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Abstract: Synthetic approaches to the total synthesis of plakortone B, as well as diastereose-
lective nucleophilic additions to furyl aldehyde and furyl sulfonylimine employing chiral 3-
boronates as auxiliary are presented.

Furan is produced by gas-phase decarbonylation of furfural, which, in turn, is prepared in industrial
quantities through acid treatment of vegetable residues from the manufacture of porridge oats and corn-
flakes [1]. In addition, acid-induced elimination of three moles of water from D-fructose also generated
hydroxymethylfurfural, which, as one of the few “petrochemicals” readily available from renewable re-
sources, is an extremely versatile six-carbon building block of many useful organic molecules [2]. Our
own research programs in the quest of natural and non-natural molecules lately have centered around
the use of furan or substituted furans as precursor [3]. In this connection, we have recently completed
the total synthesis of several naturally occurring compounds such as prehispanolone (1) [4], syring-
olides 1 (2a) and 2 (2b) [5], and echinofuran (3) [6].

In this article, we wish to discuss our synthetic approaches to the total synthesis of plakortone B
(4) [7], which was isolated and identified via a bioassay-guided fractionation of the ethyl acetate extract
of Jamaican marine sponge Plakortis halichondrioides [8]. It was reported that 4 belongs to a novel
class of activators of cardiac sarcoplasmic reticulum —Ca2+-pumping ATP synthase at µM concentra-
tion [8]. Our synthetic attempts commenced from 3-bromofuran (5) [9] and the chiral aldehyde (6) [10]
as precursors. The synthetic steps are shown in the following scheme. It is noteworthy that 6 is avail-
able readily from D-mannitol which is widespread in plants and plant exudates. It can also be obtained
from seedweeds and manna (dried exudation of Fraxinus ornus L. that contains 40–60 % of mannitol).
Electrolytic reduction of glucose also led to the formation of mannitol.

*Paper based on a presentation at the 24th International Symposium on the Chemistry of Natural Products and the 4th International
Congress on Biodiversity, held jointly in Delhi, India, 26–31 January 2004. Other presentations are published in this issue,
pp. 1–344.
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Reagents and conditions: (i) (a) n-BuLi, THF, –78 °C, 1 h, then 6, 68 %, (b) PDC, 4 Å MS, CH2Cl2, 24 h, 90 %;
(ii) EtMgBr, Et2O, 0 °C, 78 % 8a:8b = 15:1; (iii) (a) Me3SiCl, imidazole, DMAP, DMF, 15 min. 88 %, (b) n-BuLi
(2.2 equiv), THF, –78 °C, 30 min, then Me3SiCl (1 equiv), –78 °C, 30 min, 79 %; (iv) (a) 80 % HOAc, 24 h, 99 %,
(b) t-BuMe2SiCl, imidazole, DMAP, THF, 0 °C, 2 h, (c) Me2C(OMe)2, p-TsOH, THF, reflux, 24 h, 85 %; (v) (a)
0.1 M n-Bu4NF, THF, 0 °C, 30 min, 90 %, (b) PDC, 4 Å MS, CH2Cl2, 24 h, (c) EtMgBr, THF, 0 °C, 10 min, (d)
PDC, 4 Å MS, CH2Cl2, 24 h, 72 %; (vi) (a) CH2=CHLi, C6H14, –90 °C A –50 °C, 72 %, (b) Me3SiCl, imidazole,
DMAP, 24 h, (c) 40 % MeCO3H, NaOAc, CH2Cl2, 0 °C A r.t., 48 h, 55 %; (vii) (a) 80 % HOAc, 24 h, 99 %, (b)
Et3N, PhMe, reflux, 24 h, (c) 2N HCl, MeOH, 48 h, (d) t-BuMe2SiCl, imidazole, DMAP, DMF, 24 h, 13 (50 %),
14 (20 %); (viii) (a) DBU, PhMe, reflux, 3 days, (b) 2N HCl, MeOH, 48 h, (c) t-BuMe2SiCl, imidazole, DMAP,
DMF, 24 h, 80 %; (ix) (a) NaH, THF, 0 °C, 10 min, (b) CS2, THF, 0 °C, 10 min, (c) MeI, THF, 0 °C, 30 min, 95 %;
(x) (a) OsO4 (0.1 equiv), NMO, Me2CO, H2O, 3 days, (b) Me2C(OMe)2, p-TsOH, THF, 8 h, 90 %; (xi) n-Bu3SnH,
AIBN, C6H6, reflux, 8 h, 98 %; (xii) (a) n-Bu4NF, THF, 30 min, 98 %, (b) Dess–Martin periodinane, CH2Cl2, 24
h, 85 %, (c) Rh(PPh3)3Cl, p-xylene, reflux, 48 h, 80 %; (xiii) 80 % HOAc, 24 h, 99 %; (xiv) NaIO4, CH2Cl2, H2O,
30 min, 95 %.



As shown below [7b], ketone 7 was prepared from 5 and 6 through a bromo-lithium exchange
protocol. Nucleophilic addition of ethylmagnesium bromide led to a mixture of 8a and 8b in the ratio
of 15:1, presumably through a chelation model [7a]. Owing to the unknown absolute configuration of
4, we arbitrarily chose the major product 8a as our starting material. Protection of the hydroxy group
of 8a, and a regioselective silylation route furnished 9, which was allowed to undergo a series of de-
protection and protection steps to provide 10. Again, deprotection, nucleophilic addition of EtMgBr,
and subsequent oxidation gave ketone 11. A non-chelation control addition of vinyllithium and oxida-
tion of the 2-silylated furan eventually led to the formation of butenolide 12. A conjugate addition pro-
moted by triethylamine followed by intramolecular transesterification and protection of the primary hy-
droxy group nonetheless provided 14 in a meager yield, together with 13, which was unable to undergo
transesterification due to the anti-disposition of the lactone and the hydroxy group. It is noteworthy that
the protection step was essential because only in this way, the chromatographic separation of 13 and 14
was convenient due to their polarity difference. DBU was found to promote the ring-opening and ring-
closure of 13, and as a result, 80 % of 14 was obtained after similar work-up procedures. With 14 in
hand, the next step was to remove the hydroxy group, which had been in our program rather important
for the assignment of absolute configuration to 14 owing to its known R-configuration as originated
from mannitol. However, it was found that after the formation of 15 from 14, the double bond of 15
must be protected before the execution of the radical reaction. Thus, oxidation and acetonide formation
was followed by a radical-induced reaction to remove the oxygenated functionality, giving 17. Finally,
removal of the acetonide and oxidative cleavage of the resulting diol afforded the aldehyde product 20.
At this stage, the absolute stereochemistry of plakortone D was identified through its total synthesis by
Kitching [11], and, unfortunately, 20 was found to be enantiomeric to the natural series. In light of this,
we turned our attention to the synthesis of natural 4 by starting from 8b.

It was desired to look for a new procedure so that 8b could be realized as the major product.
Fortunately, it was uncovered that 8a was obtained as the major product through the reaction in diethyl
ether between 3-lithiofuran and the ethyl ketone as depicted in the scheme below, presumably due to an
intermediate with efficient chelation [7a]. While in toluene, a non-chelation model was preferred so that
our desired 8b was generated [7a]. We are now attempting to synthesize from 8b the enantiomer of 20
as the key precursor in the quest of 4.

Oxidative rearrangements of furylmethanols 21 and furylmethylamines 22 are effective proce-
dures from which 6-hydroxy-2H-pyran-3(6H)-ones 23 and 6-hydroxy-1,6-dihydro-2H-pyridin-3-ones
24 are obtained, respectively [12].
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In the following scheme [13], we made use of the chiral boronate [14] substituted at C-3 of the
furfural 25 to direct the nucleophilic addition of t-BuLi. The resulting diastereomeric mixture was eas-
ily and efficiently separated by silica gel column chromatography to lead to the diastereomerically pure
furylmethanol 26, which was then allowed to undergo a Suzuki cross-coupling to form 27.
Subsequently, an oxidative rearrangement converted 27 to the optically pure hydroxypyranone 28. The
additive lithium pentoxide was believed to add initially to boron atom, thereby leading to the S-enan-
tioselection [13]. In this program, the chiral boronate functioned first as a chiral director, and finally as
an organoboron substrate for the Suzuki reaction.

The following scheme demonstrated our recent result on the diastereoselective addition reactions
of furyl sulfonylimine using again chiral boronates as auxiliary [15].

H. K. LEE et al.

© 2005 IUPAC, Pure and Applied Chemistry 77, 139–143

142



ACKNOWLEDGMENT

The work described in this article was supported by a grant from the Research Grants Council of the
Hong Kong SAR, China (Project No. CUHK 4178/97P), Direct Grants (A/C No. 2060130 and
2060186) administered by the Chinese University of Hong Kong, and the Areas of Excellence scheme
established under the University Grants Committee of the Hong Kong SAR, China (Project No.
AoE/P–10/01)

REFERENCES

1. F. W. Lichtenthaler, E. Cuny, D. Martin, S. Rönninger, T. Weber. In Carbohydrates as Organic
Raw Materials, F. W. Lichtenthaler (Ed.), pp. 207–246, VCH, Weinheim (1991).

2. J. Daub, K. M. Rapp, J. Salbeck, U. Schöberl. In Carbohydrates as Organic Raw Materials, F. W.
Lichtenthaler (Ed.), pp. 323–350, VCH, Weinheim (1991).

3. (a) X. L. Hou, H. Y. Cheung, T. Y. Hon, P. L. Kwan, T. H. Lo, S. Y. Tong, H. N. C. Wong.
Tetrahedron 54, 1955 (1998); (b) H. N. C. Wong, P. Yu, C.-Y. Yick. Pure Appl. Chem. 71, 1041
(1999); (c) H. N. C. Wong. Eur. J. Org. Chem. 1757 (1999).

4. (a) E. S. Wang, B. S. Luo, T. C. W. Mak, Y. M. Choy, H. N. C. Wong. Tetrahedron Lett. 35, 7401
(1994); (b) E. S. Wang, Y. M. Choy, H. N. C. Wong. Tetrahedron 52, 12137 (1996); (c) W. S.
Cheung and H. N. C. Wong. Tetrahedron Lett. 39, 6521 (1998); (d) W. S. Cheung and H. N. C.
Wong. Tetrahedron 55, 11001 (1999).

5. (a) P. Yu, Y. Yang, Z. Y. Zhang, T. C. W. Mak, H. N. C. Wong. J. Org. Chem. 62, 6359 (1997);
(b) P. Yu, Q. G. Wang, T. C. W. Mak, H. N. C. Wong. Tetrahedron 54, 1783 (1998).

6. (a) C. Y. Yick and H. N. C. Wong. Tetrahedron 57, 6935 (2001); (b) H. K. Yim, Y. Liao, H. N. C.
Wong. Tetrahedron 59, 1877 (2003); (c) C. Y. Yick, T. K. Tsang, H. N. C. Wong. Tetrahedron 59,
325 (2003).

7. (a) C. W. Hui, H. K. Lee, H. N. C. Wong. Tetrahedron Lett. 43, 123 (2002); (b) H. K. Lee and
H. N. C. Wong. Chem. Commun. 2114 (2002).

8. A. D. Patil, A. J. Freyer, M. F. Bean, B. K. Carte, J. W. Westley, R. K. Johnson. Tetrahedron 52,
377 (1996).

9. (a) O. Diels, K. Alder, E. Naujoks. Ber. 62, 554 (1929); (b) M. W. Lee and W. C. Herndon. J. Org.
Chem. 43, 518 (1978); (c) J. A. Berson and R. Swidler. J. Am. Chem. Soc. 75, 1721 (1953); (d) J.
Srogl, M. Janda, I. Stibor. Coll. Czech. Chem. Commun. 35, 3478 (1970); (e) Y. Fukuyama, Y.
Kawashima, T. Miwa, T. Tokoroyama. Synthesis 443 (1974).

10. R. W. Kierstead, A. Faraone, F. Mennona, J. Mullin, R. W. Guthrie, H. Crowley, B. Simko, L. C.
Blaber. J. Med. Chem. 26, 1561 (1983).

11. P. Y. Hayes and W. Kitching. J. Am. Chem. Soc. 124, 9718 (2002).
12. (a) Y. Lefebvre. Tetrahedron Lett. 133 (1972); (b) A. Zamojski and G. Grynkiewicz. In Total

Synthesis of Natural Products, J. ApSimon (Ed.), pp. 141–235, John Wiley, New York (1984).
13. (a) K. F. Chan and H. N. C. Wong. Org. Lett. 3, 3991 (2001); (b) K. F. Chan and H. N. C. Wong.

Eur. J. Org. Chem. 82 (2003).
14. K. Nakayama and J. Rainier. Tetrahedron 46, 4165 (1990).
15. H. K. Yim and H. N. C. Wong. J. Org. Chem. 69, 2892 (2004).

© 2005 IUPAC, Pure and Applied Chemistry 77, 139–143

Use of furans in synthesis of bioactive compounds 143


