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Abstract

Upon high-throughput screening of synthetic smadlenule libraries with the infectious hepatitis Cug
(HCV) cell culture system, we identified an iminpgiidinopyrimidine (IDPP) scaffold. IDPP did not
inhibit HCV replication, but exhibited very potemthibitory activity on early and late steps of Hdife
cycle. Applying an intensive structure-activityagbnship (SAR) study, a promising IDPP Lead conmabu
(1209 with excellent potency (Bfg= 10 nM), high safety margin (S| >2,000), and aceg@table stability in
human and rat liver microsomeg{t60 min) was identified. Overall, our results sugjgiat the IDPP

scaffold could be used for the development of néi@V interventions.

1. Introduction



About 3% of the global population is chronicallyaoted with the hepatitis C virus (HCV) which isreajor
cause of chronic liver diseases potentially leadon@pepatocellular carcinoma (HCC) [1]. For decatihes
standard-of-care (SOC) was a combination of pegglatterferon-alpha (PEG-IF) and ribavirin (RBV)
associated with an unsatisfactory sustained virologsponse rate (SVR) of only 70-80 % accompanied
with partially severe side effects [2-5]. With tihecent FDA approval of direct-acting antiviral atgen
(DAAs) such as sofosbuvir, daclatasvir, etc. pouledirugs to tackle chronic hepatitis C (CHC) aravno
available for therapy [6, 7]. However, all drugsclessively interfere with viral replication wheredsugs
targeting other steps of the HCV life cycle havé loeen developed yet. Utilizing the infectious HC#¥I
culture (HCVcc) system, which enabled to studydhgre viral life cycle, led to the identificatiarf small
molecules, such as, green-tea polyphenolepiga#lobat-3-gallate (EGCG), HCV II-1, flunarizine, etc.
shown to interfere with glycoprotein E1 and E2 nagell HCV entry[8-13]. Targeting entry tackles aalir
infection at its initial step prior to the multipition of the virus genomic material which may reslthe
emergence of viral drug resistance. Furthermore) H@try inhibitors are predestinated of preventing
reinfection of transplanted livers and of inhibgithe vertical transmission of the virus.

In this context, we set up the infectious HCV ggpet2 cell culture system and screened small midecu
compound libraries to identify new antiviral agenish a novel mechanism of action (MoA) [14]. Inder

to enrich for hits with a novel MoA, we excludedshactive in the HCV replicon system, thereby remgv
replication inhibitors which are dominant drug calades in clinical development. Furthermore, seléct
hits were evaluated and characterized in a sefissamndary assays and to identify the putativeemaér
target. From this rational drug discovery approaeh, identified an iminodipyridinopyrimidine (IDPP)
scaffold very potently inhibiting the HCV life cyglwhich encouraged us to explore further the piatieof
IDPPs as a novel anti-HCV agent by conducting actire-activity relationship (SAR) study. Here we

report the identification, synthesis and SAR statliDPPs.

2. Results and discussion

2.1. High throughput screening campaign and hit sektion.



More than 200,000 small molecules were screen@diit concentration against the entire HCV life cycle.
Hits were selected according >70% HCYV inhibitiord &v0% cell viability criteria and confirmed by 10-
point dose-response curve (DRC) analysis in tha thgoughput screening (HTS) assay. Thereby, titfe ha
maximal effective concentration against entiretiitit the entire HCV life cycle (E&), as well as the
cytotoxic concentration (Cfg), was determined to calculate selectivity indeX) (&lues (CGYECsy).
Confirmed active hits with an SI >10 were triagadHCV pseudoparticle (HCVpp) and replicon (HCVrp)
systems to determine inhibitory effects on virarg@nd viral RNA replication, respectively. Follow this
approach, we identified a series of IDPPs with poéati-HCV activity in the infectious cell cultusystem
(Figure 1). The representative IDAPexhibited strong inhibitory activity against HCVedthout any
cytotoxicity (Figure 2A). The preliminary SAR analy with IDPP analogs, screened with DRC analysis i
the primary HTS assay, revealed that hydrophilishmrt alkyl substitution such as ethyl, propybpsopyl,
morpholine, or methoxyethyl on eithef Br R of IDPPs showed very weak or no inhibitory HCViwity
(data not shown). IDPPwas shown to be inactive in the HCV replicon sys{&G;,>30 uM) (Figure 2B).
Interestingly, IDPP inhibited specifically E1/E2-chated viral entry as shown by experiments with H@V
whereas vesicular stomatitis virus pseudopartigl®\pp) were not inhibited (Figure 2C). Furthermore,
utilizing a virus supernatant transfer assay, is wWlamonstrated that IDPP interfered with the siecredf
infectious HCV particle (data not shown). Takenetibgr, these results demonstrate that IDPP hasel no
MoA by interfering with the early and late stepstioé HCV life cycle which encouraged us to condarct

in-depth SAR study with the goal to move from biwvards Lead.
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Figure 1. The representative structure of IDPP (left),\actiit IDPP1 (middle), and inactive IDPP (right).
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Figure 2. Biological activity of IDPP. (A) Evaluati of IDPP 1 in the HCVcc system. Huh-7.5 cellsaver
seeded in 384-well plate and exposed to compoundsliaated concentrations (0.01, 0.1 and\) for 2 h
followed by infection of HCVcc. Sofosbuvir, an HCRNA polymerase inhibitor, was used as a positive
control. Anti-HCV activity was determined at day@st infection as described in material and meth(gls
Evaluation of IDPP 1 in the HCVrp system. Replicatls were seeded in 384-well plate and treatet wit
compounds and analyzed as described above. (Cyd&iai of IDPP 1 in the HCVpp system. Huh-7.5 cells

were seeded in 384-well plate and treated with aamgs for 2 h followed by transduction with VSVpp o

HCVpp.

2.2. Chemistry.

The representative synthesis of IDPPs was depinot&theme 1. The key intermediate chloro-aldeyde
were prepared as described elsewhere [15]. Bri@flyydroxypyridopyrimidinones8 were prepared by
cyclization of 2-aminopyridine2 and highly reactive bis (2,4,6-trichlorophenyl) lorate. Then3 were
treated with POGland DMF to afford chloro-aldehyde Treatment of amines for’Rind subsequent 1 N
aqueous HCI hydrolysis gave aldehysleAldehydes5 were subjected to Knoevenagel condensation with
ethylcyanoacetate to afford ester IDFH46] that were hydrolyzed to carboxylic acidéy the treatment of
LiOH. Carboxylic acids7 were converted to the desired IDP®by treatment with various amines using
BOP as a coupling agent. IDPPs bearing cyano, carboxamide, and sulfonyl were gmegp from

intermediate 5a by treatment of the corresponding nitriles such naalononitrile, cyanoacetamide,

sulfonylacetonitrile, respectively.



Scheme 1General synthetic method for IDPP analogs.
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Scheme 1 Reagents and conditions: (a) bis(2,4,6-trichlosogyl) malonate, acetone, rt, 18 h; (b) PCI
DMF, 0°C to rt, 2 h; (c) i) BNH,, TEA, 70°C, 18 h; ii) IN ag. HCI/THF (1:3), 70°C, 1 h; (d) i) 2-
methoxyethylamine, MeOH, 50 °C, 18 h; ii) ethylcganetate, CHGJ 70°C, 18 h; (e) ethylcyanoacetate,
piperidine, molecular sieve, EtOH, rt, 1-2 day3;,L{OH, H,O, THF, rt, 24 h; (g) BNH2, BOP, NMM, DMF,

rt, 18 h; (h) nitriles, piperidine, EtOH, rt.

2.3. Structure-activity relationship study

Upon identification of IDPR as an active hit, we set out to understand theskeigtural elements that were
responsible for anti-HCV inhibitory potency. Firgihe tolerability of amide in IDPPs by replacemueiitih
several functional groups including ester, acidrilaj carboxamide, and sulfone was examined (Table

IDPP 1 showed very potent anti-HCV activity with low cytaicity (EGso= 0.007uM and CGy> 30 uM),



thus providing an excellent S| value (SI >4,28%)eTitrile 9a, carboxamiddb, and sulfonéc showed at

least 14-fold reduced potencies @€ 0.35, 0.16, 0.1uM, respectively) compared tb. Only ester6a

displayed a slightly reduced activity and increasgtbtoxicity (EGe= 0.015uM and CGe= 17 uM) thus

showing lower Sl value (Sl= 1,121) comparedlt(Sl| >4,286). Carboxylic acidga displayed poor anti-

HCV activity (EGo= 6.0uM).

Table 1.Anti-HCV activity of IDPP1, 6a, 7a, and9a-9c

Si
No. X EC,, (uM) O coEoy
1 “CONHBN 0.007 > 30 > 4,286
6a -COEt 0.015+0.001  17.0+2.12 1,121
7a -COH 6.0 17.2 2.8
9a -CN 0.35 + 0.01 > 20 > 57
9b -CONH, 0.16 > 20 > 125
9c -SO,Ph 0.10 + 0.03 > 20 > 200

ECso and CGp values were determined by 10-point DRC analysisduplicates with quadruplicate

measurements.

Table 2.Anti-HCV activity of IDPP10a-10p

N" N7 SNH
S| Metabolic stability
No. RR'NH EC,, (uM) CC,,(uM) (CCyECs) Human / Rat
(taz, Min)

1 LAY 0.007 > 30

> 4,286 55/9




8a N0  0030£0001  >6.7 > 222 1.8/1.5

8b W L) 0140£001 8219 61 2.8/1.4

8c  w N{(,) 0048:0.007 101%58 209 8.6/3.6

8d  w ()  0.105+0.05 > 10 > 95 58/5.6

8e [Ej 2.053 +0.21 > 20 >9.8 127.7/24

8f ") 00400008  >20 > 445 n.d.

8g T 0.001+0.0003 7.00+0.95 7,000 3.0/1.5

8h "7 ) 0.001+0.0003 85095 8847 4.3/2.0

8 i 0.034 £0.0009 15.6+1.26 459 40/18

8 szé}© 0.004 +0.0004 26.6+6.27 6,650 15/6

8k o~ 0190+006 84033 45 1.4/1.3

8 Hm@ 0.020+0.0003  17.1 854 >60/12.5
]

8m  ww—~  0.005+0.004  >20 > 4,000 34.4/7.5

8n w ] 0004£00008  >6.67  >1,668 4.7/1.9

80 HzN@ 0.003+0.001  >6.67  >2223 2.8/2.4

8p L) 000320002  >667  >2,223 5.3/4.9

ECso and CGp values were determined by 10-point DRC analysisduplicates with quadruplicate

measurements. Not determined (n.d.).

Second, the effect of R* substituents in IDPP was examined and the dataswasnarized in Table 2.
Secondary amides such Bismethyl 8a, isoquinoline8b, phenylpiperazinéc, phenylpiperidine8d, and
morpholine 8e generally reduced the anti-HCV activity (&€ 0.030-2.1 uM ranges). Particularly,
hydrophilic morpholine substituted IDP8e exhibited a drastically reduced potency. The phesfy
displayed weaker inhibitory activity (& 0.040uM) than benzyll. Elongation of benzyl to pheneth§t
and phenylpropyBh increased the potency (&€ 0.001uM), however these modifications also increased
cytotoxicity. Methyl substitution at immediately jadent to nitrogen atom such as compo@ndind 8j
showed good inhibitory activity (Bg= 0.034 and 0.004M, respectively). Interestingly, S-isoforn8jy

with methyl was approx. 9-fold more potent than Bésoform gi). CompoundsBk and 8| containing



hydrophilic carbonyl group decreased anti-HCV attiECso= 0.19 and 0.02QuM, respectively) in
comparison with8 g and 8h. Hydrophobic aliphatic amines including n-bu8, cylcohexylmethyl8n,
adamantyl8o, cyclohexyl 8p showed very good inhibitory activity (E& 0.004-0.005uM ranges). In
addition, the metabolic stability of IDPPs was ea#¢d in human and rat liver microsomal to preificivo
pharmacokinetics. Compounds were incubated witkr Imicrosomes and the half-life timeg;{t min) was
determined. Surprisingly, the majority of compourdisplayed poor microsomal stability against either

human or rat (Table 2).

Table 3.Anti-HCV activity of IDPP10a-10c

R,

No R ECy (M) CCy(uM) >

' 0 i (CCs/ECsq)

. 0.004 £

8 Bn 0.0004 26.6 £ 6.27 6,650
10a H Inactive > 30 -
10b Ph 0.42 £0.25 > 20 >47.6
10c CH,-cHexcyl 0.004 + 0.001 18.5 4,593

ECso and CGp values were determined by 10-point DRC analysisduplicates with quadruplicate

measurements.

Third, the effect of Rin IDPP was investigated (Table 3). In the primef§S data analysis hydrophilic
substituents containing oxygen or nitrogen in tAgRup and short aliphatic side chain such as MegtE.
were inactive. Given our early screening data, ehommpounds having H1Qa, Ph (@0b), and
cyclohexylmethyl {0c) were evaluated for their anti-HCV activity. IDRPa (R*= H) was inactive andOb

(R?= Ph) had a significant lower anti-HCV activity (EE 0.42uM). The cyclohexyl methyl compound

(109 only showed equivalent potency (E€ 0.004uM) with 8j.

Table 4.Anti-HCV activity of IDPP11a-11j



Metabolic
Sl stability

No. R ECso (\M) CCouM) (CCso/EGCs0) Human / Rat

(t2, min)
8] H 0.004 £ 0.0004 26.6 +6.27 6650 15/6
11a 8-Me 0.00009 > 20 > 221,385 10.7/3.6
11b 9-Me 0.00013 8.69 > 68,172 9.5/49
1l1c 10-Me 0.004 £ 0.001 5.60+0.6 1,581 7.0/4.3
11d 10-MeO  0.002 +0.0008 7.47 +0.74 3,628 8.47 /4.4
11le 8-F 0.002 +0.001 > 20 > 20,000 n.d.
11f 10-F 0.014 £0.015 > 20 > 20,000 n.d.
11g 8,10-F 0.003 £ 0.002 > 20 > 7,576 n.d.
11h 8-Cl 0.001 £ 0.001 > 20 > 13,841 n.d.
11i 10-Cl 0.06 + 0.023 > 20 > 20,000 n.d.
11] 9-CK, 0.007+ 0.0004 > 20 > 2,719 n.d.

ECso and CGp values were determined by 10-point DRC analysisduplicates with quadruplicate

measurements. Not determined (n.d.).

We next studied the substituent effect oh @oup of IDPPs and summarized the data in Table 4.

Interestingly, all of the compounds investigatedhe series showed strong inhibitory activity ipestively

with substituent R Particularly, 8-Me 118) and 9-Me {1b) substituted IDPP exhibited excellent anti-HCV

activity with picomolar range (Eg= 90 pM and 130 pM, respectively). In additialla displayed no

cytotoxicity in the maximum concentration of thesag resulting in an outstanding Sl value (SI >38%).

However, all compounds substituents on tHegPoup had low human and rat microsomal stabilty.

overcome this issue, metabolite analysis of IDPi rat microsomal was performed, and the result

suggested that major metabolites were hydroxylatetebenzylated IDPP as shown in Figure 3.
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Figure 3. Detected metabolites induced by rat microsomes.

On the basis of the evaluation of IDPP analogs tdvemti-HCV activity, cytotoxicity, and microsomal
stability, we synthesized additional IDPP analogsmprove the balance between activity and stabilit
Among the additional compounds, four IDPP derivegi(12a-d) showing good microsomal stabilities in
both human and rat were summarized in Table 5.0&smwed earlier in Table 4, compounds substitutiéd w
an 8-methyl at Rdisplayed very good anti-HCV activity without caaicity. In addition, blocking of the
potential metabolic labile site with substituentsts as methyl, halogen, trifluoromethoxy, and phémyr?

or R® successfully increased microsomal stabilitiesighg providing a promising Lead compound.

Table 5. Anti-HCV activity of IDPA2a-12d

7 0 o
R3
8 =~ X s
9\ N N NH
10 |IQ2
CGC, Sl Metabolic
1 2 3 0
No. R R R EC,, (uM) (CCsy stability
(uM) Human /




ECso) Rat

(tr/2, min)
Cl
0.017
12a 8-Me *Y@CI /\QCFB 0.0001 >20 >1,176 >60/>60
+ 0.
0.030
12b 8-Me Z@ >20 >2,041 >60/>60
F +0.48
F 0.010
0] F =
12c  8-Me + 0L 520 >2,000 >60/>60
. F CFs  40.0003
U 0.050
12d  8-Me O >20 >2,198 >60/>60
+0.008

ECso and C(Gp values were determined by 10-point DRC analysisduplicates with quadruplicate

measurements.

3. Conclusion

In conclusion, a series of iminodipyridinopyrimiés (IDPPs) was identified by a phenotypic HTS assay
using the infectious HCV cell culture system. IDP$howed very potent anti-HCV activity with a favole

Sl value. In addition, IDPPs were shown to be inacin the HCV replicon system, indicating it has a

distinct MoA from current DAAs which was reporteg hee et al. [17]. These results encouraged us to

perform an SAR study to optimize IDPPs pharmacalagbroperties. Through our intensive SAR study, we
generated a promising IDPP Lead compoul2t)that showed excellent potency (&€ 10 nM), a good

safety margin (SI1 >2,000), and an acceptable stgblhuman and rat liver microsomeg{+60 min).

4. Experimental section

4.1. Chemistry

All materials were obtained from commercial supgliand used without further purification. Solvemts

this study were dried using an aluminum oxide caluifhin-layer chromatography was performed on pre-



coated silica gel 60 F254 plates. Purification mermediates was carried out by normal phase column
chromatography (MPLC, Silica gel 230-400 mesh). Nijpectra were recorded on a Varian 400 MHz.
LC/MS data were obtained using a Waters 2695 LC Midomass ZQ spectrometer. Identity of final

compounds was confirmed by proton NMR and masstspeetry.

4.1.1. The representative procedure for the prepatéon of compound 5.To a stirred solution of 2-
chloro-4-oxo-4H-pyrido[1,2-a]pyrimidine-3-carbaldete (100 mg, 0.479 mmol) in THF (3 mL) was added
benzylamine (0.058 mL, 0.527 mmol) and TEA (0.1 ral719 mmol). The reaction mixture was stirred at
70°C for 3 h. After the mixture was concentratedy aqueous HCI solution in THF (1/3 ratio, 4 mLheT
reaction mixture was stirred at 70°C for 1 h. Afteaction was completed, the mixture was evaporaed
neutralized to approximately pH 7 by addingNINaOH. The pale solid was collected by filtratiomda
washed with HO to give5a (117 mg, 87%) as a brown solitH NMR (400 MHz, DMSO) 10.11 (s, 1H),
9.87 (t, J = 5.6 Hz, 1H), 8.81 (d] = 8.0 Hz, 1H), 7.98 — 7.94 (m, 1H), 7.39 — 7.32 &), 7.29 — 7.25 (m,

1H), 7.18 — 7.14 (m, 1H), 4.80 (@z= 6.0 Hz, 2H)

4.1.2. The representative procedure for the prepat@ain of compound 6.To a stirred solution dba (86
mg, 0.310 mmol) in MeOH (1 mL) was added 2-methtixgpamine (0.030 mL, 0.341 mmol). The mixture
was stirred at 50°C overnight. After reaction wampleted, the mixture was evaporated. To the resialu
chloroform (2 mL) was added ethyl cyanoacetate3®.0L, 0.340 mmol) and stirred at 70°C overnight.
After reaction was completed, the reaction mixtues diluted with EtOAc (20 mL) and washed with wate
(40 mL). The organic layer was dried over anhydiglgSQ, and concentrateish vacuo. The crude product
was purified by flash column chromatography to gdee(97 mg, 84%) as a yellow solitH NMR (400
MHz, DMSO-ds) & 9.27 (s, 1H), 8.90 (d, J = 6.4 Hz, 1H), 8.47 (3),18.05 — 8.00 (m, 1H), 7.58 (d, J = 8.8
Hz, 1H), 7.38 (d, J = 7.4 Hz, 1H), 7.34 — 7.29 BH), 7.26 (t, J = 7.4 Hz, 2H), 7.20 — 7.17 (m, 18157 (s,

2H), 4.29 (q, J = 14.4, 7.2 Hz, 2H), 1.33 (t, J.2 Mz, 3H); LCMS (electrospray) m/z (M+H375

4.1.3. The representative procedure for the prepat&éin of compound 7.To a stirred solution ofa (97
mg, 0.259 mmol) in THF (1 mL), MeOH (0.3 mL), and@(0.6 mL) was added lithium hydroxide (62 mg,
2.6 mmol). The mixture was stirred at room temperatovernight. After reaction was completed, the

mixture was evaporated andNIHCI (10.0 mL) was added to the residue to neaea|pH 6). The pale solid



was collected by filtration and washed withQHto give7a (63 mg, 70%) as a brown solftf NMR (400
MHz, DMSO-d) 6 9.30 (brs, 1H), 9.04 (d, J = 6.4 Hz, 1H), 8.991¢4), 8.14 — 8.10 (m, 1H), 7.71 (d, J =
8.8 Hz, 1H), 7.45 (t, J = 6.8 Hz, 1H), 7.40 — 7(¥ 6H), 5.86 (s, 2H) ); LCMS (electrospray) m/z+N)*

347.

4.1.4. The representative procedure for the prepatéon of compound 1, 8, 10, 11, and 1J0 a stirred
solution of7a (29 mg, 0.56 mmol) in DMF (1 mL) was addsenethylmorpholine (0.014 mL, 0.126 mmol),
benzylamine (0.011 mL, 0.101 mmol) and benzotriadoll-oxy-tris-(dimethylamino)-phosphonium
hexafluorophosphate (45 mg, 0.101 mmol). The reactixture was stirred at room temperature ovetnigh
After reaction was completed, the reaction mixtwas diluted with EtOAc (10 mL) and washed with
saturated brine (20 mL). The organic layer wasddoeer anhydrous MgS{nd concentrateieh vacuo. The
crude product was purified by flash column chrorgeaphy to givel (7.0 mg, 20%) as a yellow solitH
NMR (400 MHz, DMSOdg) § 11.53 (t,J = 4.8 Hz, 1H), 9.25 (m, 1H), 9.16 (s, 1H), 8.97J¢ 7.2 Hz, 1H),
8.90 (d,J = 6.4 Hz, 1H), 8.10 (s, 1H), 8.03 — 7.96 (m, 2HY,7 (s, 1H), 7.61 — 7.55 (m, 1H), 7.39 — 7.17 (m,

7H), 5.65 (s, 2H), 4.46 (m, 2H); LCMS (electrosprayz (M+H)" 436

N,1-dibenzyl-2-imino-N-methyl-5-0x0-2,5-dihydro-1Hdipyrido[1,2-a:2',3'-d]pyrimidine-3-
carboxamide (8a).Yellow solid; 'H NMR (400 MHz, DMSOsdg) § 8.88 (d,J = 6.0 Hz, 1H), 7.97 () = 8.0
Hz, 1H), 7.58 (s, 1H), 7.56 (s, 1H), 7.37 — 7.20 1®2H), 5.68 (s, 2H), 4.59 (brs, 2H), 2.87 (s, 3HF}MS

(electrospray) m/z (M+H) 450

1-benzyl-2-imino-3-(1,2,3,4-tetrahydroisoquinoline2-carbonyl)-1H-dipyrido[1,2-a:2',3'-d]pyrimidin-
5(2H)-one (8b).Yellow solid; *H NMR (400 MHz, CDCJ) 6 8.98 (d,J = 7.0 Hz, 1H), 7.92 (s, 1H), 7.78 (t,
J=8.8 Hz, 1H), 7.55 (d] = 8.5 Hz, 1H), 7.44 (d] = 7.4 Hz, 2H), 7.31 (1 = 6.8 Hz, 3H), 7.21 - 7.11 (m,

6H), 5.84 (s, 2H), 4.78 (brs, 2H), 3.86 — 3.77 2id), 2.95 (s, 2H); LCMS (electrospray) m/z (M+H62

1-benzyl-2-imino-3-(4-phenylpiperazine-1-carbonyltH-dipyrido[1,2-a:2',3'-d]pyrimidin-5(2H)-one
(8c). Yellow solid; *H NMR (400 MHz, DMSOds) 6 8.90 (d, J = 7.0 Hz, 1H), 7.97 &= 8.4 Hz, 1H), 7.61
—7.57 (m, 2H), 7.39 (dl = 7.5 Hz, 2H), 7.32 — 7.20 (m, 7H), 6.95 Jd&s 8.4 Hz, 2H), 6.81 () = 7.2 Hz,

1H), 5.68 (s, 2H), 3.64 (brs, 4H), 3.14 (brs, 4HIMS (electrospray) m/z (M+H)491



1-benzyl-2-imino-3-(4-phenylpiperidine-1-carbonyl)1H-dipyrido[1,2-a:2',3"-d]pyrimidin-5(2H)-one

(8d). Yellow solid; '"H NMR (400 MHz, CDCJ)  8.95 (d,J = 6.4 Hz, 1H), 7.76 (s, 1H), 7.63 (ddb= 8.8,
6.8, 1.6 Hz, 1H), 7.51 - 7.45 (m, 3H), 7.34 — 7(&% 4H), 7.25 — 7.18 (m, 5H), 7.07 &= 7.2 Hz, 1H),
5.79 (s, 2H), 3.21 — 2.91 (brs, 2H), 2.81 — 2.75 1), 1.99 — 1.87 (brs, 2H), 1.78 — 1.65 (m, 4HIMS

(electrospray) m/z (M+H) 490

1-benzyl-2-imino-3-(morpholine-4-carbonyl)-1H-dipyrdo[1,2-a:2',3'-d]pyrimidin-5(2H)-one (8e).
Yellow solid; '"H NMR (400 MHz, DMSO#dg) & 8.90 (d,J = 7.6 Hz, 1H), 7.99 — 7.95 (m, 1H), 7.58 {c;
8.8 Hz, 1H), 7.55 (s, 1H), 7.46 (brs, 1H), 7.39.37/(m, 2H), 7.31 — 7.25 (m, 3H), 7.20 &= 7.6 Hz, 1H),

5.66 (s, 2H), 3.63 — 3.56 (m, 4H), 3.55 -3.42 ();4.CMS (electrospray) m/z (M+H)416

1-benzyl-2-imino-5-oxo-N-phenyl-2,5-dihydro-1H-dipyido[1,2-a:2",3'-d]pyrimidine-3-carboxamide
(8f). Yellow solid; *"H NMR (400 MHz, CDC{) § 9.20 (s, 1H), 9.04 (dl = 6.8 Hz, 1H), 7.79 — 7.75 (m, 1H),
7.70 (d,J = 8.4 Hz, 2H), 7.55 — 7.48 (m, 2H), 7.39 — 7.27 &H), 7.16 — 7.12 (m, 1H), 7.06 (dii= 14.0,

7.2 Hz, 1H), 5.70 (s, 2H); LCMS (electrospray) riiverH) * 422

1-benzyl-2-imino-5-oxo-N-phenethyl-2,5-dihydro-1H-g¢byrido[1,2-a:2",3'-d]pyrimidine-3-
carboxamide (8g).Yellow solid;"H NMR (400 MHz, DMSOd) 5 9.66 (brs, 1H), 8.97 (d, = 6.8 Hz, 1H),
8.48 (brs, 1H), 8.05 (1 = 7.6 Hz, 1H), 7.62 (d] = 8.8 Hz, 1H), 7.39 — 7.20 (m, 12H), 5.74 (s, 2BI%8 (q,

J=14.0, 7.2 Hz, 2H), 2.84 (1,= 6.8 Hz, 2H); LCMS (electrospray) m/z (M+H%50

1-benzyl-2-imino-5-oxo-N-(3-phenylpropyl)-2,5-dihydo-1H-dipyrido[1,2-a:2',3"-d]pyrimidine-3-
carboxamide (8h).Yellow solid;*H NMR (400 MHz, CDGJ) § 9.05 (d, J = 7.2 Hz, 1H), 8.95 (s, 1H), 7.84
(t, J=8.0 H, 1H), 7.54 (d, J = 8.8, 1H), 7.39 — 7.80 &4H), 7.27 - 7.24 (m, 4H), 7.20 - 7.12 (m, S5HYS
(s, 2H), 3.44 (dd) = 12.8, 6.7 Hz, 2H), 2.70 (§,= 7.6 Hz, 2H), 1.94 (dt, J = 14.5, 7.3 Hz, 2H)CMS

(electrospray) m/z (M+H) 464

(R)-1-benzyl-2-imino-5-oxo-N-(1-phenylethyl)-2,5-diydro-1H-dipyrido[1,2-a:2",3'-d]pyrimidine-3-
carboxamide (8i).Yellow solid;*H NMR (400 MHz, DMSOsdg) & 11.66 (s, 1H), 9.23 (brs, 2H), 8.96 {d=
6.9 Hz, 1H), 8.73 (brs, 1H), 8.37 (brs, 1H), 8.2 8.0 Hz, 1H), 7.72 (brs, 1H), 7.60 M+ 8.8 Hz, 1H),

7.36 - 7.23 (m, 8H), 5.70 (s, 2H), 5.15 — 5.06 {#d), 1.45 (s, 3H); LCMS (electrospray) m/z (M+H50



(S)-1-benzyl-2-imino-5-o0xo-N-(1-phenylethyl)-2,5-thydro-1H-dipyrido[1,2-a:2',3'-d]pyrimidine-3-
carboxamide (8)). Yellow solid; *H NMR (400 MHz, DMSOd) & 11.67 (s, 1H), 9.20 (brs, 2H), 8.95 (,
= 6.9 Hz, 1H), 8.72 (brs, 1H), 8.30 (brs, 1H), 8(62 = 7.2 Hz, 1H), 7.72 (brs, 1H), 7.60 @= 8.8 Hz,
1H), 7.36 - 7.23 (m, 8H), 5.69 (s, 2H), 5.13 — 50 1H), 1.45 (s, 3H); LCMS (electrospray) m/z (M)}¥

450

methyl 2-(1-benzyl-2-imino-5-0x0-2,5-dihydro-1H-diyrido[1,2-a:2',3'-d]pyrimidine-3-carboxamido)-
3-phenylpropanoate (8k).Yellow solid; *H NMR (400 MHz, CDCJ) § 9.02 (d,J = 7.2 Hz, 1H), 8.97 (brs,
1H), 7.76 (tJ = 7.6 Hz, 1H), 7.48 (d] = 8.9 Hz, 1H), 7.37 — 7.29 (m, 4H), 7.24 - 7.12 @H), 5.62 (s, 2H),

5.00 (g,J = 13.2, 6.8 Hz, 1H), 3.67 (s, 3H), 3.21 — 3.11 2#); LCMS (electrospray) m/z (M+H)508

1-benzyl-N-butyl-2-imino-5-ox0-2,5-dihydro-1H-dipyrdo[1,2-a:2',3'-d]pyrimidine-3-carboxamide

(8m). Yellow solid; *H NMR (400 MHz, CDCJ) & 9.04 (d,J = 6.5 Hz, 1H), 7.78 () = 6.8 Hz, 1H), 7.52 -
7.49 (m, 1H), 7.38 — 7.29 (m, 7H), 7.14Jt= 6.0 Hz, 2H), 5.68 (s, 2H), 3.41 (dti= 12.7, 6.9 Hz, 2H),
1.61 - 1.57 (m, 2H), 1.39 (dd,= 15.2, 7.5 Hz, 2H), 0.93 (§, = 7.3 Hz, 3H); LCMS (electrospray) m/z

(M+H)* 402

1-benzyl-N-(cyclohexylmethyl)-2-imino-5-o0xo0-2,5-didro-1H-dipyrido[1,2-a:2",3"-d]pyrimidine-3-
carboxamide (8n).Yellow solid;*H NMR (400 MHz, CDCY) § 9.04 (d,J = 6.8 Hz, 1H), 8.96 (s, 1H), 7.82
(t, J= 8.0 Hz, 1H), 7.54 (d] = 9.2 Hz, 1H), 7.39 — 7.26 (m, 7H), 7.19Jt 7.2 Hz, 1H), 5.75 (s, 2H), 3.26
(t, J=6.4 Hz, 2H), 1.79 — 1.64 (m, 5H), 1.25 — 1.13 4id), 1.02 — 0.96 (m, 2H); LCMS (electrospray) m/z

(M+H) * 442

N-((1R,2S,5S)-adamantan-2-yl)-1-benzyl-2-imino-5-ax2,5-dihydro-1H-dipyrido[1,2-a:2',3'-
d]pyrimidine-3-carboxamide (80). Yellow solid; *H NMR (400 MHz, DMSOsd) & 11.66 (d,J = 8.4 Hz,
1H), 8.97 (dJ = 7.2 Hz, 1H), 8.76 (s, 1H), 8.03 — 7.99 (m, 1H)6 (s, 1H), 7.60 (d = 8.8 Hz, 1H), 7.37
— 7.25 (m, 6H), 5.72 (s, 2H), 4.08 — 4.05 (m, 1HB5 — 1.72 (m, 10H), 1.70 (s, 2H), 1.56 (M, 2HENS

(electrospray) m/z (M+H) 480

1-benzyl-N-cyclohexyl-2-imino-5-o0x0-2,5-dihydro-1Hdipyrido[1,2-a:2',3'-d]pyrimidine-3-

carboxamide (8p).Yellow solid; 'H NMR (400 MHz, CDCJ) & 9.07 (d,J = 7.6 Hz, 1H), 8.90 (s, 1H), 7.97



— 7.89 (M, 1H), 7.63 (d] = 9.2 Hz, 1H), 7.40 — 7.26 (m, 8H), 5.87 (s, 28191 (brs, 1H), 2.05 — 1.96 (m,

2H), 1.80 — 1.71 (m, 2H), 1.44 — 1.32 (m, 5H), 1=3D.19 (m, 1H); LCMS (electrospray) m/z (M+H}28

1-benzyl-2-imino-5-oxo0-2,5-dihydro-1H-dipyrido[1,2a:2',3'-d]pyrimidine-3-carbonitrile (9a). Yellow
solid; '"H NMR (400 MHz, CDC}) & 8.95 (d,J = 7.1 Hz, 1H), 8.20 (s, 1H), 7.85 — 7.81 (m, 1AH54 (d,J =
8.0 Hz, 1H), 7.46 (d] = 7.3 Hz, 2H), 7.31 - 7.28 (m, 2H), 7.24 — 7.21 {H), 7.14 (tJ = 6.4 Hz, 1H), 5.74

(S, 2H); LCMS (electrospray) m/z (M+H)328

1-benzyl-2-imino-3-(phenylsulfonyl)-1H-dipyrido[1,2a:2',3"-d]pyrimidin-5(2H)-one (9c). Yellow solid;
'H NMR (400 MHz, CDC}) & 8.96 (d,J = 6.8 Hz, 1H), 8.79 (s, 1H), 8.56 (s, 1H), 7.96X¢& 7.6 Hz, 2H),
7.79 (dddJ = 8.6, 6.7, 1.6 Hz, 1H), 7.61 (,= 7.4 Hz, 1H), 7.55 — 7.46 (m, 3H), 7.32 Jd; 7.1 Hz, 2H),

7.23 -7.17 (m, 3H), 7.10 (4= 6.8 Hz, 1H), 5.66 (s, 2H); LCMS (electrosprayyrtM+H) * 443

(S)-2-imino-5-ox0-1-phenyl-N-(1-phenylethyl)-2,54thydro-1H-dipyrido[1,2-a:2',3'-d]pyrimidine-3-
carboxamide (10b).Yellow solid; mp = 263°C!H NMR (400 MHz, CDC}) & 11.42 (s, 1H), 9.13 (s, 1H),
8.99 (d,J = 6.8 Hz, 1H), 7.68 — 7.54 (m, 3H), 7.38 Jc&5 7.6 Hz, 2H), 7.34 — 7.27 (m, 3H), 7.26 — 7.19 (m
4H), 7.06 (t,J = 6.4 Hz, 1H), 6.67 (s, 1H), 5.33 — 5.28 (m, 1#)54 (d,J = 6.8 Hz, 3H); LCMS

(electrospray) m/z (M+H) 436

(S)-1-(cyclohexylmethyl)-2-imino-5-0xo-N-(1-phenyléyl)-2,5-dihydro-1H-dipyrido[1,2-a:2',3'-

d]pyrimidine-3-carboxamide (10c). Yellow solid; mp = 145°C*H NMR (400 MHz, CDCJ) § 8.99 (d,J =
6.8 Hz, 1H), 8.91 (s, 1H), 7.90 (brs, 1H), 7.62J¢; 8.6 Hz, 1H), 7.40 (d] = 7.5 Hz, 2H), 7.33 (] = 7.5
Hz, 2H), 7.25 — 7.18 (m, 3H), 5.28 — 5.22 (m, 1443 (brs, 2H), 1.94 (s, 1H), 1.77 - 1.61 (m, 5HE6 -

1.11 (m, 5H) ; LCMS (electrospray) m/z (M+H}¥56

(S)-1-benzyl-2-imino-8-methyl-5-oxo-N-(1-phenylethy-1,5-dihydro-2H-dipyrido[1,2-a:2',3'-
d]pyrimidine-3-carboxamide (11a).Yellow solid; mp = 215°C*H NMR (400 MHz, CDC}J); 5 8.90(s, 1H),
8.87(s, 1H), 7.89(d] = 8.0Hz, 1H), 7.64(d] = 8.8Hz, 1H), 7.28-7.34(m, 9H), 7.19-7.23(m, 26{98(q,J =
8.0Hz, 2H), 5.13(qJ = 8.8Hz, 1H), 2.50(s, 3H), 1.58(s, 3H); LC/MS @tespray) m/z (M+HJ464.

(S)-1-benzyl-2-imino-9-methyl-5-oxo-N-(1-phenylethy-2,5-dihydro-1H-dipyrido[1,2-a:2',3'-
d]pyrimidine-3-carboxamide (11b).Orange solid; mp = 144°CH NMR (400 MHz, CDC}) & 8.98 (s, 1H),

8.88 (d,J = 7.2 Hz, 1H), 7.36-7.26 (m, 10H), 7.16J& 7.2 Hz, 1H), 7.06 (d] = 6.4 Hz, 1H), 5.95-5.70 (m,



2H), 5.22-5.12 (m, 1H), 2.50 (s, 3H), 1.56 (d, 8.4 Hz, 3H);LCMS (electrospray) m/z (M+H%64

(S)-1-benzyl-2-imino-10-methyl-5-oxo-N-(1-phenylel)-2,5-dihydro-1H-dipyrido[1,2-a:2',3'-
d]pyrimidine-3-carboxamide (11c).Brown solid;*H NMR (400 MHz, CDC}) & 11.18 (br s, 1 H), 8.99 (s,
1H), 8.90 (d,J = 6.8 Hz, 1H), 7.64 (d] = 6.8 Hz, 1H), 7.39-7.29 (m, 9 H), 7.21J& 7.2 Hz, 1H), 7.04 (1

= 6.8 Hz, 1H), 5.90-5.50 (m, 2H), 5.28 (quintdt 7.2 Hz, 1H), 2.44 (s, 3H), 1.52 @ = 6.8 Hz, 3H);

LCMS (electrospray) m/z (M+H)464.

(S)-1-benzyl-2-imino-10-methoxy-5-o0xo-N-(1-phenylbyl)-2,5-dihydro-1H-dipyrido[1,2-a:2",3'-
d]pyrimidine-3-carboxamide (11d). Yellow solid; *H NMR (400 MHz, CDG}) & 8.98 (s, 1H), 8.66 (dl =
6.7 Hz, 1H), 7.39 — 7.28 (m, 10H), 7.24 — 7.20 @H), 7.10 — 7.03 (m, 2H), 5.81 - 5.66 (m, 2H), 530

5.23 (m, 1H), 3.96 (s, 3H), 1.53 (s, 3H); LCMS @#tespray) m/z (M+HJ 480

(S)-1-benzyl-8-fluoro-2-imino-5-oxo-N-(1-phenylethly-2,5-dihydro-1H-dipyrido[1,2-a:2",3'-

d]pyrimidine-3-carboxamide (11e).Brown solid; mp = 120°C*H NMR (400 MHz, CROD) & 9.19 (s,
1H), 9.11 (t,J = 3.2 Hz, 1H), 8.20-8.15 (m, 1H), 7.83 (dt= 9.6, 4.8 Hz, 1H), 7.43 (d,= 7.2 Hz, 2H),
7.37-7.24 (m, 8H), 6.03-5.92 (m, 2H), 5.26 (4= 6.8 Hz, 1H), 1.61 (dJ = 7.2 Hz, 3H); LCMS

(electrospray) m/z (M+H) 468

(S)-1-benzyl-10-fluoro-2-imino-5-oxo-N-(1-phenyletl)-1,5-dihydro-2H-dipyrido[1,2-a:2",3'-
d]pyrimidine-3-carboxamide (Compound 11f).Brown solid; mg = 235C; *H NMR (400 MHz, CDCJ);
58.87(s, 1H), 8.83(s, 1H), 8.25(d,= 7.2Hz, 1H), 7.87(dJ = 8.0Hz, 1H), 7.54(dJ = 7.2Hz, 1H), 7.25-
7.30(m, 9H), 7.15-7.20(m, 2H), 5.95(d,= 8.0Hz, 2H), 5.11(q) = 7.2Hz, 1H), 1.58(s, 3H); LC/MS
(electrospray) m/z (M+H)468.

(S)-1-benzyl-8-chloro-2-imino-5-o0xo-N-(1-phenyletl)-2,5-dihydro-1H-dipyrido[1,2-a:2',3'-
d]pyrimidine-3-carboxamide (11h). Yellow solid; mp = 163°C*H NMR (400 MHz, CDC}) § 9.04 (d,J =
1.6 Hz, 1H), 8.98 (br s, 1H), 7.71 @@= 8.8 Hz, 1H), 7.45 (d] = 9.6 Hz, 1H), 7.38-7.24 (m, 10H), 5.80-
5.50 (m, 2H), 5.27 (quinted,= 7.2 Hz, 1H), 1.54 (d, J = 6.8 Hz, 3H); LCMS (tespray) m/z (M+HJ484,

468 (ClI- isotope pattern).

(S)-1-benzyl-10-chloro-2-imino-5-o0xo-N-(1-phenylet)-1,5-dihydro-2H-dipyrido[1,2-a:2",3'-

d]pyrimidine-3-carboxamide (11i). Brown solid; mp = 237°C*H NMR (400 MHz, CDGJ); 5 8.90(s, 1H),



8.87(s, 1H), 8.27(d] = 7.2Hz, 1H), 7.85(d] = 5.2Hz, 1H), 7.34(d] = 7.8Hz, 1H), 7.21-7.33(m, 9H), 7.20-
7.22(m, 2H), 6.02(gJ) = 8.0Hz, 2H), 5.13(qJ) = 7.2Hz, 1H), 1.55(s, 3H); LC/MS (electrospray)zm/

(M+H)* 484.

(S)-1-benzyl-2-imino-5-o0xo-N-(1-phenylethyl)-9-(tfluoromethyl)-2,5-dihydro-1H-dipyrido[1,2-a:2',3'-
d]pyrimidine-3-carboxamide (11j). Yellow solid; mp = 165°C*H NMR (400 MHz, CDC}) & 11.39 (br s,
1H), 9.10 (d,J = 7.2 Hz, 1H), 9.03 (br s, 1H), 7.73 (s, 1H), 7865 (m, 11H), 5.80-5.49 (m, 2H), 5.27

(quintet,J = 6.8 Hz, 1H), 1.54 (d] = 6.4 Hz, 3H); LCMS (electrospray) m/z (M+H518.

4-(trifluoromethyl)benzyl 1-(1-(3,4-dichlorophenylethyl)-2-imino-8-methyl-5-oxo-1,5-dihydro-2H-
dipyrido[1,2-a:2',3-d]pyrimidine-3-carboxylate (12a). Yellow solid; mp = 119°C*H NMR (400 MHz,
CDs;OD) & 8.77 (s, 1H), 8.56 (brs, 1H), 7.85 (b 8.4 Hz, 1H), 7.64 (d] = 8.0 Hz, 2H), 7.55 (d] = 10.8
Hz, 3H), 7.47 — 7.40 (m, 2H), 7.31 @ 8.0 Hz, 1H), 4.60 (s, 2H), 2.41 (s, 3H), 2.0((&; 6.8 Hz, 3H),;

LCMS (electrospray) m/z (M+H)600, 602 (Clisotope pattern).

1-(4-fluorophenyl)cyclopropyl 2-imino-8-methyl-5-00-1-(4-(trifluoromethoxy)benzyl)-1,5-dihydro-
2H-dipyrido[1,2-a:2',3'-d]pyrimidine-3-carboxylate (12b). Yellow solid; *H NMR (400 MHz, CROD);
58.91 (br s, 2H), 7.98 (d, = 7.2 Hz, 1H), 7.63 (d] = 9.2 Hz, 1H), 7.46-7.37 (m, 4H), 7.24 (b= 8.4 Hz,
2H), 7.02 (t,J = 8.8 Hz, 2H), 5.74 (br s, 2H), 2.48 (s, 3H), 11387 (m, 4H); LCMS (electrospray) m/z

(M+H)* 578.

4-(trifluoromethyl)benzyl 2-imino-8-methyl-5-oxo0-14(4-(trifluoromethoxy)benzyl)-1,5-dihydro-2H-
dipyrido[1,2-a:2',3"-d]pyrimidine-3-carboxylate (12c). Yellow solid.*"H NMR (400 MHz, CDCJ); 59.13
(s, 1H), 8.81 (s, 1H), 7.73 (d,= 8.8 Hz, 1H), 7.53-7.44 (m, 5H), 7.34 (d+ 8.4 Hz, 2H), 7.15 (d] = 8.0

Hz, 2H), 5.82 (br s, 2H), 4.61 (d= 5.2 Hz, 2H), 2.43 (s, 3H); LCMS (electrosprayyriM+H)" 602.

[1,1'-biphenyl]-4-yImethyl 2-imino-8-methyl-5-oxo-E(4-(trifluoromethoxy)benzyl)-1,5-dihydro-2H-
dipyrido[1,2-a:2',3'-d]pyrimidine-3-carboxylate (12d). Yellow solid; *"H NMR (400 MHz, CROD);
59.23 (s, 1H), 8.98 (s, 1H), 8.08 (db 9.2, 2.0 Hz, 1H), 7.71 (d,= 9.2 Hz, 1H), 7.63-7.56 (m, 4H), 7.48
(d, J = 8.0 Hz, 2H), 7.45-7.40 (m, 4H), 7.35-7.27 (m)36101 (br s, 2H), 4.65 (s, 2H), 2.51 (s, 3H); LEM

(electrospray) m/z (M+H)610.



4.2. Biological evaluation

4.2.1. HCVcc assay

Cell culture derived infectious HCV (HCVcc) was guzed by transfection ah vitro transcribed HCV
RNA genome as described previously [18]. Huh-7 s cgere seeded in 384-well plates, incubated with
serially diluted compounds and inoculated with amllture adapted HCVcc, expressing an NS5A-GFP
fusion protein, 2 h after compound treatment. Ath7@ost-infection, HCV infection rates and cytotowi

were determined as previously reported [19].

4.2.2. HCVpp assay

HCV E1/E2-pseudotyped (or VSV-G pseudotyped as rdral) lentiviral particles expressing Rirefly
luciferase reporter gene were used in HCV pseudiofgar(HCVpp) production by co-transfection of
plasmids expressing vesicular stomatitis virus (Y8kvelope and human immunodeficiency virus Gag-Pol
as described previously [20]. Comparable amountd@¥pp and VSVGpp were used in every experiment.
Briefly, Huh-7 target cells were plated in 384-wplhtes, treated with compounds for 2 h followed by
transduction with HCVpp or VSVGpp. At 12 h postnisduction, the cells were washed with PBS 3-times
and cells further incubated in fresh media untilh7gost transduction. Transduction rate and inioilbibf

HCVpp infection were evaluated by DRC analysis ragag luciferase activity using Bright-Glo (Promégga

4.2.3. HCV replication assay

HCV subgenomic replicon cells expressing an NS5A@Iksion protein were seeded in 384-well plates and
incubated at 37°C with serially diluted compounds 8 days [21]. HCV replication was assessed by
determining the percentage of GFP-positive celle EGo and CGy values were calculated by non-linear

regression using Prism 5.0v software (Graph Path@oé) [19].

4.3. Microsomal metabolic stability assay

Compounds (2M final concentration in 0.02 % DMSO) were inculzht@th 0.5 mg/mL human liver (pool

of 200, mixed gender, Xenotech) and rat male (BDt€st) microsomes in potassium phosphate buffex. Th



reaction was initiated by the addition of NADPH atdpped either immediately or at 10, 20, 30 andh60

for a precise estimation of clearance. A triple djugole Quattro Premier™ mass spectrometer (Waters,
Milford, MA) with electrospray ionization (ESI) waamployed for sample analysis. Samples were passed
through trapping cartridges (Acquity BEH RP18 50 x2x1 mm, 1.7um, Waters, Milford, MA) followed

by an analytical column. The mobile phases werewAjer with 0.1% of formic acid and (B) acetonéril
with 0.1% of formic acid at a flow rate of 0.4 mliim The LC conditions were 5% B at Omin, a linear
gradient from 5 to 50% B over 0.5 min, held at 5f@##0.25 min, then ramped from 50 to 95% over 0.25
min, followed by 95% B for 0.75 min and back to Bver 0.25 min, then held at 5% B for the remainin
0.75 min. The percentage of the remaining compauasl calculated by comparing with the initial quanti

at 0 min. Half-life was then calculated based ostforder reaction kinetics.
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Highlights:

An iminodipyridinopyrimidine (IDPP) scaffold was identified by phenotypic HTS using

infectious HCV.

IDPP exhibited anti-HCV activity on early and late steps of the vira cycle, but not on HCV

RNA replication.

One IDPP derivative has a selectivity index >220,000 which is predestinated to conveniently

study the HCV life cycle.

Furthermore, a drugable IDPP lead compound was identified which could be developed to a

therapeutic HCV intervention.



