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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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I 25°C H,O+ I I  
I I I  

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 
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Similar condensations have been observed with zinc ester 
enolates (Reformatsky reagents).3 Vaughan suggested a ke- 
tene intermediate for the self-condensation of the reagent 
prepared from ethyl a-bromoisobutyrate and zinc metal as 
shown in eq A4 

BrZnC(CH&C02CzHs - (CHs)&=C=O + BrZnOCpH5 
(4) 

(CH3)2C=C=O + BrZnC(CH3)2COpC2H6 - 
&0+ 
--+- (CH3)2CHCOC(CH3)2C02CpH5 (5) 

Ketene intermediates have also been proposed for the ElCB 
mechanism of hydrolysis of malonic and @-keto  ester^.^.^ 

We report here what is to our knowledge the first isolation 
of a ketene from the decomposition of an ester enolate. 

Addition of tert-butyl bis(trimethylsilyl)acetate, I, to an 
equivalent amount of lithium diisopropylamide gave the 
corresponding ester enolate, XI (eq 6).? Warming solutions of 

Si(CHJ 3 

'CHCO,C(CH,), + LiN[CH(CH,)& 
/ 

Si (CHJ 
I 

Si(CH& 
THF \ - + LiCCO2C(CHJ3 + HN[CH(CH& 

-7n QC 
(6) 

/ 
Si (CH3), 

I1 
I1 to room temperature did not produce the usual yellow color 
indicative of ester condensation. Instead, the solution re- 
mained colorless and GLC analysis showed the presence of a 
single product, identified as bis(trimethylsilyl)ketene, I11 (eq 
7). Vacuum distillation of the reaction mixture gave pure 
samples of I11 [60%, bp 20 "C ( 2  mm)]. 

'THF Si(CH,), 

Si(CHJ3 
11 LiOC(CH,), + 'C=C=O / (7) 

I11 (85%, GLC) 
Bis(trimethylsily1) ketene has previously been obtained as 

a side product of a Grignard synthesis of trimethylsilyl bu- 
toxyacetylene.8 The present assignment of structure rests on 
a comparison of IR bands [2085,1295 cm-l (lit.8 2085,1295 
cm-l)], the IH NMR spectrum (CC1.J 6 0.25(s), and ethanol- 
ysis with acidic ethanol to give ethyl bis(trimethylsily1)ace- 
tate.9 

The ability to isolate ketene rather than condensation 
product in the present case is clearly due to the steric hin- 
drance to further reaction presented by the bulky trimeth- 
ylsilyl groupings in 111.10 We are now attempting to obtain 
evidence for the formation of ketene intermediates in the 
self-condensation of simple aliphatic lithium ester enolates. 
We note that a ketene mechanism provides a simple expla- 
nation for the much greater stability (compared to lithium 
ester enolates) reported for the enolates of N,N-dialkylam- 
idesll and lithium carboxylates,12 both of which have excep- 
tionally poor leaving groups (eq 8,9). 

(8) 
I \ 
I / 

I \ 
I / 

LiCCONR, - [ C - b o ]  + LiNRz 

(9) LiCC0,Li --t [C=C==O] + Li10 
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Oxazoles in Organic Chemistry. 
Synthesis of the Antitumor Agent Ellipticine 

Summary: An efficient total synthesis of the alkaloid ellip- 
ticine through the intermediacy of a substituted oxazole has 
been achieved. The versatility of this intermediate for the 
preparation of peripherally modified analogues is empha- 
sized. 

Sir: The chemistry of oxazoles was first seriously investigated 
when the antibiotic penicillin was believed to contain this 
heterocyclic moiety.' More recently, the Diels-Alder reaction 
of substituted oxazoles has been found to provide a convenient 
method for the preparation of pyridoxine (vitamin B6) and 
its analogues and homologues.2 The azadiene component of 
the oxazole generally condenses with a dienophile in a highly 
regiospecific fashion to furnish a substituted pyridine base 
of the isonicotinic acid series (the electron-withdrawing group 
of the dienophile assumes position 4 of the pyridine ring3). 

Our interest in the development of a general strategy for the 
preparation of several therapeutically important alkaloids led 
us to further pursue the chemistry of this class of heterocycles. 
Ellipticine (6), an alkaloid present in plants of genera Ochrosia 
and Aspidosperma, has stimulated numerous synthetic efforts 
because of its potent antitumor activity.4 We chose this mol- 
ecule as the first simple target in our pursuit of a general ox- 
azole based strategy for alkaloid synthesis. 

The key intermediate in our planned scheme, the 5-sub- 
stituted oxazole 4, was synthesized starting from gramine. 
Thus, following a general method for the preparation of in- 
dolyl aliphatic acids reported by S U V O ~ O V , ~  indoleacetonitrile 
(from gramine, KCN, CH31p was dicarbomethoxylated (di- 
methyl carbonate, NaOMe, benzene) to give 1. Further 
treatment with NaOMe/CHsI proceeded with loss of the 
N-carbomethoxy group and C-methylation to yield the re- 


