Cytotoxic Rocaglamide Derivatives from Aglaia duppereana
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Phytochemical investigation of Aglaia duppereana flowers led to the isolation of a new
rocaglamide derivative and twelve known congeners. The structure of the new compound
was unambiguously elucidated by spectroscopic techniques (1D- and 2D-NMR, HRESIMS).
The isolated compounds exhibited a potent cytotoxic activity against mouse lymphoma
(L5178Y) cells with EC, values ranging from 5.1 to 54.8 nm.
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Introduction

The genus Aglaia represents the largest genus
of the family Meliaceae and includes about 120
species mainly distributed in the tropical rainfor-
est of Southeast Asia and on the Pacific islands
(Pannell, 2007). Species of Aglaia form an im-
portant element of the humid tropical forests in
the Indo-Malaysian region (Proksch et al., 2001).
Several species of Aglaia have long been used by
native populations as heart stimulants and in the
treatment of coughs, inflammation, diarrhea, and
injuries (Proksch et al., 2001).

Previous phytochemical studies of different
Aglaia species established the occurrence of a class
of characteristic compounds called flavaglines,
which include rocaglamide, aglain, aglaforbesin,
and forbagline derivatives (Ebada et al., 2011).
Only the rocaglamide derivatives, which feature
a cyclopenta[b]benzofuran skeleton, exhibit inter-
esting pharmacological properties including anti-
cancer (Rivero-Cruz et al., 2004; Kim et al., 2006),
anti-inflammatory (Proksch et al., 2005), and in-
secticidal activities (Schneider et al., 2000; Greger
et al., 2001). Additionally, rocaglamide derivatives
are potent inhibitors of Raf-MEK-ERK (Polier

et al.,2012) and of NF-x«B (Baumann et al., 2002).
In this study, we report the isolation and identifi-
cation of a new rocaglamide derivative together
with twelve known ones from A. duppereana flow-
ers, and on their cytotoxic activities.

Results and Discussion

The methanolic extract of flowers of Aglaia
duppereana was separated by column chromatog-
raphy and preparative high-performance liquid
chromatography (HPLC) to yield twelve known
rocaglamide derivatives, 2—13, in addition to the
new compound 1 (Fig. 1). The molecular formula
of compound 1, C,,H,,NO,, was established from
high-resolution-electrospray ionization-mass spec-
trometry (HRESIMS) (sodiated molecular ion
peak [M + Na]* signal at m/z 558.1731; calcd. for
CyH,,)NO,Na, 558.1735). Comparison of the 'H
and "C NMR spectra of 1 with those of previous-
ly isolated rocaglamides showed that compound
1 possesses a cyclopenta[b]benzofuran core which
is characteristic for rocaglamides. The '"H NMR
spectrum (Table I) revealed the presence of three
methoxy groups (Jy 3.77, 3.79, and 3.86 ppm)
and one acetoxy methyl group (Jy 1.88 ppm).
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Fig. 1. Chemical structures of isolated compounds.

The aromatic region of the 'H NMR spectrum
of 1 displayed five proton resonances between Jy
7.03 ppm and dy; 7.07 ppm which were assigned to
the monosubstituted aromatic ring C, whereas the
ABX system of ring B was represented by two
doublets protons at J,; 6.68 ppm (1H, J = 8.5 Hz)
and Jdy 6.83 ppm (1H, J = 2.2 Hz), and a doublet
of doublets at d, 6.79 ppm (1H, J = 2.2, 8.5 Hz).
In addition, two signals of meta-coupled protons
at dy 6.16 ppm (1H, J = 1.9 Hz) and Jy 6.30 ppm
(1H, J = 1.9 Hz) were assigned for ring A. Signals
of the cyclopentane ring included two doublets at
ou 424 ppm (1H, J = 144 Hz) and ¢y 6.12 ppm
(1H, J = 5.8 Hz), and a doublet of doublets at dy
4.07 ppm (1H, J = 5.8, 14.4 Hz). Structural eluci-
dation was further achieved through the 'H-'H

Rl RZ R3
1 OCOCH; CONH, OH
2 OH CON(CH;), H
3 OH CON(CH;), OH
4 OCOCH;  CON(CH:;), OH
5 OH CONHCH; H
6 OH CONHCH;  OH
7 OCOCH;  CONHCH; H
8 OCOCH;  CONHCH;  OH
9 OH CONH, H
10 OH CONH, OH
11 OCOCH; CONH, H

R
12 H
13 OH

COSY spectrum (Fig. 2) showing four spin sys-
tems, CH(1)CH(2)CH(3), CH(5)CH(7), CH(5’)-
CH(6’)CH(2’), and CH(2”)CH(3”)CH(4”)CH-
(5”)CH(6”). The assignment was further sup-
ported by inspection of the HMBC spectrum
(Fig. 2) which showed correlations from OCH;-
4 (04 3.77 ppm) to C-4’ (. 148.0 ppm), OCHs;-
6 (Jy4 3.86 ppm) to C-6 (dc 166.0 ppm), OCH;-8
(64 3.79 ppm) to C-8 (. 160.0 ppm), and CH;-10
(6y 1.88 ppm) to C-10 (. 171.8 ppm). In addi-
tion, the HMBC spectrum of 1 (Fig. 2) showed
long-range correlations from H-1 (dy 6.12 ppm)
to C-3 (dc 57.0 ppm), C-3a (éc 102.0 ppm), C-8b
(6c 94.0 ppm), and C-10 (6. 171.8 ppm), and from
H-2 (6, 4.07 ppm) to C-3 (dc 57.0 ppm) and C-9
(0c 174.0 ppm). Based on the aforementioned 1D
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Table I. NMR data [at 600 (‘H) and 150 (**C) MHz in MeOH-d,] of the new rocaglamide derivative 1.

Position Oy Oc HMBC (H to C)
1 6.12 (1H, d,J = 5.8 Hz) 81.0 3,3a,8b,9,10

2 4.07 (1H, dd,J = 5.8, 14.4 Hz) 51.0 3,9

3 424 (1H,d,J = 14.4 Hz) 57.0 2,3a,9,1°, 17, 27/6”
3a 102.0

4a 161.9

5 6.30 (1H,d,J = 1.9 Hz) 89.0 6,4a,7, 8a

6 166.0

7 6.16 (1H,d,J = 1.9 Hz) 92.5 5,6,8,8a

8 160.0

8a 108.0

8b 94.0

9 174.0

10 171.8

1 130.0

2 6.83 (1H, d,J = 2.2 Hz) 116.4 3,4,6°, 3a

3 146.0

4 148.0

5 6.68 (1H, d,J = 8.5 Hz) 111.0 1,34

6’ 6.79 (1H, dd, J = 2.2, 8.5 Hz) 121.8 2,4

17 138.5

27167 7.03 (2H, m) 128.5 37, 4”,57,27/6”
37/5” 7.07 (3H, m) 127.8 17,27, 47,67, 37/5"
4” 127.0 27,37,57,6”
OMe-4 3.77 (3H, s) 56.1 4

OMe-6 3.86 (3H, s) 56.0 6

OMe-8 3.79 (3H, s) 55.7 8

-OCOMe 1.88 (3H, s) 21.5 10

Fig. 2. COSY and key-HMBC correlations of com-
pound 1.

and 2D spectral data, compound 1 was identified
as a new rocaglamide derivative possessing three
methoxy groups at C-6, C-8, and C-4’; two hy-
droxy groups at C-3’ and C-8b; one acetoxy group
at C-1; and one carboxamide moiety at C-2. Struc-
turally, compound 1 resembled the known C-1-O-

acetyl-3’-hydroxyrocaglamide (4) (Nugroho et al.,
1997) albeit lacking its two N-methyl groups.

The relative stereochemistry of 1 was deduced
by a ROESY experiment (Fig. 3). The proton
signal of H-1 (Jy 6.12 ppm) showed a clear
ROESY correlation with H-2 (dy 4.07 ppm).
Moreover, H-2 (Jy 4.07 ppm) showed ROESY

Fig. 3. Key-ROESY correlations of compound 1.
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correlations to H-6’ (dy 6.79 ppm) and H-2”.
In addition, the vicinal coupling constants J,,
and J,; of compound 1 (Table I) which are very
similar to those of rocaglamide (2), a compound
also isolated in this study, hinted at the same
relative configuration of C-1 and C-2 compared
to C-3, C-3a, and C-8b. Thus, the deduced ste-
reochemistry of 1 was the same as the relative
configuration of other naturally occurring roc-
aglamide derivatives. Compound 1 was isolated
from the same source as other known rocagla-
mides, whose absolute configurations were well-
established through synthesis (King et al., 1982;
Trost et al., 1990). The optical rotation of 1 was
[a]f -85.1° (¢ 0.54, CHCI,), very similar to that
reported for the synthetic product rocaglamide,
[a] —88.8° (¢ 1.03, CHCIl), and previously iso-
lated rocaglamide (2), [a]3 —93.0° (¢ 1.88, CHCl,)
(King et al., 1982; Trost et al., 1990). In conclu-
sion, compound 1 was deduced to have the same
absolute configuration at the stereocenters C-I,
C-2, C-3,C-3a, and C-8b (Fig. 3) as other known
rocaglamide derivatives. Thus, 1 was elucidated
as C-1-O-acetyl-3’-hydroxydidesmethylrocagla-
mide.

Based on the spectral data and by comparison
with those of the literature, the twelve known
compounds (Fig. 1) were identified as rocagla-
mide (2) (King et al., 1982; Nugroho et al., 1997),
C-3’-hydroxyrocaglamide (3) (Nugroho et al.,
1997), C-1-O-acetyl-3’-hydroxyrocaglamide (4)
(Nugroho et al., 1997), desmethylrocaglamide
(5) (Ishibashi et al., 1993), C-3’-hydroxydes-
methylrocaglamide (6) (Nugroho et al., 1999),
C-1-O-acetyldesmethylrocaglamide (7) (Hiort
et al., 1999), C-1-O-acetyl-3’-hydroxydesmethyl-
rocaglamide (8) (Gitissregen et al., 1997), dides-
methylrocaglamide (9) (Dumontet et al., 1996),
C-3’-hydroxydidesmethylrocaglamide (10)
(Giissregen et al., 1997), C-1-O-acetyldidesmeth-
ylrocaglamide (11) (Chaidir ez al., 1999), dehy-
droaglaiastatin (12) (Kokpol et al., 1994), and
C-3’-hydroxydidehyroaglaiastatin (13) (Chaidir
et al., 1999).

All isolated compounds were subjected to a cy-
totoxicity assay employing the murine lymphoma
L.5178Y cell line, the results of which are summa-
rized in Table II. All isolated compounds exhib-
ited a potent cytotoxic activity against the mouse
lymphoma cells with ECs, values ranging from 5.1
to 54.8 nm.

Table II. ECs, values of the isolated compounds against
the L5178Y mouse lymphoma cell line.

Compound ECs, = SD [nMm]
1 21.9 £ 0.01
2 47.5 +£0.02
3 13.4 £ 0.01
4 17.8 £ 0.03
5 51+0.01
6 27.4 +0.08
7 12.2 £ 0.03
8 10.0 £ 0.02
9 13.6 £ 0.02

10 54.8 £0.03

11 13.5 £ 0.09

12 5.7 £ 0.08

13 29.6 +0.03

Kahalalide F (positive control) (4.3 £0.04) um

Experimental
Plant material

Flowers of Aglaia duppereana were collected
near Hanoi, Vietnam, in 2011. A voucher speci-
men is kept in the Institute of Pharmaceutical
Biology and Biotechnology, Heinrich-Heine-Uni-
versity, Duesseldorf, Germany.

General experimental procedures

Vacuum liquid chromatography (VLC) was
performed on silica gel 60 (0.040-0.063 mm;
Merck, Darmstadt, Germany). Column chroma-
tography (CC) was carried out on silica gel 60
(Merck) and Sephadex LH-20 (GE Healthcare
Bio-Sciences AB, Uppsala, Sweden). For analyti-
cal HPLC, samples were injected into a HPLC
system (Dionex, Munich, Germany) equipped
with a photodiode array detector (Dionex). Rou-
tine detection was at 235, 254, 280, and 340 nm.
The separation column (125 mm x 4 mm ID) was
prefilled with eurosphere 100-5 C-18, Spm (Knau-
er, Berlin, Germany). Separation was achieved by
applying a linear gradient from 90% H,O (adjust-
ed to pH 2.0 by addition of formic acid) to 100%
MeOH over 40 min. TLC analysis was carried out
using aluminium sheets precoated with silica gel
60 F,s, (Merck). Preparative HPLC separations
were done on a LaChrom-Merck (Hitachi, Darm-
stadt, Germany) HPLC machine, equipped with
an L-7100 pump, L-7400 UV detector, and a 0-18
column (Knauer; 300 mm x 8 mm ID; prefilled
with eurosphere 100-10 C-18; flow rate, 5 mL/
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min; UV detection, at 280 nm). For preparative
HPLC separations, the solvent system consisted
of MeOH, or acetonitrile and nanopure H,O that
had been acidified with 0.1% formic acid. ESI
mass spectra were obtained on a ThermoFinnigan
(Finnigan Mat GmbH, Bremen, Germany) LCQ
DECA mass spectrometer coupled to an Agi-
lent (Agilent Technologies Deutschland GmbH
& Co. KG, Waldbronn, Germany) 1100 HPLC
system equipped with a photodiode array de-
tector. HRESI mass spectra were recorded on a
LTQ FT-MS-Orbitrap instrument (Finnigan Mat).
1D- and 2D-NMR spectra were recorded at 300
K on either a Bruker (Daltonics, Bremen, Ger-
many) ARX-500 or AVANCE DMX-600 NMR
spectrometer (Bruker Biospin, Rheinstetten,
Germany). Samples were dissolved in different
deuterated solvents, the choice of which was de-
pendent on the solubility of each sample.

Extraction and isolation

Air-dried flowers (1 kg) were ground and ex-
haustively extracted with MeOH at room temper-
ature. Following the evaporation of the solvent,
the extract was defatted with n-hexane. The de-
fatted MeOH extract was then chromatographed
over silica gel F,;, (Merck) using gradient elu-
tion [n-hexane/EtOAC (100:0 to 0:100 v/v) then
dichloromethane (DCM)/MeOH (100:0 to 0:100
v/v)]. Further purification was achieved through
repeated chromatographic separation using silica
gel (Merck) [mobile phase: CH,Cl/isoPrOH (9:1
v/v)], size exclusion chromatography over Sepha-
dex LH-20 (Merck L7100) [mobile phase: MeOH
and DCM/MeOH (1:1 v/v)], and diol (Merck)
[mobile phase: n-hexane/acetone (7:3 v/v) and
DCM/MeOH (9.5:0.5-7:3 v/v)]. Final purifica-

Ashour M., Edrada-Ebel R. A., Ebel R., Wray V.,
Waetjen W., Padmakumar K., Mueller W. E. G., Lin
W., and Proksch P. (2006), Kahalalide derivatives
from the Indian sacoglossan mollusk Elysia grandi-
folia. J. Nat. Prod. 69, 1547 -1553.

Baumann B., Bohnenstengel F., Siegmund D., Wajant
H., Weber C., Herr 1., Debatin K. M., Proksch P, and
Wirth T. (2002), Rocaglamide derivatives are potent
inhibitor of NF-«B activation in T-cell. J. Biol. Chem.
277, 44791 -44800.

tion was done using preparative HPLC over
RP-18 columns (Merck) (mobile phase: mixtures
of MeOH and H,O, and acetonitrile with H,O).
Fractions were monitored by TLC on silica gel
F,s, (Merck) [mobile phase: CH,Cl,/isoPrOH (9:1
v/v)]. Yields were: 1,2.3 mg; 2, 1.9 mg; 3, 0.8 mg; 4,
11.4 mg; 5, 4.5 mg; 6, 0.7 mg; 7, 5.2 mg; 8, 5.0 mg;
9, 0.7 mg; 10, 1.0 mg; 11, 2.0 mg; 12, 4.1 mg; and
13, 16.0 mg.

C-1-O-Acetyl-3’-hydroxydidesmethylrocagla-
mide (rocaglamide MW, 1): White amorphous
solid. — [a]§ —85.1° (¢ 0.54, CHCl;). — UV: A
(PDA) = 206.9,278 nm. - 'H and "C NMR (Me-
OH-d,): see Table 1. — ESIMS positive: m/z =
535.9 [M + HJ"; negative: m/z = 534.3 [M - HJ".
— HRESIMS: m/z = 558.1731 [M + Na]" (calcd.
for C,yH,)NOyNa, 558.1735).

Cell proliferation assay

Cytotoxicity was tested against the L5178Y
mouse lymphoma cell line using the microculture
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay (Ashour et al., 2006;
Carmichael et al., 1987). Experiments were re-
peated three times and carried out in triplicate. As
negative controls, media with 0.1% (v/v) EtOH
were included in all experiments. The depsipep-
tide kahalalide F isolated from Elysia grandifolia
was used as positive control (Ashour et al., 2006).
The EC;, value is defined as the half maximal ef-
fective concentration of each isolated compound
and expressed in nM.
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