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ABSTRACT: The racemic form of the title natural product 1 has been synthesized by engaging, as a key step, the iodoarene-
tethered cyclohexene 22 in an intramolecular Heck reaction to give compound 23. This angularly substituted
tetrahydrodibenzo[b,d]furan was elaborated over a further five steps into target (+)-1.

he Illicium genus of flowering plants is commonly

encountered in various parts of Asia, and a range of
secondary metabolites produced by them, including certain
sesquineolignans,' display potentially useful neurological
effects.”™ These include, inter alia, neurite-outgrowth-promot-
ing and acetylcholine-esterase-inhibiting properties.”” Re-
cently, Wang and co-workers reported” the isolation of a series
of such compounds, including simonsol C (1) (Figure 1),°

Figure 1. Structures of simsonsol C (1), narwedine (2), and
galanthamine (3).

from the aerial parts of the toxic shrub Illicium simonsii collected
in the Yunnan Province of southwest China. The
tetrahydrodibenzo[ b,d]furan substructure associated with com-
pound 1” bears a strong resemblance to the ABC-ring system of
narwedine (2), an important precursor to the alkaloid
galanthamine (3) that is now used clinically in the symptomatic
treatment of Alzheimer’s disease."”

Our continuing interest in the chemistry of galanthamine'
and certain neurotrophically active metabolites derived from
Mlicium species'” together with the absence of any reported
synthetic approaches to the structurally distinct framework of
simonsol C or its congeners prompted us to begin
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investigations in this area."”'* Herein we report the successful
total synthesis of the racemic modification of compound 1 via a
12-step sequence that should permit access to other members
of this interesting class of natural products.

The presence of three allyl residues, including an angular
one, within the framework of the title compound presents
various challenges including maintaining the positional integrity
of the associated double bonds and achieving the required
chemoselectivity in the reactions to be used. The retrosynthetic
analysis employed in the present study is shown in Figure 2. It
was envisaged that the central furan ring would be accessible
through an intramolecular Heck reaction involving a substrate
of the general form 4, and this could itself be assembled using
an intermolecular Mitsunobu reaction between the 2-
allylcyclohex-2-en-1-ol § and a halogenated phenol of the
general form 6.

The synthetic sequence used to generate a seemingly suitable
halogenated phenol is shown in Scheme 1 and involved initial
monoprotection, under standard conditions, of commercially
available magnolol (7) as the corresponding and previously
unreported tert-butyldimethylsilyl (TBS) ether 8 (98%).
Regioselective electrophilic bromination of the phenolate
derived from compound 8 using 1,3-dibromo-5,5-dimethylhy-
dantoin (DBDMH)" then afforded compound 9 (89%), the
spectral data for which were in complete accord with the
assigned structure.

The synthesis of the A-ring precursor § started (Scheme 2)
with the a-benzoyloxylation of commercially available cyclo-
hexane-1,2-dione monoethylene ketal (10)."° The resulting and
previously reported''”'® oxidation product 11 (78%) was then
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Figure 2. Retrosynthetic analysis of simonsol C used in the present study.

Scheme 1. Synthesis of Magnolol Derivative 9

HO Br
RO i~PrMgBr HO
DBDMH TBSO
O THF
N —_—
—78°C,1h
89%
TBSC 7(R=H) 9
imidazole |: 8(R=TBS)
CH,Cly, 22°C =
3h, 98%

Scheme 2. Intervention of a 7-exo-trig Heck Cyclization

Reaction
(\O LiHMDS, PhNT#, (\o
o THF o
o peEe
R ’ ° OBz
10 (R = H) 12
[—_> 11 (R = 0B2)
MeNHOBz-HCI H,C=CHCH,SnBug
DMSO, 22°C, 2 h, 78% LiCl, Pd(PPhg),
THF, 66 °C, 3 h, 656%
(o}
compound 9
DEAD, PPhy 0
THF, 78 °C =
3h, 71% OR
13 (R=Bz)
5(R=H)

NaOH (aq), methanol
65 °C, 3h, 93%

Pd{OAc), XPhos
Cs,CO3

toluene
112°C,48h

{trace)

converted, by standard methods, into the corresponding enol
triflate 12" (93%) that was itself engaged in a Stille cross-
coupling reaction with allyltri-n-butylstannane in the presence
of Pd(PPh;), and lithium chloride to give the nonconjugated
diene 13 in 65% yield. Cleavage of the ester residue within this
last compound was readily achieved using sodium hydroxide in
methanol, and the resulting and targeted alcohol S (93%)

3799

participated, at =78 °C,'” in a Mitsunobu reaction with the
halogenated magnolol derivative 9 to give the desired coupling
product 14 in 71% vyield when diethyl azodicarboxylate
(DEAD) and triphenylphosphine (PPh;) were used as the
activating agents. Disappointingly, when compound 14 was
exposed to Pd(OAc), XPhos, and cesium carbonate in
refluxing toluene,'® a reagent combination shown to be
effective for promoting Heck-type cyclization reactions,'” the
oxepin derivative 15 (18%) proved to be the one isolable and
fully characterizable product of reaction. Only trace amounts of
the coproduced and desired isomer 16 were detected.
Examination of various other reaction conditions led to
essentially the same outcome. Compound 15 is clearly the
product of a 7-exo-trig cyclization process involving the allyl
residue appended to the cyclohexene ring of substrate 14. On
this basis, masking of the offending allyl group was undertaken
in order to ensure that the desired S-exo-trig Heck cyclization
reaction would take place.

The reaction pathway leading to a congener of compound $§
that lacks an interfering allyl group is shown in Scheme 3. Thus,

Scheme 3. Synthesis of Acetal 19
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Suzuki—Miyaura cross-coupling of the enol triflate 12 described
earlier with (E)-(pin)BCH=CHOEt* afforded the enol ether
17 (85%) that was itself treated with methanol and p-
toluenesulfonic acid monohydrate (p-TsOH-H,O) to produce
acetal 18 (66%). The benzoate residue within this last
compound was cleaved under standard conditions to give the
targeted A-ring precursor 19 (96%).

Various aspects of the foregoing study resulted in the
conclusion that the magnolol derivative of the general form 6
(see Figure 2) required for Mitsunobu coupling with
compound 19 should incorporate a MOM protecting group”'
and iodine (rather than bromine). Accordingly, magnolol (7)
was first treated (Scheme 4) with triethylamine and
chloromethyl methyl ether (MOM-CIl, prepared under
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Scheme 4. Synthesis of Magnolol Derivative 21
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conditions defined by Berliner and Belecki**), thus producing
the targeted ether 20 (94%) that was immediately treated with
bis(sym-collidine )iodine(I) hexafluorophosphate,”>** thereby
effecting a regioselective iodination reaction to generate the
desired compound 21 in 98% yield.

With compounds 19 and 21 to hand their coupling under
standard Mitsunobu conditions was investigated (Scheme $).

Scheme S. Synthesis and Heck Cyclization of Compound 22
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By such means the substrate, 22, required for the pivotal Heck
reaction was obtained in 78% yield. Treatment of aryl iodide 22
with Pd(OAc),, 1,3-bis(diphenylphosphino)propane (dppe),
and silver carbonate in refluxing toluene™ for 1 h allowed the
desired S-exo-trig Heck cyclization reaction to take place and so
producing the tetrahydrodibenzofuran 23 in 92% yield. All the
spectral data recorded on this material were in complete accord
with the assigned structure, but final confirmation of this
followed from a single-crystal X-ray analysis (see below).

The elaboration of Heck cyclization product 23 to racemic
simonsol C [(+)-1] followed the route shown in Scheme 6.
This involved the initial and selective hydrolysis of the
associated ethylene ketal moiety within the former compound
using aqueous HCI in THF at 22 °C, affording enone 24 in
99% yield. Reduction of compound 24 with polymer-supported
borohydride proceeded in a highly diasteroselective manner to
give the allylic alcohol 25 in 95% yield,**” and this was then
treated, under reflux, with aqueous HCl in THF to provide
aldehyde 26 (82%).”® Wittig olefination of this last compound
gave the triallyl-containing compound 27 (72%), the structure
of which was confirmed by single-crystal X-ray analysis [see
Supporting Information (SI) for details]. Finally, oxidation of
allylic alcohol 27 under the Parikh—Doering conditions”’
afforded racemic simonsol C [(£)-1] in 80% yield. All the
spectral data obtained on this material were in complete accord
with the assigned structure and matched those reported for the
natural product by Wang and co-workers (see the SI for
relevant comparisons of the '*C NMR spectral data).’
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Scheme 6. Completion of the Synthesis of (+)-Simonsol C
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The synthetic sequence reported here serves to further
highlight the utility of the intramolecular Heck reaction as a
means for effecting the assembly of heterocyclic ring systems
embodying angular substituents””* and the capacity of the
Mitsunobu reaction to engage phenolic residues in C—O bond
formation for the purposes of constructing tetrahydrodibenzo-

[b,d]-furans."**
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