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Abstract-Quercetin 3-O-(6”-O-galloyl)$-D-glucoside has been identified as a constituent of Tellima 
grandijlora (Saxifragaceae). In all, twelve gallates were encountered: two isomeric gallates of quercetin 
3-0-glucoside and two of quercetin 3-0-galactoside, a similar set involving kaempferol, and a similar 
set involving myricetin. 

INTRODUCTION RESULTS AND DISCUSSION 

During a previous investigation [l] of the fla- 
vonoids of T&ma &udiflora (Pursh) Dougl. a 
complex series of acylated flavonol monoglyco- 
sides was encountered. In the present communica- 
tion the structure of the major compound, referred 
to as tellimoside, is described. In addition, evi- 
dence is presented concerning the structures of ele- 
ven other closely related acylated flavonol glyco- 
sides from this plant. 

TLC of the methanolic leaf extract of Tellima 
grandijbra showed the presence of a mixture of 
neutral flavonol glycosides which were extremely 
alkali labile and which exhibited a stronger affinity 
for polyamide than do simple flavonol monosides. 
Considerable difficulty was experienced in the sep- 
aration of these compounds; however, 12 related 
compounds were obtained. 

* Part II in the series “Chemotaxonomic Studies in the Saxi- 
fragaceae”. For Part I see Ref. I. 

The UV spectral properties [2] of each of these 
compounds was typical of a 3-O-substituted fla- 
vonol but an absorption in the range 265275 nm 

Table I. TLC data for flavonol acylglycosides from Tellirna grand$ora 

Compound 
Relative 
amount* 

RIx loot 
(1) (2) (3) (4) (5) 

(1) Km 3-(6”-galloylglucoside) +++ 13 22 23 31 50 
(2) Km 3-galloylglucoside + 13 23 25 27 39 
(3) Km 3-(6”-galloylgalactoside) ++ 13 23 25 35 46 
(4) Km 3galloylgalactoside trace 13 22 23 31 36 

(5) Qu 3-(6”-galloylglucoside) +++++ 12 13 15 25 41 
(6) Qu 3-galloylglucoside + 12 17 17 22 32 
(7) Qu 3-(6”-galloylgalactoside) ++ 12 14 15 27 37 
(8) Qu 3-galloylgalactoside + 12 18 16 25 28 

(9) My 3-(6”-galloylglucoside) +++ 13 8 9 19 30 
(10) My 3-galloylglucoside trace 13 13 13 17 24 
(11) My 3-(6”-galloylgalactoside) + 13 9 9 21 28 
(12) My 3-galloylgalactoside trace 13 13 13 18 21 

* Estimated by visual examination of TLC plates after AlCl, spray. Km = kaempferol, Qu = quercetin, My = myricetin. 
7 Chromatographic systems: (1) polyamide DC 6.6, H,Gn-BuOH-Me,CO (14:3: 3); (2) polyamide DC 66. C,Hs-MeOH- 

MeCOEt-H,O (55:20:22:3) developed 2 x ; (3) polyamide DC 66, CHCl,-MeOH-MeCOEt-50’j/, HOAc (65:20: 11:4) dev. 2 x ; 
(4) Avicel, 10% HOAc: (5j Si gel S, n-BuOAc-MeCOEttHOAccH20 (60:25: 12:3). 
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( 1 ) R, R2R3R4RJ= H R6= golloyl 

(2)RpRzR6=H R,R,R, = (H,H,galloyl) 
C 5) R2R3R4R5=H R,=OH R6=gdloyl 

(6)R,&=H R,=OH R,R,R, = (H,H,golloyl) 
(9) R,R,R,=H R,R,=OH R,=golloyl 

(10) R6= H R,R,=OH R3R4RJ= (H,H,golloyl) 

(lo) I?, R, R,R,R,R, = H 
(60) R2R3R4RSR6= H R, =OH 

(So)R,R,R,R,= H R, R,= OH 

suggested the presence of an additional aromatic 
moiety, possibly a hydroxybenzoic acid [3,4]. 
Based upon spectral response to shift reagents the 
components of the mixture could be divided into 
three groups of four spectroscopically identical 
compounds: l-4,%3, and P-12. 

Total acid hydrolysis of compounds 14 pro- 
duced kaempferol, a sugar, and gallic acid in the 
approx ratio of 1: I : I. Compounds 1 and 2 yielded 
glucose; compounds 3 and 4 yielded galactose. 
Thus, the first group consisted of two isomeric 

kaempferol 3-0-glucoside monogallates and two 
isomeric kaempferol 3-0-galactoside monogal- 
lates. Comparable results were obtained with the 
remaining two groups leading to the assignment of 
compounds 5 and 6 as isomeric quercetin 3-O-glu- 
coside monogallates, 7 and 8 as quercetin 3-0- 
galactoside monogallates, 9 and 10 as myricetin 3- 
0-glucoside monogallates, and I1 and 12 as myri- 
cetin 3-0-galactoside monogallates. 

Attempted enzymic hydrolysis using fl-glucosi- 
dase failed to produce an aglycone with any of the 
twelve acylated compounds. From the mild alka- 

line hydrolysate of compounds 1 or 2 kaempferol 
3-O-p-D-glucoside (la) was identified by co-chro- 
matography with an authentic standard (TLC, five 
solvents) and by further degradation to kaempferol 
and glucose by the action of /?-glucosidase. linder 
identical conditions compounds 3 and 4 yielded 
kaempferol 3-P-I>-galactoside (3a). Quercetin 3-0- 
fi-r+glucoside (5a), quercetin 3-O-P-D-galactoside 
(7a), myricetin 3-O-/Gu-glucoside (9a), and myrice- 
tin 3-0-fl-u-galactoside (I la) were likewise identi- 
fied after mild alkaline hydrolysis of the isomeric 

(3)R,R2R3R4R5=H R6 = golloyl 

(4)R,R2R6=H R,R,R, = (H,H,golloyl) 

(7)Ri!R3R4R5=H R,= OH R,= golloyl 

(6) RPR6=H R,= OH R,R,R5= (H,H,golloyl) 

(11) R3R4R5 = H R, R2=OH R6 = golloyl 

(12) R6= H R,Rz=OH R3R4R5=LH,H,golloyl) 

(30) R, R,R,R,R,R,= H 

(70) R2 R,R,R,R,= H R,=OH 

(120) R3 R4R5R6= H R, R,= OH 

pairs 56; 7,s; 9.10: and 11.12. respectively. Evi- 
dence that in each compound the gallic acid resi- 
due was attached to the sugar moiety was obtained 
by mild acid hydrolysis. In addition to the agly- 
cone, sugar, gallic acid and the corresponding fla- 
vonol 3-0-monoside. small amounts of other pro- 
ducts were observed. These compounds reacted as 
reducing sugars and gave gallic acid and either glu- 
cose or galactose upon further acidic hydrolysis. 
These compounds were not further characterized 
due to the small amounts available. 

The ma_jor flavonol glycoside gallate, tellimoside 
(S), was recrystallized from water. mp 199-200’. 
The IR spectrum showed the presence of absorp- 
tions at 1700. 1450 and 1270 cm- ’ typical of sugar 
gallatcs [S]. These bands were absent from the 
spectrum of unacylated glycoside Sa. NMR spectra 
of undurivatized tellimoside were dctermincd in 
acetone-d, at 100 MHz. Spectra of the pertrimeth- 
ylsilyl derivative were determined in Ccl, at 100 
and 220 MHz. The presence of the galloyl function 
was clearly seen in all spectra. Integration showed 
(ignoring hydroxyl groups) Iivc protons attribu- 
table to quercetin. seven protons attributable to 
glucose. and two protons attributable to the gallate 
residue. These data establish a I : I : 1 ratio of agly- 
cone to sugar to gallic acid. 

The NMR spectrum of perTMStellimoside 
determined in deuteriobenzene at IOOMHz pro- 
vided the most useful data concerning the position 
of the gallic acid. The two proton singlet at (5 7.52, 
(ii 7.18 in Ccl,: ci 7.05 in acetone-d,) was assigned 
to the two equivalent protons of the galloyl residue 
C6.7. X] while the remaining low field resonances 
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werecharacteristicof quercetin [2]. The appearance 
of an anomeric proton signal at 6 6.21 confirmed 
the P-linkage of the glucosyl portion of the mole- 
cule and suggested the 4C, conformation of a pyr- 
anose ring [9, lo]. The remaining glucose protons 
consisted of four groups of resonances centered at 
6 4.60, 6 421, 6 3.82 and 6 3.52 which integrated 
for 1, 1, 3 and 1 protons, respectively. The highest 
field multiplet was assigned to the H-2” proton by 
comparison with pentaTMS-/I-D-glucopyranose 
[lo] and verified by double resonance techniques. 

The two lower field quartets at 6 4.60 and 6 427 
appeared as the AB-portion of an ABX system (JAB 
12 Hz, JAx 2.5 Hz, Jsx 4.5 Hz). Based upon the fol- 
lowing evidence, these two resonances were 
assigned to the geminal glucosyl protons of the C- 
6” to which the galloyl function is attached: (1) the 
apparent coupling constants JV,, 12 Hz; J,..,.. 
45 Hz; J,.,, 2.5 Hz are similar to those of the 
geminally coupled C-6 protons (Jgem 11.0 Hz) and 
the vicinal C-5 proton J,, 4.9 Hz; J,.,. 2.8 Hz) for 
pentaTMS$-D-glucopyranose [IO] and acylated 
glycopyranoside derivatives [ 11,123 ; (2) the down- 
field shifts of about 0.5 ppm relative to penta TMS- 
/I-D-glucopyranose [lo] and about 0.75 ppm rela- 
tive to perTMS llavonol glucosides [2] are consis- 
tent with an expected deshielding effect of the gal- 
loyl function on the two adjacent C-6 protons; (3) 
double resonance experiments eliminated the 2” and 
3” OH groups as likely sites of acylation while sug- 
gesting that the two lower field resonances (6 
4.60 and 6 4.27) are probably coupled. 

Thus, in tellimoside, the galloyl function appears 
to be attached to the glucosyl C-6” alcoholic 
group. The isomeric glucoside monogallate 6 must 
therefore be acylated at either 4”, 3” or 2” position. 
Careful comparison of the properties of 5 and 6 
with those of the deacy-1 compound 5a, and the 
other acyl-deacyl groups, suggested that an exactly 
analogous relationship exists between the isomeric 
pairs of glucoside monogallates and galactoside 
monogallates of kaempferol, quercetin and myrice- 
tin. Accordingly, one isomer of each pair contains 
the galloyl function at the 6” position of either glu- 
cose (1,5 and 9) or galactose (3,7 and 11) while the 
other consists of the 2”, 3” or 4”-galloyl analogue 
(2, 6, 10 and 4, 8, 12). 

Since completion of this work, the NMR spectra 
of phenyl galactoside gallates and two flavonol 
galactoside gallates have appeared in the litera- 

ture. The NMR spectrum of tellimoside closely 
resembles that published [13] for quercetin 3-0- 
(6”-galloyl)-fl-D-galactoside. The reported deshi- 
elding effect of the galloyl function on the C-6” 
geminal sugar protons resulted in a downfield shift 
of ca 0.75 ppm in support of the present assign- 
ment for tellimoside. Comparison of chroma- 
tographic mobilities and resistance to p-glucosi- 
dase for quercetin 3-O-(6”-galloyl)- and -@“-gal- 
loyl-P-D-galactoside [ 131 are in complete agree- 
ment with formulations 7,and 8 for the isomeric 3- 
0-(galloyl) galactosides in this study. 

The occurrence of flavonoid glycoside gallates in 
Tellima grandiflora (tribe Saxifragoideae-Saxifra- 
gaceae) increases to three the number of families in 
which they are known. Quercetin 3-O-(6”-galloyl)- 
/I-D-galactoside (7) and the 2”-galloyl isomer (pos- 
sibly 8) have recently been found [13] to occur 
in Euphorbia platiphyllos and E. verrucosa (Euphor- 
biaceae), respectively. A gallate ester of naringenin 
7-0-glucoside (prunin) has been isolated from Aca- 
ciufarnesiana (Leguminosae) [ 141 and shown to be 
narignenin 7-O-fi-o-[6”-O-galloyl]-glucopyrano- 
side [15]. In the Saxifragoideae, 2’- and 6’-galloyl 
arbutin occur in the leaves of Bergenia species 
along with gallic acid esters of flavanols [ 161. Ber- 
genin, thought to be biosynthetically derived from 
2’-galloyl glucose, is not uncommon in the tribe 
[17]. In addition, hydrolysable tannins composed 
of glucose, gallic and hexahydroxybiphenic acid 
have been detected in Tellima grandijlora in these 
laboratories (unpublished data). A survey of the 
tribe for bound forms of gallic acid is currently un- 
derway. 

EXPERIMENTAL 

NMR spectra were recorded on Varian HA-100, XL-100 and 
HR-220 instruments using TMS as an internal standard. UV 
spectra were determined according to Mabry rr al. [2]. IR spec- 
tra were obtained using KBr disks. A Kofler hot stage appar- 
atus was used to determine mp (uncorr). 

Plant material. Flowering plants of Tellima grandijora 
(Pursh) Dougl. were collected near the campus (UBC) in early 
June and partially air-dried. Voucher specimens have been de- 
nosited in the University of British Columbia Herbarium. 

Extraction and chrokatography. Acylated flavonoids were 
obtained bv 2 nrocedures. The first is described in Ref. rl]. The , L 

second procedure involved TLC of the initial EtOAc fraction 
directly without preliminary column fractionation. TLC purifi- 
cation involved repeated bandings using the solvent systems de- 
scribed [l]. Solvent 5, the butyl acetate based system, was used 
only for analytical purposes after difficulty was encountered in 
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elution of the compounds from the gel. The relative amounts 
and chromatographic properties of the acylated flavonol glyco- 
sides are summarized in Table 1. 

LTV spectra. The 3 groups of spectroscopically identical 
compoundsexhibited thefollowing spectral prdperties: Group I 
(ie. compounds 14) I,,, nm (MeOH) 267, 290s. 352; (+ AICI,) 
275. 300, 402; (f AICI,/HCI) 275. 300, 350. 400; (+ NaOAc) 
275, 315, 384: (+ NaOAciH,BO,) 268, 29X, 355; (+ NaOMe) 
266. 326, 405. Grotm II (i.e. 581 L.... nm (MeOH) 259s. 266. 
291s, 360; (+ AI’&)’ 278, 308s. 439’l’i; AICI,;.HCI) 272, 304s. 
367, 404; (+ NaOAc) 274, 318, 402; (+ NaOAc!H,BO,) 264. 
296, 382; (+ NaOMe) 270. 327. 409 decomp. Group 111 (i.e. 9- 

12) &,, nm (MeOH) 267, 293s. 264; (+ AICl,) 276, 302s. 
442; (+ AlCI,/HCI) 274, 302, 374, 410: (+ NaOAc) 272, 320. 
425; (-t NaOAq’H,BO,) 266. 290s. 390; (+ NaOMe) 270, 330 
decomp. 

Acid hydrolysis. Total acid hydrolysis was performed using 
0.1 N HCI at 100 for 90 min. Partial acid hydrolysis was car- 
ried out with 0.1 N HCl for various time periods at 100’. Hyd- 
rolyzates were cooled then passed through a short column of 
polyamide SC-6 and eluted with I-1,0 to remove the sugars and 
the HCI. The Aavonol aylycone. or glycoside in the case of par- 
tial hydrolyses. and gallic acid were recovered from the column 
by elution with SO”;, MeOH containing several drops of cone 
HOAc. 

Ident$cation of hydrolysis products. The sugar HCI eluate 
was neutralized using Ri,N-dioctylmethylamine [IS]. Identifica- 
tion of the sugars was based on co-chromatography (TLC. Avi- 
ccl, EtOAc-Pyr--H,O 67:20: 13 and EtOAc-HOAc- HCOzH 
Hz0 68: 12:4: 16). and on colour reactions with spray reagents 
p-anisidine phthalate and diphenylamine-phosphoric acid. Fla- 
vonol aglycones were identified by co-chromatography (TLC. 
polyamide DC-6.6, C,H,,- MeOH -MeCOEt-HZ0 55: 20: 23: 2 
and toluene-EtOAc~-EtOH, 2: I : 1) and by spectroscopic pro- 
cedures 121. Gallic acid was identified by co-chromatography 
(TLC, Avicel. HZO-HOAc 94:6 and i-BuOH~~HOAc~~H20 
14: I : 5). and colour reaction with diazotired p-nitroaniline. 
Galloyl sugar esters were located bq short wave UV. diarotired 
p-nitroaniline and/or p-anisidine phthalate. Further hydrolysis 
of the esters was carried out using 0.1 N HCI at 100 for 90 min 
followed by identification of gallic acid and the sugar com- 
ponents as described above. 

Alkaline hydrolysis. Alkaline hydrolysis was carried out with 
0.05 N NH,OH in 50”;, MeOH at room temp for various time 
periods from 10 to 60 min. Neutralization was effected by remo- 
val of NH,OH iti ~~cuo at 20 on a rotary evaporator. 

En~yinatic hydrolpis. /i-Glucosidase in @05 N acetate buffer, 
pH 5.1 was incubated with an aq soln of the flavonol glycoside 
at room temp for 24 hr. 

Tellijnosidr. [Quercetin 3-O-(6”-galloyl)-8-I~-glucopyrano- 
side]: pale yellow needles from cold HZO, mp I99 200’. IR 1’::: 
3350, 1700, 1658.1610, 1567, 1506. 1449, 1360, 1302. 1272. 123X. 
1203, 1169, 1084. 1038. 1010, 930. 876. 815. 767cm-‘. NMR 
6 ppm 100 MHz: acetone-d, 7.73. 7.66~ (H-2’, H-6’) 7.05~ (gal- 
loyl H-2”‘/6”‘) 6,85d, J 8 H7 (H-5’) 6.4X(/, .i 2 Hz (H-X) 6.2711. J 
2 HZ (H-6) 5.34d. .I 7.5 H7 (H-l”) 4.432 (glucosyl protons + 
H,OI. 

Pertrimeth!,lsil!,lte/limoside. NMR Bppn, 100 MHz: Ccl, 
74q, J 2 Hz. 8 Hz (H-6’) 7.32d J 2 Hz (H-2’) 7.18.~. (galloyl H- 
2”‘/6”‘) 6.70d, J 8 Hr (H-5’) 6.4Od. J 2.5 Hz (H-X) 6.14tl. J 2.5 Hz 

(H-6) 5.79d, J 7.5 Hz (H-l”) 4.41d, J 12 Hz (H-6:) 4.OXd, J 12 H7 
(H-6”) 3.72 3.32 (4 glucosyl protons). 220 MH7: Ccl, 7.36q. J 
2.0 Hz. X.0 Hz (H-6’) 7.29d. J 7.0 Hz (H-2’) 7,14\ (galloyl H-2”‘, 
6”‘) 6.65d, J X.0 Hz (H-5’) 6.36d, .I 2.5 Hz (H-8) 6.12d. J 2.5 Hz 
(H-6) 5.71~1, J 7.5 Hz (H-l”) 4.38tl. J I7 Hz (H-6:) 4.03d. J 12 Hr 
(H-6”) 2 3.5 (3 glucosyl protons) 3.41~~ J 2 7 HT. X Hz (H-7”). 
100 MHz: C,H,-d, 7.85;). J X.5 Hz. 2.0 H7 (H-6’) 7.52,s (galloyl 
H-Z”‘!h”‘i 6.72d. J X.5 Hz (H-5’) 653d. J 2.5 Hz (H-8) 643d. J 
2.5 H7 (H-6) 6,21d, J 7.0 Hz (H-l”) 4.604. J 17 Hz. 1.5 tl/ (H-6:) 
4,27q, .I 12 HL. 4.5 Hi (H-6”) z 3.X (3 plucos~l protonsl 3.52111 
J 2 7 Hy, 8 H7 (H-2”). 
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