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Design, synthesis and 5-HT/NE dual reuptake inhibitory activity of
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Abstract: Based on the pharmacophore information and the analysis of structure—activity relationship of
SSRIs and SNRIs, a series of substituted aromatic heterocyclic arylamidine derivatives were designed and
synthesized in order to search for lead compounds with dual activity. All of them were new compounds, and
their structures were confirmed by '"H NMR and HRMS. Preliminary in vitro pharmacological tests showed that
all target compounds exhibited 5-HT reuptake inhibitory activity and some compounds exhibited NE reuptake
inhibitory activity. These aromatic heterocyclic arylamidine designed can be further optimized for finding more

potent S-HT/NE dual reuptake inhibitors and antidepressant candidates as well.
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Table1 HRMS and '"HNMR (300 MHz) data of compounds (YW-1-YW-25)
Compd. HRMS, m/z ‘ ‘
Target [M+H] 0
(D:0) (caled.)
YW-1 385.098 0 3.18-4.12 (br, 8H, piperazinyl-H), 7.15-7.35 (m, 1H, ArH), 7.53-7.56 (m, 1H, ArH), 7.73-8.22 (m, 7H, ArH)
(385.098 9)
YW-2 351.136 8 3.24-3.84 (br, 8H, piperazinyl-H), 7.37 (m, 1H, ArH), 7.58-7.67 (m, 3H, ArH), 7.86-7.90 (m, 2H, ArH), 8.02-8.07 (m,
(351.1376)  2H, ArH), 8.61-8.62 (m, 2H, ArH)
YW-3 423.216 7 3.31 (s, 3H, -OCH3), 3.30-3.60 (br, 8H, piperazinyl-H), 6.37 (d, 2H, J = 8.7 Hz, ArH), 6.86 (d, 2H, J = 8.7 Hz, ArH), 7.58
(423.2179)  (m, 3H, ArH), 7.80-7.95 (m, 4H, ArH), 8.05-8.10 (m, 3H, ArH)
YW-4 411.198 0 3.30-3.57 (m, 8H, piperazinyl -H), 6.62 (d, 2H, J = 8.4 Hz, ArH), 6.75 (d, 2H, J = 8.4 Hz, ArH), 7.59 (m, 3H, ArH), 7.78
(411.198 5) (s, 1H, ArH), 7.88 (m, 4H, ArH), 8.08 (m, 2H, ArH)
YW-5 407.223 8 1.91 (s, 3H, phenyl-CH3), 3.30-4.10 (br, 8H, piperazinyl-H), 6.61 (d, 2H, J= 8.4 Hz, ArH), 6.68 (d, 2H, J = 8.4 Hz, ArH),
(407.2235)  7.60 (m, 3H, ArH), 7.75 (m, 1H, ArH), 7.87 (m, 4H, ArH), 8.07 (m, 2H, ArH)
YW-6 427.168 8 3.30-3.80 (m, 8H, piperazinyl-H), 6.54 (d, 2H, J = 8.7 Hz, ArH), 6.80 (d, 2H, J = 8.7 Hz, ArH), 7.48 (m, 3H, ArH), 7.62
(427.168 4)  (m, 1H, ArH), 7.73 (m, 1H, ArH), 7.85 (s, 1H, ArH), 7.99 (m, 4H, ArH)
YW-7 438.190 4 3.27 (br, 4H, piperazinyl C3-H, C5-H), 3.65 (br, 4H, piperazinyl C2-H, C6-H), 7.37 (d, 2H, J = 9.0 Hz, ArH), 7.56 (m,
(438.1924)  2H, ArH), 7.72 (d, 2H, J=9.0 Hz, ArH), 7.85 (m, 5H, ArH), 8.07 (m, 3H, ArH)
YW-8 345.206 9 2.08 (s, 3H, phenyl-CHj3), 2.88 (s, 3H, quinolinyl-CHj3), 3.20-3.80 (m, 8H, piperazinyl-H), 6.93 (m, 4H, ArH), 8.06 (m,
(345.2073)  2H, ArH), 8.12 (m, 2H, ArH), 8.30 (s, 1H, ArH)
YW-9 361.201 7 2.66 (s, 3H, quinolinyl-CHj3), 3.47 (s, 3H, -OCH3), 3.20-4.00 (m, 8H, piperazinyl-H), 6.63 (d, 2H, J = 9.0 Hz, ArH), 6.72
(361.2022)  (d, 2H, J = 9.0 Hz, ArH), 7.58 (s, 1H, ArH), 7.78 (t, 1H, J; = 8.1 Hz, J, = 8.1 Hz, ArH), 7.87 (t, I1H, J; = 8.1 Hz, J, = 8.1
Hz, ArH), 7.94 (d, 1H, J=8.1 Hz, ArH), 8.04 (d, 1H, J = 8.1 Hz, ArH)
YW-10 365.152 3 2.58 (s, 3H, quinolinyl-CHs), 3.20-3.80 (m, 8H, piperazinyl-H), 6.49 (d, 2H, J = 8.4 Hz, ArH), 6.62 (d, 2H, J = 8.4 Hz,
(365.1527)  ArH), 7.39 (s, 1H, ArH), 7.62 (t, 1H, J; = 8.4 Hz, J, = 8.1 Hz, ArH), 7.75 (t, 1H, J; = 8.4 Hz, J, = 8.1 Hz, ArH), 7.82 (d,
1H, J=8.1 Hz, ArH), 7.95 (d, 1H, J = 8.4 Hz, ArH)
YW-11 349.1820 2.87 (s, 3H, quinolinyl-CH3), 3.20-3.90 (m, 8H, piperazinyl-H), 6.79 (m, 2H, ArH), 6.95 (m, 2H, ArH), 8.10 (m, 4H,
(349.1823)  ArH), 8.22 (s, 1H, ArH)
YW-12 336.170 8 3.41 (br, 4H, piperazinyl C3-H, C5-H), 3.56 (s, 3H, -OCH3), 3.74 (br, 4H, piperazinyl C2-H, C6-H), 6.80 (m, 4H, ArH),
(336.1712)  7.23 (s, 1H, ArH), 7.42 (m, 2H, ArH), 7.52 (m, 2H, ArH)
YW-13 340.121 1 3.72 (br, 4H, piperazinyl C3-H, C5-H), 4.07 (br, 4H, piperazinyl C2-H, C6-H), 7.29 (m, 4H, ArH), 7.41 (m, 1H, ArH),
(340.1219)  7.58 (m, 2H, ArH), 7.72 (m, 2H, ArH)
YW-14 324.150 9 3.45 (br, 4H, piperazinyl C3-H, C5-H), 3.79 (br, 4H, piperazinyl C2-H, C6-H), 6.81 (d, 2H, J = 8.4 Hz, ArH), 6.97 (d, 2H,
(324.1512) J=8.4Hz, ArH), 7.30 (s, 1H, ArH), 7.44 (m, 2H, ArH), 7.56 (m, 2H, ArH)
YW-15 351.146 7 3.64 (br, 4H, piperazinyl C3-H, C5-H), 4.10 (br, 4H, piperazinyl C2-H, C6-H), 7.26 (d, 2H, J = 8.7Hz, ArH), 7.42 (s, 1H,
(351.1457)  ArH), 7.57 (m, 3H, ArH), 7.74 (d, 1H, J= 7.8 Hz, ArH), 8.18 (d, 2H, J = 8.7 Hz, ArH)
YW-16 338.222 6 1.19 (m, 5H, cyclohexanyl-H), 1.64 (m, 5H, cyclohexanyl-H), 3.28 (m, 4H, piperazinyl C2-H, C6-H), 3.58 (m, 4H,
(338.2220)  piperazinyl C3-H, C5-H), 6.35 (m, 2H, ArH), 6.53 (d, 2H, J = 8.1 Hz, ArH), 6.95 (d, 2H, J = 8.1 Hz, ArH), 7.51 (s, 1H,
ArH)
YW-17 356.098 2 3.44 (br, 4H, piperazinyl C3-H, C5-H), 3.44 (br, 4H, piperazinyl C2-H, C6-H), 6.89 (d, 2H, J = 8.4 Hz, ArH), 7.15 (d, 2H,
(356.098 8  J=8.4 Hz, ArH), 7.40 (br, 2H, ArH), 7.56 (s, 1H, ArH), 7.80 (m, 2H, ArH)
YW-18 340.128 4 3.54 (m, 4H, piperazinyl C3-H, C5-H), 4.05 (m, 4H, piperazinyl C2-H, C6-H), 6.92 (m, 2H, ArH), 7.17 (m, 2H, ArH),
(340.127 8)  7.40 (m, 2H, ArH), 7.84 (m, 3H, ArH)
YW-19 352.146 5 3.37 (m, 4H, piperazinyl C3-H, C5-H), 3.58 (s, 3H, -OCH3), 3.78 (m, 4H, piperazinyl C2-H, C6-H), 6.63 (d, 2H, J = 8.7
(352.1478)  Hz, ArH), 6.77 (d, 2H, J = 8.7 Hz, ArH), 7.30 (m, 2H, ArH), 7.41 (s, lH, ArH), 7.75 (m, 2H, ArH)
YW-20 367.121 6 3.51 (m, 4H, piperazinyl C3-H, C5-H), 4.07 (m, 4H, piperazinyl C2-H, C6-H), 7.35 (m, 5H, ArH), 7.81 (m, 2H, ArH),
(367.1223)  7.98 (m, 2H, ArH)
YW-21 336.153 4 2.06 (s, 3H, phenyl-CH3), 3.64 (m, 8H, piperazinyl-H), 6.53 (d, 2H, J = 8.4 Hz, ArH), 6.80 (d, 2H, J = 8.4 Hz, ArH), 7.15
(336.1523) (s, IH, ArH), 7.24 (m, 2H, ArH), 7.62 (m, 1H, ArH), 7.71 (m, 1H, ArH)
YW-22 348.200 3 3.47 (s, 3H, N-CH3), 3.31 (br, 4H, piperazinyl C3-H, C5-H), 3.55 (s, 3H, -OCH3), 3.77 (br, 4H, piperazinyl C2-H, C6-H),
(348.2022)  6.52-6.65 (m, 5H, ArH), 7.00 (t, IH, J; = 6.9 Hz, J, = 6.9 Hz, ArH), 7.15 (t, 1H, J; = 6.9 Hz, J, = 6.9 Hz, ArH), 7.23 (d,
1H, J=6.9 Hz, ArH), 7.47 (d, 1H, J= 6.9 Hz, ArH)
YW-23 353.1522 3.47 (s, 3H, N-CHj3), 3.72—4.2 (br, 8H, piperazinyl-H), 7.01 (d, 2H, J = 8.4 Hz, ArH), 7.37 (m, 2H, ArH), 7.58 (d, 2H, J =
(353.1527) 8.4 Hz, ArH), 7.97 (m, 3H, ArH)
YW-24 337.183 3 3.51 (s, 3H, N-CH3), 3.24 (br, 4H, piperazinyl C3-H, C5-H), 4.04 (br, 4H, piperazinyl C2-H, C6-H), 6.71 (d, 2H, J = 8.4
(337.1823)  Hz, ArH), 6.87 (m, 3H, ArH), 7.11 (d, 2H, J = 8.4 Hz, ArH), 7.23 (m, 2H, ArH).
YW-25 333.207 3 2.04 (s, 3H, phenyl-CH3), 3.31 (br, 4H, piperazinyl C3-H, C5-H), 3.47 (s, 3H, N-CHs), 3.85 (br, 4H, piperazinyl C2-H,
(333.206 7)  C6-H), 6.64 (d, 2H, J = 8.4 Hz, ArH), 6.76 (m, 1H, ArH), 6.83 (d, 2H, J = 8.4 Hz, ArH), 7.03 (m, 1H, ArH), 7.20 (m, 2H,

ArH), 7.48 (m, 1H, ArH)
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Table 2 Physical and inhibition data of 5-HT and NE reuptake

5-HT NE
Compd. R1 R2 X Yield/% mp/C Ratio with Ratio with
Imipramine® Venlafaxine”
Imipramine 1 -
Venlafaxine - 1
H,C.__O

YW-A Ne ‘ 1.01 0.78

N Xy
R2
N
[ j - HCI
N
H
YW-1 4-CI; 5,6-ph 2-Cl 3-N 49 166—-168 0.57 1.01
YW-2 4-CI; 5,6-ph H 4-N 52 155-157 0.97 0.74
YW-3 4-OCH; 3-ph; 5,6-ph 4-N 37 176-178 0.93 0.38
YW-4 4-F 3-ph; 5,6-ph 4-N 30 250-253 0.77 0.33
YW-5 4-CH; 3-ph; 5,6-ph 4-N 41 222-224 0.67 0.29
YW-6 4-Cl 3-ph; 5,6-ph 4-N 44 217-219 0.81 0.12
YW-7 4-NO, 3-ph; 5,6-ph 4-N 50 183-185 0.25 0.07
YW-8 4-CH; 3-CHj3; 5,6-ph 4-N 72 165-167 0.89 0.28
YW-9 4-OCH; 3-CHjs; 5,6-ph 4-N 43 143-145 0.85 0.19
YW-10 4-Cl 3-CHj3; 5,6-ph 4-N 36 189-191 0.96 0.12
YW-11 4-F 3-CHj3; 5,6-ph 4-N 33 160-162 0.56 0.09
R1
— X
NN
R2
N
[ j - HCI
N
H
YW-12 4-OCH; 3,4-ph 2-0 52 172-174 0.46 0.83
YW-13 4-Cl 3,4-ph 2-0 24 194-196 0.36 0.20
YW-14 4-F 3,4-ph 2-0 52 182—-184 0.44 0.63
YW-15 4-NO, 3,4-ph 2-0 36 127-129 0.43 0.27
YW-16 4-cyclohexyl H 2-0 63 127-129 0.06 0.26
YW-17 4-Cl 3,4-ph 2-S 23 171-173 0.06 0.63
YW-18 4-F 3,4-ph 2-S 82 146-148 -0.14 0.45
YW-19 4-OCH; 3,4-ph 2-S 54 151-153 0.34 0.39
YW-20 4-NO, 3,4-ph 2-S 86 215-217 0.10 0.28
YW-21 4-CH; 3,4-ph 2-S 64 132-134 0.10 0.23
YW-22 4-OCH; N-CHj3; 3,4-ph 2-N 34 137-139 0.75 0.11
YW-23 4-Cl N-CHj3; 3,4-ph 2-N 23 140-142 0.64 0.02
YW-24 4-F N-CHj3; 3,4-ph 2-N 37 130-132 0.46 0.39
YW-25 4-CH; N-CHj3; 3,4-ph 2-N 33 133-135 0.57 0.16
The inhibitory data of all compounds were tested as 1310 mol'L™', “mean the ratio with inhibitory data of Imipramine, "means the

ratio with inhibitory data of Venlafaxine, “~” The inhibitory data not tested, subtractive inhibitory data can regard as zero
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Table 3  Affinities of some compounds for 5-HT and NE

5-HT NE
Compd. Ratio with Ratio with
Imipramine ICso Venlafaxine 1Cso
Imipramine 1 5.90E-07 - -
Venlafaxine - - 1 1.31E-08
YW-A 1.01 1.10E-08 0.78 1.00E-08
YW-1 0.57 - 1.01 1.00E-08
YW-2 0.97 3.30E-07 0.74 1.00E-06

“~” The ICso value not tested
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AUADERE RN 1.

3 HEFEMERE

H I Wistar KUK Sk ALSE, BUCHTAN IO 10 i
R 0.32 mol- L™ FERABHI 10% 4143513,
B0 10 min, BRI, B SSIECHI 5x107
mol-L™" ¥ it £, T IRFRRE i 5x107%, 5x107°,
5x107%, 5x1077. 5x10°° mol-L™" (W, 73 Wl in Ak
A R I 800 pL % 50 nmol-L™' [*H]-5-HT mk#
[*H]-NE ] Krebs ¥, 37 ‘Ci&7 10 min (A4 F 454
BBRAN) Ja, BB KPR RN, 241 AL 2% i
PEIE A A AR K VRIS 3 K. B BB AT Y g AR Y
JRNTEEOW A, JE B I J5 O P I N AR 4 mL,
fAY, BCE BN E, NG e PH] O
Wk R, T T SRR A o 5 fk A T B Y
[’H]-5-HT 5k # [PH]-NE {404 & 4% [H]-5-HT 5
F[PH]-NE BRI 7T 2> % =100%x (I K BEI—FF: &
I AR )/ (e KA AR )
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