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Abstract:

Using a dengue replicon cell line-based screeningwe identified
3-(dimethylamino)propyl(3-((4-(4-fluorophenyl)-1-oghthalazin-2(1H)-yl)methyl)phenyl)carba
mate (0a) as a potent DENV-2 inhibitor, with an JCvalue of 0.64uM. A series of novel
phthalazinone derivatives based on Ha were synthesized and evaluated for thaiwitro
anti-DENV activity and cytotoxicity. The subsequeBfR study and optimization led to the
discovery of the most promising compoubdl, which displayed potent anti-DENV-2 activity,
with low ICsq value against DENV-2 RNA replication of 0.1®1 and high selectivity (SI = 89.2)
with acceptable pharmacokinetics profiles.
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1. Introduction

Dengue Virus (DENV) belongs to the genbkavivirus, family Flaviviridae, which inclu
des Flavivirus, Pestivirius, and Hepacivirus. Thengme of Dengue Virus is a positive-sen
se, single-stranded RNA of approximately 11 kb,oeliy three structural proteins (capsid,
premembrane and envelop) and seven non-structuoéips (NS1, NS2A, NS2B, NS3, N
S4A, NS4B and NS5). Dengue Virus contains four types, known as DENV-1-4[1-4].

Dengue, generally transmitted #edes mosquitos, remains a major public health issue i
n tropical and subtropical areas, which is strongbsociated with flu-like symptoms, life-t
hreatening dengue hemorrhagic fever (DHF) and derghock syndrome (DSS)[5-7]. Indee
d, one recent estimate indicates 390 million denmfiections per year, of which about 96

million develop symptoms[8]The incidence of dengue has grown dramatically regothe
world in recent years[8].

Currently, there is still no drugs available foe ttieatment of DENV. Indeed, the treatment of
dengue infections is confined to symptomatic alidon and supportive care. Thus, the
development of effective and safe anti-DENV thetdijos remains of utmost importance. With
the understanding of the dengue pathogenesiseirettent years, a number of anti-DENV agents



targeting both dengue viral and host proteins Hasen discovered, including entry inhibitors,
capsid inhibitors, NS4B inhibitors and proteasehitbrs[9-20].Among them, Celgosivir, is under
clinical trial currently.Dengue vaccine developed by Sanofi Pasteur hasliséeshin more than
10 countries including United States, India, Ad&raMexico and Brazil to prevent dengue
fever[21].

Figurel

High-throughput phenotypic screening is a powetdal to identify compounds that targeting
either viral proteins and/or host proteins, which assential for viral replication. As a result of
DENV-2 screening of our in-house collection of campds, a novel chemical compound
3-(dimethylamino)propyl(3-((4-(4-fluorophenyl)-1-oghthalazin-2(1H)-yl)methyl)phenyl)carba
mate (0Oa, Figure 2) was identified as a potent DENV intohitwith an Gy value of 0.64uM
against DENV-2 RNA replicationin vitro. In consideration of its novel structural scaffold
differing from those of all reported DENV inhibigrhere we studied further the structure-activity
relationships (SARS) of the related class of commglsito find the lead compound.

Figure2

2. Resaults and discussion
2.1 Chemistry

The synthetic route of compound$a-10e was depicted in Scheme 1. 4-Chloro-4a,8a-di
hydrophthalazin-1(2H)-one6) was synthesized by the reported procedure[22ipiny of
6 with 4-fluorobenzeneboronic acid by a Suzuki rieectproduced intermediaté. Aniline
ring containing intermediate8 was generated fror@ by using sequences involving N-ben
zylation or Chan-Lam reaction[23] followed by nitgroup reduction[24]. Then, condensati
on reaction of9 with 4-(dimethylamino)butan-1-ol in the presendetmgphosgene and Bl
produced the target compoundi8a-10e.

Scheme 1

The synthesis of compoundda-11d was outlined in Scheme 2la was prepared by the
condensation reaction 8t with the acyl chloride. Therila was reduced with LiAllito afford
11b. Alternatively,the target compoundic and11d were formed by condensation reactions of
9c with the corresponding alcohol or amine in thespree of triphosgene and;Et respectively.

Scheme 2 and 3

The synthesis ofi4a-14p was shown in Scheme 3. N-Benzylation of phthatazét with
4-nitrobenzyl bromide followed by reduction of nitgroup provided the key intermedidla.
Intermediated3 were obtained by carrying out Suzuki cross cogpteactions. Then, the target
compounds 14a-14p were formed by the condensation reactions 18 with the
4-(dimethylamino)butan-1-ol in the presence ofttapgene and Bl

2.2 SAR development and lead generation

The potential anti-DENV-2 activity and cytotoxicitf the synthesized phthalazinone analogues,
were evaluated in Huh 7 cells. The results are sanzed in Tables 1-4. The concentration of the
compound that achieved 50% inhibition {Cand 90% inhibition (Ig) of DENV-2 RNA
replication. The concentration of the compoundrdgll50% (CGo) of the Huh 7 cells represented



the cytotoxicity. The selectivity index (Sl), a mapharmaceutical parameter for specific antiviral
activity, was determined as the radio of:gf® I1Cs.

As shown in Table lpara-substitutionmeta-substitution {0a, 10b) analogues showed good
anti-DENV-2 activity with their 1G, values of 0.64 and 0.6aM against DENV RNA-2
replication, respectively. However, the anti-DEN\&@ivity was decreased dramatically when the
carbamate group was moved from thmeta (10a) to the ortho (10c) position. In addition,
introducing a methyl group at the carbon atdddj or shortening the linker chairi(de) had
negative effects on antiviral activity. It was rekable that compountiOb, with carbamate group
on para position, showed the potent antiviral activity 4G 0.62uM) and the highest SlI (30.7).
Thus, compoundOb was selected as the benchmark compound for theefuoptimization.

Table1

Then, to identify the optimal side chain, modificat of carbamate groups was subsequently
achieved as shown in Table 2. Compo@adwithout the carbamate group, completely lost the
anti-DENV-2 activity. When the replacement of therbamate of compountiOb with amide,
amine or carbamide produced derivatidds-11c, the decreasing of anti-DENV-2 activity was
observed. In addition, compouridd without the terminal hydrophilic dimethylamino gm
decreased the maximum inhibitory activity dramaycdlCoo > 80 puM), indicating that the
terminal hydrophilic group was important for potantiviral activity.

Table 2

The further focused modification on the B ring dithmlazinone was achieved by introducing
various heteroaryl rings. The anti-DENV-2 activdapd cytotoxicity of analoguesa-14e were
summarized in Table 3. The pyrimidyl analoglda, with 1Cso value of 0.46uM, exhibited
comparable anti-DENV-2 activities and lower cytdtity (CCsq = 65.29 uM) compared to
compoundl0b. However, its maximum inhibitory activity was deased dramatically with g
value of 62.38M. Replacement of phenyl with pyridyl4b and14c) or N-methylpyrazolel4d),
also resulted in a remarkable decreasing in aatiyiotency. Furthermore, the phenyl analogue
14e showed higher anti-DENV-2 activities and lower atgkicity compared to heteroaryl
analogue (Ig = 2.68uM, CCso = 16.04uM).

Table 3

The further SAR exploration was mainly focusedtloe substituents of the phenyl moiety. As
shown in Table 4. Compound4f-14p all showed the comparable anti-DENV-2 activitidthwthe
variety of the substitution. Generally, compoundthuhe different electronic substitution @dra
andmeta position exhibited better activity than compoumdth substitution abrtho position. The
compoundl4j or 14l with OCH; or CF; substitution atmeta position exhibited the significant
activity than other compounds. Combined the comatam with the 1G,, ICqo and SI, Compound
14l showed the most potency against DENV RNA replicativith 1Go and 1Gg values of 0.13
and 1.05uM, respectively.

Table4

Compound14l was then selected for the further evaluation & gharmacokinetics (PK)
profiles. The results of Table 5 showed thdt was absorbed after oral dosing at 10 mg/kg,
reaching the maximum plasma concentratiop.§®f 94.5 ng/mL at an average time.&J) of 8 h.

Its oral half-time (T,) and the AUG; value were 2.91 h and 883 ng*h/mL, respectivelye T
average bioavailability (F) df4l was calculated at 34.9%.
Table5



2.3 Molecular Docking of lead compoutdl

Molecular docking studies were performed to inggge the binding mode betweg#l and the
known anti-dengue targets including NS3 proteaspsid protein, RNA polymerase, envelop
protein and methyltransferase, using Autodock \irfa2 [25]. The score results showktl had
the strongest affinity with NS3 protease (Table, $Adlicating 141 preferred to bind with NS3
protease. As shown in Fig.324l adopted a compact conformation to bind insidehefgocket of
NS3 protease. The further analysis showed thapltitiealazinone core of thell was located at
the hydrophobic pocket, surrounded by the residims128, Phe-130, Pro-132, Tyr-150 and
Tyr-161 (Fig. 3B). A key hydrogen bond interactioras observed between the carbonyl of
carbamate and the residue Gly-153 (bond distanted2 Moreover, the phenyl group containing
trifluoromethyl formedr-n interaction with the residue Tyr-161. The abovdenwlar simulations
provided some valuable information for next taigentification.

Figure3

3. Conclusions

In conclusion, a series of novel phthalazinonevagities based on hit0a were synthesized
and evaluated for thein vitro anti-DENV RNA replication and cytotoxicity. The RAresults
showed that the carbamate with a terminal hydrapliloup is crucial for its excellent antiviral
activity. The SAR study and structural modificatilmd to the discovery of the most promising
compoundl4l, which displayed the potent anti-DENV activity,thvilCsy value against DENV-2
RNA replication of 0.13uM and high selectivity (SI = 89.2Further mechanism study and
drug-like optimization ofi4l are currently under investigation. Overall, thdepb activity, the
synthetic ease and the desirable pharmacokinetifdegs for 14| as an attractive lead candidate,
is worthy for further investigation on the treatrhehDENYV infection.

4.1 General information

'"H NMR and**C NMR spectral data were recorded on with Variamddey 500, 400 or 300
NMR spectrometer and Chemical shify (vere reported in parts per million (ppm), and the
signals were described as brs (broad singlet)pdhlét), dd (doublet of doublet), m (multiple), q
(quarter), s (singlet), and t (triplet). Couplingnstants J values) were given in Hz.
Low-resolution mass spectra (ESI) was obtainedgusigilent HPLC-MS (1260-6120B) and all
final compounds had purity >95% determined by uditigh Pressure Liquid Chromatography
(HPLC) using a ZorbaxEclipase XDB-C18 column elgtimith a mixture of MeCN/Water (V:V =
70: 30).

4.2 General procedure for preparation of 4-chlorophthalazin-1(2H)-one (6)
1,4-Dichloro-4a,8a-dihydrophthalazine (10 g, 50 Mmas dissolved in AcOH (100 mL) and
the resulting mixture was refluxed at 120 for 5 h. The solvent was removed under reduced
pressure and the residue was washed with water3@ mL) and dried through vacuum drying

oven to get crude produias white solid. Yield 94% (8.50 g4 NMR (400 MHz, CDC}) § 9.94
—9.87 (m, 1H), 8.48 (d] = 8.0 Hz, 1H), 8.07 (d] = 8.0 Hz, 1H), 8.00 — 7.87 (m, 2H). MS (ESI)
calcd for GH,CIN,O [M+H]" 181.0, found 181.0

4.3 General procedure for preparation of 4-(4-fluorophenyl)phthalazin-1(2H)-one (7)



To a solution of6 (8.50 g, 47.00 mmol) in 1,4-dioxane (200 mL) angDH40 mL) was
successively added (4-fluorophenyl)boronic aci@ 14, 51.50 mmol), Pd(dpp6l, (1.71 g, 2.34
mmol), and CgCO; (30.00 g, 92.00 mmol).The resulting mixture waged at 100°C for 12 h
under argon atmosphere. Then the reaction mixtuae @ooled to room temperature and was
concentrated ivacuo. Then the mixture was diluted with water and eoterd with ethyl acetate.
The combined organic layer was washed by satusddium chloride solution for three times,
dried over anhydrous N&0O, and concentrated under reduced pressure. Thaieesids purified
by silica gel chromatography to gi7eas a pale yellow solid. Yield 30% (3.60 §). NMR (400
MHz, CDCk) 6 8.46 (ddJ=7.7, 1.1 Hz, 1H), 8.02 — 7.96 (m, 1H), 7.86 (dtd 17.7, 7.3, 1.4 Hz,
2H), 7.36 (d,J = 8.4 Hz, 2H), 6.66 (dJ = 8.5 Hz, 2H), 5.27 (s, 2H). MS (ESI) calcd for
C1aH10FN,O [M+H]* 241.1, found 241.1

4.4 General procedure for preparation of 8

A mixture of the corresponding bromides (1.51 mnawifi7 (0.30 g, 1.26 mmol) in DMF (30
mL) was added with GEO;(0.49 g, 1.51 mmol). The reaction was stirred fdr &t 50 °C, and
then followed by dilution with water (150 mL). Tieixture was extracted with ethyl acetate (50
mL X 3). The combined organic layer was washed by watetwo times and saturated sodium
chloride solution for one time, dried over anhydrddgSO, and concentrated under reduced
pressure. The residue was purified by silica gedriatography to affor8a-8d.

4-(4-fluorophenyl)-2-(2-nitrobenzyl)phthalazin-1(Edne 8a).

Yellow oil (385mg, 81 %)'H NMR (400 MHz, CDC}) & 8.58 — 8.53 (m, 1H), 8.38 (s, 1H),
8.17 (ddJ=8.2, 1.2 Hz, 1H), 7.90 — 7.78 (m, 3H), 7.74 (@€,6.9, 2.1 Hz, 1H), 7.64 — 7.51 (m,
3H), 7.25 (dJ = 8.6 Hz, 2H), 5.57 (s, 2H). MS (ESI) calcd fonlg;sFNsO3 [M+H] " 376.1, found
376.1

4-(4-fluorophenyl)-2-(3-nitrobenzyl)phthalazin-1(dne @b).

White solid (298mg, 63%}H NMR (400 MHz, CDC}) 5 8.59 — 8.55 (m, 1H), 8.13 — 8.08 (m,
1H), 7.86 — 7.76 (m, 3H), 7.62 — 7.53 (m, 3H), 7=4B.43 (m, 1H), 7.28 — 7.20 (m, 3H), 5.881d,
= 24.0 Hz, 2H). MS (ESI) calcd for,g:sFNsO; [M+H]" 376.1, found 376.1

4-(4-fluorophenyl)-2-(4-nitrobenzyl)phthalazin-1(Edne @c).

Yellow solid (287mg, 60%)*H NMR (400 MHz, CDC})  8.55 (dd,J = 6.8, 2.4 Hz, 1H), 8.22
(s, 1H), 7.85—-7.81 (m, 2H), 7.75JtF 2.8 Hz, 1H), 7.67 (d] = 8.7 Hz, 2H), 7.61 — 7.55 (m, 3H),
7.24 (d,J = 8.6 Hz, 2H), 5.56 (s, 2H). MS (ESI) calcd fo;8,5FN;O; [M+H]" 376.1, found
376.1

4-(4-fluorophenyl)-2-(1-(4-nitrophenyl)ethyl)phtlaain-1(2H)-one4&d)

White solid (266mg, 54%}H NMR (400 MHz, CDC}) 5 8.57 — 8.52 (m, 1H), 8.22 — 8.16 (m,
2H), 7.78 (ddddJ = 9.1, 7.7, 5.8, 2.2 Hz, 3H), 7.69 Jt= 8.3 Hz, 2H), 7.60 — 7.54 (m, 2H), 7.28
- 7.22 (m, 2H), 6.58 (gJ = 7.1 Hz, 1H), 1.91 (dJ = 7.1 Hz, 3H). MS (ESI) calcd for
CaH17FN303 [M+H] " 390.1, found 390.1

4.5 General procedure for preparation of 4-(4-fluorophenyl)-2-(4-nitrophenyl)phthalazin-1
(2H)-one (8e).



To a solution of7 (0.30 g, 2.50 mmol) in DMF (20 mL) was added (#ephenyl)boronic acid
(0.47 g, 5.50 mmol), pyridine (0.39 g, 10.00 mmatd Cu(OAc) (0.035 mg, 0.35 mmol). The
reaction was stirred for 12 h at room temperatmaen oxygen atmosphere. Then the mixture was
poured into water (60 mL) and was extracted withyleticetate (20 mk 3). The combined
organic layer was washed by water for two times saitdrated sodium chloride solution for one
time, dried over anhydrous B&0O, and concentrated under reduced pressure. Theueesids
purified by silica gel chromatography to affodd. Yield 89% (400 mg)*H NMR (400 MHz,
CDCl) 6 8.70 - 8.62 (m, 1H), 8.38 {,= 8.8 Hz, 4H), 8.09 (s, 1H), 7.91 - 7.88 (m, 1HB2 (d,J
= 8.8 Hz, 3H), 7.67 (dd] = 8.7, 5.2 Hz, 2H). MS (ESI) calcd fordEl;sFN;O; [M+H]" 362.1,
found 362.1

4.6 General procedure for preparation of 10

To a solution o8 (1.00 mmol) in'PrOH (30 mL) was added,Bin, (1.01 g, 4.00 mmol) and
KO'Bu (0.028 g, 2.50 mmol). The reaction was stirred 0 °C. After 12 h, the mixture was
cooled to room temperature and was concentratedam. Then the mixture was diluted with
water and extracted with ethyl acetate. The conwbimganic layer was washed by saturated
sodium chloride solution for three times, dried ro@ehydrous NgO, and concentrated under
reduced pressure. The residue was purified byagjjed chromatography to gige

To a stirred solution 09 (0.29 mmol) and triphosgene (0.086 g, 0.33 mmolanhydrous
dichloromethane (5 mL) at @ was added triethylamine (0.12 mL, 0.87 mmol) unu&ogen
atmosphere. Then a solution of 4-(dimethylamin@htt-ol (0.87 mmol) in dichloromethane (5
mL) was added. The mixture was stirred at room tmatpre overnight, diluted with
dichloromethane (15 mL) and washed with water @D>mL). The organic phases were separated,
combined, dried over anhydrous #8&,and concentrated ivacuo. The residue was purified by
using column chromatography to afford the corregpunproductlOa-10e.

4-(dimethylamino)butyl(3-((4-(4-fluorophenyl)-1-ogbthalazin-2(1H)-yl)methyl)phenyl)carba
mate (0a).

Yellow solid (57mg, 51%, 2 stepsH NMR (400 MHz, CDCJ) & 8.56 — 8.53 (m, 1H), 7.78
(dd,J=8.8, 7.1, 3.6 Hz, 2H), 7.74 — 7.70 (m, 1H), 7-64.59 (m, 2H), 7.45 (s, 2H), 7.26 JtF
1.9 Hz, 1H), 7.24 (s, 1H), 7.22 (s, 1H), 7.20J¢; 7.7 Hz, 1H), 5.45 (s, 2H), 4.17 {t= 6.4 Hz,
2H), 2.38 — 2.31 (m, 2H), 2.27 (s, 6H), 1.70 (dc; 14.2, 6.8 Hz, 2H), 1.62 — 1.56 (m, 28iC
NMR (126 MHz, CDCJ) 6 163.31 (d,J = 249.0 Hz), 159.01, 153.55, 146.19, 138.19, 137.8
132.93, 131.49, 131.43, 131.21 {d+ 3.3 Hz), 129.29, 129.15, 128.40, 127.44, 126.423.57,
118.87, 118.08, 115.77, 115.60, 64.96, 59.09, 5485.24 , 26.76, 23.83. MS (ESI) calcd for
CagH3gFN4O3 [M+H]" 489.2, found 489.2

4-(dimethylamino)butyl(4-((4-(4-fluorophenyl)-1-ogbthalazin-2(1H)-yl)methyl)phenyl)carba
mate (Ob).

Yellow solid (44mg, 45%, 2 stepsH NMR (400 MHz, CDC}) 5 8.56 — 8.52 (m, 1H), 7.77 (tt,
J=8.6, 3.6 Hz, 2H), 7.72 — 7.68 (m, 1H), 7.61557(m, 2H), 7.49 (dJ = 8.5 Hz, 2H), 7.37 (d]
= 7.7 Hz, 2H), 7.24 (t) = 8.6 Hz, 2H), 5.43 (s, 2H), 4.17 §t= 6.3 Hz, 2H), 2.39 (d] = 7.5 Hz,
2H), 2.29 (s, 6H), 1.69 (dd,= 13.4, 6.8 Hz, 2H), 1.61 (dd,= 10.2, 5.2 Hz, 2H)'*C NMR (126



MHz, CDCE) § 163.30 (d,J = 249.0 Hz), 158.93, 153.58, 146.10, 137.56, 182181.93, 131.44
(d,J = 5.0 Hz), 131.36, 131.27, 129.67, 129.11, 128123,41, 126.42, 118.73, 115.79, 115.61,
64.88, 59.01, 54.47, 45.13, 26.70, 23.70. MS (E8Kd for GgH3oFN4O3 [M+H]* 489.2, found
489.2.

4-(dimethylamino)butyl(2-((4-(4-fluorophenyl)-1-ogbthalazin-2(1H)-yl)methyl)phenyl)carba
mate @0Oc).

Yellow solid (42mg, 43 %, 2 stepsH NMR (400 MHz, CDC}) & 9.66 (s, 1H), 8.55 (ddl =
7.7, 1.1 Hz, 1H), 7.89 (s, 1H), 7.83 (dds 14.9, 7.2, 1.5 Hz, 2H), 7.74 (@= 7.8 Hz, 1H), 7.66
(dd,J=7.7, 1.5 Hz, 1H), 7.64 — 7.59 (m, 2H), 7.38 327(m, 1H), 7.30 (d) = 2.1 Hz, 1H), 7.28
—7.25 (m, 1H), 7.14 — 7.07 (m, 1H), 5.44 (s, 2426 (t,J = 6.2 Hz, 2H), 3.09 — 3.01 (m, 2H),
2.77 (s, 6H), 1.99 (dd} = 15.7, 8.2 Hz, 2H), 1.86 (dd,= 13.6, 6.5 Hz, 2H). MS (ESI) calcd for
CagH3gFN4O3 [M+H]" 489.2, found 489.2.

4-(dimethylamino)butyl(4-(1-(4-(4-fluorophenyl)-xophthalazin-2(1H)-yl)ethyl)phenyl)carba
mate (0d).

Yellow solid (59mg, 48%, 2 stepsiH NMR (400 MHz, CDC}) 5 8.53 (dd,J = 6.3, 2.7 Hz,
1H), 7.79 — 7.71 (m, 3H), 7.59 — 7.54 (m, 2H), 7(d8) = 8.6 Hz, 2H), 7.40 (d] = 8.4 Hz, 2H),
7.23 (t,J = 8.7 Hz, 2H), 6.48 (¢J = 7.1 Hz, 1H), 4.16 (1) = 6.1 Hz, 2H), 2.84 — 2.78 (m, 2H),
2.61 (s, 6H), 1.84 (s, 2H), 1.83 @= 7.1 Hz, 3H), 1.76 — 1.68 (m, 2H). MS (ESI) cafod
CagH3FN4O3 [M+H] " 503.2, found 503.2.

4-(Dimethylamino)butyl(4-(4-(4-fluorophenyl)-1-oxb8a-dihydrophthalazin-2(4aH)-yl)phenyl
)carbamatelQe)

Yellow solid (55mg, 53%, 2 step¥ NMR (400 MHz, CDC})) & 8.66 — 8.60 (m, 1H), 7.84 (dq,
J=7.1,55Hz, 2H), 7.77 (d,= 7.1 Hz, 1H), 7.70 — 7.63 (m, 4H), 7.53 {d; 8.3 Hz, 2H), 7.24
(t, J= 8.7 Hz, 2H), 4.22 () = 6.4 Hz, 2H), 2.43 (d] = 7.5 Hz, 2H), 2.33 (s, 6H), 1.77 — 1.71 (m,
2H), 1.66 (dJ = 7.1 Hz, 2H). MS (ESI) calcd forsg@H,6FN,O3 [M+H] " 475.2, found 475.2

4.7 General procedure for preparation of 4-(dimethylamino)-N-(4-((4-(4-fluorophenyl)-1-ox
ophthalazin-2(1H)-yl)methyl)phenyl)butanamide (11a)

To a stirred solution of 4-(dimethylamino)butanaicid (70 mg, 0.42 mmol) in anhydrous
dichloromethane (10 mL) at®C was added oxalyl chloride (0.11 mL,1.25 mmol) &ndF (cat).
After 3 h, the solvent was removed under reducesgsure and the residue was dissolved with
anhydrous THF (10 mL) to get acyl chloride intermaéel Then acyl chloride intermediate was
slowly added to the solution 6 (97mg, 0.35mmol) and E (0.12 mL, 0.83 mmol) at &C. The
organic phases were separated, combined, dried angydrous Ng50O, and concentrated in
vacuo. The residue was purified by using colummetatography to afford thEla.

Yellow solid (98mg, 61%)'H NMR (400 MHz, CDC}) § 9.86 (s, 1H), 8.51 (dd,= 6.8, 2.5 Hz,
1H), 7.76 (ddtJ = 9.8, 7.1, 3.4 Hz, 2H), 7.69 (di,= 6.5, 3.2 Hz, 1H), 7.56 (ddd,= 17.4, 8.7,
5.3 Hz, 4H), 7.47 (d) = 8.5 Hz, 2H), 7.26-7.19 (m, 2H), 5.42 (s, 2H),12(8d,J = 14.2, 7.3 Hz,



4H), 2.37 (s, 6H), 1.94- 1.86 (m, 2H)*C NMR (126 MHz, CDCI3) 171.21, 163.30 (d, J =
248.9 Hz), 158.93, 146.11, 138.35, 132.91, 132120,45 (d, J = 5.4 Hz), 131.36, 131.23 (d, J =
3.2 Hz), 129.44, 129.10, 128.40, 127.36, 126.48.5[1, 115.79, 115.61, 58.59, 54.59, 44.66,
36.07, 22.35. MS (ESI) calcd fonfEl,sFN,O, [M+H] " 459.2, found 459.2.

4.8 General procedure for preparation
of2-(4-((4-(dimethylamino)butyl yami no) benzyl)-4-(4-fluorophenyl )phthal azin-1(2H)-one (11b)

To a solution ofl1a (90 mg, 0.20 mmol) in anhydrous THF (20 mL) wadetiLiAIH, (9 mg,
0.24 mmol) at refluxing. After 2 hours, the solvewmas removed under reduced pressure. The
residue was purified by using column chromatographgfford thellb.

Yellow solid (70mg, 78%)'H NMR (400 MHz, CDC}) & 8.54 (d,J = 7.4 Hz, 1H), 7.81 - 7.68
(m, 3H), 7.62 - 7.53 (m, 3H), 7.40 @= 8.5 Hz, 2H), 7.23 (dd] = 18.4, 9.8 Hz, 2H), 6.61 (s,
1H), 5.36 (s, 2H), 3.21 (dd,= 13.3, 6.6 Hz, 2H), 3.03 - 2.95 (m, 2H), 2.7764), 1.97 (d, 2H),
1.74 (d,J = 6.9 Hz, 2H). MS (ESI) ) calcd for,@30FN,O [M+H]" 445.2, found 445.2.

4.9 General procedure for preparation of 11c-11d

To a stirred solution oBc (43 mg, 0.20 mmol) and triphosgene (36 mg, 0.20ohhrm
anhydrous dichloromethane (5 mL) af® was added triethylamine (60 mg, 0.60 mmol) under
nitrogen atmosphere. Then a solution of N,N-dimistiiane-1,4-diamine (0.085 mL, 0.60 mmol)
or n-butanol (0.052 mL, 0.60 mmol) in dichlorometba(5 mL) was added. The mixture was
stirred at room temperature for overnight, and ttdued with dichloromethane (15 mL).. The
organic phases was washed with wateK 20 mL) and dried over anhydrous J$&, and
concentrated ivacuo. The residue was purified by using column chromaphy to afford the
corresponding produdtfic-11d.

1-(4-(dimethylamino)butyl)-3-(4-((4-(4-fluorophenyl-oxophthalazin-2(1H)-yl)methyl)phenyl
Jurea (1c)

Yellow solid (55mg, 56%)'H NMR (400 MHz, CDC}) & 8.51 (d,J = 7.8 Hz, 1H), 7.84 - 7.69
(m, 3H), 7.64 - 7.53 (m, 2H), 7.44 - 7.33 (m, 3AR7 - 7.20 (m, 3H), 5.40 (s, 2H), 3.21 (s, 2H),
2.56 (s, 2H), 2.30 (s, 2H), 2.21 (s, 6H), 1.514¢d). MS (ESI) calcd for gH3FNsO, [M+H]*
488.2, found 488.2.

butyl (4-((4-(4-fluorophenyl)-1-oxophthalazin-2(1t))methyl)phenyl)carbamatelld)

Yellow solid (60mg, 61%)*H NMR (400 MHz, CDCJ) § 8.55 (ddJ = 7.2, 2.1 Hz, 1H), 7.82 -
7.74 (m, 2H), 7.72 - 7.68 (m, 1H), 7.61 - 7.55 @Hl), 7.50 (dJ = 8.5 Hz, 2H), 7.36 (d] = 8.3
Hz, 2H), 7.27 - 7.21 (m, 2H), 5.43 (s, 2H), 4.1 6.7 Hz, 2H), 1.65 (d] = 7.8 Hz, 2H), 1.42
(dd,J = 15.1, 7.5 Hz, 2H), 0.96 (,= 7.4 Hz, 3H)*C NMR (126 MHz, CDCI3)5 165.20 (d, J =
249.1 Hz), 160.84, 155.58, 148.01, 139.54, 134188,74, 133.35 (d, J = 5.2 Hz), 133.26, 133.15
(d, J = 3.2 Hz), 131.59, 131.00, 130.33, 129.38.32, 120.53, 117.70, 117.52, 67.02, 56.39,
32.85, 20.97, 15.63. MS (ESI) calcd fosg,sFN:0; [M+H]* 446.2, found 446.2.

4.10 General procedure for preparation of 2-(4-Aminobenzyl)-4-chlorophthalazin-1(2H)-on
e (12)

To a solution of6 (3.00 g, 12.50 mmol) was added 1-bromo-4-(nitrdnwyibenzene (3.24 g,
15.00 mmol) and GEO; (4.89 g, 15.00 mmol). The reaction mixture waseti at 5CC. After 5
h, the mixture was poured into water (100 mL) dmehtwas extracted with ethyl acetate (100 mL



X 3). The combined organic layer was washed by wiertwo times and saturated sodium
chloride solution for one time, dried over anhydrddaSO, and concentrated under reduced
pressure. The crude product was further reactestttlirfor next step without purification. The
crude product above (3.00 g, 9.50 mmol) was digsblivn 'PrOH (100 mL), the solution was
added with BPiny(14.47 g, 57.00 mmol), KBu (2.56 g, 22.80 mmol). The reaction was stirred a
110°C. After 12 h, the reaction mixture was cooleddom temperature and was concentrated in
vacuo. Then the mixture was diluted with water and ected with ethyl acetate. The combined
organic layer was washed by saturated sodium deosolution for three times, dried over
anhydrous Nz£50O, and concentrated under reduced pressure. Thaueesids purified by silica
gel chromatography to givi2.

Yellow solid (2.15g, 60%, 2 stepsH NMR (400 MHz, CDC}) 5 8.59 — 8.55 (m, 1H), 8.13 —
8.08 (m, 1H), 7.86 — 7.76 (m, 3H), 7.62 — 7.53 8iM), 7.49 — 7.43 (m, 1H), 7.28 — 7.20 (m, 3H),
5.88 (d,J = 24.0 Hz, 2H). MS (ESI) calcd for;§:5CIN;O [M+H]" 286.1, found 286.1.

4.11 General procedure for preparation of 14a-14r

12 (100 mg, 0.35 mmol) was dissolved in the mixtufel @-dioxane (10 mL) and 4@ (2.00
mL) and then added with boronic acid (2.80 mmoB(dppfLCl, (28 mg, 0.035 mmol) and
CsCO; (228 mg, 0.70 mmol). The reaction was heated @t°COunder argon atmosphere. After
12h, the reaction mixture was cooled to room tewrtpee and was concentratedvacuo. Then
the mixture was diluted with water and extractethveithyl acetate. The combined organic layer
was washed by saturated sodium chloride solutionhii@e times, dried over anhydrous,S@y
and concentrated under reduced pressure. The eesidsl purified by silica gel chromatography
to givel3.

To a stirred solution af3 and triphosgene (100 mg, 0.34 mmol) in anhydracislaromethane
(5 mL) was added triethylamine (104 mg, 1.02 mnadl) °C under nitrogen atmosphere. After 5
minutes,a solution of 4-(dimethylamino)butan-1-ol (1.02 mjnimn dichloromethane (5.00 mL)
was added and then the mixture was stirred at neonperature for overnight. The reaction was
diluted with dichloromethane (15 mL) and washecdhwitater (3<20 mL). The organic phases
were dried over anhydrous p&O, and concentrated wacuo. The residue was purified by using
column chromatography to afford the correspondiragipct.

4-(Dimethylamino)butyl (4-((1-oxo-4-(pyrimidin-5-)phthalazin-2(1H)-yl)methyl)phenyl)carb
amate {4a)

Yellow solid (62mg, 42%, 2 stepsH NMR (400 MHz, CDCJ) & 9.38 (s, 1H), 9.02 (s, 2H),
8.58 (dd,J = 6.3, 2.8 Hz, 1H), 7.87 — 7.83 (m, 2H), 7.67 (@, 6.6, 2.6 Hz, 1H), 7.49 (d,= 8.5
Hz, 2H), 7.41 (dJ = 8.5 Hz, 2H), 5.44 (d] = 5.7 Hz, 2H), 4.20 (1) = 6.2 Hz, 2H), 2.85 — 2.78 (m,
2H), 2.63 (s, 6H), 1.87 (dl = 7.3 Hz, 2H), 1.77 (dd] = 13.6, 6.6 Hz, 2H). MS (ESI) calcd for
CoeHooNgO3 [M+H] " 473.2, found 473.2

4-(Dimethylamino)butyl (4-((1-oxo-4-(pyridin-4-yljghalazin-2(1H)-yl)methyl)phenyl)carba
mate (4b)

Yellow solid (59mg, 36%, 2 stepsjH NMR (400 MHz, CDC})) 5 8.81 (dd,J = 4.5,
1.5 Hz, 2H), 8.58 — 8.53 (m, 1H), 7.85 — 7.77 (mh),27.74 — 7.70 (m, 1H), 7.55 (dd,
J = 4.4, 1.6 Hz, 2H), 7.49 (d] = 8.5 Hz, 2H), 7.36 (dJ) = 8.0 Hz, 2H), 5.43 (s, 2H),

4.16 (dd,J = 6.5, 4.2 Hz, 2H), 2.32 — 2.29 (m, 2H), 2.22 &§{), 1.68 (d,J = 5.8 Hz,
2H), 1.57 (d,J = 7.2 Hz, 2H)."*C NMR (126 MHz, CDG)) & 160.76, 155.43, 152.13,



146.28, 144.77, 139.55, 135.08, 133.70, 133.46,6631130.30, 130.19, 129.55, 127.65, 12
5.99, 120.53, 67.02, 61.15, 56.48, 47.37, 28.739725MS (ESI) calcd for §H3NsO3 [M
+H]" 472.2, found 472.2.

4-(Dimethylamino)butyl (4-((1-oxo-4-(pyridin-3-yljghalazin-2(1H)-yl)methyl)phenyl)carba
mate (4c)

Yellow solid (66mg, 40%, 2 stepsH NMR (400 MHz, CDCJ) & 9.38 (s, 1H), 9.02 (s, 2H),
8.58 (dd,J = 6.3, 2.8 Hz, 1H), 7.87 — 7.83 (m, 2H), 7.67 (@, 6.6, 2.6 Hz, 1H), 7.49 (d,= 8.5
Hz, 2H), 7.41 (dJ = 8.5 Hz, 2H), 5.44 (d] = 5.7 Hz, 2H), 4.20 (1] = 6.2 Hz, 2H), 2.85 - 2.78 (m,
2H), 2.63 (s, 6H), 1.87 (d, = 7.3 Hz, 2H), 1.77 (dd] = 13.6, 6.6 Hz, 2H). MS (ESI) calcd for
CoH3NsO; [M+H] " 472.2, found 472.2.

4-(Dimethylamino)butyl (4-((4-(1-methyl-1H-pyrazdhyl)-1-oxophthalazin-2(1H)-yl)methyl)
phenyl)carbamatel14d)

Yellow solid (70mg, 42%, 2 step®)i NMR (400 MHz, CDC}) & 8.53 (dd,J = 6.0, 3.3 Hz, 1H),
7.98 (ddJ = 6.3, 3.0 Hz, 1H), 7.85 (s, 1H), 7.83 — 7.78 @), 7.76 (s, 1H), 7.48 (d,= 8.5 Hz,
2H), 7.38 (dJ = 7.7 Hz, 2H), 5.40 (s, 2H), 4.18 {t= 5.9 Hz, 2H), 4.04 (s, 3H), 2.69 (@= 8.1
Hz, 2H), 2.54 (s, 6H), 1.74 (d,= 6.1 Hz, 4H). MS (ESI) calcd for,gH3i:NgOs [M+H] " 475.2,
found 475.2.

4-(Dimethylamino)butyl(4-((1-oxo-4-phenylphthalaz2(1H)-yl)methyl)phenyl)carbamate(14e
)Yellow solid (66mg, 40%, 2 steps) 1H NMR (400 MHEADCI3) 6 8.54 (d,J = 7.2 Hz, 1H), 7.76
(dt,J=12.7, 3.9 Hz, 3H), 7.62 — 7.47 (m, 7H), 7.37X¢, 8.0 Hz, 2H), 5.44 (s, 2H), 4.17 {t=
6.3 Hz, 2H), 2.44 — 2.38 (m, 2H), 2.31 (s, 6H),51(6dd,J = 26.7, 11.1, 5.6 Hz, 4H). MS (ESI)
calcd for GgH3:N,O3 [M+H]* 471.2, found 471.2.

4-(Dimethylamino)butyl (4-((4-(4-methoxyphenyl)-kaphthalazin-2(1H)-yl)methyl)phenyl)c
arbamate X4f)

Yellow solid (90mg, 52%, 2 stepsH NMR (400 MHz, CDC}J) & 8.56 — 8.49 (m, 1H), 7.78 —
7.73 (m, 3H), 7.55 — 7.46 (m, 4H), 7.35 Jd& 8.0 Hz, 2H), 7.08 — 7.04 (m, 2H), 5.41 J& 8.6
Hz, 2H), 4.16 (tJ = 6.5 Hz, 2H), 3.90 (s, 3H), 3.56 @7 5.5 Hz, 2H), 2.26 (s, 6H), 1.67 (dbs
4.7, 2.4 Hz, 4H). MS (ESI) calcd forg33N,0, [M+H]* 501.2, found 501.2.

4-(Dimethylamino)butyl(4-((4-(4-cyanophenyl)-1-oxahalazin-2(1H)-yl)methyl)phenyl)carba
mate (49g)

Yellow solid (80mg, 46%, 2 stepsH NMR (400 MHz, CDC}J) & 8.58 — 8.54 (m, 1H), 7.86 —
7.76 (m, 4H), 7.75 - 7.72 (m, 2H), 7.66 (dd; 7.4, 1.7 Hz, 1H), 7.48 (d,= 8.5 Hz, 2H), 7.37 (d,
J=8.2 Hz, 2H), 5.42 (s, 2H), 4.17 {t= 6.3 Hz, 2H), 2.44 — 2.38 (m, 2H), 2.32 (s, 6HY,3 —

1.68 (m, 2H), 1.63 (dd} = 10.3, 5.4 Hz, 2H). MS (ESI) calcd fopdE30Ns03 [M+H]" 496.2,
found 496.2.

4-(Dimethylamino)butyl (4-((1-oxo-4-(4-(trifluorontieyl)phenyl)phthalazin-2(1H)-yl)methyl)
phenyl)carbamatel14h)

Yellow solid (66mg, 35%, 2 stepsH NMR (400 MHz, CDC})) & 8.57 — 8.54 (m, 1H), 7.82 (s,
1H), 7.80 (dJ = 2.6 Hz, 2H), 7.78 (ddl = 8.0, 1.7 Hz, 1H), 7.74 (d,= 2.6 Hz, 1H), 7.72 (s, 1H),
7.68 (ddJ=7.4, 1.8 Hz, 1H), 7.49 (d,= 8.5 Hz, 2H), 7.38 (ddl = 12.6, 7.2 Hz, 2H), 5.43 (s,
2H), 4.17 (tJ = 6.6 Hz, 2H), 2.28 (d] = 9.0 Hz, 2H), 2.22 (s, 6H), 1.68 (db= 14.8, 6.8 Hz, 2H),
1.56 (td,J = 8.2, 4.3 Hz, 2H). MS (ESI) calcd fopdEl3FsN4O5 [M+H] " 539.2, found 539.2.

4-(Dimethylamino)butyl (4-((4-(3-fluorophenyl)-1-oghthalazin-2(1H)-yl)ymethyl)phenyl)carb
amate {4i)



Yellow solid (65mg, 38%, 2 stepsjH NMR (400 MHz, CDC}) & 8.54 (dd, J = 6.7,

2.1 Hz, 1H), 7.80 — 7.71 (m, 3H), 7.50 (dd, J =4115.0 Hz, 3H), 7.34 (ddd, J = 10.9,
10.2, 4.7Hz, 5H),7.23 (td, J = 8.4, 1.7 Hz, 1H¥3HB (s, 2H), 4.17 (t, J = 6.5 Hz, 2H),
2.31 - 2.26 (m, 2H), 2.22 (s, 6H), 1.72 — 1.67 @hl), 1.59 — 1.52 (m, 2H). MS (ESI)
calcd for GgHsoFN,Os [M+H] " 489.2, found 489.2.

4-(Dimethylamino)butyl (4-((4-(3-methoxyphenyl)-kaphthalazin-2(1H)-yl)methyl)phenyl)c
arbamate 14j)

Yellow solid (72mg, 41%, 2 stepsH NMR (400 MHz, CDC})) § 8.52 (d,J = 7.8 Hz, 1H),

7.76 (t,J= 6.8 Hz, 3H), 7.47 (1 = 8.1 Hz, 3H), 7.44 — 7.40 (m, 2H), 7.16 Jd&; 7.5 Hz, 1H),
7.11 (s, 1H), 7.06 (d1 = 8.1 Hz, 1H), 5.42 (s, 2H), 4.16 Jt= 6.0 Hz, 2H), 3.88 (s, 3H), 2.82 —
2.74 (m, 2H), 2.59 (s, 6H), 1.83 @@= 7.7 Hz, 2H), 1.74 — 1.69 (m, 2H). MS (ESI) calod

CooH3aN,O,4 [M+H] " 501.2, found 501.2.

4-(Dimethylamino)butyl (4-((4-(3-cyanophenyl)-1-@tthalazin-2(1H)-yl)methyl)phenyl)carb
amate {4k)

Yellow solid (85mg, 49%, 2 stepsH NMR (400 MHz, CDC}) & 8.58 — 8.54 (m, 1H), 7.91 (t,
J=1.4Hz, 1H), 7.87 - 7.79 (m, 4H), 7.71 — 7.67 {id), 7.66 — 7.62 (m, 1H), 7.48 (@= 8.6 Hz,
2H), 7.36 (dJ = 8.3 Hz, 2H), 5.43 (s, 2H), 4.17 Jt= 6.6 Hz, 2H), 2.32 — 2.27 (m, 2H), 2.23 {d,
= 2.8 Hz, 6H), 1.74 — 1.65 (m, 2H), 1.60 — 1.51 2id). MS (ESI) calcd for §HsdNsO05 [M+H] "
496.2, found 496.2.

4-(Dimethylamino)butyl (4-((1-oxo-4-(3-(trifluorontieyl)phenyl)phthalazin-2(1H)-yl)methyl)
phenyl)carbamateldl)

Yellow solid (85mg, 45%, 2 stepsH NMR (400 MHz, CDC})) & 8.58 — 8.53 (m, 1H), 7.87 (s,
1H), 7.82 — 7.75 (m, 4H), 7.71 — 7.63 (m, 2H), 7(d9 = 8.5 Hz, 2H), 7.37 (dl = 8.2 Hz, 2H),
5.43 (s, 2H), 4.17 (11 = 6.4 Hz, 2H), 2.41 — 2.35 (m, 2H), 2.29 (s, 6HY0 (dt,J = 12.8, 6.5 Hz,
2H), 1.65 — 1.57 (m, 2H}°C NMR (126 MHz, CDGJ) § 158.89, 153.56, 145.51, 137.63, 136.01,
133.11, 132.89, 131.77, 131.66, 131.28, 131.02,712929.21, 128.79, 128.44, 127.56, 126.38
(d,J=3.7 Hz), 126.05, 125.89 (di= 3.6 Hz), 123.90 (gl = 272.5 Hz), 118.75, 64.87, 58.99,
54.58, 45.10, 26.68 , 23.66 . MS (ESI) calcd fegHgoFsN405 [M+H]* 539.2, found 539.2.

HRMS (ESI) calcd for GH3zoFsN4O5 [M+H] " 539.2265, found 539.2270.

4-(Dimethylamino)butyl (4-((4-(2-fluorophenyl)-1-ophthalazin-2(1H)-yl)ymethyl)phenyl)carb
amate {4m)

Yellow solid (68mg, 40%, 2 stepsH NMR (400 MHz, CDC})) & 8.58 — 8.53 (m, 1H), 7.87 (s,
1H), 7.82 — 7.75 (m, 4H), 7.71 — 7.63 (m, 2H), 7(d9 = 8.5 Hz, 2H), 7.37 (dl = 8.2 Hz, 2H),
5.43 (s, 2H), 4.17 (11 = 6.4 Hz, 2H), 2.41 — 2.35 (m, 2H), 2.29 (s, 6HY0 (dt,J = 12.8, 6.5 Hz,
2H), 1.65 — 1.57 (m, 2H}°C NMR (126 MHz, CDGJ)) § 162.19 (d,) = 249.3 Hz), 160.99 ,
144.58 , 139.42 , 134.85, 133.75, 133.43 , 13R12B= 8.0 Hz), 131.52, 131.35, 129.91,
128.96 , 128.30, 126.54 (@= 3.4 Hz), 124.98 , 124.86, 120.58 , 118.04 ,81766.87 , 61.01 ,
56.50 , 47.17 , 28.65, 25.74 .MS (ESI) calcd fgsHaoFN4O5 [M+H] " 489.2, found 489.2.

4-(Dimethylamino)butyl (4-((4-(2-methoxyphenyl)-kaphthalazin-2(1H)-yl)methyl)phenyl)c
arbamate 14n)

Yellow solid (96mg, 55%, 2 stepsH NMR (400 MHz, CDC})) § 8.48 (d,J = 7.8 Hz, 1H),

7.70 (dt,J=13.7, 6.5 Hz, 2H), 7.54 — 7.45 (m, 3H), 7.39.317m, 4H), 7.13 (1) = 7.4 Hz, 1H),
7.06 (d,J=8.3 Hz, 1H), 5.55 (d] = 13.8 Hz, 1H), 5.30 (dl = 13.2 Hz, 1H), 4.17 (1 = 6.4 Hz,



2H), 3.74 (s, 3H), 2.33 (d,= 7.4 Hz, 2H), 2.26 (s, 6H), 1.69 @z 7.2 Hz, 2H), 1.59 (d1= 7.1
Hz, 2H). MS (ESI) calcd for £H33N404 [M+H] " 501.2, found 501.2.

4-(Dimethylamino)butyl (4-((4-(2-cyanophenyl)-1-@tthalazin-2(1H)-yl)methyl)phenyl)carb
amate {40)

Yellow solid (89mg, 51%, 2 stepsH NMR (400 MHz, CDC})) § 8.55 (d,J = 7.5 Hz, 1H),
7.91 (dJ=7.9 Hz, 1H), 7.79 (ddl = 14.3, 7.9 Hz, 3H), 7.65 (dd= 16.8, 7.4 Hz, 2H), 7.52 (d,
= 8.6 Hz, 2H), 7.45 (d] = 8.2 Hz, 1H), 7.39 (s, 2H), 5.45 (s, 2H), 4.19(d), 2.78 (s, 2H), 2.60
(s, 6H), 1.85 (s, 2H), 1.75 (s, 2H). MS (ESI) cadiedC,gH3oNsO5 [M+H] " 496.2, found 496.2.

4-(Dimethylamino)butyl (4-((1-oxo-4-(2-(trifluorontieyl)phenyl)phthalazin-2(1H)-yl)methyl)
phenyl)carbamatel14p)

Yellow solid (81mg, 46%, 2 stepsH NMR (400 MHz, CDC})) § 8.47 (d,J = 5.9 Hz, 1H),
8.20 (s, 1H), 7.74 (dd, = 14.5, 10.8 Hz, 3H), 7.59 (dd= 15.5, 10.5 Hz, 3H), 7.38 (4= 7.3 Hz,
1H), 7.20 (dtJ = 16.4, 8.2 Hz, 3H), 7.02 (d,= 7.3 Hz, 1H), 5.40 (s, 2H), 3.16 (s, 2H), 2.75)(d
=13.2 Hz, 2H), 2.59 (s, 6H), 1.70 (s, 2H), 1.49](d 6.2 Hz, 2H). MS (ESI) calcd for
CogH30F3N4O5 [M+H] " 539.2, found 539.2.

4.12 Anti-DV2 activity test of SAR research

The antiviral activity of compound was tested usamgclinical infectious DENV-2 virus strain
(D2Y98P strain, serotypdl ).

Virus was propagated in C6/36 cells. C6/36 cellsaveailtured in RPMI-1640 medium with 5%
FBS, 28 C, 5% CO2. Cells were re-seeded into T75 flask leefooculated with virus for 2
hours. Medium was refreshed (5% FBS RPMI 1640)iafatted cells were cultured under'G3
for 6 days. Virus stock solution was purified amshcentrated. Virus was tittered in BHK cells by
plague formation assay.

For compound anti-DV2 test in Huh7 cells, whiclaiBuman hepatocarcinoma cell line. Huh7
cells were cultured in high glucose DMEM mediumhwit0% FBS, 37°C, 5% CO2. Before
compound anti-DV2 test, 4x104 Huh7 cells were seéai® 96 well plate with 2% FBS DMEM
and cultured overnight. Cells were then infectedhwDENV-2 virus at MOI=2 for 2 hrs.
Multiplicity of infection (MOI) is the ratio of infctious virus particles versus cell number,
therefore, MOI=2 means nearly all cells were irdelcby virus initially, this produces one round
of virus replication cycle in the cell culture, second round infection by progeny virus. Virus
inoculation was washed out and replaced with frasldium after initial infection and compounds
were added at demand concentration. After 48 leikculture supernatant were collected for viral
genomic RNA guantification by method described hel@ytotoxic effect of compounds were
assayed by MTT method which evaluated the reductwoduct of MTT by cellular
succinatedehydrogenase as an indicator of celllitisbCC50 indicates the concentration of
compound at which reducing the readout to halhefrio compound control.

Supernatant DV2 viral genomic RNA was quantifieddme-step gRT-PCR method. DV2 viral
genomic RNA in cell culture supernatant were festracted by Qiasymphony SP/AS automatic
nucleic acid purification station (QIAsymphony \&@acteria Mini Kit, Cellfree200 default IC
protocol, 110uL eluent). One-step quantification PCR was set simgl Quantitect Multiplex
RT-PCR kit according to manual. Pure viral RNA @ning viral 3'UTR region obtained by in
vitro transcription from cloned plasmid was usedstsdard to evaluate absolute viral genomic
RNA quantity in cell culture supernatant. IC90 4680 are compound concentrations needed to



reduce viral RNA quantities by 90% and 50% respebti Primers and Tagman probes were
synthesized by Thermo using sequence listed below:

gDV2Lab3UTR/Sp: TGTAGCTCCACCTGAGAAGG

gDV2Lab3UTR/Asp: CATTGTTGCTGCGATTTGTA

gDV2Lab3UTR/Probe: FAM-CCATGGTTTGTGGCCTCCCA-BQ1

4.13 Experimental protocol for the pharmacokinetic study

Six naive male CD-1 mice weighing 18 to 22 g weikédéd randomly into 2 groups, Mice
were housed under standard conditions and haditadiibaccess to water and a standard
laboratory diet.

Each mouse was housed individually in a mouse méitabage and was not restrained at
any time during the study. The mice were starvad1f® h before the experiments with the
exception of free access to water and were fedtahadministration.

The oraling solution was prepared by dissolvingrappate amount in 0.5% MC (without
DMSO). For IV route,14l was dissolved in 5% DMSO, then added respectiz¢@H, PEG300
and saline (5/40/50, v/viv) in the solution. Thaugirsolution was sampled (before and after
administration, 5QL mixed with 50uL DMSO) to be measured.

Blood samples (2L each) were collected from the femoral vein atesttied time point
(0.25, 0.5, 1, 2, 4, 8, 24 h for PO and at 3 mi@500.75, 2, 4, 8, 24 h for IV) with EDTA as
anticoagulant. The blood was centrifuged immedyaael11000 rpm for 5 mins. 40 plasma was
transfered into a new centrifuge tube with a prdeadPK-IS solution of 10QL (methanol:
acetonitrile (1:1, v/v)) immediately, which was mikwell and stored at -2C to be measured.

Pharmacokinetic parameters including half-life,oXt maximum plasma time &),
concentration (Gay, area under concentration—time curve (Adl@nd AUGy), clearance (CL),
steady-state volume of distribution £}/ bioavailability(F), pharmacokinetic parametersrev
analyzed by non-compartmental method using WinMoktrsion 6.4 (Pharsight Corporation,
Mountain View, USA).
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detailed view.
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Compd R CGy(UM)? ICso(UM)° ICoo(LM)° s
10a \@\ 8.51 0.64 4.65 13.3
10b \/©/ 19.04 0.62 4.27 30.7
10c \j@ 48.50 2.83 13.15 17.1
10d W/©/ 15.16 1.27 5.57 11.9
10e /O/ 21.76 1.34 12.62 16.2

3CCs is 50% cytotoxicity concentration in Huh 7 ceflsCy is 50% inhibitory concentration of cytoplasmic
DENV-RNA replication.’ICqq is 90% inhibitory concentration of cytoplasmic DZNRNA replication.
Selectivity index (SI) = C&/ICs.

Table 1: SAR study on A ring of phthalazinone core.



Compd R CGo(uM)? ICso(uM)° ICao(uM)° sl
9% NH, >80 19.96 >80 >4.0
H
N ~
s N
11a \g/\/\ | 38.20 1.00 8.42 38.2
H
11b N~~~ 77.65 1.05 10.65 73.9
|
JOL |
N AN
11c N N h 46.60 435 9.46 10.7
H
/N\"/OW
11d & 195 1.4 >80 14.3

3CCy, is 50% cytotoxicity concentration in Huh 7 cefli<Cs, is 50% inhibitory concentration of cytoplasmic
DENV-RNA replication.®ICqq is 90% inhibitory concentration of cytoplasmic DENRNA replication.

dSelectivity index (SI) = CE/ICso.

Table 2: SAR of substituents on benzyl moiety.



(0] \H/O\/\/\N/
o |

Compd CCo(HM)? ICso(UM)P ICoo(LM)C s/
14a 65.29 0.60 62.38 108.8
14b 62.67 22.89 40.90 2.7
14c 67.96 6.32 30.22 10.7
14d 55.86 6.53 4331 8.5
14e 16.04 2.68 6.09 5.99

3CCy, is 50% cytotoxicity concentration in Huh 7 cefl<Cs, is 50% inhibitory concentration of cytoplasmic

DENV-RNA replication.®ICqq is 90% inhibitory concentration of cytoplasmic DENRNA replication.

dSelectivity index (SI) = C&/ICso.

Table 3: SAR study on B ring of phthalazinone core.



Compd R CGo(uM)* ICso(HM)°  ICog(M)° s
10b 4-F 19.04 0.62 4.27 30.7
14f 4-OCH; 20.34 1.94 5.88 10.5
14g 4-CN 37.00 0.70 7.07 52.8
14h 4-CR 3.36 1.47 6.61 2.3
14i 3-F 37.39 151 8.24 24.7
14 3-OCH; 17.63 0.34 1.58 51.8
14k 3-CN 17.18 1.72 5.09 10.0
14l 3-CK 11.59 0.13 1.15 89.2
14m 2-F 52.50 1.32 8.79 39.8
14n 2-OCH; 44.75 1.40 5.44 32.0
140 2-CN 90.71 5.52 12.42 16.4
14p 2-CH 35.72 1.99 3.37 18.0

3CCsis 50% cytotoxicity concentration in Huh 7 ceflsCs, is 50% inhibitory concentration of cytoplasmic
DENV-RNA replication.’ICqq is 90% inhibitory concentration of cytoplasmic DZNRNA replication.

Selectivity index (SI) = C&/ICs.

Table 4: SAR study of substituents on phenyl moiety



Dose CL plasma Vs T max T Crnax AUC, ¢ F

route  (mL/kg/h) (mL/kg) (h) (h) (ng/mL) (ng*h/mL) %
iv 50.0 17137 - 4.33 -- 505 -
po - - 8 291 94.5 883 34.9

& Experiments were carried out in SD mice (n = 3%&adv, 2.0 mg/kg (5% DMSO, 10% solutol, 10% etHaand

75% saline); po,10.0 mg/kg (5% DMSO, 10% solutBPslethanol, and 75% saline).

Table 5:1n Vivo mice pharmacokinetic properties of compoudd
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Figure 1: Recently reported DENV inhibitors.



ACCEPTED MANIUISCRIPT

Hit compound 10a

Figure 2: Structure of hit compounta.
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Figure 3: The computerized docking modesldi with dengue NS3 protease. A: full view. B:
detailed view.



Scheme 1: Synthesis ofl0a-10e.?

Cl

10a-10c

or

L, H
AL
10d /

A B
A, -«
SO ON SUYR
10e H
®Reagents and conditions: (a) AcOH, 20 5h; (b) (4-fluorophenyl)boronic acid, Pd(dpgf,
CsCO; dioxane:HO = 5:1, 100°C, overnight; (c) the corresponding bromides;GI%, DMF, 50
°C, overnight; (d) BPin, KO'Bu, 'PrOH, 110°C, overnight; (e) (i) triphosgene, 5§t

anhydrous CECl,, 0 °C, 10 min; (ii) 4-(dimethylamino)butan-1-ol, rt, emwight; (f)
(4-nitrophenyl)boronic acid, pyridine, Cu(OAcPMF, rt, overnight.




Scheme 2: Synthesis ofl1a-11d.?

®Reagents and conditions: (a) (i) 4-(dimethylamimtgboic acid, (COC})DMF(cat), anhydrous
CH.Cl,, rt, 3h; (i) 9c, anhydrous THF, rt, overnight; (b) LiAlHanhydrous THF, reflux, 5h; (c) (i)
triphosgene, BN, 0 °C, 10 min; (i) butan-1-ol or NN-dimethylbutane-1,4-diamine, rt,
overnight.



Scheme 3: Synthesis ofi4a-14p.?

H
NH. c d N.__O -
9\{0 ab @Y\O/@ 2 @Y\O/Q/NHQ @Y\O/@ T]/ \/\/\l\.l
_NH P N 0
Y o SN N RN
6 12 13

14a-14p

®Reagents and conditions: (a) 1-(bromomethyl)-4ebignzene, GEO;, DMF, 50 °C, overni
ght; (b) BPin, KO'Bu, 'PrOH, 110°C, overnight; (c)the corresponding boric acid, Pd(dpp
f),Cl,, C$CO;, dioxane:HO = 5:1, 100°C, overnight; (d)(i) triphosgene, BN, CH,Cl,, O
°C, 10 min; (ii) 4-(dimethylamino)butan-1-ol, oveght.



