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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 ineq 4.4

BrZnC(CH;)2C0O5CyH;s — (CH3)oC=C=0 + BrZnOC;Hj;
(4)
(CH3)20=C=O + BI‘ZnC(CHg)gCOzCQHf, -

.
2 (CH3),CHCOC(CH),C0,CoHs  (5)

Ketene intermediates have also been proposed for the E;CB
mechanism of hydrolysis of malonic and 3-keto esters.5%
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, II (eq 6).” Warming solutions of

Si(CH,) 5
>CHCOZC(CH3)3 + LiN[CH(CH,),L

Si(CH,),
I
Si(CH,),
I, 4 ;}CCOQC(CHa)s + HN[CH(CH)J, ()
=78°C /
Si(CHy)s
it

II 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, III (eq
7). Vacuum distillation of the reaction mixture gave pure
samples of III {60%, bp 20 °C (2 mm)].

- Si(CH,),
I ——— LOCCH), + 1 0=C=0 (1)
25°C, 30 min
Si{CHy);

I (85%, GLC)

Bis(trimethylsilyl)ketene has previously been obtained as
a side product of a Grignard synthesis of trimethylsilyl bu-
toxyacetylene.® The present assignment of structure rests on
a comparison of IR bands [2085, 1295 cm™1 (lit.8 2085, 1295
em™1)], the tH NMR spectrum (CCl,) 6 0.25(s), and ethanol-
ysis with acidic ethanol to give ethyl bis(trimethylsilyl)ace-
tate.?

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 I11.1° 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-
ides!! and lithium carboxylates,'? both of which have excep-
tionally poor leaving groups (eq 8, 9).

\
LiCCONR, — [C=C==0] + LiNR, (8
/
oo .
LiCCO,Li —> }C=C==O] + Li,0 9
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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 Bg) 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 ring?).

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.# 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 Suvorov,® indoleacetonitrile
(from gramine, KCN, CHj3I)® was dicarbomethoxylated (di-
methyl carbonate, NaOMe, benzene) to give 1. Further
treatment with NaOMe/CHj3l proceeded with loss of the
N-carbomethoxy group and C-methylation to yield the re-
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ported product 2, which on hydrolysis, decarboxylation, and
esterification provided methyl 2-(3-indolyl)propionate (3) in
74% yield (KOH-ethylene glycol at 195 °C, 13 h, then re-
fluxing methanol with acid-washed AG 50W-X2 as catalyst,
6 h).” Reaction of this ester with excess a-lithiated methyl
isocyanide (LiCH3N==C, 4 equiv, —50 °C) followed by
warming to 0 °C and quenching with acetic acid provided the
crystalline oxazole 4 (80% yield after silica gel chromatogra-
phy, mp 74-75 °C).8 Diels-Alder reaction of 4 with excess
acrylonitrile in acetic acid at 145 °C for 24 h gave 3-[1-
(indol-3-yl)ethyl]pyridine-4-carbonitrile (5) in 16% yield after
two successive chromatographic purification: NMR (CDCl;)
68.66 (d,1H,J =2Hz),856(d,1H,J =6Hz),8.25(brs,1
H), 7.48-6.96 (m, 6 H),4.74 (q,1,J ,9Hz),1.79(d,3H,J =
9 Hz).

The synthesis of ellipticine is formally completed at the
stage for the same pyridinecarbonitrile 5 was recently pre-
pared by Sainsburg and Schinazi by another route and con-
verted in two additional steps to the target molecule.® Thus,
following their procedure, addition of methyllithium to 5 (4
equiv) followed by hydrolysis and cyclization with 20% acetic
acid gave a yellow solid in 80% yield whose spectral and
physical properties were in accord with those reported for
ellipticine.?

Although the yield in the Diels-Alder reaction is somewhat
low,1¢ the simplicity of the overall scheme makes our synthesis
competitive with existing methods. In addition, since analog
studies have revealed that skeletal modifications of ellipticine
diminish its antitumor activity, the generation of chemical
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variants has focused on peripheral modifications of the parent
molecule.!! The oxazole based strategy should permit easy
access to analogues containing peripherally modified D rings,
for either the a-metallated isonitrile used to generate the
oxazole or the dienophilic component employed in the
Diels-Alder reaction is readily varied.

Such modifications will be the subject of a future commu-
nication. The application of oxazoles to the synthesis of ben-
zylisoquinolines and benzazepines has also been accomplished,
and will be reported separately.!2
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