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Synthesis and antidepressant activities of aryl alkanol
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Abstract: To explore novel monoamine reuptake inhibitor with antidepressant activity, a series of substituted
aryl alkanol piperidine derivatives were designed and synthesized. All of them were new compounds, and their
structures were confirmed with "H NMR and HR-MS. The results showed that compounds 4, 5 and 8 displayed
strong 5-HT, NA and DA reuptake inhibiting activities in vitro. Among the tested compounds, 4, 5 and 13
exhibited potent antidepressant activities in the mice forced swimming test. Compounds 4 and 5 have potent
antidepressant activities and are worth further development.
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Figure 1 The structures of compounds in phase II clinical
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Figure 2 The structures of SIPI 5286 and Paroxetine

Table 1 The structures of target compounds
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o
cl
Compd. Isomer Ar R n m w Y —=
1 Erythro Ph CH; 1 0 CH, H S
2 Threo Ph CH; 1 0 CH, H 8
3 Erythro Ph CH; 1 0 CH, OH S
4 Threo Ph CH; 1 0 CH, OH S
5 Erythro Ph CH; 1 0 CHy, H D
6  Threo Ph CH; 1 0 CH, H DO
7 Erythro Ph CH; 1 0 CH H D)
8  Threo Ph CH; 1 0 CH H D)
9  Erythro ﬁ0| CHy 1 0 CH H D)
cl
Cl
10  Threo ﬁ CHy 1 0 CH H D)
cl
11  Erythro OF CH; 1 0 CH H D)
12 Threo OF CH; 1 0 CH H D)
13/ Ph H 2 0 CH H DO
14  Erythro Ph CH, 1 1 O H 8
15  Threo Ph CH, 1 1 O H S
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Scheme 1  Synthetic route of target compounds
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Scheme 2 Synthetic route of compounds 1 and 2
Table 2 Physical properties of target compounds 1-15
Compd. Char. Yield/% mp/C HR-MS [M+H]* Calcd.[M+H]" Formula
1 White solid 37.0 256—258 424.198 7 424.196 5 Cy6H30CINO,-HCI
2 White solid 22.8 254-256 424.198 5 424.196 5 Cy6H30CINO,-HCl
3 White solid 30.4 276278 440.189 5 440.191 4 Cy6H30CINO;-HCI
4 White solid 25.0 272-275 440.190 0 440.191 4 C6H30CINO5-HCl
5 White solid 35.2 254-256 422.1825 422.1809 Cy6HpsCINO,-HCI
6 White solid 37.9 251-252 422.181 4 422.1809 Cy6HpsCINO,-HCI
7 White solid 33.8 211-213 422.1827 422.1809 Cy6H2sCINO,-HCI
8 White solid 21.1 206208 422.1820 422.1809 Cy6HpsCINO, HCI
9 White solid 29.2 241-243 490.101 2 490.102 9 C16H26C1sNO,-HC1
10 White solid 16.6 239-241 490.101 5 490.102 9 C,6H26C1sNO,-HCI
11 White solid 26.7 223-225 440.170 0 440.171 4 C6H,7CIFNO,-HCl
12 White solid 14.2 218-219 440.172°5 440.171 4 Cy6Ho7CIFNO,-HCI
13 White solid 90.2 203-206 422.1819 422.1809 Cy6HpsCINO,-HCI
14 White solid 20.3 204-207 440.192 8 440.191 4 Cy6H30CINO;-HCl
15 White solid 37.7 197-200 440.190 5 440.191 4 Cy6H30CINO;-HCI
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Table3 'H NMR data of target compounds 1-15

Compd.

'"H NMR (400 MHz, DMSO-ds)

10

1

12

13

14

15

0.83 (d, 3H, J = 6.8 Hz, >CH-CH3), 1.25-1.35 (m, 2H, -CH,-CH-), 1.52-1.57 (m, 1H, CH-CH,-Ph), 1.60-2.03 (m, 2H, -CH,-CH-), 2.03-2.31
(m, 2H, -N-CH,-), 2.55 (d, 2H, J = 6.8 Hz, CH-CH,-Ph), 2.76-2.82 (m, 2H, -N-CH,-), 3.09-3.11 (m, 1H, -CHCHj), 4.01 (s, 3H, -O-CH), 4.98
(d, 1H, J = 4.0 Hz, >CH-OH), 7.13-7.19 (m, 3H, Ar-H), 7.25-7.29 (m, 3H, Ar-H), 7.46 (dd, J; = 8.8 Hz, J> = 1.2 Hz, 1H, Ar-H), 7.73-7.76 (m,
2H, Ar-H), 8.15 (d, 1H, J = 8.8 Hz, Ar-H)

0.75 (d, 3H, J = 6.8 Hz, >CH-CH3), 1.28-1.45 (m, 4H, -(CH,),-CH-), 1.54-1.59 (m, 1H, CH-CH,-Ph), 1.72-1.75 (m, 2H, -N-CH,-), 2.51-2.58
(m, 2H, CH-CH,-Ph), 2.62-2.71 (m, 2H, -N-CH,-), 2.86-2.89 (m, 1H, -CHCHj), 4.01 (s, 3H, -OCH3), 4.37 (d, 1H, J = 9.6 Hz, >CH-OH), 5.15
(br, 1H, >CH-OH), 7.14-7.21 (m, 3H, Ar-H), 7.24-7.30 (m, 3H, Ar-H), 7.56 (dd, 1H, J; = 8.8 Hz, ., = 1.6 Hz, Ar-H), 7.73 (d, 2H, J = 11.6 Hz,
Ar-H), 8.18 (d, 1H, J = 8.8 Hz, Ar-H)

0.87 (d, J = 7.2 Hz, 3H, >CH-CH3), 1.51-1.61 (m, 4H, (CH,),-C-OH), 2.52-2.57 (m, 2H, -N-CH,-), 2.69-2.73 (m, 2H, -N-CH,-), 2.81 (s, 2H,
-CH,-Ph), 2.94 (br, 1H, C-OH), 4.03 (s, 3H, -OCH3), 4.15 (m, 1H, CHCH;), 4.41 (d, J = 1.6 Hz, 1H, CH-OH), 5.75 (br, 1H, CH-OH), 7.18—
7.36 (m, 6H, Ar-H), 7.59 (dd, J, = 8.8 Hz, J> = 1.6 Hz, 1H, Ar-H), 7.76 (m, 2H, Ar-H), 8.20 (d, 1H, J = 8.8 Hz, Ar-H)

1.20 (d, 3H, J = 7.2 Hz, >CH-CH3), 1.72-1.77 (m, 2H, -CH,-C-OH), 2.35-2.47 (m, 2H, -CH,-C-OH), 2.88 (s, 2H, -CH,-Ph), 3.27-3.44 (m, 4H,
N-(CH,),), 3.77 (d, 1H, J = 10.4 Hz, CH-OH), 4.02 (s, 3H, -OCHj), 4.16 (br, 1H, C-OH), 4.50 (m, 1H, CHCH3), 5.79 (br, 1H, CH-OH),
7.21-7.31 (m, 5H, Ar-H), 7.36 (d, 1H, J = 8.8 Hz, Ar-H), 7.83 (d, 1H, J = 8.4 Hz, Ar-H), 7.81 (d, 1H, J = 8.8 Hz, Ar-H), 8.12 (s, 1H, Ar-H), 8.15
(d, 1H, J = 8.8 Hz, Ar-H)

1.19 (d, 3H, J = 7.2 Hz, >CH-CH3), 2.79-2.82 (m, 6H, piperidine), 3.40 (s, 2H, -CH,-Ph), 3.48-3.51 (m, 1H, CHCHj), 3.78-3.81 (m, 1H,
>CH-OH), 4.03 (s, 3H, -O-CHj), 5.46 (s, 1H, -CH=), 5.85 (br, 1H, >CH-OH), 7.19-7.24 (m, 3H, Ar-H), 7.28-7.33 (m, 3H, Ar-H), 7.70 (d, 1H,
J=8.8 Hz, Ar-H), 7.80 (d, 1H, J = 8.8 Hz, Ar-H), 7.94 (s, 1H, Ar-H), 8.15 (d, 1H, J= 9.2 Hz, Ar-H)

1.10 (d, 3H, J = 6.8 Hz, >CH-CHs), 2.08-3.90 (m, 6H, piperidine), 3.40 (s, 2H, -CH,-Ph), 4.03 (s, 3H, -O-CHs), 4.21 (m, 1H, CHCHj), 4.64 (d,
1H, J = 10.4 Hz, >CH-OH), 5.45 (s, 1H, -CH=), 6.01 (br, 1H, >CH-OH), 7.16 (m, 2H, Ar-H), 7.22-7.24 (m, 1H, Ar-H), 7.30~7.34 (m, 3H,
Ar-H), 7.71 (dd, 1H, J, = 8.8 Hz, J> = 1.6 Hz, Ar-H), 7.80 (d, 1H, J = 8.8 Hz, Ar-H), 7.90 (s, |H Ar-H), 8.24 (d, 1H, J = 8.8 Hz, Ar-H)

1.09 (d, 3H, J = 6.4 Hz, >CH-CH3), 2.40-2.70 (m, 4H, -(CH,),=CH-), 2.80-3.20 (m, 4H, -N-(CH,),-), 3.35-3.42 (m, 1H, >CH-CHj), 4.02 (s,
3H, -O-CHj), 4.35 (s, |H, >CH-OH), 4.72 (br, 1H, >CH-OH), 6.10 (s, 1H, =CH-Ph), 7.15-7.17 (m, 2H, Ar-H), 7.22-7.27 (m, 1H, Ar-H),
7.28-7.34 (m, 3H, Ar-H), 7.70 (d, 1H, J = 8.8 Hz, Ar-H), 7.79 (d, 1H, J = 8.8 Hz, Ar-H), 7.89 (s, 1H, Ar-H), 8.24 (d, 1H, J = 8.8 Hz, Ar-H)

1.22 (d, 3H, J = 7.2 Hz, >CH-CHj), 2.50-3.00 (m, 4H, -(CH,),=CH-), 3.01-3.20 (m, 4H, -N-(CH,),-), 3.49-3.51 (m, 1H, >CH-CHj), 4.03 (s, 3H,
-O-CH3), 4.45 (d, 1H, J = 9.6 Hz, >CH-OH), 4.80 (br, |H, >CH-OH), 6.47 (s, 1H, =CH-Ph), 7.17-7.19 (m, 2H, Ar-H), 7.24—7.26 (m, 1H, Ar-H),
7.32-7.36 (m, 3H, Ar-H), 7.75 (d, 1H, J = 8.4 Hz, Ar-H), 7.81 (d, 1H, J = 9.2 Hz, Ar-H), 7.97 (s, 1H, Ar-H), 8.17 (d, 1H, J = 8.8 Hz, Ar-H)

1.17 (s, 3H, >CH-CHs), 2.95-3.46 (m, 8H, CHy), 3.50-3.51 (m, 1H, CHCH), 4.02 (s, 3H, -OCHs), 5.69 (s, IH, >CH-OH), 6.02 (br, 1H, >CH-OH),
6.37 (s, |H, =CH-Ph), 7.03 (dd, 1H, J; = 8.0 Hz, J> = 1.0 Hz, Ar-H), 7.28 (d, 1H, J = 1.0 Hz, Ar-H), 7.33 (d, 1H, J= 9.2 Hz, Ar-H), 7.41 (d, 1H,
J=8.0 Hz, Ar-H), 7.68 (d, 1H, J = 8.8 Hz, Ar-H), 7.78 (d, 1H, J = 9.2 Hz, Ar-H), 7.96 (s, 1H, Ar-H), 8.15 (d, 1H, J = 8.8 Hz, Ar-H)

1.17 (s, 3H, >CH-CHj), 2.97-3.45 (m, 8H, CHy), 4.03 (s, 3H, -OCHs), 4.09 (q, 1H, J = 3.2 Hz, CHCH), 4.73 (d, 1H, J=7.6 Hz, >CH-OH), 6.02 (br,
1H, >CH-OH), 6.39 (s, IH, =CH-Ph), 6.98 (dd, 1H, J, = 8.0 Hz, J» = 1.0 Hz, Ar-H), 7.28 (d, 1H, J= 1.0 Hz, Ar-H), 7.32 (d, 1H, J=8.8 Hz,
Ar-H), 7.42 (d, 1H, J = 8.0 Hz, Ar-H), 7.73 (d, 1H, J = 8.8 Hz, Ar-H), 7.79 (d, 1H, J = 9.2 Hz, Ar-H), 7.88 (s, 1H, Ar-H), 8.23 (d, 1H, J = 8.8
Hz, Ar-H)

0.99 (d, 3H, J = 6.8 Hz, >CH-CHs), 2.97-3.12 (m, 4H, -(CH,),=CH-), 3.55-3.56 (m, 4H, -N-(CH,),-), 3.65-3.79 (m, 1H, CHCHj), 4.03 (s, 3H,
-O-CHs), 4.04 (m, 1H, >CH-OH), 5.95 (br, 1H, >CH-OH ), 6.4 (s, 1H, =CH-Ph), 7.03-7.07 (m, 2H, Ar-H), 7.18-7.21 (m, 2H, Ar-H), 7.40 (d,
1H, J = 8.8 Hz, Ar-H), 7.73 (d, 1H, J = 8.8 Hz, Ar-H), 7.83 (d, 1H, J = 8.8 Hz, Ar-H), 7.96 (s, 1H, Ar-H), 8.14 (d, 1H, J = 8.8 Hz, Ar-H)

1.00 (d, 3H, J = 6.8 Hz, >CH-CHs), 2.80-3.00 (m, 4H, -(CH,),=CH-), 3.55-4.03 (m, 4H, -N-(CH,),-), 3.89 (q, 1H, J = 3.2 Hz, CHCH}), 4.03 (s,
3H, -O-CHs), 4.12 (d, 1H, J = 9.2 Hz, >CH-OH), 4.73 (br, 1H, >CH-OH), 6.45 (s, 1H, =CH-Ph), 7.03-7.16 (m, 4H, Ar-H), 7.34 (d, 1H, J = 5.6
Hz, Ar-H), 7.70 (d, 1H, J = 8.8 Hz, Ar-H), 7.80 (d, 1H, J = 8.8 Hz, Ar-H), 7.89 (s, I H, Ar-H), 8.25 (d, 1H, J = 8.8 Hz, Ar-H)

2.31-2.35 (m, 2H, -CHOHCH,CH,N), 2.50-2.80 (m, 4H, -(CH,),-C=), 2.97-2.99 (m, 2H, -CHOHCH,CH,N), 3.20-3.26 (m, 4H, -N~(CH,),-),
4.02 (s, 3H, -OCH3), 4.89 (m, 1H, >CH-OH), 5.21 (br, 1H, >CH-OH), 6.47 (s, 1H, =CH-Ph), 7.14 (m, 2H, Ar-H), 7.30 (m, 4H, Ar-H), 7.54 (dd,
1H, J; = 8.8 Hz, J» = 1.6 Hz, Ar-H), 7.74 (d, 1H, J = 8.8 Hz, Ar-H), 7.83 (s, 1H, Ar-H), 8.17 (d, 1H, J = 8.8 Hz, Ar-H)

1.19 (d, 3H, J = 6.4 Hz, >CH-CHj), 2.02-2.08 (m, 1H, -(CHy),-CH-0-), 2.40-2.60 (m, 4H, -(CH,),-CH-0), 3.30-3.32 (m, 4H, -N-(CH,),-),
3.79-3.81 (m, 1H, >CH-CHs), 4.01 (s, 3H, -O-CHj), 4.10 (d, J = 2.4 Hz, >CH-OH), 4.50 (s, 2H, -O-CH,-Ph), 5.95 (s, 1H, >CH-OH), 7.23—
7.37 (m, 4H, Ar-H), 7.51-7.53 (m, 1H, Ar-H), 7.56 (d, J = 8.8 Hz, 1H, Ar-H), 7.66-7.73 (m, 2H, Ar-H), 7.87 (s, 1H, Ar-H), 8.09 (d, 1H, J = 8.8
Hz, Ar-H)

1.00 (d, 3H, J = 6.8 Hz, >CH-CH3), 2.16-2.44 (m, 4H, -(CH,),-CH-0-), 2.65-2.67 (m, 1H, -(CH,),-CH-0-), 3.28-3.35 (m, 4H, -N-(CH,),-),
3.77-3.78 (m, 1H, >CH-CH3), 4.03 (s, 3H, -O-CHj), 4.10 (d, 1H, J = 6.8 Hz, >CH-OH), 4.72 (s, 2H, -O-CH,-Ph), 6.06 (s, 1H, >CH-OH), 7.31-7.39
(m, 4H, Ar-H), 7.51-7.53 (m, 1H, Ar-H), 7.66-7.73 (m, 2H, Ar-H), 7.80 (d, 1H, J = 9.2 Hz, Ar-H), 7.78 (s, 1 H, Ar-H), 8.24 (d, 1H, J = 8.8 Hz,
Ar-H)
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Table 4  Activity of monoamine transporters of target compounds

(10 pmol-L™)
c d Inhibition ratio /%
ompd.
[*H]5-HT *HINA [*H]DA
DMSO 0 0 0
Venlafaxine 1069+ 1.7 86.4+4.6 48.6 £ 4.1
DOV 21947  108.6+3.8 61.9+6.0 104.1 42"
1 105.6 £ 0.9 65.3+6.7 93.1+2.0™"
2 58.4+16.27 38.6+£24.17 8.89 +21.68"
3 69.4£52" 232 £26.9 21.5+12.6"
4 949+ 12" 93.0 £20.8 91.0+0.9™
5 995+ 1.6 62.6+15.3 50.7£21.8
6 96.9+52 54.6+93" 216517
7 96.4+ 3.6 64.8+16.6 27.6 +20.3*
8 107.0 £0.5 87.4+5.5" 99.6+£2.9"
9 96.9+ 1.8 26.4+33.7 20.6+5.9™
10 457+7.6" 494+355 7.57+8.68""
11 1063 £2.3 18.8 + 13.4" 99.1 +4.3"
12 82.9£4.4™ 63.1+9.6 21.8+22.3%
13 104.4 £2.0 36.6 = 19.1 924476
14 101.2+2.6 ~7.8+269% 71.0+17.5
15 91.8+1.6" 418+73 23.1 + 16.8"

P < 0.05 vs venlafaxine; *P < 0.05 vs DOV 21947

Table 5 Activity of monoamine transporters, ICso (mean + SE,

n=4)
Compd. IC50/pm01~L’l
[’H]5-HT [PHINA [*H]DA
Venlafaxine 0.087 £ 0.002 0.32+0.29 -
DOV 21,947  0.017+0.01 - 0.22+0.04
1 0.16 + 0.05 76.2 +74.0 2.08 +1.09
4 0.87+0.21 0.067£0.047  1.14+0.36
5 0.31+0.04 0.12 £ 0.02 0.57+0.10
8 0.16 + 0.04 0.26+0.18 0.93 +0.32
1 2.01+0.47 - 4.03+1.32
13 0.39+0.20 - 0.82+0.17
—: Not tested

Table 6 The results of forced swimming test of 5 compounds in

vivo

Immobility time/s

Compd. LD MD HD
10 mgkg ™ 20 mgkg™' 30 mgkg ™!
CMC-Na 138 £30.1
Venlafaxine 80.8 + 46.8* 77.4 £47.2%* 57.1 +£37.8%*
1 112.1 +30.9 101.8 £ 41.5* 93.2+57.4
4 82.1 £ 62.0* 52.8 +32.0%* 74.9 £ 37.8%*
5 93.9 + 52.4% 85.3 £41.7*%* 74.3 £44.0%*
8 160.2 + 46.7 128.5+64.5 107.1 £ 82.7%*
13 126 + 25.6%* 94.2 + 60.8%* 86.7 £ 44.9%*

*P<0.05 vs venlafaxine; *

*P < 0.01 vs venlafaxine
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