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(57) ABSTRACT

A compound of general formula (I) in which R}, R,, R; and
R, identical or different, each represent a hydrogen atom or
a hydroxyl group, optionally protected by a protecting
group. R, represents a hydrogen atom or an —OR, group, in
which R, represents a hydrogen atom, a protecting group or
a gallate group. Ry represents a hydroxyl group, optionally
protected by a protecting group. R';, R',, R'; and R',,
identical or different, each represent a hydrogen atom or a
substituent not comprising a mesomeric electron withdraw-
ing group conjugated with the furan ring. A substituent from
R'|, R'5, R'; and R', representing the covalent bond with the
pyran ring or one of the salts of same. A method for
obtaining such a compound includes a step of depolymer-
ization of condensed tannins in the presence of an acid by
means of a nucleophile derived from furan.

@




Patent Application Publication

Intensity (mAU)

Furanoclysis {HCI}

Furanolysis (MsOH):

Intensity (mAU)

200 4

100 4

50 4

Sep. 14,2017 Sheet 1 of 3

US 2017/0260170 A1

Time (min)

FIG 1

| Galloylated derivative
: ' Galloylated terminal

: Derivative
77 Terminal
Thiolysis
R R R
umol per gram of tannin
Ec-S
200
EcG-S
150 4
Ec
1004 Cat
% EcG  cats
g g

H

Time (min)

FIG 5



Patent Application Publication

Sep. 14,2017

Amount of dimer B2
in the reaction medium

100% &

Sheet 2 of 3 US 2017/0260170 A1

50%

ga—

B0%

—

40%

K
£
[
&
20% -5

g Dimer B2 (100/L)
—-Dimer B2 (19}

| N T
0% _— :
40 0

¥ Dimer B2 (0,2g/L)

Time (min)

FIG 3

Amount of depolymerization
products in the reaction medium

1%
%
% .
VRNV :..,.\.\ - N
0% & , ‘ | | |
¢ ;4 BI GO WD e
Time (min)

FIG 4

¥ Depolymerization products
{0t

~sDepolymerization products
RN

~¥-Depolymerization products
(3,25



Patent Application Publication  Sep. 14,2017 Sheet 3 of 3 US 2017/0260170 A1

. Fet - Ec-S..

Ec - _EcG-8

T T T T T T T 1} 1 T T T 7 T =13
@) (a)
) B Ec-S.

PR & e 2
N

< SYLVAN s FURAN 0y

8
£ a0 .
5 ‘
= ¢
&
2 ‘'

3 B
Sooas
E
L
5
T o
L o
3
2 Kop i
2 Ny .
L asm .

@™
s 2 ¢ ® 0 0 R

[Nucleophile}/{B2 monomer equivalent] molar ratio

FIG 8



US 2017/0260170 Al

FLAVONOID DERIVATIVE COMPOUNDS
AND METHOD FOR PREPARING SAME BY
DEPOLYMERIZATION OF CONDENSED
TANNINS

[0001] The present invention relates to a flavonoid-de-
rived aromatic compound, to a process for obtaining such a
compound, by depolymerization of polyfunctional polyaro-
matic compounds derived from renewable resources, more
particularly of condensed tannins, and also to the use of
furan-derived compounds for the depolymerization of con-
densed tannins.

[0002] In order to solve the problem of being dependent
on fossil energies, and to reduce the pollution associated
with the implementation of chemical reactions, it proves to
be of increasing interest to develop processes for producing
chemical compounds of interest from renewable natural
resources, which are environmentally friendly. Thus, the
obtaining of synthons, in particular of phenolic synthons,
derived from biomass, as platform molecules for the chemi-
cal industry, has become an important challenge for this
industry.

[0003] In particular, numerous studies have been carried
out for a few years in order to take advantage of the
advantageous properties of natural compounds, such as plant
polyphenols, which are capable of constituting substitutes
for phenolic petrochemical compounds, such as bisphenol A.
Among them, condensed tannins, also known as proantho-
cyanidins, are the most abundant in plants, in particular
terrestrial plants, after lignin. These compounds are found in
particular in numerous varied available natural resources
such as food-processing residues, for example in fruit marcs,
and unexploited biomass, in particular in the bark, leaves
and needles of trees, grapevine, fruit, etc.

[0004] Condensed tannins are oligomers or polymers of
polytunctional polyaromatic monomers. These monomers
belong to the class of flavan-3-ols, of general formula:

@

[0005] wherein R, represents a hydrogen atom or a
hydroxyl group, and R, represents a hydrogen atom or a
gallate group of formula:

OH

HO

HO
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[0006] Through depolymerization of condensed tannins,
(+)catechin and (-)epicatechin monomers, and also deriva-
tives substituted mainly at C4 and potentially at C2, are in
particular obtained. The C2, C3 and C4 carbon atoms of
these derivatives are asymmetrical, and stereoisomers other
than those initially present in the structures of tannins can
also be formed during the depolymerization reaction. The
aromatic nature of these monomers combined with the
presence of free hydroxyl functions gives them properties
which make them preferred candidates for constituting start-
ing reagents for the industrial synthesis of active products,
for numerous and varied applications.

[0007] Thus, various processes for depolymerizing con-
densed tannins, aimed at obtaining therefrom the constituent
monomers, termed terminal units, and/or derived monomers,
termed extension units, have been proposed by the prior art,
essentially for analytical purposes.

[0008] It has in particular been shown that condensed
tannins can be depolymerized in an acidic medium by means
of sulfur-bearing nucleophiles. Such a prior art can for
example be illustrated by the various publications by Chen
et al., 2009; U.S. Pat. No. 8 088 419; Roumeas et al., 2013;
and Selga et al., 2004, which describe the depolymerization
of biobased condensed tannins by thiolysis. Such an “ana-
Iytical” depolymerization process makes it possible to
obtain, with a high yield, flavonoid derivatives that are of
use for a wide range of applications, for example of general
formula:

OH

HO O
OH

OH

OH S
\R

[0009] in which R represents (CH,),—OH, CH,—
COOMe, (CH,),—NH, or CH,—CH(NH,)—COOH.
[0010] However, the derivatives of this type are unstable
under alkaline conditions, that is to say typically at a pH
above 8.5, in which conditions the sulfur-bearing group
becomes nucleofugal. Thus, it has been noted by the present
inventors that, at a pH equal to 9, the derivatives derived
from a depolymerization carried out by means of 2-mercap-
toethanol as nucleophile are more than 95% degraded after
19 h at ambient temperature. Advantage has in particular
been taken of this property in order to create novel deriva-
tives resulting from tannin depolymerization by thiolysis
(Chen et al., 2009).

[0011] However, it has been noted by the present inventors
that the instability of the sulfur-bearing depolymerization
derivatives under alkaline conditions is prejudicial to the
implementation of certain subsequent reactions for function-
alizing the hydroxyl groups of the phenolic nuclei, which are
necessary for certain applications.

[0012] An objective of the present invention is thus to
provide flavonoid-derived compounds which have a stability
in basic medium which is greater than that of the compounds
proposed by the prior art, so as to broaden the field of
application of such compounds, and in particular the type of
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functionalization reactions to which these compounds can be
subjected in order to form products of interest for a wide
range of applications.

[0013] An additional objective of the invention is to
provide a method for obtaining such compounds from
biobased substances.

[0014] The present invention in particular also aims for
such a method to be environmentally friendly, for it to be
simple and inexpensive to carry out, and for it to make it
possible to obtain the compounds according to the invention
rapidly and with a high yield.

[0015] Thus, the present invention provides a flavonoid-
derived compound, termed furan-flavan monomer, in which
a flavonoid residue is bonded, by covalent bonding, at the
level of the pyran ring, to a furan derivative, of general
formula (I):

@

[0016] in which:

[0017] R,, R,, R; and R, which may be identical or
different, each represent a hydrogen atom or a hydroxyl
group, optionally protected by a hydroxyl-function-protect-
ing group,

[0018] R, represents a hydrogen atom or an —OR, group,
in which R, represents a hydrogen atom, a hydroxyl-func-
tion-protecting group or a group of general formula (I):

f 0

R0 OR",

an

OR",

[0019] in which R";, R", and R";, which may be identical
or different, each represent a hydrogen atom or a hydroxyl-
function-protecting group,

[0020] R, represents a hydroxyl group, optionally pro-
tected by a hydroxyl-function-protecting group, and
[0021] R'|, R',, R'; and R',, which may be identical or
different, each represent a hydrogen atom or a substituent
not comprising a mesomeric-effect electron-withdrawing
group conjugated to the furan nucleus,
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[0022] one substituent among R';, R',, R'; and R, repre-
senting the covalent bond with the pyran ring of the fla-
vonoid residue, illustrated by the variable attachment bond
in general formula (1),

[0023] or a salt thereof.

[0024] The term “hydroxyl-function-protecting group” is
intended to mean any group used conventionally in itself for
protecting a hydroxyl function, more particularly a phenolic
hydroxyl, that is to say for masking its reactivity with a view
to subsequent reactions. Each of the hydroxyl-function-
protecting groups can for example be chosen from groups
alkyl, acyl, in particular acetyl, benzyl, silyl, sulfonyl, etc.,
groups. The hydroxyl-function-protecting groups borne by
the compound according to the invention may all be iden-
tical, or may be different from one another, the protecting
groups borne by the hydroxyl functions of one and the same
nucleus then preferably being identical to one another.
[0025] General formula (I) encompasses all the possible
combinations of isomeric forms at the level of the asym-
metric carbons, and all the mixtures of such isomeric forms.
Each particular isomer can be obtained from a mixture of
isomers by purification methods which are conventional in
themselves for those skilled in the art.

[0026] The term “substituent not comprising a mesomeric-
effect electron-withdrawing group conjugated to the furan
nucleus” is intended to mean any substituent comprising no
mesomeric-effect electron-withdrawing group which is
bonded directly, or by conjugation, to the furan ring of the
compound of general formula (I). It is within the compe-
tence of those skilled in the art to determine, on the basis of
their general knowledge, which substituents do or do not fall
under such a definition. The general knowledge of those
skilled in the art in this subject is in particular illustrated by
the handbook by René Milcent, Chimie organique: Sté-
réochimie, entités réactives et réactions [Organic chemistry:
Stereochemistry; reactive entities and reactions], EDP Sci-
ences—2007, in particular in chapters 5.5 and 5.6.

[0027] By way of example, substituents excluded from the
definition of R'}, R',, R'; and R',, are substituents compris-
ing, bonded directly or by conjugation to the furan ring, an
electron-withdrawing radical such as a nitro, carbonyl, car-
boxylic or sulfonic radical, optionally salified or esterified,
or an amide, cyano, sulfonyl, etc., radical.

[0028] The compound according to the invention may in
particular be such that, in general formula (I), R';, R',, R';
and R',, which may be identical or different, each represent,
with the exception of the substituent forming the covalent
bond with the pyran ring:

[0029] a hydrogen atom,

[0030] a halogen atom, such as a fluorine, chlorine, bro-
mine or iodine atom,

[0031] a group comprising an inductive-effect or meso-
meric-effect electron-donating radical, bonded directly or by
conjugation to the furan ring, for example chosen from an
amino, oxy or thio radical, which is optionally substituted,
said group not comprising any mesomeric-effect electron-
withdrawing group conjugated to the furan nucleus, or
[0032] a linear, branched and/or cyclic carbon-based radi-
cal, possibly comprising a single ring or several condensed
rings, which is saturated and/or unsaturated, optionally
aromatic, which is optionally substituted, optionally com-
prising one or more heteroatoms and/or one or more groups
comprising one or more heteroatoms, each heteroatom being
in particular chosen from O, N, P, Si and S, said carbon-
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based radical not comprising any mesomeric-effect electron-
withdrawing group conjugated to the furan nucleus.

[0033] Preferentially, in general formula (I), at least one
substituent among R';, R',, R'; and R', represents a hydrogen
atom.

[0034] The covalent bond R';, R',, R'; or R',, linking the
flavonoid residue and the furan derivative in the compound
of general formula (I) according to the invention, is in
particular stable in a basic medium, and it is not prone to
allowing a repolymerization or a degradation in such a
medium, contrary to the bonds of the derivatives obtained by
depolymerization of condensed tannins using sulfur-bearing
compounds proposed by the prior art. It has in particular
been demonstrated by the present inventors that the com-
pound of general formula (I) according to the invention
remains stable and unchanged both in an aqueous solution at
pH 9 and ambient temperature, and in an organic medium
containing a base. The compound according to the invention
can thus advantageously be used directly in a basic medium
for the preparation of active products involving a phenol
functionalization which comprises a deprotonation step.
[0035] The compound according to the invention can thus
be easily functionalized, both under acidic conditions and
neutral or alkaline conditions, with a view to the preparation
of active products advantageously taking advantage of the
properties associated with the presence in its structure not
only of a backbone of flavanoid type, with a benzopyran
structure, but also of a furan nucleus. In particular, substitu-
ents comprising electron-withdrawing groups such as, for
example, those excluded for the furan nucleus of the com-
pound of general formula (I), may be introduced in order to
confer additional functionalities on this compound.

[0036] Thus, the properties of the phenolic nuclei, com-
bined with the overall physicochemical properties of the
compound ensuing from its structure, confer on the latter
multiple properties, in particular antioxidant, antimicrobial,
photochemical and sensory properties, which, combined
with its chemical reactivity, make it entirely advantageous
for a large number of applications.

[0037] The compound according to the invention thus has
an application in numerous fields, in particular, but not in a
limiting manner, in fields such as the materials field, the
cosmetics field, the food-processing field, the medical field,
the photovoltaic field, or the polymer field, for example for
surface treatment.

[0038] The compound according to the invention may in
particular consist of a catechin derivative, of general formula

(Ia):

(o)
OH

OH
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[0039] or of an epicatechin derivative, of general formula
b):
(Ib)
OH
HO O. \\\\\
- OH
.""//OR7
; R
OH 3 4
R’y (0] R
[0040] in which formulae R';, R',, R'; and R',, and R, are

as described above and below with reference to general
formula (I).

[0041] The compound according to the invention may in
particular be such that, in general formula (I), R';, R',, R';
and R',, which may be identical or different, each represent,
when they do not form the covalent bond with the flavonoid
residue, a hydrogen atom or a linear or branched hydrocar-
bon-based radical which is optionally substituted and which
is optionally interrupted with one or more heteroatoms
and/or with one or more groups comprising one or more
heteroatoms, each heteroatom possibly being, for example,
chosen from O, N, P, Si and S, said hydrocarbon-based
radical not comprising any mesomeric-effect electron-with-
drawing group conjugated to the furan nucleus.

[0042] Compounds according to the invention may in
particular correspond to general formulae (Ic) and (Id)
below:

(e)

Ry

R3
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d)
Ry
Ry
Rg O
Rj
Ry
Rs
SN
[0043] in which formulae R, R,, R;, R,, R and R, are as

described above with reference to general formula ().
[0044] In variants of the invention, in general formula (I)
below, R';, R',, R'; and R',, correspond in particular to one or
more of the characteristics below, taken alone or in each of
their possible combinations:

[0045] R', represents the covalent bond with the pyran
ring,

[0046] R'; and R', each represent a hydrogen atom,

[0047] R', represents a hydrogen atom or R', represents

an alkyl group, in particular with a linear chain, which
is preferably C,-C,,, more preferably C,-C,,, and
preferentially C,-C,. In particular, R', may represent a
methyl radical.

[0048] In particular, in general formula (I), all three of R',,

R'; and R', may represent a hydrogen atom, and R'; may
represent the covalent bond with the pyran ring, the com-
pound according to the invention then corresponding to
general formula (Ie):

(Ie)

[0049] in which R}, R,, R;, R,, R5 and R, are as defined
above with reference to general formula (I).

[0050] In the present description the expression “furylated
extension unit” will be used to denote such a compound.
[0051] In variants of the invention, R,, R,, R;, R,, Rs and
Rg, and R';, R',5, R'; and R',, are as defined above with
reference to general formula (I), at least one group among
R'|, R'5, R'; and R, representing, however, neither a hydro-
gen atom nor the covalent bond with the pyran ring.
[0052] The compound according to the invention may in
particular be such that, in general formula (I), R'; and R',
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each represent a hydrogen atom, R', represents the covalent
bond with the pyran ring, and R, represents an alkyl group,
in particular with a linear chain, which is preferably C,-C,,
more preferably C,-C,,, and preferentially C,-C,. In par-
ticular, R', then represents a methyl radical, the compound
then corresponding to general formula (If) below, in which
R,, R,, R;, R, R5 and R are as defined above:

I

[0053] In the present description, the expression “sylva-
nylated extension unit” will be used to denote such a
compound.

[0054] A compound corresponding to such a general for-
mula (If) is especially particularly compatible with use in the
food field.

[0055] In other variants of the invention, in general for-
mula (I), R'; and R', represent neither a hydrogen atom nor
the covalent bond with the pyran ring, R'; represents a
hydrogen atom and R', represents the covalent bond with the
pyran ring. R', and R', may for example each represent a
methyl group, the compound according to the invention then
corresponding to general formula (Ig):

(g
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[0056] Particular compounds according to the present
invention correspond respectively to the formulae below:

[0057] Another aspect of the invention relates to a method
for obtaining a compound according to the invention of
general formula (I), as defined above. This method com-
prises a depolymerization step of depolymerizing condensed
tannins in the presence of an acid by means of a nucleophile,
termed furan derivative, of general formula (III):

(1)

[0058] in which R'|, R',, R'; and R',, which may be
identical or different, each represent a hydrogen atom or a
substituent not comprising any mesomeric-effect electron-
withdrawing group conjugated to the furan nucleus. At least
one substituent among R';, R',, R'; and R', represents a
hydrogen atom, so as to allow the formation of the covalent
bond with the pyran ring of the flavonoid residue of a
condensed tannin extension unit, leading to the obtaining of
a compound of general formula (I) according to the inven-
tion.
[0059] In particular, in general formula (III), R';, R',, R';
and R', may correspond to one of the characteristics below,
or to any combination of several of these technically com-
patible characteristics:
[0060] R'|, R',, R'; and R',, which may be identical or
different, each represent:
[0061] a hydrogen atom,
[0062] a halogen atom, such as a fluorine, chlorine,
bromine or iodine atom,
[0063] a group comprising an electron-donating radi-
cal bonded directly or by conjugation to the furan
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ring, for example chosen from an amino, oxy or thio
radical, which is optionally substituted, or

[0064] a linear, branched and/or cyclic carbon-based
radical, possibly comprising a single ring or several
condensed rings, which is saturated and/or unsatu-
rated, optionally aromatic, which is optionally sub-
stituted, optionally comprising one or more heteroa-
toms and/or one or more groups comprising one or
more heteroatoms;

[0065] at least two substituents among R';, R';, R'; and
R', represent a hydrogen atom;

[0066] R'|, R',, R'; and R',, which may be identical or
different, each represent a hydrogen atom or a linear or
branched, optionally substituted, hydrocarbon-based
radical which is optionally interrupted with one or more
heteroatoms and/or with one or more groups compris-
ing one or more heteroatoms, said hydrocarbon-based
radical not comprising any mesomeric-effect electron-
withdrawing group conjugated to the furan nucleus;

[0067]

[0068] R', represents an alkyl group, in particular with
a linear chain, which is preferably C,-C,,, more pref-
erably C,-C,,, and preferentially C,-C,; R', represent-
ing for example a methyl radical;

[0069]

[0070] at least one group among R';, R',, R'; and R,
does not represent a hydrogen atom.

[0071] Inparticular, when, in general formula (III), at least
one substituent among R';, R',, R'; and R', represents a
group comprising an electron-donating radical bonded
directly or by conjugation to the furan ring, for example
chosen from an amino, oxy or thio radical, which is option-
ally substituted, or a linear, branched and/or cyclic carbon-
based radical, possibly comprising a single ring or several
condensed rings, which is saturated and/or unsaturated,
optionally aromatic, which is optionally substituted, option-
ally comprising one or more heteroatoms and/or one or more
groups comprising one or more heteroatoms, the presence of
such a substituent advantageously promotes the depolymer-
ization reaction, in particular compared with the unsubsti-
tuted furan.

[0072] In particular embodiments of the invention, in
general formula (II1):

[0073]

[0074] R', represents a hydrogen atom or an alkyl group,
in particular with a linear chain, which is preferably C,-C5,
more preferably C,-C,,, and preferentially C,-C,, for
example a methyl radical;

[0075]

[0076] Bringing together, in an acidic medium, condensed
tannins and a nucleophile derived from furan of formula (I1I)
above induces the release, on the one hand, of the condensed
tannin extension units, and, on the other hand, of the
terminal units in their native form, in particular of catechin/
epicatechin units, of formula:

R';, R'; and R', each represent a hydrogen atom;

R', represents a hydrogen atom;

R', represents a hydrogen atom;

R'; and R', each represent a hydrogen atom.
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Ro

R;

Rs

[0077] The nucleophile of general formula (III) reacts with
the extension units thus released, so as to form, by fury-
lation, a furan-flavan monomer of general formula (I), or a
mixture of such monomers.

[0078] There will be no preconception here of the mecha-
nism underlying the obtaining of the compounds of general
formula (I) in accordance with the invention by means of
such a depolymerization reaction. However, it may be
assumed that the nucleophile of general formula (III) has
particularly advantageous properties, which are taken
advantage of during the reaction in order to stabilize the
carbocations resulting from the cleavage of the interflavan
bond, and to shift the equilibrium of the reaction toward the
depolymerized forms, which are stable under alkaline con-
ditions.

[0079] The method according to the invention is particu-
larly simple to carry out, this being at low cost.

[0080] In order to meet one of the objectives set by the
present invention, namely that this method is as environ-
mentally friendly as possible, and allows the exploitation of
local agro-resources, the method according to the invention
is preferentially carried out using condensed tannins derived
from renewable resources such as the by-products and
coproducts of the agricultural or wine industry, for example
fruit marcs, wood barks, etc., and unexploited biomasses,
such as pine needles, dead leaves, etc.

[0081] The depolymerization step of the method accord-
ing to the invention can be carried out using condensed
tannins which have been previously isolated from biomass.
The method then comprises a prior step of extracting the
condensed tannins from biomass, for example from grape
seeds. Such an extraction can be carried out by any tech-
nique known to those skilled in the art, in particular the
techniques illustrated by the publications by Prieur et al.,
1994, and Rigaud et al., 1993.

[0082] The depolymerization step can also be preceded by
a step of protecting one or more of the hydroxyl functions
borne by the tannins, with any hydroxyl-function-protecting
group which is conventional in itself.

[0083] Alternatively, the depolymerization step can be
carried out directly from biomass, without prior extraction
of the condensed tannins contained in this biomass, for
example directly on a bark fraction, such as a fraction of
Pseudotsuga menziesil (Douglas pine) bark.

[0084] In preferred embodiments of the invention, the
furan derivative of general formula (III), acting as a nucleo-
phile for the condensed tannin depolymerization reaction, is
also biobased.

[0085] Thus, the furanic nucleophiles may be derived
from biomass, in particular from hydrogenated products of
furaldehyde, the latter being derived from a process for
dehydration of pentose (xylan), or else may be present in the
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form of furan groups in certain lipids as described, for
example, by Liengprayoon et al., 2011.

[0086] In particular, in general formula (IIT) above, all four
of R'|, R',, R'; and R', may represent a hydrogen atom. The
nucleophile used for the condensed tannin depolymerization
reaction is then the furan of general formula (I11a):

0

/

[0087] The furan can in particular be produced industrially
from furfural (U.S. Pat. No. 2,776,981), the latter being itself
of agricultural origin, and obtained by acid dehydration and
distillation of plant pentoses (Adams et al., 1921).

[0088] Such a compound, and derivatives thereof, conse-
quently fall particularly well within a process corresponding
to the principles of sustainable green chemistry.

[0089] When the nucleophile is furan, the term “furanoly-
sis” will denote, in the present description, the depolymer-
ization method according to the invention. Such a reaction
leads to the obtaining of compounds according to the
invention corresponding to general formula (Ie) above.
[0090] In other particular embodiments of the invention,
in general formula (I1T) above, R';, R'; and R', each represent
a hydrogen atom and R', represents a methyl radical. The
nucleophile used for the condensed tannin depolymerization
reaction is then 2-methylfuran, also known as sylvan, of
general formula (111b):

(I11a)

(IIIb)
o)

(5

[0091] Sylvan, like furan, constitutes an industrial and
renewable carbon source derived from biomass. It can in
particular be obtained by a treatment which hydrogenates
the aldehyde of furfural, generally catalyzed by cupric
and/or chromic catalysts (Burnett et al., 1948), its produc-
tion also being the subject of the development of catalytic
hydrogenation processes (U.S. Pat. No. 7,064,222) or elec-
trochemical processes (Li et al., 2012).

[0092] Sylvan offers in particular the advantage of par-
ticularly good compatibility with use in the food sector. In
addition, it proves to be more effective than furan for
condensed tannin depolymerization, in particular in terms of
reactivity.

[0093] When the nucleophile is sylvan, the term “sylva-
nolysis” will, in the present description, denote the depo-
lymerization method according to the invention. Such a
reaction leads to the obtaining of compounds according to
the invention corresponding to general formula (If) above.
[0094] Generally, furan and sylvan also have the advan-
tage of being easily recyclable by distillation, owing to their
low boiling point which, at atmospheric pressure, is below
32° C. for furan, and below 66° C. for sylvan.

[0095] An example of another nucleophile which can be
used for the condensed tannin depolymerization reaction is
2,5-dimethylfuran, of general formula (Illc):
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(Illo)
H;C

[0096] in which R'; and R', each represent a methyl
radical, and R'; and R', each represent a hydrogen atom.

[0097] Such a reaction leads to the obtaining of com-
pounds according to the invention corresponding to general
formula (Ig) above.

[0098] The exact optimal operating parameters of the
method according to the invention depend on the particular
structure of the nucleophile of general formula (III) used. It
is within the competence of those skilled in the art to
determine these parameters appropriately, for each particular
nucleophile, on the basis of the more general preferential
characteristics set out hereinafter, in order to obtain, with the
fastest possible reaction rate, high reaction yields, in par-
ticular close to 100%, while limiting in particular the com-
petitive reaction of reaction products degradation.

[0099] Generally, it has been observed by the present
inventors that the depolymerization reaction requires an
excess of nucleophile of general formula (II1) relative to the
tannins, owing to the intrinsic nucleophilic force of the latter
and to their monomeric forms, which compete with the
nucleophile reagent. This excess depends on the nature of
the nucleophile involved.

[0100] In particular embodiments of the method according
to the invention, for the depolymerization step, the “nucleo-
phile of general formula (III)/depolymerizable condensed
tannins” molar ratio is greater than or equal to the “nucleo-
phile of general formula (I1I)/dimer B2 molar ratio required
to obtain at least 2.5%, preferably at least 5%, more pref-
erably at least 10%, in particular at least 25%, and for
example at least 40%, of furan-flavan monomer compounds
of general formula (I) relative to the total of the compounds
(furan-flavan monomers of general formula (I) and terminal
units) formed during a reaction of depolymerization of the
dimer B2 by the nucleophile of general formula (III) in the
presence of hydrochloric acid at 0.1 N in methanol, at 30° C.
and in a reaction time of 10 minutes.

[0101] The amount of depolymerizable condensed tannins
in a sample of condensed tannins can be determined by any
method known to those skilled in the art, for example by
carrying out, on this sample, a depolymerization process by
means of a nucleophile such as phloroglucinol or 2-mercap-
toethanol, known to be capable of quantitatively depolymer-
izing depolymerizable condensed tannins, and by measuring
the amount of condensed tannins thus depolymerized, which
correspond substantially to the amount of depolymerizable
condensed tannins initially present in the sample. The molar-
ity of the tannins is conventionally expressed in equivalents
of simple, non-galloylated monomers.

[0102] With respect to this amount of depolymerizable
condensed tannins, the molar amount of nucleophile of
general formula (IIT) to be used in the method according to
the invention is preferentially determined by comparison
with a depolymerization reaction carried out on the dimer
B2 by means of said nucleophile of general formula (II).

[0103] The dimer B2, or epicatechin-(4—8)-epicatechin,
is a model tannin well known to those skilled in the art, and
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commercially available, in particular from the suppliers
Sigma-Aldrich or ExtraSynthése.

[0104] The implementation of a reaction for depolymer-
ization of the dimer B2 at 0.7 mmol.)™!, using the nucleo-
phile of general formula (II1) at a given molar concentration,
in the presence of hydrochloric acid at 0.1 N in methanol and
at 30° C., makes it possible to establish, for example by
chromatography analysis, in particular by ultra performance
liquid chromatography (UPLC), the amount, on the one
hand, of furan-flavan monomers of general formula (I) and,
on the other hand, of terminal units of the dimer, obtained in
a reaction time of 10 minutes. The implementation of such
a reaction for various concentrations of nucleophile of
general formula (IIT) makes it possible to determine which
molar concentrations of this nucleophile make it possible to
obtain at least 2.5%, preferably at least 5%, more preferably
at least 10%, in particular at least 25%, and for example at
least 40%, of furan-flavan monomers of general formula (I),
relative to the total of furan-flavan monomers of general
formula (I) and of terminal units obtained.

[0105] It has been discovered by the present inventors that
a “nucleophile of general formula (III)/depolymerizable
condensed tannins” molar ratio greater than or equal to a
“nucleophile of general formula (IIT)/dimer B2 molar ratio
thus determined advantageously makes it possible to obtain
high depolymerization reaction yields in a reduced time, by
limiting in particular the effect of competition of the nucleo-
philic monomer forms of the tannins with the nucleophile of
general formula (III) in accordance with the present inven-
tion.

[0106] The “nucleophile of general formula (III)/depo-
lymerizable condensed tannins” molar ratio, for which the
molarity of the tannins is expressed in equivalents of simple,
non-galloylated monomers, is in particular preferentially
greater than or equal to 133, for example greater than or
equal to 200 for furan, and greater than or equal to 1.67, for
example greater than or equal to 20 for sylvan. Such molar
ratios make it possible to obtain high yields of the depo-
lymerization reaction, in particular greater than or equal to
85%.

[0107] In particular embodiments of the invention, for
carrying out the depolymerization step using the furan as
nucleophile, the initial ratio expressed in moles of nucleo-
phile per gram of depolymerizable condensed tannins is
preferably greater than or equal to 1.72, and preferentially
greater than or equal to 3.44. Such a characteristic makes it
possible to advantageously obtain a production yield for the
compound of general formula (I) according to the invention
of greater than or equal to 90%. Throughout the present
description, the yield of the depolymerization reaction
according to the invention is expressed as percentage of the
reference values obtained by a standard depolymerization
reaction, using 2-mercaptoethanol as nucleophilic reagent,
termed thiolysis, described in particular in the publication by
Roumeas et al., 2013.

[0108] When the nucleophile of general formula (III) is
sylvan, a minimum ratio of 0.555 mol of sylvan per gram of
depolymerizable condensed tannins makes it possible to
obtain a yield close to 100%, and the value of this ratio can
be lowered to 0.139 while at the same time retaining a yield
of at least 90%.

[0109] In particular embodiments of the invention, which
are particularly adapted to the use of furan as nucleophile for
the condensed tannin depolymerization step, the concentra-
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tion of depolymerizable condensed tannins subjected to the
depolymerization step is less than or equal to 5 g/l. Con-
centrations in such a range prove to be particularly advan-
tageous in terms of absence of formation of by-products and
also of quantitative yield of the reaction.

[0110] In other particular embodiments of the invention,
which are particularly adapted to the use of sylvan as
nucleophile for the condensed tannin depolymerization step,
the concentration of depolymerizable condensed tannins
subjected to the depolymerization step is less than or equal
to 80 g/l. Concentrations in such a range prove to be
particularly advantageous in terms of absence of formation
of by-products and also of quantitative yield of the reaction.
[0111] The acid used for the condensed tannin depolymer-
ization step may be of any type. It is in particular chosen
from acids commonly used in the industrial field, such as
sulfuric acid (H,SO,), hydrochloric acid (HCl), methane-
sulfonic acid (MsOH), formic acid and acetic acid, or a
mixture of such acids. Acids attached to a solid support, such
as of Amberlyst® 15 type, are particularly preferred in
embodiments of the method in continuous flow, for extracts
of condensed tannins that are soluble under the reaction
conditions.

[0112] The concentration of acid used in the condensed
tannin depolymerization step is preferably equivalent to the
concentration of this acid required to confer a pH of between
-1 and 3.5 on an aqueous solution. It is within the compe-
tence of those skilled in the art to determine, for each
particular acid, the appropriate concentration range.

[0113] By way of example, when the acid is hydrochloric
acid, it can be introduced into the reaction medium, for
carrying out the depolymerization step, in a concentration of
between 0.1 and 2.0 mol/l. More generally, for this acid, as
for methanesulfonic acid, concentrations of between 0.1 and
0.4 mol/l are particularly preferred.

[0114] In particular embodiments of the invention, the
depolymerization step is carried out in a polar solvent,
preferably a protic solvent, such as for example methanol,
ethanol, formic acid or acetic acid, or in a mixture of
solvents containing at least one polar, preferably protic,
solvent. In the latter case, the solvents used in the mixture
are advantageously chosen so as to be inert with respect to
one another under the reaction conditions. Where appropri-
ate, the polar solvent(s), where appropriate protic solvent(s),
may be as a mixture with one or more solvents of other
types, including aprotic or nonpolar solvents.

[0115] The proportion of the nucleophile of general for-
mula (III) in the solvent can then be between 1% and 75%
by volume, preferably between 10% and 75% by volume,
relative to the volume of solvent, preferentially be approxi-
mately equal to 25% by volume relative to the volume of
solvent.

[0116] The condensed tannin depolymerization step is
preferably carried out at a temperature below or equal to the
boiling point of the nucleophile of general formula (III) at
the pressure applied in the reactor, and where appropriate,
when a solvent is added to the reaction medium, at a
temperature below or equal to the boiling point of this
solvent at this same pressure. By way of example, when the
reaction is carried out at atmospheric pressure, temperatures
of between 30° C. and 40° C. are particularly preferred.
[0117] Generally, the depolymerization step of the method
according to the invention can advantageously be carried out
with a high yield, of at least 90%, in a time as short as 30
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minutes, or a few hours depending on the nucleophile used,
this being at a moderate temperature, in particular below 50°
C.

[0118] By way of example, when the nucleophile is furan
of formula (Illa), one or more of the following operating
parameters can be applied:

[0119] initial concentration: 1 g/l of condensed tannins
[0120] solvent: methanol

[0121] volume ratio of furan in methanol: 25% v/v
[0122] acid: hydrochloric acid at 0.1 mol/l

[0123] temperature: 30° C.

[0124] Such operating conditions prove to be entirely

advantageous in terms of yield and rate of the depolymer-
ization reaction. They make it possible for example to
achieve a yield as high as 100% starting from an industrial
extract of seed tannins from marcs from white wine vinifi-
cation or a model tannin, the dimer B2 (epicatechin-
(4p—=8)-epicatechin).

[0125] Under these same conditions, but with an initial
concentration of 0.2 g/l of dimer B2, the method according
to the invention also makes it possible in particular to
depolymerize the dimer B2 in a very short time, of 10
minutes.

[0126] The method according to the invention can com-
prise a final step of separating out of the reaction medium the
compound of general formula (I) that it makes it possible to
obtain. This separation is in particular carried out rapidly at
the end of the reaction, so as to avoid any phenomenon of
degradation of the compound formed in the acidic reaction
medium. It can be carried out by any technique that is
conventional in itself. For example, it can consist in adding
water to the medium, in evaporating off the solvents and the
nucleophile by vacuum evaporation, and then in extracting
the products of interest by liquid/liquid extraction using a
water-immiscible organic solvent, such as ethyl acetate,
diethyl ether, etc.

[0127] The method according to the invention can be
carried out batchwise. Preferentially, for the depolymeriza-
tion of a tannin extract that is soluble in the reaction mixture,
it is carried out in continuous flow, by means of a facility that
is conventional in itself in the industrial field.

[0128] When the method according to the invention is
carried out in continuous flow, for example in a thermostated
reactor, the acid is preferably supported, so as to be easily
separable by filtration.

[0129] In the case of the direct treatment of the biomass,
the method can for example be carried out by means of a
solvent/reagent co-current, twin-screw extruder, that is con-
ventional in itself, comprising a first segment allowing
milling of the raw material, and a second segment allowing
the addition of the solvents/reagents, with blending and
impregnation. The reaction time is set by the speed of the
extruder. In a third segment, the spin-drying and the filtra-
tion of the products of interest are carried out. An example
of such an extruder for treating biomass is in particular
described in the handbook by Maréchal, 2001.

[0130] The acid can then be neutralized and/or washed
with water, the solvents and reagents can be evaporated off
under vacuum or distilled at atmospheric pressure, and the
products of interest can be taken up with an organic solvent
such as ethyl acetate, diethyl ether, etc.

[0131] The compound of general formula (I) according to
the invention can otherwise be obtained by any other pro-
cess, in particular by furylation of flavan monomers
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obtained from condensed tannins or from any other type of
tannins by any other method, or else by furylation of
chemically obtained compounds.

[0132] For example, starting from taxifolin of formula
(IV) below, it is possible to carry out a first step of in situ
reduction of the carbonyl function, so as to obtain the
corresponding 3.4-diol derivative (V), for example accord-
ing to the following reaction scheme:

OH
HO. O
OH —>
NaBH,
OH
OH (6]
av)
OH
HO O
OH
OH
OH OH
™
[0133] In a second step, the 3,4-diol derivative (V)

obtained can be brought into contact with a nucleophile of
general formula (IIT) according to the invention, in an acidic
medium, in the same way as that described above with
reference to the condensed tannin depolymerization method,
s0 as to obtain the compound of general formula (I) accord-
ing to the invention. This reaction scheme can also be
applied to taxifolin and/or its reduction product, the 3,4-diol
derivative, the phenolic hydroxyl groups of which having
been protected beforehand.

[0134] Another aspect of the invention relates to the use,
for depolymerizing condensed tannins, of a compound of
general formula (III):

(1)

[0135] in which R'|, R',, R'; and R',, which may be
identical or different, each represent a hydrogen atom or a
substituent not comprising any mesomeric-effect electron-
withdrawing group conjugated to the furan nucleus, at least
one substituent among R';, R',, R'; and R', representing a
hydrogen atom.

[0136] R'|,R',,R';andR', may in particular correspond to
one or more of the features set out above with reference to
general formula (III).

[0137] The features and advantages of the invention will
emerge more clearly in the light of the examples below,
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which are given simply by way of illustration and are in no
way limiting of the invention, with the support of FIGS. 1 to
8, in which:

[0138] FIG. 1 shows a UPLC chromatogram at 280 nm of
the reaction crude obtained after carrying out a condensed
tannin depolymerization method according to one particular
embodiment of the present invention (furanolysis), using
hydrochloric acid (HC1) as acid;

[0139] FIG. 2 represents a graph showing the amounts of
each of the reaction products, per gram of tannins treated, for
condensed tannin depolymerization methods according to
particular embodiments of the present invention (furanoly-
sis), using hydrochloric acid (HCI) or methanesulfonic acid
(MsOH) as acid, and also for a tannin depolymerization
reaction using a sulfur-bearing nucleophile proposed by the
prior art (thiolysis);

[0140] FIG. 3 represents a graph showing the effect of the
initial concentration of dimer B2 on its kinetics of disap-
pearance during a method, in accordance with one embodi-
ment of the invention, of furanolysis of a commercial
preparation of dimer B2 in the presence of a methanolic
solution of furan (25% v/v) and of HCI (0.1 moll™);

[0141] FIG. 4 represents a graph showing the effect of the
initial concentration of dimer B2 on the kinetics of appear-
ance of the depolymerization products during the furanolysis
method having been carried out for obtaining FIG. 3;

[0142] FIG. 5 shows a UPLC chromatogram at 280 nm of
the reaction crude obtained after carrying out a condensed
tannin depolymerization method according to one particular
embodiment of the present invention (sylvanolysis), using
hydrochloric acid (HC1) as acid;

[0143] FIG. 6 shows UPLC chromatograms, with detec-
tion at 280 nm, carried out on an aqueous solution of the
products resulting from the depolymerization of a condensed
tannin extract by thiolysis, (a) before, and (b) after, bringing
into contact for 19 h with a buffer solution at pH 9;
[0144] FIG. 7 shows UPLC chromatograms, with detec-
tion at 280 nm, carried out on an aqueous solution of a crude
product resulting from the depolymerization of a condensed
tannin extract using sylvan in accordance with one particular
embodiment of the invention, (a) before, and (b) after,
bringing into contact for 19 h with a buffer solution at pH 9;
and

[0145] FIG. 8 shows sigmoid curves established from the
various experimental results, expressing the molar ratio
between the derivatives derived from the extension units
U,,, and the total of the extension units and of the terminal
wnits U, (U_ /U, +U, "), as a function of the “nucleo-
phile/dimer B2” initial molar ratio, for experiments in which
the dimer B2 was depolymerized using the nucleophiles in
accordance with the invention, furan and sylvan, for initial
concentrations of dimer B2 of 100, 200 or 400 mg.1~, and
various initial nucleophile concentrations.

MATERIALS AND METHODS

[0146] For the experiments below, the solvents and
reagents were obtained from Sigma-Aldrich for the furan,
the sylvan, the 2-mercaptoethanol, the anhydrous methane-
sulfonic acid (MsOH) and the catechin; from Carl Roth for
the fuming hydrochloric acid (HCI 37% aq.); and from
ProLabo for the methanol (analytical grade) (MeOH) and
the absolute ethanol (EtOH). The “hydrochloric” and “meth-



US 2017/0260170 Al

anesulfonic” solutions are prepared respectively by a dilu-
tion of fuming HCl (37% aq.) and of MsOH in the solvent
concerned.

[0147] The industrial seed condensed tannin extracts pro-
duced from marcs originating from vinifications into white
wines (“white seed tannins”) (high quality grade) were
obtained from the Union des Distilleries de la Méditerranée
[Union of Mediterranean Distilleries], and the dimer B2
from the company Extrasynthése.

General Protocol for Analyzing the Depolymerization
Reaction Products (Identification and Quantification)

[0148] The analysis consists in carrying out a separation of
the depolymerization reaction products by ultra performance
liquid chromatography (Waters UPLC system) coupled in
series to a diode array detector (DAD) and to a mass
spectrometer (Brucker AmaZonX model) (UPLC-MS). The
samples resulting from the depolymerization are analyzed
extemporaneously, without pretreatment, the reaction
medium being diluted, where appropriate, for a final tannin
concentration at 1 g.I™* (200 mg1~! for the dimer B2). The
samples (2 pl) are injected on to a Waters Acquity Atlantis
HSS T3 1.8 um-2.1x100 mm column, and eluted with the
solvents A (H,O:HCOOH 99:1) and B (H,O:HCOOH:
MeCN 19:1:80), according to the A/B gradient: 99.9% to
60% linear, 5 min; 60% to 1% linear, 2 min; 1% isocratic,
1 min; 1% to 99.9% linear, 1 min. The UV chromatogram
recorded at 280 nm allows the quantitative analysis by
integration of the peaks corresponding to each of the prod-
ucts, by virtue of a prior external calibration of the reaction
products. The MS(+) chromatogram allows the identifica-
tion of the products, on the basis of the m/z values.

[0149] A preparative separation by flash chromatography
on a “DIOL” grafted silica column (Interchim), followed
where appropriate by a semi-preparative chromatography
(C18 grafted silica), makes it possible to isolate the products
with a high purity in order to confirm the structures by NMR
and to determine their coefficients of response on the UPLC-
MS apparatus.

[0150] For each kinetics undertaken, the quantification of
the reagents and of the products is carried out by UPLC-
MS(+) analysis. To this effect, as soon as the reagents are
brought together, the reaction mixture is immediately dis-
tributed by sampling one and the same volume in several
tubes. All the samples are placed in a thermostated bath and
brought to the selected temperature. One sample is sacrificed
for each point of the time course corresponding to a given
time. Once removed from the bath, the sample is cooled to
10° C., diluted if necessary and injected extemporaneously
into the chromatograph.

EXAMPLE 1

Comparative Study of Processes for Thiolysis or
for Furanolysis of White Seed Tannins at 1 g/l

[0151] The polymerization of an extract of white seed
tannins was carried out in an acidic medium by means, on
the one hand, of a sulfur-bearing nucleophile as proposed by
the prior art (analytical thiolysis reaction, comparative
example) and, on the other hand, of a nucleophile in accor-
dance with the present invention, furan (furanolysis reac-
tion), in the presence respectively of two different acids,
hydrochloric acid and methanesulfonic acid.
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Thiolysis (Comparative Example)

[0152] An optimized thiolysis reaction, according to the
protocol described in the publication by Roumeas et al.,
2013, is carried out in the following way.

[0153] In a 10 ml tube, the tannin extract (10 mg) is
dissolved in methanol (MeOH) (5 ml), then 5 ml of the
thiolytic depolymerization solution (12 pl of 2-mercap-
toethanol and 83 pl of fuming HCI per 5 ml of MeOH gs) are
added. The tube is closed with a phenolic stopper equipped
with a PTFE septum, and left to stir at 40° C. for 2 h.

Furanolysis—HC1

[0154] A first furanolysis reaction in accordance with the
present invention is carried out as follows.

[0155] In a 10 ml tube, the tannin extract (10 mg) is
dissolved in MeOH (5 ml), then the furan (2.5 ml) and a
hydrochloric solution of MeOH (0.4 mol.1™!) are added. The
tube is closed with a phenolic stopper equipped with a PTFE
septum, and left to stir at 40° C. for 1 h.

Furanolysis—MsOH

[0156] A second furanolysis reaction in accordance with
the present invention is carried out as follows.
[0157] In a 10 ml tube, the tannin extract (10 mg) is
dissolved in MeOH (5 ml), then furan (2.5 ml) and the
solution of MsOH at 0.4 mol.I"* in MeOH (5 ml) are added.
The tube is closed with a phenolic stopper equipped with a
PTFE septum, and left to stir at 40° C. for 1 h.
[0158] In the grape, since a proportion of the constituent
units of the polymer chains forming the tannins are galloy-
lated, that is to say esterified with gallic acid at the level of
the hydroxyl radical in the C3 position, the depolymeriza-
tion reactions result in the formation of the following
products:

[0159] furylated extension units corresponding to gen-

eral formula (I) according to the invention:

Derivative

Galloylated derivative



US 2017/0260170 Al

[0160] terminal units:
OH
HO O
OH
OH
OH
Terminal
OH
HO O
OH
OGal
OH
Galloylated terminal
[0161] wherein Gal represents a gallate group of formula

(II) defined above.

[0162] For each of the depolymerization reactions, the
amount of each of the products formed is determined by
UPLC-MS, as indicated above. The depolymerization prod-
ucts are referenced as follows: catechin terminal units (Cat),
epicatechin terminal units (Ec), epicatechin gallate terminal
units (EcG), and furylated extension units of catechin (Cat-
F), of epicatechin (Ec-F) and of epicatechin gallate (EcG-F).
[0163] By way of example, FIG. 1 shows the UPLC
chromatogram at 280 nm of the reaction crude obtained at
the end of the furanolysis—HCI reaction described above.
[0164] For each of the products formed, the retention time
and the m/z value observed by MS(+) are indicated in table
1 below.

TABLE 1

UPLC retention time and m/z values observed by MS(+) of the
depolymerization products obtained by means of a
furanolysis - HCl method in accordance with the invention

Product Retention time (min) M+ H"Y)
Cat 2.8 291
Ec 3.2 291
EcG 4.0 443
Cat-F 3.9 357
Ec-F 4.7 357
EcG-F 53 509
[0165] The amounts of each of the reaction products

formed per gram of tannins are deduced from this analysis,
for each of the processes described above. The results
obtained are shown in FIG. 2.

[0166] It is observed that the reactions carried out with
furan as nucleophile, in accordance with the present inven-
tion, give results similar to the depolymerization reactions of
the prior art by optimized thiolysis, and with a yield that is
even better with regard to the terminal units.

[0167] Moreover, no significant difference is observed
between the use of HCI or of MsOH as acid catalyst.
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EXAMPLE 2

Depolymerization by Furanolysis of Douglas Pine
Tannins

[0168] The pine bark lipids (5 g) are extracted with 3x50
ml of hexane. The tannins are then extracted with a 70/30/
0.05 v/v/v acetone/H,O/TFA mixture (3x50 ml). The
acetone is evaporated off under vacuum, and the aqueous
phase is then lyophilized to give 900 mg of tannin extract in
the form of a brownish powder.

[0169] A method for depolymerization of the tannins thus
obtained in accordance with the invention is carried out as
follows.

[0170] In a tube, the tannins (100 mg) are dissolved in
MeOH (72.5 ml), and then furan (25 ml) and a hydrochloric
methanol solution at 4.0 mol.I™* (2.5 ml) are added. The tube
is closed with a phenolic stopper equipped with a PTFE
septum, and left to stir at 40° C. for 1 h.

[0171] The yields evaluated on the basis of a UPLC-MS
analysis, as indicated above, are greater than or equal to
those obtained by means of an analytical thiolysis (that is to
say 440 pumol of furylated derivatives per gram of extract).

EXAMPLE 3

Furanolysis of the Dimer B2

[0172] The dimer B2 was subjected to a depolymerization
step in accordance with the present invention, at several
concentrations, according to the following reaction condi-
tions.

[0173] For each test, the kinetics of the depolymerization
reaction is monitored over time by determination by UPLC-
MS, as described above, of the concentrations of unreacted
dimer B2 and of reaction products formed.

[0174] 10gl™!

[0175] 15 mg of dimer B2 are dissolved in MeOH (1.12
ml), then furan (375 pl) and then fuming HCI1 (12.5 ul) are
added. The solution (180 pl) is transferred into 300 pl vials,
which are sealed with aluminum capsules with a septum, and
brought to 40° C. The reaction is monitored by UPLC-MS

(+) for 8 h.
[0176] 1 gl!
[0177] 1.5 ml of solution of dimer B2 at 1.0 g.I™" are

prepared in a 25% v/v furan/MeOH mixture. The hydro-
chloric acid (12.5 pl) is added. 180 pl of solution are
transferred into 300 pl vials, which are sealed with alumi-
num capsules with a septum, and brought to 40° C. The
reaction is monitored by UPLC-MS(+) for 8 h.

[0178] 02 gl!

[0179] 1.5 ml of solution of dimer B2 at 200 mg.I™" are
prepared in a 25% v/v furan/MeOH mixture. The hydro-
chloric acid (12.5 pl) is added. 180 pl of solution are
transferred into 300 pl vials, which are sealed with alumi-
num capsules with a septum, and brought to 40° C. The
reaction is monitored by UPLC-MS(+) for 180 min.
[0180] For each initial concentration of dimer B2, the
results obtained are shown in FIG. 3, for the dimer B2
disappearance kinetics, and in FIG. 4, for the depolymer-
ization product appearance kinetics.

[0181] It is noted that the maximum amount of depolymer-
ized units represents 90% and 97% of the initial amount of
dimer B2, respectively for initial concentrations of 0.2 g/l
and 1.0 g/l. These maximum amounts are obtained in very
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short reaction times, respectively of 10 min and 20 min. In
comparison, lower yields are obtained when the initial
concentration of dimer B2 is equal to 10 g/l, since the
maximum amount of depolymerized units then represents
55% of the initial amount of dimer B2. In addition, the lower
the initial concentration of dimer B2, the faster the appear-
ance of the depolymerization products.

[0182] For a dimer B2 concentration of 10 g/1, the appar-
ent kinetics of disappearance of the dimer B2 is in addition
slower than the apparent rate of appearance of the depo-
lymerized units. The difference in kinetics observed between
the appearance of the depolymerization products and the
disappearance of the dimer B2 suggests that the depolymer-
ization products and the dimer B2 become competitive
nucleophiles with respect to the furan at a high concentration
of flavan units in the medium, that is to say at high
concentrations of the dimer itself and its depolymerization
products. These observations appear to indicate a reaction
scheme involving numerous elementary reactions, and dem-
onstrate the advantage of proceeding, when the nucleophile
is the furan, and as recommended by the present invention,
under dilute conditions, that is to say at low initial concen-
trations of condensed tannins in the reaction medium, of less
than 10 g/l.

EXAMPLE 4

Furanolysis of White Seed Tannins Using the Furan
in Ethanol

[0183] A method for depolymerizing white seed tannins is
carried out in accordance with the present invention, by
means of furan as nucleophile, in ethanol as solvent, accord-
ing to the following operating protocol.

[0184] A solution of tannin sample at 2 g.I"* in absolute
ethanol (EtOH), and the furanolysis solution (50% v/v furan
in methanesulfonic EtOH at 0.2 mol.I™") are prepared. The
reaction mixture is prepared by adding 1.0 ml of each
solution to an Eppendorf tube, then 200 pul of solution are
transferred into 300 pl vials, which are sealed with alumi-
num capsules with a septum, and brought to 40° C. The
reaction is monitored by UPLC-MS(+) for 80 min. The
maximum Yyield, obtained after 40 min of reaction, is 510
umol of depolymerization products per gram of extract (that
is to say 73% of the estimated maximum value by thiolysis).

EXAMPLE 5

Furanolysis of White Seed Tannins with
Furan—Influence of the Furan/Tannin Ratio

[0185] Methods for depolymerizing white seed tannins are
carried out in accordance with the present invention, by
means of furan as nucleophile, with several different “moles
of furan/weight of tannins” ratios, according to the follow-
ing operating protocol.

[0186] The white seed tannin extract is dissolved in
MeOH (12 ml). The furan (4 ml) and then the fuming
hydrochloric acid (133 pl) are added. This solution is
distributed into 8 Eppendort tubes, in a proportion of 1.5 ml
per tube. Each tube is closed with Parafilm® and brought to
30° C. The reaction kinetics are monitored by UPLC-MS(+)
for 8 h.

[0187] The operating conditions and results obtained are
shown in table 2 below.
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TABLE 2

Operating conditions and yield of a reaction of furanolysis of white
seed tannins with furan in accordance with the invention

“Moles of
furan/moles Max. yield
Tannin “Moles of  of tannin (compared
concen- furan/g of eq. Max. yield with  Time for
tration  tanmins”  monomers” (umol - g7!  analytical obtaining
(g/l) ratio ratio of tannins)  thiolysis) max. yield
1 3.44 1000 702 100% 1 h 30-
6h
2 1.72 500 652 93% 1 h 30-
8h
3 1.15 334 611 87% 1 h 30-
8h
5 0.688 200 610 87% 4 h30
10 0.344 100 461 66% 4-8h
[0188] These tests show that, when the nucleophile is

furan, high reaction yields can be obtained for all the tannin
concentrations tested. These yields are highest for tannin
concentrations of less than or equal to 5 g17*.

EXAMPLE 6

Depolymerization of White Seed Tannins with
Sylvan—Influence of the Sylvan/Tannin Ratio

[0189] Methods for depolymerizing white seed tannins are
carried out in accordance with the present invention, by
means of sylvan as nucleophile, with several different
“moles of sylvan/weight of tannins™ ratios, according to the
following operating protocol.

[0190] The white seed tannin extract is dissolved in
MeOH (12 ml). The sylvan (4 ml) and then fuming hydro-
chloric acid (133 pl) are added. This solution is distributed
into 8 Eppendorf tubes, in a proportion of 1.5 ml per tube.
Each tube is closed with Parafilm® and brought to 30° C.
The reaction kinetics are monitored by UPLC-MS(+) for 4
h

[0191] The depolymerization products are referenced as
follows: catechin terminal units (Cat), epicatechin terminal
units (Ec), epicatechin gallate terminal units (EcG), and
sylvanylated extension units of catechin (Cat-S), of epicat-
echin (Ec-S) and of epicatechin gallate (EcG-S).

[0192] FIG. 5 shows the UPLC chromatogram obtained
after 1 h of reaction.

[0193] For each of the products formed, the retention time
and the m/z value observed by MS(+) are indicated in table
3 below.

TABLE 3

UPLC retention time and m/z values observed by MS(+) of the
depolymerization products obtained by means of a
sylvanolysis - HCI method in accordance with the invention

Product Retention time (min) (M + HY)
Cat 2.8 291
Ec 3.2 291
EcG 4.0 443
Cat-S 4.5 371
Ec-S 5.4 371
EcG-S 5.9 523
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[0194] The operating conditions and results obtained, in
terms of yield, are indicated in table 4 below.

TABLE 4

Operating conditions and yield for a reaction of depolymerization of
white seed tannins with sylvan in accordance with the invention

“Moles of
“Moles of sylvan/moles Max. yield
Tannin  sylvan/g of tannin (compared
concen- of eq. Max. yield. with  Time for
tration  tannins®  monomers®  (umol - g!  analytical obtaining
(g/h) ratio ratio of tannins)  thiolysis) max. yield
1 2.77 800 720 103% 30 min-
1h30
5 0.555 160 730 104% 30 min-
2h
10 0.277 80 650 93% 60 min
20 0.139 40 662 95% 45 min-
1h30
40 0.069 20 626 89% 45 min-
1h30
80 0.035 10 581 83% 90 min
1 0.0035 1 329 47% 4-6h
[0195] These tests show that, when the nucleophile is

sylvan, very high reaction yields can be obtained for all the
tannin concentrations tested.

EXAMPLE 7

Preparative Depolymerization of White Seed
Tannins with Furan

[0196] A depolymerization method in accordance with the
invention is carried out in the following way.

[0197] In abottle, the tannin extract (5.0 g) is dissolved in
MeOH (200 ml), then the furan (108 ml), and then the
hydrochloric methanol (83 ml of fuming HCI in 108 ml of
MeOH) are added without stirring. The mixture is brought to
40° C., for 30 min, and then cooled to 0° C. 500 ml of an
aqueous solution of Na,CO, (106 g.I™*) are then added. The
mixture is extracted with ethyl acetate (AcOEt) (3x400 ml),
then subjected to evaporation. A pasty brown-black solid is
obtained (3.34 g), which is taken up in diethyl ether (Et,0)
(200 ml), triturated and sonicated, and then washed with
brine (300 ml). These operations are repeated twice, and the
solutions obtained are dried (Na,SO,) and then evaporated
so as to obtain a brownish pasty solid (2.40 g), which
consists of a mixture of terminal units and of furylated
extension units.

[0198] The product thus obtained is purified by flash
chromatography. The mixture (150 mg) is dissolved in Et,O
(5 ml), and is then injected on to a DIOL column and eluted
with an AcOEVEt,O gradient (from 0 to 50%). The fractions
of interest (furylated extension units) are combined and
evaporated under vacuum. 54 mg of the furylated flavan
monomer below are obtained:

13
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[0199] The NMR data obtained for this compound, indi-
cated in table 5 below, confirm the structure above.

TABLE 5

NMR characterization of the furylated derivative obtained by means
of a depolymerization method according to the invention

Attribution 13¢C (ppm) Type 'H (ppm) J (Hz)
1 74.4 CH 457 sl
2 68.4 CH 394 m
3 39.1 CH 407 m
4 98.2 Q - —
5 155.9 Q - —
6 94.0 CH 578 d-21Hz
7-9-10 157.3-157.1-157.0 Q - —
8 95.4 CH 592 d-21Hz
11 106.6 CH 5.80 d-2.9 Hz
12 110.3 CH 6.34  dd-1.7/29 Hz
13 141.4 CH 755 d-1.7Hz
14 130.1 Q - —
15 117.7 CH 6.51 dd-1.7/8.1 Hz
16 114.9 CH 6.66 d-8.1 Hz
17-18 144.7-1446  Q - —
19 114.7 CH 6.81 d-1.7 Hz
20-21 OH 872882 s
22 OH 9.04 s
23 OH 9.15 s
24 OH 508 d-47Hz
[0200] The positions of the aromatic groups are moreover

confirmed by '*C-'H HMBC heteronuclear two-dimen-
sional NMR.

EXAMPLE 8

Preparative Depolymerization of White Seed
Tannins with Sylvan

[0201] A depolymerization method in accordance with the
invention is carried out in the following way.

[0202] Inaround-bottomed flask, the tannin extract (8.0 g)
is dissolved in MeOH (300 ml), then sylvan (100 ml), and
then gently fuming HCI (3.33 ml), are added with stirring.
The mixture is brought to 30° C. for 60 min. 400 ml of an
aqueous solution of Na,CO, (5.3 g.I™") are added and then
an extraction is carried out with AcOEt (3x400 ml). The
solution is evaporated so as to give a pasty brownish solid
(5.7 g), which is taken up with Et,O (200 ml), triturated and
sonicated, and then washed with brine (300 ml). These
operations are repeated twice, and the resulting solutions are
combined, and dried with Na,SO,. The solution is evapo-
rated so as to obtain a bullate beige solid (2.40 g), consisting
of'a mixture of terminal units and of sylvanylated extension
units.



US 2017/0260170 Al

[0203] The product thus obtained is purified by flash
chromatography. The mixture (300 mg) is dissolved in Et,O
(5 ml), and is then injected on to a DIOL column and eluted
with an AcOEVEt,O gradient (from 0 to 50%). The fractions
of interest (sylvanylated extension units) are combined and
evaporated under vacuum. 99 mg of the sylvanylated flavan
monomer below are obtained:

[0204] The NMR data obtained for this compound, indi-
cated in table 6 below, confirm the structure above.

TABLE 6

NMR characterization of the sylvanylated derivative obtained by
means of a depolymerization method according to the invention

Attri-
bution 13¢C (ppm) Type 'H (ppm) J (Hz)
1 74.3 CH 461 sl
2 68.4 CH 392 m
3 39.1 CH 403 m
4 98.2 Q [ —
6 94.0 CH 577 d-2.5Hz
5-7-9-10  157.3-157.0-156.0-155.3 Q [ —
8 95.3 CH 592  d-2.3Hz
11 106.3 CH 592  d-2.5Hz
12 107.3 CH 562 d-2.5Hz
13 149.8 Q [ —
14 130.1 Q [ —
15 117.8 CH 652  dd-1.9/7.9 Hz
16 114.9 CH 6.67 d-8.1 Hz
17-18 144.7-144.6 Q [ —
19 114.7 CH 6.81  d-2.0 Hz
20-21 — OH 8.72-8.82 s
22 — OH 2.03 s
23 — OH 9.13 s
24 — OH 5.05 d-5.0 Hz
14' 15.2 CH 224 sl
[0205] The positions of the aromatic groups are moreover

confirmed by '*C-'H HMBC heteronuclear two-dimen-
sional NMR.

EXAMPLE 9

Stability Under Basic Conditions of Derivatives
Obtained by Thiolysis or by Sylvanolysis

[0206] A buffer solution at pH 9 is prepared by adding 50
ml of a solution containing 0.2 mol/l of KC1 and 0.2 mol/l
of H;BO; to 21.4 ml of a solution of NaOH at 0.2 mol/l.
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[0207] Thiolysis

[0208] An aqueous solution containing 2 g/l of a crude
product resulting from the depolymerization of a white seed
tannin extract by thiolysis according to the protocol of
Roumeas et al., 2013 is prepared. This solution contains the
catechin (Cat) and epicatechin (Ec) terminal units, and also
the sulfur-containing extension units derived from catechin
(Cat-M) and from epicatechin (Ec-M). The UPLC chro-
matogram at 280 nm of this solution is shown in FIG. 6(a).
[0209] 500 pl of this solution are transferred into a vial to
which are added 500 pl of the buffer solution at pH 9. The
vial is flushed with argon, sealed and left in the dark for 19
h. The UPLC chromatogram at 280 nm, of the resulting
solution, is shown in FIG. 6(). The disappearance of the
peaks corresponding to the sulfur-containing extension units
is observed therein. An analysis by UPLC-MS(+) shows that
these sulfur-containing extension units have been more than
95% degraded in 19 h.

[0210] Sylvanolysis

[0211] In a first experiment, an aqueous solution contain-
ing 2 g/1 of a crude product resulting from the depolymer-
ization of a white seed tannin extract with the sylvan
according to the protocol described in example 8 is prepared.
This solution contains the catechin (Cat), epicatechin (Ec)
and epicatechin gallate (EcG) terminal units, and also the
sylvanylated extension units (2-methylfurylated) derived
from catechin (Cat-S), from epicatechin (Ec-S) and from
epicatechin gallate (EcG-S). The UPLC chromatogram at
280 nm of this solution is shown in FIG. 7(a).

[0212] 500 pl of this solution are transferred into a vial to
which are added 500 pl of the buffer solution. The vial is
flushed with argon, sealed and left in the dark for 19 h. The
UPLC chromatogram at 280 nm, of the resulting solution, is
shown in FIG. 7(b). It is observed therein that the peaks
corresponding to the sylvanylated extension units are always
present. An analysis by UPLC-MS(+) shows that there was
no degradation of the product after 19 h.

[0213] Ina second experiment, the same product resulting
from depolymerization of white seed tannins by sylvanolysis
is dissolved at a concentration of 1 g/l in a solution of
acetonitrile containing triethylamine at two concentrations,
0.02 or 1.8 mM (at these concentrations, the triethylamine in
aqueous phase would form solutions at pH 10 and at pH 11,
respectively). The two solutions are left under argon for 4
days in the dark in sealed vials. The analysis thereof by
UPLC-MS(+) shows no degradation after 4 days.

EXAMPLE 10

Determination of the “Nucleophile/Depolymerizable
Condensed Tannins” Molar Ratios for Furan and
Sylvan

[0214] A test carried out using a model tannin, the dimer
B2, and either sylvan or furan as nucleophile, was developed
in order to determine the minimum “nucleophile/depolymer-
izable condensed tannins” molar ratios to be used in the
condensed tannin depolymerization reactions. In order to
obtain a discriminating result, the test is based on the
measurement of the rate of conversion with respect to units
of derivatives of interest (furylated derivative or sylva-
nylated derivative) over a short reaction time, that is to say
10 min. Consequently, the rat measured in this test on initial
reaction rates does not correspond to the degree of conver-
sion obtained at the end of the reaction owing to the reaction
kinetics. However, the comparison of the results of the test
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on the dimer B2 with those of the experiments which were
carried out under real conditions on the industrial extract of
white seed tannins for a maximum period of 8 h while
retaining the same conditions of temperature, acidity and
“nucleophile/tannins expressed in monomer equivalent”
molar ratio outside this test and the results of which are
presented in tables 2 and 4 of this document, makes it
possible to establish a correlation between the degree of
conversion in the test and the yields of production of the
compounds of interest obtained under real conditions. Thus,
a threshold lying at around 2.5% for the degree of conver-
sion in the context of the test makes it possible to obtain,
under the real production conditions, yields of compounds
of interest of about 40%. The curve which is determined by
the test presented below then makes it possible to determine
the minimum values of the “nucleophile/dimer B2 in mono-
mer equivalent” molar ratios which correspond to the mini-
mum “nucleophile/depolymerizable tannins in monomer
equivalent” molar ratios that will have to be used in the
depolymerization reactions under real conditions.

[0215] Described below is the procedure used to deter-
mine the “nucleophile/depolymerizable condensed tannins”
molar ratio using a given tannin extract, taking furan or
sylvan as nucleophile.

[0216] For an extract of given tannins, the molar amount
of depolymerizable condensed tannins is determined by
analytical thiolysis reaction, carried out in particular as
described in the publication by Roumeas et al., 2013, and
quantification of the amount of tannins thus depolymerized,
by UPLC-MS, as indicated above.

[0217] The corresponding molar amount of nucleophile of
general formula (III) is determined in the following way, for
furan and sylvan.

[0218] A stock solution of dimer B2 is prepared at 100,
200 or 400 mg.I"" in MeOH (reference concentration: 400
mg.I7!, that is to say 0.7 mM). The depolymerization solu-
tions contain 200 mM of HC] and various concentrations of
nucleophile of between 0.7 and 70 mM for sylvan, and 140
and 7000 mM for furan.

[0219] For each experiment, a mixture of 500 ul of stock
solution of dimer B2 and 500 pl of depolymerization solu-
tion is prepared in a stoppered tube and immediately brought
to 30° C. for 10 min. The samples are then directly analyzed
by UPLC, according to the protocol described above, with
neither treatment nor dilution beforehand. The quantification
of the extension units U, , (in derivative form) and of
terminal units U,,,,, released during the reaction makes it
possible to calculate, for each test, the U, /(U +U,
ratio.

[0220] The results obtained, for each of furan and sylvan,
as a function of the various “nucleophile/dimer B2 in
monomer equivalents” molar ratios, are indicated in table 7
below.

term)

TABLE 7

Up/(Ueys + Uygyoy,) molar ratios obtained by depolymerization of dimer
B2 with furan and sylvan in accordance with the present invention

“Nucleophile/dimer Sylvan U__/(U,,, + U,,,,) Furan U,/(U..; + U,eppn)

B2” molar ratio  molar ratio molar ratio
0.5 0.033* —
2.5 0.089* —
0.5 0.014%* —
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TABLE 7-continued

u.,,./U,,, + U,,,,) molar ratios obtained by depolymerization of dimer
B2 with furan and sylvan in accordance with the present invention

“Nucleophile/dimer Sylvan U__/(U,,, + U,,,,) Furan U,/(U.., + Ueppn)

B2” molar ratio  molar ratio molar ratio
0.5 0.020%* —
5 0.167* —
5 0.080%** —
5 0.140%* —
10 0.170* —
50 0.420%+* —
50 0.320* —
100 — 0.035%*
250 — 0.070*
500 0.470%** 0.135*
500 0.500%* —
500 0.500%** —
3750 — 0.430%**
5000 — 0.420%*

with:

*experiments carried out in the presence of 0.35 mM of dimer B2
**experiments carried out in the presence of 0.087 mM of dimer B2
***experiments carried out in the presence of 0.17 mM of dimer B2

[0221] On the basis of these results, the curves represent-
ing the U, /(U, +U....) molar ratio as a function of the
“nucleophile/dimer B2” molar ratios are plotted. The curves
obtained, for furan and sylvan, are shown in FIG. 8.
[0222] The results obtained demonstrate the competition
reactions which take place between the nucleophiles and the
flavonoid compounds present in the medium. They thus
allow a comparison of the power of the nucleophiles with
one another. Thus, the figure clearly shows that sylvan is a
better nucleophile than furan, in so far as similar degrees of
conversion with respect to extension units (U_,/(U_,+U,....)
molar ratio) are achieved for “nucleophile/dimer B2” molar
ratios that are much lower in the case of sylvan.

[0223] For example, using as a basis the smoothing curves
obtained from the experimental points, shown in FIG. 8, the
“nucleophile/dimer B2” molar ratio required to achieve,
under the conditions of the test, a degree of conversion of
2.5% with respect to extension units, relative to the total of
the extension units and of the terminal units, can be estab-
lished at 0.79 for sylvan, and at 63 for furan. The “nucleo-
phile/dimer B2” molar ratio required to achieve, under the
conditions of the test, a degree of conversion of 5% with
respect to extension units, relative to the total of the exten-
sion units and of the terminal units, can be established at
1.67 for sylvan, and at 133 for furan.

[0224] The same experiment can be carried out, under
similar conditions, for any other nucleophile of general
formula (III) according to the invention.

EXAMPLE 11

Depolymerization of Tannins Directly from
Douglas Pine Bark

[0225] Comparative Example—Thiolysis

[0226] A thiolysis reaction, according to the protocol
described in the publication by Roumeas et al., 2013, is
carried out in the following way.

[0227] Ina 100 ml round-bottomed flask, the Douglas pine
bark (800 mg) is suspended in 40 ml of mercaptolysis
solution (2.0 ml of 2-mercaptoethanol and 333 ul of fuming
HCI per 40 ml of MeOH gs), and left to stir for 2 h at 40°



US 2017/0260170 Al

C. The results obtained by UPLC-MS show a maximum
content of extension unit of 129 wmol.g™" of initial bark.
[0228] Depolymerization Process with Sylvan in Accor-
dance with the Invention

[0229] In a round-bottomed flask, the Douglas pine bark
milled to 6 mm (10.0 g) is suspended in MeOH (75 ml), then
sylvan (25 ml) and then fuming HCI (833 pl) are added with
stirring. The mixture is brought to 30° C., and the reaction
is monitored by UPLC-MS. After 2 h 30, the sylvanylated
derivative yield reaches a maximum of 119 umol.g™ of
bark, that is to say 92% of the value obtained by means of
the comparative thiolysis reaction.

[0230] The targeted sylvanylated derivatives are thus
obtained with a high yield, directly from the bark, without
prior tannin extraction.

[0231] Preparative Extraction

[0232] The reaction mixture obtained by means of the
sylvanolysis reaction is filtered through a Biichner funnel in
order to remove the bark, and 100 ml of an aqueous solution
of NaHCO; (8.4 g17") are added. The solution obtained is
evaporated under vacuum in order to remove the methanol
and the sylvan, and the aqueous suspension is extracted with
AcOEt (3x100 ml). The organic phase is dried over Na,SO,
and evaporated under vacuum to give an oily orangey solid
(1.25 g). This product is triturated from petroleum ether
(3x50 ml) in order to remove the lipids and the terpenes, and
then taken up in Et,O (140 ml). The suspension is washed
with brine (2x50 ml), then dried over Na,SO, and evapo-
rated under vacuum to give an orangey solid (920 mg)
comprising 291 mg of sylvanylated derivatives.
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1. A compound of general formula (I):

@

A

R’y

in which:

R,, R,, R; and R, which may be identical or different,
each represent a hydrogen atom or a hydroxyl group,
optionally protected by a hydroxyl-function-protecting
group,

R, represents a hydrogen atom or an —OR, group, in
which R, represents a hydrogen atom, a hydroxyl-
function-protecting group, or a group of general for-
mula (I):

an

R";0 OR",

OR",

in which R",, R", and R";, which may be identical or
different, each
represent a hydrogen atom or a hydroxyl-function-pro-
tecting group,
R, represents a hydroxyl group, optionnally protected by
a hydroxyl-function-protecting group, and
R';, R';, R'; and R',, which may be identical or different,
each represent a hydrogen atom or a substituent not
comprising any mesomeric-effect electron-withdraw-
ing group conjugated to the furan nucleus,
a substituent among R';, R',, R'; and R', representing the
covalent bond with the pyran ring, or a salt thereof
2. The compound as claimed in claim 1, in which R';, R',,
R'; and R',, which may be identical or different, each
represent, with the exception of the substituent forming the
covalent bond with the pyran ring:
a hydrogen atom,
a group comprising an electron-donating radical bonded
directly or by conjugation to the furan ring, which is
optionally substituted, or
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a linear, branched or cyclic carbon-based radical, com-
prising a single ring or several condensed rings, which
is saturated or unsaturated, optionally aromatic, which
is optionally substituted, optionally comprising one or
more heteroatoms or one or more groups comprising
one or more heteroatoms.

3. The compound as claimed in claim 1, in which at least
one substituent among R';, R',, R'; and R', represents a
hydrogen atom.

4. The compound as claimed in claim 1, in which R';
represents the covalent bond with the pyran ring.

5. The compound as claimed in claim 1, in which R'; and
R', each represent a hydrogen atom.

6. The compound as claimed in claim 1, in which R',
represents a hydrogen atom or an alkyl group, which is
preferably C,-C, 4, and preferentially C ;-C,.

7. A method for obtaining a compound as claimed in claim
1, comprising a depolymerization step of depolymerizing
condensed tannins in the presence of an acid by means of a
nucleophile of general formula (II):

(1)

in which R';, R',, R'; and R',, which may be identical or
different, each represent a hydrogen atom or a substitu-
ent not comprising any mesomeric-effect electron-
withdrawing group conjugated to the furan nucleus, at
least one substituent among R';, R',, R'; and R', rep-
resenting a hydrogen atom.

8. The method as claimed in claim 7, wherein, for the
depolymerization step, a nucleophile of general formula
(IlT)/depolymerizable condensed tannins molar ratio is
greater than or equal to a nucleophile of general formula
(IIT)/dimer B2 molar ratio required to obtain at least 2.5% of
compounds of general formula (), relative to a total of the
compounds formed during a reaction of depolymerization of
a dimer B2 by the nucleophile of general formula (II) in a
presence of hydrochloric acid at 0.1 N in methanol, at 30° C.
and in a reaction time of 10 minutes.

9. The method as claimed in claim 7, wherein R';, R',, R';
and R',, which may be identical or different, each represent:

a hydrogen atom,

a group comprising an electron-donating radical bonded
directly or by conjugation to the furan ring, which is
optionally substituted, or

a linear, branched or cyclic carbon-based radical, com-
prising a single ring or several condensed rings, which
is saturated or unsaturated, optionally aromatic, which
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is optionally substituted, optionally comprising one or
more heteroatoms or one or more groups comprising
one or more heteroatoms.

10. The method as claimed in claim 7, wherein, in general
formula (III), at least R'; represents a hydrogen atom.

11. The method as claimed in claim 7, wherein, in general
formula (I1I), at least R'; and R', each represent a hydrogen
atom.

12. The method as claimed in claim 7, in which R',
represents a hydrogen atom or an alkyl group, which is
preferably C,-C,,, preferentially C,-C,.

13. The method as claimed in claim 7, wherein, for the
depolymerization step, the acid is used in a concentration
equivalent to its concentration required to confer a pH of
between -1 and 3.5 on an aqueous solution.

14. The method as claimed in claim 7, wherein the
depolymerization step is carried out in a polar, solvent or in
a mixture of solvents containing at least one polar, solvent.

15. The method as claimed in claim 7, wherein the
depolymerization step is carried out at a temperature below
or equal to a boiling point of the nucleophile of general
formula (II1) at an applied pressure, and at less than or equal
to a boiling point of the solvent at said applied pressure.

16. The method as claimed in claim 7, comprising a prior
step of extracting the condensed tannins from biomass.

17. The method as claimed in claim 7, wherein the
depolymerization step is carried out directly from biomass.

18. A method for depolymerizing condensed tannins using
a compound of general formula (III):

(I

in which R';, R',, R'; and R',, which may be identical or
different, each represent a hydrogen atom or a substitu-
ent not comprising any mesomeric-effect electron-
withdrawing group conjugated to the furan nucleus, at
least one substituent among R';, R',, R'; and R', rep-
resenting a hydrogen atom.

19. The method as claimed in claim 18, wherein, in
general formula (III), at least R', represents a hydrogen
atom.

20. The method as claimed in claim 18, wherein, in
general formula (III), at least R'; and R', each represent a
hydrogen atom.

21. The method as claimed in claim 18, wherein R',
represents a hydrogen atom or an alkyl group, which is
preferably C,-C,, and preferentially C,-C,.
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