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Electrophilic Aromatic Substitution of Catechins: Bromination and
Benzylation
By Gereld W. McGrew end Richard W. Hemingway. USDA-Forest Service, Southem Forest Experiment

Station, 2500 Shreveport Highway, Pineville, Louisiana 71360

Relative yields of C-6, C-8. and C-6 and C-8 substituted catechins obtained from the reaction of (+ )-catechin or
3' 4',5- 7-tetra-O-methvl-( + )-catechin with pyridinium hydrobromide-perbromide, bromine. p-hydroxybenzyl
al~oh~I, or o-hydroxybenZyI alcohol showed differing selectivities depending upon the electrophile used. Ratios
of C-6 to C-8 substituted products were 1 : 1.2 for the reaction of p-hydroxybenzyl alcohol with (+) -catechin.
1 :2-3 for reaction of either bromine or o-hydroxybenzyl alcohol with (+)-catechin, and essentially exclusive
substitution at the C-8 position in the reaction of tetra-O-methyt-(+)-catechin with bromine. Comparatively high
proportions of 6-substituted and 6- and 8-disubstituted producu were obtained in the reaction of (+ )-catechin
with one equivalent of either p- or o-hydroxybenzyl alcohol.
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relative yields of products obtained from the reaction of
(+ )-catechin with either pyridinium hydrobromide-
perbromide or bromine were similar. Although 8-
bromocatechin (22 mol 0;0) was obtained as the major
product, substantial amounts of 6-bromocatechin (12
mol 0;0) and 6,8-dibromocatechin (15 mol %) were also
obtained and 510;0 of the cat~hin waS recovered un-
changed .

A mixture of products was obtained when 3',4',6,7-
tetra-O-methylcatechin was refiuxcJ with p-hydroxy-
benzyl alcohol (1.1 mol equiv.). Numerous attempts to
separate the C-6 and C-:8 monosubstituted products
failed. However, the ratio of these isomers could be
determined because of the differences in the 1H n.m.r.
chemical shifts of the catechin A-ring protons as described
by Hundt and Roux.' This indicated that the C-6 and
C-8 substit\lted products were formed in the ratio 1 : 2

(Table).

SEVERAL important reactions of polymeric procyanidins
(condensed tan";n~) involve the electrophilic aromatic
substitution of catechin derivatives. In the biosynthe-
sis of these polymers it is thought that fiavanyl carbo-
cations are produced by the stereospecific protonation of a
ftav-3-eu-3-oI,1.I and that consistent attack of the fiavanyl
carbocations at the C-8 position of tlavan-3-ols and oli-
gomeric procyanidins leads to linear polymers.H If,
howe\'er, s'.lbstitution also occurred at the (-6 position,
branched polymers would rewlt.

One of the most promising approaches to the use of the
condensed tannins as wood adhesives involves the use of
polymethylulphenols (low molecular-weight phenol-
formaldehyde resols) as cross-linking agents.'" This also
invol\'es the attack of hydroxybenzyl carbocations on
catechin derivatives. Therefore, an understanding of
the factors governing the reactivity of the nucleophilic
centres of catechins is important for the study of the
bios}oothesis and structure of polymeric procyanidins as
well as for the development of uses for these abundant
natural products.

Estimates of the relative reactivity of the nucleophilic
centres of (+ )-catechin have been based on studies of the
substitution of 3' ,4' ,6,7 -tetra-O-methyl-( + )-catechin
when brominated with pyridinium hydrobromide-
perbromide. Roux et al.7.S reported that bromination
initially occurred exclusively at the (-~ position ind that
reaction at C-6 did not occur until aU (-8 positions had
been substituted. The B-ring was unreactive and an
excess of reagent was requi~ to obtain even small
amounts of 6,6' -8-tribromo-3' ,4',6, 7-tetra-O-methyl-
catechin. To expand our knowledge of these reactions
we have ex4-'nin~d thf' reaction of (+ )-catechin and
3',4',6, 7-tetrs-'J-methyl-( + )-catechin with o-hydroxy-
benzyl alcohol, j>-hydroxybenzyl alcohol. and bromination
reagents.Repli.;ation of Roux's work 7,' on tho: bromination of
3' ,4' ,6,7 -tetra-O-methyl-( + )-catechin with pyridiniwn
hydrobromide.perbromide (lor 2 mol equiv.) gave the
reported results. In contrast, a mixture of products was
obtained when (+)-catechin was treated with either
p}Tidinium hydrobromide-perbromide (1 mol equiv.) or
bromine (I' mol equiv.) in aqueous ethanol. After ~ither
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catechin or (+ )-catechin is treated ~ith bromine, I>-
hydroxybenzyl alcohol, or o-hydroxybenzyl alcohol,
together with recent work by Roux's group 10,11 indicate
that the varying degrees of regioselecti\ity exhibited in
these reactions are undoubtedly detemlined by steric
hindrance. In reactions of (+ )-catechin with p..hydr-
oxybenzyl alcohol substitution at the C-6 position is
similar to that at C-8, but in reactions ~ith a more bulky
electrophile, such as o-hydroxybenzyl alcohol or bromine.
substitution at the C-8 position is favoured with C-6 and
C-8 substituted isomers being produced in the ratio ca.
1: 2-3 in either case. Methylation of the C-5 and C-1
hydroxy-groups makes the A-ring inaccessible, par-
ticularly to the C-6 nucleophilic centre, as evidenced by
the relative yields of the C-6 and C-8 substituted p..
hydroxybenzyl- (1: 2) and bromo- (exclusively C-8)
derivatives.

The results are significant in an interpretation of the
biosynthesis and structure of polymeric procyanidins.
The ratio of 6-(o-hydroxybenzyl)catechin to 8-(0-
hydroxybenzyl)catechin formed in the above reactiuns
was much higher than the 1 : 9 ratio of C(4)-C(6) and
C(4)-<:(8) linked procyanidins reported by Fletcher et al.1
In studies of the dimeric procyanidins in loblolly pine
phloem and those formed by the biogenetically-pattemed
synthesis by reaction of (+ )-catechin ~'ith loblolly pine
tannin we have found the procyanidins B-1 [(-)-epi-
catechin C4 C8 (+)<atechin) and B-1 [(-)-epi-
catechin C. C6 (+)-catechin) in ratios of ca. 2.4: 1.12
Under conditions of biogenetically-pattemed synthesis
interftavanoid bonds are continually being formed,
cleaved, and reformed so that the relative proportions
of C(4)-<:(6) and C(4)-<:(8) linked procyanidins are
dependent upon the relative rates of formation and
cleavage o~ the two isomers. The C(.)-<:(6) linked pro-
cyanidins are more resistant to acid-catalyzed cleavage
than the C(4)-<:(8) linked pairs.1I In addition, one would
expect the proportion of unsubstituted C-6 positions to
increase with increases in molecular weight. For these
rea.c;ons it seems unlikely that condensed tannins would
be linear polymers linked exclusively by C(.)-<:(8) bonds.
Indeed, recent work has shown that both C(4)-<:(6) and
C(4)-<:(8) linked dimeric fragments are obtained by
partial acid-catalyzed cleavage of pol}'Uleric procyani-
dins.1I.1.

In early attempts to formulate wood adhesives from
pine bark condensed tannins, through the use of poly-
methylolphenols as cross-linking agents, we experienced
difficulties with slow cure rates. When (+ )<atechin
was reftuxed with o-hydroxybenzyl alcohol (1.1 mol
~uiv.) in dioxan-water (30: 10) at 10~~ solids, and an
initial pH of 1.0, t.1.c. showed small amounts of 6-(0-
hydroxybenzyl)catechin and 8-(o-hydroxybenzyl)-
catechin after 1 h of heating. Small amounts of 6,8-
di(o-hydroxybenzyl)catechin appeared after 3 h of
heating. After 1 h the intensities of 8-(o-hydroxy-
benzyl)catechin and 6,8-di-(o-hydrox).benzyl)catechin
were approximately ~ual while 6-(o-hydroxybenzyl)-
catechin was approximately one-half as intense as the

A mixture of products was also obtained when (+)-
catechin was reftuxed with P-hydroxybenzyl alcohol
(1 mol equiv.) for 7.5 h in dioxan-water. The acetate
derivatives of the C-6 and C-8 substituted products were
separated by preparative t.l.c. Assigr.ments of the
position of substitution for the two isomers were made
by comparison of the IH n.m.r. shifts of the A-ring and
benzyl-CH. protons with those of acetates of known 6-
bromocatechin, 8-bromocatechin, 6-(o-acetoxybenzyl)-
catechin, 8-(o-acetoxybenzyl)catechin (see below), and
8-brom0-6-(p-acetoxybenzyl catechin whi.:h was synthe-
sized from known 8-bromocatechin penta-acetate (Table).

To estimate the relative yields of the three products the
acetate derivatives were separated (t.l.c.) into two frac-
tions, one containing the two monosubstituted products
and the second containing the disubstituted product.
Integration of the two distinctly separated benzyl-CHa
signals indicated that the C-6 and C-8 substituted deriv-
atives were produced in the ratio 1 : 1. The yield of the
disubstituted derivative was shown gravimetrically to be
17% of the total of unchanged catechin, mono- and di-
substituted products, or 74% of the C-8 substituted
derivative. The products of the reaction of p-hydroxy-
benzyl alcohol with catechin wt":re also separated. by
reverse phase h.p.l.c., and the yield of the phenols deter-
mined by measurement of the relative peak area (u.v.
detector 280 nrn), as well as gravimetrically by prepar-
ative h.p.l.c. These results also showed that the C-6 and
C-8 substituted catechin derivatives were prodl1ced in
the ratio 1 : 1.2.

When (+ )-catechin was reftuxed with o-hydroxy-
benzyl alcohol (1 mol equiv.) under the same conditions
it was possible to isolate three major products as the
free phenols both by chromatography on a silica-gel
column and by reverse-phase h.p.l.c. This allowed the
isolation of sufficient amounts of the phenols for both
their methylated and acetylated derivatives to be pre-
pared. The position of substitution of the two mono-
substituted products was assigned by comparison of the
III !I.m.r. shifts for the A-ring protons of the methylated
derivatives with the data of Hundt and Roux.' Acetyl-
ation of the same compounds permitted the assignment
of the A-ring and benzyl-CHa protons for the two isomers
(Table).

Determination of the relative yields of the C-6 and C-8
substituted isomers was made by integration of the two
benzyl-CHI signals in the mixture of monosubstituted
products isolated (preparative t.l.c.) from the acetate
derivatives. This indicated that they were formed in the
ratio 1: 2. Gra\'irnetric analysis ('of the ratio of the
mono- and di-subStituted products indicated that the
\1.8-di-(o-hydroxybenzyl)catech;n was produced in a
yield of 670;0 of the 8-(o-hydroxybenzyl)catechin or
18°/~ of the total of unchanged catechin and mono-
and di-substituted products. Preparative reverse-phase
h.p.l.c. indicated that the C-6 and C-8 substituted
isomers were formed in the ratio 1 : 2.6--3.

The variations in relative yields of C-6 and C-8 sub-
stituted products obtained when either tetra-O-methyl-
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8-(o-hydroxybenzyl)catechin. Large amounts of un-
changed (+ )-catechin and o-hydroxybenzyl alcohol
remained after 7 h at reflux. If the initial pH was in-
creased to 9.5 or 10.0 only small amounts of 8-(0-
hydroxybenzyl)catechin were noted and neither 6-(0-
hydroxybenzyl)catechin nor 6,8-di-(o-hydroxybenzyl)-
catechin were detected after 7 h of reflux. A number of
unidentified compounds appeared at the Rp region of 6-
(o-hydroxYbenzyl)catechin but large amounts of (+)-
cAtechin and o-hydroxybenLyl alcohol were unchanged.

These results show that considerable energy is re-
quired to achieve a high degree of condensation of
(+ )-catechin with either p- or o-hydroxybenzyl alcohol
when the pH is near neutrality. Substitution at the C-6
position was more favourable in reactions with p-
hydroxybenzyl alcohol but the overall condensation
rates were not substantially different from those in the
reaction with o-hydroxybenzyl alcohol. Since the con-
densation rate is inherent in the stability of the hydr-
oxybenzyl carbocation the pH conditions of these reac-
tions should be held as low as practicable, within the
constraints of tannin solubility and stability. to increase
the condensation rates of these resins.

product ~-as shown by t.l.c. at Rp 0..1 (solvent s)'Stem (C)].
The material ~-as recrystallized from ethanol to give needles,
m.p. 173-17. °C (lit.,' 172-17. °C) (Found: C, M.O;
H, 5.1. Calc. for CI,H.IBrO,: C, 53.6; H, ..9%); (~).,'
-98..° (c 1.7. in CHCI.); ml, (175 °C) .2..426 (M+,
M+ + 2, 26%), 2.5, 2.7 (100), 180 (7.), 165 (37), 152 (20),
and 161 (.3); or (COCla> 2.9-3.1 (3 H,m, a-ring), 3.80 (I H,
s, A-ring), 6.03-6.16 (1 H, d, 2-H), 5.80-6.00 (1 H, m,
3-H), 6.1..-6.18 (12 H, I X s, ArOMe) , and 7.06-7.30
(2 H, m, ~H). Substitution at C-8 is clearly shown by the
shift of the ;..ring pro~:: to -: 3.!1J.'

6,8-Dibromo-3',.',5, 7-letra-O-m,thyl-( + )-calechill.-
Tetra-O-methyl-( + )-catechin (0..2 g, 1.2 mmol) was
treated with pyridinium hydrobromide-perbromide (0.776 g,
2.. mmol) and the product extracted into dichloromethane.
T .l.c. showed mainly one product at Rp 0.'9 (solvent system
(C»). It was purified by column chromatography on a silica
column by elution with benzene-acetone (8: 2). The pro-
duct crystallized from methanol-water as needles, m.p.
186-188 °C (lit.," 18~187 °C) (Found: C, .5.3; H, '.0.
Calc. for ClaHwBr.O,: C, .6.2; H, ..0%); [a]." -7'.6° (c
2.0. in CHCI.); ml' (176 °C) 602, 50., 606 (M+, M+ + 2,
M+ + " 12%,26%, 12%),323,326,327 (8, 15,8),180 (100),
166 (.2), and 161 (96); or (COCI.) 3.0-3.2 (3 H, m, a-ring,
no A-ring proton), 6.16-6.30 (1 H, m, 2-H), 6.8-6.06 (1 H,
m, 3-H), and 6.16, 6.20 (12 H, 2 X s, ArOMe). The Co. and
hydroxy-protons were ~ broad to integrate accurately.

Bromillali~ of (+ )-Caiechill.-Catechin hydrate (..0 g,
II mmol) was dissolved in dioxan (30 ml) and to this was
added pyridinium hydrobromide-perbromide (3.53 g,
11 mmol). The reaction mixture was stirred under argon at
room temperature for 10 min, frozen, and dried ill vacuo.
The product was dissolved in water and extracted with ethyl
acetate (2 X 75 ml). The ethyl acetate extract was
reduced in volume under reduced pressure, and subjected to
preparative t.1.c. (solvent system (A), developed twice].

6,8-Dibromo-3,3',.',5, 7-p,nta-O-acetyl-( + )~Iec~ill.-
Preparative t,l.c. yielded a compound of Rp 0.55 that was
collected, dried overnight ill vacuo and a portion acetylated
(acetic anhydride-pyridine). The acetylated material ~.as
purified by preparative t.l.c. [solvent system (C), Rp 0.68)
and crystallized from acetone, m.p. 173-176 °c (Found: C,
.6.0; H, 3.6. CuHnBr.OII requires C, .5.6; H, 3.3%),
(~)." - 7.7° (c 2.03 in CHCla>; ml' (175 °C) 666, 658, 660
(M+, M+ + 2, M+ + " 3%, 8%, 30;0)' .28, .30, .32 (32,
61,32),296, 297, 299 (8, 13,6), IN (65), 152 (100), and 123
(97); or (COCI.) 2.77-2.82 (3 H, m, a-ring, no A-ring proton),
..61~.76 (2 H, m, 2-H and 3-H), 7.10-7.27 (2 H, m,
~H), 7.66, 7.6., 7.70 (12 H, 3 X s, ArOAc), and 7.92 (3 H,
s, aliphatic OAc). Methylation of the free phenol with di-
azometbane gave a product with m.p., t.l.c., Rp values, and
IH n.m.r. data consistent ~;th those reported above for 6,8-
dibromo-3',",6, 7-tetra-O-methyl-( + )-catechln.

6-Bromo-3',.',5, 7-Ie:ra-O-tnethyl-( + )-caUchin.-A second
major prod'.1ct with Hp 0.4,6 was isolated from the bromin-
ation react-ion, dried OVei night in vacuo, and a portion
methylated ~;th diazomethane. The methylated product
was purified by t.l.c. (solvent system (C), Rp 0..8] and
crystallized from ethanol to give needles, m.p. 127-128 °c
(lit.,ll 130-132 °C) (Found: C, 63.3; H, 6.0. Calc. fo!
ClaH.IBrO,: C, 63.8; H, ..90;0); (~J." -11.9° (c 1.72 in
CHCI.); mle (175 °C) 42., .26 (M+, M+ + 2, 26~~), 24,6, 2.7
(67), 180 (96), 165 (65), 162 (100), and 151 (88); or (CDCI.)
3.0-3.35 (3 H, m, a-ring), 3.M (1 H, s, 8-H), 5.16-5.96
(2 H, m, 2-H and 3-H), and 6.06-6..0 (12 H, 2 x s, ArO-

EXPERIMENTAL

The phenols (+ )-catechin. p-hydroxybenzyl alcuhul, and
o-hydroxybenzyl alcohol were used as purchaled (Flub).
Tetra-Q-methyl-( + )-catechin was prepared from (+)-
catechin by methylation with diazomethane, isolated by
preparative t.l.c., and checked for purity by lH n.m.r. and
mass spectroscopy and optical rotation measurements.
Pyridinium hydrobromide-perbromide was prepared ac-
cording to Fieser.1I Compounds were separated by pre-
parative t.l.c. (silica gel, Baker 7GF, 0.75 mm), developed
with (A) chloroform-methanol~etic acid-water (85: 16 :
10: 3), or (B) benzene-acetone (9: I), or (C) benzene-
acetone (8: 2). Developed t.l.c. plates were viewed under
u.v. light, sprayed with sulphuric acid-formalin ('0%)-
water (2 : 1 : I), and heated for 6-10 min at 106 °C. Silica
gel columns were 2 X '6 cm and were eluted with 160;0
methanol in chloroform or benzene-acetone (8: 2). lH
N .m.r. spectra were recorded in CrlCl. containing 10;0
Me.Si on a 60 MHz Hitachi-Perkin Elmer R2'B spectro-
meter. Reverse-phase h.p.l.c. was performed on a Waters
Associates liquid chromatograph equipped with a Licro-
sorb RP-18 column ('6 mm x 26 cm) using methanol-
water (26: 76, 30: 70, and 60: 60) flowing at 1.6 ml/min.
Optical rotations were measured with a JASCO DIP-181
poJarimeter. Mass ~pectra were provided by the Mass
Spectroscopy Laboratory. FJorida State University. Talla-
hassee. M. p.s were determined using a polarizing micro-
scope with a hot stage and were uncorrected.

B,.omi~OtI of T,t,.a-O-methyl-( + )-calechift.-Tetra-Q-
methyl-( + )-catechin was stirred with p}-ridinium hydro-
bromide-perbromide (lor 2 mol equiv.) in dichloromethane
(30 mJ) at room temperature for 16 min. The reaction
mixture was then washed with water (4 X 60 mJ), dried
(Na.SO.), and the solvent removed under reduced pressure.

8-B,.omo-3', 4' ,6,7 -t",.a-O-m,thyl-( + )-calec/tift.- Tetra-Q-
methyl-( + )-catechin (0.60 g, 1.46 mmol) was treated with
pyridinium hydrodromide-perbromide (0.46 g, 1.'5 mmoJ)
and the solution was extracted into dichloromethane. One
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Me) ; 4.-H and OH were too broad to integrate accurately.
The shift of the A-ring proton to 'f 3.64 is consistent for 8-H
of 6-bromo-3',",5, 7-tetra-o-methyl-( + )-catechin.'

6-Bromo-3,3",',5, 7-pe~-0-GUtyl-( + )-C4uchitt.-The
phenol with Rp 0." was also acetylated and purified by
preparative t.l.c. [solvent system (C), Rp 0.67]. It was
isolated as an oil and crystallized with time, m.p. 1'9-151
°C (Found: C, ~1.6; H,3.9. CuHuBrOl1 requires C, ~1.8;
H, '.0%); [~]'7' +'2.2° (c I." in CHCla); mle (17~ CC)
578. 580 (M+, M+ + 2, 9%), '7~, '77 (77), '34, 436 (9'),
392,39' (96), 360, 3~2 (72),217,219 (19), 162 (100), and 123
(89); 'f (CDCla) 2.7-2.9 (3 H, m, a-ring), 3.3' (I H, s,
8-H), '.8-6.1 (2 H, m, 2-H and 3-H), 7.22-7.36 (2 H, M,
4.-H). 7.77-7.82 (12 H, 2 x S, ArOAc) , and 8.1 (3 H, s.
aliphatic OAc).

8-Bromo-3.3',",3, 7-pe~-0-lICeJyl-( + )-catechitt.- The
third major product from the bromination reaction occurred
as a band at Ry 0.36. It was methylated with diazomethane
and identified as the 8-bromo-derivative by comparison of
its Ry values and IH n.m.r. spectrum with those reported
above. The 8-bromocatechin was also acetylated and puri-
fied by preparative t.l.c. [solvent system (C), Ry 0.63).
Crystallization from ethanol gave needles, m.p. 123-126 °C
(Found: C, 32.0; H, '.1. c.HuBrOll requires C, 31.8;
H, '.0%); [~]'7' -28.8° (c 0.93 in CHCla); mle (176 DC)
578, 380, (M+, M+ + 2, 3%), '76, '77 (63), ~" '36 (65),
392,39' (63),360,352 (60), 217, 219 (25), 152 (100), and 123
(80); 'f (CDCla) 2.74)-2.8' (3 H, m, a-ring), 3.39 (I H, s, A-
ring), '.61-'.75 (2 H, m, 2-H and 3-H), 7.10-7.25 (2 H,
m, 4.-H), 7.87-7.77 (12 H, 2 X s, ArOAc), and 8.00 (3 H, s,
aliphatic OAc).

ReactiOtt of (+ )-Cllkc/tin willi Bromine.-Bromination was
also aftected by dissolving (+ )-catechin hydrate (3.0 g) in
ethanol (80 ml) and dropping a solution of bromine (3.0 g) in
ethanol-water (2 : 1; 76 ml) into it over a period of 26 min.
The reaction mixture was stirred at room temperature for an
additional 30 min after which the ethanol was removed under
reduced pressure. The aqueous mixture was diluted with
water, extracted with ethyl acetate, and the extracts were
combined, dried, concentrated at ~ °C under reduced
pressure; the residue was then subj«ted to preparative
t.l.c. [solvent system (A)] to yield products identical with
those reported above. This bromination method (1 mol
equiv. of bromine) was used to determine the yield data.
Visual comparison of t.l.c. plates from the two bromination
methods indicated ','ery similar product ratios.

ReacliOtt of Telra-O-m4ll1yl-( + )-calechin willi p-Hydroxy-
benzyl Alcohol.-Tetra-O-methylcat«hin (195 mg, 0.66
mmol), and p-hydroxybenzyl alcohol (76 mg, 0.62 mmol)
were reftuxed for 3.6 h in t-butyl alcohol. The reaction
mixture was freeze-dried and then separated on a silica
column by elution with benzene-acetone (8 : 2). Elution of
the monosubstituted product was monitored by t.l.c. [solvent
system (C), Ry, 0.22]. Methylation with diazomethane gave
100 mg of the expected monosubstituted penta-o-methyl
derivative (Rp 0.'2). Although t.l.c. suggested only one
compound the IH n.m.r. spect..:Jm clearly showed a mixture
of two isomeric C-6 and C-8 substituted products; 'f (CDCla>
2.88-3.33 (7 H, m, a-ring and beuzyl ArH), 3.64 (0.3 H, S,
8-H), 3.80 (0.7 H, S, 8-H), 6.2'-3.'0 (I H, d, 2-H) , 6.74)-
8.00 (17 H, m, ArOCHa and benzyl CHa>, and 7.00-7.35 (2
H, m, '-H).

Reaction of ( + )-Calechin with p-Hydroxybenzyl Alcohol.-
Catechin hydrate (2 g, 5.5 mmol) and p-hydroxybenzyl
alcohol (0.68 g, 5.3 mmol) , were dissolved in dioxan-

water (1: 2; 26 ml). The pH was adjusted to 7.0 with a
small amount of sodium hydroxide and the solution heated
under reflux for 7.5 h. A portion of product was freeze-
dried. dissolved in aqueous methanol and filtered through a
Metricel 0.46 11 membrane. The solution was separated on
a Licrosorb RP-18 column with methanol-water as eluant
(26: 75 v/v) flowing at 1.5 mI/min; the retention volume of
the 6-(P-hydroxybenzyl)-( + )-catechin ~'as 20.2 ml and that
of the 8-(p-hydroxybenZ}i)-( + )-catechin was 41.9 mi. The
relative peak areas for the 8. and 6-substitutcd catcchins
were 1.2: 1 (u.v. detector. 280 nm).

6-(p-Hyd,.oxybellZyl)-( + )-catechin was isolated as an off-
white amorphous powder, yield 9.30 mg (Found: C, 61.0;
H, 6.58. C.,H.O,'2H.O requires C, 61.1; H, 5.56%);
[«]". + 68.2° (c 0.11 in MeOH). Acetylation gave a product
identical with 6-(P-acetoxybenzyl)-penta-O-acetyl-( +)-
catechin in its t.l.c. chromatographic properties (see below).

8-(p-Hyd,.oxybettzyl)-( + )-calechin ~'as isolated as an off-
white amorphous powder, yield 9.48 mg (Found: C, 60.7;
H, 6.68. CnH.O,-2H.O requires C, 61.1; H, 6.66%);
[«]". -17.5° (c 0.08 in MeOH). Acetylation gave a product
identical with 8-(P-acetoxybenzyl)-penta-O-acetyl-( + )-
catechin in its t.l.c. chromatographic properties (see below).

The freeze-dried phenolic product was acetylated and
separated by preparative t.l.c. [solvent system (B), devel-
oped twice]. A compound with Rp 0.92 was shown to be
the diacetate of P-hydroxybenzyl alcohol, and a compound
with Rp 0.74 to be the penta-O-acetate of catechin, on the
basis of their lH n.m.r. spectra.

6-(p-AutoxybeJUY1)-3,3',4',6, 7-pettta-O-autyl-( +)-
catechi A product from the acetylated reaction mixture
which occurred at Rp 0.68 was isolated as an amorphous
tiOlid (Found: C, 62.9; H,6.1. CNHnOI. requires C, 63.0;
H, 4.9%); ml' (176 °C) 648 (M+, 13%),504 (100), 420 (48),
243 (20), 152 (74), and 123 (69); T (CDCI.) 2.82 (4 H, m,
benzyl ArH), 2.98"'-3.03 (3 H. d, B-ring) , 3.34 (1 H. s, A-
ring), 4.8~.'6 (2 H, m, 2-H and 3-H), 6.26 (2 H, s. benzyl
CHa>, 7.04-7.40 (2 H. m, 4-H), 7.75, 7.87. 7.90 (9 H, 3 H,
3 H, each s, ArOAc). and 8.03 (3 H, s, aliphatic OAc).
Comparison of ArH and benzyl CHI shifts with those of other
compounds showed the 6-(P-acetoxybenzyl) derivative
(Table).

8-(p-.4C1toxyblJUYI)-3,3',4',6, 7-p,""a-O-autyl-(+ )-catlchi".
-A further amorphous solid was isolated (Rp 0.64) (Found:
C, 62.6; H, 6.1. CNH..O1. requires C, 63.0; H. 4.9%);
[«]". + 7 .9° (c 1.02 in CHCI.); T (CDCI.) 2.75-3.25 (7 H, m.
B-ring and benzyl ArH), 3.39 (1 H, s, A-ring). 4.92 (2 H, m,
J-H and 3-H), 6.13 (2 H. s, benzyl CH.). 7.06-7.46 (2 H, m,
4.-H), 7.76 (12 H. s, catechin ArOAc), 7.88"'-7.92 (3 H, m,
benzyl OAc), and 8.06 (3 H, s, aliphatic OAc). Comparison
of ArH and benzyl CHI shifts with other compound!: showed
it to be the 8-(p-acetoxybenzyl) derivative (Table).

6,8-Bis(P-autox>'bllIZyl)-3.3'.4'.5. 7-P'nIa-O-autyl-( +)-
caJlcAin.-The third product isolated by preparative t.l.c.
(Rp 0.66) was the amorphous, dibenzylated derivative
(Found: C, 64.9; H, 6.2. C..HOO!5 requires C, 64.8; H,
5.0%); [«]". + 13.2° (c 1.97 in CHCI.); ml' (175 °C, 796
lM+, 0.3%), 648 (5), 356 (42), 272 (37), and 149 (100); T
(CDCla) 2.70-3.16 (11 H, m, B-ring and 2 benzyl ArH, no
A-ring ArH), 4.85-4.97 (2 H, m, 2-H and 3-H), 6.13-6.23
(4 H, m. benzyl CHa>, 7.00-7.20 (2 H, m, 4.-H), 7.68 (12 H,
s, catechin ArOAc) , 7.83 (6 H, s. benzyl OAc). and 7.99
(3 H, s, aliphatic OAc).

R,GCtion of (+ )-Catechin with o-Hyd,.oxybemyl A lcohol,-
Catechin hydrate (2 g, 5.5 mmol) and o-hydroxybenzyl
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alcohol (0.68 g, 5.5 mmol) were dissolved in dioxan-water
(1: 2; 25ml) and the pH adjusted to 7.0 with a small amount
of sodium hydroxide. The reaction mixture was then
heated under reflux for 7 h. Three major products were
observed, in addition to unchanged catechin and o-hydroxy-
benzyl alcohol, by t.l.c. [solvent system (A»). These com-
pounds were isolated by multiple separations on silica gel
columns by elution with 15% methanol in chloroform, and
purified furth~r by reverse-phase h.p.l.c. (Lichrosorb RP-18)
with methanol-water as eluant (30: 70 v/v) flowing at 2.0
ml/min; the retention volume of I-(o-hydroxybenzyl)-( + )-
catechin was 80 ml and that of 8-(o-hydroxybenzyl)-( +)-
catechin was 75.6 mI. The relative peak areas for the I- and
8-subltituted catechin derivatives were I: 2.6 (u.v. detector,
280 nm).

l-(o-Hylll'oxybeazyl)-( + )~A,. was isolated as an oft-
white amorphous powder, yield 6.2 mg (Found: C,62.5; H,
6.2. C..H.0,1.5H.0 requires C, 62..; H, 5...%; [~).,.
+7.70 (c 0.18 In MeOH); or [(CD'>.CO] 2.5&-3.30 (7 H, m,
B-ring and benzyl ArH), 3.97 (I H, s, 8-H), 5..3-5.53 (I H,
d, 2-H), 6.~.20 (I H, m, 3-H), 1.11 (2 H, s, I-benzyl CH.),
and 7.13-7..2 (2 H, m, f-H).

8-(0-Hylll'oxybeazyl)-( + )-CGUcA'fI 'was crystallized from
trichloromethane-methanol as needles, m.p. 239-240 °C
(Found: C,66.7; H, 5.16. Ca.H.0,'1/3H.0 requires C,
66.6; H, 5.1.%); [&)". -18..0 (c 0.32 in MeOH); or
[(CD.).co) 2.78-3.40 (7 H, m, 8-ring and benzyl ArH),
3.90 (I H, s, I-H), 5.38-5..8 (I H, d, 2-H), 5.16-6.28 (I H,
m, 3-H), 6.23 (2 H,s, 8-benzyl CH.), and 7.0~7.a5 (2 H, m,
f-H). \\'hen isolated by preparative h.p.l.c. it was re-
covered as an oft-white amorphous solid (yield 20 mg).

6,8-Bi.s(o-~xybItUyl}-3',.',5, 7-lelra.0-",.'Ayl-( +)-
c4'-cA'fI.-The ftnt compound eluted from the silica-gel
column had an Rp 0.50 [solvent system (A)]. After methyl-
ation (I week in an excess of diuomethane), preparative
t.l.c. gave an amorphous product with Rp 0.51 [solvent
system (C)) (Found: C, 71.8; H, 6.5. C.H.O. requires
C, 71.7; H, 6.5%); [~).,,' -28.30 (c 0.82 in CHC11); "'I.
(175 °C) 586 (M+, 15%), .07 (29), 287 (19), 180 (29), and
121 (100); or (CDC1,) 2.8-3.. (II H, m, 2 benzyl and B-
ring ArH, no A-ring ArH), 5.06-6.65 (2 H, m, 2-H and 3-H),
I.0~6." (22 H, m, 2 X benzyl CHI and ArOMe), 6.7-
7.1 (2 H, ~, -&-H), and 8.15 (I H, br, OH).

6,8-Bi.s(0-auloxybtazyl}-3,3',.', 5, 7-plfII4-0-4Ulyl-( +)-
C4lecA'fI.- The phenolic product with Rp 0.50 was also
acetylated and further purified by t.l.c. [solvent system (B),
Rp 0.80) to give an amorphous product (Found: C, M.I; H,
5.1. C..H.O.. requires C, M.8; H, 5.0%); [~)I" - 5.70 (c 2.03
in CHCII); "'I' (220 °C) 798 (M+, 1%), 193 (27), 8Ot (.3),
~ (U). 331 (25), 1.9 (68), and 107 (100); or (CDC1.) 1.70-
3.20 (II H, m, benzyl and 8-ring ArH, no A-ring ArH),
..85-5.05 (I H, m, 2-H and 3-H), 6.20-1.55 (. H, m,
benzyl CR.), 7.10-7.30 (2 H, m, f-H), 7.73, 7.87, 7.15
(18 H, each s, ArOAc), and 8.05 (3 H, S, aliphaUt; OAc).

6-(0-MetAoxybetlZyl}-3',.',5, 7-te',.a-0 etAyl-( + )-ullcAifi.
-A furthel compound obtained from the silica-gel column
bad an Rp value of 0.32 but was eluted very close to another
major product which had an Rp value of 0.24; several
column separations were therefore required to obtain pure
fractions. Methylation of the former compound (Rp 0.32)
gave a comparatively low yield of a product with R" 0..
[solvent system (C)] together with a series of lower Rp spots
suggesting incomplete methylation. The partially methyl-
ated product was methylated further with dimethyl
sulphate in acetone over potassium carbonate to obtain

higher yields of the product with R~ 0.f5 (Found: C,19.I;
H, 6.5. c.,H.O, requires C, 69.6; H, 8.f%); [«],ft + 7.7°
(, 1.1 in CHCl.>; -11(176 OC) jM (M+, 21%), 287 (81), 110
(30),187 (17), 186 (17),152 (17), 151 (30), and 121 (100); or
(CDCla> 2.8-3.3 (7 H, m, ben&yl and 8-ring ArH), 3.82
(1 H. I, A-ring ArH), 5.2-6.8 (I H, m, 2-H and 3-H), 1.1,
1.32, 8.f3 (11 H, 3 H, 3 H, each s, benzyl CHi and ArOMe)
1.85-7.22 (2 H, m, foH), and 8.22 (1 H, br. OH). The A-
ring proton lhift to or 3.82 Ihows that this compound il the
kubstituted isomer.'

l-(o-AutoxybltU)/l)-3,3',f',6, 7-p.tII4-O-«4Iyl-( + )-c.u,hi.
-Acetylation of the phenol with R. 0.32 followed by pre-
parative t.lc. [solvent Iystem (B), R. 0.12) gave the acetyl-
ated e-IUbstitnted isomer aI an amorphous product (Found:
C, 82.8; H, 5.0. CMH..OI. requires C, 13.0; H, f.9%);
[«)",' +".3. (, 0.7f in CHC1.); -11(100 .C) N8 (M+, 1 %),
688 (f), Me (18), 5Of (21), fl2 (17), 365 (9), 152 (21), and
127 (100); or (CDCla> 2.70-3.10 (7 H, m, B-ring and benzyl
ArH), 3.32 (1 H, I, A-ring), ..76-6.05 (2 H. m, 2-H and
I-H), 1.35 (2 H, s. ben&yl CHa>, 7.20-7.fO (2 H, m, foH),
7.73, 7.78 (8 H, I H, both I, ArOAc) , and 8.02 (3 H, I,
aliphatic OAc).

8-(o-MltAcxyb.'"Yl)-3',f',5, 7-""'.-0-,.,tAyl-( + )-c.u,hi..
-The compound with an R. value of 0.23 [solvent system
(A)) was also isolated by column chromatography and
methylated for 1 week in an excess of diazomethane. T.l.c.
[solvent system (C)] showed two major productl at R. 0."
and 0.f8. Preparative t.l.c. gave the compound with R.
0." which crystallized from methanol, m.p. 2Of °C (Found:
C, 18.3; H, 1.1. c.,H.O, requires C, 88.5; H, I.f%);
[«],ft -51.7° (, l.f7 in CHC1.); -11(175 °C) fel (M+, 33%),
287 (78), 180 (38), 178 (88), 186 (25), 161 (38), and 111
(100); or (CDC1I) 3.07-3.fO (7 H. m, benryl and B-ring
ArH), 3.86 (1 H, s, A-ring ArH) , 5.350,-6.57 (2 H, m, 2-H and
3-H), 8.07-8.f2 (17 H. m, benryl CHi and ArOMe), 7.0-
7.5 (I H, m, foH), and 8.25 (1 H, br, OH). The A-ring
proton shift to or 3.85 shows that this compound is the 8-
substituted isomer.' The IH n.m.r. spectrum of the com-
pound with R. 0.f8 [lOlvent system (C)) Ihowed that it was
an incompletely methylated derivative with one 1eII
metboxy-group than expected for the fully methylated
derivative.

8-(o-AutoxybltU)/l)-3,3',f',5, 7-pItII4-O-aeetyl-( +)-
ea",Ai".-Tbe phenolic product with R. 0.23 [lOlvent
system (A») was acetylated and purified by preparative
t.l.c. [lOlvent system (B), R. 0.80) to give an amorphous
product (Found: C, 82.8; H, 5.0. c..HI.OII requires C,
83.0; H, f.8%); [«)", -26.1° (, 1.88 in CHCla>; -II
(100 °C) 648 (M+, fo;o), "5 (100), 503 (78). fl2 (f3) , f20
(17), 368 (f3), 31f (f8), 152 (86), 151 (37), 123 (f8), and 107
(36); or (CDCla> 2.76-3.10 (7 H, m. benzyl and B-ring ArH),
3.38 (1 H, I, A-ring), f.75-f.95 (2 H, m, 2-H and 3-H), 8.20
(2 H, s, ben&yl CHa>, 7.10-7.30 (2 H, m, f-H), 7.89, 7.71,
7.7' (15 H, each I, ArOAc), and 7.88 (3 H, s, aliphatic OAc).

8-p-Autoxyb.'"Y1-8-bromo-3,3',f',5, 7-pI"Ca-O-aeetyl-( +)-
eateehiN.-8-Bromocatechin penta-O-acetate (250 mg) and
p-hydroxybenryl alcohol (75 mg) were dil8Olved in P-
dioxan (20 ml) containing concentrated hydrochloric acid
(0.25 ml). The reaction mixture was refluxed for 3 h,
freeze-dried, and then acetylated (acetic anhydride-pyridine,
1: 1) at room temperature for 5 h. The acetylation mix-
ture was poured into water and extracted into dicbloro-
methane. The solvent Wal evaporated off and the residue
dried iN vaevo for" h. Preparative t.l.c. [solvent system
(B), developed twice) yielded a band with R~ 0.38 (36 mg)
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that corresponded to the product (Found: C,66.0; H, ..3.
CMH.1BrO.. requires C, 66.1; H, ..28%); [~].,. -18...
(e O.~ in CHCl,); ~/. (176 .C) '718, 728 (M+, M+ + 2,
0.60;0),678,680 (.), M9, 351 (19), 321, 313 (.), 117, 219 (7),
and 1.9 (100); or (CDCl,) 2.78 (. H, m, benzyl ArH),
2.96-3.03 (3 H, d, a-ring), ..eo-..85 (2 H, m, 2-H and
3-H), 8.23 (I H, m, benzyl CH.), 7.1~7.~ (2 H, m, .-H),
7.73, 7.90 (11 H, 3 H, each I, ArOAc), and 8.00 (3 H. s.
aliphatic OAc). Bands correslKJnding to p-acetoxybenzyl
acetate (R~ 0.92) and 8-bromocatecbin penta-O-acetate
ID ,,~.\ - ~1." -"~"~rcd,-"Ii V.S~I " -- v." .
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