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DIELS-ALDER REACTIONS OF 2-CARBOMETHOXY-4,4-DIMETHYLCYCLOPENTENONE
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Abstract: 2-Carbomethoxy-4,4-dimethylcyclopentenone (3) was found to underge cycloaddiiton to
oxydiene 5b to give a 45:55 mixture of the exo and endo adducts 10 and 11 under thermal condi-

tions and a 95:5 mixture of the respective adducts under Lewis acid-catalyzed conditions.

In connection with a possible synthetic approach to the antileukemic diterpene jatrophatrione
(;),2 we became interested in the construction of a 5/5/6/5-fused tetracyclic ring system (cf.2)
which after appropriate manipulation could be cleaved at the B/C ring junction to generate the

5/9/5-fused ring skeleton of the natural product. A possible approach to the desired tetracyclic
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intermediate involves a Diels-Alder reaction between an appropriate oxydiene, e.g. 3, and 2,4,4-

trimethylcyclopentenone (4).

In view of the difficulties associated with Diels-Alder reactions of cyclopentenones,a’4 we
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decided to investigate the reaction of 4 with oxydienes of the type ;5 which we felt would be
reasonable models for the more complex pentalene derivative 3. There is apparently no literature
precedent for Diels-Alder reactions involving 4,4-disubstituted cyclopentenones. However, Ireland
and coworker56 have reported that 2-methylcyclopentenone undergoes cycloaddition with the t-
butyldimethylsilyloxy diene 6 to give the endo adduct 7, as a mixture of double bond isomers, in
reasonable yield and with complete regioselectivity. Therefore, we felt that if a diene of the
type 3 could be induced to react with enone 4, the same regioselectivity would be expected, but
that because of the steric effect of the gem-dimethyl group the exo rather than the endo mode of
addition would be observed.

However, we were disappointed to find that attempted reaction of dienes 5a and 5b with enone
37 under thermal conditions (neat or in xylene (trace hydroquinone), 120-180°, 18-32 h), or with
a variety of Lewis acid catalysts (AlClB(CHZClZ)’ $nCl, (EtZO), etc., -20° to 25°, 6-32 h), gave
no trace of a Diels-Alder adduct.8 Apparently, enone 4 is so sterically hindered that polymer-

ization of the diene9 occurred faster than cycloaddition under all the conditions investigated.
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Recently it has been shown that the dienophilicity of cyclohexenones,10 cyclohexadienones,ll’l2

13,14 . 1
and acyclic enones 4 is enhanced by the presence of carboalkoxylo’ll’13’14

Y-butenolides,
or formyl12 groups at the o-position. In fact, 2—carbomethoxyll and 2-formyl-4,4-dimethylcyclohexa-
2,5-dienone12 and the carboethoxy Yy-butenolide (§)13 were found to undergo cycloaddition readily
even with a gem-dimethyl group present. These results prompted us to investigate the Diels-Alder

15,16 with the dienes 5a and 5b. The

reactions of 2-carbomethoxy-4,4-dimethylcyclopentenone (9)
Diels-Alder reaction between the diene 5b and the enome 9, conducted under the thermal conditions
(sealed tube, neat,135°, 18 h), gave a 67% yield of a ca. 45:55 mixture of the tricyclic adducts
;9}6 and ;llG resulting from the exo and endo modes of addition with respect of the cyclopentenone
ring. When the cycloaddition reaction was conducted in the presence of a Lewis acid catalyst
(1 eq. 9, 3 eq. 5b, 1.1 eq. AlCl,, CH,Cl,, -78° 3 h, 25°,.3 h) adducts ;9}6 and J;lé were. formed
in a 19:1 ratio in 62% yield. The cycloadducts were separated by chromatography on florisil.

The structures of 10 and ll were tentatively assigned on the basis of the positions of NMR
(300 MHz) signals for the C-12 protons in the respective isomers. The C-12 proton in adduct 10
lies within the shielding cone of the carbonyl group of the cyclopentanone ring and was found
at the relatively highfield position of 6 1.46, while the C-12 proton of 11, which is in an en-
vironment which causes it to be deshielded by the ester group, occurred at the relatively low-

field location of & 2.85. 1In order to confirm these structural assignments a single crystal x-
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ray analysis was performed on adduct lg.l An ORTEP drawing of the molecular structure of 10

is shown in Figure 1.

Figure 1

18
Apparently, in the thermal reaction of 5b and 9 secondary orbital overlap »19 which should

favor endo addition is offset by the steric effect of the gem-dimethyl group which should favor
exo addition and a ca. 1l:1 mixture of adducts is obtained. The unusually large increase in the
stereoselectivity of the cycloaddition of 5b and 9 in the presence of the Lewis acid catalyst is
probably because the catalyst complexes more strongly with the ester than the enone carbonyl
oxygen atom since the former is expected to be more basic.19 This should increase the magnitude
of the coefficient at the ester carbonyl carbon atom in the LUMO of the complex of 9 with alu-
minium chloride and make secondary orbital overlap of the approaching diene more favorable with
the ester than the ketone carbonyl carbon atom.

Diene 5a was also found to react with enone 9 under thermal conditions, but the mixture of
adducts produced was highly unstable and attempts to effect purification by chromatography on
various adsorbants caused hydrolysis of the silyl enol ether function. The major product of the
mixture of diketones which was produced was the only one which could be isolated reasonably pure.
On the basis of its spectral properties this material was tentatively assigned the structure ;g.l

In order for enone 9 to be a useful intermediate in the synthesis of jatrophatrione, the
ester group would have to be converted to a methyl group at some point after the cycloaddition had

been effected. Studies along this line are in progress.
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