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Most antipsychotic drugs are based on dopamine receptor
antagonism. Therefore, to discover new antipsychotic drugs,1-3

it is important to develop subtype selective ligands for the
dopamine receptor. In particular, heterocyclic structures such
as 1,2,3-triazoles have been the focus of medicinal chemistry
research owing to their appearance as a useful scaffold and
wide application in click chemistry.4,5 Previously synthe-
sized dopamine receptor ligands include arylpiperazinyl
ethyl 1,2,3-triazole derivatives.6 In this study, a new library of
1,2,3-triazole arylpiperazine derivatives, possessing propyl
or butyl carbon chains in between arylpiperazine and 1,2,3-
triazole moieties, were designed and synthesized in an effort
to further understand the structure-activity relationship, and
their binding affinities towards dopamine D3 and D4

receptors were evaluated. 
The synthesis of 1,2,3-triazole arylpiperazine derivatives

is shown in Schemes 1 and 2. The preparation of building
block (5) is described in Scheme 2. Azido compound (2)
was synthesized in 90% yield from 3-chloropropanol/4-
chlorobutanol using NaN3 in N,N-dimethylformamide at 50
oC for 15 h. The cycloaddition reaction of 2 with a phenyl
alkyne 3 using a microwave reactor at 150 oC in H2O or
solvent-free conditions for 1 h gave a mixture of 1,2,3-
triazole derivatives (4a and 4b).7-9 Each regioisomer was
obtained in 30-60% isolated yield after purification through
flash column chromatography. 1,2,3-triazole alcohol 4a/4b

was oxidized at −78 oC for 1 h under Swern oxidation
conditions10 and yielded the corresponding 1,2,3-triazole
aldehyde 5a/5b in over 80% yield. Finally, a focused library
of arylpiperazinyl 1,2,3-triazole compounds (7, 8, 9, and 10)
was constructed via a simple reductive amination reaction
between building block (5a/5b) and 6 using NaBH(OAc)3

(Scheme 1, Table 1, Figure 1). The products were charac-

Scheme 1. Synthesis of arylpiperazine 1,2,3-triazole derivatives.

Scheme 2. Synthesis of Building Block 5.
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terized by 1H NMR and LC-MS. 
The synthesized arylpiperazinyl 1,2,3-triazole library

members were tested for their binding affinities towards the
dopamine D3 and D4 receptors.11,12

Among the 60 molecules in the constructed library, few
molecules showed highly potent binding affinities (less than
10 nM) towards either the dopamine D3 or the D4 receptors
(Table 1). For example, the propyl-tethered compounds
(entries 3, 9, 13, and 28) and some butyl-tethered compounds
(entries 31 and 33) showed stronger binding affinities for the
dopamine D4 receptor. The propyl-tethered compound−entry
28−(where, R1 is III, R2 is C, and regioisomer is 8) exhibited
the best binding affinity for the dopamine D4 receptor (4.5
nM). The butyl-tethered compound (entry 42) showed
strong binding affinities for both the D3 and D4 receptors.
The butyl-tethered compounds (entries 47, 50, and 52)
showed strong binding affinities towards the D3 receptor.
The butyl-tethered compound−entry 47−(where, R1 is II, R2

is E, and regioisomer is 10) exhibited the best binding
affinity for the dopamine D3 receptor (4.9 nM). Next, we
assessed the selectivity with which the ligands bound to
either receptor. The propyl-tethered compound−entry 3−
(where, R1 is I, R2 is C, and regioisomer is 7) showed the
highest selectivity of binding, with a binding affinity of 5.2
nM for the D4 receptor compared to a binding affinity of
4609 nM for the D3 receptor. The propyl-tethered compounds−
entries 13 and 28−(where R1s are II and III, respectively, R2

is C, and regioisomers are 7 and 8, respectively) also dis-
played high selectivity (6.5 and 4.5 nM, respectively) for the
dopamine D4 receptor over the D3 receptor (5557 and 2618
nM). In contrast, the butyl-tethered compounds−entries 47,
50, and 52−(where, R1s are II, II, and III, respectively, R2 is
E, H, and E, respectively, and regioisomers are 10, 10, and 9,
respectively) exhibited better selectivity towards the dop-
amine D3 receptor with binding affinities of 4.9, 9.9, and 7.1
nM, respectively compared to the binding affinities of 455.8,
695.1, and 482.2 nM for the dopamine D4 receptor. Interest-
ingly, the butyl-tethered compound−entry 42−(where, R1 is
II, R2 is E, and regioisomer is 9) showed potent activity
towards both the dopamine D3 and D4 receptors (5.7 and 5.4

nM). In general, all propyl-tethered (entries 1-30) and most
butyl-tethered compounds showed better binding affinity for

Figure 1. Library of arylpiperazinyl 1,2,3-triazole derivatives.

Table 1. In vitro Binding affinities of arylpiperazinyl 1,2,3-triazole
derivatives for Dopamine receptor D3/D4 

Entry R1 R2 Regio isomer
IC50 (nM)

D4 D3

1

I

A

7

85 183

2 B 230 2435

3 C 5.2 4609

4 D 31.5 644

5 E 12.8 111

6 A

8

23.1 152

7 B 98 855

8 C 43.0 1309

9 D 8 879

10 E 91 135

11

II

A

7

70 552

12 B 177 2500

13 C 6.5 5557

14 D 71 887

15 E 20.2 95

16 A

8

197 770

17 B 571 1481

18 C 93 3411

19 D 147 941

20 E 96 139

21

III

A

7

21.9 135

22 B 103 694

23 C 48.9 1120

24 D 51 1299

25 E 61 89

26 A

8

198 545

27 B 291 1825

28 C 4.5 2618

29 D 52 2988

30 E 16.2 73
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the dopamine D4 receptor compared to the dopamine D3

receptor. However, few butyl-tethered compounds (entries
36, 37, 40, 46, 47, 48, 50, 51, 52, 53, and 55) exhibited better
binding affinities towards the dopamine D3 receptor com-
pared to the dopamine D4 receptor. 

In summary, synthetic methods for obtaining arylpiper-
azinyl 1,2,3-triazole derivatives in high yields within a short
reaction time using a microwave reactor were developed. In
general, the propyl-tethered derivatives were selective and
exhibited potent binding affinities for the dopamine D4

receptor, whereas the butyl-tethered derivatives exhibited
potent binding affinities for the dopamine D3 receptor. The
constructed library is expected to be a good guide for the
development of selective ligands for D3 and D4 receptors.

Experimental

General Procedure for the Synthesis of 3-Azido Pro-

panol 2. A solution of alcohol (1) (where, n = 3 and 5 g, 36.0

mmol) and NaN3 (4.67 g, 71.9 mmol) in DMF (50 mL)
under a nitrogen atmosphere was stirred well at 50 oC for 15
h. The progress of reaction was monitored by TLC. The
reaction mixture was filtered after 15 h and the solvent was
evaporated. The product obtained was washed with water
and extracted with ethyl acetate (3 × 50 m). The collected
organic layer was dried over NaSO4 and filtered. The pro-
duct was isolated after evaporating the solvent using a rotary
evaporator as a slightly brown colored liquid with 90%
yield.

1H NMR (200 MHz, CDCl3) δ 3.76 (t, 2H, J = 5.8 Hz),
3.45 (t, 2H, J = 6.2 Hz), 1.87-1.78 (m, 2H).

General Procedure for the Synthesis of 3-(5-o-tolyl-1H-

1,2,3-triazole-1-yl)-propan-1-ol (4a) and 3-(4-o-tolyl-1H-

1,2,3-triazole-1-yl)-propan-1-ol (4b). A solution of azido
alcohol 2 (where, n = 3, 500 mg, 4.9 mmol) and 2-ethynyl
toluene (573.8 mg, 5.0 mmol) was reacted using a micro-
wave reactor at 150 W, 150 oC for 1 h. The progress of
reaction was monitored by TLC. After the completion of
reaction, the reaction mixture was washed with water and
the product was extracted with ethyl acetate (3 × 25 mL).
The crude product thus obtained was purified by column
chromatography (EA:n-Hex = 4:6) to give a liquid contain-
ing 4a and 4b in 40% and 50% yields, respectively.

1H NMR of compound 4a (200 MHz, CDCl3) δ 7.70 (s,
1H), 7.49-7.38(m, 4H), 4.35 (t, 2H, J = 7.0 Hz), 3.65 (t, 2H,
6.0 Hz), 2.19 (s, 3H), 2.09-1.95 (m, 3H).

1H NMR of 4b (200 MHz, CDCl3) δ 7.78-7.73 (m, 1H),
7.69 (s, 1H), 7.38-7.18 (m, 3H), 4.59 (t, 2H, J = 7.0 Hz),
3.70 (t, 2H, J = 6.0 Hz), 2.46 (s, 3H), 2.25-2.12 (m, 2H),
2.00 (br s, 1H).

Other aryl alcohol 1,2,3-triazole derivatives were synthe-
sized similarly and characterized by 1H NMR.

General Procedure for Synthesis of 3-(5-o-tolyl-1H-

1,2,3-triazole-1-yl)-propan-1-al (5a). A solution of oxalyl
chloride (0.26 mL, 2.9 mmol) in 4 mL of methylene chloride
was stirred at -78 oC and then DMSO (0.4 mL, 5.8 mmol) in
2 mL of methylene chloride was added over 10 min. Next, a
solution of 3-(5-o-tolyl-1H-1,2,3-triazole-1-yl)-propan-1-ol
(4a) in 2 mL of methylene chloride was added to the
reaction mixture over 30 min using a dropping funnel. Next,
Et3N (1.3 mL, 9.7 mmol) was added to the reaction mixture
and stirred for 5 min. The temperature of the reaction
mixture was then raised to room temperature, and then
stirred for 1 h. The progress of reaction was monitored by
TLC (EA:n-Hex = 1:2). Water (10 mL) was added to the
reaction mixture and the organic layer was separated and
dried over MgSO4. The reaction mixture filtrated to remove
MgSO4 and then the solvent was removed. The product was
purified over column chromatography (EA:n-Hex = 1:4) to
give a liquid with 53% yield.

1H NMR of (5a) δ 9.78 (s, 1H), 7.67 (s, 1H), 7.45-7.22 (m,
4H), 4.42 (t, 2H, J = 7.0 Hz), 3.18 (t, 2H, J = 7.0 Hz), 2.19
(s, 3H).

Other aryl aldehyde 1,2,3-triazole derivatives were syn-
thesized similarly and characterized by 1H NMR.

General Procedure for Synthesis of 1-(2-Chlorophen-

Table 1. Continued

Entry R1 R2 Regio isomer
IC50 (nM)

D4 D3

31

I

A

9

5.7 90.7

32 E 22.8 56.4

33 F 4.7 472.9

34 G 38.6 2786.0

35 H 25.0 203.6

36 A

10

286.6 114.7

37 E 144.5 15.2

38 F 193.7 299.3

39 G 134.5 2077.0

40 H 272.0 110.3

41

II

A

9

33.4 49.8

42 E 5.7 5.4

43 F 18.6 54.9

44 G 10.6 1800.0

45 H 15.7 69.6

46 A

10

846.3 42.7

47 E 455.8 4.9

48 F 165.4 72.0

49 G 178.3 756.4

50 H 695.1 9.9

51

III

A

9

454.0 63.1

52 E 482.2 7.1

53 F 163.9 99.2

54 G 32.2 478.4

55 H 377.6 43.5

56 A

10

10.9 37.9

57 E 25.0 19.0

58 F 17.4 309.4

59 G 48.9 958.3

60 H 39.1 163.7

Olanzapine 98.4 175
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yl)-4-(3-5-phenyl-1H-1,2,3-triazole-1-yl)propyl)piperazine

(7a). A solution of 3-(5-o-tolyl-1H-1,2,3-triazole-1-yl)-pro-
pan-1-al (5a) (50 mg, 0.22 mmol) and 1-(2-chlorophenyl)-
piperazine (67.9 mg, 0.3 mmol) in 5 mL of methylene chloride
was stirred at room temperature for 10 min. Molecular sieve
(0.6 g, 4 Å) and DIPEA (0.12 mL, 0.7 mmol) were added
slowly. After 30 min, NaBH(OAc)3 (146.2 mg, 0.7 mmol)
was added and stirred for 12 h. The progress of reaction was
monitored by TLC. After completion of the reaction, water
was added and the organic layer was separated. The organic
layer was dried over MgSO4 and then filtered to remove
MgSO4. Finally, the product was purified by flash column
chromatography (EA:n-Hex = 4:1) to give the product in
87% yield.

1H NMR (Entry 1) (400 MHz, MeOH-d4) δ 7.77 (s, 1H),
7.47-7.33 (m, 4H), 7.29-7.22 (m, 3H), 7.09-7.03 (m, 2H),
4.37 (t, 2H, J = 6.4 Hz), 3.63-3.57 (m, 4H), 3.39 (d, 2H, J =
6.4 Hz), 3.36 (br s, 2H), 3.10-3.06 (m, 2H), 2.58 (br s, 2H),
2.16 (s, 3H). ESI-MS m/z calcd for C22H26ClN5 [M + H]+

396.1955, found 396.1618.
Other arylpiperazinyl 1,2,3-triazole derivatives were syn-

thesized similarly and characterized 1H NMR.
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