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Investigation of an organic extract &chisandra rubrifloraled to the isolation of three new highly oxygenated
nortriterpenoids, named rubriflorins-AC (1—3), together with six related known compounds-@). Their structures
were elucidated by spectroscopic evidence. Compolin@geature the opening of ring A compared with related known
nortriterpenoids isolated from the gen8shisandraand showed anti-HIV-1 activities with Egvalues of 10.0, 16.2,
and 81.3ug/mL, respectively.

Phytochemical studies on species the geBakisandrahave
revealed that they are rich sources of lignans possessing various
beneficial pharmacological effects, and over 19 species are widely
used as sedative and tonic agents in traditional Chinese me#iéine. HaS

Schisandra we earlier reported a series of highly oxygenated
nortriterpene derivatives with unprecedented carbon skelétéhs.

As part of our ongoing phytochemical investigation on the species
of the genus,Schisandra rubriflora(Franch.) Rehd. et Wils
(Schisandraceae), a species native to Yunnan Province, was chosen
for chemical constituent studies, and two novel nortriterpenoids,
rubriflordilactones A and B, were reported recefflyDur continu-

ing study of this plant has led to the isolation of three new H
nortriterpenoids, rubriflorins AC (1—3), along with six related 0
known compounds identified as micrandilactone 4§ lancifo-
dilactones C and D5 6),° henridilactones A and B7( 8),1° and

micrandilactone G9).** Compound4—3 were tested for their anti- R R R Ry
HIV-1 activities. This paper describes the isolation, structure 4 olH oﬁ 6 H H
elucidation, and biological activities of the new compounds. 5 H H TS on

Powdered dried leaves and stem$Sofubriflorawere extracted
in 70% aqueous acetone. The filtrate was concentrated and
partitioned with EtOAc. The EtOAc fraction was submitted to
successive chromatographic fractionation and purification to yield
compoundsl—9.

The positive ion ESIMS ofl exhibited a pseudomolecular ion
atm/z 581 for [M + NaJ*. The molecular formula was established
as GoHzg010 by HRESIMS (Wz581.2362 [M+ NaJ"), suggesting
12 degrees of unsaturation. Examination of tHeand3C NMR 9
data of1 showed the presence of three tertiary methyls and two
secondary methyls, five methylenes, 10 methines (four oxygenated),
five quaternary carbons (four oxygenated), two ester groups, two
carbonyl groups, and one methoxy group. The above data accountecg
for all of the protons, indicating the absence of free hydroxyl groups.

In addition, the lack of any olefinic moieties required the presence This evidence, together with two obvious spin systems deduced

of eight rings to satisfy the degrees of unsaturation. from H—1H COSY spectra ofl, H-1/H-2 and H-5/H6/H-7/H-8,
Considering that a series of oxygenated nortriterpenoids had been

isolated from the genusSchisandr#-17 it was reasonable to established the planar structure bas shown.

presume thal was also a nortriterpenoid derivative. Comparison fTh? relzlmve s:jerle ochemlstry_ m_fvv as gete_rml?r:a dh];lrl(\)Arg ?naly?sl d
of IH and *C NMR data of1 with those of micrandilactone G o o cothar MoceLs, ENErgy minimized using te orce tie

(9).1* along with a detailed analysis of HSQE—H COSY, and in CS Chem 3D V 8.0 overlaid with key correlations observed in

- the ROESY NMR spectrum (Figure 2). The relative configurations
e e e 01 1, C-14, G20 C22,C-23,C-23,and -2 wer deermined
’ ' 9 a to be the same as those®by strong ROESY correlations of H-14/

* To whom correspondence should be addressed. Tel: 86-871-5223251 Ch18, H-A4/H-21, H-20/H-23, H-23/H-24, H-14/-22, and H-22/
) o prag PR ‘CHz-27. These correlations were all supported by calculated
Fax: 86-871-5216343. E-mail: hdsun@mail.kib.ac.cn. . Lo
T Kunming Institute of Botany. @ interatomic distances of less than 4.00 A, although most of them
* Kunming Institute of Zoology. were approximately 2.40 A. Biogenetically, the relative orientation

distinctive from those 09. Further analysis of the HMBC spectrum
of 1 (Figure 1) showed the following correlations: both £29

nd CH-30 with C-4 and C-5; H-1 with C-2, C-3, C-4, C-5, C-10,
nd C-19; the proton signal of a methoxy groupaB.61 with an
ester group (C-3); and H-7 with C-5, C-8, C-9, C-10, and C-16.
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Figure 1. Selected HMBC+>) and'H—'H COSY () correlations
of 1and2.

3.058

Figure 2. Computer-generated molecular model showing key
ROESY correlations and corresponding interatomic distance (A)
of compoundsl and 2.

of H-5 wasa and CH-30 wasp. The ROESY cross-peak of H-5
with Ho-2 suggested that C-2 was and that H-1 wag-oriented.
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C-9 and C-16, which showed a double bond between & 7130.4)

and C-8 0c 142.5). This deduction was supported by HMBC
correlations from H-19 to C-8 and C-9. In addition, cross-peaks of
H-1, H-7, H-19, CH-29, and CH-30 with the olefinic carbondc
140.9), and H-1, K2 with the olefinic carbondc 150.2), enabled

us to assign the two carbons to C-5 and C-10, respectively. The
conjugated carbonyl group)¢ 185.5) was assigned to C-6. This
assignment was supported by the upfield shift of the carbonyl group
of the conjugated system of the dienone moiety. According to the
observed ROESY correlations o642/H-29, H-14/CH-18, H-14/
H-21, H-20/H-23, H-23/H-24, H-14/H-22, and H-22/gH7, and
comparison oftH and 1°*C data with those of, all of the chiral
centers o were established to be identical with thosel¢fTable

1 and Figure 2).

HRESIMS analysis of rubriflorin C3) demonstrated that it had
the molecular formula §Hz¢010 (M2 569.2395 [M+ H] ™), which
is more than that 02 by a methylene group. TH&l and3C NMR
data were similar to those & The only difference observed in
theH and3C NMR spectra was that the methoxy group attached
to C-3 in2 was replaced by an ethoxy group3nThis conclusion
was supported by the presence of ethoxy group signalg 4t14
(m) and 1.13 (tJ) = 7.1) anddc 61.4 and 14.7 in the NMR spectra
of 3. The above deduction was confirmed by HMBC correlations
observed from the methylene proton signadat.14, assigned to
the ethyl group, to C-3dc 170.9). A possible biosynthetic pathway
to compound4—3 was proposed (Figure S1, Supporting Informa-
tion), starting from micrandilactone G9) as the biogenetic
precursor.

Since some nortriterpenoids isolated fr@chisandragenus are
reported to have modest or strong anti-HIV activifieé&/the new
compounds were tested for their ability to prevent the cytopathic
effects of HIV-1 in C8166, and their cytotoxicity was measured in
parallel with the determination of antiviral activity using AZT as a
positive control (EG = 0.0043ug/mL and CGg > 200 ug/mL).
Compoundsl—3 showed anti-HIV-1 activities with E& values
of 10.0, 16.2, and 81.8g/mL, respectively. Compoungshowed
minimal cytotoxicity against C8166 cells (G£> 200 ug /mL),
and compound4 and 2 showed cytotoxicity against C8166 cells
with CGCs values of 89.1 and 100,43g /mL, respectively.

The ROESY correlation observed from H-5 to H-7 suggested that Experimental Section

H-7 wasa-oriented, which was supported by a calculated inter-
atomic distance of 3.06 A. This, aided by a Dreiding molecular

model analysis, established the oxygen bridge between C-7 and

C-10 to haveo-orientation for the rigid ring system. Compared
with related nortriterpenoids;l” compoundl features an open
lactone ring and has an oxygen bridge between C-7 and C-10.
Rubriflorin B (2) was obtained as pale yellow crystals. Its
molecular formula was established to bedds,0.0 by the
HRESIMS data1fyz 577.2051 [M+ Na]*, calcd 577.2049). The
13C NMR spectrum showed 30 carbon signals including three
tertiary methyls, two secondary methyls, four methylenes, eight

General Experimental Procedures Melting points were obtained

on a XRC-1 micro melting point apparatus and are uncorrected. Optical
rotations were measured with a Horiba SEPA-300 polarimeter. UV
spectra were obtained using a Shimadzu UV-2401A spectrophotometer.
A Tenor 27 spectrophotometer was used for scanning IR spectroscopy
with KBr pellets. 1D and 2D NMR spectra were recorded on Bruker
AM-400 and DRX-500 spectrometers. Unless otherwise specified,
chemical shifts¢) were expressed in ppm with reference to the solvent
signals. Mass spectra were performed on a VG Autospec-3000
spectrometer under 70 eV. Column chromatography was performed
with silica gel (206-300 mesh, Qing-dao Marine Chemical, Inc.,

methines (one olefinic carbon), seven quaternary carbons (threeQingdao, China). Semipreparative HPLC was performed on an Agilent
olefinic), two ester groups, three carbonyl groups, and one methoxy 1100 liquid chromatograph with a Zorbax SBs(9.4 mmx 25 cm,

group. This suggested thatlso was a nortriterpenoid derivative.
Comparison ofH and3C NMR data of2 with those ofl suggested
that2 was structurally related tb. The differences betweehand

column. Preparative HPLC was performed on a Shimadzu LC-8A
preparative liquid chromatograph with a Shimadzu PRC-ODS (K)
column. Fractions were monitored by TLC, and spots were visualized

2 can be explained by replacement of an oxygenated quaternaryPy heating silica gel plates sprayed with 10%5@ in EtOH.
carbon, three methine carbons (one oxygenated), and a methylene Plant Material. The leaves and stems 8f rubriflorawere collected

carbon in1 by four olefinic carbons and a conjugated carbonyl
group @c 185.5) in2. Analysis of 2D NMR spectra showed tHat
had the same rings (BH) as1. The signals of C-1, C-2, C-3, C-4,
C-19, C-29, and C-30 were assigned by analysis of HSQC, HMBC
and'H—H COSY spectra. The chemical shift of the ketocarbonyl
group Oc 200.8, C-16) suggested that it wag-unsaturated, and
an olefinic methine was consequently assigned tofim®sition

of the a,f-unsaturated ketone moiety on the basis of HMBC
correlations observed from the olefinic proton signabab.79 to

in August 2003 from Dali Prefecture of Yunnan Province, China. The
specimen was identified by Prof. Xi-Wen Li. A voucher specimen, No.
KIB 2003-08-02, 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. Air-dried and powdered stems and leaves
(3.1 kg) were extracted with 70% aqueous,M© (4 x 5 L) at room
temperature and concentratedzacuoto give a crude extract (110 g),
which was partitioned between.@ and EtOAc. The EtOAc part (77.0
g) was chromatographed on a silica gel column eluting with GHCI
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Table 1. 'H and'3C NMR Data for Rubriflorins A-C (1—3)2

1 2 3

no. 6(; 6H 6(; (SH 5c 5H
1 80.0d 5.28 (dd, 4.8, 9.4) 84.6d 5.43 (dd, 3.2,7.2) 84.7d 5.44 (dd, 3.2, 7.3)
2 36.8t 2.75 (brd, 9.4) 399t 2.91 (dd, 7.2, 13.1) 40.1t 2.91(dd, 7.3,13.2)

2.80 (brd, 4.8) 3.03 (dd, 3.2, 13.1) 3.03(dd, 3.2,13.2)
3 171.7 s 170.8 s 1709s
4 81.2s 90.6s 90.7 s
5 56.3d 2.85 (m) 140.9s 141.1s
6a 29.4t 2.50 (m) 185.5s 185.6 s
65 1.80 (overlapped)
7 79.5d 4.98 (t, 7.2) 130.4d 6.79 (s) 130.3d 6.80 (s)
8 51.9d 2.92(d, 7.2) 1425s 1425s
9 80.0s 83.3s 83.2s
10 93.7s 150.2 s 150.1s
1la 40.8 t 1.95 (m) 36.1t 1.88 (m) 36.0t 1.89 (m)
118 1.40 (m) 1.76 (m) 1.77 (m)
12a 30.3t 1.82 (overlapped) 319t 1.86 (m) 319t 1.87 (m)
12 1.42 (m) 1.48 (m) 1.48 (m)
13 50.5s 51.3s 51.2s
14 45.6d 2.63(d, 6.9) 46.1d 2.66 (d, 7.0) 46.1d 2.67 (d, 7.0)
15 99.8s 101.1s 101.0s
16 210.0s 200.8 s 200.7 s
17 219.8s 220.2s 220.0s
18 26.8q 0.92 (s) 27.1q 0.95(s) 27.0q 0.95 (s)
19a 26.41 1.83(ABd, 14.4) 375t 2.79 (AB d, 16.7) 375t 2.82 (AB d, 16.7)
195 2.05 (AB d, 14.4) 3.24 (AB d, 16.7) 3.25(ABd, 16.7)
20 45.0d 2.69 (m) 45.4d 2.72 (m) 45.3d 2.73 (m)
21 145q 1.29(d, 6.9) 149¢q 1.29 (d, 7.0) 149¢q 1.29 (d, 7.0)
22 40.3d 2.81 (m) 40.5d 2.84 (m) 40.5d 2.85 (m)
23 74.9d 4.67 (br s) 75.1d 4.79 (br s) 75.2d 4.78 (br s)
24 69.5d 4.73 (brd, 1.9) 69.4d 4.87 (brs) 69.4d 4.86 (brs)
25 42.1d 3.23 (m) 42.8d 3.23 (m) 42.9d 3.23 (m)
26 1773 s 180.0 s 177.9s
27 8.5¢q 1.33(d, 7.1) 8.8¢ 141, 7.2) 8.7q 1.40(d, 7.2)
29 30.0q 1.31(s) 29.3¢q 1.67 (s) 29.2q 1.67 (s)
30 23.3q 1.26 (s) 27.7q 1.50 (s) 27.7q 1.50 (s)
OCHs 51.6q 3.61(s) 51.5q 3.64 (s)
OC;Hs 61.41t 4.14 (m)
14.7q 1.13(t, 7.1)

a Data were recorded insDsN on a Bruker AM-125C NMR) and an AM-5001H NMR) MHz; chemical shifts§) are expressed in ppm with
reference to the most downfield signal offEN (6 8.71 ppm) for'H and to the center peak of the most downfield signal ¢id4Bl (0 149.9 ppm)
for 13C, respectively.

CH;OH (1:0, 9:1, 8:2, 2:1, 1:1, and 0:1) to afford fractionsM. 1H and™C NMR data, Table 1; ESIM8Vz 569 [M + H]*; HRESIMS
Fraction 11 (10.4 g) was repeatedly chromatographed on silica gel and m/z569.2395 [M+ H]* (calcd 569.2386 for &H37010).
Sephadex LH-20 and then by semipreparative HPLCz@Ht-H,0,
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Anti-HIV-1 Assay. The cytotoxicity assay against C8166 cells . . . . . .
(CCso) was assessed using the MTT method, and anti-HIV-1 activity ~ Supporting Information Available: - Detailed anti-HIV-1 activity
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