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1. List of Tables

Table S1a. Carboxylic acid intermediates 3a-e and 4a-c 

Cpd. No. X Y R1 R2

3a CH N Me Me 

3b N CH Et Me 

3c CH N Me Boc 

3d CH N Me H 

3e N CH Et H 

4a CH N - Me

4b N CH - Me

4c CH N - Boc

Table S1b. Carboxylic acid intermediates 5a-f,6a-d and 7a-j 

No

. 
X Y R1 Ar1 Ar2 No. X Y n Ar3 

5a N CH Et -- 7a N CH 1 

5b N CH Et 
-- 

7b N CH 1 

5c CH N Me 

-- 

7c CH N 1 

5d CH N Me 

-- 

7d CH N 1 
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5e CH N Me 
-- 

7e CH N 1 

5f CH N Me 

-- 

7f CH N 1 

6a CH N Me -- 7g CH N 2 

6b CH N Me -- 7h CH N 2 

6c CH N Me -- 7i CH N 2 

6d CH N Me -- 7j CH N 2 

Table S2.  Substituted 1,2-phenylenediamine derivatives in Scheme 2. 

Cpd. No. R3 R4 R5 R6 R7 

8,9a H F - - - 

8,9b F F - - - 

8,9c H Cl - - - 

10-12a - - CH3 H - 

10-12b - - OCH3 H - 

10-12c - - H CF3 - 

10-12d - - F H - 

10-12e - - H F - 

15-17a - - - - 2-Thienyl

15-17b - - - - 3-Thienyl

15-17c - - - - 4-F-C6H4

15-17d - - - - 2-F-C6H4

Table S3. Substitutions of compounds 19a-o 

No. X Y R3 R4 R8 No. X Y R3 R4 R8 

19a CH N H H 19h CH N F F 

19b CH N H H 19i CH N Cl H 
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19c N CH H H 19j N CH H H 

19d CH N H H 19k CH N H H 

19e CH N H H 19l CH N F F 

19f CH N H H 
19

m 
CH N F H 

19g CH N H H 19n N CH H H CH3 

19o CH N H H CH3 

Table S4. Substitutions of intermediates 24a,b, 26a-c and 28a-d and final 

compounds 25a,b, 27a-c and 29a-d 

Cpd. No. R2 R3 R4 R5 R6 R7 

24a,25a - H Cl - - - 

24b, 25b - F F - - - 

26a,27a - - - H CF3 - 

26b,27b - - - CH3 H - 

26c,27c - - - OCH3 H - 

28a,29a CH3 - - - - 3-Thienyl

28b,29b (Boc)H* - - - - 2-Thienyl

28c,29c (Boc)H* - - - - 4-F-C6H4

28d,29d CH3 - - - - 2-F-C6H4 

(*)Boc for 28b,c and H for 29b,c. 
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2. Experimental procedure and data for synthesized intermediates

Materials and reagents were purchased from Sigma-Aldrich Co. Ltd. and abcr 

GmbH. All solvents were analytically pure and dried before use. Thin layer 

chromatography was carried out on aluminum sheets coated with silica gel 60 

F254 (Merck, Darmstadt, Germany). For medium pressure chromatography 

(MPLC) silica gel 60 (0.036e0.200 mm) was used. Final compounds were 

confirmed to be of >95% purity based on HPLC. Purity was measured by UV 

absorbance at 254 nm. The HPLC consists of an XTerra RP18 column (3.5 µm, 3.9 

mm x 100 mm) from the manufacturer Waters (Milford, MA, USA) and two LC-

10AD pumps, a SPD-M10A VP PDA detector, and a SIL-HT autosampler, all 

from the manufacturer Shimadzu (Kyoto, Japan). Mass spectrometry analyses 

were performed with a Finnigan MAT710C (Thermo Separation Products, San 

Jose, CA, USA) for the ESIMS spectra and with a LTQ (linear ion trap) Orbitrap 

XL hybrid mass spectrometer (Thermo Fisher Scientific, Bremen, Germany) for 

the HRMS-ESI (high resolution mass spectrometry) spectra. For the HRMS 

analyses the signal for the isotopes with the highest prevalence was given and 

calculated (35Cl, 79Br). 1H NMR spectra were taken on a Varian Inova 400 using 

deuterated DMSO as solvent. Chemical shifts are referenced to the residual 

solvent signals. The following abbreviations and formulas for solvents and 

reagents were used: ethyl acetate (EtOAc), dimethylformamide (DMF), 

dimethylsulfoxide (DMSO), methanol (MeOH), tetrahydrofuran (THF), 

chloroform (CHCl3), water (H2O), dichloromethane (DCM), N,N-

diisopropylethylamine (DIPEA), trimethylamine (TEA), hydrochloric acid (HCl) 

and trifluoroacetic acid (TFA). 

General procedure for synthesis of different methyl/ethyl 5/2-(piperazin-1-yl) pyrazine/ 

pyrimidine -2/5-carboxylate (3a-e)  
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To a solution of methyl 5-chloropyrazine-2-carboxylate (1a) or ethyl 2-

chloropyrimidine-5-carboxylate (1b) 10 mmol in 20 ml of toluene, 30 mmol the 

appropriate piperazine derivative 2a-c was added and the reaction mixture was 

heated at 130oC. After one hour, the reaction was poured on ice and the resulted 

mixture was extracted with chloroform, washed with brine, dried and 

concentrated. The resulted solid was washed with diethyl ether to obtain the 

targeted products 3a-e.  

Methyl 5-(4-methylpiperazin-1-yl)pyrazine-2-carboxylate (3a) 

 

1H NMR (400 MHz, DMSO-d6) δ 8.63 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.35 (d, 

J = 1.3 Hz, 1H, Ar-H of Pyrazine), 3.79 (s, 3H, -OCH3), 3.73 – 3.67 (m, 4H, 

Piperazine Hs), 2.41 – 2.36 (m, 4H, Piperazine Hs), 2.20 (s, 3H, -NCH3), Yield: 

85.1%. 

Ethyl 2-(4-methylpiperazin-1-yl)pyrimidine-5-carboxylate (3b) 
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1H NMR (400 MHz, DMSO-d6) δ 8.75 (s, 2H, Ar-H of Pyrimidine), 4.25 (q, J = 7.1 Hz, 

2H, -OCH2CH3), 3.82 – 3.75 (m, 4H, Piperazine Hs), 2.39 – 2.29 (m, 4H, Piperazine 

Hs), 2.19 (s, 3H, -NCH3), 1.27 (t, J = 7.1 Hz, 3H, -OCH2CH3), Yield: 75 % 

Methyl 5-(4-(tert-butoxycarbonyl)piperazin-1-yl)pyrazine-2-carboxylate (3c) 

 

1H NMR (400 MHz, DMSO-d6) δ 8.64 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.35 (d, 

J = 1.4 Hz, 1H, Ar-H of Pyrazine), 3.80 (s, 3H, -OCH3), 3.75 – 3.68 (m, 4H, 

Piperazine Hs), 3.45 – 3.42 (m, 4H, Piperazine Hs), 1.41 (s, 9H, -OC(CH3)3). MS 

m/z: 323.0 [M+H]+,  Yield: 79 % 

Methyl 5-(piperazin-1-yl)pyrazine-2-carboxylate (3d) 

 

1H NMR (400 MHz, DMSO-d6) δ 8.61 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.31 (d, 

J = 1.4 Hz, 1H, Ar-H of Pyrazine), 3.79 (s, 3H, -OCH3), 3.75 – 3.49 (m, 4H, 

Piperazine Hs), 3.29 (s, 1H, -NH), 2.82 – 2.66 (m, 4H, Piperazine Hs). MS m/z: 

223.10 [M+H]+. Yield: 87% 

Ethyl 2-(piperazin-1-yl)pyrimidine-5-carboxylate (3e) 
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1H NMR (400 MHz, DMSO-d6) δ 8.74 (s, 2H, Ar-H of pyrimidine), 4.24 (q, J = 7.1 

Hz, 2H, -OCH2CH3), 3.80 – 3.69 (m, 4H, Piperazine Hs), 3.29 (s, 1H, -NH), 2.75 – 

2.68 (m, 4H, Piperazine Hs), 1.27 (t, J = 7.1 Hz, 3H, -OCH2CH3). MS m/z: 237.10 

[M+H]+. Yield: 73 %. 

General procedure for synthesis of methyl/ethyl 5-(4-(methylaryl)piperazin-1-

yl)pyrazine/pyrimidine-2/5-carboxylate (5a-f) 

To 20 ml dry DCM, dissolve (5.0 mmol) of methyl 5-(piperazin-1-yl)pyrazine-2-

carboxylate (3d) or  ethyl 2-(piperazin-1-yl)pyrimidine-5-carboxylate (3e) and 

(5.0 mmol) of the corresponding aryl aldehyde followed by 1ml glacial acetic 

acid and stir at RT for 30 min.  Three equivalent of Sodium triacetoxy 

borohydride (15 mmol, 3.16 g) were added to the reaction mixture and stirred at 

RT. The progress of reaction was monitored by TLC till the disappearance of 

starting materials. Consequently, the reaction was quenched by addition of 10 ml 

1N NaOH and stirring for 30 min. The organic layer was separated, washed with 

brine and concentrated under vacuum. The obtained solid was purified using 

MPLC (CHCl3:MeOH). 

Ethyl 2-(4-((1-methyl-1H-indol-3-yl)methyl)piperazin-1-yl)pyrimidine-5-carboxylate 

(5a) 



S9 
 

 

1H NMR (400 MHz, DMSO-d6) δ 8.73 (s, 2H, Ar-H of Pyrimidine), 7.64 (dt, J = 7.9, 

1.0 Hz, 1H, Ar-H of indole), 7.37 (dt, J = 8.2, 0.9 Hz, 1H, Ar-H of indole), 7.22 (s, 

1H, Ar-H of indole), 7.12 (ddd, J = 8.2, 7.0, 1.2 Hz, 1H, Ar-H of indole), 7.01 (ddd, 

J = 7.9, 7.0, 1.0 Hz, 1H, Ar-H of indole), 4.24 (q, J = 7.1 Hz, 2H, -OCH2CH3), 3.82 (t, 

J = 5.1 Hz, 4H, Piperazine Hs), 3.73 (s, 3H, -N-CH3), 3.65 (s, 2H, -N-CH2-Indole), 

2.45 (t, J = 5.1 Hz, 4H, Piperazine Hs), 1.26 (t, J = 7.1 Hz, 3H, -OCH2CH3). MS m/z: 

378.43 [M-H]-. Yield: 40 % 

Ethyl 2-(4-(pyridin-2-ylmethyl)piperazin-1-yl)pyrimidine-5-carboxylate (5b) 

 

1H NMR (400 MHz, Chloroform-d) δ 8.82 (s, 2H, Ar-H of Pyrimidine), 8.59 (ddd, J 

= 4.9, 1.8, 0.9 Hz, 1H, Ar-H of Pyridine), 7.69 (td, J = 7.7, 1.8 Hz, 1H, Ar-H of 

Pyridine), 7.48 (s, 1H, Ar-H of Pyridine), 7.21 (dd, J = 7.4, 5.1 Hz, 1H, Ar-H of 

Pyridine), 4.33 (q, J = 7.1 Hz, 2H, -OCH2CH3), 4.01 (br. s, 4H, Piperazine Hs), 3.76 

(s, 2H, -N-CH2-Indole), 2.63 (br. s, 4H, Piperazine Hs), 1.35 (t, J = 7.1 Hz, 3H, -

OCH2CH3). MS m/z: 328.28 [M+H]+,  Yield: 57 %. 

Methyl 5-(4-((1H-indol-3-yl)methyl)piperazin-1-yl)pyrazine-2-carboxylate (5c) 
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1H NMR (400 MHz, DMSO-d6) δ 10.93 (s, 1H, -NH), 8.61 (d, J = 1.3 Hz, 1H, Ar-H 

of Pyrazine), 8.32 (d, J = 1.4 Hz, 1H, Ar-H of Pyrazine), 7.64 (d, J = 8.0 Hz, 1H, Ar-

H of indole), 7.33 (d, J = 8.0 Hz, 1H, Ar-H of indole), 7.23 (s, 1H, Ar-H of indole), 

7.05 (ddd, J = 8.1, 7.0, 1.2 Hz, 1H, Ar-H of indole), 6.97 (ddd, J = 8.2, 7.0, 1.1 Hz, 

1H, Ar-H of indole), 3.78 (s, 3H, -OCH3), 3.74 – 3.53 (m, 6H, -NCH2-Indole + 

Piperazine Hs), 2.51 – 2.49 (m, 4H, Piperazine Hs). Yield: 75 %. 

Methyl 5-(4-((1-methyl-1H-indol-3-yl)methyl)piperazin-1-yl)pyrazine-2-carboxylate 

(5d) 

1H NMR (400 MHz, DMSO-d6) δ 8.61 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.32 (d, 

J = 1.4 Hz, 1H, Ar-H of Pyrazine), 7.65 (d, J = 7.8 Hz, 1H, Ar-H of indole), 7.37 (dt, 

J = 8.2, 0.9 Hz, 1H, Ar-H of indole), 7.22 (s, 1H, Ar-H of indole), 7.12 (ddd, J = 8.2, 

7.0, 1.2 Hz, 1H, Ar-H of indole), 7.01 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H, Ar-H of indole), 

3.78 (s, 3H, -NCH3), 3.74 (s, 3H, -OCH3), 3.70 – 3.68 (m, 4H, Piperazine Hs), 3.66 (s, 

2H, -N-CH2-Indole), 2.51 – 2.49 (m, 4H, Piperazine Hs). MS m/z: 365.96 [M+H]+, 

Yield: 62 %. 
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Methyl 5-(4-(pyridin-2-yl)methyl)piperazin-1-yl)pyrazine-2-carboxylate (5e) 

 

1H NMR (400 MHz, DMSO-d6) δ 8.62 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.49 

(ddd, J = 4.9, 1.8, 0.9 Hz, Ar-H of Pyridine), 8.34 (d, J = 1.4 Hz, 1H, Ar-H of 

Pyrazine), 7.77 (td, J = 7.7, 1.8 Hz, 1H, Ar-H of Pyridine), 7.50 – 7.43 (m, 1H, Ar-H 

of Pyridine), 7.26 (ddd, J = 7.5, 4.9, 1.2 Hz, 1H, Ar-H of Pyridine), 3.79 (s, 3H, -

OCH3), 3.76 – 3.69 (m, 4H, Piperazine Hs), 3.65 (s, 2H, -NCH2-Pyridine), 2.54 – 

2.52 (m, 4H, Piperazine Hs). MS m/z: 314.36 [M+H]+, Yield: 72 %. 

Methyl 5-(4-(benzo[b]thiophen-3-ylmethyl)piperazin-1-yl)pyrazine-2-carboxylate (5f) 

 

1H NMR (400 MHz, DMSO-d6) δ 8.62 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.34 (d, 

J = 1.4 Hz, 1H, Ar-H of Pyrazine), 8.03 – 7.99 (m, 1H, Ar-H of benzothiophene), 

7.98 – 7.94 (m, 1H, Ar-H, of benzothiophene), 7.60 (s, 1H, Ar-H of 

benzothiophene), 7.43 – 7.28 (m, 2H, Ar-H of benzothiophene), 3.79 (s, 3H, -

OCH3), 3.77 (s, 2H, -N-CH2- benzothiophene), 3.71 (t, J = 5.1 Hz, 4H, Piperazine 

Hs), 2.53 (t, J = 5.1 Hz, 4H, Piperazine Hs). MS m/z: 369.17 [M+H]+, Yield: 52 % 

General procedure for the synthesis of methyl 5-(4-Arylethylpiperazin-1-yl)pyrazine-2-

carboxylate 

Methyl 5-(piperazin-1-yl)pyrazine-2-carboxylate (3d) ( 1 mmol, 0.22 g ) was 

dissolved with (1.1 mmol ) of the corresponding arylethyl bromide in 5 ml dry 
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acetonitrile. 3 eq. K2CO3 was added and the reaction mixture was reacted in MW 

at 120 oC for 1 h. The obtained mixture was filtered and the precipitate was 

washed with excess acetonitrile. The filtrate was concentrated under vacuum and 

the given solid was purified using MPLC (CH3Cl: MeOH). 

Methyl 5-(4-phenethylpiperazin-1-yl)pyrazine-2-carboxylate (6a) 

 

 

1H NMR (400 MHz, DMSO-d6) δ 8.63 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.36 (d, 

J = 1.4 Hz, 1H, Ar-H of Pyrazine), 7.33 – 7.19 (m, 4H, Ar-H), 7.20 – 7.12 (m, 1H, 

Ar-H), 3.79 (s, 3H, -OCH3), 3.74 – 3.66 (m, 4H, Piperazine Hs), 2.75 (dd, J = 9.4, 6.2 

Hz, 2H, -N-CH2CH2-Ar), 2.60 – 2.51 (m, 6H, -N-CH2CH2-Ar + Piperazine Hs). MS 

m/z: 327.19 [M+H]+, Yield: 51 % 

 

Methyl 5-(4-(4-chlorophenethyl)piperazin-1-yl)pyrazine-2-carboxylate (6b) 

 

 

1H NMR (400 MHz, DMSO-d6) δ 8.63 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.35 (d, 

J = 1.4 Hz, 1H, Ar-H of Pyrazine), 7.31 (d, J = 8.5 Hz, 2H, Ar-H), 7.26 (d, J = 8.5 Hz, 

2H, Ar-H), 3.79 (s, 3H, -OCH3), 3.73 – 3.62 (m, 4H, Piperazine Hs), 2.75 (dd, J = 8.9, 
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6.4 Hz, 2H, -N-CH2CH2-Ar), 2.59 – 2.48 (m, 6H, -N-CH2CH2-Ar + Piperazine Hs). 

MS m/z: 361.03 [M+H]+,Yield: 61 % 

Methyl 5-(4-(2-(1H-indol-3-yl)ethyl)piperazin-1-yl)pyrazine-2-carboxylate (6c) 

 

1H NMR (400 MHz, DMSO-d6) δ 10.75 (s, 1H, -NH), 8.64 (d, J = 1.3 Hz, 1H, Ar-H 

of Pyrazine), 8.37 (d, J = 1.4 Hz, 1H, Ar-H of Pyrazine), 7.51 (dd, J = 7.8, 1.1 Hz, 

1H, Ar-H of indole), 7.31 (dt, J = 8.1, 0.9 Hz, 1H, Ar-H of indole), 7.15 (d, J = 2.3 

Hz, 1H, Ar-H of indole), 7.04 (ddd, J = 8.1, 7.0, 1.2 Hz, 1H, Ar-H of indole), 6.95 

(ddd, J = 7.9, 7.0, 1.1 Hz, 1H, Ar-H of indole), 3.80 (s, 3H, -OCH3), 3.77 – 3.69 (m, 

4H, Piperazine Hs), 2.93 – 2.81 (m, 2H, -N-CH2CH2-Ar), 2.68 – 2.60 (m, 2H, -N-

CH2CH2-Ar), 2.57 (t, J = 5.1 Hz, 4H, Piperazine Hs). MS m/z: 366.15 [M+H]+, Yield: 

54 % 

Methyl 5-(4-(2-(1-methyl-1H-indol-3-yl)ethyl)piperazin-1-yl)pyrazine-2-carboxylate 

(6d) 

 

1H NMR (400 MHz, DMSO-d6) δ 8.64 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.37 (d, 

J = 1.4 Hz, 1H, Ar-H of Pyrazine), 7.52 (dt, J = 7.9, 1.0 Hz, 1H, Ar-H of indole), 7.39 

– 7.31 (m, 1H, Ar-H of indole), 7.14 (s, 1H, Ar-H of indole), 7.12 – 7.08 (m, 1H, Ar-



S14 
 

H of indole), 6.99 (ddd, J = 7.9, 7.0, 1.0 Hz, 1H, Ar-H of indole), 3.80 (s, 3H, -

OCH3), 3.75 (t, J = 5.1 Hz, 4H, Piperazine Hs), 3.71 (s, 3H, -N-CH3), 2.90 – 2.84 (m, 

2H, -N-CH2CH2-Ar), 2.66 – 2.60 (m, 2H, -N-CH2CH2-Ar), 2.58 (t, J = 5.1 Hz, 4H, 

Piperazine Hs). MS m/z: 380.40 [M+H]+, Yield: 58 % 

General Procedure for the preparation of different carboxylic acid salts through the 

hydrolysis of corresponding esters  

A mixture of the appropriate ester (3a-c, 5a-f, 6a-d) (1.0 mmol) and 1 N NaOH 

(2.5 mmol) in MeOH (20 ml) was stirred at 70° C for 3 h. The mixture was cooled 

and neutralized with 1 N HCl. The given solid was filtered to give the 

corresponding carboxylic acid salts. Spectral data of the given compounds were 

represented below. 

1-(5-Carboxypyrazin-2-yl)-4-methylpiperazin-1-ium chloride (4a) 

 

1H NMR (400 MHz, DMSO-d6) δ 12.84 (s, 1H, -COOH), 11.49 (s, 1H, Piperazinium 

H), 8.68 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.45 (d, J = 1.3 Hz, 1H, Ar-H of 

Pyrazine), 4.59 (br. s, 2H, Piperazine Hs), 3.46 (br. s, 4H, Piperazine Hs), 3.09 (br. 

s, 2H, Piperazine Hs), 2.75 (s, 3H, -NCH3). Yield: 70 % 

(5-Carboxypyrimidin-2-yl)-4-methylpiperazin-1-ium chloride (4b) 
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1H NMR (400 MHz, DMSO-d6) δ 12.99 (s, 1H, -COOH), 11.29 (s, 1H, Piperazinium 

H), 8.82 (s, 2H, Ar-H of Pyrimidine), 4.78 (s, 2H, Piperazine Hs), 3.55 – 3.00 (m, 

6H, Piperazine Hs), 2.75 (s, 3H). MS m/z: 223.24 [M+H] +. Yield: 85 %  

4-(tert-Butoxycarbonyl)-1-(5-carboxypyrazin-2-yl)piperazin-1-ium chloride (4c) 

.  

1H NMR (400 MHz, DMSO-d6) δ 12.70 (s, 1H, -COOH), 8.64 (d, J = 1.3 Hz, 1H, Ar-

H of Pyrazine), 8.34 (d, J = 1.4 Hz, 1H, Ar-H of Pyrazine), 3.74 – 3.65 (m, 4H, 

Piperazine Hs), 3.51 – 3.41 (m, 4H, Piperazine Hs), 1.41 (s, 9H, -OC(CH3)3). MS 

m/z: 307.30 [M-H]  -. Yield: 88 %. 

4-(5-Carboxypyrimidin-2-yl)-1-((1-methyl-1H-indol-3-yl)methyl)piperazin-1-ium 

chloride (7a) 

N
NH

N

N

N
HO

O

Cl
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1H NMR (400 MHz, D2O) δ 8.72 (s, 2H, Ar-H of pyrimidine), 7.65 (dt, J = 7.9, 1.0 

Hz, 1H, Ar-H of indole), 7.37 (dt, J = 8.3, 0.9 Hz, 1H, Ar-H of indole), 7.22 (s, 1H, 

Ar-H of indole), 7.12 (ddd, J = 8.2, 7.0, 1.2 Hz, 1H, Ar-H of indole), 7.01 (ddd, J = 

8.0, 7.0, 1.0 Hz, 1H, Ar-H of indole), 3.81 (t, J = 5.1 Hz,, 4H, Piperazine Hs), 3.73 (s, 

3H, -NCH3), 3.66 (s, 2H, N-CH2-Indole), 2.45 (t, J = 5.1 Hz, 4H, Piperazine Hs).  

MS m/z: 350.28 [M-H]  -. Yield: 55 % 

4-(5-Carboxypyrimidin-2-yl)-1-(pyridin-2-ylmethyl)piperazin-1-ium chloride (7b) 

1H NMR (400 MHz, DMSO-d6) δ 12.97 (s, 1H, -COOH), 11.43 (s, 1H, Piperazinium 

H), 8.81 (s, 2H, Ar-H of Pyrimidine ), 8.70 – 8.58 (m, 1H, Ar-H of Pyridine), 7.92 

(td, J = 7.7, 1.8 Hz, 1H, Ar-H of Pyridine), 7.69 (dd, J = 7.8, 1.1 Hz, 1H, Ar-H of 

Pyridine), 7.47 (ddd, J = 7.7, 4.8, 1.2 Hz, 1H, Ar-H of Pyridine), 4.47 (s, 2H, N-CH2-

Pyridine), 4.16 (br. s, 4H, Piperazine Hs), 3.35 – 3.32 (m, 4H, Piperazine Hs). MS 

m/z: 298.28 [M-H] -, 300.18 [M+H]+. Yield: 67 % 

1-((1H-indol-3-yl)methyl)-4-(5-carboxypyrazin-2-yl)piperazin-1-ium Chloride (7c) 
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1H NMR (400 MHz, DMSO-d6) δ 11.24 (s, 1H, -NH), 8.63 (d, J = 1.3 Hz, 1H, Ar-H 

of Pyrazine), 8.36 (d, J = 1.4 Hz, 1H, Ar-H of Pyrazine), 7.72 (d, J = 8.0 Hz, 1H, Ar-

H of indole), 7.44 (s, 1H, Ar-H of indole), 7.39 (d, J = 8.0 Hz, 1H, Ar-H of indole), 

7.10 (ddd, J = 8.2, 6.9, 1.2 Hz, 1H, Ar-H of indole), 7.06 – 7.00 (m, 1H, Ar-H of 

indole), 4.48 – 2.67 (m, 10H, -N-CH2-Indole + Piperazine Hs overlapped with 

DMSO and H2O). MS m/z: 336.23 [M-H]-,  337.89 [M+H]+,  Yield: 60 % 

4-(5-Carboxypyrazin-2-yl)-1-((1-methyl-1H-indol-3-yl)methyl)piperazin-1-ium chloride 

(7d) 

1H NMR (400 MHz, DMSO-d6) δ 12.81 (s, 1H, -COOH), 11.13 (s, 1H, - 

Piperazinium H), 8.65 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.41 (d, J = 1.4 Hz, 1H, 

Ar-H of Pyrazine), 7.81 (d, J = 7.8 Hz, 1H, Ar-H of indole), 7.61 (s, 1H, Ar-H of 

indole), 7.48 (d, J = 8.2 Hz, 1H, Ar-H of indole), 7.21 (ddd, J = 8.2, 7.0, 1.2 Hz, 1H, 

Ar-H of indole), 7.13 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H, Ar-H of indole), 4.63 – 4.59 (m, 

4H, Piperazine Hs), 4.47 (s, 2H, -N-CH2-Indole), 3.81 (s, 3H, -NCH3), 3.48 – 3.44 

(m, 4H, Piperazine Hs). MS m/z: 350.41 [M-H]-, Yield: 44 %. 

4-(5-Carboxypyrazin-2-yl)-1-(pyridin-2-ylmethyl)piperazin-1-ium chloride (7e) 
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1H NMR (400 MHz, DMSO-d6) δ 12.82 (s, 1H, -COOH), 11.48 (s, 1H, -

Piperazinium H), 8.67 (d, J = 1.4 Hz, 1H, Ar-H of Pyrazine), 8.66 – 8.64 (m, 1H, 

Ar-H of Pyridine), 8.43 (d, J = 1.4 Hz, 1H, Ar-H of Pyrazine), 7.93 (td, J = 7.7, 1.8 

Hz, 1H, Ar-H of Pyridine), 7.69 (dt, J = 7.9, 1.1 Hz, 1H, Ar-H of Pyridine), 7.48 

(ddd, J = 7.7, 4.9, 1.2 Hz, 1H, Ar-H of Pyridine), 4.49 (s, 2H, N-CH2-Pyridine), 4.08 

– 4.05 (m, 4H, Piperazine Hs), 3.40 – 3.37 (m, 4H, Piperazine Hs). MS m/z: 298.22 

[M-H]-,  300.43 [M+H]+. Yield: 44 % 

1-(Benzo[b]thiophen-3-ylmethyl)-4-(5-carboxypyrazin-2-yl)piperazin-1-ium chloride (7f) 

 

1H NMR (400 MHz, DMSO-d6) δ 12.81 (s, 1H, -COOH), 11.42 (s, 1H, Piperazinium 

H), 8.67 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.42 (s, 1H, Ar-H of Pyrazine), 8.22 

(s, 1H, Ar-H of benzothiophene), 8.15 (d, J = 7.8 Hz, 1H, Ar-H of 

benzothiophene), 8.06 (d, J = 7.8 Hz, 1H, Ar-H of benzothiophene), 7.45 (dt, J = 

18.2, 7.1 Hz, 2H, Ar-H of benzothiophene), 4.62 (s, 2H, N-CH2- benzothiophene), 

3.49 – 3.45 (m, 4H, Piperazine Hs), 3.32 – 3.28 (m, 4H, Piperazine Hs). MS m/z: 

354.23 [M-H]-,  356.23 [M+H]+. Yield: 88 % 

4-(5-Carboxypyrazin-2-yl)-1-phenethylpiperazin-1-ium chloride (7g) 
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1H NMR (400 MHz, DMSO-d6) δ 12.85 (s, 1H, -COOH), 11.53 (s, 1H, Piperazinium 

H), 8.69 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.47 (d, J = 1.4 Hz, 1H, Ar-H of 

Pyrazine), 7.33 (t, J = 7.5 Hz, 2H, Ar-H), 7.30 – 7.21 (m, 3H, Ar-H), 4.62 (d, J = 14.4 

Hz, 2H, N-CH2CH2-Ar), 3.65 (d, J = 12.1 Hz, 2H, N-CH2CH2-Ar), 3.55 (t, J = 13.2 

Hz, 4H, Piperazine Hs), 3.18 – 3.07 (m, 4H, Piperazine Hs). MS m/z: 311.22 [M-H]-

,  313.38 [M+H]+.  Yield: 86 % 

4-(5-Carboxypyrazin-2-yl)-1-(4-chlorophenethyl)piperazin-1-ium chloride (7h) 

1H NMR (400 MHz, DMSO-d6) δ 12.84 (s, 1H, -COOH), 11.52 (s, 1H, Piperazinium 

H), 8.68 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.46 (d, J = 1.4 Hz, 1H, Ar-H of 

Pyrazine), 7.39 (d, J = 8.4 Hz, 2H, Ar-H), 7.30 (d, J = 8.4 Hz, 2H, Ar-H), 4.61 (d, J = 

14.2 Hz, 2H, N-CH2CH2-Ar), 3.63 (d, J = 12.4 Hz, 2H, N-CH2CH2-Ar), 3.54 (t, J = 

13.2 Hz, 4H, Piperazine Hs), 3.18 – 3.03 (m, 4H, Piperazine Hs). MS m/z: 345.45 

[M-H]-, 347.37 [M+H]+.  Yield: 92 % 

4-(5-Carboxypyrazin-2-yl)-1-(2-(1-methyl-1H-indol-3-yl)ethyl)piperazin-1-ium chloride 

(7i) 
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1H NMR (400 MHz, DMSO-d6) δ 12.84 (s, 1H, -COOH), 11.24 (s, 1H, Piperazinium 

H), 8.70 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.48 (d, J = 1.4 Hz, 1H, Ar-H of 

Pyrazine), 7.64 (d, J = 7.9 Hz, 1H, Ar-H of indole), 7.40 (d, J = 8.2 Hz, 1H, Ar-H of 

indole), 7.21 (s, 1H, Ar-H of indole), 7.16 (ddd, J = 8.2, 7.0, 1.2 Hz, 1H, Ar-H of 

indole), 7.04 (ddd, J = 8.0, 6.9, 1.0 Hz, 1H, Ar-H of indole), 4.62 (s, 3H, -NCH3), 

3.63 – 3.43 (m, 6H, -N-CH2CH2-Ar + Piperazine Hs), 3.23 – 3.12 (m, 6H, -N-

CH2CH2-Ar + Piperazine Hs). MS m/z: 364.35 [M-H]-, 366.43 [M+H]+. Yield: 92 % 

1-(2-(1H-indol-3-yl)ethyl)-4-(5-carboxypyrazin-2-yl)piperazin-1-ium chlolride (7j) 

1H NMR (400 MHz, D2O) δ 8.41 (s, 1H, Ar-H of Pyrazine), 7.96 (s, 1H, Ar-H of 

Pyrazine), 7.44 (d, J = 7.7 Hz, 1H, Ar-H of indole), 7.24 (d, J = 8.0 Hz, 1H, Ar-H of 

indole), 6.97 (h, J = 7.2 Hz, 3H, Ar-H of indole), 3.38 (t, J = 5.1 Hz, 4H, Piperazine 

Hs), 2.71 (dd, J = 10.2, 6.3 Hz, 2H, -N-CH2CH2-Ar), 2.41 (dd, J = 10.2, 6.3 Hz, 2H, -

N-CH2CH2-Ar), 2.29 (t, J = 5.1 Hz, 4H, Piperazine Hs). MS m/z: 350.44 [M-H]-.

Yield: 90 % 

General Procedure for the synthesis of tert-butyl (substituted-2-nitrophenyl) carbamate 

(11a-e) and 14. 

The corresponding 2-nitroaniline (4.61 mmol) was dissolved in dry CHCl3 

(15 mL), and then DIPEA (13.82 mmol) was added followed by addition of 

(Boc)2O (9.22 mmol) and DMAP (0.50 mmol) dissolved in 5 mL dry CHCl3. The 
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reaction mixture was stirred overnight at RT. The solution was washed with 1 M 

HCl (30 mL). The organic layer was separated, dried with Na2SO4, filtered and 

concentrated under vacuum. The residue was purified by MPLC (n-Hexane: 

EtOAc) to afford the corresponding boc-protected nitroaniline as yellow solids. 

Spectrometric data and reaction Yield:of compounds 11a,c,d  were found as 

reported. 1, 2

tert-Butyl 5-methoxy-2-nitrophenylcarbamate (11b) 

1H NMR (400 MHz, DMSO-d6) δ 9.72 (s, 1H, -CONH), 8.06 (d, J = 9.3 Hz, 1H, Ar-

H), 7.58 (d, J = 2.7 Hz, 1H, Ar-H), 6.78 (dd, J = 9.4, 2.7 Hz, 1H, Ar-H), 3.85 (s, 3H, -

OCH3), 1.46 (s, 9H, -OC(CH3)3), Yield:66 % 

tert-Butyl 4-fluoro-2-nitrophenylcarbamate (11e) 

1H NMR (400 MHz, DMSO-d6) δ 9.54 (s, 1H, -CONH), 7.86 (dt, J = 13.8, 5.7 Hz, 

1H, Ar-H), 7.66 – 7.48 (m, 2H, Ar-H), 1.42 (s, 9H, OC(CH3)3), Yield:55 % 

tert- Butyl (4-Bromo-2-nitrophenyl) carbamate (14) 



S22 

1H NMR (400 MHz, DMSO-d6) δ 9.64 (s, 1H, -CONH), 8.43 (d, J = 2.2 Hz, 1H, Ar-

H), 8.11 (dd, J = 8.8, 2.5 Hz, 1H, Ar-H), 7.64 (d, J = 8.3 Hz, 1H, Ar-H), 1.35 (s, 9H, -

OC(CH3)3). MS m/z: 315.17 [M-H]-, Yield: 80 %. 

General procedure for C-C coupling using Suzuki reaction 

tert- Butyl (4-Bromo-2-nitrophenyl) carbamate (14) (1.26 mmol) and the 

corresponding boronic acid were dissolved in degassed 1,1 dimethoxyethane 

(DME) followed by the addition of tetrakis Pd[P(Ph3)4] (0.40 g, 1.26 mmol). 

Degassed 3M aqueous Na2CO3 (1.25 mL) was added into the mixture then it was 

degassed for 10 min by sparging with argon gas. The reaction mixture was 

heated at 90 0 C for 8h under argon atmosphere. The solvent was evaporated 

followed by addition of ethyl acetate, washed with brine, dried over anhydrous 

Na2SO4 and finally purified by MPLC (n-Hexane/EtOAc) to obtain the 

corresponding products (16a-d). Spectrometric data and reaction Yield:of 

compounds 16a, c, were found as reported.3, 4  

tert-Butyl [2-nitro-4-(thiophen-3-yl)phenyl]carbamate (16b) 
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1H NMR (400 MHz, DMSO-d6) δ 9.57 (s, 1H, -CONH), 8.23 (d, J = 2.0 Hz, 1H, Ar-

H), 8.01 (dd, J = 8.4, 2.2 Hz, 2H, Ar-H), 7.64 (m, 3H, Ar-H), 1.44 (s, 9H, OC(CH3)3).  

MS m/z: 319.29 [M-H]-, Yield: 70 % 

tert-butyl (2′-Fluoro-3-nitro-biphenyl-4-yl)-carbamate (16d)  

` 

1H NMR (500 MHz, DMSO-d6) δ 9.69 (s, 1H, -CONH), 8.10 (s, 1H, Ar-H), 7.91 – 

7.84 (m, 1H, - Ar-H), 7.76 (d, J = 8.6 Hz, 1H, Ar-H), 7.65 – 7.56 (m, 1H, Ar-H), 7.51 

– 7.45 (m, 1H, Ar-H), 7.37 – 7.27 (m, 2H, Ar-H), 1.45 (s, 9H, OC(CH3)3), Yield: 70 % 

General Procedure for the reduction of nitro compounds (9a, 12a-e, 17a-d) 

A mixture of the appropriate nitro compound (1.0 g, 1.0 eq.) and ammonium 

formate (4.0 eq.) were dissolved in MeOH (30.0 mL) and stirred at RT with 10% 

Pd/C (0.2 - 0.3 g). The progress of reaction was monitored by TLC which 

indicated the disappearance of the starting material. The catalyst was filtered off 

through celite and washed with MeOH, and the filtrate was collected and 

concentrated under vacuum. The obtained residue was diluted with partitioned 

between water (50.0 mL) and ethyl acetate (50.0 mL), the organic layer was 

separated, evaporated under reduced pressure to give the corresponding amine 

which was used without further purification.1 Spectrometric data and reaction 

Yield of compounds 12a, 12c, 12d, 17a and 17c were found as reported.2-5 

tert-Butyl 2-amino-5-methoxyphenylcarbamate (12b) 
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1H NMR (400 MHz, DMSO-d6) δ 8.25 (s, 1H, -CONH), 6.91 (s, 1H, Ar-H), 6.61 (d, J 

= 8.6 Hz, 1H, Ar-H), 6.50 – 6.40 (m, 1H, Ar-H), 4.41 (s, 2H, -NH2), 3.60 (s, 3H, -

OCH3), 1.43 (s, 9H, OC(CH3)3), Yield: 84 % 

 

tert-Butyl 2-amino-4-fluorophenylcarbamate (12e) 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 8.19 (s, 1H, -CONH), 7.12 – 7.03 (m, 1H, Ar-H), 

6.44 (dd, J = 11.2, 2.9 Hz, 1H, Ar-H), 6.27 (td, J = 8.6, 2.9 Hz, 1H, Ar-H), 5.09 (s, 

2H), 1.43 (s, 9H, OC(CH3)3). MS m/z: 249.16 [M+Na]+, Yield: 82 %. 

 

tert-Butyl [2-amino-4-(thien-3-yl)phenyl]carbamate (17b)  
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1H NMR (400 MHz, DMSO-d6) δ 8.48 (s, 1H, -CONH), 7.89 – 7.16 (m, 6H, Ar-H), 

5.06 (s, 2H, -NH2), 1.63 (s, 9H, OC(CH3)3), Yield:75 %. 

tert-Butyl (3-Amino-2′-fluorobiphenyl-4-yl)carbamate (17d) 

1H NMR (400 MHz, DMSO-d6) δ 8.35 (s, 1H, -CONH), 7.46 – 7.19 (m, 5H, Ar-H), 

6.88 (t, J = 1.8 Hz, 1H, Ar-H), 6.69 (ddd, J = 7.0, 4.4, 2.6 Hz, 1H, Ar-H), 4.96 (s, 2H, -

NH2), 1.46 (s, 9H, OC(CH3)3), Yield: 90 % 

Spectral data of boc protected pre-final compounds 

tert-Butyl (2-(5-(4-(2-(1-methyl-1H-indol-3-yl)ethyl)piperazin-1-yl)pyrazine-2-

carboxamido)-4-(thiophen-2-yl)phenyl)carbamate (20a) 

1H NMR (400 MHz, DMSO-d6) δ 10.02 (s, 1H, -CO-NH-Ar), 9.06 (s, 1H, -CO-NH-

Ar), 8.75 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.27-8.26 (m, 2H, Ar-Hs), 7.55 – 

7.53 (m, 1H, Ar-H), 7.53 (d, J = 1.1 Hz, 1H, Ar-H), 7.46 – 7.44 (m, 1H, Ar-H), 7.42 

(d, J = 2.2 Hz, 1H, Ar-H), 7.36 (dt, J = 8.3, 0.9 Hz, 1H, Ar-H), 7.30 (d, J = 8.3 Hz, 1H, 

Ar-H), 7.16 – 7.08 (m, 3H, Ar-H), 7.00 (ddd, J = 7.9, 7.0, 1.0 Hz, 1H, Ar-H), 3.76 (t, J 
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= 5.1 Hz, 4H, Piperazine Hs), 3.72 (s, 3H, -NCH3), 2.93 – 2.83 (m, 2H, -N-CH2CH2-

Ar), 2.71 – 2.56 (m, 6H, -N-CH2CH2-Ar + Piperazine Hs), 1.48 (s, 9H, -OC(CH3)3). 

MS m/z: 636.24 [M-H]-, 638.33 [M+H]+, Yield: 68 %  

tert-Butyl (2-(5-(4-(2-(1H-indol-3-yl)ethyl)piperazin-1-yl)pyrazine-2-carboxamido)-5-

(4-fluorophenyl)phenyl)carbamate (20b) 

 

1H NMR (400 MHz, DMSO-d6) δ 10.76 (s, 1H, -NH of indole), 10.05 (s, 1H, CO-

NH-Ar), 9.08 (s, 1H, CO-NH-Ar), 8.74 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.29 – 

8.23 (d, 1H, Ar-H of Pyrazine), 7.69 –7.65 (m, 2H, Ar-H), 7.52 (d, J = 7.9 Hz, 1H, 

Ar-H), 7.42 – 7.27 (m, 6H, Ar-H), 7.16 – 6.95 (m, 3H, Ar-H), 3.80 – 3.75 (m, 4H, 

Piperazine Hs), 2.95 – 2.58 (m, 8H, -N-CH2CH2-Ar + Piperazine Hs), 1.49 (s, 9H, -

OC(CH3)3). MS m/z: 634.30 [M-H]-, Yield: 75 %. 

tert-Butyl (2-(5-(4-(2-(1H-indol-3-yl)ethyl)piperazin-1-yl)pyrazine-2-carboxamido)-5-

(2-fluorophenyl)phenyl)carbamate (20c) 
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1H NMR (400 MHz, DMSO-d6) δ 11.97 (s, 1H, -NH of indole), 10.76 (s, 1H, CO-

NH-Ar), 10.05 (s, 1H, CO-NH-Ar), 8.72 (s, 1H, Ar-H of Pyrazine), 8.27 (s, 1H, Ar-

H of Pyrazine), 6.94 – 7.69 (m, 12H,  Ar-H), 3.75 – 3.62 (m, 4H,  Piperazine Hs), 

2.96 – 2.85 (m, 2H, -N-CH2CH2-Ar), 2.65 – 2.58 (m, 6H, -N-CH2CH2-Ar + 

Piperazine Hs), 1.49 (s, 9H, -OC(CH3)3). MS m/z: 634.39 [M-H]-. Yield: 66 % 

tert-Butyl (4-fluoro-2-(5-(4-((1-methyl-1H-indol-3-yl)methyl)piperazin-1-yl)pyrazine-2-

carboxamido)phenyl)carbamate (22b) 

 

1H NMR (400 MHz, DMSO-d6) δ 9.96 (s, 1H, -CO-NH-Ar), 8.99 (s, 1H, -CO-NH-

Ar), 8.71 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.21 (d, J = 1.4 Hz, 1H, Ar-H of 

Pyrazine), 7.94 (dd, J = 11.3, 3.0 Hz, 1H, Ar-H), 7.66 (dt, J = 7.9, 1.0 Hz, 1H, Ar-H), 

7.38 (d, J = 8.2 Hz, 1H, Ar-H), 7.29 – 7.20 (m, 2H, Ar-H), 7.13 (ddd, J = 8.2, 7.0, 1.2 

Hz, 1H, Ar-H), 7.02 (ddd, J = 8.0, 6.9, 1.0 Hz, 1H, Ar-H), 6.95 (td, J = 8.4, 3.0 Hz, 

1H, Ar-H), 3.75 (s, 3H, -NCH3), 3.71 (t, J = 5.2 Hz, 4H, Piperazine Hs), 3.68 (s, 2H, -

N-CH2-Indole), 2.54 – 2.50 (m, 4H, Piperazine Hs) 1.45 (s, 9H, -OC(CH3)3). MS 

m/z: 558.30 [M-H]-, Yield: 73 %.  

tert-Butyl (4-fluoro-2-(5-(4-(2-(1-methyl-1H-indol-3-yl)ethyl)piperazin-1-yl)pyrazine-2-

carboxamido)phenyl)carbamate (22c) 
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1H NMR (400 MHz, DMSO-d6) δ 9.98 (s, 1H, -CO-NH-Ar), 9.01 (s, 1H, -CO-NH-

Ar), 8.74 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.25 (d, J = 1.4 Hz, 1H, Ar-H of 

Pyrazine), 7.96 (dd, J = 11.3, 3.3 Hz, 1H, Ar-H), 7.53 (dt, J = 7.9, 1.0 Hz, 1H, Ar-H), 

7.38 – 7.34 (m, 1H, Ar-H), 7.23 (dd, J = 8.9, 6.1 Hz, 1H, Ar-H), 7.14 (s, 1H, Ar-H), 

7.13 – 7.09 (m, 1H, Ar-H), 7.00 (ddd, J = 7.9, 6.9, 1.0 Hz, 1H, Ar-H), 6.97 – 6.92 (m, 

1H, Ar-H), 3.76 (t, J = 5.0 Hz, 4H, Piperazine Hs), 3.72 (s, 3H,  -NCH3), 2.92 – 2.83 

(m, 2H, -N-CH2CH2-Ar), 2.64 (dd, J = 9.0, 6.7 Hz, 2H, -N-CH2CH2-Ar), 2.59 (t, J = 

5.1 Hz, 4H, Piperazine Hs), 1.47 (s, 9H, -OC(CH3)3). MS m/z: 572.28 [M-H]-, 574.40 

[M+H]+,Yield: 70 % . 

tert-Butyl 4-(5-(2-amino-4-chlorophenylcarbamoyl)pyrazin-2-yl)piperazine-1-

carboxylate (24a) 

 

1H NMR (400 MHz, DMSO-d6) δ 9.61 (s, 1H, -CO-NH-Ar), 8.70 (d, J = 1.3 Hz, 1H,  

Ar-H of Pyrazine), 8.33 (d, J = 1.3 Hz, 1H,  Ar-H of Pyrazine), 7.40 (d, J = 8.5 Hz, 

1H,  Ar-H), 6.83 (d, J = 2.4 Hz, 1H,  Ar-H), 6.62 (dd, J = 8.4, 2.4 Hz, 1H,  Ar-H), 5.16 

(s, 2H, -NH2), 3.73 – 3.68 (m, 4H, Piperazine Hs), 3.53 – 3.37 (m, 4H, Piperazine 

Hs), 1.42 (s, 9H, -OC(CH3)3). Yield: 71 % 



S29 
 

tert-Butyl 4-(5-(2-amino-4,5-difluorophenylcarbamoyl)pyrazin-2-yl)piperazine-1-

carboxylate (24b) 

 

1H NMR (400 MHz, DMSO-d6) δ 9.65 (s, 1H, CO-NH-Ar), 8.70 (d, J = 1.3 Hz, 1H, 

Ar-H of Pyrazine), 8.33 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 7.54 (dd, J = 12.4, 8.7 

Hz, 1H, Ar-H), 6.77 (dd, J = 12.8, 8.2 Hz, 1H, Ar-H), 5.02 (s, 2H, NH2), 3.74 –  3.72 

(m, 4H, Piperazine Hs), 3.38 – 3.52 (m, 4H, Piperazine Hs), 1.41 (s, 9H, -

OC(CH3)3). MS m/z: 433.41 [M-H]-. Yield: 69 % 

tert-Butyl 4-(5-((2-((tert-butoxycarbonyl)amino)-5-

(trifluoromethyl)phenyl)carbamoyl)pyrazin-2-yl)piperazine-1-carboxylate (26a) 

 

1H NMR (500 MHz, DMSO-d6) δ 10.13 (s, 1H, CO-NH-Ar), 9.33 (s, 1H, CO-NH-

Ar), 8.74 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.29 – 8.26 (m, 2H, Ar-H of 

Pyrazine + Ar-H), 7.55 (d, J = 8.4 Hz, 1H, Ar-H), 7.48 (dd, J = 8.5, 1.8 Hz, 1H, Ar-

H), 3.74 – 3.64 (m, 4H, Piperazine Hs), 3.52 – 3.40 (m, 4H, Piperazine Hs), 1.48 (s, 

9H, -OC(CH3)3), 1.42 (s, 9H, -OC(CH3)3). MS m/z: 565.30 [M-H]-. Yield: 70 % 
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tert-Butyl 4-(5-((2-((tert-butoxycarbonyl)amino)-4-methylphenyl)carbamoyl)pyrazin-2-

yl)piperazine-1-carboxylate (26b) 

 

1H NMR (400 MHz, DMSO-d6) δ 9.89 (s, 1H, CO-NH-Ar), 8.81 (s, 1H, CO-NH-Ar), 

8.71 (s, 1H, Ar-H of Pyrazine), 8.23 (s, 1H, Ar-H of Pyrazine), 7.77 (d, J = 8.2 Hz, 

1H, Ar-H), 7.06 (s, 1H, Ar-H), 6.99 (d, J = 8.2 Hz, 1H, Ar-H), 3.72 – 3.55 (m, 4H, 

Piperazine Hs), 3.52 – 3.38 (m, 4H, Piperazine Hs), 2.26 (s, 3H, CH3), 1.44 (s, 9H, -

OC(CH3)3), 1.41 (s, 9H, -OC(CH3)3). MS m/z: 511.19 [M-H]-. Yield: 72 %. 

tert-Butyl 4-(5-((2-((tert-butoxycarbonyl)amino)-4-methoxyphenyl)carbamoyl)pyrazin-

2-yl)piperazine-1-carboxylate (26c) 

 

 

1H NMR (400 MHz, DMSO-d6) δ 9.85 (s, 1H, CO-NH-Ar), 8.92 (s, 1H, CO-NH-Ar), 

8.70 (s, 1H, Ar-H of Pyrazine), 8.23 (s, 1H, Ar-H of Pyrazine), 7.67 (d, J = 8.9 Hz, 

1H, Ar-H), 6.88 (d, J = 2.9 Hz, 1H,  Ar-H), 6.78 (dd, J = 8.9, 2.9 Hz, 1H,  Ar-H), 3.79 

– 3.70 (m, 7H,  Piperazine Hs + OCH3), 3.54 – 3.33 (m, 4H,  Piperazine Hs), 1.45 (s, 

9H, -OC(CH3)3), 1.43 (s, 9H, -OC(CH3)3). MS m/z: 527.28 [M-H]-. Yield: 62 %. 
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tert-Butyl 2-(5-(4-methylpiperazin-1-yl)pyrazine-2-carboxamido)-4-(thiophen-3-

yl)phenylcarbamate (28a) 

 

1H NMR (400 MHz, DMSO-d6) δ 10.02 (s, 1H, CO-NH-Ar), 9.02 (s, 1H, CO-NH-

Ar), 8.73 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.25 – 8.23 (m, 2H, Ar-H of 

Pyrazine + Ar-H), 7.79 (dd, J = 2.9, 1.3 Hz, 1H, Ar-H), 7.63 (dd, J = 5.0, 2.9 Hz, 1H, 

Ar-H), 7.52 – 7.43 (m, 2H, Ar-H), 7.30 (d, J = 8.3 Hz, 1H, Ar-H), 3.79 – 3.65 (m, 4H, 

Piperazine Hs), 2.49 – 2.35 (m, 4H, Piperazine Hs), 2.22 (s, 3H, -NCH3), 1.47 (s, 

9H, -OC(CH3)3). MS m/z: 493.18 [M+H]+. Yield: 70 % 

tert-Butyl 4-(5-((2-((tert-butoxycarbonyl)amino)-5-(thiophen-2-

yl)phenyl)carbamoyl)pyrazin-2-yl)piperazine-1-carboxylate. (28b) 

 

N

N

NN HN

O

O

O
HN

O

O

S
 

1H NMR (400 MHz, DMSO-d6) δ 10.04 (s, 1H, -CO-NH-Ar), 9.06 (s, 1H, -CO-NH-

Ar), 8.76 (d, J = 1.3 Hz, 1H, Ar-H of Pyrazine), 8.34 – 8.20 (m, 2H, Ar-H + Ar-H of 

Pyrazine), 7.53 (dd, J = 5.1, 1.1 Hz, 1H, Ar-H), 7.47 – 7.41 (m, 2H, Ar-H), 7.30 (d, J 
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= 8.4 Hz, 1H, Ar-H), 7.13 (dd, J = 5.1, 3.6 Hz, 1H, Ar-H), 3.80 – 3.69 (m, 4H, 

Piperazine Hs), 3.51 – 3.39 (m, 4H, Piperazine Hs), 1.48 (s, 9H, -OC(CH3)3), 1.42 (s, 

9H, -OC(CH3)3). MS m/z: 579.09  [M-H]-. Yield: 66 %. 

tert-Butyl 4-(5-((4-((tert-butoxycarbonyl)amino)-4'-fluoro-[1,1'-biphenyl]-3-

yl)carbamoyl)pyrazin-2-yl)piperazine-1-carboxylate (28c) 

1H NMR (400 MHz, DMSO-d6) δ 10.06 (s, 1H, CO-NH-Ar), 9.07 (s, 1H, CO-NH-

Ar), 8.74 (s, 1H, Ar-H of Pyrazine), 8.32 – 8.22 (m, 2H, Ar-H of Pyrazine + Ar-H), 

7.71 – 7.62 (m, 2H, Ar-H), 7.45 – 7.23 (m, 4H, Ar-H), 3.75 – 3.72 (m, 4H, Piperazine 

Hs), 3.54 – 3.34 (m, 4H, Piperazine Hs), 1.48 (s, 9H, -OC(CH3)3), 1.42 (s, 9H, -

OC(CH3)3). MS m/z: 591.29 [M-H]-. Yield: 45 %. 

tert-Butyl (2'-fluoro-3-(5-(4-methylpiperazin-1-yl)pyrazine-2-carboxamido)-[1,1'-

biphenyl]-4-yl)carbamate (28d) 

1H NMR (400 MHz, DMSO-d6) δ 10.05 (s, 1H, CO-NH-Ar), 9.12 (s, 1H, CO-NH-

Ar), 8.72 (s, 1H, Ar-H of Pyrazine), 8.26 (s, 1H, Ar-H of Pyrazine), 8.15 (s, 1H, Ar-
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H), 7.54 – 7.27 (m, 6H, Ar-H), 3.79 – 3.74 (m, 4H, Piperazine Hs), 2.50 – 2.45 (m, 

4H, Piperazine Hs overlapped with DMSO), 2.27 (s, 3H, CH3), 1.49 (s, 9H, -

OC(CH3)3). MS m/z: 505.20 [M-H]-. Yield: 60 %. 

3. 1 HNMR charts of final compounds  

1H NMR chart of compound 19a 
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1H NMR chart of compound 19b 

 

1H NMR chart of compound 19c 
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1H NMR chart of compound 19d 

1H NMR chart of compound 19e 
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1H NMR chart of compound 19f 

 

1H NMR chart of compound 19g 
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1H NMR chart of compound 19h 

 

1H NMR chart of compound 19i 
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1H NMR chart of compound 19j 

 

1H NMR chart of compound 19k 
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1H NMR chart of compound 19l 

1H NMR chart of compound 19m 
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1H NMR chart of compound 19n 

1H NMR chart of compound 19o 
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1H NMR chart of compound 21a 

1H NMR chart of compound 21b 
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1H NMR chart of compound 21c 

 

1H NMR chart of compound 23a 

 



S43 
 

1H NMR chart of compound 23b 

 

1H NMR chart of compound 23c 
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1H NMR chart of compound 25a 

1H NMR chart of compound 25b 



S45 
 

1H NMR chart of compound 27a 

 

1H NMR chart of compound 27b 
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1H NMR chart of compound 27c 

1H NMR chart of compound 29a 



S47 
 

1H NMR chart of compound 29b  

 

1H NMR chart of compound 29c 
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4. 13C NMR charts of final compounds  

13C NMR chart of compound 19a 

 

13C NMR chart of compound 19b 
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13C NMR chart of compound 19c 

 

13C NMR chart of compound 19d
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13C NMR chart of compound 19f 

 

13C NMR chart of compound 19g 
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13C NMR chart of compound 19h 

 

13C NMR chart of compound 19i 
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13C NMR chart of compound 19k 

 

13C NMR chart of compound 19l 
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13C NMR chart of compound 19m 

 

13C NMR chart of compound 19n 
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13C NMR chart of compound 19o 

 

13C NMR chart of compound 21a 
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13C NMR chart of compound 21b 

 
6.1. 13C NMR chart of compound 21c 
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13C NMR chart of compound 23a 

 

13C NMR chart of compound 23c 
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13C NMR chart of compound 25a 

 

13C NMR chart of compound 25b 
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13C NMR chart of compound 27a 

 

13C NMR chart of compound 27b 
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13C NMR chart of compound 29a 

 

13C NMR chart of compound 29b 
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13C NMR chart of compound 29c 

 

13C NMR chart of compound 29d 
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5. HRMS Spectra of final compounds 

HRMS spectrum of compound 19a 

 

HRMS spectrum of compound 19b 
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HRMS spectrum of compound 19c 

 

HRMS spectrum of compound 19d 
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HRMS spectrum of compound 19e 

 

HRMS spectrum of compound 19f 
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HRMS spectrum of compound 19g 

 

HRMS spectrum of compound 19h 
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HRMS spectrum of compound 19i 

 

HRMS spectrum of compound 19j 
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HRMS spectrum of compound 19k 

 

HRMS spectrum of compound 19l 
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HRMS spectrum of compound 19m 

 

HRMS spectrum of compound 19n 
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HRMS spectrum of compound 19o 

 
 

HRMS spectrum of compound 21a 
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HRMS spectrum of compound 21b 

 

HRMS spectrum of compound 21c 
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HRMS spectrum of compound 23a 

 

HRMS spectrum of compound 23b 
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HRMS spectrum of compound 23c 

 

HRMS spectrum of compound 25a 
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HRMS spectrum of compound 25b 

 
 

HRMS spectrum of compound 27a 
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HRMS spectrum of compound 27b 

 

HRMS spectrum of compound 27c 
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HRMS spectrum of compound 29a 

 

HRMS spectrum of compound 29c 
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HRMS spectrum of compound 29d 

 

 

HPLC Spectra of final compounds 

HPLC chromatogram of compound 19a 
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HPLC chromatogram of compound 19b  

 

 

HPLC chromatogram of compound 19c 
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HPLC chromatogram of compound 19d 

 

 

HPLC chromatogram of compound 19e 
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HPLC chromatogram of compound 19f 

 

HPLC chromatogram of compound 19g 
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HPLC Chromatogram of compound 19h 

 

 

 

HPLC Chromatogram of compound 19i  
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HPLC Chromatogram of compound 19j 

 

HPLC Chromatogram of compound 19k 
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HPLC Chromatogram of compound 19l 

 

 

HPLC chromatogram of compound 19m 

 

 



S82 
 

HPLC chromatogram of compound 19n 

 
 

HPLC chromatogram of compound 19o 
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HPLC Chromatogram of compound 21a  

 

HPLC chromatogram of compound 21b 
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HPLC chromatogram of compound 21c 

 

HPLC chromatogram of compound 23a  
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HPLC chromatogram of compound 23b  

 

HPLC chromatogram of compound 23c 
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HPLC Chromatogram of compound 25a 

 

HPLC Chromatogram of compound 25b 
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HPLC Chromatogram of compound 27a  

 

 

HPLC Chromatogram of compound 27b  
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HPLC chromatogram of compound 27c  

 

 

HPLC Chromatogram of compound 29a  
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HPLC Chromatogram of compound 29b 

 

HPLC chromatogram of compound 29c 
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HPLC chromatogram of compound 29d 
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7. IC50 plots of compounds 19f and 21a against different HDACs isoforms 
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8. IC50 plots of reference inhibitors against HDAC1, -2, and -3 

# 
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9. IC50 plots of tested inhibitors against HDAC1, -2, and -3 

HDAC1  
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HDAC2
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HDAC3 
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10. Molecular docking studies

Fig. S1. Docking poses of Entinostat (A, magenta colored sticks) in HDAC1 (PDB 

ID 4BKX), (B, orange colored sticks) in HDAC2 (PDB ID 4LY1), (C, cyan colored 

sticks) in HDAC3 (PDB ID 4A69). Hydrogen bonds (green dashed lines), metal 

coordination (orange dashed lines), ionic interactions (cyan dashed lines) and 

aromatic interactions (magenta dashed lines) between inhibitors and the protein 

are shown. Relevant residues are shown in stick representation with dark grey 

carbon atoms in HDAC1, white carbon atoms in HDAC2, and light grey carbon 

atoms in HDAC3. The zinc ion is shown as cyan colored sphere. The conserved 

water molecule is shown as red sphere.  The zinc-carbonyl oxygen and zinc-

amino distance, respectively, are: 2.37 Å and 2.61 Å for Figure A, 2.45 Å and 2.31 

Å for Figure B, 2.44 Å and 2.47 Å for Figure C. 
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Fig. S2. Docking pose of 21a (A, green colored sticks) in HDAC2 (PDB ID 4LY1), 

21a (B, pink colored sticks) in HDAC3 (PDB ID 4A69). Hydrogen bonds (green 

dashed lines), metal coordination (orange dashed lines), ionic interactions (cyan 

dashed lines) and aromatic interactions (magenta dashed lines) between 

inhibitors and the protein are shown. Relevant residues are shown in stick 

representation with white carbon atoms white carbon atoms in HDAC2 and gray 

carbon in HDAC3. The zinc ion is shown as cyan colored sphere. The conserved 

water molecule is shown as red sphere. The zinc-carbonyl oxygen and zinc-

amino distance, respectively, are: 2.22 Å and 2.29 Å for Figure A. 
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Fig. S3. Docking pose of 19l (A, brown colored sticks) in HDAC2 (PDB ID 4LY1), 

19l (B, yellow colored sticks), in HDAC3 (PDB ID 4A69). Hydrogen bonds (green 

dashed lines), metal coordination (orange dashed lines), ionic interactions (cyan 

dashed lines) and aromatic interactions (magenta dashed lines) between 

inhibitors and the protein are shown. Relevant residues are shown in stick 

representation with white carbon atoms in HDAC2 and gray carbon in HDAC3. 

The zinc ion is shown as cyan colored sphere. The conserved water molecule is 

shown as red sphere. The zinc-carbonyl oxygen and zinc-amino distance, 

respectively, are: 2.23 Å and 2.37 Å for Figure A and 2.35 Å and 2.44 Å for Figure 

B.
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Fig. S4. Docking pose of 25a (orange colored sticks) in HDAC2 (PDB ID 4LY1). 

Hydrogen bonds (green dashed lines), metal coordination (orange dashed lines), 

ionic interactions (cyan dashed lines) and aromatic interactions (magenta dashed 

lines) between inhibitors and the protein are shown. Relevant residues are shown 

in stick representation with white carbon atoms. The zinc ion is shown as cyan 

colored sphere. The conserved water molecule is shown as red sphere. The zinc-

carbonyl oxygen and zinc-amino distance, respectively, are: 2.08 Å and 2.21 Å. 
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Fig. S5. Root-mean-square-deviation (RMSD) analysis of 100ns MD simulation of 

23a in complex with HDAC1/2 and 3 (PDB IDs: 4BKX, 4LY1, 4A69, respectively). 

Deviation of ligand is represented in red color, of protein in green color and of 

the zinc ion in blue color.  

 

Fig. S6. Root-mean-square-deviation (RMSD) analysis of 100ns MD simulation of 

29b in complex with HDAC1/2 (PDB IDs: 4BKX, 4LY1 respectively).  Deviation of 

ligand is represented in red color, of protein in green color and of the zinc ion in 

blue color. 
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Fig. S7. On the left side of the picture, root-mean-square-deviation (RMSD) 

analysis of 100ns MD simulation of 19f in complex with HDAC1/2 and 3 (PDB 

IDs:4BKX, 4LY1, 4A69, respectively) were shown. Deviation of ligand is 

represented in red color, of protein in green color and of the zinc ion in blue 

color. On the right side of the picture, the clusters analysis of 19f in HDAC1/2 

and 3 were shown. Relevant residues are shown in stick representation with dark 



S108 
 

grey, white and light grey carbon atoms were shown, respectively. Hydrogen 

bonds (green dashed lines), metal coordination (orange dashed lines), ionic 

interactions (cyan dashed lines) and aromatic interactions (magenta dashed lines) 

between inhibitors and the protein are shown. The zinc ion is shown as cyan 

colored sphere. The conserved water molecule is shown as red sphere.  

 

Fig. S8. On the left side of the picture, root-mean-square-deviation (RMSD) 

analysis of 100ns MD simulation of 21a in complex with HDAC1/2 and 3 (PDB 

IDs: 4BKX, 4LY1, 4A69, respectively) were shown. Deviation of ligand is 

represented in red color, of protein in green color and of the zinc ion in blue 

color. On the right side of the picture, the clusters analysis of 21a in HDAC1/2 

were shown. Relevant residues are shown in stick representation with dark grey, 
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white carbon atoms were shown, respectively. Hydrogen bonds (green dashed 

lines), metal coordination (orange dashed lines), ionic interactions (cyan dashed 

lines) and aromatic interactions (magenta dashed lines) between inhibitors and 

the protein are shown. The zinc ion is shown as cyan colored sphere. The 

conserved water molecule is shown as red sphere.  
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