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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-cinnamoyl-, 1,2-di1-O-galloyl-6-O-cinnamoyl-, 1,2-d1-

0-galloyl-6-0-p-coumaroyl-, 1,6-di-O-galloyl-2-0-p-coumaroyl- and 1,2-di-O-galloyl-#-D-glucoses

INTRODUCTION R——0——CH,

Rhubarb, one of the most important crude drugs 1n 0
Asiatic regions, is produced from a number of different OH O—rR!
Rheum species, i.e R. palmatum, R tanguticum, R. of- HO
ficinale, etc. Most of these rhubarbs are produced in O——R?
mainland China, especially in Szechwan and Kanzu pro-
vinces, and when exported from Hong Kong they are Rl R? R?
given various commercial names based on their appear- 1 G@B) H Cinn
ance, qualities or place of production, even if the origmal la H H Cinn
plants were identical. Since the growing districts and

. A 2 G(B8) G Cinn
preparation methods of rhubarbs in China are entirely
unknown it is very difficult to determine which Rheum 3 6l G Coum
species was used from the commercial name. For this 3a H H Coum
reason, we have been investigating phenolic constituents 4 G Coum G
tn various commercial rhubarbs as a means of chemically 4a H Coum H
evaluating their qualities. Previously, we reported on the S G(B) Coum H
1solation and characterisation of several galloyl and hy- 6 G(B) Cm H
droxycinnamoyl esters of glucose from the commercial i G(8) Cinn G
Chinese rhubarb (Chinese commercial name: Mar-Tie- 8 G(B) H H
Da-Huang) [2]. Further chemical examination of other 9 H G H
commercial rhubarbs, produced m Chlga, NQrth Korea 10 H H G
and Japan, has now resulted in the isolation of five 1 6@ G H
additional hydroxycinnamoyl and galloyl esters of glu- 2 o8 H G
cose (1-4, 11). We now report on the 1solation and B )
structure elucidation of these compounds. 13 H ¢ ¢

14 GB) G G
RESULTS AND DISCUSSION
OH

The aqueous acetone extract of each rhubarb afforded
on chromatography over Sephadex LH-20 a complex
mixture of acylated sugars, which was separated by a
combination of Sephadex LH-20, MCI-gel CHP 20P,
Bondapak C, z/Porasil B, Fuji-gel ODS G3 and cellulose
chromatographies, to yield compounds 1, 2, 6-8,
10-14(from Chinese rhubarb), 4-12, 14 (from North

*Part 68 in the series ‘Tannins and Related Compounds’. For
part 67 see ref [1]. This paper also forms Part XIII of ‘Studies
on Rhubarbs (Rher Rhzoma)

G —CO@OH Cinn ——CO \
Coum —=(O

Korean rhubarb) and 2, 3, 7-12, 14 (from Japanese
rhubarb). Among these compounds, 5-10, 12-14 were
identified as 1-0-galloyl-2-0O-p-coumaroyl-f-D-glucose [2],
1-0-glloyl-2-O-citnnamoyl-$-D-glucose [2, 33, 1,6-di-O-
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Table ! "*C NMR chemicat shifts for compounds

1 1a 2 3
976
C-1 954 935 935
934
746
C-2 734 756 759
746
772
Glucose moety  C-3 772 739 739
74 1
711
C-4 707 709 711
704
756
C-5 753 74 8 751
733
C-6 644 649 64 2 64 1
C-1 1203 1196 1198
1206 1208
C-2 110 0(2C) 110 2(4C) 110 2(4C)
Galloy! moiety
1459(2C) 146 0(2C)
C-3 146 0(2C)
146 (2C) 146 1(2C)
1394 1393
C-4 1396 1398 1394
C-1 1350 1351 1349
C-2 129 0(2C) 129 1(2C) 129 (2C)
Cinnamoyl C-3 129 8(2C) 129.8(2C) 129 8(2C)
moiety C-4 1313 1313 1314
C, 146 0 1458 146 2
C, 1183 1186 1182
C-1 126 5
C-2 131 120)
p-Coumaroyl C-3 116 8(2C)
- moiety C-4 1608
C, 146 3
C 1148
-COO 166 0 1678 1656 1656
1677 1670 1670
1677 168 1

* At 2505 MHz (6 values) in Me,CO-dg+ D,0

galloyl-2-0-cinnamoy!-$-D-glucose [2], 1-O-galioyl-§-D-
glucose(f-glucogallin) [2, 4], 2-O-galloylglucose [ 5], 6-0-
galloylglucose [6], 1,6-d1-O-galloyl-f-D-glucose [6], 2,6-
di-O-galloylglucose {2] and 1,2,6-tr1-O-galloyl-f-D-glu-
cose [7], respectively, by comparison of their physical
and spectral data with those of authentic samples.
Compounds 1 and 2 gave a positive ferric chloride
reaction and showed [M + H]™" 10n peaks at m/z 463 and
615, respectively 1n their FDMS The 'HNMR spec-
trum of 1 showed signals due to one galloyl group (57.19,
2H, s), while that of 2 indicated the presence of two
galloyl groups (67.09 and 7 10, each 2H, s). In addition,
trans-coupled olefinic signals (66 54 and 7 68, each 1H, d,
J =16 Hz) and aromatic five-proton multiplets (57 3--7 8)

appeared in each case, suggesting that both 1 and 2
possess a cinnamoyl group n their molecules Acid hy-
drolyses of 1 and 2 yielded gallic acid, cinnamic acid and
glucose In the case of 1, the lowfield sugar proton
resonances at 6576 (1H, d, J=8 Hz), 457 (1H, dd, J
=2,12Hz) and 4 34 (1H, dd, J=6,12 Hz), analogous to
those of 12, as well as stmilar carbon resonances due to
the sugar moiety (Table 1}, were consistent with a 1,6-
dracylglucose structure On the other hand, the 'H and
"3CNMR chemical shifts and coupling patterns of the
sugar signals in 2 were 1n good accord with those of 14,
mdicating that the galloyl and cmnamoyl groups are
bound to the C-1. C-2 and C-6 positions m the glucose
moiety
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1, 1a, 2, 3, 33, 4, 11, 12, and 14*
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3a 4 11 12 14
976
937 936 954 934
933
741
76.1 740 732 75.7
711
772
73.5 75.1 770 737
741
711
711 709 706 708
703
75.6
755 784 75.5 748
731
64.6 639 61.9 643 640
1203 119.7 120.1 119 3, 120.5
1216 1207 1209 120.8
110 6Q2C) 11002C) 109 7(4C)
110 2(4C)
110.3(2C) 11032C) 109 922C)
146 0(2C)
146 1(4C) 1458(4C)  145.0(6C)
146.12C)
1396 1393 1391 138.8, 139.0
1398 1399 139.5 1395
126 5 1268
13102C)  1310220)
116.72C) 116 7(2C)
1607 1607
146 1 146 1
1157 115.0
1684 1652 1659 166.3 1653
166.7 1670 167.5 166 6
166 8 166.9

Tannase hydrolyses of 1 and 2 yielded gallic acid and
an identical hydrolysate (1a), which showed no galloyl
peak in the '"HNMR spectrum and liberated methyl
cinnamate and glucose on alkaline methanolysis with 2%
sodium methoxide-methanol. The location of the cin-
namoyl group 1n la was determined to be at the C-6
position of the glucose moiety from the lowfield shift
(664.9) of the C-6 methylene signal in the '*CNMR
spectrum The anomeric configurations in 1 and 2 were
concluded to be § from the coupling constant value (d, J
=8 Hz in each case) of the anomeric proton signals.
Consequently, 1 and 2 were established as 1-O-galloyl-6-
O-cinnamoyl-p-D-glucose and 1,2-di-O-galloyl-6-0-cin-
namoyl-f-D-glucose, respectively

Compounds 3 and 4 showed in the FDMS the same
[M+H]" 1on peak at m/z 631 The 'H NMR spectra of 3
and 4 were quite similar to each other, and also closely
correlated with those of 2 and 7, except for the appear-
ance of A,B,-type aromatic signals, suggesting the pre-
sence of a p-coumaroyl group instead of the cinnamoyl
group. Tannase hydrolysis of 3 yielded gallic acid and a
hydrolysate (3a), which on alkaline methanolysis with
2% sodium methoxide—methanol afforded glucose and
methyl p-coumaroate. Since in the !> C NMR spectrum of
3a the carbon resonances due to the sugar moiety were in
good agreement with those of 1a, the location of the p-
coumaroyl group in 3a was concluded to be at the C-6
position in the glucose motety On the other hand, tan-
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nase hydrolysis of 4 furnished gallic acid and a hydrolys-
ate (4a), which was found to be identical with 2-O-p-
coumaroylglucose [2], obtained previously by simular
tannase hydroysis of 5. The S-configuration in the anom-
eric center of the glucose moiety was confirmed by the
anomeric proton resonances having a large coupling
constant (J=8 Hz, 1n each case) Accordingly, 3 and 4
were charactenzed as 1,2-di-O-galloyl-6-0-p-coumaroyl-
Jf-D-glucose and 1,6-di1-0-galloyl-2-0-p-coumaroyl-f-D-
glucose, respectively

Compound 11 possesses two galloyl groups as shown
by 'H and '*C NMR spectroscopy, and gave gallic acid
and glucose on tannase hydrolysis The 'H NMR spect-
rum of 11 exhibited an anomeric proton signal at ex-
tremely lowfield (65.91, d, J =8 Hz), indicating that one
of two galloyl groups 1s located at the C-1 position It
also showed a triplet at relatively lowfield (6519, 1H, J
=8 Hz), and this signal could be assigned to the C-2
proton from the fact that 1t was shown to be coupled with
the anomeric proton signal as revealed by spmn-
decoupling experiments Thus, another galloyl group was
concluded to be present at the C-2 position m the glucose
moltety The mode of the linkage at the anomeric center
was confirmed to be f§ from the coupling constant value
(/=8 Hz) of the anomeric proton signal Therefore, 11
was established as 1,2-di-O-galloyl-f-D-glucose

Many rhubarbs so far examined have been found to
contamn gallotanmns, in which hydroxycinnamoy!l and
galloyl groups are randomly located at the C-1, C-2 and
C-6 positions 1n the glucose moiety [2, 6, 7] The North
Korean rhubarb examined here, however, seems to be
unique 1n that it contamns gallotannins possessing the
hydroxycinnamoyl group at the hmted C-2 position

EXPERIMENTAL

Details of the instruments and chromatographic conditions
used 1n this work were essentially the same as described 1n the
previous paper [8]

Materials The Chinese rhubarb {Chinese commercial name
Chong-Gi-Huang) and the North Korean rhubarb (Korean
commercial name Cho-Seon-Dae-Hwang) were purchased from
the markets in Hong Kong and Japan. respectively The Japan-
ese thubarb (Japanese commercial name Hokkai-Dai-Oh) s the
one cultivated in Hokkaido, Japan

Extraction and 1solation (1) Chinese rhubarb (32 kg) was
powdered and extracted with 80% aqg 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,0O contaiming increastng amounts of MeOH
(1 0~0 1) to afford six fractions (I-VI) Subsequent CC of frac-
tion II over MClI-gel CHP 20P with H,O containing increasing
amounts of MeOH furnished a further five frachons Repeated
CC of fraction I1-2 over Bondapak C,4/Porasil B, Fuji-gel ODS
G2 and Sephadex LH-20 wath a varety of solvent systems yield
compounds 8 (140 mg) and 10 (900 mg) Fraction IV was further
chromatographed over MCI-gel CHP 20P[H,0-MeOH
(4 1-0 1)] to give four fractions Repeated CC of fraction
IV-t over Sephadex LH-20[H,O-McOH(2 3)], cellulose
(2% HOAc) and Fup-gel ODS G3[H,0-MeOH
(1 0-2 3)] furmshed 11 (180 mg), 12 (150 mg) and 13 (460 mg)
Fraction IV-3 was rechromatographed over Sephadex LH-20
[H,0-McOH(! 0-1 4)] to yield 1 (130 mg) and 6 (240 mg)
Subsequent CC of fraction V over Sephadex LH-20 with EtOH
furnished a further five fractions Repeated CC of V-2 over MCI-
gel CHP 20P, Sephadex LH-20 and Fuji-gel ODS G3 with a
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variety of solvent systems afforded 2 (310 mg) and 7 (390 mg),
while a similar CC of V-3 furnished 14 (1 77 g)

(1) North Korean rhubarb (950 g) was extracted and fraction-
ated as described above to give seven fractions (I-VII) Fraction
II consisted mainly of 8, and was recryst. from H,O to give 58 g
of pure sample The mother liquor was rechromatographed over
Sephadex LH-20 and Bondapak C,g/Porasit B with H,O to
furmish 9(134 mg) and 10 (235 mg) Further CC of fraction IV
over MCl-gel CHP 20P[H,0-McOH(1 0-0 1)] afforded four
fracttons Repeated CC of fraction IV-2 over Sephadex LH-20,
cellulose and MCl-gel CHP 20P with a variety of solvent
systems yielded 11 (732 mg) and 12 (100 mg) Fraction [V-3
consisted of a large amount of stilbene gallates which were
separated by cryst from H,O, and the mother liquor was
chromatographed over Sephadex LH-20[EtOH and H,0O
MeOH(2 3)] to give 5 (1 08 g). Fraction IV-4 consisted mainly
of 6, and recryst from H,O furmished the pure sample (1 19 g}
Fraction V was subseqeuntly chromatographed over Sephadex
LH-20 with EtOH to give five fractions Repeated CC of fraction
V-4 over MCI-gel CHP 20P, Sephadex LH-20 and Bondapak
C,g/Porasil B with a variety of solvent systems yielded 4(72 mg)
and 7 (501 mg) Fraction V-5 was further chromatographed over
MCl-gel CHP 20P[H,0-MeOH(4 1-0 1)] and recryst from
H,0 furnished 14 (200 mg)

(11) Japanese rhubarb (1 1 kg) was extracted and fractionated
as above to afford seven fractions (I-VII) Fraction IT consisted
mainly of 8, and recryst from H,O furmished 2 9 g of the pure
sample The mother liquor, consisting of a mixture of monogal-
loylglucoses, was repeatedly chromatographed over Sephadex
LH-20 and Bondapak C,4/Porasii B with H,O to give 10
(100 mg) and 9 (32 mg) Further CC of fraction IV over Sep-
hadex LH-20(EtOH) afforded four fractions Fraction [V-3 was
chromatographed repeatedly over cellulose (2% HOAc), MCl-
gel CHP 20P[H,0-MeOH(l 0-3 2)] and Fup-gel ODS
G3[H,0-MeOH(1 0-0 1)] to yield 12 (185mg) and 11
(438 mg) Subsequent CC of fraction V over Sephadex LH-20
with EtOH furnished three fractions Fraction V-1 was chroma-
tographed repeatedly over MCl-gel CHP 20P and Sephadex
LH-20 with a variety of solvent systems to afford 2 (773 mg), 3
(194mg) and 7 (149 mg) Repeated CC of fraction IV-2 over
MCl-gel CHP 20P[H,0-MeOH(1 0-1 4)] and Sephadex LH-
20[H,0-MeOH(2 3)] gave 14 (62 mg)

General procedure for enzymatic hydrolysis A soln of each
sample (30-60 mg) in H,O(8- 15 ml) was treated with tannase at
room temp for 20 min The reaction mixture was concd under
red pres to dryness, and the residue treated with EtOH The
EtOH-soluble portion was subjected to CC over Sephadex LH-
20 Elution with EtOH afforded the hydrolysate and gallic acid

1-O-Galloyil-6-O-cinnamoyl-f-p-glucose (1)~ An  oft-white
amorphous powder, [x]2" +3 3"(Me,CO, « 064) FDMS m:z
485{M +Na]*,463 [M+H]"*, 170. 148 "H NMR (Me,CO-d,)
832-39(4H,m H-2,3.4,5),434(1H,dd, ] =6,12 Hz, H-6), 4 57
(IH, dd, J=2, 12 Hz, H-6), 576 (1H, d, J =8 Hz, anomeric-H),
6.54, 7 68 (each 1H, d, J =16 Hz, olefinic-H), 7 19 (2H, s, galloyl-
H) 73 78 (5H, m, aromatic-H) iFound C, 5490, H. 521
C,,H,,0,, H,O requires C, 5500, H, 504%)

Acid hydrolyses of 1 and 2 A soln of each sample (5 mg) in 5%
aq H,SO, (1 ml) was heated in 4 water bath for 4 hr The
reaction mixture was neutrahized with BaCOj;, filtered and
conecd under red pres The residue was directly analysed by TLC
to detect gallic acid [ sihea gel, C H,~HCO,Et-HCO,H (5 4 1),
R, 023], cmnamic acd [sthea gel, CcH,-HCO,Et-
HCO,H(5 4 1), R, 080] and glucose [cellulose. n-BuOH-
pyridine-H,0 (6 4 3), R, 043]

6-O-Cinnamoylglucose  (1a)  Colourless needles (H,0),
mp [57-158 , [a]37 +258 (MeOH ¢ 033), "HNMR(Me,CO-
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d¢+D,0) 63.1-39 (4H, m, H-2, 3, 4, 5), 448 (1H, dd, J=5,
12 Hz, H-6), 454 (1H, dd, J=2, 12 Hz, H-6), 4.68 (1H, d, J
=8 Hz, anomeric-H), 6.58, 7.72 (each 1H, 4, J =16 Hz, olefinic-
H), 74-785H, m, aromatic-H) (Found C, 5803 H, 590
C,sH,30; requires C, 58 06, H, 5 85%).

Alkaline hydrolysis of 1a A soln of la (1S5mg) mm 2%
NaOMe-MeOH (7 ml) was left standing at room temp for 2 hr
The reaction mixture was neutralized with Amberhite IR-120B
(H* form), and products separated by CC over MCI-gel CHP
20P[H,0-MeOH (2 3-0 1)], to give glucose and methyl
cinnamate (2 mg) as colourless needles (n-hexane-benzene),
mp 32-33°, [sihca gel; CsHg, R, 038]

1,2-D1-O-galloyl-6-cinnamoyl-B-p-glucose (2) An off-white
amorphous powder, [a]3° —76 9° (Me,CO, ¢ 0 75), FDMS m/z
615[M +H1%,170, 148 'HNMR (Me,CO-d,) 3541 (3H, m,
H-3, 4, 5), 441 (1H, dd, J=6, 12 Hz, H-6), 4.62 (1H, dd, J =2,
12 Hz, H-6), 547 (1H, t, J=8 Hz, H-2), 600 (1H, d, J=8 He,
anomeric-H), 6 58, 770 (each 1H, d, J =16 Hz, olefinic-H), 7 09,
7 10 (each 2H, s, galloyl-H), 7 3-7.8 (SH, m, aromatic-H) (Found
C, 5622, H, 472 C,4H,c0,51/2H,0 requres C, 5586, H,
4 36%)

1,2-D1-O-galloyl-6-O-p-coumaroyl-p-p-glucose (3) An off-
white amorphous powder, [«]3' —687° (Me,CO, c095)
FDMS m/z 631 [M+H]"*, 170 164. 'THNMR (Me,CO-d;)
83641 (3H, m, H-3, 4, 5),439(1H, dd, J =6, 12 Hz, H-6), 460
(1H,dd, J=2,12 Hz, H-6), 528 (1H, t, J =8 Hz, H-2), 597 (1H, d,
J =8 Hz, anomeric-H), 6 37, 7 65 (each 1H, d, J = 16 Hz, olefinic-
H), 689 (2H, d, J=8 Hz, p-coumaroyl H-2, 6); 711 (4H, s,
galloyl-Hx2), 7 66 (2H, d, J =8 Hz, p-coumaroyl H-3, 5) (Found.
C, 5064, H, 471 C,4H,;0,¢3H,0 requires. C, 5088, H,
4.71%)

6-O-p-Coumaroylglucose (3a) Colourless needles (H,0),
mp 184-186°, [«]2*+30.1° (MeOH, ¢ 0.72) FDMS m/z 326
[M]* '"HNMR (Me,CO-dg+D,0) 3.2-46 (6H,m, H-2, 3, 4,
5,6),458(2/3H, d, J=8 Hz, H-1), 516 (1/3H, d, J =4 Hz, H-1),
640, 766 (each 1H, d, J=16 Hz, olefinic-H), 691 (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 C; H,,0, requures C, 5521,
H, 556%)

Alkaline hydrolysis of 3a A soln of 3a (10mg) m 2%
NaOMe-MeOH (5 ml) was left standing at room temp for 2 hr
Work-up as for 1a furmshed glucose and methyl p-coumaroate
(2 mg) as colourless needles, mp 142-143°.

1,6-D1-O-galloyl-2-O-p-coumaroyl--p-glucose (4) Colourless
needles (H,0), mp 179-181°, [«]3¥—1128° (Me,CO, ¢ 053)
FDMS m/z 631 [M+H]", 460 [M +H —galloyl]*, 170, 164
'HNMR (Me,CO-dg) & 3.6-40(3H,m, H-3,4,5),444(1H, dd, J
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=4, 12 Hz, H-6), 4 58 (1H, dd, J =2, 12 Hz, H-6), 519 (1H, ¢, J
=8 Hz, H-2), 5.92 (1H, d, J = 8 Hz, anomeric-H), 6 32, 7.64 (each
1H, d, J =16 Hz, olefimc-H), 6 86 (2H, 4, 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, 5018, H, 463 C,,H,40,¢
7/2H,0 requires: C, 5022, H, 4.80%)

2-O-p-Coumaroylglucose (4a) Colourless needless (H,0),
mp 204-206°, [a]3” +328° (MeOH, c03) 'HNMR (Me,CO-
de¢+D,0) §3.4-40 (5H, m, H-3, 4, 5, 6), 4 62-4 88 (2H, m, H-1,
2), 6 38, 7.66 (each 1H, d, J =16 Hz, olefimic-H), 690 (2H, d, J
=8 Hz, p-coumaroyl H-3, 5), 7 55 (2H, d, J =8 Hz, p-coumaroyl
H-2, 6).

1,2-D1-O-galloyl-B-p-glucose (11) Colourless needles (H,0),
mp 169-170°, [} —79 1° (Me,CO, ¢ 0.64) FDMS m/z 484
[M1*,314 [M —gallayl]*, 170 "HNMR (Me,CO-d,) 43540
(5H, m, H-3, 4, 5, 6), 5.19 (1H, t, J=8 Hz, H-2), 691 (1H, d, J
=8 Hz, anomeric-H), 707 (4H, s, galloyl-H) (Found. C, 46 50,
H, 458 C,,H,,0,,2H,0 requires C, 46 16, H, 4.65%)
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