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Compounds from Endodesmia calophylloides

Erasmienne Tambou NGoUAMEGNE,*” René Soh FONGANG,” Silvére NGoueLa,® Fabrice Fekam Boyom,®
Michel Ronmer,*? Etienne Tsamo,* Jiri Gur,” and Philip Jon RoseNTHALY

“ Laboratoire de Substances Naturelles et Synthése Organique, Département de Chimie Organique, Faculté des Sciences,
Université de Yaoundé I; “ Département de Biochimie, Faculté des Sciences, Université de Yaoundé I; BP 812 Yaoundeé,
Cameroun: ® Laboratoire de Chimie et Biochimie des Microorganismes, Institut de Chimie, Université Louis Pasteur;
CNRS LC3-UMR 7177, 4 rue Blaise Pascal, 67070 Strasbourg, France: and 4 Division of Infectious Diseases, Department

Vol. 56, No. 3

of Medicine, University of California San Francisco; SFGH, 1001 Potrero Avenue, San Francisco, CA 94100, U.S.A.
Received September 13, 2007; accepted November 29, 2007; published online December 7, 2007

From the ethyl acetate extract of the stem bark of Endodesmia calophylloides (Guttiferae), a novel friedelane
triterpenoid named endodesmiadiol (1), as well as the known compounds friedelin (2), canophyllol (3), canophyl-
lal (4), cerin (5), morelloflavone (6), volkensiflavone (7), 8-deoxygartanin (8), 3 S-acetoxyoleanolic acid (9) and 1,8-
dihydroxy-3-isoprenyloxy-6-methylxanthone (10) have been isolated. The structures of these compounds were es-
tablished by spectroscopic analysis, and the relative configuration of endodesmiadiol (1) was confirmed by X-ray
diffraction. The antiplasmodial activity of the isolated compounds was evaluated against the W2 strain of Plas-
modium falciparum which is resistant to chloroquine and other antimalarial drugs. All the compounds were
found to be active with I1Cs, values ranging from 7.2 to 23.6 um. The 1Cs, of endodesmiadiol was found to be

11.8 um.
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The Guttiferae (Clusiaceae) represent a family almost ex-
clusively tropical in distribution and comprise about 50 gen-
era and 900 species." This family produces a wide range of
secondary metabolites including xanthones,”® biflavo-
noids®** ¥ and triterpenes.'>'¥ The genus Endodesmia be-
longing to the Guttiferae family is an African monotypic
genus represented by the sole species Endodesmia calophyl-
loides BENTH. This tree is found in Nigeria, Cameroon,
Gabon and Angola.'> Neither medicinal uses, nor phyto-
chemical studies have been reported for this plant.

The present work describes the isolation and structural
elucidation of a novel friedelane triterpene, 2 ,28-dihydroxy-
friedelan-3-one (1), named endodesmiadiol, along with 9
known compounds and their antiplasmodial activity (Fig. 1).

The air-dried and powdered stem bark of E. calophylloides
was successively extracted with n-hexane, EtOAc and
MeOH. The three extracts were analysed separately. The n-
hexane extract was subjected to column chromatography sep-
arations and yielded a complex mixture of prenylated aro-
matic compounds, which is still under investigation. The
EtOAc extract was repeatedly fractionated by column chro-
matography on silica gel and afforded endodesmiadiol (1),
friedelin (2),'® canophyllol (3), 3B-acetoxyoleanolic acid
(9),'” canophyllal (4),'® cerin (5),' morelloflavone (6),>”
volkensiflavone (7),>" 8-deoxygartanin (8)” and 1,8-dihy-
droxy-3-isoprenyloxy-6-methylxanthone (10).??

Compound 1 was isolated as a colourless crystalline solid
(mp 229—230°C). It responded positively to the Lieber-
mann—Burchard test for triterpenes. The molecular formula
of 1 was determined as C;,H;,0; by HR-EI-MS, which
showed a [M+Na]* pseudomolecular ion at m/z 481.3664
(Calculated m/z 481.3645), corresponding to six double-bond
equivalents. The presence in 1 of a carbonyl function and two
hydroxy groups was indicated by the IR spectrum, which dis-
played absorption bands at 3525, 3395 (hydroxy groups) and
1703 cm™! (carbonyl group) and was confirmed by the for-
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mation of a diacetate (1a). The 'H-NMR spectrum of 1
(Table 1) showed singlets due to six tertiary methyl groups at
6 0.97, 0.82, 0.80, 0.75, 0.70 and 0.52, a doublet for one sec-
ondary methyl group at 6 0.68 (d, J=6.8 Hz) and a quartet at
6 2.76 (1H, J=6.8 Hz). The additional features of the 'H-
NMR spectrum were two signals of protons adjacent to a hy-
droxy group observed at ¢ 3.78 (1H, t, J=3.2Hz) and 3.42
(2H, brs). The *C-NMR and Distortionless Enbrancement
by Polarization Transfer (DEPT) spectra of 1 (Table 1) were
in complete agreement with a C;,H;,0, molecular formula: it

1 R =OH R, = CH,OH OH O

1a R; = OAc R, = CH,OAc

2 Ri=H R, = CHs 6 R=OH
3 R =H R, = CH,OH 7 R=H
4 R =H R, = CHO

5 R, = OH R, = CH;

ey

OH O OH

10
Fig. 1. Structures of Compounds 1—10
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Table 1. NMR Chemical Shift Assignments for Endodesmiadiol (1) in CDCl,/CD,0D (4:1) ['H (400.1 MHz) and "*C (100.6 MHz)], 2c,28-Diace-
toxyfriedelan-3-one (1a) and Canophyllol (3) in CDCI, ['H (300.1 MHz) and *C (75.4 MHz)]

1 3 1a
NO
8y [m, J (Hz)] S¢ HMBC ROESY ¢ 8y [m, J (Hz)] 3¢
1 1.83 (m); 30.0 CH, C-2,C-3,C-5,C-9, C-10 H-2 22.1 CH, 29.6 CH,
1.60 (m) H-2
2 3.78 (t,J=3.2) 73.6 CH C-1, C-3, C-10 H-24, H-1 41.3 CH, 4.94 (t,J=3.3) 76.5 CH
3 2149 C 2126 C 208.2C
4 2.76 (q, J=6.8) 52.7 CH C-3,C-5,C-23,C-24 H-6, H-23 57.8 CH 2.65(q,J=6.9) 54.4 CH
5 432C 419C 43.2C
6 1.18 (m); 41.0 CH, C-5, C-10, C-23 H-4, H-23 41.0 CH, 41.0 CH,
1.55 (m)
7 1.32(m) 18.2 CH, C-6, C-14 H-8 18.1 CH, 18.2 CH,
8 1.31 (m) 52.4 CH C-6, C-25 H-7, H-10 52.2 CH 52.4 CH
9 36.8 C 373C 369 C
10 1.80 (dd, J=3.0;9.4) 52.1 CH C-1, C-2,C+4, C-5, H-8 59.1 CH 53.3 CH
C-9, C-24, C-25
11 1.17 (m) 35.1 CH, C-9,C-10 353 CH, 353 CH,
12 1.22 (m) 30.2 CH, C-9, C-26 29.9 CH, 30.0 CH,
13 394C 39.1C 394C
14 38.1C 38.0C 39.2C
15 1.14 (m) 31.3 CH, C-17, C-27, C-28 31.3 CH, 31.2CH,
16 1.70 (m) 29.0 CH, C-14, C-15, C-17, C-28 29.0 CH, 28.2 CH,
17 35.1C 35.1C 38.1C
18 1.10 (m) 39.5 CH C-13, C-7, C-20, 39.2 CH 39.2 CH
C-23, C-26, C-28
19 1.30 (m) 34.4 CH, C-18, C-20 34.4 CH, 343 CH,
20 28.0C 279 C 28.0C
21 1.22 (m) 31.1 CH, C-18 31.4 CH, 32.2CH,
22 1.10 (m); 33.2CH, C-18, C-20, C-28 33.2CH, 33.1 CH,
1.23 (m)
23 0.68 (d, J=6.8) 6.3 CH, C-3,C-4,C-5 6.7 CH,4 0.88 (d, J=6.6) 6.5 CH,
24 0.52 (s) 13.9 CH,4 C-4, C-5,C-6,C-10 14.5 CH,4 0.70 (s) 14.1 CH,4
25 0.70 (s) 17.9 CH, C-10 18.0 CH, 0.84 (s) 18.0 CH,
26 0.97(s) 18.9 CH, C-12,C-13,C-14 18.9 CH, 1.14 (s) 19.0 CH,
27 0.75 (s) 19.2 CH,4 C-8,C-13,C-14 19.1 CH, 0.93 (s) 19.2 CH,
28 3.42 (brs) 67.3 CH, C-16, C-17, C-18 67.0 CH, 3.99 (d, J=10.8) 69.2 CH,
4.12 (d,J=10.8)
29 0.80 (s) 32.7 CH,4 C-20, C-30 32.9 CH, 0.97 (s) 32.8 CH,4
30 0.82 (s) 34.1 CH,4 C-20, C-29 34.2 CH, 0.98 (s) 34.2 CH,
2CH,CO 2.05 (s), 2.12 (5) 21.1;212
CH,
2CO 169.7;
168.1 C
exhibited 30 carbon atom signals shared between six quater-
nary carbon atoms and one carbonyl group (8 214.9), five
methine groups with an oxygenated one (8 73.6), eleven
methylene groups including an oxygenated one (8 67.3), one
secondary methyl (§ 6.3) and six tertiary methyl groups (8
34.1, 32.7, 19.2, 18.9, 17.9, 13.9). These 'H- and *C-NMR
data suggested a triterpene skeleton for 1. The presence in
the MS spectrum of 1 of characteristic fragments with m/z
317, 289, 203, 151 and 109 were in accord with a friedelane
type triterpene,23’24) with the carbonyl and one hydroxy group Fig. 2. Selected Roesy Correlations in A and B-Rings of Endodesmiadiol
in the ring A or B and the second in the ring E. Higher plant (D

triterpenoids being derived from oxidosqualene cycliza-
tion,2% an oxygenated function has been assigned to C-3.
The carbonyl function has been located at C-3. This was in
accord with the chemical shift of H-4 (8 2.76) in « position
of a carbonyl group and with the multiplicity (quartet) of the
signal of this proton only coupled with those of the C-23
methyl group. The location of the two hydroxy groups at C-2
and C-28 on the friedelane skeleton comes from correlations
observed with the methine and methylene protons at & 3.78

(1H, t, J=3.2Hz) and 3.42 (2H, brs), respectively, on the
HMBC spectrum of 1 (Table 1). This was further confirmed
by the mass spectrum fragmentation pattern and by compari-
son of *C-NMR chemical shifts of 1 with those of canophyl-
lol,'” which shares with 1 identical BCDE ring moieties.

The stereochemistry at C-2 was elucidated by the analysis
of the ROESY NMR data. The observation of rOe associa-
tions between H-2/Me-5 (H-24) suggested that the methyl
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Fig. 3. ORTEP Diagram of the Crystal Structure of Endodesmiadiol (1)

Table 2. Antiplasmodial Activity of Extracts and Compounds 1—6, 8, 9

Erythrocyte
a)
1Csg S.D. susceptibility
Extracts (ug/ml)
Hexane extract 9.3 1.0
EtOAc extract 7.4 0.6 >1 mg/ml
MeOH extract 12.8 1.0
Compounds (um)
Endodesmiadiol 1 13.0 0.1
Friedelin 2 7.2 0.5
Canophyllol 3 15.0 0.1
Canophyllal 4 18.2 1.0
Cerin 5 14.1 1.0 >20my
Morelloflavone 6 23.6 1.8
8-Deoxygartanin 8 11.8 0.4
3B-Acetyloleanolic acid9  13.1 1.0

a) 1Cy,: concentrations that killed 50% of parasites relative to negative control.
S.D.=standard deviation of results; compounds and extracts were tested in triplicate.

group at C-5 and the proton at C-2 are on the S-side of 1, and
those between H-4/H-8/H-10 that the protons at C-4, C-8 and
C-10 are on the a-side (Fig. 2). The assigned relative config-
uration of the stereogenic centres, especially in ring A, was
confirmed by X-ray diffraction analysis, affording the tridi-
mensional structure of endodesmiadiol (1) (Fig. 3), which is
thus 20,28-dihydroxyfriedelan-3-one. The complete assign-
ment of signals arising from the ring system carbons (B, C,
D and E rings) was made by comparison with those of the lit-
erature data for canophyllol (3).!”

Extracts and compounds showed toxicity to erythrocytes at
concentrations respectively above 1 mg/ml and 20 mm, many
orders of magnitude above concentrations with antiplas-
modial activity.

Compounds 1—6, 8, 9 were tested for antiplasmodial ac-
tivity against the W2 strain of Plasmodium falciparum,
which is resistant to chloroquine and other antimalarial drugs
(Table 2). They were found to exhibit antiplasmodial activity
in vitro with 1Cy; values of 13.0; 7.2; 15.0; 18.2; 14.1; 23.6;
11.8; and 13.1 um respectively for compounds 1—6, 8, 9.
The related crude extracts obtained with hexane, EtOAc, and
MeOH showed antiplasmodial activities with ICs, values of
9.3, 7.4 and 12.8 ug/ml respectively. The activity of com-
pound 2 (friedelin) corroborates the result previously pub-
lished by Lenta et al.,””” who obtained an ICy, value of
7.7 um with friedelan-3-one, with the same parasite strain. In
addition, the novel friedelane triterpenoid named endodesmi-
adiol (1) showed potency with an ICs, value of 11.8 um.
From these results, we could anticipate arguing that friede-
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lane derivatives might be interesting sources of potential an-
timalarial leads.

Experimental

General Melting points were determined on Biichi melting point appa-
ratus B-545. IR spectra were obtained with a Perkin-Elmer 881 Infrared
spectrophotometer or a Nicolet Avatar 320 FT-IR with KBr discs and [¢],
with a Perkin-Elmer 341 polarimeter. NMR spectra were recorded on a
Bruker AC300 instrument equipped with a S mm "H and '*C probe operating
at 300 and 75 MHz respectively with CHCL, (6=7.26) and CDCl, (§=77.0)
as internal standards. 2D experiments were performed using Bruker WP400
spectrometer. Silica gel 230—400 mesh (Merck) and silica gel 70—230
mesh (Merck) were used for flash and column chromatography, while pre-
coated aluminium silica gel 60 F,s, sheets were used for TLC. Spots were
visualised under UV lamps (254, 365 nm) or by treatment with an ethanolic
solution of phosphomolybdic acid (20% Aldrich) or diluted sulphuric acid
(50%) and heating at 100 °C.

Plant Material Stem bark of E. calophylloides was collected in August
2004 at Ntui in the Centre province of Cameroon. The plant was identified
by Mr. Victor Nana, botanist at the National Herbarium of Cameroon where
a voucher specimen (HNC 29528) has been deposited.

Extraction and Isolation The air-dried powdered stem bark of E. calo-
phylloides (3 kg) was extracted successively with n-hexane (51), EtOAc (51)
and MeOH (51) at room temperature for 24h. The filtrates were concen-
trated to dryness under reduced pressure to give viscous extracts from
hexane (20 g), EtOAc (15 g) and MeOH (25.0 g). The EtOAc extract (12 g)
was subjected to repeated flash column chromatography over silica gel
(70—230 mesh) as stationary phase eluted with n-hexane and n-hexane/
EtOAc mixtures of increasing polarity, yielding friedelin (2, 180mg),
canophyllal (4, 12mg), 1,8-dihydroxy-3-isoprenyloxy-6-methylxanthone
(10, 4.0 mg), canophyllol (3, 14mg), cerin (5, 9mg), 8-deoxygartanin (8,
22 mg), 3 B-acetoxyoleanolic acid (9, 14 mg), endodesmiadiol (1, 235 mg),
volkensiflavone (7, 21 mg) and morelloflavone (6, 446 mg).

Evaluation of the Biological Activities During the preparation of stock
solutions, extracts and some compounds showed limited solubility in di-
methyl sulfoxide (DMSO). Therefore, saturated solutions of extracts and re-
ferred compounds were warmed up to 35 °C until complete dissolution, and
evaluated for biological activities. This evaluation consisted in two steps 1) a
preliminary test of erythrocytes susceptibility to compounds and extracts,
and 2) the screening for antiplasmodial activity.

Evaluation of Erythrocyte Susceptibility to Compounds in Vitro A
preliminary toxicological assessment was carried out to determine the high-
est drug concentrations that can be incubated with erythrocytes without any
significant damage. This was done according to the 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium bromide/phenazine methosulfate (MTT/PMS)
colorimetric assay described by Cedillo-Rivera et al.,”” with some modifica-
tions. The drugs were serially diluted in 96 well culture plates, and each con-
centration incubated in triplicate with erythrocytes (2% hematocrit) in a final
100 4l culture volume (at 37°C, in a 3% O,, 5% CO, and 91% N, atmo-
sphere, in the presence of RPMI 1640, 25 mm HEPES, pH 7.4 for 48 h). At
the end of the incubation period, the cultures were transferred into
polypropylene microcentrifuge tubes and centrifuged at 1500 rpm for 5 min,
and the supernatant was discarded. 1.5ml MTT solution with 250 mg PMS
were added to the pellets. Controls contained no erythrocytes. The tubes
were thereafter incubated for 45 min at 37 °C, then centrifuged, and the su-
pernatant was discarded. The pellets were re-suspended in of 0.04 M HCI in
isopropanol (0.75ml) to extract and dissolve the dye (formazan) from the
cells. After 5min, the tubes were vigorously mixed and centrifuged, and the
absorbance of the supernatant was determined at 570 nm.

Evaluation of Antiplasmodial Activity Plasmodium falciparum strain
W2, which is resistant to chloroquine and other antimalarial drugs,’” was
cultured in sealed flasks at 37°C, in a 3% O,, 5% CO, and 91% N, atmo-
sphere in RPMI 1640, 25 mm HEPES, pH 7.4, supplemented with heat inac-
tivated 10% human serum and human erythrocytes to achieve a 2% hemat-
ocrit. Parasites were synchronized in the ring stage by serial treatment with
5% sorbitol (Sigma)*" and studied at 1% parasitemia.

Compounds were prepared as 10 mm stock solutions in DMSO, diluted as
needed for individual experiments, and tested in triplicate. The stock solu-
tions were diluted in supplemented RPMI 1640 medium so as to have at
most 0.2% DMSO in the final reaction medium. An equal volume of 1%
parasitemia, 4% hematocrit culture was thereafter added and gently mixed
thoroughly. Negative controls contained equal concentrations of DMSO.
Positive controls contained 1 um chloroquine phosphate (Sigma). Cultures
were incubated at 37 °C for 48 h (1 parasite erythrocytic life cycle). Parasites
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at ring stage were thereafter fixed by replacing the serum medium by an
equal volume of 1% formaldehyde in PBS. Aliquots (50 ul) of each culture
were then added to 5 ml round-bottom polystyrene tubes containing 0.5 ml
0.1% Triton X-100 and 1 nm YOYO nuclear dye (Molecular Probes) in PBS.
Parasitemias of treated and control cultures were compared using a Becton-
Dickinson FACSort flow cytometer to count nucleated (parasitized) erythro-
cytes. Data acquisition was performed using CellQuest software. These data
were normalized to percent control activity and 50% inhibitory concentra-
tions (ICs,) calculated using Prism 3.0 software (GraphPad) with data fitted
by non linear regression to the variable slope sigmoidal dose-response for-
mula y=100/[1+10%81C 4] \where H is the hill coefficient or slope
factor.*”

Endodesmiadiol (1): Rf'0.49 (cyclohexane—EtOAc 6:4), colourless crys-
talline solid, mp 229—230°C, [«]3’ —61.8° (c=1, CHCL,); IR v, cm™!
(KBr) 3525, 3395, 1703, 1389, 1052; HR-ESI-MS m/z: Found 481.3664
[M+Na]”, required for C;,Hs,NaO, 481.3645; EI-MS m/z (rel. int.): 427
(94), 317 (32), 289 (35), 273 (9), 203 (18), 151 (17), 137 (100), 109 (49); 'H
(CDCL,/CD,0D 4: 1) and *C (CDCL,/CD,0D 4 : 1) NMR data: see Table 1.

2,28-Diacetoxyfriedelan-3-one (1a): Endodesmiadiol (1, 8 mg) was dis-
solved in pyridine (0.5 ml) and treated with Ac,O (0.5 ml) overnight at room
temperature. After removing the solvents under nitrogen, the reaction mix-
ture was purified by preparative TLC using cyclohexane—EtOAc (85:15) as
eluent to obtain the acetylated derivative (1a, 6 mg, Rf=0.37).

mp: 213—214°C; [a]3 —37.0° (¢=0.3, CHCL,); IR v,, cm™' (CHCL,)
1720, 1725, 1732; 'H (300 MHz, CDCl;) and *C (75 MHz, CDCl;) NMR
data: see Table 1.

X-Ray Crystallography of 1 Colourless crystal collected at room tem-
perature from MeOH/cyclohexane (crystal dimensions 0.30X0.25X
0.20mm), orthorhombic space group P2,2,2,, a=7.01590(10), b=
12.7038(2), ¢=28.9748(5)A, V=2582.48(7)A*, Z=4, D,=1.180mgm>.
Data were collected on a Nonius MACH-3 diffractometer using graphite
monochromated MoK ¢ radiation (1=0.71073 A). The structures were re-
fined by full-matrix least-squares on F? using Bruker SHELXL-97.>® The
final R and R,, were 0.0450 and 0.1107 respectively. Crystallographic data
for endodesmiadiol (1) have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary Publication No. CCDC-649531.

Copies of the data can be obtained free of charge via www.ccdc.cam.
ac.uk/retrieving.html (or from the CCDC, 12 Union Road, Cambridge CB2
1EZ, UK.; fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk).
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