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Abstract

A series of novel benzamide derivatives, alterimg 4-fluorophenylalkyl moiety in cisapride, werenghesized
as 5-HT, receptor agonists, and SAR of these analogs wasierd orin vitro andin vivo prokinetic activities.
These compounds were synthesized for high 34d€eptor binding affinities and low hERG affingieSeveral
types of analogs were obtained and screened fof Ssiding, hERG blocking, agonism, and gastric enmgty
assessment. Among the analogues, comp@3gdshowed promising results compared with the otimelogs
with respect to gastric emptying rates in rats.réfere, we suggest that it may be a clinical caatidor the

development of a potent prokinetic agent to treladi€orders.

Keywords: 5-HT,, hERG inhibition, gastric emptying rate, prokicets! disorder
1. Introduction

Serotonin (5-hyroxytryptamine, 5-HT) functions agtba hormone and a neurotransmitter, interacting
with different receptors [1-4]. There exist sevemambers of the serotonin receptor family, whichpéhy
important roles in various disorders. In particulire role and distribution of 5-HTreceptors within the
gastrointestinal (Gl) tract have been well-estéiglis in different species including humans, guingg 5],
mice [6], and rats [7]. Due to its potential rolascentral and peripheral disorders, 5;HBs been an attractive
target for the treatment of Gl disorders such atable bowel syndrome, chronic constipation, ggsaresis,

dyspepsia, and gastroesophageal reflux disease [8].

Dyspepsia is defined as pain or discomfort in tipper abdomen [9]. In particular, functional
dyspepsia is associated with abnormalities in gastrduodenal physiology, including abnormal séwisy to
gastric acid, delayed gastric emptying, impairedtrga accommodation, and visceral hypersensitii@x11].

Prokinetic agents such as 5-Hdgonists are potential therapeutic agents to teédtact disorders including



functional dyspepsia (Figure 1)[12, 13]. Of therementative prokinetic agents, cisapride (PropUf§idvas
launched in 1988 and has shown potent effects tierga with Gl disorders [14-16]. However, cisagridas
withdrawn from the US market in 2000 as a resultadfierse cardiovascular effects associated with QT

prolongation due to the fact that it is a potewicker of the hERG (human ether-a-go-go related Jgelmennel
[17, 18].
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Figure 1. Examples of known prokinetic agents (5-tdgonists).

cis-4-Amino-5-chloro-2methoxy-N-(3-methoxypiperidinlbenzamide  dis-norcisapride) is a
metabolite of cisapride [19], and a pharmacophbat is a potential 5-H;Treceptor agonist and a potential 5-
HT3 receptor antagonist [20]. Moreoveis-norcisapride does not bind the hERG channely,(#C10 uM). The
portion of cisapride that binds to the 5-HEceptor can be divided into parts A and B (Fig2r¢21]. Part A
containscis-norcisapride and part B contains linkers with fimal groups. We expected, as shown in figure 2
(c), that modifying part B into adequate structunegy result in an enhanced binding affinity to BeliT,
receptor and a reduced inhibition of the hERG mitas ion channel.
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Figure 2. (a) The pharmacophore parts of cisapride, knowprekinetics, bind to the 5-HTreceptor; (b) part Acis-norcisapride is a

known 5-HT, receptor agonist and a partial 5-H&ceptor antagonist; (c) part B, three main stmest of novel benzamide derivatives.

2. Results and discussion
2.1. Chemistry

Our approach was to examine various linkers andtiomal groups in cisapride part B that show
effective binding affinity and agonism to the 5--fEceptor, but are not hERG blockers. Herein weriles the

synthetic strategy and structure-activity relatlips (SAR) of diverse benzamide derivatives as 3-té€eptor

agonists.
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Scheme 1Reagents and conditions: (a) Phl(CA®OH, MeOH, 0°C for 30 min, then r.t. 3 h, 71%) (taH, Mel, DMF, 0°C for 30 min,
then r.t. 4 h, 75%; (c) 5%480,, r.t., 78%; (d) NaBECN, NH,OAc, MeOH, 80°C, 3 h, 35%; (e) TEA, EDC, HOBt, DM#,, 5 h, 83%; (f)

KOH, 2-propanol, 0°C for 15 min, then reflux foh672%. Compound 1 and 6 are commercially available

Initially, we synthesized compoung, well-known as cis-norcisapride by following theute as
depicted in Scheme 1 [22, 23]. Further, we modifgedt B of the pharmacophore by incorporating three
different types of moieties such as alkyl heterbaalkyl amide, and alkyl piperidinyl groups intermpound8
as shown in Scheme 2. Compourdda-econtaining alkyl heteroaryl moieties were synthedias shown in
Scheme 2A. 1-Bromo-3-chloropropane underweg® $eaction with heteroaryl compounds like pyrrole,
imidazole, triazole, and tetrazole to provide comms10a-e,which were coupled with compouBdo give the
desired productd3a—e. Subsequently, we synthesized the alkyl amidevdtvies 17a-d using the strategy
shown in Scheme 2B. Acryloyl chloride in the presenf triethylamine reacted with cyclic amines tovpde
the corresponding amideka-d, which upon coupling with compoun8 in ethanol at room temperature
furnished the desired compouriza—d.

In addition, compound®3a-0 containing alkyl piperidinyl groups were synthesizusing the
synthetic routes depicted in Scheme 2C. Substitpiigeridinyl alcoholsl8a-c were reacted with different acyl
chlorides to afford the corresponding amid€s-o. Subsequently, the free hydroxyl group of the @&widas
substituted with either mesylat@®a-i or halides21j—0. Compound20a+, 21j—k, and21n-o0 were coupled
with compound to afford the product®3a-i, 23j—k, and23n-0, respectively. Additionally, compoun@4Fm
were converted to the sulfur analogues by Lawessogagent to furnish the thioamid2gm, which on

reaction with compoun@® provide the thio-substituted compoun23-m. All compounds were purified by



column chromatography and characterized by and *C

characterization are provided in the experimergatisn.

NMR. Detailed experimental procedures and
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Scheme 2 Reagents and conditions: (a) NaH, DMF, 0°C for 20, ithhen r.t. 8 h; (b) BCOs, Kl, DMF, 90°C, 12 h; (c) BN, CH,Cl,, from

0°Ctor.t., 2 h; (d) EtOH, r.t.; (e) DIPEA, MeOBH,Cl,, from 0°C to r.t., 3 h; (f) MsCl, BN, CH.Cl,, from 0°C to r.t.; (g) PPhNBS,

DCM, from 0°C to r.t., 12 h; (h) Lawesson’s reagdriF, from 0°C to reflux, 20 h; (i) ¥COs, KI, DMF, 80—100°C.

Further, we also synthesized various salts of beidm derivative23g As depicted in Scheme 3,

compound 23g was reacted with several acids like hydrochlorida hydrobromic acid, citric acid,

methanesulfonic acid, maleic acid, and L-tartaditlan appropriate solvent to furnish the corresping salts

24-29. These acid salts showed good solubility in dedilwater. In addition, single enantiomers28Qg were

prepared using the diastereomeric salt resolutiethad as described in Schemeci4éNorcisapride §) was
separated into the (f9rm and (—form using suitable optically active acids 3BTA and (-)DBTA) [24],
and then 2 reactions betweeB0g and a single enantiomer of cis-norcisapride wesdopmed to obtain
compoundll and12, i.e. the (+¥orm and (=form of 23g,respectively
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2.2. Pharmacological evaluation
2.2.1. Srructure-activity relationship (in vitro and in vivo efficacy, and hERG binding assay)

Structure-activity relationship (SAR) data based ®hT, binding affinity (IGg), hERG binding
affinity (ICsg), and functional potency (pEg for the compoundsl@a-23d) are shown in Table 1. Compounds
containing alkyl heteroaryl functional groupk3é-€) showed relatively low binding affinities for tHeHT,
receptor. Moreover, compound8b, 13c, and13d weakly inhibited hERG. Compounds containing akkgylide
functional groups X7a 17b, and17d) showed lower binding affinities for the 5-HTeceptor than that of
cisapride. However, compouri7c, containing a benzyl group along with an alkylaenidinctional group,
showed dramatically higher binding affinity to tlheHT, receptor than that of cisapride, however, it also
strongly inhibited hERG.

Table 1 SAR for 13a—23d, based on 5-Hiinding affinity (IG), hERG binding (IG), and functional potency (pEgJ.

o N—L
cl
L
0
H,N (|) ~

Functional potency

COmpOUnd L 5-HT,4 (|C50, uM) hERG (leo, HM)
(PECso, UM)
.
cisapride PN Q 0.483 <1 6.99
- O
13a /E\/@ 5.759 >10
13b :LL:\/\’\\‘:\\/N 0.648 6.835 6.17
13¢ AN 1.165 7.261 6.60
\w/
13d }“\/\’ESN 1271 7.711 6.15
-N
13e :‘\/\’Eﬁ 1121 >10
=N
(o]
17a ,a\)LD 0.920 >10
[e]
17b Ja\)L,O 0.560 >10 5.98
[e]
17¢ A\*@\/@ 0.066 3.701 5.22
o]
17d /‘a\)\{j 0.954 >10
O

23a %/—CN—{)_ 0.329 >10 6.42




o

23b "7’1/\0\1)]\/ 0.493 >10 5.81

23c 4 /—CN—/{)_ 0.805 >10

(o]
23d %—CN—{O_ 0.190 10

In accordance with the SAR data for compouB8a-d, consisting of amide derivatives of the alkyl
piperidinyl group in part B, they have higher bimgliaffinities for the 5-HT receptor than that of cisapride and
lower affinities for hERG. The 4-piperidyl analo§ @ompound23a displayed a higher binding affinity and
functional potency value (pEg for the 5-HT, receptor than that of 3-piperidyl derivati28b. Furthermore, a
comparison betweeP3aand23cillustrated that the —CH linker was better for 5-H;binding than —CHCH,—
in these series. Interestingly, introducing carbienpeotection to the piperidinyl nitrogeB3d) improved 5-HT,
receptor binding affinity and did not affect hER@®ding. Thus, the initial SAR results for compourids-23d
revealed that benzamide derivatives, which are o ofcis-norcisapride (part A) and piperidine analogs,

have potential as long as the nitrogen does nasaattertiary amine (part B).

Table 2. Pharmacological evaluation of N-substituted pgieyl methoxypiperidine benzamide derivatives.

o N/\G
| N
H,N (|) RN

Gastric empting rate %

Compound p 5-HT 4 ICs0(UM) hERG (ICso, HM) .
(rat iv 5mg/kg, normal model)
cisapride - 0.483 <1 57.1
(e}
23e 0.592 >10 395
s\
o
23a 0.329 >10 57.8
s
¢}
23f 0.178 >10 48.6
,’ILJJ\/\
o
23g /EJH/ 0.134 >10 59.1

23h }ik’< 0.118 >10 56.4

(0]
23 k)\ 0.078 10 54.3
>

o)
23d 0.190 >10 56.2
f’zﬂ\o/
o)
23j 0.377 4.580 55.9
}*}Lo/\
0
23k 0.134 <1 57.7




23l 0.593 2.862 61.0
PN

23m }zﬂw/ 0.155 1132 67.3

(0]
23n AJLN/ 0.052 >10 46.0
|
(6] J\
230 %J\N 0.073 7.551 59.9

Next, various N-substituted analogs of compo@3k were tested for hERG and 5-fTeceptor
binding affinities as well as for gastric emptyirege (Table 2). Biological assays of compoug8a and23e-
indicated that the binding affinities for 5-gTeceptor increased gradually by lengthening ondinang of the
alkyl chain of the amide group. However, the gastrptying results were not always relevant to Hogetion.
The gastric emptying rates of compou2@s and23gwere comparatively equal or superior to that e&pride,
whereas that of compourBh was slightly less than that of cisapride. Howewempound®3g and23h were
found to have good binding affinities for the 5-HEceptor and negligible inhibition of hERG (C 10 uM)
relative to cisapride.

Compounds containing piperidyl carboxylat@8d, 23j, and23k) had similar binding affinities to those of the
compound23a and23e-i, however, their hERG binding affinities were ralaly higher and gastric emptying
rates were not improved from that of compo@3d; Pharmacological evaluation results of thio-detnixes 23|
and23m were inferior to compoun@3gin terms of hERG binding. Althoug?Bn of the piperidyl carboxamide
derivatives showed the highest binding affinity O82 uM of 50% inhibition concentration) of all the
compounds, it showed a very low gastric emptyirtg (d6%). On the other han23o showed a high binding
affinity (0.073 uM of 50% inhibition concentratiofdr the 5-HT, receptor, however, also slightly inhibited
hERG (7.551 pM of 50% inhibition concentration).

Thus, after screening all compounds for 5;H8hd hERG binding affinities, agonism, and gastric
emptying rates in rats, compou8gwas found to be the best pre-candidate for a nunadinetic agent.

Figure 3 shows that a 0.1 mg/kg oral dose of comg@8g minimally enhanced gastric emptying,
whereas that of cisapride was 0.5 mg/kg. The messtrig emptying rates were 46.2% and 46.9% in #te r
model at 0.1 and 0.5 mg/kg doses of compoR8d respectively. However, the gastric emptying nrates
44.5% in the same model at a 0.5 mg/kg dose opcdda [21]. Consequently, compou8g produced more

potent gastric emptying stimulation in rats thaat tf cisapride.
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Figure 3. Gastric emptying rates of a semi-solid meal is.rat

In addition to the study as described above, thealcf+)-form of 23g, 11was more potent than the
racemic mixture, in binding affinity to the 5-HTeceptor andin vivo gastric emptying rate as shown in Table 3.
The melting point and solubility in aqueous corudis of the different salt34-29 are shown in Table 4. Some
salts of23g, hydrochlorate24, methansulfonat@7, and maleate28, synthesized as shown in scheme 3, were
found to be stable and soluble in aqueous condition

Table 3. 5-HT, binding affinities and GE (%) rates 28gand each single enantiomer of compof8d.

Gastric empting rate %

Compound S HTICoo(uM) (rat iv 5 mg/kg, normal model)
23¢9 0.134 59.1
11 ((+)-isomer of23c) 0.068 .61.7
12 ((—)-isomer 0f23g) >10 56.5

Table 4. Melting point and solubility of several salts28g

24 25 26 27 28 29
Melting point C) 234.9 208.4 120.1 273 210.2 1247
Solubility in D.W.

> 15 <5 >30 > 10 > 10 >30

(mg/ml)

2.2.2. Pharmacokinetic properties of 23g and 23h

Compounds23g and 23h are illustrated in Table 5 fan vivo efficacy, functional potency, and rat

pharmacokinetic (PK) tests. As shown in Table Bnpound23gdisplayed gastric emptying results superior to



those of compouné3h and cisapride in the rat model (normal model: ¥9cbmpared with 56.4% and 57.1%;
cisplatin model: 58.6% compared with 56.6% and %j.2Furthermore, with respect to pharmacokinetic

properties23g showed longer J,and higher G, and AUG, values thar23hin a rat PK study.

Table 5. Functional potency, hERG bindinig,vivo efficacy and oral PK data @gand23hin rats.

) Invivo efficacy
Functional hERG . . Rat PK (oral, 5 mg/kg)
(rat gastric emptying rate (%))

Item / parameters potency (ICsq,
PEGs pHM) normal cisplatin T (h) Timax () Crx AuCint
(ng/ml) (ng/h/ml)
cisapride 6.99 <1 57.1 57.2 1.48 0.25 104 142
23¢9 7.34 >10 59.1 58.6 0.98 0.25 572 483
23h 7.00 >10 56.4 56.6 0.77 0.25 345 263

2.2.3. Off-target screening study of 23g

We examined compoun#3g (1-2 uM) for binding affinities to other pharmaggically relevant
receptors. Figure 4 shows that compo@fid selectively bound to the 5-HTeceptor, whereas it did not show
even 50% inhibition of any other receptors. Themfih is expected that compou@3gis a potent prokinetic

agent without concern for side effects arising froon-specificity.
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3. Conclusion

In this study, we intended to find compounds tlesined the prokinetic efficacies of cisapride dhidt
not block the hERG channel. We designed novel baitgm derivatives of 5-Hjreceptor agonists and tested
diverse compounds. We successfully found part Ba afompound with negligible hERG binding and an
enhanced gastric emptying rate. We determinedcthrapound23g was better than cisapride in terms of high 5-
HT, receptor binding, lower cardiac adverse effects uower hERG binding, and enhanced gastric eimgty
in various models. In particular, the chiral (+)ffoof 23g was more potent than the racemic mixture with
respect to binding affinity to the 5-HTeceptor andn vivo gastric emptying rate. Thus, compou2h or (+)-
form of 23g could be a good candidate to treat Gl disordeastiqularly functional dyspepsia. We plan to

investigate additionah vivo efficacy and toxicity for the single enantiomer28g

4. Experimental Section

4.1. Chemistry



Reagents and solvents were purchased from comresugaliers (Sigma-Aldrich and TCI) used as prodide
unless indicated otherwise. All other solvents uf®dreactions were analytical grade and used asiged.
Column chromatography was carried out using Meili&asgel 60 (230-400 mesh). The melting points aver
determined on Mettler Toledo FP900 thermosyst#inNMR and**C NMR spectra were recorded on Varian
400MHz spectrophotometer by CRGIr DMSO-¢ and the chemical shifts are reporteddifippm) and are
relative to the central peak of these solvents. dVigimectra were obtained withMS-700 Mstation mass
spectrometer. (JEOL Ltd.)

4.1.1. 1-(3-Chloropropyl)-1H-1,2,4-triazole (10d)

1,2,4-Triazole sodium derivative (1 g, 10.983 mmweBs dissolved in N,N-dimethylformamide (10mL) and
cooled to 0 °C. Sodium hydride (60% dispersion ineral oil, 570 mg, 14.25 mmol) was added to thectien
mixture and stirred for 20 minutes at 0 °C. 1-BreBachloropropane (2.08 g, 13.2mmol) was added disgpto
the reaction mixture. The reaction mixture wasretirfor 12h at room temperature and extracted wefittyl
acetate and water. The organic layer was dried ambydrous MgS@and evaporateth vacuo. The residue
was purified by column chromatography (hexane:ettvdtate = 4:1) to obtain the target compound (680
38% vyield).

'H NMR (400 MHz, CDCJ): & 8.09 (s, 1H), 7.91 (s, 1H), 4.33 {t= 6 Hz, 2H), 3.43(t) = 6 Hz, 2H), 2.33-
2.26 (m, 2H)*C NMR (400 MHz, CDGJ)): § 152.35, 143.59, 46.03, 41.09, 31.80.

41.2. Cis-4-Amino-5-chloro-N-[ 1-(3-(1H-pyrrol - 1-yl)ethyl)-3-methoxypi peridin-4-yl] -2-methoxybenzamide
(13a)

1-(2-Bromoethyl)-H-pyrrole (717 mg, 4.12 mmol), potassium carbon&&d(mg, 4.775 mmol) and potassium
iodide (106 mg, 0.64 mmol) were added to a stirsedtution of cis-4-amino-5-chloro-2-methoxy-N-(3-
methoxypiperidin-4-yl)benzamide (1 g, 3.188 mmal)N,N-dimethylformamide (20mL) in order. The readati
mixture was heated to 110 °C for 15 hours and toated to room temperature and extracted with edbgtate
and water. The organic layer was dried over anhygidlgSQ and evaporateéh vacuo. The residue was
purified by column chromatography (chloroform:aceto= 4:1) to obtain the target compound (430 m§p 33
yield).

'H NMR(CDCL): § 8.21 (d,J = 8Hz, 1H), 8.08 (s, 1H), 6.69 (s, 2H), 6.29 (§),16.13 (s, 2H), 4.40 (s, 2H),
4.20-4.12 (m, 1H), 4.04 (8,= 7.2Hz, 2H), 3.87 (s, 3H), 3.45-3.37 (m, 4H),23:2.93 (m, 1H), 2.85-2.73 (m,
3H), 2.34-2.18 (m, 2H), 1.93-1.78 (m, 2C NMR (400 MHz, CDGJ)): & 163.75, 157.57, 146.69, 132.96,
120.76, 112.56, 111.50, 108.20, 97.89, 76.66, 5%207, 55.97, 53.82, 52.02, 47.98, 47.55, 27H#BMS
(FAB): calcd for GgH27CIN4O3 [M + H]* 407.1845, found 407.1845.

41.3.  cis4-Amino-5-chloro-N-[ 1-(3-(1H-pyrrol-1-yl)propyl)-3-methoxypiperidin-4-yl] -2-methoxybenzamide
(13b)

1-(3-Bromopropyl)-H- pyrrole (775 mg, 4.12 mmol), potassium carbong@60 mg, 4.775 mmol) and
potassium iodide (106 mg, 0.64 mmol) were addea $tirred solution o€is-4-amino-5-chloro-2-methoxy-N-

(3-methoxypiperidin-4-yl)benzamide (1g, 3.188 mmat) N,N-dimethylformamide (20mL) in order. The



reaction mixture was heated to 90 °C for 8 houtsthen cooled to room temperature and extracteld ettyl
acetate and water. The organic layer was dried ambydrous MgS@and evaporateth vacuo. The residue
was purified by column chromatography (chloroforoet@ne = 4:1) to obtain the target compound (800 mg
60% yield).

'"H NMR(CDCl): & 8.21 (d,J = 8.0Hz, 1H), 8.07 (s, 1H), 6.65 (s, 2H), 6.281(d), 6.13 (s, 2H), 4.56 (s, 2H),
4.21-4.10 (m, 1H), 3.97-3.87 (m, 2H), 3.85(s, 34#5-3.37 (m, 4H), 3.05-2.92 (m, 1H), 2.80-2.68 1Hi),
2.38-2.22 (m, 2H), 2.20-2.05 (m, 2H), 2.01-1.73 4id). **C NMR (400 MHz, CDGJ): 5 163.75, 157.57,
146.71, 132.93, 120.61, 112.56, 111.46, 107.88N76.72, 57.02, 55.97, 55.03, 53.55, 51.77, 44138,
28.83, 27.83HRMS (FAB): calcd for GH»oCIN4O5 [M + H]* 421.2001, found 421.2010.

4.1.4. cis-4-Amino-5-chloro-N-[ 1-(3-(1H-imidazol-1-yl)propyl)-3-methoxypiperidin-4-yl] -2-methoxybenzamide
(13c)

1-(3-Chloropropyl)-H-imidazole (596 mg, 4.12 mmol), potassium carbon®&0 mg, 4.775 mmol) and
potassium iodide (106 mg, 0.64 mmol) were addeal $tirred solution o€is-4-amino-5-chloro-2-methoxy-N-
(3-methoxypiperidin-4-yl)benzamide (1g, 3.188 mmat) N,N-dimethylformamide (20mL) in order. The
reaction mixture was heated to 90 °C for 12 hoadsthen cooled to room temperature and extractéu ethyl
acetate and water. The organic layer was dried ambydrous MgS@and evaporateth vacuo. The residue
was purified by column chromatography (chloroforoei@ne = 4:1) to obtain the target compound (700 mg
52% vyield).

'H NMR (400 MHz, CDCJ):  8.19 (d,J = 8.4 Hz, 1H), 8.06 (s, 1H), 7.49 (s, 1H), 7.031(), 6.92(s, 1H),
6.28 (s, 1H), 4.49 (bs, 2H), 4.19-4.08 (m, 1H)84R92 (m, 2H), 3.85(s, 3H), 3.44-3.38 (m, 4H)92283(m,
1H), 2.78-2.65 (m, 1H), 2.35-2.18(m, 2H), 2.18-2(68 2H), 1.99-1.67(m, 4H)*C NMR (400 MHz,
CDCly): 6 163.75, 157.56, 146.76, 137.41, 132.92, 129.28,46] 111.44, 97.85, 57.14, 55.96, 54.19, 53.74,
51.44, 48.15, 44.53, 28.14, 27.RMS (FAB): calcd for GoH»CINsO; [M + H]" 422.1954, found
422.1955.

415, cis-4-Amino-5-chloro-N-[ 1-(3-(1H-1,2,4-triazol - 1-yl) propyl)-3-methoxypiperidin-4-yl] -2-
methoxybenzamide (13d)

1-(3-Chloropropyl)-H-1,2,4-triazole (600 mg, 4.12 mmol), potassium oadie (660 mg, 4.775 mmol) and
potassium iodide (106 mg, 0.64 mmol) were addeal $tirred solution o€is-4-amino-5-chloro-2-methoxy-N-
(3-methoxypiperidin-4-yl)benzamide (1g, 3.188 mmat) N,N-dimethylformamide (20mL) in order. The
reaction mixture was heated to 90 °C for 12 hoandsthen cooled to room temperature and extractéu ethyl
acetate and water. The organic layer was dried ambydrous MgS@and evaporateth vacuo. The residue
was purified by column chromatography (chloroforoet®ne = 4:1) to obtain the target compound (610 mg
45% yield).

'H NMR (400 MHz, CDCJ): § 8.17 (d,J = 8 Hz, 1H), 8.11 (s, 1H), 8.0 (s, 1H), 7.91 (s)16127 (s, 1H), 4.48
(s, 2H), 4.28-4.06 (m, 3H), 3.84(s, 3H), 3.43-31874H), 2.99-2.83(m, 1H), 2.77-2.64 (m, 1H), 2B%¢ (m,
6H), 1.90-1.65(m, 2H)-*C NMR (400 MHz, CDGJ)): § 163.75, 157.55, 151.92, 146.76, 143.65, 132.92,44]



111.43, 97.83, 57.16, 55.97, 53.99, 53.71, 51.&1%4 47.11, 27.69, 26.56dRMS (FAB): calcd for
C1gH27CINgO3 [M + H]* 423.1906, found 423.1911.

4.1.6. cis-4-Amino-5-chloro-N-[ 1-(3-(1H-tetrazol-1-yl)propyl)-3-methoxypi peridin-4-yl] -2-methoxybenzamide
(13¢)

1-(3-Chloropropyl)-H-tetrazole (604 mg, 4.12 mmol), potassium carbor{&&0 mg, 4.775 mmol) and
potassium iodide (106 mg, 0.64 mmol) were addea $tirred solution o€is-4-amino-5-chloro-2-methoxy-N-
(3-methoxypiperidin-4-yl)benzamide (1g, 3.188 mmaf)s dissolved in N,N-dimethylformamide (20mL) in
order. The reaction mixture was heated to 100 AC1fb hours and then cooled to room temperature and
extracted with ethyl acetate and water. The orgayier was dried over anhydrous MgS&hd evaporateth
vacuo. The residue was purified by column chromatografithjoroform:acetone = 4:1) to obtain the target
compound (795 mg, 59% yield).

'H NMR(DMSO-d): 5 9.38 (s, 1H), 8.08 (dI=7.6Hz, 1H), 7.72 (s, 1H), 6.49 (s, 1H), 5.99 (d),24.47 (t,J =
6.8Hz, 2H), 4.00 (bs, 1H), 3.85 (s, 3H), 3.39-328 5H), 2.75 (bs, 1H), 2.25 @ = 6.6 Hz, 2H), 2.22-2.03
(m, 2H), 2.00 (tJ = 6.6 Hz, 2H), 1.75-1.58 (m, 2HYC NMR (400 MHz, CDGCJ): 6 163.11, 157.85, 149.11,
144.57, 132.06, 110.38, 109.62, 98.09, 76.30, 566435, 54.25, 53.40, 50.73, 47.77, 46.17, 282833 1.
HRMS (FAB): calcd for GgH,CIN,O3 [M + H]* 424.1859, found 424.1872.

4.1.7. 1-(Piperidin-1-yl)prop-2-en-1-one (16b)

Piperidine (2 g, 23.49 mmol) was dissolved in dicbimethane (20mL) and cooled to 0 °C. Triethylamine
(6.6mL, 46.98 mmol) was added to the reaction médand stirred for 20 minutes at 0 °C. Acryloylaride
(2.34 g, 25.84mmol) was added dropwise to the i@achixture and stirred for 1h at 0 °C. The reattiaixture
was extracted with ethyl acetate and water. Tharocgayer was dried over anhydrous Mg2(d evaporated

in vacuo. The residue was purified by column chromatografgtlryl acetate:hexane = 4:1) to obtain the target
compound (1.32 g, 40% yield).

'H NMR (400 MHz, CDC)): & 6.58 — 6.47 (m, 1H), 6.18 (d,= 16.8Hz, 1H), 5.59 (d] = 10.4Hz, 1H), 3.64—
3.36 (m, 4H), 1.69-1.38 (m, 6H).

4.1.8. Cis-4-Amino-5-chloro-N-[ 1-(3-oxo-3-(pyrrolidin-1-yl)propyl)-3-methoxypiperidin-4-yl] -2-
methoxybenzamide (17a)

1-(Pyrrolidin-1-yl)prop-2-en-1-one (400 mg, 3.19 wijnwas slowly added to a stirred solutionotd-4-amino-
5-chloro-2-methoxy-N-(3-methoxypiperidin-4-yl)bemaimle (500 mg, 1.59 mmol) in ethanol (5 mL). The
reaction mixture was stirred for 12 hours at ro@mperature and extracted with ethyl acetate andrwahe
organic layer was dried over anhydrous Mg®@d evaporateih vacuo. The residue was purified by column
chromatography (chloroform:methanol = 20:1) to abthe target compound (370 mg, 53% yield).

'H NMR (400 MHz, CDCJ):  8.20 (d,J = 8.4Hz, 1H), 8.07 (s, 1H), 6.29 (s, 1H), 4.422d), 4.23-4.13 (m,
1H), 3.86(s, 3H), 3.51-3.38 (m, 8H), 3.10-2.97 {id), 2.87-2.71 (m, 3H), 2.58-2.46 (m, 2H), 2.3482h,
2H), 1.99-1.78 (m, 6H)**C NMR (400 MHz, CDGJ): § 170.15, 163.70, 157.54, 146.61, 132.98, 112.66,



111.52, 97.88, 57.11, 55.95, 53.83, 53.72, 51.55864 46.64, 45.64, 32.31, 27.79, 26.07, 24HABRMS
(FAB): calcd for GiH3,CIN,O4 [M + H]* 439.2107, found 439.2108.

4.1.9. Cis-4-Amino-5-chloro-N-[ 1-(3-oxo-3-(piperidin-1-yl)propyl)-3-methoxypi peridin-4-yl] - 2-
methoxybenzamide (17b)

1-(Piperidin-1-yl)prop-2-en-1-one (405 mg, 2.91 nihweas slowly added to a stirred solutionoté-4-amino-5-
chloro-2-methoxy-N-(3-methoxypiperidin-4-yl)benzatai(500 mg, 1.59 mmol) in ethanol (5 mL). The rieact
mixture was stirred for 12 hours at room tempertund extracted with ethyl acetate and water. Tgamnic
layer was dried over anhydrous Mggséand evaporatedn vacuo. The residue was purified by column
chromatography (chloroform:methanol = 20:1) to abthe target compound (360mg, 50% yield).

'H NMR (400 MHz, CDC}): § 8.20 (d,J = 8.4Hz, 1H), 8.07 (s, 1H), 6.28 (s, 1H), 4.432d), 4.23-4.11 (m,
1H), 3.86(s, 3H), 3.52(t] = 5.2Hz, 2H), 3.46-3.37 (M, 4H), 3.09-2.98 (m, 1KB5-2.69 (m, 3H), 2.61-2.50
(m, 2H), 2.34-2.18 (m, 2H), 1.91-1.77(m, 2H), 1546 (m, 6H).**C NMR (400 MHz, CDG)): § 169.75,
163.70, 157.53, 146.62, 132.97, 112.63, 111.5870'A7.13, 55.94, 54.15, 53.85, 51.60, 47.86, 4648F2,
30.94, 27.80, 26.50, 25.53, 24.539RMS (FAB): calcd for GHssCINO, [M + H]" 453.2263, found
453.2265.

4.1.10. cis-4-Amino-5-chloro-N-[ 1-(3-(4-benzyl piperidin-1-yl)-3-oxopropyl)-3-methoxypiperidin-4-yl] -2-
methoxybenzamide (17c)

1-(4-Benzylpiperidin-1-yl)prop-2-en-1-one (438 mg908 mmol) was slowly added to a stirred solutibis-
4-amino-5-chloro-2-methoxy-N-(3-methoxypiperidingdbenzamide (500 mg, 1.59 mmol) in ethanol (5 mL).
The reaction mixture was stirred for 12 hours amaemperature and extracted with ethyl acetateveatdr.
The organic layer was dried over anhydrous Mg&al evaporateih vacuo. The residue was purified by
column chromatography (chloroform:methanol = 2@olpbtain the target compound (318 mg, 37% yield).

'H NMR (400 MHz, CDCJ): & 8.19 (d,J = 8.4Hz, 1H), 8.06 (s, 1H), 7.30-7.22 (m, 2H), %243 (m, 1H),
7.13-7.07 (m, 2H), 6.27 (s, 1H), 4.56 {c5 13.2Hz, 1H), 4.43 (s, 2H), 4.21-4.12 (m, 1H),73:B.76 (m, 4H),
3.38 (m, 4H), 3.09-2.99 (m, 1H), 2.99-2.83 (m, 1M45$9-2.40 (m, 5H), 2.31-2.17 (m, 2H), 1.91-1.625ht),
1.20-1.02 (m, 2H) **C NMR (400 MHz, CDGJ): 6 170.00, 163.72, 157.55, 146.67, 139.91, 132.99,08
128.30, 126.06, 124.96, 112.59, 111.50, 97.88,4555.94, 54.15, 53.91, 53.86, 53.47, 51.60, 4748736,
42.93, 41.94, 38.25, 32.55, 31.76, 27 ARMS (FAB): calcd for GoH3sCIN,O, [M + H]* 543.2733, found
543.2739.

4.1.11. cis-4-Amino-5-chloro-N-[ 1-(3-oxo-3-(mor pholino-1-yl)propyl)-3-methoxypiperidin-4-yl] -2-
methoxybenzamide (17d)

1-Morpholinoprop-2-en-1-one (269 mg, 1.908 mmolsvwetowly added to a stirred solution @§-4-amino-5-
chloro-2-methoxy-N-(3-methoxypiperidin-4-yl)benzatai(500 mg, 1.59 mmol) in ethanol (5 mL). The riearct
mixture was stirred for 12 hours at room tempemtmd extracted with ethyl acetate and water. Thanic
layer was dried over anhydrous MgsSéand evaporatedn vacuo. The residue was purified by column

chromatography (chloroform:methanol = 20:1) to obthe target compound (292 mg, 40% yield).



'H NMR (400 MHz, CDCJ): § 8.19 (d,J = 8.4Hz, 1H), 8.06 (s, 1H), 6.28 (s, 1H), 4.442), 4.20-4.12 (m,
1H), 3.85 (s, 3H), 3.68-3.56 (M, 6H), 3.47-3.39 @i), 3.09-2.97 (M, 1H), 2.84-2.67 (m, 3H), 2.54)(t
7.6Hz, 2H), 2.28-2.17 (m, 2H), 1.86-1.77 (m, 2HE NMR (400 MHz, CDGJ)): § 170.31, 163.71, 157.53,
146.67, 132.95, 112.54, 111.49, 97.85, 66.87, 666140, 57.17, 55.94, 53.99, 53.93, 51.67, 47485294,
41.87, 30.78, 27.75HRMS (FAB): calcd for G;H3,CINOs [M + H]" 455.2056, found 455.2065.

4.1.12. 1-(4-(Hydroxymethyl)piperidin-1-yl)-2-methyl propan-1-one (19g)

Diisopropylethylamine(DIPEA) was slowly added tatared solution of piperidin-4-ylmethanol (1.3 11.29
mmol) in methanol (20mL) and the reaction mixturasvstirred for 30 minutes at 0°C. Isobutyryl ctder{1.42
mL, 13.55 mmol) was added dropwise to the reaatiixture at the same temperature. The reaction maxtu
stirred for more 2 h at 0°C and 1 h at room tentpegaand extracted with ethyl acetate and watee. driganic
layer was dried over anhydrous Mggséand evaporatedn vacuo. The residue was purified by column
chromatography (chloroform:acetone = 2:1) to obtatarget compound (1.42 g, 7.68 mmol).

'H NMR (400 MHz, CDC)): & 4.68-4.47 (m, 1H), 4.03-3.79 (m, 1H), 3.44Jd; 5.2Hz, 2H), 2.83-2.64 (m,
2H), 2.62-2.37 (m, 1H), 1.90-1.62 (m, 3H), 1.197Q19, 8H).

4.1.13. (1-1sobutyrylpiperidin-4-yl)methyl methanesulfonate (20g)
1-(4-(Hydroxymethyl)piperidin-1-yl)-2-methylpropahone (99 (1 g, 5.398 mmol) was dissolved in
dichloromethane 20mL and cooled to 0 °C. Triethyfen(1.51 mL , 10.796 mmol) was added to the reacti
mixture and stirred for 30 minutes at 0 °C. Mettsaienyl chloride (0.5 mL, 6.478 mmol) was addedpmise
for 30 minutes and stirred for 3 hours at the séeneperature. The reaction mixture was stirred féwolr at
room temperature and extracted with dichloromethrama: 1M citric acid aqueous solution. The orgaaiget
was dried with MgSQ and evaporated in vacuo. The residue was purlfigccolumn chromatography (n-
hexane:EtOAc = 1:1) to obtain the target compoun@l( g, 85% yield)

'H NMR (400 MHz, CDC})): 5 4.79-4.49 (m, 1H), 4.08-3.81 (m, 1H), 3.67—3.40 ZH), 3.07-2.73 (m, 1H),
2.65-2.71 (m, 2H), 2.64-2.38 (m, 1H), 1.99-1.744Hhh), 1.27-1.03 (m, 9H).

4.1.14. cis-4-Amino-5-chloro-N-(1-((1-propionyl pi peridin-4-yl)methyl)-3-methoxypiperidin-4-yl)-2-
methoxybenzamide (23a)

(1-Propionylpiperidin-4-yl)methyl methanesulfondg®a) (381 mg, 1.53 mmol), potassium carbonate (246 mg,
1.78 mmol) and potassium iodide (42 mg, 0.25 mmadye added to a solution @fs-4-amino-5-chloro-2-
methoxy-N-(3-methoxypiperidin-4-yl)benzamide (40@,m.275 mmol) in N,N-dimethylformamide (10mL) in
order. The reaction mixture was heated to 100 9C1fb hours and then cooled to room temperature and
extracted with ethyl acetate and water. The orghayier was dried over anhydrous Mg3d evaporateth
vacuo. The residue was purified by column chromatografithjoroform:acetone = 4:1) to obtain the target
compound (115 mg, 19% yield).

'H NMR (400 MHz, CDC}): § 8.18 (d,J = 8Hz, 1H), 8.08 (s, 1H), 6.29 (s, 1H), 4.60J¢ 13.2Hz, 1H), 4.41

(s, 2H), 4.25-4.16 (m, 1H), 3.96-3.78 (m, 4H), I424H), 3.04-2.83 (m, 2H), 2.78-2.61 (m, 1H)42(6J =
13.2Hz, 1H), 2.39-2.07 (m, 6H), 1.96-1.64 (m, 6HR0-0.99 (m, 5H)*C NMR (400 MHz, CDGJ): &



172.17, 163.76, 157.55, 146.60, 133.01, 112.68,5B1P7.86, 64.29, 56.82, 56.00, 54.02, 52.22,4749.57,
41.76, 34.01, 31.54, 31.41, 30.64, 30.52, 27.863.44RMS (FAB): calcd for GsHssCIN,O4 [M + H]*
467.2420, found 467.2425.

4.1.15. cis-4-Amino-5-chloro-N-(1-((1-propionyl pi peridin-3-yl)methyl)-3-methoxypiperidin-4-yl)-2-
methoxybenzamide (23b)

(1-Propionylpiperidin-3-yl)methyl methanesulfong®#0b) (190 mg, 0.765 mmol), potassium carbonate (123
mg, 0.89 mmol) and potassium iodide (21 mg, 0.12%thwere added to a solution @&-4-amino-5-chloro-2-
methoxy-N-(3-methoxypiperidin-4-yl)benzamide (20@,n®.638 mmol) in N,N-dimethylformamide (5mL) in
order. The reaction mixture was heated to 100 AC1fb hours and then cooled to room temperature and
extracted with ethyl acetate and water. The orghayier was dried over anhydrous Mg3d evaporateth
vacuo. The residue was purified by column chromatografghjforoform:acetone = 4:1) to obtain the target
compound (30 mg, 10% vyieldour stereocisomers were blended at the ratio of 0226 : 0.26 : 0.24
(1R3S4R : 1S3S4R : 1R3RA4S : 1S3R4S); 4-amino-5ratdemethoxy-N-((3S,4R)-3-methoxy-1-(((R)-1-
propionylpiperidin-3-yl)methyl)piperidin-4-yl)benm@de : 4-amino-5-chloro-2-methoxy-N-((3R,4S)-3-
methoxy-1-(((R)-1-propionylpiperidin-3-yl)methyymeridin-4-yl)benzamide : 4-amino-5-chloro-2-
methoxy-N-((3S,4R)-3-methoxy-1-(((S)-1-propionylpiin-3-yl)methyl)piperidin-4-yl)benzamide : 4-
amino-5-chloro-2-methoxy-N-((3R,4S)-3-methoxy-15){1-propionylpiperidin-3-yl)methyl) piperidin-4-

yl)benzamide

4.1.16. Cis-4-Amino-5-chloro-N-(1-(2-(1-propionyl pi peridin-4-yl)ethyl)-3-methoxypiperidin-4-yl)-2-
methoxybenzamide (23c)

2-(1-Propionylpiperidin-4-yl)ethyl methanesulfong®®c) (202 mg, 0.765 mmol), potassium carbonate (123 mg
0.89 mmol) and potassium iodide (21 mg, 0.125 mmaje added to a solution ofs-4-amino-5-chloro-2-
methoxy-N-(3-methoxypiperidin-4-yl)benzamide (20@,n0.638 mmol) in N,N-dimethylformamide (50mL) in
order. The reaction mixture was heated to 90 °Clé&hours and then cooled room temperature andctzt
with ethyl acetate and water. The organic layer drésd over anhydrous MgS@nd evaporateth vacuo. The
residue was purified by column chromatography (aflorm:acetone = 3:1) to obtain the target compo(@&i
mg, 27% yield).

'H NMR (400 MHz, CDCJ): 5 8.20 (d,J = 8Hz, 1H), 8.06 (s, 1H), 6.28 (s, 1H), 4.57Jd; 12.8Hz, 1H), 4.46
(s, 2H), 4.21-4.09 (m, 1H), 3.88-3.76 (m, 4H), 3(g14H), 3.12-2.91 (m, 2H), 2.85-2.70 (m, 1H),82%.26
(m, 5H), 2.23-2.03 (m, 2H), 1.93-1.62(m, 4H), 1537 (m, 3H), 1.21-1.00 (m, 5HYC NMR (400 MHz,
CDCly): 6 172.09, 163.74, 157.57, 146.70, 132.94, 112.57,4171 97.90, 76.64, 57.02, 56.03, 55.98, 55.95,
53.47, 53.41, 52.10, 48.09, 45.69, 41.90, 34.68128333.38, 32.91, 32.00, 27.78, 26.59, 9l8RMS (FAB):
calcd for GsH37CIN4O4 [M + H]" 481.2576, found 481.2589.

4.1.17. Methyl 4-((cis-4-(4-amino-5-chloro-2-methoxybenzami do)-3-methoxypi peridin-1-yl)methyl )piperidine- 1-
carboxylate (23d)
Methyl 4-(((methylsulfonyl)oxy)methyl)piperidine-darboxylate 20d) (437 mg, 1.74 mmol), potassium



carbonate (281 mg, 2.03 mmol) and potassium io#8emg, 0.29 mmol) were added to a solutiorcisf4-
amino-5-chloro-2-methoxy-N-(3-methoxypiperidin-4fy¢nzamide (455 mg, 1.45 mmol) in N,N-
dimethylformamide (10mL) in order. The reaction tuhe was heated to 100 °C for 12 hours and theleddo
room temperature and extracted with ethyl acetatk aater. The organic layer was dried over anhyslrou
MgSQO, and evaporatech vacuo. The residue was purified by column chromatografdjoroform:acetone =
4:1) to obtain the target compound (189 mg, 28%gyie

'H NMR (400 MHz, CDCJ): & 8.18 (d,J = 7.6Hz, 1H), 8.04 (s, 1H), 6.27 (s, 1H), 4.502d), 4.23-3.08 (m,
3H), 3.83 (s, 3H), 3.65 (s, 3H), 3.38 (s, 4H), 2883 (m, 1H), 2.79-2.58 (m, 3H), 2.29-2.07 (m, ,5HY0-
1.56 (m, 5H), 1.14-0.97 (m, 2H}*C NMR (400 MHz, CDGJ): 5 163.80, 157.55, 155.98, 146.77, 132.85,
112.40, 111.37, 97.83, 76.67, 64.36, 56.72, 55940, 52.45, 52.19, 47.93, 43.94, 33.75, 30.7BBR7.79,
14.16.HRMS (FAB): calcd for G,H33CIN4Os [M + H]* 469.2212, found 469.2215.

4.1.18. cis-4-Amino-5-chloro-N-(1-((1-acetyl pi peridin-4-yl)methyl)-3-methoxypiperidin-4-yl)-2-
methoxybenzamide (23€)

(1-Acetylpiperidin-4-yl)methyl methanesulfonat20g (360 mg, 1.53 mmol), potassium carbonate (246 mg,
1.78 mmol) and potassium iodide (42 mg, 0.25 mmadye added to a solution @fs-4-amino-5-chloro-2-
methoxy-N-(3-methoxypiperidin-4-yl)benzamide (40@,m.275 mmol) in N,N-dimethylformamide (10mL) in
order. The reaction mixture was heated to 90 °Q #ohours and then cooled to room temperature =mdoted
with ethyl acetate and water. The organic layer drésd over anhydrous MgS@nd evaporateth vacuo. The
residue was purified by column chromatography (aflrm:acetone = 4:1) to obtain the target compo{a
mg, 5 % yield).

'H NMR (400 MHz, CDCJ): 5 8.18 (d,J = 8Hz, 1H), 8.07 (s, 1H), 6.29 (s, 1H), 4.57Jd; 13.2Hz, 1H), 4.44
(s, 2H), 4.23-4.14 (m, 1H), 3.86 (s, 3H), 3.78Jd; 13.2Hz, 1H), 3.41 (s, 4H), 3.07-2.82 (m, 2Hy52:2.59
(m, 1H), 2.53 (tJ = 13.2Hz, 1H), 2.26-2.09 (m, 4H), 2.07 (s, 3H¥4:1.65 (m, 5H), 1.18-0.98 (m, 2HjC
NMR (400 MHz, CDC)): 6 168.83, 163.75, 157.55, 146.65, 132.97, 112.61.,4B] 97.86, 64.27, 56.79, 55.98,
54.15, 52.20, 47.91, 46.55, 41.65, 41.61, 33.96143131.31, 30.56, 30.42, 27.83, 21.6BRMS (FAB): calcd
for Cy5H33CIN4O4 [M + H]" 453.2263, found 453.2267.

4.1.19. cis-4-Amino-5-chloro-N-(1-((1-butyryl pi peridin-4-yl)methyl)-3-methoxypiperidin-4-yl)-2-
methoxybenzamide (23f)

(1-Butyrylpiperidin-4-yl)ymethyl methanesulfonat20f) (381 mg, 1.53 mmol), potassium carbonate (246 mg,
1.78 mmol) and potassium iodide (42 mg, 0.25 mmadye added to a solution @fs-4-amino-5-chloro-2-
methoxy-N-(3-methoxypiperidin-4-yl)benzamide (40@,m.275 mmol) in N,N-dimethylformamide (10mL) in
order. The reaction mixture was heated to 100 AC1fb hours and then cooled to room temperature and
extracted with ethyl acetate and water. The orghayier was dried over anhydrous Mg3d evaporateth
vacuo. The residue was purified by column chromatografithjoroform:acetone = 4:1) to obtain the target
compound (115 mg, 19% yield).

'H NMR (400 MHz, CDC)):  8.16 (d,J = 7.6Hz, 1H), 8.02 (s, 1H), 6.28 (s, 1H), 4.6374(¢h, 3H), 4.28-4.07
(m, 1H), 3.85-3.63 (m, 4H), 3.37 (s, 4H), 2.99-2AB3 2H), 2.68-2.55 (m, 1H), 2.54-2.44 (m, 1H),92.2.04



(m, 6H), 1.88-1.53 (m, 7H), 1.12-0.96 (m, 3H), 0(91 = 7.6Hz, 3H)>*C NMR (400 MHz, CDCJ): & 171.40,
163.82, 157.56, 146.91, 132.78, 112.25, 111.3@3076.66, 64.23, 64.18, 56.73, 55.92, 54.06, 559912,
47.92, 45.77, 41.71, 41.68, 35.39, 33.96, 31.534810.62, 30.50, 27.77, 18.84, 14.BIRMS (FAB): calcd
for Co4H37CIN,O4 [M + H]" 481.2576, found 481.2584.

4.1.20. Cis-4-Amino-5-chloro-N-(1-((1-isobutyryl pi peridin-4-yl ) methyl)-3-methoxypiperidin-4-yl)-2-
methoxybenzamide (23g)

(1-1sobutyrylpiperidin-4-yl)methyl methanesulfong®9g) (403 mg, 1.53 mmol), potassium carbonate (246 mg,
1.78 mmol) and potassium iodide (42 mg, 0.25 mmadye added to a solution @fs-4-amino-5-chloro-2-
methoxy-N-(3-methoxypiperidin-4-yl)benzamide (40@,m.275 mmol) in N,N-dimethylformamide (10mL) in
order. The reaction mixture was heated to 100 AC1fb hours and then cooled to room temperature and
extracted with ethyl acetate and water. The orghayier was dried over anhydrous Mg&®d evaporatech
vacuo. The residue was purified by column chromatografghjforoform:acetone = 4:1) to obtain the target
compound (428 mg, 70% yield).

'H NMR (400 MHz, CDCJ): & 8.18 (d,J = 7.6Hz, 1H), 8.06 (s, 1H), 6.29 (s, 1H), 4.60Jd 12.4Hz, 1H),
4.49(s, 2H), 4.24-4.13 (m, 1H), 3.99-3.80(m, 4H308s, 4H), 3.05-2.44(m, 3H), 2.30-1.99(m, H), +DB2

(m, 5H), 1.24-0.96 (m, 8H)1.3C NMR (400 MHz, CDQ): 6 175.24, 163.77, 157.54, 146.73, 132.89, 112.47,
111.41, 97.84, 64.26, 56.77, 55.95, 54.11, 53.92% 52.15, 47.92, 45.49, 41.90, 34.09, 31.78&E130.69,
30.57, 30.06, 27.80, 19.57, 19.3RMS (FAB): calcd for GH3/CIN,O; [M + H]" 481.2576, found
481.2579.

4.1.21. cis-4-Amino-5-chloro-N-(1-((1-pival oyl pi peridin-4-yl ) methyl)-3-methoxypiperidin-4-yl)-2-
methoxybenzamide (23h)

(1-Pivaloylpiperidin-4-yl)methyl methanesulfona0f) (530 mg, 1.912 mmol), potassium carbonate (308 mg
2.23 mmol) and potassium iodide (53 mg, 0.32 mmadye added to a solution afs-4-amino-5-chloro-2-
methoxy-N-(3-methoxypiperidin-4-yl)benzamide (50@,m.593 mmol) in N,N-dimethylformamide (10mL) in
order. The reaction mixture was heated to 90 °Q #ohours and then cooled to room temperature =mdoted
with ethyl acetate and water. The organic layer drésd over anhydrous MgS@nd evaporateth vacuo. The
residue was purified by column chromatography (aftrm:acetone = 4:1) to obtain the target compo(228
mg, 29% yield).

'H NMR (400 MHz, CDC)): § 8.17 (d,J = 8.0Hz, 1H), 8.04 (s, 1H), 6.28 (s, 1H), 4.542), 4.43-4.30 (m,
2H), 4.22-4.11 (m, 1H), 3.82 (s, 3H), 3.38 (m, 4B{f7-2.58 (m, 4H), 2.24-2.08 (m, 4H), 1.92-1.67 §H),
1.34-1.19 (m, 10H), 1.15-0.97 (m, 2C NMR (400 MHz, CDG)): 5 176.13, 163.78, 157.54, 146.82, 132.82,
112.35, 111.34, 97.83, 76.67, 64.26, 60.36, 563783, 53.95, 52.20, 47.90, 45.31, 38.65, 34.04,63131.10,
28.39, 27.80, 21.03, 14.16RMS (FAB): calcd for GsH3oCIN,O, [M + H]* 495.2733, found 495.2739.

4.1.22.  cis-4-Amino-5-chloro-N-(1-((1-(3-methyl butanoyl)pi peridin-4-yl)methyl)-3-methoxypiperidin-4-yl)-2-
methoxybenzamide (23i)
(1-(3-Methylbutanoyl)piperidin-4-yl)methyl methandf®nate 20i) (424 mg, 1.53 mmol), potassium carbonate



(246 mg, 1.78 mmol) and potassium iodide (42 mg50nmol) were added to a solution @$-4-amino-5-
chloro-2-methoxy-N-(3-methoxypiperidin-4-yl)benzatai (400 mg, 1.275 mmol) in N,N-dimethylformamide
(10mL) in order. The reaction mixture was heate®Q@dC for 12 hours and then cooled to room tentpera
and extracted with ethyl acetate and water. Tharocglayer was dried over anhydrous Mg®a@d evaporated
in vacuo. The residue was purified by column chromatografainjoroform:acetone = 4:1) to obtain the target
compound (148 mg, 24% yield).

'H NMR (400 MHz, CDC)): & 8.18 (d,J = 8.0Hz, 1H), 8.08 (s, 1H), 6.29 (s, 1H), 4.62Jd; 13.2Hz, 1H),
4.43 (s, 2H), 4.25-4.13 (m, 1H), 3.90-3.78 (m, 8#¥1 (s, 4H), 3.04-2.85 (m, 2H), 2.76-2.47 (m,, 1232 (t,

J = 13.2Hz, 1H), 2.47-2.01 (m, 7H), 1.97-1.66 (m),6H15-0.98 (m, 2H), 0.95 (d,= 6.0Hz, 6H)*C NMR
(400 MHz, CDC}): 6 170.89, 163.75, 157.54, 146.61, 132.97, 112.62,4P1 97.85, 64.25, 56.78, 55.97, 54.15,
54.00, 52.23, 47.89, 46.00, 42.23, 41.74, 41.71023431.65, 31.53, 30.62, 27.80, 25.84, 25.82,®22.70.
HRMS (FAB): calcd for GsH3gCIN,O,4 [M + H]* 495.2733, found 495.2737.

4.1.23. Ethyl 4-((cis-4-(4-amino-5-chloro-2-methoxybenzamido)-3-methoxypi peridin-1-yl)methyl)piperidine-1-
carboxylate (23))

Ethyl 4-(bromomethyl)piperidine-1-carboxylate (4by, 1.64 mmol), potassium carbonate (281 mg, 2.03
mmol) and potassium iodide (48 mg, 0.29 mmol) wanlded to a stirred solution ofs-4-amino-5-chloro-2-
methoxy-N-(3-methoxypiperidin-4-yl)benzamide (45%,mM.45 mmol) in N,N-dimethylformamide (10mL) in
order. The reaction mixture was heated to 90 °Q #ohours and then cooled to room temperature =imdoted
with ethyl acetate and water. The organic layer drésd over anhydrous MgS@nd evaporateth vacuo. The
residue was purified by column chromatography (aftrm:acetone = 5:1) to obtain the target compo{222
mg, 32% yield).

'H NMR (400 MHz, CDC)): 5 8.18 (d,J = 7.2Hz, 1H), 8.09 (s, 1H), 6.29 (s, 1H), 4.392), 4.30—4.02 (m,
5H), 3.88 (s, 3H), 3.42 (s, 4H), 3.02-2.84 (m, 1481-2.60 (m, 3H), 2.34-2.06 (m, 4H), 1.98-1.58 §in),
1.25 (t,J = 7.2Hz, 3H), 1.09-0.99 (m, 2H)’C NMR (400 MHz, CDG)): 5 163.73, 157.56, 155.61, 146.55,
133.04, 112.75, 111.56, 97.88, 64.43, 61.16, 5&B&2, 54.05, 52.29, 47.88, 43.87, 33.85, 30.66%R 27.84,
14.72.HRMS (FAB): calcd for GsH3sCIN,Os [M + H]* 483.2369, found 483.2379.

4.1.24. Propyl 4-((cis-4-(4-amino-5-chloro-2-methoxybenzamido)-3-methoxypi peridin-1-yl)methyl)piperidine-1-
carboxylate (23k)

Propyl 4-(bromomethyl)piperidine-1-carboxylate (48%, 1.64 mmol), potassium carbonate (281 mg, 2.03
mmol) and potassium iodide (48 mg, 0.29 mmol) waalded to a stirred solution ofs-4-amino-5-chloro-2-
methoxy-N-(3-methoxypiperidin-4-yl)benzamide (45%,mM..45 mmol) in N,N-dimethylformamide (10mL) in
order. The reaction mixture was heated to 90 °Cl®hours and then cooled room temperature andast
with ethyl acetate and water. The organic layer drésd over anhydrous MgS@nd evaporateth vacuo. The
residue was purified by column chromatography (aftrm:acetone = 4:1) to obtain the target compo(2@D
mg, 28% yield).

'H NMR (400 MHz, CDCJ): & 8.18 (d,J = 8.0Hz, 1H), 8.06 (s, 1H), 6.28 (s, 1H), 4.452d), 4.24-4.03 (m,
3H), 4.00 (t,J = 6.8Hz, 2H), 3.85 (s, 3H), 3.40 (s, 4H), 2.9942(6, 1H), 2.80-2.59 (m, 3H), 2.28-1.57 (m,



13H), 1.16-1.00 (m, 2H), 0.92 @,= 7.6Hz, 3H).**C NMR (400 MHz, CDCJ): § 163.79, 157.55, 155.68,
146.67, 132.91, 112.53, 111.44, 97.84, 76.66, 668®B8. 56.74, 55.96, 53.98, 52.20, 47.88, 4333330,
30.75, 30.65, 27.74, 22.35, 10.43RMS (FAB): calcd for GH3/CIN,Os [M + H]® 497.2525, found
497.2529.

4.1.25, 4-((cis-4-(4-Amino-5-chl or o-2-methoxybenzami do)- 3-methoxypi peridin-1-yl )methyl)-N,N-
dimethylpiperidine-1-carboxamide (23n)

4-(Bromomethyl)-N,N-dimethylpiperidine-1-carboxarei{i’19 mg, 2.886 mmol), potassium carbonate (465 mg
3.364 mmol) and potassium iodide (80 mg, 0.482 mmare added to a stirred solution @$-4-amino-5-
chloro-2-methoxy-N-(3-methoxypiperidin-4-yl)benzatai (755 mg, 2.406 mmol) in N,N-dimethylformamide
(15mL) in order. The reaction mixture was heate®Q@dC for 12 hours and then cooled to room tentpera
and extracted with ethyl acetate and water. Tharocglayer was dried over anhydrous Mg®a@d evaporated
in vacuo. The residue was purified by column chromatografainjoroform:acetone = 3:1) to obtain the target
compound (310 mg, 27% yield).

'H NMR (400 MHz, CDCJ): 6 8.17 (d,J = 8.0Hz, 1H), 8.02 (s, 1H), 6.27 (s, 1H), 4.562), 4.21-4.08 (m,
1H), 3.81 (s, 3H), 3.60 (d = 13.2Hz, 2H), 3.37 (s, 4H), 2.98-2.83 (m, 1HY,62(s, 6H), 2.73-2.56 (M, 4H),
2.50-2.31 (m, 1H), 2.22-2.01 (m, 4H), 1.90-1.55%H), 1.09-1.02 (m, 2H)*C NMR (400 MHz, CDG)): &
165.17, 163.82, 157.55, 146.89, 132.79, 112.26,301B7.82, 76.66, 64.44, 56.73, 55.92, 53.89,(54Z.93,
46.97, 38.51, 34.01, 30.81, 30.71, 27ARMS (FAB): calcd for GiH3¢CINsO, [M + H]* 482.2529, found
482.2531.

4.1.26. 4-((cis-4-(4-Amino-5-chl oro-2-methoxybenzami do)- 3-methoxypiperidin-1-yl )methyl)-N,N-
dimethylpiperidine-1-carboxamide (230)

4-(Bromomethyl)-N-isopropylpiperidine-1-carboxami{i® 76 g, 14.287 mmol), potassium carbonate (2.18 g
15.773 mmol) and potassium iodide (373 mg, 2.247oMmmere added to a stirred solution a$-4-amino-5-
chloro-2-methoxy-N-(3-methoxypiperidin-4-yl)benzatai (3.53 g, 11.25 mmol) in N,N-dimethylformamide
(70mL) in order. The reaction mixture was heate®Q@dC for 12 hours and then cooled to room tentpera
and extracted with ethyl acetate and water. Tharocglayer was dried over anhydrous Mg®a@d evaporated
in vacuo. The residue was purified by column chromatografainjoroform:acetone = 3:1) to obtain the target
compound (2.02 g, 36% yield).

'H NMR (400 MHz, CDC)): § 8.17 (d,J = 7.6Hz, 1H), 8.04 (s, 1H), 6.29 (s, 1H), 4.542), 4.38—4.10 (m,
2H), 4.04-3.77 (m, 6H), 3.38 (s, 4H), 3.00-2.81 {i), 2.79-2.57 (s, 3H), 2.30-2.03 (m, 4H), 1.9851(m,
5H), 1.27-0.96 (m, 8H)**C NMR (400 MHz, CDG)): & 163.78, 157.55, 157.15, 132.84, 146.89, 132.79,
112.37, 111.35, 97.84, 76.67, 64.35, 56.72, 5533400, 43.99, 42.46, 33.80, 30.66, 30.53, 27.804&3
HRMS (FAB): calculated for §H3sCINsO4 [M + H]* 496.2685, found 496.2696.

4.1.27. 1-(4-(Bromomethyl)pi peridin-1-yl)-2-methyl propane-1-thione (22m)
Lawesson’s reagent (724 mg, 1.79 mmol) was addedstared solution of 1-(4-(bromomethyl)piperidinyl)-
2-methylpropane-1-one (740 mg, 2.982 mmol) in tetdaofuran (10mL) at O °C. The reaction mixture was



refluxed for 20 hours and then cooled to room tenaipee and extracted with ethyl acetate and wdtke
organic layer was dried over anhydrous Mg&@d evaporateth vacuo. The residue was purified by column
chromatography (chloroform:acetone = 8:1) to obtastarget compound (730 mg, 93 % yield).

H NMR (400 MHz, CDCJ): 6 5.77 (d,J = 12.0Hz, 1H), 4.44 (d] = 12.8Hz, 1H), 3.49-3.05 (m, 4H), 2.93]t,
= 12.0Hz, 1H), 2.13-1.92 (m, 3H), 1.47-1.15 (m, .8H)

4.1.28. cis-4-Amino-5-chloro-N-(1-((1-(2-methyl propanethioyl)pi peridin-4-yl)methyl)-3-methoxypiperidin-4-yl)-
2-methoxybenzamide (23m)

1-(4-(Bromomethyl)piperidin-1-yl)-2-methylpropanettiione (730 mg, 2.763 mmol), potassium carbondd (
mg, 3.473 mmol) and potassium iodide (74 mg, 0.#tol) were added to a stirred solutioncaf4-amino-5-
chloro-2-methoxy-N-(3-methoxypiperidin-4-yl)benzatai (722 mg, 2.3 mmol) in N,N-dimethylformamide
(15mL) in order. The reaction mixture was heate®Q@dC for 12 hours and then cooled to room tentpera
and extracted with ethyl acetate and water. Tharocglayer was dried over anhydrous Mg®a@d evaporated
in vacuo. The residue was purified by column chromatografainjoroform:acetone = 4:1) to obtain the target
compound (380 mg, 33 % yield).

'H NMR (400 MHz, CDC)): & 8.17 (d,J = 7.6Hz, 1H), 8.03 (s, 1H), 6.28 (s, 1H), 5.64Jd; 12.4Hz, 1H),
4.49 (s, 2H), 4.36 (d] = 13.2Hz, 1H), 4.21-4.08 (m, 1H), 3.83 (s, 3HR&3(s, 4H), 3.23-3.03 (m, 2H), 3.01—
2.78 (m, 2H), 2.72-2.57 (m, 1H), 2.26-1.68 (m, 9HB4-1.03 (m, 8H)**C NMR (400 MHz, CDG)): &
208.95, 208.90, 163.79, 157.56, 146.77, 132.83,3B14111.36, 97.87, 76.64, 63.76, 63.73. 56.80/6&5.98,
54.28, 54.05, 52.26, 51.95, 50.71, 50.67, 49.00)4A7.96, 36.42, 33.89, 31.96, 31.86, 30.21,BXRY.77,
23.12, 23.08, 23.03, 23.0RMS (FAB): calcd for G4H3/CIN4O3S [M + H]" 497.2348, found 497.2355.

4.1.29. cis-4-Amino-5-chloro-N-(1-((1-propanethioyl piperidin-4-yl)methyl)-3-methoxypi peridin-4-yl)-2-
methoxybenzamide (23I)

1-(4-(Bromomethyl)piperidin-1-yl)propane-1-thion€58 mg, 2.763 mmol), potassium carbonate (480 mg,
3.473 mmol) and potassium iodide (74 mg, 0.446 mmare added to a stirred solution @$-4-amino-5-
chloro-2-methoxy-N-(3-methoxypiperidin-4-yl)benzatai (722 mg, 2.3 mmol) in N,N-dimethylformamide
(15mL) in order. The reaction mixture was heate®Q@dC for 12 hours and then cooled to room tentpera
and extracted with ethyl acetate and water. Tharocglayer was dried over anhydrous Mg®@d evaporated
in vacuo. The residue was purified by column chromatografainjoroform:acetone = 4:1) to obtain the target
compound (400 mg, 36 % yield).

'H NMR (400 MHz, CDC}): & 8.18 (d,J = 8.0Hz, 1H), 8.06 (s, 1H), 6.29 (s, 1H), 5.52J¢ 13.2Hz, 1H),
4.44 (s, 2H), 4.25-4.13 (m, 2H), 3.86 (s, 3H), J€04H), 3.17 (tJ = 13.2Hz, 1H), 3.04-2.82 (m, 4H), 2.75-
2.63 (m, 1H), 2.31-2.10 (m, 4H), 2.04-1.73 (m, 6HB5-1.11 (m, 5H)"*C NMR (400 MHz, CDG)): &
203.64, 203.60, 163.78, 157.54, 146.67, 132.91,5B1411.45, 97.87, 76.73, 63.72. 56.83, 56.78%H%H4.28,
54.06, 52.25, 51.98, 50.47, 50.44, 49.60, 49.584737.27, 37.25, 33.57, 31.69, 31.57, 30.19,8®0F.72,
13.47.HRMS (FAB): calcd for GsH3sCIN,O3S [M + H]" 483.2191, found 483.2202.

4.2. Biological evaluation



4.2.1. 5-HT4 receptor binding assay

5-HT, receptor binding assay were performed using memebpaeparations form Cos-7 cells expressing human
5-HT,. The membrane protein preparation was conductedeasribed previously. [25] Briefly, cells were
washed with phosphate buffered saline (PBS) andrifteyed at 300 g for 5min. The resulting pelletswa
suspended in ice-cold HEPES buffer (50mM, pH7.dhtifuged at 40,000 g for 30 min at 4 °C. Thelfjpallet
was resuspended in HEPES buffer, and protein dieatibn assay. Competitive (30-4000 nM) of test
compounds and 30nM ofH]-GR113808. Nonspecific binding was defined usitfiypuM of 5-HT. The 1,
value (the concentration of test compound thathitdithe binding of the radioactive ligand by 50%s

determined by linear regression of the displaceroante.
4.2.2. hERG channel assay

hERG binding affinities of test compounds were ofstd using PredictdY hERG fluorescence polarization
assay (Invitrogen, Carlsbad, CA) according to tlauafacturer’s protocol. The igvalues of compounds (10 —
10,000 nM) were calculated by eliminating maximuoiapization value of 30 uM E-4031, a specific hERG
blocker.

4.2.3. Functional potency evaluation; 5-HT4receptor agonistic activity on carbachol-induced contraction of rat

esophageal thoracic muscularis mucosae (TMM) preparations

Rats were sacrificed by a blow on the head, andmbst distal 1.2 cm of the esophagus was isolafed.
esophageal segments were prepared as describeidugigyv [26] Briefly, the external muscularis prapr
containing the outer longitudinal and circular mladayers of the esophagus, was carefully remoneatder to
isolate the smooth muscle of the tunica musculatisosae. The preparations were suspended longdlydin
under an initial tension of approximately 0.5 gnindified Krebs—Henseleit solution at 37 °C and et with
95% Q and 5% CGQ@. The ionic composition of the Krebs—Henseleit solu (mM) was NaCl 118, KCI 4.75,
CaCb 2.5, KHPO, 1.2, MgSQ 1.2, NaHCQ 25 and glucose 10. This solution routinely corgdin
indomethacin (31M) to prevent the relaxation effects of prostanpitiethysergide(1iM) to block 5-HT; and
5-HT, receptor.

Tissues were left to equilibrate with Krebs—Henisedelution for 60 min (with washing every 15 mibgfore
starting the experiment. Responses were recordeckisically through a force displacement transd(E&i03,
GRASS technology, U.S.A.) coupled to a chart reenfdabchart 5, AD Instruments, Australia).

The preparations were contracted by addition ofilam@ximal concentration of carbachol |81) into the
bathing solution. Upon establishing a stable catitva, accumulative concentration—effect curverfdaxation
to 5-HT was constructed. After construction of tmntrol curve, the tissue was washed with fresh ifieatl
Krebs—Henseleit solution and allowed to recover 86r min before recontracting with carbachol. Poyenc
relative to 5-HT was calculated from experimentsvhiich two concentration—effect curves were cormséad in

the same preparation: the first to5-HT itself amel $econd to a test compound.



4.2.4. Gastric emptying evaluation

Gastric emptying was measured according to the odefB7] of with some modifications. Male Sprague-
Dawley rats (220—250 g) were fasted for 18 h widHibitum access to water. (i) Normal rats wereegi2 mL
of semisolid meals by gavages at 50 min after éudiginistration. Following 30 min animals were shoed,
and the weights of stomachs and contents in theasths were measured to determine gastric empt§iastric
emptying (%) = [1-weight of test stomach/weightOofime control stomach]x100. (ii) Animals were giv2
mL of semisolid meal at 30 min after drug admirison, and simultaneously injected with cisplatin.( 5

mg/kg). Following 40 min, gastric emptying was datmed by the same method described above.

4.2.5. Other receptor binding assay

Other receptor binding assays were performed by @B&ma Services, Taiwan Ltd., using compo2Bgat a
screening concentration of 1 or 2 uM. The radialdjebinding affinities of 23g were determined at the
following receptors: 5-HT receptors (5-HhI 5-HTig, 5-HT,a, 5-HT,s, 5-HTs, 5-HT, receptors), non-5-HT
receptors (Adrenergiol, Adrenergica2, Adrenergicfl, Cholecystokininin 1, Dopamine 2L, Dopamine 2S,
Dopamine 3, Motilin, Muscarinic M2, Muscarinic M8piatex (OP2), Opiaten (OP3), Somatostatin sst2,
Tachykinin NK1, Tachykinin NK2)

4.3. Chiral HPLC analyses

4.3.1. Instruments

Analytical HPLC apparatus consisted on a Agilent3GIA quaternary pump, a G1319A autosampler, a
G1316A column oven, a DAD G1315B UV detector, datre acquired and processed by a ChemsStation
Datasystem. (Agilent)

4.3.2. HPLC operating condition

Analytical chromatographic separations were cardgation a Chiralpak IA column (250 mm x 4.6 mm ).D.
with a mobile phase consisting of heptane : isopnop : ethanol : diethylamine in the ratio 80 ::100 : 0.1
(viviviv) at a flow rate of 1.0 mL/min and maintaig the column temperature at 30 °C. The injectiolume
was 10uL and the detection wavelength was set at 220 nm.

4.3.3. Preparation of sample

Sample was prepared by dissolving of accurate wafjp5 mg in 50 mL of methanol (0.5 mg/mL)



Acknowledgements

The authors are grateful to Hyungkeun Lee for éststof the biological activity and to A-yeon Péokthe
analyses of chiral HPLC separation. We also apatethe support and effort with the PK studies oh@-A
ST Research Institute.

References and Notes

[1] D.E. Baker, Rationale for using serotonergierg to treat irritable bowel syndrome,
American journal of health-system pharmacy : AJHBfficial journal of the American
Society of Health-System Pharmacists, 62 (2005)7100 quiz 712-703.

[2] J.R. Grider, A.E. Foxx-Orenstein, J.G. Jin, $erbxytryptamine4 receptor agonists
initiate the peristaltic reflex in human, rat, agdinea pig intestine, Gastroenterology, 115
(1998) 370-380.

[3] M.B. Hansen, E. Skadhauge, Signal transdugbiathhways for serotonin as an intestinal
secretagogue, Comparative biochemistry and phygpjol®art A, Physiology, 118 (1997)
283-290.

[4] J.G. Jin, A.E. Foxx-Orenstein, J.R. Grider, Rrigion in guinea pig colon induced by 5-
hydroxytryptamine (HT) via 5-HT4 and 5-HT3 receptorhe Journal of pharmacology and
experimental therapeutics, 288 (1999) 93-97.

[5] A.E. Foxx-Orenstein, J.F. Kuemmerle, J.R. Grjd@istinct 5-HT receptors mediate the
peristaltic reflex induced by mucosal stimuli in nan and guinea pig intestine,
Gastroenterology, 111 (1996) 1281-1290.

[6] B.G. Tuo, Z. Sellers, P. Paulus, K.E. Barrettl. Isenberg, 5-HT induces duodenal
mucosal bicarbonate secretion via cCAMP- and Cazyedédent signaling pathways and 5-
HT4 receptors in mice, American journal of physmio Gastrointestinal and liver
physiology, 286 (2004) G444-451.

[7] N. Amemiya, S. Hatta, H. Takemura, H. Ohshikdaracterization of the contractile
response induced by 5-methoxytryptamine in rat atdnfundus strips, European journal of
pharmacology, 318 (1996) 403-409.

[8] M.J. Lee, K.H. Cho, H.M. Park, H.J. Sung, S.oGW. Im, Pharmacological profile of
DA-6886, a novel 5-HT4 receptor agonist to accédereolonic motor activity in mice,
European journal of pharmacology, 735 (2014) 118-12

[9] N.J. Talley, A.R. Zinsmeister, C.D. Schleck,JLMelton, 3rd, Dyspepsia and dyspepsia
subgroups: a population-based study, Gastroentgrol®2 (1992) 1259-1268.

[10] F. Cremonini, S. Delgado-Aros, N.J. Talley,nEtional dyspepsia: drugs for new (and
old) therapeutic targets, Best practice & resea@mical gastroenterology, 18 (2004) 717-
733.

[11] N.J. Talley, S.F. Phillips, Non-ulcer dyspepspotential causes and pathophysiology,
Annals of internal medicine, 108 (1988) 865-879.

[12] K. Itoh, K. Kanzaki, T. Ikebe, T. Kuroita, Homozane, S. Sonda, N. Sato, K. Haga, T.
Kawakita,Synthesis and pharmacological evaluation of canmc@ derivatives as selective
serotoninergic 5-HT4 receptor agonists, Eur. J. M&tem. 34 (1999) 977-989.

[13] F. Castriconi, M. Paolino, G. Giuliani, M. Amz, G. Campiani, L. Mennuni, C.
Sabatini, M. Lanza, G. Caselli, F. De Rienzo, MM&nziani, M. Sbraccia, P. Molinari, T.
Costa, A. Cappelli, Synthesis and structure—agtiretationship studies in serotonin 5-HT4



receptor ligands based on a benzo[de][2,6]naphtieidscaffold, European Journal of
Medicinal Chemistry, 82 (2014) 36-46.

[14] N.R. Binnie, G.H. Creasey, P. Edmond, A.N. ®miThe action of cisapride on the
chronic constipation of paraplegia, Paraplegia(1288) 151-158.

[15] A. Kahan, S. Chaussade, M. Gaudric, B. FreitagAmor, C.J. Menkes, G. Strauch, J.
Guerre, D. Couturier, The effect of cisapride ostgaoesophageal dysfunction in systemic
sclerosis: a controlled manometric study, Britishrpal of clinical pharmacology, 31 (1991)
683-687.

[16] J.E. Kellow, H. Cowan, B. Shuter, J.W. Ril&4,R. Lunzer, R.P. Eckstein, R. Hoschl,
S.K. Lam, Efficacy of cisapride therapy in funct@bmlyspepsia, Alimentary pharmacology &
therapeutics, 9 (1995) 153-160.

[17] F. Potet, T. Bouyssou, D. Escande, |. Barost@atestinal prokinetic drugs have
different affinity for the human cardiac human ethegogo K(+) channel, The Journal of
pharmacology and experimental therapeutics, 2991(0007-1012.

[18] A. Coi, I. Massarelli, L. Testai, V. Caldergné&.M. Bianucci, Identification of
“toxicophoric” features for predicting drug-inducedT interval prolongation, European
Journal of Medicinal Chemistry, 43 (2008) 2479-2488

[19] W. Meuldermans, A. Van Peer, J. Hendrickx, Mduwers, E. Swysen, M. Bockx, R.
Woestenborghs, J. Heykants, Excretion and biotoamsftion of cisapride in dogs and
humans after oral administration, Drug metabolisml disposition: the biological fate of
chemicals, 16 (1988) 403-4009.

[20] P.D. Rubin, T.J. Barberich, Methods for tregtiapnea, apnea disorders, bulimia, and
other disorders using optically pure (+) norcisaeriin, Google Patents, 2000.

[21] D.D. Long, S.R. Armstrong, D.T. Beattie, S8hoi, P.R. Fatheree, R.A. Gendron, D.
Genov, A.A. Goldblum, P.P. Humphrey, L. Jiang, DMkarquess, J.P. Shaw, J.A. Smith,
S.D. Turner, R.G. Vickery, Discovery, oral pharmiaoetics and in vivo efficacy of
velusetrag, a highly selective 5-HT(4) receptorragfothat has achieved proof-of-concept in
patients with chronic idiopathic constipation, Biganic & medicinal chemistry letters, 22
(2012) 6048-6052.

[22] G. Van Daele, Novel N-(3-hydroxy-4-piperidifybenzamide derivatives, in, Google
Patents, 1991.

[23] G.H.P. van Daele, M.F.L. De Bruyn, F.M. Sommpkh Janssen, J.M. van Nueten, J.A.J.
Schuurkes, C.J.E. Niemegeers, J.E. Leysen, Systhafsicisapride, a gastrointestinal
stimulant derived from cis-4-amino-3-methoxypiperel Drug Development Research, 8
(1986) 225-232.

[24] J.R. McCullough, T.P. Jerussi, Methods foatieg gastroesophageal reflux disease, in,
Google Patents, 2000.

[25] O. Blondel, M. Gastineau, Y. Dahmoune, M. Lkmg R. Fischmeister, Cloning,
expression, and pharmacology of four human 5-hygrggtamine 4 receptor isoforms
produced by alternative splicing in the carboxyimtigus, Journal of neurochemistry, 70
(1998) 2252-2261.

[26] G.S. Baxter, D.A. Craig, D.E. Clarke, 5-Hydytryptamine4 receptors mediate
relaxation of the rat oesophageal tunica musculamiscosae, Naunyn-Schmiedeberg's
archives of pharmacology, 343 (1991) 439-446.

[27] A. Ozaki, T. Sukamoto, Improvement of cisphaitnduced emesis and delayed gastric
emptying by KB-R6933, a novel 5-HT3 receptor antagtpy General pharmacology, 33
(1999) 283-288.



Highlights
26 novel benzamide derivatives of cisapride were synthesized as potential prokinetic agents

« Amide derivatives of the akyl piperidinyl group showed good binding affinities for the 5-
HT,4 receptor and low affinities for hERG.

« Compound 23g could be a good candidate to treat Gl disorders, particularly functiona

dyspepsia



