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Enantioselective Synthesis of 2’- and 3’-Substituted Natural Flavans
by Domino Asymmetric Transfer Hydrogenation/Deoxygenation
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ABSTRACT: A concise and highly enantioselective synthesis of the natural flavans kazinol U and (2S)-7,3'-dihydroxy-4'-
methoxyflavan is reported for the first time. The key transformation is a single-step conversion of a racemic flavanone to a flavan
by means of an asymmetric transfer hydrogenation/deoxygenation cascade with kinetic resolution.

lavonoids represent a highly interesting and diverse class of

natural products that exhibit a wide range of bioactivities."
Especially prenylated derivatives are repeatedly reported to
show distinct physiological effects.” Lately, a particularly
fascinating flavan named kazinol U (1) was isolated from
Broussonetia kazinoki.” It was shown to be a potent
phytoestrogen, antioxidant, and inhibitor of nuclear factor-kB,
making it a potential drug to treat menopausal symptoms and
type I diabetes.”™ As a total synthesis of 1 has not been
achieved yet, and the absolute configuration is assumed to be
(R) but remains unknown to date, an enantioselective synthesis
is highly desirable. Another valuable flavan is (2S)-7,3'-
dihydroxy-4'-methoxyflavan (2). First synthesized in racemic
fashion by Dick,’ it stood out among others because of its
pleasant sweet taste even when considerably diluted. Later on,
the enantiomer (S)-2 was isolated from various plants like
Dracaena cinnabari, Hippeastrum x hortorum, Brosimum
acutifolium, and Terminalia argenta.7 Recently, flavan 2 was
repeatedly patented in various compositions for improvement
of sweet taste and masking unpleasant taste sensations.’
Especially as other sweetening agents such as Stevia rebaudiana
are suspected to have adverse side effects on the male
reproductive system, alternative substances are of growing
importance.” Although studied in the racemic series, no
enantioselective route to flavan 2 has been described to
date.”'” Herein we report the first enantioselective synthesis of
the two flavans'' kazinol U (1) and (2S)-7,3'-dihydroxy-4'-
methoxyflavan (2).

Scheme 1 depicts our retrosynthesis for flavans 1 and 2.
Kazinol U (1) might be traced back to triflate 3 by means of
Claisen rearrangement, deoxygenation at the S-position, and
release of the hydroxy groups. The key transformation of this
synthesis is an asymmetric transfer hydrogenation (ATH)/
deoxygenation cascade first reported for a §,7,4'-trisubstituted
flavanone'” using a rhodium-catalyst developed by Noyori'®
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Scheme 1. Retrosynthesis of Kazinol U (1) and (25)-7,3’-
Dihydroxy-4’'-methoxyflavan (2) Leading to Racemic
Hesperetin (7)
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that was recently used for the ATH of flavanones'* to great
success. Similar transformatlons of racemic 5-O-acetyl" and 5
O-methoxycarbonyl'® flavanones using sodium borohydride'”

are well-known. An o-quinone methide, which is formed by
initial reduction of the ketone moiety, subsequent migration of
the methoxycarbonyl group, and elimination, is believed to be
the crucial intermediate of this deoxygenation cascade.
Reduction of the unsaturated ketone would eventually yield
the desired flavan skeleton.'"*~"” Flavan 3 should be available
from racemic flavanone $ by application of the ATH/
deoxygenation cascade and subsequent treatment with triflic
anhydride. Ketone 5 might be derived from commercially
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available racemic hesperetin (7) by means of consecutive
chemoselective Boc protection, Tsuji—Trost allylation,18 and
methoxycarbonylation.

Flavan 2 is approached in a similar retrosynthetic fashion and
should be obtained from di-O-Boc derivative 4 through
reductive removal of the trifloxy group and cleavage of the
two carbonates. Enantiopure 4 in turn could be prepared
through domino ATH/deoxygenation from racemic flavanone
6. Finally, compound 6 can also be derived from racemic
hesperetin (7).

The preparation of ATH precursor § is depicted in Scheme
2. After chemoselective conversion of flavanone 7 to the

Scheme 2. Preparation of Flavan S from Hesperetin (7)
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corresponding 7-O-Boc derivative, flavanone 9 was obtained in
good yield by the application of a method reported by
Theodorakis.'* In accordance with the published allylation of
phenols'” using carbonate 8, we found the reaction to be
reversible, making short reaction times a necessity in order to
avoid regeneration of the starting material. Subsequent
treatment of 9 with methyl chloroformate gave rise to ATH
precursor S in good yield.

The second ATH precursor 6 was synthesized in a similar
fashion (Scheme 3). Chemoselective conversion of 7 to the di-
O-Boc derivative was followed by treatment with methyl
chloroformate to furnish ATH substrate 6 in excellent yield.

Scheme 3. Preparation of ATH Precursor 6 from Hesperetin
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With racemic flavanones § and 6 in hand, the crucial ATH
conditions were applied (Scheme 4). As separation of the
resulting flavans and flavanones proved to be difficult, the
mixture was treated with triflic anhydride, which allowed
isolation of the pure products. This methodology led to
efficient flavan production of 42% for 3 and 48% for 4, where
analysis by chiral HPLC revealed an excellent enantiomeric
excess of 99% for both compounds. Furthermore, the
corresponding R-configured flavanones § and 6 were isolated
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Scheme 4. ATH and Subsequent Treatment with Triflic
Anhydride
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with high enantiomeric excess. In addition to these trans-
formations, flavan ent-3 was synthesized in the same fashion®'
using racemic § and (R,R)-10" in order to get access to both
enantiomers of kazinol U (1), the absolute configuration of
which is believed to be (R).?

The synthesis of kazinol U (1) from 3 is depicted in Scheme
5. Europium-catalyzed sigmatropic rearrangement”” accelerated

Scheme 5. Synthesis of Kazinol U (1) from Flavan 3
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by microwave irradiation was accompanied by complete
removal of the carbonate group and furnished 2’-substituted
flavan 11 in good yield. It is noteworthy that deblocking of the
carbonate can be avoided in the absence of the Lewis acid
europium. However, this protocol leads to a prolonged reaction
time and a significant decrease in yield. Cleavage of the methyl
ether proved to be rather challenging. While classic
demethylation methodologies using boron tribromide™ or
aluminum chloride** failed to cleanly generate catechol 12, this
transformation occurred smoothly when 2-iodoxybenzoic acid”’
was applied. Importantly, the oxidative demethylation had to be
done prior to deoxygenation, as the absence of the trifloxy
group led to a drastic decrease in yield. With triflate 12 in hand,
kazinol U (1) could be synthesized by palladium-catalyzed
deoxygenation at C-5.”° Compound 1 proved to be prone to
racemization in the presence of Pd residues. However,
optimization of the reaction and workup conditions minimized
the stereochemical erosion and led to the natural product 1
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with 98% ee. By means of the reaction sequence illustrated in
Scheme S, triflate ent-3 was converted to flavan ent-1 as well.*!
Comparison of the specific rotations of synthetic flavans 1 and
ent-1 with the literature data’ revealed that natural kazinol U,
contrary to prior assumption, possesses the S configuration.

Commencing with flavan 4, reductive trifloxy removal®® at C-
5 and subsequent cleavage of the carbonate groups gave rise to
the natural product 2 in virtually enantiopure form (Scheme 6).
The specific rotation of synthetic product 2 confirmed the
assumed S configuration of the natural product.

Scheme 6. Synthesis of (25)-7,3'-Dihydroxy-4'-
methoxyflavan (2)
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In summary, we have accomplished the first enantioselective
synthesis of kazinol U (1) and (25)-7,3'-dihydroxy-4'-
methoxyflavan (2) starting from commercially available racemic
hesperetin. The natural products were obtained with 98% ee
and 99% ee, respectively, in a concise and efficient manner. The
absolute configuration of 2 was verified to be S, while the
configuration of kazinol U (1) had to be revised to S.
Furthermore, it was shown that a previously reported domino
ATH/deoxygenation'” is readily applicable to 3’-oxygenated
flavanones, making it a potent strategy for the enantioselective
synthesis of flavans.
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