
2316 J. Org. Chem.,  Vol. 39, No. 15, 1974 Communications 

CH,O,CC-CCO,CH, 

7 

13 

14 

CH,O,CC-CCO,CH, 
b 

2 

15 

+ 

CO,CH, 
COpCH, 

CH502C 4 C02CH3 

16 
DMAD) the ratio of 13 to 14 is 3:2, but the less strained 
propellane 2 gives less of the cyclopropene product. The 
ratio of 15 to 16 in carbon tetrachloride (1 M DMAD) is 
1:7. The ratio of 13 to 14 increases with increasing solvent 
polarity, but is not sensitive to changes in the concentra- 
tion of DMAD. Thus a simple mechanism based on parti- 
tioning of a 1:l intermediate diradical between 13 and 14 
can be eliminated. Investigation of other mechanistic 
possibilities is underway. 
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Cyclenones. V.I Mechanistic Factors in the Aldol 
Cyclization of 2,5-Alkanediones 

Summary :  The cyclization of 6-alkyl-2,5-hexanediones (1) 
in aqueous ethanolic base is a kinetically controlled reac- 
tion, with the major product being the 2-alkyl-3-methyl- 
cyclopent-2-enones (2). 

Sir: The intramolecular aldol condensation is an impor- 
tant pathway for the synthesis of cyclenones. We have 
been studying those factors which influence the direction 
of cyclization of unsymmetrical diketones of the type 
RCH&O(CH2),COCHs. In this, and in the accompanying 
communication, we wish to report the first definition of 
some of the kinetic us. thermodynamic influences on the 
distribution of products for this reaction for the case n = 
2. 

In principle, alkaline treatment of systems such as 1 
could give rise to tetrasubstituted2 enones 2 or trisubsti- 
tuted enones 3. In practice, trisubstituted enones have not 

0 

2 1 3 
been reported3 from such a reaction in the cyclopenten- 
one4 series. Reported failure to obtain products of general 
formula 3 can be explained by either of two hypotheses: 
(A) the tetrasubstituted enone 2 is the thermodynamically 
more stable cyclopentenone and that under the reaction 
conditions the formation of the trisubstituted product 3 is 
reversible; or (B) the reaction is kinetically controlled and 
compounds of type 3 are not formed a t  all under these 
conditions. 

The reported5 isomerization of 3-ethylcyclohex-2-cnone 
(4) to a 93:7 mixture of 2,3-dimethylcyclohexenone and 4, 
by refluxing for 3 hr with 5% sodium hydroxide, lent some 
credence to hypothesis A. 
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are thus obliged to conclude that, under the reaction con- 
ditions thus far employed, the reaction in question is 
kinetically controlled a t  the level of aldol step and that 
the transition state for cyclization of enolate 6 is approxi- 
mately 2.0 kcal/mol more stable than that for 7. 

To test the degree of control over the reaction in the 
case of cyclopentenones, we have prepared 3-n-butylcyclo- 
pentenone6 (3, R = n-C3H7) as a representative 3-n-alkyl- 
cyclopentenone and submitted it to reaction conditions 0 n8-C3Hi -o 0 H 
(2% NaOH-EtOH-H20, reflux) which serve to convert 1 

k M e  R n - C 4 H 9  

7 - 2 (R = n-C3H7). 
hterestingly, the trisubstituted enone was recovered in 

high yield7 (>95% distilled), and we were unable to detect 
the presence of the tetrasubstituted enone 2 which is 

0 0 

3 (R= n-propyl) 2 (R = n-propyl) 

characterized by a sharp resonance (250-MHz nmr spec- 
trum) a t  6 2.040 for the vinyl methyl group. Lacey's con- 
d i t i o n ~ ~ ~  were also not usefuls for the conversion of 3 - 2. 
Aldol 5,  prepared in 93% yield by catalytic hydrogenationg 

L- 
5 

of the corresponding epoxy ketone derived from 3-n-butyl- 
cyclopentenone, was submitted to the cyclization condi- 
tions, and the sole detectable product was compound 3 (R 
= n-C3H7). Thus, a t  least in this case, to the extent that 
the aldolization of 1 - 5 had occurred, the trisubstituted 
product, 3, would have been obtained. Under identical 
reaction conditions the corresponding 2,5 diketone (1, R = 
~ z - C ~ H ~ ) ~ O  cyclized in excellent yield (15 min at  go", 97%) 
to a 94:6 mixture of 2 and 3 (R = n-CsH7). This repre- 
sents the first documented case in which a trisubstituted 
enone is formed as a minor product from the cyclodehy- 
dration of a compound of general formula 1. When the 
same reaction was carried out in a deuterated solvent sys- 
tem and quenched, after 1 min, 1-29 (R = n-C3H7) was 
recovered in >95% yield. The exchangeability of all nine 
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Cvclenones. VI.1 The Retroaldol-Aldol Route to 
0 cis-Jasmone and  Related Compounds 

Summary: When 3-alkylmethylcyclopent-2-enones (3) 
synthesized in two steps from cyclopentenone are heated 
with aqueous base, they are converted to 2-alkyl-3-meth- 

D $#I- 
D 

0 ylcyclopent-2-enones. 
1-dg 

0 0 Sir: In the preceding communication,l we have demon- 
II T-\ II - strated that the cyclization Qf 2,5-nonanedione (la) in 

NaOD-DjO 

60 sec 
- 1 

R =  n-C,Hj 

aqueous alcoholic base is irreversible; i. e., the products 2a 
and 3a are stable to the conditions of their formation. We 

-I- iG now wish to report a two-step synthesis of 3a and related 
D D  D 3-alkylmethylcyclopentenones 3b-3d. Concurrently we 

wish to report conditions which are successful in effecting 
their isomerizations to the tetrasubstituted enones 2a (2, 
R = n-C3H7), 2b (dihydrocinerone), 2c (dihydrojasmone), 
and 2d (cis-jasmone), respectively. 

D 
2-d7, 94% 3-d7, 6% 

acidic CY hydrogens with recovery of starting diketone con- 
vincingly shows that  enolate formation is reversible, and 
cannot be construed as the product determining step. We 


