Accepted Manuscript =

Discovery and synthesis of novel indole derivatives-containing 3-
methylenedihydrofuran-2(3H)-one as irreversible LSD1 inhibitors A

Hong-Min Liu, Feng-Zhi Suo, Xiao-Bo Li, Ying-Hua You, Chun-Tao Lv, Chen-Xing 7

Zheng, Guo-Chen Zhang, Yue-Jiao Liu, Wen-Ting Kang, Yi-Chao Zheng, Hai-Wei Xu

PII: S0223-5234(19)30389-7
DOI: https://doi.org/10.1016/j.ejmech.2019.04.065
Reference: EJMECH 11300

To appearin:  European Journal of Medicinal Chemistry

Received Date: 7 February 2019
Revised Date: 24 April 2019
Accepted Date: 25 April 2019

Please cite this article as: H.-M. Liu, F.-Z. Suo, X.-B. Li, Y.-H. You, C.-T. Lv, C.-X. Zheng, G.-C. Zhang,
Y.-J. Liu, W.-T. Kang, Y.-C. Zheng, H.-W. Xu, Discovery and synthesis of novel indole derivatives-
containing 3-methylenedihydrofuran-2(3H)-one as irreversible LSD1 inhibitors, European Journal of
Medicinal Chemistry (2019), doi: https://doi.org/10.1016/j.ejmech.2019.04.065.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.ejmech.2019.04.065
https://doi.org/10.1016/j.ejmech.2019.04.065

Optimization

P2 P1

1a
LSD1 1C5,=20.50 uM

Hit compound

ICs0 = 1.230 uM

Hillslope :1.138
g 80
S 60
o i
'_E 40
0]
\ / -1‘.5 -1‘.0 -OI.5 OjO 0j5 1.‘0 1f5 2j0 2j5
loa [concentrations of 9el (uM)
N
& 100
.E‘ 80
\ 5 60.
F 2 4w
=
9e T ®
['4
LSD1 IC55=1.23 uM 0
Diluted - e
Undiluted - - + - - +
9e GSK-LSD1

Irreversible inhibitor



Discovery and synthesis of novel indole
derivatives-containing
3-methylenedihydrofuran-2(3H)-one asirreversible
L SD1 inhibitors

Hong-Min Liu® Feng-Zhi Suo?, Xiao-Bo Li %, Ying-Hua You® Chun-Tao Lv? Chen-Xing Zheng?,
Guo-Chen Zhang?, Yue-Jiao Liu?, Wen-Ting Kang?, Yi-Chao Zheng®"*, Hai-Wei Xu®*

@ Key Laboratory of Advanced Pharmaceutical Technology, Ministry of Education of China,
Co-innovation Center of Henan Province for New Drug R & D and Preclinical Safety, School
of Pharmaceutical Science, Institute of Drug Discovery and Development, Zhengzhou
University, 100 Kexue Avenue, Zhengzhou, Henan 450001, China

® National Center for International Research of Micro-nano Molding Technology of Henan
Province, Zhengzhou University, 100 Kexue Avenue, Zhengzhou, Henan 450001,

Corresponding Authors: Dr. Hai-Wei Xu & Dr. Yi-Chaieng
E-Mail: xhwei01@126.com (Hai-Wei Xu) & yichaozheng@zdu.cn (Yi-Chao Zheng)

Abstract: Lysine-specific demethylase 1 (LSD1), demethylagsrest mono- and di -
methylated histone3 lysine 4 , has emerged as @igirtg target in oncology. More
specifically, it has been demonstrated as a keynpter in acute myeloid leukemia
(AML), and several LSD1 inhibitors have alreadyezat into clinical trials for the
treatment of AML. In this paper, a series of nedale derivatives were designed and
synthesized based on a lead compound obtainedhighahroughput screening with
our in-house compound library. Among the synthetompounds, 9e was
characterized as a potent LSD1 inhibitor with agy k& 1.230uM and can inhibit the
proliferation of THP-1 cells effectively. And mosiportantly, this is the first
irreversible LSD1 inhibitor that is not derived finomonoamine oxidase inhibitors.
Hence, the discovery @ may serve as a proof of concept work for AML tneaibt.
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1. Introduction

Epigenetic is the study of heritable changes inegiemction that does not involve
changes in DNA sequence. Example of mechanismsptfoaluce such changes is
histone modification. Histones, where multiple sigmg pathways converge on, are
small basic proteins in eukaryotic cell nucleud t{heckage and order the DNA into
nucleosomes, which are the fundamental units oamsyakic chromatin [1, 2]. It can
be subjected to a diverse array of post-translatiorodifications, such as methylation,
acetylation, phosphorylation and ubiquitinationgd dhese modifications contribute to
dysregulation of target genes by modeling chromatiructure precisely [1, 3].
Among these maodifications, methylated histone candemethylated by specific
erasers, such as LSD1, which is the first idemtitiéstone demethylase with flavin
adenine dinucleotide (FAD) as a cofactor to dematBymono- and di- methylation
of H3K4 and H3K9 [4, 5], and it plays a vital raleseveral kinds of disease, such as
cancer [6, 7].

As reported, LSD1 is overexpressed in a varietyuafors, such as lung cancer[8],



neuroblastoma [9], gastric cancer [10], retinoldast [11], breast cancer [12], and
leukemia [13], and it has been considered as anpakecancer therapeutic target.
Hence, many medicinal chemists tried to design smdhesize potent and selective
LSD1 inhibitors. As LSD1 is a homology of monoamimddase (MAQO) and shares
similar catalytic mechanisms as MAO [14], MAO inidss, such as
trans-2-phenylcyclopropylamine (TCP), were used as stagf for further
development. Until now, tens of TCP based LSD1hitbis have been identified, but
only six of TCP based LSD1 inhibitors have enter&o clinic trials alone or in
combination with other therapeutics, including ORX31 (Fig. 2A), ORY2001,
GSK2879552 (Fig. 2A), CC-90011, IMG-7289 and INCBB832 [15, 16]. And all of
them are applied for the treatment of AML as wallrayelofibrosis as LSD1 is a
central regulator of hematopoietic stem cell anolgpnitor cell [17], and it can also
regulate the expression of a variety of leukemiatygae oncogenes [18-23]. Hence,
extensive study on irreversible inhibitors of LS@ith different backbone is urgently
needed. Here, we reported the first irreversibl®1 $hibitor 9e, that is not derived
from monoamine oxidase inhibitor8e is the most potent one among the series of
new indole derivatives we got and can inactivat®1Svith 1Cs value of 1.23QuM.

In THP-1 cells, compoun®e blurred cell membrane boundaries and shrank
chromatin, inhibited the intracellular activity @fSD1, meanwhile, compounée
inhibited cell proliferation ability and colony fmation dose dependently. In a
nutshell, compoun®e is a potent irreversible inhibitor of LSD1 withllju novel
skeleton, which can provide a promising strategytlie development of irreversible
LSD1 inhibitors for AML treatment.

2. Results and discussion
2.1. Chemistry

1a
Fig.1 The structure of compouric.

Recent years, our groups focused on the synthewsis bdoactive research of
butenolide derivatives [24, 25]. Based on our pasiwork on LSD1, an in-house
compound library screening against LSD1 was done&lisgover LSD1 inhibitor.
Compoundla, an indole derivative including butenlide moietgswobtained with 16

of 20.50 uM against LSD1. With compounda as a hit, series of novel indole
derivatives were designed, synthesized to studg#i® by modification at the P1, P2,
and P3 on compourtt (Fig 1).
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Reagents and conditions: (a) DMF, PQ)°C, 98%; (b) NaH, MeCN, Benzyl
chloride derivatives, r.t. 50% ~ 90%; (c) THF, 24H,Cl, 3 compound 6, r.t.,
68%~85%. (d) (1) NaH, MeCN, 2-chloro-5- (chloromg}pyridine, r.t.; (2) THF, Zn,
NH4CI, compoundb, r.t. 66% for two steps.

Scheme 1 Synthesis of compountiz~1f.
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Reagents and conditions: (a) #&N'Brs, 1,4-dioxane, rt. 15h, 87.6%; (b)
Li,CGO4/LiBr, TBAB, MeCN, 85°C, 48.2%.

Scheme 2 Synthesis of intermediat
Firstly, compounddb-f were designed to investigate the evaluation okyegroups
of P1 at N1. Compounddb~1f with substituted phenyl groups at N1 were
synthesized by the formylation reactidwbenzylation reaction and Blaise reaction
with indole as starting material as shown in SchemeThe key intermediate
bromolactone6 was obtained from the commercially available tallip (7) by
bromination reaction followed by regioselectivema'hation (Scheme 2).
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Reagents and conditions: (a) DMF, PQ@IC, 95%; (b) NaH, MeCN, aryl or alkyl
methylene chloride, r.t. 50%~90%; (c) THF, Zn, J{{ compound, r.t. 43~76%; (d)
NaH, MeCN, acyl chloride, r.t. 60%~85%; (e) THF,, 24H,Cl, compound6, r.t.
69%~80%.

Scheme 3. Synthesis of compoun@a~9p and compound$0a~10f.

Compounds5 and 9a~9p were designed to compare the heterocyclic metkylen
substitution with benzyl groups at N1. Compoufds9o were prepared by the same
method to prepare compoutdvith 5-choloride indole as material(Scheme 3)

In order to compare the methylene and formyl groigosP1, compound40a~10g
were designed and synthesized. Similarly,Necylation group was introduced at N1
on indole to yield compound®a~10g (Scheme 3).

Keeping the P1 and P3, compound6a~16i were designed to evaluate the
contribution of various substitution such as chierifluorin, and methoxyl groups at
different position of indole phenyl group of P2. ébhwere synthesized with

substituted indole as raw materials by the reastiged as below (Scheme 4).
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a: R=4-OCHj; b: R=5-OCHj; ¢:R=6-OCHjz d:R=7-OCHg;
e: R=4-Cl; f: R=5-Cl; g: R=6-Cl; h: R=7-Cl; i: R= 5-F,

Reagents and conditions. (a) DMF, PQ@IC, >90%; (b) NaH, MeCN, PTSC, r.t.
76.14%; (c) THF, Zn, NECI, compound, r.t. 69%; (d) NaH, MeCN, 4-Chlorobenzyl
chloride, r.t. 50%-90%; (e) THF, Zn, N&I, compound, r.t. 60% ~ 83%.

Scheme 4 Synthesis of compound$,16a~i.

Compoundl5 was designed and synthesized to prove whethesulfienyl group with
tetrahedral pose is better than that of formyl geowith plane trigonometry to link to
N1 for the LSD1 inhibition (Scheme 4).

In order to test the importance of the 4-(1-hydetkyl)-3-methylene dihydrofuran
-2(3H)-one group at C3 (P3) on core compoiadcompound£1, 24, 25 and26, in
which the P3 was displaced with phenyl, furan, giysfl groups and so on, were
designed and synthesized as shown in Scheme 5.
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Reagents and conditions: (a) NaH, MeCN, r.t. 93.968% CHCl,, AlCl3, Acyl
chloride derivatives, r.t. 70%~85%; (c) (1) &b, AICI3, Acetyl chloride, r.t. 78%; (2)
MeOH, NaOH (aq), 2-Furfural or 2-Thenaldehyde, 68%; (d) MeOH, NaBH r.t.
70%; (e) EtOH/Pyridine, N§OH-HCI, 80°C, 90%.

Scheme 5 Synthesis of compoun@ia~i, 24a, 24b, 25 and26

2.2 Inhibitory Activity against LSD1 Recombinant
Table 1 LSD1 inhibition of synthetic compounds

ID ICso/uM ID ICso/uM ID ICso/uM
la 20.497+1.312 9 >10 169 >10
1b 4.467+0.650 9m >10 16h >10
1c 8.959+0.952 9n >10 16i >10
1d 5.849+0.767 90 >10 2la >10
le 9.469+0.976 9 >10 21b >10
1f 6.580+0.818 10a >10 21c >10
5 5.903+0.771 10b >10 21d >10
9a >10 10c >10 21e >10
9b >10 10d >10 21f >10
9c >10 10e >10 21g >10
ad >10 10f >10 21h >10
% 1.230+0.159 15 1.784+0.249 21i >10
of >10 16a >10 24a >10
9 >10 16b >10 24b >10

%h >10 16¢c >10 25 >10



9i 8.344+0.921 16d >10 26 >10
9 8.410+0.925 16e >10 GSK-LSD1  0.024+0.001

9k >10 16f >10

The LSD1 inhibitory activities of all synthesizednepounds were evaluated by the
previously reported high-throughput method of otaup [10]. Some of them showed
inhibition against LSD1 (Table 1). Among them, campds 1b~1f, 5, 9e, 9i, 9]
containing benzyl groups or pyridinyl methyl groafpN1 of indole with G, of from
9.5uM to 1.2uM were more active than hit compoufd, of which 9e with 5-chloro
and N-(4-F-benzyl) indole was the best one withIGf 1.23 uM. However,
compound® and10 with 5-chloro and N-aryl or alkyl methyl indole Bfchloro and
N-aryl or alkyl formyl indole showed more weak LSDxhibitory activity than
compoundde. Compoundl5 with 1-tosyl indole derivativean analog of compounds
10, showed similar LSD1 inhibition activity with Kg of 1.78M. Keeping the P3,
compoundsl6 with introducing different substitutions such ddocine, fluorin, and
methoxyl groups resulted in the decreasing of L&ibibition of hit compoundla.
Unfortunately, all the compoundq, 24, 25 and26 without the lactone moiety P3 at
C-3 position of indole compare to compouid showed no inhibition against LSD1
at 1QuM. Based on the above, compouelwas chosen for further study.

The SAR suggests that the benzyl groups at N1 taed 4-(1-hydroxyethyl)-
3-methylenedihydrofuran -2(3H)-one group at C3 phagortant roles for their LSD1
inhibition of title compounds. The 4-(1-hydroxyefhg-methylenedihydrofuran
-2(3H)-one group at C3 could not be replaced bgmogroups. The compounds with
benzyl groups or benzenesulfonyl group at N1 sholetter LSD1 inhibition than
that of benzoyl and heterocyclic formyl substitatiderivatives, which tell us that the
phenyl groups and the tetrahedral configuratiotheflink atom to N1 from phenyl
groups are crucial for their activities.

2.3 Compound 9e can directly bind and irreversibly inactivate LSD1

To further understand the binding modeBefto LSD1 (Fig. 2B), several biochemical
assay and biophysical experiment were performedhésvn in Figure 2C, compound
9e inactivated LSD1 with 16 = 1.230uM (Hillslope = 1.138) , while GSK LSD1
was used as a positive control withsd&G 21.840 nM (Hillslope = 1.211) (Fig. 4A).
To characterize the binding model of compo@edto LSD1, including the binding
reversibility of compoun®e to LSD1, a dilution assay was performed (Fig. 2D
found that not only can the irreversible positivempound GSK-LSD1 inactivate
LSD1 even after being diluted by 80 folds, compo@acan also. This result
indicates that compounfBle may be an irreversible inhibitor. In order to het
confirm the inhibition behavior of compourti®, we used the ultrafiltration assay,
which also showed that compoufd may inhibit LSD1 in an irreversible manner
(Fig. 2E).

To further confirm the direct interaction betweesmpound9e and LSD1, surface
plasmon resonance (SPR) was applied. As shown guré&i2F, compound®e
introduced a high signal value for the binding euwhich indicated that this inhibitor
can directly interact with LSD1 strongly withpkof 2.03E-04 M. And positive control
GSK-LSD1 got a similar affinity with K of 4.25E-04 M (Fig. 4B). For the further
test of the target engagement of compo@ado LSD1, protein thermal shift assay,
which has been extensively used in drug screen2tg2B], was performed. The



results showed that Tmhich is the temperature at protein half denattioeshow the
protein thermal stabilization, in sample groupsnteming LSD1 and compourik)
was higher than the reference group (containingl1.88d DMSO) in a concentration
dependent manner (Fig. 2G). As we know, a higher répresents a more stable
protein, indicating an interaction between protaimd compound. So, the result
implied that compoun@e can bind well to LSD1. When performing the samsags
on GSK-LSD1, it also showed a concentration depeindsganner to increase Tm
value (Fig. 4C).
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Fig. 2 Properties of compoun@le against LSD1 recombinant. (A) Representative
inhibitors for LSD1 that have entered into clinisalidies; (B) Structure of compound
9¢e; (C) LSD1 inactivation curve of compouBd; (D) Dilution assay of compourfae
to LSD1 activityy, GSK-LSD1 was used as a contr@) (ltrafiltration assay of
compound9e to LSD1 activityy, GSK-LSD1 was used as a contr@) SPR
sensorgrams of the interaction between LSD1 andpoamd 9e with indicated



concentrations; (GATm caused by different concentrations of compo@advith
protein thermal shift assayTm=TMsample- TMeference Data are the mean + SD. P <
0.01 was considered statistically significant. éljpperiments were carried out at three
times.

2.3 Evaluation of biological activity at cellular level

LSD1 inhibitors were reported to be effective agailML cell proliferation [13, 19,
21]. Moreover, overexpression of LSD1 is highlyerant to the poor prognosis of
human mixed lineage leukemia (MLL) translocated ANB-31]. Therefore, THP-1,
which is an MLL-AF9 translocate AML cell line, ised to evaluate LSD1 inhibitory
activity of compound9e at cellular level. First, THP-1 cells were treatedth
compound9e to test the anti-proliferation activity. Compour@ inhibited the
proliferation of THP-1 cells apparently after 5 dagpcubation in a dose dependent
manner with 1Gy as 1.204uM (Hillslope = 1.383). Next, colony formation assay
indicated that compoun®e and GSK-LSD1 can both suppress tumor colony
formationin vitro even at lower concentration (Fig. 3A, Fig. 4Dhe photographs
implied that compared to the control group, celpyations in9e and GSK-LSD1
treated groups were smaller in a concentration mgr® manner. In addition,
hematoxylin and eosin staining (HE staining) waspliag to monitor the cellular
morphology change. After 3 days incubation of coomgb 9e at indicated
concentrations, significant morphological changeseambserved, including blurred
cell membrane boundaries and chromatin shrinkagfe dase dependently (Fig. 3B).
GSK-LSDL1 also got a similar result in Figure 4E.

As reported, abrogation of LSD1 lead to differetmdia of AML cells [13, 21], hence,
we further focused on CD86, a type of myeloid ddfgiation marker whose
expression level can be considered as a surroghigac biomarker of LSD1 [32, 33].
Flow cytometry assay was performed to compare Xpeession levels of CD86. The
results showed that compou@d can significantly increase the expression level of
CD86 in a concentration dependent manner in THEH% (Fig. 3C). Moreover, 4M
compound 9e performed similar potency to induce élpression of CD86 as
GSK-LSD1 (Fig. 4F). So, this indicates compo@eadmay inactivate LSD1 in THP-1
cells and regulate myeloid differentiation by madurdg the expression of CD86.
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Fig. 3 Inhibitory effect of compoun®e against LSD1 in THP-1 cells. (A) Colony
formation assay for THP-1 cells treated with compb@e for 2 weeks; (B) HE
staining of THP-1 cells treated with compoudelfor 3 days; (C) CD86 expression in
THP-1 cells treated with compouBd for 3 days. Data are mean = SD. **p<0.01 was

considered statistically highly significant. All geriments were carried out at least
three times.
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days. Data are the mean = SD. P < 0.01 was coesidgatistically significant. All experiments



were carried out at three times.

3. Conclusion

In summary, we have synthesized a series of novilleé derivatives based on the
screening of a compound library constructed by eues for LSD1 activity and have
identified them as a novel class of LSD1 inhibitéome of the indole derivatives,
especially compoun@e with 5-chloro and N-(4-F-benzyl) indole can intihiSD1
effectively. Dilution assay and ultrafiltration agssuggested that compoufeis an
irreversible LSD1 inhibitor. Importantly, these oid derivatives are the first series of
LSD1 targeting irreversible inhibitors that are wetrived from monoamine oxidase
inhibitors. Moreover, in AML cells, which with higexpression of LSD1, compound
9e significantly inhibited cell proliferation and ireased the expression level of CD86
in THP-1 cells, which means compou®elpromoted myeloid differentiation. So, our
findings indicated that these indole derivativesildobe served as a good starting
point to design and synthesize new irreversibléibdrs targeting LSD1.

4. Experimental section

4.1 General information

Reagents and solvents were purchased from BidenRitech Ltd, Aladdin,
Sinopharm Chemical Reagent Co, Ltd. with puritiésibleast 97%H NMR (400
MHz)and®*C NMR (100 MHz) spectra were recorded with a Bruectrometer. All
reactions were monitored by thin-layerchromatogya@.C) on 25.4 mm x 76.2 mm
silica gel plates (GF-254) and UPLC-Mass on WateZQUITY UPLC H-Class or
Q-Tof Micro HRMS on waters. Melting points were el@hined on a Beijing Keyi
XT4A apparatus. The silica gel used for column ohatography was 200-300 mesh
or recrystallization with solvents specified in t@responding experiments.

4.2 General Synthetic Procedure for the compounds

Synthesis of compound 3: POCE(13.09 g, 85.36 mmol) was slowly added dropwise
to DMF (10 mL) under ice bath. The mixture wasrstirat ice bath for 30 minutes.
Then, DMF (6.24 g, 85.36 mmol) solution of indote ¢, 42.68 mmol) was added
dropwise to the reaction system. Keeping the react room temperature for 3 hours,
ice water and 10% NaOH aq. were added into thetiogasystem to pH of 7-8 and
continue to stir to a lot of white solid precipitat. The solid was recrystallized from
ethyl acetate and petroleum ether to obtain comg8un yields of 97.6%.

General Synthesis Procedure for 1-benzyl-1H-indole-3-carbaldehydes (4) To the
solution of compoun@ (1 equiv) in MeCN was added NaH (3 equiv) and tea®/l
chloride derivatives (1.5 equiv) at room tempertdihe reaction mixture was stirred
at room temperature for 4 h. The mixture was ektchevith ethyl acetate, washed
with brine, dried (Ng&SOy), and filtered. The filtrate was concentrated atwo, and
the residue was purified by column chromatographsilick gel, ethyl
acetate/Petroleum ether) to give the desired ptoduc

Synthesis of 4-((1-((6-chloropyridin-3-yl)methyl)- 1H-indol-3-yl)(hydroxy)methyl)
-3-methylenedihydrofuran-2(3H)-one (5): To the solution of compoung (200 mg,
1.38 mmol) in MeCN (5 mL) was added NaH (99.19 @3 mmol) and 2-chloro-5-
(chloromethyl) pyridine (334.83 mg, 2.07 mmol) abm temperature. The reaction
mixture was stirred at room temperature for 4 e Mrhxture was extracted with ethyl
acetate, washed with brine, dried ¢88y), and filtered. The filtrate was concentrated
in vacuo, and the residue was purified by columromtatography (silica gel, ethyl



acetate/Petroleum ether) to give the desired ptodut mixed with
a-bromomethyly-butene lactones] (78.46 mg, 443.2amol) and Zn powder (120.75
mg, 1.85 mmol) in THF. And then, a saturated ageesolution of ammonium
chloride was added dropwise from a constant predswr liquid funnel. The reaction
mixture was stirred at room temperature for 4 hteAsuction filtration, the mixture
was evaporated under reduced pressure to move EtdAc (100 mL) was added,
and the resulting solution was washed with bringew#&3 x 50mL). The organic
phase was dried over p&0O,, filtered, and concentrated. The product was atibn

a silica gel column eluting with EtOAc, to give cpaund5 as light yellow solid in
66.06% yield. m.p.: 55.2-55. '"H NMR (400 MHz, CDC}) & 8.26 (d,J = 2.1 Hz,
1H), 7.77 (dJ = 7.8 Hz, 1H), 7.38-7.30 (overlap, 2H), 7.27 —{o%érlap, 2H), 7.22
—7.18 (m, 1H), 7.14 (s, 1H), 6.39 M= 2.1 Hz, 1H), 5.90 (d] = 1.5 Hz, 1H), 5.32 (s,
2H), 5.04 (dJ = 8.0 Hz, 1H), 4.29 — 4.21 (m, 1H), 4.18 — 4.12 (H), 3.73 — 3.67
(m, 1H); *C NMR (100 MHz, CDGJ) 6 170.74, 151.23, 148.09, 137.30, 136.70,
135.36, 131.59, 126.14, 125.93, 125.32, 124.65,1823120.55, 119.86, 116.17,
109.90, 69.94, 67.95, 47.03, 44.76. HRMS (ESI) ctal@yH15CIN,O3 [M+H] 'm/z:
369.1000/371.0971, found: 369.1002/371.0973.

Synthesis of 3-bromo-3-(bromomethyl)dihydrofuran-2(3H)-one (8): a-methylene
-y- butyrolactong7) (1 g, 10.19 mmol) was added to a solution of conmpldd(4.29

g, 11.42 mmol) in dioxane (5 mL). The reaction met was stirred at room
temperature for 2 h. After suction filtration, EtOA100 mL) was added, and the
resulting solution was washed with brine water (80xmL). The organic phase was
dried over Ng@SQ, filtered, and concentrated. The product was m@aribn a silica gel
column eluting with EtOAc, to give compouBds a red solid in 87.6% yield

Synthesis of 3-(bromomethyl)furan-2(5H)-one (6): Compound 8 (2.65 g,
10.27mmol) was added to a solution of tetrabutylamioom bromide (TBAB)
(331.24 mg, 1.03 mmol), €O4/LiBr (1: 1, 51.37 mmol) in MeCN (30 mL). The
reaction mixture was stirred at room temperatume 2i@h. After suction filtration,
MeCN was evaporated under reduced pressure. EtOXroL) was added, and the
resulting solution was washed with brine water (B3®mL). The organic phase was
dried over NaSQ,, filtered, and concentrated. The product was pafibn a silica gel
column eluting with EtOAc, to give compoulsd877mg) as a red liquid in 48.22%
yield. '"H NMR (400 MHz, CDCY) & 7.69 —7.43(m, 1H), 4.94 — 4.82(m, 2H), 4.18-
4.07(m, 2H).

Synthesis of Compounds l1a~1f with 4-((1-benzyl-1H-indol-3-yl) (hydroxy)methyl)
-3-methylenedihydrofuran-2(3H)-one (1a) as a sample: Compound 6 (541.63 mg,
3.06 mmol) mixed with a solution of intermediatemgmwund4a (600mg, 2.55 mmol)
and Zn powder (833.62 mg, 12.75mmol) in THF. Andntha saturated aqueous
solution of ammonium chloride was added dropwisenfra constant pressure low
liquid funnel. The reaction mixture was stirredrabm temperature for 4 h. After
suction filtration, THF was evaporated under redugeessure. EtOAc (100 mL) was
added, and the resulting solution was washed withebwater (3 x 50mL). The
organic phase was dried over JS&, filtered, and concentrated. The product was
purified on a silica gel column eluting with EtOA0, give compounda as a white
solid in 85.8% yield. m.p.: 43.6-43@ 'H NMR (400 MHz, CDC}) & 7.75 (d,J =
7.9 Hz, 1H), 7.38 — 7.29 (m, 4H), 7.27 — 7.22 (¥H),17.21 — 7.16 (m, 1H), 7.16 —
7.09(m, 3H), 6.36 (d) = 2.0 Hz, 1H), 5.88 (d] = 1.3 Hz, 1H), 5.29 (s, 2H), 4.96 #,

= 8.1 Hz, 1H), 4.24 — 4.17 (m, 1H), 4.08 (m, 1HBB- 3.62 (m, 1H)**C NMR



(100MHz, CDC}) 6 171.12, 137.04, 135.41, 128.91, 127.91, 126.96,58 126.00,
125.35, 122.60, 120.03, 119.56, 115.33, 110.3®16%8.20, 50.11, 44.64. HRMS
(ESI) calcd. GiH20NOs [M+H]"m/z: 334.1438, found: 334.1439.

Synthesis of 4-((1-(4-fluorobenzyl) -1H-indol-3-yl)(hydr oxy)methyl) -3-methylene
dihydrofuran-2(3H)-one (1b): Compounddb (600 mg, 2.37 mmol) was converted to
compound b (625 mg, 75.08%) as a white solid by the same plaeeas described
for compoundla. m.p.: 265.2-266.C. *H NMR (400 MHz, CDCJ) 6 7.75 (d,J = 7.9
Hz, 1H), 7.37 (dJ = 8.3 Hz, 1H), 7.26 — 7.22(overlap, 2H), 7.21 15/(overlap, 2H),
7.10 (s, 1H), 6.90 (dd] = 8.3, 2.0 Hz, 1H), 6.37 (d,= 1.9 Hz, 1H), 5.87 (d] = 1.3
Hz, 1H), 5.24 (s, 2H), 5.00 (d,= 8.0 Hz, 1H), 4.28 — 4.19 (m, 1H), 4.14 — 4.09 (m
1H), 3.71 — 3.64 (m, 1H}’C NMR (100 MHz, CDGJ) § 170.87, 137.04(d, J=42Hz),
135.32, 133.09, 132.06, 130.94, 128.67, 126.22,0826, J=4.6Hz) 125.40, 123.00,
120.40, 119.74, 115.87, 110.05, 69.98, 68.06, 4A40%9. m.p.: HRMS (ESI) calcd.
C21H19FNOs [M+H]"m/z: 352.1343, found: 352.1344.

Synthesis of 4-(hydroxy(1-(2-(trifluoromethyl)benzyl) -1H-indol-3-yl)methyl)-3-
methylenedihydrofuran-2(3H)-one (1c): Compoundlc (580 mg, 73.04%) as a
white solid was prepared from compoudd (600mg, 1.98mmol) by the same
procedure as described for compoud m.p.: 133.9-134C. *H NMR (400 MHz,
DMSO-d6) 6 7.84 — 7.80 (m, 1H), 7.77 (d= 7.7 Hz, 1H), 7.55-7.45(m, 2H), 7.41 (s,
1H), 7.21 (dJ = 8.0 Hz, 1H), 7.15-7.03 (overlap, 2H), 6.51J¢& 6.3 Hz, 1H), 6.07
(d,J = 1.0 Hz, 1H), 5.67 — 5.60 (overlap, 3H), 5.561), 5.10 (t,J=5.5Hz, 1H),
4.37 (t,J = 8.7 Hz, 1H), 4.29 (ddl = 9.2, 4.0 Hz, 1H), 3.67 — 3.59 (m, 1#}c NMR
(100 MHz, DMSOe€6) 6 171.07, 137.14, 136.69, 136.25, 133.42, 128.38,9P4d,
J=5.3Hz), 126.73, 126.44, 126.16, 123.81, 122.30.3&, 119.76, 116.88, 110.22,
69.01, 68.56, 46.08, 44.71. HRMS (ESI) calcghHzoFsNO3 [M+H] "'m/z: 402.1312,
found: 402.1310.

Synthesis  of  4-((1-(2-fluorobenzyl)-  1H-indol-3-yl)  (hydroxy)methyl)
-3-methylene dihydrofuran-2(3H)-one (1d): Compoundld (610 mg, 73.28%) was
synthesize from compounttl (600 mg, 2.37 mmol) as a yellow solid by the same
procedure as described for compound la. m.p.: B4.7¢. 'H NMR (400 MHz,
CDCl3) 6 7.77 (dJ = 7.9 Hz, 1H), 7.31 — 7.27 (overlap, 2H), 7.2627@verlap, 2H),
7.21 — 7.16 (m, 1H), 7.14-7.08 (m, 2H), 7.02-6.86 {H), 6.38 (dJ=1.6Hz, 1H),
5.91-5.87 (m, 1H), 5.28 (s, 2H), 5.01 {d&s 8.0 Hz, 1H), 4.28 — 4.21 (m, 1H), 4.14 —
4.11 (m, 1H), 3.72 — 3.66 (m, 1HY’C NMR (100 MHz, CDGJ) § 170.91, 145.00,
139.08(d,J=3Hz), 136.96, 135.38(dl=54Hz), 130.21(d,J=6.6Hz), 128.13, 126.90,
126.33, 125.99, 124.92, 122.86, 120.65, 120.25,6419115.74, 110.13, 70.01 (d,
J=5.3Hz), 68.10, 49.57, 44.70. HRMS (ESI) calcd:;HGoFNO;s [M+H] 'm/z:
352.1343, found: 352.1344.

Synthesis of 4-((1-(4-chlorobenzyl) -1H-indol-3-yl)(hydr oxy)methyl) -3-methylene
dihydrofuran-2(3H)-one (1€): Compounde (600 mg, 2.22 mmol) was converted to
compound & (620 mg, 75.77%) as a light-yellow solid by the saprocedure as
described for compound 1a. m.p.: 106.3-106.7H NMR (400 MHz, CDCY))  7.74
(d,J =7.9 Hz, 1H), 7.30 — 7.26 (overlap, 3H), 7.26.217(m, 1H), 7.19 — 7.14 (m,
1H), 7.09 (s, 1H), 7.04 (d,= 8.4 Hz, 2H), 6.34 (d] = 2.0 Hz, 1H), 5.84 (d] = 1.3
Hz, 1H), 5.25 (s, 2H), 4.97 (d,= 7.9 Hz, 1H), 4.24 — 4.14(m, 1H), 4.14 — 4.10,@®d



= 5.7, 3.7 Hz, 1H), 3.70 — 3.60 (m, 1HfC NMR (100 MHz, CDQJ) & 171.15,
136.85, 135.63, 135.33, 133.62, 129.04, 128.21,4426126.07, 125.33, 122.69,
120.13, 119.66, 115.57, 110.18, 69.85, 68.24, 4944i766. HRMS (ESI) calcd.
Co1H19CINO; [M+H] "m/z: 368.1048/370.1018, found: 368.1049/370.1050.

Synthesis  of  4-((1-(3,4-dichlorobenzyl)-1H  -indol-3-yl)(hydroxy)methyl)
-3-methylene dihydrofuran-2(3H)-one (1f): Compound4f (300 mg, 2.22 mmol)
was converted to compound (280 mg, 68.44%) as a yellow solid by the same
procedure as described for compouted m.p.: 60.9-61.8. *H NMR (400 MHz,
CDCls) § 7.76 (d,J = 7.9 Hz, 1H), 7.30 (d] = 8.2 Hz, 1H), 7.25-7.21 (m, 1H), 7.19 —
7.14 (m, 1H), 7.12-7.06 (overlap, 3H), 7.05-6.9ve(t@ap, 2H), 6.39 (d) = 2.0 Hz,
1H), 5.93 (dJ = 1.4 Hz, 1H), 5.27 (s, 2H), 4.99 (db= 8.2, 2.3 Hz, 1H), 4.25-4.19
(m, 1H), 4.12 — 4.07 (m, 1H), 3.73 — 3.66 (m, 1HE NMR (100 MHz, CDG) &
170.80, 163.59, 161.14, 136.94, 135.45, 132.5%8.2Hz), 128.57(dJ=8.2Hz),
126.20, 125.95, 125.38, 122.81, 120.23, 119.62,9915115.77, 115.42, 110.19,
70.04, 67.99, 49.51, 44.69. HRMS (ESI) calcehHz:Cl,NO; [M+H] ‘m/z: 402.0658,
found: 402.0657.

Synthesis of 5-chloro-1H-indole-3-carbaldehyde (12): compound 11 (5.00 g,
32.98mmol) was converted to compoutl(5.58 g, 94.72%) as a white solid by the
same procedure as described3or

General procedure for Synthesis of 5-chloro-1- methylene -1H-indole-3-
carbaldehyde (13): Compoundl3 was synthesized from compouh®d used the same
reaction for the preparation of compouhd

Synthesis of 4-((5-chloro-1-((5-chlorothiophen-2-yl)  methyl)-1H-indol-3-yl)
(hydroxy)methyl) -3-methylenedihydr ofuran-2(3H)-one (9a): compoundl3a (700
mg, 2.37 mmol) was converted to compo@ad520mg, 56.52%) as a white solid by
the same procedure as described for compound a: 113.2-113.€. '*H NMR
(400 MHz, DMSO€6) 6 7.69 (d,J = 1.9 Hz, 1H), 7.50 (d] = 8.8 Hz, 1H), 7.39 (s,
1H), 7.09 (ddJ = 8.7, 2.0 Hz, 1H), 6.92 (d,= 3.8 Hz, 1H), 6.89 (d] = 3.8 Hz, 1H),
5.95 (d,J = 1.1 Hz, 1H), 5.55 (d] = 4.7 Hz, 1H), 5.47 (s, 2H), 5.29 (s, 1H), 4.94)(t
= 5.3 Hz, 1H), 4.26 (1)=8.7Hz, 1H), 4.13(dd}=9.1, 4.0Hz, 1H), 3.51 — 3.38 (m, 1H).
¥C NMR (100 MHz, DMSQd6) §170.55, 139.77, 135.58, 134.38, 128.08, 127.51,
127.24, 126.50, 126.30, 123.99, 123.19, 121.47,001916.44, 111.79, 68.27, 68.23,
44.18, 43.98. HRMS (ESI) calcd.1481:5CI,NOsSNa [M+NaJ'm/z: 430.0042, found:
430.0049.

Synthesis  of  4-((5-chloro-1-((2-chlorothiazol-5-yl)  methyl)-1H-indol-3-yl)
(hydroxy) methyl) -3-methylenedihydr ofuran-2(3H)-one (9b): compoundl3b (700
mg, 2.24 mmol) was converted to compo@hd(485mg, 52.76%) as a white solid by
the same procedure as described for compdiandn.p.: 135.3-1356. '*H NMR
(400 MHz, DMSOd6) 6 7.77 (t,J = 5.3 Hz, 1H), 7.72 (s, 1H), 7.63 (@= 8.8 Hz,
1H), 7.49 (s, 1H), 7.18 (dd, = 8.7, 1.8 Hz, 1H), 6.03 (s, 1H), 5.70 — 5.61 (e
3H), 5.37 (s, 1H), 5.04 (] = 5.2 Hz, 1H), 4.35 (t)=8.7Hz, 1H), 4.23(ddJ=9.1,
3.8Hz, 1H), 3.53 (s, 1H}°C NMR (101 MHz, DMSQd6) § 170.56, 150.10, 140.12,
138.03, 135.55, 134.29, 127.91, 127.30, 124.19,2P23121.65, 119.10, 116.73,
111.69, 68.27, 68.21, 43.98, 41.51. HRMS (ESI) aal€;gH14CloN,OsSNa
[M+Na] m/z: 430.9994, found: 431.0004.



Synthesis of  4-((1-((2-aminothiazol-5-yl)methyl)-  5-chloro-1H-indol-3-yl)
(hydroxy) methyl)-3-methylenedihydrofuran-2(3H)-one (9¢): compound 13c
(700mg, 2.40 mmol) was converted to compo@ed(576mg, 61.58%) as an oily
yellow liquid by the same procedure as describeccémnpoundla. *H NMR (400
MHz, DMSO-d6) 6 7.59 (d,J=1.9Hz, 1H), 7.39 (d] = 8.8 Hz, 1H), 7.22 (s, 1H), 6.98
(dd,J=8.7, 2.0Hz, 1H), 6.78 (s, 2H), 6.17 (s, 1H), 5@2J = 1.3 Hz, 1H), 5.45 (d]
= 4.7 Hz, 1H), 5.30 (s, 1H), 4.98 (s, 2H), 4.87.814(m, 1H), 4.18 (tJ=8.7Hz, 1H),
4.03 (dd,J=9.2, 4.0Hz, 1H), 3.42 — 3.32 (m, 1HJC NMR (100 MHz, DMSQd6) &
170.64, 168.81, 147.90, 135.55, 134.75, 128.62,9926123.51, 121.05, 118.70,
115.43, 111.94, 103.16, 68.29, 56.63, 55.80, 458204.HRMS (ESI) calcd.
C1gH16CIN3OsSNa [M+Nalm/z: 412.0493/414.0464, found: 412.0498/414.0496.

Synthesis of 4-((5-chloro-1-((3,5-dimethylisoxazol-4-yl) methyl)-1H-indol-3-yl)
(hydroxy)methyl)-3-methylenedihydrofuran-2(3H)-one (9d): compound 13d
(700mg, 2.41 mmol) was converted to compo@dd(456mg, 48.71%) as a light
yellow oily liquid by the same procedure as desatitior compounda. *H NMR
(400 MHz, DMSOd6) 6 7.77 (d,J = 4.8 Hz, 1H), 7.45 (d] = 8.8 Hz, 1H), 7.32 (s,
1H), 7.16 (dd,) = 8.8, 2.0 Hz, 1H), 6.04 (s, 1H), 5.59 Jc 4.7 Hz, 1H), 5.50 (s, 1H),
5.21 (s, 2H), 5.03 — 4.98 (m, 1H), 4.30J& 8.7 Hz, 1H), 4.18 (dd] = 9.2, 4.0 Hz,
1H), 3.60 — 3.50 (m, 1H), 2.37 (s, 3H), 1.97 (s).3fC NMR (100 MHz, DMSQd6)

6 170.50, 166.67, 159.04, 135.76, 134.58, 127.96,062 123.83, 123.29, 121.43,
119.04, 115.92, 111.51, 110.36, 68.25(m), 55.79064438.11, 32.05, 29.56 (d,=
4.4 Hz).HRMS (ESI) calcd. £H1oCIN,OsNa [M+Na]'m/z: 409.0926/411.0896,
found: 409.0932/411.0912.

Synthesis of 4-((5-chloro-1-(4-fluorobenzyl)-1H-indol-3-yl) (hydroxy)methyl)
-3-methylenedihydrofuran-2(3H)-one (9¢): compound13e (700mg, 2.59 mmol)
was converted to compour@e (720mg, 76.70%) as a white solid by the same
procedure as described for compodrd m.p.: 152.4-152.&. *H NMR (400 MHz,
DMSO-d6) & 7.77(d, J=1.9Hz, 1H), 7.53 — 7.47(m, 2H), 7.27.21¢m, 2H), 7.19 —
7.08(overlap, 3H), 6.04(s, 1H), 5.63(@k4.6Hz, 1H), 5.40(s, 2H), 5.03(@=5.4Hz,
1H), 4.35(t, J=8.7Hz, 1H), 4.23(dd=9.2Hz, 3.9Hz, 1H), 3.59 — 3.49(m, 1Hr
NMR (100 MHz, DMSO€6) 6 175.82, 166.69(d}=242Hz), 140.91, 139.77, 139.38
(d, J=3.0Hz ), 134.31(dJ=8.3Hz), 133.88, 132.43, 129.01, 128.52, 126.58&,112
121.15, 120.65, 120.43, 117.10, 73.5TM 1.5Hz), 53.60, 49.30. HRMS (ESI) calcd.
C,:1H17CIFNOsNa [M+Na]'m/z: 408.0773/410.0744, found: 408.0775/140.0735.

Synthesis of 4-((5-chlor o-1-(pyridin-4-ylmethyl)- 1H-indol-3-yl)(hydroxy) methyl)
-3-methylenedihydrofuran-2(3H)-one (9f): compoundl3f (700mg, 2.43 mmol) was
converted to compound 9643mg, 67.42%) as a white solid by the same phaeeas
described for compound 1a. m.p.: 64.3-84.7H NMR (400 MHz, CDC}) § 8.31 —
8.19 (m, 2H), 7.74 (d] = 1.3 Hz, 1H), 7.15 — 7.10(overlap, 2H), 7.10-7(08 1H),
6.81(d,J=4.9Hz, 2H), 6.32 (s, 1H), 5.81 (s, 1H), 5.25 (4),24.98 (d,J = 7.5 Hz, 1H),
4.24 (t,J=8.8Hz, 1H), 4.18 — 4.07(m, 1H), 3.67-3.57 (m, 1¥E NMR (100MHz,
CDCls) 6 170.90, 149.80, 146.31, 135.26, 135.17, 127.58,1%2 126.14, 125.22,
123.26, 121.32, 119.54, 116.26, 110.96, 69.58,76&19.06, 44.72.RMS (ESI) calcd.
C2oH17CIN,OsNa [M+Na]'m/z: 391.0820/393.0790, found: 391.0825/393.0821.



Synthesis of 4-((5-chloro-1- ((5-methylpyridin-3-yl) methyl)-1H-indol-3-yl)
(hydroxy)methyl)-3-methylenedihydrofuran-2(3H)-one (9g): compound 13g
(700mg, 2.46 mmol) was converted to compougd(®L3mg, 65.13%) as an oily
yellow liquid solid by the same procedure as désctifor compound 1dH NMR
(400 MHz, DMSO€d6) 6 8.31 (s, 2H), 7.76 (dl = 1.8 Hz, 1H), 7.52 (d] = 10.2 Hz,
2H), 7.36 (s, 1H), 7.12(dd, J=8.7, 2.0Hz, 1H), 6(§31H), 5.62 (dJ = 4.6 Hz, 1H),
5.41 (s, 3H), 5.04 (t) = 5.3 Hz, 1H), 4.35(t)=8.7Hz, 1H) 4.24 (ddJ=9.1, 3.8Hz,
1H), 3.59 — 3.51 (m, 1H), 2.23 (s, 3HJC NMR (100 MHz, DMSQd6) 5 170.52,
149.15, 145.63, 135.70, 134.99, 134.50, 132.88€8Hz), 128.58, 127.23, 123.87,
123.15, 121.44, 118.98, 116.02, 111.77, 68.32,3684.59, 44.10, 29.53(d=5Hz)
17.73. HRMS (ESI) calcd. £H1sCIN,O3Na [M+Na]'m/z: 405.0976/407.0947, found:
405.0981/407.0952.

Synthesis of  4-((5-chloro-1-((5-chloropyridin-2-yl)  methyl)-1H-indol-3-yl)
(hydroxy) methyl) -3-methylenedihydrofuran-2(3H)-one (9h): compound 13h
(700mg, 2.29 mmol) was converted to compouhd(®3mg, 70.59%) as a white
solid by the same procedure as described for compda. m.p.: 163.1-163@. H
NMR (400 MHz, DMSOQO€d6) 6 8.57 (d,J = 2.4 Hz, 1H), 7.87 (dd]=8.4, 2.5Hz 1H),
7.78 (d,J = 1.9 Hz, 1H), 7.49 (s, 1H), 7.44 @= 8.8 Hz, 1H), 7.11 (dd] = 8.7, 2.0
Hz, 1H), 7.05 (d,J = 8.4 Hz, 1H), 6.06 (d] = 1.2 Hz, 1H), 5.65 (d] = 4.7 Hz, 1H),
5.51 (s, 2H), 5.44 (s, 1H), 5.04 &= 5.3Hz, 1H), 4.35 (tJ)=8.7Hz, 2H), 4.23 (dd,
J=9.2, 3.9Hz, 1H), 3.59-3.51(m, 1HyC NMR (100 MHz, DMSQd6) 5 170.61,
155.74, 147.77, 136.83, 135.57, 134.78, 129.96,8028.27.18, 123.88, L.123.40,
122.57, 121.43, 118.93, 116.08, 111.80, 68.28 J(d&r 8.5 Hz), 55.79, 50.41,
44.05.HRMS (ESI) calcd. £H1CloNoOsNa[M+Na]'m/z:  425.0430, found:
425.0435.

Synthesis of  4-((5-chloro-1-((6-chloropyridin-3-yl)methyl)-  1H-indol-3-yl)
(hydroxy) methyl)-3-methylenedihydrofuran-2(3H)-one (9i): compound 13i
(700mg, 2.29 mmol) was converted to compounb96mg, 64.43%) as a white solid
by the same procedure as described for compouneh.pa. 172.2-172.8. *H NMR
(400 MHz, DMSO0€d6) 6 8.35 (d,J = 1.9 Hz, 1H), 7.77 (s, 1H), 7.60 (dil= 8.3, 2.3
Hz, 1H), 7.57-7.52 (d, overlap, 2H), 7.47 Jds 8.2 Hz, 1H), 7.14 (dd] = 8.7, 1.8
Hz, 1H), 6.03 (s, 1H), 5.63 (d,= 4.5 Hz, 1H), 5.46 (s, 2H), 5.40 (s, 1H), 5.03&
5.1 Hz, 1H), 4.34(t)=8.6Hz, 1H), 4.22(ddJ=9.1, 3.7Hz, 1H), 3.59-3.49 (m, 1H).
3¢ NMR (100 MHz, DMSQOd6) 6 170.54, 149.41, 148.65, 138.51, 135.67, 134.44,
133.09, 128.51, 127.27, 124.24, 124.00, 123.25582119.03, 116.32, 111.78, 68.28,
68.16, 45.85, 44.04.HRMS (ESI) calcdyg8:¢CloN,OsNa [M+Na]'m/z: 425.0430,
found: 425.0437.

Synthesis of  4-((5-chloro-1-((4-(3-methoxypropoxy)-3- methylpyridin-2-yl)
methyl)-1H-indol-3-yl)(hydr oxy)methyl)-3-methylenedihydr ofuran-2(3H)-one

(9j): compoundl13j (700mg, 1.88 mmol) was converted to compounpd425mg,
48.07%) as a white solid by the same proceduresssritbed for compound la. m.p.:
71.2-71.4C. *H NMR (400 MHz, DMSOd6) & 8.18 (d,J = 5.6 Hz, 1H), 7.74 (d] =
1.7 Hz, 1H), 7.44 (dJ = 8.8 Hz, 1H), 7.31 (s, 1H), 7.08 (d#i= 8.7, 1.9 Hz, 1H),
6.93 (d,J = 5.7 Hz, 1H), 6.02 (s, 1H), 5.57 @z 4.8 Hz, 1H), 5.46 (s, 2H), 5.43 (s,
1H), 5.01 (tJ = 5.3 Hz, 1H), 4.33(1J=8.7Hz, 1H), 4.20(dd]J=9.1, 4.0Hz, 1H) 4.08(t,
J=6.2Hz, 2H), 3.56 —3.50 (m, 1H), 3.47 Jt= 6.2 Hz, 2H), 3.23 (s, 3H), 2.12 (s, 3H),
2.01 -1.91 (m, 2H)*C NMR (100 MHz, DMSOd6) 5 170.62, 162.69, 154.82,



147.74, 135.52, 135.29, 128.93, 126.90, 123.51,3023121.06, 119.64, 118.67,
115.41, 111.99, 106.46, 68.34, 68.29, 65.04, 57A9B0, 44.03, 28.64, 9.85. HRMS
(ESI) calcd. GsHpCIN.Os [M+H]*m/z: 471.1681/473.1652, found: 471.1685/
473.1655.

Synthesis of 4-((5-chloro-1-(pyrimidin-2-ylmethyl)-1H-indol-3-yl)  (hydroxy)
methyl)-3-methylenedihydrofuran-2(3H)-one (9k): compound 13k(700mg, 2.58
mmol) was converted to compounkl &38mg, 56.47%) as an oily yellow liquid solid
by the same procedure as described for compourftHIMR (400 MHz, DMSO€6)

6 8.25 (ddJ=5.6Hz, 1H), 8.02-7.85 (m, 1H), 7.83 (= 8.1 Hz, 1H), 7.78 (d]1 = 2.0
Hz, 1H), 7.73 — 7.67 (m, 1H), 7.55 — 7.48 (m, 1H}%4 (d,J = 8.8 Hz, 1H), 7.08 (dd,
J=8.7, 2.0 Hz, 1H), 6.05 (d,= 1.2 Hz, 1H), 5.69 (s, 2H), 5.64 @= 4.9 Hz, 1H),
5.48(s, 1H), 5.07 (t) = 5.3 Hz, 1H), 4.43 — 4.23 (m, 2H), 3.62-3.48 (iH). 1°C
NMR (100 MHz, DMSOd6) 6 208.89, 185.24, 169.67, 159.94, 148.82, 143.08,
136.09, 134.53, 127.90 (d= 7.8 Hz), 127.26, 125.74 (d= 5.5 Hz), 123.60, 122.51,
120.02, 116.70, 113.06, 68.58, 55.63, 52.74.HRMSI)(Ecalcd.GygH17CIN3zO3
[M+H] "m/z: 370.0953/372.0923, found: 370.0957/372.0933.

Synthesis of 4-((5-chloro-1-((4-methylquinazolin-2-yl)methyl) -1H-indol-3-yl)
(hydroxy)methyl)-3-methylenedihydrofuran-2(3H)-one  (91): compound 13l
(700mg, 2.08 mmol) was converted to compound (389mg, 65.12%) as a
yellow solid by the same procedure as describeddorpound 1a. m.p.: 59.8-604
'H NMR (400 MHz, DMSOd6) & 8.74 (d,J = 4.9 Hz, 2H), 7.77 (d] = 2.0 Hz, 1H),
7.44 (s, 1H), 7.43-7.36 (overlap, 2H), 7.09 (@&, 8.7, 2.0 Hz, 1H), 6.05 (d,= 1.4
Hz, 1H), 5.68 — 5.56 (overlap, 3H), 5.43 (s, 1H)Q4%t, J=5.4Hz, 1H), 4.36 (t,
J=8.7Hz, 1H), 4.22(ddJ=9.1, 4.0Hz, 1H)3.59 — 3.44 (m, 1H), 3.36 (s, 3L NMR
(100 MHz, DMSOd6) & 170.69, 165.70, 157.61, 135.37, 135.29, 129.33,0R?
123.62, 123.49, 121.21, 120.24, 118.73, 115.79,76168.49, 68.40, 68.33, 56.63,
55.80, 51.80, 43.96, 32.06, 29.57, 29.52. MS (E&Jcd. G4H>CIN3O3Na
[M+Na] 'm/z: 456.1085/458.1056, found: 456.1081/458.1052.

Synthesis of 4-((1-(benzo[d]oxazol-2-ylmethyl) -5-chlor o-1H-indol-3-yl) (hydroxy)
methyl)-3-methylenedihydrofuran-2(3H)-one (9m): compoundl3m (700mg, 2.25
mmol) was converted to compounth9396mg, 43.00%) as a yellow solid by the
same procedure as described for compound la. 67®:67.4C. *H NMR (400
MHz, DMSO-d6) § 7.62 (d,J = 1.8 Hz, 1H), 7.61-7.55 (m, 1H), 7.40-7.36(m, ,1H)
7.33 (d,J = 8.8 Hz, 1H), 7.30 — 7.21 (overlap, 2H), 7.191¢d), 7.15 (ddJ) = 8.8, 1.9
Hz, 1H), 6.29 (d,) = 2.0 Hz, 1H), 5.75 (d] = 1.4Hz, 1H), 5.40 (s, 2H), 4.87 (@=
7.8 Hz, 1H), 4.16 (t)=9.4Hz, 1H), 4.04(ddJ=9.6, 4.2Hz, 1H) 3.56-3.48 (m, 1H).
3C NMR (100 MHz, DMSOd6) §165.60, 155.25, 145.63, 135.26, 130.15, 129.76,
122.48, 121.85, 121.19, 120.64, 120.30, 119.66,2418115.11, 114.04, 110.93,
105.87, 105.63, 64.41, 62.82, 39.26, 38.65. MS )ESlcd. G,H;7CIN,OsNa
[M+Na] m/z: 431.0769/433.0740, found: 431.0768/433.0743.

Synthesis of 4-((1-(benzo[d]thiazol-2-ylmethyl)-5-chloro -1H-indol-3-yl) (hydroxy)
methyl)-3-methylenedihydrofuran-2(3H)-one (9n): compound13n (700mg, 2.14
mmol) was converted to compound 9608mg, 55.82%) as a yellow solid by the
same procedure as described for compound la. #l®:71.4C. *H NMR (400
MHz, CDCk) 6 7.98 (d,J = 8.2 Hz, 1H), 7.75 (d] = 8.0 Hz, 1H), 7.71 (d] = 1.7 Hz,
1H), 7.51-7.43 (m, 1H), 7.37 @= 7.4 Hz, 1H), 7.28 ({1 = 7.8 Hz, 1H), 7.22 (s, 1H),



7.18 (dd,J = 8.8, 1.8 Hz, 1H), 6.36(d,= 1.9 Hz, 1H), 5.84 (d] = 1.3 Hz, 1H), 5.61
(s, 2H), 4.96 (dJ =7.7 Hz, 1H), 4.29 —4.21 (m, 1H), 4.13(d¢9.6, 4.3Hz, 1H), 3.66
— 3.56 (m, 1H).*C NMR (101 MHz, CDGJ) & 170.80, 166.88, 152.84, 135.27,
135.05, 134.96, 127.53, 127.21, 126.58, 126.53,7725125.54, 123.54, 123.23,
121.85, 119.39, 116.43, 111.18, 69.72, 68.04, 484456. MS (ESI) calcd.
CooH18CINLOsS [M+H]'m/z: 425.0721/427.0692, found: 425.0721/427.0691.

Synthesis of 4-((1-((1H-benzo[d]imidazol-2-yl)methyl) -5-chloro-1H-indol-3-yl)
(hydroxy)methyl)-3-methylenedihydrofuran-2(3H)-one (90): compound 130
(700mg, 2.26 mmol) was converted to compourm (839mg, 69.33%) as a
yellow solid by the same procedure as describeddorpound 1a. m.p.: 58.6-59.0

'H NMR (400 MHz, DMSOd6) & 7.77 (d,J=1.8Hz, 1H), 7.59 (dJ = 8.8 Hz, 1H),
7.56—7.50(overlap, 1H), 7.48(s, 1H) 7.20 — 7.1le(@p, 3H), 6.03 (s, 1H), 5.66 —
5.62 (m, 1H), 5.60 (s, 2H), 5.44 (s, 1H), 5.03 984(m, 1H), 4.59-4.49 (m, 1H),
4.35(t, J=8.7Hz, 1H), 4.20 (ddJ=9.1Hz, 1H), 3.56-3.48 (m, 1H}*C NMR (101
MHz, DMSO-d6) 6 170.66, 150.12, 135.51, 135.01, 128.67, 127.13,912 123.51,
121.43, 118.85, 116.22, 111.88, 68.68, 68.49, 6&327, 56.63, 55.80, 43.98, 43.85,
32.06, 29.57.MS (ESI) calcd. »£1:sCIN3OsNa [M+Na]'m/z: 430.0929/432.0899,
found: 430.0927/432.0898.

Synthesis of 4-((5-chloro-1-(cyclopropylmethyl) -1H-indol-3-yl) (hydroxy)
methyl)-3-methylenedihydrofuran-2(3H)-one (9p): compound13p (700mg, 3.00
mmol) was converted to compound @16mg, 72.04%) as an oily yellow liquid solid
by the same procedure as described for compountHI4MR (400 MHz, CDC}) &
7.70 (d,J = 1.9 Hz, 1H), 7.30 — 7.26 (m, 1H), 7.23 (s, 1A)9 (dd,J = 8.7, 1.9 Hz,
1H), 6.37 (dJ = 2.1 Hz, 1H), 5.89 (d] = 1.5 Hz, 1H), 4.92 (d] = 8.2 Hz, 1H), 4.26
— 4.16 (m, 1H), 4.07 (ddl = 9.6, 4.4 Hz, 1H), 3.93 (dd,= 6.8, 3.7 Hz, 2H), 3.67—
3.58 (m, 1H), 2.16 (s, 1H), 0.68-0.58 (m, 2H), 6@&83 (m, 2H).**C NMR (100
MHz, CDCk) 6 170.86, 135.35, 135.30, 127.00, 126.73, 125.55.41¢ 122.59,
118.94, 114.27, 111.01, 69.88, 68.06, 50.91, 44647, 4.18, 4.15.MS (ESI) calcd.
C1gH15CINO3Na [M+Na]'m/z: 354.0867/356.0838, found: 354.0863/356.0837.

General Procedure for 1-formyl-5-chloro-1H-indole-3-carbaldehyde (14): To the
compound12 (1 equiv) in MeCN was added NaH (3 equiv) and Achloride
derivatives (1.5 equiv) at room temperature. Tleetion mixture was stirred at room
temperature for 4 h and was then adjust with HCMjluntil pH 6-7. The mixture
was extracted with ethyl acetate, washed with bned (NaSQ,), and filtered. The
filtrate was concentrated in vacuo, and the resigwes purified by column
chromatography (silica gel, ethyl acetate/Petroletiner) to give the desired product.

Synthesis of 4-((5-chloro-1-(3-methylthiophene-2-carbonyl) -1H-indol-3-yl)
(hydroxy)methyl)-3-methylenedihydrofuran-2(3H)-one (10a): compound 14a
(600mg, 1.98 mmol) was converted to compodfd (586mg, 73.82%) as a white
solid by the same procedure as described for contpbas m.p.: 194.8-1956. H
NMR (400 MHz, DMSOed6) 6 8.21 (d,J = 8.8 Hz, 1H), 8.00 — 7.89 (overlap, 2H),
7.55 (s, 1H), 7.42 (dd] = 8.8, 2.0 Hz, 1H), 7.17 (d,= 5.0 Hz, 1H), 6.07 (d] = 1.6
Hz, 1H), 5.84 (dJ = 5.1 Hz, 1H), 5.39 (d] = 0.9 Hz, 1H), 5.07 () = 5.3 Hz, 1H),
4.40 (t,J=8.7Hz, 1H), 4.27(ddJ=9.2, 3.7Hz, 1H), 3.66 — 3.48 (m, 1HYC NMR
(100 MHz, DMSO€6) 6 170.46, 162.05, 143.78, 135.13, 134.23, 131.39,3113
129.97, 128.22, 128.10, 126.69, 124.75, 123.58452419.90, 117.08, 68.37, 67.81,



43.29, 15.43.MS (ESI) calcd.61cCINOJM+Na] “‘m/z: 424.0381/426.0351, found:
424.0382/426.0351.

Synthesis of 4-((5-chloro-1-(furan-2-carbonyl)-1H-indol-3-yl) (hydroxy)methyl)
-3-methylenedihydrofuran-2(3H)-one (10b): compoundl14b (600mg, 2.19 mmol)
was converted to compouridb (653mg, 80.12%) as a yellow solid by the same
procedure as described for compoured m.p.: 65.3-65.€. 'H NMR (400 MHz,
CDCl) 6 8.33 (d,J = 8.9 Hz, 1H), 7.97 (s, 1H), 7.68(d, J=0.9Hz, 1HB2 (d,J = 2.0
Hz, 1H), 7.42 (dJ = 3.5 Hz, 1H), 7.23-7.26 (m, 1H), 6.64 (dds 3.6, 1.7 Hz, 1H),
6.34 (d,J = 2.1 Hz, 1H), 5.75 (d) = 1.6 Hz, 1H), 4.95 (d) = 7.2 Hz, 1H), 4.36 —
4.25 (m, 1H), 4.20(ddJ=9.6, 3.9Hz, 1H), 3.62—3.53 (m, 1HC NMR (100 MHz,
CDCls) 6 170.83, 156.22, 146.94, 146.36, 135.32, 134.48,812 128.98, 125.75,
125.42, 121.86, 121.69, 119.32, 117.98, 112.7(%%H8.12, 43.94, 29.20.MS (ESI)
calcd. GoH14CINOsK [M+K] "m/z: 410.0192/412.0163, found: 410.0192/412.0161.

Synthesis of 4-((5-chloro-1-(3,5-dimethylisoxazole-4-carbonyl) -1H-indol-3-yl)
(hydroxy)methyl)-3-methylenedihydrofuran-2(3H)-one (10c): compound 14c
(600mg, 1.97 mmol) was converted to compoutt (560mg, 70.60%) as a
light-yellow solid by the same procedure as desdilfor compound la. m.p.:
145.8-146.2. *H NMR (400 MHz, DMSOd6) 5 8.28 (d,J = 8.8 Hz, 1H), 7.93 (I

= 1.9 Hz, 1H), 7.53 (s, 1H), 7.44 (d#i= 8.8, 2.0 Hz, 1H), 6.09 (d,= 1.1 Hz, 1H),
5.81 (t,J = 5.4 Hz, 1H), 5.57 (s, 1H), 4.99 ({t= 5.9 Hz, 1H), 4.36(t, J=8.7Hz, 1H),
4.22(dd, J=9.2, 3.9Hz, 1H),, 3.67 — 3.55 (m, 1H34Qs, 3H), 2.29 (s, 3H}*C NMR
(100 MHz, DMSOd6) & 171.29, 170.40, 160.85, 158.78, 135.32, 133.89,483
128.27, 126.38, 124.85, 123.89, 122.96, 120.03,2B17111.63, 68.12, 67.71, 43.31,
12.58, 10.29. MS (ESI) calcd.,:7CIN,OsNa [M+Na] ‘m/z: 423.0718/425.0689,
found: 423.0716/425.0688.

Synthesis of  4-((5-chloro-1-cinnamoyl-1H-indol-3-yl)(hydroxy)  methyl)-3-
methylenedihydrofuran-2(3H)-one (10d): compoundl4d (600mg, 1.94 mmol) was
converted to compoundOd (589mg, 74.55%) as a yellow solid by the same
procedure as described for compoiadm.p.: 177.5-178.2. *H NMR (400 MHz,
DMSO-d6) 6 8.50 (d,J = 8.9 Hz, 1H), 8.37 (s, 1H), 8.00-7.53 (overlagd),37.91 (d,
J=2.1Hz, 1H), 7.79 (d] = 15.4 Hz, 1H), 7.54 — 7.47 (m, 3H), 7.41 (dd&; 8.8, 2.0
Hz, 1H), 6.13 (dJ = 1.5 Hz, 1H), 5.91 (dJ = 4.9 Hz, 1H), 5.57 (s, 1H), 4.99 (t,
J=8.7Hz, 1H), 4.42(t, J=8.7Hz, 1H), 4.27(dd, J=8.8Hz, 1H), 3.73 — 3.55 (m, 1H).
13C NMR (100 MHz, DMSQOd6) § 170.47, 164.08, 146.65, 135.25, 134.36, 134.26,
130.89, 130.21, 129.06, 128.86, 127.98, 125.44,6824124.02, 122.57, 119.69,
117.88, 117.39, 68.23, 67.79, 43.32. MS (ESI) calegH;sCINO, [M+Na] 'm/z:
430.0817/432.0787, found: 430.0815/432.0789.

Synthesis  of  4-((5-chloro-1-(2-chloronicotinoyl)-1H-indol-3-yl)  (hydroxy)
methyl)-3- methylenedihydrofuran-2(3H)-one (10e): compoundl4e (600mg, 1.88
mmol) was converted to compoufh@e (610mg, 77.76%) as a white solid by the same
procedure as described for compoutad m.p.: 74.2-74.€. '"H NMR (400 MHz,
DMSO-d6) 6 8.48 (dd,J = 4.9, 1.9 Hz, 1H), 8.17 (s, 1H), 8.09 (dds 7.6, 1.9 Hz,
1H), 7.75 (dJ = 2.1 Hz, 1H), 7.49 (ddl = 7.6, 4.9 Hz, 1H), 7.28 (dd,= 8.8, 2.1 Hz,
1H), 6.95 (s, 1H), 5.83 (d,= 1.8 Hz, 1H), 5.59 (dI=5.4Hz, 1H), 5.15 (s, 1H), 4.77(t,
J=5.5Hz, 1H), 4.14(t)=8.7Hz, 1H), 3.98 (ddJ=9.2, 3.7Hz, 1H), 3.39 —3.23 (m, 1H).
¥C NMR (100 MHz, DMSQd6) 5 170.44, 164.01, 151.96, 145.88, 138.76, 134.95,



133.86, 130.42, 130.31, 128.86, 125.76, 125.38,9923123.71, 123.62, 120.20,
117.37, 68.38, 67.69, 43.07.MS (ESI) calegtG4CloNO4K[M+K] "m/z: 454.9962,
found: 455.1000.

Synthesis of 4-((5-chloro-1-(cyclopropanecar bonyl)-1H-indol-3-yl) (hydroxy)
methyl) -3- methylenedihydrofuran-2(3H)-one (10f): compoundl4f (600mg, 2.42
mmol) was converted to compound 10f (581mg, 69.36%oa light-yellow solid by
the same procedure as described for compound 1&5g:75.9C. *H NMR (400
MHz, DMSO-d6) 6 8.34 (d,J = 8.9 Hz, 1H), 8.16 (s, 1H), 7.90 @= 2.0 Hz, 1H),
7.36 (dd,J = 8.8, 2.1 Hz, 1H), 6.11 (d,= 1.4 Hz, 1H), 5.91 (d] = 5.0 Hz, 1H), 5.49
(s, 1H), 5.05 (tJ = 5.5 Hz, 1H), 4.42 (t)=8.7Hz, 1H), 4.27(ddJ=9.2, 3.8Hz,
1H)3.69-3.49 (m, 1H), 2.80 —2.64 (m, 1H), 1.2324), 0.91 — 0.75 (m, 2H). MS
(ESI) calcd.GgH16CINOK[M+K] * m/z: 384.0399/386.0370, found:
384.0400/386.0372.

General Procedure for synthesis of substitued-1H-indole-3-carbaldehydes (18a-1):
compoundsl8a-i was prepared from compound3a-i by the same procedure as
described for compourt

Synthesis of 5-chloro-1-tosyl-1H-indole-3-carbaldehyde (19): To the solution of

compoundl8f (200mg, 1.11 mmol) in MeCN(5mL) was added NaH (3thg, 3.34

mmol) and paratoluensulfonyl chloride (318.44m@71mmol) at room temperature.
The reaction mixture was stirred at room tempeeatior 4 h. The mixture was
extracted with ethyl acetate, washed with brineedd(Na&SQ,), and filtered. The

fillrate was concentrated in vacuo, and the residuas purified by column

chromatography (silica gel, ethyl acetate/Petroleather) to give the product
compoundl9 (283mg, 76.14%).

synthesis of 4-((5-chloro-1-tosyl-1H-indol-3-yl)(hydroxy)methyl) -3-methylene
dihydrofuran-2(3H)-one (15): compoundl19 (600mg, 2.42 mmol) was converted to
compound B(581mg, 69.36%) as a white solid by the same proeeds described
for compoundla. m.p.: 185.3-185Z. H NMR (400 MHz, DMSOd6) 5 7.97 (d,J

= 8.9 Hz, 1H), 7.93 — 7.85(overlap, 3H), 7.66 (d),17.40 (ddJ = 8.9, 2.1 Hz, 1H),
7.15—7.11 (m, 1H), 7.11 = 7.08 (m, 1H), 5.98)d, 1.6 Hz, 1H), 5.86 (d] = 5.1 Hz,
1H), 5.06 — 4.99 (m, 2H), 4.34 (78.7Hz, 1H), 4.21(dd)=9.2, 3.7Hz, 1H), 3.80 (s,
3H), 3.55-3.44 (m, 1H)}:*C NMR (100 MHz, DMSOd6) § 170.40, 163.93, 135.03,
133.17, 129.89, 129.11, 128.02, 127.99, 125.52,8824123.53, 123.28, 120.29,
115.05, 114.87, 68.32, 67.71, 55.90, 43.00. MS )ERlcd. GiH1sCINOsSK
[M+K]+m/z: 470.0226/472.0196, found: 470.0227/4720.

General Procedure for synthesis of substituted-1-(4-chlorobenzyl)- 1H-indole
-3-carbaldehydes (20a-i): To the solution of compoundEa-i (1 equiv) in MeCN
was added NaH (3 equiv) and 4-Chlorobenzyl chlor{des equiv) at room
temperature. The reaction mixture was stirred atraemperature for 4 h. The
mixture was extracted with ethyl acetate, washeth Wwrine, dried (Ng&Qy), and
filtered. The filtrate was concentrated in vacuad ghe residue was purified by
column chromatography (silica gel, ethyl acetatetieum ether) to give the desired
product.



Synthesis of 4-((1-(4-chlor obenzyl)-4-methoxy-1H-indol-3-yl) (hydroxy)methyl)-
3-methylenedihydrofuran-2(3H)-one (16a): compound20a (200mg, 667.23umol)
was converted to compoundbdl (165mg, 62.16%) as a white solid by the same
procedure as described for compodiadm.p.: 134.5-135°C. *H NMR (400 MHz,
DMSO-d6) 6 7.38 (d,J=8.4Hz, 2H), 7.26 (s, 1H), 7.19 (s, 1H), 7.17 (4),17.04 —
6.97 (overlap, 2H), 6.57 — 6.47 J51.0Hz, 1H), 5.94 (s, 1H), 5.39 (#5.1Hz, 1H),
5.36 (s, 2H), 5.29 (1) = 4.9 Hz, 1H), 4.94 (s, 1H), 4.42(78.5Hz, 1H), 4.31(dd,
J=9.0, 3.5Hz, 1H), 3.84 (s, 3H), 3.55 — 3.44 (m, 13 NMR (100 MHz, DMSQd6)

6 170.89, 153.72, 137.60, 137.31, 135.04, 131.88,82 128.42, 125.88, 122.67,
122.31, 116.77, 115.61, 103.65, 99.72, 69.10, 6&33.6, 48.38, 44.77.HRMS (ESI)
calcd. GoH2oCINOsNa [M+Na]'m/z: 420.0973/422.0944, found: 420.0977/422.0935.

Synthesis of 4-((1-(4-chlorobenzyl)-5-methoxy- 1H-indol-3-yl)(hydroxy) methyl)
-3-methylenedihydrofuran-2(3H)-one (16b): compound20b (200mg, 667.21umol)
was converted to compouribb (186mg, 70.07%) as a yellow solid by the same
procedure as described for compound 1a. m.p.: &2@¢. 'H NMR (400 MHz,
DMSO-d6) & 7.36 (s, 2H), 7.34(s, 1H), 7.27 @= 8.9 Hz, 1H), 7.21 — 7.10 (overlap,
3H), 6.74 (dd,JJ=8.9, 2.3Hz, 1H), 6.05 (dl = 1.2 Hz, 1H), 5.59 (d] = 4.3 Hz, 1H),
5.46 (s, 1H), 5.33 (s, 2H), 5.02 £5.4Hz, 1H), 4.35 (tJ = 8.7 Hz, 1H), 4.24 (dd,
J=9.2, 4.0Hz, 1H), 3.75 (s, 3HJC NMR (100 MHz, DMSQOd6) § 170.66, 153.36,
137.39, 135.78, 131.84, 131.23, 128.73, 128.40,5727126.55, 123.28, 115.60,
111.44, 110.89, 101.54, 68.46, 68.19, 55.38, 488897.HRMS (ESI) calcd.
C22H20CINO4Na [M+Na]'m/z: 420.0973/422.0944, found: 420.0976/422.0940.

Synthesis of 4-((1-(4-chlorobenzyl)-6-methoxy-1H-indol -3-yl)(hydroxy)methyl)
-3-methylenedihydrofuran-2(3H)-one (16¢): compound20c (200mg, 667.23umol)

was converted to compoudéc (189mg, 71.20%) as a deep yellow solid by the same
procedure as described for compound 1a. m.p.: 83.3¢. 'H NMR (400 MHz,
CDCL) & 7.60 (d,J = 8.7 Hz, 1H), 7.28 (s, 1H), 7.26 (s, 1H), 7.021(sl), 7.00 (s,
1H), 6.95 (s, 1H), 6.80 (dd,= 8.7, 2.2 Hz, 1H), 6.68 (d,= 2.1 Hz, 1H), 6.34 (d] =

2.2 Hz, 1H), 5.88 (dJ = 1.3 Hz, 1H), 5.18 (s, 2H), 4.92 @ = 7.5 Hz, 1H), 4.23 —
4.15 (m, 1H), 4.12— 4.07 (m, 1H), 3.79 (s, 3H),83.8.57 (m, 1H).HRMS (ESI)
calcd. GoHo0CINOsNa [M+Na]'m/z: 420.0973/422.0944, found: 420.0978/422.0950.

Synthesis of 4-((1-(4-chlorobenzyl)-7-methoxy-1H -indol-3-yl)(hydroxy) methyl)
-3-methylenedihydrofuran-2(3H)-one (16d): compound20d (200mg, 667.21umol)
was converted to compoundd. (181mg, 68.18%) as a yellow solid by the same
procedure as described for compoursd m p : 70.1-70.&8. ‘H NMR (400 MHz,
DMSO-d6) 6 7.32 (d,J=8.4Hz, 2H), 7.28 (s, 1H), 7.22 (@= 8.0 Hz, 1H), 7.09 (d]
=5.1 Hz, 2H), 6.92 (1) = 7.9 Hz, 1H), 6.64 (d] = 7.7 Hz, 1H), 6.00 (d] = 1.4 Hz,
1H), 5.51 (dJ = 6.6 Hz, 2H), 5.34 (s, 1H), 4.99 @z 5.9 Hz, 1H), 4.34 (1}=8.7Hz,
1H), 4.24(dd,J=9.2, 3.8Hz, 1H), 3.77 (s, 3H), 3.54 — 3.50 (m, i} NMR (100
MHz, DMSO-d6) 6 170.80, 146.99, 138.81, 135.35, 131.55, 128.48,3R? 128.23,
127.97, 125.34, 123.47, 119.94, 116.22, 112.24,0P038.42, 68.23, 55.22, 50.97,
43.99. HRMS (ESI) calcd. 5H20CINOsNa [M+Na]'m/z: 420.0973/422.0944, found:
420.0974/422.0945.

Synthesis of 4-((4-chloro-1-(4-chlorobenzyl)- 1H-indol-3-yl) (hydroxy) methyl)-
3-methylenedihydrofuran-2(3H)-one (16e): compound20e(200mg, 657.53umol)
was converted to compoundel (190mg, 71.83%) as a white solid by the same



procedure as described for compourd*H NMR (400 MHz, CDCJ, this molecule
appears as conformers in a 1: 2 raéid).34 —7.27(overlap, 2H), 7.26 —7.07(overlap,
4H), 7.06 — 6.98(overlap, 2H), 6.35(@2.6Hz, 0.34H), 6.29(dJ=2.1Hz, 0.62H),
5.78 (d,J = 4.5 Hz, 0.32H), 5.68 (d, = 6.4 Hz, 0.62H), 5.62 (d = 2.2 Hz, 0.34H),
5.44 (d,J = 1.1 Hz, 0.63H), 5.26 (s, 2H), 4.56(d#59.4, 4.0Hz, 0.35H), 4.40 (t,
J=8.9Hz, 0.65H), 4.31 (dd,= 9.4, 4.0 Hz, 0.64H), 4.25 = 8.9 Hz, 0.32H), 3.84 —
3.74 (m, 0.33H), 3.71 — 3.60 (m, 0.65H). HRMS (E88icd. GiH1;Cl,NOsNa
[M+Na] m/z: 424.0478, found: 424.0485.

Synthesis of 4-((5-chloro-1-(4-chlorobenzyl)- 1H-indol-3-yl) (hydroxy) methyl)
-3-methylenedihydrofuran-2(3H)-one (16f): compound20f (200mg, 657.53imol)
was converted to compoun@fl(220mg, 83.17%) as a light-yellow solid by the sam
procedure as described for compound la. m.p.: IMB2C. *H NMR (400 MHz,
DMSO-d6) 6 7.72 (s, 1H), 7.30 (s, 1H), 7.27 (s, 1H), 7.20X4overlap, 2H), 7.14 —
7.07 (m, 1H), 7.02 (s, 1H), 6.99 (s, 1H), 6.38J¢, 2.1 Hz, 1H), 5.88 (d] = 1.5 Hz,
1H), 5.24 (s, 2H), 4.94(dl=8.7Hz, 1H), 4.26 — 4.19(m, 1H), 4.10(dB:9.6, 4.2Hz,
1H), 3.67-3.58 (m, 1HYC NMR (100 MHz, CDGJ) & 170.63, 135.29, 135.21,
134.92, 133.99, 129.19, 128.08, 127.52, 126.94,1126125.45, 123.18, 119.24,
115.10, 111.24, 69.88, 67.87, 49.77, 44.64. HRMSI)(Eealcd. G;H;7CI,NOsNa
[M+Na]"m/z: 424.0478, found: 424.0480.

Synthesis of
4-((6-chloro-1-(4-chlor obenzyl)-1H-indol-3-yl)(hydr oxy)methyl)-3-methylenedihy
drofuran-2(3H)-one (16g): compound20g (200mg, 657.53umol) was converted to
compound g (196mg, 74.10%) as a white solid by the same phaeeas described
for compound 1a. m.p.: 150.6-15@8 *H NMR (400 MHz, CDC}) § 7.63 (d,J =8.5
Hz, 1H), 7.29 (s, 1H), 7.26(d72.6Hz, 1H), 7.24 (dJ = 1.6 Hz, 1H), 7.10 (dd] =
8.5, 1.8 Hz, 1H), 7.06 (s, 1H), 7.01 (s, 1H), 6(891H), 6.32 (d,) = 2.0 Hz, 1H),
5.81 (d,J = 1.4 Hz, 1H), 5.19 (s, 2H), 4.94 (@~ 7.8 Hz, 1H), 4.23-4.16 (m, 1H),
4.13 — 4.04 (m, 1H), 3.64-3.54 (m, 18¢ NMR (100 MHz, CDGJ) & 170.85,
137.25, 135.14, 134.92, 133.89, 129.16, 128.79,1028126.91, 125.38, 124.54,
120.90, 120.61, 115.75, 110.08, 69.75, 67.98, 4948369. HRMS (ESI) calcd.
C21H17CILNOsNa [M+Na]'m/z: 424.0478, found: 424.0480.

Synthesis of 4-((7-chloro-1-(4-chlor obenzyl)-1H-indol-3 -yl)(hydroxy)methyl)-
3-methylenedihydrofuran-2(3H)-one (16h): compound20h (200mg, 657.53imol)
was converted to compoundHl (161mg, 60.87%) as a white solid by the same
procedure as described for compound la. m.p.: 1B15C. *H NMR (400 MHz,
CDCl) & 7.62 (d,J = 7.9 Hz, 1H), 7.28-7.25 (overlap, 2H), 7.24(s),1H18 (d,J =
7.5 Hz, 1H), 7.07 (s, 1H), 7.04 @= 7.8 Hz, 1H), 6.95 (s, 1H), 6.93 (s, 1H), 6.34 (d
J=2.1Hz, 1H), 5.81 (d] = 1.5 Hz, 1H), 5.76-5.62 (m, 2H), 4.98 Jds 7.8 Hz, 1H),
4.22(t,J=8.7Hz, 1H), 4.10 (dd}=9.6, 4.2Hz, 1H}*C NMR (100 MHz, DMSQOd6) &
165.52, 131.77, 129.85, 128.20, 126.90, 123.82,7823123.74, 122.35, 120.23,
119.40, 115.82, 113.12, 111.90, 110.76, 64.38,6246.05, 39.36. HRMS (ESI)
calcd. GiH17CI,NOsNa [M+Na]'m/z: 424.0478, found: 420.0485.

Synthesis of 4-((1-(4-chlorobenzyl)-5-fluoro-1H- indol-3-yl)(hydroxy)methyl)
-3-methylene dihydrofuran-2(3H)-one (16i): compound20i (600mg, 695.12imol)
was converted to compouribi (213mg, 79.42%) as an oily yellow liquid by the
same procedure as described for compound la. 678:67.7C. *H NMR (400



MHz, DMSO<6) § 7.51 (s, 1H), 7.47 (dd,= 10.1, 2.5 Hz, 1H), 7.41 (dd= 9.0, 4.5
Hz, 1H), 7.37(d,)=8.4Hz, 2H), 7.19(d)=8.4Hz, 2H), 7.00 — 6.92(m, 1H), 6.06 (0=
1.3 Hz, 1H), 5.66 (d] = 4.6 Hz, 1H), 5.46 (s, 1H), 5.40 (s, 2H), 5.03€5.4Hz, 1H),
4.35 (t,J=8.7Hz, 1H), 4.26(dd)=9.2, 3.9Hz, 1H), 3.62 — 3.56(m, 1KIC NMR (100
MHz, DMSO-d6) § 170.65, 156.90 (dJ=230Hz), 137.02, 135.61, 132.71, 132.00,
128.89, 128.78, 128.46, 126.38 Jd: 10 Hz), 123.41, 116.07 (d= 4 Hz), 111.26 (d,
J = 10 Hz), 109.59 (dJ = 26 Hz), 104.46 (dJ = 23 Hz), 68.38, 68.15, 48.49,
44.03.HRMS (ESI) calcd. GH17CIFNOsNa [M+Na]'m/z: 408.0773/410.0744, found:
408.0776/410.0750.

Synthesis of 5-chloro-1-(4-fluorobenzyl)-1H-indole (23): To the solution of
5-chloroindole {7) (200mg, 1.11 mmol) in MeCN(3mL) was added NaH (8,
3.34 mmol). The resulting mixture was stirred abmotemperature for 1h, then a
solution of 4-fluorobenzylchloride2®) (241.49mg, 1.67 mmoln MeCN(2mL) added
dropwise to the system. The reaction mixture wisedtat room temperature for 4 h.
The mixture was extracted with ethyl acetate, wdski¢h brine, dried (Ng&Qy), and
fillered. The filtrate was concentrated in vacuod @&he residue was purified by
column chromatography (silica gel, ethyl acetatedfeum ether=12: 1) to give the
product23(300mg, 93.63%).

Synthesis of (E)-1-(5-chloro-1- (4-fluorobenzyl)- 1H-indol-3-yl)-3- (furan-2-yl)
prop-2-en-1-one (24a): To the mixture of AIG (205.36mg, 1.54mmol) in
CH.CIly(5mL) was added acetyl chloride (120.90mg, 1.54 mmbhe resulting
mixture was stirred at room temperature for lhnthaesolution of compouné3
(200mg, 770.0umol) in CH,Cl,(1mL) added dropwise. The reaction mixture was
stirred at room temperature for 12 h. £ was evaporated in vacuo. The mixture
was extracted with ethyl acetate, washed with bdnied (NaSQy), and filtered. The
filtrate was concentrated in vacuo, and the resigwss purified by column
chromatography (silica gel, ethyl acetate/Petroleether=1. 4) to give the
intermediate compound (180mg, 77.46%). It (100n®f.81 umol) mixed with a
solution of 2-furfural(47.76mg, 497.ifnol) in EtOH (2mL), NaOH(aq)(30) at
room temperature. After workup, the resulting migtwas extracted with ethyl
acetate, washed with brine, dried ¢(§8y), and concentrated. The crude residue was
purified by flash chromatography on silica gel tiwvegthe product24a(85mg,
67.53%). m.p.: 107.3-106@. H NMR (400 MHz, Acetonai6) §8.67 (s, 1H), 8.50
(d,J=2.0 Hz, 1H), 7.70 (dd} = 13.0, 2.3 Hz, 1H), 7.56 (d,= 15.3 Hz, 1H), 7.51 (d,
J = 8.7 Hz, 1H), 7.47-7.35 (overlap, 3H), 7.24 (d& 8.7, 2.1 Hz, 1H), 7.17-7.04
(m, 2H), 6.86 (dJ = 3.4 Hz, 1H), 6.60 (dd] = 3.3, 1.8 Hz, 1H), 5.60 (s, 2HiC
NMR (100 MHz, Acetonad6) $183.80, 163.29(dJ= 243Hz ), 152.92, 145.64,
138.15, 136.51, 133.72(d=3Hz), 130.33 (dJ = 8 Hz), 129.23, 128.75, 128.11,
124.41, 122.80, 122.19, 118.14, 116.46(k22Hz), 115.83, 113.46, 113.17,
50.75.HRMS (ESI) calcd. £H:sCIFNO;Na [M+Na]'m/z: 402.0668/404.0638, found:
402.0672/406.0640.

Synthesis of (E)-1-(5-chloro-1-(4-fluorobenzyl)-1H-indol-3-yl) -3-(thiophen-2-yl)
prop-2-en-1-one (24b): Compound23 was converted to compourzdb as a yellow
solid by the same procedure as described for congida. m.p.: 109.6-111.C. H
NMR (400 MHz, Acetonal6) 6 8.72 (s, 1H), 8.49 (d] = 2.0 Hz, 1H), 7.90 (d] =
15.3 Hz, 1H), 7.59 (d) = 5.1 Hz, 1H), 7.55-7.47 (overlap, 2H), 7.46—7(8%erlap,
3H), 7.25 (dd,J=8.7, 2.1Hz, 1H), 7.19-7.06 (overlap, 3H), 5.608)°C NMR



(100 MHz, Acetoned6)5183.74, 163.27(d]=243Hz), 141.48, 138.27, 136.52, 134.17,
133.76 (d,J=3Hz), 132.22, 130.21 (d, = 8 Hz), 129.25, 129.18(d=4Hz), 128.74,
124.40, 123.56, 122.79, 118.02, 116.56, 116.34,191%50.72. HRMS (ESI) calcd.
CasH16CIFNOS [M+H]'m/z: 396.0620/398.0590, found: 396.0628/398.0485.

Synthesis of 1-(5-chloro-1-(4-fluorobenzyl)-1H-indol-3-yl)-1-ones (21a~21i) with
compound 21a as sample: To the solution of AIGJ(205.36mg) in CKHCl, was added
acetyl chloride compounds (120.90mg, 1.54 mmolk figsulting mixture was stirred
at room temperature for 1h, then a solution of conmgl23 (200mg, 770.0%umol)

in CH,Cl,was added dropwise. The reaction mixture was dti@teroom temperature
for 12 h. CHCI, was evaporated in vacuo. The mixture was extraatigh ethyl
acetate(3x50mL), washed with brine, dried {8&;), and filtered. The filtrate was
concentrated in vacuo, and the residue was putiyecblumn chromatography (silica
gel) to give the product compourdda. m.p.: 118.2-120.C. 'H NMR (400 MHz,
DMSO-d6) 6 8.63 (s, 1H), 8.18 (s, 1H), 7.60 (b5 8.8 Hz, 1H), 7.37 (ddl = 8.6, 5.5
Hz, 2H), 7.26 (ddJ = 8.7, 2.1 Hz, 1H), 7.17 (§,= 8.9 Hz, 2H), 5.50 (s, 2H), 2.47 (s,
3H); °C NMR (100 MHz, DMSQd6) 5 192.33, 161.63(dl=242Hz), 138.63, 134.91,
132.97, 129.46, 129.38, 126.99, 122.97, 120.63,621915.41, 112.78, 49.08, 27.22.
HRMS (ESI) calcd. &Hi1:CIFNONa [M+Na]Jm/z: 324.0562/326.0532, found:
324.0564/326.0622.

Synthesis of (5-chloro-1-(4-fluor obenzyl)-1H-indol-3-yl)(cyclopr opyl)methanone
(21b): Compound23 was converted to compourzdb as a yellow solid by the same
procedure as described for compo@id. m.p.: 95.5-96.€. H NMR (400 MHz,
DMSO-d6) 6 8.81 (s, 1H), 8.18 (d] = 2.1 Hz, 1H), 7.61 (d] = 8.8 Hz, 1H), 7.42—
7.33 (overlap, 2H), 7.25 (dd,= 8.8, 2.1 Hz, 1H), 7.21-7.13 (overlap, 2H), 5(51
2H), 2.70-2.60 (m, 1H), 1.02-0.95 (m, 2H), 0.946Q1®, 2H) **C NMR (100 MHz,
DMSO-d6) 5 194.01, 161.64(d)=242Hz), 138.07, 134.91, 132.96, 129.44J¢; 8
Hz), 126.94 (dJ = 4 Hz), 123.02, 120.77, 115.98, 115.66, 115.4%2.74, 49.14,
17.36, 9.58. HRMS (ESI) calcd.;§E:sCIFNONa [M+NaJm/z: 350.0718/352.0689,
found: 350.0726/352.0718.

Synthesis of (5-chloro-1-(4-fluor obenzyl)-1H-indol-3-yl)(furan-2-yl)methanone
(21c): Compound23 was converted to compour2dc as a yellow solid by the same
procedure as described for compo@id. m.p, 119.8-1212. H NMR (400 MHz,
DMSO-d6) 68.88 (s, 1H), 8.32 (dl = 2.0 Hz, 1H), 8.05-8.03(overlap, 1H), 7.631d,

= 8.8 Hz, 1H), 7.44 (d] = 3.5 Hz, 1H), 7.43-7.37 (overlap, 2H), 7.31 (d¢,8.7, 2.1
Hz, 1H), 7.22—7.14 (overlap, 2H), 6.79 (m, 1H),15(6, 2H) **C NMR (100 MHz,
DMSO0-d6) $6175.02, 161.62(d)=242Hz), 152.76, 146.58, 138.59, 134.56, 132.91(d,
J=3Hz), 129.41(dJ=8Hz), 128.30, 127.25, 123.34, 120.89, 116.91,64,5115.43,
112.86(d, 19Hz), 112.32, 49.18. HRMS (ESI) calcdgHzCIFNO, [M+H] 'm/z:
354.0692/356.0662, found: 354.0698/356.0677.

Synthesis of (5-chloro-1-(4-fluor obenzyl)-1H-indol-3-y1)(3-methyl-2,5-
dihydrothiophen -2-yl)methanone (21d): Compound 23 was converted to
compound?21d as a white solid by the same procedure as desdigibeompound®la.
m.p.: 123.5-125.C. 'H NMR (400 MHz, Acetonai6) 58.37 (d,J = 2.0 Hz, 1H),
8.32 (s, 1H), 7.62 (d] = 5.0 Hz, 1H), 7.57 (d) = 8.8 Hz, 1H), 7.44 -7.38 (overlap,
2H), 7.28 (ddJ = 8.8, 2.1 Hz, 1H), 7.16-7.10 (m, 2H), 7.08 {d; 5.0 Hz, 1H), 5.63



(s, 2H), 2.49 (s, 3H)**C NMR (100 MHz, DMSOd6) 5 181.77, 161.63(dl=243Hz),
142.14, 138.68, 134.93 (d,= 16 Hz), 132.92, 131.90, 129.52 (s 8 Hz), 123.42,
120.74, 115.64, 115.43, 112.99, 49.03, 15.81. HRESI) calcd. GHi6CIFNOS
[M+H] "m/z: 384.0620/386.0590, found: 384.0625/386.0672.

Synthesis of (5-chloro-1-(4-fluor obenzyl)-1H-indol-3-yl)(phenyl)methanone (21€):
Compound23 was converted to compouritie as a light-yellow solid by the same
procedure as described for compo@id. m.p.: 104.8-106.5. *H NMR (400 MHz,
DMSO-d6) 68.38 (s, 1H), 8.27 (dJ = 1.7 Hz, 1H), 7.83 (d] = 7.4 Hz, 2H), 7.70-
7.50 (overlap, 4H), 7.41-7.34 (overlap, 2H), 7.8d,0 = 8.8, 2.1 Hz, 1H), 7.20-7.10
(overlap, 2H), 5.55 (s, 2k)**C NMR (100 MHz, DMS0d6)5189.43, 161.61(d,
J=242Hz), 139.91, 134.95, 132.89@ = 3Hz ), 131.39, 129.42(d=8Hz), 129.23,
128.47 (d,J=6Hz), 128.17, 127.28, 123.36, 120.90, 115.59,38,5113.86, 112.95,
49.12. HRMS (ESI) calcd. GH16CIFNO [M+H]"'m/z: 364.0899/366.0869, found:
364.0906/366.0825.

Synthesis of  (5-chloro-1-(4-fluorobenzyl)-1H-indol-3-yl)  (4-fluorophenyl)
methanone (21f): Compound23 was converted to compouldf as a yellow solid by
the same procedure as described for comp@iadm.p.: 107.4-109.8. 'H NMR
(400 MHz, DMSO€6)568.40 (s, 1H), 8.26 (d) = 2.1 Hz, 1H), 8.03 -7.97 (m, 1H),
7.95-7.88 (overlap, 2H), 7.61 (@= 8.8 Hz, 1H), 7.44-7.36 (overlap, 4H), 7.20-7.12
(overlap, 2H), 5.55 (s, 2HJC NMR (100 MHz, DMSOd6)5187.98, 165.77(d,
J=111Hz), 161.07(d)=136Hz), 160.39, 139.95, 136.39 {(&3Hz), 134.93, 132.86 (d,
J=3Hz), 132.06(d, 9Hz), 131.15(@9Hz), 129.44(d)=8Hz), 128.14, 127.29, 123.40,
120.84, 115.58(d]=2Hz), 115.36(dJ=2Hz), 113.35(dJ=68Hz), 49.15. HRMS (ESI)
calcd. GoH1sCIFoNO [M+H]"m/z: 382.0805/384.0775, found: 382.0809/384.0662.

Synthesis of (5-chlor o-1-(4-fluor obenzyl)-1H-indol-3-yl)(p-tolyl)methanone (219g):
Compound23 was converted to compourig as a light-yellow solid by the same
procedure as described for compo@id. m.p.: 126.0-129°C. *H NMR (400 MHz,
DMSO-d6) 6 8.34 (s, 1H), 8.24 (dl = 2.1 Hz, 1H), 7.73 (d] = 8.0 Hz, 2H), 7.58 (d,
J = 8.8 Hz, 1H), 7.39- 7.32 (overlap, 4H), 7.28 (dd; 8.7, 1.9 Hz, 1H), 7.18-7.10
(overlap, 2H), 5.53 (s, 2H), 2.40 (s, 3H}°C NMR (100 MHz, DMS0d6)5189.14,
161.59(d,J=242Hz), 141.49, 139.64, 137.20, 134.89, 129.44)(d,8 Hz), 129.03,
128.59, 128.19, 127.15, 123.28, 120.86, 115.60,381913.91, 112.93, 49.08, 21.03.
HRMS (ESI) calcd. @HigCIFNO [M+H]'m/z: 378.1055/380.1026, found:
378.1066/380.1255.

Synthesis of (5-chloro-1-(4-fluorobenzyl)-1H-indol-3-yl)(pyridin-4-yl)methanone
(21h): Compound23 was converted to compourddh as a white solid by the same
procedure as described for compo@id. m.p.: 142.1-144.7C. *H NMR (400 MHz,
DMSO-6) 6 8.81 (d,J = 1.6 Hz, 2H), 8.80(dJ=1.5Hz) 8.45 (s, 1H), 8.26 (d,=
2.1Hz, 1H), 7.72 (dJ = 1.6 Hz, 1H), 7.71 (d) = 1.6 Hz, 1H), 7.61 (d] = 8.8 Hz,
1H), 7.42- 7.36 (overlap, 2H), 7.34(db>= 8.8, 2.2 Hz, 1H), 7.22-7.11 (overlap, 2H),
5.55 (s, 2H)”C NMR (100 MHz, DMSOd6) & 188.02, 161.63(d]=242Hz), 150.24,
146.34, 140.98, 135.06, 132.69(@3Hz), 129.50(d,J=8Hz), 127.73(d,J=8Hz),
123.71, 122.13, 120.79, 115.500¢21Hz), 113.30 (d] = 16 Hz), 49.25. HRMS (ESI)
calcd. G1H1sCIFN,O [M+H]"m/z: 365.0851/367.0822, found: 365.0854/367.0844.



Synthesis of (5-chloro-1-(4-fluorobenzyl)-1H-indol-3-yl) (2-chloropyridin-4-yl)
methanone (21i): Compound23 was converted to compouritli as a sandy beige
solid by the same procedure as described for congh2la. m.p.: 124.6-127.0. H
NMR (400 MHz, Acetonad6) 68.58 (d,J = 5.0 Hz, 1H), 8.39 (d) = 2.1 Hz, 1H),
8.37 (s, 1H), 7.75 (s, 1H), 7.72 (d#i= 5.0, 1.3 Hz, 1H), 7.57 (d, = 8.8 Hz, 1H),
7.44—7.36 (overlap, 2H), 7.32 (d¥i= 8.8, 2.1 Hz, 1H), 7.14-7.07 (overlap, 2H), 5.62
(s, 2H) *C NMR(100 MHz, Acetonel6)5187.26, 163.30 (dJ=243Hz), 152.43,
151.37, 151.29, 141.32, 136.57, 133.431d,9Hz), 130.27 (dJ = 9 Hz), 129.43,
129.24, 124.94, 123.61, 122.38 Jd; 10 Hz), 116.55, 116.33, 115.00, 113.64, 50.89.
HRMS (ESI) calcd. gH1:Clb,FN,ONa [M+Na]'m/z: 421.0281, found: 421.0288.

Synthesis of (5-chloro-1-(4-fluor obenzyl)-1H-indol-3-yl)(phenyl)methanol (25):

To a stirred solution of compouriellf (500mg, 1.37 mmol) in anhydrous MeOH
(4mL) and THF (1mL) was added dropwise NaHMeOH (1mL) and NaOH (1%,
1mL) at room temperature. The reaction mixture stased at room temperature for
2-5 h. After work up, the resulting mixture wasrexted with ethyl acetate(3x50mL),
washed with brine, dried (N&0O,), and concentrated. The crude residue was purified
by flash chromatography on silica gel (ethyl acg¢troleum ether=1: 8) to give the
product25 (85mg, 67.53%). m.p.: 96.5-97@ ‘H NMR (400 MHz, Acetonel6)
07.55 (d,J = 2.0 Hz, 1H), 7.52 (s, 1H), 7.51 (s, 1H), 7.328/(overlap, 3H), 7.27 (s,
1H), 7.25-7.18 (overlap, 3H), 7.08-7.06 (m, 1HY67- 7.02 (overlap, 2H), 6.09 (d,

= 4.4 Hz, 1H), 5.37 (s, 2H), 4.69 (@ = 5.9 Hz, 1H). HRMS (ESI) calcd.
C2,H17CIFNONa [M+Na'm/z: 388.0875/390.0845, found: 388.0881/390.1012.

Synthesis  of  (5-chloro-1-(4-fluorobenzyl)-1H-indol-3-yl)(phenyl)methanone
oxime (26): Hydroxylamine hydrochloride (954 mg, 13.74 mmol)swdissolved in
EtOH/pyridine(1: 1, 5mL). The reaction mixture wstgred at room temperature for
30 min. Compouna1f (500mg, 1.37mmol) was added to the reaction soiust
room temperature. After workup, insoluble matevias removed by diatomite. The
resulting mixture was extracted with ethyl ace@*®&0mL), washed with brine, dried
(NaSQy), and concentrated. The crude residue was putiijefiash chromatography
on silica gel (acetone/Petroleum ether=1: 10) e ¢ghe produck6 (467mg, 89.70%).
m.p.: 179.6-181.8. 'H NMR (400 MHz, DMSOd6) §11.43(s, 1H), 8.19 (s, 1H),
7.55 (d,J = 8.7 Hz, 1H), 7.48-7.39 (overlap, 5H), 7.34—71@%rlap, 2H), 7.21-7.14
(overlap, 2H), 7.12 (dd] = 8.8, 2.1 Hz, 1H), 6.72 (d,= 2.0 Hz, 1H), 5.52 (s, 2K)
3C NMR (100 MHz, DMSQd6)s 161.51(d,J= 242Hz), 149.71, 137.51, 134.61,
133.75, 133.65 (dJ=3Hz), 129.25(d,J =8Hz), 128.73, 128.26, 128.10, 127.73,
124.33, 121.44, 120.42, 115.55, 112.20, 106.326148HRMS (ESI) calcd.
C2,H17CIFN,O [M+H]"'m/z: 379.1008/381.0978, found: 379.1011/381.1022.

4.3 Inhibit evaluation of compounds for LSD1

The activity of LSD1 was measured according to previous publication [10].
Compounds were incubated with the recombinant L&bd H3K4me2. Hydrogen
peroxide that produced during the demethylationL8D1 will be quantified by
Amplex Red to indicate the inhibition ability of mpounds against LSDThe data is
analyzed by GraphPad prism 6.0.

4.4 Dilution assay

Inhibitors with a concentration of 20 folds of IC%&re incubated with recombinant
LSD1. Then the mixture was diluted 80 folds to test activity. If compounds inhibit



the activity of LSD1 in a reversible manner, LSxtiaty will recovery after dilution.
The data is analyzed by GraphPad prism6.0.

4.5 Ultrafiltration assay

Inhibitors with a concentration of 20 folds of IC&@re incubated with recombinant
LSD1. Then the mixture was added to a 1K cut-offafiltration tube, and then
subjected to 10000 rpm, 10 min centrifuge. The logb@mber solution is then taken
to test whether it can inhibit the activity of LSOf.compounds inhibit the activity of
LSD1 in an irreversible manner, the compounds wélain firmly bound to the
protein and will still be in the upper chamber bé tultrafiltration tube. Then the
lower layer solution will not affect the LSD1 adtiv The data is analyzed by
GraphPad prism6.0.

4.6 Surface plasmon resonance (SPR) experiment

Studies of binding kinetics are performed on a 8iacS200 (GE Healthcare, USA).
LSD1 is aimed for an immobilization level of apprmmately 8000 RU with a CM5
sensor chip, and the running buffer is PBS-P (0.phHdsphate buffer, 0.027 M KCl,
1.37 M NaCl, 0.5% Surfactant P20, PH=7.4). Thedlitending assay is tested with
buffer and sample in 2% DMSO. Then compounds witivafold dilution series are
injected for 60s and dissociated for 300s at a ftate of 30uL/min. The data is
analyzed by Biacore S200 Evaluation Software 1.0.

4.7 Protein Thermal Shift assay

SYPRO Orange was used as the dye to indicate tdmdoand unfolding status of
LSD1. LSD1 recombinant, compound, dye, and HEPEfebwere mixed as the
sample group, while the reference group was thetumaxof LSD1 recombinant,
DMSO, dye and HEPES buffer. Melting temperature XToh sample group and
reference group is obtained by gradually increasimg temperature to unfold the
protein and measuring the fluorescence at each.pbhe fluorescence is monitored
by real-time PCR instrument (Thermo Fisher, USAJ analyzed by Protein Thermal
Shift Software 1.3 (Thermo Fisher, USA).

4.8 Cell cultures

The human acute myeloid leukemia cell THP-1 wasaiobtl from Cell Bank of
Shanghai Institute of Biochemistry and Cell Biolp@hinese Academy of Sciences
(Shanghai, China). Cells are cultured in RPMI-164€dium plus 10% fetal bovine
serum (FBS) and maintained in an incubator at Zrf€5% CQ.

4.9 Cell proliferation assay

4000 cells are seeded in a 96-well plate and theunbated for 5 days in standard
medium in the presence of compounds with differeahcentration. After the
incubation period, cells are quantified with MTTo(&bio, China). The data is
analyzed by GraphPad prism6.0.

4.10 Hematoxylin and Eosin stain

THP-1 cells are seeded in 6-well plate with difféareoncentration of compounds then
incubated for 3 days in standard medium. Afterititetbation period, medium contain
cells are centrifuged to gather the cells. Resusplea cells by PBS and apply them
evenly to low-absorbance glass. After followed stepntain staining, dehydration,
cleaning with xylene and covered by coverslips ugam (Solarbio, China), slides
are photographed by light microscope (Leica, Gej)man

4.11 Colony formation assays

Add 1 mL methylcellulose-based medium in a six-wddte, add 500 cells in every
well with different concentration of compounds,ih@pet the medium up and down
gently to mix them thoroughly. Place the plate mimcubator at 37°C and 5% GO
for 2 weeks. Pictures were taken by the light nicope (Leica, German).



4.12 Flow Cytometry Assay

Cells were seeded in six-well plate, treateddbyat 0, 0.25uM, 1 uM, 4 uM for 3
days before analysis. PerCP-conjugated mouse amtah CD86 monoclonal
antibody (Abcam, USA) is used for staining 40 n8amples were acquired using BD
Calibur flow cytometer (BD, USA) according to th@anufacturer’s instructions. Then
results were analyzed with FlowJo V7.6 software€Btar, USA).
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Compound 9e was designed and synthesized based on a lead compound obtained from our
in-house compound library.

Compound 9e inhibits LSD1 (1C50 = 1.230 uM) and shows good anti-proliferation activity in
THP-1cells.

Compound 9e can significantly increase the expression of CD86 and induce differentiation of
THP-1cells.

Compound 9e is the first irreversible LSD1 inhibitor that is not derived from monoamine
oxidase inhibitors.



