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Two different routes to the tricyclic core of Garcinia-derived natural products are described. The first approach is based on a tandem Claisen/
Diels—Alder rearrangement and delivers the desired lactone 14. The second approach, employing a Wessely oxidation/Diels—Alder protocol,

leads to the same caged heterocycle, albeit with modified constitution.

The Guttiferae family of tropical plants, specifically those
of the genugGarcinia, has yielded an abundance of biologi-
cally active and structurally intriguing natural produtts.
Among them, morellin)? (Figure 1), produced b§arcinia
morella, is the first known example of a xanthonoid natural
product containing the 4-oxatricyclo[4.3.3decan-2-one
scaffold. Since the initial disclosure of morellin’s intriguing

scortechiones A and“B(3, 4), forbesioné (5), and gaudi-
chaudione H (6) (Figure 1). In addition to their striking
chemical architecture, most of these compounds exhibit
interesting antibacterial activity and cytotoxicity. It has been
postulated that such bioactivity results from the 4-oxatricyclo-
[4.3.1.G""]decan-2-one moiety as planar xanthones alone do
not show a marked biological profifdJndoubtedly, the most

structure, many other natural products sharing the same cageéxceptional example of structure and bioactivity iBarcinia

skeleton have been reported, including morellic ad(
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natural product is that of laterifloroner){ in which the
familiar tricyclic scaffold is attached to an unprecedented
spiroxalactone core.

From the biosynthetic standpoint, these natural products
are presumed to derive from a common benzophenone
intermediate of a mixed shikimat@acetate pathway that has
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Li during their pursuit of the total synthesis of forbesione
(5 10

Inspired by the unusual tricyclo[4.3.2:Qdecan-2-one
scaffold and the biosynthetic issues mentioned above, we
sought to design a general approach to these caged natural
products (Figure 3). The strategy was envisioned to lead

: scortechinone A

1: R=CHO :morellin =H
=CO,H : scortechinone B

3:
2: R =CO,H : morellic acid 4:

13 1

Y

X = (H, COH)
Y = (H, OH, OMe)
Z = (H, OH, OMe)
5:R=H :forbesione ]
6: R = OMe : gaudichaudione H 7: lateriflorone
Me Wessely
Figure 1. Selected natural products fro®arcinia plants. A, oH oxiaation
f ——
3
o . A
undergone plant-specific prenylations, rearrangements, and/ O"M —
e

or oxidation reactiongIn 1971, Quillinan and Scheinmann . L -
suggested that the caged scaffold of these molecules arises
in Nature from a tandem Claisen/Dielglder rearrangement ﬂ Clalsen ﬂ

(Figure 2)? Setting out to prove the feasibility of such a OMe ,
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Figure 3. Retrosynthetic analysis of tricyclic fragmeid.

exclusively to the desired structure while allowing the
8 9] 10 flexibility to create analogues of the biologically active
I portion of theGarcinia-derived caged xanthonoids. With the
Cl-oxygenatedsarcinia natural products in mind (lateri-
florone numbering), we selected compouid because it
mapped onto the variable retrosynthetic tard&tin a
desirable manner. From a retrosynthetic standpoinig¢me

~ o dimethyl group at the C5 carbon centerid was pictured
QQE N\ to arise from an organometallic addition to lactohé

— followed by cyclodehydratiof The tricyclic structure of
8 [11] 12 14 could be formed via a DietsAlder cycloaddition of
intermediatel5, which in turn could arise from eithd6 or
17 after a Wessely oxidatidhor a Claisen rearrangemeft,
respectively. Boti6and17 could be produced from readily
available 2,5-dimethoxybenzaldehydes), thereby increas-

Clalsern

Figure 2. Proposed biosynthesis of the caged structd@snd
12 starting from precurso8 (see ref 9).

postulate, they heated compouhend obtained an isomeric

mixture of Claisen/Diels-Alder adductsl0and12. An initial (8) Bennett, G. J.; Lee, H.-H. Chem. Soc., Chem. Comni.§88 619~
nonregioselective Claisen rearrangement leads to the forma-"(g) Quillinan, A. J.; Scheinmann, B. Chem. Soc., Chem. Commua71,
tion of intermediate® and 11 and, thus, the mixture df0 966-967.

and12. A similar mixture of isomers, produced via a Claisen/ 42%9) Nicolaou, K. C.; Li, J.Angew. Chem., Int. E®001, 40, 4264~

Diels—Alder reaction, was also reported by Nicolaou and  (11) Raghavan, S.; Rao, G. S. R.Ttrahedron994 50, 2599-2616.
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ing the convergency of both strategies. Herein, we disclose conjunction with DBU and catalytic copper(ll) chloride.
the results of our studies based on these retrosyntheticUnder these conditions, eth2t was produced in consistent

considerations.
The synthesis of the Wessely oxidation/Dielsider
precursorl6is shown in Scheme 1. Commercially available

Scheme 1. Synthesis of Lactong4?
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aReagents and conditions: (a) 1.3 equiviid@PBA, CHCl,, 4
h, 25°C; (b) 10% NaOH (aq)/MeOH (1:1), 25C, 30 min, 97%;
(c) 1.2 equiv 0120, 1.3 equiv of DBU, 0.3 mol % of CuglCH:CN,
0 °C, 24 h, 84%; (d) 10% Pd/BaS{3.2%/weight), quinoline
(3.2%/weight), H, EtOH, 0.5 h, 89%; (en-xylene, 140°C; 2 h,
80%; (f) 1.2 equiv of Pb(OAGg) acrylic acid (excess), Ci€l,, 25
°C, 10 min (g) PhH, 80°C, 2 h, 82% (over two steps).

24 X-ray

2,5-dimethoxybenzaldehyd&g) was subjected to Baeyer
Villiger oxidation, and the resulting formate ester was
hydrolyzed under basic conditions to produce phelrtbin
97% yield* Various propargylating reagents and conditions
were used to alkylate alcohdld, among which carbonate
20 was found to give optimum results when used in

(12) Wessely, F.; Sinwell, AMonatsch. Chen95Q 81, 1055. Wessely,
F.; Swoboda, J.; Guth, Wionatsch. Cheml964 95, 649. Bubb, W. A,;
Sternhell, STetrahedron Lett197Q 11, 4499-4502. For recent synthetic

applications of the Wessely oxidation, see: Cox, C.; Danishefsky, S. J.

Org. Lett. 200Q 2, 3493-3496. Feldman, K. S.; Lawlor, M. DJ. Am.
Chem. Soc200Q 122, 7396-7397.
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5, 1033-1050. Ito, H.; Taguchi, TChem. Soc. Re 1999 28, 43—50.
Gajewski, J. JAcc. Chem. Red.997, 30, 219-225. Ziegler, F. EChem.
Rev. 1988 88, 1423-1452. Wipf, P. INComprehensie Organic Synthesgs
Trost, B. M., Fleming, I., Eds.; 1991; Vol. 5, p 827.

(14) Wriede, U.; Fernandez, M.; West, K. F.; Harcourt, D.; Moore, H.
W. J. Org. Chem1987, 52, 4485-4489.
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yields of 84%. Lindlar-catalyzed partial hydrogenatfoof
alkyne21 gave rise to alken22, which upon heating at 140
°C produced Claisen addud'’ (71% combined yield),
thereby setting the stage for a tandem Wessely oxidation/
Diels—Alder reactiont® To this end, compound6 was
treated with Pb(OAg)in acrylic acid/dichloromethane and
the resulting intermediate heated in refluxing benzene to
produce tricyclic lacton@4 in 82% combined yield. Crystal-
lographic studies established th2&4 was a constitutional
isomer of desired structufiel. The connectivity of compound
24 suggested that during the Wessely oxidation the acrylate
unit was attached exclusively at the C1 centet @finstead
of the anticipated C3 carbon. This produced digBewhich
subsequently underwent Dielélder cycloaddition with the
pendant dienophile. The outcome of the Wessely oxidation
can be rationalized if we consider that addition at the C1
center is preferred due to the electron-donating effect of the
attached methoxy group. Despite the discrepancy in con-
nectivity, lactone24 assured us an entry point to the tricyclo-
[4.3.1. G7|decan-2-one caged system and suggests that the
outcome of the reaction can be altered by decreasing the
electron-donating effect of the substituent at the C1 carbon
center.

Concurrent with the above studies, we examined the
feasibility of the tandem Claisen/Diet&\lder rearrangement
as an entry point to the 4-oxatricyclo[4.3.37lecan-2-one
scaffold (Scheme 2). To this end, 2,5-dimethoxybenzalde-
hyde (8) was transformed to alkyn21, which after a
subsequent Claisen rearrangement in refluxingylene,
produced benzopyra?5 (61% combined yield). Lactd?6
was acquired from pyrar5 in 22% yield by a fairly
consistent three-step protocol involving ozonolysis, a chemo-
selective BaeyertVilliger oxidation, and basic hydrolysis.
Each step in this string of reactions was carried out on crude
material as purification of the intermediates proved to be
difficult.1® After purification, compound®6 was subjected
to a Wittig olefination protocol to afford phenolic eth&r,2°
which upon a straightforward acryloylation produced the
Claisen/Diels-Alder precursoil7 in 93% yield. Heating of

(15) Godfrey, J. D., Jr.; Mueller, R. H.; Sedergran, T. C.; Soundararajan,
N.; Colandrea, V. JTetrahedron Lett1994 35, 6405-6408.

(16) Hlubucek, J.; Ritchie, E.; Taylor, W. Gwust. J. Chem1971 24,
2355-2363.

(17) Rhoads, S. J.; Raulins, N. Rrganic ReactionsDauben, W. G.,

Ed.; John Wiley & Sons: New York, 1975; Vol. 22, Chapter 1, pp252.

(18) The tandem Wessely oxidation/Diel8lder reaction has been
utilized extensively by Yates and co-workers. For selected examples on
this work, see: Bhamare, N. K.; Granger, T.; John, C. R.; Yates, P.
Tetrahedron Lett1991 32, 4439-4442. Bhamare, N. K.; Granger, T.;
Macas, T. S. Yates, R. Chem. Soc., Chem. Commu®9Q 739-740.
Bichan, D. J.; Yates, RI. Am. Chem. Sod.972 94, 4773-4774. Yates,

P.; Kaldas, M.Can J. Chem1992 70, 2491-2501. Yates, P.; Langford,
G. E.Can J. Chem1981 59, 344-355. Yates, P.; Auksi, HJ. Chem.

Soc., Chem. Commur®76 1016-1017. Yates, P.; Auksi, HCan. J. Chem.
1979 57, 2853-2863.

(19) Both the ozonolysis and the Baey#filliger oxidation reactions
tended to be clean. This led to the conclusion that hydrolysis of the
intermediate formate ester to lacf was the bottleneck of this protocol.
Attempts were made to optimize the reaction sequence, particularly the
hydrolysis, but little ground could be gained.

(20) Wittig olefination of the pendant aldehyde was also attempted prior
to hydrolysis of the formate ester. This change in reaction sequence,
however, did not change overall product yields.
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Scheme 2. Synthesis of Tricyclic Lactoné4?
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aReagents and conditions: (a) 1.3 equivn@ZPBA, CHCl,, 4
h, 25°C; (b) 10% NaOH (aq)/MeOH (1:1), 25C, 30 min, 97%;
(c) 1.2 equiv 0120, 1.3 equiv of DBU, 0.3 mol % of Cug|CH;CN,
0°C, 24 h, 84%; (dm-xylene, 140°C, 2 h, 74%; (e) @ CH.Cl,,
—78 °C, 30 min, then DMS, 30 min; (f) 1.3 equiv oghCPBA,
CH,Cl,, 25°C, 4 h; (g) 10% NaOH (ag)/MeOH (1:1) 30 min, 25
°C, 22% (over three steps); (h) 5.0 equiv ofGPPhHBr, 4.6 equiv
of NaHMDS, THF (inverse addition), 25, 2 h, 65%; (i) 1.1 equiv
of acryloyl chloride, 1.2 equiv of TEA, 0.1 equiv of DMAP, GEl,,
0°C, 1 h, 93%; (j)m-xylene, 140°C, 45 min, 92%.

17 in boiling m-xylene allowed the tandem Claisen/Diels
Alder to take place, thereby producing tricyclic structife
in a remarkably efficient process (92% overall yield).

912

Compound 14 was crystalline, and X-ray diffraction
studies revealed that it possessed the desired connectivity
across the central tetrahydrofuran core. The remarkably
efficient and regioselective Claisen/Diel8lder process
owes much of its success to the reversibility of the Claisen
rearrangement. While the,o-dimethylallyl substituent of
17 can migrate and, thus, prenylate either of two adjacent
positions, only the desired isomeric intermediate (see
Figure 3) adopts a geometry that allows it to be trapped as
the Diels-Alder adduct. Consequently, all the available
starting material eventually funnels through the desired
mechanistic pathway to generate the preferred adtdict

In conclusion, we have demonstrated, using two different
methods, the ability to access the 4-oxatricyclo[4.3:1-0
decan-2-one scaffold encountered in many of@acinia-
derived natural products. Both strategies are very efficient
and afford the tricyclic structures with excellent regiocontrol.
The tandem Claisen/DietsAlder strategy proceeds in 10
steps (from aldehyd&8) and produces the desired tricyclic
scaffold 14. The efficiency of the Claisen/DietsAlder
rearrangement presented here allows access to the desired
natural product scaffold in a high-yielding and predictable
process. In contrast, the alternative sequence of Wessely
oxidation/Diels-Alder reaction gives rise to isomeric struc-
ture 24, whose application to the synthesis of the above
natural products should await some fine-tuning, especially
as related to the electronic effects of the substituents of the
aromatic ring. Nonetheless, add@gtmay be useful for the
preparation and biological investigation of nonnatural ana-
logues of the above natural products.
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