide (1~,2&,3~,7~,11&)-cembra-3,7,l1,15-tetren-17,2-olide (6) 

afforded the 7S,8S-- - - (7), the 75,8%-eponide (a), the ll&,12R-epoxide 

(9) and the 11~,12S-epoxide (10) in the ratio of 1:5:6:8. Only one of the 

products (8). from the second epoxidation reaction was known. The other 

three compounds are reported for the first time. This study rweals a 

significant preference for epoxidation at the 11,12-double bond. No 

evidence of epoxidation at the 3.4-double bond was detected in either system. 

2 
We have recently reported the isolation and structural determination of four isomeric monoepoxides 

of the cembranoid diterpene sarcophytonin (I),~ presumably derived from biologically mediated epox- 

idation.  It is interesting ro note that these monoepoxidee isolated from nature were the two 

epimeric 7,s-epoxides (2) and ( 3 ) .  and the rwo epimeric 11,12-epoxides (4) and (5).2 No 3.4- 

epoxides of sarcophytmin were We wondered whether this apparent regioselectivify was a 

feature of the conformational preferences of the cembrane ring, an indication of enzyme specifieity, 

or merely a reflection of the fact that insufficient soft corals had been investigated. Because 

5 
we had a supply of satcophytonin (1) and of the *-fused cnobrenolide (6) available to us,  we 

decided to study the chemical epoxidation of these substrates in chloroform using E-chloroper- 

benzoic acid as oxidant. The reactions were carried out at r o w  temperature in the presence of 

sodium carbonate, and terminated when more polar components (bis-epoxides) started to form (tlc). 

f Dedicated to Professor Sir Derek H.R. Barton o n  the occasion of his 70th birthday. 
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In  the  case of t h e  epoxidation of sarcophytonin the  r eac t i on  proceeded v i r t u a l l y  t o  

exhaustion of t h e  s u b s t r a t e  before  s i g n i f i c a n t  q u a n t i t i e s  of bis-epoxides formed. The r eac t i on  

was worked up and rapid ly  f r ac t i ona t ed  on s i l i c i c  ac id  t o  g ive  a f r a c t i o n  containing only the  

monoepoxides (2)-(5). Hplc ana ly s i s  permitted i d e n t i f i c a t i o n  of a l l  components by comparison with 

authent ic   sample^,^ and afforded an  approximate r a t i o  of t h e i r  r e l a t i v e  abundances. Thus t h e  

r a t i o  of t h e  72 ,e-epoxide  (Z), t o  t h e  7R.8S-epaxide (3) ,  t o  the  llR,lZR-epoxide (4 ) ,  and t o  t h e  

11S,12+poxide (5) was 1:3:3:10. The 11,lZ-epoxides predominated, and t he re  was a l s o  a s tereo-  

s e l ec t i on  between the  epimeric epoxides a t  each s i t e .  No 3,4-epoxides were detec ted .  

I n  the  case of the  epoxidation of &-fused eembrenolide (6),5 the  onset  of extensive bis-epoxide 

formation coincided wi th  Xl% r eac t i on  of the  subs t r a t e .  At t h i s  s t age ,  t h e  r eac t i on  was terminated 

and the  f r a c t i o n  conta in ing  mono-epoxides (7)-(10) was i so l a t ed .  Hplc analyei. of t h i s  f r a c t i o n  

showed t h e  r a t i o  of the  75,8S-epoxide ( 7 ) , 6  Lo the  7I58pepoxide  fo the  11.,12R-epoxlde ( 9 )  
8 

9 and t o  the  l l~ , lZS-epoxide  (10) was 1:5:6:8. Assignments of regiochanis t ry  t o  (9) and (10) were 

baaed on extens ive  long and sho r t  range ZD 13c -b  co r r e l a t i on  experiments using a Bruker AM300 nmr 

spectrometer. The s r r u c t u r e  of (8) had been es tabl i shed  i n  an e a r l i e r  s tudy,7  and t h e  minor metab- 

1 
d i r e  (7) was i den t i f i ed  by i ts  H and I3c w r  prope r t i e s .  Stereochemical assignments were based 

2 
on comparisons wi th  the  know, compounds (2)-(5) (Figure 1 ) .  There was no evidence f o r  t h e  

production of 3,4-epoxycembranolide de r iva t i ve s  under these  condit ions.  

1 
The only c l e a r  d iagnos t ic  f e a t u r e  of t h e  H nmr spec t r a  of cembranes (1)-(10) 2'375-9 was t h a t  the  

7,8-epoxymethine protons were t r i p l e t s  (J * 5 Hz, n = 4 )  while  11,lZ-epoxymethine protons were 

double doublets ( J  "i 3,10 Hz, n = 4) ,  a c l e a r  r e f l e c t i o n  of conformation r e s t r i c t i o n s  imposed by 

t h e  presence of t h e  epoxide group. 

A s  Figure 1 r evea l s ,  13c nmr d a t a  d iscr iminates  between t h e  7R,8R- and 7S,8x-epoxides (at C5 

and C6) as a l s o  between t h e  llR,12R- - - and Ilx,12g-eponides ( e spec i a l l y  a t  C13 and C14). However 

unless  both epimers are ava i l ab l e ,  i t  would be unwise t o  make stereochemical  a s s i g m e n t s  purely 

on t h e  ba s i s  of these  d i f ferences .  What these  experiments do r evea l  i s  t h a t  t h e  conformation of 

the  canbrane r i ng  i s  such t h a t  (a) access t o  t h e  7.8-double bond i s  l e s s  f a c i l e  than access t o  the  

11,12-double bond i n  the  two r e l a t ed  systems, and (b) t h a t  one face  of the  7,s-double bond (and t a  

a lesser ex t en t  t h e  11,lZ-double bond) is p r e f e r e n t i a l l y  exposed t o  t h e  enter ing  oxidant.  Modell- 

Ing s tud i e s  are i n  progress to a s c e r t a i n  the  reasons f o r  these  preferences.10 The e l ec t ron  with- 

drawing e f f e c t  of the CZ oxygen funct ion  presumably preclude. 3.4-epoxidation i n  these  systems. 
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Figvre: 
Structural formulae and 
13c nmr assignments 

I I . 8  

( 9 )  * may be interchanged 
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