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Abstract-A chemical examination of the commercial rhubarbs, produced in China, North Korea and Japan, has led 
to the isolation of five hydroxycinnamoyl and galloyl esters with glucose. Their structures were established on the 
basis of chemical and spectroscopic evidence as 1-0-galloyl-6-0-cmnamoyl-, 1,2-dl-0-galloyl-6-0-cinnamoyl-, 1,2-dl- 
0-galloyl-6-0-p-coumaroyl-, 1,6-di-0-galloyl-2-O-p-coumaroyl- and 1,2-di-0-galloyl-p-D-glucoses 

INTRODUCTION R3-0-_CH> 

Rhubarb, one of the most important crude drugs m 
Asiatic regions, is produced from a number of different 
Rheum species, i.e R. palmatum, R tangutlcum, R. of 
ficmale, etc. Most of these rhubarbs are produced in 
mainland China, especially in Szechwan and Kanzu pro- 
vinces, and when exported from Hong Kong they are 
given various commercial names based on their appear- 
ance, qualities or place of production, even if the original 
plants were identical. Since the growing districts and 
preparation methods of rhubarbs in China are entirely 
unknown it is very difficult to determine which Rheum 
species was used from the commercial name. For this 
reason, we have been investigating phenolic constituents 
m various commercial rhubarbs as a means of chemically 
evaluating their qualities. Previously, we reported on the 
isolation and characterlsation of several galloyl and hy- 
droxycinnamoyl esters of glucose from the commercial 
Chinese rhubarb (Chinese commercial name: Mar-Tie- 
Da-Huang) [2]. Further chemical examination of other 
commercial rhubarbs, produced m. China, North Korea 
and Japan, has now resulted m the isolation of five 
additional hydroxycmnamoyl and galloyl esters of glu- 
cose (l-4, 11). We now report on the isolation and 
structure elucldatlon of these compounds. 

RESULTS AND DISCUSSION 

The aqueous acetone extract of each rhubarb afforded 
on chromatography over Sephadex LH-20 a complex G -CO 
mixture of acylated sugars, which was separated by a -0 

/ \"",H 

combination of Sephadex LH-20, MCI-gel CHP 2OP, 
-OH 

Bondapak C,,/Porasil B, Fuji-gel ODS G3 and cellulose 
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chromatographles, to yield compounds 1, 2, &(I, 
1&14(from Chinese rhubarb), 4-12, 14 (from North ‘Ourn --(“v,, 

“M -‘“-w 

Korean rhubarb) and 2, 3, 7-12, 14 (from Japanese 
*Part 68 m the series ‘Tannins and Related Compounds’. For rhubarb). Among these compounds, 5-10, 12-14 were 

part 67 see ref [l]. This paper also forms Part XIII of ‘Studies identified a.s l-0-galloyl-2-0-p-coumaroyl-fi-D-glucose [2], 
on Rhubarbs (Rhea Rhzoma) I-O-glloyl-2-O-annamoyl-P-D-glucose [2, 31, 1,6-di-O- 
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Table 1 ‘T NMR chemical shifts for compounds 
-___ 

1 la 2 3 

C-l 95 4 93 5 

c-2 73 4 

97 6 
93 5 

93 4 
746 

75 6 
746 
77 2 

73 9 
74 1 
71 1 

709 
704 
75 6 

74 8 
73 3 
649 64 2 

759 

Glucose moiety c-3 

c-4 

77 2 73 9 

70 I 71 1 

C-5 75 3 75 1 

C-6 64 4 64 1 

C-l 1203 1196 1198 
1206 1208 

Galloyl moiety 
c-2 110 O(2C) 1102(4C) 110 2(4C) 

145 9(2C) I46 O(2C) 
C-3 146 O(X) 

c-4 1396 

146 O(2C) 146 l(2C) 
1394 1393 
1398 1394 

Cmnamoyl 
moiety 

C-l 
c-2 
c-3 
c-4 

C, 
C, 

1350 135 1 1349 
129 O(2C) 129 l(2C) 129 O(2C) 
129 8(2C) 129.8(2C) 129 8(X) 
1313 1313 1314 
1460 1458 146 2 
118 3 1186 1182 

p-Coumaroyl 
’ morety 

C-l 
c-2 
c-3 
c-4 

Cz 
C, 
COO 1660 

1671 
1678 1656 

1670 
1677 

1265 
131 l(2C) 
116 8(2C) 
1608 
146 3 
1148 
1656 
1670 
168 1 

*At 25 05 MHz (S values) m Me,CO-d, + D,O 

galloyl-2-0-cmnamoyl-P_D-glucose [2], l-O-gaiiOyl-P-D- 

glucose@glucogalhn) [2,4], 2-0-galloylglucose [S], 6-0- 
galloylglucose [6], 1,6-di-0-galloyl-P-D-glucose [6], 2,6- 
di-0-galloylglucose [2] and 1,2,6-tri-O-ga11oy1+D-g1u- 
case [7], respectively, by comparison of their physical 
and spectral data with those of authentic samples. 

Compounds 1 and 2 gave a positive ferric chloride 
reactlon and showed [M + H]+ Ion peaks at m/z 463 and 
615, respecttvely m then FDMS The ‘HNMR spec- 
trum of 1 showed signals due to one galloyl group (67.19, 
2H, A), whtle that of 2 indicated the presence of two 
galloyl groups (67.09 and 7 10, each 2H, s). In additron. 
trans-coupled olefimc srgnals (66 54 and 7 68, each 1 H, d, 
J = 16 Hz) and aromatic five-proton multrplets (67 337 8) 

appeared m each case, suggestmg that both 1 and 2 
possess a cmnamoyl group m their molecules Acid hy- 
drolyses of 1 and 2 yielded galhc acid, cmnamtc acid and 
glucose In the case of 1, the lowfield sugar proton 
resonances at 65 76 (IH, d, J = 8 Hz), 4 57 (1 H, tfd, J 
=2,12Hz) and 434 (IH, dd, 3=6,12 Hz), analogous to 
those of 12, as well as stmtlar carbon resonances due to 
the sugar moiety (Table I), were consistent with a 1,6- 
dtacylglucose structure On the other hand, the ‘H and 
13CNMR chemtcal shifts and couphng patterns of the 
sugar signals in 2 were m good accord wrth those of 14, 
mdtcatmg that the galloyl and cmnamoyl groups are 
bound to the C-l. C-2 and C-6 posmons m the glucose 
moiety 
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1, la, 2, 3, 3a, 4, 11, 12, and 14* 

3a 4 11 12 14 

1475 

97 6 

93 7 93 6 954 934 
93.3 
74 1 

76.1 740 13 2 75.7 
71 1 
77 2 

73.5 
74 1 
71.1 

71 1 709 706 708 
70 3 
75.6 

73 1 
64.6 

75 5 78 4 75.5 748 

63 9 61.9 643 640 

120.3 
1216 
110 o(2C) 

119.7 
1207 

120.1 119 3, 120.5 
120.9 120.8 
1 lO.o(2C) 109 7(4C) 

110 2(4C) 
110.3(2C) 

146 l(4C) 

1396 
139 8 

109 9(2C) 
146 q2C) 

145.q6C) 
146.1(2C) 
1393 
1399 

110.3(2C) 

145 8(4C) 

139 1 
139.5 

138.8, 139.0 
1395 

75.1 770 73 7 

1265 126’8 
131 o(2C) 131 o(2C) 
116.7(2(3) 116 7(2C) 
1607 1607 
146 1 146 1 
115.7 115.0 
1684 1652 165 9 166.3 1653 

166.7 1670 167.5 1666 
166 8 166.9 

Tannase hydrolyses of 1 and 2 yielded gallic acid and Compounds 3 and 4 showed in the FDMS the same 
an identical hydrolysate (la), which showed no galloyl [M + H]+ ton peak at m/z 631 The ‘H NMR spectra of 3 
peak m the ‘HNMR spectrum and liberated methyl and 4 were quite similar to each other, and also closely 
cinnamate and glucose on alkahne methanolysts with 2% correlated with those of 2 and 7, except for the appear- 
sodium methoxtde-methanol. The location of the cm- ance of A,B,-type aromatic signals, suggesting the pre- 
namoyl group m la was determmed to be at the C-6 sence of a p-coumaroyl group Instead of the cinnamoyl 
position of the glucose motety from the lowfield shift group. Tannase hydrolyses of 3 yielded gallic acid and a 
(664.9) of the C-6 methylene signal in the r3CNMR hydrolysate (3a), which on alkalme methanolysts wtth 
spectrum The anomerrc configurattons m 1 and 2 were 2% sodium methoxtde-methanol afforded glucose and 
concluded to be /I from the couplmg constant value (d, J methyl p-coumaroate. Smce m the 1 3C NMR spectrum of 
=8 Hz in each case) of the anomeric proton stgnals. 3a the carbon resonances due to the sugar moiety were in 
Consequently, 1 and 2 were estabhshed as I-0-galloyl-6- good agreement wtth those of la, the location of the p- 
0-clnnamoyl-B-D-glucose and 1,2-dt-O-galloyl-6-O-cm- coumaroyl group in 3a was concluded to be at the C-6 
namoyl-B-D-glucose, respectively positton in the glucose motety On the other hand, tan- 
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nase hydrolysis of 4 furmshed galhc acid and a hydrolys- 
ate (4a), which was found to be Identical with 2-O-p- 
coumaroylglucose [2], obtained previously by slmllar 
tannase hydroysls of 5. The P-configuration m the anom- 
erlc center of the glucose moiety was confirmed by the 
anomerlc proton resonances having a large couplmg 
constant (J = 8 Hz, m each case) Accordingly, 3 and 4 
were characterized as 1,2-dl-O-galloyl-6-O-p-coumaroyl- 
&D-glucose and 1,6-di-0-galloyl-2-0-p-coumaroyl-8_D- 
glucose, respectively 

Compound 11 possesses two galloyl groups as shown 
by ‘H and 13C NMR spectroscopy, and gave galhc acid 
and glucose on tannase hydrolysis The ‘H NMR spect- 
rum of I1 exhibited an anomeric proton signal at ex- 
tremely lowfield (6 5.91, d, J = 8 Hz), mdlcatmg that one 
of two galloyl groups IS located at the C-l position It 
also showed a triplet at relatively lowfield (65 19, lH, J 
=8 Hz), and this slgnal could be asslgned to the C-2 
proton from the fact that It was shown to be coupled with 
the anomerlc proton signal as revealed by spm- 
decouplmg experiments Thus, another galloyl group was 
concluded to be present at the C-2 posltlon m the glucose 
moiety The mode of the linkage at the anomerlc center 
was confirmed to be B from the coupling constant value 
(J=S Hz) of the anomerlc proton signal Therefore, 11 

was established as 1,2-di-0-galloyl+D-glucose 
Many rhubarbs so far examined have been found to 

contam gallotanmns. in which hydroxycmnamoyl and 
galloyl groups are randomly located at the C-l, C-2 and 
C-6 posltlons m the glucose moiety [2, 6, 71 The North 
Korean rhubarb examined here, however, seems to be 
unique m that It contams gallotannms possessmg the 
hydroxycmnamoyl group at the hmlted C-2 position 

EXPERIMENTAL 

Details of the Instruments and chromatograptuc condltlons 

used m this work were essentially the same as described m the 

previous paper [8] 

Matenuls The Chmese rhubarb (Chinese commercial name 

Chong-Cl-Huang) and the North Korean rhubarb (Korean 

commercial name Cho-Seon-Dae-Hwang) were purchased from 

the markets m Hong Kong and Japan. respectively The Japan- 

ese rhubarb (Japanese commercial name Hokkal-Dal-Oh) IS the 

one cultivated in Hokkaldo, Japan 

Extract~n unil ~so[atmn (I) Chinese rhubarb (3 2 kg) was 

powdered and extracted with 80% aq Me,CO at room temp 

The Me,CO was removed by evapn under red pres to give an 
aq soln. which was directly subJected to CC over Sephadex LH- 

20 with H,O contammg mcreasmg amounts of MeOH 

(1 GO 1) to afford SIX fractions (I-VI) Subsequent CC of frac- 

tion II over MCI-gel CHP 20P with H,O contammg increasing 

amounts of MeOH furmshed a further five fractions Repeated 

CC of fraction II-2 over Bondapak C,,/Poras]i B, FUJI-gel ODS 

G? and Sephadex LH-20 with a varxty of solvent systems yield 

compounds 8 (140 mg) and 10 (900 mg) Fraction IV was further 

chromatoyraphed over MCI-gel CHP 20P[H,O-MeOH 
(4 1-O 1)J to give four fractions Repeated CC of fraction 

IV-I over Sephadex LH-20[H,O-McOH(2 3)], cellulose 

(2% HOAc) and FUJI-gel ODS G3[H,O_MeOH 

(1 O-2 3)] furmshed 11 (180 mg), 12 (150 mg) and 13 (460 mg) 

Fraction IV-3 was rechromatographed over Sephadex LH-20 

[H,O-MeOH(1 0-I 4)] to yield 1 (130 mg) and 6 (240 mg) 
Subsequent CC of fraction V over Sephadex LH-20 with EtOH 
furmshed a further five fractions Repeated CC of V-2 over MCI- 

gel CHP ZOP, Sephadex LH-20 and FuJl-gel ODS G’3 with a 

variety of solvent systems afforded 2 (310 mg) and 7 (390 mg), 

while a similar CC of V-3 furnished 14 (1 77 g) 

(II) North Korean rhubarb (950 g) was extracted and fractlon- 

ated as described above to give seven fractions (I-VII) Frdctlon 

II consisted mainly of 8, and was recryst. from H,O to give 5 X g 

of pure sample The mother hquor was rechromdtographed over 

Sephadex LH-20 and Bondapak C,,;Porasil B with H,O to 

furmsh 9(134 mg) and 10 (235 mg) Further CC of fraction IV 

over MCI-gel CHP ?OP[H,O-MeOH(1 @O I)] afforded four 

fractions Repeated CC of fraction IV-2 over Sephadex LH-20, 

cellulose and MCI-gel CHP 20P with a variety of solvent 

systems yielded 11 (732 mg) and 12 (100 mg) Fraction IV-3 

conslsted of a large amount of stllbene gallates which were 

separated by tryst from H,O, and the mother liquor was 

chromatographed over Sephadex LH-ZO[EtOH and H,O 

MeOH(2 3)] to give 5 (1 08 g), Fraction IV-4 conslsted mamly 

of 6, and recryst from H,O furmshed the pure sample (1 19 g) 

Fraction V was subseqeuntly chromatographed over Sephadex 

LH-20 with EtOH to give five frdChOnS Repeated CC of fraction 

V-4 over MCI-gel CHP 20P. Sephadex LH-20 and Bozidapak 

C,,/Porasll B with d variety of solvent systems ylelded 4(72 mg) 

and 7 (501 mg) Fraction V-S was further chromatographed over 

MCI-gel CHP 20P[H20--MeOH(4 1-O l)] and recryst from 

H,O furmshed 14 (200 mg) 

(III) Japanese rhubarb (1 1 kg) was extracted and frdctlonated 

as above to afford reven fractions (I-VII) Fraction II consIsted 

mainly of 8, and recryst from H,O furmshed 2 9 g of the pure 
sample The mother hquor, conslstmg of a mixture of monogal- 

loylglucoses, w’as repeatedly chromdtographed oker Sephadcx 

LH-20 and Bondapak C,,/Porasii B with H,O to give 10 

(100 mg) and 9 (32 mg) Further CC of fraction IV over Sep- 

hadex LH-2qEtOH) afforded four fractions Fraction IV-3 was 

chromatographed repeatedly over cellulose (2% HOAc), MCI- 

gel CHP 20P[H,O-MeOH(1 (&3 2)] and FuJl-gel ODS 

G3[H,O-MeOH(1 O-0 l)] to yield 12 (lX5mg) and 11 
(438 mg) Subsequent CC of fraction V over Seph‘tdex LH-20 

with EtOH furmshed three fractions Fraction V-l wab chromd- 

tographed repeatedly over MCI-gel CHP 20P and Sephadex 

LH-20 with a variety of solcent systems to afford 2 (773 mg), 3 

(194mg) and 7 (149 mg) Repeated CC of fraction IV-2 over 

MCI-gel CHP 20P[H,O-MeOH(1 O- 1 4)] and Sephadex LH- 

20[H,O-MeOH(2 3)] gave 14 (62 mg) 

Gmera/ procedure jar enzyrnc~~ hydrolym A soln of each 

sample (30-60 mg) m H,0(8- 15 ml) was treated with tannase dt 

room temp for 20 mm The reactton mixture was coned under 

red pres to dryness, and the resuiue treated with EtOH The 

EtOH-soluble portlon was subJected to CC over Sephadex LH- 

20 El&ton with EtOH afforded the hydrolysate and galhc acid 
1-0-Gal[oy[-6-0-crnnamuyl-/l-o-qlucosP (1) An off-whne 

amorphous powder, [z];;‘+ 3 3’~(MeZC0, L 0 64) FDMS m/z 

485[M+Na]+,463 [M+H]‘, 170.148 ‘HNMR(Me,CO-d,) 

63 2-3 9 (4H, m, H-Z, 3.4,5), 4 34 (1 H, dd, J =6, 12 Hz, H-6), 4 57 

(lH, dd,.l=2, 12Hz, H-6), 576(1H, d, J=gHz, anomeric-H), 

6.54, 7 68 (each lH, d, J = 16 Hz. olefimc-H), 7 19 (2H, A. gdlloyl- 

H), 7 3- 7 8 (SH, m aramat~-H) (Found C, 24 90, H. 5 21 

C,,H,,O,, HZ0 reqmres C, 5500, H, 504%) 

Ac cd hydrolytes ($1 and 2 A aoln of each sample (5 mg) rn 5% 
aq H,SO, (1 ml) was heated m d water bath for 4 hr The 

reaction mixture was neutralized with BaCO,, filtered and 

coned under red pres The residue was directly analysed by TLC 

to detect galhc acid [sthca gel, C,H,--HCOZEt -HCO,H (5 4 I ). 
R, 0231, cmnamic acid [slhca gel, C,H,-HCO,Et- 

HCO,H(S 4 I), R, 08OJ and glucose [cellulose. n-BuOH-- 

pyrldme-H,O (6 4 3), R, 0431 
h-0-Crnnamoy[qlucose (la) Colourless needles (H,O), 

mp 157-I58 , [r]i’+ZZX‘(MeOH cO33), ‘HNMR(Me2CO- 
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d,+D,O): 63.1-3.9 (4H, m, H-2, 3, 4, 5), 4.48 (lH, dd, J=5, 

12 Hz, H-6), 454 (lH, dd, J=2, 12 Hz, H-6), 4.68 (lH, d, J 
= 8 Hz, anomenc-H), 6.58, 7.72 (each lH, d, J = 16 Hz, olefimc- 

H), 7 4-7 8(5H, m, aromatic-H) (Found C, 5803; H, 590 

CISH,s07 reqmres C, 5806, H, 5 85%). 
Al/&me hydrolysis of la A soln of la (15 mg) m 2% 

NaOMe-MeOH (7 ml) was left standmg at room temp for 2 hr 

The reactlon mixture was neutrahzed with Amberhte IR-12OB 

(H+ form), and products separated by CC over MCI-gel CHP 

20P[H,O-MeOH (2 34l l)], to give glucose and methyl 

cmnamate (2 mg) as colourless needles (n-hexane-benzene), 

mp 32-33”, [slhca gel; C,H,, R, 0 381 
1,2-DI-O-galloyl-6-cInnamoyl-B-o-glucose (2) An off-white 

amorphous powder, [a]$‘- 76 9” (Me&O, c 0 75), FDMS m/z 

615[M+H]+,170,148 ‘HNMR(Me,CO-d,) 63541(3H,m, 

H-3, 4, 5), 441 (lH, dd, J=6, 12Hz, H-6), 4.62 (lH, dd, J=2, 

12 Hz, H-6). 547 (lH, t, J=8 Hz, H-2), 600 (lH, d, J=8 Hz, 

anomerlc-H), 6 58, 7 70 (each 1 H, d, J = 16 Hz, olefimc-H), 7 09, 

7 lO(each 2H, s, galloyl-H), 7 3-7.8 (5H, m, aromatlc-H) (Found 

C, 5622, H, 472 C,,H,,O,, 1/2H,O reqmres C, 55 86, H, 

4 36%) 

1,2-Di-0-gaIloyl-6-0-p-coumaroyl_B-D-glucose (3) An off- 

white amorphous powder, [a];’ -68 7” (Me&O, ~095) 

FDMS m/z 631 [M+H]+, 170 164. ‘HNMR (Me&O-d,) 
63&41(3H,m,H-3,4,5),439(1H,dd,J=6,12Hz,H-6),460 

(lH,dd,J=2,12Hz,H-6),528(1H,t,J=8Hz,H-2),597(1H,d, 

J = 8 Hz, anomenc-H), 6 37, 7 65 (each 1 H, d, J = 16 Hz, olefimc- 

H), 6 89 (2H, d, J=8 Hz, p-coumaroyl H-2, 6); 7 11 (4H, s, 

galloyl-Hx2), 7 66 (2H, d, J = 8 Hz, p-coumaroyl H-3,5) (Found. 

C, 50 64, H, 4 71 C,,H,,O,, 3H,O reqmres. C, 50 88, H, 

4.71%) 
6-0-p-Coumaroylglucose (3a) Colourless needles (H,O), 

mp 184-186”, [a]g++O.l” (MeOH, c 0.72) FDMS m/z 326 

[M] + ‘H NMR (Me&O-d, + D,O) 63.24 6 (6H, m, H-2,3,4, 
5, 6), 4 58 (2/3H, d, J=8 Hz, H-l), 5 16 (1/3H, d, J=4 Hz, H-l), 

6 40, 7 66 (each lH, d, J= 16 Hz, olefimc-H), 6.91 (2H, d, J 
= 8 Hz, p-coumaroyl H-3, 5), 7 56 (2H, d, J = 8 Hz, p-coumaroyl 

H-2, 6) (Found C, 54 80, H, 5.61 Cf5H1808 requires C, 55 21, 

H, 5 56%) 

Alkahne hydrolysu of 3a A soln of 3a (10mg) m 2% 

NaOMe-MeOH (5 ml) was left standmg at room temp for 2 hr 

Work-up as for la furnished glucose and methyl p-coumaroate 

(2 mg) as colourless needles, mp 142-143”. 
1,6-Dt-O-gaIIoyI-2-0-p-coumaroy/+D-glucose (4) Colourless 

needles (H,O), mp 179-181”, [alis- 112 8” (Me&O, c 0 53) 

FDMS m/z 631 [M+H]+, 460 [M+H-galloyl]+, 170, 164 
‘HNMR(Me,CO-d,)G 3&40(3H,m, H-3,4,5),444(1H,dd, J 

=4, 12 Hz, H-6), 4 58 (lH, dd, J=2, 12 Hz, H-6), 5 19 (lH, t, J 
=8 Hz, H-2), 5.92(1H, d, J=8 Hz, anomenc-H), 6 32,7.64(each 

1 H, d, J = 16 Hz, olefimc-H), 6 86 (2H, d, J = 8 Hz, p-coumaroyl 

H-2,6), 7.10,7 15 (each 2H, s, galloyl-H), 7 52 (2H, d, J = 8 Hz, p- 

coumaroyl H-3, 5) (Found C, 50 18, H, 463 C,,H,,O,, 

7/2H,O requires C, 50 22, H, 4.80%) 

2-0-p-Coumaroylglucose (4a) Colourless needless (H,O), 

mp 204206”, [a];’ + 32 8” (MeOH, c 0 3) ‘H NMR (Me,CO- 

d, +D,O) 63.44 0 (5H, m, H-3,4, 5, 6), 4 624 88 (2H, m, H-l, 

2), 6 38, 7.66 (each lH, d, J = 16 Hz, olefimc-H), 6 90 (2H, d, J 
= 8 Hz, p-coumaroyl H-3, 5), 7 55 (2H, d, J = 8 Hz, p-coumaroyl 

H-2, 6). 

1,2-Df-O-ga~~oy~-~-D-g~ucose (11) Colourless needles (H,O), 

mp 169-170’, [a];’ - 79 1” (Me&O, c 0.64) FDMS m/z 484 

CM]‘, 314 [M-galloyl]+, 170 ‘HNMR(Me,CO-d,) 63 540 
(5H, m, H-3, 4, 5, 6), 5.19 (lH, r, J=8 Hz, H-2), 691 (lH, d, J 
= 8 Hz, anomenc-H), 7 07 (4H, s, galloyl-H) (Found. C, 46 50, 

H, 4 58 C2,,HZ,,014 2H,O requires C, 46 16, H, 4.65%) 
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