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Abstract

A series of novel aralkyl piperazine derivativeseveynthesized, and evaluated
for their serotonin reuptake inhibitory and 5-44T5-HT; receptors affinities activity.
Antidepressant activities vivo of the compounds were screened using the forced
swimming test (FST) and tail suspension test (TSIhe results indicated that
compound21k (RUI, ICsp = 31 nM; 5-HTa, 5-HT7, ki = 62, 12 nM) an@1n (RUI,

ICs0 = 25 nM; 5-HTa, 5-HT7, ki = 28, 3.3 nM) exhibited high affinities for the
5-HT14/5-HT; receptors coupled with potent serotonin reuptakdibition.

Specifically, the most promising compoun@ln possessed a good oral
pharmacokinetic properties and an acceptable hERf#lg) and showed potent

antidepressant-like effect in the FST and TST nmdel
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1. Introduction

Depression is a debilitating disease that is charaed by low mood, slow
thought and mental disord®r According to the World Health Organization (WHO),
depression, especially major depression disordeuldvbe the second leading cause
of disability worldwide by the year 2080 Over the past six decades, about six major
classes of monoamine based drugs have been degtétofre therapy of depressidn
Despite the extensive use of antidepressant dthgse are still significant unmet
needs in the treatment of depression, includingray lonset of action, moderate
patient response, and numerous adverse effectsasuolausea/emesis, weight gain,
insomnia and sexual dysfunctiérl. Recently, there has been important achievement
of antidepressant development, which interacts wlitlal or multiple targets. The
combination of serotonin transporter (SERT) inhdsitwith various 5-HT receptor
subtypes seems to be one of the most valuable agpto antidepressive therdpy
Recent clinical research has demonstrated that ofmhdcould accelerate
antidepressants onset time and enhance SSRIs tieheffectsby affecting 5-HTa
receptorm. Similarly, the approved antidepressant vilazodaitd high affinity and
selectivity for 5-HT transporter and 5-khl receptor displayed fast antidepressant
efficacy with minimal adverse effeéls Moreover, the combined administration of
low doses of an SSRI with selective 5-HE&ceptor antagonist (SB-269970) was also
found active in behavioral models of depresSloddditionally, recent research has
indicated that the vortioxetine showed obvious @bgnenhancement effects through
blockade of 5-HF¥receptor™®. Hence, it stands to reason that agents with dual
multiple binding affinities to SERT/5-HR/5-HT; may be beneficial as treatment
options for depression and other cognitive impairtaksorders.

Earlier study by Mewshaw et al. showed that arylethylindolealkylamine
derivativel displayed high affinities for the SERT and 5-{Feceptof™). Venkatesan
et al. reported that the benzofuran derivativexhibited potent binding affinity for
the 5-HT;a receptor and SER¥. Moreover, our previous research reported that the
aryl piperazine benzo[b][1,4]oxazine derivativél exhibited high affinities for

5-HT1a receptor coupled with moderate serotonin reuptattebitory!™® (Fig. 2).



Meanwhile, considerable research efforts have disen directed toward the
identification of novel compounds targeting 544Tnd 5-HT, receptor. Leopoldo et
al. disclosed that 2-biphenyl piperazine derivaii®é-V1 showed high affinity for
5-HT1a and 5-HT, receptors**® (Fig. 2). Brasili et al. focused on the development
of novel potent 5-Hix ligand$'”, and reported that 1,4-dithiaspiro[4.5]decane
derivativeVIl and 1-(2-methoxyphenyl)piperazine derivati%ds|-X exhibited high
affinity and moderate to good selectivity for 5-HR (Fig.3)!*#2!.

Our lab has been engaged in multiple receptoriaggén order to extend the
scope and utility of CNS agents. Herein we desigaatisynthesized a series of novel
aralkyl piperazine derivatives by modifying the féolal of compound|. As shown in
Fig. 4, we first explored the effect of different arongating substituents at the N1
position on the affinity for 5-Hja and 5-HT, receptors. Additionally, we examined
whether serotonin reuptake inhibition was improumsd replacing the benzofuran
moiety with indole moiety. From these studies, veeérdiscovered a new series of
compounds that exhibited high binding affinitiesSati T;/5-HT7 receptors coupled
with potent 5-HT reuptake inhibitory activity, araiso demonstrated excelleoral

bioavailability and marked antidepressant-likeagtiin animal behavioral models.

2. Resultsand discussion
2.1 Chemistry

The synthetic routes of target compounds were redliin Scheme4-5. In
schemel, a series of benzofuran-3-yl piperazine derivati@a-d) were prepared.
The starting material benzofuran-3(2H)-dne/as convertedhto ethyl ester2 via the
Wittig reaction. Then intermediat® was reduced with lithium tetrahydroaluminate
into the corresponding alcoh@®@ Activation of alcohol3 with 4-toluenesulfonyl
chloride in the presence of triethylamine at roemperature provided intermedigte
The resulting compound was then treated with benzyl piperazine derivatveia
SN2 mechanisnto yield 6a-d. The benzofuran-2-yl piperazine derivatit® was
constructed by coupling of 2-iodophendlwith but-3-yn-1-o0l 8, and subsequent
activation, substitution with 1-([1,1'-biphenyl]s®@)piperazinesc (Scheme?).



According to schema8, the 1H-indole-5-carbonitrile piperazine analdgwas
prepared. The 2-(5-bromo-1H-indol-3-yl)ethard@l was treated with CuCN to yield
alcohol 13. The target compound5 was afforded by bromination af3 with
tetrabromomethane and triphenylphosphine, and isuiomt with 1-([1,1'-biphenyl]-
2-yl)-piperazinesc.

The preparation of the desired 5-fluoro-1H-indoipepazine derivativel was
depicted in schemé. The alcoholsl8a and18b were obtained by the Fischer indole
synthesis reaction of 4-Fluorophenylhydrazine hgtloride 17  with
2,3-dihydrofuranl6a and 3,4-dihydro-2H-pyrari6b, respectively. Bromination of
compoundl8a with tetrabromomethane and triphenylphosphine ipgex compound
19a. Activation of alcohol18b with 4-toluenesulfonyl chloride in the presence of
triethylamine at room temperature provided compoig®idl The desired compounds
21a-n were offered by nucleophilic substitution reactafnintermediated9a-b with
aryl piperazine derivativeg0. Finally, the four carbon linker compourizb was
prepared (schemB). The acylation of the aromatic rirg2 with 4-chlorobutanoyl
chloride provided compouriB. Then intermediat23 was reduced with triethylsilane
and trifluoroacetic acid to yield compourzd. The compoun®5 was obtained by
substitution of intermediat24 with aryl piperazine derivativ@0f. The deprotection
of intermediate25 with 4N aqueous NaOH solution gave the desired cam@26.

The synthesis of commercially unavailable biphepigderazine intermediates
20a-i was shown in schent The biphenyl amine compounég were treated with

bis(2-chloroethyl)amine hydrochlorid@8 via SN2 mechanisrto obtain20a-i.

2.2 Biology

All synthesized compounds were tested for theirbiibn of 5-HT reuptake and
binding affinities at 5-HTa/5-HT; receptorsin vitro assays. The following specific
radioligands and tissue sources were used: (1) &-lfceptors, 3H] 8-OH-DPAT,
human recombinant (HEK-293 cells); (2) 5-HTeceptors, 3H] LSD, human
recombinant (CHO cells); (3Rat serotonin transporter,*Hl] serotonin, rat brain

synaptosomes. All compounds were initially screeaedO0uM concentration, and



selective compounds (inhibition >90%) were theraged to obtain their I§g and Ki
values. Vortioxetine was used as a reference. €haldd results were summarized in
Tablel.

The role of aromatic ring substitution at the Nisition was first explored. The
methoxyl 6a and methylthio6b analogs were selectively inhibitory for 5-kAT
receptor and 5-HT reuptake (inhibition ratio > 90%j)terestingly, the 2-phenyl
analog6c displayed high potency for 5-HT reuptake inhibitigtJl, 1Cso = 210 nM]
and kept more than 90% inhibition for 5-HATand 5-HT;, receptors, whereas the
3-phenyl analogéd showed less than 80% inhibition for 5-HTeceptor at the
concentration of 1@M. These results showed the importance of pherydigat the
R1 position in interacting with 5-HTreceptor. When the 2-phenyl feature remained,
the replacement of the benzofuran-3-yl moiety wile benzofuran-2-yl moiety
(compoundll) dramatically decreased inhibition of 5-HT reugdRUI, 1C5o = 2900
nM]. Meanwhile, the replacement of benzofuran mowith the 5-carbonitrile-indole
moiety (compound5) [RUI, ICso = 190 nM] or 5-fluoro-indole moiety (compound
21a) [RUI, 1C5p = 110 nM] increased inhibition of 5-HT reuptakexn &ddition,
compound2la displayed high affinities for both the 5-kh and 5-HT;, receptors
[5-HT1a, kk = 0.53 nM; 5-HT, k = 0.26 nM]. The results showed that the
5-fluoro-indole-3-yl could be a preferred substitu€rablel).

In the next research, we focused on the modifinatd biphenyl moiety of
compound2la. We first introduced different substituents inbe tpair position of the
phenyl group (compounddb-e). As shown in Tabld, none of these pair substituted
compounds exhibited potency for 5-HT reuptake iititib except 4-fluoro derivative
21b [RUI, ICsp = 590 nM]. Meanwhile, the activity of ortho and taesubstituted
phenyl compounds was also explored (compouwtidsh). Compared with2la, the
3-fluorophenyl analog?lf showed a small decrease in affinity for 5-A/b-HT;
receptors [5-H7a, ki = 5.6 nM; 5-HT, ki = 0.79 nM] and reduction in inhibition of
5-HT reuptake [RUI, 16= 150 nM]. Similarly, the 3-methylphenyl anal@gg also
exhibited high potency for 5-HT reuptake inhibitiqRRUI, ICso = 160 nM].

Furthermore, the 2-fluorophenyl anal@gh displayed a small increase in inhibition



of 5-HT reuptake [RUI, Igg= 96 nM] but a considerable reduction in affinityr f
5-HT14/5-HT7 receptors [5-H7a, ki = 25 nM; 5-HT, ki = 2.3 nM] @1h v 21a).

The influence of the chain length on 5-HT reuptaRbibition and 5-HTa
/5-HT7 receptors affinities was also explored. Surprisinthe three carbon chain

analog?2li displayed outstanding affinity for 5-HA/5-HT- receptors [5-HTa, ki =

13 nM; 5-HT;, ki = 1.1 nM] and excellent 5-HT reuptake inhibjtaactivity [ICso
7.6 nM]. Similarly, 3-fluorophenyl analoglj exhibited higher potency for 5-HT
reuptake inhibition [RUI, 16 = 42 nM] @1 v 21f). However, the compound6
showed dramatically decreased inhibition of 5-HTptake when the linker was
elongated to four carbons [RUI, 4= 120 nM] @6 v 21k). Those results suggested
that the distance of linker chain had a great erilte on the 5-HT reuptake activity.

Finally, the effect of Rsubstituent irthe central benzene ring of compouzigl
was explored. The 4-fluoro substituted analitk showed a small increase in
inhibition of 5-HT reuptake [RUI, 165 = 31 nM] but a big reduction in affinities for
the 5-HT;a and 5-HT receptors [5-HTa, ki = 62 nM; 5-HT, ki = 12 nM] @1k vs
21j). In contrast, the 3-fluor@ll and 5-fluoro21m analogs displayed higher potency
for the 5-HTA/5-HT7 receptors and the 5-HT reuptake inhibition comgdao21k. As
the above mentione@1f vs 21a), the replacement of the 3-fluorophenyl moietyhwit
the phenyl moiety (compouriln) at R1 position displayed increased inhibition of
5-HT reuptake [RUI, 16 = 25 nM] and binding affinities for 5-H}/5-HT receptors
[5-HT1a, ki = 28 nM; 5-HTF, ki = 3.3 nM] @1n vs21K).

With the above information in hand, the potent poomds2la-b, 21f, 21h and
21j-n were selected for metabolic stability evaluatiorvitro. The results are shown
in Table 2. The stability values of compoundda-b and 21f suggested that the
presence of an fluorine atom at the meta and pasitipn of phenyl group could
improve metabolic stability. However, the introdoat of fluorine atom at the ortho
position of phenyl group reduced metabolic stapil@lh vs 21a). Interestingly,
compound2l1] showed increased metabolic stability when the tlergg the linker
extended from two to three carboridj(vs 21f). Moreover, the metabolic stability

influence of the Rsubstituent in the central benzene ring was atptoeed @1k-n).



The 3-fluoro 211 and 5-fluoro 21m analogs displayedtabilities equal to21j.
Interestingly, the 4-fluoro substituted compow@i#t showed significant improvement
in metabolic stability Z1k vs 21j). Similarly, compound21n displayed metabolic
stability higher thar?lj. Those results suggested that the introductioa dfioro
group into the 4-position of the central benzeng dould improve metabolic stability
significantly.

On the basis of in vitro studies, the compouitls and21n were selected for
further evaluation in the mouse forced swim tesBTJr The compounds were
administered orally once daily for 7 days at dase$0, 20 and 40 mg/kg/day (PO),
respectively. Vortioxetine was acted as a positwatrol (40 mg/kg/day, PO). The
results are shown in Fi§. Compared with vehicle, the selected compoutidsand
21n reduced immobility times in the FST in a dose-celamt manner that was
statistically significant at 20 and 40 mg/kg dod@¥0). The positive control,
vortioxetine, also produced a statistically sigrafit reduction of immobility time at
40 mg/kg dose.

The most promising compoungdln was further characterized in the tall
suspension test (TST). The results are shown in@&iyenlafaxine was used as a
reference compound (40 mg/kg/day, PO). The comp@andvas administered orally
once daily for 7 days at doses of 10, 20 and 4kgidéay (PO). Compared to the
control group, compoungln was dose dependently reduced the immobility time i
the TST, which was statistically significant at&@d 40 mg/kg doses.

Compound1n was also tested in the hERG channel binding assagdertain if
the compound can cause cardiac toxicity. The dhtaved that compoun@ln
displayed acceptable hERG safety profilesgl€16.6uM).

It was suggested that many 5-HR ligands showed high affinity for
al-adrenoceptors due to their high degree of honyok@pproximately 45%¥.
The receptor selectivity of 5-HX subtype and al-adrenoceptor was measured. The
data showed that compoufiin exhibited equal affinity for al-adrenoceptor (K28
nM) (Table3).

Finally, the pharmacokinetic properties 2iin were measured in male SD rats



(Table4). After administration of 2 mg/kg (PQJLn to SD rats, a fgax 0f 86.7 ng/mL
was obtained at 2 h. The elimination half-life2ih after oral administration was 6.1

h. Compound®1n also had a potent orally bioavailable (F = 68.584%pts.

3. Conclusion

In summary, a new series of novel aralkyl-piperaziderivatives were
investigated, and as our continuing effort to idgnhovel compounds targeting
SSRI/5-HTA/5-HT7 for the treatment of depressive disorders. Our Sgiilies
revealed that the position of aromatic heterocy(dic vs 11) and the length of the
linker (21a vs 21i) were clearly important for 5-HT inhibitory actlyi The data
showed that the metabolic stability of the comp@aunas related to the presence of
fluorine atoms in well-defined regions of molecyfk and 21n). To confirm the
potentialin vivo antidepressant effect of this series of compoundsjpounds21k
and 21n were selected for FST profiling in mice. The twdested compounds
showed a dose-dependent reduction of the immoliite in the FST. The most
promising compoun@ln displayed dose dependently reduced the immolifitg in
TST model. In addition, compoun@ln also had good oral pharmacokinetic
properties in rats, and had an acceptable hERGIgr@fur data lay a foundation for
successful future development of novel aralkyl-pagene derivatives as next

generation of antidepressants.

4. Experimental protocols
4.1 Chemistry

Unless specified otherwise, all starting materiaéggents and solvents were
commercially available. Nuclear magnetic resonafidiglR) spectra were recorded
on a Bruker NMR AVANCE 600 (600 MHz) or a Varian @VA-400 (400 MHz)
spectrometer with TMS as an internal standard. Gtenshift @ values) and
coupling constants (J values) are given in ppm && respectively. Signal
multiplicities are characterized as s (singlet{ddublet), t (triplet), g (quartet), m

(multiplet), and br (broad). ESI mass spectra aiRM3 were performed on an



Agilent 6210 TOF spectrometer. The progress ofedlctions was monitored using
TLC on precoated silica gel plates GF254 (Qingdag/&#hg Chemical, China). Silica
gel column chromatography was performed with Sijgh 60G (Qingdao Haiyang
Chemical, China). The chromatograms were vieweceubly/ light at 254 and/or 265
nm. Uncorrected melting points were determined orelactrothermal melting point

apparatus. Solvents and reagents were used wihgyiretreatment.

4.1.1 Procedure A. ethyl 2-(benzofuran-3-yl)ace(d}e

A mixture of benzofuran-3(2H)-one (4g, 29.82 mmalt)d (Carbethoxymethylene)
-triphenylphosphorane (15.58g, 44.73 mmol) in toki€200 mL) was refluxed for
48h under N atmosphere. After cooling to room temperature, slodvent was
removed under reduced pressure. The residue wasfiegurby column
chromatography on silica gel (PE/EtOAc = 50:1, V/W) give compound? as
colourless oil (4.56 g, 75%3. MS (ESI)m/z 227.06 [M+Nal].

4.1.2 Procedure B. 2-(benzofuran-3-yl)etharg)l (

To a stirred suspension of LIAH1.49 g, 39.17 mmol) in dry THF (50 mL) was
added slowly a solution of ethyl 2-(benzofuran-pagetate Z) (4 g, 19.58 mmol ) in
dry THF (20 mL) at 0°C. After the addition, the mixture was stirred abm
temperature for 4h and quenched with saturatedQNidolution. The mixture was
extracted with DCM and washed with water and brifilge organic layer was dried
over anhydrous N&Q,, filtered and concentrated. The residue was matifby
column chromatography on silica gel (PE/EtOAc =, %/1V) to give compoun® as

yellow oil (2.86 g, 90%Y!. MS (ESI)m/z 185.11 [M+Nal].

4.1.3 Procedure C. 2-(benzofuran-3-yl)ethyl 4-misiryzenesulfonatel)

To a stirred solution of p-toluenesulfonyl chlori@e41 g, 23.13 mmol), triethylamine
(3.12 g, 30.83 mmol) and 4-dimethylaminopyriding§1mg, 1.54 mmol) in dry
CH.Cl, (60 mL) was added slowly a solution of benzofuestmanol 8) (2.5 g, 15.41
mmol) in dry CHCl, (25 mL) at O°C. The reaction mixture was stirred for 1 h 40



and left for overnight at room temperature. Thectiea mixture was washed with
water and brine, dried over anhydrous8&, filtered and concentrated. The residue
was purified by column chromatography on silica @#/EtOAc = 5:1, V/V) to give
compound4 as a white solid (3.41 g, 70%f. MS (ESI)m/z 339.07 [M+Nal].

4.1.4 Procedure D. General procedure for the prggian of compoundéa-d

A mixture of 2-(benzofuran-3-yl)ethyl 4-methylbenesulfonate 4) (1.58 mmol),
phenylpiperazine derivative§)((1.89 mmol) and BCO; (3.16 mmol) in CHCN (50
mL) was stirred at 86C for 12 h. The solvent was removed under reducesspre,
then CHCI, (50 mL) was added. The mixture was washed witlenatd brine, dried
over anhydrous N&Q,, filtered and concentrated. The residue was @arifby
column chromatography on silica gel (DCM/MeOH = MI00//V) to give compound
6. The compounds was dissolved in EA (15 mL), then hydrogen chloritayl
acetate solution (2N, 1 mL) was added dropwise. fibgure was stirred at r.t. for
12h, then filtered. The residue was washed withA€t@nd EtOH separatelydried in

vacuo to give compoung hydrochloride.

41.4.1 1-(2-(benzofuran-3-yl)ethyl)-4-(2-methoxgmyi)piperazine qa)
hydrochloride.

Yield 70 % as white solid. Mp: 228-28G. MS (ESI)m/z 337.31 [M+H]. *H NMR
(400 MHz, DMSO)5 7.93 (s, 1H), 7.84 (d, J = 7.2 Hz, 1H), 7.59 (&, 2.9 Hz, 1H),
7.40 — 7.28 (m, 2H), 7.08 — 6.90 (m, 4H), 3.813(), 3.68 (d, J = 11.4 Hz, 2H), 3.53
(d, J = 12.3 Hz, 2H), 3.48 — 3.39 (m, 2H), 3.31.233m, 4H), 3.14 (t, J = 11.7 Hz,
2H).13C NMR (100 MHz, DMSO) 154.59, 151.83, 142.70, 138.62, 127.14, 124.63,
124.00, 122.63, 120.85, 120.01, 118.54, 115.63,091211.37, 55.42, 54.16, 50.71,
46.97, 17.85. HRMS calcd fora@,4N,0, [M+H] ", 337.1916; found, 337.1918.

4.1.4.2 1-(2-(benzofuran-3-yl)ethyl)-4-(2-(methidjphenyl)piperazine 6p)
hydrochloride.
Yield 68 % as a white solid. Mp: 253-2%2. MS (ESI)m/z 353.29 [M+H].*H NMR



(400 MHz, DMSO0)5 7.93 (s, 1H), 7.84 (dl = 7.1 Hz, 1H), 7.59 (d] = 7.8 Hz, 1H),
7.38 — 7.29 (m, 2H), 7.22 — 7.12 (m, 4H), 3.71J¢& 8.9 Hz, 2H), 3.52 — 3.45 (m,
2H), 3.34 (dJ = 9.6 Hz, 2H), 3.27 — 3.19 (m, 6H), 2.41 (s, 3HE NMR (100 MHz,
DMSO) 6 154.61, 147.42, 142.72, 134.30, 127.14, 125.18,00R 124.65, 124.56,
122.64, 120.03, 119.60, 115.61, 111.39, 54.20,6143.91, 17.94, 13.52. HRMS
calcd for GiH24N-0S [M+H]", 353.1688; found, 353.1687.

41.4.3 1-([1,1'-biphenyl]-2-yl)-4-(2-(benzofuraryBethyl)piperazine qc)
hydrochloride.

Yield 65 % as a white solid. Mp: 237-2%9. MS (ESI)m/z 383.21 [M+H].*H NMR
(400 MHz, DMSO)5 7.89 (s, 1H), 7.77 (dl = 7.2 Hz, 1H), 7.66 (d] = 7.1 Hz, 2H),
7.58 (d,J = 8.0 Hz, 1H), 7.46 () = 7.6 Hz, 2H), 7.38 = 7.24 (m, 5H), 7.16Jt 8.3

Hz, 2H), 3.51 (dJ = 10.9 Hz, 2H), 3.44 — 3.36 (m, 2H), 3.16 — 3.48 ¢H), 3.06 —
2.92 (m, 4H).13C NMR (100 MHz, DMSOY 154.57, 148.25, 142.68, 140.13, 134.03,
131.28, 128.56, 128.26, 127.08, 124.63, 123.51,6122119.95, 118.57, 115.58,
111.38, 54.11, 50.74, 47.35, 17.83. HRMS calcdGgai.eN.O [M+H]*, 383.2123;
found, 383.2124.

41.4.3 1-([1,1'-biphenyl]-3-yl)-4-(2-(benzofuranyBethyl)piperazine qd)
hydrochloride.

Yield 65 % as a white solid. Mp: 211-292. MS (ESI)m/z 383.22 [M+H]. H
NMR (400 MHz, DMSOQ)5 7.93 (s, 1H), 7.81 (d] = 6.9 Hz, 1H), 7.70 — 7.65 (m,
2H), 7.59 (d,J = 7.8 Hz, 1H), 7.46 () = 7.6 Hz, 2H), 7.40 — 7.28 (m, 4H), 7.26 (s,
1H), 7.16 (dJ = 7.6 Hz, 1H), 7.04 (dd} = 8.1, 2.2 Hz, 1H), 4.00 (d,= 8.5 Hz, 2H),
3.71 (d,J = 6.7 Hz, 2H), 3.52 — 3.43 (m, 2H), 3.31 — 3.18 @H). **C NMR (100
MHz, DMSO) & 154.59, 149.83, 142.69, 141.27, 140.47, 129.78,7R 127.42,
127.14, 126.85, 124.64, 122.63, 120.02, 118.686¥1815.10, 114.49, 111.38, 54.04,
50.32, 45.49,17.87. HRMS calcd foseH26N-0 [M+H]*, 383.2123; found, 383.2125.

4.1.5 Procedure E. 2-(benzofuran-2-yl)ethar@)! (



To a stirred mixture of 2-iodophenol (5.7 g, 25r@mol), palladium acetate (292 mg,
1.29 mmol), Cul (247 mg, 1.29 mmol) and triphenggbhine (340 mg, 1.29 mmol)
in dry triethylamine (60 ml) was added 3-butyn-1{@ g, 28.5 mmol) under
nitrogen atmosphere. The reaction mixture was ttered for overnight at room
temperature. The mixture was concentrated, dilméth EtOAc (100 mL). The
EtOAc layer was washed with water and brine, daeer anhydrous N&Q,, filtered
and concentrated. The residue was purified by cnlehromatography on silica gel
(PE/EA = 3/1, VIV) to give compour@as yellow oil (3.7 g, 88%Y!. MS (ESI)m/z
185.09 [M+Na].

4.1.6 Procedure F. 2-(benzofuran-2-yl)ethyl 4-migbgzenesulfonatd @)

To a stirred solution of p-toluenesulfonyl chlorig53 g, 18.51 mmol), triethylamine
(2.5 g, 24.70 mmol) and 4-dimethylaminopyridine {1t1g, 1.23 mmol) in dry
CH.Cl, (40 mL) was added slowly a solution of benzofuetimanol 9) (2 g, 12.33
mmol) in dry CHCI, (20 mL) at O°C. The reaction mixture was stirred for 1 h 4€0
and left for overnight at room temperature. Thectiea mixture was washed with
water and brine, dried over anhydrous8l@, filtered and concentrated. The residue
was purified by column chromatography on silica RE/EA= 5:1, V/V) to give
compoundLO as a white solid ( 2.73 g, 70%). MS (ESI)m/z 339.07 [M+Na].

4.1.7 Procedure G. 1-([1,1-biphenyl]-2-yl)-4-(2¢ftizofuran-2-yl)ethyl)piperazine
(11)

A mixture of 2-(benzofuran-2-yl)ethyl 4-methylbenesulfonate 10) (420 mg, 1.33
mmol), phenylpiperazine derivativescf (400 mg, 1.46 mmol) and KOs (367 mg,
2.66 mmol) in CHCN (30 mL) was Stirred at 88C for 12 h. The solvent was
removed under reduced pressure, then@H50 mL) was added. The mixture was
washed with water and brine, dried over anhydroasSR;, filtered and concentrated.
The residue was purified by column chromatographysitica gel (DCM/MeOH =
100/1, VIV) to give compoundl. The compoundll was dissolved in EtOAc (15

mL), then hydrogen chloride ethyl acetate solu{@®N, 1 mL) was added dropwise.



The mixture was stirred at r.t. for 12h, then fét. The residue was washed with EA
and EtOH separatelydried in vacuo to give compourid hydrochloride as white
solid (378 mg, 68 %). Mp: 204-206. MS (ESI)m/z 383.24 [M+H]. *H NMR (600
MHz, DMS0)3$ 7.65 (d,J = 7.2 Hz, 2H), 7.59 (d] = 7.4 Hz, 1H), 7.52 (d] = 8.0 Hz,
1H), 7.45 (tJ = 7.7 Hz, 2H), 7.36 — 7.32 (m, 2H), 7.28 — 7.22 &), 7.16 — 7.12 (m,
2H), 6.75 (s, 1H), 3.51 — 3.46 (m, 4H), 3.33 — 181 2H), 3.13 (dJ = 12.3 Hz, 2H),
3.04 (t,J = 12.0 Hz, 2H), 2.96 (dd] = 19.4, 9.2 Hz, 2H)"*C NMR (100 MHz,
DMSO) é 154.15, 154.06, 148.22, 140.10, 133.98, 131.28,5I72 128.53, 128.26,
128.13, 127.05, 123.87, 123.49, 122.85, 120.72541810.75, 103.65, 52.73, 50.84,
47.26, 22.65. HRMS calcd forgH26N-O [M+H]", 383.2123; found, 383.2127.

4.1.8 Procedure H. 3-(2-hydroxyethyl)-1H-indole-drmonitrile (13)

To a solution of 2-(5-bromo-1H-indol-3-yl)ethanol2j (6 g, 24.99 mmol) in
anhydrous DMF (200 mL) was added CuCN (22.38 g, 248mol). The reaction
mixture was charged with ANthen stirred at 130C for 48h. After cooling to room
temperature, the mixture was concentrated undercestipressure, then EtOAc (100
mL) was added. The resulting mixture was filterthe, filtrate was washed with water
and brine, dried over N8Q,, filtered and concentrated. The residue was ariby
column chromatography on silica gel (PE/EA= 5:1V)Vto give compoundl3 as
white solid(1.86 g, 40%). Mp: 125-12€. MS (ESI)m/z 185.06 [M-H]. *H NMR
(400 MHz, CDC}) § 7.99 (s, 1H), 7.43 — 7.42 (m, 2H), 7.23Jc 2.2 Hz, 1H), 3.93
(dd,J = 11.4, 5.9 Hz, 2H), 3.03 (,= 6.3 Hz, 2H).

4.1.9 Procedure |. 3-(2-bromoethyl)-1H-indole-5-sanitrile (14)

To a solution of 3-(2-hydroxyethyl)-1H-indole-5-banitrile (13) (1.5 g, 8.05 mmol)
in CH,CI, (60 mL) was added successively ¢Bf g, 12.08 mmol) and PP(8.11 g,
11.84 mmol). The mixture was stirred at room terapege for 5h. After the
completion of reaction, the solvent was concentratader reduced pressure. The
residue was purified by column chromatography dinasgel (PE/EA= 5:1, V/V) to
give compoundl4 asan white solid(1.2 g, 60%). Mp: 129-13%. MS (ESI)m/z



270.99 [M+Na]. *H NMR (400 MHz, CDCY) & 7.95 (s, 1H), 7.44 (s, 2H), 7.25 (,
= 2.2 Hz, 1H), 3.64 () = 7.2 Hz, 2H), 3.34 (] = 7.2 Hz, 2H).

4.1.10 Procedure J. 3-(2-(4-([1,1'-biphenyl]-2-yibprazin-1-yl)ethyl)-1H-indole-5-
carbonitrile hydrochloride 15)

A mixture of 3-(2-bromoethyl)-1H-indole-5-carbonigr (14) (500 mg, 2.0 mmol),
phenylpiperazine derivative$d) (526 mg, 2.2 mmol) , ¥CO; (555 mg, 4.0 mmol)
and Kl (34 mg, 0.2 mmol) in DMF (40 mL) was Stirratl 100°C for 12 h. The
solvent was removed under reduced pressure, thel B0 mL) was added. The
mixture was washed with water and brine, dried @rdrydrous Ng&Q,, filtered and
concentrated. The residue was purified by columrorolatography on silica gel
(DCM/MeOH = 100/1, VIV) to give compountb. The compound5 was dissolved
in EA (15 mL), then hydrogen chloride ethyl acetsddution (2N, 1 mL) was added
dropwise. The mixture was stirred at r.t. for 12hen filtered. The residue was
washed with EtOA@nd ethanol separatelydried in vacuo to give compouritb
hydrochloride as white solid (533 mg, 60 %). Mp823239°C. MS (ESI)m/z 407.23
[M+H]*. *H NMR (600 MHz, DMSO)S 11.60 (s, 1H), 8.23 (s, 1H), 7.66 (U= 7.4
Hz, 2H), 7.54 (dJ = 8.4 Hz, 1H), 7.48 — 7.44 (m, 4H), 7.36 (d& 13.0, 6.8 Hz, 2H),
7.26 (d,J = 6.5 Hz, 1H), 7.16 () = 8.5 Hz, 2H), 3.51 (dJ = 11.0 Hz, 2H), 3.33 —
3.31 (m, 2H), 3.22 — 3.12 (m, 4H), 3.05Jt 11.9 Hz, 2H), 2.95 (dd} = 20.4, 10.2
Hz, 2H).**C NMR (100 MHz, DMSOQ)5 148.27, 140.14, 137.95, 134.03, 131.28,
128.56, 128.25, 127.09, 126.53, 126.05, 124.41,8823123.49, 120.82, 118.57,
112.80, 110.56, 100.55, 55.25, 50.70, 47.37, 19HRMS calcd for G7H2eN4
[M+H]", 407.2236; found, 407.2242,

4.1.11 Procedure K. General procedure for the prapan of compound$8a-b
(4-fluorophenyl)hydrazine hydrochlorid&?) (16.26 g, 100 mmol) was dissolved in a
mixture of N,N-dimethylacetamide (140 mL) and 4%mrdqueous t50O, (140 mL)
and heated to 108C. 2,3-dihydrofuran ¥6a) or 3,4-dihydro-2H-pyranigb) (100

mmol) was then added dropwise over 5 min, and ahgien was stirred for 3h at 100



°C. After cooling to room temperature, the mixturasvextracted with EtOAc (3x100
mL), the combined organic layer was washed wit© H3%x100 mL), dried over
anhydrous Nz50Oy, filtered and concentrated. The residue was marifoy column

chromatography on silica gel (PE/EtOAc = 5:1, VI¥'give compound8.

4.1.11.1 2-(5-fluoro-1H-indol-3-yl)ethandl&a)
Starting with 2,3-dihydrofuranifa), Procedure K was followed to afford compound

18a asan orange oil (11.64 g, 65 95¥. MS (ESI)m/z 178.06 [M-H].

4.1.11.2 3-(5-fluoro-1H-indol-3-yl)propan-1-al&b)
Starting with 3,4-dihydro-2H-pyran1gb), Procedure K was followed to afford
compoundL8b asan orange oil (11.59 g, 60 %Y. MS (ESI)m/z 192.08 [M-H].

4.1.12 Procedure L. 3-(2-bromoethyl)-5-fluoro-1Htate (19a)

To a solution of 2-(5-fluoro-1H-indol-3-yl)ethan@8a) (10 g, 55.8 mmol) in C}Cl,
(200 mL) was added successively ¢B27.76 g, 83.71 mmol) and PP{1.52 g,
82.03 mmol) at 8C. The mixture was stirred at room temperatureSfor After the
completion of reaction, the solvent was concentratader reduced pressure. The
residue was purified by column chromatography dinasgel (PE/EA= 5:1, V/V) to
give compound9a asa yellow 0il(9.46 g, 70%}?". MS (ESI)m/z 242.06 [M+H].

4.1.13 Procedure M. 3-(5-fluoro-1H-indol-3-yl)prdpyd-methylbenzenesulfonate
(19b)

To a stirred solution of p-toluenesulfonyl chloridd1.84 g, 62.11 mmol),
triethylamine (7.86 g, 77.63 mmol) and 4-dimethyileopyridine (630 mg, 5.17
mmol) in dry CHCIl, (150 mL) was added slowly a solution of 3-(5-florirH-
indol-3-yl)propan-1-ol 18b) (10 g, 51.75 mmol) in dry Ci€l, (50 mL) at 0°C. The
reaction mixture was stirred for 1 h at® and left for overnight at room temperature.
The reaction mixture was washed with water andehminied over anhydrous p&0O;,

fillered and concentrated. The residue was puriigdcolumn chromatography on



silica gel (PE/EA= 5:1, V/V) to give compouri®b as a pale-yellow solid (11.69 g,
65%)[?°. MS (ESI)m/z 370.09 [M+Na].

4.1.14 Procedure N. General procedure for the prapan of compound&la-h

A mixture of 3-(2-bromoethyl)-5-fluoro-1H-indole 19a) (4.13 mmol),
phenylpiperazine derivative2() (4.54 mmol) , KCO; (8.26 mmol) and Kl (0.41
mmol) in DMF (40 mL) was stirred at 10C for 12 h. The solvent was removed
under reduced pressure, then DCM (50 mL) was adideslmixture was washed with
water and brine, dried over anhydrous8l@, filtered and concentrated. The residue
was purified by column chromatography on silica @CM/MeOH = 100/1, V/V) to
give compoundl. The compound®l was dissolved in EA (15 mL), then hydrogen
chloride ethyl acetate solution (2N, 2 mL) was abldeopwise. The mixture was
stirred at r.t. for 12h, then filtered. The residuas washed with EtOAc and EtOH

separately dried in vacuo to give compourd hydrochloride.

4.1.14.1 3-(2-(4-([1,1'-biphenyl]-2-yl)piperazinyl)ethyl)-5-fluoro-1H-indole
hydrochloride 21a)

Yield 61 % as a white solid. Mp: 259 - 28D. MS (ESI)m/z 400.25 [M+HT. *H
NMR (400 MHz, DMSO)5 11.09 (s, 1H), 7.66 (d} = 7.3 Hz, 2H), 7.50 — 7.40 (m,
3H), 7.39 — 7.23 (m, 5H), 7.16 (= 8.0 Hz, 2H), 6.94 (td] = 9.2, 2.4 Hz, 1H), 3.50
(d,J = 10.6 Hz, 2H), 3.32 — 3.28 (m, 2H), 3.18 — 2.80 8H).**C NMR (150 MHz,
DMSO) § 158.22 (d,J = 229.7 Hz), 148.79 (s), 140.64 (s), 134.53 (88.38 (s),
131.78 (s), 129.07 (s), 129.03 (s), 128.76 (s),.327s), 127.43 (dJ
125.81 (s), 123.99 (s), 119.07 (s), 112.97 )& 9.5 Hz), 109.98 (d

9.9 Hz),

3.9 Hz),
109.82 (dJ = 26.0 Hz), 103.71 (d] = 23.0 Hz), 55.81 (s), 51.16 (s), 47.86 (s), 19.92
(s). HRMS calcd for gH,6NsF [M+H]*, 400.2189; found, 400.2195.

4.1.14.2  5-fluoro-3-(2-(4-(4'-fluoro-[1,1'-biphgi-2-yl)piperazin-1-yl)ethyl)-1H-
indole hydrochloride Z1b)
Yield 56 % as a white solid. Mp: 258-289. MS (ESI)m/z 418.23[M+H]. 'H NMR



(400 MHz, DMSO)5 11.10 (s, 1H), 7.71 (dd,= 8.6, 5.7 Hz, 2H), 7.44 (dd,= 10.0,
2.3 Hz, 1H), 7.39 — 7.33 (m, 2H), 7.31 — 7.23 (H),47.16 (t,J = 7.4 Hz, 2H), 6.94
(td,J = 9.2, 2.5 Hz, 1H), 3.51 (d,= 11.1 Hz, 2H), 3.33 — 3.26 (m, 2H), 3.17 — 3.02
(m, 6H), 2.96 (ddJ = 20.2, 10.5 Hz, 2H):*C NMR (150 MHz, DMSOY 161.70 (d,

J = 242.6 Hz), 157.22 (d,= 230.0 Hz), 148.84 (s), 136.81 (s), 133.71 (33.38 (s),
131.66 (s), 130.87 (d] = 7.7 Hz), 129.16 (s), 127.43 (d,= 9.8 Hz), 125.80 (s),
124.16 (s), 119.31 (s), 115.87 (b5 21.0 Hz), 112.97 (d] = 9.7 Hz), 109.98 (d] =
4.2 Hz), 109.82 (dJ = 26.0 Hz), 103.70 (d] = 23.0 Hz), 55.87 (s), 51.19 (s), 47.94
(s), 19.91 (s). HRMS calcd forgH2sNaF, [M+H] ", 418.2095; found, 418.2094.

4.1.14.3  5-fluoro-3-(2-(4-(4'-methyl-[1,1'-biphdh2-yl)piperazin-1-yl)ethyl)-1H-
indole hydrochlorideZ1c)

Yield 52 % as a white solid. Mp: 246-222. MS (ESI)m/z 414.25[M+H]. 'H NMR
(400 MHz, DMSO)$ 11.10 (s, 1H), 7.57 (d} = 8.0 Hz, 2H), 7.44 (dd] = 10.0, 2.2
Hz, 1H), 7.39 — 7.29 (m, 3H), 7.27 — 7.22 (m, 3H}4 (t,J = 7.6 Hz, 2H), 6.94 (td]
=9.2, 2.4 Hz, 1H), 3.51 (d,= 10.5 Hz, 2H), 3.33 — 3.27 (m, 2H), 3.16— 3.09 4i),
3.05 — 2.92 (m, 4H), 2.35 (s, 3HYC NMR (150 MHz, DMSO0)5 157.22 (d,J =
230.0 Hz), 148.78 (s), 137.72 (s), 136.63 (s), 484s), 133.39 (s), 131.75 (s), 129.67
(s), 128.77 (s), 128.59 (s), 127.44 Jd= 9.8 Hz), 125.80 (s), 123.97 (s), 119.02 (s),
112.97 (dJ = 9.6 Hz), 110.01 (d] = 4.2 Hz), 109.81 (d] = 26.0 Hz), 103.71 (d] =
23.0 Hz), 55.81 (s), 51.20 (s), 47.83 (s), 21.3R 18.93 (s). HRMS calcd for
Co7HaogNsF [M+H]", 414.2346; found, 414.2343.

4.1.14.4 5-fluoro-3-(2-(4-(4'-methoxy-[1,1'-biplyr2-yl)piperazin-1-yl)ethyl)-1H-
indole hydrochloride Z1d)

Yield 53 % as a white solid. Mp: 224 - 2%5. MS (ESI)m/z 430.23[M+H]. H
NMR (400 MHz, DMSO) 11.09 (s, 1H), 7.61 (d,= 8.7 Hz, 2H), 7.43 (dd] = 10.0,
2.3 Hz, 1H), 7.36 (dd] = 8.8, 4.6 Hz, 1H), 7.34 — 7.28 (m, 2H), 7.23 (@&, 7.4, 1.4
Hz, 1H), 7.12 (dd) = 12.4, 4.9 Hz, 2H), 7.01 (d,= 8.7 Hz, 2H), 6.94 (td] = 9.2,
2.4 Hz, 1H), 3.80 (s, 3H), 3.53 (@= 5.3 Hz, 2H), 3.33 — 3.27 (m, 2H), 3.18 — 3.07



(m, 4H), 3.03 — 2.94 (m, 4H)*C NMR (150 MHz, DMSOY¥ 158.73 (s), 157.22 (d,

= 230.0 Hz), 148.72 (s), 134.24 (s), 133.38 (sR.18 (s), 131.60 (s), 129.89 (s),
128.54 (s), 127.44 (d] = 9.9 Hz), 125.81 (s), 123.99 (s), 119.03 (s),.484(s),
112.97 (dJ = 9.6 Hz), 109.98 (d] = 3.0 Hz), 109.82 (d] = 26.0 Hz), 103.70 (d] =
23.0 Hz), 55.88 (s), 55.50 (s), 51.26 (s), 47.8) 18.92 (s). HRMS calcd for
Co7H26N3FO [M+H]", 430.2295; found, 430.2301.

4.1.145  2'-(4-(2-(5-fluoro-1H-indol-3-yl)ethyljjerazin-1-yl)-[1,1'-biphenyl]-4-
carbonitrile hydrochloride Z1e)

Yield 49 % as a white solid. Mp: 274-276. MS (ESl)m/z 425.23 [M+H]. H
NMR (600 MHz, DMSO) 11.10 (s, 1H), 7.89 (q,= 8.3 Hz, 4H), 7.43 (dd] = 14.4,
8.1 Hz, 2H), 7.36 (dd] = 8.7, 4.5 Hz, 1H), 7.32 (d,= 8.0 Hz, 2H), 7.23 — 7.19 (m,
2H), 6.94 (t,J = 9.0 Hz, 1H), 3.51 (dJ = 11.3 Hz, 2H), 3.32 — 3.28 (m, 2H), 3.15 —
3.03 (m, 6H), 2.99 — 2.92 (m, 2HFC NMR (150 MHz, DMSO) 157.22 (dJ =
230.0 Hz), 148.97 (s), 145.50 (s), 133.38 (s), @38%s), 132.99 (s), 131.68 (s), 130.18
(s), 129.90 (s), 127.43 (d,= 9.8 Hz), 125.79 (s), 124.37 (s), 119.54)¢, 20.3 Hz),
112.97 (d,J = 9.6 Hz), 110.11(s), 109.98 (d,= 3.6 Hz), 109.83 (d) = 26.0 Hz),
103.70 (d,J = 23.1 Hz), 55.87 (s), 51.07 (s), 48.20 (s), 1991 HRMS calcd for
CorHosN4F [M+H], 425.2142; found, 425.2143.

4.1.14.6 5-fluoro-3-(2-(4-(3'-fluoro-[1,1'-biphgl]-2-yl)piperazin-1-yl)ethyl)-1H-
indole hydrochloride Z1f)

Yield 54 % as a white solid. Mp: 264-285. MS (ESI)m/z 418.25 [M+H]. H

NMR (400 MHz, DMSO)s 11.09 (s, 1H), 7.56 — 7.48 (m, 2H), 7.47 — 7.42 2i),

7.40 — 7.34 (m, 2H), 7.31 — 7.27 (m, 2H), 7.22 357(m, 3H), 6.94 (td) = 9.2, 2.5
Hz, 1H), 3.52 (dJ = 11.2 Hz, 2H), 3.32 — 3.28 (m, 2H), 3.16 — 3.62 6H), 2.99 —
2.90 (m, 2H)C NMR (150 MHz, DMSO} 162.74 (d,) = 241.8 Hz), 157.22 (d,=

230.0 Hz), 148.85 (s), 143.03 (H= 7.8 Hz), 133.38 (s), 131.82 (s), 130.94Xd,8.4
Hz), 129.56 (s), 127.44 (d,= 9.8 Hz), 125.82 (s), 125.02 (s), 124.11 (s),.299s),
115.50 (d,J = 21.6 Hz), 114.36 (d} = 20.6 Hz), 112.97 (d} = 9.6 Hz), 109.97 (d] =



3.8 Hz), 109.81 (d) = 26.1 Hz), 103.70 (d] = 23.0 Hz), 55.82 (s), 51.18 (s), 48.02
(), 19.92 (s). HRMS calcd forgH,5NsF> [M+H] ", 418.2095; found, 418.2096.

4.1.14.7  5-fluoro-3-(2-(4-(3'-methyl-[1,1'-biphdh2-yl)piperazin-1-yl)ethyl)-1H-
indole hydrochlorideZ1g)

Yield 48 % as a white solid. Mp: 262-283. MS (ESI)m/z 414.22 [M+H]. H
NMR (400 MHz, DMSO)5 11.08 (s, 1H), 7.49 (d} = 7.7 Hz, 1H), 7.44 — 7.40 (m,
2H), 7.38 — 7.29 (m, 4H), 7.24 (d#i= 7.5, 1.4 Hz, 1H), 7.17 — 7.12 (m, 3H), 6.94 (td,
J=09.2, 2.5 Hz, 1H), 3.52 (d,= 11.0 Hz, 2H), 3.33 — 3.29 (m, 2H), 3.18 — 3.06 (
4H), 3.03 — 2.88 (m, 4H), 2.38 (s, 3KIC NMR (100 MHz, DMSOY 156.71 (d,) =
229.9 Hz), 148.24 (s), 140.10 (s), 137.67 (s), AB4s), 132.86 (s), 131.26 (s), 128.81
(s), 128.39 (dJ = 5.2 Hz), 127.71 (s), 126.93 @= 9.9 Hz), 125.31 (s), 123.38 (s),
118.47 (s), 112.46 (d = 9.7 Hz), 109.46 (dJ = 4.7 Hz), 109.30 (d] = 26.0 Hz),
103.20 (d,J = 23.0 Hz), 55.33 (s), 50.74 (s), 47.28 (s), 210 19.38 (s). HRMS
calcd for G7H2gN3F [M+H]", 414.2346; found, 414.2351.

4.1.14.8  5-fluoro-3-(2-(4-(2'-fluoro-[1,1'-biphgip-2-yl)piperazin-1-yl)ethyl)-1H-
indole hydrochlorideZ1h)

Yield 57 % as a white solid. Mp: 184-1%5. MS (ESI)m/z 418.24 [M+H]. H

NMR (400 MHz, DMSO)5 11.09 (s, 1H), 7.57 — 7.50 (m, 1H), 7.48 — 7.39 %),
7.38 — 7.15 (m, 7H), 6.93 (td,= 9.2, 2.4 Hz, 1H), 3.49 (d,= 11.6 Hz, 2H), 3.30 —
3.24 (m, 2H), 3.15 — 2.99 (m, 6H), 2.77 (dd= 18.5, 8.4 Hz, 2H)**C NMR (150
MHz, DMSO) & 159.30 (d,J = 244.0 Hz), 157.21 (d) = 229.8 Hz), 149.76 (s),
133.35 (s), 132.03 (s), 131.85 (s), 130.10 (s),.929d,J = 7.7 Hz), 129.77 (s),
127.77 (d,J = 15.0 Hz), 127.41 (d] = 9.6 Hz), 125.82 (s), 124.99 (s), 124.05 (s),
119.88 (s), 116.35 (d] = 22.2 Hz), 112.95 (d] = 9.8 Hz), 109.92 (d] = 6.6 Hz),
109.81 (d,J = 26.6 Hz), 103.70 (d] = 23.0 Hz), 55.77 (s), 51.41 (s), 48.23 (s), 19.91
(s). HRMS calcd for gHosNsF» [M+H] ", 418.2095; found, 418.2091.

4.1.15 Procedure O. General procedure for the prapan of compound&1li-n



A mixture of 3-(5-fluoro-1H-indol-3-yl)propyl 4-mbylbenzenesulfonatelgb) (2.87
mmol), phenylpiperazine derivativeg0] (3.16 mmol) and KCO; (5.75 mmol) in
CHsCN (40 mL) was stirred at 88C for 12 h. The solvent was removed under
reduced pressure, then kb (50 mL) was added. The mixture was washed with
water and brine, dried over anhydrous8l@, filtered and concentrated. The residue
was purified by column chromatography on silica @@CM/MeOH = 100/1, V/V) to
give compoundl. The compound®l was dissolved in EA (15 mL), then hydrogen
chloride ethyl acetate solution (2N, 2 mL) was abtideopwise. The mixture was
stirred at r.t. for 12h, then filtered. The residwas washed with EA and EtOH

separately dried in vacuo to give compour2d hydrochloride.

4.1.15.1 3-(3-(4-([1,1'-biphenyl]-2-yl)piperazinyi}propyl)-5-fluoro-1H-indole
hydrochloride 21i)

Yield 69 % as a white solid. Mp: 174-176. MS (ESI)m/z 414.25 [M+H]. H
NMR (600 MHz, DMSO) 10.99 (s, 1H), 7.64 (d,= 7.3 Hz, 2H), 7.44 (] = 7.6 Hz,
2H), 7.36 — 7.28 (m, 4H), 7.27 — 7.22 (m, 2H), 7(14 = 7.4 Hz, 1H), 7.10 (d] =
8.0 Hz, 1H), 6.91 (td) = 9.2, 2.4 Hz, 1H), 3.48 — 3.34 (m, 4H), 3.10 653(m, 4H),
3.00 (t,J = 11.7 Hz, 2H), 2.84 (dd] = 20.7, 9.4 Hz, 2H), 2.69 (8 = 7.3 Hz, 2H),
2.06 — 2.00 (m, 2H):*C NMR (150 MHz, DMSO) 157.12 (d,) = 229.4 Hz), 148.75
(s), 140.62 (s), 134.49 (s), 133.45 (s), 131.75189.04 (s), 129.01 (s), 128.75 (s),
127.64 (dJ = 9.9 Hz), 127.56 (s), 125.17 (s), 123.95 (s),019s), 113.60 (d] = 4.4
Hz), 112.78 (d,J = 9.8 Hz), 109.51 (d] = 26.0 Hz), 103.51 (d} = 22.8 Hz), 55.88 (s),
51.31 (s), 47.76 (s), 24.11 (s), 22.29 (s). HRM&tdor CyHpgNsF [M+H]",
414.2346; found, 414.2350.

4.1.15.2 5-fluoro-3-(3-(4-(3'-fluoro-[1,1'-bipheln2-yl)piperazin-1-yl)propyl)-1H-
indole hydrochloride41j)

Yield 67 % as a white solid. Mp: 232-233. MS (ESI)m/z 432.25 [M+H]. H
NMR (600 MHz, DMSO)S 10.99 (s, 1H), 7.52 — 7.45 (m, 2H), 7.42 {d& 10.3 Hz,
1H), 7.39 — 7.24 (m, 5H), 7.20 — 7.12 (m, 3H), @1 J = 9.2, 2.3 Hz, 1H), 3.41 (d,



J=11.5 Hz, 2H), 3.13 — 3.06 (m, 4H), 3.02Jt 11.9 Hz, 2H), 2.85 (dd) = 20.4,
9.5 Hz, 2H), 2.69 (t) = 7.4 Hz, 2H), 2.03 (df] = 15.4, 7.6 Hz, 2H)**C NMR (150
MHz, DMSO) & 162.72 (d,J = 241.8 Hz), 157.12 (d) = 229.5 Hz), 148.81 (s),
143.00 (d,J = 7.7 Hz), 133.46 (s), 133.29 (s), 131.79 (s),.930Qd,J = 8.4 Hz),
129.54 (s), 127.64 (d] = 9.6 Hz), 125.16 (s), 125.00 (s), 124.06 (s),.229s),
115.47 (dJ = 21.6 Hz), 114.34 (d} = 20.7 Hz), 113.62 (d] = 4.4 Hz), 112.78 (d] =
9.6 Hz), 109.50 (dJ = 26.0 Hz), 103.51 (d] = 22.8 Hz), 55.87 (s), 51.32 (s), 47.89
(s), 24.12 (s), 22.28 (s). HRMS calcd fopAd,7Ns F, [M+H]", 432.2251; found,
432.2248.

4.1.15.3 3-(3-(4-(3',5-difluoro-[1,1'-biphenyl]spiperazin-1-yl)propyl)-5-fluoro-
1H-indole hydrochlorideZ1k)

Yield 67 % as a white solid, the purity was 98.194HPLC analysis. Mp: 243-24¢.
MS (ESI)m/z 450.40 [M+H]. *H NMR (600 MHz, DMSO) 10.98 (s, 1H), 7.54 (d,
J=7.7 Hz, 1H), 7.51 — 7.43 (m, 2H), 7.33 (dd; 8.7, 4.6 Hz, 1H), 7.30 (dd,= 10.0,
2.2 Hz, 1H), 7.26 (s, 1H), 7.23 — 7.13 (m, 4H),16(&1,J = 9.2, 2.4 Hz, 1H), 3.40 (d,
J=11.2 Hz, 2H), 3.13 — 3.07 (m, 2H), 3.04 — 2.87 4H), 2.83 (q,) = 14.0 Hz, 2H),
2.69 (t,J = 7.3 Hz, 2H), 2.03 (df] = 14.9, 7.4 Hz, 2H):*C NMR (150 MHz, DMSO)
$ 162.66 (d,J = 242.0 Hz), 158.99 (d, = 239.0 Hz), 157.11 (d,= 229.5 Hz), 145.33
(s), 141.51 (dJ = 7.8 Hz), 135.44 (d] = 6.6 Hz), 133.45 (s), 130.95 (#= 8.3 Hz),
127.64 (d,J = 9.6 Hz), 125.15 (s), 121.23 (@~ 8.1 Hz), 118.21 (d) = 22.8 Hz),
115.71 (dJ = 21.5 Hz), 115.57 (d] = 20.7 Hz), 114.87 (d] = 20.7 Hz), 113.61 (d
= 4.4 Hz), 112.78 (d) = 9.6 Hz), 109.50 (d] = 26.0 Hz), 103.50 (d] = 22.7 Hz),
55.84 (s), 51.34 (s), 48.19 (s), 24.13 (s), 2297 KRMS calcd for GHoeNsFs
[M+H]*, 450.2157; found, 450.2158.

4.1.15.4 3-(3-(4-(3',6-difluoro-[1,1'-biphenyl]spiperazin-1-yl)propyl)-5-fluoro-
1H-indole hydrochlorideZll)

Yield 61 % as a white solid. Mp: 197-199. MS (ESI)m/z 450.24 [M+HT.

'H NMR (400 MHz, DMSO)$ 10.97 (s, 1H), 7.56 — 7.47 (m, 1H), 7.43 — 7.19 (m



7H), 7.01 (ddJ = 18.4, 8.8 Hz, 2H), 6.91 (td,= 9.2, 2.5 Hz, 1H), 3.38 — 3.34 (m,
2H), 3.11 — 2.97 (m, 6H), 2.76 — 2.65 (m, 4H), 2-06.95 (m, 2H)*C NMR (150
MHz, DMSO) § 162.51 (dJ = 242.0 Hz), 160.05 (dl = 242.0 Hz), 157.11 (d] =
229.5 Hz), 150.80 (d] = 4.7 Hz), 135.47 (d] = 8.0 Hz), 133.44 (s), 130.83 (@=
8.3 Hz), 130.54 (d] = 10.4 Hz), 127.63 (dl = 9.6 Hz), 126.64 (s), 125.15 (s), 121.34
(d, J = 15.2 Hz), 117.22 (d] = 21.8 Hz), 115.43 (s), 115.01 (#= 20.8 Hz), 113.61
(d,J = 4.4 Hz), 112.77 (d) = 9.6 Hz), 110.89 (dJ = 23.1 Hz), 109.49 (d] = 26.0
Hz), 103.50 (dyJ = 22.7 Hz), 55.83 (s), 51.23 (s), 47.80 (S), 24)022.26 (S).

HRMS calcd for GH,eNsFs [M+H]*, 450.2157; found}50.2158.

4.1.15.5 3-(3-(4-(3',4-difluoro-[1,1'-biphenyl]spiperazin-1-yl)propyl)-5-fluoro-
1H-indole hydrochlorideZ1m)

Yield 64 % as a white solid. Mp: 233-232. MS (ESI)m/z 450.20 [M+H]. H
NMR (400 MHz, DMSO) 10.97 (s, 1H), 7.52 — 7.44 (m, 2H), 7.42 — 7.23 %),
7.21- 7.15 (m, 1H), 7.01 — 6.87 (m, 3H), 3.40J¢; 12.4 Hz, 2H), 3.15 — 3.06 (m,
4H), 3.04 — 2.81 (m, 4H), 2.69 @,= 7.3 Hz, 2H), 2.08 — 1.94 (m, 2HfC NMR
(150 MHz, DMSO)5 162.84 (d,) = 243.9 Hz), 162.78 (d,= 242.0 Hz), 157.11 (d,

= 229.5 Hz), 150.64 (d] = 8.6 Hz), 142.22 (dJ = 7.8 Hz), 133.45 (s), 133.37 (s),
131.08 (d,J = 8.1 Hz), 129.20 (s), 127.63 (d,= 9.8 Hz), 125.16 (s), 124.90 (s),
115.41 (d,J = 21.8 Hz), 114.45 (d} = 20.7 Hz), 113.60 (d] = 4.2 Hz), 112.77 (d] =
9.5 Hz), 110.03 (dJ = 20.7 Hz), 109.50 (d] = 26.1 Hz), 106.63 (d] = 23.4 Hz),
103.50 (d,J = 22.7 Hz), 55.84 (s), 51.04 (s), 47.60 (s), 2492 22.27 (s). HRMS
calcd for G7H2eN3F3 [M+H] ", 450.2157; found, 450.2157.

4.1.15.6  5-fluoro-3-(3-(4-(5-fluoro-[1,1'-bipheliw2-yl)piperazin-1-yl)propyl)-1H-
indole hydrochlorideZ1n)

Yield 68 % as a white solid, the purity was 98.39aHPLC analysis. Mp: 215-21€.
MS (ESI)m/z 432.24 [M+H]. 'H NMR (400 MHz, DMSO) 10.98 (s, 1H), 7.68 —
7.64 (m, 2H), 7.45 (t) = 7.5 Hz, 2H), 7.40 — 7.25 (m, 4H), 7.20 — 7.08 &), 6.91
(td, J = 9.2, 2.5 Hz, 1H), 3.37 (d,= 12.1 Hz, 2H), 3.12 — 3.05 (m, 2H), 3.02 — 2.97



(m, 4H), 2.89 — 2.77 (m, 2H), 2.69 {t= 7.4 Hz, 2H), 2.08 — 1.98 (m, 2HYC NMR
(100 MHz, DMSO)s 158.48 (dJ = 238.7 Hz), 156.60 (d} = 229.4 Hz), 144.75 (s),
138.70 (s), 136.16 (d] = 7.5 Hz), 132.94 (s), 128.57 (s), 128.34 (s),.327(s),
127.12 (d,J = 9.7 Hz), 124.66 (s), 120.44 @@= 8.5 Hz), 117.57 (dJ = 22.7 Hz),
114.48 (dJ = 21.5 Hz), 113.08 (dl = 4.6 Hz), 112.27 (d] = 9.7 Hz), 109.00 (d] =
25.9 Hz), 103.00 (d] = 22.7 Hz), 55.34 (s), 50.79 (s), 47.54 (s), 239021.77 (s).
HRMS calcd for GH,/NsF, [M+H] ¥, 432.2251; found, 432.2249.

4.1.16 Procedure P. 4-chloro-1-(5-fluoro-1-tosyl-ittiol-3-yl)butan-1-on€3

To an ice-cold solution of 5-fluoro-1-tosyl-1H-indo22 (3 g, 10.36 mmol) in
CH.CI, (45 mL) was added AlGI(1.52 g, 11.40 mmol), followed by the addition of
4-chlorobutanoyl chloride (1.6 g, 11.40 mmol) in £ (15 mL). After the addition,
the mixture was stirred at r.t. for 3h. Then reactmixture was poured slowly into
ice-water, then stirred for 15 min. The organiceiayas separated, washed with brine,
dried over NaSQ,, filtered and concentrated. The residue was patrifoy column
chromatography on silica gel (PE/EtOAc = 5/1, VAg) give compound3. Yield
( 2.65 g, 65 %) as a white solid. Mp: 127-229 MS (ESI)m/z 394.07 [M+H]. 'H
NMR (400 MHz, CDC}) § 8.29 (s, 1H), 8.00 (dd}, = 9.1, 2.6 Hz, 1H), 7.88 (dd,=
9.1, 4.3 Hz, 1H), 7.83 (dl = 8.4 Hz, 2H), 7.30 (d] = 8.1 Hz, 2H), 7.11 (td] = 9.0,
2.6 Hz, 1H), 3.68 (tJ = 6.2 Hz, 2H), 3.10 (tJ = 7.0 Hz, 2H), 2.39 (s, 3H), 2.31 —
2.18 (m, 2H).

4.1.17 Procedure Q. 3-(4-chlorobutyl)-5-fluoro-1sy-1H-indole24

To a stirred solution of 4-chloro-1-(5-fluoro-1-y¢< H-indol-3-yl)butan-1-one23
(2.5g, 6.34 mmol) in trifluoroacetic acid (45 mLpsvadded dropwise HSE2.2 g,
19.04 mmol) at OC. After the addition, the mixture was stirred at@for 30 min,
then heated to 58C for 3 h. The reaction mixture was concentratedearreduced
pressure, then water (40 mL) was added. The raguftiixture was stirred at r.t. for
30 min, much yellow solid precipitated. The mixtuweas filtered, the residue was

washed with water, dried in vacuo to give an palew solid. The solid was



recrystallized from EtOAc to give the desired pradiield (1.39g, 58 %) as a white
solid. Mp: 104 - 105C. MS (ESI)m/z 402.05 [M+Na]. 'H NMR (400 MHz, CDC})
§7.92 (ddJ = 9.0, 4.4 Hz, 1H), 7.71 (d,= 8.4 Hz, 2H), 7.35 (s, 1H), 7.21 @= 8.1
Hz, 2H), 7.10 (ddyJ = 8.8, 2.5 Hz, 1H), 7.03 (td,= 9.0, 2.5 Hz, 1H), 3.59 — 3.50 (m,
2H), 2.64 (dd,J = 6.9, 6.2 Hz, 2H), 2.34 (s, 3H), 1.83 — 1.79 4ir).

4.1.18 Procedure R. 3-(4-(4-(3',5-difluoro-[1,1pbienyl]-2-yl)piperazin-1-yl)butyl)-
5-fluoro-1-tosyl-1H-indol&5

A mixture of 3-(4-chlorobutyl)-5-fluoro-1-tosyl-1khdole 24 (1g, 2.63 mmol),
phenylpiperazine derivativeof (0.79 g, 2.89 mmol) , ¥CO; (0.73 g, 5.26 mmol)
and Kl (44 mg, 0.26 mmol) in DMF (30 mL) was stirat 100°C for 12 h. The
solvent was removed under reduced pressure, thevl 30 mL) was added. The
mixture was washed with water and brine, dried @rdrydrous NgQ,, filtered and
concentrated. The residue was purified by columrorolatography on silica gel
(DCM/MeOH = 100/1, VIV) to give compoungb as a yellow solid. Yield (1.21 g,
75 %). Mp: 64 - 65C. MS (ESI)m/z 618.23 [M+H]. *H NMR (400 MHz, CDCJ) &
7.90 (ddJ = 9.0, 4.4 Hz, 1H), 7.70 (d,= 8.4 Hz, 2H), 7.43 — 7.31 (m, 4H), 7.19.4d,
= 8.1 Hz, 2H), 7.10 (dd] = 8.8, 2.5 Hz, 1H), 7.04 — 6.96 (m, 5H), 2.80)(t 4.7 Hz,
4H), 2.59 (tJ = 7.4 Hz, 2H), 2.37 — 2.29 (m, 7 H), 1.69 — 1.68 &4H), 1.54 — 1.47
(m, 2H).

4.1.19 Procedure S. 3-(4-(4-(3',5-difluoro-[1,1pbenyl]-2-yl)piperazin-1-yl)butyl)-
5-fluoro-1H-indole hydrochlorid@6

A  mixture of 3-(4-(4-(3',5-difluoro-[1,1'-biphenyR-yl)piperazin-1-yl)butyl)-
5-fluoro-1-tosyl-1H-indole25 (1.2 g, 1.94 mmol), 4N NaOH solution (4.8 mL) ireth
co-solvent of EtOH (30 mL) and THF (5 mL) was stitrat 80°C for 12h. After
cooling to room temperature, the solvent was ewatpdr then the residue was diluted
with CH,Cl, (60 mL). The mixture was washed with water anddyridried over
anhydrous Nz50y, filtered and concentrated. The residue was marifoy column

chromatography on silica gel (DCM/MeOH = 100/1, YAg give compoun@6. The



compound26 was dissolved in EA (30 mL), then hydrogen chloratbyl acetate
solution (2N, 2 mL) was added dropwise. The mixtwes stirred at r.t. for 12h, then
filtered. The residue was washed with EtOAc andHEE@parately dried in vacuo to
give compoun®6 hydrochloride as white solid. Yield (0.56 g, 58.%)p: 249-250
°C. MS (ESl)m/z 464.23 [M+HT. 'H NMR (400 MHz, DMSO)$ 7.57 — 7.43 (m,
3H), 7.32 (dd,) = 8.8, 4.6 Hz, 1H), 7.28 — 7.14 (m, 6H), 6.89 (t&; 9.2, 2.5 Hz, 1H),
3.37 (d,J = 12.0 Hz, 2H), 3.15 — 2.94 (m, 6H), 2.89 — 2.7 RH), 2.67 (tJ= 7.1
Hz, 2H), 1.76 — 1.56 (m, 4H}3C NMR (150 MHz, DMSO) 162.66 (dJ = 242.0
Hz), 158.99 (d,J = 239.0 Hz), 157.06 (d, = 229.4 Hz), 145.34 (s), 141.51 (t= 7.8
Hz), 135.49 (dJ = 7.2 Hz), 133.43 (s), 130.94 @@= 8.3 Hz), 127.71 (d] = 9.6 Hz),
125.13 (s), 125.02 (s), 121.27 (b= 8.1 Hz), 118.20 (d] = 23.0 Hz), 115.72 (d] =
22.2 Hz), 115.58 (dJ = 21.6 Hz), 114.86 (d] = 20.7 Hz), 114.65 (d] = 4.4 Hz),
112.72 (d,J = 9.6 Hz), 109.35 (dJ = 25.8 Hz), 103.40 (d] = 22.7 Hz), 55.71 (s),
51.28 (s), 48.16 (s), 27.36 (s), 24.52 (s), 2399 KRMS calcd for GHogNsFs
[M+H] *, 464.2314; found, 464.2318.

4.1.20 Procedure T. General procedure for the prapan of compound&0a-h

A mixture of biphenyl amin7 (90 mmol), Bis(2-chloroethyl)amine hydrochloride
28 (90 mmol), kCO;3 (90 mmol) and KI (90 mmol) in xylene (450 mL) wstgred at
140°C for 48 h. After cooling to room temperature, fudvent was evaporated, then
DCM (150 mL) was added. The mixture was washed waker and brine, dried over
anhydrous Nz5Q,, filtered and concentrated. The residue was marifoy column

chromatography on silica gel (DCM/MeOH = 20/1, VAg)give compoun@O.

4.1.20.1 1-(2'-fluoro-[1,1'-biphenyl]-2-yl)piperar @0a)

Yield (22 %) as a yellow solid. Mp: 63-6&. MS (ESI)m/z 257.23 [M+HT.

'H NMR (400 MHz, CDCJ) & 7.47 (td, J = 7.5, 1.8 Hz, 1H), 7.36 — 7.31 (m),1H
7.31 — 7.23 (m, 2H), 7.19 — 7.13 (m, 1H), 7.13667(m, 3H), 2.80 — 2.77 (m, 4H),
2.71 - 2.68 (m, 4H).



4.1.20.2 1-(3'-fluoro-[1,1'-biphenyl]-2-yl)piperaz Q0b)

Yield (38%) as a white solid. Mp: 223-Z24 MS (ESl)m/z 257.18 [M+H]. H
NMR (400 MHz, CDC}) § 7.41 — 7.30 (m, 3H), 7.28 — 7.26 (m, 1H), 7.242371m,
1H), 7.15 (tJ = 7.1 Hz, 1H), 7.07 — 6.98 (m, 2H), 3.13 — 3.06 &).

4.1.20.3 1-(3'-methyl-[1,1'-biphenyl]-2-yl)piperazi 0c)

Yield (41 %) as a pale-yellow solid. Mp: 172-1C4 MS (ESI)m/z 253.21 [M+H]T.

'H NMR (400 MHz, CDC}) § 7.36 (d,J = 7.7 Hz, 1H), 7.31 — 7.28 (m, 2H), 7.28 —
7.27 (m, 1H), 7.25 — 7.23 (m, 1H), 7.16 — 7.09 2#d), 7.01 (d,J = 7.4 Hz, 1H), 3.15
—3.10 (m, 4H), 3.07 — 3.04 (m, 4H), 2.39 (s, 3H).

4.1.20.4 1-(4'-methyl-[1,1'-biphenyl]-2-yl)piperaz 0d)

Yield (39%) as a white solid. Mp: 253 - 2%2. MS (ESI)m/z 253.19 [M+H]. *H
NMR (400 MHz, CDC}) 6 7.42 (d, J = 8.0 Hz, 2H), 7.29 (dd, J = 7.7, 15 kH),
7.24 (dd, J =7.6, 1.6 Hz, 1H), 7.21 (d, J = 7.9 1), 7.13 (td, J = 7.5, 0.8 Hz, 1H),
7.01(d, J = 7.9 Hz, 1H), 3.13 — 3.10 (m, 4H), 3-03.05 (m, 4H), 2.38 (s, 3H).

4.1.20.5 2'-(piperazin-1-yl)-[1,1'-biphenyl]-4-cashitrile (20e)

Yield (33%) as a white solid. Mp: 259-280. MS (ESI)m/z 264.14 [M+H]. *H
NMR (400 MHz, CDC}) 6 7.74 — 7.66 (m, 4H), 7.38 (td,= 8.1, 2.0 Hz, 1H), 7.26 —
7.17 (m, 2H), 7.10 (d] = 7.9 Hz, 1H), 3.16 — 3.04 (m, 8H).

4.1.20.6 1-(3',5-difluoro-[1,1'-biphenyl]-2-yl)pipgzine QO0f)

Yield (36%) as a white solid. Mp: 253 - 2%2. MS (ESI)m/z 275.14 [M+H]. *H
NMR (400 MHz, CDC}) § 7.43 — 7.36 (m, 1H), 7.29 (d,= 7.7 Hz, 1H), 7.22 (d] =
9.8 Hz, 1H), 7.08 — 6.96 (m, 4H), 3.09 (s, 8H).

4.1.20.7 1-(3',6-difluoro-[1,1'-biphenyl]-2-yl)pip&zine 0g)
Yield (27%) as a pale-yellow solid. Mp: 181 - 182 MS (ESI)m/z 275.22 [M+H]T.
'H NMR (400 MHz, CDC}) 6 7.42 (dd,J = 14.0, 7.9 Hz, 1H), 7.33 — 7.27 (m, 1H),



7.22 (d,J = 7.6 Hz, 1H), 7.15 (d] = 9.7 Hz, 1H), 7.06 (td] = 8.4, 2.3 Hz, 1H), 6.93
(t, J= 8.7 Hz, 1H), 6.85 (d] = 8.1 Hz, 1H), 3.18 — 3.15 (m, 4H), 3.07 — 3.05 4i).

4.1.20.8 1-(3',4-difluoro-[1,1'-biphenyl]-2-yl)pip&zine Q0h)

Yield (23%) as a yellow solid. Mp: 104-165. MS (ESl)m/z 275.17 [M+H]. *H
NMR (400 MHz, CDC}) § 7.42 — 7.35 (m, 1H), 7.29 (s, 1H), 7.22 — 7.18 i),
7.03 (td,J = 8.4, 1.9 Hz, 1H), 6.86 (td,= 8.2, 2.4 Hz, 1H), 6.76 (dd,= 10.5, 2.4 Hz,
1H), 3.17 — 3.10 (m, 8H).

4.1.20.91-(5-fluoro-[1,1'-biphenyl]-2-yl)piperazir{20i)

Yield (38%) as a white solid. Mp: 254 - 2%5. MS (ESI)m/z 257.14 [M+H]. *H
NMR (400 MHz, CDC}) § 7.51-7.48 (m, 2H), 7.44 — 7.38 (m, 2H), 7.36 -07(B),
1H), 6.99 (dJ = 7.5 Hz, 3H), 3.06 (s, 8H).

4.2 Biology evaluation
4.2.1 In vitro binding assays
4.2.1.1 5-HT reuptake

The synaptosomes (150 pg) are incubated for 15 ahiB7°C with 0.1 pCi
[*H]serotonin in the absence (control) or presencethef test compound or the
reference compound in a buffer containing 106.2 N&CI, 4.5 mM KCI, 2.25 mM
MgSQ,, 1.08 mM NaHPO,, 22.5 mM NaHCG@ 9.9 mM glucose, 9 uM EGTA and
45 uM ascorbic acid (pH 7.4). Basal control acyivg determined by incubating the
same mixture for 15 min at 4°C in the presence ®{uM imipramine to block the
uptake. Following incubation, the samples arerfiterapidly under vacuum through
glass fiber filters (GF/B, Packard) and rinsed awvigith ice-cold incubation buffer
using a 96-sample cell harvester (Unifilter, Padkdo eliminate free*H]serotonin.
The filters are dried and the retained radioagtivé measured in a scintillation
counter (Topcount, Packard) using a scintillationktail (Microscint 0, Packard).The
results are expressed as a percent inhibition efctntrol uptake of*H]serotonin.

The standard inhibitory reference compound is iamgne, which is tested in each



experiment at several concentrations to obtaimhibition curve from which its 16

value is calculatédf.

4.2.1.2 5-HTa receptor

Cell membrane homogenates (36 pug protein) are atedbfor 60 min at 22°C
with 0.3 nM PH]8-OH-DPAT in the absence or presence of the ¢estpound in a
buffer containing 50 mM Tris-HCI (pH 7.4), 10 mM 8@y, 0.5 mM EDTA and 2
pg/ml aprotinine. Nonspecific binding is determinegd the presence of 10 uM
8-OH-DPAT. Following incubation, the samples aréefed rapidly under vacuum
through glass fiber filters (GF/B, Packard) presmbhkvith 0.3% PEI and rinsed
several times with ice-cold 50 mM Tris-HCI using 9%&-sample cell harvester
(Unifilter, Packard). The filters are dried thenuoted for radioactivity in a
scintillation counter (Topcount, Packard) usingcatillation cocktail (Microscint O,
Packard). The results are expressed as a perdebition of the control radioligand
specific binding. The standard reference composr&t®H-DPAT, which is tested in
each experiment at several concentrations to olstaiompetition curve from which

its 1Cx is calculated®.

4.2.1.3 5-H7 receptor

Cell membrane homogenates (24 ug protein) are atedbfor 120 min at 22°C
with 4 nM [H] LSD in the absence or presence of the test comgban a buffer
containing 50 mM Tris-HCI (pH 7.4), 10 mM Mg3Cand 0.5 mM EDTA.
Nonspecific binding is determined in the presenéel® pM 5-HT. Following
incubation, the samples are filtered rapidly uneezuum through glass fiber filters
(GF/B, Packard) presoaked with 0.3% PEI and rirsmagkral times with ice-cold 50
mM Tris-HCI using a 96-sample cell harvester (Utefi Packard). The filters are
dried then counted for radioactivity in a scintiben counter (Topcount, Packard)
using a scintillation cocktail (Microscint 0, Pacita The results are expressed as a
percent inhibition of the control radioligand sgecbinding. The standard reference

compound is 5-HT, which is tested in each experinarseveral concentrations to



obtain a competition curve from which itssids calculateld®.

4.2.1.4 al-Adrenoceptor

Membrane homogenates of cerebral cortex (160 pgipjcare incubated for 60
min at 22°C with 0.25 nM ®H]prazosin in the absence or presence of the test
compound in a buffer containing 50 mM Tris-HCI (pt#), 150 mM NaCl, 5 mM
EDTA and 0.1% BSA. Nonspecific binding is deternaine the presence of 0.5 uM
prazosin. Following incubation, the samples ar¢eri@d rapidly under vacuum
through glass fiber filters (GF/B, Packard) presshkvith 0.3% PEI and rinsed
several times with ice-cold 50 mM Tris-HCI using 9%-sample cell harvester
(Unifilter, Packard). The filters are dried thenuoted for radioactivity in a
scintillation counter (Topcount, Packard) usingcantdlation cocktail (Microscint 0,
Packard). The results are expressed as a perdebition of the control radioligand
specific binding. The standard reference compowng@razosin, which is tested in
each experiment at several concentrations to olstaiompetition curve from which

its 1Cs is calculated™.

4.2.2 Metabolic Stability test

Solutions preparation: The stock solutions of test article and positbemtrol were
prepared at a concentration of 10 mM using DMS@limgents. All stock solutions
were then diluted to working concentrations at 028 with 70% acetonitrile. The
cofactor used in this study was NADPH regenerasiygfem, that was composed of
6.5 mM NADP, 16.5 mM G-6-P, 3 U/mL G-6-P Dhe quench reagent was consisted
of acetonitrile containing tolbutamide and propahdkserve as internal standard).
The buffer used in this study was 100 mM, phospbatger with 3.3 mM MgCl.
Incubation mixtures containing 0.5 mg/mL liver nusomal protein and &M test
article/positive control in 200 mM potassium phosehbuffer.

Assay procedure: The O-minute samples were prepared by additio@mB0 pL
aliquot of each incubation mixture to 300 pL quenehgent to precipitate proteins.

The samples were vortexed, and then a 20 uL aligiithe NADPH regenerating



system was added in. The reaction was initiateddaition of 80 pL of the NADPH

regenerating system to 320 pL of each incubatiorture. The final incubation

conditions achieved in 400 pL are: 0.5 mg/mL msomal protein, 1 uM test

article/positive control, 1.3 mM NADP, 3.3 mM glsm 6 phosphate, 0.6 U/mL
glucose 6 phosphate dehydrogenase. The mixtures weubated in a 37°C water
bath with gentle shaking. A 100 pL aliquot of eaaixture was removed at 10, 30, 90
minutes to a clean 96-well plate which contains BQ0guench reagent to precipitate
proteins, and centrifuged (4000 xg, 10 min®0 L of supernatant are taken into
96-well assay plates pre-added with 160 pL ultrapuater, and then analyzed by
LC-MS/MS™3,

4.2.3 Measurement of antidepressant efficacy insadorced swim test (FST).

To evaluate the antidepressant efficacy of the @umgs, depressive-like states
of the mice in forced swim test were measured aliegrto the methods described by
Porsolt et al* Mice were placed in an inescapable transpareimdrjdal tanks (30
cm height x 20 cm diameters) filled with water @3°C , 15 cm depth) and their
escape related mobility behavior is measured. Mveee administered to vehicle,
vortioxetine (40 mg/kg/day) as a positive contesid test compounds (10, 20 and 40
mg/kg/day) for 7 days (PO).The mice were testedaftér the last dose. The test
length for mice is six minutes. Only the last foumutes of the test are analyzed.
During the behavioral analysis, the time that eaciuse spends mobile is measured.
The total amount of mobility time is then subtracteom the 240 seconds of test time
and is then stated as the immobility time. Data wa@alyzed by one way analysis of
variance (ANOVA). *:p<0.05, **:p<0.01, denote a sifjcant difference compared to

vehicle group, Dunnett's post hoc test. Data apeessed as mean + SD.

4.2.4Measurement of antidepressants activity insadail suspension test (TST)
The method, which detects antidepressant actithiy,procedure was performed
essentially as described by Steru et*3.Mice were individually suspended 75 cm

above the tabletop with an adhesive tape placednlfrom the tip of the tail.



Antidepressants decrease the duration of immobilihe behavior of the animal was
recorded for 5 min. Ten-twelve mice were testedeath group. The test was
performed blind. Compounds were typically evaluae® doses (10-40 mg/kg/day),
administered orally once-daily for 7 days: 1h befte test after the last dose, and
compared with a vehicle control group. Venlafax{d® mg/kg/day), administered
under the same experimental conditions, was usétegsositive reference substance.
Data were analyzed by one way analysis of varidAt&OVA) followed by posthoc

comparisons where appropriate. An effect was censdlsignificant if p < 0.05.

4.2.5 hERG test

CHO-K1 (Chinese Hamster Ovary) cells stably tractsfé with human hERG cDNA
were used. The cells were harvested by trypsimizadnd maintained in Serum Free
Medium at room temperature before recording. Tis¢ $elutions were prepared in
the Extracellular Solution on the day of patch glaassay. The assay can tolerate up
to 1% DMSO. After whole cell configuration was aebed, the cell was held at -80
mV. A -50 mV pulse was delivered for 50 ms to meaghe leaking current, which
was subtracted from the tail current on-line. Thencell was depolarized to +20 mV
for 5 s, followed by a 5 s pulse to -50 mV to rdvitee hERG tail current. This
paradigm was delivered once every 15 s to moniter ¢urrent amplitude. The
Extracellular Solution (control) was applied firshd the cell was stabilized in the
solution for 2 min. Then the test compound was iadplfrom low to high
concentrations sequentially on the same cell. Hfis were incubated with each test
concentration for 2 min. Cisapride was tested coeatly at multiple concentrations
to obtain an Ig, value. The percent inhibition of the hERG charisatalculated by
comparing the tail current amplitude before aneraéipplication of the compound

(the current difference is normalized to contfdl)

4.2.6 Pharmacokinetic study
Male SD rats (B&K Universal Group Ltd, China) weneed. For intravenous

administration, prepared dosing solution was imgéctia the femoral vein. The rats



were fasted overnight before drug administratiot amntil 6 h after dosing. For the po
experiment, rats (three in each group) were givesingle dose of 2 mg/kg, and
heparinized samples of blood were collected at3bmin, 1, 2, 4, 6, 8, and 9 h
postdose. For the iv experiment, rats (three irh egroup) were given a single 0.5
mg/kg dose, and blood samples were collected 46530 min, 1, 2, 4, 6 and 8 h
postdose. Plasma was harvested after centrifugatmohstored frozen at -40 until
analyzed. The concentrations of compounds in plasseme determined by
LC/MS/MS (API3200). The results are shown as th&imam plasma concentration
(Cma), the time to reach peak plasma concentratigi,f;,Tterminal half-life (1,,), and

the area under the plasma concentration-time cimwe zero to time infinity

(AU C:O-inf)-
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Table1
5-HT;4 and 5-HT, Receptor Binding and 5-HT Reuptake Inhibitionarfyet compounds

Ar/\H/\N/\ R
m K/N 2

3

1 |/—R2

4
5

RUI 5-HTia 5-HT;

Compd. Ar R R m

(ICs0, NM) (Ki, nM) (Ki, nM)

6a Qj{ OCH;, H 0 110.3% 98.5%° 85.6%°
(e}
6b Qj{ SCH, H 0 112.3% 99.7%" 86.8%°
g
6c Qj{ Ph H o0 210 99.5%* 102.3%
g
6d Qj{ H 3-Ph 0 99.49% 97.5% 71.9%°
g
1 w Ph H O 2900 97.7% 96.4%°
(0]
15 " Ph H O 190 97.6%" 93.79%"
o8
N
H
21a _ Ph H o0 116 0.53° 0.26°
1O
N
H
21b _ 4-F-Ph H o0 598 101.29%¢  94.9%
:\;
N
H
21c _ 4CHsPh H 0 1706 100.99%¢  99.5%
:\;
N
H
21d _ 4-OCH-Ph H 0 82.8% 99.204 94.7%"
:\;
N
H
21e _ 4-CN-Ph H 0 84.2% 99.5% 97.3%
:\;
N
H
21f _ 3-F-Ph H 0 150 5.6° 0.79°
1O
N
H
21g _ 3CHsPh H 0 160 98.1%° 97.3%"
:\;
N
H




21h - 2-F-Ph H 0 96 25° 2.3°
19}
N
H

21i - Ph H 1 7.8 13° 1.1°
19}
N
H

21j - 3-F-Ph H 1 42 8.1° 1.1°
19}
N
H

21k - 3-F-Ph 4-F 1 ul 62° 12°
199}
N
H

21 - 3-F-Ph 3-F 1 16 18° 0.55°
194}
N
H

21m - 3-F-Ph 5F 1 9.4 15° 2.6°
194}
N
H

21n - Ph 4-F 1 28 28 3.3°
194}
N
H

26 - 3-F-Ph 4-F 2 120 96.0%° 97.5%"
194}
N
H

Vortioxetine 2.9° 9.5° 26°

& Percent inhibition measured at a concentratiatOgfM.

b ICs0 and K values were obtained from 8 concentrations ottmapound, each in duplicate.

(Binding assays were conducted by Eurofins CerepCHe L'Evescault, France).

Table 2

Rat Liver Microsomal Metabolic Stability Assay

Compd. 1/ (min) CL (uL/min/mg)
2la 6.1 225.6
21b 9.6 143.7
21f 9.0 154.7
21h 4.0 343.1
21] 27.7 50.0
21k 56.8 24.4
21l 26.9 51.5
21m 28.8 48.1

21n 46.5 29.8



\ortioxetine 9 153.2
Omeprazole 8.5 162.6

Table 3

Binding Affinity for a1-Adrenoceptor for Selected Compound

Compd.

o1

(Ki! nM)

5-HT1A/(11

21n 28 1

Prazosin 0.15
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Fig. 5. Effect of treatment of mice with compoun@ik and 21n at graded doses on the

immobility time in the

forced swim test. Resulte aepresented as mean £ SEM. with n = 10 in

each group. Values are significant at *P < 0.0%, ¥0.01 when compared with vehicle group.
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Fig. 6. Effect of treatment of mice with compougtin at graded doses on the immobility time in
the tail suspension test. Results are represestatean + SEM. with n = 10 in each group. Values

are significant at *P < 0.05, **P < 0.01 when comguhwith vehicle group.

Table4

Pharmacokinetic parameters of compoZ2il

Dose  AUCpy AUCp. MRTey Ve Clye T2z Tmax  Crmax F (%)

(mg/kg) (ngh/mL) (ngh/mL) (h) (L/kg)  (L/hikg) (h)  (h)  (ng/mL)

2 (po) 536.1 898.2 4.3 171 2.4 6.1 17 86.7 68.5%

0.5 (iv) 286.7 327.8 1.9 7.4 15 33 01 342.4




Highlights

® A seriesof aralkyl piperazine derivatives have been synthesized.

® All compounds were evaluated for SSRI/5-HT1a/5-HT7 activities in vitro.

® The potent compounds were screened using the forced swimming test and the tail
suspension test in vivo.

® Compound 21n displayed a good pharmacokinetic properties and potent

antidepressant-like profilesin vitro and in vivo.



