
Phytochemrstry, Vol 27, No 5, pp 1469-1472, 1988 
Prmted m Great Bntarn 

0031L9422/88 $300+000 
Pergamon Press plc 

GALLOYLSUCROSES FROM RHUBARBS* 

YOSHIKI KASHIWADA, GEN-ICHIRO NONAKA and ITSUO NISHIOKA 

Faculty of Pharmaceutical Sciences, Kyushu Umverslty 62, 3-l-l Maldashl, Hlgashl-ku, Fukuoka 812, Japan 

(Recewed 15 September 1987) 

Key Word Index-Rheum sp , Polygonaceae, rhubarb; galloylsucroses, gallotanmn; galhc acid; sucrose 

Abstract-Chinese rhubarb yielded a new class of gallotanmns having a sucrose core, while North Korean rhubarb 
was found to contam four gallotanmns On the basis of chemical and spectroscopic evidence, the structures of the 
gallotannins were established as 6’-0-, 4’-0-, 6-O-, l’-O- and 2-0-monogalloylsucrose, respectively 

INTRODUCTION 

Recent chemical studies have revealed that gallotanmns 
contam m their molecules a variety of alcohol cores, i.e. 
monosaccharides (D-ghCOSe [2-S], D-hamamelose [6-81, 
D-fruCtOSe [9], D-XylQSe [Tanaka, T. et al., unpublished 
data]), polyalcohols (1,5-anhydro-D-gluatol [lo], proto- 
quercltol [ll, 121, scyllo-quercltol [13], qumic acid [12, 
141, shiklmlc acid [12, 151, glycerol [43), 
(methyl-fi-D-glycoside [lS], mangiferin C-glucoslde [16], 
maclurm C-glucoslde [16], salidroslde [17, 181) etc Our 
systematic chemical examination of tannins and related 
compounds m crude drugs has now led to the isolation of 
a new class of gallotanmns having a sucrose core from 
two different types of commercial rhubarbs, each pro- 
duced in Chma and North Korea. We now report the 
Isolation and structure elucidation of these compounds. 

RESULTS AND DISCUSSION 

The aqueous acetone extract of the commercial Chin- 
ese rhubarb was repeatedly chromatographed over Sep- 
hadex LH-20, MCI-gel CHP 2OP, Bondapak C,,/Porasil 
B and Fuji-gel ODS G3 with monitoring by HPLC to 
furmsh compounds 14, whde a slmllar extraction and 
chromatography of North Korean rhubarb afforded 
compounds 1, Pi 

Compound 1 showed a blue colouration with ferric 
chloride reagent. The FAB-MS spectrum exhibited peaks 
at m/z 517 and 495 due to [M+Na]+ and [M+H]+, 
respectively, together with a characterlstlc peak at m/z 
153 mdicatlve of the presence of a galloyl group, which 
was also supported by the ‘H and 13CNMR data (67.24, 
2H, s and Table 1). The 13CNMR spectrum showed 12 
carbon signals due to a polyalcohol moiety, and the 
presence of two anomeric signals mdlcated that the poly- 
alcohol was a disaccharide. Acid hydrolysis of 1 with 5% 
aqueous sulphurlc acid to afford gallic acid, glucose and 
fructose confirmed its constitution. On enzymatic hy- 
drolysis with tannase, 1 yielded gallic acid and a crystal- 

* Part 66 m the series ‘Tanmns and Related Compounds’ For 

Part 65 see ref Cl]. This paper also forms Part XI of ‘Studies on 

Rhubarb (Rhea Rhlzoma) 
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line sugar, which was identified as sucrose by direct 
comparison with an authentic sample. 

Treatment of 1 with 1% aqueous sulphurlc acid fur- 
nished glucose and a galloylfructose (la). Although the 
‘HNMR spectrum of la was duphcated owmg to the 
existence of an equlhbrmm mixture of c(- and b-anomers, 
no significant lowfield shifts of the sugar methme signals 
were observed, thus the galloyl group was assumed to be 
attached to one of the two primary hydroxyl groups m 
the fructose moiety. In addltlon, the observation of up- 
field singlet signals (63 54 and 3.66, 2H m total) which 
were readily assignable to the C-l methylene protons 

FmTo 27:5-P 
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Table 1 *‘C NMR data for galloylsucroses (25 05 MHz, Me,CO-d, + D,O, TMS as mt standard) 
__--- 

C sucrose 1 2 3 4 5 
--- 

I 

Glucose moiety 
1 930 92 7 93 4 93 1 93 6 90 3 

2 12 3 12.3 72 3 71 6 72 3 74 1 

3 73 ‘? 73 8 73 8 73 8 740 71 3 

4 70 5 70 5 704 70 8 70 8 709 

5 73 7 73 5 73 8 72 5 740 73 7 
6 61 5 614 614 644 61 8 61 6 

Sucrose < Fructose moiety 
1’ 62 8 629 62 8 63 0 63 8 62 2 

2’ 1047 104 8 105 1 1048 103 7 1052 

3’ 78 3 77 9 78 2 78 9 78 5 76 6 

4 749 75 8 76 8 15 2 740 74 5 
5’ 82 8 79 9 820 83 0 83 0 82 9 

\ 6’ 63 I 669 63 1 63 7 62 2 62 7 

Galloyl 
1” 120 7 1204 121 2 1209 1209 

2” 1102 1101 1100 109 9 1102 

3” 145 8 146 0 1460 146 1 145 9 

4” 1392 1395 139 1 1392 1394 
-coo- 1680 1673 1675 1669 1674 

suggested that the galloyl group was present at the C-6 
hydroxymethyl. On treatment with 0 5% methanohc sul- 
phurrc acid, 1 gave methyl-r- and p-glucostdes and lb 
and lc The ‘H NMR spectra of lb and lc showed, along 
with methoxyl (63.28 m lb, 63 34 in lc) and geminally 
coupled C-l methylene stgnals [S 3 64 and 3 70 (each 1 H, 
d,J=l2Hz)mlb;6365and380(each lH,d,J=12Hz) 
m lc], relatively lowfield two-proton signals [64 27 (I H, 
dd. 5=6, 12 Hz) and 450 (lH, dd, J=3, 12 Hz) m lb. 
6432(1H,dd,J=6,12Hz)and452(1H,dd,J=3,12Hz) 
m lc], asstgnable to the C-6 methylene protons on the 
basis of the large couphng constants, mdicatmg clearly 
that the galloyl group was located at the C-6 poisttton 
On the basis of these chemical and spectral data, 1 was 
determmed as 6’-0-galloylsucrose 

Compound 2 showed a similar blue colouration with 
ferric chlortde reagent The FABMS exhibited an [M 
+ H] _ ion peak at m/z 495 and a fragment ion peak at 
m/z 153 derived from a galloyl cation, mdicatmg the same 
constitution as that m 1 Tannase hydrolysis of 2 gave 
sucrose and galhc acid. The ‘H NMR spectrum of 2 was 
stmrlar to that of 1, except for the appearance of an 
extremely lowfield triplet (65 40, J = 7 Hz) and an tso- 
lated doublet (64 56, J = 7 Hz), the latter being assignable 
to the C-3 methme proton in the fructose moiety on the 
basis of its simpie coupfing pattern Since these signals 
were shown to be coupled with each other by spm- 
decoupling experiments, the triplet signal was assigned to 
the C-4’ methme proton Thus, the galloyl group was 
presumed to be located at the C-4’ positton of the sucrose 
moiety. This was further supported by i3C NMR analy- 
sis, which showed a downfield shift of the C-4 resonance, 
as well as the upfield shifts of the neighbourmg C-3’ and 
C-5’ resonances as compared with those of sucrose 

Treatment of 2 with 05% methanohc sulphuric acid 
gave a mixture of methyl-a- and ,Gglucosides and also a 
mixture of methanolysates (2a) The ‘H NMR spectrum 
of 2a showed methoxyl signals at 63 32 and 3.40 (3H m 
total) and galloyl signals at 67 15 and 7 19 correspondmg 

to two protons. It also showed a lowfield triplet (65 26, 
5/8H, J = 7 Hz) and a double doublet (S 5 2 1, 3/8H, J = 4, 
10 Hz), these signals could be assigned to the C-4 methine 
proton from the fact that they were coupled with the C-3 
methme proton signals (64.56. d, 5/8H. J = 7 Hz; 64 37, d, 
3/8H, J = 10 Hz). Thus, the galloyl group was concluded 
to be located at the C-4 posttion m the methyl fructoside 
moiety, and 2 was estabhshed as 4’-0-galloylsucrose. 

Compounds 3-5 showed m the FABMS the same [M 
+ H] ’ ton peak (m/z 495) as those observed m 1 and 2 In 
each case, sucrose and galhc acid were detected upon 
enzymatic hydrolyses wtth tannase. The ’ ‘C NMR spec- 
trum of 3 showed a downfield shift ( + 2 9 ppm) of the C-6 
stgnal and an upfield shift (- 1 2 ppm) of the C-5 signal as 
compared with those of sucrose. mdicatmg the presence 
of the galloyl group at the C-6 positton In the case of 4, 
the carbon resonance due to C-l’ was shifted to the lower 
field (663 8) than that of sucrose, whereas the C-2’ carbon 
resonance appeared at higher field (ii 103.7) Thus, the 
location of the galloyl group was presumed to be at the 
C-l’ posttton In the 13CNMR spectrum of 5, the C-2 
signal was shifted downfield, whereas the neighbourmg 
C-l and C-3 signals were shifted upfield, suggesting the 
galloyl group was located at the C-2 position. These 
observattons were further confirmed by hydrolyses of 3-5 
with 1% aqueous suiphuric acid- to hnmsh 6-O-gafioyi- 
glucose, 1-0-galloylfructose and 2-0-galloylglucose, re- 
spectively Based on the chemical and spectral evidence 
described above, 3 5 were estabhshed as 6-O-galloylsu- 
crose, I’-0-galloylsucrose and 2-0-galloylsucrose, re- 
spectively 

This 1s the first example of the tsolatton of dtsacchartde 
gallates and these compounds are classified as a new class 
of gallotannms 

EXPERIMENTAL 

Mps uncorr, ‘H and ‘“CNMR 100 and 2505 MHr, re- 

spectwely, alth TMS as mt standard, FDMS 2@~22 mA (emlt- 
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ter current) and 3 kV (accelerating voltage); FABMS: 3 kV 

(accelerating voltage) with H,O-glycerol as matrix. HPLC: 

TSK-gel ODS-80TM (150 x 4 mm I.D.) column, MeCN-0.05 M 
NaH,PO, buffer solution (3 97), UV detector; TLC silica gel 

and Avecel SF cellulose, spots visuahzed by FeCI, (for phenol- 

ICS) and amhne-hydrogen-phthalate or amsaldehyde-H,SO, 

(for sugars) reagents. CC Sephadex LH-20 (25-100 rnp, Pharma- 

ma), MCI-gel CHP 20P (755150mp, Mitsubishi), Bondapak 

C,,/Porasil B (waters) and Fuji-gel ODS G3 (43-65 rnp, Fujigel 

Hanbat). 

Plant matermls The Rheum species are known to be suscep 

tible to mutual hybridization, and their taxonomical classi- 

fication was therefore not fully made. The Chmese rhubarb 
(Chmese commercial name. Chong-Gi-Huang) was purchased 

from a market in Hong Kong and from its appearance and 

chemical composition seemed to be related to Rheum palmatum, 
while the North Korean rhubarb (Korean commercial name 

Cho-Seon-Dae-Hwang) was presumed to be R coreanum 
Extractton and rsolatlon (i) Chinese rhubarb (3.2 kg) was 

powdered and extracted with 80% aq. Me,CO at room temp. 
The extract, after removal of the solvent by evapn, was subjected 

to chromatography over Sephadex LH-20 with Ha0 contammg 

mcreasmg amounts of MeOH (1:o-O.l) to give SIX fractions 

(I-VI) Fraction II (150 g) was further chromatographed over 

MCI-gel CHP 20P using H,O contammg increasing amounts of 

MeOH to give a further five fractions. Repeated CC of fraction 

II-1 on Bondapak C,,/Porasil B and Fuji-gel ODS G3 with 
H,O-MeOH (9 1) afforded compounds l(400 mg), 2 (90 mg), 3 

(80 mg) and 4 (40 mg). Fraction II-2 was repeatedly chromato- 

graphed over Sephadex LH-20 (H,O) and Bondapak 

C,,/Porasd B [H,O-MeOH (9 l)] to furnish 1-O-galloyl- 
fructose [9]. 

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

matographed over Sephadex LH-20 as described above to give 

seven fractions (I-VII) Fraction II was subsequently chromato- 
graphed over MCI-gel CHP 20P [H,O-MeOH (0 l-l 0)] to 

alford a further four fracttons. Repeated CC of fraction II-1 on 

Bondapak C,,/Porasd B and Fuji-gel ODS G3 furnished com- 

pounds 1 (120 mg), 3 (91 mg) and 4 (66 mg) CC of fraction II-2 

over Bondapak C,,/Porasil B with H,O-MeOH (9 1) yielded 

compound 5 (56 mg) 

6-0-Galloylsucrose (1) Colourless needles (H,O), mp 
149-151”, [cz]~ +88 6” (MeOH, c 0 74) FAB-MS m/r 517 [M 

+Na]+, 495 [M+H]+, 153 [galloyl]+, ‘HNMR (Me&O-d, 

+D,O) 63.34.3 (llH, m, sugar H), 4.44.7 (2H, m, H-6’) 5.42 
(lH, d, J=4 Hz, H-l), 7 08 (2H, s, galloyl H) (Found: C, 42 76; 

H, 5 68. C,,H,,O,,.2H,O requires C, 43 02; H, 5 70%) 

Actd hydrolyses of 1. A soln of 1 (7 mg) m 5% aq H,SO, 
(2 ml) was heated m a water bath for 1 hr The products were 

directly analysed by silica gel and cellulose TLC with 

C,H,-HCO,Et-HCO,H (2 7 1) (solv. 1) and n-BuOH- 

pyridme-H,O (6:4.3) (solv 2). Galhc acid (solv. 1 R, 0.80), 

glucose (solv. 2 R, 0.44) and fructose (solv. 2 R, 0.43) were 

identified by co-chromatography with authentic samples. 

Enzymatic hydrolysis of 1 1 (40 mg) and tannase (5 mg) m 

H,O (10 ml) was left to stand for 2 hr with ice-coolmg. The 

reaction mixture was coned to dryness under red. pres , and the 

residue treated with EtOH. The EtOH-soluble portion was 
subjected to CC over Sephadex LH-20. Elution with EtOH gave 

a hydrolysate as colourless needles (EtOH), mp 193-195”, [a]h5 

+ 66.5” (H,O; c 0 53). This compound was identified as sucrose 

by direct comparison of chromatographic and physical data 

Further elution with EtOH yielded galhc acid (10 mg) 

Partuxl hydrolysis of 1 A soln of 1 (70 mg) m 1% aq H$O, 
(6 ml) was heated m a water bath for 30 mm After neutrahzation 

of the reaction mixture wtth BaCO,, morgamc salts were filtra- 

ted 08 The filtrate was coned to dryness and the residue was 

chromatographed over Sephadex LH-20. Elutton with H,O 

afforded glucose. Further elution with H,O gave la as a white 

amorphous powder, [a]:: + 5.6” (MeOH, c 0.66). FDMS m/z 
355 [M+Na]*, 333 [M+M]+, 170, ‘HNMR (Me&O-d, 

+D,O) 63.54.7 (7H, m, sugar H), 3.54 (8/5H, F, H-l), 3 66 (2/5H, 
s, H-l), and 7.15 and 7.18 (2H, each s, galloyl H). (Found C, 

44.27, H, 541 C,,H,,O,,~H,O requires C, 44.57, H, 5.18%) 

Partuzl methanolysrs of 1. 1 (40 mg) m 0.5% H,SO,-MeOH 
(10 ml) was refluxed for 15 min The reaction mixture was neu- 

tralized with BaCO, and inorganic salts were filtrated off The 

filtrate was coned and subjected to CC over Sephadex LH-20 

Elution with EtOH furmshed methyl glucosides Further elution 
with EtOH afforded a mixture of hydrolysates, which were 

subsequently chromatographed over Bondapak Ci,/Porasil B 

[H,O-MeOH (1:&9. l)] to give 6-0-galloyl methyl-B-o-fructo- 

furanoside (lb) (11 mg) as a white amorphous powder, [LX]; 

-23 0” (MeOH, c 109) FD-MS m/z 369 [M +Na]+, 347 [M 

+H]+, 315 [M+H-MeOH]+, ‘HNMR(MeaCO-d,+D,O) 

63.28 (3H, s, OMe), 3 64, 3.70 (each lH, d, J= 12 Hz, H-l), 
3 9-43 (3H, m, H-3, 4, 5), 427 (lH, dd, J=6, 12 Hz, H-6), 4 50 

(lH, dd, J=3, 12 Hz, H-6), 7 20 (2H, s, galloyl H); ‘“CNMR 

(Me,CO-d,+D,O) 649.4 (OMe), 60.5 (C-l), 64 9 (C-6), 75.4 (C- 

4), 77 6 (C-3), 79 5 (C-5), 104 6 (C-2), 110.3 (2C) (C-2’), 120 6 (C- 

l’), 139.4 (C-4’), 145.7 (2C) (C-3’), 168 1 (-COO-) (Found C, 

48.47, H, 5 18. C,.,H,,O,a requires C, 48.56, H, 5.24%), and 

methyl-cc-o-fructofuranosrde (lc) (5 mg) as a white amorphous 
powder, [a];’ +413” (MeOH; c 063). FDMS m/z 369 [M 

+Na]+, 347 [M+H]+, 315 [MfH-MeOH]+, ‘HNMR 

(Me&O-d, +D,O) 63.34 (3H, s, OMe), 3 65,3 80 (each lH, d, J 
= 12 Hz, H-l), 3 994 3 (3H, m, H-3, 4, S), 4 32 (lH, dd, J= 6, 12 

Hz, H-6), 4 52 (lH, dd, J=3, 12 Hz, H-6), 7 18 (2H, s, galloyl H) 

(Found C, 47.10, H, 5 15. C,,HisO,, 1/2H,O requires C, 

47 32, H, 5 39%). 

4’-0-Galloylsucrose (2) A white amorphous powder, [a];’ 

+ 14 9” (MeOH, c 0 72). FABMS m/z 517 [M + Na]+, 495 [M 

+H]+, 153 [galloyl]+, ’ H NMR (Me&O-d, + D,O) 63.34 3 

(llH,m,sugar H), 456(1H,d,J=7 Hz, H-2’), 5.40(1H, I, J=7 

Hz, H-3’), 5.52 (lH, d, J=4 Hz, H-l), 7 16 (2H, s, galloyl H) 
(Found C, 44 80; H, 5.74 C H 0 19 26 15 H,O requnes C, 44 53, 

H, 5 50%). 

Enzymatrc hydrolysis of 2 An aq. soln (5 ml) of 2 (15 mg) was 
treated with tannase m ice-cold H,O for 2 hr The reaction 

mixture was worked up as for 1 to afford sucrose (5 mg) as 

colourless needles (EtOH), mp 193-195”, [alp + 63 8” (H,O, 

c 0.39), and galhc acid 

Par& hydrolyses of 2. A soln of 2 (50 mg) m 0 5% 

H,SO,-MeOH (12 ml) was refluxed for 15 mm The reaction 

mixture was treated in the same way as for 1 to furnish methyl-a- 

and p-glucosides and hydrolysates (2a) as a white amorphous 

powder, ‘HNMR (Me,CO-d,+D,O). 63 32, 3 40 (3H m total, 

each s, OMe), 3.5-4 2 (5H, m, sugar H), 5 21 (3/8H, dd, J=4, 10 

Hz, H-3), 5 26 (5/8H, t, J=7 Hz, H-3), 7 15, 7.19 (2H m total, 

each s, galloyl H). 

6-0-Galloylsucrose (3) A white amorphous powder, [a]:’ 
+48 0” (MeOH; c 0.65) FABMS m/r 517 [M +Nd]+, 495 [M 

+H]+, 153 [galloyl]+, ’ H NMR (Me,CO-d, +D,O) 63 554.6 

(13H,m,sugarH),546(1H,d,J=4Hz,H-l),7.16(2H,s,galloyl 
H) (Found C, 44.52, H, 569. C,,H,,O,, H,O requires C, 

44 53; H, 5 50%) 

Parttal hydrolysrs of 3 A soln of 3 (40 mg) m 1% aq. H,SO, 

(5 ml) was heated m a water bath for 20mm. The reaction 

mixture was worked up as for 1 to furmsh glucose [R, 0 43 n- 

BuOH-pyndme-H,O (6:4.3)] and a hydrolysate This product 

was shown to be identical with 6-0-galloylglucose by direct 
comparison with an authentic sample [4] 
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I’-0-Galloylsucrose (4) A white amorphous powder, [ml;’ + 

470” (MeOH, c 084) FABMS m/z 517 [M+Na]+, 495 [M 

+ H]+, 153 [galloyl]+, ‘H NMR (Me,CO-d, + D,O) 63 34.3 

(llH,m,sugarH),431,452(each lH,d,5=12Hz,H-1’),716 

(2H, s, galloyl H) (Found C, 44 10, H, 5 58 C19H26015 H,O 

requires C, 44 53, H, 5 50%). 

Prtrrml hydrolyxs of4 4 (30 mg) m 1% aq H,SO, (5 ml) was 

heated m a water bath for 30 mm Work-up as for 1 gave 

fructose and a hydrolysate, which was identified as 1-O-galloyl- 
fructose by direct comparison 

2-0-Galloysucrose (5) A wlute amorphous powder, [a];’ 

1-67 1’ (MeOH, c 079) FABMS m/z 517 [M+Na]+, 495 [M 

+Hl+, 153 [galloyl]+, ‘H NMR (Me,CO-d, + D,O) 63 2-4 2 

(tlH,m,sugarH),48l(lH,dd,J=4, lOHz,H-2),559(1H,d,J 

=4 Hz, H-l), 7 19 (2H, s, galloyl H) (Found C, 43 01, H, 5 74 

C,,H,,0,5 2H,O requires C, 43 02, H, 5 70%) 

Partial hydrolysu of 5 5 (39 mg) was hydrolysed with 1% aq 
H,SO, (5 ml) m the same manner as described above to yield 

glucose and a hydrolysate, the latter being Identified as 2-O- 

galloylglucose by direct comparison with an authentic sample 

[Kashlwada, Y et al, unpublished data] 

Enzymatic hydrolyws of 3-S A soln of each sample m H,O 

(5 mgjl ml) was hydrolysed with tannase m the same manner as 
for 1 The solvent was evapd under red pres and the residue was 

subjected to TLC R, 0 82 (galhc acid), 0 06 (sucrose) [silica gel, 

C,H,-HCO,Et-HCO,H (2 10.3)], R, 0 33 (galhc acid), 0 12 

(sucrose) [slhca gel, CHCl,-MeOH-H,O (14 6 l)], 
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