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ABSTRACT
In the present study, a new series of 2-[4-(pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl 4-substituted pipera-
zine-1-carbodithioate derivatives (2a-n) were synthesized and screened for their monoamine oxidase A
and B inhibitory activity. The structures of compounds were elucidated using spectroscopic methods and
some physicochemical properties of new compounds were predicted using Molinspiration and MolSoft
programs. Compounds 2-[4-(pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl 4-(4-nitrophenyl)piperazine-1-carbodi-
thioate (2j) and 2-[4-(pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl 4-benzhydrylpiperazine-1-carbodithioate (2m)
exhibited selective MAO-A inhibitory activity with IC50¼23.10, 24.14mM, respectively. Some of the bio-
logical results were found in accordance with the obtained in silico data based on Lipinski’s fule of five.
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Introduction

By definition depression means a serious and common disorder
including symptoms like feeling of sadness, hopelessness, weight
loss or gain, tiredness, changes in sleeping routine and thinking of
suicide1. Depression is a major public health problem, and the
fourth cause of the global burden of disease2. In the history of
development of antidepressants, tricyclic antidepressants and
monoamine oxidase inhibitors (MAOIs) were the first-generation
antidepressants introduced in the late 1950s3,4. Selective serotonin
reuptake inhibitors (SSRIs) noradrenaline reuptake inhibitors, sero-
tonin–norepinephrine reuptake inhibitors (SNRIs) and dopamine–
noradrenaline reuptake inhibitors (DNRIs) were improved as the
new generation of antidepressants with fewer adverse effects than
traditional antidepressants5,6. Despite many developments in the
field of antidepressants, the clinical use of currently used drugs
were restricted as a result of various adverse effects and a
response in less than 50% of patients7,8. Thereby search for new
class of antidepressant agents more effective, safe and with a
more advantageous benefit–risk balance is an urgent need.

Aminergic neurotransmitters such as norepinephrine and sero-
tonin (5-HT) became as key aspects in the therapy of depression.
MAOIs are one of the most widely used groups of antidepressants
agents regulating the metabolism of serotonin and norepineph-
rine. Monoamine oxidase enzymes (MAOs) control the concentra-
tion of neurotransmitters and intracellular amines in brain and
peripheral tissues through catalyzing the oxidative deamination of
them9. MAOs are localized in outer mitochondrial membrane’s of
neuronal, glial, and other cells and contain the covalently linked
cofactor flavin adenine dinucleotide (FAD)10. MAO-A mostly select
serotonin, adrenaline and noradrenaline as subtrate, whereas
MAO-B metabolize phenylethylamine and benzylamine11. Besides,
tyramine and dopamine were metabolized by both forms of the
enzyme12. Two groups of MAO enzymes namely MAO-A and
MAO-B were classified on the basis of their affinities to inhibitors,

specificities to substrates and tissue/cellular distribution13,14. MAO-
A inhibitors are clinically used in the treatment of depression and
anxiety15 while MAO-B inhibitors are mostly used in Parkinson’s
and Alzheimer’s diseases14.

The azapirones (buspirone, gepirone, ipsapirone, tandospirone
and zalospirone, Figure 1) have been known to exhibit anxiolytic
and antidepressant activities16. 1-(2-Pyrimidinyl)piperazinyl (1-PP)
pharmacophore widely exists in the azapirones structure and it is an
active metabolite of azapirones17. The most notable azapirone, bus-
pirone, is a selective 5-HT1A agonist that is used clinically as an anti-
depressant drug18–20. In contrast to diazepam, buspirone does not
cause sedation or muscle relaxation21. In a study, it was reported
that the connection of 1-PP pharmacophores with appropriate side
chains may eliminate neuroleptic-like side effects thus produce non-
dopaminergic agents22. Furthermore, between 5-HT1A receptor
ligands, long-chain arylpiperazines such as 1-PP comprise one of the
most important classes23. Due to the fact that there are some studies
support that compounds bearing 1-PP moiety possess antidepres-
sant, anxiolytic and antipsychotic activity16,22,24–26. In vivo produced
1-PP moiety is estimated to be partly in charge of the efficacy of the
azapirones in the therapy of depression27,28. Piperazine derivatives
have been also known to exhibit antidepressant activity29,30.

Based on these observations mentioned above, we report the
synthesis and monoamine oxidase inhibitory activity of some
novel 2-[4-(pyrimidin-2-yl)piperazin-1-yl]-2-oxo-ethyl 4-substituted
piperazine-1-carbodithioate derivatives (2a-n) in the present study.

Materials and methods

Melting points were determined by MP90 digital melting point
apparatus (Mettler Toledo, Columbus, OH) and were uncorrected.
Spectroscopic data were recorded on the following instruments: a
Bruker Tensor 27 IR spectrophotometer; a 1H NMR (nuclear mag-
netic resonance) Bruker DPX-500 FT-NMR spectrometer, 13C NMR,
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Bruker DPX 125MHz spectrometer (Bruker Bioscience, Billerica,
MA); Mþ 1 peaks were determined by Shimadzu LC/MS ITTOF sys-
tem (Shimadzu, Tokyo, Japan). Elemental analyses were performed
in a Perkin Elmer EAL 240 elemental analyser for C, H and N.

General method for synthesis of 2-[4-(pyrimidin-2-yl)piperazin-1-
yl]-2-oxoethyl 4-substituted piperazine-1-carbodithioate
derivatives (2a-n)

A mixture of 2-chloro-N-[4-(2-pyrimidinyl)piperazine]acetamide and
potassium salt of appropriate piperazine dithiocarbamate deriva-
tive (10mmol) was stirred in acetone at room temperature with
the presence of potassium carbonate (10mmol). After the reaction
finished, controlled with TLC, the reaction mixture was poured
into ice-water and the precipitated portion was filtered and crys-
tallised from ethanol to gain the final products.

2-[4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl
4-methylpiperazine-1-carbodithioate (2a)

Yield 71%, m.p. 145–150 �C. IR �max(cm
�1): 3066 (aromatic C–H),

2933 (aliphatic C–H), 1639 (amide C¼O), 1581–1431 (C¼C and
C¼N), 1286–1028 (C–N and C–O). 1H-NMR (500MHz, DMSO-d6,
ppm) d 2.21 (s, 3H, CH3), 2.41 (brs, 4H, piperazine), 3.55–3.73 (m,
8H, piperazine), 3.95 (brs, 2H, piperazine), 4.21 (brs, 2H, piperazine),
4.30 (s, 2H, CO-CH2), 6.68 (t, 1H, J¼ 4.70 Hz, Ar-H), 8.40 (d, 2H,
J¼ 4.8 Hz, Ar-H). 13C-NMR (125MHz, DMSO-d6, ppm) d 14.02, 29.27
(S-CH2), 41.95, 43.49, 45.50, 51.43, 54.44, 70.84, 110.99 (pyrimidine
C5), 158.47 (pyrimidine C4, C6), 161.55 (pyrimidine C2), 165.15
(C¼O), 194.98 (C¼S). For C16H24N6OS2 calculated: 50.50% C, 6.36%
H, 22.09% N; found: 50.54% C, 6.42% H, 22.15% N. HRMS (m/z):
[MþH]þ calcd for C16H24N6OS2: 381.1526; found 381.1508.

2-[4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl 4-ethylpiperazine-
1-carbodithioate (2b)

Yield 64%, m.p. 200–202 �C. IR �max(cm
�1): 3055 (aromatic C–H),

2968 (aliphatic C–H), 1641 (amide C¼O), 1581–1431 (C¼C and

C¼N), 1257–1028 (C–N and C–O). 1H-NMR (500MHz, DMSO-d6,
ppm) d 1.03 (t, 3H, J¼ 7.15 Hz, CH2CH3), 2.36–2.47 (m, 4H, CH2CH3

and piperazine 2H), 3.55 (brs, 2H, piperazine), 3.67–3.70 (m, 4H,
piperazine), 3.83 (brs, 2H, piperazine), 3.96 (brs, 2H, piperazine),
4.21 (brs, 4H, piperazine), 4.38 (s, 2H, CO-CH2), 6.68 (t, 1H,
J¼ 4.7 Hz, pyrimidine), 8.40 (d, 2H, J¼ 4.7 Hz, pyrimidine). 13C-NMR
(125MHz, DMSO-d6, ppm) d 12.34, 29.56 (S-CH2), 41.97, 43.55,
45.62, 51.49, 52.23, 110.97 (pyrimidine C5), 158.46 (pyrimidine C4,
C6), 161.39 (pyrimidine C2), 165.77 (C¼O), 194.29 (C¼S). For
C17H26N6OS2 calculated: 51.75% C, 6.64% H, 21.30% N; found:
51.64% C, 6.52% H, 21.16% N. HRMS (m/z): [MþH]þ calcd for
C17H26N6OS2: 395.1682; found 395.1668.

2-[4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl 4-(2-
hydroxyethyl)piperazine-1-carbodithioate (2c)

Yield 66%, m.p. 199–202 �C. IR �max(cm
�1): 3495 (O-H), 3034 (aro-

matic C–H), 2940 (aliphatic C–H), 1633 (amide C¼O), 1581–1435
(C¼C and C¼N), 1230–1153 (C–N and C–O). 1H-NMR (500MHz,
DMSO-d6, ppm) d 2.44 (t, 2H, J¼ 6.0 Hz, N-CH2), 2.53 (brs, 4H,
piperazine), 3.51–3.54 (m, 4H, piperazine, CH2OH), 3.66–3.94 (m,
8H, piperazine), 4.20 (brs, 2H, piperazine), 4.38 (s, 2H, CO-CH2),
4.50 (s, 1H, -OH), 6.68 (t, 1H, J¼ 4.7 Hz, Ar-H), 8.40 (d, 2H,
J¼ 4.7 Hz, Ar-H). 13C-NMR (125MHz, DMSO-d6, ppm) d 31.15 (S-
CH2), 41.96, 43.51, 45.63, 50.27, 51.73, 53.02, 58.97 (CH2), 59.97
(CH2), 110.97 (pyrimidine C5), 158.46 (pyrimidine C4, C6), 161.57
(pyrimidine C2), 165.78 (C¼O), 194.74 (C¼S). For C17H26N6O2S2 cal-
culated: 49.73% C, 6.38% H, 20.47% N; found: 49.87% C, 6.45% H,
20.44% N. HRMS (m/z): [MþH]þ calcd for C17H26N6O2S2: 411.1631;
found 411.1628.

2-[4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl 4-(2-
(dimethylamino)ethyl)piperazine-1-carbodithioate (2d)

Yield 70%, m.p. 113–117 �C. IR �max(cm
�1): 3016 (aromatic C–H),

2908 (aliphatic C–H), 1633 (amide C¼O), 1581–1423 (C¼C and
C¼N), 1257–1029 (C–N and C–O). 1H-NMR (500MHz, DMSO-d6,
ppm) d 2.30–2.33 (m, 10H, (CH2)2-N-(CH3)2), 2.51–2.60 (m, 4H,
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Figure 1. Structures of azopirones (buspirone, gepirone, ipsapirone, tandopirone and zalospirone) and general structrure of the synthesized compounds (2a-n).
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piperazine), 3.32–4.82 (m, 8H, piperazine), 3.95 (brs, 2H, pipera-
zine), 4.21 (brs, 2H, piperazine), 4.38 (s, 2H, CO-CH2), 6.68 (t, 1H,
J¼ 4.7 Hz, pyrimidine), 8.40 (d, 2H, J¼ 4.7 Hz, pyrimidine). 13C-NMR
(125MHz, DMSO-d6, ppm) d 29.45 (S-CH2), 41.96, 43.50, 45.08,
45.62, 50.20, 51.65, 54.33, 55.94, 110.97 (pyrimidine C5), 158.46
(pyrimidine C4, C6), 161.56 (pyrimidine C2), 165.77 (C¼O), 194.80
(C¼S). For C19H31N7OS2 calculated: 52.15% C, 7.14% H, 22.40% N;
found: 52.08% C, 7.18% H, 22.45% N. HRMS (m/z): [MþH]þ calcd
for C19H31N7OS2: 438.2104; found 438.2094.

2-[4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl
4-cyclohexylpiperazine-1-carbodithioate (2e)

Yield 72%, m.p. 188–190 �C. IR �max(cm
�1): 3064 (aromatic C–H),

2924 (aliphatic C–H), 1647 (amide C¼O), 1581–1419 (C¼C and
C¼N, NO2), 1278–1002 (C–N and C–O). 1H-NMR (500MHz, DMSO-
d6, ppm) d 1.17–1.22 (m, 4H, cyclohexyl), 1.56–1.58 (m, 2H, cyclo-
hexyl), 1.73–1.76 (m, 4H, cyclohexyl), 2.29 (brs, 1H, cyclohexyl),
2.58 (brs, 4H, piperazine), 3.55 (t, 2H, J¼ 4.7 Hz, piperazine), 3.66
(brs, 2H, piperazine), 3.71 (brs, 2H, piperazine), 3.82 (brs, 2H,
piperazine), 3.92 (brs, 2H, piperazine), 4.19 (brs, 2H, piperazine),
4.37 (s, 2H, CO-CH2), 6.68 (t, 1H, J¼ 4.8 Hz, pyrimidine), 8.40 (d, 2H,
J¼ 4.8 Hz, pyrimidine). 13C-NMR (125MHz, DMSO-d6, ppm) d 25.68,
26.26, 28.77 (S-CH2), 41.96, 43.51, 45.63, 48.61, 62.73, 110.97 (pyr-
imidine C5), 158.46 (pyrimidine C4, C6), 161.57 (pyrimidine C2),
165.80 (C¼O), 194.53 (C¼S). For C21H32N6OS2 calculated: 56.22% C,
7.19% H, 18.73% N; found: 56.28% C, 7.12% H, 18.78% N. HRMS
(m/z): [MþH]þ calcd for C21H32N6OS2: 449.2152; found 449.2144.

2-[4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl
4-phenylpiperazine-1-carbodithioate (2f)

Yield 67%, m.p. 186–188 �C. IR �max(cm
�1): 3070 (aromatic C–H),

2972 (aliphatic C–H), 1645 (amide C¼O), 1581–1423 (C¼C and
C¼N), 1273–1004 (C–N and C–O). 1H-NMR (500MHz, DMSO-d6,
ppm) d 3.33–3.39 (m, 4H, piperazine), 3.77–3.79 (m, 4H, pipera-
zine), 3.90–4.02 (m, 4H, piperazine), 4.26–4.29 (m, 2H, piperazine),
4.44 (s, 2H, CO-CH2), 4.55 (brs, 2H, piperazine), 6.61 (t, 1H,
J¼ 4.8 Hz, pyrimidine), 6.99–7.05 (m, 3H, phenyl), 7.34 (t, 2H,
J¼ 7.9 Hz, phenyl), 8.39 (d, 2H, J¼ 4.8 Hz, pyrimidine). 13C-NMR
(125MHz, DMSO-d6, ppm) d 30.76 (S-CH2), 40.36, 42.16, 43.70,
45.94, 49.38, 110.43 (pyrimidine C5), 116.91, 129.50, 157.68 (pyrimi-
dine C4, C6), 161.28 (pyrimidine C2), 166.04 (C¼O), 195.76 (C¼S).
For C21H26N6OS2 calculated: 56.99% C, 5.92% H, 18.99% N; found:
56.91% C, 5.94% H, 18.82% N. HRMS (m/z): [MþH]þ calcd for
C21H26N6OS2: 443.1682; found 443.1682.

2-[4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl
4-(p-tolyl)piperazine-1-carbodithioate (2 g)

Yield 62%, m.p. 157–160 �C. IR �max(cm
�1): 3034 (aromatic C–H),

2980 (aliphatic C–H), 1647 (amide C¼O), 1577–1417 (C¼C and
C¼N), 1301–1033 (C–N and C–O). 1H-NMR (500MHz, CDCl3, ppm) d
2.62 (s, 3H, CH3), 3.09–3.46 (m, 8H, piperazine), 3.73–3.91 (m, 8H,
piperazine), 4.45 (brs, 2H, CO-CH2), 6.51 and 6.56 (dt, 1H,
J1¼ 25.2 Hz, J2¼ 4.8 Hz, pyrimidine), 6.85–6.92 (m, 4H, phenyl), 8.33
and 8.35 (dd, 2H, J1¼ 12.8 Hz, J2¼ 4.7, pyrimidine). 13C-NMR
(125MHz, DMSO-d6, ppm) d 29.70 (S-CH2), 41.76, 43.66, 45.53,
46.97, 49.17, 50.80, 53.01, 55.54, 61.54, 110.00, 110.47, 114.51,
114.61, 118.71, 118.93, 119.00, 119.45, 144.64, 145.56, 154.23,
154.94, 157.71, 157.79 (pyrimidine C4, C6), 161.62 (pyrimidine C2),
163.74, 168.12 (C¼O), 194.52 (C¼S). For C22H28N6OS2 calculated:
57.87% C, 6.18% H, 18.40% N; found: 57.94% C, 6.24% H, 18.50% N.
HRMS (m/z): [MþH]þ calcd for C22H28N6OS2: 456.64; found 457.10.

2-[4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl
4-(4-chlorophenyl)piperazine-1-carbodithioate (2 h)

Yield 66%, m.p. 190–192 �C. IR �max(cm
�1): 3059 (aromatic C–H),

2989 (aliphatic C–H), 1653 (amide C¼O), 1581–1429 (C¼C and
C¼N), 1269–1029 (C–N and C–O). 1H-NMR (500MHz, DMSO-d6,
ppm) d 3.25–3.30 (m, 4H, piperazine), 3.55–3.84 (8H, piperazine),
4.11 (brs, 2H, piperazine), 4.35 (brs, 2H, piperazine), 4.41 (s, 2H,
CO-CH2), 6.66 (m, 1H, pyrimidine), 6.93–6.97 (m, 2H, phenyl), 7.22
(d, 1H, J¼ 9.0 Hz, phenyl), 7.27 (d, 1H, J¼ 9.0 Hz, phenyl), 8.38–8.40
(m, 2H, pyrimidine). 13C-NMR (125MHz, DMSO-d6, ppm) d 30.51 (S-
CH2), 41.49 41.96, 43.51, 44.26, 47.74, 48.56, 52.76, 60.95, 110.91,
110.97, 117.25, 117.32, 122.79, 123.17, 129.05, 129.21, 149.29,
150.28, 158.44, 158.46 (pyrimidine C4, C6), 161.57, 161.66, 165.72,
168.03 (C¼O), 195.16 (C¼S). For C21H25ClN6OS2 calculated: 52.87%
C, 5.28% H, 17.62% N; found: 57.96% C, 5.34% H, 17.54% N. HRMS
(m/z): [MþH]þ calcd for C21H25ClN6OS2: 477.06; found 477.21.

2-[4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl
4-(4-fluorophenyl)piperazine-1-carbodithioate (2i)

Yield 73%, m.p. 191–193 �C. IR �max(cm
�1): 3076 (aromatic C–H),

2968 (aliphatic C–H), 1639 (amide C¼O), 1579–1436 (C¼C and
C¼N), 1271–1028 (C–N and C–O). 1H-NMR (500MHz, DMSO-d6,
ppm) d 3.21 (brs, 4H, piperazine), 3.26–3.31 (m, 2H, piperazine),
3.55–3.82 (m, 6H, piperazine), 4.10 (brs, 2H, piperazine), 4.35 (brs,
2H, piperazine), 4.38 (s, 2H, CO-CH2), 6.67 (t, 1H, J¼ 4.8 Hz, pyrimi-
dine), 6.96–6.98 (m, 2H, phenyl), 7.05–7.09 (m, 2H, phenyl), 8.38 (d,
2H, J¼ 4.8 Hz, pyrimidine). 13C-NMR (125MHz, DMSO-d6, ppm) d
30.48 (S-CH2), 42.01, 43.49, 45.61, 48.99, 111.05 (pyrimidine C5),
115.81, 115.98, 117.95, 118.01, 147.38, 147.39, 155.85, 157.73,
158.48, 161.50 (pyrimidine C2), 165.91 (C¼O), 195.18 (C¼S). For
C21H25FN6OS2 calculated: 54.76% C, 5.47% H, 18.25% N; found:
54.82% C, 5.65% H, 18.34% N. HRMS (m/z): [MþH]þ calcd for
C21H25FN6OS2: 461.1588; found 461.1584.

2-[4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl
4-(4-nitrophenyl)piperazine-1-carbodithioate (2j)

Yield 64%, m.p. 243–247 �C. IR �max(cm
�1): 3026 (aromatic C–H),

2953 (aliphatic C–H), 1654 (amide C¼O), 1595–1417 (C¼C and
C¼N), 1579 and 1303 (NO2), 1288–1001 (C–N and C–O). 1H-NMR
(500MHz, CDCl3, ppm) d 3.62–3.66 (m, 4H, piperazine), 3.76–3.83
(m, 4H, piperazine), 4.02 (brs, 2H, piperazine), 4.18 (brs, 2H, pipera-
zine), 4.30–4.49 (s, 6H, CO-CH2 and piperazine), 6.76 (s, 1H, pyrimi-
dine), 6.83 (d, 2H, J¼ 9.4 Hz, phenyl), 8.19 (d, 2H, J¼ 9.3 Hz,
phenyl), 8.50 (d, 2H, J¼ 4.9 Hz, pyrimidine). 13C-NMR (125MHz,
DMSO-d6, ppm) d 29.70 (S-CH2), 39.99, 41.99, 44.39, 44.95, 45.63,
45.75, 51.36, 110.11 (pyrimidine C5), 112.30, 112.70, 125.97, 126.06,
139.13, 153.62, 157.84 (pyrimidine C4, C6), 161.39 (pyrimidine C2),
165.98 (C¼O), 195.95 (C¼S). For C21H25N7O3S2 calculated: 51.73%
C, 5.17% H, 20.11% N; found: 51.84% C, 5.25% H, 20.18% N. HRMS
(m/z): [MþH]þ calcd for C21H25N7O3S2: 488.1533; found 488.1528.

2[(4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl
4-benzylpiperazine-1-carbodithioate (2k)

Yield 69%, m.p. 145–150 �C. IR �max(cm
�1): 3013 (aromatic C–H),

2931 (aliphatic C–H), 1635 (amide C¼O), 1581–1415 (C¼C and
C¼N), 1251–1024 (C–N and C–O). 1H-NMR (500MHz, DMSO-d6,
ppm) d 2.62 (brs, 4H, piperazine), 3.62–4.06 (m, 12H, piperazine)
4.20 (brs, 2H, CH2), 4.38 (s, 2H, CO-CH2), 6.57 (t, 1H, J¼ 4.8 Hz, pyr-
imidine), 7.29–7.37 (m, 5H, phenyl), 8.35 (d, 2H, J¼ 6.8 Hz,
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pyrimidine). 13C-NMR (125MHz, DMSO-d6, ppm) d 13.80, 29.70 (S-
CH2), 39.25, 40.35, 42.20, 43.46, 46.02, 49.74, 51.32, 52.20, 62.34,
70.71, 110.52, 110.62 (pyrimidine C5), 127.73, 128.53, 129.33,
157.80 (pyrimidine C4, C6), 161.51 (pyrimidine C2), 165.44 (C¼O),
195.31 (C¼S). For C22H28N6OS2 calculated: 57.87% C, 6.18% H,
18.40% N; found: 57.69% C, 6.26% H, 18.48% N. HRMS (m/z):
[MþH]þ calcd for C22H28N6OS2: 457.1839; found 457.1833.

2-[4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl
4-(4-methylbenzyl)piperazine-1-carbodithioate (2 l)

Yield 72%, m.p. 144–146 �C. IR �max(cm
�1): 3022 (aromatic C–H),

2927 (aliphatic C–H), 1635 (amide C¼O), 1579–1411 (C¼C and
C¼N), 1257–1020 (C–N and C–O). 1H-NMR (500MHz, DMSO-d6,
ppm) d 2.37 (s, 3H, CH3), 2.72 (brs, 4H, piperazine), 3.72–3.75 (m,
6H, piperazine), 3.85–4.17 (m, 6H, piperazine), 4.18 (s, 2H, C-CH2),
4.37 (s, 2H, CO-CH2), 6.60 (t, 1H, J¼ 4.7, pyrimidine), 7.20 (d, 2H,
J¼ 7.7 Hz, phenyl), 7.29 (d, 2H, J¼ 7.7 Hz, phenyl), 8.35 (d, 2H,
J¼ 4.8 Hz, pyrimidine). 13C-NMR (125MHz, DMSO-d6, ppm) d 21.16,
29.30 (S-CH2), 40.50, 42.22, 43.46, 46.02, 51.76, 61.77, 110.55 (pyr-
imidine C5), 129.43, 157.80 (pyrimidine C4, C6), 161.51 (pyrimidine
C2), 165.96 (C¼O), 194.80 (C¼S). For C23H30N6OS2 calculated:
58.70% C, 6.43% H, 17.87% N; found: 58.62% C, 6.29% H, 17.82%
N. HRMS (m/z): [MþH]þ calcd for C23H30N6OS2: 471.1995; found
471.1976.

2-[4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl
4-benzhydrylpiperazine-1-carbodithioate (2m)

Yield 70%, m.p. 187–188 �C. IR �max(cm
�1): 3080 (aromatic C–H),

2926 (aliphatic C–H), 1647 (amide C¼O), 1581–1435 (C¼C and
C¼N), 1259–1028 (C–N and C–O). 1H-NMR (500MHz, DMSO-d6,
ppm) d 2.77 (brs, 4H, piperazine), 3.74–3.97 (m, 8H, piperazine),
4.39 (brs, 7H, CO-CH2, CH, piperazine), 6.58 (t, 1H, J¼ 4.7 Hz, pyr-
imidine), 7.26–7.87 (m, 10H, phenyl), 8.36 (d, 2H, J¼ 8Hz, pyrimi-
dine). 13C-NMR (125MHz, DMSO-d6, ppm) d 29.49 (S-CH2), 40.49,
42.25, 43.48, 45.98, 51.68, 110.57 (pyrimidine C5), 128.29, 129.50,
157.27 (pyrimidine C4, C6), 161.43 (pyrimidine C2), 165.23 (C¼O),
194.74 (C¼S). For C28H32N6OS2 calculated: 63.13% C, 6.05% H,
15.78% N; found: 63.18% C, 6.11% H, 15.84% N. HRMS (m/z):
[MþH]þ calcd for C28H32N6OS2: 533.2152; found 533.2144.

2-[4-(Pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl 4-(pyrimidin-2-
yl)piperazine-1-carbodithioate (2n)

Yield 68%, m.p. 250–254 �C. IR �max(cm
�1): 3070 (aromatic C–H),

2908 (aliphatic C–H), 1633 (amide C¼O), 1583–1421 (C¼C and
C¼N), 1259–1029 (C–N and C–O). 1H-NMR (500MHz, DMSO-d6,
ppm) d 3.70–3.87 (m, 10H, piperazine), 4.09 (brs, 4H, piperazine),
4.31 (brs, 2H, piperazine), 4.40 (s, 2H, CO-CH2), 6.67–6.71 (m, 2H,
Ar-H), 8.38–8.41 (m, 4H, Ar-H). 13C-NMR (125MHz, DMSO-d6, ppm)
d 31.13 (S-CH2), 42.96, 44.35, 44.90, 45.69, 45.70, 51.34, 110.53 (pyr-
imidine C5), 158.49 (pyrimidine C4, C6), 161.46 (pyrimidine C2),
165.85 (C¼O), 194.50 (C¼S). For C19H24N8OS2 calculated: 51.33% C,
5.44% H, 25.21% N; found: 51.43% C, 5.57% H, 25.29% N. HRMS
(m/z): [MþH]þ calcd for C19H24N8OS2: 444.58; found 445.60.

MAO activity assay

Enzyme activity assay was performed according to the modified
fluorimetric method reported by Matsumoto et al.31 The entire
materials used in enzymatic assay were purchased from Sigma-

Aldrich Chemicals (St. Louis, MO). All of the pipettings in the assay
were performed by Biotek Precision robotic system (BioTek
Instruments Inc., Winooski, VT). The assay was performed in 96-
well black plates to prevent light effect on MAO enzymes.
Phosphate buffer (0.1 M, pH ¼7.4) was used for preparation of
stock solutions (5mg/mL) of both human recombinant MAO-A
and MAO-B enzymes. Enzyme stock solutions were further diluted
with assay buffer to get a final concentration 0.006mg/mL for
MAO-A and 0.015mg/mL for MAO-B. Kynuramine was dissolved in
sterilized distilled water to get stock solution (25mM) and then
diluted with assay buffer to get a final concentration of 40mM for
MAO-A enzyme and 20 mM for MAO-B enzyme. Synthesized com-
pounds and reference drugs (moclobemide for MAO-A enzyme
and selegiline for MAO-B enzyme) were dissolved in 2% DMSO to
dilute to 10�3 M and 10�4 M concentrations (100mL/well). Then
either MAO-A or MAO-B enzyme solutions were added (50 mL/
well). After 10-min incubation at 37 �C, kynuramine (50 mL/well)
was added and enzyme–substrate reaction was initiated. The plate
was incubated for 20min at 37 �C and then reaction was ended
by using of 2 N NaOH (75 mL/well). The fluorimetric read from top
at 310/380 nm excitation/emission wavelength pair was performed
by BioTek-Synergy H1 multimode microplate reader (BioTek
Instruments Inc., Winooski, VT). The same procedure was followed
for further concentrations (10�5 to 10�9 M, 100 mL/well) of refer-
ence drugs and selected compounds, showing �50% inhibition at
initial concentrations (10�3 and 10�4 M, 100mL/well). The IC50
value was calculated from the plots of enzyme activity against
concentrations by applying regression analyses on GraphPad Prism
Version 5.

Enzyme kinetics

The MAO-A enzyme kinetic of the most active compound 2j was
studied. The nature of MAO-A inhibition, caused by this com-
pound, was investigated by the graphical analysis of steady-state
inhibition data. Lineweaver–Burk plots identified the compound 2j
as a mix-typed inhibitor, due to the different intercepts on both
the y- and x-axes (Figure 2). The values of Km and Vmax were calcu-
lated by nonlinear regression according to literature31 and found
as 48.37 and 5.34, respectively.

Molecular properties and drug-likeness score

Molecular properties identify some physicochemical parameters of
a molecule which help to evaluate whether a compound could be
a potential therapeutic agent. Also, oral bioavailability of a mol-
ecule is known to play an important role for the development of
bioactive derivatives32. Therefore, some physicochemical properties
and drug-likeness score of the synthesized compounds were calcu-
lated using Molinspiration33 and MolSoft34 softwares and the
obtained data were represented in Table 1. The computational
study for prediction of ADME properties of the molecules was per-
formed by determination of log P, topological polar surface area
(TPSA), molecular weight (MW), number of hydrogen donors (nON)
and acceptors (nOHNH), number of rotable bonds (nrotb) and vol-
ume. The absorption percentage (% ABS) of the compounds were
also calculated using the formula % Absorption¼ 109� (0.345 �
TPSA) placing the predicted TPSA values35. Calculated % ABS of
the compounds (2a-n) were found between the range of
73.94–89.75%. Good intestinal absorption, reduced molecular flexi-
bility (measured by the number of rotatable bonds), low polar sur-
face area or total hydrogen bond count (sum of donors and
acceptors) are important molecular descriptors for high oral
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bioavailability36. Considering Lipinski’s rule of five37, all synthesized
compounds have hydrogen bond donors and log P values smaller
than five, hydrogen bond acceptors smaller than 10 and polar sur-
face area smaller than 140. Besides, molecular weights of the com-
pounds are in accordance with the value smaller than 500 dalton
except compound 2m. According to the stated data, all com-
pounds are in the specified values to be a potential drug with
good physicochemical properties such as solubility, lipophilicity,
flexibility and membrane permeability.

Drug-likeness score is also assigned for all compounds and
standard drugs according to MolSoft’s chemical fingerprints mode

consisted of 5K of marketed drugs from World Drug Index (posi-
tives) and 10K of carefully selected non-drug compounds (nega-
tives). The values were found between �0.30 and 1.56 for
synthesized compounds (2a-n) and 1.03–1.36 for standard drugs.
According to all these data, two active compounds 2j bearing
4-nitrophenyl moiety and 2m bearing diphenylmethyl moiety did
not correlate these informations. Compound 2j is in accordance
with Lipinski’s rule of five, but the predicted drug-likeness score of
it is the lowest one, �0.30 among the others. Compound 2m pos-
sesses the highest drug-likeness score (1.56) which is also higher
than standard drugs, although molecular weight of the compound

Table 1. In silico physicochemical parameters of the compounds 2a-n.

N

N

N N

O

S

N

S

N R / Ar

2a-n

Comp R/Ar % ABS Log P TPSA MW nON nOHNH nrotb Volume DLS�
2a �CH3 89.75 0.82 55.81 380.54 7 0 5 337.93 0.72
2b �C2H5 89.75 1.20 55.81 394.57 7 0 6 354.74 0.70
2c �C2H5OH 82.77 0.19 76.03 410.57 8 1 7 362.99 0.92
2d �C2H5N(CH3)2 88.63 0.85 59.05 437.64 8 0 8 400.88 1.52
2e �cyclohexyl 89.75 2.73 55.81 448.66 7 0 6 411.37 0.33
2f �phenyl 89.75 2.52 55.81 442.61 7 0 6 392.78 0.0
2g 4-CH3 phenyl 89.75 2.96 55.81 456.64 7 0 6 409.34 �0.03
2h 4-Cl phenyl 89.75 3.19 55.81 477.06 7 0 6 406.32 0.38
2i 4-F phenyl 89.75 2.68 55.81 460.60 7 0 6 397.71 0.17
2j 4-NO2 phenyl 73.94 2.48 101.63 487.61 10 0 7 416.12 �0.30
2k benzyl 89.75 2.22 55.81 456.64 7 0 7 409.58 0.83
2l 4-CH3 benzyl 89.75 2.96 55.81 470.64 7 0 6 409.34 0.87
2m �diphenyl methyl 89.75 4.00 55.81 532.74 7 0 8 481.02 1.56
2n �2-pyrimidinyl 80.85 1.23 81.59 444.59 9 0 6 384.47 �0.22
St. 1 – 107.88 2.64 3.24 187.29 1 0 4 202.64 1.03
St. 2 – 108.42 1.69 41.57 268.74 4 1 4 240.70 1.36

% ABS: Percentage of absorption was calculated using the formula 109 – (0.345 � TPSA).
Log P: log octanol/water partition coefficient; MW: molecular weight; TPSA: total polar surface area; nON: no. of hydrogen acceptors; nOHNH: no. of hydrogen donors;
nrotb: no. of rotatable bonds were calculated using Molinspiration Calculation of Molecular Properties toolkit.�DLS: Drug-likeness Model Score was calculated using MolSoft 2016 Drug-Likeness and molecular property prediction toolkit.
Standard 1: Selegiline; Standard 2: Moclobemide.
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Figure 2. Lineweaver–Burk plots for compound 2j (IC50¼23.10lM). Substrate (kynuramine) concentrations used: 40, 20, 10, 5, 2.5 and 1.25lM. 1/V: 1/velocity of reac-
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(MW¼ 532) exceeds Lipinski’s limit. However, compound 2m pos-
sesses the highest log P (4.00) due to bearing two aromatic rings
that provides lipophilic character which is suitable to cross BBB
(blood brain barrier)38.

Molecular docking

Docking studies were applied to discover and designate the
assumed binding modes in MAO-A enzyme active site of the most
potent compound 2j in the compound series and protein–ligand
interactions analysis was performed using human MAO-A X-ray
crystal structure complex with 7-methoxy-1-methyl-9H-b-carboline
(harmine), retrieved from Protein Data Bank server (PDB ID: 2Z5X)
(www.pdb.org). Docking calculations were performed with the pro-
gram AutoDock Vina39. AutoDock Tools (ADT, Version 1.5.6)40 were
used to add polar hydrogen atoms and partial charges for protein
and ligand, which were saved in pdbqt format. For docking stud-
ies initial protein was prepared. In the PDB crystallographic struc-
ture any co-crystallized solvent and the ligand were removed.
Docking procedure was carried out following the same protocol
described previously41. The grid center coordinates were x¼ 41.
126, y¼ 26.795, z¼�15.023 and the size coordinates were x¼ 60,
y¼ 60, z¼ 60 with a spacing of 0.375 Å. AutoDock Vina was used
to dock the ligand into the active site of the protein. The poses of
the docked ligand were analyzed and the results were visualized
by PyMOL 1.6.X42.

Results and discussion

Chemistry

A new series of 2-[4-(pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl 4-
substituted piperazine-1-carbodithioate derivatives (2a-n) were
synthesized in this study (Figure 3). Primarily, dithiocarbamate
potassium salt of some secondary amines and 2-chloro-N-[4-
(2-pyrimidinyl)piperazine]acetamide were gained according to
well-known synthetic procedures as previously reported43. The
structures of the final compounds were elucidated by using spec-
troscopic techniques. In the IR spectra of the compounds (2a-n),
characteristic amide carbonyl functions were observed at
1633–1663 cm�1 region. The other specific bands were observed
at 1581–1417 cm�1 and 1301–1002 cm�1 belong to C¼C, C¼N and
C�N, C�O bonds. The 1H NMR spectra of all final compounds
exhibited singlet peaks resulting from resonances of the acetamide
residue assigned to -S-CH2-protons at 4.30–4.49 ppm. The protons

of pyrimidine ring were resonated as doublet peaks at
8.35–8.41 ppm and as triplet peaks at 6.51–6.68 ppm. The other
carbon atoms in aromatic region were observed at the range of
6.83–7.87 ppm, consistently. The signals correspond to piperazine
ring were observed at about 2.36–4.35 ppm, a broad field as triplet
or broad singlet peaks. In the 13C NMR spectrum of the com-
pounds, the signals belong to C¼S and C¼O carbons were deter-
mined at 194.29–195.95 ppm and 165.15–168.12 ppm, as
estimated. The carbon atoms belong to C-S group and piperazine
ring were resonated at 28.77–31.15 ppm and 41.95–61.77 ppm,
respectively. In the mass spectra of the compounds, Mþ 1 peaks
agreed well with the calculated molecular weight of the target
compounds. Elemental analysis results were also found within
0.4% of the theoretical values.

Monoamine oxidase inhibitory activity

The synthesized compounds (2a-n) were investigated for their
MAO-A and MAO-B inhibitory activity by an in vitro fluorimetric
method. The fundamental of the activity determination is based
on the ability of both MAO-A and MAO-B enzymes to metabolize
non-fluorescent kynuramine, which is a suitable substrate for both
isozymes, to the fluorescent product 4-hydroxyquinoline. MAO-
inhibitory effect of the test compounds was correlated to the
amount of 4-hydroxyquinoline formed. DMSO was considered as
control (100% activity). In the assay as reference drug, moclobe-
mide and selegiline were used. The inhibitory activity results are
shown in Tables 2 and 3.

In general, when the results were analyzed, it was observed
that the synthesized compounds are more potent against MAO-A
enzyme as regards MAO-B enzyme. The compounds 2i, 2j and
2m displayed over 50% inhibition against MAO-A enzyme at
10�3 M concentration. The compounds 2f, 2j, 2l and 2m exhib-
ited significant inhibition profile against MAO-B enzyme at 10�3

M concentration. When the percentage inhibition rates at 10�4

M concentration were compared, the compounds 2j and 2m
showed over 50% inhibition against MAO-A enzyme. So it is
understood that these derivatives are selective MAO-A enzyme
inhibitors.

Due to their inhibition potency (>50%) at 10�3 and 10�4 M,
the compounds 2j and 2m were studied in more concentrations
(10�5 M to 10�9 M) so as to calculate IC50 values (Figure 4).
According to enzyme inhibition profiles, compound 2j is the most
active derivative owing to its MAO-A inhibiton with an IC50 value
of 23.10 mM.

N

N

N NH
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N

N

N N

Cl

O
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N

N

N N

O

S
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S

N R / Ar

2a-n
Figure 3. Synthesis of the compounds 2a-n. Reactants, reagents and conditions: i: ClCOCH2Cl, Et3N, THF, 0–5 �C, 3 h; ii: Potassium/Sodium salts of substituted piperazine
dithiocarbamates, K2CO3, acetone, r.t, 5 h.
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Enzyme kinetic studies

The same materials were used in MAO enzyme kinetic assay. The
compound 2e was prepared at IC50 concentration and then added
to the wells (100mL/well). Stock solution (25mM) of kynuramine
was diluted to final concentrations of 40, 20, 10, 5, 2.5 and
1.25mM and then added to the wells (50 mL/well). After MAO-A
enzyme was added to the plate (50 mL/well), incubation period at
37 �C for 20min was started. The plate was read at 310/340 nm
excitation/emission wavelength pair31. Control measurement with-
out inhibitor was also determined simultaneously. The results were
analyzed in Lineweaver–Burk plots using Microsoft Office Excel
2013.

Predictions of in silico physicochemical parameters

The physicochemical properties and drug-likeness score of the
synthesized compounds were calculated using Molinspiration-
Calculation of Molecular Properties and Bioactivity Score toolkit33

and MolSoft-Drug-Likeness and molecular property prediction
toolkit34.

Molecular docking

Compound 2j was docked into the active site of MAO-A using the
program AutoDock Vina39 in order to structurally understand the

interactions with this target together with the inhibitor profile.
Due to inhibition, data were determined on human MAOs, docking
studies were run on the human model of the MAO-A. The 3D
structure for human MAO-A retrieved from the Protein Data Bank
server (PDB ID: 2Z5X) (www.rcsb.org)41. The best docking pose,
showing residues in the active site, is seen in Figure 5. The dock-
ing study suggested that the compound 2j is very compatible
with the active site. The active region is consisting of these amino
acids: Ile180, Asn181, Phe208, Gln215, Leu337 and Phe352. The
carbonyl group in the structure settles down hydrogen bond with
the amino group of Gln215. The nitrogen atom of piperazine
moiety, near the pyrimidine, creates formation cation–p interaction
with Phe208, whereas the other piperazine moiety does the same
interaction with Leu337. The oxygen atoms of the nitro group are
very significant in terms of polar interactions. The docking poses
reveals that the nitro substituent interacts with Ile180 and Phe352
by formation of hydrogen bond. Also, it is thought that van der
Waals interactions, between the compound 2j and the active
region of the enzyme, provide more steady binding.

Conclusion

Novel 2-[4-(pyrimidin-2-yl)piperazin-1-yl]-2-oxoethyl 4-substituted
piperazine-1-carbodithioate derivatives (2a-n) were synthesized using
(pyrimidin-2-yl)piperazin as starting material. The synthesized com-
pounds were screened for their MAO-A and MAO-B enzyme

Table 2. Inhibitory activity (%) of the compounds against MAO-A enzyme.

MAO-A inhibition %

Comp. 10�3 M 10�4 M 10�5 M 10�6 M 10�7 M 10�8 M 10�9 M MAO-A IC50 (lM)

2a 12.84 ± 0.59 7.33 ± 0.19 n.d n.d n.d n.d n.d >1000
2b 11.52 ± 0.38 6.86 ± 0.21 n.d n.d n.d n.d n.d >1000
2c 15.88 ± 0.55 9.27 ± 0.27 n.d n.d n.d n.d n.d >1000
2d 18.74 ± 0.52 7.39 ± 0.30 n.d n.d n.d n.d n.d >1000
2e 16.75 ± 0.42 5.90 ± 0.15 n.d n.d n.d n.d n.d >1000
2f 33.33 ± 1.30 31.25 ± 0.88 n.d n.d n.d n.d n.d >1000
2g 37.50 ± 1.42 33.33 ± 0.99 n.d n.d n.d n.d n.d >1000
2h 13.45 ± 0.38 6.70 ± 0.22 n.d n.d n.d n.d n.d >1000
2i 58.33 ± 1.75 39.58 ± 0.95 n.d n.d n.d n.d n.d >100
2j 91.66 ± 2.74 69.83 ± 1.85 42.45 ± 1.18 29.70 ± 0.72 20.19 ± 0.64 16.05 ± 0.40 11.53 ± 0.29 23.10
2k 19.81 ± 0.59 6.15 ± 0.18 n.d n.d n.d n.d n.d >1000
2l 32.31 ± 0.86 15.38 ± 0.61 n.d n.d n.d n.d n.d >1000
2m 72.21 ± 2.05 60.46 ± 1.65 33.65 ± 0.93 28.16 ± 0.87 21.88 ± 0.74 15.77 ± 0.68 10.62 ± 0.41 24.14
2n 31.25 ± 0.94 25.00 ± 0.62 n.d n.d n.d n.d n.d >1000
Moclobemide 94.12 ± 2.76 82.14 ± 2.69 60.45 ± 2.55 36.15 ± 1.98 22.13 ± 1.33 18.16 ± 0.81 14.12 ± 0.72 6.06

n.d: not determined.

Table 3. Inhibitory activity (%) of the compounds against MAO-B enzyme.

MAO B inhibition %

Comp. 10�3 M 10�4 M 10�5 M 10�6 M 10�7 M 10�8 M 10�9 M MAO B IC50 (lM)

2a 10.23 ± 0.31 5.37 ± 0.22 n.d n.d n.d n.d n.d >1000
2b 10.08 ± 0.42 5.65 ± 0.14 n.d n.d n.d n.d n.d >1000
2c 12.30 ± 0.48 7.39 ± 0.25 n.d n.d n.d n.d n.d >1000
2d 14.37 ± 0.58 8.40 ± 0.23 n.d n.d n.d n.d n.d >1000
2e 12.60 ± 0.45 5.22 ± 0.18 n.d n.d n.d n.d n.d >1000
2f 50.82 ± 1.02 31.15 ± 0.67 n.d n.d n.d n.d n.d >100
2g 18.20 ± 0.82 10.76 ± 0.33 n.d n.d n.d n.d n.d >1000
2h 40.98 ± 1.20 31.15 ± 1.07 n.d n.d n.d n.d n.d >1000
2i 44.26 ± 1.13 27.86 ± 0.66 n.d n.d n.d n.d n.d >1000
2j 53.01 ± 1.12 40.98 ± 0.94 n.d n.d n.d n.d n.d >100
2k 13.08 ± 0.56 5.87 ± 0.22 n.d n.d n.d n.d n.d >1000
2l 50.00 ± 1.37 15.00 ± 0.68 n.d n.d n.d n.d n.d 1000
2m 73.33 ± 1.52 40.00 ± 0.99 n.d n.d n.d n.d n.d >100
2n 29.51 ± 0.74 22.95 ± 0.69 n.d n.d n.d n.d n.d >1000
Selegiline 98.94 ± 2.06 94.73 ± 1.97 86.96 ± 1.82 79.22 ± 1.71 65.36 ± 1.12 43.27 ± 1.02 14.70 ± 0.25 0.038

n.d: not determined (no inhibition).
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Figure 4. IC50 (lM) of the selected compounds and control drug against MAO-A and MAO-B enzymes.

Figure 5. The binding of compound 2j at the active site of MAO-A enzyme.
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inhibitory activities. Compounds 2j bearing 4-nitrophenyl moiety
and 2m bearing diphenylmethyl moiety has exhibited the highest
MAO-A inhibitory activity. Some physicochemical properties and
drug-likeness scores of the final compounds (2a-n) were also pre-
dicted using online Molinspiration and MolSoft programs. The
obtained biological data was found to compatible to drug-likeness
score (the highest) for compound 2m. The calculated physico-
chemical properties were identified in the range determined by
Lipinski’s rule of five.
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