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ABSTRACT

Inhibiting the programmed cell death-1 (PD-1)/paygmed cell death-ligand 1
(PD-L1) pathway is an attractive strategy for tunmtamunotherapy. Here, a novel
series of indoline-containing compounds were deyslp among whichAl3 was
identified as the most promising PD-1/PD-L1 pathwayibitor. At the biochemical
level, A13 demonstrated strong inhibition of the PD-1/PD-hferaction, with an 1€
of 132.8 nM. Notably, it exhibited outstanding immawegulatory activity, and
significantly elevated interferopsecretion in a Hep3B/OS-8/hPD-L1 and CD3 T cell
co-culture model, without significant toxic effediherefore A13 could be employed
as a suitable lead compound for further designoofpeptide inhibitors targeting the
PD-1/PD-L1 interaction. In addition, the prelimigastructure-activity relationships
of these new indoline compounds were investigatettis study, providing valuable

information for future drug development.

Key words: tumor immunotherapy; PD-1/PD-L1 interaction inkilpj low toxicity;

IFN-y secretion.



1. Introduction

Immunotherapy is an emerging therapeutic stratedgymor treatment [1,2]. The
process of immune surveillance is modulated by rséw®-stimulatory molecules, as
well as co-inhibitory molecules, whose activatieads to immunosuppressive effects
such as T-cell proliferation and cytokine secretidownregulation [3,4]. Under
physiological conditions, this negative feedbadjutation of immune response plays
a critical role in maintaining self-tolerance arrdtecting against autoimmunity [5].

Programmed cell death-1 (PD-1) is a well-documentacthune checkpoint
protein expressed on T cells, B cells, naturalekiltells, and dendritic cells; its
cognate ligand PD-L1 is highly expressed in sevbfaés of malignancies, such as
non-small cell lung cancer (NSCLC), renal canced melanoma [6-10]. Thus, the
abnormal activation of the PD-1/PD-L1 pathway resuh tumor-specific immune
cells exhaustion [11,12].

Humanized monoclonal antibodies (mAbs) which tartet PD-1/PD-L1 axis
have exhibited durable antitumor responses inadinapplication, and six of them
have been approved for tumor treatment by the Ba®d and Drug Administration
(FDA). Additionally, combinations of these anti-PIZPD-L1 mAbs with other
antitumor agents such as chemotherapeutics, targetgs, and antibodies targeting
other immune checkpoints, have been extensivelgsiinyated [13-16]. The FDA
recently approved the combination of pembrolizumafth pemetrexed and
carboplatin as first-line therapy for metastaticQL® patients, providing a valuable

therapeutic regimen [17]. Despite the successfyllieggion of anti-PD-1/PD-L1



mADbs, their intrinsic disadvantages such as sewvemeune-related adverse effects and

poor drug diffusion prompted the development of Ilmalecule inhibitors [18].
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Figure 1. Chemical structures of representative non-pepimabitors of the

PD-1/PD-L1 interaction.

Recently, Bristol-Myers Squibb (BMS) investigatodeveloped a series of
non-peptide inhibitors with a tricyclic scaffoldduas compounds 2, and3 (Fig. 1)
[19,20]. It has been reported by the Holak grougt tompound induces PD-L1
dimerization, and thus inhibits the PD-1/PD-L1 mawion [21]. The structural
characterization o8 revealed that its 2,3-dihydro-1,4-benzodioxinybgp induced a
conformational change involving the Tyr56 of one -ED protein, forming an
enlarged hydrophobic tunnel for inhibitor bindirl]. However, inhibitoB failed to
antagonize the repression of PD-1/PD-L1 pathway aell activation in the cellular
assay [22]. Compound] which contained an additional 3-cyanobenzyl mpietas a
more promising inhibitor. It displayed a high lewtlbiochemical and cellular activity,
and further investigation on it is awaited. In doihi to the BMS inhibitors, Incyte
Corporation researchers developed several compoadnasacterized by an amide

linkage group such d&and6, which potently inhibited the PD-1/PD-L1 interactiat



the biochemical level [23,24]. However, their efeeon immunity in response to
tumor need to be further explored in experimentabdels. Notably, more

comprehensive investigations addressing the toxpharmacokinetic, and

pharmacodynamic properties of these reported itdrbiare necessary. In addition,
the identification of novel inhibitors, especialthose with verified activity on

immune activation is urgently needed.

In this paper, the discovery of a novel seriesnafoline-containing inhibitors
targeting the PD-1/PD-L1 interaction is reportedartieularly, compoundAl13
displayed outstanding inhibition of the PD-1/PD4bleraction and restoration of the
immune response repression, making it a promiseéagl compound for future drug

development.

2. Results and discussion

2.1. Chemistry

The synthesis of compoundd—4is shown in Scheme 1. The key intermediates,
9a and9b, which contain an isoindolin-1-one scaffold, wprepared through the free
radical-mediated bromination of the starting reagera and 7b, followed by
cyclization with 2-methyl-[1,1'-biphenyl]-3-amine29,26]. The Suzuki—Miyaura
coupling of9a and 9b with 4,4,5,5-tetramethyl-2-vinyl-1,3,2-dioxaborota yielded
10a and 10b, which were oxidized by Naloto form the aldehyde%la and 11b,
respectively [23]. Through the NaBEIN-mediated reductive amination reactiéia

and11bwere converted to the desired compourds;4 [27].
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Scheme 1Reagents and conditions: (a) NBS, BPO, £&iflux, 10 h, 67-71%:; (b)
2-methyl-[1,1'-biphenyl]-3-amine, HOAc, 135 °C, 12h, 73-75%; (c)
4,4,5,5-tetramethyl-2-vinyl-1,3,2-dioxaborolane, Pddppf), Ko:COs,
1,4-dioxane/HO (4/1), 60 °C, 9 h, 54-61%; (d) Og\alOy, 1,4-dioxane/LO (5/1),
rt, 2 h, 90-93%; (e) appropriate amine, HOAc, NgBN, CH;OH/CH,Cl, (1/1), rt,
7-22 h, 7-16%.

The preparation of compounéd®—8, A11-14 and A21-31is shown in Scheme
2. The classical Suzuki—Miyaura coupling @R with phenylboronic acid or
2-(2,3-dihydrobenzdi][1,4]dioxin-6-yl)-4,4,5,5-tetramethyl-1,3,2-dioxafmlane
yielded 13a and 13b, which were then reduced by NagBEN to generated4a and
14b, respectively. The amidation a#a and 14b with appropriate carboxylic acids
readily affordedl5a—cand15f, and theD-alkylation of the intermediatelbc and15f,
which contain a hydroxyl group, provided good yields lué intermediated5d, 15¢
and 159 [24,28]. The desired compound$—8, A11-14 and A21-31 were then

produced by reactingsa—gwith appropriate amines in the presence of NgBH
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Scheme 2.Reagents and conditions: (a) phenylboronic acidPP@),, K.CO;s,
1,4-dioxane/HO (4/1), 60 °C, 10 h, 73%, or
2-(2,3-dihydrobenzdi][1,4]dioxin-6-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaiblane,
PAChL(dppf), K.COs, 1,4-dioxane/HO (2/1), 100 °C, 2 h, 70%; (b) NaBEN, HOAc,
rt, 2 h, 73%-80%; (c) appropriate benzoic acidsTHADIPEA, DMF, rt, 3 h, 81%—
86%, or 4-formyl-3-hydroxybenzoic acid, EDCI, gE,, rt, 3 h, 72%—-81%; (d) CH
K2COs;, DMF, 1t, 2 h, 76%—-87%; (e) 3-(bromomethyl)benzole, CsCO;, DMF, 75
°C, 2 h, 74%; (f) appropriate amine, HOAc, Naj@il, CH;OH/CH,Cl, (1/1) or
DMF, rt, 8-20 h, 3-21%.

Scheme 3 shows the synthetic route of compo#8sA10, and A15-2Q The
amidesl6a—dwere generated via a method similar to that usexythesizel5a by
reacting 4-phenylindolineléa with appropriate carboxylic acids. Subsequerttig,
intermediated.6a—dwere converted to the desired compouAB8sA10, andA15-2Q
through a three-step reaction including the Suzuki—-Miyawaupling, olefin

oxidization, and reductive amination with approfgiamines.
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Scheme 3.Reagents and conditions: (a) appropriate benzodsatelATU, DIPEA,
DMF, rt, 3 h, 78%-87%; (b) 4,4,55-tetramethyl-2yli1,3,2-dioxaborolane,
PdChL(dppf), K,COs, 1,4-dioxane/bO (4/1), 100 °C, 7 h, 36%—45%, or
4,4,5,5-tetramethyl-2-vinyl-1,3,2-dioxaborolane, J(ebal,
dicyclohexyl(2',6'-dimethoxy-[1,1'-biphenyl]-2-ylosphine, KPOy,
toluene/EtOH/HO (3/3/1), 90 °C, 5 h, 53%. (c) OsMNalQ,, 1,4-dioxane/HO (5/1),
rt, 2 h, 82-91%; (d) appropriate amine, HOAc, NgaBN, CH;OH/CH,Cl, (1/1), rt,
10-19 h, 5-25%.

2.2. Bioactivity and discussion

2.2.1. Discovery of the indoline-containing compas#A5—8

The Holak group has elucidated the crystal strestwf PD-L1 complexed with
BMS inhibitors, facilitating the development of ibhors with a similar mechanism
of action [21,22,29]. Accordingly, a pharmacophonnodel for non-peptide
PD-1/PD-L1 pathway inhibitors was established inr qurevious study [30].
Regarding this model, hydrophobic interactions sashhez-z interactions formed
between the “Core group” and “Aryl group” with PDO-Lresidues significantly

contributed to inhibitor binding. A tail group withe ability to form hydrogen bonds



with PD-L1 was also required for high activity. iuhe modification of the linkage
group was considered a feasible way to discoverlnmhibitors. A ring fusion
strategy was utilized by taking compourid as the lead compound (Fig. 2).
Accordingly, different scaffolds, including isoinlde1-one (mode a) and indoline
(mode b), were developed in the initial study. Basa them, compoundal-8,
which have an aminoethanol Nr(2-aminoethyl)acetamide tail group incorporated at
different positions of the phenyl ring, were syrdized as proof-of-concept

compounds.

Pharmacophoric model for
non-peptide PD-1/PD-L1 pathway inhibitor

} N
Core group  Linker  Aryl group Tail group ‘ ‘ o

Figure 2. Design strategy of compound4-8.

The inhibitory activities of compoundsl—8 against the PD-1/PD-L1 interaction
were evaluated using the well-established homogerimoe-resolved fluorescence
(HTRF) assay. The biochemical data presented gs/&lues are shown in Table 1. In
general, the isoindolin-1-one derivativéd—4, displayed unfavorable activity in
inhibition of the PD-1/PD-L1 interaction. Among the compound®Al (ICso, 9378
nM) andA3 (ICsp, 7286 nM) exhibited weak activity, andR and A4 were almost

inactive at up to 1QM concentration. Contrarily, promising activity washibited by



all the indoline-based compound&5-8, and their preliminary structure-activity
relationships (SARs) were determined. CompoAiid which bears an aminoethanol
tail group at the 4-position of the phenyl ringhibited strong activity, with an K
of 191.6 nM. Shifting its tail group from the 4- 8position yieldedA5 (ICsq, 344
nM), which showed significantly reduced efficacyds of activity could be observed
by comparingA6 (ICso, 744.9 nM) withA8 (ICsp, 622.5 NnM). These results clearly
indicated that the indoline could serve as a slatadcaffold for developing
PD-1/PD-L1 interaction inhibitors, and a hydrophitail group incorporated at the
4-position of the phenyl ring was more desirable.

Table 1. Activities of compounds A1-8 in inhibitionof the PD-1/PD-L1

interaction.
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2.2.2. Structural optimization of the indoline puesors

Based on these new indoline precursors, a detatadctural optimization
campaign was performed to further explore their SARd improve their potency.
BMS inhibitor 1 was used as the positive control. It exhibitechHeyel of activity in
inhibition of the PD-1/PD-L1 interaction, with a@d, of 91.8 nM (Table 2).

First, compound#\9-20, which have a modified phenyl ring, were synthegiz
and evaluated to explore the SARs of this regibwak observed that the introduction
of neither an electron-donating, nor electron-wigtvdng group, led to a significant
effect on inhibitory activity against the PD-1/PD-linteraction. Compound13
(ICs0, 132.8 nM), which contains a methoxy group, digpthslightly more potent
activity as compared witd7 (ICso, 191.6 nM), while compound&9 (ICso, 212.3
nM), A1l (ICsp, 304.4 nM), andA15 (ICsp, 353.1 nM), with a methyl, hydroxyl, and
chlorine group, respectively, were slightly lesdivas; indicating that the electron
density of the phenyl ring was not a determinantirgfibitory activity at the
biochemical level. Shifting the chlorine group frailme R- (Al5) to Ry-position

(Al17, 1Csp, >10000 nM) dramatically reduced the activity. Timew R substituent



was probably sterically repulsive to the hydrogemmaat the 2’-position of indoline
moiety, leading to the formation of an unfavorabielecular conformation. These
results suggested that further modification of tl@igion was inappropriate. Among
these compound#13, which has a methoxy group, exhibited the mostsong
activity. Surprisingly, with an additional methoxgroup at the Rposition, A19,
showed remarkably decreased activitys(|@766 nM).

CompoundAl14 (ICso, 219.7 nM), which contains M&-(2-aminoethyl)acetamide
group, was less active th#&13, which has an aminoethanol tail group. Decrease in
activity was also observed wh&i0 (ICsp, 457.1 nM),A12 (ICso, 601.5 nM), and
A16 (ICsp, 589 nM) were compared with9 (ICsp, 212.3 NnM),A11l (ICso, 304.4 nM),
and A15 (ICsq, 353.1 nM), respectively, indicating that the aodthanol fragment

might be one of the preferred moieties for thededup region.

Table 2. Activities of compounds A9-20 in inhibitioa of the PD-1/PD-L1

interaction.
R, R
R3
(6]
PD-1/PD-L1
Compound R R, Rs R
ICso (nM)a
A9 CHs H sN_~, ~ 212.3%16.2
(o]
A10 CH;, H sN o~ 457.1+18.9



Al1 H OH H AN~ 304.4 + 27
A12 H OH H ;vﬂwuok 601.5 + 30.2
A13 H OCH H AN~ 132.8+6.9
Al4 H OCH; H ;vﬂwufk 219.7+7.6
A15 H Cl H AN~ ~ 353.1%393
A16 H cl H ;vﬂwuok 589 + 29.6
A17 cl H H AN~ >10000
A18 cl H H ;vﬂwuok >10000
A19 H OCH; OCHs AN~y 4766£212.3
A20 H OCH; OCH; ;vﬂwufk 7258 + 297.5
1 91.8+8.6

®The data are generated from two independent expatsn

With the preliminary SARs determined, compouAdd—-25were then prepared
to explore the effects of the tail group on thed-B/PD-L1 interaction inhibitory
activity (Table 3). The methylation of the hydroxybup ofA13 decreased the ability
of the compound to inhibit the PD-1/PD-L1 interaati(A21, ICso, 349.7 nM).
CompoundA22, which has a hydroxymethyl group attached to tlyergtidine
moiety, showed a 4.67-fold decrease in activitycasipared withA13, suggesting

that the orientation of the tail group played acal role on inhibitor activity.



CompoundA25 (ICsp, 277.6 nM), which bears a serine tail group, exbdtbfavorable
activity, but was still less potent thail3. Disappointingly, compound&23 (ICsp,
1887 nM) andA24 (ICsp, 1059 nM), which have a proline and pipecolinicdac
moiety, respectively, exhibited sharply reducedtcaffy.

Based on previous reports on compodnthe introduction of the 3-cyanobenzyl
moiety resulted in additionat-stacking and hydrogen bond interactions with the
dimeric PD-L1, creating an improved ligand bind[{2g]. Compound#\26—29were
prepared to examine whether the 3-cyanobenzyl greap also tolerated by the
newly synthesized indoline-based compounds. Thaltsesevealed that all these
compounds displayed significantly decreased agti{liCso values: 572.1-3281 nM)
as compared to their parent compour&iE3( A14, A24, andA25).

It has been proven that the 2,3-dihydro-1,4-ber®odyl group is desirable as
terminal moiety in BMS inhibitors and their strucbanalogues, which induced the
conformational change of Tyr56 to form an enlarggdrophobic tunnel [21]. In this
new chemical series, compoundl80 (ICso, 225.2 nM) andA31 (ICsp, 415.9 nM),
which contain a 2,3-dihydro-1,4-benzodioxinyl grouglso exhibited attractive
activity against the PD-1/PD-L1 interaction, butrevdess potent than the phenyl

compoundsA\13 andA14, respectively.

Table 3. Activities of compounds A21-31 in inhibitbn of the PD-1/PD-L1

interaction.
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1 91.8+8.6

®The data are generated from two independent expatsn

2.2.3. Unspecific toxicity of selected inhibitors

The immunoregulatory activity of the PD-1/PD-L1 ardction inhibitors is
strongly affected by their toxicity. Thus, composral7, A9, A13, Al4, and A30,
which showed promising activity at the biochemieakl, were evaluated for toxicity,
using the CCK-8 assay. Jurkat T cells which werm/@n to be favorable surrogates
of primary T cells in the analysis of immune togyciwere treated with the indicated
concentrations of the tested compounds for 72 re fédsults demonstrated that
compoundA13 andA14 displayed lower toxicity as compared waAfr, A9, andA30,
with EG5p values of 44.7 and 39,8M, respectively (Table S1).

2.2.4. Immunoregulatory activity based on Il¥Necretion

Combining inhibitor activity and toxicityA1l3 andA14 were further assessed for
ability to restore the immunity repressed by the-FPBD-L1 pathway activation.
Hep3B cells, which were engineered to stably expf@S-8 (anti CD-3 single-chain
variable fragment) and human PD-L1, were co-cutturgth primary CD3 T cells.
The indicated concentrations Afl3 and A14 were added, and interfergndFN-y)
levels were determined after 72 h of co-culture. gkown in Figure 3, both
compoundsAl13 and A14 promoted IFNy secretion in a dose-dependent manner.
Particularly, outstanding activity was exhibited A¥3, which significantly promoted
IFN-y secretion even at the lowest concentration. Upeatriment with UM A13, the

IFN-y level was increased by 316.59%, which was 3.2d-fobre remarkable than



that induced byl (98.69%). At a 2QuM concentration, the IFN-level was increased

by 609.61%.
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Figure 3. Effectsof selected compounds on IFN-production in a
Hep3B/OS-8/hPD-L1 and CD3 T cell co-culture modghta are shown as mean +

SEM, *p<0.05, **p<0.01, *** p<0.001 vs control grpu
2.2.5. Docking analysis @13 with the dimeric PD-L1

To elucidate the binding mode of these indolinesbamhibitors, the docking
analysis 0fA13 with the dimeric PD-L1 was conducted. TH@D-L1 complex (PDB:
5N2D) was employed as the template. As shown inrgigA,A13 matched well to
the hydrophobic cleft formed by the PD-L1 dimer.r Rbe distal phenyl and
methoxy-phenyl moieties;—z interactions with the Tyr56 of each monomer, were
formed, which provided strong stabilization for ilmitor binding. Other interactions
such asr—alkyl andz—anion interactions with Met115 and Aspl22 also dbuated

to this binding mode. The aminoethanol fragmergrantted with Asp122 and Lys124



via hydrogen bonds. Notably, the hydrogen bond é&xfinetween the hydroxyl group
and Aspl22 indicated that the hydrogen bond dohtireatail group is necessary for
high activity. This observation accounted for thecr@ase in activity as comparing
A21 with A13. The indoline moiety 0A13 created hydrophobic interactions with
Metl15 and Alal21, similar with those in thnethyl-phenyl group o2. Additionally,

the indoline moiety interacted with the Tyrl23 ob-R1, which might help to

stabilize the conformation of the inhibitor. Figu48 demonstrates that compounds

A13 and2 were well superimposed.

Figure 4. (A) Docking analysis ofA13 in the hydrophobic cleft formed by the
dimeric PD-L1. (B) Binding overlap oA13 and2 in the binding site. The crystal
structure of the dimeric PD-L1 protein was takemmfrthe RCSB Protein Data Bank

(PDB: 5N2D).

3. Conclusion

Inhibiting the PD-1/PD-L1 interaction using non-pdp small-molecules is of
great potential in tumor treatment, but none ofitheas entered into clinical trials yet.
The inhibitors discovered by BMS investigators pdeva favorable starting point for

the identification of inhibitors with a similar medf action. Inhibitors with potent



activity, but containing a novel skeleton are ejgeeeded, considering that they may
possess distinct pharmacokinetic and pharmacodynanafiles from the reported
compounds. In this study, a series of novel indotilerivatives were developed from
1, using a ring fusion strategy. Most of them potentifiibited the PD-1/PD-L1
interaction, with IGy values at the nanomolar level, clearly indicatingt indoline is
a suitable scaffold for designing an inhibitor. Amgo these compoundsiAl3
displayed the strongest activity, with ansdCof 132.8 nM. Furthermore, in a
Hep3B/OS-8/hPD-L1 and CD3 T cells co-culture modtekignificantly increased
IFN-y secretion in a dose-dependent manner. Additionphgliminary SAR studies
were performed on these indoline-based compounagng the way for further
development of their structural analogues.

In this studyA13 was slightly less active than the BMS inhibifom inhibition
of the PD-1/PD-L1 interaction in the HTRF assayt boowed significantly more
potent immunoregulatory activity in a T cell-tumoo-culture model, highlighting
their potential for further investigations. Thesbservations might be partially
ascribed to its low toxicity, which was experimdiytaddressed using Jurkat T cells.

The future studies should focus on structural ogtmmon of A13. Most
especially, it is necessary to identify its anakgpossessing higher affinity with the
dimeric PD-L1, and thus, an improved immunoregulatactivity can be expected.
For the tail group, detailed structural modificasoshould be made when reserving a
hydrogen bond donor. Physicochemical propertieb sscsolubility can also be tuned

by modifying this fragment. In addition, furthewvestigation on the distal phenyl and



methoxy-phenyl moieties is desirable, diverse loetglic fragments may also be
well tolerated in each part of the inhibitor.

In conclusion, this study identified the indolinased compoundi13, as a
promising lead compound in the designing of the IPBD-L1 interaction inhibitors,

facilitating future drug design.
4. Experimental procedures
4.1. Chemistry

Reagents and solvents were obtained from commesgiates and used without
further purification. All the reactions were mongd by TLC using silica gel GF/UV
254. Flash chromatography was performed usingasgal (300-400 mesh). Melting
points were determined on a Bichi Melting Point &5apparatus (Buchi
Labortechnik, Flawil, Switzerland). THel and**C NMR spectra were recorded on a
Bruker AV-400 spectrometer, with TMS as an intersi@indard. The low resolution
of ESI-MS was recorded on an Agilent 1100 LC-MS csmaneter, and
high-resolution mass spectrometry was performedannAgilent Accurate-Mass
Q-TOF 6530 in ESI mode. The purities A1—31 were determined by HPLC, which
were determined to be higher than 95%. The HPLGQyaisawas performed on an
Agilent 1260 machine with a C18 reverse-phase coln6 mm x 250 mm, bm),
the column temperature was 25 °C. Mobile phase @0%d methanol) and mobile
phase B (NakPO, and HPO, buffer solution, pH = 2.5) were used in a gradient
elution program (0 min, phase A: 5%, phase B: 98%omin, phase A: 95%, phase B:

5%) with a flow rate of 1.0 mL/min. UV Detection svaonducted at 230 nm.



4.1.1. General procedure for preparation of intediaes8a and8b

4.1.1.1. Ethyl 5-bromo-2-(bromomethyl)benzoa&a).( To a solution of ethyl
5-bromo-2-methylbenzoat&4, 10.53 g, 43.51 mmol) and BPO (0.21 g, 0.87 mmol)
in CCl, (80 mL) was added NBS (8.08 g, 45.67 mmol) inipog. The mixture was
stirred under reflux for 10 h. When TLC showed toenpletion of the reaction, the
precipitate was filtered off and the filtrate wasporated to give a residue, which
was purified by column chromatography (petroleummest to afford compoun@a
(9.87 g, 70.9%). It was obtained as a white sdiINMR (600 MHz, DMSOds) &
7.98 (d,J = 2.2 Hz, 1H), 7.82 (ddl = 8.2, 2.2 Hz, 1H), 7.57 (d,= 8.3 Hz, 1H), 4.98
(s, 2H), 4.34 () = 7.1 Hz, 2H), 1.35 (m, 3H). ESI-MS m/z: 320.9 [MI.

4.1.1.2. Ethyl 4-bromo-2-(bromomethyl)benzodbk).(Compound8b was prepared
from intermediate ethyl 4-bromo-2-methylbenzoai)(in a similar manner as
described for compoun8a. It was obtained as a white solid. Yield, 6784. NMR
(600 MHz, DMSO€g) & 7.88 (s, 1H), 7.81 (d] = 8.3 Hz, 1H), 7.69 (d] = 8.3 Hz,
1H), 4.99 (s, 2H), 4.34 (g} = 6.7 Hz, 2H), 1.34 (&) = 6.7 Hz, 3H). ESI-MS m/z:
320.9 [M+HT.

4.1.2. General procedure for preparation of intediaes9a and9b

4.1.2.1. 6-Bromo-2-(2-methyl-[1,1'-biphenyl]-3-gbindolin-1-one 4a). A mixture of
intermediateBa (6.39 g, 19.97 mmol) and 2-methyl-[1,1'-bipherBd&mine (2.81 g,
15.35 mmol) in acetic acid (30 mL) was stirred 86 1°C for 12 h. When TLC
showed the completion of the reaction, the reactiurture was cooled to room

temperature and poured into water. The precipitate filtered off to give a residue,



which was triturated with ether to afford compou@a (4.24 g, 73.3%). It was
obtained as a white solidH NMR (600 MHz, DMSOdg) & 7.93 (d,J = 1.7 Hz, 1H),
7.87 (dd,J= 8.1, 1.8 Hz, 1H), 7.66 (d,= 8.1 Hz, 1H), 7.48 () = 7.5 Hz, 2H), 7.45
(d, J = 8.7 Hz, 1H), 7.42-7.38 (m, 2H), 7.37—7.35 (m),2H28 (d,J = 7.5 Hz, 1H),
4.88 (s, 2H), 2.02 (s, 3H). ESI-MS m/z: 378.0 [M¥H]

4.1.2.2. 5-Bromo-2-(2-methyl-[1,1'-biphenyl]-3-gbindolin-1-one $b). Compound
9b was prepared from intermediddb in a similar manner as described for compound
9a It was obtained as a white solid. Yield, 75%4.NMR (600 MHz, DMSQds) &
7.95 (s, 1H), 7.76 (d] = 8.4 Hz, 1H), 7.73 (d] = 8.1 Hz, 1H), 7.48 (t) = 7.5 Hz,
2H), 7.44 (dJ = 7.8 Hz, 1H), 7.42-7.35 (m, 4H), 7.28 (= 7.5 Hz, 1H), 4.90 (s,
2H), 2.02 (s, 3H). ESI-MS m/z: 378.1 [M+H]

4.1.3. General procedure for preparation of intethates10aand10b

4.1.3.1. 2-(2-Methyl-[1,1'-biphenyl]-3-yl)-6-vinghindolin-1-one 10a). A mixture of
intermediateQa (3.26 g, 8.65 mmol), 4,4,5,5-tetramethyl-2-viny8.2-dioxaborolane
(2.67 g, 17.32 mmol), Pdgtppf) (0.63 g, 0.86 mmol) and,RO; (2.38 g, 17.26
mmol) in 1,4-dioxane (24 mL) and water (6 mL) wagad at 60 °C for 9 h under the
N, atmosphere. The reaction mixture was cooled tonréemperature, the catalyst
was filtered off. The filtrate was diluted with veatand extracted with GEl,. The
organic layer was washed with brine, and concesdréd give a residue, which was
purified by column chromatography (ethyl acetatef@eum ether, 1/35 to 1/20) to
yield 10a (1.53 g, 54.5%). It was obtained as a white sdfiti.NMR (600 MHz,

DMSO-dg) & 7.88 (s, 1H), 7.80 (ddl = 7.9, 1.4 Hz, 1H), 7.65 (d, = 7.9 Hz, 1H),



7.51-7.43 (m, 3H), 7.42-7.34 (m, 4H), 7.27 (dc 7.6, 1.0 Hz, 1H), 6.90 (dd,=
17.7, 11.0 Hz, 1H), 6.00 (d,= 17.7 Hz, 1H), 5.36 (dl = 11.1 Hz, 1H), 4.89 (s, 2H),
2.03 (s, 3H). ESI-MS m/z: 326.2 [M+H]

4.1.3.2. 2-(2-Methyl-[1,1'-biphenyl]-3-yl)-5-vinglbindolin-1-one 10b). Compound
10b was prepared from intermedia@b in a similar manner as described for
compoundl0a It was obtained as a white solid. Yield, 61%4. NMR (600 MHz,
DMSO-dg) & 7.80-7.73 (m, 2H), 7.67 (d,= 7.9 Hz, 1H), 7.51-7.43 (m, 3H), 7.42—
7.34 (m, 4H), 7.27 (dJ = 7.5 Hz, 1H), 6.90 (dd] = 17.6, 11.0 Hz, 1H), 6.03 (d,=
17.7 Hz, 1H), 5.43 (dJ = 11.0 Hz, 1H), 4.89 (s, 2H), 2.03 (s, 3H). ESI-Mfz;
326.2 [M+HT.

4.1.4. General procedure for preparation of intethatesllaandllb

4.1.4.1. 2-(2-Methyl-[1,1'-biphenyl]-3-yl)-3-oxoisdloline-5-carbaldehydel(a). To

a solution of intermediat&0a (0.6 g, 1.85mmol) in 1,4-dioxane (25 mL) and wdger
mL) was added aqueous solution of osmium tetraotdé w/w in water, 3.5 mL,
0.28 mmol). Stirring was continued at room tempegmtfor 10 min, then sodium
periodate (1.58 g, 7.38 mmol) was added. The nmextwas stirred at room
temperature for another 2 h. Upon the completiothefreaction, the reaction mixture
was poured into water. The precipitate was filtes#do give compound.1a(0.55 g,
90.9%). It was obtained as a gray sofid. NMR (600 MHz, DMSOdg) § 10.16 (s,
1H), 8.32 (s, 1H), 8.20 (dl = 9.0 Hz, 1H), 7.90 (d] = 7.9 Hz, 1H), 7.48 () = 7.5
Hz, 3H), 7.42-7.35 (m, 4H), 7.29 (d,= 7.6 Hz, 1H), 5.03 (s, 2H), 2.04 (s, 3H).

ESI-MS m/z: 328.1 [M+H].



4.1.4.2. 2-(2-Methyl-[1,1'-biphenyl]-3-yl)-1-oxoisdloline-5-carbaldehyde 1(@h).
Compoundl1lb was prepared from intermedid®b in a similar manner as described
for compoundlla It was obtained as an off-white solid. Yield, 93 NMR (600
MHz, DMSO-dg) & 10.20 (s, 1H), 8.22 (s, 1H), 8.11 (= 7.7 Hz, 1H), 8.01 (d] =
7.8 Hz, 1H), 7.49 () = 7.3 Hz, 3H), 7.39 (m, 4H), 7.30 (d= 7.5 Hz, 1H), 5.02 (s,
2H), 2.05 (s, 3H). ESI-MS m/z: 328.1 [M+H]

4.1.5. Procedure for preparation of intermediai&aand13b

4.1.5.1. 4-Phenyl-1H-indole18a). A mixture of intermediatel2 (10 g, 51.29
mmol), phenylboronic acid (6.26 g, 51.29 mmol), i¥el¢), (1.78g, 1.54 mmol) and
K2CO; (21.23 g, 153.94 mmol) in 1,4-dioxane (80 mL) aater (20 mL) was stirred
at 60 °C for 10 h under the;Mditmosphere. After that time, the reaction mixtwees
cooled to room temperature, the catalyst was ditteroff. The filtrate was
concentrated, and extracted with £H. The organic layer was washed with brine,
and evaporated to give a residue, which was pdrifig column chromatography
(ethyl acetate/petroleum ether, 1/50 to 1/20) twrdf intermediatel3a (7.25 g,
73.2%). It was obtained as a white sofid. NMR (600 MHz, DMSOdg) & 11.27 (s,
1H), 7.67 (dJ = 7.3 Hz, 2H), 7.49 () = 7.7 Hz, 2H), 7.42 () = 5.9 Hz, 2H), 7.37
(t, J = 7.4 Hz, 1H), 7.18 () = 7.6 Hz, 1H), 7.08 (d] = 7.1 Hz, 1H), 6.55 (s, 1H).
ESI-MS m/z: 194.1 [M+H].

4.1.5.2. 4-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-tidole @3b). A mixture of
intermediate 12 (1 g, 5.13

mmol), 2-(2,3-dihydrobenzb][1,4]dioxin-6-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaiol



ane (2.00 g, 7.63 mmol), Pd@lppf) (0.37 g, 0.51 mmol) and.KO; (2.1 g, 15.23
mmol) in 1,4-dioxane (10 mL) and water (5 mL) wésrad at 100 °C for 2 h under
the N, atmosphere. The catalyst was filtered off, thieafie was evaporated to give a
residue. The residue was dissolved in,ChHl and washed with water. The organic
layer was dried and evaporated to provide the cprdduct, which was purified by
column chromatography (ethyl acetate/petroleum rethél00 to 1/15) to give
intermediate13b (0.91 g, 70.7%). It was obtained as a white sdfitt NMR (600
MHz, DMSO-dg) § 11.22 (s, 1H), 7.40-7.33 (m, 2H), 7.12 (@t 6.1, 4.6 Hz, 3H),
7.00 (d,J = 7.1 Hz, 1H), 6.96 (d] = 8.2 Hz, 1H), 6.51 (s, 1H), 4.29 (s, 4H). ESI-MS
m/z: 252.1 [M+HJ.

4.1.6. General procedure for preparation of intethatesl4aand14b

4.1.6.1. 4-Phenylindolinel4a). To a solution of intermediate3a (1.5 g, 7.77 mmol)
in acetic acid (9 mL) was added NagN (1.47 g, 23.32 mmol) slowly in an ice
bath. The mixture was stirred at room temperator@ fh. After that time, the reaction
mixture was alkalified with agueous NaOH and extrdcwith ethyl acetate. The
organic layer was washed with brine and concerdraiegive a residue, which was
purified by column chromatography (ethyl acetatef@eum ether, 1/60 to 1/15) to
give compoundl4a (1.21 g, 79.8%). It was obtained as a white sGidHNMR (600
MHz, DMSO-dg) & 7.47—7.40 (m, 4H), 7.36-7.29 (m, 1H), 7.00](t 7.7 Hz, 1H),
6.59 (d,J = 7.1 Hz, 1H), 6.51 (d] = 7.7 Hz, 1H), 5.59 (s, 1H), 3.39 (= 8.4 Hz,

2H), 2.97 (tJ = 8.4 Hz, 2H). ESI-MS m/z: 196.1 [M+H]



4.1.6.2. 4-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)iotine (14b). Compoundl4b was
prepared from intermediate3b in a similar manner as described for compoliAd

It was obtained as a white solid. Yield, 73%. NMR (600 MHz, DMSO#dg) & 6.96
(t, J = 7.6 Hz, 1H), 6.91 (s, 1H), 6.89 (= 6.4 Hz, 2H), 6.54 (dJ = 7.6 Hz, 1H),
6.48 (d,J = 7.7 Hz, 1H), 5.68 (s, 1H), 4.26 (s, 4H), 3.33( 8.3 Hz, 2H), 2.96 (1]

= 8.3 Hz, 2H). ESI-MS m/z: 254.1 [M+H]+.

4.1.7. General procedure for preparation of intethates15a—g

4.1.7.1. 3-(4-Phenylindoline-1-carbonyl)benzaldehyd5a). To a solution of
intermediatel4a (1 g, 5.13 mmol), 3-formylbenzoic acid (0.85 g,%b&mol), and
HATU (2.92 g, 7.69 mmol) in DMF (15 mL) was addedPBA (3.31 g, 25.63
mmol). The mixture was stirred at room temperatiore3 h. After that time, the
solution was poured into water. The precipitate Wisred off to give a residue,
which was triturated with ether to give compoub8a (1.37 g, 81.7%). It was
obtained as a white solidH NMR (600 MHz, DMSOdg) & 10.09 (s, 1H), 8.13 (s,
1H), 8.06 (dJ = 7.7 Hz, 1H), 7.95 (d] = 7.8 Hz, 1H), 7.75 (t] = 7.6 Hz, 1H), 7.47
(dd,J = 7.9, 5.9 Hz, 5H), 7.41-7.36 (m, 1H), 7.32 (s),1H13 (s, 1H), 4.05-3.98 (m,
2H), 3.15 (tJ = 8.1 Hz, 2H). ESI-MS m/z: 328.1 [M+H]

4.1.7.2. 4-(4-Phenylindoline-1-carbonyl)benzaldehy@5b). Compound 15b was
prepared from intermediatetain a similar manner as described for compolifg
with 4-formylbenzoic acid replace 3-formylbenzoiwda It was obtained as a white

solid. Yield, 86%.H NMR (600 MHz, DMSO#dg) 5 10.10 (s, 1H), 8.04 (d] = 8.1



Hz, 2H), 7.81 (dJ = 7.5 Hz, 2H), 7.52-7.32 (m, 7H), 7.13 (s, 1HRS3(s, 2H), 3.14
(t, J= 8.1 Hz, 2H). ESI-MS m/z: 328.1 [M+H]

4.1.7.3. 2-Hydroxy-4-(4-phenylindoline-1-carbonwijizaldehydel6c). To a solution
of intermediatel4a (1.5 g, 7.69 mmol) and 4-formyl-3-hydroxybenzoada(1.34 g,
8.07 mmol) in CHCI, (20 mL) was added EDCI (1.92 g, 10.00 mmol). Thetune
was stirred at room temperature for 3 h when TLOw&d the completion of the
reaction. The reaction mixture was washed with watel brine. The organic layer
was dried and concentrated to give compolbcl(2.13 g, 80.7%). It was obtained as
a yellow solid.*H NMR (600 MHz, DMSO#€g) & 11.04 (s, 1H), 10.34 (s, 1H), 8.14 (s,
1H), 7.77 (dJ = 7.8 Hz, 1H), 7.52-7.30 (m, 6H), 7.19-7.03 (m),38197 (s, 2H),
3.15 (t,J = 8.0 Hz, 2H). ESI-MS m/z: 344.1 [M+H]

4.1.7.4. 2-Methoxy-4-(4-phenylindoline-1-carbonghbaldehydel&d). To a solution
of intermediatel5c (0.5 g, 1.46 mmol) and 405 (0.6 g, 4.35 mmol) in DMF (10
mL) was added C#il (0.62 g, 4.37 mmol) dropwise. The mixture wasretl at room
temperature for 2 h. After that time, the mixtur@aswpoured into water. The
precipitate was filtered off and dried to give carapd 15d (0.45 g, 86.6%). It was
obtained as a white solidH NMR (600 MHz, DMSOdg) & 10.41 (s, 1H), 8.17 (s,
1H), 7.81 (dJ = 7.8 Hz, 1H), 7.48 (d] = 4.2 Hz, 4H), 7.45 (s, 1H), 7.40 (dt= 8.6,
4.3 Hz, 2H), 7.27 (dJ = 7.3 Hz, 1H), 7.15 (s, 1H), 3.98 (s, 5H), 3.16](t 8.1 Hz,
2H). ESI-MS m/z: 358.1 [M+H]

4.1.75. 3-((2-Formyl-5-(4-phenylindoline-1-carbymhenoxy)methyl)benzonitrile

(5. A mixture of intermediate 15¢ (0.6 g, 1.75 mmol),



3-(bromomethyl)benzonitrile (0.41 g, 2.1 mmol) a@&CO;(1.14 g, 3.5 mmol) in
DMF (15 mL) was stirred at 75 °C for 2 h. After thine, the solution was cooled to
room temperature and was poured into water. Theiptate was filtered off and
dried to give compound5e (0.59 g, 73.6%). It was obtained as a yellow sdiitl
NMR (600 MHz, DMSOds) & 10.48 (s, 1H), 8.15 (s, 1H), 8.04 (s, 1H), 7.88)(d
7.8 Hz, 1H), 7.83 (t) = 7.2 Hz, 2H), 7.63 (] = 7.8 Hz, 1H), 7.52 (s, 1H), 7.47 (@,
= 4.3 Hz, 5H), 7.39 (dt] = 8.7, 4.3 Hz, 1H), 7.29 (d = 6.6 Hz, 1H), 7.14 (s, 1H),
5.42 (s, 2H), 3.87 (s, 2H), 3.13 Jt= 7.9 Hz, 2H). ESI-MS m/z: 459.2 [M+H]
4.1.7.6.
4-(4-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)indoliné-carbonyl)-2-hydroxybenzaldeh
yde (5f). Compoundl5f was prepared from intermedialdb in a similar manner as
described for compountbc It was obtained as a yellow solid. Yield, 7244.NMR
(600 MHz, DMSO#l) & 11.03 (s, 1H), 10.33 (s, 1H), 8.07 (s, 1H), 7d5E 7.9 Hz,
1H), 7.29 (s, 1H), 7.16-7.02 (m, 3H), 6.94Jt 2.1 Hz, 1H), 6.92 (d) = 2.0 Hz,
2H), 4.27 (s, 4H), 3.93 (s, 2H), 3.13Jt 8.1 Hz, 2H). ESI-MS m/z: 402.1 [M+H]
4.1.7.7.
4-(4-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)indoliné-carbonyl)-2-methoxybenzaldeh
yde (5¢9). Compoundl5gwas prepared from intermedial&f in a similar manner as
described for compountsd. It was obtained as a white solid. Yield, 76%4.NMR
(600 MHz, DMSOdg) 5 10.39 (s, 1H), 7.79 (d,= 7.8 Hz, 1H), 7.43 (s, 1H), 7.32 (s,
1H), 7.25 (dJ = 6.3 Hz, 1H), 7.19 (s, 1H), 7.07 (s, 1H), 6.94Xe 9.3 Hz, 3H), 4.27

(s, 4H), 3.97 (s, 5H), 3.13 (= 8.2 Hz, 2H). ESI-MS m/z: 416.1 [M+H]



4.1.8. General procedure for preparation of intethatesl6a—d

Compounds 16a—d were prepared in a similar manner as described for
compoundl5aby reactingl4awith appropriate carboxylic acids.
4.1.8.1. (4-Bromo-3-methylphenyl)(4-phenylindolighinethanone 16a). It was
obtained as a white solid. Yield, 8751 NMR (600 MHz, DMSOds) 5 7.71 (d,J =
8.2 Hz, 1H), 7.60 (s, 1H), 7.52—7.18 (m, 8H), 7(dL) = 7.2 Hz, 1H), 3.99 (§ = 8.0
Hz, 2H), 3.13 (tJ = 8.1 Hz, 2H), 2.41 (s, 3H). ESI-MS m/z: 392.1 [NH.
4.1.8.2. (4-Bromo-3-chlorophenyl)(4-phenylindoliylmethanone 16b). It was
obtained as a white solid. Yield, 8041 NMR (600 MHz, DMSOs) & 8.11 (s, 1H),
7.91 (d,J = 8.2 Hz, 1H), 7.88 (d] = 1.2 Hz, 1H), 7.51 (d] = 7.6 Hz, 1H), 7.47 (d]
= 4.4 Hz, 4H), 7.39 (dt] = 8.7, 4.2 Hz, 1H), 7.33 (s, 1H), 7.13 (= 6.7 Hz, 1H),
4.00 (t,J = 7.6 Hz, 2H), 3.13 (t) = 8.1 Hz, 2H). ESI-MS m/z: 412.0 [M+H]
4.1.8.3. (4-Bromo-2-chlorophenyl)(4-phenylindoliylmethanone 16¢). It was
obtained as a white solid. Yield, 8691 NMR (600 MHz, DMSOds) & 8.20 (d,J =
8.0 Hz, 1H), 7.93 (s, 1H), 7.72 (@z= 8.2 Hz, 1H), 7.55 (d] = 8.2 Hz, 1H), 7.47 (d]
= 6.9 Hz, 4H), 7.38 (m, 2H), 7.16 (@= 7.6 Hz, 1H), 3.74 (t) = 7.8 Hz, 2H), 3.15 (t,
J=8.2 Hz, 2H). ESI-MS m/z: 412.0 [M+H]
4.1.8.4. (4-Bromo-3,5-dimethoxyphenyl)(4-phenylimdd-yl)methanone 16d). It
was obtained as a white solid. Yield, 78%4.NMR (600 MHz, DMSOsd) & 8.12 (s,
1H), 7.47 (t,J = 6.6 Hz, 4H), 7.41-7.28 (m, 2H), 7.11 (M 7.2 Hz, 1H), 6.94 (s,
2H), 4.02 (t,J = 7.9 Hz, 2H), 3.87 (s, 6H), 3.13 (,= 8.2 Hz, 2H). ESI-MS m/z:

438.1 [M+HT.



4.1.9. General procedure for preparation of intethatesl7a—d

4.1.9.1. (3-Methyl-4-vinylphenyl)(4-phenylindolinsfdmethanone 17a. To a
solution of intermediate  16a (0.76 g, 1.94 mmol),
4,4,5,5-tetramethyl-2-vinyl-1,3,2-dioxaborolane 3®.g, 2.53 mmol), and IO
(0.54 g, 3.92 mmol) in 1,4-dioxane (12 mL) and w#BemL) was added Pd&dppf)
(0.14 g, 0.19 mmol). The reaction mixture was atirat 100 °C for 7 h under the N
atmosphere. After that time, the solution was abali®wn and the catalyst was
filtered off. The filtrate was evaporated to giveeaidue. The residue was diluted with
CH.Cl, and washed with water. The organic layer was aunated to give the crude
product, which was purified by column chromatograflethyl acetate/petroleum
ether, 1/50 to 1/10) to give compouibda (0.28 g, 42.6%). It was obtained as a white
solid. 'H NMR (600 MHz, DMSOdg) & 7.95 (s, 1H), 7.63 (d] = 7.8 Hz, 1H), 7.46
(dd,J = 7.5, 6.0 Hz, 4H), 7.44-7.36 (m, 3H), 7.29 (s),1H09 (d,J = 7.4 Hz, 1H),
7.00 (dd,J = 17.5, 11.0 Hz, 1H), 5.87-5.79 (m, 1H), 5.45-5139 1H), 4.01 (t,] =
8.1 Hz, 2H), 3.12 (tJ = 8.2 Hz, 2H), 2.37 (s, 3H). ESI-MS m/z: 340.2 [N4.

4.1.9.2. (3-Chloro-4-vinylphenyl)(4-phenylindolinglmethanone 1(7b). Compound
17b was prepared from6b in a similar manner as described for compoaid It
was obtained as a white solid. Yield, 3694.NMR (600 MHz, DMSOds) & 7.86 (d,
J=8.1Hz, 1H), 7.70 (s, 1H), 7.58 @@= 7.8 Hz, 1H), 7.47 (d] = 4.3 Hz, 4H), 7.39
(dd,J = 8.5, 4.3 Hz, 1H), 7.31 (s, 1H), 7.20 (s, 1H),27(d,J = 6.7 Hz, 1H), 7.07 (dd,
J=17.5, 11.0 Hz, 1H), 6.02 (d,= 17.5 Hz, 1H), 5.57 (dl = 11.4 Hz, 1H), 4.02 (4

= 8.1 Hz, 2H), 3.14 (] = 8.1 Hz, 2H). ESI-MS m/z: 360.1 [M+H]



4.1.9.3. (2-Chloro-4-vinylphenyl)(4-phenylindolirylimethanone 17¢). Compound
17cwas prepared frorh6cin a similar manner as described for compolnd It was
obtained as a white solid. Yield, 4591 NMR (600 MHz, DMSOds) 5 8.21 (d,J =
7.9 Hz, 1H), 7.73 (s, 1H), 7.59 @= 7.9 Hz, 1H), 7.53 (d] = 7.9 Hz, 1H), 7.47 (d]

= 1.8 Hz, 3H), 7.46 (s, 1H), 7.38 (m, 2H), 7.15J&; 7.6 Hz, 1H), 6.78 (ddl = 17.7,
11.0 Hz, 1H), 6.02 (d] = 17.7 Hz, 1H), 5.42 (d] = 11.0 Hz, 1H), 3.75 ({ = 8.2 Hz,
2H), 3.15 (tJ = 8.2 Hz, 2H). ESI-MS m/z: 360.1 [M+H]

4.1.9.4. (3,5-Dimethoxy-4-vinylphenyl)(4-phenyliingld-yl)methanone 17d). A
mixture of intermediate 16d (1 g, 2.29 mmol),
4,4,5,5-tetramethyl-2-vinyl-1,3,2-dioxaborolaned@g, 2.73 mmol), Pgdba) (0.027

g, 0.03 mmol), dicyclohexyl(2',6'-dimethoxy-[1,liphenyl]-2-yl)phosphine (0.06 g,
0.14 mmol) and KPOy (1.45 g, 6.84 mmol) in toluene (3 mL), EtOH (3 ndgd HO

(2 mL) was stirred at 90 °C for 5 h under thgd¥mosphere. Upon the completion of
the reaction, the catalyst was filtered off. THedte was concentrated and extracted
with CH,Cl,. The organic layer was washed with brine, and exapd to give a
residue, which was purified by column chromatogsagbthyl acetate/petroleum
ether, 1/35 to 1/10) to afford compoutdd (0.47 g, 53.2%). It was obtained as a
white solid.*H NMR (600 MHz, DMSOsg) 5 8.09 (s, 1H), 7.47 (dl = 3.8 Hz, 4H),
7.41-7.36 (m, 1H), 7.31 (s, 1H), 7.10 (= 7.0 Hz, 1H), 6.93-6.82 (m, 3H), 6.10
(dd,J = 18.0, 2.6 Hz, 1H), 5.44 (dd,= 12.2, 2.7 Hz, 1H), 4.04 (§,= 8.1 Hz, 2H),
3.84 (s, 6H), 3.13 (1) = 8.1 Hz, 2H). ESI-MS m/z: 386.2 [M+H]

4.1.10. General procedure for preparation of intediatesl8a—d



Compoundsl8a—dwere prepared frorh7a—d respectively, in a similar manner
as described for compoudda
4.1.10.1 2-Methyl-4-(4-phenylindoline-1-carbonyhhealdehyde 18a). It was
obtained as a gray solid. Yield, 918t NMR (600 MHz, DMSOd) 5 10.30 (s, 1H),
8.14 (s, 1H), 7.94 (d] = 7.9 Hz, 1H), 7.65-7.53 (m, 2H), 7.47 (= 4.0 Hz, 4H),
7.39 (m, 2H), 7.13 (s, 1H), 3.97 (s, 2H), 3.14Xt= 7.9 Hz, 2H), 2.68 (s, 3H).
ESI-MS m/z: 342.1 [M+H].
4.1.10.2. 2-Chloro-4-(4-phenylindoline-1-carbongjizaldehyde 18b). It was
obtained as an off-white solid. Yield, 879651 NMR (600 MHz, DMSOdg) & 10.38
(s, 1H), 8.15 (s, 1H), 7.98 (d,= 7.9 Hz, 1H), 7.88 (s, 1H), 7.73 (@= 7.4 Hz, 1H),
7.48 (s, 2H), 7.47 (s, 2H), 7.41-7.36 (m, 2H), 7(451H), 3.99 (dJ = 7.9 Hz, 2H),
3.14 (d,J= 8.5 Hz, 2H). ESI-MS m/z: 362.1 [M+H]
4.1.10.3. 3-Chloro-4-(4-phenylindoline-1-carbongjtzaldehyde 189. It was
obtained as a gray solid. Yield, 828t NMR (600 MHz, DMSOd) 5 10.07 (s, 1H),
8.24 (d,J = 7.9 Hz, 1H), 8.12 (d] = 1.1 Hz, 1H), 8.02 (dd] = 7.8, 1.3 Hz, 1H), 7.82
(d, J = 7.8 Hz, 1H), 7.48 () = 4.6 Hz, 4H), 7.39 (m, 2H), 7.18 @ = 7.7 Hz, 1H),
3.75 (s, 2H), 3.19 (m, 2H). ESI-MS m/z: 362.1 [M+H]
4.1.10.4. 2,6-Dimethoxy-4-(4-phenylindoline-1-canpipbenzaldehydel8d). It was
obtained as an off-white solid. Yield, 899 NMR (600 MHz, DMSOdg) & 10.38
(s, 1H), 8.16 (s, 1H), 7.47 (m, 4H), 7.39 @t 8.6, 4.3 Hz, 2H), 7.14 (s, 1H), 6.94 (s,
2H), 3.99 (s, 2H), 3.87 (s, 6H), 3.15Jt 8.1 Hz, 2H). ESI-MS m/z: 388.2 [M+H]

4.1.11. General procedure for preparation of comuiaA1-31



4.1.11.1.
6-(((2-Hydroxyethyl)amino)methyl)-2-(2-methyl-[2Hiphenyl]-3-yl)isoindolin-1-one
(Al). A mixture ofintermediatel1a(0.08 g, 0.24 mmol), 2-aminoethan-1-ol (0.073 g,
1.2 mmol), and two drops of acetic acid in 4CHH (4 mL) and CHCI, (4 mL) was
stirred at room temperature for 6 h. At that tileBH;CN (0.076 g, 1.21 mmol) was
added. Stirring was continued for 10 h, when TL@igated the completion of the
reaction. The solvent was concentrated and dilutgkd CH,Cl,. The organic layer
was washed with brine, and concentrated to givesaue, which was purified by
column chromatography (GBH/CH.CI,, 1/100 to 1/15) to afford compounil
(0.0073 g, 8.2%). It was obtained as a light-yelkmiid. mp 78.8-80.8 °CH NMR
(600 MHz, DMSO€g) & 7.77 (s, 1H), 7.64 (d] = 7.8 Hz, 1H), 7.60 (d] = 7.7 Hz,
1H), 7.48 (tJ = 7.5 Hz, 2H), 7.44 (d] = 7.7 Hz, 1H), 7.42-7.34 (m, 4H), 7.27 §&
7.5 Hz, 1H), 4.87 (s, 2H), 4.53 (s, 1H), 3.86 (4),23.49 (m, 2H), 2.59 (] = 5.7 Hz,
2H), 2.02 (s, 3H)XC NMR (151 MHz, DMSOds) 5 167.0, 143.2, 141.3, 138.5,
133.9, 132.2, 132.2, 129.5 (2C), 128.7 (2C), 121%,.2, 126.7, 123.6, 123.0, 60.5,
52.9, 52.6, 51.0, 16.0. HRMS (ESI) for824N.0, [M + H]", calcd: 373.1911,
found: 373.1907. Purity, 97.2%.

Compounds A2-31 were prepared in a similar manner as described for
compoundAl through the reaction afla 11b, 15a—g or 18a—dwith appropriate
amines. The preparation of compoud® and A29 were conducted using DMF as

the solvent.



4.1.11.2.
N-(2-(((2-(2-Methyl-[1,1'-biphenyl]-3-yl)-3-oxoisedolin-5-yl)methyl)amino)ethyl)ac
etamide A2). It was obtained as a light-yellow solid. Yield, 7#6p 190.1-193.0 °C.
'H NMR (600 MHz, DMSOds) § 7.93 (s, 1H), 7.83 (s, 1H), 7.68 (M= 7.7 Hz, 1H),
7.64 (d,J = 7.7 Hz, 1H), 7.48 () = 7.5 Hz, 2H), 7.44 (d] = 7.7 Hz, 1H), 7.42-7.35
(m, 4H), 7.28 (dJ = 7.4 Hz, 1H), 4.89 (s, 2H), 3.95 (s, 2H), 3.2d,(@= 12.0, 6.0
Hz, 2H), 2.66 (tJ = 6.2 Hz, 2H), 2.03 (s, 3H), 1.81 (s, 3HjC NMR (151 MHz,
DMSO-0g) 6 170.1, 167.0, 143.2, 141.7, 141.3, 138.3, 13332.6, 132.2, 129.6,
129.4 (2C), 128.7 (2C), 127.6, 127.2, 126.8, 12B28,5, 53.0, 52.0, 47.9, 38.2, 23.0,
16.0. HRMS (ESI) for gH27/NsO, [M + H]", calcd: 414.2176, found: 414.2172.
Purity, 98.0%.

4.1.11.3.

5-(((2-Hydroxyethyl)amino)methyl)-2-(2-methyl-[ tHiphenyl]-3-yl)isoindolin-1-one
(A3). It was obtained as a yellow solid. Yield, 12%. n§9783.5 °C*H NMR (600
MHz, DMSO-g) 5 7.73 (d,J = 7.8 Hz, 1H), 7.64 (s, 1H), 7.53 @@= 7.8 Hz, 1H),
7.48 (t,J = 7.6 Hz, 2H), 7.43 (d] = 7.1 Hz, 1H), 7.41-7.34 (m, 4H), 7.26 (&= 7.5
Hz, 1H), 4.87 (s, 2H), 4.55 (s, 1H), 3.88 (s, 2B1K0 (t,J = 5.7 Hz, 2H), 2.62 (] =
5.8 Hz, 2H), 2.03 (s, 3H)*C NMR (151 MHz, DMSOde) & 167.0, 145.3, 143.2,
142.9, 141.3, 138.4, 133.9, 130.7, 129.5, 129.9,(228.7 (2C), 128.4, 127.6, 127.2,
126.8, 123.4, 123.2, 60.5, 53.0, 53.0, 51.2, l@RMS (ESI) for G4H24N,02 [M +

H]*, calcd: 373.1911, found: 373.1913. Purity, 98.3%.



4.1.11.4.
N-(2-(((2-(2-Methyl-[1,1'-biphenyl]-3-yl)-1-oxoisedolin-5-yl)methyl)amino)ethyl)ac
etamide A4). It was obtained as a white solid. Yield, 16%. m9.65162.3 °CH
NMR (600 MHz, DMSO#€) & 7.86 (t,J = 5.1 Hz, 1H), 7.74 (d] = 7.8 Hz, 1H), 7.64
(s, 1H), 7.53 (dJ = 7.8 Hz, 1H), 7.48 (t] = 7.6 Hz, 2H), 7.43 (s, 1H), 7.42-7.35 (m,
4H), 7.27 (dJ = 7.5 Hz, 1H), 4.88 (s, 2H), 3.86 (s, 2H), 3.17Xg 6.3 Hz, 2H), 2.59
(t, J = 6.5 Hz, 2H), 2.03 (s, 3H), 1.81 (s, 3HIJC NMR (151 MHz, DMSOdg) 5
169.8, 167.0, 145.5, 143.2, 142.9, 141.3, 138.3,9330.7, 129.5, 129.4 (2C), 128.7
(2C), 128.4, 127.6, 127.2, 126.8, 123.4, 123.20,582.9, 48.4, 39.0, 23.0, 16.0.
HRMS (ESI) for GgH27/N30, [M + H]*, calcd: 414.2176, found: 414.2182. Purity,
97.9%.

4.1.11.5. (3-(((2-Hydroxyethyl)amino)methyl)phe@®henylindolin-1-yl) methanone
(A5). It was obtained as an off-white solid. Yield, 158tp 75.0-77.3 °C’H NMR
(600 MHz, DMSO#g) & 8.10 (s, 1H), 7.72—7.28 (m, 11H), 7.10 (s, 1H54(s, 1H),
3.99 (s, 2H), 3.80 (s, 2H), 3.49 (s, 2H), 3.13 @H), 2.60 (s, 2H)*C NMR (151
MHz, DMSO-dg) 6 168.7, 143.5, 141.5, 140.0, 138.5, 137.2, 13(88,2, 129.0 (2C),
128.7, 128.5 (2C), 128.0, 127.8, 126.7, 125.5,4,240.6, 52.7, 51.3. HRMS (ESI)
for Co4H24N20, [M + H]*, calcd: 373.1911, found: 373.1915. Purity, 96.8%.
4.1.11.6. N-(2-((3-(4-Phenylindoline-1-carbonyl)aghamino)ethyl)acetamideA).

It was obtained as a yellow solid. Yield, 6%. mp48®3.4."H NMR (600 MHz,
DMSO-ds) § 8.09 (s, 1H), 7.82 (s, 1H), 7.56 (s, 1H), 7.46 Tid), 7.39 (m, 1H), 7.30

(s, 1H), 7.10 (dJ = 6.3 Hz, 1H), 4.00 (4 = 7.6 Hz, 2H), 3.77 (s, 2H), 3.19-3.10 (m,



4H), 2.56 (tJ = 6.4 Hz, 2H), 1.79 (s, 3H}*C NMR (151 MHz, DMSOdg) 5 169.6,
168.7, 143.5, 141.6, 140.0, 138.5, 137.2, 130.8,2.3.29.0 (2C), 128.7, 128.5 (2C),
128.0, 127.8, 126.7, 125.5, 124.4, 52.6, 48.4,,ZBM. HRMS (ESI) for gH27N30;
[M + H]", calcd: 414.2176, found: 414.2169. Purity, 98.9%.

4.1.11.7. (4-(((2-Hydroxyethyl)amino)methyl)phe@®henylindolin-1-yl) methanone
(A7). It was obtained as a light-yellow solid. Yield, 10%p 118.1-120.3 °C'H
NMR (600 MHz, DMSO€e) & 7.54 (d,J = 7.6 Hz, 2H), 7.46 (tJ = 6.0 Hz, 7H),
7.40-7.34 (m, 1H), 7.28 (s, 1H), 7.09 {ck 6.8 Hz, 1H), 4.53 (s, 1H), 4.00 {t= 7.8
Hz, 2H), 3.79 (s, 2H), 3.49 (,= 5.5 Hz, 2H), 3.12 (t} = 8.0 Hz, 2H), 2.60 (] = 5.6
Hz, 2H).13C NMR (151 MHz, DMSOdg) 6 168.5, 143.6, 143.4, 140.0, 138.5, 135.6,
130.8, 129.0 (2C), 128.5 (2C), 128.3, 128.0, 121%,.3, 124.4, 116.0, 60.6, 52.8,
51.4. HRMS (ESI) for gH2N,O, [M + H], caled: 373.1911, found: 373.1915.
Purity, 96.6%.

4.1.11.8. N-(2-((4-(4-Phenylindoline-1-carbonyl)aghamino)ethyl)acetamideAs).

It was obtained as a yellow solid. Yield, 13%. mtlB-143.5 °C!H NMR (600
MHz, DMSO-<ds) & 7.81 (s, 1H), 7.54 (d} = 7.8 Hz, 2H), 7.46 (m, 6H), 7.41-7.35 (m,
1H), 7.29 (s, 1H), 7.09 (dl = 7.0 Hz, 1H), 4.00 (t) = 8.0 Hz, 2H), 3.76 (s, 2H),
3.18-3.09 (m, 4H), 2.56 (] = 6.4 Hz, 2H), 1.79 (s, 3H}*C NMR (151 MHz,
DMSO-dg) 6 169.5, 168.5, 143.6, 140.0, 138.5, 135.6, 13@®9,A(2C), 128.5 (2C),
128.3, 128.0, 127.8, 127.3, 124.4, 52.7, 48.5,,3ZB810. HRMS (ESI) for gH27N30;

[M + H]", calcd: 414.2176, found: 414.2181. Purity, 99.1%.



4.1.11.9.
(4-(((2-Hydroxyethyl)amino)methyl)-3-methylpherdAphenylindolin-1-yl)methanon
e (A9). It was obtained as a white solid. Yield, 11%. m(3.22225.9 °C!H NMR
(600 MHz, DMSO#ds) & 8.03 (s, 1H), 7.56—7.44 (m, 5H), 7.40 (s, 3H)87(&, 1H),
7.09 (s, 1H), 3.99 (m, 2H), 3.87 (s, 2H), 3.582(d), 3.12 (m, 2H), 2.76 (s, 2H), 2.37
(s, 3H).13C NMR (151 MHz, DMSOdg) 6 172.5, 168.5, 143.5, 140.02, 139.3, 138.5,
137.2, 136.1, 130.7, 129.0 (2C), 128.9, 128.8,5.28C), 128.0, 127.8, 124.6, 124.4,
59.7, 51.2, 49.8, 28.1, 21.6, 19.0. HRMS (ESI) @tH26N,0, [M + H]*, calcd:
387.2067, found: 387.2064. Purity, 96.1%.

4.1.11.10.
N-(2-((2-Methyl-4-(4-phenylindoline-1-carbonyl)bghamino)ethyl)acetamide

(A10). It was obtained as an off-white solid. Yield, 7%p 21.8.3-220.9 °C‘H NMR
(600 MHz, DMSO#) 5 7.87 (s, 2H), 7.47 (m, 5H), 7.39 (m, 3H), 7.291(d), 7.10
(s, 1H), 4.00 (s, 2H), 3.75 (s, 2H), 3.20 (s, 2Bi).2 (s, 2H), 2.65 (s, 2H), 2.35 (s,
3H), 1.82 (s, 3H)XC NMR (151 MHz, DMSOds) 5 169.6, 168.6, 162.7, 143.6,
141.0, 140.0, 138.5, 136.8, 135.6, 130.7, 129.0,(228.7, 128.5 (2C), 128.4, 128.0,
127.7, 124.6, 124.3, 50.4, 48.9, 38.9, 36.2, 3230, 18.9. HRMS (ESI) for
Co7H29N30, [M + H]*, caled: 428.2333, found: 428.2329. Purity, 95.8%.

4.1.11.11.
(3-Hydroxy-4-(((2-hydroxyethyl)amino)methyl)phe@Aphenylindolin-1-yl)methano
ne (A11). It was obtained as an off-white solid. Yield, 3%p h38.0-140.2 °C'H

NMR (600 MHz, DMSO#dg) § 7.48 (d,J = 4.1 Hz, 4H), 7.42-7.36 (m, 1H), 7.29 (s,



1H), 7.23 (dJ = 7.6 Hz, 1H), 7.16 () = 7.8 Hz, 1H), 7.09 (d] = 7.1 Hz, 1H), 6.96
(d, J= 7.4 Hz, 1H), 6.90 (s, 1H), 6.77 (t= 8.4 Hz, 1H), 4.00 (tJ = 8.0 Hz, 2H),
3.92 (s, 2H), 3.53 (1] = 5.6 Hz, 2H), 3.13 (1] = 8.1 Hz, 2H), 2.65 (f] = 5.5 Hz, 2H).
¥C NMR (151 MHz, DMSO+dg) 6 168.4, 162.7, 157.6, 143.5, 140.0, 138.5, 130.8,
129.7, 129.2, 129.0 (2C), 128.5 (2C), 127.9, 12718.2, 117.4, 115.6, 114.1, 60.0,
50.8, 50.0, 36.2, 31.2. HRMS (ESI) for82N.03 [M + H]*, calcd: 389.1860,
found: 389.1856. Purity, 97.1%.

4.1.11.12.
N-(2-((2-Hydroxy-4-(4-phenylindoline-1-carbonyl)l@ghamino)ethyl)acetamide
(A12). It was obtained as an off-white solid. Yield, 1086p 136.3-139.2 °C'H
NMR (600 MHz, DMSOeg) 5 7.86 (s, 1H), 7.48 (dl= 4.2 Hz, 4H), 7.39 (dt] = 8.6,
4.4 Hz, 1H), 7.29 (s, 1H), 7.22 @ = 7.7 Hz, 1H), 7.16 (] = 7.8 Hz, 1H), 7.09 (d]

= 7.4 Hz, 1H), 6.96 (d] = 7.4 Hz, 1H), 6.90 (s, 1H), 6.76 (= 8.3 Hz, 1H), 4.00 (t,
J=8.1 Hz, 2H), 3.86 (s, 2H), 3.18 (dii= 12.2, 6.2 Hz, 2H), 3.13 (,= 8.2 Hz, 2H),
2.60 (t,J = 6.4 Hz, 2H), 1.81 (s, 3H}°C NMR (151 MHz, DMSQds) § 169.6, 162.7,
157.7, 157.4, 140.0, 138.5, 138.5, 130.8, 129.9,01229.0 (2C), 128.5 (2C), 127.9,
127.8, 119.2, 117.4, 115.6, 114.1, 49.9, 48.1,,3862, 31.2, 23.0. HRMS (ESI) for
CaeH27N303 [M + H]*, caled: 430.2125, found: 430.2121. Purity, 98.3%.

4.1.11.13.
(4-(((2-Hydroxyethyl)amino)methyl)-3-methoxyphe@yphenylindolin-1-yl)methano
ne @A13). It was obtained as a white solid. Yield, 6%. mp .84@242.3 °C!H NMR

(600 MHz, DMSO¢) & 8.08 (s, 1H), 7.48 (d] = 2.7 Hz, 4H), 7.45 (d] = 7.4 Hz,



1H), 7.40 (s, 1H), 7.30 (s, 1H), 7.23-7.03 (m, 3#H58 (s, 1H), 4.12-3.96 (M, 2H),
3.84 (s, 3H), 3.79 (s, 2H), 3.51 (s, 2H), 3.14J(t 7.4 Hz, 2H), 2.65 (s, 2H}*C
NMR (151 MHz, DMSOsg) 6 168.4, 162.7, 157.3, 143.5, 140.0, 138.5, 13730,7},
129.2, 129.0 (2C), 128.5 (2C), 128.0, 127.8, 124244, 119.0, 109.5, 60.4, 56.0,
51.4, 47.5, 36.2, 31.2. HRMS (ESI) forsHN.03 [M + H]*, calcd: 403.2016,
found: 403.2013. Purity, 96.5%.

4.1.11.14.
N-(2-((2-Methoxy-4-(4-phenylindoline-1-carbonyl)aghamino)ethyl)acetamide
(A14). It was obtained as a white solid. Yield, 11%. mpt.78186.8 °C*H NMR
(600 MHz, DMSO¢) & 7.87 (s, 1H), 7.47 (nBH), 7.39 (dt,J = 8.4, 4.3 Hz, 1H),
7.30 (s, 1H), 7.19-7.14 (m, 2H), 7.11 (= 7.0 Hz, 1H), 6.77 (t) = 8.0 Hz, 1H),
4.02 (t,J = 8.0 Hz, 2H), 3.84 (s, 3H), 3.78 (s, 2H), 3.18,(@ = 12.1, 6.1 Hz, 2H),
3.14 (t,J = 8.1 Hz, 2H), 2.63 () = 6.2 Hz, 2H), 1.81 (s, 3H}*C NMR (151 MHz,
DMSO-0g) 6 169.7, 168.4, 162.7, 157.7, 157.3, 140.0, 13830.8, 129.7, 129.2,
129.0 (2C), 1285 (2C), 128.0, 127.8, 119.2, 1191%.6, 109.5, 56.0, 48.5, 47.2,
38.7, 36.2, 31.2, 23.0. HRMS (ESI) for8N3z03 [M + H]*, calcd: 444.2282,
found: 444.2280. Purity, 97.7%.

4.1.11.15.
(3-Chloro-4-(((2-hydroxyethyl)amino)methyl)pherddjthenylindolin-1-yl)methanone
(A15). It was obtained as a white solid. Yield, 8%. mp.84821.4 °C*H NMR (600
MHz, DMSO-ds) 5 8.08 (s, 1H), 7.65 (s, 2H), 7.56 @= 6.6 Hz, 1H), 7.47 (dJ =

2.6 Hz, 4H), 7.42-7.24 (m, 2H), 7.11 (b= 5.0 Hz, 1H), 4.54 (s, 1H), 4.01 (m, 2H),



3.86 (s, 2H), 3.50 (dl = 4.4 Hz, 2H), 3.13 (t) = 7.3 Hz, 2H), 2.63 (s, 2H}*C NMR
(151 MHz, DMSOsk) 6 166.9, 162.7, 143.4, 140.5, 140.0, 138.5, 137833, 130.8,
130.1, 129.0 (2C), 128.5 (2C), 128.0, 127.9, 1213%.0, 124.6, 60.7, 51.5, 50.2,
36.2, 31.2. HRMS (ESI) for £GH2:CIN,O, [M + H]", calcd: 407.1521, found:
407.1523. Purity, 98.9%.

4.1.11.16.
N-(2-((2-Chloro-4-(4-phenylindoline-1-carbonyl)bghamino)ethyl)acetamide

(A16). It was obtained as a white solid. Yield, 12%. m®.63133.5 °C!H NMR
(600 MHz, DMSOdg) 5 8.10 (s, 1H), 7.84 (s, 1H), 7.66 (s, 2H), 7.581(3), 7.48 (s,
4H), 7.40 (s, 1H), 7.34 (s, 1H), 7.13 (s, 1H), 4©12H), 3.84 (s, 2H), 3.16 (m, 4H),
2.61 (s, 2H), 1.81 (s, 3H}’C NMR (151 MHz, DMSOds) & 166.9, 162.7, 143.4,
140.5, 140.0, 138.5, 137.3, 133.0, 130.8, 130.2,aC), 128.5 (2C), 128.0, 127.9,
127.8, 126.0, 124.6, 60.7, 51.5, 50.2, 36.2, 3A82.. HRMS (ESI) for gsH26CIN3O;

[M + H]", calcd: 448.1786, found: 448.1783. Purity, 96.9%.

4.1.11.17.
(2-Chloro-4-(((2-hydroxyethyl)amino)methyl)pherddjthenylindolin-1-yl)methanone
(A17). It was obtained as a white solid. Yield, 25%. m8.94150.1 °C*H NMR
(600 MHz, DMSO#e) 5 8.23 (d,J = 7.2 Hz, 1H), 7.57 (s, 1H), 7.54-7.42 (m, 6H),
7.38 (d,J = 5.9 Hz, 2H), 7.15 (d] = 6.7 Hz, 1H), 4.54 (s, 1H), 3.79 (m, 4H), 3.50 (s
2H), 3.16 (s, 2H), 2.59 (s, 2H}°C NMR (151 MHz, DMSOdg) & 165.6, 144.6,

142.9, 139.9, 138.7, 135.4, 130.6, 129.1, 129.0,(228.5 (2C), 128.3, 128.0, 127.8,



127.8, 127.7, 125.0, 115.8, 60.6, 52.1, 51.2, 427,8. HRMS (ESI) for
C24H23CIN,O, [M + H]*, caled: 407.1521, found: 407.1523. Purity, 98.2%.
4.1.11.18.
N-(2-((3-Chloro-4-(4-phenylindoline-1-carbonyl)bghamino)ethyl)acetamide

(A18). It was obtained as a white solid. Yield, 16%. m®.92173.5 °C*H NMR
(600 MHz, DMSO#g) & 8.23 (d,J = 7.3 Hz, 1H), 7.83 (s, 1H), 7.57 (s, 1H), 7.41 (m
8H), 7.15 (d,J = 6.7 Hz, 1H), 3.77 (m, 4H), 3.16 (m, 4H), 2.562kl), 1.81 (s, 3H).
¥C NMR (151 MHz, DMSO+dg) 6 169.5, 165.6, 144.7, 142.9, 139.9, 138.7, 135.4,
130.6, 129.0, 129.0 (2C), 128.5 (2C), 128.3, 12¥4,.8, 127.6, 125.0, 115.8, 112.1,
51.9, 49.7, 48.4, 39.0, 27.8, 23.0. HRMS (ESI) @agH26CIN:O; [M + H]", calcd:
448.1786, found: 448.1790. Purity, 96.1%.

4.1.11.19.

(4-(((2-Hydroxyethyl)amino)methyl)-3,5-dimethoxypyl¥ 4-phenylindolin-1-yl)meth
anone A19). It was obtained as a white solid. Yield, 5%. mp .22226.5 °C*H
NMR (600 MHz, DMSOdg) & 8.09 (s, 1H), 7.47 (s, 4H), 7.39 (s, 1H), 7.311¢d),
7.10 (s, 1H), 6.89 (s, 2H), 4.80 (s, 1H), 4.012(3), 3.92 (s, 2H), 3.84 (s, 6H), 3.55
(s, 2H), 3.14 (s, 2H), 2.72 (s, 2HJC NMR (151 MHz, DMSOdq) 5 168.1, 158.7
(2C), 143.4, 140.0, 138.9, 138.6, 130.7, 129.0 (2@B.5 (2C), 128.1, 127.8, 124.6,
102.9 (2C), 58.7, 56.6, 50.3. HRMS (ESI) fol€sN.O4 [M + H]*, calcd: 433.2122,
found: 433.2119. Purity, 96.1%.

4.1.11.20.

N-(2-((2,6-Dimethoxy-4-(4-phenylindoline-1-carboiwdnzyl)amino)ethyl)acetamide



(A20). It was obtained as a white solid. Yield, 6%. mp.98688.3 °CH NMR (600
MHz, DMSO-dg) 5 8.12 (s, 1H), 7.99 (s, 1H), 7.47 @z 4.3 Hz, 4H), 7.43-7.26 (m,
2H), 7.11 (dJ = 6.4 Hz, 1H), 6.89 (s, 2H), 4.01 Jt= 7.9 Hz, 2H), 3.92 (s, 2H), 3.84
(s, 6H), 3.23 (dJ = 5.9 Hz, 2H), 3.14 () = 8.2 Hz, 2H), 2.72 (tJ = 5.7 Hz, 2H),
1.81 (s, 3H)¥C NMR (151 MHz, DMSOdg) 5 170.1, 168.0, 158.7 (2C), 143.4,
140.0, 139.1, 138.6, 130.7, 129.0 (2C), 128.5 (2€3.1, 127.8, 124.6, 109.9, 102.9
(2C), 63.5, 56.6, 50.9, 47.6, 37.3, 28.0, 23.0. HR(ESI) for GgH3:NzO4 [M + H]*,
calcd: 474.2387, found: 474.2391. Purity, 97.9%.

4.1.11.21.
(3-Methoxy-4-(((2-methoxyethyl)amino)methyl)phddybhenylindolin-1-yl)methano
ne A21). It was obtained as an off-white solid. Yield, 126tp 247.1-250.1 °CH
NMR (600 MHz, DMSOds) & 8.40 (s, 1H), 8.10 (s, 1H), 7.56 @= 5.6 Hz, 1H),
7.52-7.30 (m, 5H), 7.25 (s, 1H), 7.19 (s, 1H), AL11H), 4.02 (dJ = 13.1 Hz, 4H),
3.87 (s, 3H), 3.59 (s, 2H), 3.29 (s, 3H), 3.14 @H), 2.96 (s, 2H)*C NMR (151
MHz, DMSOdg) 6 172.4, 168.0, 157.7, 143.4, 140.0, 138.8, 1383%.,.Q, 130.8,
129.0 (2C), 128.5 (2C), 128.0, 127.8, 124.9, 12418).0, 109.8, 68.9, 58.5, 56.2,
46.9, 45.9, 21.5. HRMS (ESI) for,12eN-03 [M + H]", calcd: 417.2173, found:
417.2169. Purity, 98.2%.

4.1.11.22.
(S)-(4-((2-(Hydroxymethyl)pyrrolidin-1-yl)methyl}8ethoxyphenyl)(4-phenylindolin
-1-yl)methanoneA22). It was obtained as a white solid. Yield, 16%. mA.8#273.1

°C.'H NMR (600 MHz, DMSOdg) § 8.10 (s, 1H), 7.48 (s, 5H), 7.39 (s, 1H), 7.30 (s,



1H), 7.22-7.07 (m, 3H), 4.36 (s, 1H), 4.02 (s, 3884 (s, 3H), 3.51 (s, 2H), 3.14 (s,
2H), 2.94 (s, 1H), 2.62 (s, 1H), 2.22 (s, 1H), 1(85 2H), 1.66 (s, 3H)"*C NMR
(151 MHz, DMSOsdg) 6 168.3, 143.5, 140.0, 138.5, 130.8, 130.0, 1291),(228.5
(2C), 128.0, 127.8, 124.4, 119.0, 109.7, 56.4, 56416, 52.6, 51.0, 28.1, 22.9, 18.9,
14.3. HRMS (ESI) for HsoN-Os [M + H]", calcd: 443.2329, found: 443.2335.
Purity, 98.2%.

4.1.11.23. (2-Methoxy-4-(4-phenylindoline-1-carbjimgnzyl)-L-proline A23). It
was obtained as a white solid. Yield, 13%. mp 28998.5 °C*H NMR (600 MHz,
DMSO-ds) § 8.10 (s, 1H), 7.48 (s, 5H), 7.35 (m, 2H), 7.2587(®, 3H), 4.10 (dJ =
11.4 Hz, 1H), 3.99 (m, 3H), 3.86 (s, 3H), 3.441(d), 3.14 (s, 3H), 2.67 (s, 1H), 2.13
(s, 1H), 1.93 (s, 1H), 1.82 (s, 1H), 1.71 (s, 1HE NMR (151 MHz, DMSOde) 5
172.5, 168.1, 157.7, 143.4, 140.0, 138.5, 138.4,2.3.30.8, 130.0, 129.0 (2C), 128.5
(2C), 128.1, 127.8, 125.7, 124.5, 119.1, 109.98,686.4, 56.2, 53.4, 52.1, 29.0, 23.6,
18.9. HRMS (ESI) for gHsN-O4 [M + H]*, calcd: 457.2122, found: 457.21109.
Purity, 97.9%.

4.1.11.24.
(S)-1-(2-Methoxy-4-(4-phenylindoline-1-carbonyl)bghpiperidine-2-carboxylic

acid (A24). It was obtained as a white solid. Yield, 5%. mp.83235.9 °C’H NMR
(600 MHz, DMSOds) & 7.96 (s, 1H), 7.61-7.25 (m, 7H), 7.17 (s, 2H),07(4, 1H),
4.02 (s, 2H), 3.81 (s, 3H), 3.70 @= 14.5 Hz, 1H), 3.19 (s, 1H), 3.12 (s, 2H), 2.94
(s, 1H), 2.89 (s, 1H), 2.73 (s, 1H), 2.29 (s, 1HBL (s, 1H), 1.77 (s, 1H), 1.52 (s,

2H), 1.40 (s, 1H)¥C NMR (151 MHz, DMSOdg) 5 174.3, 168.4, 162.7, 157.5,



143.5, 140.0, 138.5, 137.3, 130.7, 129.9, 129.0,(228.5 (2C), 128.1, 128.0, 127.8,
124.4, 119.0, 109.6, 64.1, 56.0, 53.1, 49.6, 3812, 29.0, 24.9, 22.1. HRMS (ESI)
for CogH30N204 [M + H]*, calcd: 471.2278, found: 471.2283. Purity, 96.7%.
4.1.11.25. (2-Methoxy-4-(4-phenylindoline-1-carbimgnzyl)-D-serine A25). It was
obtained as a white solid. Yield, 7%. mp 212.9-81%C. *H NMR (600 MHz,
DMSO-ds) § 8.10 (s, 1H), 7.47 (s, 5H), 7.39 (s, 1H), 7.301(3), 7.25-7.05 (m, 3H),
4.02 (s, 3H), 3.86 (s, 3H), 3.71 (s, 1H), 3.641(d), 3.20 (s, 2H), 3.14 (s, 2HYC
NMR (151 MHz, DMSOe€) 6 157.6, 140.0, 138.5, 130.8, 130.3, 130.0, 1290),(2
128.5 (2C), 128.0, 127.8, 124.5, 119.4, 119.1,8,083.1, 61.5, 56.2, 45.8. HRMS
(ESI) for GgH26N205[M + H]*, calcd: 447.1914, found: 447.1915. Purity, 97.2%.
4.1.11.26.
3-((2-(((2-Hydroxyethyl)amino)methyl)-5-(4-phendatine-1-carbonyl)phenoxy)met
hyl)benzonitrile A26). It was obtained as a light-yellow solid. Yield, 106p 138.7—
142.3 °C.*H NMR (600 MHz, DMSOds) & 8.08 (s, 1H)S 7.95 (s, 1H), 7.83 (m,
2H), 7.63 (tJ = 7.7 Hz, 1H), 7.48 (d] = 4.1 Hz, 5H), 7.40 (dd] = 8.5, 4.2 Hz, 1H),
7.26 (s, 2H), 7.17 (d) = 7.4 Hz, 1H), 7.10 (d] = 6.8 Hz, 1H), 5.28 (s, 2H), 4.53 (s,
1H), 3.92 (s, 2H), 3.83 (s, 2H), 3.51 (s, 2H), 3(0. U = 8.0 Hz, 2H), 2.63 (t) = 5.4
Hz, 2H).13C NMR (151 MHz, DMSOdg) 6 168.2, 155.8, 143.5, 140.0, 139.2, 138.5,
136.9, 132.5, 132.0, 131.5, 131.2, 130.7, 130.9,512129.0 (2C), 128.5 (2C), 128.0,
127.8, 124.4, 119.6, 119.1, 111.8, 111.0, 68.67,681.6, 47.8. HRMS (ESI) for

C3oH29N303 [M + H]*, caled: 504.2282, found: 504.2279. Purity, 98.3%.



4.1.11.27.
N-(2-((2-((3-Cyanobenzyl)oxy)-4-(4-phenylindolinedrbonyl)benzyl)amino)ethyl)a
cetamide A27). It was obtained as a light-yellow solid. Yield, 2184p 195.3-198.1
°C.H NMR (600 MHz, DMSO#g) 5 7.95 (s, 2H), 7.82 (1] = 8.4 Hz, 3H), 7.63 (1]

= 7.7 Hz, 1H), 7.48 (d) = 4.4 Hz, 5H), 7.40 (dd] = 8.2, 4.0 Hz, 1H), 7.25 (s, 2H),
7.17 (d,J = 7.4 Hz, 1H), 7.11 (d] = 6.8 Hz, 1H), 5.28 (s, 2H), 3.92 (s, 2H), 3.81 (s
2H), 3.17 (ddJ = 11.9, 5.9 Hz, 2H), 3.11 @,= 7.9 Hz, 2H), 2.60 () = 6.2 Hz, 2H),
1.79 (s, 3H).13C NMR (151 MHz, DMSOdg) 6 169.5, 168.2, 155.7, 143.5, 140.0,
139.2, 138.5, 136.8, 132.5, 132.0, 131.5, 131.2,7.330.2, 129.3, 129.0 (2C), 128.5
(2C), 128.0, 127.8, 124.4, 119.6, 119.1, 111.8,.0,188.6, 56.4, 48.7, 47.4, 39.1,
23.0, 18.9. HRMS (ESI) for £gH3,N403 [M + H]*, calcd: 545.2547, found: 545.2550.
Purity, 99.1%.

4.1.11.28.
(S)-1-(2-((3-Cyanobenzyl)oxy)-4-(4-phenylindolineatbonyl)benzyl)piperidine-2-c
arboxylic acid A28). It was obtained as a white solid. Yield, 12%. m8.84251.2
°C.H NMR (600 MHz, DMSO#dg) & 8.10 (s, 1H)p 7.95 (s, 1H), 7.82 (m, 2H), 7.62
(t, J= 7.4 Hz, 1H), 7.50 (m, 5H), 7.40 (@= 3.6 Hz, 1H), 7.30 (s, 1H), 7.25 (s, 1H),
7.19 (d,J = 7.1 Hz, 1H), 7.11 (d] = 4.8 Hz, 1H), 5.28 (s, 2H), 3.94-3.83 (m, 3H),
3.73 (d,J = 14.4 Hz, 1H), 3.24 (s, 1H), 3.13-3.08 (M, 2HY=(s, 1H), 2.32 (s, 1H),
1.81 (s, 2H), 1.52 (s, 3H), 1.42 (s, 1HC NMR (151 MHz, DMSOdg) § 174.4,
168.2, 156.0, 143.5, 140.0, 139.2, 138.5, 137.2,513132.0, 131.2, 130.7, 130.5,

130.1, 129.0(2C), 128.5 (2C), 128.0, 127.8, 1241%.6, 119.1, 111.8, 111.2, 68.5,



63.8, 56.4, 53.6, 49.5, 29.1, 25.1, 22.0, 18.9. IRM@SI) for GeH33N304 [M + H],
calcd: 572.2544, found: 572.2548. Purity, 95.9%.

4.1.11.29. (2-((3-Cyanobenzyl)oxy)-4-(4-phenylimisil-carbonyl)benzyl)-D-serine
(A29). It was obtained as a white solid. Yield, 3%. mp.22224.8 °CH NMR (600
MHz, DMSO-dg) 5 7.98 (s, 1H), 7.89 (d] = 8.1 Hz, 1H), 7.81 (dJ = 6.9 Hz, 1H),
7.62 (t,J = 7.5 Hz, 1H), 7.49 (m, 6H), 7.40 (ddi= 8.5, 4.1 Hz, 2H), 7.27 (s, 1H),
7.18 (d,J = 6.2 Hz, 1H), 7.11 (s, 1H), 5.29 (s, 2H), 3.981(), 3.92 (s, 2H), 3.59 (d,
J = 3.7 Hz, 2H), 3.18 (s, 1H), 3.11 &= 7.4 Hz, 2H), 3.04 (s, 1H}*C NMR (151
MHz, DMSO-dg) 6 140.0, 139.0, 132.7, 132.1, 131.3, 130.2, 13@®0,@(2C), 128.5
(2C), 128.0, 127.8, 119.6, 119.1, 111.8, 68.7,,32974, 26.9, 22.5. HRMS (ESI) for
CaaH29N305[M + H]*, calcd: 548.2180, found: 548.2175. Purity, 97.2%.

4.1.11.30.
(4-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)indolin-1(4-(((2-hydroxyethyl)amino)met
hyl)-3-methoxyphenyl)methanon@3(). It was obtained as a light-yellow solid.
Yield, 5%. mp 268.2-270.7 °CH NMR (600 MHz, DMSOds) 5 8.01 (s, 1H), 7.44
(d,J = 6.7 Hz, 1H), 7.25 (s, 1H), 7.20-7.11 (m, 2HP47(d,J = 4.7 Hz, 1H), 6.94 (s,
1H), 6.93 (s, 2H), 4.65 (s, 1H), 4.27 (s, 4H), 4881 (m, 2H), 3.84 (br, 5H), 3.53 (s,
2H), 3.11 (tJ = 7.6 Hz, 2H), 2.68 (s, 2H}*C NMR (151 MHz, DMSOdg) 5 168.3,
162.7, 157.4, 143.7, 143.3, 138.0, 137.5, 133.D2.613129.6, 127.9, 124.2, 121.5,
119.0, 117.5, 117.0, 109.6, 64.5, 59.9, 56.0, 5712, 36.2, 31.2, 31.1. HRMS (ESI)

for Co7H28N20s5 [M + H]™, calcd: 461.2071, found: 461.2069. Purity, 98.0%.



4.1.11.31.
N-(2-((4-(4-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)abline-1-carbonyl)-2-methoxybe
nzyl)amino)ethyl)acetamid@B81). It was obtained as a light-yellow solid. Yield, 9%
mp 190.1-193.5 °CGH NMR (600 MHz, DMSO#g) 5 8.02 (s, 1H), 7.87 (s, 1H), 7.46
(m, 1H), 7.25 (s, 1H), 7.20-7.11 (m, 2H), 7.04 J& 7.3 Hz, 1H), 6.94 (s, 1H), 6.93
(s, 2H), 4.27 (s, 4H), 3.99 @,= 7.8 Hz, 2H), 3.83 (s, 3H), 3.79 (s, 2H), 3.18, (#l=
11.4, 5.4 Hz, 2H), 3.11 (8 = 8.1 Hz, 2H), 2.64 (s, 2H), 1.80 (s, 3fC NMR (151
MHz, DMSO-ds) 6 169.7, 168.3, 162.7, 157.3, 143.6, 143.3, 13833.2, 130.6,
127.9, 121.5, 119.0, 117.5, 117.0, 109.5, 64.3),58.4, 47.0, 36.2, 31.2, 31.1, 23.0.
HRMS (ESI) for GgH3i1N30s [M + H]*, calcd: 502.2336, found: 502.2341. Purity,
97.2%.
4.2. Pharmacology
4.2.1. PD-1/PD-L1 binding assay

This biochemical assay was performed using the FAD-1.1 binding assay kit
(Cisbio, Cat. no. 64ICPO1PEG), following the mamtiiaer's guidelines.
4.2.2. Cytotoxicity assay

Jurkat cells were seeded onto a 96-well plate atdemsity of 4 x
10%mL in RMPI1 1640 with 10% FBS. The indicated corications of the test
compounds (50, 16.67, 5.56, 1.85, 0.62, 0.21, a@@9uM) were added, and the
cells were cultured for 72 h. Thereafter, one-temitlthe culture volume of CCK-8
solution (Dojindo, Japan) was added to the plate, imcubated at 37 °C for 3 h.

Absorbance was detected at 450 nm using a miceop&tder (Molecular Device,



USA). Survival Rate = (OD (drug treatment group)/@f@n)) x 100%. The Efg
values were calculated accordingly, using Grap®ain 6.
4.2.3. Determination of IFN-secretion

The effects of the test compounds on INecretion were evaluated using the T
cell-tumor co-culture assay, as previously desdriBe
4.3. Molecular docking

Molecular graphic manipulations and visualizatiomere performed using
Discovery Studio Visualizer 4.0. Autodock 4.2 waspboyed to determine molecular
docking. The identification of the torsion anglesthe ligands, the addition of the
solvent model, and the determination of protein #igend atomic charges were
performed using Autodock Tools. The grid-enclodiay was placed on the centroid
of the co-crystallized ligand. The crystal struetuwf PD-L1 was obtained from
Protein Data Bank (PDB ID: 5N2D). Water moleculesd aoriginal ligand were
manually removed before molecular docking. Hydrogeams and Kollman charges
were added to each protein atom. Each docking arpat was conducted 200 times,
giving 200 docked conformations. All the other paeters used in the docking
process were set to default values. Finally, thdehwith the lowest energy was used

for further analysis.
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A w NP

Highlights
Severa indoline compounds targeting the PD-1/PD-L 1 pathway were devel oped.
A13 potently inhibited of the PD-1/PD-L1 interaction, with an ICsy of 132.8 nM.
A13 exhibited low toxicity to Jurkat T cells.

A13 restored the immune responsein a T cell-tumor co-culture model.
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