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Abstract—6-C- and 8-C-glucosyl isomeric chromones and isoflavones can be readily distinguished by a
study of the NMR signals of their acetates In a similar manner 2-C- and 4-C-glucosylxanthones can be
distinguished

INTRODUCTION

THE NMR signals of the acetates of some naturally occurring and synthetic C-glucosyl
compounds in CDCl; have been examined by Gentili and Horowitz ! They noted that the
signals of the 2"'-O-acetyl and 6''-O-acetyl methyl protons of 8-C-glucosylflavone acetates
were found at higher fields than those of the corresponding 6-C-glucosyl compounds (see
Table 1). The greater shielding of the 6''-O-acetyl 1n 8-C-glucosylflavone acetates 1s
attributed to the acetyl methyl protons lying in the diamagnetic region of the phenyl B ring
of the flavone nucleus

The 2"'-0O-acetyl signal of all C-glucosyl acetates 1s found at a higher field due to the shield-
g by the aromatic A ring to which the glucosyl residue 1s linked Gentili and Horowitz
suggest the extra shielding of this group 1n 8-C-glucosylflavone acetates 1s due to some shield-
g by the phenyl B ring

RESULTS AND DISCUSSION

Aloesin (1), a C-glucosylchromone, has recently been isolated and 1ts sugar moiety
assigned to the 8-position of the chromone nucleus 2 The above hypothesis would predict
that the 2"-O-acetyl and 6"’-O-acetyl methyl signals of acetylated 8-C-glucosylchromones,
which lack a phenyl B ring, would be in the ‘normal’ range (8 1 80-1 83) and (8 2 01-2 04)
respectively The 6''-O-acetyl signals of aloesin and deacetylaloesin (IT) pentaacetates are
indeed found to be in the ‘normal’ range but their respective 2"-O-acetyl signals are found
at the higher field (see Table 2) Dreiding models show that the 2''-O-acetyl methyl group
of an acetylated 8-C-glucosylchromone 1s subjected to shielding by the aromatic A ring
and the pyrone C ring The 2"-0O-acetyl methyl group of an acetylated 6-C-glucosylchromone
1s also shielded by the aromatic A ring but not by the pyrone C ring

Puerarin (III) hexaacetate, an 8-C-glucosylisoflavone gives the following acetate signals,
2”7-0-acetyl (8 1 72) and 6”-O-acetyl (8 2 05) Again only the 2"’-O-acetyl group 1s found at
the higher field Dreiding models show that neither the 2”'- nor the 6’-O-acetyl methyl
groups of puerarin hexaacetate are shielded by the phenyl B ring, which 1s attached at C-3,
but the 2”-0-acetyl 1s shielded by the pyrone C ring.
! GentiLL, B and Horowitz, R M (1968) J Org Chem 33, 1571

2 Haynes, L J and HoLpsworTtH, D K (1970) J Chem Soc C, 2581
3 HiLus, W E and HorN, D H S (1965) Australian J Chem 18, 531
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Paniculatin 1s the first di-C-glucosylisoflavone to be recorded and has been shown to be
genistein-6,8-d1-C-glucoside (IV) 4 Its undecaacetate integrates for eight acetyl methyl
groups, one at 6 1 75, a second at 8 1 85 and the others at 205 The geometry of the mole-
cule 1s such that the sugar acetyl methyl groups are not shielded by the C-3 phenyl B ring
The 2”-0O-acetyl group of the 8-C-glucosyl unit 1s shielded by the pyrone C ring whilst that
of the 6-C-glucosyl unit 1s not Their signals are found at the higher field and the ‘normal’
range respectively Both 6'-O-acetyl signals are found in the ‘normal’ range

TaBLE 1 CHEMICAL SHIFT OF ACETYL METHYL PROTONS OF ACETYLATED C-GLUCOSYLFLAVONES IN

DEUTERIOCHLOROFORM'
2"-0-acetyl 6 -O-acetyl
Normal range  Higher field Normal range  Higher field
1 80-1 83 170-173 201-204 190-195
6-C-Glucosylflavones

Isovitexin heptaacetate 183 204
Keyakinin heptaacetate 180 201
Isoorientin octaacetate 182 202
6-C-Glucosyldiosmetin heptaacetate 181 202

8-C-Glucosylflavones

Vitexin heptaacetate 173 191
Baylin hexaacetate 172 190
7,4-Dimethylbayintetraacetate 170 191
Cytisoside hexaacetate 173 192
Orientin octaacetate 172 195
8-C-glucosyldiosmetin heptaacetate 171 194

G = C-glucosyl
Isovitexin R = H,R=H R%H,R%H Vitextn, R=OH,R=H R=H
Keyakinin R =Me,R'=H R%-H,R0H Bayin, R=H, R=H R%H
tsoorientin R=H R =OH R“H,R%H Cyhisoside, R=0OH R=H R'-Me
6-C-Glucosyl R=H,R'=OH,R"=Me,REH  Orientin, R=0OH,R=0H,R"H
-diosmetin 8 CGlucosyl R = OH,R = OH,R': Me
- diosmetin,

A di-C-glycosylflavone has been 1solated and shown to be a 6,8-d1-C-glycosyl derivative of
apigenin (V) ° Its acetate shows three acetyl methyl signals at a higher field (5 1 77, 1 82 and
1 98) and others below & 2 02 ¢ The first two higher field signals can be assigned to the two 2"’
O-acetyl groups 1n the sugar moreties The group which receives slightly extra shielding
(8 1 77) can be assigned to the 8-C-glycosyl and the other (8 1 82) to the 6-C-glycosyl The
signal 8 1 98 can be assigned to the 6”'-O-acetyl group of the 8-C-glycosyl which 1s shielded
by the B ring of the flavone nucleus It 1s significant that a stmilar signal 1s not found in the
spectrum of paniculatin The geometry of the 1soflavone molecule 1s such that the 6’-0O-

* NARAYANAN, V and SesHADRI, T R (1971) Indian J Chem 9, 14
5 MarkHAM, K R, PorTER, L J and Brenm, B G (1969) Phytochenustry 8, 2193
¢ MarkHAM, K R (1972) personal communication
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acetyl groups of 6-C and 8-C glucosyl derivatives are not shielded by the B ring and both
signals appear in the ‘normal’ range The signals assigned to the 8-C-glycosyl 2"'-O-acetyl
groups of di-C-glycosyl flavone and 1soflavone were found at a slightly lower field than those
of the corresponding group in a mono-C-glycosyl compound Examination of models
indicates that steric hindrance between the two bulky acetylated sugar umits may well reduce
the shielding of the 2"-O-acetyl group by the aromatic A ring or the pyrone C ring of the
molecule

TABLE 2. CHEMICAL SHIFT OF ACETYL METHYL PROTONS OF MISCELLANEOUS C-GLUCOSYL COMPOUNDS IN

DEUTERIOCHLOROFORM
2-0-acetyl 6""-O-acetyl
Normal range Higher field Normal range Higher field
C-Glucosyl compound 180-183 169-173 201-205 190-195

Aloesin pentaacetate 169 201

Deacetylaloesin pentaacetate 170 200

Puerann hexaacetate 172 205

Paniculatin undecaacetate 185 175 205,205

Hemphloin heptaacetate 183 203

Hemzphloin hexaacetate 187 205

Isohemiphloin heptaacetate 180 200

Isohemiphloin hexaacetate 186 201
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(1) Aloesin, R = CHCOMe (IT) Puerarin (I¥) Paniculatin
(11) ODeacetyloloesin, R = Me

= ' = C-glucosyl
('Y) Apigenin (¥I) Hemiphicin, R=H,R = C-¢
(YII) Ischemiphloin, R = C-glucosyl, R'= H

The acetates of hemiphloin (VI), a 6-C-glucosylflavanone, and its 8-C 1somer 1sohemophloin
(VII) show 2"-O-acetyl methyl signals® in the ‘normal’ range These compounds have a
dihydropyrone C ring.

The acetates of mangiferin (VIII) and homomangiferin (IX), both 2-C-glucosylxanthones,
and mangiferin trimethyl ether give signals of the 2”’-O-acetyl groups 1n the range & 1-77-
1-79 7:8 The 2-position of a xanthone 1s equivalent to the 6-position of a chromone, flavone
or 1soflavone and models show that the 2”-O-acetyl groups are not shielded by the mner

7 Havnes, L J and TAvyLor, D R (1966) J Chem Soc 19, 1685
8 Ariromr, M and Kawasakl, T (1970) Chem Pharm Bull (Tokyo) 18, 2224
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TABLE 3 CHEMICAL SHIFT OF ACETYL METHYL PROTONS OF C-GLUCOSYL XANTHONES IN DEUTERIOCHLOROFORM

2"-0-acetyl 6'"-0O-acetyl
Normal range  Higher field Normal range
C-Glucosylxanthone 177-179 166-173 201-205 Higher field

Mangiferin octaacetate 179 201

Mangiferin heptaacetate 178 201
3,6,7-Trimethoxymangiferin-

pentaacetate 179 202
3,6,7-Trimethoxymangiferin-

tetraacetate 177 203

Homomangiferin heptaacetate 178 202

Isomangiferin octaacetate 173 203

1,3,6,7-Tetramethoxyisomangiferin-
tetraacetate 166 205
G
RO Y OH HO_2 0 OH
con S oH
OH © OH ©
(YI) Mongiferin R = H (X) Isomangiferin

{ IX ) Homomangiferin, R = Me

TABLE 4 RANGE OF 2''-0-ACETYL METHYL PROTON SIGNALS OF ACETYLATED C-GLUCOSYL COMPOUNDS

Chromone, 8 5
1soflavone or flavone 2 *-O-acetyl Xanthone 2-0-acetyl
6-C-Glucosyl 1 80-1 83 (normal range) 2-C-Glucosyl 1 77-1 79 (normal range)
8-C-Glucosy! 1 69-1 73 (higher ficld) 4-C-Glucosyl 1 66-1 73 (higher field)
5
72 N0 3 //i\[r/o [ Te
6\ I ] 3 2[\/ I 4/"
5 1 i 8
o o
Chromone Xanthone

Flovone (2-phenyl)
Isoflovene (3-phenyl)

pyrone ring The acetates of isomangiferin (IX), a 4-C-glucosyixanthone,® and 1somangiferin
methyl ether show 2"'-O-acetyl signals at the higher field (see Table 3) The 4-position of a
xanthone 1s equivalent to the 8-position of a chromone, flavone or isoflavone and the
geometry of the molecule 1s such that the 2'-O-acetyl methyl group of these compounds are
shielded by the pyrone ring

In assigning the position of the C-glucosyl group in a molecule, the extra shielding of the

2 Arrromr, M and Kawasakr, T (1970) Chem Pharm Bull (Tokyo) 18, 2327
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2'"-0-acetyl group by the pyrone C ring of certain C-glucosyl acetates can be of diagnostic
value It 1s possible to differentiate 1someric chromones, 1soflavones and xanthones, as well as
flavones, by noting the positions of the 2''-O-acetyl NMR signals of their respective acetates
(see Table 4)

EXPERIMENTAL

NMR spectra were measured on a Varian A60 spectrometer, with tetramethylsilane as internal standard,

Aloesin pentaacetate (CDCls, 8) 169 (s, C,»—0Ac), 201 (5, Cs—OAc), 206 (s, C; 4—~0Ac), 227 (s
C,-CH,COCHS,), 240 (s, C;—OAc), 279 (s, Cs—CH3), 6 45 (s, C3-H), 6 84 (s, Cs-H) and sugar proton
signals (m) 3 5-50 ppm

Deacetylaloesin pentaacetate (CDCls, 8) 170 (s, C;-~0Ac), 200 (s, Cs-—OAc), 206 (5, Cy 4—OAc),
2 39 (s, C;~OAc and C,-CH3), 2 80 (s, Cs-CH3), 6 09 (s, C5-H), 6 80 (s, Cs—H) and sugar proton signals
(m) 3 5-50 ppm
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