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Abstract—A one-pot Ag2CO3 mediated oxidative dimerization of 1,3-diketone followed by cycloaddition to fulvenes is described.
This methodology has been applied to the synthesis of 7-oxatricyclo[6.4.0.02,6]dodecanes and/or 8-oxatricyclo[7.4.0.03,7]tridecanes.
© 2001 Elsevier Science Ltd. All rights reserved.

Various oxidative addition reactions of 1,3-dicarbony-
lalkyl radicals to alkenes have been described over the
years including those mediated by salts of MnIII, CuII,
AgI, VV, FeIII, CeIV etc.1 The reaction of 1,3-dicarbonyl
dipoles with alkenes in the presence of such salts is
known to afford dihydrofurans. In fact, the silver-medi-
ated oxidative cyclization of cyclohexane-1,3-dione to
2,3-dihydrofuran was applied to the synthesis of
demethoxyaflatoxin B2.2 To date, however, no reports
of an addition of 1,3-dicarbonyl compounds to fulvenes
have appeared. In conjunction with our continuing
efforts in fulvene chemistry,3 we have developed a novel

one-pot two-step, oxidative dimerization and cycloaddi-
tion of cyclohexane-1,3-dione to fulvenes that provides
a series of cyclopenta[b ]chromenes. Initially, we studied
the addition of cyclohexane-1,3-dione to 6,6-dimethyl-
fulvene. Heating a CH3CN solution of 6,6-dimethyl
fulvene, cyclohexane-1,3-dione and Ag2CO3 to reflux
for 5 h provided 46% of 1-oxacyclopenta[a ]indene 1
along with 14% of an interesting cyclopenta[b ]-
chromene 2. The structure of 2 was unambiguously
assigned based on 1H, 13C NMR, COSY, DEPT,
HMQC, MS, elemental and single crystal X-ray analy-
sis (Fig. 1).4

Figure 1. ORTEP plots for X-ray crystal structures of 2 and 6.
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Scheme 1.

The yield of pyran 2 increased dramatically when the
fulvene solution was added after prolonged reaction of
cyclohexa-1,3-dione and Ag2CO3. This result implies
that the dimerization of cyclohexadione probably
occurs prior to addition to fulvene. A plausible mecha-
nism for the formation of 2 is shown in Scheme 1.
Initial dimerization of cyclohexane-1,3-dione5 gives tet-
raone 3.6 This is then followed by two possible path-
ways. A radical mechanism, (pathway A), in which the
resulting 1,3-diketoalkyl radical attacks at the endo-
cyclic double bond of fulvene to generate an allyl
radical,7,8 followed by oxidation to provide an allyl
cation, and cyclization to afford the pyran product 2.

Alternatively in pathway B, tetraone 3 may oxidize to 4
which can undergo a hetero-Diels–Alder reaction with
fulvene to give 2.9 On the other hand, the Diels–Alder
reaction of 4 with fulvene gives intermediate 5, which
may undergo facial [3,3] sigmatropic rearrangement to
afford 2.10 Isolation of diol 611,12 from the reaction
mixture lends further support to pathway B.13 Table 1
describes a variety of reactants and reaction conditions
(entries 2–10).14 Similar results were observed for other
fulvenes with the exception of 6,6-diphenylfulvene,
which gave regioisomers 11 and 12. This is most likely
due to the steric hindrance of 11 (Table 1, entry 4). On
the other hand, the reaction of acetylacetone and fulve-

nes gave the furan adducts exclusively (Table 1, entries
6–7, condition A). In this case, addition of fulvenes
after prolonged reaction of acetylacetone and Ag2CO3

(condition B) resulted in recovery of the starting fulve-
nes. No reaction took place when 3,4-diacetylhex-3-ene-
2,5-dione (acetoacetone dimer)15 and fulvene were
heated to reflux in CH3CN for 3 days.16 Furthermore, it
is noteworthy that the oxidative alkylation of 1,3-dike-
tone dimers with fulvene is specific since the pyran
product did not form with other simple alkenes (entries
8–10, Table 1). In summary, a novel one-pot oxidative
dimerization17 and cycloaddition of 1,3-diketone to ful-
venes has been reported. This constitutes a new
methodology for the synthesis of polycyclic pyrans.18

We are actively pursuing the application of this
methodology to the synthesis of natural products.
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Table 1. Oxidative alkylation of 1,3-diketones to fulvenes
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