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Octanorcucurbitane and Cucurbitane Triterpenoids from the Tubers of Hemsleya endecaphylla

with HIV-1 Inhibitory Activity
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Two new cucurbitacins, endecaphyllacins A (1) and B (2), together with six known analogues (3—8), were isolated
from the tubers of Hemsleya endecaphylla. The structures of 1 and 2 were elucidated by NMR and MS spectroscopic
analysis. The relative stereochemistry of 1 was determined by single-crystal X-ray diffraction. Compound 4 (cucurbitacin
B) showed potent anti-HIV-1 in C8166 cells (EC = 0.09 ug/mL) with a selectivity index of 16.7.

A number of plants of the genus Hemsleya (Cucurbitaceae) grow
abundantly in Yunnan and Sichuan Provinces, People’s Republic
of China, while H. endecaphylla C. Y. Wu is a rare plant indigenous
to Lijiang prefecture in northwestern Yunnan. The tubers of some
Hemsleya species have been used for the treatment of a variety of
ailments and symptoms, such as fever, pain, and inflammation.'~
Up to the present, more than 40 new cucurbitacins and cucurbitane
glycosides have been isolated from the genus Hemsleya.> The
compounds hemslecins A (25-acetoxy-23,24-dihydrocucurbitacin
F) and B (23,24-dihydrocucurbitacin F), isolated initially from the
genus Hemsleya, possess antibacterial activities, and the effective-
ness of hemslecin A against infectious diseases, such as enteritis,
bronchitis, acute tonsillitis, and bacillary dysentery, has been
established in clinical trials.* Aimed at finding potential bioactive
cucurbitacins from this genus, we investigated the tubers of H.
endecaphylla, which led to the isolation of two new 20,21,22,23,24,
25,26,27-octanorcucurbitacins, endecaphyllacins A (1) and B (2),
along with six known cucurbitane derivatives, 23,24-dihydrocu-
curbitacin D (3),> cucurbitacin B (4),° 23,24-dihydrocucurbitacin
B (5),” 22-deoxocucurbitacin D (6),® cucurbitacin I (7),> and 22,23-
dihydrocucurbitacin E (8).° Herein, we describe the isolation and
structural elucidation of the new octanorcucurbitacins 1 and 2 and
the anti-HIV-1 activities of compounds 1-8.

Endecaphyllacin A (1) was assigned as C,,H3004 by HRESIMS
(M + Na]*, m/z 381.2041) and 3C NMR data. Its IR spectrum
showed absorptions for hydroxyl (3484 cm™!) and carbonyl (1725
and 1689 cm™!) groups. The UV spectrum showed no conjugated
group based on the absence of absorption from 230 to 350 nm.
Obvious signals in the 'TH NMR spectrum were five methyl singlets
at 0y 0.91 (3H, s), 1.14 (3H, s), 1.19 (3H, s), 1.28 (3H, s), and
1.43 (3H, s), as well as three pairs of AB doublets at oy 1.93 (1H,
d,J = 17.6 Hz) and 2.58 (1H, d, J = 17.6 Hz), 6y 2.11 (1H, d, J
= 17.5 Hz) and 2.28 (1H, d, J = 17.5 Hz), and oy 2.31 (1H, d, J
= 14.6 Hz) and 3.36 (1H, d, J = 14.6 Hz). The '*C NMR spectrum
of 1 displayed resonances for five tertiary methyl groups, five
methylenes, four methines, and eight quaternary carbons. Consider-
ing the fact that the tetracyclic triterpenoids isolated thus far from
the genus Hemsleya are cucurbitane-type compounds, compound
1 was tentatively proposed to have a basic skeleton of 20,21,22,23,24,
25,26,27-octanorcucurbitacin. Furthermore, on comparison of the
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NMR data of 1 with those of 3,% it was evident that these two
compounds are structurally very similar in rings A—C and that there
was one more carbonyl group in ring D and a lack of eight signals
of the side chain in compound 1. Detailed comparison of the *C
NMR data of these two compounds disclosed that a methine group
(C-17) at O¢ 57.8 and an oxymethine group (C-16) at dc 70.9 in 3
were replaced by a methylene group at dc 49.4 and a carbonyl
group at Oc 215.7, respectively, in 1. The HMBC correlation
observed from H-18 (dy 0.91, 3H, s) to C-17 (¢ 49.4, t) confirmed
this proposal. The geminal coupling constants of H-17 (J = 17.6
Hz) and H-15 (J = 17.5 Hz) substantiated that the carbonyl group
(Oc 215.7) was located at C-16 (Figure 1). Thus, compound 1 was
established as 2f3-hydroxy-20,21,22,23,24,25,26,27-octanorcucur-
bita-5-ene-3,11,16-trione. The single-crystal X-ray crystallographic
results of 1 confirmed the proposed structure (Figure 2).
Endecaphyllacin B (2) gave the molecular formula Cy,H»304,
on the basis of the HRESIMS. The 3C NMR spectrum displayed
signals for five tertiary methyl groups (dc 18.4, 20.0, 20.9, 24.2,
and 27.8), four methylenes (Oc 24.1, 46.3, 49.4, and 50.4), four
methines (d¢ 35.2, 42.2, 115.6, and 120.0), and nine quaternary
carbons (O¢ 44.5, 45.5, 48.6, 50.6, 137.6, 147.4, 198.8, 211.7, and
215.6). Comparison of the 'H and '3C NMR spectroscopic data of
2 with those of 1 showed similarities except for an enol structure
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Figure 2. X-ray structure of 1 showing the relative configuration.

in 2 instead of a methylene at C-1 and an oxymethine at C-2 in 1.
The base peak at m/z 164 [C1oH,0,]", due to the loss of rings C
and D, by the cleavage of C-7/C-8 and C-9/C-10, implied that ring
A of 2 has a A!-2-0l-3-one unit. In the HMBC spectrum of 2, long-
range correlations observed from H-10 (g 3.80, 1H, s) to C-1 (O¢
115.6, d), and from H-1 (dy 6.26, 1H, d, J = 2.4 Hz) to C-3 (Oc
198.8, s), also supported the presence of this ring A functionality.
Therefore, the structure of 2 was elucidated as 2-hydroxy-
20,21,22,23,24,25,26,27-octanorcucurbita-1,5-dien-3,11,16-tri-
one. Compound 2 is the aglycon of khekadaengoside L, previously
isolated from Trichosanthes tricuspidata.’

The anti-HIV-1 activities of compounds 1-8 were evaluated in
preventing the cytopathic effects of HIV-1 in C8166 cells, and
cytotoxicity was measured in parallel with the determination of
antiviral activity. Compounds 3, 4, and 7 exerted significant anti-
HIV-1 activity with ECsy values of 0.13, 0.09, and 0.70 ug/mL,
individually (Table 2). Compounds 4, 5, 7, and 8 have been
subjected to evaluation on HIV replication in H9 lymphocyte cells
previously, but potent activity was not reported.® The present study
is the first to show anti-HIV-1 activity of the very common
cucurbitane compounds, especially cucurbitacin B (4). The biologi-
cal testing procedure used herein may be particularly susceptible
to the anti-HIV-1 activities of cucurbitacin B (4) and its analogues.

Experimental Section

General Experimental Procedures. Melting points were measured
on an X-4 micromelting point apparatus and are uncorrected. Optical
rotations were measured with a Horiba SEPA-300 polarimeter. UV
spectra were recorded on a Shimadzu double-beam 210A spectropho-
tometer, and IR spectra on a Bio-Rad FTS-135 infrared spectropho-
tometer. 1D and 2D NMR spectra experiments were measured in
pyridine-ds on Bruker AM-400 and (or) DRX-500 instruments, and
chemical shifts (0) were expressed in ppm with reference to the solvent
signals. MS data were obtained on a VG Autospec-3000 mass
spectrometer. Column chromatography was performed on silica gel
(200—300 mesh, Qingdao Marine Chemical Inc., Qingdao, People’s
Republic of China), silica gel H (10—40 um, Qingdao Marine Chemical
Inc.), or RP-18 gel (40—63 um, Merck, Darmstadt, Germany). Fractions
were monitored by TLC, and spots were visualized by heating silica
gel plates sprayed with 15% H,SO, in H,O.

Plant Material. The tubers were collected from Diandong Village
of Yulong County, Yunnan Province, People’s Republic of China, in
October 2005, and authenticated by Dr. Hongtao Li at the Kunming
Institute of Botany. A voucher specimen (No. KIB 2005-10-7) has been
deposited at the State Key Laboratory of Phytochemistry and Plant
Resources in West China, Kunming Institute of Botany, Chinese
Academy of Sciences.

Extraction and Isolation. The air-dried and powdered tubers (72
g) were extracted with methanol (3 x 500 mL) at 60 °C. After removal

Notes
Table 1. 'H and '*C NMR Data for Compounds 1 and 2¢
1 2
position Oc On Oc On
1 37.0,CH, 2.63,1.58,m 115.6,CH 6.26,d (2.4)
2 72.3,CH 4.84,m 147.4,qC
3 213.1,qC 198.8, qC
4 51.0,qC 48.6, qC
5 141.2, C 137.6, qC
6 119.6,CH  6.30,brs 120.0, CH 5.64,
t-like (2.5)
7 244,CH, 2.30,1.82,m 24.1, CH, 2.29,1.86, m
8 43.0,CH 2.08, m 42.2,CH 2.14,brs
9 50.2, qC 50.6, qC
10 342,CH 3.13,d(12.7) 35.2, CH 3.80, brs
11 2109,qC 211.7,qC
12 46.1,CH, 3.36,d(14.6) 46.3, CH, 3.39,d (14.5)
2.31,d (14.6) 2.31,d (14.5)
13 444, qC 44.5,qC
14 453, qC 45.5,qC
15 50.2,CH, 2.28,d(17.5) 50.4, CH, 2.28,d(17.2)
2.11,d (17.5) 2.12,d(17.2)
16 215.7,qC 215.6, qC
17 49.4,CH, 2.58,d(17.6) 49.4, CH, 2.58,d (17.6)
1.93,d (17.6) 1.94,d (17.6)
18 242,CH; 091,s 24.2, CH3 0.86, s
19 20.0,CH; 1.14,s 20.0, CH3 1.14,s
28 21.8,CH; 143,s 20.9, CH3 1.44,s
29 29.2,CH; 1.28,s 27.8, CH3 1.25,s
30 19.1,CH; 1.19,s 18.4, CH3 1.22,s

“ Spectra were recorded in CsDsN; chemical shifts (0) are in ppm
with J values in Hz.

Table 2. Summary of Cytotoxicities and Anti-HIV-1 Activities
of Compounds 1-8

anti-HIV-1 activity, cytotoxicity, selectivity index
compound ECso (ug/mL) CCs (ug/mL)  (SI), CCso/ECs0
1 31.6 >200 6.3
2 12.0 62 5.0
3 0.13 6.5 50.0
4 0.09 1.5 16.7
5 4.20 25.5 6.1
6 15.8 120.9 7.7
7 0.70 14.4 20.6
8 2.4 21.6 9.2
AZT 0.0034 >200 >50 000

of the solvent under vacuum, the methanol extract (17 g) was partitioned
between H,O and CHCls. The CHCl; part was evaporated to afford
16 g of residue, which was subjected to silica gel column chromatog-
raphy eluted with CHCl;—MeOH (0:1, 30:1, 20:1) to yield fractions
I—III. Fraction II (13 g) was chromatographed over silica gel H,
developed with petroleum—EtOAc (from 5:1 to 1:1), to furnish fractions
A and B. Compounds 3 (80 mg), 6 (14 mg), and 8 (9 mg) were purified
from fraction B (3 g), using petroleum—EtOAc (2:1) as eluent. Fraction
A (6 g) was chromatographed on LH-20 eluted with MeOH, and
fractions 1 and 2 were obtained. Fration 1 (3 g) was chromatographed
repeatedly over silica gel H, developed with petroleum—EtOAc (3:1),
to afford compounds 1 (150 mg) and 2 (20 mg). In the same way,
compounds 4 (62 mg), 5 (49 mg), and 7 (10 mg) were isolated from
fraction 2 (2 g) eluted with petroleum—EtOAc (3:1).
Endecaphyllacin A (1): colorless prism crystals; mp 207—209 °C;
[0]*p +2.9 (¢ 0.51, MeOH); UV (MeOH) Amax (log €) 221 (2.6) nm;
IR (KBr) vmax 3484, 2968, 1725, 1689, 1469, 1434, 1208, 978 cm™;
'H and C NMR data, see Table 1; EIMS m/z [M]" 358 (35), 343
(40), 340 (42), 325 (100), 297 (40), 193 (60), 105 (83), 91 (79);
HRESIMS m/z [M + Na]* 381.2041 (calcd for C2,H3004Na, 381.2050).
X-ray Crystallographic Data of 1. Cy;H3,05, MW = 390.50 (in
this case, there was a hydrogen bond between CH3OH and 2/-hydroxy
of 1 in the crystal); orthorhombic, space group P2,2:2; a = 7.9551(1)
A, b =12.1239(2) A, ¢ = 21.4220(4) A, V = 2066.08(6) A3, Z = 4,
Deae = 1.255 g/em?®; Mo Ka (A = 0.71073 A). The data were collected
on a MAC DIP-2030K diffractometer, with graphite-monochromated
Mo Ka radiation using a colorless crystal of dimensions of 0.68 x
0.64 x 0.58 mm?, maximum 26 value of 54.96°, independent reflections



Notes

20 254, observed number of reflections 4733 (IFI> = 20lFP). The crystal
structure of 1 was solved by direct methods with SHELXS-86'" and
expanded using different Fourier techniques, refined by the program
and method NOMCSDP'! and full-matrix, least-squares calculations.
The final indices were R = 0.035, R,, = 0.103. Crystallographic data
for the structure of 1 has been deposited in the Cambridge Crystal-
lographic Data Centre (deposition number CCDC 626587). Copies of
the data can be obtained, free of charge, on application to the Director,
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: +44-(0)1223-
336033 or e-mail: deposit@ccdc.cam.ac.uk).

Endecaphyllacin B (2): colorless prism crystals; mp 229—231 °C;
[0]*p —17.1 (¢ 0.20, MeOH); UV (MeOH) Anmax (log €) 270 (2.4), 328
(1.8) nm; IR (KBr) vmax 3450, 2970, 1738, 1695, 1658, 1409, 1228,
1048 cm™'; 'H and '*C NMR data, see Table 1; EIMS m/z [M]* 356
(20), 341 (8), 299 (10), 228 (14), 189 (27), 164 (100), 136 (36), 122
(61), 121 (37); HRESIMS m/z [M + Na]t 379.1887 (calcd for
C22H2304Na, 3791885)

Anti-HIV-1 Assay. Each tested compound was dissolved in DMSO
to a concentration of 25 mg/mL and diluted to the required concentra-
tions with the medium. Cytotoxicity was measured by the MTT method
as described previously.'? Briefly, C8166 cells were seeded in the
absence or presence of various concentrations of compounds in triplicate
for 3—7 days. The percentage of viable cells was quantified at 595/
630 nm (Asosss30) in an ELISA reader. The cytotoxic concentration that
caused the reduction of viable cells by 50% (CCsp) was determined
from a dose-response curve.

The cytopathic effect in the same cell lines was measured by counting
the number of syncytia (multinucleated giant cells) in each well under
an inverted microscope.'? Different concentrations of compound were
added in a 96-well microtiter plate. C8166 cells were seeded and
inoculated with 100 TCID50 HIV-1 and then incubated at 37 °C in a
humidified incubator with 5% CO, for a period of 72 h. Control assays
were performed without the test compounds in HIV-1-infected and
uninfected cultures. AZT was used as a positive control. The number
of syncytia in each well was counted under an inverted microscope.
The percentage inhibition of syncytial cell formation was calculated
by percentage of syncytial cell numbers in compound-treated cultures
to that of infected control culture. The concentration of the antiviral
sample reducing HIV-1 replication by 50% (ECs) was determined from
the dose—response curve. The selectivity index (SI) was calculated from
the ratio of CCs¢/ECso.

Journal of Natural Products, 2008, Vol. 71, No. 1 155

Acknowledgment. This work was supported by grants from the
National Natural Science Foundation of China (Grant No. 39970086)
and the Chinese Academy of Sciences (XiBuZhiGuang Project) for
financial support.

References and Notes

(1) Jiangsu Medical College. Encyclopedia of Chinese Materia Medica;
Shanghai Scientific Technology Press: Shanghai, 1977; Vol. 1, pp
1358-1359.

(2) Pharmacopoeia of China; People’s Health Press: Beijing, 1977; Part
1, pp 531-534.

(3) (a) Chen, W. X_; Nie, R. L.; Chen, Y. C.; Xia, K. M. Acta Chem. Sin.
1975, 33, 49-52. (b) Riu, H. K.; Yuan, M. Y.; Yu, Q. M; Ye, X. Q.;
Qian, G. H.; Wang, K. L. Acta Pharm. Sin. 1981, 16, 445-447. (c)
Nie, R. L.; Morita, T.; Kasai, R.; Zhou, J.; Wu, C. Y. Planta Med.
1984, 50, 322-327. (d) Meng, X. J.; Chen, Y. Z.; Nie, R. L.; Zhou, J.
Acta Pharm. Sin. 1985, 20, 446-449. (e) Kasai, R.; Matsumoto, K.;
Nie, R. L.; Morita, T.; Awazu, A.; Zhou, J.; Tanaka, O. Phytochemistry
1987, 26, 1371-1376. (f) Kasai, R.; Matsumoto, K.; Nie, R. L.; Zhou,
J.; Tanaka, O. Chem. Pharm. Bull. 1988, 36, 234-243. (g) Kubo, H.;
Ohtani, K.; Kasai, R.; Yamasaki, K.; Nie, R. L. Phytochemistry 1996,
41, 1169-1174. (h) Chen, Y.; Qiu, M. H.; Gu, K.; Chen, J. C. Acta
Bot. Yunnan. 2003, 25, 613-619. (i) Chiu, M. H.; Gao, J. Chin. Chem.
Lert. 2003, 14, 389-392. (j) Chen, J. C.; Niu, X. M.; Li, Z. R.; Qiu,
M. H. Planta Med. 2005, 71, 983-986. (k) Chen, J. C.; Zhang, Z. Q.;
Qiu, M. H. Acta Chim. Sin. 2007, 65, 1679-1684.

(4) Nie, R. L.; Chen, Z. L. Acta Bot. Yunnan. 1986, 8, 115-124.

(5) Vande Velde, V.; Lavie, D. Tetrahedron 1983, 39, 317-321.

(6) Wu, P. L.; Lin, F. W.; Wu, T. S.; Kuoh, C. S.; Lee, K. H.; Lee, S. J.
Chem. Pharm. Bull. 2004, 52, 345-349.

(7) Jacobs, H.; Singh, T.; Reynolds, W. F.; McLean, S. J. Nat. Prod. 1990,
53, 1600-1605.

(8) Enslin, P. R.; Holzapfel, C. W.; Norton, K. B.; Rehm, S. J. Chem.
Soc. (C) 1967, 964-972.

(9) Kanchanapoom, T.; Kasai, R.; Yamasaki, K. Phytochemistry 2002,
59, 215-228.

(10) Sheldrich, G. M. SHELX-86, Program for Crystal Structure Refinement;
University of Gottingen: Gottingen, Germany, 1985.

(11) Lu, Y.; Wu, B. M. Chin. Chem. Lett. 1992, 3, 637-640.

(12) Zheng, Y. T.; Ben, K. L.; Zhang, F.; Wang, J. H. Immunopharmacol.
Immuntoxicol. 1995, 17, 69-79.

(13) Zheng, Y. T.; Ben, K. L.; Jin, S. W. Acta Pharmacol. Sin. 1999, 20,
239-243.

NP0704396





