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Two new compounds, khayseneganin I (1) and 2a,3c,163-trihydroxy-20-acetoxy-
20(R)-pregnane (2), along with six known compounds, 2a,30,20-trihydroxy-16(3-
acetoxy-20(R)-pregnane (3), 2a,3B-dihydroxypregnan-16-one-2(3,19-hemiketal (4),
(4 )-catechin (5), ivorenolide A (6), luteolin-7-O-a-L-rhamnoside (7), and (—)-5'-
methoxy-isolariciresinol-2a-O-p-D-xylopyranoside (8), were isolated from the leaves
and twigs of Khaya senegalensis. The structures of new compounds were elucidated by
2D NMR spectroscopy and MS. Selected compounds (2—8) were evaluated for their
antimicrobial activities and compounds 5 and 7 showed weak antimicrobial activities

against MRSA 92* and MRSA 98*.

Keywords: Khaya senegalensis; limonoid; steroid; antimicrobial activitites

1. Introduction

The genus Khaya (Meliaceae family),
comprising eight species, is distributed
extensively in tropical Africa and Mada-
gascar [1]. The bark of this genus has been
used in traditional medicine for the
treatment of fever and malaria in Africa
[2]. Modern pharmaceutical studies
revealed that crude extracts of the bark of
this genus showed cytotoxic, antifungal,
anti-inflammatory, and antimalarial activi-
ties [3,4]. Previous chemical investi-
gations on this genus have afforded a
series of rings B,D-seco limonoids [5-7].
Recently, our group has reported an array
of secondary metabolites with fascinating
structural features and significant biologi-
cal activities from Meliaceae family [8—
14]. In continuation of our studies, we
now report the isolation of two new

compounds, khayseneganin I (1) and
2a,3a,16B-trihydroxy-20-acetoxy-20(R)-
pregnane (2), along with six known
compounds, 2a,3a,20-trihydroxy-16§-
acetoxy-20(R)-pregnane (3) [15], 2a,
3B-dihydroxypregnan-16-one-23,19-
hemiketal (4) [16], (+)-catechin (5) [17],
ivorenolide A (6) [18], luteolin-7-O-a-L-
rhamnoside (7) [19], and (—)-5'-methoxy-
isolariciresinol-2a-O-3-D-xylopyranoside
(8) [20], from the leaves and twigs of
Khaya senegalensis (Desr.) A. Juss [1]
(Figure 1). Selected compounds (2-8)
were screened for their antimicrobial
activities.

2. Results and discussion

Khayseneganin I (1) was obtained as
a white powder and its molecular
formula was determined as C,gH360;; in
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Figure 1. The structures of compounds 1-3.

agreement with molecular ion peak [M]"
at m/z 548.2259 in HR-EI-MS. The "°C
NMR data along with distortionless
enhancement by polarization transfer
experiments (Table 1) showed 28 carbon
signals, including 5 methyls (two methox-
yls), 4 methylenes, 9 methines (three
olefilic ones), and 10 quaternary carbons
(a olefilic and two carbonyl ones). From
the 'H and '*C NMR data, the presence of
a typical B-furan ring, a C-29-methylene
6y 1.50, d, J=11.6Hz and 1.89 d,
J=11.6Hz; 6c 45.1), and the fragment
MeO,CCH(OH) — implied that 1 is a
phragmalin-type limonoid [11]. Further
analysis of the 'H and '*C NMR spectra of
1 indicated that 1 is similar to khaysene-
ganin E [21]. The chemical shift differ-

2 Ry=OAC,R, = OH
3 R;=OH, R,=0Ac

ences resulted from the absence of an
oxygenated methine resonance and the
presence of an O-methyl signal (8 3.31, s;
Oc 50.7) at C-2 and a quaternary carbon
signal (6c 106.7) in 1. This assumption
was supported by the key HMBC corre-
lations (Figure 2) from an O-methyl (6y
3.31), H-3 (64 3.37), and H-30 (6 2.68) to
C-2 (6c 106.7). Therefore, the gross
structure of 1 was constructed as depicted.

The relative stereochemistry of 1 was
assigned from the ROESY spectrum
(Supporting Information). The ROESY
correlations of H-5/H-11p3 and H-12p3/H-
17 indicated that these groups were
cofacial, and were assigned arbitrarily as
B-oriented. The ROESY cross-peaks of
Me-19/H-9, Me-18/H-9, H-3/H,-29, and

Table 1. 'H (400 Hz) and '*C NMR (125 Hz) spectroscopic data for compound 1 in CD;OD.

Position oy (J, Hz) e Position oy (J, Hz) e
1 854 15a 3.12 (1H, d, 18.8) 37.1
2 106.7 15b 3.45 (1H, d, 18.8)

3 3.37 (1H, s) 84.6 16 174.9
4 43.5 17 5.87 (1H, s) 82.6
5 2.79 (1H, d, 8.0) 41.5 18 1.07 (3H, s) 16.0
6 4.17 (1H, d, 8.0) 72.4 19 1.23 (3H, s) 18.5
7 177.1 20 122.4
8 87.6 21 7.57 (1H, s) 142.6
9 2.13 (1H, m) 57.1 22 6.50 (1H, s) 111.3

10 61.2 23 7.51 (1H, s) 144.1

Ha 1.80 (1H, m) 17.2 28 1.05 (3H, s) 20.0

11B 1.87 (1H, m) 29a 1.50 (1H, d, 11.6) 45.1

12« 0.93 (1H, m) 28.0 29b 1.89 (1H, d, 11.6)

128 1.94 (1H, m) 30 2.68 (1H, s) 74.0

13 38.9 2-OCHj; 3.31 (3H, s) 50.7

14 84.6 7-OCH; 3.74 (3H, s) 52.6
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Figure 2. The key HMBC and 'H-"H COSY correlations of compounds 1 and 2.

H,-29/H-30 implied the a-orientation of
those groups. Therefore, the relative
stereochemistry of compound 1 was
established as shown.

Compound 2 possessed the molecular
formula C,3H3305 as evidenced by the
positive HR-ESI-MS at m/z 417.2617
[M + Na]* with five degrees of unsatura-
tions. Extensive analysis of the 1D and 2D
NMR data showed a high similarity
between 2 and 2a,3a,20-trihydroxy-16f3-
acetoxy-20(R)-pregnane (3) [15] except
for the location of the acetyl. The acetyl
was assigned at C-20 and a hydroxyl was
located at C-16, which were readily
confirmed by the HMBC correlations
from H-20 (éy 5.18, dq, J=11.7,
5.9Hz) to CH3CO0-20 (6¢ 170.9) and C-
16 (8¢ 71.9) as well as the '"H-'H COSY

Table 2. 'H (400 Hz) and '*C NMR (125 Hz)

cross-peaks of H-17 (éy 1.41, dd,
J=11.7, 7.8 Hz) with H-16 (g 4.25, td,
J=1.8, 44Hz) and H-20, and of Me-21
with H-20 (Figure 2). Comparison of the
"H NMR spectrum of 2 with azedarcrcbol
[22], H-16 (éy 5.71, td, J = 7.8, 4.4Hz)
was almost the same as that of azedarcrc-
bol. In addition, the coupling constant
(J =7.8) between H-16 with H-17 was in
good agreement with Ref. [15,22,23],
indicating that the H-16 was assigned
as a-orientated. Therefore, the hydroxyl
at C-16 was assigned as [3-orientated.
Accordingly, the compound was estab-
lished as 2o,30c,16B-trihydroxy-20-acet-
oxy-20(R)-pregnane (Table 2).

Selected compounds (2-8) were
screened for their antimicrobial activities
against four microorganisms, Pseudomonas

spectroscopic data for compound 2 in CDCl;.

Position oy (J, Hz) Oc Position oy (J, Hz) Oc
1 1.18 (1H, m) 1.64 (IH, m) 404 13 42.2
2 3.67 (1H, m) 68.8 14 0.86 (1H, m) 53.6
3 3.88 (1H, s) 69.0 15 1.14 (1H, m) 2.22 (1H, dt, 37.3

13.3,7.8)
4 1.45 (1H, m) 1.51 (1IH, m)  34.1 16 4.25 (1H, td, 7.8, 4.4) 71.9
5 1.44 (1H, m) 38.1 17 1.41 (1H, dd, 11.7, 7.8) 60.2
6 1.11(1H, m) 1.24 (1H, m)  27.5 18 0.79 (3H, s) 13.7
7 0.86 (1H, m) 1.61(1H, m) 31.7 19 0.75 (3H, s) 12.3
8 1.38 (1H, m) 342 20 5.18 (1H, dq, 11.7, 5.9) 70.4
9 0.73 (1H, m) 54.2 21 1.28 (1H, d, 5.9) 19.9

10 36.8  20-OAc 170.9

11 1.47 (1H, m) 1.22 (1H, m)  20.5 1.99 (3H, s) 21.5

12 1.08 (1H, m) 1.76 (1H, d, 39.5

12.7)
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aeruginosa, Staphylococcus aureus,
MRSA (methicillin-resistant Staphyloco-
cus aureus) 92¥, and MRSA 98*. The
minimum inhibitory concentrations (MICs)
of these compounds were determined by the
2-fold dilution method [24,25]. The results
revealed that compounds 5 and 7 showed
weak antimicrobial activities against MRSA
92" and MRSA 98" with an MIC value of
25 pg/ml (Table 3).

3. Experimental
3.1 General experimental procedures

Optical rotations were determined on a
JASCO P-1020 digital polarimeter (Jasco,
Tokyo, Japan). UV spectra were detected
on a Shimadzu UV-2401 PC spectropho-
tometer (Shimadzu, Tokyo, Japan). IR
spectra were scanning with Bruker Tensor-
27 infrared spectrometer with a KBr disk
(Bruker, Karlsruhe, Germany). Brucker
HCT/E squire (Bruker, Karlsruhe,
Germany) and Waters Autospec Premier
P776 spectrum (Waters, Millford, MA,
USA) were used to measure ESI-MS, HR-
ESI-MS, and HR-EI-MS spectra,
respectively. 1D and 2D NMR spectra
were recorded on a Bruker AM-400 and
DRX-500 spectrometers (Bruker, Karls-
ruhe, Germany) with trimethylsilyl as
internal standard. Column chromatog-
raphy was performed on silica gel (200—
300 and 300—400 mesh; Qingdao Marine

Table 3. Antimicrobial activities of 2—8.

Chemical Inc., Qingdao, China), MCI gel
CHP 20P (75-150 pm; Mitsubishi Chemi-
cal Corporation, Tokyo, Janpan), Sepha-
dex LH-20 (40-70pwm; Amersham
Pharmacia Biotech AB, Uppsala, Swe-
den), and Chromatorex Rp-C;g gel (20—
45 wm; Merck, Darmstadt, Germany).
Thin layer chromatography (TLC plates;
Qingdao Marine Chemical Inc., Qingdao,
China) spots were visualized under UV
light and by dipping into 5% H,SO, in
EtOH followed by heating.

3.2 Plant material

The dried leaves and twigs of K.
senegalensis were collected from
Xishuangbanna, Yunnan Province of
China in August 2010, and were identified
by Mr Yu Chen (Kunming Institute of
Botany, Chinese Academy of Sciences).
A voucher specimen (H20100808) was
deposited at the Key Laboratory of
Phytochemistry and Plant Resources in
West China, Kunming Institute of Botany,
Chinese Academy of Sciences.

3.3 Extraction and isolation

The air-dried powdered plant material
(8.0kg) was extracted with MeOH (3 X
20liters) under reflux for three times (4,
3, and 3h), respectively. The combined
MeOH extracts were concentrated under
vacuum to give a crude residue (630 g),

Antimicrobial activities (MICs in pg/ml)

Compound S. aureus® P. aeruginosa® MRSA 92#* MRSA 98#"
2 50 >50 50 50

3 50 >50 >50 >50

4 50 >50 50 50

5 50 >50 50 25

6 >50 >50 >50 50

7 50 >50 25 25

8 50 >50 50 50
Vancomycin hydrochloride® 0.78 25 0.78 0.78

Note: S. aureus, Staphylococcus aureus; P. aeruginosa, Pseudomonas aeruginosa; MRSA, methicillin-resistant

Staphylococcus aureus.
#Positive control.
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which was suspended in water and then
partitioned successively with petroleum
ether, EtOAc, and n-BuOH. The EtOAc
portion (200.6 g) was chromatographed on a
silica gel column, eluted with petroleum
ether—acetone (from 1:0 to 0:1) to yield six
fractions (1-6). Fr. 3 (8.1g) was then
separated over an MCI-gel column
(MeOH/H,O from 2:8 to 10:0) to obtain
four fractions (Fr. 3A—-3D). Fr. 3B (500 mg)
was chromatographed on Sephadex LH-20
(MeOH) to obtain Fr. 3B1 (400 mg), which
was further purified by a silica gel column
(CHCI3:Me,CO, 100:2) to obtain 4 (10 mg)
and 6 (5.2mg). Fr. 3F (4.0g) was
chromatographed over a silica gel column
to yield four fractions (Fr. 3F1-3F4). Fr.
3F1 (400mg) was purified by Sephadex
LH-20 (MeOH) and then chromatographed
on a silica gel column (CHCl5:Me,CO, 9:2)
to obtain 2 (10mg) and 3 (10mg).
Compounds 1 (9mg) and 5 (60 mg) were
isolated from Fr. 3F3 (400.0mg) by
repeated silica gel column chromatography,
eluted with CHCl;—Me,CO (100:20). The
n-BuOH part (320 g) was chromatographed
on a silica gel column, eluted with CHCl;—
MeOH (from 9:1 to 0:1) to yield four
fractions (M—P). Fraction N (80g) was
chromatographed on a silica gel column,
eluted with CHCl;-MeOH (from 7:3 to
6:4) to obtain 7 (58 mg) and 8 (80 mg).

3.3.1 Khayseneganin I (1)

Khayseneganin I (1) is a white amorphous
power; [a]ly +47.7 (¢ 0.16, CH;OH);
UV (MeOH) A, nm 209, IR (KBr1) vppax
3433, 1727, 1634, 1246, 1167, 1036 cm ™ !;
"H and '°C NMR spectral data, see Table
1; positive ESI-MS: m/z 571 [M + Na]t;
HR-EI-MS: m/z 5482259 [M]* (calcu-
lated for C28H36OI 1» 5482258)

3.3.2 2a,3a,16B-trihydroxy-20-acetoxy-
20(R)-pregnane (2)

2a,3a,16B-trihydroxy-20-acetoxy-20(R)-
pregnane (2) is a white amorphous power;

(o] + 56.9 (¢ 0.2, CH;0H); IR (KBI) Vs
3435, 2927, 1715, 1381, 1246, 1035,
615cm ' 'H and 13C NMR spectral data,
see Table 2; positive ESI-MS: m/z 417
[M + Na]t; HR-ESI-MS: m/z 417.2617
[M + Na]" (calculated for C,3H;305Na,
417.2616).

3.4 Antimicrobial assays

The MICs of selected compounds against S.
aureus (ATCC25923), P. aeruginosa
(ATCC27853) (National Institutes for
Food and Drug Control (NIFDC), China),
MRSA 92*, and MRSA 98" (Clinically
isolated strains, from Kunming General
Hospital of Chengdu Military Command)
were determined by the twofold dilution
method [22]. The strains used in antimicro-
bial tests were obtained from the Research
Center of Natural Medicine, Clinical School
of Kunming General Hospital of Chengdu
Military Command. Antimicrobial tests
were performed according to the previously
described method [25].
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