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Abstract

The anti-apoptotic protein survivin is highly expressed in cancer cells but has a very low
expression in fully differentiated adult cells. Overexpression of survivin is positively correlated
with cancer cell resistance to chemotherapy and radiotherapy, cancer cell metastasis, and poor
patient prognosis. Therefore, selective targeting survivin represents an attractive strategy for the
development of anticancer therapeutics. Herein, we reported the extensive structural modification
of our recently discovered selective survivin inhibitor UC-112 and the synthesis of thirty-three
new analogs. The structure-activity relationship (SAR) study indicated that replacement of the
benzyloxy moeity in UC-112 with an indole moiety was preferred to other moieties. Among these
UC-112 analogs, 10f, 10h, 10k, 10n showed the most potent antiproliferative activities.
Interestingly, they were more potent against the P-glycoprotein overexpressing cancer cell lines
compared with the parental cancer cell lines. Mechanistic studies confirmed that new analogs
maintained their unique selectivity against survivin among the IAP family members. /n vivo study
using 10f in a human A375 melanoma xenograft model revealed that it effectively inhibited
melanoma tumor growth without observable acute toxicity. Collectively, this study strongly
supports the further preclinical development of selective survivin inhibitors based on the UC-112
scaffold.
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1. Introduction

Survivin is the smallest member in the family of the inhibitor of apoptosis proteins (I1AP). Its
expression is very low in healthy tissues and is highly expressed in tumors [1]. The
overexpression of survivin in tumor cells has been positively correlated with their
development of multidrug resistance and radiation resistance [2, 3]. For example, it is well
established that cancer cells with high expression of survivin (e.g., prostate, ovarian and
colorectal cancer cells) develop resistance to cisplatin and vincristine much easier than
tumors cells with low expression of survivin [4]. Survivin is therefore considered as a cancer
specific biomarker and an attractive therapeutic target for the development of anticancer

therapy [5] [6].

Several reported strategies have been applied to block the anti-apoptotic ability of survivin.
These strategies include but are not limited to introducing recombinant cell-permeable
dominant-negative survivin protein [7, 8], obstructing protein translation using antisense
oligonucleotides [9], and developing small-molecule based survivin antagonists [10, 11].
The crystal structure of human survivin was obtained in the early of this century, revealing
its unusual bow tie-shape dimer structure [12]. However, targeting survivin using small-
molecule survivin inhibitors has been proven to be challenging because no experimentally
validated binding pocket in survivin has been identified yet. The difficulty in developing a
survivin specific small-molecule inhibitor also lies in the fact that survivin interacts with
many other proteins to mediate apoptosis and mitosis, such as p53, STAT3, caspases and
elements in the notch signaling pathway [13-16]. A number of scaffolds have been reported
in the literature to significantly suppress the expression of survivin and some have entered
clinical trials for cancer treatment [17-26]. Notable examples are listed in Figure 1.
However, none of these molecules has gained FDA approval currently. The most widely
studied survivin inhibitor is YM155 which was initially discovered by Astellas Pharma in
2007. YM155 has an ICsgq in the sub-nanomolar range against several types of cancer cell
lines [27]. It inhibits survivin expression by inhibiting survivin promotor activity, instead of
directly degrading survivin protein. In clinical trials, YM155 was evaluated as monotherapy
or combinational forms for patient with different cancer types, including blood cancer and
solid tumors [28]. Unfortunately, YM155 was withdrawn in phase |1 clinical trials due to its
low ability to degrade survivin and systemic toxicity.

Eur J Med Chem. Author manuscript; available in PMC 2019 April 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wang et al.

Page 3

We have recently discovered UC-112 (structure shown in Figure 1), 5-
((benzyloxy)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol, through virtual screening
followed by biology validation [25]. UC-112 is a potent and selective survivin inhibitor.
UC-112 selectively degrades survivin protein via the proteasome pathway, activating
caspases 3/7 and 9, and thus leads to cancer cell apopotosis. Unlike YM155 which is highly
susceptible to P-glycoprotein (P-gp) mediated drug efflux pump mediated drug resistance,
UC-112 has demonstrated to be effective for the P-gp overexpressing multidrug-resistant
cancer cell lines. Subsequent structural modifications of UC-112 results in MX-106 (Figure
1), which shows improvements in suppressing survivin expression both in vitroand in vivo
[29]. According to the structure-activity relationship (SAR) analyses, the 8-
hydroxyquinoline and the pyrrolidine in UC-112 are essential for maximum activity;
hydrophobic substituent on the benzene is beneficial to activity. With this observation, we
hypothesize that (1): the benzyloxy moiety in UC-112 is amicable to modifications; (2)
conformational restricted analogs formed by reducing the flexibility of the benzyloxy moiety
in this scaffold can improve the activity. With these hypotheses in mind, we herein show our
extensive effort on modifying the benzyloxy moiety in the UC-112 scaffold. Thirty-three
UC-112 analogs were synthesized and evaluated for activities.

2. Experimental

2.1. General methods

All solvents and chemical reagents were obtained from commercial sources and directly
used without further purification. Glassware was oven-dried before use. All reactions were
performed under an argon atmosphere. TLC was performed on silica gel 60 GF254 and
monitored under UV light or visualized using phosphomolybdic acid reagent. Flash
chromatography was performed on 230-400 mesh silica gel (Fisher Scientific, Pittsburgh,
PA). NMR spectra were obtained on a Bruker Ascend 400 (Billerica, MA) spectrometer or a
Varian Inova-500 spectrometer (Agilent Technologies, Santa Clara, CA). Chemical shifts are
given in ppm with tetramethylsilane (TMS) as an internal reference. All coupling constants
(J) are given in Hertz (Hz). HR-MS were obtained on Waters Acquity UPLC linked to
Waters Acquity Photodiode Array Detector and Waters Acquity Single Quadrupole Mass
Detector. The purity (295%) of the compounds was verified by the HPLC study performed
on BEH C18 (2.1 x 50mm, 1.7um) column using a mixture of solvent acetonitrile/water
(with 0.1% formic acid) at a flow rate of 0.3 mL/min and monitoring by UV absorption at
254 nm.

2.2. Chemistry

General procedure for synthesis of 1a-1d, 9a—9v: To a stirred suspension of 5-
chloromethyl-8-quinolinol hydrochloride (1.0 mmol, 230 mg), sodium carbonate (6.0 mmol,
636 mg) and amine or indole (1.1 mmol) in acetonitrile (10 mL) was added potassium iodide
(0.3 mmol, 50 mg). The mixture was refluxed for 6 h and then filtered through celite; the
residue was washed with acetonitrile. The combined solution was evaporated under vacuum
to give the crude material which was directly used for next step without purification.
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General procedure for synthesis of 2a—2f, 6a—6f, 8 and 10a-10v: To a stirred suspension
of 1a—1g or 5a-5g or 7 or 9a-9v (0.5 mmol) and paraformaldehyde (0.5 mmol, 15 mg) in
ethanol (6 mL) was added pyrrolidine (0.45 mmol, 32 mg). The mixture was refluxed for 1-
5 h and solvent was evaporated under reduced pressure to give the crude which was purified
with flash chromatography on silica. Elution with dichloromethane-methanol (10:0-10:1)
gave desired compounds 2a-2f, 6a—6f, 8 and 10a—10v (34-81% vyield).

5-((5-fluoro-1H-indazol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (2a): 1H
NMR (400 MHz, Chloroform-d) 6 8.84 (dd, J = 4.1, 1.6 Hz, 1H), 8.74 (dd, J = 4.2, 1.7 Hz,
1H), 8.19 (dd, J = 8.6, 1.6 Hz, 1H), 7.68 (ddt, J = 9.2, 4.6, 1.0 Hz, 1H), 7.64 (d, J = 0.9 Hz,
1H), 7.38 - 7.29 (m, 2H), 7.10 — 6.99 (m, 2H), 5.87 (s, 2H), 4.02 (s, 2H), 2.84 — 2.62 (m,
4H), 1.88 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, Chloroform-a) & 154.42, 148.97,
146.09, 139.73, 131.76, 129.97, 126.91, 122.72, 122.64, 122.04, 120.14, 119.55, 119.45,
118.11, 117.64, 117.35, 102.88, 102.64, 57.23, 55.15, 53.86, 23.73. HRMS: calculated for
C22H22FN40 [M+H]* 377.1778, found 377.1790. Purity: 95.8% by HPLC.

5-((1H-benzo[d][1,2,3]triazol-1-yl)methy)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol
(2b): 1H NMR (400 MHz, Chloroform-d) & 10.42 (s, 1H), 8.78 (dd, J = 4.2, 1.6 Hz, 1H),
8.44 (dd, J=8.6, 1.6 Hz, 1H), 7.96 (dt, J = 7.9, 1.2 Hz, 1H), 7.44 - 7.17 (m, 5H), 6.11 (s,
2H), 3.95 (s, 2H), 2.64 (td, J = 5.6, 4.5, 2.3 Hz, 4H), 1.81 (p, J = 3.4 Hz, 4H). 13C NMR
(101 MHz, Chloroform-a) 6 153.99, 148.74, 146.31, 139.56, 132.80, 131.60, 129.24,
127.27,126.51, 123.86, 121.78, 119.95, 119.23, 118.18, 109.99, 57.00, 53.69, 50.30, 23.61.
HRMS: calculated for C21H22N50 [M+H]* 360.1824, found 360.1838. Purity: 95.3% by
HPLC.

5-((6-chloro-9H-purin-9-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (2c): H
NMR (400 MHz, Chloroform-d) 6 8.83 (s, 1H), 8.79 (dd, J = 4.2, 1.5 Hz, 1H), 8.69 (s, 1H),
8.60 (dd, J = 8.6, 1.5 Hz, 1H), 8.46 (s, 1H), 7.49 (dd, J = 8.6, 4.2 Hz, 1H), 5.80 (s, 2H), 4.45
(s, 2H), 3.30 (s, 4H), 2.16 — 2.11 (m, 4H). 13C NMR (101 MHz, Chloroform-a) & 152.66,
151.86, 151.44, 151.06, 148.77, 146.38, 138.38, 132.97, 132.61, 131.42, 127.15, 123.55,
121.89, 111.79, 53.29, 52.30, 44.19, 23.40. HRMS: calculated for C20H20CIN6O [M+H]
*+395.1387, found 395.1396. Purity: 95.5% by HPLC.

1-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)-2,3-
dihydroquinolin-4(1H)-one (2d): *H NMR (400 MHz, Chloroform-d) & 8.95 (d, J = 4.1
Hz, 1H), 8.31 (dd, J = 8.5, 2.2 Hz, 1H), 8.05 — 7.96 (m, 1H), 7.50 — 7.37 (m, 2H), 7.23 (s,
1H), 6.93 - 6.78 (m, 2H), 4.82 (s, 2H), 4.01 (d, J = 1.9 Hz, 2H), 3.46 (t, J = 6.7 Hz, 2H),
2.73(d, J = 6.1 Hz, 4H), 2.65 (t, J = 6.9 Hz, 2H), 1.90 (p, J = 3.3, 2.6 Hz, 4H). 13C NMR
(101 MHz, Chloroform-a) 6 193.59, 153.06, 151.91, 148.78, 135.58, 131.40, 128.43,
127.46, 126.45, 121.38, 121.19, 120.37, 117.93, 117.47, 113.20, 57.30, 53.71, 52.18, 47.92,
38.28, 23.64. HRMS: calculated for C24H26N302 [M+H]* 388.2025, found 388.2040.
Purity: 95.0% by HPLC.

N-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)guinolin-5-yl)methyl)-2-(3,4,5-
trimethoxyphenyl)acetamide (6a): 'H NMR (400 MHz, Methanol-d4) & 8.78 (d, J = 4.1
Hz, 1H), 8.33 (d, J = 8.3 Hz, 1H), 7.40 (dd, J = 8.5, 4.2 Hz, 1H), 7.31 (s, 1H), 6.55 (s, 2H),
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4.74 (s, 1H), 3.97 (s, 2H), 3.75 (s, 3H), 3.70 (s, 6H), 3.45 (s, 2H), 3.37 (d, J = 1.7 Hz, 2H),
2.72 (s, 4H), 1.89 (s, 4H). 13C NMR (101 MHz, Chloroform-a) & 170.31, 153.57, 153.23,
148.70, 139.74, 132.09, 130.25, 128.56, 126.40, 123.13, 121.48, 106.39, 60.84, 56.10,
53.88, 44.15, 41.04, 29.72, 23.67. HRMS: calculated for C26H32N305 [M+H]* 466.2342,
found 466.2332. Purity: 95.4% by HPLC.

N-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)guinolin-5-yl)methyl)-2-(4-
nitrophenyl)acetamide (6b): 1H NMR (400 MHz, DMSO-dg) & 8.85 (dd, J = 4.1, 1.5 Hz,
1H), 8.66 (t, J = 5.6 Hz, 1H), 8.37 (dd, J = 8.5, 1.6 Hz, 1H), 8.23 - 8.12 (m, 2H), 7.60 — 7.47
(m, 3H), 7.39 (s, 1H), 4.64 (d, J = 5.5 Hz, 2H), 3.78 (s, 2H), 3.64 (s, 2H), 2.51 (dt, J = 3.7,
1.8 Hz, 4H), 1.73 (p, J = 3.0 Hz, 4H). 13C NMR (101 MHz, DMSO-d) 6 168.60, 150.52,
147.83, 146.27, 144.49, 138.53, 132.32, 130.27, 128.84, 125.56, 123.79, 123.27, 121.25,
119.86, 54.06, 53.48, 41.98, 23.21. HRMS: calculated for C23H25N404 [M+H]* 421.1876,
found 421.1879. Purity: 95.5% by HPLC.

2-(4-fluorophenyl)-N-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-
yl)methyl)acetamide (6c): 1H NMR (400 MHz, DMSO-dg) & 8.92 (dd, J = 4.1, 1.5 Hz,
1H), 8.60 (t, J = 5.5 Hz, 1H), 8.43 (dd, J = 8.6, 1.6 Hz, 1H), 7.70 — 7.49 (m, 2H), 7.36 — 7.23
(m, 2H), 7.18 — 7.04 (m, 2H), 4.63 (d, J = 5.5 Hz, 2H), 4.25 (s, 2H), 3.47 (s, 2H), 3.04 (s,
4H), 1.89 (p, J = 3.4 Hz, 4H). 13C NMR (101 MHz, DMSO-a) 6 169.78, 151.66, 148.21,
138.45, 132.69, 132.54, 130.80, 130.72, 129.54, 126.66, 124.53, 122.12, 114.92, 114.71,
54.87, 53.08, 41.30, 22.74. HRMS: calculated for C23H25FN302 [M+H]* 394.1931, found
394.1942. Purity: 95.2% by HPLC.

N-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)-2-(4-
(trifluoromethyl)phenyl)acetamide (6d): 1H NMR (400 MHz, Chloroform-d) & 8.86 (dd, J
=4.1,1.6 Hz, 1H), 8.20 (dd, J = 8.6, 1.6 Hz, 1H), 7.61 — 7.51 (m, 2H), 7.44 — 7.30 (m, 3H),
7.15 (s, 1H), 5.76 (s, 1H), 4.75 (d, J = 5.4 Hz, 2H), 3.95 (s, 2H), 3.61 (s, 2H), 2.71 (td, J =
5.4,4.4,2.3 Hz, 4H), 1.88 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, Chloroform-a) &
169.35, 153.19, 148.75, 139.66, 138.87, 131.95, 129.60, 128.54, 126.38, 125.80, 125.76,
122.91, 121.56, 118.00, 57.19, 53.85, 43.48, 41.06, 23.67. HRMS: calculated for
C24H25F3N302 [M+H]* 444.1899, found 444.1918. Purity: 98.9% by HPLC.

N-(8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)-2-(4-nitrophenyl)acetamide
(6e): TH NMR (400 MHz, Methanol-d,) & 8.93 (dd, J = 4.2, 1.6 Hz, 1H), 8.34 (dd, J = 8.6,
1.6 Hz, 1H), 8.32 -8.22 (m, 2H), 7.80 — 7.67 (m, 5H), 7.64 (dd, J = 8.6, 4.2 Hz, 1H), 7.60
(s, 1H), 7.40 — 7.29 (m, 3H), 4.58 (s, 2H), 4.02 (s, 2H), 3.49 — 3.40 (m, 4H), 3.37 (s, 1H),
2.11 (p, J = 4.0 Hz, 4H). 13C NMR (101 MHz, Methanol-dj) & 172.52, 150.46, 144.50,
144.08, 132.70, 131.57, 129.11, 127.64, 125.91, 125.68, 124.65, 124.13, 118.68, 112.18,
55.15, 54.10, 43.53, 23.87. HRMS: calculated for C22H23N404 [M+H]* 407.1719, found
407.1719. Purity: 95.0% by HPLC.

N-(8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)-2-(4-
(trifluoromethyl)phenyl)acetamide (6f): 1H NMR (400 MHz, Methanol-d,) 6 8.88 (dd, J
=4.2,1.6 Hz, 1H), 8.27 (dd, J = 8.5, 1.6 Hz, 1H), 7.68 (q, J = 8.4 Hz, 4H), 7.62 — 7.52 (m,
2H), 7.49 (d, J = 3.3 Hz, 2H), 4.33 (s, 2H), 3.95 (s, 2H), 3.57 (s, 1H), 3.19 — 3.05 (m, 4H),

Eur J Med Chem. Author manuscript; available in PMC 2019 April 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wang et al.

Page 6

2.07 - 1.94 (m, 4H). 13C NMR (101 MHz, Methanol-dj) & 173.04, 153.35, 149.98, 141.48,
139.98, 132.77, 131.03, 130.88, 127.53, 126.53, 126.49, 124.52, 123.41, 116.23, 55.54,
54.87, 45.89, 43.67, 24.15. HRMS: calculated for C23H23F3N302 [M+H]* 430.1742,
found 430.1747. Purity: 98.5% by HPLC.

1-(4-bromobenzyl)-3-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)urea
(8): IH NMR (400 MHz, Methanol-d,) & 8.83 (dd, J = 4.2, 1.6 Hz, 1H), 8.50 (dd, J = 8.6,
1.6 Hz, 1H), 7.53 (dd, J = 8.6, 4.2 Hz, 1H), 7.50 — 7.41 (m, 2H), 7.35 (s, 1H), 7.29 - 7.14
(m, 2H), 4.71 (s, 2H), 4.32 (s, 2H), 4.06 (s, 2H), 3.00 — 2.64 (m, 4H), 1.92 (p, J = 3.3 Hz,
4H). 13C NMR (101 MHz, Methanol-dy) 6 160.61, 153.65, 149.21, 140.87, 140.46, 133.91,
132.51, 130.13, 129.60, 126.10, 122.61, 121.58, 57.17, 54.69, 44.13, 42.06, 24.45. HRMS:
calculated for C23H26BrN402 [M+H]* 469.1239, found 469.1261. Purity: 95.1% by
HPLC.

5-((1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10a): 1H NMR (400
MHz, Acetone-dg) & 9.88 (s, 1H), 8.63 (dd, J = 4.1, 1.5 Hz, 1H), 8.37 (dd, J = 8.6, 1.6 Hz,
1H), 7.43 (dt, J = 7.9, 1.0 Hz, 1H), 7.39 (s, 1H), 7.30 (dd, J = 8.5, 4.1 Hz, 1H), 7.23 (dt, J =
8.1, 0.9 Hz, 1H), 6.94 (ddd, J = 8.2, 7.1, 1.2 Hz, 1H), 6.84 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H),
6.79 (p, J = 1.1 Hz, 1H), 4.33 (s, 2H), 3.73 (s, 2H), 2.48 — 2.35 (m, 4H), 1.61 (p, J = 3.2 Hz,
4H). 13C NMR (101 MHz, Acetone-ag) & 150.30, 148.40, 139.97, 133.87, 129.95, 127.65,
127.35, 123.94, 123.78, 122.17, 121.71, 120.79, 119.64, 119.42, 115.57, 112.18, 112.13,
55.12, 54.51, 28.69, 24.28. HRMS: calculated for C23H24N30 [M+H]* 358.1919, found
358.1924. Purity: 95.0% by HPLC.

5-((2-methyl-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10b): 1H
NMR (400 MHz, Chloroform-d) & 10.51 (s, 1H), 9.06 — 8.84 (m, 1H), 8.70 — 8.31 (m, 2H),
7.55-7.25 (m, 3H), 7.21 - 7.08 (m, 1H), 7.01 (t, J = 7.5 Hz, 1H), 6.96 (s, 1H), 4.39 (s, 2H),
3.86 (s, 2H), 2.63 (d, J = 6.1 Hz, 4H), 1.99 — 1.64 (m, 4H). 13C NMR (101 MHz,
Chloroform-a) 6 151.58, 148.21, 139.74, 135.50, 132.17, 132.09, 129.01, 127.09, 127.02,
126.27, 120.83, 120.76, 119.07, 118.44, 118.28, 110.39, 109.07, 57.81, 53.62, 26.51, 23.65,
11.89. HRMS: calculated for C24H26N30 [M+H]* 372.2076, found 372.2075. Purity:
97.1% by HPLC.

5-((2-ethyl-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10c): 1H
NMR (400 MHz, Chloroform-d) 6 8.90 (dd, J = 4.2, 1.5 Hz, 1H), 8.46 (dd, J = 8.6, 1.5 Hz,
1H), 8.15 (s, 1H), 7.39 (dd, J = 8.5, 4.1 Hz, 1H), 7.34 (dt, J = 8.0, 1.3 Hz, 2H), 7.17 - 7.10
(m, 1H), 7.05 - 6.99 (m, 1H), 6.95 (s, 1H), 4.42 (s, 2H), 3.88 (s, 2H), 2.73 — 2.61 (m, 6H),
1.84 (h,J=3.2 Hz, 4H), 1.19 (t, J = 7.6 Hz, 3H). 13¢c NMR (101 MHz, Chloroform-a) &
151.56, 148.23, 137.86, 135.42, 131.98, 129.01, 127.04, 126.94, 126.33, 120.99, 120.74,
119.21,118.48, 118.31, 110.39, 108.36, 57.73, 53.58, 26.27, 23.63, 19.60, 13.99. HRMS:
calculated for C25H28N30 [M+H]* 386.2232, found 386.2214. Purity: 97.4% by HPLC.

5-((4-fluoro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10d): 1H
NMR (400 MHz, Chloroform-d) & 8.75 (dd, J = 4.1, 1.6 Hz, 1H), 8.35 — 8.24 (m, 1H), 8.22
(d, J = 16.3 Hz, 1H), 7.26 (dd, J = 8.5, 4.1 Hz, 1H), 7.19 (d, J = 4.0 Hz, 2H), 7.14 — 6.96 (m,
2H), 6.69 (ddd, J = 11.2, 7.4, 1.3 Hz, 1H), 6.43 (s, 1H), 4.48 (s, 2H), 3.98 (s, 2H), 2.75 (t, J
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= 5.3 Hz, 4H), 1.83 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, Chloroform-a) & 158.80,
156.31, 151.66, 148.24, 139.66, 139.24, 139.12, 133.02, 128.09, 127.00, 126.67, 122.89,
122.54, 122.46, 120.86, 118.08, 114.67, 107.34, 107.30, 104.62, 104.43, 57.33, 53.68,
29.04, 29.01, 23.63. HRMS: calculated for C23H23FN30 [M+H]* 376.1825, found
376.1818. Purity: 98.0% by HPLC.

5-((4-nitro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10e): *H
NMR (400 MHz, Chloroform-d) 6 9.42 (s, 1H), 8.71 (dd, J = 4.1, 1.6 Hz, 1H), 8.15 (dd, J =
8.5, 1.6 Hz, 1H), 7.76 (dd, J = 7.9, 0.9 Hz, 1H), 7.56 (dd, J = 8.1, 0.9 Hz, 1H), 7.23 - 7.16
(m, 2H), 7.13 (t, J = 8.0 Hz, 1H), 6.98 (s, 1H), 6.50 (s, 1H), 4.43 (s, 2H), 3.86 (s, 2H), 2.60
(9, =5.0, 4.0 Hz, 4H), 1.75 (p, J = 3.2 Hz, 4H). 13C NMR (101 MHz, Chloroform-a) &
151.75, 148.20, 143.28, 139.64, 139.29, 133.11, 128.31, 128.06, 127.02, 126.56, 120.92,
120.57, 118.92, 118.25, 117.41, 115.04, 57.43, 53.63, 30.04, 23.61. HRMS: calculated for
C23H23N403 [M+H]* 403.1770, found 403.1776. Purity: 96.0% by HPLC.

5-((5-fluoro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10f): 1H
NMR (400 MHz, Methanol-d,4) 6 8.76 (dd, J = 4.2, 1.6 Hz, 1H), 8.47 (dd, J = 8.6, 1.6 Hz,
1H), 7.43 (dd, J = 8.6, 4.2 Hz, 1H), 7.33 - 7.24 (m, 2H), 7.09 (dd, J = 9.9, 2.5 Hz, 1H), 6.88
(s, 1H), 6.83 (td, J=9.1, 2.5 Hz, 1H), 4.41 (s, 2H), 3.98 (s, 2H), 2.79 — 2.62 (m, 4H), 1.86
(p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, DMSO-d) 6 149.30, 147.52, 138.66, 133.02,
132.87, 128.79, 127.09, 126.14, 125.98, 125.34, 120.91, 119.97, 113.96, 112.33, 109.07,
108.82, 103.41, 103.18, 53.73, 53.40, 27.44, 23.10. HRMS: calculated for C23H23FN30 [M
+H]* 376.1825, found 376.1819. Purity: 96.2% by HPLC.

1-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)-1H-indole-5-carbonitrile
(10g): *H NMR (400 MHz, Chloroform-d) & 8.90 (dd, J = 4.2, 1.6 Hz, 1H), 8.05—7.98 (m,
2H), 7.46 (d, J = 1.1 Hz, 2H), 7.37 (dd, J = 8.6, 4.1 Hz, 1H), 7.05 (d, J = 3.3 Hz, 1H), 6.97
(s, 1H), 6.57 (d, J = 3.3 Hz, 1H), 5.63 (d, J = 0.8 Hz, 2H), 3.95 (s, 2H), 2.78 — 2.59 (M, 4H),
1.88 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) & 148.92, 139.77, 137.78,
130.85, 129.83, 128.56, 128.16, 126.75, 126.29, 124.79, 121.79, 120.67, 120.19, 118.25,
110.31, 102.96, 102.87, 57.42, 53.75, 47.51, 23.66. HRMS: calculated for C24H23N40 [M
+H]* 383.1872, found 383.1889. Purity: 95.0% by HPLC.

5-((5-nitro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10h): 1H
NMR (400 MHz, Chloroform-d) 6 10.95 (s, 1H), 8.90 (dd, J =4.1, 1.6 Hz, 1H), 8.59 (d, J =
2.2 Hz, 1H), 8.11 (dd, J = 9.1, 2.2 Hz, 1H), 8.03 (dd, J = 8.6, 1.6 Hz, 1H), 7.43 (d, J = 9.1
Hz, 1H), 7.36 (dd, J = 8.6, 4.1 Hz, 1H), 7.08 (d, J = 3.3 Hz, 1H), 6.97 (s, 1H), 6.66 (dd, J =
3.3,0.8 Hz, 1H), 5.71 - 5.52 (m, 2H), 3.94 (s, 2H), 2.68 (td, J = 5.8, 4.9, 2.5 Hz, 4H), 1.94 —
1.77 (m, 4H). 13C NMR (101 MHz, Chloroform-a) & 154.00, 148.93, 141.88, 139.77,
139.02, 130.74, 130.72, 128.05, 128.01, 126.20, 121.72, 120.03, 118.53, 118.33, 117.47,
109.34, 104.44, 57.54, 53.74, 47.71, 23.66. HRMS: calculated for C23H23N403 [M+H]
*+403.1770, found 403.1773. Purity: 96.9% by HPLC.

Ethyl 1-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-ylYmethyl)-1H-indole-5-
carboxylate (10i): *H NMR (400 MHz, Chloroform-d) 6 10.22 (s, 1H), 9.53 (s, 1H), 8.82
(dd, J=4.1,1.5Hz, 1H), 8.43 (d, J = 1.5 Hz, 1H), 8.25 (dd, J = 8.6, 1.6 Hz, 1H), 7.91 (dd, J
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=8.6, 1.6 Hz, 1H), 7.35 (d, J = 8.6 Hz, 1H), 7.33 = 7.25 (m, 1H), 7.15 (s, 1H), 6.64 (s, 1H),
4.86 — 4.35 (M, 4H), 3.94 (s, 2H), 2.68 (d, J = 6.1 Hz, 4H), 2.15 - 1.72 (m, 4H), 1.42 (t, J =
7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) & 167.92, 151.88, 148.20, 139.21, 132.87,
127.93, 127.02, 126.91, 125.98, 124.36, 123.23, 121.70, 121.51, 120.82, 118.48, 116.71,
111.02, 60.58, 57.72, 53.69, 27.89, 23.63, 14.50. HRMS: calculated for C26H28N303 [M
+H]* 430.2131, found 430.2146. Purity: 97.4% by HPLC.

5-((6-fluoro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10j): H
NMR (400 MHz, Chloroform-d) 6 8.89 (dd, J = 4.1, 1.6 Hz, 1H), 8.06 (dd, J = 8.6, 1.6 Hz,
1H), 7.55 (dd, J = 8.7, 5.4 Hz, 1H), 7.35 (dd, J = 8.6, 4.1 Hz, 1H), 7.07 (dd, J = 10.0, 2.3 Hz,
1H), 6.98 (s, 1H), 6.94 — 6.84 (m, 2H), 6.46 (dd, J = 3.3, 0.9 Hz, 1H), 5.52 (s, 2H), 3.94 (s,
2H), 2.84 — 2.54 (m, 4H), 1.87 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, Chloroform-a) &
153.67, 148.82, 131.04, 127.98, 127.94, 127.90, 126.34, 125.19, 121.84, 121.74, 121.59,
120.87, 118.40, 108.56, 108.31, 101.92, 96.07, 95.80, 57.58, 53.74, 47.44, 23.66. HRMS:
calculated for C23H23FN30 [M+H]* 376.1825, found 376.1820. Purity: 97.2% by HPLC.

5-((6-chloro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10k): 'H
NMR (400 MHz, Chloroform-a) & 8.89 (dd, J= 4.2, 1.6 Hz, 1H), 8.06 (dd, /= 8.6, 1.6 Hz,
1H), 7.55 (dd, /=8.5, 0.6 Hz, 1H), 7.42 - 7.35 (m, 2H), 7.16 — 7.04 (m, 2H), 6.93 (d, /= 3.2
Hz, 1H), 6.46 (dd, /= 3.3, 0.9 Hz, 1H), 5.56 (s, 2H), 4.03 (s, 2H), 2.79 (s, 4H), 1.91 (s, 4H).
13C NMR (101 MHz, DMSO-g5) 6 151.11, 148.11, 138.50, 136.38, 132.16, 129.92, 128.93,
127.05, 126.04, 125.73, 122.16, 121.81, 121.72, 119.44, 118.55, 110.18, 101.40, 53.22,
53.10, 46.64, 22.98. HRMS: calculated for C23H23CIN30 [M+H]* 392.1530, found
392.1532. Purity: 95.2% by HPLC.

5-((6-bromo-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (101): 1H
NMR (400 MHz, Chloroform-d) 6 10.37 (s, 1H), 8.88 (dd, J = 4.1, 1.6 Hz, 1H), 8.02 (dd, J
=8.5,1.6 Hz, 1H), 7.60 — 7.53 (m, 1H), 7.50 (d, J = 8.4 Hz, 1H), 7.34 (dd, J = 8.5, 4.1 Hz,
1H), 7.23 (dd, J = 8.4, 1.7 Hz, 1H), 6.95 (s, 1H), 6.87 (d, J = 3.2 Hz, 1H), 6.44 (dd, J = 3.3,
0.9 Hz, 1H), 5.51 (s, 2H), 3.93 (s, 2H), 2.68 (p, J = 3.9, 3.5 Hz, 4H), 1.86 (p, J = 3.3 Hz,
4H). 13C NMR (101 MHz, Chloroform-d) & 153.71, 148.82, 139.75, 137.18, 131.02, 128.14,
128.04, 127.64, 126.29, 122.99, 122.32, 121.60, 120.71, 118.44, 115.40, 112.50, 102.02,
57.55, 53.74, 47.35, 23.67. HRMS: calculated for C23H23BrN30 [M+H]* 436.1024, found
436.1041. Purity: 98.8% by HPLC.

5-((6-nitro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10m): 1H
NMR (400 MHz, Chloroform-d) 6 9.54 (s, 1H), 8.91 (dd, J = 4.1, 1.6 Hz, 1H), 8.44 (d, J =
1.9 Hz, 1H), 8.03 (ddd, J = 10.6, 8.7, 1.8 Hz, 2H), 7.68 (d, J = 8.8 Hz, 1H), 7.36 (dd, J = 8.5,
4.1 Hz, 1H), 7.18 (d, J = 3.1 Hz, 1H), 7.07 (s, 1H), 6.57 (dd, J = 3.2, 0.9 Hz, 1H), 5.68 (s,
2H), 3.97 (s, 2H), 2.80 — 2.58 (m, 4H), 1.88 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz,
Chloroform-g) & 154.18, 148.98, 143.15, 139.82, 134.90, 133.59, 133.14, 130.85, 128.54,
126.33,121.78, 121.01, 119.85, 118.49, 115.28, 106.50, 102.79, 57.57, 53.77, 47.81, 23.68.
HRMS: calculated for C23H23N403 [M+H]* 403.1770, found 403.1760. Purity: 96.6% by
HPLC.
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5-((6-methoxy-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10n): 1H
NMR (400 MHz, Chloroform-d) 6 8.84 (dd, J = 4.1, 1.6 Hz, 1H), 8.27 (dd, J = 8.5, 1.6 Hz,
1H), 7.90 (s, 1H), 7.46 (d, J = 8.7 Hz, 1H), 7.28 (dd, J = 8.6, 4.1 Hz, 1H), 7.15 (s, 1H), 6.84
(d, J=2.2Hz, 1H), 6.78 (dd, J = 8.6, 2.3 Hz, 1H), 6.48 (dt, J = 2.4, 1.2 Hz, 1H), 4.37 (s,
2H), 3.94 (s, 2H), 3.84 (s, 3H), 2.78 — 2.57 (m, 4H), 1.85 (p, J = 3.2 Hz, 4H). 13C NMR (101
MHz, Chloroform-d) & 156.64, 151.75, 148.30, 139.78, 137.20, 132.77, 127.84, 127.02,
126.12,121.79, 121.39, 120.68, 119.51, 118.59, 115.79, 109.35, 94.71, 57.79, 55.71, 53.78,
28.13, 23.67. HRMS: calculated for C24H26N302 [M+H]* 388.2025, found 388.2027.
Purity: 96.3% by HPLC.

5-((7-fluoro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (100): 1H
NMR (400 MHz, DMSO-dg) 6 11.34 (s, 1H), 8.81 (dd, J = 4.2, 1.5 Hz, 1H), 8.53 (dd, J =
8.6, 1.6 Hz, 1H), 7.65 — 7.40 (m, 2H), 7.40 — 7.24 (m, 1H), 7.12 (s, 1H), 7.02 - 6.68 (m,
2H), 4.41 (s, 2H), 3.80 (s, 2H), 2.50 (d, J = 6.3 Hz, 4H), 1.68 (h, J = 3.2 Hz, 4H). 13C NMR
(101 MHz, DMSO-ag) 6 149.39, 147.52, 138.67, 132.80, 128.81, 126.06, 125.99, 124.43,
124.21, 124.08, 120.93, 119.94, 118.50, 118.44, 114.96, 114.94, 114.92, 105.83, 105.67,
53.80, 53.37, 27.42, 23.13. HRMS: calculated for C23H23FN30 [M+H]* 376.1825, found
376.1826. Purity: 96.8% by HPLC.

5-((7-methyl-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10p): 1H
NMR (400 MHz, Chloroform-d) 6 9.74 (s, 1H), 8.84 (dd, J = 4.2, 1.6 Hz, 1H), 8.28 (dd, J =
8.6, 1.6 Hz, 1H), 8.18 (s, 1H), 7.50 (d, J = 7.7 Hz, 1H), 7.30 — 7.24 (m, 1H), 7.19 (s, 1H),
7.11-6.99 (M, 2H), 6.57 (d, J = 2.0 Hz, 1H), 4.41 (s, 2H), 3.95 (5, 2H), 2.82 — 2.62 (M, 4H),
2.47 (s, 3H), 1.97 — 1.78 (m, 4H). 13C NMR (101 MHz, Chloroform-d) & 151.66, 148.24,
139.72, 136.04, 132.86, 127.96, 127.07, 126.84, 126.36, 122.60, 122.55, 120.77, 120.43,
119.56, 118.27, 116.56, 116.05, 57.47, 53.70, 28.15, 23.64, 16.58. HRMS: calculated for
C24H26N30 [M+H]* 372.2076, found 372.2063. Purity: 95.1% by HPLC.

5-((2,3-dimethyl-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol

(10q): *H NMR (400 MHz, Chloroform-d) & 10.57 (s, 1H), 8.94 (dd, J = 4.2, 1.6 Hz, 1H),
8.28 (dd, J = 8.6, 1.6 Hz, 1H), 7.57 (dd, J = 8.2, 1.7 Hz, 1H), 7.45 (dd, J = 8.5, 4.2 Hz, 1H),
7.20 - 6.97 (m, 3H), 6.27 (s, 1H), 5.54 (d, J = 1.2 Hz, 2H), 3.75 (s, 2H), 2.72 — 2.46 (m, 4H),
2.33 (s, 3H), 2.24 (s, 3H), 1.79 (p, J = 3.2 Hz, 4H). 13C NMR (101 MHz, Chloroform-a) &
152.79, 148.63, 136.57, 132.66, 130.54, 128.85, 125.44, 124.48, 122.49, 121.21, 120.86,
118.93, 118.14, 118.08, 108.86, 107.25, 57.51, 53.38, 43.50, 23.59, 10.16, 8.98. HRMS:
calculated for C25H28N30 [M+H]* 386.2232, found 386.2240. Purity: 97.7% by HPLC.

5-((5-methoxy-2-methyl-1H-indol-1-yl)methy)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol
(10r): *H NMR (400 MHz, Chloroform-d) & 10.18 (s, 1H), 8.87 (dd, J = 4.2, 1.5 Hz, 1H),
8.41 (dd, J = 8.5, 1.6 Hz, 1H), 8.20 (s, 1H), 7.36 (dd, J = 8.5, 4.1 Hz, 1H), 7.23 — 7.07 (m,
1H), 6.93 (s, 1H), 6.74 (dt, J = 3.9, 1.9 Hz, 2H), 4.32 (s, 2H), 3.85 (s, 2H), 3.69 (s, 3H), 2.84
—2.41 (m, 4H), 2.22 (s, 3H), 1.93 — 1.70 (m, 4H). 13C NMR (101 MHz, Chloroform-a) &
153.84, 151.55, 148.23, 133.02, 132.05, 130.56, 129.45, 127.11, 126.99, 126.11, 120.78,
118.19, 110.94, 110.51, 108.94, 100.76, 60.40, 57.64, 55.84, 53.58, 26.55, 23.61, 14.21,
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11.99. HRMS: calculated for C25H28N302 [M+H]* 402.2182, found 402.2185. Purity:
97.6% by HPLC.

ethyl 5-fluoro-1-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)-1H-
indole-2-carboxylate (10s): *H NMR (400 MHz, Chloroform-d) & 9.11 (s, 1H), 8.89 (dd, J
=4.1, 1.6 Hz, 1H), 8.50 (dd, J = 8.6, 1.7 Hz, 1H), 7.50 — 7.40 (m, 1H), 7.39 — 7.31 (m, 1H),
7.10-6.92 (m, 3H), 4.83 (s, 2H), 4.39 (q, J = 7.1 Hz, 2H), 3.92 (s, 2H), 2.81 — 2.57 (m, 4H),
1.85 (p, J = 3.2 Hz, 4H), 1.28 (t, = 7.1 Hz, H). 13C NMR (101 MHz, Chloroform-a) &
162.08, 151.67, 148.29, 139.62, 132.67, 131.99, 127.19, 127.03, 125.53, 125.36, 120.92,
118.13, 114.82, 114.56, 112.84, 112.75, 106.00, 105.77, 61.03, 57.34, 53.58, 27.27, 23.60,
14.30. HRMS: calculated for C26H27FN303 [M+H]* 448.2036, found 448.2050. Purity:
97.2% by HPLC.

2-(1-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)-6-methoxy-1H-
indol-3-yl)acetonitrile (10t): *H NMR (400 MHz, DMSO-dg) & 10.73 (s, 1H), 8.83 (dd, J =
4.1, 1.5 Hz, 1H), 8.46 (dd, J = 8.5, 1.6 Hz, 1H), 7.51 (dd, J = 8.5, 4.1 Hz, 1H), 7.45 (d, J =
8.5 Hz, 1H), 7.27 (s, 1H), 6.82 (d, J = 2.3 Hz, 1H), 6.71 (dd, J = 8.6, 2.3 Hz, 1H), 4.48 (s,
2H), 4.01 (s, 2H), 3.79 (s, 2H), 3.73 (s, 3H), 2.65 — 2.36 (m, 4H), 1.66 (h, J = 3.1 Hz, 4H).
13C NMR (101 MHz, DMSO-gg) 6 155.56, 150.07, 147.70, 136.18, 134.12, 132.38, 128.89,
126.01, 123.74, 121.44, 121.14, 120.12, 119.12, 118.06, 108.84, 99.92, 94.63, 55.17, 54.86,
54.25, 53.41, 27.93, 23.16, 12.18. HRMS: calculated for C26H27N402 [M+H]* 427.2134,
found 427.2135. Purity: 95.6% by HPLC.

5-((6-chloro-5-fluoro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol
(10u): *H NMR (400 MHz, DMSO-dg) 6 11.04 (s, 1H), 8.80 (dd, J = 4.2, 1.5 Hz, 1H), 8.50
(dd, J =8.6, 1.6 Hz, 1H), 7.64 — 7.44 (m, 3H), 7.40 (d, J = 10.3 Hz, 1H), 7.18 (d, J = 1.7 Hz,
1H), 4.38 (s, 2H), 3.80 (s, 2H), 2.60 — 2.40 (m, 4H), 1.69 (g, J = 3.7, 3.3 Hz, 4H). 13C NMR
(101 MHz, DMSO-ag) 6 149.38, 147.54, 138.68, 132.74, 128.79, 126.18, 125.89, 120.94,
120.04, 114.37, 112.36, 104.96, 104.73, 53.75, 53.39, 27.23, 23.11. HRMS: calculated for
C23H22CIFN30 [M+H]* 410.1435, found 410.1440. Purity: 95.2% by HPLC.

5-((5,6-dichloro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10v): 1H
NMR (400 MHz, DMSO-dg) 6 11.15 (s, 1H), 8.82 (d, J = 4.2 Hz, 1H), 8.52 (d, J = 8.5 Hz,
1H), 7.67 (s, 1H), 7.59 (s, 1H), 7.55 — 7.38 (m, 2H), 7.22 (s, 1H), 4.41 (s, 2H), 3.82 (s, 2H),
2.51 (d, J = 6.7 Hz, 4H), 1.76 — 1.45 (m, 4H). 13C NMR (101 MHz, DMSO-a) & 149.67,
147.74,138.71, 135.34, 132.96, 128.96, 127.06, 126.24, 126.00, 123.27, 121.20, 120.92,
119.93, 113.89, 113.00, 53.61, 53.47, 27.26, 23.15. HRMS: calculated for C23H22CI2N30
[M+H]* 426.1140, found 426.1156. Purity: 96.9% by HPLC.

General procedure for synthesis of 5a-5f: To a stirred solution of compound 4 (1.0 mmol,
140 mg) or 5-amino-8-hydroxyquinoline dihydrochloride and carboxylic acid (1.2 mmol) in
DMF-H,0 (1:5) were added oxyma (2.0 mmol, 284 mg), EDCI (2.0 mmol, 310 mg), and
NaHCO3 (6.0 mmol, 636 mg). After stirring at room temperature for 12 h, the solution was
extracted with EtOAc. The combined organic layers were washed with brine (3 mL), and
then dried over Na,SO4. Concentration of organic phase gave crude product which was
directly used for next step without purification.
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Synthesis of 5-(azidomethyl)quinolin-8-ol (3): To a stirred solution of 5-chloromethyI-8-

quinolinol hydrochloride (10 mmol, 2.3 g) in acetone (20 mL) were added sodium azide (30
mmol, 1.95 g) at room temperature. After refluxed for 20 h, the mixture was filtered and the
residue was washed with acetone. Combined organic solvent was removed under reduced
pressure to give crude product which was purified with flash chromatography on silica.
Elution with hexanes/ethylacetate (10:1-1:1) gave desired compound 3 (1.54 g, 77%). 1H
NMR (400 MHz, DMSO-¢) 6 10.04 (s, 1H), 8.92 (dd, /= 4.1, 1.6 Hz, 1H), 8.50 (dd, /=
8.6, 1.6 Hz, 1H), 7.67 (dd, J= 8.6, 4.1 Hz, 1H), 7.55 (d, J= 7.8 Hz, 1H), 7.08 (d, J= 7.8 Hz,
1H), 4.83 (s, 2H).

Synthesis of 5-(aminomethyl)quinolin-8-ol (4): A suspension of azide 3 (2.00 g, 10 mol)
and 10% Pd/C (0.15 g) in ethylacetate (15 mL) was hydrogenated overnight, the reaction
mixture was filtered off and washed with dichloromethane-methanol (1:1). The combined
filtration was evaporated under vacuum to give the oily crude which was purified with flash
chromatography on silica. Compound 4 was eluted out with dichloromethane/methanol
(15:0-10:1) (1.18 g, 68%). 1H NMR (400 MHz, DMSO-a) 6 8.86 (dd, J= 4.1, 1.6 Hz, 1H),
8.57 (dd, /= 8.6, 1.6 Hz, 1H), 7.58 (dd, /= 8.5, 4.1 Hz, 1H), 7.44 (dd, /=7.8, 0.9 Hz, 1H),
7.02 (d, /=7.8 Hz, 1H), 4.10 (d, /= 0.8 Hz, 2H).

Synthesis of 1-(4-bromobenzyl)-3-((8-hydroxyquinolin-5-yl)methyl)urea (7): To a stirred
solution of compound 4 (1.0 mmol, 140 mg) and 4-bromobenzyl isocyanate (1.0 mmol, 212
mg) in anhydrous dichloromethane (5 mL) were added catalytic amount of trimethylamine
(0.1 mmol, 10.1 mg). After stirring at room temperature for 5 h, solvent was removed under
reduced pressure to give crude product which was directly used for next step without
purification.

2.3. Cell culture and reagents

Human melanoma A375, M14, WM164, RPMI7951, and M14/MDR1 cell lines were
purchased from ATCC (American Type Culture Collection, Manassas, VA, USA), and
cultured in DMEM media (Mediatech, Inc., Manassas, VA) at 37 °C in a humidified
atmosphere containing 5% CO,. The culture media were supplemented with 10% fetal
bovine serum (Atlanta Biologicals, Lawrenceville, GA) and 1% antibiotic-antimycotic
mixture (Sigma-Aldrich, St. Louis, MO). Compounds were dissolved in dimethylsulfoxide
(DMSO; Sigma-Aldrich) to make a stock solution of 10 mM. Compound solutions were
freshly prepared by diluting stocks with cell culture medium before use (final solution
contained less than 0.5% DMSO). 5000 cells in logarithm growing phase were seeded
overnight into each well of a 96-well plate. Then the cells were continuously incubated for
48 h with sequential diluted compound solution (100 pM to 3 nM, 100 pL per well) in cell
culture medium. The cell viability was determined in MTS assay and I1Csq was calculated (n
= 4), following similar procedures as described previously [25, 29-31]. Dulbecco’s modified
Eagle’s Medium (DMEM), fetal bovine serum (FBS), penicillin/streptomycin and trypsin
0.25% were purchased from Hyclone (GE Healthcare Life Science, Pittsburgh, PA).
Phosphate buffered saline (PBS) was purchased from Invitrogen GIBCO (Grand Island,
NY). Dimethyl sulfoxide (DMSQ) and 3-(4,5-dimethylthiazole-2-yl)-2,5-biphenyl
tetrazolium bromide (MTT) were purchased from Sigma Chemical Co (St. Louis, MO). The
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P-glycoprotein (P-gp) overexpressing KB-C2 cell line was established from a parental
human epidermoid carcinoma cell line KB-3-1, by a step-wise selection of KB-3-1 in
increasing concentrations of colchicine up to 2 pg/mL [32]. SW620/Ad300, which is also a
P-gp overexpressing drug resistant cell line, was established by stepwise exposure of the
parental human colon cancer cell line SW620 to increasing concentrations of doxorubicin up
to 300 ng/mL[33]. The KB-3-1 and KB-C2 cell lines were generously provided by Dr. Shin-
Ichi Akiyama (Kagoshima University, Japan), and the SW620 and SW620/Ad300 cell lines
were kindly provided by Dr. Susan E. Bates (Columbia University, NY, USA) and Dr.
Robert W. Robey (NIH, MD, USA). All the cell lines were grown in DMEM supplemented
with 10% FBS and 100 unit/mL penicillin/streptomycin in a humidified incubator containing
5% CO, at 37 °C.

2.4. Cytotoxicity assay

A375, M14, WM164, RPMI7951, and M14/MDR1 were seeded in 96-well plates at a
concentration of 1,000-5,000 cells per well, depending on growth rate of the cell line. After
overnight incubation, the media was replaced and cells were treated with the test compounds
at 10 concentrations ranging from 0.03 nM to 1 uM plus a vehicle control for 72 h in four
replicates. Following treatment, the MTS reagent (Promega, Madison, WI) was added to the
cells and incubated in dark at 37°C for at least 1 h. Absorbance at 490 nm was measured
using a plate reader (DYNEX Technologies, Chantilly VVA). Percentages of cell survival
versus drug concentrations were plotted, and the 1Csq (concentration that inhibited cell
growth by 50% of untreated control) values were obtained by nonlinear regression analysis
using GraphPad Prism (GraphPad Software, San Diego, CA).

2.5. Cytotoxicity against P-gp overexpressing cell lines by MTT assay

The MTT colorimetric assay was used to measure the sensitivity of the cells against the
synthesized compounds. The assay detects the formazan product formed from the reduction
of MTT in active cells thus assesses the cell viability[34]. Cells were seeded in 96-well
plates at 5000 cells/well (KB-3-1 or KB-C2 cells) or at 7,000 cells/well (SW620 or SW620/
Ad300 cells) in 180 pL completed medium and cultured overnight. Then various
concentrations of the compounds (20 L) were added to the designated wells. After 72 h
continuous drug incubation, 20 uL of MTT reagent (4 mg/mL) was added to each well and
the plates were incubated at 37 °C for 4 h. Subsequently, the medium was removed and 100
pL of DMSO were added to dissolve the formazan crystals in each well. The absorbance was
determined at 570 nm by the accuSkan™ GO UV/Vis Microplate Spectrophotometer (Fisher
Sci., Fair Lawn, NJ). The ICs values of each compound on each cell line were calculated
from the survival curves to represent the cytotoxicity of the compounds. The fold of drug
resistance was calculated by dividing the ICsq of the P-gp overexpressing cells by that of the
parental cells. Two known P-gp substrates, YM155 and paclitaxel, were used as positive
controls for P-gp overexpressing cell lines. On the other hand, cisplatin, which is not a
substrate of P-gp, was used as negative control.

2.6. Liver microsomes stability assay

NADPH regenerating agent solutions A (catalog#: 451220) and B (catalog#: 451200) and
mouse liver microsomes (CD-1, mixture of male, catalog#:452701, and female, catalog#:
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452702) were obtained from BD Gentest (Woburn, MA). Liver microsomes stability assay
was conducted following literature reports [35, 36]. For each test compound, the mouse liver
microsomal solution was prepared by adding 0.058 mL of concentrated mouse liver
microsomes (20 mg/mL protein concentration) to 1.756 mL of 0.1 M potassium phosphate
buffer (pH 7.4) containing 5 uL of 0.5 M EDTA to make a 0.6381 mg/mL (protein)
microsomal solution. Each test compound (2.2 pL of 10 mM DMSO solution) was added
directly to 1.79 mL of mouse liver microsomal solution and 90 uL was transferred to wells
in 96-well plates (0, 0.25, 0.5, 1, 2, and 4 h time points each in triplicate). The NADPH
regenerating agent was prepared by mixing 0.113 mL of NADPH regenerating agent
Solutions A, 0.023 mL of solution B and 0.315 mL of 0.1 M potassium phosphate buffer
(pH 7.4) for each tested compound. To each well of the 96-well plate, 22.5 uL of the
NADPH regenerating agent was added to initiate the reaction, and the plate was incubated at
37 °C for each time point (0, 0.25, 0.5, 1, 2, and 4 h time points each in triplicate). The
reaction was quenched by adding 225 uL of cold acetonitrile containing warfarin (4 mg/mL)
as internal control to each well. All of the plates were centrifuged at 4,000 rpm for 20 min
and the supernatants (100 pL) were transferred to another 96-well plates for analysis on
UPLC-MS (Waters Acquity UPLC linked to Waters Acquity Photodiode Array Detector and
Waters Acquity Single Quadrupole Mass Detector) on Acquity UPLC BEH C18 1.7 mm
(2.1x50 mm) column by running 90-5% gradient for water (+0.1% formic acid) and
acetonitrile (+0.1% formic acid) in 2 min. The area under the single ion recording (SIR)
channel for the test compound divided by the area under the SIR for internal control at 0
time concentration was considered as 100% to calculate remaining concentration at each
time point. The terminal phase rate constant (ke) was estimated by linear regression of
logarithmic transformed concentration versus the data, where ke = slope % (=In10). The half
life t1/, was calculated as In2/ke. The intrinsic clearance (CLint,app)= (0.693/in vitroty) x
(1 mL incubation volume/0.5 mg of microsomal protein) x (45 mg microsomal protein/gram
of liver) x (55 g of liver/kg body weight) [37, 38].

2.7. Western blotting

To determine the change of protein levels of survivin and closely related 1APs, lysates of
A375 or M14 melanoma cells treated by the compound solution for 24 h were used for
western blotting analysis. Primary rabbit antibodies against IAP proteins including survivin
(#2808), XIAP (#2045), ClAP1 (#7065), Livin (#5471), Cleaved PARP (#9185) and the
loading control protein GAPDH (HRP Conjugate) (#3683) were purchased from Cell
Signaling Technology, Inc. (Danvers, MA) and used according to manufacture instructions
as reported previously.

2.8. Molecular modeling

The molecular docking studies were conducted in Schrodinger Molecular Modeling Suite
2014 (Schrodinger Inc., Portland, OR) following previously described procedures [25, 29].
Ligand was prepared to generate various conformation before being docked into the SMAC
AVPI binding site of a human survivin crystal structure (Protein Data Bank entry: 3UIH).
Prior to molecular dynamic calculation, the docking to minimize the energy of potential
ligand binding poses was performed. Results were visualized using the Maestro interface of
the Schrodinger software.

Eur J Med Chem. Author manuscript; available in PMC 2019 April 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wang et al. Page 14

2.9. In vivo xenograft model

All animal experiments were performed in accordance with the NIH animal use guidelines
and protocol approved by the Institutional Animal Care and Use Committee at the
University of Tennessee Health Science Center. Nude mice, 6—8 weeks old, were purchased
from Envigo (Indianapolis, IN).

Logarithmic growth phase A375 cells (5 x 107 cells per mL) were prepared in phenyl red-
free, FBS-free media and mixed with Matrigel immediately before injecting into mice.
Tumors were established by injecting 100 pL of this mixture subcutaneously in the dorsal
flank of each mouse (2.5 x 106 cells). After tumor volumes reached approximately 150 mm?3
mice were randomized into control or treatment groups (n=7~8). 10f or paclitaxel was
dissolved in a 1:1 ratio of PEG300: PBS solution to produce desired concentrations. The
vehicle control solution was formulated with equal parts PEG300 and PBS only. 100 pl of
the drug treatment or vehicle control was administered via i.p. injection every other day two
weeks.

Tumor volume was measured three times a week with a caliper and calculated by using the
formula axb?x0.5, where a and b represented the larger and smaller diameters, respectively.
Tumor growth inhibition (TGI) at the conclusion of the experiments was calculated as 100 —
100 x((T = Tg)/(C = Cp)), where T, Ty, C and Cg are the mean tumor volume for the specific
group on the last day of treatment, mean tumor volume of the same group on the first day of
treatment, mean tumor volume for the vehicle control group on the last day of treatment and
mean tumor volume for the vehicle control group on the first day of treatment, respectively.
Animal activity and body weights were monitored during the entire experiment period to
assess potential acute toxicity. At the end of the experiment, mice were sacrificed and the
tumors were weighed. Tumors and tissues were dissected out and preserved in 10% buffered
formalin phosphate solution.

3. Results and Discussion

3.1. Chemistry

Scheme 1 showed the syntheses of UC-112 analogs 2a—2d. Starting material 5-
chloromethyl-8-quinolinol hydrochloride was synthesized by following a reported procedure
[29] and was treated with commercially available amines in the presence of sodium hydride
or sodium carbonate and potassium iodide to give 1a-1d. 1a—1d was then refluxed with
paraformaldehyde and pyrrolidine in ethanol to provide analogs 2a—-2d.

Scheme 2 depicted the synthesis to obtain analogs 6a—6f and 8. 5-chloromethyl-8-quinolinol
hydrochloride was refluxed with sodium azide in acetone to yield azide 3. 3 was
subsequently hydrogenated in the presence of a catalytic equivalent of 10% Pd/C to provide
amine 4. Treatment of 4 with carboxylic acids, EDCI and ethyl cyanohydroxyiminoacetate
(oxyma) was able to generate amide 5a-5d. Refluxing the mixture of amide,
paraformaldehyde and pyrrolidine in ethanol successfully gave the amide analogs 6a—6d.
Analogs 6e and 6f were synthesized by following the same method starting from
commercially available 5-amino-8-hydroxyquinoline dihydrochloride. Treatment of amine 4
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using a catalytic equivalent of triethylamine generated the urea intermediate 7, which was
subjected to Mannich reaction to give urea analog 8.

Indole analogs 10a—10v with either mono-substituent or di-substituent were prepared by
following Scheme 3. Briefly, 5-chloromethyl-8-quinolinol hydrochloride was refluxed
together with indoles in the presence of sodium carbonate and a catalytic amount of
potassium iodide in acetonitrile to generate intermediate 9a—9v. Treatment of 9a—9v with
paraformaldehyde and pyrrolidine subsequently furnished analogs 10a—10v.

3.2. In vitro anti-proliferative assay

To reduce the flexibility of benzyloxy in UC-112, we replaced it with different substructures
and have synthesized thirty-three new UC-112 analogs. All analogs were evaluated using
MTS assays for their cytotoxicity in human melanoma cell lines including A375, WM1641,
M14, RPMI7951, and M14/MDR1. ICgq values were reported in pM and calculated from at
least three independent experiments, each performed in duplicates.

3.2.1. In vitro growth inhibitory effects of UC-112 analogs with modification of
benzyloxy moiety—Our preliminary SAR investigation of UC-112 emphasized the
replacement of the benzyloxy with other substructures and has led to the syntheses of
analogs 2a-2d, 6a—6f, 8 and 10a. Their /n vitro assay result was shown in Table 1.
Compared to the reference compound MX-106, 2a (5-fluoroindazole analog), 2b
(benzotriazole analog) and 2c (4-chloropurine analog) exhibited 3~5-fold reduced activities.
Replacement of the benzyloxy with the other moiety as shown in compounds 2d resulted in
significant reduction of inhibitory effects (> 3-fold). Replacing the benzyloxy with phenyl
acetamides (analogs 6a—6d) was detrimental to the antiproliferative activities. Shortening the
linkage by one methylene in 6b and 6d resulted in analogs 6e—6f and was revealed to not
affect the activities. The introduction of a benzylurea (analog 8) dramatically attenuated the
antiproliferative activity. Among all analogs in this series, non-substituted indole analog
10a, exhibited the most potent activity and was comparable to that of MX-106, having an
average 1Cgq of 0.9 UM.

3.2.2. In vitro growth inhibitory effects of UC-112 analogs with mono- or di-
substitution on the indole moiety—Because the indole analog 10a had an equipotency
to that of MX-106, we subsequently focused our effort to investigate the substitutional effect
on the indole ring. Analogs 10b—10p with mono-substituent and analogs 10g—10v with di-
substituents were then synthesized.

The in vitro assay result for analogs 10a—10p was shown in Table 2. For the 2-position
substitutued analogs, 10b with a methyl group and 10c with an ethyl group showed slightly
reduced activities compared to 10a. Introducing substituents to the 4-position on the indole
diminished the antiproliferative activity, which was demonstrated by analogs 10d and 10e.
For analogs that had substituents on the 5-position of indole, comparable activities to that of
10a were observed, for example, compounds 10f, 10g and 10h had 1Cs values ranging from
0.7 to 1.1 uM; analog 10i that had bulky ester functional group showed ~2-fold reduced
activity in comparison with MX-106. In the series of analogs with substituents on the 6-
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position of the indole (10j—10n), they were generally equipotent to MX-106 and 10a, having
ICsq values as low as 0.7 uM. Analogs having substituents on the 7-position of indole were
slightly less potent than corresponding 5- or 6-position substituted counterparts.

Six di-substituted indole analogs were synthesized in this series and their /n vitro assay
result was shown in Table 3. All the six analogs did not show any improvement of activity
compared to their mono-substituted counterparts. 10s—10v were designed based on the most
potent mono-substituted analogs 10f, 10k and 10n. Incorporation of a secondary substituent
to 5-fluoroindole, 6-chloro, or 6-methoxyindole generally was not beneficial to activity; for
example, 10s and 10u showed reduced cytotoxicities compared to 10f and had 1Cgq values of
>1.5 pM; the 3-cyano-6-methoxy indole analog 10t was less potent than the mono-
substituted counterpart 10n; 5,6-dichloroindole analog 10v showed cytotoxicity comparable
to that of 5-chloroindole analog 10Kk.

3.3. Inhibitory effect against P-gp overexpressing cell lines

P-gp belongs to the family of ATP-binding cassette (ABC) transporters and is encoded by
the ABCBL gene. P-gp is responsible for the decline of concentrations of extensive
anticancer drugs in multidrug resistant cells. Therefore, the ability to overcome P-gp
mediated drug-resistance is a favorable property for drug candidates.

In addition to the M14 melanoma cell line, its P-gp overexpressed daughter line M14/MDR1
was also tested to evaluate the abilities of new analogs to overcome P-gp mediated drug-
resistance. The result was shown in Table 1-3. According to assay result, more than twelve
of the twenty-two indole analogs exhibited more potent inhibitory effects against P-gp
overexpressing M14/MDR1 cell line than the parental drug sensitive M14 cell line and had
resistance index (RI) less than 1, indicating that new indole analogs had significant ability to
circumvent drug-resistance mediated by P-gp overexpression. It is worth noting that five out
of the six di-substituted indole analogs have RIs less than 1, suggesting that a secondary
substituent on the indole is beneficial for overcoming drug-resistance.

In addition to melanoma cell lines, cervical and colorectal carcinoma cell lines were also
tested to confirm the capabilities of the new analogs to circumvent P-gp mediated drug
resistance. The result is summarized in Table 4. The small-molecular survivin inhibitor
YM-155 showed remarkable cytotoxicity against KB-3-1 and SW620 cell lines with 1Csg
values of 4.9 nM and 3.9 nM, respectively. YM155, however, displayed significantly
reduced activities against the corresponding P-gp overexpressing cell lines (KB-C2 and
SW620/Ad300) and had 1Cs5q values of more than 20 uM. Similarly, paclitaxel, a known
substrate of P-gp, was not effective against P-gp overexpressing cell lines. In contrast, our
indole analogs 10f, 10h, 10k, 10n and the previously reported MX-106 showed stronger
inhibitory effects against P-gp overexpressing cell lines (KB-C2 and SW620/Ad300) than
their corresponding parent cell lines (KB-3-1 and SW620). While the 1Csq values range
from 1.28 to 1.71 uM in the non-resistant KB-3-1 cell line for 10f, 10h, 10k and 10n, their
potency against the P-gp overexpressing KB-C2 cell line significantly inrease (ICgq values
range from 0.17 to 0.44 uM). Similarly, 10f, 10h, 10k and 10n had I1Cs values ranging from
0.16 to 0.31 uM against non-resistant SW620 cell line while their activities in KB-C2 cell
line were 3-6 folds more potent with I1Cgq values ranging from 0.027 to 0.1 uM.
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Collectively, these new indole analogs of UC-112 can show potential to reverse drug-
resistance mediated by P-gp overexpression.

3.4. In vitro metabolic stability study

Prior to /n vivo study, the /n vitro metabolic stabilities of analogs 10f, 10h, 10k and 10n
were examined by measuring their half-life upon incubation with mouse, rat, and human
liver microsomes in the presence of an NADPH regeneration system. The result was
summarized in Table 5. All compounds possessed acceptable stability profile in three
microsome species. They were more stable in human microsome than in mouse and rat
microsomes. Among the four analogs, 10f with a 5-fluoro was the most stable against mouse
and human microsomes.

3.5. Indole based UC-112 analogs maintain their selective inhibition for survivin among

IAPs

To determine whether our new UC-112 analogs maintains their selective inhibition of
survivin as the prototype UC-112 does, we performed the western blotting analyses using
10f, 10h, 10k and 10n in A375 cell line at different concentrations and the result was shown
in Figure 2. All four compounds strongly inhibited survivin expression in A375 cell line in a
concentration dependent manner. In contrast, the levels of other IAP family proteins such as
C-1AP1, XIAP, and Livin, were not affected, indicating high selectivity of survivin inhibition
among the AP proteins. Consitent with survivin inhibition, all four analogs effectively
induced cancer cell apoptosis, as indicated by the elevated level of cleaved PARP in Figure
2.

3.6. Molecular modeling study

To explain the observed strong potency of 10f, a molecular modeling study was developed
using the complex of human survivin-SMAC AVPI (PDB entry: 3UIH) and the result was
shown in Figure 3A and 3B. 10f formed appealing hydrogen bonding and - stacking
interactions with the survivin protein BIR domain: (1) two hydrogen bonding interactions
between the 8-hydroxyquinoline of 10f and residues Glu76 and Lys79; (2) two hydrogen
bonding interactions between the pyrrolidine of 10f and residue Asp71; (3) - stacking
interaction between the 8-hydroxyquinoline of 10f and residue His80; (4) r-m stacking
interaction between the 5-F indole of 10f and residue His80; (5) r-cation interaction
between the pyrrolidine of 10f and residue Trp67 (red line in Figure 3B). The molecular
modeling result suggested that substitute on the 7-position of the indole ring will introduce
the repulse between the 8-hydroxyquinoline and indole ring and further lead to attenuated -
Tt stacking interactions mentioned above, for example, 10p and 10q exhibited significantly
decreased potency in comparison with 10a.

3.7. In vivo anti-tumor efficacy assessment

As one of the most potent indole analog, 10f not only exhibited the most favorable stability
against mouse and human liver microsomes but also significantly inhibited the survivin
expression at a low concentration; therefore 10f was selected for further evaluating
antitumor efficacy /in vivo. An A375 melanoma xenograft model in nude mice was used.
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Tumors were implanted by inoculating mice with A375 human melanoma cancer cells
subcutaneously in their hindflank. After the development of viable tumors, mice were
treated every other day for two weeks by i.p. injection with 20 mg/kg 10f, 15 mg/kg
paclitaxel, or vehicle solution only. After 15 days of treatment, the groups receiving 20
mg/kg 10f had significantly smaller tumor volumes than the vehicle control group with a
calculated TGI of 68.6% (Figure 4A). This was very similar to the paclitaxel treated group
which averaged a TGI of 70.6% compared to the vehicle control group. One-way ANOVA
analysis followed by Dunnett’s multiple comparison test also revealed that there was a
significant reduction in final tumor volume (P < 0.0001) for all treatment groups compared
to the vehicle control group. These results are in accord with the tumor final weights, where
the average tumor weight for the control group was 2.08 + 0.32 grams, and 10f and
paclitaxel groups averaged 0.85 + 0.26 grams and 0.78 + 0.12 grams, respectively (Figure
4B). Statistically analysis was performed the same and yielded an overall P value of 0.0012,
and a significant difference (P < 0.01) for each treated group compared to the control group.
Mouse body weight was measured and animal activity was monitored throughout the
experiment, and no significant deviations in animal weight or behavior was observed (Figure
4C).

4. Conclusion

In this report, thirty-three new analogs of UC-112 were synthesized and their SAR was
investigated. The result showed that most indole analogs exhibited potencies stronger than or
comparable to that of UC-112 and MX-106. The most potent activities were observed in 10f,
10h, 10k and 10n. As compared to YM-155, a widely studied survivin promoter inhibitor,
our new indole analogs of UC-112 showed more potent activities against P-gp expressing
cancer cell lines than parental cancer cell lines. Mechanistic study suggested that new indole
analogs of UC-112 selectively suppressed the expression of the survivin protein in a dose-
dependent manner without affecting other members of the IAP family. In an in vivo
xenograft model in nude mice, 10f exhibited significant inhibitory effect of tumor growth.
These results indicated in-depth investigation of these novel scaffolds is warranted in the
future.
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Research highlights

. A series of novel UC-112 analogs was prepared and evaluated as potential
antitumor agents.

. Most of these analogs show similar or increased potency against P-gp
overexpressed cancer cell lines compared with their drug sensitive parental
cancer cell lines.

. Compound 10f was found to be the most potent and metabolically stable
analog.
. Compound 10f selectively inhibited survivin expression among the IAP

protein family, induced apoptosis, and significantly suppress melanoma tumor
growth /n vivo.
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Figure 2.
Western blot assay of A375 cells treated with different doses of 10f, 10h, 10k and 10n for 24

h.
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Figure 3. Potential binding mode of 10f to survivin
(A) the best docking pose of 10f binding in survivin (survivin PDB: 3UIH), shown with

electron potential color-coded survivin surface (red: electron negative potential; blue:
electron positive potential). Interactions between 10f and nearby residues in survivin are
shown. (B) Types of interactions are shown with color-coded lines between 10f with
residues in survivin protein in this 2D interaction map.
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Figure 4. 10f inhibits tumor growth in vivo
(A) Average tumor volumes £ SEM in an A375 xenograft model in nude mice (n=7~8). (B)

Individual tumor weights. Long line represents mean and error bars represent SEM.
Statistical significance was determined by one-way ANOVA (P=0.0012) analysis followed
by Dunnett’s multiple comparison test. £< 0.01 for each treatment group compared to the
control group. (C) Average mouse body weights + SEM. Graph represents percent change in
body weight compared to the starting weight.
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Scheme 1. Synthesis of 2a-2d
Reagents and conditions: (a) NaH, DMF or KI, Na,CO3, MeCN, reflux; (b)

parafomaldehyde, pyrrolidine, ethanol, reflux.
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Scheme 3. Synthesis of 10a-10v
Reagents and conditions: (a) NaH, DMF or KI, Na,CO3, MeCN, reflux; (b)

parafomaldehyde, pyrrolidine, ethanol, reflux.
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	General procedure for synthesis of 1a–1d, 9a–9v: To a stirred suspension of 5-chloromethyl-8-quinolinol hydrochloride (1.0 mmol, 230 mg), sodium carbonate (6.0 mmol, 636 mg) and amine or indole (1.1 mmol) in acetonitrile (10 mL) was added potassium iodide (0.3 mmol, 50 mg). The mixture was refluxed for 6 h and then filtered through celite; the residue was washed with acetonitrile. The combined solution was evaporated under vacuum to give the crude material which was directly used for next step without purification.General procedure for synthesis of 2a–2f, 6a–6f, 8 and 10a–10v: To a stirred suspension of 1a–1g or 5a–5g or 7 or 9a–9v (0.5 mmol) and paraformaldehyde (0.5 mmol, 15 mg) in ethanol (6 mL) was added pyrrolidine (0.45 mmol, 32 mg). The mixture was refluxed for 1–5 h and solvent was evaporated under reduced pressure to give the crude which was purified with flash chromatography on silica. Elution with dichloromethane-methanol (10:0–10:1) gave desired compounds 2a–2f, 6a–6f, 8 and 10a–10v (34–81% yield).5-((5-fluoro-1H-indazol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (2a): 1H NMR (400 MHz, Chloroform-d) δ 8.84 (dd, J = 4.1, 1.6 Hz, 1H), 8.74 (dd, J = 4.2, 1.7 Hz, 1H), 8.19 (dd, J = 8.6, 1.6 Hz, 1H), 7.68 (ddt, J = 9.2, 4.6, 1.0 Hz, 1H), 7.64 (d, J = 0.9 Hz, 1H), 7.38 – 7.29 (m, 2H), 7.10 – 6.99 (m, 2H), 5.87 (s, 2H), 4.02 (s, 2H), 2.84 – 2.62 (m, 4H), 1.88 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 154.42, 148.97, 146.09, 139.73, 131.76, 129.97, 126.91, 122.72, 122.64, 122.04, 120.14, 119.55, 119.45, 118.11, 117.64, 117.35, 102.88, 102.64, 57.23, 55.15, 53.86, 23.73. HRMS: calculated for C22H22FN4O [M+H]+ 377.1778, found 377.1790. Purity: 95.8% by HPLC.5-((1H-benzo[d][1,2,3]triazol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (2b): 1H NMR (400 MHz, Chloroform-d) δ 10.42 (s, 1H), 8.78 (dd, J = 4.2, 1.6 Hz, 1H), 8.44 (dd, J = 8.6, 1.6 Hz, 1H), 7.96 (dt, J = 7.9, 1.2 Hz, 1H), 7.44 – 7.17 (m, 5H), 6.11 (s, 2H), 3.95 (s, 2H), 2.64 (td, J = 5.6, 4.5, 2.3 Hz, 4H), 1.81 (p, J = 3.4 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 153.99, 148.74, 146.31, 139.56, 132.80, 131.60, 129.24, 127.27, 126.51, 123.86, 121.78, 119.95, 119.23, 118.18, 109.99, 57.00, 53.69, 50.30, 23.61. HRMS: calculated for C21H22N5O [M+H]+ 360.1824, found 360.1838. Purity: 95.3% by HPLC.5-((6-chloro-9H-purin-9-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (2c): 1H NMR (400 MHz, Chloroform-d) δ 8.83 (s, 1H), 8.79 (dd, J = 4.2, 1.5 Hz, 1H), 8.69 (s, 1H), 8.60 (dd, J = 8.6, 1.5 Hz, 1H), 8.46 (s, 1H), 7.49 (dd, J = 8.6, 4.2 Hz, 1H), 5.80 (s, 2H), 4.45 (s, 2H), 3.30 (s, 4H), 2.16 – 2.11 (m, 4H). 13C NMR (101 MHz, Chloroform-d) δ 152.66, 151.86, 151.44, 151.06, 148.77, 146.38, 138.38, 132.97, 132.61, 131.42, 127.15, 123.55, 121.89, 111.79, 53.29, 52.30, 44.19, 23.40. HRMS: calculated for C20H20ClN6O [M+H]+ 395.1387, found 395.1396. Purity: 95.5% by HPLC.1-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)-2,3-dihydroquinolin-4(1H)-one (2d): 1H NMR (400 MHz, Chloroform-d) δ 8.95 (d, J = 4.1 Hz, 1H), 8.31 (dd, J = 8.5, 2.2 Hz, 1H), 8.05 – 7.96 (m, 1H), 7.50 – 7.37 (m, 2H), 7.23 (s, 1H), 6.93 – 6.78 (m, 2H), 4.82 (s, 2H), 4.01 (d, J = 1.9 Hz, 2H), 3.46 (t, J = 6.7 Hz, 2H), 2.73 (d, J = 6.1 Hz, 4H), 2.65 (t, J = 6.9 Hz, 2H), 1.90 (p, J = 3.3, 2.6 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 193.59, 153.06, 151.91, 148.78, 135.58, 131.40, 128.43, 127.46, 126.45, 121.38, 121.19, 120.37, 117.93, 117.47, 113.20, 57.30, 53.71, 52.18, 47.92, 38.28, 23.64. HRMS: calculated for C24H26N3O2 [M+H]+ 388.2025, found 388.2040. Purity: 95.0% by HPLC.N-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)-2-(3,4,5-trimethoxyphenyl)acetamide (6a): 1H NMR (400 MHz, Methanol-d4) δ 8.78 (d, J = 4.1 Hz, 1H), 8.33 (d, J = 8.3 Hz, 1H), 7.40 (dd, J = 8.5, 4.2 Hz, 1H), 7.31 (s, 1H), 6.55 (s, 2H), 4.74 (s, 1H), 3.97 (s, 2H), 3.75 (s, 3H), 3.70 (s, 6H), 3.45 (s, 2H), 3.37 (d, J = 1.7 Hz, 2H), 2.72 (s, 4H), 1.89 (s, 4H). 13C NMR (101 MHz, Chloroform-d) δ 170.31, 153.57, 153.23, 148.70, 139.74, 132.09, 130.25, 128.56, 126.40, 123.13, 121.48, 106.39, 60.84, 56.10, 53.88, 44.15, 41.04, 29.72, 23.67. HRMS: calculated for C26H32N3O5 [M+H]+ 466.2342, found 466.2332. Purity: 95.4% by HPLC.N-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)-2-(4-nitrophenyl)acetamide (6b): 1H NMR (400 MHz, DMSO-d6) δ 8.85 (dd, J = 4.1, 1.5 Hz, 1H), 8.66 (t, J = 5.6 Hz, 1H), 8.37 (dd, J = 8.5, 1.6 Hz, 1H), 8.23 – 8.12 (m, 2H), 7.60 – 7.47 (m, 3H), 7.39 (s, 1H), 4.64 (d, J = 5.5 Hz, 2H), 3.78 (s, 2H), 3.64 (s, 2H), 2.51 (dt, J = 3.7, 1.8 Hz, 4H), 1.73 (p, J = 3.0 Hz, 4H). 13C NMR (101 MHz, DMSO-d6) δ 168.60, 150.52, 147.83, 146.27, 144.49, 138.53, 132.32, 130.27, 128.84, 125.56, 123.79, 123.27, 121.25, 119.86, 54.06, 53.48, 41.98, 23.21. HRMS: calculated for C23H25N4O4 [M+H]+ 421.1876, found 421.1879. Purity: 95.5% by HPLC.2-(4-fluorophenyl)-N-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)acetamide (6c): 1H NMR (400 MHz, DMSO-d6) δ 8.92 (dd, J = 4.1, 1.5 Hz, 1H), 8.60 (t, J = 5.5 Hz, 1H), 8.43 (dd, J = 8.6, 1.6 Hz, 1H), 7.70 – 7.49 (m, 2H), 7.36 – 7.23 (m, 2H), 7.18 – 7.04 (m, 2H), 4.63 (d, J = 5.5 Hz, 2H), 4.25 (s, 2H), 3.47 (s, 2H), 3.04 (s, 4H), 1.89 (p, J = 3.4 Hz, 4H). 13C NMR (101 MHz, DMSO-d6) δ 169.78, 151.66, 148.21, 138.45, 132.69, 132.54, 130.80, 130.72, 129.54, 126.66, 124.53, 122.12, 114.92, 114.71, 54.87, 53.08, 41.30, 22.74. HRMS: calculated for C23H25FN3O2 [M+H]+ 394.1931, found 394.1942. Purity: 95.2% by HPLC.N-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)-2-(4-(trifluoromethyl)phenyl)acetamide (6d): 1H NMR (400 MHz, Chloroform-d) δ 8.86 (dd, J = 4.1, 1.6 Hz, 1H), 8.20 (dd, J = 8.6, 1.6 Hz, 1H), 7.61 – 7.51 (m, 2H), 7.44 – 7.30 (m, 3H), 7.15 (s, 1H), 5.76 (s, 1H), 4.75 (d, J = 5.4 Hz, 2H), 3.95 (s, 2H), 3.61 (s, 2H), 2.71 (td, J = 5.4, 4.4, 2.3 Hz, 4H), 1.88 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 169.35, 153.19, 148.75, 139.66, 138.87, 131.95, 129.60, 128.54, 126.38, 125.80, 125.76, 122.91, 121.56, 118.00, 57.19, 53.85, 43.48, 41.06, 23.67. HRMS: calculated for C24H25F3N3O2 [M+H]+ 444.1899, found 444.1918. Purity: 98.9% by HPLC.N-(8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)-2-(4-nitrophenyl)acetamide (6e): 1H NMR (400 MHz, Methanol-d4) δ 8.93 (dd, J = 4.2, 1.6 Hz, 1H), 8.34 (dd, J = 8.6, 1.6 Hz, 1H), 8.32 – 8.22 (m, 2H), 7.80 – 7.67 (m, 5H), 7.64 (dd, J = 8.6, 4.2 Hz, 1H), 7.60 (s, 1H), 7.40 – 7.29 (m, 3H), 4.58 (s, 2H), 4.02 (s, 2H), 3.49 – 3.40 (m, 4H), 3.37 (s, 1H), 2.11 (p, J = 4.0 Hz, 4H). 13C NMR (101 MHz, Methanol-d4) δ 172.52, 150.46, 144.50, 144.08, 132.70, 131.57, 129.11, 127.64, 125.91, 125.68, 124.65, 124.13, 118.68, 112.18, 55.15, 54.10, 43.53, 23.87. HRMS: calculated for C22H23N4O4 [M+H]+ 407.1719, found 407.1719. Purity: 95.0% by HPLC.N-(8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)-2-(4-(trifluoromethyl)phenyl)acetamide (6f): 1H NMR (400 MHz, Methanol-d4) δ 8.88 (dd, J = 4.2, 1.6 Hz, 1H), 8.27 (dd, J = 8.5, 1.6 Hz, 1H), 7.68 (q, J = 8.4 Hz, 4H), 7.62 – 7.52 (m, 2H), 7.49 (d, J = 3.3 Hz, 2H), 4.33 (s, 2H), 3.95 (s, 2H), 3.57 (s, 1H), 3.19 – 3.05 (m, 4H), 2.07 – 1.94 (m, 4H). 13C NMR (101 MHz, Methanol-d4) δ 173.04, 153.35, 149.98, 141.48, 139.98, 132.77, 131.03, 130.88, 127.53, 126.53, 126.49, 124.52, 123.41, 116.23, 55.54, 54.87, 45.89, 43.67, 24.15. HRMS: calculated for C23H23F3N3O2 [M+H]+ 430.1742, found 430.1747. Purity: 98.5% by HPLC.1-(4-bromobenzyl)-3-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)urea (8): 1H NMR (400 MHz, Methanol-d4) δ 8.83 (dd, J = 4.2, 1.6 Hz, 1H), 8.50 (dd, J = 8.6, 1.6 Hz, 1H), 7.53 (dd, J = 8.6, 4.2 Hz, 1H), 7.50 – 7.41 (m, 2H), 7.35 (s, 1H), 7.29 – 7.14 (m, 2H), 4.71 (s, 2H), 4.32 (s, 2H), 4.06 (s, 2H), 3.00 – 2.64 (m, 4H), 1.92 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, Methanol-d4) δ 160.61, 153.65, 149.21, 140.87, 140.46, 133.91, 132.51, 130.13, 129.60, 126.10, 122.61, 121.58, 57.17, 54.69, 44.13, 42.06, 24.45. HRMS: calculated for C23H26BrN4O2 [M+H]+ 469.1239, found 469.1261. Purity: 95.1% by HPLC.5-((1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10a): 1H NMR (400 MHz, Acetone-d6) δ 9.88 (s, 1H), 8.63 (dd, J = 4.1, 1.5 Hz, 1H), 8.37 (dd, J = 8.6, 1.6 Hz, 1H), 7.43 (dt, J = 7.9, 1.0 Hz, 1H), 7.39 (s, 1H), 7.30 (dd, J = 8.5, 4.1 Hz, 1H), 7.23 (dt, J = 8.1, 0.9 Hz, 1H), 6.94 (ddd, J = 8.2, 7.1, 1.2 Hz, 1H), 6.84 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H), 6.79 (p, J = 1.1 Hz, 1H), 4.33 (s, 2H), 3.73 (s, 2H), 2.48 – 2.35 (m, 4H), 1.61 (p, J = 3.2 Hz, 4H). 13C NMR (101 MHz, Acetone-d6) δ 150.30, 148.40, 139.97, 133.87, 129.95, 127.65, 127.35, 123.94, 123.78, 122.17, 121.71, 120.79, 119.64, 119.42, 115.57, 112.18, 112.13, 55.12, 54.51, 28.69, 24.28. HRMS: calculated for C23H24N3O [M+H]+ 358.1919, found 358.1924. Purity: 95.0% by HPLC.5-((2-methyl-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10b): 1H NMR (400 MHz, Chloroform-d) δ 10.51 (s, 1H), 9.06 – 8.84 (m, 1H), 8.70 – 8.31 (m, 2H), 7.55 – 7.25 (m, 3H), 7.21 – 7.08 (m, 1H), 7.01 (t, J = 7.5 Hz, 1H), 6.96 (s, 1H), 4.39 (s, 2H), 3.86 (s, 2H), 2.63 (d, J = 6.1 Hz, 4H), 1.99 – 1.64 (m, 4H). 13C NMR (101 MHz, Chloroform-d) δ 151.58, 148.21, 139.74, 135.50, 132.17, 132.09, 129.01, 127.09, 127.02, 126.27, 120.83, 120.76, 119.07, 118.44, 118.28, 110.39, 109.07, 57.81, 53.62, 26.51, 23.65, 11.89. HRMS: calculated for C24H26N3O [M+H]+ 372.2076, found 372.2075. Purity: 97.1% by HPLC.5-((2-ethyl-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10c): 1H NMR (400 MHz, Chloroform-d) δ 8.90 (dd, J = 4.2, 1.5 Hz, 1H), 8.46 (dd, J = 8.6, 1.5 Hz, 1H), 8.15 (s, 1H), 7.39 (dd, J = 8.5, 4.1 Hz, 1H), 7.34 (dt, J = 8.0, 1.3 Hz, 2H), 7.17 – 7.10 (m, 1H), 7.05 – 6.99 (m, 1H), 6.95 (s, 1H), 4.42 (s, 2H), 3.88 (s, 2H), 2.73 – 2.61 (m, 6H), 1.84 (h, J = 3.2 Hz, 4H), 1.19 (t, J = 7.6 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 151.56, 148.23, 137.86, 135.42, 131.98, 129.01, 127.04, 126.94, 126.33, 120.99, 120.74, 119.21, 118.48, 118.31, 110.39, 108.36, 57.73, 53.58, 26.27, 23.63, 19.60, 13.99. HRMS: calculated for C25H28N3O [M+H]+ 386.2232, found 386.2214. Purity: 97.4% by HPLC.5-((4-fluoro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10d): 1H NMR (400 MHz, Chloroform-d) δ 8.75 (dd, J = 4.1, 1.6 Hz, 1H), 8.35 – 8.24 (m, 1H), 8.22 (d, J = 16.3 Hz, 1H), 7.26 (dd, J = 8.5, 4.1 Hz, 1H), 7.19 (d, J = 4.0 Hz, 2H), 7.14 – 6.96 (m, 2H), 6.69 (ddd, J = 11.2, 7.4, 1.3 Hz, 1H), 6.43 (s, 1H), 4.48 (s, 2H), 3.98 (s, 2H), 2.75 (t, J = 5.3 Hz, 4H), 1.83 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 158.80, 156.31, 151.66, 148.24, 139.66, 139.24, 139.12, 133.02, 128.09, 127.00, 126.67, 122.89, 122.54, 122.46, 120.86, 118.08, 114.67, 107.34, 107.30, 104.62, 104.43, 57.33, 53.68, 29.04, 29.01, 23.63. HRMS: calculated for C23H23FN3O [M+H]+ 376.1825, found 376.1818. Purity: 98.0% by HPLC.5-((4-nitro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10e): 1H NMR (400 MHz, Chloroform-d) δ 9.42 (s, 1H), 8.71 (dd, J = 4.1, 1.6 Hz, 1H), 8.15 (dd, J = 8.5, 1.6 Hz, 1H), 7.76 (dd, J = 7.9, 0.9 Hz, 1H), 7.56 (dd, J = 8.1, 0.9 Hz, 1H), 7.23 – 7.16 (m, 2H), 7.13 (t, J = 8.0 Hz, 1H), 6.98 (s, 1H), 6.50 (s, 1H), 4.43 (s, 2H), 3.86 (s, 2H), 2.60 (q, J = 5.0, 4.0 Hz, 4H), 1.75 (p, J = 3.2 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 151.75, 148.20, 143.28, 139.64, 139.29, 133.11, 128.31, 128.06, 127.02, 126.56, 120.92, 120.57, 118.92, 118.25, 117.41, 115.04, 57.43, 53.63, 30.04, 23.61. HRMS: calculated for C23H23N4O3 [M+H]+ 403.1770, found 403.1776. Purity: 96.0% by HPLC.5-((5-fluoro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10f): 1H NMR (400 MHz, Methanol-d4) δ 8.76 (dd, J = 4.2, 1.6 Hz, 1H), 8.47 (dd, J = 8.6, 1.6 Hz, 1H), 7.43 (dd, J = 8.6, 4.2 Hz, 1H), 7.33 – 7.24 (m, 2H), 7.09 (dd, J = 9.9, 2.5 Hz, 1H), 6.88 (s, 1H), 6.83 (td, J = 9.1, 2.5 Hz, 1H), 4.41 (s, 2H), 3.98 (s, 2H), 2.79 – 2.62 (m, 4H), 1.86 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, DMSO-d6) δ 149.30, 147.52, 138.66, 133.02, 132.87, 128.79, 127.09, 126.14, 125.98, 125.34, 120.91, 119.97, 113.96, 112.33, 109.07, 108.82, 103.41, 103.18, 53.73, 53.40, 27.44, 23.10. HRMS: calculated for C23H23FN3O [M+H]+ 376.1825, found 376.1819. Purity: 96.2% by HPLC.1-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)-1H-indole-5-carbonitrile (10g): 1H NMR (400 MHz, Chloroform-d) δ 8.90 (dd, J = 4.2, 1.6 Hz, 1H), 8.05 – 7.98 (m, 2H), 7.46 (d, J = 1.1 Hz, 2H), 7.37 (dd, J = 8.6, 4.1 Hz, 1H), 7.05 (d, J = 3.3 Hz, 1H), 6.97 (s, 1H), 6.57 (d, J = 3.3 Hz, 1H), 5.63 (d, J = 0.8 Hz, 2H), 3.95 (s, 2H), 2.78 – 2.59 (m, 4H), 1.88 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 148.92, 139.77, 137.78, 130.85, 129.83, 128.56, 128.16, 126.75, 126.29, 124.79, 121.79, 120.67, 120.19, 118.25, 110.31, 102.96, 102.87, 57.42, 53.75, 47.51, 23.66. HRMS: calculated for C24H23N4O [M+H]+ 383.1872, found 383.1889. Purity: 95.0% by HPLC.5-((5-nitro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10h): 1H NMR (400 MHz, Chloroform-d) δ 10.95 (s, 1H), 8.90 (dd, J = 4.1, 1.6 Hz, 1H), 8.59 (d, J = 2.2 Hz, 1H), 8.11 (dd, J = 9.1, 2.2 Hz, 1H), 8.03 (dd, J = 8.6, 1.6 Hz, 1H), 7.43 (d, J = 9.1 Hz, 1H), 7.36 (dd, J = 8.6, 4.1 Hz, 1H), 7.08 (d, J = 3.3 Hz, 1H), 6.97 (s, 1H), 6.66 (dd, J = 3.3, 0.8 Hz, 1H), 5.71 – 5.52 (m, 2H), 3.94 (s, 2H), 2.68 (td, J = 5.8, 4.9, 2.5 Hz, 4H), 1.94 – 1.77 (m, 4H). 13C NMR (101 MHz, Chloroform-d) δ 154.00, 148.93, 141.88, 139.77, 139.02, 130.74, 130.72, 128.05, 128.01, 126.20, 121.72, 120.03, 118.53, 118.33, 117.47, 109.34, 104.44, 57.54, 53.74, 47.71, 23.66. HRMS: calculated for C23H23N4O3 [M+H]+ 403.1770, found 403.1773. Purity: 96.9% by HPLC.Ethyl 1-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)-1H-indole-5-carboxylate (10i): 1H NMR (400 MHz, Chloroform-d) δ 10.22 (s, 1H), 9.53 (s, 1H), 8.82 (dd, J = 4.1, 1.5 Hz, 1H), 8.43 (d, J = 1.5 Hz, 1H), 8.25 (dd, J = 8.6, 1.6 Hz, 1H), 7.91 (dd, J = 8.6, 1.6 Hz, 1H), 7.35 (d, J = 8.6 Hz, 1H), 7.33 – 7.25 (m, 1H), 7.15 (s, 1H), 6.64 (s, 1H), 4.86 – 4.35 (m, 4H), 3.94 (s, 2H), 2.68 (d, J = 6.1 Hz, 4H), 2.15 – 1.72 (m, 4H), 1.42 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 167.92, 151.88, 148.20, 139.21, 132.87, 127.93, 127.02, 126.91, 125.98, 124.36, 123.23, 121.70, 121.51, 120.82, 118.48, 116.71, 111.02, 60.58, 57.72, 53.69, 27.89, 23.63, 14.50. HRMS: calculated for C26H28N3O3 [M+H]+ 430.2131, found 430.2146. Purity: 97.4% by HPLC.5-((6-fluoro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10j): 1H NMR (400 MHz, Chloroform-d) δ 8.89 (dd, J = 4.1, 1.6 Hz, 1H), 8.06 (dd, J = 8.6, 1.6 Hz, 1H), 7.55 (dd, J = 8.7, 5.4 Hz, 1H), 7.35 (dd, J = 8.6, 4.1 Hz, 1H), 7.07 (dd, J = 10.0, 2.3 Hz, 1H), 6.98 (s, 1H), 6.94 – 6.84 (m, 2H), 6.46 (dd, J = 3.3, 0.9 Hz, 1H), 5.52 (s, 2H), 3.94 (s, 2H), 2.84 – 2.54 (m, 4H), 1.87 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 153.67, 148.82, 131.04, 127.98, 127.94, 127.90, 126.34, 125.19, 121.84, 121.74, 121.59, 120.87, 118.40, 108.56, 108.31, 101.92, 96.07, 95.80, 57.58, 53.74, 47.44, 23.66. HRMS: calculated for C23H23FN3O [M+H]+ 376.1825, found 376.1820. Purity: 97.2% by HPLC.5-((6-chloro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10k): 1H NMR (400 MHz, Chloroform-d) δ 8.89 (dd, J = 4.2, 1.6 Hz, 1H), 8.06 (dd, J = 8.6, 1.6 Hz, 1H), 7.55 (dd, J = 8.5, 0.6 Hz, 1H), 7.42 – 7.35 (m, 2H), 7.16 – 7.04 (m, 2H), 6.93 (d, J = 3.2 Hz, 1H), 6.46 (dd, J = 3.3, 0.9 Hz, 1H), 5.56 (s, 2H), 4.03 (s, 2H), 2.79 (s, 4H), 1.91 (s, 4H). 13C NMR (101 MHz, DMSO-d6) δ 151.11, 148.11, 138.50, 136.38, 132.16, 129.92, 128.93, 127.05, 126.04, 125.73, 122.16, 121.81, 121.72, 119.44, 118.55, 110.18, 101.40, 53.22, 53.10, 46.64, 22.98. HRMS: calculated for C23H23ClN3O [M+H]+ 392.1530, found 392.1532. Purity: 95.2% by HPLC.5-((6-bromo-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10l): 1H NMR (400 MHz, Chloroform-d) δ 10.37 (s, 1H), 8.88 (dd, J = 4.1, 1.6 Hz, 1H), 8.02 (dd, J = 8.5, 1.6 Hz, 1H), 7.60 – 7.53 (m, 1H), 7.50 (d, J = 8.4 Hz, 1H), 7.34 (dd, J = 8.5, 4.1 Hz, 1H), 7.23 (dd, J = 8.4, 1.7 Hz, 1H), 6.95 (s, 1H), 6.87 (d, J = 3.2 Hz, 1H), 6.44 (dd, J = 3.3, 0.9 Hz, 1H), 5.51 (s, 2H), 3.93 (s, 2H), 2.68 (p, J = 3.9, 3.5 Hz, 4H), 1.86 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 153.71, 148.82, 139.75, 137.18, 131.02, 128.14, 128.04, 127.64, 126.29, 122.99, 122.32, 121.60, 120.71, 118.44, 115.40, 112.50, 102.02, 57.55, 53.74, 47.35, 23.67. HRMS: calculated for C23H23BrN3O [M+H]+ 436.1024, found 436.1041. Purity: 98.8% by HPLC.5-((6-nitro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10m): 1H NMR (400 MHz, Chloroform-d) δ 9.54 (s, 1H), 8.91 (dd, J = 4.1, 1.6 Hz, 1H), 8.44 (d, J = 1.9 Hz, 1H), 8.03 (ddd, J = 10.6, 8.7, 1.8 Hz, 2H), 7.68 (d, J = 8.8 Hz, 1H), 7.36 (dd, J = 8.5, 4.1 Hz, 1H), 7.18 (d, J = 3.1 Hz, 1H), 7.07 (s, 1H), 6.57 (dd, J = 3.2, 0.9 Hz, 1H), 5.68 (s, 2H), 3.97 (s, 2H), 2.80 – 2.58 (m, 4H), 1.88 (p, J = 3.3 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 154.18, 148.98, 143.15, 139.82, 134.90, 133.59, 133.14, 130.85, 128.54, 126.33, 121.78, 121.01, 119.85, 118.49, 115.28, 106.50, 102.79, 57.57, 53.77, 47.81, 23.68. HRMS: calculated for C23H23N4O3 [M+H]+ 403.1770, found 403.1760. Purity: 96.6% by HPLC.5-((6-methoxy-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10n): 1H NMR (400 MHz, Chloroform-d) δ 8.84 (dd, J = 4.1, 1.6 Hz, 1H), 8.27 (dd, J = 8.5, 1.6 Hz, 1H), 7.90 (s, 1H), 7.46 (d, J = 8.7 Hz, 1H), 7.28 (dd, J = 8.6, 4.1 Hz, 1H), 7.15 (s, 1H), 6.84 (d, J = 2.2 Hz, 1H), 6.78 (dd, J = 8.6, 2.3 Hz, 1H), 6.48 (dt, J = 2.4, 1.2 Hz, 1H), 4.37 (s, 2H), 3.94 (s, 2H), 3.84 (s, 3H), 2.78 – 2.57 (m, 4H), 1.85 (p, J = 3.2 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 156.64, 151.75, 148.30, 139.78, 137.20, 132.77, 127.84, 127.02, 126.12, 121.79, 121.39, 120.68, 119.51, 118.59, 115.79, 109.35, 94.71, 57.79, 55.71, 53.78, 28.13, 23.67. HRMS: calculated for C24H26N3O2 [M+H]+ 388.2025, found 388.2027. Purity: 96.3% by HPLC.5-((7-fluoro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10o): 1H NMR (400 MHz, DMSO-d6) δ 11.34 (s, 1H), 8.81 (dd, J = 4.2, 1.5 Hz, 1H), 8.53 (dd, J = 8.6, 1.6 Hz, 1H), 7.65 – 7.40 (m, 2H), 7.40 – 7.24 (m, 1H), 7.12 (s, 1H), 7.02 – 6.68 (m, 2H), 4.41 (s, 2H), 3.80 (s, 2H), 2.50 (d, J = 6.3 Hz, 4H), 1.68 (h, J = 3.2 Hz, 4H). 13C NMR (101 MHz, DMSO-d6) δ 149.39, 147.52, 138.67, 132.80, 128.81, 126.06, 125.99, 124.43, 124.21, 124.08, 120.93, 119.94, 118.50, 118.44, 114.96, 114.94, 114.92, 105.83, 105.67, 53.80, 53.37, 27.42, 23.13. HRMS: calculated for C23H23FN3O [M+H]+ 376.1825, found 376.1826. Purity: 96.8% by HPLC.5-((7-methyl-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10p): 1H NMR (400 MHz, Chloroform-d) δ 9.74 (s, 1H), 8.84 (dd, J = 4.2, 1.6 Hz, 1H), 8.28 (dd, J = 8.6, 1.6 Hz, 1H), 8.18 (s, 1H), 7.50 (d, J = 7.7 Hz, 1H), 7.30 – 7.24 (m, 1H), 7.19 (s, 1H), 7.11 – 6.99 (m, 2H), 6.57 (d, J = 2.0 Hz, 1H), 4.41 (s, 2H), 3.95 (s, 2H), 2.82 – 2.62 (m, 4H), 2.47 (s, 3H), 1.97 – 1.78 (m, 4H). 13C NMR (101 MHz, Chloroform-d) δ 151.66, 148.24, 139.72, 136.04, 132.86, 127.96, 127.07, 126.84, 126.36, 122.60, 122.55, 120.77, 120.43, 119.56, 118.27, 116.56, 116.05, 57.47, 53.70, 28.15, 23.64, 16.58. HRMS: calculated for C24H26N3O [M+H]+ 372.2076, found 372.2063. Purity: 95.1% by HPLC.5-((2,3-dimethyl-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10q): 1H NMR (400 MHz, Chloroform-d) δ 10.57 (s, 1H), 8.94 (dd, J = 4.2, 1.6 Hz, 1H), 8.28 (dd, J = 8.6, 1.6 Hz, 1H), 7.57 (dd, J = 8.2, 1.7 Hz, 1H), 7.45 (dd, J = 8.5, 4.2 Hz, 1H), 7.20 – 6.97 (m, 3H), 6.27 (s, 1H), 5.54 (d, J = 1.2 Hz, 2H), 3.75 (s, 2H), 2.72 – 2.46 (m, 4H), 2.33 (s, 3H), 2.24 (s, 3H), 1.79 (p, J = 3.2 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 152.79, 148.63, 136.57, 132.66, 130.54, 128.85, 125.44, 124.48, 122.49, 121.21, 120.86, 118.93, 118.14, 118.08, 108.86, 107.25, 57.51, 53.38, 43.50, 23.59, 10.16, 8.98. HRMS: calculated for C25H28N3O [M+H]+ 386.2232, found 386.2240. Purity: 97.7% by HPLC.5-((5-methoxy-2-methyl-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10r): 1H NMR (400 MHz, Chloroform-d) δ 10.18 (s, 1H), 8.87 (dd, J = 4.2, 1.5 Hz, 1H), 8.41 (dd, J = 8.5, 1.6 Hz, 1H), 8.20 (s, 1H), 7.36 (dd, J = 8.5, 4.1 Hz, 1H), 7.23 – 7.07 (m, 1H), 6.93 (s, 1H), 6.74 (dt, J = 3.9, 1.9 Hz, 2H), 4.32 (s, 2H), 3.85 (s, 2H), 3.69 (s, 3H), 2.84 – 2.41 (m, 4H), 2.22 (s, 3H), 1.93 – 1.70 (m, 4H). 13C NMR (101 MHz, Chloroform-d) δ 153.84, 151.55, 148.23, 133.02, 132.05, 130.56, 129.45, 127.11, 126.99, 126.11, 120.78, 118.19, 110.94, 110.51, 108.94, 100.76, 60.40, 57.64, 55.84, 53.58, 26.55, 23.61, 14.21, 11.99. HRMS: calculated for C25H28N3O2 [M+H]+ 402.2182, found 402.2185. Purity: 97.6% by HPLC.ethyl 5-fluoro-1-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)-1H-indole-2-carboxylate (10s): 1H NMR (400 MHz, Chloroform-d) δ 9.11 (s, 1H), 8.89 (dd, J = 4.1, 1.6 Hz, 1H), 8.50 (dd, J = 8.6, 1.7 Hz, 1H), 7.50 – 7.40 (m, 1H), 7.39 – 7.31 (m, 1H), 7.10 – 6.92 (m, 3H), 4.83 (s, 2H), 4.39 (q, J = 7.1 Hz, 2H), 3.92 (s, 2H), 2.81 – 2.57 (m, 4H), 1.85 (p, J = 3.2 Hz, 4H), 1.28 (t, J = 7.1 Hz, H). 13C NMR (101 MHz, Chloroform-d) δ 162.08, 151.67, 148.29, 139.62, 132.67, 131.99, 127.19, 127.03, 125.53, 125.36, 120.92, 118.13, 114.82, 114.56, 112.84, 112.75, 106.00, 105.77, 61.03, 57.34, 53.58, 27.27, 23.60, 14.30. HRMS: calculated for C26H27FN3O3 [M+H]+ 448.2036, found 448.2050. Purity: 97.2% by HPLC.2-(1-((8-hydroxy-7-(pyrrolidin-1-ylmethyl)quinolin-5-yl)methyl)-6-methoxy-1H-indol-3-yl)acetonitrile (10t): 1H NMR (400 MHz, DMSO-d6) δ 10.73 (s, 1H), 8.83 (dd, J = 4.1, 1.5 Hz, 1H), 8.46 (dd, J = 8.5, 1.6 Hz, 1H), 7.51 (dd, J = 8.5, 4.1 Hz, 1H), 7.45 (d, J = 8.5 Hz, 1H), 7.27 (s, 1H), 6.82 (d, J = 2.3 Hz, 1H), 6.71 (dd, J = 8.6, 2.3 Hz, 1H), 4.48 (s, 2H), 4.01 (s, 2H), 3.79 (s, 2H), 3.73 (s, 3H), 2.65 – 2.36 (m, 4H), 1.66 (h, J = 3.1 Hz, 4H). 13C NMR (101 MHz, DMSO-d6) δ 155.56, 150.07, 147.70, 136.18, 134.12, 132.38, 128.89, 126.01, 123.74, 121.44, 121.14, 120.12, 119.12, 118.06, 108.84, 99.92, 94.63, 55.17, 54.86, 54.25, 53.41, 27.93, 23.16, 12.18. HRMS: calculated for C26H27N4O2 [M+H]+ 427.2134, found 427.2135. Purity: 95.6% by HPLC.5-((6-chloro-5-fluoro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10u): 1H NMR (400 MHz, DMSO-d6) δ 11.04 (s, 1H), 8.80 (dd, J = 4.2, 1.5 Hz, 1H), 8.50 (dd, J = 8.6, 1.6 Hz, 1H), 7.64 – 7.44 (m, 3H), 7.40 (d, J = 10.3 Hz, 1H), 7.18 (d, J = 1.7 Hz, 1H), 4.38 (s, 2H), 3.80 (s, 2H), 2.60 – 2.40 (m, 4H), 1.69 (q, J = 3.7, 3.3 Hz, 4H). 13C NMR (101 MHz, DMSO-d6) δ 149.38, 147.54, 138.68, 132.74, 128.79, 126.18, 125.89, 120.94, 120.04, 114.37, 112.36, 104.96, 104.73, 53.75, 53.39, 27.23, 23.11. HRMS: calculated for C23H22ClFN3O [M+H]+ 410.1435, found 410.1440. Purity: 95.2% by HPLC.5-((5,6-dichloro-1H-indol-1-yl)methyl)-7-(pyrrolidin-1-ylmethyl)quinolin-8-ol (10v): 1H NMR (400 MHz, DMSO-d6) δ 11.15 (s, 1H), 8.82 (d, J = 4.2 Hz, 1H), 8.52 (d, J = 8.5 Hz, 1H), 7.67 (s, 1H), 7.59 (s, 1H), 7.55 – 7.38 (m, 2H), 7.22 (s, 1H), 4.41 (s, 2H), 3.82 (s, 2H), 2.51 (d, J = 6.7 Hz, 4H), 1.76 – 1.45 (m, 4H). 13C NMR (101 MHz, DMSO-d6) δ 149.67, 147.74, 138.71, 135.34, 132.96, 128.96, 127.06, 126.24, 126.00, 123.27, 121.20, 120.92, 119.93, 113.89, 113.00, 53.61, 53.47, 27.26, 23.15. HRMS: calculated for C23H22Cl2N3O [M+H]+ 426.1140, found 426.1156. Purity: 96.9% by HPLC.General procedure for synthesis of 5a–5f: To a stirred solution of compound 4 (1.0 mmol, 140 mg) or 5-amino-8-hydroxyquinoline dihydrochloride and carboxylic acid (1.2 mmol) in DMF-H2O (1:5) were added oxyma (2.0 mmol, 284 mg), EDCI (2.0 mmol, 310 mg), and NaHCO3 (6.0 mmol, 636 mg). After stirring at room temperature for 12 h, the solution was extracted with EtOAc. The combined organic layers were washed with brine (3 mL), and then dried over Na2SO4. Concentration of organic phase gave crude product which was directly used for next step without purification.Synthesis of 5-(azidomethyl)quinolin-8-ol (3): To a stirred solution of 5-chloromethyl-8-quinolinol hydrochloride (10 mmol, 2.3 g) in acetone (20 mL) were added sodium azide (30 mmol, 1.95 g) at room temperature. After refluxed for 20 h, the mixture was filtered and the residue was washed with acetone. Combined organic solvent was removed under reduced pressure to give crude product which was purified with flash chromatography on silica. Elution with hexanes/ethylacetate (10:1–1:1) gave desired compound 3 (1.54 g, 77%). 1H NMR (400 MHz, DMSO-d6) δ 10.04 (s, 1H), 8.92 (dd, J = 4.1, 1.6 Hz, 1H), 8.50 (dd, J = 8.6, 1.6 Hz, 1H), 7.67 (dd, J = 8.6, 4.1 Hz, 1H), 7.55 (d, J = 7.8 Hz, 1H), 7.08 (d, J = 7.8 Hz, 1H), 4.83 (s, 2H).Synthesis of 5-(aminomethyl)quinolin-8-ol (4): A suspension of azide 3 (2.00 g, 10 mol) and 10% Pd/C (0.15 g) in ethylacetate (15 mL) was hydrogenated overnight, the reaction mixture was filtered off and washed with dichloromethane-methanol (1:1). The combined filtration was evaporated under vacuum to give the oily crude which was purified with flash chromatography on silica. Compound 4 was eluted out with dichloromethane/methanol (15:0–10:1) (1.18 g, 68%). 1H NMR (400 MHz, DMSO-d6) δ 8.86 (dd, J = 4.1, 1.6 Hz, 1H), 8.57 (dd, J = 8.6, 1.6 Hz, 1H), 7.58 (dd, J = 8.5, 4.1 Hz, 1H), 7.44 (dd, J = 7.8, 0.9 Hz, 1H), 7.02 (d, J = 7.8 Hz, 1H), 4.10 (d, J = 0.8 Hz, 2H).Synthesis of 1-(4-bromobenzyl)-3-((8-hydroxyquinolin-5-yl)methyl)urea (7): To a stirred solution of compound 4 (1.0 mmol, 140 mg) and 4-bromobenzyl isocyanate (1.0 mmol, 212 mg) in anhydrous dichloromethane (5 mL) were added catalytic amount of trimethylamine (0.1 mmol, 10.1 mg). After stirring at room temperature for 5 h, solvent was removed under reduced pressure to give crude product which was directly used for next step without purification.
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