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ABSTRACT

The biomimetic synthesis of the bisesquiterpenoids biatractylolide 1 and biepiasterolide 2 is reported.

Biatractylolide1 and biepiasterolide2 are structurally novel
bisesquiterpenoids recently isolated from the chinese me-
dicinal plant Atractylodes macrocephala.1-3 Biologically,
biatractylolide1 has shown significant negative inotropic and
chronotropic effects, making it a potential blood pressure
lowering agent.4

Structurally, both biatractylolide1 and biepiasterolide2
are dimeric sesquiterpenic lactones joined at the C8-C8a

bridgehead positions as proven by X-ray analysis.1-3 Bio-
synthetically, it is believed that both biatractylolide1 and
biepiasterolide2 originate from the naturally occurring
sesquiterpene lactones atractylolide3 or hydroxyatractylolide
4 which are closely related to the sesquiterpenes peroxyatrac-
tylolide 5 and atractylon6 (Figure 1).5

It is feasible to propose a biomimetic approach for the
synthesis for both biatractylolide1 and biepiasterolide2 in

which the key dimerization step takes place between two
units of atractylolide3 or hydroxyatractylolide4 through the
captodative stabilized radical7 6 (or its equivalent).7 Fur-
thermore, Hikino has reported the aerial autoxidation of
atractylon6 into atractylolides3 and4.8 Thus, atractylolides
3 and4 could emanate from atractylon6 in Vitro (Scheme
1).
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Figure 1. Biatractylolide 1, biepiasterolide2, atractylolide3,
hydroxyatractylolide4, peroxyatractylolide5, and atractylon6.
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We have recently reported our work on the model
monomer radical8, which was efficiently generated and its
dimerization chemistry explored to successfully generate the
model dimer9 with high RR/SS-RS/SRdiastereoselectivity
(Scheme 2).9

We now report the synthesis of the complete monomer
units atractylolide3 and hydroxyatractylolide4 and their
potential as synthons for the captodative stabilized radical7
to enable a biomimetic dimerization to generate both
biatractylolide1 and biepiasterolide2.

The synthesis of the complete monomer unit3 followed
minor modification of the work by Minato and Nagasaki and
began with ketone10, which was reduced to the correspond-
ing alcohol and then subjected to Birch reduction conditions
to generate enol ether11. Careful Oppenauer oxidation of
alcohol 11 followed by a 1,4-cuprate addition with simul-
taneous trapping of the resulting enolate, followed by careful
silyl ether hydrolysis, generated the desired ketone12. Wittig
olefination followed by methyl ether hydrolysis generated
the known key ketone intermediate13 (Scheme 3).10

Ketone 13 was then converted into the corresponding
pyrrolidine enamine and subsequently alkylated to generate
ethyl ester14as a mixture of diastereomers. Ester hydrolysis
proceeded cleanly to afford the corresponding acid15, which
was then successfully cyclized to produce the desired
butenolide atractylolide3 in good yield.

Once the butenolide atractylolide3 was available, we
focused our attention on the dimerization step. As in the case
with the model system,9 we initially explored the possibility
of using DTBP (di-tert-butyl peroxide) as a radical generator.
DTBP has been reported as a model for hydrogen atom
abstraction reactions in biological systems11 as well being
known to effect the dehydrodimerizations of polyhaloalkanes,
alcohols, ethers, amides, and esters.12

Unfortunately, treatment of atractylolide3 under previ-
ously optimized reaction conditions (0.5 equiv of DTBP,
acetone, 140°C, 24 h)9 failed to produce any of the desired
dimers1 or 2. However, treatment of atractylolide3 under
more forceful conditions only afforded polymeric material
as well as crude traces of what appeared to be the product
of the tBuO• radical having been incorporated. The presence
of these undesired side products increased as the severity of
the reaction conditions increased (Scheme 4).

Although disappointing, this lack of dimerization is not
surprising considering the increase in functionality in atrac-
tylolide 3 compared with our model system8 (i.e., the
exocylic double bond and the C8 methyl group), which may
have detrimental effects on the dimerization.

To shed some light on this process, the exocyclic double
bond was removed before dimerization, by hydrogenation
to afford butenolide16 as a mixture of diastereomers.
However, treatment of butenolide16 under the DTBP
dimerization conditions still failed to afford any dimerization
adducts (Scheme 5).

This result points to the possibility that we could be
observing a high degree of steric hindrance between the axial
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Scheme 1. Proposed Biosynthesis of Biatractylolide1 and
Biepiasterolide2

Scheme 2. Synthesis of the Dimer Core9 from Monomer
Unit 8

Scheme 3. Synthesis of Atractylolide3a

a Key: (a) NaBH4, CH3OH, rt, 3 h; (b) Na, NH3, tBuOH, -33
°C, 2 h; (c) Al(OiPr)3, toluene, acetone, 87°C (oil bath), 4.5 h; (d)
CuI, MeMgBr, TMEDA, TMSCl, THF, rt, 16 h; (e) TBAF, THF,
rt, 20 min; (f) PPh3CH2, DMSO, 55°C, 18 h; (f) 35% aq HCl; (h)
pyrrolidine, PhH, reflux, 6 h; (i) ethylR-bromopropionate, dioxane,
reflux, 16 h; (j) dioxane, H2O, reflux, 1 h; (k) KOH-CH3OH (5%
w/v), rt, 2 h then HCl, H2O; (l) NaOAc, Ac2O, reflux, 2 h.

Scheme 4. Attempted DTBP Dimerization of Atractylolide3a

a Key: (a) DTBP (0.5 equiv-2.0 equiv), acetone, 120-170°C,
24 h.
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methyl group and thetBuO• radical conducting hydrogen
atom abstraction. Furthermore, Tanko has recently reported
on the relatively ordered transition state required bytBuO•

radicals during the hydrogen abstraction step.11 Thus, it is
possible that the hindrance provided by the methyl group
disrupts this orderly transition state, increasing its activation
energy. Consequently, Michael addition to initiate polym-
erization may become a more feasible reaction pathway
(Figure 2).

At this point, it was decided to generate radical7 from
hydroxyatractylolide4 by converting it into the correspond-
ing chloroatractylolide17, based on the second successful
strategy used in model dimerizations (Scheme 6).9

Our synthesis of hydroxyatractylolide4 began with atrac-
tylolide 3, which was efficiently converted into silyloxy furan
18. Careful oxidation followed by desilylation of furan18
afforded the naturally occurring sesquiterpene hydroxyatrac-
tylolide 4 (Scheme 7).13

Next, we focused on the conversion of the hydroxyl moiety
into a halide unit. However, treatment of hydroxyatractylolide
4 under our own previously developed reaction conditions
(SOCl2, rt, 24 h)9 failed to generate any of the desired
chloroatractylolide17, affording instead the natural product
atractylenolide19 through what we believe to be an E1
mechanism. Interestingly, treatment of atractylenolide19
under basic conditions regenerated hydroxyatractylolide4
in good yields (Scheme 8).

Finally, modification of the reaction conditions by the
addition of pyridine gave the desired chloroatractylolide17
in good yield. The newly introduced chlorine atom is
believed to be on the least hinderedR-face of the atrac-
tylolide, consistent with an SN2-like chloride ion attack from
the R-face of the atractylolide (Scheme 9).

Once chloroatractylolide17 was available, the crucial
dimerization step was attempted. Thus, treatment of chlo-
roatractylolide17 under our previously developed dimer-
ization conditions (Co(PPh3)3Cl, PhH, rt, 2 h)9 generated a
set of four compounds from which biatractylolide1, biepi-
asterolide2, and a mixture of two inseparable diastereoiso-
mers20 and21 could be isolated.
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Scheme 5. Attempted Dimerization of Reduced Atractylolide
16a

a Key: (a) 10% Pd/C, H2, 48 h; (b) DTBP (0.5 equiv), acetone,
140 °C, 24 h.

Figure 2. Proposed inhibition of hydrogen atom abstraction.

Scheme 6. Proposed Synthesis of1 and2 from
Hydroxyatractylolide4

Scheme 7. Total Synthesis of Hydroxyatractylolide4a

a Key: (a) TEA, TBDMSCl, THF, 30°C, 24 h; (b)m-CPBA,
DCM, rt, 30 min.

Scheme 8. Interconversion of Hydroxyatractylolide4 and
Atractylenolide19a

a Key: (a) SOCl2, rt (or H+, 95 °C); (b) -OH, rt.

Scheme 9. Total Synthesis of Biatractylolide1 and
Biepiasterolide2a

a Key: (a) SOCl2, pyridine, THF, -60°C, 30 min; (b) Co(PPh3)3Cl,
PhH, rt, 2 h.
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The structures of biatractylolide1 and biepiasterolide2
were corroborated by NMR to the reported structures1-3 and
unambiguously assigned using high-resolution mass spec-
troscopy (HRMS) and X-ray spectroscopy (Figures 3 and

4).14,15 The remaining inseparable mixture is believed to
contain the other two possible diastereoisomers arising from
the dimerization process, as determined by 1- and 2-D NMR
analysis and HRMS.

In conclusion, we have demonstrated a possible biomi-
metic correlation between atractylolide3, hydroxyatrac-
tylolide 4 and biatractylolide1, biepiasterolide2 in which
the key dimerization step takes place through a captodative
stabilized radical7. The chemical synthesis of atractylolide

3, hydroxyatractylolide4, and atractylenolide19 is also
reported along with methods for their interconversion. We
are currently working on the development of a more efficient
and enantioselective synthesis, as well as on improving the
scope and selectivity of the dimerization step.
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Figure 3. X-ray analysis of biatractylolide1.

Figure 4. X-ray analysis of biepiasterolide2.
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