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Abstract-Three new ellag&mnms, gemm D, E and F were isolated from the leaves of Geumyponrcum The structures 
of gemm D and F were established as 3-0-galloyl-4,6-0-[(S)-hexahydroxyd~phenoyl]-~gl~ose and 6-O-caffeoyl-2,3- 
O-C(S)-hexahydroxydlphenoyll-D-glucose, respectively Gemm E 1s a novel C-glucosldlc ellagtanm having a de- 
hydrohexahydroxydlphenoyl group in the molecule Gemm D was also isolated from the flower buds of Camelha 
japomca 

INTRODUCTION 

We previously reported the isolation of dlmerx hydro- 
lysable tanmns, gemm A, B and C, and related monomenc 
tannins, potentllhn, telhmagrandm I, telhmagrandm II, 
pedunculagm, 1,2,3-tn-0-galloyl-jk&cose, and l-O- 
galloyl-2,3-O-[(S)-hexahydroxyd~phenoyl]-a-~glucose, 
from GeumJaponrCum which has been used as a dmretlc 
and an astrmgent m Japan and Chma [l-3] Further 
mvestlgatlon of the leaf extract of this plant has resulted m 
the isolation of three adchtlonal new hydrolysable tannms, 
named gemm D (l), E (2) and F (3), together with four 
known hydrolysable tannms Gemm D, along with ped- 
unculagm and telhmagrandm I, were also Isolated from 
the flower buds of Camelha Japonlca (Theaceae) which 
have been used as a haemostatlc and an astringent m 
Japan and China In this paper, we report lsolatlon and 
structural elucldatlon of these new tannms 

RESULTS AND DISCUSSION 

An aqueous acetone homogenate of the fresh leaves of 
G Japonrcum was fractionated by droplet counter-current 
chromatography and Sephadex LH-20 chromatography 
to yield gemm D (l), E (2) and F (3), along with casuatlctm 
[4], casuarmm [4], geranun [S], and praecoxm D [6], 
which were ldentdkd by direct compansons with auth- 
entlc samples The lsolatlon of tannms from C Japomca 
was carried out in a similar way 

Gemm D (l), an off-white amorphous powder, 
C27H22O1~ 2H20, showed the positive Fe& reaction, 
and the characterlstlc colour of ella@tannms upon spray- 
mg the NaN02-HOAc reagent [7] on thm-layer chro- 
matogram The TLC (cellulose) and HPLC (normal 
phase) analyses suggested its homogenerty, whereas the 
reversed-phase HPLC gave two peaks wluch changed to a 

- 

*Part 3 m the series of “Tannms of Rosaceous Medwnal 
Plants” For Part 2, see ref [3] 

single peak of different retention time upon the treatment 
with NaBH., This behavlour on HPLC IS analogous to 
that of some ellagtannms which have a free hydroxyl 
group at the anomenc centre of the sugar moiety [8] The 
‘HNMR spectrum of 1 showed the dual peak for each 
proton, and the absence of an anomenc proton signal m 
the regon of S 6 O-6 5 where a proton on the acylated 
anomeric centre is expected to appear These data coupled 
with appearance of two anometlc carbon slgnak of small 
peak height at 6 99 2 and 94 5 m the “C NMR spectrum 
mchcate that the anomenc hydroxyl group in 1 is free 
Methylatlon of 1 Hrlth dnnethyl sulphate and potassium 
carbonate m dry acetone furnished the a-anomer (la) and 
/%anomer (lb) of deca-O-methylgemm D (M+ m/z 774), 
which were separated by prep TLC Their ‘HNMR 
spectra exhlblted the two 1-H singlets assignable to a 
hexahydroxydlphenoyl group and a 2-H smglet due to a 
galloyl group Upon methanolysls, la ylelded methyl tn- 
O-methylgallate, dnnethyl (Sb4,4’,5,5’,6,6’-hexamethoxy- 
dlphenate and methyl a-Dglucoslde The extensive de- 
coupling experiments for 1 as well as la and lb showed 
that H-2-H-5 of glucose have all axial configuration, 
which indicates the ‘C, conformation of the glucopy- 
ranose rmg Comparison of the ‘HNMR spectrum of 1 
with that of gemm A (4) [l] indicates that the hydroxyl 
groups at C-3, C-4 and C-6 of glucose m 1 are acylated 
(Table 1) Selective degalloylatlon of 1 with tannase 
provided 4,6-O-C(S)-hexahydroxydlphenoyl]~pglucose 
and galhc acid Therefore, the structure of gemm D was 
established as 3-O-galloyl+-O-[(S)-hexahydroxy- 
dlphenoyl]-Dglucose (1) 

Gemm E (2), a pale yellow amorphous powder, showed 
a charactenstic colour of C-glucosldlc ella@tannms such 
as casuarmm (5) and stachyurm (6) [4], by the reaction 
with the NaNOz-HOAc reagent The ‘H NMR spectrum 
of 2 IS analogous to that of 6 m the most part mcludmg the 
number of aromatic protons The mam difference of 2 
from 6 IS that each signal m the former accompames a 
small peak to form a pred-sIgnal m the ratlo of ca 4 1, 
and the former shows an extra singlet at 6 5 44 winch IS 
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Table 1 ‘H NMR spectral data of the glucose rnOletles m 1,3 and 4 (200 MHz, Me&O-d,, TMS as mt 
standard, J III Hz) 

1 3 4 

or-Glucose H- 1 
H-2 
H-3 
H-4 
H-5 
H-6 

/?-Glucose H-l’ 
H-2 
H-3 
H-4’ 
H-5’ 
H-6’ 

528d(J=35) 54ld(J=35) 656d(J=4) 
384dd(J=35, 10) 495dd(J=35,95) 5 38 dd (J = 4, 10) 
551 t(J = 10) 541 t(J=95) 554t(J= 10) 
495 t (J = 10) 389 t(J=95) 5 19 t(J = 10) 
458 ddd(J = 1,7, 10) 422ddd(J=25,5,95) 452m 
526dd(J=7, 13) 442dd(J=5, 12) 531 dd(J = 7, 14) 
374dd(J= 1, 13) 451 dd(J = 25, 12) 369 d(J = 14) 
475d(J=8) 505d(J=8) 617d(J=8) 
358dd(J=8,9) 475dd(J=8, 10) 5 59 dd(J = 8, 10) 
5 33 dd(J = 9, 10) 507 t(J = 10) 585 t(J = 10) 
498 t(J = 10) 3 87 t(J = 10) 522 t(J = 10) 
413ddd(J=l,6,10) 381 m 452m 
524dd(J=6, 13) 455dd(J=2, 12) 524dd(J=6, 14) 
382 dd(J = 1, 13) 438dd(J=5, 12) 379 d(J = 14) 

OR3 

R30 OR3 

OR3 

1 R’,RZ=H,0H,R3=H 

la RI= H, R2= OMe, R3= Me 

lb R*= OMe, R2=H, R3= Me 

OH 

HO 

HO 

attnbutable to a methme proton of dehydrohexahydroxy- like that of mallotusunc acid [9] and geramm m an aq 
diphenoyl (DHHDP) group [S] The presence of soln [S] An allyhc coupling (J = ca 2 Hz) between a 
DHHDP group m 2 was also supported by the reaction methme proton and a vmyl proton on the a-carbon of a$- 
with 2&dmltrophenylhydrne Thus the appearance of unsaturated ketone system has been usually observed in 
dual peaks m the ‘HNMR spectrum of 2 IS accounted for the ‘H NMR spectrum of the five-membered hermacetal 
by the formation of an eqmhbrmm nuxture of the five- structure of the DHHDP group, while sharp singlets have 
and six-membered hemlacetals m the DHHDP moiety been shown by these protons m the sut-membered 
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R30 OR3 OR3 OR3 

3 R’ , RZ= H, OH, R3= R4= H 

3a R’=R4=H,RZ=OMe,R3=Me 

3b R’= OMe, RZ= R4= H, R”= Me 

3c R’ = H, R2 = OMe, R3= R4= Me 

OH 

HO 

OH 

HO&$-OH 

HO OH OH OH 

5 R’=H,R2=OH 

6 R’=OH,R2=H 

OH 

HOWOH 

HO OH OH OH 

hemutcetal counterpart [5] Therefore, the sharp singlets 
of all signals m the aromatic repon of 2 indicate that the a- 
carbon of a&unsaturated ketone system has no proton, 
and 1s thus partlclpatmg m the formation of C-glucosldlc 
linkage The position and onentatlon of DHHDP group 
m 2 was thus presumed to be as m the formula 
Exammatlon of stereomodel suggests that the five- 
membered hermacetal should be predommant over the 
six-membered counterpart which has severe stram in the 
C-glucosldlc structure 

The couphng constants observed for the glucose pro- 
tons whose assignments were confirmed by the decoup 
hng expenments, show close snmlanty to those of 6 rather 
than to those of 5 [4], mdlcatmg that the configuration of 
hydroxyl group at C-l IS a (Table 2) 

The absolute configurations at both hexahydroxydl- 
phenoyl group and C-l’ of the DHHDP group in 2 are 
shown to be S, by the CD spectrum ([tTJz3, + 97000, 
[0],,, - 37000 and [8]335 + 2500), as the empvlcal rules 
[ 10,l l] indicate that the sign and amphtudeof the Cotton 
effect around 235 nm reflect the absolute configuration 

6H 

4 

and number of hexahydroxydlphenoyl group m the 
molecule, and the Cotton effect around 350 nm due to 
n-z* transition of a&unsaturated ketone IS ass-ted 
with the configuration at C-l’ of the DHHDP group 
Based on these data, the most plausible structure of gemm 
E IS represented by 2 

Gemm F (3), a hght brown amorphous powder, was 
found, hke gemm D, to be an ellagtannm possessmg a free 
hydroxyl group at the anomaccentre of sugar portion, as 
revealed by its colouration Hnth NaNOI-HOAc, dual 
signal for each proton m the ‘HNMR spectrum, and 
slrmlanty of the HPLC (normal and reversed-phases) 
pattern to that of 1 Tim charactervatlon was further 
substantiated by the presence of signals at 6 92 0 and 95 4 
m the “CNMR spectrum of 3, which are attnbutable to 
the a- and fl-anomenc carbons The ‘H NMR spectrum of 
3 exhMed, m ad&tion to the qnals due to a hexahydroxy- 
dlphenoyl group, an AB system (2H) of a large coupling 
constant (.I = 16Hz) and an ABX system of three protons 
m a 1,3&tnsubsututed phenyl rmg, wbch are character- 
istic of a tronscaffeoyl group (Table 1) The presence of a 
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1710,1600,1500,1430,1210,1020 CD(MeOH).[t’],,,+66000, 117 1, 123 4, 142 0, 115 3 (truns-caffeoyl), 95 4, 92 0, 78 6, 78 3, 

PI261 - 18400, [0],,, +5000 “CNMR (Me&O-4) 61696, 78 2,75 8.71 1,69 1,68 9,64 4.64 3 (glucose) ‘H NMR (MezCO- 
1695,1690,1688,1682(esterC=0),991,944,747,722,719, d,) 67 58 (4/7H, d, J = 16 Hz), 7 59 (3/7H, d, J = 16 Hz), 7 19 
718,716,715,67 7,64 3 (glucose). ‘HNMR (MezCO-d& 67 01 (4/7H, d, J = 2 Hz), 7 20 (3/7H, d, J = 2 Hz), 6 87 (4/7H, d, .J 

and 7 02 (2H m total, each s), 6 64 and 6 63 (1H m total, each, s), = 8 Hz), 6 89 (3/7H, d, J = 8 Hz), 6 70 (4/7H, s), 6 69 (3/7H, s), 
6 43 and 6 41 (1H m total, each, s), glucose moiety, see Table 1 6 60 (lH, s), 6 36 (4/7H, d, J = 16 Hz), 6 37 (3/7H, d, J = 16 Hz) 

Methylatton of 1 Gemtn D (1) (30 mg) was methylated with 
MezS04 (70 $)and KzCOa (150 mg)m dry Me&O (2 ml) under 
reflux for 1 hr Removal of the solvent after filtratton gave a 
syrupy residue which was punlied by prep TLC (slhca gel, 
solvent C) to gve a- (4 5 mg) and j?-anomers (13 mg) of deca-O- 
methylgemm D Deca-0-methyl-a-gemm D(h) An off-white, 
amorphous solid, R, 0 40 on TLC (s&a gel, solvent C) MS m/z 
774 [Ml’, 404, 212, 195 ‘HNMR (Me&O&) 6 7 29 (2H, s, 
galloyl), 6 92,6 71 (1H each, s, HHDP+), 4 87 (lH, d, J = 3 5 Hz, 
H-1),549(1H,t,J=lOHz,H-3),525(lH,dd,J=6,13Hz,H- 
6),502(1H,t,J = lO~H-4),44O(lH,dd.J =35,10Hz,H-2), 
3 90 (H-6’, overlapped by OMe signal), 3 95-3 51 (OMe x 10) 
Deca-0-methyl+gemm D (lb) An off-white, amorphous sohd, 
R, 0 30 on TLC (slhca gel, solvent C) MS m/z 774 [Ml’ 
‘H NMR (MetCO-d,) 6 7 29 (2H, s, galloyl), 6 93,6 69 (1H each, 
s, HHDP), 5 38 (lH, dd, J = 9,10 Hz, H-3), 5 25 (lH, dd, J = 6, 
13Hz,H-6),503(1H,t,J=lOHz,H-4),488(1H,d,J=5Hz, 
C,-OH), 4 50 (lH, d, J = 8 Hz, H-l), 4 21 (lH, ddd, J = 1, 6, 
10 Hz, H-5), 395 (lH, dd, J = 3, 13 Hz, H-6’), 3 75 (H-2, 
overlapped by OMe signal), 3 95-3 49 (OMe x 10) 

The cudeoyl isomer was not fully charactenzed because of 
contammatlon by 3 m the ratio of ca 8 1 as revealed by the 
‘H NMR spectrum The srgnals due to the CIS -isomer (a-anomer 
@-anomer,ca4 3)d775,773(1Hmtotal,eachd,J=2H~),716 
(lH, dd, J = 2,8 Hz), 6 82,6 83 (1H in total, each d, J = 8 Hz), 
684,683(1Hmtotal,eachd,J= 13Hz),582(1H,d,J = 13Hz) 
(Cls-cafTeoyl), 6 70,6 69 (1 H m total, each s), 6 59 (1 H, s) (HHDP), 
542(d,J=35H~H-lofa-g&ose),49O(d,J=8Hz,H-lof& 

glucose) 

Methanolys~s of la A rmxture of la (6 mg) and 1% NaOMe 
(0 1 ml) m absolute MeOH (1 ml) was left overnight at room 
temp The reaction mature was neutrahzed with HOAc and the 
solvent was evapd with Rushing nitrogen stream at room temp 
The residue was treated with CHIN, and was partItioned 
between CHzCl, and Hz0 The CHzClz layer was evapd and 
punfied by prep TLC (slhca gel, solvent D) to afford methyl tn- 
0-methylgallate, MS m/z 226 [Ml’, and dnnethyl (S)- 
4,4’,5,5’,6,6’-hexamethoxydlphenate, MS m/z 450 [Ml’, [aIt, 
- 37” (EtOH,c 0 6), which were identified with authentic samples 
by [aIt, and mass spectra The aq layer gave methyl a-D 
glucoslde which was ldentdied by GLC of TM!% ether 

Enzymatrc hydrolysrs of 1 A soln of 1 (35 mg) m Hz0 (2 ml) 
was Incubated with tannase for 5 days at 37” The residue after 
evapn was pur&d by CC over Sephadex LH-20 elutmg with 
EtOH to e;lve galhc acid (7 mg) and 4,6-O-[(S)-hexahydroxy- 
dlphenoyl]-Dglucose (13 mg), [aI2 +41” (EtOH, c lo), which 
were ldentdied with authentic specunens by TLC (cellulose, 
solvent A) and HPLC (reversed-phase) 

Gemm E (2) A pale yellow, hygroscoplc amorphous powder, 
Rp (A, B) on TLC (cellulose) 0 SO, 0 41 [a]? + 2 3” (Me&O, c 
12) UV leH nm (log E) 221 (4 72), 270 (4 32) CD (MeOH) 
[B]~~~ + 97 000, [e]26o - 37 000, [e]33s + 2500 1~ NMR 
(MezCO-d,) 6 7 17 (2H, s), 6 96 and 6 90 (each s, 1 H m total), 6 60 
and 6 59 (each s, 1H in total), 6 42 and 6 41 (each s, 1H m total), 
glucose morety, see Table 2 

Geman F (3) A pale yellow, amorphous powder HPLC 
(reversed phase) showed two peaks of tR 10 8 and 14 4 mm which 
were changed to a single peak of tR 6 6 mm after reduction with 
NaBH* R,s (A, B) on TLC (cellulose) 0 35, 0 41 [a]$ + 43 
(Me&O, c 10) (Found C, 52 17, H, 4 54 Cz9Hz4017 3/2HzO 
requires C, 5187, H, 4 05 %) W d=H nm (log s) 220 (4 53), 
230sh (446), 290 (4 17), 328 (4 14) IR v=cm-’ 3400, 1740, 
1690, 1600, 1510, 1440, 1350, 1380, 1170 CD (MeOH) [@I,,, 
+ 87 300, [f&63 - 29 700 ‘% NMR (Me#ZO-d6) 6 170 7,170 5, 
1703, 1702, 1687 (ester C=O), 1278, 1158, 1459, 1500, 1496, 

Methyfatlon of3 A muture of 3 (25 mg), K2C03 (125 mg)and 
Me&O, (70~1) m dry Me&O was sttrred for 12 hr at room 
temp, and then refluxed for 2 hr Usual work-up gave a syrupy 
residue which was purdied by prep TLC (slhca gel, solvent D) 
developed three times, to yield nona-0-methyl-a-gemm F (3a) 
(7 5 mg) and Its &anomer (3b) (6 5 mg) Nonu-0-methyl-a-gemzn 
F (34 A white amorphous solid, R, 0 31 on TLC (sdlca gel, 
solvent C) [a]$‘+ 35 5” (CHCI,, c 1 1) UV I=” nm (log s) 
213(471),295(420),320(418) MSm/z 770[M]+,404,208,191 
‘HNMR (CD&) S770 (lH, d, J = 16Hz), 688 (lH, d, J 
=8Hz),713(1H,dd,J=2,8Hz),708(1H,d,J=2Hz),637 
(lH,d,J = 16 Hz) (transcaffeoyl),6 77,6 79 (IHeach, s, HHDP), 
499 (lH, d, J = 3 5 Hz, H-l), 5 15 (lH, dd, J = 3 5,10 Hz, H-2), 
548(1H,t,J = lOHz,H_3),486(1H,dd,J = 3,12Hz,H-6),435 
(lH, dd, J = 2,12 Hz, H-6’), 3 12 (lH,d, J = 4 Hz, C*-OH), 3 90 
(H-4 and H-5, overlapped by OMe stgnals), 3 90-3 49 (OMe x 9) 
None-0-methyl-j?-gemm F (3b) An off-white, amorphous 
powder, R, 0 27 (C) on TLC (slhca gel) [a]g - 14 4” (CHCI,, c 
0 56) UV ASH nm (log E) 208 (4 63), 290 (4 lo), 320 (4 06) MS 
m/z 770[M]+,404,208,191 ‘HNMR(CDC&) 6771(1H,d,J 
=16Hz),639(1H,d,J=16Hz),689(1H,d,J=8Hz),731 
(1 H, dd, J = 2,8 Hz), 7 08 (1 H, d, J = 2 Hz) (trans-ca!Teoyl), 6 77, 
680(1Heach,s,HHDP),464(1H,d,J=8Hz,H-1),497(1H, 
dd,J = 8,95 Hz,H-2),520(1H,t, J = 95Hz,H_3),383(1H,dt, 
J=35,95Hz,H-4),313(1H,d,J=35Hz,C,-OH),487(1H, 
dd,J=3,12Hz,H-6),438(1H,dd,J=2,12Hz,H-6’),407(1H, 
m, H-5), 3 9&3 60 (OMe x 9) 

Permethylatlon of3a wrth BF,-CH,N, To a soln of 3a (9 mg) 
m dry CHCl, (2 ml) was added BF,-etherate (5 pl) and an excess 
of CHzNz at - 5” After 4 hr, white sohd (polymethylene) was 
filtered off, and the filtrate was evapd and punfied by prep TLC 
(s&a gel, solvent E) to yield deca-0-methyl-a-gemm F (3c) 
(5 mg), [a]; -45 5” (CHCl,, c 06) W AzH nm (log E) 205 
(482), 225 (4 19), 300 (3 64) MS m/z 784 [M]+ ‘HNMR 
(CDCl,) 6768 (lH,d, J = 16Hz),638 (lH,d, J = 16Hz),688 
(lH, d, J = 8Hz). 7 13 (lH, dd, J = 2, SHz), 7 11 (lH, drfls) 
(trans-caffeoyl), 6 78, 6 69 (1H each, s, HHDP), 4 98 (1 H, d, J 
= 3 5 Hz, H-l), 5 19 (lH, dd, J = 3 5, 10 Hz, H-2), 5 58 (19 t, J 
= 10 Hz, H-3), ca 3 90 (H-5, overlapped by OMe), 4 5 1 (2H, br s, 
H-6,6’), 3 47-3 95 (OMe x 10) 

*HHDP hexahydroxydiphenoyl 

Methanolysts of 3c A rmxture of 3c (2 mg) and 1% NaOMe 
(50 ~1) m absolute MeOH (0 2 ml) was left overmght at room 
temp After neutrahzatlon with HOAc, the solvent was evapd 
with nitrogen stream at room temp A portion of the residue was 
methylated with CHzN, and the products were ldentlfied as 
methyl dl-0-methyl-caffeate and dlmethyl (S)-4,4’,5,5’,6,6’- 
hexamethoxydlphenate by co-chromatography with authentic 
samples on TLC (sdlca gel, solvent E) Another portlon of the 
residue was tnmethylsdylated. and subjected to GLC and GC- 
MS analyses on which the methylated sugar was ldentdied as 
methyl 4-0-methyl-a+glucoslde 
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