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Abstract: A series of 1-(4-substituted)-4-(3-((1-(substituted)-1H-tetrazol-5-yl)thio)propyl)piperazine derivatives were  

(6a-t) synthesized by KF-Al2O3 mediated S-alkylation  of 5-thio-substituted tetrazole with   1-(3-chloropropyl)-4-(4-

substituted)piperazine. The structures of the newly synthesized compounds were characterized by NMR and MS 

spectral data. Further, the regioselective formation of C-S bond was unambiguously confirmed by single crystal X- 

ray diffraction. All the synthesized compounds were screened for their in vitro cytotoxic activities against two cancer 

cell lines: DU-145 (prostate cancer) and HeLa (cervical cancer). These cell lines were utilized in MTT assays and the 

obtained results were compared to doxorubicin, and their IC50 values were determined. Among the compounds tested, 

6f, 6j, 6m, 6n, 6o, 6q, 6r and 6t showed considerable potent activity, while the compound 6p exhibited significant 

potent activity against DU-145 and HeLa cancer cell lines compare to standard Doxorubicin. 
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1. Introduction 

Cancer is one of the dreaded diseases of mankind and it is the major cause of mortality worldwide. 

Currently, one in 4 deaths in the United States are due to cancer and more than ten million new cancer 

cases occur annually.
1
 Controlling growth of cancer cells is difficulty due to the many reasons, such as the 

genetic instability and poor 

 prognosis of cancer.
2
 Main characteristic of cancer cells is their highly proliferative nature. Thus, 

inhibition of proliferative pathways is considered an effective approach to fight cancer. The main 

complicated problem of curing cancer is that side effect of drugs on the normal cells and makes some other 

abnormalities in our body. Hence, the development of efficient, selective and less toxic anticancer drug 

candidates is a challenge in cancer research.
3 

Tetrazole and its derivatives have received much attention in recent years due to their widespread 

applications in biology. For instance, sulfanyltetrazole derivative (I) was identified as a potent, broad  
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spectrum NNRTI lead of HIV-1 replication 
4,5

 and Cilostazol (II) which is a selective PDE3 

phosphodiesterase inhibitor.
 

Similarly, a class of cephalosporin antibiotics and angiotensin II blocker (Losartan (III) and 

valsartan (IV)) contain tetrazole scaffold 
6,7

 (Figure 1). Further, tetrazole derivatives have known to be 

resistant to metabolic processes, and their applications as in medicinal chemistry as metabolically stable 

surrogates for carboxylic acids.
8
 A well-known tetrazole is MTT, which is dimethyl thiazolyl diphenyl 

tetrazolium salt is used in MTT assay to quantify the respiratory activity of live cells in cell culture.
9
 

Moreover, tetrazol-5-one and tetrazole-5-thione rings are a key frame work of many pesticides
10

 and 

herbicides,
11

 and these derivatives exhibited diverse pharmacological activities such as antibacterial,
12

 

analgesic,
13

 anesthetic,
14

 anticancer and anticandida.
15 

 

 

 
Figure 1. Some of the important bioactive tetrazole compounds 

 

On the other hand, piperazine motif appears in many drugs encompassing a broad range of 

activities. Substituted piperazines are important pharmacophores that can be found in many marketed 

drugs, such as the Merck HIV protease inhibitor Crixivan.
16 

This motif is also displaying antimicrobial,
 17

 

anticancer,
18 

antidepressant and antioxidant activity.
19

 In recent years, alkyl chain arylpiperazine derivatives 

represent one of the important classes of building template in medicinal chemistry.
16

 Siracusa et al. 

reported that arylpiperazine moiety was linked to a benzoxazole, benzothiazole, or benzimidazole system 

by an ethylthio or propylthio unit showed to be high affinity towards 5-HT1A receptor.
20

 Recently, as part 

of our on-going programme to discover and develop potential new anticancer agents, we have been 

reported alkyl chain arylpiperazine containing heterocyclic hybrids that includes 

benzoxazole/benzothiazole, triazoles and oxadiazoles moieties.
21,22 

 Thus, in continuation of our lasting interest in chemistry and pharmacological properties of 

tetrazole and substituted arylpiperazine, we incorporated the structural features of 5-thio substituted 

tetrazole and along with alkyl chain arylpiperazine by well-known using molecular hybridization 

approach
23,24

 for drug like molecules build-up, which allows achieving new pharmacological profile. 

Furthermore, after widespread literature search, it was observed that, till date no effort has been made to 

combine these vital moieties as a single molecular scaffold.  Herein, we report a series novel of 1-(4-

substituted)-4-(3-((1-(substituted)-1H-tetrazol-5-yl)thio)propyl)piperazine derivatives were evaluated for 

their preliminary cytotoxic activity. 
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2.  Experimental 

2.1. Materials and Apparatus  

 All the reagents were obtained from commercial sources. MTT was obtained from Sigma 

Chemicals (St. Louis, MO, USA). Melting points were determined on a Buchi capillary melting point 

apparatus. The NMR (300 and 500 MHz) spectra were recorded on Varian Gemini and Bruker Avance 

spectrometers. Chemical shifts are expressed in ppm down field with tetramethylsilane (TMS) as an 

internal standard. MS of the compounds were recorded on QSTAR XL hybrid MS/MS system, applied bio 

systems under electron spray ionization method conditions preparing sample solutions in methanol. 

 

2.2. General Procedure for preparation of 1-substituted-1H-tetrazole-5-thiol (5a-e)
25

: To the substituted   

isothiocyanates (4a-e) (3.7 g, 20 mmol) and NaN3 2.0 g (30 mmol) dissolved in 40 ml of water were stirred 

at reflux for 4 h. After this time, the reaction mixture was cooled, filtered and pH value of the filtrate was 

adjusted to 3.0 by adding concentrated hydrochloric acid,  then white solid  obtained and collected by 

filtration, washed with cold water, and dried under vacuum to give the crude product. The crude product 

was used directly or purified by crystallization using methanol to yield pure desired 1-substituted-1H-

tetrazole-5-thiol (5a-e) 

 

2.3. General procedure for preparation of 1-(3-chloropropyl)-4-substituted piperazine (2a-d): K2CO3 (15 

mmol) is added to a solution of piperazine in dry acetonitrile (1a-d) (10 mmol), then 1, 3-dibromopropane 

was added drop wise (10 mmol) (10 mL) and stirred at room temperature for overnight. After the 

completion of reaction (confirmed by TLC), the solvent was evaporated. Extract the organic compound 

with ethyl acetate. The ethyl acetate layer is dried over anhydrous sodium sulphate. The compound was 

purified by column chromatography on silica eluting with EtOAc/n-hexane (1:2). 

 

2.4. General procedure for preparation of 1-(3-((1-substituted-1H-tetrazol-5-yl)thio)propyl)-4-

phenylpiperazine (6a-t): A mixture of 1-ethyl-1H-tetrazole-5-thiol (5a-e) (3.0 mmol) and KF-Al2O3 (4.5 

mmol) in ethanol (15 mL) was stirred for 20 min under N2 atmosphere. 1-(3-chloropropyl)-4-phenyl 

piperazines (2a-d) (3.2 mmol) was added to the above mixture and stirred for about 4 h. After the 

completion of reaction (confirmed by TLC), the solvent was evaporated and cold water was added to the 

reaction mixture and stirred for 30 min. The organic compound layer extracted with ethyl acetate. The ethyl 

acetate layer is dried over anhydrous sodium sulphate. The compound was purified by column 

chromatography on silica eluting with EtOAc/n-hexane (2:1). 

 

1-(3-((1-ethyl-1H-tetrazol-5-yl)thio)propyl)-4-phenylpiperazine ( 6a): Light brown oil;
 1
H NMR (300 MHz, 

CDCl3) δ: 1.48 (t, 3H, J = 7.5 Hz), 2.05 (quint, 2H, J = 6.7 Hz), 2.49-2.70 (m, 6H), 3.14-3.26 (m, 4H), 3.41 

(t, 2H, J = 6.7 Hz), 4.24 (q, 2H, J = 7.5 Hz), 6.80-6.99 (m, 3H), 7.21-7.34 (m, 2H); 
13

C NMR (75 MHz 

CDCl3) δ = 14.1, 26.3, 29.6, 42.4,48.9, 53.0, 56.4, 115.9, 119.6, 129.0, 151.0, 153.3; ESI–HRMS (m/z): 

[M+H]
+
. calcd. for C16H25N6S: 333.18463, found: 333.18559. 

 

1-benzyl-4-(3-((1-ethyl-1H-tetrazol-5-yl)thio)propyl)piperazine  ( 6b): Light brown oil;
 1

H NMR (300 

MHz, CDCl3) δ: 1.47 (t, 3H, J = 7.3 Hz), 1.99 (quint, 2H, J = 7.3 Hz), 2.42-2.49 (m, 10H), 3.37 (t, 2H, 

J=6.4 Hz), 3.53 (s, 2H), 4.22 (q, 2H, J = 7.3 Hz), 7.27-7.33 (m, 5H);
 13

C NMR (75 MHz, CDCl3) δ = 13.7, 

25.8, 30.6, 42.0, 48.3, 52.4, 55.9, 115.4, 119.0, 128.5, 150.6, 152.5; ESI–HRMS (m/z): [M+H]
 +

. calcd. for 

C17H27N6S: 347.28473, found: 347.28503. 

 

1-(3-((1-ethyl-1H-tetrazol-5-yl)thio)propyl)-4-(pyridin-2-yl)piperazine (6c): Light Yellow oil;
 1

H NMR 

(300 MHz, CDCl3) δ: 1.49 (t, 3H, J = 7.0 Hz), 2.02 (quint, 2H, J = 7.3 Hz), 2.42- 2.49 (m, 4H), 2.53-2.55 

(m, 6H), 3.40 (t, 2H, J = 7.3 Hz ), 3.52 (q, 2H, J = 7.0 Hz), 6.58-6.63 (m, 2H), 7.43-7.47 (m, 1H), 8.13-8.18 

(m, 1H); 
13

C NMR (75 MHz, CDCl3) δ = 13.8, 26.0, 30.7, 42.1, 44.7, 52.5, 56.2, 106.6, 112.8, 137.0, 

147.4, 153.1, 159; ESI–HRMS (m/z): [M+H]
+
. calcd. for C15H24N7S: 334.28443, found: 334.28530. 

 

1-(benzo[d][1,3]dioxol-5-ylmethyl)-4-(3-((1-ethyl-1H-tetrazol-5-yl)thio)propyl)piperazine (6d): Light 

brown oil;
 1

H NMR (300 MHz, CDCl3) δ: 1.49 (t, 3H, J = 7.3 Hz), 2.05 (quint, 2H, J = 7.1 Hz), 2.56-2.71 
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(m, 10H), 3.38 (t, 2H, J = 7.1 Hz), 3.55 (s, 2H), 4.24 (q, 2H, J = 7.3 Hz), 5.94 (s, 2H), 6.72-6.75 (m, 2H), 

6.85 (m, 1H); 
13

C NMR (75 MHz, CDCl3) δ = 14.0, 25.8, 30.7, 42.3, 51.7, 52.7, 61.8, 100.7, 107.7, 109.4, 

122.5, 129.8, 146.7, 147.4, 153.1; ESI–HRMS (m/z): [M+H]
+
. calcd. for C18H27O2N6S: 391.20117, found: 

391.20124. 

 

1-phenyl-4-(3-((1-phenyl-1H-tetrazol-5-yl)thio)propyl)piperazine (6e): Light yellow solid, m.p 80 – 82 °C;
 

1
H NMR (300 MHz, CDCl3) δ: 1.97 (quint, 2H, J = 7.0 Hz), 2.25-2.68 (m, 10H), 3.36 (t, 2H, J = 7.0 Hz)H) 

7.20-7.41 (m, 10H); 
13

C NMR (75 MHz, CDCl3) δ = 25.6, 30.8, 48.4, 52.4, 56.0, 115.4, 119.2, 123.5, 

124.6, 128.5, 132.1, 132.4, 150.6, 153.8; ESI–HRMS (m/z): [M+H]
+
. calcd. for C20H25N6S: 380.18563, 

found: 380.18659. 

 

1-benzyl-4-(3-((1-phenyl-1H-tetrazol-5-yl) thio) propyl) piperazine (6f): Brown oil; 1
H NMR (300 MHz, 

CDCl3) δ: 1.94 (quint, 2H, J = 6.6 Hz), 2.28-2.48 (m,10H), 3.33 (t, 2H, J = 6.6 Hz), 3.51 (s, 2H), 7.22-7.42 

(m, 10H); 
13

C NMR (75 MHz, CDCl3) δ = 25.6, 31.1, 50.8, 51.7, 52.0, 55.9, 62.2, 127.3, 127.9, 128.2, 

128.8, 128.9, 129.4, 132.8, 136.3, 153.8 ; ESI–HRMS (m/z): [M+H]
+
. calcd. for C21H27N6S: 395.20019, 

found: 395.20124. 

 

1-(3-((1-phenyl-1H-tetrazol-5-yl) thio) propyl)-4-(pyridin-2-yl) piperazine (6g): Light yellow oil; 1
H NMR 

(300 MHz, CDCl3) δ: 2.07 (quint, 2H, J = 7.5 Hz), 2.47-2.58 (m, 6H), 3.48 (t, 2H, J = 7.5 Hz), 3.82 (t, 3H, 

J = 5.2 Hz ), 6.46-6.51 (m, 1H), 7.52-7.62 (m, 6H), 8.28-8.34 (m, 2H); 
13

C NMR (75 MHz, CDCl3) δ = 

25.8, 30.8, 44.6, 48.3, 52.0, 56.2, 106.6, 112.8, 123.3, 129.4, 129.7, 133.2, 137.0, 147.4, 154.0, 159.0;  

ESI–HRMS (m/z): [M+H]
+
. calcd. for C16H25O4N3PS: 382.20117, found: 382.20194. 

 

1-(benzo[d][1,3]dioxol-5-ylmethyl)-4-(3-((1-phenyl-1H-tetrazol-5-yl)thio)propyl)piperazine (6h):  Light 

brown oil; 1
H NMR (400 MHz, CDCl3) δ: 2.03 (quint, 2H, J = 6.9 Hz), 2.45-2.74 (m, 10H), 3.38 (t, 2H, J = 

6.9 Hz), 3.49 (s, 2H), 5.88 (s, 2H), 6.63-6.73 (m, 2H), 6.79-6.84 (m, 1H), 7.41-7.59 (m, 5H) ; 
13

C NMR (75 

MHz, CDCl3) δ =  25.7, 31.0, 52.2, 52.5, 56.0, 62.1, 100.4, 107.3, 109.0, 121.8, 123.6, 124.7, 132.5, 146.1, 

147.1, 154.0; ESI–HRMS (m/z): [M+H]
+
. calcd. for C22H27O2N6S: 439.21214, found: 439.21288. 

 

1-(3-((1-benzyl-1H-tetrazol-5-yl)thio)propyl)-4-phenylpiperazine (6i): Brown oil; 
1
H NMR (300 MHz, 

CDCl3) δ: 1.92 (quint, 2H,  J = 6.6 Hz), 2.29-2.69 (m, 10H), 3.32 (t, 2H, J = 6.6 Hz), 5.39 (s, 2H), 6.70-

6.95 (m, 4H), 7.20-7.49 (m, 6H); 
13

C NMR (75 MHz, CDCl3) δ = 27.8, 29.3, 48.2, 51.3, 53.2, 56.1, 117.0, 

121.2, 128.0, 129.2, 129.9, 137.0, 150.1, 154.2 ; ESI–HRMS (m/z): [M+H]
+
. calcd. for C21H27N6S: 

395.20017, found: 395.20124. 

 

1-benzyl-4-(3-((1-benzyl-1H-tetrazol-5-yl) thio) propyl) piperazine (6j): Light brown oil; 1
H NMR (300 

MHz, CDCl3) δ: 1.93 (quint, 2H, J = 6.6 Hz), 2.30-2.70 (m, 10H), 3.33 (t, 2H, J = 6.6 Hz), 3.52 (s, 2H), 

5.40 (s, 2H), 7.72-7.40 (m, 10H); 
13

C NMR (75 MHz, CDCl3) δ = 25.4, 30.9, 50.6, 51.5, 55.7, 62.0, 127.2, 

127.8, 128.1, 128.6, 129.3, 132.6, 136.0, 153.7; ESI–HRMS (m/z): [M+H]
+
. calcd. for C22H29N6S: 

409.20117, found: 409.20134. 

 

 

1-(3-((1-benzyl-1H-tetrazol-5-yl) thio) propyl)-4-(pyridin-2-yl) piperazine (6k): Light yellow oil; 1
H NMR 

(300 MHz, CDCl3) δ: 2.01 (quint, 2H, J = 7.5 Hz), 2.50 (t, 2H, J = 5.2 Hz), 3.31 (t, 2H, J = 7.5 Hz), 3.80 (t, 

2H, J = 5.2 Hz), 5.41 (s, 2H), 6.46-6.52 (m, 1H) 7.25-7. 31 (m, 2H), 7.33-7.40 (m, 3H), 8.28-8.33 (m, 2H); 
13

C NMR (75 MHz, CDCl3) δ = 25.9, 31.1, 44.6, 50.5, 52.4, 56.1, 106.8, 113.0, 127.7, 128.7, 132.6, 137.1, 

147.5, 153.8, 159.0; ESI–HRMS (m/z): [M+H]
+
. calcd. for C20H26N7S: 396.21217, found: 396.21314.  

 

1-(benzo[d][1,3]dioxol-5-ylmethyl)-4-(3-((1-benzyl-1H-tetrazol-5-yl)thio)propyl)piperazine (6l):Light 

brown oil; 1
H NMR (300 MHz, CDCl3 δ: 1.92 (quint, 2H J = 7.5 Hz), 2.37-2.52 (m, 10H), 3.42 (s, 2H), 

3.32 (t, 2H, J = 7.5 Hz), 5.39 (s, 2H), 5.91 (s,2H) 6.70-6.73 (m, 2H), 6.82-6.84 (m, 1H), 7.24-7.84(m, 5H); 
13

C NMR (75 MHz, CDCl3) δ = 26.0, 31.1, 50.5, 52.4, 56.1, 62.3, 100.5, 107.5, 109.25, 122.0, 127.7, 

128.7, 131.4, 132.7, 146.3, 147.2, 153.8; ESI–HRMS (m/z): [M+H]
+
. calcd. for C23H29O2N6S: 453.22614, 

found: 453.22689. 
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1-(3-((1-(4-bromophenyl)-1H-tetrazol-5-yl)thio)propyl)-4-phenylpiperazine (6m): Pale yellow crystalline 

solid, m.p 94 – 96 °C; 1
H NMR (400 MHz, CDCl3) δ: 1.96-2.19 (quint, 2H, J = 6.9 Hz), 2.22-2.34 (m, 6H), 

3.11-3.27 (m, 4H), 3.42-3.56 (t, 2H,  J = 6.9 Hz), 6.76-7.0 (m, 3H),7.18-7.33 (m, 2H), 7.45-7.58 (m, 2H), 

7.66-7.80 (m, 2H); 
13

C NMR (75 MHz, CDCl3) δ = 26.1, 29.6, 31.4, 48.9, 53.0, 56.5, 116.0, 119.7, 124.0, 

125.1, 129.0, 132.9, 151.1, 154.4 ; ESI–HRMS (m/z): [M+H]
+
. calcd. for C20H24N6BrS: 459.09285, found: 

459.01378. 

 

1-benzyl-4-(3-((1-(4-bromophenyl)-1H-tetrazol-5-yl)thio)propyl)piperazine  (6n): Light brown oil; 1
H 

NMR (400 MHz, CDCl3) δ: 2.01 (quint, 2H,  J = 7.1 Hz), 2.41-2.55 (m, 10H), 3.42 (t, 2H, J = 7.1 Hz), 3.52 

(s, 2H),7.18-7.23 (m, 5H), 7.45-7.58 (m, 2H), 7.66-7.74 (m, 2H):
 13

C NMR (75 MHz, CDCl3) δ =  27.4, 

30.2, 50.0, 52,0, 56.2,  64.2, 117.2, 120.3, 122.5, 127.0, 127.7, 130.6, 133.8, 135.6, 154.4; ESI–HRMS 

(m/z): [M+H]
+
. calcd. for C21H25N6BrS: 474.09208, found: 474.09299. 

 

1-(3-((1-(4-bromophenyl)-1H-tetrazol-5-yl)thio)propyl)-4-(pyridin-2-yl)piperazine (6o): Light yellow oil; 
1
H NMR (400 MHz, CDCl3) δ: 2.19 (quint, 2H, J = 7.1 Hz), 2.20-2.34 (m, 6H), 3.11-3.26 (m, 4H), 3.48 (t, 

2H, J = 7.1 Hz), 6.46-6.52 (m, 1H) 7.25-7. 31 (m, 2H), 7.33-7.40 (m, 3H), 8.28-8.33 (m, 1H); 
13

C NMR (75 

MHz, CDCl3) δ = 26.1, 31.6, 45.0, 52.7, 56.5, 106.9, 113.2, 123.9, 125.0, 132.8, 137.3, 147.7, 154.3, 159.3; 

ESI–HRMS (m/z): [M+H]
+
. calcd. for C19H23N7BrS: 460.09037, found: 460.09135. 

 

1-(benzo[d][1,3]dioxol-5-ylmethyl)-4-(3-((1-(4-bromophenyl)-1H-tetrazol-5- l)thio)propyl)piperazine (6p): 

Brown oil; 1
H NMR (300 MHz, CDCl3) δ: 2.08 (quint, 2H, J = 6.9 Hz), 2.32-3.61 (m, 10H), 3.48 (s, 2H), 

3.52 (t, 2H, J=6.9 Hz), 5.94 (s, 2H), 6.67-6.90 (m, 3H), 7.18-7.33 (m, 5H); 
13

C NMR (75 MHz, CDCl3) δ = 

26.1, 31.3, 52.6, 52.8, 56.4, 62.5, 100.7, 107.7, 109.4, 122.1, 124.0, 125.1, 131.5, 132.9, 146.5, 147.5, 

154.3: ESI–HRMS (m/z): [M+H]
+
. calcd. for C22H26O2N6BrS: 517.10065, found: 517.09845.   

 

1-phenyl-4-(3-((1-(3, 4, 5-trimethoxyphenyl)-1H-tetrazol-5-yl) thio) propyl) piperazine (6q): Yellow solid, 

m.p 76 – 78 °C; 1
H NMR (300 MHz, CDCl3) δ; 2.03 (quint, 2H, J = 6.9 Hz), 2.57 (t, 2H, J = 6.9 Hz ), 2.62 

(t, 4H, J = 4.5 Hz), 3.18 (t, 3H , J = 4.5 Hz) 3.48 (t, 3H ,  J = 6.9 Hz) 3.89 (s, 9H) 6.79 (s, 2H), 6.82-6.87 

(m, 1H), 6.89-6.95 (m, 2H), 7.21-7.29 (m, 2H); 
13

C NMR (75 MHz, CDCl3) δ = 25.9, 30.9, 48.6, 52.7, 

56.0, 57.2, 60.5, 101.5, 115.5, 128.6, 138.7, 150.8, 153.4, 154.1; ESI–HRMS (m/z): [M+H]
+
. calcd. for 

C23H31O3N6S: 471.21444, found: 471.21488. 

 

1-benzyl-4-(3-((1-(3, 4, 5-trimethoxyphenyl)-1H-tetrazol-5-yl) thio) propyl) piperazine (6r): Light yellow 

oil; 1
H NMR (300 MHz, CDCl3) δ; 2.03 (quint, 2H, J = 7.5 Hz), 2.42-2.54 (m, 10H), 3.44 (t, 2H, J = 7.5 

Hz), 3.51 (s, 2H) 3.91 (s, 9H), 6.77-6.79 (m, 2H), 7.24-7.34 (m, 5H); 
13

C NMR (75 MHz, CDCl3) δ = 25.7, 

30.8, 52.4, 56.0, 60.4, 62.3, 101.1, 126.6, 127.7, 128.7, 137.1, 138.6, 153.3, 154.3; ESI–HRMS (m/z): 

[M+H]
+
. calcd. for C23H33O3N6S: 485.21414, found: 485.21498. 

 

1-(pyridin-2-yl)-4-(3-((1-(3,4,5-trimethoxyphenyl)-1H-tetrazol-5-yl)thio)propyl)piperazine  (6s): Yellow 

oil; 1
H NMR (400 MHz, CDCl3) δ: 2.12 (quint, 2H, J = 6. 9Hz), 2.20-2.34 (m, 6H), 3.50 (t, 3H, J = 6.9 

Hz), 3.75-3.86 (m, 4H) ,3.91 (s, 9H), 6.75-6.83 (s, 2H), 7.33-7.40 (m, 2H), 8.20-8.28 (m,2H); 
13

C NMR (75 

MHz, CDCl3) δ =  25.6, 30.8, 51.7, 52.1, 56.0, 61.9, 100.7, 107.7, 109.5, 122.5, 123.5, 129.5, 133.3, 146.7, 

147.4, 154.1. ESI–HRMS (m/z): [M+H]
+
. calcd. for C22H30O3N7S: 472.21614, found: 472.21688. 

 

1-(benzo[d][1,3]dioxol-5-ylmethyl)-4-(3-((1-(3,4,5-trimethoxyphenyl)-1H-tetrazol-5-yl)thio)propyl)-

piperazine (6t): Light brown oil;
 1

H NMR (400 MHz, CDCl3) δ: 2.02 (quint, 2H, J = 7.1 Hz), 2.36-2.60 

(m,10H), 3.41 (s, 2H), 3.44 (t, 2H, J = 7.176Hz ), 3.92 (s, 9H), 5.94 (s, 2H) 6.71-6.88 (m, 5H) ;
 13

C NMR 

(75 MHz, CDCl3) δ = 25.7, 30.8, 52.2, 52.5, 60.4, 62.1, 100.0, 101.9, 107.2, 121.5, 128.5, 131.2, 138.5, 

139.0, 146.0, 147.0, 153.2, 152.0; ESI–HRMS (m/z): [M+H]
+
. calcd. for C25H33O5N6S: 529.10165, found: 

529.10228. 
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2.4 Crystallographic data for the compound 1-(3-((1-(4-bromophenyl)-1H-tetrazol-5-

yl)thio)propyl)-4-phenylpiperazine (6m): 

 
X-ray data for the compound 6m were collected at room temperature using a Bruker Smart Apex 

CCD diffract meter with graphite monochromatic Mo-K radiation (=0.71073Å) with ω-scan method.
26

 

Preliminary lattice parameters and orientation matrices were obtained from four sets of frames. Unit cell 

dimensions were determined using 8415 reflections for 6m compound data. Integration and scaling of 

intensity data was accomplished using SAINT program.
27 

The structures were solved by Direct Methods 

using SHELXS97 and refinement was carried out by full-matrix least-squares technique using 

SHELXL97.
27

 Anisotropic displacement parameters were included for all non-hydrogen atoms. All H 

atoms were positioned geometrically and treated as riding on their parent C atoms, with C-H distances of 

0.93-0.97 Å, and with Uiso(H) = 1.2Ueq (C)   or 1.5Ueq for methyl atoms.  

 

Crystal data for 6m: C19H22BrN7S, M = 460.41, colourless plate, 0.31  0.26  0.08 mm
3
, triclinic, space 

group P-1 (No. 2), a = 10.8203(5), b = 14.0199(6), c = 15.0893(7) Å, = 105.2830(10), = 

103.8490(10), = 103.3070(10)°, V = 2036.09(16) Å
3
, Z = 4, Dc = 1.502 g/cm

3
, F000 = 944, CCD area 

detector, Mo-K radiation, = 0.71073 Å,  T = 293(2)K, 2max = 50.0º, 19783 reflections collected, 7155 

unique (Rint = 0.0223).  Final GooF = 1.033, R1 = 0.0294, wR2 = 0.0764, R indices based on 5876 

reflections with I >2σ (I) (refinement on F
2
), 505 parameters,  = 2.142 mm

-1
. CCDC 954133 contains the 

supplementary crystallographic data for this paper. These data can be obtained free of charge at 

www.ccdc.cam.ac.uk/conts/retrieving.html [or from the Cambridge Crystallographic Data Centre (CCDC), 

12 Union Road, Cambridge CB2 1EZ, UK; fax: +44(0) 1223 336 033; email: deposit@ccdc.cam.ac.uk]. 

 

 

2.5. Biochemistry  

 
HeLa (Cervical Cancer) and DU-145(Prostrate Cancer) cell line was obtained from National center 

for Cell science (NCCS), Pune, India. MEM (Minimum essential Medium), MTT [3-(4, 5- dimethylthiazol-

2-yl)-2, 5-diphenyl tetrazolium bromide], Trypsin, EDTA were purchased from Sigma Chemicals Co (st. 

Louis, MO), Fetal bovine serum were purchased from Arrow labs, 96 well flat bottom tissue culture plates 

were purchased from Tarson 

HeLa (Cervical Cancer) and DU-145(Prostrate Cancer) cell line were grown in MEM and DMEM, 

media respectively, supplemented with 10% fetal bovine serum, 100 µg/mL penicillin, 200 µg/mL 

streptomycin, 2 µM L-glutamine, and culture was maintained in a humidified atmosphere with 5% CO2. 

Stock solution of 10 mg/mL stock solution in DMSO, from the above stock various dilutions was made 

with sterile water to get required concentration. Toxicity of test compound in cells was determined by MTT 

assay
28

 based on mitochondrial reduction of yellow MTT tetrazolium dye to a highly colored blue formazan 

product. 1x10
4 

Cells (counted by Trypan blue exclusion dye method)) in 96- well plates were incubated 

with compounds with series of concentrations tested for 48 hrs at 37
0
C in RPMI/DMEM/MEM with 10% 

FBS medium. Then the above media was replaced with 90 µL of fresh serum free media and 10 µL of MTT 

reagent (5mg/mL) and plates were incubated at 37
0
C for 4 h, there after the above media was replaced with 

200 µL of DMSO and incubated at 37
0
C for 10 min. The absorbance at 570 nm was measured on a 

spectrophotometer (spectra max, Molecular devices) IC50 values were determined from plot: % inhibition 

(from control) versus concentration. 

 

 

3. Results and discussion  

 

3.1. Chemistry 

 
   In the present work, a series novel 1-(4-substituted)-4-(3-((1-(substituted)-1H-tetrazol-5-yl) thio) 

propyl) piperazine derivatives (6a-t) were prepared. The synthetic route for the preparation of target 

compounds (6a-t) is summarized in Scheme 2. Initially, substituted isothiocyanates
29

 (4a-e) were prepared 

from substituted anilines following the procedure shown in Scheme 2.  As depicted in Scheme 2, reaction 

mailto:deposit@ccdc.cam.ac.uk
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between substituted isothiocyanates (4a-e) and sodium azide in water provided 1- substituted -1H-tetrazole-

5-thiol
25

 (5a-e) in good yield. The mercapto tetrazole (5a-e) formed can exist in thione-thiol tautomeric 

forms shown in scheme 2 (I and II). 

On the other hand, 1-(3-chloropropyl)-4-(4-substituted)piperazines were prepared from substituted 

arylpiperazines with 1-bromo-3-chloropropane using K2CO3 in acetonitrile solvent (scheme 1). 1- 

substituted -1H-tetrazole-5-thiol compounds (3a–e) were then treated with 1-(3-chloropropyl)-4-(4-

substitted) piperazines (2a–d) using KF-Al2O3 in ethanol solvent at 80 
0
C to afford the final target 

compounds (6a-t, Scheme 2). All the synthesized compounds were characterized by 
1
H NMR, 

13
C NMR 

and MS spectral data. The 
1
H NMR spectra of the target compounds (6a-t) S–CH2 peak appeared as a 

triplet at 3.14 – 3.54 ppm for methylene protons attached to sulfur atom of the tetrazole ring. The 
13

C NMR 

spectra of tetrazole derivatives showed S–CH2 peak appearance at 32.7 – 32.4 ppm. The presence of these 

signals in 
1
H NMR and 

13
C NMR spectra of the synthesized compounds is strong evidence of C–S bond 

formation.     
 
    

. 

Scheme 1.   Preparation of 1-(3-chloropropyl)-4-subtituted piperazines (2a-d). 

Thus, under the present reaction condition compound 6 is formed as the only product in a 

regioselective manner and the compound 7 is not formed (Scheme 2). Theoretically two tautomeric forms 

are possible for the synthesized 1-substituted-1H-tetrazole-5-thiol derivatives (Figure 2). Considering 6m 

 
 

Scheme 2. Preparation of 1-(4-Subtituted)-4-(3-((1-(subtitued)-1H-tetrazol-5-yl)thio)propyl)  

piperazine (6a-t). 
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as an example, we investigated the tautomerism of these mercapto tetrazole through single X-ray crystal 

diffraction analysis. Crystallographic data for 6m have been deposited with the Cambridge 

Crystallographic Data Centre with the deposition number CCDC 954133. As shown in ORTEP diagram 

(Figure 3), the compound 6m exhibits an S–H tautomer. 

 

Figure 2. Tautomeric forms for the 1- Substituted -1H-tetrazole-5-thiol 

 

Figure 3. The molecular structure of 1-(3-((1-(4-bromophenyl)-1H-tetrazol-5-yl)thio)propyl)-4-

phenylpiperazine (6m) with the atom-numbering scheme. Displacement ellipsoids are drawn at the 30% 

probability level and H atoms are shown as small spheres of arbitrary radius. There are two molecules in 

the asymmetric unit (Z=2) of the crystal structure, however, only one molecule is shown for clarity. 

3.2. Cytotoxic Activity 

All the title compounds 6a-t were screened for their in vitro cytotoxic activity against two cancer cell lines 

DU-145 (prostate cancer) and HeLa (Cervical) by using MTT bioassay, at 48 h of drug administration. 

Doxorubicin was used as a positive control. After treatment of  DU-145 and  HeLa cell lines for 48 h with 

compounds 6a-t in the range of concentration 9.2 to >100 μg /mL. The cytotoxicity of the compounds was 

found to be commonly concentration-dependent. The IC50 values of the compounds were calculated and 

listed in Table 1.  

The Compound 6p was found as the significant potent compound against DU-145 and HeLa cell 

lines with IC50 values 9.2 and 19.9 μg/mL compared to standard doxorubicin had IC50 values of 1.5 and 0.9 

μg /mL against   DU-145 and HeLa cells lines, respectively. Moreover, compounds, 6j, 6m, 6n, 6o, 6q, 6r 

and 6t showed good cytotoxic activity against DU-145 and HeLa cell lines. Further, compounds 6e and 6s 

showed moderate activity against DU-145. The results in DU-145 and HeLa cell lines demonstrated that 

after 6p, the compound 6n was found to be the second significant potent active compound. All the 

compounds exhibited percentage inhibitory activities at different concentrations of 5, 10 and 20 µg/mL 
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were plotted agianst DU-145 and HeLa cell lines in Figure 4 and Figure 5 respectively, among all the tested 

compounds, the compound 6p displayed highest percentage inhibition followed by compound 6n. 
  

Table 1 synthesis and In vitro cytotoxic activity of the synthesized compounds (6a-t). 

Compounds
a
 R R1 %Yiled

b
 Log P

c
 HeLa DU-145 

6a -ethyl N-phenyl 88 3.29 NA 96.9 

6b -ethyl N-benzyl 90 3.09 96.8 63.6 

6c -ethyl N-pyridyl 92 2.81 66.2 >100 

6d -ethyl N-piperonyl 88 2.86 >100 63 

6e -phenyl N-phenyl 90 4.75 >100 33.1 

6f -phenyl N-benzyl 90 4.41 26.6 37.1 

6g -phenyl N-pyridyl 92 4.13 >100 >100 

6h -phenyl N-piperonyl 90 4.19 >100 >100 

6i -benzyl N-phenyl 88 3.09 79.4 >100 

6j -benzyl N-benzyl 90 4.48 31.6 39.8 

6k -benzyl N-pyridyl 90 3.81 63.0 >100 

6l -benzyl N-piperonyl 86 4.26 >100 >100 

6m -4-bromophenyl N-phenyl 90 5.58 39.8 31.6 

6n -4-bromophenyl N-benzyl 88 5.24 22.9 27 

60 -4-bromophenyl N-pyridyl 90 4.96 31.6 63 

6p -4-bromophenyl N-piperonyl 85 5.02 9.2 19.9 

6q -3,4,5-trimethoxyphenyl N-phenyl 92 3.45 34.7 >100 

6r -3,4,5-trimethoxyphenyl N-benzyl 90 4.03 31.6 50.1 

6s -3,4,5-trimethoxyphenyl N-pyridyl 94 3.75 79.4 56.0 

6t -3,4,5-trimethoxyphenyl N-piperonyl 92 3.81 37.7 >100 

Doxorubicin     1.5 0.9 

aAll the compounds were characterized by  NMRand Mass spectroscopy. bIsolated yields after column chromatography.cLog P valus are calculated 

using chemdraw 14. IC50 values are reported in micro molar concentration of the compound required to effect 50% inhibition of the tumor cell 

growth. NA- not active 

 
The tetrazole moiety with different substituents was applied to investigate cytotoxicity i.e., alkyl, 

phenyl, benzyl, substituted phenyl groups (Electron-withdrawing (Br) and electron-donating (OMe) were 

introduced on the tetrazole). Similarly, substituted piperazines were employed for enhance the cytotoxic 
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effects.  According to the substituent difference alkyl, phenyl, benzyl groups on tetrazole showed moderate 

to good activity. But the Electron-withdrawing (Br) substituted phenyl tetrazole of all target compounds 

shown enhanced the cytotoxic activity against DU-145 and  HeLa cell lines, while the electron-donating 

group (OMe) cause a poor enhancement in potency. Probably, the increase in electron-withdrawing activity 

of phenyl substituted tetrazole is beneficial for activity. The utilization of an electron-donating (OMe) 

phenyl substituted tetrazole cause a poor enhancement in potency. 

 

 

Figure 4. Percentage viability of cells upon treatment with different concentrations of sequences based on 
MTT assay for the compounds (6a-t). 

 

Figure 5. Percentage viability of cells upon treatment with different concentrations of sequences based on 
MTT assay for the compounds (6a-t). 

 

4. Conclusion
 

 
In conclusion, a novel series of 1-(4-substituted)-4-(3-((1-(substituted)-1H-tetrazol-5-yl)thio) 

propyl)piperazine compounds were synthesized and their cytotoxic activity were evaluated. The 

cytotoxicity results showed that most of the synthesized tetrazole based piperazine derivatives (6a-t) 

exhibited moderate to significant cytotoxic activities in vitro. Especially, the compounds 6f, 6j, 6m, 6n, 6o, 

6q, 6r and 6t showed moderate to good activity, while the compound 6p exhibited significant potent 

activity against DU-145 compared to standard Doxorubicin. The cytotoxic activity results of the tested 

compounds indicated that the target compounds bearing electron withdrawing substituent on phenyl ring 

showed superior inhibitory effect compared electron donating substituent on phenyl ring attached to 

tetrazole against all the tested cancer cell lines. These findings demonstrated that tetrazole analogs are of 

biological significance, which have the perspective to become new members of cytotoxic agents. 
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