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Abstract-A chemtcal mvesttgatlon of the bark of Quercus stenophylla has led to the tsolatton and charactervatlon of 
all of the possible structural isomers of qu1n1c acid gallates, 3-O-, 4-O-, S-O-, 3,4-d1-O-, 3,5-d1-O-, 4,5-d1-O- and 3,4,5-tn- 
0-galloylqmn1c acids Evidence for the structures of these compounds was obtained from analysts of the ‘H and 
13C NMR spectra, and hydrolytic studtes 

INTRODUCTION 

Previous chemical exammatlons of polyphenohc con- 
stituents m the bark of Quercus stenophyllu (Fagaceae) 
have revealed the occurrence of fifteen gallotannins based 
on a simple phenollc glucoslde (sahdroslde) core [l] and a 
pentahydroxycyclohexane (proto-quercltol) core [Z], and 
of four ellagtannms containing a salrdroslde [3] and a 
proto-quercltol moiety [4] Our continuing work on the 
polyphenols occurnng 1n the same plant source has now 
resulted 1n the isolation and charactenzation of seven 
gallotannlns based on a qu1n1c acid core, and 1n this paper 
detailed evidence leading to the structures 1-7 1s 
described 

RESULTS AND DISCUSSION 

The water-soluble part, after removal of the ether and 
ethyl acetate soluble portions of the 80 ‘A aqueous acetone 
extract, was subjected to a comblnatlon of Sephadex LH- 
20 and MCI GEL CHP-2OP chromatography to afford 
compounds 1-7 

Compound 1, CZ1HZ00t4 HzO, gave a dark blue 
colour with ferric chloride characterlstlc of gallotannins 
It gave an [M + H] + 1on peak at m/z 497 1n the field- 
desorptlon mass spectrum (FDMS) The occurrence of 
two galloyl functions 1n the molecule was easily deduced 
from analysis of the ‘H NMR (see Experimental) and 
1% NMR (see Table 1) spectra The 13C NMR spectrum 
showed SIX allphatlc signals due to two methylenes (635 7, 
37 5, each t), three methlne carbons bearing an oxygen 
function (670 1, 72 0, 72 1, each d) and a quaternary 
carbon atom (6742, s), together with a carboxyl signal 
(6175 8) On enzymatic hydrolysis with tannase, 1 gave 
gall1c acid and a crystalline hydrolysate (la), mp 255-259”, 
[a& - 48 2” (methanol) The IR spectrum of la exhibited 
absorption bands of hydroxyl groups (3350cm-‘, broad) 
and a carboxyl group (168Ocm-‘) These physical and 
spectral data agreed with those of qu1n1c acid The 
locations of the galloyl groups on the qu1n1c acid nucleus 

*Part 24 in the senes “Tannms and Related Compounds” For 
Part 23 see Kashlwada, Y , Now&a, G and Nlshloka, I, Chem 
Pharm BulI (Tokyo) (m press) 

I H 1 

-L!$gJ+_ 
iI 6H 

la 

were determined from ‘H NMR analysis, two multtplet 
signals (65 54, 2H 1n total) due to methines bearmg a 
galloyl group were observed 1n the lowfield, while a 
meth1ne (64 14) free from a galloyl group appeared 1n the 
upfield Since the latter signal could be assigned to the C-4 
axial proton on the basis of 1ts coupling constant ( J = 9, 
3 Hz) (The neighboring C-3 and C-5 protons possess axial 
and equatorial onentatlons, respectively), the locations of 
the two galloyl groups were concluded to be at the C-3 and 
C-5 posltlons Accordingly, 1 was shown to be 3,5-d1-O- 
galloylqulnlc acid 

Compound 2, m/z 497 ([M+H]+, FABMS) and 
compound 3, CZ1HZ0014, m/z 497 ([M + H] +, FDMS), 
both afforded gall1c acid and qu1n1c acid on enzymatic 
hydrolysis with tannase The ‘H and 13C NMR spectra of 
these compounds were very similar to that of 1, showing 
the presence of two galloyl groups In the ‘HNMR 
spectra, the appearance of two lowfield signals due to 
methines bearing a galloyl group was consistent, 1n both 
cases, with a dlgalloylqulnlc acid A double doublet 
appearmg 1n the lowfield (65 17, J = 9, 3 Hz 1n 2 and 
65 24, J = 9, 3 Hz 1n 3) could be assigned to the C-4 
protons, indicating 1n both cases the presence. of the 
galloyl group at this posltlon Another lowfield signal 
appeared as a multiplet at 65 72 1n 2 and 65 80 in 3 The 
multlplet in 2 was considered to be due to the C-5 proton 
from 1ts small half-width value ( J, h/2 = 8 Hz), while that 
of 3 was to the C-3 proton owing to a large half-width 
value ( J, U = 20 Hz) On the basis of these findings, 2 
and 3 were concluded to be 4,5-d1-0-galloylqmn1c acid [S] 
and 3,4-d1-0-galloylqum1c acid, respectively 
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Table 1 “C NMR spectral data of compounds l-7 at 25 05 MHz m Me$O-ds + D20 

Carbon 
no 1 2 3 4 5 6 7 

Qumlc acid 
1 
2 
3 
4 
5 
6 
COOH 

Galloyl 
1 

2 

3 
4 

COO- 

142 746 75 5 769 765 15 2 74 1 
315 416 390 394 400 402 38 1 
720 65 5 68 5 13 I* 66 St 68 l$ 68 8 
70 1 159 152 12 6* II 9t 13 8$ 72 1 
72 1 697 68 7 718* 6-l 8t 12 8$ 697 
35 I 367 380 38 2 396 364 362 

175 8 176 5 1755 1793 181 1 1695 1762 

1214 1213 120 6 (2C) 1215 1215 121 I 120 4 (2C) 
1219 121 I 121 1 
109 8 6X) 109 9 (2C) 1097 1101 1102 1102 109 8 (3C) 

1098 
145 5 (2C) 145 5 (2C) 145 5 (2C) 145 8 145 9 1456 145 5 (3C) 
1383 1383 138 7 (2C) 1391 1391 1389 1387 
1386 1385 139 0 (2C) 
166 1 (2C) 165 8 1663 1677 1674 167 5 166 2 (3C) 

1661 1666 

*t$Bgnals m columns may be Interchanged 
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Compounds 4-6 exhibited, m the FARMS, the same 
[M + Na]+ ion peak at m/z 367 correspondmg to a 
monogalloylqumlc acid structure Tannase hydrolysis of 
these compounds confirmed then constltutlon The 
‘HNMR spectrum showed, in each case, a lowfield 
methme signal (6 5 43, m, J, hp = 20 Hz m 4,6 5 04, dd, J 
= 9, 3 Hz in 5 and 6546, m, J,,,, = 8 Hz m 6) These 
stgnals were respectively assigned to the C-3, C-4 and C-S 
protons on the basis of then coupling constants and half- 
width values, thus charactenzmg them as the 3-0-gallate 

[S, 63, CO-gallate [S] and 5-0-gallate [S] of qumlc acid 
Compound 7, m/z 649 ([M+ HI+, FABMS), was 

shown to be a trigalloylquuuc acid by ‘H and 13C NMR 
and MS exammatlons and a similar hydrolytic study 
Since the ‘H NMR spectrum exhibited three methme 
signals shifted fairly downfield [SS 51, dd, J = 9,3 Hz and 
6 5 8 1 (2H), m], the galloyl groups were concluded to be at 
the C-3, C-4 and C-5 posltlons, thus confirming its 
structure as 3,4,5-tn-O-galloylqumlc acid [5, 7, 83 

Galhc acid esters with qumic acid are known as the 
constituents of Tara gallotanmn [7] which IS obtained 
from the fruit pods of the South American shrub, 
Cnesalprn~a spmosa, but then structures were not fully 
characterized because of the dlfficultles m lsolatmg 
individual components Our systematic lsolatlon and 
unequivocal structural characterlzatlon of all of the 
possible structural isomers of qumlc acid gallates IS thus 
noteworthy 

EXPERIMENTAL 

Mps are uncorr ‘H and 13CNMR spectra were measured at 
lOOand 25 05 MHz, respectively, with TMS as mt standard TLC 
was conducted on slhca gel and Avlcel SF cellulose, and spots 
were vlsuahzed by FeQ reagent and by spraying 5% HISOd 
followed by heating 

Extractron and lsolatzon The air-dned bark (4 74kg) of 
Quercus slenophyllu, collected m Takushuna Prefecture, Japan 
(authentic sample lodged m Herbarmm, Kyushu Umverslty), was 
extracted at room temp with 80 %aq Me&O The aq soln, after 
removal of the Me,CO by concn under red pres , afforded a ppt 
which was removed by filtration The filtrate was shaken with 
Et,0 and then with EtOAc The aq layer was mlxed with Cehte- 
545 (12 kg) and aur-dned A brown powder thus obtained was 
packed in a glass column and eluted with Me&O The eluate was 
evapd under red pres and subJected to Sephadex LH-20 CC with 
an Increasing amount of MeOH m HZ0 (0 l-l 0) to give seven 
fractions, 1 (296 g), 2 (122 g), 3 (198 g), 4 (41 g), 5 (138 g), 6 (24 g) 
and 7 (44 g) Subsequent separation of fr 1 on Sephadex LH-20 
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CC wzth HZ0 afforded a further three fractzons, 1A (13Og), 1B 
(113 g) and 1C (15 g) A part (55 g) of fr 1B was rechromato- 
graphed over MCI GEL CHP-20P with HZ0 to furnish com- 
pounds 4 (9 1 mg), 5 (218 mg) and 6 (350 mg) Fr 2 was separated 
by MCI GEL CHP-20P CC wzth a nuxture of H@-MeOH 
(19 l-7 3) mto four fractions, 2-1 (3g), 2-2 (26g), 2-3 (30g) and 
2-4 (18 g) Fr 2-2 was rechromatographed over Sephadex LH-20 
wzth 50% aq MeOH and MCI GEL CHP-20P wzth an 
mcreasmg amount of MeOH zn HZ0 (0 l-1 3) to yield com- 
pounds 2 (226 mg) and 3 (185 mg), Frs 3 and 4 were chromatog- 
raphed over MCI GEL CHP-20P wzth a mzxture of H,O-MeOH 
(1 O-7 3) and Sephadex LH-20 with 60% aq MeOH to yzeld 
compounds 1 (99 mg) and 7 (588 mg) 

3,5-Dz-0-golloylqvztztc aced (1) An off-whzte amorphous 
powder, [a]: - 63 0” (Me,CO, c 0 20) FDMS m/z 497 [M 
+H]+, 519 [M +Na]+, 535 [M +K]+ ‘HNMR (Me&O-z&) 
62 &2 6 (4H, m, H-2 and H-6), 4 14 (lH, dd, J = 9,3 Hz, H-4), 
5 54 (2H, m, H-3 and H-5), 7 14, 7 19 (each 2H, s, galloyl H) 
(Found C,49 03, H, 4 31 C2,H2,,0,,+ Hz0 requires C, 48 98, H, 
452%) 

Enzymatzc hydrolyszs of1 A soln of 1 (134 mg) m H,O (5 ml) 
was incubated with tannase at 37” for 6 hr The reaction rmxture 
was coned to dryness under red pres and the residue treated wzth 
MeOH The MeOH-soluble portion was chromatographed over 
szhca gel (CHCI,-MeOH-H,O, 6 4 1) to furnish galhc aczd 
(97 mg) and a hydrolysate (la) Pale yellow granules, mp 
25%259”, [alho - 48 2” (H*O, c 163) IR v= cm-’ 3350 (OH), 
1680 (COOH), no aromatic rmg absorption 

4,5-Dz-0-golloylquznzc aczd (2) [S] An off-white amorphous 
powder, [a]h3 - 35 5” (Me&O, c 0 20) FABMS m/z 497 [M 

+W + ‘H NMR (Me,CO-d,) 62 t&2 6 (4H, m, H-2 and H-6), 
452(1H,m,J,h,Z=20H~,H-3),517(1H,dd,J=9,3Hz,H-4), 
5 72 (lH, m, J, hi2 = 8 Hz, H-5), 7 08,7 13 (each ZH, s, galloyl H) 

3,4-Dz-0-galloylquznzc aczd (3) An off-white amorphous 
powder, [a]&’ - 102 8” (Me,CO, c 0 32) FDMS m/z 497 [M 

+Hl + ‘H NMR (Me&O-d,) 62 1-2 5 (4H, m, H-2 and H-6), 
4 50 (lH, m, J, ,,,* = 8 HZ, H-5), 5 24 (lH, dd, J = 9, 3 Hz, H-4), 
5 80 (lH, m, JWhj2 = 20 Hz, H-3), 7 05, 7 11 (each 2H, s, galloyl 
H) (Found C, 50 81, H, 4 06 CZIHZOOzL requires C, 50 76, H, 
458%) 

3-0-Galloylquzzzzc aczd (4) [5,6] An off-white amorphous 
powder, [u]g - 36 4” (H20, c 0 37) FABMS m/z 345 [M 
+ H] +, 367 [M + Na] + ‘H NMR (Me,CO-d, + DzO) d 18-2 4 
(4H, m, H-2 and H-6), 3 85 (lH, dd, J = 9,3 Hz, H-4), 4 O-4 3 (H- 
5), 5 43 WI, m, J, hj2 = 20 Hz, H-3), 7 15 (2H, s, galloyl H) 

4-0-Galloylquznzc aczd (5) [S] An off-white amorphous 
powder, [cc]; - 304” [H@--MeOH (1 l), c 0 241 FABMS 
m/z 345 [M +H]+, 367 [M +Na]+ ‘H NMR (Me#.ZO-d, 
+ D20) Sl g2 3 (4H, m, H-2 and H-6), 3 9-4 3 (H-3), 4 36 
(1H,m,J,h,2=8H~H-5),504(1H,dd,J=9,3Hz,H-4),720 
(2H, s, galloyl H) 

5-0-Galloylquztzzc aczd (6) [S] An off-white amorphous 

powder, [a]; - 13 7” (HzO, c 036) FABMS m/z 345 
[M+H]+, 367 [M+Na]+ ‘H NMR (Me&O-d, + D,O) 
6 l&-2 4 (4H, m, H-2 and H-6), 3 8 1 (1 H, dd, J = 9,3 Hz, H-4), 
4 1-45 (H-3), 546 (lH, m, Jwh,* = 8Hz, H-5), 7 17 (2H, s, 

l3dOYl w 
3,4,5-Trz-0-galloylquzmc aczd (7) [S, 7, 81 An off-white amor- 

phous powder, [a]:: - 116 5” (Me*CO, c 0 32) FABMS m/z 649 
[M + H] + ‘H NMR (Me&O&) b2 2-2 8 (4H, m, H-2 and H- 
6), 5 51 (lH,dd, J = 9,3 Hz, H-4), 5 81(2H,m, H-3and H-5), 7 05, 
7 08,7 16 (each 2H, s, galloyl H) 

Enzymatzc hydrolyszs of2-7 A soln of each sample m HZ0 
(3 mg/O 5 ml) was incubated with tannase at 37” for 1 hr The 
solvent was evapd under red pres and the residue subjected to 
TLC exammatzon R, 0 93 (galhc acid), 0 21 (qmmc acid) [drca 
gel, C,H,-HCO,Et-HCO,H (1 5 Z)], R, 0 91 (galhc aczd), 0 52 
(qunuc acid) [szhca gel, EtOH-H,O (5 l)] 

Methylatzon of7 Compound 7 (50mg) was methylated for 
2 5 hr with Me2S04 (2 ml) and K,CO, (2g) m dry Me&O 
(10 ml) After filtration of the morgamc ppt, the soln was coned to 
a syrup which was pm&d by CC over s~hca gel Elutlon with 
C,Hs-Me,CO (1 &I7 3) furnished the decamethylate (7r), a 
whjte amorphous powder, [a]g - 97 1” (CHCIJ, c 0 26) EIMS 
m/z 788 [M] + ‘H NMR (CDQ) 62 3-2 7 (4H, m, H-2 and H- 
6), 3 6-3 9 (OMe x lo), 5 56 (IH, dd, J = 9,3 Hz, H-4), 5 94 (lH, 
nz, J, hD = 8 Hz, H-5), 6 06 (lH, m, J, ,,,* = 20 Hz, H-3), 7 06, 
7 17,7 40 (each 2H, s, galloyl H) 
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