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Abstract—A chemical examination of the leaves of Castanea mollissima has led to the characterization of four new
polyphenolic compounds, castamollissin, 1sochesnatin, isochestanin and castanin In addition, the occurrence of 20
known hydrolysable tannins and related compounds was demonstrated

INTRODUCTION

In contrast to widely distributed gallic acid esters, the
dertvatives of its probable metabolite, 3,4,5-trihydroxy-
benzylalcohol, have not commonly been encountered 1n
nature Previous work [1-7] demonstrated that the Fa-
gaceous plants, Castanea crenata Sieb et Zucc and Cas-
tanopsis cuspidata var sieboldii Nakai, accumulate such
benzylalcohol derivatives 1 large amounts Con-
sidering that gallic acid 15 usually metabolised in higher
plants to hexahydroxydiphemc acid [8, 9] and dehydro-
digallic acid [10], and further to flavogallonic acid [11],
sanguisorbic acid [12], valoneaic acid [13], tergallic acid
[14], gallagic acd [15], etc. through oxidative
carbon—carbon and/or carbon—oxygen coupling(s), the
metabolism of gallic acid i these plants 1s rather un-
usual To extend our work, we have now undertaken the
chemical analysis of the polyphenolic compounds
occurring 1n the allied species, Castanea mollissima Bl.,
which 1s a large deciduous tree planted in China and
Korea for ornamental and food purposes

RESULTS AND DISCUSSION

The leaves of C mollissima, were extracted with 60%
aqueous acetone Subsequent combined chromatogra-
phy of the extract over several types of reverse-phase gels
afforded 23 compounds (1-23) The isolated compounds
were classified into four groups based on their structural
features. The first class of compounds (1-8) possessed
3,4,5-trthydroxybenzylalcohol and/or dehydrodigallic
acid ester motety in thewr molecule, and among these, 4-8
were identified as dehydrodigallic acid [10], chesnatin
[2], chestantn [7], cretanin [4] and a mixture of 6'- and
6"-0-galloyl chestanin [1], respectively, by comparisons
of their spectral data with those of authentic samples
previously obtamed from C crenata The second class
(9-14) consisted of ellagitannins with a C-glycosidic link-
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age, among which 9-11, 13 and 14 were wdentified as
casuarinin [16], casuariin [16], stachyurin [16], vescal-
agm [17, 18] and grandinin [unpublished results], re-
spectively Casuarimin (9) was the major polyphenol
this plant material, whereas in C crenata galloyl hama-
meloses and 3,4,5-trihydroxybenzylalcohol glycosides
are the major metabolites [ 1, 19]. Compound 12 (named
castanin) was a desgalloyl stachyurin as revealed by 'H
and '3C NMR examinations and has not yet been iso-
lated from a natural source Confirmation of its structure
was achieved by partial hydrolysis of stachyurin (11) with
tannase, which afforded gallic acid and 12. The third
group (15-22) included ellagitannins based on a gluco-
pyranose core with *C; conformatton. Comparison of
therr '"THNMR data with those of previously 1solated
samples established their 1dentities as 2,3-hexahydroxy
(HHDP)-1-O-(sangunn H-5) (15) [20], 2,3-HHDP-4-(16)
funpublished results], 4,6-HHDP-1-O-(strictinin) (17)
[16], 4,6-HHDP-2-0-(18) [unpublished results], 4,6-
HHDP-3-0-(gemm D) (19) [21] and 4,6-HHDP-2,3-di-
O-galloylglucoses  (22) [9], 2,34,6-HHDP-glucose
(pedunculagin) (20) [22, 23] and 2,3-HHDP-4,6-
valoneaylglucose (21) [24]. The remaining compound
was found to be 1dentical with the simple gallic acid ester,
B-D-glucogallin (23).

Compound 1 appeared to be new and was designated
as castamollissin The 'H NMR spectrum showed a two-
proton singlet at 57.19 typical of a gallic acid ester and
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two meta-coupled aromatic signals at 67 18 (J=2 Hz)
and 7 31 (J =2 Hz) The most outstanding feature was the
observation of an aldehyde proton signal at 69 58 The
presence of a fi-glucoside moiety was confirmed by the
13C NMR chemzcal shifts of six aliphatic carbon signals,
which were almost rdentical with those observed 1 6-0-
galloyl-$-D-glucosides [25] The location of the galloyl
group at the glucose C-6 position was also confirmed by
the lowfield shifts (64 63, J =2, 12 Hz, 64 30, J =6, 12 Hz)
of the corresponding methylene proton signals in the
"TH NMR spectrum The '*C NMR data were consistent
with a 3.4,5-trihydroxybenzaldehyde structure, showing
an aromatic aldehyde signal at 4192 9 and signals for an
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aromatic ring with a 3,4,5-trihydroxy-substitution sys-
tem. The configuration of the glucose anomeric center
was determined to be § from the '"HNMR coupling
constant (J=7 Hz) of the anomeric signal Based on
these observations, castamollissin was concluded to be
3,4,5-trithydroxybenzaldehyde 3-0-(6'-0-galloyl)-f-n-
glucopyranoside (1)

Compound 2 (1sochesnatin) gave 'H NMR spectrum
exhibiting two meta-coupled aromatic signals (56 98, J
=2Hz and 6725, J=2H7) and a one-proton singlet
(0701) characterstic of a dehydrodigallic acid ester The
appearance of a two-proton aromatic singlet at 5649,
together with an aliphatic two-proton singlet at 8517
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assignable to a hydroxymethyl group attached to an ester
function, indicated the presence of a 3,4,5-trihydroxyben-
zylalcohol moiety in the molecule The '3C NMR spec-
trum showed sugar signals, the chemical shifts being
almost identical with those found in -D-glucosides such
as chesnatin (5) and chestanin (6). Although these spectral
data, as well as the negative FABMS [m/z 637 (M
—H) ], seemed to be consistent with those of chesnatin
(5), their 'H and !3C NMR spectra were not superimpos-
able Accordingly, 2 has been concluded to be isomeric
with chesnatin 1n the orientation of the dehydrodigalloyl
ester group.

Compound 3 (isochestanin) gave "HNMR data al-
most 1dentical to chestanin (6), except that aromatic
signals appeared as a two-proton singlet at §7.15 instead
of two meta-coupled doublets, indicative of a symmetri-
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cal substitution of one of the aromatic rings in the
dehydrodigalloyl moiety On acid or enzymatic hydrol-
ysis 3 yielded glucose, 3,4,5-trthydroxybenzylalcohol and
a new phenolcarboxylic acid (3a). The 'HNMR spec-
trum of 3a showed, after D, O exchange, only two singlets
at $696 and 7.13 each corresponding to one and two
protons. The '*CNMR spectrum of 3a exhibited 14
carbon signals including two carboxylic acid resonances
at 61680 and 170 7. These observations indicated that
the new acid (3a) is a gallic acid dimer, which is isomeric
with dehydrodigallic acid, and therefore we propose the
trivial name p-dehydrodigallic acid for this compound.
The negative FABMS with the prominent peak at m/z
937 was the same as that of 6, consistent with the pro-
posed structure (3).

The present study has shown that the polyphenolic
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constituents of Castanea mollissima are different from
those of C crenata, especially i the absence of galloyl-
hamameloses. 3,4,5-Trihydroxybenzaldehyde may be an
intermediate in the bilosynthesis of the corresponding
benzylalcohols occurring 1n this plant, and therefore 1ts
isofation 1s of significance from the viewpomt of” the
metabolism of gallic acid

EXPERIMENTAL

The mstruments used to obtamy physical data amd the exper-
imental conditions for chromatography were the same as de-
scribed 1n our previous paper [1]

Plare iatertat & astureed merlis s was growiT o The CRITTpas
of Nanjing Forestry University, China and the leaves collected
mn September 1986

Extraction and rsolation The air-dnied powdered leaves
(2 8 kg) were extracted x 3 at room temp with 60% aq Me,CO
After concn, the resulting ppt was removed by filtration The
filtrate was applied to a column of Sephadex LH-20 Elution
with H,O containing ncreasing proportions of MeOH yielded
five fractions 1 (50 g), I1 (8 g), 11 (16 g}, IV (300 g) and V (35 g)
Subsequent separation of fracton 'V o Sephadex LH-26 €C
with EtOH yielded six further fractions Fraction IV-I was
repeatedly chromatographed on reverse-phase gels such as
MCl-gel CHP-20P Fuj gel ODS-G3 and Bondapak C,,4 Por-
asif B with H,0 contaning mereasing amounts of MeOH
furmished castamollissin (1) (17 mg), 1sochesnatin (2) (24 mg), m-
dehydrodigallic acid (4) (2 2 g), chesnatin (5) (4 8 g), chestanin (6)
(47 g) and cretanin (7) (12 mg) Repeated CC of fraction [V-2 on
MCT-gel CHP-20P with H,0-M¢OH (7 3) and on Sephadex
LH-20 with 60% ag MeOH yielded 1sochestanin (3) (310 mg), a
mixture of 6'- and 6”-galloyl chestanins (8) (257 mg), sanguun H-
5(15) (15 mg), 2,3-HHDP-4-0-galloylglucose (16) (12 mg), stric-
tunm (17) (79 mg), 4,6-HHDP-2-0-galloylglucose (18} (21 mg),
gemun D (19) (14 mg) and f-p-glucogallin (23) (10 mg) On
stimilar CC, fraction V-3 afforded grandinin (17) (79 mg), 4,6-
HHDP-2,3-di-O-galloylglucose (22) (482 mg) and pedunculagin
(20) (212 mg). while fractions IV-4 and V-5 gave castanin (12}
(20 mg), casuarinin (9) (ca 10 g). casuarun (10) {48 mg), sta-
chyurin (11) (48 mg). vescalagin (13) (125 mg) and 2.3-HHDP-
4,6-valoneaylglucose {21) (178 mg)

Castamollissin (1} Colourless needless (H,O), mp 209-211",
[«]3° 588 [Me,CO-H,0 (1 1). ¢106] '"HNMR (Me,CO
—do+D,0) 64 30(1H, dd, J=6, 12 Hz, glc H-6), 463 (1H, dd, J
=2,12Hz glc H-6). 506 (1H,d, J =7 Hz, glc H-1), 7 18 (1H, d, J
=2 Hz, aromatic H), 7 19 (2H, s, galloyl H), 7 31 (1H,d,J =2 Hz,
aromatic H), 9358 (LH. . CHQ) "’CNMR
+D,0) 564 6. (gle C-6), 70,9 (gic C-4), T4.0igle C-2), 75 1 (gle C
%), 765 (gle C-3) 1027 (gle C-1), 109 9 (;

gall\ay.!_ ;:~L
1122(C-2.C-2), 121 0(galloyl C-1), 128 8 (C-1), 139 0 galloyl C-
4), 1430(C-4), 1460.0C, gallyal €3, C-5), 1468, 1470.(C-3, C-

9. 1674 —CQO-). 1929 (-COQ-). (Found €. 4733 H_ 456
CLot 6005 2H,0 requires C.47 62, H, 4.80%),

LY R e
Isochenatin (2) An off-white amorphous powder, [a]2®
— 209 [Me,CO-H O (L 1) 6r65] Negatve FABRMS myz 637

[M—H]" 'HNMR (Me,CO-d,+D,0) 0460 (IH, d, J
=7THz ge H-1), 917 QHL o -CH 01, 649 (2H_ < henzylalco-
hol H-2, H-6), 6 98, 7 25 (each 1H, d, J =2 Hz, dehydrodigalloyl
H), 700 (1H, <, dehydrodigalloyl H) "CNMR. (DMSQ-4,
+D,0). 5604 (-CH,0-), 650 (glc C-6),69 3 (gle C-4), 73 3 (glc
C-2.7360(gle C-9.77 Ligle C-3, 1639, 168 01 -CQQ- ) (Fannd.
CoaR79 H.o 419 CooH 0,32 HoO mequres. C4R73H
439%),

Lsochetammn, (3), An, off-white amorphons powder, [2]2°

,,,,,,
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— 848" [Me,CO-H,0O (1 1), ¢ 1 0] Negative FABMS m;z 937
[M—H]~ 'HNMR (Me,CO-d,+D,0) 0459 (IH. d, J
=7Hz glc H-1) 511, 517 (each 2H. s, -CH,0-}, 650, 6 54
(each 2H, s, benzylalcohol H-2. H-6). 6 93 (1H. s p-dehydrodig-
alloyl H), 7 15 (2H. s, p-dehydrodigalloyl H) '3C NMR (Me,CO
-dy +D,0) d616 (2C, gl C-6). 66 7.670( CH,O ). 703 (2C,
gle C-4). 744 (2C, gle C-2) 770 (2C, glc C-5), 78 2{2C glc C-3),
107 5 (2C, gle C-1). 1079 (4C, benzylalcohol C-2, C-6), 1082
1104 (2C), 1144, 1262, 1339 1503 (p-dehydrodigalloyl Cl.
1350, 135 3 (henzylalcohol C-1), 1422142 3 (benzylalcohol C-
4), 1509 (2C. henzylalcohol C ). 1665, 168 1L (- COO-)
(Fammd <, 5699, H, 486 © negres, €0 3E 170 H
448%)

Acid hydrolysis of 3 A soln of 31100 mg) in 2 N HCL{S ml) was
feated at 70 for 275 ity and e reaction mrxiare was direcily
applied to a column of MCl-gel CHP-20P Flution with H,0
containing increasing amounts of MeOH yielded three {ractions
The first fraction eluted with H,O contained a sugar, which was
identified as glucose by co-chromatography [Avicell SF cellu-
lose n-BuOH -pyridine-H,O (6 4 3)] with an authentic sam-
ple The next fraction was analysed by TLC (St gel
C.H, -HCO,Et-HCO,H (3 6 1)] and 3.4,5-trihydroxybenzyl-
alcohol was 1dentified Crystalization of the last traction from
H,O yielded p-dehydrodigaihic acid (3ay (5 migi ay colourfess
needles. mp 250-254 (dec) 'HNMR (Me,CO-d,+ D,0)
5696 (1H, s, aromatic H), 713 (2H, s. aromatic H) "*C NMR
(Me,CO-d,+D,0) 01084, 1106 (2C). 1147. 1274, 1345,
1385, 1400, 1423, 1505 (ZC) (aromatic ) 1684, 1700
(-COO-)

Enzymaric hydrolysis of 3 A soln of 3 (100 mg) in H,O (S ml)
was incubated with crude hesperidinase at 37 for 80 min After
concn of the reaction mixture, the residuc was treated wath
MeOH The MeOH-soluble portion was subjected to CC on
Sephadex LH-20 Elution with EtOH afforded glucose p-dehy-
drodigallic acid (3a) (42mg)l and 3.4.5-tnhydroxybenzyl-
alcohol (11 mg)
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