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The tropolone subunit of the naturally occurring alkaloid rubrolone aglycon is synthesized via a short
reaction sequence starting with a 1,3-dipolar cycloaddition of a pyrylium ylide and indenone, followed
by enone oxidation, oxygen-bridge elimination and finally hydroxy group oxidation.

� 2009 Elsevier Ltd. All rights reserved.
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Scheme 1. Tropolone natural products and synthetic strategy.
1,3-Dipolar cycloaddition of pyrylium ylides is a versatile meth-
od for the construction of seven-membered rings,1,2 which has
been widely applied in total syntheses of natural products.3 One
class of compounds which can be easily accessed via this method-
ology is tropolones.4 Our interest in developing further applica-
tions of this powerful reaction led to the identification of a new
target—rubrolone aglycon (1),5,6 which along with a number of
structurally related natural products such as rubrolone (2)7 con-
tains a unique azuleno[2,3-c]pyridine-2,5,13-trione subunit. In
addition to the establishment of a short synthetic pathway to the
tropolene unit of 1, we have also investigated pyrylium ylide cyc-
loadditions with bicyclic polarophiles, which lead to direct synthe-
ses of complex polycyclic structures.

Our strategy towards direct construction of the tropolone unit of
1 is presented in Scheme 1. Condensation of a known [2]pyrindin-7-
one (3)8 with pyrylium ylide 4 would produce the seven-membered
ring in compound 5. Conjugated hydroxylation, oxygen-bridge elim-
ination and final oxidation would result in a short approach to rubro-
lone aglycon (1). The established methodology should be applicable
to a wide range of tropolone-containing natural products.

To test this proposal the 1,3-dipolar cycloaddition of pyranyl
acetate 61 with commercially available indene9 was investigated
(Scheme 2). When pyranyl acetate 6 was added slowly to a solution
of 4 equiv of indene and 1.5 equiv of triethylamine in dichloro-
methane, the reaction gave exclusively the endo cycloadduct 7
along with a significant amount of pyrylium dimer 82 (Scheme 2).

Formation of the dimer 8, even in the presence of excess indene,
suggests its low activity as a polarophile, which also contributes to
the high selectivity of the cycloaddition. The cycloadduct 7 is nota-
bly a regioisomer of the proposed intermediate 5, but it was ex-
pected that the presence of a carbonyl group in the next model
polarophile—indenone10 would lead to a reversal of the cycloaddi-
tion pathway.
ll rights reserved.

banenko).
The higher reactivity of indenone as a polarophile required a
change in the reaction conditions. Cycloaddition (Scheme 3) was
best carried out by a rapid addition of triethylamine to a dichloro-
methane solution of pyranyl acetate 6 and 1.4 equiv of indenone at
0 �C, then allowing the reaction to warm and stir for an additional
4 h, after which TLC indicated complete consumption of the start-
8 : 38%

Scheme 2. Cycloaddition with indene.
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Scheme 3. Cycloaddition with indenone.

Figure 1. ORTEP plot of the X-ray structure of 9.
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Figure 2. Similar synthetic strategies for both regioisomers.
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ing material. No pyrylium dimer 8 was formed this time, but the
reaction produced four products—exo and endo stereoisomers of
both regioisomeric adducts. We were able to separate a small
amount of isomer 9, and its structure was determined by single
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Scheme 4. Completion of the synthe
crystal X-ray analysis (Fig. 1).11 Correlation of the NMR data of
the other isomeric compounds with 9 allowed us to determine
the structures of all four cycloadducts as presented in Scheme 3.

At this point it was noticed that all four of the cycloadducts
could be converted into the same target molecule 13 if the elimina-
tion of the oxygen bridge was assisted by the five-membered ring
carbonyl (E1cb) in both regioisomers (Fig. 2). Thus, taking into ac-
count that the overall yield of the adducts was a satisfactory 63%,
we decided to proceed with all four compounds. Column chroma-
tography allowed separation of the regioisomeric pairs and subse-
quent reactions were performed on the mixtures of exo and endo
isomers of each regioisomeric compound separately.

We chose to use Pummerer chemistry to oxidize the b-positions
of the enones following a literature example.12 Conjugate addition
of thiophenol proceeded in good yields with high diastereoslectiv-
ity giving a single product from each cycloadduct (Scheme 4). Pum-
merer rearrangement of the resulting sulfides was effected using
3 equiv of N-chlorosuccinimide in chloroform and substitution of
the thiophenyl group for methoxy was accomplished on treatment
of the oxidation products with freshly prepared sodium methoxide
in methanol. Oxygen-bridge elimination proceeded with antici-
pated regioselectivity on treatment of the compound mixtures
with 1.5 equiv of lithium diisopropylamide in tetrahydrofuran at
�78 �C and slow warming of the reaction mixtures to room
temperature. Oxidation of the liberated hydroxy groups with
Dess–Martin reagent led to regioisomerically methylated tropol-
ones 16 and 17 (Scheme 4). Finally, boron tribromide cleavage of
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the methyl ethers13 in both 16 and 17 led to formation of the target
tropolone product 13. Compound 13 was previously reported by
Boger et al. and confirmation of the final structure was possible
by comparison of the proton and carbon NMR data of our sample
in deuterated methanol with those published.14 At this point we
would like to note that the tautomeric form of the tropolone unit
in 13 cannot be assigned with certainty based on the NMR data
and we chose the presentation closest to the structure of the trop-
olone unit in rubrolone 1.

In conclusion, we have described an annulation approach for di-
rect installation of a tropolone unit of rubrolone aglycon utilizing a
1,3-dipolar cycloaddition of a pyrylium ylide. This general method
based on condensation of pyrylium ylides with enones followed by
oxygen-bridge elimination and aromatizing oxidation of the liber-
ated hydroxy function should be applicable to the synthesis of a
wide range of tropolone-containing natural products.
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