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A Novel Synthesis of Tricyclo~5.i.O.~~~Joctttne-2,6-dione Derivratives via 

Double Michael Addition-Induced Cyclnpropmtion Reactions 

Sadao Tsuhoi,* Takashige 0110, Katsushi Kunito, Mikio Kageyama, Takashi Sakai, and Masa~ti Utaka 

Michael additon is ti important reaction in organic synthesis for making carbons bonds, Recently, 

a number of tandem reactions via Michael additions, which am useful for the construction of carbon 

skeletons, have been “ported1 This paper communicates a new and novel synthesis of 

tricydo[5.1.0.d~510ctane_2,6-di~ derivatives 3 via double Michael addition-induced cycmon 

reactions from l,l-~chl~3-~~-2~~ 1 and a,~-~~~~~Z, as shown helow. 
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Various dichlomketorm 1 2 were treated with an equimolar amount of sodium ethoxide in &y ether at 

low temperature (-78- -60 “C for ca 10 h, and 0 Oc for a tiw days) under an atmosphere of nitrogen and 

quenched with cold water to afford tricyclooctanes 3 in 5067% yields as white crystals. All of 3 are good 

crystals and scarcely soluble in almost oforganic solvents. Yields of 3, and some of physical pmpextk are 

tabulated in Table 1. Chzunctmistic signals of the IR and NMR data were identical with those of the samples 

which were previously reporM and whose stereochemistry was absolutely verified by X-ray crystabgmphic 

analysis.3 

The mechanism of the present reaction can be obviously explained by a novel base+atAyzed cyclization 

reaction of I via double Michael additions between two molecules of the enolate anion 4 following double 

cyclopr~ation reactions, as shown below. 
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Table 1. Yields and Physical Properties of Compqmd 3 

No. R X Yield (% )” M. P. (“C) IR (KBr) NMR (Cm31 

(C=ol (ring W 

a ag Cl 52.9 22gb 1685 2.00, 2.21 

b cH3(cH2)2 a 54.9 105 1700 1.86, 2.24 

c Cll3CH=cn Cl 67.4 153b 1700 2.50, 2.60 
d n-C6111 3 Cl 53.4 t05h 1690 1.84, 2.23 
e C6& Cl 50.2 223’ 1700 3.09, 3.33 

Cl 60.7 1716 1690 2.96, 3.22 

a Isolated yield_ b Decomposed. 

Surprisingly, compound 3 was also obtained by the reaction of a,&msaturated esters with 

lithiodihalomethanea. Several esters were allowed to react with an equivalent of Wiodichloromethane (BuLi 

+ CH2Cl2) in anhydrous THF at -95 OC (20 min) under an atmosphere of nitrogen, and quenched with water 

to give 3 as crystals in modemte yields. Reactions of esters with 2.2 equivalent of lithiodibromomethane 

(LiN(SiMe3)2 + CH~BQ) in anhydrous THF was also canied out at -78 “C (10 min) and then at -78 Oc _ 

room tempemtme (30 min). The yields and physical pmpe&ks are tabulated in Table 2. ‘Ihe reaction with 

aromatic esters gave 3 in moderate yields. On the other hand, the reaction of lithiodichl~ with 

alii esters afkded 3 in low yields along with bisdichloromethyl-substih~ted carbinols, which were 

derived from the further &on of an inilially formed ketone I with lithiodichl~. It is obvious 

that the reaction pnxx&ed via the enolate 4 produced from the reaction between estu-s 2 and 

lithiodihalomethanes, as shown above. 
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Table 2. Synthesis of 3 by the Reaction of a.&Unsaturated Esters 2 
with Lithiodihalomethane 

R Yield (5%) 

-3 Cl 33 

c2H, Cl 31 

c6H, Cl 71 

c64 Br 44 

p--c&,, Cl 56 

p-CHaO-C6H,, Br 51 

Some papers concerning with the reaction of lithiodihalomethanes with carbony compounds have heen 

reprtedl-10 Norman t 4t a1.9 report the reaction of lithiodichl~methane with ethyl cn5tonate, leading the 

formation of l,l-dichl~3-@nten-2-one (5). However, they have not detected the compound 3. This 

discrepancy to our n?aults may be due to the different reaction condition~.~~ The tea&on in the less polar 

solvent (THF/ether, 3/2)g will decrease the nucleophilicity of the enolate 4 to give the ketone 5 after being 

quenched. 

Reduction of 3 e with tributyltin hydride pmcee&d via the cleavage of a tricyclooctane skcJ_ giving 

2.5bisbenzyl-1.4~benzoquinone (6) in 50.2% yield This will be useful for the synthesis of 25 

disubstituted 1 ,4-benzoquinones, which are found in natural products12 and exhibit anti-cancer activity.‘3 

3e - 
benzene, reflux 

AIBN 6 

6 

Although ami-tricyclo[5.1 .O.dqs Ioctane-2,6-dione is known as bishomochinone and w by the 

dehydrobmmination of brominated cyclooctane- 1 J-dione, 14-16 the synthesis by the present type reaction 

has never been reported To our knowledge. one pot synthesis of tricyclonctane derivatives 3 from 

dichloroketones 1 and a,f)-unsaturated esters 2 is unmted and the present reaction is synthetically 

useful and mechanistically interesting. Current investigations are directed toward the generalization of this 

reaction to other a, fhuwahmted ketones and lithiomethana substituted with ekctron-withdrawing groups. 
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