
On the structures of plukenetiones B, D, and E and their
relationships to other polycyclic polyprenylated

acylphloroglucinols

Robert B. Grossmana,* and Helen Jacobsb,*
aDepartment of Chemistry, University of Kentucky, Lexington, KY 40506-0055, USA
bDepartment of Chemistry, University of the West Indies, Mona, Kingston 7, Jamaica

Received 26 April 2000; revised 17 May 2000; accepted 18 May 2000

Abstract

Three polycyclic polyprenylated benzoylphloroglucinol natural products, plukenetiones B, D, and E, are
shown to be diastereomeric to the related compounds, nemorosone II and sampsonione G. # 2000
Elsevier Science Ltd. All rights reserved.

A large number of polycyclic polyprenylated acylphloroglucinol (PPAP) derivatives have been
isolated from plants of the family Guttiferae of diverse geographical origin recently,1ÿ18 and some
of these compounds have been shown to have moderate to high levels of biological activity.7,15ÿ19

The PPAPs feature a bicyclo[3.3.1]nonane-2,4,9-trione skeleton decorated with prenyl or geranyl
groups and an acyl group at C(1), C(3), or C(5) (1). Many PPAPs have also undergone secondary
cyclizations involving the �-diketone and pendant ole®nic groups to a�ord adamantanes, homo-
adamantanes, dihydrofuro-fused structures, and the like. A literature search reveals a high degree
of homology between many of the PPAPs reported from diverse species. This communication
clari®es the structures of several members of one class of PPAPs, the plukenetiones,3,4 and elucidates
their relationships to the nemorosones1,2 and the sampsoniones.5ÿ7
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In 1996, a Brazilian team reported the isolation of a new PPAP, nemorosone, from the ¯oral
resin of a Clusia species.1 O-Methylation of the highly tautomerizable monosubstituted �-diketone
of nemorosone produced the corresponding �-methoxyenone as a single isomer, and extensive
NMR studies of this derivative, including NOE studies to clarify the stereochemistry, established
the structure of nemorosone to be 2. The same team reported the isolation of the related com-
pounds, 7-epi-nemorosone and nemorosone II, from ¯oral resins of similar species in 1999,2 and
their structures were determined to be 3 and 4, respectively, again by characterization of the
corresponding �-methoxyenones. Nemorosone II di�ered from nemorosone by the location of
the methyl groups with respect to the benzoyl group, whereas nemorosone and 7-epi-nemorosone
di�ered in the orientation of the C(7) prenyl group (exo and endo, respectively).

Nearly simultaneously with the second report, a joint West Indian±Canadian team reported
the isolation of another set of PPAPs, plukenetiones B±G, from the fruit of a Clusia species.4

Plukenetiones D and E, a rapidly interconverting pair of tautomeric �-diketones, were converted
to a pair of isomeric �-acetoxyenones, and extensive NMR studies of these derivatives established
the structure of plukenetione D/E to be `closely related to nemorosone, di�ering only in the
position of the gem-dimethyl group on the bicyclononane'.4 However, the stereochemistry at C(7)
in plukenetione D/E was not investigated, and therefore it was possible that plukenetione D/E had
either the structure 4, now known to belong to nemorosone II,2 or the structure 5, that of 7-epi-
nemorosone II, the one member of the nemorosone series not yet reported by the Brazilian team.
Now that a compound with structure 4, viz. nemorosone II, has been unambiguously identi®ed,2

it is possible to clarify the question of the structure of plukenetione D/E. The task is not as
straightforward as comparing the reported spectra, however, because nemorosone II has been
characterized as its O-methyl enol ether,2 whereas plukenetione D/E has been characterized as its
enol acetates.4 Nevertheless, careful comparison of the NMR spectra of the compounds in question
(Table 1) reveals several features that suggest that plukenetione D/E has the structure 5.

. The diastereotopic H atoms of the ring CH2 groups of O-methylnemorosone and O-
methylnemorosone II (which have chair conformations in the more saturated ring) resonate
0.52 and 0.53 ppm apart.1,2 By contrast, the diastereotopic H atoms of the ring CH2

Table 1
1H and 13C NMR chemical shifts of the O-methylnemorosones and O-acetylplukenetiones D and E
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groups ofO-methyl-7-epi-nemorosone (which has a boat conformation in the more saturated
ring) and O-acetylplukenetiones D and E resonate only 0.11±0.24 ppm apart.2,4

. The diastereotopic Me groups of O-methylnemorosone and O-methylnemorosone II
(chairs) resonate 7.7 ppm apart in the 13C NMR spectrum.1,2 By contrast, the diaster-
eotopic Me groups of O-methyl-7-epi-nemorosone (boat) and O-acetylplukenetiones D
and E resonate only 3.8±4.6 ppm apart.2,4

. The C(7)'s of O-methylnemorosone and O-methylnemorosone II (chairs) resonate at �
42.5 and 43.7.1,2 By contrast, the C(7)'s of O-methyl-7-epi-nemorosone (boat) and O-acetyl-
plukenetiones D and E resonate at � 48.0±48.6.2,4

These data suggest that plukenetione D/E has a boat conformation in the more saturated ring,
similar to 7-epi-nemorosone. Therefore, plukenetione D/E must have the structure 5 and can also
be named as 7-epi-nemorosone II.
The Commonwealth team that discovered plukenetione D/E also isolated plukenetione B at the

same time.4 The structure of plukenetione B was shown to be 6 by extensive NMR studies. A
NOESY spectrum was acquired, but it was inconclusive, and therefore the stereochemistry of
plukenetione B was left indeterminate in the publication describing this compound.4 Meanwhile,
in three papers appearing in 1998, 1999 and 2000, a Singaporean team reported the isolation of a
new series of PPAPs, sampsoniones A±M, from several Hypericum species.5ÿ7 The structures and
stereochemistries of the sampsoniones were established by extensive NMR studies, including
NOE experiments. Sampsonione G in particular was shown to have structure 6b, and the closely
related sampsonione C was shown to have structure 7c.6

With the structure of sampsonione G unambiguously established to be 6b,6 the stereochemistry
of plukenetione B can now be assigned. The following lines of evidence suggest that the structure
of plukenetione B is 6c.

. The chemical shifts of the ring carbons of plukenetione B are within 0.3 ppm of those of
sampsonione C (7c), whereas the chemical shifts of the ring carbons of plukenetione B
di�er from those of sampsonione G (6b) by up to 7.3 ppm (Table 2).4,6

. The Singaporean team has isolated several other sampsoniones with homoadamantane
structures similar to 6 and 7, all of which have either �,� or �,� con®gurations at Ha and
Hb (as in 6b and 6c),7 and none of which have the �,� or �,� con®gurations (as in 6a and
6d). Furthermore, molecular models reveal that structures 6a and 6d su�er from steric
crowding of the isopropanol group on the concave face of the ®ve-membered ring.

. A model of 6c shows no uncoupled H's which are close in space, perhaps explaining the
inconclusive NOESY experiment carried out on plukenetione B.

Therefore, plukenetione B probably has the structure 6c, di�ering from sampsonione G in the
con®gurations at two of its six stereocenters.
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With the assignment of structure 5 to plukenetione D/E and 6c to plukenetione B, the biogenetic
relationship among the three PPAP families of the nemorosones, plukenetiones, and sampsoniones
is clari®ed. The adamantane and homoadamantane structures of plukenetiones A and B and
several of the sampsoniones are derived from plukenetione D/E or more highly prenylated ana-
logs by oxidative cyclization of the �-diketone upon the endo C(7) prenyl group. Such a pathway is
not available for the C(7) exo-isomers, nemorosone and nemorosone II, but it is available for 7-epi-
nemorosone II (plukenetione D/E). Future studies of the Guttiferae may eventuate in the isola-
tion of natural products derived from cyclization of 7-epi-nemorosone itself.

Acknowledgements

The authors thank Geneive Henry, Stewart McLean, and Bill Reynolds for their contributions.

References

1. de Oliveira, C. M. A.; Porto, A. L. M.; Bittrich, V.; Vencato, I.; Marsaioli, A. J. Tetrahedron Lett. 1996, 37, 6427.

2. de Oliveira, C. M. A.; Porto, A. L. M.; Bittrich, V.; Marsaioli, A. J. Phytochemistry 1999, 50, 1073.
3. Henry, G. E.; Jacobs, H.; Carrington, C. M. S.; McLean, S.; Reynolds, W. F. Tetrahedron Lett. 1996, 37, 8663.
4. Henry, G. E.; Jacobs, H.; Carrington, C. M. S.; McLean, S.; Reynolds, W. F. Tetrahedron 1999, 55, 1581.

5. Hu, L.-H.; Sim, K.-Y. Tetrahedron Lett. 1998, 39, 7999.
6. Hu, L.-H.; Sim, K.-Y. Tetrahedron Lett. 1999, 40, 759.
7. Hu, L.-H.; Sim, K.-Y. Tetrahedron 2000, 56, 1379.

Table 2
13C NMR chemical shifts of the cage carbons of plukenetione B and sampsoniones C and G

5168



8. Karanjgoakan, C. G.; Rama Rao, A. V.; Venkataraman, K.; Yemul, S. S. Tetrahedron Lett. 1973, 4977.
9. Blount, J. F.; Williams, T. H. Tetrahedron Lett. 1976, 34, 2921.

10. Rama Rao, A. V.; Venkatswamy, G.; Pendse, A. D. Tetrahedron Lett. 1980, 21, 1975.
11. Krishnamurthy, N.; Lewis, Y. S.; Ravindranath, B. Tetrahedron Lett. 1981, 22, 793.
12. Krishnamurthy, N.; Ravindranath, B.; Guru Row, T. N.; Venkatesan, K. Tetrahedron Lett. 1982, 23, 2233.

13. Fukuyama, Y.; Minami, H.; Kuwayama, A. Phytochemistry 1998, 49, 853.
14. Winkelmann, K.; Heilmann, J.; Zerbe, O.; Rali, T.; Sticher, O. J. Nat. Prod. 2000, 63, 104.
15. Gustafson, K. R.; Blunt, J. W.; Munro, M. H. G.; Fuller, R. W.; McKee, T. C.; Cardellina III, J. H.; McMahon,

J. B.; Cragg, G. M.; Boyd, M. R. Tetrahedron 1992, 48, 10093.

16. Fukuyama, Y.; Kuwayama, A.; Minami, H. Chem. Pharm. Bull. 1997, 45, 947.
17. Bokesch, H. R.; Groweiss, A.; McKee, T. C.; Boyd, M. R. J. Nat. Prod. 1999, 62, 1197.
18. Verotta, L.; Appendino, G.; Jakupovic, J.; Bombardelli, E. J. Nat. Prod. 2000, 63, 412, and references cited

therein.
19. Iinuma, M.; Tosa, H.; Tanaka, T.; Kanamaru, S.; Asai, F.; Kobayashi, Y.; Miyauchi, K.; Shimano, R. Biol.

Pharm. Bull. 1996, 19, 311.

5169


