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Abstract: An efficient method for the synthesis of (z)-matairesinol
and (+)-secoisolariciresinol is presented. By using 5-(tert-butyl)fer-
ulic acid asaprecursor, aregiosel ective oxidative coupling step was
realized, which gave the desired coupling product in much higher
yield (91%) than the literature value (ca. 20%).
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Matairesinol (1) and secoisolariciresinol (2, Figure 1) are
naturally occurring dibenzylbutyrolactone and dibenzyl-
butanediol lignans isolated from plant sources.! Both
compounds have attracted much interest over the years
because of their broad range of biological activities.? One
classical synthetic route toward lignan structure utilized
the direct oxidative coupling reaction of structurally sim-
ple precursors.® (+)-Matairesinol has been synthesized by
Kenji Mori through oxidative coupling of ferulic acid as
the key step,* but the yield of the oxidative coupling was
unsatisfactory (ca. 20%; Scheme 1).5

Figurel

The relative low yield of the desired coupling product in
Mori’ smethod could be attributed to the poor regiocontrol
in the oxidative coupling step. In fact, there are three
important mesomeric formswhile ferulic acid is oxidized
by ferric chloride-oxygen (Scheme2).® These three
mesomers have six different possible coupling modes, -
B, B-5, B0, 5-5, 5-0, O-0O, which lead to a mixture of
coupling products.

To effectively increase the yield of the desired p—-cou-
pling product for the (+)-matairesinol synthesis, aregiose-
lective coupling reaction is essential. For this purpose, 5-
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Scheme1l Reagentsand conditions: a) FeCl;/O,, MeOH-H,0, r.t.,
ca. 20%; b) 10% Pd/C, H,, r.t., 92%; c) 1. Ac,0, THF; 2. LiAIH(Ot-
Bu)s;, THF, -5 °C, 78%.
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Scheme 2

(tert-butyl)ferulic acid was used in this work as a precur-
sor. Substitution of H-5 of ferulic acid 6 by a tert-butyl
group could block the undesired couplings involving Mg
(i.e.,, p-b, 55 and O-5). Meanwhile, the steric effect of
the tert-butyl group was also expected to hinder the p—O
coupling involving M. Therefore, the chance of B—f cou-
pling would be greatly enhanced by incorporating 5-tert-
butyl group in the ferulic acid precursor. In addition, asa
positional protecting group, the tert-butyl group could be
conveniently introduced and easily removed from the ar-
omatic substrates.” Based on this, we conducted the total
synthesis of (+)-1 and ()-2 using the following route
(Scheme 3).

Our synthetic work began with the preparation of the cou-
pling precursor 5-(tert-butyl)ferulic acid (6),% which was
easily obtained in three steps using commercialy avail-
able creosol (3) as starting material. Firstly, 3 was treated
with tert-butanol and 85% H;PO, at 75 °C to give acolor-
less oil 4 in 83% yield.® Compound 4 was then oxidized
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Scheme3 Reagentsand conditions: a) t-BuOH, 85% H4PO,, 75 °C,
83%; b) Br,, t-BuOH, r.t., 85%; c) malonate, pyridine, piperidine, 100
°C, 81%; d) O,, FeCl;, MeOH-H,0, r.t., 91%; e) 10% Pd/C, H,, r.t.,
93%; f) DCC, THF, r.t. then NaBH,, THF, r.t., 85%; g) AICl;, CsHs,
50 °C, 83%; h) EtOH, H,SO,, reflux, 91%; i) AlICl;, CgHg, 50 °C,
82%; j) LiAlH,, THF, —15 °C, 85%.

with Br, in tert-butanol to provide 5 asawhite crystalline
solid (85% vyield).!° Treating 5 with malonate in the
presence of pyridine and piperidine afforded the coupling
precursor 6 in 81% yield. Oxidation of 6 with FeCl;/O,
gave B—B-coupling product dilactone 7 in high yield
(91%),>* which validated our initial thought. Catalytic
hydrogenation of 7 over 10% Pd/C in anhydrous ethanol
produced diacid 8 in 93% yield.*? Dehydration of 8 with
DCC and subsequent reduction using NaBH, gave di-
benzylbutyrolactone 9% easily in high yield. Thus, (+)-
matairesinol (1) was obtained after the tert-butyl groups
of 9 were successfully removed in AlCl /benzene in 34%
overal yield** (only 15% in literature®). Meanwhile, the
esterification of 8 in ethanol formed diester 10 and sub-
sequent removal of the tert-butyl protecting groups from
10 gave compound 11 in 82% yield.’® Finally, the reduc-
tion of 11 with LiAIH, afforded (£)-secoisolariciresinol
(2) in 33.6% overall yield. All spectral data of (+)-1" and
(+)-2'8 were in good agreement with literature values.**¢

Thedilactone 7 was assigned as cis fusion considering the
strain of the lactonerings. The formation of the final race-
mic threo-products also confirmed the cis configuration
of the dilactone 7, since the stereochemistry of C-1, C-5
should be retained during the whole transformation pro-
cess. According to the Karplus equation and Stevenson’'s
analysis of the configuration of analogous dilactone,’® a
small vicina coupling constant (J,, = 04 Hz) indicates a
H-C-C?—H? dihedral angle close to 90° and a trans-ori-
entation. Whilein the NMR spectrum of the dilactone 7, a
small coupling constant between H-1 (or H-5) and H-2 (or
H-6) (J» = Js6 = 1.2 Hz) was observed, indicating trans
orientations of these four protons, respectively. The con-
figuration of these H atoms could be assigned as being ax-
ial at C-1 and C-5, and equatorial at C-2 and C-6, which
was further confirmed by the NOE difference experiment.
Irradiation of the H-1, H-5 afforded alarger NOE at H-6',
H-6" (+3.62%) and asmaller NOE at H-2, H-6 (+1.53%).
Hence, the relative configuration of the four asymmetric
centers of 7 was established as shown in Scheme 3.

In conclusion, highly regioselective coupling reaction as
the key step of (+)-matairesinol and (+)-secoisolarici-
resinol total synthesiswas achieved by the introduction of
tert-butyl as protecting group of the coupling precursor.
The desired coupling product was obtained in much
higher yield than that by the previously reported method.*
This synthetic strategy may be generally applied as an
efficient method for the synthesis of other types of natural
lignans and the corresponding research is ongoing in our
laboratory.
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