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Anti-HCV Bioactivity of Pseudoguaianolides from Parthenium hispitum
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Five new (—5) and four known §—9) C,,-oxygenated &-hydroxy-11(13)-pseudoguaier@2-olides with potent
inhibition of hepatitis C virus (HCV) replication were obtained frétarthenium hispitunvia high-throughput natural
product chemistry methods. A semipreparative HPLC system was used to purify these compounds. The miniaturization
of the structure elucidation and dereplication for the mass-limited samples were performed primarily utilizing a capillary-
scale NMR probe. Compoun@s-4 were found to possess in vitro anti-HCV activity in the subgenomic HCV replicon
system containing luciferase reporter with significant inhibition above 90%:é#! Zoncentration.

The hepatitis C virus (HCV) infects about 170 million people
worldwidel? Millions of chronically infected patients develop
cirrhosis requiring liver transplantatiénAlthough treatments for
HCV infection have been improved over the past several years,
many infected people with genotype 1 virus have poor response to
standard therapy and side effects remain a significant problem.
Therefore, development of small molecular inhibitors of HCV
replication would meet a largely unmet medical need. An HCV
subgenomic replicon assay was recently introduced providing a
critical system for identifying inhibitors of HC¥.In order to
discover new anti-HCV agents, this replicon system was used to
screen our compound libraries generated from American and
African plants via the high-throughput natural product chemistry
procedured. The test results revealed that the samples from the
plantParthenium hispituniRaf. (Asteraceae) showed inhibition of
HCV replication. The genuRartheniumis an herbaceous annual

: R = n-propanoyl
: R = n-butanoyl

1
2
3
4
5
6:
7
8
9

weed with noxiousness to other plants, humans, and anffi&s. : R =tigloyl
hispitum has been found to yield two athydroxy-11(13)- : R =3-methyl-2-butenoyl
pseudoguaienfb12-olides, tetraneurin-C and tetraneurifi4B.this : ﬁ _ ngg}loyl

paper, we report the semipreparative HPLC isolation (Figure 1) of
five new (L—5) and four known §—9) C,4,-0oxygenated d-hydroxy-
11(13)-pseudoguaiens@l2-olides and their inhibition of HCV
replication. The miniaturization of the structure elucidation and
dereplicatipn of thege mass-limited pseudoguaianolides were per-molecular weights of the new compountis5 and their chemical
formed primarily using a capillary-scale NMR probe and MS  qrmyla were deduced from either positive or negative mode

: R =isopropanoyl
: R = 2-methylbutanoyl
: R = 3-methylbutanoyl

spectroscopic methods. HRESIMS (Experimental Section)H NMR data (Table 1)
. . indicated that all five new compounds were esterified analogues at
Results and Discussion the C-14 hydroxy group of compour@ n-propanoyl [1.13 (3H,

During the anti-HCV biological screening, the sample in the & J= 7.3 H2), 2.37 (2H, qJ = 7.3 Hz)] in 1, n-butanoyl [0.96
preparative HPLC fraction 3 generated from the leavePof  (8H,t,J=7.4 Hz), 1.66 (2H, m), 2.32 (2H, § = 7.3 Hz)] in2,
hispitumvia our high-throughput procedures (Experimental Sec- tigloyl [1.82 (3H, d,J = 7.1 Hz), 1.84 (3H, brs), 6.88 (1H, 4,.=
tion)* exhibited primarily inhibition of HCV replicon, which 7.1 Hz)]in3, 3-_methy|-2-butenoyl [1.92 (3H, brs), 2.17 (3H, brs),
attracted our attention to the further purification and reconfirmation 5-71 (1H, brs)] in4, and angeloyl [1.89 (3H, brs), 1.97 (3H, 3=
of the biological activity of each single compound from this sample. /-2 Hz), 6.14 (1H, gJ = 7.2 Hz)] in 5. The COSY NMR,**C
A semipreparative HPLC method was then successfully performed NMR (Table 2), and MS data were in full agreement with those
to the isolation of nine pure compounds—9) from this HPLC moieties and the assignments. .
fraction (Figure 1). ThéH NMR data of all the compounds showed A different NMR solvent has been applied to compourds
that they have the same core structure with general features similaf@cetonede), 3 (acetoneds), and5 (CDCly). The correlations in
to those of known Cl4-oxygenatedr-hydroxy-4-oxo-11(13)- thelr_ NOESY spectra recorded in acetd@DClg_were _stlll _
pseudoguaienff12-olides’ The IR, specific rotation, and NMR ambiguous. However, on the basis of the biogenetic consideration
data of the major componers are identical with those of and the observed coupling constants, we assume that all of the new

tetraneurin-A, a common metabolite frdPartheniumspp?—° The compoundsl—5 have the same relative configuratiore(%5,64,-
108) as that in the major component, tetraneuring).® The

* To whom correspondence should be addressed. Tel: (314) 373-5181 ambrosanolides(ands) were previously obtained as a mixtue.
. a0 e = o ) "We herein named the pure compou@dmnd9 as ambrosanolide-A
Fax: (314) 373-5186. E-mail: jhu@sequoiasciences.com. . . .
TSéquo)ia Sciences, Inc. : a and ambrosanolide-B, respectlvely._ Only partial NMR data were
* Anadys Pharmaceuticals, Inc. reported for the known pseudoguaianolidés-9).”—° Therefore,
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Figure 1. Semipreparative HPLC purification of the f£oxygenated pseudoguaianolidds-@). The ELSD chromatogram is represented

for only one of the three collections. The other two ELSD chromatograms are very similar. Quantities of each compound were estimated
by ELSD peak integration areas. The total amount of each compound resulted from the combination of the corresponding ELSD peaks
from all three collectiond¢ Peaks a and b: inactive minor components, NMR spectra not acquired.

all chemical shifts for the protons and carbons were assigned in The plant was identified by Adam Bradley (Missouri Botanical Garden
the Experimental Section. Herbarium, St. Louis, MO). A voucher specimen (No. 418) was

Pseudoguaianolides are widely distributed in the getarshe- deposited at the Herbarium of Missouri Botanical Garden.
nium (Asteraceae}; 12 and some of them have been found to show Extraction and Isolation. The aerial parts of the plant (88 g) were
bioactivities against chronic inflammatiSrand human cancer cell ~ €xtracted with EtOH/EtOAc (50:50) followed by,8/MeOH (30:70)
lines22 Testing of our purified G-oxygenated pseudoguaianolides to obtain 4.5 and 8.0 g of dry organic and aqueous extracts, respectively.

(the major componer was not tested) in an HCV subgenomic One gram of the organic extract was loaded on the Flash Master I
J P 9 automated chromatographic system using our standard elution gradient

rep_lic_:on Sys.“.-‘r.“ showed that the majority of the compounds had to generate the Flash Fractioh$he Flash Fraction 5 (50% EtOAc,
antiviral activities (Table 3). At M concentration, compounds 500, hexane) totaled 172 mg; a 50 mg aliquot was fractionated by
2—4 had>90% inhibition of the reporter replicon, indicating potent  preparative @ HPLC from 45% to 100% acetonitrile inJ9, collecting
activities, and compounds 5, and9 also had significant inhibition 40 1-min fractions. Compounds—9 resided in preparative HPLC
above 50%. These compounds were confirmed not to inhibit fraction 3, which exhibited primarily inhibition of HCV replicon.
luciferase enzyme in an in vitro enzyme assay and were not Review of the HPLC-ELSD-MS data acquired on all of the preparative
cytotoxic to Huh-7 replicon cells at the testing concentrations, fractions from the Flash Fraction 5 suggested that preparative HPLC
suggesting that the inhibition is likely the result of inhibiting the ~fraction 3 contained compounds with molecular masses less than 500
HCV replicon systerd? Furthermore, compoundsand3were also D@ which could readily be isolated using reversed-phase chromatog-
shown to inhibit HCV RNA level using the same cells and a raphy. The initial mob_|le phase gradient applied to_lsolatlng compounds
branched DNA detection method for HCV NS3 RN&Therefore, 1-9 from HPLC fraction 3 was based on the elution profile observed

TR during the preparative HPLC separation that created the fraction. A
these compounds appear to be HCV replication inhibitors and maysemipreparative HPLC method was developed that resulted in an

serve as hits for further optimization and drug development. isocratic gradient of 25% acetonitrile i€l acidified with 0.05% TFA

It is worthy to note that a series of sesquiterpene lactones for 10 min, followed by a linear gradient of acetonitrile from 25% to
including some pseudoguaianolides such as helenalin and ambrosir35% over 35 min, then followed by an isocratic gradient of 35%
have just recently been studied for their anti-HCV activities in the acetonitrile for 15 min, and finally followed by an isocratic gradient
subgenomic HCV replicon systethThus, identification of com-  of 95% acetonitrile for 10 min. The corresponding ELSD peaks (Figure
poundsl—9, with the majority showing anti-HCV activities, further 1) from three collections were combined to yield pure compounds
adds to the natural products that are potential antiviral lead 22953 Prlr?m t)R4:(22(?./?gmtm)7—25(i51ﬂr?{ir:; ;(‘i%g ;3"1),3_ (252208#&;1;1 itrF:)TS

o i . ’ s (R — . 3 | y IR — . 1

molecules to develop effective therapies. (150040, tr = 12.7 min), 7 (450 g, tx = 39.8 min),8 (2004, tr =
55.6 min), and® (200 u«g, tr = 57.4 min).

Hispitolide-A (1): gummy solid;*H and**C NMR (CD;OD) data,

General Experimental ProceduresFor instrumentation and general  see Tables 1 and 2 (in acetoness, 600 MHz) 2.40 (1H, m, H-2v),
automated flash chromatography, solvent evaporation, and capillary-1.84 (1H, m, H-B), 2.72 (1H, H-3x), 2.39 (1H, H-B), 4.78 (1H, dJ
scale NMR see the preceding papers. = 7.9 Hz, H-G), 3.39 (1H, m, H-%&), 1.99 (1H, m, H-&), 1.71 (1H,

Plant Material. The leaves ofP. hispitumwere collected from m, H-83), 2.17 (1H, m, H-&), 1.86 (1H, m, H-8), 2.28 (1H, m,
Missouri in the Spring of 2000. Plant samples were first stored2t H-100), 4.44 (1 H, brdJ = 10.6 Hz, H-14a), 4.22 (1H, dd,= 10.6,
°C and then shipped to Sequoia Sciences, where they were lyophilized.10.1 Hz, H-14b), 6.09 (1H, d] = 2.3 Hz, H-13a), 5.67 (1H, d] =

Experimental Section
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Table 1. 'H NMR Data for1—5 (in CDsOD at 600 MHz,J values in HZ)
H# 1 2 3 4 5
2 2.43 2.43 2.43 2.42 2.43
(1H, m, H-) (1H, m, H-29) (1H, m, H-29) (1H, m, H-23) (1H, m, H-5)
1.80 1.81 1.81 1.81 1.82
(1H, m, H-2) (1H, m, H-2) (1H, m, H-2) (1H, m, H-2) (1H, m, H-2)
3 2.67 2.68 2.68 2.68 2.69
(1H, m, H-3) (1H, m, H-33) (1H, m, H-33) (1H, m, H-3) (1H, m, H-3)
2.44 2.44 2.44 2.43 2.44
(1H, m, H-3) 1H, m, H-3) 1H, m, H-3) 1H, m, H-3) 1H, m, H-3)
6 4.85 4.85 4.85 4.86 4.87
(1H, d, 7.8% (1H, d, 7.9% (1H, d, 7.8% (1H, d, 7.8% (1H, d, 7.8%
7 3.42 341 3.42 3.42 3.43
(1H, m) (1H, m) (1H, m) (AH, m) (1H, m)
8 1.97 1.97 1.98 1.98 1.99
(1H, m, H-83) (1H, m, H-83) (1H, m, H-83) (1H, m, H-83) (1H, m, H-83)
1.74 1.75 1.77 1.75 1.76
(1H, m, H-&) (1H, m, H-&) (1H, m, H-&) (1H, m, H-&) (1H, m, H-&)
9 2.16 2.16 2.18 2.16 2.19
(1H, m, H-93) (1H, m, H-9) (1H, m, H-9) (1H, m, H-9) (1H, m, H-93)
1.87 1.88 1.90 1.88 1.91
(1H, m, H-%) (1H, m, H-9) (1H, m, H-9) (1H, m, H-%) (1H, m, H-9)
10 2.23 2.22 2.26 2.24 2.27
(1H, m) (1H, m) (1H, m) (1H, m) (1H, m)
13 6.19 6.19 6.19 6.19 6.19
(1H, d, 2.3) (1H, d, 2.5) (1H, d, 2.4) (1H, d, 2.4) (1H, d, 2.4)
5.71 571 5.71 5.71 5.72
(1H, d, 2.1) (1H, d, 2.1) (1H, d, 2.1) (1H, d, 2.1) (1H, d, 2.1)
14 4.45 4.45 4.49 4.45 4.54
(1H, dd, 11.1, 2.1) (1H, dd, 10.9, 2.1) (1H, dd, 11.4, 2.2) (1H, dd, 10.8, 2.0) (1H, dd, 11.0, 2.1)
4.23 4.23 4.27 4.23 4.29
(1H, dd, 11.1, 10.3) (1H, dd, 10.9, 10.4) (1H, dd, 11.4, 10.6) (1H, dd, 10.8, 10.2) (1H, dd, 11.0, 10.4)
15 1.04 1.04 1.06 1.06 1.07

(3H, s)

n-propanoyl
1.13
(3H,1,7.3)
2.37

(2H,q, 7.3)

(3H, s)

n-butanoyl
0.96
(3H,1,7.4)
1.66

(2H, m)
2.32

(2H,1, 7.3)

(3H, s)

tigloyl

1.82
(3H,d, 7.1)
6.88
(1H,q, 7.1)
1.84

(3H, brs)

(3H, s)

3-methyl-2-butenoyl
1.92
(3H, brs)
5.71
(1H, brs)
2.17
(3H, brs)

(3H, s)

angeloyl
1.97

(3H,d, 7.2)
6.14
(1H,q,7.2)
1.89

(3H, brs)

a Assignments were made by a combination of 1D- and 2D-NMR technidtiestd COSY, HSQC, and HMBC)? Proton resonances were
overlapped within the residual HOD signal in the NMR solvent of;OD.

Table 2. 13C NMR Data for1—3 and5 (in CD;0OD at 150

Table 3. HCV Replicon Assal? of Compoundsl—9

a
MHz) inhibition (%) of the
C# 1 2 3 5 compound replication of HCV at «M
1 83.6 83.4 83.0 83.3 1
2 32.6 32.8 32.4 33.0 2
3 329 33.1 33.2 334 3
4 220.5 220.9 221.1 220.9 4
5 59.2 59.3 59.5 59.2 5
6 81.8 81.8 81.9 81.8 6 NT2
7 46.3 46.2 46.3 46.4 7
8 29.1 29.1 29.1 29.0 8
9 26.5 26.4 26.4 26.6 9
10 49.2 49.3 49.1 49.1 —
11 141.9 142.0 142.1 141.8 “NT = not tested.
ig E%i ggi gg% gé? Hispitolide-B (2): *H and*3C NMR (CD;OD) data, see Tables 1
o oan Iy o ors and 2; ESIMSm/z 395 [M + HCOO]~, 373 [M + NaJ*, 723 [2M +
: : : : NaJ*, 1073 [3M + Na]*; HRESIMS m/z 373.1625 (GoH»OsNa
15 13.9 14.0 14.2 14.1 !
) requires 373.1627).
n-propanoyl n-butanoyl tigloyl angeloyl Hispitolide-C (3): gummy solid;*H and*3C NMR (CD:OD) data,
9.3 138 11.9 16.1 see Tables 1 and 2H (in acetoneds, 600 MHz)$ 4.80 (1H, d,J =
igfs é% g-g 5 Zlgg ) 7.9 Hz, H-6x), 3.41 (1H, m, H-%&), 4.53 (1 H, brd,) = 10.7 Hz, H-14a),
' 17i 0 139'1 1396 4.29 (1H, dd,J = 10.7, 10.4 Hz, H-14b), 6.10 (1H, d,= 2.3 Hz,
' 1686 1682 H-13a), 5.68 (1H, brs, H-13b), 1.08 (3H, s, H-15); tigloyl, 1.79 (3H,

aAssignments were made by a combination of 1D- and 2D-NMR

techniquesH—H COSY, HSQC, and HMBC).

2.0 Hz, H-13b), 1.04 (3H, s, H-15}-propanoyl, 1.08 (3H, tJ = 7.6
Hz) and 2.34 (2H, gJ = 7.6 Hz); ESIMSm/z 335 [M — H]~, 381 [M
+ HCOOT]~, 337 [M + HJ*, 673 [2M + H]*, 695 [2M + NaJ';

HRESIMS m/z 337.1653 (GsH2506 requires 337.1651).

d,J = 7.0 Hz), 1.82 (3H, brs), and 6.85 (1H, &= 7.0 Hz); ESIMS

m/z 407 [M + HCOO]~, 363 [M + H]*, 725 [2M + H] T, 747 [2M

+ NaJ*; HRESIMS vz 363.1810 (GoH»7Os requires 363.1807).
Hispitolide-D (4): *H NMR (CDsOD) data, see Table 1; ESIMS
m/z 407 [M + HCOO]-, 385 [M + Nal]* , 747 [2M + NaJ*;
HRESIMS m/z 385.1625 (GoH260sNa requires 385.1627).
Hispitolide-E (5): gummy solid;*H and*3C NMR (CD;0OD) data,
see Tables 1 and 2H (in CDCl;, 600 MHz) 6 4.87 (1H, d,J = 7.8
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Hz, H-60), 3.38 (1H, m, H-%&), 4.51 (1 H, brdJ = 10.6 Hz, H-14a),
4.15 (1H, dd,J = 10.6, 10.1 Hz, H-14b), 6.27 (1H, brs, H-13a), 5.60
(1H, brs, H-13b), 1.08 (3H, s, H-15); angeloyl, 1.89 (3H, brs), 1.99
(3H, d,J= 7.1 Hz), and 6.11 (1H, gl = 7.1 Hz); ESIMSz 407 [M

+ HCOO'], 385 [M + Na]t, 747 [2M + Na]*.

Tetraneurin-A (6): 8 gummy solid; ft]p?® +4.0 € 0.15, MeOH);

IR vmax (film) 3515 (brs), 1737 and 1642 crh *H (in CD;OD, 600
MHz) 6 2.43 (1H, m, H-2), 1.80 (1H, m, H-B), 2.64 (1H, H-3v),
2.43 (1H, H-B), 4.84 (1H, dJ = 7.9 Hz, H-Gx), 3.41 (1H, m, H-&),
1.95 (1H, m, H-&), 1.73 (1H, m, H-B), 2.16 (1H, m, H-9), 1.87
(1H, m, H-93), 2.21 (1H, m, H-1@), 4.42 (1 H, ddJ = 11.1, 1.8 Hz,
H-14a), 4.21 (1H, dd) = 11.1, 10.6 Hz, H-14b), 6.18 (1H, d=2.6

Hz, H-13a), 5.71 (1H, dJ = 2.4 Hz, H-13b), 1.03 (3H, s, H-15), and
2.05 (3H, s, acetyl}*C NMR (in CD;OD, 150 MHz)6 83.6 (s, C-1),
32.9 (t, C-2), 33.2 (t, C-3), 220.5 (s, C-4), 59.2 (s, C-5), 81.6 (d, C-6),
46.1 (d, C-7), 29.1 (t, C-8), 26.2 (t, C-9), 49.0 (d, C-10), 141.9 (s,
C-11), 172.2 (s, C-12), 122.7 (t, C-13), 64.4 (t, C-14), 14.4 (g, C-15);
acetyl, 21.0 (q) and 171.9 (s); ESIM8z 367 [M + HCOO ], 345

[M + NaJt.

Chiapin B (7):7 gummy solid;*H (in CD;OD, 600 MHz)¢ 2.43
(1H, m, H-2x), 1.81 (1H, m, H-B), 2.67 (1H, H-3v), 2.43 (1H, H-3),
4.84 (1H, d,J = 7.9 Hz, H-6x), 3.41 (1H, m, H-&), 1.97 (1H, m,
H-8a), 1.74 (1H, m, H-B), 2.17 (1H, m, H-&), 1.86 (1H, m, H-B),
2.21 (1H, m, H-1@), 4.44 (1 H, ddJ = 10.6, 2.1 Hz, H-14a), 4.22
(1H, dd,J = 10.6, 10.3 Hz, H-14b), 6.18 (1H, d,= 2.4 Hz, H-13a),
5.70 (1H, d,J = 2.3 Hz, H-13b), 1.04 (3H, s, H-15); isopropanoyl,
1.16 (3H, dJ = 6.8 Hz), 1.16 (3H, dJ = 6.8 Hz), and 2.57 (1H, m);
3C NMR (in CD;0D, 150 MHz)d 83.1 (s, C-1), 32.9 (t, C-2), 33.2 (t,
C-3), 220.8 (s, C-4), 59.5 (s, C-5), 81.8 (d, C-6), 46.5 (d, C-7), 29.1 (t,
C-8), 26.4 (t, C-9), 49.6 (d, C-10), 142.3 (s, C-11), 172.2 (s, C-12),
122.8 (t, C-13), 64.8 (t, C-14), 14.4 (g, C-15); isopropanoyl, 19.6 (q),
19.6 (), 35.2 (d), and 177.6 (s); ESIM8z 395 [M + HCOO],

373 [M + Na]*.

Ambrosanolide-A (8):* gummy solid;*H (in CD;OD, 600 MHz)d
2.43 (1H, m, H-2v), 1.81 (1H, m, H-B), 2.67 (1H, H-3), 2.43 (1H,
H-34), 4.84 (1H, dJ = 7.9 Hz, H-G), 3.42 (1H, m, H-%&), 1.97 (1H,

m, H-8a), 1.75 (1H, m, H-8), 2.17 (1H, m, H-&), 1.88 (1H, m, H-B),
2.23 (1H, m, H-1@), 4.46 (1 H, ddJ = 10.8, 2.1 Hz, H-14a), 4.24
(1H, dd,J = 10.8, 10.2 Hz, H-14b), 6.19 (1H, d,= 2.6 Hz, H-13a),
5.71 (1H, dJ = 2.1 Hz, H-13b), 1.05 (3H, s, H-15); 2-methylbutanoyl,
0.92 (3H, t,J= 7.3 Hz), 1.15 (3H, dJ = 7.0 Hz), 1.50 (1H, m), 1.67
(1H, m), 2.40 (1H, m)3C NMR (in CD;0D, 150 MHz)6 84.1 (s,
C-1), 32.8 (t, C-2), 33.2 (t, C-3), 220.5 (s, C-4), 59.4 (s, C-5), 81.7 (d,
C-6), 45.9 (d, C-7), 29.1 (t, C-8), 26.4 (t, C-9), 49.2 (d, C-10), 141.4
(s,C-11),172.1 (s, C-12), 122.8 (t, C-13), 64.8 (t, C-14), 14.4 (q, C-15);
2-methylbutanoyl, 12.1 (q), 17.2 (q), 28.0 (t), 42.6 (d), and 177.6 (s);
ESIMSm/z 409 [M + HCOO]~, 365 [M + H]*.

Ambrosanolide-B (9)? gummy solid;*H (in CD;OD, 600 MHz)d
2.43 (1H, m, H-2v), 1.81 (1H, m, H-B), 2.67 (1H, H-3), 2.43 (1H,
H-34), 4.85 (1H, dJ = 7.9 Hz, H-G), 3.41 (1H, m, H-%&), 1.99 (1H,

m, H-8a), 1.74 (1H, m, H-8), 2.18 (1H, m, H-&), 1.87 (1H, m, H-B),
2.23 (1H, m, H-1@, overlapped), 4.46 (1 H, dd, = 10.9, 2.1 Hz,
H-14a), 4.24 (1H, ddj = 10.9, 10.3 Hz, H-14b), 6.19 (1H, d,= 2.2

Hz, H-13a), 5.71 (1H, dJ = 1.9 Hz, H-13b), 1.04 (3H, s, H-15);
3-methylbutanoyl, 0.97 (3H, d,= 6.5 Hz), 0.97 (3H, dJ = 6.5 Hz),
2.07 (1H, m), and 2.23 (1H, m, overlappetdC NMR (in CD30D,
150 MHz) 6 84.1 (s, C-1), 32.8 (t, C-2), 33.2 (t, C-3), 220.5 (s, C-4),
59.4 (s, C-5), 81.7 (d, C-6), 45.9 (d, C-7), 29.1 (t, C-8), 26.4 (t, C-9),
49.2 (d, C-10), 141.4 (s, C-11), 172.1 (s, C-12), 122.8 (t, C-13), 64.8
(t, C-14), 14.4 (q, C-15); 3-methylbutanoyl, 22.7 (q), 22.7 (q), 27.3
(d), 44.4 (1), and 177.4 (s); ESIM®&/z 409 [M + HCOO]~, 365 [M

+ H]*, 387 [M + Na]*.

Antiviral Activity. Compoundd—5 and7—9 were assayed for their
antiviral activities using an HCV subgenomic replicon system contain-
ing luciferase reporter, which was obtained from Dr. R. Batenschlager’s
laboratory? Huh-7 replicon cells were grown to 85% confluency and

had more than 95% viability before assay. Cells were seeded at a density

of 11000 cells per well in 135L of assay volume in 96-well
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microplates. Compounds in 18 volume were added to the plates,
which were incubated for 48 h at 3T in a tissue culture incubator.
Before luciferase detection, the plates were cooled to room temperature
for 30 min and 75 uL of SteadyLite luciferase reagent (Promega,
Madison, WI) was added. After 3 min of incubation at room
temperature, the plates were read for luminescence on a Victor 2 plate
reader (Perkin-Elmer, Wellesley, MA). Assay wells without compounds
served as contrafsfor calculation of compound inhibition. Compounds
were tested in duplicate.
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