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Abstract-A chemical exammation of the aqueous fraction of Douglas fir (Pseudotsuga menzlesu) inner bark has led to 
the isolation and characterization of the novel compound eplcatechm 7-0-/I-D-glucopyranoside. Also Isolated and 
identified were phloroglucmol I-0-j?-D-glucopyranoslde, catechm 7-0-fi-D-glucopyranoside, catechm 4’-O-/?-D- 
glucopyranoside, 3’-0-methyleplcatechm 7-0-/3-D-glucopyranoside, dlhydroquercetm 3’-0-j?-D-glucopyranoside, di- 
hydroquercetin 7-0-/3-D-glucopyranoside and dlhydrokaempferol 7-0-fl-D-glucopyranoside. 

INTRODUCTION 

Douglas fir [Pseudotsuga menzlesit (Mirb.) France] is a 
valuable timber tree that is abundant in the Pacific 
Northwest of the United States. The economy of this 
region, and particularly of the state of Oregon, IS largely 
derived from exploitation of this resource In Oregon 
alone, ca three milhon tons of Douglas fir bark are 
generated annually as waste, and this causes considerable 
disposal problems for the forest mdustrles [l] As part of 
a program of evaluating this waste bark for commercial 
utdizatlon, several chemical mvestigatlons have been 
conducted, particularly by Kurth and co-workers [2-51. 
The present study is an extension of that evaluation, but it 
emphasizes the polyphenohc glycosldes, some of the 
rarer, low M,, water-soluble constituents that have often 
been neglected m other studies. Of particular interest are 
the flavan-3-01 glycosides, which have been almost un- 
known until recently, although their aglycones are widely 
distnbuted in the plant kingdom and are almost mva- 
riably accompamed by the proanthocyanidms, their 
higher oligomers 

RESULTS AND DISCUSSION 

The polyphenohc glycoslde fraction was obtained by 
column chromatography with Sephadex LH-20 of the 
aqueous portion of the mner bark extract using 
methanol-water (1 1) as eluent. Initial separation of the 
glycosides was effected on an MCI-gel CHP-2OP column 
with methanol-water (3 7), and final purlficatlon mto 
compounds l-7 was achieved by repeated chromato- 
graphy over Sephadex LH-20 using ethanol-water (3.17) 
as solvent 

Compound 1 exhibited an orange to red colour on 
TLC when sprayed with vamllin-HCI solution Its 
1 3C NMR spectrum showed carbon signals characteristic 
of a flavan-3-01 with the hydroxylation pattern of the 
phloroglucmol A-ring and the catechol B-ring [6] The 
upfield position of the C-2 chemical shift (6 80.1) sugges- 
ted that the flavan possessed the 2,3-CIS configuration 
This was supported by the ‘HNMR spectra, which 

showed minimal couplings (< 1 Hz) between the H-2 and 
H-3 protons In addition, the presence of six carbon 
signals m the aliphatlc region indicated a hexose moiety. 
Mild hydrolysis wtth /I-glucosldase yielded glucose and 
eplcatechm, respectively. Thus the glucose was of the p- 
configuration, and this assignment was supported by the 
downfield posltlon of the anomeric carbon (6 102 4) of the 
sugar moiety. Comparmg the flavan carbon resonances of 
1 with those of eplcatechm showed that all maJor differ- 
ences m chemical shift values were restricted to the A-ring 
carbons. The largest of those differences was ascribed to 
the downfield shift (+ A2.1 ppm) of the C-4a resonance 
and the associated smaller downfield shifts of the C-6 and 
C-8 resonances The fact that these ‘para’ and ‘o&o’ shift 
effects were caused by glycosidation [7] unambiguously 
defined the site of glycosldatlon as the 7-O. Fast atom 
bombardment mass spectrometry (FABMS) of 1 showed 
an [M -H] _ ion peak at m/z 451, and this confirmed Its 
chemical constltutlon as eplcatechm 7-0-b-D-glucopyr- 
anoslde, a new natural product among a limited class of 
epicatechm glycosldes which have only recently been 
described [8,9] 

Compound 2 yielded glucose and a flavan on mild 
treatment with j-glucosldase. The close structural siml- 
larlty of 2 and epicatechm 7-0-/?-D-glucopyranoside was 
readily apparent from their NMR spectra. The presence 
of an additional methyl moiety m 2 was evident from a 
carbon chemical shift at 656.4, which indicated that one 
of the flavan hydroxyls was methylated This constltutlon 
was corroborated by FABMS, which showed an ion peak 
corresponding to [M -HI- at m/z 465. As the chemical 
shifts of the A-ring carbons were practically identical to 
those of 1, It could be assumed that the sugar moiety m 2 
was attached to the 7-posltlon and that the methyl was at 
3’- or 4’- A considerable upfield shift of the resonance 
(61119) of one of the methine carbons ortho to the 
oxygenated carbons also supported the assumption that 
one of the hydroxyl groups m the B-ring was methylated 
[9]. The structural assignment was resolved by consider- 
ation of the effect of methylatlon on the two carbons para 
to the possible methylatlon sites, namely the C- 1’ and C- 
6’ Comparison of the B-ring carbon resonances with 
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Table 1 ‘TNMR chemical shifts (ppm) of dlhydrollavonols and their glycosldes m CD,OD 
___- 

Aglycone moiety 

Compound* C-2 C-3 c-4 C-5 C-6 C-7 C-8 C-4a C-8a 

D!h)dJWp!XEftm 84 8 73 5 198 I l-64 I 97 3 lw? 4 963 l-0 I~ I IL65 0 

4 X4? 73 5 !R84 L44 4 914 1~68 I 964 101-9 !L65 3 

7 85 1 73 7 199 2 I646 98 3 I671 970 UT? 4 I64 I_ 

D!hydrokaempferol 85 0 73 7 198 4 l-64 6 97 5 IL68 8 964 101~1) 16 i 

8. 45. !. 73 7 1-w 2 I.64 2 98.1 I.67 3 970 InI E 1.64 7 

*See text for full names of numbered compounds 

those of 1 and Its aglycone showed that C-l’ was un- 
affected, whereas C-6’ had shlfted downfield by 1 2 ppm. 
This indicated that methylatlon IS present at C-3’ [7,9]. 
The structural assignment was further supported by 
2D NMR studies usmg correlation spectroscopy (COSY), 
which showed long-range couphngs between the meth- 
oxyl protons and the only meta-coupled H-2’ Compound 
2 was therefore ldentlfied as 3’-O-methyleplcatechm 7-0- 
fi-D-glucopyranoslde (also known as slmplocoslde), a 
compound Isolated once before from a BrazIlian medlci- 
nal plant, Symplocos unrfiora (Pohl) Benth [lo] Com- 
pounds 1 and 2 represent the only two examples of 
naturally occurrmg A-rmg 0-glycosldes of eplcatechm, 
although 3-O- and C-glycosldes of eplcatechm have been 
recently described [8] 

Compounds 3 and 4 were also flavan glycosrdes with 
the same hydroxylatlon patterns as 1 and 2 The down- 
field position of the C-2 chemical shifts observed m the 
13C NMR spectra of 3 and 4 mdlcated that the flavan 
moletIes possessed the 2,3-trans configuratlon [6]. This 
was also apparent m their proton couplings (J = 7 6 Hz) 
between the H-2 and H-3 Treatment of both compounds 
with /I-glucostdase ylelded glucose and catechm, which 
indicated that the hexose was glucose with the /3-configur- 
atlon, as was also indicated by the downfield posItIons of 
the anomertc carbon chemtcal shifts. FABMS showed an 
[M-H]- ion peak at m/z 451 for both compounds, 
which confirmed their catechm glucoslde constltutlon 
Compounds 3 and 4 were therefore considered to be 
regloisomers that dlfl& only m the posItIon of-giucosl- 
d&Ion Comparison of- the Havan carbon chemlcaf shlfl 
values of 3 with those of catechm showed that slgmficant 
chfferences were confined to the A-rmg carbon resonan- 
ces. The largest of those differences was the C-4a, whose 
downfield shift to 6103 6 was consistent with the occur- 
rence of glycosldatlon at the parn posItIon to C-4a or at 
7-O This assignment was also supported by the assocl- 
ated, smaller downfield shafts of the C-6 and C-8, which 
were ortho to the site of glycosldatlon Compound 3 IS 
therefore catechm 7-0-/I-D-glucopyranoslde, recently ISO- 
lated from Schizandra mgra Max [I l] and Rheum species 
[12]. In contrast, major differences between the chemical 
shift values of 4 and those of catechm were locahzed m the 
B-ring carbon resonances The most pronounced dlffer- 
ence was attributed to the C-l’, which had shifted down- 
field by 4.2 ppm from the correspondmg carbon in cat- 
echm. Thus glucosldation has occurred m the para pow 

tion to C-l’, and 4 IS therefore catechm a’-o-/?-D-gluco- 

pyranoside, a metabohte also ldentlfied in the Rheum 
speaes [ 121 

Compound 5, wfnch exfublted fugh mobility on ceiiu- 
lose TLC, gave an orange to red colour when the TLC 
was sprayed with vamllm-HCl solution. Both the ‘H and 

the 13C NMR spectra of 5 were consistent with those of a 
phenohc glycoside. Two downfield carbon resonances 
(61609 and 2x 160.1), attributed to three oxygenated 
carbons and three upfield methme carbon resonances 
(S 98.0 and 2 x 96.7), were observed together with the 
hexose carbon resonances m the ahphatlc region In 
addition to the hexose protons, the ‘H NMR spectrum of 
5 showed two sets of mutually meta coupled protons 
which Integrated for one proton at 6 5 93 (J = 2 1 Hz) and 
for two protons at 6 6.06 (.I = 2 1 Hz) This IS consistent 
with the aglycone moiety bemg phloroglucmol Mild 
hydrolysis of 5 with /I-glucosldase ylelded glucose and 
phloroglucinol, which confirmed that the compound was 
phloroglucmol 1-O-/I-n-glucopyranoside This chemical 
constltutlon was supported by FABMS studies, which 
showed an [M-H] Ion peak at m/‘z 287 Phloroglucmol 
I-0-p-D-glucopyranos~de (also known as phlorm) has 
also been reported m Cornus caprtata Wall (subgen 
Benthamm Lmdl.) [13] and Clslus luur~o~~ollus [14]. 

Compounds 6 and 7 were structurally slmdar and were 
readily Identified as dlhydroflavonol glycostdes [15-171 
from their ‘H and 13C NMR spectra (Table 1) The large 
H-2 and H-3 couphng constants (J = 11 7 Hz) observed m 
their ‘HNMR spectra mdlcated that both compounds 
possessed the common 2,3-trans stereochemlstry [ 16, 171. 
Enzymlc hydrolysis of 6 and 7 with /Gglucosldase ylelded 
glucose and dlhydroquercetm, which mdlcated that both 
compounds are dihydroquercetm glucosldes that differ 
only m the posmon of glucosldatton 

Comparison of the carbon chemlcai shifts of 6 with 
dihydroquercetm (Table 1) mdlcated that the myor dif- 

ference between 6 and Its aglycone was m the B-rmg, and 
this ilrnlled the site ofgiucosld%tlon to either the Sor the 
4’ posltlons. This was also supported by UV absorption 
studies m which the main band at 287 nm was shlfted to 
326 nm on addition of sodmm acetate The effect of 
glucosldatlon on the two carbons para to the possible 
glucosldatlon sites showed that C-6’ had shlfted down- 
field to 6 124 7, whereas C-l’ was only margmally affected. 
Thus, 6 IS dlhydroquercetm 3’-O-/I-D-glucopyranoslde, 
which has also been Isolated from the needles of Pmus 
syluestrrs [ 181 

In contrast, the carbon resonances of the aglycone of 7 
dlffered from those ofdlhydroquercetrn only m the A-rmg 
carbons, the most apparent difference bemg the C-4a 
resonance, which had shlfted downfield to S 103 4 The C- 
6 and C-8 resonances of 7 had also shlfted downfield with 
respect to those of dihydroquercetm, a result of the ortho 
effects slmdarly observed m the 13CNMR spectra of 1 
and 3 Compound 7 is therefore dlhydroquercetm 7-O+- 
D-gfucopyranosldc l%e site of giucosldatlon was cor- 
roborated by UV spectroscopy as the mam band at 
286 nm was unaffected by the addltlon of sodmm acetate 
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Sugar morety 

C-l’ c-2 C-3’ c-4 C-5’ C-6 C-l c-2 c-3 c-4 c-5 C-6 

129 I 1161 146 1 1469 115 9 1209 

1300 118.3 1465 1490 1169 1247 104 1 149 78.4 715 77 6 62.6 

1296 1.140 1.46 2 1.47 I. 1.1.6 1. I_?_. 0. L&l 2 74.6 74. !. 7.1. 1 77 7 423. 

1294 1304 1163 1592 1163 1304 

129 1. IM 4. 1.119 l_sJ 2 IL-6 2 mL4. LO11 I 74 4. 74.2 7.1. 1 7.7. 7 423. 

GlcO R’O 

1 R=H 

2 R = Me 

HO 
OH 

solution. Dihydroquercetin 7-O-/?-D-ghrcopyranostde 
has recently been Identified in Podocarpws niualis [19] 
and in Hungarian sorghum [20]. 

The ‘H and r3C NMR spectra of 8 indicated that rt is 
another dihydroflavonol glycosrde with the common 2,3- 
tram stereochemrstry and the phloroglucinol A-ring oxi- 
dation pattern. The B-ring carbon chemical shifts showed 
two pairs of degenerate carbons at 6 116.2 and 130.4 and 
an oxygenated aromatic carbon at 6 159.2, characterrsttc 
of a para-substituted hydroxylated benzene ring. This was 
supported by the observatton of a pan of two-proton, 
ortho coupled doublets (67.41, J=8.6 Hz; 66.82, .I 
= 8.6 Hz) artsmg from two paus of degenerate protons 
(H-2, H-6’ and H-3’, H-S’, respectively) which were 
characteristic of a para-substituted benzene ring. Com- 
parmg the “C NMR of 8 with that of drhydrokaempferol 
showed the same type of downfield shifts that were 
observed for the C-4a and the associated C-6 and C-8 as 
encountered earlier in 1,2,3, and 7 The site of glucostd- 
ation was further supported by UV evidence, since the 
main 283 nm band was unaffected by addition of base. 
Thus, 8 is dihydrokaempferol 7-O-/?-D-ghrcopyranostde, 
reported previously m Podocarpus hallrr and several other 
plants [19]. 

EXPERIMENTAL 

IR spectra were recorded on KBr pellets Analytical TLC was 

performed on Schletcher and Schuell cellulose with t- 

BuOH-HOAc-H,O (3.1 1, solvent A) and HOAc-H,O (3:47, 

solvent B). FABMS was done with Kratos MS-SOTC mass 

3 R’ = Glc, Rr = H 

4 R’ = H, R2 = Glc 

OH 

R’O 

R= 

6 R’ = H, Rz = OGlc 

7 R’ = Glc, R1 = OH 

8 R’= Glc,R*= H 

spectrometer with samples drssolved m a matrix of a 5: 1 mrxture 

of drthrothrertol and dtthroerythrttol (Magic Bullet) 

Extraction and mlatm Fresh mner bark (1 kg) of a 120-year- 

old Douglas fir was extracted exhaustively wrth MeOH, and the 

combmed extract coned on a rotary evaporator under red. pres 

The restdual extract was diluted with H,O, and the resulting aq. 

extract exhausttvely washed, first wtth hexane and then wtth 

EtOAc, before freeze-drying, which yrelded a fluffy brown solid 

(48 g) A portton of thus solid (40 g) was applied to a Sephadex 

LH-20 column (5 x 25 cm), and the column washed wtth 

MeOH-H,O (1 1) to yield a carbohydrate fractron (190 g), a 
flavanotd glycostde fraction (2 2 g), and an ohgomertc pro- 

cyamdm fraction (9 0 g) The Bavanord glycostde fractron was 

worked-up by repeated CC, first alternating between MCI CHP- 

20P 75-150~ gel (MeOH-H,O, 3.7) and Sephadex LH-20 

(EtOH-H,O, 1.1) and finally with Sephadex LH-20 

(EtOH-H,O, 3 17) to yield chromatographrcally homogeneous 
products 

Enzymtc hydrolysis was performed by dtssolvmg a small 

sample of the glycosrde m H,O wtth a small amount of chro- 

matographtcally purified /I-glucostdase After 3 hr at ambient 

temp., the solutton was freeze-drred and the products extracted 
wtth MeOH The MeOH-soluble portion was analysed by 

cellulose TLC, solvents A and B were used to detect aglycones, 

and n-BuOH-pyrrdine-Hz0 (4 4 3) was used to detect glucose. 

Epmtechw7-0-fi-D-ghcopyranostde (1) was freeze-dried to 
an almost colourless solid (4 mg), [alsss - 61” (MeOH, c 0 l), R, 

0 25 (A) and 0.60 (B) vmpI (cm -‘): 3437 (b), 1625, 1521, 1443, 

1360, 1164, and 1075 ‘%NMR (ppm, MeOH-d,): 29.4 (C 4), 

62.5 (C 6”), 67 3 (C 3), 71 4 (C 4”), 74.9 (C 2”), 78.1 (C 3”, C S’), 

801(C2),974(C8),976(C6),1024(C1”),1029(C4a),1154(C 
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2'), 115 9 (C 5'), 119 4 (C 6'), 132 1 (C 1'), 145.8 (C 3'), 146 0 (C 4'), 
1580(C8a),  1584(C7)  1HNMR(MeOH-d4)  2 7-30(2H,  m,H- 
4), 3 35--3 50 (4-H, m, H-2, H-3, H-4, H-5 of sugar), 3 70 (IH, dd, 
H-6a of sugar), 3 88 (1H, dd, H-6b of sugar), 4 20 (1H, brt, H-3), 
4 7 -50  (br - O H  obscuring H-2 of aglycone and anomenc 
proton), 6 20 (2H, brs, H-6, and H-8), 6 70--6 83 (2H, m, H-5', H- 
6'), and 695 (IH, d, H-2') 

3'-O-Methyleptcatechm-7-O-fl-D-qlucopyranostde (2) was fre- 
eze-dried to a colourless sohd (50 mg), [~]589-66  ° (MeOH, c 
0 2), R e 0 48 (A) and 0 63 (B) v.,.~ (cm - ~ ) 3430 (b), 1625, 1609, 
t520, 1463, 367, 1278, 1200, 1154, 1143, 1079, and 1031 
~ZCNMR (ppm, MeOH-d,~) 294  (C 4), 564 ( - O M e ) ,  62 5 (C 
6"),67 3(C 3),71 3(C 4"), 74 9(C 2"), 78 1 (C Y'), 78 2(C 5"), 80 0 
(C 2), 97 0 (C 8), 98 5 (C 6), 102 5 (C t"), 102 6 (C 4a), I 11 9 (C 23, 
1157 (C 5'), 1206 (C 6'), 132 1 (C 1'), 1470 (C 4'), 1486 (C Y), 
1571 (C 5), 1578 (C 7), 1584 (C 8a) t H N M R  (MeOH-d4) 
2 8-3 0 (2H, m, H-4), 3 30-3 45 (4H, m, H-2, H-3, H-4, and H-5 of 
sugar), 3 72 (IH, dd, H-6 sugar), 3 80 (3H, s, - O M e ) ,  3 88 (1H, 
brd, H-6 sugar), 415 (IH, brt, H-3), 480  (2H, m, H-2 and 
anomenc proton), 6 05 (1 H, d, H-6), 6 20 ( 1H. d, H-8), 6 77 (1 H, d, 
H-5'), 690 (1H, dd, H-6'), 7 10 (1H, d, H-2') 

Catechm-7-O-fl-D-qlucopyranomde (3) was freeze-dried to a 
cotourless sohd (15 rag), [~]~ao-40~' (MeOH, cO 1), R e 045 (A) 
and 070  (B) Vm, . (cm - l )  3444, 1624, 1519, 1442, 1364, 1285, 
1166, 1105, 1076, and 1047 a3C NMR (ppm, MeOH-d4) 28 5 (C 
4), 62 5 (C 6"), 68 6 (C 3), 71 3 (C 4"), 74 8 (C 2"), 78 0 (C Y', C5"), 
829(C 2), 96 9 (C 8),97 4(C 6), 102 2 (C 1"), 103 6(C 4a), 115 3(C 
2'), 116 1 (C 5'), 120 0 (C 6'), 132 1 (C 1'), 146 2 (C 3', C 4'), 156 8 (C 
7), 157 5 (C 5), 158 6 (C 8a) 1H NM R (MeOH-d,~) 2 5 2 9 (2H, m, 
H-4), 3 37 3 48 (4H, m, H-2, H-3, H-4, H-5 of sugar), 3 70(IH, dd, 
H-6a of sugar), 3 80 (1 H, dd, H-6b of sugar), 3 95 (H, m, H-3), 4 60 
(IH, d , J = 7 4  Hz, H-2),4 81 (lH, d , J = 7  3 Hz, anomenc H), 6 15 
(lH, d , J = 2 2  Hz, H-6), 6 19(1H, d , J  = 2  2 Hz, H-8),6 72(1H, dd, 
H-6'), 6 76 (1H, d, J = 8  1 Hz, H-5"), 682 (IH, d, J =  1 94 Hz) 

Catechm 4"-O-fl-D-glueopyranostde (4) was freeze-dried to a 
colourless sohd (35 mg), [~]~s9 - 3 8 "  (MeOH, c 0 1), R e 048 (A) 
and 050  (B) Vm~ . (cm -1) 3420, 1624, 1513, 1448, 1277, 114-3, 
1103, 1071, and 1048 13CNMR (ppm, MeOH d,~) 283 (C 4), 
62 4 (C 6"), 68 8 (C 3), 71 3 (C 4"), 74 8 (C 2"), 77 6 (C 3"), 78 3 (C 
5"), 82 4 (C 2), 95 5 (C 8), 96 4 (C 6), 100 8 (C 4a), 104 3 (C 1"), 
1158 (C 2'), 1186 (C 5'), 1199 (C 6'), 1364 (C 1'), 1465 (C Y), 
148 3 (C 4), 157 6 (C 5, C 7), 157 8 (C 8a) IH NMR (MeOH-d4) 
2 40-2 90 (2H, m, H-4), 3 37 3 50 (4H, m, H-2, H-3, H-4, H-5 of 
sugar), 3 70 (IH, dd, H-6a of sugar), 3 87 (1H, dd, H-6b of sugar), 
400  (IH, rn, H-3), 462 (1H, d, J = 7 4  Hz, H-2), 470 (IH, d, J 
= 7  3 Hz, anomer~cl-I),586(tH, d,J=2 1 Hz, H-6), 5 92(1H, d , J  
= 2 1 Hz, H-8), 6 82 (1 H, dd, H-6'), 6 89 (I H, d, J = 2 0 Hz), 7 17 
(1H, d, J = 8  5 Hz, H-5') 

Phloroglucmol l-O-fl-D-qlucopyranostde (5) was freeze-dried to 
a powder (6 rag), [~]_ss9-43 ~ (MeOH, ~ 00l) ,  R~ 040  (A) and 
080  (B) v.,~ (cm-1) 3430, 1613, 1522, 1452, 1366, 1284, 116l, 
1075, and 828 ~3CNMR (ppm, MeOH-d,,)  62 5 (C 1"), 71 3 (C 
4"1, 74 9 (C 2"), 78 0 (C 3"), 78 1 (C 5"), 96 7 (C 2, C 6 of aglycone), 
98 0 (C 4 of aglycone), 102 I (C 1"), 160 1 (C 3, C 5 of aglycone), 
and 1609 (C 1 of aglycone) ~HNMR (MeOH-d,~) 337-348 
(4H, m, H-2, H-3, H-4, H-5 of sugar), 3 70 (1 H, dd, H-6a of sugar), 
3 88 (1 H, dd, H-6b of sugar), 4.70 (1 H, d, J = 6 9 Hz, anomenc H), 
5.96 (IH, d, H-4 of agtycone), and 607 (2H, d. H-2 and H-6 of 
aglycone) 

Dlhydroquercetm-3'-O-fl-D-qlucopyranoszde (6) was freeze- 
dried to a sohd ( 11 rag), [~] ss9 - 26° (MeOH, c 0 3), R~ 0 67 (A) 
and 0 58 (B) ,,~ot~ (nm) 287, 335 (sh), (NaOAc) 285, 326 (major 
band), (AICI3) 314, 378, (AICIa-HCI) 311,378 Vm, ~ (cm- 1) 3433, 
1636, 1517, 1457, 1449, 1384, 1363, 1283, 1254, 1163, 1117, and 
1077 13CNMR (ppm, MeOH-d,,) see Table 1 I H N M R  
(MeOH-d.,) 3 35-3 53 (4H, m, H-2, H-3, H-4, H-5 of sugar), 3 68 
(1 H, dd, H-6a of sugar), 3 88 (1 H, dd, H-6b of sugar), 4 56 (1 H, d, J 

=11 5 Hz, H-3),4.83(1H, d, J = 7  3 Hz, anomenc H) ,498( IH,  d, 
J = l l  5Hz, H-2),588(IH, d,H-6),59(1H, d,H-8),6.88(IH, d,J 
= 7 6 Hz, H-5'), 7 09 (1 H, dd, H-6), 7 37 (1H. d, J = 1 9 Hz, H-2') 

Dlhydroquereetm 7-O-fl-D-Olucopyranoslde (7) was freeze- 
dried to a colourless sohd (33 mg), [~t] ss9 - 4 8  " (MeOH, c0.2), R~ 
0 50 (A) and 0 50 ( B ) ) . ~ o n  (nm). 286, 320 (sh), (NaOAc) 286, 320 
(sh), (AIC13) 310, (AICI3-HCI) 288, 308 v.,,~ (cm - 1) 3437, 1639, 
1576, 1525, 1450, 1365, 1287, 1200, 1173, 1092, 1074, 1029, 986, 
and 779 13CNMR (ppm, MeOH-d,,)  see Table I I H N M R  
(MeOH-d,.) 3 35-3 55 (4H, m, H-2, H-3, H-4, H-5 of sugar), 3 66 
( l H, dd, H-6a of sugar), 3 87 ( l H, dd, H-6b of sugar), 4 54 ( I H, d, J 

11 7 Hz, H-3), 597 (1H, d, H-6~, 600  (IH, d, H-8), 660  (d, J 
=8  0 Hz, H-5'), 6 65 (1H, dd, H-6'), 6 77 (1H, d, H-2') 

O~hydrokaempferol 7-O-fl-r3-qlucopyranos~de (8) was freeze- 
dried to a colourless sohd (23 mg), [a]589 - 33~ (MeOH, c 0 2), R~ 
0 60 (A) and 0 75 (B)).~oH (nm) 283, (NaOAc) 283, (AICI3) 311, 
(AICI3-HCI) 288, 309. Vm~ ~ (cm-~) 3423, 1636, 1520, 1450, 1286. 
1247, 1204, 1169, 1076, and 834 ~ 3C NMR (ppm, MeOH-d4) see 
Table 1 1H NMR (MeOH-d4) 3 37-3 50 (4H, m, H-2, H-3, H-4, 
H-5 of sugar), 3 67 (1H, dd, H-6a of sugar), 3 85 (IH, dd, H-6b of 
sugar), 458 (1H, d, J = l l  8Hz), 490 -505  (2H, m, H-2 and 
anomenc H), 6 17 (IH, d, H-6), 620 (IH. d, H-8), 682 (2H, d, J 
= 8 6 Hz, H-Y. H-5'), 7 35 (2H, d, J = 8 6 Hz~ H-2', H-6') 
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