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Abstract—The first three natural ens-halimanolides known until now have been synthesized from ent-halimic acid. Their structure
have been confirmed as well as their absolute configurations established. Bestmann methodology has been used for the synthesis
of butenolides and for the y-hydroxybutenolides synthesis the Boukouvalas method has been employed. Biological testing has
been carried out on these compounds. © 2002 Elsevier Science Ltd. All rights reserved.

Annonaceae plants are a rich source of bioactive sub-
stances such as acetogenins.!™ The occurrence of natu-
ral diterpenes possessing hydroxybutenolides units has
been reported frequently in plants of the genera
Polyalthia, Acritopappus, Premna and Cyathocalux
(Annonaceae).>” It is interesting to note that many
species of these genera are widely used in folk
medicine,® and that some natural diterpene hydroxy-
butenolides show significant biological activity such as
antifeedant, antimicrobial, and cytotoxic activities.

In 1995, Hara and co-workers reported the isolation of
a great number of clerodanes and ent-halimanes from
Polyalthia langifolia;’ among them the first three natu-
ral ent-halimanolides known until now 1, 2 and 3.
These compounds are the first ent-halimane diterpenes
which have been isolated from Annonaceae plants.
Their structures were elucidated by spectroscopic meth-
ods. Recently, the synthesis of the enantiomer!'® of 3
from (+)-hardwickiic acid (clerodane diterpene) has
been reported. The present work reports the synthesis
of 1, 2 and 3, starting from ent-halimic acid, confirming
the structure and establishing the absolute configura-
tion of these natural products.

ent-Halimic acid is the main component of Halimium
viscosum (Villarino de los Aires) and has been used as
the starting material in the synthesis of ent-halimano-
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lides,!! sesterterpenolides'? similar to dysidiolide,'® that
show high anti-tumor activity, and chettaphanin I and
IL.'* Our recent synthesis was achieved as shown in
Scheme 1.

The first step in the synthesis is a reduction of an ester
group to the hydrocarbon level, that was achieved
through two different routes.

Route A, ent-halimic acid methyl ester 4, was reduced
with lithium aluminum hydride and the resulting diol 5,
converted, using N,N-dimethyphosphoramidic chloride
in n-BuLi,'® to the corresponding di-N,N,N',N’-tetra-
methylphosphorodiamidate (di-TMPDA) derivate 6
(97% yield). Treatment of 6 with lithium naphthalenide
(LN)!¢ as the reducing agent, gave the desired product
9 (38% yield) along with the alcohol 8 (25% yield)
resulting from the oxygen—phosphorus bond cleavage
and the TMPDA derivate 7 (35% yield). The com-
pounds 7 and 8 can be recycled to give 9.
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Scheme 1. Reagents and conditions: (a) LAH, Et,0, 1 h (97%); (b) (NMe,),POCI, n-BuLi, TMDEA, THF, -78°C, rt, 1 h (97%);
(c) LN (0.24 M), THF, 6 h [9 (38%); 8 (25%); 7 (35%)]; (d) NaH, Mel, THF, 2 h (92%); (e) LAH, Et,O, 1 h (96%); (f) TPAP,
NMO, CH,Cl,, 30 min (91%); (g) diethylene glycol, NH,~-NH,-H20, KOH, 175-230°C, 23 h (85%); (h) m-CPBA, CH,Cl,, 1 h
30 min (92%); (i) H;1O4, THF, H,O0, 12 h (91%); (j) LDA, TMSCI, THF, -78°C, 1 h (97%); (k) OsO,, NMO, ‘BuOH/THF/H,O
(7:2:1), 20 h (96%); (1) Ph,P=C=C=0, C.H,, 85°C, 3 h (91%); (m) 1,/C;H4 (1072 M), 85°C, 16 h (99%); (n) LDA, TBDMST(, THF,
-78°C, 1 h (94%); (o) m-CPBA, CH,Cl,, 4 h (77%); (p) HI/C¢H (51072 M), 85°C, 4 h (99%)).

Route B has, as the key step, a Huang—Minlon reduc-
tion. Protection of the hydroxy group'’ of 4 followed
by reduction at C,3 and subsequent oxidation with
TPAP!'® led very satisfactorily to aldehyde 10. The
unstable aldehyde 10 was treated under Huang-
Minlon'® conditions to afford the desired compound 11
in 85% yield.

To functionalize C,, it was necessary to degrade the
side chain of 9 and 11, by m-CPBA oxidation®® and
subsequent cleavage with HIO4.2! The reaction with
m-CPBA was totally regioselective, with no derivative
of the annular double bond being observed. The result-
ing epoxides were treated with HsIO,, giving methyl
ketone 12 in excellent yield.

In order to introduce the butenolide ring fragment in
the side chain by means of Bestmann cetene it is
necessary to functionalize C,4 as a hydroxy group. This
was achieved by reaction of 12 with LDA in presence of
TMSCI?%* followed by oxidation®® of the intermediate

silyl enol ether with OsO, to afford the hydroxy ketone
13 in excellent yield.

It is known that, phosphacumulene ylides are building
blocks for the synthesis of heterocycles since they can
react with molecules having a group capable of cycliza-
tion with the ylide function after addition.?' Thus,
hydroxy ketone 13 adds to Ph;-P=C=C=0O giving an
intermediate ylide which cyclize by intramolecular Wit-
tig reaction with formation of a double bond to give
butenolide 1.

The butenolide 2 was obtained from 1 by isomerization
A9 q ASU0 The isomerization reaction was carried
out by heating a solution of the butenolide 1 and I,
(102 M) in benzene at 85°C affording 2 in almost
quantitative yield. Physical properties of the synthesized
compounds, 1°° and 2%’ are identical to those described
for the natural products 1(10),13E-ent-halimadien-
15,16-olide® and 5(10),13 E-ent-halimadien-15,16-olide,’
respectively.
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The synthesis of the y-hydroxybutenolide of 3 was
performed using the Boukouvalas® method: 2-tri-
alkylsilyloxyfurans undergo rapid oxidative cleavage
upon treatment with dimethyldioxirane or peracids, and
subsequent hydrolysis of the so obtained (Z)-4-oxo-2-
alkenoates affords y-hydroxybutenolides. Thus, reac-
tion of 1 with TBDMST{?3! in the presence of LDA
followed by reaction of the intermediate 2-trialkylsilyl-
oxyfurane with m-CPBA afforded 14 in good yield,
after chromatography.

Finally, compound 3 was obtained in quantitative yield
by acidic isomerization of 14 using HI in benzene at
85°C. Physical and spectroscopic data of the synthetic
product 3*2 were in good agreement with those reported
for the natural product 16-hydroxy-5(10),13-ent-
halimadien-15,16-olide.’

In conclusion ent-halimic acid, a diterpene of known
absolute configuration,®* has been transformed into
natural ent-halimanolides 1, 2 and 3, confirming their
structure and establishing their absolute configuration.
Several compounds were evaluated for their potential
biological activity, showing that the compound 1 pos-
sesses cytotoxic and antiviral activity [HELAM cells
(IC5,=5.0), MDCK (IC5,=5.1) and influenza virus
(IC5,=06.8)].
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