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The unexpected (E)-1,4-bis(5-methyl-1-(4-nitrophenyl)-1H-1,2,3-triazol-4-yl)but‑2-ene-1,4‑dione was produced 

in 89 % yield from the reaction of 2‑bromo-1-(5-methyl-1-(4-nitrophenyl)-1H-1,2,3-triazol-4-yl)ethan-1-one and 

sodium benzenesulfinate dihydrate in boiling ethanol. The reaction of the synthesized symmetrical 2-butene- 

1,4‑dione and 1,2-phenylenediamine in acetic acid afforded 2-(5-methyl-1-(4-nitrophenyl)-1H-1,2,3-triazol-4- 

yl)-1H-benzo[d]imidazole in 68 % yield. 2,3-Dibromopropan-1-one was synthesized in 82 % from bromination of 

the corresponding chalcone under acidic conditions. Treatment of dibromoketone and benzylamine or phos- phonic 

dihydrazide in ethanol in the presence of a basic catalyst unexpectedly afforded 2‑bromo-3-ethoxyketone in 

reasonable yield. The reactivity of hydrazonoyl chloride towards 5-methyl- and 5‑chloro-1,2,3-triazol-4-car- 

bohydrazides was also investigated to afford the corresponding bis-hydrazone and the unanticipated tris- hydrazone. 
 

 

 

1. Introduction 

 

1,4-Diketones are convenient starting materials for the synthesis of a 

range of heterocycles. The but‑2-ene-1,4‑dione system and its func- 

tionalized derivatives are potentially even more valuable. Their use has, 

however, been limited because of their relatively complex synthesis [1–

4]. The standard synthesis of core 1,4-enedione includes manganese 
oxide (KMn8O16) catalyzed reaction of β-ketoesters and α-iodoaceto- 
phenones [5], the direct nucleophilic substitution of α-hal- 
oacetophenones and sodium p-toluenesulfinate [6], iodine/copper 

complex or hypervalent iodine mediated oxidative self- or cross-

coupling of methyl ketones [7–9]. 
Chalcones present a wide variety of cytoprotective and modulatory 

properties and have therapeutic potential for multiple diseases. They act 

as antiviral, antimalarial, anti-inflammatory, and antioxidant agents 

[10–13]. The standard methods for the synthesis of chalcones are Clai- 
sen-Schmidt’s condensation, coupling reaction, and continuous-flow 
deuteration reaction [14]. α,β-Dibbromodihydrochalcones and 
α‑bromo-β-methoxydihydrochalcones are precursors for the production 
of many heterocycles, including natural products [15–17]. The synthesis 
of α,β-dibromodihydrochalcones involves a bromination process using 
either bromine or N-bromosuccinimide in a polar aprotic solvent (e.g., 

chlorinated solvent). α-Bromo-β-methoxydihydrochalcones are pro- 
duced through bromination of chalcones in polar solvent (e.g., alcohol) 

[18,19]. 

Acid carbohydrazides and their hydrazone-containing heterocycles 

are adaptable classes of compounds with various applications. They 

exhibit significant biological activities, including acting as antibacterial, 

anticancer, anti-fungal, and anti-inflammatory agents [20,21]. Acid 

hydrazides can be obtained from the reaction of hydrazine with alde- 

hydes, esters, anhydrides, and acyl halides [22,23]. Hydrazides have 

been used as precursors in the synthesis of various heterocycles [24]. In 

addition, reactions of acid hydrazides and carbonyl compounds have led 

to the production of the corresponding hydrazones [25–27]. Hydrazo- 
noyl chlorides are useful building blocks for the synthesis of many het- 

erocycles [28,29]. 

1,2,3-Triazole-containing heterocycles show beneficial biological 
activities and act as antibacterial and antiviral agents [30–32]. The 

production of 1,2,3-triazoles has gained significant interest because of 

their significance in synthetic and medicinal chemistry [33]. The most 

common method for the production of 1,2,3-triazoles involves 1, 3-

dipolar cycloaddition of terminal alkynes and azides [34]. The pre- sent 

study deals with the synthesis of new 1,2,3-triazoles, which is related to 

previous work [35–38]. 
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Table 1 

Crystal and structure refinement data. 

Compound 4 8 16 20 21 

Formula C22H16N8O6 C16H12N6O2 C21H22BrN3O3 C25H23ClN9O3S, C3H7NO C34H30Cl2N14O4S, C3H7NO 

Formula weight 488.43 320.32 444.32 638.13 874.77 

Temperature (K) 293(2) 293(2) 296(2) 298(2) 293(2) 

Wavelength (Å) 0.71073 1.54184 1.54184 0.71073 1.54184 

Crystal system Monoclinic Triclinic Monoclinic Triclinic Triclinic 

Space group P21/c P¯ı P21/c P¯ı P¯ı 

a (Å) 9.5457(11) 6.8316(3) 21.4890(7) 8.3050(4) 8.4323(6) 

b (Å) 7.8998(6) 8.0830(5) 7.8695(2) 10.0464(5) 14.8519(12) 

c (Å) 15.1330(12) 14.4920(7) 12.5833(4) 19.2729(9) 17.5530(9) 

α (◦) 90 93.498(4) 90 99.776(4) 104.183(5) 

β (◦) 101.815(10) 96.825(4) 101.517(3). 92.819(4) 99.382(5) 

γ (◦) 90 113.936(5) 90. 91.852(4) 97.861(6) 

Volume (Å3) 1116.99(18) 720.96(7) 2085.09(11) 1581.42(13) 2066.6(3) 

Z 2 2 4 2 2 

Density (calc) (Mg/m3) 1.452 1.476 1.415 1.342 1.406 

Absorp. Coeff. (mm-1) 0.110 0.858 2.903 0.237 2.411 

F(000) 504 332 912 668 908 

Crystal size (mm3) 0.73 × 0.26 × 0.04 0.40 × 0.30 × 0.06 0.33 × 0.24 × 0.09 0.456 × 0.152 × 0.057 0.32 × 0.11 × 0.06 

Reflections collected 9474 10,841 16,355 15,323 14,569 

Independent refls 2795 2809 4124 7605 7604 

R(int) 0.0385 0.0282 0.0316 0.0327 0.0371 

Parameters 205 218 257 503 590 

Goodness-of-fit on F2 1.067 1.061 1.030 1.038 1.030 

R1 [I > 2σ(I)] 0.0650 0.0483 0.0400 0.0683 0.0792, 

wR2 [I > 2σ(I)] 0.1770 0.1229 0.1110 0.1690 0.2239 

Extinction coeff. — — 0.00150(19) — — 

Largest diff. peak/hole (e.Å-3) 0.189/–0.174 0.170/–0.263 0.428/–0.498 0.422/–0.462 0.621/–0.268 

 

2. Experimental 

 

2.1. General 

 
The melting points of synthesized heterocycles were determined 

using an electrothermal melting point apparatus. A JEOLNMR 500 MHz 

spectrometer was used to record the NMR spectra. A Bruker Vertex 80 

ATR-FTIR spectrometer was used to record the FTIR spectra. NMR 

spectra at 500 MHz for 1H and 125 MHz for 13C were obtained in 

deuterated dimethyl sulfoxide (DMSO‑d6). The chemical shift (δ) and 

coupling constant (J) were reported in ppm and Hz, respectively. 

Compounds 1 [39], 10 [40], 12 [41], 17 [42], 18 [43] and 19a,b [44] 

were produced based on literature procedures. 

 

2.2. (E)-1,4-Bis(5-methyl-1-(4-nitrophenyl)-1H-1,2,3-triazol-4-yl) 

but‑2-ene-1,4‑dione (4) 

 

A mixture of 1 (1.62 g, 5 mmol) and 2 (2.40 g, 12 mmol) in EtOH (20 

mL) was refluxed for 8 h. The solid was filtered from the mixture after 

cooling to room temperature and then poured into ice water (150 mL). 

The solid was dried and crystallized using dimethylformamide (DMF) to 

give 4. Yield 89 %, mp > 300 ◦C. FTIR (KBr): 3406, 3093, 1678, 1612, 
1370, 1288 cm–1. 1H NMR (E-isomer; major): 2.67 (s, 6H, 2 Me), 8.01 (d, 
9.1 Hz, 4H, Ar), 8.28 (s, 2H, 2 CH), 8.48 (d, 9.1 Hz, 4H, Ar). 13C NMR: 

9.8, 125.4, 126.9, 139.1, 139.8, 142.4, 148.3, 149.0, 192.3. Anal. Calcd. 

for C22H16N8O6 (488.12): C, 54.10; H, 3.30; N, 22.94. Found: C, 54.21; 

H, 3.39; N, 23.11 %. 

 

2.3. 2-(5-Methyl-1-(4-nitrophenyl)-1H-1,2,3-triazol-4-yl)-1H-benzo[d] 

imidazole (8) 

 
A mixture of 4 (0.97 g, 2 mmol) and 6 (2.16 g, 2 mmol) was refluxed 

in AcOH (15 mL) for 6 h. The solid formed on cooling was filtered, dried, and 

then subjected to crystallization from DMF, yielding 8. Yield 68 %, 

mp 293–295 ◦C. FTIR (KBr): 3118, 3097, 1611, 1587 cm–1. 1H NMR: 

2.83 (s, 3H, Me), 7.18–7.24 (m, 2H, Ar), 7.52 (app t, 8.1 Hz, 1H, Ar), 
7.86 (app t, 8.1 Hz, 1H, Ar), 8.05 (d, 8.6 Hz, 2H, Ar), 8.47 (d, 8.6 Hz, 2H, 

Ar), 13.16 (s, exch., 1H, NH). 13C NMR: 10.5, 112.1, 119.4, 122.2, 

123.2, 125.6, 126.7, 134.6, 135.1, 137.4, 140.9, 144.3, 145.3, 148.3. 

Anal. Calcd. for C16H12N6O2 (320.10): C, 60.00; H, 3.78; N, 26.24; 

Found: C, 60.13; H, 3.88; N, 26.32 %. 

 

2.4. 2,3-Dibromo-3-(4-methoxyphenyl)-1-(5-methyl-1-phenyl-1H-1,2,3- 

triazol-4-yl)propan-1-one (13) 

 
A mixture of chalcone 12 (1.60 g, 5 mmol) and Br2 (0.8 g, 5 mmol) in 

AcOH (15 mL) was stirred at 20 ◦C for 12 h. The mixture was added to 

ice water (150 mL). The solid that formed was filtered, dried, and sub- 

sequently crystallized from DMF to afford 13. Yield 82 %, mp 158–160 
◦  C. FTIR (KBr): 3060, 2972, 1763, 1660, 1581, 1363, 1276 cm–

1. 1H 

NMR: 2.58 (s, 3H, Me), 3.82 (s, 3H, OMe), 6.99–7.07 (m, 2H, 2CH), 

7.63–7.84 (m, 9H, Ar). Anal. Calcd. for C19H17Br2N3O2 (476.96): C, 
47.63; H, 3.58; N, 8.77; Found: C, 47.77; H, 3.69; N, 8.86 %. 

 

2.5. 2-Bromo-3-ethoxy-3-(4-methoxyphenyl)-1-(5-methyl-1-phenyl-1H- 

1,2,3-triazol-4-yl)propan-1-one (16) 

 
A mixture of 3 (0.95 g, 2 mmol) and 14 or 17 (2 mmol) in dry EtOH 

(15 mL) and Et3N (0.2 mL) was refluxed for 14 h. The mixture was 

cooled and added to ice water (150 mL). The resulting solid was 

collected, dried, and crystallized from DMF to give 16. Yield 45 % (in 

case of 14) or 90 % (in case of 17), mp 152–153 ◦C. FTIR (KBr): 3060, 
2950, 1772, 1612, 1589, 1372, 1278 cm–1. 1H NMR (major component): 
0.89 (t, 7.2 Hz, 3H, Me), 2.57 (s, 3H, Me), 3.80 (s, 3H, OMe), 4.89 (q, 7.2 

Hz, 2H, CH2), 5.59 (d, 10.0 Hz, 1H, CH), 5.84 (d, 10.0 Hz, 1H, CH), 6.96 

(d, 8.6 Hz, 2H, Ar), 7.40 (d, 8.6 Hz, 2H, Ar), 7.58–7.68 (m, 5H, Ar). 13C 

NMR: 10.4, 15.4, 49.5, 55.6, 64.8, 80.5, 114.3, 126.0, 126.0, 129.8, 

129.9, 130.1, 130.3, 130.9, 159.8, 160.0, 188.3. Anal. Calcd. for 

C21H22BrN3O3 (443.08): C, 56.77; H, 4.99; N, 9.46; Found: C, 56.83; H, 

512; N, 9.62 %. 

 
2.6. Synthesis of 20 and 21 

 

A mixture of 18 (0.71 g, 2 mmol) and 19a or 19b (2 mmol) in dry 

EtOH (15 mL) was refluxed for 4 h. The solid obtained on cooling was 

filtered, dried, and crystallized from DMF to give either 20 or 21, 
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Scheme 1. Synthetic route to symmetrical 1,4-disubstituted 2-butene-1,4‑dione 4. 

 

respectively. 

 

2.6.1. 2-(2-(5-Methyl-1-(4-methylphenyl)-1H-1,2,3-triazole-4-carbonyl) 

hydrazineylidene)-N-(4-(N-(pyridin-2-yl)sulfamoyl)phenyl) 

propanehydrazonoyl chloride (20) 

Yield 88 %, mp 248–250 ◦C. FTIR (KBr): 3348, 2987, 1702, 1621, 
1592, 1384, 1272 cm–1. 1H NMR: 2.39 (s, 3H, Me), 2.47 (s, 3H, Me), 2.69 
(s, 3H, Me), 6.71 (d, 8.6 Hz, 1H, Ar), 6.86 (m, 1H, Ar), 7.06 (d, 8.6 Hz, 

1H, Ar), 7.42–7.49 (m, 7H, Ar), 7.30 (d, 8.6 Hz, 2H, Ar), 10.22 (s, exch., 

1H, NH), 10.55 (s, exch., 1H, NH), 10.95 (s, exch., 1H, NH). 13C NMR: 

9.9, 13.7, 21.3, 111.5, 114.0, 115.1, 116.9, 125.7, 129.0, 130.7, 133.3, 

133.5, 140.0, 140.3, 140.5, 147.2, 153.0, 153.2, 162.9. Anal. Calcd. for 

C25H24ClN9O3S (566.03): C, 53.05; H, 4.27; N, 22.27; Found: C, 53.16; 

H, 4.32; N, 22.38 %. 

 

2.6.2. 4-(2-(2-(2-((1-(4-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl) 

(2-(1-(4-chlorophenyl)-5-methyl-1H-1,2,3-triazole-4-carbonyl) 

hydrazineylidene)methyl)hydrazineylidene)propanoyl)hydrazineyl)-N- 

(pyridin-2-yl)benzenesulfonamide (21) 

Yield 72 %, mp 235–237 ◦C. FTIR (KBr): 3349, 3228, 3052, 1680, 
1629, 1569, 1385, 1272 cm–1. 1H NMR: 2.17 (s, 3H, Me), 2.47 (s, 3H, 
Me), 2.69 (s, 3H, Me), 6.70–6.85 (m, 4H, Ar), 7.63–8.03 (m, 12H, Ar), 
10.13 (s, exch., 1H, NH), 10.56 (s, exch., 1H, NH), 10.58 (s, exch., 1H, 

NH), 10.87 (s, exch., 1H, NH), 10.93 (s, exch., 1H, NH). 13C NMR: 10.0, 

12.5, 13.8, 111.4, 113.2, 114.0, 115.1, 127.8, 129.0, 130.4, 134.5, 

135.4, 138.8, 140.2, 145.3, 146.0, 152.9, 162.8, 164.8. Anal. Calcd. for 

 

 
 

Fig. 1. (a) An ortep representation of 4 showing atomic displacement ellipsoids at 50 % probability and (b) crystal packing viewed along the b axis. 
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Scheme 2. A proposed mechanism for the synthesis of 4. 
 

C34H30Cl2N14O4S (801.67): C, 50.94; H, 3.77; N, 24.46; Found: C, 51.02; 

H, 3.88; N, 24.59 %. 

 

2.7. Crystal structure determination 

 
The Agilent SuperNova Dual Atlas single-crystal diffractometer with 

a mirror monochromator was used to record data, utilizing either Mo or 

Cu radiation. The structures were solved using SHELXS [45] and 

refinement by SHELXL [46]. Atoms other than hydrogens were refined 

using anisotropic displacement parameters. Idealized geometry was 

used for hydrogen atoms in a riding model with Uisoset to 1.2 or 1.5 

times Ueq for the atom they are bonded to. For 20, the methylphenyl 

ring is disordered, and the DMF solvent is disordered in the structures of 

both 20 and 21. For 4, the butenedioyl and the nitro groups are also 

disordered. In all cases, the disordered groups were modeled with two 

components. Crystal and structure refinement data are shown in Table 1. 

The crystal structures of 4, 8, 16, 20, and 21 have been deposited in the 

CSD with reference numbers CCDC 2312429, 2312431, 2312430, 

2172180, and 2172181, respectively. 

 

3. Results and discussion 

 
The synthesis of symmetric and unsymmetric (E)-1,4-diaryl-2- 

butene-1,4-diones by reaction of α-bromoacetophenones through a so- 

dium sulfinate mediated reaction in the presence of potassium carbonate 

(K2CO3) has been reported [47]. The symmetrical 1,4-disubstituted 

2-butene-1,4‑dione (4) was obtained in 45 % yield via the reaction of 

2‑bromo-1-(5-methyl-1-(4-nitrophenyl)-1H-1,2,3-triazol-4-yl)etha- 

n-1-one (1) and sodium benzenesulfinate dihydrate (PhSO2Na⋅2H2O; 2) 
in boiling ethanol (EtOH). The expected product, 1-(5-methyl-1-(4-ni- 

trophenyl)-1H-1,2,3-triazol-4-yl)-2-(phenylsulfonyl)ethan-1-one (3; 

Scheme 1), was not obtained. The use of an excess of 1 (2.4 mole 

equivalents) led to a high yield of product 4 (89 %). 

Various spectral analyses have been used to establish the structure of 

4. For example, the FTIR spectrum of 4 showed the C–H stretching bands 
at 3406 and 3093 cm–1. Additionally, the carbonyl and the C–C groups 
appeared at 1678 and 1612 cm–1, respectively. The 1H NMR spectrum of 

4 showed the presence of the E and Z-isomers in unequal proportion. For 

the E-isomer (major), the protons of the two methyl groups appeared as 

a singlet at 2.67 ppm in the 1H NMR spectrum. The aryl protons (8 

protons) appeared as two doublets (J = 9.1 Hz) at 8.01 and 8.48 ppm. In 

addition, the two CH protons of the double bond appeared as a singlet at 

8.28 ppm. In comparison, the 13C NMR spectrum of the E-isomer of 4 

showed nine signals that represented twenty-two carbons due to the 

symmetry within the compound. For example, the two CH (CH–CH) 

carbons appeared downfield at 142.4 ppm and the carbonyl carbon at 

192.3 ppm. Moreover, the carbon of the two methyl groups appeared as 

a sharp signal at an upfield at 9.8 ppm. 

The structure of 4 was confirmed further using single-crystal X-ray 
diffraction. The molecule consists of nitrophenyl (nphen, C1–C6, N1, 

O1, O2), methyltriazolyl (mtria, C7–C9, N2–N4) and butenedioyl (bdio, 

C10, C11, C11’, C10’, O3, O3’) groups (Fig. 1a). It is symmetrical with 

 

 

 

 
 

 

Scheme 3. Synthetic route to 2-(1,2,3-triazol-4-yl)benzimidazole 8. 
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Fig. 2. (a) An ortep representation of 8 showing atomic displacement ellipsoids at 50 % probability and (b) crystal packing viewed along the molecular axis with 

N–H⋯H contacts shown as dotted lines. 
 

inversion symmetry in the middle of the butenedioyl group. The bute- 

nedioyl and methyltrazolyl groups are almost coplanar in the molecule. 

The twist angles between the planes of the groups, nphen/mtria and 

mtria/bdio, are 55.172(103)◦ and 19.23◦, respectively. 

The molecules pack in the crystal structure with the molecular axis 
aligned to the [–102] direction (Fig. 1b). Close intermolecular C–H⋯O 

interactions form a network in the crystal structure. In the interactions, 

the C2–H2⋯O3, C6–H6⋯O1, and C7–H7A⋯O2 angles are 127.96◦, 

140.29◦, and 171.21,◦ respectively and the corresponding C2⋯O3, 
C6⋯O1, and C7⋯O2 distances are 3.126 Å, 3.375 Å, and 3.593 Å, 
respectively. 

A proposed mechanism for the production of 4 involves the forma- 

tion of 3 as an intermediate from the reaction of 1 with 2. The reaction 

between intermediate 3 and a second mole of 1 liberates HBr to produce 
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Scheme 4. A proposed mechanism for the formation of 8. 

 

 

 

 

 

 

 

 

Scheme 5. Synthetic route to 2,3-dibromoketone 13. 

 

5. The elimination of benzenesulfinic acid (PhSO2H) from 5 furnishes 

the desired product 4 (Scheme 2). 

The reaction of 4 and 1,2-phenylenediamine (6) in refluxing EtOH 

containing acetic acid (AcOH) for 6 h afforded 2-(5-methyl-1-(4-nitro- 

phenyl)-1H-1,2,3-triazol-4-yl)-1H-benzo[d]imidazole (8) in 68 % yield. 

Under the conditions employed, the expected product, 2,5-bis(5-methyl- 

1-(4-nitrophenyl)-1H-1,2,3-triazol-4-yl)benzo[b][1,4]diazocine (7) was 

not produced (Scheme 3). 

The FTIR spectrum of 8 showed strong absorption bands at 1611 to 

1586 cm–1 due to the C–C and N–N groups, respectively. The stretching 
vibrations of the N–H and C–H bonds appeared at 3118 and 3097 cm–1, 
respectively, as broad bands. The 1H NMR spectrum of 8 showed a 
characteristic exchangeable singlet at 13.16 ppm corre- 

sponding to the NH proton. The methyl protons appeared as a singlet at 

2.83 ppm. In addition, the four protons corresponding to the aryl ring 

appeared as two doublets (two protons each; J = 8.6 Hz) at 8.05 and 

8.47 ppm. The 13C NMR spectrum of 8 showed 14 signals that 

represented 16 carbons. For example, the methyl carbon appeared at a 

high field at 10.5 ppm. On the other hand, the C2 of the imidazole ring 

appeared at 148.3 ppm (at a low field). Additionally, the C-1 and C-4 of 

the aryl ring (4-nitrophenyl) appeared at 140.9 and 145.3 ppm, 

respectively. 

Compound 8 was also structurally characterized using single-crystal 

X-ray diffraction, and the asymmetric unit is one molecule (Fig 2a). The 

molecule comprises nitrophenyl (nphen, C1–C6, N1, O1, O2), methyl- 
triazolyl (mtria, C7–C9, N2–N4), and benzimidazolyl (bimid, C10–C16, 

N5, N6) groups (Fig. 2). The molecule has a nearly flat structure, with 

the twist angles between the planes through the groups being 10.57(12)◦ 

and 3.34(11)◦, respectively, for nphen/mtria and mtria/bimid. 

In the crystal, the molecules are oriented parallel to the (13–5) plane 
(Fig. 2b) with neighboring molecules related by inversion symmetry and 

separated by 3.49 Å are involved in π⋯π interactions and stacked in the 

[110] direction. Adjacent stacks are linked by N–H⋯N interactions with 

N6–H6A⋯N4 angles of 149.9◦ and N6⋯N4 distances of 3.120(2)Å. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Scheme 6. Synthetic routes to 2‑bromo-3-ethoxyketone 16. 
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Fig. 3. (a) An ortep representation of 16 showing atomic displacement ellipsoids at 50 % probability and (b) crystal packing viewed down the b axis. 

 

The suggested mechanism for the formation of 8 involves a dehy- 

dration reaction between 4 and 6 to produce an imine-amine interme- 

diate 9. The intramolecular cyclization of 9 leads to 8 (Scheme 4). 

Stirring 4-acetyl-5-methyl-1-phenyl-1,2,3-triazole (10) and 4-anisal- 

dehyde (11) in alcoholic sodium ethoxide (EtONa) afforded the reported 

chalcone 12 [41]. The addition of bromine to 12 in AcOH at room 

temperature afforded the 2,3-dibromo-3-(4-methox- 

yphenyl)-1-(5-methyl-1-phenyl-1H-1,2,3-triazol-4-yl)propan-1-one  (13) in 

82 % yield (Scheme 5). 

The FTIR spectrum of 13 showed absorption bands at 3060 and 2972 
cm–1 due to the stretching vibration of the C–H bond. Also, the ab- 

sorption bands corresponding to C–O, C–C, and N=N groups appeared 

at 1763, 1660, and 1581 cm–1, respectively. The 1H NMR spectrum of 13 

showed the methyl and methoxy protons as singlet peaks at 2.58 and 

3.82 ppm, respectively. The two CH protons appeared as a multiplet at 

6.99–7.07 ppm. Additionally, the nine aromatic protons (phenyl and 4- 
methoxyphenyl rings) appeared as multiplets at the 7.63–7.84 ppm re- 
gion. The solubility of 13 in DMSO‑d6 was poor, and the 13C NMR 

spectrum was not recorded. 

Treatment of 13 with benzylamine in boiling EtOH containing 

triethyl amine (Et3N) as a catalyst afforded 2‑bromo-3-ethoxy-3-(4- 

methoxyphenyl)-1-(5-methyl-1-phenyl-1H-1,2,3-triazol-4-yl)propan-1- 

one (16) in 45 % yield. There was no evidence for the formation of the 

expected 3-(benzylamino)-2‑bromo-3-(4-methoxyphenyl)-1-(5-methyl- 

1-phenyl-1H-1,2,3-triazol-4-yl)propan-1-one (15) under the conditions 

used. When the reaction was carried out using phosphonic dihydrazide 

(17) instead of 14 under the same conditions, it afforded 16 in 90 % 

yield (Scheme 6). 

The FTIR spectrum of 16 showed absorption bands at 3060 to 2950 

cm–1 due to the C–H bond stretching vibration. In addition, it showed 
strong absorption bands at 1772, 1612, and 1589 cm–1 that attributed to 
the presence of the C–O, C–C, and N=N groups, respectively. Het- 
erocycles 16 is highly insoluble in organic solvents. The sample was 

dissolved in boiling DMSO‑d6 to record the NMR spectra. The NMR 

spectra of 16 exhibited a mixture of two components in unequal pro- 

portion, but the reason for that is unclear. For the major isomer, the 1H 

NMR spectrum of 16 showed the methyl and methylene protons of the 

ethyl group as a triplet and a quartet at 0.89 and 4.89 ppm, respectively. 



  

8 

 

 

 

 

Scheme 7. Synthesis of bis-hydrazone 20. 

 

 
Fig. 4. (a) The asymmetric unit of 20 showing atomic displacement ellipsoids at 50 % probability and (b) crystal packing viewed along the a axis with N–H⋯O and 
N–H⋯N contacts presented as a green dotted line. 

 

In comparison, the methyl and methoxy protons appeared as singlets at 

2.57 and 3.80 ppm, respectively. In addition, the two CH protons 

appeared as two doublets at 5.59 and 5.84 ppm. In the 13C NMR spec- 

trum of 16, the C–O carbon appeared at 188.3 ppm (downfield), and 
the carbon of the methoxy group was observed at 55.6 ppm (upfield). 

The two CH carbons appeared at 64.8 and 80.5 ppm, and the two methyl 

carbons appeared at 10.4 and 15.4 ppm. The C-4 carbon of the 4- 

methoxyphenyl ring appeared at 160.0 ppm. 

A crystal from a sample of compound 16 was analyzed using single- 

crystal X-ray diffraction and showed the presence of a single component. 
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Scheme 8. Synthesis of tris-hydrazone 21. 

 

The molecule consists of phenyl (phen, C1–C6), methyltriazolyl (mtria, C7–
C9, N2–N4), carbonyl (C10, O1), bromoethoxyethane (breth, C11, C12, 
C20, C21, Br1, O2) and methoxyphenyl (mphen, C13–C20, O3) 

groups (Fig. 3a). In the molecule, the carbonyl and methyltriazolyl 

groups are coplanar. The twist angles between the planes through the 

rings, phen/mtria and mtria/mphen, are 46.60(6)◦ and 30.89(10)◦, 

respectively. The bromoethoxyethane group (breth) is in approximately 

all-trans conformation, with torsion angles: Br-C11–C12–O2 = 176.7 (2)◦, 
C11–C12–O2–C20 = 155.0(2)◦ and C12–02–C20–C21 = 166.7(2)◦. 

In the crystal, the molecules are arranged in layers that are parallel to 

the bc plane (Fig. 3b). In one layer, phenyl and triazole rings of neigh- 

boring rings of molecules related by 2-fold screw symmetry are involved 

in π⋯π interactions to form stacks parallel to the b axis. The centroid-to- 
centroid distances between the triazole and phenyl rings of neighboring 
molecules in the stack are 4.21 Å and 3.77 Å. An intramolecular N–H⋯N 

contact with a N2–H2⋯N1 angle of 115.80◦ and N2⋯N1 distance of 

2.654 Å occurs. C–H⋯N contact with a C7–H7A⋯N3 angle of 162.16◦ 

and C⋯N3 distance of 3.555 Å as well as C–H⋯Br contact with a C21–
H21C⋯Br1 angle of 115.36◦ and C21⋯Br1 distance of 3.603 Å is also 
observed. 

It has been reported that the reaction of 1,4-dihydro-1-phenylindeno 

[1,2-c]pyrazole-3-carbohydrazide with hydrazonoyl chlorides gave the 

corresponding bis-hydrazono compounds [48]. Under similar condi- 

tions, the reaction of (E)-2-oxo-N-(4-(N-(pyridin-2-yl)sulfamoyl)phenyl) 

propanehydrazonoyl  chloride (18) and 5-methyl-1-(4-- 

methylphenyl)-1H-1,2,3-triazole-4-carbohydrazide (19a) was attemp- 

ted. The product obtained, after four hours of reaction in dry EtOH under 

reflux, was 2-(2-(5-Methyl-1-(4-methylphenyl)-1H-1,2,3-tri- 

azole-4-carbonyl)hydrazineylidene)-N-(4-(N-(pyridin-2-yl)sulfamoyl) 

phenyl)propanehydrazonoyl chloride (20) in 88 % yield (Scheme 7). 

The IR spectrum of 20 showed absorption bands at 3348 and 2987 

cm–1 due to the N–H and C–H bond stretching vibrations, respectively. It 
showed a strong absorption band at 1702 cm–1 due to the C–O group. In 
addition, the absorption bands corresponding to the C–C and C–N 
groups appeared at 1612 and 1592 cm–1, respectively. The chemical 
structure of 20 was established by NMR spectroscopy and single-crystal 

X-ray diffraction (Fig. 4). The 1H NMR spectrum of 20 showed the 

presence of three exchangeable singlet signals that appeared in the 

10.22–10.95 ppm region, corresponding to the three NH protons. The 
four aromatic protons due to the 4-methylphenyl ring appeared as two 

doublets (two protons each; J = 8.6 Hz) at 7.06 and 7.30 ppm. The 

signals for the protons of the three methyl groups appeared as singlets at 

2.39, 2.47, and 2.52 ppm. There were three signals in the 13C NMR 

spectra, which appeared at 9.9, 13.7, and 21.3 ppm, and they corre- 

sponded to the carbons of the methyl groups. The carbonyl carbon signal 

appeared downfield at 162.9 ppm. Additionally, the C–Cl carbon 
appeared at 153.2 ppm, while the C-2 and C-6 of the pyridinyl ring 

appeared at 153.0 and 147.2 ppm, respectively. 

The crystal structure consists of 20 and DMF solvent molecules (Fig. 

4a). The central part of the molecule of 20 comprises phenyl (phen, 

C6–C11) and methyl-triazolyl (tria, C16, C17, N7–N9) rings as well as a 
diimine linking group (diim, N3–N6, C12–C15, O3, Cl1). In the crystal, 
the maximum deviation by atoms from the least-squares plane of the 

diim group is 0.07 Å. This part of the molecule is approximately planar, 

as indicated by the twist angles of 13.3 (1)◦ and 10.3 (1)◦ between 

groups phen/diim and diim/tria, respectively. An intramolecular 

C–H⋯O contact [C2–H2⋯O2 =120.3◦, C2⋯O2 = 3.061(4) Å] occurs 
between the pyridyl and sulfonyl groups. 

Crystal packing is shown in Fig. 4b. The pyridinamine groups (C1–
C5, N1, N2) of neighboring molecules of 20 in the structure interact 
through two equivalent N–H⋯N hydrogen bonds (with a N2–H2a⋯N1 

angle of 163.5◦ and N2⋯N1 distance of 2.927(3) Å)) to form a ring with 
graph set geometry R(8)2. The molecules of 20 are stacked along the a 

axis forming uninterrupted channels which accommodate the DMF 
solvent molecules. Hydrogen bonding of type N–H⋯O occurs between a 

molecule of 20 and DMF with a N3–H3A⋯O4 angle of 153.2◦ and 

N3⋯O4 distance of 2.992(6) Å. 

The reaction of hydrazonoyl chloride (18) and 1-(4-chlorophenyl)-5- 

methyl-1H-1,2,3-triazole-4-carbohydrazide (19b) in boiling EtOH under the 

same conditions as for the synthesis of 20, afforded the unexpected tris-

hydrozone 21 in 72 % yield rather than the expected product 22 (Scheme 

8). 

The IR spectrum of 21 showed an absorption band at 3349 due to the 

vibration of the N–H group. The C–H stretching vibration bands 
appeared at 3228 and 3052 cm–1. In addition, the C–O, C–C, and C–N 
absorption bands appeared at 1680, 1629, and 1593 cm–1, respectively. 

The structure of 21 was confirmed by NMR spectroscopy and X-ray 

diffraction (Fig. 5). The 1H NMR spectrum of 21 showed the presence of 

five exchangeable singlets that appeared in the 10.13–10.93 ppm region 
and corresponded to the five NH protons. It also showed the protons 
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Fig. 5. (a) The asymmetric unit of 21 showing atomic displacement ellipsoids at 50 % probability, (b) a segment of the structure showing hydrogen bonding contacts 

as green dotted lines and (c) crtystal packing viewedalong the a axis. 

 

corresponding to the three methyl groups at 2.17, 2.47, and 2.69 ppm. 
The aromatic protons appeared as multiplets at 6.70–6.85 (four protons) 

and 7.63–8.03 ppm (12 protons) regions. Three methyl carbons were 
detected in the 13C NMR spectrum, with chemical shifts of 10.0, 12.5, 

and 13.8 ppm. The two carbonyl carbons were observed at higher 

chemical shifts of 162.8 and 164.8 ppm. 

In the molecule of compound 21, the two triazolyl groups (tria1, 
[C16, C17, N7–N9] and tria2, [C26, C27, N12 –N14]) are linked by a 

formohydrazide group (hydra, C15, C25, N6, N10, N11, O4). The atoms 

of the hydra group have a maximum deviation of 0.075(2) Å from the 
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Scheme 9. Proposed mechanism for the formation of 21. 

 

least-squares plane. This group is essentially coplanar with the two tri- 

azolyl groups, as indicated by the twist angles tria1/hydra and hydra/ 

tria2 of 5.1(3)◦ and 7.7(3)◦, respectively. An intramolecular N–H⋯N 

contact (N11–H11A⋯N5 =130.5◦, N11⋯N5 = 2.755(7) Å) occurs in the 
molecule (Fig 5b). 

Extended π⋯π interactions form columns of molecules along the a 

axis (Fig. 5c). The molecules are linked by a network of intermolecular 

N–H⋯N hydrogen bonds (with a N2–H2A⋯N1 angle of 148.8◦ and 
N2⋯N1 distance of 2.987(5) Å) and N–H⋯O bonds (with N3–H3A⋯O2 and 
N4–H4A⋯O4 angles of 170.5◦ and 140.3◦ respectively and N3⋯O2 and 
N4⋯O4 distances of 2.903(5) Å and 2.755(7) Å respectively). 
Hydrogen bonding involving the pyridinamine groups (C1–C5, N1, N2) 
of neighboring molecules of 21 forms rings with graph set geometry R 

(8)2. Molecules of the DMF solvent occupy channels oriented parallel to 
the a axis in the structure and accept a C–H⋯O contact with a C14–
H14A⋯O5 angle of 171.2◦ and C14⋯O5 distance of 3.245(17) Å. 

A proposed mechanism for the formation of 21 involves the dehy- 

dration of 18 and 19b to afford the intermediate 23. A second mole of 

19b then reacts with 23 to give 24. Hydrolysis of 24 and elimination of 

HCl affords 25, which then tautomerizes to give product 21 (Scheme 9). 

 

4. Conclusions 

 

Novel heterocycles containing the 1H-1,2,3-triazole moiety have 

been synthesized in good yields using simple procedures. Many of the 

newly synthesized heterocycles were unexpectedly obtained under the 

conditions used. The structures of the new heterocycles have been 

established using various spectroscopic techniques and single-crystal X- 

ray diffraction. 
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