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glycoside2 

The usefuloess of ‘% Nh4R my for llrvonoid 
aglycone structure analysis is well e!3tablisbed. Published 
work ioclu&s studks of lIavones,‘4 lIavoDols,‘” gilly- 
MvoMids,“” cllalcoW,W eavans,’ is@ 
aavolhes,“” bi&Wntoids’” and auronl!a,L tog&her with 
oc4+onal llavoooid glycosides.=” There i!? pnreotly 
good agreement between d&lent workers 00 tba? assiga- 
meat of signals, especially since the as&llmeots for Cb 
aadC-8,andC-~PadC-9m~hydroxyilavoao~hrvebeeo 
ckrilkd as a result of more intlqsive studks.z’.“.‘2 

Because flavonoid glyatsides are more important than 
aglycooes in nature, we initiated a systematic study of 
this class of natural products. 10 the present unn- 
munkatioo, the 13C NMR spectra of a wide range of 
natulauy occWiqt flavowid G-glycoskks and some 
acylated derivatives are presented and analysed to assess 
the uwfulDess of this tecboique for glycoside structure 
eluc*n. Comparability with previous work in this . 

basbeeomain~tIuuughtbeu!?eof 
EzWMimetbylsulpboxide as solveot. 

pglltT8AND- 
The glycoside spectra studkd here are preseoted in 

Tables1~2Tabklcontainsalistineoftbesignals 
assochd with the a&one portion of,eacll mokcuk. 
Assi$punentsweremadeprhrilybyonrlopywitbpm- 
vious studks.‘-’ For reference purpoWs sevarl of these 
aglyconcs and their metbykted derivatives are inch&d 
hthetabk.Oaed&uItyarisingwithtbehvohl3-, 
aud 3,7-G-&o&s is the near equivakoce of the c-2 
and c-9 sigmls. aod no attempt ha!3 been made to 
ditlereotiate between them in this study. 

It has recently been &own that the ox& 
carbons C-S and C-9 each give signals which bave dis- 
tilK%VC “C-‘II coupliq# in saydroxyhtal 

~vo&j&7.11.12 Accordingly. C-S has now been assigned 
the Iowa lkld signal (ca 161 ppm) amI C-9 the higher 
(co. 157ppm). represeat& a reversal of SOme earlier 
lISSigMNOtS.‘J Tlmc clureot aa&nmcots aptxar to be 

inconsistent with substituho effects observed on 
methylatioo of the 54H.’ However, the 54H is strongly 
H-bon&dtothe4ketofunctioointhcsecumpoundsand 
for this reasoo the signal of the adjaceot carbon would 
not ntXessarily obey “normaP substitutioo additivity 
ruks. hked in a comperabk case with 2-hydroxy- 
acetophenonc,itllasbeeoshowntbattlN%crulcsarenot 
applkabk to the C-2 s$nal whicl~ moves upfkld oo 
methyl&on of tbc 24H’ rath than downlkld as pre- 
dicted by the substitution ‘hks. 

Tabk2contahsrlistingoftbesignalsassociatedwitb 
the carbohydrate portion of the flavoooid glycosides. For 
tbc monoglycosides. assignments were basal 00 those 
prc~~,‘Lnade for monosacclmr+ and pLethy1 $y- 

The spectra of the dl- and bl~ycos&s 
were resolved either by “best lh” match& to ap- 
propriate monoMccharide spectn, or where possibk, 
w a comparative study of the simpler mono- or 
di-glycosides that coIlstitutc part of the structure. Thus 
for exampk, assignments in the spectrum of kacmpferol 
7-G-&coside-Ukutiaoriae were deduced by reference 
to the spectra of k8empferol7-G-glua~ide, kaempferol 
‘3,7di4+atM and’ Lsempferol 3-Wutinosifk. 
Glucose C-l sigh& in the spectra of tbc 3-G. 
ropbaoriaer aBd 74h?ohperidorides were assign4 
on the basis of previous work on various . . 
gluahsh Ian In some of t&e more complex spectra . 
accumteass@neotscouldnotbemadeforanumberof 
sigoals with similar chemical shifts. This limitation 
however, has not affected tbc conclusions reached in this 
communicatioo. 
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TLAVWlOID* 

'r APiFb” 

lb. A-7-4(. 

Ic A - 7-Ogld2-lhpiow 

3 Ld.dLa++ 

3& L-3'-o-glP 

3b. L-7-o-glu 

k. G7.3'-di-o-glu 

3d 65-o-g1U 

2 h.pf.rolJ 
h K-3-o-glu 
le. K-3&glU (2-1)giU 

k K-3-0-&111 (6-l) rha- 
24. K-7-O-glu (2-l) rha 
h. g-7-o-glu '3-O-61. 
21. K-7-O-gin 3-0~glo !O-ro> 

a. K-7-O-glu M-glci~2-l~glu~O-sin~poy 

p. K-7-O-glu 3-0-g1U(2-1)gh 

a. K-7-O-rha 3-O-&h 
. 

a. K-7-O-rlu 3-O-glu (OhI 

a. K-7-O-rh 3-O-glo (6-1lrha 

a. K-7-O-glo 

h K-7-O-glu 3-O-glu (6-1)~~ 

1. 

c 
40. 

da. 

46. 

40. 

Y. 

c 
4’. 

a 
4. 

4k 

Qlarcatinc 
<-3-O-glIl 

a-39-gal 

e-J-o-ga (6'-0-gdlo~l) 

e-3-O-uab 

Q-j-o-uab 

e-3-0-rhm 

e-4,-0-gh 

Q-3'-oH* f-o-gll 

e-y-ah 3-O-gin (6-1)rha 

e-4'-Oh 7-o-61~ (6-l)rh 

e-7.0~gltl 

T&k 1. "C NKRgpectn ofhvoooiddyddea 

164.1 103.0 181.7 161.2. 97.8 165.1 92~6 

164.4 '103.3 181.9 161.3' 98.8 462.8 95.0 

165.1 103.9 182.6 161.6 99.9 164.3 94.9 

164.1 103.4~ 181.7 161.4 99.0 163.5 94.1 

164.5 103.2 181.6 161.1 99.7 162.9 94.9 

164.0 103.6 181.8 161.1 99.6 163.0 95.0 

162.3 105.7 176.6 158.3. 104.3 161.3 98.1 

746.8 135.6 q75.9 760.7 98.2 163.9 93.5 

lY.3 133 777.4 q61.1 98.7 164.1 93.6 

156.4 133.1 in.5 161.2 98.6 764.0 93.6 

156.6' '133.5 177.5 161.3 98.8 164.2 93.8 

147.9 135.9 176.1 160.4 98.8 162.4 94.4 

156.1. 133.8 177.7 160.9 99.6 163.0 94.8 

156.0' 133.6 177.5 160.8 99.5 762.9 94.7 

m.8 733.4 in.4 s0.9 99.4 -62.0 94.5 

155.9 733.3 1n.s 1641.9 99.4 162.8 94.6 

796.0' 133.A ~7.6 160.9 99.4 16'1.8 94.5 . 

v6.0~ 133.6 777.5 160..9 99.5 161.8 94.6 

v&d 133.7 ln.6 160.9 99.4 161.7 94.6 

147.9 136.0 176.1 160.5 99.2 162.9 94.8 

'156.0' 133.7 177.6 W.9 99.7 162.9 94.9 

- 146.9 135.5 175.8 MO.7 98.2 763.9 93.3 

156.5 133.7 ~7.6 161.3 98.8 164.2 93.6 

156.3 133.8 777.5 161.2 98.6 164.0 93.4 

~6.3~ 133.7 177.4 161.2 98.8 164.1 93.6 

156.4' 133.5 '.ln.B 161.2 98.7 164.1 93.5 
156.3 134.0 1n.6 161.2 98.7 164.1 93.5 

156.4' 134.4 177.7 161.2' 98.6 164.0 93.5 

147.0"1%.5 176.3 161.0 98.7 164.3 93.9 

ly.2' 133.4 ln.5 '161.3 98.8 164.2 93.7 

1%.2' 133.3 in.3 161.2 98.7 164.0 93.7 

147.3 1%.3 176.1 160.4 98.9 162.8 94.5 

147.9 135.9 175.9 so.3 98.9 162.7 94.5 

1~6.2 133.9 177.4 161.2 98.6 164.0 93.3 

l%.p 134.5 177.8 161.4 98.7 164.1 93.6 

164.2 103.2 189.6 161.6 99.0 f64.2 93.9 

164.2~ 103.9 181.7 161.4 99.0 163.0~ 94.2 
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- 157.2 104.7 121.3 128.2 116.0 161.1' 116.0 128.2 pa 
157.0 105.6 121.3 128.5 116.1 161.2. 116.1 128.5 

~a.2 104.8 123.1 114.4 146.0 q49.a 117.0 120.1 

157.4 103.9. 121.1 115.3 145.6 ~50.9 116.6 i21.1 

156.9 105.5 121.6 113.7 145.7 149.7 116.1 119.0 

157.0 105.5 121.7 115.3 145.7 151.1 116.5 122.2 

158.4. 108.5 121.8 113.2 145.6 149.0 116.0 118.3 

156.2 103.1 i21.7 i29.j 11514 199.2 115.4 1:9.5 

156.3 104.1 121.0 130.7 115.0 159.8 115.0 130.7 

156.4 104.2 121.1 130.6 115.2 159.7 115.2 130.6 

q56.p 104.2 121.1 130.9 115.2 159.9 ‘115.2 130.9- 

155.9 ~4.9 121.6 129.5 115.5 159.4 115.5 129.5 

157.0. 105.9 120.9 130.9 115.2 160.1 115.2 130.9 

757.1. 105.7 120.7 130.6 115.0 160.0 115.0 130.6 

155.8 105.9 121.0 130.6 115.1 159.9 115.1 130.6 

155.9 '105.8 120.8 130.7 115.2 159.9 115.2 130.7 

156.8. 105.8 120.9 130.7 115.0 lti.0 115.0 130.7 

157.2. 105.7 '120.7 130.7 115.0 160.1 115.1 130.7 

157.1. l05.8 120.8 130.7 115.1 159.9 115.1 130.7 

156.0 105.0 121.7 129.6 115.6 159.4 115.6 129.6 

37.2. 105.8 12O.R 130.7 115.7 159.9 115.7 130.7 

156.2 103.1 122.1 115.3' 145.0 147.6 115.6' 120.0 

.156.5 104.2 121.4 115.3' 144.8 148.5 116.~~ 121.6 

156.3 104.0 121.3 115.2. 144.7 140.3 116.1 121.8 

~6.5~ 104.0 1~1.2~ 115.2' 144.7 148.4 116.~~ 1~1.8~ 

156.8' lO4.1 121.1b 115.6' 145.0 148.4 115.8' 121.6b 

156.3 104.1 121.2 115;4' 144.9 148.4 116.1~ 121.7 

157.0. 104.2 121.0 l15.Cb 145.1 148.3 115.'Jb 121.0 

156.7 103.5 125.8 wi.7 147.0' 146.4' 117.0 120.0 

156.4m 101.2 121.zb 113.9= 149.5 '147.1 115.30 122.lb 

156.4. 104.1 121.Zb 113.9' 149.5 147.0 115.p 122.4b 

155.8 W-4.8 123.4 115.2 146.3 149.6 112.4 119.9 

155.7 104.7 121.9 115.5' 145.0 '147.9 115.4' 120.1 

$6.2 
56.0 
55.8 

156.2 lti.~ 120.2 108.8 145.3 136.6 145.3 lo8.a 

157.4a 104.2 119.8 108.3 145.8 136.5 -45.11 108.3 

157.5 104.0 120.9 106.0 146.5 137.9 146.5 106.0 

19.4 lO4.8' 125.9 lbo.8 153.2 141.4 153.2 104.8 $1: 
"' . 

&emmed forlMsG.d, whtiom at 9s o&as hewise stud. 



T&k2"CNMKqectmdlhmoid 

OLoc461 
a-1 c-2 O-3 c-4 c-5 c-6 

FIAVOHOID OLIW8IDK+ 

k A-7-o-Klo(2-1)~pior 

=.t7_0_glr 

h. L3'-0-@ 

k. t7*3'-0-& 
n n (I 

u L-5-O-KlU 

h K-3-0-&1 

2b. K-3~-~.ht2-l)Klu 
n n II 

2s. K-3-O-Kid 6-1)rhm 
24. K-7-O-KldZ-lhh 
1. K-7-0+111 
h K-?-O-~ln 3-O-Kim 

” ” 0 

h. K-7-O-Kin 3-0~10(6-1)?lu 
1) I * 

II. K-7-031a 3-O-~ldO-Ao) 
* 0 * 

0 K-7-O-Klu ~K1U(2-1)4U(O-~E~pat1: 
I n ” 

oh K-i-O-‘10 3&Klo(Z-ljKl~ 
" * I 

* I * 

i K-7+rh 3-O-Klo 

1L K-7-O-rh J-O-#ldO-Ad) 

It K-7-o-rhm 3-O-~ld6-l)rhm 
I 0 * 

I I" 

* 

3' 

7 

3 

2" 

7 

5 

7 

3 

2" 

7 

3 

2" 

7 

3 

6" 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

99.7 76.6 76.6' 70.2 a.9 60.9 

00.4 73.3 76.6. 30.0 77.9 61.0 

02.4 73.4 76.2. 70.3 77.4. 61.2 

02.4 73.4 76.2. 70.4 77.4’ 61.2 

00.2 73.3 76hb 69.8 77.Zb 60.8 
04.3 73.6 75.8’ 70.1 77.4. 61.1 

01.4 74.2 76.9 70.1 77.2’ 61.0 

90.6 82.0’ 36.b 70.0b 76.6' 

103.6 74.3 76.p 70.5b 76.P 

101.5 74.2 76.5. 70.1 75.0. 

fl.4 n.3' n.1. 70.1b 76.P 

loo.5 73.4 76.9 70.1 77.9 

loo.3 73.3 76.6. 70.0b 77.3. 

101.3 74.4 76.6. 70.2b 77.4. 

m.7 73.2 76.6. 70.0b n.2. 

101.4 74.2 76.6' 70.2~ 76.0' 

61 .oc 
61.4’ 
66.9 
60.9 
61.2 
61 .O 
61 .o 
61 .O 
67.0 

loo.3 73.2 76.5. 70.0 n.1. 60.9 

101.3 74.1 76.4. 70.0 74.1 62.8 

loo.4 73.2 76.p 70.0~ n.0. 61.2O 

97.7 80.0 76.F 70.4b n.0. 61 .oc 

99.1 74.6d 74.1d 70.7b 76.7' 61 .o” 

loo.3 73.2d 76.4' 69.9' 77i2. 60.90 

98.4 82.1 76.6' 69.9b n.'z. 61.0~ 

103.6 74.3 76.6. 70.3b 76.6' 61.3’ 

101.5 74.3 76.5. 70.0b 77.1. 6q.1 

101.3 74.q 76.4 70.0a 74.1 62.9 

101.4 74.2 76.6 70.2' 76.0 66.9 

101.4 74.3 76.8’ 70.3 77.5’ 61.3 
101.5 74.4 76.7 70.2’ 76.1 67.0 

102.2 73.7 76.4’ 70.5 77.5’ 61.4 

100.3 73.2 76.9 69.9 77.2. 60.9 
loo.2 73.2 76.4 69.@ 75.8 66.2 



100.6 70.3~ 70.7b 72.0 68.1 17.4 

m0.s 70.5b 70.8~ 72.2 68.3 2o.g 

wo.3 70.bb 70.8~ 72.1 68.1 l7.5 

98.9 70.Jb 70.6b 71.8 70.0b 17.5 

98.7 70.0' 70.5' 71.8 69.8. 17.7 

98.9 70.0. 70.6' 71.9 69.8' 17.5 

loo.6 70.9 m.8' 72.1 68.1 17.5 

1~4x8 70' 70.8' 72.1 68.2 17.6 

102.3 71.3 73.4 68.0 75.8 60.8 

102.b 71.2 73.1 68.0 72.7 62.5 

102.0 7l.5 73.c 68.1 75.9 60.4 

108.1 82.1 77.2 86.2 61.0 

7o.c 70.6a 7a.l' 

lo?.8 7r.7 30.8 65.9 6b.l 

901.9 71.5 17.3 

loa.!? 7od 70.9b. 72.2 68.2 17.6 

102.1 7Q.$ 70.7' 71.6 7Q.q. 2*.5- 

102.5 71.4 73.b 68.1. 75.9 60.1 
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Most of the glycosides studied are natural products 
(Table 1) and although tbe points of attachment to the 
aglycone and tbe sequence of sugars are firmly 
established in the majority of cases, the ring size of each 
sugar, the anonwic form of each sugar and the inter- 
glycosidic linkages between sugars are generally un- 
known or poorly defined. For example the p-anomeric 
form of the 7-O-gh~sides was recognized by its lability 
to emulsin and conversly, sophorosides were detected by 
their stability to this enzyme. Tbe contriition that “C 
NMR spectroscopy can make in these and other problem 
areas will now be considered. 

1. 7% &xts of glycosylation on the aglyconr 
spectrum. The effects of glycosylation on the ‘% NMR 
spectra of llavonoid aglycones are summa&d in Table 
3. These data represent averaged values of shifts obser- 
ved in all relevant models studied and are compared in 
the table with similar shifts observed on methylation of 
the same OH function. 

The effects of glycosylation of the 7-OH on the C-7 
signal is a 1.4ppm upfield shift which is in agreement 
with our earlier observations.’ This is accompanied by 
sign&ant downfield shifts of the signals of the ortho- 
and pam-related carbons, Cb, 8 and 10. the effect being 
more noticeable with C-10. Glycosylation with rhamnose 
appears to have a more marked effect on the C-7 signal 
than does glycosylation with other sugars, the average 
upfield shift being of the order of 2.35ppm. This 
diiference is of diagnostic value. 

The same general pattern of signal shifts is also 
0pserVed on glycosylation at C-3.3’ or 4’. Glycoaylation 
at C-3 however does produce a larger than expected 
‘“0Meffect on the C-2 signal thus confirming previous 
observations.2 Rhamnosylation of the 3-OH, as with the 
7-OH, appears to produce a Merent shift at C-3 than do 
other sugars.t Thus the C-3 signal is seen to shift upfield 
by about l.OSppm on rhamnosylation of the 3-OH 
compared with 2.1 ppm for glycosylation with other 
sugars. Sii only one example each of glycosylation at 
the 4’- and Y-OH’s was available for study, the figures 
presented must be treated as prelimimuy. However, the 
general trend of shifts observed is the same a3 that 
discussed for the 7-OH. the signal of tbe pam-related 
carbon again showing the greatest shift. Indeed, this shift 
together with those of the ortho-related carbons may 
well be a more reliable guide to the site of glycosylation 
than the shift of the oxygenated carbon itself (e.g. see 
shifts quoted for 3’Gglycosylation. Table 3). 

Glycosylation of the S-OH group clearly represents a 

tThe prcvifmsly expressed opinion’ that 3-O-rbamacwylatbn 
of quercetia may cause a large shift in the C-l’ signal is not 
supported however. The 130.3 ppm SW formerly attributed to 
C-l’ wLI in fact tbc C-3’, 5’ signal of a small kaempferol 3-G 
glycosidc impurity. A protoncoupkd spectrum has reveakd the 
C-l’ signal at I21 ppm. hidden beneath tbc c0mbinr.d C-Y. 5 
SigMlS. 

special case. As a result of glycosylation the S-hydroxyl- 
4-keto H-bond is broken and this has a profound effect 
on the electron density distribution in the molecule. Thus 
although the shift observed in the C-S signal is similar to 
that expected from a study of glycosylation effects at 
other sites, as also are the shifts of the orfho (Cd, IO)_ 
and porn (C%Wated ca&ns, a marked effect is also 
noticed in the signals of the C-ring carbons due to the 
release (in Iptaolin) of the 6keto function from H-bond- 
ing. Also, the C-2 and C4 signals move sharply upfield 
and that of C-3 downfield, the reverse effect to that 
observed when H-bonding is introduced. for example by 
hydroxylation of flavone at C-5.’ 

In the viciity of the OH group, the effect of methyl- 
ation of that OH group appears to be tbe reverse of 
glycosylation (Table 3). Thus, whereas glycosylation 
produces an upfIeld shift in the signal of the oxygenated 
carbon, methylation produces an approximately 
equivalent downfield shift. L&ewise the shifts observed 
in the signals of the ortho-related carbons tend to be 
up&ld rather than downfield as on glycosylation. This 
reversal is not observed at the pam-position however. 
Methylation of the S-OH is the exception; here, as with 
glycosylation methylation produces an upfield shift of 
the C-5 signal. Shifts in the C-ring too mirror those 
observed on glycosylation, thus c&Inning that rekase 
of the CO from H-bonding is the primary cause of these 
shifts. In the A-ring, shifts observed are also all in tbe 
same direction as those for glycosylation. except for Cd 

2. Znre~ycosi& linkages. It has been established that 
glycosylation of sugar hydroxyls produces a sizeable 
downtield shift in tbe resonance of tbe hydroxykd 
a&on.” Likewise, this has been observed in a preli- 
minary studf of flavonoid Odiglycosides. For example 
in !lavonoid rutinosides (rhamnosyl (l-6) glucosides) the 
glucose C-6 signal was found to appear 4.~5.2ppm 
downlield from that of glucose itself, and in a flavanone 
neohesperitioside (rhamnusyl (I-2) glucoside), the C-2 
signal appeared about 2.6 ppm downfield from that of C-2 
in glucose. The present study includes five rntinosides 
(2&a, 41 J) and generally confirms the above, although 
the average downfield shift is 5.8ppm. It is also noted 
thattheghlcosec-5signalundergoesanuptXdshiftof 
about 1.4ppm. The singk neohesperidoside studied (?a) 
is also consistent with previous work, exhibiting a 
3.9ppm downfield shift of the glucose C-2 signal and a 
2.1 ppm upfield shift of the glucose C-l signal due to 
rhamnosylation. Apiose appears to have much the same 
effect on tbe glucose spectrum as does rhamnose (cf. lc). 
When gh~se is the glycosylating sugar as in 
sophorosides (e.g. zb and a) however, a much larger 
downfield shift, of the order of 8 ppm, is evident in the 
C-2 signal. Shifts of this size appear to be typical of 
&glucosylation generally, in disaccharides’~‘9 and oli- 
gosac~harides.‘~ In 2b and 2l1 ghbcosylation at C-2 is also 
detectabk in the glucose C-l signal which shifts up6eld 
by about 29ppm. The shift diikences observed above 

I; R= H. Apigenin EI; R=H, Luteolin 
II; R=OH, Kaempferol Ip : R=OH. Ouercetin 

Y; R=H. Tricetin 
XI; R=OH. Myricetin 
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could have considerable diagnostic value for the struc- 
ture elucidation of llavouoid polyglycosidcs. 

3. Site of ocylation in glycosihs. The effects on the 
“C NMR spcchum resulting from acylatiug the C-3 OH 
of ghtcose have been recorded.” This study involved 
acylation with acetic acid, monochloroacetk acid and 
uichloroacetic acid, and it was found that as the electron 
withdrawing power of the acylating function &eased, 
so also did the extent to which the C-3 sigtml moved 
down6eld on acyktion. The downtkld shift of C-3 was 
accompanied by uptield shifts of the Cd and C-5 signals 
which in contrast, were not appreciably a&c&d by the 
change in acyl groups. The series of compounds u&r 
study in the present work iuchtdes glycosides acylated 
with acetyl zl. 2J, galloyl4c and siMpoyl2g functions. Of 
these, for only ant compound, 4c, are there published 
data supporting the location of the acylation site. In this 
case, ‘H NMR spectroscopic data were cited in favour of 
acylation at the 6’-hydr0xyl.~’ 

Examination of the “C NMR spectra of these 
compounds (Tabk 2) ckarly reveals the sites ef acylat- 
ion. The spectra of the two acetates, 21 and 21. diief from 
the spectra of the non-acetylated equivalents, 2e anil 
chkfly in the resonance values of glucose c-5 and c-6. 
In both cases, the Cb signal has moved downlkld by 
1.8ppm and the signal of the adjacent C-5, upfield by 
about 3ppm. thus detking the acyktion site as ghrcose 
Cb. The position of attachment of gallic acid to the 
6-positknofgalactosein4eisevitkncedbysimilar 
shiftsoftbec-SandC-6signnlaTbeidentityofthe 
galloyl group its& was evhkot from signals at 165.4 
(CO& 145.4 (C-3, 5). 138.4 (CA), 119.5 (C-l) and 198.8 
(C-2,6) ppm. 

The acylation site in compound 4, the q onosiuapoyl 
derivative of kaempferol7-O+cosii-3-O-sophoroside, 
is considerably more di&dt to determine because of 
the compkxity of the spectrum. In this, superimposed 
on the compkx spectrum of the unacylatod quivaknt, 
2h, are the sinapoyl signals at 165.4 (CO& 148.1 (C-3.5). 
144.2 (C-/3). 138.6 (C4). 124.8 (C-l). 115.6 (C-a) and 
106.5 (C-2.6) ppm , sod the presence of tlm acyl function 
has altered the chemical shifts of a number of sugar 
carbons. However, it has been established by other 
meansthatthesinapoylresidueisattachcdtothe 
sophorose moiety,= aud by ehminating the signals asso- 
ciated with the aglycone, the sinapoyl residue and the 
7-Iinked glucose, from the total spectrum, the problem is 
simplihed. Using a ‘best W teclmiqtk, the remain& 
signals can be ascrii to sophorose carbons by 
comparison with the spectra of compounds P and Za. 

The results of this procedure are presented in Table 2. 
On this basis it is proposed that the sinapoyl function is 
locatedootheC-2OHgroupoftheterminal&cosein 
the sophorose. Although the downtkld shift of this C-2 
carbon is only about 0.3 ppm, the up&hi shifts of the 
adjacent carbons C-l and C-3 are &able, vix. 4.5 ppm 
and 2-3ppm respectively, and are comparabk in size 
with those observed for the acetyl and galloyl groups 
above. 

4. Ring size and C-l conpgWration in glycosidic 
sugafs. Methyl glycofurauosldes and methyl gly- 
copyranosides of the same sugar have been found to be 
readily distin&habk from their “C NhfK spectra”” 
By using the established criteria for this distinction it is 
evident that with the exception of the qtkrcetin 3-O- 
arabinosidc,4tl,allsugarsintheglycosidesstudkdarein 
the pyranose form. The specmtm of 46 displays signals 

inthesugarcarbonre&nwhkhmatchwellwiththose 
recorded for methyl a-L-a&iuofurauoside” (e.g. C-l at 
108.1 ppm and C-t at 86.2ppm) but which are quite 
distinct from those of the &arabiifuranos&?‘and the 
two pyranosides.‘6 compound 4d is therefore considered 
to be quercetin ~-O-Q-L-arabinofuranoside, a formulation 
which has previously been given the name avicukrinn 
Ihe same glycoside has been isolated together with 
another quercetin 3-O-arabiuoside, 4e, from a number of 
sources includii Allcrosrophy/or uw-wni” and 
Taxodinm distichnm.tl~ llz spectrum of 4s is certainly 
not that of an arabiifurano&, nor does it match 
closely with f”nllished data for methyl 
ambinopyranosides. However, in a number of 
respects (m.p., R,, IK) 4s is identical with quercetin 
3-O-a-L-arabinopyrauoside @raijaveriP), and the “C 
NMK spectrum could be interpreted as supporting this 

r structure since variable conformational equilibria in 
pentose aldopyranosides are kuowa top rise to large 
discrepancks in reported signal values. 

With regard to the con6guration of the glycosidic bond 
in the glycosides studied, it is clear from both the 
constancy of t& signals for any one sugar (Table 2) and 
from the goad agreement with pubWed results for 
methyl glycosides,‘6 that the “normal- confieuration oc- 
curs in each case. That is, glucosides and galactosides 
are ail @-linked and rhamnosides (and probably both 
arabinosides) are all a-linked. Generally such in- 
formation is only obtained through treatment of gly- 
cosidcs with a variety of enzymes. “C NMR offers a 
most satisfactory, uuquivocal method for this deter- 
mination when sulhcknt sampk is available. 

The ‘t NMR spoctn were recuded at hTrobe Univdty on 
I Jeol P-100 Fourier bansfom~ tpectromcter operatins at 
25.15 MHz. Spectral widtba were 5WO Hz. 8K data pointa welt . 
wdinmostcasc~.Protoacoupkdspectrawereo~tial 
anckctronic~syatemwhicbpemlitstkretCd0a Oftk - 
nucku ov& enbanumenL Tbe Quterium signal of the . . -thvl-rulaxide (DMs(w wlvcnt was used u a 
hckri&.Tbenonualpubc-tiwdf~.6~weak~dto 
6.7 set for some sampkr (usiug a W pulse) in which sisnrlr luch 
u c-2 sod C-IO bad been adversely dcctal by the rhort 
rekxatka time. Spectra were ncorded on sampkr of l2-IO0 ml 
io DMsDd, (1Zcm’) at w unkas otherwise stated. !hpk 
~~&t&dillTllbkl. 
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