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ABSTRACT

The first synthesis of the polycyclic ring systems of artocarpol A and D has been accomplished. These natural products were isolated recently
from the root bark of Artocarpus rigida, and artocarpol A has been shown to have potent antiinflammatory properties. The synthesis of an
artocarpol D analogue was achieved on condensation of 11H-dibenzo[b,f]oxepin-10-one with senecialdehyde. The reaction of this oxepinone
with citral afforded a 2H-pyran that on subsequent irradiation afforded an analogue of artocarpol A.

Recently, the isolation and structural characterization of a
series of novel phenolic compounds from the root bark of
Artocarpus rigidahave been reported.1-2 Artocarpol A1 and
D 2 share a highly functionalized dibenzo[b,f]oxepin ring
system and represent intriguing targets for total synthesis
(Figure 1). In addition, artocarpol A1 and other members

of this expanding family of natural products have notable
antiinflammatory properties.1 In this Letter, we report the
first study toward the total synthesis of these natural products
that has resulted in the development of an efficient and novel
means to elaborate their complete polycyclic ring systems.

Retrosynthetic analysis of artocarpol A1 indicated that it
could be prepared from the 2H-pyran3 via an intramolecular
photochemical [2+ 2] cycloaddition reaction (Figure 2). The

stereochemistry of this cycloaddition reaction would be
controlled by the single stereogenic center of the 2H-pyran.
The latter compound could in principle be prepared from
the functionalized oxepinone4 (R ) prenyl) on condensation
with citral 5 following an electrocyclic ring-closure reaction.3

Subsequent deprotection of the phenol moieties would then
complete the synthesis of this complex polycyclic natural

Figure 1. Artocarpol A1 (relative stereochemistry) and artocarpol
D 2.

Figure 2. Retrosynthetic analysis of artocarpol A1 and artocarpol
D 2.
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product in a particularly direct manner. Alternately, the oxe-
pinone4 (R ) Br or H) could be employed so that the prenyl
substituent could be installed at a later stage in the synthesis.4

This latter strategy could alleviate potential complications
in the proposed photochemical reaction. In a similar fashion,
the polycyclic ring system of artocarpol D2 could be
established in a single laboratory operation from the func-
tionalized oxepinone4 (R ) prenyl) on condensation with
senecialdehyde6. The total synthesis of artocarpol D2 would
then be completed on deprotection of the phenol moieties.

To demonstrate the feasibility of the proposed condensa-
tion reaction, the known oxepinone8 was prepared as a
model substrate in five steps from commercially available
2-phenoxybenzoic acid7 by adaptation of literature proce-
dures (Scheme 1).5 A variety of basic, acidic, and Lewis

acidic reagents were screened in order to identify suitable
reaction conditions to effect the condensation reaction of

oxepinone8 and senecialdehyde6.6 It was found that the
use of primary amines specifically caused complete reaction
of the oxepinone8 to occur and resulted in the direct
formation of the artocarpol D analogue9. In addition, the
unsaturated ketone (E)-10 was isolated as a single double-
bond isomer. The geometry of this double bond was
determined by NMR experiments (NOESY) that showed an
absence of contacts between the olefinic and aromatic protons
of concern. The corresponding (Z)-double-bond isomer of
the unsaturated ketone10 was not isolated as it presumably
undergoes a concomitant cyclization reaction to afford the
desired target compound. The optimized reaction conditions
involved heating a mixture of the oxepinone8 with sene-
cialdehyde6 (6 equiv) and allylamine (6 equiv) in THF for
8 h. The addition of anhydrous magnesium sulfate to the
reaction mixture caused a slight improvement in the yield
of the reaction products but did not affect the rate of the
reaction. The chromatographically isolated unsaturated ke-
tone10 was smoothly interconverted under similar reaction
conditions to afford the artocarpol D analogue9 in a
combined overall yield of 61%.

The reaction of the oxepinone8 with citral 5 (E:Z ≈ 2:1)
under the optimized reaction conditions described above
afforded a chromatographically separable mixture of the
known self-condensation product of citral11,7 the cross-
condensation products (E,E)-12and (E,Z)-13, and the desired
2H-pyran14 (Scheme 2). The corresponding isomers (Z,E)-
12and (Z,Z)-13of the cross-condensation products were not
isolated, as again these strained compounds presumably
spontaneously cyclized to afford the 2H-pyran. The cross-
condensation products12and13were subsequently recycled
to afford the 2H-pyran14 in a combined overall yield of
70%.

Irradiation of a dilute deoxygenated solution of the 2H-
pyran14and benzophenone in benzene with a high-pressure
mercury lamp within a quartz reaction flask afforded the
artocarpol A analogue15 in 45% yield.8 The starting material
14 was also recovered (15%), as well as a mixture of the
unsaturated ketones (E,E)-12and (E,Z)-13 (10%). The latter
compounds are presumably formed, in this instance, via the
photochemical ring-opening reaction of the 2H-pyran14. The
structure of the artocarpol A analogue15was fully assigned
on the basis of a series of multidimensional NMR experi-
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Scheme 1. Synthesis of Artocarpol D Analogue (10)a

a Reagents and conditions: (a) LiAlH4, THF, reflux, 4 h, 90%;
(b) SOCl2, pyridine, PhH, reflux, 24 h, 98%; (c) NaCN, DMSO,
rt, 24 h, 90%; (d) KOH, EtOH, H2O, reflux, 4 h, 85%; (e)
polyphosphoric acid, 100°C, 4 h, 84%; (f) allylamine (6 equiv),
MgSO4, THF, reflux, 8 h, 40% (9), 26% ((E)-10); (g) allylamine
(3 equiv), MgSO4, THF, reflux, 8 h, 80%.
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ments (COSY, HETCOR, and NOESY). The latter technique
was used to assign the relative stereochemistry of the reaction
product based on contacts between the bridgehead methyl
and hydrogen substituents.8

The direct formation of the artocarpol D analogue9 and
the 2H-pyran14 constitutes a novel reaction process.3 We
have considered that the mechanism of this reaction involves
the reaction of the enol form of the oxepinone with the
corresponding imines of theR,â-unsaturated aldehydes
(Figure 3).9-10 Subsequent elimination of the amine and
cyclization of the resultant unsaturated ketones would lead
to the formation of observed reaction products. This conclu-
sion is based on the observation that under the reaction
conditions employed, allylamine reacted rapidly with the
aldehyde reaction components to form the corresponding
imines. No reaction between allylamine and the oxepinone

8 was observed. It has been reported that particularly forcing
conditions (TiCl4, PhH, reflux) are required in order to form
the corresponding enamines of this oxepinone.5e It was also
observed that the reaction of oxepinone8 with the preformed
and purified imine of allylamine and citral5 (6 equiv), on
heating at reflux in dry THF for 5 days, afforded the 2H-
pyran 14 (40%) and a mixture of the unsaturated ketones
(E,E)-12 and (E,Z)-13(1.8:1, 19%). Similar results were
obtained on repeating this reaction with the corresponding
imine of allylamine and senecialdehyde6. Of note, the
reactions were considerably slower under these anhydrous
reaction conditions. However, the addition of a trace amount
of water and magnesium sulfate decreased the amount of
time required for these reactions to go to completion to∼8
h. These latter observations have led us to tentatively
conclude that a water molecule is involved in the reaction
between the enol form of the oxepinone and the correspond-
ing imines of theR,â-unsaturated aldehydes.

In conclusion, the polycyclic ring systems of artocarpol
A 1 and D2 have been elaborated in a direct and efficient
manner from the known oxepinone8, citral 5, and senecial-
dehyde6. Current work involves the synthesis and elabora-
tion of the oxepinone4 (R ) H and Br; P) Me) in order
to complete the total synthesis of artocarpol A1 and D2.

Acknowledgment. We are grateful to the Natural Sci-
ences and Engineering Research Council of Canada (NSERC)
and Simon Fraser University for financial support. M.P.P.
thanks Simon Fraser University for a graduate research
fellowship and entrance scholarships.

Supporting Information Available: Detailed experi-
mental procedures and product characterization data for all
of the compounds synthesized, as well as1H and13C NMR
spectra for compounds9, 10, and12-15. This material is
available free of charge via the Internet at http://pubs.acs.org.

OL0360703

(9) The proposed structure of artocarpol E has been reported as the enol
form of a functionalized oxepinone (ref 1b).

(10) The enol of the oxepinone8 would be expected to have a nonplanar
structure; see: (a) Drake, J. A. G.; Jones, D. W.Acta Crystallogr.1982,
B38, 200. (b) Shukla, D.; Wan, P.J. Am. Chem. Soc.1993,115, 2990.

Scheme 2. Synthesis of Artocarpol A Analogue (15)a

a Reagents and conditions: (a) allylamine (6 equiv), MgSO4,
THF, reflux, 8 h, 20% (11), 27% ((E,E)-12:(E,Z)-13) 1:1.6), 50%
(14); (b) (E,E)-12, (E,Z)-13, allylamine (3 equiv), MgSO4, THF,
reflux, 8 h, 80%; (c) benzophenone, PhH,hν, 24 h, 45% (15), 10%
((E,E)-12:(E,Z)-13) 1:1).

Figure 3. Proposed mechanism for the formation of the 2H-pyrans.
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