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Over the past few years, research activities aimed at increasing
the utility of one of our most important natural resources, wood,
have grown enormously. Yet existing journals have not been wholly
successful at keeping pace with new developments, with the result that
that scientists in need of a key journal that highlights major new con-
tributions have, instead, had to cope with a plethora of tangential
sources.

Focusing exclusively on the chemistry of wood, wood compo-
nents, and wood products, the Journal of Wood Otemistry and Ted1-
nology fills this need of researchers by presenting comprehensive, up-
to-date coverage of investigations that add new understanding to
chemical phenomena important to wood technology. In each issue,
some of the most active and innovative researchers in their respective
specialties present their latest work on such topics as new approaches
and insights into the chemistry of pulping; lignin, cellulose, hemicel-
lulose, and extractives chemistry; chemicals derived from wood and
bark and their isolation; wood bonding; and biomass conversion and
utilization. Reviewed by an editorial board composed of internation-
ally renowned researchers in the field, the articles in the Journal of
Wood Otemistry and Technology are of great value to wood chem-
ists, cellulose and lignin chemists, chemical engineers, wood technolo-
gists, research scientists and engineers, process engineers, physical
chemists, and biologists.

With its complete coverage and its rapid lab-to-print format, the
Journal of Wood Chemistry and Technology presents scientists with
a sharply focused, eminently useful source of practical, informative
material that is of great value to a wide range of research and applied
endeavors.
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~STRACT

Studies on the desulfonation of 2,4,6-trihydroxybenzylsulfonic
acid and sodium epicatechin-(48)-sulfonateshowed that
sulfonates a to a phloroglucinol ring are good leaving groups at
ambient temperature and pH greater than 8.0. In contrast,
hydroxybenzylsulfonic acids with resorcinol or phenol hydroxyl
functionality resist desulfonation even at pH 12 and 9O°C.
It was also not possible to make (2,4,6-trihydroxyphenyl),
(4-hydroxyphenyl)-methane or (2,4,6-trihydroxyphenyl),(2,4-dihy-
droxyphenyl)-methane by slow addition of 2,4,6-trihydroxybenzyl-
sulfonic acid to alkaline solutions of phenol or resorcinol.
However, facile desulfonation of 2,4,6-trihydroxybenzylsulfonic
acid derivatives permits the use of condensed tannins from most
conifer barks as intermediates for the formulation of water-
resistant, cold-setting, wood-laminating adhesives. Under typical
adhesive formulation conditions, the sulfonic acid groups ~n
tannin derivatives from conifer barks will be displaced, resulting

in water-insoluble polymers.
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Reaction of tannins with sulfite ion.
SCHEMEl.

INTRODUCTION

Extraction of loblolly pine bark with water containing 4.0%

sodium sulfite and 0.4% sodium carbonate (based on dry bark
weight) gives a product containing condensed tannins at yields

of 21-24% of the dry weight of bark with a ~st of about $0.20/lb
of extract.3 In the course of this extraction, some condensed
tannin interflavanoid bonds are cleaved. The quinone methides
that result fro. this cleavage react with sulfite ions to produce

sodium epicatechin-(46) sulfonate (1) and oligomeric
procyanidin-(4) sulfonates (~) from the polymer extender units,
together with saall amounts of catechin (3) and sodium

1-(3,4-dihydroXYPhenyl)-2-hydroxy-3-(2,4,i-trihydroxyphenyl)propane-1-sulfonate (4) from ring-opening of the terminal flavan
unit (Scheme 1).4 su:lfonated tannins could be important raw

materials for inexpensive, cold-setting, wood laminating
adhesives. However, it i~ important to obtain a better
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Sulfomethylation of tanninsSCHEME 2.

understanding of the conditions required to remove the sulfonate
function at C-4 in compounds such as (1) and (!) to produce

intermediates for adhesives that will form water-resistant

gluelines.

Desu1fonation reactions may also prove taportant in the

use of su1follethy1ated condensed tannin derivatives as resin
interuediates. One of the most troub1esO8e obstacles to using

the condensed tannins from conifer barks is the tannins'
extremely rapid rate of polymerization with forma1dehyde.5,6 It

seems possible that su1fomethy1ated tannin inter8ediates might
be made by reaction with formaldehyde in the presence of excess

sulfite ion (Scheme 2). These derivatives (i.e., 1) would be

expected to have improved water solubility and lower viscosity
because the solution properties of condensed tannins are highly
influenced by association effects.7.8 The sulfonic acid function

of a derivative such as (~) might then be removed with rapid
polymerization of the tannin molecules in the formation of an
adhesive. Here again. an understanding of the sulfonic acid
function as a leaving group is essential. This study was made to
explore factors influencing the desu1fonation of
hydroxybenzy1su1fonic acids related to compounds (1) and (~).

RESULTS AND DISCUSSION

Sulfonation and De8ulfona~ion of Phloroglucinol.A.

In order to make a model compound for the phloroglucinolic
benzylsulfonic acid functions found in the tannin derivatives (1)
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SCBDtE 3. Sulf088tbylation of pbloroalucinol.

and (~). the sulfo.ethylation of phloroglucinol by reactions with

for.aldehyde and sulfite ion was exa8ined under a wide variety of
conditions. The highest yield of 2.4.6-trihydroxybenzylsulfonic
acid (i). with 8iniaal for8ation of di(2.4.6-trihydroxyphenyl)
.ethane (I), was obtained by reaction of phloroglucinol.

foraaldeh1de, and sulfite ion at 8Ole ratios of 1:1:2. with a pH
of 10.0, at ambient temperature (Scheme 3). The comparative ease
with which (fi) could be produced fro. phloroglucinol without
encountering excessive condensation i8plies that a s~lar
sulfo.ethylation of condensed cannins 8ight be an effective route
to a tannin derivative fo~ use in for8Ulation of cold-setting,

phenolic adhesives. Prior to inve8tigation of this reaction. it
was necessary to learn .ore about reaction conditions required
for desulfonation of compounds with 2,4,6-trihydroxybenzyl

functionality.

To .odel the8e desu1fonation8, 2,4,6-trihydroxybenzy18u1fonic
acid <i> va8 reacted with phloroglucinol under a variety of pH and
temperature condition8 <Scheme 4>. High yields of <1> were
obtained froa reactions at aabient te.perature and pH 9.5 and
above. De8u1fonation of <i> and condensation to <1> a180 occurred
at pH 8.0, but cO8paratively 8lowly. No reaction was observed at
acidic pH. Reaction temperature8 above aabient promoted the
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SCHEKE 4. Reaction of 2.4.6-trihydroxybenzylsulfonic acid with

phloroglucinol.

for8ation of higher 8Olecular weight ol1g~rs. On the basis of
these results, one would expect polymerization of condensed tannin
derivatives such 88 (Jl) or (~) with loss of the .ulfonic acid
functions at mild alkaline pH and low te8perature. The viscosity
of crude sulfite extract. of loblolly pine bark increases
draaatically on addition of ba.e. The rate of gelation is,
however, sufficiently slow to permit use of the.e extracts in wood

9lainating adhesive..

The i8portance of the phloroglucinol hydroxylation pattern
in the desulfonation of (!) wa. deter81ned by c08paring its
reactivity with that of j;h~roxyben&ylsulfon1c acid (!) and
phloroglucinol (Sche8e 5). ~-Hydroxybenzylsulfonic acid was
e.sentially unreactive under all conditions inve.tigated,
including pH level. of 11 to 13 at reflux te.perature. Minor
amount. of other products were noted on two-dimen.ional cellulose
TLC plates, but (2,4,6-trihydroxyphenyl) , (4-hydroxyphenyl)-.etbane
(!-) ws not detected.

B. Sulfonation and Deaulfonation of Ie.orcinol

Reaction of re80rcinol with foraaldehyde and exce8S sulfite
ions gave a mixture of 8ulfomethylated products from condensation
to di8eric and oligO8eric products. Reaction of tbis 81xture with
phloroglucinol for 4 hours at pH 12 and 90 'c gave only low yields
of the 8uspected (2.4.6-trihydroxy phenyl).(2.4-dihydroxy-
phenyl)8ethane (lQ). TLC and BPLC showed that large ..ounts of
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SCHEME 5. Reaction of phenolic and resorcinolic benzylsulfonic

acids with phloroglucinol.

sulfonated derivatives remained unreacted. On the basis of these

results, it can be predicted that sulfonic acid functions such as

are found in (i), the pyran ring-opened profisetinidin and

prorobinetinidin based C-2 sulfonated tannin derivatives (!! and

12) that are apparently produced from quebracho and wattle

b;nnins10 and their sulfomethylated derivatives (ll and 1i), would

require more severe desulfonation conditions than are needed for

sulfonated conifer bark tannins (Scheme 6).

Previous workll,12 has shown that more than 60% of the

resorcinol normally used in cold-setting, wood-laminating adhesives

can be replaced with tannin-resorcinol adducts related to (12)

while exceeding requirements of the American Institute of Timber

Construction. These tannin derivatives were made by reaction of

condensed tannins (2 parts by weight) with resorcinol (1 part by

weight) at about 120 °c in the presence of an acetic acid

catalyst. It seemed possible that a similar phenol adduct (ll)

might be produced simply by slow addition of sulfite extracts from

bark that contain significant proportions of (1) and (£) to

alkaline solutions of phenol (Scheme 7). The high mole ratio of

phenol forced by the slow addition might overcome differences in

the nucleophilicity of the phenol and phloroglucinolic !-rings of

the flavan derivatives.

C. Use of Desulfonation Reactions to Produce Phenol, Resorcinol,

and Phloroglucinol Adducts



97DESULFONATION OF HYDROXYBENZYLSULFONIC ACIDS

Sulfonated derivatives of quebracho and wattle tannins.SCHEME 6.

"
Qi

A possible route to tannin-phenol and tannin-resorcinol

adducts.

SCHEME 7.
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SCHEME 8. Reaction of 2.4.6-trihydroxybenzylsulfonic acid with

phenol.

To test this hypothesis. 2.4.6-trihydroxybenzylsulfonic acid

(i) was added dropw1se to phenol under a variety of conditions.

However. no (2.4.6-trihydroxyphenyl).(2- or
4-hydroxyphenyl)methanes [(lL) or (1)]. could be isolated from the

reaction products (Scheme 8). Instead. phloroglucinol and

sulfonated derivatives of 2.4.6-trihydroxyphenylmethane oligomers
were produced as deterlained by 2D-TLC. It ~s not possible.
therefore. to overcome the comparatively high nucleophilicity of

the phloroglucinolic ring by slow addition to phenol.

It was also not possible to make significant amounts of

(2 .4.6-trihydroxyphenyl). (2.4-dihydroxyphenyl)-methane (lQ) by
direct reaction of 2.4.6-trihydroxybenzylsulfonic acid (i)
with resorcinol. Again. small amounts of phloroglucinol and
d1(2.4.6-trihydroxyphenyl)-.ethane (lJ were obtained. along with

larger aaounts of oligomeric 2.4.6-trihydroxybenzylsulfonate
derivatives (TLC). When 2.4.6-tribydroxybenzylsulfon1c acid was
added dropwise to a solution of resorcinol at pH 10 at reflux. a
significant amount of di(2,4-dihydroxyphenyl)-methane (j!) was

(.§..)
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SCHEME 9 Fo~tion of di(2.4-dibydroxypbenyl) .ethane fro.

(2.4.6-tribydroxypbenyl). (2.4-dihydroxypbenyl) aetbane

produced in addition to the above-aentioned CO8pOUndB. Thi8
compound could be formed from (lQ) by 1088 of phloroglucinol and
reaction of the quinone ..thide (JJt) with re80rcinol (Sch... 9).

This observation is consistent with previou. re8ult. showing that
phloroglucinol was a good leaving group in alkaline solutions.
particularly where two phloroglucinol ring. are joined by a

.ethine or methylene carbon.13

SodiU8 epicatechin-(4R)-8ulfonate (l) vas also reac~ed with
phloroglucinol under a variety of conditions. When reactions were
.ade in the pH range of 8-10 at ..bient teaperature, 88811 aaounts
of epicatechin-( 4 8)phloroglucinol (1Q) were produced in the early
stages of the reaction. HOwever, at high pH and te8perature, or
after reaction ti8es of over an hour at .ore aild conditione, an
enolic for. of 6-(2,4,6-trihydroxyphenyl)-8(3,4-dihydroxyphenyl)-
7-bJdroxy-2,4 ,9-bicyclo-[3.3. I ]-nonatrione (11) ... the aajor
reaction product (Scbe8e 10). Thie cO8pOund is also for.ed in
reaction of poly.eric procyanidins with phloroglucinol under
alkaline conditions.13

CONCLUSIONS

The sulfonate function in sodiU8 epicatecbin-(4B)-.ulfonate,

like that in 2,4,6-tribydroxybenzyl8ulfonic acid, i8 a good
leaving group in alkaline solution. Addition of condenaed tannin
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sulfonate derivatives, such as <!> and <1>, to solutions at pH
)8.0 and ambient temperature will result in rapid loss of the
sulfonate function and polymerization through the nucleophilic
!-ring of procyanidin derivatives. If these products are to be

used in applications such as cold-setting, wood-laainating
adhesives, it is i.por~ant to limit the severity of these
conditions in order to restrict the extent of rearrangement of the
phloroglucinol rings as occurs in the formation of <11>.13 If
properly controlled, the tannins will carry sufficient
phloroglucinol functionality to permit rapid crosslinking with PRF

resols.9

Similar results can be expected in reactions of
sulfomethylated condensed tannins of the procyanidin class (i.e..

1) based on the facile formation of di(2.4.6-trihydroxyphenyl)
methane (1) fro. 2.4.6-trihydroxybenzylsulfonic acid and

phloroglucinol. However. desulfonation of resorcinolic
benzylsulfonic acid derivatives requires much .ore vigorous
reaction conditions. and catecholic benzylsulfonate functions such



DESULFONATIOM OF HYDROXYBENZYLSULFORIC ACIDS 101

a. that in (!> would be expected to be .table under the usual

conditions of resin for8Ulation on the basis of the stability of

j;hydroxylbenzylsulfonic acid at reflux te8perture and pH 13.
Therefore. approaches to the use of sulfonated poly.erlc
procyanidins. which include 8Ost conifer bark tannins.14 differ
.arkedly fro. those for the proflsetinidins (i.e.. quebracho
tannins) IS and prorobinetinidins (i.e.. wattle bark tannins).16

The facile deaulfonation of procyanidin derivative. baa been

exploited recently in the for.ulation of cold-Betting.

wood-laainating adhe.ive.. Conden.ed tannin. iaolated fr08 Pinus
!!!!! bark by extraction with 4.0% .odium sulfite and 0.4% aodium

carbonate bave been u.ed to replace SOX of the

phenol-re.orcinol-foraaldehyde resin norm.lly used in
ti8ber-laaiD8ting adheaiv.a.9 A8 would be expected fro. the above
.tudies. the t.nnin-.ulfonate derivative. wer. .table at roo.
te.perture. with neutral to slilhtly acidic pH. Bowever. on
addition of 8odiU8 hydroxide. the vi.co.ity of the aolutions
increased to finally produce a bard water-insoluble lel. due to
loa. of the sulfonate function and repol,.erization. When

phenol-re.orcinol-formald.hyde prepoly.ers and formaldehyde are
added to alkaline aolution. of these tannin derivative..

copoly.erization between the PIP re.in and the tannin can occur
rapidly at roo. teaperture. When either applied a. 81xtures with
phenol-re.orcinol-for.aldehyde resin. or as a tvo-coaponent
adhesive in Kreibich'. -Hone,.oon- .y.te..17 bond qualities
exceeded the require.ent. of the A8erican In.titute of T18ber
Construction Standards AITC-IO7 and AITC-IIO.9 These adhesives
give bonds with high shear strength and high wood failure after

vacuum-pressure water soak (AITC-IIO) and after 2 hours of
boiling. suggesting 8ufficient cro..linking to overcO8e the
inherent lability of the interflavanoid bonds in the tannins.

EXPERDfEMTAL

Reaction of Pine Bark Tannins with Sulfite Ion

Condensed tannins fro. loblolly pine phloea7,19 (2.5 g) ..re
reacted with 8Odiua bisulfite (4.5 g) in vater (7581) at 105 .C
overnight. l11e product vas freeze-dried and separKed on Sephadex
LB-20 (2.4 cm x 90 ca) by elution with ethanol, and fractions (15
al) were collected. Fraction. 49 to 85 ..re co.bined and
rechromatographed using the same separation conditions. Details
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of the isolation of compounds (2) and (4) will be describedelsewhere but have been summari;ed.4 -

Sodium epicatechin-(48)-sulfonate (I): Fractions 40 to 90
from the second column purifirAtion were combined to obtain a
yellow-brown amorphous solid (0.4 g). Found: C, 43.02; H, 3.93;

S, 7.88 CI5HI309SHa 1.5(H20) requires: C, 42.95; H, 4.06; S,
7.64%. 1H-NMR (d6acetone): 6.6-7.2 (3H,a,B-ring);

6.01(2H,s,A-ring); 5.50(1H,s,H-2); 4.58(1H,br-e,H-3);
4.13(1B,s,~4). 13C-NMR (d6acetone-DlO, 1:1): 157.3-158.5(A-ringC-o); 144.9,145.0(~ring C-O); 131.2(C-1'); 119.6(C-6'); -

116.4(C-5'); 115.3(C-2'); 99.1(C-6); 97.5(C-4a);
97.1(C-8);75.9(C-2); 66.8(C-3); 60.5(0-4). FAl-KS gave M+1 . 394;

C15H1309NaS +1 requires 394.

SulfolBethylation of Phloroglucinol

Phloroglucinol dihydrate (2g) was dissolved in methanol (15
ml). Formalin (37.8% solution. 1.0g) was stirred into the
solution as it was held at room temperature over 5 minutes.
Sodium sulfite (2.28 g) was then added as a solution in water (15

181). Stirring was continued for 1.5 hours. 111e methanol was
removed on a rotary evaporator and the aqueous solution was

freeze-dried. 111e product was separated on a Sepbadex LH-20
column (1.5 x 90 cm) by eluting with ethanol and collecting
fractions (10 ml). 111e su1foaethylation reaction was carried out

at several different pH values.

2,4,6-Trihydroxybenzylsulfonic acid (6): Fractions 33-49
were combined to give the product which crystallized (0.314 g)
during evaporation of the ethanol. The crystals were washed with
ethanol and dried; .p. 227-231 'C, decomposition. Found: C,

38.04; B, 3.41; S, 14.37%. C7Bs°6S requires: C, 38.18; B, 3.64,
S, 14.55%. lH-NKR (d6-acetone-D20, 1:1): 6.06(2B,s,ArB);
4.18(2B,s,benzyl-CB2). 13C-NKR (d6-acetone-D20, 1:1): 158.4(C-4);

157.8(C-2,C-6); l00.6(C-l); 97.1«C-3,C-5); 47.3(benzyl-CB2).
FAB-MS gave M+1-219; C7Bs°6S +1 requires 219.

Some of the crystals (5081) were acety1ated with

dioxane-pyridine-acetic anhydride (0.5:1.0:1.0, v/v/v) overnight.
The product was precipitated from water, washed with water, and

dried under high vacuum. 1H-NKR (d6-DKSO): 6.84(2H,s ,Ar-H);
3.72(2H,s,benzy1-CH2); 2.21, 2.18(9H,s+s,ArOAc). 1Jc-NKR
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(d6-DMSO): 168.7, 167.9(CooO)j 149.6(C-2,C-6); 148.2(C-4)j
118.2(C-l); 114.0(C-3,C-5); 46.2(benzyl-CH2); 20.8, 20.7(Aro-Ac).

Di-(2,4,6-trihydroxyphenyl)methane (7): Fractions 24-32 were

combined and the ethanol was removed under reduced pressure. The
product was crystallized from methanol-water to give needles that

decomposed to an amorphous solid at 64-68 °C. Found: C, 58.99; H,
4.77%. C13H1206 requires: C, 59.09; H, 4.55%. 1H-NKR

(d6-acetone): 9.00 (4H, br-s, ArOH); 8.05 (2H,br-s,ArOH); 6.03

(4H,s,Ar-H); 3.72 (2H,s,CB2). 13C-NKR (d6-acetone-D20, 1:1):

157.1(C-2,C-6); 155.9(C-4); 107.1(C-1); 96.6(C-3,C-5); 17.0(CH2).
FAB-KS gave M+l - 265; C13H1206 +1 requires 265.

The amorphous residue from crystallization of (L) (50~) was

acetylated with pyridine-acetic anh,dride (1:1,v/v) overnight;
poured into H2O, and freeze-dried. The product was purified by
prep-TLC (Si-gel, benzene-acetone, 8:2) by isolation of the band
at ~ 0.44 and eluting with acetone. Evaporation of the acetone

at reduced pressure gave an oil which, on standing, crystallized
to needles, laP 148-149 °C. Found: C, 58.38; H, 4.86%. C25H1~12
requires: C, 58.14; B, 4.65%. 1H-NMR (CDC13): 6.83(4B,8,ArH);
3.67(2H,s,CB2); 2.22, 2.11(18H,s+s,Aro-Ac). 13C-NMR (CDC13):

168.5, 168.3(C-O); 149.6(C-2,C-6); 149.0(C-4); 121.4(C-1);
113.8(C-3,C-5); 29.7(benzyl-CB2); 21.0, 20.6(Aro-Ac). FAB-MS gave

K+1-517; C25B2401~1 requires 517.

Reaction of 2.4.6-Trihydroxybenzyl Sulfonic Acid with

Phloroglucinol.

2.4.6-Trihydroxybenzyl sulfonic acid (11.6 mg. 0.048 BOOles)
and phloroglucinol dihydrate (15.6 mg. 0.96 mmoles) were dissolved
in 4 8L of pH 12 buffer and the pH adjusted with 6 N NaOH as

necessary. The reaction vessel was purged with nitrogen. sealed.

and placed in a water bath at the appropriate teaperature.
Aliquots were removed periodically for analysis by 2D-TLC
[microcrystalline cellulose with ~BuOH/HOAc/H20(3: 1: 1)

followed by 6% HOAc]. The loss of sulfonate (Rf 0.28.0.82) and

phloroglucinol (if 0.56.0.62) and the foraation of
di-(2.4.6-trihydroxyphenyl)methane(Rf 0.63.0.32) were easily

followed. Some samples were also analyzed by BPLC [Zorbax-CN.2.5%

MeOH. 1.5 mL/min] showing the sulfonate (11.2 BL). phloroglucinol

(15.0 mL) and the conden8ation product (20.2 BL).
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A preparative scale reaction allowed for the isolation of the

di-(2,4,6-trihydroxyphenyl)aethane by column chr088togcaphy
[Sephadex LH-20, eluting with EtOH-H20(1:1)] after separation from

sulfonated materials by extraction into ethyl acetate.

Reaction of Pblor~lucinol with p-Hydroxybenzylsu1fonic Acid

~Bydroxybenzylsulfonic acid (10 mg) was reacted with
phloroglucinol (15.6~) in water (1081) at reaction pH of 11,
12, and 13 and temperatures of 50 DC, 90 DC and reflux. The
reactions were monitored by two-dimensional cellulose TLC
developed with~-BuOH/HOAc/H20(3:1:1, v/v/v) and 6% acetic
acid in the second dimension. In addition, reaction products were
examined by HPLC (Zorbax-CN, 5% MeOH in water, 1.5 al/ain.).

p-Hydroxybenzylsulfonic Acid (S): ~-Hydroxybenzyl alcohol (3

g) and sodium bisulfite (11.6 g) were dissolved in water (25 81)
and the reaction was heated under reflux for 2 hours. after Which
it was freeze-dried. The solid was dispersed in methanol and
filtered to remove methanol-soluble materials (6.5 g). The

methanol-insoluble products were separated by column
chromatography on Sephadex LH-20 (1.5 x 90 cm). eluting with

ethanol-water (1:1. v/v) and collecting 20 al fractions.
Fractions 22-31 were combined. iemovalof solvent by rotary
evaporation and freeze-drying gave an amorphous white 80lid (1.97

g). IH-NMR (d6-acetone-D20): 7..21. 7.32(2H.d.ArH); 6.73.
6.S4(2H.d.Ar-H); 3.95(2H.s.benzyl-CH2). 13C-NMR (d6-acetone-D20):

15S.6(C-4); 133.5(C-2.C-6); 124.S(C-l); 117.4(C-3.C-5);
5S.1(benzyl-CH2). FAB-KS gave K+l - IS7; C7Hs°4S + 1 requires

IS7.

Reaction of Phloroglucinol with Resorcinollc Benzylsulfonic Acids

ReSOTcinol (4.4g) and sodium sulfite (12.6 g) weTe dissolved
in wateT (50 ml) to which 37.8% formalin solution (3.2 g) was
added at ambient tempeTatuTe. The Teaction vessel was puTged witt
aTgon. sealed. and heated at 95 °C foT 24 hoUTs. The pToduct was
fTeeze-dTied to obtain a light-bTOWD solid. The pToduct was
extTacted with ethyl acetate in a Soxhlet extTactoT to recoveT
0.23 g of ethyl acetate soluble mateTial. The Tesidue was then

extTacted with methanol to TecoveT 4.78 g of methanol solubles.

Column chTomatogTaphy of the methanol-soluble fTaction on SephadeJ
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LH-20. eluting with ethanol and collecting 15 a1 fractions. gave
an isolate in fractions 80-120 that appeared to contain a mixture
of sulfonated resorcinol derivatives (0.24 g). Thin layer

chromatography (microcrystalline cellulose.
!!!!-BuOB/HOAc/H20( 3: 1 : 1» indieated the mixture contained three
sulfonated resorcinol drivatives with R 0.55.0.45. and 0.17.
Although difficult to purify. a small amount of the major
sulfonated product (R 0.45) was isolated for structure

determination by subj ecting the mixture to chromatography over
cellulose. eluting with ~-BuOB/HOAc/H20(3:1:1:). IH-nar(D20):

7.10-6.98(IH.a.ArH)j 6.38-6.27(2H.a.ArH)j 4.00 (2H.s,benzyl-CH2).
13C-nmr(D2°-methanol-d4): 157.5 (C-l)j 156.4(C-3)j 133.9 (C-5)j

111.9 (C-4)j 108.7 (C-6)j 104.2 (C-2)j 51.9 (benzyl-CH2).

The adxture of sulfonated resorcinol derivatives (5081) and
phloroglucinol dihydrate (71 ~) were dissolved in 15 ml of pH 12
buffer and NaOH was added to adjust the pH to 12.0. The reaction
vessel was purged with nitrogen, sealed and placed in a bath at

90°C. After 4 hours, the vessel was removed from the bath and the
contents neutralized. HPLC and TLC analyses showed major amounts
of unreacted phloroglucinol and sulfo8ethylated re8orcinol
derivatives. Other products present in small proportions could
not be isolated in sufficient purity or quantity to identify their

structure.

Reaction of 2.4.6-trih-VdroxybenzyI8ulfonic Acid with Phenol

Phenol (20 mg) was dissolved in pH 12 buffer (4 ml) and the

pH was readjusted to pH 12 with HaOH.
2,4,6-Trihydroxybenzylsulfonic acid (11.6 mg) was dissolved in a
s8all amount of water and added dropwise to the phenol solution
over a period of about 2 hours while the reaction mixture was held
at 90 DC. After addition of the sulfonic acid, the reaction vial
was purged with nitrogen, sealed, and returned to the water bath
for an additional 3.5 hours of heating at 90 DC. Reaction
products were examined by two-dimensional TLC [microcrystalline
cellulose, ~-BuOH/HOAc/B20 (3: 1 : 1) and 6%HOAc] when one-half of
the sulfonate had been added, after all the sulfonate had been
added, and at the conclusion of heating. The reaction mixture was
also examined by HPLC [Zorbox-CH, 2.5% HeOH] by comparison of
retention volumes with (2,4,6-trihydroxyphenyl),
(4-hydroxyphenyl)methane that was made by reaction of

phloroglucinol with R;hydroxybenzyl alcohol.
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Reaction of 2.4.6-Trib,Jdroxybenzyl.ulfonic Acid with Ie.orcinol

Resorcinol (27381) wes dissolved in buffer (pH 10). after wbich
the pH was readjusted to pH 10 by addition of KaOH.
2.4.6-Trihydroxybenzy18ulfonic acid (300 -S) wea di..olved in
water (20 ml) and added dropw1se to the reaction mixture over a
period of 1 hour. The solution wes then refluxed for 3 hours.

After cooling. the reaction mixture was neutralized. analyzed by
HPLC and two-dimensional cellulose TLC. and then extracted with
ethyl acetate. The ethyl acetate-8oluble aaterlal we. separated
by chromatography on Sephadex La-20. eluting with ethanol and

collecting fraction. (1081). Fraction8 13-19 were coabined and
purified a second tl8e by chro.atograpy on Sepbadex LH-20 by
eluting with etbanol-water (1:1. v/v). Fractions 6-16 were

co.bined.

Di-(2.4-dihydroxyphenyl).ethane (18): The product was
recovered a. large orange-brown needle. .p. 208 'c (22 mg) by
cry.tallization fro. ..ter. Found: C. 66.4; R. 5.4%.
CI3RI204.0.IR20 requires C. 66.8; R. 5.2%. IR-NMR (d6-acetone):
6.1-6.8(6R...Ar-R); 3.56(2R...benzyl-CB2). 13c-MHR
(d6-acetone-D20: 156.5(C-2); 155.5(C-4); 131.7(C-6); 120.1(C-l);
IO7.9(C-5); 103.5(C-3); 29.0(benzyl-Cgz).

A portion (IS 88) of (!!) va. acetylated with pyridine-acetic

anhydride (1:1, v/v) overnight at ambient te.perature. The
product va8 precipitated fro. vater to obtain a pele yellow oil

that va. dried under high vacuum. Preparative TLC (5i-gel,
benzene-acetone, 9:1, v/v) gave the product at RF 0.55. IH-NMR

(CDC13): 6.75-7.00(6H,_,ArH); 3.65(2H,8,benzyl-CB2);
2.10,2.17(12B,8+8, ArOAc). 13C-MKR (CDC13):130.9(0-6);
119.2(0-5); 116.1 (C-3); 30.0(benzyl-CB2). The quaternary carbon
atoms were not detectable with thi. 88all s88ple. FAR-M5 gave M +
I -401; C21H200S + I require. 401.

(2.4.6-Trih1droxypheny1).(2.4-dih1droxypheny1)..tbane (10)
Later eluted fractions gave a ...11 aaount of a light brown
a80rpbou8 solid. IB-RMR (d6-acetooe): 6.2-7.0(SB...Ar-B);
3.73(2H.s.benzyl-CH2).

"action of Epicatecb1n-(4 B)-8ulfonate with Phloroglucinol

SodiU8 epicatechin-(4B)-sulfonate (200 81) and phloroglucinol

(340 ~) were combined with sodium carbonate (400 -s) in water (50
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ml). The reaction vial was purged with argon. sealed and heated
at 105 °C for 2 hours. After the vial bad cooled. the solution
was acidified to pH 5 with acetic acid. The acidified solution
was extracted with ethyl acetate to remove unreacted phloroglu-
cinol. The aqueous phase was freeze-dried. The dried solid was
dissolved in ethanol-water (70:30. v/v) and separated on Sephadex

LH-20 (1.5 x 90 cm) by elution with ethanol-water (70:30. v/v) and
collection of 15ml fractions. Fractions 11-12 were combined to

obtain a pale tan amorphous solid (110 .g). This was dissolved in

ethanol-water (50:50. v/v) and separated by repeated chroma-
tographyon Sephadex LH-20 (1.5 x 90 cm) by elution with ethanol-
water (50:50. v/v) to obtain a pure isolate of (11) (37 mg). To
examine the reactions under milder conditions. sodium

epicatechin-(4~)-su1fonate (5 JIg) was combined with phloroglucinol

(8.5 JIg) and sodium carbonate (10 JIg) in water (2 ml) in a series

of sealed vials. Reactions under a variety of temperature and
time conditions were monitored by two-dimensional cellulose TLC.
Epicatechin-(4R)-phloroglucinol (~). which had been made and
described earlier. was a significant product of reactions at

ambient temperature over time periods of 10 minutes to 2 hours.
Reactions over longer time periods or at higher pH or temperature

gave (11).

6-(2,4,6-Trihydroxyphenyl)-8-(3,4-dihydroxypbenyl)-7-hydroxy-
2,4,9bicyclo[3.3.I)-nonat~tone(~): This compound was identical

with a product obtained from the reaction of polyaeric procyani-
dins from loblolly pine bark with phloroglucinol at alkaline pH.13

IH-NMR (d4-methanol): 6.45-6.64(3H,m,catechol Ar-H);
5.96(2H,s,phloroglucinol Ar-H); 4.65(IH,dd,J - 5.0 and 11.0
Hz,H-7); 3.75(IH,dd,J - 3.6 and 5.0 Hz,H-6); 2.87(IH,dd,J - 4.6

and 11.0 Hz,B-R); 2.68-2.70(IH,d, 4.6 Hz,B-I); 2.55-2.75(IH,d,J-
3.6 Hz,H-5). 13c-NKR (d6-acetone-DlO, 1:1 v/v): 206(bicyclic C-2,

C-9); 188(bicyclic 0-4); 159(phloroglucinol C-4);
I 57(phloroglucinol C-2,0-6); 145(catechol C-3,C-4); 131.7(catechol

C-I); 122(catechol C-6); 117.4(catechol C-5); 116(catechol0-2);
106.4(bicyclic C-3); 101.2(phlorogluc1nol C-I); 97.8

96.0(phloroglucinol C-3, C-5); 71.2(bicyclic 0-7); 61.5(bicyclic
C-5); 50.7(bicyclic 0-1); 45.6(bicyclic 0-6); 37.2(bicyclic C-8).
FAB-KS gave M + I - 415; C2IBle09 + I requires 415.
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