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ARTICLE INFO ABSTRACT 
 

 
 

The density functional theory (DFT) with B3LYP/6-311G (d, p) basis setisused for determination of 
chemical reactivity (stability) and selective sites of aryl 1-(2,4-dinitronapthyl) etherand amine 
derivatives.The calculation of dihedral angles indicates that the phenyl and naphthyl rings are not 
planar. In addition, the molecular electrostatic potential maps and frontier molecular orbitals were 
performed at B3LYP/6-311G (d, p) level of theory. Mulliken, NBO atomic charge of both ethers and 
amines, IR, UV and 1HNMR are calculated. DFT global chemical reactivity descriptors (chemical 
hardness, energy, electronic chemical potential and electrophilicity) are calculated for the title 
molecules and used to predict their relative stability and reactivity. The active sites for nucleophilic 
and electrophilic attacks have been chosen by relating them to the Fukui function.The regioselectivity 
of nucleophilic attack on ether is presumably achieved from calculating and comparing the energies 
of the activated complexes obtained from nucleophilic attack on C1 and C1`. 
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INTRODUCTION 
 
Naphthalene and its derivatives are biologically (1) pharmaceutically (2) and industrially useful compounds. Particularly, 
naphthalene was studied because of its technological applications in a vast amount of industrial process.(3)In fact, naphthalene and 
its derivatives was used as a precursor for the synthesis of plastics and dyes, gamma-ray detector in photomultiplier tubes and also 
used in dye stuffs, synthetic resins, coatings, tanning agent, celluloid(4), pesticide(5) and insecticide(6).  Several naphthalene is 
widely recognized that their metabolites are among the most toxic, carcinogenic, mutagenic atmospheric contaminants and in 
stimulating the release and deficiency of growth(7).  N-phenyl-1-naphthylamine (PANA) are used in rubber and lubricating oils as 
well as  antioxidants.(8) Studies have shown acute exposure to PANA may results in skin and kidney irritation, fatty degeneration 
of the liver, and diarrhea. Dermal exposures have resulted in pneumonia, lung abscesses and fatty degeneration of the 
liver.(9)PANA is also a potential carcinogen(10).N-phenyl-2-naphthylamine acts intracellular as 
 
 
a reactive compound in cell membranes producing irreversible, thus cumulative, damage over time in algae (11)andhas been 
specific phytotoxic properties. The introduction of hydroxy-, nitro-, and methyl-substituents show clear excess toxicity as 
compared to baseline toxic effects. Recently, computational methods based on density functional theory (DFT) predict relatively 
accurate molecular structure with moderate computational effort (12). We successfully attempted to prepare new naphthyl ethers 
namely aryl 1-(2,4-dinitronaphthyl) ethers 1a-hand the corresponding amine products 2a-g and 3resulting from their reactions with 
aniline derivatives2a-gand piperidine3, shown in Figure 1, as well as examine their antimicrobial activities.The aim is extended to 
study the regioselectivity between ipso naphthyl center and ipso aryl center in ethers towards aminenucleophiles.The optimized 
molecular structureof aryl 1-(2,4-dinitronaphthyl) ethers 1a-h is a step to know the reactivity of these ethers towards nucleophiles. 
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Figure 1. Structure of 1a-h, 2a-g and 3 

 

RESULTS AND DISCUSSION 
 
Synthesis and assignments of aryl ether 2,4-dinitronaphthyl 1a-h: 1-Aryl 1-(2,4-dinitronaphthyl) ethers 1a-hwere prepared by 
substitution reaction of the chlorine atom of 1-chloro-2,4-dinitronaphthalene 5 with substituted phenoxide ions 4a-h,Equation (1). 
As expected, yields were found to be highly dependent on the nature of the metaand para-substituents in phenol; electron 
withdrawing substituents and electron donating sub stituents resulted in decreased and increased yield respectively. The chemical 
structures of compounds 1a-hare assigned from their UV, IR, 1H NMR and elemental analysis. 
 

 
 
Optimized Molecular geometry of ethers 1a-h: The optimized molecular structure of aryl 1-(2,4-dinitronaphthyl) ethers 1a-hare 
compared with phenyl1-naphthyl ether (NPE)4which are calculated by B3LYP/ 6-311G (d, p)level. Such calculation is a step to 
know the reactivity of these ethers as precursors to study nucleophilic substitution reactions involving regioselectivity between 
ipso naphthyl center and ipso aryl center. Also, we use these theoretical results to compare the molecular structure and nature of 
substituted ether1b-hwith unsubstituted ether 1aand phenyl 1-naphthyl ether 4 and amine 5. 
 
Optimized geometry of phenyl 1-naphthyl ether (NPE) 4: The results of B3LYP/6-311G (d, p) calculations and the numbering 
of atoms for the optimized geometrical parameters (bond length, angles and dihedral angles and atomic charges) of phenyl 1-
naphthyl ether4 are listed Table1 and shown in Figure 2. 

 

 
  

  

 
Figure 2. Optimized structure of phenyl 1-naphthylether4 with numbering of atoms 
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Table 1. Geometrical parameters ofsome phenyl1-naphthyl ether 4 obtained by B3LYP/6-311G density functional calculations 

 
Bond Length 

(Å) 
B3LYP/6-311 

G(d,p) 
Bond angles 

(º) 
B3LYP/6-311 

G(d,p) 
Dihedral angles 

(º) 
B3LYP/ 6-311 

G(d,p) 

C1-O11 1.378 C1-O11-C1Ꞌ 120.4º C2-C1-O11-C1Ꞌ -14.50º 
C1Ꞌ-O11 1.387 O11-C1-C2 123.9º C9-C1-O11-C1Ꞌ 167.20º 

 
Table 1shows that bond lengths of C1-O11 and C1Ꞌ-O11 are slightly different presumably due to the delocalization of the lone pair of 
electrons on O11 with the phenyl ring which it is less pronounced than does with the naphthyl ring. While dihedral anglesC2-C1-
O11-C1Ꞌand C2Ꞌ-C1Ꞌ-O11-C1andside view, Figure 2 of 4 suggest that the phenyl and naphthyl rings are not planar. The Milliken 
atomic charges of atoms of compound 4 showed that all the aromatic carbon atoms are negatively charged except C1 and C1Ꞌ are 
electropositive(0.163 and0.103 respectively)because they bonded to the more electronegative O-atom. The more positively charge 
density on C1than C1Ꞌpointing out thatC1 is of greater electrophilicity than C1Ꞌ. 
 
Molecular structure and optimized geometry of aryl1-(2,4-dinitronaphthyl) ethers1a-h: The calculated bond length, angles 
and dihedral angles and the numbering of atoms for the optimized geometries of aryl 1-(2,4-dinitronaphthyl) ethers1a-h using 
B3LYP/6-311G(d,p)are listed in Table  2 and shown in Figure 3.To the best of our knowledge, only the unsubstituted ether 1a, 
(X= H)is previously prepared(13)and the geometric structures of substituted ethers 1b-hare not available in the literature. Table 2 
shows that bond distances and bond angles of aryl 1-(2,4-dinitronaphthyl) ethers 1a-h are slightly changed with changing in 
substituent located at para and meta positions of aryl ring. 
 

 
 

 
 

 1a 1b 

  
 

1c 1d 1e 

  
 

1f 1g 1h 
 

Figure 3. Molecular model of aryl 1-(2,4-dinitronaphthyl) ethers 1a-hwith numbering of atoms. 
 
Bond Length: TheB3LYP/6–311G(d,p)calculation  of C1-O11,C1Ꞌ-O11, C1-C2, C2-C3 and C1Ꞌ-O11in1a-hcompared to the same bond 
lengths in phenyl 1-naphthyl ether 4indicates that the presence of two nitro group located in 2 and 4-positions in 1aelongate C1-C2 
(1.384Å), C1Ꞌ-O11 (1.394Å) and shorten C1-O11 (1.360Å). This is presumably due to the expected resonance between the lone pair 
of ether linkage O11 with the two nitro groups at positions 2 and 4-.   
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The small change in C1-O11 and C1Ꞌ-O11,bond lengths by introduction of either EDG or EWG at positions 3- and 4- in the phenyl 
ring, C1-O11 and C1Ꞌ-O11, bond lengths are explained by their poor electronic effect. The lone pair of the etheric oxygen for 
compound 1h, (X= 4-NO2) is engaged in two cross conjugations either with the 2,4-dinitronaphthyl group or with the 4-
nitrophenyl group. However, the resonance is pronounced between lone pair of O11 and 2,4-dinitronaphthyl ring more than with 4-
nitrophenyl as indicated from the larger single bond character of C1Ꞌ-O11 relative to C1-O11 in compound 1a, (X=H), Table 2 as 
shown in Figure 4. Table 2 shows that the bond lengths C1-O11 and C1Ꞌ-O11 in general is slightly increase by the presence of EWG 
and decreases by EDG and the latter bond lengths are longer than the former bonds. Accordingly, the attack of a nucleophile on 
the ipso carbon of aryl ring C1Ꞌis more likely and 2,4-dinitronaphthoxide ion is possibly the leaving group. 
 
Bond angles: The calculated bond angles of C1-O11-C1Ꞌfor all substituent are nearly equal and the difference between them is not 
exceeding 0.3Å. As a result, the electrophilic centers C1 and C1Ꞌare interacting equally with the same nucleophile, Table 2. 
 
Table 2. Optimized geometrical parameters, some bond length and bond angles of aryl 1-(2,4-dinironaphthyl) ethers 1a-h calculated by 

B3LYP/6-311G (d, p) density functional method 
 

Bond Length 1a 1b 1c 1d 1e 1f 1g 1h 
C1-O11 1.360 1.358 1.359 1.359 1.360 1.362 1.363 1.367 
C1Ꞌ-O11 1.394 1.399 1.396 1.396 1.394 1.391 1.389 1.381 
Bond angles (°)  
C1-O11-C1Ꞌ 121.3° 121.1° 121.1° 121.3° 121.2° 121.2° 121.3° 121.4° 
O11-C1-C2 121.8° 121.0° 121.6° 121.9° 122.1° 122.0° 122.1° 122.0° 
Dihedral angle (°)  
C1Ꞌ-O11-C1-C2 -98.2° -104.7° -99.4° -97.2° -94.8° -94.5° -92.6° 99.4° 
C1Ꞌ-O11-C1-C9 88.3° 82.0° 87.0° 89.3° 91.4° 91.7° 93.6° 94.0° 
C2Ꞌ-C1Ꞌ-O11-C1 1.8° 12.0° 3.3° -0.78° -3.6° -2.2° -7.3° -4.0° 
C6Ꞌ-C1Ꞌ-O11-C1 177.7 168.8 176.5o -179.9 177.3o 178.6o 174.0 177.2o 

 
Dihedral angles: The optimized geometry of ethers 1a-h shown in the side and front views,Figure5, for example 1a, is consistent 
with the dihedral angles C2-C1-O11-C1Ꞌ and C2Ꞌ-C1Ꞌ-O11-C1arenon-planar geometry in which the phenyl ring is deviates from the 
plane of naphthyl ring. 
 

 
 

Figure 4. Resonance structures of 4- nitrophenyl 1-(2,4-dinironaphthyl) ethers 1h. 

 

 
 

Figure 5. The optimized geometry of ethers 1a-h shown in the side and front views 
 

Table 3. Mulliken, NBO atomic charge and atomic orbital coefficient of LUMO for the selected centers (C1, C1Ꞌ)calculated by B3LYP/6–
311G (d, p) foraryl 2,4-dinitronaphthalene ethers 1a-h. 

 
Mulliken atomic charges 

Atom 1a 1b 1c 1d 1e 1f 1g 1h 
C1 0.170 0.177 0.171 0.171 0.162 0.163 0.156 0.155 
C1Ꞌ 0.162 0.138 0.161 0.170 0.171 0.168 0.167 0.189 

NBO atomic charges 
C1 0.382 0.383 0.383 0.384 0.384 0.378 0.377 0.371 

C1Ꞌ 0.324 0.290 0.315 0.334 0.342 0.322 0.344 0.355 
Atomic Orbital Coefficient of LUMO 

C1 0.1912 0.1869 0.1900 0.1915 0.1928 0.1941 0.1950 0.1966 

C1Ꞌ 0.0078 0.0078 0.0079 0.0078 0.0078 0.0077 0.0076 0.0071 
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Table 2shows that the calculated values of the dihedral anglesC1Ꞌ-O11-C1-C2, C1Ꞌ-O11-C1-C9,C2Ꞌ-C1Ꞌ-O11-C1 andC6Ꞌ-C1Ꞌ-O11-C1for 
most ethers 1a-h indicated a non-planarity of aryl and naphthyl rings. A conformation may have steric hindrance with the 2-nitro 
group, so it may reduce the ability of fast attack by nucleophiles from the front side. The calculated effective atomic charges 
namely Mulliken and Natural Bond Orbital (NBO)(14)and the atomic orbital coefficient of LUMO using B3LYP level with 6-
311G(d,p) basis set for the compounds 1a-h are given in Table 3(15). Both the Mulliken and NBO charges show that the naphthyl 
ipso carbon C1 is more positively charged than the aryl ipso carbon C1Ꞌ, and slightly depends on the nature and position of 
substituent in the aryl moiety. Thus the atomic charge factor is important in determining the reactivity of these centers toward 
nucleophilic attack. The general inspection of the coefficient on the naphthyl ipso carbon and the aryl ipso carbon atom shows that 
its value is greater for C1 compared to C1Ꞌ. This indicates that the interaction of a nucleophile with the naphthyl ipso carbon C1 is 
controlled by its charge, while the reaction of the nucleophile with the aryl ipso carbon C1Ꞌwould be controlled by its coefficient. 
ThusC1Ꞌcan be considered as the high hard electrophilic center while C1 is the least one. 

 
Table 4 shows that the experimental IR vibrational and the theoretical wave numbers values calculated by B3BLY/6-311G (d, p) 
method are in good agreement with experimental wave numbers. The weak peaks in the region 3068-3087 cm-1 correspond to the 
aromatic sp2= C-H, while the NO2 (16)group exhibited two strong absorption peaks for asymmetric and symmetric stretching at 
ranges 1540-1625 cm−1 and 1360-1400 cm−1, respectively. It has been reported that the (C-O-C) bond(17)  showed two medium 
intensity peaks at ranges 1116-1268 cm-1 and 950-1107 cm-1 due to the asymmetric and symmetric stretching vibrational peaks, 
respectively. The calculated frequencies of (C1-O-C1Ꞌ) and NO2 peaks are of higher value than those observed values for the 
majority of the normal modes.  
 
(C–O) vibrations, (C-O-C) vibrations: The stretching vibrations of (O11–C1) and (C1Ꞌ–O11) groups have already been reported at 
1270 cm-1 and 1040 cm-1 respectively.(18)In the present study, the experimental stretching peaks of the corresponding groups are 
observed at 1116–1268 and 950-1170 cm−1 (strong to medium intensity). The calculated (O11–C1) frequency in naphthyl group is 
at 1244-1252 cm-1. On the other hand, the stretching vibrations of (O11- C1Ꞌaryl) peaks are calculated at 1157-1262 cm-1 depending 
on the substituents in the aryl moiety, Table 4. 
 

Table 4. Experimental and Calculated B3BLY/6-311G (d, p) level vibrational frequencies (cm-1) of 
 2,4-dinitronaphthalene aryl ethers 1a-h 

 
 1a 1b 1c 1d 1e 1f 1g 1h 

ƲSTRECH (cm-1) Calculated values 
C1-O11 1251 1248 1252 1244 1246 1252 1251 1252 
C1Ꞌ-O11 1251 1203 1222 1262 1157 1252 1251 1252 
N12-O13Ꞌ 1364 1365 1364 1363 1364 1365 1365 1366 
N12-O13ꞋꞋ 1593 1595 1594 1593 1594 1592 1593 1595 
N14-O15Ꞌ 1364 1365 1364 1364 1364 1365 1365 1366 
N14-O15ꞋꞋ 1600 1600 1600 1600 1600 1601 1601 1603 
C2-N12 935 936 935 929 930 934 935 934 
C4-N14 1003 1004 1003 1002 1003 1003 1003 1002 

Ʋ BENDING (cm-1)  
O13Ꞌ-N12-O13ꞋꞋ 935 936 935 929 930 934 935 934 
O15Ꞌ-N14-O15ꞋꞋ 872 875 875 874 870 873 803 865 
ƲSTRECH (cm-1) Experimental values 

C1-O11-C1Ꞌ asym 1209 1231 1268 1207 1241 1116 1268 1232 
C1-O11-C1Ꞌ sym 1041 1025 1083 962 1085 950 1085 1107 

NO2-asym 1539 1532 1530 1541 1530 1535 1528 1528 
NO2-sym 1359 1339 1347 1359 1415 1346 1341 1344 

C2-N12 750 830 767 777 835 755 830 839 
C4-N14 962 905 950 962 892 905 890 889 

 
Table 5. The sp2= C–H stretching vibrations of naphthalene ring in 1a-h. 

 

 
Bonds 

Calculated values 
νSTRECH (cm-1), sp2 =C-H (ArH) 
1a 1b 1c 1d 1e 1f 1g 1h 

C3-H3 3240 3239 3240 3240 3242 3240 3241 3240 
C5-H5 3250 3250 3251 3251 3250 3250 3250 3251 
C6-H6 3192 3192 3192 3192 3192 3192 3193 3194 
C7-H7 3192 3192 3192 3192 3193 3193 3193 3194 
C8-H8 3221 3221 3221 3220 3220 3220 3220 3220 
C2Ꞌ-H2Ꞌ 3201 3204 3197 3201 3209 3209 3216 3202 
C3Ꞌ-H3Ꞌ 3198 3204 3167 3201 - 3210 - 3226 
C4Ꞌ-H4Ꞌ 3201 - - 3182 3214 - 3212 - 
C5Ꞌ-H5Ꞌ 3201 3210 3163 - 3177 3210 3212 3228 
C6Ꞌ-H6Ꞌ 3201 3210 3197 3184 3208 3210 3212 3205 

 
Experimental values 
νSTRECH (cm-1) 

sp2=C-H (ArH) 3084 3085 3075 3068 3086 3078 3084 3087 

 
Nitro group vibrations: Nitro groups have strong absorption due to their asymmetric and symmetric vibrations at 1540-1625 
cm−1 and 1360-1400 cm−1 respectively.(15)  
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Table 6. Experimental and Calculated electronic transition properties for ethers 1a-h by TD-DFT/ B3LYP/ 6-311G (d, p) in DMSO 
 

Cpds Experimental λmax Theoretical λmax Oscillator strength(f) Assignment of electronic transition Electronic transition type 

1a 
 

366 nm 
346 nm 
303 nm 
290 nm 

377 nm 
350 nm 
302 nm 
284 nm 

0.131 
0.032 
0.026 
0.030 

HOMO-1-LUMO 
HOMO-1-LUMO+1 
HOMO-3 -LUMO 
HOMO-3-LUMO 

π → π* 
π → π* 
π → π* 
π → π* 

1b 
 

362 nm 
308 nm 
304 nm 
298 nm 

377 nm 
352 nm 
321 nm 
304 nm 

0.146 
0.051 
0.088 
0.034 

HOMO-1-LUMO  
HOMO-2-LUMO+1 
HOMO-3-LUMO 
HOMO-2-LUMO+1  

π → π* 
π → π* 
π → π* 
π → π* 

1c 
 

364 nm 
313 nm  
302 nm 
282 nm 

377 nm 
351 nm 
321 nm 
302 nm 

0.139 
0.159 
0.079 
0.069 

HOMO-1-LUMO 
HOMO-1-LUMO+1 
HOMO-2-LUMO 
HOMO-2-LUMO 

π → π* 
π → π* 
π → π* 
π → π* 

1d 
 

367 nm   
316 nm 
301 nm 
278 nm 

376 nm 
351 nm 
302 nm 
285 nm 

0.072 
0.046 
0.063 
0.040 

HOMO-1-LUMO 
HOMO-1-LUMO-1 
HOMO-3-LUMO 
HOMO-3-LUMO+1 

n → π* 
π → π* 
π → π* 
π → π* 

1e   

360 nm 
345 nm 
304 nm 
295 nm 

375 nm 
321 nm 
303 nm 
291 nm 

0.112 
0.069 
0.090 
0.010 

HOMO-2-LUMO 
HOMO-3-LUMO 
HOMO-3-LUMO 
HOMO-LUMO+1 

π → π* 
π → π* 
π → π* 
n → π* 

1f  
 

361 nm 
312 nm      
300 nm 
279 nm 

377 nm 
319 nm 
302 nm 
284 nm 

0.125 
0.044 
0.078 
0. 035 

HOMO-1-LUMO 
HOMO-2 -LUMO 
HOMO-3-LUMO 
HOMO-2-LUMO 

π → π* 
π → π* 
π → π* 
π → π* 

1g  
 

363 nm 
316   nm 
304 nm 
274 nm 

378 nm 
321 nm 
302 nm 
285 nm 

0.126 
0.079 
0.086  
0.017 

HOMO-1-LUMO 
HOMO-3-LUMO 
HOMO-3-LUMO 
HOMO-3-LUMO+1 

π → π* 
π → π* 
π → π* 
π → π* 

1h  
 

445 nm 
373 nm 
301 nm 
291 nm 

381 nm 
351 nm 
308 nm 
300 nm 

0.131 
0.049 
0.049 
0.070 

HOMO-LUMO 
HOMO-LUMO+1 
HOMO-2-LUMO 
HOMO-3-LUMO 

n→ π* 
n → π* 
π → π* 
π → π* 

 
Table 7. Experimental and Calculated electronic transition properties for ethers 1a-h by  TD-DFT/ CAM-B3LYP/ 6-311G (d, p) in DMSO 

 

Cpds 
Experimental 
λmax 

Theoretical 
λmax 

Oscillator 
strength(f) 

Assignment of electronic transition 
 

Electronic 
transition type 

1a 

366 nm 
346 nm 
303 nm 
290 nm 

377 nm 
350 nm 
302 nm 
284 nm 

0.183 
0.032 
0 .026 
0.030 

HOMO-LUMO 
HOMO-5-LUMO 
HOMO-5 -LUMO+1 
HOMO-6-LUMO+2 

n → π* 
π → π* 
π → π* 
π → π* 

1b 

362 nm 
308 nm 
304 nm 
298 nm 

377 nm 
352 nm 
321 nm 
304 nm 

0.187 
0.035 
0.029 
0.015 

HOMO-1-LUMO  
HOMO-6-LUMO 
HOMO-6-LUMO+1 
HOMO-1-LUMO+1  

π → π* 
π → π* 
π → π* 
π → π* 

1c 

364 nm 
313 nm  
302 nm 
282 nm 

377 nm 
351 nm 
321 nm 
302 nm 

0.033 
0.159 
0.034 
0.029 

HOMO-LUMO 
HOMO-1-LUMO 
HOMO-5-LUMO 
HOMO-5-LUMO+1 

n → π* 
π → π* 
π → π* 
π → π* 

1d 

367 nm   
316 nm 
301 nm 
278 nm 

376 nm 
351 nm 
302 nm 
285 nm 

0.180 
0.033 
0.025 
0.036 

HOMO-LUMO 
HOMO-5-LUMO 
HOMO-5-LUMO+1 
HOMO-6-LUMO+1 

n → π* 
π → π* 
π → π* 
π → π* 

1e 

360 nm 
345 nm 
304 nm 
295 nm 

375 nm 
321 nm 
303 nm 
291 nm 

0.182 
0.031 
0.016 
0.023 

HOMO-1-LUMO 
HOMO-4-LUMO+1 
HOMO-4-LUMO 
HOMO-2-LUMO 

π → π* 
π → π* 
π → π* 
π → π** 

1f 

361 nm 
312 nm      
300 nm 
279 nm 

377 nm 
319 nm 
302 nm 
284 nm 

0.186 
0.030 
0.026 
0. 017 

HOMO-LUMO 
HOMO-5-LUMO 
HOMO-5-LUMO+1 
HOMO-1-LUMO+1 

n → π* 
π → π* 
π → π* 
π → π* 

1g 

363 nm 
316 nm 
304 nm 
274 nm 

378 nm 
321 nm 
302 nm 
285 nm 

0.181 
0.029 
0.016  
0.017 

HOMO-LUMO 
HOMO-5-LUMO 
HOMO-1-LUMO 
HOMO-LUMO+1 

n → π* 
π → π* 
π → π* 
n → π* 

1h 

445 nm 
373 nm 
301 nm 
291 nm 

381 nm 
351 nm 
308 nm 
300 nm 

0.201 
0.026 
0.022 
0.015 

HOMO-LUMO 
HOMO-6-LUMO 
HOMO-6-LUMO+1 
HOMO-LUMO+1 

n → π* 
π → π* 
π → π* 
n → π* 

 

Experimentally, strong IR absorptions due to asymmetric stretching vibrations of the NO2 group are found at 1528-1541cm−1. 
While, the very intense peak corresponding to the symmetric stretching mode of the NO2 groups mixed with ring stretching 
vibrations appear in IR at 1339-1415 cm−1 while the observed asymmetric and symmetric vibrations of the nitro group at 1592-
1603 cm−1 and 1364-1366 cm−1 respectively. The intensity enhancement of these wave numbers is due to conjugation with the 
aromatic ring. Therefore, there are similar absorption values between experimental and computed values, Table 4. 
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Table 8. Experimental and Calculated electronic transition properties for ethers 1a-h by TD-DFT/ CAM-B3LYP/ 6-311++G (d, p) in DMSO 

 

Cpds 
Experimental 
λmax 

Theoretical 
λmax 

Oscillator strength h(f) 
Assignment of electronic transition 
 

Electronic transition 
type 

1a 
 

366 nm 
346 nm 
303 nm 
290 nm 

340 nm 
316 nm 
306 nm 
278 nm 

0.194 
0.054 
0.027 
0.030 

HOMO-1-LUMO 
HOMO-1-LUMO+1 
HOMO-3-LUMO 
HOMO-3-LUMO 

n → π* 
π → π* 
π → π* 
π → π* 

1b 
 

362 nm 
308 nm 
304 nm 
298 nm 

340 nm 
317 nm 
308 nm 
297 nm 

0.208 
0.062 
0.027 
0.012 

HOMO-1-LUMO  
HOMO-1-LUMO+1 
HOMO-2-LUMO 
HOMO-LUMO+1  

n → π* 
π → π* 
π → π* 
n → π* 

1c 
 

364 nm 
313 nm  
302 nm 
282 nm 

339 nm 
316 nm 
308 nm 
281 nm 

0.184 
0.057 
0.025 
0.009 

HOMO-1-LUMO 
HOMO-1-LUMO+1 
HOMO-3-LUMO 
HOMO-3-LUMO 

π → π* 
π → π* 
π → π* 
π → π* 

1d 
 

367 nm   
316 nm 
301 nm 
278 nm 

341 nm 
316 nm 
308 nm 
279 nm 

0.183 
0.055 
0.025 
0.094 

HOMO-1-LUMO 
HOMO-1-LUMO-1 
HOMO-3-LUMO 
HOMO-2-LUMO 

π → π* 
π → π* 
π → π* 
π → π* 

1e 

360 nm 
345 nm 
304 nm 
295 nm 

341 nm 
316 nm 
310 nm 
299 nm 

0.192 
0.050 
0.013 
0. 025 

HOMO-1-LUMO 
HOMO-1–LUMO+1 
HOMO-3-LUMO+1 
HOMO-2-LUMO+1 

π → π* 
π → π* 
π → π* 
π → π* 

1f 

361 nm 
312 nm      
300 nm 
279 nm 

390 nm 
367 nm 
326 nm 
- 

0.119 
0.056 
0.013 
- 

HOMO-1-LUMO 
HOMO-1–LUMO+1 
HOMO-3-LUMO 
- 

π → π* 
π → π* 
π → π* 
- 
- 

1g 

363 nm 
316 nm 
304 nm 
274 nm 

341 nm 
316 nm 
308 nm 
278 nm 

0.192 
0.046 
0.026  
0.125 

HOMO-1-LUMO 
HOMO-1-LUMO+1 
HOMO-3-LUMO+1 
HOMO-3-LUMO 

π → π* 
π → π* 
π → π* 
π → π* 

1h 

445 nm 
373 nm 
301 nm 
291 nm 

340 nm 
315 nm 
309 nm 
291 nm 

0.215 
0.043 
0.026 
0.021 

HOMO-LUMO 
HOMO-LUMO+1 
HOMO-2-LUMO+1 
HOMO-1-LUMO 

n → π* 
n → π* 
π → π* 
π → π* 

 
(C–H) vibrations: The sp2=C-H (aromatic) stretching vibrations occur in the region (19) 3200–3000 cm−1. Actually, the sp2=C-H 
(aromatic) stretching peak in ethers 1a-hareobserved at 3068–3087 cm−1 in FT-IR spectrum. This peak is nearly matching with the 
calculated value at 3177-3251 cm−1. Ethers 1a-h have fiveadjacent C–H moieties with two fused benzene rings and the expected 
five C–H stretching vibrations are C3–H3, C5–H5, C6–H6, C7–H7 and C8–H8 slightly changed in frequency values and occurred in 
rang of region 3192-3251 cm-1. Accordingly, the symmetric stretching vibrations and the asymmetric stretching vibrations, in 
ethers 1a-h for C2Ꞌ-H2Ꞌ, C3Ꞌ-H3Ꞌ, C4Ꞌ-H4Ꞌ, C5Ꞌ-H5Ꞌ, C6Ꞌ-H6Ꞌbonds have great change in values and occur in rang of region 3163-3228 cm-

1, Table 5. Three factors may be responsible for the discrepancies between the experimental and computed spectra: The first is the 
fact that the experimental value is unharmonic frequency while the calculated value is a harmonic frequency and the second reason 
caused by the environment(20).  The third reason is that the calculations have been actual done on a single molecule while the 
experimental values recorded in the presence of intermolecular interactions. 
 
Experimental and Theoretical UV–Visible analysis of 1a-h: All the structures of ethers 1a-hallow strong π→π* and σ→σ* 
transition in the UV-VIS region with high extinction coefficients(21). The vertical excitation energies, oscillator strength f and 
wavelength are calculated using various bases sets namely TD-DFT/ B3LYP/ 6-311G (d,p), TD-DFT/ CAM-B3LYP/ 6-311G(d,p) 
and TD-DFT/ CAM-B3LYP/ 6-311G++(d,p)  in DMSO and the measured experimental wavelength are tabulated in Table 6-8. 
The use of TD-DFT/B3LYP/6-311G (d, p) bases set indicates that the calculated absorption maxima values have been found to be 
at λ = 381-375 nm while the corresponding experimental value is at λ = 445-360 nm.  The rang of transition observed at λ = 381 
nm is f = 0. 131 and that at λ = 275 nm is f = 0.112, Table 6. The calculated absorption maxima values by using TD-DFT/ CAM-
B3LYP/ 6-311G(d,p) basis set in DMSO are absorbed at λ = 381-375 nm while the corresponding experimental value is at λ = 
445-360 nm. The rang of transition observed at λ = 381 nm and at λ = 375 nm are f = 0. 201 and f = 0.182 respectively, Table 7. 
The TD-DFT/ CAM-B3LYP/ 6-311G++(d,p) basis set in DMSOtabulated in Table 8reveals that the calculated absorption maxima 
values are found to be at λ = 390- 339 nm while that the corresponding experimental value is at λ = 445-360 nm. The rang of 
transitions are observed at λ = 390 nm is f = 0. 119 and at λ = 339 nm is  f= 0.184. The theoretical results indicate that the density 
functional B3LYP methods TD-DFT/ B3LYP/ 6-311G (d, p), TD-DFT/ CAM-B3LYP/ 6-311G (d, p) provide satisfactory results 
to predict UV properties, Table 6,7.  The HOMO-LUMO gap can be used to predict the shift of absorbance where HOMO-LUMO 
gap of unsubstituted compound 1a, (X= H)is found to be higher than those of the substituted one except for the p-nitro substituent 
1h, (X= 4-NO2). This implies that it is easier to promote an electron from the HOMO to the LUMO bysubstituting electron 
donating and withdrawing groups and will results in a red shift of the absorption spectrum.  
 

Experimental and Theoretical 
1
HNMR AnalysisSpectra of 1a-h: The measured 1HNMR spectra of aryl 1-(2,4-dinitronaphthyl) 

ethers 1a-hshowed singlet signal of naphthalene H3 in range δ 8.44–8.90 ppm, while H5 and H8 appeared as two doublets in all 
compounds in range δ 8.21–8.72 ppm, except in 4-nitro derivative 1h in which H8 appeared as one multiplet at the range δ 8.21-
8.23 ppm.  
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Table 9. Theoretical and experimental 1H chemical shift (ppm) of 1a-h 
 

Cpds 

                      Proton 
 
 
Basis sets 

 
H3 

 

 
H5 

 

 
H6 

 
H7 H8 H2Ꞌ H3Ꞌ H4Ꞌ H5Ꞌ H6Ꞌ notes 

1a, 
X = H 

B3LYP/6-311g (d, p) 9.909 9.965 8.862 8.592 9.148 6.690 7.975 7.963 8.397 8.334 - 
B3LYP/6-311++g (d, p) 10.085 10.054 9.035 8.687 9.275 6.797 8.184 8.110 8.431 8.434 - 

BLYP/6-311g (d, p) 9.696 9.939 8.920 8.689 9.196 6.856 8.079 8.058 8.470 8.317 - 

Experimental data 8.947 8.526 8.031 7.844 8.215 6.968 7.326 7.102 7.326 6.968 - 

1b, 
X= 
4-OCH3 

B3LYP/6-311g (d, p) 9.823 9.954 8.841 8.552 9.099 6.746 7.478 - 7.598 8.277 OCH3 = 4.464 
B3LYP/6-311++g (d, p) 10.393 10.005 8.880 8.584 9.139 6.861 7.616 - 7.743 8.348 OCH3 = 4.556 

BLYP/6-311g (d, p) 9.628 9.938 8.835 8.589 9.158 6.822 7.444 - 7.573 8.217 OCH3= 4.831 

Experimental data 8.844 8.721 7.926 7.747 8.402 6.807 6.807 - 6.807 6.807 OCH3= 3.764 

1c, 
X= 
4-CH3 

B3LYP/6-311g (d, p) 9.883 9.962 8.862 8.576 9.126 6.536 7.732 - 8.280 8.261 CH3 = 2.978 
B3LYP/6-311++g (d, p) 10.100 10.047 8.923 8.610 9.188 6.641 7.859 - 8.289 8.340 CH3 =3.056 

BLYP/6-311g (d, p) 9.690 9.949 8.865 8.619 9.156 6.646 7.806 - 8.298 8.215 CH3 =3.261 

Experimental data 8.867 8.723 7.937 7.739 8.380 6.756 7.099 - 7.099 6.756 CH3 =2.304 

1d, 
X= 
3-CH3 

B3LYP/6-311g (d, p) 9.916 9.958 8.862 8.596 9.151 6.439 7.842 7.800 - 8.189 CH3 = 3.143 
B3LYP/6-311++g (d, p) 10.094 10.053 8.942 8.679 9.249 6.450 7.956 7.923 - 8.299 CH3 =3.191 

BLYP/6-311g (d, p) 9.721 9.949 8.866 8.638 9.171 6.582 7.905 7.855 - 8.143 CH3 =3.417 

Experimental data 8.882 8.726 7.937 7.742 8.365 6.694 7.178 6.924 - 6.632 CH3 = 2.301 

1e, 
X= 
3-OCH3 

B3LYP/6-311g (d, p) 9.947 8.962 8.889 8.625 9.201 6.121 - 7.177 8.272 7.848 OCH3 = 3.3073 
B3LYP/6-311++g (d, p) 10.089 10.119 8.968 8.661 9.315 6.249 - 7.332 8.272 7.862 OCH3 =4.421 

BLYP/6-311g (d, p) 9.759 9.944 8.891 8.665 9.213 6.123 - 7.187 8.271 6.123 OCH3 =4.663 

Experimental data 8.881 8.718 7.940 7.746 8.359 6.492 - 6.662 7.182 6.358 OCH3 =3.780 

1f, 
X= 
4-Cl 

B3LYP/6-311g (d, p) 9.893 9.948 8.891 8.618 9.128 6.577 7.781 - 8.223 8.241 - 
B3LYP/6-311++g (d, p) 10.123 10.057 8.960 8.632 9.224 6.710 7.988 - 8.345 8.331 - 

BLYP/6-311g (d, p) 9.713 9.942 8.899 8.666 9.158 6.713 7.843 - 8.254 8.209 - 

Experimental data 8.879 8.724 7.962 7.769 8.312 6.809 7.271 - 7.271 6.809 - 

1g, 
X = 
3-Cl 

B3LYP/6-311g (d, p) 9.931 9.973 8.914 8.650 9.153 6.513 - 7.809 8.280 8.171 - 
B3LYP/6-311++g (d, p) 10.121 10.109 9.021 8.726 9.313 6.906 - 8.028 8.385 8.211 - 

BLYP/6-311g (d, p) 9.755 9.959 8.922 8.698 9.184 6.621 - 7.860 8.329 8.130 - 

Experimental data 8.898 8.726 7.959 7.776 8.299 6.880 - 7.111 7.247 6.749 - 

1h, 
X= 
4-NO2 

B3LYP/6-311g (d, p) 9.922 9.966 8.931 8.663 9.137 6.753 8.863 - 9.283 8.377 - 
B3LYP/6-311++g (d, p) 10.123 10.073 8.994 8.659 9.206 6.845 8.999 - 9.421 8.386 - 

BLYP/6-311g (d, p) 9.733 9.953 8.932 8.695 9.138 6.872 8.804 - 9.201 8.317 - 

Experimental data 8.909 8.727 7.998 7.802 8.230 6.987 8.22-8.24 - 8.22-8.24 6.987 - 
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Figure 7. Frontiers molecular orbitals of 1a-h. 
 
 

 

  
 

 

  

 
 

 

 
 

Figure 8. The Total Electron Density surface mapped with Electrostatic Potential of 1a-h. 
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Table 10. Calculated Energies and related molecular values of aryl 2,4-dinitro naphthyl ether 1a-h by B3LYP/6-311G (d, p) 
 

Cpds 1a 
X = H 

1b 
X =4-OCH3 

1c 
X =4-CH3 

1d 
X =3-CH3 

1e 
X =3-OCH3 

1f 
X =4-Cl 

1g 
X =3-Cl 

1h 
X =4-NO2 

 0 -0.27 -0.17 -0.07 0.12 0.23 0.37 0.78 
EHOMO -6.86 -6.16 -6.59 -6.72 -6.40 -6.84 -7.00 -7.48 
ELUMO -3.22 -3.15 -3.19 -3.19 -3.16 -3.35 -3.32 -3.53 
∆Ee 3.61 3.00 3.40 3.53 3.25 3.49 3.68 3.95 
µ (D) 6.09 7.15 6.39 6.28 6.89 5.35 5.98 6.03 
IP 6.84 6.16 6.59 6.73 6.41 6.84 7.01 7.48 
EA 3.22 3.15 3.19 3.19 3.16 3.35 3.33 3.53 
µ (eV) -5.03 -4.65 -4.89 -4.96 -4.78 -5.09 -5.17 -5.50 
χ 5.03 4.65 4.89 4.96 4.78 5.09 5.17 5.50 
S 0.55 0.67 0.59 0.57 0.62 0.57 0.54 0.51 
η 1.81 1.50 1.70 1.76 1.62 1.75 1.84 1.98 
ω 7.00 7.21 7.03 6.96 7.03 7.42 7.25 7.67 
ΔNmax 2.78 3.10 2.88 2.81 2.94 2.92 2.81 2.79 

 
Table 11. Fukui function (fk), ωk

+ and ωk
- of C1, C1Ꞌin compounds 1a-h. 

 

Cpds Atom f+ f- f° ωk
+ ωk

- 

1a C1 -0.00723 0.09213 0.04245 -0.05064 0.64507 
C1Ꞌ 0.01610 -0.02951 -0.00670 0.11275 -0.20662 

1b 
 

C1 -0.03443 0.09179 0.02868 -0.24815 0.66149 
C1Ꞌ 0.04249 -0.03132 0.00559 0.30625 -0.22567 

1c 
 

C1 -0.02053 0.09220 0.03584 -0.14426 0.64785 
C1Ꞌ 0.02776 -0.03004 -0.00114 0.19509 -0.21104 

1d 
 

C1 -0.01553 0.09274 0.03861 -0.11527 0.68845 
C1Ꞌ 0.01735 -0.02943 -0.00604 0.12879 -0.21846 

1e C1 -0.00794 0.09266 0.04236 -0.05797 0.67684 
C1Ꞌ 0.00209 -0.02803 -0.01297 0.01529 -0.20477 

1f C1 -0.01275 0.09338 0.04031 -0.09783 0.71631 
C1Ꞌ 0.01996 -0.03110 -0.00557 0.15308 -0.23858 

1g C1 0.00102 0.09327 0.04714 0.00715 0.65606 
C1Ꞌ 0.00829 -0.02944 -0.01058 0.05832 -0.20712 

1h C1 0.01216 0.08618 0.04917 0.08769 0.62144 
C1Ꞌ 0.00027 -0.02674 -0.01323 0.00198 -0.19283 

 

Table 12. Bond lengths and Bond angles of the intermediates, for the reaction of ether 1aand aniline in Vacuum 
 

Species 
Bond lengths (Å) Bond angles (º) 

Energy in 
(Hartree/Particle) 

BL Vacuum BA Vacuum Vacuum 

 

II-1 
C1-O11 1.458 C1-O11-C1Ꞌ 119.9 º 

-1380.36357 C1Ꞌ-O11 1.380 O11-C1-N7 95.7 º 
C1-N7Ꞌ 1.528   

II-2 

C1-O11 1.430 C1-O11-C1Ꞌ 122.4 º 

-1380.28462 C1Ꞌ-O11 1.430 O11-C1Ꞌ-N7 94.9 º 
C1Ꞌ-N7Ꞌ 1.470   

 

III-1 

C1-O11 1.430 C1-O11-C1Ꞌ 119.9 º 

-1170.16202 C1Ꞌ-O11 1.430 O11-C1Ꞌ-O12 102.6 º 

C1-O12 1.430   

III-2 

C1-O11 1.430 C1-O11-C1Ꞌ 118.7 º 

-1170.05765 C1Ꞌ-O11 1.430 O11-C1Ꞌ-O12 100.6 º 

C1Ꞌ-O12 1.430   
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Figure 10. Aryl 2,4-dinitro-1-naphthyl amine2a-g 
 

  
  

Figure 11. Molecular modeling of N-phenyl-naphthylamine 5with numbering of atoms 
 
 

Table 13. Optimized geometrical parameters of N-phenyl 1-naphthylamine 5 obtained by B3LYP/6-311G density functional calculations 

 
Bond Length (Å) B3LYP/6-311 (d,p) Bond angles (º) B3LYP/6-311 G(d,p) Dihedral angles (º) B3LYP/ 6-311 G(d,p) 
C1-N11 1.419 C1-N11-C1Ꞌ 124.6º C2-C1-N11-C1Ꞌ 109.94º 
C1Ꞌ-N11 1.407 N11-C1-C2 120.1º C9-C1-N11-C1Ꞌ -73.34º 
C1-C2 1.380 N11-C1-C9 120.1º C2Ꞌ-C1Ꞌ-N11-C1 -175.78º 
C1Ꞌ-C2Ꞌ 1.432 C2Ꞌ-C1Ꞌ-N11 118.5º C6Ꞌ-C1Ꞌ-N11-C1 -4.79º 
N11-H12 1.009 C6Ꞌ-C1Ꞌ-N11 122.8º C2-C1-N11-H12 -35.37º 
  H12-N11-C1 113.5º C9-C1-N11-H12 -141.35º 
  H12-N11-C1Ꞌ  113.2º   

 
Table 14. The Mulliken charge distribution ofN-phenyl-naphthylamine 

5obtained by B3LYP/6-311G (d, p) density functional calculations 
 

Atoms Mulliken Atoms Mulliken 
H2 0.087 C1 0.089 
H3 0.094 C2 -0.056 
H4 0.082 C3 -0.098 
H5 0.084 C4 -0.045 
H6 0.093 C5 -0.063 
H7 0.095 C6 -0.085 
H8 0.109 C7 -0.092 
H2Ꞌ 0.086 C8 -0.024 
H3Ꞌ 0.090 C9 -0.069 
H4Ꞌ 0.088 C10 -0.055 
H5Ꞌ 0.092 C1Ꞌ 0.133 
H6Ꞌ 0.115 C2Ꞌ -0.104 

H12 0.217 C3Ꞌ -0.096 

N11        -0.478 C4Ꞌ -0.101 
  C5Ꞌ -0.098 
  C6Ꞌ -0.092 
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Figure12. Molecular model of N-aryl 1-(2,4-dinitronaphthyl) amine 2a-g with numbering of atoms. 
 
Table 15. Optimized geometrical parameters (some Bond lengths) of N-Aryl 1-(2,4-dinitronaphthyl) amine 2a-g calculated by B3LYP/6-

311G (d, p) density functional calculations 

 

Bond lengths (Å) 
Y= H, 
2a 

Y= 
4-OCH3, 2b 

Y= 
4-CH3 2c 

Y= 
3-CH32d 

Y= 
3-OCH32e 

Y= 
4-Cl, 2f 

Y= 
3-Cl, 2g 

C1-N11 1.364 1.359 1.362 1.363 1.363 1.367 1.369 
C1Ꞌ-N11 1.423 1.425 1.424 1.424 1.423 1.422 1.419 
C2-N13 1.459 1.457 1.458 1.459 1.459 1.460 1.461 
C1-C2 1.413 1.416 1.414 1.413 1.413 1.411 1.410 
H12-O14 

H-BOND 
1.794 1.777 1.787 1.793 1.797 1.795 1.802 

 
The signal for H6 and H7 of naphthyl ring appeared as two triplet signals (1H each) in range δ 7.73–8.45 ppm, Figure 3, Table 
9.The aryl protons for unsubstituted compound 1a, (X= H) appeared as ortho protons H2Ꞌ and H6Ꞌshowed as doublet at range δ 6.96 
ppm, while for meta protons H3`and H5`exhibited doublet at range δ 7.32 ppm.  The para proton H4Ꞌshowed triplet singlet centered 
range δ 7.10 ppm. The protons of 4-substituted phenyl 1b, 1c, 1f, 1h resonate at 6.75-6.98 and 7.10-8.24 ppm for H2Ꞌ,6Ꞌ  and H3Ꞌ,5Ꞌ 

respectively depending on the nature of substituent. While the protons of 3-substituted phenyl 1d, 1e, 1g resonate at 6.49, 6.92, 
7.17 and 6.36-675 ppm for H2Ꞌ, H4Ꞌ, H5Ꞌ and H6Ꞌ respectively depending on the nature of substituent.  The methyl substituent in 
compounds 4-methoxy 1b, (X= 4-OCH3) and 3-methoxy 1e, (X= 3-OCH3),4-methyl 1c, (X= 4-CH3)and 3-methyl 1d, (X= 3-CH3) 
showed a singlet (3H) in range δ 2.30 - 3.78 ppm, Table 9.Attempts will be made to study if the H2Ꞌ,6Ꞌprotons of the aryl ring 
positioned in the ring current of 2,4-dinitronapthyl or if H8 of the naphthyl ring positioned in the ring current of the aryl moiety. 
This can be reached by applying Hammett correlation between the chemical shift of these protons and σHconstants of substituent 
which could shed light on the geometry of diaryl ethers 1a-h. However, all these correlations show scattered points indicating that 
either H8 or H2Ꞌand H6Ꞌare not positioned in the aryl and naphthyl rings current, respectively. This is consistent with the 
conformations suggested for ethers 1a-h. The theoretical 1H NMR chemical shifts of H have been compared with the experimental 
dataas shown in Table 9.  
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Table 16.  Optimized geometrical parameters (some Bond angles) of N-aryl 1-(2,4-dinitronaphthyl) amine 2a-g obtained by B3LYP/6-

311G (d, p) density functional calculations 
 

Bond angles 
(º) 

Y= 
H, 2a 

Y= 
4-OCH3, 2b 

Y= 
4-CH3, 

2c 

Y= 
3-CH32d 

Y= 
3-OCH32e 

Y= 
4-Cl, 2f 

Y= 
3-Cl, 2g 

C1-N11-C1Ꞌ 128.6° 128.9° 128.8° 128.6° 128.6° 128.4° 128.0° 
C1Ꞌ-N11-H12        
C1-C2-N13 122.8° 122.9° 122.9° 122.8° 122.8° 122.8° 122.8° 
C1-N11-H12 112.1° 111.9° 112.1° 112.1° 112.3° 112.0° 112.1° 

 
Table 17.  Optimized geometrical parameters (some dihedral angles) of N-aryl 1-(2,4-dinitronaphthyl) amine 2a-g obtained by B3LYP/6-

311G (d, p) density functional calculations 

 
Dihedral angles (°) 

 
Y= H, 

2a 
Y= 

4-OCH3, 2b 
Y= 

4-CH3, 2c 
Y= 

3-CH3, 2d 
Y= 

3-OCH3, 2e 
Y= 

4-Cl, 2f 
Y= 

3-Cl,2g 
C1Ꞌ-N11-C1-C2 142.2° 146.1° 143.9° 142.7° 142.7° 140.8° 139.6° 
C1Ꞌ-N11-C1-C9 -40.8° -36.6° -40.0° -40.4° -40.4° -42.3° -43.5° 
H12-N11-C1-C2 -13.0° 10.9° -12.1° -12.8° -13.1° -13.5° 14.1° 
H12-N11-C1-C9 164.0° 166.5° 164.9° 164.1° 163.8° 163.5° 162.8° 
N11-C1-C2 -N13 1.3.0° 2.0° 1.6° 1.3° 1.3° 1.2° 0.9° 
C2Ꞌ-C1Ꞌ-N11-C1 154.1° 149.5° 152.3 153.6° 153.7° 156.7° 156.6° 
C6Ꞌ-C1Ꞌ-N11-C1 -29.7° -34.9° -31.6° -30.0° -30.2° -27.1° -26.7° 

 
Table 18. Mulliken atomic charges calculated by B3LYP/6–311G (d, p) for N-aryl 1-(2,4-dinitronaphthyl) amine 2a-g 

 

Atoms 
Y= 
H 2a 

Y= 
4-OCH3, 2b 

Y= 
4-CH3, 2c 

Y= 
3-CH3, 2d 

Y= 
3-OCH3, e 

Y= 
4-Cl, 2f 

Y= 
3-Cl, 2g 

C1 0.268 0.269 0.269 0.269 0.271 0.265 0.265 
C2 0.107 0.108 0.107 0.106 0.105 0.108 0.107 
C3 0.004 -0.003 0.001 0.003 0.004 0.007 0.009 
C4 0.098 0.099 0.098 0.098 0.098 0.098 0.097 
C5 -0.024 -0.025 -0.025 -0.024 -0.024 -0.022 -0.022 
C6 -0.078 -0.078 -0.078 -0.078 -0.078 -0.077 -0.077 
C7 -0.082 -0.083 -0.083 -0.083 -0.083 -0.080 -0.080 
C8 -0.025 -0.026 -0.025 -0.024 -0.022 -0.028 -0.025 
C9 -0.117 -0.113 -0.116 -0.117 -0.117 -0.119 -0.119 
C10 0.012 0.011 0.012 0.012 0.012 0.014 0.013 
C1Ꞌ 0.053 0.032 0.052 0.062 0.055 0.061 0.058 
C2Ꞌ -0.046 -0.078 -0.820 -0.073 -0.090 -0.084 -0.028 
C3Ꞌ -0.087 -0.126 -0.054 -0.093 -0.184 -0.030 -0.236 
C4Ꞌ -0.090 0.173 -0.103 -0.073 -0.133 -0.244 -0.022 
C5` -0.086 -0.081 -0.070 -0.084 -0.088 -0.030 -0.088 
C6Ꞌ -0.086 -0.035 -0.041 -0.047 -0.035 -0.045 -0.041 
N11 -0.468 -0.465 -0.468 -0.470 -0.468 -0.471 -0.471 
N13 0.173 0.173 0.173 0.172 0.173 0.173 0.173 
N15 0.146 0.145 0.146 0.146 0.146 0.147 0.147 
O14 -0.322 -0.327 -0.324 -0.323 -0.322 -0.320 -0.318 
O14Ꞌ -0.256 -0.260 -0.258 -0.257 -0.257 -0.253 -0.252 
O16 -0.260 -0.263 -0.261 -0.261 -0.261 -0.258 -0.257 
O16Ꞌ -0.274 -0.276 -0.275 -0.274 -0.274 -0.271 -0.271 

 
The 1H NMR chemical shifts are calculated within GIAO method applying B3LYP /6-311G(d,p), B3LYP /6-311++G(d,p), 
BLYP/CC-pVDZ levels. Table 9shows that there are small differences between the experimental and calculated chemical shift 
values. This is due to the differences in molecular structure calculation depends on the basis set used as well as the molecular 
environment.  
 

Molecular orbital analysis of 1a-h: The HOMO and LUMO energies, molecular electrostatic potential (MEP), the global 
reactivity descriptors(22) and local reactivity descriptors is used to predict the reactivity of 2,4-dinitronapthyl substituted aryl ether 
1a-h.(23) The energy of HOMO characterizes electron donating ability of a molecule while LUMO energy determines the ability 
to accept an electron. Accordingly, the molecule1h, (X = 4-NO2) is considered to be the least molecule has the ability to accept 
and donates electrons while 1b, (X = 4-OCH3) has the highest HOMO and LUMO energies that allows it to be the best electron 
donor and accept molecule, Table 10. The smaller frontier orbital gap is the high chemical stabilityand low kinetic stability.Table 
10 shows that ∆Egap values are arranged in the order 1h, (X= 4-NO2) ˃ 1g, (X= 3-Cl) ˃ 1a, (X= H) ˃ 1d, (X= 3-CH3)˃ 1f, (X= 4-
Cl)˃ 1c, (X= 4-CH3)˃ 1e, (X= 3-OCH3)˃ 1b, (X= 4-OCH3). This order indicates that the reactivity of ether derivatives depends on 
the nature and position of substituents in the aryl moiety. 
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Figure 13. The Molecular Electrostatic Potential (MEP) of N-aryl 1-(2,4-dinitronaphthyl) amine 2a-g 
 

Table 19 Experimental and Calculated B3BLY/6311-G (d, p) level vibrational frequencies (cm-1) of 2a-g. 
 

 
 

 
 
 
 
 
 
 
 
 
 

Table 20. The sp2= C–H stretching vibrations of naphthalene ring in (3a-g) 
 

Cpds Calculated values Experimental values 
νSTRECH (cm-1), sp2 =C-H (ArH) νSTRECH (cm-1) 
C3-H3 C5-H5 C6-H6 C7-H7 C8-H8 C2ꞋH2` C3ꞋH3` C4ꞋH4Ꞌ C5ꞋH5` C6ꞋH6Ꞌ sp2= C-H (ArH) 

2a 3246 3251 3191 3191 3233 3191 3191 3191 3199 3184 3088 
2b 3248 3252 3191 3191 3235 3201 3201 - 3211 3178 2955 
2c 3248 3252 3192 3191 3234 3192 3163 - 3183 3183 3111 
2d 3246 3251 3191 3191 3233 3198 3198 3181 - 3165 2915 
2e 3246 3251 3191 3191 3233 3195 - 3214 3176 3204 3075 
2f 3247 3251 3193 3193 3232 3207 3207 - 3207 3182 3117 
2g 3245 3250 3192 3192 3232 3202 - 3212 3212 3202 3082 

 
The dipole moment μ (D) is the most widely used quantity to describe the polarity of a covalent bond and measures the net 
molecular polarity, and it increases with increase in electro negativity of atoms (24). Usually chemical reactivity increases with 
increase in dipole moment µ(D). Accordingly, our theoretical study suggests that 1b, (X= 4-OCH3) (μ= 7.15 D) is highest polar 
molecule whereas 1f,(X= 4-Cl) (μ= 5.35 D) is the lowest one. 
 
 

Cpds 

Calculated values Experimental values 

ƲSTRECH (cm-1) ƲSTRECH (cm-1) 

N11-H12 N13-O14 N13-O14Ꞌ N15-O16 N15-O16Ꞌ N11-H12 NO2-sym NO2-sym 
2a 3435 1316 1510 1361 1584 3300 1537 1290 
2b 3419 1314 1489 1358 1581 3439 1545 1269 
2c 3428 1314 1508 1360 1583 3252 1560 1290 
2d 3436 1314 1512 1360 1583 3445 1528 1314 
2e 3439 1309 1513 1360 1583 3296 1545 1308 
2f 3433 1314 1507 1362 1582 3246 1543 1277 
2g 3439 1314 1511 1362 1586 3281 1539 1316 
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Computed Experimental 
 

 
 

 
2a, Y= H 

 

 
 

2b, Y= 4-OCH3 

 

 
 

2c, Y= 4-CH3 

 

  
 

2d, Y= 3-CH3 

 

 

 

 
2e, Y= 3-OCH3 

 

 
 

2f, Y= 4-Cl 
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2g, Y= 3-Cl  
 
Figure 14. FTIR Spectra of 5a-g, i) Calculated by B3LYP/6-311G (d, p), ii) Experimental. 

 
Table 21. Experimental and Calculated electronic transition properties for amines 2a-g by RTD-CAM-B3LYP-FC/6-311G (d, p) in MSO 

 

Cpds 
Experimental 
λmax 

Theoretical 
λmax 

Oscillator 
strength(f) 

Assignment of electronic transition 
 

Electronic transition type 

2a, 
Y=H 

400 nm 
360 nm 
300 nm 
275 nm 

376 nm 
342 nm 
296 nm 
273 nm 

0.310 
0.267 
0.089 
0.063 

HOMO-LUMO 
HOMO-LUMO+1 
HOMO-1-LUMO 
HOMO-3 -LUMO 

n → π* 
n → π* 
π → π* 
π → π* 

2b, 
Y= 
4-OCH3 

400 nm 
360 nm 
310 nm 
260 nm 

385 nm 
349 nm 
312 nm 
303 nm 

0.331 
0.311 
0.049 
0.021 

HOMO-LUMO  
HOMO-LUMO+1 
HOMO-1-LUMO 
HOMO-5-LUMO  

n → π* 
n → π* 
π → π* 
π → π* 

2c, 
Y=4-CH3 

400 nm 
360 nm 
300 nm 
270 nm 

379 nm 
345 nm 
297 nm 
272 nm 

0.328 
0.289 
0.057 
0.057 

HOMO-LUMO 
HOMO-LUMO+1 
HOMO-1-LUMO 
HOMO-3-LUMO 

n → π* 
n  → π* 
π → π* 
π → π* 

2d, 
Y= 3-CH3 

400 nm 
360 nm 
310 nm 
260 nm 

377  nm 
343 nm 
297 nm 
273 nm 

0.317 
0.276 
0.068 
0.055 

HOMO-LUMO 
HOMO-LUMO+1 
HOMO-1-LUMO 
HOMO-3-LUMO 

n → π* 
n → π* 
π → π* 
π → π* 

2e, 
Y=3-OCH3 

400 nm 
375 nm 
300 nm 
280 nm 

374 nm 
342 nm 
311 nm 
278 nm 

0.319 
0.272 
0.029 
0.043 

HOMO-LUMO 
HOMO-LUMO+1 
HOMO-1-LUMO 
HOMO-2-LUMO 

n → π* 
n → π* 
π → π* 
π → π* 

2f, 
Y= 4-Cl 

400 nm 
360 nm 
310 nm 
260 nm 

377 nm 
340 nm 
297 nm 
273 nm 

0.351 
0.252 
0.090 
0. 082 

HOMO-LUMO 
HOMO-LUMO 
HOMO-1-LUMO 
HOMO-2-LUMO 

n → π* 
n → π* 
π → π* 
π → π* 

2g, 
Y= 3-Cl 

390 nm 
310 nm 
300 nm 
270 nm 

373 nm 
338 nm 
296 nm 
273 nm 

0.329 
0.237 
0.112  
0.076 

HOMO-LUMO 
HOMO-LUMO+1 
HOMO-1-LUMO 
HOMO-3-LUMO 

n → π* 
n → π* 
π → π* 
π → π* 

 

 

  

 
 

2a, Y= H  

 

 

2b, Y= 4-OCH3 

  
2c, Y= 4-CH3 
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Table 22. Calculated Energies and related molecular properties values of N-aryl 1-(2,4-dinitronaphthyl) amine  

2a-g by B3LYP/6-311G (d, p) 

 
descriptor 2a 2b 2c 2d 2e 2f 2g 
EHOMO -6.46 -6.17 -6.36 -6.41 -6.39 -6.56 -6.64 
ELUMO -3.03 -2.91 -2.97 -2.99 -2.97 -3.18 -3.19 
ΔEe 3.43 3.26 3.38 3.42 3.42 3.38 3.46 
IP 6.46 6.17 6.36 6.41 6.39 6.56 6.64 
EA 3.03 2.91 2.97 2.99 2.97 3.18 3.19 

 (D) 7.58 9.32 8.22 8.02 9.05 5.72 5.96 
 4.75 4.54 4.67 4.70 4.68 4.87 4.92 
  (eV) -4.75 -4.54 -4.67 -4.70 -4.68 -4.87 -4.92 

η 1.71 1.63 1.69 1.71 1.71 1.69 1.73 
S 0.58 0.61 0.59 0.59 0.58 0.59 0.58 
ω 6.57 6.32 6.43 6.47 6.39 7.01 7.00 

 
Table 23. Optimized geometrical parameters of 1-naphthyl piperidine6 obtained by B3LYP/6-311G density functional calculations 

 
Bond Length 

(Å) 
B3LYP/6-311 

G(d,p) 
Bond angles 

(º) 
B3LYP/6-311 

G(d,p) 
Dihedral angles 

(º) 
B3LYP/ 6-311 

G(d,p) 
C1-N1Ꞌ 1.434 C2Ꞌ-N1Ꞌ-C1 117.5º C2Ꞌ-N1Ꞌ-C1-C2 108.6º 
C2Ꞌ-N1Ꞌ 1.464 C6Ꞌ-N1Ꞌ-C1 117.5º C2Ꞌ-N1Ꞌ-C1-C9 -71.4 º 
C6Ꞌ-N1Ꞌ 1.464 N1Ꞌ-C1-C2 117.2º C6Ꞌ-N1Ꞌ-C1-C2 108.6º 
C1-C2 1.397 N1Ꞌ-C1-C9 123.6º C6Ꞌ-N1Ꞌ-C1-C9 -71.4º 
C1-C9 1.435     

 
Molecular Electrostatic Potential (MEP) of 1a-h: The chemical reactivity of a compound is easily determined with the help of 
MEP surface analysis which differentiate the electrophilic and nucleophilic sites in a  molecule quite easily The MEP (25)maps of 
1a-h show that the negative potential sites are on electronegative oxygen atoms represented by red color and the blue color related 
to the positive potential sites are around the hydrogen atoms attached to naphthalene ring and all atoms of aryl ring. Whereas, zero 
potential represented by the green color disperses on all carbon atoms of the naphthalene ring, Figure 8. These sites give 
information about the region from where the compounds 1a-h can have intermolecular interactions and predicted the most reactive 
site for both electrophilic and nucleophilic attack. Intensive view of Figure 8 reveals that most C1Ꞌatoms located in the blue color 
region while most C1 atoms locate in the green color region. Accordingly, the predicted most reactive site for nucleophilic attack is 
C1Ꞌwhile C1 atom is susceptible for both nucleophilic and electrophilic attack. 

 

 

2d, Y= 3-CH3 

  
2e, Y= 3-OCH3 

  
2f, Y= 4-Cl 

  
2g, Y= 3-Cl 

 
Figure 15 Computed and Experimental UV-VIS absorption spectrums of amines 2a-g  
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Figure 16. HOMO and LUMO Energy gap diagram of 2a-g. 
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Figure 17. Molecular modeling of 1-naphthyl piperidine 6with numbering of atoms. 
 

Table 24. The Mulliken charge distribution of 1-naphthyl piperidine 6 obtained by B3LYP/6-311G 
 (d, p) density functional calculations. 

 
Atoms Mulliken Atoms Mulliken 

H2 0.086 C1 0.020 
H3 0.092 C2 -0.021 
H4 0.080 C3 -0.098 
H5 0.083 C4 -0.041 
H6 0.092 C5 -0.064 
H7 0.089 C6 -0.085 
H8 0.100 C7 -0.101 
H2Ꞌ 0.114 C8 -0.062 
H2ꞋꞋ 0.084 C9 -0.020 
H3Ꞌ 0.105 C10 -0.057 
H3ꞋꞋ 0.106 C2Ꞌ -0.043 
H4Ꞌ 0.113 C3Ꞌ -0.190 

H4ꞋꞋ 0.099 C4Ꞌ -0.242 

H5Ꞌ 0.105 C5Ꞌ -0.190 
H5ꞋꞋ 0.106 C6Ꞌ -0.043 
H6Ꞌ 0.114   
H6ꞋꞋ 0.084   
N1Ꞌ -0.457   

 

  
 

Figure 18. Molecular modeling of 1-(2,4-dinitronaphthalen-1-yl) piperidine 3 with numbering of atoms 
 

Global reactivity descriptors of 1a-h: The global chemical reactivity descriptors were obtained at the level of theory B3LYP/6-
311G (d, p) and are calculated from HOMO and LUMO energies, Table 10. They are namely(26-30), ionization potential (Ip), 
electron affinity (EA), chemical potential (μ= - χ), the absolute electro negativity (χ) is given by the relation (χ = (IP + EA)/2),  
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Table 25. Optimized geometrical parameters of 1-(2,4-dinitronaphthalen-1-yl) piperidine 3obtained by  
B3LYP/6-311G (d, p) density functional calculations 

 
Bond Length 
(Å) 

B3LYP/6-311 
G(d,p) 

Bond angles(º) 
B3LYP/6-311 
G(d,p) 

Dihedral angles 
(º) 

B3LYP/ 6-311 
G(d,p) 

C1-N1Ꞌ 1.403 C1N1ꞋC2Ꞌ 120.5º C2`N1 `C1 C2 -84.1º 
C1-C2 1.395 C1N1ꞋC6` 120.1º C6`N1`C1 C9 -56.4º 
C1-C9 1.444 N1ꞋC1C2 121.7º C2`N1'C1C9 98.9º 
  N1ꞋC1 C9 121.7º C6`N1'C1 C2 120.5º 
  C1C2N11 122.4º   

 
Table 26. Mulliken, NBO atomic charge for 1-(2,4-dinitronaphthalen-1-yl) piperidine 3. 

 
Atomic charge Mullikencharge NBO charge 
H3 0.159 0.264 
H5 0.126 0.263 
H6 0.109 0.209 
H7 0.102 0.208 
H8 0.116 0.212 
H2` 0.101 0.159 
H2ꞋꞋ 0.135 0.219 
H3Ꞌ 0.110 0.200 
H3ꞋꞋ 0.135 0.209 
H4Ꞌ 0.099 0.181 
H4ꞋꞋ 0.120 0.202 
H5Ꞌ 0.113 0.200 
H5ꞋꞋ 0.115 0.195 
H6Ꞌ 0.091 0.157 
H6ꞋꞋ 0.127 0.203 
C1 0.191 0.256 
C2 0.121 0.058 
C3 0.056 -0.165 
C4 0.093 0.088 
C5 -0.017 -0.177 
C6 -0.078 -0.166 
C7 -0.086 -0.186 
C8 -0.049 -0.170 
C9 -0.062 -0.061 
C10 0.009 -0.046 
C2Ꞌ -0.052 -0.159 
C3Ꞌ -0.189 -0.383 
C4Ꞌ -0.247 -0.377 
C5Ꞌ -0.184 -0.375 
C6Ꞌ -0.060 -0.164 
N1Ꞌ -0.479 -0.537 
N11 0.163 0.52 
N13 0.146 0.515 
O12 -0.256 -0.382 
O12Ꞌ -0.259 -0.377 
O13 -0.253 -0.375 
O13Ꞌ -0.265 -0.388  

 
Table 27. Calculated B3BLY/6-311G (d, p) level vibrational frequencies (cm-1) 1-(2,4-dinitronaphthalen-1-yl)piperidine3 

 

Cpd 
Calculated values 
νTRECH (cm-1) 

3 
C1-N1Ꞌ N11-O12 N11-O12Ꞌ N13-O14 N13-O14Ꞌ C2-N11 C4-N13 
1430 1622 1377 1641 1361 942(331) 1000(395) 

 
 

Table 28 Calculated B3BLY/6311-G (d, p) level vibrational frequencies (cm-1) of the sp2 C–H and sp3 C–H stretching vibrations of 1-
(2,4-dinitronaphthalen-1-yl)piperidine3. 

 
Cpd νSTRECH (cm-1), sp2 =C-H  

C3 -H3 C5-H5 C6-H6 C7-H7 C8-H8 
 
 
3 

3239 3250 3191 3191 3241 
νSTRECH (cm-1), sp3 C-H (piperidine) 
C2`-H2' C2'-H2' C3'-H3' C3'-H3' C4'-H4' 
2921 3125 3086 3088 3061 
C4'-H4" C5' -H5' C5' -H5" C6` -H6' C6' -H6" 
3001 3070 3070 2941 3088 
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 Computed 

 
 

 
 

Figure 19. FTIR Spectra of 1-(2,4-dinitronaphthalen-1-yl) piperidine3Calculated by B3LYP/6-
311G (d, p). 

 
Table 29. Experimental and calculated of electronic transition properties for  

1-(2,4-dinitronaphthalen-1-yl) piperidine 8in DMSO 
 

Methods 
Experimental 
λmax 

Theoretical 
λmax 

Oscillator 
strength (f) 

Assignment of electronic 
transition 

Electronic 
transition type 

TD-DFT/ 
CAM-B3LYP/ 
6-311++G (d,p) 

420 
400 
360 
280 

419 
350 
325 
288 

0.117 
0.161  
0.076 
0.030 

HOMO-LUMO 
HOMO-LUMO+1 
HOMO-1-LUMO 
HOMO-1-LUMO+1 

n → π* 
n → π* 
π → π* 
π → π* 

TD-DFT/ 
CAM-B3LYP/ 
6-311G (d,p) 

405 
355 
317 
280 

0.115 
0142  
0.065 
0.044 

HOMO-LUMO 
HOMO-LUMO+1 
HOMO-1-LUMO 
HOMO-2-LUMO  

n → π* 
n → π* 
π → π* 
π → π* 

TD-DFT/ 
B3LYP/ 6-
311G (d,p) 

494 
432 
370 
326 

0.098 
0.054  
0.078 
0.082 

HOMO-LUMO 
HOMO-LUMO+1 
HOMO-1-LUMO 
HOMO-2-LUMO  

n → π* 
n → π* 
π → π* 
π → π* 

 
Figure 20. Computed and Experimental UV-VIS absorption spectrums of 1-(2,4-dinitronaphthalen-1-yl) piperidine 3 

 
Methods Computed Experimental 
TD-DFT/ CAM-B3LYP/ 6-
311++G (d,p) 

 

 

TD-DFT/ CAM-B3LYP/ 6-311G 
(d,p) 

 
TD-DFT/ B3LYP/ 6-311G (d,p) 

 
 
 

Table 30. Theoretical1H chemical shift (ppm) of 1-(2,4-dinitronaphthalen-1-yl) piperidine 3 

 
Proton H3 H5 H6 H7 H8 H2Ꞌ H2ꞋꞋ H3Ꞌ H3ꞋꞋ H4Ꞌ H4ꞋꞋ H5Ꞌ H5ꞋꞋ H6Ꞌ H6ꞋꞋ 
B3LYP/6-311g (d, p) 9.56 9.93 8.77 8.62 9.11 4.10 4.44 2.34 2.82 2.51 2.19 2.25 2.10 4.40 3.53 
BLYP/6-311g (d, p) 9.39 9.94 8.75 8.63 9.18 4.51 4.811 2.729 3.07 2.92 2.56 2.68 2.44 4.90 3.99 
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6418                                                 International Journal of Current Research, Vol. 11, Issue, 08, pp.6398-6428, August, 2019 
 



Table 31 Calculated Energies and related molecular properties values of 1-(2,4-dinitronaphthalen-1-yl) 
 piperidine 3 by B3LYP/6-311G (d, p) 

 
Cpd EHOMO ELUMO Ee IP EA   η S ω Δ  Nu index 
3 -6.40 -3.04 3.36 6.40 3.04 4.72 -4.72 3.36 0.30 3.32 1.41 2.97 

 

 

Figure 22. HOMO and LUMO Energy Gap diagram of -(2,4-
dinitronaphthalen-1-yl) piperidine3. 

 

 
Figure 23. The Total Electron Density surface mapped with Electrostatic 

Potential of 3. 
 

global hardness (η )and global softness (S) are defined as (η = (ELUMO – EHOMO)/2)and (S = 1/2η)respectively,  and the 
electrophilicity (ω) can be calculated using the electronic chemical potential and the chemical hardness (ω = μ2/2 η).  
Ionization potential (Ip):It is the amount of energy needed to remove an electron from its atom, molecule, or radical i.e. electron 
donor(31)shown by Equation (2). High ionization energy indicates high stability.Table 10 shows that the better electron  
 

�� =	−�����	   (2) 
 
donor and the more stable molecule are1h, (X= 4-NO2)while the lowest electron donor and the least stable molecule is 1b, (X = 4-
OCH3).The electron donor follows the order 1h, (X= 4-NO2) >1g, (X= 3-Cl) >1f, (X= 4-Cl) >1a, (X= H)~ 1d, (X= 3-CH3) >1c, 
(X= 4-CH3) >1e,(X= 3-OCH3) >1b, (X= 4-OCH3). 

 
The electron affinity (EA): It is the energy released when an electron is added to a neutral molecule i.e. electron 
acceptor(32).BecauseLUMO orbital can accept electrons and responsible for reactivity of nucleophilic reaction, therefore its 
energy is directly related to electron affinity (EA), Equation (3). Table 10 reveals that 1h, (X= 4-NO2) is the highest molecule 
whereas 1b, (X = 4-OCH3) molecule is the lowest one that can form negative ion. 
 

�� =	– �����    (3) 
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The electron acceptor to LUMO orbital follows the order: 1h,(X= 4-NO2) >(1f, X= 4-Cl) >1g, (X= 3-Cl) >1a, (X= H) >1c, (X= 4-
CH3) ~ 1d, (X= 3-CH3) >1e,(X= 3-OCH3) >1b,(X= 4-OCH3). This is the expected order of reactivity of 1a-h with nucleophiles. 
 
Chemical potential (μ): The chemical potential μ (eV) measures the escaping tendency of an electron(33) and it can be associated 
with the molecular electronegativity. The values of μ were calculated by Equation (4)and for all compounds are presented in Table 
10. 

 
� ≈ −

�

�
(�� + ��) ≈

�

�
(����� − �����)    (4) 

 
From the Table 10, the ether contains 4-methoxyphenyl moiety is less stable and more reactive in the gas phase and 4-nitrophenyl 
moiety is more stable and less reactive. The order of stability of compounds1a-his:1h, (X= 4-NO2) >1g, X = 3-Cl) >1f, (X = 4-Cl) 
>13a, (X = H) >1d, (X = 3-CH3) >1c, (X = 4-CH3) >1e, (X = 3-OCH3) >1b, (X = 4-OCH3). 

 
Electronegativity (χ): The concept of electronegativity (χ) was first introduced by Pauling (34) which represents the “power” of 
an atom in a molecule to attract the bonded electrons towards it. Later, Mulliken (35)described (χ)as the average of the first 
ionization potential (IP) and the electron affinity (EA).He showed that (χ) could be determined by an arithmetic mean of the 
corresponding (IP)and (EA)values as given in Equation (5). 

 
� =

�����

�
    (5) 

 
The best electron acceptor of 1a-h is directly proportional to electro negativity value (χ).Table10 shows that this parameter follows 
the order: 1b, (X= 4-OCH3)<1e, (X = 3-OCH3)<1c, (X= 4-CH3)<1d, (X= 3-CH3)<1a, (X= H)<1f, (X= 4-Cl)<1g, (X= 3-Cl)<1h, 
(X= 4-NO2) .i.e. the best electron acceptor is 1h, (X= 4-NO2) and the least one is 1b, (X= 4-OCH3). This is the same order 
observed for the calculated (Ip)parameters’ 

 
Chemical hardness (ɳ) and softness (S): It has been reported that the behavior of chemical reaction of compounds understood 
from their hardness (η) and softness (S) values. Hard nucleophiles have a low energy HOMO, a high energy LUMO and a large 
energy gap. Whereas, soft nucleophiles have a high energy HOMO, a low energy LUMO and a small energy gap(36).  
 
Chemical hardness (ɳ): Chemical hardness (η) measures the resistance of an atom to charge distribution in a molecule(37). It was 
calculated by using of Equation (6) and is presented in Table 10. It showed that similar trend of 1a-h to the ΔEgap, because of the 
chemical hardness (ɳ) is equal to the energy gap difference between the LUMO and HOMO orbitals. The larger the HOMO-
LUMO energy gaps the harder molecule. Table 10 shows that the greater hardness of 1h, (X= 4-NO2) makes it the most stable 
compound while the lower hardness value of 1b, (X= 4-OCH3)causes it the least stable one. 

 
Theoretical calculations established that the molecule 1h, (X= 4-NO2) has the highest hardness value (η = 1.98 eV), indicating that 
it is the hardest molecule and makes it the most stable compound in the series 1a-hwhile the lower hardness value of 1b, (X= 4-
OCH3)has the least hardness and causes it the least stable one. Chemical softness (S):Global softness (S) describes the capacity of 
an atom or group of atoms to receive electrons(31). i.e. has the ability to disperse or delocalize electrons. The reciprocal of (η)and 
hence represents the extent to which the electronic environment surrounding the nucleus/nuclei of an atomic/molecular species 
tends to loosen itself. It is expressed in Equation (7), (8): 

 
� = 	

�

�
   (7) 
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The soft molecules will be more polarizable than hard molecules. Inversely to the value of hardness (η), the compound1b, (X= 4-
OCH3) has the highest softness (S = 0.67 eV) in the same series 1a-h, so it is the softest compound. 

 
Electrophilicity index (ω): The concept of electrophilicity viewed as a reactivity index(33). The electrophilicity is a descriptor of 
reactivity that allows a quantitative classification of the global electrophilic nature of a molecule within a relative  scale (29)It is 
defined by the electronic chemical potential (μ) and the chemical hardness (ɳ)(29)shown by Equation (9). 

 

� =
��

2��     (9) 

A good reactive electrophile is characterized by a high value of (ω). Thus, the electrophilicity of ether derivatives 1a-h are 
arranged in following order: 1h, (X= 4-NO2)>1g, (X=3-Cl)>1a, (X= H)>1d, (X= 3-CH3)>1f, (X= 4-Cl)>1c, (X= 4-CH3)>1e, (X= 
3-OCH3)>1b, (X= 4-OCH3), Table 10. It is observed from this order one suggests that ether contains 4-chloropenyl moiety is less 
electrophilic than phenyl itself because1f, (X= 4-Cl) substituent donates electron to center of reaction by mesmeric effect which 
overcome its electron withdrawing by inductive like1b, (X= 4-OCH3) and in turn decreases the electrophilicity and in turninhibits 
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the possible nucleophilic attack. Attempts are made to correlate the calculated global reactivity descriptors against σ-Hammett 
constants (Fig. not shown). These plots showpoor correlationsand σ-Hammett values are directly proportional with positive slope 
for ∆Egap, IP, χ and η.whereas a negative slope was observed for μ and S, the relation of Hammett values and with (ω)showed 
scattered correlations. These plots point out that the global parameters are poorly depend on the polar effect of substituent in the 
aryl moiety and their resonance effect play pronounced factor. 
 
Local Reactivity Descriptors: The Fukui functions correspond to the site kof a molecule while fkvaluesEquations (10) are 
indicators that are used to identify the most favored nucleophile-electrophile attacks. The local version of the electrophilicity index 
has been proposed by employing a resolution of identity as follows(35). 

 
ωα

k ωfα
k    (10) 

 

Where fk is the Fukui function at atomk in a molecule and (α= +, - and 0) represents localphilic quantities describing nucleophilic, 
electrophilic and radical attacks respectively.  Fukui functions f +(r),f −(r) andf 0(r) are calculated using the following Equations 
(11, 12 and 13) as:(35) 

 
f + = (q (N +1) −q(N)), for nucleophilic attack, (acts as a nucleophile).  (11) 
 
f − = (q(N)−q (N −1)), for electrophilic attack, (acts as an electrophile).  (12) 
 
f 0 = (q (N +1) −q (N −1))/2, for radical attack. (13) 

 
Where qk is atomic charge at the kth atomic site in the anionic (N+1), cationic (N-1) or neutral molecule. Parr and Yang showed 
that sites in chemical species with the largest values of Fukui function (fk) shows high reactivity for corresponding attacks.In the 
title compounds 1a-h, the order of the reactive sites for electrophilic attack, nucleophilic attack and free radical attacks is given in 
Tables 11. The competition between the electrophilic centers in compounds contain more than one center have been reported with 
a variety of nucleophiles(38). The choice between two electrophilic centers depends on (i) the structure of the compound under 
nucleophilic attack (ii) the nature of reagent (iii) the basicity of the leaving group from the reactant compared to that of the 
attacking nucleophile, (iv) the nature of substituent in the non-leaving or leaving group containing the reactant, (v) the stability of 
activated complex formed in the rate limiting step, (iv) Application of  Klopman equation to investigate the relative reactivity of 
the two electrophilic centers namely (C1, C1Ꞌ) toward nucleophilic attack(39)  and (iv) the relative “hardness” and “softness” of the 
reaction site and reagent. In fact the choice between two electrophilic centers is mainly depending on the stability of the activated 
complex formed in the slow step due to nucleophilic attack at a given electrophilic center. Since the stability-reactivity of activated 
complexes cannotdetermine easily, authors use quantum chemistry to determine the reactivity order of closely related reagents or 
reactants toward a given reaction center, and predicting the properties of the activated complex. Other important factor is the 
basicity of the leaving groups split from series of reactants compared to those of the attacking nucleophiles or vice versa.Since, 
phenyl and naphthyl rings in compounds 1a-hare not planar and may reduce the ability of fast attack by nucleophiles from the 
front side, the nucleophilic attack on C1and C1Ꞌ can interact by a same manner. Such attack on the ipso carbon of aryl ring C1Ꞌis 
likely predominated and 2,4-dinitronaphthoxide ion may possible the leaving group. The Mulliken, NBO charges and atomic 
orbital coefficient of LUMO show that the naphthyl ipso carbon (C1) is more positively charged atom than the aryl ipso carbon 
(C1Ꞌ). This indicates that the interaction of a nucleophile with the naphthyl ipso carbon C1is controlled by its charge, while the 
reaction of the nucleophile with the aryl ipso carbon C1Ꞌwould be controlled by its coefficient(39). ThusC1Ꞌcan be considered as 
higher hard (less softness) electrophilic center while C1 is less hard (higher softness) one. As a result, one can suggest that the 
regioselectivity of the nucleophilic reaction depends on the nature of the attacking nucleophile. MEP predicts that the most 
reactive site for nucleophilic attack is C1Ꞌwhile C1 atom is susceptible for both nucleophilic and electrophilic attacks. An alternative 
concept, the regioselectivity of nucleophilic attack on ether 1a-his presumably achieved from the ability of the possible leaving 
group attached to C1Ꞌ or C1 if phenoxide anion or 2,4-dinitronaphthoxide anion having pkavalues 9.81 and 2.12 respectively. These 
pka values ofboth leaving groups indicate 2,4-dinitro-naphthoxideas leaving group predominates and the nucleophilechoicesattack 
on C1Ꞌ. Further concept is directed to compare the stability of the activated complexes formed in the slow step due to attack on C1 
or C1Ꞌ. As a result, the authors have concluded that the regioselectivity of the nucleophilic reaction on the titled ethers 1a-h depends 
on the softness (hardness) of the attacking nucleophile. 
 
Accordingly, we suggest that, the regioselectivity of nucleophilic attack on ether 1a ispresumably achieved from calculating and 
comparing the energies of the activated complexes obtained from such attack on C1 and C1Ꞌ. It was well known that 
MeisenheimerintermediatesIII-1 or III-2 are the possible intermediates for reaction of ether 1a with charged nucleophile such as 
hydroxide ion on C1 or C1` respectively. While, the zwitterion intermediatesII-1 or II-2 are formed in the first step ofuncatalyzed 
nucleophilic aromatic substitution reaction using amine as nucleophile such as aniline on C1 or C1Ꞌ respectively. Whereas, the 
proton transfer process leading to II intermediate is the rate controlling step for such catalyzed reaction.Table 12indicates that the 
stability of II or III formed due to uncatalyzed attack of aniline or hydroxide ion on C1 is higher than obtained from attack of these 
nucleophiles on C1Ꞌ. Also, III intermediate obtained from catalyzed reaction of aniline with C1 is more stable than this obtained 
from nucleophilic attack on C1Ꞌ.Accordingly, the regioselectivity of nucleophilic attack on ether 1a-his predominating on C1 rather 
than C1Ꞌ. 

 
The perturbation theory is one of the fundamental theories in organic chemistry and describes chemical reactivity in terms of 
frontier orbitals and the charge of the molecules.(40) In fact, most reactions are dominated by either frontier orbital interactions or 
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charge interactions as described in the simplified klopman equation, with the first term denoting the contribution of the charge and 
the second term denoting the contribution of the orbital interaction. Klopman equation is studied in the present work in order to 
investigate the relative reactivity of the two electrophilic centers namely (C1, C1Ꞌ) toward nucleophilic attack. The simplified form 
of klopman equation is given below in Equation (14).(41). 

 

    (14) 
 
In this equation, Qnuc and Qelec are the total charges on interacting atoms of nucleophile and electrophile, ε is the local dielectric 
constant, R is the distance between atoms of nucleophile and electrophile, Cnuc is the coefficient of atomic orbital of nucleophile in 
HOMO, Celec is the coefficient of atomic orbital of electrophile in LUMO, β is the overlap integral, EHOMO is the energy of HOMO 
nucleophile and ELUMO is the energy of LUMO electrophile. Thus, the charge on atom in a molecule (q) and its electron density 
(C) are essential requirements for the solution of Klopman Equation (14). In the present study the effective atomic charges 
calculated with usage of both Mulliken and natural bond orbital (NBO), and the atomic orbital coefficient of LUMO calculated 
using B3LYP method for the compounds 1a-h are shown in Table 3. The charges and the coefficient of each compound are 
confined to the two centers for the nucleophilic substitution reaction, namely (C1,C1Ꞌ). Both the Mulliken and NBO charges show 
that the C1 is slightly positive charged than the ipso carbon C1Ꞌ and the charge does not change significantly with variation of the 
substituent especially within the Mulliken and NBO scheme. The general inspection of the coefficient on the two ipso carbon 
atoms C1 and C1Ꞌin LUMO shows that its value is greater for C1compared to C1Ꞌfor all ethers under investigation, Table 3. 
 
Thus, C1Ꞌ can be considered as the hard-electrophilic center while C1 is the soft one. As a result, one can suggest that the region 
selectivity of the nucleophilic reaction depends on the nature of the attacking nucleophile: where hard nucleophile which has low 
lying HOMO and usually a negatively charged, making the energy gap between LUMO of the ether and the HOMO of the 
nucleophile is large, so the orbital term in Klopman equation would be very small and can be neglected, in such case the reaction 
is referred to as charge controlled and occur selectively on the carbon C1`and it will be kinetically fast due to a large electrostatic 
attraction. While for soft nucleophile which has high lying HOMO and not necessarily have a negative charge, make the HOMO 
of the nucleophile and the LUMO of the ether closer to each other which led to small denominator of the orbital term, 
consequently the orbital term has large value and so large influence of the orbital coefficients c and the resonance integral, in this 
case the reaction is referred to as FMO controlled and would occur selectively on C1. However, the interactions on each center can 
exhibit a mixture of charge and FMO contributions for nucleophiles of intermediate lying HOMO. The study of bond angles and 
lengths in the expected activated complexes II-1, II-2, III-1and III-2due to the attack of nitrogen and oxygen nucleophiles shed 
light on the mode of attack of N- and O-nucleophiles. Table 12shows that bond angles O11-C1-N7 and O11-C1Ꞌ-N7 in II-1 andII-2 are 
95.7o and94.9o points out that the mode of attack of aniline on C1or C1Ꞌis quitperpendicular. While, the central atom of C1-O11-C1` 

in both II intermediatesis still acquiring the sp2 hybridization. Also, C1-O11 and C1-N bond length in II-1 are longer than those in 
II-2. On the other hand, all bond lengths involved in the nucleophilic attack are the same while mode of oxygen nucleophile attack 
is not quitperpendicular.  
 

Synthesis of aryl 2,4-dinitro-1-naphthyl amine 2a-g: Aryl 2,4-dinitro-1-naphthyl amine compounds 2a-g were prepared by 
substitution of the chlorine substituent of phenyl 1-(2,4-dinitronaphthyl) ether 1aby 3- or 4-monosubstituted or 3,4-disubstituted 
aniline derivatives (Y = H, OCH3, CH3, Cl) Equation (15).The chemical structures of the products 2a-g are N-aryl 1-(2,4-
dinitronaphthyl) amines, as proved from their elemental analysis, IR and 1HNMR spectra, asEquation (15).(42). The main 
infrared absorption bands of compounds 2a-g showed weak bands in the region 2947-3117 cm-1 correspond to the aromatic sp2=C-
H. While the NO2  group exhibited two strong absorption bands for asymmetric and symmetric stretching at ranges 1528-1560 and 
1265-1316 cm-1, respectively.(16) Moreover, the medium to weak bands in the range 3246-3445 cm-1 is due to N-H stretching 
vibration bon (17). The low frequency values for N-H stretching in product can be attributed to hydrogen bonding between N-H 
and ortho-nitro group. 

 
The 1H NMR spectra of amines 2a-g showed a singlet signal of naphthalene H3 in range δ 9.11 – 9.2 ppm, while H5 and H8 
appeared as two doublets in all compounds in range δ 7.98 – 8.69 ppm. The signal for H6 and H7 of naphthalene ring appeared as 
two triplet signal (1 H each) in range δ 7.71 – 8.69 ppm.The para phenyl H2` and H6`protons show doublet at range δ 6.96-7.12 
ppm, while H3` and H5`protons showed doublet signal (2H) in range δ 6.86–7.28 ppm. The meta substituted 3-methyl 2d, 3-chloro 
2g and 3-methoxy 2e derivatives exhibited triplet for H5` in ranges δ 7.19–7.22 ppm. The unsubstituted H (4d) show triplet at δ 
7.32 for H3Ꞌ, H4Ꞌ and H5Ꞌthe methyl substituent in compounds 3-methoxy 2e, 3-methyl 2d, 4-methyl 2c and 4-methoxy 2b showed a 
singlet (3H) in range δ 2.23 - 3.8 ppm 

 
Optimized geometry of N-aryl 1-(2,4-dinitronaphthyl) amine 2a-g: The optimized molecular structure of amines 2a-g are 
compared with phenyl 1-naphthyl amine (PNA) 5 which are calculated by B3LYP/ 6-311G(d,p) level. Such calculation uses these 
theoretical results to compare the molecular structure and nature of substituted amines 2b-g against unsubstituted amine 2aand 
phenyl 1-naphthyl amine 5. The optimized geometrical parameters (bond length, angles and dihedral angles and atomic charges) 
of N-phenyl-1-naphthylamine5 is listed in Tables13and14and shown in Figure11. The calculated values in Table 6 show that bond 
lengths of C1-N11 and C1`-N11 are slightly different. This is presumably due to the delocalization of the lone pair of electrons on N11 
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with the phenyl ring is less pronounced than do with the naphthyl ring. While bond angles N11-C1-C2 and C2Ꞌ-C1Ꞌ-N11as well as 
dihedral angles C2-C1-N11-C1` and C2Ꞌ-C1Ꞌ-N11-C1indicate that the phenyl and naphthyl rings are not planar. 

 
Molecular structure and optimized geometry of N-aryl 1-(2,4-dinitronaphthyl) amine 2a-g: The optimized molecular 
structure of N-aryl 1-(2,4-dinitronaphthyl) amines 2a-g are calculated by B3LYP/6-311G (d, p) level and tabulated in Tables 15-
17and compared with the experimental data. No solvent corrections were made with these calculations. The computations were 
converged upon a true energy minimum, which were supported by the absence of imaginary frequencies. The chemical structures 
of compounds 2a-gare shown in Figure12.  

 
Bond length: The influence of substituent groups in aryl moiety on C1Ꞌ-N11 bond distances seem to be negligible while C1-N11 
bond lengths which are slightly different from the unsubstituted compound 2a. Also, there is no observable effect on bonds cited in 
Table 15 

 
Bond angles and Dihedral angles: Tables 16and17 show that there is no effect of substituent in the aryl moiety on bond angles 
and dihedral angles cited. 

 
Mulliken charges: The Mulliken atomic charges of amines 2a-g calculated at the B3LYP/6-311G (d, p) level in gas-phase are 
presented in Table 18. The Mulliken charge distribution shows that the charge of amine nitrogen atom N is not changed with the 
change in nature of substituents and negative (~ -0.465 to -0.471) as compared to positive charge of N in NO2 groups ring N (~ 
0.146) in all selected compounds. It has also been observed that most C atoms are positive and some are negative.  

 
Molecular Electrostatic Potential (MEP): In MEP plots calculated for the amine products 2a-g by B3LYP/6-311G (d, p) level 
are represented in Figure13.The negative regions represented by red color, are preferable sites for electrophilic attack and the 
positive regions represented by blue color are favored toward nucleophilic attack. Here in all amines, the negative and less 
potentials regions are generated over the electronegative O atoms whereas the C-atoms in benzene and naphthalene rings and N-
atoms have the positive and neutral potential regions in the structure. The negative and positive sites help to predict the regions in 
a compound responsible for non-covalent interactions(43). 

 
Vibrational assignments of 2a-g: The computational study was extended to IR spectroscopy in order to support the assignment of 
experimental values of the vibration bands namely NH, sp2= CH and NO2 for 2a-g. No imaginary frequencies were found thus 
eliminating saddle points in the potential hyper energy surface. The most characteristic band for each of the compounds is the N-H 
amine bond stretch found in the range of 3246-3445 cm-1 which is in congruent with the calculated range of amine vibrations in 
the 3419-3439 cm-1 range, Table 19. It indicates the formation of substituted amine. For aromatic compounds, the C-H stretching 
modes are experimentally observed in the region 3088- 2915 cm-1.  Figure14 shows a great matching between experimental and 
calculating sheet of IR of compounds 2a-g. The νAr =C-H stretching modes are observed at ~2915-3117 cm-1 in the IR spectrum 
for compounds 2a-g,  while the corresponding computed bands at ~ 3165- 3252 cm-1 in the IR spectrum are shown in Table 20. 
The asymmetric NO2 stretching vibrations are generally observed in the region 1570–1485 cm−1, while the symmetric stretch 
appears between 1370 and 1320 cm-1(44). It is interesting to mention that the most intense lines in the IR spectrum of appear at 
3246-3445, 1528-1560 and 1269-1316 cm-1 are attributed toνN-H, νNO2 asym and νNO2 sym, respectively, corresponding computed 
bands are 3419-3439, 1489-1586 and 1309-1362 cm-1, Table 19. 

 
UV–Visible analysis of 2a-g: Ultraviolet spectrum analysis of 2a-ghas been investigated by RTD-CAM-B3LYP/6-311G (d, p) 
method. The calculated visible absorption maxima of λmax which is the function of the electron availability have been reported in 
Table 21. Molecular orbital geometry calculations show that the visible absorption maxima of this molecule correspond to the 
frontier orbitals electron transition between HOMO and LUMO. The calculated results involving the vertical excitation energies, 
oscillator strength f and wavelength are listed in Table 21. RTD-CAM-B3LYP/6-311G (d, p) method predict one intense 
electronic transition at λmax= 385-272 nm with an oscillator strength f = 0.351-0.021 which is in quit agreement with the measured 
experimental data λmax= 400-360 nm as shown in Figure 15. 

 
Molecular orbital analysis of 2a-g: According to Koopmans theorem (45) global properties can be obtained by the Frontier 
Molecular Orbital (FMO) energies. In DFT, chemical potential (IP) is defined as the amount of energy needed to remove an 
electron from a molecule. High ionization energy indicates high stability and chemical inertness while small ionization energy 
indicates high reactivity of the atoms and molecules. The electronic affinity (EA) is defined as the energy released when an 
electron is added to a neutral molecule. A molecule with high (EA) values tends to take electrons easily. The electronegativity (χ), 
describes the ability of a molecule to attract electrons towards itself in a covalent bond. Global hardness (η) and softness (S) are a 
useful concept for understanding the behavior of chemical systems. A hard molecule has a large energy gap and a soft molecule 
has a small energy gap. Therefore, soft molecules will be more polarizable than hard molecules. Global electrophilicity index (ω) 
is a combined descriptor involving chemical potential and hardness which expresses propensity of a species to accept electron.(46) 
The values of the calculated quantum chemical parameters likeglobal hardness (ƞ) global softness (S), electronegativity (χ), 
chemical potential (μ) and electrophilicity index (ω) are summarized in Table 22. 

 
The energy of highest occupied molecular orbital (EHOMO) and the lowest unoccupied molecular orbital (ELUMO), energy gapΔEgap 
calculated by the B3LYP/6-311G (d, p) level in gas-phase are presented in Table 22. It reports the values of the electronic energies 
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calculated for all amine products 2a-gdescribe their reactivity.  The optimized energy for these amines varies between (-1541.181, 
-1081.561 a.u). The Highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) plots of 
2a-g molecule are presented in Figure 16in the HOMO of all synthesized compounds; the electron density mainly delocalized over 
associate naphthalene ring and amino group. While in the LUMO orbital this density is delocalized over the entire molecule. 

 
High ionization energy IP indicates high stability and chemical inertness while small ionization energy EAindicates high reactivity 
of the molecules. The values of IP point out that amine 2b, (Y= 4-OCH3) has the least ionization potential value (IP = 6.17eV), and 
in turn it is the best electron donor and of lowest stability. While amine 3g, (Y= 3-Cl) has the highest ionization potential (IP = 
6.64 eV), highest stability and of poorest electron donor. However, the IP values of compounds (2a-g) are of smalldifference 
between change in the nature and position of substituents. Also, the electronic affinity EAvalues show the same behavior as IP. i.e. 
both parameters are seen to be slightly depends on the nature of substituents in the aryl moiety. The dipole moment μ (D) is the 
most widely used quantity to describe the polarity of a covalent bond that results from non-uniform distribution of charges on the 
various atoms in the molecule. The order of polarity is arranged in the following order: 3b, (Y= 4-OCH3) > 3e, (Y= 3-OCH3) > 3c, 
(Y= 4-CH3) > 3d, (Y= 3-CH3) > 3a, (Y= H)> 3g, (Y= 3-Cl) > 3f, (Y= 4-Cl). The high value of dipole moment probably increases 
the reactivity of the molecule towards the reacting species 
 
Table 22 shows that the chemical reactivity (χ eV) slightly varies with the structural of molecules. Chemical hardness (softness) 
value of compound 2b, (Y = 4-OCH3) is lesser (greater) among all the molecules. Thus, compound 2b, (Y = 4-OCH3)is found to 
be more reactive than all the molecules. Compound 2g, (Y = 3-Cl)possesses higher electronegativity value than all compounds so; 
it is the best electron acceptor. The values of (ω) for compounds 2a-g indicate that compounds contain electron withdrawing group 
have higher values of electrophilicity index which shows that the compounds of this group are a strong electrophiles than 
compounds contain electron donating substituents, Table 22. 
 
Synthesis and assignments of 1-(2,4-dinitronaphthalen-1-yl) piperidine 3: The reaction between ether derivatives1a-h and 
piperidinein DMSO yielded the expected 1-(2,4-dinitronaphthalen-1-yl) piperidine 3 and substituted phenol 4a-h with no side 
products detected independent on the nature of the aryl moiety,Equation (16). The structure of substitution product 3(47)indicated 
piperidination-dearyloxidation process. 

 
Optimized geometry of 1-(2,4-dinitro naphthalen-1-yl) piperidine 3: We optimized 1-naphthyl piperidine6as a reference to 
compare with 1-(2,4-dinitro naphthalen-1-yl) piperidine 3to determine the effect of introduction of 2- and 4-nitro substituents on 
the molecular structure parameters. 
 
Optimized geometry of 1-naphthyl piperidine6: The results of B3LYP/6-311G(d,p) calculations of the optimized geometrical 
parameters (bond length, angles and dihedral angles and atomic charges) and the numbering of atoms of 1-naphthyl piperidine 6 
are listed in Tables23and 24 and shown in Figure 17. 

 
The calculated values in Table 23 show that bond lengths of C1-N1 and C1Ꞌ-N1 are slightly different. This is presumably due to the 
delocalization of the lone pair of electrons on N1 with the phenyl ring is less pronounced than do with the naphthyl ring. While 
bond angles C2Ꞌ-N1Ꞌ-C1and N1Ꞌ-C1-C2 as well as dihedral angles C2Ꞌ-N1Ꞌ-C1-C2 and C2Ꞌ-N1Ꞌ-C1-C9 indicate that the phenyl and 
naphthyl rings are not planar. The Mulliken charge distribution shows that the charge of nitrogen atom N is not changed with the 
change in nature of substituents and negative -0.457 as compared to N in compound 3 N -0.479. It has also been observed that 
most C atoms arepositive and some are negative that shown in Table 24 

 
Theoretical Study of 1-(2,4-dinitro naphthalen-1-yl) piperidine 3: The optimized geometry of compound 3 was validated by 
frequency calculation which gave real values for all the obtained frequencies and no imaginary frequencies were found meaning 
that the structure has minimum potential energy. Among the chemical descriptors for which DFT/B3LYP provides good 
description include the energy of the highest occupied molecular orbital (EHOMO), the energy of the lowest unoccupied molecular 
orbital (ELUMO) and related properties such as hardness (η), softness (S), electronegativity (χ), electrophilicity (ω) and 
nucleophilicity indexes (Nu index). The optimized structural parameters determined at B3LYP level theory with 6-311G (d, p) 
basis set such as bond lengths, bond angle and dihedral angles of 3 are presented in Table 25 in accordance with the atom 
numbering scheme of the molecule shown in Figure 18. The bond lengths between carbon and nitrogen atoms in 3are shorter than 
compound 6 and the remaining bonds may be due to the influence of the nitrogen atom on the molecular structure. Table 25shows 
that all bond lengths of naphthalene ring and piperidinyl moiety indicate double bond character.  
 
Population Analysis: The Mulliken, NBO population analysis of 3is computed using B3LYP with 6-311G (d, p) basis set and are 
listed in Table 26. The Mulliken charge of C1 in naphthyl ring is more positive value that in 3than 6. Other ring carbon atom 
having same values in the two molecules but only there is small variation in their magnitude. The charge of nitrogen atom N1Ꞌ is 
slightly high negative value for 3 compared to 6. The charges of hydrogen atoms connectedto the ring of all three molecules are 
positive but there is slight variation in magnitude. The oxygen atoms O12 and O13 charge are negative magnitude is observed. 

 
Vibrational assignments: The distribution of some modes of 3 which have been performed on the recorded IR theoretically 
predicted wave numbers are presented in Table 27.The calculated infrared wave numbers were well correlated with the intensities 
of the observed fundamental modes. The IR spectra from theoretical method are shown in Figure19theIR spectra from 
experimental shown in lit.(48). Aromatic nitro compounds have strong absorptions due to the asymmetric and symmetric 
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stretching vibrations of the NO2 group at 1570–1485 and 1370–1320 cm−1, respectively.(43)In the present molecule3, the band at 
1622 and 1641 cm−1by DFT method has been assigned to asymmetric stretching mode of NO2 while the band at 1377 and 1361 
cm−1 has been assigned to symmetric stretching mode of NO2 by DFT/B3LYP method. The bands corresponding to bending 
vibrations of NO2 group were found well with the characteristic region and are summarized in Table 27.Also, the C–NO2 
stretching vibration is theoretically computed at 942, 1000 cm−1. 

 
Table 28 Shown the existence of one or more aromatic rings in a structure is normally readily determined from the C–H 
vibrations. The C–H stretching vibration occurs above 3000 cm−1 and is typically exhibited as a multiplicity of weak to moderate 
bands, compared with the aliphatic C–H stretch. (49) In our present work, the C–H stretching vibration of ring is observed in FT-
IR at 3098 cm−1. The same vibration is calculated at 3081 and 3071 cm−1 by B3LYP/6-311G (d, p) method. All the aromatic C–H 
stretching bands are found (49). 
 
UV–Visible analysis: Ultraviolet spectra analysis of 1-(2,4-dinitronaphthalen-1-yl) piperidine 3 has been investigated in DMSO 
phase by theoretical calculation and are within 200–400 nm range. On the basis of fully optimized ground-state structure, TD-
DFT/ CAM-B3LYP/6-311++G (d, p) calculations have been used to determine the low-lying excited states of 3. The calculated 
visible absorption maxima of λmax which is a function of the electron availability have been reported in Table 29. The theoretical 
electronic excitation energies, oscillator strengths f, calculated by the TD-DFT method for the same solvent and are also listed in 
Table 29.  Calculations of the molecular orbital geometry show that the visible absorption maxima of this molecule correspond to 
the electron transition between frontier orbitals such as translation from HOMO → LUMO. As can be seen from Table 29, the 
calculated absorption maxima values have been found to be 449-288 nm for DMSO solution at DFT/CAM-B3LYP/6-311++G 
(d,p), DFT/CAM-B3LYP/6-311G (d,p) and  DFT/B3LYP/6-311G (d,p) methods. As can be seen from Figure 20, Table 29 
calculations performed at DMSO phase. 

 
 
NMR Spectra Analysis 
The full geometry optimization of 1-(2,4-dinitronaphthalen-1-yl) piperidine3 was performed by using B3LYP/6-311G(d,p), 
BLYP/6-311G(d,p) methods and GIAO 1H chemical shift calculations in CDCl3 of the of the 3have been made by same methods, 
Table30. 

 
Molecular orbital analysis: 
The energy gap for 3 was calculated using B3LYP/6-311G (d, p) level. LUMO as an electron acceptor represents the ability to 
obtain an electron; donor represents the ability to donate an electron. The frontier molecular orbital of 3 (HOMO–LUMO) is 
shown in Table 31, Figure 22. HOMO energy= −6.40 eV,LUMO energy= −3.04 eV,Energy gap= 3.36 eV.IP = Ionization 
potential (eV), EA = electron affinity (eV). The ionizationpotential and electron affinity of the title molecule in gas phase is 
calculated at 6.40 eV and 3.04 eV respectively. Considering the global hardness, softness and electrophilicity index (50) are 1.68, 
0.06 and 6.64 respectively. Large and small energy gap indicates the hard/soft molecules respectively. One can also relate the 
stability of molecule to hardness, which means that the molecule with least energy gap, it can be more reactive. 

 
Molecular Electrostatic Potential (MEP) 
MEP studies was carried out by B3LYP using 6-311G (d, p) basis set, Figure 23. Potential increases in the order red < orange < 
yellow < green < blue. Where blue denoting extremely electron deficient regions and red denoting electron rich regions. As can be 
seen from the Figure 23, also in support with the literature(51). 

 
EXPERIMENTAL 
The IR spectra were recorded for potassium bromide (KBr) discs on a Perkin-Elemer FT-IR, System spectrum ratio recording infra-
red spectrophotometer, Faculty of Science, Alexandria University. The IR spectra were recorded for potassium bromide (KBr) discs 
on FTR-84005 Fourier transform Shimadzu, System spectrum ratio recording infra-red spectrophotometer, Central Laboratory 
Unit, Universities and Research centres District new Borg El-Arab City. The NMR spectra were carried out at ambient temperature 
(~25 oC) on a (JEOL) 500 MHz spectrophotometer using tetra methyl silane (TMS) as an internal standard, Central Laboratory Unit, 
Faculty of Science, Alexandria University. 
Method of Calculations 
All computational calculations have been performed on personal computer using the Gaussian 09W program packages developed 
by Frisch and coworkers(52). The Becke's three parameter hybrid functional using the LYP correlation functional (B3LYP), one 
of the most robust functional of the hybrid family, was herein used for all the calculations, with 6.311G (d, p) basis set. (53) 
Preparation of Aryl 1-(2,4-dinitro-1-naphthyl) ether 1a-h: 
1-Chloro-2,4-dinitronaphthalene (1 g, 3.96 mmol) was dissolved in 20 mL chloroform. The ethereal solution of sodium substituted 
phenoxide (4 mmol) was added dropwise to the reaction mixture at room temperature. The reaction mixture was stirred for 30-90 
min then the formed precipitate was filtered, dried and crystalized from appropriate solvent. 
Phenyl 1-(2,4-dinitronaphthyl) ether 1a: 
Yellow needles 0.61 g (95%) yield; m.p. 181-182 ºC. IR (KBr): 3084 (sp2= C-H), 1539, 1359 (NO2, asymmetric and symmetric 
stretching) and 1209 1041 (C-O, asymmetric and symmetric stretching) cm-1. 1H-NMR (500 MHz: DMSO),: δ 3.76 (s, 3H,-
OCH3), 6.96 (d, 2H, J= 8.4 Hz, H2' and H6'), 7.10 (t, 1H, H4'), 7.32 (t, 2H,  H3' and H5'), 7.84 (t, 1H, J= 7.65 Hz , H7), 8.03 (t, 1H, 
H6), 8.21 (d, 1H, J= 8.4 Hz, H8), 8.52 (d, 1H, J= 9.15 Hz, H5), 8.94 (s, 1H , H3) ppm. 
4-Anisyl 1-(2,4-dinitronaphthyl ether) 1b: 
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Yellow needles 0.61 g (91%) yield; m.p. 152 ºC.IR (KBr): 3085 (sp2 =C-H), 1532, 1339 (NO2, asymmetric and symmetric 
stretching) and 1231, 1025 (C-O, asymmetric and symmetric stretching) cm-1. 1H-NMR (500 MHz: CDCl3),: δ 3.76(s, 3H, 4-
OCH3), 6.79-6.81 (m, 4H, Ar-H), 7.75 (t, 1H, H7), 7.92 (t, 1H, H6), 8.40 (d, 1H, H8), 8.71 (d, 1H, J= 8.4 Hz, H5), 8.84 (s, 1H, H3) 
ppm. Mass spectra, show molecular ion peak at m/z = 340. 
 4-Tolyl 1-( 2,4-dinitronaphthyl) ether 1c: 
Yellow needles 0.6 g (93%) yield; m.p. 158-159 ºC. IR (KBr): 3068 (sp2= C-H), 1541, 1359 (NO2, asymmetric and symmetric 
stretching) and 1207, 962 (C-O, asymmetric and symmetric stretching) cm-1. 1H-NMR (500 MHz: CDCl3),: δ 2.30 (s, 3H, 4-CH3), 
6.75 (d, 2H, J = 9.2 Hz, H2' and H6'), 7.09 (d, 2H, J= 8.4 Hz, H3' and H5'), 7.74 (t, 1H, , H7), 7.94 (t, 1H, H6), 8.38 (d, 1H, J= 8.4 
Hz, H8), 8.72 (d, 1H, J = 9.2 Hz, H5), 8.86 (s, 1H, H3) ppm. Mass spectra, show molecular ion peak at m/z = 324. 
3-Tolyl 1-(2,4-dinitronaphthyl) ether 1d: 
Yellow needles 0.62 g (94%) yield; m.p. 113-115 ºC;: 3086 (sp2 = C-H), 1530, 1339 (NO2, asymmetric and symmetric stretching) 
and 1241, 1085 (C-O, asymmetric and symmetric stretching) cm-1. 1H-NMR (500 MHz: CDCl3),: δ 2.30 (s, 3H, 3-CH3), 6.63 (d, 
2H, H6'), 6.69 (s, 1H, H2'), 6.92 (d, 1H, J= 7.65 Hz, H4`), 7.17 (t, 1H, H5`), 7.74 (t, 1H, H7), 7.93 (t, 1H, H6), 8.36 (d, 1H, H8), 8.72 
(d, 1H, J= 8.4 Hz, H5),  8.88 (s, 1H, H3) ppm. Mass spectra, show molecular ion peak at m/z = 324. 
3-Anisyl 1-( 2,4-dinitronaphthyl) ether 1e: 
Pale yellow crystals 0.59 g (88%) yield; m.p. 130-132 ºC. IR (KBr): 3075 (sp2 =C-H), 1530, 1347 (NO2, asymmetric and 
symmetric stretching) and 1268, 1035 (C-O, asymmetric and symmetric stretching) cm-1. H-NMR (500 MHz: CDCl3),: δ 3.78 (s, 
3H, 3-OCH3), 6.35 (d, 1H, H6'), 6.49 (s, 1H, H2'), 6.66 (d, 1H, H4'), 7.18 (t, 1H, H5'), 7.74 (t, 1H, H7), 7.94 (t, 1H,H6), 8.35 (d, 1H, 
J= 8.4 Hz, H8), 8.71 (d, 1H, J= 8.45 Hz, H5), 8.88 (s, 1H, H3) ppm. Mass spectra, show molecular ion peak at m/z = 340. 
4-Chlorophenyl 1-(2,4-dinitronaphthyl) ether 1f: 
Yellow needles 0.66 g (95%) yield; m.p 164 ºC;: 3078 (sp2= C-H), 1535, 1346 (NO2, asymmetric and symmetric stretching) and 
1116-950 (C-O, asymmetric and symmetric stretching) cm-1. 1H-NMR (500 MHz: CDCl3),: δ 6.80 (d, 2H, J= 9.2 Hz, H2' and H6'), 
7.32 (d, 2H, J= 8.4 Hz, H3' and H5'), 7.76 (t, 1H, H7), 7.96 (t, 1H, H6), 8.31 (d, 1H, J= 9.15 Hz, H8), 8.72 (d, 1H, J= 8.4 Hz, H5), 
8.87 (s, 1H, H3) ppm.Mass spectra, show molecular ion peak at m/z = 344. 
3-Chlorophenyl 1-(2,4-dinitronaphthyl) ether 1g: 
Yellow needles 0.66 g (95%) yield; m.p 115-117 ºC. IR (KBr): 3084 (sp2 =C-H), 1528, 1341 (NO2, asymmetric and symmetric 
stretching) and 1268-1085 (C-O, asymmetric and symmetric stretching) cm-1. 1H-NMR (500 MHz: CDCl3),: δ 6.75 (d, 1H, J= 8.4 
Hz, H6`), 6.88 (s, 1H, H2`), 7.11 (d, 1H, J= 7.6 Hz, H4`), 7.24 (t, 1H, H5`), 7.77 (t, 1H, H7), 7.95 (t, 1H, H6), 8.30 (d, 1H, J= 8.4 Hz, 
H8), 8.72 (d, 1H, J= 9.1 Hz, H5), 8.69 (s, 1H, H3) ppm.Mass spectra, show molecular ion peak at m/z = 344. 
4-Nitrophenyl 1-(2,4-dinitronaphthyl) ether 1h: 
Pale yellow crystals 0.61 g (91%) yield; m.p. 132 ºC; IR (KBr),: 3087 (sp2  =C-H), 1528, 1344 (NO2, asymmetric and symmetric 
stretching) and 1232, 1107 (C-O, asymmetric and symmetric stretching) cm-1. 1H-NMR (500 MHz: CDCl3),: δ 6.68 ( d, 2H, J= 9.2 
Hz, H2' and H6'), 8.23 (d, 2H, J= 9.15 Hz, H3' and H5'), 8.90 (s, 1H, H3), 7.99 (t, 1H, J= 7.65 Hz, H6), 7.80 (t, 1H, H7), 8.22 (d, 1H, 
H8), 8.72 (d, 1H, J= 6.8 Hz, H5) ppm. Mass spectra, show molecular ion peak at m/z = 355. 
Preparation of 2,4-dinitro-1-naphthyl substituted phenyl amine 2a-g: 
Phenyl 1-(2,4-dinitronaphthyl) ether 1a (1 g, 3.23 mmol) was dissolved in 20 ml DMSO and then substituted aniline  dissolved in 
20ml DMSO was added drop wise to it at room temperature . The reaction mixture was stirred and refluxed for 7 hours, the 
formed precipitate was filtered, dried, and crystalized from ethyl acetate/ petroleum ether. The purity was checked by TLC (8:2 
petroleum ether: ethyl acetate). 
2,4-dinitro-N-phenylnaphthalene-1-amine 2a: 
 Orange crystals, Yield: 92% after 8 hours, m.p. 185 ˚C. IR (KBr), 3300 (NH), 3088 (sp2 =C-H), 1537, 1290 (NO2, asymmetric and 
symmetric stretching) cm-1.  1H-NMR (500 MHz: CDCl3), δ 7.04 (d, 2H, J = 8.4 Hz, H2' and H6'), 7.2 (t, 1H, J = 7.65 Hz, H7),7.32 
(t, 3H, J = 8.4 Hz, H3', H4'and H5'), 7.75 (t, 1H, J = 7.65 Hz, H6),8.01 (d, 1H, J = 8.4 Hz, H8),8.68 (d, 1H, J = 8.4 Hz, H5), 9.15 (s, 
1H, H3), 10.61 (s, 1H, NH,  D2O exchangeable) . C16H11N3O4: Calc. C, 62.14; H, 3.58; N, 13.59; O, 20.69%. Found: C, 62.48; H, 
3.19; N, 13.73; O, 20.31 %. 
N-(4-methoxyphenyl)-2,4-dinitronaphthalene-1-amine 2b: 
Crimson red crystals, Yield: 89% after 6 hours, m.p. 205-207 ˚C. IR (KBr), 3439 (NH), 2955 (sp2 = C-H),1545, 1269 (NO2, 

asymmetric and symmetric stretching) cm-1. 1H-NMR (500 MHz: CDCl3), δ 3.8 (s, 3H,  H4'),6.86 (d, 2H,  J = 8.4 Hz, H2'and H6'), 
7.02 (d, 2H, J = 9.15 Hz, H3'and H5'), 7.3 (t, 1H, J = 6.9 Hz, H7 ), 7.71 (t, 1H, J = 7.65 Hz, H6), 8.0  (d, 1H, J = 9.15 Hz, H8), 
8.67(d, 1H, J = 8.4 Hz, H5 ), 9.17 (s,1H, H3), 10.82 (s,1H, NH,D2O exchangeable). C17H13N3O5: Calc. C, 60.18; H, 3.86; N, 12.38; 
O, 23.58%. Found: C, 60.52; H, 3.51; N, 12.02; O, 23.24 %. 
2,4-dinitro-N-(p-tolyl) naphthalene-1-amine 2c: 
 Orange crystals, Yield: 90% after 7 hours, m.p. 200 ˚C. IR (KBr): 3252 (NH), 3111 (sp2 =C-H), 1560, 1290 (NO2, asymmetric and 
symmetric stretching) cm-1.1H-NMR (500 MHz: CDCl3): δ 2.35  (s, 3H, H4 ), 6.94 (d, 2H, J = 8.4 Hz, H3' and H5'),7.12 (d, 2H, J = 
8.4 Hz, H2'and H6'),7.31 (t, 1H, J = 8.4 Hz, H7), 7.73 (t, 1H, J = 8.4 Hz, H6),8.01 (d, 1H, J = 8.4 Hz, H8), 8.67 (d, 1H, J = 8.4 Hz, 
H5), 9.15 (s, 1H, H3 ),  10.7 (s, 1H, NH, D2O exchangeable). C17H13N3O4: Calc. C, 63.16; H, 4.05; N, 13; O, 19.79%. Found: C, 
63.47; H, 4.36; N, 12.87; O, 19.38 %. 
2,4-dinitro-N-(m-tolyl) naphthalene-1-amine 2d: 
Orange crystals, Yield: 70% after 7 hours, m.p. 170 ˚C. IR (KBr), 3445 (NH), 2915 (sp2 =C-H), 1528, 1314 (NO2, asymmetric and 
symmetric stretching) cm-1. 1H-NMR (500 MHz: CDCl3),  δ 6.81 (d, 1H, J = 7.65 Hz, H4'), 6.9  (s, 1H, H2'), 7.02 (d, 1H, J = 6.9 
Hz, H6'),7.19 (t, 1H, J = 7.65 Hz, H5'), 7.32 (t, 1H, J = 7.65 Hz, H7),  7.75 (t, 1H, J = 7.65 Hz, H6), 8.03 (d, 1H, J = 9.2 Hz, H8), 
8.69 (d, 1H, J = 8.45 Hz, H5),  9.2 (s, 1H, H3 ), 10.6 (s, 1H, NH, D2O exchangeable) . C17H13N3O4: Calc. C, 63.16; H, 4.05; N, 13; 
O, 19.79%. Found: C, 63.41; H, 3.98; N, 13.39; O, 20.12 %. 
N-(3-methoxyphenyl)-2,4-dinitronaphthalene-1-amine 2e: 
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Red crystals, Yield: 88% after 9 hours, m.p. 184 ˚C. IR (KBr), 3296 (NH), 3075 (sp2 =C-H), 1545, 1308 (NO2, asymmetric and 
symmetric stretching) cm-1.  1H-NMR (500 MHz: CDCl3), δ 3.74 (s, 3H,CH3),6.58 (d, 1H, J = 7.65 Hz, H6'), 6.74 (d, 1H, J = 8.4 
Hz,  H4'), 7.2 (t, 1H, J = 8.4 Hz, H5'), 7.26 (s, 1H, H2'),7.35 (t, 1H, J = 7.65 Hz, H7),7.75 (t, 1H, J = 7.65 Hz, H6), 8.05 (d, 1H, J = 
8.4 Hz, H8), 8.68 (d, 1H, J = 8.45 Hz, H5), 9.14 (s, 1H, H3 ), 10.54 (s, 1H, NH, D2O exchangeable). C17H13N3O5: Calc. C, 60.18; H, 
3.86; N, 12.38; O, 23.58%. Found: C, 60.01; H, 3.49; N, 12.76; O, 23.18 %. 
N-(4-chlorophenyl)-2,4-dinitronaphthalene-1-amine 2f: 
Golden yellow crystals, Yield: 89% after 10 hours, m.p. 208-210 ˚C. IR (KBr), 3246 (NH), 3117 (sp2 =C-H), 1543, 1277 (NO2, 

asymmetric and symmetric stretching) cm-1.  1H-NMR (500 MHz: CDCl3), δ 6.96 (d, 2H, J = 8.4 Hz, H2, H6'), 7.28 (d, 2H, J = 9.2 
Hz, H3'and H5'), 7.39 (t, 1H, J = 7.65 Hz, H7), 7.78 (t, 1H, J = 8.4 Hz, H6), 7.98 (d, 1H, J = 9.15 Hz, H8),8.68 (d, 1H, J = 8.4 Hz, 
H5), 9.13 (s, 1H, H3),10.45 (s, 1H, NH, D2O exchangeable ). C16H10ClN3O4: Calc. C, 55.91; H, 2.93; N, 12.33; O, 18.62; Cl, 10.31 
%. Found: C, 56.28; H, 3.11; N, 12.56; O, 18.93; Cl, 10.65 %. 
N-(3-chlorophenyl)-2,4-dinitronaphthalene-1-amine 2g: 
Orange crystals, Yield: 87% after 12 hours, m.p. 180 ˚C. IR (KBr), 3281 (NH), 3082 (sp2 =C-H), 1539, 1316 (NO2, asymmetric 
and symmetric stretching) cm-1.  1H-NMR (500 MHz: CDCl3), δ 6.85 ( d, 1H, J = 8.4 Hz, H6'), 7.03 (s, 1H, H2'), 7.15 (d, 1H,  J = 
7.65 Hz, H4'), 7.22 (t, 1H,  J = 8.4 Hz, H5'), 7.42 (d, 1H,  J = 7.65 Hz, H7), 7.8 (d, 1H,  J = 7.65 Hz , H6),8.00 (d, 1H,  J = 8.4 Hz, 
H8),8.69 (d, 1H, J = 8.4 Hz, H5), 9.11 (s, 1H, H3), 10.33 (s, 1H, NH, D2O exchangeable) . C16H10ClN3O4: Calc. C, 55.91; H, 2.93; 
N, 12.33; O, 18.62; Cl, 10.31 %. Found: C, 55.48; H, 3.32; N, 12.01; O, 18.27; Cl, 10.03 %. 
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