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

Biatractylolidel and biepiasterolid2 are structurally novel It is feasible to propose a biomimetic approach for the
bisesquiterpenoids recently isolated from the chinese me-synthesis for both biatractylolide and biepiasterolid@ in
dicinal plant Atractylodes macrocephafa® Biologically,
biatractylolidel has shown significant negative inotropic and
chronotropic effects, making it a potential blood pressure
lowering agent.

Structurally, both biatractylolidé and biepiasterolid@
are dimeric sesquiterpenic lactones joined at the G,
bridgehead positions as proven by X-ray analysisBio-
synthetically, it is believed that both biatractylolideand
biepiasterolide2 originate from the naturally occurring
sesquiterpene lactones atractylol®ier hydroxyatractylolide

4 which are closely related to the sesquiterpenes peroxyatrac-Flgure 1. Biatractylolide 1, biepiasterolide2, atractylolide 3,

tylolide 5 and atractylors (Figure 1)° hydroxyatractylolide4, peroxyatractylolides, and atractylor6.

Iggﬁggl F;’rﬂ?: IS_gt()e%rceggryUrg?\)/(é%ﬂyU(;NDelﬁ(tjyee which the key dimerization step takes place between two

s Chemical Crystallography, Oxford University. units of atractylolide8 or hydroxyatractylolide! through the
27(1) Lin, Y.; Jin, T.; Wu, X.; Huang, Z.; Fan, J. Nat. Prod 1997, 60, captodative stabilized radical ¢ (or its equivalent). Fur-

(2) Wang, B. D.; Yu, Y. H.; Teng, N. N.; Jiang, S. H.; Zhu, D. Muaxue thermore, Hikino has reported the aerial autoxidation of
Xuebao1999 57, 1022. atractylon6 into atractylolides3 and4.2 Thus, atractylolides

109 Huang, Z; Lin, ¥.; Liu, S.; Chan, Windian J. Chem1999 38 3 and4 could emanate from atractyldhin zitro (Scheme
(4) Pu, H. L.; Wang, Z. L.; Huang, Q. J.; Xu, S. B,; Lin, Y. C.; Wu, X. 1).
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Scheme 1. Proposed Biosynthesis of Biatractylolideand
Biepiasterolide2
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We have recently reported our work on the model
monomer radica8, which was efficiently generated and its

Ketone 13 was then converted into the corresponding
pyrrolidine enamine and subsequently alkylated to generate
ethyl esterl4 as a mixture of diastereomers. Ester hydrolysis
proceeded cleanly to afford the corresponding a&idvhich
was then successfully cyclized to produce the desired
butenolide atractylolid® in good vyield.

Once the butenolide atractylolide was available, we
focused our attention on the dimerization step. As in the case
with the model systerfiyve initially explored the possibility
of using DTBP (ditert-butyl peroxide) as a radical generator.
DTBP has been reported as a model for hydrogen atom
abstraction reactions in biological systéinas well being

dimerization chemistry explored to successfully generate the ,4\vn to effect the dehydrodimerizations of polyhaloalkanes,

model dimer with high RRSS-RSSRdiastereoselectivity
(Scheme 2§.

Scheme 2. Synthesis of the Dimer Cor@ from Monomer
Unit 8

We now report the synthesis of the complete monomer

units atractylolide3 and hydroxyatractylolidel and their
potential as synthons for the captodative stabilized radical
to enable a biomimetic dimerization to generate both
biatractylolide1 and biepiasterolide.

The synthesis of the complete monomer uhfbllowed
minor modification of the work by Minato and Nagasaki and
began with keton&0, which was reduced to the correspond-
ing alcohol and then subjected to Birch reduction conditions
to generate enol ethdrl. 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 ketbhaNittig
olefination followed by methyl ether hydrolysis generated
the known key ketone intermediat8 (Scheme 3§°
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Scheme 3. Synthesis of Atractylolide3?
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aKey: (a) NaBH, CH;OH, rt, 3 h; (b) Na, NH, ‘BuOH, —33
°C, 2 h; (c) Al(OPr), toluene, acetone, 8T (oil bath), 4.5 h; (d)
Cul, MeMgBr, TMEDA, TMSCI, THF, rt, 16 h; (e) TBAF, THF,
rt, 20 min; (f) PPRCH,, DMSO, 55°C, 18 h; (f) 35% aq HCI; (h)
pyrrolidine, PhH, reflux, 6 h; (i) ethyti-bromopropionate, dioxane,
reflux, 16 h; (j) dioxane, KD, reflux, 1 h; (k) KOH-CH;0H (5%
wiv), rt, 2 h then HCI, HO; (I) NaOAc, AgO, reflux, 2 h.
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alcohols, ethers, amides, and estérs.

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

Scheme 4. Attempted DTBP Dimerization of Atractylolid@?

aKey: (a) DTBP (0.5 equiv2.0 equiv), acetone, 120170°C,
24 h.

Although disappointing, this lack of dimerization is not
surprising considering the increase in functionality in atrac-
tylolide 3 compared with our model syste® (i.e., the
exocylic double bond and thes@ethyl 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 butenolidel6 as a mixture of diastereomers.
However, treatment of butenolid&6 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

(7) E.g., a pinacol-type dimerization of the keto formdoffollowed by
bis-lactonization.

(8) Hikino, H.; Hikino, Y.; Yosioka, I.Chem. Pharm. Bull1962 10,
641.
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A. Tetrahedron Lett2003 44, 4993.

(10) Minato, H.; Nagasaki, TJ. Chem. Soc. @966 1866.

(11) Tanko, J. M.; Friedline, R.; Suleman, N. K.; CastagnoliJNAm.
Chem. Soc2001, 123 5808.

(12) Paquette, L. AEncyclopedia of Reagents for Organic Synthesis
Wiley: Chichester, 1995; Vol. 3, p 1616.
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Scheme 5. Attempted Dimerization of Reduced Atractylolide Scheme 7. Total Synthesis of Hydroxyatractylolicdg
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aKey: (a) TEA, TBDMSCI, THF, 30°C, 24 h; (b)m-CPBA,
DCM, rt, 30 min.

aKey: (a) 10% Pd/C, K 48 h; (b) DTBP (0.5 equiv), acetone,
140°C, 24 h. 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
methyl group and théBuC radical conducting hydrogen  (SOCh, rt, 24 h} failed to generate any of the desired
atom abstraction. Furthermore, Tanko has recently reportedchloroatractylolidel 7, affording instead the natural product
on the relatively ordered transition state requirediByO atractylenolide19 through what we believe to be an E1
radicals during the hydrogen abstraction stephus, it is mechanism. Interestingly, treatment of atractylenolide
possible that the hindrance provided by the methyl group under basic conditions regenerated hydroxyatractylolide
disrupts this orderly transition state, increasing its activation in good yields (Scheme 8).
energy. Consequently, Michael addition to initiate polym-

erization may become a more feasible reaction pathway
(Figure 2). Scheme 8. Interconversion of Hydroxyatractylolidé and
Atractylenolidel®
B OHO = o
H 4 H 19
i/ ! b |
H Q o)
M aKey: (a) SOC, rt (or H*, 95°C); (b) “OH, rt.
Me) Hoo3
.0 Finally, modification of the reaction conditions by the
/}\ addition of pyridine gave the desired chloroatractylolide
in good vyield. The newly introduced chlorine atom is
Figure 2. Proposed inhibition of hydrogen atom abstraction. believed to be on the least hinderedface of the atrac-

tylolide, consistent with any2-like chloride ion attack from
the a-face of the atractylolide (Scheme 9).
At this point, it was decided to generate radi@airom

hydroxyatractylolidet by converting it into the correspond- _

ing chloroatractylolidel?7, based on the second successful Scheme 9. Total Synthesis of Biatractylolide and

strategy used in model dimerizations (Schemé 6). Biepiasterolide2a
H
. PR Cl_b + 2 Inseparable
Scheme 6. Proposed Synthesis dfand2 from o Hfé:’l . disstereomers:
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aKey: (a) SOC, pyridine, THF, -60°C, 30 min; (b) Co(PP§Cl,

2

PhH, rt, 2 h.
Our synthesis of hydroxyatractylolidebegan with atrac-
tlellde 3, which was eﬁ:iCiently converted into SilleXy furan Once Ch|0r0atracty|0|idéL7 was available, the crucial
18. Careful oxidation followed by desilylation of furat8 dimerization step was attempted. Thus, treatment of chlo-
afforded the naturally occurring sesquiterpene hydroxyatrac- roatractylolide17 under our previously developed dimer-
tylolide 4 (Scheme 7}3 ization conditions (Co(PRRCI, PhH, rt, 2 hy generated a

(13) (@) Jefford, C. W.. Sledeski, A W.. Rossier, J. Boukouvalas, J set of four compounds from which biatractylolide biepi-

a) Jerrora, C. . eqaeskKl, A. ., RoOssier, J.; boukouvalas, J. . . . . .
Tetrahedron Lett199Q 31, 5741. (b) Maltais, F.; Lachance, N.; Boukou- asterolide2, and a mlxturg of two mseparable diastereoiso-
valas, JTetrahedron Lett1994 35, 7897. mers20 and 21 could be isolated.
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The structures of biatractylolideé and biepiasterolid@ s

were corroborated by NMR to the reported structbréand
unambiguously assigned using high-resolution mass spec-
troscopy (HRMS) and X-ray spectroscopy (Figures 3 and

Figure 4. X-ray analysis of biepiasterolid2

3, hydroxyatractylolide4, and atractylenolidel9 is also
Figure 3. X-ray analysis of biatractylolidé. 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
4)1415 The remaining inseparable mixture is believed to scope and selectivity of the dimerization step.
contain the other two possible diastereoisomers arising from
the dimerization process, as determined by 1- and 2-D NMR  Acknowledgment. We thank Oxford University for
analysis and HRMS. funding for S.K.B.

In conclusion, we have demonstrated a possible biomi-
metic correlation between atractylolid® hydroxyatrac-
tylolide 4 and biatractylolidel, biepiasterolide2 in which
the key dimerization step takes place through a captodative
stabilized radical. The chemical synthesis of atractylolide 0OL035022F

Supporting Information Available: Experimental pro-
cedures and NMR data for all new compounds. This material
is available free of charge via the Internet at http://pubs.acs.org.

(14) The atomic coordinates fdr are available on request from the (15) The atomic coordinates fd are available on request from the
Cambridge Crystallographic Data Centre, University Chemical Laboratory, Cambridge Crystallographic Data Centre, University Chemical Laboratory,
Lensfield Road, Cambridge CB2 1EW (Deposition no. CCDC 207880). Lensfield Road, Cambridge CB2 1EW (Deposition no. CCDC 207879).
The crystallographic numbering system differs from that used in the test; The crystallographic numbering system differs from that used in the test;
therefore, any request should be accompanied by the full literature citation therefore, any request should be accompanied by the full literature citation
of this paper. of this paper.
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