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Abstract

T—-lymphokine-activated killer cell-originated prit&kinase (TOPK) is a serine-threonine mitogenvattd
protein kinase that is highly expressed in manesypf human cancer. Due to its important role incea
progression, TOPK is becoming an attractive tairgehemotherapeutic drug design. In this studyerées of
1-phenyl phenanthridin-6(5H)-one derivatives hawerb identified as a novel chemical class of TOPK
inhibitors. Some of them displayed very potent-aaticer activity with 1Gs less than 100 nM, superior than
reference compound OTS964. The most potent compdmduppressed the growth of cancer cells by
apoptosis and specifically inhibited the activitifsTOPK. Oral administration ddg effectively suppressed
tumor growth with TGl >79.7% in colorectal canceznegraft models, demonstrating superior efficacy
compared to OTS964. Pharmacokinetic studies dematestts good oral bioavailability. Our findings
therefore show th&g is a specific inhibitor of TOPK botim vitro andin vivo that may be further developed

as a potential therapeutic agent against coloreatader.

Keywords: TOPK inhibitor, 1-Phenyl Phenanthridin-6(5H)-one, Structure agtiviélationship, Colorectal

cancer, Pharmacokinetics

1. Introduction



TOPK (T-lymphokine-activated killer cell-originategdrotein kinase), also known as PBK or
PDZ-binding kinase, is a member of the MAPKK protefamily [1,2]. It is a serine-threonine
mitogen-activated protein kinase that is highlyresged in many types of human cancer, such ashmggr,
breast cancer, colorectal cancer, lymphoma, leukemilanoma, cholangiocarcinoma and glioma [3-11].
However it is difficult to be detected in normaidiles except several fetal tissues and germ ddhe testis
[3,11]. TOPK could be a promising molecular tarfgetdrug development which is involved in many okt
functions, including tumor development, cell growHpoptosis, and inflammation [6,12-15]. Reseacher
have found that bidirectional signals transduced TYPK-ERK (extracellular regulated protein kinase)
interaction increases tumorigenesis of HCT116 ewla cancer cells [6]. Also, studies have showat th
TOPK could phosphorylate histone H3 (H3) at Send serves as a molecular marker in breast canter [3
Increased levels of PBK/TOPK may contribute to tonuell development and progression through
suppression of p53 function [13,18J0PK was also reported to increase cell migratignnmdulating a

PI3K/ PTEN/AKT-dependent signaling pathway [17].

Despite so many reports have indicated that TOPHKysplcrucial roles in tumorigenesis, the
three-dimensional structure of TOPK has not begorted. Only the crystal structure of an inactivwaeat
was reported by C. Dong et al., which has two phospimicking mutations T9E and T198E. The strudtura
data indicated that it exists in a conformatiomahsition between dimers and monomers at diffepht
conditions [18]. However the active state of TOPK d monomer and does not form a dimer. The
unavailability of crystalline structure of TOPK nexkthe discovery of its inhibitors a little bit wloThere are
just several PBK/TOPK inhibitors reported in présdal research (Fig.1). HI-TOPK-032 [10,19] effieety
suppresses colon cancer and glioma grouatlvivo despite its inhibitionin vitro is not so significant.
Ginsenoside Rh2 (GRh2) is the only reported napnadiuct targeting TOPK which inhibits colon cancell
proliferationin vivo [20]. ADA-07 suppresses solar ultraviolet-inducéghscarcinogenesis [21]. llaprazole
[22] and Pantoprazole [28fe two proton pump inhibitors that suppress calatecancer growthOTS514
andOTS964 [24-28have great suppression in lung cancer [24,26].cacyteloid leukemia [274nd ovarian
cancer [28]. Due to thexicity of OTS514 withmild anemia and relatively severe leukocytopemnvhgreas
the increasing of peripheral platelets in a doggeddent manner, it was developed as liposomal fiatron

which limited its application; On the contrary, at some extend is better for oral administnatio



despite that hematopoietic toxicity is still a cent[24].
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Fig. 1. Reported small molecular TOPK inhibitors

Although there have been significant advancessoadiery of TOPK inhibitors as we discussed above, a
systematic structure—activity relationship (SAR)dst to investigate TOPK potency has not been regort
The potent TOPK inhibitor OTS964, which are promgstherapeutic agents that may be applied to a wide

range of human malignancies, served as a usefplagerto explore new TOPK inhibitors.

Taking the preclinical inhibitor OTS964 as leadistures, here we attempted to design and synthasize
novel series of anti-TOPK compounds and found aatds suitable for oral administration. Based an th
principle of bioisosteres, thiophene core in léfieswas substituted with phenyl core which provedé¢ an
effective pharmacophore for inhibitory activity, vigig rise to the novel series of 1-phenyl
phenanthridin-6(5H)-one compounds. Preliminary bigdstudy and biological evaluation had proved this
modified structure successfully maintained potenttibitory activity. More than forty compounds were
prepared and afforded a systematic biological amalyrhe preliminary structure-activity relationst{SAR)

was also summarized. And candidate was identifietigh in vivo activity against colon cancer, as well as



good oral bioavailability that may be further deodd as potential therapeutic.

2. Resultsand discussion

2.1. Chemistry

We investigated the following four regions of tHeemical series represented by OTS964 (Fig. 2): The
crucial thiophene core (green box), which we attehgo replace with phenyl core; the crucial amikya
group (light blue box), the alternative substitseaf methyl (red box), the substitution on hydrogybup

(dark blue box).
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Fig. 2. Regions of OTS964 investigated for TOPK potency

The general synthesis of key intermediates boracidsR1A~R3A are depicted in Scheme 1. Different
from the reference procedures [24], we synthesikhedaryl boronic acids instead of correspondingagh
esters, which were easily purified by crystalliaatand gave all products as good off-white solRIEA was
synthesized from the commercial available chirain@®R1-1 by three steps: protecting amino group with Boc,
converting to boronic ester via Suzuki-Miyaura teatand then hydrolyzing under Nal@ yieldR1A [29];
R2A was synthesized fromfR2-1 by bromination with DBDMH (1,3-dibromo-5,5-dimethydantoin) in
TFAA [24]; R3A was synthesized from corresponding nitRIi&-1, which was reduced to primary amine with

BHgTHF.
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Scheme 1. Synthesis of aryl boronic acid. i) Bf@, DCM, rt; ii) 1) TFAA, DCM; 2) MeS@H, DBDMH; iii) LiOH, H,0;
iv) BHz*THF, THF, rt; v) Bis(pinacolato)diboron, PdQippf), KOAc, dioxane, 90 °C, 18 h; vi) NajCacetone/kD,

40 °C.

The syntheses of another series of building blodkbromo-phenanthridin-6(5H)-ones are shown in
scheme 2. The bromo-benzoic acid was convertetbtadybenzoyl chloride, then reacted with anilingite
amide, followed by protection amide with Boc [3@].3Then the protected amide was cyclized undexytat
Pd(t-BuP), to give phenanthridin-6(5H)-one through C-H directactivation  [32-34].
1-bromo-phenanthridin-6(5H)-one was obtained bybnation with NBS in HOAc/DCM. DA6 and DD6
were converted to CA6 and CD6 in DMA by substitatimf sodium methoxide. DA6 was converted to MA6

by substitution of aqueous dimethlyamine.
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Scheme 2. Synthesis of aryl bromide. i) 1) aryl acid in S@€at. DMF, reflux; 2) aryl amine/gltl, DCM, rt; ii) DMAP,
Boc,O, DCM, rt; iii) Pd(t-BuP),, KOAc, DMA, 120~130°C, argon; iv) NBS, HOAc/DCM, rt; v) MeONa, DMA, 50

~60°C; vi) aq. dimethylamine, DMA, 11%C.

The syntheses of final TOPK inhibitors are outlineth scheme 3. The above
1-bromo-phenanthridin-6(5H)-one was reacted witil doronic acidR1A~R3A under classical Suzuki
coupling condition to give/. The weak base, NaHGQvas best for the reaction which yielded lower
de-bromination by-product compared with other gjmnbases. Inhibitor8a~8t were obtained by direct

decarboxylation in HCI/MeOHRa~9t were obtained by de-methylation with Bin DCM. They were further



developed tdl0a~10t by reductive amination. Compourdgd OTS514 and OTS964 were obtained by known

procedures [24,25].
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Scheme 3. Synthesis of TOPK inhibitors. R1A~R3A, Pd(dppf)C}, dioxane/HO, NaHCQ, 85°C; ii) HCI/MeOH, rt;

iii) BBrs/DCM, rt; iv) paraformaldehyde, NaBBN, HOAc, MeOH, rt.
2.2. Structure -activity relationships

We synthesized compount [25] which is an analog of OTS514/0TS964 and alltleé prepared
compounds were first screened with a binding dffiassay against TOPK kinase [35,36] (Tablartjibition
of cell proliferation was measured using the MTSagswith A549, HCT116 and HCT-15 cell lines which
observed high expression of TOPK [24]. Compotriths comparable binding effect with OTS514 although
less potent in cell-based assay. On the contrarg9®84 is 30-fold lower than OTS514 in kinase attitut
almost as potent as the later at cell level. Wheploging the SARs of OTS514 derivatives, firstly we
investigated the impact of replacing the thiopheings with phenyl rings, which yielded nine 1-phkeny
phenanthridin-6(5H)-one inhibitors and the resalts shown in table 1. SAR analysis revealed thadtrab

them were potent again TOP8a is 48-fold more potent in the biochemical assant®a, and9b is almost



10-fold more potent thaBb. This confirms that the phenyl hydroxy functiorogp is very important for

interaction with TOPK, presumably by the formatiminhydrogen bonds. To our deligi®g, 9b and9c have

potency of less than 30 nM 4€ in the biochemical assay, and the potenc9tof 9c was well translated into

a benefit of A549, HCT116 and HCT-15 cellular comt@lthoughQa is much less active in cell-based assay.

When those compounds were methylated to ¢Qe 10b, 10c, more than 5-fold binding potency reduced,

just similar to OTS964. The best substitution dugi® R6 groups turned out to bé’REncouragingly@b was

almost 21-fold more potent than OTS514 at kinagel land has comparable cellular potency, whichddags

to further optimization.

Table 1. Structure—activity relationship of substitutioaspghenyl core

S O

cpd1, OTs514, OTS964

Rs

D

R4
NH
\

&

o

8a~8c, 9a~9c¢, 10a~10c

ICso(nM)
compound R Rs Res ICs (NM) Kinase®
A549 HCT116 HCT-15
Cpd 1 Me H FR* 23.00 360 +2.21 468 +11.03 256.9 + 4.01
OTS514 Me H R? 10.69 19.52 + 0.23 18.89+4.30  187.1+231
0T S964 Me H R? 353.7 20.41+0.34 45 +1.22 73.08 + 0.88
8a Me Me R 1425 >1000 >1000 NT
% Me H R 2.94 920 + 6.52 >1000 >1000
10a Me H FR! 44.89 250.3 +9.32 314.1 +1.05 NT
8b Me Me R? 5.44 360 + 2.09 357 +2.48 277.7 +2.86
% Me H FR? 0.50 78.7+7.54 114.2 +7.56 365 + 4.09
10b Me H R? 63.83 263.5 +4.90 299.3+0.48  599.5+5.39
8c Me Me FR°® NT 894.3 +10.32 >1000 NT
9 Me H FR°® 25.1 210.9 +2.78 231.2+0.79  398.2+6.34
10c Me H R® 143.9 >1000 949.9 + 2.94 NT

a[ATP] = 10 pM; Compounds were tested by 10 dose singlaydsgach compound was tested in triplicate assay,

ICso values are presented as the mean NBDnot tested.



Our next effort was to introduce multiple substitteeof R1, R4 as well as R6 with the goal to idgnti
the best combination (Table 2, compouBds10n). Small fluoro atom was substituted as Rd, Qe) but it
was not well tolerated. Interestingly, when R1 wabstituted by hydroxyl group, the kinase acti8f; 99
and 9h) was reduced with 60~660-fold (compared W&y 9b and 9c accordingly), but all the cytotoxic
activities were enhanced. The best cellular intobits 9g, its ICs, is as low as 5.4 nM to A549 and 7.8 nM to
HCT116, less than 10 nM with more than 30-fold potepositive shift from kinase level inhibition @30.33
UM). The high cellular potency encouraged us fer fitrther optimization. Whe®f, 99 and 9h were
methylated to their derivatives0fl 10g and10h, the cellular inhibitions were slightly reducedtjlike our
results abovelQa, 10b, 10c). After that, we teste®i and9j, chloro substitution compounds at R4. Both
compounds were almost as active%afb in the biochemical assay with JCless than 10 nM, but the
cytotoxic activities were not potent, presumablye da lower PKa value resulted from the chloro a8
39]. Next we investigated the substitution of R#hwchloro atom and R1 with hydroxyl group, which
yielded three compoundk , 91 and9m. However, all compounds just gave moderate enzymaecytotoxic
activities, indicating the negative effect of comdttion hydroxyl group and chloro atom. Considerihgt
both hydroxyl group and halogen group are acidiosstuents, we introduced a basic substitution grou
dimethyl amine at the R1 position and obtaineddbmpound9n, 10n. But that substitution abolished the

potency completely. Comparing all those 20 compsuwith different R6 substitutents?4still turned out to

be the best.
Table 2. Structure—activity relationship of further substits R, Ry, R
HO
oy
Re
NH
(@]
R1
. ICs0(NM) ®
compound R R« Rs ICs0 (NM) Kinase®
Ab49 HCT116 HCT-15
ad F Me R* 61.41 >1000 >1000 >1000
% F Me R? 64.46 110 +4.70 438 +0.69 >1000

of OH Me R* 977.5 82.52+3.88 102.4+1.06 96.69+11.34



10f OH Me R* 4790 1285+1.99 3965+1.39 162.4+2.11
9g OH Me R? 335.7 5.405+0.66 7.867+5.42 31.42+0.46
10g OH Me R? >10000 113.3+0.21 215+056  75.97 +3.56
%h OH Me R°® 1505 135.9+2.45 44.73+0.95 NT

10h OH Me R° ND 405.6 £+0.39 141.2+6.33 NT

e] H cl R 2.71 600 + 8.34 >1000 800.7 + 7.80
10i H cl R 26.13 >1000 >1000 >1000

9) H Ccl R? 4.59 >1000 636 +1.26  308.9 +5.08
10j H Cl R*® 65 >1000 >1000 > 1000

9k OH cl RrR! 642.9 554.1+3.88 719.9+953  NT

10k OH cl R? 2440 515.6 + 4.25 >1000 NT

al OH Cl R? 321.3 102.7 £1.22 371.7 £3.05 NT

10l OH cl R? 2663 554.1 +5.23 534.3 +2.60 NT

9m OH cl R® 1266 437.4+511 563.7+4.31 NT
10m OH cl R® 5238 897.6 +7.60 >1000 NT

9n Dimethyl amine Me & ND >1000 >1000 NT

10n Dimethyl amine Me R ND >1000 >1000 NT

a[aTP] = 10 uM; Compounds were tested by 10 dose singlayas8ach compound was tested in triplicate assay,
ICso values are presented as the mean +N8Dnot testedND: not determined.

To explore the effect of alkyl substitution at pjilecore, we incorporated methyl substitution afetiint

position and the results are shown on table 3. Hew& seemed that those substitution groups had no

obvious positive effect on potency. When R1 wassulied by methyl, the potency of kinase activiigs not

improved but the cytotoxic activity was much bet@n, ICso against A549 is 25.8 nM, kgagainst HCT116

is 75.8 nM). When R2 was methydq, 100, 9p, 10p), the compounds turned out to be moderate active i
kinase assay9¢, 9p) but inactive in cell-based assay. When R3 wastgubed by methyl, the potency of
kinase activity was improved to nanoma@s, Ot) and had comparable inhibition wiélb in cell-based assay.

Generally methyl substitution of R1, R2, R3 obtdinegligible potency optimization.

Here we summarize the structure—activity relatigpsiof the investigated compounds as inhibitors of
the human TOPK: The crucial thiophene core was essfully substituted with phenyl core, the best
substituent of crucial aminoalkyl group is (R)-1limopropan-2-yl (B, the alkyl substitution of phenyl core
is not necessary, the substitution on hydroxyl groompletely abolish the potency.

10



Table 3. Structure—activity relationship of methyl subdtibm at phenyl core

S NH
Rs O 0
R, Ri
ICso(nM)
compound R R, Rs Rs ICs0 (NM) Kinase®
A549 HCT116 HCT-15

9 Me H H R 721.4 187.3+0.79  242.2+259  505.4 +3.08
10q Me H H R 3013 469.7+0.94  469+4.68  397.3+5.41
or Me H H FR? 586.1 25.86+4.80 75.85+1.30  300.6 +0.61
10r Me H H R? >10000 286.7+359  419.2+4.77 337.3+0.48
9% H Me H R 894.3 >1000 571 +1.25 NT

100 H Me H R 6415 >1000 >1000 NT

9% H Me H FR? 223.7 >1000 962 + 4.38 NT

10p H Me H R? 7055 >1000 830 + 5.90 NT

9s H H Me R 1.56 119.7+2.78  384.8+3.42  216.7+2.06
10s H H Me FR! 20.88 316.9+1.65 273.7+0.95  467.3+0.94
ot H H Me R? 6.44 60.27 +3.42  156.1+2.13  326.8+2.09
10t H H Me R? 19.06 466.2+4.11  3852+1.49 501.3+4.32

a[ATP] = 10 uM; Compounds were tested by 10 dose singlalyabEach compound was tested in triplicate assay,

ICso values are presented as the mean +NBDnot tested.

2.3. Western blot analysis and colorectal cancélices growth inhibition o®g

Considering9g has higher cell level activity (k<50 nM), we selected it for further western blot
analysis. Immunoblot were performed with the lysaté colorectal cancer cell lines SW620, HCT-15,
HCT116 and lung cancer cell line A549 after treatdth 9g for 48 h (Fig. 3). The results undoubtedly
showed that TOPK was expressed in all four cedimnd9g inhibited TOPK activity by directly binding
with TOPK. Treatment wittBg significantly decreased autophosphorylation of KOFFhr9), as well as
phosphorylation of histone H3 (Serl10) and ERK1/ZcWihis consistent with reported western blot resafter

knockdown of TOPK [5,6,9]. It indicated that cetbgith was significantly decreased in a manner dficing

11



TOPK expression. Next, we found that compo8gdnhibited the proliferation of three colorectallsen a

time and concentration depended manner (Fig.4).
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Fig. 3. 99 inhibited TOPK activityin vitro by directly binding with TOPKTreatment with9g (50 and 100 nM, 48 h)

reduced phosphorylation of TOPK together with ihstrate, ERK1/2 and histone H3 (Serl0) in SW62CTH5,

HCT116 cells.
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Fig.4. 99 inhibited the proliferation of SW620, HCT-15, HCI®& cells. Tumor cells were treated waig with different

concentrations after treatment for 24 h, 48 h ahdch.7MTT assays were performed to measure theferation of the

cells.

2.4.1nvivo antitumor efficacy in human xenograftsQof

HCT116 colon cancer is the most widely discussetbgeaft model for TOPK efficacy evaluation

vivo [19,20,22,23]. To compare the antitumor activity 9of with reference compound OTS964, HCT116

colon cancer cells were engrafted subcutaneousiynude mice9g and OTS964 were orally administered at

12



10 or 15 mg/kg once daily over a period of threekgeafter the tumor size reached about 100.rine
tumor size and body weight were measured every$8, @ad the percentage of tumor growth inhibitioG|)
was calculated according to the formula [1 — (T /(T — G)] x 100, where T andlare the mean tumor
volumes at day 21 and day 0 for the experimentaigrand C and Lare those for the vehicle control group.
Treatment of mice with 10 mg/kg 8@ significantly inhibited HCT116 tumor growth rebati to the vehicle
group with TGI of 53.7%, better than OTS964 (TGI488). To our delight, when treated wBb at 15 mg/kg,
TGI increased to 75.8%. In addition, mice seemetblerate treatment witBg without adverse toxicity or
significant loss of body weight, similar to the i@é group (Fig. 5).

Since 9g demonstrated superior efficacy compared to OTS9&4, further evaluated its efficacy in
HCT-15 and SW620 colorectal cancer xenograft mod@tal administration o8g at 10 and 15 mg/kg once
daily for 3 weeks resulted in final TGls of 42.1%da78.8% for HCT-15, 72.1% and 79.7% for SW620
respectively (Fig. 5a), with slightly body weiglask (Fig.5d). Those results indicated that the camg was
potent to substantially inhibit tumor growth atadted doses in mouse xenograft model, and supporte

TOPK inhibition as a therapeutically relevant targe

13
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Fig. 5. In vivo efficacy of9g in colorectal cancer xenograft models (n = 6). &udce bearing HCT116/HCT-15/SW620
were orally treated with vehicle control @g/OTS964 once daily for 3 weeks. (a) EffectogfOTS964 on tumor growth

in mouse xenograft. (b) Tumor weight at day 21.Tiejnor volume at day 21. (d) Corresponding bodyghethange.

2.5. Pharmacokinetic study 94

To support further pharmacological and toxicolobistudy, a pharmacokinetic study 8§ was also
performed.9g was administrated to rats via po and iv dose séplgr Blood samples were collected at O,
0.083, 0.25, 0.5, 1, 2, 4, 6, 8 and 24 h aftermdpsiThe blood drug level was then determined with
LC-MS/MS. The mear9g concentration in plasma versus time profile wassented in Fig. 6. The

pharmacokinetic parameters are listed in Tablegahowed moderate systemic plasma clearance (2037.19
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295.19 mL/h/kg), a high volume of distribution (28.+ 7.97 L/kg), and a long mean residence timeovah
administration (10.54 + 0.29 h), suggesting the poumd has good drug like characters. This togetitéra
good oral bioavailability (100.11 + 24.39%) wouldegict further drug development of the small mole@as

anti-cancer agents.

Table 4. Pharmacokinetic properties @d in rat$

Dose Cinax T (h) AUC(O_O Cl Vss ti MRT(O_O F
(mg/kg) (ng/mL) e (ng-h/mL) (mL/h/kg) (L/kg) (h) (h) (%)
) ) 188.03+ 0.08 563.69 + 2037.19 + 20.25+ 7.02+ 3.24+

mg iv

I 45.43 0.00 131.54 295.19 7.97 2.74 0.14
250.83+ 6.67 4232.35 10.54 £ 100.11 +
15 mg po
38.26 1.15 1031.3% 0.29 24.39

2WinNonlin® software version 7.0 was used to estéygharmacokinetic parametetalJC g aan

300

=9=9g PO 15 mg/kg

=—9g iv 2 mg/kg
50

Plasma concentration (ng/ml)

30

time (h)

Fig. 6. Drug concentration time curve 8f in plasma of SD rats after single oral/ intravenadministration9g was
administrated to rats (n = 3) iv 2mg/kg and po 1@kg separately. Blood samples of 0.2 mL each weliected from
the jugular veins into heparized tubes at 0 h (fgefbrug administration) and at 0.083, 0.25, 0.5,14, 6, 8 and 24 h

after dosing. The blood drug concentration was ttetermined with LC-MS/MS.

3. Conclusion

We have demonstrated the development of seriewdlil-phenyl phenanthridin-6(5H)-one TOPK
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inhibitors. This phenanthridinone scaffold exhiditeore potent anti-TOPK activity compared to refiess
compound OTS964. Based on the results of bindifigitgf and cell level screening, the preliminary B&
were summarized. In thie vitro assays9b showed >700 fold stronger binding affinity at sabhomolar
level than OTS964 anél showed 2~6 fold superior activity against a parelancer cell lines at nanomolar
level. For thein vivo evaluation, compounélg was shown to be effective in treating three moussograft
models of colorectal cancer (>75% TGI) by oral austration without severe adverse events, supénem
OTS964 (49% TGI for HCT116) at the same dose (1&gigo). Its potency may be further developed and
may be applied to a wide range of human malignandie the pharmacokinetic study, compowfiglalso
displayed favorable plasma stability and oral bakability. The in-vivo tumor suppression activity and
pharmacokinetic results 8f suggest that the drug candidate has great cliafalication potential.

In summary, the novel 1-phenyl phenanthridin-6(%iHg derivatives exhibited potent TOPK inhibitory
activity bothin vitro andin vivo, and showed excellent oral bioavailability. Deéhg inhibitors targeting

TOPK provides an exciting strategy for treatmentuofior.

4. Experimental

4.1. Chemistry

Unless otherwise noted, all materials were obtain@@s commercial suppliers and used without further
purification. The'H and**C NMR spectra were recorded on a Bruker Avancesp@@trometer at 25 °C using
DMSO-ds CD;OD or CDC} as the solvent. Chemical shifty @re reported in ppm relative to Mg (internal
standard), coupling constant3) @re reported in hertz, and peak multiplicity aeported as s (singlet), d
(doublet), t (triplet), g (quartet), m (multiplethr br s (broad singlet). High resolution mass ysialis
performed on a Waters Q-TOF Premier mass specteowith electron spray ionization (ESI). Thin layer
chromatography (TLC) was performed on 0.20 mm a&iliel F-254 plates (Qingdao Haiyang Chemical,
China). Visualization of TLC was accomplished wit' light and/or aqueous potassium permanganate or |
in silica gel. Column chromatography was perforraenhg silica gel 60 of 300-400 mesh (Qingdao Hagyan

Chemical, China).
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4.1.1. Synthesis of (R)-(4-(1-((tert-butoxycar bonyl)amino)ethyl)phenyl)boronic acid (R1A)

Stepl: (R)-tert-butyl (1-(4-bromophenyl)ethyl)carite R1-2). (R)-1-(4-bromophenyl)ethanamine
(14.4 g, 72.0 mmol) was dissolved in 60 ml dichtnathane (DCM), a solution of Bg (17.3 g, 79.2 mmol,
1.1 eq) in 60 ml DCM was added dropwise at roompeature. The resulting solution was stirred atroo
temperature for further 2 h after LCMS indicatimgnpletion. The mixture was concentrated and susggend

in hexane. The solid was collected and dried umdenum to give 20.0 g white solid, yield: 92.6%.

Step2: (R)-tert-butyl (1-(4-(4,4,5,5-tetramethyB,B-dioxaborolan-2-yl)phenyl)ethyl)carbamatelj.To
a suspension of product of stepl (20 g, 66.6 minotioxane (120 ml) was added Bis(pinacolato)diboro
(20.3 g, 80.0 mmol, 1.2 eq), KOAc ( 13.1 g, 133r2ah 2 eq) and Pdgdppf) (1.95 g, 2.66 mmol, 0.04 eq).
The mixture was heated under nitrogen overniglet filtered and concentrated. The residue was lgisgn
a mixture of hexane and ethylacetate (EA) (4:1) filteted through silica gel pad, then concentrated

directly used for hydrolysis. ESI-MS m/z 292.3 [\+5]".

Step3: To the residue above was added acetg@e(B00ml/100ml), Nal® (61.2 g, 286 mmol),
NH4OAc (14.7 g, 190.6 mmol). The suspension was stiate40 °C for 5 h, then filtered and the solid was
washed with acetone. The filtrate was concentratetire-dissolved in DCM/MeOH (5/1), washed withevat
concentrated and suspended in hexane/EA (1:Bxddtto give 14.5 R1A as off-white solid, yield: 82.1%.
'H NMR (400 MHz, DMSOdg) § 7.94 (s, 2H), 7.71 (dl = 7.6 Hz, 2H), 7.35 (d] = 7.2 Hz, 1H), 7.24 (d] =

7.6 Hz, 2H), 4.67-4.51 (m, 1H), 1.36 (s, 9H), 1(89 = 6.8 Hz, 3H). ESI-MS m/z 210.2 [M-56+H]

4.1.2. Synthesis of (R)-(4-(1-((tert-butoxycarbonyl)amino)propan-2-yl)phenyl)boronic acid (R2A)

Stepl: (R)-tert-butyl (2-(4-bromophenyl)propyl)canbate R2-3). A solution of trifluoro acetic
anhydride (23.0 mL, 164.4 mmol) in anhydrous DCM5Q1mL) was cooled to 0 °C, and
(R)-2-phenylpropan-1-amine (20.2 g, 149.3 mmolamhydrous DCM (40 mL) was added dropwise. The
mixture was stirred at room temperature for 2 he flask was again cooled to 0 °C and methane saltaid
(24.2 mL) was added, followed by 1,3-dibromo-5,B€ihylhydantoin (21.3 g, 74.5 mmol) in one portion.

The mixture was stirred overnight, quenched withtewg80 mL), and diluted with DCM (250 mL). The
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organic layers were separated and concentratedrédmdue was diluted with water/EtOH (200ml/200ml),
LiOH*H O (8 g, 190.5 mmol) was added and stirred at raamperature for 1 h. Then BgZ (29.3 g, 134.4
mmol) was added and the mixture was stirred at rtemperature overnight. The mixture was dilutechwit
H,O (200 ml) and extracted with DCM. DCM layer wasicentrated to give yellow residue and the residue
was purified by column chromatography (silica, @3@thyl acetate/heptane) to afford the desired ymtod

(45.9 g, 98.0%) as yellow oil. ESI-MS m/z 260.1 p@+H]".

Step2: Following procedure of step2 and stepRdA with above 45.9 g intermediat®2A 20.8 g
(yield: 51%) was obtained as off-white softsl NMR (400 MHz, DMSOdg) & 7.71 (d,J = 8.0 Hz, 2H), 7.16
(d,J =8.0 Hz, 2H), 3.08-3.01 (m, 2H), 2.87-2.82 (m,)1H35 (s, 9H), 1.14 (d, = 6.8 Hz, 3H). ESI-MS m/z

224.1 [M-56+H].

4.1.3. Synthesis of (4-(1-(((tert-butoxycar bonyl)amino)methyl)cyclopropyl)phenyl)boronic acid (R3A)

Stepl: tert-butyl ((1-(4-bromophenyl)cyclopropylimd)carbamate R3-3).
1-(4-bromophenyl)cyclopropanecarbonitrile (4.42,mmol) was added to 1M Borane-THF complex ( 100
ml) and the mixture was stirred at room temperatwernight and then heated at 65 °C for 5 h. Thdurg
was concentrated, diluted with MeOH, 1N HCI wasetidropwise until PH<1. The mixture was heated at
65 °C while keeping the PH~1 by addition of 1N Hi@ermittently, then cooled down and basified vetiid
NaHCG;. The suspension was concentrated and re-disswiazktonitrile and filtered to give the acetotstri
solution of free amine. Bg® (4.1g, 18.7 mmol) in acetonitrile was added drspwThe mixture was stirred
at room temperature for 3 h and then concentratagive 6.1 g yellow oil, yield: 93.3%. ESI-MS m/Z20

[M-100+H]".

Step2: Following procedure of step2 and step&bA with above 6.1 g intermediatBR3A 3.9 g was
obtained as off-white solid, yield: 71.3%] NMR (400 MHz, DMSOe,) & 7.93 (s, 2H), 7.69 (dl = 7.6 Hz,
2H), 7.21 (dJ = 7.6 Hz, 2H), 6.82 () = 5.6 Hz, 1H), 3.22 (d) = 5.6 Hz, 2H), 1.34 (s, 9H), 0.85 (s, 2H),

0.71 (s, 2H). ESI-MS m/z 236.1 [M-56+H]

4.1.4. The representative procedure for the preparation of intermediate 5
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Stepl: 2-bromo-N-(4-methoxy-2-methylphenyl)benzaami@A3): 1 drop of DMF was added to a
suspension of 2-bromobenzoic acid (2 g, 9.95 mmds) ml SOC}, the mixture was heated under reflux for 2
h, then concentrated and diluted with DCM 20 mhaantrated again and re-diluted with DCM 20 ml and
concentrated. The residue was dissolved in 20 mIMDCadded dropwise to a solution of
4-methoxy-2-methylaniline (1.4 g, 9.95 mmol) aniéttrylamine (3.43 ml, 24.9 mmol) in 10 ml DCM, and
then stirred for 2 h. The mixture was concentratedive brown solid, which was treated with EtOLIZH

(10ml/20ml) to give off-white solid 2.5 g, yield8Z4%. ESI-MS m/z 320.1 [M+H]

Step 2: tert-butyl (2-bromobenzoyl)(4-methoxy-2-hydphenyl)carbamateB@A4): BOCO (2.0 g, 9.4
mmol) was added dropwise to a suspensioBAB (2.5 g, 7.81 mmol) and 4-dimethylaminopyridine (BR)
(0.39 mmol, 47.7 mg, 0.05 eq) in 30 ml dry DCM, nthstirred at room temperature overnight. It was
concentrated and treated with hexane/EAH20 ml/2 ml/20 ml) to precipitate the solid, thelid was
filtered and washed with hexane, dried under vactmugive off-white solid 2.9 g, yield: 90%. ESI-M8/z

366.1[M-56+H].

Step3:2-methoxy-4-methyl phenanthridin-6(5H)-one (BA5): A suspension o BA3 (1.8 g, 4.28 mmol),
KOAc (1.68 g, 17.13 mmol) and Pd(t-f), (131 mg, 0.26 mmol) in dry N,N-Dimethylacetamid®\A) (5
ml) was heated at 130~140 °C for 2 h under argtwe. fhixture was cooled down and quenched with cold
water, the precipitated solid was collected andhedswith HO, EtOH successively, then dried under
vacuum to yieldBA4 as gray-white solid. Weight: 770 mg, yield: 75%. NMR (400 MHz, DMSOds) &
10.61 (s, 1H), 8.53 (d, = 8.0 Hz, 1H), 8.32 (d] = 8.0 Hz, 1H), 7.82 (] = 7.4 Hz, 1H), 7.72 (s, 1H), 7.62 (t,

J=7.4Hz, 1H), 7.00 (s, 1H), 3.84 (s, 3H), 2.433d). ESI-MS m/z 240.2 [M+H]

4.1.4.1. 7-fluoro-2-methoxy-4-methyl phenanthridin-6(5H)-one (DAS5). Yield (three steps): 35.69%H NMR
(400 MHz, CDC}) & 8.51 (s, 1H), 8.04 (d] = 8.4 Hz, 1H), 7.76-7.70 (m, 1H), 7.49 @7~ 2.4 Hz, 1H),

7.28-7.23 (m, 1H), 6.99 (d,= 2.0 Hz, 1H), 3.91 (s, 3H), 2.46 (s, 3H). ESI-kif& 258.3 [M+H].

4.1.4.2. 2-methoxy-4,8-dimethylphenanthridin-6(5H)-one (JA5). Yield (three steps): 43.9%H NMR (400
MHz, CDCk) 6 8.79 (s, 1H), 8.32 (d) = 0.4 Hz, 1H), 8.12 (d] = 8.4 Hz, 1H), 7.60 (dd} = 8.0, 1.6 Hz, 1H),

7.51 (d,J = 2.8 Hz, 1H), 6.94 (d] = 2.0 Hz, 1H), 3.91 (s, 3H), 2.53 (s, 3H), 2.483). ESI-MS m/z 254.3
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[M+H] ™.

4.1.4.3. 2-methoxy-4,7-dimethylphenanthridin-6(5H)-one (KAS5). Yield (three steps): 42.7%H NMR (400
MHz, CDCL) 6 8.76 (s, 1H), 8.11 (dl = 8.0 Hz, 1H), 7.62 ({) = 7.8 Hz, 1H), 7.52 (d] = 2.4 Hz, 1H), 7.36
(d, J= 7.6 Hz, 1H), 6.94 (d) = 2.0 Hz, 1H), 3.90 (s, 3H), 2.98 (s, 3H), 2.473Hl). ESI-MS m/z 254.1

[M+H] ™.

4.1.4.4. 2-methoxy-4,9-dimethylphenanthridin-6(5H)-orleAB). Yield (three steps): 43.8%H NMR (400
MHz, CDCL) 6 9.00 (s, 1H), 8.40 (dl = 8.0 Hz, 1H), 7.98 (s, 1H), 7.51 @= 1.6 Hz, 1H), 7.41 (] =7.6

Hz, 1H), 6.94 (dJ = 1.6 Hz, 1H), 3.91 (s, 3H), 2.57 (s, 3H), 2.49(d). ESI-MS m/z 254.1 [M+H]

4.1.4.5. 4,7-difluoro-2-methoxyphenanthridin-6(5H)-onB&5). Yield (three steps): 33.8%H NMR (400
MHz, CDCL) 6 8.60 (s, 1H), 8.00 (dl = 8.0 Hz, 1H), 7.78-7.73 (m, 1H), 7.41 (&= 1.6 Hz, 1H), 7.33-7.28

(m, 1H), 6.93 (ddJ = 11.6, 2.8 Hz, 1H), 3.91 (s, 3H). ESI-MS m/z Z5[+H]".

4.1.4.6. 4-chloro-2-methoxyphenanthridin-6(5H)-one (BD5). Yield (three steps): 35.5%H NMR (400 MHz,
CDCly) 6 8.86 (s, 1H), 8.52 (dl = 7.6 Hz, 1H), 8.19 (d] = 8.0 Hz, 1H), 7.80 (1] = 7.4 Hz, 1H), 7.64 (1] =

7.4 Hz, 1H), 7.59 (d] = 2.0 Hz, 1H), 7.16 (d] = 2.4 Hz, 1H), 3.91 (s, 3H). ESI-MS m/z 260.1[M+H]

4.1.4.7. 4-chloro-7-fluoro-2-methoxyphenanthridin-6(5H)-one (DD5). Yield (three steps): 38.7%H NMR
(400 MHz, CDC}) 5 8.76 (s, 1H), 8.01 (d) = 8.0 Hz, 1H), 7.78-7.73 (m, 1H), 7.56 @= 2.4 Hz, 1H),

7.33-7.28 (m, 1H), 7.19 (d,= 2.4 Hz, 1H), 3.91 (s, 3H). ESI-MS m/z 278.1 [M¥H

4.1.5. The representative procedure for the preparation of intermediate 6

1-bromo-2-methoxy-4-methyl phenanthridin-6(5H)-one (BA6): BA5 (433 mg, 1.81 mmol) was added to a
mixture of DCM/HOAc (1.5 ml/1.5 ml) and stirred tgive a solution, followed by addition of
N-bromosuccinimide (NBS) (322 mg, 1.81 mmol) by opertion. The mixture was stirred at room
temperature overnight. LCMS showed the reaction masfinished. Another portion of NBS (32 mg) was
added and then stirring was continued for 2 h. fdaetion mixture was diluted with water, extracteith

DCM. DCM layer was separated and concentrated e géd-brown solid. The solid was suspended in

20



EA/hexane (1:1) and heated under reflux for 30 mogled down and filtered, the solid was dried unde
vacuum to give 460 mg yellow solid, yield: 79.9%. NMR (400 MHz, CDC}) & 9.69 (d,J = 8.4 Hz, 1H),
8.66 (s, 1H), 8.56 (dl = 8.0 Hz, 1H), 7.79 () = 7.6 Hz, 1H), 7.64 (tJ = 7.6 Hz, 1H), 7.01 (s, 1H), 3.95 (s,

3H), 2.50 (s, 3H). ESI-MS m/z 320.0 [M+H]

4.1.5.1. 1-bromo-7-fluoro-2-methoxy-4-methyl phenanthridin-6(5H)-one (DA6). Yield 88.5%."H NMR (400
MHz, CDCk) 6 9.37 (d,J = 8.8 Hz, 1H), 8.36 (s, 1H), 7.76-7.71 (m, 1HB4#7.29 (m, 1H), 7.03 (s, 1H),

3.96 (s, 3H), 2.47 (s, 3H). ESI-MS m/z 336.0 [M+H]

4.1.5.2. 1-bromo-2-methoxy-4,8-dimethyl phenanthridin-6(5H)-one (JA6). Yield: 89.7%.'*H NMR (400 MHz,
CDCl) 6 9.60 (d,J = 8.8 Hz, 1H), 8.72 (s, 1H), 8.37 (s, 1H), 7.6d,@= 8.6, 1.8 Hz, 1H), 6.99 (s, 1H), 3.96

(s, 3H), 2.54 (s, 3H), 2.50 (s, 3H). ESI-MS m/z 33M+H]".

4.1.5.3. 1-bromo-2-methoxy-4,7-dimethyl phenanthridin-6(5H)-one (K A6). Yield: 96.2%."H NMR (400 MHz,
CDCls) 6 9.27 (d,J = 8.0 Hz, 1H), 8.81 (s, 1H), 7.60 Jt= 7.8 Hz, 1H), 7.40 (d] = 7.6 Hz, 1H), 6.98 (s, 1H),

3.95 (s, 3H), 2.97 (s, 3H), 2.50 (s, 3H). ESI-MZ 882.0 [M+H].

4.1.5.4. 1-bromo-2-methoxy-4,9-dimethyl phenanthridin-6(5H)-one (LA6). Yield: 93.4%."H NMR (400 MHz,
CDCly) 6 9.52 (s, 1H), 8.57 (s, 1H), 8.45 @7 8.0 Hz, 1H), 7.47 (dJ = 7.6 Hz, 1H), 7.01 (s, 1H), 3.96 (s,

3H), 2.59 (s, 3H), 2.49 (s, 3H). ESI-MS m/z 33MB-H]".

4.1.5.5. 1-bromo-4,7-difluoro-2-methoxyphenanthridin-6(5H)-one (DC6). Yield: 90.2%."H NMR (400 MHz,
CDCly) 6 9.43 (d,J = 8.4 Hz, 1H), 7.74-7.68 (m, 1H), 7.32-7.27 (m))16197 (d,J = 11.2 Hz, 1H), 3.89 (s,

3H). ESI-MS m/z 340.1 [M+H]

4.1.5.6. 1-bromo-4-chloro-2-methoxyphenanthridin-6(5H)-one (BD6). Yield: 88.7%.'H NMR (400 MHz,
CDCl) 6 9.68 (d,J = 8.8 Hz, 1H), 8.90 (s, 1H), 8.57 (ddl= 7.8, 1.4 Hz, 1H), 7.84-7.80 (m, 1H), 7.71-7.67

(m, 1H), 7.21 (s, 1H), 3.97 (s, 3H). ESI-MS m/z IBp+H]".

4.1.5.7. 1-bromo-4-chloro-7-fluoro-2-methoxyphenanthridin-6(5H)-one (DD6) Yield: 91.7%."H NMR (400

MHz, CDCk) & 9.33 (d,J = 8.4 Hz, 1H), 8.76 (s, 1H), 7.77-7.71 (m, 1HB777.32 (m, 1H), 7.19 (s, 1H),
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3.96 (s, 3H). ESI-MS m/z 356.0 [M+H]

4.1.5.8. 1-bromo-2,7-dimethoxy-4-methyl phenanthridin-6(5H)-one (CA6). To a 150 ml two necked flask was
addedD6 (5.4 g, 16.06 mmol), MeONa (4.3 g, 80.32 mmol), BNb4 ml). The mixture was stirred at
50~60 °C for 1 h, cooled to room temperature anehghed with 200 ml water. The precipitated solic wa
collected and washed with water and ethanol, drreter vacuum to give 4.5 g gray white solid. Yi€30:5%.
'H NMR (400 MHz, CDCJ) 6 9.00 (d,J = 8.4 Hz, 1H), 8.18 (s, 1H), 7.69 {t= 8.4 Hz, 1H), 7.14 (= 8.4

Hz, 1H), 6.99 (s, 1H), 4.05 (s, 3H), 3.95 (s, 3M%4 (s, 3H). ESI-MS m/z 350.2 [M+H]

4.1.5.9. 1-bromo-4-chloro-2,7-dimethoxyphenanthridin-6(5H)-one (CD6). Yield: 88.4%.'H NMR (400 MHz,
CDCl) 6 8.98 (d,J = 8.4 Hz, 1H), 8.59 (s, 1H), 7.71 §t= 8.4 Hz, 1H), 7.18 (s, 1H), 7.17 @5 7.2 Hz, 1H),

4.06 (s, 3H), 3.96 (s, 3H). ESI-MS m/z 370.0 [M+H]

4.1.5.10. 1-bromo-7-(dimethylamino)-2-methoxy-4-methyl phenanthridin-6(5H)-one (MA6): DA6 (530 mg,
1.58 mmol), 33% dimethlyamine aqueous solutiom(3 DMF (10 ml) were added to a 30 ml sealed tube
and the mixture was heated at P@overnight. It was cooled to room temperature soid precipitated out.
The solid was collected and washed with water at@HE dried under vacuum to give 381 mg gray white

solid, yield: 66.9%. ESI-MS m/z 363.1 [M+H]
4.1.6. The representative procedure for the preparation of intermediate 7

(R)-tert-butyl  (1-(4-(2-methoxy-4-methyl -6-o0xo-5,6-di hydr ophenanthridin-1-yl)phenyl )ethyl)car bamate
(7a): BA6 (210 mg, 0.66 mmol)R1A (228 mg, 0.86 mmol), NaHG@166 mg, 1.98 mmol) and PdQippf)
(24 mg, 0.033 mmol) were added to 25 ml two nechask equipped with a thermometer, followed by
DME/H,0 (10 ml/0.5 ml). The mixture was heated at 85 ¥€rnight. Then it was concentrated, diluted with
water and extracted with DCM. The DCM layer was legswith water, concentrated and crystallized from

mixture of EA and hexane to give 160 mg desiregdibas grey solid, yield: 52.9%.

4.1.7. The representative procedure for the preparation of 8
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(R)-1-(4-(1-aminoethyl ) phenyl) - 2-methoxy-4-methyl phenanthridin-6(5H)-one hydrochloride (8a): 7a
(160 mg) was stirred in 5 ml 4N HCl/dioxane ovehtjgconcentrated and the residue was washed witid DC
and recrystallized from isopropanol to give 103 offfwhite solid, yield: 75%.*H NMR (400 MHz,
DMSO-ds) 5 10.53 (s, 1H), 8.67 (s, 3H), 8.32 = 6.4 Hz, 1H), 7.64-7.60 (m, 2H), 7.50-7.40 (m,)1H
7.29-7.23 (m, 4H), 6.87 (d,= 8.8 Hz, 1H), 4.51-4.50 (m, 1H), 3.68 (s, 3H),8(5, 3H), 1.62 (dJ = 5.6 Hz,
3H). *C NMR (100 MHz, DMSOd,) & 160.48, 151.54, 138.56, 138.50, 134.50, 131.18,313 129.70,
127.54, 127.36, 127.32, 127.18, 126.88, 124.84,802417.10, 115.90, 56.33, 49.85, 20.88, 18.2T-NES

m/z 359.2 [M+H]. HRMS (ESI) Calcd for @H,aN,O, [M+H]* m/z 359.1754, found 359.1758.

4.1.7.1. (R)-1-(4-(1-aminopropan-2-yl)phenyl)-2-methoxy-4-methyl phenanthridin-6(5H)-one hydrochloride
(8b). White solid, two step yield: 58.8% NMR (400 MHz, DMSO#ds) § 10.52 (s, 1H), 8.32-8.30 (m, 1H),
7.94 (s, 3H), 7.45-7.38 (m, 3H), 7.27 (s, 1H), 77287 (m, 3H), 6.89 (dJ = 8.4 Hz, 1H), 3.68 (s, 3H),
3.16-3.06 (m, 3H), 2.51 (s, 3H), 1.35 (= 6.0 Hz, 3H)*C NMR (100 MHz, DMSQdg) & 160.50, 151.59,
142.05, 137.03, 134.63, 130.91, 130.43, 129.77,7127127.45, 127.33, 127.13, 126.97, 125.07, 124.66
117.23, 115.93, 56.33, 44.79, 37.30, 19.49, 18E%-MS m/z 373.3 [M+H]. HRMS (ESI) Calcd for

C24H25N202 [M+H]+ m/z 373.1911, found 373.1913.

4.1.7.2. 1-(4-(1-(aminomethyl)cyclopr opyl) phenyl )-2-methoxy-4-methyl phenanthridin-6(5H)-one
hydrochloride (8c). White solid, two step yield: 6694H NMR (400 MHz, DMSOdg) & 10.48 (s, 1H),
8.32-8.29 (m, 1H), 8.09 (s, 3H), 7.46-7.42 (m, 3HR7-7.17 (M, 4H), 6.94 (d,= 8.4 Hz, 1H), 3.67 (s, 3H),
3.19 (s, 2H), 2.56 (s, 3H), 1.15-1.12 (m, 2H), 11081 (m, 2H).*C NMR (100 MHz, DMSOdg) & 160.50,
151.58, 140.17, 136.70, 134.58, 131.12, 130.27,7629128.38, 127.61, 127.27, 127.10, 126.91, 124.95

124.66, 117.22, 115.86, 56.29, 46.66, 23.04, 18.2488. ESI-MS m/z 385.3 [M+H]

4.1.8. The representative procedure for the preparation of compound 9

(R)-1-(4-(1-aminoethyl ) phenyl) - 2-hydr oxy-4-methyl phenanthridin-6(5H)-one  hydrochloride (9a). 8a
(136 mg) was suspended in 15% BBrDCM (5ml) and stirred overnight. The mixture ssgoncentrated and
treated with DCM 20 ml and concentrated, dilutethvice-water, neutralized with ag. ammonia until>RH

the precipitated solid was collected and dissowati 3N HCI/MeOH, concentrated and crystallized hwit
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isopropanol to give 110 mg off-white solid, yieBD%.'H NMR (400 MHz, DMSOds)  10.43 (s, 1H), 9.27
(s, 1H), 8.64 (s, 3H), 8.31 (d= 8.0 Hz, 1H), 7.62-7.59 (m, 2H), 7.43Jt 7.4 Hz, 1H), 7.29-7.27 (m, 2H),
7.24-7.20 (m, 1H), 7.07 (s, 1H), 6.90 {cs 8.4 Hz, 1H), 4.50 (t] = 5.4 Hz, 1H), 2.47 (s, 3H), 1.62 (d, J = 6.8
Hz, 3H)."*C NMR (100 MHz, DMSOd,) & 160.37, 149.79, 139.32, 137.99, 134.78, 130.8@,543 128.70,
127.34, 127.29, 127.26, 126.88, 126.82, 124.53,4022119.38, 117.02, 49.85, 20.78, 18.03. ESI-M& m

345.3 [M+H]. HRMS (ESI) Calcd for §H»1N,0, [M+H] " m/z345.1598, found 345.1558.

4.1.8.1. (R)-1-(4-(1-aminopropan-2-yl)phenyl)-2-hydroxy-4-methyl phenanthridin-6(5H)-one  hydrochloride
(9b). White solid, yield 51%H NMR (400 MHz, DMSOdg) § 10.44 (s, 1H), 9.16 (s, 1H), 8.30 (= 7.6 Hz,
1H), 8.13 (s, 3H), 7.44-7.38 (m, 3H), 7.22-7.18 @H), 7.06 (s, 1H), 6.99 (d,= 8.4 Hz, 1H), 3.18-3.08 (m,
3H), 2.51(s, 3H), 1.36 (d,= 6.8 Hz, 3H)*C NMR (100 MHz, DMSOdg) § 160.38, 149.79, 141.75, 137.56,
134.88, 130.77, 130.56, 128.71, 127.69, 127.55,4027127.25, 126.82, 126.80, 124.35, 122.64, 119.38
117.13, 44.87, 37.27, 19.48, 18.00. ESI-MS m/z 3381+H]*. HRMS (ESI) Calcd for H,aN,0, [M+H]*

m/z 359.1754, found 359.1758.

4182 1-(4-(1-(aminomethyl)cyclopr opyl) phenyl )-2-hydr oxy-4-methyl phenanthridin-6(5H)-one
hydrochloride (9c). White solid, yield: 87%H NMR (400 MHz, DMSOds) & 10.40 (s, 1H), 9.12 (s, 1H),
8.30 (dd,J = 8.0, 2.1 Hz, 1H), 8.04 (s, 3H), 7.46-7.40 (m, 3AHR7-7.19 (m, 3H), 7.05 (s, 1H), 7.04 {c=

8.4 Hz, 1H), 3.18 (d] = 4.0 Hz, 2H), 2.47 (s, 3H), 1.13-1.10 (m, 2HPEE1.00 (M, 2H)**C NMR (100 MHz,
DMSO-ds) 6 160.40, 149.80, 139.79, 137.34, 134.84, 130.98,4B3 128.71, 128.46, 127.56, 127.23, 126.81,
126.75, 124.37, 122.53, 119.34, 117.13, 46.83,&528.14, 17.99, 13.65. ESI-MS m/z 371.1 [M*H]

HRMS (ESI) Calcd for &H,3N,O, [M+H]" m/z 371.1754, found 371.1754.

4.1.8.3. (R)-1-(4-(1-aminoethyl)phenyl)-7-fluor o-2-hydroxy-4-methyl phenanthridin-6(5H)-one (9d). Brown
solid, yield: 71.2%H NMR (400 MHz, DMSOd) & 10.32 (s, 1H), 9.28 (s, 1H), 8.48 (s, 3H), 7.5947(m,
2H), 7.30-7.26 (m, 2H), 7.19-7.16 (m, 2H), 7.051(d), 6.87-6.85 (m, 1H), 4.49 (br s, 1H), 2.443d), 1.59

(d, J = 6.8 Hz, 3H)."*C NMR (100 MHz, DMSQd,) & 162.93, 160.33, 157.97, 157.93, 149.79, 139.05,
137.94, 137.70, 131.78, 131.67, 130.62, 129.25,2827127.20, 124.29, 123.83, 123.79, 122.30, 120.07
116.30, 115.73, 115.70, 114.28, 114.07, 49.82,20.7.86. ESI-MS m/z 363.2 [M+H]HRMS (ESI) Calcd

for CyH,0FN,O, [M+H] " m/z 363.1503, found 363.1498.
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4.1.84. (R)-1-(4-(1-aminopropan-2-yl ) phenyl)- 7-fluor o-2-hydr oxy-4-methyl phenanthridin-6(5H)-one
hydrochloride (9¢). Brown solid, yield: 78.3%'H NMR (400 MHz, DMSOdg) & 10.29 (s, 1H), 9.22 (br s,
1H), 8.10 (s, 3H), 7.38-7.35 (m, 2H), 7.21-7.11 4H), 7.07 (s, 1H), 6.89 (d,= 7.6 Hz, 1H), 3.17-3.03 (m,
3H), 2.44 (s, 3H), 1.34 (d,= 6.4 Hz, 3H)**C NMR (100 MHz, DMSOds)  162.88, 160.29, 157.95, 149.81,
141.69, 137.81, 137.30, 131.72, 131.63, 130.64,2829127.55, 124.06, 123.94, 122.58, 120.12, 116.40
115.70, 115.66, 114.21, 113.99, 44.86, 37.23, 14249. ESI-MS m/z 377.3 [M+H]HRMS (ESI) Calcd

for CyHFN,O, [M+H] " m/z 377.1660, found 377.1658.

4.1.8.5. (R)-1-(4-(1-aminoethyl)phenyl)-2,7-dihydroxy-4-methyl phenanthridin-6(5H)-one hydrochloride (9f).
Brown solid, yield: 77%*H NMR (400 MHz, DMSO#d,) & 13.86 (s, 1H), 10.93 (s, 1H), 9.35 (s, 1H), 844 (
3H), 7.57-7.54 (m, 2H), 7.28-7.25 (m, 2H), 7.09:057(m, 2H), 6.77 (dJ = 8.0 Hz, 1H), 6.43 (d] = 8.4 Hz,
1H), 4.52-4.49 (m, 1H), 2.50 (s, 3H), 1.59 J¢ 6.8 Hz).*C NMR (100 MHz, DMSOd,) § 165.09, 161.51,
150.65, 139.19, 137.93, 135.98, 133.19, 130.48,6827127.22, 127.15, 125.29, 122.61, 119.71, 117.86
117.82, 113.48, 110.72, 49.83, 20.74, 18.09. ESIAMS361.3 [M+H]. HRMS (ESI) Calcd for §H,;N,03

[M+H]"m/z 361.1547, found 361.1548.

4.1.8.6. (R)-1-(4-(1-aminopropan-2-yl)phenyl)-2,7-di hydr oxy-4-methyl phenanthridin-6(5H)-one
hydrochloride (9g). Off-white solid, yield: 81.4%'H NMR (400 MHz, CROD) 6 7.51 (dd,J = 8.0, 1.6 Hz,
1H), 7.41 (dd] = 7.8, 1.8 Hz, 1H), 7.32 (dd,= 8.0, 1.2 Hz, 1H), 7.26 (dd,= 8.0, 1.6 Hz, 1H), 7.07-7.03 (m,
2H), 6.78 (dJ = 8.0 Hz, 1H), 6.69 (d] = 8.4 Hz, 1H), 3.33-3.19 (m, 3H), 2.53 (s, 3H}¥9(d,J = 6.0 Hz,
3H). *C NMR (400 MHz, DMSOd,) & 165.09, 161.45, 150.62, 141.68, 137.43, 136.08,163 130.50,
127.71, 127.56, 127.46, 125.12, 122.87, 119.70,971217.93, 113.42, 110.72, 44.84, 37.28, 19.8@)5L

ESI-MS m/z 375.2 [M+H]. HRMS (ESI) Calcd for H»N,0s [M+H] " m/z 375.1703, found 375.1707.

4.1.8.7. 1-(4-(1-(aminomethyl)cyclopropyl) phenyl)-2, 7-di hydr oxy-4-methyl phenanthridin-6(5H)-one
hydrochloride (9h). White solid, yield: 71.4%H NMR (400 MHz, DMSOdg) § 13.84 (s, 1H), 10.89 (s, 1H),
9.26 (s, 1H), 8.01 (s, 3H), 7.43 (= 8.0 Hz, 2H), 7.17 (d] = 8.0 Hz, 2H), 7.11 (t] = 8.2 Hz, 1H), 7.08 (s,
1H), 6.76 (dJ = 8.4 Hz, 1H), 6.49 (d] = 8.4 Hz, 1H), 3.17 (d] = 5.2 Hz, 2H), 2.48 (s, 3H), 1.12-1.09 (m,
2H), 1.02-0.99 (m, 2H):*C NMR (100 MHz, DMSQd,) § 165.10, 161.42, 150.68, 139.77, 137.20, 136.01,
133.38, 130.38, 128.32, 127.68, 125.11, 122.76,6919.18.10, 117.95, 113.39, 110.66, 46.80, 23826,
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13.66. ESI-MS m/z 387.1 [M+H] HRMS (ESI) Calcd for &H,N,O; [M+H]* m/z 387.1703, found

387.1705.

4.1.88. (R)-1-(4-(1-aminoethyl)phenyl)-4-chloro-2-hydroxyphenanthridin-6(5H)-one  hydrochloride(9i).
Brown solid, yield: 55.7%*H NMR (400 MHz, CROD) & 8.42 (d,J = 8.0 Hz, 1H), 7.65-7.62 (m, 2H),
7.52-7.48 (m, 1H), 7.43-7.40 (m, 2H), 7.29 (s, 1HR7-7.20 (m, 2H), 4.62 (d,= 6.8 Hz, 1H), 1.77 (d] =
7.2 Hz, 3H).*C NMR (100 MHz, DMSOds) & 159.96, 150.41, 138.51, 138.45, 138.24, 133.96,343
130.29, 127.82, 127.54, 127.47, 127.41, 127.01,5026824.53, 118.77, 117.37, 49.77, 20.74. ESI-M% m

365.1 [M+H]. HRMS (ESI) Calcd for §H1sCIN,O, [M+H]*m/z 365.1051, found 365.1053.

4.1.8.9. (R)-1-(4-(1-aminopropan-2-yl)phenyl)-4-chloro-2-hydroxyphenanthridin-6(5H)-one hydrochloride
(9j). Brown solid, yield: 72.7%'H NMR (400 MHz, DMSOds) & 10.43 (s, 1H), 9.72 (s, 1H), 8.32 (dbz
7.6, 1.2 Hz, 1H), 7.99 (s, 3H), 7.48Jt= 7.6 Hz, 1H), 7.41 (ddl = 5.2, 2.4 Hz, 1H), 7.33 (s, 1H), 7.26-7.21
(m, 3H), 6.96 (dJ = 8.4 Hz, 1H), 3.15-3.07 (m, 3H), 1.36 (& 6.0 Hz, 3H)**C NMR (100 MHz, DMSQOdy)

6 159.97, 150.43, 142.26, 136.53, 134.06, 131.26,303 127.84, 127.76, 127.55, 127.46, 127.00, 126.5
124.80, 118.90, 118.58, 117.37, 44.78, 37.31, 1ESI-MS m/z 379.1 [M+H] HRMS (ESI) Calcd for

C2H20CIN,O, m/z [M+H]*379.1208, found 379.1208.

4.1.8.10. (R)-1-(4-(1-aminoethyl)phenyl)-4-chl oro-2,7-di hydroxyphenanthridin-6(5H)-one hydrochloride (9k).
White solid, yield: 68.9%'H NMR (400 MHz, DMSO#dg) 5 13.63 (s, 1H), 11.04 (s, 1H), 10.00 (s, 1H), 8.55
(s, 3H), 7.61-7.59 (m, 2H), 7.39 (s, 1H), 7.30-7(&7 2H), 7.13 (tJ = 8.2 Hz, 1H), 6.85 (d] = 8.0 Hz, 1H),
6.42 (d,J = 8.4 Hz, 1H), 4.52-4.49 (m, 1H), 1.60 M= 6.8 Hz, 3H).**C NMR (100 MHz, DMSQdy) &
165.05, 161.54, 151.20, 138.42, 138.18, 135.11,6633130.25, 127.40, 127.35, 125.62, 124.70, 119.55
119.45, 118.10, 117.76, 114.60, 110.84, 49.79,2EBI-MS m/z 381.1[M+H] HRMS (ESI) Calcd for

C21H18C|N203 [M+H]+ m/z 381.1000, found 381.1001.

4.1.8.11. (R)-1-(4-(1-aminopropan-2-yl ) phenyl)-4-chloro- 2, 7-dihydroxyphenanthridin-6(5H)-one
hydrochloride (91). White solid, yield: 87.7%'H NMR (400 MHz, DMSOsd) & 13.61 (s, 1H), 11.01 (s, 1H),
9.84 (s, 1H), 7.98 (s, 3H), 7.41-7.39 (m, 2H), A(86LH), 7.23-7.18 (m, 2H), 7.12 Jt= 8.2 Hz, 1H), 6.83 (d,

J =8.0 Hz, 1H), 6.43 (d] = 8.4 Hz, 1H), 3.13-3.06 (m, 3H), 1.35 (= 6.0 Hz, 3H)*C NMR (100 MHz,
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DMSO-ds) 6 165.03, 161.45, 151.22, 142.20, 136.44, 135.13,61.3 130.24, 127.70, 127.64, 125.58, 124.97,
119.63, 119.24, 118.21, 117.74, 114.50, 110.88%4&7.27, 19.48. ESI-MS m/z 395.0 [M¥HHRMS (ESI)

Calcd for GoH,CIN,Os3 [M+H] " m/z 395.1157, found 395.1157.

4.1.8.12. 1-(4-(1-(aminomethyl)cyclopropyl ) phenyl)-4-chl oro-2, 7-di hydroxyphenanthridin-6(5H)-one
hydrochloride (9m). White solid, yield: 79.4%H NMR (400 MHz, DMSOds) § 13.61 (s, 1H), 11.00 (s, 1H),
9.93 (s, 1H), 8.02 (s, 3H), 7.45 (= 8.4 Hz, 2H), 7.39 (s, 1H), 7.20 @@= 8.4 Hz, 2H), 7.15 (d] = 8.4 Hz,
1H), 6.83 (dJ = 8.0 Hz, 1H), 6.49 (d] = 8.4 Hz, 1H), 3.18 (s, 2H), 1.12-1.10 (m, 2HP3:1.00 ( m, 2H).
%C NMR (100 MHz, DMSQd,) § 165.04, 161.43, 151.30, 140.28, 136.22, 135.13,863 130.11, 128.44,
125.55, 124.87, 119.62, 119.24, 118.39, 117.73,4814110.75, 46.74, 23.11, 13.74. ESI-MS m/z 407.1

[M+H]*. HRMS (ESI) Calcd for §H,CIN,O; [M+H]* m/z407.1157, found 407.1164.

4.1.8.13.

(R)-1-(4-(1-aminopropan-2-yl) phenyl)-7-(dimethyl amino)-2-hydr oxy-4-methyl phenanthridin-6(5H)-one
dihydrochloride (9n). Light yellow solid, yield: 33.5%'H NMR (400 MHz, DMSOds) & 14.83 (br s, 1H),
11.56 (br s, 1H), 9.60 (s, 1H), 8.18 (s, 3H), &§81H), 7.50-7.38 (m, 3H), 7.22-7.16 (m, 4H), 3(816H),
3.20-3.05 (m, 3H), 2.54 (s, 3H), 1.35 (= 6.4 Hz, 3H)*C NMR (100 MHz, DMSQde) 5 162.42, 151.37,
144.86, 142.17, 136.76, 136.51, 132.31, 130.48,4230127.95, 127.74, 127.46, 125.45, 122.58, 120.96
120.36, 117.25, 115.61, 45.94, 44.84, 37.16, 19.89.3. ESI-MS m/z 402.2 [M+H]HRMS (ESI) Calcd for

C25H28N302 [M+H]+ m/Z4022176, found 402.2180.

4.1.8.14. (R)-1-(4-(1-aminoethyl ) phenyl)-2-hydr oxy-4,8-dimethyl phenanthridin-6(5H)-one hydrochloride (90).
Off-white solid,yield: 79.4%.*H NMR (400 MHz, DMSOsdg) & 10.37 (s, 1H), 9.22 (s, 1H), 8.60 (s, 3H), 8.12
(d, J = 0.8 Hz, 1H), 7.61-7.58 (m, 2H), 7.28-7.24 (m,)2M.04-7.01 (m, 2H), 6.84 (d, = 8.4 Hz, 1H),
4.51-4.48 (m, 1H), 2.46 (s, 3H), 2.34 (s, 3H), 1(82) = 6.8 Hz, 3H).*C NMR (100 MHz, DMSQOd,) &
160.34, 149.72, 139.39, 137.97, 136.46, 132.31,0032130.54, 130.51, 128.33, 127.36, 127.28, 127.20
127.08, 126.76, 124.40, 122.16, 118.90, 117.186420.82, 20.51, 18.01. ESI-MS m/z 359.1 [M*H]

HRMS (ESI) Calcd for @H»aN,0, [M+H]* m/z 359.1754, found 359.1761.

4.1.8.15. (R)-1-(4-(1-aminopropan-2-yl ) phenyl)- 2-hydr oxy-4,8-dimethyl phenanthridin-6(5H)-one
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hydrochloride (9p). Off-white solid, yield: 72.6%'H NMR (400 MHz, DMSOds) & 10.35 (s, 1H), 9.04 (s,
1H), 8.11(s, 1H), 8.06 (s, 3H), 7.38 (b5 8.0 Hz, 2H), 7.19 (t] = 6.0 Hz, 2H), 7.02-7.08 (m, 2H), 6.85 (4,

= 8.4 Hz, 1H), 3.16-3.07 (m, 3H), 2.45 (s, 3H),4£(8, 3H), 1.36 (dJ = 6.4 Hz, 3H).*C NMR (100 MHz,
DMSO-d) 6 160.35, 149.73, 141.74, 137.62, 136.43, 132.40,943 130.54, 128.33, 127.67, 127.51, 127.37,
127.01, 126.73, 124.21, 122.41, 118.89, 117.2B744&7.25, 20.50, 19.48, 17.99. ESI-MS m/z 373.3H1.

HRMS (ESI) Calcd for €H,sN,O, [M+H] " m/z 373.1911, found 373.1875.

4.1.8.16. (R)-1-(4-(1-aminoethyl)phenyl)-2-hydr oxy-4, 7-dimethyl phenanthridin-6(5H)-one hydrochloride (99).
Off-white solid, yield: 77.2%'H NMR (400 MHz, DMSOsdg) & 10.08 (s, 1H), 9.14 (s, 1H), 8.45 (s, 3H), 7.52
(t,J= 7.2 Hz, 2H), 7.26 (] = 6.8 Hz, 2H), 7.18-7.16 (m, 1H), 7.02-6.97 (m,)3#48-4.46 (m, 1H), 2.82 (s,
3H), 2.43 (s, 3H), 1.58 (d,= 6.8 Hz, 3H)**C NMR (100 MHz, DMSOd) 5 161.63, 149.51, 140.31, 139.42,
137.60, 136.30, 130.78, 130.73, 130.19, 129.54,0029127.12, 126.91, 126.32, 125.18, 123.71, 122.08
119.31, 117.45, 49.81, 23.96, 20.73, 17.68. ESI389.2 m/z [M+H]. HRMS (ESI) Calcd for &H»3N,0,

[M+H] " m/z 359.1754, found 359.1755.

4.1.8.17. (R)-1-(4-(1-aminopr opan-2-yl ) phenyl)-2-hydr oxy-4, 7-dimethyl phenanthridin-6(5H)-one
hydrochloride (9r). Off-white solid, yield: 79.1%:H NMR (400 MHz, DMSOds) & 10.05 (s, 1H), 9.04 (s,
1H), 8.02 (s, 3H), 7.33 (d,= 8.4 Hz, 2H), 7.19-7.15 (m, 3H), 7.02-6.98 (m,)38111-3.07 (m, 1H), 2.81 (s,
3H), 2.43 (s, 3H), 1.34 (d,= 6.4 Hz, 3H)**C NMR (100 MHz, DMSOds) § 161.66, 149.54, 141.44, 140.18,
137.65, 136.41, 130.75, 130.14, 129.51, 128.96,4427127.26, 126.42, 125.13, 123.46, 122.36, 119.31
117.56, 44.88, 37.20, 23.95, 19.42, 17.66. ESI-M3 373.1[M+H]. HRMS (ESI) Calcd for &H,sN,O,

[M+H]"m/z 373.1911, found 373.1913.

4.1.8.18. (R)-1-(4-(1-aminoethyl)phenyl)-2-hydroxy-4,9-dimethyl phenanthridin-6(5H)-one (9s). Brown solid,
yield: 77.9%.*H NMR (400 MHz, DMSOsds) § 10.31 (s, 1H), 9.21 (s, 1H), 8.57 (s, 3H), 8.19)(d 8.0 Hz,
1H), 7.66 (d,J = 8.0 Hz, 1H), 7.54 (d] = 8.0 Hz, 1H), 7.30 (d] = 8.0 Hz, 1H), 7.25 (d] = 8.0 Hz, 2H), 7.04

(s, 1H), 6.68 (s, 1H), 4.52 (d,= 6.0 Hz, 1H), 2.46 (s, 3H), 1.95 (s, 3H), 1.61J¢ 6.8 Hz, 3H)*C NMR
(100 MHz, DMSO+d) 6 160.34, 149.65, 140.36, 139.52, 138.26, 134.69,603 130.38, 128.85, 127.95,
127.82, 127.31, 126.46, 124.48, 124.44, 122.46,261916.95, 49.92, 21.55, 21.33, 18.03. ESI-MS m/z
359.1[M+H]J". HRMS (ESI) Calcd for &H,3N,O, [M+H]" m/z 359.1754, found 359.1757.
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4.1.8.19. (R)-1-(4-(1-aminopropan-2-yl ) phenyl)- 2-hydr oxy-4,9-dimethyl phenanthridin-6(5H)-one
hydrochloride (9t). Off-white solid, yield: 84.3%'H NMR (400 MHz, DMSOds) & 10.29 (s, 1H), 8.19-8.15
(m, 4H), 7.44-7.37 (m, 2H), 7.25-7.18 (m, 3H), 7(851H), 6.62 (s, 1H), 3.22-3.15 (m, 1H), 3.1283(fn,
2H), 2.46 (s, 3H), 1.94 (s, 3H), 1.38 (J& 6.8 Hz, 3H)*C NMR (100 MHz, DMSQd,) & 160.33, 149.65,
142.17, 140.14, 137.80, 134.79, 130.57, 130.42,8628128.06, 127.88, 127.23, 126.98, 124.48, 124.25
122.73, 119.26, 117.07, 44.89, 37.32, 21.52, 19.882. ESI-MS m/z 373.2 [M+H]HRMS (ESI) Calcd for

Ca4H25N20, [M+H] " m/z373.1911, found 373.1875.

4.1.9. The representative procedure for the preparation of compound 10

(R)-1-(4-(1-(dimethylamino)ethyl) phenyl)-2-hydr oxy-4-methyl phenanthridin-6(5H)-one  hydrochloride
(10a). To a suspension & (40 mg), paraformaldehyde (80 mg) in 10 ml MeOH wadded 1 drop of HOAC,
followed by addition of NaBECN (80 mg). The mixture was stirred at room tempeeaovernight. It was
concentrated and diluted with sat.NaH@&Queous solution, extracted with DCM/MeOH (10: bneentrated
and treated with 3N HCI/MeOH, concentrated agaih \®ashed with acetone to give 37 mg desired target
off-white solid, yield: 86%H NMR (400 MHz, DMSOss) & 10.84 (s, 1H), 10.46 (s, 1H), 9.26 (s, 1H), 8.31
(d, J = 7.2 Hz, 1H), 7.72-7.70 (m, 1H), 7.65-7.63 (m, 1A}3 (t,J = 7.4 Hz, 1H), 7.34-7.32 (m, 2H),
7.20-7.16 (m, 1H), 7.06 (s, 1H), 6.90 {d= 8.4 Hz, 1H), 4.59-4.56 (m, 1H), 2.80 (ds 4.4 Hz, 3H), 2.64 (d,

J = 4.8 Hz, 3H), 2.47 (s, 3H), 1.74 @= 6.8 Hz, 3H).*C NMR (100 MHz, DMSQd,) 5 160.38, 149.66,
140.36, 134.68, 133.96, 130.91, 130.81, 130.53,1#30128.81, 128.76, 127.38, 127.17, 126.96, 126.90
124.72, 122.08, 119.43, 117.00, 64.52, 41.12, 18.638. ESI-MS m/z 373.3 [M+H]HRMS (ESI) Calcd

for CyH1gNO, [M-N(CHs),]" m/z 328.1332, found 328.1291.

4.1.9.1. (R)-1-(4-(1-(dimethyl amino) propan-2-yl ) phenyl)-2-hydr oxy-4-methyl phenanthridin-6(5H)-one
hydrochloride (10b). White solid, yield: 51%'H NMR (400 MHz, DMSOds) & 10.41 (s, 1H), 10.06 (s, 1H),
9.16 (s, 1H), 8.30 (d] = 7.6 Hz, 1H), 7.47-7.40 (m, 3H), 7.22 §t= 6.4 Hz, 2H), 7.14 (J = 8.0 Hz, 1H),
7.05 (s, 1H), 6.99 (dl = 8.4 Hz, 1H), 3.41 (br s, 3H), 2.80 (s, 3H), 2(373H), 2.47 (s, 3H), 1.38 (4= 5.6
Hz, 3H)."*C NMR (100 MHz, DMSQd,) 5 160.37, 149.81, 141.91, 137.78, 134.88, 130.70,6I73 130.54,

128.71, 127.95, 127.49, 127.31, 126.85, 124.37,5722119.41, 117.08, 62.39, 43.94, 41.80, 34.94640
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18.00. ESI-MS m/z 387.3 [M+H]] HRMS (ESI) Calcd for @H,N,O, [M+H]* m/z 387.2067, found

387.2071.

4.19.2. 1-(4-(1-((dimethylamino)methyl ) cycl opropyl ) phenyl )-2-hydr oxy-4-methyl phenanthridin-6(5H)-one
hydrochloride (10c). White solid, yield: 82%H NMR (400 MHz, DMSOdg) § 10.42 (s, 1H), 9.93 (s, 1H),
9.15 (s, 1H), 8.30 (d] = 8.0 Hz, 1H), 7.56 (d] = 8.0 Hz, 2H), 7.41 () = 7.4 Hz, 1H), 7.22 (d) = 8.0 Hz,
2H), 7.13-7.10 (m, 1H), 7.05 (s, 1H), 7.02J& 8.4 Hz, 1H), 3.55 (s, 2H), 2.72 (s, 6H), 2.463(d), 1.18 (s,
2H), 1.12 (s, 2H)**C NMR (100 MHz, DMSOd,) 5 160.38, 149.80, 140.36, 137.62, 134.84, 130.68,513
128.80, 128.73, 127.39, 127.31, 126.86, 124.44,4022119.42, 117.06, 64.26, 42.82, 21.70, 18.006313

ESI-MS m/z 399.2 [M+H]. HRMS (ESI) Calcd for gH»7N,O, [M+H] " m/z 399.2067, found 399.2067.

4.1.9.3. (R)-1-(4-(1-(dimethylamino)ethyl ) phenyl)-2, 7-di hydroxy-4-methyl phenanthridin-6(5H)-one
hydrochloride (10f). White solid, yield:86%.*H NMR (400 MHz, DMSOs,) & 13.84 (s, 1H), 10.95 (s, 1H),
10.63 (s, 1H), 9.37 (s, 1H), 7.69-7.67 (m, 1H),277660 (m, 1H), 7.33-7.30 (m, 2H), 7.09-7.04 (m,)2H
6.78-6.76 (m, 1H), 6.35-6.33 (m, 1H), 4.58-4.55 {iH), 2.79 (s, 3H), 2.63 (d,= 3.2 Hz, 3H), 2.49 (s, 3H),
1.72 (d,J = 6.8 Hz, 3H).*C NMR (100 MHz, DMSQOds) & 165.11, 161.53, 150.51, 140.23, 135.90, 133.96,
132.89, 130.87, 130.75, 130.01, 128.68, 127.76,4¥25122.32, 119.77, 117.83, 117.70, 113.51, 110.82
64.51, 40.58, 18.10, 16.53. ESI-MS m/z 389.0 [M+HIRMS (ESI) Calcd for &HysN,0; [M+H]* m/z

389.1860, found 389.1862.

4.19.4. (R)-1-(4-(1-(dimethylamino) propan-2-yl ) phenyl)-2,7-di hydr oxy-4-methyl phenanthridin-6(5H)-one
hydrochloride (10g). Brown solid, yield: 89%'H NMR (400 MHz, DMSOds) 6 13.86 (s, 1H), 10.90 (s, 1H),
10.25 (s, 1H), 9.34 (s, 1H), 7.45-7.42 (m, 2H) 177218 (m, 2H), 7.11 (s, 1H), 7.02 Jt= 8.4 Hz, 1H), 6.76

(d, J = 8.0 Hz, 1H), 6.45 (d] = 8.4 Hz, 1H), 2.79 (d] = 4.4 Hz, 3H), 2.75 (d] = 4.8 Hz, 3H), 2.51 (s, 3H),
1.38 (d,J = 5.6 Hz, 3H)*C NMR (100 MHz, DMSOde) & 165.09, 161.48, 150.66, 141.82, 137.65, 136.08,
132.91, 130.66, 130.62, 127.85, 127.71, 127.36,1525122.81, 119.74, 117.93, 117.82, 113.43, 110.78
62.37, 43.93, 41.82, 34.91, 20.56, 18.07. ESI-M$3 403.2 [M+H[. HRMS (ESI) Calcd for gH»7N,O;

[M+H] " m/z 403.2016, found 403.2014.
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4.195.

1-(4-(1-((dimethylamino)methyl ) cycl opropyl ) phenyl)- 2, 7-dihydr oxy-4-methyl phenanthridin-6(5H)-one
hydrochloride (10h). White solid, yield: 66%'H NMR (400 MHz, DMSOsg) & 13.84 (s, 1H), 10.91 (s, 1H),
9.83 (s, 1H), 9.27 (s, 1H), 7.54 @+ 6.8 Hz, 2H), 7.19 (d] = 6.8 Hz, 2H), 7.08 (s, 1H), 6.99 {t= 8.2 Hz,
1H), 6.76 (dJ = 8.0 Hz, 1H), 6.46 (d] = 8.4 Hz, 1H), 3.56 (s, 2H), 2.72 (s, 6H), 2.4831), 1.17 (s, 2H),
1.11 (s, 2H).**C NMR (100 MHz, DMSOds) 5 165.10, 161.49, 150.67, 140.33, 137.52, 136.08,803
130.75, 130.64, 128.71, 127.72, 125.19, 122.65,781917.90, 113.44, 110.78, 64.29, 42.82, 21.89)6l
13.61. ESI-MS m/z 415.2 [M+H] HRMS (ESI) Calcd for GH»N,O; [M+H]" m/z 415.2016, found

415.2017.

4.19.6. (R)-4-chloro-1-(4-(1-(dimethylamino)ethyl)phenyl)-2-hydroxyphenanthridin-6(5H)-one hydrochloride
(10i). Off-white solid, yield: 79.2%'H NMR (400 MHz, DMSOdg) § 10.85 (br s, 1H), 10.46 (s, 1H), 9.85 (s,
1H), 8.33 (ddJ = 7.8, 1.4 Hz, 1H),7.75-7.73 (m, 1H), 7.68-7.66 (rH), 7.51-7.47 (m, 1H), 7.38-7.36 (m,
3H), 7.26-7.21 (m, 1H), 6.89 (d,= 8.4 Hz, 1H), 4.62-4.55 (m, 1H), 2.81 (d= 4.8 Hz, 3H), 2.64 (d] = 4.8

Hz, 1H), 1.74 (d,J = 7.2 Hz, 3H)}*C NMR (100 MHz, DMSQds) § 159.96, 150.27, 139.30, 134.47, 133.88,
131.00, 130.69, 130.59, 130.28, 128.98, 127.89,5827127.31, 127.16, 126.62, 124.21, 118.91, 118.79
117.45, 64.49, 40.54, 16.48. ESI-MS m/z 393.1 [M+HIRMS (ESI) Calcd for &H»,CIN,O, [M+H]*m/z

393.1364, found 393.1362.

4.1.9.7. (R)-4-chloro-1-(4-(1-(di methylamino) propan-2-yl ) phenyl)-2-hydr oxyphenanthridin-6(5H)-one
hydrochloride (10j). Light gray solid, yield: 81.5%H NMR (400 MHz, CRQOD) & 8.44-8.42 (m, 1H), 7.59
(dd,J = 8.0, 2.0 Hz, 1H), 7.56-7.49 (m, 2H), 7.39 (d& 8.0 , 1.6 Hz, 1H), 7.34 (dd,= 7.6, 1.6Hz, 1H),
7.31 (s, 1H), 7.26-7.21 (m, 2H), 3.65-3.59 (m, 1Bi%9-3.41 (m, 2H), 2.96 (s, 6H), 1.49 {d= 6.8 Hz, 3H).
¥C NMR (100 MHz, CROD) & 162.74, 152.08, 142.82, 138.96, 135.91, 132.68,513 132.20, 130.28,
129.07, 129.03, 128.89, 128.53, 127.89, 127.67,3¥26421.01, 120.67, 118.51, 64.77, 44.32, 37.19)@

ESI-MS m/z 407.2 [M+H]. HRMS (ESI) Calcd for &H»,CIN,O, [M+H]" m/z 407.1521, found 407.1490.

4.1.9.8. (R)-4-chloro-1-(4-(1-(dimethylamino)ethyl )phenyl )-2,7-di hydroxyphenanthridin-6(5H)-one
hydrochloride (10k). White solid, yield: 87.7%H NMR (400 MHz, DMSQOdg) § 13.61 (s, 1H), 11.06 (s, 1H),
10.87 (br s, 1H), 10.01 (s, 1H), 7.73 {ds 8.8 Hz, 1H), 7.72-7.64 (m, 1H), 7.40 (s, 1H),47(@,J = 8.4 Hz,
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1H), 7.12 (tJ = 8.4 Hz, 1H), 6.84 (d] = 8.0 Hz, 1H), 6.34 (d] = 8.4 Hz, 1H). 4.59-4.56 (m, 1H), 2.79 (,
= 4.4 Hz, 3H), 2.62 (d] = 4.4 Hz, 3H), 1.73 (d] = 6.8 Hz, 3H)*C NMR (100 MHz, DMSOd) 5 165.09,
161.55, 151.07, 139.23, 135.06, 134.41, 130.64,5830130.18, 128.86, 125.73, 124.41, 119.59, 119.56
118.00, 114.64, 110.96, 64.47, 40.51, 16.44. ESI-M& 409.1 [M+H]. HRMS (ESI) Calcd for

C23H22C|N203 [M+H]+ m/z 409.1313, found 409.1316.

4.1.9.9. (R)-4-chloro-1-(4-(1-(dimethylamino) propan-2-yl ) phenyl)- 2, 7-dihydroxyphenanthridin-6(5H)-one
hydrochloride (101). White solid, yield: 79.6%6H NMR (400 MHz, DMSOds) 6 13.62 (s, 1H), 11.03 (s, 1H),
9.89 (s, 1H), 9.78 (s, 1H), 7.46 Jt= 7.2 Hz, 2H), 7.37 (s, 1H), 7.23 {t= 7.0 Hz, 2H), 7.07 (i = 8.2 Hz,
1H), 6.83 (d,) = 8.0 Hz, 1H), 6.43 (d] = 8.4 Hz, 1H), 3.41 -3.38 (m, 3H), 2.81 {d= 4.4 Hz, 3H), 2.77 (d

= 4.4 Hz, 3H), 1.36 (d] = 6.4 Hz, 3H)*C NMR (100 MHz, DMSOde) & 165.05, 161.50, 151.25, 142.33,
136.65, 135.21, 133.38, 130.40, 130.37, 128.01,5¥27125.61, 124.90, 119.61, 119.29, 118.10, 117.78
114.53, 110.89, 62.31, 43.94, 41.83, 34.90, 20E85-MS m/z 423.1 [M+H]. HRMS (ESI) Calcd for

C24H24CIN,O5 [M+H]" m/z 423.1470, found 423.1475.

4.1.9.10.

4-chloro-1-(4-(1-((dimethylamino)methyl )cycl opropyl ) phenyl)- 2, 7-di hydroxyphenanthridin-6(5H)-one
hydrochloride (10m). White solid, yield: 84.3%H NMR (400 MHz, DMSOds) & 13.61 (s, 1H), 11.02 (s,
1H), 9.96 (s, 2H), 7.57 (d, = 8.0 Hz, 2H), 7.41 (s, 1H), 7.22 @@= 8.0 Hz, 2H), 7.05 (J = 8.2 Hz, 1H),
6.83 (d,J = 8.0 Hz, 1H), 6.46 (d] = 8.4 Hz, 1H), 3.55 (s, 2H), 2.70 (s, 6H), 1.182d), 1.11 (s, 2H)*C
NMR (100 MHz, DMSOe) 6 165.07, 161.49, 151.21, 140.79, 136.48, 135.18,3F3 130.38, 128.81,
125.66, 124.75, 119.61, 119.34, 118.20, 117.79,5814110.91, 64.23, 42.87, 21.71, 13.62. ESI-MS m/z

435.1 [M+H]. HRMS (ESI) Calcd for §H,.CIN,O5 [M+H]* m/z 435.1470, found 435.14609.

41911

(R)-7-(dimethylamino)- 1-(4-(1-(dimethyl amino) pr opan-2-yl ) phenyl )-2-hydr oxy-4-methyl phenanthridin-6(5H)-
one (10n). Light yellow solid, yield: 44.5%'H NMR (400 MHz, CDCJ) & 8.16 (s, 1H), 7.39-7.35 (m, 2H),
7.26-7.21 (m, 2H), 7.02 (s, 1H), 6.95 Jt= 8.0 Hz, 1H), 6.82 (d] = 8.0 Hz, 1H), 6.58 (d] = 8.0 Hz, 1H),
3.03-3.00 (m, 7H), 2.57-2.54 (m, 1H), 2.46-2.41 @H), 2.24 (s, 6H), 1.33 (d, = 6.8 Hz, 3H).°C NMR
(100 MHz, DMSO€e) & 160.00, 154.06, 148.82, 146.25, 138.67, 134.78,743 130.63, 130.39, 129.45,
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128.66, 128.33, 122.98, 122.44, 119.13, 118.76,0818.15.06, 113.78, 67.50, 45.78, 44.66, 37.94®0
17.19. ESI-MS m/z 430.4 [M+H] HRMS (ESI) Calcd for @H,sN,O,[M-(NCH),]* m/z 385.1911, found

385.1925.

4.19.12. (R)-1-(4-(1-(dimethylamino)ethyl ) phenyl )-2- hydr oxy-4,8-di methyl phenanthridin-6(5H)-one
hydrochloride (100). Off-white solid, yield: 89.8%H NMR (400 MHz, DMSOds) § 10.67 (s, 1H), 10.40 (s,
1H), 9.18 (s, 1H), 8.12 (s, 1H), 7.69 @= 8.0 Hz, 1H), 7.63 (dJ = 8.0 Hz, 1H), 7.34-7.28 (m, 2H),
7.02-6.99 (m, 2H), 6.78 (d,= 8.4 Hz, 1H), 4.59-4.56 (m, 1H), 2.81 (t= 4.4 Hz, 3H), 2.65 (d] = 4.4 Hz,
3H), 2.46 (s, 3H), 2.34 (s, 3H), 1.73 (= 6.8 Hz, 3H)*C NMR (100 MHz, DMSOds) & 149.60, 140.43,
136.62, 133.94, 132.22, 131.71, 130.91, 130.81,0630128.84, 128.40, 127.16, 126.84, 124.60, 121.87
118.96, 117.07, 64.55, 40.67, 20.53, 18.03, 16E®I-MS m/z 387.1 [M+H]. HRMS (ESI) Calcd for

CasH27N20, [M+H] " m/z 387.2067, found 387.2071.

4.19.13. (R)-1-(4-(1-(dimethylamino)propan-2-yl)phenyl)-2-hydroxy-4,8-dimethyl phenanthridin-6(5H)-one
hydrochloride (10p). Off-white solid, yield: 87.4%'H NMR (400 MHz, DMSOds) & 10.36 (s, 1H), 9.94 (br s,
1H), 9.09 (s, 1H), 8.11 (s, 1H), 7.44Jt& 6.0 Hz, 2H), 7.22-7.19 (m, 2H), 7.01 (s, 1HRH(dd,J = 8.6 , 1.8
Hz, 1H), 6.86 (d,) = 8.8 Hz, 1H), 3.41-3.37 (m, 3H), 2.81 (s, 3HY&(s, 3H), 2.45 (s, 3H), 2.34 (s, 3H),
1.37 (d,J = 6.0 Hz, 3H)*C NMR (100 MHz, DMSOd) & 160.34, 149.74, 141.82, 137.86, 136.49, 132.40,
131.70, 130.69, 130.67, 128.34, 127.87, 127.52,2827127.09, 126.78, 124.27, 122.35, 118.92, 117.17
62.37, 43.95, 41.80, 34.91, 20.61, 20.51, 17.98-MES m/z 401.1 [M+H]. HRMS (ESI) Calcd for

C26H29N202 [M+H]+ m/z 401.2224, found 401.2236.

4.1.9.14. (R)-1-(4-(1-(dimethylamino)ethyl ) phenyl )-2-hydr oxy-4, 7-dimethyl phenanthridin-6(5H)-one
hydrochloride (10q). Off-white solid, yield: 83.1%'H NMR (400 MHz, DMSOds) & 10.55 (br s, 1H), 10.10
(s, 1H), 9.16 (s, 1H), 7.64-7.55 (m, 2H), 7.31)( 7.6 Hz, 2H), 7.17 (d] = 7.2 Hz, 1H), 7.01 (s, 1H), 6.98
(d,J =7.2 Hz, 1H), 6.89 (dl = 8.0 Hz, 1H), 4.56-4.53 (m, 1H), 2.82 (s, 3H),2(@,J = 4.8 Hz, 3H), 2.62 (d,

J = 4.8 Hz, 3H), 2.43 (s, 3H), 1.71 (@ = 6.8 Hz, 3H).**C NMR (100 MHz, DMSQds) § 161.65, 149.44,
140.43, 140.35, 136.22, 133.67, 131.09, 130.97,2530129.86, 129.24, 129.03, 128.55, 126.28, 125.26
123.83, 121.82, 119.38, 117.47, 64.52, 40.69, 23959, 16.66. ESI-MS m/z 387.1 [M+HHRMS (ESI)
Calcd for GsH»7N,O, [M+H] " m/z 387.2067, found 387.2072.

33



4.19.15. (R)-1-(4-(1-(dimethylamino)propan-2-yl)phenyl)-2-hydr oxy-4,7-dimethyl phenanthridin-6(5H)-one
hydrochloride (10r). Off-white solid, yield: 77.9%'H NMR (400 MHz, DMSO#dg) & 10.06 (s, 1H), 10.02 (s,
1H), 9.09 (s, 1H), 7.39 (8 = 6.8 Hz, 2H), 7.21-7.15 (m, 3H), 7.01-6.92 (m,)38139-3.34 (m, 3H), 2.81 (s,
3H), 2.79 (dJ = 4.4 Hz, 3H), 2.74 (d] = 4.8 Hz, 3H), 2.43 (s, 3H), 1.35 #= 6.0 Hz, 3H)*C NMR (100
MHz, DMSO-s) 6 161.64, 149.55, 141.55, 140.26, 137.90, 136.48,983 130.15, 129.26, 129.00, 127.68,
127.23, 126.35, 125.22, 123.51, 122.32, 119.34,5B17%62.37, 43.96, 41.80, 34.91, 23.92, 20.61,5.7.6

ESI-MS m/z 401.2 [M+H]. HRMS (ESI) Calcd for gH2dN,O, [M+H]" m/z 401.2224, found 401.2266.

4.1.9.16. (R)-1-(4-(1-(dimethylamino)ethyl ) phenyl )-2-hydroxy-4,9-dimethyl phenanthridin-6(5H)-one
hydrochloride (10s). Off-white solid, yield: 80.5%'H NMR (400 MHz, DMSO#dg) & 10.96 (s, 1H), 10.33 (s,
1H), 9.19 (s, 1H), 8.20 (d,= 8.0 Hz, 1H), 7.69 (d] = 8.0 Hz, 2H), 7.34-7.25 (m, 3H), 7.05 (s, 1HY&(s,
1H), 4.60-4.57 (m, 1H), 2.82 (d= 4.4 Hz, 3H), 2.66 (d] = 4.4 Hz, 3H), 2.46 (s, 3H), 1.95 (s, 3H), 1.73Xd
= 6.8 Hz, 3H).*C NMR (100 MHz, DMSQd,) & 160.32, 149.62, 140.45, 140.26, 134.69, 134.006,813
129.73, 129.06, 128.97, 128.06, 127.68, 127.41,6¥2424.60, 122.08, 119.36, 116.84, 64.56, 4R65H4,
18.02, 16.90. ESI-MS m/z 387.2 [M+HJHRMS (ESI) Calcd for gH,;N,O, [M+H]" m/z 387.2067, found

387.2066.

4.19.17. (R)-1-(4-(1-(dimethylamino)propan-2-yl)phenyl)-2-hydroxy-4,9-dimethyl phenanthridin-6(5H)-one
hydrochloride (10t). Off-white solid, yield: 88.2%'H NMR (400 MHz, DMSOds) & 10.30 (s, 1H), 10.07 (s,
1H), 9.16 (br s, 1H), 8.18 (d,= 8.0 Hz, 1H), 7.47-7.43 (m, 2H), 7.26-7.20 (m)3HO5 (s, 1H), 6.69 (s, 1H),
3.41-3.37 (m, 3H), 2.81-2.78 (m, 6H), 2.46 (s, 3HP5 (s, 3H), 1.40 (d] = 5.6 Hz, 3H).**C NMR (100
MHz, DMSO4ds) 8 160.33, 149.69, 142.00, 140.18, 137.94, 134.8Q@,703 130.56, 128.85, 128.11, 127.92,
127.85, 127.28, 127.08, 124.51, 124.29, 122.64,301917.01, 62.28, 43.83, 41.80, 34.80, 21.53320.
18.02. ESI-MS m/z 401.3 [M+H] HRMS (ESI) Calcd for §H.N,O, [M+H]* m/z 401.2224, found

401.2231.

4.1.10. (R)-9-(4-(1-aminoethyl)phenyl)-8-hydroxy-6-methylthieno 2,3-c] quinolin-4(5H)-one  hydrochloride
(Compound 1). Following the synthetic procedure 8, compoundl was obtained as white solid, yield (7
steps): 8.0%'H NMR (400 MHz, DMSOde) & 10.74 (s, 1H), 9.27 (s, 1H), 8.50 (s, 3H), 7.66J(d 5.6 Hz,
1H), 7.62 (dJ = 7.6 Hz, 2H), 7.30 (d] = 8.0 Hz, 2H), 7.04 (s, 1H), 5.86 @@= 5.6 Hz, 1H), 4.55-4.53 (m,
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1H), 2.50 (s, 3H), 1.62 (d,= 6.4 Hz, 3H)13C NMR (100 MHz, DMSOdq) § 157.02, 149.49, 141.96, 138.56,
138.34, 132.10, 132.06, 130.64, 129.39, 127.22,182126.28, 124.88, 121.37, 118.98, 116.86, 426381,

18.34. HRMS (ESI) Calcd for gH:oN,0,S [M+H]" m/z 351.1162, found 351.1165.

41.11. (R)-9-(4-(1-aminopropan-2-yl)phenyl)-8-hydroxy-6-methyl thieno[ 2,3-c] quinolin-4(5H)-one
hydrochloride (OTS514). Following the reference procedure [24], OTS514 wlgisined as white solid, yield
(7 steps): 6.5%H NMR (400 MHz, CQOD) § 7.48 (d,J = 4.0 Hz, 1H), 7.45 (d] = 7.6 Hz, 1H), 7.36 (d] =

7.6 Hz, 1H), 7.24 (d) = 7.6 Hz, 1H), 7.18 (d] = 7.6 Hz, 1H), 6.99 (s, 1H), 6.07 (s, 1H), 3.1818m, 3H),
2.47 (s, 3H), 1.40 (dJ = 4.4 Hz, 3H).X°C NMR (100 MHz, DMSOd,) § 157.03, 149.55, 142.33, 142.10,
136.61, 132.00, 131.95, 130.67, 130.64, 129.40,5827127.43, 126.36, 124.70, 121.60, 119.01, 116.97

44.89, 37.22, 19.48, 18.31. HRMS (ESI) Calcd fgiHzN,O,S [M+H]" m/z 365.1318, found 365.1253.

4.1.12. (R)-9-(4-(1-(dimethylamino)propan-2-yl) phenyl)-8-hydroxy-6-methyl thieno[ 2,3-c] quinolin-4(5H)-one
hydrochloride (OTS964). Following the reference procedufd, OTS964 was obtained as white solid, yield
(from OT S514): 85.1%.*H NMR (400 MHz, CROD) § 7.50-7.43 (m, 3H), 7.27 (d,= 8.0 Hz, 1H), 7.22 (d,
J = 7.6 Hz, 1H), 6.99 (s, 1H), 6.03 @@= 5.2 Hz, 1H), 3.54-3.48 (m, 1H), 3.38-3.32 (m, 2RB7 (s, 3H),
2.84 (s, 3H), 2.47 (s, 3H), 1.38 @@= 6.4 Hz, 3H)**C NMR (100 MHz, CROD) 6 151.34, 144.79, 142.80,
138.93, 133.35, 132.97, 132.61, 130.69, 130.21.202827.77, 126.75, 123.32, 120.24, 119.00, 6419385,

43.74, 37.11, 20.94, 18.26. HRMS (ESI) Calcd fedHe:N,0, [M+H]* m/z 393.1631, found 393.1639.

4.2.1nvitro TOPK inhibition assays

Inhibition of kinase activity by the compounds wassessed against TOPK kinase [35, 36] by contract
with Reaction Biology Corp. Kinase Profiling is tldse 1G, singlet assay. Activity of TOPK kinase was
assessed by the HotSpot assay platform, which io@atapecific kinase/substrate pairs along withuiregl
cofactors. Base reaction buffer: 20 mM Hepes (pb),720 mM MgC}, 1 mM EGTA, 0.02% Brij35, 0.02
mg/ml BSA, 0.1 mM NgvO,, 2 mM DTT, 1% DMSO. Testing compounds were dissdlin 100% DMSO
to specific concentration. The serial dilution veasducted by Integra Viaflo Assist in DMSO. Theataan
mixture containing the compound aff@?-ATP was incubated at room temperature for 2 hradibactivity

was detected by filter-binding method. Kinase aistidata were expressed as the percent remainimas&i
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activity in test samples compared to vehicle (dhgesulfoxide) reactions. l§ values and curve fits were

obtained using Prism (GraphPad Software).
4.3. Cell-based anti-proliferation assay

Human cancer cell lines used in this investigati@ne obtained from American Type Culture Collection
(ATCC, Rockville, MD). HCT116, HCT-15 and A549 camccell lines were cultured at 37 °C in a 5%,CO
incubator in RPMI 1640 medium containing 10% fddalvine serum (FBS). To estimate cytotoxicity, cells
were seeded (1~5 x1@ells per well) in 96-well plates and cultured % h. Cells were then treated with
various concentrations of compounds. After cultyrfaor 72 h, the cytotoxicity of the panel of compds

was measured using an MTT assay.
4.4. Western immunoblot analysis

The cancer cell lines were treated by differentcemtrations oBg or for 48 h. And protein lysates were
prepared using RIPA lysis buffer (Thermo ScientiRockford, IL, USA) with protease inhibitors (Sigjrand
phosphatase inhibitors (Roche, Mannenheim, Germ&mgjein concentration was determined using tha BC
assay (Thermo Scientific). Bound antibodies weteated by developing film from nitrocellulose meiabes
exposed to chemiluminescence reagent (Immunoblstéfe Chemiluminescent Substrate, EMD Millipore,

Merck KGaA, Darmstadt, Germany).
4.5.1n vivo xenograft study

Animal housing and experimental procedures werknie with ethical and legal guidelines and were
authorized by local veterinary authorities. Micedi$n this study were obtained from Beijing HFK diigence
CO. LTD (Beijing, China). Mice engrafted subcutamgly with 5x16 ~1x 1d HCT116, SW620 and HCT-15
cells were randomly divided into groups when tummiume was around 100 nirand were administrated by
gavage witlBg 10mg/kg, 15mg/kg or vehicle dissolved in physiatagsaline with 1.25% DMSO once daily.
The tumor size and body weight were measured €/elays. The mice were sacrificed at an endpoinheef
by the tumor volume (~1,000nim Tumor volume was calculated as follows: Volum@.52x ax B where a

(mm) was the length and b (mm) was the width ofttimeor.
4.6. Pharmacokinetic experiments in rats

Animals were maintained in a 12/12 h light/darkleywith free access to food and water for at |&ast
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days to adapt the environment. Animal housing axgkemental procedures were in line with ethicadl an
legal guidelines and were authorized by local \esey authorities9g dissolved in physiological saline with
2.5% DMSO was administrated to rats (n = 3) analsidose (iv 2mg/kg and po 15 mg/kg). Blood sample
of 0.2 mL each were collected from the jugular gdirto heparinized tubes at 0 h (before drug adstration)
and at 0.083, 0.25, 0.5, 1, 2, 4, 6, 8 and 24 dr afvsing. The blood samples were centrifuged Ga®Brpm

for 5 min in 2-8 °C. The plasma samples were sépdrand store at -80 °C until analysis. The blongyd
concentration was then determined with LC-MS/MS doantify compound concentrations against a
calibration curve using analysis specific transiioWinNonlin® software version 7.0 was used tongse
pharmacokinetic parameters includithg peak concentration (Cmax), peak timgJ, plasma clearance (ClI),
half-life (T,), the area under the plasma concentration timeec(AUC(0-t)), the volume of distribution

(Vss), the mean residence time (MRT) and bioavkijaf-%).
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