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A series of certain new N-{[1-(4-aralkyl/ethylpiperazine-1-
yl)cyclohexyllmethyl}arylcarbox- amidesla-t structurally related to the antiemetic
Metoclopramide I() was synthesized starting from cyclohexanoikaralkyl and/or
ethylpiperazine, and KCN in the presence of con€l kb furnish the carbonitrile
derivatives 3a-d. Subsequent reduction &a-d produced the respective aminéa-d
which were elaborated to the desired arylcarboxamith-t through amide coupling
reactions. The target compoundla-t were evaluated for their dopamine Beceptor
antagonistic activityin vivo by measuring their ability to inhibit apomorphimetuced
chewing “Zwansgnagen” in rats. Compoutid (EDsg = 5.94umol/kg) is the most active
congener being nearly 2-fold more potent than tleeipusly reported cyclohexane-based
dopamine D receptor antagonidt (EDsy = 11.66umol/kg). Molecular simulation study
including fitting to dopamine Preceptor antagonists 3D-pharmacophore model using
Discovery Studio 2.5 programs showed high-fit valu€he experimental dopamine D
receptor antagonistic activity of compoundla-t was consistent with the molecular
modeling study.
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1. Introduction

Metoclopramide I(), the parent arylcarboxamide in the orthopramidesly, is clinically
used as a gastroprokinetic agent (stimulant of ugaestrointestinal motility) as well as an
antiemetic. This gastroprokinetic activity is ascribed to thelease of acetylcholine upon
stimulation of 5-HT, receptors whereas the antiemetic activity is kaited to the antagonistic
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activity at both 5-H¥% serotoninergic and Ddopaminergic receptors in the chemoreceptor trigge
zone (CTZ) in the central nervous system (CNS)h@ptamides possess three common structural
elements required for binding to the receptor sie:aromatic moiety, carbonyl function or its
bioisosteric group, and a basic nitrogen afdmMmongst benzamide derivatives, the cyclohexane
derivativell was originally reported as Metoclopramide analoylibe weak affinity and lack of
selectivity of Metoclopramide for dopaminergic asetotoninergic receptors can be explained by
the large number of permissible conformers dudéédflexibility of its amino chaifi.Accordingly,

the intense interest for studying certain molecutardifications of Metoclopramide implies;
change in the substituents of the aromatic ringgctidral variations in the amine moiety to obtain a
conformationally restricted amino side chain, ancteéasing the lipophilicityia inclusion of the
vicinal carbon atom of the basic nitrogen atom iat@yclohexane ring. This concept will be
addressed through the synthesis and biological uattah of new cyclohexane derived
arylcarboxamidesla-t as potential dopamine ,Dreceptor antagoniststructurally relatedto
Metoclopramidel().

R
C2H5 CZH5 o K\N/
/\/N R N\)
H,N R3 R1
Metoclopramidgl) R> la-t

Fig. 1. Structures of Metoclopramide (1), compouh@nd target compounds la-t.

2. Experimental

2.1. Chemistry

All melting points were determined using Electrathal Capillary melting point
apparatus and are uncorrected. Infrared (IR) spewtre recorded as thin film (for oils) in NaCl
discs or as KBr pellets (for solids) with JASCO IRF6100 spectrometer and values are
represented in cth'H NMR (500 MHz) andC NMR (125 MHz) spectra were carried out on
Jeol ECA 500 MHz spectrometer using TMS as intestahdard and chemical shift values were
recorded in ppm o scale. The'H NMR data were represented as follows: chemiciftssh
multiplicity (s. singlet, d. doublet, dd. doublet doublet, t. triplet, m. multiplet, br. broad),
number of protons, and type of protons. i@ NMR data were represented as chemical shifts
and type of carbons. Mass spectral data were @utamith electron impact (EIl) ionization
technique at 70 eV and chemical ionization (CIfCHrom a Finnigan Mat SSQ-7000
Spectrometer. Elemental analyses were carried roddicroanalytical Unit, National Research
Centre and Cairo University. Silica gel TLC (thayér chromatography) cards from Merck (silica
gel precoated aluminum cards with fluorescent iattic at 254 nm) were used for thin layer
chromatography. Visualization was performed bynilloation with UV light source (254 nm).
Column chromatography was carried out on silica6§e(0.063-0.200 mm) obtained from Merck.

2.1.1. General procedure for the synthesis d-aralkylpiperazines 2b-d

Piperazine dihydrochloride monohydrate (3.54 g,02mol) was added to a stirred
warmed (65°C) solution of piperazine hexahydrat893), 20.0 mmol) in absolute ethanol (9.87
mL). Appropriate aralkyl chloride (20.0 mmol) waddad to the reaction mixture dropwise during
5 min with vigorous stirring. Separation of whiteatles was observed immediately and stirring
was further continued for 25 min at 65 °C, thenliegpat O °C for 30 min. The precipitated
piperzine dihydrochloride was filtered off and weadhwith cold absolute ethanol (10 mL). The
combined filtrate and washings were dried £,), filtered and evaporated under reduced
pressure to afford the respective piperazine déves2b-d as monohydrochloride salis 66-
95% yields.
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2.1.1.1. 1-Benzylpiperazine (28)

White solid, m.p. 164C of monohydrochloride salyield 4.1g (95%).

2.1.1.2. 1-(3,4,5-Trimethoxybenzyl)piperazine (2c)

Buff solid, m.p. 236C of dihydrochloride salfiLit.® 210-211), yield 4.8 g (80%).

2.1.1.3. 1-Benzhydrylpiperazine (2d)

Yellowish white solid, m.p. 70-7Z of base (Lit? 70-72), yield 3.8 g (66%).

2.1.2. General procedure for the Synthesis of [1-(4-aralkyethylpiperazin-1-yl)cyclo-

hexyl]acetonitriles 3a-d

Ethylpiperazin€aand/or the appropriaté-aralkylpiperazin€b-d as monohydrochloride
(200 mmol) were mixed carefully with conc. HCI (6.&1L, 26.0 mmol) and pH of the reaction
mixture was adjusted to 3-4. Cyclohexanone (0.81 1fl0.0 mmol) was added to the resulting
solution followed by addition of potassium cyan{@65 g, 100.0 mmol) in ¥ (1.72 mL). The
reaction mixture was stirred for 2 h at room terapgte then was allowed to stand overnight. The
reaction mixture was basified (10% NaOH) and threnfxl precipitate was filtered off and washed
with water (10 mL) to afford the corresponding aanitrile derivatives3a-d in 50-82% yields.
The crude3a-d were used in the next step without further puaifion. Analytical samples &a,
3¢, and3d were obtained after recrystallisation from isonopl.

2.1.2.1. [1-(4-Ethylpiperazin-1-yl)cyclohexyl]acetoitrile (3a)

Yellow solid, m.p. 76-78C, yield 5.4 g (50%). IR (KBr, cit) exhibited bands at 2217
(CN), 3742, 643'H NMR (CDCL) &: 1.08-1.84 (m, 15H, 5 x I&,) cyclohexyl, G1,-CHs, CH,-
CHs), 2.09-2.86(m, 8H, (4 x CH) piperazine)*C NMR (CDC}) &: 11.8 CHz), 21.9, 24.7, 33.6,
46.2, 51.8, 52.7, 60.5 (6 x GHCy), 116.6 (CN). MS (Elm/z (%): 221.2 (13.7, M), 114 (25),
109.1 (10.3), 71 (100). Anal. Calcd. fors82:Ns: C, 71.44; H, 10.71; N, 17.85. Found: C, 71.64;
H, 10.53; N, 17.75.

2.1.2.2. [1-(4-Benzylpiperazin-1-yl)cyclohexyl]acenitrile (3b)°

White solid, m.p. 94C, yield 9.2 g (81.4%).

2.1.2.3. {1-[4-(3,4,5-Trimethoxybenzyl)piperazin-id]cyclohexyl}acetonitrile (3c)

Yellowish white solid, m.p. 95C, yield 11 g (75%). IR (KBr, ci) exhibited bands at
2221(CN), 2931, 2826, 1004 NMR (CDC}) &: 1.49-1.73 (m, 10H, (5 x ;) cyclohexyl), 2.46-
2.66 (m, 8H, (4 x E,) piperazine), 3.50 (s, 2H,Hz-C¢Hs), 3.81 (s, 3H, O8;) , 3.82 (s, 6H, 2
OCHs,), 6.54 (s, 2H, H.).**C NMR (CDCE) 8: 22.0, 22.8, 24.9, 33.9, 46.6, 46.7, 60.8 (6 %)CH
Cy), 53.2,56.1 (@H3), 105.7 CH,.) 122.6 (CN), 129.2, 135.9, 153.1,(E MS (El)m/z(%): 373
(8.9, M), 265 (21), 182.2 (38), 181 (10(nal. Calcd. for GHsNsOs: C, 68.19; H, 8.58; N,
10.84. Found: C, 67.94; H, 8.82; N, 10.66.

2.1.2.4. [1-(4-Benzhydrylpiperazin-1-yl)cyclohexyfcetonitrile (3d)

Yellow solid, m.p. 134-13€C, yield 11.7 g (82%). IR (KBr, c) exhibited bands at 2096
(CN), 3425, 1443, 703H NMR (CDCk) &: 1.62-2.14 (m, 10H, (5 x &) cyclohexyl), 2.25-2.33
(m, 8H, (4 x ®,), piperazine), 4.20 (s, 1H,H}, 7.23-7.42 (m, 10H, H). *C NMR (CDC}) &:
22.2, 25.0, 27.0, 46.9, 52.0, 53.4 (5 KA C), 126.9 (CN), 128.0, 128.09, 128.5 (&H 142.8
(Car). MS (El)m/z(%): 354 (0.2, M), 167 (100), 152 (26.5). Anal. Calcd. fogs831Ns: C, 80.39;
H, 8.37; N, 11.25. Found: C, 80.22; H, 8.64; N4B1.

2.1.3. General procedure for the synthesis ofN-{[1-(4-aralkyl/ethylpiperazin-1-
yl)cyclohexyl]- methyl}arylcarboxamides 1a-I

A solution of anhydrous aluminum chlori¢21 g, 16.0 mmol) in dry THF (5 mL) was
added dropwise to a stirred suspension of LiAIH9 g, 49.0 mmol) in dry THF (100 mL) at 0 °C.
A solution of the appropriate carbonitriga-d (11.0 mmol) in dry THF (15 mL) was added
dropwise to the cooled (0 °C) reaction mixture atidring was continued for 24 h at room
temperature. The reaction was quenched by a slditi@d of saturated sodium sulfate solution at
0-5 °C. The formed precipitate was filtered off amdshed with THF (10 mL) and ethyl acetate
(25 mL). The combined filtrate and washings weredl(N&SQ,), filtered and evaporated under
reduced pressure to afford 1-[1-(4-aralkyl/ethy$wazin-1-yl)cyclohexyl] methanamindsa-d in
75-85% vyields as pale yellow viscous oils which eveplidified upon storage. The cruda-d
were pure enough to be used in the next step withether purification. A solution of the
appropriate acyl chloridéa-c (4.86 mmol) in benzene (20 mL) was added dropwose stirred
solution of4a-d (4.42 mmol) and triethylamine (0.04 mL) in benzds® mL). The reaction
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mixture was refluxed for 5 h, cooled to room tengpere, the formed precipitate was filtered off
and washed with benzene (10 mL). The combinedafdtrand washings were dried ¢(N@a)),
filtered and evaporated under reduced pressurédaléahe respective arylcarboxamidés-| as
brown viscous oils. The obtained amides were mdithrough their dihydrochloride salts which
were recrystallised from isopropanol to furnishepia-I.

2.1.3.1. 1-[1-(4-Ethylpiperazin-1-yl)cyclohexyllmédianamine (4a)

Pale yellow viscous oil, yield 2.1 g (87.5%). IRRK cni*) exhibited bands at 3745, 3677
(NH,), 1458, 612H NMR (DMSO-dg) &: 1.18 (t, 3HJ = 6.9, CH), 1.21-1.58 (m, 10H, (5 x &)
cyclohexyl), 3.05 (s, 4H, K,-CH; and GH,-NH,), 3.11-3.46 (m, 8H, (4 x&,) piperazine) 8.09
(br. s, 2H, NH,)."*C NMR (DMSO4) 8: 9.2 (CH3), 21.9, 26.3, 28.5, 42.3, 45.1, 47.8, 50.9, 50.0 (
X CHy), Cy). MS (El) m/z (%): 225.2(0.9, K, 195.2 (100), 113.1 (6), 83.1 (10.1).

2.1.3.2 1{1-(4-Benzylpiperazin-1-yl)cyclohexyllmethanamine (8)

Pale yellow viscous oil, yield 2.6 g (86.6%). IRRK cm’) exhibited bands at 3061, 3027
(NH,), 14531, 741'H NMR (CDCL) &: 1.19-1.93 (m, 10H, (5 x1d,) cyclohexyl), 2.06-2.08 (m,
4H, (2 x H,) piperazine), 2.47-2.93 (m, 6H, (2 Hg) piperazine, €l,-C¢Hs), 3.47 (d, 2HJ =5
Hz, CH,-NH) 7.26-7.27 (m, 5H, k). **C NMR (CDC}) 5: 26.2, 28.4, 29.8, 37.7, 52.4, 52.7, 56.1,
66.7 (7 x CH), G, 123.0, 131.2, 132.2, (GH), 133.3 (G.).

2.1.3.31-{1-[4-(3,4,5-Trimethoxybenzyl)piperazin-1-yljcycbhexylmethanamine (4c)

Pale yellow viscous oil, yield 3.8 g (91%R (KBr, cri') exhibited bands at 3060, 3029
(NH,), 750."H NMR (CDCE) 8: 1.16-1.43 (m, 10H, (5 xId,) cyclohexyl), 2.33-2.74 (m, 8H, (4 x
CH,) piperazine), 3.52 (s, 2H,Hz-NH,), 3.73 (s, 2H, €,-CsHs), 3.76 (s, 3H, O85), 3.76 (s, 2H,

2 OCH,), 6.48 (s, 2H, H.). *C NMR (CDC}) 5: 25.8, 26.2, 29.4, 29.5, 35.6, 45.7, 53.4, 54.5 (7
CH), G, 58.0, 60.8 (@H5), 106.0 (CH.), 133.8, 136.8, 153.0 (Q. MS (E) m/z (%): 378.4
(1.8, M"+1), 167 (100), 181 (99), 196 (7).

2.1.3.4 1-[1-(4-Benzhydrylpiperazin-1-yl)cyclohexyllmethananine (4d)

Pale viscous oil, yield 2.7 g (67.5%). IR (KBr, tnexhibited bands at 3060, 3029 (NH

'H NMR (CDCE) 8: 1.31-1.36 (m, 10H, (5 x I&,) cyclohexyl), 2.08 (br.s, 4H, and (2x
CH,) piperazine), 3.57-3.65 (m, 6HHzNH,, (2x CH,) piperazine), 5.50 (s, 1H,Hz(CeHs),),
7.37-7.45 (m, 10H, K).**C NMR (CDCE) &: 24.3, 25.6, 30.1, 35.6, 48.8, 51.8, 64.6 (6hk),
Cy), 127.3, 127.5, 128.6CH,.), 142.7 (G.). MS (El) m/z (%): 363.3 (0.23, N), 333.2 (100),
126.2 (81), 112.1 (47.99).

2.1.3.5 N-{[1-(4-Ethylpiperazin-1-yl)cyclohexyllmethyl}benzamide (1a)

White solid, m.p. 218 °C (dihydrochloride salt)e 0.58 g (39.9%)IR (KBr, cmi?)
exhibited bands at 3064 (NH), 2813, 1644 (C=B)NMR (CDCk) &: 1.04 (t, 3H,J = 6.9 Hz,
CH,-CH5), 1.39-1.59 (m, 10H, (5 x i) cyclohexyl), 2.37 (q, 2HJ = 6.9 Hz, G1,-CHy), 2.40-
2.67 (m, 8H, (4 x Ch) piperazine), 3.49 (d, 2H), = 9.5 Hz, ®i,-NH), 7.39-7.74 (m, 5H, K),
7.04 (br. s, 1H, NH)**C NMR (CDC}) &: 12.0 CH3s-CH,), 22.31, 25.98, 29.56, 40.7, 44.35,
52.36, 54.38, 58.05 (7 x GH C,), 126.8, 128.6, 131.3 (GH, 134.8 (G.), 167.1 (C=0O)MS (EI)
m/z(%): 329.2 (0.05, M), 195.1 (100), 105.05 (13.74), 77.05 (9.87).

2.1.3.6 N-{[1-(4-Ethylpiperazin-1-yl)cyclohexyllmethyl}-4-chlorobenzamide (1b)

White solid, m.p. 230 °C (dihydrochloride salt)eld 0.48 g (30%). IR (KBr, cil
exhibited bands at 3254 (NH), 2930, 1641 (C=6)NMR (CDCE) &: 1.08 (t, 3H,J = 6.9 Hz, -
CH,-CH,3), 1.41-1.61 (m, 10H, 5 xK3) cyclohexyl), 1.88 (br. s, 4H, (2 xH) piperazine), 2.38
(9, 2H,J = 6.9 Hz, ®1,-CHy), 2.69 (br. s, 4H, (2 x i&,) piperazine), 3.51 (d, 2H,=5 Hz, GH»-
NH) 7.06 (br. s,1H, NH), 7.40 (d, 2H,= 10 Hz, H,.), 7.70 (d, 2HJ = 10 Hz, H,). *C NMR
(CDCly) 6: 12.0 (CH-CHa), 22.4, 25.9, 29.6, 40.8, 44.3, 52.4, 54.4, 58.% CH,), C;), 128.3,
128.9 (CH,), 133.2, 137.5 (§), 166.2 (C=0). MS (Elm/z (%): 364.2 (0.04, M+ 1), 195.2
(100), 111.05 (10.59), 84.1 (21.52). Anal. Calant. €,0H3,CIN;O.2HCI: C, 54.99; H, 7.38; N,
9.62. Found: C, 54.57; H, 7.76; N, 9.65.

2.1.3.7 N-{[1-(4-Ethylpiperazin-1-yl)cyclohexyl]methyl}-4-nitrobenzamide (1c)

Buff solid, m.p. 210 °C (dihydrochloride salt), ke0.49 g (30%). IR (KBr, cif)
exhibited bands at 3393 (NH), 2696, 1650 (C=®)NMR (CDCL) &: 1.07 (t, 3HJ = 6.9, CH-
CHy), 1.40-1.96 (m, 10H, (5 x k) cyclohexyl), 2.38 (q, 2H] = 6.9, GH,-CHjy), 2.68 (br. s, 8H,
(4 x CH,) piperazine), 7.22 (br. s, 1H, NH), 7.91 (d, 2+ 7.7 Hz, H..), 8.27 (d, 2HJ = 7.7 Hz,
Har.).*C NMR (CDC}) &: 12.0 CH3-CH,), 22.3, 25.8, 29.5, 44.3, 48.9, 52.3, 54.5, 58.8 CH),
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Cy), 123.9, 128.0 (CKl), 140.4, 149.5 (&), 165.0 (C=0). MS (Elm/z (%): 374.2 (0.02, W,
195.2 (100), 104.05 (4.59), 84.1 (14.58). Anal.d@afor GoH3oN40s.2HCI: C, 53.69; H, 7.21; N,
12.52. Found: C, 54.11; H, 7.59; N, 12.43.

2.1.3.8 N-{[1-(4-Benzylpiperazin-1-yl)cyclohexyllmethyl}benamide (1d)

Buff solid, m.p. 224 °C (dihydrochloride salt), ie0.64 g (37.1%). IR (KBr, ci)
exhibited bands at 3265 (NH), 2447, 1673 (C=0),. 7HIONMR (CDClLg) &: 1.14-1.62 (m, 10H,
(5 x CHy) cyclohexyl), 2.49 (br. s, 4H, (2 xH;) piperazine), 2.67 (br. s, 4H, (2 xHg)
piperazine), 3.50 (s, 2H,H;-CgHs), 3.53 (d, 2H,J =5 Hz, G1,-NH), 7.23-7.51 (m, 10H, ), 7.6
(s, 1H, NH). °C NMR (CDCE) &: 21.4, 25.9, 28.9, 33.9, 44.2, 48.9, 54.6, 63.2x @H,), Cy),
126.9, 128.2, 128.3, 129.1, (GHC,.), 167.1 (C=0). MS (Elm/z (%): 391.9 (0.52, M), 168
(63), 167 (43), 114 (100). Anal. Calcd. fogs833N30.2HCI: C, 64.65; H, 7.60; N, 9.05. Found: C,
64.35; H, 7.45; N, 8.98.

2.1.3.9 N-{[1-(4-Benzylpiperazin-1-yl)cyclohexyllmethyl}-4-dhlorobenzamide (1e)

White solid, m.p. 226 °C (dihydrochloride salt)eld 1.27 g (67.8%). IR (KBr, ch)
exhibited bands at 3296 (NH), 2872, 929, 1664 (CZ@NMR (CDCk &: 1.39-1.60 (m, 10H, (5
x CH,) cyclohexyl), 2.46 (br. s, 4H, (2 xH) piperazine), 2.67 (br. s, 4H, (2 Hg) piperazine),
3.51 (s, 4H, @G,-NH, CH,-CgHs), 7.07 (s, 1H, M), 7.25-7.29 (m, 5H, ), 7.4 (d, 2HJ = 8.4
Hz, H..), 7.7 (d, 2H,) = 8.4 Hz, H..). **C NMR (CDC}) &: 22.3, 25.9, 29.5, 44.4, 53.1, 54.6, 58.0,
63.14 (7 x CH), ¢y, 127.0, 127.2, 128.2, 128.8, 129.3 (£}1133.2, 137.5, 137.8 (Q , 166.0
(C=0). MS (El) m/z (%): 423 (4.3, M-2), 257.7 (100), 111 (25), 91 (43.3). Anal. Caléar
C,sH3.CIN4O.2HCI: C, 60.18; H, 6.87; N, 8.42. Found: C, 60.496.65; N, 8.45.

2.1.3.10N-{[1-(4-Benzylpiperazin-1-yl )cyclohexyllmethyl}-4nitrobenzamide (1f)

White solid, m.p. 245 °C (dihydrochloride salt)eld 0.51 g (22.6%). IR (KBr, ci)
exhibited bands at 3250 (NH), 2948, 751, 1658 (CZ@NMR (CDCh) &: 1.22-1.60 (m, 10H, (5
x CHy) cyclohexyl), 2.00 (s, 2H 8, piperazine), 2.45 (br. s, 2HHz piperazine) 2.66 (s, 4H, (2 x
CH,) piperazine), 3.52 (d, 2H,= 4 Hz, (H,-NH), 7.26 (s, 6H, K., NH), 7.9 (d, 2HJ = 8 Hz,
Haw), 8.26 (d, 2HJ = 8 Hz, H.). °C NMR (CDCE) &: 25.9, 28.7, 29.6, 40.8, 44.3, 54.5, 58.0,
60.4 (7 x CH), C;), 123.0, 128.0, 128.3, 129.3, 137.5, (QH140.4 ,149.5, 165.0 (3, 171.1
(C=0). MS (El)m/z (%): 434 (5, M-2), 141.8 (39), 139.9 (46), 91 (100). Anal. Calfok
CasH3:N4O.2HCI: C, 58.94; H, 6.73; N, 11.00. Found: C, 9814, 7.01; N, 10.85.

2.1.3.11N-({1-[4-(3,4,5-Trimethoxybenzyl)piperazin-1-
yl]cyclohexylimethyl)benzamide (19)

White solid, m.p. 200 °C (dihydrochloride salt)eld 1.62 g (76.1%). IR (KBr, ci)
exhibited bands at 3297 (NH), 2498, 1668 (C=0),. 7AAMR (CDCk) &: 1.16-1.93 (m, 10H, (5
X CH,) cyclohexyl), 2.65-2.79 (br. s, 8H, (4 *Hg) piperazine), 3.39 (d, 2H,= 5 Hz, G4,-NH),
3.48 (s, 2H, E1,-C¢Hs), 3.79 (s, 3H, 0O83), 3.81 (s, 6H, 2083), 6.50 (s, 2H, H.), 7.35-7.73 (m,
5H, Ha..), 7.97 (s, 1H,J = 8 Hz, NH)."*C NMR (CDC}) &: 22.2, 25.6, 29.6, 40.8, 44.3, 53.0, 54.6,
60.8 (7 x G, Cy), 56.13, 58.0 (QH), 105.7, 127.0, 128.4, 129.BH,.), 132.9, 133.0, 133.8,
153.1 (G.), 167.1 (C=0). MS (Eln/z (%): 482 (0.16, N)), 209 (61), 104 (100), 76 (35). Anal.
Calcd. for GgHz9N304.2HCI: C, 60.64; H, 7.45; N, 7.58. Found: C, 60.837.58; N, 7.47.

2.1.3.12N-({1-[4-(3,4,5-Trimethoxybenzyl)piperazin-1-ylJcycbhexyl}methyl)-4-
chloro- benzamide (1h)

White solid, m.p. 200 °C (dihydrochloride salt)eld 0.85 g (37.1%). IR (KBr, ¢
exhibited bands at 3027 (NH), 2809, 1627 (C=0),. 7THONMR (CDC}) &: 1.10-1.66 (m, 10H, (5
x CH,) cyclohexyl), 2.04-2.58 (m, 8H, (4 xH3) piperazine), 3.34 (d, 2H,= 10 Hz, @&,-NH),
3.68 (s, 3H, O8), 3.72 (s, 8H, 208;, CH,-C¢Hs), 6.46 (s, 2H, H.), 7.06 (br.s, 1H, NH), 7.29
(d, 2H,J = 5 Hz, H,.), 7.62 (d, 2H,J = 5 Hz, H..). °C NMR (CDC}) &: 22.1, 25.8, 28.8, 30.3,
44.2, 48.8, 53.3, 60.8 (7 x GI&,), 56.4, 58.0 (OC}H}, 105.8, 128.6, 128.7 (GH, 133.4, 134.1,
135.6, 136.9, 153.1 (£), 169.1 (C=0). MS (Eln/z (%): 518 (0.34, M + 2), 348 (29.9), 181
(100), 139 (26.5). Anal. Calcd. for,g13sCIN;O4.2HCI: C, 57.10; H, 6.85; N, 7.13. Found: C,
56.88; H, 7.08; N, 6.91.

2.1.3.13N-({1-[4-(3,4,5-Trimethoxybenzyl)piperazin-1-ylJcycbhexyl}methyl)-4-
nitro- benzamide (1i)

Buff solid, m.p. 100 °C (dihydrochloride salt), kle1.39 g (52.6%). IR (KBr, ci)
exhibited bands at 3369, 3225 (§H2442, 1597 (C=0), 623H NMR (CDC}) &: 1.23-1.48 (m,
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10H, (5 x @H,) cyclohexyl), 1.93-2.26 (m, 8H, (4 xHy) piperazine), 3.84 (s, 2H,H;-CgsHs),
3.89 (d, 2HJ = 4 Hz, M,-NH), 3.96 (s, 3H, O85), 3.96 (s, 6H, 208;) 6.94 (br.s, 1H, N),
7.24 (d, 2HJ = 5 Hz, H,.), 8.19 (d, 2H,J = 5 Hz, H,.), 8.27-8.29 (m, 2H, K). **C NMR (CDC})
d: 25.9, 26.3, 29.0, 48.9, 51.6, 60.8, 63.4, 63.% @H,, C;), 53.6, 56.1, (OC}J, 105.9, 113.7,
119.4 (CH,), 131.6, 134.0, 136.8, 151.1, 153.Q{¢167.2 (C=0). MS (Eln/z(%): 526 (0.01,
M), 123 (57), 84 (100), 78 (47). Anal. Calcd. forghdzgN,Os.2HCI: C, 56.09; H, 6.72; N, 9.34.
Found: C, 56.29; H, 6.62; N, 9.56.

2.1.3.14N-{[1-(4-Benzhydrylpiperazin-1-yl)cyclohexyllmethyl}benzamide (1))

White solid, m.p. 222 °C (dihydrochloride salt)eld 0.83 g (40%). IR (KBr, ci)
exhibited bands at 3058.55 (NH), 1663 (C=0), 68BNMR (CDC}) &: 1.28-1.63 (m, 10H, (5 x
CH,) cyclohexyl), 2.44-2.69 (m, 8H, (4 xHp) piperazine), 3.55 (s, 2H,H;-NH), 4.22 (s, 1H,
CH), 7.18-7.46 (m, 15H, k), 7.79 (br.s, 1H, N). *C NMR (CDC}) &: 22.4, 26.0, 29.4, 40.6,
44.6, 48.9, 53.4, (6 x GHC,), 126.9, 127.0, 128.0, 128.5, 128.6, 128.7 {GHL42.4, 142.7 (&),
167.1 (C=0). MS (El/z(%): 467.64 (0.42, V), 333 (93.2), 167 (100), 105 (51.5). Anal. Calcd.
for C;1H3/N;O.2HCI: C, 68.88; H, 7.27; N, 7.77. Found: C, 681347.47; N, 8.01.

2.1.3.15 N-{[1-(4-Benzhydrylpiperazin-1-yl)cyclohexyl]methyl}-4-chlorobenzamide
(1k)

White solid, m.p. 218 °C (dihydrochloride salt)eld 1.27 g (56.9%). IR (KBr, ch
exhibited bands at 3409 (NH), 1649.8 (C=0), 10B8.8H NMR (CDCL) &: 1.12-1.97 (m, 10H,
(5 x CH,) cyclohexyl), 2.23-2.87 (m, 8H, (4 xHG) piperazine), 3.68 (d, 2H,= 10 Hz, G&,-NH),
4.24 (s, 1H, € ), 7.16-7.19 (m, 11H, H, NH), 7.27 (d, 2H,) =5 Hz, H,.), 7.44 (d, 2H,J = 5 Hz,
Ha.). ®C NMR (CDCE) &: 26.4, 29.1, 30.4, 49.3, 52.4, 53.5, 63.4 (6 %GB, 126.9, 127.0,
128.0, 128.5, 128.6 (GH), 128.7, 142.4, 142.7 (O, 167.1 (C=0). MS (Elm/z (%): 502.35
(0.04, M), 334 (100), 167 (33.26). Anal. Calcd. fosE8:CIN;O.2HCI: C, 64.75; H, 6.66; N, 7.31.
Found: C, 64.85; H, 6.91; N, 7.64.

2.1.3.16 N-{[1-(4-Benzhydrylpiperazin-1-yl)cyclohexyllmethyl}-4-nitrobenzamide (1l)

Buff solid, m.p. 222 °C (dihydrochloride salt), ile2.12 g (93.3%). IR (KBr, ci
exhibited bands at 3037 (NH), 1650 (C=0), 6#8NMR (CDC}) &: 1.09-1.94 (m, 10H, (5 x 1)
cyclohexyl), 2.26-2.42 (m, 8H, (4 xHG) piperazine), 3.60 (br.s, 2HHz-NH), 4.27 (s, 1H, € ),
7.16-7.48 (m, 14H, K), 8.20 (br.s, 1H, N). **C NMR (CDC}) &: 25.7, 25.9, 34.0, 45.5, 49.1,
51.5, 52.1 (6 x CH C), 63.5 (G), 126.9, 127.0, 128.0, 128.5, 128.6, (©HL28.7, 42.4, 142.7
(Can), 167.8 (C=0). MS (Elm/z (%): 512.5 (0.6, M), 167 (100), 150 (35.4). Anal. Calcd. for
Ca1H36N403.2HCI: C, 63.59; H, 6.54; N, 9.54. Found: C, 63.856.47; N, 9.84.

2.1.4. General procedure for synthesis of 4-aminN-{[1-(4-aralkyl/ethylpiperazin-1-
yl)cyclo- hexyllmethyllbenzamides 1m-p

A solution of the appropriate arylcarboxamitie 1f, 1i, and1l (2.62 mmol) in 250 mL
ethanol (95%) was hydrogenated at room temp anchalgoressure for 48 h, using (120 mg) of
10% Pd/C forlc.HCI and Raney nickel fdtf, 1i, and1l. The catalyst was filtered off, and ethanol
was evaporated under vacuum to afford the correBpgramineslm-p as viscous oils in 33-
78.7% yields.

2.1.4.1 N-{[1-(4-Ethylpiperazin-1-yl)cyclohexyl]methyl}-4-aminobenzamide (1m)

Yellow viscous oil, yield 0.30 g (33.3%). IR (KBxtn™) exhibited bands at 3751 and 3422
(NH,), 2927, 1636 (C=0), 1604 (NH bending)l NMR (CDCL) &: 1.07 (t, 3HJ = 6.9 Hz, CH-
CHs), 1.42-1.58 (m, 10H, (5 xI) cyclohexyl), 2.39 (q, 2H] = 6.9 Hz, ¢,-CH,), 2.42-2.69 (m,
8H, (4 x GH,) piperazine), 3.47 (d, 2H,= 3.4, G1,-NH), 4.01 (s, 1H, NB, 6.63 (d, 2HJ) =8.4
Hz, H..), 6.84 (br. s, 1H, NH), 7.58 (d, 2Bi= 8.4 Hz, H..). *C NMR (CDC}) &: 11.9 CHs-CH,),
22.9, 26.01, 29.6, 40.6, 44.2, 52.3, 54.3, 581 x CH), Cy), 114.2, 124.3 (CH), 128.6, 149.5
(Car), 167.0 (C=0). MS (Eln/z (%): 344.25 (0.35, N), 265.1 (35), 181.05 (100). Anal. Calcd.
for C,oH3N4O: C, 69.73; H, 9.36; N, 16.26. Found: C, 69.849H49; N, 15.99.

2.1.4.2 N-{[1-(4-Benzylpiperazin-1-yl)cyclohexyllmethyl}-4-aninobenzamide (1n)

Colourless viscous oil, yield 0.84 g (78.7%). IRBfK cm) exhibited bands at 3342 and
3219 (NH), 2927, 1636 (C=0), 1604 (NH bending), 8118. NMR (CDCL) &: 1.42-1.59 (m, 10H,
(5 x CHy) cyclohexyl), 2.46 (s, 4H, (2 xH3) piperazine), 2.67 (s, 4H, 2 ¥{) piperazine), 3.50
(d, 2H,J = 8.4 Hz, ®i,-NH) 3.97 (br. s, 2H, , B,-C¢Hs), 6.7 (d, 2HJ = 8.4 Hz, H)), 7.25-7.30
(m, 6H, H,, NH), 7.6 (d, 2HJ = 8.4 Hz, H). *C NMR (CDC}) &: 22.36, 25.85, 26.03, 29.61,
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4441, 48.87, 54.71, 63.21 (7 x QHC,), 114.2, 1245, 125.6, 127.1, 128.3 (£}11128.6, 137.9,
149.4 (G.) 167.0 (C=0). MS (Elin/z(%): 406.1 (0.08, M), 257 (100), 114.05 (58). Anal. Calcd.
for CsH34N4O: C, 73.85; H, 8.43; N, 13.78. Found: C, 73.658H5; N, 13.98.

2.1.4.3.N-({1-[4-(3,4,5-Trimethoxybenzyl)piperazin-1-yljcycbhexyl}methyl)-4-
amino- benzamide (10)

Yellow viscous oil, yield 0.52 g (40%). IR (KBr, ¢hexhibited bands at 3369 and 3225
(NH,), 2850, 1636 (C=0), 1604 (NH bending), 847. NMR (CDCE) &: 0.79-.1.51 (m, 10H, (5 x
CH,) cyclohexyl), 1.97-2.93 (m, 8H, (4 xH;) piperazine), 3.38 (s, 4H,H;-NH and CH,-C¢Hs),
3.78 (s, 3H, OEl,), 3.81 (s, 6H, 2 ORy), 6.49 (s, 2H, K.), 6.55 (d, 2H) =10, H,.), 7.16 (d, 2H,
J=10, H,), 7.51 (s, 1H, N). *C NMR (CDC}) &: 22.2, 22.8, 26.0, 31.9, 44.2, 51.2, 53.0, 60.8
(7 x CHy), Cy), 54.5, 56.1 (O63), 105.8, 113.7, 124.6 (GH), 129.3, 131.5, 133.5, 148.6, 153.1
(Cav), 170.9 (C=0). MS (Elin/z(%): 495.5 (0.22, M-1), 181 (22.84), 114 (100). Anal. Calcd. for
CogH4oN4O4: C, 67.71; H, 8.12; N, 11.28. Found: C, 67.918H6; N, 11.68.

2.1.4.4N-{[1-(4-Benzhydrylpiperazin-1-yl)cyclohexyllmethyl}-4-aminobenzamide

(1p)

Colourless viscous oil, yield 0.56 g (52.6%). IRBfK cmi’) exhibited bands &059 and
3027 (NH), 3223 (NH), 1605 (C=0), 926H NMR (CDC}) &: 1.20-.1.45 (m, 10H, (5 x &)
cyclohexyl), 2.30-2.88 (m, 8H, (4 xH3) piperazine), 3.56 (s, 2H,Hz-NH), 4.21 (s, 1H, &),
6.53 (d, 2HJ =10, H,.), 6.94 (br.s, 1H, N) 7.24-7.43 (m, 10H, i), 7.60 (d, 2HJ = 10, H,)).
*C NMR (CDCW) &: 22.8, 29.0, 44.6, 52.4, 53.6, 57.9 (6 xf;HL;),128.01, 128.09, 128.5, 128.6,
138.1 (CH,.), 142.3, 148.7, 150.0 (0, 170.9 (C=0). MS (Eln/z (%): 482.45 (0.05, N), 334
(41.7), 167 (100). Anal. Calcd. forsfl3gN,O: C, 77.14; H, 7.94; N, 11.61. Found: C, 77.54; H,
7.65; N, 11.45.

2.1.5. Synthesis of methyl 2-methoxy-4-[(phenylcadmyl)amino]benzoate (7)

Anhydrous KCGO; (29.14 g, 211.0 mmol) was added to a stirred soiutf 4-benzamido-
2-hyroxybenzoic aci® (20.3 g, 79.0 mmol) in acetone (150 mL) and signvas continued for 5
min at RT, then dimethyl sulphate (19.93 mL, 216ol) was added dropwise. The reaction
mixture was stirred for 1 h at RT then stirring wamtinued for 18 h at 45 °C. The reaction
mixture was filtered, 80% of the filtrate was evegied under normal pressure, the evaporated
solvents were replaced with water, evaporate 40%hisf water, cooling (0-5 °C), then add
ammonia to adjust pH 9.5-10 and the reaction mixtwas stirred for 2 h at 0-5 °C. The
precipitated solid was filtered off to afford 13)360%) of7 m.p. 148 °C.

2.1.6.Synthesis ofmethyl 5-chloro-2-methoxy-4-[(phenylcarbonyl)aminobenzoate (8)

Compound7 (6 g, 20.0 mmol) was mixed with glacial aceticda¢l0.6 mL, 175 mmaol),
conc. HCI (2.84 mL, 20.0 mmol) and distilled®(3.16 mL). The reaction mixture was cooled to
20 °C, and then potassium chlorate was added in doocessive portions at 10 min intervals.
During addition, The white color of the reactionxinre changed to canary yellow with evolution
of chlorine gas. The temperature of the reactioxtuné must be kept between 30-35 °C to avoid
loss of chlorine gas. After complete addition, thaction mixture was stirred at RT for 7 h, then
water was added (13.2 mL) and stirring was continfiee another 1 h at RT to help complete
precipitation of the chlorinated compoudThe precipitate was filtered off, washed with evat
several times till neutral to afford 4.9 g (71%)8ads buff solid, m.p. 106 °C.

2.1.7. Synthesis 05-chloro-2-methoxy-4-[(phenylcarbonyl)amino]benzoiacid (9)

To a stirred solution a8 (4.0 g, 12 mmol) a solution of 1.7 N lithium hydide (13 mL)
in THF (13.4 mL) was added. The reaction mixturesvegdirred overnight at RT, then was
evaporated under reduced pressure. The residudisstdved in HO (20 mL) and extracted with
diethyl ether (2 x 15 mL). The aqueous layer waslied with conc. HCI under cooling,
extracted with ethyl acetate (3 x 15 mL), the oigdayer was dried (N&Q;) and evaporated
under reduced pressure to afford 3.20 g (84.2%)asf yellowish white solid m.p. 170 °C.

2.1.8. General procedure for synthesis of 4-aminN-{[1-(4-aralkyl/ethylpiperazin-1-
yl)- cyclohexyllmethyl}-5-chloro-2-methoxybenzamide 1g-t

To a stirred solution 09 (1.31 g, 4.30 mmol) in Ci€l, (10 m), EDCI.HCI (1.3g, 6.79
mmol) was added, then a solution of the appropaateneda-d (4.30 mmol) in CHCl, (5 mL)
was added to the reaction mixture. The reactiorturéxwas stirred overnight at RT, washed with
water (2 x 20 mL) then with 10% NaHGQ x 15 mL). The organic layer was separated, dried
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(N&SQ,) and evaporated under vacuum to afford the cooredipg benzamidedN-{[1-(4-
aralkyl/ethylpiperazin-1-yl)cyclohexyllmethyl}-5-¢bro-2-methoxy-4-[(phenylcarbonyl)-
amino]benzamided40a-d in 44-91% yields which were used in the subseqigdtolysis step
without further purification. A suspension of thepaopriate benzamid&Oa-d (20.0 mmol) with
10% NaOH (40 mL) was heated to reflux for 24 h. Teaction mixture was cooled, extracted
with CH.CI, (2 x 25 mL). The organic layer was separated dd{i¢s,SO,) and evaporated under
reduced pressure to give crutlg-t as brown viscous oils which were purified througiumn
chromatography to afford the respective pure targetpoundd.g-t in 50-62.5% yields.

2.1.8.1. 5-ChloroN-{[1-(4-ethylpiperazin-1-yl)cyclohexyl]methyl}-2-mehoxy-4-
[(phenyl- carbonyl)amino]lbenzamide (10a)

Pale yellow viscous oil, yield 1.98 g (91%). IR (KBm®) exhibited bands at 3205 (NH),
1644 (C=0), 1532 (C=0), 678H NMR (CDCk) &: 1.04-1.55 (m, 13H, B; and (5 x G,
cyclohexyl), 2.15-2.39 (m, 10H,H;-CH; and (4 x @1,) piperazine), 3,84 (s, 3H, OGH 7.26-
7.88 (m, 7H, H,), 8.54 (s, 1H, CKHNH), 9.29 (s, 1H, M-C=0)."*C NMR (CDC}) &: 14.8 CHs-
CH,), 22.1, 27.0, 35.5, 35.8, 44.6, 45.3, 48.0, 54.2 CH, C,), 56.1 (OCH), 103.9, 114.0, 126.9,
129.1, 132.7 (CH), 134.2, 136.9, 154.7 (O, 164.8 (C=0), 165.5 (C=0). MS (Efn/z (%):
512.7 (0.05, M), 195 (34.5), 105 (50.7), 58 (100).

2.1.8.2.N-{[1-(4-Benzylpiperazin-1-yl)cyclohexyllmethyl}-5-tloro-2-methoxy-4-
[(phenyl3 carbonyl)amino]lbenzamide (10

Pale yellow viscous oil, yield 1.6 g (65%). IR (KBmi') exhibited bands at 3391.21
(NH), 1686 (C=0), 1645 (C=0), 699H NMR (CDCL) &: 1.42-1.61 (m, 10H, (5 x I&)
cyclohexyl), 2.48 (br.s, 4H, (2 xH3) piperazine), 2.69 (br. s, 4H, (2 *H¢) piperazine), 3.55 (s,
2H, CH,-C¢Hs), 3.57 (d, 2H,J =5, H,-NH), 3.92 (s, 3H, OC}), 7.25-7.30 (m, 10H, {,), 7.53-
7.62 (m, 2H, H,), 8.48 (s, 1H, CHNH), 8.63 (s, 1H, N-C¢Hs). *C NMR (CDC}) 8: 25.9, 29.0,
29.7, 44.4, 53.1, 56.5, 57.8, 63.1 (7 xLHC), 54.1(OCH), 103.8, 114.0, 127.0, 127.1, 132.2,
157.1, 128.2, 128.4 (GH), 129.2, 129.3, 129.4, 129.5, 132.6, 132,7JC165.5 (C=0), 165.6
(C=0). MS (El)m/z(%): 579 (0.71, M+ 4), 175 (4), 91 (15), 63 (100).

2.1.8.3. 5-Chloro-2-methoxy-4-[(phenylcarbonyl)amia]-N-({1-[4-(3,4,5-trimethoxy-
benzyl)piperazin-1-yllcyclohexyl}methyl)benzamide 10c)

Brown viscous oil, yield 1.1 g (44%). IR (KBr, cinexhibited bands at 3409 (NH), 1628
(C=0), 1592 (C=0), 843H NMR (CDCEL) &: 1.16-1.89 (m, 10H, (5 x I€,) cyclohexyl), 2.48-
2.60 (m, 8H, (4 x ©,) piperazine), 3.42 (s, 4H,H;-NH, CH,-C¢Hs), 3.81 (s, 3H, O85), 3.81 (s,
9H, 30H,), 6.54 (s, 2H, H), 7.25-8.35 (m, 7H, K,), 8.50 (s, 1H, N-CH,), 8.64 (br. s, 1H, N-
CsHs). *C NMR (CDCE) 5: 25.96, 26.1, 29.4, 48.9, 53.2, 53.3, 60.9, 634 CHy), C), 56.1 (4 x
OCHy), 105.7, 127.1, 114.7, 128.5, 129.1, 132.2, {GHL05.7, 153.2, 132.7, 133.9 134.0, 153.1,
136.9, 157.7 (&), 163.6 (C=0), 166.8 (C=0). MS (E1)/z(%): 663.5 (0.95, M-2), 181.1 (37.6),
167.1 (34.3), 57 (100).

2.1.8.4N-{[1-(4-Benzhydrylpiperazin-1-yl)cyclohexyllmethyl}-5-chloro-2-methoxy-4-
[(phenyl- carbonyl)amino]lbenzamide (10d)

Pale yellow viscous oil, yield 2.15 g (77%). IR (K&@n") exhibited bands @060 (NH),
1600 (C=0), 700'H NMR (CDCk) &: 1.14-1.84 (m, 10H, (5 x I&,) cyclohexyl), 2.14-2.53 (m,
8H, (4 x CH) piperazine), 2.79 (s, 2H,H;-NH), 3.6 (s, 3H, OCHJ, 4.29 (s, 1H, CH), 7.31-7.40
(m, 15H, H,), 7.73 (br.s, 2H, K), 7.97 (br.s, 1H, CHNH), 8.04 (br.s, 1H, N-CsHs). *C NMR
(CDCly) 6: 22.3, 25.3, 25.8, 27.0, 44.8, 48.3, 49.2 (6 % C}), 52.5 (OCH), 127.1, 127.7, 127.9,
128.0, 128.6, 128.7, 128.8, 129.4, (K 131.0, 134.9, 131.9 136.7, 137.5, 142.3.JC161.3
(C=0), 166.4 (C=0). MS (Ein/z(%): 649.2 (2.1, M-2), 167 (100), 152 (43.5).

2.1.8.5. 4-Amino-5-chloroN-{[1-(4-ethylpiperazin-1-yl)cyclohexyl]methyl}-2-
methoxybenz- amide (1Qq)

Colourless viscous oil, yield 5.0 g (62.5%). IR (KBmi') exhibited bands at 3785 and
3657 (NH), 2929, 1634 (C=0O)H NMR (CDC}) &: 1.04 (t, 3HJ = 6.9 Hz, CH-CH,), 1.15-1.54
(m, 10H, (5 x ®,) cyclohexyl), 2.36 (g, 2HJ = 6.9 Hz, G1,-CHs), 2.65 (br.s, 8H, (4 x &,)
piperazine), 3.47 (d, 2H,= 5, H,-NH), 3.82 (s, 3H, OCH)}, 4.35 (s, 2H, M,), 6.28 (s, 1H, H.),
7.94 (s, 1H, H.), 8.09 (s, 1H, M). *C NMR (CDC}) &: 11.83 CH5-CH,), 22.1, 26.0, 29.6, 44.1,
48.5, 52.3, 56.2, 57.8 (7 x GHC), 53.9 (OCH), 97.9, 111.3, 112.4, 132.9, 146.8, 157.6 {CH
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C..) 164.6 (C=0). MS (Elm/z (%): 408.45 (0.29, V), 195 (100), 58 (67.95). Anal. Calcd. for
CxH3CINSO,: C, 61.67; H, 8.13; N, 13.70. Found: C, 61.297H89; N, 13.45.

2.1.8.6. 4-AminoN-{[1-(4-benzylpiperazin-1-yl)cyclohexyllmethyl}-5-dloro-2-
methoxy

benzamide (1r)

Colourless viscous oil, yield 4.70 g (50%). IR (KBmi') exhibited bands at 3059 and
3026 (NH), 2854, 1644 (C=0), 848'H NMR (CDCk) &: 1.07-1.88 (m, 10H, (5 x I&)
cyclohexyl), 2.19-2.67 (m, 8H, (4 xHp) piperazine), 3.53 (s, 4H,Hz-NH and GH,-CgHs), 3.72
(s, 3H, O®y), 4.21 (s, 2H, M), 7.25-7.34 (m, 8H, K, NH). *C NMR (CDC}) &: 22.8, 26.0,
29.0, 29.4, 32.0, 48.9, 53.9, 63.9 (THK,), Cy), 55.7 (CCH,), 98.2, 110.7, 116.5, 128.4, 129.2,
137.7, 138.1, 142.6, 144.8, 153CH;., C,.), 166.7 (C=0). MS (Eln/z (%): 472 (0.6, M+1),
153 (47.3), 84 (43.9). Anal. Calcd. fopH3sCIN,O;: C, 66.30; H, 7.49; N, 11.89. Found: C, 65.95;
H, 7.75; N, 11.64.

2.1.8.7. 4-Amino-5-chloro-2-methoxyN-({1-[4-(3,4,5-trimethoxybenzyl)piperazin-1-
yl]cyclo- hexyllmethyl)benzamide(1s)

Colourless viscous oil, yield 3.88 g (40%). IR (KBmi') exhibited bands at 3854 and
3746 (NH), 2851, 1629 (C=0), 89'H NMR (CDCk) &: 0.84-2.01 (m, 10H, (5 x i)
cyclohexyl), 2.40 (br.s, 8H, (4 xH3) piperazine), 3.42 (s, 4H,H;-NH and GH,-CgHs), 3.70 (s,
3H, OCH5), 3.70 (s, 9H, 08) 6.23 (s, 1H, H.), 6.52 (br. s, 3H, K), 7.10 (s, 1H, N). **C
NMR (CDCk) é: 14.2, 22.7, 29.7, 32.0, 41.9, 47.1, 52.9 (7 %)CbB.3 (G), 55.7, 56.1,60.9, 63.2
(4 x OCH), 98.2, 105.7, 110.7, 116.3, 129.1, 133.6, 13144,9, 153.1, 155.3 (GH GC,.), 166.9
(C=0). MS (El)m/z(%): 562 (0.2, M+1), 399 (27.2), 181 (56.5). Anal. Calcd. fosgld,;CIN;Os:

C, 62.07; H, 7.36; N, 9.98. Found: C, 61.87; H67N, 10.08.

2.1.8.8. 4-AminoN-{[1-(4-benzhydrylpiperazin-1-yl)cyclohexyl]methyl}5-chloro-2-
methoxy- benzamide (1t)

Colourless viscous oil, yield 7.60 g (70%). IR (KBm") exhibited bands at 3333, 3203
(NH,), 1619 (C=0), 1249, 752H NMR (DMSO-ds) &: 1.10-1.96 (m, 10H, (5 xId,) cyclohexyl),
2.24-2.72 (m, 8H, (4 x B,) piperazine), 3.29 (br.s, 2HHzNH), 3.75 (s, 3H, OCH), 4.21-4.42
(m, 3H, A4, NH,), 6.23 (s, 2H, K.), 7.17-7.41 (m, 10H, H), 8.09 (br.s, 1H,N). *C NMR
(DMSO-d) 5: 26.0, 28.4, 30.4, 44.7, 47.3, 49.1, 52.2 (6 %, (H), 55.7 (OCH), 98.2, 110.7,
116.4,127.2, 127.9, 128.6, 128.7, 142.3, 144.8,31&CH,., C.), 166.8 (C=0). MS (Elin/z(%):
549 (0.34, M+2), 251.2 (4.6), 181 (100), 167 (84.5). Anal. @alor G,H3sCIN,O,: C, 70.25; H,
7.18; N, 10.24. Found: C, 69.92; H, 7.58; N, 10.54.

2.2. Biological evaluation

Adult male albino rats weighing 200-300 g were usedhis study. The animals were
purchased from Animal House colony of National Resle Centre, Cairo, Egypt and were housed
under standardized conditions (room temperature223z relative humidity 55+5%, 12h
light/12h-dark cycle) .They had free access to wagter and were feeded with commercially
available standard rat chow throughout the whofeeariental period. All animal procedures were
performed after the Ethics Committee of the Natidkesearch Centre and in accordance with the
recommendations for the proper care and use ofdatry animals "Canadian Council on Animal
Care Guidelines, 1984." Tween-80 (Polyoxyethylemdiéan monooleate, Sigma USA),
apomorphine hydrochloride (Research Biochemicats, Wayland, USA), and Metoclopramide
hydrochloride (CID Company, Giza, Egypt).

2.2.1. Dopamine Rreceptor antagonistic activity (Zwangsnagen test)

Groups of 6 rats each were placed individually ages having shavings of wood on the
floor and an observation window and allowed to hadie for 15 minutes before injection of drugs.
A series of doses ranging from 1.5 to 20 mg/kdheftest compoundka-t was investigatedeach
dose was suspended in tween-80 (7% aqueous sgluaisn vehicle and administered
subcutaneously. A minimum of 4 dose levels per ammg and 6 rats per dose were used. One
hour later, 0.5% solution of apomorphine hydrodhier(1.25 mg/kg) in saline was injected
intravenously, such that the injected solution doesexceed 2 mL/kg. After 5, 10, 20 min., the
animals were observed for 1 min. The presence sgraie of chewing movement (Zwangsnagen)
or compulsory gnawing as well as severity of chewimere noted. The absence of chewing
movement 5, 10 or 20 minutes after apomorphine dofdoride injection is indicative of
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dopamine B receptor antagonistic activignd hencentiemetic activity* The studied biological
activity of the tested compounds was compared thi#t of Metoclopramide hydrochloride used
as reference standard. The bf the most potent compounds were calculated doupito the
method of Litchfield Wilcoxort?

2.3. Molecular modeling

Pharmacophore was produced using the Discoveryid©S2i8 software. (Accelrys Inc.,
San Diego, CA, USA).

2.3.1. Generation of dopamine Preceptor antagonists pharmacophore

The pharmacophore modeling method has been widséd un lead discovery and
optimization as a key tool of computer aided dregign. A hypothesis was formulated using
generation common feature pharmacophore model qgobia Discovery studio 2.5. The lead
compoundsl£X), which were reported to have dopaminer&eptor antagonistic activity (Figure
2), were used to generate common feature pharmameplor the dopamine Dreceptor
antagonists® A set of conformational models of each structufethe lead compounds was
performed and used to generate the common featypetheses, where ten hypotheses were
generated?

3. Results and discussion

3.1. Chemistry

The target compoundsla-l were synthesized as outlined in Scheme 1. Thus,
cyclohexanone was allowed to reac Strecker synthesis witN-ethyl and/or aralkylpiperzine
2a-d and KCN in the presence of concentrated HCI talpce the carbonitrile derivativea-d.
Subsequently, the nitrile functionality &a-d was subjected to reduction using LiAIAICI;
reducing mixtur& in dry THF to yield the corresponding amings-d. Compoundsta-d were
then reacted with the appropriate acyl chlofdec in the presence of triethylamine to yield the
respective target compountia-l in moderate yields.

(0] R NC N(\’\rR N(\N/R i N(\N/R
K.y N Y

2a-d 3a-d 4a-d la-l

a: R=C,Hg

b: R = CH,-CgHs

c.R= CHZ'CGHz(OCHg)g

d:R= CH(C6H5)2

Compound Nr. R R

la C2H5 H
1b C,Hs Cl
1c C2H5 NOZ
1d Ch-CoHs H
le CH»>-CgHs Cl
1f CHy-CgHs NO,
1g CHz'C6H2(OCH3)3 H
1h CH,-CeH,(OCHy); | Cl
1i CH,-CeHo(OCHy)s | NO,
1j CH(GeHs), H
1K CH(CeHy)» Ci
1l CH(CeHs), NG,

Scheme 1: Synthesis of the target compounds 1a-I.
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Reagents and conditions: i) KCN, conc. HCI, waer, 18 h; ii) LIAIH/AICI 3, THF, RT,
18 h; iii) appropriatéa-¢ triethylamine, benzene, reflux, 18 h.

Nitro functionality of compoundsc, 1f, 1i, and 1l was reduced using 10% Pd/C (flom)
or Raney nickel (forlf, 1i, and1l) and molecular hydrogen under normal pressureranth
temperature to give the respective amibesp (Scheme 2).

o N o NﬁN’

1c, 1f, and 1l Im-p

R

1c, Im: R = CyHg

1f, 1n: R = CHy-CgHs

1i, 1lo: R= CHz_C6H2(OCH3)3
1, 1p: R = CH(CgHs),

Scheme 2: Synthesis of the target compounds 1m-p.

Reagents and conditions: i) 10% Pd/C (for compdLo)ar Raney nickel (for compounds
1f, 1i,and1l), H,, RT, 18 h.

The acid9, which was required to prepare the Metoclopramidalagueslqg-t, was
prepared as depicted in Scheme 3. TiNtbenzoyl-4-aminosalicylic acié was methylated at
both phenolic OH and carboxylic acid functionastigsing dimethyl sulfate in acetone at 45 °C for
24 hours to give the corresponding methoxybenzoid methyl estei7. Subsequent chlorination
of 7 using KCIQ in the presence of concentrated hydrochloric atidbom temperature for 24 h
furnished the chlorinated compouBd The ester functionality a8 was hydrolyzed by LiOH in
THF at room temperature to furnishbenzoyl-4-aminobenzoic acid derivati9e

COOCH
COOH COOCH; 3
OCHj OCHs
OH
i ii Cl
—_— HN-C — HN—-C
HN-C I 0
I o)
0
6 7 8
COOH
i OCHs
|
o)
9

Scheme 3: Synthesis of compourgd
Reagents and conditions: i) (@50, anhyd. KCO;,, 45 °C, 24 h; i) KCIQIHCI, RT, 24 h;
iii) LIOH/THF, RT, 24 h.

Metoclopramide analoguely-t were synthesized as illustrated in Scheme 4. Ttings,
benzoic acid derivatived was coupled with the appropriate amida-d using ethyl-3-(3-
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dimethylaminopropyl)carbodiimidehydrochloride (EDCI.HCI) in DCM at room temperatuio
furnish the respective amid@s-d. Subsequently, the target compourdst were obtainedria
refluxing theN-benzoyl derivative9a-d in 10% aqueous NaOH solution (Scheme 4).

COOH N’R N -R
OCH; ij‘\
O - Eﬁ o8 owfj
9 4a-d 10a-d
a: R = C,Hs i
b:R= CH2C6H5
c:R= CH2C6H (OCH3)3 N R
d:R= CH(C6H5)2
HoN OCH /Ej
1qg-t
lq: R = C2H5

1r: R= CH2C6H5
1s: R= CH2C6H2(OCH3)3
1it: R= CH(C6H5)2

Scheme 4: Synthesis of the target compourigst.
Reagents and conditions: i) EDCI.HCI, DCM, RT, 1&)NaOH, H,0, reflux, 18 h.

The spectral data of the newly synthesized compeimthe present investigation were in
accordance with their assigned structures.

3.2.1n vivo dopamine D receptor antagonistic activity

The newly synthesized compountia-t were evaluated for their dopaming Eceptor
antagonistic activityin vivo by measuring their ability to inhibit apomorphimeluced chewing
“Zwangsnagen” in rat§. This test measures the inhibition of compulsieeeityped hyperactivity
behavior induced by apomorphine through its stithutaof central dopamine Dreceptors in
rats'® The dopamine Preceptor antagonistic activity dfa-t and EQ, values of the selected
candidates with potent activity are displayed il[€dl.

Metoclopramide I() is a relatively weak serotonin-3 (5-gJTas well as dopamine ;D
receptor antagonist. Metoclopramide is one of tlstneffective agents used intravenously in a
high dose to alleviate cisplatin-induced nauseavamdting’’ Nevertheless, its clinical usefulness
is restricted due to its extrapyramidal side effegtccordingly, Metoclopramide is a ready target
for extensive molecular modification to enhance saoh its desirable effects and attenuate or
abolish side effects. Certain molecular modificasiavere examined previously in our research
group which implied structural variation in the amiside chain through incorporating cyclohexyl
moiety in theB-position to the amidic nitrogen to give compound

I % Insertion of cyclohexyl moiety increased the lipiisity of compound!l which plays
a remarkable role in distribution and binding ofigk to their targets vivo. Further molecular
modifications of compoundl were achieved, to improve its dopaming rBceptor antagonistic
profile, through the synthesis of the target conmatsla-t.



Table 1: Fit values and dopamine Eeceptor antagonistic activity of compounds 1a-t.
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Compd. No. Dose mg/kg imol)* % Inhibition EDso mg/kg Fit value
(95% confidence limit)

la 20 (49.70) 66.6 ND 3.00
1b 20 (45.78) 100 7.0 (13.4-3.82) 4.34
1c 10 (22.35) 100 4.0 (7.49-2.69) 4.67
1d 20 (43.06) 16.6 ND 3.21
le 20 (40.09) 50 ND 3.90
1f 20 (39.26) 66.6 ND 3.39
19 10 (18.03) 100 4.5 (7.72-2.79) 3.97
1h 10 (16.98) 100 3.5 (6.99-1.89) 4.86
1i 10 (16.68) 50 ND 4.14
1j 10 (18.49) 83.3 ND 4.81
1k 20 (34.78) 83.3 ND 4.81
1l 10 (17.08) 66.6 ND 3.89
1m 10 (29.03) 100 4.5 (8.42-2.77) 4.46
1n 20 (49.19) 50 ND 2.98
1o 20 (40.29) 50 ND 3.11
1p 20 (49.19) 66.6 ND 3.19
1q 10 (24.45) 100 4.0 (6.57-2.44) 4.69
1r 20 (42.46) 83.3 10.0 (17.09-5.35) 4.10
1s 10 (17.82) 100 4.0 (7.10-3.52) 4.80
1t 10 (18.28) 83.3 5.50 (10.85-2.93) 4.19
Il - - 4.9 (6.03-3.99)** 4.01

Metoclopramide 5.5 (16.36) 100 1.0 (1.87-0.69) 4.78

hydrochloride

* The smallest dose which gives the best % inhihittdnData from Reference 5. ND: Not

determined

The Beecham grodpdocumented that selectivity of action of Metoctpide could be

achieved through restriction of the conformatiofifaedom of its basic (diethylamino)ethyl side
chain. Accordingly, in the present study this basioiety was replaced with a substituted
heteroalicyclic piperazine ring bearing ethyl (caapdsla-c 1m, and1q), benzyl ¢d-f, 1n, and
1r), trimethoxybenzyl 1g-i, 10, andls), or benzhydryl {j-1, 1p, and1t) substituents. Furthermore,
the influence of benzoyl group substituentslart on their dopamine Preceptor antagonistic
activity was examined while retaining tNesubstituted piperazine moiety.

The benzamide derivativéa showed 66.6% inhibition against apomorphine-induce
chewing in rats at a dose level of 49p#@ol/kg. Furthermore, substitution of the benzoyliety
of 1a with an electron withdrawing group like chlorimaproves its inhibition activity as ifhb
which displayed 100% inhibition at a dose leveldbf78umol/kg. Whereas, the 4-nitro analogue
1c showed the best activity of thé-ethylpiperazine congeners with 100% inhibitionaatlose
level of 22.35umol/kg. Reduction of the nitro group a4t yielded 1m which produced 100%
inhibition at a dose level of 29.08nol/kg. TheN-ethylpiperazine analogue of Metoclopramide,
compoundLg, exhibited 100% inhibition at a dose level of Z5umol/kg.

On the other hand, replacing thieethyl group byN-benzyl group furnished compounds
1d-f, 1n, and1r. N-Benzyl analogue ola, compoundld, exhibited only 16.6% inhibition at a
dose level of 43.06mol/kg, while the 4-chloro congener, compoumgdshowed 50% inhibition at
a dose level of 40.08mol/kg. Similarly, the nitro derivativéf displayed 66.6% inhibition at a
dose level of 39.2@umol/kg. Whereas, its respective amino candidateypoundln, exhibited
slightly weaker dopamine Dreceptor antagonistic activity (50% inhibition) atdose level of
49.19umol/kg. Compoundir showed the highest activity in tiNebenzyl derivatives with 83.3%
inhibition at a dose level of 42.46nol/kg.
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A sizable number of antiemetics incorporate triroggfibenzyl moiety in their structurés.
Therfore,N-trimethoxybenzyl derivative$g-i, 10, and1swere synthesized and screened for their
dopamine [ receptor antagonistic potential. Trimethoxybenaghlogue ofla, compoundlg,
displayed 100 % inhibition of apomorphine-inducdtewing in rats at a dose level of 18.03
umol/kg. Moreover, the 4-chloro derivatiddn emerged as the most potent dopamineddeptor
antagonist of all the synthesized compoufds. It exhibited 100% inhibition at a dose level of
16.98umol/kg being nearly equipotent with the refereneedard, Metoclopramide hydrochloride,
that displayed 100 % inhibition at a dose level ®f36umol/kg. Surprisingly, the nitro derivative
1i and its respective amino derivati¥e showed only 50% inhibition at dose levels of 1626l
40.29 pmol/kg, respectively. Furthermore, thB-trimethoxybenzylpiperazine analogue of
Metoclopramide, compounts, exhibited 100% inhibition at a dose level of Z7u.@nol/kg.

In the N-benzhydrylpiperazine derivative§-l, 1p, and 1t, compoundslj, 1k, and 1t
displayed 83.3% inhibition of apomorphine-inducéeéwing in rats at dose levels of 18.49, 34.78,
and 18.28imol/kg, respectively. Whereas, bdthandl1p exhibited only 66.6% inhibition at dose
levels of 17.08 and 49.18nol/kg, respectively.

The most active candidates in the synthesized congs bearingN-ethyl, benzyl,
trimethoxybenzyl, and benzhydrylpiperazine moietiesre subjected to quantitative estimation
(median effective dose, EE) and the results are depicted in Table 1. Vamatibthe substituents
at both piperazine and benzoyl moieties influenceirt D,-receptor antagonistic activity as
indicated by their inhibition of apomorphine-inddcehewing in rats in the following decreasing
order:lh>1s>1g>1c>1q>1t>1m>1b>1r.

O
C2H5 C2H5 \ OH
E Cl

Metoclopramide (I) () Haloperidol (l11)

0 7\NH OH
W
F C| HsCO Br

(Vl)

(vin (Vi) (1X)

o] CH
/@)K/\/ NC>(N\JN
F
o O

Fig. 2: Chemical structures of potent dopaminger&€ceptor antagonists.

3.3. Validation of the generated pharmacophore
Ten hypotheses were generated and the one rankduknd was chosen as the valid ideal
hypothesis (Figure 3 of the supplementary matebaBed on the following: (a) the hypothesis
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showed full mapping of all its features without atgric clashes together with high fit values with
the training set (compoundsX, e.g., see Figure 4 of the supplementary materigd)
retrospectively, the simulated fit values of tesit @mpoundsl@a-t) with hypothesis 4 were more
consistent with the experimental results than othgiotheses, (c) the database search study for
examining the affinity of such hypothesis with thaolecular structures of MiniMaybridge
databases revealed that only 17 hits have bedavesrfrom the databases (2000 compoufitls).
Such a low number of the recognized database mekedly generated hypothesis may give an
additional advantage and selectivity to our hypsi$i Such an ideal hypothesis encompassed
five features namely; positive ionizable (PI), hygien bonding acceptor (HBA), ring aromatic
(RA) and two hydrophobic features (HY1 and HY2).réle, the constraint distances and angles
between the essential features existed in the getehypothesis is reported as shown Table 2 and
in Fig. 3 of the supplementary material.

(A) (B)

Fig. 3: (A and B) Constraint distances and angléslopamine D receptor antagonists.

The chemical features coloured light blue, greesd and orange represent hydrophobic

features (HY), hydrogen bonding acceptor (hBgositive ionisable (Pl), and ring
aroticg(RA), respectively

Table 2: The constraint distances and angles beivlee features of the generated dopaminedaeptor
antagonists pharmacophore model.

Dimensions Features of,fDeceptor antagonists

Constraint distances (A) between features HY2-HB8A4; PI-HBA, 4.18; HY1-HY2,
14.06; HY2-P1,5.46; HY2-RA, 11.07; PI-RA,
5.67; RA-HBA, 3.60

Constraint angles between features HY2-PI-HBA, 11.69; PI-HBA-RA, 39.22; PI-
RA vector, 75.78; RA-HBA vector, 79.22;
HY2-PI-RA, 167.31

Structures of the test set of arylcarboxamitiag were built using the Discovery Studio
software, and their conformational models were geed in the energy range of 20 kcal/mol
above the estimated global energy minima. Fittihgazh tested compound was performed using
best fit during the compareffit process. Differanappings for all the conformers of each
compound of the test set to the hypothesis wengalrized and the fit values of the best-fitting
conformers are shown in Table 1 and in Fig. 4 efghpplementary material.
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(E) (F)

Fig. 4: (A—F) Mapping of dopamine,Deceptor antagonist pharmacophore with lead
compound VIII (E), Il (F) and test set compoundgA), 1h (B), 1s (C) and 1m (D),

respectively.

4. Conclusion

The synthesis of certain new N-{[1-(4-aralkyl/ethylpiperazine-1-
ylcyclohexyllmethyllaryl- carboxamideda-t is reported. Dopamine Jreceptor antagonistic
activity of 1a-t was determined using apomorphine-induced chewfivgahgsnagen” test in rats.
Compoundlh is the most active congener in all the synthesaedpounddla-t displaying ERq
of 3.5 mg/kg (5.94umol/kg) being nearly 2-fold more potent than theevpously reported
cyclohexane-containing dopamine f2ceptor antagonist (EDso = 4.90 mg/kg, 11.6@mol/kg).
Whereas,lh exhibited 100% inhibition at a dose level of 16,880l/kg being nearly equipotent
with the reference standard, Metoclopramide hydmae, that showed 100 % inhibition at a
dose level of 16.36umol/kg. Additionally, Molecular simulation study dluding fitting to
dopamine D receptor antagonists 3D-pharmacophore model Wisgpvery Studio 2.5 programs
showed high-fit values. The experimental dopaming rBceptor antagonistic activity of
compoundda-t was consistent with the molecular modeling study.
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