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Using our high-throughput hepatitis C replicon assay to screen a library of over 8,000 novel diversity-
oriented synthesis (DOS) compounds, we identified several novel compounds that regulate hepatitis C virus
(HCV) replication, including two libraries of epoxides that inhibit HCV replication (best 50% effective con-
centration, < 0.5 �M). We then synthesized an analog of these compounds with optimized activity.

Hepatitis C virus (HCV) infects over 170 million people
worldwide and frequently leads to cirrhosis, liver failure, and
hepatocellular carcinoma (1). Currently, the best therapy for
the treatment of chronic hepatitis C is a combination of pegy-
lated interferon and ribavirin, which has suboptimal efficacy
and has an unfavorable side effect profile (14). The identifica-
tion of more-effective and better-tolerated agents is therefore
a high priority.

We have recently reported the successful adaptation of the
Huh7/Rep-Feo replicon cell line (18) to a high-throughput
screening assay system (8). Using this system, we previously
screened a library of 2,568 well-known compounds whose bi-
ological activity is fully characterized (8). In order to dis-
cover novel regulators of HCV replication, we then screened
a library of 8,064 diversity-oriented synthesis (DOS) com-
pounds (15, 16). This library, known as the DOS set, is a
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TABLE 1. Hits by library from the primary high-throughput screening with the DOS seta

Library
Increased luciferase signal hit libraries Antiviral hit libraries

Hits Members Reference(s) Hits Members Reference(s) or sources

FPA 11 319 5
BUCMLD 4 880 10, 17 4 880 10, 17, Fig. 1, Table 2
JMM 4 544 13
UGISS 1 319 2
BUCMLD epoxyquinol 12 34 10, 17, Fig. 1 and 2,

Table 2
SM 9 27 Fig. 1 and 2, Table 2
SpOx 6 612 6, 12
BEA 3 238 3
ICCB6 3 352 4
YKK 2 281 9
RTE 2 159 19

a The total number of compounds which comprise each library is listed in the “Members” columns.
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meta-library comprised of DOS libraries from chemists
throughout the United States and Canada. Information
about the DOS set is available at http://www.broad.harvard
.edu/chembio/platform/screening/compound_libraries/index
.htm.

The high-throughput primary screen and the secondary val-
idation assays were performed as described in our previous
publication (8).

Computational data analysis of the primary screening results
was performed as previously described (8) except for the hit
criteria. As the characteristics of this data set are different from
those generated by our previous screen (8), different threshold
values were chosen to assure optimal hit selection. Compounds
were considered hits for inhibiting replication if they had a
composite Z score of ��2.57 in the reporter gene screen, a
reproducibility of �0.9 or ��0.9 in that screen, and a com-
posite Z score of ��2.00 in the cell viability screen. Com-
pounds were considered hits for stimulating luciferase produc-
tion if they had a composite Z score of �2.50 in the reporter
gene screen, a reproducibility of �0.9 or ��0.9 in that screen,
and a composite Z score of �1.00 in the cell viability screen.

Full synthetic experimental procedures and spectroscopic
data for the SM library compounds discussed in this publica-
tion are provided in the supplemental material. The synthesis
of the full SM library, including compounds not discussed here,
will be the subject of an upcoming report.

FIG. 1. Structures of antiviral hit compounds from the BUCMLD
and SM libraries. SAR, structure-activity relationship.

TABLE 2. Results of secondary screening with antiviral hit
compounds from the SM and BUCMLD librariesa

Compound name EC50 CC50

BUCMLD-B10A11 �0.5 (�0.5–0.5) 19.5 (19.4–22.4)
BUCMLD-B10A3 0.7 (�0.5–5.2) 9.0 (7.1–10.0)
BUCMLD-XL-184 1.4 (0.8–3.9) �50
BUCMLD-B10A5 1.5 (�0.5–5.4) 39.3 (28.6–�50)
BUCMLD-XL-190 2.5 (�0.5–10) �50
BUCMLD-B10A1 2.6 (1.0–5.0) 18.0 (15.9–19.5)
SM_A14B5 3.5 (2.7–4.4) 27.1 (18.0–44.6)
BUCMLD-XL-189 3.8 (2.2–7.0) �50
SM_A6B5_2P100 6.6 (4.0–15.3) �50
BUCMLD-B10A8 7.0 (0.9–30.0) �50
BUCMLD-B10A10 7.0 (5.4–30.0) �50
BUCMLD-B10A14 7.6 (1.0–23.0) �50
BUCMLD-B10A7 7.75 (1.0–30.0) 35.3 (33.6–36.7)
SM_A4B6_2P123 8.0 (6.3–10.0) �50
SM_A5B5_2P118 9.1 (2.5–16.7) �50
SM_A7C2_2P155 12.7 (7.0–24.0) �50
BUCMLD-B13A2 14.2 (6.4–45.0) �50
SM_A1B2_1P32 19.6 (11.7–28.2) �50
SM_A1B5_2P24 19.7 (6.25–50.0) �50
BUCMLD-B13A1 21.1 (7.5–36.7) �50
SM_A5B3_2P141 25.7 (18.3–39.8) �50
SM_A5B2_2P142 26.7 (9.1–50.0) �50
BUCMLD-NTM-

EN2-67A
30.0 (0.7–46.1) �50

SM_A12B3 �30 �50
BUCMLD-B10A13 42.9 (25.2–59.4) �50
BUCMLD-XL-130 �100 �50

a Note that structure-activity relationship SM library compounds are also in-
cluded. The EC50 and 50% cytotoxic concentration (CC50) are reported in �M
with 95% confidence intervals in parentheses. A value of �0.5 indicates a con-
centration of less than 0.5 �M; �30 indicates a concentration of greater than 30
�M; �50 indicates a concentration of greater than 50 �M; and �100 indicates
a concentration of greater than 100 �M.
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The synthesis of the BUCMLD epoxyquinol library has been
previously described (10, 17).

Full experimental details regarding the JFH1 HCVcc system
(11) are provided in the supplemental material. We identified
41 antiviral compounds that inhibited HCV replication and 20
proviral compounds that increased luciferase production (Ta-
ble 1). In our analysis of the antiviral hit compounds from the
DOS set, a striking finding was that 21 of the 41 compounds
contained an epoxide moiety. Moreover, the most potent of
these compounds were epoxides. Further analysis revealed that
these epoxides came from only two DOS libraries, SM and
BUCMLD epoxyquinol (10, 17), with very high sublibrary hit
rates of 35% and 33%, respectively (Table 1). Of note, the
non-hit members of these two libraries did exhibit antiviral
activity but failed to meet the formal hit criteria.

As we were especially intrigued by these epoxide-bearing
compounds, we restricted our hit validation to these com-
pounds (Table 2 and Fig. 1). SM_A6B5_2P100 was the most
active member of the SM library, while BUCMLD-B10A11
was the most potent member of the BUCMLD epoxyquinol
library (Table 2 and Fig. 2).

Structure-activity relationship analysis of the SM library
reveals the structural elements most important for antiviral

activity (Table 2 and Fig. 1). Comparing SM_A5B5_2P118
to SM_A1B5_2P24, iodinated compounds are more active
than brominated ones. Comparing SM_A5B5_2P118 to
SM_A5B3_2P141 and SM_A5B2_2P142, compounds with
a phenyl substituent are more active than those with
aliphatic chains. Finally, the most active compounds,
SM_A4B6_2P123 and SM_A6B5_2P100, have a bridgehead
substituent. Thus, we hypothesized that the most active
compound should bear an iodine, a phenyl substituent, and
a bridgehead substituent.

SM_A14B5, which incorporates all of these elements, was
therefore synthesized, as it was reasoned to be the most active
SM library compound. Indeed, SM_A14B5 had a 50% effective
concentration (EC50) of approximately 3.5 �M, which is about
half that of SM_A6B5_2P100 (Table 2 and Fig. 2).

The most potent compounds from each library, SM_A14B5
and BUCMLD-B10A11, underwent further validation in the
infectious JFH1 HCVcc system (11). They were tested at con-
centrations of 5 �M and 1 �M, respectively, and inhibited
HCV replication 48.4% � 5.9% and 45.1% � 5.2%, respec-
tively, relative to the level of inhibition achieved by interferon
at a concentration of 1 ng/ml. These data roughly approximate
the EC50 validation data derived from the OR6 system (7) in

FIG. 2. Selected graphical results of secondary screening with antiviral hit compounds from the SM and BUCMLD epoxyquinol libraries.
Luciferase activity for HCV RNA replication levels is shown as a percentage of control. Cell viability is also shown as a percentage of control. Each
point represents the average of triplicate data points with standard deviation represented as the error bar.
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which inhibition was also measured relative to that of inter-
feron at a concentration of 1 ng/ml.

Our observations suggest that the epoxide moiety is es-
sential for potent antiviral activity. Analyzing the BUCMLD
compounds, those compounds that bear an epoxide moiety
are, in general, more-potent antivirals than those that do not
(Table 2 and Fig. 1). Furthermore, all of the compounds
from the SM library bear epoxides. SM_A12B3, an analog of
SM_A5B3_2P141, which bears a tetrahydrofuran moiety in
place of an epoxide, was therefore synthesized to further
test this hypothesis. SM_A12B3 had negligible antiviral ac-
tivity (Table 2), while SM_A5B3_2P141 displayed modest
antiviral activity. Other analogs of SM compounds bearing
tetrahydrofuran rings in place of epoxides showed similar
attenuation of antiviral activity relative to their parent com-
pounds. Unfortunately, attempts to synthesize the tetrahy-
drofuran analog of the most potent SM compound,
SM_A14B5, have so far been unsuccessful.

It is interesting to note that it is the urazole-containing
epoxyquinol constituents of the BUCMLD epoxyquinol li-
brary, rather than the maleimide-derived ones, that demon-
strated anti-HCV activity in the primary screen. It is therefore
likely that the combination of a urazole with the epoxide is
necessary for the activity of the BUCMLD epoxyquinol com-
pounds.

Although none of our most potent antiviral DOS com-
pounds showed significant cytotoxicity at their EC50s, all of
them ultimately proved to be cytotoxic at higher concentra-
tions (Table 2 and Fig. 2). Therefore, future modifications
should not only aim to improve anti-HCV activity but should
also attempt to decrease cytotoxicity, in order to widen the
therapeutic window.

It is tempting to hypothesize that these epoxides exert their
antiviral effects through a common pathway. Presumably, they
act as electrophiles, with the nucleophilic target making a co-
valent bond by attacking and opening the epoxides. Studies to
elucidate their mechanism of action are under way.
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