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Four new compunds, belonging to the tetranortriterpenoid family, named dysoxytbDgA-4), isolated fromDysoxylum
gaudichaudianumwere found to exhibit potent antiviral activity against respiratory syncytial virus (RSV). These structures
were determined by NMR spectroscopy and mass spectrometry and were shown to have antisR&\iEERs in the

range 1.6-4.0 ug/mL in cytopathic effect inhibition and plaque reduction assays.

In the course of our studies to discover treatments for respiratory o 0—2.°
syncytial virus (RSV) infection;® we evaluated the medicinal
plant Dysoxylum gaudichaudianuMiq. (Meliaceae) collected in
Papua New Guinea. The leaves and barlDgsoxylumspp. are
used as a medicine by the indigenous people for treating rigid limbs,
facial distortion in children, lumps under the skin, and other
irritations, and as a remedy for sexually transmitted diset§bsy
are also reportedly used as a remedy for fish poisoning and for
convulsiong’. A liquid drink made by adding boiling water to the
chopped leaves is considered to be a cure for most aches anél pains
and is used for lung hemorrhage.

Both aqueous (water or 1:1 wate2-propanol) and organic (1:1
methylene chloride 2-propanol) extracts db. gaudichaudianum Dysoxylin A By c
bark showed inhibitory activity against the RSV strain A2 in in " r"Jl, ¥ CHg N ; S o ;W
vitro and in vivo assays. Using respiratory syncytial viral CPE ' o%&/% O%@ . N o
inhibition and plaque reduction assays to guide bioactivity-directed ¥ 7 ¥
fractionation, the active fraction was found to be present in the 1 2 3 4

more lipophilic phase, following liquigtliquid partition (chloroform/
aqueous ethanol). NMR spectroscopic analysis of this fraction by HREIMS (M* m'z 628.3234, calcd 628'3.248)' THeC NMR.
pectrum accounted for a total of 35 carbon signals. Of these signals,

indicated the presence of complex structures. Reversed-phas . ;
. - the DEPT experiment revealed that there were eight methy),.CH
chromatography of the organic extract led to the complete separatlonSiX methylene (Ch), and 11 methine (CH) carbons, and therefore

and isolation of four structurally related new tetranortriterpenoids, .

which were named dysoxylins-AD (1—4). These new compounds 10 quatemary (C) carbons {ls;) in the molecule. One proton
- N L . not accounted for from the DEPT data is exchangeable and not

showed significant anti-RSV activity in both the cytopathic effect directly connected to a carbon atom. Two methyl carbors2it.3

(CPE) inhibition and plaque reduction assays. In this paper, we ) .
: : : P - and 21.6 were shown to be connected to singlet proton signals at
describe the isolation, structure elucidation, and the anti-RSV 5 2.16 and 2.13, respectively, in the HETCORHMQC experi-

activities of dysoxylins A-D (1—4). -
The 1:1 2-propanetmethylene chloride extract of the dried bark ments_. These Cproton signals were shown to haye long-range
' coupling to carbonyl carbons @t 168.9 and 170.2 in a HMBC

of D. gaudichaudianumwhich showed initial anti-RSV activity study, indicating the presence of two acetyl units in the molecule
(ECs045ug/mL, 1Cs0 440ug/mL) in the CPE assay, was subjected tigloyl unit was also revealed by NMR data, especially from the

Graciont of increasing methanal percentages in water resufing in *4~H COSY and HMBC studies. Thus, the olfiic protona
9 9 P 9 ' 9Mg 91 (H-3, m) was shown to correlate to a methyl proton signal at

::Zitz%r:ga,fﬁ ndrgx a;(:eetg”Egigntgtaﬁiﬂo\;\?asfrgsggg’ L‘j’:ﬂg h 32|S;)_ 0 1.80 (H-4, d) in a COSY spectroscopic study and to carbons at
Y Y P ' d Y S€Pa” 5 166.6 (C-1) and 12.06 (C-5 from the HMBC spectroscopic

rated out, tested separately, and found inactive in this bioassay.analysis
Using reversed-phase HPLC with gg@olumn (detailed in the Detailed NMR spectroscopic data analyses includibig-H

Experimental Section), four new compounds;4, were isolated COSY, HMQC/HETCOR, and HMBC experiments were compared

fro(r? this bloglctlve fric{‘tlpn.d hit h d with data for trichilinin E® leading to the frame of the tetranor-
ompound. was obtainéd as a whité, amorphous powder, mp triterpenoid, 12-hydroxyvilasinifrr*2 A furan ring in trichilinin E

131-133°C. The molecular formula was established 8sHzO10 is absent in compound; the data suggested the presence of a

y-lactone inl at C-17. Thus, the oxygenated methylene ,OH
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Notes

Table 1. NMR Data of Dysoxylins A-D (1—4) in CDClz
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¢ (100 MHz)

81 (Jin Hz, 400 MHz)

position 1 2 3 4 1 2 3 4
1 74.0 73.9 73.9 74.0 4.88 dd (2.6) 4.85dd (2.8) 4.87 dd (2.6) 4.89 dd (2.8)
2 30.1 30.0 30.3 30.3 2.22,2.05m 2.21,2.07m 2.27,2.01m 2.28,2.01m
3 70.9 70.6 71.0 71.1 3.86 dd (4.0,2.6) 3.83dd (4.0,2.8) 3.85dd (4.0,2.6) 3.85dd (4.0,2.8)
4 433 433 43.4 43.4
5 39.9 40.0 40.1 40.3 2.54d (12.4) 2.72d (12.8) 2.40d (12.4) 2.46d (12.4)
6 72.4 72.4 72.2 72.2 4.16 dd (14.0,3.0) 4.23dd (12.8,3.2) 4.19dd (13.8,3.2) 4.19dd (12.4,3.2)
7 73.7 74.4 73.4 73.1 5.65d (3.0) 5.77d (3.2) 5.57d3.2) 5.63d(3.2)
8 44.2 44.2 44.2 445
9 35.3 35.2 35.4 35.3 2.72dd (9.7,6.8) 2.85dd (12.8,6.4) 2.62dd (12.0,7.0) 2.65dd (13.2,6.0)
10 39.3 39.3 39.3 39.3
11 25.0 25.0 25.1 25.4 2.25,1.15m 2.31,1.09m 2.25,1.07m 2.26,1.12m
12 77.6 77.6 77.6 77.8 4.75 dd (8.6,6.0) 4.71dd (8.4,6.0) 4.74 dd (8.6,5.6) 4.73dd (8.8,5.2)
13 51.1 51.1 51.2 51.1
14 154.9 154.8 155.2 154.9
15 123.0 123.1 122.9 1234 5.64 dd (1.2) 5.66 dd (1.4) 5.58dd (1.2) 5.60 dd (1.6)
16 35.3 35.2 35.3 35.4 2.22.dd (10.6,9.2) 2.18dd (11.0,9.0) 2.29dd (10.8,9.2) 2.23dd (11.2,9.4)
2.05dd (10.6,8.4) 1.92dd (11.0,8.4) 2.04dd (10.8,8.2) 2.03dd (11.2,7.6)
17 56.0 55.9 56.1 56.3 1.87 ddd (9.2,8.4) 1.79ddd (9.0,8.4) 1.87 ddd (9.2,8.2) 1.82 ddd (9.4,7.6)
18 37.6 375 37.7 37.7 2.65m 252m 2.66m 2.64m
19 73.1 72.9 73.1 73.0 4.42 dd (10.0,8.4) 4.33dd (8.4,8.0) 4.42dd (10.2,8.4)  4.40dd (9.0,7.6)
3.69.dd (10.0,8.8) 3.62dd (10.0,9.2) 3.68dd (10.0,9.0) 3.68 dd 10.4,9.0)
20 34.0 33.8 34.0 34.0 2.48dd (17.0,7.8) 2.34dd (17.0,7.8) 2.50dd (17.0,8.0) 2.49dd (17.2,8.0)
2.21dd (17.0,4.6) 2.11dd (17.0,4.6) 2.20dd (17.0,4.6) 2.24dd (17.2,4.8)
21 176.3 176.2 176.2 176.2
22 19.6 19.5 19.8 19.6 112s 1.10s 112s 112s
23 77.9 77.9 77.8 78.0 3.94 d(7.4) 3.56 d(7.4) 3.79d (7.8) 3.94d(7.4) 3.94d(7.4)
3.46d (7.8) 3.55d (7.4) 3.56d(7.4)
24 15.0 14.9 15.1 15.1 0.99s 1.01s 0.99s 0.99s
25 26.6 26.4 26.7 26.5 1.15s 1.18s 1.15s 1.15s
26 15.3 15.4 15.1 15.1 1.07s 0.94s 1.10s 1.07s
OAc-1 21.26 21.27 21.32 21.35 2.16s 2.21s 2.13s 2.13s
168.9 169.0 168.9 168.9
OAc-12 21.6 215 21.6 215 2.13s 2.09s 2.15s 2.16s
170.2 170.1 170.2 170.2
T 165.6 164.9 171.6 165.9
2 128.5 130.3 25.6 113.7 2.07 ddq (7.4,6.8) 5.59dd (2.0,1.2)
3 137.5 129.3 44.0 165.0 6.91m (7.2) 8.02dd (8.4,1.2) 2.20 ddq (12.4,6.8)
1.70 ddq (12.4,6.8)
4 14.4 128.2 22.6 38.1 1.80d(7.2) 7.39dd (8.4,6.8) 0.99 dd (6.8) 2.38m (6.8)
5 12.1 132.8 225 20.8 1.87s 7.53dd (6.8,1.2) 1.12d(7.4) 1.06 dd (6.8,2.0)
6' 128.2 16.6 7.39.dd (8.4,6.8) 2.14d (1.2)
7 129.3 21.0 8.02dd (8.4,1.2) 1.06 dd (6.8,2.0)

The otherJyy correlations in the COSY spectrum af and
especially?Jcp/3Jcy correlations found in the HMBC experiment

acetylvilasinin lactone moiety. The only significant differences
between these compounds were observed at the site of a C-7 ester

were established as being consistent with a 12-hydroxyvilasinin substitution. For example, NMR signals for the tiglate unitlof
lactone structure. For example, HMBC data indicated that H-15 at were missing fron®, but in its place the NMR spectra afshowed

0 5.64 correlated to C-13, C-14, C-16, and C-19&1.1, 154.9,
35.3, and 56.0, respectively. The H-7 signad &.65 correlated to
C-5, C-6, and C-8 ad 39.9, 72.4, and 44.2, respectively, while
the H-22 signal ad 1.12 correlated to C-3, C-4, C-5, and C-23 at
0 70.9, 43.3, 39.9, and 77.9. The positions of the acetyl and tigloyl
units were established Bjcy correlations between H-1 (4.88),
H-12 (0 4.75), and H-7 ¢ 5.65) and the carbonyl carbons @&t
168.9, 170.2, and 166.6 in the HMBC spectrum. Therefore
compoundl was determined to be 12-acetoxy-1-acetyl-7-tigloylvilas-
inin-17-y-lactone, as shown.

Compound®—4 were assigned molecular formulas af846010
(M* m/z650.3050, calcd 650.3091) 3150010 (M m/z 630.3446,
calcd 630.3404), and#Hs,0:0 (M m/z656.3621, calcd 656.3560),
respectively, by HREIMS. The mass spectra of compoulit4
were shown to have fragment ion peaks [MCH;COOH] * at
m/z 568, 590, 570, and 596, respectively. Diagnostic fragment ion
peaks were also found afz 468 in the mass spectra for compound
1 [M — CHCOOH — CsHgO;] *, for 2 [M — CH3COOH —
C7HgO;] T, for 3[M — CH3COOH — CsH300;] *, and ford [M —
CH3COOH — C7H1,0;] T, respectively.

The NMR spectroscopic data indicated that compoureé are

signals for a monosubstituted benzene ring. Thus, in place of a
7-tiglate moiety for compountd, a 7-benzoate was found f@r as
indicated by the correlations between the '@Gdrbonyl atd 164.9

and protons H-7 and HY3" at § 5.77 and 8.02 in the HMBC
spectrum. Similar comparisons of the NMR spectroscopic data
revealed a 7-(2-methylbutate) substitution f8rand a 7-(3,
4-dimethylpent-2-enate) linkage # Detailed 2D NMR spectral
data analyses led to complete assignmentsiaind?3C signals of
compoundsl—4, as shown in Table 1.

Compared to 12-hydroxyvilasinin, in place of the furan ring at
C-17, there is ay-lactone in dysoxylins AD (1—4). The
stereochemistry ol—4 is proposed as shown by comparison of
NMR data with 12-hydroxyvilasinfit’?2 and other known com-
pounds, as well as selective NOE studies. The geometry of the
double bond of the 3,4-dimethylpent-2-enate unit in dysoxylin D
(4) was established by comparison of NMR data with those of
bruceanol B3 Thus, for example, thé3C NMR chemical shift
assignments of the 3,4-dimethylpent-2-enoyl unit$ mered 166.2
(C-1), 1135 (C-2), 164.8 (C-3), 38.1 (C-4), 20.7 (C-5), 16.7
(C-6), and 20.7 (C-9 as compared to those of bruceanol E,

all similar tetranortriterpenes possessing the same 12-acetoxy-1-165.9 (C-1), 113.7 (C-2), 165.0 (C-3), 38.1 (C-4), 21.0 (C-5),
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Table 2. Anti-RSV Activities of Dysoxylins A-D (1—4)

CPE inhibition plaque reduction
compound EGp (ug/mL) 1Cso (ug/mL) EGso (ug/mL) 1Cso (ug/mL)
1 2 150 150 112
2 4 16 30 7
3 not tested not tested 146 52
4 1 >200 40 42
ribavirin 3.6 180 20 460

16.6 (C-6), and 21.0 (C-7. The observation of NOE correlations
between H-2and H-4 and between H-2and H-7 confirmed the
assignments.

Limonoids are widely distributed in plants of the Meliac&a®.

Notes

through Celite. The combined organic extracts were concentrated under
reduced pressure at 3€ to yield 350 g of extract (7.0%). A 50 g
portion of the organic extract was subjected to short column liquid
chromatography under a vacuum od5 g of Gg silica gel packed in
25% methanetwater (30x 100 cm). The column was eluted with 10

L each of 25, 50, 75, and 100% methanualater at a flow rate of 50
mL/min. The 75% methanelwater eluent was then concentrated under
reduced pressure at 4Q in a rotary evaporator to yielst10 g (1.7%)

of an enriched fraction that contained a triterpenoid fraction consisting
of dysoxylins A-D (1—4). Further separation and final purification
by preparative HPLC using a Primespherg &lumn (10um, 50 x

250 mm, isocratic or gradient with 4%5% CHCN—H,0, flow rate

at 40 mL/min, monitoring UV wavelengths d&f 205 and 230 nm,
evaporative light scattering, sample concentration 500 mg/mL; injection
volume 500uL) gave dysoxylins A L, 0.64 g, 0.11%), BZ, 0.25 g,

Although many tetranortriterpenoids have been reported, to the best0.043%), C 8, 0.22 g, 0.038%), and D4( 0.48 g, 0.082%).

of our knowledge compounds-4 are new structures, and we name
these compounds dysoxylins/D, although Jogia and Andersen
have used the name “dysoxylin” for a limonoid compound from
D. richii in 19871617 These new compounds;-4, showed antiviral
activities against RSV in a CPE assay when compared to ribavirin,
as presented in Table 2.

The potent antiviral activity of these compounds warrants further
consideration.

Experimental Section

General Experimental ProceduresMelting points are uncorrected.
Optical rotations were taken on a JASCO polarimeter; UV spectra on
a Perkin-Elmer UV-vis photospectrometer; and IR spectra recorded
as KBr pellets on a Perkin-Elmer FT1600 IR spectrometer. All NMR
spectra were recorded at 400 MHz fét and at 100 MHz fof*C on
a Varian Unity-Plus 400 using TMS as an internal reference CH
one-bond connectivities and carbon multiplicities were determined by
HMQC/HETCOR and DEPT experiments. Mass spectra were obtained
on a Kratos MS-50 mass spectrometer. All solvents used were HPLC
grade. TLC was performed on EM Science silica gel @g@mplates
and detection of compounds using agSi@,/vanillin stain. A Prime-
sphere Gg-(HC) 10 um column (50x 250 mm) was used for HPLC
on a Hitachi Model D-6500 equipped with L-4500A photodiode array
and Sedex 75 evaporative light scattering detectors.

Plant Material. The bark ofDysoxylum gaudichaudianueli-
aceae) was collected from a village in Papua New Guinea and identified
by Drs. Michael J. Balick and Weerachai Nanakorn. Voucher specimens
are deposited in the reference collection, Department of Ethnobotany
and Conservation, Shaman Pharmaceuticals, Inc.

Antiviral and Cytotoxicity Assays. The antiviral activities and
cytotoxic effects of the described compounds and control antiviral
compound (ribavirin) were determined using the respiratory syncytial
viral CPE and plaque reduction assays. Respiratory syncytial viral
(RSV), strain A2 (American Type Culture Collection, Rockville, MD),
was propagated in embryonic African green monkey kidney cells (MA-
104 cells; BioWhittaker Inc., Walkersville, MD). The MA-104 cells
were routinely passaged in minimal essential medium (MEM; GIBCO-
BRL, Gaithersburg, MD) supplemented with 9% fetal bovine serum
(Hyclone Laboratories, Logan, UT) and 0.1% NaHCThe procedures
used for the antiviral and cytotoxicity assays were previously
described:*®23 Plaque reduction assays were done using MA-104 cells
and 200 plaque forming units (PFU) virus/well of RSV A2. Virus was
adsorbed to cells in MEM without serum for 2.5 h at 7 and then
removed and overlaid with agarose. Each dilution of compound was
plated in duplicate. After 4 days, plaques in each well were counted

and then expressed as percentages of control, calculated by regression

Dysoxylin A (1): white, amorphous powder, mp 13133°C, [o]%%
—19.6 € 0.29, CHOH); UV (CH3OH) Amax (I0g €) 203 (4.52) 220
(sh) (3.12) nm; IR (KBr)vmay 3507, 2966, 2931, 1778, 1725, 1643,
1372, 1243, 1167, 1026, 726 cinsee Table 1 fotH and*3C NMR
data in CDC}; HREIMS m/z 628.3234 [M1], calcd for GsHagO10
628.3248, 568 [M— CH;COOH]J", 468 [M — CH;COOH — CsHgO2] .

Dysoxylin B (2): see Table 1 fotH and*3C NMR data in CDC;
HREIMS m/z 650.3050 [MT], calcd for G7H6010 650.3091, 590 [M
— CH;COOH] *, 468 [M — CHsCOOH — C7HsO2]*.

Dysoxylin C (3): see Table 1 fotH and**C NMR data in CD;
HREIMS m/z 630.3446 [M1], calcd for GsHsoO10 630.3404, 570 [M
— CHsCOOHYJ, 468 [M — CHsCOOH — CsH1o0]".

Dysoxylin D (4): see Table 1 fotH and**C NMR data in CD;
HREIMS m/z 656.3621 [MT], calcd for G7Hs,019 656.3560, 596 [M
— CH3;COOH]J", 468 [M — CH3sCOOH — C;H1,07] ™.
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