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A series of sterol esters bearing varying patterns of unsaturation on the nucleus, side chain, 
and acyl substituent were epoxidized using trans-dioxoruthenium(VI) tetramesitylporphyrin 
as catalyst and air as source of oxygen. Attack at the steroid nucleus is generally favored, and 
a high degree of fl-stereoselectivity is obtained except for conjugated 5,7 diene systems which 
yield a ca. 1 : 1 mixture of 5,6a and 5,6fl epoxides. 

1. Introduction 

Recently, the solutions obtained by m-chloroperbenzoic acid oxidation of 
carbonylruthenium(II)tetramesitylporphyrin Ru(CO)(tmp) have been found to 
catalyze the aerobic epoxidation of various A 5 steroids (in which a double bond is 
present at the 5,6 position of the tetracyclic nucleus) [1,2]. This catalytic system 
exhibits unique features which makes it well suited to applications in synthetic 
organic chemistry: it uses a cheap oxidant (air), it affords a clean conversion of 
the A 5 steroid to its epoxides in high yield (72-90%), and it shows a high degree 
of ]%stereoselectivity (>  80%) [1]. It is believed that the active species is the 
trans-dioxoruthenium(VI) complex Ru(O)2(tmp) , which is known to be reactive 
in oxygen transfer reactions to olefins [3], phosphines [4], and thioethers [5], both 
stoichiometrically and catalytically. We have described very recently an applica- 
tion of this catalytic system to the stereoselective synthesis of the 5,6/?-epoxides of 
a series of cholesteryl esters and A 5 steroids (androstenone acetate, pregnenolone 
acetate, cholestenone ethyleneketal) which are not readily accessible using tradi- 
tional methods [6]. 

Continuing our studies on the scope of this catalyst in synthetic steroid 
chemistry, we have investigated its behavior towards a series of sterol esters 
bearing several olefinic bonds. In addition to a double bond in the B ring of the 
steroid nucleus, these substrates exhibited unsaturation either on the nucleus 
(dehydrocholesterol esters), or on the side chain (stigmasterol acetate, lanosterol 
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_1 CH 3 H 5,7 
_2 C6H 5 H 5,7 
3 CH 3 CH 3 5,7,22 
4 CH 3 C2H 5 5,22 
_6 C6HsCH 2 H 5 
7 n-Pr H 5 
_8 CH3CH=CH(trans ) H 5,2' 
9 C6Hs(CH2) 2 H 5 

10 C 6 H 5 CH=CH(trans) H 5,2' 
11 CH3 (CH 2) 7 CH=CH(CH 2) 7 (cis) H 5,9' 
12 CH3 (CH2) 7 CH=CH(CH 2) 7 (trans) H 5,9' 

Scheme I. 

acetate), or both (ergosterol acetate), or finally on the acyl substituent (cholesterol 
crotonate, cinnamate, oleate, and elaidate). This communicat ion describes the 
regio- and stereo-selective behaviour of the ruthenium tetramesitylporphyrin 
catalyst towards this class of substrates (Scheme I). 

2. Experimental 

The catalyst preparation and the general procedures for catalytic steroid 
epoxidation and product detection, isolation, and identification by n.m.r, meth- 
ods have been detailed in a previous publication [6]. Dehydrocholesterol acetate _1 
and benzoate 2, stigmasterol acetate 4_, cholesterol phenylacetate _6, butyrate _7, 
crotonate _8, hydrocinnamate _9, cinnamate 10, oleate 11, and elaidate 12 were 
purchased from Sigma or Steraloids, Ergosterol acetate _3 and lanosterol acetate _5 
were prepared by reaction of acetic anhydride in pyridine on the parent com- 
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Table  1 
R u t h e n i u m  porphyr in  catalyzed epoxidat ion of sterol esters 
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Substra te  React ion Double  bond(s)  epoxidized a 

t ime 5,6 7,8 8,9 22,23 
(hours) 

%~ %3 % % % 

24,25 

% R  % S  

dehydrocholesterol  
acetate 1 1 38 34 < 1 

dehydrocholesterol  
benzoate  2 1 dec b 47 < 1 

ergosterol 
acetate 3 4 38 41 < 1 c 

st igmasterol 
acetate 4 24 2 85 - 

lanosterol  
acetate 5 72 - - - 

- < 1  - - 

< 1  15 15 

a Yield of isolated epoxidized material;  products  in yield indicated < 1% were undetec ted  by  aH 

n.m.r.. 
b Product  detected by  analytical  TLC but  decomposed on preparat ive  TLC. 
~ 3% of start ing mater ia l  is recovered. 

pound;  ergosterol was obtained f rom Sigma, and lanosterol f rom Research Plus 
(the latter was 70% pure at best). All new compounds  were characterized by 
elemental analysis a n d / o r  high resolution mass spectrometry, as well as by 1H 
and 13C n.m.r, spectroscopy. 

3. Results 

Table 1 summarizes the results obtained for the catalytic epoxidat ion of sterol 
esters 1-_3 which exhibit a conjugated 5,7 diene system, and 4-5 which have a 
single double bond  on the nucleus and an addit ional unsaturat ion at C22 or C24 
on the side chain. Experimental  data obtained for cholesterol esters of un- 
saturated carboxylic acids _8 and 10-12 are reported in table 2, together with 
comparat ive informat ion on the corresponding esters of saturated carboxylic 
acids _6, _7, and _9. 

The  catalytic epoxidat ion of conjugated dienes 1-_3 is highly regioselective, but  
not  stereoselective: a mixture of the two isomeric 5,6o~ and 5,6/3 epoxides only in 
a ca. 1" 1 ratio is obtained, but  the two compounds  are easily separated by 
chromatography on alumina. For  the sake of comparison,  let us recall that  
peracid epoxidat ion of dehydrocholesterol  acetate _1 affords only the 5,6~ epoxide, 
a n d / o r  the 5,6o~-7,8~ diepoxide [7,8]; the 5,6/? epoxide is accessible in modera te  
yield f rom cholesterol acetate in four steps [7]. Obviously, our catalytic me thod  
offers a quick and efficient alternative access to the latter epoxide. In the case of 
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T a b l e  2 

Reg io-  a n d  s te reo-se lec t ive  e p o x i d a t i o n  o f  cho les te ro l  es ters  o f  u n s a t u r a t e d  ca rboxy l i c  ac ids  

D o u b l e  b o n d ( s )  epox id i zed  a,b Chole s t e ro l  R e a c t i o n  

es te r  t ime  5,6 2 ' , 3 '  9 ' , 1 0 '  5 , 6 + 9 ' , 1 0 '  
(days)  

%a %B % % % 
p h e n y l a c e t a t e  _6 2 < 1 88 - - - 

b u t y r a t e  _7 1 < 1 90 - - - 

c r o t o n a t e  8 1 < 1 79 c < 1 - - 

h y d r o c i n n a m a t e  _9 1 < 1 91 - - - 

c i n n a m a t e  10 7 < 1 18 < 1 - - 

o lea te  11 7 < 1 18 - 19 30 

e la ida te  12 2 < 1 57 d _ < 1 < 1 

a Yie ld  o f  i so la ted  epox i d i zed  mate r i a l ;  p r o d u c t s  in  yield i n d i c a t e d  < 1% were  u n d e t e c t e d  b y  1H 

n . m . r . .  - 

b P r i m e d  n u m b e r s  refer  to acyl  cha i n  c a r b o n  a t oms .  

c U n i d e n t i f i e d  b y - p r o d u c t s  in an  overa l  y ie ld  o f  ca. 7% are de tec ted .  

d U n i d e n t i f i e d  po la r  b y - p r o d u c t s  ( p r e s u m a b l y  de r ived  f r o m  acyl  c h a i n  a u t o x i d a t i o n )  a re  de t ec t ed  

in  a n  overal l  y ie ld  o f  ca. 26%; 5% of  s t a r t i ng  ma te r i a l  is recovered .  

dehydrocholesterol  benzoate 2, only the 5,6fl epoxide can be isolated as the 5,6a 
isomer is very unstable in preparative thin layer chromatography.  For ergosterol 
acetate_3, the yields of 5,6 epoxides are similar, and no epoxidation of the side 
double bond  is detected after 1 day. Stigmasterol acetate 4_ with its zl 5 nucleus 
and trans double bond  on the side chain behaves in a fashion similar to the 
cholesterol esters of trans unsaturated acids (vide infra); the observed A 5 regiose- 
lectivity is higher than that found with the iron te t ra-p- to ly lporphyr in /  
iodosylbenzene system [9]. Lanosterol acetate __5 is attacked on the trisubsti tuted 
24,25 double bond  of the side chain, and not on the tetrasubsti tuted 8,9 double of 
the steroid nucleus; the latter probably is too hindered to react readily with a 
bulky ru thenium tetramesitylporphyrin species. The catalytic reaction yields 
regiospecifically a racemic mixture of the diastereoisomeric (24R) and (24S) 
epoxides which are separated by selective dissolution of the latter in warm 
methanol  [10]. 

The catalytic epoxidation reaction is region- and stereo-selective for the 
cholesterol esters of trans unsaturated carboxylic acids _8, 10, and __12" The 5,6/3 
epoxides are obtained in good yield and high stereoselectivity ( >  99%). The 
absence of reaction of the trans double bond  on the acyl chain is consistent with 
the lower reactivity of trans olefins, as compared to cis olefins, in a similar 
catalytic system [3]. In contrast, cholesterol oleate 11 is at tacked both  on the A 5 
nucleus and on the cis double bond  of the oleyl chain; the reaction yields a 
mixture of 5,6fl-epoxide, 9 ' ,10'-epoxides (presumably two diastereoisomers with 
the origina ! eis configuration) [11], and a diepoxide, which are separated by 
chromatography.  It seems that the presence of the cis olefinic bond  on the acyl 
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cha in  slows d o w n  the react ion,  the oleyl g roup  behav ing  as a c o m p e t i t i v e  

inh ib i to r  of  the epox ida t i on  on  the s teroid  nucleus.  Adve r se  k inet ic  effects  of  
b u l k y  acyl subs t i tuen t s  close to the s teroid  nucleus  are appa ren t :  whereas  a 

r eac t ion  t ime  of  6 days  is needed  for  c o m p l e t e  epox ida t i on  of choles te ro l  

b e n z o a t e  [6], epox ida t i on  of  the c o r r e s p o n d i n g  p h e n y l a c e t a t e  _6 requires  on ly  2 

days ,  and  tha t  of  the h y d r o c i n n a m a t e  _9 one  day. 

4. Conclusion 

A 5 sterol  esters  bea r ing  an add i t iona l  doub l e  b o n d  of t rans  s t e r eochemis t ry  on  

a side cha in  are readi ly  epoxid ized  b y  air, in a h ighly  regioselect ive a n d  s tereo-  

select ive fashion,  to their  5,6fl epox ides  in the p resence  of  the r u t h e n i u m  
t e t r a m e s i t y l p o r p h y r i n  catalyst .  This  ca ta ly t ic  sys tem also p rov ides  a conven i en t  

access to the 5,6fi epoxides  of  con juga ted  5,7 d iene  sys tems  of  s terol  esters in a 
single step in fair  yield. 
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