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. EXPERIMENTAL
eneral Experimental procedures :

uv
2290 Spec;(fe}:lra were obtained on a Varian CARY
S5 were megsured o in MeOH. 'HNMR chemical
DMSO.dg (fora;\lred in CDCI3 (for aglycones) and in
e glycosides) using TMS as an internal

standard at 90 MHz with a Varian XL300 ( Darmst d

Gcrmapy) . FabMS spectra were recorded with ax; :11\4‘8
2500 hl.gh—rcsolulion spectrometer (Kratos, Manchester
UK} with 70 eV, an ion source tempemt;xre of |80°é
and a direct inlet . Precoated thin - layer chromato-
(TLC) plates ( coated with silica gel 60 F254 ;

graphic
0.25 mm) were oblained

the thickness of the layer was
from Merck (Darmstadt, , Germany ) .

Solyent systems for PC (Whatman No.. 1): L
H70; 2. HOAc (HOAc-H20, 3: 17); 3. BAW (n. BuOH
. HOAc-H20, 4:1:5, top layer); 4. CgHg-n-BuOH-
pyridinc—HgO (1:5:3:3, top layer). Solvent systems 2
and 3 were used for PPC on Whatman paper 3 mm
while solvent systems 3 and 4 were used in sugar

analysis.
Plant Material.

Solanum unguiculatunt W
fruiting stage from road sides and from hill sides in the
Sana'a region (Wadi Zahr) in Yemen in May 1991.
Identity of the plant was confirmed by Professor M. El-
Monayery, Faculty of Science, El-Azhar Universily,
Egypt. A certified specimen has been deposited at the
Pharmacognosy Department, Faculty of Pharmacy,
Zagazig University, Egypt- The herb was air - dried and
powdered before extraction.

Extraction and Purification.

Air-dried and ground plant material (250 8)
were extracted with 3000 ml of 90% aqu. EtOH at room
temperature. The filtered extract was concentrated
under reduced pressure and the residue was freeze-dried
1o give dark brown residue (408)- Following suspension
of the residue in water (500 mD containing 1%
methanol and the suspension was partitioned into
n-hexane, chloroform, ethyl acetate and water soluble
fractions to yield 7, 4, 5 and 19.6 8 respectively- The
fractions were examined by chromatography using TLC
and PC to determine the presence Of absence ©of
flavonoids. Both CHCI3 and EtOAc fractions showed
the presence of yellow pi gments. The CHCI3 fra:g‘tion

(4 g) was subjected to CC (100g, silica gel, 1.5% 50 cm)

as collected in the
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using CHCLy as eluent and the polanty was increased
gradually with MeOH. Fractions cluted with 1% MeOH
contalned one mugor compound, On evaporation and
crvstallization from MeOIH, compound 1 (20 mg) was
obtained . Fractions eluted with 8% MeOH afforded a
mixture of two flavonoidal substances (2 and 3) . These
two substances were separated by repeated column and
preparative TLC with CHCLy - McOH (195 @ 5) to afford
compound 2 (36 mg) and compound 3 (23 mg) .
The dried FtOAc fraction (5 g) was chromato-
graphed on silica gel column (200 g , 2.5 x 50 cm)
using CHCI3 and increasing proportions of McOH.
Fractions eluted with 10% McOH contained one
compound, crystallized from McOIl as brown
amorphous powder (100 mg , compound 4). Fractions
cluted with 15% MeOH contained one major compound
and two minor spots , on crystallization from McOI
pale yellow granules (60 mg, comound 5) was obtained.
Fractions eluted with 25% MeOH afforded mixture of
substances § and 6) . These substances were separated
by PPC (Whatman 3 mm) paper developed by
ascending mode in solvent system 3 and the resulting
bands were cut out and eluted with McOlH. Flavonoid
solutions thus obtained were filtered, concentrated and

passed through small silica gel column using McOH as
solvent. The individual eluates were dried in vacuo and
repeatedly crystallized from McOH to afford compound
5 (30 mg ) and compound 6 ( 70 mg).

General procedure for the hydrolysis of O-glycosides

Nomral acid hydrolyses were carried out in 2M
u. HCI at 100°C for 2hr. Controlled acid hydrolyses
were carried out in 0.1 M aqu. HCI at 100°C for 30 min.
Flavonoidal aglycones were extracted from the resulting
sugar-flavonoid mixtures with EtOAc. The sugar-
containing aqu. fractions were cochromatographed with
standard sugars on (Whatman 1mm) paper using solvent

system 4. Sugar spots were detected with alkaline
AgNO3 (100
Chrysoeriol 7-methyl ether (1): MW 314,

negative FABMS [M-H] 313 calculated for C}7H1406:
colors on paper, purple-green (with UV), yellow-green
(with UV/NH3); Rfs 0.88 (BAW), 0.79 (HOAc). UV
data Amax (nm) : MeOH : 255, 273, 295 sh, 347;
NaOMe: 246 sh, 264, 303 sh 390; AICI3 : 266 sh, 27‘)'
304, 358, 390; AICI3-HCI : 266 sh, 279, 304, 357 ‘
390 ; N‘uOAC 1 260, 266 sh, 297 sh, 395; NaOAC'-
H3BO3 : 253 sh, 271,292 sh, 350, 'HNMR : § 6.18 (d
J = 2.5 Hz, 6-H); 6.47 (d, ) = 2.5 Hz, 8-H); 6.72 ‘(S. 3- '

H); 6.88 (d, ] = 8 Hz, §'
' ., 3'-H); 7.4 "H. 6-H):
(6H, s, two methoxyls). i, 37, 041); 392

ag

r Quercetin 3-methy! ether (2): MW 316, -ve
ABMS (M-1)" 315 calculated for C16H1207; Rfs 0.84

(BAW), 0.75 (HOA¢), v Amax (hm) ¢ »

shy 292 sh, 354; NaOMe - 265 196 i") * MeOH ; 94

"" KL AICITICT: 264, 296 o, 164 h 1:)(;, /:JI(-“ |

;ifzt:‘;(: 'J‘)' 378: NaOAC-HIBOS : 260, 390 1540,
24,0 = 2.5 12, 601, 6.3 (d, = 2.5 11, x1r

(A3 = 2002, 2100 6,72 (d, J = B.S 1z, 41y, 4 752

=2, 8.5 112, 611); 3.7 O11, 5, one methonyt, )

27,
aOAc 20

Myricetin 3,4 -dimethyl ether (3). .
-ve FABMS (M-1)" 355 cale. for C17H | 404: co) o
paper purple-green with UV, unchanged wilh'll\)//(:\:\ "
Rfs 0.80 (BAW), 0.69 (HOAc). UV data iy, ; o
McOI : 274, 308 sh, 323, 359; NaOMe : 266, 105, 131
sh, 374; AICI3 : 283, 312, 351, 421; Al(:lg.l'fk;,‘.‘;:°
312, 420; NaOAc : 286, 308 sh, 326, 360; Nu'()\.]'
H3BO3 : 273, 308 sh, 324, 356. 'HNMR: 5 6,5 l(2L|4;

cach as d, J = 2.5 Hz, 6-1 and 8-H); 7.3 (2H each 4 ¢
211 and 6'11);3.81 (311, s, methoxyl) and 3.38 ( 3y S
methoxyl) . T

Quercetin 3-0O-B-galactoside (4): MW 464 .,
FABMS (M-1)"463 calc. for C21H20012; colors on
paper purple-green with UV, unchanged with UV/NHy,
Rfs 0.78 (BAW), 0.64 (HOAc). UV data max (nm)
McOH : 257, 265 sh, 292 sh, 359; NaOMe : 265, 325
400; AICI3 : 266, 300, 364, 420, AICI3-HCl : 264, 2')‘(,
sh, 364 sh, 396; NaOAc : 266, 270 sh, 319 sh, 378,
NaOAc-H3BO3: 260, 380. Acid hydrolysis gave
galactose and quercetin, IHNMR of the aglycone: 6 6.24
(d,J = 2.5 Hz, 6-11); 6.44 (d, J = 2.5 Hz, 8-H); 6.84 (d,)
- 8 Hz, 5-H); 7.56 (d, J = 2.5 Hz, 2"-H), 7.64 (dd, J =
2.5 and 8 Hz, 6'-11); galactose moicty : §532(d,J=8
Hz, 1-H); 3.2 - 3.8 (m, galaclose protons overlapped
with hydroxyl protons).

Kaempferol 3.0O-rutinoside (5): MW 594, -ve

FABMS (M-1)" 593 calc. for Cy7H30015 ; Rfs 0.83
(HOAc), 0.53 (BAW). UV data Amax (nM) :MeOH:
265, 350; NaOMe : 245 sh, 269, 325 sh, 400; AICI3:
273, 302, 350, 397; AICI3 - HCI: 273, 303, 345, 395;
NaOAc: 270, 305, 355, 387; NaOAc - H3BO3 265,
282 sh, 342. Normal acid hydrolysis gave rhamnose,
glucose (co-PC) and kaempferol (co-PC, UV absorption
and 'HINMR). THNMR of the aglycone : & 8 (2H,d, ) =
7 Hz, 2'-H and 6'-H); 6.9 (2H,d, ] = 7 Hz, 3'-H and 5
H), 6 (d, J = 2.5 Hz, 6-1), 6.2 (d, ] = 2.5 Hz, 8-H); sugdl
moieties : & 4 (d, J = 8 Hz, 1-H glucosyl); 3.2-3.6(m

sugar protons overlapped by hydroxyl protons); 3 (1=
2 Hz, 1-H rthamnosyl); 1.12 (d, J=6 Hz, Me-rhamnosyl)

Quercetin 3-0-ce-rhamnosyl (1 = 2 )b

galactoside (6) : MW 610, -ve FABMS (M-1)” 60% R
0.53 (HOAc), 0.55 (BAW). UV Amax (nm) MeOH !
255, 267, 360; NaOMe : 270, 330, 403; AICI3 : 260



Zagazig 3. Pharm. Sci., Dec. 1999
\'ol.S.No‘Z.ppl-é

300, 364, 420 AICI3-HCl : 266, 300, 365, 419; NaOAc
0, 378: NaOAc-H3BO3 : 261, 280, Normal acid
\ galactose and quercetin (co-
pC). 'THNMR of the aglycone : 8 6.24 (d, J = 2.5 Hz, 6-
H): 6.44 (d, J]=235 Hz, 8-H); 6.84 (d,J = 8 Hz, 5'-H);
7.56 (d. I = 2.5 Hz, 2-H), 7.64 (dd,J = 2.5 and 8 Hz, 6'-
H); galactose moiety : 8 5.32(d, T = 8 Hz, 1-H); 3.2 -
3.8 (m, galactose protons overlapped with hydroxyl
protons); 5.03(d,J=2Hz, 1-H rhamnosyl); 1.02 (d, J =
6 Hz, Me .thamnosyl).

RESULTS

e M7

.1 )
23, «f

hvdrolysis gave rhamnose,

AND DISCUSSION

Column chromatography of the chloroform
extract of S. wnguiculatum afforded compounds 1-3,
while compounds 4-6 were isolated from the ethyl
acetate fraction by applying 2 combination of CC on
silica gel followed by preparative TLC and Paper
Chromatography.

Compound 1 the MS of compound 1
exhibited a molecular ion at m/e 314 indicating 2
dimethoxy dihydroxy flavone C17H1406: Band I of the
UV spectrum of 1 in MeOH appeared at 347 nm in the

pattern in the

range of flavones. A 3',4'-dioxygenalion
B-ring was indicated by the two UV peaks at 255 and

273 nm (). The large bathochromic shift of band I (43
an increase in the intensity in NaOMe relative
ed the presence of unsubstituted
C-4', as did the color change from
d when the compound on paper
ht. The complete
owed that the B-

nm) with
to MeOH signifi
hydroxyl group at
purple to yellow observe
, was fumed with ammonia in UV 1ig

acid stability of the AICI3 complex sh

ring lacked an O-dihydroxyl group (11-13) and thus a
must be located at C-3'

substituted hydroxy function

The AICI3/HCI spectrum of compound 1 typically
consists of four major absorption peaks indicated the
presence of a free hydroxyl group at C-5(11 . Failure of
Band II to show a bathochromic shift in NaOAc relative
to MeOH indicated the substitution of the C-7 hydroxy!
group. The 'HNMR spectrum of compound 1 was in
accordance with the proposed structure and revealed a
pair of meta coupled aromatic protons doublets (J = 2.5
Hz) localized at § 6.18 and 6.47 were assigned to 6-H

and 8-H, olefenic proton singlet(s) localized at 8 6.72
was assigned to 3-H, one ortho coupled aromatic proton
igned to 5'-

doublet (J = 8 Hz) localized at § 6.88 was assl
H, two aromatic protons multiplet localized at 8 7.49
were assigned to 2'-H and 6"-H. In addition, six protons
as singlet (s) at 3.92 assigned to 3' and 7 methoxyl
groups. These data suggested that compound 1 is
dimethoxy, dihydroxy flavone(14). Evidently,
compound 1 was confirmed to be chrysoeriol 7 - methyl
ether (structure 1) by comparing its UV and 'HNMR

spectra with those reported data for chrysoeriol G,14).

oy s Compound 2, exhibited chromatographic and
pectral properties similar to those of quercetin 3-

:;ct.h).'l ell‘ucr(“). Its MW was determined to be 316 by

Coﬁ;llt)l; l:,n]d.f\zBI;d:0 ‘EN:J-!'II}]' 315. The "HNMR spectrum of
oved the presence of a pair of mel

;ozuj)]ed aromatic protons doublets (J = 2p.5 Hz) ::Clg

: l:md 6.3 were assigned to 6-H and 8-H ; one ortho
cou;’) ed aromatic proton doublet (J = 8.5 Hz) assigned
to 5'-H, another two aromatic protons at & 7.52 mela
coupled (d, J =2 Hz, 2"-H) and at § 7.44 ortho and meta
c_ouplcd (dd, J = 8.5 Hz and 2 Hz, 6-H). In addition to a
singlet at § 3.7 for three protons due o 3-OCHj ,thus
confirming the structure as quercetin 3-methyl ether
(structure 11) '

Compound 3, was obtained as yellow
amorphous powder which exhibited a MW of 356 (-ve
FABMS, M-1 355) suggesting a dimethoxy tetra-
hydroxy flavone C17H1408. The IHNMR spectrum of
compound 3 in CDCl3, displayed two singlets at 5 3.38

(3 protons) and 3.81 (3 protons) for two methoxy!
groups and a doublet at & 6.18 (2H, d, J = 2.5 Hz
assigned for 6-H and 8-I1). The 2' and 6' protons
appeared as a singlet at § 7.3 typical for a symmetrically
substituted myricetin type B-ring. Band 1 of the uv
spectrum of compound 3 in MeOH was at 359 nm as
cxpected for a 3.0-substituted flavonol. The dark purple
color of the compoud on paper in UV light was further
evidence for 3-O-substitution and indicated a free 5-
hydroxy! which was confirmed by a Band I shift of (61
jve to MeOIHl spectrum{) . The

nm) in AICI3/HCl relat
d II in NaOAc indicated free

pathochromic shift of Ban
7-hydroxyl group- Substitution of 4'-hydroxyl group as

shown by the dark color of the compound on paper in
UV light +NH3 and the small magnitude of the Band I
bathochromic in NaOMe (11), The above data for
compound 3 were in accord with 3,5,7,3',4',5'-
oxygenation pattern with methoxyl group at 3 and 4'
since the C-5 hydroxyl group was free and the B-ring

symmetrically substituted from 1
Compound 3 is therefore myricetin 3,4*-dimethyl ether
(structure 11T) and confirmed by comparison with

literature data @ .
s obtained as 4 brown

Compound 4, wa
exhibited a MW464 (-ve

amorphous powder, which
FABMS). It was recognized as a quercetin 3-O-
galactoside from acid hydrolysis, its chromatographic
behaviour and UV spectral analysis(4). Acid hydrolysis
of compound 4 gave quercetin and galactose . In the
IHNMR spectrum of compound 4, the presence of one
sugar moiety was evidented by the one proton signal at
& 5.32 (d, ] = 8Hz) assignable to the anomeric B-
galactoside proton. Comparing the FABMS, UV and
IHNMR spectral data of compund 4 with jiterature (1%
indicated that they were identical. Therefore, compound
4 is quercetin 3-O-B-galactoside ( structure IV) .
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Cumpmuu! 5, was isolated as a pale yellow
i MW 594 as shown by negative FABMS
[t was recognized as a kaempferol 3.0.(“315,(.0“(,0;
from acid hydrolysis , its chromatographic behaviour
and UV spectral analysis (1) Acid  hydrolysis of
1ded kaempferol, rhamnose and glucose

;:rmmlcs with

wmpoumi Syie
Mild acid hydrolysis gave the intermediate
raempferol 3.0- P-glucoside (co-PC and UV)
suggesting that compound S is a kaempferol 3-O-
side. In the 'HNMR spectrum of

rhamnosy! gluco
compound 3 » the presence of two anomeric sugar
(& 4 (d, ] = 8 Hz) assignable to the 1-H-

proton signals a
g-glucosyl proton and at 8 5 (d, J = 2 H2) assignable to
[hé I-H—a-rhamnosyl proton. The remaining signals in
this spectrum were in agreement with the proposed
structure. Finally, the structure of compound 5 was
roved to be kaempferol 3-O- rhamnoglucoside through
comparison of its UV spectral data with those reported
for kaempferol 3 - O - thamnoglucoside (1) (structure

V).
as obtained as a brown

Compound 6, W
owder which exhibited a MW 610 (-ve

as recognized as a quercetin 3-0-

d hydrolysis, its chromatographic
(12) , Thus acid

amorphous P
FABMS). It W
diglycoside from aci
pehaviour and UV spectral analysis
hydrolysis of compound 6 gave quercetin, rhamnose

and galactose. Partial acid hydrolysis gave intermediate
quercetin 3-O-ﬁ-galactoside (co-PC and UV absorption).

In the "HNMR spectrum of compound 6, the presence
dented by the two proton

of two sugar moieties Was evi

signals at §5.03(d,J=2 Hz) assignable to the anomeric
«-rhamnose proton and at 5.62 (d, ] = 8 Hz) assignable
to the anomeric B-galactoside proton. The recognizable
down field shift (A8 = 0.3 ppm) which was detected on
comparing the chemical shifts of the anomeric
galactoside proton signal in the spectrum of compound

6 with those of quercetin 3-galactoside @) proved that

the terminal a-thamnose moiety is attached to C-2 of the
compound 6

inner B-galactoside moiety, consequently

was identified as quercetin 3.0-t-thamnosyl (1 = 2)
8-D-galactoside. The remaining signals in
arc in close agrecment with the proposa

compound 6,

leerceﬁ: 3f1nal proof of the proposed s

was the idc;l?'-a - thamnosyl (1 - 2) B-D- galactoside

with those re ity for the spectral data of compound 6

-72) BD P one‘,i for quercetin 3-O-Q- rhamnosyl (1
galactoside @ ( structure VI).

this spectrum
| structure of

tructure of
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