
2036 J. Org. Chem., Vol. 42, No. 11,1977 Communications 

drogen peroxide in tetrahydrofuran buffered at  pH 7 revealed 
on TLC analysis after -20 min the complete conversion of 
starting olefin to the desired epoxide 9. NMR analysis of the 
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crude product after workup revealed that >go% of the starting 
olefin remained. If, however, after initial mixing of reagents 
(-20 min) one pours the reaction contents onto a silica gel 
plate (for convenience) and elutes after -60 min, an 85% yield 
of pure epoxide 9 can be realized. In buffered methanol solu- 
tion using 1.2 equiv of benzeneseleninic acid and 1.2 equiv of 
5@%0 hydrogen peroxide citronellol gave, using the same silica 
gel treatment, a 75% isolated yield of pure epoxide. 

The stereoselectivity observed in the epoxidation of olefinic 
alcohols with benzeneperoxyseleninic acid complements that 
observed in the transition metal catalyzed epoxidations of 
olefinic alcohols by tert -butyl hydroperoxide.ll Geraniol and 
linalool are selectively oxidized in the presence of vanadium 
or molybdenum catalysts by alkyl hydroperoxides to 2,3- 
epoxygeraniol and 1,2-epoxylinalool, respectively. In contrast, 
linalool and geraniol were epoxidized with benzeneperoxy- 
seleninic acid predominantly at  the olefin furthest removed 
from the hydroxyl group (see Table I).12 

The following experimental procedure indicates the sim- 
plicity of the method. A solution of benzeneseleninic acid (454 
mg, 2.4 mmol) in 4 mL of methanol was treated with 160 FL 
(2.4 mmol) of 50% hydrogen peroxide. After -5 min, 1.5 mL 
of phosphate buffer (pH 7) was added followed by the addition 
of citronellol (312 mg, 2.0 mmol) in 2 mL of methanol. The 
reaction was quenched after 20 min with 20 g of silica gel. After 
60 min the silica gel was washed with a 1:l mixture of ether 
and hexane leaving 30:! mg of crude product. Purification on 
15 g of silica gel gave 264 mg (75%) of pure epoxide (9) as a 
colorless liquid. 

In summary, benzeneperoxyseleninic acid represents a new 
reagent for the facile, rapid, high yield conversion of substi- 
tuted olefins into epoxides. The syn-directive effect observed 
in both the peracid and the transition metal/hydroperoxide 
epoxidation of allylic alcohols does not appear to play a major 
role in epoxidation with benzeneperoxyseleninic acid. 
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Stereocontrolled Synthesis of the Ecdysone 
Side Chain via Organopalladium Chemistry 

Summary: Two stereocontrolled syntheses of (22R)-25- 
dihydroxycholesterol and one of the 22s isomer from 68- 
methoxy-3,5-cycloandrostan-17-one are reported. 

Sir: The ability to introduce a cholesterol-type side chain with 
stereochemical control continues as a major challenge that has 
been heightened by the importance of natural products con- 
taining modified side Most noteworthy are the 
hydroxylated side chains that appear in the ecdysones2J and 
the metabolites of vitamin D.435 We wish to report the ste- 
reocontrolled synthesis of (22R)-25- and (22S)-25-dihy- 
droxycholesterol which, by known  procedure^,^ could be 
converted into the insect molting hormones. This approach 
demonstrates the use of the palladium-based alkylations for 
control of acyclic stereochemistry: the versatility of the a- 
sulfonyl esters, and the introduction of a vinyl group at an 
allylic carbon with control of stereochemistry at  that car- 
bon. 

The key intermediate is the sulfone ester 4 available from 
6(3-methoxy-3,5-cycloandrostan-17-one ( l ) , 7 r 8  mp 65-66 "C, 
as outlined in Scheme I. Condensations with ethylidenetri- 
phenylphosphorane followed by epoxidation gave 2,S mp 
97-98 "C. Treatment with 10 equiv of lithium diisopro- 
pylamide in 4:l hexane-DME initially a t  -78 "C and subse- 
quently warming to room temperature gave in 77% isolated 
yield the desired allylic alcohol 3a, oil, [ c y ] 2 5 ~  +38.4" (CHC13, 
c 0.742).9 Addition of a solution of methyl phenylsulfonylso- 
dioacetate in T H F  to a solution of 3b8 and 9 mol % tetrakis- 
(tripheny1phosphine)palladium in T H F  a t  room temperature 
and subsequent reflux led to an 85% yield of 4: mp 166-167 
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Scheme I. Preparation of Sulfone Ester 5 
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aPh,P+CH,CH,, Br-, KOC,H,-t, THF, reflux, 76%. * MCP- 

BA, CHCI,, -10 'C, 74%. CSee text. dAc,O, pyridine, room 
temperature, 97%. 

"C, presumably as a diasteromeric mixture a t  C(22) but a 
single stereochemistry a t  C(20) (vide infra). Hydrogenation 
over 5% Pd-BaC03 gave 5: mp 180-183 "C, quantitatively. 

In the first conversion of 5 to the desired dihydroxy com- 
pound (see Scheme II), alkylation to 6as gave an isomeric 

Scheme 11. Preparation of (22R)-25-Dihydroxycholesterol 
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a NaH, PhH, DMF, y,y-dimethylallyl bromide, room tem- 
perature, 80%. * 6% Na(Hg), CH,OH, Na,HPO,, -10 "C. 
CHg(OAc),, THF, CH,CN, H,O, room temperature, 71%. 
dNaOH, CH,OH, reflux, 96%. eCH,Li, ether, -10 'C, 53%. 
f4-(CH3),NC,H,N, Ac,O, CHCI,, room temperature, 66%. 
g MCPBA, CHCI,, NaHCO,, room temperature, 34%. 
h LiAlH,, ether, room temperature, 93%. i TsOH, H,O, 
DME, reflux, 81%. 

mixture at C(22) which could be separated.1° However, sep- 
aration of isomers is unnecessary and undesired. Hydration 
of the double bond introduced the 25-hydroxyl group (Le., 7). 
The key step in this sequence is the base-catalyzed hydrolysis 
of the hydroxy ester [isomeric at C(22)] which leads to a single 
hydroxy acid 8.s Assignment as 8 was established by reester- 
ification with diazomethane back to one epimer of 7.8 Each 
epimer of 7 had, in turn, been correlated with the known 
(22R)- and (22s)-hydroxycholesterols. Thus, the configura- 
tion a t  C(22) is R and that a t  C(20) is confirmed as S as de- 
picted. That epimerization at C(22) involved participation of 
the hydroxy group at C(25) via the lactones 9a and 9b was 

Scheme 111. Preparation of (22R)-25- 
and (22S)-25-Dihydroxycholesterol 
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LiAlH,, ether, room temperature, 94%. * 6% Na(Hg), 
CH,OH, room temperature, 77%. CI,, AgOAc, CH,Cl , 
NaHCO,, -10 "C, then CHBOH, K,CO,, reflux, 83%. bMCP- 
BA, CHCI,, NaHCO,, -20 C, 79%. e See text. f Ac,O. 
C,H,N, reflux, 93-100%. 8 See d ,  65-66%:* See a, 87-98%. 
fTsOH, DME, H,O, reflux, 81-96%. 
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9a 9b 
S t  = steroid nucleus 

supported by the complete absence of epimerization upon 
hydrolysis of the epimerially pure unsaturated esters 6b. Since 
the A value of an ethyl group (1.75) is larger than that for a 
carboalkoxy group (-1-1.2),11 8b would be expected to be the 
more stable isomer as observed. Conversion of the carboxy 
group to an hydroxy group employed the Baeyer-Villiger 
procedure and allowed obtention of the pure (22Rb25-dihy- 
droxycholesterol? mp 253-255 "C, which, owing to its inso- 
lubility, was further characterized as its 3 ,22-dia~etate ,~ mp 
150 "c, 

Scheme TI1 outlines a synthesis of both the 22R and 22s 
isomers and demonstrates the use of the sulfone ester in 
synthesis. Conversion of this group to a terminal vinyl group 
[12,8 mp 39-40 "c, [cY]25D +36.2" (CHC13, c 1.190)] proceeded 
smoothly via the hydroxy sulfone 1 la (mp 98-103 "C) by direct 
reductive elimination. l 2  Formation of the epoxide via the io- 
dohydrin13 gave 138 (mp 90-91 "C) contaminated by a small 
amount of 14, whereas, direct epoxidation with MCPBA gave 
predominantly 14: mp 119-120 "C.14 Coupling of each ep- 
oxide with methallylrnagnesium chloride in T H F  at room 
temperature (93%), acetylation, epoxidation, and reduction 
completed the synthesis of each epimerically pure 6P-rne- 
thoxy-22,25-dihydroxy-3,5-cyclocholesterol. 17% foam; [a125~ 

(d, J = 7 Hz, 3 H), 0.77 (s, 3 H). 18:8 mp 111-113 "C; [ a 1 2 5 ~  

(d, J = 7 Hz, 3 H), 0.74 (s, 3 H). Solvolytic cyclopropyl ring 
opening of 17 produced (22R)-25-dihydroxycholesterol( 10) 
identical with the previously prepared sample. Identical 
treatment of 18 produced the corresponding 22s isomer 19,8 
mp 186-187 "C, [a]25n -34.4" (methanol, c 0.72). 

Since the cholesterol nucleus has been converted to the 
ecdysone n u c l e u ~ , ~  these intermediates can serve as precursors 
to the commercially important ecdysones. Furthermore, the 
nature of the side-chain substitution provides great flexibility 
for the synthesis of many other important side-chain modified 
steroids. More generally, this strategy can be envisioned as an 
approach to attach an acylic side chain in a stereocontrolled 
fashion onto a ring system. 

-25.5" (CHCl3, C 0.51). 

+46.4" (CHC13, c 0.86); NMR 6 1.32 (s, 6 H), 1.05 (s, 3 H), 0.96 

+30.3" (CHCl3, c 0.93); NMR 6 1.25 (s ,6H),  1.04 (s, 3 H), 0.92 
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The Self-Condensation Reaction of Lithium Ester 
Enolates. Isolation of a Ketene Intermediate 

Summary: Warming a tetrahydrofuran solution of lithio 
tert-butyl bis(trimethylsily1)acetate to  25 "C produces bis- 
(trimethylsilyl) ketene. 

Sir: Solutions of ester enolates prepared by addition of esters 
to lithium amide bases in tetrahydrofuran (THF) are stable 
indefinitely a t  -78 "C1 (eq 1). However, such solutions nor- 
mally turn yellow upon warming to room temperature and 
quenching produces &keto esters (eq 2).2 This inherent po- 
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LiCCOzR - HCCOCCOzR 

tential for self-condensation represents a major difference 
between ester enolates and ketone or aldehyde enolates and 
is perhaps a primary reason for the relatively late development 
of the chemistry of the aliphatic ester enolates. 

A simple mechanism for the formation of condensation 
products is reversal of eq 1 to give small amounts of starting 
ester which then condenses with ester enolate. However, so- 
lutions of lithio tert-butyl acetate, which are prepared free of 
amine,2a nevertheless form condensation products a t  room 
temperature (eq 3). 

2LiCH&O&(CH3)3 - - CH$OCH~CO~C(CH~)S 
25'C H3O+ 

THF, 1 h 


