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Graphical Abstract:

Design, synthesis and biological evaluation of indole-2-carboxylic acid
derivativesas IDOL/TDO dual inhibitors
Guonan Cui, Fangfang Lai, Xiaoyu Wang, Xiaoguang Chen, Bailing Xu

The indole-2-carboxylic acid derivatives were
A\ disclosed as novel IDO1/TDO dual inhibitors.
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Abstract

Indoleamine 2,3-dioxygenase 1 (IDO1) and tryptopBgidioxygenase (TDO)
are involved in the key steps of tryptophan metsboland are potential new targets
for tumor immunotherapy. In this work, a variety ofdole-2-carboxylic acid
derivatives were synthesized, and their inhibitactivities against both enzymes
along with structure-activity relationships wereastigated. As a result, a number of
6-acetamido-indole-2-carboxylic acid derivatives revdfound to be potent dual
inhibitors with 1G; values at low micromolar levels. Among them, coomub90-1
was the most potent inhibitor with ansiGralue of 1.17uM for IDO1, and 1.55:M
for TDO, respectively. In addition, a para-benzogue derivativedp-O, resulted
from the oxidation of compoun®p, was also identified and it showed strong
inhibition against the two enzymes withsliGralues at the double digit nanomolar
level. Using molecular docking and molecular dymasimulations, we predicted the
binding modes of this class of compounds within ID&nd TDO binding pocket. The
results provide insights for further structuralioptation of this series of IDO1/TDO

dual inhibitors.
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1. Introduction

Indoleamine 2,3-dioxygenase 1 (IDO1) and tryptopBaidioxygenase (TDO)
are heme-containing enzymes that catalyze the frsd rate-limiting step of
tryptophan catabolism along the kynurenine pathwayerating tryptophan dioxide,
which was converted tbl-formyl kynurenine and kynurenine derivatives [[)O1
and TDO are found to be overexpressed in varionsazeacells with different levels [2,
3]. In the tumor microenvironment, tryptophan déple and kynurenine metabolites
accumulation led to the enhancement of the numbeérfanction of Tregs cells [4]
and inhibition of effector T-cells [5]. These twoenhanisms are synergistic to
immunosuppress, helping cancer cells to escape tentmdly effective immune
response [2, 6]. These discoveries have triggerepleat deal of new interest in

targeting TDO and IDO for drug discovery.

Although IDO1 and TDO have similar biological raletheir distribution is
different. IDO1 is an extrahepatic cytosolic enzythat is distributed in various
tissues, including placenta, lung, liver, spleadnky, stomach, large intestine, small
intestine and colon, playing a key role in the toghan oxidative cleavage reaction [1,
7]; TDO is mainly expressed in the liver, contnoglithe concentration of tryptophan
in the blood [1]. There is also a large differemeceahe structure between IDO1 and
TDO. IDOL1 is a monomeric enzyme, and TDO is a hatnatmeric enzyme. However,
their active sites are highly similar, though thesiquence identity is only 16% [8, 9].
Furthermore, TDO exhibited high substrate spetyfieind catalyzed the oxidative
cleavage of Trp preferentially. In contrast, IDOibwed greater substrate promiscuity
than TDO, and a range of indoleamines including $gpotonin and tryptamine could

be catabolized by IDO1 [10].

At present, many pharmaceutical companies and nadsemstitutes have
conducted extensive studies on IDO1 inhibition 811- And numerous structurally
distinct chemical entities were disclosed, and thigbitor structure diversity along
with its substrate promiscuity likely resulted framme flexibility of the active site

within IDO1 in part [25]. For the present, sevdi2aD1 inhibitors have advanced into



clinical trials such as Epacadostat [26, 27], BM&H [28], Indoximod [29],
PF-0684003 [30] and Navoximod [31]. Compared withibitors of IDO1, there are
few studies on TDO inhibitors [32-37], and no intobs enter the clinical trial.
However, the current clinical results of IDO1 inidos are not very satisfying.
Epacadostat combined with PD-1 checkpoint inhibiembrolizumab for the
treatment of unresectable or metastatic melanomasignificant improvement in
progression-free survival rate (PFS) was obsen@dpared with pembrolizumab
alone [38]. It is speculated that selective inldpitof IDO1 has limited effects on
tumor growth, probably due to inhibition of IDOlabting to TDO activation in
tumors, which compensates for the increased ratidrp/Kyn caused by IDO1
inhibition. Therefore, The IDO1/TDO dual inhibitonsay become a new strategy for

tumor immunotherapy [39, 40].

A random screening of our in-house compound lipratyich featured an indole
scaffold, was conducted. And indole-2-carboxyliecdacompounda and 9k were
found to be the dual inhibitors with a novel schffalthough these two hits displayed
weak inhibitory activity against both IDO1 and TDThus, we took compounda
and 9k as the starting point to embark on extensive sirat modifications with an
aim to search for novel IDO1/TDO dual inhibitorglvimproved potency. Herein, the
chemical synthesis of these derivatives and thestigation on the structure-activity

relationships were reported.

NH structure modifications
A\ P! > N R2
N OH Re X
R6 H R;
R7
9aRs=H, R =F, IGy=40.7uM (IDO1), IC50 = 99.2uM (TDO)
9k Rs = CHs, Ry = H, IG5 = 35.6uM (IDO1), ICs0 = 22.5uM (TDO)

Figure 1. The structures of the hta, 9kand the general structure of designed derivatives

2. Results and discussion



2.1 Chemistry

Two methods were used to construct the key interabes
4-bromo-H-indole-2-carboxylate derivatives as shown stheme 1 The
Hemetsberger's method was utilized to produce camge3a, 3c-3f and3i-3m. In
the presence of strong base sodium ethoxide, th&tisited benzaldehyde$g, 1c-1f
1i-1m) were condensed with ethyl azidoacetate to fokarall azide with yields of
12-42%. Compound® were heated to 18Q to afford 4-bromo-indole intermediates
3 in 30-93% yields. Compound8g and 3n were prepared using Fisher indole
synthesis method. It was noted that compo@Gndwas cyclized using PPA as the
solvent to give rise to two isomers. TH&NMR spectroscopy confirms that the two
isomers were respectively ethyl 4-nitro-6-bromidé-ihdole- 2-carboxylates(;.; 7.93
ppm, 49.4%) and the desired ethyl 4-bromo-6-nitrbiidole-2-carboxylate3n, dy.7
8.38ppm, 33.1%). The nitro group &n was reduced and acetylated to provide

6-acetamido-4-bromo-indole intermedi&®
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Scheme 1.Reagents and conditions: (i) NaOEt, ethyl azidaaeetethyl trifluoroacetate,
EtOH, 12.0%-42.3%. (ii) 1,2-dichlorobenzene, refldR.0%-93.0%. (iii) NaNg SnC}, HCI,

H,0, -30 C, 89.2%99.0%. (iv) ethyl 2-oxopropanoate, r.t., 37.0%832. (v) PPA, 80C ,
30.0%-33.1%. (vi) Fe, NKCI, EtOH and HO, 80°C, 86%/vii) CH;COCI, TEA, DMF, r.t.,

96.6%.



As shown inscheme 2the majority of target compoun@swvere constructed via
two steps starting from the key intermediat8s 4-Bromo-substituted indole
derivatives3 were subjected to a variety of aryl amines under ¢ondition of
Buchwald-Hartwig cross coupling reaction to prepang indole amines in the yield
of 26-91%, which were hydrolyzed under basic coodg, providing target
compounds9a-9g 9i-90, 9a-1-9a-17 and 90-1-90-24 By using iron powder and
ammonium chloride, the 7-nitro-substituted interrateBg was reduced and acylated
to generate compoun8lh, which was subjected to hydrolysis to give the darg
compounddh with a 7-acetamido group on the indole ring. Téget compoun®p
with a 6-ethylamine was obtained by reduction @c@tamido-substituted compound
8o and hydrolysis. Starting from compoun8a and 8k, the N-1 methyl substituted
compound\9q and9r were readily prepared by methylation and ester dlydis in
high yields. Compoundl was a key substrate for the preparation of bemnzoliene
derivative3s Starting from 4-acetamidobenzaldehyd® 2-aminobenzoic acid was
reacted with an aldehyde group to form an imina &snsient directing group, which
was further subjected to Pd (ll)-catalyzed orthét@hlorination in the presence of
Pd(OAc), AgTFA and NCS to achieve the dichloro substituttelayde compound
11in 57.8% yield [41]. Then compourid was reacted with ethyl thioglycolate in the
presence of KCO; to form the benzothiophene intermedidsgwhich was converted

into target compoun@s by coupling and hydrolysis reaction.
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Scheme 2Reagents and condition} aryl amine, Pg(dba), DavePhos, KPO,(aq), toluene,
80 [I; aryl amine, Pgdba), XantPhos, N&Os(aq), toluene, refluxaryl amine, Pgldba),

X-phos, CsCG;, 1,4-dioxane, 1001; aryl amine, Pgdba), Xantphos, C£0s, 1,4-dioxane,
10017, 25.9%-90.7%. (ii) NaOH, THF, EtOH and®i r.t.; LiIOH, THF, EtOH and kD, 40(7;
Na,CQO;, EtOH and HO, reflux, 23.8%-99.7%. (iii) Fe, N&I, EtOH and HO, 8001, 54.9%;
CH;COCI, DIEA, DCM, r.t., 58.9%. (iv) BE THF, THF, OC1~r.t., 39.9%/(v) CH;l, K,COs,

DMF, 97.5%-98.6%. (vi) NCS, Pd(OAg)AQ(TFA), 2-aminobenzoic acid, TFA, DCE, 60,

57.8%. (vii) K;CO;, ethyl thioglycolate, DMF, 601, 62.4%.

The variation of the substituents on the 2-positibindole ring was performed
and the synthesis of the corresponding compoiddsi4gwas depicted ischeme 3
2-Methyl substituted compouridlawas constructed by two steps reaction. Using the
Bartoli indole synthesis method, 2-fluoro-5-brontastienzenel2 and isopropenyl
magnesium bromide reacted at low temperature to Idyie
2-methyl-4-bromo-7-fluoro#i-indole 13, which was transformed into the target
product14a by a coupling reaction. Upon treatment of 2-casthacid substituted
compound9a with Cu powder and quinolone as a solvent, comgdoisb was

obtained in 46.5% yield through a decarboxylatieaction at a high temperature.



Upon treatment of compound9a with borane in THF solution,
2-hydroxymethyl-substituted compoutidcwas resulted in 55.7% yield. Compounds
14d and 14e were prepared by condensation reaction of compo8adwith
ammonium hydroxide and hydroxylamine, respectiveltilizing a series of
hydrolysis, condensation and dehydration reacttompound3a was converted into
2-cyano-4-bromo-7-fluoroindole 15,  which was then coupled with
3-chloro-4-fluoroaniline to give compountéf. Subsequently, compount4f was

transformed into the target compoul#in the presence of hydroxylamine and TEA.
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Scheme 3Reagents and conditions: (i) isopropenyl magne&tomide, THF, -401, 20.6%.
(i) Pdy(dba), DavePhos, ¥POy(aq), toluene, 1001, 28.1%.(iii) Cu, quinoline, MW, 2407,

46.5%; BH-THF, THF, 0[], 55.7%; EDCI, HOBt, NkIH,O or NH,OH-HCI, TEA, r.t.
36.8%-48.7%. (iv) NaOH, THF, EtOH, B, 40 (1, 99.0%; oxalyl chloride, DMF, DCM,
NH3H,O, r.t., 99.0%; POG] Tol, Ar, reflux, 88.5%. (v) Pddbal, X-phos, CgCO;,

1,4-dioxane, MW, 1007, 40.9%. (vi) NHOH, TEA, EtOH, r.t., 59.0%.
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The synthesis of compoundga-17fwith different linker groups between indole
scaffold and aromatic group was outlinedSoheme 4 Compoundl6a with an S
atom as the linker group could be constructed leyGHS coupling reaction between
compound 3a and 4-fluoro-3-chlorothiophenol, although the giels very low.
Compound3a was coupled with-butyl carbamate, followed by removing the Boc
protecting group to form the 4-amino substitutedenmediate 19. Reductive
amination of compoundl9 with 3-chloro-4-fluorobenzaldehyde resulted in pamnd

16b. The reaction of compound9 with 3-chloro-4-fluorobenzoyl chloride or



3-chloro-4-fluorophenylacetyl chloride led to commpdsl16cand16e Compoundl9
was subjected to a nucleophilic addition reactioith w3-chloro-4-fluorophenyl
isocyanate to givel6f. Compound 16d was prepared by a Pd-catalyzed
aminocarbonylation reaction. The 4-Br substitutedhpound3a was carbonylated
with carbon monoxide, forming in situ by CH@nd CsOH, and then directly reacted
with 3-chloro-4-fluoroaniline in a one-pot reactitmproduce compountiod in 16.9%
yield [42]. The target compoundk/a-17f were obtained by ester hydrolysis of
compoundd 6a-16f
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3a 18 19 16b-16c, 16e-16f 17b-17c, 17e-17f

16b-17b: X = CHy;
16c-17c: X = CO;
16e-17e: X = COCHy;

F 16f-17f: X = CONH.

F

Cl Cl
©\/\>7cooa i» Os_NH _»ii Os_NH
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F H—cookt S—cooH
% N N
F1(-3d F17d
Scheme 4 Reagents and conditions: (i) 3-chloro-4-fluorobewhiol, Cul,
N,N-dimethylglycine, CgC0;, MW, 150 [1, 9.7%. (ii) LiOH, THF, EtOH and D, 40 [1,
43.4% ~ 97.1%. (iii) NkBoc, X-phos, C££0;, 1,4-dioxane, 1101, 70.4%. (iv) CRCOOH,
DCM, r.t., 94.9%. (v) 3-chloro-4-fluorobenzaldehyddOAc, NaBH, DCM, r.t.,, 66.5%;
3-chloro-4-fluorobenzoic acid, SOLI DMF, DCM, TEA, 43.3%;
3-chloro-4-fluorophenylacetic acid, oxalyl chlorideDMF, DCM, TEA, 65%;
3-chloro-4-fluorophenyl isocyanate, DCM, 50.9%.) (BPEPhos, Pd(OAg) CHCL, CsOH

H,0, 3-chloro-4-fluoroaniline, Tol, 80/, 16.9%.

2.2 Inhibitory activities of indole derivatives aganst IDO1 and TDO enzyme

In order to investigate the structure-activity tielaship of indole derivatives, we
carried out extensive structure variations on thdole scaffold, including the

6,7-position of the indole skeleton, the indole §ibup, 2-carboxyl moiety, and the



substituents on the 4-position. All compounds waraluated by using recombinant

enzyme of IDO1 and TDO and the results were showiables 1-4
2.2.1 Structural modifications on the indole skel&n

By scrutinizing the hit®a and 9k, we speculated that the indole aryl amine frame
was a unique structural feature for this class ntfibitors. Therefore, the indole
fragment and the aromatic group on the 4-positianaole ring were the focus of the
modifications. Initially, the 2-carboxyl-indole @nwas kept intact, a variety of
substituents were introduced onto the 6- and 7tHposbf the indole scaffold. As
shown inTable 1, when the 7-fluorine atom of the hif#d) was removed9b) or
replaced with an electron-donating group, such athyh 9d), acetamido4h), or an
electron withdrawing group, such as ®cY CN (©f), NO, (99), the inhibitory
activities were lost. Only 7-methoxy substitutednpmund 9e, IDO1 1G5, = 32.4uM,;
TDO IC5 = 19.5 uM) retained the inhibitory activity against IDO1 carTDO.

Obviously, the modification space of the 7-positionery limited.

The variation of 6-substituents on the inhibitoffeets was presented fable 1
The hit @k) with a 6-methyl group had a micromolar level litory activity, and the
ICso values for IDO1 and TDO were 35@M and 22.5uM, respectively. The
replacement of methyl group with Bi), CI (9j), OCH; (91), CN ©Om), or NGO, (9n)
substituent led to the loss of potency, while thetamido 90) or ethylamino group
(9p) was incorporated onto the 6-position, the compguhad strong inhibitory
activities against both enzymes. Thed@alues for IDO1 of 8.4@M and 1.75uM,
respectively, and the inhibitory activity againf@ was comparable to that of IDO1,
showing 1G, values of 8.48uM and 3.53 uM, respectively. The 6-acetamido
substituent or 6-ethylamine group was favorablarioreasing the inhibitory activity.
It was assumed that these substituents might bomgrito the binding of IDO1 or
TDO through hydrogen bonds. Among this series ohpounds, the 6-ethylamino
substituted compound®) showed the strongest inhibitory activity, whictasv23
times more active than the hit compour®d)( However, due to the high electron

density nature of this indole ring, compou) was readily oxidized and unstable.



Therefore, in the subsequent structural optimiratad the substituents on the
4-position of the indole scaffold, we selected @hacetamido substituted compound

(90) as a new lead compound for further SAR exploratio

The methylation of indole nitrogen was conductedhmnhits9a and9k as well.
And none of the two compounddg(and9r) had inhibitory activity. Furthermore, we
also tentatively replaced the indole ring with aaz@thiophene fragmen®¢), which
had no inhibitory activity against IDO1. These fessuggested that the NH in the
indole ring was important for the binding activitgresumably because NH was
involved in a hydrogen bonding and/or a steric rande was generated by the

introduction of the methyl group.

Table 1. Enzyme inhibitory activities for 6- or 7-sibstituted or 1-substituted

indole-2-carboxylic acid derivatives 9a-9s

ICs0(uM)£SD
Compound R X

IDO1 TDO
9a 7-F NH 40.7+3.03 99.2+51.5
9b H NH >100 N.D?
9c 7-Cl NH >100 N.D.
od 7-CH;s NH >100 N.D.
9e 7-OCH; NH 32.4+4.95 19.5+0.47
of 7-CN NH >100 N.D.
99 7-NO, NH >100 N.D.
9h 7-NHCOCH, NH >100 N.D.
9i 6-F NH >100 N.D.
9j 6-Cl NH >100 N.D.
9k 6-CHs NH 35.6+3.93 22.5+3.30
ol 6-OCH; NH >100 N.D.
9m 6-CN NH >100 >100
9n 6-NO, NH >100 >100
90 6-NHCOCH, NH 8.40+1.70 8.48+0.40
9p 6-NHC;Hs NH 1.75+0.12 3.53+0.83
9q 7-F NCH; >100 N.D.



or 6-CHs NCH; >100 N.D.

9s 6-NHCOCH, S >100 N.D.
Epacadostat - - 0.058+0.012 -
Navoximod - - 0.075+0.017 0.80+0.051

2 not detected.

The SAR on the 2-position of the indole scaffoldsvilavestigated preliminarily
with an attempt to displace carboxyl group to inverathe drug-like property.
However, as shown iffable 2 the results demonstrated that the 2-carboxyl grou
played a critical role in the binding. The replaegof the carboxyl group with a
methyl @48), hydroxymethyl {4¢) or cyano grouplf), or removal of the carboxyl
group (4b) resulted in loss of inhibition. In particulargtieclose bioisosteric group of
carboxyl moiety, including the carbamoyll4d), hydroxamic acid ¥4¢, and
hydroxycarbamimidoyl grouplég), was grafted onto the 2-position, the inhibition
disappeared as well. We conjectured that the cgfl@on might act as an electron
donor to cooperate with the iron ion in the heméDdd 1. After incubation compound
9a with IDO1, the UV spectrum was measured and theeleagth did not show the
red-shift [43], suggesting that compoufd did not cooperate with the iron ion in
IDO1. Therefore, we speculated that the carboxgligrwas supposed to bind with

the key amino acids within IDO1/TDO via electrogtanteractions.

Table 2. Enzyme inhibitory activities for 2-substituted indde derivatives 14a-14g

Compound R CooM)
IDO1 TDO
9a COOH  40.743.03  99.2+51.5
l4a CHs >100 N.D.?
14b H >100 N.D.
1l4c CH,OH >100 N.D.
9 N.D.

14d Py >100



o N.D.
14e Mo >100

14f CN >100 N.D.

14g uow  >100 N.D.
Epacadostat - 0.058+0.012 -
Navoximod - 0.075+0.017 0.80+0.051

2 not detected.

The NH group on the 4-position of indole ring coldd regarded as a linker
between the indole scaffold and the aromatic grote. influence of this linker on the
inhibition was also evaluated. As shownTable 3, one-atom linker such as S atom
(173), two-atom linker such as aminomethyled&lf), carbamoyl 17¢), formamido
(17d), or three-atom linker such as NHCOL{7¢€ or urea groupl(7f) was utilized
and all of the resultant compounds showed no itibibiagainst IDO1. These results
indicated that the linker NH was an important pheacophore fragmentt is assumed
that the NH group not only provides a suitableatise between the indole ring and
the aromatic moiety, but also might serve as adyen bond donor to contribute to

the binding.

Table 3. Enzyme inhibitory activities for 4-substiuted indole-2-carboxylic acid

compounds 17a-17f

jod
Y Cl

N—cooH

N

H

F
1Cs0(uM)
Compound Y
IDO1 TDO

9a NH 40.7+3.03 99.2451.5
17a S >100 N.D?
17b -NHCH,- >100 N.D.
17¢ -NHCO- >100 N.D.
17d -CONH- >100 N.D.
17e -NHCOCH,- >100 N.D.

17f -NHCONH- >100 N.D.



Epacadostat - 0.058+0.012 -
Navoximod - 0.075+0.017 0.80+0.051

2 not detected.

Taken together, the efforts on the modificationsnable ring demonstrated that
2-carboxyl indole ring and 4-amino linker were tbgsential structure moiety for
producing inhibition against IDO1 and TDO. Graftiag acetamido or ethylamino
group was favorable for the binding and giving t@enicromolar inhibitors, although
only very limited substituents were allowed to ifmwrate onto the 6- and 7-position
of the indole ring. Therefore, we selected two espntative indole scaffolds, one is
7-fluoro-2-carboxyl-indole and the other is 6-acatio-2-carboxyl-indole, as the
templates for further SAR explorations on the articn@oiety of compoundSa and

90.
2.2.2 Structural modifications on the aryl ring

The variation of aromatic group of compoudawas performed and the results
were presented imable 4 When the 4'-position was a fluorine atom, thediion
was substituted by CB@), Br (9a-2), OCH; (9a-3 or OCF; (9a-9), respectively, the
obtained compounds had moderate inhibitory actigjtwhile a fluorine atonBa-1)
or cyano group9a-5 was placed, loss of inhibition was observed. Witien3'-Cl in
the hit9a was maintained, and the 4'-F was replaced by wargyoups, such as Cl,
OCH;s, OCRor CFR;, none of them9a-6~9a-9 produced inhibitory effects on IDOL1.
These results indicated that a steric bulky hydobd group was allowed on the
3'-position while there is a limited space for gubstituents on the 4'-position. The F

atom on the 4'-position of the benzene ring washeial to the inhibitory activity.

Except for the 3',4'-disubstituted phenyl groupgbeo substituted benzene rings
were explored as well. The derivatives bearing &thoxy-5'-trifluoromethyl 9a-10),
3'-methoxy-5'-chloro 9a-11) or 2'-carboxy-5'-methoxy9@-13 substituent had no
inhibitory activity. Compounds with 2'-fluoro-5-tumo @a-12 IDO1 1G5 = 28.1uM,
TDO ICsp = 41.4uM) or 3',4',5'-trimethoxyl 9a-14,IDO1 1Cso = 22.2uM; TDO ICsp

= 23.3 uM) substituent had moderate inhibitory activity. VEéso examined the



inhibitory effect of the indoleamine and its detivas substituted for the
3'-chloro-4'-fluoro-benzene  amine. When the indole® Qa-15 or
7'-F-indoleamine9a-16 was utilized, the compounds showed no inhibitactivity.
Surprisingly, compound9a-17 bearing 7'-fluoro-2'-carboxy-indoleamine at the
4-position of the indole scaffold showed a pron@th@otency against IDO1 and
TDO, the 1G values are 2.74M and 3.48uM, respectively, which is 15 and 28.5
times higher than that of hit compou®& Compound9a-17 had the strongest
inhibitory activity against IDO1 among the 7-flueirmole-2-carboxylic acid series of
compounds. Overall, both the substitution pattefnthe benzene ring and the
properties of the substituents have impacts onirthéitory activity, and further

modifications on this moiety might provide changcemprove the potency.

Table 4. Enzyme inhibitory activities for 4-arylanino-7-fluoro-indole-2-carboxylic acid

derivatives 9a-1~9a-17
Ar

HN”
©\/\>*COOH
N
H
F
ICs0 (1M)
C d A
ompoun ' IDO1 TDO
F
9a \(@[a 40.7¢3.03  99.24515
F
9a-1 \/@[F >100 N.D?
F
9a-2 \(@[Br 9.93+0.85  10.5+0.06
F
9a-3 \/@[ 54.4+157  31.4%1.44
OCH;
F
9a-4 \/@[w 16.3t2.33  16.5%1.96
F
9a-5 Y@[ >100 N.D.
CN
Cl
9a-6 \(@[m >100 N.D.
OCH;
9a-7 \(@‘7' >100 N.D.
OCF,
9a-8 \(@m >100 N.D.



CF,

9a-9 \/@[c. >100 N.D.
CF,

9a-10 >100 N.D.
OCH;
Cl

9a-11 >100 N.D.
OCH;
Br

9a-12 \(@ 28.1+3.72  41.44.25
F
OCH;

92-13 V@ >100 N.D.
COOH
OCH;
OCH;

9a-14 222+2.34  23.3+0.46
OCH;

9a-15 \Q%NH >100 N.D.
F

9a-16 \/%NH >100 N.D.
F

9a-17 V%NH 2.72+0.67  3.48+0.22
COOH

Epacadostat - 0.058+0.012 -

Navoximod . 0.075:0.017  0.80+0.051

2 not detected.

The SAR investigation based on the template 6-agdtaindole-2-carboxylic
acid was also carried out and the inhibitory atigégi were listed inTable 5
According to the previous SAR results, the fluotonawas kept on the 4'-position of
the benzene ring, and a variety of substituent® wesorporated onto the 3'-position
to explore the SAR of this series of derivativastfi Satisfyingly, grafting a fluoro
atom and various hydrophobic groups of differemésifo-1~ 90-13, all compounds
produced noticeable inhibition against IDO1 and TR IGo value ranged from
1.17 uM to 10.0uM for IDO1 and 1.44uM to 9.63uM for TDO. Compoundo-1
with a 3', 4'-difluoro phenyl group exhibited madkimhibition against both enzymes
(IDO1 ICs0 = 1.17uM, TDO ICs0 = 1.55uM), and it is the most potent dual inhibitor



in this class of indole inhibitors. Among the aldyyl substituted derivative®¢-2 ~
90-8, compounds with a relatively smaller size grospch as methoxyl90-2),
ethoxyl @o0-3), propoxyl Qo-4 and trifluoromethoxyl go-5, showed strong
inhibition against IDO1 with Ig values at the low micromolar level, and potent
inhibition against TDO as well. In contrast, thag@ment of somewhat larger groups,
such as isopropoxyl96-6), cyclopropylmethoxyl o-7), or trifluoroethoxyl 9o-8
moiety would result in a slightly decrease in patenThe incorporation of even
more bulky substituents, such as pheno2g-9 and benzyloxyl 90-10 moiety led

to more reduction in inhibition. In comparison withat of compoundo-1, the
inhibition of compound90-10 decreased by 8.5-fold against IDO1 and 3.4-fold
against TDO, respectively. These results demowstr#tat the inhibitory activity

decreased with increasing the size of the 3'-suigsti on the benzene ring.

Table 5.Enzyme inhibitory activities for 4-arylamine-6-aceamido-indole-2-carboxylic

acid derivatives90-1 ~ 90-24

HN’
7 mcoou
1Cs0 (1M)
Compound Ar

‘& IDO1 TDO
-

90 \(@[a 8.40£1.70  8.48+0.40
F

90-1 \(@[F 1.17+0.15  1.5520.25
F

90-2 \(@o/ 1.23:0.33  2.4920.16
F

90-3 \(@[0/\ 2.20£0.01  5.13+0.68
F

90-4 \(@o/\/ 1.4840.15  4.460.08
F

90-5 \(@ow 1.37:0.18  3.62%0.21
F

90-6 \(@[ Jq 3.09:0.35  6.46+1.59
(0]
F

90-7 ‘(@[“W 3.11:0.35  4.09+0.98



m

90-8 ., 462083  9.63:0.63
F
90-9 \(@[O@ 5.83+1.53  1.440.13
F
90-10 \(CEOAQ 10.0+1.07  5.24+0.94
F
90-11 \/@( 1.83:0.18  1.700.49
F
90-12 & 2.95+0.38  5.450.18
F
90-13 \(@@S 3.89+0.31  2.530.40
F
90-14 \/@f 528+1.01  7.69:0.11
OCH;
90-15 \/@f 1.71#0.53  3.01:0.01
OCF,H
90-16 \(@f 3.18$0.27  550£0.31
OCF,
90-17 \/@f 23.7¢6.89  5.71%0.78
CFs
90-18 \(@f 555£39.4  23.242.14
N\ F
90-19 ® 38.5:2.65  46.146.24
N T
90-20 _ 10.820.83  11.7+0.91
Ny -OCH;
90-21 \/EJ 3.41:0.39  3.62:0.31
N -OCHs
90-22 _ 473:049 5274255
OCH;
OCH;
90-23 ‘(CE 3.18:0.56  7.12+0.27
OCH;
90-24 Q@NH 7524235  6.7840.05
=N
Epacadostat - 0.058+0.012 -
Navoximod . 0.075:0.017  0.800.051

As to the alkyl substituted derivatives, the similaend was observed.

Compound90-11(IDO1 ICsp = 1.83uM; TDO ICs0 = 1.70uM) with a methyl group



was more potent than compoudo-12 (IDO1 1Cso = 2.95uM; TDO ICsp = 5.45uM)
with a cyclopropyl substituent. The thienyl suhged derivativedo-13 had similar
potency to compoun®o-12 These results demonstrated that a small hydrophob

group such as F, OGHind CH on the 3'-position was favorable for the inhihitio

The compounds with mono-substituted benzene ringyodine ring Qo-14 ~
90-22 were also evaluated as shownTable 5 The 4'-fluoro substituted derivative
(90-19 displayed comparable activity to compoua Compoundd0-15(IDO1 1Csg
= 1.71 uM; TDO ICsp = 3.01uM) with a methoxyl group produced an improved
activity compared with compound® and 90-14. Especially, when the substituents
OCRH or OCRK was brought in, the inhibition against IDO1 would flicted
significantly (IDO1 inhibition, 4'-OCkK> 4-OCkKLH > 4'-OCE). These data indicated
that the oxygen atom on the 4'-position playednapoirtant role and it might serve as
an H-bond acceptor, as the ability of forming H-thalecreased with the fluoro atom
increasing. In addition, compou®o-18(IDO1 ICsp = 55.5uM; TDO ICso = 23.2uM)
with a trifluoromethyl group showed pronounced mthn against both enzymes.
This result further supported that an H-bond aareptich as F or O atom on the

4'-position was critical for the binding.

In comparison with compoun@®®-14and9o-15,the pyridine derivatives9f-19
~ 90-29 showed reduction in potency, partly due to therei@sed H-bond forming

capability of the fluoro atom and the methoxyl grppresumably.

In this series, we also prepared compo@oe23with a trimethoxyl substituted
benzene ring and compourib-24 bearing an indazole fragment. Both of them
displayed micromolar inhibition against the two ymes. This result further
suggested that various aromatic groups could keraiad at the 4-position of the

indole scaffold.

Generally, 6-acetamido-indole-2-carboxylic acidiviives are more potent
than the 7-fluoro-substituted series, as exemglifig compound9o0-1 (IDO1 ICso =

1.17 uM; TDO ICs0 = 1.55uM) and 90-2 (IDO1 IG5 = 1.23uM; TDO ICso = 2.49



uM), which possess remarkable potency against batlrees, while the counterpart
of 7-fluoro-substituted derivatives (compoun@ia-1 and 9a-3) showed very weak
inhibition with ICso > 10° M. In addition, the aromatic moiety on the 4-piositof
6-acetamido substituted series was allowed to bed/&o a greater extent, and thus

providing more opportunities for further improvipgtency.

2.3 The structure confirmation and activity evaluaton of the oxidation product

of compound 9p

We accidentally found that compoufd was unstable and easily oxidized. The
oxidation product was isolated and identified ¥NMR and MS, which could be
p-benzoquinon®p-O. In order to confirm the structure of compo@®O, a targeted
synthesis was designed as shownFigure 2. Compound8p was oxidized with
MCPBA to yield compoun@p-O, which was confirmed to be @benzoquinone by
X-ray single crystal diffractionHigure 2). The ester hydrolysis of compouBg@-O
gave rise to compoun®p-O. Surprisingly, compoundp-O exhibited strong
inhibitory activity against IDO1 with 16 value of 18 nM and TDO with l§g value of

25 nM, respectively.

|
COOEt
/\N N /\N /\N H

H [e]
9p-O
IDO1 IC5=18 nM
DD IG5 =25nM
Reagents and condition# m-CPBA, 0[], DCM, 81%. (ii) LiOH, r.t., THF, HO, 59.5%
Figure 2. The crystal structure of compouBid-O and the preparation of oxidation prod@ptO.




2.4 Predicted binding modes of compound 9o to IDOC4nd TDO

In order to explore the binding mode of this clakgompounds, compour@b
which served as a template and lead structureen6tacetamido-indole-2-carboxylic
acid series was tentatively selected and dockedth# crystal structures of 1DO1
(5WMU) [44] and TDO (5TIA) [8], respectively, by g CDOCKER protocol
integrated in Accelrys Discovery Studio [45]. Antieh molecular dynamics
simulation was performed with Amberl16 package durther optimize the binding
pose of compon®o within the binding pocket of each enzyme (the tssof MD
simulation shown in supplementary information S®s shown in Figure 3,
compound9o occupies the pocket on the top of heme moleculeoith IDO1 and
TDO, the overall orientations are alike. Howevdte tprecise binding poses are
somewhat different. In IDO1Fgure 3A and3B), the NH and carbonyl oxygen on
6-acetamido group form hydrogen bonds with key ananid residues Gly262 and
Cys129, respectively. The 2-carboxylate group @nitidlole scaffold creates H-bonds
with key amino acid residues Tyrl26 and Serl67 el whese hydrogen bonding
interactions are supposed to make critical contidibg to the binding since the
acetamido and carboxyl moieties are essential p@mhore groups as SAR
demonstrated. The indole ring forms a T-shapeinteraction with Phel63, which is
also an important feature for known IDO1 inhibitorR7, 47]. The
4'-fluoro-3'-chloro-phenyl group on the 4-positiertends into a subpocket close to
Arg231, and the 4'-F can build a hydrogen bond wighkey amino acid Arg231. This
is also consistant with the SAR that an H-bond pimreon the 4'-position is benefical

to the inhibitory potency.
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Figure 3. Predicted binding modes of compowswito IDO1 (A and B) and TDO (C and D) using
CDOCKER and dynamics simulation. (A, C): The bimdimode of compound9o to
IDO1(5WMU, A) and TDO (5TIA, C), the enzyme is show gold, compound®o is shown as
sticks with sky blue carbon atoms. The residues ititaract with compoun®o are shown as
sticks with gold carbon atoms, and hydrogen bomdsralicated by red lines. The images were
generated by using Chimera 1.12. (B, D): The schien2® diagram of the key interactions in
between compoun@io with IDO1 (5WMU, B) and TDO (5TIA, D), respectivel

Compared with IDO1, one of the key differences witthe binding pocket is
that an His76 is situated on the top of heme in Td»@ the corresponding amino acid
is Serl67 in IDO1Kigure 3C and3D). Due to the presence of a large side chain of
His76, the carboxyl group of compoufd moves slightly toward the heme molecule
in TDO, resulting in a different binding pose witlthe cavity of TDO. The 2-COOH
not only constructs an H-bond with His76, but alsan build an electrostatic

interaction with the ferrous ion of the heme. THd@OCH; group can interact with



Alal50 via a hydrogen bond. The indole ring essdiads hydrophobic interactions
with Alal50 and Phe72. These binding features ohpmund9o suggested that 6-
acetamido-2-carboxyl-indole scaffold played a aloble in TDO binding as well. It
is noted that the NH group on the 4-position of itiaole ring forms an H-bond with
the carbonyl oxygen of Argl44 in TDO, while it has interaction in IDO1. The 4'-F
of benzene ring forms a hydrogen bond with the &eyno acid Thr336. This also
demonstrated that an appropriate H-bond acceptdr as F or OCEigroup on the
4'-position could contribute to the binding affinib some extent. Taken together, the
binding modes indicated that the 6-acetamido-2aaibkindole ring and the
4'-fluoro-substituted benzene ring are characteristoieties of this class of dual
inhibitors, which make essential contributions tee tbinding to both enzymes,
although the binding poses of compo@uand the involved key amino acids within

the pocket are somewhat different.

2.5 Cellular IDO1/TDO inhibitory activities of indole-2-carboxylic acid
derivatives

As the series of compounds bearing the 6-acetamuatme-2-carboxylic acid
scaffold presented potent enzymatic inhibition, trafsthem were further tested for
their cellular IDO1 and TDO inhibitory activity ugj A172 cells. IFN was used to
induce the overexpression of IDO1 and TDO in Al@flsc The inhibitory activity
was determined by measuring the amount of the lgmoe released from the cells
[48, 49]. The results (see supplementary inforrmat®82) showed that compound
90-23 was the most potent inhibitor, which had an irtiobi rate of 77.7% at the

concentration of 100M and 55.9% at 5QM concentration, respectively.

2.6 Effects of indole-2-carboxylic acid derivative on T cell proliferation

Both IDO1 and TDO could contribute to the tumor gression through its
capability to block T lymphocyte proliferation bymrsuming Trp locally. Thus, to
determine whether this class of dual inhibitorsldanhance the T cell proliferation
which was stimulated by LLC cells, we performed dll proliferation assay using

compound9o-23 with the cellular inhibitory activity [17]. As sken in Figure 4,



Compound9o-23 could increase the proliferation of T cells atcmaentration of 10
uM noticeably, although it much less potent than &kwod. The results
demonstrated that compou®a-23 could reverse the suppression of T lymphocyte

caused by IDO1 and TDO.

80
60—

40

Percent of proliferation %
H

20

Figure 4. Compoundo-23increased the proliferation of T cells stimulatgth LLC tumor cells.
Each bar of the graph indicates the mean of thepkcate wells with standard error of the mean.
(*) P <0.05, (**) P <0.01, (**) P <0.001 compato vehicle control.

2.7 Antitumor activity evaluation of compound 90-3

As compoundd0-23 exhibited potent IDO1/TDO inhibition on both enzytic
and cellular assay, along with its capability talune T cell proliferation, it was
selected for furthem vivo antitumor evaluation. The antitumor activity ofhgoound
90-23 against mouse B16F10 melanoma was carried out mowse subcutaneous
xenograft model. After consecutive administration1® days, the tumor growth
inhibition was observed (Figure 5, A). The inhibitiwas 43.2% at the dose of 50
mg/kg, and 44.7% at the dose of 100 mg/kg, resgagtiln addition, the body weight
of the treated mice had no significant loss congbavéh the control group. These
data further suggested that this series of novell dohibitors could serve as
promising lead structure for developing highly patand drug-like dual inhibitors to

be useful for the treatment of cancer.
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Figure 5. In vivo anti-tumor activity 0®o-23in B16F10 xenograft miceAj Tumors weights of
each group after 19 days of treatment. The cogimmlip mice bearing B16F10 xenografts were
dosed orally with vehicle (0.5%odium salt of Caboxymethyl Cellulose, CMC)N#&he CTX
(Cyclophosphamide) group were administered CTXajperitoneally at the dose of 100 mg/kg;
the treated group were administeBmd23orally at the dose of 50 mg/kg or 100 mg/kg. < 0.05
and *** p < 0.001 versus vehicleBf The body weight of each group after the treatménere is
no obvious body weight difference among all of gheups.

3. Conclusion

Based on the hit®a and 9k identified by a random screening, a variety of
indole-2-carboxylic acid derivatives were synthedizand their inhibitory activity
against IDO1 and TDO were evaluated. The struchotedty relationships were
investigated extensively and resulted in a newsclaé dual inhibitors with a
6-acetamido-indole-2-carboxylic acid scaffold, asraplified by compoundSo and
90-1 ~ 90-24 The binding modes of compoun@do gave some insights for
rationalizing the SARs. The scaffold situated inekatively restricted subpocket on
the top of the heme and the space of structuralifroations was very limited. In
contrast, the aromatic moiety on the 4-positioreeded into an area around a loop
and Arg231 (Argl44 in TDO), which possessed sontengxXlexibility and provided
an opportunity for structural optimization to impeothe potency and diversity, as the

SAR results demonstrated.

In addition, a new para-benzoquinone derivative paund9p-O was identified,
which displayed strong inhibitory activity with 4¢ value at the double digit

nanomolar level against both IDO1 and TDO, respebti



In summary, novel IDO1 and TDO dual inhibitors welisclosed and the results
obtained in this work will guide further structumgptimizations for the development

of diversified new chemical entities with improvedtency.
4. Experimental section

4.1 Chemical Synthesis General

'H NMR spectra were recorded with a Varian Mercu®® 4r 500 spectrometer
using tetramethylsilane (TMS) as the internal stéaddn Acetoneds, DMSO ds or
CDCl;. High preparation mass spectra (HRMS) were recbrda an Agilent
Technologies LC/MSD TOF spectrometer. Melting pewere measured on a Yanaco
micro melting point apparatus. All chemicals antveots used were of reagent grade
without further purification or dried before usedl the reactions were monitored by
thin-layer chromatography (TLC) under a UV lamp 264 nm. Column
chromatography separations were performed witbasdel (200-300 mesh).

4.2. General procedure for preparation of H-indole-2-carboxylic acids (9a-9s,
9a-1~9a-17, 90-1~90-24)

Method 1: To a solution of compoun8in THF/EtOH (1:1) was added 1.0 M NaOH
solution (5 eq) dropwise and stirred at room terapee overnight. The solvent was
evaporated in vacuo and the residue was acidifigld ¥WN HCI. After filtration, the
titte compound was obtained. Compour@s9¢ 9g-9a 99-95 9a-2-9a-4, 9a-6,
9a-12-9a-14 9a-17, 90-2 90-3 90-5 90-11~90-13 90-23 were prepared with
method 1.

Method 2: To a solution of compoun@in THF/EtOH (1:1) was added 1.0 M LiOH
solution (5 eq) dropwise and stirred at 40until the ester group was completely
hydrolyzed. The solvent was evaporated in vacuothedesidue was acidified with
1IN HCI. After filtration, the title compound wastained. Compoundsf, 9a-1, 9a-5
9a-7-9a-11, 90-1, 90-4, 90-6-90-1Q 90-14-90-22 90-24were prepared with method
2.



Method 3: To a solution of compoun@ in EtOH was added 1.0 M NaOs; solution
(5 eq) and stirred at refluxing temperature urtié tester group was completely
hydrolyzed. The solvent was evaporated in vacuothedesidue was acidified with
1N HCI. After filtration, the title compound was taimed. Compound8p, 9a-15

9a-16were prepared with method 3.

4.2.1. 4-((3-Chloro-4-fluorophenyl)amino)-7-fluoroiH-indole-2-carboxylic acid
(9a): copper green solid, vyield: 99.0%, mp: 135-187 'H-NMR (400 MHz,
DMSO-dg) & (ppm): 13.06 (brs, 1H), 12.24 (s, 1H), 8.30 (s),1H27-7.24 (m, 2H),
7.17 (dd,J; = 6.5 Hz,J, = 2.5 Hz, 1H), 7.05 (ddd}; = 9.0 Hz,J, = 4.0 Hz,J; = 3.0
Hz, 1H), 6.97 (ddJ;, = 10.5 Hz,J, = 8.0 Hz, 1H), 6.73 (dd}; = 8.5 Hz,J, = 3.5 Hz,
1H); HRMS (ESI): m/z, Calcd. for GsH1gO-NoCIF, [M+H]™: 323.0393, Found
323.0393.

4.2.2. 4-((3-Chloro-4-fluorophenyl)amino)-H-indole-2-carboxylic acid (9b):
copper green solid, yield: 94.0%, mp: 182-183H-NMR (400 MHz, Acetonels) &
(ppm): 10.87 (brs, 1H), 7.34 (s, 1H), 7.31Jd; 5.6 Hz, 1H), 7.24-7.14 (m, 4H), 6.92
(d,J=7.2 Hz, 1H); HRMS (ESI)n/z, Calcd. for GsH1;0,N,CIF [M+H]": 305.0488,
Found 305.0495.

4.2.3. 7-Chloro-4-((3-chloro-4-fluorophenyl)amino)tH-indole-2-carboxylic acid
(9c): brown solid, yield: 98.0%, mp: 237-239, *H-NMR (400 MHz, DMSOdg) &
(ppm): 13.02 (brs, 1H), 11.87 (s, 1H), 8.45 (s, 1HAL (s, 1H), 7.33-7.27 (m, 2H),
7.18-7.14 (m, 2H), 6.79 (dJ = 8.4 Hz, 1H); HRMS (ESI):m/z, Calcd. for
C15H1002N2CloF [M+H]™: 339.0098, Found 339.0097.

4.2.4. 4-((3-Chloro-4-fluorophenyl)amino)-7-methyltH-indole-2-carboxylic acid
(9d): white solid, yield: 95.0%, mp: 224-226, *H-NMR (400 MHz, DMSOdg) &
(ppm): 12.82 (s, 1H), 11.58 (s, 1H), 8.21 (s, ITHP4 (t,d = 8.8 Hz, 2H), 7.15 (ddl,
= 6.0 Hz,J, = 1.6 Hz, 1H), 7.05-7.03 (m, 1H), 6.92 (b= 7.2 Hz, 1H), 6.75 (d] =
7.6 Hz, 1H), 2.44 (s, 3H); HRMS (ESlz Calcd. for GgH130.N.CIF [M+H]™:



319.0644, Found 319.0645.

4.2.5. 4-((3-Chloro-4-fluorophenyl)amino)-7-methoxylH-indole-2-carboxylic
acid (9e): brownish green solid, yield: 99.0%, mp: 193-195'H-NMR (400 MHz,
DMSO-dg) 5 (ppm): 11.71 (s, 1H), 8.05 (s, 1H), 7.20)t 8.8 Hz, 1H), 7.10 (s, 1H),
7.01 (d,J = 5.2 Hz, 1H), 6.92-6.89 (m, 1H), 6.77 (t= 8.0 Hz, 1H), 6.71 (d] = 8.0
Hz, 1H), 3.87 (s, 3H); HRMS (ESI): m/z, Calcd for;g81303N,CIF [M+H]™:
335.0593, Found 335.0595.

4.2.6. 4-((3-Chloro-4-fluorophenyl)amino)-7-cyano-Hi-indole-2-carboxylic acid

(9): yellow solid, yield: 97.7%, mp: >250], *H-NMR (400 MHz, DMSOdg) &

(ppm): 13.07 (brs, 1H), 12.50 (s, 1H), 9.03 (s, AH»7-7.55 (m, 2H), 7.47 (dd; =

6.4 Hz,J, = 2.4 Hz, 1H), 7.43 ({J = 8.8 Hz, 1H), 7.34-7.30 (m, 1H), 6.75 (d+ 8.0

Hz, 1H); HRMS (ESI): m/z, Calcd for 16H100,N3CIF [M+H]": 330.0440, Found
330.0426.

4.2.7. 4-((3-Chloro-4-fluorophenyl)amino)-7-nitro-H-indole-2-carboxylic acid
(99): red-brown solid, yield: 97.0%, mp: 242-244*H-NMR (400 MHz, DMSO#)

& (ppm): 10.80 (s, 1H), 9.71 (s, 1H), 8.14 Jd 9.2 Hz, 1H), 7.74 (s, 1H), 7.60 (dd,
J1 = 6.4 Hz,J, = 2.4 Hz, 1H), 7.50 () = 8.8 Hz, 1H), 7.43-7.40 (m, 1H), 6.72 (=
9.2 Hz, 1H); HRMS (ESI): m/z, Calcd for;£1004N3CIF [M+H]": 350.0338, Found
350.0341.

4.2.8. 7-Acetamido-4-((3-chloro-4-fluorophenyl)amin)-1H-indole-2-carboxylic

acid (9h): brown solid, yield: 79.1%, mp: 177-179 *H-NMR (400 MHz, DMSO#l)

d (ppm): 13.07 (brs, 1H), 11.55 (s, 1H), 9.67 (s),18425 (s, 1H), 7.72 (dl = 8.0 Hz,

1H), 7.25 (t,J = 9.2 Hz, 1H), 7.23 (s, 1H), 7.15 (d#,= 6.4 Hz,J, = 2.8 Hz, 1H),

7.04 (ddd,J); = 8.8 Hz,J, = 4.0 Hz,J;= 2.8 Hz, 1H), 6.79 (d] = 8.4 Hz, 1H), 2.13 (s,
3H); HRMS (ESI): m/z, Calcd for ©H1403NsCIF [M+H]": 362.0702, Found
362.0694.

4.2.9. 4-((3-Chloro-4-fluorophenyl)amino)-6-fluoroiH-indole-2-carboxylic acid



(9i): white solid, yield: 93.0%, mp: 226-229'H-NMR (400 MHz, DMSO#€s) &
(ppm): 12.83 (s, 1H), 11.78 (s, 1H), 8.59 (s, 1HR7-7.33 (m, 3H), 7.25-7.23 (m,
1H), 6.63 (dJ = 9.2 Hz, 1H), 6.53 (d] = 12.4 Hz, 1H); HRMS (ESI)1/z, Calcd. for
C15H100:N.CIF, [M+H] " 323.0393, Found 323.0403.

4.2.10. 6-Chloro-4-((3-chloro-4-fluorophenyl)aminojlH-indole-2-carboxylic acid
(9j): white solid, yield: 94.0%, mp: 205-207, '"H-NMR (400 MHz, DMSOdg) &
(ppm): 11.86 (dJ = 1.6 Hz, 1H), 8.63 (brs, 1H), 7.39-7.33 (m, 3AR3 (ddd,J; =
8.8 Hz,J, = 4.4 Hz,J;= 2.8 Hz, 1H), 6.95-6.94 (m, 1H), 6.66 = 1.6 Hz, 1H);
HRMS (ESI):m/z, Calcd. for GsH1¢gO-NoCloF [M+H]*: 339.0098, Found 339.0103.

4.2.11. 4-((3-Chloro-4-fluorophenyl)amino)-6-methytl H-indole-2-carboxylic acid
(9k): brown solid, yield: 94.0%, mp: 155-157, *"H-NMR (400 MHz, DMSO#dg) &
(ppm): 11.57 (s, 1H), 8.28 (brs, 1H), 7.29)(& 12.0 Hz, 1H), 7.24 (dd} = 8.4 Hz,
J, = 2.8 Hz, 1H), 7.19 (s, 1H), 7.16-7.12 (m, 1HY%(s, 1H), 6.63 (s, 1H), 2.33 (s,
3H); HRMS (ESI): miz, Calcd. for GeHizO-N,CIF [M+H]": 319.0644, Found
319.0655.

4.2.12.  4-((3-Chloro-4-fluorophenyl)amino)-6-methoy-1H-indole-2-carboxylic
acid (9I): celadon solid, yield: 82.6%, mp: 108-110, 'H-NMR (400 MHz,
DMSO-ds) § (ppm): 12.63 (s, 1H), 11.56 (s, 1H), 8.37 (s, ITH32 (t,J = 9.2 Hz, 1H),
7.29 (ddJ; = 6.4 Hz,J, = 2.8 Hz, 1H), 7.24-7.23 (m, 1H), 7.18 (ddd= 8.8 Hz,J, =
4.0 Hz,J; = 2.8 Hz, 1H), 6.43 (d] = 1.2 Hz, 1H), 6.38 (d] = 2.0 Hz, 1H), 3.74 (s,
3H); HRMS (ESI): m/z, Calcd. for GgH130sNoCIF [M+H]": 335.0593, Found
335.0590.

4.2.13. 4-((3-Chloro-4-fluorophenyl)amino)-6-cyandH-indole-2-carboxylic acid
(9m): khaki solid, yield: 97.8%, mp: >250/, *H-NMR (400 MHz, DMSO#dg) &
(ppm): 13.27 (brs, 1H), 12.27 (s, 1H), 8.66 (s, TH%3-7.35 (m, 4H), 7.29-7.25 (m,
1H), 6.89 (s, 1H); HRMS (ESIn/z, Calcd. for GeH100:NsCIF [M+H]*: 330.0440,
Found 330.0437.



4.2.14. 4-((3-Chloro-4-fluorophenyl)amino)-6-nitroiH-indole-2-carboxylic acid
(9n): red-brown solid, yield: 99.4%, mp: >250, *H-NMR (400 MHz, DMSO#) &
(ppm): 11.77 (brs, 1H), 8.60 (s, 1H), 7.90Je; 1.2 Hz, 1H), 7.47 (d] = 2.0 Hz, 1H),
7.37 (t,J = 8.8 Hz, 1H), 7.35 (dd}; = 6.0 Hz,J, = 2.8 Hz, 1H), 7.23 (dddj = 8.8 Hz,
J> = 4.0 Hz,J; = 2.8 Hz,1H), 6.90 (s, 1H}*C-NMR (100 MHz, DMSOdg) & (ppm):
172.87, 164.61, 152.34 (d,= 238.1 Hz), 143.34, 140.67 (d,= 2.3 Hz), 136.69,
135.03, 124.76, 120.41, 120.10 Jc 18.4 Hz), 119.10 (dl = 6.6 Hz), 117.75 (d] =
21.5 Hz), 102.72, 101.84, 97.36; HRMS (ESiNz, Calcd. for GsH;1004N3CIF
[M+H] *: 350.0338, Found 350.0336.

4.2.15. 6-Acetamido-4-((3-chloro-4-fluorophenyl)anmo)-1H-indole-2-carboxylic
acid (90): light brown solid, yield: 96.8%, mp: >250, ‘H-NMR (400 MHz,
DMSO-dg) 6 (ppm): 11.56 (s, 1H), 9.83 (s, 1H), 8.33 (brs, THY7 (s, 1H), 7.32 (1
= 8.8 Hz, 1H), 7.30 (ddl; = 6.4 Hz,J, = 2.8 Hz, 1H), 7.23 (d] = 1.2 Hz, 1H), 7.16
(ddd,J; = 8.8 Hz,J, = 4.0 Hz,J; = 2.8 Hz, 1H), 6.95 (d] = 1.2 Hz, 1H), 2.02 (s, 3H);
HRMS (ESI):m/z, Calcd. for GsH140sN3CIF [M+H]": 362.0702, Found 362.0718.

4.2.16.
4-((3-Chloro-4-fluorophenyl)amino)-6-(ethylamino)-H-indole-2-carboxylic acid
(9p): dark green solid, yield: 23.8%, mp: >250*H-NMR (400 MHz, DMSO#ds) &
(ppm): 11.00 (s, 1H), 8.12 (s, 1H), 7.27Xt 9.2 Hz, 1H), 7.23 (dd}, = 6.4 Hz,J, =
2.4 Hz, 1H), 7.12-7.09 (m, 1H), 7.06 (s, 1H), 6(801H), 6.01 (s, 1H), 2.99 (d,=
7.2 Hz, 2H), 1.78 (tJ = 7.2 Hz, 3H); HRMS (ESI)m/z, Calcd. for G:H160-NsCIF
[M+H] *: 348.0910, Found 348.0908.

4.2.17.
4-((3-Chloro-4-fluorophenyl)amino)-7-fluoro-1-methy-1H-indole-2-carboxylic
acid (9q): kelly solid, yield: 93.8%, mp: 215-217, *H-NMR (500 MHz, DMSO#)
8 (ppm): 13.07 (s, 1H), 8.30 (s, 1H), 7.40J¢; 2.5 Hz, 1H), 7.27 (§= 11.5 Hz, 1H),
7.17 (dd,J, = 8.0 Hz,J,= 3.5 Hz, 1H), 7.07-6.99 (m, 2H), 6.74 (de= 10.5 Hz,J,=
4.0 Hz, 1H), 4.19 (d)= 1.5 Hz, 1H); HRMS (ESm/z, Calcd. for GgH1,0:N.CIF,



[M+H]*: 337.0550, Found 337.0540.

4.2.18. 4-((3-Chloro-4-fluorophenyl)amino)-1,6-diméhyl-1H-indole-2-carboxylic
acid (9r): yellow solid, yield: 89.0%, mp: 200-202, *H-NMR (500 MHz, DMSO#k)

o (ppm): 12.69 (s, 1H), 8.34 (s, 1H), 7.35 (s, TH29 (t,J= 8.0 Hz, 1H), 7.25 (ddl;

= 6.5 Hz,J,= 2.5 Hz, 1H), 7.16-7.14 (m, 1H), 6.88 (s, 1H),%(6, 1H), 3.96 (s, 3H),
2.38 (s, 3H)*C-NMR (100 MHz, DMSOdg) & (ppm): 163.39, 151.76 (d,= 237.4
Hz), 141.56, 141.34 (d} = 2.2 Hz), 136.99, 136.02, 126.69, 119.93)(¢, 18.4 Hz),
119.24, 118.07 (dJ = 6.5 Hz), 117.60 (dJ = 21.4 Hz), 116.14, 108.63, 107.20,
103.70, 31.99, 22.63; HRMS (ESInz, Calcd. for GzHisO:N.CIF [M+H]™:
333.0801, Found 333.0794.

4.2.19.
6-Acetamido-4-((3-chloro-4-fluorophenyl)amino)benzfb]thiophene-2-carboxylic
acid (9s): brown solid, yield: 96.7%, mp: >250, *H-NMR (400 MHz, DMSOdg) &
(ppm): 13.21 (brs, 1H), 10.10 (s, 1H), 8.65 (s, ,18432 (d,J = 0.4 Hz, 1H), 7.95 (s,
1H), 7.38 (t,J = 9.2 Hz, 1H), 7.36 (dd, = 7.2 Hz,J,= 2.8 Hz, 1H), 7.25 (dJ = 1.6
Hz, 1H), 7.21 (dddJ, = 8.8 Hz,J, = 4.0 Hz,J; = 2.8 Hz,1H), 2.05 (s, 3H}*C-NMR
(100 MHz, DMSOdg) & (ppm): 169.17, 164.02, 152.61 (@= 238.8 Hz), 144.59,
140.69, 140.37, 140.25 (d~ 2.5 Hz), 130.68, 128.26, 125.84, 120.91, 12Qd18 =
18.4 Hz), 119.80 (dJ = 6.7 Hz), 117.80 (dJ = 21.6 Hz), 103.91, 101.66, 24.68;
HRMS (ESI):m/z, Calcd. for G;H1303N,CIFS [M+H]": 379.0314, Found 379.0306.

4.2.20. 4-((3,4-Difluorophenyl)amino)-7-fluoro-H-indole-2-carboxylic acid (9a-1):
khaki solid, yield: 89.1%, mp: >200/, *H-NMR (400 MHz, DMSOe€s) & (ppm):
13.04 (s, 1H), 12.25 (s, 1H), 8.29 (s, 1H), 7.3B7(m, 2H), 7.02-6.94 (m, 2H),
6.88-6.86 (m, 1H), 6.78-6.73 (m, 1H); HRMS (ESt)z Calcd. for GsH100N2F3
[M+H]*: 307.0689, Found 307.0681.

4.2.21. 4-((3-Bromo-4-fluorophenyl)amino)-7-fluorotH-indole-2-carboxylic acid
(9a-2): yellow solid, yield: 99.7%, mp: 103-105, '"H-NMR (400 MHz, DMSOek) &



(ppm): 13.09 (brs, 1H), 12.27 (s, 1H), 8.32 (s, ,IH}2-7.28 (m, 2H), 7.24 (§,= 8.4
Hz, 1H), 7.09 (ddd}; = 8.8 Hz,J, = 4.0 Hz,Js = 2.8 Hz, 1H), 6.97 (dd}; = 10.8 Hz,
J> = 8.4 Hz, 1H), 6.72 (dd), = 8.4 Hz,J, = 3.2 Hz, 1H);®*C-NMR (100 MHz,
DMSO-ds) & (ppm): 162.78, 152.49 (d} = 234.9 Hz), 144.99 (d] = 238.3 Hz),
142.38 (dJ = 2.0 Hz), 133.05 (d] = 2.6 Hz), 129.04, 127.06 (d= 15.3 Hz), 123.37
(d,J = 5.1 Hz), 120.76, 117.65 (d= 6.5 Hz), 117.39 (d] = 22.9 Hz), 109.79 (d} =
17.3 Hz), 108.44 (d) = 21.7 Hz), 107.44, 106.03 (@ = 5.6 Hz); HRMS (ESI)m/z,
Calcd. for GsH100,N,BrF, [M+H]": 366.9888, Found 366.9884.

4.2.22.  7-Fluoro-4-((4-fluoro-3-methoxyphenyl)aminp1H-indole-2-carboxylic

acid (9a-3): brown solid, yield: 73.9%, mp: 102-104, 'H-NMR (400 MHz,
DMSO-ds) 5 (ppm): 12.97 (brs, 1H), 12.16 (s, 1H), 8.10 (s),1H35 (t,J = 2.4 Hz,
1H), 7.06 (dd)); = 11.2 HzJ, = 8.8 Hz, 1H), 6.94-6.88 (m, 2H), 6.70 (d¢= 8.4 Hz,
J, = 3.2 Hz, 1H), 6.67-6.63 (m, 1H), 3.78 (s, 3HE-NMR (100 MHz, DMSOds) &

(ppm): 162.88, 147.84 (d,= 11.4 Hz), 146.37 (dl = 234.5 Hz), 144.39 (d,= 237.2
Hz), 141.12 (dJ = 2.1 Hz), 134.22 (d] = 2.5 Hz), 128.72, 127.11 (d,= 15.2 Hz),
122.77 (dJ = 4.8 Hz), 116.34 (d] = 18.5 Hz), 109.85 (d} = 16.7 Hz), 109.22 (dl =

5.9 Hz), 107.73, 104.37, 104.23 @7 5.2 Hz), 56.21; HRMS (ESI/z, Calcd. for
C16H1303N2F, [M+H]™: 319.0889, Found 319.0880.

4.2.23. 7-Fluoro-4-((4-fluoro-3-(trifluoromethoxy)phenyl)amino)-1H-indole-2-

carboxylic acid (9a-4):brown solid, yield: 99.0%, mp: 92-93, *H-NMR (400 MHz,
DMSO-dg) 5 12.27 (s, 1H), 8.39 (s, 1H), 7.344t= 9.2 Hz, 1H), 7.25 (ddl; = 2.8 Hz,
J, = 2.4 Hz, 1H), 7.11-7.07 (m, 2H), 6.98 (dd= 11.2 Hz,J, = 8.4 Hz, 1H), 6.75 (dd,
Ji = 8.4 Hz,J, = 3.6 Hz, 1H): HRMS (ESIm/z, Calcd. for GeHioOsNoFs [M+H] *:
373.0606, Found 373.0597.

4.2.24. 4-((3-Cyano-4-fluorophenyl)amino)-7-fluoratH-indole-2-carboxylic acid
(9a-5): light brown solid, yield: 97.9%, mp: >250, '"H-NMR (400 MHz, DMSO#)
d (ppm): 13.06 (brs, 1H), 12.27 (s, 1H), 8.45 (s),1H39-7.37 (m, 3H), 7.24 (§,=



2.0 Hz, 1H), 6.98 (dd); = 11.2 Hz,J, = 8.4 Hz, 1H), 6.78 (ddl, = 8.0 Hz,J, = 3.2
Hz, 1H); HRMS (ESI):mvz, Calcd. for GgH100:NsF, [M+H]™: 314.0736, Found
314.0726.

4.2.25.  4-((3,4-Dichlorophenyl)amino)-7-fluoro-H-indole-2-carboxylic  acid
(9a-6): brown solid, yield: 92.0%, mp: 144-145 *H-NMR (400 MHz, DMSOdg) &
(ppm): 12.24 (s, 1H), 8.48 (s, 1H), 7.40 (0= 8.8 Hz, 1H), 7.19-7.18 (m, 2H),
7.02-6.97 (m, 2H), 6.81-6.79 (m, 1H); HRMS (ESHjz, Calcd. for GsH100-N,CloF
[M+H] *: 339.0098, Found 339.0095.

4.2.26.  4-((3-Chloro-4-methoxyphenyl)amino)-7-fluar-1H-indole-2-carboxylic
acid (9a-7): brown solid, yield: 32.5%, mp: 131-133, 'H-NMR (400 MHz,
DMSO-ds) 5 (ppm): 11.95 (s, 1H), 7.97 (s, 1H), 7.23 (brs, 1HL4 (s, 1H), 7.06 (s,
2H), 6.88 (t,J = 8.8 Hz, 1H), 6.57 (ddl; = 8.4 Hz,J, = 2.0 Hz, 1H), 3.80 (s, 3H);
HRMS (ESI):m/z, Calcd. for GeH130sNoCIF [M+H]": 335.0593, Found 335.0584.

4.2.27. 4-((3-Chloro-4-(trifluoromethoxy)phenyl)amno)-7-fluoro-1H-indole-2-

carboxylic acid (9a-8): black solid, yield: 94.4%, mp: 196-198, *H-NMR (400
MHz, DMSO-ds) 5 (ppm): 13.08 (brs, 1H), 12.32 (s, 1H), 8.55 (s),1H36 (d,J =
8.8 Hz, 1H), 7.24 (s, 1H), 7.17 (@= 1.6 Hz, 1H), 7.06-6.99 (M, 2H), 6.84 (dil,=
8.0 Hz,J, = 2.4 Hz, 1H); HRMS (ESI)m/z, Calcd. for GgH1¢gOsNoCIF; [M+H] ™
389.0311, Found 389.0303.

4.2.28.

4-((3-Chloro-4-(trifluoromethyl)phenyl)amino)-7-flu oro-1H-indole-2-carboxylic
acid (9a-9):brown solid, yield: 92.5%, mp: 83-85, *H-NMR (400 MHz, DMSO#)
8 (ppm): 13.13 (brs, 1H), 12.40 (s, 1H), 8.90 (s),IH59 (d,J = 8.8 Hz, 1H), 7.16 (t,
J = 2.4 Hz, 1H), 7.12 (d) = 2.4 Hz, 1H), 7.06 (dd), = 10.8 Hz,J, = 8.0 Hz, 1H),
6.99 (dd,J; = 8.4 Hz,J, = 2.0 Hz, 1H), 6.92 (dd); = 8.4 Hz,J, = 3.6 Hz, 1H);
HRMS (ESI):m/z, Calcd. for GeH100.N,CIF4 [M+H]": 373.0361, Found 373.0348.



4.2.29.
7-Fluoro-4-((3-methoxy-5-(trifluoromethyl)phenyl)amino)-1H-indole-2-carboxyli

c acid (9a-10):yellowish white solid, yield: 86%, mp: 99-101, *H-NMR (400 MHz,
DMSO-dg) § (ppm): 12.25 (s, 1H), 8.51 (s, 1H), 7.22 (s, 1HN3-6.98 (m, 1H), 6.91
(s, 1H), 6.84 (dJ = 3.2 Hz, 1H), 6.82 (s, 1H), 6.61 (s, 1H), 3.763(d); HRMS (ESI):
m/z, Calcd. for G7H130sN2F4 [M+H]": 369.0857, Found 369.0839.

4.2.30.  4-((3-Chloro-5-methoxyphenyl)amino)-7-flua-1H-indole-2-carboxylic
acid (9a-11): yellow solid, yield: 81.3%, mp: 108-110, ‘H-NMR (400 MHz,
DMSO-ds) 5 (ppm): 13.07 (brs, 1H), 12.25 (s, 1H), 8.35 (s),1H24 (t,J = 2.0 Hz,
1H), 6.99 (ddJ; = 10.4 Hz,J, = 8.4 Hz, 1H), 6.81 (dd}; = 8.4 Hz,J, = 3.2 Hz, 1H),
6.64 (t,J = 1.2 Hz, 1H), 6.54 (] = 1.6 Hz, 1H), 6.42 () = 1.6 Hz, 1H), 3.71 (s, 3H);
3C-NMR (100 MHz, DMSOdg) & (ppm): 162.81, 161.35, 147.27, 145.38 Jd=
239.2 Hz), 134.59, 132.14 (d= 2.8 Hz), 129.30, 127.00 (d= 15.3 Hz), 124.12 (d,
J=5.1 Hz), 109.73 (d] = 17.3 Hz), 108.43, 108.21 (d= 5.8 Hz), 107.39, 105.00,
100.47, 55.76; HRMS (EShm/z, Calcd. for GgH1303NoCIF [M+H]": 335.0593,
Found 335.0578.

4.2.31. 4-((5-Bromo-2-fluorophenyl)amino)-7-fluorotH-indole-2-carboxylic acid
(9a-12): light-brown solid, yield: 99.5%, mp: 204-205, H-NMR (400 MHz,
DMSO-dg) & (ppm): 13.10 (brs, 1H), 12.32 (s, 1H), 8.17 (s),1H20 (dd,J; = 11.6
Hz, J, = 8.4 Hz, 1H), 7.14 (ddl = 2.8 Hz,J, = 2.4 Hz, 1H), 7.06-6.98 (m, 3H), 6.59
(dd,J; = 8.4 Hz,J, = 3.2 Hz, 1H)*C-NMR (100 MHz, DMSOdg) & (ppm):162.76,
152.57 (d,J = 241.8 Hz), 145.82 (d,= 239.7 Hz), 134.87 (d,= 12.6 Hz), 132.09 (d,
J=2.9 Hz), 129.35, 126.94 (d= 15.3 Hz), 124.13 (dl = 5.3 Hz), 123.00 (d] = 7.1
Hz), 121.13 (dJ = 3.3 Hz), 118.12 (d] = 20.4 Hz), 116.60 (d} = 2.8 Hz), 109.77 (d,
J = 17.3 Hz), 109.33 (dJ = 5.7 Hz), 107.41; HRMS (ESI)m/z, Calcd. for
C15H100:2N2BrF, [M+H]*: 366.9888, Found 366.9883.

4.2.32. 4-((2-Carboxy-5-methoxyphenyl)amino)-7-flum-1H-indole-2-carboxylic
acid (9a-13): brown solid, yield: 98.8%, mp: 215-217, *H-NMR (400 MHz,
DMSO-ds) § 12.00 (s, 1H), 7.90 (d} = 8.8 Hz, 1H), 7.00-6.94 (m, 2H), 6.92 (b=



2.8 Hz, 1H), 6.66 (d) = 2.4 Hz, 1H), 6.33 (dd}, = 8.8 Hz,J, = 2.4 Hz, 1H), 3.69 (s,
3H); ®C-NMR (100 MHz, DMSOds) 5 (ppm): 171.23, 163.68, 163.54, 149.24,
145.97 (dJ = 239.9 Hz), 134.21, 133.42, 130.714c; 2.4 Hz), 126.12 (d] = 15.1
Hz), 125.49 (d,) = 5.5 Hz), 109.74 (d] = 4.5 Hz), 108.81 (d] = 17.0 Hz), 104.56,
104.01, 98.10, 55.48; HRMS (ESHjiz, Calcd. for G/H1O0sN,F [M+H]*: 345.0881,
Found 345.0878.

4.2.33. 7-Fluoro-4-((3,4,5-trimethoxyphenyl)amino}H-indole-2-carboxylic acid
(9a-14): brown solid, yield: 64.7%, mp: 251-253 *H-NMR (500 MHz, DMSO#)
8 (ppm): 12.13 (brs, 1H), 8.03 (s, 1H), 7.38 (s, 16492 (t,J = 9.0 Hz, 1H), 6.74 (dd,
Ji1 = 8.5 Hz,J, = 4.5 Hz, 1H), 6.45 (s, 2H), 3.71 (s, 6H), 3.613); HRMS (ESI):
m/z, Calcd. for GgH1g0sNoF [M+H]": 361.1194, Found 361.1184.

4.2.34. 4-((H-indol-4-yl)amino)-7-fluoro-1H-indole-2-carboxylic acid (9a-15):
brown solid, yield: 91.7%, mp: >250, '"H-NMR (400 MHz, DMSOdg) & (ppm):
12.90 (brs, 1H), 12.07 (s, 1H), 11.00 (s, 1H), 7A821H), 7.37 (t] = 2.4 Hz, 1H),
7.21 (t,J = 2.8 Hz, 1H), 6.98 () = 8.0 Hz, 1H), 6.94 (t] = 8.0 Hz, 1H), 6.89 (dd},
= 10.8 Hz,J, = 8.4 Hz, 1H), 6.67 (d] = 6.8 Hz, 1H), 6.54 (ddl; = 8.0 Hz,J, = 3.2
Hz, 1H), 6.50 (tJ = 2.0 Hz, 1H); HRMS (ESI): m/z, Calcd forE130,NsF [M+H]":
310.0986, Found 310.0984.

4.2.35. 7-Fluoro-4-((7-fluoro-H-indol-4-yl)amino)-1H-indole-2-carboxylic acid
(9a-16): brown solid, yield: 95.6%, mp: >250, *H-NMR (400 MHz, DMSOd) &
(ppm): 12.07 (dJ = 1.6 Hz, 1H), 11.52 (s, 1H), 7.39 (dH,= 2.8 Hz,J, = 2.4 Hz,
1H), 7.29 (tJ = 2.8 Hz, 1H), 6.93-6.77 (m, 3H), 6.62 (dd,= 8.4 Hz,J, = 3.6 Hz,
1H), 6.50 (tdJ; = 3.2 Hz,J, = 2.0 Hz, 1H), 6.38 (ddl, = 8.4 Hz,J, = 3.2 Hz, 1H);
HRMS (ESI): m/z, Calcd for GH1,0,N3F, [M+H]": 328.0892, Found 328.0888.

4.2.36. 4,4'-Azanediylbis(7-fluoro-H-indole-2-carboxylic acid) (9a-17): black
solid, yield: 92.2%, mp: >250, *H-NMR (400 MHz, DMSOdg) & (ppm): 13.00 (brs,
2H), 12.15 (s, 2H), 8.09 (brs, 1H), 7.35 (s, 2H¥26(dd,J; = 10.8 Hz,J, = 8.4 Hz,
2H), 6.59 (dd,J; = 8.4 Hz,J, = 3.2 Hz, 2H);"*C-NMR (100 MHz, DMSOdg) &

(ppm):162.88, 144.61 (d] = 237.2 Hz), 134.53 (d} = 2.5 Hz), 128.68, 127.07 (d,



= 15.1 Hz), 123.21 (d] = 4.8 Hz), 109.75 (d] = 17.1 Hz), 108.10, 106.30 @z 5.5
Hz); HRMS (ESI): m/z, Calcd. for GgHi1 OsNsF, [M+H]™: 372.0790, Found
370.0790.

4.2.37. 6-Acetamido-4-((3,4-difluorophenyl)amino)-H-indole-2-carboxylic acid
(90-1): brown solid, yield: 84.3%, mp: >250, *H-NMR (400 MHz, DMSO#€) &
(ppm): 12.69 (brs, 1H), 11.55 (d,= 1.6 Hz, 1H), 9.82 (s, 1H), 8.35 (s, 1H), 7.57 (s
1H), 7.33 (dd,J; = 20.0 Hz,J, = 9.2 Hz, 1H), 7.25 (d] = 1.6 Hz, 1H), 7.17 (dddj; =
13.2 Hz,J, = 7.2 Hz,J3 = 2.4 Hz, 1H), 7.01-6.96 (m, 2H), 2.02 (s, 3H); M8 (ESI):
m/z, Calcd. for G7H140sNsF> [M+H]": 346.0998, Found 346.0990.

4.2.38.
6-Acetamido-4-((4-fluoro-3-methoxyphenyl)amino)-H-indole-2-carboxylic acid
(90-2): gray solid, yield: 95.1%, mp: 240-242, *H-NMR (400 MHz, DMSO#) &
(ppm): 11.48 (s, 1H), 9.78 (s, 1H), 8.17 (brs, 1HA4 (s, 1H), 7.31-7.30 (m, 1H),
7.11 (dddJ; = 11.2 Hz J, = 8.8 Hz,J3 = 0.8 Hz, 1H), 7.03 (dd}; = 8.0 Hz,J, = 2.0
Hz, 1H), 7.00 (s, 1H), 6.76-6.72 (m, 1H), 3.833Hl), 2.01 (s, 3H)**C-NMR (100
MHz, DMSO-ds) § (ppm): 168.48, 163.14, 147.68 @= 11.2 Hz), 146.67 (d] =
235.1 Hz), 140.10 (dl = 2.1 Hz), 139.30, 138.00, 137.97, 126.37, 116d32 = 18.5
Hz), 115.43, 110.70 (dJ = 6.1 Hz), 106.87, 105.43, 96.78, 94.37, 56.16624
HRMS (ESI):m/z, Calcd. for GgH1704N3F [M+H]*: 358.1198, Found 358.1194.
4.2.39. 6-Acetamido-4-((3-ethoxy-4-fluorophenyl)amb)-1H-indole-2-carboxylic
acid (90-3): light brown solid, yield: 71.0%, mp: 220-222, *H-NMR (400 MHz,
DMSO-ds ) § (ppm): 11.44 (s, 1H), 9.78 (s, 1H), 8.12 (s, 1H%6 (s, 1H), 7.26 (d]
= 1.2 Hz, 1H), 7.10 (ddl, = 11.2 HzJ, = 8.8 Hz, 1H), 6.99 (dd}, = 8.0 Hz,J, = 2.4
Hz, 1H), 6.95 (dJ = 1.2 Hz, 1H), 6.74 (ddd}; = 8.8 Hz,J, = 3.6 Hz,J; = 2.8 Hz,
1H), 4.08 (gJ = 7.2 Hz, 2H), 2.01 (s, 3H), 1.35 = 7.2 Hz, 3H); HRMS (ESIz,
Calcd. for GgH1904NsF [M+H]": 372.1354, Found 372.1349.

4.2.40.
6-Acetamido-4-((4-fluoro-3-propoxyphenyl)amino)-H-indole-2-carboxylic acid

(90-4): brown solid, yield: 99.0%, mp: 248-250 *H-NMR (400 MHz, DMSO#ds ) &



(ppm): 11.48 (s, 1H), 9.77 (s, 1H), 8.13 (s, 1HA57(s, 1H), 7.29 (d] = 1.2 Hz, 1H),
7.11 (ddJ; = 11.2 Hz,J, = 8.8 Hz, 1H), 6.99 (ddl = 7.6 Hz,J, = 2.4 Hz, 1H), 6.96
(d,J = 1.2 Hz, 1H), 6.74 (ddd}; = 8.8 Hz,J, = 3.6 Hz,J; = 2.4 Hz, 1H), 3.98 (1] =
7.2 Hz, 2H), 2.01 (s, 3H), 1.80-1.71 (m, 2H), 0.985) = 7.2 Hz, 3H);"*C-NMR
(100 MHz, DMSO#s) & (ppm): 168.43, 163.11, 147.09 (tz 11.4 Hz), 146.90 (dl
= 235.4 Hz ), 140.02 (dl = 1.9 Hz), 139.28, 138.03, 137.95, 126.34, 11634 =
18.6 Hz), 115.40, 110.75 (d,= 6.2 Hz), 106.84, 106.57, 96.79, 94.38, 70.32624
22.46, 10.75; HRMS (ESIyVz, Calcd. for GoHa104NsF [M+H]*: 386.1511, Found
386.1503.

4.2.41.
6-Acetamido-4-((4-fluoro-3-(trifluoromethoxy)phenyl)amino)-1H-indole-2-carbo
xylic acid (90-5): gray solid, yield: 93.4%, mp: 239-241, 'H-NMR (400 MHz,
DMSO-ds) § (ppm): 12.67 (brs, 1H), 11.58 (s, 1H), 9.83 (s),18444 (s, 1H), 7.55 (s,
1H), 7.40 (t,J = 9.6 Hz, 1H), 7.25-7.21 (m, 3H), 7.01 (s, 1HP2(s, 3H); HRMS
(ESI): Mz, Calcd. for GgH1404N3F4; [M+H]": 412.0915, Found 412.0908.

4.2.42.
6-Acetamido-4-((4-fluoro-3-isopropoxyphenyl)amino)iH-indole-2-carboxylic

acid (90-6): light brown solid, yield: 99.6%, mp: 163-165, 'H-NMR (400 MHz,
DMSO-ds ) 6 (ppm): 12.56 (brs, 1H), 11.47 (s, 1H), 9.77 (s),18410 (s, 1H), 7.46 (s,
1H), 7.26 (dJ = 1.2 Hz, 1H), 7.11 (dd}; = 11.2 Hz,J, = 8.8 Hz, 1H), 6.95 (ddl; =
8.0 Hz,J, = 2.8 Hz, 1H), 6.91 (d] = 0.8 Hz, 1H), 6.77 (ddd; = 8.8 Hz,J, = 3.6 Hz,
Js = 2.8 Hz, 1H), 4.57-4.51 (m, 1H), 2.00 (s, 3HRA(d,J = 6.0 Hz, 6H)*C-NMR
(100 MHz, DMSOd) & (ppm):168.43, 163.18, 147.83 (d= 235.4 Hz), 145.85 (d,
= 11.3 Hz), 140.06 (dJ = 1.7 Hz), 139.25, 138.07, 137.90, 126.57, 11§HI =
19.3 Hz), 115.46, 111.27 (d,= 6.4 Hz), 108.65, 106.76, 96.93, 94.51, 71.72624
22.38; HRMS (ESI):m/z, Calcd. for GgH»:04NsF [M+H]": 386.1511, Found
386.1503.

4.2.43.
6-Acetamido-4-((3-(cyclopropylmethoxy)-4-fluorophegl)amino)-1H-indole-2-car



boxylic acid (90-7):brown solid, yield: 99.4%, mp: 244-246 *H-NMR (400 MHz,
DMSO-ds ) 6 (ppm): 12.58 (brs, 1H), 11.48 (s, 1H), 9.77 (s),18412 (s, 1H), 7.44 (s,
1H), 7.29 (s, 1H), 7.11 (ddl = 11.2 Hz,J, = 8.8 Hz, 1H), 6.99-6.96 (m, 2H),
6.76-6.72 (m, 1H), 3.87 (d;= 6.8 Hz, 2H), 2.00 (s, 3H), 1.27-1.23 (m, 1H),030656
(m, 2H), 0.35-0.31 (m, 2H); HRMS (ESljvz, Calcd. for GiH210sNsF [M+H]*:
398.1511, Found 398.1507.

4.2.44.
6-Acetamido-4-((4-fluoro-3-(2,2,2-trifluoroethoxy)henyl)amino)-1H-indole-2-
carboxylic acid (90-8): light brown solid, yield: 59.4%, mp: 250-251, *H-NMR
(400 MHz, DMSOds ) § (ppm): 11.51 (dJ = 2.0 Hz, 1H), 9.80 (s, 1H), 8.25 (s, 1H),
7.44 (s, 1H), 7.29 (ddl = 2.0 Hz,J, = 0.4 Hz, 1H), 7.20 (ddl, = 11.2 Hz,J, = 8.8
Hz, 1H), 7.13 (ddJ; = 7.6 Hz,J, = 2.8 Hz, 1H), 7.02 (d] = 1.6 Hz, 1H), 6.85 (ddd,
J1 = 8.8 Hz,J, = 3.6 Hz,J; = 2.8 Hz, 1H), 4.81 (o) = 8.8 Hz, 2H), 2.01 (s, 3H);
HRMS (ESI):m/z, Calcd. for GoH1604N3F; [M+H]": 426.1072, Found 426.1061.
4.2.45.

6-Acetamido-4-((4-fluoro-3-phenoxyphenyl)amino)-H-indole-2-carboxylic  acid
(90-9): brown solid, yield: 99.6%, mp: 170-172 *H-NMR (400 MHz, DMSO#ds ) &
(ppm): 11.50 (dJ = 1.6 Hz, 1H), 9.83 (s, 1H), 8.26 (s, 1H), 7.501(d), 7.40-7.35 (m,
2H), 7.29 (ddJ, = 10.4 Hz,J, = 9.2 Hz, 1H), 7.21 (d] = 1.2 Hz, 1H), 7.12 () = 7.2
Hz, 1H), 7.06-7.01 (m, 3H), 6.95 (d,= 1.2 Hz, 1H), 6.89 (ddl, = 7.2 Hz,J, = 2.8
Hz, 1H), 2.03 (s, 3H); HRMS (ESlz, Calcd. for GsH1g04NsF [M+H]*: 420.1354,
Found 420.1344.

4.2.46.
6-Acetamido-4-((3-(benzyloxy)-4-fluorophenyl)aminojlH-indole-2-carboxylic

acid (90-10): brown solid, yield: 99.4%, mp: 157-159, 'H-NMR (400 MHz,
DMSO<ds ) & (ppm): 11.49 (dJ = 1.6 Hz, 1H), 9.82 (s, 1H), 7.47-7.30 (m, 7H),
7.16-7.11 (m, 2H), 6.99 (d,= 1.6 Hz, 1H), 6.77 (ddd} = 8.8 Hz,J, = 3.6 Hz,Js =
2.8 Hz, 1H), 5.16 (s, 2H), 2.02 (s, 3HYC-NMR (100 MHz, DMSOds) & (ppm):
168.63, 163.16, 146.93 (d,= 235.2 Hz), 146.86 (d, = 11.5 Hz), 140.19 (dl = 1.8



Hz), 139.34, 138.03, 137.93, 137.18, 129.02, 128128.32, 126.44, 116.54 (4=
18.8 Hz), 115.55, 111.20 (d,= 5.9 Hz), 107.01, 106.78, 97.12, 94.60, 70.66624
HRMS (ESI):m/z, Calcd. for GsH210:NsF [M+H]*: 434.1511, Found 434.1500.
4.2.47. 6-Acetamido-4-((4-fluoro-3-methylphenyl)anmo)-1H-indole-2-carboxylic
acid (90-11):light brown solid, yield: 99.6%, mp: 230-232, *H-NMR (400 MHz,
DMSO-dg) 6 (ppm): 12.64 (brs, 1H), 11.49 (@= 1.6 Hz, 1H), 9.77 (s, 1H), 8.08 (brs,
1H), 7.51 (s, 1H), 7.30-7.29 (m, 1H), 7.11 (dd,= 6.8 Hz,J, = 2.4 Hz, 1H),
7.10-7.04 (m, 2H), 6.80 (d, = 1.6 Hz, 1H), 2.22 (dJ = 1.6 Hz, 3H), 2.01 (s, 3H);
¥C-NMR (100 MHz, DMSOde) & (ppm):168.42, 163.11, 155.96 (@= 234.8 Hz),
139.32, 139.30, 138.47, 137.93, 126.26, 124.90 1,18.0 Hz), 122.69 (d] = 4.4
Hz), 118.62 (dJ = 7.7 Hz), 115.73, 115.43 (d,= 15.5 Hz), 106.93, 96.43, 94.27,
24.60, 14.92 (dJ = 3.0 Hz); HRMS (ESI)m/z, Calcd. for GgH17OsNsF [M+H]™:
342.1249, Found 342.1249.

4.2.48.
6-Acetamido-4-((3-cyclopropyl-4-fluorophenyl)amino)1H-indole-2-carboxylic

acid (90-12): light brown solid, yield: 89.7%, mp: >250, *H-NMR (400 MHz,
DMSO-ds ) 6 (ppm): 12.60 (s, 1H), 11.48 (s, 1H), 9.79 (s, 1806 (s, 1H), 7.42 (s,
1H), 7.28 (s, 1H), 7.07 (§ = 8.8 Hz, 1H), 7.03-6.97 (m, 1H), 6.87 (s, 1HY ®(dd,
Ji= 6.4 Hz,J,= 2.4 Hz, 1H), 2.05-2.00 (m, 4H), 0.99-0.95 (m, 2B1)74-0.70 (m,
2H); HRMS (ESI):nvz, Calcd. for GoH190sN3sF [M+H]™: 368.1405, Found 368.1401.
4.2.49. 6-Acetamido-4-((4-fluoro-3-(thiophen-3-yl)penyl)amino)-1H-indole-2-
carboxylic acid (90-13):light brown solid, yield: 98.3%, mp: 192-194, 'H-NMR
(400 MHz, DMSOds) § (ppm): 11.50 (dJ = 2.0 Hz, 1H), 9.83 (s, 1H), 7.87-7.85 (m,
1H), 7.67 (ddJ; = 4.8 Hz,J, = 3.2 Hz, 1H), 7.52 (dd};, = 7.2 Hz,J, = 2.8 Hz, 1H),
7.49 (t,J = 1.6 Hz, 1H), 7.48 (s, 1H), 7.32 (dd,= 2.0 Hz,J, = 0.8 Hz, 1H), 7.24 (dd,
J1 = 10.8 Hz,J, = 8.8 Hz, 1H), 7.18 (dddj; = 8.8 Hz,J, = 4.4 Hz,J; = 2.8 Hz, 1H),
6.99 (d,J = 1.6 Hz, 1H), 2.01 (s, 3H); HRMS (ESHvz, Calcd. for GiH:170sN3FS
[M+H] *: 410.0969, Found 410.0966.

4.2.50. 6-Acetamido-4-((4-fluorophenyl)amino)-Hi-indole-2-carboxylic  acid



(90-14): brown solid, yield: 95.7%, mp: 224-226 *H-NMR (400 MHz, DMSOdg)

& (ppm): 11.48 (dJ = 1.6 Hz, 1H), 9.76 (s, 1H), 8.14 (s, 1H), 7.511(d), 7.29 (d,]

= 1.6 Hz, 1H), 7.25-7.20 (m, 2H), 7.16-7.11 (m, 26183 (d,J = 1.2 Hz, 1H), 2.00 (s,
3H); HRMS (ESI): m/z, Calcd for GH1503NsF [M+H]*: 328.1092, Found 328.1090.
4.2.51. 6-Acetamido-4-((3,4,5-trimethoxyphenyl)ami)-1H-indole-2-carboxylic
acid (90-15): brown solid, yield: 95.7%, mp: 228-229, *H-NMR (400 MHz,
DMSO-dg) § (ppm): 11.41 (dJ = 1.2 Hz, 1H), 9.70 (s, 1H), 7.45 (s, 1H), 7.32)¢
1.6 Hz, 1H), 7.19-7.15 (m, 2H), 6.94-6.90 (m, 26166 (d,J = 1.6 Hz, 1H), 3.74 (s,
3H), 1.98 (s, 3H)**C-NMR (100 MHz, DMSOdg) & (ppm): 168.43, 163.18, 154.82,
139.66, 139.37, 138.11, 136.09, 126.07, 122.60,981414.91, 107.10, 95.13, 93.57,
55.76, 24.60; HRMS (ESImvz Calcd. for GgH1g04N3 [M+H]": 340.1292, Found
340.1286.

4.2.52.
6-Acetamido-4-((4-(difluoromethoxy)phenyl)amino)-H-indole-2-carboxylic acid
(90-16): brown solid, yield: 99.5%, mp: 199-201'H-NMR (400 MHz, DMSO#dg) &
(ppm): 11.50 (dJ = 1.6 Hz, 1H), 9.79 (s, 1H), 7.53 (s, 1H), 7.28,@# = 2.0 Hz,J, =
0.8 Hz, 1H), 7.26-7.22 (m, 2H), 7.13-7.10 (m, 2A)1 (t,J = 74.8 Hz, 1H), 6.91 (d,
J = 1.6 Hz, 1H), 2.01 (s, 3H); HRMS (ESHvz, Calcd. for GgH1604N3zF, [M+H] "
376.1103, Found 376.1096.

4.2.53.
6-Acetamido-4-((4-(trifluoromethoxy)phenyl)amino)-1H-indole-2-carboxylic acid
(90-17): kelly solid, yield: 92.9%, mp: 244-248, *H-NMR (400 MHz, DMSOdg) &
(ppm): 11.54 (s, 1H), 9.82 (s, 1H), 8.38 (s, 1H»87(s, 1H), 7.26 (s, 5H), 6.98 @~
1.6 Hz, 1H), 2.02 (s, 3H); HRMS (ESlitvz, Calcd. for GgHis04N3Fs [M+H]™
394.1009, Found 394.1003.

4.2.54.
6-Acetamido-4-((4-(trifluoromethyl)phenyl)amino)-1H-indole-2-carboxylic  acid
(90-18): light green solid, yield: 82.4%, mp: >250Q *H-NMR (400 MHz, DMSOdg)
§ (ppm): 11.62 (s, 1H), 9.88 (s, 1H), 8.71 (s, 1HH4 (s, 1H), 7.56 (d] = 8.4 Hz,



2H), 7.27 (dJ = 8.4 Hz, 2H), 7.19 (d] = 1.6 Hz, 1H), 7.13 (d] = 0.8 Hz, 1H), 2.02
(s, 3H); HRMS (ESI):m/z, Calcd. for GgH1s03NsF3 [M+H]": 378.1060, Found
378.1050.

4.2.55. 6-Acetamido-4-((6-fluoropyridin-3-yl)Jamino)1H-indole-2-carboxylic acid
(90-19): brown solid, yield: 98.2%, mp: 209-211, *H-NMR (400 MHz, DMSOd)
§ (ppm): 11.56 (s, 1H), 9.81 (s, 1H), 8.36 (s, 18109 (dd,J, = 2.4 Hz,J, = 1.6 Hz,
1H), 7.81-7.76 (m, 1H), 7.56 (s, 1H), 7.27 Jd 1.2 Hz, 1H), 7.13 (ddl, = 8.8 Hz,
J, = 3.2 Hz, 1H), 6.87 (d) = 1.6 Hz, 1H), 2.01 (s, 3H)**C-NMR (100 MHz,
DMSO-ds) 5 (ppm): 168.51, 163.09, 157.85 (U= 228.0 Hz), 139.33, 138.42 (@=
4.0 Hz), 137.86, 137.42 (d, = 6.4 Hz), 137.30, 132.42 (d,= 7.5 Hz), 126.69,
115.50, 109.94 (dJ = 39.5 Hz), 106.70, 96.97, 95.18, 24.62; HRMS [ES8i/z,
Calcd for GeH1403N4F [M+H]™: 329.1045, Found 329.1043.

4.2.56. 6-Acetamido-4-((5-fluoropyridin-2-yl)Jamino)1H-indole-2-carboxylic acid
(90-20): brown solid, yield: 60.5%, mp: 224-226 *H-NMR (400 MHz, DMSOd)
8 (ppm): 11.56 (s, 1H), 9.90 (s, 1H), 9.02 (s, 18116 (d,J = 2.8 Hz, 1H), 7.81 (d]
=1.2 Hz, 1H), 7.73 (s, 1H), 7.63 (t#,= 8.8 Hz,J, = 3.2 Hz, 1H), 7.44 (d] = 1.2 Hz,
1H), 7.19 (ddJ; = 9.2 Hz,J, = 3.6 Hz, 1H), 2.05 (s, 3H); HRMS (ESI): m/z, Ghlc
for C1gH1403N4F [M+H]": 329.1045, Found 329.1043.

4.2.57. 6-Acetamido-4-((6-methoxypyridin-3-yl)aminp 1H-indole-2-carboxylic
acid (90-21): brown solid, yield: 82.6%, mp: 239-240, 'H-NMR (400 MHz,
DMSO-dg) & (ppm): 11.47 (s, 1H), 9.74 (s, 1H), 8.10Jd 2.4 Hz, 1H), 7.63 (ddl,
= 8.8 Hz,J, = 2.8 Hz, 1H), 7.50 (s, 1H), 7.32 @@= 1.6 Hz, 1H), 6.85 (d] = 8.8 Hz,
1H), 6.62 (dJ = 1.2 Hz, 1H), 3.85 (s, 3H), 1.99 (s, 3H); HRMSS(E m/z, Calcd for
C17H1704N4 [M+H]": 341.1244, Found 341.1244.

4.2.58. 6-Acetamido-4-((5-methoxypyridin-2-yl)aminp 1H-indole-2-carboxylic
acid (90-22): brown solid, yield: 94.7%, mp: 239-240, 'H-NMR (400 MHz,
DMSO-ds) & (ppm): 11.79 (s, 1H), 10.12 (s, 1H), 7.83 (s, 1HY7 (s, 2H), 7.47 (s,
1H), 7.29 (dJ = 10.0 Hz, 1H), 7.13 (s, 1H), 3.82 (s, 3H), 2.873H); HRMS (ESI):



m/z, Calcd for G/H1704N4 [M+H]™: 341.1244, Found 341.1242.

4.2.59. 6-Acetamido-4-((3,4,5-trimethoxyphenyl)amim)-1H-indole-2-carboxylic
acid (90-23):brown solid, yield: 83.5%, mp: >250, *H-NMR (400 MHz, DMSOd)

d (ppm): 12.61 (s, 1H), 11.49 (s, 1H), 9.81 (s, 1814 (s, 1H), 7.38 (s, 1H), 7.34 (s,
1H), 7.14 (s, 1H), 6.58 (s, 2H), 3.77 (s, 6H), 3(623H), 2.01 (s, 3H); HRMS (ESI):
mvz, Calcd. for GoH,,0sN3 [M+H]*: 400.1503, Found 400.1498.

4.2.60. 4-((H-indazol-4-yl)amino)-6-acetamido-H-indole-2-carboxylic  acid
(90-24): brown solid, yield: 99.0%, mp: >250, *H-NMR (400 MHz, DMSO#dg) &
(ppm): 11.55 (s, 1H), 9.83 (s, 1H), 8.17 (s, 1HBA7(s, 1H), 7.27 (ddl, = 2.0 Hz,J,

= 0.4 Hz, 1H), 7.20 () = 8.0 Hz, 1H), 7.02 (d] = 8.0 Hz, 1H), 6.99 (d] = 1.2 Hz,
1H), 6.80 (dJ = 7.6 Hz, 1H), 2.01 (s, 3H}’*C-NMR (100 MHz, DMSOd) & (ppm):
168.54, 163.15, 142.03, 139.39, 137.71, 137.14,7832127.56, 126.69, 116.78,
116.28, 107.33, 106.29, 102.30, 101.05, 95.93,@24MmRMS (ESI):m/z, Calcd. for
C1gH1603N5 [M+H]": 350.1248, Found 350.1241.

4.3. Synthesis of compound 14
4.3.1. Preparation of 4-bromo-7-fluoro-2-methyl-H-indole (13)

To a solution of 2-fluoro-5-bromonitrobenzene (&,04.55 mmol) in anhydrous
THF (10 mL) was added isopropenyl magnesium brormdeHF (0.5 M, 36.4 mL,
18.2 mmol) at -40 ° C under argon atmosphere. Tixéune was stirred at -40 °C for
1 h, and then quenched with saturated ammoniunrideloand extracted with ethyl
acetate (40 mL). Then the organic layer was washid saturated ammonium
chloride (40 mL x 2), water (20 mL x 2), dried overhydrous magnesium sulfate,
and purified by column chromatography (P/E = 5@0lgive the title compound (319
mg, 20.6%) as brown oitH-NMR (400 MHz, CDC}) 5 (ppm): 8.16 (s, 1H), 7.11 (dd,
J1 = 8.0 Hz,J, = 4.0 Hz, 1H), 6.71 (dd; = 10.8 Hz,J, = 8.4 Hz, 1H), 6.30-6.29 (m,
1H), 2.47 (s, 3H).

4.3.2. Preparation of N-(3-chloro-4-fluorophenyl)-7-fluoro-2-methyl-1H-indol-

4-amine (14a)



To a solution of compoundl3 (100 mg, 0.44 mmol ) in toluene (5 mL) under
argon atmosphere was added(Bda) (40 mg, 0.044 mmol), Davephos (42 mg, 0.09
mmol), KsPO, (280 mg, 1.32 mmol, 1.3 mLJ@) and 3-chloro-4-fluoroaniline (191
mg, 1.32 mmol), and then the mixture was stirredeitixing temperature for 12 h.
The mixture was cooled to room temperature, comatsd, and the residue was
dissolved in ethyl acetate (10 mL). The organietayas washed with saturated brine
(10 mL x 3) and water (10 mL x 2), concentrated gndified by column
chromatography (P/E = 20:1) to give the title coommb (36 mg, 28.1%) as a light
brown solid, mp: 103-105/. *H-NMR (400 MHz, CDC}) 5 (ppm): 8.11 (s, 1H), 6.97
(t, J=8.8 Hz, 1H), 6.91 (ddl;, = 6.4 Hz,J, = 2.8 Hz, 1H), 6.78-6.70 (m, 3H), 6.07 (s,
1H), 2.44 (s, 3H); HRMS (ESIm/z, Calcd. for GsH1aNoCIF, [M+H]": 293.0652,
Found 293.0653.

4.3.3. Preparation of N-(3-chloro-4-fluorophenyl)-7-fluoro-1H-indol-4-amine
(14b)

Compound9a (100 mg, 0.31 mmol), Cu (2 mg, 0.02 mmol) was adtte a
microwave tube, dissolved in quinoline (0.5 mL)daifiled with argon gas. The
microwave reaction was carried out at 240 °C fonti@. The mixture was cooled to
room temperature, concentrated, and the residuedigaslved in ethyl acetate (20
mL), washed with water (20 mL x 2), dried over amhopis magnesium sulfate, and
concentrated in vacuo and purified by column chitography (P/E = 5:1) to give the
title compound (40 mg, 46.5%) as a brown solid, #®:75."H-NMR (400 MHz,
CDCl) & (ppm): 8.37 (brs, 1H), 7.20 (tdh = 2.8 Hz,J, = 0.4 Hz, 1H), 6.99 () = 8.8
Hz, 1H), 6.96 (ddJ; = 6.4 Hz,J, = 1.2 Hz, 1H), 6.86-6.74 (m, 3H), 6.42 (fd,= 3.2
Hz, J, = 2.0 Hz, 1H), 5.65 (brs, 1H); HRMS (EShvz, Calcd. for G4sH1oN2CIF;
[M+H]*: 279.0495, Found 279.0497.

4.3.4. Preparation of (4-((3-chloro-4-fluorophenyl)amino)-7-fluoro-1H-indol-
2-yl)methanol (14c)

To a solution of compounéa (200 mg, 0.62 mmol) in THF (5 mL) was added



borane (1M in THF, 6.2 mL, 6.2 mmol) at Q and stirred for 5 PA small amount of
materials remained, and the temperature was ré&sexmbm temperature for another 3
h. The reaction was quenched by dilute hydrochlaga, and diluted with ethyl
acetate (20 mL). The mixture was washed with w&r mL x 2), dried over
anhydrous magnesium sulfate, concentrated in vemod purified by column
chromatography (D/M = 50:1) to give the title corapd (98 mg, 55.7%) as a khaki
solid, mp: 101-1031. *H-NMR (400 MHz, CDC}) & (ppm): 8.68 (s, 1H), 6.98 (,=
8.8 Hz, 1H), 6.91 (ddJ, = 6.0 Hz,J, = 2.8 Hz, 1H), 6.82 (tJ = 9.6 Hz, 1H),
6.76-6.72 (m, 2H), 6.24 (s, 1H), 4.82 (s, 2HE-NMR (100 MHz, DMSOds) &
(ppm): 150.72 (d)J = 235.1 Hz), 145.74 (d] = 236.3 Hz), 143.54 (d] = 1.7 Hz),
141.10, 130.58 (d] = 2.2 Hz), 125.49 (d] = 5.7 Hz), 125.15 (d] = 14.5 Hz), 119.77
(d, J = 18.3 Hz), 117.44 (d] = 21.4 Hz), 116.29, 115.49 (d= 6.3 Hz), 109.00 (d]

= 6.2 Hz), 106.17 (dJ = 17.4 Hz), 98.85, 57.11; HRMS (EShyz Calcd. for
C15H1:0N:CIF, [M+H]*: 309.0601, Found 309.0594.

4.3.5. Preparation of 4-((3-chloro-4-fluorophenyl)amino)-7-fluoro-1H-indole-2-

carboxamide (14d)

To a solution of compoun@a (90 mg, 0.28 mmol) in anhydrous DMF (10 mL)
was added EDCI (118 mg, 0.61 mmol), HOBt (83 mg10mmol) at room
temperature, and stirred at 40for 0.5 h. Then ammonium hydroxide (0.13 mL, 0.84
mmol) was added to the reaction solution, and ¢aetion was carried out overnight
at room temperature. The reaction solution was eainated, and the residue was
dissolved in ethyl acetate (10 mL), washed withisdéed sodium bicarbonate (10 mL
x 3), brine (10 mL x 2), dried over anhydrous maun@ sulfate, concentrated in
vacuo and purified by column chromatography (P/EH to give the title compound
(33 mg, 36.8%) as a brown solid, mp: 101-103'H-NMR (500 MHz, DMSO#) &
(ppm): 11.94 (s, 1H), 8.22 (s, 1H), 7.89 (brs, THXO0 (brs, 1H), 7.22 (11 = 9.0 Hz,
1H), 7.13 (s, 1H), 7.00 (dd; = 6.0 Hz,J, = 2.5 Hz, 1H), 6.94 (ddl, = 10.5 Hz,J, =
8.5 Hz, 1H), 6.89-6.87 (m, 1H), 6.73 (dd,= 8.5 Hz,J, = 3.5 Hz, 1H); HRMS (ESI):
m/z, Calcd. for GsH1:ONsCIF, [M+H]*: 322.0553, Found 322.0549.



4.3.6. Preparation of (4-((3-chloro-4-fluorophenyl)amino)-7-fluoro-1H-indol-
2-yl)methanol (14e)

To a solution of compoung@a (100 mg, 0.31 mmol) in anhydrous DMF (4 mL)
was added EDCI (131 mg, 0.68 mmol), HOBt (92 mg30nmol), trimethylamine
(0.13 mL, 0.93 mmol) at room temperature, andedimt 40 for 0.5 h. Then 50%
hydroxylamine aqueous solution (62 mg, 0.93 mmo#svadded to the reaction
solution, and the reaction was carried out overrégf40(1. The reaction mixture was
cooled to room temperature and poured into ice watee produced precipitate was
filtered and the filter cake was purified by colurtimromatography (D/M = 20:1) to
give the title compound (51 mg, 48.7%) as a liglawm solid, mp: 151-1537.
H-NMR (400 MHz, DMSOeg) & (ppm): 12.05 (s, 1H), 11.18 (brs, 1H), 9.13 (s),1H
8.23 (s, 1H), 7.22 (] = 9.2 Hz, 1H), 7.01-6.99 (m, 2H), 6.96-6.88 (m,) 26172 (dd,
J1 = 8.0 Hz,J, = 3.2 Hz, 1H); HRMS (ESI)z, Calcd. for GsH110oNsCIF, [M+H] ™
338.0502, Found 338.0500.

4.3.7. Preparation of 4-bromo-7-fluoro-H-indole-2-carbonitrile (15)

To a solution of compounga (1.0 g, 3.5 mmol) in THF/EtOH (1:1, 20 mL) was

added 1.0 M NaOH solution (17.5 mL, 17.5 mmol) dvige and stirred at 40 for 5

h. The solvent was evaporated in vacuo and thduesivas acidified with 1N HCI.
The produced precipitate was filtered and dried togive
4-bromo-7-fluoro-H-indole-2-carboxylic acid (600 mg, 99.0%) as a wh#olid,
mp: >25077. 'H-NMR (400 MHz, DMSOds) & (ppm):12.15 (s, 1H), 7.17 (ddl =
8.4 Hz,J, = 4.0 Hz, 1H), 6.93 (dd); = 10.8 Hz,J, = 8.4 Hz, 1H), 6.78 (] = 2.4 Hz,
1H).

To a solution of 4-bromo-7-fluoroH-indole-2-carboxylic acid680 mg, 2.64
mmol) in DCM (20 mL) was added oxalyl chloride (668, 5.27 mmol), DMF (1
drop) and stirred at room temperature for 2 h. Taemonium hydroxide (2.03 mL,
13.2 mmol) was added, and the reaction mixture staieed at room temperature

overnight. The produced precipitate was filtered d ardried to give



4-bromo-7-fluoro-H-indole-2-carboxamide (616 mg, 90.9%) as a whitéidso
mp: >25007. *H-NMR (400 MHz, DMSOdg) § (ppm): 8.14 (s, 1H), 7.55 (s, 1H), 7.23
(dd,J, = 8.4 Hz,J, = 4.0 Hz, 1H), 7.22 (d] = 3.2 Hz, 1H), 7.00 (dd); = 10.8 Hz,J,

= 8.4 Hz, 1H).

To a solution of 4-bromo-7-fluoroH:indole-2-carboxamidg570 mg, 2.22
mmol) in toluene (10 mL) was added phosphorus dwyizte (0.83 mL, 8.87 mmol)
under argon atmosphere, and stirred at refluximgperature for 3 h. The reaction
solution was cooled to room temperature and poumeda saturated aqueous solution
of sodium carbonate (30 mL), and extracted withyletitcetate (20 mL x 3). The
organic layer was concentrated to give compalim#69 mg, 88.5%) as an off-white
solid, mp: 218-2207. *H-NMR (400 MHz, CDC}) & (ppm): 8.88 (brs, 1H), 7.30 (dd,
Ji1 = 8.4 Hz,J, = 4.0 Hz, 1H), 7.27-7.26 (m, 1H), 7.00 (d¢ = 10.4 Hz,J, = 8.4 Hz,
1H).

4.3.8. Preparation of 4-((3-chloro-4-fluorophenyl)anino)-7-fluoro-1H-indole-2-
carbonitrile (14f)

Compoundl5 (250 mg, 1.05 mmol), B@ba} (96 mg, 0.105 mmol), X-phos
(200 mg, 0.21 mmol), GEO; (1.02 g, 3.14 mmol) and 3-chloro-4-fluoroanilidkb T
mg, 3.14 mmol) was added to a microwave tube, tiedan 1,4-dioxane, and filled
with argon gas. The microwave reaction was caroeidat 100 °C for 0.5 h, and the
starting material disappeared. The mixture was emboto room temperature,
concentrated, and the residue was dissolved in attgtate (20 mL), washed with
saturated brine (20 mL x 3) and water (20 mL xd2ed over anhydrous magnesium
sulfate, concentrated in vacuo and purified by mwiichromatography (P/E = 20:1) to
give the title compound (130 mg, 40.9%) as a ligbitow solid, mp: 195-197 1.
IH-NMR (400 MHz, CDC}) § (ppm): 8.72 (s, 1H), 7.09-6.99 (m, 4H), 6.85-6(B2
1H), 6.78 (dd,J, = 8.0 Hz,J, = 4.0 Hz, 1H);"*C-NMR (100 MHz, DMSOds) &
(ppm): 151.74 (d) = 237.1 Hz), 144.57 (d] = 237.1 Hz), 141.66 (d] = 2.3 Hz),
133.13 (dJ = 2.7 Hz), 126.99 (d] = 15.8 Hz), 122.24 (d] = 4.7 Hz), 120.04 (d] =
18.4 Hz), 118.57, 117.74 (d= 19.6 Hz), 117.60 (d} = 4.5 Hz), 114.58, 112.70 (d,



= 1.3 Hz), 110.98 (d] = 16.8 Hz), 106.53 (d} = 5.7 Hz), 106.20; HRMS (ESI): m/z,
Calcd for GsHoNsCIF, [M+H] *: 304.0448, Found 304.0443.

4.3.9. Preparation of 4-((3-chloro-4-fluorophenyl)anino)-7-fluoro-N'-hydroxy-
1H-indole-2-carboximidamide (14Q)

To a solution of compounti4f (75 mg, 0.25 mmol) in EtOH (5 mL) was added
hydroxylamine hydrochloride (86 mg, 1.23 mmol)ethiylamine (0.17 mL, 1.23
mmol), and the mixture was stirred at room tempeeatovernight.The reaction
solution was concentrated, and the residue wa®ldess in ethyl acetate (10 mL),
washed with water (10 mL x 2), dried over anhydramsignesium sulfate,
concentrated in vacuo and purified by column chitography (P/E = 2:1) to give the
titte compound (49 mg, 59%) as a light brown sofith: 200-2021. *H-NMR (400
MHz, DMSO-ds) § (ppm): 11.54 (s, 1H), 9.65 (s, 1H), 8.14 (s, ITHPO (t,J = 8.8 Hz,
1H), 6.97 (ddJ, = 6.4 Hz,J, = 2.4 Hz, 1H), 6.89-6.84 (m, 2H), 6.81 (dé= 2.8 Hz,
J, = 2.4 Hz, 1H), 6.70 (ddl, = 8.4 Hz,J, = 3.6 Hz, 1H), 5.82 (s, 2H}*C-NMR (100
MHz, DMSO-ds) 8 (ppm): 150.82 (dJ = 235.1 Hz), 146.27, 145.68 (#= 237.8 Hz),
143.39 (dJ = 1.6 Hz), 132.17, 131.10 (d= 2.5 Hz), 125.53 (d] = 14.6 Hz), 125.25
(d,J = 5.4 Hz), 119.83 (d] = 18.2 Hz), 117.51 (dl = 21.5 Hz), 116.37, 115.57 (d,
= 6.3 Hz), 109.44 (d] = 6.1 Hz), 107.60 (d] = 17.5 Hz), 100.20; HRMS (ESI): m/z,
Calcd for GsH1,0N,CIF, [M+H]": 337.0662, Found 337.0666.

4.4. General procedure for preparation of H-indole-2-carboxylic acids (17a-17f)

To a solution of compound6 in THF/EtOH (1:1) was added 1.0 M LiOH
solution (5 eq) dropwise and stirred at 40until the ester group was completely
hydrolyzed. The solvent was evaporated in vacuothedesidue was acidified with
1N HCI. After filtration, the title compound wastained.

4.4.1. 4-((3-Chloro-4-fluorophenyl)thio)-7-fluoro-H-indole-2-carboxylic  acid
(17a): white solid, yield: 43.4%, mp: 171-173, *H-NMR (400 MHz, DMSO#) ¢
(ppm): 13.29 (brs, 1H), 12.69 (s, 1H), 7.40-7.28 8H), 7.20-7.15 (m, 2H), 6.97 (s,
1H).



4.4.2. 4-((3-Chloro-4-fluorobenzyl)amino)-7-fluoroiH-indole-2-carboxylic acid
(17b): brown solid, yield: 87.0%, mp: 113-115, *H-NMR (400 MHz, DMSO#ds) &
(ppm): 11.71 (s, 1H), 7.56 (dd, = 7.6 Hz,J, = 2.0 Hz, 1H), 7.40-7.32 (m, 3H), 6.70
(dd,J; = 11.2 Hz,J, = 8.4 Hz, 1H), 6.55 () = 6.0 Hz, 1H), 5.75 (dd}, = 8.4 Hz,J

= 2.8 Hz, 1H), 4.37 (dJ = 5.6 Hz, 2H);**C-NMR (100 MHz, DMSOdg) & (ppm):
163.37, 156.46 (d] = 243.3 Hz), 142.59 (d] = 232.1 Hz), 138.98 (d] = 3.4 Hz),
138.83 (dJ = 1.0 Hz), 129.76, 129.33, 128.05 Jds 7.2 Hz), 126.34 (d] = 15.5 Hz),
119.99 (d,J = 4.4 Hz), 119.63 (d] = 17.5 Hz), 117.12 (d} = 20.6 Hz), 109.48 (d} =
16.6 Hz), 106.58, 96.76 (d] = 5.1 Hz), 45.85; HRMS (ESI): m/z, Calcd for
C16H1202N2CIF, [M+H] ™ 337.0550, Found 337.0551.

4.4.3. 4-(3-Chloro-4-fluorobenzamido)-7-fluoro-H-indole-2-carboxylic acid (17c):
off-white solid, yield: 76%, mp: 207-209, *H-NMR (400 MHz, DMSO#s) & (ppm):
11.90 (brs, 1H), 10.29 (s, 1H), 8.26 (dg= 7.2 Hz,J, = 2.4 Hz, 1H), 8.04 (ddd; =
8.4 Hz,J, = 4.8 Hz,J; = 2.0 Hz, 1H), 7.59 (t) = 8.8 Hz, 1H), 7.33 (dd}, = 8.4 Hz,
J, = 4.0 Hz, 1H), 7.18 (d] = 2.4 Hz, 1H), 6.99 (ddl; = 10.8 Hz,J, = 8.4 Hz, 1H);
HRMS (ESI): m/z, Calcd for GH1¢00sN.CIF, [M+H]": 351.0343, Found 351.0339.

4.4.4. 4-((3-Chloro-4-fluorophenyl)carbamoyl)-7-floro-1H-indole-2-carboxylic
acid (17d): white solid, yield: 97.1%, mp: >250, *H-NMR (400 MHz, DMSO#dg) &
(ppm): 13.29 (s, 1H), 12.61 (s, 1H), 10.48 (s, 1#)1 (dd,J; = 6.8 Hz,J, = 2.8 Hz,
1H), 7.74 (dddJ; = 9.2 Hz,J, = 4.4 Hz,J3 = 2.8 Hz, 1H), 7.68 (ddl; = 8.4 Hz,J; =
4.4 Hz, 1H), 7.54 (dd} = 2.8 Hz,J, = 2.0 Hz, 1H), 7.43 () = 9.2 Hz, 1H), 7.24 (dd,
Ji1 = 10.8 Hz,J, = 8.0 Hz, 1H);**C-NMR (100 MHz, DMSOdg) & (ppm): 165.92,
162.74, 153.74 (d] = 241.4 Hz), 151.66 (d] = 251.0 Hz), 137.07 (d} = 3.0 Hz),
131.80 (s, 1H), 129.70 (d,= 6.5 Hz), 126.34 (d] = 13.8 Hz), 124.66 (dl = 3.7 Hz),
122.03, 121.94, 120.95 (d,= 6.8 Hz), 119.48 (d] = 18.2 Hz), 117.31 (d] = 21.5
Hz), 109.17, 108.78 (d} = 17.0 Hz); HRMS (ESI): m/z, Calcd for,1100sN-CIF;
[M+H] *: 351.0343, Found 351.0344.

4.4.5. 4-(2-(3-Chloro-4-fluorophenyl)acetamido)-7Hioro-1H-indole-2-carboxylic
acid (17e): light yellow solid, yield: 92.9%, mp: 230-232, *H-NMR (400 MHz,



DMSO-dg) & (ppm): 12.22 (s, 1H), 9.99 (s, 1H), 7.60-7.57 &), 7.52 (s, 1H), 7.38
(d, J = 7.2 Hz, 2H), 6.97 (ddl = 11.2 Hz,J, = 8.4 Hz, 1H), 3.81 (s, 2H}*C-NMR
(100 MHz, DMSO#) & (ppm): 169.23, 163.03, 156.63 (tk= 243.6 Hz), 146.28 (d,

= 241.3 Hz), 134.56 (d, = 3.7 Hz), 131.68, 130.58, 130.36 Jc¢& 7.2 Hz), 128.50 (d,
J = 3.0 Hz), 126.21 (d] = 15.0 Hz), 123.63 (dl = 5.2 Hz), 119.47 (d] = 17.5 Hz),
117.13 (dJ = 20.6 Hz), 110.94 (d} = 5.7 Hz), 108.94 (d] = 16.9 Hz), 106.81, 41.92;
HRMS (ESI): m/z, Calcd for GH1,0sN,CIF, [M+H]™": 365.0499, Found 365.0494.

4.4.6. 4-(3-(3-Chloro-4-fluorophenyl)ureido)-7-fluso-1H-indole-2-carboxylic
acid (17f): white solid, yield: 95.2%, mp: >250, *H-NMR (400 MHz, CROD) §
7.75 (dd,J; = 6.4 Hz,J, = 2.4 Hz, 1H), 7.46 (ddl, = 8.4 Hz,J, = 3.6 Hz, 1H), 7.30
(ddd,J; = 8.8 Hz,J, = 4.0 Hz,J3 = 2.8 Hz, 1H), 7.26 (d] = 2.4 Hz, 1H), 7.17 (1] =
8.8 Hz, 1H), 6.93 (dd},; = 10.8 Hz,J, = 8.4 Hz, 1H); HRMS (ESI): m/z, Calcd for
C16H1103N3CIF, [M+H] " 366.0452, Found 366.0448.

4.5. Synthesis of compound 9p-O

4.5.1. Preparation of ethyl 4-((3-chloro-4-fluoroplenyl)imino)-6-(ethylamino)-7-
0x0-4,7-dihydro-1H-indole-2-carboxylate (8p-O)

To a solution of compoungp (100 mg, 0.27 mmol) in DCM5 mL) was added
m-chloroperoxybenzoic acid (70 mg, 0.41 mmol) dragevat 0°C . The reaction
mixture was stirred for 1 h. The reaction solutwas dilute with DCM (30 mL),
washed with saturated sodium carbonate solutionn{BOx 2), water (30 mL x 2),
dried over anhydrous magnesium sulfate, concendtratevacuo and purified by
column chromatography (P/E = 10:1) to give thesttbmpound (84 mg, 81%) as a
brown solid, mp: >250C. *H-NMR (400 MHz, CDC}) & (ppm): 9.99 (s, 1H), 7.40 (s,
1H), 7.14 (t,J = 8.8 Hz, 1H), 7.02 (s, 1H), 6.82 (s, 1H), 5.481(), 5.41 (s, 1H),
4.40 (q,d = 7.2 Hz, 2H), 3.05-2.99 (m, 2H), 1.39 Jt= 7.2 Hz, 3H), 1.26 (t) = 7.2
Hz, 3H).

45.2. Preparation of 4-((3-chloro-4-fluorophenylynino)-6-(ethylamino)-7-
0x0-4,7-dihydro-1H-indole-2-carboxylate (9p-O)



To a solution of compoun8p-O (80 mg, 0.21 mmol) in THF (L) was added
1.0 M LIiOH solution (1.03 mL, 1.05 mmol) dropwisecha stirred at refluxing
temperature for 8 h. A small amount of the startmgterial remained, and the
remaining material was washed away by diethyl e(BanL). The water phase was
acidified with 1N HCI. After filtration and driedthe filter cake was purified by
column chromatography (D/M = 20:1) to give theetittompound (44 mg, 59.5%) as a
black solid, mp: >2501. *H-NMR (400 MHz, DMSOdg) & (ppm): 13.59 (brs, 2H),
7.54-7.49 (m, 3H), 7.22 (s, 1H), 5.39 (s, 1H), 3(842H), 1.10 (tJ = 7.2 Hz, 3H);
HRMS (ESI): m/z, Calcd for GH140sNsCIF [M+H]*: 362.0702, Found 362.0702.

Note: The following information and data were listed the supplementary
information, including the synthesis and charaztgron of all intermediates (except
for the target compounds shown Tables 1-4 in the Schemes 1-4the 'H-NMR
spectra of all target compounds dr@-NMR spectra of some target compounds, and

the X-ray diffraction data of compouggp-O.
4.6 Biological evaluation
4.6.1. The enzymatic assay for IDO1 and TDO inhihibn

Recombinant human IDO1 and TDO were expressed arified according to
the reported protocol [49]. The assay for IDO1 dmDO inhibition was performed
according to the literature [50]: A standard reattmixture (100 pL) containing 100
mM potassium phosphate buffer (pH 6.5), 40 mM dsicoacid (neutralized with
NaOH), 200 pg/mL catalase, 20 uM methylene blue@®f8 uM rhiDO1 or rhTDO
was added to the solution containing the substrdtgptophan and the test sample at
a determined concentration. The reaction was chwoig at 37 °C for 45 min and
stopped by adding 20 pL of 30% (w/v) trichloroacetcid. After heating at 65 °C for
15 min, 100 pL of 2% (w/vp-dimethylaminobenzaldehyde in acetic acid was added
to each well. The yellow pigment derived from kyenine was measured at 490 nm
using a SYNERGY-H1 microplate reader (Biotek Instamts, Inc., Winooski, VT,
USA). IC5o was analyzed using the GraphPad Prism 8.0 soft&ephPad Software,



San Diego, CA, USA).
4.6.2. Cellular IDO1/TDO inhibition assay

Cellular IDO1/TDO inhibition assay was performedpasviously described [49].
First, 4 x 10 A172 cells were inoculated in a 96-well plate watlolume of 10QuL.
The next day, a solution containing the test comgdan a medium of 10% serum was
perpared, the final concentration of If-iWas 100 ng/mL, and the final concentration
of substrate Trp was 1 mmol/L. The prepared satutias added to A172 cells, and
incubated for 48 hours followed by taking the sop#ant for detection. 100L of
supernatant was added to a new 96-well plate, lmng@rotein reaction was stopped by
adding 20 pL of 30% (w/v) trichloroacetic acid. &ftheating at 65 °C for 15 min, 100
puL of 2% (w/v)p-dimethylaminobenzaldehyde in acetic acid was addeshch well.
The yellow pigment derived from kynurenine was noeed at 490 nm using a
SYNERGY-H1 microplate reader (Biotek Instrumentsg.] Winooski, VT, USA).
The 1G value was calculated using the GraphPad Prisms8fvare (GraphPad
Software, San Diego, CA, USA).

4.6.3. T Cell Proliferation Assay

T cell proliferation assay was performed as prestiypdescribed [17] with some
modifications. T lymphocytes prepared from splenesyof BALB/c mice were
resuspended in RPMI 1640 containing 10% FBS, Lagh#ite, penicillin, and
streptomycin. The LLC cells were treated with mitmmn C at a final concentration
of 25 ug/mL and then incubated at 37 °C for 1 h. Aftemigeivashed three times, the
LLC cells were resuspended in RPMI 1640. 1 2 TOymphocytes (responder cells),
1 x 10" mitomycin C treated LLC cells (stimulator cells)datest compounds were
added to each well of a 96-well plate. The platesawncubated at 37 °C and 5% £0
for 3 days. Then the cell proliferation was quaetifby CellTiter-GI& Luminescent
Cell Viability Assay (Promega, USA) according te ghrotocol.

4.6.4. The in vivo antitumor activity assay

C57BL/6 mice were obtained from Beijing Vital Rivémboratory Animal



Technology Co., Ltd. (Beijing Vital River LaborayoAnimal Technology Co., Ltd,
Beijing, China). Studies involving mice were apprdvby the Experimental Animal
Management and Welfare Committee at the InstitdteMateria Medica, Peking

Union Medical College.

The mouse melanoma cells B16F10 were cultured amdebted in saline. At
day O of the experiment, 1 x %@ells were injected subcutaneously into mice, and
treatment was initiated at day 1 following the ma&eolled randomly in control and
experimental groups. For control group, 0.5% CMCwie orally administered every
day. Compound®o-23was dissolved in 0.5% CMC-Na for oral treatmente# the
mice were sacrificed, the tumors were stripped aetghted. The tumor growth
inhibition (TGI) was calculated as TGI = (1 - tumeeightreatmeritumor weighfenicie)

x 100%. The statistical analysis was performed @tlaphPad Prism 8.0 software

and the significance level was evaluated with awag ANOVA model. [47]
4.7. Computational studies

All molecular computation studies were performethglSCDOCKER protocol
integrated in Accelrys Discovery Studio Client 200&celrys Software Inc., San
Diego, CA). The co-crystal structures of Trp-IDGdmplex (PDB ID: 5WMU, chain
A) and Trp-TDO complex (PDB ID: 5TIA, chain A and &ere chosen for molecular
modeling. The docking protocol of compoudalwith IDO1 and TDO were chosen as
representatives. Using Prepare Protein tool oftB&ywater molecules in protein were
removed and the protein were added hydrogens,ated¢he incomplete residues and
refined with CHARMmMm force field. Trp was chosen the center to construct the
binding site within 9 A. Compoun@lo was minimized using Prepare Ligands tool of
DS and refined with CHARMm forcefield. Then it wadscked into the prepared
IDO1 and TDO protein with CDOCKER using the defgudtrameters, respectively.
The 20 final docked conformations were ranked atingrto their binding free energy.
The docking mode was chosen on the basis of binditignality, and then molecular
dynamics simulation was performed to further optienthe binding pose of compond

90 within the binding pocket of each enzyme.



Small molecules were assigned with AM1BCC partierges and extracted into
frcmod files using the AmberTools16 program Antenbar and Parmchk2. The heme
parameter (all-atom) was downloaded from Bryce GrAMBER parameter database
(http://research.bomh.manchester.ac.uk/bryce/ambgngn, protein-ligand complex
PDB files were solvated in a water (TIP3P) octabedrThe minimum distance
between any atom of protein complex and the eddkeoperiodic box was set to 1.2
nm with a 1.0 nm cutoff. Amber 16 package was ueezhrry out MD simulation at a
temperature of 310 K for a 30 ns process with fdielels ff14SB and gaff. RMSD
(Root Mean Square Deviation) was caculated withtreppand the first MD frame

was used as the reference [51].
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Highlights:

» Indole-2-carboxylic acid derivatives were synthesized as novel IDO1/TDO dual inhibitors.
» Structure-activity relationships were explored.

» Compound 90-23 demonstrated in vivo antitumor activity.
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