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SYNTHESIS OF 6-BROMO-, 8-BROMO- AND 6,8-DIBROMOCATECHIN

Eberhard Kiehlmann*
Department of Chemistry, Simon Fraser University
Burnaby, British Columbia, CANADA, V5A 1S6

Pieter J. Van der Merwe and Hans K. L. Hundt

Pharmacoloay Department, University of the Oranace Free State
P. 0. Box 339, Rloemfontein 9300, REPUBLIC OF SOUTH AFRICA

Unamhiquous determination of the position of inter-fla-
vanoid couvlina in condensed tannins remains an unresolved
problem althouah several empirical NMR criteria have been pro-
posed to distinauish between C-6/C-4" and C-8/C-4" linked pro-
cyanidin dimers.l‘3 The introduction of an easily removable
protectina qgroup at C-6 (or C-8) of (+)-catechin ((2R-trans)-
2-(3,4-dihydroxyphenyl)-3,4-dihydro-2H-1-benzopyran-3,5,7-~
triol (l) would permit reqiospecific coupling of a second
flavanoid unit (electrophilic center at C-4") at C-8 (or
C-6). With this goal in mind, we investiqated procedures for
the preparation and debromination of 6-bromocatechin (3), 8-
bromo-catechin (3) and 6,8-dibromocatechin (i).

In aareement with the results obtained recently by McGraw
* under similar reaction conditions, we found that bro-
mination of (+)-catechin with one molar eguivalent of bromine
in acetonitrile in the presence of excess sodium bicarbonate

aives a mixture containing 3 and i'as major products together
~

with unreacted starting material and a small quantity of 3.
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Similar results were obtained with other brominatina agents,
XEE" pyridinium bromide perbromide (PBP)2 in methanol, N-bro-
mosuccinimide (NBS) in dimethylformamide (DMF)5 or acetonitri-
le, and bromine in dichloromethane. In all cases, tlc moni-
torina revealed the rapid formation of both 3 and 4 during
the early stages of the reaction, e. g., after the addition of
only 0.03 molar equivalents of NBS in DMF, which is attributed
to the intermediacy of a highly reactive guinonoid "ketobro-

6

mide". All attempts to stop the reaction at the monobromina-

tion stage by varyina reaction time, temperature and solvent

failed.
Ar = 3'4_(HO)2C6H3
Br Br
HC O Ar HO O~y AT
+
Br OH OH
1 equiv. o OH
equi ,//;LZ 4 3
HO 0 Ar
+ 6-bromocatechin 2 (minor)
OH
H
R

Catechin and 4 were readily separated from the monobromo-
catechins by hplc, and the separation of 2 and‘z was achieved
by subsequent column chromatoaraphy on silica. The three bro-
mocatechins which have never been characterized before are am-
orphous white solids, readily distinguishable from each other
by omr (chemical shifts in ppm. for H-2, H-4(axial), H-4(egua-
torial), H-6 and H-8, measured in acetone-dg): 3 (4.61,2.60,
2.91, -, 6.11), 3 (4.77, 2.60, 2.84, 6.23, -) and 4 (4.86,

2.69, 2.86, -, -). Satisfactory microanalytical data were

obtained for all three compounds. Since the pmr parameters
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of the two monobromo-compounds are too close to permit unam-
hicuous structure assiagnments, 3 and 3.(3150 i) were converted
by standard methods’ to their respective 3',4',5,7-tetra-0-
methyl derivatives 3 and 3 whose meltina points (128-130° and
172-174°, respectively) and spectral characteristics (pmr)

4.8

were found to be identical to those of authentic samples.l' '

It is noteworthy that the values of the chemical shift differ-

ence D = A6(H-8, H-2) - AS(H-6, H-2) and of the ratio differ-
ence R = A&6(H-2, H-4e)/Ab(H-6, H-2) - AS(H-2, H-de)/A6(H-8,
H-2) are considerably lower for 2 and 3 (O = 0.04 p.p.m.,

R = 0.19) in acetone-dg than for 3 and 2'(D = 0,40 pb.p.m., R
0.62) in CDCl3 thus renderina these previously proposed cri-
teria's? much less useful for the distinction between 6- and
R-substituted catechins in their free phenolic forms than in
their methvlated forms.

In view of the known tendency of halogenated pnhenols to
rearranae by intermolecular halogen transfer, we tested the
stability of Z;, 3 and i toward acid under conditions most
favorable for interflavanoid coupling, In the event, no iso-
merization was observed on treatment of pure z’with 0.1 N hy-
drochloric acid at ambhient temperature for 29 hours, nor did
bromine migrate from i’to i'when a mixture of these two com
pounds was subjected to the same reaction conditions. There-
fore, 6- and B8-bromocatechin would appear to be suitable sub-
strates for reaiospecific interflavanoid coupling (at C-8 and
C-6, respectively) if convenient procedures could be developed
for their large-scale preparation and debromination.

This aoal was partially achieved by reductive removal of

one bromine atom from 4 with sodium sulfite, a reagent which
~
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is known to sulfonate catechin’ at 170° and pH 5.9 and to de-
brominate bromoresorcinols’? at 20° and pH >7. 6,8-Dibromo-
catechin (i), prepared in high yield from two molar equiva-
lents of bromine and catechin in acetonitrile solution, under-
went reagiospecific debromination at C-8 on treatment with an
equimolar amount of sodium sulfite in agueous methanol in the

presence of excess sodium bicarbonate.

two Br
. one
equlvs. o} Ar
HO °~NA hr, "o equiv. HO O~y AT
———> e
———
OH excess Br OH Na)S03 Br OH
OH Na,S04 OH OH

LSS
N

Without bicarbonate, 2 and 4 were found in approximately
eaual auantities in the crude preoduct mixture indicating that
sulfite functions not only as reducina agent but also as base
to neutralize the originally formed bisulfate and that it has
considerably greater reducing power (at pH >7) than sodium bi-
sulfite (at pH 5-6). Sodium dithionite exhibited the same re-
giospecificity. Complete debromination of i and E’to l was
readily accomplished with excess sodium sulfite at room tem-
perature which demonstrates the feasibility of using bromine
as protecting group at C-6 of catechin when regiospecific
coupling is desired at C-8. The mild reaction conditions re-
quired for both selective and total debromination of i and the
presence of small quantities of i'andll in all c¢rude mono-
debromination products show that the reactivity difference
between the Br-C6 and the Br-C8 bond is relatively small. All

attempts to change the reagioselectivity of the reaction by

usina zinc as reducing agent!! in acidic or basic medium

3L



11: 40 27 January 2011

Downl oaded At:

SYNTHESIS OF 6-BROMO-, 8-BROMO- AND 6 ,8-DIBROMOCATECHIN
failed. Research on the synthesis of pure 8-bromocatechin is

in progress.

EXPERIMENTAL SECTION

6,8-Dibromocatechin (i).— To a solution of 2.90 ¢ (10.0 mmol)

of (+)-catechin in 250 mL acetonitrile containing 2.52 g
{30 mmol) sodium bicarbonate was added, dropwise with magnetic
stirring (25°, 1 h) 200 mL of a 0.100 M solution of bromine in
acetonitrile (standardized by iodometric titration with
0.100 M agueous sodium thiosulfate). The beige s01id residue
left after solvent evaporation was dissolved in 125 mL ether
and 50 mL water, the layers were separated, and the organic
layer was washed with 40 mL water. Drying (MgSO4), filtration
and ether evaporation gave 3.92 g (B2.5%) 6,8-dibromocatechin
as a white, fluffy solid. The crude product (2.45 g) was dis-
solved in 70 mL ether and precipitated with 300 mL petroleum
ether (40-60°) vielding n©oure i, (1.81 4g), mp 160-165"°
{decomv.), ra132—53.1° (c 9.0, acetone). Traces of 8-bromo-
catechin were removed from smaller product samples by prepara-
tive tlc on Kieselgel PF,54 (CHCl3/MeOH/HOAc/H,0 28:5:3:1 by
volume) .

Anal. Caled. for C)sH)2Br0¢: C, 40.21; B, 2.70.

Found: C, 39.92, H, 2.96.

Mass spectrum (15 eV): Molecular ion at m/e 446(9.1),
448(15.3) and 450(8.6); ring A fragment (C7HsBr203) at
295(4.7), 297(10.2) and 299(4.6); ring B fragments at
152(25.0), 124(7.2) and 123(5.8); HBr at 80(93.5) and 82(100).

Monobromination of Catechin.- To a solution of 2.90 g

(10.0 mmol) catechin in 250 mL acetonitrile were added 1.26 g
(15 mmol) sodium hicarbonate and, dropwise with stirring (25°,
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30 min), a solution of 1.60 g (10 mmol) bromine in 100 mL ace-
tonitrile. The solvent was evaporated under reduced pressure
and the residue dissolved in 250 mL ether and 60 mlL water.
Separation of the layers, washing with 50 mL water, drying
(MaSO,) and ether evaporation agave 2.84 g of a mixture of
catechin (l), 6—bromocatechin (2), 8-bromocatechin (2) and
6,8-dibromocatechin (i) from which 1.34 g of a mixture of 3
and 3 (approximate molar ratio 1:2) was separated by prepara-
tive hplc (Bondapak C-18; elution with 20% and 80% aqueous
MeOH). Analytical samples of pure 3 and 3 were obtained by
subseaguent dry column chromatoaraphy on Kieselgel 60
(CHCl3/MeOH/HOAc 90:10:0.2 by wvolume). 8-Bromocatechin melts
at 120-126° (decomp.); [a)3?-65.6" (c 0.56, acetone).
Anal. Calecd. for C)sH]3BrOg: C, 48.80; H, 3.55.

Found for 2: C, 48.96; H, 4.13.

Found for 2} C, 48.30; H, 4.19.

Mass spectra (15 eV): Molecular ions at m/e 368(34.3) and
370(36.8); rina A fraaments (C7H¢RrO3) at 217(34.6) and
219(29.7); rina B fragments at 152(4R.8), 153(17.5), 123(26.5)
and 124(26.2); HBr at 80(91.6) and 82(100).

Partial Debromination of 6,8-Dibromocatechin.- A solution of

0.84 g (10 mmol) sodium bicarbonate in 50 mL water was added
to a solution of 4.48 g (10 mmol) 6,8-dibromocatechin in
100 mL methanol; 1.26 g sodium sulfite (10 mmol) ﬁissolved in
50 mL water was then dropped into the rapidly stirred mixture
{15 min, 25°). After stirring for an additional ten minutes
the methanol was evaporated (40°, rotavac), and the remaining

aqueous solution extracted with six equal volumes of ether.

Dryina of the combined ether extracts (MgSO4) and solvent

evaporation agave 2.58 g (70%) crude product which was
346
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chromatoaraphically purified (see above) on a small scale
vieldina 6-bromocatechin (60 mag), mp 128-133° (decomp.),
[a132+7.0° (c 1.0, acetone).

Total Debromination of 6,8-Dibromocatechin, - A solution of

76 ma (0.60 mmol) sodium sulfite in 2 mL water was added to a
solution of 45 mg (0.10 mmol) 6,8-dibromocatechin in 3 ml
methanol at room temperature. After shaking the mixture for a
few minutes, the methanol was evaporated (40°, rotavac),
sodium chloride was added, and the agueous solution was ex-
tracted with ether (7 * 4 mL). Dryving (MgSO4) and evaporation
of the solvent gave 34 mag of a white, solid residue which was
purified by precipitation from ether solution with five
volumes of petroleum ether (40-60°), filtration and air-drying
(40°). The product (26 mg) was shown to be identical to cate-

chin by tlc analysis, pmr and mixed melting point (170-172°).
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