The Chemistry of Tea

Structures of Compounds A and B of Roberts
and Reactions of Some Model Compounds

Aldo Ferretti,! V. P, Flanagan,? H. A. Bondarovich,? and M, A, Gianturco

Nuclear magnetic resonance spectral evidence for
the constitution of bisflavanols A and B of black tea
is presented. Such evidence is in agreement with
the structures originally proposed by Roberts
(II-A and II-B, respectively). Results of a study
of oxidation reactions of some S5-mono-, 4,5-di-,
and 4,5,6-tri-substituted pyrogallols are reported;

in all cases compounds having a tricyclododecane
structure result. 4,5-Dimethylpyrogallol by oxida-
tion yields only one (III-D) of the three possible
isomeric oxidation products. Reaction paths es-
tablished for pyrogallols and variously substituted
pyrogallols under a number of oxidizing conditions
are also reported.

that occur during the conversion of tea leaves into

the black tea of commerce is being sought via
two distinct approaches. The first consists of the study
of some end products of tea fermentation and has led to
the structure of theaflavin (Brown et a/., 1966; Takino
et al., 1965, 1966), an important orange-red pigment of
black tea. The second approach is based on an investi-
gation of chemical and enzymatic oxidation reactions of
simple model compounds, and may shed some light on
reaction paths possible for (—)-epigallocatechin (I-A) and
its gallate ester (I-B) as well as for some other polyphenols
which are either present in unfermented tea leaves or
formed during the fermentation step. The epigallo-
catechins are the most abundant polyphenolic constituents
of unfermented tea leaves and relatively minor constitu-
ents of black tea (Roberts, 1962).

l nderstanding of the complex chemical reactions

H OH
4 3 ‘OR OH
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The purpose of this paper is to clarify the structure of
two colorless polyphenols which have been postulated to
be important intermediates in the formation of thearubi-

gins (brown-red pigments of tea) (Roberts, 1961), as well
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as to report the results of a study of oxidation reactions of
some S5-mono-, 4,5-di-, and 4,5,6-tri-substituted pyro-
gallols. Recent work on the oxidation of pyrogallol itself
and of simple 4- and 5-monosubstituted and 4,6-disub-
stituted pyrogallols has been reported from other labora-
tories (Critchlow et al., 1967; Teuber et al., 1966).

STRUCTURE OF COMPOUNDS A AND B OF ROBERTS

In the course of an extensive chromatographic investi-
gation of the polyphenols of black tea (Vuataz and Bran-
denberger, 1961), the Nestlé group isolated three sub-
stances (compounds A, B, and C) for which Roberts had
previously postulated structures II-A, B, and C, respec-
tively (Roberts, 1958, 1961; Roberts and Myers, 1959).
However, the question of whether these were the correct
structures remained unsettled.

H 10
HO (I) St - /9 \OH

OH H

BISFLAVANUL A3
31SF1 32
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A gift of milligram amounts of compounds A and B
from the Nestlé group has now permitted us to obtain
their nuclear magnetic resonance (NMR) spectra, and to
show that they are consistent with the structures originally
postulated by Roberts (1961) for these compounds. The
pertinent NMR data of A and B, as well as of (—)-epigallo-
catechin (I-A) and (—)-epigallocatechin gallate (I-B),



Table 1.

Compound

Bisflavanol A?
(11-A)

7.10-

W= 00 ~-1\bhhhn b N

Bisflavanol B
(1T-B)

[= W= = N R T T I N S N I Y

(—)-Epigallocatechin Gallate

Absorption,
8

.50(d)
.86(d)
.73(s)
.33(m)
.90(d)
.99(d)
.95(s)
.02(s)
.60(broad)?
L 10(t)
-40(q)

.38(d)
.69(d)
.61(s)
.78(s)
.07(m)
.33(m)
.85(d)
.96(d)
.94(d)
01(d)
.82(s)
.92(s)

97(s)

7.10-8.60(broad)
3.45(broad)

Bisflavanol B*
(11-B)

(—)-Epigallocatechin
(I-A)

WAL o

B e We WV e NV Ie WV RNNGISNY \V I S

(D)
.68(d)

57(s)
75(s)

.32(m)
.00(d)

85(d)

.00(d)
.92(d)
.94(s)

96(s)
04(s)

.82(m)
. 22(m)
.84(s)
.93(d)
.04(d)
.61(s)

50

7.50-8.80(broad)

(—)-Epigallocatechin
gallate (I-B)

2.98(m)
5.08(s)

5.55(m)
6.05(s)
6.63(s)
7.06(s)
7.60-8. 60(broad)

i All spectra recorded in acetone-ds at 25°, and expressed as parts per million (8) from tetramethylsilane (internal reference).
parenthesis: s = singlet, d = doublet, t = triplet, 9 = quadruplet, m

"® Spectrum determined after addition of D:O.
° Aromatic protons in ethyl gallate appear at 7.10 p.p.m. (Ferretti, 1967).

i? Determined before addition of D:O.

¢ Integral curve shows about }/z molecule of ether associated with one molecule of bisflavanol,

/ Partially overlapping H:O signal.

¢ Signal of proton at C-3’, expected to be found around 4.1 p.p.m., is hidden by HDO broad band.

' Signal partially overlaps H:Q band.

J, ¢./s.
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2.3, syst.
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-

NN
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2.5 AB
2.50syst.

Relative
Intensity
Found

and

(Caled.)

22)
22)
22)
22)
22)
2(2)
22)
44)
17(16)

e

2(2)
2(2)
1(1)
1(1)
1(1)
1(1)
(1),
1]y
1(1)!
1]
1(1)
1(1)
2(2)

13(13)

f

2(2)
22)
()
(1)
1(1)
()
1/
1
1/
11¢Y)
1(1)
2(2)

2(2)
(D)
1(1)
1(1)
1(1)
2(2)
k

2(2)
1D
1(1)
2(2)
2(2)
22)

= multiplet.

¥ Apparently, two protons at C-6 and C-8 show identical chemical shift.

NMR Spectral Data of Compounds A and B, (—)-Epigallocatechin, and

Assignment of Proton

C-4(ax) and C-4'(ax)

C-d(eq) and C-4'(eq)

C-2 and C-2’

C-3 and C-3’

C-6 and C-6' or C-8 and C-8’
C-6 and C-6’ or C-8 and C-8’
C-10 and C-10’

Aromatic galloyl”

Phenolic OHs

Et,O methyl

Et.O methylene

C-4(ax) and C-4'(ax)
C-4(eq) and C-4’(eg)
C-2or C-2'

C-2 or C-2/

C-3/

C-3

C-6 and C-8 or C-6" and C-8’
(AB system)

C-6 and C-8 or C-6" and C-8’
(AB system)

C-10 or C-10’

C-10 or C-10’

Aromatic galloyl

Phenolic OHs

Alcoholic OH (at C-3")

C-4(ux) and C-4'(ax)

C-4(eq) and C-4’ (eq)

C-2 or C-2

C-2 or C-2'

C-3¢

C-6 and C-8 or C-6" and C-8’
(AB system)

C-6 and C-8 or C-6’ and C-8/
(AB system)

C-10 or C-10’

C-10 or C-10’

Aromatic galloyl

C-10 and C-14
Alcoholic OH (at C-3)
Phenolic OHs

C-10 and C-14
Aromatic galloyl
Phenolic OHs

Multiplicity in

VOL. 16, NO. 5, SEPT.-OCT. 1968

757



which served as model compounds, are given in Table I.

In the spectrum of compound A, equivalence of the C-2
with the C-2/ proton, of the C-3 with the C-3’ proton, and
of the C-10 with the C-10’ proton is in agreement with the
postulated symmetry of the molecule. The C-2 and C-2’
protons’ resonance is a singlet: Coupling with the vicinal
proton is small, consistent (Bhacca and Williams, 1964)
with the expected dihedral angle near 60° (cis stereo-
chemistry) (Clark-Lewis and Jackman, 1961; Clark-Lewis
et al.,, 1964). The two pairs of aromatic protons at C-6,
C-8 and C-6’, C-8’ form two coincident AB patterns at
5.90 and 5.99 p.p.m. (J.5 = 2.3 c./s.). The C-4 protons
appear together with the C-4’ ones as a pair of doublets
Jgem = 18 c¢./s., four protons) centered at 2.50 and 2.86
p.p.m. The downfield signal is assigned to the equatorial
protons; the signal of the axial protons at 2.506 shows a
second-order splitting due to an axial-equatorial inter-
action with the C-3 (or C-3’) proton. The phenolic pro-
tons give a broad irregular band between 7.10 and 8.60
p.p.m. The signals due to ether of crystallization are ob-
served at 1.106 and 3.4§; the integral indicates that each
molecule of bisflavanol A is associated with only a half
molecule of ether of crystallization.

The NMR spectrum of bisflavanol B clearly shows that
this molecule is not symmetric. Specifically, the equiva-
lence of the three pairs of protons at C-2 and C-2/, C-3
and C-3’, and C-10 and C-10’ has disappeared, each pro-
ton giving a separate and distinct signal., Furthermore,
the two pairs of aromatic protons at C-6, C-8 and C-6',
C-8' give a total of seven lines recognizable as two par-
tially overlapping AB patterns; after addition of D,O
only six distinct lines are observable because of a slight
variation of the chemical shifts. Cis stereochemistry of
the pyran ring is confirmed along the lines indicated above.
The expected upfield shift of the C-3’ proton is also ob-
served (from 5.33 to 4.07 p.p.m.), and the alcoholic proton
at C-3’ shows up as a broad signal at 3.458. The phenolic
OH protons absorb exactly in the same frequency range
as those of bisflavanol A (7.10 to 8.60 p.p.m.), and inte-
grate exactly for 13 protons. The two aromatic protons
of the galloyl moiety show up at 6.976.

Attempts to obtain direct confirmation of the molecular
weights of A and B via the mass spectra of their trimethyl-
silyl (TMS) derivatives have failed. In fact, the derivative
of compound A (calculated molecular weight 2066) could

not be volatilized in the spectrometer and, even though the
spectrum of the TMS derivative of B showed its highest
m/e peaks in the area corresponding to the calculated mo-
lecular weight (1770), unequivocal reading of the exact
mass of the parent peak was not possible for lack of an
appropriate standard. However, the NMR evidence puts
the structures of compounds A and B on a rather firm
basis. The reason that A and B are present in black tea
only in small amounts is unexplained. In particular, it
must be determined whether the reaction leading from
(—)-epigallocatechin (I-A) and its gallate ester (I-B) to
A and B is only of minor significance, or whether A and B
(or the corresponding quinones) (Roberts and Myers,
1959; Vuataz and Brandenberger, 1961) are transient
intermediates in a reaction sequence leading from the
epigallocatechins to the abundant thearubigins or to other
constituents of black tea.

OXIDATION OF SIMPLE PYROGALLOLS

In a recent publication from this laboratory, Takino
et al. (1967) reported that oxidation of 5-methylpyrogallol
with either potassium ferricyanide or hydrogen peroxide—
horseradish peroxidase results in high yields of a colorless
carbonylic compound of empirical formula C;;H,,O¢ and
of very low solubility in water and organic solvents. This
contrasts with the fact that Murakami and Suzuki (1956)
have postulated a noncarbonylic diphenyl structure for a
supposed CisH20¢ product of potassium iodate oxidation
of 5-n-propylpyrogallol.

To clarify this point, the oxidation of 5-n-propylpyro-
gallol has been reinvestigated; with either potassium
iodate or hydrogen peroxide-horseradish peroxidase, the
reaction results in good yields of a nonaromatic carbonylic
product. Mass spectrometry showed that its molecular
weight is 332 and that its empirical formula is C;sH¢Os,
rather than C;sH2,O¢ as proposed by the Japanese authors.
Furthermore, all the spectral evidence obtained clearly
points to the fact that the structural skeletons of these oxi-
dation products of 5-methylpyrogallol and 5-n-propyl-
pyrogallol are identical. This is shown, in particular,
by the following: Their infrared spectra are identical in
the » OH, v C=0, and v C=C regions with maxima at
2.90, 5.72, 5.90, and 6.19 microns; with the obvious ex-
ceptions resulting from the presence of two different alkyl
substituents, their NMR spectra are identical (Table II);

Table II. NMR Spectral Data of Alkyl Hydroxybenzoquinone Dimers®

Compound OH CH;CO
III-A® 5.25(broad)
III-B¢ 2.78(s)
III-B 2.20(s)
diacetate?
I1I-De 6.75(broad)
II1-Ce 3.20(broad)

R/ R rt R rerr
6.15(m) 2.22(d,J = 2c./s) 3.46(s)
6.15(m) 0.92(tJ = 7c./s.X(CHy) 3.55(s)

1.50(m)(BCH>)
2.65(m)(aCHy)
6.23(m) 0.97(t,J = 7ec./s.)(CHs) 3.70(s)
1.57(m)(BCHy)
2.53(m)(«CHs)
1.77(s) 2.17(s) 3.47(s)
1.72(s) 2.00(s) 1.20(s)

¢ Data expressed in parts per million (8} from tetramethylsilane (internal reference). Multiplicity in parentheses: s = singlet, d = doublet,

t = triplet, m = multiplet.
b Spectrum determined at 100° C. in DMSO-ds.
¢ Determined in acetone-ds.
¢ Determined in CDCls,

¢ Determined with INM-4H-100 instrument (Japan Electron Optics Laboratory Co.) (III-C at 70° C.) in DMSO-de.
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the products show an identical ultraviolet spectrum-—
namely, absorption at 268 and 223 mu. Finally, both
products yield a diacetate, and the relationships between
the spectra of the diacetates parallel those of the parent
substances.

With the skeletal identity of the two products thus es-
tablished, further chemical and spectroscopic studies were
carried out almost exclusively with the more readily soluble
oxidation product of 5-z-propylpyrogallot.

Interpretation of the data led us to structures III-A and
III-B for the methyl and n-propyl compounds, respec-
tively, in agreement with the formulations of 3-hydroxy-o-
quinone dimer and 3-hydroxy-5-methyl-o-quinone dimer
recently advanced by Teuber er al. (1966) and Critchlow
et al. (1967), respectively. Our structural assignment was
based on the following:

The NMR spectrum (determined at 60 Mc.) of the
propyl derivative shows the presence of two chemically
equivalent n-propyl groups, two equivalent and exchange-
able OH protons, two equivalent vinylic protons, and two
equivalent methine protons; the molecule must be sym-
metrical because the apparent equivalence of the above
four groups of protons is still observed after acetylation,
or after changing the solvent from dimethyl sulfoxide-ds
(DMSO0-d;) to acetone-ds, and in the spectrum determined
at 100 Mc. Furthermore, in the spectrum of the acetyl
derivative only one signal is observed for the two acetyl
methyl groups; the compound does not react with diazo-
methane, and by catalytic hydrogenation is readily con-
verted into the starting pyrogallol; the two alcoholic
groups must be tertiary because no e-splitting of their
NMR signals is observed in DMSO (Chapman and King,
1964), and also because no downfield shift is observed of
the signals (tentatively) assigned to two equivalent meth-
ines; the two vinylic protons must be attached to a tri-
substituted alkene moiety because no olefinic coupling is
observed; spin decoupling experiments clearly show that

R

there are two equivalent Pr—C=C—H groupings;

R

the empirical formula (CysH»O¢) indicates that there are
nine sites of unsaturation. Since there are two nonenolic
hydroxyl groups and six oxygens, there must be four car-
bonyls. (The alternative of five cycles and two carbonyls,
with two oxygens engaged in cycle formation, is not com-
patible with molecular symmetry.) Two of the four car-
bonyls are conjugated (infrared). With two double bonds
(NMR) the compound must be tricyclic; the compound
does not react with o-phenylenediamine, and its diacetyl
derivative is not cleaved by periodic acid; therefore there
are no a-dicarbonyl moieties in the molecule. However,
since the starting material was a pyrogallol, it seems reason-
able to expect that the three oxygen-containing functions, in
both halves of the molecule, are consecutive. All the
above experimental evidence can be accommodated only
by structure III-B for the propyl and, consequently, by
structure IIT-A for the methyl derivative.

Extension of these studies in our laboratory has shown
that oxidation of 4,5,6-trimethylpyrogallol with hydrogen
peroxide-horseradish peroxidase, potassium nitrosodi-

III-4, R = R' = R'"" = R" =CH3
B, R = R' = 3"' = H; R" =r_\-C3H./.
C, R = H; R' = R" = R"' = CH,
D, R = R"' = H; R' = R" = CH,
E, R=R'=H; R" = R"' = CH

I1I-F

sulfonate (Fremy’s salt), and potassium iodate, and of
4,5-dimethylpyrogallol with the same oxidants as well as
with o-chloranil results in products III-C and III-D, re-
spectively, which are completely analogous to those ob-
tained from the S-monoalkyl-substituted pyrogallols. In
the case of the 4,5-dimethyl derivative, choice among
structures III-D, III-E, and III-F was possible because
the NMR spectrum of the product does not show presence
of vinylic protons.

Some of the reaction paths established for pyrogallol
and various alkyl substituted pyrogallols under various
oxidizing conditions are summarized in Table III.

EXPERIMENTAL

Melting points were determined with a Kofler micro-
scopic hot stage; correction was by calibration. Ultra-
violet (MeOH), infrared (KBr), and mass spectra were de-
termined with Beckman DK-2, Beckman IR-4, and CEC
21-110B instruments, respectively. Infrared data were
obtained from spectra calibrated with polystyrene. Ul-
traviolet data were reported as obtained. The NMR spec-
tra of compounds A and B (Table I) were run in acetone-
ds, before and after addition of D,O, with a Varian HA-100
spectrometer. The NMR spectra of the oxidation prod-
ucts of substituted pyrogallols (Table II) were determined
at room temperature with a Varian A-60 spectrometer,
unless otherwise specified. The » OH, y C=0, and » C=C
absorption frequencies in the infrared are reported for the
synthetic products. Molecular weights and empirical
formulas were determined by mass spectrometry.

Oxidation of 5-Methylpyrogallol. K;Fe(CN); As Oxi-
DANT. A cold solution of 195 mg. of 5-methyl-pyrogallol
in 15 ml. of water was treated with 4 ml, of oxidant solution
prepared by dissolving 3.08 grams of K;Fe(CN); and 0.78
gram of NaHCOj; in 20 ml. of water. A white precipitate
started to separate shortly after addition of oxidant, which
was completed in 3 minutes. The crude material (77 mg.)
was recrystallized from hot DMSO (quantitative recovery);
[m.p. 215° C. (dec.); molecular weight found 276.0628
(calculated for CiH1:O¢ 276.0634); ultraviolet: Ay,
268 mu (e 4500) and Amax 222 mu (e 14,000); infrared:
3450, 1745, 1690, and 1615 cm.~!]. The aqueous mother
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Table III. Modes of Oxidation of Alkyl-Substituted Pyro-
gallols and Pyrogallol

|

S
[e]

&

(Harries, 1802; Trdeman,

[o]
I

OH o]

o)
x
[e]
d

Critchlow et abl, 1867)

5
"2
53

s

OH LGy (Crizcklow gz al, 1567)
HO, OH  sg R oH 9
KEFQ(CN)& “»
R

0 OH R

R OH O
RR

o OoH R

oH o |
o ‘o
OHY

oM o CaHs
H C,H
on ' : 5C2 245
HO OH -
CoHg M
HgC CoHs
T 82,K) H CZ OoH :,°
[ 1, 1856)
¢ OH C,Hg
OH R R _OH P
HO OH
R R
R B d OHR R

liquors, extracted with ethyl acetate, yielded 75 mg. of
starting material contaminated with the quinone dimer.

HYDROGEN PEROXIDE-PEROXIDASE As OXIDANT. Two
hundred milligrams of S-methylpyrogallol in 20 ml. of
water was oxidized with 5 ml. of 1.2%, H.O, in the presence
of horseradish peroxidase. The white precipitate weighed
190 mg. after recrystallization from DMSO, and had the
same physical and spectral characteristics as the sample
obtained using K;Fe(CN); as oxidant.

Oxidation of 5-n-Propylpyrogallol. HYDROGEN PER-
OXIDE-PEROXIDASE AS OXIDANT. One gram of S-n-propyl-
pyrogallol in 100 ml. of water was oxidized as above with
25 ml. of 1.2% H:0.. Yield was 523 mg. after recrystal-
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lization from benzene; at the Kofler hot stage it starts to
decompose atl 59° C. Murakami and Suzuki (1956) re-
port melting point 178°. However, the identity of the two
products has been firmly established [molecular weight
found 332.1261 (calculated for Ci;sH,00s 332.1260); ultra-
violet: Amax 268 mu (¢ 5900) and Apex 223 mu (e 20,000);
infrared: 3425, 1755, 1695, and 1615 cm.~ 1],

Identical material was obtained when the oxidation was
carried out with KIO; essentially as previously described
(Murakami and Suzuki, 1956).

Acetylation of 3-Hydroxy-5-»#-propyl-o-benzoquinone
Dimer. Acetylation of III-B was carried out with Ac,O in
pyridine at room temperature. The pure material, after
recrystallization from ethanol, had a melting point of
210° C. (dec.) with a tendency to sublime around 195° at
normal pressure [molecular weight found 416.1477 (calcu-
lated for C,;:H»4Os 416.1471); infrared: 1765, 1710, and
1630 cm.™1].

Oxidation of 4,5-Dimethylpyrogallol. Porassium
NITROSODISULFONATE AS OXIDANT. An ice-cold solution of
4.72 grams of NO(S0;K). and 2 grams of NaH,PO,-H,O
in 200 ml. of water was added to a vigorously stirred solu-
tion of 1.232 grams of 3,4-dimethylpyrogallol in 20 ml. of
ether. After !/, hour the reaction mixture was extracted
with CHCl;, and the combined organic extracts were dried
and evaporated to dryness. The crude residue, after two
crystallizations from acetone, yielded 160 mg. of pure
product (ITI-D) [m.p. 203° C. (dec.); molecular weight
found 304.0932 (calculated for C,¢H,¢05 304.0947); ultra-
violet: Amax 271 mu (e 7800) and Ap.x 228 mu (e 15,600);
infrared: 3450, 1748, 1681, and 1620 cm.~1].

0-CHLORANIL AS OXIDANT. A solution of 1.082 grams
of o-chloranil in 35 ml. of ether was added to 0.616 gram
of 4,5-dimethylpyrogallol at room temperature with stir-
ring. After !/, hour the ether phase (containing tetra-
chlorocatechol) was eliminated, and the aqueous phase
extracted with chloroform. On evaporation of the solvent
the crude quinone dimer (ITI-D) was obtained, which was
recrystallized from acetone. Yield was 152 mg. This
is identical in all respects with the product obtained using
potassium nitrosodisulfonate as oxidant.

PotassiuM IoDATE AND HYDROGEN PEROXIDE As Oxi-
DANTS. An identical product was obtained using these
oxidants; 154 mg. of 4,5-dimethylpyrogallol by oxidation
with 1.3 ml. of 6% aqueous KIO; yielded 57 mg. of pure
quinone dimer (ITII-D); 200 mg. of substrate, by oxidation
with 2 ml. of 3% H,0., yielded 73 mg. of pure quinone
I1I-D).

Acetylation of 3-Hydroxy-5,6-dimethyl-o-benzoquinone
Dimer. The quinone (400 mg.) was heated under reflux
for 15 minutes in Ac,O (6 ml.) in the presence of one drop
of concentrated H.SO,. After cooling, the precipitate
(453 mg.) was collected, washed with Ac;O, and recrystal-
lized from Ac,O [m.p. 300° C. (dec.); molecular weight
found 388.1154 (calculated for CyoH:eQOs 388.1158); in-
frared 1765, 1695, and 1622 cm.~1].

Oxidation of 3,4,5-Trimethylpyrogallol. PoTassiuMm
IoDATE As OxiDaNT. Trimethylpyrogallol (168 mg.) in
5 ml of HO and 1.25 ml. of acetone was oxidized with
1.3 ml. of 6%, aqueous KIO;. The precipitate was re-
crystallized from acetone to give 115 mg. of pure quinone
dimer IHI-C [m.p. ca. 250° C. (dec.); molecular weight



found 332.1261 (calculated for CisH»eOs 332.1260); ultra-
violet Amax 266 mu (e 7100) and An.c 233 mu (e 12,000);
infrared: 3450, 1748, 1666, 1654, and 1594 cm,~1].

PoTassiuM NITROSODISULFONATE AND HYDROGEN PEROX-
IDE AS OXIDANTS. A solution of 2.36 grams of NO(SO;K).
and 1.0 grams of NaH,PO, - H,O in 100 ml, of iced water
was added to a solution of 672 mg. of trimethylpyrogallol
in 10 ml. of ether with vigorous stirring. The first crop
of crude quinone dimer (III-C, 200 mg.), was filtered off
after /; hour. The mother liquor by treatment with 2.36
grams more of oxidant yielded another 68 mg. of III-C.
The filtered solution was then shaken four times with
CHCl;. By evaporation of the solvent a third crop (103
mg.) of crude product resulted. The crude products were
combined and recrystallized from acetone.

When 218 mg. of the substrate was oxidized with 2 ml.
of 397 hydrogen peroxide as previously described, the yield
of quinone dimer (III-C) was 157 mg.

TMS Derivatives of Compounds A and B. In a typical
experiment, 10 mg. of bisflavanol B was dissolved in 0.3 ml.
of anhydrous pyridine and treated with 0.3 ml. of hexa-
methyldisifazane and 0.1 ml. of trimethylchlorosilane.
The mixture was shaken for 5 minutes, then heated at 70°
for 5 minutes more. The reaction mixture was evaporated
to dryness; the residue was dissolved in 0.5 ml. of CCl,
and brought again to dryness. The treatment with CCl,
was repeated to remove any residual pyridine. The amor-
phous residue resulting after thorough drying was ana-
lyzed with the mass spectrometer. An analogous pro-
cedure was used for bisflavanol A,

ACKNOWLEDGMENT

The authors are grateful to L. Vuataz, Research Labora-
tories, Nestlé Products, Vevey, Switzerland, for the sam-
ples of compounds A and B, and to Ross Pitcher, Varian

Assocciates (present address, Hoffman-La Roche, Inc., Nut-
ley, N. 1), for the determination of the NMR spectra of
bisflavanols A and B.

LITERATURE CITED

Bhacca, N. S., Williams, D. H., “Application of NMR Spec-
troscopy in Organic Chemistry,” pp. 49-52, Holden-Day,
San Francisco, Calif., 1964.

Brown, A. G., Falshaw, C. P., Haslam, E., Holmes, A., Ollis,
W. D., Tetrahedron Letters 11, 1193 (1966).

Chapman, O. L., King, R. W., J. Am. Chem. Soc. 86, 1256
(1964).

Clark-Lewis, J. W., Jackman, L. M., Proc. Chem. Soc. 1961,

165.

Clark-Lewis, J. W., Jackman, L. M., Spotswood. T. M.,
Australian J. Chem. 17, 632 (1964),

Critchlow, A., Haslam, E., Haworth, R. D.. Tinker. P. B,,
Waldron, N. M., Terrahedron 23, 2829 (1967).

Erdtman, H., Proc. Roy. Soc. (London) 143A, 196 (1933).

Evans, T. W., Dehn, W. M., J. Am. Chem. Soc. 52, 3647 (1930).

Ferretti, A., Coca-Cola Co., Linden, N. J., unpublished results,
1967.

Flaig, W., Ploetz, T., Biergans, H., 4nn. 597, 196 (1955).

Girard, A., Ber. 2, 562 (1869).

Harries, C., Ber. 35, 2954 (1902).

Murakami, M., Suzuki, K., Mem. Inst. Sci. Ind. Res. Osuka
Univ, 13, 185 (1956).

Roberts, E. A, H., in “Chemistry of Flavonoid Compounds,”
T. A. Geissmann, Ed., p. 468, Macmillan, New York. 1962.

Roberts, E. A. H., J. Sci. Food Agr. 9, 381 (1958).

Roberts, E. A. H., Tea Quart. 32, 190 (1961).

R(Eberts, E. A. H., Myers, M., J. Sci. Food Agr. 10, 167. 172
1959).

Takino, Y., Ferretti, A,, Flanagan, V., Gianturco. M.. Vogel,
M., Can. J. Chem. 45, 1949 (1967).

Takino, Y., Ferretti, A., Flanagan, V., Gianturco. M.. Vogel,
M., erratum, Tetrrahedron Letters 33, 4024 (1966).

Takino, Y., Ferretti, A., Flanagan, V., Gianturco, M., Vogel,
M., Tetrahedron Letters 45, 4019 (1965).

Teuber, H. J., Heinrich, P., Dietrich, M., 4ni. 696, 64 (1966).

Vuataz, L., Brandenberger, H., J. Chromarog. 5, 17 (1961),

Received for review April 3, 1968. Accepred June 20, 1968.

VOL. 16, NO. 5, SEPT.-OCT. 1968 761



