Accepted Manuscript =

Discovery of the cancer cell selective dual acting anti-cancer agent (Z)-2-(1H-indol-3-
yl)-3-(isoquinolin-5-yl)acrylonitrile (A131) D

Cheng Shang See, Mayumi Kitagawa, Pei-Ju Liao, Kyung Hee Lee, Jasmine Wong, 7,

Sang Hyun Lee, Brian W. Dymock

PII: S0223-5234(18)30567-1
DOI: 10.1016/j.ejmech.2018.07.011
Reference: EJMECH 10546

To appearin:  European Journal of Medicinal Chemistry

Received Date: 27 April 2018
Revised Date: 4 July 2018
Accepted Date: 6 July 2018

Please cite this article as: C.S. See, M. Kitagawa, P.-J. Liao, K.H. Lee, J. Wong, S.H. Lee, B.W.
Dymock, Discovery of the cancer cell selective dual acting anti-cancer agent (Z)-2-(1H-indol-3-yl)-3-
(isoquinolin-5-yl)acrylonitrile (A131), European Journal of Medicinal Chemistry (2018), doi: 10.1016/
j-ejmech.2018.07.011.

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.2018.07.011

* Mitotic dysfunction in cancer cells

*Cancer cell selective cell death

*74% tumor growth inhibition in
mouse model of colon cancer

4a (A131)
Dual mechanism of action
targeting mitosis and autophagy cells treated with 4a

Mitotic arrest, disorganized spindles,
misaligned chromosomes in Hela



Discovery of the Cancer Cell Selective Dual Acting Anti-Cancer Agent (2)-
2-(1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (A131)

Cheng Shang S&eMayumi Kitagaw4, Pei-Ju Lia6, Kyung Hee Le& Jasmine Worfg Sang
Hyun Le€and Brian W. Dymock’

'Department of Pharmacy, National University of Sipgre, 117543, Singapore

?Program in Cancer & Stem Cell Biology, Duke-NUS el School, 169857, Singapore

*
Correspondence: bwdnus@gmail.com

We dedicate this work to the memory of Professor Sang Hyun Lee.

Running Title: Discovery of the Cancer Cell SeleetDual Inhibitor A131

Keywords: Antitumor; Antimitotic; Antiproliferative; Tumor-selective



Abstract

Selective targeting of cancer cells over normalscisl a key objective of targeted therapy.
However few approaches achieve true mechanistectpéty resulting in debilitating side
effects and dose limitation. In this work we deserthe discovery of A13144), a new agent
with an unprecedented dual mechanism of actioneteng both mitosis and autophagy.
Compoundda was first identified in a phenotypic screen in @thHelLa cells treated witda
manifested mitotic arrest along with formation otltiple vesicles. Further investigations
showed that4da causes an increase in mitotic marker pH3 and &atpp marker LC3.
Importantly 4a induces cell death in cancer cells while spariogmal cells which regrow
after4a is removed. Dual activities against pH3 and LC3kais are required for cancer cell
selectivity. An extensive SAR investigation confedda as the optimal dual inhibitor with
potency against a panel of 30 cancer cell linesrgge antiproliferative GJ 1.5uM). In a
mouse model of paclitaxel-resistant colon candarshowed 74% tumor growth inhibition

when administered at a dose of 20 mg/kg IP twidaya



I ntroduction

Success in the treatment of cancer is increasselettivity between cancer cells and normal
cells can be achieved. Agents which kill cancdisaghile sparing normal cells can be given
at higher doses leading to improved efficacy wiiéancing side effects. However it has
been very challenging to find agents which haved&imentally differentiated mechanisms
between cancer and normal cells [1].

Several compounds bearing an arylacrylonitrilecttme have been shown to exhibit a range
of anticancer biological activities (Fig. 1). A == of benzotriazole-acrylonitriles
demonstrated antituberculosis activity as well aSpeoliferative activity in human tumor
cells [2-4]. Closely related triazolopyridinyl deatives were subsequently found to be
antimicrotubule agents [5]. In recent years, indotglonitriles such as Paprotraih) (were
reported to be inhibitors of the kinesin MKIp2 [G-&yclization of paprotrain derivatives
using photochemistry led to fused tricyclic compasithat showed inhibitory activities on
kinases involved in neurodegenerative disorders [9]

We started our work studyiny an inhibitor of the kinesin MKIp2 which inducesuaique
cellular phenotype of binucleation [6]. We syntlsesi the novel analogua which was
found to have unusual phenotypic properties in eanells but not in normal cells. Hence we
embarked upon a detailed study of the chemistrylaokbgy of 4a. Herein we discuss the
discovery ofda, subsequent SAR studies and characterisationlisaed in a mouse model

of drug resistant cancer.
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Benzotriazole derviatives: Triazolopyridinyl derivatives:
Antituberculosis activity, Antiproliferative activity in human tumor cells,
antiproliferative activity in human tumor cells inhibitor of tubulin polymerization

Paprotrain (1): Cyclized analogues of paprotrain: A131 (4a)
MKIp2 inhibitor Inhibitors of DYRKs and CLKs Induces cell death in
cancer cells while
sparing normal cels

Fig. 1. Examples of arylacrylonitriles with biological agties.

| dentification of compound 4a from phenotypic screening

We performed a phenotypic screen of a small in-adimsary of derivatives ofl in HelLa
cells, monitoring for visible perturbations to nsite. One compound4a (Scheme 1),
presented a unique and interesting phenotype. lbaHmlls treated witia, prolonged
mitotic arrest was observed. At the same timejmdistarge vacuole-like structures that filled

out the cytoplasmic area were also visible usihggh resolution microscope (Fig. 2).
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Fig. 2. HeLa cells stably expressing GFP-tubulin were treated with DMSO and 4a for 20 h.

White scale bar represents 5 pm.

Treatment with chloroquine, an effective late-stage inhibitor of autophagy in vitro, has been
known to result in an accumulation of double-membraned structures called autophagosomes
which can be observed using microscopy [10]. These structures contain cytoplasmic material
that will be digested upon fusion with lysosomes [11]. To investigate if the vacuole-like
structures induced by treatment with 4a were related to autophagic vesicles, the levels of
microtubule-associated protein light chain 3 (LC3) in 4a-treated cells were evaluated by
immunoblot. LC3 is a widely used marker for autophagy and it exists as two forms: LC3-I
which is found in the cytosol and LC3-II which is conjugated with phosphatidylethanolamine
and localized in the inner and outer membranes of the autophagosome [12, 13]. The amount
of LC3-II is correlated with the number of autophagosomes [12].

As shown in Fig. 3, a concentration dependent increase in LC3-II levels without any
significant changes to LC3-I levels was seen when HeLa cells were treated with increasing
doses of 4a for 6 h. Such effects were identical to that seen with chloroquine, however,

compared to chloroquine, 4a appears to be 4 to 10 times more potent as an inhibitor of



lysosome function, determined by the relative intensity ratio of LC3-II to LC-I compared to
DMSO-treated control. Consistent with these findings, immunofluorescence imaging using
antibodies against LC3 saw an increase in LC3 puncta formation following treatment with 4a,

but not with DMSO control (Fig. 4).
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Fig. 3. Immunoblot of LC3 and pH3(Ser10) in HeLa cells following treatment with
chloroquine and 4a for 6 h. The relative band intensity ratios of LC3-II to LC3-I as compared

to DMSO control (lane 1, 0 uM chloroquine and lane 7, 0 uM 4a) are indicated.
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Fig. 4. Immunofluorescence analysis of HeLa cells following treatment with DMSO and 4a
for 6 h using antibodies against LC3 and counterstaining with DAPI to visualize the nucleus.
Increased puncta formation is indicative of increase in LC3-II levels. White scale bar

represent 5 pm.

Histone H3 phosphorylated at serine 10 (pH3(Serl0)) levels were also evaluated by
immunoblot of 4a-treated HeLa cells (Fig. 3, lower panel). Accumulation of pH3 was seen in
a concentration-dependent manner with 4a but not with chloroquine, signifying that 4a has
the ability to impede mitotic progression in HeLa cells while chloroquine does not. Indeed,
examination of the mitotic spindles with immunofluorescence microscopy revealed that
spindle defects were not observed with chloroquine treatment, only HeLa cells treated with
4a were arrested in mitosis with grossly misaligned chromosomes and disorganized mitotic

spindles (Fig. 5).
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Fig. 5. Immunofluorescence analysis of HeLa cells following treatment with DMSO,
chloroquine and 4a for 6 h using antibodies against -tubulin and counterstaining with DAPI
to visualize the chromosomes. Only 4a-treated HeLa cells arrested in mitosis with

disorganized spindles and misaligned chromosomes. White scale bar represents 5 pm.

The intriguing dual phenotypic outcomes upon treatment of HeLa cells with 4a led us to
initiate a program of study to systematically investigate the structure activity relationships
between analogues of 4a, and to further characterise the most potent compounds in cellular

models.



Strategy for SAR exploration

In this study, we aimed to establish a preliminatgucture-activity relationship (SAR)
around lead compounda to elucidate the key chemical and structural festuhat are
important for the dual activities of inhibiting rattc progression and disrupting autophagy.
Medicinal chemistry efforts focused on modifyingetindole ring, introducing different
substituents to the indole ring, altering the positf the nitrogen atom in the isoquinoline
ring, as well as replacing the acrylonitrile moiatyth alternative linkers. Synthesized
compounds were evaluated using immunoblot anabfdise pH3 (Ser 10) and LC3 markers
following treatment in transformed BJ fibroblastledor 24 h at 5 pM. Relative intensity
ratios of the bands for pH3 to DMSO treated contelwell as LC3-II to LC3-1 compared to
DMSO treated control, were determined. For eacmhbitier, a less than 2-fold induction is

considered insignificant.



Chemistry

Scheme 1. Preparation of isomers and analogues of the isofjoaringl, 4a-g and6é.

N= \\ R 3a, 4a: R = 5-isoquinoline
— R a __ 3b, 4b: R = 8-isoquinoline
+ O:< - - 3c, 4c: R = 5-quinoline
H

\
T

3d, 4d: R = 4-quinoline
HN 3e, 4e: R = 8-quinoline
3f, 4f: R = 4-isoquinoline
39, 49: R = 4-(2,7-naphthyridine)
2 3a-h 3h, 1: R = 3-pyridine

Iz

4a-g,1

Reagents and Conditions: (a) &MNa, MeOH, MW 95 °C, 8.5 min, 22-74%.



Scheme 2. Preparation of indole analogu@a-i, 14a-d.
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8a-b,
8d,
8e-i

C@

7a-b,
7d,
79-i 9a-i

7a, 8a, 9a, 10a: R = 2-CHj4

7b, 8b, 9b, 10b: R = 4-Br

9c, 10c: R = 5-OCHj3

7d, 8d, 9d, 10d: R =5-F

8e, 9¢, 10e: R = 5-Cl

8f, 9f, 10f: R = 5-Br

79, 849, 99, 10g: R = 5-NHCOCH;
7h, 8h, 9h, 10h: R = 6-OCHj

7i, 8i, 9i, 10i: R = 6-Br

\

Iz

12a-e

11a, 12a, 13a, 14a: X =
11b, 12b, 13b, 14b: X =
11c, 12c, 13c, 14c: X =
11d, 12d, 13d, 14d: X =
1le, 12e: X=CH,R=H

R = (7 azaindole)

Reagents and Conditions: (a) PQ@MF, 0 °C to RT, 1.5 h

,R

10a-i

, 49-90%; (b) KCN, NagH

MeOH/formamide, 55 °C, 16 h, 39-76%; @, CH;ONa, MeOH, MW 95 °C, 8.5 min or

sealed tube 75 °C, 16 h, 15-94%: (d) €NH, HCHO, AcOH, HO, RT, 16 h, 66-97%; (e)

KCN, CH;l, EtOH/H,O, RT, 16 h, 39-71%.



Scheme 3. Preparation of intermedia#g and indazole analogé.
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Reagents and Conditions: (a),i?d/C, EtOH, RT, 2.5 h, 53%; (b) GEOCI, EtN, DCM, rt,
3 h, 85%; (c) NaN@ HCI (aqg), dioxane/bD, RT, 2 h, 7%; (d) KCN, NaBH
MeOH/formamide, 55 °C, 16 h, 60%; (83, CH;ONa, MeOH, sealed tube 75 °C, 16 h, 15-

15%.



Scheme 4. Preparation of analogués, 24-27.
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Reagents and Conditions: (a) BBMeCN, 90 °C, 22 h, 28%; (b) (COgIDCM, RT, 2 h; (c)
EtN, THF, RT, 16 h, 42% (2 steps); (d) Pulverized K@MBuUOH, reflux, 18 h, 39%; (e)

NaBH,;, THF/MeOH, 75 °C, 40 h, 20%; (f) GH NaH, THF, 0 °C to RT, 4 h, 88%.



Scheme 5. Preparation of analogu&ga-c, 36a-c.
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30a:R = (CHz)ZoCH:g, 32a:R = (CHz)ZoCH:g,
30b: R = (CH,),C(OCH,),,  32b: R = (CH,);C(OCH,),,

30c: R = (CH,)3Cl 32c: R :3{\%@ -~
d

c

3lc

10e: R = 5-Cl, 35a: 5-substituted, 36a: 5-substituted,
10i: R = 6-Br, 35b: 6-substituted, 36bh: 6-substituted,
14c: R=7-Br 35c¢: 7-substituted 36¢: 7-substituted

Reagents and Conditions: (a),HPd/C, THF, RT, 7 h, 84%; (b) Alkyl halide ,€03;, DMF,
50 °C, 16 h, 45-62%; (&Qa, CHsONa, MeOH, MW 95 °C, 8.5 min or sealed tube 75F€&h,
7-76%; (d) Pyrrolidine, KCO;, Nal, MeCN, reflux, 40 h, 78%; (e) Pyrrolidine, FHRT,

40 h, 16%:; (733, Pd(OAC) XPhosCsCOs THF/H,0, 85 °C, 24 h, 53-59%.



The general approach for the synthesis of the awityiles entails firstly the preparation of
various indole-3-acetonitrile precursors  followed y b condensation  with
isoquinoline/quinoline/pyridine-5-carboxaldehydes 3a-ft) in a  Knoevenagel-like
condensation reaction using sodium methoxide aséise to afford the final compounds
(Scheme 1) [6]. The reaction was performed in ardiys methanol in a sealed glass tube at
75 °C for 16 h in darkness. Microwave irradiatidraghigher temperature of 95 °C allowed
the reaction time to be shortened to 8.5 min. A loemof the final compounds exhibited
limited solubility in methanol. Reducing the solteolume by evaporation and then chilling
the mixture in an ice-bath facilitated precipitatiof the desired products. For the more polar
compounds that dissolved well in methanol, flaslhurmm chromatography and subsequent
recrystallization furnished the desired productgaod purity. X-ray single crystal analysis
of 4a revealed that th&-configuration (heterocycles on opposite sideshefdouble bond)
was obtained as the predominate isomer from thetioma All compounds were obtained as
single isomers except fdOa and10b, which were isolated as inseparable mixtures ik
ratios of 88:12 and 75:25, respectively.

Two synthetic routes were employed for the prepamatof the indole-3-acetonitrile
precursors (Scheme 2). Starting from a wide vartgtgommercially available substituted
indoles 7a-b, 7d, 7i (reduction of 5-nitroindole 16) to 5-aminoindole X6) followed by
acetylation allowed access to the acetamide-suteditindole7g (Scheme 3)), a formyl
group was first introduced at the 3-position via tfilsmeier-Haack reaction. This was
followed by a one-pot sodium borohydride reductonl cyanide displacement to obtain the
indole-3-acetonitrile intermediat@a-i. Alternatively, the starting indoles were subjeécte a
Mannich reaction to generate the gramifia-e, which underwent subsequent substitution
by the nucleophilic cyanide anion to afford thealed3-acetonitrile intermediatdSa-d. The

key precursor to the synthesis of the indazoleagued20 is the 3-formyl-indazole fragment



18. By reacting indolel7 with sodium nitrite under acidic conditions, tiiéermediate was
successfully synthesized, but only in a meagredyadl 7%. Nevertheless, the subsequent
nitrile transformation and condensation steps mded smoothly in good vyields, rendering a
straightforward overall route to indazde (Scheme 3).

Following the procedure reported by Low and Magoovedil4], alkene-linked21l was
prepared through the direct coupling of gramile with isoquinoline-5-carboxaldehydaa)

in an operationally simple and efficient phosphmeediated reaction (Scheme 4). Amide
bond formation between indole-3-carboxylic acd?)(and 5-amino-isoquinolineé28), using
oxalyl chloride to generate the acyl chloride, edfd the amide-linked analogud in
moderate yield. Under reflux conditions in the prese of pulverized potassium hydroxide
andt-butanol, the nitrile group ida was transformed to a primary amide to furrZS8hwhich
was isolated as an inseparable 752B mixture. Reducing the double bond 4a using
sodium borohydride provide#6, while sodium hydride-assisted methylation of theole
nitrogen inda yielded27 in good yield.

A series of compounds exploring different alkoxypstituents on the indole 5-positiod2a-

c) were prepared according to the approach summainz8dheme 5. The versatile hydroxy
building block 29 was prepared from commercially available 5-bengyiltdole-3-
acetonitrile 28) in good yield using a chemoselective hydrogematitcethod described by
Maegawaet al [15]. In this reaction, the catalytic activity g@alladium on carbon was
partially suppressed by the aproptic solvent THEftect O-debenzylation without reducing
the aliphatic nitrile. Alkylation o9 gave the intermediaté&®a-c. The displacement &0c
with pyrrolidine provided1c which led to more soluble compouB2c.

To install an ionizable basic centre tethered ® itidole ring by a short methylene linker,
Molander's procedure was utilized [16]. Potassiwomiotrifluoroborate §3) was stirred with

pyrrolidine at room temperature for 40 h to affopdtassium pyrrolidin-1-yl-methyl-



trifluoroborate 84). The ensuing Suzuki-Miyaura cross coupling withorbo/chloro-
substituted indole-3-acetonitriled®e, 10i, 14c using palladium acetate, XPhos and cesium
carbonate proceeded smoothly to afford intermesi2ia-c which underwent Knoevenagel-

like condensation witBa to furnish the more soluble analogusés-c.

Results and Discussion

Structure-activity relationships

Investigation of the isoquinoline ring dh was carried out with a series of quinoline and
isoquinoline analogues exemplified in Table 1. Bposing the nitrogen atom to other
regioisomeric positions on the fused bicyclic rimad a striking impact on both mitosis and
LC3-1l induction activity. Simply moving the nitreg round the ring by one position to
create the isomeric isoquinolindb abolished activity against both pH3 and LC3-lI
biomarkers. This dramatic SAR likely indicates ahty specific interaction, possibly a
hydrogen bond acceptor, being made by the nitrofd¢ime 5-isoquinoline ring with a cellular
target, as opposed to a change in physicochemiogkpies reducing cell penetration by a
large margin. Similarly, shifting the nitrogen opesition further to give the 8-quinolink

or to the other ring giving 4-isoquinolind and 4-quinolinedd also abolished activity for
both pH3 and LC3-II biomarkers. On the other hahd, 5-quinolinedc exhibited a notable
pH3-selective profile with strong anti-mitotic paty (more than 10-fold increase in pH3
levels) without LC3-1l activity. Interestingly, irdducing another nitrogen atom into the 5-
isoquinoline ring to afford the 2,7-naphthyridinfdanaloguedg resulted in the loss of both
pH3 and LC3-Il activities. MKIp2 inhibitor Paprotra(1), which bears a smaller monocyclic
3-pyridine ring, was inactive for both pathwaysggesting that the dual activities 44 on

both markers is not due to MKIp2 inhibition. Evidgnthe precise placement of the nitrogen



atom(s) in the bicyclic aromatic system is absduteucial to enable the dual mode of action

of 4a.



Table 1. Fold induction for pH3 and LC3 for isomers and agakes of the isoquinoline ring

tested at a concentration ofi.

Fold induction (pH3

Fold induction

Compound R
(Ser10))? (LC3-11 / LC3-1)?
4a \ N 7.3 5.0
4b \ 1.5 0.7
// _N
4c "N 105 0.7
N
78\
4d o 1.4 0.4
de N\ 1.3 0.6
// N_
N
7\
4f _ 1.3 0.7
N
7\
49 /N 1.4 1.0
, N
/ \
1 N 1.2 1.1




% The band relative intensity ratios were determified pH3 (Ser10) to DMSO treated

control, as well as LC3-Il to LC3-1 as comparedidSO treated control.

Next, we set out to modify the acrylonitrile bridgennecting the isoquinoline and indole
rings (Table 2). Reducing the central double bandllow free rotation of the two aromatic
rings @6) abolished activity for both pH3 and LC3-1l markeirhis suggests that the central
double bond could be responsible for constrainiregaromatic rings in a configuration that is
critical for both anti-mitotic and LC3-II inducticfunctions. Removing the nitrile group 4a

to afford a disubstituted alken21j) retained strong LC3-1l potency without activityr fpH3.
When an amide group was employed as the linkageeeet the aromatic ring24), activity
for both biomarkers was lost. Converting the retigroup in4a to a larger primary amide
moiety afforded25 which was also not active at the concentratiotetesTogether, these
observations suggest that the nitrile group isyadteuctural feature required for anti-mitotic

activity whereas LC3-Il potency is preserved witkiraple alkene linker.



Table 2. Fold induction for pH3 and LC3 for linker analoguglscompound4a tested at a

—\
>: N
X=Y

concentration of M.

HN

Fold induction (pH3 Fold induction
Compound X-Y
(Ser10))* (LC3-I1 /LC31)?

N
N ,
4a N 7.3 5.0

21 = 1.3 5.4
O K
24 }>—NH 1.4 0.4
0]
25 MNT 1.3 0.6
// H

N
N ,
26 \ 1.2 0.3

% The band relative intensity ratios were determified pH3 (Ser10) to DMSO treated

control, as well as LC3-Il to LC3-1 as comparedidSO treated control.

Exploration of the effects of different substitugiat all the available positions of the indole
ring was studied with a wide range of compound$lg@8). Installing a methyl group on the
indole C-2 (0a) was unfavourable as both pH3 and LC3-Il actigitiwere eliminated.

Introducing a bromine atom at the 4-position aksuited in an inactive compountDb). At



the 5-position, addition of a nitro group4é) afforded a very poorly soluble compound that
tested inactive for both pH3 and LC3-1l markers. Acetamide moiety1lQg) was not
tolerated either as it failed to increase the kewélthe two biomarkers. Varying effects were
observed when different halogen atoms were intredwt the 5-position. Activity on both
fronts was abolished with fluoro substitutddd. A small 2-fold increase in LC3-1I/LC3-I
was seen with chloralQe) while pH3 and LC3-Il induction improved to 2-folhd 4-fold,
respectively, for 5-bromo compoud@f. However, when the bromo substituent was located
at positions 6 10i) and 7 (4c), LC3-ll activity was attenuated. Installing are@ron
donating methoxy group at positions 5, 6 and 7rd#d analogued0c, 10h and 14b,
respectively, with moderate dual activities in tiaage of 2.5 to 4.5-fold induction of both
biomarkers. Extending the 5-methoxy group intoltreger methoxyethoxy side chaid2g)

led to the decline of pH3 activity while maintaigihC3-II activity. Bulkier dioxolane32b)
suffered loss of activity against both pathwaysproving aqueous solubility was one of our
goals, hence we made significant efforts to instddasic centre where possible. Interestingly,
attaching a longer pyrrolidinopropyloxy side ch&B2c), which we expected to be inactive
given the result from the similar siz€2b, demonstrated strong single activity for LC3-II.
The anti-mitotic pH3 activities were abrogated karcellent LC3-1I potency (6-fold
induction) was achieved with this compound. Likesyisattaching a pendant basic
methylpyrrolidine moiety to the 5, 6 and 7-posigBof36a, 36b and36c, respectively), also
aimed at improving aqueous solubility, resultedi@ny similar LC3-II active but non-mitotic

profiles.



Table 3. Fold induction for pH3 and LC3 for substitutions tire indole ring tested at a

concentration of M.

Fold induction

Fold induction (LC3-

Compound R Position
(pH3 (Ser10)) Il /LC3-1)?
4a H - 7.3 5.0
10a Me 2 1.1 0.7
10b Br 4 1.1 0.5
10c OMe 5 3.0 3.2
10d F 5 0.9 0.5
10e o] 5 1.4 2.0
10f Br 5 2.1 4.0
14a NO, 5 0.9 0.6
10g NHCOCH; 5 1.2 0.5
32a o ™0 5 1.6 3.2
(0]
32b ‘5 NL} 5 1.0 0.7
32¢ \\O/\/\D 5 0.9 6.0
36a \\/D 5 1.0 3.3
10h OMe 6 4.3 2.6



Fold induction Fold induction (LC3-

Compound R Position
(PH3 (Ser10))? Il /LC3I)?
10i Br 6 1.6 0.7
360 D 6 1.1 57
S
14b OCHs 7 39 2.7
1l4c Br 7 14 2.2

36¢ X D 7 0.8 3.7
S

® The band relative intensity ratios were determified pH3 (Ser10) to DMSO treated

control, as well as LC3-Il to LC3-1 as comparedidSO treated control.

Methylating the indole nitrogen2{) led to a conspicuous loss of both pH3 and LC3
activities, suggesting that the indole N-H couldnbaking a key hydrogen bond interaction
with its molecular target(s) responsible for itadmode of action (Table 4). Efforts were
also put into exploring potential bioisosteres rmdale such as indazole, 7-azaindole and 2-
benzimidazole in the hope of engendering compownitts improved potency. However,
these endeavours ultimately proved disappointing. dgtivity was observed with the 2-
benzimidazole analogu&)(while the indazole compoun@Q) showed only feeble LC3-II
activity. 7-Azaindolel4d was found to exhibit exceptionally poor solubil{fyoorly soluble
even in DMSO). This is most likely because of i&g bverall conformation facilitating tight
packing within the crystal lattice enabling thenf@tion of hydrogen bonds between the N-H

of one azaindole molecule and the N-7 of another.



Table 4. Fold induction for pH3 and LC3 for other analogwéghe indole ring tested at a

concentration of M.

Fold induction (pH3 Fold induction

Compound R
(Ser10))? (LC3-I1 /LC31)?
27 /% doedl 1.6
l/\l/
20 HN 14 2.0
14d H% 1.8 1.4
N\
HN—
6 N 1.1 1.2

% The band relative intensity ratios were determified pH3 (Ser10) to DMSO treated

control, as well as LC3-Il to LC3-I as comparedi@SO treated control.



Through this SAR study, compounds with dual agggiton pH3 and LC3-1l biomarkers
(10c, 10f, 10h, 14b), as well as compounds with single activity selector LC3-11 (21, 32a,
32c, 36a, 36b, 36c) and a compound with single activity selective [pt3 @c) have been
obtained. Lead moleculda exhibits a high degree of structural specificity &xerting the
dual effects of mitosis inhibition and LC3-1I indian. All of the structural features dh are
critical for its dual actions including the acryitite linker, specific position of the
isoquinoline nitrogen and the indole ring with @pi@l 5-position substitution. The SAR
landscape around the indole ring suggests a olifpH3 activity as substitution on the indole
generally led to a considerable drop in pH3 potemtycontrast, LC3-II potency appears to
be more tolerant of substitutions at the indolatpmss 5, 6 and 7 (Fig. 6). From this work we

conclude thatla remains the most potent dual-acting compound ifieshthus far.
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Fig. 6. Summary of key structure-activity relationshigA@® findings.



Evaluation of cell death in isogenic normal and transformed BJ fibroblasts

Compounds were classified into four groups basetherSAR analysis: Group 1 compounds,
which are active against both pH3 and LC3 mark@rsup 2 compounds, which are active
against LC3 only; Group 3 compounds, which arevactigainst pH3 only; and Group 4
compounds, which are inactive against both pH3 BG8 markers. Selected compounds
from the various groups were evaluated for theea$ on cell death in isogenic normal BJ
cells and transformed BJ cells (Fig. 7). Followtrgatment with each compound at 5 pM for
48 h, the percentage of cells in the sub-G1 pras@dicator of the extent of cell death, was
determined. Compounda, a group 1 compound with strong dual activitieshileited a
strong cell-killing effect in transformed cells babt in normal cells. This transformed cell
selectivity was not seen in compounds from growp group 3. Group 3 compoudd killed
both transformed and normal cells with less selggtthan 4a while group 2 and group 4
compounds did not kill either normal cells or tdfamsed cells. This suggests that dual
activity against both pH3 and LC3 markers are neglufor inducing selective cancer cell

death.
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Analysis of tumor versusnormal cells

Evaluation of the antiproliferative effects of praled compounda in a wide panel of cancer
cell lines and in a small panel of normal cellsigated a higher sensitivity for cancer versus
normal cells (Fig. 8A). Remarkably, a clear sewsitiof the vast majority of tumor cells
over normal cells was seen. The meagy&bm a panel of 30 cancer cell lines was 1.5 +
0.9uM and for a panel of 5 normal cells the mean w&st®.6uM. Comparing between cell
lines with different cell backgrounds is tenuougnte to achieve a more objective
comparison isogenic normal human BJ foreskin fitasis and transformed BJ fibroblasts
may be compared. Compoudd showed good selectivity for transformed cells avermal
cells (8.5 fold difference in 14s).

We further studiedda in two normal cells lines: the cardiomyocyte ACafd mouse
hepatocyte TAMH. We were pleased to find thatwas less toxic to these cells lines when
tested at the high concentration of 50 uM (AC10 &bty at 50 uM = 77.6% * 7.2% and
TAMH % viability at 50 pM = 57.3% + 4.6%).

This cancer cell selective effect was then inveséid in apoptosis assays monitoring
caspase-3/7 activation and cleaved PARP. Compdandduced apoptosis in transformed
BJ cells, buhot in the normal BJ cell counterpart (Fig. 8B and E)rther assessment 4s

in the AMES test indicated that the compound was matagenic (see Supplementary

Information).
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Fig. 8. Differential effects in normal versus transfornostls highlights cancer cell selective
mechanism ofla. (A) MTT assay of human normal and cancer cediditreated witda for

72 h (n=3). Mean concentration values4arto achieve 50% growth inhibition (&@) in

each cell line are plotted with £ S.D. (B)) Normal and transformed BJ cells were treated
for 48h with the indicated concentrationsdaf Selective increase in combined activity of
caspase-3/7 in transformed BJ cellsdhytreatment is shown. Mean values with + S.D. are
shown (n=3). Two-tailed unpaired t tests were pent to determine statistical significance.

(C) Immunoblot analysis of cleaved PARP and casf3g€zas-3) indicatinga-induced



apoptosis in transformed BJ cells (lanes 5, 6) notinormal counterparts (lanes 2, 3).

Representative immunoblots shown (n=3).

To demonstrate that normal cells are not permayerftécted following treatment ofa, a
wash-out study was performed (Fig. 9). Normal Bsagere treated witlda (5 uM) for 2, 4

and 11 days. When drug is washed out after 2 @y4 the cells begin to proliferate again.
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Fig. 9. Normal cell wash out shows cells regrow when daergoved. Normal BJ cells were
synchronized at the 3hase by serum starvation (0.1% FBS) for 2 dayss&guently, the
cells were synchronously released in fresh medila 4% FBS and then treated with

(5 uM) for 2, 4 or 11 days. After 2 or 4 days was removed and cell proliferation continued
in fresh media for up to 11 days. The total nunmddezells at various time points were
calculated using automated cell counter (SCEPTO&¢K) and mean values with + S.D. are

shown (n>6).



Antiproliferative effects of 4ain colony formation assays

The antiproliferative effects ofa on HelLa cells growing anchorage-independentlyaft s
agar were next evaluated. Soft agar colony forma#issays more accurately capture the
features ofn vivo tumors growing in three dimensions than canceéiioels growing in ann
vitro tissure culture [17]. As shown in Fig. M treatment resulted in a significant reduction
in the number of HelLa colonies grown in soft agaaidose-dependent manner. Notably, a
50% reduction in number of HelLa cell colonies washieved with sub-micromolar

concentrations oda.
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Fig. 10. Number of HelLa colonies in soft agar cultures widid treatment at various

concentrations.



I nvestigationsinto the Michael acceptor reactivity of 4a

Owing to the acrylonitrile motif ida, it could be possible thda acts as a Michael acceptor
as some acrylonitriles have been reported to foavalent adducts with thiols [18]. To
evaluate the general Michael acceptor reactivitgaptthe NMR-based protocol described by
Avonto et al was applied [19]. Using cysteamine (5.7 equivaerats the electrophile-
trapping agent, no adduct formation was observeah upcubation witida in DMSO at room
temperature up to 24 h (Supplementary Figure S4yerGthe lack of reactivity with
cysteamine and the strict SAR requirements for dafvity, it is unlikely4a exerts its action

through a general electrophilic modification of fgins.

I'n vitro microsomal stability evaluation

A few dual-acting compounds were shortlisted florvitro rat liver microsomal stability
testing. In the presence of male rat liver microssfia was metabolized rapidly with a half-
life (t12) of 7.7 min (Fig. 11). However, metabolism in fdeneat liver microsomes was much
slower (&2 approximately 40 min). As such, the metabolic isitglof 4a is regarded to be
gender dependent. As CYP3A and CYP2C are presenal@ rat liver microsomes but not in
female rat microsomes, these two isoforms are nlikety to be responsible for the
metabolism o#la.

Better stability in male rat liver microsomes,{tapproximately 20 min) was seen with 5-
methoxy 10c and 5-bromolOf, suggesting that the indole 5-position is a mdtealky
vulnerable site. Introducing a fluorine atom todkametabolism, a commonly used strategy
[20], was not viable in this case as the resuldrtuoro analogudlOd did not affect either

pH3 or LC3 markers.
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Formulation of 4afor in vivo studies

The poor aqueous solubility ofa presented a major obstacle to further study of the
compoundn vivo. As described earlier, the SAR does not tolerageinstallation of a basic
centre to enhance solubility. We next turned toranfilation approach to address this issue.
The hydrochloride salt ofla (4a.HCI) was first prepared. The goal was to develop a
injectable solution of 1 mg/mL intended for variotsutes of administration in rodents
(Supplementary Table S3). We aimed to achieve dhgeted solubility with the simplest
possible formulation employing pH adjustment, toelage the ionizable weakly basic
isoquinoline ida, in combination with various pharmaceutically guedle co-solvents [21].
Solubilities attained with different combinationd oo-solvents at different pHs were
guantified by HPLC analysis (Supplementary Tablg. &bncentrations of over 1 mg/mL
were obtained with several formulations and a fdatmn consisting of 10% DMSO, 50%
PEG400 and 40% water pH 5.0 (Supplementary Tablevdd chosen for subsequéntvivo

studies.



In vivo pharmacokinetics of 4a

4a, the most potent dual-acting compound, was seledw pharmacokinetic and
bioavailability evaluation in male Wistar rats (Fi and Table 5). The hydrochloride salt of
4a was formulated as a 1 mg/ml solution in 10% DM$&0% PEG400, 40% water pH 5
buffer foriv and oral administration at doses of 2 mg/kg andhjtkg, respectively. The area
under curve (AUC) obtained followiniy administration was found to have a small relative
standard deviation of 16%. In contrast, AUC forl @@ministration showed greater variation.
Absorption appeared to be variable between aninkas.two out of three rats,Jjx was
approximately 20 min, suggesting rapid absorptidn tlee compound following oral
administration. The terminal half-life fov administration was short (0.36 h), consistent with
the findings of poor metabolic stability in ratéivmicrosomal stability studies (7.7 min in
male rat liver microsomes). A significant first-pasffect arising from poor microsomal
stability is expected for oral administration 4d.HCI as well. The oral bioavailability was

calculated to be 43%.
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Fig. 12. Plasma concentration-time curves 4d.HCI in rats following (a) intravenous

injection of 2 mg/kgda.HCI and (b) oral administration of 10 mg/4g.HCI.



Table 5. Pharmacokinetic parametersdafHCI in rats.

Intravenous injection of 2 mg/kép.HCI?
ti2(h) AUCo. (Hg/L*h) AUCo-. (1g/L*h) MRT (h)

0.36 (0.04) 819.86 (134.45) 821.82 (134.30) 0.208)0

Oral administration of 10 mg/k¢p.HCI?

AUCO-t AUCO-oo Cmax
t12(h) Tmax () MRT (h) F (%)
(ng/L*h)  (ng/L*h)  (nglL)

1693.53  1768.93  1132.00
1.6 (0.4) 0.72 (0.68) 1.89 (0.59) 43
(656.29)  (618.70)  (747.54)

®Mean (+ SD), n = 3 animals per study.andpo formulation vehicle: solution in PEG400,

DMSO, water pH 5 (50:10:40 v/v/v)

Evaluation of 4ain a mouse xenogr aft model of colon cancer

Given its unique cancer cell selectivity, we evidddead compounda in a mouse model of
colon cancer. Mice bearing HCT15 tumors, a ce# kivhich carries a K-Ras mutation (G13D)
and is resistant to paclitaxel (PTX) [22], wereatezl with 4a intraperitoneally (IP).
Treatment with PTX did not result in any signifitaamor growth inhibition (TGI). At a
dose of 20 mg/kg IP twice per day the TGHafwas 74% (Fig. 13). This data indicate that
4a is efficacious in retarding tumor growth in theugmresistant cell line HCT15. This study

supports further investigation d& to ascertain the breadth of its antitumor effects.
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Fig. 13. Mice bearing established tumor xenografts weratéck intraperitoneally (IP) twice
daily with 4a (20 mg/kg). Tumor volumes were calculated perialtijc as indicated.
Paclitaxel (PTX) was administered intravenously, (60 mg/kg) twice every 4 days. Mean
tumor volumes = SEM from 6 mice are shown. Two-waMOVA was performed to

determine statistical significance compared to eehtontrol.

Conclusions

Following the phenotypic-driven discovery df, derived from1, an extensive SAR
campaign explored three key areas of the moledillsing the mitotic marker pH3 and the
autophagy marker LC3. Very few compounds mainthithe dual profile o#da and none
could match its potency. A key benefit of the umiquiofile of4a is its cancer cell selectivity:

in a number of cancer cell lines studdéacaused mitotic dysfunction and induced apoptosis
whereas in normal cells studieth did not induce cell death. When treatmentd4af is

withdrawn normal cells continue to grow. The medsigmbehind this cancer cell selective



effect is further explored elsewhere [23]. In a s®unodel of paclitaxel-resistant colon
cancer4a inhibited 74% of tumour growth with no effects omouse body weight. Further

studies to improve the vivo profile of 4a will be reported in due course.



EXPERIMENTAL

Synthesis of compounds

All non-aqueous reactions were performed in oveeedround bottom flasks under an inert
nitrogen atmosphere unless stated otherwise. Cocmtigravailable AR grade solvents or
anhydrous solvents packed in resealable bottlese wered as received. All reaction
temperatures stated in the procedures are exteatiatemperatures. Unless otherwise stated,
commercial reagents were purchased from Sigma dkdrAlfa Aesar, TCI Chemicals,
Combi-Blocks or Ark Pharm, and used as receivetiaut further purification. Yields refer
to chromatographically and spectroscopically homeges materials, unless otherwise
stated. Reaction progress was monitored by analythe layer chromatography (TLC) with
0.25 mm Merck pre-coated silica gel plates (60F)2&4ng UV light (254 nm) as visualizing
agent, and ceric ammonium molybdate or potassiumagreganate solutions as developing
stains. Flash chromatography was performed orasget 60 (0.040 — 0.063 mm) purchased
from SiliCycle or Merck.'"H NMR, *C NMR and'®F NMR spectra were recorded on a
Bruker Avance 400 Ultrashield (400 MHz) NMR speateier at ambient atmosphere. The
deuterated solvents used were CPHADMSO-d6, and acetondé. Chemical shifts are
reported in parts per million (ppm), and residuateuterated solvent peaks were used as
internal reference: proton (7.26 ppm for CRA.50 ppm for DMSQi6, and 2.05 ppm for
acetoned6), carbon (77.16 ppm for CD£139.52 ppm for DMSQi6, and 29.84 ppm for
acetoned6). 'H NMR coupling constantsl) are reported in Hertz (Hz), and multiplicitieg ar
presented as follows: s (singlet), d (doublet}riplet), m (multiplet), and br (broad). Low
resolution mass spectra were obtained on an Agil#B0B Quadrupole LC/MS in ESI mode
with an Agilent 1260 Infinity LC system using a Th®Scientific Hypersil 150 x 2.1mm 5
micron column or a Shimadzu LCMS-2020 in ESI moBarity of the compounds were

assessed by high performance liquid chromatogradphydetection at 254 nm using an



Agilent 1200 series HPLC system with a Zorbax SEB-Glmicron 4.6 x 250 mm column
using a gradient elution starting from a 5% solutad acetonitrile / 1% trifluoroacetic acid
(TFA) and a 95% solution of water / 1% TFA to a #6olution of acetonitrile / 1% TFA at
0.5 mL per minute over 15 min. Purity of each commpbwas determined from the area of
the major peak compared to the total area of psed#s on the chromatogram.

General procedureA:

Microwave method: To an indole-3-acetonitrile derivative (1.0 equilssolved in anhydrous
methanol (4 mL for 2.31 mmol of starting material) a dried microwave vial, sodium
methoxide (1.7 equiv) was added and stirred at reemperature for 15 min protected from
light. Quinoline/isoquinoline-carboxaldehyde detiva (1.2 equiv) was added and the
mixture was subjected to microwave irradiation &f@ for 8.5 min. The reaction was cooled
to room temperature and then chilled in an icelsatih. The resulting precipitate was filtered,
washed with methanol, and dried under vacuum twréfh solid as the product.

Sealed tube method: To an indole-3-acetonitrile  derivative (1.0 equiv
qguinoline/isoquinoline-carboxaldehyde derivatived(g&quiv), sodium methoxide (3.0 equiv)
in a dried glass reaction tube, anhydrous meth&b®lmL for 7.72 mmol of indole-3-
acetonitrile derivative) was added. The reactidretwas sealed and heated at 75 °C in an oil
bath for 16 h protected from light. The reactiorsvaiowed to cool to room temperature and
then chilled in an ice/salt bath. The resultingcpitate was filtered, washed with methanol,
and dried under vacuum to afford a solid as thelyeb

General procedureB:

An indole derivative (1.0 equiv) was dissolved itetic acid (1.7 mL for 3.23 mmol of
starting material) and water (1.7 mL for 3.23 mrmbstarting material) and chilled to 0 °C in
an ice bath. Formaldehyde 37% w/w inQH(1.25 equiv) and dimethylamine 40% wi/w in

H,O (1.75 equiv) was then added. The reaction wasvall to warm to room temperature



and stirred for 16 h. The reaction was quencheddayng ice and basified to pH 12-14 with
5N NaOH. The resulting mixture was extracted witthtbromethane 3 times. The combined
organic layer was washed with brine, dried overydnbus sodium sulphate and evaporated
under vacuum to obtain the gramine product which used in the next step without further
purification.

General procedure C:

A gramine derivative (1.0 equiv) was dissolved tima@ol (5.5 mL for 1.34 mmol of starting
material) and water (0.55 mL for 1.34 mmol of steytmaterial). The gramine solution was
added to potassium cyanide (2.0 equiv) preparedseparate flask. lodomethane (2.6 equiv)
was added and the reaction was stirred vigoroushp@nm temperature for 16 h. Saturated
sodium bicarbonate was added to quench the readtlowed by extraction with ethyl
acetate thrice. The combined organic layer was adshith brine, dried over anhydrous
sodium sulphate and concentrated vacuo. Purification by flash silica gel column
chromatography afforded the indole-3-acetonitrgevhtive product.

General procedureD:

To a dried two-neck round-bottom flask containingl® (0.7 mL for 1.10 mmol of starting
material) chilled in an ice bath, PQCIL.95 equiv) was added slowly. After stirring 20
min, a solution of an indole derivative (1.0 equiv)DMF (3 mL for 1.10 mmol of starting
material) was added dropwise. The reaction wasvallioto warm to room temperature and
allowed to stir for 1.5 h. The reaction was queinichg adding ice followed by 1N NaOH (40
mL) dropwise in an ice bath. The crude mixture \@lswed to stand at room temperature
and the precipitate formed was filtered to affdrd 8-formyl-indole derivative product.
General procedureE:

To a flask containing a 3-formyl-indole derivati{e0 equiv) and sodium borohydride (3.0

equiv), methanol (9 mL for 1.0 mmol of starting ev&l) and formamide (9 mL for 1.0



mmol of starting material) were added and stirredoc®m temperature for 15 min. The
mixture was added to potassium cyanide (10.0 equefpared in a separate flask and stirred
at 55 °C for 16 h. The reaction was quenched byngdarine and a few drops of 5N NaOH,
followed by extraction with dichloromethane thriddie combined organic layer was washed
with brine, dried over anhydrous sodium sulphateé @mncentrateth vacuo. Purification by
flash silica gel column chromatography affordeditigole-3-acetonitrile derivative product.
General procedureF:

To a solution of intermedia@9 (1.0 equiv) in DMF (5 mL for 0.99 mmol starting teaal),
alkyl halide (3.0 equiv) and potassium carbonat® &juiv) was added. The reaction was
stirred at 50 °C for 16 h. The mixture was pourgd water and extracted with ethyl acetate
thrice. The combined organic layer was washed Wwithe, dried over anhydrous sodium
sulphate and concentratedvacuo. Purification by flash silica gel column chromataghy
afforded the 5-alkoxy-indole-3-acetonitrile product

General procedure G:

To a dry reaction flask, bromo/chloro-indole-3-acetrile (1.0 equiv), intermediaté4 (1.2
equiv), XPhos (0.06 equiv), Pd(OAQ)0.03 equiv) and (3.0 equiv) were added. The flask
with an attached condenser, was sealed with arseatd purged with nitrogen. A degassed
mixture of 10:1 THF/HO (2.5 ml for 0.262 mmol of indole starting matérieas added and
the mixture was heated at 85 °C for 24 h. After taction was allowed to cool to room
temperature, the mixture was poured into water etichcted with ethyl acetate thrice. The
combined organic layer was washed with brine, doedr anhydrous sodium sulphate and
concentratedn vacuo. Purification by flash silica gel column chromataghy (85:15:0.015
dichloromethane/methanol/ammonium hydroxide soitefforded the product.

(2)-2-(1H-indol-3-yl)-3-(pyridin-3-yl)acrylonitrile (1)



Compoundl (103 mg, 0.420 mmol) was prepared as an yellowd sistbm indole-3-
acetonitrile (115 mg, 0.736 mmol) and 3-pyridineboxaldehyde (86.3 ul, 98.5 mg, 0.920
mmoles) according to general procedure A microwae¢hod. Yield: 58%. HPLC RT 11.56
min; HPLC purity 99.65%'H NMR (400 MHz, DMSOs6) &: 11.80 (bs, 1H), 8.99 (s, 1H),
8.59 (d,J = 4.6 Hz, 1H), 8.34 (d] = 8.0 Hz, 1H), 8.10 (d] = 7.8 Hz, 1H), 7.83 (d] = 10.9
Hz, 2H), 7.58 — 7.49 (m, 2H), 7.22 (di,= 14.8, 7.2 Hz, 2H)**C NMR (100 MHz,
DMSO-d6) &: 149.94, 149.58, 137.26, 134.53, 132.49, 130.7%.2B, 123.67, 123.54,
122.63, 120.65, 119.60, 118.03, 112.52, 110.50,0008/S (ESI)m/z 246.1 [M+1].
(2)-2-(1H-indol-3-yI)-3-(isoquinolin-5-yl)acrylonitrile (4a)

Compound4a (114 mg, 0.386 mmol) was prepared as a yellowds@iom indole-3-
acetonitrile (120 mg, 0.769 mmol), isoquinolinedrwoxaldehyde (147 mg, 0.938 mmol)
and sodium methoxide (71 mg, 1.307 mmol) accordingeneral procedure A microwave
method. Yield: 47%. Yellow crystals were obtainedrbcrystallization using acetone and
methanol. HPLC RT 11.97 min; HPLC purity 99.23%4 NMR (400 MHz, DMSO€6) §:
9.41 (s, 1H), 8.60 (d] = 6.0 Hz, 1H), 8.34 (s, 1H), 8.26 (@= 7.3 Hz, 1H), 8.22 (d] = 8.1
Hz, 1H), 8.12 (d, J = 7.6 Hz, 1H), 8.05 (tk 6.0 Hz, 1H), 7.95 (s, 1H), 7.82 {t= 7.8 Hz,
1H), 7.54 (d,J = 7.9 Hz, 1H), 7.28 — 7.19 (m, 2HYC NMR (100 MHz, DMSOd6) &:
152.93, 143.69, 137.26, 133.54, 132.54, 131.29,2630128.91, 128.23, 127.44, 127.11,
123.83, 122.56, 120.69, 119.50, 117.96, 117.12,561210.43, 110.41. LC-MS (EShvz
296.1 [M + HJ. HRMS (ESI):m/z calculated [M + H] CooH14N3" 296.1182, found 296.1190
(Diff = 2.6 ppm).

(2)-2-(1H-indol-3-yl)-3-(isoquinolin-8-yl)acrylonitrile (4b)

Compound4b (37 mg, 0.124 mmol) was prepared as a bright weBolid from indole-3-
acetonitrile (89 mg, 0.572 mmol) and isoquinolireeBboxaldehyde (82 mg, 0.520 mmol)

according to general procedure A microwave meth@dld: 22%. HPLC RT 12.04 min;



HPLC purity 99.64%H NMR (400 MHz, DMSO€6) &: 11.83 (bs, 1H), 9.58 (s, 1H), 8.62
(d,J = 5.6 Hz, 1H), 8.54 (s, 1H), 8.21 — 8.12 (m, 1817 (t,J = 7.7 Hz, 2H), 7.96 (s, 1H),
7.95 — 7.84 (m, 2H), 7.54 (d,= 7.7 Hz, 1H), 7.24 (m, 2H}*C NMR (100 MHz, DMSOd6)

0: 149.13, 143.46, 137.20, 135.54, 133.05, 132.89,1B, 127.86, 127.70, 127.43, 125.87,
123.83, 122.59, 120.76, 120.71, 119.58, 117.92,48B1210.94, 110.41. LC-MS (EShvz
296.1 [M + HT.

(2)-2-(1H-indol-3-yl)-3-(quinolin-5-yl)acrylonitrile (4c)

Compound4c (137 mg, 0.464 mmol) was prepared as a yellowds@iom indole-3-
acetonitrile (118 mg, 0.758 mmol) and quinolinesBboxaldehyde (147 mg, 0.932 mmol)
according to general procedure A microwave meth@dld: 54%. HPLC RT 12.10 min;
HPLC purity 99.59%H NMR (400 MHz, DMSO€6) : 8.99 (ddJ = 4.1, 1.5 Hz, 1H), 8.62
(d,J = 8.1 Hz, 1H), 8.38 (s, 1H), 8.14 — 8.10 (m, 28107 (d,J = 7.2 Hz, 1H), 7.94 (s, 1H),
7.92 — 7.87 (m, 1H), 7.63 (dd= 8.6, 4.1 Hz, 1H), 7.54 (d,= 8.0 Hz, 1H), 7.33 — 7.14 (m,
2H). °C NMR (100 MHz, DMSQd6) &: 150.87, 147.73, 137.24, 133.12, 132.90, 132.81,
130.24, 129.08, 127.36, 126.65, 126.28, 123.83,5822121.84, 120.65, 119.55, 117.99,
112.52, 110.46. LC-MS (ESl'z 296.1 [M + HT.
(2)-2-(1H-indol-3-yI)-3-(quinolin-4-yl)acrylonitrile (4d)

Compound4d (148 mg, 0.501 mmol) was prepared as a yellowds@iom indole-3-
acetonitrile (118 mg, 0.753 mmol) and quinolinea¢boxaldehyde (144 mg, 0.919 mmol)
according to general procedure A microwave meth@dld: 67%. HPLC RT 12.26 min;
HPLC purity 99.40%H NMR (400 MHz, DMSO€6) &: 11.91 (bs, 1H), 9.03 (d,= 4.5 Hz,
1H), 8.38 (s, 1H), 8.23 (d,= 8.2 Hz, 1H), 8.16 — 8.11(m, 2H), 8.00 (s, 1H¥17(d,J = 4.5
Hz, 1H), 7.85 (tJ = 7.6 Hz, 1H), 7.70 (t) = 7.6 Hz, 1H), 7.55 (d] = 7.7 Hz, 1H), 7.30 —

7.22 (m, 2H).}*C NMR (100 MHz, DMSQd6) §: 150.28, 147.91, 140.35, 137.28, 131.01,



129.86, 129.61, 128.15, 127.19, 125.73, 124.48,71023122.77, 120.95, 120.06, 119.59,
117.41, 112.58, 112.28, 110.32. MS (E&1z 296.3 [M + HJ.
(2)-2-(1H-indol-3-yl)-3-(quinolin-8-yl)acrylonitrile (4e)

Compound4e (109 mg, 0.369 mmol) was prepared as a dark oranfie¢ from indole-3-
acetonitrile (107 mg, 0.684 mmol) and quinolineaBboxaldehyde (132 mg, 0.842 mmol)
according to general procedure A microwave meth@dld: 54%. HPLC RT 12.15 min;
HPLC purity 96.85%*H NMR (400 MHz, Acetonei6) 5: 10.87 (bs, 1H), 9.11 (s, 1H), 9.02
(dd,J = 4.1, 1.8 Hz, 1H), 8.63 (d,= 7.4 Hz, 1H), 8.42 (dd] = 8.3, 1.7 Hz, 1H), 8.29 — 8.20
(m, 1H), 8.06 (ddJ = 8.2, 1.1 Hz, 1H), 7.85 (s, 1H), 7.77 Jt= 7.8 Hz, 1H), 7.63 (dd] =
8.3, 4.2 Hz, 1H), 7.60 — 7.57 (m, 1H), 7.34 — 724 2H).**C NMR (100 MHz, Acetonel6)

0: 151.17, 147.12, 138.74, 137.42, 134.09, 134.88,3B, 129.40, 128.56, 127.44, 127.23,
125.26, 123.77, 122.88, 121.80, 120.70, 119.26,581313.33, 108.32. LC-MS (EShvz
296.1 [M + HT.

(2)-2-(1H-indol-3-yl)-3-(isoquinolin-4-yl)acrylonitrile (4f)

Compound4f (116 mg, 0.393 mmol) was prepared as a yellowds&iom indole-3-
acetonitrile (107 mg, 0.687 mmol) and 4-isoquinelcarboxaldehyde (132 mg, 0.838 mmol)
according to general procedure A microwave meth@dld: 57%. HPLC RT 12.29 min;
HPLC purity 98.24%H NMR (400 MHz, DMSOd6) §: 11.89 (bs, 1H), 9.39 (s, 1H), 8.90
(d,J = 0.9 Hz, 1H), 8.31 (s, 1H), 8.24 @= 8.0 Hz, 1H), 8.21 — 8.12 (m, 2H), 7.94 (s, 1H),
7.92 — 7.88 (m, 1H), 7.82 — 7.77 (m, 1H), 7.54Xd, 7.9 Hz, 1H), 7.24 (m, 2H}*C NMR
(100 MHz, DMSOQO¢€6) &: 153.25, 142.06, 137.21, 133.24, 131.38, 130.23,28, 128.05,
127.66, 127.50, 126.38, 123.78, 123.43, 122.62,7420119.54, 117.86, 112.51, 111.00,
110.36. LC-MS (ESI)m/z 296.2 [M + HT.

(2)-2-(1H-indol-3-yl)-3-(2,7-naphthyridin-4-yl)acrylonitrile (4g)



Compound4g (42 mg, 0.142 mmol) was prepared as an orangel $mim indole-3-
acetonitrile (93 mg, 0.595 mmol) and 2,7-napthyrédd-carboxaldehyde (86 mg, 0.541
mmol) according to general procedure A microwavehoe. Yield: 24%. HPLC RT 12.53
min; HPLC purity 98.20%'H NMR (400 MHz, DMSOd6) &: 9.63 (d,J = 0.9 Hz, 1H), 9.59
(s, 1H), 9.16 (d) = 0.9 Hz, 1H), 8.84 (d] = 6.0 Hz, 1H), 8.25 (s, 1H), 8.17 — 8.13 (m, 1H),
8.11 (d,J = 6.0 Hz, 1H), 7.97 (s, 1H), 7.55 @7 7.9 Hz, 1H), 7.24 (m, 2H}*C NMR (100
MHz, DMSO-d6) 6: 153.40, 147.51, 145.50, 137.39, 136.17, 128.88,0b, 125.48, 123.79,
122.64, 120.78, 119.60, 117.72, 116.46, 112.64,681110.32. LC-MS (ESInVz 297.1 [M
+H]".

(2)-2-(1H-benzo[d]imidazol-2-yl)-3-(isoquinolin-5-yl)acrylonitrile (6)

Compound6 (134 mg, 0.452 mmol) was prepared as a light wetboange solid from 2-
benzimidazole acetonitrile (157 mg, 0.606 mmol) @&whuinoline-5-carboxaldehyde (157
mg, 0.667 mmol) according to general procedure Arowave method. Yield: 74%. HPLC
RT 10.71 min; HPLC purity 96.03%H NMR (400 MHz, DMSOd6) §: 13.31 (bs, 1H), 9.46
(d,J = 0.7 Hz, 1H), 8.97 (s, 1H), 8.70 @= 6.0 Hz, 1H), 8.51 (d] = 7.3 Hz, 1H), 8.35 (]

= 8.2 Hz, 1H), 8.22 (d] = 6.0 Hz, 1H), 7.94 — 7.86 (m, 1H), 7.70 — 7.68 Rid), 7.35 — 7.24
(m, 2H).2*C NMR (100 MHz, DMSQd6) &: 153.26, 147.24, 144.15, 141.32, 133.70, 131.10,
130.88, 128.92, 128.18, 127.20, 123.21, 116.60,8013.06.79. LC-MS (ESInVz 297.1 [M

+ HJ".

(2)-3-(isoquinalin-5-yl)-2-(2-methyl-1H-indol-3-yl)acrylonitrile (10a)

Sep 1. 2-methyl-1H-indole-3-carbal dehyde (8a)

Intermediate8a (810 mg, 5.091 mmol) was prepared as a pink dofich 2-methylindole
(1.046 g, 7.974 mmol) according to general proceddr Yield: 63%.*H NMR (400 MHz,
Acetoned6) 6: 10.93 (bs, 1H), 10.18 (s, 1H), 8.18 — 8.15 (m),IF45 — 7.35 (m, 1H), 7.24

—7.10 (m, 2H), 2.75 (s, 3H).



Sep 2: 2-(2-methyl-1H-indol-3-yl)acetonitrile (9a)

Intermediate9a (178 mg, 1.046 mmol) was prepared as a yellowddodm intermediat8a
(276 mg, 1.736 mmol) according to general procedutsing 63:37 hexane/ethyl acetate as
the eluent for flash silica gel column chromatogmapYield: 60%.'H NMR (400 MHz,
CDCl) &: 7.97 (s, 1H), 7.59 — 7.50 (m, 1H), 7.34 — 7.28 {i), 7.24 — 7.10 (m, 2H), 3.75 (s,
2H), 2.43 (s, 3H).

Sep 3: (2)-3-(isoquinolin-5-yl)-2-(2-methyl-1H-indol-3-yl)acrylonitrile (10a)

CompoundlOa (31 mg, 0.100 mmol) was prepared as a shiny yedlold from intermediate
9a (43 mg, 0.254 mmol) and isoquinoline-5-carboxajaieh(68 mg, 0.432 mmol) according
to general procedure A sealed tube method. Compa0advas obtained as an inseparable
mixture of approximately 88:12 double bond geométaiculated from'H NMR). Yield:
40%. HPLC RT 13.79, 13.96 min (overlapping peaki)|.C peak areas 4.54%, 95.46%.
NMR (400 MHz, DMSOd6) &: 9.41 (d,J = 0.7 Hz, 1H), 8.60 (d] = 6.0 Hz, 1H), 8.33 (d]

= 7.3 Hz, 1H), 8.25 (d] = 8.2 Hz, 1H), 8.08 (s, 1H), 8.01 @z 6.0 Hz, 1H), 7.89 — 7.81 (m,
1H), 7.78 (ddJ = 6.9, 1.2 Hz, 1H), 7.42 — 7.40 (m, 1H), 7.19 687(m, 2H), 2.64 (s, 3H).
13C NMR (100 MHz, DMSOd6) §: 152.96, 143.75, 137.83, 136.03, 135.01, 133.36,41,
130.37, 129.18, 128.20, 127.07, 125.93, 121.48,0420117.93, 117.87, 116.96, 111.20,
109.17, 106.36, 12.65. Chemical shifts were giamiajor isomer. LC-MS (ESIyw/z 310.1
M+ H]"

(2)-2-(4-bromo-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (10b)

Sep 1: 4-bromo-1H-indole-3-carbaldehyde (8b)

Intermediate8b (373 mg, 1.663 mmol) was prepared as an off-wkibdd from 4-
bromoindole (663 mg, 3.383 mmol) according to gehprocedure D. Yield: 49%H NMR
(400 MHz, DMSO#6) §: 12.57 (bs, 1H), 10.68 (s, 1H), 8.30 (s, 1H), Ad¥,J = 8.1, 0.8 Hz,

1H), 7.47 (dd) = 7.7, 0.7 Hz, 1H), 7.17 (8,= 7.9 Hz, 1H).



Sep 2: 2-(4-bromo-1H-indol-3-yl)acetonitrile (9b)

Intermediate9b (122 mg, 0.519 mmol) was prepared as a brown $a intermediate8b
(235 mg, 1.049 mmol) according to general proceduwsing 68:32 hexane/ethyl acetate as
the eluent for flash silica gel column chromatogmapYield: 49%.'H NMR (400 MHz,
Acetoned6) &: 10.64 (bs, 1H), 7.55 — 7.51 (m, 1H), 7.47 (@, 8.2, 0.8 Hz, 1H), 7.26 (dd,
=7.6, 0.8 Hz, 1H), 7.06 (§,= 7.9 Hz, 1H), 4.22 (d] = 0.9 Hz, 2H).

Sep 3: (2)-2-(4-bromo-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (10b)

Compound10b (32 mg, 0.019 mmol) was prepared as a yellow dotich intermediateéb
(52 mg, 0.221 mmol) and isoquinoline-5-carboxalakhy59 mg, 0.376 mmol) according to
general procedure A sealed tube method. The reagtms evaporated under vacuum to
remove the solvent and purified by silica gel flasllumn chromatography (100% ethyl
acetate). The material obtained was dried undanuwracand washed with methanol to afford
a yellow solid. CompoundOb was obtained as an inseparable mixture of apprabein
75:25 double bond geometry (calculated frifnNMR). Yield: 39%. HPLC RT 13.20, 13.36
min (overlapping peaks); HPLC peak areas 13.5098835.'H NMR (400 MHz, DMSO€6)

8: 11.89 (bs, 1H), 9.42 (d,= 0.5 Hz, 1H), 8.60 (d] = 6.0 Hz, 1H), 8.32 (d] = 7.2 Hz, 1H),
8.27 (d,J = 8.2 Hz, 1H), 8.10 — 8.07 (m, 2H), 7.90 (s, 1HR9 — 7.83 (m, 1H), 7.54 (dd=
8.1, 0.7 Hz, 1H), 7.38 — 7.33 (m, 1H), 7.13 Jt= 7.9 Hz, 1H).'*C NMR (100 MHz,
DMSO-d6) o: 152.94, 143.73, 142.50, 137.40, 133.34, 130.3%).27, 129.57, 128.50,
128.15, 127.14, 124.10, 124.05, 123.27, 118.82,9916112.50, 111.88, 110.68, 109.29.
Chemical shifts were given for the major isomer-MS (ESI):nvz 374.0, 376.0 [M + H].
(2)-3-(isoquinalin-5-yl)-2-(5-methoxy-1H-indol-3-yl)acrylonitrile (10c)

Compound10c (602 mg, 1.849 mmol) was prepared as a yellowdsftbm 5-methoxy-
indole-3-acetonitrile (525 mg, 2.819 mmol) and isogline-5-carboxaldehyde (545 mg,

3.468 mmol) according to general procedure A miensevmethod. Yield: 66%. HPLC RT



11.98 min; HPLC purity 97.67%H NMR (400 MHz, DMSOd6) &: 9.40 (s, 1H), 8.60 (dl

= 6.0 Hz, 1H), 8.30 (s, 1H), 8.26 — 8.21 (m, 2HP4B(d,J = 6.0 Hz, 1H), 7.89 (s, 1H), 7.86 —
7.76 (m, 1H), 7.53 (d] = 2.3 Hz, 1H), 7.43 (d] = 8.9 Hz, 1H), 6.91 (ddl = 8.9, 2.3 Hz, 1H),
3.82 (s, 3H).*C NMR (100 MHz, DMSOd6) &: 154.55, 152.91, 143.64, 133.57, 132.44,
132.19, 131.47, 130.27, 128.81, 128.23, 127.67,1127124.26, 117.98, 117.18, 113.20,
112.41, 110.47, 110.15, 101.66, 55.51. LC-MS (E®8#x:326.1 [M + Hf. HRMS (ESI):m/z
calculated [M + HJ C1H16N3O" 326.1288, found 326.1294 (Diff = 1.8 ppm)

(2)-2-(5-fluor o-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (10d)

Sep 1: 5-fluoro-1H-indole-3-carbal dehyde (8d)

IntermediateBd (1.006 g, 6.166 mmol) was prepared as an oranlgefsom 5-fluoroindole
(1.108 g, 8.199 mmol) according to general procedr Yield: 75%.*H NMR (400 MHz,
Acetoned6) 6: 11.23 (bs, 1H), 10.02 (s, 1H), 8.26 {ds 2.9 Hz, 1H), 7.88 (dd]l = 9.5, 2.6
Hz, 1H), 7.56 (ddJ = 8.9, 4.2 Hz, 1H), 7.08 (td,= 9.1, 2.6 Hz, 1H)**F NMR (376 MHz,
Acetoned6) 6: -122.83.

Sep 2: 2-(5-fluoro-1H-indol-3-yl)acetonitrile (9d)

Intermediatedd (342 mg, 1.964 mmol) was prepared as a brownromfintermediatesd
(505 mg, 3.098 mmol) according to general proceduusing 65:35 hexane/ethyl acetate as
the eluent for flash silica gel column chromatogmapYield: 63%.'H NMR (400 MHz,
CDCly) &: 8.24 (bs, 1H), 7.32 (dd,= 8.9, 4.3 Hz, 1H), 7.28 — 7.25 (m, 1H), 7.23 (#id,9.2,
2.4 Hz, 1H), 7.00 (td) = 9.0, 2.4 Hz, 1H), 3.79 (d, = 0.9 Hz, 2H).**F NMR (376 MHz,
CDCly) &: -123.15.

Sep 3: (2)-2-(5-fluoro-1H-indol-3-y1)-3-(isoquinolin-5-yl)acrylonitrile (10d)

Compoundl0d (134 mg, 0.460 mmol) was prepared as a yellowddodim intermediat®d
(79 mg, 0.455 mmol) and isoquinoline-5-carboxaldiEhfl07 mg, 0.683 mmol) according to

general procedure A sealed tube method. Yield: 94®.C RT 12.22 min; HPLC purity



99.72%.’H NMR (400 MHz, DMSOd6) &: 9.40 (d,J = 0.7 Hz, 1H), 8.63 — 8.56 (m, 1H),
8.33 (s, 1H), 8.23 (1] = 8.0 Hz, 2H), 8.06 (d] = 6.0 Hz, 1H), 8.02 (s, 1H), 7.88 (db= 10.5,
2.4 Hz, 1H), 7.85 — 7.79 (m, 1H), 7.54 (dd; 8.9, 4.7 Hz, 1H), 7.11 (td,= 9.1, 2.5 Hz, 1H).
13C NMR (100 MHz, DMSOd6) §: 158.92, 156.60, 152.84, 143.59, 133.92, 133.83,1D,
131.33, 130.30, 129.14, 128.90, 128.17, 127.04,0824123.93, 117.82, 117.27, 113.68,
113.59, 110.81, 110.55, 110.46, 110.42, 109.99,68)4104.40."°F NMR (376 MHz,
DMSO-d6) §: -122.46. LC-MS (ES)m/z314.1 [M + HT.

(2)-2-(5-chlor o-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (10e)

Sep 1: 2-(5-chloro-1H-indol-3-yl)acetonitrile (9e)

Intermediate9e (687 mg, 3.604 mmol) was prepared as a beige $aid 5-chloro-H-
indole-3-carboxaldehyde (959 mg, 5.338 mmol) adogrdo general procedure E using 7:3
hexane/ethyl acetate as the eluent for flash sidaolumn chromatography. Yield: 689k
NMR (400 MHz, CDC}) &: 8.28 (bs, 1H), 7.55 (d,= 1.9 Hz, 1H), 7.34 — 7.29 (m, 1H), 7.25
—7.23 (m, 1H), 7.20 (dd,= 8.7, 1.9 Hz, 1H), 3.79 (d,= 1.0 Hz, 2H).

Sep 2: (2)-2-(5-chloro-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (10e)

CompoundlOe (55 mg, 0.165 mmol) was prepared as a shiny yediohd from intermediate
9e (82 mg, 0.431 mmol) and isoquinoline-5-carboxajdkh(75 mg, 0.474 mmol) according
to general procedure A microwave method. Yield: 38#8LC RT 12.63 min; HPLC purity
100.00%.'H NMR (400 MHz, DMSO€6) &: 9.40 (d,J = 0.6 Hz, 1H), 8.60 (dJ = 6.0 Hz,
1H), 8.35 (s, 1H), 8.23 (f,= 7.8 Hz, 2H), 8.11 (d] = 1.9 Hz, 1H), 8.08 — 8.01 (m, 2H), 7.86
— 7.77 (m, 1H), 7.55 (dl = 8.7 Hz, 1H), 7.25 (dd] = 8.7, 2.0 Hz, 1H)**C NMR (100 MHz,
DMSO-d6) o: 152.89, 143.62, 136.04, 133.66, 133.56, 131.3%).30, 129.22, 128.98,
128.20, 127.11, 125.20, 125.02, 122.39, 118.58,9717217.33, 114.22, 109.97, 109.78. LC-
MS (ESI):m/z 330.0 [M + HT.

(2)-2-(5-bromo-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (10f)



Sep 1: 2-(5-bromo-1H-indol-3-yl)acetonitrile (9f)

Intermediatedf (295 mg, 1.255 mmol) was prepared as a white dotich 5-bromo-H-
indole-3-carboxaldehyde (366 mg, 1.631 mmol) adogrdo general procedure E using
65:35 hexane/ethyl acetate as the eluent for #asta gel column chromatography. Yield:
76%."H NMR (400 MHz, CDC}J) § 8.25 (bs, 1H), 7.76 — 7.69 (m, 1H), 7.34 (dd&; 8.7, 1.8
Hz, 1H), 7.29 — 7.26 (m, 1H), 7.25 — 7.23 (m, 1BR0 (d,J = 1.0 Hz, 2H).

Sep 2: (2)-2-(5-bromo-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (10f)

CompoundlOf (31 mg, 0.083 mmol) was prepared as a yellow gobich intermediatéf (61
mg, 0.261 mmol) and isoquinoline-5-carboxaldehydd f(ng, 0.287 mmol) according to
general procedure A microwave method. Yield: 329% L8 RT 12.83 min; HPLC purity
100.00%.'H NMR (400 MHz, DMSOe6) &: 9.40 (d,J = 0.8 Hz, 1H), 8.60 (dJ = 6.0 Hz,
1H), 8.35 (s, 1H), 8.28 — 8.17 (m, 3H), 8.06Jd; 6.0 Hz, 1H), 8.03 (s, 1H), 7.87 — 7.73 (m,
1H), 7.51 (dJ = 8.7 Hz, 1H), 7.36 (dd] = 8.7, 1.8 Hz, 1H)**C NMR (100 MHz, DMSOd6)

0: 152.88, 143.60, 136.41, 133.61, 133.54, 131.30,3b, 129.20, 128.94, 128.19, 127.09,
125.75, 124.87, 121.47, 117.93, 117.32, 114.71,141309.80, 109.74. LC-MS (EShvz
374.0, 376.0 [M + H]

N-(3-((2)-1-cyano-2-(isoquinoalin-5-yl)vinyl)-1H-indol-5-yl)acetamide (10g)

Sep 1. 1H-indol-5-amine (16)

5-nitro-1H-indole (6.3 g, 38.9 mmol, 1 equiv) was dissolvedeithanol (30 mL). 10%
palladium on carbon (630 mg, 10 mmol%) was addée. reaction flask was shaken under
hydrogen at 30 psi using the Parr Shaker Hydrogam#pparatus for 2.5 h. The reaction
was filtered over celite and washed with ethyl amet The filtrate was evaporated,
concentratedin vacuo and purified by silica gel flash column chromatggry (1:1

hexane/ethyl acetate) to afford intermediféeas a black solid (2.7 g, 20.4 mmol). Yield:



53%.'"H NMR (400 MHz, CDGJ) &: 7.96 (bs, 1H), 7.22 — 7.17 (m, 1H), 7.13)(& 2.8 Hz,
1H), 6.97 — 6.94 (m, 1H), 6.67 (d#i= 8.5, 2.2 Hz, 1H), 6.39 — 6.37 (m, 1H), 3.492(d).

Sep 2: N-(1H-indol-5-yl)acetamide (79)

To a solution of intermediatk (156 mg, 1.182 mmol, 1.0 equiv) and triethylam{®@1 pL,
429 mg, 4.240 mmol, 3.6 equiv) in DCM (10 mL), atethloride (101 pL, 111 mg, 1.418
mmol, 1.2 equiv) was added. The reaction was sdtiaeroom temperature for 3 h. The
mixture was poured into water and extracted witthidiromethane 3 times. The combined
organic layer was washed with brine, dried overydnbus sodium sulphate and concentrated
in vacuo. Purification by flash silica gel column chromataghy (7:3 hexane/ethyl acetate)
afforded intermediat@g as a clear oil (177 mg, 1.016 mmol). Yield: 85%. NMR (400
MHz, CDCk) 6 8.27 (bs, 1H), 7.80 (s, 1H), 7.30 (tk 8.5 Hz, 2H), 7.20 (dd] = 8.8, 2.0 Hz,
2H), 6.50 (s, 1H), 2.18 (s, 3H).

Sep 3: N-(3-formyl-1H-indol-5-yl)acetamide (8g)

Intermediate8g (115 mg, 0.569 mmol) was prepared as a light wedlolid from intermediate
79 (192 mg, 1.102 mmol) according to general procedurFollowing drop-wise addition of
1IN NaOH (10x reaction volume), extraction with dthgetate was performed 3 times. The
combined organic layer was washed with brine, daoedr anhydrous sodium sulphate and
concentratedn vacuo. Purification by flash silica gel column chromataghy (100% ethyl
acetate) afforded the product. Yield: 5244.NMR (400 MHz, Acetona6) 5: 11.08 (bs, 1H),
9.99 (s, 1H), 9.12 (bs, 1H), 8.38 = 1.7 Hz, 1H), 8.14 (d] = 2.3 Hz, 1H), 7.71 (dd] =
8.8, 2.1 Hz, 1H), 7.44 (d,= 8.8 Hz, 1H), 2.11 (s, 3H).

Sep 4: N-(3-(cyanomethyl)-H-indol-5-yl)acetamid€9g)

Intermediate9g (42 mg, 0.197 mmol) was prepared as a pale yadlowl from Intermediate
89 (109 mg, 0.539 mmol) according to general procedtiusing 15:85 hexane/ethyl acetate

as the eluent for flash silica gel column chromedphy. Yield: 36% NMR (400 MHz,



Acetoned6) §: 10.25 (bs, 1H), 9.10 (bs, 1H), 7.95 {o& 1.7 Hz, 1H), 7.41 — 7.32 (m, 3H),
3.94 (d,J = 0.8 Hz, 2H), 2.10 (s, 3H).

Sep 5: N-(3-((2)-1-cyano-2-(isoquinolin-5-ylvinyl)-1H-indol -5-yl Jacetamide (10g)
CompoundlOg (5 mg, 0.014 mmol) was prepared as a yellow dabich intermediatég (42
mg, 0.197 mmol) and isoquinoline-5-carboxaldehyd@® f(ng, 0.223 mmol) according to
general procedure A sealed tube method. The reawts concentratdd vacuo and purified
by silica gel flash column chromatography (9:1 étgetate/methanol). The crude material
obtained was dried under vacuum and triturated sntfall amounts of methanol to obtain a
yellow precipitate. Yield: 7%. HPLC RT 10.87 minfHC purity 96.20% NMR (400
MHz, DMSO-6) &: 11.74 (s, 1H), 9.92 (s, 1H), 9.41 (s, 1H), 8.61)(= 6.0 Hz, 1H), 8.42 (s,
1H), 8.30 (dJ = 7.3 Hz, 1H), 8.23 (d] = 8.2 Hz, 1H), 8.21 (s, 1H), 8.09 @@= 6.0 Hz, 1H),
7.88 (s, 1H), 7.86 — 7.77 (m, 1H), 7.45 Jd; 1.0 Hz, 2H), 2.05 (s, 3H)Y*C NMR (100 MHz,
DMSO-d6) &: 168.11, 153.13, 143.89, 133.73, 133.59, 133.31.98, 130.98, 130.20,
129.13, 128.34, 127.86, 127.26, 123.74, 117.88,8716116.12, 112.48, 110.55, 110.29,
109.52, 24.03. LC-MS (ESIiz353.1 [M + HF.
(2)-3-(isoquinolin-5-yl)-2-(6-methoxy-1H-indol-3-yl)acrylonitrile (10h)

Sep 1. 6-methoxy-1H-indole-3-carbaldehyde (8h)

IntermediateBh (1.579 g, 9.011 mmol) was prepared as a blackl $mm 6-methoxyindole
(2.244 g, 15.25 mmol) according to general proceddr Yield: 59%.*H NMR (400 MHz,
Acetoned6) 6: 10.95 (bs, 1H), 9.97 (s, 1H), 8.08 — 8.05 (m, ,ZHD6 (d,J = 2.3 Hz, 1H),
6.90 (ddJ = 8.7, 2.3 Hz, 1H), 3.82 (s, 3H).

Sep 2: 2-(6-methoxy-1H-indol-3-yl)acetonitrile (9h)

Intermediatedh (268 mg, 1.438 mmol) was prepared as a beige falid intermediatedh
(561 mg, 3.201 mmol) according to general proceduusing 65:35 hexane/ethyl acetate as

the eluent for flash silica gel column chromatogmapYield: 45%.'H NMR (400 MHz,



CDCly) &: 8.08 (bs, 1H), 7.45 (d = 8.4 Hz, 1H), 7.10 — 7.08 (m, 1H), 6.87 — 6.84 AH),
3.85 (s, 3H), 3.79 (d} = 1.1 Hz, 2H).

Sep 3: (2)-3-(isoquinolin-5-yl)-2-(6-methoxy-1H-indol-3-yl )acrylonitrile (10h)

Compound10h (89 mg, 0.274 mmol) was prepared as a yellow dotich intermediateéh
(58 mg, 0.313 mmol) and isoquinoline-5-carboxalakhid9 mg, 0.313 mmol) according to
general procedure A sealed tube method. Yield: 88®.C RT 12.10 min; HPLC purity
98.37%.'H NMR (400 MHz, DMSOd6) §: 9.40 (d,J = 0.7 Hz, 1H), 8.60 (d] = 6.0 Hz, 1H),
8.28 (s, 1H), 8.26 — 8.19 (m, 2H), 8.03 Jd= 6.0 Hz, 1H), 8.00 (dJ = 8.8 Hz, 1H), 7.84 —
7.79 (m, 1H), 7.79 (s, 1H), 7.02 (s, 1H), 6.86 (dd; 8.8, 2.4 Hz, 1H), 3.82 (s, 3HYC
NMR (100 MHz, DMSO€6) 6: 156.30, 152.94, 143.69, 138.28, 133.56, 131.90,.31,
130.28, 128.88, 128.25, 127.14, 126.34, 120.33,9917117.94, 117.16, 110.78, 110.67,
110.56, 95.38, 55.26. LC-MS (ESHvVz 326.1 [M + HJ.
(2)-2-(6-bromo-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (10i)

Sep 1. 6-bromo-1H-indole-3-carbal dehyde (8i)

Intermediate8i (7.800 g, 34.81 mmol) was prepared as a brown $mim 6-bromoindole
(7.533 g, 38.42 mmol) according to general proceddr Yield: 90%.*H NMR (400 MHz,
CDCls) 8: 9.85 (s, 1H), 8.03 (dl = 8.4 Hz, 1H), 7.77 (s, 1H), 7.54 — 7.53 (m, 1HRO (dd,J
=8.4, 1.7 Hz, 1H).

Sep 2: 2-(6-bromo-1H-indol-3-yl)acetonitrile (9i)

Intermediatedi (347 mg, 1.476 mmol) was prepared as a beige $aid intermediateBi
(843 mg, 3.764 mmol) according to general proceuusing 7:3 hexane/ethyl acetate as the
eluent for flash silica gel column chromatograp¥iield: 39%.'"H NMR (400 MHz, CDC})

8: 8.34 (bs, 1H), 7.55 (d, = 1.6 Hz, 1H), 7.44 (d] = 8.5 Hz, 1H), 7.28 (dd] = 8.5, 1.7 Hz,
1H), 7.20 = 7.17 (m, 1H), 3.81 (@= 1.0 Hz, 2H).

Sep 3: (2)-2-(6-bromo-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (10i)



CompoundlOi (99 mg, 0.265 mmol) was prepared as a yellow dodich intermediaté®i (71
mg, 0.301 mmol) and isoquinoline-5-carboxaldehyd@ (ng, 0.301 mmol) according to
general procedure A sealed tube method. Yield: 8A®.C RT 13.00 min; HPLC purity
96.14%.'H NMR (400 MHz, DMSOd6) §: 9.40 (d,J = 0.5 Hz, 1H), 8.60 (d] = 6.0 Hz, 1H),
8.33 (s, 1H), 8.26 (d] = 7.3 Hz, 1H), 8.22 (d] = 8.2 Hz, 1H), 8.07 — 8.04 (m, 2H), 7.99 (s,
1H), 7.85 — 7.79 (m, 1H), 7.73 (d= 1.7 Hz, 1H), 7.32 (dd] = 8.6, 1.8 Hz, 1H)"*C NMR
(100 MHz, DMSOQe€6) &: 152.92, 143.67, 138.53, 133.52, 133.15, 131.38,2D, 129.00,
128.82, 128.21, 127.10, 123.28, 123.01, 121.17,8¥17117.16, 115.27, 115.02, 110.48,
109.87. LC-MS (ESI)m/z 374.0, 376.0 [M + H]

(2)-3-(isoquinalin-5-yl)-2-(5-nitr o-1H-indol-3-yl)acrylonitrile (14a)

Sep 1: N,N-dimethyl (5-nitro-1H-indol-3-yl)methanamine (12a)

Intermediatel2a (1.62 g, 7.389 mmol) was prepared as a yellowdsiobm 5-nitroindole
(1.72 g, 10.60 mmol) according to general procedir&ield: 70%."H NMR (400 MHz,
MeOD)é: 8.67 — 8.63 (m, 1H), 8.05 (dd= 9.0, 2.2 Hz, 1H), 7.48 (dd,= 9.0, 0.4 Hz, 1H),
7.43 (s, 1H), 3.72 (s, 2H), 2.29 (s, 6H).

Sep 2: 2-(5-nitro-1H-indol-3-yl)acetonitrile (13a)

Intermediate 13a (294 mg, 1.461 mmol) was prepared as yellow-orasgkd from
intermediate12a (622 mg, 2.839 mmol) according to general procedGr using 3:2
hexane/ethyl acetate as the eluent for flash siidaolumn chromatography. Yield: 519k
NMR (400 MHz, Acetonead6) 5: 10.99 (bs, 1H), 8.69 (d,= 2.2 Hz, 1H), 8.10 (dd] = 9.0,
2.2 Hz, 1H), 7.68 (s, 1H), 7.65 (dti= 9.0, 0.4 Hz, 1H), 4.18 (d,= 1.0 Hz, 2H).

Sep 3: (2)-3-(isoquinolin-5-yl)-2-(5-nitro-1H-indol-3-yl)acrylonitrile (14a)

Compoundl4a (144 mg, 0.422 mmol) was prepared as a yellowddodim intermediatd3a
(130 mg, 0.648 mmol) and isoquinoline-5-carboxajdieh(112 mg, 0.713 mmol) according

to general procedure A microwave method. Yield: 65#8LC purity not determined due to



poor solubility."H NMR (400 MHz, DMSOdB6) &: 9.42 (d,J = 0.6 Hz, 1H), 9.00 (d] = 2.1
Hz, 1H), 8.61 (d,) = 6.0 Hz, 1H), 8.50 (s, 1H), 8.32 (= 7.3 Hz, 1H), 8.29 (s, 1H), 8.26 (d,
J=8.2 Hz, 1H), 8.16 — 8.07 (m, 2H), 7.90 — 7.78 {id), 7.71 (d,J = 9.0 Hz, 1H)**C NMR
(100 MHz, DMSOQ¢€6) &: 152.97, 143.70, 141.62, 140.22, 135.95, 133.88,86, 130.52,
130.50, 129.42, 128.19, 127.13, 123.31, 117.81,5P17117.18, 116.24, 113.10, 112.33,
108.62. LC-MS (ESIm/z341.1 [M + HT.
(2)-3-(isoquinalin-5-yl)-2-(7-methoxy-1H-indol-3-yl)acrylonitrile (14b)

Sep 1: (7-methoxy-1H-indol-3-yl)-N,N-dimethyl methanamine (12b)

Intermediate12b (574 mg, 2.810 mmol) was prepared as a dark yelowfrom 7-
methoxyindole (427 mg, 2.897 mmol) according toeyeh procedure B. Yield: 97%H
NMR (400 MHz, CDC}J) &: 8.40 (bs, 1H), 7.29 (d, = 8.0 Hz, 1H), 7.14 (d] = 2.3 Hz, 1H),
7.05 (t,J = 7.9 Hz, 1H), 6.65 (d] = 7.6 Hz, 1H), 3.96 (s, 3H), 3.66 (s, 2H), 2.306(d).

Sep 2: 2-(7-methoxy-1H-indol-3-yl)acetonitrile (13b)

Intermediatel3b (138 mg, 0.739 mmol) was prepared as a white $aid intermediatd2b
(392 mg, 1.919 mmol) according to general proce@uusing 3:1 hexane/ethyl acetate as the
eluent for flash silica gel column chromatograp¥ield: 39%.'H NMR (400 MHz, CDCJ)

§: 8.38 (bs, 1H), 7.20 — 7.18 (m, 2H), 7.10J(t 7.8 Hz, 1H), 6.70 (d] = 7.7 Hz, 1H), 3.97
(s, 3H), 3.82 (s, 2H).

Sep 3: (2)-3-(isoquinolin-5-yl)-2-(7-methoxy-1H-indol-3-yl)acrylonitrile (14b)

Compoundl4b (105 mg, 0.323 mmol) was prepared as a yellovd $odm intermediatd.3b
(73 mg, 0.393 mmol) and isoquinoline-5-carboxalakhye2 mg, 0.393 mmol) according to
general procedure A sealed tube method. Yield: 88®.C RT 11.55 min; HPLC purity
95.93%.'H NMR (400 MHz, DMSOd6) §: 9.40 (d,J = 0.5 Hz, 1H), 8.60 (d] = 6.0 Hz, 1H),
8.31 (s, 1H), 8.26 (dl = 7.3 Hz, 1H), 8.22 (d] = 8.2 Hz, 1H), 8.04 (d] = 6.0 Hz, 1H), 7.86

— 7.78 (m, 2H), 7.69 (d] = 8.0 Hz, 1H), 7.14 (t) = 8.0 Hz, 1H), 6.83 (d] = 7.7 Hz, 1H),



3.97 (s, 3H).°C NMR (100 MHz, DMSOQd6) &: 152.92, 146.53, 143.69, 133.54, 132.59,
131.24, 130.21, 128.90, 128.22, 127.45, 127.10,7126125.33, 121.41, 117.97, 117.09,
112.00, 110.91, 110.35, 103.07, 55.32. LC-MS (E8£:326.1 [M + HT.
(2)-2-(7-bromo-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (14c)

Sep 1: (7-bromo-1H-indol-3-yl)-N,N-dimethylmethanamine (12c)

Intermediatel2c (610 mg, 2.410 mmol) was prepared as a brown $aid 7-bromoindole
(546 mg, 2.785 mmol) according to general procedur¥ield: 86%.'"H NMR (400 MHz,
CDCly) &: 7.55 (dd,J = 8.0, 0.8 Hz, 1H), 7.30 (d,= 7.6 Hz, 1H), 7.25 (s, 1H), 6.97 {t=
7.8 Hz, 1H), 3.67 (s, 2H), 2.29 (s, 6H).

Sep 2: 2-(7-bromo-1H-indol-3-yl)acetonitrile (13c)

Intermediatel3c (224 mg, 0.951 mmol) was prepared as an off-wdotel from intermediate
12c¢ (592 mg, 2.339 mmol) according to general procediiusing 4:1 hexane/ethyl acetate
as the eluent for flash silica gel column chromedppy. Yield: 41% NMR (400 MHz,
CDCly) &: 8.37 (bs, 1H), 7.55 (d = 8.0 Hz, 1H), 7.45 — 7.38 (m, 1H), 7.32 — 7.28 (M),
7.08 (t,J = 7.8 Hz, 1H), 3.83 (d] = 1.0 Hz, 2H).

Sep 3: (2)-2-(7-bromo-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (14c)

Compoundl4c (66 mg, 0.176 mmol) was prepared as a shiny yediohd from intermediate
13c (46 mg, 0.197 mmol) and isoquinoline-5-carboxajdiEh(31 mg, 0.197 mmol) according
to general procedure A sealed tube method. Yidéb.9HPLC RT 12.92 min; HPLC purity
99.05%.'H NMR (400 MHz, DMSO€6) &: 9.40 (d,J = 0.8 Hz, 1H), 8.60 (d] = 6.0 Hz, 1H),
8.38 (s, 1H), 8.28 (dl = 7.3 Hz, 1H), 8.23 (d] = 8.2 Hz, 1H), 8.12 (dd} = 8.1, 0.7 Hz, 1H),
8.07 (d,J = 6.0 Hz, 1H), 7.99 (s, 1H), 7.86 — 7.79 (m, 1H%8 (d,J = 7.1 Hz, 1H), 7.15 (1

= 7.8 Hz, 1H).2*C NMR (100 MHz, DMSQd6) &: 152.94, 143.71, 135.86, 134.00, 133.55,
131.11, 130.33, 129.12, 128.63, 128.22, 127.12,6825124.99, 121.85, 118.89, 117.88,

117.19, 111.42, 109.70, 105.32. LC-MS (E®1)z 374.0, 376.0 [M + H]



(2)-3-(isoquinolin-5-yl)-2-(1H-pyrrolo[2,3-b]pyridin-3-yl)acrylonitrile (14d)

Sep 1. N,N-dimethyl(1H-pyrrolo[2,3-b]pyridin-3-yl)methanaminel@d)

Intermediatel2d (443 mg, 2.528 mmol) was prepared as a white $alid 7-azaindole (346
mg, 2.925 mmol) according to general procedureiBldY 86%."H NMR (400 MHz, CDCJ)

§: 10.44 (bs, 1H), 8.31 (dd,= 4.7, 1.3 Hz, 1H), 8.05 (dd,= 7.8, 1.3 Hz, 1H), 7.27 (s, 1H),
7.08 (ddJ = 7.8, 4.8 Hz, 1H), 3.61 (s, 2H), 2.27 (s, 6H).

Sep 2: 2-(1H-pyrrolo[ 2,3-b] pyridin-3-yl)acetonitrile (13d)

Intermediatel3d (149 mg, 0.951 mmol) was prepared as a white $ad intermediatd2d
(235 mg, 1.344 mmol) according to general proce@uresing 65:35 hexane/ethyl acetate as
the eluent for flash silica gel column chromatogmapYield: 71%.'H NMR (400 MHz,
MeOD): 8.24 (ddJ = 4.8, 1.5 Hz, 1H), 8.08 (dd,= 7.9, 1.5 Hz, 1H), 7.41 (s, 1H), 7.16 (dd,
J=17.9, 4.8 Hz, 1H), 3.99 (d,= 1.0 Hz, 2H).

Step 3:(2)-3-(isoquinolin-5-yl)-2-(1H-pyrrolof 2,3-b] pyridin-3-yl)acrylonitrile (14d)
Compoundl4d (78 mg, 0.263 mmol) was prepared as a pale yatlowd from intermediate
13d (57 mg, 0.365 mmol) and isoquinoline-5-carboxalalh (57 mg, 0.365 mmol)
according to general procedure A microwave methéeld: 72%. HPLC purity not
determined due to poor solubilifd NMR (400 MHz, DMSOdB6) &: 12.37 (s, 1H), 9.41 (s,
1H), 8.60 (dJ = 6.0 Hz, 1H), 8.55 (dd] = 8.0, 1.4 Hz, 1H), 8.41 (s, 1H), 8.37 (dds 4.6,
1.4 Hz, 1H), 8.27 (dJ = 7.2 Hz, 1H), 8.24 (d] = 8.2 Hz, 1H), 8.09 — 8.07 (m, 2H), 7.87 —
7.78 (m, 1H), 7.26 (dd] = 8.0, 4.7 Hz, 1H). LC-MS (ESnz297.1 [M + HJ.
(2)-2-(1H-indazol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (20)

Sep 1. 1H-indazole-3-carbal dehyde (18)

An aqueous solution of 0.25 M NaN@00 ml, 50 mmol, 1.05 equiv) was acidified with
dilute HCI to pH 2.5. To this solution, dioxane 810 15% v/v) was added. The flask was

protected from light by wrapping with aluminium lidndole (5.578g, 47.62 mmol, 1.0 equiv)



was added slowly in small portions. The mixture whged vigorously at room temperature
for 2 h. The liquid in the reaction flask was ddeanout and extracted with ethyl acetate 3
times. The combined organic layer was washed witheb dried over anhydrous sodium
sulphate, concentrated vacuo and purified by flash silica gel column chromatggry (7:3
hexane/ethyl acetate) to afford intermeditBes a brown solid (514 mg, 3.517 mmol). Yield:
7%.'H NMR (400 MHz, Acetonel6) 5: 10.23 (s, 1H), 8.23 (df,= 8.1, 1.0 Hz, 1H), 7.74 (dt,
J=8.5, 0.9 Hz, 1H), 7.55 — 7.48 (m, 1H), 7.41367(m, 1H).

Sep 2: 2-(1H-indazol-3-yl)acetonitrile (19)

Intermediatel9 (330 mg, 2.100 mmol) was prepared as a brownrorhfintermediatel8
(513 mg, 3.513 mmol) according to general proceduusing 63:27 hexane/ethyl acetate as
the eluent for flash silica gel column chromatogmapYield: 60%.'H NMR (400 MHz,
Acetoneds) &: 12.25 (s, 1H), 7.86 (dfl = 8.2, 0.9 Hz, 1H), 7.60 (df,= 8.5, 0.8 Hz, 1H),
7.45 —7.39 (m, 1H), 7.23 = 7.17 (m, 1H), 4.28().

Sep 3: (2)-2-(1H-indazol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (20)

Compound20 (30 mg, 0.101 mmol) was prepared as a light yelboange solid from
intermediatel9 (104 mg, 0.663 mmol) and isoquinoline-5-carboxhjdke (130 mg, 0.829
mmol) according to general procedure A sealed tnéthod. After the reaction was cooled to
room temperature, the mixture was filtered and ¢vaporated under vacuum and the
resulting material was recrystallized with methaaoafford20 as a light yellow-orange solid.
Yield: 15%. HPLC RT 11.55 min; HPLC purity 95.60%1 NMR (400 MHz, DMSO€d6) §:
9.43 (d,J = 0.7 Hz, 1H), 8.70 (s, 1H), 8.62 @= 6.0 Hz, 1H), 8.36 (d] = 7.3 Hz, 1H), 8.28
(d,J = 8.2 Hz, 1H), 8.24 (d] = 8.3 Hz, 1H), 8.04 (d] = 6.0 Hz, 1H), 7.89 — 7.82 (m, 1H),
7.68 (d,J = 8.4 Hz, 1H), 7.45 — 7.39 (m, 1H), 7.26J& 7.5 Hz, 1H)!*C NMR (100 MHz,

DMSO-d6) o: 152.98, 143.85, 142.72, 138.12, 137.53, 133.48).68, 130.51, 129.68,



128.17, 127.09, 126.18, 121.65, 120.20, 119.80,0417116.96, 111.59, 110.00. LC-MS
(ESI):m/z297.1 [M + HT.

5-((E)-2-(1H-indol-3-yl)vinyl)isoquinoline (21)

Sep 1: (1H-indol-3-yl)-N,N-dimethylmethanamine (12e)

Intermediatel2e (374 mg, 2.146 mmol) was prepared as an off-wihitiel rom indole (379
mg, 3.232 mmol) according to general procedureiBldY 66%."H NMR (400 MHz, CDCJ)

§: 8.21 (bs, 1H), 7.75 — 7.67 (m, 1H), 7.39 — 7.88 {H), 7.22 — 7.17 (m, 1H), 7.15 — 7.10
(m, 2H), 3.65 (s, 2H), 2.30 (s, 6H).

Step 2:5-((E)-2-(1H-indol-3-yl)vinyl)isoquinoline (21)

In a dry sealed tube, intermedidi2e (92 mg, 0.530 mmol, 1.0 equiv) and isoquinoline-5-
carboxaldehyde (83 mg, 0.530 mmol, 1.0 equiv) wasadved in anhydrous acetonitrile (3
mL). Tributylphosphine (301 pL, 244mg, 1.195 mnR5 equiv) was added and the sealed
reaction was heated at 90 °C in an oil bath foh2Brotected from light. After the reaction
was allowed to cool to room temperature, the sdlweas removed under vacuum. The crude
material was washed with methanol and diethyl etbeafford 21 as a yellow precipitate
which was filtered and dried under vacuum (40 md@48 mmol). Yield 28%. HPLC RT
12.20 min; HPLC purity 98.96%H NMR (400 MHz, Acetonei6) 5: 10.57 (s, 1H), 9.28 (d,
J=0.8 Hz, 1H), 8.56 (d] = 6.0 Hz, 1H), 8.22 (d] = 6.0 Hz, 1H), 8.17 — 8.11 (m, 2H), 7.98
(d, J = 8.2 Hz, 1H), 7.90 (d] = 16.2 Hz, 1H), 7.78 (d] = 2.5 Hz, 1H), 7.69 () = 7.7 Hz,
1H), 7.62 (d,J = 16.2 Hz, 1H), 7.53 — 7.47 (m, 1H), 7.29 — 7.4 @H).**C NMR (100
MHz, Acetoned6) ¢: 154.07, 151.28, 147.70, 143.48, 138.48, 136.29,5DB, 128.49, 127.67,
126.60, 124.40, 123.17, 121.19, 120.89, 116.74,5816.15.67, 112.82. LC-MS (EShvz
272.1 [M + H.

N-(isoquinolin-5-yl)-1H-indole-3-car boxamide (24)



To a suspension of Htindole-3-carboxylic acid (135 mg, 0.838 mmol, 1eQuiv) in
dichloromethane (10 mL), oxalyl chloride 2.0 M d@da in dichloromethane (approximately
1.5 mL) was added, followed by one drop of DMF. Tieaction was stirred at room
temperature for 2 h which turned into a dark yellgolution. The solution was evaporated
under vacuum to afford the crude acid chloride himmmethane was added to the crude acid
chloride and evaporated under vacuum again fom2di The acid chloride was then re-
dissolved in THF and added slowly to a solutionSedminoisoquinoline (145 mg, 1.006
mmol, 1.2 equiv) and triethylamine (292 pL, 212 )96 mmol, 2.5 equiv) in THF. The
reaction was stirred at room temp for 16 h. Thetanexwas poured into water and extracted
with ethyl acetate 3 times. The combined organyedavas washed with brine, dried over
anhydrous sodium sulphate, concentratedacuo and purified by flash silica gel column
chromatography (9:1 ethyl acetate/methanol) todyeelyellow oil which was recrystallized
with methanol to affor®4 as a brown solid (101 mg, 0.352 mmol). Yield: 42902L.C RT
10.79 min; HPLC purity 95.43%H NMR (400 MHz, DMSOd6) &: 11.80 (s, 1H), 9.98 (s,
1H), 9.35 (d,J = 0.7 Hz, 1H), 8.53 (dJ = 6.0 Hz, 1H), 8.44 (s, 1H), 8.20 — 8.14 (m, 1H),
7.99 (t,J = 7.0 Hz, 2H), 7.94 (d) = 6.0 Hz, 1H), 7.72 (t) = 7.8 Hz, 1H), 7.53 — 7.47 (m,
1H), 7.22 — 7.13 (m, 2H}3C NMR (100 MHz, DMSQd6) &: 163.86, 152.45, 142.51, 136.24,
133.55, 131.11, 129.15, 128.87, 127.17, 126.48,4826124.59, 122.16, 121.02, 120.71,
116.41, 111.96, 109.97. LC-MS (EStNz 288.1 [M + HJ.
(2)-2-(1H-indol-3-yI)-3-(isoquinolin-5-yl)acrylamide (25)

To a solution of4a (89 mg, 0.302 mmol, 1.0 equiv) in 4.5 ml of t-lnag pulverized
potassium hydroxide (305 mg, 5.436 mmol, 18.0 gquwas added. The reaction was
refluxed for 18 h, protected from light. After cow to room temperature, the solvent was
removed under vacuum. The crude material obtainasl dissolved in ethyl acetate which

was washed with water, saturated ammonium chl@rakthen brine. The organic layer was



dried over anhydrous sodium sulphate, concentratedcuo and purified by flash silica gel
column chromatography (92:8 ethyl acetate/methaoadfford25 as a yellow solid (37 mg,
0.119 mmol). Compound5 was obtained as an inseparable mixture of apprabeiy 86:14
double bond geometry (calculated frdht NMR). Yield: 39%. HPLC RT 10.59, 10.77 min
(overlapping peaks); HPLC peak areas 25.93%, 74.6A%IMR (400 MHz, DMSO€6) :
11.46 (s, 1H), 9.32 (s, 1H), 8.56 (b= 5.6 Hz, 1H), 8.04 — 8.00 (m, 3H), 7.99 Jd& 7.8 Hz,
1H), 7.68 — 7.66 (m, 2H), 7.61 (d= 2.4 Hz, 1H), 7.49 — 7.47 (m, 2H), 7.32 (s, 1AHP1 —
7.12 (m, 2H).}*C NMR (100 MHz, DMSOd6) &: 170.96, 152.64, 142.97, 137.54, 136.93,
133.75, 133.31, 129.05, 127.03, 126.47, 125.94,6824121.72, 119.97, 119.91, 117.48,
116.72, 113.08, 112.05. Chemical shifts were gieerthe major isomer. LC-MS (ESli/z
314.1 [M + HJ.

2-(1H-indol-3-yl)-3-(isoquinolin-5-yl)propanenitrile (26)

To 4a (100 mg, 0.338 mmol, 1.0 equiv) dissolved in migtof THF (6 ml) and methanol
(1.2 ml) in a dried reaction tube, sodium borohgdr{115 mg, 3.041 mmol, 9.0 equiv) was
added. The reaction tube was sealed and heatéd°at in an oil bath for 40 h. The reaction
was allowed to cool to room temperature and thgesw$ evaporated under vacuum. The
crude material was dissolved in ethyl acetate aadhed with water 3 times, followed by
brine once. The organic layer was dried over andyslisodium sulphate and concentrated
vacuo. Purification by flash silica gel column chromataghy (7:3 ethyl acetate/hexane)
yielded a beige solid which was triturated withtdy® ether to obtair26 as an off-white
precipitate (20 mg, 0.067 mmol). Yield: 20%. HPLT &3.30 min; HPLC purity 98.98%H
NMR (400 MHz, DMSO€6) &: 11.17 (s, 1H), 9.32 (s, 1H), 8.50 (4= 5.9 Hz, 1H), 8.05 (d,
J=8.2 Hz, 1H), 7.96 (d] = 6.0 Hz, 1H), 7.76 (d] = 6.3 Hz, 1H), 7.71 (d] = 7.9 Hz, 1H),
7.64 (ddJ = 8.0, 7.2 Hz, 1H), 7.44 — 7.36 (m, 2H), 7.19 £07(m, 1H), 7.11 — 7.03 (m, 1H),

4.82 (dd,J = 9.1, 6.6 Hz, 1H), 3.85 — 3.71 (m, 2HJC NMR (100 MHz, DMSQd6) &:



152.93, 143.07, 136.30, 133.97, 133.04, 131.70,41728127.12, 126.90, 125.17, 123.92,
121.62, 121.00, 119.08, 118.28, 116.66, 111.87,58084.70, 29.18. LC-MS (EShn/'z
298.1 [M + HT.

(2)-3-(isoquinalin-5-yl)-2-(1-methyl-1H-indol-3-yl)acrylonitrile (27)

To a solution o#da (74 mg, 0.249 mmol, 1.0 equiv) in THF (8 mL) cabke O °C in an ice
bath, sodium hydride (60% dispersion in minera) @83 mg, 0.324 mmol, 1.3 equiv) was
added, and allowed to stir at 0 °C for 10 min. im@thane (26 pL, 58 mg, 0.411 mmol, 1.65
equiv) was then added. The reaction was allowedkton to room temperature and stirred for
4 h protected from light. The solvent was evaparateder vacuum. Saturated aqueous
ammonium chloride was added to the resulting crateure and extracted with ethyl acetate
3 times. The combined organic layer was washed laitie, dried over anhydrous sodium
sulphate, concentrated vacuo and purified by flash silica gel column chromatggry (6:4
hexane/ethyl acetate) to affa2d as a yellow solid (68 mg, 0.220 mmol). Yield: 884RLC
RT 12.87 min; HPLC purity 96.46%. Yellow crystalen@ obtained by recrystallization
using acetone and methantf NMR (400 MHz, Acetonal6) §: 9.37 (d,J = 0.9 Hz, 1H),
8.60 (d,J = 6.0 Hz, 1H), 8.43 — 8.27 (m, 2H), 8.23 — 8.15 PH), 8.06 (dtJ = 6.0, 0.9 Hz,
1H), 7.86 — 7.76 (m, 2H), 7.57 (ck= 8.3, 0.9 Hz, 1H), 7.38 — 7.34 (m, 1H), 7.31 267(m,
1H), 3.98 (s, 3H)C NMR (100 MHz, Acetonel6) &: 154.00, 144.85, 139.18, 135.03,
132.96, 132.59, 131.99, 131.14, 129.76, 129.72,8827125.65, 123.79, 121.97, 120.87,
118.56, 117.71, 111.79, 111.56, 111.44, 33.35. LE{HESI):m/z 310.1 [M + HJ.
(2)-2-(5-(2-methoxyethoxy)-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile (32a)

Step 1:2-(5-hydroxy-1H-indol-3-yl)acetonitrile (29)

5-Benzyloxyindole-3-acetonitrile (2.96 g, 11.28 mnpt0 equiv) was dissolved in THF (18
mL). 10% palladium on carbon (296 mg, 10 mmol%) \added. The reaction was shaken

under hydrogen at 30 psi using the Parr Shaker dfymration Apparatus for 7 h. The



mixture was filtered over celite and washed withykticetate. The filtrate was evaporated,
concentratedin vacuo and purified by silica gel flash column chromatggry (1:1
hexane/ethyl acetate) to afford intermedia®eas an off-white solid (1.65 g, 9.57 mmol).
Yield: 84%.'"H NMR (400 MHz, Acetonei6) &: 10.04 (bs, 1H), 7.76 (s, 1H), 7.30 — 7.28 (m,
1H), 7.26 (dd, = 8.7, 0.4 Hz, 1H), 7.01 (d,= 2.3 Hz, 1H), 6.77 (dd] = 8.7, 2.3 Hz, 1H),
3.90 (d,J = 0.9 Hz, 2H).

Sep 2: 2-(5-(2-methoxyethoxy)-1H-indol-3-yl)acetonitrile (30a)

Intermediate80a (76 mg, 0.330 mmol) was prepared as light-yellovirom intermediate29
(91 mg, 0.530 mmol) and 2-bromoethyl-methyl-eth&bQ( pL, 221 mg, 1.591 mmol)
according to general procedure F using 3:2 hextng/acetate as the eluent for flash silica
gel column chromatography. Yield: 62961 NMR (400 MHz, CDGJ) &: 8.22 (bs, 1H), 7.27
(d,J = 8.7 Hz, 1H), 7.18 — 7.15 (m, 1H), 7.02 Jc= 2.4 Hz, 1H), 6.94 (dd] = 8.8, 2.4 Hz,
1H), 4.21 — 4.16 (m, 2H), 3.81 — 3.78 (m, 2H), @8 = 1.0 Hz, 2H), 3.48 (s, 3H).

Sep 3: (2)-2-(5-(2-methoxyethoxy)-1H-indol-3-y1)-3-(isoquinolin-5-yl)acrylonitrile (32a)
Compound32a (34 mg, 0.092 mmol) was prepared as a yellow dolich intermediate30a
(75 mg, 0.326 mmol) and isoquinoline-5-carboxaldeh(67 mg, 0.423 mmol) according to
general procedure A microwave method. Yield: 28%LB8 RT 11.27 min; HPLC purity
98.55%.'H NMR (400 MHz, DMSOd6) §: 9.40 (d,J = 0.7 Hz, 1H), 8.59 (d] = 6.0 Hz, 1H),
8.29 (s, 1H), 8.23 (] = 7.5 Hz, 2H), 8.03 (d] = 6.0 Hz, 1H), 7.88 (s, 1H), 7.85 — 7.76 (m,
1H), 7.55 (dJ = 2.3 Hz, 1H), 7.43 (d] = 8.8 Hz, 1H), 6.92 (dd] = 8.9, 2.3 Hz, 1H), 4.21 —
4.09 (m, 2H), 3.83 — 3.58 (m, 2H), 3.31 (s, 3HE NMR (100 MHz, DMSOd6) §: 153.71,
152.91, 143.61, 133.57, 132.54, 132.29, 131.53,3030128.80, 128.23, 127.73, 127.12,
124.25, 117.97, 117.24, 113.21, 112.89, 110.50,181A02.70, 70.62, 67.54, 58.17. LC-MS

(ESI):m/z370.1 [M + HJ.



(2)-2-(5-(2-(1,3-dioxolan-2-yl)ethoxy)-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile

(32b)

Sep 1: 2-(5-(2-(1,3-dioxolan-2-yl)ethoxy)-1H-indol-3-yl )acetonitrile (30b)

Intermediate80b (121 mg, 0.444 mmol) was prepared as a light-yetd from intermediate
29 (170 mg, 0.989 mmol) and 2-(2-bromoethyl)-1,3-diaxe (348 uL, 537 mg, 2.966 mmol)
according to general procedure F using 3:2 hextng/acetate as the eluent for flash silica
gel column chromatography. Yield: 4591 NMR (400 MHz, CDGJ) &: 8.22 (bs, 1H), 7.27
(d,J = 8.7 Hz, 1H), 7.18 — 7.14 (m, 1H), 7.01 Jds 2.3 Hz, 1H), 6.90 (dd] = 8.8, 2.4 Hz,
1H), 5.14 (tJ = 4.9 Hz, 1H), 4.18 () = 6.5 Hz, 2H), 4.04 — 3.97 (m, 2H), 3.94 — 3.85 (m
2H), 3.77 (dJ = 0.9 Hz, 2H), 2.22 — 2.18 (m, 2H).

Sep 2: (2)-2-(5-(2-(1,3-dioxolan-2-yl)ethoxy)-1H-indol -3-yl)-3-(isoquinolin-5-
yhacrylonitrile (32b)

Compound32b (42 mg, 0.101 mmol) was prepared as a yellow dotich intermediate30b
(116 mg, 0.426 mmol) and isoquinoline-5-carboxajdieh(107 mg, 0.682 mmol) according
to general procedure A microwave method. Yield: 2#4#8LC RT 10.82 min; HPLC purity
98.08%.'H NMR (400 MHz, DMSO€6) &: 9.40 (d,J = 0.6 Hz, 1H), 8.59 (d] = 6.0 Hz, 1H),
8.28 (s, 1H), 8.25 — 8.21 (m, 2H), 8.03 Jd; 6.0 Hz, 1H), 7.89 (s, 1H), 7.84 — 7.80 (m, 1H),
7.53 (d,J = 2.3 Hz, 1H), 7.44 (d] = 8.7 Hz, 1H), 6.90 (dd] = 8.9, 2.3 Hz, 1H), 5.01 (8, =
5.0 Hz, 1H), 4.14 () = 6.6 Hz, 2H), 3.90 — 3.82 (m, 2H), 3.81 — 3.71 PH), 2.07 — 2.03
(m, 2H).*C NMR (100 MHz, DMSOd6) &: 153.59, 152.92, 143.60, 133.57, 132.46, 132.40,
131.52, 130.29, 128.79, 128.24, 127.87, 127.13,3824117.99, 117.22, 113.32, 112.84,
110.47, 110.13, 102.64, 101.31, 64.22, 64.10, 32.62MS (ESI):mVz 412.2 [M + HJ.
(2)-2-(5-(3-(pyrroalidin-1-yl)propoxy)-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile

(32¢)

Sep 1: 2-(5-(3-chloropropoxy)-1H-indol-3-yl)acetonitrile (30c)



Compound30c (150 mg, 0.603 mmol) was prepared as dark-yellbviram intermediate29
(207 mg, 1.200 mmol) 1-chloro-3-iodopropane (258 ga20 mg, 2.70 mmol) according to
general procedure F using 65:35 hexane/ethyl a&catathe eluent for flash silica gel column
chromatography. Yield: 50%H NMR (400 MHz, CDCJ) &: 8.08 (bs, 1H), 7.29 (d} = 8.8
Hz, 1H), 7.21 — 7.19 (m, 1H), 7.03 @z 2.3 Hz, 1H), 6.91 (ddl = 8.8, 2.4 Hz, 1H), 4.18 (t,
J=5.8 Hz, 2H), 3.77 — 3.80 (m, 4H), 2.32 — 2.21 ).

Sep 2: 2-(5-(3-(pyrrolidin-1-yl)propoxy)-1H-indol-3-yl)acetonitrile (31c)

To a solution of intermediatg0c (149 mg, 0.599 mmol, 1.0 equiv) in acetonitrilen(®.),
potassium carbonate (306 mg, 2.214 mmol, 3.7 egsodium iodide (135 mg, 0.899 mmol,
1.5 equiv) and pyrrolidine (149 pL, 128 mg, 1.79%noh 3.0 equiv) were added. The
mixture was heated to reflux for 40 h. After coglito room temperature, the reaction was
filtered and washed with small amounts of ethyltaige The filtrate and washings were
concentratedn vacuo and purified by flash silica gel column chromatggry (9:1:0.01
dichloromethane/methanol/ammonium hydroxide sohtitm afford intermediat8lc as a
dark-yellow oil (132 mg, 0.466 mmol). Yield: 78%4 NMR (400 MHz, MeOD)3: 7.37 —
7.31 (m, 1H), 7.26 (s, 1H), 7.17 @= 2.3 Hz, 1H), 6.90 (dd] = 8.8, 2.4 Hz, 1H), 4.17 (8,

= 5.8 Hz, 2H), 3.96 (d] = 0.8 Hz, 2H), 3.44 — 3.29 (m, 6H), 2.27 — 2.2Q 2), 2.13 — 2.05
(m, 4H).

Sep 3: (2)-2-(5-(3-(pyrrolidin-1-yl)propoxy)-1H-indol-3-yl)-3-(isoquinolin-5-yl)acrylonitrile
(32¢)

Compound32c (8 mg, 0.019 mmol) was prepared as a yellow sotich intermediate31c
(84 mg, 0.295 mmol) and isoquinoline-5-carboxalakhy70 mg, 0.442 mmol) according to
general procedure A microwave method. The reach@s evaporated under vacuum to
remove the solvent and purified by silica gel flagsilumn chromatography (85:15:0.015

dichloromethane/methanol/ ammonium hydroxide soh)tiThe material obtained was dried



under vacuum and triturated with small amounts eflranol and acetone to obtain a yellow
precipitate. Yield: 7%. HPLC RT 10.63 min; HPLC itwr95.80%.'H NMR (400 MHz,
MeOD) §: 9.32 (s, 1H), 8.54 (d] = 6.0 Hz, 1H), 8.32 (dJ = 7.3 Hz, 1H), 8.21 — 8.19 (m,
2H), 8.05 (d,J = 6.1 Hz, 1H), 7.86 — 7.79 (m, 1H), 7.77 (s, 1A%7 (d,J = 2.2 Hz, 1H),
7.43 (d,J = 8.9 Hz, 1H), 6.97 (dd] = 8.9, 2.3 Hz, 1H), 4.20 (8, = 5.7 Hz, 2H), 3.49 — 3.36
(m, 6H), 2.27 — 2.24 (m, 2H), 2.11 — 2.08 (m, 4HL NMR (100 MHz, MeODY: 155.19,
153.95, 143.72, 135.85, 134.38, 133.25, 133.02,2632130.27, 128.61, 128.35, 126.02,
118.96, 118.76, 114.15, 114.09, 112.73, 112.21,100466.79, 55.46, 54.13, 27.35, 23.97.
LC-MS (ESI):m/z423.2 [M + HT.
(2)-3-(isoquinolin-5-yl)-2-(5-((pyrrolidin-1-yl)methyl)-1H-indol-3-yl)acr ylonitrile (36a)

Sep 1: Potassium ((pyrrolidin-1-yl)methyl)trifluor oborate (34)

To pyrrolidine (494 uL, 428 mg, 6.014 mmol, 1.05ueg in dry THF (6.5 ml), potassium
(bromomethyl) trifluoroborate (1150 mg, 5.728 mmbl) equiv) was added. The mixture
was allowed to stir at room temperature for 40 lme Solvent was evaporated under vacuum
and the resulting crude material was dissolvedcetane. Potassium carbonate (792 mg,
5.728 mmol, 1.0 equiv) was added and stirred atnrtamperature for 1 h. The mixture was
filtered through a pad of Celite to remove the inbte salts, and the filtrate was evaporated
under vacuum to yield a dark brown gum. Recrygtaion with acetone afforded
intermediate34 as orange needle-like solids (171 mg, 0.895 mmGeld: 16%.°C NMR
(100 MHz, Acetoned6) 5 57.09, 23.66'°F NMR (376 MHz, Acetonel6) § -144.14.

Sep 2: 2-(5-((pyrrolidin-1-yl)methyl)-1H-indol -3-yl )acetonitrile (35a)

Intermediate35a (37 mg, 0.154 mmol) was prepared as a light-yelbowrom intermediate
10e (50 mg, 0.262 mmol) according to general proce@ur¥ield: 59%.H NMR (400 MHz,

MeOD)5: 7.58 (d,J = 0.9 Hz, 1H), 7.38 (ddl = 8.4, 0.5 Hz, 1H), 7.26 (s, 1H), 7.20 (dds



8.4, 1.6 Hz, 1H), 3.95 (d, = 0.9 Hz, 2H), 3.84 (s, 2H), 2.78 — 2.58 (M, 4HB8 — 1.75 (m,
4H).

Sep 3. (2)-3-(isoquinolin-5-y1)-2-(5-((pyrrolidin-1-yl ) methyl)-1H-indol-3-yl )acrylonitrile
(36a)

Compound36a (27 mg, 0.071 mmol) was prepared as a yellow dolich intermediate35a
(38 mg, 0.157 mmol) and isoquinoline-5-carboxalakhy27 mg, 0.173 mmol) according to
general procedure A sealed tube method. The reagtEs evaporated under vacuum to
remove the solvent and purified by silica gel flagsilumn chromatography (85:15:0.015
dichloromethane/methanol/ammonium hydroxide sohjti@o yield a dark yellow oil.
Recrystallization with dichloromethane/methanobedied36a as a yellow solid. Yield: 45%.
HPLC RT 12.12 min; HPLC purity 99.59%H NMR (400 MHz, MeOD)3: 9.31 (s, 1H),
8.53 (d,J = 6.1 Hz, 1H), 8.34 — 8.26 (m, 2H), 8.18 Jd= 8.3 Hz, 1H), 8.09 — 8.05 (M, 2H),
7.85 — 7.76 (m, 1H), 7.75 (s, 1H), 7.47 Jd= 8.3 Hz, 1H), 7.27 (dd] = 8.4, 1.5 Hz, 1H),
3.81 (s, 2H), 2.67 — 2.57 (m, 4H), 1.84 — 1.81 4H). **C NMR (100 MHz, MeOD)3:
153.89, 143.72, 138.59, 135.85, 133.28, 133.22,2832131.90, 130.25, 130.21, 128.63,
128.59, 125.89, 125.57, 121.47, 118.89, 113.08,9712412.70, 61.98, 54.88, 24.10. LC-MS
(ESI):m/z379.1 [M + HT.
(2)-3-(isoquinolin-5-yl)-2-(6-((pyrrolidin-1-yl)methyl)-1H-indol-3-yl)acr ylonitrile (36b)

Sep 1. 2-(6-((pyrrolidin-1-yl)methyl)-1H-indol -3-yl )acetonitrile (35b)

Intermediate35b (30 mg, 0.125 mmol) was prepared as a light-yelbavirom intermediate
10i (55 mg, 0.236 mmol) according to general proce@ur¥ield: 53%.'H NMR (400 MHz,
MeOD) &: 7.56 (ddJ = 8.2, 0.5 Hz, 1H), 7.39 (d,= 0.7 Hz, 1H), 7.25 (s, 1H), 7.11 (db=
8.2, 1.4 Hz, 1H), 3.93 (d, = 0.9 Hz, 2H), 3.77 (s, 2H), 2.64 — 2.60 (M, 4HB7 — 1.78 (m,

4H).



Sep 20 (2)-3-(isoquinolin-5-yl)-2-(6-((pyrrolidin-1-yl)methyl)-1H-indol -3-yl)acrylonitrile
(36h)

Compound36b (47 mg, 0.095 mmol) was prepared as a yellow dotich intermediate85b
(30 mg, 0.125 mmol) and isoquinoline-5-carboxalakhy22 mg, 0.137 mmol) according to
general procedure A sealed tube method. The reagtEs evaporated under vacuum to
remove the solvent and purified by silica gel flagsilumn chromatography (85:15:0.015
dichloromethane/methanol/ammonium hydroxide soh)ti@he material obtained was dried
under vacuum and triturated with a small amounmethanol to obtair86b as a yellow
precipitate. Yield: 76%. HPLC RT 12.98 min; HPLCripy 99.41%."H NMR (400 MHz,
MeOD) §: 9.32 (s, 1H), 8.54 (dl = 6.1 Hz, 1H), 8.33 (d] = 7.3 Hz, 1H), 8.27 (s, 1H), 8.19
(d,J = 8.3 Hz, 1H), 8.07 — 8.04 (m, 2H), 7.84 — 7.78 {M), 7.77 (s, 1H), 7.52 (s, 1H), 7.27
(dd,J = 8.3, 1.4 Hz, 1H), 3.84 (s, 2H), 2.69 — 2.66 4H), 1.90 — 1.85 (m, 4H)*C NMR
(100 MHz, MeOD)é: 153.90, 143.75, 139.24, 135.84, 133.78, 133.(3.0b, 132.21,
130.24, 130.23, 128.59, 128.49, 124.89, 123.89,462(0118.86, 118.76, 114.25, 112.84,
112.65, 61.65, 54.90, 24.10. LC-MS (ESHJz 379.2 [M + HJ.
(2)-3-(isoquinolin-5-yl)-2-(7-((pyrrolidin-1-yl)methyl)-1H-indol-3-yl)acr ylonitrile (36¢)

Sep 1. 2-(7-((pyrrolidin-1-yl)methyl)-1H-indol -3-yl )acetonitrile (35c)

Intermediate35c (32 mg, 0.134 mmol) was prepared as a light-yelbowirom intermediate
14c (70 mg, 0.302 mmol) according to general procedur¥ield: 53%.H NMR (400 MHz,
MeOD) §: 7.55 (dd,J = 7.8, 1.1 Hz, 1H), 7.29 (s, 1H), 7.14 (&= 6.6 Hz, 1H), 7.11 — 7.05
(m, 1H), 4.01 (s, 2H), 3.95 (d,= 0.9 Hz, 2H), 2.76 — 2.65 (m, 4H), 1.90 — 1.77 4i).

Sep 20 (2)-3-(isoquinolin-5-yl)-2-(7-((pyrrolidin-1-yl)methyl)-1H-indol -3-yl)acrylonitrile
(36¢)

Compound36c (18 mg, 0.048 mmol) was prepared as a yellow datich intermediate85c¢

(32 mg, 0.134 mmol) and isoquinoline-5-carboxaldeh{?24 mg, 0.154 mmol) according to



general procedure A sealed tube method. The reagtEs evaporated under vacuum to
remove the solvent and purified by silica gel flagsslumn chromatography (87:13:0.008
dichloromethane/methanol/ammonium hydroxide soh)tito yield a yellow sticky solid.
Recrystallization with dichloromethane/methanobeded36c¢ as a yellow precipitate. Yield:
35%. HPLC RT 12.47 min; HPLC purity 98.799%1 NMR (400 MHz, CDC}) &: 10.55 (bs,
1H), 9.32 (s, 1H), 8.62 (d,= 5.5 Hz, 1H), 8.34 (d] = 7.3 Hz, 1H), 8.18 (s, 1H), 8.03 (#=

8.2 Hz, 1H), 7.95 (dJ = 8.0 Hz, 1H), 7.86 (d] = 5.9 Hz, 1H), 7.75 — 7.71 (m, 1H), 7.70 (s,
1H), 7.25 — 7.20 (m, 1H), 7.12 (@= 7.1 Hz, 1H), 4.04 (s, 2H), 2.64 — 2.59 (m, 4HY0 —
1.86 (m, 4H).*C NMR (100 MHz, CDG)) &: 153.41, 144.03, 137.04, 134.49, 132.32,
131.46, 130.57, 129.07, 128.91, 127.29, 126.39,3624122.34, 121.41, 118.82, 118.13,

116.75, 112.56, 111.41, 59.22, 54.42, 23.89. LC{(ES): Vz379.1 [M + H.

Biology
Céll proliferation inhibition assays

Human BJ foreskin fibroblasts were a gift from Dfathijs Voorhoeve [24] and were fully
transformed with hTert, small t, sShRNAs against pf8 pRb, as well as H-RasV12-ER [23].
All other cells were purchased from ATCC (RockvilMD) and cultured according to the
instructions (see Supplementary Table S4). Celieweown at 37 °C, 5% CGOThe media

was supplemented with 10% fetal bovine serum (Gibtarile-filtered), 50 pug/mL penicillin

and 50 pg/mL streptomycin. Cells were sub-culttae80-90% confluency and used within
12-20 passages. Cells were seeded at 2.5 &ell@ per well, 10Q.L media per well for 24 h.

The media was then removed and aliquots of testpoanmd (initially prepared as stock
solutions in DMSO at 200-fold higher concentratiomere added to the wells. The final
DMSO concentration was kept at 0.5% v/v. Treatells agere incubated for 72 h. Cell

viability was assessed using MTT (3-(4,5-dimethgltiol-2-yl)-2,5-diphenyl tetrazolium



bromide) (Sigma-Aldrich). MTT was reconstituted phosphate buffered saline pH 7.4 to
2 mg/mL and diluted to 0.5 mg/mL with serum-freedmebefore use. At the end of the
incubation period, the media was removed and reglagith 200uL of 0.5 mg/mL MTT
media. Treated plates were further incubated for Bhe MTT media was removed and 100
uL of DMSO was added to each well to dissolve thepleuformazan crystals. Absorbance
readings were taken on a micro plate reader (Téctmte M200 Pro) at 570 nm. Cell
viability was assessed from the readings of treatells compared to control wells (absence
of test compound) with correction of backgroundasbance. Percentage viability readings
for each test compound were plotted against logeamation on GraphPad Prism (Version
5.0, GraphPad Software, San Diego, CA), with cansts set at>0 and <100%. A
sigmoidal curve was generated from which theol@oncentration required to reduce
viability by 50% compared to untreated/control €elivas obtained. Three independent
determinations of 165 were made for each compound.

Determination of Toxicity in Transforming growth factor-alpha mouse hepatocyte
(TAMH) Cdlls

One day before drug treatment, TAMH cells were ededt a cell density of 12,000
cells/well (60,000 cells/mL) in a 96-well plate (NIZ). Cells were then treated with test
compounds starting from a concentration of 50 uM¥®DMSO concentration: 0.5 ul of test
compound in 99.5 pL of media in each well; stockaamtration of test compounds is 10
mM). Treated cells were then incubated at 37 °C Zérhours. Cell viability was then
determined with CellTiter-Glo® Cell Viability AssayPromega Corporation) as per
manufacturer’s instructions. The cell-reagent mtwas transferred to a solid white flat-
bottom 96-well plate (Greiner). Luminescence wanthecorded with an integration time of
0.25 seconds (Tecan Infinite® M200 Microplate readgither percentage inhibition at the

top concentration or an igwas calculated.



Deter mination of Toxicity in AC10 Human Cardiomyocyte Cells

One day before drug treatment, AC10 cells wereested a cell density of 5,000 cells/well
(75,000 cells/mL) in a 96-well plate (NUNC). Cellere then treated as for TAMH assay.
the combined

Deter mination of Caspase-3/7 Activity

Activity of caspase-3/7 was determined using thepaae-Glo 3/7 Assay Kit (Promega) and
normalized to the number of viable cells as deteeatiby MTT assay.

| mmunablotting

HelLa cells were treated with different concentragiof4a (0.625, 1.25, 2.5, 5 and 10 pM
chloroquine (1.25, 2.5, 10, 50 and 100 pM) or DM®O6 h. The cells were then harvested
and lysed in 1% triton lysis buffer (25 mM Tris H@bH 8.0), 150 mM NaCl, 1% triton X-
100, 1 mM dithiothreitol, protease inhibitor mix d@plete Mini, Roche) and phosphatase
inhibitor (PhosphoStop, Roche)). The proteins malttysates were boiled with sample buffer
(60 mM Tris HCI (pH 6.8), 25% glycerol, 2% SDS, 44nM 2-mercaptoethanol, 0.1%
bromophenol blue) and resolved by 14% SDS-PAGEsatjected to immunoblot analysis
using specific antibodies against pH3 (Serl10) (Sajhaling, Cat#3377), specific antibodies
against LC3 (Cell Signaling, Cat#4108), gvactin (Millipore, Cat#MAB1501) and anti-
cleaved PARP (Abcam, #ab32064). The same protoesl wged for transformed BJ cells
treated with various test compounds at a conceotraf 5 uM for 24 h.

I mmunofluorescence analysis

Hela cells were treated wida, chloroquine or DMSO for 6 h. The treated cellgeviexed

in methanol and subjected to immunofluorescencdysisausing antp-tubulin antibodies
and counterstaining with DAPI. Images were acquatiom temperature.

Soft agar colony formation assays



HeLa cells (1 x 1®cells/well) were suspended in 2 mL of soft agaa fihal concentration of
0.4%. The suspension was added on top of a 2 ndr lafy1% agar in 6-well plateda, at
final concentrations of 0.15, 0.3, 0.6, 1.25, 208 & UM was added to the different wells.
DMSO was used as the control. Seven days afteadd&ion of4a, the number of colonies
per plate was counted in an unbiased manner usiAgLMB. The experiment was
performed in triplicates.

Deter mination of Michael acceptor reactivity by NMR

The procedure reported by Avorgbal was followed with slight modificationgla (4 mg)
was dissolved in 0.6ml of DMS@6. The'H NMR spectra was immediately recorded on a
Bruker Avance 400 Ultrashield (400 MHz) NMR speateger. Cysteamine (6 mg) was then
added and the mixture was vortexed for 1 min. *Fh&IMR spectra was then recorded again,
and also at 1 h, 3h and 24 h.

Determination of in vitro metabolic stability in female (FRLM) and male rat liver
microsomes (MRLM).

Incubations were conducted in triplicates for tespective pooled female and male rat liver
microsomes (BD Gentest Corp, Woburn, MA). Incubratiaixtures consisted of 7.5 pL of 20
mg/mL FRLM or MRLM (final concentration: 0.3 mg masome protein/mL), 2.5 pL of 600
MM 4a/10c/10f in acetonitrile (final: 3 uM), 440 pL of 0.1 M psphate buffer (pH 7.4). The
mixture was first shaken for 5 min for pre-incubatiin a shaking water bath at 37 °C.
Reaction was initiated by adding 50 pL of 10 mM NABto obtain a final concentration of
1mM NADPH in the mixture. The total volume of theaction mixture was 500 pL. For
metabolic stability studies, aliquots of 50 pL létincubation sample mixture were collected
at 0, 5, 10, 15, 30, and 45 min. Following the edibn of samples, the reaction was
terminated with 100 puL of chilled acetonitrile caiming the internal standard (1.5 uM

10c/4a). The mixture was then centrifuged at 10,000 Xogrdmove the protein and the



supernatant was subsequently subjected to LC-MSAWS8lysis. Positive control (PC)
samples were prepared as described above, exeapghéhtest compound was replaced with
the known P450 substrate (Midazolam, 3 uM). Theptesnwere assayed for the degradation
of midazolam to evaluate the adequacy of the ewperial conditions for drug metabolism
study. Negative control samples were also prepasetkscribed above but without NADPH.
Formulation studies

To 1 mg of4a.HCI, components of each vehicle were added irfahewing order: organic
solvent (DMSO / ethanol / NMP), followed by PEG4@@d finally water. The total volume
of each formulation was 0.5 ml. The contents weneeth using a vortex mixer after each
addition step. After vortex mixing was performed foe last addition step, the mixture was
sonicated for 15 min in a room temperature watén.ddach mixture was allowed to stand at
room temperature for 3 h and then centrifuged 809RPM for 5 min. The supernatant was
passed through a 0.45 micron syringe filter. To LD0f this filtrate, 300uL of methanol
was added followed by 3(0L of internal standard (IS) prepared as a 1 mg/rko v/v
DMSO in methanol solution. The samples were suegetd HPLC analysis and the solubility
of each formulation was estimated by interpolatimg area ratio of théa.HCI peak to the
internal standard peak from a standard curve eskedal using solutions @fa.HCI of known
concentrations.

Phar macokinetics

Male Wistar rats (aged 8 weeks, weighing aroundgB@@ere used in study. The animal
studies were performed as per approved internabpots for animal care and use. Two days
before the pharmacokinetic study, a cannula wasrted into the jugular vein of each rat
after the animal was anaesthetized. ThWand po doses ofda.HCl| were 2 mg/kg and 10
mg/kg respectively. The doses were administerea sslution (10% DMSO, 50% PEG400,

40% water pH 5.0). After dosing, blood samples weaiected from the catheter at various



time points (0 — 4 h forv, 0 — 24h forpo). The blood was collected in tubes containing
heparin as anticoagulant (10 I.U final concentrgti@and centrifuged at 4000 rpm for 5 min.
The plasma was separated and stored at -80 °Canaiysis by LCMSMS. PK parameters
were estimated with non-compartmental methods uaimdNonlin (ver 4.1, Pharsight, CA).

In vivo mouse xenograft model

BALB/c athymic female nude mice (nu/nu, 5-7 weelda)Vivos) were kept under specific
pathogen-free conditions. The care and use of masapproved by the Duke-NUS IACUC
in accordance with protocol 2015/SHS/1030. HCT16&un colon cancer cells (5x)0vere
subcutaneously injected into the flanks of mice.eWkhe mean tumor volume reached 100—
300 mnt (Day 1), the mice were randomly divided into exmental groups of 6 mice
ensuring that each treatment group has similar niaaor burden and standard deviation.
The animals were treated with intraperitoneal (if&ction of 4a (20 mg/kg) or vehicle
control twice per day for 12 dayda was dissolved in DMSO followed by the addition of
PEG400 and deionized water (pH 5.0) (final con@gitns, 10% DMSO, 50% PEG400).
Paclitaxel (Cayman Chemical) was dissolved in eth@mween 80 = 1:3 (v/v) solution
followed by the addition of a 5% glucose solutifing] ratio, ethanol:Tween 80:5% glucose
= 5:15:80) and injected via the tail vein (IV). Tamdimensions were measured using
calipers, and tumor volume (nfjrwas calculated using the formula width2 x ler@tim a
blinded fashion.
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Highlights

 Compound 4a is a new agent with a dua mode of action targeting both mitosis and
autophagy.

*  Structure-activity relationships were explored utilizing mitotic marker pH3 and
autophagy marker LC3.

* 4dainduces cell death in cancer cells while sparing normal cells which regrow after 4a is
removed.

* 4ashowed antiproliferative potency against a panel of 30 cancer cell lines.

*  Jasuppressed tumor growth in amouse model of paclitaxel-resistant colon cancer.



