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Six new nortriterpenoids, lancifodilactonesN (1—6), as well as nine known ones, were isolated from the leaves and
stems ofSchisandra lancifoliaTheir structures were elucidated on the basis of spectroscopic methods including 2D
NMR analysis, and the structures of compouh@dsd4 were further confirmed by single-crystal X-ray crystallography.

In addition, all new compounds were tested for anti-HIV-1 activity.

Plants of the genuSchisandraare known to contain dibenzo- Chart 1
cyclooctadiene lignans and lanostane and cycloartane triterpenes,
and some of them possess antihepatitis, antitumor, and anti-HIV
activities~¢ Our group has reported a series of highly oxygenated
nortriterpenoids from plants of this gents® As part of our
continuing work to discover more novel compounds from this
genus, we reinvestigated the leaves and stem$adbfisandra
lancifolia (Rehd. et Wils) A. C. Smith (Schisandraceae), which led
to the isolation of six new nortriterpenoids, lancifodilactoned|
(1—6), together with nine known compounds including lancifodi-
lactones G-E (7—9),” micrandilactones A and DL(Q, 11),2° and
henridilactones AD (12—15).1° In the present paper, we report
the structural characterization bf-6 and their anti-HIV-1 activities.

Results and Discussion

Compoundl gave a quasi-molecular ion peakratz 567 [M +
Na]t in its positive ESIMS spectrum and was assigned a molecular
formula of GgH36010, Which was confirmed by HRESIMS (found
[M + NaJ* 567.2395, calcd 567.2368) and NMR data. Obvious in
theH NMR spectrum were five methyl signals due to four tertiary

methyls and a secondary methyl. TRE NMR and DEPT spectra R SN
of 1 exhibited signals for 29 carbons, including two ester groups, H H
two ketone groups, six quaternary carbons (four oxygenated ones s M e
and an olefinic one), nine methines (three oxygenated ones and an 4 Me H H H

olefinic one), five methylenes, and five methyls. This suggested

that compoundl was a highly oxygenated nortriterpene and H-23/H-24, required direct connection of C-22 to C-23 and
contained seven rings. Careful investigation ofiHeand!3C NMR permitted fragmentda and 1b to be joined together as shown
data ofl revealed it was similar to that reported for lancifodilactone (Figure 1).

C (7),” which was also isolated in our present studies. Comparison  The relative stereochemistry df was established by single-
of 1D NMR data, together with detailed HMBC afd—'H COSY crystal X-ray crystallography (Figure 3), together with analysis of
analyses, identified the presence of rings® which led to the ROESY NMR data (Figure 2). Biogenetically, H-5 wasand C-18
establishment of partial structute (Figure 1). The NMR data for  waspg-oriented? The H-5 signal showed ROESY correlation with
the remaining portion of the structure dfwere quite distinctive ~ H-7, indicatinga-orientation of H-7. ROESY correlations of Me-
from that of 7. HMBC correlations from both H-23 and Me-27 to 18 with H-14 and H-22 and of H-14 with Me-21 indicated that
C-24, C-25, and C-26, along with the critical MS fragmentrét H-14, H-22, and Me-21 werg-oriented. The relative configurations
453 [M + Na— CsH,0O.]" and a base peak at'z 119 [GH,0; + of C-15 and C-23 were deduced 8% and R*, respectively, by
NaJ*, indicated the presence of a five-memberedethyl-o,5- X-ray diffraction experiment.

unsaturateg-lactone ring (G), which established the partial The molecular formula 02 was deduced aszHz¢01;1 from its
structurelb (Figure 1). The additional HMBC correlation from  HRESIMS and!3C NMR data. Its!H NMR spectrum was very
H-24 to C-22, along with théH—'H COSY correlations, H-22/  similar to that of1, except for a signal for an additional acetate
group as a singlet @ 2.07 and by the presence of additional carbon
* To whom correspondence should be addressed. Tel: 86-871-5223251.signals atd 170.0 and 21.1. HMBC correlation of the signaloat

Faf5K86'371‘|52133:‘3- fEém?iI: hdsun@mail.kib.ac.cn. 5.80 (t, 1H,J = 8.3 Hz, H-7) with the carbonyl carbon of the acetate
+ |nig?dltggofnlf/lgreﬁaoMe(c)iiggy' group indicated that the acetate group was located at C-7. The
§ Kunming Institute of Zoology. downfield chemical shift of H-7 fror_nS 472 inl to 05.80in2
U Graduate School of the Chinese Academy of Sciences. also supported the above deduction. In addition, the ROESY
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Table 1. 13C NMR Assignments ofl—62
position 1 2 3 4 5 6

1 82.0d 81.8d 80.7d 81.5d 81.5d 80.5d
2 35.7t 355t 355t 35.4t 35.4t 35.6t

3 175.0s 1745s 1755s 1755s 1754s 1753s
4 84.2s 839s 83.4s 83.9s 83.8s 83.3s
5 58.5d 55.4d 57.6d 58.5d 58.3d 57.7d
6
7
8
9

36.9t 32.4t 23.6t 36.4t 36.3t 23.7t

69.0d 71.6d 133.3d 67.9d 67.7d 1355d
59.8d 57.6d 139.3s 60.2d 60.0d 138.0s
80.0s 79.6s 799s 81.4s 81.0s 82.2s

— 'H-"TH COSY ™\ HMBC
Figure 1. Selected HMBC andH—1H COSY correlations ofl.

10 96.4s 959s 95.4s 95.8s 95.7s 949s
11 43.2t 42.7t 40.2t 419t 42,61 39.2t
12 32.7t 33.3t 32.1t 31.3t 30.6t 31.3t
13 50.7s 50.4s 50.7s 50.2s 46.3 s 50.6 s
14 53.9d 53.7d 54.6d 45.0d 54.4d 45.6d
15 101.2s 101.1s 101.7s 99.1s 1004s 994s
16 2148s 213.3s 203.9s 2095s 208.2s 1985s
17 222.2s 221.7s 221.6s 2204s 210.2s 220.3s
18 28.1q 30.1q 28.0q 26.0q 27.8q 26.3q
19 421t 4181t 41.7t 4261 420t 423t
20 46.4d 46.1d 45.5d 40.3d 140.2s 44.7d
21 157q 156q 158q 149q 82q 14.7q
22 46.6d 46.3d 47.1d 446d 156.2s 40.2d
23 83.7d 83.4d 83.8d 73.2d 72.4d 74.8d
24 151.7d 151.2d 151.6d 75.1d 75.7d 725d
25 131.7s 1315s 130.6s 76.8 s 41.5d 76.9s
26 176.1s 175.7s 1742s 177.5s 178.2s 177.7s
27 10.9q 10.8q 11.0q 175q 8.2q 18.0q
29 28.1q 27.9q 27.7q 27.8q 27.8q 27.5q
30 21.2q 209q 206q 209q 209q 204q
OAc 170.0s

Figure 3. ORTEP drawings ofl. and4. a Spectra were recorded inssN; chemical shifts §) are in ppm.

correlation of H-5 § 2.47) with H-7 suggested that the orientation units less than micrandilactone D4).° From *H and 13C NMR

of H-7 wgs a. Accordingly, the acetate group was assigned as qaa jt was clear tha was closely related 1, as the chemical

p-oriented. . . _ shifts of rings A-E, G, and H were very similar. Comparison of
Compound3 was isolated as white crystals and was determined 1y gnq 13 NMR data of5 with those of11 showed that the

to have the molecular formula,@13/0, by HRESIMS and'*C differences can be rationalized by the replacement of an oxygenated

NMR spectra, which indicated 18 mass units less than Compoundquaternary carbon (C-20) and a methine (C-22)irby two tetra-

1. The'H and™*C NMR data of3 were closely comparable to those g jpstituted olefin carbons &t140.2 (C-20) and 156.2 (C-22) &1

of 1, except for the presence of two low-field signalsdal33.3 This was confirmed by HMBC cross-peaks from Me-211(71)
and 139.3 and the absence of two methines due to C-7 andC-8 ( gnq H-24 6 5.26) to C-22 and from H-145(3.49) and H-23 4

69.0 and 59.8). On the basis of these observations, it was reasonablg_64) to C-20.

to assume tha is a 7-dehydrated derivative &f which was also HRESIMS analysis of compoun8 showed that it has the

supported by the abnormal upfield shift of C-6 by 13.3 ppm. HMBC  mojecular formula GsHsOso, indicating 18 mass units less than

correlations observed from the olefinic proton signad &.82 (H- 4. This suggested th& may be a dehydrated derivative &f A

7) to C-16 ¢ 203.9) and C-9479.9), from H-19 (0 2.22/2.38) 10 gjge-py-side comparison of tHel and3C NMR data of4 and6

C-8 (0 139.3), and from b6 (0 2.02/2.12) to C-7¢ 133.3) and  showed that the differences were two methines due to C-7 and C-8

C-8 (0 139.3) corroborated the proposed structur@.of (6 67.9 and 60.2) int replaced by two olefin carbon signals dt
Compound 4 crystallized as colorless prisms and has the 1355 (C-7) and 138.0 (C-8) iB. This was confirmed by HMBC

molecular formula H3¢01; as deduced by HRESIMS (found [M  ¢orrelations from the olefinic proton signal@f.08 (H-7) to C-16

+ NaJ* 583.2159, calcd 583.2155), which was the same as that of (5 198.5) and C-94 82.2), from H-19 (8 2.24/2.38) to C-8, and

lancifodilactone E §).” The NMR data of4 were very similar to  from H,-6 (6 2.19) to C-7 and C-8. The observed upfield chemical

that of 9. Analysis of HMBC and'H—*H COSY spectra showed  ghift of C-16 fromd 220.4 in4 to 6 198.5 in6 also supported this

that the two compounds have an identical planar structure. zssignment.

Comparison of*H and **C NMR spectra revealed that the The anti-HIV-1 activities of compounds—6 were evaluated in

differences observed were in fact consistent with a change in the preventing the cytopathic effects of HIV-1 in C8166, and cytotox-

relative stereochemical orientation of the methyl group at C-20. icity was measured in parallel with the determination of antiviral

The change at C-20 frorR* in 9 to S* in 4 was hinted by the  activity using AZT as a positive control (EE= 0.0033ug/mL

obvious differences ofH and'3C NMR data as follows: H-20¢ and CGo > 200 ug/mL). Compoundsl—6 showed anti-HIV-1

2.87, m), Me-214 1.02, d,J = 7.1 Hz), and H-22¢ 2.66, m) in activities with EGo in the range 76.6100.0 4g/mL, and com-

4 versus H-20 ¢ 2.81, m), Me-21 ¢ 1.48, d,J = 7.8 Hz), and pounds1-5 exerted minimal cytotoxicity against C8166 cells

H-22 (0 3.46, m) in9; Me-21 (0 14.9) and C-22{ 44.6) in4 (CC50> 200ug /mL) (Table 3).

versus Me-214 12.4) and C-22{ 33.2) in9. The relative C-20

(S*) stereochemistry id was also supported by ROESY correlation  Experimental Section

of H-14/Me-21 and finally confirmed by an X-ray diffraction General Experimental Procedures Melting points were obtained

experiment (Figure 3). on a XRC-1 micro melting point apparatus and are uncorrected. Optical
Compound was isolated as white crystals. HRESIMS analysis rotations were measured with a Horiba SEPA-300 polarimeter. UV

demonstrated that it has the molecular formujgHz4010, 18 mass spectra were obtained using a Shimadzu UV-2401A spectrophotometer.
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Table 2. TH NMR Assignments of Compoundis-62

no. 1 2 3 4 5 6
1 4.29 (d, 5.6) 4.26 (d, 5.9) 4.21 (d, 6.0) 4.22(d, 6.4) 4.15(d, 6.0) 4.23(d, 6.4)
2a 3.15 3.09 3.09 3.03 2.72(d, 18.4) 3.13

(dd, 5.5,18.4) (dd, 5.5, 18.3) (dd, 5.5,18.6) (dd, 6.0,18.1) (dd, 6.5, 18.6)
25 2.79 (d, 18.4) 2.76 (d, 18.3) 2.79 (d, 18.6) 2.72(d, 18.1) 2.75 2.74

(dd, 5.8, 18.4) (dd, 6.5, 18.6)
5 2.34 (overlapped) 2.47 1.89 (overlapped) 2.48 2.42 2.19 (overlapped)
(dd, 4.2,12.8) (dd, 3.9, 13.2) (dd, 3.8,13.1)
60 2.08 (m) 2.00 (m) 2.02 (m) 2.07 (m) 2.04 (overlapped) 2.19 (overlapped)
60 2.12 (m) 2.23 (m) 2.19 (m)
7 4.72(t, 8.0) 5.80 (t, 8.3) 6.82 (t,7.9) 4.56 4.47 (m) 7.08 (t, 6.0)
(dd, 9.4,9.7)

8 2.94 (d, 8.0) 2.95(d, 8.3) 2.89(d, 9.7) 2.95(d, 10.1)
1la 1.70 (overlapped) 1.65 (m) 1.61 (m) 1.64 (m) 1.69 (m) 1.66 (m)
118 1.91 (m) 1.93 (m) 1.94 (overlapped) 1.93 (m) 2.04 (overlapped) 2.04 (m)
12a 1.57 (m) 1.54 (m) 1.55 (m) 1.55 (m) 1.69 (m) 1.42 (m)
12 2.01 (m) 1.98 (m) 1.93 (overlapped) 1.81(m) 1.65 (m) 1.85 (m)
14 3.22(d, 7.9) 3.10(d, 7.8) 3.13(d, 7.7) 2.84(d, 7.1) 3.49(s) 2.74 (overlapped)
18 1.09 (s) 1.08 (s) 1.03 (s) 0.92 (s) 0.93 (s) 0.93(s)
19a 2.50 2.50 2.38 2.40 2.33 2.38

(ABd, 15.8) (ABd, 15.5) (ABd, 15.9) (ABd, 15.4) (ABd, 15.2) (ABd, 15.9)
198 2.47 2.40 2.22 2.29 2.28 2.24

(AB d, 15.8) (AB d, 15.5) (ABd, 15.9) (ABd, 15.4) (ABd, 15.2) (ABd, 15.9)
20 2.71 (m) 2.70 (m) 2.72 (m) 2.87 (m) 2.47 (m)
21 1.04 (d, 6.7) 0.96 (d, 6.8) 1.08 (d, 6.9) 1.02 (d, 7.1) 1.71 (s) 1.18 (d, 7.0)
22 3.07 (m) 3.06 (m) 3.05 (m) 2.66 (m) 2.89

(dd, 7.0, 12.6)

23 6.35 (brs) 6.26 (brs) 6.19 (brs) 5.15 (brs) 5.64 (brs) 5.18 (brs)
24 8.53 (brs) 8.49 (br s) 8.06 (brs) 5.17 (brs) 5.26 (brs) 4.68 (brs)
25 3.49 (m)
27 2.31(s) 2.30(s) 1.82 (s) 1.68 (s) 1.26 (d, 7.3) 2.07 (s)
29 1.20(s) 1.26 (s) 1.14 (s) 1.24 (s) 1.23(s) 1.22 (s)
30 1.10 (s) 1.04 (s) 0.99 (s) 1.05(s) 1.04 (s) 1.02 (s)
OAc 2.07 (s)

a Spectra were recorded ins@sN; chemical shifts ¢) are in ppm and in Hz.

Table 3. Summary of Cytotoxicities and Anti-HIV-1 Activities

crude extract (290 g) was dissolved in®Hand partitioned with EtOAc.
of Compoundsl—6

The EtOAc portion (101 g) was chromatographed on a silica gel column
eluting with CHCk—Me,CO (1.0, 9:1, 8:2, 2:1, 1:1, and 0:1) to afford

cytotoxicity, thtllvml)y El'&?o selectivity index, fractions V. Fraction Il (18.4 g) was repeatedly chromatographed
compound  CCso (ug /mL) (ug/mL) CGCso/ECsp on silica gel (206-300 mesh) and Sephadex LH-20 and finally by
semipreparative HPLC (MeOHH,0, 45:55) to yield compounds(7
1 >200 96.4 >2.08 mg), 5 (10 mg), andl1 (5 mg). Fraction Ill (25.9 g) was chromato-
é 388 ?g'g i;gg graphed on a silica gel column eluting with CHEMeOH (20:1 10:
4 =500 100.0 =500 1,51, 2:1,1:1)to aff_ord_subfractions—ﬁE. Subfraction B (5.1 g) was
5 =200 76.6 =261 purified by recrystallization and repeated chromatography over S|I|(;a
6 186.3 776 o4 gel, RP-18, and Sephadex LH-20 (MeOH) and followed by semi-
ATZ >200 0.0033 >60606.1 preparative and preparative HPLC (€EN—H,0, 35:65, and MeOH
CH;CN—H0, 10:33:57) to yield compounds(34 mg),3 (6 mg), 4
La)Minimal cytotoxicity against C8166 cells when €C- 200 (ug/ (7 mg), 10 (16 mg), andl2 (22 mg). Similarly, subfractions C (3.6 g)
mL).

and D (2.9 g) were respectively purified using the chromatography

methods mentioned above, to yield compoud$0 mg),7 (23 mg),

A Tenor 27 spectrophotometer was used for scanning IR spectroscopy8 (35 mg),9 (9 mg), 13 (23 mg),14 (14 mg), andl5 (18 mg).

with KBr pellets. 1D and 2D NMR spectra were recorded on Bruker Anti-HIV-1 Assay. The cytotoxicity assay against C8166 cells

AM-400 and DRX-500 spectrometers. Unless otherwise specified, (CCso) was assessed using the MTT method, and anti-HIV-1 activity

chemical shifts§) were expressed in ppm with reference to the solvent was evaluated by the inhibition assay for the cytopathic effects of HIV-1

signals. Mass spectra were performed on a VG Autospec-3000 (ECsg).1®

spectrometer at 70 eV. Column chromatography was performed using Lancifodilactone | (1): white crystals; mp 198199 °C; [o]p®

silica gel (206-300 mesh, Qing-dao Marine Chemical, Inc., Qingdao, +98.8 ¢ 0.7, MeOH); UV (MeOH)/max (log €) 209 (3.46) nm; IR

China). Semipreparative HPLC was performed on an Agilent 1100 (KBr) vmax 3460, 2972, 2932, 2873, 1753, 1653, 1458, 1379, 1317,

liguid chromatograph with a Zorbax SBr.9.4 mmx 25 cm, column. 1232, 1202, 1100, 1017, 924, 867, 758, 682°&mH and *C NMR

Preparative HPLC was performed on a Shimadzu LC-8A preparative data, see Tables 1 and 2; positive ESIM# [M + Nal" 567,

liquid chromatograph with a Shimadzu PRC-ODS (K) column. Frac- HRESIMSmz[M + NaJ* 567.2395 (calcd 567.2386 forg1360:0-

tions were monitored by TLC, and spots were visualized by heating Na).

the silica gel plates sprayed with 10%3$0, in EtOH. Lancifodilactone J (2): white crystals; mp 196197 °C; [o]p*?
Plant Material. The leaves and stems 8f lancifoliawere collected +88.8 € 0.5, MeOH); UV (MeOH)Amax (log €) 210 (3.55) nm; IR

in Dali Prefecture, Yunnan Province, People’s Republic of China, in (KBr) vmax 3457, 2976, 2922, 2853, 1741, 1643, 1455, 1377, 1311,

August 2002. The specimen was identified by Prof. Su-Gong Wu, and 1212, 1902, 1108, 1007, 929, 857 tin'H and**C NMR data, see

a voucher specimen (No. KIB 2002-08-11) has been deposited at theTables 1 and 2; positive ESIM®/z [M + Na]* 609; HRESIMSm/z

State Key Laboratory of Phytochemistry and Plant Resources in West[M + NaJ" 609.6267 (calcd 609.6262 fors(Ei3s0:1:Na).

China, Kunming Institute of Botany, Chinese Academy of Sciences.  Lancifodilactone K (3): white crystals; mp 186187 °C; [o]p®®
Extraction and Isolation. The plant material o8. lancifolia(5.7 +77.5 € 0.3, MeOH); UV (MeOH)Amax (log €) 211 (3.89) nm; IR

kg) was ground and exhaustively extracted with 70% aqueou€Me (KBr) vmax 3441, 2979, 2912, 2833, 1744, 1633, 1458, 1387, 1321,

at room temperature. The solvent was evaporated in vacuo, and thel215, 1912, 1101, 1007, 921, 850 ¢in'H and *C NMR data, see
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Tables 1 and 2; positive ESIM&/'z [M + Na]t 549; HRESIMSm/z Acknowledgment. This project was supported by grants from the
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1206, 1097, 1009, 926, 590 cfy *H and*C NMR data, see Tables
1 and 2; positive ESIM3Wz [M + Na]" 583; HRESIMSm/z [M +

NaJ* 583.2159 (calcd 583.2155 for@:601:Na). References and Notes
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used for measurements on a MAC DIP-2030K diffractometer with a  (10) Li, R. T.; Shen, Y. H.; Xiang, W.; Sun, H. [Eur. J. Org. Chem
graphite monochromatorao(—260 scans, Bmax = 50.0°), Mo Ko 2004 807-811.
radiation. The total number of independent reflections measured was (11) Li, R. T.; Han, Q. B.; Zheng, Y. T.; Wang, R. R.; Yang, L. M.; Lu,
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