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Two new sulfated triterpene4,(6) and four new sulfated triterpene glycosid2s-b) have been isolated from the aerial
parts ofFagonia arabica Their structures were established by spectroscopic data analysis. Comafiadd3/4 are
sulfated derivatives of the rare sapogenifi®23-dihydroxyolean-12-en-28-oic acid anfl,37-dihydroxyurs-12-en-28-

oic acid, respectively. Compourilis an unusual disulfated oleanene derivative characterized by the occurrence of a
13,18-double bond, while compou#ds the first reported naturally occurring saturated and sulfated pentacyclic triterpene
of the taraxastane series with a C-20,28 lactone unit.

Fagonia arabical.. (Zygophyllaceae) is an annual and sometimes
perennial shrub growing in Egypt and is used in traditional
medicine! The genug-agoniais represented by 18 species in the
flora of Egypt? These species are often used in folk medicine,
mainly as a popular remedy for the treatment of various skin
lesions?* extracts of these plants have been reported to exhibit
anti-inflammatory, analgesic, and antipyretic activifigsddition-
ally, F. indica is claimed to be a remedy for cancer in its early
stages$:* Several flavonol glycosidé$and saponins or triterpenoid
glycoside& 14 have been isolated from variol@gonia species.
As a part of our ongoing research on new bioactive compounds
from medicinal plants of the Egyptian desert, we have studied the
aerial parts ofF. arabica In the present paper, we describe the
isolation of two new sulfated triterpenek 6) and four new sulfated
triterpene glycosides2(-5). Their structures were elucidated by
extensive spectroscopic methods including 184 &nd3C) and
2D-NMR (DQF-COSY, HSQC, HMBC, and TOCSY) experiments HO
as well as ESIMS analysis. 0SO3H
On the basis of biological activities reported féiagonia 3 R=H
species;* the cytotoxic activity of compounds—6 was tested in
human monocytic leukemia U937 cells.

OH

Results and Discussion

The aerial parts oF. arabicawere extracted with 70% EtOH.
The EtOH extract was fractionated over Sephadex LH-20 to yield
compound5. The fractions obtained were chromatographed by
reversed-phase HPLC to yield five new compountis4 and 6
(see Experimental Section).

The HRMALDITOFMS of 1 showed a major ion peak at/z
551.3054 [M— H]~, ascribable to the molecular formulad4s0;S
(calcd for GoH470;S, 551.3048), suggesting the presence of a
sulfate group in the molecule. Acid hydrolysis bf followed by
treatment with BaG| gave a white precipitate, thus demonstrating
the presence of a sulfate residue. The ESIM$ géave the highest
mass ion peak atvz 551, which was assigned to the [M H]~
ion. The MS/MS analysis of the ion at/z 551 showed an ion
peak am/z521 [M — H — 30], corresponding to the neutral loss
of formaldehyde, characteristic for aglycons possessing a hy-
droxymethyl residué® A further ion peak was observedratz 471 6
[M — H — 80], ascribable to the loss of a sulfate group. Thie . )

NMR spectrum of compound showed signals corresponding to & tyPical signal of H-3ax at 3.98 (1H, ddJ = 12.1, 4.4 Hz), due

six tertiary methyls ab 0.82, 0.86, 0.93, 0.98, 0.99, and 1.07 and (0 the presence of A-OH group at C-3° The downfield shift
observed for H-3d 3.98) was indicative of the substitution on the

hydroxyl group. Further features were a signad&.65 (1H, t,J
* Author to whom correspondence should be addressed.F¢i39089-

} AT Pl = 3.5 Hz), ascribable to an olefinic proton, and two signalé at
969763. Fax:++39089969602. E-mail: piacente@unisa.it. ' ) .
t Universitadegli Studi di Salerno. P @ 3.79 (1H,dJ=12.3 Hz) and 3.51 (1H, d,= 12.3 Hz), ascribable
* South Valley University, Aswan. to the protons of a primary alcoholic function. TH&E NMR

“CH,0803H

5 R=p-D-Glc
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chemical shifts of all the hydrogenated carbons could be assignedwas determined to be-arabinose. Thus, compoufdvas identified
unambiguously by the HSQC spectrum. These data suggested aras the new 8-(2-O-sulfo-o-L-arabinopyranosyl)-27-dihydroxyurs-

oleanolic acid derivative with one of the methyl groups substituted
by a—CH,OH function ¢ 64.7)17 Significant modifications of the
chemical shift values of some carbons of rings C and D were
observed by comparison with oleanolic a¢idThe HMBC cor-
relations indicated the placement of th&H,OH group at C-14,
suggesting for the aglycon structurg,37-dihydroxyolean-12-en-
28-oic acid, a rare sapogenin previously reported fii@trapleura
tetrapterd® and from variousFagonia species, in particulaF.
cretica%andF. glutinosa® and also front. arabica! The position

12-en-28-oic acid.

The HRMALDITOFMS of 4 showed a major ion peak at/’z
845.4008 [M— H]~, ascribable to the molecular formula;8ss016S
(calcd for GiHgsO16S, 845.3999). The ESIMS of showed the
highest mass ion peak ¥z 845, which was assigned to the [M
H]~ ion. The MS/MS analysis of the ion at/z 845 showed the
most intense ion at/z 683 [M — H — 162], ascribable to the
loss of a hexose unit. The M$ragmentation of this ion showed
an intense ion atvz 653 [M — H — 162 — 30], corresponding to

of the sulfate group was assigned to C-3 on the basis of the the loss of a ChD unitl5 A detailed analysis of the NMR data

downfield shifts of the H-3d 3.98) and C-3 ¢ 87.4) signals,
consistent with the presence of a sulfate gr&t490n the basis of
these data, compouridwas identified as the new 3-sulfate ester
of 3(,27-dihydroxyolean-12-en-28-oic acid.

The molecular formula of compoun® was established un-
equivocally to be ggHsg0;,S by HRMALDITOFMS (z 713.3582
[M — H]~, calcd for GgHs7015S, 713.3576). Acid hydrolysis &,
followed by treatment with Baglagain demonstrated the presence
of a sulfate residue. The ESIMS @fshowed a major ion peak at
m/z 713 [M — H] . Its MS/MS fragmentation showed two intense
peaks at/z 683 [M — H — 30]~, due to the loss of a Ci unit,®
and atm/z551 [M — H — 162], ascribable to the loss of a hexose
unit. The NMR dataH, 13C, 2D-TOCSY, DQF-COSY, HSQC,
HMBC) of 2 in comparison to those df revealed that compound
2 differs from1 only in the presence of @-glucopyranosyl unitd
5.42, 1H, d,J = 7.5 Hz), which was located at C-28 on the basis
of the HMBC correlation between the proton signabes.42 (H-
14¢) and the carbon resonancejat78.2 (C-28). The configuration
of the sugar unit was assigned after hydrolysi® @fith 1 N HCI.
The sugar unit of2 was determined to be-glucose. Thus, the
structure of2 was identified as the new 3-sulfate ester gf2¥-
dihydroxyolean-12-en-28-oic acid Z8-3-p-glucopyranoside.

Compound3 showed in the negative ESIMS a major ion peak
atm/z683 [M — H]~ and significant fragments in MS/MS analysis
atm/z653 [M + Na— 30]" and 471 [M— H — 2127, ascribable
to the loss of a sulfate-pentose unit. Its molecular formula was
established unequivocally as#s60::S by HRMALDITOFMS
(m/Z 683.3479 [M_ H]f, calcd for GgHsg011S, 6833471) The
IH NMR spectrum of compound showed signals corresponding
to four tertiary methyls ab 0.87 x 2, 0.99, and 1.08, two secondary
methyls até 0.94 (1H, d,J = 6.2 Hz) and 0.99 (1H, dJ = 6.2
Hz), characteristic of an ursane derivative, a typical signal of H-3ax
ato 3.18 (1H, ddJ = 11.5, 4.1 Hz), an olefinic proton &t 5.49
(1H, t,J = 3.5 Hz), and a signal at 3.68 (2H), ascribable to the

(*H, 13C, 2D-TOCSY, DQF-COSY, HSQC) showed thhtliffers
from 3 only in the presence of A-glucopyranosyl unitd 5.39,
1H, d,J = 7.5 Hz) linked to C-28, as deduced from the cross-peak
observed in the HMBC spectrum between the proton signal at
5.39 (H-) and the carbon resonance @t178.3 (C-28). The
configurations of the sugar units were assigned after hydrolysis of
4 with 1 N HCI. The sugar units oft were determined to be
D-glucose and-arabinose in the ratio 1:1. Thus, the structurd of
was identified as the newp3(2-O-sulfo-a-L-arabinopyranosyl)-
27-dihydroxyurs-12-en-28-oic acid Z8-5-p-glucopyranoside.

The HRMALDITOFMS of 5 (m/z 793.3150 [M— H]~, calcd
for CseHs7015S,, 793.3144) supported the molecular formula
CseHs5015S,, suggesting the presence of two sulfate groups in the
molecule. The ESIMS 05 showed the highest mass ion peak at
m/z 793 and was assigned to the [M H]~ ion. The MS/MS
analysis of the ion atv/z 793 showed the most intense ionrafz
713 [M — H — 80], ascribable to the loss of a sulfate group. The
MS? fragmentation of this ion showed an intense ionrét 551
[M —H — 80— 162], corresponding to the loss of a hexose unit.
The 'H NMR spectrum of the aglycon portion of compoufd
showed signals corresponding to six tertiary methyts @9, 0.80,
0.94, 0.98, 1.00, and 1.23, two signalsda8.98 (1H, d,J = 9.4
Hz) and 3.81 (1H, dJ = 9.4 Hz), ascribable to the protons of a
primary alcoholic function, and a typical signal of H-3ax)a4.42
(1H, dd,J = 11.9, 4.9 Hz)'® The downfield shifts observed for
the H-3 ¢ 4.42), H-23a ¢ 3.81), and H-23b{ 3.98) signals were
indicative of the substitution on the hydroxyl groups. Theand
13C NMR data, in comparison with those of hederagéhindicated
that5 differs from hederagenin by the absence of the H-12 olefinic
proton, the presence of a methylene signal at C-12, and the lack of
a methine signal at C-18. These data suggested the presence of an
unusual 13,18-double bond instead of the typical 12,13-double bond
of a A2-oleanene skeletof:2* The positions of the sulfate groups
were assigned to C-3 and C-23 on the basis of the downfield

protons of a primary alcoholic function. These data also suggestedchemical shifts of the H-344.42) and C-3 ¢ 80.7) signals and

an ursolic acid derivative with one of the methyl groups substituted
by a—CH,OH function!” On the basis of the NMR dataH, 1°C,
2D-TOCSY, DQF-COSY, HSQC, HMBC) a3 the aglycon was
identified as B,27-dihydroxyurs-12-en-28-oic actd.This rare
sapogenin also has been previously isolated fF@goniaspecies,

in particularF. glutinos& andF. arabica! The!H NMR spectrum

for the sugar portion of compourRishowed one anomeric proton
signal atd 4.75 (1H, dJ = 3.7 Hz). The chemical shifts of all the
individual protons of the sugar unit were ascertained from a
combination of 2D-TOCSY and DQF-COSY spectroscopic analysis,
and thel®*C NMR chemical shifts of their relative attached carbons

the H-23a ¢ 3.81), H-23b ¢ 3.98), and C-23{ 69.9) signals.
Thus, the aglycon o6 was identified as the 3,23-disulfate ester of
34,23-dihydroxyolean-13(18)-en-28-oic acid. On the basis of the
NMR data, the sugar unit was identified ag-@-glucopyranosyl
unit (0 5.48). An unambiguous determination of the linkage site
was obtained from the HMBC spectrum, which showed a key
correlation peak between the proton signab&.48 (H-1) and

the carbon resonance @t177.7 (C-28). The configuration of the
sugar unit was assigned after hydrolysissofvith 1 N HCI. The
sugar unit o5 was determined to be-glucose. Thus, the structure
of 5 was identified as the new 3,23-disulfate ester @f23-

were assigned unambiguously from the HSQC spectrum (seedihydroxyolean-13(18)-en-28-oic acid Z8£-p-glucopyranoside.
Experimental Section). These data showed the presence of anThis is the first report of an oleanene derivative with an unusual

unusual 2-sulfax-arabinopyranosyl unit¥( 4.75), as indicated by
the downfield shifts of the H-2,(6 4.46) and C-g. (6 77.3) signals.

13,18-double bond as a sulfate ester.
The HRMALDITOFMS of 6 showed a major ion peak at/z

An unambiguous determination of the linkage site was obtained 631.2623 [M— H]~, ascribable to the molecular formulag4¢010S,

from the HMBC spectrum, which showed key correlation peaks
between the proton signal at 4.75 (H-L) and the carbon
resonance al 91.3 (C-3). The configuration of the sugar unit was
assigned after hydrolysis &with 1 N HCI. The sugar unit o8

(calcd for GoH470106S;, 631.2616), suggesting again the presence
of two sulfate groups in the molecule. Compoudidhowed the
highest mass ion peak sz 631 [M — H]~ in the negative ESIMS.
The MS/MS analysis of this ion exhibited the most intense ion at
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m/z551 [M — H — 80], ascribable to the loss of a sulfate group.
A further fragmentation of the ion a/z 551 produced an intense
ion atm/z521 [M — H — 80 — 30], corresponding to the loss of
a CHO unit!® The IH NMR spectrum of6 demonstrated signals
corresponding to four tertiary methyls 4t0.80, 0.95, 0.98, and
1.00, a downfield tertiary methyl @t1.34, and a secondary methyl
ato 1.06 (1H, d,J = 6.8 Hz), indicating a pentacyclic triterpene
skeleton of the ursane or the taraxastane sér#sAdditionally,
the spectrum showed two signals@B8.99 (1H, d,J = 9.7 Hz)
and 3.83 (1H, dJ = 9.7 Hz), ascribable to the protons of a primary
alcoholic function, and a typical signal of H-3axa#.40 (1H, dd,
J=11.7, 4.4 Hz)!8 The downfield shifts observed for the H-8 (
4.40), H-23a ¢ 3.83), and H-23b{ 3.99) signals were indicative
of substitution on the hydroxyl groups. A detailed analysis of its
NMR data {H, 13C, DQF-COSY, HSQC, HMBC) indicated fd¥

a P-hydroxytaraxastane skeleton with-&COOR ¢ 179.8) group

at C-28, and anr-OR (0 86.1) group at C-20, forming @lactone.
The presence of &-lactone ring was supported by the absorption
peak in the IR spectrum at 1740 chand a signal ab 179.8 in
the*C NMR spectrum. The HMBC spectrum displayed cross-peaks
between C-284 179.8) and the H-18)1.22), H-16 ¢ 1.84), and
H-22 (6 1.67) signals, and also between C-2(86.1) and the Me-
29 (0 1.06), Me-30 ¢ 1.34), and H-194 1.58) signals, providing
confirmation for thisd-lactone ring between C-20 and C-28. The
configurational assignment at C-17,XBfslinkage of D/E rings)

Perrone et al.

Extraction and Isolation. The plant material (800 g) was extracted
with 70% EtOH (3x 1.5 L) for 20 days, yielding 19.3 g of extract.
Part of the extract (2.7 g) was fractionated on Sephadex LH-20 (100
x 5 cm) using MeOH as the mobile phase. Ninety fractions (8 mL)
were obtained. Fractions 663 (5.8 mg) corresponded to compound
5. Fractions 4243 (94.0 mg) were chromatographed by semiprepara-
tive HPLC using MeOH-H;O (43:57) as mobile phase (flow rate 2.5
mL/min) to yield compound (4.2 mg,tr = 12.5 min). Fraction 47
(32.6 mg) was chromatographed by semipreparative HPLC using
MeOH—H,0 (47:53) as mobile phase (flow rate 2.5 mL/min) to yield
compoundst (3.4 mg,tr = 13.8 min) andl (3.5 mg,tr = 27.0 min).
Fraction 49 (25.9 mg) was chromatographed by semipreparative HPLC
using MeOH-H,0 (2:3) as mobile phase (flow rate 2.5 mL/min) to
yield compound3 (3.2 mg,tg = 58.3 min). Fractions 7680 (15.3
mg) were chromatographed by semipreparative HPLC using MeOH
H.0O (7:13) as mobile phase (flow rate 2.5 mL/min) to yield compound
6 (3.0 mg,tr = 16.0 min).

Compound 1: white, amorphous powderp]*> +16.4 ¢ 0.20,
MeOH): IR (KBr) vmax 3450, 2946, 1698, 1648 crh *H NMR (CDs-

OD, 600 MHz) andC NMR (CD;OD, 150 MHz), see Table 1; ESIMS
m/'z551 [M — H]~; ESIMS/IMSm/z 521 [M — H — 30]", 471 [M —

H — 80]"; HRMALDITOFMS m/z 551.3054 [M— H]~ (calcd for
C3oH4707S, 551.3048).

Compound 2: white, amorphous powderp]?, +21.8 € 0.25,
MeOH); IR (KBr) vmax 3472, 2932, 1734, 1685, 1642 cin'H NMR
(CD3OD, 600 MHz) and**C NMR (CD;OD, 150 MHz) (aglycon
moiety), superimposable on those reported for compdyrexcepted
for C-28 ato 178.2;'H NMR (CDsOD, 600 MHz) (sugar portiond

was derived by the ROESY spectrum, which showed key correlation 5 42 (d,J = 7.5 Hz, H-1 Glc), 3.36 (ddJ = 9.0, 7.5 Hz, H-2 GIc),

peaks between the Me-27¢ 1.00) and H-18& (0 1.22) signals
and between H-18(5 1.21) and the Me-26 (6 0.98) and H-18

3.38 (dd,J = 9.0, 9.0 Hz, H-3 Glc), 3.38 (dd] = 9.0, 9.0 Hz, H-4
Glc), 3.44 (m, H-5 Glc), 3.85 (dd] = 12.1, 2.5 Hz, H-6a Glc), 3.72

(6 1.58) signals. Other diagnostic ROEs were recorded between(dd,J=12.1, 4.4 Hz, H-6b GIc)}*C NMR (CD;OD, 150 MHz) (sugar

the Me-2% (6 1.06) and Me-30. (6 1.34) signals. Therefore, the
structure of6 was established as the 3,23-disulfate esterfo23-
dihydroxytaraxastane-28,28actone. While similar compounds of
the taraxastane and ursane series have been previously desttfbed,

nevertheless this is the first report of a naturally occurring saturated

portion) ¢ 95.4 (C-1 Glc), 73.5 (C-2 Glc), 78.4 (C-3 Glc), 70.7 (C-4
Glc), 78.1 (C-5 Glc), 62.1 (C-6 Glc); ESIM8vVz 713 [M — Na]";
ESIMS/MS m/z 683 [M — H — 30|, 551 [M — H — 162];
HRMALDITOFMS m/z 713.3582 [M— H]~ (calcd for GeHs7012S,
713.3576).

Compound 3: white, amorphous powderp]?> +60.4 ¢ 0.30,

and sulfated pentacyclic triterpene of the taraxastane series with ayieOH); IR (KBr) vmax 3462, 2940, 1687, 1646 crh *H NMR (CDs-

C-20,28 lactone functionality.

The cytotoxic activity of compounds—6 was tested in human
monocytic leukemia U937 cells. In a range of concentrations
between 0.1 and 100M, none of the tested compounds caused a
significant reduction of the cell number as compared to controls
(data not shown).

Experimental Section

General Experimental Procedures.Optical rotations were mea-

OD, 600 MHz) and'3C NMR (CDs0D, 150 MHz) (aglycon moiety),
see Table 1}H NMR (CD;OD, 600 MHz) (sugar portiony 4.75 (d,
J= 3.7 Hz, H-1 Ara), 4.46 (dd) = 8.5, 3.7 Hz, H-2 Ara), 3.97 (dd,
J=8.5, 3.0 Hz, H-3 Ara), 3.89 (m, H-4 Ara), 3.88 (dil= 11.9, 2.0
Hz, H-5a Ara), 3.50 (dd] = 11.9, 3.0 Hz, H-5b Ara)}*C NMR (CDs-
OD, 150 MHz) (sugar portiony 103.3 (C-1 Ara), 77.3 (C-2 Ara),
71.9 (C-3 Ara), 66.6 (C-4 Ara), 62.1 (C-5 Ara); ESIM$z 683 [M —
H]~; ESIMS/MSm/z 653 [M — H — 30]", 471 [M — H — 212];
HRMALDITOFMS m/z 683.3479 [M— H]~ (calcd for GsHss011S,
683.3471).

Compound 4: white, amorphous powderp]*> +55.0 € 0.27,

sured on a JASCO DIP 1000 polarimeter. IR measurements were MeOH): IR (KBr) vmax 3407, 2938, 1734, 1702, 1648 ciH NMR
obtained on a Bruker IFS-48 spectrometer. NMR experiments were (cp,0D, 600 MHz) and®*C NMR (CD:OD, 150 MHz) (aglycon
performed on a Bruker DRX-600 SpeCtrOmeter at 300 K. All 2D-NMR moiety)l Superimposab|e on those reported for Comp@’lwcept for
spectra were acquired in GOD. Standard pulse sequence and phase C-28 atd 178.3;!H NMR (CDs;OD, 600 MHz) (sugar portion) 5.39
cycling were used for DQF-COSY, 2D-TOCSY, HSQC, and HMBC (d, J = 7.5 Hz, H-1 Glc), 3.35 (dd) = 9.0, 7.5 Hz, H-2 Glc), 3.36
spectra. Exact masses were measured by a Voyager DE masgdd,J = 9.0, 9.0 Hz, H-3 Glc), 3.40 (dd] = 9.0, 9.0 Hz, H-4 Glc),
spectrometer. Samples were analyzed by matrix-assisted laser desorptio.43 (m, H-5 Glc), 3.88 (dd] = 12.1, 2.5 Hz, H-6a Glc), 3.71 (dd,
ionization time-of-flight (MALDITOF) mass spectrometry. A mixture = 12.1, 4.4 Hz, H-6b Glc), 4.74 (d,= 3.7 Hz, H-1 Ara), 4.46 (dd)

of analyte solution and-cyano-4-hydroxycinnamic acid (Sigma) was = 8.5, 3.7 Hz, H-2 Ara), 3.97 (dd, = 8.5, 3.0 Hz, H-3 Ara), 3.89 (m,
applied to the metallic sample plate and dried. Mass calibration was H-4 Ara), 3.83 (ddJ = 11.9, 2.0 Hz, H-5a Ara), 3.50 (dd,= 11.9,
performed with the ions from ACTH (fragment 18-39) at 2465.1989 3.0 Hz, H-5b Ara);*C NMR (CD:OD, 150 MHz) (sugar portion)

Da and angiotensin IIl at 931.5154 Da as internal standard. ESIMS 95.6 (C-1 Glc), 73.7 (C-2 Glc), 78.5 (C-3 Glc), 71.0 (C-4 Glc), 78.2
analyses were performed using a ThermoFinnigan LCQ Deca XP Max (C-5 GIc), 62.2 (C-6 Glc), 103.2 (C-1 Ara), 77.5 (C-2 Ara), 72.1 (C-3
ion-trap mass spectrometer equipped with Xcalibur software. Column Ara), 66.8 (C-4 Ara), 62.2 (C-5 Ara); ESIM8Vz 845 [M — H]j
chromatography was performed over Sephadex LH-20 (Pharmacia).ESRIMEﬁgﬁ_géﬁgsn[x g 45H 450186%&'_63?,['\(1;02{ f_orngH_ (?SO]S'
HPLC separations were carried out on a Waters 590 system equippeds - 3999) : 165162,
with a Waters R401 refractive index detector, a Waters XTerra Prep y '

. > Compound 5: white, amorphous powderp]?% +62.0 € 0.29,
MSC;5 column (300x 7.8 mm i.d.), and a Rheodyne injector. TLC MeOH)?IR (KB) vymax 3446, 2850‘ 1725‘ 1689¥ 1%41 Cf‘nll—ﬁ:NMR

was performed on silica gel F254 (Merck) plates, and reagent grade(CDSOD, 600 MHz) and®C NMR (CD:OD, 150 MHz) (aglycon
chemicals (Carlo Erba) were used throughout. moiety), see Table H NMR (CDsOD, 600 MHz) (sugar portion)
Plant Material. Fresh samples oF. arabica aerial parts were 5.48 (d,J = 7.5 Hz, H-1 Glc), 3.34 (ddJ = 9.0, 7.5 Hz, H-2 Glc),
collected at Allagi (southeast of Aswan, Egypt) in March 2004. A 3.36 (dd,J = 9.0, 9.0 Hz, H-3 Glc), 3.36 (dd] = 9.0, 9.0 Hz, H-4
voucher specimen (No. 10966) was deposited at the Botany DepartmentGic), 3.42 (m, H-5 Glc), 3.88 (dd] = 12.1, 2.5 Hz, H-6a Glc), 3.72
Herbarium, Faculty of Science of Aswan, Egypt. (dd,J=12.1, 4.4 Hz, H-6b GIc)*3C NMR (CD;0D, 150 MHz) (sugar
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Table 1. 13C and'H NMR Spectroscopic Data of the Aglycon Portions of Compouhd3, 5, and6 (CD;OD)

1 3 5 6
position dc Su (Jin Hz) dc Su (Jin Hz) dc du (Jin Hz) dc Su(Jin Hz)
1 39.4  1.64,1.08,m 39.8  1.67,1.08,m 39.3  1.82,1.05,m 392  1.76,1.01,m
2 253  211,1.75m 266  1.87,1.77,m 250  2.19,1.84,m 250  222,1.82,m
3 87.4  3.98,dd (12.1, 4.4) 913  3.18,dd (11.5,4.1) 80.7  4.42,dd(11.9, 4.9) 80.6  4.40,dd (11.7, 4.4)
4 39.5 39.8 427 421
5 570  0.96,m 56.6  0.93,m 485  1.39,m 498  1.39,m
6 19.6  1.61,1.46,m 193  1.56,1.40,m 185  1.62,1.39,m 18.2  1.69,1.42,m
7 342  1.70,1.35m 348  1.80,1.41,m 353  1.62,1.40,m 346  1.57,1.39,m
8 40.9 412 42.4 413
9 496  1.93,m 495  1.78m 520  1.63,m 51.9  1.48, dd(12.9, 2.9)
10 37.9 37.8 37.4 37.8
11 247  1.93,1.75m 246  1.94,1.78,m 230  1.60,1.42,m 219  162,1.32,m
12 1289  5.65,1(3.5) 131.0  5.49t(3.5) 262  2.82,1.94,m 259  1.73,1.31,m
13 140.3 135.6 140.3 443 121,m
14 48.2 48.4 45.2 42.6
15 243  1.60,1.20,m 231  1.80,1.58,m 280  1.84,1.14,m 283  1.84,1.15m
16 247  2.02,1.84m 250 205 1.77,m 340 201,159, m 286 202 1.84m
17 476 48.8 49.7 42.8
18 426  297,m 548  2.33,d(11.5) 128.7 491  1.22,m
19 466  1.57,1.20m 402  1.30,m 420 249 d(13.9) 431 158 m
1.79, d (13.9)
20 31.3 407 0.99,m 334 86.1
21 351  1.41,1.21,m 317 1.47,1.34,m 377 1.37,1.23,m 275  2.06,1.62,m
22 336 179,154, m 380  1.68(2H), m 361  2.26,1.37,m 327  167(2H),m
23 288  1.07,s 285  1.08,s 69.9  3.98,d(9.4) 69.9  3.99,d(9.7)
3.81, d (9.4) 3.83,d(9.7)
24 16.9  0.86,s 16.6  0.87,s 129  0.80,s 128  0.80,s
25 16.1  0.98,s 163  0.99,s 16.8  1.00,s 165  0.95,s
26 19.1  0.82,s 187  0.87,s 16.6  0.98,s 16.3  0.98,s
27 647  3.79,d(12.3) 64.7  3.68(2H), brs 212 123 147  1.00,s
3.51,d (12.3)
28 180.0 176.7 177.7 179.8
29 335 093, s 180  0.94,d(6.2) 324  0.94,s 185  1.06,d(6.8)
30 241  0.99s 216 0.99,d(6.2) 244 079, s 241  134,s

portion) 6 95.8 (C-1 Glc), 73.7 (C-2 Glc), 78.5 (C-3 Glc), 71.0 (C-4
Glc), 78.4 (C-5 Glc), 62.2 (C-6 Glc); ESIM&/z 793 [M — H];
ESIMS/MSm/z 713 [M — H — 80]", 551 [M — H — 80 — 162];
HRMALDITOFMS mvz 793.3150 [M— H]~ (calcd for GeHs/015,
793.3144).

Compound 6: white, amorphous powderp]?%, +111.0 ¢ 0.1,
MeOH); IR (KBr) vmax 3482, 2940, 1740, 1693 cth *H NMR (CDs-
OD, 600 MHz) andC NMR (CD;0D, 150 MHz), see Table 1; ESIMS
m/z 631 [M — H]~; ESIMS/MSm/z 551 [M — H — 80], 521 [M —

H — 80 — 30]"; HRMALDITOFMS m/z 631.2623 [M— H]~ (calcd
for CgoHa7010S,, 631.2616).

Acid Hydrolysis. A solution (0.8 mg each) &—5in 1 N HCI (0.25
mL) was stirred at 80C for 4 h. After cooling, the solution was
concentrated by blowing with N The residue was dissolved in
1-(trimethylsilyl)imidazole and pyridine (0.1 mL), and the solution was
stirred at 60°C for 5 min. After drying the solution with a stream of
N2, the residue was partitioned betweegCHand CHCI, (1 mL, 1:1
v/v). The CHCI, layer was analyzed by GC using arChirasil-Val
column (0.32 mmx 25 m). Temperatures of the injector and detector
were 200°C for both. A temperature gradient system was used for the
oven, starting at 100C for 1 min and increasing up to 18C at a
rate of 5°C/min. The peak of the hydrolysate @fwas detected at
14.72 min p-glucose).L-Arabinose (8.93 and 9.82 min) was identified
in the hydrolysate 08. The peaks of-arabinose (8.90 and 9.79 min)
andp-glucose (14.73 min) were detected in the hydrolysaté. dthe
peak of the hydrolysate & was detected at 14.74 min-glucose).

Retention times for authentic samples after being treated in the same

manner with 1-(trimethylsilyl)imidazole in pyridine were detected at
14.71 min 6-glucose), 8.80 and 9.75 min-arabinose), 8.92 and 9.80
min (L-arabinose), and 14.66 min-@lucose).

Detection of the Sulfate Group.A 1—2 mg aliquot of each sample
was refluxed with 10% HCI (4 mL) fo4 h and then extracted with

Et,O. An aliquot of the aqueous layer of each was treated with 70%

BaCk to give a white precipitate (BaSPp?°®

Supporting Information Available: Experimental procedures of
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