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Condensed Tannins. Base-catalysed Reactions of Polymeric Procyanidins with
Phloroglucinol: Intramolecular Rearrangements
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Reactions of polymeric procyanidins with phloroglucinol at pH 12.0 and temperatures of 23 or 50 .C
gave epicatechin-(4~)-phloroglucinol (7), by cleavage of the interflavanoid bond between procyanidin
units with subsequent addition of phloroglucinol, and (+) -catechin from the terminal unit. The
phloroglucinol adduct (7) rearranged to an enolic form of 8-(3,4-dihydroxyphenyl)- 7-hydroxy-6-
(2,4,6-trihydroxyphenyl) bicyclo [3.3.1 ]nonane-2,4,9-trione (9). Rea"angement of a dimeric pro-
cyanidin phloroglucinol adduct resulted in the formation of 3'-{8-(3,4-dihydroxyphenyl)- 7-hydroxy-
2,4,9-trioxobicyclo[3.3.1] nonan-6-yl}-4- (3,4-dihydroxyphenyl) -2',3,4',5,6',7 -hexahydroxyflavan
(10), also in an enolic form. (+ )-Catechin, from the terminal unit, gave catechinic acid, an enolic form of
6- (3.4-dihydroxyphenyl) - 7 - hydroxybicyclo [3.3. 1 ] nonane- 2,4,9- trione (4).

1-( 3,4-dihydroxyphenyl)-I,3-bis<2.4,6-hydroxypbenyl)-
propan-2-01 (50) is not isolated from the reaction products of
the polymen probably becaUie of the comparatively low
proponions of cat~hin terminal units (ca. I of 8 procyanidin
units) and the competinl rearrangement to catechinic acid (4).

Both (4) and (50) are produced, however, by reaciion of
( + )-cat~hin with phloroliucinol at pH 12.0 and ambient
temperature. The structure of (50) is evident from fast atom
bombardment mass spectfOl(X)py (ta.b.-m.s.), where the
positive ion spectrum showed AI + 1 at 417, and from the IH
and 13C n.m.r. spectra. Aaipments oftbe carbon reso~ at
46.8,77.9, and 30.3 p.p.m. for tbeC-I, C-2. and C-3 of the propyl
function; 13S.8 p.p.m. for the substituted C-I of the pyrocat~hol
rins; and 106.3 and 107.3 p.p.m. for the substituted C-Is of the
two phloropucinol rinp are based on both proton-coupied and
-decoupled spectra. The IH n.m.r. spec:trum of the pcracetate
derivative of (50) indjcates that this compound is produced as a
mixture of two isomen (IR and IS) in approximately equal
proponions. The 13C n.m.r. chemical shifts of (50) and related
derivatives (5A-C) (Table I) are particularly imponant to the
elucidation of the structures of derivatives of catec:binic aciddescribed below. .

Oeavap of the interftavanoid bonds in the upper 2.3-cis-
procyanidin units lives a quinone mcthide (6) tbat reacts
stereospecifically with phloroliucinol to live epicatec:bin-(4p)-
phloroliucinol (7). The stereospecificity of this reaction wu also
observed in the acid-catalysed cleavap of pol~ 2,3-cis-
procyanidins in the presence of an excess of phioroalucinol.6.lo
However, the yield of (7) is lower under alkaline condjtions
bec:aUle it is readily converted, through the quinone mcthide (I),
into the major product isolated. an enolic form of 8-(3,4-
dihydrox yphenyl)- 7 -h ydrox y-6-( 2.4,6-trih ydrox ypben yl )bi-
cyclo[3.3.I]nonane-2.4,9-trione (9). The structure of (9) is
evident from fast atom bombardment masa spectroscopy (AI +
I - 41S), and from IH and 13C n.m.!. spectroscopy.
Comparison of proton-<:oupied alKi -decoupled 13C n.m.r.
spectra with the spectral features of (4) (Table 3) aM other
model compounds (Tables I and 2) permits usipment of most
carbon resonances. Sipais at 37.2, 71.2. and 4S.2 p.p.m. are
assigned to C-6, C- 7, and C-8 of the bicydic riD&. respectively.
Signals at 50.7 and61.S p.p.m. due toC-S andC-l of this rin~ ~re
assigned on the basis of a HETCORR C-H connectl":lt'j
experiment and comparison with the spectrum or catechlnlc

Condensed tannin preparations obtained by alkaline extraction
or conifer barks are known to exhibit lower reactivity with
aldehydes and increased acidity compared to polymeric
procyanidins obtained rrom plants by neutral-solvent extra<:-
tiOn.I-3 In an effort to explain these diff~ Sean et aI.1
reftuxed (+ )-catec:hin in aqueous sodium hydroxide and
obtained two rearrangement products, catec:hinic .ad and
isocatechinic acid. Catechinic acid was shown to be an enolic
rorm or 6-(3.4-dihydroxyphenyl)- 7-hydroxybicyclo[3.3.1)-
nonane-2,4.9-trione by X-ray c:rysta1lograpby or its trimetbytether. I Similar stfU(;tures were proposed ror the reaction

products or condensed tannins in alkaline solution siDc:e many
or their properties were consistent with the stfU(;ture or
catechinic acid 1-3 However. no products have been isolated

rrom the reaction or condensed tannins in alkaline solutions to
support this hypothesis. The base-c:ataJyled reactions or
polymeric procyanidins were examined beca~ many or their
industrial applications involve their dissolution and/or reaction
at alkaline pH.."

Previous studies showed that the polymeric: procyanidins
rrom loblolly pine bark 6-8 gave 1.3-dibenzylthio and 3-

benzylthio derivatives or 3-(3.4-dihydroxyphenyl)-I-(2,4.6-
trihydroxyphenyl)propan-2-ol when treated with toluene-«-
thiol at pH 12.0 and ambient temperature.9 Some diaryl-
propanone derivatives were also produced by loa or tol~ne-«-
thiol and tautomeric rearrangement or the resultinl quinone
methide.9 These experiments showed that the interftavanoid
bond or polymeric procyanidins wu more labile than the pyran
ether to clea vale under alkaline conditions. To model the
rearrangement reactions or condensed tannins in alkaline
solutions, 10bioUy pine bark tannins were treated with
phloroglucinol at pH 12.0 and 23 or SO °C.

As observed in the previous study,' both the interftavanoid
bond and the pyran ether or polymeric procyanidins (1) suffer
rapid cleavage under these alkaline conditions (Scheme I).
Catechin (1). obtained from the lower terminal unit, is cleaved
rurther within the pyran ring to give the quinone methide (3)t
that undergoes intramolecular rearrangement to catechinic .ad
(4) as described by Sears et aI.1 The phloroglucinol adduct.

t Intermediates (3). ('). (8). and (UHl6) &R ~ulated and haft not

= ~\I.~
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T.~ I. 13C N.m.r. cbemical shifts of methinc carbons related to tbose
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acid (4) (Table 3). An enolic form or the bicyclic ring is evident
from a resonance at 106.5 p.p.m.. assigned to C-3 and from
signals at 188 p.p.m. (C-2 + 4) and at 206 p.p.m.. assigDed to the
unconjupted carbonyl at C-9. Resonances at IS5-157 p.p.m..
104.8 and 101.2, as weD as at 96.3 and 97.8 indicate one
phlorogucinol rin, but in two different environments. This can
be due to either restricted rotation or to the presence of two
different isomers. Chemical shifts for the pyrocatechol rin, are
similar to those observed for this rin, in the spectrum of
catechinic acid (4).

An 1 H n.m.r. spectrum of the acid form or (9) recorded at 250

MHz in rH6]acetone-water shows the two protons in the
phloroglucinol ring at 6.02 and 6.05 p.p.m. eaeh with coupling
constants of ca. 2.2 HZ, .consistent with a phloroglucinol ring
that does not rotate [compare phloroglucinol ring protons in
( + )-catechin]. 10 In rH6]acetone or in rH.]methanol these

proton signals converge to a singlet. The 3-H proton of the
bicyclic ring is most clearly ~ in the spectrum recorded in
rH6]acetone where it is a singlet at S.5S p.p.m. This signal is
absent in spectra recorded with 2HzO present or as the sodium
salt. The 7-H signal is a double doublet centred at 4.61 p.p.m.
with coupling constants of 10.8 and 4.7 Hz. Therefore, one of the
aryl functions is axial and the other is equatorial. The other
protons of the bicyclic ring system are shown more clearly in a
spectrum of the sodium salt recorded in [ZH.]methanol. Here
the broad OH signal is shifted downfield to ca. 4.9 p.p.m. and the
3-H signal is not evident. In this solvent, the 7-H signal
appeared at 4.66 p.p.m. with coupling constants or 11.0 and S.O
Hz. A I H double doublet centred at 3.7S p.p.m. has coupling
constants of s.o and 3.6 Hz. Another I H double doublet centred
at 2.87 p.p.m. has coupling constants of 11.0 and 4.6 Hz. The
HETCORR experiment established that the proton at 6H 3.7S

(2)

OH a..I
HO~~'~. ,H ~O., ~.-J X..;;1/.~

OH
(3)

I
~

OH
(50)(4)

~ I. Proposed routes to the (ormation 0( compounds (4), (50),
and (9) oy reaction of procyanidins with phloroglucinol (PHLG)
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T.'" 3. IJC N.m.r. chemical~hifts for cat~hinic.cid and its phlorosiucinol and ftavaa addllCtl

Carbon number8

Compd. RiDI I 2 3 4 5 6 7 I 9
(4) Bicyclic 59.2 211 106.' 192 64.2 S4.s 67.3 37.7 211

Pyrocat«boI 132..5 116 144.8 145 117.4 122
(9) Bicyclic 61.5 D 106.4 188 SO.7 37.2 71.2 45.6 D

Pyrocatechol 131.7 116 145.0 145 117.4 122
Pbloroliuciaol 101.2 15S-157 96.0 159 96.0 15S-1S?

(104.8) (97.8) (97.1)
(It) Bicyclic (f) 61.3 D 106 188 SQ.7 36.7 70.4 45.s D

Pyrocatochol(l) 136.3 116 145 145 117.1 13).9
Pyrocatechol (!) 131.4 116 145 145 117.6 121.6
Pbloro (4) 99.7 157 97.1 157 95.5 IS?
Pbloro (0) 101.2 157 116.0 1'7 9'.7 157
Pyraa (C) 67.9 73.1 45.6

. Note that the pyrocatechol rial in (4) is at C-6 but at C-8 in the productl (9) and (10) (Fiaure). Spectra were ~rded at 20 MHz at ca.
3' "C in rH.~OM + 1H1O (I: I, "Iv),

HO

a;t ~OH

(4)
OH

Q OH I ~

H

'OH
OH

( 98)(SA)

r.-. StnlCtwe 0( ~tccbiaic acid (4) and altcmati~ stnlCtUrei
(9A) and (98) for the major product of procyanidiDI with phJoro-
puciaol

wu attached to a carbon with a chemical shift of5c 37.2 and
that the proton at ~ 2.87 was attached to a carbon with a
chemical shift of 5c 4S.6 p.p.m. Two. I H multipiets, centred at
2.70 and 2.SS p.p.m.. can be interpreted u pain of doublets of
approximately equal proportion; one pair at 2.70 and 2.69
p.p.m. each with coupling constants of 4.6 Hz. and the other at
2.S6 and 2.SS p.p.m. each with couplin8 constants of 3.6 Hz.
Doubling of the I-H and SoH sipals is expected from taut-
omerism of the enol and ketone functions. Methylation of (9)
pve two hexamethyl ether derivati~ in approximately equal
proportions, both of which have the molecular formula
CZ,H30O,. Although two s~isomen are present, the proton
spectra show that the aryl functions at C-6 and C-8 exist in only
one confipration relative to the 7-hydroxy 8r'Oup since these
proton sipals are sharp and clearly fint-order. A ~nd-order
proton spectrum is evident only in the I-H and S-H signals of
the bicyclic rin..

If it is assumed that (9) is produced by rearranpment of
epicatechin-(4p)-phloroglucinol (1). the formation of a pi'oduct
with one configuration of the aryl substituents at C-6 and C-8
and coupling constants consistent with the above raults can be
accounted for in two ways. One isomer raults from attack of the
phloroglucinol ring D on the quinone methide (I) stereo-
specifically to the side opposite that of the aliphatic hydroxy
group in (7). The product of this reaction bas the phloroglucinol
rin8 in an axiaJ position with the 7-bydroxy group and the
pyrocatechol ring on C-8 in equatorial positions, accounting for
the 7-H couplin8 constants as J,.. 11.0 and J,.., S.O Hz. The
COSY experiment permits assilDMent of SoH to the signal at
2.87 p.p.m. and 6-H to the signal at 3.7S p.p.m. This, together
with S-H at 2.SS with J'.6 3.6 Hz and I-H at 2.70p.p.m. with Jt..
4.6 Hz. requira the enolic portion of the nonane riQ to be
below the plane of the c:ycIobexanone ring system, that is in a
chair conformation [Figure. (9A)].

The other isomer [Figure. (9B)] that would have similar
proton coupling constants, could also be formed by cleavage
within the pyran rin8 of (7) to live the quinone rnethide (I).
However. in this case the phloroglucinol A ring would have to
attack the quinone metbide from the same side u the aliphatic
hydroxy 8r'Oup (Scheme I). This isomer bas the pyrocatechol
ring in an axial position and the 7-hydroxy group and the
phloroglucinol ring at C-6 in equatorial positions. As with (9A).
the enolic portion of the bicyclic ring i. bek,w the plane of the
cyclohexanone ring system. Structure (~B) requira a reversal of
the assipments described above for stnlCt~ (9A) for both I-H
and SoH and 6-H and 8-H.

A Dreiding model or (I) su88csu that its further reaction can
~r by approximately equal attack of either phloroglucinol
rinl on tbe quinone metbide. but from opposite sides, living a
mixture of (9A) and (9B). However. as dilCusled above, the I H
n.m.r. spectra indicate that only one coDfilUration or the two
aryl groups at C-6 and C-8 is formed. The Dmding model
shows that tbe nucleopbilk carbons of tbe D ring would be in a
Cavourable position to attack tbe quinone mcthide from the side
opposite tbe aliphatic hydroxy group u soon u tbe pyran ring
opens into intermediate (I) and prior to its full conformational
unfoldina. This m~hanism would yield a sinalc isomer. (9A).
consistent with tbe IH n.m.r. data.

The dccoupled 13C (Table 3) and HETCORR spectra of (9)
also indicate structure (9A). Whether structure (9A) or (9B) is
correct. tbe chemical shift assianmcnts (Table 3) Cor all the
carbons would be approl.ilDately tbe same, except Cor the pairs
C-6 and C-S and C-8 and Col. The chemical shifts orC-6 and
C-8 and their associated proton couplinl constants are
important indicaton of which structure is correct.

For structure (9A), the chemical shift of C-8 can be calculated
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by substracting ca. 6 p.p.m. (approximate gamma gauche
effect 11.12 of the axial phloroglucinol) from the chemical shift
observed for C-6 of compound (4) (Table 3). This gives a
calculated value of 48.5 p.p.m. for the chemical shift of C-8 in
structure (9A) compared to the signal at 45.6 p.p.m. in the
spectrum of (9). The signal at 37.2 p.p.m. can then be assigned to
C-6. This assignment is consistent with the effect of orlho-
hydroxylation on the chemical shift of benzyl methylenes (Table
2).9-13.1. In addition, the assignment is consistent with
chemical shifts of C-l and C-3 in the spectra of C-3 benzylthio,
phloroglucinol, and 1,3-dibenzylthio adducts formed on
reaction of polymeric procyanidins with these nucleophiles
(Table 1).9 The chemical shift ofC-3 in the diphenylpropan-2-ol
(SA) is not very ditJ'erent from that of (50) in which a hydrogen
has been substituted with a phloroglucinol ring. Therefore, the
chemical shift of C-6 in structure (9A) should be essentially
unchanged from that of C-8 in compound (4) as was observed
(37.2 compared to 37.7 respectively) (Table 3).

For structure (9B), the chemical shift of C-6 can be calculated
using the chemical shift for C-6 of (4) (Figure) as a reference
when there is an equatorial pyrocatechol ring at C-6. In
structure (9B), the phloroglucinol ring at C-6 is equatorial.
Thus, the chemical shift of C-6 in (9B) is equal to co. S4.5 p.p.m.
[the chemical shift of C-6 in (4)] minus 10 to 12.6 p.p.m. [the
electronic effect of changins the hydroxylation pattern of an
aromatic substituent from that of pyrocatechol to that of
phloroglucinol (Table 2) and references 13.1.] minus 6 p.p.m.
(approximate gamma gauche effect 11.12 of the axial pyro-
catechol ring). This gives a calculated value of 35.9-38.5 p.p.m.
for the chemical shift of C-6 in structure (9B). Therefore, the
signal at 37.2 p.p.m. in the spectrum of (9) can be assigned to C-6
and the signal at 45.6 p.p.m. to C-8 of structure (9B). Thus,
carbons carrying phloroglucinol and pyrocatechol rinlS are
expected to resonate in the regions of 37 and 46 p.p.m.
respectively in either structure (9A) or (9B). The HETCORR
experiment shows that the proton at 3.75 p.p.m. correlates with
the carbon signal at 37.2 p.p.m. and the proton at 2.87 p.p.m.
correlates with the carbon signal at 45.6 p.p.1n. The coupling
constants for these proton signals are only consistent with an
axial substituent at C-6 and an equatorial substituent at C-8 or
the structure (9A) (Figure).

A further product, isolated from the reaction of loblolly pine
bark tannins with phloroglucinol at pH 12.0 and 23 °C, is
tentatively identified 'as 3'-{ 8-(3,4-dihydroxyphenyl)- 7-hydroxy-

2,4,9-trioxobicyclo[3.3.1 ]nonan-6- yl }-4-(3,4-dih ydroxy-
phenyl)-2',3,4',5,6',7-hexahydroxyftavan [Scheme 2, (10)]. The
structure of (10) is evident from fast atom bombardment mass
spectroscopy (M + 1 = 715), and from the IH and 13C n.m.r.
spectra (Table 3). The 13C spectrum shows sipals at
approximately the same chemical shifts as were observed in the
spectrum of (9). In addition, resonances ~ur at chemical shifts
indicative of a further phloroglucinol ring, a further pyrocatechol
ring, and a pyran ring similar to the C-4 substituted ftavan-3-ols.

Both the stereochemistry and substitution of the pyran ring-c
in (10) are evident from the chemical shifts of the carbons in this
heterocyclic ring. The sipal at 13.1 p.p.m. is assigned to C-3
since this carbon is not expected to be influenced greatly by
changes in stereochemistry or substitution at C-2 or C-4
[compare chemical shifts of 12.9 and 72.6 p.p.m. for C-3 in
catechin-( 42.)-phloroglucinol and epicatechin-(4p)-pbloro-
glucinol (7) I' and 70.3 for C- 3 in epicatechin-( 4p)-resorcinoI16].
The signal at 67.9 is then assigned to C-2 on the basis of an
expected upfield shift of ca. 10 p.p.m. due to replacement of the
pyrocatechol ring at C-2 by a phloroglucinol derivative where
two hydroxy groups are orlM to the methine carbon [compare
mc.'thyl~ne carbon chemical shifts in (IIA-E), Table 2].13.1.
The large upfield shift of the C-2 carbon to 61.9 is also consistent
with a 2,3-cis-3,4-lrans stereochemistry [compare C-2 chemical

shifts of 76.6 and 83.8 for epicatechin-(4:P)..phloroglucinol (7)
and catechin-(4«)..phloroglucinol respectively].

Similar conclusions are reached on the basis of changes in the
chemical shift of C-4 due to substitution of the heterocyclic ring
in (10). The C-4 of epicatechin-(4~)..phloroglucinol appears at
36.5 p.p.m.15 and that ofepicatechin-(4~)..resorcinol appears at
38.7 p.p.m.16 Replacement of the phloroglucinol ring at C-4
with a pyrocatechol ring can be expected to cause a downfield
shift of ca. 10 p.p.m. (Table 2); the chemical shift of C-4 in (10)
occurs at 45.6 p.p.m. This assignment is consistent with the
chemical shift of 46.8 p.p.m. observed for the methine carbon in
(SA). Other important features of the carbon spectrum of (10)
supporting these conclusions include: (a) the downfield shift of
the substituted C-l of the pyrocatechol ring B to 136.3 p.p.m.
[compare a chemical shift of 135.8 p.p.m. for the substituted C-l
of the pyrocatechol ring in (SA) with 132.2 p.p.m. for this carbon
in (7)]. and (b) the signal at 116 p.p.m. assigned to the
substituted phloroglucinol carbon on rin8 D on the basis of
increased deshielding associated with substitution at C-2 of the
pyran ring c [compare a chemiw shift of ca. 107.3 p.p.m. for the
substituted phloroglucinol carbons in (5) and (7)].

An IH n.m.r. spectrum of (10) recorded at 250 MHz in
rH4]methanol shows protons with cbemiw shifts and
coupling constants essentially identiw with those described for
compound (9). In addition. the spectrum contains a 1 H singlet
at 5.30 p.p.m. assigned to 2-H. a 1 H doublet with J 3.4 1 Hz at
4.09 p.p.m. assigned to 4-H. and a 1 H doublet with J 3.4 1 Hz at
4.19 p.p.m. assigned to 3-H of the pyran ring c. The stereo-
chemistry of the ftavan rin8 system must, therefore, be 2.3-cis-
3.4-lrans. The J 3.4 coupling would be expected to be ca. 5 Hz if
the stereochemistry was 2.3-cis-3.4-cis.17 Consideration of
plausible mechanisms together with Dreiding models suggest
that (11) has a lS.3S.4R absolute stereochemistry in the pyran
ring system of the upper unit. Roux and co-workers 18.19 have
recently described similar rearrangement products in phlob-
atannins from Acacia and have demonstrated analogous base-
catalysed rearrangement of profisetinidins.

The reactions of polymeric procyanidins with phloroglucinol
at pH 120 and ambient temperature are summarised in
Schemes 1 and 2 Catechin. liberated from the terminal unit, is
cleaved within the pyran ring to give a quinone methide (3) that
undergoes intramolecular condensation and rearrangement to
catechinic acid (4). Oeavage of the interftavanoid bonds gives a
quinone methide (6) from the upper units that reacts initially
with phloroglucinol to give epicatechin-(4~)..phloroglucinol (7).
The isolation of (7) and absence of a di-phloroglucinol adduct
analogous to (S) sugests that cleavage of the interftavanoid
bond is more facile than cleavage within the heterocyclic ring;
this conclusion is also consistent with the formation of
predominantly one isomer at C-1 in the dibenzylthio derivatives
obtained from the reaction of tannins with toluene1-thiol at pH
120.9 Epicatechin-(4~)..phloroglucinol is obtained in low yield
and only under mild reaction conditions. It reacts by cleavage
within the pyran ring to give the quinone methide (8) that
undergoes an intramolecular condensation and rearrangement
similar to the formation of catechinic acid that leads to the
6-phloroglucinol adduct (9). The formation of the isomer (9A)
ir.dicates a stereospecific reaction of the phloroglucinol ring D
on the quinone met hide from the side opposite the aliphatic
hydroxy group.

Random cleavage of the interftavanoid bonds within the
polymer generates some epicatechin-( 4~8)-epicatechin-( 4~)-
phloroglucinol [Scheme 2. (12)].6.10 The lower ftavan unit of
(12) is cleaved within the pyran ring with a rearrangement
analogous to the formation of catechinic acid (4) and the
phloroglucinol adduct (9) to give (13). The pyran ring of the
upper ftavan unit is also cleaved to give a quinone method
intennediate (14). Here the bulk of the lower flaVIn unit inhibits
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~ 2. Proposed route to tbe rormatioo 0( compound (II): PHLG - pbloroalucinol

courtesy of Dr. L. L. Landum. Forest Products Laboratory.
USDA-Forest Service. Madison. Wisconsin. Optical rotations
were measured with a Jasco DIP-181 polarimeter. Fast-atom
bombardment and high-resolution elec:tron-impact mass
spectral determinations were performed by the Midwest Centre
of Mass Spectrometry. a National Science Foundation Regional
Instrumentation Facility (Grant No. CHE 8211164). Elemental
analyses were performed by Galbraith Laboratories Inc..
Knoxville. Tennessee. F.t-i.r. spectra were provided by Dr. T. P.
Schultz. Mississippi State University. Mississippi State.
Mississippi. Column chromatography was on Sephadex LH-20
with either ethanol or ethanol-water (I: I. v/v) solvents. Thin-
layer chromatography was on either Schleicher and Shuell
FI440 or Baker-Rex F cellulose plates developed with 6% acetic
acid and/or TBA. t-butyl alcohol-acetic acid-water (3: I: I.
v/v/v). Plates were visualised by spraying with vanillin-HCI.
Condensed tannins were isolated from the phloem of loblolly
pine trees as has been described previously.9 Phloroaiucinol and
other rcaaents were used as purchased. An authentic sample of
catechinic acid was kindly provided by Dr. K. D. Sears. ITT-
Rayonier Inc., Shelton. Washington.

intramolecular condensation so that (I.) ~acts with phloro-
glucinol to give the intermediate (I!). P~vious work has shown
that a methine which is substituted with two phloroglucinol
functions eliminates phloroglucinol readily.lo The quinone
met hide (16) produced from loss of phloroglucinol then reacts
ste~ospecifically with the hydroxy group of the ~maining
phloroglucinol function to produce a pyran ring in a reaction
analogous to the epimerisation of ftavan-3-o1s in alkaline
solution.

The above rearrangements have proved to serve as useful
models for interp~tation of the reactions or polymeric
procyanidins in alkaline solution without the addition or an
external nucleophile. Essentially all or the major 13C n.m.r.
resonances observed in the products or reaction of loblolly pine
bark tannins at pH 12.0 and 23-SO °C can be a~unted for by
analogy to the spectral properties of (.), (9), and (It)} I These
~ults help to explain the low aldehyde reactivity, and acidity or
polymeric procyanidins that have been extracted from plant
tissue or reacted at alkaline pH. Although the!C ~ctions a~
harmful to the reactivity of condensed tannins extractable from
conifer tr.:e barks in applications such as their use in wood
adhesives, alkaline solutions can be used, even in cold~tting
phenolic adhesive systems, when these ~rranaement ~actions
are properly controlled.4.'

Alkaline haction 0/ Proc}'anidins M'ith Phloroglucinol at
SO °C/or 24 h.-Purified loblolly pine bark tannins (5.0 a) were
combined with phloroglucinol (5.0 I) in deoxygenated water (SO
ml). Solid NaOH was used to adjust the pH to 12.0 with

Experimeetal
I H and I}C N.m.r. spectra were recorded using either a Varian

TF-SOA or a Bruker WM-250.8 COSY and HETCORR experi-
ments II were carried out with the Bruker WM.2SO through the

. Mention or trade names d~ not constitute endorsement by the
USDA. Forest Service.
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constant magnetic stirring under a nitrogen atmosphere. The
solution was sealed in a 100 ml reaction vial and kept in a SO °C
water-bath for 24 h. The pH was adjusted to 7.0 with dilute HO
and the solution extracted with ethyl acetate (4 x 30 ml
portions) to remove the excess of phloroglucinol. The aqueous
phase was f~-dricd and then applied to a Sephadex LH-20
column (2.5 x 75 cRt) packed in and eluted with 95% ethanol.
Elution of fractions (15 ml) was monitored byone-dimcnsional
cellulose tl.c. developed with 6% acetic acid.

101-117 were collected and evaporated to give 0.66 g of an
amorphous brown solid. This was applied to a further Sepbadex
LH-20 column (1.5 x 80 cm) packed and eluted with 95%
ethanol.

3' -{ 8-( 3,4- Dihydro.typ/teft y/)- 7 ./tydroxY-2.4,9-trioxobicyclo-

[3.3.1 ]1IOIfQII-6-y/}-4-(3,4-diJlydroxYplwllyl-2' .3,4',5,6', 7-_xa-
h)'dro.t):.flavan (10) was obtained in the sodium salt form as a
brown amorphous solid (64 ml) from the combined fractions
44-57. It had RF values of 0.74 and 0.61 on ~lIulose t.l.c. plates
developed with 6% acetic acid and TBA When plates were
sprayed with vanillin-HCI, (10) also went red and later changed
to yellow. The compound was obtained in the acid form by
passinJ it throulh an Amberlite IR-120 column. F.a.b.-m.s.
showed tV" + I 715 (C36H30OI' requires 715). The 13C n.m.r.
spectrum is summarised in Table 3; the 'H n.m.r. spectrum
~rdcd at 250 MHz in [lH.]methanol showed 6 (from TMS)
2.74 (I H, m. S-H rinJ F), 2.84 (I H, m. I-H ring F), 2.92 (I H, dd.
J5.0and 11.0 Hz. 8-H rinJF), 3.76(1 H, dd, J4.0 and 4.S Hz. 6-H
rin, F), 4.~ (I H.d.J 1.0 Hz,4-H rinJ c). 4.19 (I H, d. J 1.0 Hz. 3-
H rina c), 5.31 (I H, So 2-H rinl c). 5.98 (2.5 H, m. ArH, rinp A
and D), and 6.5---6.7 (6 H, m. ArH rinp B and E). The
phlorollucinol rin, protons were partially exchanpd. The
enolic proton (3-H of' rina F) was completely exchanged. The
7-H proton of rin, F was oblcured by a large OH signal.

8-( 3 ,4- Dih J'dro.~) 'phen )'/)- 7 -h J'dro.~)'-6-(2,4,6- trih J'dro.~y-

phen)'/)bic)'clo[3.3,I]nOllaM-2,4,9-trione (9) in an enolic form
was isolated as the sodium salt from fractions 83-160 eluted
with 95% ethanol from a Sephadex LH-20 column. After the salt
had passed through an Amberlite IR-I20 (H+ form) ion-
exchanae rain column, the acid form was isolated from
fractions 86-165 in a second Sephadex LH-20 purification. It
was recovered by freeze-drying as a light brown amorphous
solid (Found: C, 50.65: H, 5.3. CZIHI809-4.8HzO requires C,
50.36; H, 5.52); f.a.b.-m.s. showed M + 1415 (Cz1H1809 + I
requires 415), The product bad RF values of 0.81 and 0.58 on
cellulose tI.c. plates developed with 6% acetic acid and TBA
respectively. When the plates were sprayed with vaniliin-HCI,
the compound turned red and then slowly changed to an intense
yellow. The 13C n.m.r. spectrum i. described in Table 3: the 'H
n.m.r. spectrum recorded at 250 MHz in rH.]methanol
showed 6 (from TMS) 2.55-2.57 (I H, d, J 3.6 HZ, 5-H), 2.68-
2.70(1 H,d,J4.6 Hz, I-H), 2.87 (I H,dd.J4.6and 11.0 HZ, 8-H),
3.75 (I H,dd, J3.6 and '.0 HZ, 6-H), 4.66(1 H, dd,J '.0 and 11.0
HZ, 7-H), 5.96 (2 H, s, pbIoro,lucinoi ArH). 6.45-6.64 (3 H, m,
pyrocatechol ArH); I H n.m,r. recorded in rH6]~tone showed
6 (from TMS) 2.69 (I H, m, S-H). 2.89 (I H, m, I-H), 2.98 (I H,
dd,J4.' and 10.8, 8-H). 3.71 (I H,dd,J3.8 and 4.7 HZ, 6-H), 4.61
(I H, dd, J 4.7 and 10.8 HZ, 7-H). 5." (I H, s, 3-H), 6,02 (2 H, s,
phloroglucinol ArH), and 6.4'-6.7 (3 H, m, pyrocatechol
ArH). Proton-proton couplings were established by COSY and
proton~rbon connectivities by HETCORR experiments. F.t-
i.r. showed carbonyl absorbance at I 730 an-I,

Methylation of compound (9) with dimethyl sulphate in
acetone over potassium carbonate gave two products in
approximately equal proportions as determined by t.I.c. (silica
gel; ~hanol-water-acetic acid, 200:47: 15: I, vjvjvjv,
upper phase). The two predominant products had RF values of
0.68 and 0.58. Preparative tI.c. gave the compound at R.. 0.68 as
a white amorphous IOIid after precipitation from n-hexane;
[Z]'89 -2680 (c 0.06, CHC3). E.i.-m.s. showed a parent ion
498.1891 (49.3%) for CZ,H)OO9 as required for the expected
hexamethyl ether derivative. The compound at R.. 0.58 wu allO
recovered as a white amorphous solid after precipitation from
n-nexane; [Z]'89 -1420 (c 0.14, CHC3). Ei.-m.s. showed a
parent ion 498.1882 (100-/.) for CZ,H30O. a1IO consistent with
a hexamethyl ether derivative.

R~act;on of Cat~chill ..';th PhJorogJucilloJ at pH 12.0 and
23 .C.-( + )-Cat~hin (2 I) as ~ived from Fluka was
combined with phlorollucinol (4 I) in deoxygenated water (40
ml) and the pH adjusted to 12.0 by ~dition of solid NaOH. The
solution was sealed in a reaction vial and kept at ambient
temperature for 16 h. The solution was acidified to pH 7.0 and
extracted with ethyl ~tate to live a brown amorphous solid.
The product was applied to a Sepbadex LH-20 column (2.5
mm x 80 cm) packed in and eluted with 95% ethanol. Fractions
30-50 w~ combined to afford a tan solid (440 ml) which
appeared to be predominantly one compound by t.l.c. The
combined fractions were rechromatoarapbcd on a Sepbadex
LH-20 column (1.5 x 80 cm).

1-(3,4- O;hydro.\'yplwllyJ)-1 ,3-bis-(2,4,6-trihydl'oxypMnY{)
propoll-2-o{ (50). Fractions 46-56 were combined to Jive a
Jilht-tan solid; f.a.b.-m.s. showed M + 1417 (Cz.HzoO, + 1
requires 417); the 13C n.m.r. s~m showed 3 (from ~tone)
30.3,30.7 (propyl C-3), 46.8 (propyl C-I), 77.9 (propyl C-2), 96.8
and 96.9 (phlorollucinol C-3 and C-5), 106.1 (phlorolgucinol
C-I), 107.3 (pbloroliucinol C-I), 116.1 (pyrocatechol C-2),
117.9 (pyrocatec:hol C-5), 121.0 (pyrocatec:hol C-6), 135.8
(pyrocatechol C-I), 144.2 and 145.8 (pyrocat~hol C-3 + C-4),
and 158.2-158.9 (phloroglucinol C-2, C-4, and C-6).

Acetylation. (acetic anhydride-pyridine) &aye a white
amorphous solid (Found: C, 58.4; H, 4.9. C3,H310.1 requires
C, 58.9; H, 4.r/.); the . H n.m.r. spectrum or the peracetate
showed 6 (from TMS) 2.10 and 2.22 (aliphatic and aromatic
OAc), 3.02 and 3.06 (0.5 H e8d1. J 5.0 Hz. propyll-H), 4.76 (2 H,
do J 9.7 HZ, propyl 3-H), 6.01 (1 H. m. J 9.7 and 5.0 HZ, propyl
2-H).

6-(3,4-Dih}'dro.,,},pItm}'i)- 7 -hydro."ybicyclo(3.3.1 ]1IOnaM-
2,4,9-triQM (4) wu isolated in an eoolic form u the sodium salt
from fractions 74-85. It wu identified by comparison of
chromatographic and spectral properties with those of
authentic catechinic acid It had R, values of 0.55 and 0.50 on
cellulose tl.c. plates developed with 6% acetic acid and TBA.
Like compound (9), when sprayed with vanillin-Ha it also
turned red and changed to an intense yellow. The 13C n.m.r.
spectral data for this compound are summarised in Table 3.

Alkali", R~action of Proc}'anidillS 1t1tll Phloroglucinol at
23 CCjor 18 It,-The reaction conditions previously described
were used ex~pt that the reaction was kept at room temper-
ature for 18 h. Compounds (4) and (9) were obICrvcd by two-
dimensional cellulose t,l.c. but were not collcctcd. Fractions
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