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Abstract: We conducted a comparative study on the development of two synthetic methods. The 10 

solvent-free synthesis is a green chemistry method developed in a bid to ameliorate environmental 11 

adverse effects of the conventional solvent-based synthesis. The synthesis of novel dichloro and 12 

polymethoxy p-nitrophenylhydrazones through solvent free technique gave moderate to high 13 

yields which were however lower than those of the solvent-based method. The established solvent- 14 

free approach has several benefits, including universality and simplicity of the approach, catalyst- 15 

free conditions, non-use of an organic solvent, quick reaction time, fast and efficient workup, and     16 

un-solvated pure products in moderate to high yields. 17 
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1. Introduction 22 

The importance of new chemical entities is to leverage the drawbacks in drug dis- 23 

covery research. This gives synthetic chemists the impetus to discover novel molecules 24 

with improved properties or novel methodologies to access these molecules with high 25 
efficiency. Organic synthesis can result in major or minor modifications to form new com- 26 
pounds, or modifications to the existing synthetic methodology to form new molecules 27 

with improved yield. Low yield, high energy requirements, and longer reaction time are 28 

the limitations of conventional synthetic methodologies involving heating reactants by 29 
certain heat energy sources [1]. 30 

For a long time, several research techniques have been innovated for the develop- 31 
ment of environmentally benign reactions, which are both cost-effective and technologi- 32 

cally feasible [2-3]. The green chemistry campaign started under the pollution prevention     33 

legislation way back in 1990 [2], this legislation has given rise to the development of new 34 
technologies and techniques such as ultrasound, microwave, photochemical, and/or me- 35 

chanical devices needed to perform environmentally friendly reactions. Furthermore, this 36 
legislation has publicized the production of organic compounds in greener ways [2-6]. En- 37 

vironmentally friendly synthetic processes have gotten a lot of attention recently, and cer- 38 
tain solvent-free protocols have been established [7]. Because of the method's selectivity, it     39 

has resulted in fewer by-products and their elimination during purification stages seen in     40 

pharmaceutical ingredients and treatments. 41 

The mechanochemistry technique has gained an upsurge of popularity, given its   42 
shorter reaction time, efficient reactions with minimal energy requirement, good to excel-     43 

lent yield, simpler work-up procedures advantages, with the use of solvent-free or solid-     44 
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state synthesis over conventional solvent-based synthesis [7]. Conventional solvent-based 45 
methods employ volatile organic compounds (VOC) and other toxic chemicals leading to 46 

releases of hazardous effluents and their resultant environmental problems [2,4,5] and ge- 47 

netic mutations on human health with consequent disorders including cancers. 48 

Chlorobenzaldehydes have found usefulness in the pharmaceutical industry, espe- 49 

cially in the synthesis of active pharmaceutical ingredients (API). The formation of the C-   50 
N bond is of importance as it allows the incorporation of nitrogen into organic compounds     51 

such as heterocycles. However, the formation of this bond remains a major challenge to   52 
organic chemists due to unfavorable reaction conditions and the cost of catalysts [8]. 53 

Hydrazones have a wide spectrum of applicability in synthetic chemistry as synthetic     54 

intermediates in the formation of medicinally important heterocyclic compounds, also as 55 
ligands in complex formation. Compounds with hydrazone functional group have found 56 
essential roles in organic synthesis due to their nucleophilic and electrophilic characters 57 

as an intermediate in Mannich type reactions, Wolf-Kishner reaction, asymmetric hydro- 58 
cyanation, Mitsunobu reactions, and allylation [9]. Until recently, hydrazones were mostly 59 

synthesized employing traditional procedures, which involved reacting hydrazine with 60 
carbonyl molecule in diluted media under reflux conditions. Mo et al. reported the syn- 61 

thesis of a series of hydrazones in a 1:1 aqueous ethanol media catalyzed by meglumine. 62 

The condensation of phenylhydrazine with benzaldehydes substituted with an electron- 63 
withdrawing or electron-donating groups produced high to excellent yields of the titled     64 

hydrazones [10]. By refluxing an equimolar amount of 2-Amino-3-formyl chromone and 65 

hydrazide derivatives in acetic acid, Noor et al. reported the synthesis of new hydrazones. 66 
The reaction gave high to excellent yields of the hydrazone products [11]. In methanol, Jana 67 

et al. synthesized hydrazones by condensation of dihydroxybenzaldehyde with hydrazide 68 

derivatives. The reactions' products were obtained in high yields [12]. 69 

Also, a handful of solvent-free syntheses of hydrazones have been described in the   70 
literature. Pierrick et al. reported the solvent-free synthesis of Boc-, Bz-, Fmoc-, and tosyl- 71 

hydrazones from aldehydes in a ball mill [13]. The development of the solvent-free synthe- 72 

sis of hydrazones catalyzed by Bronsted acid ionic liquid (BAIL) [Et3NH][HSO4] was re- 73 
ported by Mehtab et al. [14]. Oliveira et al. also reports a solvent-free mechanochemistry   74 

synthesis of a series of therapeutically active phenol hydrazones [15]. Microwave-assisted     75 

synthesis of oxobenzotriazine hydrazides under solvent-free conditions has also been   76 
studied by Harith and Aymen [16]. The microwave-assisted synthesis of corrosion inhibi- 77 

tors series of thiophene hydrazones under solvent-free solvent-free conditions were de- 78 
scribed by Singh et al. [17]. Crawford et al. used Twin-Screw Extrusion to synthesize hydra- 79 

zone-base active medicinal components in a solvent-free and continuous flow process [18]. 80 
Hydrazone derivatives have a wide range of biological properties and are commonly 81 

used as medicines. The possible applications of hydrazones as anti-diuretic, antioxidants, 82 
anti-inflammatory, anti-sepsis, anti-parkinsonism, anti-tuberculosis agents, analgesic, 83 

anti-ulcer, vasodilators for hypertension treatment, anti-ageing, central nervous system 84 
diseases, anticancer agents, anti-neoplastic, antimicrobial, anti-depressant, anti-convul- 85 
sant, antiviral, anti-arrhythmic, antimycobacterial, antimalarial, antiplatelet, anti-hista- 86 

minic demonstrate that the hydrazone class is essential for new drug development [19-34]. 87 

The discovery of hydrazone drugs such as levosimendan, dantrolene, nitrofurantoin, ni- 88 

trofurazone, furazolidone, and nifuroxazide indicate that hydrazone moiety is a privi- 89 
leged scaffold. Here, we report the total synthesis, and spectroscopic studies of novel di- 90 
chloro and polymethoxy p-nitrophenyl hydrazones, highlighting its comparative studies 91 

on solvent-based and solvent-free methods. 

 92 

2. Results 93 

94
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2.1. Condensation reaction methods 95 
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Scheme 1. Synthesis of p-nitrophenyl hydrazones. 97 
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Scheme 2. Solvent-free mechanism of the reaction. 104 

mpound R1 R2 R3 R4 R5 98 

3a Cl H Cl H H 
 

99 

3b H Cl H Cl H 
 

100 

3c H OCH3 OCH3 OCH3 H 
 

101 

3d H H OCH3 H H 
 

102 
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105 

Scheme 3. Solvent-based reaction mechanism. 106 

Table 1: Solvent-based and solvent-free synthesis of compounds 3a-d results compari- 107 

son under room conditions. 108 

109 

110 

111 

112 

113 

114 

115 

2.2. Spectroscopy analysis results 116 

Table 2: FTIR data of the synthesized hydrazones (cm-1). 117 

Compound N-H C-Himine C=N NO2 C-Naniline C-Cl CHmethoxy C-O-C C=Carom C-Harom 118 

           119 

3a 3265 3078 1587 1498 1300 1043 ---- ---- 1461 1271 120 

3b 3254 3075 1580 1476 1297 957 ---- ---- 1416 1271 121 

3c 3283 2929 1591 1494 1125 ---- 2840 1289 1412 1379 122 

3d 3261 3000 1595 1509 1168 ---- 2832 1241 1468 127 123 

           124 

Solvent-free Solvent-based 

Compd Time (min) Yield (%) Mp (⁰C) Time (h) Yield (%) Mp (⁰C) 

3a 5 57.28 226-228 3 67.90% 226-228 

3b 5 32.69 257-259 3 72.36% 257-259 

3c 5 30.51 185-188 3 70.27% 185-188 

3d --- --- --- 3 53.49% 152-155 
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Table 3: 1D and 2D NMR data for 3a (ppm). 125 
 

Position δH (J in Hz) δC, type COSY HSQC HMBC 126 

1 --- 131.39, C --- --- 3,5,7 127 

2 --- 134.36, C --- --- 3 128 

3 7.65, d (1.8) 129.71, CH 5 3 1,2,5 129 

4 --- 133.16, C --- --- 6 130 

5 7.47, d (8.5) 128.29, CH 3,6 5 1,3 131 

6 8.05, d (8.6) 127.98, CH 5 6 4,7 132 

7 8.29, s 136.58, CH N-H 7 1,6,N-H 133 

N-H 11.61, s --- 7 --- (2’,6’),7 134 

1’ --- 139.43, C --- --- (2’,6’),(3’,5’) 135 

2’ 7.18, d (8.2) 112.10, CH (3’,5’) (2’,6’) N-H,1’,(2’,6’),(3’.5’) 136 

3’ 8.13, d (9.0) 126.54, CH (2’,6’) (3’,5’) 1’, (2’,6’), (3’,5’), 4’ 137 

4’ --- 150.43, C --- --- (3’,5’) 138 

5’ 8.13, d (9.0) 126.54, CH (2’,6’) (3’,5’) 1’, (2’,6’), (3’,5’), 4’ 139 

6’ 7.18, d (8.2) 112.10, CH (3’,5’) (2’,6’) N-H,1’,(2’,6’),(3’.5’) 140 

      141 

      142 

Table 4: 1D and 2D NMR data for 3b (ppm). 143 

Position δH (J in Hz) δC, type COSY HSQC HMBC 144 

      145 

1 --- 135.00, C --- --- (2,6) 146 

2 7.79, s 124.96, CH 4 (2,6) 1,(2,6),4,7 147 

3 --- 139.44, C --- --- --- 148 

4 7.59, s 128.38 (2,6) 4 (2,6) 149 

5 --- 139.44, C --- --- --- 150 

6 7.79, s 124.96, CH 4 (2,6) 1,4,7 151 

7 7.98, s 138.80, CH N-H 7 N-H, (2,6), 7 152 

N-H 11.55, s --- 7 --- (2’,6’), 7 153 

1’ --- 135.00, C --- --- --- 154 

2’ 7.25, d (8.1) 112.23, CH (3’,5’) (2’,6’) N-H, (2’,6’) 155 

3’ 8.16, d (9.1) 126.50 (2’,6’) (3’,5’) (3’,5’), 4’ 156 

4’ --- 150.52 --- --- (3’,5’), 4’ 157 

5’ 8.16, d (9.1) 126.50 (2’,6’) (3’,5’) (3’,5’), 4’ 158 

6’ 7.25, d (8.1) 112.23, CH (3’,5’) (2’,6’) N-H, (2’,6’) 159 

      160 

      161 

      162 

      163 

      164 

      165 

      166 

      167 

      168 
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Table 5: 1D and 2D NMR data for 3c (ppm). 169 
 

 

Position δH (J in Hz) δC, type COSY HSQC HMBC 170 

3,5-OMe 3.85, s 56.35, CH3 --- 3,5-OMe 3,5 171 

4-OMe 3.69, s 60.54, CH3 --- 4-OMe 4 172 

1 --- 130.65, C --- --- (2,6), 7 173 

2 7.05, s 104.15, CH 7 (2,6) 1, (2,6), (3,5), 4, 7 174 

3 --- 150.60, C --- --- (2,6) 175 

4 --- 139.02, C --- --- (2,6) 176 

5 --- 150.60, C --- --- (2,6) 177 

6 7.05, s 104.15, CH 7 (2,6) 1, (2,6), (3,5), 4, 7 178 

7 7.97, s 142.24, CH N-H 7 N-H, 1, (2,6) 179 

N-H 11.30, s --- 7 --- 1’, (2’,6’), 7 180 

1’ --- 150.98, C --- --- (3’,5’) 181 

2’ 7.19, d (7.2) 111.69, CH (3’,5’) (2’,6’) N-H, (2’,6’), 4’ 182 

3’ 8.13, d (8.7) 126.58, CH (2’,6’) (3’,5’) 1’, (2’,6’), (3’,5’), 4’ 183 

4’ --- 138.69, C --- --- (2’,6’), (3’,5’) 184 

5’ 8.13, d (8.7) 126.58, CH (2’,6’) (3’,5’) 1’, (2’,6’), (3’,5’), 4’ 185 

6’ 7.19, d (7.2) 111.69, CH (3’,5’) (2’,6’) N-H, (2’,6’), 4’ 186 

      187 

      188 

Table 6: 1D and 2D NMR data for 3d (ppm). 189 

Position δH (J in Hz) [35] δC, type[35] COSY HSQC HMBC 190 

4-OMe 3.79, s 55.70, CH3 --- 4-OMe 4 191 

1 --- 127.68, C --- --- (3,5) 192 

2 7.66, d (8.2) 128.48, CH (3,5) (2,6) 1, (2,6), (3,5), 4, 7 193 

3 6.99, d (8,2) 114.74, CH (2,6) (3,5) 1, (2,6), (3,5), 4 194 

4 --- 160.70, C --- --- (2,6), (3,5), OMe 195 

5 6.99, d (8,2) 114.74, CH (2,6) (3,5) 1, (2,6), (3,5), 4 196 

6 7.66, d (8.2) 128.48, CH (3,5) (2,6) 1, (2,6), (3,5), 4, 7 197 

7 7.99, s 142.41, CH N-H 7 N-H, 1, (2,6) 198 

N-H 11.18, s --- 7 7 (2’, 6’), 7 199 

1’ --- 138.39, C --- --- (2’,6’), (3’,5’) 200 

2’ 7.12, d (7.0) 111.43, CH (3’,5’) (2’,6’) N-H, 1’, (2’,6’) 201 

3’ 8.11, d (8.8) 126.65, CH (2’,6’) (3’,5’) 1’, (2’,6’), (3’,5’), 4’ 202 

4’ --- 151.15, C --- --- (3’,5’) 203 

5’ 8.11, d (8.8) 126.65, CH (2’,6’) (3’,5’) 1’, (2’,6’), (3’,5’), 4’ 204 

6’ 7.12, d (7.0) 111.43, CH (3’,5’) (2’,6’) N-H, 1’, (2’,6’) 205 

      206 

 

3. Discussion 207 

We report the comparative study on the synthesis of p-nitrophenyl hydrazones in- 208 

volving solvent-free and solvent-based condensation of p-nitrophenyl hydrazine with 209 

benzaldehydes having an electron-donating group or electron-withdrawing group which 210 

was carried out at room temperature. 211 
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3.1. Solvent-free 212 

The solvent-free synthesis of three novel para-nitrophenyl hydrazones was cleanly 213 

and efficiently performed in short reaction times without using any acid catalyst under 214 

solventless conditions and at room temperature. 4-nitrophenyl hydrazine 1 was con- 215 

densed with aromatic aldehydes having electron-withdrawing or electron-donating 216 

groups (2,4-dichloro benzaldehyde, 3,5-dichloro benzaldehyde, 3,4,5-trimethoxy benzal- 217 

dehyde, and 4-methoxy benzaldehyde). The hydrazones 3a-d were prepared by the reac- 218 

tion between the equimolar quantity of 4-nitrophenyl   hydrazine and the said aromatic     219 

aldehyde 2a-d in solvent-free condition during 2-5 minutes at room condition. 220 

3.2. Solvent-based 221 

The solvent-based synthesis investigates the condensation of the equimolar quantity 222 

of p-nitrophenylhydrazine 1 with each of the benzaldehydes 2 (2,4-dichlorobenzaldehyde, 223 

3,4-dichlorobenzaldehyde, 4-methoxybenzaldehyde, and 3,4,5-trimethoxybenzaldehyde) 224 

in 30 ml of ethanol catalyzed by five drops of glacial acetic acid at room conditions. The 225 

reaction was allowed for three hours. Surprisingly, the products were formed within the 226 

first hour of the reactions. It has long been known that electron-withdrawing groups can 227 

increase the reactivity of aldehydes in hydrazone formation. Reaction with 2,4-dichloro- 228 

benzaldehyde was the fastest due to the inductive effect and the resultant increased elec- 229 

trophilic strength of the carbonyl carbon. Reaction with 3,5-dichlorobenzaldehyde was     230 

slower although with a better yield than that of 2,4-dichlorobenzaldehyde due to the re-     231 

duced electrophilic character of the carbonyl carbon. The presence of the MeO group on     232 

the aldehyde ring allows for effective reactions with almost any substituent combination.   233 

It was observed that the reactivity trend favored electron-deficient aldehyde over elec- 234 

tron-rich counterparts. The slowest reacting compound in the study was with 3,4,5-tri- 235 

methoxybenzaldehyde. 236 

All the reactions with p-nitrophenyl hydrazine afforded powdered products with     237 

slight color variation. The solvent-based method gave better yields compared to the sol- 238 

vent-free method in this case. However, the solvent-free method had a faster reaction time 239 

with less energy requirement. Both methods required no need for an inert environment, 240 

had the same selectivity and purity. Each of the compounds was purified and isolated 241 

from the reaction mixture by washing with freshly prepared cold 2 M hydrochloric acid 242 

followed by cold distilled water and cold 95% ethanol step-wisely with high to excellent 243 

yields (67.90%-72.36%) for solvent-based method while moderate to high yields (30%- 244 

57%) for solvent-free. The results of these reactions are revealed in table 1 below. 245 

Mechanistically, the rate-limiting step is the formation of tetrahedral addition carbin- 246 

olamine. The first two steps are concerted which involved the formation of a carbon-ni- 247 

trogen bond and the addition of a proton to the oxygen atom via acid-catalyzed hydrazine    248 

attack on the carbonyl carbon. Unlike the uncatalyzed solvent-free method, this step leads 249 

to the formation of zwitterion intermediate form of carbinolamine whose stability is pH 250 

and hydrazine basicity dependent. There could be intramolecular proton abstraction from 251 

the possibly formed zwitterion quaternary ammonium center in the solvent-free mecha- 252 

nism akin to acid protonation of the carbonyl oxygen in the solvent-based method. This 253 

aided the rapid intramolecular dehydration of the carbinolamine intermediate formed in 254 

the solvent-free method contrary to acid-catalyzed dehydration of the kinetically signifi- 255 

cant carbinolamine intermediate in the solvent-based method. 256 

3.3. Spectroscopic studies. 257 

Tables 2, 3, 4, 5, and 6 revealed detailed elucidation of FTIR, 1D NMR: 1H-NMR, and 258 

13C-NMR and 2D NMR: COSY, HSQC, and HMBC spectra of the synthesized dichloro 259 

and methoxy p-nitrophenyl hydrazones. 260 

3.3.1. Structure elucidation of compound 3a (chrome yellow powder). 261 
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(E)-1-(2,4-dichlorobenzylidene)-2-(4-nitrophenyl)hydrazine 262 

For compound E-1-(2,4-dichloro benzylidene)-2-(4-nitrophenyl) hydrazine (3a), the 263 

disappearance of characteristic aldehyde signals on proton and carbon-13 NMR spectra 264 

and the emergence of a singlet peak at 8.29 ppm integrating for one proton on the proton 265 

NMR spectrum and a peak at 136.58 ppm on carbon-13 NMR spectrum in table 3 which 266 

was coupled to each other (8.31, 136.54) ppm on HSQC spectrum suggest the synthesis of 267 

a new bond. FTIR absorption signals at 3078 cm-1 and 1587 cm-1 in table 2 correspond to 268 

azomethine (imine) C-H bond and azomethine (imine) C=N bond stretchings confirming 269 

the formation of new azomethine bond. 270 

The singlet peak at 11.61 ppm integrating for one hydrogen on proton NMR spectrum 271 

in table 3 was noticed to couple with no carbon on HSQC spectrum which illustrated the 272 

presence of secondary amino N-H bond as suggested by the observed FTIR absorption 273 

signal at 3254 cm-1 in table 2 characteristics of secondary amino N-H bond. Additionally, 274 

this singlet peak signal at 11.61 ppm on the proton NMR spectrum in table 3 was coupled 275 

with a corresponding imine hydrogen singlet peak at 8.29 ppm on the COSY spectrum 276 

(11.63, 8.26) ppm indicates the formation of hydrazone functional group. Further, the cor- 277 

relation between a carbon-13 peak at 136.28 ppm with proton peak at 11.61 ppm on the 278 

HMBC spectrum (11.61, 136.28) ppm confirmed the formation of hydrazone functional 279 

group. 280 

The upfield doublet peak at 7.18 ppm integrating for two hydrogens and the down- 281 

field doublet peak at 8.13 ppm integrating for two hydrogens on the proton NMR spec- 282 

trum were coupled on COSY cross peak spectrum (8.14, 7.18) ppm which implies that four     283 

neighboring protons are on a di-substituted benzene ring. Their coupling constants 8.2 Hz 284 

and 9.0 Hz respectively suggest that each of the two hydrogens are ortho coupled. Fur- 285 

thermore, it was noticed that the upfield doublet proton peak at 7.18 ppm integrating for 286 

two hydrogens was found coupled with carbon-13 signal at 112.04 ppm on HSQC spec- 287 

trum (7.18, 112.04) ppm which suggests that the two equivalent hydrogens are on two 288 

equivalent carbons. Also, the downfield doublet proton peak at 8.14 ppm integrating for 289 

two hydrogens was observed to couple to carbon-13 peak at 126.46 ppm on HSQC spec- 290 

trum (8.14, 126.46) ppm indicate that these two equivalent hydrogens are also directly 291 

attached to the two equivalent carbons. 292 

The carbon-13 signal at 150.43 ppm was found to correlate with the proton signal at 293 

8.14 ppm (8.14, 150.43) ppm, and another carbon-13 signal at 139.43 ppm was also found 294 

to correlate with proton signals at 7.18 ppm (7.18, 139.43) ppm and 8.14 ppm (8.14, 139.43) 295 

ppm on HMBC spectrum. Furthermore, the peaks at 150.43 ppm and 139.43 ppm on the 296 

carbon-13 spectrum were observed to couple with no hydrogens on the HSQC spectrum 297 

which suggests that they are substituted aromatic carbons. Additionally, there is a corre- 298 

lation between the proton signal at 7.18 ppm and carbon-13 signal at 126.21 ppm (7.18, 299 

126.21), and another correlation between the amino hydrogen at 11.61 ppm and carbon- 300 

signal at 111.81 ppm (11.61, 111.81) ppm on the HMBC spectrum. Also, the FTIR absorp- 301 

tion signal at 1300 cm-1 corresponded to C-N bond stretching as indicated in table 2. All     302 

taken together and on careful analysis of these correlated HMBC signals together with 303 

HSQC and COSY correlations conform with ring B (hydrazine ring) of the synthesized 304 

compound and are numbered accordingly. The upfield signals (7.18, 112.04) suggests that 305 

the two aromatic C-H are at position 2’ and 6’ and are neighbor to another aromatic carbon 306 

that is directly attached with an electron-donating group, this was confirmed by (11.61, 307 

111.81) ppm i.e N-H and C-2’, 6’ correlation indicates that the amino group is directly 308 

attached to the carbon with 139.43 signal and it is assigned C-1’. 309 

The downfield signals (8.14, 126.46) ppm indicates that the two aromatic C-H are at 310 

position 3’, 5’ and are neighbor to another aromatic carbon directly attached to a strong 311 

electron-withdrawing group (the most deshielded carbon on the spectrum), this was also 312 

confirmed by (8.14, 150.43) ppm correlation. The presence of a strongly electron-with- 313 

drawing group was further proven by the FTIR absorption band at 1498 cm-1 in table 2 314 

characteristic of nitro group (NO2) asymmetric stretching. Therefore carbon-13 peak at 315 
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150.43 ppm was assigned to C-4’ for that reason. This conforms to the structure of ring B 316 

within the compound structure. 317 

The three doublet signals on the proton NMR spectrum; 8.05 ppm integrating for one 318 

hydrogen, 7.65 ppm integrating for one hydrogen, and 7.47 ppm integrating for one pro- 319 

ton as well were found coupled in COSY cross-peaks (8.05, 7.43) ppm and (7.66, 7.46) ppm 320 

respectively. The coupling constant for a peak at 8.05 ppm and 7.47 ppm were 8.5 Hz and 321 

8.6 Hz suggesting that these hydrogens are ortho to each other. Moreso, the coupling con- 322 

stant for a peak at 7.65 ppm was 1.8 Hz which also suggests that this proton is meta cou- 323 

pled with another proton. These protons peaks were found to be directly attached to re- 324 

spective carbon-13 peaks on the HSQC spectrum as follows (7.66, 129.65) ppm, (7.47,     325 

128.22) ppm, and (8.08, 127.93) ppm. It only makes sense to say signals at (7.66, 129.65)     326 

ppm are meta to signals at (7.47, 128.22) ppm. As such are assigned as C-H at position 3, 327 

C-H at position 5, and C-H at position 6 respectively. Moreover, carbon-13 peaks at 134.36 328 

ppm, 133.16 ppm, 131.39 ppm are couple to no proton signals on the HSQC spectrum 329 

which indicates that they are substituted aromatic carbons. 330 

A correlation between imine proton at 8.27 ppm and carbon-13 peak at 131.19 ppm 331 

was observed on HMBC spectrum, also imine proton at 8.27 ppm and carbon-13 peak at 332 

127.74 ppm for C-6 was observed, proton 6 at 8.04 ppm and imine carbon-13 peak at 136.30 333 

ppm on HMBC spectrum all indicated a direct linkage between the imine group and ring 334 

A. It can be deduced that the hydrazone functional group is the bridge linking the two 335 

benzene rings. Hence carbon-13 peak at 131.19 ppm was assigned C-1. The FTIR absorp- 336 

tion signal at 1043 cm-1 has been characterized for aromatic C-Cl stretching. Therefore the 337 

downfield carbon-13 peaks at 134.34 ppm and 133.16 ppm are directly attached to chloro 338 

groups. A careful examination of the compound structure revealed that C-2 is more 339 

deshielded due to the cumulative inductive effect from imine group nitrogen and C-4 340 

chlorine which  are each  three bonds away compared to C-4 which  is only weakly 341 

deshielded by C-2 chlorine. Therefore, carbon-13 peak at 134.34 ppm is assigned to C-2 342 

while carbon-13 peak at 133.16 ppm is assigned to C-4 respectively. Accordingly, this 343 

agrees with the compound’s ring A of compound 3a. 344 

3.3.2. Structure elucidation of compound 3b (bright yellow powder). 345 

(E)-1-(3,5-dichlorobenzylidene)-2-(4-nitrophenyl)hydrazine 346 

For compounds (E)-1-(3,5-dichlorobenzylidene)-2-(4-nitrophenyl) hydrazine (3b). 347 

The FTIR absorption signals at 3254 cm-1, 3075 cm-1, and 1580 cm-1 suggested the stretch- 348 

ings of secondary N-H bond, C-H bond, and C=N bond respectively in table 2. The emer- 349 

gence of these bonds was confirmed by the non-occurrence of carbonyl proton and carbon    350 

diagnostic peaks and appearance of singlet proton peaks at 11.55 ppm, 7.98 ppm, with 351 

carbon-13 peak at 139.44 ppm on 1H and 13C NMR spectra respectively in table 4. The 352 

proton peak at 7.94 ppm was found to couple with the carbon-13 peak at 138.66 ppm on 353 

the HSQC spectrum confirming the formation of azomethine C-H bond. More so, the two 354 

protons were coupled at (11.47, 7.87) ppm on the COSY spectrum indicating that they are 355 

neighboring protons to each other. This further substantiates the formation of the hydra- 356 

zone functional group. Also, the proton at peak 11.18 ppm was observed to couple to no 357 

carbon on HSQC, this implies that it is bonded to a heteroatom which is consistent with 358 

FTIR absorption signal for N-H bond. These indicated the formation of a new hydrazone 359 

bond. Finally, HMBC correlation between N-H proton and azomethine carbon at (11.51, 360 

138.84) ppm was noticed on HMBC spectrum affirming the synthesis of hydrazone func- 361 

tional group. 362 

Absorption signals at 1416 cm-1  and 1271 cm-1 in tale 2 correspond to aromatic C=C 363 

stretching and C-H in-plane bending which suggests the presence of aromatic ring(s) in 364 

the compound. The presence of doublet and singlet proton peaks within the aromatic 365 

chemical shift on the proton spectrum. The carbon-13 spectrum indicated nine peaks 366 

within the aromatic chemical shift which indicates that there is more than one aromatic 367 
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ring in the structure of the compound. HSQC spectrum showed coupling between peaks     368 

at (8.12, 126.35) ppm, (7.53, 128.25) ppm, (7.73, 124.83) ppm, and (7.21, 112.11) ppm which     369 

indicates aromatic C-H bonds present in the compound. Additionally, the doublet proton 370 

peaks at 8.15 ppm and 7.25 ppm are each integrating for two hydrogens. This suggests   371 

that their respective carbon-13 peaks at 126.35 ppm and 112.11 ppm are each resonating   372 

for two equivalent carbons as well. The two proton peaks were noticed to couple at (8.14, 373 

7.18) ppm on the COSY spectrum which indicates that they are neighboring protons to 374 

each other, the coupling constant of the two protons peaks are 9.1 Hz and 8.1 Hz respec- 375 

tively suggesting that each of the peaks is resonating for two protons that are ortho to each 376 

other. 377 

The HMBC correlation at (11.53, 113.00) ppm involving N-H proton suggested that     378 

the four aromatic C-H at (8.12, 126.35) ppm and (7.21, 112.11) ppm are on ring B (hydra- 379 

zine ring). Carbon-13 peaks at 150.46 ppm and 142.24 ppm were noticed to couple to no 380 

hydrogen on the HSQC spectrum indicating that they are substituted aromatic carbons. 381 

Also, the HMBC correlation at (8.12, 150.46) ppm indicates that the carbon-13 peak at 382 

150.46 ppm is also on ring B. Furthermore, absorption signals at 1476 cm-1 and 1297 cm-1 383 

corresponded to NO2 asymmetric stretching and amino C-N stretching respectively in ta- 384 

ble 2. Hence, the carbon-13 peak at 150.46 ppm is assigned to position 4’ of the ring while 385 

142.24 ppm is assigned to position 1’ of the ring as well as indicated in table 4. Similarly, 386 

the downfield coupled peaks at (8.12, 126.35) ppm on the HSQC spectrum in figure 4.27 387 

are assigned to the equivalent C-H at positions 3’ and 5’ of the ring. The upfield coupled 388 

peaks at (7.21, 112.11) ppm are assigned to the equivalent C-H at positions 2’ and 6’ of the 389 

ring as revealed in table 4. These analyses conform to the structure of ring B and hence its 390 

presence is confirmed. 391 

On the other hand, the HMBC spectrum in figure 4.28 revealed the correlation of 392 

imine carbon at 138.79 ppm to proton peak at 7.79 ppm which suggests that the protons 393 

responsible for the signal are on ring A. The two singlet proton peaks were coupled to 394 

their respective carbons as follows (7.53, 128.25) ppm, (7.73, 124.83) ppm on the HSQC 395 

spectrum in figure 4.27. The singlet proton peak at 7.79 ppm was found to integrate for 396 

two hydrogens suggesting that each of the equivalent aromatic hydrogens is coupled to 397 

equivalent aromatic carbons. As such, the two equivalent C-H are assigned to positions 2 398 

and 6 of ring A. Also, C-H at (7.53, 128.25) ppm is assigned to position 4 of ring A. These 399 

assignments were further confirmed by the meta coupling of the two proton peaks at (7.69, 400 

7.50) on the COSY spectrum in figure 4.25. Their meta coupling was also confirmed by the 401 

HMBC correlations between their protons and carbons at (7.55, 124.86) for H-4 and C-2,6 402 

and (7.76, 128.38) ppm for H-2,6 and C-4 respectively as indicated in table 4. 403 

The position 2 and 6 protons were correlated to another carbon at (7.79, 134.70) ppm. 404 

This carbon at 134.70 ppm was noticed to be substituted aromatic carbon on the HSQC 405 

spectrum as it does not couple with any proton. Therefore, it is assigned to carbon at po- 406 

sition 1. Also, the downfield carbon-13 peak at 139.44 ppm was observed coupled to no 407 

proton on the HSQC spectrum which suggests that it is a substituted aromatic carbon as 408 

well. FTIR absorption signal at 957 cm-1 corresponds to aromatic C-Cl stretching confirm- 409 

ing the presence of chloro groups on substituted carbons at 139.44 ppm which is more 410 

deshielded compared to C-1 at 134.70 ppm. Also, the carbon-13 peak at 139.44 ppm has 411 

equal intensity to those of C-2,6 and C-2’,6’ which indicates that it is resonating for two 412 

carbons as those of the latter. Thus, 13C peak at 139.44 ppm is assigned to carbon 3 and 5 413 

of ring A. These analyses are consistent with the structure of compound 3b. Therefore, its 414 

synthesis is confirmed successfully. 415 

3.3.3. Structure elucidation of compound 3c (brick red powder). 416 

(E)-1-(4-nitrophenyl)-2-(3,4,5-trimethoxybenzylidene)hydrazine 417 

The FTIR absorption signals at 1591 cm-1 and 2929 cm-1 corresponding to imine C-H 418 

and C=N bond stretchings respectively in table 2 suggest the formation of a new 419 
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azomethine bond. The absence of aldehyde characteristic proton chemical shift and car- 420 

bon characteristic chemical shift on 1H-NMR and 13C-NMR spectra respectively and the 421 

appearance of a singlet proton peak at 7.97 ppm integrating for one hydrogen and C-13 422 

peak at 142.24 ppm in table 5 authenticated the presence of C=N and imine C-H bond thus 423 

indicated the formation of new imine bond. The direct attachment of imine proton to   424 

imine carbon was observed at (7.97, 141.66) ppm on the HSQC spectrum, thus confirming 425 

the formation of the imine bond. 426 

Furthermore, the imine proton at 7.97 ppm was found coupled to another singlet     427 

proton peak at 11.30 ppm on the COSY spectrum which integrated for one hydrogen on 428 

the proton spectrum. This suggests that the two protons are neighbors to each other. More 429 

so, a secondary amino group (N-H) bond stretching was noticed at 3283 cm-1 in the FTIR 430 

spectrum as indicated in table 5. Considering that the proton peak at 11.30 ppm was not 431 

coupled to any carbon on the HSQC spectrum also indicated that it is attached to a het- 432 

eroatom which may be nitrogen, therefore, suggesting a hydrazone functional group. 433 

Again, the nitrogen proton (N-H) peak at 11.30 ppm was correlated to the imine carbon     434 

peak at 141.91 ppm on the HMBC spectrum in table 5 and as such confirmed the synthesis     435 

of a hydrazone. 436 

Compared to the compound 3c structure it was noticed that there were only eleven     437 

carbon-13 chemical shifts on the C-13 MNR spectrum pointing out the presence of equiv- 438 

alent carbons signal on the spectrum. The presence of aromatic rings was also confirmed 439 

by the FTIR absorption signals at 1412 cm-1 and 1379 cm-1 corresponding to aromatic C=C 440 

and C-H stretching and in-plane bending. On the proton NMR spectrum, there is one sin- 441 

glet peak at 7.05 ppm resonating for two hydrogens and two doublet peaks at 8.13 ppm 442 

and 7.19 ppm each also resonating for two hydrogens all within aromatic proton chemical 443 

shift. Coupling constants for the doublets peaks are 8.7 Hz and 7.6 Hz respectively imply- 444 

ing that each of the two hydrogens is ortho coupled. 445 

The doublets peaks are noticed to couple to each other as shown in the COSY spec- 446 

trum (8.16, 7.18) ppm which indicates that they are next to each other on the same benzene 447 

ring. Also, these doublet protons were observed to be attached directly to their respective 448 

carbons on the HSQC spectrum (8.13, 126.02) ppm and (7.19, 111.24) ppm. These revealed 449 

that the peaks at 126.02 ppm and 111.24 ppm on the C-13 NMR spectrum are each inte- 450 

grating for two carbons. The gap in their chemical shift can only be accounted for by their 451 

chemical environment which suggests that carbons at 126.02 ppm are closer to an electron- 452 

withdrawing group than carbons at 111.24 ppm. Harmonizing the multiplicity, integra- 453 

tion of these protons and carbon chemical shifts, and subsequent review of the two ben- 454 

zene rings of compound TMB345, only ring B (hydrazine ring) has substituted electron- 455 

withdrawing and electron-donating groups. FTIR absorption signal at 1125 cm-1 corre- 456 

sponds with C-N stretching. In addition, the absorption signal at 1494 cm-1 frequency cor- 457 

responding to nitro group (NO2) asymmetric stretching was also noticed on the FTIR spec- 458 

trum as revealed in table 5. 459 

Furthermore, HMBC correlation of protons and carbon peaks (8.13, 138.27) ppm and     460 

correlation of protons with carbon at (7.20, 138.27) ppm were observed. More so, the car-     461 

bon peak at 138.27 ppm was not coupled to any proton on HSQC which suggests that it is    462 

a substituted aromatic carbon. Thus, it only makes sense to assign (8.13, 126.02) ppm to C- 463 

H at positions 3’ and 5’ which are next to peak C-4’ that is substituted with the nitro group.   464 

In the same vein, (7.19, 111.24) ppm may be assigned to C-H at positions 2’ and 6’ of the     465 

ring. The amino proton (N-H) and protons 3’ and 5’ were correlated with carbon-13 peak 466 

at 150.65 ppm as observed on HMBC spectrum (11.30, 150.65) ppm and (8.13, 150.65) ppm 467 

respectively. It was also noticed that the carbon peak at 150.65 ppm was not coupled with 468 

any proton on HSQC implying that it is a substituted aromatic carbon. Critical analysis of 469 

these correlations shows that the two proton signals can only correlate to C-1’. Again, N- 470 

H proton was correlated with equivalent carbons at positions 2’,6’ as indicated on the 471 

HMCB spectrum (11.30, 111.33) ppm. As such, ring B is elucidated and numbered accord- 472 

ingly as shown in table 5. 473 
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The observed correlations involving imine proton including (7.96, 130.05) ppm, (8.00, 474 

103.75) on the HMBC spectrum suggested one of the two carbons is directly linked to the 475 

hydrazone bridge through the imine group. Another correlation was observed between a 476 

singlet proton peak resonating for two hydrogens at 7.06 ppm and a carbon-13 peak at     477 

130.05 ppm. It was also noticed that the aromatic proton was coupled to carbon-13 peak     478 

at 103.75 ppm on HSQC spectrum which suggests that the carbon-13 chemical shift at     479 

103.57 ppm is resonating for two equivalent carbons. 480 

In addition, carbon-13 peak at 130.05 ppm was found to couple with no hydrogen     481 

implying that it is a substituted aromatic carbon. Cross analysis revealed that the substi-     482 

tuted carbon at 130.05 ppm is directly attached to the imine group and carbon-13 peak at    483 

103.75 and thus assigned C-1 of ring A. The equivalent aromatic C-H signals (7.06, 103.75)     484 

ppm was assigned to C-H at positions 2 and 6 of ring A. Furthermore, carbon-13 peaks at    485 

153.60 ppm and 139.02 ppm were noticed not to couple with no hydrogen on the HSQC     486 

spectrum as indicated indicating that they are also substituted aromatic carbons. HMBC 487 

correlations (7.06, 153.60) ppm, (7.04, 138.65) ppm suggest that each of the carbons is at 488 

least two bonds away from protons at positions 2 and 6 of the benzene ring. 489 

Absorption signals for methoxy C-H and C-O-C stretchings at frequencies 2840 cm-1 490 

and 1289 cm-1 were noticed on the FTIR spectrum tabulated in table 2. These are in line 491 

with observed methyl protons resonating upfield at peaks 3.85 ppm and 3.69 ppm inte- 492 

grating for six and three protons respectively. These protons do not cross peak with other 493 

protons on the COSY spectrum which indicates that they are stand-alone substituted me- 494 

thyl protons. Moreover, the protons were found directly attached to carbon-13 upfield 495 

peaks at 55.76 ppm and 59.91 ppm respectively on the HSQC spectrum suggests that they 496 

are methoxy carbons. 497 

Furthermore, on the HMBC spectrum correlation of the methoxy protons and carbon- 498 

13 peaks were found as follows (3.67, 55.98) ppm and (3.88, 60.12) ppm respectively indi- 499 

cating that the methoxy groups are next to each other. The proton peak at 3.85 ppm inte- 500 

grating for six hydrogens indicated that there are two methoxy groups in the same envi- 501 

ronment. Also, HMBC correlation between the methoxy protons and benzene carbons     502 

were observed at (3.73, 138.67) ppm, (3.84, 153.28) ppm suggests the direct linkage be-     503 

tween the methoxy groups to the respective carbons. Again these also revealed that (3.84,    504 

153.28) ppm is for two methoxy groups on two equivalent carbons and as such assigned     505 

to C-3 and C-5 of ring A. Thus, (3.73, 138.67) ppm is assigned to C-4 of ring A. These 506 

analyses were found to conform to the ring A structure. Consequently, the compound 507 

structure is elucidated. The success of the synthesis is thus confirmed. 508 

 

3.3.4. Structure elucidation of compound 3d (Dark brown powder). 509 

 

(E)-1-(4-methoxybenzylidene)-2-(4-nitrophenyl)hydrazine 510 

The absorption signal at 3261 cm-1, 3000 cm-1, and 1595 cm-1 on FTIR spectrum corre- 511 

sponds to N-H, imine C-H, and C=N stretchings respectively in table 2. The presence of 512 

these functionals was confirmed by the absence of carbonyl proton and carbon-13 diag- 513 

nostic peaks on proton and carbon-13 NMR spectra and the emergence of singlet proton 514 

peaks at 11.18 ppm and 7.99 ppm integrating for one hydrogen each and carbon-13 peak 515 

at 142.41 ppm on 1H and 13C NMR spectra respectively in table 6 suggests the formation 516 

of a new bond.   The two proton peaks were found to couple (11.18, 7.96) ppm on the 517 

COSY spectrum which indicates that they are next to each other. This is a strong indication 518 

of new hydrazone bond formation. 519 

More so, proton peak at 8.00 ppm was noticed to couple with carbon-13 peak at 142.09 520 

ppm on HSQC spectrum indicating that they are directly bonded to each other. This con- 521 

firmed the presence of the imine C-H bond. Meanwhile, the proton at peak 11.18 ppm was 522 

observed to couple to no carbon on the HSQC spectrum, this implies that it is bonded to 523 

a heteroatom which is in line with the FTIR absorption signal for the N-H bond in table 2. 524 

These indicated the formation of a new hydrazone bond. Furthermore, HMBC correlation 525 
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between N-H proton and imine carbon was observed at (11.22, 142.03) ppm on the HMBC 526 

spectrum which authenticated the synthesis of the hydrazone functional group. 527 

FTIR absorption signals at 1468 cm-1 and 1271 cm-1 corresponding to aromatic C=C 528 

stretching and C-H in-plane bending suggested the presence of aromatic rings. This was 529 

strengthened by the presence of multiple doublet peaks within the aromatic chemical 530 

shifts. These indicated the possible presence of more than one benzene ring in the struc- 531 

ture. The four doublet proton peaks at 8.11 ppm, 7.66 ppm, 7.12 ppm, and 6.99 ppm are 532 

each integrating for two hydrogens with coupling constants 8.8 Hz, 8.2 Hz, 7.0 Hz, and 533 

8.2 Hz respectively on the 1H NMR spectrum. Integration of eight aromatic hydrogens is 534 

an indication of at least two benzene rings. More so, their coupling constants interpret that 535 

those on the same ring are ortho to each other. COSY spectrum for compound 3d revealed 536 

the following couplings: (8.08, 7.15) ppm and (7.66, 6.96) ppm which implies that the two 537 

hydrogens responsible for doublet peak at 8.11 ppm are ortho to the two hydrogens re- 538 

sponsible for doublet peak at 7.12 ppm, therefore are on the same ring. Likewise, the two 539 

hydrogens responsible for the doublet peak at 7.66 ppm and the two hydrogens responsi- 540 

ble for the doublet peak at 6.99 ppm are also on the same ring and are ortho to each other. 541 

These analyses conform to the structure of 3d. 542 

Furthermore, the presence of nine peaks within the aromatic chemical shift on the 13C    543 

NMR spectrum further, buttresses these claims. It was discovered that the four doublet 544 

proton peaks were coupled to their respective carbons (8.11, 126.32) ppm, (7.68, 128.15) 545 

ppm, (7.14, 111.08) ppm, and (7.01, 114.40) ppm on the HSQC spectrum. Considering that 546 

each of the doublet protons peaks is integrating for two aromatic hydrogens indicated that 547 

each of these carbon-13 peaks they coupled to on HSQC spectrum is also resonating for 548 

two equivalent aromatic carbons. Hence, the two equivalent aromatic carbons responsible 549 

for carbon-13 peak at 126.32 ppm are ortho to the two equivalent aromatic carbons re- 550 

sponsible for a peak at 111.08 ppm on the same ring. Similarly, carbon-13 peaks at 128.15 551 

ppm and 114.40 ppm are each resonating for two equivalent aromatic carbons and are 552 

ortho to each other on the same ring. These analyses also confirm the presence of two 553 

benzene rings in the compound 3d structure. 554 

HMBC spectrum revealed the correlation (11.17, 111.08) ppm between the amino pro- 555 

ton and carbon-13 peak at 111.08 ppm suggest that these carbons are on ring B (hydrazine 556 

ring). The correlations viz; (7.14, 138.14) ppm, (8.13, 138.13) ppm, and (8.13, 150.97) ppm 557 

also suggest that these protons and carbons are on ring B. More so, carbon-13 peaks at 558 

138.14 ppm and 150.97 ppm were noticed to couple with no hydrogen on the HSQC spec- 559 

trum which indicates that they are substituted aromatic carbons. Additionally, their 560 

downfield chemical shifts suggested they are directly bonded to electronegative atoms. 561 

The FTIR absorption signal at 1168 cm-1 in table 2 corresponds to the C-N stretching of 562 

amine. This indicates the presence of a strongly electron-donating group and the resultant 563 

upfield chemical shift of its neighboring protons and carbons. As such carbon-13 peak at 564 

138.14 ppm is assigned to C-1’ in table 6. Consequently, upfield peaks at (7.14, 111.08) 565 

ppm are assigned to positions 2’ and 6’ of ring B in table 6. Further analysis also suggests 566 

that carbon at 150.97 ppm is bonded to an electron-withdrawing group. The absorption 567 

signal at 1509 cm-1 corresponds to NO2 group asymmetric stretching in table 2 confirming 568 

the substitution of NO2 on carbon at 150.97 ppm chemical shift. Therefore, this carbon is 569 

assigned C-4’ as indicated in table 6. It was observed that the downfield peaks at (8.11, 570 

126. 32) ppm are due to the inductive effect from the NO2 group at C-4’ and are therefore 571 

assigned to positions 3’ and 5’of the ring B as indicated in table 6. These analyses are con- 572 

sistent with the structure of ring B. 573 

The observed correlations involving imine proton and carbon as follows; (8.11, 574 

126.83) ppm and (7.64, 142.28) ppm suggest C-H coupling on HSQC at (7.68, 128.15) ppm 575 

and C-H at (7.01, 114.40) ppm are on ring A and are linked to ring B by hydrazone bridge. 576 

More so, carbon-13 peaks at 160.55 ppm and 127.49 ppm were noticed to couple with no 577 

hydrogen which indicates that they are substituted aromatic carbons. The FTIR absorption 578 

signal at 2832 cm-1   and 1241 cm-1   suggests the methoxy  C-H stretching  and C-O-C 579 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 March 2022                   doi:10.20944/preprints202203.0377.v1

https://doi.org/10.20944/preprints202203.0377.v1


Molbank 2022, 2022, x FOR PEER REVIEW 14 of 16 
 

stretching respectively in table 2. The upfield singlet proton peak at 3.79 ppm integrating 580 

for three hydrogens on the 1H-NMR spectrum was noticed to couple with carbon-13 peak 581 

at 55.26 ppm on HSQC spectrum which suggests the presence of methyl group. Further- 582 

more, the methyl proton peak was observed to correlate only with the downfield carbon- 583 

13 peak at 160.53 ppm on the HMBC spectrum confirming the presence of the methoxy 584 

group. Therefore, the carbon-13 peak at 160.53 ppm is assigned C-4 while the carbon-13 585 

peak at 126.83 ppm is assigned C-1 in table 6. HMBC correlation between doublet proton 586 

peak at 7.65 ppm and imine carbon peak at 142.28 ppm confirms the position of (7.68, 587 

128.15) ppm signal and are assigned to C-H at position 2 and 6 of ring A in table 6. Con- 588 

sequently, (7.01, 114.40) ppm signals are assigned to C-H at positions 3 and 5 on ring A in 589 

table 6. These analyses are consistent with the compound 3d structure and thus the syn- 590 

thesis of compound 3d was confirmed successfully. 591 

The 1H and 13C NMR spectra chemical shifts of 3d were found to agree with the 1H     592 

and 13C NMR spectra chemical shifts reported by Shikhaliyev et al. [35] for the same com- 593 

pound. 594 

4. Materials and Methods 595 

All the reagents used were purchased from Sigma Aldrich, and they were used with 596 

no further purification. Electrothermal Engineering LTD 9100 apparatus was employed in 597 

the melting points determination of the synthesized compounds. The FTIR spectra were 598 

recorded on Agilent technologies spectrometer model 543, and the 1H and 13C NMR spec- 599 

tra were obtained using a Brucker AMX 400 MHz spectrometer operating at 400 MHz and 600 

101 MHz respectively with dimethyl sulfoxide (DMSO) used as the solvent. Chemical 601 

shifts (δ) are reported in parts per million and are referenced to the NMR solvent peak. 602 

General procedure: Synthesis of p-nitrophenyl hydrazones 3a-b 603 

4.1. Solvent-based procedure 604 

5.09mmol of each of the benzaldehydes 1a-d and p-nitrophenyl hydrazine 2 were 605 

dissolved in 30 ml of ethanol. This was followed by the addition of five drops of glacial 606 

acetic acid as a catalyst. The mixture was magnetically stirred for three hours. The reac- 607 

tions were carried out at room conditions. The progress of the reaction was monitored by 608 

TLC. Upon completion, the crude products were filtered, dried then transferred into a 609 

beaker. 610 

4.2. Solvent-free procedure 611 

Equimolar quantities of p-nitrophenyl hydrazine 2 (1 mmol; ) and each of the aro- 612 

matic aldehydes 1a-d (1 mmol) were grounded in a universal tube with the aid of a glass 613 

rod for 5 minutes. The reactions were carried out at room conditions. The progress of the 614 

reaction was monitored by TLC. On completion, the mixture product was transferred into 615 

a beaker. 616 

4.3. Purification (work-up) 617 

20 ml of cold 2 M hydrochloric acid was added and stirred to scavenge the possible 618 

unreacted p-nitrophenyl hydrazine 2. The product precipitate was filtered off, dried, and 619 

subsequently washed with 30 ml of cold distilled water and 20 ml of cold 95% ethanol 620 

step-wisely to afford colored powdered products 3a-d in high to excellent yield. 621 

5. Conclusions 622 

Summarily, we have successfully synthesized novel dichloro and trimethoxy p-ni- 623 

trophenyl hydrazones using a solvent-free method and the modified existing solvent- 624 

based method of condensation. Easy and efficient workups, unsolvated pure products in     625 

high to excellent yields are the advantages of this modified method. At the end of this     626 

experiment, all the compounds were obtained at high to excellent yield using the solvent-    627 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 March 2022                   doi:10.20944/preprints202203.0377.v1

https://doi.org/10.20944/preprints202203.0377.v1


Molbank 2022, 2022, x FOR PEER REVIEW 15 of 16 
 

based method which was superior to solvent-free yields. The generality and simplicity of 628 

the technique, catalyst-free conditions, non-use of an organic solvent, the short reaction 629 

time, and the easy and efficient workup, unsolvated pure products in moderate to high 630 

yields are all the advantages of the developed solvent-free method. 631 
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