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Abstract

Project Code: MRG5180158

Project Title: Development in extraction and isolation of Ol-glucosidase inhibitors from leaves of
Aegle marmelos and_Corchorus olitorius using polymeric resin
Investigator: Assistant Professor Preecha Phuwapraisirisan
Department of Chemistry, Faculty of Science, Chulalongkorn University
E-mail Address: preecha.p@chula.ac.th
Project Period: 14 May 2008-15 May 2010 (2 years)

[-Glucosidase inhibitor play an important role in effectively suppressing blood glucose level,
thus controlling diabetes mellitus (DM). In our search for D-glucosidase inhibitors from medicinal
plants, we have focused on Aegle marmelos and Corchorus olitorius as a result of preliminary
screening and their long historic recognition as diabetes therapy. Bioassay-guided isolation of A.
marmelos leave extract yielded three new compounds named anhydromarmeline (1), aegelinoside A
(7) and aegelinoside B (8). Of isolated compounds, anhydroaegeline (2) revealed potent inhibition with
ICso value of 35.8 LUIM. On the other hand, C. olitorius leave extract afforded two new flavonol
glycosides named corchorusides A (9) and B (10). Corchoruside A comprises a kaempferol moiety
connected with caffeic acid, glucose and a rare methyl glucuronate (MeGIcA). Corchoruside A
inhibited OL-glucosidase activity with an ICsq value of 0.18 mM, which is three-fold more active than
that of the standard diabetes drug acarbose. The occurrence of a caffeoyl moiety in corchoruside A
enhanced significantly its inhibitory effect toward Ol-glucosidase, compared to corchoruside B. We
have envisioned to adsorption property of polymeric resin towards A. marmelos and C. olitorius

extracts. XAD-16 revealed highest adsorption capacity, desorption capacity and desorption ratio.

Keywords: diabetes mellitus, Aegle marmelos, Corchorus olitorius, D-glucosidase
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2) 7:3 MeOH-H,0
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Compound % Inhibition at various concentration (Llg/mL)
10.0 5.0 25 1.25
1 30.1+1.32 13.2+0.25 8.1+0.6 1.3+£0.05
2 56.5+0.64 25.2+0.91 7.5+0.87 1.7£0.11
3 13.5+0.68 11.4+0.60 7.8+0.44 1.5£0.13
4 19.7+£1.59 15.9+1.05 NI NI
5 36.0+0.34 20.9+1.40 11.2+1.11 5.3+0.77
6 12.6+1.05 NI NI NI
7 17.6+1.07 11.6£0.51 6.1+£0.54 4.6+0.99
8 8.8+0.39 3.4£0.59 NI NI
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C. olitorius dried leaves
(1.8 Kg)

1) MeOH
2) partition hexane/MeOH
3) partiion DCM/1:1 MeOH-H20

1:1 MeOH-H,0 extract

4) Diaion HP 20 (H20, MeOH, acetone)
5) Si02, MeOH-DCM (0:1>>>1:0)

Fr.2 Fr.3
6) LH 20, MeOH

7) SiO2, MeOH-DCM (0:1>>>1:0)
8) ODS HPLC, 55:45 Me OH-H20

9) LH 20, MeOH
10) Crys. EtOAC

corchoruside A (9, 25 mg) |
supernatant capsugenin-25,30-O-
B-diglucopyranoside
11) evap, crys MeOH (11, 50 mg)

corchoruside B (10, 10 mg)
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Compound OL-Glucosidase inhibitory effect
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Trade name Structure Pore Surface area Porosity Particle size Density
radius (A) (m2/g) (mL/g) (mm) (g/mL)
Diaion HP20  SDVB 260 500 1.30 0.25-0.84 1.01
XAD-7 acrylic 90 450 1.14 0.25-0.84 1.24
XAD-1180 SDVB 300 600 1.68 0.25-0.84 1.04
XAD-4 SDVB 50 725 0.98 0.25-0.84 1.08
XAD-16 SDVB 100 800 1.82 0.25-0.84 1.08
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extract solution

resin bead
ﬂSampling then HPLC ﬂSampIing then HPLC
Qe Qd
Adsorption capacity Qg = V{(Co-Ce) Desorption capacity Q4 = V4Cy
W w
Desorption ratio D = CyV,
P —4%d 100
Vi(CO'Ce)

where V; = initial volume of extract solution (mL)
V4= desorption volume of extract solution (mL)
Cy = initial concentration of extract solution (mg/mL)
C. = equilibrium concentration (after adsorption) of extract solution (mg/mL)
C4 = desorption concentration of extract solution (mg/mL)
W = weight of resin bead (g)
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aegelinoside A (7) LAz aegelinoside B (8) %aﬁumwﬁmlmj

7 6.47 6.44

Adsorption/desorption capacity (mg/g)

HP20 XAD-7 XAD-1180 XAD-4 XAD-16
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A series of phenylethyl cinnamides, which included new compounds named anhydromarmeline (1),
aegelinosides A (7) and B (8), were isolated from Aegle marmelos leaves as a-glucosidase inhibitors.
The structures of new compounds were characterized by spectroscopic data and chemical degradation.
Of compounds isolated, anhydroaegeline (2) revealed the most potent inhibitory effect against a-gluco-
sidase with ICso value of 35.8 pM. The present result also supports ethnopharmacological use of A.
marmelos as a remedy for diabetes mellitus.

© 2008 Elsevier Ltd. All rights reserved.

Type 2 diabetes mellitus affects approximately 215 million peo-
ple worldwide. It is currently clear that aggressive control of
hyperglycemia in patients with type 2 diabetes can attenuate the
development of chronic complications such as retinopathy and
nephropathy.! To date, therapy for type 2 diabetes relies mainly
on several approaches intended to suppress the hyperglycemia,
which include reducing gut glucose absorption.

Therefore inhibition of a-glucosidase, an enzyme catalyzing the
cleavage of glycosidic bonds in oligosaccharides or glycoconju-
gates, is a method of choice to control elevated glucose level in
blood. Although novel generations of a-glucosidase inhibitors have
been consistently synthesized, those having multiple actions are
greatly required. Recent investigations have reported the excep-
tional actions of a-glucosidase inhibitors from natural sources.’
Prominent examples included aegeline, a hydroxyl amide alkaloid
from Aegle marmelos leaves, which suppressed both blood glucose
and plasma triglyceride levels.?

Aegle marmelos is typically known as ‘bael’ in India. It belongs to
the family of Rutaceae, which is widely used in Indian Ayurvedic
medicine for the treatment of diabetes mellitus. Despite several
reports of its antihyperglycemic activity,* the active principles
have not been identified. In this Letter, we describe the isolation,
characterization and glucosidase inhibitory effect of phenylethyl

* Corresponding author. Tel.: +662 218 7624; fax: +662 218 7598.
E-mail address: preecha.p@chula.ac.th (P. Phuwapraisirisan).

0960-894X/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bmcl.2008.08.024

cinnamides; three of which named anhydromarmeline (1), aegeli-
nosides A (7) and B (8), are newly discovered (see Fig. 1).

The air-dried leaves of A. marmelos, collected in Nakornpatom in
April 2006, were extracted with CH,Cl, and 7:3 MeOH-H,0 using

Figure 1. New metabolites isolated from A. marmelos.
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Soxhlet extractor. The CH,Cl, extract was dissolved in 4:1 MeOH-
H,0 and partitioned with hexane. The methanolic layer was chro-
matographed on silica gel using stepwise MeOH-CH,Cl, (0:1, 5:95,
10:90, 20:80 and 50:50), yielding five major fractions. The com-
bined fractions 1 and 2 were further purified on Sephadex LH-20
(1:9 MeOH-CH,Cl,) and silica gel (5:95 MeOH-CH,Cl,) to afford
anhydromarmeline® (1, 14 mg), anhydroaegeline (2, 50 mg), and
(-)-tembamide (3, 8 mg). In addition, dehydromarmeline (4,
11 mg), (—)-aegeline (5, 65 mg), and (—)-O-methylether aegeline
(6, 20 mg) were also obtained from fraction 3, on purification using
silica gel (10:90 MeOH-CH,Cl,). The 7:3 MeOH-H,0 extract was
loaded onto Diaion HP-20 and excessively eluted with H,O, MeOH
and acetone. The MeOH fraction was separated by VCC (stepwise
5:95, 10:90, 15:85, 50:50, 70:30 and 100:0 MeOH-CH,Cl,) The
combined fractions eluted with 15:85 and 50:50 MeOH-CH,Cl,
were subsequently purified by Sephadex LH-20 (3:7 MeOH-
CH,Cl,) followed by RPHPLC (ODS, 65:35 MeOH-H,0, UV
254 nm) to furnished aegelinosides A (7, 20 mg, tg 32.4 min) and
B (8, 10 mg, tg 27.1 min).
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Figure 2. Selected HMBC correlations of 1.

Figure 3. Selected HMBC correlations of 7.

Table 1
'H and '>C NMR data for aegelinosides A (7, CD;0D) and B (8, acetone-dg)

Position Aegelinoside A (7) Aegelinoside B (8)
13C lH 13C 1H

1 166.5 166.4

2 120.5 6.65,d, 15.6 124.1 6.05,d, 12.8

3 140.5 7.50, d, 15.6 136.4 6.68,d, 12.8

4 135.4 135.9

59 127.5 7.57, m 129.8 7.68, m

6,8 128.1 7.35, m 128.0 731, m

7 1293 7.35, m 1294 731, m

1 46.0 3.57,d,6.4 454 3.56, m

3.38, m

2 77.0 5.00, t, 6.4 77.9 4.89,dd, 7.6, 4.4

3 130.0 131.3

4,8 128.0 7.35,d, 8.8 128.2 7.37,d, 8.6

5,7 113.7 6.92,d, 8.8 1135 6.89, d, 8.6

6 159.6 159.4

17 99.5 412,d,7.2 100.5 418,d,7.2

2" 73.7 3.28, m 73.7 3.24, m

3" 76.3 323, m 76.8 3.27, m

4" 70.4 3.26, m 70.5 3.32, m

5" 76.6 3.09, m 76.3 3.18, m

6" 61.5 3.87,dd, 11.6, 2.0 62.0 3.65, m
3.67,dd, 11.6. 5.6 3.84, m

OMe 54.1 3.78, s 54.4 3.78, s

Anhydromarmeline (1) was obtained as yellow needle. The
molecular formula was established as C,,H;3NO, by HRESIMS.
The 'H NMR spectrum displayed most signals in aromatic region
(6.1-7.7), in addition to the upfield resonances that are ascribable
to oxygenated prenyl moiety [y 5.49 (m, 1H), 4.50 (d, J = 6.8 Hz),
1.80 and 1.74 (s, each 3H)].” The '3C NMR showed 22 signals, five
of which were quarternary carbons which included resonance of

MeO. o
T 28
.4 u*{@ J2315.6 Hz
-3 H-2
Meo o J5312.0 Hz
H-3 @YNK:/Q 23
\ OHH 2 3 H-2
I e S N
7.50 7.00 6.50 6.00

Figure 4. Partial '"H NMR spectra of aglycones 5 (top) and 8a (bottom) obtained
from hydrolysis of 7 and 8, respectively.

Table 2
o-Glucosidase inhibitory effect of isolated compounds
Compound % Inhibition at various concentration (pg/mL)

10.0 5.0 2.5 1.25
1 30.1£1.32 13.2+0.25 8.1+0.6 1.3 £0.05
2 56.5+0.64 25.2+0.91 7.5+0.87 1.7+0.11
3 13.5+0.68 11.4 £ 0.60 7.8 £0.44 1.5+0.13
4 19.7 £1.59 15.9+£1.05 NI NI
5 36.0+0.34 209+ 1.40 11.2+£1.11 53+0.77
6 12.6 £1.05 NI NI NI
7 17.6 £ 1.07 11.6 £0.51 6.1+0.54 4.6 +0.99
8 8.8+0.39 3.4+0.59 NI NI




4958 P. Phuwapraisirisan et al./Bioorg. Med. Chem. Lett. 18 (2008) 4956-4958

140 -
E |C5035.8|.LM
120
100 ~
80
60 - o
401
20

0 —_——
0 20 40 60 80 100
Concentration (uM)

% Inhibition

Figure 5. Inhibitory effect of anhydroaegeline (2) against o-glucosidase on
hydrolysis of p-nitrophenyl o-p-glucopyranoside.

amide (8¢ 162.7). Interpretation of 2D NMR resulted in the con-
struction of two separated aromatic systems, which were con-
nected through amide linkage. A monosubstituted benzene [y
7.53 (2H) and 7.38 (3H)] was connected to trans-olefinic protons
[6y 7.75 (d, J=15.2 Hz) and 6.44 (d, J = 15.2 Hz)], which were in
turn linked to amide carbon based on HMBC correlations from H-
2 and H-3 to C-1. The other aromatic motif was assigned to a
para-substituted benzene [5y 7.28 (d, J=8.4 Hz, 2H) and 6.86 (d,
J =8.4 Hz, 2H)], which was accommodated by the oxygenated pre-
nyl (Me,C=CHCH,0-) and ethyleneamine (-CH=CH-NH-) moie-
ties. A large coupling constant (14.4 Hz) of olefinic protons (H-1”
and H-2") pointed out that they were E-oriented. Therefore the
gross structure of anhydromarmeline (1) was depicted (see Fig. 2).

Aegelinoside A (7)® was isolated from 7:3 MeOH-H,0 extract
and displayed [M+Na]* ion in HRESIMS at m/z 482.1781 that led
to molecular formula of C54H29NOs. The '"H NMR spectrum (Table
1) of 7 in CDs0D showed signals of aromatic and olefinic protons
in range of 6.6-7.6 (11H) and oxygenated methylenes and
methines (54 3.0-5.2, 10H). The 3C NMR spectrum displayed 24
signals, which included resonance of amide (¢ 166.5). The reso-
nances of 8y 7.57 (m, 2H), 7.50 (d, J = 15.6 Hz, 1H), 7.35 (m, 3H),
and 6.65 (d, J=15.6 Hz, 1H) were ascribable to trans-cinnamide
based on COSY and HMBC data. The signals at &y 7.35 (d,
J=8.8Hz,2H) and 6.92 (d, ] = 8.8 Hz, 2H) were assigned to p-disub-
stituted benzene which was accommodated by methoxy group (34
3.78 and ¢ 54.1) at C-6’ and oxygenated ethyl amine moiety
(-OCH-CH,-NH-) at C-3’. The HMBC cross peaks (Fig. 3) observed
for H-2, H-3, and H-1’ to C-1 indicated that these two separated
aromatic systems were linked through amide bond. The remaining
oxygenated methylenes and methines were assigned to B-p-glu-
cose residue, which was attached to C-2’ based on HMBC correla-
tion from H-1" (4.12, d, J=7.2Hz) to C-2'. Therefore overall
structure of 7 was accomplished. The absolute configuration of
C-2" was determined by chemical degradation. Hydrolysis of 7 in
1 M HClI under reflux yielded p-glucose and (—)-aegeline; the latter
of which was identical in all respects, particularly optical rotation
([«]*°p —27.6), to R-aegeline (lit.[«]*’p —35.9)°.

Aegelinoside B (8)'° was isomeric to 7 as evidenced by a molec-
ular formula of C,4H,9NOs. Although direct comparison of their 'H
and '>C NMR spectra could not be made since they were recorded
in different solvents, 8 revealed signals essentially identical to
those of 7. Significant difference observed by us was slightly up-
field olefinic protons H-2 (6.05, d, J=12.8 Hz) and H-3 (6.68, d,
J=12.8 Hz). A relative small coupling constant (J3 = 12.8 Hz) indi-
cated that A? in 8 was cis-oriented instead of trans-oriented in 7.
The gross structure of 8 was subsequently confirmed by 2D NMR
data. The absolute configuration of C-2’ was also deduced by chem-
ical degradation. Acid hydrolysis of 8 afforded p-glucose and corre-

sponding hydrolysate named aegeline B (8a, Fig. 4), whose minus
sign of specific rotation ([«]?®, —20.6) was reminiscent to that of
a 2'R-phenylethyl cinnamide.!!

Compounds 1, 7 and 8 displayed slightly weak inhibition (30.1,
17.6 and 8.8%, respectively) against a-glucosidase, even at concen-
tration of 10 pg/mL (see Table 2).'?> Of compounds isolated, anhyd-
roaegeline (2) turned out to be the most potent inhibitor
possessing ICsq value of 35.8 uM (Fig. 5).

In summary, we have isolated a variety of phenylethyl cinna-
mides, which included anhydromarmeline (1), aegelinosides A
(7) and B (8), as a novel type of a-glucosidase inhibitors.
Although phenylethyl cinnamides have been commonly encoun-
tered in certain genus such as Aegle'® and Hibiscus,'* the pres-
ence of cis-cinnamide moiety in 8 is extraordinarily rare in
Nature. Recently Narender et al. have demonstrated that aegeline
(5), the related congener of 7 and 8, could serve as a potential
remedy for diabetes mellitus by suppressing blood glucose and
plasma triglyceride levels. Therefore they are likely to deserve
further development discovering new antidiabetes drugs having
dual functions.
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Corchorus olitorius, a highly fibrous vegetable commonly known as moroheiya, has long been recognized for
its hypoglycemic activity. Bioassay-guided fractionation of the leaf extract led to the isolation of two new
flavonol glycosides named corchorusides A and B, in addition to a major component, capsugenin-25,30-0-
B-diglucopyranoside. Corchoruside A comprises a kaempferol moiety connected with caffeic acid, glucose,
and a rare methyl glucuronate (MeGIcA). The occurrence of a caffeoyl moiety in corchoruside A enhanced

significantly its inhibitory effect toward o-glucosidase compared to that in corchoruside B.

© 2009 Elsevier Ltd. All rights reserved.

Type 2 or non-insulin-dependent diabetes mellitus (NIDDM) is
a metabolic disorder characterized by insufficient use of insulin.
NIDDM is often associated with obesity and develops when chronic
overnutrition combines with genetic susceptibility. Recently, sev-
eral clinical studies have demonstrated that modification of food
intake, by consuming dietary fiber, significantly enhanced insulin
secretion, inhibited glucosidase activity and delayed glucose
absorption into the bloodstream." Therefore, it is of interest to em-
ploy vegetables containing high dietary fiber as an alternative anti-
diabetic food. In our search for a-glucosidase inhibitors from
natural sources,>® we have focused on Corchorus olitorius due to
its historic recognition as an antidiabetes remedy and potent
inhibitory effect in our screening. C. olitorius (Tiliaceae family) is
indigenous to Egypt and the Middle East, and its young leaves have
been introduced to East Asia and Japan as a healthy vegetable, typ-
ically recognized as Moroheiya. Its health benefits have been re-
ported in terms of antitumor promotion, antioxidant properties®
and antibacterial activity.® Recently, Innami demonstrated that C.
olitorius leaf extract significantly suppressed postprandial blood
glucose level in rats and humans.” In addition, both the diffusion
rate of glucose and permeation rate of glucose in cultured Caco-2
cells were significantly reduced by the addition of leaf extract.’”
To date, the active principles that are largely associated with the
delayed absorption of glucose have not been identified. An attempt
to characterize the active components in C. olitorius leaves using

* Corresponding author. Tel.: +662 218 7624; fax: +662 218 7598.
E-mail address: preecha.p@chula.ac.th (P. Phuwapraisirisan).
" Deceased author.
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a-glucosidase inhibition-guided fractionation resulted in the isola-
tion of two new flavonol glycosides.
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The dried leaves (1.8 kg) of C. olitorius were extracted with
MeOH to afford a dark-green residue which was further partitioned
with hexane and CH,Cl,. The resulting aqueous MeOH extract was
chromatographed on Diaion HP-20, which was successively eluted
with H,0, MeOH, and acetone. The active MeOH fraction was sub-
sequently purified using Sephadex LH-20 (MeOH), silica gel chro-
matography (10:90—70:30 MeOH-CH,Cl,), and RP-HPLC (55:45
MeOH-H,0) to yield two new flavonol glycosides named corchoru-
sides A (1, 162 mg) and B (2, 51 mg), together with the major tri-
terpenoid glycoside capsugenin-25,30-0-p-diglucopyranoside® (3,
209 mg) (Fig. 1).

Corchoruside A (1)° has the molecular formula C37H35050 as
established by HRESIMS and NMR data. The UV spectrum of 1
exhibited absorptions [267 (3.68), 333 (3.77)] that were ascribable
to the flavonol skeleton.'® The 'H NMR spectrum of 1 (Fig. 2a), re-
corded in CD30D, contained proton resonances in aromatic and
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glycosidic regions only, in addition to a methoxy signal [éy 3.64
(3H, s)]. Despite signal broadening around 6.6-7.1 ppm (Fig. 1a),
two separate aromatic spin systems were established by COSY data
and coupling constant analysis. The meta-coupled resonances [dy
6.38 (1H, br s, H-8) and 6.65 (1H, br s, H-6)] as well as the aromatic
protons [y 8.02 (2H, br d, J = 8.6 Hz, H-2" and H-6’) and 6.91 (2H,
overlapped, H-3’ and H-5')] were assigned to rings A and B of the
kaempferol unit, respectively. The trans-olefinic protons [dy 7.56
(1H, d, J=16.0 Hz, H-7"") and 6.29 (1H, d, J=16.0 Hz, H-8"")] in
conjunction with an aromatic ABX spin system [Jy 6.78 (1H, m,
H-5"""), 6.90 (1H, m, H-6"") and 7.04 (1H, br s, H-2""")] were as-
signed to a caffeoyl moiety, as was evident from diagnostic HMBC
Cross peaks (H_z/////c_7////Y H-GH///C-7””, H_7/////c_9////, and H_S/////
C-9""). In the glycosidic region, the anomeric resonances at Jy
5.13/6c 99.6 and &y 5.68/5c 99.2 indicated the presence of two
sugar residues. However, the identity of these units and glycosidic
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Figure 2. NMR spectra of corchoruside A (1) and its nonaacetate (1a). (a) "H NMR spectrum of 1 in CD50D, (b) 'H NMR spectrum of 1a in CDCl5, and (c) HMBC spectrum of 1a.

Particular diagnostic HMBC cross peaks are indicated by solid arrows.
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Table 1
NMR data (400 MHz) of corchoruside A (1, CD30D) and its nonaacetate derivative (1a,
CDCls)

Position 1 1a*

dc Sy, mult, J in Hz dc Sy, mult, J in Hz
2 157.7 152.2
3 133.8 136.0
4 174.8 172.0
5 156.4 157.3
5-OH 12.39, s
6 94.2 6.65, br s 102.1 6.86,d, 2.0
7 162.6 159.6
8 99.1 6.38, br s 109.6 6.59, d, 2.0
9 160.4 1504
10 106.4 1135
1 120.7 1214
2,6 131.1 8.02, br d, 8.6 130.0 7.97,d, 8.4
3,5 115.0 6.91, m 121.5 7.17,d, 8.8
Y 160.4 155.0
MeGIcA
1” 99.6 5.13° 98.1 5.29,d, 8.0
2" 70.2 3.40, m 68.2 5.06, m
3" 77.4 334, m 72.0 5.24, m
4" 71.6 3.62, m 68.8 5.30, m
5" 75.3 4.16,d,9.2 72.8 4.23,d,9.2
6" 169.4 166.0
7" 49.5 3.64, s 53.0 3.68, s
Glc
1 99.2 5.68, d, 8.0 99.2 5.98,d,7.6
2" 74.3 5.03, m 74.3 5.21, m
3 74.8 3.64, m 74.8 5.28, m
4" 73.1 3.52, m 73.1 527, m
5" 75.6 3.55, m 75.6 5.17, m
6" 61.2 3.57, m 61.2 3.95, m

3.76, m

Caffeoyl 4.02, m
1 126.5 132.9
20 114.1 7.04, br s 122.8 7.30, s
3 145.4 142.5
4 148.4 143.9
5 115.5 6.78, m 123.8 7.15,br s
6" 122.0 6.90, m 126.3 7.32,brs
7" 146.1 7.56, d, 16.0 144.0 7.59,d, 16.0
8" 114.0 6.29, d, 16.0 118.1 6.27,d, 16.0
g 166.4 165.0

2 The acetate signals resonated at: §y 2.34, 2.27, 2.24, 2.23, 1.99, 1.97, 1.94, 1.91,
and 1.89; ¢ 21.2, 21.1, 21.0, 20.9, 20.6, 20.4 (4 x CH3), 170.6, 170.3, 170.2, 169.7
(3 x C=0), 169.4, 169.2, and 169.0.

b Qverlapped with the signal for water.

linkages could not be confirmed due to the lack of diagnostic 2D
NMR correlations. In fact, this problem has been encountered fre-
quently in the case of samples dissolved in certain polar solvents
such as CD30D and acetone-dg, leading to signal broadening. We
have demonstrated that acetylated glycosides produce sharper
and better-separated signals than their parent congeners.'! Thus
1 was acetylated using Ac,O/pyridine, affording corchoruside A
nonaacetate (1a)'? in which all the hydroxy groups, except for 5-
OH, were acetylated. Therefore, the complete structure of 1 was
established as its acetylated derivative (Fig. 3).

Corchoruside A nonaacetate (1a) produced sharp and well-sep-
arated signals that allowed clear HMBCs (Fig. 2b and c). Two sugar
residues were identified by interpretation of the 2D NMR data
along with analysis of 'H-'H coupling constants. Starting with
the anomeric proton at Jy 5.29, five contiguous methines were
apparent. In the HMBC spectrum, H-5" (éy 4.23) correlated with
a carbon at é¢ 166.0 (C-6"), which was in turn coupled with a
methoxy proton (dy 3.68), indicating that this sugar residue was
glucose-derived and possessed a methyl carboxylate (Fig. 3).
Therefore, this unit was assigned as methyl glucuronate (MeGIcA).
In the same manner, the anomeric proton at éy 5.98 and its contig-
uous oxygenated protons were assigned to a glucose moiety (Glc).

MeGicA

3" caffeoyl
OAc

Figure 3. Selected HMBCs of 1a.

The glycosidic linkages were established by HMBC data analysis.
MeGIcA was connected to C-7 of kaempferol through p-orientation
as indicated by the HMBC between H-1” and C-7 as well as the
large coupling constant (8.0 Hz) for the anomeric proton. Similarly,
the HMBC cross peak between H-1"” and C-3 and the large J value
of 7.6 Hz suggested the connectivity of Glc to the aglycone via
B-orientation. The caffeoyl moiety was attached at C-2'" of Glc as
demonstrated by the HMBCs between H-2"'/C-9"", H-7""|C-9""
and H-8""|C-9"”, thus completing the structure of corchoruside A.

Corchoruside B (2)'® gave an [M+Na]* ion at m/z 661.1375 in
the HRESIMS spectrum, which corresponded to a molecular
formula of C,gH300;7Na. The 'H NMR spectrum of 2 (pyridine-ds)
was similar to that of 1 (CD3;0D) even though they were recorded
in different solvents. Careful examination of the 'H and '*C NMR
spectra of 2 (Table 2) revealed the absence of olefinic protons
and certain aromatic resonances. In the aromatic region, m-cou-
pled protons [y 7.13 (1H, d, J=2.0Hz) and 6.89 (1H, d,

Table 2
NMR data (400 MHz) of corchoruside B (2) in pyridine-ds
Position 2
dc Sy, mult, J in Hz

2 156.4
3 1334
4 173.8
5 155.4
6 93.5 7.13,d,2.0
7 161.9
8 98.7 6.89,d, 2.0
9 161.3
10 105.6
1 120.5
2,6 130.5 8.24,d, 8.8
3,5 114.8 7.28,d, 8.8
4 160.4
MeGIcA
17 100.2 4.82,d,7.2
2" 73.1 4,52, m
3" 76.5 4.56, m
4" 71.5 471, m
5" 75.8 5.03, d, 9.6
6" 168.8
7" 50.8 3.77, s
Glc
1" 102.2 5.20,d, 7.2
2" 74.7 4.50, m
3 77.0 447, m
4" 70.5 4.36, m
5" 77.8 4.18, m
6" 61.2 4.38, m

4.52, m
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Table 3
o-Glucosidase inhibitory effects

Compound a-Glucosidase inhibitory effect (ICsg, mM)
1 0.18 £0.01
2 0.72 £0.03
3 1.42 £0.03
Acarbose 0.62 £0.03
1-Deoxynojirimycin (DN]) 0.17 £0.02

J=2.0Hz)] and o-coupled resonances [y 8.24 (2H, d, = 8.8 Hz)
and 7.28 (2H, d, J = 8.8 Hz)] suggested that 2 possessed a kaempf-
erol core structure. Two anomeric protons (Jéy 5.20 and 4.82) re-
vealed an identical 2D NMR correlation pattern as observed in 1,
suggesting that 2 possibly comprised MeGIcA and Glc residues,
which was further supported by acid hydrolysis. The difference
in molecular mass of 162 amu (CgHgO3) in connection with the ab-
sence of the aforementioned resonances indicated that 2 was a
decaffeoyl congener of 1.

Corchoruside A (1) inhibited a-glucosidase activity with an ICsq
value of 0.18 mM, which is threefold more active than that of the
standard diabetes drug acarbose and comparable to DN]J (Table
3). On the other hand, the congener 2 demonstrated significantly
reduced inhibition (ICso 0.72 mM), suggesting that the caffeoyl
moiety is critical in blocking enzyme function.

In summary, we have succeeded in identifying two new flavonol
glycosides 1 and 2, which display antidiabetic activity, from the leaf
extract of C. olitorius. Corchoruside A comprises a kaempferol moiety
connected to glucose and caffeoyl residues, in addition to a rare
sugar, methyl glucuronate (MeGlcA).'"* We also demonstrated that
despite signal broadening and the lack of diagnostic 2D NMR corre-
lations in the original spectra of 1, the overall structure could be
eventually established by transformation of 1 into its peracetylated
derivative 1a. Flavonol glycosides possessing 7-glucuronic acid are
encountered only in particular species such as Allium cepa,'” Tanace-
tum parthenium,'® and Tulipa gesneriana.'” The markedly improved
a-glucosidase inhibitory effect of 1 over that of 2 clearly pointed to
the crucial role of the caffeoyl residue in blocking the enzyme func-
tion. Although a variety of compounds containing the caffeoyl moi-
ety have been synthesized and validated for glucosidase
inhibition,'®!® the nature of the interaction between the caffeoyl
moiety and binding sites of the enzyme remains unknown.
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