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ABSTRACT

Artocarpol A Artocarpol D

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,floxepin-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 Retrosynthetic analysis of artocarpolldndicated that it
series of novel phenolic compounds from the root bark of could be prepared from thé{2pyran3 via an intramolecular
Artocarpus rigidahave been reportéd? Artocarpol A1 and photochemical [2+ 2] cycloaddition reaction (Figure 2). The
D 2 share a highly functionalized dibenbgfjoxepin ring
system and represent intriguing targets for total synthesis
(Figure 1). In addition, artocarpol A and other members
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Figure 2. Retrosynthetic analysis of artocarpoll/and artocarpol
D 2.

Figure 1. Artocarpol A1l (relative stereochemistry) and artocarpol
D 2.

stereochemistry of this cycloaddition reaction would be
controlled by the single stereogenic center of thk@ran.

of this expanding family of natural products have notable The latter compound could in principle be prepared from
antiinflammatory propertiesin this Letter, we report the  the functionalized oxepinon&(R = prenyl) on condensation
first study toward the total synthesis of these natural productswith citral 5 following an electrocyclic ring-closure reactién.
that has resulted in the development of an efficient and novel Subsequent deprotection of the phenol moieties would then
means to elaborate their complete polycyclic ring systems. complete the synthesis of this complex polycyclic natural
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product in a particularly direct manner. Alternately, the oxe- oxepinone8 and senecialdehyde® It was found that the
pinone4 (R = Br or H) could be employed so that the prenyl use of primary amines specifically caused complete reaction
substituent could be installed at a later stage in the synthesis.of the oxepinone8 to occur and resulted in the direct
This latter strategy could alleviate potential complications formation of the artocarpol D analog@ In addition, the
in the proposed photochemical reaction. In a similar fashion, unsaturated ketond=}-10 was isolated as a single double-
the polycyclic ring system of artocarpol 2 could be bond isomer. The geometry of this double bond was
established in a single laboratory operation from the func- determined by NMR experiments (NOESY) that showed an
tionalized oxepinond (R = prenyl) on condensation with  absence of contacts between the olefinic and aromatic protons
senecialdehydé. The total synthesis of artocarpolDwould of concern. The corresponding)¢double-bond isomer of
then be completed on deprotection of the phenol moieties. the unsaturated ketorid® was not isolated as it presumably
To demonstrate the feasibility of the proposed condensa-undergoes a concomitant cyclization reaction to afford the
tion reaction, the known oxepinore was prepared as a desired target compound. The optimized reaction conditions
model substrate in five steps from commercially available involved heating a mixture of the oxepinoBewith sene-
2-phenoxybenzoic acid by adaptation of literature proce- cialdehydes (6 equiv) and allylamine (6 equiv) in THF for
dures (Scheme P)A variety of basic, acidic, and Lewis 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-
tone10was smoothly interconverted under similar reaction

Scheme 1. Synthesis of Artocarpol D Analogud @y

combined overall yield of 61%.
The reaction of the oxepinor&with citral 5 (E:Z ~ 2:1)
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o under the optimized reaction conditions described above
+ O O afforded a chromatographically separable mixture of the
10 S known self-condensation product of citral,’ the cross-
1 g ° N e condensation productg,E)-12 and (E2)-13, and the desired
Mé 2H-pyranl4 (Scheme 2). The corresponding isomers (Z,E)-
a Reagents and conditions: (a) LIAIHTHF, reflux, 4 h, 90%; ;2 and (Z2)-13 of Fhe cross—condensation products were not
(b) SOC}, pyridine, PhH, reflux, 24 h, 98%; (c) NaCN, DMSO, isolated, as again these strained compounds presumably
r, 24 h, 90%; (d) KOH, EtOH, kD, reflux, 4 h, 85%; (e) spontaneously cyclized to afford thélzyran. The cross-
polyphosphoric acid, 106C, 4 h, 84%; (f) allylamine (6 equiv),  condensation produci? and13were subsequently recycled
MgSQ;,, THF, reflux, 8 h, 40% ), 26% ((E)-10); (9) allylamine {5 afford the 2H-pyrani4 in a combined overall yield of
(3 equiv), MgSQ, THF, reflux, 8 h, 80%. 70%.

Irradiation of a dilute deoxygenated solution of thid-2

acidic reagents were screened in order to identify suitable PYranl4and benzophenone in benzene with a high-pressure

reaction conditions to effect the condensation reaction of Mercury lamp within a quartz reaction flask afforded the
artocarpol A analogu&5in 45% yield® The starting material

(1) () Chung, M.-I.: Ko, H.-H.; Yen, M.-H. Lin, C.-N.; Yang, S.-z.. 14 was also recovered (15%), as well as a mixture of the

I‘Saoé L,-\]T-;Y WangéJilaﬂellv- CCr?_im- AActtgggggyggy éggg- §b)) EO' :: unsaturated ketoneg,E)-12 and €,2)-13 (10%). The latter

in, C.-N.; Yang, S.-ZHelv. Chim. Ac ,83, . (c) Ko, H.-H.; . .. .
vang, S.-Z.; Lin, C.-NTetrahedron Lett2001 42, 5269. (d) Lu, Y-H.. ~ cOmpounds are presumably formed, in this instance, via the
Lin, C.-N.; Ko, H.-H.; Yang, S.-Z,; Tsao, L.-T.; Wang, J. Relv. Chim. photochemical ring-opening reaction of thd-pyran14. The

Acta 2002,85, 1626. (e) Lu, Y.-H.; Lin, C.-N.; Ko, H.-H.; Yang, S.-Z; ;
Tsao, LT.. Wang, J. Fidelu. Chim. Acta2003. 86, 2566. structure of the artocarpol A analogliBwas fully assigned

(2) For other natural products previously isolated frartocarpus rigida on the basis of a series of multidimensional NMR experi-
see: (a) Hano, Y.; Inami, R.; Nomura, Mieterocycled990,31, 2173. (b)
Hano, Y.; Inami, R.; Nomura, THeterocyclesl 993,35, 1341. (6) For example, deprotonation of the oxepin@rag —78 °C with lithium

(3) To the best of our knowledge, there is no direct precedent for this diisopropyl amide and subsequent reaction with senecialdedyufestirring
transformation in which a cyclic or acyclic ketone is condensed with an for 8 days at room temperature, led to the slow formation of tHeggran
o,fB-unsaturated aldehyde to afford d-pyran. However, the formation of 9 (23%) and the unsaturated ketdt®(20%). Similar results were obtained
2H-pyrans from 1,3-dicarbonyl compounds ang-unsaturated aldehydes  when citral5 was employed as the electrophilic reaction component. The
via the Knoevenagel condensation reaction is well established; see: (a)low yield is due to competitive deprotonation of these enolizable aldehydes
Tietze, L. F.; Beifuss, U. IlComprehensive Organic Synthesis; Trost, B. by the lithium enolate of the oxepinone. This conclusion is supported by
M., Ed.; Heathcock, C. H., Vol. Ed.; Pergamon Press: Oxford, 1992; Vol. the fact that on repeating the reaction witfphenylcinnamaldehyde, the
2,p 341. (b) Shen, H. C.; Wang, J.; Cole, K. P.; McLaughlin, M. J.; Morgan, corresponding unsaturated ketone was isolated as the sole reaction product
C. D,; Douglas, C. J.; Hsung, R. P.; Coverdale, H. A.; Gerasyuto, A. |.; in good yield (80%). Interestingly, this reaction product did not undergo
Hahn, J. M,; Liu, J.; Sklenicka, H. M.; Wei, L.-L.; Zehnder, L. R.; Zificsak,  cyclization to form the correspondingi2pyran.

C. A.J. Org. Chem2003,68, 1729 and references therein. (7) Holst, P. B.; Anthoni, U.; Christophersen, C.; Nielsen, P. H.; Bock,
(4) Hoarau, C.; Pettus, T. R. Bynlett2003, 127. K. Acta Chem. Scand.994,48, 765.
(5) (@) Manske, R. H. F.; Ledingham, A. B. Am. Chem. Sod 950, (8) For related intramolecular photochemical 42 2] cycloaddition

72, 4797. (b) Atkinson, D. C.; Godfrey, K. E.; Meek, B.; Saville, J. F.; reactions of 2H-chromenes, see for example: (a) Crombie, L.; Ponsford,
Stillings, M. R.J. Med. Chem1983,26, 1353. (c) Yoshioka, M.; Osawa, R. Tetrahedron Lett1968, 5771. (b) Yamaguchi, S.; Shouiji, N.; Kuroda,
H.; Fukuzawa, SBull. Chem. Soc. Jprl982,55, 877. (d) Ong, H. H.; K. Bull. Chem.Soc.Jpn.1995,68, 305. (c) Kashiwada, Y.; Yamazaki, K.;
Profitt, J. A.; Anderson, V. B.; Spaulding, T. C.; Wilker, J. C.; Geyer, H. lkeshiro, Y.; Yamagishi, T.; Fujioka, T.; Mihashi, K.; Mizuki, K.; Cosentino,
M., lll; Kruse, H. J. Med. Chem1980,23, 494. (e) Harris, T. W.; Smith, L. M.; Fowke, K.; Morris-Natschke, S. L.; Lee, K.-H.etrahedron2001,

H. E.; Mobley, P. L.; Manier, D. H.; Sulser, B. Med. Chem1982,25, 57, 1559. (d) Kurdyumov, A. V.; Hsung, R. P.; lhlen, K.; WangQlg.

855. Lett. 2003,5, 3935.
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Scheme 2. Synthesis of Artocarpol A Analogud %y

O
O ampe e - HoNR
- = — =
AN
+ (P IT\JTW\I'\’r g%%J\R’( ° yR&;
SN N AN R
R o H R R R
H

“O-H
H

Figure 3. Proposed mechanism for the formation of thé&@yrans.

8 was observed. It has been reported that particularly forcing
conditions (TiCl, PhH, reflux) are required in order to form
the corresponding enamines of this oxepingtiewas also
observed that the reaction of oxepin@with the preformed
and purified imine of allylamine and citr& (6 equiv), on
heating at reflux in dry THF for 5 days, afforded thel-2
pyran 14 (40%) and a mixture of the unsaturated ketones
(E,E)-12and (E,Z)-13(1.8:1, 19%). Similar results were
obtained on repeating this reaction with the corresponding
imine of allylamine and senecialdehyde Of note, the
aReagents and conditions: (a) allylamine (6 equiv), MgSO reactions were considerably slower under these anhydrous
THF, reflux, 8 h, 20%11), 27% (E,E)-12:(E2)-13= 1:1.6), 50% reaction conditions. However, the addition of a trace amount
(14); (b) (E,E)-12, E,2)-13, allylamine (3 equiv), MgSOTHF, of water and magnesium sulfate decreased the amount of
reflux, 8 h, 80%; (C) benzophenone, Pliht, 24 h, 45% 15), 10%  time required for these reactions to go to completion-&
(EB)-12:E2)-13= 1:1). h. These latter observations have led us to tentatively
conclude that a water molecule is involved in the reaction
ments (COSY, HETCOR, and NOESY). The latter technique petween the enol form of the oxepinone and the correspond-

. : . .~ ing imines of theo,S-unsaturated aldehydes.
was used to assign the relative stereochemistry of the reaction . S
In conclusion, the polycyclic ring systems of artocarpol

product based on contacts between the bridgehead methyk 1 and D2 have been elaborated in a direct and efficient

and hydrogen substituerits. manner from the known oxepinoi& citral 5, and senecial-

The direct formation of the artocarpol D analogdand . :
i : . dehyde6. Current work involves the synthesis and elabora-
the 2H-pyranl4 constitutes a novel reaction procésale tion of the oxepinondl (R = H and Br: P= Me) in order

have considered that the mechanism of this reaction involves .
. . . to complete the total synthesis of artocarpoflAand D 2.
the reaction of the enol form of the oxepinone with the

corresponding imines of therS-unsaturated aldehydes

i 9—10 imi i i
(Figure 3)>™* Subsequent elimination of the amine and gceq and Engineering Research Council of Canada (NSERC)
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tq the_ formation of observed rea_ct|on products. This concl_u- thanks Simon Fraser University for a graduate research
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conditions employed, allylamine reacted rapidly with the

aldehyde reaction components to form the corresponding Supporting Information Available: Detailed experi-
imines. No reaction between allylamine and the oxepinone mental procedures and product characterization data for all

pr— y - - Taeth Iof the compounds synthesized, as welldsand*C NMR

DT ;fg'nzegsng,;;;;Jgt;;gigoﬁgf’;g{qg)_ as been reported as the enodlshactra for compounds, 10, and12—15. This material is
(10) The enol of the oxepinor&would be expected to have a nonplanar ~ available free of charge via the Internet at http:/pubs.acs.org.

structure; see: (a) Drake, J. A. G.; Jones, D.Agta Crystallogr.1982,

B38, 200. (b) Shukla, D.; Wan, B. Am. Chem. S0d.993,115, 2990. OL0360703
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