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The directing ability of an aziridine group for the epoxidation of adjacent double bonds is demonstrated. The aziridine group is also used to
effectively protect a double bond in a cycloenone system for a short synthesis of the title compound.

(+)-Bromoxonel and its acetate were isolated in 1987 from  The chiral enoneé derived from ()-quinic acid2° was

a species of acorn worm belonging to the geRtichodera used as the starting material, having the required cyclohexane
found in deep underwater caves on the island of Matiie skeleton, a 1,4-oxygen functionality suitable for synthesis
acetate of bromoxone shows potent antitumor activity againstof the necessary hydroxyl, and carbonyl groups in these
P388 cells in vitro. These compounds belong to the bioactive positions of the target compound. In fact, it has already been
polyoxygenated cyclohexenone family. Bromoxone also used to synthesize several members of the polyoxygenated
provides an entry to more complex members of this family cyclohexane metabolite famify 2 a-lodocycloenone was
such as Manumycin A and Asukamycin via cross-coupling
reactions. Several syntheses bfhave been developed.
Racemic syntheses df have been reported by the groups
of TayloP and enantioselective syntheses by Altenbach, 0 HO, ,CO.H

Johnsorf, and Kitahard. . <j/sr @\
HO™ OH

T Faculdade de Ciéncias e Tecnologia da Universidade Nova de Lisboa.

* Instituto de Tecnologia Quimica e Biologica.

(1) Higa, T.; Okuda, R. K.; Severns, R. M.; Scheur, P. J.; He, C.-H;
Changfu, X.; Clardy, JTetrahedron1987,43, 1063. .

(2) Gautier, E. C. L.; Lewis, N.; McKillop, A.; Taylor, R. J. K. Figure 1.
Tetrahedron Lett1994,35, 8759.

(3) (a) Adelt, S.; Plettenburg, O.; Stricker, R.; Reiser, G.; Altenbach,
H.-J.; Vogel, G.J. Med. Chem1999,42, 1262. (b) Altenbach, H.-J. In . . . .
Antibiotics and Antiiral CompoundsiKrohn, K., Kirst, H., Maas, H., Eds.; obtained from enond, which in turn was obtained from

VCH: Weinheim, 1993, 359372. (c) Block, O.; Klein, G.; Altenbach,  quinic acid in five step§.We have recently described a

H"(JAS EorﬁﬂggnDé'_ g%ﬁ{:jmﬁ?&%égr; }g'hem 1995 60 6674. general method to prepare aziridines frariodocycloenones

(5) Tachihara, T.; Kitahara, Tretrahedron2003,59, 1773. in very good vyield, by a Michael addition/cyclization

= Om
sy

N Om
jang

10.1021/0l035576i CCC: $25.00 ~ © 2003 American Chemical Society
Published on Web 10/11/2003



(Gabriel—Cromwell) process using only a slight excess of

primary amine and GE0O; as a base at 95C.° Scheme 2
o-lodocycloenonet was employed as the substrate for

aziridination, and we postulated that the presence of an

adjacent asymmetric center on a cyclohexane nucleus should 5 —— ﬁit

induce stereoselectivity to the procésghe aziridination : 5

reaction with 4-methoxybenzylamine afforded, however, two OH OTBDMS

diastereoisomers and6 in a 4:1 ratio (84% yield, Scheme 8 oM o

1), accompanied by an aromatic byprodidciThe configu-
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i‘\/PN + ij»(N aReaction conditions: (a) NaOH 0.5 N, THF,°C, 88%. (b)
o oY * TBDMSCI, DMAP, (i-PrpNEt, CHCl,, rt, 80%. (c) HO,, Triton
o) S B, THF 0°C, 90%. (d) HBr, MeOH, rt, 80%. (e) HF 40%, MeCN,
)T rt, 89%.
5 OMe 6 OMe
4:1

2 Reaction conditions: (a)l DMAP, Pyr/CCJ, rt, 80%. (b) more, care was needed to avoid aromatization and the degree
4-Methoxybenzylamine, GEO;, 1,10-phenanthroline, xylene, 95 ¢ purity of the aziridine was very important for the
°C, 84%. . . . .

successful outcome of this reaction. To induce the formation
of the epoxide with the correct stereochemistry, the free
hydroxyl group in8, which in previous syntheselsad been
shown to have a strong influence in directing the cis epoxide
formation, was protected with TBDMSCI, a bulky group, to
afford 9. Epoxidation of the enone system%ivith hydrogen
peroxide and catalytic Triton B afforded exclusively the
epoxide10 (80%). Surprisingly the epoxidation &, and

ration of aziridineb was confirmed by X-ray crystallographic
studies. We also attempted this reaction with other amines,

OH HQOMS silylation of the resulting epoxide, afforded the same
N compoundLO. It was thus concluded that in this case, it was
not the hydroxyl group that exerted the strongest orientating

7 effect but the nitrogen atom of the aziridine group. This was

also confirmed by performing the same sequence of reactions
on the minor diastereoisomé; in this case, the epoxide
formed was syn with respect to the adjacent bulky TBDMS
ether group.

Resuming the synthesis, at this stage, we had a molecule
with five asymmetric centers and two three-membered rings
on opposite sides of the cyclohexane ring, a highly strained

Figure 2.

with differing results. For benzylamine, only one diastereo-
isomer was obtained, with the aziridine below the plane of
the molecule (60%), along with an aromatic byproduct, which
contaminated the aziridine. Whembutylamine was used,

the two diastereoisomers of the aziridine were obtained in amolecule.

1:1 ratio (70%). As before, aromatic byproduct was also  1h€ next step was critically important, since we were
formed. dependent upon the exclusive opening of the benzylaziridine

Treatment of aziridines with catalytic NaOH 0.5 N in the presence of the epoxide. This proved to be rather easy

afforded the alcohd (Scheme 2) in good yield (88%). Once to accomplish employing 0.1 M HBr in. MeOH at rt_, and
TBDMS-protected bromoxon#&l was efficiently obtained
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s 3. Itis the only asymmetric synthesis of bromoxone that does

not rely on an enzymatic resolution.

Scheme 3
o o The aziridine ring could also be opened with kiN the
Ng NHAC presence of the epoxide ring to affocdazido enonel?2
o:)j@/ o:)jé/ (Scheme 3), which represents a novel and short route)to (
: : LL-C10037a 13. These studies are currently being carried
OTBDMS CH out.
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bromoxone, with an overall yield of 24%, starting from enone 0OL035576I
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