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(Trimethylsilyl)vinylketene: A Stable Vinylketene
and Reactive Enophile in [4 + 2] Cycloadditions

Summary: (Trimethylsilyl)vinylketene has been prepared
by dehydrohalogenation of (Z)-2-(trimethylsilyl)-2-buten-
oyl chloride and shown to be a relatively stable compound
which participates in Diels—Alder reactions as a reactive
diene.

Sir: The recent extension of the Diels-Alder reaction to
include highly functionalized dienes has greatly expanded
the utility of this important synthetic method.! An ob-
jective of continuing interest in this area has been the
development of vinylketene equivalents capable of par-
ticipating as diene components in Diels—Alder reactions.?
The tendency of vinylketenes to form only [2 + 2] cyclo-

(1) For examples, see: (a) Danishefsky, S.; Kitahara, T.; Yan, C. F,;
Morris, J. J. Am. Chem. Soc. 1979, 101, 6996; (b) Trost, B. M,; Vladu-
chick, W. C.; Bridges, A. J. Ibid. 1980, 102, 3554.
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adducts with olefins® and the intrinsic instability of these
substances® precludes their direct use as [4 + 2] enophiles.
The availability of a generally effective synthon of this type
would greatly facilitate the synthesis of cyclohexenone
derivatives and phenolic compounds and could provide a
new approach to the synthesis of anthracyclinone antitu-
mor agents.

In this communication we describe a particularly simple
enophilic vinylketene equivalent, (trimethylsilyl)vinyl-
ketene (1).> Our investigation of this compound was
founded on the hypothesis that it would be a relatively
stable substance, inert to [2 + 2] cycloadditions, and
would participate in Diels—-Alder reactions as a reactive
diene. It was further anticipated that the directing effect
of the carbonyl group would dominate in controlling the
regiochemical course of cycloadditions involving this diene
(eq 1, where W is an electron-withdrawing group).’
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(Trimethylsilyl)vinylketene (1) was conveniently pre-
pared as outlined in Scheme I. Treatment of 1-(tri-
methylsilyl)propyne (3)® with 1.1 equiv of diisobutyl-
aluminum hydride (25 °C, 21 h) and 1.1 equiv of me-
thyllithium (0 °C, 0.5 h) in ether-hexane,? followed by
reaction of the resulting vinyl alanate with anhydrous

Scheme [
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R. W.; Freiman, H. S.; Stefanchik, M. F. J. Org. Chem. 1976, 41, 3303.
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trans-vinylketene, see: Wuest, J. D.; Madonik, A. M.; Gordon, D. C. J.
Org. Chem. 1977, 42, 2111.
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preparation of a mixture of tricarbonyl[4-methoxy-4-phenyl-2,3-bis(tri-
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Engl. 1979, 18, 954.
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(7) The trimethylsilyl substituent exerts only a weak directing effect
on the Diels-Alder reactions of 1- and 2-(trimethylsilyl) 1,3-dienes:
Fleming, L; Percival, A. J. Chem. Soc., Chem. Commun. 1976, 681.
Fleming, 1.; Percival, A. Ibid. 1978, 178; Batt, D. G.; Ganem, B, Tetra-
hedron Lett. 1978, 3323; Jung, M. E.; Gaede, B. Tetrahedron 1979, 35,
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(8) Available from the Farchan Division of Story Chemical Corp.
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Table I. Diels-Alder Reactions of (Trimethylsilyl Jvinylketene

equiv %
dienophile of 1 conditions adduct mp, °C yield
methyl propiolate 3.7 toluene, 95 °C, 63 h OH 45

dimethyl acetylenedicarboxylate 1.3

diethyl fumarate 2.2
maleic anhydride 1.3
N-phenylmaleimide 2.0
naphthoquinone 2.5

chloroform, 40 °C, 25 h

toluene, 95 °C, 38 hh

chloroform, 25°C,12h

chloroform, 40 °C, 24 h

rAe,Si\@,coocH1
1
H
é[COOCHS 60¢
COOCH,
13
Me, s.\E‘:(cooczH5 80-81.5 62
COOC,H,
0 - b
vessi S 8 95-100 89
0
0
10

9 o
Me,Si i
NPh
H 5
11

146.5-147.5 74

chloroform, 60 °C, 41 h 0 153 28¢

li ‘I ! SiMe,

(o} OH
12

@ Obtained after treatment of the initial adduct with CF,CO,H in chloroform at 55 °C for 23 h. The position of the tri-
methylsilyl group in the cycloadduct could not be determlned thh certainty by NMR. ° Yield determined by NMR.

Analytically pure material could not be obtained without partial decomposition.

5% KOH-EtOH (25 °C, 1 h) prior to isolation.

carbon dioxide,!® furnished (Z)-2-(trimethylsilyl)-2-bu-
tenoic acid (4): mp 64-65 °C; 68% yield.!»12 Exposure
of the potassium salt of this acid (5) to 1.1 equiv of oxaly!
chloride in pentane containing a catalytic amount of di-
methylformamide (0-25 °C, 1.5 h) then produced a mixture
of the acid chloride 6 and its geometric isomer which was
dehydrohalogenated without further purification. A so-
lution of 6 in pentane was added dropwise over 1-2 h to
a solution of 0.9 equiv of triethylamine in pentane at 25
°C, and the resulting mixture was heated at reflux for
15-24 h and then filtered with the aid of pentane. Solvent
was evaporated at —50 °C (0.5 mm), and the residue was
distilled at 25 °C (1 mm) and then again at 5 mm into a
receiver cooled at -78 °C. In this manner a yellow-green
liquid was obtained in 39-50% overall yield (from 4) which
exhibited spectral characteristics consistent with those
expected for (trimethylsilyl)vinylketene (1): IR (CDCly)
2085, 1610 em™; 'H NMR (CDCl;) 6 0.25 (s, 9 H), 4.82 (dd,
1H,J=1,10Hz),4.88(dd,1H,J =1, 17 Hz), 5.92 (dd,
1H,J =10, 17 Hz); 13C NMR (CDCl;) é -1.0 (g), 22.3 (s),
111.6 (t), 125.1 (d), 183.7 (s); UV (isooctane) Ay, 233 nm
(¢ 9000). The purified vinylketene can be stored in solution
at 0 °C without appreciable decomposition for 1-2 weeks.

(Trimethylsilyl)vinylketene undergoes Diels—Alder re-
actions with a variety of olefinic and acetylenic dienophiles

(10) Zweifel, G.; Steele, R. B. J. Am. Chem. Soc. 1967, 89, 2754.
(11) Conditions for this transformation were developed with the as-
sistance of Gary W. Ashley.

(12) Isolated yields of purified products. Infrared, 250-MHz 'H NMR,
13C NMR, and mass spectral data were fully consistent with the assngned
structures. High-resolution mass spectra or combustion analyses were
obtained for all new compounds.

¢ The crude product was exposed to air in

(Table I)."? The reactivity of this enophile compares
favorably with previously reported vinylketene equiva-
lents.2!® Reaction of 1 with methyl propiolate produced
a single cycloadduct (7) with the expected regiochemical
orientation.!* Protodesilylation of this adduct with tri-
fluoroacetic acid in chloroform (25 °C, 24 h) afforded
methyl salicylate in 78% yield. Dimethyl acetylenedi-
carboxylate was converted to dimethyl 3-hydroxyphthalate
(8)!% in a similar fashion. Diels-Alder addition of 1 to
olefinic dienophiles furnishes cyclohexenone derivatives
(products 9-11).1® Addition of 1 to naphthoquinone af-
forded a mixture of several cycloadducts which could be
oxidized to a single anthragquinone (12).

The presence of the trimethylsilyl group in the Diels-
Alder adducts should facilitate further synthetic elabora-
tion of these compounds. For example, regiospecific
electrophilic substitution of arylsilanes permits the for-

(13) Significant decomposition of 1 occurs above 120 °C, preventing
successful cycloaddition to less reactive dienophiles. Diels—Alder reaction
of 1 with ethyl acrylate and a-chloroacrylonitrile could not be achieved.

(14) The isomeric cycloadduct could not be detected in the crude
reaction product by NMR. The structure of 7 was established by NMR
(250 MHz, CDCly) (6 7.86 (dd,1 H, J = 2.0, 7.9 Hz), 7.57 (dd, 1 H, J =
2.0, 6.9 Hz), 6.88 (dd, 1 H, J = 6.9, 7.9 Hz), 3.95 (s, 3 H), and 0.34 (s, 9
H)] and by its conversion to methyl salicylate.

(15) Gladysz, J. A.; Lee, S. J.; Tomasello, J. A. V,; Yu, Y. S. J. Org.
Chem. 1977, 42, 4170.

(16) Cycloadducts 10 and 11 are assumed to possess cis ring fusions.
For 10: 'H NMR (250 MHz, CDCl,) 6 7.18 (dd, 1 H, J = 2.6, 5.5 Hz), 4.00
(d,1H,J =9.6 Hz),3.79 (ddd, 1 H, J = 2.2, 8.5, 9.6 Hz), 3.05 (ddd, 1 H,
J=22,55,19.5 Hz), 2.73 (ddd, 1 H, J = 2.6, 8.5, 19.5 Hz), 0.15 (s, 9 H).

For 11: 6 7.34~ (m, 3 H), 7.18-7.22 (m, 2 H), 7.12 (dd, 1 H, J = 2.6,
5.9 Hz), 3.92 (d, H J = 8.6 Hz), 3.58 (ddd, 1 H, J = 1.8, 8.3, 8.6 Hz),
3.07 (ddd, 1 H, J = 1.8, 5.9, 18.8 Hz), 2.63 (ddd, 1 H, J = 2.6, 8.3, 18.8
Hz), 0.14 (s, 9 H).
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mation of new carbon-carbon and carbon-heteroatom
bonds at the site of the silicon substituent.'” The chem-
istry of the a-(trimethylsilyl)cyclohexenone system and the
application of this methodology in natural product syn-
thesis are currently under investigation in our laboratory.'®
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