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Michael additon is an important reaction in organic synthesis for making carbon-carbon bonds. Recently,
a number of tandem reactions via Michael additions, which are useful for the construction of carbon
skeletons, have been reported.! This paper communicates a new and novel synthesis of
tdcyclo[5.1.0.03’5}ocm2,6-dimc derivatives 3 via double Michael addition-induced cyclopropanation
reactions from 1,1-dichloro-3-alken-2-ones 1 and a, B-unsaturated esters 2, as shown below.
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Various dichloroketones 12 were treated with an equimolar amount of sodium ethoxide in dry ether at
low temperature (-78- -60 °C for ca. 10 h, and 0 °C for a few days) under an atmosphere of nitrogen and
quenched with cold water to afford tricyclooctanes 3 in 50-67% yields as white crystals.  All of 3 are good
crystals and scarcely soluble in almost of organic solvents. Yields of 3, and some of physical properties are
tabulated in Table 1. Characteristic signals of the IR and NMR data were identical with those of the samples
which were previously reported and whose stereochemistry was absolutely verified by X-ray crystailographic
analysis.3

The mechanism of the present reaction can be obviously explained by a novel base-catalyzed cyclization
reaction of 1 via double Michael additions between two molecules of the enolate anion 4 following double
cyclopropanation reactions, as shown below.
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Table 1. Yields and Physical Properties of Compound 3

No. R Yield(%)° WM.P.(°C) IR(KBr) NMR(CDCl)
° X * O Ceeey | (ringH)

a CHj; Cl 529 228> 1685 2.00, 2.21

b CH;(CH;): CI 569 105 1700 1.86, 2.24

¢c CIzcCH=CH C 67.4 153° 1700 2.50, 2.60

d n-CeH;3 Cl 534 10s” 1690 1.84, 2.23

e CgHs cl 502 223 1700 3.09, 3.33

f <g©’ a 607 1718 1690 296,322

% Isolated yield. ® Decomposed.

Surprisingly, compound 3 was also obtained by the reaction of «,B-unsaturated esters with
lithiodihalomethanes. Several esters were allowed to react with an equivalent of lithiodichloromethane (BuLi
+ CH2C12) in anhydrous THF at -95 °C (20 min) under an atmosphere of nitrogen, and quenched with water
to give 3 as crystals in moderate yields. Reactions of esters with 2.2 equivalent of lithiodibromomethane
(LiN(SiMe3)2 + CH2Bnr) in anhydrous THF was also carriedout at -78 °C (10 min) and then at -78 °C ~
room temperature (30 min). The vields and physical properties are tabulated in Table 2. The reaction with
aromatic esters gave 3 in moderate yields. On the other hand, the reaction of lithiodichtoromethane with
aliphatic esters afforded 3 in low yields along with bisdichloromethyl-substituted carbinols, which were
derived from the further reaction of an initially formed ketone 1 with lithiodichloromethane. It is obvious
that the reaction proceeded via the enolate 4 produced from the reaction between esters 2 and
lithiodihalomethanes, as shown above.
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Table 2. Synthesis of 3 by the Reaction of a.B-Unsaturated Esters 2

with Lithiodihalomethane
R X Yield (%)

CH, cl 33

C,Hg cl 31

CeHs Cl 71

CHs Br 64
p-C1-C¢H, Cl 56
p-CH,0-CH, Br 51

Some papers conceming with the reaction of lithiodihalomethanes with carbonyl compounds have been
reported. 4-10 Normant er al.9 report the reaction of lithiodichloromethane with ethyl crotonate, leading the
formation of 1,1-dichloro-3-penten-2-one (5). However, they have not detected the compound 3. This
discrepancy to our results may be due to the different reaction conditions.!1 The reaction in the less polar
solvent (THF/ether, 3/2)9 will decrease the nucleophilicity of the enolate 4 to give the ketone § after being
quenched.

Reduction of 3e with tributyltin hydride proceeded via the cleavage of a tricyclooctane skeleton, giving
2,5-bisbenzyl-1,4-benzoquinone (6) in 50.2% vyield. This will be useful for the synthesis of 2,5-
disubstituted 1,4-benzoquinones, which are found in natural products12 and exhibit anti-cancer activity.13
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Although anri-tricyclo[5.1.0.03:5 Joctane-2,6-dione is known as bishomochinone and prepared by the
dehydrobromination of brominated cyclooctane-1,5-dione,14-16 the synthesis by the present type reaction
has never been reported. To our knowledge. one pot synthesis of tricyclooctane derivatives 3 from
dichloroketones 1 and a,B-unsaturated esters 2 is unprecedented and the present reaction is synthetically
useful and mechanistically interesting. Current investigations are directed toward the generalization of this
reaction to other o, f-unsaturated ketones and lithiomethanes substituted with electron-withdrawing groups.
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