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ABSTRACT: The condensation of certain ketone and ester enolates with trichloroethylene pro-
ceeds with surprising ease to yield dichlorovinylation products. The trans stereochemistry for
one such product is established by X-ray, and subsequent transformations of these initial prod-
ucts to ethinyl or w-chloroethinyl derivatives is described.

In connection with the total synthesis of taxane diterpenes1 (cf. taxusin, 1) we required
facile access to the monocyclic acetylenic synthon 2 corresponding to the C-ring plus carbons
9 and 10 of the target skeleton. We report in this communication a novel condensation reaction,
the dichlorovinylation of enolates, and demonstrate its utility in the synthesis of certain a-

and y-acetylenic ketone derivatives not readily available by alternative syntheses.
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It is generally assumed that direct reactions of enolates with vinyl halides are not prac-
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tical methods for carbon-carbon bond formation.? We now report an exception to this rule in
that trichloroethylene appears to serve as an effective reactant in condensation with conjugated
ketone enolates. When the lithium enolate’ derived (1.5 eqt LDA, THF, -78°), from 3-ethoxy-6-
methylcyclohex-2-en-1-one (3) was reacted with 1.5 egts of trichloroethylene (THF, 1.5 egts
HMPA, -78° to rt, 16 hrs) the major product was the dichlorovinyl ketone 4. The yield of 4 was
68-70% after distillation (bp 140-142°, 1 mm), with the bulk of the remainder being unreacted 3.
The structure 4 was supported by 15 nmr [§ 6.20 (14, s), 5.28 (1H, s), 3.84 (2H, q), 2.6-1.6
(4H, m), 1.40 (3H, s), 1.32 (3H, q)}, its 13c nmr (Table I), mass spectrum and elemental analy-
sis. The regiochemistry of the side chain was indicated by the § 6.20 singlet for the

—CCl==CHC1 proton, in contrast to the alternative —CH==CCl, unit which should give a proton
signal near § 5.8-5.9.%
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Conversion of dichlorovinyl ketone 4 to the acetylene 2 was readily achieved by reduc-
tive transposition of the carbonyl using i-BupAlH (2 eqts, 0°, CgHg, 75 min) followed by
acidic workup to yield the dichlorovinyl enone 5 (bp 79-83°, 0.1 mm) in 92% yield. Ketal
formation (ethylene glycol, p-TSA, CgHg reflux, 24 hrs) followed by reaction with n-butyl-
lithium (2 eqts, -60°, THF, 1 hr) gave the acetylenic ketal 2 in 85% yield. The identity of
2 has been confirmed by onmr [§ 5.68 (14, 4, J = 10 Hz), 5.44 (1H, 4, J = 10 Hz), 3.92 (4H,
broad s), 2.2-1.6 (4H, m), 2.10 (1H, s), 1.30 (3H, s)], by mass spectrometric and elemental

analyses, and by its condensation reactions with ketonic taxane A-ring precursors.5

TABLE I - '3C-NMR SIGNALS (ppm from TMS) OF REACTION PRODUCTS (in CDClj)

Carbon Atoms
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10 1 2 3 4 5 6 7 8 9 10
20 9 . CHCl
197.7 101.8 175.3 32.0 26.2 50.7 - 22.2 137.9 115.0
CoH 0”3 S c
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198.3 134.7 142.5 34.5 22.9 51.4 16.6 21.8 137.4 114.5
3 5 Cl
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195.8 133.1 144.8 34.3 21.5° 41.8 16.3 21.3% 60-lb 69.6
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56 167.2 63.4 27.8 9.3 131.2 118.1
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aThese signal assignments may be inverted. Cf. D. D. Traficante and G. E. Maciel, J. Phys.

Chem., 69, 1348 (1965).

The scope of our dichlorovinylation reaction has been extended to other conjugated ke-
tones. Thus 2,6-dimethylcyclohex-2-en-l-one (6) can be converted to its C-6 enolate (1.0
eqt of LDA, THF, -78°) which on reaction with trichloroethylene (1.0 eqt, THF, 1.0 egqt HMPA,
-78° to rt, 4 hrs) gave in addition to ca. 40% starting material an approximately 50% yield
of a crystalline dichlorovinyl enone (7), mp 44-45°. Longer reaction times led to greater
conversions of 6 but were accompanied by formation of a secondary product identified by ir,

ms, g-pmr and !3c-nmr (Table I) as the chloroacetylene 8.
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A crystal of the dichloroolefin 7 was placed in a thin-walled capillary to prevent sub-
limation. Preliminary X-ray photographs revealed orthorhombic symmetry and accurate cell
constants, obtained by a least-squares fitting of 15 reflections, were a = 12,.215(4), b =
7.337(2) and ¢ = 11.845(4) ;. Systematic extinctions were consistent with space groups Pca2j
or Pcam but since the density (i.37g/cc) required four molecules of CjgH;Cip 0 per unit cell
and none of the proposed structures could have mirror symmetry, the former space group was
chosen. All unique diffraction maxima with 20 < 114° were recorded on a fully automated four
circle diffractometer using 1° w-scans. A total of 927 reflections were measured and after
correction for Lorentz, polarization and background effects, 746 (82%) were judged observed
(FOZ > 30(F 2)).

A phasing model was achieved by standard heavy atom methods although some difficulty was
encountered. Both Cl atoms had y -~ 1/4 which was first revealed in the approximately C-cen-
tered nature of the diffraction data. This false centering complicated the early electron
density syntheses. Eventually all atoms were located and after full-matrix least-squares re-
finements with aniostropic nonhydrogen atoms and isotropic hydrogens the conventional crystal:
lographic residual is 0.063 for the observed data.5'7 Figure 1 is a computer-generated per-—
spective drawing of the final X-ray structure less hydrogens. The regiochemistry proposed

has thus been confirmed and the trans dichlorovinyl stereochemistry demonstrated.

FIGURE 1
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The lithium enclate of methoxytetralone8 9 condensed with trichloroethylene to give the
expected dichlorovinylation product 10 accompanied by the chloroacetylene by-product 1l.
Complete conversion of 9 to 11 (44% yield, ir 2210, 1695 cnrl, m/e 262) could be achieved by
retreatment of the crude product mixture with LDA (THF, -78 to rt, 9 hrs).
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Preliminary studies with the lithium enolates of 2,6-dimethylcyclohexanone, dibenzyl ke-
tone and ethyl isobutyrate have not given the desired dichlorovinylation products. However,
the active methylene compound diethyl ethylmalonate has been condensed with trichloroethylene
under more vigorous conditions (NaH, THF, HMPA, reflux, 17 hrs) to yield 64% of analytically
pure dichlorovinyl derivative 12, (bp 120-122°, 2.5 mm) which could be directly dechlorinated
with t-butyllithium (2 eqts t-BuLi, -78°, THF 90 min) to the ethinyl malonate 13 in 63%
yield.9 The dichlorovinylation of the sodium derivative of ethyl 2-acetylpropionate has been

similarly achieved.
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The scope, mechanism and further synthetic utility of related enolate condensations with
polyhaloolefins are under investigation in our laboratories.l0
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