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Transformation of Cyclopentane-1,3diones into Cyclohexane-1,4- 
diones - A Novel Ring Enlargement Process 
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Abamctz wukyl-2+!-oxapmpyl)cyc~l13-diones aJc smoothly cxmvatd into 2-acetyld-dkykycle 

hfmmlel.~ (3-&xtymalkykycbhex4-cn-4~k8N?s) by Ilcamat withllncquimowammmtofsodittm 

hydrmrideinwaDaorsodiumm#boxidein~.~ringtnlargemMtcmbe~sstht~tofan 
intramokdar aldol restion followed by a ring opening of the fcmed bicyclo[3.1.0]bcxanc system. 

2,2-Dialkylated cyclopentane-1.3-diones am easily cleaved by aqueous alkali under formation of 5-s&- 
stituted Coxoalkanoic acids.14 Therefore it has been assumed that the earlier described tmnsfotmation of 2- 
alkyl-2-(2-oxopropyl)cyclopentane-13diones 2 into 2-(2,~~l-S~x~l~nt-l~nyl)~dc acids 4 pro- 
ceeds via an intramolecular aldolixation of the cormsponding 5-alkyl-4.7diox~ 3.5 In connection 
with our recent interest in the intramolecular aldolixation of 22dialkylated cyclopemane-1,3-diones with an 
additional carbonyl group in one of the two side-chains6 the formation of 4 from 2 was investigated in more 
detail. As a result, we now can report on an unexpected ring enlargement process. 

0 R w 04 
NaGH 
-H+ 

0 
1 

R 
able I I--- b Et 
c n-Pr 

O R 

M-i o- 

5 O 

0 R w 0 

0 
2 

0- R 

W 
0 

6 O 

. 

OR 

c”lf co,- 0 

3 

I 
0 

R @lc ,o- 0 

0 
1. NeOH 

l P 

R 
2. Hcl 

HO& 
\ 4 

NaOH 

Scheme 1. Conversion of the cyclopentane-1,3-diones 2 into the cyclohex-3en4olones 8 

When a solution of the triketone 2b in water was treated at 22T for 2 min with 1 equivalent of sodium 
hydroxide and thereafter acidified by an excess of diluted sulfuric acid, the cyclohexenolone 8b could be iso- 
lated as a crystalline substance in a yield of about 50 %. The structme of this compound was unambiguously 
elucidated by ‘H NMR, 13C NMR, and mass specnometry, as well as by elemental analysis. Under the same 
conditions 2n and 2c were converted into the homologues &t and ?k. 
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The unexpected formation of the cyclohexenolones 8 may be explained as depicted in Scheme 1. In the 
first step the hydroxide ion does not cleave the cyclopentane-1,3dione system of 2 under formation of the ex- 
pected carboxylate 3 but deprotonates the active methylene group of the side chain under formation of the 
carbanion 1. Intramolecular nucleophilic attack on one of the ring carbonyl groups gives rise to the bicyclic 
alkoxide 5, which can be rearranged by a ring opening via 6 in& the more stable enolate 7. Ptotonation, 
finally, yields the completely enolized triketone 8. 

That the enolate 7 has to be regarded as the fit isolable intermediate in the alkali-mediated conversion 
of the triketone 2 into the acid 4 can be demonstrated by the fact that the treatment of 8 with an excess of 
sodium hydroxide provides 4 in good yield. In this step the open-chain carboxylate 3, accessible by cleavage 
of the 1,3dicarbonyl system of 7 with alkali, reacts as intermediate. 

In order to optimize the yield of the conversion of the triketones 2 into the cyclohexenolones 8, the ring 
enlargement reaction was performed in methanol with sodium methoxide as base. Under these conditions in 
all cases yields in the order of 70 % could be obtained.7 

In conclusion, the described transformation of 2-alkyl-2-(2-oxopropyl)cyclopentane-1,3diones into 2- 
acetyl-3-alkylcyclohexane-1,4-diones represents a novel ring enlargement. This unique process seems to be 
closely connected with the special functionalization of the triketones 2. Their analogues with a 3-oxobutyl 
side-chain instead of the 2-oxoptopyl side-chain form tetmhydr&dane-1,5diones, known as versatile 
intermediates for the total syntheses of lPnorsteroids.* The analogues without a second carbonyl group in the 
five-membered ring are not reported to give a comparable ring enlargement reaction.9~10 
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