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Triquinanes from linear ketones via trimethylenemethane diyls
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Abstract—Linear compounds containing a ketone and diene functional groups reacted with the anion of TMS–diazomethane to
produce alkylidene carbenes that underwent intramolecular cyclopropanation followed by the formation of trimethylenemethane
diyls which underwent [2+3] cycloaddition reaction to produce linearly fused triquinanes.
� 2006 Elsevier Ltd. All rights reserved.
Recently, we have reported a tandem cycloaddition
reaction of alkylidene carbenes of linear substrates into
triquinane compounds through the sequential formation
of alkylidene carbenes followed by trimethylenemethane
(TMM) diradical intermediates.1 As shown in Scheme 1,
alkylidene carbenes were generated from epoxyaziridi-
nyl imines that underwent intramolecular cyclopropana-
tion reaction to form highly strained intermediate 3.
Then methylenecyclopropane ring opened to trimethyl-
enemethane (TMM) diyl 4 that underwent [2+3] cyclo-
addition reaction to form linearly fused triquinanes
regio- and stereo-selectively.
0040-4039/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
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Scheme 1.
Epoxyaziridinyl imine was chosen for the precursor of
alkylidene carbenes among several candidates because
the reaction condition was neutral and a relatively high
reaction temperature would guarantee the formation of
TMM diyls from cyclopropane rings.2 Since other meth-
ods of generating alkylidene carbenes3 have their own
advantages, we decided to examine another way to gen-
erate alkylidene carbene for the synthesis of triquinanes.

Since alkylidene carbenes can be generated from the
reaction of ketones with the anion of TMS–diazo-
methane,3d compounds with properly located olefins
and a ketone 6 can undergo tandem cycloaddition reac-
tion when reacted with the anion of TMS–diazomethane
(Scheme 2).
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When compared to the aziridinylimine route,1 the cur-
rent route has advantages of being very high in atom
economy4 and having readily available substrates
through straightforward synthesis. However, the current
route might show possible complications due to the
basic nature of the reaction condition and instability
of the anion at a higher temperature than 0 �C.

Substrates for the tandem reaction were prepared from
commercially available 6-methyl-5-hepten-2-one
(Scheme 3). After protection of the ketone as the corre-
sponding acetal, isopropenyl group was replaced with
the allylic bromide in a four step sequence. Ozonolysis
followed by Wittig olefination with Ph3PCHCOOEt
produced unsaturated ester (I). DIBAL–H reduction
of the ester to the alcohol followed by bromination reac-
tion produced corresponding allylic bromide. This
allylic bromide was reacted with malonate anion
followed by subsequent allylation to afford ketodienes
(11, 13) after the hydrolysis of acetals. Phenyl group
was introduced to the terminal olefin to examine the
stereoselectivity and reactivity of the TMM diyl [2+3]
cycloaddition reaction.5 Compounds with reduced esters
(12, 14) were also prepared to minimize possible side
reactions due to the nucleophilic nature of the reaction
conditions for alkylidene carbene generation.

These substrates were subjected to a modified Shioiri’s
reaction conditions6 to generate alkylidene carbene from
ketones and TMSCLiN2.7 To ensure the transformation
of methylenecyclopropane ring of the intermediate to
the TMM intermediate and to minimize the decomposi-
tion of TMSCLiN2, the reaction was carried out at
�30 �C in two different ways. While TMSCLiN2 was
generated before the addition of the ketone substrates
in method A, TMSCKN2 was generated in the presence
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Scheme 3. Reagents and conditions: (a) ethylene glycol, TsOH/PhH,
94%; (b) O3/CH2Cl2, �78 �C; PPh3; (c) Ph3P@CHCOOEt/PhH, reflux,
61% for two steps; (d) DIBAL–H/CH2Cl2, rt, 74%; (e) Ph3P–NBS/
CH2Cl2, �30 �C, 74%; (f) diethyl malonate, NaH/THF, rt, 80%; (g)
NaH/THF; RCH@CHCH2Br, rt, 84% (R = Ph), 91% (R = H); (h)
LAH/ Et2O, 0 �C, 72% (R = Ph), 77% (R = H); (i) NaH, MeI/THF, rt,
84% (R = Ph), 87% (R = H) and (j) 10% HCl (aq)/THF, rt, 82% (11),
71% (14), 84% (12, 13).
of the substrates in method B. In method A, the gener-
ation of TMSCLiN2 before the addition of the ketone
minimizes the reaction of the ketone with BuLi but
might decompose before the desired reaction proceeds
in completion. In method B, it was hoped that
TMSCKN2

8 would react with ketones before decompo-
sition even at a reaction temperature higher than
�30 �C. Contrary to what we hoped for method B was
not any better than method A. It was presumed that
the lower concentration of the anion in method B than
in method A and different counter cations in two meth-
ods made method B less effective than we had expected.
The result was summarized in Table 1.

The reactions produced single major products9 whose
structures were determined unambiguously by NMR
through comparison to the previous reports.1,10 As ex-
pected, substrates without the electrophilic substituents
(12, 14) yielded a better result than carbonyl containing
ones (11, 13) and phenyl groups attached to the terminal
olefins (13, 14) provided better result than the unsubsti-
tuted ones (11, 12). The effect of the substituents on the
[2+3] cycloaddition reaction was bigger than the effect
observed in the previous report1 probably due to a lower
reaction temperature for a better selectivity. The basic
nature of the reaction and the instability of the anion
of TMSCHN2 probably was the reason for the low yield
of the products.

The current synthetic strategy allowed us to examine the
effect of the methyl substituted TMM diyl to the tandem
cycloaddition reaction as the methyl group provided a
more steric interaction during the [2+3] cycloaddition
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reaction. The precursor for the cycloaddition reaction
was readily prepared from 6-methyl-5-hepten-2-one
(Scheme 4). After the selective hydroxylation of the
allylic methyl group, the allylic alcohol was converted
into the bromide. From this allylic bromide, substrate
19 was prepared in the same way as the compounds in
Scheme 3.

When 19 was reacted with TMSCLiN2 using method A,
two major products 20 and 21 were obtained in a 54%
yield with the ratio of 3:1 (Scheme 5).

The structures of 20 and 21 were also confirmed through
NMR spectroscopy. Product 20 has the usual cis-anti-cis
triquinane structure and 21 has the cis-syn-cis triquinane
structure. The relative stereochemistry was assigned
unambiguously by coupling constants of tertiary hydro-
gens of 21 and through the NOE experiment on the
ozonolysis product 22 (Scheme 6).

This result allowed us to rationalize the selectivity of
[2+3] diyl cycloaddition reaction among isomeric prod-
ucts through comparison of four conformations of tran-
sition states (Scheme 7). Although the formation of 21
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94%; (b) SeO2, t-BuOOH/CH2Cl2, 0 �C; 53%; (c) Ph3P–NBS/CH2Cl2,
�30 �C, 83%; (d) diethyl malonate, NaH/THF, rt; 88%; (e) NaH/THF;
PhCH@CHCH2Br, rt, 95% and (f) 10% HCl (aq)/THF, rt, 93%.
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has been somewhat anticipated, the relative stereochem-
istry of 21 was not obvious as the transition state for the
formation of 21 could be either the transition state B or
D in Scheme 7. For the compounds with R1 = H, inter-
action between axially oriented hydrogen of the tether
and cyclopentene ring showed a clear preference of
cycloaddition reaction product from A. That explained
why the product from transition state C or D was not
observed. For the compounds with R1 = R2 = Me, it
looked apparent that the steric interaction between
two methyl groups in transition state A was bigger than
the one in transition state B or D and it was thought that
transition state B or D might have a similar energy to
that of transition state A. Even with the added steric
interaction, however, the product from transition state
A was the major product and only the cis-syn-cis prod-
uct 21 was produced as the minor product with no other
possible isomers detected. Since 21 was the product from
transition state B rather than the transition state D, it
became clear that the general preference for the transi-
tion states to form cis-anti-cis isomers could have been
overcome by the bigger steric interaction between axial
hydrogens in the tether and the methyl group of the
cyclopentene ring in transition state D than the steric
interaction between two methyl groups in the transition
state B.

In summary, we have demonstrated that the alkylidene
carbenes generated from readily available ketones and
TMSCLiN2 were suitable for the TMM diyl [2+3] cyclo-
addition reaction and offered a supplementary synthetic
strategy to the previously reported epoxyaziridinyl imine
route for the construction of triquinanes. The current re-
sult explains the selectivity of the cycloaddition reaction
of unsymmetrical TMMs and provides the valuable
information for the future synthetic design and expected
outcome for compounds with various substitution
patterns.
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