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Abstract-A chemical exammatlon of the leaves of Castanen mohsima has led to the characterization of four new 
polyphenohc compounds, castamolhssm, Isochesnatm, isochestanin and castanm In addltlon, the occurrence of 20 
known hydrolysable tannins and related compounds was demonstrated 

INTRODUCTION 

In contrast to widely distributed galhc acid esters, the 
derlvatlves of its probable metabolite, 3,4,5-trihydroxy- 
benzylalcohol, have not commonly been encountered m 
nature Previous work Cl-73 demonstrated that the Fa- 
gaceous plants, Castanea crenata Sleb et Zucc and Cas- 

tanops~ cuspdata var s&o/& Nakal, accumulate such 
benzylalcohol derlvatlves m large amounts Con- 
sidering that galhc acid 1s usually metabohsed m higher 
plants to hedahydroxydlphemc acid [8,9] and dehydro- 
dlgalhc acid [IO], and further to flavogallomc acid [ll], 
sangulsorblc acid [12], valonealc acid [13], tergalhc acid 
[14], gallaglc acid [15], etc. through oxldatlve 
carbondarbon and/or carbon-oxygen coupling(s), the 
metabolism of galhc acid m these plants 1s rather un- 
usual To extend our work, we have now undertaken the 
chemical analysis of the polyphenohc compounds 
occurring m the allied species, Castanea moll~zma Bl., 
which IS a large deciduous tree planted m China and 
Korea for ornamental and food purposes 

RESULTS AND DISCUSSION 

The leaves of C mollzsslma, were extracted with 60% 
aqueous acetone Subsequent combined chromatogra- 
phy of the extract over several types of reverse-phase gels 
afforded 23 compounds (l-23) The isolated compounds 
were classified into four groups based on their structural 
features. The first class of compounds (l-8) possessed 
3,4,5-tnhydroxybenzylalcohol and/or dehydrodlgallrc 
acid ester moiety m their molecule, and among these, 4-8 
were identified as dehydrodlgallic acid [lo], chesnatm 
[2], chestanm [7], cretanin [4] and a mixture of 6’- and 
6”-0-galloyl chestamn [ 11, respectively, by comparisons 
of their spectral data with those of authentic samples 
previously obtamed from C crenata The second class 
(9-14) consisted of ellagltanmns with a C-glycosldlc hnk- 
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age, among which 9-11, 13 and 14 were ldentlfied as 
casuarinm [16], casuarim [ 163, stachyurm [ 161, vescal- 
agm [17, 181 and grandmm [unpublished results], re- 
spectlvely Casuarmm (9) was the major polyphenol m 
this plant material, whereas m C crenata galloyl hama- 
meloses and 3,4,5-trlhydroxybenzylalcohol glycosldes 
are the major metabohtes [1, 191. Compound 12 (named 
castamn) was a desgalloyl stachyurm as revealed by ‘H 
and 13CNMR exammatlons and has not yet been iso- 
lated from a natural source Confirmation of its structure 
was achieved by partial hydrolysis of stachyurm (11) with 
tannase, which afforded galhc acid and 12. The third 
group (15-22) included ellagltannms based on a gluco- 
pyranose core with 4C, conformation. Comparison of 
their ‘HNMR data with those of previously isolated 
samples established their IdentItles as 2,3-hexahydroxy 
(HHDP)-1-0-(sanguun H-5) (15) [20], 2,3-HHDP-4-(16) 
[unpublished results], 4,6-HHDP-1-0-(strlctmm) (17) 
[16], 4,6-HHDP-2-O-(18) [unpublished results], 4,6- 
HHDP-3-0-(gemm D) (19) [21] and 4,6-HHDP-2,3-d]- 
0-galloylglucoses (22) [9], 2,3.4,6-HHDP-glucose 
(pedunculagm) (20) [22, 233 and 2,3-HHDP-4,6- 
valoneaylglucose (21) [24]. The remaining compound 
was found to be Identical with the simple galhc acid ester, 
b-D-glucogalhn (23). 

Compound 1 appeared to be new and was designated 
as castamolhssm The ‘H NMR spectrum showed a two- 
proton singlet at 67.19 typical of a galhc acid ester and 
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two meta-coupled aromatic signals at 67 18 (J =2 Hz) 
and 7 3 1 (J = 2 Hz) The most outstanding feature was the 
observatton of an aldehyde proton signal at 69 58 The 
presence of a /Gglucostde moiety was confirmed by the 
13C NMR chemtcal shifts of SIX ahphattc carbon stgnals, 
which were almost tdenttcal with those observed m 6-0- 
galloyl-/I-I>-glucostdes [25] The locatton of the galloyl 
group at the glucose C-6 posmon was also confirmed by 
the lowfield shafts (64 63, J = 2. I2 Hz, 64 30, J = 6, 12 Hz) 
of the correspondmg methylene proton stgnals m the 
‘H NMR spectrum The t3C NMR data were consistent 
wtth a 3.4,5-trthydroxybenzaldehyde structure, showmg 
an aromattc aldehyde signal at ii 192 9 and signals for an 

- 

\ 
OH 

aromatrc rmg with a 3,4,5-trthydroxy-substttutton sys- 
tem. The configuratton of the glucose anomertc center 
was determmed to be b from the ‘H NMR couplmg 
constant (J= 7 Hz) of the anomertc signal Based on 
these observattons, castamolhssm was concluded to be 
3,4,5-trthydroxybenzaldehyde 3-O-(6’-O-galloyl)-/j-n- 
glucopyranostde (I) 

Compound 2 (tsochesnatm) gave ‘H NMR spectrum 
exhtbtttng two mera-coupled aromatic signals (66 98. J 
=2 Hz and (r7 15, .I=2 Hz) and a one-proton singlet 
(07 01) charactertsttc of a dehydrodtgalhc acid ester The 
appearance of a two-proton aromatic singlet at 6649, 
together wtth an altphattc tao-proton smglet at (SS 17 
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assignable to a hydroxymethyl group attached to an ester 
functton, mdtcated the presence of a 3,4,Wrthydroxyben- 
zylalcohol moiety in the molecule The r3CNMR spec- 
trum showed sugar signals, the chemical shifts being 
almost identical wtth those found in fl-D-glucosides such 
as chesnatm (5) and chestanm (6). Although these spectral 
data, as well as the negative FABMS [m/z 637 (M 
-H)-1, seemed to be consistent with those of chesnatm 
(5), their ‘H and ’ 3C NMR spectra were not superimpos- 
able Accordmgly, 2 has been concluded to be isomertc 
with chesnatin m the orientation of the dehydrodigalloyl 
ester group. 

Compound 3 (isochestanm) gave ‘HNMR data al- 
most tdentical to chestanm (6), except that aromatic 
signals appeared as a two-proton singlet at 67.15 instead 
of two meta-coupled doublets, indicative of a symmetri- 

o=i: 6x0 dOOH 

I I 

cal substitution of one of the aromatic rmgs in the 
dehydrodigalloyl moiety On acid or enzymatic hydrol- 
ysis 3 ytelded glucose, 3,4,5-trihydroxybenzylalcohol and 
a new phenolcarboxylic acid (3a). The ‘HNMR spec- 
trum of 3a showed, after D,O exchange, only two singlets 
at 6 6 96 and 7.13 each correspondmg to one and two 
protons. The r3CNMR spectrum of 3a exhtbtted 14 
carbon signals including two carboxylic acid resonances 
at 6 168 0 and 170 7. These observations Indicated that 
the new acid (3a) is a gallic acid dimer, which is isomeric 
with dehydrodigallic actd, and therefore we propose the 
trivtal name p-dehydrodtgallic 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 polyphenohc 
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constituents of Castunra mo/lrssrmu are different from 
those of C crenatu, especially m the absence of galloyl- 
hamameloses. 3,4,STrlhydroxybenzaldehyde may be an 
mtermedlate m the blosynthesls of the correspondmg 
benzylalcohols occurrmg m this plant, and therefore tts 
tsoiatton IS of- slgmticance ii-om the btewpomt of the 
metabohsm of galhc acid 

The i57striiiWZii.5 iiS& iii 0kXiu &ySiG& &ia &Dll the CtT$j- 

Imental condltlons for chromatography were the came as de- 
scribed an our previous paper [I] 

Eutractron Ullli rtolatmn The air-dned powdered leaves 

(2 8 kg) were extracted x 3 at room temp with 60% aq Me,CO 

After concn, the resuitmg ppt was removed by iiitratlon The 
filtrate was apphed to a column of Sephadex LH-20 Eiutlon 

with H,O contammg mcreasmg proportlons of MeOH YIelded 

five fraction\ I (SO g), II (8 g), III (16 g), IV 1300 g) and V (35 g) 
Su’bsequ~ S~dratruIT tri kchon i‘v on %@~dd~‘x LH-20 C‘c 

with EtOH yleided SIX further fractions Fraction IV-I has 
repeatedly chromatographed on reverse-phase gels such as 

MCI-gel CHP-2OP FUJI gel ODS-G3 and Bondapak C,, Por- 

asri I3 with Hz0 contammg mcreaslng nmouutt nC M&H- 

furmshed castamoihszm (1) (17 mg), lsochesnatm (2) (24 mg), m- 

dehydrodlgaihc acid (4) (2 I g), chesnatm (5) (4 8 g), chestanm (6) 

(4 7 g) and cretanm (7) (I 2 mg) Repeated CC of fraction IV-2 on 

MCI-gel CHP-2OP with H,O-MeOH (7 3) and on Sephadex 

LH-20 alth 60% dq MeOH ylelded Isocheqtamn (3) (310 mg), a 

mixture of 6’- and 6”-gaiioql cheatamns (8) (257 mg), sangmrn H- 

5 (15) (15 mg), 2,3-HHDP-4-O-galloyigiucose (16) (12 mg), strlc- 

tmm (17) (79 mg), 4,6-HHDP-2-0-galioyigiucose (18) (21 mg), 

gemm D (19) (14 mg) and /1-D-giucogaihn (23) (1Omg) On 
slmlidr CC, fraction IV-3 afforded grandmm (17) (79 mg), 4,6- 

HHDP-2,3-dl-0-gai~oylgiucosc (22) (4X2 mg) and pedunculagm 

(20) (212 mg). while fractions IV-4 dnd IV-5 gave castanm (12) 

(20 mg), cdsuarmm (9) (ca IO g). cayuarun (IO) (48 mg). std- 
chyurln (111 (48 mg). vescalagm (W) I1 2.5 rng:t and 23-HH~DP- 
4,6-valoneayiglucose (21) (178 mg) 

Casrumoll~ssrn (1) Coiourles? needless (H,O), mp 209 -21 1 ‘, 

Lr];’ --58X [Me,CGH,O (I I). c I 061 ‘H NMR (Me2C0 

-d,+D,O) (i430(1H,dd,J=6,12Hz,gicH-6),463(1H,~id,.l 

=2,12Hr,gicH-6).506(1H.rl.J=7Hr.g1cH-1),718(1H.(i,d 

= 2 Hz, dromatlc H), 7 I9 (2H, F, gaiioyi H). 7 3 I (I H. d, J = 2 HL, 
arn_rn&t.ln H)_ 958 (.l.H.. \_ CHO). I ‘C N.M_R_ (b&CO ---d, 

+ n;a! 664.6 (.gl!rC-4), 709 (~c-4.),.74.n(.~c-~, 75 !. (.&C- 

q.,. 16 5 (.gk C-3!,. 1.0.x7 (.gk c-!.),. m9 9 (.g&zy!. C-I c-f& I!.!. 0< 

112 2(C-2. C-2’), I21 O(gaiioy1 C-i), 128 8 (C-l). 139 O(gaiioyi C- 
4!_ 1.4.2 n_ (.C-c-4),. 1.4.6 n (.7zz, gaLi.yol_ C-3,. C- 5), 14.6 8,,. 14.7 n (.C-I,. c- 

5,!.. I.67 4. (.~COr;l-L I.929 i.-ccl-j. (.Fak!zLf_ c,. 4.7 13, kc, 4. % 

Cz,H,,n >s +.n Wp.l.K% c, 4.7 4.2,. H_,. 4.4w%Lj. 

- 84 8’ [Me2CO--HZ0 (I l), c 1 O] Negdtive FABMS ,n;z 937 

[M-H]. ‘HNMR (MezCO-d,+DZO) h459 (IH. d. .I 

-7 Hz, gic H-I) 5 11, 5 17 (each 2H. 5. CHZO-). 6 50, 654 
(each 2H, ,s. benzyidicohoi H-2. H-6). 6 93 (1 H. 5 p-dehvdrodlg- 

alloy1 H), 7 15 (2H. 5. p-dehydrodlgniioyl H) “C NMR lMezCO 
-d, + D,O) 661 6 (ZC. gli C-6). 66 T. 670 ( C‘H,O ). 70 3 (lC, 

gic C-4). 74 4 (ZC, gic C-2) 77 0 (ZC. gic C-5). 78 1 (2(‘ gic C-3,. 

107 5 (2C, gic C-l). 107 9 (4C. benryialcohoi C-7. C-6). 108 2 

1 IO 4 (2C), I14 4, I26 2, I33 9 150 3 (I’-dehydrodlgaiioyi Ct. 

135 0, 1~35 3 !beazyl;alcnhnl C-l). IL4-L2_ I42 I (benzqi~lcohol C- 

4), L5Q 9 [TX. ben~.ybknh~ol C-3 <_‘i_‘_!. 166 5_ ILhX I (~ (‘00~ I 

(.Fwmi c,. 5095. F_, 4Gi c_,,,kt.,I;~;, Kq.lD.K<, c. 5:. i.7. F. 

4 4X’%,) 
Atrd h~droljvv c!f 3 A soin of 3 I 100 mg) m 2 N HCI (5 ml) was 

iTed<& 6t i@ i%Tr 25 irr, and tire rIZJc.miri mixtu-rr yiz> tl-irtx+ 

apphed to a column ol_MCI-gel (‘HP-ZOP Elution with HIO 

contammg mcreasmg amounts of MeOH yuzlded three fractlonb 

The first fractton eiuted with H,U contamed ‘i 5ugnr. which v~rls 
Identliied as glucose by co-chromatogrdph! [A\lceli SF ceiiu- 

lose n-BuOH-pyrldineeH,O (6 4 1)] \+lth dn authentic sam- 

pie The next fraction wns anaiysed by TLC (SI gel 

C,H, -HCO?Et-HCO,H (3 6 I)] ,tnd 3.4,5-trlhydroxyben7yl- 

alcohol was ldentlfied Crystaihzatmn of the last tractlon lrom 
ii,0 yleided p-dehydrochgaihc ,rclti (3,) (i 5 mgi .is coiouries\ 

needles. mp 250-254 (dec) IH YMR (MezCO-d, t DZOl 
6696 (lH, \, aromdtlc H). 7 13 (2H, \. dromatlc Hi “CNMR 

(Me,CO-d,+D,O) h1084. 1106 (XC). 1147. 1274, 1345* 

138 5. 1400. l423_ IL%1 5 (ZC) !.jromnti (_? IhX 0, I?otT 

(-COO-) 
Enz~marrc hydrdyv~ of3 A soln of 3 (IOU mg) in H,O (5 ml) 

was incubated with crude hespendmdze At 37 for X0 mm After 

concn of the reactlon mixture. the realduc wds tre‘lted wth 

MeOH The MeOH-soluble portton ucis subjected to CC on 

Sephadex LH-20 Eiutlon with EtOH afforded glucose p-dehb- 
drodlgalhc dcld (3a) (4 2 mgl and 3.4,5-trlh~droxqbenryl- 

alcohol (11 mg) 
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