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Enol Silyl Ethers and their Use for the Synthesis
of a-Halo-o,-unsaturated Carbonyl Compounds
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Carbon-chain homologation and ring enlargement by addi-
tion of dihalomethylene to C==C double bonds and subse-
quent thermal or chemical ring cleavage of the dihalocyclo-
propane formed are well-known teactions'. When applied
to enol ethers® * 4, enol acetates”. or enamines derived from
carbonyl compounds®, this carbon-chain homologation reac-
tion leads to the formation of homologous z-halo-x.f-unsa-
turated carbonyl compounds. However, the results obtained
using enol ethyl cthers of aliphatic? and alicyclic* ketones
vary considerably and are dependant on the structure of
the ketone, on the dihalocarbene used, and on the experimen-
tal conditions.

In the present communication, we show that the preparation
of z-halo-s f-unsaturated carbonyl compounds according
10 the above-mentioned reaction sequence can be considera-
bly improved by using cnol silyl ethers (2) instead of enol
ethyl ethers. Enol trimethylsily! ethers (2) are usually better
accessible than other enol ethers; this is particularly the
case when, starting from an unsymmetric ketone. only one
of the possible two isomeric enol ethers is required. The
reaction of the enol silyl ethers with dihalocarbenes affords
1 1-dihalo-2-siloxycyclopropanes (3) in good yiclds. Com-
pounds 3 readily undergo climination of halotrimethylsilane
to give a-halo-x.f-unsaturated carbonyl compounds (4) in
high vields and in a fast reaction.
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Table 1. z-Halo-a,ff,unsaturated Carbonyl Compounds (4) from
Aldeh.ydcs or Ketones (1) via Enol Silyl Ethers (2) and
2.2-Dihalo-1-trimethylsiloxycyclopropanes (3)
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“ Compounds 2 were prepared from 1, chlorotrimethylsilane, and
triethylamine in dimethylformamide according to the general
method described in Ref.™ %, The enol silyl ethers 2¢ and 2g,
obtained from methyl isopropyl ketone and 2-methylcyclohex-
anone, respectively, were easily isolated by careful fractionating
distillation; the corresponding isomers 2¢"and 2g were obtained
from the same ketones by reaction with lithium diisopropylamide
in dimethoxyethanc, followed by the addition of chlorotrimethyl-
silane according to Ref.™ .

" The conversion 2— 3 was performed using trihalomethane/potas-
sium (-butoxide in pentane according to the general technique
described in Ref.”.
The conversion 3—4 with climination of halotrimethylsilane
was achieved by refluxing in benzene for 5h (in toluene for
3h->4h), or by allowing compounds 3 to stand in acidified
methanol at room temperature for 25h. In the cases 3d, 3g,
and 3g'. the rearrangement began during cvaporation of the
solvent.

Compounds 4a-f were purified by distillation, showed molecu-

Jar-ion peaks in the mass spectra. and gave satifectory elemental

analyscs (Cl or Br£1%).

H. Pauly, H. Licck, Ber. disch. chem. Ges. 33, 500 (1900).

H. N. A. Al Jallo, E. S. Waight, J. Chem. Soc. [ B] 1966, 75.

sce Ref. ™.

Compounds 4g and 4g’ were isolated from the crude reaction
products by column chromatography on silica gel using
pentanc/ether (3:1) as eluent.

The products 4 thus obtained were isolated by distillation.
Their structures as 2-halo-2-alkenals (4, R*=H) and 1-halo-
1-alkenyl ketones (4, R 3= alkyl), respectively, were confirmed
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Table 2. Spu.lrd] Data of a-Halo-a,f-unsaturated erbonvl C ompounds 4)

4 LR. fllm) [cm ‘] ‘H N.M. R l((l4, 60 MHL)
OC=C-H ()(0 H V(O . 0 [ppm]

a 2730 1680 1600 9.67 (s, 1I{) 2.33 (s, Hl) 2 I7 (s, ‘%H}

b 3020 2725 1697 1607 930 (s, 1H), 690 (, tH. J=6Hz), 249 (g, 2H,
J=6Hz). 1.9-1.1 (broad, 9H, with a triplet at 0.91)

¢ 1680 1590 2.38 (s, 3H), 2.03 (s, 3H), 2.01 (s, 3H)

¢ 3015 1690 1595 6.79 (d, 1H, J=3Hz), 632 (d, {H, J=3Hz), 3.34
(q. tH, J=6Hz), 1.16 (d, 6H, J=6Hz)

d 309 1672 1595 6.73 (d, 1H, J=3Hz), 6.17 (d, 111, J=3Hz), 1.3-0.6
(broad, 5H)

e 3080 1690 1615 722 (q, 1M, J=5Hz), 224 (q, 1H, J=6Hz), 1.97
(d, 3H, J=35Hz), 1.10 (. 3H, J=6Hz)

f 3035 1680 1600 7.25 (t, 1H, J=6Hz). 2.8-2.1 (broad, 4H), 2.1-1.7
(broad, 4H)

g 3020 1682 1595 TA5(t, tH, J=6Hz), 3.05 2.15 (broad, 3H), 2.15- 1.3
(broad, 4H), 1.15 (d, 3H, J =6,5Hz)

g 1670 1590 2.8-24 (broad. 4H), 2.19 (s, 311), 2.0~ 1.6 (broad, 4 H)

by spectral methods. The bromocycloheptenone 4g isomer-

. e L . . . * Correspondence author.
izes on distillation (the C=C double bond is shifted to Jrresp e
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the o' f-position with reference to the carbonyl group): com- ' W. E. Parham, E. E. Schweizer. Org. Reactions 13, 55 (1963).
pound 4g can, however, be purified by column chr omatogra- C. D. Gutsche, R. Redmore, Carbocyclic Ring-Expansion Reac-
phy on silica gel. The same applies to compound 4g’. In tions, Academic Press, New York, 1968, p. 127.

both cases, the yields were lower than the yields of the R. Barlet, Y. Vo-Quang, Bull. Soc. Chim. France 1969, 3729.

L. Skattebol, J. Org. Chem. 31, 1554 (1966).

* W, E. Parham et al,, J. Am. Chem. Soc. 87, 321 (1965).

other products 4 which were purified by distillation. :
The cnol silyl ethers 2b and 2e are mixtures of the Zand 4 &) “Biren. G. S. R. Subba Rao, Terrahudron. Suppl. 7, 391

E isomers; nevertheless, the corresponding products 4b and {1966).
4e consist of only one isomer which has probably the 1rans * R. C. DeSelms, Tetrahedron Lett. 1966, 1965.
structure. G. Stork. M. Nussim, B. August, Tetrahedron, Suppl. 8, Part

1. 105 (1966).

To our knowledge, the o-halo-a,f-unsaturated carbonyl com- P. Crabbe ct. al.. J. Am. Chem. Soc. 95, 6655 (1973).

pounds listed in Table 1 are hitherlo still unknown or have ¢ M. Ohno, Tetrahedron Lett. 1963, 1753,

only been incompletely described. 1. Wolinsky, D. Chan, R. Novak, Chem. Ind. ( London) 1965,
720.

3-Bromo-4-0x0-2-hexene (4e): " L. Skattebol, S. Solomon, Org. Synth., Coll. Vol. V., 306 (1973).

3-Trimethylsiloxy-2-pentene (2e): This compound is prepared from " HO f"“}j& L. 1. Czuba, M. Gall, H. D. Olmstead. J. Ory.

3-pentanone, chlorotrimethylsilane, and tricthylamine in dimethyl- , ¢ hem. 34, 2324 (1969). ‘ 913, 767

formamide in. accordapee with the procedure reported in Rel.® J. M_,.(‘oma. ¢ (”rf'rdf I",“.“M“m Letr. 1973, 276 .

yield: 91%: b.p. 135-138°/760 torr. C. Girard, J. M. Conia, Tetrahedron Lett. 1974, 3327, 3333,

2.2-Dibromo-1-ethyl-3-methyl-1-(rimethylsilox yeyelopropane  (3e):
Bromoform (25.3 g, 0.10 mol) is added, over a period of 1h. to
a stirred mixture of the enol silyl cther 2e (15.8g. 0.10 mol)
and potassium #-butoxide (12g, 0.106 mol) in pentane (100 ml)
at — 10°. The mixture is then allowed o warm to room tempera-
ture, stirring is continued for 3h, and the mixture taken up in
water. The organic layer is separated, dried with sodium sulfate,
and the solvent removed under vacuum. The residual oil consists
of practically pure (by N.M.R.) 3e: vield: 27.7g (84°%).
F-Bromo-4-ox0-2-hexene (4e): The cyclopropane derivative 3e
(16.5g, 0.05 mol) is refluxed in benzene (150ml) for 5h. The
benzene is evaporated and the residual oil distilled in vacuo;
vield: 7.25¢ (82%): b.p. 66 68°/15 torr.

The same result (rearrangement-climination) is obtained by heat-
ing a solution of the cyclopropane 3e (16.5 g) in a boiling 80:20
mixture (150mi) of methanol and water for 3h, or by adding
commercial hydrochloric acid (2-3 ml) to the same reaction mix-
ture and allowing it to stand at room temperature for 24 h. The
product is isolated by dilution with water, extraction, etc. as
described above.

C4HoBroO M.S.: mie=178 (M *), 176,

(177.0)

LR {film): vy = 1690 (C=0), 1615 (C=0) cm .
"H-N.M.R(CCLy): 6=7.22ppm (q. 1 H, J=5 Hz).
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