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Concise synthesis of (—)-epicatechin and its 3-O-gallate is
described, illustrating efficacy of the new strategy for catechin-
class polyphenols based on assembly of lithiated fluorobenzene
and epoxy alcohol followed by a pyran cyclization. 1,3,5-Trifluoro-
benzene serves as the A-ring equivalent for functionalization and
the pyran annulation.

Increasing interests are currently focussed on the catechin-
class polyphenols,' such as (—)-epicatechin (EC, 1) and
(—)-epicatechin 3-O-gallate (ECg, 2) (Fig. 1). Besides these
major ingredients in green tea, the Nature produces a huge
““catechin library” consisting of enormous numbers of related
polyphenols, differing in oxygenation, stereochemistry, and
degree of oligomerization.* Despite a potentially rich source of
compounds of biological or pharmaceutical relevance, such a
natural library has been hardly explored due to difficulty in
obtaining pure samples of individual compounds: natural
sources such as plant extracts are highly complex mixtures
of closely related compounds (vide supra), hardly separable
even by modern separation techniques.

Although chemical synthesis has the potential for supplying
the requisite samples, reported methods have certain limitations
in the relative/absolute stereocontrol.> In addition, the real
issues emerge after deprotection: handling of free polyphenols
is difficult due to their high sensitivity to oxidants, acid, base,
light, and metallic species. Scheme 1 exemplifies the vulnerability
to basic conditions: facile deterioration of C(2)-C(3) stereogenic
centers or skeletal rearrangements.”
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Fig. 1 Two representative green tea catechins.
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Scheme 1 Instability of free flavans.

In our current study on catechin oligomers,® scarce avail-
ability of various catechin monomers is retarding the progress.
Except for (+ )-catechin, other congeners are expensive or not
commercially available, and thus we started trying to establish
a facile and flexible synthetic method of monomers.®

Scheme 2 (the upper sequence) is the polarity analysis of our
previous approach® based on an intermolecular SyAr reaction’
to form the C-O bond followed by intramolecular C—C bond
formation via aryl anion species to close the central pyran ring.

Seeking for other possibilities, we were interested in the
optional sequence of two-bond formations, i.e., the C—C bond first
followed by the C-O bond (the lower sequence in Scheme 2).
Pleasingly, this simple reversal allowed us to develop a new
efficient synthetic route discussed in this communication.
Promising potentials as facile and rapid access to catechin-
class polyphenols will be featured by concise syntheses of
(—)-epicatechin (EC, 1) and its 3-O-gallate (ECg, 2).

Scheme 3 outlines the access to (—)-EC (1) starting from
1,3,5-trifluorobenzene (3), which was treated with sodium
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Scheme 2 Polarity analysis.
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Scheme 3 Reaction conditions: (a) BnOH, NaH, NMP, 100 °C, 2 h
(79%). (b) n-BuLi, THF, —78 °C, 1 h; then 5, BF5-OEt,, —78 °C, 15 min
(88%). (c) MEMCI, i-Pr,NEt, n-BuyNI, CH,Cl,, room temp., 15 h
(92%). (d) n-BuyNF, THF, room temp., 14 h (99%). (¢) KH, DMF,
0 °C, 5h (91%). (f) p-TsOH-H,O, 11, CH,Cl,, room temp., 6 d (87%).
(g) H,, Pd(OH),/C, MeOH, THF, H,O0, room temp., 2.5 h (quant.).
NMP = N-methylpyrrolidone, MEM = methoxyethoxymethyl.

benzyl oxide (2.5 mol equiv.) at 100 °C to give 79% yield of
3,5-dibenzyloxy-1-fluorobenzene (4) as the A-ring surrogate.
Fluorobenzene 4 was regioselectively lithiated (z-BuLi, —78 °C),%?
and then treated with enantiomerically enriched epoxide 5
(>99% ee)'” in the presence of BF5-OFEt, to give adduct 6 in
88% yield. After protection as MEM ether 7, removal of the
silyl group (n-BuyNF) gave alcohol 8 in 91% yield from 6,
ready for pyran cyclization.

Screening of basic conditions'' revealed that KH (DMF,
0 °C, 5 h) allowed clean cyclization of pyran 9 in excellent
yield. The C(2)-C(3) cis relationship in 9 was verified by
"H NMR analysis (J253 = <0.5 Hz). Notably, the intramolecular
SNAT reaction nicely proceeded without help by an electron-
withdrawing group (vide infra).

The next stage was to detach the MEM group in 9 under
acidic conditions, which was troublesome. Exposure of 9 to
acids gave uniformly many unidentified products. We assumed
that the issues came from the formaldehyde'? that is liberated
during deprotection. Among additives tested for scavenging
formaldehyde, phloroglucinol (11) proved to be most effective:
Treatment of ether 9 with p-toluenesulfonic acid in the
presence of 11 realized slow, but clean deprotection, giving
alcohol 10 in 87% yield.

Finally, four benzyl groups in 10 were removed by hydro-
genolysis [5% Pd(OH),/C, MeOH-THF-H,O (v/v/v = 1:1:1),
2.5 h]. After careful anaerobic filtration through a Celite™ pad
(argon), concentration and lyophilization quantitatively gave
(=)-EC (1) as a snow-white solid, which was identical to an
authentic specimen. '
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Scheme 5 Previous approach.

It should be noted that alcohol 10 is readily convertible to
(—)-ECg (2)'* as reported previously® (Scheme 4).

What makes the present approach so concise and effective?
Scheme 5 shows key aspects of the previous approach,®
featured by the dual roles of a sulfinyl group: (1) to ease the
SnAr attack of alkoxide b to the electrophilic unit a at the
fluorine-bearing carbon center, and (2) to serve as a carbanion
precursor via sulfinyl-lithium exchange'® for the Sn2 pyran
cyclization. The sulfinyl group also caused cumbersome handling
of diastereomeric intermediates. In addition, there was a trajectory
issue at the pyran cyclization (¢/),'®!” requiring extra steps for
converting epoxide ¢ into bromo ether d as a viable seco-precursor.

The present approach is free from these complications
simply by reversing the order of C—O and C—-C bond formations
(Scheme 6). A primary difference is that the sulfinyl group is not
required because of the following reasons: (1) the aryl anion
formation uses the high C—H acidity of fluorobenzene e,’ (2) the
intramolecular nature of the SyAr reaction allows smooth
replacement of aryl fluoride by an internal alkoxide derived
from g. Furthermore, epoxide f could be used, as the reaction
with aryllithium e is intermolecular (no trajectory issue).

In conclusion, an effective approach has been developed
that would enable the synthesis of a wide range of catechin-
class polyphenols and their unnatural congeners. Work is now

in progress along these lines.
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Scheme 6 Present approach.

Chem. Commun.

This journal is © The Royal Society of Chemistry 2012


http://dx.doi.org/10.1039/c2cc33704e

Downloaded by University of Sussex on 14 July 2012
Published on 13 July 2012 on http://pubs.rsc.org | doi:10.1039/C2CC33704E

View Online

This work was supported by Grant-in-Aid for Specially

Promoted Research (No. 23000006) from JSPS. SS thanks
the Japan Society for the Promotion of Science (JSPS) for a
postdoctoral fellowship (10708).

Notes and references

1

W

(a) J. Jankun, S. H. Selman and R. Swiercz, Nature, 1997, 387, 561;
(b) Y. Hara, Green Tea, CRC Press, Boca Raton, 2001; (¢) J.-M. Song,
K.-H. Lee and B.-L. Seong, Antiviral Res., 2005, 68, 66; (d) M.
Nakayama, K. Suzuki, M. Toda, S. Okubo and T. Shimamura,
Antiviral Res., 1993, 21, 289; (e) H. Tachibana, K. Koga, Y. Fujimura
and K. Yamada, Nat. Struct. Mol. Biol., 2004, 11, 380.

Synthesis of the epi-series catechins, see: (¢) L. Li and T. H. Chan,
Org. Lett., 2001, 3, 739; (b) M. Kitade, Y. Ohno, H. Tanaka and
T. Takahashi, Synlett, 2006, 2827; (¢) H. Tanaka, H. Miyoshi,
Y .-C. Chuang, Y. Ando and T. Takahashi, Angew. Chem., Int. Ed.,
2007, 46, 5934; (d) T. Furuta, Y. Hirooka, A. Abe, Y. Sugata,
M. Ueda, K. Murakami, T. Suzuki, K. Tanaka and T. Kan,
Bioorg. Med. Chem. Lett., 2007, 17, 3095 For synthesis of the
catechin-series derivatives, see: (¢) L. Li and T. H. Chan, Org.
Lett., 2001, 3, 739; (f) N. T. Zaveri, Org. Lett., 2001, 3, 843;
(g) S.S. Jew, D. Y. Lim, S. Y. Bae, H. A. Kim, J. H. Kim, J. Lee
and H. G. Park, Tetrahedron: Asymmetry, 2002, 13, 715.

(a) A.J. Birch, J. W. Clark—Lewis and A. V. Robertson, J. Chem.
Soc., 1957, 3586; (b) P. Kiatgrajai, J. D. Wellons, L. Gollob and
J. D. White, J. Org. Chem., 1982, 47, 2910; (c¢) P. P. Mehta and
W. E. Whalley, J. Chem. Soc., 1963, 5327, (d) N. Ishino, E. Yanase,
S. Nakatsuka and W. E. Whalley, Biosci., Biotechnol., Biochem.,
2010, 74, 875.

(a) A. B. Bohm, Introduction to Flavonoids, Harwood Academic
Publishers, Amsterdam, 1998; (b) Plant Polyphenols 2: Chemistry,
Biology, Pharmacology, Ecology, ed. G. G. Gross, R. W.
Hemingway, T. Yoshida and S. J. Branham, Kluwer Academic/
Plenum Publishers, New York, 1999; (¢) Flavonoids: Chemistry,
Biochemistry and Applications, ed. @. M. Andersen and K. R.
Markham, CRC Press/Taylor & Francis, Boca Raton, 2006.

(a) K. Ohmori, N. Ushimaru and K. Suzuki, Proc. Natl. Acad. Sci.
U.S. A.,2004, 101, 12002; (b) K. Ohmori, T. Shono, Y. Hatakoshi,
T. Yano and K. Suzuki, Angew. Chem., Int. Ed., 2011, 50, 4862.

6

oo

14

15

16

17

(a) T. Higuchi, K. Ohmori and K. Suzuki, Chem. Lett., 2006, 1006;
(b) K. Ohmori, M. Takeda, T. Higuchi, T. Shono and K. Suzuki,
Chem. Lett., 2009, 934; (¢) K. Ohmori, T. Yano and K. Suzuki,
Org. Biomol. Chem., 2010, 8, 2693.

(a) G. Bartoli and P. E. Todesco, Acc. Chem. Res., 1977, 10, 125;
(b) M. J. Strauss, Chem. Rev., 1970, 70, 667; (¢) J. Miller, Aromatic
Nucleophilic Substitution, Elsevier, Amsterdam, 1968.

(a) A. Pleschke, A. Marhold, M. Schneider, A. Kolomeitsev and
G.-V. Roschenthaler, J. Fluorine Chem., 2004, 125, 1031;
(b) C. Heiss, E. Marzi, M. Florence and M. Schlosser, Eur. J.
Org. Chem., 2007, 669; (¢) K. Shen, Y. Fu, J.-N. Li, L. Liu and
Q.-X. Guo, Tetrahedron, 2007, 63, 1568; (d) M. Stratekis,
P. G. Wang and A. Streitwieser, J. Org. Chem., 1996, 61, 3145;
(e) H. Seo, K. Ohmori and K. Suzuki, Chem. Lett., 2011, 744.
The lithiation was preliminarily studied by the CH;0OD-quenching
experiments, showing rigorous regioselectivity at the C(2) position.
The B-ring fragment 4 was prepared according to a previously
reported protocol (see, ref. 6¢) and subsequently protected as a
TBDMS ether. See the ESIf.

The SNAr ring closure failed with other bases such as NaH or KOz-Bu.
P. Kiatgrajai, J. D. Wellons, L. Gollob and J. D. White, J. Org.
Chem., 1982, 47, 2910.

(a) K. Kamiya, C. Watanabe, H. Endang, M. Umar and T. Satake,
Chem. Pharm. Bull., 2001, 49, 551; (b) R. Seto, H. Nakamura,
F. Nanjo and Y. Hara, Biosci., Biotechnol., Biochem., 1997, 61, 1434.
(a) Y. Kashiwada, G. Nonaka and I. Nishioka, Chem. Pharm.
Bull., 1984, 32, 3461; (b) R. Saijo, G. Nonaka and I. Nishioka,
Phytochemicals, 1989, 28, 2443.

(a) T. Durst, M. J. LeBelle, R. V. Elzen and K.-C. Tin, Can. J.
Chem., 1974, 52, 761. For a review, see: (b) S. Oae, Rev. Heteroat.
Chem., 1991, 4, 195.

For special features in the cyclization reaction of oxirane-contain-
ing substrates, see: (a) G. Stork, L. D. Cama and D. R. Coulson,
J. Am. Chem. Soc., 1974, 96, 5268; (b) S. Mclntyre and S. Warren,
Tetrahedron Lett., 1990, 31, 3457, (¢) R. S. Narayan,
M. Sivakumar, E. Bouhlel and B. Borhan, Org. Lett., 2001,
3, 2489; (d) J. Na, K. N. Houk, C. G. Shevlin, K. D. Janda and
R. A. Lerner, J. Am. Chem. Soc., 1993, 115, 8453.

For general rules for cyclization reaction, see: J. E. Baldwin,
J. Chem. Soc., Chem. Commun., 1976, 734.

This journal is © The Royal Society of Chemistry 2012

Chem. Commun.


http://dx.doi.org/10.1039/c2cc33704e

