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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
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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
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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
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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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