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Agladupols A-E, Triterpenoids from Aglaia duperreana
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Three new apotirucallane-type triterpenoids, agladupols A—C (1-3), and two new tirucallane-type triterpenoids, agladupols
D and E (4 and 5), along with four known compounds, were isolated from the leaves and stems of Aglaia duperreana
(Meliaceae). The structures of compounds 1-5 were elucidated by spectroscopic data. A '3C NMR-based general rule
for assignment of the C-21 configuration in the side chain of apotirucallane- and tirucallane-type triterpenoids was
proposed. According to this, the relative stereochemistry of 21-O-methyltoosendanpentol (1a), a known compound with
the relative configurations of the stereocenters in the side chain undetermined, was completely assigned.

The genus Aglaia is composed of about 250-300 species
distributed mainly in India, Malaysia, Australia, and Polynesia, of
which seven species and one variety grow in the south of China.’
Studies have revealed that plants of this genus are rich in
apotirucallane- and tirucallane-type triterpenoids.? Investigation of
flowers of Aglaia duperreana Pierre (Meliaceae) collected in
Vietnam led to the isolation of 13 insecticidal cyclopentatetrahy-
drobenzofuran derivatives of rocaglamides.?

In the current study, five new triterpenoids (1-5) and four known
compounds, 21-O-methyltoosendanpentol,* tricyclohumuladiol,®
caryolane-1,98-diol,® and 3,3a-dihydroxy-8a-(3-hydroxy-4-meth-
oxy-phenyl)-4,6-dimethoxy-1-phenyl-2,3,3a,8a-tetrahydro-1H-8-
oxa-cyclopenta[a]indene-2-carboxylic acid dimethylamide,” were
isolated from the leaves and stems of A. duperreana that were
collected in Xishuangbanna, China. A '*C nuclear magnetic
resonance (NMR)-based rule for assignment of the configuration
at C-21 in the side chain of apotirucallane- and tirucallane-type
triterpenoids was proposed. This allowed for the assignment of
configuration to 21-O-methyltoosendanpentol (la), a known
compound.

Agladupol A (1) had molecular formula C3;H5;0¢ as deduced
from the HRESIMS. The IR spectrum indicated the presence of
OH (3440 cm™!) and double bond (1637 cm™!) groups. The 'H
NMR spectrum (Table 1) showed seven tertiary methyl groups (&
0.86, 0.90, 0.96, 1.03, 1.05, 1.25, and 1.25), one methoxyl (0 3.35),
one olefinic proton (0 5.46), and five protons bonded to carbons
bearing oxygen (0 3.18, 3.42, 3.92, 4.45, and 4.77). A total of 31
carbon resonances were observed in the 3C NMR spectrum (Table
2). These were assigned, by distortionless enhancement by polariza-
tion transfer (DEPT) and heteronuclear single-quantum coherence
(HSQC) experiments, to one trisubstituted double bond (6 162.0
and 119.5), eight methyl, seven sp® methylene, nine sp? methine,
and five sp quaternary carbons. A comparison of the NMR data
of 1 with those of 21-O-methyltoosendanpentol (1a),* indicated that
1 was an analogue of 1a, an apotirucallane-type triterpenoid. The
13C NMR data of 1 and 1a suggested that two compounds shared
the same tetracyclic system, and the major differences were in the
side chain. This was confirmed by the 2D NMR data (Supporting
Information). The heteronuclear multiple-bond correlations (HMBCs)
of H-21/C-23 and OMe/C-21 revealed that the C-21 and C-23 were
linked via an oxygen to form a tetrahydrofuran ring and the
methoxyl was located C-21 to form a ketal group. In combination
with the chemical shifts of the relevant protons and carbons, the
HMBCs of H,-22/C-24, H-24/C-25, H-24/C-26, H-24/C-27, Hs-
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26/C-25, and H3-27/C-25 placed hydroxyls at C-24 and C-25. The
structure of 1 was thus established as depicted.

1 OH B-OMe
1a OH «o-OMe
2 OAc p-OMe
3 OAc «-OMe

The rotating-frame Overhauser enhancement spectroscopy (ROESY)
spectrum showed that the relative configuration of the tetracyclic core
in 1 was identical to that of 1a. The ROESY cross-peaks of CH3-18/
H-21, H-21/H-120., CH;3-18/H-20, and H-20/H-23 revealed that H-21,
H-20, and H-23 were a-oriented. The rotation of C-23/C-24 seemed
fairly fixed by the steric bulk or the hydrogen bond formed between
24-OH and the oxygen of the furan ring to give a favorable
conformation in the solvent as judged from the small coupling constant
(J/ = 1.9 Hz) between H-24 and H-23 and the ROESY correlations of
H-24/H,-22 and H-24/H-23. This indicated that H-24 was 3-oriented.
The small coupling constant (/324 = 1.9 Hz) indicated that they were
in a gauche relationship. Furthermore, the ROESY correlations of
MeO-21/H3-26 and H-23/H3-27 indicated that C-25 and H-23 were
also in a gauche relationship, indicating that H-24 was f-oriented. Thus,
the structure of agladupol A (1) was as indicated. In comparison to
the known compound 1b,® the highly similar '3C NMR data (Table
2) of the side chain in both compounds 1 and 1b, except for the C-20
of 1b, were shifted downfield somewhat because of the deshielding
effect of the 13,14,18-cyclopropyl group and further verified stereo-
chemistry of the side chain of 1.
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Table 1. '"H NMR (400 MHz, CDCl3) Spectroscopic Data for 1-4
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position 1 2 3 4 5
la 1.34 m 1.36 m 1.32m 1.45m 1.46 m
16 1.3l m 1.36 m 1.32m 1.33m 1.36 m
20 1.55m 1.57 m 1.51 m 1.58 m 1.58 m
2 1.90 m 1.94 m 1.90 m 1.89 m 1.90 m
3 342dd (2.9,2.4) 342brs 337brs 347 brs 3.43d(2.9)
5 1.94 m 1.83 m 1.78 m 1.73 m 1.76 m
600 1.69 m 1.62 m 1.60 m 1.98 m 1.92m
66 1.69 m 1.74 m 1.70 m 191 m 2.02m
7 3.92dd (2.8, 2.6) 5.17brs S5.11brs 5.27brs 5.23brs
9 1.99 m 2.02m 1.99 m 2.30 m 2.34m
1la 1.48 m 1.71 m 1.68 m 1.55m 1.50 m
118 1.71 m 1.48 m 142 m 147 m 1.57 m
120 1.58 m 1.58 m 141 m 1.27m .51 m
128 1.50 m 1.48m 14l m 1.84m 1.7l m
15a 5.46 brs 521 brs 5.15brs 1.49 m 1.71 m
158 1.49 m 1.92 m
1600 2.13m 1.94m 191 m 1.26 m 1.25m
16 2.13m 2.05m 2.05m 1.84 m 1.90 m
17 1.97 m 191 m 1.62 m 1.98 m 1.74 m
18 1.03 s 1.00 s 0.98 s 0.85s 0.86 s
19 0.90 s 0.90 s 0.86 s 0.78 s 0.77 s
20 2.16 m 2.14m 2.25m 1.96 m 2.15m
21 4.77d 4.1) 4.75brd (4.2) 4.75d (3.6) 4.71brs 4.76.d (3.3)
2200 1.90 m 1.87 m 1.84 m 1.88 m 149 m
2258 1.95m 1.87 m 1.73 m 1.88 m 149 m
23 4.45ddd (1.9, 6.7, 8.9) 443 m 4.19m 443 m 4.19m
24 3.18d (1.9) 3.16d (8.1) 3.20d (7.2) 3.18 brd (7.9) 3.22d(5.4)
26 1.25 ¢4 1.26 s 1.21 s 1.28 8¢ 1.27 s¢
27 1.25 ¢4 1.26 s¢ 1.25 s 1.28 8¢ 1.30 8¢
28 0.96 s 0.85s 0.80 s 0.94 s 0.93s
29 0.86 s 0.83 s 0.78 s 0.92's 091s
30 1.05 s 1.08 s 1.04's 1.00 s 0.98 s
MeO 3.35s 3.36s 331s 337s 331s
Ac 1.95s 191s

“ May be exchanged in the same column.

Agladupol B (2) had molecular formula C;3Hs407 as determined
by HRESIMS. IR absorptions at 3436, 1739, and 1635 cm™!
indicated the presence of hydroxyl, ester carbonyl, and double bond
functions, respectively. The 'H and '3C NMR spectra of 2 and 1
were similar, except for the presence of an additional acetyl group
(0c 170.4, 21.3; Oy 1.95) in 2, suggesting that it was an acetylated
derivative of 1. The chemical shift of H-7 (6 5.17) in 2 was
downfield-shifted Ad 1.25 from that of 1, which indicated the
presence of a 7-OAc; this was confirmed by the HMBC from H-7
to the carbonyl carbon signal of the acetyl. The acetoxyl at C-7
was assigned o orientation by the ROESY cross-peaks of H-7/H3-
30 (). In comparison to the *C NMR data of 1, the C-8 and C-14
of 2 were upfield-shifted Ad 2.1 and 2.3, respectively, because of
the shielding effect of 7-OAc, while its C-7 and C-9 were
downfield-shifted Ad 3.3 and 1.4, respectively, because of the
deshielding effect of 7-OAc. The complete assignments of the 'H
and 3C NMR of 2 were achieved by a comprehensive analysis of
2D NMR spectra including HSQC, HMBC, and ROESY (Support-
ing Information).

Agladupol C (3) had the same molecular formula (C33Hs407) as
2. The NMR data (Tables 1 and 2) of 3 revealed that it was a
stereoisomer of 2. The only difference between compounds 2 and
3 was at C-21. The carbon resonance of 3 was severely downfield-
shifted (A0 4.7) compared to that of 2, suggesting that the 21-
OMe of 3 was a-oriented. This was supported by the downfield-
shifted resonance of C-17 (6 57.4). For a 215-OMe, such as the
cases of 1 and 2, the C-17 usually upfield resonates because of the
y-gauche effect of 213-OMe.° The side chain assigned for 3 was
identical to that of the known compound 1c.® The 1*C NMR of the
side chain in compounds 3 and 1c¢ were similar, except that C-20
of 3 was slightly upfield because of the presence of a 18-Me instead
of the 13,14,18-cyclopropyl group of 1c. The structure of 3 was
further confirmed by 2D NMR experiments, including HSQC,
HMBC, and ROESY spectra.

Agladupol D (4) had molecular formula C3;Hs,Os. Its IR
spectrum indicated the presence of hydroxyl(s) (3446 cm™!) and a
double bond (1637 cm™!). The '*C NMR data, along with the DEPT
and HSQC experiments, classified the functionalities as eight
methyl, eight sp? methylene, eight sp? methine, five sp? quaternary
carbons, and a trisubstituted double bond (6 118.1 and 145.7). The
'"H NMR spectrum indicated eight methyl groups; seven were
tertiary ones (0 0.78, 0.85, 0.92, 0.94, 1.00, 1.28, and 1.28), and
one was a methoxyl group (0 3.37). The data suggested that 4 was
a tirucallane-type triterpenoid. Extensive analysis of its HMBC
spectrum afforded the planar structure of 4. The relative configu-
ration of 4 was established by the ROESY experiment. The structure
of 4 was thus elucidated.

Compound 4 shared the same tetracyclic core with a known
compound sapelin A,'® and their corresponding carbon resonances
in the tetracyclic core were very similar, except for C-18 and C-19,
with a similarity coefficient of R = 0.99092. If the assignments
for C-18 and C-19 of sapelin A were reversed, the similarity
coefficient of the tetracyclic core between two compounds 4 and
sapelin A becomes R> = 0.99972. This suggested that the
assignments for C-18 and C-19 of sapelin A could be reversed.

The '3C NMR data of agladupol E (5) were very similar to those
of 4, except for differences of the carbons close to C-21. This
observation implied that compound 5 was probably the 21-epimer
of 4. The chemical shift of C-21 (0 108.9) was very close to that
(0 109.4) of 3, which had a 210-OMe, indicating that the 21-OMe
of 5 was also a-oriented. Further, as compared with compound 4,
the signals of C-17 and C-22 of 5 were downfield-shifted ca. Ad
5.3 and 2.2, respectively, largely because of the absence of the
y-gauche effects from 21-OMe,® supporting the stereochemistry
of C-21 as assigned for 5, The structure of agladupol E was thus
elucidated to be 5.

The side chains of compounds 1-5 shared the same planar
structure, but there were differences in the orientation of MeO-21.
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Table 2. 3C NMR (100 MHz, CDCl;) Spectroscopic Data for
1-4

position 1 1a  1b® 1c’ 2 3 4 5

1 325 3283 340 339 325 325 311 316
2 250 2505 229 228 250 250 253 253

3 762 7620 770 77.1 759 758 76.1 76.1

4 370 37.07 363 363 369 368 373 373

5 404 4051 413 413 41.8 417 445 445

6 236 2374 242 242 232 231 238 238

7 722 7230 743 742 755 754 118.1 118.1

8 443 4444  39.1 39.1 422 421 1457 145.6
9 41.6 41771 440 439 430 43.0 484 483

10 37.6 3772 373 373 374 373 347 347

11 163 1627 163 16.1 164 163 174 174
12 32.8 32,62 254 256 332 332 31.1 311

13 46.6 4698 289 285 464 46.6 434 435

14 162.0 162.43 37.1 36.3 159.7 1599 50.7 50.9
15 119.5 11920 263 259 1182 117.8 34.1 343

16 349 3471 276 263 350 346 272 273

17 523 5754 446 484 522 574 449 502
18 19.8 1932 136 136 199 193 231 225

19 152 1524 157 157 153 153 129 129
20 446 4590 48.6 49.1 447 458 462 477
21 104.6 109.55 105.3 109.2 104.7 109.4 104.8 108.9
22 314 3380 31.0 322 313 336 315 337
23 787 7690 789 77.0 787 767 187 76.6
24 76.6 7559 766 755 765 754 765 754
25 729 73.07 729 731 729 729 729 73.0
26 26.3° 26.37° 264 264 264° 26.3° 263 264°
27 26.3° 2649 264 265 263° 262° 262° 26.3°
28 28.0 28.07 27.8 27.8 280 279 277 277
29 22,1 2215 219 219 219 21.8 217 217
30 277 2773 195 195 275 274 272 271

OCH; 55.1 5560 552 557 551 555 551 556
OCOCH3 213 212

OCOCH3 170.4 1704

“ Literature data, see ref 4. ? Literature data, see ref 8. ¢ May be
exchanged in the same column.

Observation of the '3C NMR data of the side chains of these
compounds (Table 2), the chemical shifts of C-21, allowed us to
distinguish between the a and f orientation of MeO-21. For the
compounds having MeO-214, the C-21 carbon resonances normally
appeared at 0 105.0 £ 0.5, while for the ones with a MeO-21a,
the chemical shifts of C-21 usually resonated at & 109.0 + 0.5.%°
According to this rule, the stereochemistry of 21-O-methyltoosen-
danpentol (1a),* a known compound reported with the unassigned
configuration of the side chain, could be assigned to have a MeO-
210 on the basis of the chemical shift of C-21 (6 109.55). The
relative stereochemistry of C-20, C-23, and C-24 of 1a was then
assigned as depicted by comparing the corresponding *C NMR
data with those of 3.

Experimental Section

General Experimental Procedures. Optical rotations were mea-
sured on a Perkin-Elmer 341 polarimeter (Na filter, A = 589 nm). IR
spectra were recorded on a Perkin-Elmer 577 spectrometer with KBr
disks. NMR spectra were measured on a Bruker AM-400 spectrometer.
EIMS and HREIMS (70 eV) were carried out on a Finnigan MAT 95
mass spectrometer. Electrospray ionization mass spectrometry (ESIMS)
spectra were carried out on a Bruker Esquire 3000plus instrument, and
HRESIMS spectra were carried out on a Waters-Micromass Q-TOF
mass spectrometer. All solvents used were of analytical grade (Shanghai
Chemical Reagents Company Ltd.). Silica gel (200-300 mesh), silica
gel H (Qingdao Haiyang Chemical Co. Ltd., People’s Republic of
China), C18 reversed-phase silica gel (150-200 mesh, Merck), and MCI
gel (CHP20P, 75-150 ym, Mitsubishi Chemical Industries Ltd., Japan)
were used for column chromatography. Precoated thin-layer chroma-
tography (TLC) plates with silica gel GF254 (Qingdao Haiyang
Chemical Co. Ltd., People’s Republic of China) were used for TLC.

Plant Material. The plant material of A. duperreana was collected
from Xishuangbanna, China, and was authenticated by Professor You-
Kai Xu of Xishuangbanna Tropical Botanical Garden, Chinese Academy
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of Sciences. A voucher specimen (accession number AD-X-Isze2Y)
has been deposited in the Shanghai Institute of Materia Medica.

Extraction and Isolation. The dried and powdered leaves and stems
of A. duperreana (5 kg) were percolated with 95% EtOH for 3 times.
After removal of the solvent under reduced pressure, the EtOH extract
(290 g) was partitioned between H>O and EtOAc to give an EtOAc-
soluble fraction (58 g), which was subjected to a MCI column [MeOH/
H,0, 50:50 — 90:10 (v/v)] to obtain five fractions (1-5). Fraction 2
was separated on a silica gel column [petroleum ether/EtOAc (1:2) and
petroleum ether/acetone (3:1)], to give tricyclohumuladiol (19 mg),
caryolane-1, 9f-diol (12 mg), and 3,3a-dihydroxy-8a-(3-hydroxy-4-
methoxy-phenyl)-4,6-dimethoxy-1-phenyl-2,3,3a,8a-tetrahydro- 1 H-8-
oxa-cyclopenta[a]indene-2-carboxylic acid dimethylamide (24 mg).
Fraction 3 was subjected to a silica gel column and gradient elution
with petroleum ether/acetone (from 20:1 to 0:1) to afford three fractions
(3a-3c). Fraction 3b (1.3 g) was separated on a silica gel column
(petroleum ether/EtOAc, 2:1; CHCl3/MeOH, 200:1) to yield two major
parts, and each of them was purified on a reversed-phase column
(MeOH/H»O, 80:20 — 85:15) to give 3 (122 mg) and 2 (28 mg),
respectively. Fraction 3¢ (1.6 g) was separated on a silica gel column
(CHCl13/MeOH, 50:1) to afford subfractions 3c.1-3c.2. Purification of
subfraction 3c.1 (0.5 g) using a silica gel column (petroleum ether/
EtOAc, 1:1; CHCl3/MeOH, 20:1) and then a reversed-phase silica gel
column (MeOH/H,0, 76:24 — 78:22) gave 21-O-methyltoosendan-
pentol (30 mg) and 1 (24 mg). In a similar purification procedure,
subfraction 3c.2 (0.35 g) afforded compounds 4 (53 mg) and 5 (69
mg).

Agladupol A (1): white amorphous powder. [a]¥ —35.6 (¢ 0.8500,
CHC). IR (KBr, disc) vma: 3440, 2937, 1637, 1460, 1385, 1061, 1036
cm~!. 'TH NMR: see Table 1. *C NMR: see Table 2. EIMS m/z: 399
(9), 330 (100), 312 (30), 297 (10), 235 (7), 160 (25). HRESIMS m/z:
543.3678 ([M + Na]™, caled for C3;Hs5,O6Na, 543.3662).

Agladupol B (2): white amorphous powder. [a]Z —28.1 (¢ 1.3500,
CHCL). IR (KBr, disc) vmax: 3442, 2933, 1730, 1637, 1458, 1377, 1254,
1028 cm™!. 'H NMR: see Table 1. '*C NMR: see Table 2. EIMS m/z:
441 (4), 372 (90), 312 (100), 297 (19), 279 (12), 160 (46). HRESIMS
mlz: 585.3782 ([M + Na]*, caled for C33Hs40;Na, 585.3767).

Agladupol C (3): white amorphous powder. [a]y —98.7 (¢ 4.2150,
CHCL). IR (KBr, disc) vmax: 3437, 2976, 1740, 1635, 1458, 1377, 1246,
1097, 1030 cm™~'. '"H NMR: see Table 1. 3C NMR: see Table 2. EIMS
miz: 441 (5), 372 (100), 312 (68), 297 (13), 160 (27). HRESIMS m/z:
585.3716 ([M + Na]*, calcd for C33Hs407Na, 585.3767).

Agladupol D (4): white amorphous powder. [a]¥ +11.0 (¢ 0.0950,
CHCI3). IR (KBr, disc) Vmax: 3446, 2949, 2872, 1637, 1460, 1385, 1367,
1094, 982, 905 cm™!. '"H NMR: see Table 1. *C NMR: see Table 2.
EIMS m/z: 504 (20), 489 (9), 457 (65), 439 (61), 415 (60), 393 (22),
381 (32), 367 (100), 349 (21), 314 (20), 299 (43). HREIMS m/z:
504.3835 ([M]*, caled for C3Hs,0s, 504.3815).

Agladupol E (5): white amorphous powder. [a]% —46.0 (¢ 0.1400,
CHCL). IR (KBr, disc) vmax: 3444, 2949, 2885, 1637, 1462, 1385, 1365,
1099, 1038, 982 cm™!. '"H NMR: see Table 1. 3C NMR: see Table 2.
EIMS m/z: 504 (58), 457 (86), 439 (72), 415 (83), 393 (40), 367 (100),
349 (24), 314 (24), 299 (78). HREIMS m/z: 504.3816 ([M]", calcd for
C3;Hs,05, 504.3815).
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Supporting Information Available: Selected HMBC and ROESY
correlations of agladupols A-D (1-4) and IR, ESIMS (EIMS for 4 and
5), 'H, 3C, and 2D NMR spectra of agladupols A-E (1-5). This material
is available free of charge via the Internet at http://pubs.acs.org.
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