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Abstract—High-performance liquid chromatographic analysis of the seeds of Centaurea moschata has afforded
a novel steroidal glycoside: moschatine [(20S5)-20-{6-0-(3-methoxy-4-a-L-rhamnopyranosyloxybenzoyl)-f-n-
glucopyranosyloxy}- 1 Sa-hydroxy-88,9x,14a, 1 7a-pregn-4-en-3-one]. The structure of this compound was eluci-
dated by a combination of UV, LSIMS, and a series of D and 2D NMR spectral analyses. ¢ 1998 Elsevier

Science Ltd. All rights reserved

INTRODUCTION

Centaurea moschata 1. (common name: ‘Sweet Sul-
tan’) is an easily grown. green, glabrous, oriental
annual from the genus Centaurea which comprises ca
500 species, mainly from the Old World [1]. As many
species of this genus fall into the category of medicinal
plants [2, 3], they have been the object of numerous
phytochemical investigations leading to the isolation
and identification of a variety of plant secondary
metabolites [3, 4]. We have reported earlier, the pres-
ence of four indole alkaloids (moschamine, ¢is-mos-
chamine, moschamindole and moschamindolol) [4],
and phytoecdysteroids [5] as major constituents, and
(20R)-15a-hydroxypregn-4-en-3-one-20-0-f-b-
glucopyranoside as a minor [6] component in the seeds
of C. moschata. We have re-investigated this species
and we now report on the isolation and identification
of a further novel steroidal glycoside.

RESULTS AND DISCUSSION

RP-HPLC analysis of a methanol extract of the
seeds of Centaurea moschata L. yielded a new steroidal
glycoside: (205)-20-{6-0-(3-methoxy-4-a-L-rhamno-
pyranosyloxybenzoyl) - f# - b - glucopyranosyloxy} -
152-hydroxy-8f.9x,144,172-pregn-4-en-3-one (1).
named moschatine. The structure of this compound
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was determined by 1D and 2D NMR spectroscopy,
notably 'H, “C PENDANT [7], COSY45. NOESY,
HMBC [8] and HMQC.

The UV absorption maxima (log ) of 1 at 246
(4.10), 255 (4.02), 290 (3.97) nm suggested the presence
of an o, f-unsaturated carbonyl group and substituted
benzene moiety within the molecule. LSI mass spec-
trum revealed [M +H] " (positive ion mode) ion at m;z
791, suggesting M, = 790 and solving for C, H;0,;.
Analysis of the '"H NMR, 'H-'H COSY45, and "*C
PENDANT spectra (Table 1). along with a 'H-"C
HMQC spectrum indicated the presence of a glucose
unit, a rhamnose unit, a 3.4-dioxygenated benzoyl
group, a methoxy and a 20,15-dioxygenated pregn-4-
en-3-one moiety in the molecule. A doublet at éy 4.38
(J = 7.8 Hz) (¢ 99.7) integrated for a single proton
identified the glucose anomeric proton, from which a
'H-'H COSY45 spectrum enabled identification of the
connection of H-2, to H-6, of the glucose unit and
suggested it as f-pD-glucose which was further con-
firmed from the observed NOE: H-1,H-3,, H-
l,«+H-5, and H-2,«<>H-4, in the 'H-'"H NOESY
spectrum (Fig. 1). The rhamnose moiety [anomeric
signal: 8y 5.47 (J = 1.5 Hz), 6¢ 99.4] could easily be
identified from the occurrence of a 3H doublet at 4,
1.22 (/= 6.2 Hz) for the methyl group (C-6,). and
from analysis of "H-'"H COSY and NOESY spectra it
was further identified as a-L-rhamnose. From the 'H
and “C PENDANT spectra, ortho. orthe-meta and
meta-splitting of the aromatic protons, oxygenations
at C-3"and C-4, and carboxy group at C-1" could be
rationalised. The attachment of the methoxy group at
C-3" was confirmed from the 'H-'"C long-range
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HMBC correlation (Table 2) between the methoxy
protons (Jy 3.88) and C-3" (4 150.1), and also from
the strong NOE between this methoxy signal and H-2"
{0y 7.63) (Fig. 1). Similarly, the presence of a carboxyl
group at C-1" was confirmed from the HMBC where
both H-2" and H-6" (6, 7.65) showed *J correlations
to the carbonyl carbon (C-7', d.- 166.1). In addition to
the signals for glucose, rhamnose and 3-methoxy-4-
oxy benzoyl moieties, the '"H NMR provided the dis-
tinct signals for three methyls, one of which appeared
as a doublet (3, 1.07. J = 6.1 Hz). an olefinic proton
at 0y 5.66. two oxymethine protons at dy 3.85 and 3y
3.80, and a number of overlapped complex signals for
the methylene and methine protons. The '*C PEN-
DANT spectrum showed signals for 21 additional
carbons including a ketonic carbonyl (3¢ 201.1), an
olefinic quaternary (3. 174.2), two quaternaries, three
methyls, seven methylenes and seven methine carbons
including an olefinic methine (3 122.40 and two oxy-
methines (3¢ 72.8 and & 74.2). All the 'H resonances
for the steroidal moiety were comparable to those
published for the compound (20R)-15%,20f-dihy-
droxypregn-4-en-3-one  20-O-f-p-glucopyranoside
[6]. with the most notable exceptions being the signals
for Me-18 (9, 0.67) and Me-19 (3,; 1.00) which were
much more shielded than the published values (dy
0.89 and 1.27. respectively) which implied S-stereo-
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chemistry at C-20 [9]. This was further evident from
the strong NOE between the Me-18 and H-20 (dy
3.80) which confirmed the presence of H-20 at the 8-
face of the molecule. In the COSY4S spectrum, among
the major correlations, the Me-21 coupled to the pro-
ton at dy; 3.80, which again extended the couplings to
the protons on C-17 «» C-16 «» C-15 < C-14 and thus
confirmed the presence of a hydroxyl on C-15. The «-
orientation of the 15-OH was also determined from
the NOE between Me-18 and H-15 (3, 3.85) both
of which were in f-orientation. The identity of the
steroidal moiety was confirmed by 'H-""C HMBC
(Table 2). Among the 'H-"*C long-range correlations
the most notable were: from Me-21 (4, 1.07) to C-20
(*J, 8¢ 74.2) and C-17 (V). 8. 53.6); from Me-18 (dy
0.67), *J to C-13 (3¢ 42.7) and *J to C-17, C-12 (.
38.7), C-14 (d¢ 60.8): from H-14 (J,, 0.95), °J to C-15
(¢ 72.8) and *J to C-7 (3 32.1), C-12, C-17, C-18 (&,
11.8); from Me-19 (3, 1.00). "/ to C-5 (8¢ 174.2). and
from the methylene protons at C-1 and C-2 (8, 1.60,
1.80 and 2.25. 2.45, respectively to the carbonyl (C-3,
¢ 201.1). Thus, the steroidal moiety was identified
as (205)-20f-oxy-15x-hydroxypregn-4-en-3-one. The
positions of linkage between the glucose, rhamnose,
3-methoxy-4-oxybenzoyl and steroid moieties. which
led to the identification of this compound as 1, were
also determined by 'H-"’C long-range correlations
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Table 1. 'H (400 MHz) and "C PENDANT NMR data of
1. (Coupling constant J = Hz. in parentheses)

Carbon no. S'H 3HC
| 1.60*, 1.80* 37.5
2 2.25%, 245% 334
3x e 2011
4 5.66 s 122.4
5 - 174.2
6 2.25% 2.45*% 326
7 1.22% 2.15* 321
8f 1.55% 35.0
9y 0.86* S42
10 38.6
I 0.90*, 1.50* 20.4
12 2.18*% 1.05% 387
13 427
14 0.95 dd (9.4) 60.8
154 3.85% 728
16 1.85*%, 1.45% 352
17« 1.75% S3.6
18 (Me) 0.67 s 1.8
19 (Me) 1.00 s 16.3
208 3.80* 742
21 (Me) 1.07 d (6.1) 16.6
I - 124.6
2 7.63d (2.0) 1131
3 - 150.1
4 . 1499
§ 7.23 4 (8.3) 116.4
6 7.65 dd (2.0, 8.3) 123.0
7 166.1
3-MeO 388 s 552
I, 4384(7.8) 99.7
2, 3.15dd (7.8,9.0) 74.0
3, 3.3% b1 (8.9) 76.5
4, 3,55+ 70.1
5, 3.52% 72.2
6,4 4.68d(11.7) 62.8
6.b 4.40 dd (11.7,1.0)
I, 5.47d(1.5) 994
2, 4.06 dd (1.5, 3.4) 70.6
3, 3.85% 70.8
4 3.48 1 (9.5) 73.3
5, 3.70% 69.7
6, (Me) 122d(6.2)

17.6

Spectra obtained in CD;OD referenced to CH;OH at ¢
331 ('H) and 4 49.15 ("*C).

'"H chemical shifts of methylene protons = former value is
for o and the latter is for § orientation.

* Assignments obtained from COSY45.

observed in the HMBC spectrum as follows: *J cor-
relation from H-1, (8, 4.38) to C-20 (5. 74.2) con-
firmed the attachment of the glucose moiety at C-20,
'J connectivity between H-6, (dy 4.68, 4.40) to the
carbonyl carbon of the benzoyl moiety (C-7, 5. 166.1)
established that the benzoyl moiety was linked to C-
6, similarly. '/ correlation from H-1, (8, 5.47) to C-
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4" (3 149.9) confirmed the attachment of the rham-
nose at C-4’ of the benzoyl group. All these attach-
ments were also supported from the following NOEs:
H-1,+>H-20. H-1,<21-Me, and H-l, & 3-MeO
(weak). Apart from these NOE features, a NOESY
spectrum established unambiguously the different spa-
tial orientations of the protons in the molecule as
a whole. Thus, the structure of this compound was un-
equivocally identified as (205)-20-{6-0-(3-methoxy-
4-x-1.-rhamnopyranosyloxybenzoyl)-§-D-gluco-
pyranosyloxy}-15x-hydroxy-8§.9x.142,172-pregn-
4-en-3-one (1).

The R-form of the aglycone of 1, (20R)-150,200-
dihydroxypregn-4-en-3-one, was first isolated from
the defence secretion of the water beetle Plarambus
maculatus [10]. A glucoside of (20R)-15x.20f-dihy-
droxypregn-4-en-3-one was isolated from Carthamus
tinctorus [11] and Centaurea moschata [6]. Most plant
steroids have a hydroxyl group at C-3 like 2. whereas
compound 1, having a 3-keto-A* structure, is more
closely related to animal steroids e.g. progesterone
analogues. However, progesterone has also been
found in plants and. although not very common, there
are reports concerning other plant steroids possessing
a 3-keto group [11, 12]. The extract from which this
steroidal glycoside was isolated was very active in
a bioassay [13] for ecdysteroid agonists. However,
moschatine is not responsible for this activity.

EXPERIMENTAL

The UV spectrum was in MeOH. NMR spectra
were obtained on a Bruker AVANCE DRX400 instru-
ment using standard Bruker microprograms. The
chemical shifts are expressed in ppm. LSIMS (positive
ion mode); glycerol matrix using a Cs* primary ion
beam on a VG Quattro triple quadrupole mass spec-
trometer (VG Biotech. Altrincham, U.K.). HPLC sep-
arations were performed on a Gilson model 802C
HPLC coupled with Gilson UV-Visible detector. RP
stands for reversed-phase. Preparative RP-HPLC was
performed on Technoprep 10 C; column and final
purification was done on Spherisorb C, semi-
preparative column. HPLC separations were moni-
tored at 242 nm.

Plant material

Seeds of Centaurea moschata 1. were purchased
from Chiltern Seeds, Ulverston, U.K.

Extraction

Ground seeds (11 g) were extracted in a Soxhlet
with. successively, n-hexane, CHCl, and MeOH. 500
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Fig. 1. Key NOE from 'H-'H NOESY spectrum.

ml each. The MeOH extract was concentrated using
a rotary evaporator at a maximum temperature of
45 .

Isolation of compounds

Preparative RP-HPLC with 55% MeOH-H,O at 5
ml min "' yielded 1 (26-36 min) as a broad UV-absorb-
ing peak. Compound 1 was further purified on C,
semipreparative column, eluted with 45% MeOH-
H,0. 2 ml min ' (R, = 35 min).

Bioassay

Ecdysteroid agonist and antagonist activities of 1
were assessed with a microplate-based bioassay using

the Drosophilu melanogaster By, cell line [13]. Com-
pound 1 was tested at concentrations ranging from
107% M-10"* M. for the antagonist assay, a con-
centration of 20-hydroxyecdysone of 5 x 10~* M was
used.

Moschatine A [(205)-20{6-O-(3-methoxy-4-g-1.-
rhamnopyranosyloxybenzoyl)-B-p-glucopyrano-
syloxy;-15a-hydroxy-88,9x,14x,17x-pregn-4-en-3-one)
(1). (1.2 mg). Gum. UV, nm (log &): 218 (4.30), 246
(4.10), 255 (4.02), 290 (3.97). '"H NMR (Table 1). °C
NMR (Table I). LSIMS (positive ion mode) m/z 791
[M+H]".

Acknowledgements—This research was supported by a
grant from the Biotechnology and Biological Sciences
Research Council. Dr Tamara Savchenko and Pensri
Whiting are thanked for valuable assistance with the
bioussay.



Moschatine: steroidal glycoside from C. moschata 1043

Table 2. 'H-""C HMQC direct correlation ('J) and major 'H-""C HMBC long-range correlations (°/ and *J) in 1

Proton 'y J
Ha-l 37.5(C-1)
H.-2 33.4(C-2) 2011 ¢(C-3)
H-4 122.4 (C-4)
H.-6 32.6 (C-6)
H.-7 32.1(C-1
H-8 35.0(C-8)
H-9 54.2 (C-9)
H--11 20.4 (C-11) 54.2 (C-80
H.-12 38.7(C-12) 20.4 (C-11)
H-14 60.8 (C-14) 35.0 (C-8), 42.7 (C-13).
72.8(C-15)

H.-15 72.8 (C-15)
H.-16 35.2(C-16)
H-17 53.6 (C-17)
Me-18 11.8 (C-18) 427 (C-13)
Me-19 16.3 (C-19) 38.6 (C-10)
H-20 74.2 (C-20) 53.6 (C-17)
Me-21 16.6 (C-21) 74.2 (C-20)
H-2 113.1(C-2)
H-5° 116.4 (C-5%)
H-6 123.0 (C-6")
MeO-3’ 55.2 (Me0O-3")
H-1, 99.7 (C-1,)
H-2, 74.0(C-2,) 99.7(C-1,), 76.5 (C-3,)
H-3, 76.5(C-3,) 70.1 (C-4,)
H-4, 70.1 (C-4y) 76.5(C-3,)
H-S, 72.2(C-5,)
H -6, 62.8 (C-6,)
H-1, 99.4 (C-1)) 70.6 (C-2)
H-2, 70.6 (C-2, 70.8 (C-3,)
H-3, 70.8 (C-3.) 70.6 (C-2,)
H-4, 73.3(C-4,) 70.8 (C-3,)
H-5, 69.7 (C-5,)

17.6 (C-6,) 69.7 (C-5,)

Me-6,

3"'C

Y

201.1(C-3), 54.2 (C-9).

33.4(C-2),32.6 (C-6), 38.6 (C-10)

37.5(C-1), 38.7(C-12), 16.3 (C-19). 60.8 (C-14)
42.7(C-13)

54.2 (C-8). 60.8 (C-14), 3.6 (C-17)

321 (C-7). 38.7 (C-12). 53.6 {C-17), 11.8 (C-18)

33.6 (C-17)

38.7(C-12), 60.8 (C-14), 53.6 (C-17)
174.2(C-5)

53.6(C-17)
150.1 (C-3'), 123.0 (C-6"). 166.1 (C-7)
124.6 (C-1'), 150.1 (C-3')

113.1(C-2'). 149.9 (C-4'), 166.1 (C-7")
150.1 (C-3%)

74.2(C-20), 76.5 (C-3,). 72.2(C-5,)
70.1 (C-4,)

99.7 (C-1,), 72.2 (C-5,)

74.0 (C-2,)

76.5 (C-3,)

70.1 (C-4,). 166.1 (C-T')

69.7 (C-5,). 149.9 (C-4'). 70.8 (C-3,)
73.3 (C-4,)

70.6 (C-2,), 17.6 (C-6,)
70.8 (C-3,)
73.3(C-4)

Spectra obtained in CD,0D.

(5%
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