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Three new natural products, the taraxastane-type triterpenoid 1, the azafluorene-based constituent
2-hydroxyonychine (2), and the diterpenoid nemoralisin (3) were isolated from the EtOH extract of
Polyalthia nemoralis, along with five known compounds. The structures of the new compounds were
established by in-depth spectroscopic and mass-spectrometric analyses, as well as by chemical
transformation.

Introduction. – The genus Polyalthia (Annonaceae), comprising ca. 120 species, is
widely distributed in tropical and subtropical areas, with 17 species occurring in
southern China [1]. Previous chemical studies on this genus have led to the isolation of
diterpenes of the clerodane, halimane, and labdane types [2 – 6], of triterpenes [7] [8],
benzopyran derivatives [9], and several types of alkaloids, including aporphines
[4] [10], indolosesquiterpenes [11] [12], benzylisoquinolines [13], tetrahydroprotober-
berines [14] [15], morphinanedienones [16], and some azafluorene alkaloids [17] [18].
Many constituents exhibited cytotoxic [4], antimicrobial [19], antimalarial [20], and
anti-HIV activities [21].

Polyalthia nemoralis A. DC., a shrub distributed in southern China and Vietnam
[1], has been applied as an antimalarial agent in traditional folklore medicine. Herein,
we describe the isolation and structure elucidation of three new compounds, (3b,22a)-
3,22-dihydroxytaraxast-20-en-30-al (1), 2-hydroxyonychine (2), and nemoralisin (3)
from the EtOH extract of the twigs and leaves of P. nemoralis. Also isolated were five
known compounds: 1-aza-9,10-dimethoxy-4-methyl-2-oxo-1,2-dihydroanthracene,
(3b)-lupane-3,20,28-triol, spermatheridine, (3b,24R)-cycloartane-3,24,25-triol, and
cyperusol C.

Results and Discussion. – Compound 1, a colorless, amorphous powder, was
assigned the molecular formula C30H48O3, based on HR-EI-MS (Mþ at m/z 456.3604;
calc. 456.3603) in combination with NMR data (Table 1). The IR spectrum of 1 showed
strong absorption bands at 3442 and 1681 cm�1 due to OH and conjugated C¼O groups,
respectively. Its 1H-NMR spectrum displayed six Me singlets at d(H) 0.77, 0.98, 0.86,
1.04, 1.00, and 0.61, one Me doublet at d(H) 1.06 (d, J ¼ 6.5 Hz), two oxygenated
methines close to the OH groups [d(H) 3.21 (dd, J ¼ 11.2, 5.1 Hz); 3.70 (d, J ¼
6.3 Hz)], an olefinic resonance at d(H) 6.79 (d, J ¼ 6.3 Hz), and an aldehyde function
at d(H) 9.46 (s). The 13C-NMR spectrum of 1 exhibited 30 signals, which were assigned
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as seven Me, eight CH2, seven sp3 CH (two being oxygenated; d(C) 79.0, 72.9), a
trisubstituted C¼C bond (d(C) 150.1, 145.5), an aldehyde C¼O group (d(C) 194.7),
and five quaternary sp3 C-atoms. These data suggested that 1 was an oxygenated
triterpenoid bearing an aldehyde group.

The NMR data of rings A –D of 1 were very similar to those of (3b,22b)-taraxast-
20-ene-3,22-diol [22], indicating that they shared the same partial structure. The
HMBC correlations (Fig. 1) confirmed the above deduction, and established the planar
structure of 1. The two geminal Me(23) and Me(24) groups at d(H) 0.77 and 0.98
showed HMBC correlations with C(3), C(4), and C(5) at d(C) 79.0, 38.9, and 55.3,
respectively, which indicated that they were attached to C(4), and indirectly confirming
the presence of a 3-OH group. The HMBC correlations of Me(29)/C(20), H�C(19)/
C(20), H�C(19)/C(21), H�C(21)/C(19), and H�C(21)/C(17) revealed D20 unsatura-
tion. The aldehyde H-atom at d(H) 9.46 correlated with both C-atoms of the C¼C
bond, suggesting that they were conjugated; so, the CHO group was linked to C(20).
This was further confirmed by HMBC correlations of H�C(30)/C(19) and H�C(21)/
C(30), and by a 4J correlation from H�C(30) to C(18) (d(C) 40.4). In the 1H-NMR
spectrum, the oxymethine resonance at d(H) 3.70 had the same coupling constant
(6.3 Hz) as H�C(21) (d(H) 6.79), indicating that they were adjacent. Further HMBC
cross-peaks of H�C(21) to C(22), and of H�C(22) to C(16), C(17), C(18), C(20), and
C(21), as well as of Me(28)/C(22) confirmed the location of the second OH group at
C(22) (Fig. 1).

Regarding the configuration of 1, the NOESY correlations (Fig. 2) of H�C(3)/
H�C(5), H�C(3)/H�C(23), H�C(5)/H�C(9), H�C(5)/H�C(23), H�C(9)/
H�C(27), H�C(13)/H�C(26), H�C(13)/H�C(28), H�C(18)/H�C(27),
H�C(18)/H�C(29), H�C(19)/H�C(28), H�C(25)/H�C(24), and H�C(25)/
H�C(26) showed that H�C(3), H�C(5), H�C(9), H�C(18), Me(23), Me(27),
and Me(29) were all a-orientated, whereas H�C(13), H�C(19), 3-OH, Me(24),
Me(25), Me(26), andMe(28) were in b-orientation, just as in (3b,22b)-taraxast-20-ene-
3,22-diol [22]. The NOESY correlation between H�C(22) and H�C(28) indicated
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that the 22-OH group was a-orientated. This was confirmed by the relatively large
coupling constant (J ¼ 6.3 Hz) between H�C(21) and Hb�C(22). In the case of a b-
oriented 22-OH group, a very small coupling constant would have been expected,
because a dihedral angle of ca. 908 would be present for H�C(21)�C(22)�Ha [22].
From these data, the structure of compound 1 was fully assigned.

Compound 2, obtained as a yellowish solid, had the molecular formula C13H9NO2,
based on HR-EI-MS (Mþ peak at m/z 211.0629 (calc. 211.0633)). Two noticeable EI-
MS fragment-ion peaks at m/z 51 and 77 indicated the presence of a substituted
benzene ring. The IR spectrum showed absorption bands at 3428 (OH), 1714 (C¼O),
and at 1608, 1457, 920, and 742 cm�1 (aromatic ring). Its 1H-NMR spectrum (Table 2)
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Table 1. 1H-, 13C-, and 2D-NMR Data of 1. At 400/100 MHz, resp., in CDCl3; d in ppm, J in Hz.

Atom d(H) d(C) HMBC (H!C) NOESY

CH2(1) 1.70 – 1.72 (m) 38.8 2, 3, 5, 10, 25
CH2(2) 1.61 – 1.64 (m)

1.55 – 1.57 (m)
27.4 1, 3, 4

H�C(3) 3.21 (dd, J ¼ 11.2, 5.1) 79.0 1, 2, 4, 23, 24 5, 24
C(4) 38.9
H�C(5) 0.69 – 0.73 (m) 55.3 4, 6, 7, 10, 25 9, 24
CH2(6) 1.38 – 1.41 (m)

1.52 – 1.55 (m)
18.3 4, 5, 7, 10

CH2(7) 1.40 – 1.42 (m) 34.2 5, 6, 14, 26
C(8) 42.2
H�C(9) 1.29 – 1.31 (m) 50.4 10, 11, 25 27
C(10) 37.1
CH2(11) 1.57 – 1.59 (m)

1.30 – 1.32 (m)
21.4 10

CH2(12) 1.28 – 1.30 (m)
1.76 – 1.79 (m)

27.3

H�C(13) 1.73 – 1.76 (m) 38.5 8, 12, 19, 27 26, 28
C(14) 41.0
CH2(15) 1.77 – 1.82 (m)

1.12 – 1.16 (m)
26.6 13, 16, 26

CH2(16) 1.98 (dt, J ¼ 4.3, 13.6)
1.02 – 1.04 (m)

29.5 15, 17, 28

C(17) 38.3
H�C(18) 1.50 – 1.52 (m) 40.4 13, 19, 28, 29 27, 29
H�C(19) 2.22 – 2.29 (m) 29.5 13, 18, 20, 21, 29 28
C(20) 150.1
H�C(21) 6.79 (d, J ¼ 6.3) 145.5 17, 19, 22, 29, 30
H�C(22) 3.70 (d, J ¼ 6.3) 72.9 16, 17, 18, 20, 21, 28 26, 28
Me(23) 0.77 (s) 15.4 3, 4, 5, 24
Me(24) 0.98 (s) 28.0 3, 4, 5, 23
Me(25) 0.86 (s) 16.3 1, 5, 9, 10 23, 26
Me(26) 1.04 (s) 16.0 7, 8, 9, 14
Me(27) 1.00 (s) 14.7 8, 13, 14, 15
Me(28) 0.61 (s) 17.9 16, 17, 18, 22
Me(29) 1.06 (d, J ¼ 6.5) 23.4 18, 19, 20
H�C(30) 9.46 (s) 194.7 18, 19, 20, 21



displayed signals due to five aromatic H-atoms at d(H) 7.37 – 7.94, a Me doublet at d(H)
2.49, which was probably linked to an sp2 C-atom, and an exchangeable singlet at d(H)
4.59.
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Fig. 1. Key HMBC correlations of 1

Fig. 2. Key NOESY correlations of 1

Table 2. 1H-, 13C-, and 2D-NMR Data of 2. At 400/100 MHz, resp., in CD3OD; d in ppm, J in Hz.

Atom1) d(H) d(C) HMBC

C(1) 137.7
C(2) 155.7
H�C(3) 7.94 (d, J¼ 1.2) 139.3 1, 2, 4a
C(4a) 157.6
C(4b) 144.7
H�C(5) 7.68 (ddd, J¼ 7.4, 2.0, 1.2) 121.3 6, 7, 4a
H�C(6) 7.57 (ddd, J¼ 7.4, 7.4, 1.0) 136.9 8, 4b
H�C(7) 7.37 (ddd, J¼ 7.4, 7.4, 1.0) 131.3 5, 6, 8, 8a
H�C(8) 7.60 (ddd, J¼ 7.4, 1.9, 1.1) 125.1 6, 7, 4b
C(8a) 136.8
C(9) 194.8
C(9a) 128.7
Me�C(1) 2.49 (d, J¼ 1.2, 3H) 10.7 1, 2, 9a
OH�C(2) 4.59 (s)

1) Arbitrary atom numbering.



The 13C-NMR spectrum of 2 (Table 2) indicated the presence of one Me, five sp2

CH, one C¼O (d(C) 194.8), and six sp2 quaternary C-atoms. A typical 1,2-disubstituted
benzene unit was inferred from the coupling pattern of the resonances at d(H) 7.37, 7.57,
7.60, and 7.68. The resonance at d(H) 7.94 (J ¼ 1.2 Hz, 1 H), which coupled with d(H)
2.49 (Me), was assigned to a second aromatic ring. In the HMBC spectrum of 2
(Fig. 3)1), the Me group showed correlations with C(1) (d(C) 137.7), C(2) (155.7), and
C(9a) (128.7), and the downfield signal at d(H) 7.94 correlated with C(1), C(2), and
C(4a) (d(C) 157.6). Therefore, the other aromatic ring was established as a
tetrasubstituted pyridine. From analysis of the HMBC data, together with inspection
of NMR chemical shifts and coupling constants, the structure of compound 2 was
elucidated as 2-hydroxyonychine, which corresponds to 2-hydroxy-1-methyl-4-azafluo-
ren-9-one (¼ 3-hydroxy-4-methyl-5H-indeno[1,2-b]pyridin-5-one). This was addition-
ally corroborated by chemical derivatization. Thus, methylation of 2 with MeI in
acetone gave, as the major product, 2-methoxyonychine, whose 1H-NMR data were
identical to those reported previously [23].

Compound 3 was assigned the molecular formula C20H28O4 by HR-EI-MS (Mþ at
m/z 332.1995 (calc. 332.1988)), in combination with NMR data, indicating seven
degrees of unsaturation. Its IR spectrum showed a strong absorption at 1697 cm�1

assignable to conjugated C¼O groups. The 1H-NMR spectrum of 3 (Table 3) displayed
two methyl doublets at d(H) 1.14 (J ¼ 7.0 Hz) and 1.63 (J ¼ 1.2 Hz), three Me singlets
at d(H) 1.30 (6 H) and 1.93 (3 H), and four methine signals at d(H) 5.75 (s-like), 5.27
(s), 5.26 (dq, J ¼ 8.5, 1.1 Hz), and 5.05 (ddd, J ¼ 12.1, 8.4, 4.1 Hz). The 13C-NMR
(DEPT) spectrum showed five Me, four CH2, and five CH groups, and six quaternary
C-atoms (Table 3).

The planar structure of 3 was deduced by extensive 2D-NMR experiments,
including HSQC, 1H,1H-COSY, and HMBC techniques (Fig. 4). The furan-3(2H)-one
unit was established by HMBC correlations of H�C(13) to C(12), C(14), and C(15),
and of both H�C(16) and H�C(17) to C(15) and C(14). The 1H- and 13C-NMR
chemical shifts of this moiety were in agreement with those reported previously [24].
Compared with common C¼C bonds, C(12) at d(C) 195.5 and C(13) at d(C) 99.7 in the
furanone moiety were severely down- and upfield shifted, respectively, due to the
enhanced effect from the O-atom at C(12)1) and the conjugated C¼O group. The
presence of an a,b-unsaturated d-lactone was established by HMBC correlations of
H�C(1) to C(2), C(4), and C(20), of H�C(20) to C(2), C(3), and C(4), and of
H�C(4) to C(2), C(3), C(5), and C(20), respectively. The connection between the
furanone and the a,b-unsaturated d-lactone units through an aliphatic chain was
established by 1H,1H-COSY and HMBC analyses (Fig. 4). The structural fragments
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C(11)�C(18), C(8)�C(9)�C(10), and C(4)�C(5)�C(6) were readily established
from the 1H,1H-COSY spectrum. The key HMBC correlations of Me(18) to C(10),
C(11) and C(12), and of Me(19) to C(6), C(7) and C(8) enabled us to draw the planar
structure of 3.

In the NOESY spectrum of 3 (Fig. 5), the correlations of H�C(5)/Hb�C(4),
H�C(5)/Me(19), and Ha�C(4)/H�C(6) indicated pseudo-equatorial configuration of
the C¼C moiety on the pyran ring. The strong correlation between H�C(6) and
H�C(8) indicated (E)-configuration for the C(6)¼C(7) bond. This was confirmed by
the upfield resonance of the vinylic Me(19) group at d(C) 16.4 [25]. The configuration
at C(11) could not be assigned from the available data. Thus, the structure of 3 was
elucidated as 6-[(1E)-6-(5,5-dimethyl-4-oxo-4,5-dihydrofuran-2-yl)-2-methylhept-1-
en-1-yl]-4-methyl-5,6-dihydro-2H-pyran-2-one.

Fig. 4. HMBC (H!C) and 1H,1H-COSY (——) correlations of 3
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Table 3. 1H-, 13C-, and 2D-NMR Data of 3. At 400/100 MHz, resp., in CDCl3; d in ppm, J in Hz.

Atom1) d(H) d(C) HMBC NOESY

C(1) 165.1
H�C(2) 5.75 (s-like) 116.4 4, 1, 20 20
C(3) 156.9
H�C(4a) 2.32 (ddq, J ¼ 18.5, 11.1, 1.1) 34.9 5, 3, 2, 20 6, 20
H�C(4b) 2.16 (dd, J ¼ 18.0, 4.0) 5, 20
H�C(5) 5.05 (ddd, J ¼ 12.1, 8.4, 4.1) 73.9 6, 19
H�C(6) 5.26 (dq, J ¼ 8.5, 1.1) 122.1 8, 4, 5, 19 8, 5, 4a
C(7) 141.8
CH2(8) 1.98 (t, J ¼ 7.0) 38.9 10, 9, 7, 6, 19
CH2(9) 1.37 – 1.43 (m) 24.6 11, 10, 8, 7
H�C(10a) 1.55 – 1.60 (m) 33.3 12, 11, 9, 8, 18
H�C(10b) 1.37 – 1.43 (m)
H�C(11) 2.53 – 2.59 (m) 35.3 12, 10, 9, 18 10a, 10b, 9, 18
C(12) 195.5
H�C(13) 5.27 (s) 99.7 15, 14, 12 10a, 18
C(14) 207.3
C(15) 88.1
Me(16) 1.30 (s) 22.7 15, 14, 17
Me(17) 1.30 (s) 22.7 15, 14, 16
Me(18) 1.14 (d, J ¼ 7.0) 17.5 12, 11, 10
Me(19) 1.63 (d, J ¼ 1.2) 16.4 8, 7, 6
Me(20) 1.93 (s) 22.8 4, 3, 2



The five known compounds were identified as 1-aza-9,10-dimethoxy-4-methyl-2-
oxo-1,2-dihydroanthracene [26], (3b)-lupane-3,20,28-triol [27], spermatheridine [28],
(3b,24R)-cycloartane-3,24,25-triol [29], and cyperusol C [30], based on comparison of
their spectroscopic and mass-spectrometric data with those published. All of them were
obtained for the first time from this specific plant.

Financial support by the National Natural Science Foundation (No. 30630072) and the foundation
from the Ministry of Science and Technology (No. 2002CB512807) of the PeopleJs Republic of China are
gratefully acknowledged. We thank Prof. S.-M. Huang for the collection and identification of the plant
material.

Experimental Part

General. All solvents were of anal. grade (Shanghai Chemical Plant, China). Thin-layer
chromatography (TLC): precoated silica-gel GF254 plates (Qingdao Haiyang Chemical Plant, China).
Column chromatography (CC): silica gel (200 – 300 mesh; Qingdao), C18 reverse-phase silica gel (150 –
200 mesh; Merck), MCI gel (CHP20P, 75 – 150 mm, Mitsubishi Chemical Industries, Ltd.), and Sephadex
LH-20 gel (Amersham Biosciences). UV Spectra were recorded on a Hitachi U-2010 spectrophotometer;
lmax (log e) in nm. Optical rotations were measured on a Perkin-Elmer 341 polarimeter. IR spectra were
recorded on a Perkin-Elmer 577 spectrometer with KBr disks; in cm�1. 1H- and 13C-NMR Spectra were
recorded on a Bruker AM-400 spectrometer; d in ppm rel. to Me4Si, J in Hz. Electrospray-ionization
mass spectrometry (EI-MS) was performed at 70 eV with a Finnigan MAT-95 mass spectrometer; in m/z
(rel. %).

Plant Material. The twigs and leaves of P. nemoralis were collected from Hainan Province, P. R.
China, and were authenticated by Prof. Shi-Man Huang (Department of Biology, Hainan University,
P. R. China). A voucher specimen (No. PN-2004-1Y) was deposited at the Shanghai Institute of Materia
Medica.

Extraction and Isolation. The air-dried, powdered twigs and leaves of P. nemoralis (2.1 kg) were
percolated with 95% aq. EtOH at r.t. After removal of the solvent under reduced pressure, the crude
extract (440 g) was dispersed in H2O, and then extracted with AcOEt to afford a dark, viscous residue
(122 g), which was subjected to CC (MCI gel; MeOH/H2O 0 :100! 90 :10) to afford five fractions (Fr.
E1 – E5). Fr. E5 (17.4 g) was separated by CC (SiO2; petroleum ether (PE)/acetone 100 :1! 3 :1) to
afford seven fractions (Fr. E5a –E5g). Fr. E5f (2.3 g) was subjected to CC (SiO2; CH2Cl2/MeOH 200 :1)
to provide six fractions (Fr. E5f1 –E5f 6). Fr. E5f 3 (200 mg) was purified by RP-CC (C18 ; 70% aq.
MeOH) to afford 1 (25 mg) and 9,10-dimethoxy-4-methyl-2-oxo-1,2-dihydro-1-azaanthracene (6 mg).
Fr. E5f 5 (564 mg) was separated by RP-CC (1. C18 ; 65% aq. MeOH; 2. Sephadex LH-20 ; EtOH) to
yield 2 (3 mg), (3b)-lupane-3,20,28-triol (12 mg), and (3b,24R)-cycloartane-3,24,25-triol (20 mg). Fr. E4
(3.6 g) was subjected to CC (SiO2; PE/acetone 100 :1! 2 :1) to give five factions (Fr. E4a –E4e). Fr. E4a
(730 mg) was further purified by CC (SiO2; CH2Cl2/MeOH 100 :1) to afford 3 (40 mg). Fr. E4b (360 mg)
was separated in the same way as Fr. E4a to afford cyperusol C (5 mg). Fr. E4c (1.2 g) was subjected to
RP-CC (C18 ; 60% aq. MeOH) to afford spermatheridine (80 mg).
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(3b,22a)-3,22-Dihydroxytaraxast-20-en-30-al (1). Colorless, amorphous powder. [a]20D ¼þ106 (c ¼
1.25, CHCl3). UV (CHCl3): 238 (3.82). IR (KBr): 3442, 2966, 2871, 1681, 1464, 1384, 1041. 1H- and
13C-NMR: see Table 1. EI-MS: 456 (54, Mþ), 468 (41), 207 (52), 189 (100), 136 (55), 107 (52), 95 (63), 81
(51). HR-EI-MS: 456.3604 (Mþ, C30H48O

þ
3 ; calc. 456.3603).

2-Hydroxyonychine (¼ 3-Hydroxy-4-methyl-5H-indeno[1,2-b]pyridin-5-one ; 2). Yellow, amorphous
powder. UV (MeOH): 269 (4.12), 249 (4.10), 214 (3.99). IR (KBr): 3429, 2923, 1714, 1608, 1415, 1309,
920, 743. 1H- and 13C-NMR: see Table 2. EI-MS: 212 (24, [M þ H]þ), 211 (100, Mþ), 182 (48), 154 (12),
127 (18), 77 (7), 63 (5), 51 (4). HR-EI-MS: 211.0629 (Mþ, C13H9NOþ

2 ; calc. 211.0633).
Nemoralisin (¼6-[(1E)-6-(5,5-Dimethyl-4-oxo-4,5-dihydrofuran-2-yl)-2-methylhept-1-en-1-yl]-4-

methyl-5,6-dihydro-2H-pyran-2-one; 3). Colorless oil. [a]20D ¼�61 (c ¼ 1.20, CHCl3). UV (CHCl3): 261
(4.18), 235 (3.94). IR (KBr): 2933, 1697, 1587, 1383, 1246, 1176, 1041. 1H- and 13C-NMR: see Table 3. EI-
MS: 332 (19, Mþ), 179 (63), 166 (18), 153 (100), 140 (29), 82 (63), 69 (25), 55 (24). HR-EI-MS: 332.1995
(Mþ, C20H28O

þ
4 ; calc. 332.1988).

Methylation of 2. An anal. sample of 2 (2 mg) was dissolved in acetone (2 ml), and treated with MeI
(0.3 ml) and anh. K2CO3 (100 mg). The mixture was stirred at r.t. for 3 h. The resulting yellow solid was
dispersed in H2O and extracted with CHCl3. After removal of the solvent under reduced pressure, 2-
methoxyonychine (2 mg) was obtained.
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