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1,3,5-Triazines and pyrimidine-2,4,6-triones belong to that class of compounds which are well known in literature for possessing
wide range of biological activities. Here, we report a new family of compounds that encompasses these two structures. The union
of both heterocycles was carried out through a hydrazone moiety incorporated into an acetyl group at the position 5 of 1,3-
dimethyl pyrimidine derivative. The synthetic strategy adopted allowed the preparation of the target compounds with excellent
yields and good purities.The synthesized compoundswerewell characterized byNMR (1Hand 13C),HRMS, and elemental analysis.
Furthermore, the tautomerism of enhydrazine versus hydrazone has also been studied.

1. Introduction

1,3,5-Triazines and their analogues have gained considerable
attention because they are found in numerous natural and
synthetic biologically and pharmacologically active targets.
1,3,5-Triazine or s-triazine belongs to the group of hete-
rocyclic compounds having significant applications within
pharmaceuticals, textile, rubber, and plastics industries, and
as polymer photostabilizers, herbicides, dyestuffs, optical
bleaches, explosives, and surface active agents [1, 2]. Several
derivatives of s-triazine have exhibited antimicrobial [3],
antibacterial [4], antifungal [3], anti-HIV [5], anticancer [6,
7], and a wide range of other biological activities [8–10].
Recently some of 1,3,5-triazine-Schiff base exhibited some

activity against Mycobacterium tuberculosis H37Rv [11] and
moderate to excellent antiproliferative activity with high
selectivity against the human lung cancer cell line H460
[12, 13]. Triazine derivatives are widely employed in many
biomedical research fields: cancer chemotherapeutic agents
[14], multidrug resistance modulators [15], and trifunctional
scaffolds in bundle protein preparation [16].

Pyrimidine-2,4,6-triones (barbiturates) are another
group of synthetic compounds known to possess biological
activity. Their most remarkable action is on the central nerv-
ous system. They are extensively used for producing effects
ranging frommild sedation to anaesthesia [17–21] as anticon-
vulsants, anxiolytics, sedative, and antiepileptic agents, aswell
as antitumoral agents [22–26]. They have found a prominent
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place in pharmaceutical industry because of their biochemi-
cal effects on calcium, acetylcholine, biogenic amines, gluta-
mate, aspartate, and gamma-aminobutyric acid [27]. Other
members of this family have found applications as antimic-
robial and antifungal agents [28, 29]. Recently Neumann et
al. reported a number of pyrimidine-2,4,6-trione derivatives,
including phenylhydrazones of 5-acylpyrimidine-2,4,6-tri-
one exhibiting potent growth inhibition with very low cell
toxicity [30].

Prompted by such facts it is worthy to envisage that com-
bination of such bioactive moieties (Figure 1) may form new
biologically active agents. Herein, we report the synthesis of
novel class of s-triazine-pyrimidinetrione hydrazone deriva-
tives and their tautomeric behavior as well.

2. Experimental Section

2.1. Materials. All solvents were used without further purifi-
cation. The 1H NMR and 13C NMR spectra (Support-
ing Information Figures S1–S23 in Supplementary Material
available online at https://doi.org/10.1155/2017/5702962) were
recorded on a JEOL 400MHz spectrometer at room temper-
ature in CDCl

3
and/or DMSO-d

6
using internal standard 𝛿 =

0 ppm. Elemental analysis were performed on Perkin-Elmer
2400 elemental analyzer. Melting points were determined on
a Mel-Temp apparatus and are uncorrected. Fourier trans-
form infrared spectroscopy (FTIR) spectra were recorded
on Nicolet 6700 spectrometer from KBr discs. Ultrasonic
bath was purchased from Selecta (Barcelona, Spain). High-
resolution mass spectrometric data were obtained using a
Bruker microTOF-Q II instrument operating at room tem-
perature and a sample concentration of approximately 1 ppm.
All compounds were named by using ChemBioDraw Ultra
version 14.0, Cambridge Soft Corporation (Cambridge, MA,
USA).

2.2. Synthesis of 2-Chloro-4,6-disubstituted-s-triazine Deriva-
tives 2a–h. The target chloroderivatives were prepared fol-
lowing the reported method with slight modification [31].

2.2.1. N-Benzyl-4-chloro-6-(piperidine-1-yl)-1,3,5-
triazine-2-amine (2c, Supporting Information Figure S1
in Supplementary Material)

N

N

N

N
H

N

Cl

White solid in yield 85%;mp= 151-152∘C; 1HNMR(400MHz,
CDCl

3
) 𝛿 = 1.54–1.64 (m, 6H, 3CH

2
), 3.72 (brs, 4H, 2 NCH

2
),

4.58 (t, 2H, J = 4.4Hz, CH
2
-Ph) 7.25–7.29 (m, 5H, C

6
H
5
); 13C

NMR (100MHz, CDCl
3
) 𝛿 = 24.6, 25.6, 25.8, 44.6, 44.8, 127.3,

127.4, 128.5, 164.0, 165.6, 169.5. Anal. Cacl. for C
15
H
18
ClN
5

N N

O

O O

RR
N

N

N
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Figure 1: General structure of barbiturate and s-triazine.

(303.79): C, 59.30; H, 5.97; N, 23.05; Found: C, 59.15; H, 6.09;
N, 23.21.

2.2.2. N-Benzyl-4-chloro-6-morpholino-1,3,5-
triazine-2-amine (2d, Supporting Information
Figure S2 in Supplementary Material)

N

N

N

N
H

N

Cl

O

White solid in yield 81%; mp = 158-159∘C; 1H NMR
(400MHz, CDCl

3
) 𝛿 = 3.67 (brs, 4H, 2 NCH

2
), 3.77 (brs,

4H, 2 OCH
2
), 4.58 (d, 2H, J = 6.0Hz, CH

2
-Ph), 7.26–7.32 (m,

5H, C
6
H
5
); 13C NMR (100MHz, CDCl

3
) 𝛿 = 44.4, 44.9, 66.2,

127.4, 128.7, 164.5, 165.6, 169.5. Anal. Cacl. for C
14
H
16
ClN
5
O

(305.77): C, 54.99; H, 5.27; N, 22.90; Found: C, 55.15; H, 5.12;
N, 23.13.

2.2.3. 4-(4-Chloro-6-(piperidin-1-yl)-1,3,5-triazine-2-
yl)morpholine (2e, Supporting Information Figure S3 in
Supplementary Material)

N

N

N

N N

Cl

O

White solid in yield 89%; mp = 125-126∘C; 1H NMR
(400MHz, CDCl

3
) 𝛿 = 1.52–1.64 (m, 6H, 3CH

2
), 3.68–3.76

(m, 12H, 2OCH
2
, and 4NCH

2
); 13CNMR (100MHz, CDCl

3
)

𝛿 = 24.6, 25.8, 43.8, 44.1, 163.9, 164.5, 169.5. Anal. Cacl. for
C
12
H
18
ClN
5
O (283.76): C, 50.79; H, 6.39; N, 24.68; Found: C,

50.65; H, 6.41; N, 24.81.
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2.2.4. 4-Chloro-N,N-diethyl-6-morpholino-1,3,5-
triazine-2-amine (2f, Supporting Information
Figure S4 in Supplementary Material)

N

N

N

N N

Cl

O

White crystals in 87% yield; mp = 87–89∘C; 1H NMR
(400MHz, CDCl

3
) 𝛿= 1.11 (t, 6H, J = 7.2Hz, 2CH

3
), 3.46–3.53

(m, 4H, 2CH
2
), 3.67 (brs, 4H, 2NCH

2
), 3.75 (brs, 4H,

2OCH
2
) ppm; 13C NMR (100MHz, CDCl

3
) 𝛿 = 12.5, 13.2,

41.2, 41.6, 41.4, 43.7, 163.9, 164.4, 169.2 ppm. Anal. Cacl. for
C
11
H
18
ClN
5
O (271.75): C, 48.62; H, 6.68; N, 25.77; Found: C,

48.87; H, 6.56; N, 25.99.

2.2.5. 4-Chloro-N,N-diethyl-6-(piperidin-1-yl)-1,3,5-
triazine-2-amine (2g, Supporting Information Figure S5
in Supplementary Material)

N

N

N

N N

Cl

White crystals in 89% yield; mp = 54∘C (Lit [31]; mp 56∘C,
yield 89%). 1H NMR (400MHz, CDCl

3
) 𝛿 = 1.09 (t, 6H,

𝐽 = 7.2Hz, 2CH
3
), 1.49–1.59 (m, 6H, 3CH

2
), 3.43–3.52 (q,

4H, 2CH
2
), 3.66 (t, 4H, 𝐽 = 5.2Hz, 2CH

2
) ppm; 13CNMR

(100MHz, CDCl
3
) 𝛿 = 12.5, 13.2, 24.5, 25.6, 41.2, 41.5, 44.3,

163.9, 169.1 ppm.

2.2.6. 4-(4-Chloro-6-methoxy-1,3,5-triazine-2-yl)morpholine
(2h, Supporting Information Figure S6 in
Supplementary Material)

N

N

N

N OMe

Cl

O

White crystals in 85% yield; mp = 96-97∘C; 1H NMR
(400MHz, CDCl

3
) 𝛿 = 3.66 (t, 4H, 𝐽 = 5.2HMz, 2NCH

2
),

3.78 (t, 4H, 𝐽 = 4.4, 2OCH
2
), 3.90 (s, 3H, OCH

3
) ppm; 13C

NMR (100MHz, CDCl
3
) 𝛿= 43.8, 54.4, 66.4, 166.6, 172.1 ppm.

Anal. Cacl. for C
8
H
11
ClN
4
O
2
(230.65): C, 41.66; H, 4.81; N,

24.29; Found: C, 41.82; H, 4.96; N, 24.02.

2.3. General Method for the Synthesis of 2-Hydrazino-4,6-
disubstituted-1,3,5-triazine (3a–h). Thehydrazine derivatives
were prepared according to the reported method with slight
modification [12, 32]. Hydrazine hydrate (10mL, 80%) was
added in portion to a solution of 2-chloro-4,6-disubstituted-
1,3,5-triazine 2a–h (20mmol) in 50mL acetonitrile at room
temperature and then the reaction mixture was sonicated
for 60min at 60∘C. Acetonitrile and excess hydrazine were
removed under vacuum and then excess diethylether was
added to afford the product as a white solid in yield >90%
and used directly without further purification for the conden-
sation reaction with 4.

2.4. Synthesis of 1,3-Dimethyl-5-acetyl Barbituric Acid (4).
Compound 4 was prepared following the reported method
with slight modification [30, 33]: 1,3-dimethyl barbituric acid
(50mmol) was suspended in very small amount of water
(5–10mL) and a concentratedwater solution of sodiumbicar-
bonate (NaHCO

3
, 50mmol) was added. Acetic anhydride

was added after the gas evolution ceased. The white precip-
itate was formed after about 5 minutes and the mixture was
stirred overnight at room temperature. The white precipitate
was filtered and dissolved in 15–20% ammonium hydroxide
(NH
4
OH). To neutralise, hydrochloric acid (HCl) was added

under cold conditions (as the reaction is exothermic) until
pH was below 1. The increase in temperature was witnessed
followed by formation of precipitate which was filtered and
allowed to dry at room temperature. The product obtained
as white solid from ethanol in yield 83%; mp 94–96∘C; 1H
NMR (400MHz, CDCl

3
) 𝛿 = 2.70 (s, 3H, CH

3
), 3.32 (s, 3H,

CH
3
), 3.35 (s, 3H, CH

3
), 17.21 (s, 1H, enolic OH); 13C NMR

(100MHz, CDCl
3
) 𝛿 = 24.8, 27.9, 28.1, 95.9, 150.5, 161.2, 169.5,

196.2 (Supporting Information Figure S7 in Supplementary
Material).

2.5. General Method for the Synthesis of Pyrimidine-2,4,6-
trione s-1,3,5-Triazine Hydrazine Derivatives (5a–h). To a
solution of 4 (10mmol) in ethanol (30mL) containing 2-
3 drops of acetic acid, 2-hydrazino-4,6-disubstituted-1,3,5-
triazine 3a–h (10mmol) was added and the reaction mixture
was stirred under reflux for 3 h. The solvent was reduced
under vacuum and the precipitated product was filtered off
and dried at room temperature. The products were collected
and recrystallized from ethylacetate.
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2.5.1. 5-(1-(2-(4,6-Dimorpholino-1,3,5-triazin-2-
yl)hydrazinyl)ethylidene)-1,3-dimethyl
Pyrimidine-2,4,6(1H,3H,5H)-trione
(5a, Supporting Information Figure S8 in
Supplementary Material)

N

N

O

O

O

NH

N

N

N

NN

HN

OO

White solid, 82% yield, mp = 142–144∘C, IR (KBr, cm−1)
3244 (NH), 1695, 1651 (C=O), 1593 (C=N, C=C); 1H NMR
(400MHz, CDCl

3
) 𝛿 = 2.75 (s, 3H, CH

3
), 3.30 (s, 6H,

2CH
3
), 3.69–3.74 (m, 16H, 8CH

2
), 14.21 (s, 1H, NH), 13C

NMR (100MHz, CDCl
3
) 𝛿 = 16.8, 27.7, 27.9, 43.8, 61.6,

89.4, 151.3, 162.7, 163.7, 165.9, 171.3. HRMS (ESI+, Supporting
Information Figure S9 in Supplementary Material) m/z calcd
for C
19
H
27
N
9
O
5
[M+H]+ = 462.2208; found: 462.2215; Anal.

Calc. for C
19
H
27
N
9
O
5
(461.48): C, 49.45; H, 5.90; N, 27.32;

Found: C, 49.66; H, 5.98; N, 27.45.

2.5.2. (Z)-5-(1-(2-(4,6-Di(piperidin-1-yl)-1,3,5-triazin-
2-yl)hydrazono)ethyl)-1,3-dimethylpyrimidine-
2,4,6(1H,3H,5H)-trione (5b, Supporting
Information Figure S10 in Supplementary Material)

N

N

O

O

O

NH

N

N

N

NN

HN

White solid, 87% yield, mp = 224–226∘C, IR (KBr, cm−1)
3213 (NH), 1701, 1651 (C=O), 1593 (C=N, C=C); 1H NMR
(400MHz, CDCl

3
) 𝛿 = 1.54–1.63 (m, 12H, 6CH

2
), 2.74 (s, 3H,

CH
3
), 3.30 (s, 6H, 2CH

3
), 3.68–3.71 (m, 8H, 4CH

2
), 14.35 (s,

1H, NH), 13CNMR (100MHz, CDCl
3
) 𝛿= 16.8, 24.7, 25.7, 27.7,

44.4, 89.0, 151.5, 163.0, 163.4, 169.7, HRMS (ESI+, Supporting
Information Figure S11 in Supplementary Material) m/z calcd

for C
21
H
31
N
9
O
3
[M+H]+ = 458.2623; found: 458.2651. Anal.

Calc. for C
21
H
31
N
9
O
3
(457.54): C, 55.13; H, 6.83; N, 27.55;

Found: C, 55.29; H, 6.90; N, 27.74.

2.5.3. (Z)-5-(1-(2-(4-(Benzylamino)-6-(piperidin-1-yl)-1,3,5-
triazin-2-yl)hydrazono)ethyl)-1,3-dimethylpyrimidine-
2,4,6(1H,3H,5H)-trione (5c, Supporting Information
Figure S12 in Supplementary Material)

N

N

O

O

O

HN

N

N

N

N
H

N

NH

White solid, 83% yield, mp = 193-194∘C, IR (KBr, cm−1) 3336,
3250 (NH), 1678, 1622 (C=O), 1577 (C=N, C=C); 1H NMR
(400MHz, CDCl

3
) 𝛿 = 1.54–1.64 (m, 6H, 3CH

2
), 2.69 (s, 3H,

CH
3
), 3.28 (s, 6H, 2CH

3
), 3.72 (s, 4H, 2CH

2
), 4.52 (d, 2H, J =

6Hz, CH
2
), 5.90 (s, 1H, NH), 7.23–7.27 (m, 5H, CH aromatic),

14.8 (s, 1H, NH), 13C NMR (100MHz, CDCl
3
) 𝛿 = 12.3,

17.1, 18.4, 24.6, 25.7, 43.1, 44.8, 58.4, 91.2, 167.4, 177.3, HRMS
(ESI+, Supporting Information Figure S13 in Supplementary
Material) m/z calcd for C

23
H
29
N
9
O
3
[M+H]+ = 480.2466;

found: 480.2468. Anal. Calc. for C
23
H
29
N
9
O
3
(479.55): C,

57.61; H, 6.10; N, 26.29; Found: C, 57.87; H, 6.22; N, 26.53.

2.5.4. (Z)-5-(1-(2-(4-(Benzylamino)-6-morpholino-1,3,5-
triazin-2-yl)hydrazono)ethyl)-1,3-dimethylpyrimidine-
2,4,6(1H,3H,5H)-trione (5d, Supporting Information
Figure S14 in Supplementary Material)

N

N

O

O

O

HN

N

N

N

N
H

N

NH

O

White solid, 83% yield, mp = 233–235∘C, IR (KBr, cm−1) 3336,
3292 (NH), 1681, 1612 (C=O), 1583 (C=N, C=C); 1H NMR
(400MHz, DMSO-d

6
) 𝛿 = 2.66 (s, 3H, CH

3
), 3.13 (s, 6H,

2CH
3
), 3.59–3.68 (m, 8H, 4CH

2
), 4.46 (s, 2H, CH

2
), 7.22–7.20

(m, 6H, 5 Ar-H, NH), 14.2 (s, 1H, NH) 13C NMR (100MHz,
DMSO-d

6
) 𝛿 = 16.4, 27.3, 43.5, 65.9, 91.3, 126.8, 127.4, 128.2,
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150.8, 167.4, 177.3 (s, 1H, CH) HRMS (ESI+, Supporting
Information Figure S15 in Supplementary Material) m/z calcd
for C
22
H
27
N
9
O
4
[M+H]+ = 482.2259; found: 482.2242. Anal.

Calc. for C
22
H
27
N
9
O
4
(481.52): C, 54.88; H, 5.65; N, 26.18;

Found: C, 54.63; H, 5.54; N, 26.00.

2.5.5. (Z)-1,3-Dimethyl-5-(1-(2-(4-morpholino-6-(piperidin-
1-yl)-1,3,5-triazin-2-yl)hydrazono)ethyl) pyrimidine-
2,4,6(1H,3H,5H)-trione (5e, Supporting Information
Figure S16 in Supplementary Material)

N

N

O

O

O

NH

N

N

N

NN

HN

O

Yellow solid, 80% yield, mp = 198-199∘C, IR (KBr, cm−1)
3246 (NH), 1688, 1651 (C=O), 1585 (C=N, C=C); 1H NMR
(400MHz, CDCl

3
) 𝛿 = 1.57–1.66 (m, 6H, 3CH

2
), 2.77 (s, 3H,

CH
3
), 3.30 (s, 6H, 2CH

3
), 3.69–3.79 (m, 12H, 6CH

2
), 14.35

(s, 1H, NH), 13C NMR (100MHz, CDCl
3
) 𝛿 = 16.8, 18.4, 24.5,

25.8, 43.7, 44.0, 44.9, 58.4, 66.6, 89.4, 151.4, 162.4, 170.7, HRMS
(ESI+, Supporting Information Figure S17 in Supplementary
Material) m/z calcd for C

20
H
29
N
9
O
4
[M+H]+ = 460.2415;

found: 460.2398. Anal. Calc. for C
20
H
29
N
9
O
4
(459.51): C,

52.28; H, 6.36; N, 27.43; Found: C, 52.51; H, 6.54; N, 27.70.

2.5.6. (Z)-5-(1-(2-(4-(Diethylamino)-6-morpholino-1,3,5-
triazin-2-yl)hydrazono)ethyl)-1,3-dimethylpyrimidine-
2,4,6(1H,3H,5H)-trione (5f, Supporting Information
Figure S18 in Supplementary Material)

N

N

O

O

O

NH

N

N

N

NN

HN

O

Orange solid, 91% yield, mp = 165–167∘C, IR (KBr, cm−1)
3285 (NH), 1677, 1645 (C=O), 1595 (C=N, C=C); 1H NMR
(400MHz, CDCl

3
) 𝛿 = 1.11 (t, 6H, J = 6.4Hz, 2CH

3
), 2.75 (s,

3H, CH
3
), 3.27–3.29 (m, 6H, 2CH

3
), 3.51 (q, 4H, J = 6.4Hz,

2CH
2
), 3.66–3.75 (m, 8H, 4CH

2
), 14.25 (s, 1H, CH), 13CNMR

(100MHz, CDCl
3
) 𝛿 = 13.2, 16.0, 16.8, 27.7, 27.9, 41.0, 41.6,

43.6, 43.8, 66.7, 66.9, 89.2, 151.4, HRMS (ESI+, Supporting
Information Figure S19 in Supplementary Material) m/z calcd
for C
19
H
29
N
9
O
4
[M+H]+ = 448.2415; found: 448.2400. Anal.

Calc. for C
19
H
29
N
9
O
4
(447.50): C, 51.00; H, 6.53; N, 28.17;

Found: C, 51.24; H, 6.69; N, 28.41.

2.5.7. (Z)-5-(1-(2-(4-(Diethylamino)-6-(piperidin-1-yl)-1,3,5-
triazin-2-yl)hydrazono)ethyl)-1,3-dimethylpyrimidine-
2,4,6(1H,3H,5H)-trione (5g, Supporting Information
Figure S20 in Supplementary Material)

N

N

O

O

O

NH

N

N

N

NN

HN

White solid, 90% yield, mp = 135–137∘C, IR (KBr, cm−1)
3285 (NH), 1677, 1645 (C=O), 1595 (C=N, C=C); 1H NMR
(400MHz, CDCl

3
) 𝛿= 1.11 (t, 6H, J = 6.8Hz, 2CH

3
), 1.54–1.62

(m, 6H, 3CH
2
), 2.75 (s, 3H, CH

3
), 3.30 (m, 6H, 2CH

3
), 3.51

(q, 4H, J = 6.8Hz, 2CH
2
), 3.68–3.71 (m, 4H, 2CH

2
), 14.35

(s, 1H, CH), 13C NMR (100MHz, CDCl
3
) 𝛿 = 13.1, 16.8,

24.7, 25.7, 27.7, 41.6, 44.5, 89.0, 151.5, 162.5, 162.7, 169.7, HRMS
(ESI+, Supporting Information Figure S21 in Supplementary
Material) m/z calcd for C

20
H
31
N
9
O
3
[M+H]+ = 446.2623;

found: 446.2609. Anal. Calc. for C
20
H
31
N
9
O
3
(445.53): C,

53.92; H, 7.01; N, 28.30; Found: C, 54.09; H, 7.20; N, 28.54.

2.5.8. (Z)-5-(1-(2-(4-Methoxy-6-morpholino-1,3,5-triazin-
2-yl)hydrazono)ethyl)-1,3-dimethylpyrimidine-
2,4,6(1H,3H,5H)-trione (5h, Supporting Information
Figure S22 in Supplementary Material)

N

N

O

O

O

NH

N

N

N

OMeN

HN

O



6 Journal of Chemistry

NN

NCl Cl

Cl

ClN N

N N

N

N

N

N

N

N

N N

rt, overnight X

X

acetonitrile

O

O

O

O

N

NH

OO

O

4

3a–h

5a–h

2a–h

a; X = Y = morpholine

(1) YH/NaHCO3

(2) XH/NaHCO3

NH2 NH2
NH2

Acetone-water
0
∘C 2-3h

X

Y Y

Y

1

1 h, US

H
N

HN

b; X = Y = piperidine
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Scheme 1: Synthesis of pyrimidinetrione-s-triazine derivatives.

White solid, 87% yield, mp = 260–262∘C, IR (KBr, cm−1)
3321 (NH), 1686, 1651 (C=O), 1588 (C=N, C=C); 1H NMR
(400MHz, CDCl

3
) 𝛿 = 2.76 (s, 3H, CH

3
), 3.30 (s, 6H, 2CH

3
),

3.78–3.97 (m, 8H, 4CH
2
), 4.07 (s, 3H, CH

3
), 14.65 (s, 1H,NH),

13C NMR (100MHz, CDCl
3
) 𝛿 = 16.9, 45.1, 45.3, 56.4, 66.3,

66.4, 90.0, 151.2, 156.6, 161.0, 161.4, 162.0, 162.5, 170.9, HRMS
(ESI+, Supporting Information Figure S23 in Supplementary
Material) m/z calcd for C

16
H
22
N
8
O
5
[M+H]+ = 407.1786;

found: 407.1771. Anal. Calc. for C
16
H
22
N
8
O
5
(406.40): C,

47.29; H, 5.46; N, 27.57; Found: C, 47.54; H, 5.53; N, 27.82.

3. Results and Discussion

Thegeneralmethod for the preparation of triazine derivatives
is nucleophilic displacement of chlorine present in the inex-
pensive commercially available cyanuric chloride (1, 2,4,6-
trichloro-1,3,5-triazine) because of the reactivity of its chlo-
rine atoms toward nucleophiles in presence of hydrochloride
acceptor like sodium carbonate, bicarbonate, hydroxide, or
tertiary amines [34–36]. Here, we report synthesis of 2-
chloro-4,6-disubstituted-s-triazine derivatives using 1. Sec-
ondary amines like morpholine, diethylamine, and piperi-
dine were chosen due to their known pharmacological prop-
erties [1, 37]. Taking advantage of the different reactivity in
front of the nucleophiles of the tri-, di-, and monochlo-
roderivatives of s-triazine, products 2a–i (Scheme 1) were

obtained through one pot reaction [12]. Thus, 1 was reacted
at 0∘C for 2 h with the first amine (1 equiv.) in acetone-water
media or methanol in the presence of NaHCO

3
(1 equiv.) as

hydrogen chloride scavengers. The second amine was added
dropwise followed by addition of NaHCO

3
(1 equiv.) and the

reaction temperature was raised gradually to room temper-
ature and kept under stirring for 12 h (Scheme 1) to afford
the target product. In case of the methoxy derivative 2h, the
reported method [33] was used for its preparation and then
reacted with the amine as mentioned in Scheme 1. Finally,
the hydrazine derivatives 3a–h were obtained by treatment
of 2a–h with hydrazine hydrate (80%) in acetonitrile and
sonicated for 1 h [12] to afford the products in excellent yields
and purities above 90%. (Scheme 1) which was used directly
with 5-acetyl-1,3-dimethylbarbituric acid 4 without further
purification.

The products 5a–h were obtained by reaction of the 2-
hydrazino-4,6-disubstituted-s-triazine derivatives 3a–h with
1,3 dimethyl-5-acetylpyrimidine-2,4,6-trione 4, which was
obtained as previously described [33] in ethanol in the
presence of drops of glacial acetic acid (Scheme 1) to afford
the target products in excellent yields and purities as observed
from their spectral data.

Compound 4may exist in three tautomeric forms 4A, 4B,
and 4C as shown in Figure 2. In solution, the NMR spectra
in CDCl

3
showed that it exists in the enol form 4C which
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Figure 3: Tautomeric structure of 5b.

agreed with our previous reported data [35], rather than keto
form 4A (Figure 2). The 1H NMR spectra for compound 4
showed a singlet at 𝛿 17.24; this peak is related to the OH
group of the enol form 4C and it appears at low field due to
the strong hydrogen bond between the OH and the carbonyl
carbon of the acetyl group. On the other hand, the expected
peak at 𝛿 4.3 related to the CH flanked between the two
carbonyl groups (-CO-CH-CO-) in the keto form 4Awas not
observed. The 1H NMR showed that two singlet peaks at 𝛿
3.29 and 3.34 related to the two N-CH

3
which agreed with

structure 4C rather than 4B. The 13C NMR for compound 4
also confirmed the enol form 4C rather than the keto form
or the enol form 4B, where 13C NMR showed peaks at 𝛿
24.8 (CH

3
), two peaks at 27.9 and 28.1 for the 2 N-CH

3
,

95.9 (C4=C-OH), 150.5 (C1), 161.0 (C5), 169.5 (acetyl C=O),
and 196.2 (C=C3-OH) (Supporting Information Figure S7 in
Supplementary Material). This observation is in agreement
with the reported data by Sharma et al. [38] and Giziroglu
et al. [39].

Once it is established that 4 exists only in an enol form,
the structure of 5a–h was studied, in particular respect to
the enhydrazine-hydrazone tautomerism. In this case, the
hydrazine moiety incorporates two NH. Thus in addition to
theNH (in green, Figure 3), which can stabilizes themolecule
(enhydrazine form) through a six-member ring as happens in
the case of the enol form 4B or 4C (Figure 2), which is not the

case for the hydrazone form 5b-A. The NMR data supported
the structure 5b-Bmore than the others.

Taking as example compound 5b, it may exist in three
tautomeric structures 5b-A, 5b-B, and 5b-C as indicated in
Figure 3. 1H NMR in DMSO-d

6
showed multiple peaks at

𝛿 1.54–1.63 for the three methylene groups (-CH
2
-)
3
of the

piperidine moiety, singlet at 𝛿 2.74 for the methyl group
(N=C-CH

3
), singlet at 𝛿 3.29 for the two methyl group (N-

CH
3
), triplet for the two methylene groups (-CH

2
N)
2
of

piperidine ring, and a singlet peak at 𝛿 14.4 for NH related
to the hydrazine moiety. The 13C NMR of 5b showed peaks
at 𝛿 17.1 (Ce), 24.86, 25.8 (CH

2
, piperidine), 27.4 (2 N-CH

3
),

44.4 (2N-CH
2
, piperidine), 89.2 (Cc), 151.5, 163.1, 163.6, and

169.8 (Ca, Cb, 𝐶d, and C=N of triazine). These data are in
good agreement with the structure 5b-B more than 5b-C.
The HRMS showed the exact mass 480.2451 as calculated for
C
23
H
35
N
9
O
2
S [M+H]+ = 480.2466 (Supporting Information

Figure S11 in Supplementary Material).
The NMR data for all the target products showed that

5a–h exist in the enhydrazine form B rather than the hydra-
zone form A or C as shown in Figure 3, where the two peaks
in range of 𝛿 90.0 and 198.0 ppm are related to the two carbon
similar to those of the enhydrazine form (C=C-NH-NH-).
In addition, the hydrogen bond in the enhydrazine form
stabilizes the structure 5b-Bmore than the hydrazone isomer
5b-A as shown in Figure 3. This is also in agreement with
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Figure 4: The expected 3D tautomeric structure of compound 5b.

the reported data for aroylhydrazine derivatives reported by
Giziroglu et al. [39].

To expand the scope of this work, compound 5b was
modelled using molecular mechanics MM2 calculations.
Quantum mechanical calculations were carried out using
Gaussian98 suite of programs. Geometry optimization was
done by DFT method using B3LYP/6-31G∗∗ basis set to
assess the relative stability of the diastereomeric species
(Figure 4). The calculated relative energy of hydrazone
(5b-A) is −963917.8 kcal/mole while that of enhydrazine
(5b-B) is −963940.7 kcal/mole, while the calculated relative

energy of 5b-C geometry was optimized and found to
be −963939.1561 kcal/mol, which shows higher energy level
when compared with 5b-A and 5b-B. Hence on comparison
5b-C is found to be least stable amongst all the three diastere-
omers. From the energy values it can be seen that theoretically
5b-B ismore favorable compared to 5b-A and 5b-C. From the
energy values it can be found that the difference in energy
level is 22.9 kcal/mol. Hence, explaining the stability of the
enhydrazine (5b-B) form over hydrazone form (5b-A).

The antibacterial screening for all the products against
gram positive [S. aureus (29213) and B. subtilis (6051) and
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gram negative E. coli (25822) and P. aeruginosa (27583)]
showed no activity; this might be due to the poor solubility
and precipitation during the dilution process.

4. Conclusion

Reaction of 2-hydrazino-2,6-disubstituted-1,3,5-triazine with
5-acetyl-1,3-dimethyl barbituric acid in ethanol affords the
hydrazine derivatives in the enhydrazine form as a pure
isomer rather than the hydrazone form as observed from the
spectral data. The geometry optimization was done by DFT
method using B3LYP/6-31G∗∗ to calculate the relative energy
of the three structures 5b-A, 5b-B, and 5b-C and indicated
that the enhydrazine 5b-B is the most stable structure while
5b-A and 5b-C are less stable which agrees with the NMR
spectral data. Although no significant activity of the first
family of these compounds has been found as antibacterial,
more derivatives are being prepared for overcoming the
solubility problems, which are believed to be the cause of the
poor biological activity.

Additional Points

Supporting Information. 1H NMR, 13C NMR spectra, and
HRMS for the prepared compounds will be available online
in Supplementary Material.
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